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Introduction
The Society for Neuroscience, as a professional society for
basic and clinical researchers in neuroscience, endorses
and supports the appropriate and responsible use of
animals as experimental subjects. Knowledge generated by
neuroscience research on animals has led to important
advances in the understanding of diseases and disorders
that affect the nervous system and in the development of
better treatments that reduce suffering in humans and
animals. This knowledge also makes a critical contribution
to our understanding of ourselves, the complexities of our
brains and what makes us human. Continued progress in
understanding how the brain works and further advances in
treating and curing disorders of the nervous system require
investigation of complex functions at all levels in the
living nervous system. Because no adequate alternatives
exist, much of this research must be done on animal
subjects. The Society takes the position that
neuroscientists have an obligation to contribute to this
progress through responsible and humane research on
animals.
Several functions of the Society are related to the use of
animals in research. A number of these involve decisions
about research conducted by members of the Society, including the scheduling of scientific presentations at the Annual
Meeting, the review and publication of original research
papers in The Journal of Neuroscience and the defense of
members whose ethical use of animals in research is questioned by animal rights activists. The Society's support for
the research of individual members defines a relationship
between the Society and its members. The purpose of this
document is to outline the policy that guides that relationship.
Compliance with the following policy will be an important
factor in determining the suitability of research for presentation at the Annual Meeting or for publication in The Journal
of Neuroscience and in situations where the Society is asked
to provide public and active support for a member whose use
of animals in research has been questioned.
The responsibility for implementing the policy in each of
these areas rests with the relevant administrative body
(Program Committee, Publications Committee, Editorial
Board and Committee on Animals in Research, respectively)
in consultation with Council.
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Neuroscience research uses complicated, often invasive methods, each of which is associated with different problems, risks
and specific technical considerations. An experimental method
that would be deemed inappropriate for one kind of research
may be the method of choice for another kind of research. It
is, therefore, impossible for the Society to define specific policies and procedures for the care and use of all research ani-
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mals and for the design and conduct of every neuroscience
experiment.
The U.S. Public Health Service's Policy on Humane Care
and Use of Laboratory Animals (PHS policy) and the Guide
for the Care and Use of Laboratory Animals (the Guide)
describe general policies and procedures designed to ensure
the humane and appropriate use of live vertebrate animals in
all forms of biomedical research. The Society finds the policies and procedures set forth in the PHS policy and the Guide
to be both necessary and sufficient to ensure a high standard
of animal care and use and adopts them as its official Policy
on the Use of Animals in Neuroscience Research (Society policy). All Society members are expected to conduct their animal research in compliance with this policy. Members are
required to verify that they have done so when submitting
abstracts for presentation at the Annual Meeting or manuscripts for publication in The Journal of Neuroscience.
Adherence to the Society policy is also an important step
toward receiving help from the Society in responding to questions about a member's use of animals in research. A complete description on what to do if your research is questioned
is included on the Society's Web site: <http://www.sfn.org>.
Also, a complete description of SFN's policy and procedures
for defending members whose research comes under attack
can be obtained by contacting the Society's Central Office.

Local Committee Review

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

Other Laws, Regulations and Policies

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

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

Recommended References

Canadian Council on Animal Care. Guide to the Care and Use
of Experimental Animals Vol. 1. 2d ed. Ontario, Canada:
CCAC, 1993. WWW:http://www.ccac.ca/
Foundation for Biomedical Research. The Biomedical
Investigator's Handbook for Researchers Using Animal Models.
Washington, D.C.: FBR, 1987. WWW:http://www.fbresearch.org/
Laws and Codes of Mexico. "Seventh Title of the Regulations
of the General Law of Health Regarding Health Research." 12th
updated ed. Porrua Collection, 430-31. Mexico: Porrua
Publishers, 1995.
National Academy of Sciences. Guide for the ^Care and Use of
Laboratory Animals, 7th ed. Washington, D.C.: National
Research Council, Institute for Laboratory Animal Research,
NAS, 1996. WWW:http://www2.nas.edu/ilarhome/

National Institutes of Health. OPRR Public Health Service
Policy on Humane Care and Use of Laboratory Animals.
Rockville, MD: NIH/Office for Protection from Research Risks,
1996. WWW:http://www.nih.gov/grants/oprr/library_animal.htm
National Institutes of Health. Preparation and Maintenance of
Higher Mammals During Neuroscience Experiments. Report of
a National Institutes of Health Workshop. NIH Publication No.
94-3207. Bethesda, MD: NIH/National Eye Institute, 1994.
WWW:http://www.nei.nih.gov/

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

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

General Principles
The following principles, based largely on the PHS Policy on
Humane Care and Use of Laboratory Animals, are a useful
guide to designing and implementing experimental procedures
involving laboratory animals.
• Animals selected for a procedure should be of an appropriate
species and quality and the minimum number required to
obtain valid results.
vi

• Proper use of animals, including the avoidance or minimization of discomfort, distress and pain, is imperative.
• Procedures with animals that may cause more than momentary or slight pain or distress should be performed with appropriate sedation, analgesia or anesthesia. Surgical or other
painful procedures should not be performed on unanesthetized
animals paralyzed by chemical agents. Postoperative care of
animals should minimize discomfort and pain and, in any
case, should be equivalent to accepted practices in schools of
veterinary medicine.
• Animals that would otherwise suffer severe or chronic pain or
distress that cannot be relieved should be painlessly killed at
the end of the procedure or, if appropriate, during the procedure. If the study requires the death of the animal, the animal
must be killed in a humane manner.

• Living conditions should be appropriate for the species and
contribute to the animals' well-being. Normally, the housing,
feeding and care of all animals used for biomedical purposes
must be directed by a veterinarian or other scientist trained
and experienced in the proper care, handling and use of the
species being maintained or studied. In any case, appropriate
veterinary care should be provided.
• Exceptions to these principles require careful consideration
and should only be made by an appropriate review group such
as an institutional animal care and use committee.
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Experimental procedures involving human subjects must have
been conducted in conformance with the policies and principles
contained in the Federal Policy for the Protection of Human
Subjects (U.S. Office of Science and Technology Policy) and in
the Declaration of Helsinki. When publishing a paper in The
Journal of Neuroscience or submitting an abstract for presentation at the Annual Meeting, authors must sign a statement of
compliance with this policy.

Recommended References
"Declaration of Helsinki." Adopted by 18th World Medical
Assembly, Helsinki, 1964; revised by 29th World Medical
Assembly, Tokyo, 1975; Venice, 1983; and Hong Kong, 1989.
WWW: http ://ww w. opt. auckland. ac .nz/public/staffpgs/myap/
helsinki.html
"Federal Policy for the Protection of Human Subjects: Notes
and Rules." Federal Register. (June 18, 1991) 56: 28001-32.
WWW:http://www.pub.whitehouse.gov/WH/EOP/OSTP/html/
OSTP4.html
Varga, Andrew C., Ed. The Main Issue in Bioethics Revised
Edition. New York: Paulist Press, 1984.
WWW:http://www.paulistpress.com/
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It is expected that authors submitting papers or abstracts will have conducted their work in strict accordance with the following statement on ethics approved by the Society for Neuroscience in November 1989 and amended in November 1993.

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

Scientific publication is an important part of the process
by which priority is established for experimental work and
ideas. Duplicating without citation of text previously published
by others or expropriating the experimental findings of others
without attribution, i.e., plagiarism, is unethical. When authors
of articles or abstracts have prepublication access to related
work of others, as in a review process, care must be taken to
avoid the appearance that priority is being claimed for work
already done by others.
It is the responsibility of the authors, therefore, and not of
the Society or the Editorial Board of The Journal of
Neuroscience, to ensure that relevant prior discoveries are
appropriately acknowledged in manuscripts that are submitted
to the Journal for publication.
Questions raised about the conduct of experiments or their
presentation will be evaluated preliminarily by the Editor of
The Journal of Neuroscience (in the case of an article in the
Journal) or by the Chair of the Program Committee (in the
case of an abstract), in consultation with the Chair of the
Publications Committee and the Secretary of the Society. If
possible, the matter may be resolved informally at this level.
However, if deemed appropriate, the matter will be referred to
the institution where the scientific work in question was done.
There, it would be expected that the matter would be reviewed
in accordance with institutional procedures for handling allegations of misconduct. At all stages, every effort should be made
to ensure that the process is fair and just, both for those who
are accused of misconduct and for those who have raised the
issue of scientific misconduct.
Based on their own findings or those of the institution, the
Journal Editor or the Chair of the Program Committee, in consultation with the Chair of the Publications Committee and the
Secretary of the Society, may recommend action to the
Publications Committee. The Publications Committee will then
decide on appropriate action, including, for example, retracting
a published report. The Council of the Society and the relevant
institution will be informed of any action that is taken. Council
retains the right to consider additional action. In accordance
with the Bylaws, this action could include, for example, expulsion from the Society. If it is found that allegations were not
made in good faith, or were maliciously motivated, action may
be recommended for those responsible.
In the event that a published article or abstract is to be
retracted, a statement of retraction will be published in The
Journal of Neuroscience or in the Abstracts for the next
Annual Meeting.
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2. Molecular Mechanisms of Cell Death
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3. Mechanisms Underlying Pacemaker Activity in Neuronal
Networks
Chaired by: D.A. MCCORMICK..................................................1

Special Lecture—10:00 A.M.
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Slide Sessions—8:00 A.M.

Visual cortex: extrastriate—attention and cognition.................... 1
Visual cortex: striate—neurons and perception.............................3
Oculomotor and vestibular system ............................................... 5
Process outgrowth, growth cones and sprouting I......................7
Glia and other non-neuronal cell specification and
differentiation........................................................................
9
Cardiovascular regulation: central control I............................... 10
Degenerative disease: Alzheimer’s—beta amyloid:
neurotoxicity 1................................................................................. 13
Degenerative disease: Alzheimer's disease—other: behavior
diagnosis—clinical studies.............................................................15
Neuropsychiatric disorders 1......................................................... 17
Ischemia: hormones, cerebral blood flow and vascular
dysregulation................................................................................... 19
Genetic models I............................................................................ 21
Excitatory amino acid receptors................................................... 23
Biological rhythms and sleep: sleep............................................ 26

Poster Sessions—8:00 A.M.

Aging I....................................
28
Aging: inflammation and cell death............................................ 30
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Drugs of abuse: opioids—-molecular and cellular
mechanisms.............................
34
Drugs of abuse: amphetamines—methamphetamine:
neuroadaptations............................................................................ 37
Infectious diseases.......................................................................... 40
Infectious diseases: HIV and relatives........................................ 43
Degenerative disease: other 1........................................................46
Parkinson’s disease I ..................................................................... 49
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28. Denegerative disease: Alzheimer's—other: cognitive
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29. Degenerative disease: Alzheimer’s—presenilin: cell
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30. Behavioral pharmacology: social behavior, learning and
disorders......................................................
58
31. Neuropeptides and behavior: stress.............................................62
32. Monoamines and behavior: aggression and genetic
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33. Reproductive behavior: experience............................................. 71
34. Stress: monoamines........................................................................ 74
35. Ingestive behaviors: feeding and energy expenditure............... 77
36. Learning and memory: pharmacology—dopamine..... .............. 79
37. Learning and memory: pharmacology—adrenergic..................81
38. Learning and memory: physiology—eye blink
conditioning.................................................................................... 83
39. Learning and memory: systems and functions—hippocampus
and nonspatial learning I............................................................. 85
40. Learning and memory: systems and functions—hippocampus
and nonspatial learning II.................................... .........................87
41. Learning and memory: systems and functions—basal
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42. Learning and memory: systems and functions—rhinal
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43. Learning and memory: systems and functions—eye blink
conditioning..................................................................................... 94
44. Cognition: higher functions—memory and imagery..................97
45. Cognition: human learning and memory—emotion..................99
46. Cognition: human learning and memory—
miscellaneous............................................................................... 100
47. Comparative neuroanatomy........................................................ 102
48. Posture and balance...................................................................... 107
49. Posture and movement: animal studies...................................... 110
50. Posture and movement: reach and grasp 1..................................113
51. Spinal cord and brainstem...........................................................116
52. Reflex function: human studies..................................................120
53. Reflex function: animal studies..................................................122
54. Chemical senses: invertebrate olfaction.................................... 124
55. Chemical senses: olfactory bulb......................................
127
56. Auditory, vestibular and lateral lines: peripheral response
dynamics........................................................................................131
57. Retina and photoreceptors: anatomy and gene
expression......................................................................................134
58. Retina and photoreceptors: photoreceptors....................
138
59. Pain modulation: human brain imaging.................................... 140
60. Pain modulation: human studies............................................... 142
61. Pain pathways: brainstem, thalamus and cortex...................... 144
62. Pain pathways: spinal dorsal horn............................................. 148
63. Somatosensory cortex and thalamocortical
relationships I...............................................................................150
64. HPA regulation: central control................................................. 154
65. Second messengers and phosphorylation: G protein
signaling..........................................................
157
66. Transporters: dopamine I.............................................................159
67. Transporters: dopamine II.......................................................... 162
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Transporters: GABA and glycine........................................ 165
Transmitters in invertebrates I.............................................. 166
Other neurotransmitters: NO, histamine and purines ...... 169
Serotonin: gene expression and neural modulation.................174
Serotonin: metabolism and distribution................................. 176
Opiate receptors 1...................................................................... 179
Peptide receptor structure and function: orphan receptors and
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Acetylcholine receptors: nicotinic I........................................ 186
Acetylcholine I........................................................................ 189
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Calcium channels: molecular studies...................................... 194
Calcium channels: T-type.......................
197
Ligand-gated ion channels: glutamate receptors..................... 199
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Neuroglia and myelin I........................................................... 204
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Transplantation: spinal cord.......................
210
Transplantation: human cells.................................................. 212
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Regeneration: gene expression 1.............................................. 215
Regeneration: gene expression II............................................ 219
Activity in sensory system development: effects and
mechanisms.............................................................................. 222
Motor systems..........................................................................225
Hormones and development: structure................................... 227
Neurotrophic factors: receptors and cellular
mechanisms 1............................................................................230
Other neurotrophic factors: localization and effects on
proliferation and differentiation.............................................. 233
Neurotrophin signaling............................................................. 236
Development of the neuromuscular junction:receptor
clustering.................................................................................. 239
Axon guidance mechanisms and pathways: semaphorins,
neurophilins, ephrins and Eph receptors................................. 241
Cell migration I..................................................................... 244
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Neuronal specification and differentiation:regulation of gene
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Neuronal specification and differentiation:transcription
factors...................................................................................... 250
Proliferation.............................................................................. 253
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Respiratory regulation........ ,................................................ 278
Excitatory amino acids: excitotoxicity and celldeath 1........... 281
Transporters..............................................................................283
Acetylcholine receptors: nicotinic II........................................284
Neural basis of behavior: cognition—attention: attention to
sensory system......................................................................... 287
Neuronal death: signal transduction and apoptosis................ 289
Synaptic plasticity I................................................................. 291
Other neurotrophic factors: cell survival, injury responses and
intracellular signaling............................................................. 293
Cognition: human learning and memory—memory
formation................................................................................ 294
Degenerative disease: Alzheimer's—beta amyloid:
neuropathology and diagnosis...............................................296
Ischemia: free radicals, growth factors and cell
proliferation............................................................................ 299
Degenerative disease: Alzheimer's—beta amyloid: APP
processing 1..............................................................................301
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123 Drugs of abuse: cocaine—pharmacologicalregulation..........303
124. Drugs of abuse: cocaine—behavioral models 1....................... 306
125. Drugs of abuse: amphetamines—cellular and molecular
studies...................................................................................... 309
126. Trauma: models, mechanisms and outcome of brain injury in
animals I.................................................................................. 310
127. Trauma: models, mechanisms and outcome of brain injury in
animals II............................................
312
128. Ischemia: blood flow, vasculative and inflammation...........315
129. Ischemia: behavior, clinical outcome and imaging............... 319
130. Degenerative disease: other II................................................ 323
131. Parkinson's disease II............................................................... 326
132. Parkinson's disease III............................................................. 329
133. Parkinson's disease IV............................................................. 333
134. Degenerative disease: Alzheimer's—other: oxidative
stress........................................................................................ 336
135. Degenerative disease: Alzheimer's—beta amyloid: oxidative
stress and calcium homeostasis.............................................. 339
136. Degenerative disease: Alzheimer's—beta amyloid:
neuroprotection....................................................................... 343
137. Reproductive behavior: neuroanatomy................................... 344
138. Stress: cellular responses.........................................................346
139. Stress: other neurotransmitters................................................ 348
140. Biological rhythms and sleep: melatonin and
neurophysiology..................................................................... 350
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141. Cognition: higher functions—visual........................................353
142. Neural basis of behavior: cognition—attention: auditory,
somatosensory and cross-model attention...................
355
143. Cognition: language—lexical processing and
production................................................................................ 357
144. Cognition: language—auditory processing............................. 358
145. Association cortex and thalamocortical relations.................. 360
146. Invertebrate motor and sensory systems 1............................... 363
147. Oculomotor system: cortex and cognition............................. 366
148. Cerebellum: human studies.................................................... 369
149. Cerebellum: physiology and behavior................................... 371
150. Basal ganglia: human studies and disease models.................. 374
151. Dopamine and DA receptors I................................................ 377
152. Cerebral cortex: premotor areas.............................................. 380
153. Cerebral cortex: plasticity and recovery function.................. 383
154. Chemical senses: olfactory receptors and epithelium...........386
155. Chemical senses: pheromones................................................ 389
156. Central auditory physiology: plasticity and
development............................................................................391
157. Central auditory physiology: spectro-temporal coding........ 394
158. Sensory systems: visual psychophysics—motion.................. 398
159. Pain modulation: visceral afferents......................................... 400
160. Spinal and subcortical somatosensory pathways.................... 402
161. Somatic afferents: anatomy and transduction.........................405
162. Somatic afferents: innocuous mechanoreceptors.................. 406
163. Somatic and visceral afferents................................................ 408
164. Visceral afferents..................................................................... 411
165. Neuroendocrine regulation: leptin......................................... 412
166. Neuroendocrine regulation: energy balance........................... 415
167. Neuroendocrine regulation: estrogen..................................... 417
168. Signal transduction: gene expression—CRE-mediated
transcription............................................................................. 420
169. Second messengers and phosphorylation: protein
phosphatases........................................................................... 424
170. Transporters: EAA 1................................................................. 425
171. Transporters: EAA II............................................................... 429
172. Other neurotransmitters: other................................................ 432
173. Serotonin: neuroendocrine functions..................................... 436
174. Serotonin: neurophysiology.................................................... 438
175. Peptide receptor structure and function: genetics and
others........................................................................................ 440
176. Excitatory amino acid receptors: metabotropic 1.................... 444
177. Excitatory amino acid receptors: metabotropic II.................. 447
178. Acetylcholine II....................................................................... 450
179. Potassium channels: physiology II......................................... 453
180. Ligand-gated ion channels: glycine and GABAa
receptors..................................
457
181. Ligand-gated ion channels: P2X receptor............................... 459
182. Synaptic plasticity: long-term potentiation 1........................... 461
183. Synaptic plasticity: long-term potentiation II.........................463
184. Synaptic plasticity: long-term potentiation III...................... 467
185. Excitatory postsynaptic mechanisms: protein
dynamics.................................................................................. 470
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SYMPOSIUM. MOLECULAR MECHANISMS OF CELL
DEATH. M.V. Chao, NYU Skirball Institute (Chairperson);
V.M. Dixit, Genentech, Inc; L.A. Greene, Columbia University;
D.R. Green, La Jolla Institute; F.P. Miller, McGill University.

SYMPOSIUM. MECHANISMS UNDERLYING PACEMAKER ACTIVITY IN
NEURONAL NETWORKS. D.A. McCormick. Yale Univ. (Chairperson); G.R.
Tibbs. Columbia Univ.; A. Luthi. Yale Univ.; E. Marder. Brandeis Univ.; 1
Reklinq. UCLA. Rhythmic activities, such as those occurring during heartbeat,
feeding, respiration and sleep, are of fundamental importance in life.
Neuronal rhythms require a balanced interaction between intrinsic cellular
properties, such as pacemaker currents (lh), and defined patterns of synaptic
connectivities. This symposium aims to show that to gain quantitative insight
into these processes a common effort of molecular biologists, biophysicists
and systems biologists is required. Dr. Tibbs will describe the molecular
identity of the pacemaker channel family and correlate the expression
patterns and properties of these gene products with the physiologically
described lh current isoforms. Dr. Luthi will discuss the cellular activitydependent mechanisms of regulation of lh in thalamocortical cells and show
how gating properties and temporal dynamics of activation of this current may
contribute to patterning synchronized oscillations such as those characteristic
for sleep and epilepsy. Dr. Marder will discuss recent evidence from small
circuits such as those found in invertebrates or constructed with the dynamic
clamp that illustrate the role that lh and its modulation can play in producing
network oscillations and in controlling the period and phase relationships of
neurons in circuits. Additionally mechanisms of modulation of invertebrate
central pattern generating networks and interactions between fast and slow
oscillatory networks will be presented. Dr. Rekling will describe the properties
of respiratory neurons in the preBGtzinger complex, a region in the brainstem
hypothesized to contain neuronal circuits generating the respiratory rhythm.
Neurons with endogenous bursting properties and recurrent interconnectivities are found in the preBotzinger complex, supporting the
hypothesis that rhythmogenesis may result from an interaction between
intrinsic conductances and recurrent synaptic transmission.

Apoptosis is an evolutionarily conserved cell suicide process that
regulates the number of cells generated in the nervous system and
eliminates cells during injury and inflammation.
Multiple
pathways of neuronal cell death can be stimulated by a lack of
trophic support, DNA damage and oxidative stress.
The
molecules that regulate cell death decisions have been recently
identified and functionally defined. These include protein kinases,
nucleotide binding proteins, p53, caspases, bcl-2 family members
and numerous adaptor proteins. Several key apoptotic proteins
also have roles in cell proliferation and growth control. Dr. Dixit
will present signal transduction mechanisms that link cell death
receptors to the intracellular cell death machinery. Dr. Greene
will focus upon mechanisms of neuronal cell death that involve
engagement of the cell cycle components. Dr. Green will address
how mitochondrial fimctions are linked to the control of
apoptosis. Dr. Miller will discuss how neurotrophin receptors
are involved in the induction and inhibition of neuronal apoptosis
during development.

VISUAL CORTEX: EXTRASTRIATE—ATTENTION AND COGNITION

6.1

6.2

LOCAL AND GLOBAL ATTENTION ARE REPRESENTED RETINOTOPICALLY,
NOT LATERALIZED, IN HUMAN OCCIPITAL CORTEX. Y, Sasaki^, N,
Hadjikhani’. H. Hibinoz. A. M, Dale’. B. R. Rosen)*, R, B, H, Tootell’: ’MGH NMR
Ctr. and Harvard Med. Sch., Charlestown, Mass., USA; Chiba Univ., Chiba, Japan
Human clinical data suggests that attention to local visual features selectively involves the left hemisphere, whereas attention to global visual features selectively involves the right hemisphere, in non-occipital cortex. In a recent PET study, Fink et al.
(Nature. 1996) reported that attention to local-vs-global features is lateralized in occipital cortex as well. However in occipital cortex, this lateralized model of local/
global attention is incompatible with the well-known, bilaterally-balanced organization of retinotopy and visual spatial attention. This retinotopic model predicts instead
that during free viewing, attention to local features should enhance neural activity in
the representation of the fovea, whereas attention to global features should enhance
activity at a much wider range of eccentricities, equally in both hemispheres.
Here we tested the contrasting predictions of these two models. Simplified versions
of the Navon figures (‘X’s and ‘+’s, at both local and global scales) were presented to
six subjects during fMRI scanning. The scanning was done at 3 T, using a bite bar,
extensive signal-averaging, retinotopic mapping and cortical flattening, in a block design for maximum sensitivity, as in Tootell et al., Neuron (1998). During each epoch,
subjects were required to discriminate each figure at either local or global scales, or to
passively view identical sets of stimuli. Eye movements were largely eliminated by
centering all the stimuli at both local and global scales, so that the discriminations
could be made while maintaining central fixation.
The results unequivocally supported the retinotopic model. In all subjects, attention
to the local features produced enhanced MR signals in the cortical representation of the
fovea, whereas attention to global features produced relatively higher signals across
the remaining representation of the entire (global) stimulus. This wotk was supported by
EY07980 to RBHT. YS is a Research Fellow of the Japanese Society for the Promotion of
Science.

DIRECTED ATTENTION INCREASES ACTIVITY IN HUMAN
VISUAL CORTEX IN THE ABSENCE OF VISUAL STIMULATION.
S. Kastner*, M. Pinsk, R, Desimone, L.G. Ungerleider. Lab. Brain &
Cognition and Lab. Neuropsychology, NIMH, Bethesda, MD 20892,
Directed attention enhances stimulus evoked activity in the visual
cortex. Results from monkey physiology have shown that neural activity
can be modulated not only in the presence but also in the absence of
visual stimulation, leading to increases in spontaneous (baseline) activity
when the animal is cued to attend to a spatial location in anticipation of a
visual stimulus. Here, we used fMRI to investigate such increases in
baseline activity due to directed attention in the human visual cortex.
Five subjects were scanned in a 1.5 Tesla GE Signa magnet using
gradient echo EPL Subjects were cued to covertly direct attention to a
peripheral target location 11 s before the onset of visual stimuli in that
location. Additional experimental conditions included unattended and
attended visual presentations as used in previous studies.
During directed attention in the absence of visual stimulation, activity
increased in those extrastriate areas with a representation of the attended
location. This baseline increase was followed by a further increase of
activity after the onset of visual stimuli. Increases in baseline activity in
the superior parietal lobule (SPL), the frontal eye fields (FEF) and the
supplementary eye field (SEF) were stronger than in visual cortex and
not followed by a further activity increase after the onset of the stimuli.
Our results showed that directed attention led to an increase in baseline
activity in visual cortex in the absence of visual stimulation, likely
reflecting a top-down feedback bias in favor of the attended location.
Possible sources of this biasing signal were located in regions of the SPL,
FEF, and SEF showing sustained activity. The nature of the biasing signal
in visual cortex, if object- or spatially-based or both, and its relation to
working memory are currently under investigation.

6.3

6.4

SUPPRESSION OF A PREPOTENT RESPONSE ACTIVATES CORTEX
ANTERIOR TO THE SUPPLEMENTARY EYE FIELD. E.P. Merriam*1 23
C.R. Olson12 b . Luna3, K.R. Thulborn23, W.F. Eddy2, C.L. Colby12,
J.A. Sweeney2'3. Department of Neuroscience1* the Center for the
Neural Basis of Cognition2, and the MR Research Center3, University of
Pittsburgh, Pittsburgh PA 15260.
Our previous functional imaging studies have demonstrated a clear role
for cortex anterior to the supplementary eye field (pre-SEF) in oculomotor
delay response performance but the precise role of this cortex in the higher
order control of eye movements remains unclear. We have now used fMRI
to investigate pre-SEF activation under three conditions involving increasing
cognitive demand. (1) in an exogenous condition, subjects made saccades
to flashed targets. (2) In an endogenous condition, subjects made leftward
and rightward saccades in response to foveal presentation of the uppercase
words 'LEFT and 'RIGHT. (3) In a stimulus-response incompatibility
condition, 40% of the trials were the same as in the endogenous condition,
whereas, on 60% of the trials, subjects made rightward saccades in
response to the lowercase word 'left' and leftward saccades in response to
the lowercase word 'right*. These studies discriminated two areas along the
medial frontal cortex superior to the cingulate gyrus. The SEF was active
under the exogenous and endogenous conditions when compared with
visual fixation; this effect was especially pronounced under the endogenous
condition.
Pre-SEF cortex was only weakly activated under these
circumstances but was greatly activated by the high-demand stimulusresponse incompatibility condition, even when contrasted to the endogenous
condition. Such a comparison did not reveal SEF activation. These results
indicate that pre-SEF cortex contributes to the voluntary generation of eye
movements under cognitively demanding circumstances. Supported by
NARSAD, MH01433, NS35949, HD35469, MH45156, EY11831, JSMF9720.

Event-related fMRI of Visuospatial Attention: cue, delay, and
validity effects. M^Corbetta*, M.J.Kincade, J.M.Ollinger. M.P.McAvoy.
E,Akbudak.T.E. Conturo. A.Z.Snvder, S.E.Petersen and G.L, Shulman. Wash.
Univ. Sch. Med., St. Louis, MO 63110
Novel event-related fMRI methods were used to separate the signals produced by a
symbolic cue indicating a location, a delay during which attention was maintained
at that location, and modulations evoked by the presentation of probes at that or an
uncued location in the opposite visual field.
Subjects performed a cued location detection task. On cue+target trials, subjects
were shown an arrow at fixation that cued the location (73% validity) of an
upcoming visual probe. Following a random delay period (1500-3000 msec) a
visual probe was presented at 2 degs either at the cued or uncued location. Subjects
pressed a key when they detected the probe. Cue+no-target trials were similar but no
probe was presented, and the delay period extended for 4360 msec. On cue trials,
only the arrow cue was shown. The data were analyzed with a linear model that did
not make any assumption about the shape of the hemodynamic response.
During the cue period, sustained BOLD increases were recorded bilaterally in the
intraparietal sulcus, and more transient increases in more ventral occipital regions
(e.g. MT+). During the delay period, intraparietal sulcus and anterior insula were
active bilaterally along with several right hemisphere regions. Visual probes
activated more stongly contralateral visual regions. Finally, probes at uncued
locations caused stronger and more sustained responses than probes at cued location
in several regions including the right temporo-parietal junction (TPJ), an area
selectively damaged in unilateral neglect patients. Hence, expectations about
locations are encoded and maintained in the intraparietal sulcus, whereas activity in
the right TPJ is sensitive to target validity. NIH EY00379, EY12148, The
McDonnell Cntrfor Higher Brain Fen.
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COMPARISON OF BEHAVIORAL AND NEURONAL EFFECTS OF
ATTENTION E.P. Cook* andJ.H.R. Maunsell, Division of Neuroscience, Baylor
College of Medicine and the Howard Hughes Medical Institute, Houston, TX 77030
Attention improves behavioral detection and discrimination, and can strengthen
the sensory responses of individual cortical neurons. We sought to determine if the
behavioral and physiological aspects of attention could be related in a quantitative
way.
We recorded single unit activity from superior temporal (STS) and intraparietal
(IPS) sulci of a monkey trained to perform a motion detection task. While the
monkey fixated on a central point, two patches of 0% coherent random dot motion
were presented. The task was to release a lever when coherent motion appeared in
one of the patches, which occurred at a random time in each trial. The coherent
motion was always in the preferred direction of the cell understudy and the strength
of the coherent motion signal was varied in order to provide a range of behavioral
performances.
A cue was presented before each trial to indicate which patch would contain the
coherent motion. This cue was valid 80% of the time (valid condition), on the other
trials the motion appeared in the uncued patch (invalid condition). The monkey
devoted most of its attention to the cued patch of dots because it was the most likely
location to contain the coherent motion signal.
The monkey’s reaction time (RT) for the valid and invalid cuing conditions
averaged 480 and 578 msec. The median attentional modulation of the neuronal
responses to the coherent motion was 12% for STS and 63% for IPS neurons. A
model was constructed from the neural responses that attempted to account for RT in
the invalid cuing condition. Comparing the model’s predicted RT to the monkey’s
actual RT showed that STS neurons, on average, underestimated the effect of
attention on RT. Predictions based on IPS responses, on average, overestimated the
effect of attention on RT. (HHMI and NIH)

REDUCING STIMULUS CONTRAST INCREASES ATTENTIONAL
MODULATION IN THE SUPERIOR TEMPORAL SULCUS OF THE MACAQUE
MONKEY.
J, C, Martinez Trujillo*, S. Treue, Cognitive Neuroscience Lab., Dept. of Neurology,
U. of Tubingen, 72076 Tubingen, Germany.
We have previously demonstrated that directing attention to one of the two stimuli
inside the receptive field (RF) of direction-selective cells in macaque monkey superior
temporal sulcus (STS) decreases the contribution of the unattended stimulus to the
cells’ responses (Martinez & Treue, Soc. Neurosci. Abstr., 1998). This decrease
could be mimicked in trials in which the animal was only fixating by lowering the
contrast of the stimulus that is unattended in the other condition, suggesting that
attention effectively shifts the contrast response function for unattended stimuli (Treue
& Martinez, Soc. Neurosci. Abstr., 1998). Such a shift would create the largest
attentional modulation for stimuli with contrasts along the steep part of the contrast
response function.
Using two random dot patterns (RDP) positioned inside the cells’ RF we determined
the attentional modulation of direction-selective cells in the STS of two macaques
monkeys by measuring the response suppression for trials where the animals attended
to pattern AP (moving in the antipreferred direction) and ignored pattern P (moving
in the preferred direction), vs. trials in which the animal was attending to a small
color square at the fixation point and ignoring both stimuli (fixation condition). This
attentional modulation was measured for various contrast levels of pattern P (Pattern
AP always had 100% contrast). In -90% of the cases we observed a stronger attentional
modulation for contrast levels of pattern P that reduced responses in the fixation
condition to 15 - 85% of that with 100% contrast for pattern P demonstrating that
attention indeed modulates responses more strongly for stimuli with a contrast below
the saturating contrast of the cell.
Supported by the MWF, Baden-Wiirttemberg, Germany

6.7

6.8

EFFECTS OF CUE DURATION ON CUED MOTION DETECTION
STUDIED WITH EVENT-RELATED FMRI.
G.L, Shulman*. J.M.
Qllingcr. S.E. Petcrscn.E, Akbudak.T.E, Conturo.A.Z, Snvdcr. M.Linenweber.
M.P.McAvoy and M. Corbetta. Wash. Univ. Sell. Med., St. Louis, MO 63110
The I'MRI signals affected by the duration of a cue period that signalled motion in
a particular direction were determined using an event-related fMRI technique that
separated the activations produced by the cue from the cue-induced modulations of
sensory activity evoked by a subsequent moving test stimulus. .
Subjects performed a cued motion coherence detection task. On cue+noise/motion
trials, an arrow, superimposed on a static dot array, indicated the direction of
upcoming coherent motion. Following a period of dynamic noise, some dots
moved coherently. Subjects pressed a key if they delected the motion. Cue+noise
trials were similar but no motion was presented (i.e. only dynamic noise occurred).
On cue trials, only die arrow cue and static dots were shown. In separate scans, the
duration of the cue period preceding die onset of the dynamic noise was 4.72 or
9.44 sees, although in both cases die duration of the arrow cue was 1600 msec.
I'MRI scans involved ASE EPI, 50 msec offset, 2.36 see TR, 16 8 mm slices,
3.75 mm square voxels. The data were analyzer! with a linear model which allowed
signals from the cue interval to be separated from the noisc/motion interval.
The resulting cue images for both cue period durations showed BOLD signal
increases in several dorsal and ventral regions. A short duration cue period produced
activations thal were more sustained in dorsal than ventral visual regions. The long
duration cue period produced activations that decreased following an initial increase,
but then increased again at the end of the cue |ieriod. This late increase may reflect
an anticipatory reactivation of visual areas.
McDonnell Cntr for Higher Brain Fen. Charles A. Dana Foundation, NS0683,
NS32979. EY00379. EY12I4X

TASK-SPECIFIC MODULATION OF EARLY VISUAL CORTEX. A.C, Huk?
G.M. Boynton,*2 & D.J. Heeger1. ‘Dept. of Psychology, Stanford University,
Stanford, CA, 94305; 2Salk Institute for Biological Sciences, La Jolla, CA, 92037.
Purpose: To determine if brain activity in human visual cortex is selectively
modulated by changing only the observer’s task.
Background: In monkeys, VI neurons are more sensitive to changes in contrast than
in speed, whereas MT neurons are more sensitive to changes in speed than contrast.
Contrast discrimination performance might, therefore, be limited by neuronal signals
in VI whereas speed discrimination performance might be limited by signals in MT.
Methods: Stimuli were radially-moving, concentric, sinusoidal gratings (14° circular
aperture, mean velocity 8°/sec, mean contrast 20%). FMRI responses were recorded
(using a T2* weighted spiral acquisition) while subjects alternated every 18 sec
between threshold contrast and speed discriminations (approx 75% correct). Each 2interval forced-choice trial consisted of two 0.5 sec intervals, slightly different in both
contrast and speed (the intervals with higher contrast and higher speed were chosen
randomly and independently); stimuli were identical during both contrast and speed
discrimination. Spatial and temporal frequencies were randomized to force subjects to
base their speed discrimination judgments on stimulus speed per se. FMRI responses
were quantified as the amplitude and phase of the (36 sec period) sinusoid that best
fit the average time-series of pixels within a given visual area.
Results: VI activity modulated in phase with the periods of time during which
subjects performed the contrast discrimination task; that is, VI activity was higher
during contrast discrimination than during speed discrimination. Conversely, MT+
activity modulated in phase with the speed discrimination task.
Conclusions: Visual areas that are highly sensitive to small changes in a given
stimulus feature (such as contrast or speed) are selectively modulated during
discrimination judgments on that feature. This task-specificity occurs as early as VI.
Increasing the gain of the relevant neuronal signals in this way may improve their
signal-to-noise to help optimize task performance.______________________________
Supported by NIH grant EY11794 and an NSF Graduate Research Fellowship.

6.9

6.10

QUANTITATIVE TESTING OF MODELS OF SELECTIVE SPATIAL
ATTENTION IN V4 NEURONS. G.M. Ghose* and J.H.R. Maunsell. Baylor College
of Medicine and HHMI, Houston, TX 77030
In V4 and MT, neural responses to multiple stimuli can be strongly
modulated when attention is shifted from one stimulus to another within the receptive
field. We sought to compare two models for this modulation: one in which attention
removes the sensory influence of the unattended stimulus (filter model) and one in
the which the sensory influence of the attended stimulus is increased (input gain
model).
One or two temporally counter-phasing Gabors of 3 different orientations
(preferred, null, and intermediate) were presented within a neuron's RF while the
same number were presented in the opposite quadrant. The monkey performed an
orientation change detection task while maintaining fixation within a 1 deg widow.
Each Gabor changed its orientation at an independent random time from 400 to 2000
ms into the trial. On each trial one of the stimulus locations was cued and the
monkey was rewarded when he released a lever between 200 and 450 ms after a
change of orientation at the cued location. Four different locations were cued: two
within the receptive field, and two in the opposite quadrant.
Responses showed strong modulation with shifts in the locus of attention:
for preferred-null combinations, responses for 19 of 32 cells were significantly higher
when the preferred stimulus was attended compared to when the null stimulus was
attended. Consistent with previous investigators response modulations of 2:1 were
typical for this shift in attention. For both attended locations and all orientation
combinations, predicted responses to multiple stimuli were computed from single
stimulus responses according to the input gain and filter models. For most cells
certain stimulus combinations were best fit by the input gain model, while other
combinations were best fit by the filter model. The results indicate that neither model
can fully account for the effects of selective attention across the range of stimulus
interactions seen in V4 neurons.(HFSP,HHMI).

EFFECTS OF TASK DIFFICULTY AND STIMULUS CONTRAST ON ATTENTIONAL MODULATION IN HUMAN STRIATE AND EXTRASTRIATE CORTEX REVEALED BY fMRI. D.C. Somers*’14, A.E. Seiffert§, A.M. Dale1, R.B,H.
Tootell?, MGH-NMR Center*, Charlestown, MA, Dept. of Brain & Cognitive
Sciences*, MIT, and Dept. of Psychology^, Harvard Univ., Cambridge, MA.
Background: We previously reported spatially-specific attentional modulation
in human striate and extrastriate cortex using fMRI (PNAS 96:1663-8). Here we
extend these studies to investigate the effects of central attentional demands and
external stimulus drive. Methods: Subjects held central fixation while alternately
attending to and performing a task on either foveal or extrafoveal stimulus components during echo-planar imaging at 3T. The extrafoveal stimulus was a rotating
radial grating annulus. The foveal stimulus was either a rotating grating disk or
rapidly presented (RSVP) streams of letters. The RSVP task required subjects to
recognize, store and compare letters and thus taxed high-level processes. Task difficulty was manipulated by changing the number of letters to be processed per trial.
The motion task requred low-level judgments of rotation direction. Stimulus drive
was manipulated via grating contrast. Results: Attentional modulations in striate
and extrastriate cortex were greater for high attentional load conditions than for
low-load conditions. Striate cortex exhibited greater sensitivity to attentional load
conditions than did extrastriate cortex. These results support the hypothesis that
prior reported failures to observe attentional modulations in VI result in part from
the low attentional demands of those studies. In stimulus drive studies, modulations occurred at all stimulus contrasts; however, the ratio of attentional modulation
to stimulus drive was greatest at low contrast. Directing attention produced response changes equivalent to several-fold changes in contrast. Conclusions: The
present findings replicate and extend our observations of attentional modualtion in
V1. Both high- and low-level manipulations affected attentional modulation in early
visual cortex. High-level modulations suggest that visuo-spatial attention is a highly
integrative process that spans many cortical regions.
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PREFRONTAL LESIONS PRODUCE IMPAIRMENTS IN FEATURECUED ATTENTION. A.F. Rossi1*. P.S. Rotter2, R. Desimone2 and L.G.
Ungerleider1. !LBC and 2LN, NIMH, NIH, Bethesda, MD 20892.
Physiological studies of cortical area V4 have demonstrated that the
activity of neurons in this area can be modulated by changes in the
behavioral relevance of the stimulus in the receptive field (see Moran and
Desimone, 1985). These studies suggest that extrastriate cortex may
represent a stage in visual processing where top-down attentional inputs can
have a large effect on the neural representation of bottom-up stimulus
information. To examine the role of cortical feedback in the mediation of
attentional effects in extrastriate cortex, we removed prefrontal cortex
unilaterally in combination with a transection of the corpus callosum and
anterior commissure in two adult rhesus monkeys. As a result, visual
processing in only one hemisphere was potentially modulated by feedback
from prefrontal cortex. The monkeys were trained to fixate a central spot on
a display monitor and discriminate the orientation of a target grating
presented in either the control or the affected hemifield. The thresholds for
orientation discrimination were equivalent in the two hemifields when the
target grating was presented alone or with surrounding distracters. When the
task was modified so that the color of the fixation spot cued the valid
grating for discrimination on each trial (among 3 colored gratings), the
orientation thresholds in the affected hemifield were increased fourfold
relative to the control hemifield. We attribute the difference in the
thresholds for the two tasks to an increase in the “attentional load” or topdown component in the cueing task. When the target identity and position
were constant (first task), the discrimination task could be accomplished by
local cortical mechanisms. However, when the identity (color) and location
of the valid target were not predicted trial-to-trial (second task), the animal
had to rely on cue information, which presumably requires prefrontal cortex.
These findings support the notion that prefrontal cortex is involved in the
attentive selection of behaviorally relevant stimuli. Supported by NIMH IRP

FMRI REVEALS SUBTHRESHOLD ACTIVATION IN HUMAN VISUAL CORTEX: IMPLICATIONS FOR CONSCIOUSNESS. R, B, H. Tootell1*. N.
Hadiikhani*. D, C, Somers^: ^MGH NMR Center and Harvard Med. Sch.,
Charlestown, Mass., USA; ^Dept. Psychol., MIT, Cambridge, Mass., USA
Our goal was to measure fMRI responses in visual cortex at-and-near the limits of
conscious visibility, to reveal which human cortical areas are activated during psychophysical responses at visual threshold.
Normal human subjects were presented with visual stimuli at-and-near their luminance contrast thresholds, at 0.5,0.7,1,2 and 4 times threshold. Each subject’s contrast threshold was measured using multiple ‘BestPEST’ parameter estimations, based
on stimulus detection. The stimuli were achromatic, luminance-varying radial gratings
(10 cycles/revolution), centered on a small fixation point, stationary but contrastcounterphased at 2 HZ. To measure the fMRI activation produced at each of these contrast levels, the gratings were presented in a 2-condition block design, in alternation with
a uniform grey field of equal mean luminance (e.g. a grating of zero contrast). The fMRI
was done using a 3 T EPI scanner, extensive signal-averaging, a bite bar, a customized
bilateral surface coil, cortical flattening and retinotopic mapping.
Subjects showed surprisingly robust activation across most or all of these contrast
values. Typically, activity decreased monotonically with stimulus contrast, but remained
significant (p<0.01 or less) even at subthreshold contrasts (easily 0.7, and marginally
0.5). Most visual areas showed similar contrast gain functions, but a few areas showed
possible discontinuities in the gain function at psychophysical threshold. The fMRI activity occurring below visual threshold should clarify mechanisms of subthreshold summation. By definition, we are not conscious of subthreshold stimuli, so such results
could also help discriminate the neural mechanisms underlying unconscious pre-processing
from conscious perception. This work was supported by EY07980 to RBHT.

VISUAL CORTEX: STRIATE—NEURONS AND PERCEPTION

7.1

7.2

NEURAL CORRELATES OF SUBJECTIVE-CONTOUR PERCEPTION
IN THE BARN OWL (TYTO ALBA). A. Nieder, H. Wagner* Institut fur
Biologie II, RWTH Aachen, D-52074 Aachen, Germany.
The ability to perceive subjective contours that lack a physical
counterpart is one of file most striking illustrations that the visual system
contains inferences about the world well beyond available sensory data.
We demonstrate in behavioral tests that owls can exploit contours
that humans perceive as ‘subjective’. Two owl were trained to discriminate
abstract figures defined by contrast borders. In transfer tests, both owls
significantly transferred stimuli defined by contrast contours to
corresponding geometrical figures defined by gaps in gratings or abutting
gratings.
Single-unit recordings from the visual Wulst of behaving owls
revealed a substantial proportion of neurons (91 %) that coded subjective
contours. Neurons responded invariantly to abutting gratings of different
line spacing, indicating global contour coding independent of line-inducing
elements. We therefore conclude that the hyperstriatum accessorium of the
owl’s visual Wulst is specifically adapted to tasks requiring long-range
computations. It is suggests that an orderly-layered cortical architecture - as
found in mammals - is not a prerequisite for neuronal long-range integration
and the resulting high-order perceptual phenomena.
Supported by the DFG (Wa 606/6).

CORRELATES OF A GRADUAL SPREAD OF ATTENTION OVER A
TRACED CURVE IN MACAQUE AREA Vl P.R. Roelfsema* and H.
Spekreijse Graduate School Neurosciences Amsterdam, dept. Visual System
Analysis, AMC, University of Amsterdam, P.O. Box 12011, 1100 AA
Amsterdam, The Netherlands
In a mental curve-tracing task the observer follows a target curve through
the visual field without making eye movements. In this task attention is
directed to the target curve. In a previous study, we trained monkeys to trace
a target curve and to ignore a second, distractor curve. Responses in area V1
to the target curve were enhanced, even if this curve intersected the distractor
curve, which suggested that object-based attention is involved in curve
tracing (Roelfsema, Lamme & Spekreijse, 1998). Psychophysically, the
speed of curve tracing is reduced at intersections, in particular when it is
difficult to decide which curve should be traced after the intersection. This
was exploited in the present study, to study the dynamics of the spread of rate
enhancement.
The activity of groups of neurons in the macaque primary visual cortex was
recorded by using chronically implanted electrodes. We presented stimuli
that contained intersections with varying difficulty. The effect of ambiguity
at an intersection depended on whether neurons had their receptive field on a
curve segment before or after the intersection. The response enhancement of
neurons with a receptive field after an intersection was delayed if the
intersection was difficult. In contrast, the latency of response enhancement
was hardly influenced by such ambiguity for neurons with a receptive field
before the intersection. These results suggest that curve tracing is
implemented in the visual cortex by the gradual spread of rate enhancement
among neurons that respond to the various segments of a single curve.
(Funded by a grant of the Royal Academy of Sciences of the Netherlands)

7.3

7.4

SPATIOTEMPORAL DYNAMICS OF SUBJECTIVE CONTOUR FORMATION IN PRIMATE Vl and V2. M. Nguyen1 and T.S. Lee1,2’*. Center for Neural Basis of Cognition1 and Department of Computer Science1,2,
Carnegie Mellon University.

NEURAL CORRELATES OF DEPTH-ORDER MOTION PERCEPTION IN AREAS Vl AND MT OF MACAQUE MONKEY.

Previous studies have shown that V2 neurons are sensitive to moving illusory
bar (Von de Heydt et al, 1984, Science) and that Vl neurons are sensitive
to abutting contours defined by lines and sine-wave gratings (Grosof et al
Science, 1993). It is not known, however, how Vl and V2 neurons respond
to static subjective contours as depicted in the original Kanizsa triangle.
In this study, we examined the responses of Vl and V2 neurons of awake
monkeys to subjective contours of the Kanizsa figures. A sequence of stimuli
were presented for 1.8 seconds while the monkeys performed a fixation task.
The set of tested stimuli included squares and diamonds defined by solid
color, line, or by 4 strategically placed occluded circular disks (i.e. kanizsa
figures), as well as other controls. The position of the figure was shifted in
successive trials relative to the receptive field (RF) of the neuron so that
the subjective contour fell on different locations relative to the RF. This
allowed us to study the time course and the spatial dynamics of the subjective
contour formation. We found that neural signals correlated with subjective
contour emerged in a significant number of Vl neurons at around 100-150
msec after stimulus onset, significantly later than the signals related to the
contrast or line contour (40-50 msec) or the texture contour (70-80 msec).
In area V2, neural signals for subjective contour emerged at a somewhat
earlier time, around 65-130 msec. These findings support the idea that Vl
participates in higher level visual computation concurrently with extrastriate
cortex through recurrent feedforward and feedback interactions.
Supported by JSMF 96-19, NSF LIS 97-18.

A. Grunewald*, D.C. Bradley &: R.A. Andersen. Division of Biology, California
Institute of Technology, Pasadena, Mail Code 216-76, CA 91125, USA.
How are visual motion and disparity integrated into a coherent visual percept?
To study this macaque monkeys performed a depth-order-from-motion (DOM)
task. Visual stimuli were generated as parallel projections of a cylinder defined
by dots rotating about a fixed axis. The cylinders could be rotating in one of two
directions, and the projected images were shown with 5 levels of disparity (0%,
12.5%, 25%, 50%, 100%; 0%: no disparity, 100%: disparity of the full cylinder.)
At the offset of the cylinder display two dots on opposite ends of the cylinder
appeared. The animals indicated the rotation direction by saccading to the dot
towards which the front surface of the cylinder appeared to be moving.
In previous work we have shown that neural activity of single cells in areas
Vl and MT is correlated with the animal’s choice in the DOM task. In addition,
the effects in MT are predicted by the cell’s tuning. We extend this research by
performing population analyses of the Vl and MT data for all cells that were
tuned for the cylinders (one-way ANOVA, p < 0.05). For each cell the predicted
choice was the rotation direction of the preferred cylinder. The effect of the
actual choice was obtained by fitting firing rates to a regression equation with
two parameters: the cylinder’s disparity and the animal’s choice. The choice
index (CI) was the product of predicted choice and actual choice slope for each
cell. Whenever actual and predicted choices coincide, the CI is positive. When
they are opposite, the CI is negative. The distribution of the Cis was centered on
0 for the Vl data (p > 0.6), whereas it was positive for the MT data (p < 0.05).
Thus across the population neural activity is correlated with behavioral choice
in MT, but not in Vl. It is possible that there is a special subclass of cells in Vl
that shows a choice effect, which is not visible in population analyses.
Supported by NEI-NIH and McDonnell-Pew.

Society

for

Neuroscience

. Volume

25, 1999

3

VISUAL CORTEX: STRIATE—NEURONS AND PERCEPTION

4

SUNDAY AM

7.5

7.6

COMPARING SINGLE Vl NEURONS AGAINST PSYCHOPHYSICAL PERFORMANCE IN STEREO DEPTH TASKS

THEORY FOR DISPARITY ANALYSIS IN THE VISUAL CORTEX
WHICH PREDICTS A NOVEL GRATING STIMULUS DEPTH ILLUSION.
F. Worgotter* and A. Cozzi
Inst, of Physiology, Dept. of Neurophysiology,
Ruhr-Universitat Bochum, D-44780 Bochum, Germany
Binocular vision allows us to perceive our environment as 3-dimensional, and
this perception is created by cooperative neuronal operations in the visual system. S-cells in the visual cortex have receptive fields which can be described as
spatial band-pass filters approximated by so-called ’’Gabor”-functions. Even
(real) and odd (imaginary) pairs of monocular S-cell responses in the left (1)
and the right (r) eye shall be denoted as
a complex number. Such monocular S-cell pairs from both eyes can now be arranged by a push-pull mechanism
in order to yield binocular S-cells which form the basis of disparity analysis.
Cortical C-cells receive input from S-cells. We model this by a quadraturepair cell model combining two sets of each four binocular S-cells in order to
get two C-cells Ceven and Codd. Disparity is coded by such a C-cell pair as
C = MtM* = Ceven + iCodd, where the asterisk denotes the complex conjugate. This represents a “shared energy” signal from the left and the right eye
and implicitly encodes disparity by an energy model. We normalize this signal
by the pure energy signals from the left and the right eye C/,r = Mi<rM(r
and get D =
~ e^>l~d,r which represents a phase-based model for
disparity analysis. Thus, these two models are neuronally almost identical
(apart from a final normalization step). This theory predicts that a strong
discrepancy should exist between the actual and the perceived depth of sinewave luminance-modulated (“grating”) stimuli: If the spatial frequency of the
grating is increased it seems to move closer to the observer. In psychophysical
experiments we prove that this conjecture holds.
Acknowledgments: Deutsche Forschungsgemeinschaft SFB-509 and HFSP

7.7

7.8

THE RESPONSE OF BINOCULAR Vl NEURONS TO INTEROCULAR ORIENTATION DIFFERENCES

RESPONSES OF CELLS IN MACAQUE Vl TO CHROMATIC STIMULI
ARE COMPATIBLE WITH HUMAN COLOR CONSTANCY
T. Wachtler* T.J. Sejnowski, T.D. Albright. The Salk Institute for Biological

A.J. Parker, S.J.D. Prince, A.D. Pointon and B.G. Cumming.
(SPON: British Neuroscience Association)
University Lab. of Physiology, Parks Road, Oxford, 0X1 3PT, UK
We compared the performance of single Vl neurons in alert macaque
monkeys against the animals’ psychophysical performance during a binocular disparity discrimination task. The stipiuli were dynamic random dot
patches matched to the receptive field size, surrounded by an annulus of
dots at a fixed disparity (thus providing a relative disparity cue). Neural discrimination performance was assessed by plotting the probability
of a given level of neuronal response against binocular disparity. Average neuronal thresholds were ~ 4x poorer than behavioural thresholds,
although the best neurons were marginally better than the animals’ behaviour. Thus, the well-known precision of relative depth judgements
can be supported with signals from a small number of Vl neurons. The
required combination may occur as Vl projects to the extrastriate cortex,
where signals for relative depth are found (Thomas et al, SFN99).
The annulus had a profound effect on behavioural thresholds, which
were ~ 10 x poorer when the surround was absent or contained binocularly uncorrelated dots. For Vl neurons, the disparity of stimuli outside
the classical receptive field has a negligible effect, because Vl neurons
signal only absolute disparities (Cumming and Parker, J. Neurosci., in
press). Thus, in the absence of a local disparity reference, single Vl
neurons actually outperform the observer. Presumably in this case, psychophysical thresholds are limited by other factors (such as uncertainty
about vergence eye position).
(Supported by the Wellcome Trust, the Royal Society and the MRC.)

H. Bridge, B.G. Cumming and A.J. Parker*. University Laboratory of Physiology, Parks Road, Oxford, 0X1 3PT, UK
When a slanted plane is viewed binocularly, a single line on the plane projects
to lines of different orientations on the left and right retinae. Binocular orientation differences rather than differences in position may therefore code the slant
of surfaces. In anaesthetised cats, some neurons respond maximally when stimulus orientation is different in the two eyes. Such neurons may provide a neural
mechanism for detecting interocular orientation differences (Blakemore et al.,
1972; Nelson et al., 1977). The existing data may simply reflect independent
summation of responses from the two eyes, so that they do not demonstrate
a binocular interaction specific to the orientation difference. Here we searched
in Vl of awake, fixating monkeys for a neuronal mechanism that is specific for
binocular orientation differences.
We presented sinewave gratings of different orientations to the two eyes.
Neurons that sum monocular responses should always respond maximally to
the preferred orientation in one eye, regardless of the orientation of the stimulus
presented to the other eye. Neurons with a specific binocular mechanism for
detecting orientation differences would have their maximal response whenever
the preferred orientation difference occurs. In this case, the orientation preferred
by one eye depends on the orientation presented to the other eye.
Of orientation selective neurons in Vl, around three quarters exhibit the
response pattern expected from neurons summing the monocular inputs. However, the other quarter respond in a manner consistent with a mechanism selective for interocular orientation differences. We conclude that in Vl of the
awake, behaving monkey there are neurons that appear to code specifically for
interocular orientation differences. These cells may be capable of signalling
surface slant.
Supported by the Wellcome Trust and the Christopher Welch Fund.

Studies, La Jolla, CA 92037.

The responses of chromatically selective neurons in striate cortex to color stimuli are thought to depend only on the local wavelength composition, unlike color
percepts, which are influenced by chromatic context. However, some Vl neurons
can be influenced by other contextual stimuli, so we recorded neural responses in
Vl of awake macaques to color patches on colored backgrounds, stimuli that are
typically used in color appearance studies. The patches were squares, between
2’ and 4.5’ in size and at least twice as large as the classical receptive field, and
were presented on backgrounds of different chromaticities. In addition, 2° colored squares of the same chromaticity as the stimulus were displayed at 4-6
degrees from the receptive field. The chromatic tuning of cells was altered on
chromatic backgrounds compared to responses on a neutral gray background
(Wachtler et al 1999 /OVS404:S641). With respect to a color constancy measure
based on cone ratios, the response change for stimuli in the same chromatic direction as the background corresponds to an average degree of color constancy
of 0.7 (±0.3). The presence of remote color patches, which alone did not evoke
a response, changed the response to a stimulus in the receptive field in 50% of
the cells tested. The response was reduced by 20% on average. This response
modulation by remote chromatic stimuli in Vl cells is qualitatively similar to
findings for color-selective cells in V4 (Desimoneetal 1990 J. Neurosci. 10:3369) on
a different spatial scale. It also matches the results of our studies of human
color perception (Wachtler et al 1998 Soc. Neurosci. Abstr. 24 2:1398) where we had
found a degree of color constancy of 0.5-0.9, depending on observer, which was
significantly modulated by remote chromatic patches. These results indicate
that chromatic context influences Vl cells consistent with corresponding perceptual effects, thus suggesting that early visual processing may contribute to
color appearance and color constancy. (Supported by the Howard Hughes Medical Institute and the Sloan Center for Theoretical Neurobiology)

7.9

7.10

V1 AND CONSCIOUS VISION: AN fMRI STUDY OF RELATIVE CORTICAL
BLINDNESS. P. Stoerig1*, R. Kleiser1, M. Niedeggen1, J. Wittsack2, 11nstitute
of Physiological Psychology and 2lnstitute of Radiological Diagnostic,
Heinrich-Heine-University, 40225 Dusseldorf, FRG
It is generally assumed that V1 is needed to mediate conscious vision in
areas of relative cortical blindness. To test this assumption, we used fMRI in
three patients (FS, DH, GY) with left-hemispheric lesions causing
homonymous field defects in the right hemifield. For 3D visualization and
determination of Talairach coordinates, high-resolution T1-weigthed 3-D
FLASH data sets (voxel size 1x1x1 mm) were recorded with a 1.5 T scanner
(Siemens Magnetom Vision). During functional echoplanar imaging (16 slices,
voxel size 3x3x3mm, oriented approximately parallel to the calcarine sulcus),
the patients monocularly fixated a fixation cross. High-contrast reversing
checkerboard patterns were back-projected into the right (absolutely and
relatively blind regions) or left (control condition) visual field. Per patient,
regions within three slices were identified as most likely representing V1. To
quantify the loss of activation in the lesioned hemisphere relative to the
normal one, we did not set the r- or t-values to a predetermined level which
may prevent the analysis of reduced activation, instead, the mean number of
significantly activated pixels and the corresponding mean amplitude of signal
modulation over the three slices was computed. A reduction in visual
activation in the lesioned V1 was to be expected. VVhile its amount is small in
DH whose periiesional activation is consistent with the hypothesis that V1 is
involved in his low-level conscious vision, the reduction is very pronounced in
both FS and GY. The latter result confirms the lack of activation reported for
GY (Barbur et ai. (1993), substantiates it with a second case, and indicates
within the limits of the method that some conscious vision is possible in the
absence of any detectable ipsilesional V1 activation. Ref: Barbur JL et al.,
Brain 116 (1993), 1293-1302
Supported by DFG (SFB 194 - A 15)

EVENT-RELATED fMRI STUDIES OF CONTRAST DETECTION
D. Ress, B. T. Backus, and D. J. Heeger , Dept. of Psychology, Stanford University
Purpose: To test if psychophysical performance is correlated with the brain activity in
early cortical visual areas.
Methods: fMRI activity was recorded (T2*-weighted, spiral trajectory) while subjects
performed a series of many (>200) trials of a contrast-detection task. On half the trials
(randomly interleaved), a target pattern (4-Hz contrast-reversing checkerboard restricted
to a 3-6° annulus of the visual field) was briefly presented (0.75 s) at threshold contrast
(0.8%, d' = 1). On the other half, no target was presented. Subjects pressed one of two
buttons to indicate whether or not they saw the target pattern. Each trial lasted 15 s,
sufficient to allow the hemodynamic response to subside following each stimulus
presentation. An auditory tone cued subjects immediately preceding each trial. Trials
were sorted based on stimulus type (target present/absent) and subject’s response
(yes/no). Visual areas were identified based on retinotopy, and the data were analyzed
by averaging over all repeats of each trial type and over all responsive voxels within
each of the identified visual areas.
Results: 1) Vl activity was reliably greater when the just-noticeable stimulus was
present versus absent. 2) Vl activity was also greater for “yes” responses as compared
to “no” responses (see figure). 3) Vl activity was surprisingly strong even when no
stimulus was presented. Activity was a factor of two smaller when subjects
passively viewed the same stimulus,
suggesting that the stimulus-independent
activity was largely driven by the subjects’
engagement in the task. Similar results
were observed in areas V2 and V3.
Conclusions: Brain activity in early visual
areas is correlated with subjects’ responses
in a contrast-detection task.
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Supported by NIH grant EYl 1794 and NRSA
postdoctoral fellowship EY06952.
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VISUAL CORTEX: STRIATE—NEURONS AND PERCEPTION

7.11

7.12

MOTION STREAK SIGNALS IN PRIMARY VISUAL CORTEX
W, Geisler.* D, Albrecht. A, Crane. L, Stem. Department of Psychology
and Center for Vision and Image Sciences, University of Texas, Austin, TX
78712
One of the ways the visual system may determine motion direction is
by combining local velocity estimates from two or more spatial
orientations. We propose another potential mechanism: when a localized
image feature moves with sufficient speed, it should become smeared in
space due to temporal integration in the visual system, creating a spatial
signal—a “motion streak”—oriented in the direction of the motion.
Psychophysical and neural-simulation results suggest that these spatial
signals for motion direction exist in the human visual system for feature
speeds above approximately 1 feature width per 100 ms (Geisler, Nature, in
press). Here we report an attempt to measure motion streak signals in the
primary visual cortex of cat and monkey. Single neuron responses were
recorded as function of dot speed for moving raised-cosine dots with a
width equal to the inverse of the neuron’s optimal spatial frequency. We
plot the ratio of the response for motion parallel and perpendicular to the
spatial orientation of the RF. As predicted, the ratio increases with dot
speed, becoming substantially greater than 1.0 at moderate speeds. The
results for the moving dots are compared with the spatial and temporal
tuning functions measured with appropriate grating patterns drifting
perpendicular and parallel to the preferred spatial orientation of the RF.
Supported by NEI/NIH.

NEURONAL ACTIVITY IN HUMAN PRIMARY VISUAL CORTEX
CORRELATES WITH PERCEPTION DURING BINOCULAR RIVALRY.
A. Polonsky1, R. Blake2, J. Braun*3, D. Heeger1. ’Dept. of Psychology, Stanford
University; 2Dept. Of Psychology, Vanderbilt University, 3Dept. of Biology,
California Institute of Technology.
Purpose: To determine the degree to which neuronal activity in primary visual cortex
(VI) reflects perceptual alternations during binocular rivalry. Methods: Neuronal
activity was measured with fMRI using a T2* weighted spiral acquisition. Stimuli
were contrast-reversing, sinusoidal gratings restricted to a peripheral annulus (2.4-5.4
deg) of the visual field. The two monocular images were of different orientation and
color to instigate rivalry. The contrast in the right eye was higher than that in the
left eye, making the VI response to the right eye stimulus bigger than the response to
the left eye stimulus. Hence, contrast served as a "tag" for the VI representations of
the two stimuli. FMRI measurements were taken while subjects viewed the patterns
dichoptically and reported their percepts with button presses. VI was functionally
localized in each subject using'the standard retinotopic mapping techniques. Results:
VI activation modulated with the time-course of rivalry, increasing or decreasing
depending on whether the high- or low-contrast pattern was subjectively dominant.
The figure shows VI activity for one subject
averaged separately for epochs during which he
06
reported seeing the lower (circles) and higher
® 0.4
(squares) contrasts. Conclusions: The neural
° o2
mechanism underlying binocular rivalry in humans $
is not limited to higher visual areas, as previously
0
claimed, but involves VI. Either: 1) stimulus
S_02
suppression due to rivalry is initiated in V1 and is
then propagated to higher visual areas, or
_0-4i
2) suppression, after being initiated at later stages,
is propagated via feedback to VI.
Supported by NEI grant EY11794 and NIH training grant 2T32GM08294.
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SACCADE-RELATED PURKINJE CELLS IN THE MONKEY POSTERIOR VERMIS
ENCODE SACCADE DURATION BASED ON POPULATION ACTIVITY

PURKINJE CELL RESPONSE TO TRANPARENT MOTION
M.A.Frens*, A.L. Mathoera, H.H.L.M.Goossens, M.P.H.Coesmans and J.
van der Steen Dept. of Physiology; Erasmus University, P.O.Box 1738,
NL 3000 DR Rotterdam, The Netherlands, Fax:(31) 10 408 9457; Email:
frens@fys1.fgg.eur.nl

P. Thier*, R. Haas and P.W, Dicke, Sektion fiir Visuelle Sensomotorik,
Neurologische Universitatsklinik, D-72076 Tubingen, Germany.
Many Purkinje-cells (PC) in lobuli VI and VII of the monkey posterior cerebellar
vermis show brisk, directionally selective saccade-related bursts, usually leading the
eye movement. In order to determine if these bursts convey information useful for the
timing of saccades, we tried to clarify if the bursts depend on saccade duration. To
this end, we collected the responses of 103 saccade-related PCs to visually guided
saccades of amplitudes, varying from 2.5 to 40°, exploiting the well-known fact that
saccade duration increases with saccade amplitude. The beginning and end of
saccade-related bursts were identified by applying a Poisson spike train analysis.
Burst onset latency, burst duration and the mean number of spikes in the burst were
plotted as a function of saccade duration. The resulting plots turned out to be highly
idiosyncratic, not showing a consistent duration tuning for any PC. The conclusion of
a lack of duration tuning was further supported by the fact that the population
averages of these plots ran parallel to the saccade duration axis. We next considered
the alternative that the population response, i.e. the collective discharge of larger
groups of posterior vermal saccade-related PCs might contain information on the
timing of saccades. To this end we calculated a population response, based on the
individual firing patterns of 94 saccade-related PCs of two monkeys and investigated
the influence of saccade duration on the population response to visually guided
saccades for saccades lasting from 30 to 65ms. It turned out that independent of
saccade duration the population response started to rise above baseline 15 to 20ms
before saccade onset and fell back 15 to 20ms prior to saccade end. In other words,
unlike individual PCs, the PC population response offers a precise temporal
representation of saccade duration. We hypothesize that the vermal population
response could be involved in fine tuning saccade duration and thus saccade
amplitude as specified by the brainstem generator. Along this line, saccadic
adaptation could be based on a modification of the duration of the population
response.

This research was funded by the Erasmus University, and by NWO-ALW
(grants 805-33.170 and 805-33.313)

8.3

8.4

SACCADIC DYSMETRIA AND TIMED PERTURBATION OF THE CAUDAL
FASTIGIAL NUCLEUS IN THE RHESUS MONKEY. Laurent Goffart, Longtang L.
Chen & David L. Sparks*. Division of Neuroscience, Baylor College of Medicine,
One Baylor Plaza, Houston TX 77030, U.S.A.
The caudal fastigial nucleus (cFN) is supposed to be the main output nucleus by
which the cerebellum influences the brainstem saccadic generator. In the headrestrained monkey, its inactivation by local injection of muscimol impairs the
accuracy of all saccades. The horizontal component of ipsiversive saccades is
hypermetric whereas it is hypometric for contraversive ones. Interestingly, for
vertical target eccentricities, saccades are also biased horizontally towards the
injected side.
The sustained pharmacological effect of muscimol does not permit to determine
whether the dysmetria results from a perturbation of signals generated during saccade
preparation and/or execution. To determine the critical period during which an
impaired activity in cFN alters saccade accuracy, we tested in three monkeys the
effect of timed low-frequency (100 Hz) electrical microstimulation of this region on
the accuracy of saccades towards a brief visual targets (100 ms).
Low frequency microstimulation biases goal-directed saccades towards the
ipsilateral side, like muscimol injection does. When applied during the latency period
of a vertical saccade, it does not significantly affect the accuracy. However, when
applied during the saccade, it biases its trajectory towards the stimulated side with a
magnitude increasing with saccade duration.
The muscimol-like effect of the microstimulation could result from the recruitment
of inhibitory afferents from the vermis (axons of Purkinje cells). Low-frequency
microstimulation of cFN must be applied during the saccade to bias its trajectory.
These data suggest that the horizontal bias observed during muscimol inactivation of
cFN results from an impairment in the intrasaccadic activity of fastigial neurons.
Supported by HFSPO LT58/96 & NIH EY01189

SACCADIC GAZE SHIFTS EVOKED BY ELECTRICAL
STIMULATION OF THE SUPERIOR COLLICULUS FOLLOWING
CAUDAL FASTIGIAL NUCLEUS INACTIVATION IN THE CAT.
A. Guillaume and D, Pelisson*. Espace et Action, INSERM U94, 69500
Bron (France)
Previous experiments have shown that pharmacological inactivation of
the caudal part of the fastigial nucleus (cFN) leads, in the "headunrestrained" cat, to a dysmetria of visually-triggered gaze shifts. In the
present study, we investigated in two alert cats the effect of cFN
inactivation on saccadic gaze shifts evoked by electrical stimulation of
the superior colliculus (SC). Each collicular site was explored, in the
"head-unrestrained" cat, during a single experimental session, before and
after muscimol injection in the cFN (0.2-0.3 pi @ lpg/pl). For some
collicular sites, stimulation parameters were systematically varied (train
frequency and duration: 150-500 Hz, 100-300 ms; pulse duration and
intensity: 0.5 ms and 2-100 pA). In the two cats, a consistent pattern of
results was found. The amplitude of gaze shifts evoked by stimulation of
a large rostral SC zone was modified by cFN inactivation in a way
reminiscent with the dysmetria of visually triggered movements: the
amplitude increased for ipsiversive movements and decreased for
contraversive ones. For more caudal sites, the amplitude of contraversive
gaze shifts remained unaffected whereas the amplitude of ipsiversive
movements decreased.
These data indicate that the SC motor map, as revealed by electrical
stimulation, is altered by cFN inactivation in a non homogeneous manner.
(Supported by INSERM)
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We recorded simple spike (SS) and complex spike (CS) activity in
Purkinje cells from the vertical axis region of the rabbit flocculus. The
animals made eye movements in response to two transparently moving
patterns. One pattern moved sinusoidally about the vertical axis
(52p.p.@0.1Hz), whereas the other was stationary with respect to the
head of the animal. In accordance with literature, the eye movement
response was fully determined by the weighted luminance of the
elements in both patterns (Mathoera et al, Exp. Brain Res., 125: 87-96).
This sensory trade-off between the visual patterns was reflected in the
SS-activity of most cells. At the same time SS-activity also correlated with
the oculomotor response in all neurons. Multiple regression analysis
between weighted luminance, eye velocity, and SS-modulation showed
that about 75% of the Purkinje cells could be classified as sensory-motor,
whereas the remaining 25% was purely motor. In all neurons the CSactivity was related to the slip that was caused by the pattern that drove
the eye movement. Slip that was caused by movements of the eyes
relative to a stable environment did not influence CS-firing. We therefore
conclude that the CS-firing rate is related to 'error', i.e. the difference
between stimulus and response, rather than to the retinal slip caused by
the combination of the two patterns.

5
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STATE DEPENDENT ACTIVATION OF PARAMEDIAN PONTINE RETICULAR
FORMATION (PPRF) BURST NEURONS BY SUPERIOR COLLICULAR
STIMULATION IN MONKEY. E.L. Keller* and R.M. McPeek. Smith-Kettlewell Eye
Research Institute, San Francisco, CA 94117.
Previous extracellular electrophysiological studies using pulsatile stimulation of the
superior colliculus (SC) in the alert monkey have established that SC projects directly to
most long-lead burst neurons (LLBNs) in the PPRF, but similar stimulation failed to
produce evidence for direct activation ofmedium-lead burst neurons (MLBNs). However,
such stimuli were delivered with the animal’s eyes fixed, and it well known that MLBN’s
are inhibited by omnipause neurons (OPNs) during fixation. More recently it has been
demonstrated that MLBNs in the cat can be activated directly by SC stimulation delivered
during saccadic eye movements when OPNs are silent. In the present experiments we
performed similar tests in the monkey during saccadic movements. Single, burst neurons
were isolated in the PPRF and were identified as LLBNs or MLBNs by previously
established criteria. Then single-pulse stimulations were triggered in the SC during and
just after the end of ipsi- and contralateral saccades and during fixation. The signal from
the recording microelectrode was sampled at 40 KHz and evidence for orthodromic
activation from the SC was evaluated off-line. Most LLBNs were activated with latencies
in the monosynaptic range during fixation and ipsilateral saccades, but surprisingly, some
failed to be activated during contralateral saccades. Activation latencies in other LLBNs
were altered by timing of stimulus delivery with respect to saccades. In contrast to the
evidence produced in cat, no activation of MLBNs was found during contralateral
saccades and only weak evidence for indirect activation (latency >1.8 ms) was found
during ipsilateral saccades. The statistical evaluation ofthe test during ipsilateral saccades
was complicated by the extremely high firing frequencies of MLBNs during ipsilateral
movements (-800 sps). Overall these results suggest that both LLBNs and MLBNs are
subject to other saccadic-state dependant inhibitory influences in addition to the well
known input from OPNs.
( Supported by NIH Grant ROI EY06860.)

8.7

INTERPRETING APPARENT GAZE CORRELATIONS OF EXTRAOCULAR
MOTONEURON DURING COMBINED EYE-HEAD GAZE SHIFTS. Kathleen E,
Cullen*1, Henrietta L, Galiana2 and Pierre A, Svlvestre1 Departments of Physiology1
and Biomedical Engineering2, McGill University, Montreal, Quebec, Canada.
Recent studies (Cullen et al., 1993; Cullen and Guitton, 1997) have shown that
premotor burst neuron (BNs) discharges (when characterized in terms of the “total
number of spikes (NOS)”) are best correlated, not with the metrics of the movement of
the eye in the head, but with the movement of the visual axis in space (gaze) during
rapid coordinated eye-head gaze shifts. Furthermore, it has been demonstrated that the
dynamic input-output relationship between BN firing rate and eye movement is
different for saccades made when the head was restrained versus combined eye-head
gaze shifts (Cullen and Guitton, 1997). Put another way, the same eye movement based
model could not be used to predict BN activity during both saccades and gaze shifts.
In the present study, we undertook a comparable analysis of extraocular
motoneurons that were recorded in the abducens nucleus of monkeys (ABNs). Our
analysis shows that the NOS generated by ABNs, like BNs, is best correlated with gaze
movement, and not with the movement of the eye in the head. However, in contrast to
BNs, the same dynamic input-output relationship between ABN firing rate and eye
movement could be used to model ABN discharges during saccades and combined
eye-head gaze shifts. More specifically, the same model of eye plant dynamics (based
on either a simple first order approximation, or alternatively on a more accurate second
order model that included an exponentially decaying term (or ‘slide’ term)), could
predict ABN discharge profiles during saccades and eye-head gaze shifts equally well.
We conclude that standard analysis methods (i.e. counting the NOS) can be
misleading, if the dynamics of the system are not properly considered. The apparent
ABN discharge correlation with gaze metrics is only incidental and is due to 1) the
dynamics of the eye plant and 2) strong correlations between eye and head movement
trajectories during gaze shifts. (Funded by the NSERC and the MRC of Canada).

8.8

ROLE OF THE PRIMATE 3-D NEURAL INTEGRATOR IN OCULAR
COUNTEROLL DURING HEAD TILT. J.D. Crawford1 and T. Vilis2*
'Center for Vision Research and Depts. Psychology and Biology, York
University, Toronto, Ontario, Canada, M3 J 1P3. 2Dept. Physiology, University
of Western Ontario, London, Ontario, Canada, N6A 5C1.
In theory, ocular counteroll (torsional rolling of the eyes opposite to static
head tilt) could be produced by tonic otolith inputs to motoneurons, or by phasic
inputs to the 3-D neural integrator related to the control of Listing’s plane
(Crawford and Vilis, J. Neurophysiol. 1991; Angelaki et al., J. Neurosci., 1999).
We simulated these possibilities and found that they made similar predictions
during “normal” behavior, and ambiguous predictions during torsional burst
deficits (Suzuki et al., Exp. Brain. Res., 1995). However, during simulated
torsional neural integrator failure, the tonic model predicted a normal sized eyein-head counteroll in the null resting position of torsional drift, whereas the
phasic model predicted no counteroll in the null position, with variable effects
on torsional saccade end points. We tested this in two monkeys 1st, by using 3-D
search coils to establish control counteroll responses during 90° torsional head
tilt. 2nd, we induced torsional neural integrator failure by unilaterally / bilaterally
injecting muscimol (0.3 ol,' 0.05%) into the interstitial nucleus of Cajal, and then
recorded eye positions before, during, and after head tilt, in a total of 28
experiments. During integrator failure, head tilt did not counteroll the torsional
eye-in-head null position. The mean shift was only 0.15° ±0.77° SE, compared
to 8.52° ±0.74° in control counteroll. This is difficult to explain if counteroll is
mediated by tonic inputs downstream from the integrator, but fits the prediction
of the alternate phasic input model. We hypothesize that such inputs result from
the computation of a torsionally shifted desired eye position within a Listing's
law operator, in response to the demands of generating head-free gaze shifts
from anomalously tilted head postures. Supported by MRC of Canada.

VISUOMOTOR CONSTRAINTS ON 3-D HEAD POSTURE DURING
GAZE SHIFTS IN HUMANS. Melike Z. Ceylan* and J.D. Crawford,
Center for Vision Research, Depts. Psychology and Biology, York University, 4700
Keele St., Toronto, Ontario, Canada, M3J 1P3.
During gaze shifts head orientation is constrained by a form of Donders’ law
called the Fick-gimbal strategy (Glenn and Vilis, 1992). However it has not been
determined what this strategy is optimizing, or why it is used (i.e. as opposed to
Listing’s law of the eye). Ceylan et al (Soc. Neurosci. Abstr. 1998) found that when
subjects wore pin-hole goggles, the normally Fick-like twisted head range flattened
to a planar surface resembling Listing’s plane. Our present goal was to delineate
which constraints were involved in determining which strategy, i.e. Fick or Listing,
was selected by the head motor system. EXPERIMENT 1: 7 subjects gazed between
nine 40° targets with the following conditions: monocular pin-hole goggles/ left eye
patch/ binocular goggles/ goggles with reduced range (targets at 20° vertical and 25°
horizontal retinal displacement). The head position range was only flattened toward
a planar range in the 3 goggle conditions (reduced range, monocular and binocular).
This suggested that tlie choice between head control strategies was determined bv
either peripheral vision or pattern of eye-head coordination. EXPERIMENT 2: to
test between the latter 2 hypotheses, 7 subjects pointed a helmet-mounted laser
between 40° or 20725° targets. We observed a profound flattening of tlie surface in
both conditions suggesting that peripheral vision did not account for the flattening.
Rather it seemed due to pattern of eye-head coordination. EXPERIMENT 3: to
determine if tlie head specifically optimizes for Donders’ law for gaze control, we
dissociated head position and gaze by asking subjects to fix their gaze on a central
target and point the head laser between targets. This time we observed an increase in
torsional thickness of the head range, indicating the breakdown of Donders’ law.
Our results suggest that the motor system specifically optimizes Donders’ law of the
head for tlie purpose of using this segment as a platform for shifting gaze. Supported
by MRC Canada grant and the A.P. Sloan Foundation

8.9

8.10

MISALIGNMENT BETWEEN PRIMARY EYE DIRECTION AND
MINIMUM GAIN DIRECTION OF THE VOR. D. Straumann*,
T. Haslwanter, A.A. Kori, A. Schmid-Priscoveanu, H. Obzina. Neurology
Department, Zurich University Hospital, CH-8091 Zurich, Switzerland.
The gain of the torsional VOR is about 30% lower than the gain of the
horizontal VOR. As a result, the axis of eye velocity does not align with the
stimulus axis for rotations about an axis that lies between the horizontal and
torsional direction. These deviations between stimulus and ocular axes can
be predicted by vectorial addition of the torsional and horizontal gain
components. The stimulus axis with the minimum gain is directed
approximately along the naso-occipital line and is named torsional VORaxis. We asked whether this axis is exactly perpendicular to Listing’s plane,
i.e. parallel to the primary eye direction. This direction is defined by the
ocular position from which the eye moves in the horizontal and vertical
direction without a rotation about the line-of-sight. - 3D movements of the
right eye were recorded in five healthy human subjects with the dual search
coil technique. First, primary eye direction was determined by a fixation
task. Then the subjects were oscillated about an earth-horizontal axis in the
mid-sagittal plane of the head (0.3 Hz, ±20°). The orientation of subjects in
the pitch plane was varied in 5° steps. When oscillated about an axis that was
parallel to the primary eye direction, the eye velocity axis deviated 8.7° (±
4.5 SD) downward from the stimulus axis. Thus the torsional VOR-axis was
always well above the primary eye direction. - We conclude that the
coordinate system of the VOR is not in register with the coordinate system
defined by Listing’s law.
Supp. by SNF and ‘B. & D. Koetser Foundation for Brain Research’.

RESPONSES OF VESTIBULAR NUCLEUS NEURONS TO
TILT FOLLOWING CHRONIC BILATERAL REMOVAL OF
VESTIBULAR INPUTS. B.J. Yates1,2*, B.J. Jian2, L.A. Cotter',
and S.P. Cass'. Depts. 'Otolaryngology and 2Neuroscience, Univ.
Pittsburgh, Pittsburgh, PA 15213.
Recordings were made from the vestibular nuclei of decerebrate cats
that had undergone a combined bilateral labyrinthectomy and vestibular
neurectomy 49-103 days previously and allowed to recover. Responses
of neurons were recorded to tilts in multiple vertical planes at
frequencies ranging from 0.05—1 Hz and amplitudes up to 15°. Many
spontaneously-active neurons were present in the vestibular nuclei; the
mean spontaneous firing rate was- 43±6 (SEM) spikes/s.
The
spontaneous firing of the neurons was irregular: the mean coefficient of
variation was 0.88+0.17. The firing of 28% of the neurons was
modulated by tilt. The plane of tilt that elicited the maximal response
was typically within 25° of pitch. The response gain was approximately
1 spike/s/° at 0.1 Hz, and was relatively consistent across stimulus
frequencies. The response phase was near stimulus position at low
frequencies, and lagged position slightly at higher frequencies (average
of 34° at 0.5 Hz). The source of the inputs eliciting modulation of
vestibular nucleus activity during tilt in animals lacking vestibular inputs
is unknown, but couid include receptors in the trunk or limbs. These
findings show that activation of central vestibular neurons during
vertical rotations is not exclusively the result of labyrinthine inputs, and
suggest that limb and trunk inputs may play an important role in
graviception and modulating vestibular-elicited reflexes.
Supported by NIH grants R01 DC00693, R01 DC03732, and P01
DC03417.
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TORSIONAL VESTIBULO-OCULAR REFLEX DURING WHOLE-BODY
ROTATION IN UPRIGHT AND SUPINE POSITION. A. Schmid-Priscoveanu*,
D. Straumann, H. Obzina. Dept. of Neurology, University Hospital Zurich,
Switzerland.

EFFECTS OF VERGENCE, ACCOMMODATION, AND TARGET DISTANCE ON
INITIAL HORIZONTAL VESTIBULO-OCULAR REFLEX (VOR) DURING
ECCENTRIC ROTATION. L. L. Demer*. J.-R. Tian, and I. Shubvev. Dept. of
Ophthalmology, Jules Stein Eye Institute, UCLA, Los Angeles, CA 90095.
Gain (eye velocity/head velocity) of the VOR during eccentric rotation normally
varies with target distance. To determine if target distance influences VOR gain
independently of vergence and accommodation, we studied the initial VOR of 7 normal
young adults who wore combinations of prisms and lenses that dissociated these optical
factors from target distance. Subjects underwent random steps of whole body angular
acceleration of 1,000 and 2,8007s2 delivered around eccentric vertical axes either 10 cm
anterior or 20 cm posterior to the eyes. Binocular eye and head positions were sampled
at 1,200 Hz using magnetic search coils. Subjects fixed targets 500 or 15 cm distant
immediately before unpredictable onset of rotation in darkness. Vergence was accurate
during normal viewing, but during viewing with optically simulated target distance
vergence varied slightly from intended level due to interaction of varying individual
interpupillary distance with the optical devices. This variation in vergence independent
of target distance was an informative parameter for studying the initial VOR.
During normal viewing, early VOR gain in the interval 35-45 ms from onset of
head rotation increased with the near as compared with the distant target regardless of
rotational axis. Early VOR gain was increased monotonically with vergence, regardless
of actual target distance or rotational axis. For the anterior axis of rotation, late VOR
gain in the interval 125-135 ms from onset of head rotation was reduced monotonically
with vergence, regardless of actual target distance. These changes are geometrically
appropriate if vergence is the indicator of target distance employed by the VOR.
Diplopia frustrated attempts to dissociate vergence from accommodation, making it
impossible to discern the relative contributions of each optical factor.
We conclude that vergence and possibly accommodation mediate most effects of
target proximity on the initial human VOR during eccentric rotation. The putative
distinct internal estimate of target distance contributes little in the first 135 ms
following onset of head rotation.
Grant support from NIDCD DC02952 and Research to Prevent Blindness.

Static head tilt relative to the gravity vector produces counterrolling of the eyes
with a gain of about 0.1-0.2. We asked whether, during dynamic whole-body
oscillation, the otolith-ocular pathways are also effective and thus enhance the
torsional vestibulo-ocular reflex when elicited in the upright position.
Eight normal human subjects were tested on a 3-axis-motor-driven turntable.
Sinusoidal whole-body rotations about the naso-occipital axis were applied with
the head-restrained subjects in supine (earth-vertical rotation axis: canal only
stimulation) or upright (earth-horizontal rotation axis: canal + otolith stimulation)
position in complete darkness. Eye movements were recorded with threedimensional search coil technique. The frequencies of applied vestibular stimuli
ranged from 0.05 to 1 Hz.
In upright position, the average ( + SD) gains were: 0.05 Hz: 0.16 (+ 0.05); 0.1
Hz: 0.3 ( + 0.12); 0.5 Hz: 0.37 (± 0.12); 1 Hz: 0.35 ( + 0.14).
The corresponding values in supine position were: 0.05 Hz: 0.08 ( + 0.05); 0.1
Hz: 0.19 (± 0.08); 0.5 Hz: 0.24 ( + 0.10); 1 Hz: 0.21 (+ 0.14).
Therefore the increase of gain by the additional dynamic otolith stimulation was:
0.05 Hz: 100%, 0.1 Hz: 58%, 0.5 Hz: 54%, 1 Hz: 67%.
We conclude that the additional dynamic otolith stimulation during torsional
oscillation in upright position effectively enhances the gain of the torsional
vestibulo-ocular reflex in a frequency-dependent way.
Supported by Swiss National Science Foundation 3231-051938.97 and ‘Betty and
David Koetser Foundation for Brain Research’.

8.13

8.14

ASYMMETRY Of OCULAR MOTOR AND PERCEPTUAL VESTIBULAR
PROCESSING IN HUMANS WITH UNILATERAL PERIPHERAL LOSS. B. T.
Crane*. I. Shubevev, J. R. Tian, and J. L. Demer. Neuroscience Program, Dept. of
Neurology, and Jules Stein Eye Institute, UCLA, Los Angeles, CA 90095-7002
To investigate the effect of asymmetrical vestibular input on the perceived straightahead, we compared 7 subjects (age 59 + 8. yrs, mean ± SD) who had chronic (> 10
mos) unilateral vestibular deafferentation with 10 age matched controls (age 60 ± 8
yrs). Eye and head movements were recorded using search coils as subjects underwent
30s trials of sinusoidal, whole body rotation (0.4 - 2 Hz, peak velocities 0 - 1207s) in
darkness as they attempted to maintain gaze on a remembered target 5 m distant. As a
control, most rotations were randomly superimposed on a constant subthreshold
velocity of ±0.57s that no subject could perceive or compensate; analyzed target
locations considered this effect. After each rotation subjects remained in darkness and
were asked to orient gaze and a manipulandum to perceived target location. Control
subjects oriented gaze 1.6 ± 0.5° (mean±SE) and the manipulandum 2.8 ± 0.8° to the
right of target, never exceeding 15°, and without dependence on rotation velocity or
frequency (p>0.05). Four of 7 unilaterally deafferented subjects had performance
similar to controls at all head velocities. However, three unilaterally deafferented
subjects exhibited large biases (p<0.01) of both eye and manipulandum to the
ipsilesional side, with the error increasing at higher rotation velocities. For the 1207s
peak head velocity, mean ipsilesional gaze bias ranged from 10 - 37° and mean
manipulandum bias ranged from 26 - 108°. Although the error depended on rotation
velocity (p<0.01) in three subjects with unilateral deafferentation, errors were
independent of rotation frequency (p>0.1). VOR gain (eye vel./head vel.) averaged 0.82
± 0.01 for the first 10s of all trials and was similar in both groups (p=0.1), but during
the final 10s gain averaged 0.78 ± 0.01 for the control group and was significantly
lower at 0.70 ± 0.01 for unilaterally deafferented subjects. We conclude that many
humans with chronic unilateral vestibular deafferentation have a large ipsilesional
dynamic bias of eye position and the perceived straight ahead direction reflecting
persistent asymmetry of central vestibular processing.
Supported by USPHS grant NINCD DC02952 and MSTP.

DYNAMIC VISUAL ACUITY (DVA) DURING TRANSIENT, WHOLE-BODY
YAW ROTATION IN NORMAL AND UNILATERALLY VESTIBULOPATHIC
HUMANS.
I. Shubvev*. J.-R. Tian, and J. L. Demer. Department of
Ophthalmology and Jules Stein Eye Institute, UCLA, Los Angeles, California 90095.
Since the vestibular-ocular reflex (VOR) stabilizes gaze to prevent impairment of
visual acuity during head movements, testing of acuity during imposed head motion
would reflect VOR performance and might be informative about vestibular function.
To investigate this, four normal volunteers and six subjects with chronic, unilateral
vestibular deafferentation (neurectomy or labyrinthectomy) underwent measurement of
optically best-corrected DVA during unidirectional transients of whole-body yaw
rotation in a servo-controlled chair at peak accelerations of 1000, 1400 and 28007s2
A high-contrast, white tumbling variable size "E" optotype on a black background was
displayed on a video monitor 6 m distant monitor in one of four random orientations.
Subjects indicated optotype orientation with a joystick as a four-alternative forced
choice. The optotype was displayed only during head rotation, beginning 40 ms after
onset of each rotation for a total of 300 ms. For each peak head acceleration and
rotational direction, binocular DVA was determined from 40 rotations as the log of the
minimum angle resolvable (logMAR) using a computer-controlled QUEST algorithm
(Watson and Pelli, 1979). DVA diminished with increasing head acceleration in all
subjects. During rotations to the intact side at 1000, 1400, and 28007sec2,
unilaterally vestibulopathic subjects demonstrated a decrease in DVA from the zero
velocity condition of 0.10 ± 0.09, 0.18 ± 0.11, 0.21 ±0.12 logMAR (mean ± SD),
respectively, similar to control values of 0.05 ± 0.04, 0.14 ± 0.03, 0.22 ± 0.04.
However, during rotations to the deafferented side, unilaterally vestibulopathic subjects
demonstrated a decrease in DVA of 0.20 ± 0.09, 0.32 ±0.17, 0.48 ±0.10 logMAR,
respectively, significantly greater for the higher two accelerations than during
contralesional rotation (P < 0.05). Based on selective impairment of DVA during
ipsilesional rotation in unilaterally vestibulopathic subjects, we conclude that DVA
during imposed transient rotation at high accelerations could be a useful measure for
detection, lateralization, and monitoring of vestibular pathology.
Grant support from NIDCD DC02952 and Research to Prevent Blindness.
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STRUCTURE AND FUNCTION OF MODULES OF THE
EXTRACELLULAR PART OF NCAM. E. Bock1. V. Soroka1, V.V
Kiselyov1. P.H.Jensen2,G. Skladchikova'.L.C. Rgnn1, V. Berezinlxand
F.M. Poulsen2. 'Protein Laboratory, 2Dept. of Chemistry, Univ. of
Copenhagen, DK 2200.
The neural cell adhesion molecule (NCAM) has been demonstrated to
play a major role in neural development, regeneration and synaptic
plasticity. It mediates cell-cell and cell-substratum adhesion and promotes
neurite outgrowth. The extracellular part of NCAM consists of five
immunoglobulin (Ig)-like and two fibronectin type III (F3) modules. In
this presentation we summarize structural studies of the Ig modules 1, 2
and 3 and the F3 module 2 of NCAM by means of NMR spectroscopy.
All three Ig modules were found to belong to the intermediate I-set.
Furthermore, by gel filtration chromatography it was found that the
double Igl-2 module forms a dimer. By means of NMR spectroscopy of
mutated forms of the double Igl-2 module and titration analysis the
intermodular binding sites on Igl and Ig2 were located. The
corresponding peptides were synthesized and tested for their effects on
cell adhesion and neurite outgrowth using primary cultures of
hippocampal neurons. The Ig2 module and the Ig2-derived peptide were
found to stimulate neurite outgrowth in a dose dependent manner. A
neuritogenic activity was also localized to the F3 module 2 and the
functional site responsible for this activity was identified.
Supported by the Danish Natural Science Council.
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THE ROLE OF THE CARBOHYDRATE DEPENDENT Ll/NCAM
INTERACTION IN BASAL AND STIMULATED NEURITE
OUTGROWTH
B. Schmitz*, P.C. Heiland, C. Muller, B, Gehrig, J. Koch. Dep.
Biochemistry, Institute of Animal Anatomy & Physiology, University of
Bonn, 53115 Bonn, Germany
We have previously shown that neurite outgrowth from early postnatal
cerebellar neurons on poly-L-lysine as substrate requires a cis interaction
between the cell adhesion molecules LI and NCAM. This interaction is
mediated by oligomannosidic oligosaccharides carried by LI and causes a
signal transduction which implicates serine and tyrosine phosphorylation
of LI as a proximal step. We have used different pharmacological agents
known to interfere with the activity of specific kinases or phosphatases in
order to better understand the underlying signaling mechanism. We also
analysed whether there is an interplay with growth factor - mediated effects
on neurite outgrowth. The results of these experiments indicate that the
Ll/NCAM interaction is a step of an intrinsic mechanism required for
basal and stimulated neurite outgrowth. Pertubation of the Ll/NCAM
interaction seems to trigger different signaling pathways depending upon
the absence or presence of extrinsic stimuli.

This work was supported by a DFG grant SFB 284/A8

7

PROCESS OUTGROWTH, GROWTH CONES AND SPROUTING I

8

SUNDAY AM

9.3

9.4

GENERATION AND INITIAL CHARACTERIZATION OF Nr-CAM NULL MICE.
Takeshi Sakurai, Marc Lustig and Martin Grumet*Dept. of Pharmacology, NYU
Medical Center, 550 First Avenue, New York, NY 10016.
Nr-CAM is a neuronal cell adhesion molecule (CAM) belonging to LI
subfamily of Ig CAMs. Although it binds to Nr-CAM itself, biological functions of
Nr-CAM have been found to be mediated by heterophilic interactions. In the
developing chick, Nr-CAM is involved in neurite outgrowth and axon guidance. To
understand better Nr-CAM function in mammals in vivo, we generated Nr-CAM null
mice and have characterized them. The second exon encoding the ATG initiation codon
and signal sequence of Nr-CAM was deleted from 129SvEVS6 mouse genomic DNA
region by homologous recombination and homozygous mice for this allele were
established by standard technique. Brain extracts from these mice have no detectable
Nr-CAM by western blotting using specific antibody against Nr-CAM, confirming
that these mice are Nr-CAM protein null. These mice are viable and fertile and there
are no obvious defects. When we compared embryonic cortical neurons from null mice
with wild type, neurite outgrowth induced by contactin was reduced dramatically in
neurons from null mice, but not when induced by Ng-CAM or RPTPB. In addition,
antibody against Nr-CAM inhibited contactin-induced neurite outgrowth from wild type
cells, suggesting that Nr-CAM is the major receptor for contactin-mediated neurite
outgrowth. In contrast, anti-Nr-CAM only partially inhibited RPTPB-induced neurite
outgrowth from wild type mouse neurons, confirming studies in chick that indicated
Nr-CAM is a neuronal receptor for RPTPB. The fact that several Ig-CAMs can bind to
RPTPB may explain why RPTPB-induced neurite outgrowth was not affected in NrCAM null cortical neurons, possibly as a result of compensation by other Ig CAMs
that may serve as receptors for RPTPB in Nr-CAM null mice. We are currently
analyzing Nr-CAM null mice focusing on the places where Nr-CAM is expressed in
overlapping patterns with potential ligands (e.g. contactin) in vivo including
cerebellum, as well as processes thought to involve Nr-CAM such as spinal cord
commissural axon guidance and node of Ranvier formation. Supported by NIH and
NMSS.

FUNCTIONAL MAPPING OF HUMAN LI CAM USING RECOMBINANT
Fc FUSION PROTEINS. J. Haspel1, D, R. Friedlander*1. C. Blanco1.
C.- Badrian1, S, Chen1, M. Schachner-, and M. GrumetL 1Dept.
of Pharmacology, NYU Medical Center; NY, NY 10016 and
2Center for Molecular Neurobiology, Hamburg, Germany.
Two biological properties of the LI neural cell adhesion molecule
(LICAM), promotion of adhesion and neurite outgrowth, are important for the
contribution of this protein to nervous system development. However, several
attempts to map these activities to discrete regions in LI have yielded somewhat
different results, possibly because bacterially manufactured LI fragments, which were
used in previous studies, may not have had maximal activity. Therefore, we
constructed a panel of Fc fusion proteins that contain progressive C-terminal
truncations of the human LI (hLl) extracellular region and manufactured them using
stably transfected HEK 293 cells. Our results indicate that hLl-Fc chimeras
containing at least the first four immunoglobulin (Ig) domains of hLl promote
adhesion of post-natal rat cerebellar cells at levels comparable to mLl-Fc, which
contains the entire extracellular region of mouse LI (mLl). Furthermore, they
promote neurite outgrowth from dissociated rat cerebellar and chick DRG cells as
well as from chick retinal reaggregates. Molar quantities of hLl-Fes necessary for
stimulation of neurite outgrowth are 5-20 fold lower than amounts commonly needed
to obtain equivalent effects with bacterially derived LI fragments, demonstrating the
utility of these proteins for functional characterization. Surprisingly, a Fc fusion
protein containing the first two Ig domains of hLl did not promote adhesion or
neurite outgrowth. The reasons for these negative findings are currently under
investigation. Supported by PVA SCRF and Acorda Therapeutics Inc.

9.5

9.6

CALCIUM TRANSIENTS IN NEURONS DEVELOPING WITHIN THE
EMBRYONIC ZEBRAFISH SPINAL CORD: EVIDENCE FOR A ROLE IN
AXOGENESIS. Rachel Ashworth & Stephen R. Bolsover*. Dept. Physiology,
University College London, London, WC1E 6BT, UK.
We have previously observed spontaneous intracellular calcium ([Ca2+];) transients
in a subset of neurons within the ventral spinal cord of intact zebrafish embryos
between 16-20 hours postfertilisation (h). To establish more precisely the timing and
location of [Ca2+], transients during spinal cord development, neurons containing the
calcium indicator Oregon Green-488 BAPTA dextran were imaged at different
developmental stages using confocal laser scanning microscopy. The percentage of
cells in the spinal cord that exhibited [Ca2+]j transients increased steadily during a
period (18-22h) coinciding with the beginrming of neurite outgrowth. The role of
calcium signalling during axogenesis in the spinal cord was addressed by examining
the effect of buffering [Ca2+]iOn motoneuron axonal outgrowth. Embryos were
injected between the 32 and 128 cell stage with pipettes containing lOmM
fluorescein dextran alone or in combination with (1) ImM Oregon Green-488
BAPTA dextran, (2) lOmM Calcium Green dextran, or (3) 25mM BAPTA. The
embryos were subsequently fixed between 22-26h and stained for expression of the
transcription factor islet, an early molecular marker of motoneurons. Motoneuron
axogenesis was significantly inhibited in neurons loaded with BAPTA dextran,
moreover, the number of motoneurons that failed to extend axons increased with the
concentration of calcium buffer injected. The expression of calcium transients in the
embryonic zebrafish spinal cord during a time when primary neurons are undergoing
axogenesis, taken together with the observation that exogenous calcium buffer
inhibits axogenesis in identified motoneurons, suggests that calcium transients are
instrumental in triggering axogenesis in vivo.
Supported by Action Research

A MURINE KINASE HOMOLOGOUS TO C. ELEGANS UNC51
FUNCTIONS IN PARALLEL FIBER FORMATION OF CEREBELLAR
GRANULE NEURONS. T. tomoda, R.S. Bhatt and M.E. Hatten* The

Rockefeller Univ., Lab, of Developmental Neurobiology, New York,
NY 10021-6399.
The formation of the cerebellar circuitry depends on the
outgrowth of connections between the two principal classes of neurons,
granule neurons and Purkinje neurons. Granule cell neurite extension
commences within a discrete zone that comprises the lower domain of
the external germinal layer. In the neonatal mouse, cells in this zone
express a number of axonal glycoproteins, including TAG-1, and extend
long neurites, the parallel fibers. To identify genes that function in
signal cascades required for axon outgrowth, we have isolated a mouse
homolog of the C. elegans gene UNC51 which is required for axon
formation, and tested its function in cerebellar granule neurons. Unc51.1
encodes a member of a novel class of serine/threonine kinases.
Transgenes containing the kinase domain of Unc51.1 rescued mutant
phenotypes of unc51(e369) in C. elegans. Transcripts of Unc51.1 are
expressed in a number of classes of neurons throughout the CNS
including the cerebellar granule cell. Retroviral infection of immature
granule cells with a dominant negative form of Unc51.1 results in
inhibition of neurite outgrowth in vitro, in dissociated primary culture,
and in vivo, in organotypic slices of neonatal cerebellum. Moreover,
infected neurons fail to express the axonal glycoprotein TAG-1,
suggesting that development is arrested prior to this initial step of
granule cell differentiation. Thus UncSl.l signals the program of gene
expression leading to the formation of granule cell axons. Supported by
a NIH grant NS30532.

9.7

9.8

THE tPA/PLASMIN EXTRACELLULAR PROTEOLYTIC
SYSTEM REGULATES HIPPOCAMPAL MOSSY FIBER
REORGANIZATION THROUGH A NOVEL PROTEOGLYCAN
SUBSTRATE. WJLul^-CJ- SW ^ Y- P Wu1. T-C Sung2. MA
Frohman2, P Milev5. TH Bugge4. JL. Degen4. JM Levine3. RU
Margolis5 and SE Tsirka1,2. ‘Deps of Psychiatry, Pharmacological
Sciences and ’Neurobiology and Behavior, University Medical Center
at Stony Brook, Stony Brook, NY 11794-8101.
Active consolidation of new memories in the hippocampus is
associated with remodeling of neuronal connections as characterized
by mossy fiber reorganization. Using genetic and pharmacological
approaches, we show here a critical role in vivo for tissue plasminogen
activator (tPA), an extracellular protease that converts plasminogen to
plasmin, and identify phosphacan, an extracellular matrix component
associated with mossy fiber reorganization, as one of its physiological
targets. Mice lacking tPA (tPA A) undergo decreased mossy fiber
outgrowth and have an aberrant laminar band at the border of the
supragranular region of the dentate gyrus that coincides with the
deposition of unprocessed phosphacan and excessive Timm-positive,
mossy fiber termini. Plasminogen-deficient mice also exhibit the
laminar band and phosphacan deposition, but mossy fiber outgrowth
through the supragranular region is normal, demonstrating that tPA
functions both through and independently of plasmin to mediate mossy
fiber reorganization. Supported by NIH and EFA (to S.E.T.)

Ephrin A5 and BI Stimulate Neurite Outgrowth in Embryonic Rat
Cerebral Cortical Precursors. X. Zhou1, R. Zhou12, andE, DiCicco-Bloom1*.
Department of Neuroscience and Cell Biology, Robert Wood Johnson Medical
School, Piscataway, NJ 088541; Laboratory for Cancer Research, College of
Pharmacy, Rutgers University, Piscataway, NJ 088542.
The Eph receptor ligands, the ephrins, are membrane-bound molecules that
play important roles in axon pathfinding, topographic mapping, and cell migration.
In diverse systems, such as embryonic day 17.5(E17.5) hippocampal and cortical
neurons, studies suggest that repulsive/inhibitory mechanisms underlie cellular
effects. However, while ligand/receptor expression occurs far earlier, during brain
neurogenesis, little is known about potential ephrin functions in proliferation and
initial process outgrowth. We now define stimulatory ephrin effects in early cortical
precursors from E13.5 embryos.
To examine mitotic effects, dissociated cortical precursors were cultured in
defined medium as aggregates to re-establish cell-cell interactions. We used soluble
ephrin A5 or BI, fusion constructs containing human Fc domains, which are
considered ligand antagonists. Soluble ephrins elicited a 30-40% increase in 3HdT
incorporation, a marker for DNA synthesis, suggesting that ongoing endogenous
Eph receptor signaling played an anti-mitogenic role.
To examine effects on neurite outgrowth, soluble ephrins were incubated
with anti-human IgG antibody, producing oligomeric agonist complexes, which were
air-dried onto culture dishes. Both ephrin complexes unexpectedly increased process
outgrowth: 70-80% of cells exhibited long neurites on ephrins, whereas only 5-10%
of cells had neurites on IgG control substrates, indicating that ephrins stimulated
neuritogenesis in early cortical neurons.
Stimulation of neurite outgrowth by A and B class ephrins in vitro suggests
that these ligand/receptor systems may play ontogenetic roles not previously
considered, activating mechanises other than cellular repulsion. Ephrin systems may
serve to elicit cell cycle exit in early cortex, inducing initial process elaboration that
is later restricted by well-characterized repulsive signaling (supported by NIH HD23315).
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AXONAL VERSUS DENDRITIC OUTGROWTH OF CHICK RETINAL
GANGLION CELLS IS DIFFERENTIALLY INDUCED BY HOMOAND HETEROTYPIC GLIA

ALTERING GLYCOSPHINGOLIPID BIOSYNTHESIS DOES NOT
AFFECT GROWTH CONE NAVIGATION AT A CHONDROITIN
SULFATE PROTEOGLYCAN BARRIER
D.L. Hynds*1, J. Inokuchi2. and D.M. Snow1. ’Anatomy and Neurobioiogy,
University of Kentucky, Lexington, KY 40536-0298 and department of
Biomembrane and Biofimctional Chemistry, Hokkaido University, Sapporo
060-0812,Japan.

B. Schiosshauer*, K. Steinbach. H. Bauch, H. Stier

Naturwissenschanliches u. Medizinisches Institut (NMI)
Markwiesenstr. 55; D-72770 Reutlingen, FRG.
Guided formation and extension of axons versus dendrites is considered
crucial for structuring the nervous system. The resulting cell polarity is the
morphological prerequisite of directed information flux within neuronal
networks. In order to elucidate developmentally regulatory mechanisms of
axon and dendrite formation, potential neuro-glial cell interactions were
analysed in the chick visual system. Retinal ganglion cells (RGCs) extend
their axons into the tectum opticum, whereas tneir dendrites are restricted to
the retina. Glial cells were purified from retina by complement-mediated
cytolysis of nonglial cells. The same principle of negative cell selection was
adapted to the tectum opticum. RGCs were purified by enzymatic delayering.
To do so, retinae were flat mounted and different tissue layers including the
ganglion cell layer were selectively detached after protease treatment.
Collected RGCs were seeded onto C6 glioma cells, retinal, and tectal glia
monolayers. Subsequent neuritic differentiation was analysed by scanning
electron microscopy and fluorescence double labeling. Qualitative ana
quantitative evaluation revealed that retinal glia supported dendritic, tectal
glia supported preferentially axonal differentiation of RGCs. Time lapse
video recording indicated that retinal glial membranes induced growth cone
collapses and thereby inhibited RGC axonal outgrowth. However, retinal glia
was not inhibitory for all neurons, since axon extension of dorsal root ganglia
were not hampered, hi summary, the data suggest that homotypic (retinal)
glia facilitates dendritic but inhibits axonal outgrowth of RGCs, whereas
heterotypic (tectal) glia of the synaptic target area supports RGC axon
extension, 'nie data underscore the pivotal role of glia in structuring
developing nervous systems. Funded by DFG. (1) J. Neurosci. 18 (1998)
1774-1785. (2) Europ. J. Neurosci. 10 (1998) 1000-1010. (3) Glia 25
(1999) 143-153.

Glial scars induced by neurotrauma have increased expression of
chondroitin sulfate proteolgycan (CSPG), an extracellular matrix (ECM)
molecule that inhibits
axon
elongation.
Additionally,
complex
glycosphingolipids influence neurite outgrowth and cell-ECM interactions
from many neuron-like cells. Different isoforms of threo-l-phenyl-2decanoylamino-3-morpholino-l-propanol (PDMP) stimulate (L-PDMP) or
inhibit (D-PDMP) glycosphingolipid biosynthesis. To determine the specific
effects of glycosphingolipids on CSPG inhibition of axon elongation, we
exposed SH-SY5Y cells to L- and D-PDMP and monitored neurite outgrowth
from growth cones at a CSPG border using image analysis. While both L- and
D-PDMP decrease neurite outgrowth from SH-SY5Y cells, these isoforms did not
affect CSPG inhibition of axon elongation or induction of growth cone turning.
Additionally, both PDMP isoforms had little effect on growth cone dimensions or
elongation rate when SH-SY5Y growth cones are elongated on laminin. These
results indicate that altering glycosphingolipid composition decreases overall
neurite extension, but does not affect a variety of guidance behaviors, perhaps
demonstrating separate control mechanisms for axon guidance and neuritogenesis
in neuronal development and regeneration. [Supported by grants from NIH
(EY10545) and KSCHERT (to DMS), and the University of Kentucky Office of
Research and Graduate Education (to DLH)].

GLIA AND OTHER NON-NEURONAL CELL SPECIFICATION AND DIFFERENTIATION
10.1

10.2

MOUSE BRAIN MICROGLIA DERIVES FROM IN SITU
PROLIFERATING CELLS ORIGINATING FROM THE YOLK
SAC. B. Pessac*. I. Godin & F, Alliot. CNRS "Developpement &

ROLE OF CELL CYCLE MODULATORS OF Gl/S TRANSITION IN
OLIGODENDROCYTE PROGENITOR DEVELOPMENT. P. Casaccia-Bonnefil1*.
J, Ze zula2.3 A. Koff3 and M.V. Chao1. 'Skirball Institute, NYU Medical Center,
New York, NY 10016; 2> Dept. Pharmacology, Vienna, Austria; 3Memorial Sloan
Kettering Cancer Center, New York, NY 10021.

Immunite du Systeme Nerveux Central", Faculte de Medecine
Broussais-Hotel-Dieu, 15 rue de l’Ecole de Medecine, 75270 PARIS
cedex 06, FRANCE.
Microglia, the resident CNS macrophages, represent about 10% of
the adult brain cell population. Although described a long time ago,
their origin and developmental lineage is still debated. While del
Rio Ortega suggested that microglia originate from meningeal
macrophages penetrating the brain during embryonic development,
many authors claim that brain parenchymal microglia derive from
circulating blood monocytes originating from bone marrow. We have
previously reported that the late embryonic and adult mouse brain
parenchyma contains potential microglial progenitors. We now
report that they can be detected in the brain rudiment from embryonic
day 8, after their appearance in the yolk sac and that their number
increases until late gestation. We also show that microglia proper
appear during embryonic development and that their number
increases steadily during the first two postnatal weeks, when about
95% of microglia are born. Finally, the main finding of this study is
that microglia proper is the result of in situ proliferation, as shown
by the high proportion of parenchymal microglial cells that express
PCNA, a marker of cell multiplication, in embryonic and postnatal
brain. Taken together our data support the hypothesis that
terminally differentiated brain parenchymal microglia derive from
cells originating from the yolk sac whose progeny actively
proliferates in situ during development.

The identification of the molecular mechanisms governing cell
proliferation and survival in the central nervous system (CNS) is a
crucial question in neurobioiogy, since the concerted regulation of
neuronal and glial cell numbers is a prerequisite for the establishment
of functional synaptic connections. Using a combination of biochemical
approaches and in vivo analysis of the phenotype of null mice, we
have previously reported a dramatic effect of loss of the cell cycle
inhibitor p27Kipl on oligodendrocyte development. This protein acts
at the Gl/S transition of the cell cycle by inhibiting the activity of
cyclinE/CDK2 complexes in oligodendrocyte progenitors. In vivo, loss
of p27Kipl results in expansion of the oligodendrocyte progenitor
pool, without altering differentiation. In order to test the specificity of
this cell cycle inhibitor in oligodendrocyte development, we have begun
to analyze the in vitro growth characteristics and differentiation
potential of cells isolated from mice with targeted deletion of either
p21Wafl or pl6INK4, two other inhibitors of the Gl/S transition.
The in vitro properties of knockout cells are then compared with wild
type and the phenotypic analysis of knockout mice.

10.3

10.4

CHARACTERIZING
NESTIN
EXPRESSION
IN
THE
DEVELOPING HUMAN CNS AND GLIOMA CELL LINES USING
A NEW HUMAN SPECIFIC NESTIN ANTIBODY.
C. A.
Messam*, J. Hou, E. O. Major. Laboratory of Molecular Medicine
and Neuroscience, NINDS, NIH, Bethesda, MD 20892.

ROLES FOR PHOSPHOINOSITOL 3-KINASE IN O2A GLIAL
PROGENITOR PROLIFERATION AND SURVIVAL. Marvse Dunbar,
Sylvie Ebner and. Randall D, McKinnon* Depts. Surgery/Neurosurgery,
Mol.Genetics/Microbiology, and The Cancer Institute of New Jersey,
UMDNJ-R.W. Johnson Medical School, Piscataway NJ 08854
Platelet derived growth factor (PDGF) stimulates the proliferation,
migration, differentiation and survival of 02A glial progenitors, precursors to
myelinating oligodendrocytes in the CNS. We examined the role of signaling
pathways downstream of PDGFR a-receptors, and describe multiple roles for
PI3K. Progenitors transiently transfected with vectors encoding chimeric
/ms/PDGFRa transgenes harboring mutations that blocked PI3K activation
(Y731F,Y742F) gave an attenuated (50% control level) 3H-thymidine
incoi*poration in response to hCSFl. The absence of PI3K signaling also
blocked CSF-mediated survival, as determined with both chimeric transgenes
and by the PI3K inhibitor wortmannin. When expanded and serially passaged
in media containing mitogens and survival factors, progenitor cells underwent
spontaneous conversion to an immortal like phenotype with acquired ability to
grow in absence of mitogens and the induction of telomerase activity. These
cells also dramatically up-regulated expression of wortmannin-resistant
isoforms of PI3K, and showed enhanced mitogen-dependent activation of the
downstream target Akt. These studies thus demonstrate a role for PDGFRaactivated PI3K in primary O2A proliferation and survival, and further suggest
this pathway could contribute to the enhanced survival and proliferations
during cellular transformation. Supported by grants from the NIH (MH54652,
NS31944) and the National Multiple Sclerosis Society (RG2565).

The presence of the intermediate filament protein nestin has been the
predominant marker used to describe stem and progenitor cells in the
mammalian CNS. This study sought to identify and characterize nestin
expressing cells in the developing human CNS. A 998 base pair
fragment in the 3’ region of nestin mRNA was cloned from human fetal
brain cells (HFBC). The nucleotide sequence of the cloned cDNA
revealed differences with the published nestin sequences, resulting in
17 amino acid changes. A 150 amino acid fragment from the cloned
nestin cDNA was coupled to glutathione-S-transferase and used as an
immunogen to generate a rabbit polyclonal antiserum, named nestin33 IB, that selectively detects human nestin. Using this antiserum
along with RT-PCR, nestin was observed in 8-16 week gestation
HFBC and in glioma cell lines, U373 and U251. Nestin was detected
in human CNS progenitor cells dividing in serum free medium
containing bFGF. Furthermore, nestin was detected in cells coexpressing vimentin and in a small subset of cells expressing the
neuronal marker MAP-2. Early in culture all HFBC expressing the
astrocyte marker GFAP also expressed nestin. However, in later
cultures the GFAP expressing cells no longer expressed nestin. These
results suggest nestin expression not only in CNS progenitor cells but
also in cells in transition from progenitors to glial differentiation.
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10.5

10.6

NEUREGULIN AND AUTOCRINE MEDIATED SURVIVAL OF
SCHWANN CELLS REQUIRES ACTIVITY OF ETS TRANSCRIPTION
FACTORS. D. Parkinson, K. Langner, K.R. Jessen and R. Mirsky.
(SPON: British Neuroscience Association).
Department of Anatomy, University College, London,UK.
Members of the Ets transcription factor family have roles in a
variety of biological processes, including growth control, transformation and
developmental programs in a wide range of organisms. In order to
investigate the role of Ets transcription factors in Schwann cells, we- used
retroviral infection to express the DNA binding domains of family members
Ets-1 and PU-1 which function as trans-acting dominant negative molecules.
We find that expression of dominant negative Ets-1 but not PU-1 not only
alters the morphology of Schwann cells, but also abrogates the ability of the
Schwann cells to survive in response to both neuregulin and autocrine
survival signals. In order to identify Ets transcription factors expressed in
Schwann cells, we have performed a screen on cDNA prepared from
precursor (embyonic day 12.5) and immature (newborn) mouse Schwann
cells using degenerate consensus primers directed towards the Ets DNA
binding domain. Expressed ets transcription factors bear a much stronger
homology in their DNA binding domain to Ets-1 as opposed to PU-1, thus
confirming the functional significance of the data obtained using the
dominant negative molecules.
We are currently characterising a tamoxifen regulatable dominant
negative Ets in order to investigate the molecular basis of Ets factor
dependent Schwann cell survival.
Research supported by a Program Grant from The Wellcome Trust.

A DISTINCT AXONAL SIGNAL REGULATES MBP
TRANSCRIPTION DURING CNS MYELINOGENESIS
I. Lorenzetti, A, Quattrini, A, Pizzagalli. C. Taveggia, M.L, Feltri.
and L. Wrabetz*. San Raffaele Sci. Inst., DIBIT; Milan, Italy.
MBP-ZacZ, a transgene containing 750 nucleotides of the proximal
human myelin basic protein (MBP) promoter, is sufficient to activate
oligodendrocyte-specific, developmentally-regulated expression of ZacZ
in transgenic mice. The relative levels of B-galactosidase specific
activity, mRNA, and transcription parallel those of MBP mRNA and
transcription during myelinogenesis. Thus, we have exploited MBPlacZ to quantitate how axons modulate myelin gene transcription in
oligodendrocytes during myelinogenesis in optic nerve. Transgene
expression is reduced by 70% after optic enucleation, as previously
reported for levels of MBP mRNA, indicating that axons initiate a
signal that is required for full activation of MBP transcription during
myelinogenesis. Similar experiments in the Ola-wZJ genetic
background show that transgene expression in optic nerve is only
partially rescued when axons remain after enucleation, suggesting an
active role for neuronal cell bodies. However, intraocular injections of
tetrodotoxin elicit no reduction of transgene expression. Thus, the
axonal signal regulating oligodendrocyte gene transcription requires
dynamic support by neuronal cell bodies, but does not depend on
electrical activity. These characteristics distinquish this signal from
those that regulate either proliferation of oligodendrocyte precursors, or
survival of mature oligodendrocytes.
Support: AISM & ISS (Italy).

10.7
THE DROSOPHILA SER/THR KINASE FRAY IS REQUIRED FOR
PROPER NERVE ENSHEATHMENT. W.M. Leiserson. E, Harkins.
H. Keshishian*. MCDB Department, Yale University, POB 208103,
New Haven, CT 06520-8103.
In fruit flies as well as mammals, a primary function of nerve
ensheathment is to provide the blood-nerve barrier, which maintains a
favorable environment for the transmission of action potentials. The
Drosophilafray gene, homologous to the human Ser/Thr kinase PASK,
is required for nerve ensheathment. In fray mutants, larval nerves
develop localized bulges with extensive axon defasciculation. In
Drosophila, the nerve ensheathment consists of glial cells, intimately
associated with the axons they envelop; and a layer of perineurial cells,
which secrete the outermost acellular layer, the neural lamella. This
structure shares similarities to the unmyelinated ensheathment of
mammalian nerves. EM analysis of the bulging regions offray mutant
nerves revealed that while glial cells extend processes, the processes
fail to wrap the axons. The cDNA sequence revealed a Ser/Thr kinase
of the STE20/PAK family, whose members have been associated with
cytoskeletal responses to external stimuli. Using the cDNA clone, we
have successfully rescued the mutant phenotype. Affinity-purified
antisera that recognize the Fray protein on Western blots has been used
to reveal Fray expression in nerve-associated cells. Our analysis
suggests that Fray is required in glial cells to properly wrap
neighboring axons. We are testing this hypothesis using mosaic
expression techniques.
Supported by grants from the NIH, NSF and NASA.

CARDIOVASCULAR REGULATION: CENTRAL CONTROL I

11.1

11.2

DIFFERENTIAL PATTERNS OF SPINAL SYMPATHETIC OUTFLOW (SSO): A
NEW HYPOTHESIS. G.L. Gebber*, S, Zhonq, C. Lewis, and S.M, Barman.
Dept. Pharmacology & Toxicology, Michigan State Univ., E. Lansing, Ml 48824.
The underlying mechanisms responsible for differential patterns of SSO
remain obscure. In the current study we tested whether the 10-Hz rhythm is
involved in mediating the reciprocal changes in cardiac and vasoconstrictor (to
skeletal muscle) SSO produced by electrical activation of the defense region of
the midbrain periaqueductal gray (PAG) in urethane-anesthetized, baroreceptordenervated cats. Time and frequency domain analyses were used to examine
the changes in the discharges of inferior cardiac (CN) and vertebral (VN;
forelimb vasculature) postganglionic sympathetic nerves produced by PAG
stimulation. CN-VN phase angle and coherence served as measures of the
coupling of the central oscillators controlling these nerves. Frequencies of PAG
stimulation at or above that ofthe free-running 10-Hz rhythm increased CN 10Hz power and decreased VN 10-Hz power; these changes were accompanied
by an increase in the phase lag of VN activity relative to CN activity in the 10-Hz
band but no change in coherence (value close to 1.0). The magnitude of the
change in phase angle was directly correlated to the extent to which PAG
stimulation reciprocally affected the 10-Hz discharges of the CN and VN. In
contrast to these findings, PAG stimulation at frequencies just below that of the
free-running rhythm increased the 10-Hz discharges of both nerves and had little
effect on the CN-VN phase angle. Independent of the frequency of PAG
stimulation, the changes in power and phase angle were largely restricted to the
10-Hz band. Our results are consistent with the hypothesis that dynamic
changes in the coupling of 10-Hz oscillators with different targets lead to
differential patterns of SSO. This hypothesis represents a departure from the
classic view that differential patterns involve independent excitation of some cell
groups and inhibition of others by “central command." (NIH grant HL13187.)

THE BARORECEPTOR REFLEX PATHWAY IN THE CAT CONTAINS AN
IMPORTANT SYNAPTIC RELAY IN THE MEDULLARY LATERAL TEGMENTAL
FIELD (LTF). S.M. Barman*, H.S. Orer, G.L. Gebber, and S.M. Svkes. Dept. of
Pharmacology & Toxicology, Michigan State Univ., East Lansing, Ml 48824.
This study was designed to test the hypothesis that the LTF is an important
synaptic relay in the baroreceptor reflex pathway controlling sympathetic nerve
discharge (SND) of urethane-anesthetized cats. We determined the effects of
blockade of excitatory amino acid (EAA)-mediated synaptic transmission in the
LTF on 3 indices of baroreceptor reflex function: cardiac-related power in inferior
cardiac SND, strength of linear correlation (coherence value) of SND to the arterial pulse (AP) at the frequency of the heart beat, and inhibition of SND during
increased blood pressure produced by abrupt obstruction ofthe abdominal aorta.
Bilateral microinjection ofthe NMDA receptor antagonist D-AP5 (300 pmoi/100
nl) into the LTF essentially abolished (7 ± 4% of control; mean ± SE; n = 14)
cardiac-related power (converting it to irregular 0- to 6-Hz oscillations) and thus
coherence of SND to the AP (from 0.86 ± 0.02 to 0.18 ± 0.05); it also prevented
the inhibition of SND during abrupt aortic obstruction. Because changes in SND
produced by microinjection of D-AP5 into adjacent medullary regions (caudal
ventrolateral medulla and nucleus of the tractus solitarius) were significantly
weaker, these data support the view that NMDA receptor-mediated synaptic
transmission in the LTF is critical for baroreceptor reflex control of SND.
Bilateral microinjection ofthe non-NMDA EAA receptor antagonist NBQX (100
pmol/100 nl) into the LTF decreased both cardiac-related and 0- to 6-Hz band
power in SND (36 ± 5 and 70 ± 7% of control, respectively; n - 22); however, the
AP-SND coherence value remained high (0.65 ± 0.06) and the inhibition of SND
during abrupt aortic obstruction was preserved. These data imply that nonNMDA receptor-mediated synaptic transmission in the LTF is involved in setting
the level of excitatory drive to sympathetic nerves. (NIH HL33266 and
HL13187.)
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11.4

PROPERTIES OF Cl AND OTHER VENTROLATERAL MEDULLARY
(VLM) NEURONS PROJECTING TO THE HYPOTHALAMUS IN RAT.
A.J.M. Verbeme1*. R.L, Stometta2 and P.G. Guyenet2. 'Dept. of Medicine, Univ. of
Melbourne, Austin & Repatriation Medical Centre, Heidelberg 3084, Australia;
2Dept. of Pharmacology, Univ. of Virginia, Charlottesville VA 22908 U.S.A.
The phenotype and physiological properties of VLM neurons projecting to
hypothalamus (HYP) or thoracic cord (SC) were studied in a-chloralose
anaesthetised and paralyzed rats. All “respiratory” neurons were excluded. Cells
were recorded at 3 levels of the VLM (0-300, 600-800 or 1400-1600- pm caudal to
fecial nucleus, levels I, II or III), filled with biotinamide juxtacellularly and Cl cells
were identified by the presence of PNMT. Level I contained many cells inhibited by
raising arterial pressure (AP; BS cells). Most projected to SC only (37/39) and the
rest to HYP only (3/39) or to HYP and SC (1/39). At level II BS neurones projected
to HYP only (13/16) or to SC only (3/16). At level III all BS neurons projected to
HYP but not to SC. HYP-projecting BS cells were either unresponsive (11/13) or
responsive (2/13) to paw pinch. Most BS cells were inhibited by phenylbiguanide
(10 pg/kg, i.v.). About 62% of VLM BS neurons contained PNMT (21/34) and so
were Cl cells. Levels II and III also contained other, usually PNMT-negative, HYPprojecting neurones, (i) not BS but activated by paw pinch, (ii) not BS and
insensitive to paw pinch. All BS neurons projecting to HYP had axonal conduction
velocities <1 m s'1. Level II and III also contained cells activated by elevating AP
which had neither HYP nor SC projections nor contained PNMT. In short, all VLM
BS cells found projected either to HYP or to SC but rarely to both and 62% were
C1 cells. The data suggests that C1 cells with projection to HYP have unmyelinated
axons and are strongly inhibited by stimulation of arterial baroreceptors and
cardiopulmonary receptors. Support: NIH (P.G.G.) and NHMRC (Australia, A.J.M.V).

VENTRAL MEDULLARY SURFACE RESPONSES TO PRESSOR
CHALLENGES ACROSS SLEEP-WAKE STATES. R.J. Staba, C.A.
Richard, D.M. Rector, R.K. Harper* and R.M. Harper. Dept. of
Neurobiology and the Brain Research Institute, Univ. California, Los
Angeles, CA 90095.

The ventral medullary surface (VMS) participates in aspects of cardiovascular
and respiratory control, and may contribute to the substantial variation in blood
pressure and breathing during different sleep-waking states. We assessed VMS
responses to a transient increase in blood pressure by scattered light imaging
procedures across sleep-wake states. Seven cats were instrumented with sensors for
EEG, nuchal EMG, eye movement, ECG, diaphragmatic EMG, and arterial
pressure to score sleep-wake states and assess cardiovascular patterns. An optical
device, consisting of a charge-coupled device array with an attached 3.2 mm
diameter coherent fiber bundle and surrounding illumination fibers, was surgically
placed over the right VMS. Neural tissue was illuminated at 50 Hz with 660 nm
light. Responses to 20-25 pg phenylephrine i.v. administration were assessed by
measuring overall averaged image values on a sec-by-sec basis. Phenylephrine
elicited a blood pressure rise and an initial overall activity decline, followed by an
activity increase during waking and rapid eye movement (REM) sleep. During
quiet sleep, the decline occurred only in rostral sites; a longer latency, marked
activity rise emerged at all sites in quiet sleep. Arousals from quiet sleep during the
challenge diminished the overall rise in activity. The differential VMS response to
blood pressure manipulation during sleep and waking states may underlie a portion
of baroreflex responses during those states. Supported by HL-22418.

11.5

11.6

OPTICAL IMAGING OF THE CAT VENTRAL MEDULLARY
SURFACE DURING DEPRESSOR CHALLENGES ACROSS SLEEPWAKE STATES. C.A. Richard*, D.M. Rector, R.J. Staba, R.K. Harper and

AROUSAL
AND
STATE
INFLUENCES
ON
VENTRAL
MEDULLARY
SURFACE
RESPONSES
TO
CYANIDE
CHALLENGES. P. M. Macev, C. A. Richard, D. M. Rector, J. Marsh*,

R.M. Harper. Dept. Neurobiology and the Brain Research Institute, Univ.
California, Los Angeles, CA 90095.
The fatal eveut in the Sudden Infant Death Syndrome (SIDS) may consist
of an uncompensated response to a loss of blood pressure during sleep. The
ventral medullary surface (VMS) participates in blood pressure control, and
may mediate some of the cardiac sequelae of hypotension. We used
scattered light imaging procedures to detect activity changes of large
populations of VMS neurons in cats following depressor challenges. Seven
cats were chronically instrumented with leads for EEG, nuchal EMG, eye
movements, ECG, diaphragmatic EMG, and with arterial and venous
cannulae to assess state physiology and cardiovascular patterns. An optical
imaging device was surgically placed over the right VMS through a ventral
approach. The device consisted of a charge-coupled device camera and a 3.2
mm diameter coherent fiber-optic bundle which captured scattered 560 and
660 nm light, imposed by surrounding fibers, onto the VMS, and provided
an indication of local perfusion and neural activity, respectively. A sodium
nitroprusside infusion, sufficient to lower blood pressure by 35-50%,
increased VMS activity; the greatest increase emerged in REM sleep, with a
less pronounced response in quiet sleep, and even less in waking. Phasic
REM periods elicited a momentary recovery from the evoked activity rise.
The VMS apparently participates in responses to blood pressure lowering;
dysfunction within VMS regions may mediate a failure to recover from a
loss of blood pressure. Supported by HL-22506.

R. K. Harper and R. M. Harper. Department of Neurobiology and the Brain
Research Institute, University of California, Los Angeles, CA 90095
Sodium cyanide administration provides a significant chemoreceptor stimulus
without introducing the complexities of hypoxia effects on tissue. Activity on the
ventral medullary surface (VMS) of the anesthetized cat declines after peripheral
chemoreceptor stimulation by cyanide. The response to such challenges during
sleep-waking states may reveal VMS contributions to breathing variability during
different states. We assessed VMS responses to a bolus infusion of sodium cyanide
by scattered light procedures across sleep-waking states. Seven cats were
instrumented with sensors for EEG, nuchal EMG, eye movement, ECG,
diaphragmatic EMG, and arterial pressure to score sleep-wake states and to assess
cardiorespiratory patterns. An optical device, consisting of a charge-coupled device
array with an attached 3.2 mm diameter coherent fiber bundle and surrounding
illumination fibers, was surgically placed over the right VMS. Neural tissue was
illuminated at 50Hz with 660 nm light, which provides an index of neuronal activity
under the probe. The cats were unanesthetized and moving freely. Response to i.v.
sodium cyanide administration was assessed by measuring averaged image values
on a second-by-second basis. Cyanide elicited a transient reduction in breathing
rate, and an overall VMS activity decline followed by a gradual return to baseline.
The greatest VMS activity decline occurred during waking, and the least during
Rapid Eye Movement (REM) sleep. Transient arousals from the challenge during
quiet sleep delayed the onset of the decline, and in some cases led to an extended
period of diminished VMS activity. The differential VMS response to cyanide
administration during sleep suggests that the response is preferentially enhanced
during quiet sleep over REM sleep. Supported by HL-22418.

11.7

11.8

BAROREFLEXES DURING VALSALVA’S MANEUVER IN MICROGRAVITY.

J, F, Cox*1, for the Autonomic Nervous System Team 1234. 1 Dept. Internal Med.,
Virginia Commonwealth Univ., Richmond, VA 23249; 2Div. Cardiology, Univ Texas
Southwestern, Dallas, TX 75235; ’Clinical Research Cntr., Vanderbilt Univ, Nashville,
TN 37232; 4DLR Institute Aerospace Medicine, Kfiln, Germany.
The Autonomic Nervous System Team carried out a series of experimental
measurements of autonomic function in 6 astronauts before, during and after spaceflight
as part of NASA’s Neurolab Space Shuttle Mission that was launched in April, 1998.
A subset of experimental sessions included recordings of muscle sympathetic nerve
activity (MSNA) from an electrode positioned within the peroneal nerve, preflight,
inflight and postflight. Recordings of MSNA in microgravity, the first to be conducted
in space, were obtained from 4 astronauts. Additional measurements included ECG and
finger cuff (Finapres) blood pressure. Most sessions included four 15-second Valsalva
maneuvers, two at 15 mmHg and two at 30 mmHg, presented in random order and
spaced 2 min apart. Multiunit recordings were rectified and integrated, so that each
burst of MSNA could be quantified in terms of its integrated area. To facilitate
comparisons across different sessions, burst areas during Valsalva straining were
normalized to the average burst area during quiet resting.
During spaceflight, MSNA during quiet rest was similar or increased relative to
preflight levels. Integrated burst area during Valsalva straining was greater during
spaceflight, perhaps due to the greater reduction in diastolic pressure seen during
inflight straining. However, the ratio between MSNA area and the initial (early phase
II) reduction in blood pressure appeared to be diminished in space for 15 mmHg
straining, suggesting a decreased gain of the sympathetic baroreflex. Vagal baroreflexes
during the early part of straining and after straining were also intact, but diminished in
gain. Thus, sympathetic and vagal baroreflexes are largely intact during spaceflight,
although they appear to be diminished in gain.
This project was supported by grants from NASA, NIH and the German Space Agency.
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ACTIVITY IN MEDIAL PREFRONTAL CORTEX CORRELATES WITH
VAGAL COMPONENT OF HEART RATE VARIABILITY DURING EMOTION
R. D. Lane1*, E. M. Reiman1,4, G. L. Ahem2, J, F, Thayer3. Departments of
Psychiatry1 and Neurology2, University of Arizona, Tucson, AZ; 3National Institute
of Aging, Baltimore, MD, and *The Samaritan PET Center, Phoenix, AZ 85006.
The vagal (high frequency [hf]) component of heart rate variability (hrv) is known
to predict survival in post-myocardial infarction patients and is considered to reflect
vagal antagonism of sympathetic influences. To explore its central neural substrates,
we correlated hf-hrv with measures of cerebral blood flow (rCBF) derived from
positron emission tomography (PET) and 15O-water in 12 healthy women.
Happiness, sadness, disgust and three neutral conditions were each induced by film
clips and recall of personal experiences (12 conditions). Inter-beat intervals derived
from ECG (lead II) recordings during the 60-second scans were spectral analyzed,
generating 12 separate measures of hf-hrv in each subject. The six emotion (E) and
six neutral (N) conditions were grouped together. We report correlations between hfhrv and rCBF specifically attributable to emotion (E minus N) as well as correlations
between hf-hrv and rCBF during the E and N conditions separately.
During the E conditions hf-hrv correlated with rCBF in medial prefrontal cortex
(coordinates; -8, 52, 30; Z=3.40, p<001) and in the region of left orbitofrontal and
anterior insular cortices (coordinates; -46, 24, 2; Z=3.53, p< 001). During the N
conditions hf-hrv correlated with rCBF in right inferior frontal cortex (coordinates;
20,48, 6; Z=3.44, p< 02 corrected) and brainstem (inferior pontine tegmentum)
(coordinates: -6, -22, -24; Z=3.18, p<.001). Correlations between hr-hrv and rCBF
specifically due to emotion (E-N) were observed in medial prefrontal cortex
(coordinates: -8, 56, 30; Z=3.20, p< 001), and left posterior orbitofrontal/anterior
insular cortices (coordinates: -50, 24, 8; Z=3.58, p<001). These findings are
consistent with an inhibitory role of medial prefrontal cortex, evidence in rodents
that lesions in medial prefrontal cortex are associated with prolonged extinction of
conditioned fear, and evidence that the insula and medial prefrontal cortex
participate in visceral interoception and autonomic regulation.
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NEURONS OF A SUBTHALAMIC CEREBROVASODILATOR AREA (SCA)
MEDIATE ELEVATIONS IN CEREBRAL BLOOD FLOW (rCBF) EVOKED BY
EXCITATION OF NEURONS OF ROSTRAL VENTROLATERAL MEDULLA.
Golanov*,E.V., Christensen J.R., and Reis, D.J..Div. of Neurobiol., Depts. of
Neurol, and Neurosci., Cornell Univ. Med. Coll., New York, NY 10021.
The primary elevations of rCBF elicited by hypoxia are largely reflex and
initiated by hypoxic excitation of sympathoexcitatory neurons of the rostral
ventrolateral medulla (RVL) (Golanov and Reis, J. Physiol, 1996) and relayed
through a subarea, the caudal RVL (RVLc) (Golanov etal, Soc.Neurosci., 1998).
The subsequent pathway(s) to cortex is unknown. We investigated whether a
functionally discrete subthalamic region encompassing portions of the zona
incerta and lateral hypothalamus, the subthalamic cerebrovasodilator area
(SCA), lies within the pathway. Rats (n=29) were anesthetized, paralyzed and
cortical rCBF (laser-Doppler flowmetry), and EEG recorded. Electrical or
chemical stimulation, highly restricted to SCA, elevated rCBF (47±12%) and
synchronized the EEG without altering arterial pressure. Stimulation of RVLc with
single pulses evoked, at 39±6 msec typical burst-cerebrovascular wave
complexes (Golanov et al, AJP, 1995) consisting of a triphasic potential (EP)
followed at 1.4±0.5 sec by a wave of vasodilation and an EP in SCA at 27±3
msec. Stimulation of SCA triggered a cortical EP at 11 ±3 msec, a triphasic
potential at 39±5 msec followed 1.2+0.5 sec by a 10±3% wave of vasodilation,
i.e. burst wave complex identical to RVLc evoked complex. Bilateral excitotoxic
site-specific lesions of SCA (n=6) blocked the evoked changes in rCBF and EEG
elicited from RVLc and reduced hypoxic cerebrovasodilation by 52± 12% (p<0.05)
as determined seven days later, while response to hypercarbia was preserved.
The SCA represents an heretofore unrecognized functional zone of subthalamus,
whose neurons relay neural signals elevating rCBF including those initiated by
hypoxia from the RVL. (Supported by HL18947, NS36154-01).

AMPA-TYPE GLUTAMATE RECEPTOR DENSITY IS INCREASED IN THE
NUCLEI OF THE SOLITARY TRACT (NTS) OF SPONTANEOUSLY
HYPERTENSIVE RATS. S. A. Aicher*, J. A. Kraus, A. Patel, and S. Sharma.
Weill Medical College of Cornell University, Dept. of Neurology &
Neuroscience, New York, NY 10021.
Glutamate receptors are thought to regulate synaptic transmission between
vagal afferents and second-order neurons in the nuclei of the solitary tract
(NTS). Both NMDA and AMPA-type receptors have been implicated in
mediating transmission between barosensitive afferents and their targets in
NTS. We used antibodies directed against specific subunits of the AMPA
receptor (GluRl and GluR2/3) to examine the immunocytochemical distribution
of these receptors in the NTS of Sprague-Dawiey rats. The distribution of each
AMPA receptor protein within the medial NTS at the level of the area postrema
was quantified using electron microscopic analysis. GluR2/3 was found in both
presynaptic profiles (axons and axon terminals) and postsynaptic profiles
(somata and dendrites) in the NTS, as well as in glia. The distribution of
GluR2/3 was quantitatively similar to that of the R1 subunit of the NMDA
receptor. In contrast, the GluRl subunit was mainly found in dendritic profiles,
particularly in dendritic spines, a potential site of synaptic plasticity. This
distribution also suggests that AMPA receptors on dendritic spines in NTS may
be permeable to calcium if they lack the GluR2 subunit. We hypothesized that
the distribution of GluRl in the NTS may be altered in the hypertensive state.
We compared both the light microscopic and the ultrastructural distribution of
GluRl in spontaneously hypertensive (SHR) and Wistar-Kyoto (WKY) rats.
The number of GluRl-labeled dendrites and dendritic spines was elevated in
16 week-old SHR rats compared to age-matched normotensive WKY rats
within the NTS, suggesting that postsynaptic glutamate receptor localization in
NTS may be altered by chronic elevations in arterial pressure. Support:
HL18974, HL56301 & an Established Investigator Award from the AHA (SAA).

11.11

11.12

BAROREFLEX REGULATION IS ALTERED IN MICE LACKING
OXYTOCIN. L.C. Michelini, M. C. Marcelo, J. Amico and M. Morris*.
Dept of Pharmacology and Toxicology, Wright State University School of
Medicine, Dayton, OH and Dept of Medicine, University of Pittsburgh
School of Medicine, Pittsburgh, PA.
The objective was to investigate the role of oxytocin (OT) in the
regulation of baroreflex function by studying mice which lack the ability to
produce OT. Male mice lacking the OT gene (OT Knock Out) or their
controls were prepared with chronic carotid arterial catheters and tested
after a 3 day recovery period. Arterial pressure and heart rate (HR) were
recorded continuously (1000 Hz sampling). Baroreceptors were stimulated
by bolus injections of phenylephrine (PE) or sodium nitroprusside (NP) (520 pi of 20 pg/kg and 50 pg/kg, respectively). PE-induced pressor
responses, NP-induced depressor responses (increases/decreases of 15-30
mmHg) and HR interval during baroreceptor stimulation (average range of
182±30 b/min) were similar in both groups. OT knock out (KO) mice
showed an attenuated bradycardia (-45+15 b/min) as compared to controls
(-108±30 b/min). In contrast, the tachycardic response was increased
(+137±33 b/min vs +53±25 b/min, OTKO vs controls, respectively).
OTKO mice showed a significant enhancement in baroreflex gain (11.9±3.9 vs -5.5±2.0 b/min/mmHg, ATlaKO vs Control). This study
using a genetically altered mice model, suggests that OT is critical in the
regulation of reflex control of heart rate. It supports our earlier studies
which employed antagonists or antisense oligonucleotides to block OT
responses. Supported by NIH 43178,DOD BC961836, and FAPESP
98/04891-5.

EFFECTS OF UROCORTIN IN THE NUCLEUS AMBIGUUS ON HEART
Western Ontario, London, ON, Canada, N6A 5C1.
The neuropeptide urocortin (URO) has recently been shown to bind with high
affinity to receptors for corticotropin releasing factor (CRF). As central
administration of CRF is known to increase heart rate (HR), the possibility exists
that URO exerts similar effects on HR. In this study, three series of experiments
were done in male Wistar rats to investigate the effects of URO in nucleus
ambiguus (AMB) on HR. In the first series, the distribution of URO-like
immunoreactive fibers was mapped throughout the region of the ventral
medullary reticular formation. Sparse, but consistent URO-like immunoreactive
fibers were observed in and around the ventrolateral aspects of AMB. In the
second series, in a-chloralose (80 mg/kg, iv) anesthetized, paralyzed and
artificially ventilated rats, microinjections (10 nl) of URO (0.01, 0.1, 1.0 pmol)
were made into sites in AMB at which L-glutamate injections (10 nl; 0.25 M)
elicited vagal bradycardia. URO microinjections elicited a dose-dependent
increase in HR (6.7 ± 3.3, 14.3 ± 4.8, 30.0 ± 3.3 bpm, respectively) that was not
altered by the systemic injection of the p-blocker nadolol, but was abolished
after ipsilateral vagotomy. In the final series, URO microinjections (10 nl; 1.0
pmol) into AMB significantly attenuated the reflex vagal bradycardia elicited
during activation of arterial baroreceptors. Taken together, these data suggest that
URO may function as a stress-related hormone by exerting in AMB an inhibition
on vagal cardiomotor neurons. (Supported by the Heart and Stroke Foundation
of Ontario and FAPESP [Brazil]1)

11.13

11.14

ACTIVATION OF SYNAPTIC INPUTS TO DORSAL MOTOR NUCLEUS OF
VAGUS NERVE BY ATP IN RAT BRAINSTEM SLICE.
KATO, Fusao*. Dept. Pharmacol. II, Jikei Univ., Tokyo 105-8461, Japan.
Parasympathetic preganglionic neurons in the nucleus nervi vagi dorsalis
motorius (dmnX) express functional P2X ionotropic purinoceptors when
acutely dissociated (Nabekura et al., 1995). I have shown that, in the
transverse slice of young rats, ATP not only activates the P2X receptormediated inward current but also increases frequency of CNQX-sensitive
postsynaptic currents (PSCs) with patch-electrodes containing potassium
gluconate (Kato, 1998). The present study was performed to determine 1)
whether ATP activates also GABAergic celts in the slice and 2) whether
frequencies of miniature PSCs of dmnX cells are affected by ATP. Whole-cell
currents of the neurons in the dmnX were recorded with patch electrodes
containing 140 mM CsCl in transverse brainstem slice (400-pm thick) of young
Wistar rats. Large dmnX neurons (>20 pm) were chosen for recording using
infra-red videomicroscopy. Most of spontaneous large amplitude (>15 pA)
PSCs were suppressed by bicuculline (10 pM); the remaining small amplitude
PSCs were abolished with CNQX (10 pM). Both were activated by ATP at
doses which depolarized the neurons to generate action potentials. Under
TTX (1-2 pM), most of miniature PSCs (mPSCs) were .abolished with
bicuculline. The distribution of mPSC amplitude was not significantly affected
by ATP under perfusion of bicuculline or CNQX; the ATP-induced inward
current remained unchanged. It is suggested that both glutaminergic and
GABAergic neurons which are synaptically connected to dmnX preganglionic
cells express functional P2X receptors. Supported by Grant-in-Aide from
MESC Japan 09680773, and by Grants from The Japan Health Sciences
Foundation and Japan Private School Promotion Foundation.

INTRACISTERNAL ADMINISTRATION OF OREXINS INCREASED BLOOD
PRESSURE AND HEART RATE IN URETHANE-ANESTHETIZED RATS.
C.-T.Chen? T.A .Harrison?'* S.L.Dun,1 L.L.Hwang? N.J.Dun1- and J.-K.Chang2.
'Dept. of Pharmacol., James H. Quillen Col. of Med., East Tennessee State Univ.,
Johnson City, TN 37614 and 2Phoenix Pharmaceuticals, Inc., Mountain View, CA
94043.
Orexin A and B, two recently isolated peptides, are expressed nearly exclusively in
a group of neurons in the lateral hypothalamus. The peptides have been shown to
increase food consumption in rats upon intracerebroventricular injections. Retrograde
tract tracing and immunohistochemical studies showed that orexin-positive neurons
project to several areas, eg. nucleus of the solitary tract, dorsal motor nucleus of the
vagus, and reticular formation, of the medulla that are associated with cardiovascular
regulation. The present study was undertaken to test the hypothesis that orexins may
affect cardiovascular responses by interacting with neurons in the medulla. Male
Sprague-Dawiey rats were anesthetized with urethane (1.2 g/kg, IP). Intracistemal
injections of orexin A (0.0056-7.0 nmol) or orexin B (0.028-0.28 nmol) consistently
and dose-dependently increased heart rate and mean arterial blood pressure; orexin A
being more effective than orexin B. The increase had a slow onset and long duration.
Intracistemal injection of artificial cerebrospinal fluid of equal volume had no
significant effect on blood pressure and heart rate. Intravenous injection of orexin A
or orexin B at doses higher than those elicited a pressor response by cisternal injection
caused no significant change in heart rate and blood pressure. As a positive control,
intracistemal injection of angiotensin II (29 nmol) or glutamate (0.5v/imol) increased
blood pressure and heart rate. Our results indicate that, in addition to a role in food
consumption, orexin A or B may elevate blood pressure and heart rate by an action
on medullary neurons. (Supported by NIH Grants NS18710 and HL51312).
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ESTRADIOL-176 (E2) EFFECTS ON AMYLOID AB PEPTIDE CLEARANCE, AB
DEPOSITION, NEUROTOXICITY AND NEUROINFLAMMATION IN VIVO.
Frautschv*, M.E. Harris-White, T. Chu, D, Horn, S. Miller, A. Thomasian,
J.J. Siael Sepulveda VAMC, GRECC 91343 and Depts Med. & Neurol at
UCLA CA 90095.
Estrogen Replacement therapy is a negative risk factor for Alzheimer’s
disease (AD), and may improve cognition in some patients. However the
mechanisms involved may be multi-factorial and are poorly understood.
Rats were ovariectomized and implanted subcutaneously with estradiol-17B
(E2) or vehicle-filled silastic capsules, subsequently infused with’ AB biintraventricularly for one month, and then sacrificed for histology/
biochemistry. E2 increased formic acid extractable AB, but did not alter
aqueous soluble AB (assayed by ELISA) nor total AB-immunoreactivity (ir)
deposition. Rats infused with AB demonstrated a reduction in % area
microglial antigen-ir. Microglial cell size in the entorhinal cortex was
visibly increased, which was most pronounced within AB-ir deposits,
indicating a possible E2 induction of ameboid morphology, consistent with
its known effects on macrophages. Quantitation of the microglial reaction
showed a more robust response within the AB-ir deposits compared to
outside the deposits. E2-dependent neuroprotection was observed as
measured by increased hippocampal synaptophysin and other biochemical
markers, and measures of lipid peroxidation. E2 effects will be compared
with prednisolone effects. Data support the hypothesis that E2-induced
neuroprotection may be mediated by both pro- and anti-inflammatory
mechanisms. The neuroprotective effects of E2 occurred despite increased
formic-acid extractable AB, consistent with previous data showing
dissociations between AB accumulation and neurotoxicity. Supported by
AG10685 (SAF), VA Merit (SAF) and Kagan UCLA AD Treatment Program.

A NEURONAL RECEPTOR FOR p-AMYLOID PEPTIDES:
IMPLICATIONS IN ALZHEIMER’S DISEASE PATHOLOGY
H.-Y. Wang*, P.H. S. Lee, M.R. D’Andrea, P. A. Peterson, R. P,
Shank and A. B. Reitz. The R.W. Johnson Pharmaceutical
Research Institute, Spring House, PA, 19477. USA.
Alzheimer’s disease (AD) pathology is characterized by the
presence of neuritic plaques and loss of cholinergic neurons in the
brain. The underlying molecular mechanisms leading to these
events are still unclear, but the 42-amino acid p-amyloid peptide
(AP1-42) is involved. We have characterized a neuronal receptor
present in neuritic plaques and co-localized with Api^2in individual
cortical neurons of sporadic AD brains. The two proteins interact
with high-affinity as shown by immunoprecipitation and receptor
binding studies. Cells over-expressing this receptor are readily killed
by APi_42, but can be rescued by addition of small molecule receptor
agonists. Thus, this receptor may mediate ApW2 -induced
neurotoxicity that is critically implicated in AD. Since the distribution
of this receptor also correlates with neuritic plaques in AD brains, we
propose that the interaction of this receptor with APi^to be a pivotal
initiation step leading to plaque formation and dementia in AD. (This
work is supported by RWJ-PRI)

12.3

12.4

TAU PHOSPHORYLATION IS MEDIATED BY A NEURONAL
RECEPTOR FOR p-AMYLOID PEPTIDE. D.H.S Lee* , M.R.
D’Andrea, A.S. Drouillard, S. Chapman, C.R. Plata-Salaman, P A.
Peterson and H.-Y. Wang. The R.W. Johnson Pharmaceutical
Research Institute, Spring House, PA, 19477. USA.
Alzheimer’s disease neurons are characterized by
accumulation of p-amyloid peptides and hyperphosphorylation of the
tau protein. We reported a neuronal receptor that binds p-amyloid
peptides with high affinity. Using cells over-expressing this receptor
and
phosphoprotein
Western
analysis
of
anti-tau
immunoprecipitates, we show that this receptor mediates tau
phosphorylation upon p-amyloid peptide stimulation within 30
minutes. Differential phosphorylation/dephosphorylation kinetics at
three phosphorylation sites on the tau protein also occurred.
Furthermore, confocal laser microscopy demonstrates that the
p-amyloid peptide-receptor complex persisted even after 72 hours
suggesting
resistance
towards
normal
clearance.
Immunohistochemical staining of cortical and hippocampal neurons
of Alzheimer’s Disease brains also revealed the co-presence of this
receptor with p-amyloid peptides. Our data suggest a critical role of
this neuronal receptor in mediating tau phosphorylation after
interaction with p-amyloid peptides, further implicating its relevance
in Alzheimer’s disease pathophysiology. (This work is supported by
RWJ-PRI)

MODULATION OF HIPPOCAMPAL CA3 PYRAMIDAL CELL
FUNCTION BY ACETYLCHOLINE AND AMYLOID 3-PEPTIDE IN
A BIOPHYSICAL MODEL. E. D, Menschik*1 and L. H. Finkel12.
'Institute of Neurological Sciences and department of Bioengineering,
University of Pennsylvania, Philadelphia, PA 19104.

Two of the hallmarks of Alzheimer’s disease (AD) are a marked decline in
cholinergic input to the cortex and increasing numbers of amyloid-laden plaques, yet
we still lack an understanding of how cells are functionally impaired by such
pathological perturbations. Here we investigate the effects of the reported
modulation of ion channels by both acetylcholine (ACh) and the amyloid ^-peptide
(A(3) in a realistic, 385-compartment, anatomically-reconstructed CA3 pyramidal cell
model. The model cell features a wide array of ion channels (Na, Kdr , Kc , two forms
of KA, Km , Kahp , CaL, CaN, CaT) characteristically distributed in the dendritic arbor,
radial calcium diffusion, calcium buffering by calcium binding proteins, and calcium
extrusion by both the Ca2+ ATPase and Na+/Ca2+ exchanger. We find that the either
ACh or Ap is sufficient to cause a striking, concentration-dependent transition from
intrinsic bursting to regular spiking activity. This transition is accompanied by the
amplification of backpropagating action potentials and far fewer branch-point
failures. In addition, backpropagating bursts of action potentials are found to cause
much larger dendritic calcium transients than do trains of “regular” action potentials,
and we report a differential modulation of such calcium influx by ACh and Ap.
Specifically, the regular spikes induced by ACh lead to relatively small calcium
transients by virtue of partial blockade of calcium currents while AP-induced regular
spikes lead to much larger influxes. These findings have implications for the
functional consequences of AD-related pathology with respect to the roles of different
firing modes and intracellular free calcium in learning and memory. (Supported by
NSF-KDI)

12.5

12.6

DIFFERENT ASSEMBLY FORMS OF Ap INDUCE NEURITIC CHANGES AND
ACTIVATION OF APOPTOSIS-LIKE MECHANISMS IN NEURONS.
D.M. Hartley*, B. Whalen, P.W, Walsh, P.J, Selkoe. Center for Neurologic Diseases,
Brigham and Women’s Hospital and Harvard Medical School, Boston, MA 02115.
The presence of amyloid P-protein (A P) fibril-rich plaques in Alzheimer’s disease
(AD) brains has led to the assumption that AP fibrils are the major neurotoxic
peptides in AD. However, recent evidence suggests that smaller intermediates formed
during fibrillogenesis can also alter neuronal physiology and viability. We recently
reported that protofibrils (an intermediate formed during synthetic Ap fibrillogenesis)
acutely increase the electrical activity of neurons (increased EPSCs and action
potentials) and gradually induce neuronal death, similar to mature fibrils.
Interestingly, low molecular weight Ap (monomer and/or dimer) also induced
neuronal death over 5-6 days in vitro, but had no acute effect on neuronal electrical
activity. We have begun to ask the question whether subtle morphological changes
can be observed in the early stages of neuronal injury and whether the injury caused
by these various AP species involves an apoptotic type of cell death. Using a PDGF
promoter-driven GPF construct (EGFP), neurons were transiently transfected to allow
identification of fine substructures on primary dentritic and axonal processes.
Alterations in processes were observed with AP application over a period of 6 to 24
hrs, which included a change in GFP in neurites from a continuous uniform
distribution into a discontinuous, globular pattern. A similar redistribution was
observed with low doses of glutamate, a known inducer of apoptosis in cortical
neurons. To determine whether these Ap-induced neuritic changes led to apoptosis we
probed with Annexin-V, which binds to phosphatidylserine that has moved from the
inner to outer leaflet of the plasma membrane during apoptosis. Annexin-V binding
was increased in both neurites and perikaryon over a 6 to 24 hr period. Our data
support the concept that Ap intermediates could play an important neuritotoxic role in
AD pathogenesis. (Supported by NIH AG06173)

LYSOSOMAL MEMBRANE DAMAGE AS AN APOPTOTIC INITIATOR IN
AB-MEDIATED CELL DEATH IN ALZHEIMER’S DISEASE. A. Yang*, K.
Ditaranto, L Margol, J. Grin and C. Glabe. Dementia Research Program, Nathan
Kline Institute, Orangeburg, NY 10962. Dept. of Mol. Bio. and Biochem.
Univer. of California, Irvine, CA 92697
Our earlier studies have suggested that the failure to degrade aggregated AB142 in late endosomes or secondary lysosomes is a mechanism for the amyloid
accumulation in Alzheimer’s disease. Treatment of cultured neurons with
soluble AB 1-42 causes an increase in lysosomal hydrolase synthesis, production
of oxygen radicals and eventually leads to the loss of lysosomal membrane
integrity and cell death. The loss of lysosomal membrane impermeability is only
specific to AB 1-42 since incubation of cells with high concentrations of AB 1-40
has no effect on the release of lysosomal hydrolases. However, AB 1-42 induced
apoptosis takes several days and a significant number of cells pass through all
stages of cell death from early apoptosis to secondary necrosis. Such
asynchronous apoptosis precludes the temporal study of the mechanisms
underlying AB-mediated cell death. In this study, we show that acridine orange
(AO)-loaded lysosomes treated with intense blue light induces a relatively rapid
synchronous lysosomal membrane damage and cell death similar to Afi exposure.
AO quickly leaks out from late endosomes and lysosomes and partially shifts the
fluorescence to a green, cytoplasmic diffuse fluorescence. This AO
relocalization is due to the initial disruption of the lysosomal proton gradient,
followed by the release of lysosomal hydrolases into the cytoplasmic
compartment. Treatment of cells with antioxidant partially blocks the release of
lysosomal contents, suggesting that this AO-relocalization is due to the oxidation
of lysosomal membranes. Based on these findings, we propose that lysosomal
membrane damage by oxidation is sufficient to engage the apoptotic apparatus
and may serve as a death initiator in AB toxicity. Supported by grants from
AHAF and Alzheimer’s Association.
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Alzheimer AO functions as a superoxide antioxidant In vitro and in vivo.
A.I. Bush*, T. Lynch1, R.A. Cherny1, C.S. Atwood, L.E. Goldstein, R.D. Moir,
Q-X Li1, D.E. Cabelli2, G. Multhaup3, C.L. Masters1, R.E. Tanzi4, X. Huang. Lab
for Oxidation Biology, Depts. of Psychiatry, and Neurology, Genetics and Aging
Unit, Harvard Med Sch, Massachusetts Gen. Hospital, Charlestown, MA, 02129,
USA. ’Dept. of Pathology, University of Melbourne, Australia. 2Chemistry Dept.
Brookhaven National Lab., Upton, NY. 3ZMBH, U. Heidelberg, Germany.
AB is a ubiquitous soluble protein of unknown function that precipitates as the
major component of Alzheimer's disease amyloid. We have characterized it as a
Cu/Zn-binding protein that reduces Cu(II) to Cu(I) and then produces H2O2 by
electron transfer to O2. The copper reducing activity of AB species is greatest fcr
AB42human> AB40hUman >AB42mOu« >AB40mOu« «0, approximating the neurotoxicity
of the respective peptide in culture. Since the redox activity of AB resembles
superoxide dismutase (SOD), we hypothesized that AB might also use superoxide
(O2 ) as a substrate for the production of H2O2. We found that AB could be
substituted for SOD in two in vitro assay systems for SOD activity; inhibition cf
O2’ (generated by xanthine/xanthine oxidase) reactivity towards Nitro Blue
Tetrazolium (NBT), and pulse radiolysis. Both assays indicated that ABl-42hUm«
possessed app. 35% of the catalytic activity of SOD itself, and that the activity was
dependent upon AB binding 0.5 moles of Cu. The activities of variant AB species
in the NBT assay were also AB42human> AB40hUman >AB42mouse >AB40mouse but all
values were »0. Cell cultures of transgenic animals (APPCT100- and PSI- wildtype and FAD-mutant forms) indicated that resistance to O2_ stress correlated with
overexpression of AB (42>40), and that exogenously added synthetic AB (0.1-1 nM)
may act like SOD to rescue the cells. Also, the transgenics were correspondingly
more resistant to depletion of glutathione (a O2' /H2O2 scavenger) by cyclohexene-1one. These findings suggest that the function of AB is as a superoxide antioxidant,
which may explain its generation upon oxidative stress. Pathological H2O2
production may be caused by inappropriate use of O2 as its substrate.
Support: Prana Corp., NH&MRC and American Health Assistance Foundation.

MECHANISM OF AB VASOACTIVIY. M.Mullan*, F.Crawford, Z. Suo
and D. Paris. Roskamp Institute, University of South Florida, Tampa,
Florida 33613
Increasing evidence has implicated inflammation as a contributor to the
pathology of Alzheimer’s disease (AD). Non-steroidal anti-inflammatory
drugs (NSAIDs) have been shown to be protective against the cognitive
decline associated with aging and AD. Moreover, vascular abnormalities
are common in brain cerebral vessels as a consequence of aging and even
more so due to AD. We have previously demonstrated that soluble AB
peptides display vasoactive properties, and suggested that this could
contribute to AD process by damaging vascular endothelial cells and
reducing cerebral blood flow. Phospholipase A2 (PLA2), a key enzyme
involved in inflammatory processes, initiates the arachidonic acid
cascade, which leads to the generation of multiple eicosanoid products.
Our data demonstrate that ABM0 and A8M2 mediate vasoactivity by an
activation of PLA2.
The arachidonic acid product of PLA2 is
metabolized essentially through two distinct pathways;
the
cyclooxygenases and lipoxygenases. We show that the vasoactive
properties of ABM0 and ABM2 are mediated by the 5-lipoxygenase and the
cyclooxygenase-2 pathways. Taken together, our data show that soluble
ABMo and ABM2 induce a pro-inflammatory response that leads to an
enhanced production of leukotrienes and vasoconstriction.

12.9

12.10

p-AMYLOID TRIGGERS VASOACTIVITY VIA ACTIVATION OF A PROINFLAMMATORY PATHWAY. D. Paris*, T, Town, T, A. Parker, J.
Humphrey and M, Mullan. The Roskamp Institute, University of South
Florida, 3515 E. Fletcher Ave., Tampa, FL 33613.
Freshly solubilized P-amyloid (AP) peptides display vasoactive properties
and potentiate endothelin-1-induced vasoconstriction, but the mechanism of
AP’s vasoactivity has yet to be elucidated. We show that soluble ApM0 and
Ap1.42 mediate vasoactivity by stimulating a pro-inflammatory pathway
involving activation of secretory phospholipase A2 (sPLA2), mitogen activated
protein kinase kinase (MEK 1/2), p38 MAPK, type IV cytosolic PLA2 (cPLA2)
and ultimately 5-lipoxygenase (5-LOX) and cyclooxygenase-2 (COX-2).
Furthermore, we show that AP induces the release of [3H] arachidonic acid, a
prerequisite for inflammation, in intact aortic rings using a tissue bath system.
Taken together, our data show that the effects of soluble Ap peptides can be
blocked by inhibiting specific target molecules, providing the basis for novel
therapeutic intervention.

INFLAMMATORY RESPONSES IN HUMAN VASCULAR CELLS
INDUCED BY DIFFERENT ALZHEIMER S P-AMYLOID PEPTIDES Z,
Suo*, F. Crawford, A. Placzek, C, Fang, J. Tan and M. Mullan. Roskamp Institute,
3515 E. Fletcher Ave., University of South Florida, Tampa, FL 33613, USA.
The p-amyloid (AP) peptide has been suggested to play important roles in the
pathogenesis of Alzheimer’s disease (AD). One of its possible roles is the induction
or enhancement of inflammatory processes in the AD brain. We have recently found
that AP is able to induce an inflammatory response in cultured human vascular cells
which is mainly mediated by the interactions via an inflammatory molecular cascade
involving in cell adhesion molecules, CD40 and cytokines. Since CD40 seems to play
a central role in the regulation of Ap-induced inflammatory responses, in this study
we investigated the effects of different Ap variants and their mixtures on the
expression of CD40 in vascular cells. The results are: (1) Dutch APm 0 (D-APi .4O) (p
< 0.001), APm 2 (p < 0.001), Apj.40 (P = 0.66), rat ApM0 (rApM0) (P = 0.99) in
human endothelial cells (hEC); (2) APi.4O (p < 0.001), rApM0 (p = 0.001), D-ApM0
(p = 0.004), APm 2 (p = 0.996) in human smooth muscle cells (hSM); (3) for each
isotype, aged AP produced a greater CD40 expression than freshly solubilised in
both hEC and hSM, although there were differences observed between the Ap
variants; (4) mixed Ap!_40 / ApM2 displays a greater effect than either type alone
when mixed in a 1:1 ratio in either cell type; and finally, (5) mixed D-APm 0/ ApM0
produced a similar effect to that given by the ApM0I ApM2 mixture. This implies
that inflammatory mechanisms in hEC are more sensitive to the more amyloidogenic
isotypes of AP (D-ApM0 & ApM2), and that the reverse is true for hSM cells. Also,
the increase of this effect in a mixture of Ap isotypes with differing amyloidogenicity
suggests a possible influence of a transition in peptide conformation in this process.

12.11

12.12

Amyloid-p Peptide Stimulates Apolipoprotein E Synthesis and Release in a
Murine Microglial Cell Line via an NF-kB-dependent Mechanism. K, R.
Bales1*, O. Xu \ Y, Du3, R, C, Dodel3 4. A, Naidu2. B, Cordell2, and S. >4, Paul13

Sodium Salicylate and 17-P-Estradiol Attenuate Nuclear NF-k B Translocation
in Cultured Rat Astroglial Cultures Following Exposure to Amyloid AP(1.40) and
Lipopolysaccharides
R C. Dodel13*, Y, Du1. K. R. Bales2_W,H. Oertel3. S. M. Paul1,2
Departments of Pharmacology, Toxicology, Indiana University School of Medicme,
Indianapolis, IN 46202; 2Neuroscience Discovery Research, Eli Lilly & Co.,
Indianapolis, IN 46285; and department of Neurology, Philipps-University
Marburg, Germany
Inflammatory mechanisms have become increasingly appreciated as important steps
in the pathogenic pathway of Alzheimer's disease (AD). There is accumulating
evidence that P-amyloid peptide(AP), a normal processing product of the amyloid
precursor protein (APP), may promote or exacerbate local inflammation by
stimulating glial cells to release cytokines and plaque promoting factors such as
apolipoprotein E and Ab itself. In addition, clinical studies using nonsteroidal
antiinflammatory drugs (NSAIDs) and estrogen have found a reduced risk for ADeds
with their use. Here we show that Ap(i_40)> a major plaque component, as well as the
bacterial endotoxin lipopolysaccharides (LPS), are both potent activators of the
transcription factor NF-k B in primary rat astroglial cells. AP and LPS-induced
activation of NF-k B was found to be concentration- and time-dependent and can be
attenuated by a dsDNA decoy oligonucleotide. Pretreatment of astrocytes with either
17-p estradiol (10pM)or sodium salicylate (20mM) markedly reduced both the APand LPS-induced activation of NF-k B by 48% and 60%. Additionally, we
investigated the activation of several downstream genes and their transcriptional
regulation by by NF-k B, including IL-1, IL-6, apoE and a2-macroglobulin. Our
data suggest that the gene expression of these genes induced by Ap/LPS treatment is
due in part to activation of NF-k B. These data suggest an important inhibitory role
for estrogen and sodium salicylate in glia cell “inflammation” which may have
therapeutic implications for the treatment/prevention of AD.

‘Neuroscience Discovery Research, Eli Lilly, Indianapolis, IN 46285,2Scios Inc., Mountain
View, CA 94043 departments of Pharmacology, Toxicology, and Psychiatry, Indiana
University School of Medicine, Indianapolis, IN 46202, and department of Neurology,
Phillipps-University, Marburg, Germany.

The amyloid P peptide (AP), a 39-43 amino acid peptide resulting from the
normal processing of a larger transmembrane glycoprotein , is deposited in neuritic
plaques which represent the characteristic neuropathological feature of Alzheimer’s
disease (AD). Prominent neurodegeneration, as well as glial activation occur
adjacent to neuritic plaques leading many investigators to hypothesize that AP plays
a causative role in the neurodegeneration and glial activation typically associated
with AD neuropathology. Given the important role of apolipoprotein E (apoE), a
39kDa glycoprotein expressed principally in glia, in AP deposition and plaque
maturation (Bales et al Nature Genetics 17:263), we examined the effects of Ap
exposure on apoE synthesis and release in a murine microglial cell line (BV-2
cells). Here, we show that AP
induces the release of apo E from cultured BV-2
cells in a time- and concentration-dependent fashion. The release of apoE from BV2 cells following Ap exposure was correlated with both a transcriptional
upregulation of apoE, as well as an increase in the newly translated protein.
Additionally, we found that exposure of BV-2 cells to AP results in a time-and
concentration-dependent activation of NF-k B and that specific inhibitors of NF-k B
decrease the secretion of apoE from BV-2 cells exposed to Ap. AP-induced release
of apoE by microglia may influence plaque progression, consistent with the concept
that diffuse Ap deposits are converted to compacted/neuritic/fibrillar plaques by
physical association with activated microglia. Furthermore, our data suggest that
inhibitors of NF-k B activation may attenuate the AP-induced synthesis/release of
apoE and thus reduce or prevent the progression of amyloid deposition in patients
predisposed to develop AD.
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SIGNAL TRANSDUCTION PATHWAYS INVOLVED IN THE AMYLOID-P
STIMULATED SUPEROXIDE ANION AND TNF-a PRODUCTION IN PRIMARY
HUMAN MACROPHAGES.
H.A, Smits1, N.M, de Vos'. A.J. van Beelen1. T. van der BruggenB. Drukarch »,JL
Verhoef1, F.L, van Muiswinkel12. and H.S.L.M. Nottet1
1 Eijkman- Winkler Institute, section Neuroimmunology, Utrecht University,
Heidelberglaan 100, 3584 CX, Utrecht, The Netherlands and Research Institute
Neurosciences, Vrije Universiteit, Faculty of Medicine, Department of 2Psychiatry and
’Neurology, Van der Boechorststraat 7, 1081 BT, Amsterdam, The Netherlands.
Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by a loss of
neuronal integrity in the vicinity of amyloid-p (Ap) containing neuritic plaques.
Microglia, or so called brain macrophages, are believed to play an important role in the
inflammatory response, for example by producing reactive oxygen species (ROS) and
cytokines. Here, we investigate the putative role of protein kinase C (PKC) and the
MAPKinase signal transduction pathways in the AP(l-42)-induced activation and
consequent release of superoxide anions in human macrophages. Macrophages were
derived from a 7-day culture of human blood-derived monocytes and superoxide anion
release was measured via lucigenin-enhanced chemiluminescence. Using
bisindolylmaleimide, PD098059and SB202190as specific inhibitors for PKC, Erkl/2 and
p38 respectively, it was found that whereas bisindolylmaleimidecompletely inhibited A0induced superoxide production, this AP-induced release of superoxide anions was only
partially blocked by PD098059 and not blocked by SB202190. We therefore conclude
that the PKC and Erkl/2 pathways are involved in the AP-induced superoxide anion
production in human macrophages and that the p38 pathway is not involved. Currently
the same paradigm is used to investigate the role of the above mentioned signal
transduction pathways in the AP-induced TNF-a production.
Supported by NWO, grant 903-51-141

ALZHEIMER’S DISEASE AMYLOID p-PEPTIDE (T-42)JNDUCED/ Y- VITRO
AND IN-VIVO FREE RADICAL OXIDATIVE STRESS AND
NEUROTOXICITY: IMPORTANCE OF Ap METHIONINE RESIDUE 35 IN
PROTEIN OXIDATION AND CELL DEATH. P.A. Butterfield1? S. Varadaraian1,
C.D. Link2 and S. Yatin1. ‘Department of Chemistry, Center of Membrane Sciences, and
Sanders-Brown Center on Aging, University of Kentucky, Lexington, KY 40506, and
institute for Behavioral Genetics, University of Colorado, Boulder, CO 80309.
Our laboratory and those of others showed previously that amyloid P-peptide (Ap)
induces free radical oxidative stress and is neurotoxic, both of which are blocked by
antioxidants. We developed an Ap-associated free radical oxidative stress model for
neuronal death in Alzheimer's disease (AD) brain [Chem. Res. Toxicol. 10,495 (1997)].
This model predicts that neuronal protein oxidation is a consequence of Ap-associated
free radicals. In the current study, both in-vitro and in-vivo systems of full-length
AP(l-42) toxicity were used to detect free radical-induced oxidative stress measured by
protein carbonyl levels, a key marker for protein oxidation. AP(l-42), in the presence
of two metal chelators, formed free radicals in solution that were detected by EPR spin
trapping methods using ultra pure PBN as the trap. AP(l-42) addition to cultured
hippocampal neurons in-vitro led to both neurotoxicity (p < 0.01) and increased protein
oxidation (163 % of controls, p < 0.01), both of which were blocked by the free radical
scavenger, vitamin E. In contrast, if methionine residue 35 of AP(l-42) were substituted
by norleucine (same length, same hydrophobicity, but no sulfur in a thio ether), then no
EPR spectrum, no hippocampal neuronal protein oxidation, and no neuronal cell death
were observed. Similar to our findings of protein oxidation in AP-rich regions of AD
brain in-vivo [J. Neurochem. 65, 2146-56 (1995)], Caenorhabditis elegans transgenic
animals expressing human AP(l-42) also had significantly increased protein carbonyls
(176 % of vector-only controls, p < 0.001) in vivo, a finding that was abrogated if
methionine-35 were substituted by cysteine. These findings are consistent with APassociated free radical oxidative stress-induced neurotoxicity in AD brain and point to
an important role of methionine residue-35 in these AP-derived processes. Support:
NIH.
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OLFACTORY-EVOKED REGIONAL CEREBRAL BLOOD FLOW (rCBF) IN
ALZHEIMER’S DISEASE. D.A. Kareken1, R.L. Doty2*, P.J. Moberg2-3, S.H,
Chen1, M.R. Farlow1, & G.P. Hutchins4. ‘Dept. ofNeurology, Indiana Univ; 2Smell
& Taste Center, Univ. of Pennsylvania; ’Dept. of Psychiatry, Univ. of Pennsylvania;
4Dept. of Radiology, Indiana Univ., Indianapolis, IN 46202.
Imaging of metabolism and blood flow in Alzheimer’s disease (AD) is often
insensitive to dysfunction in the mesial temporal lobe, where degeneration first
appears. Given early olfactory loss in AD, and olfactoiy bulb projections to the
mesial temporal lobe, odor stimulation during functional imaging may better detect
mesial temporal dysfunction. Eight healthy elderly (HE) subjects and 7 patients with
NINCDS probable AD had odor sensory threshold and identification tests, and
olfactory stimulation during H2I}0 positron emission tomography (PET). rCBF was
normalized to whole brain CBF, and images transformed into stereotactic space.
Control stimulation (sniffing) was subtracted from olfactory stimulation. Regions of
significant olfactory-evoked rCBF (“activation”; Z >3.0) in HE were used to define
regions of interest for all subjects. Odor identification was worse in AD than in HE
(p< .001), but sensory threshold was not. In HE, olfactory stimulation evoked
activation in the right (R) frontotemporal junction (piriform area), left (L) piriform
area, and R-anterior temporal lobe. AD had significantly less activation in R-piriform
(p< .003) and R-anterior temporal cortex (p< .02), but not in the L-piriform area. AD
also had less activation in the entire basal R-temporal lobe (p< .01). AD had residual
activation in R-piriform and L-uncus/amygdala, suggesting an olfactory response in
spite of functional anosmia. Using all subjects, a significant correlation (r=.65, p<
.01) emerged between R-piriform activation and odor identification performance
outside the scanner. Olfactory stimulation during PET may thus detect physiologic
change in mesial temporal lobe regions that undergo early degeneration in AD.
Supported by: Physiologic Imaging Research Center & Alzheimer Disease Center
(P30 AG 10133, Indiana Univ.); Smell & Taste Center (Univ. ofPennsylvania).

FUNCTIONAL IMAGING ANALYSIS WITHIN AN ALZHEIMER’S DISEASE ATLAS;
CORTICAL VARIABILITY MAPS OF ANATOMIC AND PET REGISTRATION ERRORS
M.S. Mega1*-2. P.M, Thompson1. R.P, Woods1. I.P. Dinov1 C.I, Zoumalan1, J.L.
CummingS^-LC, Mazziotta1 R.C, Collins*. A.W, Toga1. ‘Dept. of Neurology, Lab. of
Neuro Imaging, Brain Mapping Division, and 2Alzhejmer's Disease Research Center,
UCLA School of Medicine, Los Angeles, CA, 90095. Functional imaging studies
combining Alzheimer's disease (AD) patients in Talairach space are hampered by the
morphological mismatch the AD brain has with this space. Control over this anatomic
error has motivated the construction of an average probabilistic AD atlas. Aligning
functional imaging studies to any atlas imparts registration error which should also be
controlled. We sought to map the anatomic and PET registration variability within an
AD atlas to achieve control over the errors hampering functional imaging assessment in
the dementia population. 3D SPGR MRI scans were acquired from 26 AD patients (12
males, 14 females; mean age 75.8 yrs, sd 8.7; mean MMSE 20, sd 4.4). Continuum
mechanical nonlinear surface based warping enabled the construction of an AD atlas
anchored by the average 3D locations of manually outlined sulci. Using this average
atlas target eight subjects who also had FDG-PET studies had their MRI derived cortical
outlines back translated into native PET space and then aligned into the atlas space via
12 parameter affine intermodality registration. New average variability maps were then
computed based upon these PET to atlas registrations. The cortical variability of PET
datasets registered to the AD atlas ranged from 0 to 14 mm. The highest degree of
variability was in the posterior superior temporal sulcus; most of the cortical surface
showed variability ranging from 3 to 12 mm with intermodality affine transformations
to the AD atlas. When MRI/PET intrasubject registration brings PET data into the AD
atlas via a 6th order nonlinear warp cortical variability falls to 0 to 12 mm with most of
the cortical surface ranging between 1 to 8 mm of variability. The morphologic
mismatch of AD brains in the Talairach space can now be corrected within a probabilistic
atlas that incorporates the cortical variability of anatomy and registration errors.
Support: MSM: an NIA Grant (K08AG100784); AWT: Human Brain Project
(NIMH/NIDA: P20MH/DA 52176, NSF (BIR9322434), and an NIA Alzheimer's Disease
Center grant (P30, AG10123).

13.3

13.4

MEDIAL TEMPORAL LOBE ASYMMETRY AND PSYCHOSIS IN
ALZHEIMER'S DISEASE. C. Geroldi,1 N. S. Cappa,2* Akkawi Mahaliki,1’2 S.
Galluzzi? M.C, Ubezio,1 G, Binetti? O. Zanetti? M, Trabucchi,3 and G.B, Frisoni.1
'IRCCS S.Giovanni di Dio FBF, Brescia, Italy; 2Dept ofNeurology, Univ of Brescia,
Brescia, Italy; Dept Psychopharmachology, Univ of Tor Vergata, Roma, Italy.3
Modifications of brain asymmetry have been described in some conditions
characterized by behavioral symptoms such as autism, schizophrenia, and Pick's
disease. To test the hypothesis that changes in brain asymmetry are associated with
behavioral symptoms in Alzheimer's dementia patients (AD), we studied the
occurrence of psychotic symptoms (delusions and hallucinations) and atrophy of the
anterior medial temporal lobe (AMTL) in 51 consecutive patients with probable or
possible mild AD (MMSE>18). Twenty-three patients had psychosis. Those with and
without psychosis did not differ by age (75+8 vs 77+8); gender (females 68% vs
74%); education (6+3 vs 5+2 years of schooling); disease duration (31+16 vs 42+22
months), and degree of cognitive deficit (MMSE score 21+3 vs 21+2). Atrophy was
assessed by linear measures taken on CT images taken on the temporal lobe plane
(approximately 20° caudal to the orbito-meatal line). Measures of temporal horn size
(width of the temporal horn, WTH) were standardized according to a landmark
represented by a line in the coronal plane tangential to the origin of the choroid fissure.
Indices of WTH asymmetry were computed as a) R/L ratio and b) R/L difference
normalized for intracranial size. AD patients without psychosis showed similar
involvement of the AMTL on the two sides (right WTH=5.8+2.5 vs left=6.3+3.1;
p=n.s.), while the opposite was evident in AD with psychosis (right WTH=6.4+2.0 vs
left=5.4+1.8; p=.O3). The analysis of asymmetry indices confirmed this pattern. In AD
patients without psychosis, the R/L ratio was lower than in those with psychosis
(1.0+0.2 vs 1.3+0.5, p=.01) as well as the R/L difference (-0.4+2.0 vs 1.1+2.2, p=.O2).
These data indicate that the involvement of different brain areas by the disease
pathology might help understand the behavioral expression of AD.

CSF CHOLINESTERASE INHIBITION IS A MORE ACCURATE
MEASURE OF COGNITIVE EFFECTS THAN DRUG
CONCENTRATIONS OR PERIPHERAL INHIBITION IN ALZHEIMER
PATIENTS RECEIVING RIVASTIGMINE. N.R. Cutler,1* A.E. Veroff,1 R.
Anand,2 R. Hartman,2 L. Mancione,2 J. J. Sramek1 ‘California Clinical Trials,
Beverly Hills, CA 90211; ’Novartis Pharmaceuticals Corp., East Hanover, NJ
Peripheral cholinesterase inhibition has been proposed as a surrogate marker for
the activity of centrally-acting cholinesterase inhibitors; however, the validity of
this marker has seldom been evaluated in clinical studies. In this open-label study,
the relationships between central and peripheral pharmacokinetics/pharmacodynamics of rivastigmine and cognitive function were assessed in 18 patients with
probable Alzheimer’s disease. Sequential groups of patients (n=3 per group)
were assigned to target doses of 1, 2, 3, 4, 5, or 6 mg bid rivastigmine, titrated in
1 mg bid/wk increments. When patients had maintained their target dose for 3
days, they were admitted to the hospital and underwent a 12.5 h continuous
cerebrospinal fluid (CSF) sampling procedure beginning at 0.5 hours prior to the
final dose. Plasma samples were collected up to 24 h post-dose. Cognitive
function was assessed with the Computerized Neuropsychological Test Battery
(CNTB) at baseline, and end of treatment. Overall cognitive improvement, as
measured by the CNTB summary score, correlated significantly with the area
under the curve of both acetylcholinesterase (p<0.05) and butyrylcholinesterase
(p<0.01) inhibition in the CSF, but not with pharmacokinetic parameters or
plasma butyrylcholinesterase inhibition. Consistent with the known regional
specificity of rivastigmine activity in rat brain, performance on CNTB subtests
which probe frontal, temporal, and limbic areas demonstrated significant
correlations with CSF cholinesterase inhibition, while tests which probe parietal
areas did not. In conclusion, CSF cholinesterase inhibition provides a more
accurate index of central drug action than peripheral measures in patients
receiving rivastigmine.
This study was supported by Novartis.
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13.5
SERIAL POSITION EFFECTS IN ALZHEIMER'S DISEASE IN A NOVEL
TEST OF SPATIAL MEMORY P.I. Baylev, D.P, Salmon and L. I. Thai*.
Alzheimer's Disease Research Center, UCSD, 9500 Gilman Drive, La Jolla,
CA 92093-0948.
Humans show better recall of words from the beginning (primacy) and
terminal (recency) regions of a series. For verbal recall, this 'serial position'
curve is known to have a characteristic pattern in many amnesic conditions,
including Alzheimer's disease (AD), where primacy, but not recency recall is
significantly impaired compared to controls. The present study investigated
whether the serial position curve is similarly affected by AD in a spatial
memoiy task. We compared mildly demented AD subjects (n=12) and normal
controls (NC, n=20) on a task in which they had to remember the location of a
subset of squares presented within a large array. Subjects were given nine
trials, over which the number of items to be remembered increased from 1 to 9.
AD patients recalled significantly fewer items than the NC group for
sequence lengths of 4 or greater and the magnitude of this deficit increased
with greater sequence length. At the point where recall between the two
groups began to diverge (trial 4), AD patients showed primacy and recency
effects (NC subjects were at ceiling). When sequence length increased to 8, the
NC group showed primacy and recency effects; however, AD patients now
showed a reduced recency effect with a normal primacy effect. These results
suggest that serial position effects occur in spatial memory in NC's and are
adversely affected by AD. However, in contrast to verbal memory, AD
subjects may show intact primacy and reduced recency effects. This
discrepancy in AD patients' deficits may reflect differences in the type of
rehearsal strategies that are normally used in verbal and spatial memory
tasks. Supported by NIA Grants # AG-05131 and # AG-12963.

WITHDRAWN

13.7

13.8

BEHAVIORAL CORRELATES OF AMYLOID 6 PEPTIDE
SOLUBILITY IN TRANSGENIC MICE. K. Hsiao?* D. Cooner-

ENTORHINAL, BUT NOT HIPPOCAMPAL, VOLUME IN NON-DEMENTED
ELDERLY PATIENTS DISTINGUISHES THOSE AT RISK FOR ALZHEIMER’S
DISEASE. I, Goncharova1*, B. Dickerson1, L. deToledo-Morrell12, C. Forchetti12,
R.S, Wilson1,2 and D.A. Bennett12. ’Department of Neurological Sciences and
2Rush Alzheimer’s Disease Center, Rush University, Chicago, IL 60612.
Postmortem pathological studies have implicated the entorhinal cortex (EC)
as one of the early sites of involvement in Alzheimer’s disease (AD). While
hippocampal atrophy has been well documented in vivo in early AD using
quantitative volumetric magnetic resonance imaging (MRI) techniques, such
protocols have only recently been developed for the EC. The present study was
carried out to evaluate whether EC and hippocampal volumes derived from MRI
scans could differentiate those individuals at risk for AD. Subjects consisted of
28 elderly patients who were evaluated in a clinical setting for cognitive
complaints, but who did not meet criteria for dementia. They were scanned with
a high resolution MRI protocol at the time of the first evaluation. EC and
hippocampal volumes were derived from gapless 5mm coronal images taken
perpendicular to the long axis ofthe hippocampal formation. These regions of
interest were normalized by dividing with intracranial volume computed from
gapless sagittal images. Follow-up clinical evaluations available on 23 of the 28
people initially scanned indicated that 12 ofthe 23 had converted and received
a diagnosis of probable AD. The converters differed significantly from nonconverters in total EC volume (t=2.94, df=21, p<0.008), but not hippocampal
volume. Furthermore, discriminant function analyses showed that EC volume
was better at correctly classifying converters compared to hippocampal volume
(92% and 67% respectively). These in vivo results confirm pathological evidence
suggesting the early involvement ofthe EC in AD and provide an anatomical
marker for incipient AD.
Supported by grants PO AG9466 and P30 AG10161 from the NIA.

BJacketer,1 L. Moscovice.1 K. Eyer.1 L, Younkin2 and S, Younkin2

’Depts. of Neurology and Neuroscience, Univ. of Minnesota Med.
Sch.; Minneapolis, MN 55455; 2Mayo Clinic Jacksonville.
Using an established transgenic model of Alzheimer’s disease,
Tg(HuAPP695.KM670/671NL)2576, we found significant impairment
in memory retention on a spatial reference water maze task at 6
months of age when probed 16-20 hours after training, with no
difference in escape latencies of transgenic and littermate controls in
cued performance testing at this age. This deficit is not related to ADlike senile plaques because few, if any, of these plaques form before 912 months of age. Much of the Afi deposited in AD brain is in an
SDS-insoluble form that can be solubilized in 70% formic acid. In
Tg2576 mice, formic acid-requiring SDS-insoluble A640 and Afi42
first appear at 6-7 months. Thus, the appearance of SDS-insoluble Afi
may correlate with the onset of spatial reference memory decline. To
test the hypothesis that SDS-insoluble Afi40 or AS42 aggregates cause
cognitive dysfunction in the Tg2576 model, we are examining 4-5
month old mice in which SDS-insoluble Afi has not yet formed.
Supported by NIH and the Mayo Medical Foundation.

13.9

13.10

DECREASED PREVALENCE OF ALZHEIMER'S DISEASE
ASSOCIATED WITH HMG-COA REDUCTASE INHIBITORS,
Beniamin Wolozin*. Wendy Kellman. Gastone G. Celesia and
George Siegel Departments of Pharmacology, Neurology and
Biochemistry, Loyola University Medical Center, and Dept. of
Neurology, Edward Hines Jr. Veterans Affairs Hospital
Increasing evidence suggests that cholesterol plays a role in the
pathophysiology of Alzheimer’s disease. For instance, elevated
serum cholesterol has been shown to be a risk factor for AD.
Synthesis of cholesterol can be inhibited by a group of
medications, termed statins, that inhibit HMG-CoA reductase and
are widely used for treatment of hypercholesterolemia. We have
now evaluated the rates of Alzheimer’s disease in patients taking
statins. We find that the rate of Alzheimer’s disease for patients
taking Lovastatin or Pravastatin at three different hospitals is
reduced by 60 - 73% compared to a total patient population or
compared to patients taking other medications typically used in
treatment of cardiovascular disease or hypertension. Interestingly,
patients taking Simvastatin, an isomer of Pravastatin, did not show
similar decreases in the prevalence of Alzheimer’s disease. In
addition, patients taking beta-blockers or Furosemide did not show
a reduced prevalence of Alzheimer’s disease. These results
suggest that some statins might reduce the prevalence of
Alzheimer’s disease.

Clinical Trials of Propentofylline in Alzheimer's Disease and Vascular
Dementia
C. Wilmot*. B. Kittner (Hoechst Marion Roussel, Inc., Bridgewater, NJ) for
the European/Canadian Propentofylline Study Group
Key words: Alzheimer’s disease, vascular dementia, disease progression,
glial cell modulator
Alzheimer’s disease (AD) and vascular dementia (VaD) may share several
pathophysiologic features, including the transformation of microglia and
astrocytes into reactive cell types. It was hypothesized that both AD and VaD
might be amenable to treatment with propentofylline, a glial cell modulator
which has been shown to be neuroprotective in in vitro and in vivo preclinical
studies. Clinical trials of propentofylline conducted to date have
demonstrated beneficial effects for the treatment of both AD and VaD. In the
primary analysis of two pivotal studies, MN/304 (mild-to-moderate AD
patients, 48 weeks) and MN/305 (probable or possible VaD patients, 24
weeks), propentofylline produced significant improvements in global
function (as assessed by CIBIC-Plus) and cognitive performance (as assessed
by ADAS-cog). In order to study treatment effects on the progression of the
disease, these studies also incorporated an additional 24-week, placebocontrolled segment combining withdrawal and delayed-onset designs. In
addition, in a placebo-controlled subgroup treated for 72 weeks, sustained
long-term treatment benefits were observed, with treatment differences
increasing over time. The results of studies MN/304 and MN/305 suggest
that propentofylline may be able to slow the progression of symptoms of
dementia.
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NEUROTROPHIN IMBALANCES IN ALZHEIMER’S DISEASE (AD):
DECREASED LEVELS OF BDNF AND INCREASED LEVELS OF NGF IN
HIPPOCAMPUS AND CORTICAL AREAS AS WELL AS INCREASED
LEVELS OF NGF IN CEREBROSPINAL FLUID (CSF).
C. Hock1'2*, K. Heese3, G. Olivieri2, F. Mttller-Spahn2, P. Huber4, W. Riesen5, C.
Hulette6, C. Rosenberg6, R.M. Nitsch1, and U. Often7. Depts. of 'Psychiatry
Research, Univ. of Ziirich, 2Psychiatry, 4Clinical Chemistry, ’Physiology, Univ. of
Basel, 5Inst. for Clinical Chemistry, St. Galien, Switzerland, 3BF Research Institute,
Osaka, Japan, 6Kathleen Price Bryan Brain Bank, DUMC, Durham, NC, U.S.A.
Nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF),
neurotrophin 3 (NT-3), and neurotrophin 4/5 (NT-4/5) are members of the
neurotrophin gene family which supports the survival of specific neurons. We
quantitated protein levels of neurotrophins in AD postmortem hippocampus, frontal
and parietal cortex, and cerebellum, and compared them to age-matched control
tissue (CTR, n=9/9, n=19/9, n=8/5, and n=5/7). We applied sensitive and specific
ELISAs in rapid autopsy derived brain tissue. Levels of NGF were significantly
elevated in the AD group, as compared to the CTR group, in the hippocampus and
frontal cortex (p<0.001, and p<0.001). Levels of BDNF were significantly reduced
in the AD group, as compared to the CTR group, in the hippocampus and parietal
cortex (p<0.001, and p<0.01). Levels of NT-3 and NT-4/5 were unchanged.
Increased levels of NGF may reflect a reduced uptake and retrograde transport by
the NGF high-affinity receptor trkA. Decreased levels of BDNF may constitute a
lack of trophic support and may thus contribute to the degeneration of the basal
forebrain cholinergic system. To further explore the potential diagnostic properties
of neurotrophins, we quantitated CSF levels of NGF and BDNF in patients with AD
(n=23) and compared them to non-demented control subjects (CTR, n=22). CSF
levels of NGF were significantly elevated in the AD group, as compared to the CTR
group (p<0.001), whereas BDNF levels were not detectable. Increased CSF levels of
NGF may thus constitute a candidate diagnostic marker for AD.
Grants SNF 3100-049397.96/1, SFB505, NIA P50-AG05128.

ESTROGEN REGULATES RUNNING BEHAVIOR. N.C. Berchtold*, Pike,
C.J., Cotman, C.W. Institute for Brain Aging and Dementia, University of CA,
Irvine; CA 92697-4540 USA
The beneficial effects of regular aerobic activity to muscles, bones, and the
cardiovascular system are well documented. In addition, exercise improves
the functioning, resilience, and overall health of the brain. Exercise
Increases CNS expression of growth factors including BDNF, NGF, and FGF,
and promotes neurogenesis in the adult hippocampus. Exercise is
neuroprotective and reduces the brain damage associated with ischemia and
seizure, inhibits spontaneous apoptosis, and prevents seizures.
We have examined whether the steroid hormone estrogen influences
voluntary running behavior. 3 weeks after ovariectomy, adult female rats
were implanted subcutaneously with pellets containing 17-beta Estradiol
(17E), tamoxifen (TAM), combined 17E + TAM, or vehicle, for 5 days. Cages
were equipped with running wheels and voluntary running activity was
monitored. Compared to Intact-animal behavior, OVX reduced wheel-running
activity. OVX animals maintained a constant baseline level of running while
Intact animals daily ran progressively more over the 5 days examined. 17Ereplacement (OVX + 17E) restored running patterns to levels of Intact
animals by day 3. The potential role of the estrogen receptor in this
behavioral effect was investigated by treatment with TAM, a partial estrogen
receptor agonist TAM treatment reduced running levels in Intact animals
(after 10 days of treatment), suggesting that estrogen regulates voluntary
running behavior in part through activation of the estrogen receptor. These
results suggest that beneficial effects of estrogen-replacement therapy may
be partly mediated by the benefits derived from increased exercise.
(Supported by NIA, MacArthur Foundation to C.W.C.)

NEUROPSYCHIATRIC DISORDERS I
14.1

14.2

TEST-RETEST RELIABILITY OF A FMRI WORKING MEMORY
PARADIGM IN NORMAL AND SCHIZOPHRENIA SUBJECTS.
D.S. Manoach*1. E.S, Benson2, Y. Chang2, T.S. Kramer2. D.C, Goff2.
S.L.Rauch2, C.B, Saper1, R.L, Gollub2. 'Dept. of Neurology, Beth Israel
Deaconess Med. Ctr.; 2Dept. of Psychiatry, Mass. Gen. Hosp.; Harvard
Med. Sch.; Boston, MA 02215.
fMRI is a non-invasive, low-risk tool that readily lends itself to repeated
studies within individuals. In schizophrenia, repeated studies may allow a
determination of brain activity changes in response to changes in
symptomatology and to pharmacologic or other interventions. To evaluate
the findings of repeated studies, however, it is crucial to understand the
reliability of the measures employed. We investigated the test-retest
reliability of a working memory task, the Sternberg Item Recognition
Paradigm, that previously discriminated between normal and schizophrenia
subjects with regard to both dorsolateral prefrontal cortex (DLPFC)
activity and task performance (Manoach et al., 1998, 1999). Using a GE
1.5T scanner with EPI and fMRI BOLD contrast we scanned 7 normal and
7 clinically stable schizophrenia subjects on two separate occasions.
Intraclass correlations (ICC) were computed to determine the test-retest
reliability of DLPFC activation and task performance. DLPFC activation
was more reliable in the normal than in the schizophrenia group (ICC
normal = 0.69; schizophrenia = 0.13). Both groups were reliable with
regard to reaction time (ICC normal = 0.93; schizophrenia = 0.92). We will
discuss the implications of these findings with regard to study design,
sample size and the pathophysiology of schizophrenia.
Support: Scottish Rite (DSM); Mathers Charitable Foundation (DSM,CBS). NIDA
(RLG, ESB, TSK)

PREFRONTAL CORTEX INEFFICIENCY: POTENTIAL INTERMEDIATE
PHENOTYPE IN SCHIZOPHRENICS AND THEIR SIBLINGS
J.H. Callicott*, M.F. Egan, V.S. Mattay, A Bertolino, D.R. Weinberger 1CBDB,
NIMH, NIH, Bethesda, MD 20892
Attempting to parse the complexities of neuropsychiatric illness into more
fundamental physiological components, intermediate phenotypes are a potentially
powerful tool in the search for susceptibility genes in illnesses like schizophrenia. In
brief, potentially heritable intermediate phenotypes are those present to a greater
extent in the siblings of ill probands than a control population (i.e., increased relative
risk). For example, we have found an increased relative risk for reduced
hippocampal area neuronal integrity as reflected in 'H-MRSI measures of nacetylaspartate (Callicott et al., 1998). We used echo-planar functional MRI and a
parametric n-back working memory task to search for shared physiological
characteristics in this same cohort of schizophrenic patients (n=l 3), their siblings
(n=23), and healthy controls (n=18). Previously, we have found that schizophrenic
patients showed a profound prefrontal cortical inefficiency - requiring greater fMRI
activation to achieve lower working memory accuracy. fMRI data (zero, one, and
two back) were analyzed as ordinal averages using SPM97. Unaffected siblings and
healthy controls performed with similar accuracy. However, siblings showed a
prefrontal activation pattern similar to schizophrenic patients - significantly
hyperfrontal in spite of equal working memory accuracy. We have recently
replicated this finding using a separate cohort of siblings (n=29) and controls (n=24)
and a spiral fMRI protocol. Though preliminary, these data suggest that prefrontal
cortical inefficiency may represent the subtle effects of a shared susceptibility factor
evident with functional neuroimaging, but leading to clinically manifest dysfunction
when combined with other genetic and environmental factors in schizophrenia.

14.3

14.4

HIGH PHASIC DOPAMINE ACTIVITY IN SCHIZOPHRENIA
PREDICTS GOOD RESPONSE TO ANTIPSYCHOTICS. A. AbiDargham*, D. Printz, R. Gil, J. Rodenhiser. Y, Zea-Ponce, L, Kegeles.
J, Gorman. M. Laruelle. New York State Psychiatric Institute,
Columbia University, New York, NY.

FUNCTIONAL IMAGING OF MEMORY RETRIEVAL
DIFFERENTIATES DEFICIT AND NONDEFICIT SCHIZOPHRENIA.
S. Heckers,1* D. Goff,1 D. L. Schacter,2 C.R. Savage,1 A.J. Fischman,3 N.M.
Alpert? S.L. Rauch1. ’Department of Psychiatry, Massachusetts General
Hospital; department of Psychology, Harvard University; department
of Radiology, Massachusetts General Hospital, Boston, MA 02114.
Neuroimaging studies have provided evidence of abnormal frontal and
temporal lobe function in schizophrenia. We tested the hypothesis that
medial temporal lobe abnormalities are a core feature of schizophrenia,
whereas the degree of prefrontal cortex dysfunction distinguishes between
the deficit and nondeficit subtypes of schizophrenia. Regional cerebal
blood flow was studied using 015 positron emission tomography during
three different memory retrieval conditions in 8 control subjects, 8 deficit
patients, and 8 nondeficit patients. Behavioral and PET data were
analyzed using a mixed effects model to test for population differences.
Across conditions, frontal cortex activity was highest in controls,
intermediate in nondeficit patients, and lowest in deficit patients;
nondeficit schizophrenia was associated with higher activity in bilateral
temporal lobes. During the attempt to retrieve poorly encoded words, all
three groups recruited right prefrontal areas but differed in the activation
of left prefrontal areas. During conscious recollection, controls recruited
left parahippocampal gyrus and right hippocampus but neither
schizophrenia group did.
Frontal, but not hippocampal, function is differentially impaired in
deficit and nondeficit schizophrenia.
Supported by NARSAD and NIMH.

Last year we showed an increase in baseline phasic dopamine
release in a small sample of patients with schizophrenia compared to
healthy controls by comparing D2 receptors availability before and after
acute dopamine depletion, using [123I]IBZM SPECT and alpha-methylpara-tyrosine (AMPT) (1 g PO QID for 2 days). One hypothesis derived
from this data was whether baseline dopamine levels would predict
response to antipsychotics. We tested this hypothesis in a larger sample
of 18 patients with schizophrenia (31 ± 8y.o.) and 17 healthy controls
(31 ± 8 y.o.). Eight patients were drug naive, and 10 were drug-free for
more than 21 days. Following completion of the scans, 11 patients
were started on antipsychotic medication. The choice of the
antipsychotic agent, as well as the dose, was determined by the treating
psychiatrist. Clinical ratings (Positive and Negative Symptom Scale,
PANSS) were obtained after six weeks of treatment. Results: The mean
increase in D2 receptors availability induced by AMPT was significantly
larger in schizophrenic patients (19 ± 11%) compared to controls (10 ±
7%) (p = 0.008), confirming our initial findings. Elevated DA synaptic
concentration was predictive of good response of positive symptoms to
DA depletion (r2 = 0.59, p = 0.001), and to antipsychotics (r2 = 45, p =
0.02). These findings, combined with the lack of correlation between
baseline positive symptoms and synaptic dopamine levels (r2 < 0.01, p
= 0.86) suggest a heterogeneity in the neurochemical correlates of
psychosis: some patients have significant positive symptoms in
presence of normal dopamine levels, and are likely to be treatment
resistant. Funded by NIMH, EJLB, and Stanley Foundations.
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14.5

14.6

MULTIPLE SOURCES OF SIGNAL ABNORMALITY UNDERLYING
PREFRONTAL HYPOFUNCTION AND INCREASED VARIABILITY IN THE SITES
OF ACTIVATION WITHIN BA 9/46 IN INDIVIDUAL MEDICATION FREE
SCHIZOPHRENIC PATIENTS. J.L. Holt*, J.D. Van Horn, A. Mever-Lindenberq,
G. Esposito, J. Callicott, M. Egan, D.R. Weinberger, and K.F, Berman, Unit on
Integrative Neuroimaging, Clinical Brain Disorders Branch, NIMH, NIH/IRP,
Bethesda, MD. 20892
Prefrontal hypofunction during cognitive activation remains the most frequently
reported functional neuroimaging finding in schizophrenia. To date, the.majority
of these findings have been derived from group-average analyses, yielding little
information about brain activation in individual patients. Through improvements
in PET methodology and fMRI, single subject activation analyses can now be
used to determine which of a number of possible abnormalities in the activation
signals of individual patients contribute to the group findings. In this 3D PET
study of 13 patients who were two weeks medication free and 13 age and sex
matched controls, we examined several components of the functional activation
signal during an "nback" working memory task. Analyses performed for each
subject revealed that individual patients have abnormalities in multiple parameters:
1) the number of contiguous voxels, i.e. clusters, activated within the DLPFC
(p<.001); 2) the intensity of the local maxima within the clusters (p<.02); and 3)
average cluster activation (p<.01). Additionally, the sites of the local maxima of
the individual patients’ activations were more variabile along the anterior-posterior
axis within Brodmann’s areas 9/46 (p<.03), contributing to decreased overlap of
activation across individuals in the patient group and fewer commonly activated
voxels. This study demonstrates increased variability in the patients’ functional
response and organization. While this may reflect increased behavioral variability
during the scans, it could not be accounted for on the basis of performance
differences or analysis artifacts.

POSITRON EMISSION TOMOGRAPHY (PET) STUDIES OF
SEROTONIN MODULATION OF DOPAMINE IN PATIENTS WITH
SCHIZOPHRENIA G.S. Smithl*. C.S.Carterl. J. GurklisU-.D.

Allen-1-^, E, Barry^., M, Kelley^. D, Ben-Eliezerl, C.A, Mathis^, D. van
Kammei4 Depts. of 1 Psychiatry and ^Radiology, University of

Pittsburgh and Schizophrenia Research Unit, Pittsburgh Veterans
Administration Healthcare System, ^RWJ Pharmaceutical Research
Institute.; Pittsburgh, PA 15213.
Functional imaging studies have reported a greater increase in dopamine
concentrations in patients with schizophrenia compared to control subjects
by measuring the change in dopamine (D2) receptor availability after
administration of the dopamine releasing agent and reuptake inhibitor damphetamine. The purpose of this study was to evaluate the modulation of
dopamine concentrations by serotonin using a paradigm previously
developed (Smith et al., 1997).
Eleven patients who met RDC criteria for schizophrenia and who were
unmedicated for a minimum of two weeks were studied and compared to
thirteen controls (all males in each group, mean age 37±12 and 45 ±9 for
the controls and patients, respectively). The subjects underwent two PET
scans on the same day using the D2 radiotracer [11C]-raclopride. The
serotonin releasing agent and reuptake inhibitor fenfluramine (60mg, PO)
was administered three hours prior to the second [11C]-raclopride study.
Baseline striatal D2 receptor availability between the controls and
patients did not differ significantly (1.02 ± 0.2 and 0.93 + 0.3,
respectively). The patients demonstrated significantly less of a decrease in
[11C]-raclopride binding than the patients (9% compared to 16%, F
(1,10)= 10.4, p < .01). Thus, striatal dopamine concentrations are increased
to a lesser extent in the patients than the controls. These findings may be
attributable to altered serotonin function or to the regulation of dopamine
by serotonin.
Supported by MH 49936, MH57078, MH 01621.

14.7

14.8

ALTERED FUNCTIONAL CONNECTIVITY IN SCHIZOPHRENIA: A PET
STUDY. K. Berman?J. Holt, T. Brown, M. Egan, J. Callicott, D. Weinberger and A.
Meyer-Lindenberg. Unit on Integrative Neuroimaging, CBDB/IRP, National Institute
of Mental Health, Bethesda, USA.
Recent research supports the notion that altered cortico-cortical connectivity may
be an important factor underlying schizophrenia. The present study investigated
functional connectivity, tentatively defined by (intravoxel) correlations in blood flow
measured using H2150 PET. A group of 13 medication-free patients and 13 age and
sex-matched controls was studied during a working memory task and a matched
control. Six scans per subject in each of two conditions ("2-back" and "no-back") were
obtained and processed using standard methods in SPM'97. The functional
connectivity patterns that differed most between groups were extracted using a
Canonical variates analysis as described by Worsley et al. (Neuroimage 6, 1997: 305).
The analysis permits an assessment of the variance difference explained by a given
pattern, as well as a test of significance based on a multivariate linear model. Three
patterns were found significant at the p<0.00001 level. The first pattern explained
more than 50% of the intergroup variance. Patients had relatively more coherent
temporal and cerebellar and less frontal and anterior cingulate activity than controls.
The difference was accentuated in the left superior anterior temporal lobe and right
hippocampus (increase in patients) and the dorsolateral prefrontal cortex bilaterally
(decreased). Using this pattern for classification, all patient scans could be separated
perfectly from the control group. The second pattern (explaining 19% of intergroup
variance) corresponded to the activation seen during the working memory task.
Expression of this pattern during the task was much more variable in patients. The
third pattern (explaining 3%) showed an habituation effect. The present analysis
uncovered highly significant differences in functional connectivity patterns between
patients and controls. It suggests disturbed connectivity, consistent with a putative
dysconnection hypothesis, between the temporal and frontal lobe, areas that are
prominently implicated in current theories about schizophrenic pathogenesis.

Heritability of Independent Domains of Cognitive Dysfunction in
Schizophrenia Michael F. Egan,* MD, Terry E. Goldberg PhD, Tonya
Gscheidle, BA, Mary Weirich, MSW, Llewellyn Bigelow, MD, Daniel R.
Weinberger, MD. NIMH, Bethesda, MD 20892
Patients with schizophrenia have impairments in executive function,
memory, language, psychomotor speed, and general intelligence.
Impairments in some of these domains have also been observed in
unaffected sibs, suggesting they could be heritable. To assess the
suitability of impaired cognition for use as phenotypes in genetic studies, we
estimated relative risk (X) in a large cohort of sibs. One hundred and forty
seven patients, 193 sibs, and 47 controls were given a test battery including
IQ, WRAT reading, WCST, Wechsler Memory Scale (WMS), CVLT, CPT,
Trails A and B, and Verbal and Category Fluency. Relative risk was
estimated using cutoff scores of 1 and 2 standard deviations below the
control mean to define "affected" probands and siblings.
Patients performed markedly worse than controls on all tests except
WRAT reading. Siblings had worse scores relative to controls WCST
(categories), WMS, and letter fluency, with trends for reductions on Trails A
and B. Relative risk for siblings was significantly increased for WCST
(categories), WMS, CVLT, letter fluency, Trails B, and CPT. Relative risk
for various tests ranged from 1.8 (Letter Fluency) to over 7 (WMS and Trails
B). Correlations between domains were weak to moderate, indicating
relative independence. These data suggest that impaired cognition is
familial and possibly genetic.
Using these relatively independent
dimensions of cognitive impairment as biological phenotypes may be a
practical solution for dissecting the genetic heterogeneity of schizophrenia
and improving the power of linkage studies.
Funding Source: NIMH

14.9

14.10

VISUAL PROCESSING IN SCHIZOPHRENIA AND SCHIZOTYPAL
PERSONALITY DISORDER. B.F. O’Donnell1'2* C.M. Farmer*, J.M.
Swearer3, M.A. Niznikiewicz2, P.G, Nestor24, M.E. Shenton2, R.W.
McCarlev2. ’Psychology, Indiana Univ., Bloomington, IN
47405;
2Psychiatry, Harvard Med. Sch.; ’Neurology, Univ. of MA Med Sch.;
“Psychology, Univ. of MA Boston.
Recent studies using psychophysical techniques suggest that patients
suffering from schizophrenia may have visual deficits for specific features
(O’Donnell et al., 1996). We evaluated early stage visual perception and
working memory in control subjects, subjects with schizophrenia (SZ), and
in subjects with schizotypal personality disorder (SPD). SPD has been
biologically associated with schizophrenia, but is not accompanied by
psychosis. Contrast sensitivity for flickering sinusoidal gratings, form and
trajectory discrimination, and form and trajectory working memory were
evaluated. Adaptive staircase methods were used to equate thresholds
across tasks. SZ subjects showed impairments relative to control subjects
(p<.05) for both early stage visual processing (contrast sensitivity and
trajectory discrimination) and visual working memory performance. SPD
subjects had intact early stage vision, but impaired visual working memory.
These findings are concordant with PET and fMRI evidence of both frontal
and visual cortex disturbance in SZ. SPD, in contrast to SZ, may be
associated with a more specific visual processing deficit, perhaps reflecting
frontal lobe systems subserving visual working memory operations.
(Supported by NARSAD, NIMH, Dept. of Vet Affairs, and the Stanley
Foundation)

EFFECTS OF NEUROLEPTIC MEDICATION ON THOUGHT DISORDER
AND SEMANTIC PRIMING IN SCHIZOPHRENIA: EVIDENCE FOR A
SELECTIVE RELATIONSHIP T.E. Goldberg*M. Dodge, M.F. Egan, M. Aloia,
D.R. Weinberger. Clinical Brain Disorders Branch, IRP, NIMH, Bethesda, MD
20892
Speech disorganization in schizophrenia commonly referred to as thought
disorder, is a cardinal symptom of the disorder (APA), and can be viewed as a
compromise in the ability of language to carry meaning. While some cognitive
accounts of this symptom have emphasized failures in working memory/discourse
planning or selective attention, we have suggested that thought disorder resides in
the semantic system. In this study we assessed the effect of neuroleptic medication
on thought disorder and semantic processing. Methods. Seventeen patients with
schizophrenia were assessed while receiving neurelptic medication and in cross
over fashion, placebo. A number of measures were obtained: clinically rated
thought disorder (using the TLC), working memory (letter number span), lexical
integrity (naming and receptive vocabulary), and semantic priming of
intracategorical word pairs. Results. Semantic priming measures improved with
neuroleptic medication, as did clinically rated thought disorder. No other measure
changed significantly. Priming selectively covaried with changes in thought
disorder. Comment. Changes in automatic spreading semantic activation, brought
about neuroleptics’ influence on dopaminergic neuromodulatory systems, might
reflect changes in the biases of preexisting associative networks that favor or
increase the accessibility of representations related by shared features. This study
has implications for the nature of thought disorder, the architecture of normal
language 9in that a dissociation between the lexical and semantic levels was
observed, and information processing accounts of neuroleptic medication.
Supported by IRP, NIMH
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REDUCED CORTICAL FOLDING AND LOSS OF ASYMMETRY OF THE
ANTERIOR CINGULATE IN MALES WITH SCHIZOPHRENIA. l3Murat
Yucel, '^Christos Pantelis, 13Paul Maruff, l2Geoffrey W. Stuart. 13Simon Crowe,
2Greg Savage, 'Warrick J. Brewer*, 'Dennis Velakoulis. 'Mental Health Research
Institute, & 2The University of Melbourne, Vic. 3052 Australia, 3LaTrobe
University, Vic. 3083 Australia.

DIFFERENCES IN PREFRONTAL AND PARIETAL ASSOCIATION CORTEX
ACTIVATION BETWEEN CONTROLS AND SCHIZOPHRENIC PATIENTS
DURING DECISION-MAKING WORKING MEMORY TASKS. J. Quintana* and E.
Kovalik. Dept of Psychiatry, Brain Mapping Division, UCLA, Los Angeles, CA 90024.
This research investigates brain dysfuctions associated with cognitive impairment in
schizophrenia using functional Magnetic Resonance Imaging (fMRI). Nine patients
with schizophrenia and ten normal controls have been studied while performing
decision-making, stimulus-response delay (7 sec) tasks. Different degrees of
contingency strength between cue and choice allow' for separate characterization of
working memory activity related to retention of information (a colored circle or a facial
expression diagram) and anticipation of correct response (choice, right or left, between
two side-by-side stimuli similar to the cue). While in the scanner (GE 3Tesla, echoplanar upgrade), the subjects perform paradigms with blocks of resting condition
interleaved with task performance and respond by button-pressing with their right
(dominant) hand. Blood oxygenation is measured using gradient-echo scanning
protocols (functional, 14 slices, 4 mm thick, 1 mm gap, TR/TE=2000/45 msec;
structural, 26 slices, 4 mm thick, 1 mm gap, TR/TE= 4000/54 msec). Data are
realigned, normalized, and smoothed with a Gaussian filter. Group analysis of
processed images is completed using a general linear model with a delayed box-car
reference function (SPM96). Schizophrenic patients show consistent bilateral superior
and left inferior parietal activation in all performance situations studied, bilateral
dorsolateral prefrontal cortex (DPFC) activation during retention of any cue, and no
orbito-frontal activation during emotional cue processing. Normal controls show only
unilateral superior parietal activation (left for emotional cue processing, right during
anticipation after a color cue), yet bilateral inferior parietal activation during response
anticipation. They also show only unilateral DPFC activation (right during retention,
left during anticipation) but significant orbito-frontal activation when processing
emotional cues. The results indicate abnormal cerebral distributed information
processing during decision-making in schizophrenia. Hypo- or hyper-activity in
cortical association areas occurs in response to particular task demands as a result of
shifting of processing to areas preserved and available within networks.
Thanks to S. Maraer, W. Wirshing, D. Ames, C.S. Saunders (West-LA VAMC) and
to A. Kopelowicz, R. Zarate (San Fernando MHC, LA County DMH) for help in
recruiting patients; to J.C. Mazziotta (UCLA Brain Mapping) for his sponsorship.
Supported by a VA ARCD and NARSAD (J.Q.), and VA-VISN22-MIRECC.

Due to the high degree of morphological variability in the anterior cingulate (AC)
region, it is difficult to reliably delineate the AC from adjacent structures and/or
carry out volumetric measures. An alternative is to examine non-volumetric aspects
of AC gross morphology such as, the complexity/organisation of gyri, and sulci.
Previously, we have generated a reliable method to describe and categorise the
highly varied surface features of the AC in a large cohort of healthy volunteers. To
date no study has examined the gross morphological organisation of the AC in
patients with schizophrenia. In the present study we used structural MRI’s to
examine AC morphology in a group of 51 males with chronic schizophrenia and 84
healthy male controls. Three types of AC were identified depending on the
presence of a paracingulate sulcus (PCS) and its antero-posterior extent:
(a)‘Prominent’, (b)‘Present’ or (c)‘Absent’ PCS. Across hemispheres these 3 types
of AC occurred in different proportions in the normal vs schizophrenia groups:
(a)42% vs 30%, (b)34% vs 29%, and (c)24% vs 40%, respectively. Examination of
laterality revealed a significant group by hemisphere interaction for the left
hemisphere only, indicating that there is significantly less cortical folding in the left
AC region of male schizophrenics. A paired analysis carried out separately for each
group, comparing the degree of gyrification in the left and right AC regions for
each individual revealed a highly significant asymmetry effect (left>right) for
normals but not for the schizophrenia group. The findings of the current study
support the neurodevelopmental hypothesis of schizophrenia suggesting that the
normal lateralized sulcal and gyral pattern of the AC is lacking in male
schizophrenics, and that the left AC region in particular, is less developed than in
normal males. Data from first-episode psychoses group will also be presented.
Supported by NH&MRC grants & the Ian Potter Foundation.
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PROGESTERONE EXACERBATES STROKE INJURY IN YOUNG
OVARIECTOMIZED RATS. Stephanie J. Murphy, VMP, PhD1; Richard J,
Traystman, PhD2; Patricia D. Hum*, PhD2. Depts. of ’Comp. Med. and
2Anes../Crit. Care Med., Johns Hopkins Medical Institutions, Baltimore, MD.
We determined ifthere are differences in infarction volume after middle cerebral
artery occlusion (MCAO) in 3 mo-old ovariectomized female Wistar rats + preischemic progesterone treatment.
Age-matched .female Wistars were
ovariectomized, then received no hormone (OV, n = 14), 30 (P30, n = 14) or 60
(P60, n = 12) mg/kg progesterone IP 30 min prior to MCAO, or 30 mg/kg
progesterone (CP30, n = 16) IP daily for 7-10 d prior to MCAO. Each animal
subsequently underwent 2 h of MCAO by the intraluminal filament technique,
followed by 22 h of recovery. Ipsilateral parietal cortical perfusion was measured
by laser-doppler flowmetry (LDF) throughout ischemia. Cortical (CTX) and
caudate putamen (CP) infarctions were determined by 2,3,5-triphenyltetrazolium
chloride staining and digital image analysis. Plasma estrogen and progesterone
levels at 1 h of ischemia were 0 + 0,0.3 + 0.2,1.2 + 0.7, 5.2 + 1.5 pg/ml and 5.3
+ 2.7, 101.9 + 20.1, 180.9 + 28.1, and 132.8 + 24.6 ng/ml respectively in OV,
P30, P60, CP30. Mean ischemic LDF was 26.9 + 2.2% (OV), 24.4 + 2.7%
(P30), 25.7 + 2.3% (P60), and 27.4 + 2.5% (CP30). CTX infarction (%ipsil
CTX) was 14.5 + 4.6%, 25.5 + 5.6%, 25.5 + 5.6%, and 23 + 4.4% in OV, P30,
P60, and CP30 respectively. CP infarction (%ipsil CP) was 33.3 + 5.3%, 40 +
5.9%, 44.6 + 5.6%, and 50.6 + 5.2%* in OV, P30, P60, and CP30 respectively
(*p<0.05 from OV). These data suggest that chronic progesterone administration
prior to MCAO increases striatal, but not cortical, brain injury in previously
ovariectomized female Wistar rats.

ESTROGEN RECEPTOR ANTAGONIST, ICI82,780, EXACERBATES INJURY
IN FEMALE MICE AFTER STROKE. Alkayed NJ*, Sawada M, Goto S, Crain
BJ, Traystman RJ, Shavitz A, Nelson RJ, Hum PD. Departments of
Anesthesiology/Critical Care Medicine, Pathology and Psychology, Johns
Hopkins University, Baltimore, MD.
Female rats enjoy smaller infarcts and higher tissue perfusion during
experimental stroke than age-matched males. However, these sex differences
disappear when ovarian function is lost after surgical ovariectomy or
reproductive senescence and can be restored by estrogen. We tested the
hypothesis that estrogen receptor blockade exacerbates brain damage and
ischemic blood flow in female, but not male, mice after experimental stroke.
Adult male and female C57B1/6J mice were treated with a daily subcutaneous
injection of either 100 pg ICI 182,780, a pure estrogen antagonist, or vehicle for
1 week. Mice were then subjected to 2 hours of middle cerebral artery occlusion
(MCAO) and examined at 22 hours of reperfusion for tissue infarction (n=10
each group). Laser-Doppler cerebral cortical perfusion and regional cerebral
blood flow (rCBF) using [14C]iodoantipyrine autoradiography were evaluated
during MCAO in separate cohorts of mice. ICI treatment had no effect on
cortical perfusion and end-ischemic rCBF. Tissue infarction was augmented in
ICI- compared to vehicle-treated females (70+3% and 39+6% vs. 40+12% and
27+8% of ipsilateral striatum and cortex in ICI and vehicle groups, respectively).
No difference was observed in either striatum or cerebral cortex between ICIand vehicle-treated males. We conclude that the effect of endogenous estrogen
to reduce brain infarct after stroke in females is receptor-mediated and is
independent of cerebral tissue perfusion.
Supported by NIH grants NS33668, NS20020, NR03521.

15.3

15.4

HORMONAL STATUS AND POST-ISCHEMIC CEREBRAL BLOOD FLOW IN
STROKE-PRONE SHR (SHRSP) AND WISTAR KYOTO RATS (WKY). H.V.O.
Carswell*. N.H. Anderson1. A.F, Dominiczak1, J. McCulloch, J.J, Morton1, and
I.M, Macrae Wellcome Surgical Institute and ’Dept. of Medicine and Therapeutics,

VASCULAR
DYSREGULATION
AND
INCREASED
SUSCEPTIBILITY TO CEREBRAL ISCHEMIC INJURY
IN MICE
LACKING THE CYCLOOXYGENASE-2 GENE. C. ladecola*, S.
Nogawa, X, Zhao, K, Niwa, M. Nagavama, E. Araki, S. Morham1, and M.E,
Ross. Dept. of Neurology, University of Minnesota, Minneapolis, MN 55455.
1Myriad Genetics, Salt Lake City, UT 84108
The prostanoid-synthesizing enzyme cyclooxygenase-2 (COX-2) is
upregulated in brain following cerebral ischemia and its reaction products may
play a role in ischemic brain injury. We used mice with deletion of the COX-2
gene to investigate further the role of COX-2 in brain ischemia. The middle
cerebral artery (MCA) was occluded in heterozygous (+/-) and homozygous (/-) COX-2 null mice, and in wild-type (+/+) littermates. COX-2 mRNA was
reduced in the post-ischemic brain of COX-2 +/- mice and was absent in COX2 -/- mice. Similarly, the post-ischemic elevation in the COX-2 reaction product
prostaglandin E2 observed in the brain of COX-2 +/+ mice (+71±21%; n=8)
was attenuated in COX-2 +/- (+23±23%; n=7; p<0.05) and was not observed
in COX-2 -/- mice (n=7). The infarct produced by MCA occlusion was larger in
COX-2 +/- (+28±7±%; n=6) and COX-2 -/- (+64±4%; n=6) mice than in wildtype littermates (n=6; p<0.05; analysis of variance). The enlargement of the
infarct was associated with a greater reduction in CBF at the periphery of the
ischemic territory (COX-2 +/+: -20±2%; COX-2 -/-: -52±3%; 60 min after MCA
occlusion; p<0.01). Furthermore, the increase in cerebral blood flow (CBF)
produced by systemic hypoxia (paO2=30±2 mmHg) was attenuated in COX-2
-/- mice (39±3% ; n=6) compared to COX-2 +/+ mice (65±%; n=6; p<0.01).
We conclude that COX-2 -/- mice have a deficient compensatory
cerebrovascular response to hypoxia and, consequently, they are more
susceptible to the deleterious effects of cerebral arterial occlusion. The
findings reveal a previously-unrecognized role of COX-2 reaction products in
adaptive responses of the cerebral circulation, and suggest that the vascular
actions of COX-2 reaction products are neuroprotective in the early stages of
cerebral ischemia. (Supported by NS35806)

University of Glasgow, Glasgow, G611QH, Scotland, UK.
We examined whether circulating estrogen, thought to protect females against
cerebral ischemic damage, influenced cerebral blood flow (CBF) measured 2.5
hours post-middle cerebral artery occlusion (MCAO). [14C]Iodo-antipyrine
autoradiography was used to record CBF in conscious SHRSP and WKY (3-6mths)
at 2 coronal planes (7.2mm from interaural line (IAL) and 1mm IAL). Mean
plasma estradiol levels were 2.5 fold lower in met-estrus (met) than in pro-estrus
(pro). No significant differences amongst males, females in met or pro were
observed, as analysed in pre-determined cortical areas, cCBF (ml/lOOg/min) or by
cumulative distribution (% cortex with CBF <25ml/100g/min) (mean+sem,
ANOVA). Thus the resistance of females to ischemic damage is unlikely to be
caused by flow-mediated effects of estrogen. SHRSP exhibited more severe
ischemia than WKY (*p<0.005, unpaired t-test corrected for multiple comparisons)
supporting the theory of impaired collateral flow in SHRSP.
met(n)
Strain male
pro(n)
pooled (n)
Analysis

cCBF,
WKY 39.2+6.7 (6) 45.4+11.3 (6) 50.7+8.2 (6)
7.2mm IAL SHRSP 18.8+6.4 (5) 9.7+2.1(5)
7.7+5.3 (5)
cCBF,
WKY 55.4+10.4 (5) 55.1+6(6)
54+13.3 (6)
1mm IAL
SHRSP 26.1+5.5 (5) 22+5(5)
26.3+9.9 (5)
% cortex,
46.3+5.7 (6)
WKY 57.8+5.3 (6) 53.2+6.3 (6)
7.2mm IAL SHRSP 63.8+4.9 (5) 70.2+1.5 (5)
70.4+3 (5)
% cortex,
WKY
11.3+5.8(6)
13.3+5 (6)
12.0+8.4 (5)
SHRSP 51.4+9.8 (5) 36.8+8.5 (5)
1mm IAL
40+10.3 (5)
Supported by the Cunningham Trust, BHF and Wellcome Trust
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EXPRESSION OF ACTIVITY-REGULATED IMMEDIATE EARLY GENES
FOLLOWING FOCAL CEREBRAL ISCHEMIA IN RATS. H. Kinouchi1*. S.
Arai2. K. Huang2. H. Kamii2, T. Sugawara1. K. Izaki1, H. Knnizuka1. S. Mikawa1,
T. Yoshimoto2, and K. Mizoi1, 'Dept. of Neurosurgery, Akita Univ., Akita 010,
Japan; 2Dept. of Neurosurgery, Tohoku Univ. Sendai 980, Japan,
Immediate early genes (IEGs) are induced through the activation of the Nmethyl-D-aspartate receptor after various stimuli. These IEGs encode not only
transcription factors but also effector proteins that directly affect the cellular
function and seem to play an important roles in mediating stimulusrinduced
neuronal plasticity. In the present study, we examined the expression of effector
IEG, cyclooxygenase (COX)-2.' Ras-homologue enriched in brain (Rheb) 2 and
activity-regulated protein associated with cytoskeleton (Arc),3 mRNA at 1, 4, 8,
and 24 h following middle cerebral artery (MCA) occlusion using in situ
hybridization. All mRNAs were induced prominently in the wide spread regions of
the cerebral cortex and medial striatum surrounding the ischemic territory from lh
to 24 h. All mRNAs were induced in the bilateral hippocampal formation that is
some distant from the ischemic region at 4-8 h of MCA occlusion. Furthermore,
Arc mRNA was induced in the ipsilateral lateral septal nucleus and contralateral
amygdala in addition to the hippocampus. Although COX-2 and Rheb mRNAs
were induced in the granule cell layer of the dentate gyrus and stratum pyramidale
of the hippocampus, Arc mRNA was induced also in the molecular layer of the
dentate gyrus and the stratum oriens and stratum radiatum of the hippocampus in
addition to neuronal cell layers bilaterally at 4 h. These results suggest that focal
cerebral ischemia elicit the activity-dependent plasticity in the various regions even
in the areas distant from the ischemic territory.
1. Yamagata K et al., Neuron 11: 371, 1993.
2. Yamagata K, et al., J Biol Chem 269: 16333, 1994.
3. Lyford DL et al., Neuron 14: 433, 1995.

ACTIVATION OF MITOCHONDRIAL K+ CHANNELS PRESERVES NEURONALVASCULAR REACTIVITY AFTER ISCHEMIA/REPERFUSION IN PIGLETS. F
Domoki1’2. J. Perciaccante1, R, Veltkamp1. F. Bari2. T.M. Louis3* and P.W. Busiia1.
'Dept. of Physiology and Pharmacology, Wake Forest Univ. Sch. of Med., Winston
Salem, NC 27157; 4Dept. of Physiology, Albert Szent-GyOrgyi Med. Univ., Szeged, H6720; 5Dept. Of Anatomy, East Carolina Univ., Sch. of Med., Greenville NC 27858.
K+ channel agonists have been shown to protect the N-methyl-D-aspartate (NMDA)induced, neuronally mediated vascular dilation after ischemia/ reperfusion(I/R) in
piglets, but the mechanism was unclear. Thus, we sought to determine if pretreatment
with the putatively selective mitochondrial K+ channel agonist diazoxide preserves the
vascular dilation to NMDA after I/R. Changes in pial arteriolar diameters were
determined using closed cranial window/intravital microscopy in anesthetized newborn
pigs. Vascular responses to NMDA were assessed before and 1 hour after 10 min of
global cerebral ischemia induced by raising intracranial pressure. The piglets were
divided in 4 treatment groups: non-treated controls, and animals pretreated with 10'6,
5x10 \ and 10'5 mol/L diazoxide for 10 min prior to I/R. NMDA induced concentrationdependent pial arteriolar dilation, but diazoxide was not vasoactive. I/R did not change
baseline arteriolar diameters significantly, but substantially attenuated NMDA-induced
vasodilation, for instance at 10'4 mol/L NMDA vasodilation was reduced by 47±19%
(mean±SEM, n=8) in controls. However, in the diazoxide treated animals, we found a
dose-related preservation of the NMDA vascular response after I/R. In fact, at the
highest dose of diazoxide vascular dilations to NMDA were unaltered by I/R; arteriolar
diameters (um) were (n=12, before and after I/R): at baseline 102±6 vs. 106±5, at 10'5
mol/L NMDA 109±7 vs. 113±5, at 5x10'5 mol/L 13O±7 vs. 130±5, and at 10'4 mol/L
137±7 vs. 138±3. Our data indicate that activation of mitochondrial K+ channels
preserves neuronal functions after I/R and these channels may play a role in mediating
the protective effect of other K+ channel agonists. Supported by HL-30260, HL-46558,
HL-50587, and T-026295 OTKA.
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LEUKOCYTE ADHERENCE AND VASCULAR INJURY IS ATTENUATED
BY HYDROXYETHYL STARCH FOLLOWING GLOBAL CEREBRAL
ISCHEMIA IN NEWBORN PIGLETS.
S.S. Kaplan*, T.S. Park, E.R,
Gonzales, and J.M. Gidday. Departments of Neurological Surgery, Cell
Biology & Physiology, and Anatomy & Neurobiology, Washington University
School of Medicine and St. Louis Children’s Hospital, St. Louis, MO 63110.
Hydroxyethyl starch (HES) is a synthetic, complex polysaccharide that has
been used recently in the therapeutic treatment of stroke and vasospasm
following subarachnoid hemorrhage. While used in both clinical and animal
studies, its mechanism of action remains unclear. HES may improve blood
flow, increase oxygen delivery and rheology, and enhance the clearance of
toxic metabolites. In the present study, we tested the hypothesis that HES
would attenuate ischemia-induced increases in leukocyte adherence and
vascular permeability during reperfusion following global cerebral ischemia in
newborn piglets. A progressive and significant (p<0.05) increase in adherent
leukocytes was observed during the initial 2 h of reperfusion following 9 min
asphyxia (n=15) compared to non-asphyxic controls (n=14). In this model,
vascular injury, as assessed by significant (p<0.05) increases in fluorescein
permeability at 2 h reperfusion, is dependent on adherent leukocytes.
However, when animals (n=10) received HES (257/0.47, 100 mg/kg iv) 15 min
before asphyxia, both leukocyte adherence and fluorescein permeability were
significantly reduced (p<0.05) at 2 h of reperfusion compared with untreated
asphyxic animals. These effects were not the result of hemodilution since
there was no difference in hematocrit, both pre- and post-ischemic, between
groups. These findings indicate that, in the ischemic cerebral circulation, the
beneficial effects of HES may be partially mediated via its anti-inflammatory
action, and that HES can prevent leukocyte-mediated vascular injury.
Carbohydrate compounds like HES may be useful to ameliorate the acute
inflammatory components of ischemic brain injury. (Support: NIH NS 21045)

INCREASED (ERERROVASCULAR PERMEABILITY JN AN IN SITU
MODEL OF HYPOXIA /AGLYCEMIA. S. Hom, R.D. Egleton, T.J. Abbruscato,
P.A. St. John* and T.P. Davis. Department of Pharmacology, University of Arizona,
Tucson, AZ 85724.
Increased cerebrovascular permeability is an important factor responsible for the
development of ischemic brain injury and edema formation associated with stroke
pathophysiology. Extensive studies of stroke research have centered primarily on the
response of neurons and astrocytes to hypoxic or ischemic insult. However, the
response of cerebral capillary endothelial cells to hypoxia is not well understood.
The damage to the blood-brain barrier (BBB) induced by hypoxia / aglycemia may
influence BBB permeability and transport mechanisms, thus contributing to the
development and severity of stroke [Plateel et al., 1995. J Neurochem. 65:21382145; Abbruscato et al., 1999a. J Pharmacol Exp Ther. (In Press)]. We have
investigated the effect of hypoxia / aglycemia by adapting a low flow in situ
perfusion model (Ennis et al. 1998. CVB’98) to study cerebrovascular injuryassociated with stroke. Adult female rats were anesthetized, bilaterally perfused (3.1
ml/min) via carotid artery cannulation with oxygenated mammalian Ringers at 70-90
mmHg. The jugular veins were sectioned and [14C[ Sucrose was infused into the
perfusion medium. At 20 minutes the rat was decapitated, and brain and perfusate
samples were taken for radioactive counting and capillary depletion. The perfusate
flow rate was reduced to 50% of the normal rate (approximately 1.5 ml/min) to
mimic low flow perfusion. Variations of concurrent hypoxia were coupled with an
aglycemic perfusion medium by discontinuing oxygenation and by substituting
mannitol in place of D-glucose in the perfusion Ringer.
When low flow was coupled with hypoxia / aglycemia, a 60% increase in sucrose
space was found. Capillary depletion studies indicated that the increase in
[l4C] sucrose brain uptake was due to sucrose entering the brain parenchyma and not
vascular trapping. This increase in BBB permeability characteristics could potentiate
vasogenic brain edema contributing to the severity of stroke. This work was
supportedby NIH grants #NS-10580 and DA-11271.
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BRAIN TISSUE SODIUM, CBF, AND ADC PREDICT TIME FROM ARTERIAL
OCCLUSION IN RAT FOCAL CEREBRAL ISCHEMIA S.C. Jones.1* Y. Wang.2
W. Hu. A.D. Perez-Trepichio. T.C. Ng.2 A.J. Furlan,2 A.W. Majors 'Department of
Anesthesiology, Allegheny General Hospital, Pittsburgh PA 15212, and Cleveland
Clinic Foundation, Cleveland, OH 44195
Recently, a thrombolytic treatment for acute ischemic stroke (tPA) has been FDA
approved, but cannot be administered after 3 hours due the increased risk of hemorrhage. Brain tissue sodium, [Na4], increases gradually and incessantly during the initial hours of experimental focal cerebral ischemia, acting as a timer that starts at the
moment of arterial occlusion. In contrast, the apparent diffusion coefficient of water
(ADC) and CBF drop veiy quickly and remain relatively constant in this same time
scale of several hours. We hypothesize that the initial drop in ADC and CBF indicates ischemic core, and that [Na4] can be used to estimate time after arterial occlusion, Tc. Seven Sprague-Dawley rats were anesthetized (isoflurane, N2O, O2) and underwent permanent direct occlusion of the right middle cerebral artery and both
common carotid arteries. ADC maps were obtained after magnetic resonance diffusion weighted imaging. After 131 to 411 min from occlusion, autoradiographic CBF
was determined, animals were sacrificed, and brain tissue was sampled for determination of [Na4]. ADC and CBF values of less than 540 pm2/sec and 40 ml/lOOg/min
were used to locate regions fulfilling the characteristics of ischemic core. Linear regression of ADC or CBF vs. time after occlusion showed no change over time. Linear
regression showed a significant relationship with
[Na4] over time (r2 = 0.88, p < 0.002, Tc = -222 +
0.87 * [Na4]. The 95% confidence interval at 180
minutes is 59 minutes. Hopefully, the time from
arterial occlusion in the infarct core in experimental ischemia is analogous to the time from onset in ischemic stroke. If so, this general scheme
could have potential for estimating time after onset since ADC, CBF, and [Na4] can be estimated
using magnetic resonance imaging. (Support: NIH
NS30839)
[Na+| (mEqZg dw)

CEREBRAL PERFUSION MRI IN RATS DURING AND AFTER CARDIAC
ARREST. S. Liachenko,* P. Tanq, Y. Xu, Department of Anesthesiology
and Critical Care Medicine; Department of Pharmacology; University of
Pittsburgh School of Medicine, Pittsburgh, PA 15261.
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Cardiac arrest is the most frequent cause of global brain ischemia. The
severity of postarrest neurologic dysfunction depends strongly on the
duration of ischemia and the reperfusion manifestation during and after
resuscitation. The availability of modern non-invasive MRI techniques for
cerebral perfusion measurement (1), in conjunction with our new NMRcompatible model of cardiac arrest in rats (2), provides a unique
opportunity for investigating the early stage pathophysiology of postresuscitation syndrome.
Cardiac arrest and resuscitation in Sprague-Dawley rats (200±40 g)
were performed remotely inside the vertical superwide-bore 9.4T magnet
of an Otsuka CMX-400SLI NMR imaging spectrometer (2). Cerebral blood
flow was assessed by the arterial spin labeling technique in an otherwise
conventional spin-echo pulse sequence (1). The average brain perfusion
in rats before cardiac arrest was in the range 1.2 to 1.7 ml/g/min. No
blood flow was detectable during circulatory arrest. After a transient
overshoot of brain perfusion at the onset of return of spontaneous
circulation (ROSC), a protracted hypoperfusion is developed, lasting up to
several days. Correlation of long-term outcome of animals after cardiac
arrest with non-invasive NMR evaluation of cerebral blood flow, brain
water apparent diffusion coefficient (3), and energy metabolism provides
an excellent foundation for evaluation of pharmacological intervention at
early stages of global brain ischemia and reperfusion.
This work was supported by NINDS (NS36124) and NHLBI (HL09784).
Reference: 1. DS Williams et al. Proc Natl Acad Sci USA 89: 212, 1992.
2. S Liachenko et al. Stroke 29: 1229, 1998. 3. Y Xu et al. Soc Neurosci
28th Ann Meeting 24: 853.10, 1998.
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HEMORRHAGE AFTER TPA TREATMENT IN RAT EMBOLIC
FOCAL CEREBRAL ISCHEMIA. M.Asahi*, K.Asahi. E.H.Lo.
Neuroprotection Research Lab, Massachusetts General Hospital,
Harvard Medical School, Boston, MA 02129.
Intravenous tissue plasminogen activator (tPA) is clinically used to
treat acute ischemic stroke. However, there is an elevated risk of
hemorrhage in some patients. We assessed the effects of delayed tPA
therapy on infarction and hemorrhage in a rat model of embolic stroke.
Normotensive Wistar-Kyoto rats (WKY) and Spontaneously Hypertensive rats (SHR) were subjected to focal ischemia via placement of a
single homologous blood clot in the proximal stem of the middle
cerebral artery. Rats treated with tPA (10 mg/kg at 6 hrs post-ischemia,
n=9 WKY, n=10 SHR) were compared with untreated controls (n=8
WKY, n=8 SHR). Infarct volume, brain swelling, and neurologic
deficits were assessed at 24 hrs. Hemorrhage was measured with a
spectrophotometric assay of hemoglobin concentrations in perfused
brain homogenates. In normotensive WKY, tPA reduced infarction and
improved neurologic outcomes. However, tPA increased infarction and
worsened neurologic outcomes in SHR. Hemorrhagic transformation
occurred in SHRs, and tPA significantly increased hemorrhage
volumes. In contrast, a separate group of SHRs subjected to 6 hr
transient ischemia with a mechanical occlusion method, showed
surprisingly little hemorrhage. These results suggest that hypertension
may negate protective effects of tPA and increase risks of hemorrhage.
Importantly, hemorrhage is not due to the delayed time of reperfusion
per se. This model of tPA-induced hemorrhage may be used to
investigate mechanisms that underlie this serious complication of
thrombolytic therapy. Supported by NS32806 and NS37074.
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A PROGRESSIVE NUCLEAR PHENOTYPE IN PRECISE GENETIC MOUSE
MODELS OF HUNTINGTON’S DISEASE. Vanessa C Wheeler1. Jacqueline K.
White1. Claire-Anne Gutekunst2. Wojtek Auerbach3, Steven Hersch2. Alexandra L.
Joyner3, James F. Gusella^and Marcy E. MacDonald1.’Molecular Neurogenetics
Unit, Massachusetts General Hospital, Charlestown, MA 02129; Department of
2Neurology, Emory University School of Medicine, Atlanta, GA 30322;
’Developmental Genetics Program, Skirball Institute for Biomolecular Medicine,
NYU Medical Center, NY 10016.
We have created genetically precise knock-in mouse models of Huntington’s disease
(HD) in which CAG stretches of various lengths were inserted into the appropriate
region of the murine Huntington’s disease homologue (Hdh) gene. We have examined
the cellular localization of mutant huntingtin in the brains of knock-in mice containing
92 (Hdh!29) and 111 (HdhQlu) glutamines by immunohistochemistry. The striatal
staining pattern reveals a progressive phenotype; mutant huntingtin moves from the
cytoplasm to the nucleus, where it is initially diffusely localized, but becomes more
punctate, and eventually aggregates to form a single intranuclear inclusion. This series
of events occurs in homozygous and heterozygous mutant mice, is both time-dependent
and glutamine repeat length-dependent, progressing more rapidly in HdhQIn than in
HdhQ92 mice, and shows selective predominance in the striatum. Nuclear huntingtin
was found to be present in medium-spiny projection neurons, the targets of
pathogenesis in man, and to be absent from intemeurons. The striking parallels
between many of the features of the knock-mice and HD, suggest that the mice will
provide a valuable resource to understand the early stages of HD pathogenesis. Funded
by NIH grant NS32765 and the Huntington’s Disease Society of America.

A REVERSIBLE MOUSE MODEL OF HUNTINGTON’S DISEASE. A,
Yamamoto1, J.J, Lucas2, and R, Hen*1, ‘Department of Pharmacology in the
Center for Neurobioiogy and Behavior, Columbia University, New York, NY
10032. 2Centro Biologia Molecular Severo Ochoa CBMSO/CSIC, Universidad
Autonoma Madrid, Canto Blanco, Madrid 28049, Spain.
To better understand the neurological basis of Huntington’s Disease (HD), we
have developed a mouse model that expresses the human exon 1 transgene with
an expanded polyglutamine repeat in a temporally regulatable and tissuespecific manner using the Tet-Off system. tTA is under the control of the aCamKII promotor which allows for high expression in the forebrain. The tTA
DNA binding sequence bi-TetO is linked to P-galactosidase and to exon 1 of
huntingtin with an expanded polyglutamine repeat.
P -gal staining revealed robust expression throughout the forebrain including
striatum, cortex, septum and hippocampus in double transgenic lines, while
single transgene control lines were negative in all regions. Intranuclear
aggregates were found in all P-gal positive regions while none were found in Pgal negative regions. A progressive clasping phenotype, tremor, decrease in
striatal area, increase in GFAP positive staining and decreases in DI and D2
receptor levels were also demonstrated in double transgenic lines.
Severely affected animals were treated with
2 mg/ml doxycycline in 5%
sucrose for 4 months to inhibit expression of the transgene. Treated animals
demonstrated a dramatic reduction in number of aggregates in both striatum and
cortex. Full to partial recovery of other phenotypes will also be discussed.

Supported by American Hereditary Disease Foundation (AY, JJL, RH) and
Bristol Myers-Squibb Neuroscience Award (RH).
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TOWARDS A TRANSGENIC MOUSE MODEL FOR LEWY BODY
DISORDERS. T, Gdmez-Isla1. J, Sondel1, A, Mariash1, M, Irizarry2. M. Van
Beusekom1, K. EyerL.B, Cheung2. H.B. Clark3*. B.T. Hvman2, K. Hsiao1.
13Depts. of Neurology & Pathology, Univ. of Minnesota; 2Dept. of Neurology,
Massachusetts General Hospital.
There is increasing evidence that genetic factors have an important role in Parkinson’s
disease. Two distinct mutations (Ala53Thr and Ala30Pro) in the alpha-synuclein (asyn) gene have been identified in some cases of autosomal dominant PD. Objective;
To determine the effect of mutant and wild-type human a-syn expression in
C57B6/SJL mice. Methods: Mutant (A53T and A30P) and wild-type human a-syn
were expressed using a hamster prion protein cosmid vector. Results: A total of 6
transgenic lines have been established. Tg(Hua-syn.A30P) 5093 line carries the
highest transgene copy number (>200 copies) and produces over 10 units of
transgenic brain a-syn expression. In situ hybridization in 2.5 month Tg+ animals
demonstrates a pan-neuronal pattern of a-syn mRNA expression highest in the
hippocampus, cortex, and cerebellum, but also in the substantia nigra that exceeds
native expression by 3 to 21-fold depending on brain region. At 2.5 and 6 months of
age, Tg+ mice have punctate pericellular human a-syn protein expression throughout
the brain. The qualitative regional pattern of tyrosine hydroxylase (TH)
immunoreactive neurons in the substantia nigra and TH immunoreactive terminals in
the striatum is unchanged relative to non-Tg littermates (N=4+/4-). No ubiquitinated
or synuclein immunoreactive inclusions or dystrophic neurites have been identified so
far. However, at 6 months but not at 2.5 months, Tg+ mice performed worse than
their negative littermates (N=23+/23-) in 3 out of 4 consecutive days in a rotarod
running treadmill test. Conclusions: We have created Tg mice overexpressing
human a-syn. At 2.5 and 6 months no Lewy body-like neuropathology has been
identified in Tg5093 animals. Our current behavioral data point to the presence of an
incipient motor impairment in Tg+ mice by 6 months of age. (MMF and NIH)

DIFFERENTIAL EFFECTS OF CYTOSOLIC APOLIPOPROTEIN (APO)
E3 AND APOE4 ON NEURITE OUTGROWTH. Y. Huang.1 X.O, Liu1 and
R.W. Mahlev1,2*. 1 Gladstone Institute of Neurological Disease,
’Departments of Pathology and Medicine, University of California, San
Francisco, CA 94141-9100
In the presence of 3-migrating very low density lipoproteins, apoE3
enhances, whereas apoE4 inhibits, neurite outgrowth in rabbit dorsal root
ganglion neurons incubated with exogenous apoE and in murine
neuroblastoma cells (Neuro-2a) expressing endogenous apoE. To determine
if these differential effects on neurite outgrowth occur in the cytosolic
compartment or in the secretory pathway, we prepared an apoE DNA
construct that lacks the sequence encoding the signal peptide and directs
expression in the cytosol. To monitor the intracellular distribution, we fused
apoE3 or apoE4 with green fluorescent protein (GFP). In transfected Neuro2a cells, GFP-apoE3 was distributed in a punctate pattern in both the cell
body and the neurites, while GFP-apoE4 was distributed more diffusely.
Neurite outgrowth 24 h after transfection was 84% higher in GFP-apoE3transfected cells and 41% lower in GFP-apoE4-transfected cells than in
GFP-transfected control cells. Truncation studies demonstrated that the
region encompassing amino acid residues 216-251 in the carboxyl-terminal
domain of apoE determined the specific intracellular distribution of apoE,
whereas the amino-terminal domain of apoE was required to stimulate
neurite outgrowth. These results suggest that apoE3 and apoE4 affect neurite
outgrowth by entering a specific cytosolic compartment and modulating the
cytoskeleton. We are now investigating the mechanism of the differential
effects of cytosolic apoE3 and apoE4 on neurite outgrowth and the
involvement of domain interaction of apoE.
Partially funded by Cambridge NeuroScience.
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TGF-pl MODULATES BRAIN AMYLOID DEPOSITION AND INDUCES
ALZHEIMER’S DISEASE-LIKE MICROVASCULAR ABNORMALITIES IN
TRANSGENIC MICE. T Wyss-Coray1,2*, P. Lacombe3. D. Von Euw3, C. Lin1, L.
McConlogue4, E. Masliah5, L. Mucke1,2. Gladstone Inst. Neurological Disease, zDept.
Neurology, UCSF, San Francisco, CA 94141; 3Lab. de Recherches
Cerebrovasculaires, CNRS, Paris, France; 4Elan Pharmaceuticals, South San
Francisco, CA 94080; 5Depts. Neurosci. and Pathol., UCSD, La Jolla, CA 92093.
Alzheimer’s disease (AD) is characterized by the accumulation of
p-amyloid (AP)
into cerebral plaques and blood vessels. The relationship between these two types of
amyloid deposits is unclear, and it is not known whether vascular amyloid deposition
is related to the microvascular abnormalities found in AD brains. Low-level astroglial
overexpression of the cytokine TGF-PI leads to cerebrovascular amyloid deposition
in aged mice and significantly accelerates vascular deposition of human AP in mice
expressing human amyloid precursor protein (hAPP)/A(3 in neurons (Wyss-Coray et
al. 1997, Nature, 389:603-606). In TGF-pl singly transgenic mice, amyloid
deposition in cerebral blood vessels was preceded by the accumulation of the
basement membrane proteins perlecan and fibronectin in the vasculature and by
significant thickening of capillary basement membranes. At 9 months of age, when
amyloid was detectable in blood vessels of TGF-P 1 mice, basement membranes were
twice as thick as those in nontransgenic controls. In addition, various AD-like
degenerative alterations were observed in endothelial cells and pericytes. These
morphological changes were associated with changes in glucose utilization in several
brain regions. Interestingly, we found that overexpression of TGF-pl in 12-month-old
hAPP/TGF-pl bigenic mice reduced the number of thioflavin S-positive plaques in
the brain parenchyma by at least 75%, raising the possibility that TGF-P 1 triggers or
mediates a redistribution of Ap from the parenchyma into the vasculature. We
conclude that chronic overproduction of TGF-P 1 reduces plaque formation in hAPP
transgenic mice, while triggering a pathogenic cascade that results in AD-like
cerebrovascular amyloidosis, microvascular degeneration, and functional deficits.
Similar mechanisms may be involved in AD pathogenesis.
Supported by the NIH (AG11385) and the Alzheimer’s Disease Program of the State
of California (98-15724).

DNA REGULATORY ELEMENTS IN THE IMMEDIATE PROMOTERS OF NINE
GENES LINKED TO FAMILIAL OR SPORADIC ALZHEIMER'S DISEASE (AD)
E.l. Roqaev1*, W.J. Lukiw2 and N.G. Bazan2, ’Laboratory of Molecular Brain
Genetics, National Research Center of Mental Health, Academy of Medical
Sciences of Russia, Moscow 113152, Russia, and 2LSUMC Neuroscience Center,
New Orleans, Louisiana 70112-2272, USA.
Comparative DNA analysis of transcription factor (TF) binding consensus
sequences, secondary structure characteristics, including stem-loops with
stabilities of less than 9 kcal/mole, and related protein-DNA binding elements was
undertaken within the immediate promoters of 9 genes implicated in Alzheimer's
disease (AD). Gene promoter sequences were analyzed for the familial AD genes
apolipoprotein E (APOe; chr19q13.2), amyloid precursor protein (APP; chr21q21),
presenilin-1(PS1; chr14q24.3), presenilin-2 (PS2;chr1q42.1), the sporadic AD
genes neurofilament light chain (NFL;chr8p21), synaptobrevin (SYNb;chr12p),
synapsin (SYNs;chrXp11.23), synaptophysin (SYNp; chrXp11.23) and the
inducible cyclooxygenase-2 (COX-2; chr1q25.2) from -1500 bp to +1 bp, the start
of transcription. All genes implicated in AD originate from a diverse set of
chromosomes and represent TATA-box-containing and GC-rich housekeeping
gene promoters. Linkage to diverse chromosomes indicates that the genetic basis
for AD etiopathology is heterogeneous. All familial and sporadic AD genetic
determinants are related by their common activator protein AP1 or AP2 , NF-kB,
SP1 and SNN (synapsin-neurofilament-nerve growth factor) regulatory elements.
The TFs, AP1 and NF-kB have been strongly implicated in the neuroinflammatory
response; their existence may be induced and sustained by reactive oxygen
species (ROS) which, in turn, is fueled by the deposition of P-amyloid protein.
DNA sequences containing the SNN-binding motif are associated with the
promoters ofthe neuron-specific genes synapsin, neurofilament light chain nerve
growth factor and P-amyloid precursor protein. Gene promoters containing AP1,
AP1 -like, AP2a , NF-kB, SP1 and/or SNN consensus sequences may represent
a family of genes targeted for dysfunction in the molecular genetics of the AD
process. Supported by HHMI and the EENT Foundation of Louisiana.
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EXPRESSION MAPPING OF NEW TRANSCRIPTS FROM THE DOWN
SYNDROME CHROMOSOMAL REGION-1 AND OF THEIR MURINE
ORTHOLOGS.
J.M.Delabarl,C.Lopesl,A.L.Delezoide2,M.Rachidi3,S.AlSamadil,G.Charron4,
S. Vacher 1 ,N.Dahmane 1 ,Z.Chamounl ,K.Toyamal ,Z.Chettouh 1 ,M.Vekemans2,
B.Bloch4, P.M.Sinetl. SPON: International Behavoural and Neural Genetics
Society.
1 CNRS UMR 8602,Paris ; 2 INSERM U393, Paris ,
3 Institut Pasteur Paris,4 CNRS UMR5541,Bordeaux,
A transcriptional map of a region critical for the pathogenesis of down
syndrome( DCR-1 from CBR to ERG), as defined from the study of patients
with partial trisomy 21, has been constructed by using exon trapping and cDNA
selection on cosmids from a cosmid contig spanning the region. Eighteen group
of coding sequences have been isolated from 1.8Mb of the DCR-1. Three units
correspond to genes already known in humans CAF1P60, HCS, GIRK2 ; two
are strongly homologous to drosophila genes sim and mnb ; one is homologous
to the mouse HB58 and yeast PEP8 and another one carries a TPR
motif.Murine orthologs have been identified by using in silico and wet lab
screening of cDNA libraries. Expression mapping of these genes has been
performed by using Northern blots analyses and in situ hybridizations on
human tissues. Seven of these genes are expressed very early in fetal brain.
Among these genes the pattern of DCR1-5, SIM2, TPRD, DCR1-11 and
GIRK2 has been investigated more deeply :DCRl-5 is strongly expressed in
CAI of hippocampus, SIM2 presents a very early (E8 and 4 weeks) expression
in diencephalon.TPRD is expressed in differentiating neurons, DCR-11 is very
early expressed in the occipital part of the cortex and GIRK2 is expressed both
in cerebellum and in cortical areas. Such expression studies should help to
define the role of candidate genes in Down syndrome phenotypic features .

Support: CNRS, BIOMED2

MOVEMENT DISORDERS IN A MOUSE MODEL FOR DOWN
SYNDROME. A.C.S. Costa*, K. Walsh, and M.T. Davisson. The Jackson
Laboratory, Bar Harbor, Me 04609.
Movement disorders are among the most frequently occurring features of
Down syndrome (DS). Individuals with DS exhibit disturbances in the
dynamics of movement production and postural control that are thought to
have a significant impact in delaying their acquisition of motor skills. The
origin of these deficits has been hypothesized to be cerebellar. The Ts65Dn
mouse is the most robust and genetically sound animal model for DS currently
available. Ts65Dn mice show many DS-like features, including significant
learning deficits in different behavioral tasks and neurodegeneration of
cholinergic neurons. We have investigated the motor function of these
animals. We have analyzed hind paw print patterns during walking, running
speeds, rotarod performance, grip force production, swim paths and swimming
speeds. Our results indicate that Ts65Dn mice present mild to severe
dysfunction according to all of the above assessments. The most evident
impairments presented by these mice were related to equilibrium and motor
coordination, which agrees with reported clinical observations made on
individuals with DS. Because none of these findings were readily apparent by
the simple inspection of these animals, these data reiterate the need for the
careful evaluation of any mutant mouse strain for which there is reason to
suspect of motor deficits. The identification movement disorders in Ts65Dn
mice may have important consequences for the interpretation of some previous
assessments of learning and memory of these animals that assumed intact
motor function and further strengthens the use of this aneuploid mouse strain
as a model for DS. Support: HD37424 and Enoch Gelbard Foundation
(ACSC), HD24605, HD17449 and HD73265 (MTD).
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TOWARD A MODEL OF THE LEARNING AND MEMORY DEFICIT IN
DOWN SYNDROME:
TRANSGENIC MICE WITH TETRACYCLINE
REGULATED MINIBRAIN KINASE EXPRESSION IN THE HIPPOCAMPUS.
D, Bartsch.1* R. Bourtchouladze.1 S. Patterson.1 K. A, Karl.1,2 A, Chen? S, TilL1.
R, Gordon.1 M, Osman.1 and E, R, Kandel1,2. 'Ctr. Neurobiol. & Behav., Columbia
Univ., College of Phys. & Surg.; 2HHMI, New York, NY 10032.
Down syndrome is the major cause of mental retardation in humans. A
considerable portion of the Down syndrome pathology has been mapped to the
2-Mb region around locus D21S55 at 21q22.2. This region contains the minibrain
gene (MNB) which encodes a dual specificity serine/threonine and tyrosine kinase.
Drosophila null mnb mutants have abnormal neuroblast development and perturbed
visual, olfactory and motor behavior. Consistent with the importance of the MNB
gene for human cognition, transgenic mice with an integrated yeast artificial
chromosome expressing MNB through development have a learning deficit in the
Morris water maze (Smith et al., 1997).
To address the neuronal function of MNB kinase both during development and
postnatally in memory formation, we generated transgenic mice with the MNB
kinase expression controlled by tetracycline regulated promoter (Mnb‘a'°). We first
targeted Mnb expression to the forebrain by breeding the Mnb,a'° mice with mice
expressing tTA under the CaMKII promoter (tTACaMKn), which is most active
postnatally. We show that the double transgenic Mnbtet'° tTACaMK!! mice have
increased expression of MNB kinase in the adult hippocampus and show a decrease
in LTP in vitro and significant learning and memory defects in both the Morris and
the Barnes mazes. These results indicate that the MNB kinase may play an
important role not only in developing but also in adult brains. The transgenic mice
with targeted and regulated MNB kinase overexpression will be a useful tool for
the studies of both developmental and acute roles of the MNB kinase in Down
syndrome. (Supported by HHMI and NIH.)

HABITUATION-RETENTION, SPATIAL LEARNING, AND LATERALIZATION
IN Ts65Dn MICE. A. H. Vaidya, D. Rosenthal, D. Beniamin* and C.R. PlataSalaman. CNS Research, The R. W. Johnson PRI, Spring House, PA 19477.
The Ts65Dn mouse is proposed as a genetic model of Down’s Syndrome.
Ts65Dn mice have been reported to exhibit behavioral abnormalities
including hyperactivity, reduced ability to habituate, as well as deficits in
spatial learning and memory. We studied the performance of Ts65Dn mice
and their littermate controls in habituation-retention (H-R) paradigms requiring
simple learning (based on familiarity and/or preference for an environment),
and complex spatial learning. H-R of spontaneous locomotor activity (SMA)
in Ts65Dn mice was measured in two 10 min test sessions separated by 48
h. Transfer latency (TL) of Ts65Dn mice in the elevated-plus maze (EPM)
was used to assess the retention of preference for the enclosed arms in two
90 sec test sessions 48 h apart with only 15 sec of exposure to the enclosed
arms of the EPM during the initial test session. Spatial Learning in Ts65Dn
mice was evaluated in the morris water maze test (MWM). Our results show
an enhanced H-R of SMA in Ts65Dn mice (n = 24) compared to littermate
controls (n = 24). Also, the Ts65Dn mice showed a strong tendency for anticlockwise circling behavior suggesting cerebral lateralization. In EPM runway
learning, Ts65Dn mice (n = 24) had a decreased TL compared to littermate
controls (n = 24) on the second test session, suggesting an enhanced
retention of preference for the enclosed arms. However, Ts65Dn mice (n =
10) showed an impairment of complex spatial learning in the MWM test.
Ts65Dn mice also displayed anti-clockwise circling behavior in the MWM.
These results demonstrate that Ts65Dn mice can perform simple non-spatial
learning tasks but have considerable difficulty in spatial learning in the MWM.
Furthermore, the anti-clockwise circling behavior of Ts65Dn mice is
genetically based and appears to impede their performance in the MWM test.
(Supported by PRI.)
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Franyois Tronche, C, Kellendonk. H, ReichardL-T, Lemberger, C, .Qpherk,
Q. Krotz, K. Anlagx P, Qlban, G. Schuetz. Molecular Biology of the cell I,
DKFZ, D-69120 Heidelberg, Germany,
SPON: International Behavioural and Neural Genetics Society
The glucocorticoid receptor (GR) is a ubiquitously expressed transcription
factor involved in the regulation of many different physiological processes.
Mice with a disrupted GR gene die shortly after birth due to respiratory
failure. In order to define the role of GR in brain physiology the receptor has'
been inactivated selectively in the nervous system using the Cre/loxPrecombination system. Inactivation of GR in the nervous system does not
interfere with survival and results in an activated HPA axis due to an
disrupted feedback mechanism in the brain. CRF levels in the paraventricular
nucleus of the hypothalamus and glucocorticoid (GC) levels in the plasma are
increased. Due to elevated GC levels animals show growth retardation, altered
fat distribution and osteoporosis, symptoms which can be observed in
patients with Cushing’s syndrome. Mutant animals are less anxious than
control littermates revealing a direct involvement of GR in emotional
behaviour. Spatial learning is delayed but present in GR deficient mice.
Mutagenesis of the receptor has also been restricted to forebrain areas using a
Cre-transgenic mouse which expresses the Cre recombinase under the control
of the CamKIIa promoter. Since GR is not inactivated in the paraventricular
nucleus of the hypothalamus the influence of higher brain centers on HPA
axis regulation can be assessed with these mice.

ATTENTION DEFICIT AND HYPERACTIVITY IN A MUTANT MOUSE
LINE WITH CHRONIC HYPERDOPAMINERGIC TONE X, Zhuang1*. R.S.
Posting3, G.W. Miller2. R.R. Gainetdinov2. S.R. Jones2. M.G, Caron2 and R. Hen1.
‘Center for Neurobiology and behavior, Columbia Univ., New York, NY 10032;
2HHMI, Dept. of Cell Biology and Medicine, Duke Univ. Med. Center, Durham,
NC 27710; ’Solvay Pharmaceuticals, C.J.van Houtenlaan 36, 1381 CP Weesp.The
Netherlands.
Abnormal dopaminergic transmission has been implicated in attention deficit
hyperactivity disorder (ADHD) and associations between polymorphisms in the
human dopamine transporter (DAT) and ADHD have been recently identified. In
order to model this disorder, we have generated by gene targeting a mutant mouse
line that under-expresses the DAT to 10% of the wild-type level. Released
dopamine was cleared at a slow rate in the mutant which resulted in a higher
extracellular dopamine concentration and dopamine turnover, suggesting a chronic
hyperdopaminergic tone. The mutant had no apparent growth retardation
phenotype. In the open field and in a novel object exploration paradigm, the
mutant showed impaired habituation, suggesting that it was unable to ignore
irrelevant stimuli. In the Y-maze, the mutant failed to respond selectively to the
novel arm after a short habituation period in the other two arms, suggesting that
decreased habituation impaired its selective response to salient stimuli. Finally, in
a feature-negative and feature-positive discrimination learning paradigm, the
mutant was unable to respond to the relevant stimuli while inhibiting responses to
the irrelevant stimuli. In addition, the mutant were hyperactive in novel
environments. Our results suggest that impaired habituation could be the
underlying core deficit accounting for both hyperactivity and attention deficit
phenotypes. This mutant line may therefore represent an animal model of ADHD,
(supported by NARSAD and Solvay Pharmaceuticals).

16.13
DETECTION OF SUBTLE HIPPOCAMPAL VOLUME CHANGES IN MICE
REQUIRES IN VIVO MAGNETIC RESONANCE MICROSCOPY. Benjamin B,
Benveniste*1-2-3 Departments of’Radiology, ’Anesthesiology, and ’Neurobiology, Duke
University Medical Center, Durham, NC

Transgenic murine models have the potential to make significant contributions to
our understanding of neurodegenerative diseases such as Alzheimer's disease.
Magnetic Resonance Microscopy (MRM) is uniquely suited to study these models
because it allows for sequential, non-invasive, 3D data analysis. However, the
usefulness of MRM in the longitudinal quantitative analysis of transgenic mice
models has yet to be appreciated. In this study our goal was to examine the power
and sensitivity of in vivo. MRM for detection of small (<10%) volume changes in
the mouse hippocampus. To accomplish this we performed serial MRM measurements of hippocampal volumes in C-57 wild type (WT) and apolipoprotein E
deficient (AE) mice before and 30 days after transient global ischemia. We used a
7.1T magnet and diffusion weighting to produce images with a resolution of 1.6 x
10'3 mm3. Using NIH Image 1.61 to analyze our data, we made segmentation
decisions, which permitted repeatable measurements and reduced inter-scan
variability. A power analysis of the volume data for our WT sham mice indicates
that with a group size of 6, we can make a statistically significant statements
regarding a four (4) percent volume change. Our preliminary data show that in
vivo MRM is an exquisitely sensitive method for detecting subtle volume changes
in mouse brain sub-regions after cerebral ischemia. Further, this study shows the
usefulness of MRM in future transgenic mice studies: by allowing a subject to
function as its own control, in vivo MRM maximizes statistical power by reducing
inter-subject variability.
This research project was supported by a Paul Beeson Physician Faculty
Scholarship to Dr. Benveniste, The Alzheimer's Association and NIH research
grants NCRR #P4105959.
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A G-PROTEIN-INDEPENDENT RESPONSE MEDIATED BY
METABOTROPIC GLUTAMATE RECEPTORS REQUIRES SRKKINASE ACTIVATION

AN INVESTIGATION INTO THE MECHANISM(S) OF NEUROPROTECTION
BY THE MGLU2/3 AGONIST LY379268 IN THE GERBIL MODEL OF
GLOBAL ISCHEMIA.
N.M,Jones2, A.Bond1, M.J.O’Neill1, D.Lodge2 and
A.E.Kingston2*. Eli Lilly & Co., ’Lilly Research Centre Ltd., Erl Wood Manor,
Windlesham, Surrey, GU20 6PH, United Kingdom and 2Lilly Corporate Center
Indianapolis, IN 46285, USA.
The neuroprotective actions of group II metabotropic glutamate (mGlu) receptors
have been previously demonstrated both in vitro in cell culture systems and in vivo
in the gerbil model of global ischemia. Here, the neuroprotection seen following
administration 30 min post-ischemia of the mixed mGlu2/3 agonist LY379268 (10
mg/kg i.p.) has been examined. We looked at different histochemical markers for
cell viability and immunostaining for proteins associated with cell death (Bax, HSP70); neurotrophins (NGF, BDNF, bFGF), transcription factors (NFk B, CREB) and
inflammatory mediators (IL-ip, TNFa, GFAP). Mongolian gerbils (70g) underwent
a 5 min period of bilateral carotid artery occlusion (BCAO) under halothane
anaesthesia. At various time points (6, 24, 72 &120 hrs) following surgery, gerbils
were perfusion-fixed with formal saline and brains paraffin embedded and coronal
sections (6p.m) of hippocampus were collected for subsequent histological studies.
Cell death was observed in the CAI area of the hippocampus compared to shamoperated controls at 72 and 120 hrs post surgery. Demonstration of TUNEL
labelling at these time points accompanied by the expression of Bax, HSP-70
immunostaining would indicate that the nature of the cell death examined was
likely to be apoptotic. Treatment of gerbils with LY379268 (10 mg/kg i.p.) had a
significant neuroprotective effect at 72 and 120hrs (p<0.05). Moreover, there were
specific increases in protein expression (NGF, BDNF, NFk B, CRF-B, IL-lp, GFAP)
following BCAO which were reduced following treatment with the mGlu2/3
agonist. There was no apparent induction of any of the biochemical markers
following LY379268 (10 mg/kg i.p) treatment alone. These data indicate fiirther
evidence for group II mGlu receptors having a neuroprotective role in the gerbil
model of global ischemia.

C. Heuss, B. H. Gahwiler*, and U. Gerber
Brain Research Institute, University of Zurich, CH-8057 Zurich, Switzerland
We have further characterized a slow excitatory synaptic response in CA3
pyramidal cells mediated by mGluRl and associated with an increase in a
cationic conductance. Previously we have shown that the response persisted
when G-proteins were blocked, but was reduced by broad spectrum tyrosine
kinase inhibitors. In this study, we found that the synaptic response is input
specific, being elicited by stimulation of the mossy fiber but not the
associational fiber pathway to CA3 cells. Furthermore, a single stimulus was
not sufficient to induce the synaptic current. This may reflect peri- or
extrasynaptic localization of mGluRl. Experiments with PPI (20 flM)
identified the tyrosine kinase involved in the response as belonging to the
Src-kinase family. Whereas tyrosine kinase inhibition did not change the
EPSC time-course, blockade of tyrosine phosphatase activity with
orthovanadate increased the rise-time and decay-time of the response. This
indicates that Src-kinase activation is a committed step in the transduction
pathway functionally linking mGluRs to an increase in cationic conductance.
These results show that mGluR-mediated signals are transmitted not only
through classical G-protein-dependent cascades, but also through alternative
intracellular transduction pathways, which may modulate and converge with
responses mediated by trophic factors.

Supported by Novartis, Basle, the Prof. Dr. Max Cloetta Foundation and the Swiss
National Science Foundation (31-45547.95).
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KAINATE RECEPTOR ACTIVATION CAUSES DISINHIBITION IN THE
HIPPOCAMPUS THROUGH INDIRECT MECHANISMS. M, Frerking1 and
R.A. Nicoll*1,2. Depts. of Cellular and Molecular Pharmacology1 and Physiology2,
University of California, San Francisco, CA, 94143.
Kainate (KA) receptors down-regulate stimulus-evoked GABAergic
IPSCs (elPSCs) from hippocampal intemeurons onto CAI pyramidal cells.
KA also causes a large increase in intemeuron excitability and spontaneous
IPSCs (sIPSCs). These two effects of KA on inhibition could be independent,
or the depression of the elPSC could be due to the increased activity of
intemeurons. To distinguish between these two models, we have examined the
actions of KA on elPSCs recorded from CAI cells in hippocampal slices.
Bath application of 10 pM KA in the presence of the AMPA receptor
antagonist GYKI 53655 caused a large decrease in elPSC amplitude (n=7).
However, potassium-evoked miniature IPSCs were unaffected by KA (n=6).
The depression of the elPSC was reduced, but not abolished, by the GABAB
receptor antagonist SCH50911 (n=8). KA application, at least in part through
the increase in sIPSC frequency, caused a decrease in the input resistance of
pyramidal cells (n=15). This decrease coincided with a reduction in the size of
responses to iontophoretically applied GABA (n=6), which was identical in
magnitude to the residual depressant action of KA on the elPSC in the
presence of SCH50911. We conclude that the KA-induced depression of the
elPSC is mediated indirectly by the KA-induced increase in intemeuron
discharge, which depresses the elPSC through presynaptic GABAB receptor
activation and a decrease in postsynaptic GABA responsiveness, most likely
due to the KA-induced decrease in input resistance. Supported by NIH (RAN)

PHARMACOLOGICAL DIFFERENCES BETWEEN SYNAPTIC AND
EXTRASYNAPTIC NMDA RECEPTORS IN DEVELOPING CEREBELLAR
GRANULE NEURONS. Gavin Rumbaugh and Stefano Vicini*
Departments of Pharmacology and Physiology, Georgetown University Medical
Center, Washington, DC 20007
In cerebellar granule neurons mRNA and protein levels of the NR2A and NR2C
subunits have been shown to increase during the second postnatal week. To
investigate synaptic targeting of NMDA receptor subtypes, we performed whole
cell recordings from rat CGNs at different times during development and
investigated the pharmacological and biophysical properties of mossy fiber
evoked EPSCs. NMDA EPSCs were isolated using magnesium free aCSF
containing 5 pM NBQX, 30 pM picrotoxin, and 10 pM D-serine. NMDA EPSCs
from immature synapses (p6-8) showed slow decay kinetics and exhibited partial
block by the NR2B selective antagonist CP 101,606 (5 pM). As early as Pl3,
NMDA EPSC sensitivity to CP 101,606 was lost. As previously reported
NMDA EPSC decay times decreased with development (p7-p24). In order to
compare properties of synaptic with extrasynaptic NMDA receptors, we excised
nucleated patches from granule neurons at different postnatal ages. Currents
elicited by rapid application of ImM glutamate in the presence of 5 pM NBQX
and 10 pM D-serine were highly sensitive to blockade by either 5 pM CP 101,
606 or 10 pM ifenprodil (p7 -Pl6). Patch currents became faster during
development in parallel to NMDA-EPSCs in the age range tested (P7-P30).
However the sensitivity to NR2B blockers was lost at much earlier times for
NMDA-EPSCs than for patch responses. Inclusion of phalloidin (1 pM) did not
alter NR2B antagonist sensitivity. Taken together, our data indicate selective
targeting of a distinct NMDA receptor subtype to synaptic receptor populations.
Only later in development (>P18) do similar changes occur in extrasynaptic
receptor population. Supported by grants MH58946 and MH01680.

17.5
ZINC-DEPENDENT DESENSITIZATION OF NR1/NR2A RECEPTORS
F.Zheng*, P.J. Conn and S.F.Trayneiis. Dept. of Pharmacology, Emory Univ. Sch.
of Med., Atlanta, GA 30322.
Previous studies have demonstrated that recombinant NR1/NR2A receptors
undergo significant glycine-independent desensitization that could be separated into
a fast and a slow component kinetically. Three amino acid residues in the pre-M 1
region are critical for the slow component while the LIVBP region of NR2A is
critical forthe fast component (Krupp et al., 1998; Villarroel et al. 1998).
We investigated the desensitization of NR1/NR2A receptors in HEK 293 cells
transiently transfected with cDNA encoding NMDA receptors. Current responses
were recorded in the whole-cell patch configuration (with 5 mM BAPTA in the
internal solution) under voltage clamp (Vh=-50 mV) to saturating glutamate (100
pM) applied with a rapid perfusion system in the continuous presence of glycine (30
pM). Under our recording conditions, there is no significant calcium-dependent
component in the apparent desensitization of NR1/NR2A receptors. Consistent with
previous reports, the desensitization of NR1/NR2A receptors can be fitted with two
exponential components (with time constants of 0.2 and 1.8 sec) in the presence of
ambient zinc. Removal of Zn2+ contamination with 10 pM EDTA reduces the degree
of desensitization, and the remaining desensitization is best fitted with a single
exponential component with time constants of 1-2 sec. Similarly, only the slow
component of desensitization is observed in tricine-buffered nominally zinc-free
solution while both fast and slow components of desensitization are observed in the
presence of free zinc. Inclusion of partially purified recombinant human c-src (30
units/ml, UBI) in the patch pipettes reduces zinc-dependent desensitization of
NR1/NR2A receptors. Our data suggest that the fast glycine-independent
desensitization of NR1/NR2A described previously may be a zinc-dependent
desensitization of NR1/NR2A receptors and the LIVBP region of NR2A may
contain residues that contribute to the high-affinity extracellular zinc-binding site.
(Supported by funding from NINDS to F.Z., P.J.C., S.F.T.)

17.6
IDENTIFICATION AND MECHANISM OF ACTION OF
TWO HISTIDINE RESIDUES UNDERLYING HIGHAFFINITY Zn2+ INHIBITION OF THE NMDA RECEPTOR.
Yun-Beom Choi* and Stuart A. Lipton. CNS Research Institute,
Brigham & Women's Hospital, and Program in Neuroscience, Harvard
Medical School, Boston, MA 02115.
Zn2+ inhibition of NMDAR activity involves both voltage-independent
and voltage-dependent components. Recombinant NR1/NR2A and
NR1/NR2B receptors exhibit similar voltage-dependent block, but
voltage-independent Zn2+ inhibition occurs with much higher affinity for
NR1/NR2A than NR1/NR2B receptors (nanomolar versus micromolar
IC50, respectively) (Williams, 1996; Chen et al., 1997; Paoletti et al.,
1997). We examined the possible involvement of histidine residues in
high-affinity, voltage-independent Zn2+ inhibition of NR1/NR2A
receptors using the Xenopus oocyte expression system and site-directed
mutagenesis. Our initial results showed that exposure to the histidine
modifying agent, diethyl pyrocarbonate (DEPC, 3 mM) diminished the
degree of Zn2+ inhibition of NMDA-evoked currents in recombinant
NR1/NR2A receptors. We then found that mutation of either of two
histidine residues (H42 and H44) in the extracellular N-terminal domain
of NR2A shifted the IC50 for high-affinity Zn2+ inhibition -200 fold at
-40 mV without affecting the EC50 of the co-agonists NMDA or glycine.
Additionally, our results suggest that the mechanism of high-affinity Zn2+
inhibition of the NMDAR involves enhancement of proton inhibition. In
summary, our findings show that two neighboring histidine residues on
NR2A represent the critical determinant (termed the "short spacer") for
high-affinity, voltage-independent Zn2+ inhibition of the NMDAR.
Supported by P01 HD29587 and R01 EY05477 (to S.A.L).

17.7

17.8

POLY-S-NITROSYLATION OF CYSTEINE RESIDUES
MEDIATES INHIBITION OF NMDAR ACTIVITY BY
NITRIC OXIDE-RELATED SPECIES. H.-S, Vincent Chen,*
Yun-Beom Choi, and Stuart A. Lipton. CNS Research Inst, Brigham &
Women's Hosp, Prog Neurosci, Harvard Med Schl, Boston, MA 02115.
Nitric oxide (NO) or its redox-related species have been shown to
inhibit NMDA-evoked currents. Interaction of the NMDAR with NO
species is of particular interest because NMDAR activation activates
neuronal NO synthase, and may therefore afford negative feedback onto
the receptor. We examined the possible involvement of cysteine residues
in inhibition of NR1/NR2A receptors by NO/NO-related species using the
Xenopus oocyte expression system and site-directed mutagenesis.
Exposure to the cysteine modifying agent (2-aminoethyl) methanethiosulfonate (MTSEA, 500 fiM) blocked inhibition of NMDA-evoked
currents by NO-related species generated by S-nitrosocysteine (SNOC) in
recombinant NR1/NR2A receptors (21 ± 3% inhibition by NO preMTSEA. treatment vs. 5 ± 3% inhibition post-MTSEA treatment; mean ±
SEM, n - 4). Mutation of NR2A(Cys 399) significantly decreased the
NO-mediated inhibition [27 ± 4% inhibition by NO for wild-type
NR1/NR2A receptors vs. 10 ± 4% inhibition in NR1/NR2A(C399A)
receptors, n = 10]. From similar site-directed mutagenesis experiments,
we determined that NR2A(C87,C320) and NR1(C744,C798) also
contribute to inhibition of NMDA-evoked responses by NO-related
species, but to a more minor extent and only if the receptor is in the
chemically reduced state to prevent disulfide formation between these cys
residues. Our results provide evidence that NO-related species
downregulate NMDAR activity by poly-S-nitrosylation of critical cysteine
residues. Supported by P01 HD29587 and R01 EY05477 (to S.A.L).

SUBTYPE-DEPENDENCE OF NMDA RECEPTOR CHANNEL OPEN
PROBABILITY L.A. Raymond*, T. Luo, and N. Chen Kinsmen Laboratory,
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Dept. Psychiatry, Univ. British Columbia, Vancouver, Canada, V6T1Z3.
N-methyl-D-aspartate (NMDA) receptor-mediated calcium transients
play a critical role in synaptogenesis, synaptic plasticity, and excitotoxicity.
NMDA receptors are heteromeric complexes of NR 1A combined with NR2A,
NR2B, NR2C and/or NR2D subunits. The NR2 subunits determine a variety
of electrophysiological and pharmacological properties of the NMDA receptor
complex. Here, we provide evidence for the first time that there is also a
significant difference in peak channel open probability (Po) between NMDA
receptors composed of NR1A/NR2A and those of NR1A/NR2B subunits.
First, whole-cell patch clamp recordings from human embryonic kidney
(HEK) 293 cells expressing NMDA receptors revealed that NR1A/NR2A
mediated peak current densities are about four times larger than those of
NR1A/NR2B. We show that this four-fold difference is unlikely due to
differences in receptor surface expression, since these levels were similar for
the two subtypes by Western blot analysis. To determine whether Po
contribute to the difference in peak current densities, we used two different
open channel antagonists, MK-801 and 9-aminoacridine, in a variety of
experimental paradigms. Our results indicate that peak Po is significantly
higher (3-5 fold) for NR1A/NR2A than NR1A/NR2B, with estimated values
of approximately 0.35 and 0.07, respectively. These results suggest that a
change in the relative expression levels of NR 1A and NR2B c4n regulate peak
amplitude of NMDA receptor-mediated excitatory postsynaptic potentials and
therefore may play a role in mechanisms underlying synaptic plasticity.
Supported by Hutington’s Disease Society of America (HDSA) and
Medical Research Council Canada (MRC).
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TM3 IS A DYNAMIC TRANSDUCTION ELEMENT COUPLING LIGAND
BINDING TO CHANNEL OPENING IN NMDA RECEPTORS
K.S. Jones*. H.M.A VanDonqen and A.M.J. VanDonqen. Dept. of Pharmacol
and Cancer Biology, Duke Univ. Med. Ctr. Durham, NC 27710
The N-methyl D-asparlate (NMDA) receptor is a member of the ionotropic
glutamate receptor (iGluR) family. Topological models of the iGluRs predict
three membrane spanning domains (M1, M3, and M4), while M2 is a re-entrant
loop. Several studies have identified amino acid residues in the M2 loop as
critical for ion conduction, implicating it’s role as the channel gate. Other
studies have established amino acid residues in the pre-M1, and M3-M4 linker
as responsible for ligand binding. However, regions of the protein that link the
two events, binding and channel opening, have not been elucidated. The
purpose of this study is to identify amino acid residues crucial for the
transduction of ligand binding to channel opening. To this end, the substituted
cysteine accessibility method (SCAM) was used to identify amino acids whose
accessibility to sulfhydryl specific reagents differs when in the presence and
absence of agonists. Amino acid alignment of iGluR's displays a perfectly
conserved stretch of amino acids (SYTANLAAF) in the C-terminus of M3.
Residues in this conserved region were individually substituted to cysteines
and assessed for accessibility to methanethiosulfonate( MTS) compounds,
both in the presence and absence of agonists. Our results indicate that
accessibility at some positions is dependent upon the presence of agonists.
Additionally, modification of construct A634C, which required the presence of
agonists, was found to stabilize the open state of the channel to the extent that
channel activation was maintained despite agonist removal. We interpret these
findings to suggest a dynamic role for the M3 domain of iGluR’s in the
transduction of agonist binding to channel opening.

DIFFERENTIAL INTERACTION OF SYNAPSE ASSOCIATED
PROTEINS WITH KAINATE RECEPTORS. S.Mehta1. V.
Kumaresan1, C.C. Gamer2 and J, Marshall1*. *Dept. of Molecular
Pharmacology, Physiology and Biotechnology, Brown University,
Providence, RI-02912; 2Neurobiology Research Center, University of
Alabama at Birmingham, Birmingham, Alabama 35294
Recent studies demonstrate that kainate receptors are associated with
members of the SAP90/PSD-95 family (SAPs) in neurons, and SAP90
can cluster kainate receptors when coexpressed in transfected cells.
Significantly, clustering alters receptor function. Unclustered receptors
desensitize rapidly and fully, but coexpression of SAP90 with either
GluR6 or GluR6/KA2 strongly reduces desensitization, suggesting that
the slow desensitization properties of native receptors could be due to
association with SAPs. Interestingly, different kainate receptor subunits
differentially associate with SAP subtypes. GluR6, but not KA2,
coprecipitates with S AP97 from rat brain extracts and similarly
heteromeric GluR6/KA2 receptors expressed in HEK cells do not
associate with SAP97. To investigate this unexpected finding further,
GFP-tagged chimeras and mutants of SAP97 and SAP90 were
coexpressed with KA2 in HEK cells for coimmunoprecipitation studies.
Results from these experiments show that the N-terminus of SAP97
prevents its association with KA2 by blocking the SH3 site on SAP97.
Potentially, differential association could contribute to targeting
mechanisms, helping to segregate each subunit to different parts of the
neuron. Supported by American Heart Association #994013IN and NIH
#R29NS33914-04 to JM.

17.11

17.12

THE ROLE OF THE GLUR2 C-TERMINUS IN TRAFFICKING OF
THE AMPA RECEPTOR. P. Osten*. L. Khatri. J.L. Perez and E.B,
Ziff. HHMI and Dept. of Biochemistry, NYU School of Medicine, 550
First Ave, New York, NY 10016
Excitatory glutamergic transmission relies on precise synaptic
localization of glutamate receptors. Recently, interactions between a
dumber of cytosolic proteins and the intracellular C-termini ofthe
glutamate receptors were proposed to play a role in synaptic targeting as
well as anchoring and clustering of the receptors at the postsynaptic
membrane. We and others have previously identified several proteins
which bind to the C-terminus of the GluR2 AMPA receptor subunit:
PDZ proteins ABP, GRIP and PICK1 and an ATPase N-ethylmaleimide
sensitive fusion protein (NSF). Here, we investigated the role of the
GluR2 C-terminus in trafficking of the AMPA receptor by expressing
GluR2 constructs containing progressive truncations of the C-terminal
sequence, both in heterologous cells and in hippocampal cultured
neurons. We report that: 1) the carboxy region (last 5 aa) of the GluR2
C-terminus which mediates binding of ABP, GRIP and PICK1 is
required for surface stabilization but is not necessary for synaptic
targeting of the GluR2 AMPA receptors; 2) the juxtamembrane region of
the GluR2 C-terminus is important for efficient synaptic surface delivery
of the receptors; 3) the GluR2 C-terminus is not involved in dendritic
vs. axonal targeting of the AMPA receptors. The juxtamembrane region
important for the surface expression of the GluR2 AMPA receptors
contains the binding site for NSF. We are currently examining the role
of NSF binding with respect to the intracellular trafficking of the AMPA
receptor. [Supported by the Howard Hughes Medical Institute.]

[Ca2+]i OSCILLATIONS IN ASTROCYTES REGULATE A FAST, QUANTALLIKE RELEASE OF GLUTAMATE. G. Carmignoto1*, L Pasti1, M. Zonta1, T
Pozzan1, and S. Vieini2 ’Dept. of Exp Biomed Sci, University of Padova, Italy;
2Dept. of Physiol & Biophysics, Georgetown University, Washington DC.
Astrocytes in culture as well as in situ have been demonstrated to be capable of
releasing the neurotransmitter glutamate through a Ca2+-dependent process. The
kinetics and mechanism of release are, however, largely undetermined. To obtain
insights into the spatial-temporal features of this process, we developed a new
experimental approach which used HEK 293 cells transfected with the N-methyl-Daspartate receptor (NMDAR) and plated on cultured astrocytes as sensors for
glutamate release. Here we demonstrate that agonist-induced [Ca2+]i oscillations in
astrocytes trigger on NMDAR-transfected cells pulsatile, inwards current events
mediated by repetitive episodes of glutamate release. The release occurred via a fast,
quantal-like process. In spite of the large variability in kinetics, many currents had
rise times as fast as few ms and decay time constants of less than 300 ms, and
resemble NMDA excitatory post-synaptic currents recorded from neuronal cells.
These results demonstrate that [Ca2+]i oscillations represent in astrocytes a
frequency-encoded signaling system which dictates a pulsatile release of glutamate.
The fast, quantal-like release of glutamate in stimulated astrocytes adds a new level
of spatial and temporal complexity to the action of glutamate in the brain and hints at
a pivotal role of astrocytes in glutamatergic synaptic transmission in the brain.

Supported by NINDS grant NS31557 to AMJVD

17.13
AMPA ANTAGONISTS AMELIORATE EXPERIMENTAL AUTOIMMUNE
ENCEPHALOMYELITIS. T. Smith, A. Groom. L. Turski*. Eisai London
Research Laboratories, University College London, London WCIE 6BT, UK
Experimental autoimmune encephalomyelitis (EAE) reproduces in rodents
the features of multiple sclerosis (MS), an immune-mediated, disabling
disorder of the nervous system. Currently, no adequate therapy is available
for
MS,
despite
anti-inflammatory,
immunosuppressive
and
immunomodulatory measures. Increasingly glutamate is implicated in the
pathogenesis of neurodegenerative diseases. In view of this, the effects of the
competitive a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate/kainate
(AMPA/kainate) receptor antagonist 2,3-dihydroxy-6-nitro-7-sulfamoylbenzo(f)quinoxaline (NBQX) and the non-competitive AMPA antagonist
l-(4-aminophenyl)-4-methyl-7,8-methylene-dioxy-5H-2,3-benzodiazepine
(GYKI52466) were investigated in EAE.
Three EAE models were used: acute EAE in Lewis rats (1) active induction
with myelin basic protein (MBP) in Freund's complete adjuvant with M.
tuberculosis; (2) adoptive transfer of MBP-sensitised spleen cells; (3) chronic
EAE in Biozzi mice using syngenic spinal cord homogenate in Freund's
adjuvant with M. tuberculosis and M. butyricum. NBQX, 30 mg/kg twice
daily for 6-7 days, starting just prior to the onset of disease improved
neurological status in both acute EAE models. Weight loss was reduced in
acute active EAE. NBQX at 10 mg/kg and 3 mg/kg had no effect. In the Biozzi
EAE model NBQX, 30 mg/kg twice daily for 7 days starting 10 days postimmunisation, ameliorated the primary bout of paralysis. Treatment with
GYKI52466 also improved neurological status in rats subjected to acute EAE.
These results imply that therapeutic strategies for multiple sclerosis should
be complemented by neuroprotective measures to reduce neurological
disability.
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18.1

18.2

SLEEP IN THE STRESS-SENSITIVE WISTAR-KYOTO (WKY), COMPARED TO
THE SPRAGUE-DAWLEY (S-D) RAT STRAIN. R.J. Ross?3* L.P. Sanford,1-2 X.
Tang,1,3 A.M. Mann? A.J. Silvestri? S.M. Teiani-Butt? W.P. Pare,4 M.W. Mallon1,3 and A.R
Morrison1. ‘Lab. for Study of the Brain in Sleep and 2Ctr. for Sleep and Resp. Neurobiol.,
Univ. of Penna. Sch. of Vet Med. and Med.; 3Phila. and 4Perry Point VA Med. Ctr.; 5Univ.
ofthe Sciences in Phila.; Phila, PA 19104.
Stressors have a prominent effect on sleep in humans and animals. In rats, changes in
REM sleep (REM) as a consequence of stress have been observed. We examined sleep and
wake states in the stress-sensitive WKY (n=7) and the less stress-sensitive S-D (n=7) rat
strains as a first step in comparing the effects of stress on their sleep-wake behavior. The rats
were implanted with EMG and EEG electrodes to determine behavioral state. After recovery
and a six-hour introduction to the sleep-recording chamber on one day, each animal was
recorded for six hours on three separate days within an eight-day period. Following the
recording session, a trained observer determined behavioral state. The following measures
were examined: time spent asleep, sleep efficiency, total REM time, and REM percent, as
well as the number and mean duration of REM episodes. The main finding was significantly
reduced REM episode duration on day 1 of recording compared to days 2 and 3 in the WKY
rats (M ± SD: 1.71 ± .67; 2.33 ± .54; 2.26 ± .33, p = .018). There was no significant
difference in REM episode duration (M ± SD: 2.45 ± .90; 2.19 ± .48; 2.27 ± .70, p = .68) in
S-D rats across the 3 recording days. Wake and non-REM did not differ between strains or
across days. These findings suggest that the WKY rat strain, which according to several
behavioral and neuroendocrinological criteria is stress-hyperreactive, responds to the
stimulus of a relatively unfamiliar recording chamber with a mean REM episode duration
shorter than that of the S-D strain. Emotional influences on REM likely are managed by the
amygdala, which connects reciprocally with pontine regions involved in REM control.
Norepinephrine transporter sites and beta adrenergic receptors in the amygdala respond
differently to chronic novel stressors in WKY, compared to S-D rats, and may be involved in
these differences in sleep. Supported by MH42903, NS35281 and Dept of Veterans Affairs.

SLEEP-PROMOTING EFFECTS OF MELATONIN TREATMENT IN NONHUMAN PRIMATES. O. Leclair, S. Kirov*, I. Zhdanova Department of Brain
and Cognitive Sciences, Massachusetts Institute of Technology; Cambridge, MA
02139.
Our previous observations in humans (Zhdanova & Wurtman, 1997) and in nonhuman primates (Zhdanova et al. , 1998) established that both species are sensitive
to sleep-promoting effects of “physiological” doses of melatonin, i.e., those that
increase circulating levels of the hormone within the physiological range.
Two adult Macaca nemestrina, 7 and 9 years old males, maintained under 12:12
LD cycle, received gradually increasing oral doses of melatonin, 0.25-10 pg/kg. In
order to establish a minimum effective dose of the hormone, after a 2-week
baseline/placebo period each melatonin dose was administered for one week, 2
hours before lights-out time, with a week of washout/placebo between the doses.
The minimum effective dose of melatonin, which significantly reduced motor
activity compared to placebo, was 5 pg/kg for both monkeys tested. This dose
induced 54+6.1 pg/ml plasma circulating melatonin levels, which is within the
range of normal endogenous peak levels of the hormone. Administration of a 5
pg/kg dose of melatonin for one month (5 days/week, 2 hours before lights-out
time) neither significantly inhibited nor facilitated a sleep-promoting effect of the
treatment. While the nocturnal sleep episode was initiated significantly earlier
after melatonin treatment (p<0.05), no significant shift in the onset of morning
activity was observed. Interruption of melatonin treatment immediately restored
the timing of sleep onset observed at baseline.
This study provides further evidence that sleep in non-human primates is
affected by low “physiological” doses of melatonin. It also suggests that a repeated
prolonged treatment using a minimum effective dose of the hormone does not
induce sensitization or tolerance to its sleep-related effects.
Supported by Center for Brain Sciences & Metabolism Charitable Trust and N.I.H.
grant RO3- AG16080-01 to I.Z.

18.3

18.4

SLEEP-PROMOTING EFFECTS OF PHYSIOLOGIC DOSES OF MELATONIN IN
AGE-RELATED INSOMNIA.
I, V, Zhdanova*, O. U. Leclair. J. A.Taylor.
J.P. Shi, R. J. Wurtman
Dept. of Brain and Cognitive Science, Massachusetts
Institute of Technology, Cambridge, MA 02139
Sleep efficiency declines with advancing age, a phenomenon that might be in part
related to lower production of melatonin with aging. We previously discovered that
physiologic doses of melatonin promote sleep in healthy young and elderly people.
We now report that a nocturnal increase in circulating melatonin levels within their
physiological range can improve sleep efficiency in elderly insomniacs.
In a double-blind randomized trial 30 individuals over 50 years of age, with normal
sleep or with age-related insomnia, received 0.1 mg, 0.3 mg and 3 mg oral doses of
melatonin or placebo 30 min before habitual bedtime. Each treatment was
administered for one week, with a washout week prior to and between the treatments.
Sleep was recorded polysomnographically during last three nights of each treatment
week and hourly blood samples were collected over a last 24-h period of each
treatment. A significant increase in sleep efficiency was observed after a 0.3 mg
melatonin dose in those subjects whose sleep efficiency (TST/SPT) on placebo was
below 85% (N=12) (Fig. 1), but not in subjects with normal sleep. Mean peak plasma
melatonin levels (SEM) were significantly elevated after melatonin administration,
reaching 2216+571 pg/ml after a 3 mg dose, but remaining close to physiological
levels after a 0.1 and 0.3 mg doses (Fig. 2).

C-FOS EXPRESSION IN NEURONS OF THE PONTOMEDULLARY
RETICULAR FORMATION AND RAPHE, INCLUDING GABAERGIC AND
SEROTONERGIC NEURONS, DURING PS DEPRIVATION AND RECOVERY
IN THE RAT. K J.Malonev and B.E. Jones*. Montreal Neurological Inst., McGill
Univ., Montreal, Quebec H3A 2B4 Canada.
Lesion studies have shown that in addition to cholinergic neurons in the
mesopontine tegmentum, neurons in the pontomedullary reticular formation (RF)
and raphe may play an important role in the generation of paradoxical sleep (PS)
and/or the muscle atonia associated with that state. Pharmacological studies have
shown that microinjections of carbachol or bicuculiine into the pontine RF produce
a state similar to naturally occurring PS, whereas microinjections of muscimol
prevent PS (Xi et al, SNA, 1998, vol 2, 1695). The present study examined the
expression of c-Fos protein in neurons of the pontomedullary RF and raphe,
including GABAergic and serotonergic neurons, by dual immunohistochemical
staining following PS deprivation or recovery to assess changes in neuronal activity
in association with this state. Across the brainstem, a significant increase in c-Fos
expressing (c-Fos+) neurons occurred with PS rebound in the pontine RF only. In
the same region, a significant decrease in GABAergic, c-Fos expressing (GAD+/cFos+) neurons occurred with PS rebound. Across groups, the number of c-Fos+
neurons correlated positively with the percent time spent in PS (%PS), whereas the
number of GAD+/c-Fos+ neurons correlated negatively with %PS. In the
medullary RF, the number of GAD+/c-Fos+ neurons was increased with PS
rebound and covaried positively with %PS. It also correlated negatively with EMG
in the medullary RF and raphe, where the number of Ser+/c-Fos+ neurons
correlated positively with EMG. The findings suggest that pontine RF neurons are
active during PS, due in part to a release from inhibition by local GABAergic
neurons, which are inactive during PS. They also suggest that GABAergic neurons
in the medullary reticular formation are active during PS and may be involved in
the muscle atonia of that state via inhibition of other spinally projecting neurons,
including serotonergic neurons, which are most active in association with high
EMG activity of the waking state. Supported by MCR Canada.

18.5

18.6

TIME COURSE OF FOS-IMMUNOREACTIVITY ASSOCIATED
WITH CHOLINERGICALLY INDUCED LONG-TERM PGO
ENHANCEMENT (LTPE). J. Ouattrochi* and J.A. Hobson.
Laboratory of Neurophysiology S121, Program in Neuroscience,
Harvard Medical School; Boston MA 02115.
A single injection of carbachol conjugated nanospheres into the
caudolateral peribrachial region produces an increase in PGO activity
lasting 6 days, but without any increase in REM sleep. We used c-fos
immunoreactivity (Fos-IR) as a marker of neuronal activity to
investigate the transcriptional response associated with LTPE within
the context of whether this response is a sustained consequence of
carbachol’s acute effects on cholinoceptive membrane excitability.
Cats (n=7) were surgically implanted under halothane anesthesia
with sleep recording electrodes and a single injection guide cannula.
Following baseline and vehicle (250 nl) control 4-hr recordings, a
single injection of 0. IM carbachol nanospheres was performed on day
01. Cats were anesthetized and perfused on different postinjection
days 01, 03, 05, and 07.
We now have evidence that cholinergic stimulation in the
peribrachial pons leads to long-term changes in Fos expression within
discrete anatomically defined cholinergic populations. Cats with
LTPE showed a 40-fold increase in the number of Fos-IR cells within
LDT, PPT, lateral/medial vestibular nuclei, and medial habenula.
These findings suggest that changes in Fos transcriptional coding
remain active long after the acute effects of carbachol have
attenuated; and that sites within the peribrachial pons may regulate
gene expression of the Fos protein through a pathway of PGO wave
enhancement distinct from the REM sleep generator. NIH-MH13923.

ANANDAMIDE ADMINISTRATION INTO PPT ENHANCES REM SLEEP.
E. Murillo-Rodrleuez1 \ M. Gbmez-Chavarin1. M. Sanchez-Alavez1. L, Navarro1.
M, Palomero-Rivero12, R, Drucker-Colin 1,2 and O. Prospero-Garcia1. Grupo de
Neurociencias, Depto Fisiologia. Facultad de Medicina1 & Instituto de Fisiologia
Celular2. Universidad Nacional Autdnoma de Mexico. Mexico D.F. MEXICO.
We have observed that the icv administration of Anandamide (ANA) increases
Slow Wave Sleep 2 (SWS2) and Rapid Eye Movement Sleep (REMS) decreasing
Wakefulness (W). It is known that ANA binds to CBl cannabinoid receptor
inhibiting cAMP formation. Among the areas expressing CBl are brainstem and
basal forebrain area. Knowing that medial preoptic area (POA) and
pedunculopontine tegmental nucleus (PPT) are involved in the generation of sleep,
we decided to study the induction of sleep by ANA in these areas. Twenty male
Wistar rats (280-320g) were implanted with a set of electrodes for standard sleep
recordings and stereotaxically implanted with a cannula aimed to POA (n=10) or a
cannula aimed to PPT (n=10). Seven days after surgery, one POA (n=5) and one
PPT group (n=5) received vehicle (1 pi of ethanol 5%) and were used as control.
Another two groups, one POA (n=5) and one PPT (n=5) received ANA (3.6 nmol).
All animals were recorded immediately after injections and during 4 h. States of
vigilance were classified as W, SWS1, SWS2 and REMS. Results showed that there
is no change in sleep after administration of ANA into POA. Administration into
PPT caused an increase of SWS2 and REMS. In order to determinate the cAMP
concentration in pons, we incubated cells with ANA (3.6 nmol). ANA reduced
cAMP concentrations. We conclude ANA administered into PPT induces sleep, this
effect is may be mediated by a decrease in cAMP formation. A Grant from
DGAPA-UNAM IN209797 and from CONACyT 25488N and 25128N given to
OPG and LN supported this work.
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EFFECTS OF SHORT AWAKENINGS ON THE ULTRADtAN SLEEP
CYCLE. M.Grtizinger*, T.Uhi and J.RSschke, Dept- of Psychiatry, University
of Mainz, Germany.
The regulation of the ultradian steep cycle has become a field of growing
interest during the last years. Especially the mechanisms accounting for the
occurrence and maintenance of REM sleep are not well understood yet.
Similar to the classic study of Vogel and coworkers (1975) depressive
patients in our experiment were either treated with selective REM sleep
deprivation by short awakenings (RSD group) or with an equal number of
interventions uniformly distributed over the NonREM periods <NRI group).
Every subject underwent the procedure for ten consecutive nights. A neural
network based software was developed to evaluate the sleep stages in real
time and to automatically wake up the patients of both groups.
Awakenings from REM sleep lead to a shortening of the concerning
periods but also of the subsequent undisturbed NonREM periods, thereby
increasing the ultradian cycle frequency. The remaining REM sleep in the
RSD group was about half of the NRI group. Awakenings from NonREM
sleep extended the concerning periods even after subtraction of the waking
time, extended the subsequent undisturbed REM periods and thereby
decreased the ultradian cycle frequency.
The sleep profiles of subjects with RSD treatment were characterized by
multiple dusters of repeated attempts to resume REM sleep. This pattern
seems to reflect a residual REM sleep sustaining impetus that is not
disrupted by the short awakenings, although patients had to push a button to
demonstrate their wakefulness. Additionally the total duration of this REM
sustaining impetus - as measured by the sum of all REM periods statistically was the same in both groups. These results suggest overlapping
processes while waking from REM sleep.
Supported by Deutsche Forschungsgemeinschaft DFG (Ro 809/13-1).

18.8

18.9

18.10

MICROINJECTION OF MUSCIMOL INTO THE RAT PERIAQUEDUCTAL
GRAY INDUCES RESPIRATORY DEPRESSION DURING SLEEP. M.N.
Alam1'2, D, McGinty1,2 and-R. Szymqsiak1,3* ’Research Service V.A. Greater Los
Angeles Healthcare System, North Hills, CA 91343 and Depts. Psychology and
’Medicine, University of California, Los Angeles, CA, 90024.
The midbrain periaqueductal gray (PAG) has been implicated in the control of
respiration. In cats, 62% of the neurons recorded in the lateral PAG display
relationships to the respiratory cycle, and the strength of the relationship in most
cells varies with arousal state (Ni, H. et al., Brain Res. 577:319, 1990). In the
present study, we examined the effects on breathing of microinjections of a
gamma-amino butyric acid (GABA) agonist, muscimol, into the lateral PAG of rats.
Rats were prepared with chronic electrodes to record cortical EEG, neck muscle
EMG and diaphragmatic EMG (dEMG). Guide cannula were stereotaxically placed
dorsal to the PAG. Baseline recordings of sleep-wake and respiratory measures
were conducted for 1-2 hours. Unilateral or bilateral muscimol microinjections
were then made into the lateral PAG (0.5 - 1.0 pg in 0.3 pl volume), and recordings
continued for an additional 1-2 hours. Respiratory cycle length was determined
from the onset of successive inspiratory bursts in the dEMG recording.
Within 15 min of PAG muscimol administration, increases in respiratory cycle
length were present in nonREM sleep, but not in waking. Average respiratory cycle
length during waking pre- and post muscimol were .26 ± .01 sec and .27 ± .03 sec.
In contrast, average cycle length during nonREM sleep after muscimol was more
than double baseline values (1.39 ± .22 sec versus .66 ± .05 sec) The longest
respiratory cycles lengths observed following muscimol were >3 sec.
These results support the hypothesis that the PAG is involved in the statedependent control of breathing.
Increased GABA-mediated inhibition of
respiratory-related neurons in the lateral PAG can be hypothesized to contribute to
respiratory depression during normal sleep and in sleep apnea syndromes.
Supported!' ‘L. V.A. Medical Research Service and HL60296.

CHRONIC EXPOSURE TO EPISODIC HYPOXIA (EHYP)
INDUCES APOPTOSIS AND LOSS OF NMDA NEURONS IN
CORTICAL AND HIPPOCAMPAL REGIONS. David Gozal*. Jian
Chen. Ying-Dan Xue. Constance S. Kauflnan Pediatr. Pulmonary Res.
Lab., Tulane University School of Medicine, New Orleans, LA.
Obstructive sleep apnea (OSA) which is characterized by EHYP
during sleep induces marked neurocognitive impairments. To examine the
role of EHYP during sleep, young adult rats were exposed to (10% O2
balance in N2) consisting of 30 minutes per hour during the 12 hours ofthe
light phase for 0,1, 2, 7, and 14 days. The presence of apoptosis was
assessed by nuclear immunoreactivity for single stranded DNA (SS-DNA)
and TUNEL assay in 5-30p hippocampal and cortical sections. Marked
increases in nuclear SS-DNA staining occurred in the CAI hippocampal
region (7-fold) and cortex (Cx; 8-fold) after 1 and 2 days EHYP, followed
by decreases towards normoxic levels at 14 days. In contrast, no increases
in apoptotic staining occurred in CA3. Similar increases in nuclear staining
occurred in CAI and Cx when TUNEL was employed. Double labeling
for the NMDA receptor and c-fos revealed marked architectural
disorganization in CAI and Cx regions and increases in c-fos
immunoreactivity over time. We conclude that moderate intermittent
hypoxia is associated with marked cellular changes in neural regions
associated with cognitive functions. We speculate that such changes may
underlie components of the learning and memoiy impairments found in
OSA. (Supported by ALA CI-002-N, HL-62372 and MCJ-229163 )

18.11
The influence of pulsed radio-frequency electromagnetic fields on sleep
EEG parameters

J. Roschke*. P. Wagner, and K. Mann. Dept. of Psychiatry, Univ. of Mainz,
Germany
Former exploratory investigations have shown a hypnotic and REM
suppressive effect of GSM technique in healthy male subjects (estimated
power flux density 0.5 W/m2). We used a conventional radio mobile
telephone (8 W) with a stick antenna positioned at a distance of 40 cm to the
head of sleeping subjects. In an additionally performed investigation we
applied a weaker electromagnetic field (0.2 W/m2) emitted by a circular
antenna positioned under the pillow of a bed in a shielded chamber. In this
second study we detected the same trend. However, the results did not reach
statistical significance.
The aim of the study presented here was to investigate the influence of a
submaximum electromagnetic field (900 MHz, pulsed with a frequency of
217 Hz, pulse width 577 ps, 50 W/m2) to sleep EEG parameters. The
limiting value for the specific absorption rate was not exceeded. All-night
polysomnographies of 20 healthy male subjects both with and without
exposure were recorded.
The results did not show a significant effect of field application neither
on conventional sleep parameters nor on sleep EEG’s power spectra.
Therefore, our results did not come out with a dose dependent effect of these
electromagnetic fields to sleep architecture disturbances. On the contrary we
could not exclude the existence of a biological window which might interact
with biological systems and certain power flux densities.
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INCREASED INTENSITY OF THE RESTLESS LEGS SYNDROME AFTER
SLEEP DEPRIVATION IS ASSOCIATED WITH CORE TEMPERATURE
DECREASES. W, A. Hening*1^. S, Walters1 A M- Wagner3^.V,_Ch-gn3^NL

Shah3, O, Thai3. R. Rosen1. ’UMDNJ-RWJohnson Med School, New
Brunswick; 2NJ Neuroscience Institue, Edison; 3College of Pharmacy, Rutgers
Univ., Piscataway, NJ.
Background: In earlier studies,, we found that patients with the Restless Legs
syndrome (RLS) show an inverse relationship between core temperature and
severity of RLS during circadian variation and inactivity. We now asked
whether the aggravation or RLS after a night of sleep deprivation was also
associated with a decreased core temperature. Design/Methods: 8 RLS patients
were monitored in a sleep lab. Every 3 hours while awake, patients sat quietly
during a suggested immobility test (SIT). Core temperature was recorded with
by an indwelling rectal probe while subjective measures were obtained from
visual analog scales and restlessness by actigraphy. We compared the SITs
beginning between 9:00 and 18:00 on the days before and after sleep
deprivation. Results: Mean core temperature decreased during every SIT (mean
decreases of 0.22° C before and 0.18° C after sleep deprivation), but mean
temperature was lower after sleep deprivation (mean difference: 0.31° C).
Subjective measures of leg symptoms and sleepiness increased after sleep
deprivation by 1.53 and 2.22 (out of 10) respectively and activity counts
increased by 15.4% Conclusions: All three circumstances which increase RLS
severity (time of day, inactivity, sleep deprivation) seem associated with
decreased core body temperature.
Supported by the Department of Veterans Affairs Medical Research Service
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19.1

19.2

CORRELATION OF NEUROFIBRILLARY TANGLES AND
NEUROPIL THREAD BURDEN IN AGING, MILD COGNITIVE
IMPAIRMENT, AND DEMENTIA. T.W, Mitchell *. J. Nissanov, L.-Y,

AGE-RELATED CHANGES IN SYNAPTIC DENSITY IN THE HIPPOCAMPAL
DENTATE GYRUS. S.W. Scheff*. D.A. Price, and J.K, Hamrick-King, University
of Kentucky , Sanders-Brown Center on Aging , Lexington, KY 40536-0230.
Alzheimer’s disease (AD) is characterized by a progressive dementia which is
first detected clinically as a loss of memory and intellectual decline. We previously
reported a significant change in the density of synaptic contacts in the hippocampal
dentate gyrus outer molecular layer in AD. This region receives direct input from
the ipsilateral entorhinal cortex. It is important to understand whether or not normal
aging results in significant synaptic decline. The synaptic integrity of the
hippocampal formation has long been held as an important mechanism utilized in
learning and memory. In experimental studies, the aged hippocampus demonstrates
remarkable plasticity following partial denervation and might be expected to
compensate for synapse loss as a result of the aging process. Prior studies from this
laboratory demonstrated a decline in synaptic numbers in regio superior of CAI
across the human lifespan. In the present study we quantified synaptic density in
the hippocampal dentate gyrus outer molecular in these same subjects.
Brain tissue was obtained at autopsy from neurologically normal individuals
(20-89 years of age) within 13 hours of death. All tissue was immersion fixed in
paraformaldehyde/ glutaraldehyde. Three different levels of the hippocampus,
representing the anterior, middle and posterior, were prepared for ultrastructural
analysis using standard osmium tetroxide post-fixation. Modem stereological
methodology (physical disector) was used to determine synaptic numbers in the
dentate gyrus outer molecular layer. Photographic montages were assessed blind
with respect to subjects’ age at time of death. Statistical analysis indicates a
significant age-related decline in the density of synapses in this important limbic
structure. The decline is apparent by the fifth decade of life. These results may
provide an anatomical substrate for the progressive decline in memory tasks which
often accompany normal aging. Supported by NIH AG 12138

Han. V.M.-Y. Lee. J.O. Troianowski. E.J. Mufson. J.A. Schneider. E. Cochran.
D.A. Bennett. S.E. Arnold, University of Pennsylvania School of Medicine,
Philadelphia, PA 19104; Drexel University, Philadelphia, PA; Rush-Presbyterian-St.
Luke’s Medical Center, Chicago, IL
Two of the principal neuropathologie lesions of Alzheimer's disease (AD) afe
neurofibrillary tangles (NFTs) and neuropil threads (NTs). Both lejsions are
composed of hyperphosphorylated tau protein in the form of paired helical filaments
(PHF) and straight filaments. Unlike NFTs which are found in the soma of neurons,
NTs are found within axons and dendrites. A change in dendritic architecture or
arborization associated with NFTs and NTs may be a fundamental alteration in aging
and neurodegeneration, contributing to cognitive dysfunction in older persons with
mild cognitive impairment and AD. The degree to which NFTs and NTs are related
has never been systematically investigated in the elderly. The present study
investigated the relationship between NFTs and NTs in the brains from participants in
the Religious Orders Study, a large prospective, longitudinal clinicopathologic study
of aging and dementia. Randomly selected sections of transentorhinal cortex (TEC)
were stained with an antibody specific for PHF-tau (PHF-6). Using a stereological
fractionation method, we quantified the density of NFTs, and with the same
systematic random sampling pattern, obtained images for measurement of NT burden
(% area). NFT density ranged from 1.2 to 88.0 NFT/mm2, while NT burden ranged
from 5.5% to 37.5% within the TEC. There was a highly significant, linear
correlation between NFT and NT burden (r2 = 0.88, P = 0.0006), suggesting a
physical connection between NFTs and NTs. Future studies relating specific
cognitive measures to these AD related lesions will determine their contribution to
cognitive dysfunction in mild cognitive impairment and AD.
Funded by NIH grants AG14449, AG15819.

19.3

19.4

REGIONALLY SELECTIVE LYSOSOMAL CHANGES AND NEURONAL
ATROPHY IN MIDDLE-AGED RATS. X. Bi*1’2. A. Yong1’2. J. Zhou1. D Ko1, and
G, Lvnch1. ’Dept. ofPsychiatry; 2Dept. of Anatomy and Neurobiology, University cf
California, Irvine.
Aging and Alzheimer’s disease (AD) do not act uniformly across brain regions with
regard to pathology or the onset of abnormalities. The mechanisms underlying this
regional selectivity are unknown and their identification could presumably provide
important clues for hypotheses about the substrates of neurosenescence in humans. In
the present study, we evaluated age-related alterations in lysosomal properties in
different brain regions of rat brain to address this question. Immunocytochemical
results showed that the concentration of cathepsin D (CD), a major lysosomal
hydrolase, was markedly increased in 12-month old rats compared to 2-month old
rats. This increase occurred specifically in the superficial layers of piriform/entorhinal
cortex, basolateral amygdala, and the CAI region of hippocampus. Closer
examination of the entorhinal cortex showed that CD immunoreactive (CD-ir)
Iysosomes were larger and more irregularly shaped than those in the neocortex of 12month or the entorhinal cortex of 2-month old rats. These Iysosomes were also
clustered into large groups situated at the basal pole of cell bodies in many entorhinal
neurons. Morphometric measurements indicated that the cross-sectional area of CD-ir
in the superficial layers of entorhinal cortex increased from 48 ± 22 pm2 at 2 months
to 114 ± 39 pm2 at 12 months (p < 0.01), while cross-sectional areas of CD-ir in
temporal neocortex were not different between the two age groups. Cell body areas in
the superficial layers of entorhinal cortex decreased more than 24% (p <0.01) in
middle-aged rats compared to 2-month old rats; there was no detectable difference
between the two age groups in temporal neocortex. In short, neuronal atrophy and
enhanced levels of CD emerge between young adulthood and middle age in rat brain.
Moreover, these effects follow a regional pattern corresponding to that for vulnerability
to aging and AD in humans. Therefore, our results further stress the role of lysosomal
alterations, in particular CD levels, in neurosenescence. The present study is
supported by a grant from NIA (AGOO538).

CONSERVATION OF NEURON NUMBER AND SIZE IN AGED
PRIMATE LAYER II ENTORHINAL CORTEX
D.A, Merrill.1 K.R.
1*
12 1
Dobkins , M.H. Tuszynski ’ . Dept. of Neuroscience, UC San Diego, La Jolla,
CA 92093; 2V.A. Medical Center, San Diego, California 92161.
Profound degeneration of neurons in the entorhinal cortex (EC) occurs early in
Alzheimer’s disease (AD). (Gomez-Isla, 1996) Given this extensive degeneration, the
entorhinal cortex represents a prime candidate structure for study in projects aimed at
understanding and intervening in age-related changes in memory function. Layer II of
EC connects via the perforant pathway to the outer molecular layer of the dentate
gyms, and thus represents a logical area to begin examining EC in aging.
In the present study, we used aged (n=4; mean age 24.3 ± 1.9 yrs) and adult (n=4;
mean age 11.3 ± 2.1 yrs) rhesus monkeys to stereologically estimate the number and
size of neurons in layer II of the entorhinal cortex of primates with aging. The
anatomical boundaries used were based on published criteria for primate EC. (Amaral,
1987) In coronal nissl stained tissue, the intermediate EC includes only sections with
both layer II “cell islands” and a clearly definable layer IV “lamina desicans”. Ihe
optical fractionator was used as a global measure of neuron number and the nucleator
was used as a local measure of neuron area and volume. Data reported with ±SEM and
analyzed using unpaired two-tailed t-tests.
Results: Total neuron number is conserved in aged primates when compared to
adults (aged= 56,450 ± 6100, adult= 48,500 ± 5,400; p-value 0.37). This is in
agreement with Gazzaley, et al. (1997) who also found preserved number of neurons in
ECU of aged monkeys. We also found that neuronal area (aged= 299 ± 16 pm2, adult=
306 ± 2 pm2; p-value 0.67) and volume (aged= 4349 ± 380 pm3, adult= 4530 ± 56
pm3; p-value 0.65) measurements are conserved with aging.
Future studies will examine the effects of aging on neuron number and size in the
remainder of EC in primates, providing the first such complete study of the primate
brain; studies which already exist in human and rodent. (West, 1998; Mulders, 1997)
Supported by the Institutional NRSA NIH/NIGMS GM07198.

19.5

19.6

ULTRASTRUCTURAL
CAPILLARY
ANOMALIES
IN
HIPPOCAMPAL CAI AND CA3 SUBFIELDS IN AGING RHESUS
MONKEYS. J.I.H. Keuker*. PG.M. Luiten1 and E. Fuchs. German
Primate Center, D-37077 Gottingen, Germany and University of
Groningen1, 9750 AA Haren, The Netherlands.
The hippocampal formation is an important, if not essential,
component of the neural systems underlying information processing
during learning and memory. Impairments in cognitive processes (e.g.
in normal aging and Alzheimer's disease) are often associated with
hippocampal damage or dysfunctions. In the present study, we
investigated whether age-related capillary changes, as shown in rat and
human hippocampus, also occur in the hippocampus of the aged nonhuman primate. By electron microscopy we examined the capillary
ultrastructure in the hippocampal CAI and CA3 areas of 14 male
rhesus monkeys (Macaca mulatto), ranging from 1 to 31 years of age.
Aberrations in the basement membrane are few in young subjects, and
occur with increasing frequency during the aging process in rhesus
monkeys. This could be ascribed to an aging-associated increasing
number of capillaries showing depositions of collagen fibrils, rather
than local thickenings of the basement membrane. These microvascular
deposits could be detrimental for an efficient nutrient supply of the
neuropil, and might therefore contribute to decreased cognitive
functioning during normal aging.
Supported by the DFG (GK Perspectives ofPrimatology).

COMPARISON OF HIPPOCAMPAL GLIA NUMBER IN C57BL/6J
AND 129/SvJ MICE OF DIFFERENT AGES. Long, J.M.*1, Hengemihle,
J.M J, Moon, E.K J, Jucker, M.2, Calhoun, M.E.2, Mascarucci, pj,
Mouton, P.R. I, Ingram, D.K J 1 Gerontology Research Center, National
Institute on Aging, NIH. Baltimore, MD 21224. 2 Neuropathology,
University of Basal, Switzerland.
Strain differences exist in murine brain aging, therefore, it is important to
have age-related neuromorphometric data, especially in strains that comprise the
genetic background of many transgenic mouse models of age-related
neurodegenerative diseases. Thus, we examined age-related changes in
hippocampal glia number in male 129/SvJ and C57BL/6J mice. Design-based
stereological techniques were used to estimate total glia number in hippocampal
subregions of male mice of both strains at different ages: young (3-5 mo), adult
(13-17 mo), and aged (26-28 mo). Mice were anesthetized, perfused, and each
brain was serially sectioned. Utilizing systematic-random sampling,
approximately 10 sections were samples for immunocytochemical staining for
astrocytes and 10 sections for microglia. The antibodies employed were GFAP
and Mac-1 respectively. Estimates of total astrocyte and microglia number were
assessed using the optical fractionator technique assisted by a computer-based
system. In C57BL/6J mice, no statistically significant age differences were found
in the number of glia in the hippocampal subregions sampled. 129/SvJ mice had a
significant age-related increase in the number of microglia in the dentate gyrus.
Strain differences in glia number were observed among different subregions and
glia cell types. The data from the C57BL/6J strain has been published previously
(Long et al., Neuro. Bio. Aging, 19: 497-503; 1998) and is included here for
comparison purposes.
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PRESUMPTIVE INHIBITORY SYNAPSES IN SENSORIMOTOR CORTEX OF THE F344xBROWN
NORWAY RAT DECLINE BETWEEN MIDDLE AND OLD AGE AS ESTIMATED BY THE
PHYSICAL DISECTOR method . J.K. Brunso-Bechtold* & B.H, Poe. Dept.

INFUSIONOFIGF-1 DOES NOT AMELIORATE THE AGE-RELATED DECLINE OF PRESUMPTIVE
INHIBITORY SYNAPSES IN THE RAT SENSORIMOTOR CORTEX.
B.H. Poe?3* W.E

Neurobio/Anat., Prog, in Neuroscience, Wake Forest Univ. School of Med., WinstonSalem, NC 27157.
Our laboratory has previously reported an age-related decline in synaptic density of
presumptive inhibitoiy terminals in layer 2 of sensorimotor cortex of F344xBrown
Norway rats (Linville, et al., 1996, NeuroscienceAbs. 22:77b). We have confirmed these
findings using the physical disector method to provide an unbiased estimate of synaptic
numerical density (Nv). Synapses were classified as presumptive excitatory terminals
(round-vesicle containing) and presumptive inhibitory terminals (non-round-vesicle
containing) for young (4 mos, n=5), middle-aged (18 mos, n=4), and old (32 mos, n=4)
animals. Ihe animals were perfused with paraformaldehyde/gluteraldehyde (2%/2%).
Trapezoidal blocks were cut from 20(Mn coronal sections with the aid of a dissecting
microscope and were prepared for electron microscopy. Five pairs of 700A serial
sections representing systematically random sites throughout the thickness of each of
three blocks per animal were selected for analysis. Four photographs (8000x)
representing two disectois were made from each serial pair. Stereological counting on
digitized disector pairs was performed using Stereoinvestigator software
(MicroBrightField, Inc ). Multivariate analysis of the estimates for Nv revealed an
overall effect (Wilks’ Lambda=0.492; F(4 ,0)=7.453; p<0.001). ANOVAfor non-round
vesicles demonstrated an effect for age (F(i w=12.179; pO.OOl) as did ANOVA for
round vesicles (F(2 *=3.833; p=0.0310). ANOVA for Nv of total synapses (young=
0.650 syn/um3; middle-aged=0.592 syn/wm3; old=0.605 syn/urn) did not demonstrate
an effect (F(i36)=0.8239; p=0.4468). According to post-hoc Fisher LSD tests, the Nv of
presumptive inhibitory terminals increased (pO.OOl) between young (0.190 syn/^m3)
and middle (0.319 syn//^m3) age and decreased (pO.OO 1 )between middle and old (0.205
syn/um3) age. The Nv of presumptive excitatory terminals decreased significantly
between young (1.110 syn/wm3) and middle (0.866 syn/urn3) age (pO.05) but did not
change between young and old (1.005 syn/^m3) age or middle and old age. Using the
physical disector as an unbiased counting method we confirm our earlier findings and
provide further evidence that presumptive inhibitory synapses are compromised in aged
animals. Supported by 1P01 AG 11370.

Sonntag? & J.K. Brunso-Bechtold.13 Prog, in Neuroscience,1 Depts. of Phys./Pharm?
and Neurobio./Anat.,3 Wake Forest Univ. School of Med., Winston-Salem, NC 27157.
Our laboratory has reported an age-related decline in numerical density (Nv) of
presumptive inhibitory terminals in layer 2 of sensorimotor cortex of F344xBrown
Norway rats using stereological (Brunso-Bechtold & Poe, 1999, this volume) and nonstereological techniques (Linville, et al., 1996, Neurosci. Abs. 22:770). The present
study classifies synapses as presumptive excitatory terminals (with round vesicles) and
presumptive inhibitory terminals (with non-round vesicles) in middle-aged vehicle(18 mos, n=4), old vehicle- (32 mos, n=4), and old IGF-1 -treated (32 mos, n=4)
animals. We hypothesize that the reported age-related decline in presumptive
inhibitory synapses is related to age-related memory deficits, as measured by Morris
Water Maze performance, which are ameliorated by insulin-like growthfactor (IGF)-1
(Markowska, et al., 1998, Neuroscience, 87:559). Our laboratory has determined
synaptic numerical density (Nv) in sensorimotor cortex of the rats used in the
Markowska study. The animals were treated by i.c.v. infusion of either vehicle or IGF 1 for 28 days followed by cardiac perfusion with aldehyde fixative. Blocks containing
sensorimotor cortex were cut from 200um coronal sections and were prepared for
electron microscopy. Five pairs of 700A serial sections representing systematically
random sites throughout the thickness of each of three blocks per animal were selected
for analysis. Four photographs (8000x) representing two disectors were made from
each serial pair. Stereological counting wasperformea on digitized disector pairs using
Stereoinvestigator software (MicroBrightField, Inc.). Multivariate analysis of the
estimates for Nv revealed an overall effect (Wilks’ Lambda=0.558; F(4 ^=5.411;
p=0.001). ANOVA for non-round vesicles demonstrated an effect for group (F(i
„)=10.190; p>0.001). Post-hoc Fisher LSD tests show that Nv of presumptive
inhibitoiy terminals decreased significantly between middle-aged (0.319 syn/unr) and
old vehicle-treated (0.205 syn/um3) animals (p<0.01) and middle-aged and old IGF-1 treated (0.186 synGm3) animals (p<0.001). Comparisons between IGF-1 treatment
and age-matched controls revealed no significant differences, suggesting that
improvements in memory, as measured by the Morris Water Maze, may not be
mediated by a decrease in density of presumptive inhibitory synapses in sensorimotor
cortex. Suppoitedby 1P01 AG 11370.

19.9

19.10

AGE-RELATED
CHANGES
OF
NPY-IMMUNOREACTIVE
NEURONS IN THE RAT OLFACTORY SYSTEM. IS Lee1, T-C
Kang2, JC Le^2, MB Wie3, IIS Lee1, SS Cho4, and MH Won2*. 'Dept.
of Vet. Anatomy, Seoul Nat'l Univ.; 2Dept. of Anatomy, Hallym Univ.;
3Dept of Vet. Pharmacology, Jeju Nat'l Univ.; 4Dept. of Anatomy,
Seoul Nat'l Univ.; Suwon, South Korea 441-744.
Although it is well established that neuropeptide-Y (NPY) plays an
important role in mammalian olfactory system, the age-related changes
of its immunoreactivity are not manifested. Thus, to investigate the
localization of NPY immnoreactive (NPY-IR) neurons in the olfactory
system of the various aging stages were these studies performed. In
the olfactory bulb of the every group, the localization of NPY-IR cells
was almost restricted to the granular layer and ependymal area.
NPY-IR neurons in the anterior olfactory nucleus were first observed
in lateral and medial subdivisions. NPY-IR cells were lately also
localized in ventral and dorsal subdivisions. Prior to P 12 month, the
morphology of NPY-IR cells were changed from bipolar cells with
short processes to bipolar or multipolar cells which have long
processes. As well, the population of NPY-IR structures in the
olfactory system was increased in proportionate to aging stages. In P
24 month, compared to the previous aging stages, the population of
NPY-IR structures was significantly decreased, especially dorsal and
ventral divisions of anterior olfactory nucleus. Furthermore, the
morphology of NPY-IR cells showed the tendency to decrease thensizes and processes. Therefore, we suggest that decrease of NPY-IR
may underlie the age-related changes in the olfactory processes.

AGE-RELATED CHOLINERGIC AND GABAERGIC CHANGES IN
MEDIAL SEPTUM / DIAGONAL BAND IN SENESCENCE
ACCELERATED MICE. E, V. Beck*. A, J. Secor. Z M. Nagv. and K.
Pang. Dept. Psychol., Bowling Green State Univ. Bowling Green OH
43403.

19.11

19.12

STRIATAL VOLUME IN RHESUS MONKEYS UNDERGOING DIETARY
CALORIC RESTRICTION. J.A. Matochik,1* S.I. Chefer,1 M.A. Lane.2 R.I.
Woolf,1 P.K. Ingram,2 G.S. Roth,2 and E.D. London1. ’Brain Imaging Center,
National Institute on Drug Abuse; laboratory of Cellular and Molecular Biology,
National Institute on Aging; Baltimore, MD 21224.
Age-related declines in striatal markers for the dopamine system have been
demonstrated in several species, including the rhesus monkey. We have previously
shown age-related declines in the volume of the caudate nucleus and putamen in
colony-reared monkeys by volumetric magnetic resonance imaging. To extend this
research, we now have included monkeys placed on calorically restricted diets. We
are interested in the effects of the caloric restriction intervention on different
striatal markers for the dopamine system. Caloric restriction has been shown to
slow the aging process, delay onset of age-related diseases, and extend median and
maximal life span in some mammalian species. Four male monkeys (152 to 177
months old and weighting between 9.1 and 11.7 kg) were imaged using a 3-D
SPGR protocol (TR = 13.2, TE = 6.0, flip angle = 30°, NEX = 2) on a 1.5 Tesla
scanner to acquire 124 transaxial slices of 1-mm thickness through the brain. The
MRI scans were resized to achieve isotropic voxels and then were resliced parallel
to the AC-PC line. The caudate nucleus and putamen were segmented, by manual
tracing using landmarks made in the orthogonal planes, for volume measurements.
Whole brain volume (defined as volume of gray and white matter plus CSF in
ventricles and sulci) was measured using a semi-automated algorithm. The mean
volumes (in cm3) for the four caloric restricted monkeys were: right caudate
nucleus (0.467 ± 0.038), left caudate nucleus (0.452 ± 0.039), right putamen (0.587
± 0.057), left putamen (0.588 ± 0.054), and whole brain volume (105.1 ± 10.79).
According to our statistical power analysis, imaging a minimum of nine monkeys
undergoing caloric restriction should enable us to directly compare them with an ad
libitum fed control group on striatal volume measurements and age-related
regression slope constants. Supported by the NIH Intramural Research Program.

AGE-RELATED CHANGES IN THE MOUSE CEREBELLUM. IL
Miyamoto1, S, Orpin2, R, Huang1, and C, Huang2*. 1 Dept. Basic Med.
Sci., Univ. of Missouri-Kansas City Med. Sch.; 2Sch. Biol. Sci., Univ.
Missouri-Kansas City, Kansas City, MO 64110.
Falls in the elders cost tens of billions of dollars every year in the US,
and one third of elders hospitalized for falls die within a year. Studies
suggest that the cause of these falls is faulty movement coordination.
We hypothesize that age-related changes in the cerebellum, a major
brain structure for the coordination of locomotion, is responsible. In
the cerebellum, synapses between granule cells and Purkinje cells are
strategic elements but are vulnerable to mitochondrial oxidative stress,
glutamate neurotoxicity, and nitric oxide — all are risk factors of agerelated neurodegeneration. We have therefore examined the synaptic
varicosities of parallel fibers in Golgi sections of the mouse cerebellum
with light microscopy. Mouse lose 85% of cerebellar synaptic varicosities between 2.5 and 34 months. These losses involve a shortening
of parallel fibers, which limits Purkinje cells to smaller somatotopic
representations from which they can receive input, and a decrease in the
density of parallel fiber synaptic varicosities, which further reduces the
potency of parallel fiber activities. With these changes, an aging
cerebellum will be less able to coordinate movements, potentially
causing falls and movement-related accidents. (AGI5682, UMKC frg)
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The P8 strain of senescence accelerated mice (SAMP8) has a median
lifespan of about 17 months and exhibits learning and memory deficits as
early as 2-4 months of age relative to control strains. The cause(s) of the
accelerated cognitive deficits in SAMP8 is unknown, although some evidence
suggests that the basal forebrain may be involved (Flood & Morley, 1998).
The septohippocampal projection neurons within the medial septum/vertical
limb (MS/VDB) may be important for cognition. Nonspecific MS/VDB
lesions produce deficits in spatial learning and memory. Also, cell loss in
MS/VDB with age is correlated with similar behavioral deficits. The
MS/VDB neurons containing parvalbumin (PV) and acetylcholine project to
the hippocampus and may be involved in learning and memory. In this study,
both PV-containing GABAergic and cholinergic neurons in the MS/VDB
were measured in young (2 mo) and aged (10-12 mo) SAMP8. Using
stereology, preliminary evidence shows that the numbers of cells
immunoreactive for choline acetyltransferase (cholinergic) and PV
(GABAergic) were fewer in the aged than in the young mice. These results
support the possibility that die age-related learning and memory deficits in
SAMP8 are due to a decrease in the number of cholinergic and GABAergic
neurons projecting from the MS/VDB to the hippocampus. Supported by
NS35389 and AG 16093.
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AGE-RELATED INCREASE OF VENTRICULAR VOLUME IN THE
NONHUMAN PRIMATE BRAIN. S.G. Kohama*. Division of Neuroscience,
Oregon Regional Primate Research Center, 505 N.W. 185th Avenue,
Beaverton, Oregon 97006.
The decline of cognitive ability in the aged nonhuman primate has been
correlated with the loss of white matter, by analysis of Magnetic Resonance
Imaging (MRI) scans (Peters et al., J Neuropath Exp Neurol, 1996). This
same report noted that the effect of age was not accompanied by either loss
of gray matter or neurons. It might be expected that tissue loss would result
in the increase of ventricular volume in the brain. Therefore, the aimrof the
current study was to measure ventricular volume in a cross-section (7-32
years) of male and female rhesus macaques (Macaca mulatta). MRI scans of
the monkeys (n=i2) were taken with a GE Signa scanner (1.5T) using a dualecho sequence (TE=3000, TR=80/13, 256 x 256, 1 NEX, 2.5 mm
thickness). Images were analyzed (NIH Image) for both total lateral ventricle
and forebrain brain volume, extending from the rostral frontal lobes to the
temporal horns. Overall, the total lateral ventricle volume in a subgroup of
the oldest animals was larger than younger subjects, but as a group also
showed the greatest variation. Consequently, the linear regression of
ventricular volume as a function of age was not significant. The total
forebrain volume also did not significantly vary as a function of age.
However, when the total lateral ventricle volume was normalized by the total
forebrain volume for each individual animal, there was a significant increase
as function of age (y=0.0003x+.008, p=0.03). Therefore, ventricular dilation
occurs with age in the rhesus macaque and is consistent with prior studies
reporting white matter loss. Because this condition has been correlated with
the decline of cognitive ability in the rhesus macaque that occurs with age it
may be part of the mechanism participating in cognitive senescence.
Grant Support: RR-00163

DRAMATIC SYNAPSE ELIMINATION IN AGED MOUSE
SUBMANDIBULAR GANGLIA. J.S. Coggan*, J. Grutzendler, W.-B.
Gan and J.W. Lichtman. Departments of Anatomy and Neurobiology and
Neurology, Washington University, St. Louis, MO, 63110.
The parasympathetic submandibular ganglion (s.m.g.) of mice was used
to study age-related changes in synaptic physiology and morphology at the
single cell level.
Between 2 and 33 months of age, sharp electrode recordings revealed
little evidence of age-related changes in excitatory postsynaptic potential
(e.p.s.p.) amplitudes or action potentials (a.p.). At advanced ages (34-37 mos.)
however, there was a precipitous decline in e.p.s.p. amplitudes, resulting in
subthreshold synaptic responses in 18% of cells. Uncorrelated to the epsp
decline, was an increase in the duration of a.p. afterhyperpolarizations in 68% of
cells.
Ganglia over the same age range were stained immunohistochemically
with antibody against SV2 (synaptic vesicle protein) and the number of synaptic
boutons counted. Consistent with the electrophysiological results, we observed a
reduction in the number of synaptic boutons in about 20% of neurons in mice
older than 33 months. In some cases the loss of boutons was severe ( > 90%). In
addition there is greater variability in the size of neurons as compared with
younger mice. Approximately 20 % of the neurons appeared atrophic.
In conclusion, in this parasympathetic ganglion, the total number of
synapses contacting individual ganglion cells remains stable until late in life
when dramatic abnormalities become evident. Because of its relative simplicity
and accessibility, the s.m.g. is an excellent model for studying the aging nervous
system.
Supported by: NIH (JWL, WBG), Alzheimer’s Disease Research Council (JG),
McDonnell Center for Cellular and Molecular Neurobiology (JSC).

AGING: INFLAMMATION AND CELL DEATH
20.1

20.2

EFFECT OF GENERAL ANESTHESIA ON BRAIN PROGRAMMED
CELL DEATH IN AGED RATS. P.J. Cullev, RY. Yukhananov and G J.
Crosby*. Department of Anesthesiology, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA 02115.
Long term deterioration of cognitive performance occurs in some elderly
patients following anesthesia and surgery. The causes of this impairment are
obscure and the role of general anesthesia itself is unknown. One possibility
is that general anesthesia promotes programmed cell death (apoptosis), a
normal feature of aging and a prominent characteristic of some disease states
marked by cognitive impairment. To test this hypothesis, we subjected 18
month old Fisher 344 rats to 2 hrs of general anesthesia with 1.2% (N = 6) or
2% (N= 4) halothane in 100% oxygen. Control rats (N= 5) received 100%
oxygen in an identical anesthetizing chamber. Rats were sacrificed 48 h later
and the brain removed and processed for tissue sectioning and TUNNEL
staining with digoxigenin labeled nucleotides. Labeled DNA fragments were
detected using antidigoxigenin antibody conjugated with peroxidase and
visualized using diaminobenzidine (DAB). TUNNEL positive cells were
counted in cortex, hippocampus, and subcortical areas by an observer
blinded to the treatment group. As anticipated, TUNNEL positive cells were
observed in the cortex, hippocampus, and subcortical structures in the control
rats. However, neither dose of halothane produced a statistically significant
change in the number of positive cells in any of the brain regions evaluated.
Therefore, we conclude that the incidence of apoptosis is not altered in the
brain of aged rats 48 hrs after exposure to halothane anesthesia. (Supported
by NIH GM 42466).

MARKERS OF CELL DEATH IN THE BRAIN DURING
DEVELOPMENT AND AGING D. Albeck?12 S Juthberg'2 and
G. Hoernig1.
'Dept. of Basic Science and Oral Research and
^Neuroscience Training Program, University of Colorado Health
Sciences Center, Denver CO 80262.
Programmed cell death occurs in specific brain regions during
senescence, leading to functional impariment on a number of
behaviors, such as motor coordination and cognition. However, no
comprehensive comparison between different methods of detection
of programmed cell death has been performed. We have studied
brains from newborn, 1, 2, 3, and 4, week old as well as, 6, 16, 18,
21, and 24 month old animals. TUNEL and Fluorojade labeling
were performed and examined in 17 Fischer 344 rats. Following this
examination, the slides were stained with Sudan Black to block the
non-specific fluorescence emitted by lipofuscin deposits.
Initial
results indicate that the level of TTJNEL labeling in the basal
forebrain, striatum and cerebellum is very low in the newborn, 1,2,
and 4 week and 6 month old animals. The 3 week old rats showed
some TUNEL staining in the basal forebrain and the 16, 18, 21 and
24 month olds exhibited a higher level of staining than the other
ages. Initial studies using fluorojade staining indicated in the
striatum and cerebellum that cell death was higher in the 21 month
old rat compared to the 6 month old animals. These staining
patterns may reflect some of the neurophysiological basis for the
behavioral decline seen in senescence.
Supported by USPHS grant AG15576-0] (DA).

20.3

20.4

GLIAL CELLULAR SIGNALS AFTER FRONTAL SENSORIMOTOR CORTEX
LESIONS IN AGING RATS. I, Dalmau, B. Gonzdlez* and B. Castellano, Unit of
Histology, Faculty of Medicine, Autonomous University of Barcelona, Spain.
Mechanisms triggering glial activation in the aged brain are not well understood and
it is still not well established if the intrinsic glial reactivity described by some authors
is the result or may be the cause of a general progressive process of degeneration
taking place. Anyway, in this conditions, it should be expected that intrinsic activated
glial cells may be either more predisposed to react in front of a lesion as they are
already prepared to act, or more permissive as consequence of its chronic exposition to
a changing abnormal environment. In the present study we analyzed the glial reactivity
induced by an aspiration experimental lesion in the sensorimotor cortex of aged Wistar
rats (24-months-old) in order to compare it with those induced in adult rats (3-months
old). After a survival time of 5 days, both aging and adult brains were histologically
processed for immunodetection of different markers, including reactive astroglial and
microglial stains, transcription factors activation and several cytokine and HSPs
expression.
The preliminary results showed that the aged brain displays a significant constitutive
expression of MHC I and II, GFAP, and some HSPs (27 and 32) mainly in white
matter. Activation of both STAT-3 and NFkB transcription factors was occasionally
seen in some glial cells in white matter. No expression of cytokines was found in
association widi glial cells.
In the cortex of lesioned aged rats, GFAP reactive astrocytes surrounding the lesion
showed high levels of HSP-27. In contrast, microglia/macrophages expressed HSP-32.
Activation of transcription factors (NFkB and STAT-3), as well as an important
upregulation of IL-IB, IL-6 and TNFa expression was seen in relation to glial cells.
When compared with adult lesioned rats, some differences were found: STAT-3 and
NFkB activation was more prominent in adult lesioned rats that in aged lesioned rats,
whereas IL-IB, IL-6 and TNFa expressions were higher in aged lesioned rats than in
adults.
These results indicated that the capacity of glial response in the aging brain strongly
differs from that found in the adult brain.
This work was supported by Fundacid Maratd TV3 (1006/97).

PHASE II ENZYME ACTIVITY AND INDUCTION IN ASTROCYTES
AND OLIGODENDROCYTES. A. Jordan* and B.H.J. Juurlink, Dept. of
Anat. & Cell Biol, and The Cameco MS/Neuroscience Research Centre,
University of Saskatchewan, Saskatoon, SK, S7N 5E5, Canada.
Oligodendrocytes and neurons are known to be highly susceptible to
oxidative stress. We have previously shown that oligodendroglia have
poor peroxide-scavenging ability in comparison to astrocytes. Phase II
enzymes, by scavenging strong electrophiles, play a major role in the
management of oxidative stress in cells. The expression of these
enzymes are coordinately regulated through the anti-oxidant response
element. We hypothesized that phase II enzyme activity would also be
much lower in oligodendroglia than in astrocytes. Quinone reductase
(QR) was used as a measure of overall phase II enzyme activity. Basal QR
activity in O2A-derived oligodendrocytes was found to be more than 10fold less than in rat Type-1 astrocytes. CG4-derived oligodendrocytes
and astrocytes were found to have basal levels of quinone reductase
activity comparable to O2A-derived oligodendrocytes. There was little
induction of additonal QR activity in O2A-derived oligodendrocytes nor
in type-1 astrocytes. In contrast, QR activity could be increased more
than 1 O-fold in CG4-derived oligodendrocytes and astrocytes. These
cultures offer an ideal system to delineate the molecular bases for
differences in induciblity of phase II enzymes in the different neural cell
types. Upregulation of phase II enzymes within oligodendrocytes and
neurons offers a potential therapeutic approach to protect neural cells
from oxidative stress. Supported by the Medical Research Council of
Canada.
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AGE-RELATED CHANGES IN THE IMMUNE RESPONSE WITHIN THE CNS
AFTER PERIPHERAL AXOTOMY M Kozovska1. M.E.Alexianu*1, Y.Otsuka1, LL.
Zhou , A.H.Mohamed , L.I.Szweda , and S.H. Appel . Dept of Neurology, Baylor
College of Medicine, Houston, TX. Dept Physiology and Biophysics, Case
Western Reserve University, Cleveland, OH
The immune system is clearly involved in peripheral axotomy-induced lesions
of the CNS, although it is not yet clear what signals the response and what
regulates the balance between a toxic/inflammatory and a protective/inflammatory
immune reaction. This experimental paradigm can be useful in studying the
relationship between trauma and neurodegeneration since trauma and aging are
considered risk factors for neurodegenerative diseases such as Alzheimer’s
disease, Parkinson’s disease and ALS. The aim of this study was to investigate the
immune response after peripheral nerve axotomy and the potential differences
between young and old animals, using immunohistochemical techniques.
Following peripheral axotomy of the hypoglossal nerve in old Balb-c mice (18
months of age), as well as in young mice (4 months of age) we confirmed the
sequence of increased activated microglia and ICAM, followed by increased Tlymphocytes. However, in old mice hypoglossal axotomy induced a significantly
higher invasion of T-lymphocytes in the region surrounding the cell bodies of
axotomized neurons than in young mice. Similarly, 6 days post-axotomy,
microglial and astrocytic reactions as well as reactivity for adhesion molecules
were stronger in old mice than in young mice (units of optic density per (?).
Despite extensive data on the cascade of events defining the axotomy-induced
immune reaction, the earliest changes associated with the immune/inflammatory
response remain undefined. Studies demonstrating the enhanced facial
motoneuron cell death following axotomy of SOD1 knockout mice prompted an
examination of early changes in products of free radical stress. With
immunohistochemical techniques hydroxynonenal (HNE)-modified proteins were
found to be increased in cell bodies of axotomized neurons as well as in the
neuropil, and the staining intensity was greater in old than in young mice. The
intensity of HN E-reactivity was maximal at 2 days post-axotomy, (as reported in
post-traumatic lesions of the spinal cord) and then attenuated. The significance
of this finding is presently unknown, and functional studies are required to
demonstrate that such products of lipid peroxidation could participate in the early
activation of immune/inflammatory responses in the CNS.
SuDborted bv qrants from NIA. MDA, and Cephalon, Inc.

ATP-ASE ACTIVITIES DURING AGEING OF DIFFERENT TYPES OF
SYNAPTIC PLASMA MEMBRANES FROM RAT CEREBRAL CORTEX. R.F,
Villa*, A. D'Angelo and A. Gorini. Department of PhysiologicalPharmacological Cellular-Molecular Sciences - Division of Pharmacology and
Pharmacological Biotechnologies, University of Pavia, Italy.
The maximum rates of some ATP-ases enzyme activities related to ions
homeostasis were evaluated in different types of synaptic plasma membranes
from cerebral cortex of rats aged 5, 10, 22 months. The following enzymes
were evaluated: Na+, K+-ATP-ase, Ca++, Mg++-ATP-ase, Mg++-ATP-ase.
The ATP-ases located on synaptosomes, synaptic plasma membranes and
synaptic vesicles are involved in the regulation of pre-synaptic nerve endings
homeostasis and to post-synaptic activities.
Results of 5 months-old rats indicate that catalytic properties of these
enzyme systems in normal, steady-state cerebral tissue markedly differ
according to their synaptic localization, i.e. on different types of synaptic
plasma membranes and thus the metabolic role of each ATP-ase is
determined by subcellular in vivo localization.
Results about ageing indicate that ATP-ase's enzyme catalytic activity
tend to decrease, but in a complex fashion, depending on the age chosen as
the "adult" reference age and on different type of synaptic plasma membranes.
If the results are expressed in S.I. Units, the profiles of enzyme activities were
completely different and this is due to the protein concentration and content.
These data indicate the hypothesis that ATP-ase’s modifications
undergone by the adaptation to ageing are working to cause important
physiophatological responses of the nerve endings and that these
modifications of enzyme activities reflect the bioenergetic state of the cerebral
tissue respect to the energy demand at each single age. However, the
cerebral concentration and content of synaptic plasma membrane proteins
was increased by ageing and the results may be influenced by this observation
in that many defective non-catalytic proteins may be formed during ageing.
Research Grant by Research National Council

20.7

20.8

GELATINASE BIOACTIVITY AND "LAMININ-1” IMMUNOREACTIVITY IN BRAINS OF YOUNG AND OLD RATS AFTER KAINIC
ACID-INDUCED LESION P.E. Gottschall1*, J.W. Zhang1, S. Deb1, and S.
Saporta2 ’Dept. of Pharmacology and Therapeutics, 2Dept. of Anatomy,
University of South Florida, Tampa, FL 33612-4799.
Exaggerated inflammatory responses in the central nervous system (CNS)
of aged organisms occur in response to various stimuli. Increased expression
of matrix metalloproteinases (MMPs) is an effector function common to
inflammatory states within and outside the CNS. Evidence suggests that
during a kainate acid-induced lesion, the loss "laminin-1" immunoreactivity in
neurons occurs prior to their death and may be related to an induction of
matrix-degrading enzymes. Examination of hippocampal pyramidal neuron
loss and seizure behavior revealed comparable effects in old and young rats
when young animals received a 5-fold greater systemic dose of kainate (15
mg/kg) compared to old rats. MMP-2 and MMP-9 were differentially
induced in kainate sensitive brain regions in both young and old rats, ie.
increased MMP-9 at 12 h and a delayed elevation of MMP-2 activity at 72 h
that was sustained for as long as 16 days in young animals. With the
exception of markedly increased MMP-9 levels in the amygdala/entorhinal
cortex (A/EC) of old rats compared to young ones, there were no age-related
differences in the magnitude of MMP levels.
Neuronal laminin-1
immunoreactivity, which was lost following neuronal death in hippocampus
and amygdala 3 days after kainate, was markedly overexpressed in the
temporal lobe of young rats 16 days after kainate. These results suggest that
MMP-9 production in the A/EC, but not other regions, of old rats may be
exaggerated compared to young rats, (supported by NIH AG 12160)

THE BRAIN RENIN-ANGIOTENSIN SYSTEM IN AGEING RATS. C.
Semia*C. Allen, T. Mak, K, Franke & Carolyn Bursle. Dept. Physiology
& Pharmacology, Univ. of QLD, Brisbane, QLD 4072, Australia.
The activity of the blood renin-angiotensin system (RAS) decreases
with age. Various tissues, including the brain, have a local RAS
capable of functioning independently of the blood RAS. This study
investigated the changes in the ageing rat brain key components of the
RAS. Reverse-Transcriptase Polymerase Chain Reaction was used to
measure the abundance of mRNA for angiotensinogen (Ao), the
angiotensin AT1a receptor, renin and angiotensin-converting enzyme
(ACE) in the hypothalamus-thalamus-septum (HTS), cerebellum (CER)
and midbrain (MID) of 3, 12, 18 and >24 month (mo) male Wistar rats.
Data were analysed for statistical significance at the p<0.05 level by
the Neuman-Keuls multiple comparison test. Changes were not
observed between 3 mo and 12mo of age. At later ages decreases
were measured in Ao and ACE mRNA in HTS (by 29+2% for Ao
;34±3% for ACE) and MID (by 66+2% for Ao; 65+4% for ACE) regions.
AT1a and renin mRNA increased with age in the HTS (by 56+6% and
160+10% respectively) while they decreased in the MID (by 25+2%
and 60+5% respectively. Changes were not observed in the CER,
except for a 155+10% increase in renin mRNA at >24mo. These data
indicate region-specific effects of ageing on the brain RAS. [Supported
by a grant to C.S. from NHMRC, Australia],
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FMRI STUDY OF NORMAL ELDERS ON A SERIAL WORD RECOGNITION
TASK. K, Anderson1*. M. Perera4. N. Zubin3. A, PiMauro3. A, Park3. R.
DeLapaz4. Y. Stem3. ’Dept. of Psychiatry, Columbia Univ. ; 2New York State
Psychiatric Institute; 3Dept of Neurology, Columbia University; 4Dept. of
Radiology, Columbia University. Columbia University, NY NY 10032.
Recognition memoiy declines with normal aging. Despite this decline, many elders
are able to perform well on recognition memory tasks. We used a functional Magnetic
Resonance Imaging paradigm (fMRI) to examine which brain regions are activated
by normal elderly subjects during performance of a verbal serial recognition task.
Four healthy, cognitively intact elders (mean age 76) participated. Subjects
underwent fMRI scanning while performing the task at Low Demand, where Study
List Size (SLS) =1 word, and at Titrated Demand (SLS adjusted to 75% recognition
accuracy). Brain activation patterns were analyzed using Statistical Parametric
Mapping (SPM).
SLS averaged 20 words during the Titrated Demand. Relative to Low, Titrated
Demand was associated with increased activation of the Left Medial Frontal (clusterlevel p<0.002), Right Superior Temporal (p<0.007), and Right Superior Parietal
cortices (p<0.001). Low compared with Titrated Demand showed no significant
differences in activation.
Increased activation of bilateral cortical areas by elders during the more challenging
Titrated Demand compared with Low Demand may indicate recruitment of additional
brain regions, enabling subjects to maintain performance despite increasing difficulty.
Alternatively, the bilateral activation on this word recognition task may reflect
compensatory use of right hemisphere networks. Other imaging studies have
interpreted right-sided activation during verbal memoiy tasks as use of iconographic
characteristics to enhance performance (Squire et al, 1992). Frontal cortex activation
may help mediate organizational aspects of the task. (This work supported by NIA
AG14671)

AGE-RELATED DIFFERENCES IN NEURAL SUBSTRATE OF PICTURE
ENCODING. A FMRI STUDY IN YOUNG AND OLDER ADULTS.
T, Iidaka1* N, Sadato4. T. Murata2. M, Omori2. H, Yamada3 and Y,
Yonekura . ’Biomedical Imaging Research Center, 2Dept. of Neuropsychiatry,
and 3Dept. of Radiology, Fukui Medical University; Fukui, 910-1193, Japan;
^National Institute for Physiological Sciences; Okazaki, Japan.
Neuroimaging studies have demonstrated that prefrontal cortex (PFC)
plays a role for memory encoding, and that a decline in memory performance
with aging is attributable to impairment during encoding in older adults. To
test these hypotheses we used functional magnetic resonance imaging (fMRI)
during encoding of concrete or abstract pictures. Six young (mean age: 24
years) and six older (67 years) healthy adults participated in the study after
giving informed consent. T2*-weighted functional images (1.5T, TR=6000
msec, TE=40 msec) were obtained while subjects were encoding pairs of
pictures in three different conditions (related pairs of concrete pictures: CR,
unrelated pairs of concrete pictures: CU, pairs of abstract pictures: AB). The
imaging data was analyzed using SPM96.
The results demonstrated that in young adults bilateral PFC was involved
in AB and left PFC was involved in CU, although no PFC activation was
found in CR. Bilateral superior parietal lobule (SPL) activation was also
observed in AB. By contrast, in older adults left PFC activation was
associated both with AB and with CU, however there was no evidence for
right PFC involvement in encoding. Furthermore, older adults failed to
activate bilateral SPL in AB. These results indicate that older adults’ verbal
encoding for concrete pictures, which is likely mediated in left PFC, is more
effectively preserved as compared to non-verbal encoding for abstract
pictures, which is presumably mediated in right PFC and SPL.
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The Role of Working Memory and Frontal-Subcortical Circuits in Executive
Functions. Head. D.1*. Raz. N.1. Gunning-Dixon. F.1. Williamson. A.L.1.. Erwin.
D.1. King. K.1. and Acker. J, D,2 'Dept. of Psychology, University of Memphis,
Memphis, TN 38152-6400; 2Baptist Memorial Hospital, Memphis, TN 38119.
Executive functions are postulated to be dependent upon the integrity of frontalsubcortical systems. Furthermore, advancing age is associated with declines in
some tasks of executive functions and their substrates. In this study we examined
age differences in two tasks of executive functions and the moderating roles of
cognitive resources and cerebral structures. Healthy adults (N=72, age 22-80)
performed the Wisconsin Card Sorting Test (WCST) and two blocks (four trials
each) of the Tower of Hanoi (ToH). MRI-based measurements of the neostriatum,
the prefrontal cortex, and the hippocampus were obtained. Both tasks evidenced
age-related decrements in performance. An age-related increase in perseverative
errors was observed on the WCST. On the ToH, age differences were evident in the
time to complete the puzzle, but not in the rate of improvement across blocks. In
addition, there were no age differences in the number of moves to complete the
puzzle. Path analysis assessing the influence of regional brain volumes and working
memory revealed that age-related shrinkage of the volume of the prefrontal cortex
and of the putamen mediated by declines in nonverbal working memory
performance predicted increases in perseveration. There was not a significant
association between perseverative behavior and verbal working memory, the
volume of the caudate nucleus, nor the volume of the hippocampus. For the ToH
there was only a direct effect of age on the mean time to complete the puzzle
without an intervening influence of cerebral structures or cognitive resources.
These results suggest that age-related declines in executive functions may be
mediated by decreases in the functional integrity of selected neostriatal and
prefrontal structures. Age differences on executive tasks that have significant speed
component may depend upon different mechanisms. Supported in pan by ni a grant ag -i 1230

NEUROPSYCHOLOGICAL EVIDENCE FOR WHY THE ABILITY TO
DECIDE ADVANTAGEOUSLY WEAKENS WITH ADVANCING AGE
N.L. Denbure?A. Bechara, D. Tranel, A.R. Hindes, and A.R. Damasio.
Division of Cognitive Neuroscience, Department of Neurology, University
of Iowa College of Medicine, Iowa City, Iowa 52242.
Humans with damage to the ventromedial prefrontal cortex (VM)
demonstrate impairments in real-life and laboratory-based tasks of
decision-making. There are some intriguing similarities, however,
between VM damaged patients and healthy older adults: aging, in the
absence of known neuropathology, may be accompanied by changes in
frontal lobe structure and function. In this study, a sample of
community-dwelling adults, aged 26 to 85, was given a computerized
gambling task sensitive to the detection of decision-making impairments
and frontal lobe dysfunction. In this task, participants choose cards from
four different decks, two of which yield high immediate reward relative to
the other two decks. However, in each deck, the participant encounters
unpredictable punishment (i.e., money loss). The punishment is set to be
high in the high-paying decks, so that the decks are disadvantageous in
the long run, and low in the low-paying decks (i.e., advantageous decks).
Results revealed that while younger participants performed
advantageously on this task, becoming “risk-aversive” as the game
progressed, older participants failed to demonstrate a “learning curve,”
and continued to select from the disadvantageous decks in a manner
reminiscent of patients with VM lesions. The results lend support to the
theory of differential aging of the frontal lobes. We suggest that the
underlying cause of the decision-making impairment in older adults is a
defective somatic signaling mechanism (Damasio, 1994). Such findings
may explain, for instance, why older adults show greater vulnerability to
advertising fraud than their younger counterparts.
Supported by NINDS PO1 NS 19632.

21.5

21.6

INFLUENCE OF AGING ON PERCEPTION OF TIME. P.O. Beversdorf.1* K.
M, Heilman.2 'Dept. of Neurology, Ohio State U. Med. Ctr., 1654 Upham
Drive. Columbus, OH 43210; 2Dept. of Neurology, Univ. of Florida,
Gainesville, FL.
The adult human brain undergoes many changes throughout the
process of normal aging. These changes include decreases in cell
density in many brain regions, as well as decreases in activity of
neurotransmitter systems including norepinephrine and dopamine, and
acetylcholine. We wanted to learn if changes resulting from aging
influence estimation of time. To test this, eight younger adults
(20.9±2.7) and eight older adults (61.3±9.0) were each given a series of
24 trail-tracing tasks generated by a computer and varying in direction,
complexity, and in which hemifield they were presented. The order of
presentation of the trials was randomized. At the end of each trial,
subjects were asked to estimate how much time to took to complete the
trace the trail. Actual tracing time was also measured. Relative time
estimation was expressed as the ratio of estimated to actual time taken.
Younger adults were found to have a significantly higher ratio than older
adults. There was no influence of trail tracing direction, complexity, or
hemifield on time estimation ratio, nor did direction, complexity, or
hemifield have a significant interaction with age. These results suggest
that in situations requiring a high degree of sustained attention, such as
the trail-tracing task, time is perceived as longer in younger adults as
compared to older adults. This may reflect the influence of the structural
changes in the brain resulting from normal aging on the attentional
system.
Support: The department of Veterans Affairs: Neglect in Man

AGE DIFFERENCES IN THE FACTOR STRUCTURE OF EEG T, W. Pierce. T. D,
Watson. J. S, King, and K H. Pribram*. Department of Psychology and the Center
for Brain Research and Informational Sciences, Radford University, Radford, VA
24142.
The purpose of this study was to examine the factor structure of EEG in healthy
younger and healthy older adults. Artifact-free five second segments of running EEG
were obtained from 15 healthy younger adults (M - 21.78 years) and 18 healthy older
adults (M = 71.56 years) during each of five task conditions — two baseline
conditions (eyes open and eyes closed) and at the beginning, middle, and end of a 13
minute continuous performance task. EEG was obtained using a 128 electrode
system from Electrical Geodesics, Inc. at a sampling rate of 500 Hz. A factor
analysis was conducted on each five second segment of data using a varimax rotation.
The number of factors with Eigenvalues greater than 1.0 was used as the dependent
variable in an ANOVA using Age Group and Task Condition as independent
variables. A significant main effect was observed for Age Group (F( 1,31) = 13.55, g
< .001), with older adults displaying significantly more factors than younger adults in
every task condition. A significant main effect for Task Condition was also observed
(F(4,124) = 3.11, g < .05) in which significantly fewer factors were observed in the
baseline - eyes closed condition than in any other condition. The Age Group by Task
Condition interaction did not reach significance at the .05 level. The results are
interpreted to reflect a greater number of independent sources of EEG activity in the
brains of older adults.

21.7

21.8

INDEPENDENCE OF DELAYED NONMATCHING-TO-SAMPLE (DNMS)
PERFORMANCE AND BEHAVIORAL REACTIVITY IN RHESUS MONKEYS
OF ADVANCED AGE. M, Neuringer, S. Kohama. J, Gold, N, Landauer,
D, Whitelaw. Division of Neuroscience, Oregon Regional Primate
Research Center, Oregon Health Sciences Univ., Beaverton OR 97006.
Studies of aging nonhuman primates have focussed primarily on
impairments in memory and other cognitive domains, but generally have
not included evaluation of affective changes. Such changes are
important in their own right and also could influence performance on
cognitive tasks. The DNMS task, a standard measure of recognition
memory, requires responses to a variety of novel objects and thus
could be particularly sensitive to changes in behavioral responsivity.
As part of a multitask assessment battery, we evaluated
performance on the trial-unique DNMS task in 7 very old (27-31 yc
6^, 19) and 4 young (7-13 yr; all d) rhesus monkeys. In addition,
behavioral reactivity was scored in response to 12 objects and social
stimuli presented to the subjects (10 old and 7 young, including those
with DNMS testing) in their home cages (test adapted from Zola-Morgan
etal., Hippocampus 1:207-220,1991).
All old monkeys were severely impaired in DNMS acquisition at 10
sec delays. However, no differences were found in behavioral
reactivity to either social or nonsocial stimuli.
Altered responsiveness to the stimulus objects used in DNMS
testing, or more general changes in behavioral reactivity, do not
appear to contribute to the DNMS impairment found in aged monkeys.
Furthermore, DNMS performance and behavioral reactivity are
differentially affected by aging.

MOTOR MEMORY IN ELDERLY PEOPLE
L.Piron1,2*, E. Trivello1, P. Tonin2, E. Bricolo3 and M. Dam1.
’Dipartimento di Scienze Neurologiche e Psichiatriche University di Padova, Padova,
Italy, 2Ospedale S. Camillo, Lido di Venezia, Venezia Italy, 3SISSA, Trieste, Italy
Previous studies have shown that motor memories share similar characteristics of the
explicit memory system, although depend on different brain structures (Brashers-Krug et
al. 1996). Those experiments consisted in studying the retention, after 24 hours, of motor
abilities learned the day before. The experimental motor task was administered to a young
population who showed a very good motor performance the second day.
We decided to study the retention of motor abilities in an older sample of normal
subjects. We recruited 22 normal subjects ranging from 50 to 76 years old plus 10 young
people, from 18 to 36 years old, as the control group. Using a similar experimental
procedure to the one mentioned above, we tested the subjects’ adaptation to forces
perturbing the motion of their limbs and the motor retention after 24 hours.
Subjects were asked to execute point to point movements between the center of the
workspace and one of 8 possible targets arranged planarly in a semicircle. They were
asked to perform the movement as quickly as possible grasping a stylus bf a Robot,
which allowed recording of arm trajectories. Once subjects could perform the task at a
prefixed speed, a velocity proportional perturbation was applied through the Robot. With
time subjects learned to compensate for it. Once learning was accomplished, we removed
the perturbations to evaluate aftereffects. After 24 hours the test was repeated in order to
verify the retention of motor adaptation.
The control group data are in agreement with the ones derived from previous studies. Two
group of older subjects arose from our experiment: the first one consisted of 13 subjects
who adapted to forces, although they had a motor performance clearly lower in respect of
young people; the second group, 9 subjects, never learned to compensate forces. The data
collected after 24 hours showed a retention of motor adaptation in older subjects, who had
learned to compensate the force the day before. After 24 hours both young and old people
performed the motor task starting at the same level they individually reached the day
before.

to N R. and by Center of Excellence Grant to University of Memphis Department of Psychology from the State of TN
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LEVODOPA
AND
GBR-12909
IMPROVE
FINE
MOTOR
PERFORMANCE IN AGED RHESUS MONKEYS. R. Grondin1*. £

MECHANICAL AND NOXIOUS THERMAL STIMULI IN AGED RATS AND THE
EFFECTOEGMI GANGLIOSIDE.
V.M. Goettl1, Amy E. Lindsey5, N.H. Neff and M. Hadjiconslantinod'2 , The Ohio
State University College of Medicine and Public Health,1 Dept. of Pharmacology,2 Dept.
ofPsychiatry, 5Dept. ofCell Biol., Neurobiol. and Anat., Columbus, OH 43210, USA
Aging is associated with sensory abnormalities. Older people often have altered
thresholds to acute thermal and mechanical stimuli which may be detrimental to the
individual and involve neurological pathology. We investigated the effect of aging on the
responses to mechanical and noxious thermal stimuli in rats. Young, 3-5 month old, and
aged, 22-24 month old, male Sprague-Dawley rats were tested in the hot plate, high and
low intensity radiant heat tail flick and von Frey hair assays. Compared to young rats,
aged rats had higher latencies in the hot plate and the high intensity tail flick assays, but
there was no difference in the low intensity tail flick assay. In addition, aged rats had
lower thresholds to mechanical stimuli produced by von Frey hairs compared with young
rats. GM1 ganglioside improves neurochemical, morphological and cognitive parameters
in aged rats. GM1, 30 mg/kg ip, injected once daily for 30 days failed to improve the
altered responses in the tail flick and von Frey tests in the aged rats. GM 1 treatment did
result in reduced hot plate latencies in aged rats compared to before treatment. We
invested the possibility that changes in peptides may contribute to the altered response
but found dial GM 1 does not restore decreased content of substance P in aged dorsal root
ganglia or dorsal hom tissue, nor met-enkephalin or dynorphin A in aged spinal cord
dorsal hom tissue. We hypothesize that the partial restoration of the hot plate response
might be due to improved cognitive and/or motor function. In addition, GM 1 did not
affect the responses of young rats in any of the assays. Although GM 1 appears to have
minimal effects on improving sensory impairments in aged rats, the fact that GM 1 does
not produce hyperalgesic responses could be considered as a therapeutic advantage as
opposed to neurotrophic factors such as NGF that cause hyperalgesia as a side effect.
Supportedby AG 10530, AG/OD 10530, NS34571, T32MH19936, T32NS07291.

Zhana1. G.A, Gerhardt2 and D.M. Gash1. 1 Anatomy and Neurobiology, Univ.
of Kentucky Med Ctr, Lexington, KY 40536; 2Psychiatry and Pharmacology,
Univ. of Colorado Health Sciences Ctr, Denver, CO 80262.
Background: Age-associated changes in motor functions in monkeys have
not been extensively studied. Our group has developed and used a monkey
Movement Analysis Panel (mMAP) to measure upper limb movement times
and hand movement times in retreiving food (Gash et al., 1999, J Neurosci’Meth,
in press). Our initial data indicate a significant age-associated decline in fine
motor functions of the hand in rhesus monkeys which may relate, in part, to
changes in the function of dopamine (DA) neurons (Gash et al.. 1998, Soc
Neurosci Abst 24:1001). Objective: To evaluate the efficacy of dopaminergic
interventional treatments in normal aging monkeys. Method: We tested
whether fine motor functions can be improved in a group of 6 aged rhesus
monkeys (22-24 years old) using the DA precursor L-3,4-dihydroxyphenylalanine (L-dopa) and the selective DA uptake inhibitor GBR-12909. A
group of 6 young adult rhesus monkeys (6-9 years old) was used for
comparison. The animals were administered three doses of L-dopa methyl
ester and carbidopa in a 10 to 1 ratio (30/3,100/10 and 300/30 mg per animal,
i.m., 4 days apart). At least two weeks later, they were administered three
doses of GBR-12909 (0.3,1.0 and 3.0 mg/kg, i.m., 4 days apart). Sterile saline
(vehicle) was used as baseline. Results: The present data showed that Ldopa and GBR-12909 improve fine motor performance of the hand in a dosedependent manner by up to 45% in the aged monkeys. At this point the
performance of the aged animals was comparable to that of young adults
administered saline. Conclusion: Dopaminergic therapy might be useful in
elderly humans experiencing declines in fine motor performance.
Supported by NIH grant PO1-AG13494 and AG06434.

21.11

21.12

SEROTONERGIC INPUT TO THE HYPOGLOSSAL NUCLEUS
DECREASES WITH AGE. M. Behan* I C.F. Thomas, B.J. White and M.S.
Brownfield.
Department of Comparative Biosciences and 1 Center for

DECAY RATES OF EXCITATION AT NOISE OFFSET AS A FUNCTION OF
AGE AND HEARING IMPAIRMENT IN MOUSE MODELS OE
PRESBYCUSIS. J.R. Ison, I. Bhullar, J. Castro, & W.E. O’Neill*', Depts. of
Brain & Cognitive Sciences and 'Neurobiology & Anatomy, University of
Rochester, Rochester NY 14627.
Age-related decrements in gap detection have been shown in many studies of
temporal acuity in aged human listeners and in animal models of age-related hearing
loss. Past work in several mouse models of presbycusis (Ison et al., JASA 1998)
suggests that changes in temporal acuity reflect changes in efficiency of auditory
mechanisms responsible for gap detection and not changes in time constants. Here
we examine the problem using a different approach. Miller (JASA 1948) and Plomp
(JASA 1964) measured the decay of sensation in humans by varying decay time, to
find a decay value that matched the sensory effect of an abrupt noise offset. We
applied this method to examine the inhibitory effect of various noise decay times on
an acoustic startle reflex in C57BL/6J mice (1, 3-4, and 7-10 mo. old) with early
onset hearing impairment, CBA/J mice, and C57 X CBA FI hybrid mice (1, 3-4,
9-10 and 26 mo. old). An initial study in young mice showed that varied decay time
(0, 5, and 10 ms) affected the time constant for inhibition but not its asymptotic
strength. In the main study noise offset preceded startle stimuli by 1,2, 3, 4, 5, or
10 ms; and offset decay time was either 0 ms or equal to offset lead time. As seen
previously, noise offset inhibited the startle reflex and the growth of inhibition was
higher with the rapid offset stimulus. This difference in inhibition between the 0 ms
and the varied offsets emerged only for decay times beyond 2 to 3 ms. This value,
which must equal the rate of decay of neural excitation at noise offset, did not vary
with age, showing that presbycusis in mice affects neural efficiency of the auditory
brainstem mechanisms that process noise offset but not their time constants.
Supported by USPHS/NIA Research Grant AG09524 and by RICHSR.

Neuroscience, University of Wisconsin, Madison, WI 53706.
We are attempting to determine the neuronal factors that influence upper
airway patency during sleep in the elderly. Pharyngeal diameter and
compliance is partly determined by the extrinsic tongue muscles, which are
innervated by hypoglossal motoneurons. Serotonin has a facilitatory effect on
hypoglossal motoneurons, and manipulations of the serotonergic system alter
airway patency. We hypothesized that age-associated changes in serotonergic
input to the hypoglossal nucleus might be a factor in the increased
susceptibility to sleep-disordered breathing.
We used light microscopic
immunocytochemistry to study the distribution of serotonin axons and boutons
throughout the hypoglossal nucleus in young and old male Harlan Sprague
Dawley rats. Rats >12 months had fewer serotonin immunoreactive axons and
boutons in the hypoglossal nucleus than rats <6 months. The distribution of
serotonin immunoreactivity varied throughout the rostrocaudal, mediolateral
and dorsoventral extent of the hypoglossal nucleus, and age-associated changes
were regionally specific. The largest decrease in labeled axons and boutons
was seen in regions of the hypoglossal nucleus that innervate muscles that
dilate the pharyngeal airway including the geniohyoid and the genioglossus.
To a lesser extent, there was also a decrease in serotonergic input to muscles
that help to stiffen the pharyngeal airway, the hyoglossus and styloglossus.
Taken together, these data suggest that normal aging may result in decreased
serotonergic facilitation of hypoglossal motoneurons that could result in
reduced airway patency. Supported by NIH AG 16085.

21.13

21.14

ENVIRONMENTAL CONTEXT DETERMINES HOW BEHAVIORAL
ACTIVITY OF CANINES IS AFFECTED BY AGE OR ADRAFINIL
C.T. Slwak*'. H.L. MutPhev2. F, Woehtte3. BA Muoaenburo2. and N.W.
Miloram . ’University of Toronto at Scarborough, Canada; Lovelace
Respiratory Research Institute, Albuquerque, NM 87185; ^dtoquinol
Decreased behavioral activity is a normal concomitant of aging in humans,
cats, rats, and mice. We have not consistently found, however, an agedependent decrease in open field activity of dogs. We now report that
behavioral activity in canines does show an age-dependent decrease in the
appropriate environmental context. We measured behavioral activity of
kennel reared beagle dogs in both their home cage and in an open field
arena. Home cage locomotor activity showed an age-dependent decrease
while the open field levels did not. Home cage locomotion showed a low and
insignificant correlation with open field locomotion. Urination occurred more
frequently in the open field and more frequently in aged dogs than in the
young. Periods of inactivity appeared more often in the home cage with a
greater percentage of aged dogs displaying this behavior than the young
dogs. More of the young dogs reared, jumped and interacted with their
kennel mates compared to the aged dogs. We also found that the response
of aged dogs to a behavioral stimulant, adrafinil, differed between the two
tests. Adrafinil produced activity increases in both environments but the
effect was much greater in the open field than in the home cage. These
results establish that environmental context must be considered in
evaluating the effects of any manipulation on behavioral activity. Thus
decreased activity in aged canines is only apparent in the home cage.
Furthermore, the effects of at least some pharmacological stimulants are
dependent upon the test situation. This research was supported in part by
V£toquinol Laboratoire Pharmaceutique V6t6rinaires Cedex France

DEVELOPMENT OF COGNITIVE DECLINE IN AGING
FISCHER/NORWAY RATS; A SPATIAL LEARNING DEFICIT PRECEDES
A SPATIAL MEMORY DEFICIT. J.L. Koch, K.N. Anderson and
F.Haun*. NeuroDetective Inc., Quakertown, PA 18951.
Learning and memory deficits in aged rodents are often used as
models of age-associated cognitive decline in humans, but the time
course over which the various deficits develop has only rarely been
examined. As part of a larger study of aged rodent behavior, we
tested 4-6mo, 22-24mo and 33-34mo old female Fischer/Norway
(F/N) rats in spatial delayed match and non-match (T-maze), place
learning and place memory tasks (watermaze). The 22-24mo
animals committed twice as many errors as the 4-6mo rats while
learning the delayed match (win-stay) T-maze task, while both
groups learned delayed non-match (win-shift) with few errors. All
groups of animals learned the standard place learning version of the
watermaze task equally rapidly. In the place memory version of this
task the 4-6mo and 22-24mo groups also showed comparably high
savings in latency to find the hidden platform (74% and 68% faster
respectively) on the second of two trials when the platform was in a
new location (18hr delay between trials). In contrast, 33-34mo
animals showed no time savings between the first and second trials,
indicating a profound memory deficit. These results suggest that as
female F/N rats age, a specific learning deficit develops before a
memory deficit. Supported by a contract from Zeneca
Pharmaceuticals.
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AGE-RELATED BEHAVIORAL AND NEUROCHEMICAL ALTERATIONS IN
THE B6D2F1 MOUSE M.C Pardon1*, N. Hanoun2. F. Perez-Diaz1. C. Joubert1, M.
Hamon2 and C. Cohen-Salmon1 'CNRS UMR 7593, Paris; 2INSERM U 288, Paris,
''2 IFR Neurosciences, Hopital Salpetriere, 91 Bvd de FHopital 75013 Paris France.
5-6, 11-12, 17-18 and 23-24 month- old female mice B6D2F1 were evaluated in
two behavioral tests: the open-field and a cognitive task of Decision Making
developed in the laboratory. Concentrations of serotonin (5-HT), dopamine (DA) and
their metabolites (5-HIAA, DOPAC and HVA) in the brain stem, the cortex, the
striatum and the hippocampus were measured by HPLC from the same animals. A
factorial analysis was conducted to study the multidimensional nature of the
behaviors evaluated. Five factors were identified (in the following order of
percentage of the variance explained): 1) general activity level in a new environment,
2) hesitation, 3) evaluation, 4) information processing and 5) emotional reactivity in
situations of choice. The alterations observed at the intermediate ages revealed an
increase in both hesitation and evaluation. The young and senescent animals differed
little in these two dimensions. Emotional reactivity fell between 11-12 and 17-18
months, while in the senescent animals there was a marked decline in motor activity
and a relative disinhibition in new environments. There was a fall in 5-HT levels in
the cortex and striatum at intermediate ages and a fall in brain stem and hippocampus
with senescence. At 23-24 months, the concentrations of 5-HIAA in the four
structures and of DA and DOPAC in the brain stem and striatum were reduced.
These observations showed that these five behavioral and biochemical dimensions
were affected by aging in a complex pattern.

BARREL CORTEX RESPONSE TO SENSORY DEPRIVATION IN
ADOLESCENT AND OLD MICE - A 2DG STUDY.
M. Kossut*1. A. Skibinska1 ,S. Glazewski2, Kevin Fox2. 'Dept.of Neurophysiology,
Nencki Institute, Warsaw. Poland2, Cardiff School of Biosciences, Cardiff
University, Cardiff, UK.
The ability of sensory’ cerebral cortex for plastic changes varies with the animals
age. Single unit studies of the barrel cortex after sensory deprivation accomplished
by removing selected whiskers revealed potentiation of spared vibrissa responses in
both adolescent and older animals and depression of the deprived input only in the
young ones (Glazewski et al. 1996). We examined if this effect could be visualized
with 2-deoxyglucose- mapping of functional activity. We used the pattern of
deprivation which caused most depression and compared young and old animals.
Swiss-Webster mice aged 28 days or 9 months had vibrissa D2 on one side of the
snout pulled out. The procedure was repeated every second day for 18 days. Then
the vibrissa was allowed to regrow for 10 days and its cortical representation was
mapped with 2DG. Comparison of autoradiograms of functional cortical maps
obtained after stimulation of deprived D2 vibrissae and control D2 vibrissae on the
opposite side of the snout revealed that in young mice the cortical area activated by
the deprived whisker was reduced in all layers. No changes in intensity of labeling
were noted. In old mice, the effects of deprivation were smaller. No changes were
observed at the level of cortical layer, and in layer II/III the effects of deprivation
were significantly smaller than in young animals. In layer V, the deprivation
induced decrease of functional representation of the deprived vibrissa was similar
in young and old animals. The metabolic mapping studies support the single unit
results and show that ability of the cortex to downregulate the inactive inputs
decreases with age.
Supported by HHMI grant 755195 - 5433591 to M.K.

DRUGS OF ABUSE: OPIOIDS—MOLECULAR AND CELLULAR MECHANISMS

22.1

22.2

ACTIVATION OF VENTRAL TEGMENTAL GABAb RECEPTORS
REDUCES MORPHINE-INDUCED MOTOR STIMULATION AND
STRIATAL FOS EXPRESSION IN C57BL/6 MICE. K. A. Leite-Morris*, G.
B. Kaplan, C. Y. Emanuel, E. Y. Fukudome. Department of Psychiatry & Human
Behavior, Veterans Affairs Medical Center & Brown University School of
Medicine, Providence, RI, 02908.
Morphine administration is hypothesized to decrease GABAB-mediated tonic
inhibition of mesolimbie dopaminergic (A10) neurons. This study investigates the
role of GABAB signaling in a model of morphine-induced locomotor stimulation
and Fos expression in the striatum of opiate-sensitive C57BL/6 mice. Bilateral
cannulae were implanted into the VTA via stereotactic surgery. Mice received a
microinjection of the GABAb receptor agonist, baclofen (1 nmol/side) or saline,
followed hy acute morphine (10 mg/kg, s.c.). Spontaneous locomotor activity was
quantified in an activity monitor and infrared beam crossings were recorded over 3
hours. Preliminary studies demonstrated an 11-fold increase in morphine-induced
motor activity over saline treated animals. Intra-VTA baclofen (vs. saline)
suppressed morphine-induced stimulation of ambulatory activity by 58%, 57%, and
65% through 60, 120, and 180 minutes of monitoring, respectively. Nissl stained
brain sections confirmed the localization of bilateral cannulae placement in the
VTA. Changes in the functional activity of A10 neurons have been linked with the
activation of the immediate early gene c-fos in the striatum. Striata were collected
after the 3rd hour of activity monitoring and solubilized for immunoreactivity ofthe
neuronal activity marker Fos using immunoblotting. Morphine-induced Fos (vs.
saline) expression in the striatum was increased four-fold and baclofen pretreatment
blocked this effect. Expansion of this work will examine the dose-dependence of
these effects. Activation of GABAb receptors by intracranial injection of baclofen
into the VTA is hypothesized to inhibit morphine-induced locomotion by reducing
A10 neuronal firing.

OPIATE WITHDRAWAL-INDUCED FOS IMMUNOREACTIVITY IN
THE RAT EXTENDED AMYGDALA PARALLELS THE
DEVELOPMENT OF CONDITIONED PLACE AVERSION 1C
Noelle Gracy*, Lois A. Dankiewicz, and George F, Koob Division of
Psychopharmacclogy, Department of Neuropharmacology, The Scripps
Research Institute, La Jolla, CA 92037
Low doses of naloxone have been shown to modulate the
motivational aspects of opiate withdrawal in rats. Conditioned place aversion
is one of the most sensitive of these indices and has been hypothesized to
be mediated by the extended amygdala (the shell of the nucleus
accumbens, the bed nucleus of the stria terminalis, and the central nucleus
of the amygdala). The long lasting nature of conditioned place aversion
suggests that some of these changes may be mediated by transcription
factors such as Fos, which has been shown to increase during opiate
withdrawal. In order to establish a link between the molecular and behavioral
changes induced by low-dose opiate withdrawal, immunocytochemical
localization of Fos was examined in the extended amygdala of animals
receiving one of six doses of naloxone (0, 3.25, 7.5,15, 30, 60 pg/kg). All
but the highest dose are known to produce minimal physical signs of
withdrawal. The same six doses were paired with a specific chamber in a
single-pairing conditioned place aversion paradigm. Both Fos induction and
place aversion were produced at naloxone doses > 7.5 pg/kg, indicating that
both neuronal and behavioral indices of withdrawal have similar sensitivities
to naloxone. At the 7.5 pg/kg dose, Fos was seen only in the central
nucleus of the anr ygdala, suggesting that cell bodies at this site are
particularly sensitive to low doses of opiate antagonists. Supported by

22.3

22.4

NUCLEUS ACCUMBENS C-FOS INDUCTION IS NECESSARY FOR
THE ACQUISITION OF MORPHINE CONDITIONED REWARD.
B.K. Tolliver. M.W. Sganga.. M.R. Bartels and F.R. Sharp*.
Department of Neurology, University of California, San Francisco and
Veterans Affairs Medical Center, San Francisco, CA 94121.
Using intracranial microinjection of antisense oligodeoxynucleotides
(ODN) to suppress c-fos gene expression in vivo, we investigated the
role of c-fos induction in the NAc by morphine in the development
and expression of morphine conditioned reward as determined by the
conditioned place preference (CPP) paradigm in the rat. Repeated
pairing of systemic morphine injections with one compartment of a
three-chambered shuttle apparatus elicited a significant CPP that was
fully prevented by bilateral infusion of c-fos antisense, but not sense or
missense, ODN into the NAc 1 hr prior to each morphine injection.
This result was not due to nonspecific behavioral effects or
neurotoxicity. In pseudoconditioned and morphine-naive control rats,
repeated c-fos antisense ODN had no rewarding or aversive effects of
its own, and did not affect test day exploration or general motor
behavior in any groups tested. No neurotoxicity was associated with any
of the partially (end-capped) phosphorothioated ODNs used in this
study. Intra-NAc c-fos antisense ODN had no effect on the expression
of morphine CPP if administered after the last morphine conditioning
session. Immunohistochemical analysis confirmed that c-fos antisense
ODN infusion selectively suppressed c-fos expression without effects on
other IEGs such as fosB. These results identify a necessary molecular
event in the acquisition of morphine conditioned reward and have
important implications for our understanding of drug craving and
addiction.

C-FOS EXPRESSION DURING ACUTE MORPHINE WITHDRAWAL
IN THE NEONATAL RAT. K.L. Jones*. S. Jenab, and C.E. Inturrisi.
Dept. of Pharmacology, Weill Medical College of Cornell University,
N.Y..N.Y. 10021.
We evaluated the ability of dextromethorphan to attenuate the
behaviors and c-fos expression associated with acute morphine
withdrawal in the 7-day old rat. Rat pups were given a single dose of
morphine (10 mg/kg s.c.) or saline and then two hours later the pups
were placed in an observation chamber. The pups were pretreated with a
dose of dextromethorphan (50 mg/kg s.c.) that does not affect motor
function or with saline. Fifteen minutes later acute morphine withdrawal
was precipitated with naltrexone (10 mg/kg i.p.) and behaviors were
recorded for a total of 15 minutes and then CNS tissues were collected,
RNA extracted and c-fos mRNA measured by solution hybridization.
Withdrawal behaviors, including head moves, moving paws, rolling,
walking, and vocalizations were significantly decreased in pups
pretreated with dextromethorphan. The naltrexone induced increase in cfos mRNA in the brain and spinal cord of pups given morphine was also
attenuated by dextromethorphan. These results demonstrate that this
NMDA receptor antagonist can attenuate both the behavioral and
molecular manifestations of acute morphine withdrawal in the neonatal
rat. Supported in part by NIDA Grants DAO 1457, DA00198 and NCI
Grant CA62948.
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ETHANOL INTERFERES WITH THE INDUCTION OF C-FOS IN THE
STRIATUM BY MORPHINE. Michael W, Saanqa*. Bruno B. Bontempi,
Bryan KJolliver. Matthew & Baflels^nd.Fr.ankK Sharp- Dept. of
Neurology, University of California and VA Medical Center, San
Francisco 94121.
We are currently using the induction of c-Fos in the striatum as a
measure of the activation of the mesolimbic dopamine system by
morphine. The induction of c-Fos protein in the rat striatum by morphine
is dependent on activation of NMDA receptors and also on dopamine
released by neurons projecting from the ventral tegmental area.
Morphine acts on Gi-coupled mu receptors of local GABA intemeurons to
down-regulate the release of inhibitory GABA onto dopaminergic cells.
Since ethanol can act either to potentiate the activity of GABA(A)
receptors or to inhibit activation of NMDA receptors, we investigated the
possibility that it could interfere with the induction of c-Fos by morphine.
Ethanol, 3 g/kg i.p was administered to adult rats 30 min before a 15
mg/kg dose of morphine sulfate. Morphine sulfate alone induced intense
oFos immunostaining in the dorsomedial striatum which was entirely
blocked by pretreatment with ethanol. Ethanol had a less dramatic effect
on striatal c-Fos induction by cocaine (30 mg/kg), and no detectable
effect on c-Fos induction by caffeine (100 mg/kg). Taken in context with
evidence from our lab that striatal c-Fos activation is necessary for some
behavioral responses to morphine, these resuits suggest a mechanism
for the observed negative interactions between these two classes of
abused drugs.
Supported by NIH and a grant from the UCSF Center for the
Neurobiology of Addiction.

HEROIN SELF-ADMINISTRATION AND CHRONIC MORPHINE
EXPOSURE INHIBIT CYTOGENESIS IN ADULT RAT HIPPOCAMPUS.
Amelia J. Eisch.* Christina A, Schad. David W. Self and Eric J.
Nestler, Div. of Molecular Psychiatry, Yale University, New
Haven, CT 06508.
An important step toward understanding addiction is the
characterization of drug-induced alterations in neuronal and
synaptic morphology.
Recent work has highlighted the
potential contribution of cytogenesis to changes in synaptic
connections in the adult brain, particularly in the dentate
gyrus of hippocampus.
Given the documented neuronal
plasticity of the drug-exposed brain, we examined whether
opiate exposure alters the ability of the adult rat brain to
produce new cells.
Two treatments were utilized: 1) Morphine
(75 mg pellet, s.c.) or sham surgery once a day for 5 days, and
2) self-administration of intravenous heroin (0.06 mg/kg/inf.)
or saline during a daily 6 hr session fof 28 days. On day 6 or
day 28, respectively, rats were given bromodeoxyuridine (BrdU,
i.p.) to label dividing cells, and were perfused 2 hr later.
Hippocampal sections were processed for BrdU immunocytochemistry, and cell counts were performed by a blind observer.
Morphine-treated and heroin self-administering animals
showed a 20-30% decrease in BrdU-positive cells in the
hippocampus relative to controls.
Work is under way to
determine if BrdU-positive cells differentiate into neurons or
glia. The ability of opiates to inhibit cell birth in the adult
hippocampus demonstrates the profound changes that occur in
the brain in the drug-addicted state. Supported by NIDA.

22.7

22.8

CYTOCHROME P450 2A6 (CYP2A6): A POPULATION GENETICS STUDY
USING A NEW GENOTYPING APPROACH. C.P. Zabetian*, J. Gelemter. H.R.
Kranzler, and J, F. Cubells. Depts. of Psychiatry, Yale U. Sch. Med., VACHS, and U.
Conn. Health Ctr., West Haven, CT 06516.
CYP2A6 is the predominant enzyme responsible for the metabolism of nicotine to
cotinine. Several alleles at the CYP2A6 locus have been identified including CYP2A6*1,
which encodes an active enzyme, and two null alleles (CYP2A6*2 and *3) encoding
inactive proteins. It has been proposed that the presence of one or more null alleles may
protect against tobacco-dependence (Pianezza et al., Nature 393: 750, 1998). However,
different laboratories have reported widely disparate CYP2A6 allele frequencies in
Caucasians. This could be due to either actual allele frequency differences, or to
methodological differences. We therefore developed an improved method to genotype
CYP2A6*1, *2 and *3, and assessed allele frequencies in populations of diverse geographic
origin.
Avoiding coamplification of two genes (CYP2A7, CYP2A13) and two pseudogenes that
bear >90% sequence homology to C YP2A6 is critical in obtaining accurate results. Using a
combination of novel and previously described primers, nested PCR, and differential
restriction enzyme digestion, we developed a method that offers the following advantages.
1) All primers are anchored in exonic regions, decreasing the likelihood of allele dropout
from primer mismatches in more polymorphic untranslated areas. 2) The first PCR product
is shorter, and thus technically easier to amplify. 3) Both of the null alleles discussed
above are detected.
We ascertained CYP2A6 genotypes in samples from European-Americans (EAs), AfricanAmericans, Japanese, Ashkenazi and Ethiopian Jews, and Bedouins. The combined null
allele frequency in EAs was 2-3%, and did not exceed 6% in the remaining 5 populations.
Although these results confirm the presence of population variation in CYP2A6 allele
frequencies, they suggest the null alleles CYP2A6*2 and *3 are less common than
previously reported by most authors. Further study of the population genetics of CYP2A6 is
critical in evaluating the role of this gene in nicotine addiction. Support: U.S. Dept. of
Veterans Affairs (MIRECC Center and RAG), and NIH grants T32-DA07238, K02MH01387, K02-AA00239, P50-AA03510, and M01-RR06192.

MORPHINE-ASSOCIATED ENVIRONMENTAL CUES ELICIT CONDITIONED
GENE EXPRESSION AND MOTOR ACTIVATION. B.E. Schroeder1* and A.E.
Kelley12. ‘Neurosciehce Training Program and 2Dept. of Psychiatry, University of
Wisconsin-Madison, Madison, WI 53719.
Drug-associated cues can induce strong behavioral effects through associative
pairing, however, the anatomical and molecular substrates for these effects are not well
characterized. Previously we have shown that morphine-induced conditioned motor
activation is associated with increases in c-fos expression in the prefrontal cortex,
accumbens, and lateral preoptic area. In this series of studies, we have examined the
time course of extinction of this effect, as well as exploring the expression of several
other plasticity-related genes. Rats were treated with morphine (5mg/kg i.p.) once
daily for ten days in activity-measuring cages (90 minutes). A control group received
only saline injections. At specified times thereafter, rats were given a mock injection
and put back in the activity cages for 90 minutes while their conditioned activity was
measured. They were then perfused and their brains immunocytochemically
processed. In the rats previously treated with morphine in the activity cages, we found
that both the conditioned motor activation and associated c-fos expression increases in
prefrontal cortex and lateral preoptic areas were present at 3,5, and 7 days, but were
absent by 14 days following treatment. In addition we found that the protein product
of the zinc-finger gene zif/268 (Egr-1, Krox-24) also showed conditioned expression,
though this was seen in the accumbens core and shell, but not in the prefrontal cortex.
Krox-20, another zinc-finger gene, showed no increased expression. These results are
of interest given the prevalence of relapse in former drug users. We believe that these
conditioned motor and gene activation effects are consistent with the findings in
humans that drug-associated cues can elicit strong cravings, and these cravings are
associated with increased activation of the prefrontal cortex and other areas. Future
studies will examine further which neurotransmitter systems and intracellular
processes may contribute to these drug-induced conditioned effects.
Supported by NIDA grant #DA04788 and NRSA award #GM07507

22.9

22.10

DIFFERENTIAL DISPLAY PCR ANALYSIS TO STUDY LONG-TERM
MORPHINE-INDUCED GENE EXPRESSION IN THE RAT NUCLEUS
ACCUMBENS

INFLUENCE OF CREB ACTIVITY IN NUCLEUS ACCUMBENS SHELL
ON PSYCHOMOTOR AND REWARDING PROPERTIES OF MORPHINE.
M. Barrot1*. R.L, Neve2. E.J, Nestler1, ’Div. of Molecular Psychiatry, Center for
Genes and Behavior, Yale Univ., 34 Park Street, New Haven, CT 06508; 2Mol.
Gen. Lab., Harvard Med. School, Belmont, MA 02178.
The cAMP pathway in the nucleus accumbens has been shown to be
upregulated after chronic exposure to both psychostimulant and opiate drugs of
abuse. The transcription factor CREB (cAMP response element binding protein)
mediates many of the long-term effects of the cAMP pathway on neuronal
function. Recently, using viral-mediated gene transfer, levels of CREB in the
nucleus accumbens shell have been shown to exert a profound effect on cocaine
reward, with a reduction in CREB (achieved by overexpressing a dominant
negative mutant mCREB) enhancing reward and an increase in CREB (achieved
by overexpressing wildtype CREB) diminishing reward (Carlezon et al., Science
282:2272, 1998). The goal of the present study was to determine whether
manipulation of CREB activity in this same brain region similarly modified
behavioral responses to opiates. Using herpes simplex virus vectors, we
selectively overexpressed CREB or mCREB in the nucleus accumbens shell;
control animals were injected with vehicle or viral vectors encoding the LacZ
gene. Preliminary data suggest that expression of mCREB, which decreases
CREB function, tended to enhance locomotor reactivity to novelty, and increased
the psychomotor properties of morphine compared to control rats. Similarly,
mCREB tended to increase the rewarding effects of morphine in place
conditioning assays. Experiments are in progress to assess the influence of
wildtype CREB on locomotor and rewarding responses to morphine. These data
suggest that CREB activity in the nucleus accumbens shell modifies behavioral
sensitivity to opiates as well as psychostimulants and will help us understand the
molecular mechanisms underlying drug addiction. Supported by NIDA.

S,w,j, Houizaggr1, WEM-Gsrem1*, R.G.A, Wi$hauptL EJi Jacobs2,

A.N.M, Schoffelmeer2 and A.B, Smit1
Research Institute Neurosciences, ’Dept. of Molecular and Cellular Neurobiology,
Faculty of Biology and 2Dept. of Pharmacology, Faculty of Medicine, Vrije
Universiteit Amsterdam, The Netherlands.
Intermittent administration of drugs of abuse induces long-lasting neuroadaptive
changes in the brain, which lead to an ‘addiction prone state’. This behavioural
state is characterised by a hypersensitivity to drugs of abuse. It has been shown
that the striatum, in particular the nucleus accumbens, is involved in the
expression of the morphine-induced behavioural sensitization. The long-lasting
nature of this phenomenon suggests the occurrence of long-term structural changes
in striatal neurons and/or striatal circuitry, which may be governed by long-term
changes in gene expression. To test this we used differential display PCR to
investigate the long-term changes in gene expression in the rat nucleus accumbens,
after 14 daily repeated morphine injections (10 mg/kg, SC) and a period of 3 weeks
of drug abstinence. To reduce the number of false positives, we displayed 4
morphine-treated animals against 4 saline control animals. Of 2500 PCR products
displayed, 15 transcripts appeared to be differentially regulated 3 weeks after the last
morphine injection. Ten of these were upregulated and 5 were downregulated.
Nucleotide sequencing is now being used to identify the cloned gene products, and
quantitative PCR is used to verify the regulation of the transcripts.
Taken together, this study indicates the feasibility to identify morphine-induced
gene expression long after treatment, in a tissue with a complex cellular
phenotype.
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22.12

SENSITIVITY TO MORPHINE ANALGESIA IS INCREASED IN TRANSGENIC
MICE OVER-EXPRESSING ADENYLYL CYCLASE TYPE VII IN THEIR CNS.
P.H. Wu. M. Yoshimura and B. Tabakoflf* Dept. of Pharmacology, Univ. of Colorado
Health Science Center; Denver, CO 80262.
Collier and Roy (1974) proposed that opiates, including morphine (Mor), exerted
their analgesic action through inhibition of brain adenylyl cyclase (AC) activity. Recent
studies using cloned opioid receptors expressed in a model cell systems also showed
that Mor actions on Mu (p) and Delta (6) receptors were expressed through pertussis
toxin sensitive G proteins (i.e., the Gi/Go family of proteins). Activity of different AC
isoforms have also been shown to be differentially modulated by both a and Py
subunits of Gi. AC7 has been shown to be particularly resistant to inhibition by Gai but
can be coordinately activated by Gpy subunit. We hypothesized that changes in CNS
AC activity could alter the analgesic response to Mor. Transgenic (TG) mice were
generated by pronuclear injection of the transgene constructed using the human AC7
cDNA and the rat synapsin I gene promotor. Genotype of the mice was confirmed by
Southern blotting. Mor analgesia was measured using a hot plate paw-lick test, and
Mor-induced locomotor activity was measured in an activity cage. RNA Protection
Assay showed that the transgene, under the control of the synapsin I promotor, was
expressed only in the brain and spinal cord. The GPP(NH)P-stimulated AC activity in
the midbrain region was significantly higher in TG compared to wild type (WT) mice
on the C57xSJL background and on the FVB/N background. Dose response
measurements for Mor analgesia showed that FVB/N TG mice were more sensitive to
Mor than the WT litter mates [F(l,20)=9.74, p<0.04], C57xSJL TG mice were also
more sensitive to Mor than WT littermates [F(l,30)= 13.45, p<0.015], Mor-induced
locomotor activity did not differ significantly between TG and WT mice. Our results
demonstrate that brain AC signal transduction impacts on Mor analgesic sensitivity.
Supported by NIAAA and The Banbury Foundation.

IDENTIFICATION OF DIFFERENTIALLY REGULATED GENE PRODUCTS
IN RAT NUCLEUS ACCUMBENS SHELL AFTER LONG-TERM EXTINCTION
OF HEROIN AND COCAINE SELF-ADMINISTRATION
E.H. Jacobs1, A.B, Smit2, S.W.J. Houtzager2, T.J. de Vries1, R.G.A. Wishaupt1, R.
Binnekade1 , R.E. van Kesteren2’* and A.N.M. Schoffelmeer1
Research Institute Neurosciences, •Department of Pharmacology, Faculty of
Medicine and department of Molecular and Cellular Neurobioiogy, Faculty of
Biology, Vrije Universiteit, Amsterdam, The Netherlands
A characteristic feature of drug addiction is the persistence of compulsive drugseeking behaviour and relapse to drug-taking long after detoxification. This may be
due to an enhanced responsiveness of the addict towards drugs of abuse and/or
environmental stimuli (cues) associated with previous drug self-administration. It is
expected that addiction behaviour is to a large extent due to drug-induced changes in
neuronal gene expression in the mesocorticolimbic system, resulting in its
hyperreactivity. In this respect, the nucleus accumbens shell is essential in the
occurrence of rewarding, reinforcing and motivational effects of drugs of abuse.
Therefore, we currently investigate which genes are differentially expressed in rat
nucleus accumbens shell 3 weeks after extinction of intravenous self-administration
of the opiate heroin and the psychostimulant cocaine. Using a subtractive
hybridization technique we constructed a cDNA library representing transcripts
which are up-regulated by intravenous heroin self-administration. 1060 cDNA
clones from this screen were amplified and arrayed in order to analyse up-regulation
by different treatments in a fast way by hybridization with different probes.
Preliminary sequence data showed that the upregulated clones contain both known
cDNAs and ESTs. Since we are primarily interested in neuroadaptations induced by
drugs of abuse per se, the differential expression of transcripts that are up-regulated
by both heroin and cocaine self-administration will be verified by quantitative PCR.
The functional characterization of these gene products might lead to a better
understanding of the molecular neuroadaptations induced by drugs of abuse, which
introduce and maintain an addiction prone state.

22.13

22.14

Effects of p Opiate Receptor Deletion on Other Genes’ Expression Patterns:
Micro- & Macro-array Hybridization Studies Q. R. Liu*\ 1. Sora, D. Wather1,
and G. Uhl14. ‘Mol. Neurobiol. Branch, IRP, NIDA, NIH; 2Depts. Neurol. &
Neurosci., JHUSM, Baltimore, MD 21224
Study of the patterns of altered gene expression in knockout mice can elucidate
regulatory mechanisms related to the deleted gene. We have thus used two
methods to evaluate patterns of altered gene expression in knockout mice.
cDNAs prepared from whole-brain mRNA from p opiate receptor knock-out
mice and wildtype littermates reveal differences in expression patterns when
analyzed nsing cDNA expression arrays (Mouse cDNA Expression Arrays,
Clontech) or DNA microarray hybridization chips (GeneChip Mu6500 Set,
Affymetrix). Above-background positive hybridization to 25-30% ofthe
hybridization targets was noted using each approach. Preliminary results from
the chip hybridzation revealed probe sets documenting more than 2-fold up- or
down- regulation in p knockout mice. Up-regulated genes include neuropeptide
Y, calmodulin, the translation factor Suil, the homeobox protein Meis3, ATP
synthase A chain, and neurogranin. Down-regulated genes include protein
phosphatase PP2A, small GTPase racl, 14-3-3 protein, and a nuclear transport
protein NIP1. No >2-foId changes of gene expression were observed in the genes
hybridized positively on cDNA expression array filter. As these provisional
results are replicated by RT-PCR and other techniques, they will confirm our
observations that the expression of most genes remains unchanged in p knockout mice. The implications of the gene expression changes identified for
analgesia, opiate dependence, and other factors will be discussed. Supported
financially by the NIDA-IRP.

THE FUNCTION OF THE GIRK2 CHANNELS IN MORPHINE
TOLERANCE. I. Mitrovic*1 M. Mareeta-Mitrovic2,3. M, Stoffel4. L.Y, Jan23.
A.L Basbaum1,3. Dept. Anatomy and W.M. Keck Fdn. Ctr. for Integrative
Neurosci.1, Dept Physiology2, HHMI3, UCSF, San Francisco, CA and Lab.
Metab. Diseases, Rockefeller U.4, New York, NY.
G protein-coupled inwardly rectifying potassium channels (GIRKs) are among
major effectors of mu opioid receptor agonists. We previously demonstrated that
a GIRK2 subunit null mutation reduces morphine potency in acute pain tests
(tail flick and hot plate). Here, we studied the effects of this mutation in tests of
morphine tolerance, which arises with chronic exposure to the opiate. Mice were
tested before and 3 days after implantation of a 25 mg morphine pellet. In male
both wild type (wt) and knockout (ko) mice, tolerance to morphine developed,
but the rightward shift in the wt was greater resulting in loss of the potency
difference observed after acute morphine. The similarity of wt and ko mice after
chronic exposure to morphine suggests that loss of GIRK activation occurs with
morphine tolerance. The lower potency of acute morphine in GIRK2 nulls can
therefore be considered a condition of partial tolerance. Like the male mice,
morphine-pelleted wt and ko female mice did not differ on the hot plate test.
However, in die tail-flick test in females, we found that chronic exposure to
morphine did not eliminate the dose-response difference between the wt and ko
mice. Thus, morphine was more potent in wt female mice in acute tests and this
difference was present in the tolerant condition. Although our results in male
mice point to GIRK2 as a locus of tolerance development, it appears that at least
in spinal reflex tests of pain, different circuits and effectors may be involved in the
development of morphine tolerance in females. Work supported by NS 10779
(I.M.) and DA08377 and NS21455 (A.I.B.).

22.15

22.16

CHANGE IN NEUROPEPTIDE Y GENE EXPRESSION IN
MORPHINE-INDUCED TOLERANCE AND/OR DEPENDENCE
OF RATS. H.Higuchi*, A.Mitomi, Y.Watanabe, B.Xu, M.Takagi.

THE ROLE OF CYCLIC AMP (cAMP) RESPONSE ELEMENT-BINDING
PROTEIN (CREB)-BINDING PROTEIN (CBP) IN MEDIATING MORPHINE
WITHDRAWAL SYNDROME AND THE REGULATIONS OF RELATED
GENES: AN INVESTIGATION BY USING CBP KNOCKOUT MICE X. Ren1.
T. Mamiya1. Y. Noda1*, K. Yamada'.Y. Pike2, K, Yamamura2. and T
Nabeshima"Dept. of Neuropsychopharmacol. and Hospital Pharm., Nagoya Univ.
Sch. of Med., Nagoya 466-8560,2Dept. of Developmental Genetics, Institute of
Molecular Embryology and Genetics, Kumamoto Univ. Sch. of Med., Kumamoto
862-0976,Japan.
CBP has been shown to interact with a variety of transcription factors in addition
to mediating CREB activity. In present studies, we show its involvement in both the
behavioral manifestations of morphine abstinence and the regulations of related
genes, c-fos, brain-derived neurotrophic factor (BDNF), and most recently recognized
regulator of G-protein signaling 4, RGS4, by using the CBP knockout mice. CBP
mutant mice were generated by lacking the C-terminal 4071 nucleotides of normal
CBP gene. Homozygous CBP mutants died in utero, and heterozygous mutants (and
the wild-type mice, as control) were used for all the behavioral observations and
gene examinations. Our preliminary results indicate that: (a) CBP mutant mice
showed a remarkably reduced withdrawal syndrome, (b) The expression of c-fos
mRNA was significantly induced by chronic treatment of morphine and withdrawal
in both wild type and CBP mutant mice, although CBP mutation decreased the level
of c-fos mRNA expression in saline-treated mice, (c) A different regulation pattern
of BDNF mRNA was observed between wild type and CBP mutant mice after
repeated administrations of morphine, (d) CBP mutation markedly increased the
expression of RGS4 mRNA in thalamus of morphine dependent mice. In conclusion,
our data present the first in vivo evidence for a critical role of CBP in both opiate
dependence and multiple signal transduction pathways (Supported by grants of JSPS
and The Ministry of Health & Welfare of Japan).

Department of Pharmacology, Niigata University School of Medicine,
1-757 Asahimachi-dori, Niigata 951-8510, JAPAN
Relative low dose of morphine is used widely for management
of intolerable cancer and neurogenic pains. In spite of low dose,
the tolerance and/or dependence occurs dependently on its high
intrinsic activity of morphine. This mechanism is still unknown.
Recently neuropeptide Y (NPY) is reported to be involved in
modulation of hyperalgesic state and massive morphine treatment
changes the level of NPY in the CNS. Therefore to clarify the
involvement of NPY system, NPY gene expression in the rat CNS
was investigated in low dose of morphine-induced tolerance/
dependence. Morphine hydrochloride (10 mg/hr for 5 days, s.c.
to male adult SD rats) caused the tolerance to analgesic action,
the withdrawal syndrome with naloxone (1 mg/kg) and tolerance
to massive morphine-induced apnea, in spite of the weak analgesic
action at this concentration. In the CNS, morphine for 5 days
increased the NPY mRNA amount significantly in the striatum
and moderately in cerebral cortex, while not in the hippocampus
at all. Previous report showed the moderate decrease in the level
of NPY in the CNS. Thus low dose of morphine increases the
NPY gene expression in the specific regions of CNS, which is
probably involved in tolerance/dependence. Currently in situ
hybridization study is under investigation to identify the precise
areas.
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22.17

22.18

CHRONIC MORPHINE INDUCES SYNAPSE-SPECIFIC CHANGES
IN ADENYLYL CYCLASE ACTIVITY IN THE NUCLEUS
ACCUMBENS. J.M. Brundege1*, B. Chieng2, J.T. Williams1. 1Vollum
Institute, Oregon Health Sci Univ, 3181 SW Sam Jackson Park Rd,
Portland OR, 97201, division of Neurosci, John Curtin School of Med
Res, Acton Australia.
The nucleus accumbens is a critical brain region for mediating the
rewarding aspects of drugs of abuse. It may also be involved in drug
craving, self-administration, and withdrawal.
One of the
consequences of repeated administration of opiates is an upregulation
of cAMP signaling pathways, and one of the major functions of CAMP
signaling pathways is the modulation of synaptic activity, primarily by
promoting the release of neurotransmitter from nerve terminals. We
investigated whether chronic morphine treatment in rats would induce
an upregulation of adenylyl cyclase pathways in several different
synapses of the nucleus accumbens. We found that activation of
adenylyl cyclase increased, and activation of mu-opioid receptors
decreased, neurotransmitter release in all synapses tested. However,
chronic morphine treatment did not alter these responses in either the
excitatory or inhibitory synapses onto nucleus accumbens medium
spiny neurons. In contrast, chronic morphine treatment greatly
increased the potentiating effects of adenylyl cyclase activation on
inhibitory synapses to the large, aspiny interneurons. Chronic
morphine also increased the inhibitory effects of mu-opioid receptor
activation at these synapses. Hence, chronic morphine treatment
selectively upregulates the cAMP cascade in the inhibitory synaptic
inputs to aspiny interneurons, and does not affect the synaptic inputs
to medium spiny neurons.
(Supported by NIH grants DA05861 and DA08163)

ETHANOL-INDUCED TRANSLOCATION OF CAMP-DEPENDENT
PROTEIN KINASE TO THE NUCLEUS: MECHANISM AND
FUNCTIONAL CONSEQUENCES A. Constantinescu. I. Diamond * and A.
S. Gordon. Ernest Gallo Clinic and Research Center, Department of
Neurology, University of California, San Francisco, California 94110-3518
Ethanol induces translocation of the catalytic subunit (Ca) of cAMPdependent protein kinase (PKA) from Golgi area to the nucleus in NG 108-15
cells. Ethanol also induces translocation of the RIip regulatory subunit of
PKA to the nucleus; RI and CP are not translocated. Nuclear PKA activity in
ethanol-treated cells is no longer regulated by cAMP. Gel filtration and
immunoprecipitation analysis confirm that ethanol blocks reassociation of
Ca with RII, but does not induce dissociation of these subunits. Ethanol also
reduces inhibition of Ca by the PKA inhibitor PKL Pre-incubation of Ca
with ethanol decreases phosphorylation of Kemptide and casein but has no
effect on phosphorylation of highly charged molecules such as histone Hl, or
protamine. CREB phosphorylation by Ca is also increased in ethanol-treated
cells. This increase in CREB phosphorylation is inhibited by the PKA
antagonist Rp-cAMPS and by an adenosine receptor antagonist. These
results suggest that ethanol affects a cascade of events allowing for sustained
nuclear localization of Ca and prolonged CREB phosphorylation. These
events may account for ethanol-induced changes in cAMP-dependent gene
expression.
Supported in part by funds from the State of California for Alcohol and
Addiction Research and NTH grants ROI AA10039 and R01 AA10030.

22.19

22.20

ETHANOL INDUCES CRE-MEDIATED TRANSCRIPTION VIA PKA. O. Asher.
I. Diamond and A. S. Gordon*. Ernest Gallo and Research Center, Department of
Neurology, University of California San Francisco, CA 94110.
cAMP response element binding protein (CREB)-dependent transcription has been
implicated in synaptic plasticity and plays a major role in learning and memory in the
brain. CREB phosphorylation is required for the activation of genes with an upstream
cAMP response element (CRE). Ethanol interacts with Specific proteins in neuronal
cells resulting in alterations in several signal transduction pathways and in gene
expression. Recently our lab found that ethanol causes an increase in CREB
phosphorylation in NG 108-15 cells. We therefore determined whether ethanol alters
CRE-mediated gene expression via CREB using a CRE-regulated luciferase reporter
construct. After transfection, NG 108-15 cells were incubated in ethanol resulting in
increased luciferase expression in a dose- and time-dependent manner. Furthermore,
co-expression of dominant negative CREB blocked ethanol-stimulated luciferase
expression. Next, we determined whether gene activation induced by ethanol is due to
an increase in cAMP levels. Previously, we found that acute exposure to ethanol
increases cAMP levels; this increase is blocked by the adenosine A2 receptor
antagonist BW A14344. We find that BW A14344 also blocks ethanol-induced CREmediated luciferase expression. Therefore ethanol-induced gene activation appears to
be due to an ethanol-dependent activation of cAMP-dependent protein kinase (PKA)
and consequent phosphorylation of CREB. Supporting this hypothesis, the selective
PKA inhibitor, Rp-cAMPS, also blocked ethanol-induced CRE-mediated luciferase
expression. In contrast, activation of luciferase transcription was not affected by
Ca2+/CaM-dependent kinase (CaMK) or protein kinse C (PKC) inhibitors. Taken
together, these data suggest that ethanol induces CREB activation and CRE-mediated
gene expression via PKA.
Supported in part by funds from the State of California for Alcohol and Addiction
Research and NIH grant 1R01AA10030

ETHANOL-INDUCED TOLERANCE OF DOPAMINE D2L RECEPTOR
SIGNALING: REGULATION BY PKC AND PKA L. Yao, Z. Jiang. K.
Asai. W. Chang* I, Diamond, and A, S. Gordon. Ernest Gallo Clinic and
Research Center, Department of Neurology, University of California, San
Francisco, California 94110-3518
A stably transfected NG108-15 cell line expressing the long form of the rat
brain dopamine D2 receptor (D2L) was used to determine how ethanol
modifies D2L receptor coupling to adenylyl cyclase. Activation of D2L
receptors by the specific agonist NPA inhibits both basal and receptorstimulated cAMP production in these cells. We find that ethanol added
acutely prevents D2L receptor inhibition of cAMP production by interfering
with D2L receptor coupling to Gai. Ethanol has no effect on NPA binding
to the receptor. PKC activity is required for acute ethanol inhibition of D2L
receptor-mediated decreases in cAMP levels. After chronic exposure to
ethanol, however, the D2L receptor becomes tolerant to rechallenge with
ethanol, i.e., NPA inhibition of cAMP production is restored. By contrast,
activation of PKA reverses chronic ethanol-induced tolerance of D2L
coupling, restoring acute sensitivity to ethanol. These results suggest that
PKC and PKA regulate ethanol sensitivity and tolerance of D2L receptor
coupling to adenylyl cyclase via Gai.
Supported in part by funds from the State of California for Alcohol and
Addiction Research and NIH grant 1RO1 AA10030.
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23.2

ALTERED SEROTONIN 5-HT2 RECEPTOR FUNCTION FOLLOWING
REPEATED ADMINISTRATION OF METHAMPHETAMINE.
L.M.
Masullo2, T.C Napier2*, G.J. Bieganski1 and W.A. Wolf1,2 ’Depts. Of Research and
Biological Psychiatry, Hines VA Hospital, Hines, IL 60141 and 2Dept. of
Pharmacology, Loyola University Stritch School of Medicine, Maywood, IL 60153.
Repeated administration of psychostimulants such as methamphetamine (METH)
leads to augmented behavioral responses in experimental animals; a phenomenon
known as behavioral sensitization. Much attention has been focused on
understanding the mechanisms underlying behavioral sensitization because of its
proposed relationship to the abuse liability or addictiveness of drugs. A great deal of
information has been obtained regarding the relative roles of dopamine and
glutamate in behavioral sensitization. However, relatively little is known about the
role of serotonin (5-HT), despite its well-established interaction with dopamine
systems in the brain. The present studies investigated the effects of repeated METH
administration on 5-HT2 receptor-mediated signal transduction. Rats treated with
METH (2.5kg/mg/day) for 5 days and then sacrificed 72 hr later exhibited an
increase in 5-HT-stimulated phospholipase C (PLC) activity (173% of control) in the
ventral pallidum. In addition, METH-treated animals displayed an increase in Gprotein-activated PLC activity in the caudate (127% of control). Behavioral analysis
indicated that these biochemical changes were associated with behavioral
sensitization as assessed using a stereotypy scale. In a second experiment, rats
treated with METH (2.5kg/mg/day) for 4 days and sacrificed 24 hr later exhibited
reduced 5-HT-stimulated PLC activity in the caudate (73% of’control). Taken
together these data suggest that repeated METH administration induces complex
changes in 5-HT2 receptor function which appear to be associated with behavioral
sensitization. Moreover, alterations in G-protein-activated PLC activity indicate that
the function of other receptors which couple to PLC may also be affected by METH.
Supported by the Loyola Neuroscience and Aging Institute-Division for Research on
Drugs of Abuse.

ACUTE AND LONG-TERM EFFECTS OF INTRASTRIATAL PERFUSIONS
OF METHAMPHETAMINE OR MDMA. W.L. Nixdorf.1* KB. Burrows? G.A.
Gudelskv, 2 and B.K. Yamamoto’. ’Department of Psychiatry, Case Western
Reserve Univ., Cleveland, OH 44106; 2College of Pharmacy, Univ. of Cincinnati.
The systemic effects of methamphetamine (METH) or 3,4-methylenedioxymethamphetamine (MDMA) include acute increases in extracellular dopamine
(DA) and long term depletions of striatal DA and/or serotonin (5-HT) content.
Few studies have examined in vivo, the effects of a local perfusion of METH or
MDMA on the acute and long-term neurotoxic effects on DA and 5-HT. We have
examined the effects of a local perfusion of METH or MDMA on DA and 5-HT
release in the striatum. We also hypothesized that inhibition of complex II of the
mitochondrion by malonate (MAL) would exacerbate the long-term depletion of
DA and/or 5-HT tissue content produced by METH or MDMA. METH (100 pM)
or MDMA (100 pM) was reverse dialysed into the striatum for 8 hr. In other
experiments MAL (100 mM) alone or in combination with METH or MDMA was
perfused into the striatum for 8 hr. One week later, tissue immediately
surrounding the probe was assayed for DA and 5-HT content. Perfusion of METH
or MDMA increased DA release (56-, 31-fold respectively). 5-HT release was
increased 17-fold by METH but returned to baseline within 2 hours. MDMA
increased 5-HT 32-fold but this increase was maintained throughout the perfusion.
The perfusion of METH or MDMA alone did not change DA or 5-HT tissue
content when measured 7 days later. MAL alone depleted DA, but not 5-HT.
METH/MAL did not enhance the effects of MAL on DA or affect 5-HT.
However, co-perfusion of MDMA with MAL enhanced the MAL:induced DA
depletions and interacted synergistically to deplete 5-HT content These results
suggest that in vivo perfusion of both METH and MDMA acutely increase DA
and 5-HT release but do not cause long-term depletions. It appears that a
compromised metabolic state may be important to the long-term toxicity of
MDMA. Supported by DA07606 and DA07427.
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23.3

23.4

NEUROTOXIC AND
BEHAVIOURAL
EFFECTS
OF
MDMA
ANALOGUES IN THE MALE WISTAR RAT.
E.O’Loinsigh* and
K.M.O’Boyle. Dept of Pharmacology, University College Dublin, Belfield,
Dublin 4, Ireland.
3,4-Methylenedioxymethamphetamine (MDMA) is a ring-substituted
amphetamine derivative, whose rewarding effects are thought to be caused
by its ability to evoke presynaptic release of forebrain serotonin (5-HT) and
dopamine (DA). Repeated administration of MDMA to rodents produces
long-term depletion of 5-HT and 5-HT function in the forebrain. These
neurochemical changes are thought to represent destruction of serotonergic
axon terminals. The aim of the present study was to establish the relative
effects of N-ethyl (MDEA) and N-butyl (MDBA) derivatives of MDMA.
MDMA analogues (8 X 20 mg/kg, i.p., twice daily for 4 days) were
administered to male Wistar rats and [3H]paroxetine binding to rat
membranes was measured 14 days post-treatment. MDMA caused
substantial reductions in binding (-80%) in all regions studied. MDEA only
produced significant decreases in the frontal cortex and the striatum, and
not in the hippocampus or the amygdala, while MDBA failed to reduce
binding significantly in any of the regions studied. MDMA and analogues
caused acute behavioural changes in the open field paradigm. MDMA >
MDEA > MDBA = vehicle at increasing rat locomotion, decreasing rearing
scores and inducing components of the 5-HT syndrome (stereotypy, headweaving, thigmotaxis). Rat aural temperature was increased by MDMA and
MDEA (20 mg/kg) but not by MDBA. In [3H]monoamine release studies
from rat forebrain synaptosomes, MDA = MDMA = MDEA at causing
[3H]5-HT release, while MDBA did not significantly increase basal release.
The potency order for induction of [3H]DA release was MDA > MDMA >
MDEA = MDBA. In conclusion, large N-alkyl substitution decreases the
ability of MDMA analogues to evoke preynaptic 5-HT and DA release,
induce hyperthermia and hyperlocomotion and cause long-term
serotonergic neurotoxicity. (Supported by Forbairt).

DIFFERENTIAL EFFECTS
OF
PSYCHOSTIMULANTS ON
PREPRODYNORPHIN AND PREPROTACHYKININ mRNA IN SUBREGIONS OF STRIATUM. D.H. Adams*, K.A. Keefe, and G.R. Hanson. Dept. of
Pharmacology and Toxicology, University of Utah, Salt Lake City, UT 84112.
Psychostimulants alter neuropeptide mRNA expression and tissue levels in striatum.
We previously reported that methamphetamine (METH), cocaine (Coc), and 3,4methylenedioxymethamphetamine (MDMA) differentially increase neurotensin
synthesis in sub-regions of rat striatum. The present study directly compared the
ability of these psychostimulants to increase dynorphin and substance P synthesis in
similar regions. In situ hybridization histochemistry was used to measure the
expression of preprodynorphin (PPD) and preprotachykinin (PPT) mRNA. Adult,
male Sprague-Dawiey rats received a single low or high dose of METH (0.5 mg/kg or
15 mg/kg, s.c.), Coc (3 mg/kg or 30 mg/kg, i.p.), or MDMA (3.4 or 10 mg/kg, i.p.) and
were sacrificed 3 hr later. The high dose of Coc increased PPD mRNA throughout
rostral striatum, but only in dorsal regions of more caudal striatum. In contrast,
METH increased PPD mRNA only in ventral regions of caudal striatum. MDMA did
not significantly alter PPD mRNA expression. The high dose of Coc also increased
PPT mRNA in all regions of middle striatum, but only in dorsal aspects of caudal
striatum. METH exerted more pronounced effects on PPT mRNA, than PPD mRNA,
with significant increases throughout middle and caudal striatum. MDMA also
produced more notable effects on PPT mRNA than PPD mRNA. However, these
increases were only seen in the middle striatal section. Low doses of the
psychostimulants had no effect on PPT mRNA in the striatum. However, a low dose
of METH, but not Coc or MDMA, did decrease PPD mRNA levels in several regions
of striatum. The data suggest that psychostimulants differ in their ability to induce
dynorphin and substance P synthesis in sub-regions of striatum. In addition, low and
high doses of these drugs may produce qualitatively different effects on neuropeptide
expression. (Supported by DA 09407 and DA 00378).

23.5

23.6

METHAMPHETAMINE PRODUCES LONG-LASTING CHANGES IN
STRIATONIGRAL NEURON FUNCTION. D.E. Chapman*. G.R. Hanson, and K.A.
Keefe. Dept. of Pharmacology and Toxicology, University of Utah, School of
Pharmacy, Salt Lake City, UT 84112.
Multiple administrations of high-dose methamphetamine (METH) produce a
partial loss of the dopamine (DA) innervation of striatum. Although severe DA
depletions (>90%) are known to alter the function of striatonigral and striatopallidal
neurons, less is known about such changes in basal ganglia circuitry with partial DA
depletion, such as that produced by METH. To assess long-term consequences of
METH toxicity on basal ganglia function, we examined the effects of a neurotoxic
regimen on striatal neuropeptide expression and cytochrome oxidase (CO) activity in
basal ganglia output nuclei. Male Sprague-Dawiey rats (225-325 g) were injected at 2hr intervals with four administrations of saline or various doses of METH (5 mg/kg,
7.5 mg/kg, or 10 mg/kg, s.c.), and were sacrificed 3 or 12 wk later. In situ
hybridization histochemistry was used to examine the expression of neuropeptide
mRNAs. CO histochemistry was performed to measure changes in neuronal activity in
basal ganglia output nuclei. Three weeks after METH administration, levels of
substance P mRNA were significantly decreased in striata of rats treated with 10
mg/kg METH, whereas dynorphin, enkephalin, and neurotensin mRNA levels were
not. Levels of cytochrome oxidase staining were significantly increased (25%) in the
entopeduncular nucleus of animals treated with 10 mg/kg METH, and in the substantia
nigra pars reticulata (10%) of rats treated with all doses of METH. We are currently
evaluating these parameters at 12 weeks post-treatment, to determine if the alterations
persist. Such changes in neuropeptide gene expression and neuronal activity suggest
that partial DA depletions produced by METH treatment lead to long-lasting
modifications in the striatonigral pathway and, consequently, basal ganglia function.
(Supported by NIH grants DA 09407, DA 00378, NS 35579, and GM 07579).

EFFECTS OF QUINPIROLE ON NEUROPEPTIDE MRNA LEVELS IN THE
STRIATUM. S.C.Westwood*, K. A. Keefe and G.R. Hanson Dept. of
Pharmacology and Toxicology Univ. of Utah, SLC, UT 84112.
The two sets of projection neurons from striatum are the striatonigral (direct)
and the striatopallidal (indirect). The direct pathway is principally influenced
by D-l dopamine (DA) receptors, which tend to be excitatory, whereas the
indirect pathway is predominately associated with D-2 receptors, which tend to
be inhibitory. Neuropeptides, such as substance P (SP), met-enkephalin (ENK)
and neurotensin (NT), are located in the direct, indirect, or both projections,
respectively. Their expression may reflect the activity of these pathways. It
has been shown that SP and NT mRNA levels, likely associated with the
striatonigral pathway, increase in the striatum after treatment with a high dose
of methamphetamine. In contrast, we hypothesize that because D-2 receptors
inhibit the indirect pathway, their stimulation would decrease levels of NT and
ENK mRNA in the striatum. Male Sprague-Dawiey rats were administered the
D-2 agonist quinpirole (5 mg/kg i.p.). Three hr after treatment, rats were
sacrificed and the brains removed and frozen until sectioning. Sections were
taken from 4 rostral-caudal regions of striatum. Neuropeptide mRNA
expression was measured using in situ hybridization. Quinpirole treatment
reduced NT mRNA levels by 27-42% throughout the striatum. Levels of
striatal ENK mRNA were also reduced 22-29%, whereas the concentration of
SP mRNA (associated with the striatonigral pathway) was unchanged. These
data suggest that activation of D-2 receptors somewhat selectively decreases the
activity of the indirect pathway and consequently, neuropeptide gene expression
in these neurons.
Supported by NIH grant DA 09407 and DA 00378.

23.7

23.8

EFFECT OF LOW AND HIGH DOSES OF METHAMPHETAMINE
ON MET-ENKEPHALIN SYSTEMS. M.E, Alburges* and G.R.
Hanson. Department of Pharmacology and Toxicology, Univ. of Utah,
Salt Lake City, UT 84112.
Administration of stimulants of abuse (methamphetamine or cocaine)
dramatically alter neuropeptide systems in extrapyramidal and limbic
structures. Previously, we demonstrated that some striatal neuropeptide
pathways (neurotensin) are differentially affected after treatment with low
or high doses of methamphetamine (METH). Since met-enkephalin is a
neuropeptide primarily associated with afferent striatal-pallidal
projections, the effect of single administration of low or high dose of
methamphetamine on met-enkephalin-like immunorectivity (Met-ENK-LI)
concentrations in these regions was determined. Sprague-Dawiey rats
received a single injection of METH (0.5 or 10.0 mg/kg, s.c.) and were
sacrificed 12 and 24 h after drug treatment. In response to a high dose of
METH administration, the contents of met-ENK-LI were elevated in
regions of anterior and posterior caudate, and globus pallidum; however,
the low dose of METH decreased the concentration of met-ENK-LI in
these same caudate and globus pallidum regions, as well as in the nucleus
accumbens (shell). In contrast, nigral met-ENK-LI was not significantly
changed by either METH dose. Recovery of the met-enkephalin systems
from the METH effect was almost complete by 24 h after drug treatment
in all tissues. These data demonstrate differential responses of the
extrapyramidal and limbic met-enkephalin systems to low and high dose
of METH and may reflect preferential activation of the D-2 dopamine
receptors by the low dose of METH, while the response to the high dose
of this drug may be dominated by increased D-l receptor activity.

CHRONIC METHAMPHETAMINE EXPOSURE DECREASES HIGH AFFINITY
UPTAKE OF NOREPINEPHRINE IN THE CEREBELLAR CORTEX Y, Wang1*. J.
Chou1 and C.H. Jeng2. ‘National Institute on Drug Abuse, Baltimore, MD 21224;
National Defense Medical Center, Taipei, Taiwan
It has been reported that chronic methamphetamine (MA) treatment decreases
monoamine release in different brain regions. However, the clearance of
norepinephrine (NE) after chronic MA intake is still not defined. In the present study,
we administered MA to Sprague-Dawiey rats for one month. The animals were later
anesthetized with urethane for electrophysiological recording. Previous studies have
indicated that GABA -induced electrophysiological responses are enhanced by NE
acting via postsynaptic P-adrenergic receptors. We found that local application of the
NE high affinity uptake blocker desmethylimipramine (DMI) significantly
potentiated GABA -induced electrophysiological depressions in the cerebellar
Purkinje neurons in control rats. In contrast, DMI did not augment GABA responses
in rats chronically treated with MA for one month, or in rats withdrawn from MA for
7 to 14 days after one month of MA treatment. To further examine if DMI-induced
GABA modulation is altered by post- or pre-synaptic mechanisms in chronic MA treated rats, we examined the electrophysiological interaction of GABA and
isoproterenal (ISO), a postsynaptic p-adrenergic receptor agonist, in Purkinje
neurons. We found that GABA -induced inhibition is potentiated by local application
of ISO in both control and chronic MA rats, suggesting that the reduction in
DMI/GABA action is probably not mediated through post-synaptic noradrenergic
mechanisms. Presynaptic NE clearance was further examined using in vivo
chronoamperometric methods. Extracellular NE levels in the cerebellar cortex were
measured using Nafion-coated carbon fiber sensors. We found that local application
of DMI inhibited NE clearance in control, but not in chronic MA, rats suggesting that
presynaptic NE clearance is reduced after chronic MA treatment. In conclusion, our
data suggest that regulation of uptake by DMI at central noradrenergic nerve
terminals is abnormal after chronic MA exposure, which results in attenuation of
DMI-induced GABA modulation. (Supported by National Institute on Drug Abuse)

Supported by NIDA grant DA09407 and DA00378.
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METHAMPHETAMINE-INDUCED NEUROADAPTATIONS IN THE
NIGROSTRIATAL DOPAMINE SYSTEM OF THE VERVET MONKEY.
WP Melega*, DC Harvey, G Lacan. Department of Molecular and Medical
Pharmacology, UCLA School of Medicine, Los Angeles CA 90095-1735
After methamphetamine (METH) exposure, extensive long term but
reversible neurochemical deficits were observed in adult male vervet
monkeys, in vivo, with PET and in post-mortem biochemical and
immunohistochemical studies. At 1-2 weeks post-MeAmp HC1 (2 x
2mg/kg; i.m., 24h apart; a neurotoxic dosage for this species), striatal
assessment with 6-[18F]fluoro-L-DOPA and ["C]WIN 35,428-PET showed
decreases of 70% in dopamine synthesis capacity and of 80% in dopamine
transporter binding, respectively, while post-mortem measures of dopamine
levels were decreased by 55-85%. All phenotypic indices gradually
improved over 6-9 months. Immunohistochemical analysis of the striatum
and substantia nigra (SN) subregions showed differences in decreases of
tyrosine hydroxylase (TH-IR) (putamen > accumbens; SNpc > VTA) and in
the dopamine (DAT) and vesicular monoamine (VMAT) transporters (loss
of DAT > TH > VMAT). TH- and DAT-IR cell bodies were identified in
the striatum. GFAP-IR was increased in both the striatum and SN.
Serotonin-IR was reduced in cortical and striatal regions. At the 1-2 wk and
1.3 year time points, increases in SN iron levels and ferritin-IR were
observed and shown to be analogous to those observed in MPTP animals.
Cell profile numbers in METH and morphologically-matched control SN
were not significantly different. Collectively, these results suggest that in
the non-human primate, neurotoxic METH exposure may effect long term
down-regulation of dopaminergic phenotype expression. Supported by
grants from the Department of Energy, DE-FC03-87ER60615 and NIDA,
DAI 1237.

NULL MUTATION OF C-FOS
CAUSES EXACERBATION OF
METHAMPHETAMINE-INDUCED NEUROTOXICITY.
X. Denq*,
B. Ladenheim and J. L. Cadet. Molecular Neuropsychiatry Section,
NIH/NIDA, Baltimore, MD 21224, USA
Methamphetamine (METH) administration can cause neurotoxic
damage to monoaminergic systems of rodent brains. These neurotoxic
effects are associated with mechanisms involved in oxidative stress and
the activation of immediate early genes (IEG). It is not clear, however, if
these IEG responses are involved in METH-induced toxic cascade or in
protective mechanisms against the deleterious effects of the drug. The
present study was thus undertaken to assess the toxic effects of METH in
heterozygous and homozygous c-fos knockout as well as in wild-type
mice as a first step towards clarifying this issue further. Administration of
METH caused significant reduction in tyrosine hydroxylase-like
immunohistochemistry and in [125I]-RT1121 -labeled dopamine uptake
sites in the striata of wild-type mice. These decreases were significantly
exacerbated in heterozygous and homozygous c-fos knockout mice with
the homozygous showing greater loss of striatal dopaminergic markers.
Moreover, in comparison to wild-type animals, both genotypes of c-fos
knockout mice showed more DNA fragmentation, measured by the
number of terminal deoxynucleotidyl transferase-mediated dUTP nick-end
labeled cells in their cortices and striata. In contrast, wild-type mice
treated with methamphetamine demonstrated greater number of glial
fibrillary acidic protein-positive cells than c-fos knock-out mice. These data
suggest that c-fos induction in response to -toxic doses of METH might be
involved in protective mechanisms against this drug-induced
neurotoxicity.

23.11

23.12
UPREGULATION OF Hox D 10 EXPRESSION DURING
METHAMPHETAMINE-INDUCED NEUROTOXICITY IN
VIVO. M. T. McCoy*, B. Ladenheim and J. L. Cadet. M.D.
Molecular Neuropsychiatry Section, NIH/NIDA, Baltimore, MD
21224.
Methamphetamine (METH) is a drug of abuse that is a known
activator of a number of transcription factors and an inducer of
apoptosis. These observations suggest that METH might cause its
various effects through gene regulation. Using differential display
techniques, we have identified a cDNA that is upregulated in an
immortalized neural cell line that has been exposed to toxic doses
of METH. Search of GenBank reveals that this cDNA is analogous
to sequences of the gene for the homeogene, Hox D10. Although
homeobox genes are regulated mostly during development, we
sought to determine if METH administration could affect Hox D10
expression in adult mice. Using RT-PCR, we now report toxic
doses of METH causes upregulation of Hox D10 expression in the
striatum, and hippocampus, at 4, 5, and 6 hours and in the cortex at
4-8 hours post-drug. These observations will be discussed in
relationship to the possible role of these genes in neurotoxic and
neurodegenerative processes. Supported by NIDA-IRP.

DIFFERENTIAL GENE EXPRESSION IN METAMPHETAMINE
NEUROTOXICITY IDENTIFIED USING cDNA ARRAYS. SL

Javanthi.*!. N. Krasnova, B. Ladenheim. and J. L. Cadet.
Molecular Neuropsychiatry Section, NIH/NIDA, Baltimore MD
21224.
Methamphetamine (METH) can cause neurotoxic damage to
monoaminergic systems in mammals. A role for oxygen-based
radicals in the neurotoxic effects of the drug is well supported by the
accumulated literature. Thus far, however, very little is known
about the contribution of various genes to the neurotoxic effects of
METH. Using cDNA microarray technology, we have monitored
the expression pattern of 196 stress- and apoptotic-related genes.
mRNA for microarray hybridization was obtained from different
brain regions of mice treated with a neurotoxic dose of METH and
compared to saline-treated controls. The results show differential
cortical expression of glutathione S-transferase; MmRad51; FAF1;
Adenosine AIM receptor; T-lymphocyte activation gene; Vav; GDPGTP exchange factor; Golgi-4-transmembrane spanning transporter
and IRF1. Experiments are underway using other brain regions.
This approach will be valuable for identifying genes that contribute
to the neurotoxicity of METH and of other agents that cause
neurodegenerative disorders.

23.13

23.14

METHAMPHETAMINE INCREASES CYTOSOLIC N-CAM IN
THE HIPPOCAMPUS. Marquis P. Vawter*, Linn Thatcher, Nsima
Uscn, Bruce Ladenheim, Jean L. Cadet, and William J. Freed.
National Institute on Drug Abuse, Baltimore MD 21224.

DIFFERENTIAL EFFECTS
OF PSYCHOSTIMULANTS AND
RELATED AGENTS ON MONOAMINERGIC TRANSPORTER
FUNCTION. A.E, Fleckenstein*, H.M. Haughev, R.R. Metzger. J.M.

Methamphetamine (METH) is an addictive substance that is neurotoxic.
Chronic administration can result in a transient recurring psychosis in
humans. In the hippocampus of patients with schizophrenia there is an
increase in cytosolic neural cell adhesion molecule (N-CAM) (Vawter et al.,
1998, Exp. Neurol.) and a decrease in synaptophysin (Vawter et al., 1999
Mol. Neuropsychiat, in press). We examined whether short-term
administration of METH would alter hippocampal levels of cytosolic N-CAM
and synaptic density, as indicated by synaptophysin. Mice were administered
METH (10 mg/kg x 4 injections) and examined 1,7, and 30 'days later. One
hippocampus was removed for analysis of synaptophysin and N-CAM by
western immunoblotting. The remaining hippocampus was analyzed for
striatal dopamine transporter (DAT) binding using [125I]RTI-121 ligand.
Membrane N-CAM isoforms were not changed at any time point following
METH. In the cytosolic fraction, however, N-CAM was significantly
increased 30 days after METH administration, but was unchanged after 1 and
7 days. Synaptophysin level was decreased overall by METH. In the
striatum, DAT binding was decreased significantly at Day 7, and recovered to
about 80% of control levels by Day 30. Thus synaptophysin and N-CAM are
altered by METH in a similar direction as seen in patients with chronic
schizophrenia. Short term METH administration affects chronic Synaptic
plasticity measures as evidenced by the changes in cytosolic N-CAM and
synaptic density. Support: NIDA Intramural Research Program.
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Kokoshka. E.L. Riddle. J.E. Hanson. J.W. Gibb and G.R. Hanson.
Dept. Pharmacol. Toxicol., Univ. of Utah, Salt Lake City, Utah 84112
High-dose administrations of amphetamine, methamphetamine,
cathinone, methcathinone or methylenedioxymethamphetamine rapidly
decrease serotonin and dopamine transporter function in vivo, as
assessed in striatal synaptosomes obtained from drug-treated rats. In
contrast, high-dose injections of fenfluramine, cocaine or
methylphenidate have little or no effect on the activity of these
transporters. Interestingly, the capacity of these agents to directly
alter serotonin and dopamine uptake, as assessed in vitro by direct
application to rat striatal synaptosomes, does not predict their potential
to modulate transporter activity following in vivo administration. An
additional dissociation between effects in vitro and in vivo was noted
in the response of norepinephrine transporters to METH: despite its
considerable capacity to influence norepinephrine transport in synaptosomal preparations in vitro, METH administration had little effect on
norepinephrine transporter function in vivo as assessed in synaptosomes obtained from METH-treated rats. These findings demonstrate
differences in the effects of stimulants and related agents on
monoamine transporter function, and a distinction between drug
effects after direct application in vitro versus administration in vivo.
Possible mechanisms responsible for the acute effects on transporter
activity will be discussed.
(Supported by USPHS DAI 1389,
DA00869, DA04222 and DAOO378).
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23.15

23.16

CHARACTERIZATION OF THE ROLE OF DOPAMINE AND
HYPERTHERMIA IN THE METHAMPHETAMINE-INDUCED
ACUTE DECREASE IN DOPAMINE TRANSPORTER FUNCTION.
RJL Metzger2*, H.M. Haughpy1, G.R,__ Hanson12 and A.E.
Fleckcnstein1,2, Department of Pharmacology and Toxicology1 and
Program in Neuroscience2, University of Utah, Salt Lake City, UT
84112.
This laboratory previously reported that depletion of striatal
dopamine or prevention of hyperthermia attenuates the acute decrease
in striatal dopamine transporter (DAT) activity induced by a high-dose
regimen of methamphetamine (METH).
Hence, we further
investigated the role of dopamine and hyperthermia by examining the
contribution of dopamine receptors to this rapid effect on the DAT by
METH administration. DAT activity was assessed by measuring
[3H]dopamine uptake into rat striatal synaptosomes prepared 1 h after
multiple high-dose administrations of METH. Pretreatment with
eticlopride (D2 antagonist) or SCH23390 (DI antagonist) attenuated
the METH-induced acute decrease in DAT activity. Because NMDA
receptors have been linked to DI receptor-mediated effects, the NMDA
receptor antagonist, MK-801, was administered prior to METH
treatment. Pretreatment with MK-801 attenuated the METH-induced
decrease in DAT activity. Because METH-induced hyperthermia was
altered by all of these agents as well, the role of hyperthermia in these
effects was examined and will be discussed. (Supported by NIH grants
DA05859, DA00869, DA00378 and DAI 1389)

METHAMPHETAMINE
RAPIDLY
AND
REVERSIBLY
DECREASES DOPAMINE TRANSPORTER ACTIVITY IN MOUSE
STRIATUM V, Sandoval. J.M. Kokoshka. J.W, Gibb*. G.R,
Hanson and A.E, Fleckenstein. Department of Pharmacology and
Toxicology, University of Utah, Salt Lake City, Utah 84112
Previous investigations have demonstrated that multiple administrations of methamphetamine (METH) rapidly decrease dopamine
transporter (DAT) activity in rat striatum. This decrease is partially
reversed 24 h after treatment, and is partially attributed to lx>th the
hyperthermia and the dopamine release caused by this stimulant. To
examine the species specificity of this phenomenon, the present studies
were conducted to determine effects of METH on DAT in mice. As in
rats, multiple high-dose administrations of METH rapidly and
transiendy decreased striatal DAT activity. This phenomenon was not
the result of residual METH introduced by the original drug treatment.
A role for dopamine release was suggested by findings that
pretreatment with the Dj antagonist, SCH23390, attenuated the
decrease in DAT induced by multiple METH injections. A role for
hyperthermia was likewise demonstrated since enhancement of METHinduced hyperthermia potentiated the METH-induced decrease in DAT
activity. These findings demonstrate similarities between the acute
effects of METH on DAT in mice and rats, and provide an additional
model for assessing effects of the stimulant on DAT (Supported by
USPHS DA04222, DA00869, DAI 1389 and DAOO378).

23.17
EFFECTS OF CHRONIC METHAMPHETAMINE ON HIPPOCAMPAL
DENTATE FUNCTION IN MICE. J.R. Criado*. S, Huitrdn-Resdndiz. L, Gombart
and S.J. Henriksen. Department of Neuropharmacology. The Scripps Research
Institute, La Jolla, CA 92037.
The precise neurophysiological consequences of chronic methamphetamine
(METH) administration are controversial. Recent studies have shown that METH
treatment produces neurotoxic effects on hippocampal neurons. The purpose of this
study was to characterize the effects of chronic METH treatment on hippocampal
dentate physiology in C57BL/6J mice. Our main objectives were to determine 1)
the chronic effects of METH, and 2) the acute effects of METH in animals
chronically treated with METH. Drug treatment consisted of four systemic
injections of METH (10 mg/kg) at 2 hr intervals. Electrophysiological studies were
performed five days after the first METH injection. Female C57BL/6J mice were
anesthetized with halothane placed into a stereotaxic apparatus and recording
electrodes was positioned into the hilar region of the dentate gyrus. Population
spikes (PS) were elicited in the dentate gyrus by stimulation of the perforant path.
Our data show that chronic METH treatment produced no significant changes in
paired-pulse inhibition in the dentate gyrus. On the other hand, chronic METH
produced a significant increase in the stimulus-response curve (p<0.05 at halfmaximum and maximum intensities) and a reduction in PS latencies (p<0.05).
Acute administration of METH (10 mg/kg) in naive mice produced a moderate, but
not significant, reduction of both paired-pulse inhibition and in the stimulusresponse curve (p>0.05). In contrast, acute METH administered to chronically
treated mice produced a significant reduction of both paired-pulse inhibition (p<0.05
at 40 msec) and the stimulus-response curve (p<0.05 at half-maximum and
maximum intensities). Acute METH also produced a significant increase in PS
latencies (p<0.05) in this group. These data suggest that chronic METH treatment
produces both significant neurophysiological changes in basal hippocampal
physiology as well as alters the dentate responses to acute METH challenge.
(Research supported in part by P50 MH47680).

INFECTIOUS DISEASES
24.1

24.2

CHARACTERISTICS OF LPS-EVOKED RELEASE OF GLUTAMATE, [3H]NE
AND ADENOSINE FROM RAT CORTICAL SLICES. T.D, White*. Y.S. Wang and
Z.P. Liu. Dept of Pharmacology, Dalhousie Univ. Halifax, N.S., Canada B3H 4H7.
There is mounting evidence that inflammation and associated excitotoxicity may
play important roles in various neurodegenerative disorders. The immunogen E. coli
lipopolysaccharide (LPS, endotoxin) has been widely used to stimulate
immune/inflammatory responses both systemically and in the CNS. Here, we show
that exposure of parietal cortical slices from adult rats to LPS triggered very rapid and
sustained releases of the neurotransmitters glutamate and norepinephrine (NE), and of
the neuromodulator adenosine. The responses to LPS declined rapidly following
removal of the LPS and exhibited no tachyphylaxis to repeated exposures. Detoxified
LPS had no effect. LPS-evoked release of [3H]NE, but not of glutamate or adenosine,
appears to be partly due to the released glutamate acting at NMDA receptors.
Extracellular adenosine may protect against excessive excitation in the brain.
Previously, we showed that NMDA-evoked release of adenosine is potentiated by
inhibitors of either adenosine deaminase or adenosine kinase. Therefore, we compared
the effects of the adenosine deaminase inhibitor 2'-deoxycoformycin (DCF, 20 pM)
and the adenosine kinase inhibitor 5'-amino-5'-deoxyadenosine (NH2-dADO, 20 pM)
on LPS- and NMDA- evoked release of adenosine. Both drugs increased NMDAevoked adenosine release, but neither drug potentiated LPS-evoked adenosine release
from the same slices. These results suggest that inhibitors of adenosine deaminase or
adenosine kinase may not promote adenosine release and hence modulate LPS-evoked
excitatory responses. Thus these drugs may not be useful in protecting the brain
against the inappropriate excitations that may occur in the immediate vicinity of gramnegative bacterial infections in the brain. (Research supported by grants to T.D.W.
from the Dalhousie Medical Research Foundation and the MRC of Canada. Y.S.W. is
a Killam Scholar.)

ALTERATIONS IN MICROGLIA, ASTROCYTES, AND MYELIN BASIC
PROTEIN IN THE NEONATAL RAT BRAIN FOLLOWING MATERNAL LPS
ADMINISTRATION. P.G. Rhodes*. Z-L. Pan, Y. Pang, O. B. Evans1 and Z. Cai.
Dept. of Pediatrics, Divisions of Newborn Medicine and fNeurology, Univ. of Miss.
Med. Ctr., Jackson, MS 39216
In studying the possible role of proinflammatory cytokines in linking maternal
infection and neonatal brain white matter lesion, alterations of microglia, astrocytes,
and myelin basic protein (MBP) in the neonatal rat brain following maternal
administration of lipopolysaccharide (LPS), an endotoxin, were examined by
immunohistochemistry. LPS was administered (i.p) to pregnant rats consecutively
on gestation days 18 & 19 at a dose of 500 pg/kg and the control rats were injected
(i.p.) with pyrogen-free saline. Naturally delivered Rat pups were sacrificed at 8
days of age and frozen coronal brain sections (10 pM) at level of anterior thalamus
were prepared. No apparent necrotic tissue damage was detected in either the LPS
group or the control group. MBP staining was clearly detected in the internal
capsule and the fimbria hippocampus of the control rat brain, but it was much less
and weaker in the LPS group. In the hippocampal area, although glial fibrillary
acidic protein (GFAP)-positive astrocytes were observed in both the control and the
LPS groups, staining of the GFAP-positive astrocyes was stronger in the LPS group.
Focal aggregated GFAP-positive astrocytes were found only in the cortex of LPStreated rat brain. Immunoblotting data also showed that GFAP content in the cortex
or the hippocampus of the LPS group was higher than that in the control group. LPS
administration also greatly reduced microglial cells in the 8-day old rat brain, as
shown by immunostaining with OX-42. Our animal model may be useful in
exploring the mechanisms involved in the effect of maternal infection on glial cell
development and brain injury of offspring. (Supported by UMC/Newbom Medicine
fund).
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24.3

24.4

TRANSLOCATION OF LIPOPOLYSACCHARIDE INTO HELA
CELLS USING POLYCATIONIC LIPIDS. J.R. Eldstrom. K. La and D.A,
Mathers*. Department of Physiology, Faculty of Medicine, University of British
Columbia, Vancouver, B.C. V6T 1Z3, Canada.
Bacterial endotoxin (lipopolysaccharide, LPS) can accumulate in the cytosol of
mammalian cells. This may occur during the replication of intracellular pathogens,
such as Chlamydia pneumoniae and Salmonella typhimurium. LPS can also enter the
intracellular milieu as a result of phagocytotic uptake or of passive diffusion across
host cell membranes. At present, little is known about the cytotoxic effects of
intracellular LPS on host cell function. However, LPS has been shown to activate
several important intracellular signalling molecules, even in cell-free systems. These
include mitogen-activated protein kinase-2 (MAP-2) and protein kinase C. In this
study, we employed the polycationic lipid transfecting agent LipofectAMINE™
(LFA) to load purified E. coli LPS into cultured human epithelioid HeLa cells.
Following incubation at 37°C in serum-free medium alone, LFA, LPS (100 pg/ml)
or LFA + LPS for 2,4 or 6 hr, cell viability was determined using the MTT
reduction assay. Loading of endotoxin was monitored using fhiorescein-congugated
LPS (FITC-LPS) and scanning laser confocal microscopy. After 2 hours' incubation
with LFA + FITC-LPS, punctate FITC-LPS staining was noted throughout the
cytosol of most cells, but no loss of cell viability was evident. After 4 hr or 6 hr,
both LFA alone and LFA + LPS reduced viability by about 33%. This suggests that
intracellular LPS exerts little additional effect on HeLa cell viability, even when
present for several hours. Moreover, future studies on the actions of intracellular
LPS on signal transduction should be carried out within a time period of 2 hr, to
minimise the adverse effects of LFA on cell viability.

INFLAMMATION-SENSITIVE EXPRESSED SEQUENCE TAGS (ESTs) IN
MOUSE HIPPOCAMPUS IDENTIFIED BY cDNA MICROARRAY
ANALYSIS. Robert H. Ring, Chunguang Gao, Michael E. Barish* and Judith
Singer-Sam. Divs. of Biology and Neurosciences, Beckman Res. Inst., City of
Hope, Duarte, CA 91010.
We and others have previously shown that peripheral administration of
lipopolysaccharide (LPS), a standard model for the systemic inflammatory
response, leads to the up-regulation of pro-inflammatory cytokines (IL-1 P, IL-6,
TNFa) throughout the mouse brain. These changes in gene expression have a role
in the CNS response to pathogenic insult or physical trauma, and mediate CNS
involvement in the systemic immune response to infection. Focusing on the
hippocampus, we used cDNA microarray analysis to identify novel and known
genes whose expression is differentially regulated by LPS.
Using a GEM™ cDNA microarray (Genome Systems) containing 8,735 unique
elements, we identified 31 ESTs showing greater than two-fold change in
expression in the mouse hippocampus 3 hrs after peripheral administration of LPS
(40 pg/mouse). We have focused on the five EST clones with the largest increases
in expression (pGl-pG5). Results were confirmed by Northern blot analysis for
the four clones (pGl, pG2, pG3, pG5) with expression levels sufficient to yield a
detectable signal.
A search for homologous sequences in GenBank indicated that pG5
corresponds to a recently identified member of the 47-kDa family of cytokineinducible GTPases: IIGP. pG5 expression in mouse microglia cultures showed a
greater than five-fold induction after exposure to LPS (20 pg/ml, 3 hrs) by semiquantitative RT-PCR analysis, suggesting that these cells are a source of this
transcript in whole brain. Further characterization of the clones is in progress.
Supported by NIH NINDS ROls NS23857 and NS34581 (to MEB), NS39645
(to JS-S), and the Graduate Program of the Beckman Research Institute.

24.5

24.6

DISTRIBUTION OF PrP IN BLOOD OF SCRAPIE INFECTED AND
UNINFECTED HAMSTERS. L. Gregori*1. C. MacAulev, K. Holada2. J. Vostal2
and R.G. Rohwer1. ’V.A Medical Center, Baltimore, MD 21201 and ‘CBER, FDA,
Bethesda, MD, 20892.
Transmissible spongiform encephalopathies (TSE) are fatal CNS diseases with
long preclinical incubations which affect humans and animals and accumulate
plaques containing PrP'”, a protease resistant form of a protein normally expressed
in the brain, as well as many other organs, in a protease sensitive form, PrP*™
Infectivity is often associated with PrP'” A newly emergent variant form of human
Creutzfeldt-Jakob Disease, termed nvCJD, that is apparently transmitted to humans
from BSE infected cattle, appears to have greater hematogenous involvement than
classical forms of CJD disease. This suggests that persons incubating nvCJD (or
classical CJD) may pose a risk to the safety of blood and blood products if they
donate blood during the long preclinical phase of the infection.
We have investigated the titer, distribution and infectibility of blood-borne TSE
infectivity in hamster-adapted scrapie and mouse-adapted CJD (GSS) models. We
have also begun a systematic study of the distribution of PrP in blood of healthy and
TSE-affected humans and animals. Our preliminary results indicated a difference in
PrP concentration and localization in blood components (red blood cells, bufiy coat,
plasma and platelets) between healthy humans, hamsters and mice. We have also
found that the electrophoretic mobility of blood-derived human PrP is different from
hamster PrP (brain or blood-derived). The possibility of different post-translational
modifications for the two species was analyzed using N-glycosidase F and
phosphatidylinositol-specific phospholipase C. Comparison between blood-derived
PrP in infected and healthy hamsters revealed a re-distribution of PrP within blood
components. Localization of PrP™* was also analyzed. These studies may identify
fractions at special risk of harboring infectivity, a central issue in the management of
the public health risks from blood-borne infectivity. They may also establish the
basis for a blood-based screening test for TSE infection.
This research was funded by the Baltimore Research and Education Foundation.

REDOX INTERACTIONS BETWEEN Cu(ll) AND PRION PROTEIN
FRAGMENTS. X Huang1’, M.A. Hartshorn1, C.S, Atwood1, Y.W, Farrag^
Multhaup3, R.E. Tanzrand A.I. Bush . Genetics & Aging Unit, and Depts. of
'Psychiatry and ^Neurology, Harvard Med. Sch., Massachusetts General
Hospital, Charlestown, MA 02129; 3ZMBH-Center for Molecular Biology,
University of Heidelberg, Heidelberg, Germany.
Several lines of experimental evidence suggest that normal Prion protein
(PrP0) may be involved in the copper metabolism. However, the interactions
between Cu(ll) and PrPc other than binding have not been fully explored. We
have previously found that Cu(ll) and Fe(lll) ions engendered redox
interactions with Alzheimer’s AB peptides in vitro. Here we study whether
metal-mediated (Cu(ll) or Fe(lll)) redox properties similar to AB are conferred
by fragments of PrP0- the tetra-repeats of octapeptide (PHGGGWGQ) which
forms a Cu(ll)-binding domain (CBD), as well as the neurotoxic PrPc106-126
fragment that forms fibrils in vitro.
Methods: Cu(l) or Fe(ll) formed during the 1 hour co-incubation of 10 pM of
Prion peptides, 25 pM of Cu(ll) or Fe(lll), and 250 pM of reduced metal
indicators in PBS at 37°C, were determined colormetrically. Under the same
experimental conditions, H2O2 and OH« potentially generated from the
incubation mixtures were assayed using a fluorimetric method and a TBARS
test, respectively. Carbonylation of the peptides were assessed by
incubating with dinitrophenyl hydrazine (DNPH) that reacted with carbonyls
prior to Western analysis using a DNPH antibody.
Results and Conclusion: The CBD, but not PrPc106-126 fragment,
reduces Cu(ll) to Cu(l), but does not reduce Fe(lll) to Fe(ll). Cu(l) then initiates
the generation of reactive oxygen species (ROS)- H2O2 and OH» and
consequent carbonylation of CBD peptide itself, in a manner similar to the ABCu(ll) interactions. We hypothesize that the Cu(ll)-CBD redox interactions
cpuld contribute to the pathophysiology of Prion amyloid-associated
neurodegeneration.
Supported by NRSA (5F32AG05782) from NIA (to X. Huang); Funds from
Prana Corp., NIA (1R29AG12686), AFAR Paul Beeson Award (to A.I. Bush).

24.7

24.8

CELL-LYSATE CONVERSION OF PRION PROTEIN INTO ITS PROTEASERESISTANT ISOFORM INDICATES THE PARTICIPATION OF A CELLULAR
CHAPERONE. Q, p, Saborio1. C. §QtQu*. K.J, Kascsak4. E, Lew3. R. Kascsak4, P, A.
Harris5 and B. Frangione2.From Depts. of Neurology1, Pathology2 and Pharmacology3,
NYU Medical Center, New York, NY 10016; 4New York State Institute for Basic
Research in Developmental Disabilities, Staten Island, NY 10314; 5Dept. of Cell Biology
& Physiology, Washington University School of Medicine, St. Louis, MO 63110.
Prion diseases are a group of transmissible spongiform encephalopathies affecting
humans and animals. A conformational transition between the normal cellular prion protein
(PrPc) and the fl-sheet rich pathological isoform (PrP5®) is a central event in their
pathogenesis. The prion infectious agent seems to contain mainly if not exclusively PrP5*
Although great amount of evidence suggests that the prion has the ability to propagate its
abnormal conformation, by transforming the host PrPc into the pathological isoform, the
precise mechanisms and factors involved in the conversion remain to be elucidated. We
have developed an in vitro system to induce the PrPc->PrPSc conversion by incubating a
cell-lysate containing mouse PrPc with partially purified mouse PrP5* After 48h of
incubation with a 10-fold molar excess of PrP5*, the cellular protein acquired PK-resistance
resembling a PrP^-like state. Time course experiments suggest that the conversion follows
a stepwise mechanism involving kinetic intermediates. The conversion was induced by
PrP5® extracted from mice infected with two different prion strains, each propagating its
characteristic western blot profile. The latter results and the fact that all the cellular
components are present in the conversion reaction, suggest that PrPc-PrP& interaction is
highly specific and required for the conversion. No transformation was observed under the
same conditions using purified proteins without cell-lysate. However, when PrPc-depleted
cell-lysate was added to the purified proteins the conversion was recovered. These findings
provide direct evidence for the participation of a chaperone-like activity involved in
catalyzing the conversion of PrPc into PrP51. Supported by the NIH grant AGO2594.

SYNAPTIC PRION PROTEIN (PrPc)-IMMUNOCYTOCHEMISTRY IN
THE MOUSE BRAIN. A.-M, Haeberle.1 G. Bombarde,1 Y, Frobert?
J.-J. Grassi? I. Mariani3 and Y. Baillv1*. ’Laboratoire de Neurobiologie
Cellulaire, CNRS UPR 9009, Strasbourg, France. 2CEA-Saclay, 91191
Gif/Yvette, France. 'Laboratoire DVSN, IDN (UMR 7624) CNRS, Universite
Paris VI, 75005 Paris, France.
The conversion of cellular prion protein PrPc to an infectious form PrPres
which accumulates and spreads within the brain is a cardinal feature of prion
disease encephalopathy. Although prion strain appears to govern the
neuroanatomic pattern of PrPsc deposition and spongiosis in murine
experimental prion diseases, the selective targeting of brain neuronal populations
is thought to be influenced by cell-specific properties which determine host PrPc
affinity for infectious PrPres. However, the neuronal types as well as the
subcellular sites involved in the physiological expression of PrPc are not
characterized clearly in the mouse brain. The synaptic concentration of PrPc
detected in the hamster brain and of PrPres in the brain of human infected by the
new variant of Creutzfeld-Jakob disease suggests the synapses as key sites where
PrPres could replicate from PrPc, accumulate and propagate along specific brain
pathways following infection by prions.
The synaptic distribution of PrPc was investigated using pre-embedding
immuno-cytochemistry with PrP-specific monoclonal antibodies in regions of the
mouse brain vulnerable to prion disease including cortex, hippocampus and
cerebellum. At the ultrastructural level, synaptic PrPc immuno-reactivity was
detected in presynaptic axonal boutons and in postsynaptic spines of dendrites
too. The distribution pattern of synaptic PrPc immuno-staining varied according
to the synaptic types in the neuronal circuits studied suggesting that synapsespecific parameters could influence the cerebral trafficking of prion proteins.
Supported by ACC-1 grant from French National Research Programme on
TSSE and prions.
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IMMEDIATE EARLY GENE EXPRESSION IN JC VIRUS INFECTED GLIAL
CELLS. W. Fu, R.K. Sapp and S.A. Houff *. Laboratory of Molecular
Neurovirology, Veterans Affairs Medical Center, Washington, D.C. 20422.
The human polyomavirus, JC virus (JCV), is the etiologic agent of the
human demyelinating disease, Progressive Multifocal Leukoencephalopathy
(PML). Viral replication requires binding of host cell transcription factors to
the JCV regulatory region. The role of immediate early response genes in
the glial cell response to JCV infection is unknown. We examined
immediate early response gene expression in JC virus infected U87MG
cells, a glioma celt line. C-Jun expression was up-regulated at 16 to 24
hours. EGR-1 expression was increased from 2 to 8 hours compared to
controls. The expression of c-Fos was unchanged. These findings suggest
that immediate early gene expression plays a role in the host cell response
to JCV infection. There is a oJun consensus sequence adjacent to the NF1 binding site in the B-domain of the JCV regulatory region. NF-1 binding
has been shown to be essential to JCV replication in glial cells and B
lymphocytes. EGR-1 has been shown to control many immune cell
functions, including cytokine synthesis and MHC antigen expression.
Neuroglial cells are capable of expressing a number of cytokines and upregulate both Class 1 and 2 MHC antigen expression. Our findings suggest
that immediate early gene expression in JCV infected cells may participate
in both virus replication and host cell defenses against virus infection.
Studies are currently ongoing to examine the role of c-Jun and EGR-1 in
JCV expression and neuroglial immune functions.
The funding source: Advanced Immuni T, Inc., Stony Brook, NY 11790.

EVIDENCE OF HHV6 AS AN ACTIVE PLAYER IN NEURAL CELLS
DEGENERATION AND IN AN IMMUNOCOMPROMIZED PATIENT
WITH ENCEPHALITIS. J. G. AssouIine^J. L. Meier2. 'Dept. of
Pharmacology and 2Dept. of Internal Medicine, Col. of Med., Univ. of Iowa,
Iowa City, IA 52242.
HHV6 a ubiquitous resident of human brain, recently has been often
found in association with CNS lesions of demyelinating diseases. The
expression of HHV6 viral genes and gene products is enhanced in cases of
individuals with compromised immunity. In specimens taken from
Progressive Multifocal Leukoencephalopathy (PML) and Multiple Sclerosis
(MS) HHV-6 genome and proteins are readily detected by PCR in situ
hybridization and immonolabcling in myelin degeneration plaques.
Similarly AIDS and bone marrow transplantation may provide ideal settings
for opportunistic expression HHV6-mediated encephalopathy. However
this notion is disputed since no direct correlation has been established
between the expression of HHV6 and neuronal cell death. A full replicative
lytic cycle will be more indicative of an active (on going) infection. In this
study, we present evidence that HHV6 variant B can complete a replicative
cycles in primary human brain cultures.
Similar observations were
obtained in brain samples from a patient who died following a bone marrow
transplant with signs of encephalitis. MRI showed evidence of acute
bilateral mesotemporal lesions and PCR preformed on CSF samples
indicated HHV6 variant B involvement. Histopathology revealed areas of
demyelination without inflammation and containing herpes viral particles by
electron microscopy, Together, these findings concur to support the
hypothesis that H1IV6 may have a causal association in the demise of neural
cells in some demyelinative diseases. Supported by a PAF grant 22052-22-PS

24.11

24.12

IS THERE AN ASSOCIATION OF 0-AMYLOID WITH CHLAMYDIA
PNEUMONIAE IN GLIAL AND MONOCYTE CELL LINES INFECTED WITH
THE BACTERIAL ISOLATES OBTAINED FROM ALZHEIMER DISEASE
BRA INS? D.M, Appelt^C. Hammond2. A. MacIntyre1. C.S. Little1 and B.J. Balin2.
‘Dept. of Biomedical Sciences, and 2Dept. ofPathology, Microbiology & Immunology,
Philadelphia College of Osteopathic Medicine, Phila., PA 19131.
Recently, we uncovered evidence of an infectious agent, Chlamydia pneumoniae,
associated with sporadic AD (Balin et al., 1998). We demonstrated that C. pneumoniae was
present in 90% of brain materials examined from AD patients, compared with 5% in agematched, non-AD patients. We further showed that microglia and astroglia in the CNS are
host cells for the bacterium. RT-PCR analyses indicated that the bacterium is metabolicallyactive in the brain and could be cultured in a human monocyte cell line (THP-1).
Importantly, we showed that the organism is concentrated in areas of neuropathology. The
present study was designed to investigate the host-pathogen relationship with C.
pneumoniae and whether entities characteristic of AD neuropathology (e.g. p-amyloid) are
associated directly with this infectious agent. To analyze this relationship, we have infected
glial (CCF-STTG1) and monocyte (THP1) cell lines with isolates of C. pneumoniae from
Alzheimer brain tissues followed by immunocytochemistry, immunoblotting, and electron
microscopy. Interestingly, we have demonstrated that C. pneumoniae in both infected cell
lines were immunolabeled with antibodies to Ap (1-40) as well as with antibodies specific
for this organism. Controls for other proteins such as the microtubule associated protein tau
were negative. Our data suggest a number of possibilities to account for the unique findings
between C. pneumoniae and antigenicity for the beta amyloid peptide. These possibilities
include antigenic homology with C. pneumoniae peptides/proteins, a direct association with
the beta amyloid peptide, or up regulation of PAPP in these cell lines resulting in abnormal
or increased processing of the pAPP precursor protein. Results of this study will
significantly increase our understanding of this host-pathogen relationship as it may
contribute to the neuropathogenesis characteristic of sporadic Alzheimer’s Disease.

REDUCTION IN SODIUM CHANNEL DENSITIES PRECEDE THE LOSS OF
MYELINATED AXON FIBERS IN A VIRAL MODEL OF MULTIPLE
SCLEROSIS (MS). D.B. McGavem1*, P. D. Murray3, and M. Rodriguez12'3.
Molecular Neuroscience Program1, and Departments of Neurology2 and Immunology3,
Mayo Clinic and Foundation, Rochester, MN 55905.
A viral model of MS was used to obtain a temporal profile for the pathologic events
that contribute to neurologic dysfunction in susceptible mice. Previously, we observed
demyelination, axonal loss, and reduced sodium channel densities during the chronic
stage of disease in mice. However, the early events that lead to axonal loss and
permanent neurologic dysfunction have not been determined. In this study, we utilized
two sensitive functional assays (rotarod and footprint analyses) to determine a time
course for the progression of neurologic dysfunction in susceptible mice. Sensitive
indicators of CNS pathology (percentages of spinal cord demyelination, myelinated
axonal area distributions, and 3H-saxitoxin labeled sodium channel densities) were also
assessed to determine the pathologic variables that preceded axonal loss. Results
revealed that mice had deficits induced by white matter pathology at a time point (90100 days post-infection) when 11% of the spinal cord white matter was demyelinated.
Interestingly, there was a 44% reduction of sodium channel densities in the lesions of
these mice, yet myelinated axon fibers were relatively preserved. Following this time
point, mice deteriorated further in neurologic function. This resulted from a
significant loss of large myelinated axon fibers without a concomitant increase in the
amount of spinal cord demyelination. At this later time point, a strong correlation was
found between the large myelinated fiber loss and the two measures of neurologic
function. In addition, reductions in sodium channel densities were similar to those
observed at 90-100 days post-infection. These findings suggest that demyelination and
decreased sodium channel densities precede the loss of myelinated axon fibers. The
resultant conduction block and loss of myelin may predispose axons to secondary
injury. This work was supported by the NIH grants: ROI NS24180, ROI NS32129.
D.B.M. is supported by a predoctoral NRSA from the NIMH (Grant#lF31ME12120).

24.13
BORNA DISEASE VIRUS (BDV) INFECTION OF NEONATAL RATS
CAUSES BRAIN REGIONAL CHANGES OF mRNAs FOR CYTOKINES,
CYTOKINE RECEPTOR COMPONENTS AND NEUROPEPTIDES.
C.R. Plata-Salaman.*1 S.E. Ilvin.1 D. Gayle.1 A, Romanovitch.1 and K.M.
Carbone.21Mol. Biol.. U.Del.. Newark. DE 19716:2FDA. Rockville. MD 20852.
The neonatally-infected rat with BDV exhibits developmental and
neuromorphological abnormalities, neuronal cytolysis, and multiple behavioral
and physiological alterations. Here, we report on the levels of IL-ip, IL-1
receptor antagonist (IL-1Ra), TNF-a, TGF-pi, IL-1 receptor type I (IL-1 RJ), IL-1
receptor accessory protein (IL-1 R AcP) I and II, glycoprotein 130, and various
neuropeptide mRNAs in the cerebellum, parieto-frontal cortex, hippocampus
and hypothalamus of BDV-infected rats at 7 and 28 days post-intracerebral
BDV inoculation on the first postnatal day. The data show that cytokine and
neuropeptide mRNA components are differentially modulated in brain regions
(all samples were analyzed individually; n = 7 for both controls; n = 5 for 7-day
post-inoculated BDV group; n = 7 for 28-day BDV group). IL-1 p, TNF-a and
TGF-pi mRNA levels were up-regulated in all brain regions following BDV
inoculation. The cerebellum had the highest levels of IL-1 p, IL-1Ra, TNF-a, IL1RI, and IL-1R AcP II mRNA expression. Cytokine mRNA induction was
differentially up-regulated among brain regions, except for TGF-pi. Specificity
of transcriptional changes in response to BDV infection is supported by the upregulation of cytokine and neuropeptide Y mRNAs associated with downregulation of pro-opiomelanocortin, and with no change of IL-1R AcP I,
dynorphin and leptin receptor mRNAs in the same brain region samples. Thus,
BDV-infected rats exhibit a myriad of cytokine and neuropeptide components
mRNA level changes in brain regions at both 7 and 28 days following BDV
inoculation. This suggests a role of cytokines in the neuropathophysiology of
neonatally BDV-infected rats. Supported by the NIH (CRP-S and KMC).
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FUNCTIONAL AND BIOCHEMICAL FRONTAL LOBE ALTERATION IN
FIV-INFECTED CATS. M. PodelP3*, W.R, Buck?,3 k , Maruyama. * M. Smith?
K.A. Hayes.2*3 D.S. Ruehlmann,1 and L.E. Mathes.2,3 ’Dept.of Vet. Clinical
Sciences, 2Depart. of Vet. Biosciences, 3Center for Retrovirus Research, The Ohio
State University; 4Depart. Of Radiology, Children’s Hospital; Columbus, OH 43210.
Neuropsychological profiles of up to one-third of HIV-l infected individuals reveal
a predominant subcortical dementia, with measures of frontal subcortical functions
being particularly sensitive markers of HIV-related neurocognitive decline. The
pathogenetic relationship between viral load, progressive mechanisms of frontal lobe
injury, and functional disturbances are still unclear. The purpose of this study was to
determine if neuronal injury detected by high spatial resolution proton magnetic
resonance spectroscopy (MRS) in the frontal lobe of feline immunodeficiency virus,
Maryland isolate, (FIV-MD) infected cats correlated to immune-status, peripheral and
brain proviral or viral load, and neurologic function.
Magnetic resonance imaging and proton MRS of the frontal lobe was compared in
cats infected intravenously with FIV-MD at 8 wks of age (n=6) to age matched
controls (n=6) at 8, 14 and 24 mo of age. Correlations to serial lymphocyte
phenotype profile, blood and lymph node proviral and viral load, quantitative
electroencephalography (QEEG), and terminal brain viral load were analyzed.
A significant reduction in both N-acetylaspartate (NAA) and the NAA:choline ratio
was found in the FIV 14 mo compared to the FIV 8 mo old cats and age-matched
control cats only. In the FIV 14 mo old group, there was a significant negative
correlation between NAA and CD4 lymphocyte counts (p=.02),and a positive
correlation to QEEG (p=.004). No correlation was found between viral DNA and
RNA copies in the blood and CD4 lymphocyte counts, frontal cortical NAA, or
frontal cortical QEEG. Terminal brain viral load data is pending.
Thus, peripheral viral load appears not to be related to early onset neuronal injury
and functional change, further supporting our overall hypothesis that indirect
mechanisms mediate neuronal injuiy during the early stages of this feline model of
HIV-1 associated encephalopathy.
Supported by NIH grant: R29 MH5439-01.

STEREOLOGICAL ESTIMATION OF NEURONAL LOSS OCCURING
WITH FELINE IMMUNODEFICIENCY VIRUS (FIV) INFECTION.
W.R. Buck1,2*, M. Podell2,3. 'Dept. of Veterinary Biosciences; 2Center for
Retrovirus Research; 3Dept. of Veterinary Clinical Sciences; Ohio State
Univ., Columbus, OH, 43210.
Neuronal loss described with human immunodeficiency virus type 1
(HIV) infection has not been statistically significant prior to the onset of
acquired immunodeficiency syndrome (AIDS).
However, pre-AIDS
neurological abnormalities have been described in infected humans, and
the time course of onset of neurodegenerative mechanisms remains
unclear.
FIV infection of cats at 8 weeks of age results in
neurophysiological and behavioral abnormalities prior to the onset of overt
feline AIDS. The purpose of this study was to test for neocortical neuronal
loss in tiie pre-AIDS phase of lentivirus infection using a controlled animal
model system. We hypothesize that between-group neuronal loss will be
apparent by 24 months after FIV Maryland strain inoculation compared to
uninfected age-matched controls. Previously published morphometrical
analysis by our laboratory detected significant neuronal loss in FIV
infected cat brain. The method employed in this work is an unbiased
stratified sampling scheme using the optical fractionator on Azure IIstained 50 um-thick cryosections evaluated with the Stereologer™, a
computer-controlled measurement system. This has resulted in current
estimates of 222 x 106 neurons within the normal feline neocortex
(coefficient of error = 0.0786). Should the hypothesis be supported, this
study would suggest that at least some lentiviral neurodegenerative
mechanisms are activated prior to the onset of overt AIDS. Supported by
NIMH R29 MH54939-01, K02 MHO 1400-01 (MP)

25.3

25.4

EFFECTS OF FELINE IMMUNODEFICIENCY VIRUS ON STRIATUM: A
NEUROCHEMICAL AND IMMUNOHISTOCHEMICAL ANALYSIS P.A.
March,1* T, Wemlinger,2 E. Chen1, M. Hadjiconstantinou,2 M. Podell, '.
'Department of Veterinary Clinical Sciences; department of Pharmacology, The
Ohio State University, Columbus, OH 43210.
Cognitive dysfunction in cats infected with the Feline Immunodeficiency Virus
(FIV) may relate to disruption of basal ganglia circuits. The objective of the present
study was to determine whether neurochemical and/or morphological alterations in
subcortical areas are associated with neurobehavioral abnormalities in FIV-infected
cats. Assays for tyrosine hydroxylase (TH), choline acetyltransferase (ChAT), and
aromatic L-amino acid decarboxylase and high pressure liquid chromatography with
electrochemical detection (HPLC-ED) for measurement of dopamine (DA) and its
metabolites were performed on fresh frozen tissues from 4 and 24 week old control
and FIV-infected cats.
TH, ChAT, parvalbumin (PV), and calbindin (CB)
immunohistochemistry was performed on homologous brain regions using standard
techniques. Mean TH activity was 0.95, 0.82, 1.25, and 1.28 nmol/mg protein/hr and
mean ChAT activity was 7.78, 7.66, 82.10, and 67.12 nmol/mg protein/hr in striatum
from 4 and 24 week old control and infected cats, respectively. Mean ChAT activity
of a 3 month old control group was 62.11 nmoles/mg protein. PV and CB
immunoreactivity was greater in ventral striatum of FIV-infected cats than in controls.
Results indicate that nigrostriatal dopaminergic inputs are developed by 4 weeks of
age but that development of cholinergic pathways is delayed until approximately 12
weeks of age in the cat. Initial results further suggest that neonatal FIV infection does
not affect the development of the dopaminergic and cholinergic systems in basal
ganglia structures. The apparent increase in striatal calcium binding protein immunoreactivity may represent a compensatory response to increased neuronal activity in
labeled neurons. Further studies are in progress to determine whether GABAergic
and/or glutamatergic networks in basal ganglia are altered in this feline model of
NeuroAIDS. Supported by OSU Seed Grant Program and NIH R29MH54939.

COMBINED HIV PROTEIN AND COCAINE NEUROTOXICITY: PROTECTION
BY ESTROGEN A. Nath*, R.M. Booze and C. Anderson. Depts. of Neurology
and Anatomy/Neurobiology and Graduate Center for Toxicology, College of
Medicine, University of Kentucky, Lexington, KY 40536-0084.
Intraveneous drug use plays a major role in the spread of AIDS and women
represent the most rapidly growing population of AIDS cases. In the current
studies, we determined 1) if cocaine would enhance the neurotoxic properties of
HIV proteins Tat and gp120 and 2) if these neurotoxic properties can be
modulated by estrogen. Human fetal neuronal cultures were treated with
subtoxic dosages of Tat (60nM), gp120 (30pM) or cocaine (16uM) either alone
or in combination for 15hr and cell death was monitored by trypan blue
exclusion to determine if cocaine could enhance the toxicity of the viral proteins.
The above cultures were also treated with 17-p-estradiol to determine if it could
protect against the combined neurotoxic effects of these compounds. To
determine if estrogen could protect against neurotoxic properties of the viral
proteins we used gp120 (60pM) + Tat (150nM). All experiments were done in
triplicate and mean+SE was calculated from three different experiments.
Cocaine significantly enhanced the toxicity of gp120 + Tat (P<0.001) and
estrogen showed nearly complete protection against the combined effects of
cocaine, gp120 and Tat as well as against gp120+Tat. Combined HIV infection
and cocaine use may result in increased susceptibility to neuronal dysfunction;
moreover, pharmacological dosages of estrogen may have a protective effect
against HIV infection and cocaine neurotoxicity.
(Supported by DA11337)

25.5

25.6

SPECIFIC COGNITIVE DEFICITS IN PIG-TAILED MACAQUES
FOLLOWING INFECTION WITH A NEUROPATHOGENIC STRAIN
OF SIV. J,G. Herndon*, M.Verreault, and F.J, Novembre. Yerkes Regional
Primate Research Center, Emory University, Atlanta, GA 30322.
The SIVsmmFGb virus is 100% neuropathogenic and lethal in the pigtailed macaque (Af. nemestrina). To determine whether this virus produces
changes in cognitive function, we administered 4 behavioral tests to 9 juvenile
male pig-tailed macaques. The tests were the Delayed Non-matching to
Sample-120s delay (DNMS-120s), the Delayed Recognition Span Testspatial condition (DRST-spatial), the Spatial Reversal Test, and a weekly test
of fine motor control. Tests were administered in this order during a baseline
period and were then given repeatedly after inoculation of 6 of the monkeys
with SIVsmmFGb. The 3 control monkeys and the 6 infected monkeys were
given up to 7 repetitions (depending upon individual survival times) of this
test sequence following inoculation. As expected, all monkeys improved their
scores over successive sessions of testing. The infected animals performed
more poorly, however, on the Spatial Reversal Test and the DRST-spatial
test than did the 3 control monkeys. The deficits in the infected monkeys
cannot be attributed to weakened condition or lowered motivation because
performance levels and rates of improvement of the two groups of monkeys
were nearly identical on the DNMS-120s and on the test of fine motor
control. The results suggest that the SIVsmmFGb-infected pig-tailed
macaque may be a useful model of the cognitive deficits seen in human AIDS
patients.
(Supported by NIH grant RR 00165.)

NEUROPSYCHOLOGICAL PERFORMANCE IN RELATIONSHIP TO
SELENIUM STATUS IN THE MIAMI HIV-1 INFECTED DRUG ABUSERS
(MIDAS) STUDY. G Shor-Posner*. A Campa. R Lecusay, F Wilkie. M
Miguez, J Quesada, R Garcia, G Zhang, S Lai. MK Baum. Depts of Psychiatry
& Behavioral Sciences, and Medicine. Univ of Miami School of Medicine.
Miami FL 33136

Society

for

Neuroscience

, Volume

25, 1999

Oxidative stress, which can lead to neuronal degeneration is increased
in HIV/AIDS and appears to be potentiated by drugs of abuse. Selenium, a
biological antioxidant, is required for protecting brain cells from oxidative
damage, and may thus preserve neuropsychological function in HIV-1+ drug
users. Our studies have evaluated mental status, mood state and well being in
relationship to selenium status in 119 HIV-1 infected drug abusers. MiniMental State Examination scores (>28) were significantly and positively related
to higher plasma selenium levels (p=0.03). Additionally, better quality of life
scores were associated with higher plasma levels, p=0.01, and these
relationships remained significant after controlling for disease progression, age
and education. In a pilot study of seleniuin/placebo supplementation (200
ug/day), supplementation with selenium for one month was associated with a
20-fold reduction in the development of depressed-dejected mood state
(p=0.05). Furthermore, 33% of the supplemented subjects showed improvement
(>4 points) in mental status, as compared to 0% ofthe placebo group (p=0.06).
A larger percentage of the supplemented group (47%) than the placebo group
(19%) showed improvement in Quality of Life scores (p=0.08). These findings
demonstrate that selenium therapy has a strong potential for improving mental
status, mood state, and well-being in HIV-1 seropositive drug users. This work
was supported by NIDA (1R01TW11379-02) and NIH Fogarty International
Center (MKB).
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CLUSTERIN EXPRESSION IN ASTROCYTES OF HUMAN AIDS
BRAINS. Torres-Mufioz JE1? Redondo Mz, Roberts B1, Tacoronte Nl
Petito,*CK1. ^University of Miami School of Medicine Department of
Pathology, Miami Fl 33136 2Hospital Costa del Sol, Immunology
Department, Marbella, Spain
Clusterin (CLU) is a secretory glycoprotein that, in normal brain, is principally
expressed in astrocytes and neurons. Since increases in CLU may be associated
with cell survival in the brain, we examined its expression in cortex and centrum
semi-ovale in AIDS brains with HIV encephalitis and compared results in AIDS and
nonHIV controls with normal brains. We quantitated changes in CLU and GFAP
immunoreactivity by determining their relative cytoplasmic areas and numbers of
CLU+ and GFAP+ astrocytes per unit area cerebral white matter. There was no
apparent change in neuronal expression of CLU. However, we found increases in
the relative size of CLU+ astrocytes (21.7 +/-9 and 18.8 +/-5 in AIDS with and
without HIVE) when compared with controls (8 +/- 4.5, p < 0.05). The numbers of
CLU+ astrocytes per unit area also increased in AIDS with and without HIV
encephalitis (18 +/- 12 and 22 +/- 12) when compared with controls (8 +/- 8, p
<0.05). There were no differences between the two AIDS groups. We found no
differences in the size and number of GFAP+ astrocytes, ln situ hybridization with a
cRNA probe for CLU combined with GFAP IH confirmed the astrocytic expression
of CLU. These results show a widespread increase in astrocyte CLU in AIDS brains
that is not necessarily associated with increases in astrocyte GFAP. They suggest
that CLU is more sensitive than GFAP in detecting astrocyte reactivity in postmortem brains. The significance of the CLU increases is uncertain but may impart
protection against HIV neurotoxins, similar to what has been described for antiapoptotic factors in astrocytes in AIDS brains (Kock-Brandt C et al.Prog Mol
Subcell Biol 1996;16:130-49)
Supported by NS27416 and NS35331.

MICROGLIAL ACTIVATION AND NEURONAL LOSS IN A MACAQUE
MODEL OF NEURO-AIDS. J.K. Marcario*1A L. A.M. Raymond1'4, O.
Narayan3. P.D.Cheney1 ’4, and N E J. Berman2 4 Departments of Molecular &
Integrative Physiology1, Anatomy and Cell Biology2, Marion Merrell Dow
Laboratories3 and Smith Mental Retardation and Human Development Research
Center4, University of Kansas Medical Center, 3901 Rainbow Blvd., Kansas City,
KS 66160
Infection of macaques with neurovirulent strains of simian immunodeficiency
virus (SIV) has proven to be an extremely useful model for investigating the
neurological manifestations of AIDS. In previous reports, we have documented
behavioral task performance deficits (Marcario et al., 1999; Marcario et al., in
press) and neurophysiological changes (Raymond et al., 1998; Raymond et al., in
press) in a cohort of 9 monkeys infected with SIVmac (R71/E17). In an effort to
determine whether neuronal loss and/or microglial activation are primary causes
for the motor system deficits seen in these animals, we are applying unbiased
stereological techniques to the assessment of globus pallidus (GP) in SI V-infected
and control animals. Thus far, our analysis is complete for one infected (AQ12)
and one control animal. Compared to the control, AQ12 showed a neuronal loss
of 5% and a 19% decrease in GP volume. Large, disseminated microglial nodules
were also found. Severe ataxia and tremor were evident in AQ12. Preliminary
inspection of sections from an additional 7 SIV-infected monkeys suggests a
relationship between the occurrence of microglial nodules and the severity of
ataxia. Alterations in neuronal morphology may also be associated with the
presence or absence of tremor. Given the moderate loss of neurons, extensive
microglial activation and severe tremor in AQ12, it is believed that overt
neurological motor symptoms are more related to microglial activation than to
neuronal loss, which appears to be a relatively late event in SIV infection.
(Supported by NIH grants NS32202 and HD02528)

25.9

25.10

MURINE AIDS DEMENTIA COMPLEX IS ATTENUATED IN MICE
LACKING TNF- «
IN SPITE OF THE SYSTEMIC
IMMUNOSUPPRESSION CAUSED BY LP-BM5 VIRUS Ryuichi Iida12.
Kuniaki Saito3 *, Kiyofumi Yamada1, Anthoney S. Basile4, Kenji Sekikawa5, Masao
Takemura3, Hidehiko Fujii3, Hisayasu Wada3, Mitsuru Seishima3 and Toshitaka
Nabeshima1 'Dept. of Neuropsychopharmacology and Hospital Pharmacy, Nagoya
Univ. Sch. of Med., Nagoya 466-8560, Japan, 2Gifu Research Laboratory, JBC, Inc.,
Gifu 503-0628, Japan, 3Dept. of Laboratory Medicine, Gifu Univ. Sch. of Med.,
Gifu 500-8705, Japan, “Laboratory of Neuroscience, NIDDK, Bethesda, MD 20892,
U.S.A., 5Dept. of Immunology, National Institute of Animal Health, Tsukuba 305,
Japan.
AIDS induced by the infection with human immunodeficiency virus (HIV)
is frequently complicated with the AIDS dementia complex (ADC) , a neurological
syndrome characterized by abnormalities in cognition and behavior. Although the
pathogenesis has been unclear, but the levels of tumor necrosis factor alpha (TNFa ) messenger RNA in the brain are increased in demented but not in non-demented
HIV-infected patients, suggesting a possible role for TNF- a in the development of
ADC. To define the role of TNF- a in ADC, we used the mice lacking TNF- a
(TNF-KO) . Here we show that impairments of learning and memory caused by
infection with LP-BM5 murine leukemia retrovirus mixture, a murine model of AIDS,
are significantly attenuated in TNF-KO mice compared with those in wild-type mice.
Because systemic immunosuppression induced by LP-BM5 can not distinguish
between TNF-KO and wild-type mice, the attenuation of cognitive dysfunctions in
TNF-KO mice is not due to the secondary effect of the ameliorated
immunosuppression. A neuronal marker MAP-2 immunoreactivity was decreased
in the LP-BM5-infected wild-type, but not TNF-KO mice, whereas a microglial
marker PKI 1195 binding was increased to the same levels in both groups of mice.
These findings suggest a potential role for TNF- a in the development of ADC.

IMMEDIATE EXCITATORY RESPONSES CAUSED BY THE HIV VIRAL COAT
PROTEINS GP41 AND GP120 IN RAT CORTICAL SLICES. Y.S. Wang* and T.D,
White, Dept. of Pharmacology, Dalhousie Univ., Halifax, N.S., Canada B3H 4H7
There is mounting evidence that inflammation and associated excitotoxicity may
play important roles in various neurodegenerative disorders such as bacterial infections
and AIDS dementia. Previously we showed that exposure of rat parietal cortical slices
to the bacterial endotoxin LPS triggered very rapid releases of the neurotransmitters
glutamate and [3H]norepinephrme (NE), and of the neuromodulator adenosine. This
raised the possibility that similar excitatory responses may occur with other
immunogens, such as the HIV coat proteins gpl20 and gp41, which may be implicated
in AIDS dementia. Indeed, perfusion of rat cortical slices with either 10 nM gpl20 or
10 nM gp41 for 10 min caused very rapid releases of glutamate, [3H]NE and
adenosine. These responses declined rapidly following removal of the gp 120 or gp41.
HIV gp41 was much more effective than gpl20 at releasing glutamate and [3H]NE,
while both glycoproteins were equally effective at releasing adenosine. No supraadditive responses were observed when various concentrations of gpl20 and gp41
were combined. There appears to be no tachyphylaxis to gp41 in releasing these
substances. It has been suggested that stress might exacerbate AIDS dementia.
However, preincubation of cortical slices with 1 pM corticosterone did not potentiate
the releases of glutamate, [3H]NE or adenosine evoked by either gpl20 or gp41. It
seems possible that rapid, inappropriate excitation may occur in the immediate vicinity
of HIV viral infections in the brain. This might explain some of the acute, transient
neurological and psychiatric symptoms associated with AIDS dementia. (Research
supported by grants to T.D.W from the Dalhousie Medical Research Foundation and
the MRC of Canada. Y.S.W. is a Killam Scholar.)

25.11

25.12

DETECTION OF EPSTEIN- BARR- VIRUS (EBV) IN CEREBRAL
NEURONS
OF
PATIENTS
WITH
HUMAN
IMMUNODEFICIENCY VIRUS (HIV). K. D. Geiger*, G. Ldffelholz.
and W, Schlote. Edinger-Institut, University of Frankfurt, 60528,
Germany.
Infection with Epstein-Barr- Virus (EBV) has been associated
with cerebral lymphma in HIV -infected patients. To investigate the
possible role of this virus in opportunistic infections of the CNS of HIVinfected subjects without lymphoma, we studied paraffin-embedded
sections of brain tissues from 78 autopsies by PCR, in-situ hybridization
and immunocytochemistry. We found EBV by PCR in 44% of the HIVinfected brains with encephalopathy, in 38% of the HIV-infected brains
without encephalopathy, and in 22% of cases with secondary lymphoma
in HIV-infected patients. In normal brains and in cerebral lymphoma
without HIV-infection, EBV was not detectable. 90% of the positive PCR
results were reproducible by in situ hybridization. Unexpectedly, EBV
was located mainly in the neurons of the deeper cortical layers and the
neurons of the substantia nigra, but scarcely in glial cells.
Immuocytochemistry detected EBV only in lymphocytes from
secondary CNS lymphoma. In conclusion, we found no correlation
between the detection of EBV and the ocurrence of HIVencephalopathy or lymphoma in HIV-infected patients. Our results
rather point towards a selective, most likely latent, infection of CNS
neurons with EBV in HIV-infected patients.

CYCLOOXYGENASE-2 IS COEXPRESSED IN PRIMATE CHOLINERGIC
BASAL FOREBRAIN NEURONS AND DOWNREGULATED IN SIVINFECTION OF RHESUS MONKEYS. C, Depbovlu1. M. Bette1. M.K.-H.
Schafer1. R. Vertesi2. L.E. Eiden2. E. Weihe1*. 1 Institute of Anatomy and Cell
Biology, Philipps University Marburg, D-35033 Marburg, Germany; laboratory of
Cellular and Molecular Regulation, National Institute of Mental Health, NIH,
Bethesda, Maryland
Cyclooxygenase-2 (COX-2) is constitutively expressed in cortical and hippocampal
but not in basal forebrain neurons of the rat where its expression appears to be
regulated in ischemia, after peripheral LPS treatment and in Boma Virus-induced
encephalitis (Rohrenbeck et al., 1999, Neurobioiogy of Disease 6:15-34).
In this study we explore whether COX-2 is expressed in primate cholinergic basal
forebrain neurons and wether its expression is altered in rhesus monkeys infected with
simian immunodeficiency virus (SIV). Immunohistochemistry and in situ
hybridization reveal that COX-2 and the marker of the cholinergic gene locus,
VAChT, the vesicular acetylcholine transporter, are constitutively coexpressed in
human and rhesus monkey basal forebrain neurons (Ncl. basalis Meynert, septum,
diagonal band) but not in cholinergic somatomotor neurons of the brainstem or in
cholinergic cell groups of the lateral tegmental and pedunculopontine areas.
Quantitative image analysis of perikaryal COX-2 immunoreactivity demonstrates a
downregulation of COX-2 expression in basal forebrain and non-cholinergic cortical
neurons in SIV-infected rhesus monkeys with AIDS but not in Rhesus monkeys
without AIDS. In addition we observed a reduction of VAChT positive cholinergic
innervation of the cortex and hippocampus in SIV-infected rhesus monkeys with
AIDS.
Constitutive COX-2 expression in basal forebrain neurons suggests a possible role
for prostaglandin cotransmission in telencephalic cholinergic projection neurons in
monkey and human brain.
Supported by the Volkswagenstiftung.

Funded by the Edinger Foundation, Frankfurt, Germany (PS).
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25.14

Cyclooxygenase-2 (COX-2) is associated with altered glutamate transport in HIVinfected frontal cortex. Todd C. Pappas*, Erik Shank, Giulio Taglialatela1,
Beniamin Gelman2, William A. O’Brien. Departments of Internal Medicine,
’Human Biological Chemistry and Genetics, and 2Pathology, University of Texas
Medical Branch, Galveston, TX 77555-0835.
HIV infection of the brain can result in reversible neuropsychological symptoms,
suggesting non-cytolytic mechanisms of neuropathology such as alteration of
neurotransmission. Lipid-derived messengers, which are integral in glutamatergic
neurotransmission, may play a role in HIV neuropathology. Glutamate (GLU)
transport into frontal cortex synaptosomes was measured from HIV+ and agematched HIV- controls. HIV+ patients showed higher GLU transport than controls,
associated with increase in transporter Vmax and no change in Km. There was no
significant difference in GABA transport between HIV+ and HIV- brains.
Immunoblots of frontal cortex gray matter showed that the neuronal GLU
transporter EAAC1 was generally more abundant in HIV+ patients, but that many
patients showed lower levels of GLT1. Higher levels of COX-2, the inducible
prostaglandin synthetic enzyme, were also seen in HIV+ brains. COX-2 expression
in HIV+ brains was found in neurons and in perivascular white matter. To model
these effects in vitro, we used rat horizontal brain slices in long-term culture with
HIV-infected human M<J> (HIV-MI). Co-culture of slices with HIV-M<|> resulted in
a nearly 200 % increase in GLU transport. This increase was evident 24 h after
infection and could be reversed by the specific COX-2 inhibitor NS-398. A 7 d coculture of slices and HIV-M<|> resulted in an NS-398-insensitive decrease in GLU
transport. Immunoblot analysis indicated that COX-2 induction was detectable
only after 24 h in the HIV-M<|> and not in the slice tissues. These data indicate that
prostaglandins may be involved in alterations in GLU transport in HIV infection of
the CNS. Supported by NS38414-01 to W.A.O.

INTERACTION OF HIV-1 CORE P24 ANTIGEN WITH HUMAN MONOCYTIC
CELL LINE THP1 RESULTS IN TUMOR NECROSIS FACTOR-a DEPENDENT
SECRETION OF MATRIX METALLOPROTEINASE 9. Y, H. Chong* M. J. Lee
and H. K. Park. Dep t of Microbiology, College of Med. Div. of Mol. Biol. &
Neurosci. Med. Sci. Res. Cent. Ewha Womans Univ. Seoul 156-056, Korea
Immunological mechanisms involving the stimulation of brain microglia and the
release of damaging inflammatory-related agents such as various cytokines and
matrix metalloproteinases (MMPs) by HIV-infected microglia in the brain have been
implicated in the pathogenesis of AIDS dementia. Since the regulation of MMPs
activity can be influenced by a variety of mediators, we investigated the interaction of
the human monocyte cell line THP-1 as a model for microglia with HIV-1 protein
p24. First, it was shown that HIV-1 core p24 antigen can directly induce THP-1 to
secrete MMP-9 in a dose dependent manner. Next it was shown that among
cytokines tested, tumor necrosis factor alpha (TNF-a) or interleukin 1-beta (IL-1 (3)
with a lesser extent which were proinflammatory cytokines implicated to be involved
in HIV-1 associated brain injury could induce THP-1 to secrete MMP-9 (92-kDa
gelatinase) whereas they elicited a little effect on secretion of MMP-2 (72-kDa
gelatinase). Furthermore, it was found that HIV-1 protein p24 can significantly
induce THP-1 to secrete TNF-a with or without prior differentiation into
macrophages by phorbol myristate acetate (PMA) treatment. These findings suggest
a significant correlation between levels of HIV-1 gag p24 antigen and TNF-a
production leading to induction of MMP9 release. The cellular actions of these
HIV-1 proteins appears to involve protein kinases (PK) since PK inhibitors
diminished the cellular responses to HIV-1 protein. Identification of the pathways
by which HIV-1 protein activates THP-1 to secrete MMP-9 by inducing TNF-a
production will be presented and may help in developing new therapeutic strategies
for HIV-1 associated brain injury and viral dissemination (Young Hae Chong
supported by KISTEP of Ministry of Science and Technology (1999).
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SUPPRESSION OF P300 POTENTIAL IN RATS TREATED WITH HIVgpI20. (X
Galicia?’2 M Sanchez-Alavez? S. Pdrez-Ruiz? L, Navarro?* R. Drucker-Colin?
John H. Elder? O. Prospdro-Garcia? 1 Grupo de Neurociencias. Dep. de Fisiologia.
Facultad de Medicina UNAM, 2 Dep de Procesos Basicos Facultad de Psicologia
UNAM. 3 Seccidn de Acustica. Centro de Instrumentos, UNAM. 4 Dept. of
Molecular Biology, The Scripps Research Institute.
20-30 % of AIDS patients have neurological symptoms characterized by motor
and attention impairment and loss of memoiy. Previous studies have shown that
HIVgpl20 produces behavioral deficits in rats and electrophysiological alterations.
The goal of the present work is to describe the effect of this protein on P300 evoked
by a passive discrimination task in rats. We use 11 rats divided in HIVgpl20 (n=6)
and control (n=5) groups, previously implanted with a stainless steel cannula aimed
to the left lateral ventricle and screw electrodes in prefrontal cortex, vertex and
frontal sinus (reference electrode). After habituation, a standard (high probability)
auditory stimulus ( 3 kHz, p= 92 %) and low probability target stimuli ( 8 kHz, p= 8
%) were delivered. We recorded the P300 wave previously to treatment (baseline),
during the icv administration of HIVgpl20 (700 ng for 5 days) or saline and 24
hours, 7, 14 and 21 days after the last injection. There are not changes between
groups in the amplitude or latencies of the observed components (Nl, P2, N2 and P3)
to target stimuli in baseline or during the injection period. However 24 hours after
the last injection a significant amplitude reduction in P3 wave was observed, but not
in Nl, P2 and N2 waves. Beginning at the 7th day through the 21st day, P2 and N2
components disappears an only Nl component could be observed in the HIVgpl20
treated group. Our results show that HIVgpl20 have an effect on P3, N2 and P2
potentials and probably in the cognitive processes which generates this electrical
activity. Therefore HIVgpl20 may suffice to produce electrophysiological
abnormalities associated to cognitive deficits observed in the demential processes
associated to AIDS. Supported by Grant 1N20977 from DGAPA-UNAM to OPG

HIV- AND FIV-DERIVED gpl20 ALTERS SPATIAL MEMORY, LTP AND
cAMP PRODUCTION IN THE HIPPOCAMPUS. M. Sanchez-Alavez?* J. Criado?
M. Gdmez-Chavarirt1 L. Navarro? O. Diaz-Ruiz,1 O. Galicia? F. Sanchez Narvaez?
E. Murillo-Rodriguez? J. S. Henriksen? J. H. Elder? and O. Prospero-Garcia?
’Grupo de Neurociencias, Depto. de Fisiologia, Facultad de Medicina, UNAM, Ap.
Postal 70-250, Mexico D. F., Mexico. Dept. of 2Neuropharmacology, and 3Dept of
Molecular Biology, TSRI, 10550 North Torrey Pines Road, La Jolla, 92037, USA
The HIV-associated dementia (HAD) has been determined in 20-30% of patients
with AIDS. Since neurons are not directly infected with HIV-1, the envelope
glycoprotein 120 (gpl20) derived from HIV-1 or FIV seems to play an important
role in neurological abnormalities observed in humans or cats, respectively. Different
experiments have shown that a picomolar concentration of HIV-gpl 20 kills neurons
in vitro. FIV produces neurophysiological disturbances and cortical neuronal
cytoskeletal changes in cats. The goal of the present study was to determine the
effects of the semichronic (5 days) intracerebroventricular (ICV) administration of
HIV- or FIV-gpl20, on a spatial memory, hippocampal long-term potentiation
(LTP), and cAMP production in hippocampus. Fifty-six rats were implanted under
halothane anesthesia with a canula aimed to the third ventricle. They received 140
ng/ 5pl/day, ICV of gpl20 derived from FIV or HIV during 5 days (total dose of 700
ng) and a control group received vehicle. After the treatment, twenty-five rats were
used for the spatial Barnes maze task, sixteen rats were used for LTP induction and
fifteen rats were used for cAMP determination. Results showed an important
deterioration in the acquisition of the spatial learning task in all gpl20 treated rats.
We also found a decrease in LTP induced by HIV-gpl20, while FIV-gpl20 treated
groups showed a significant decrease in post-tetanic potentiation, and finally, cAMP
production was reduced. Taking all these findings together, we suggest that H1Vgpl20 may cause neurological abnormalities and may facilitate HAD development in
AIDS patients. Similar effects may be happening in cats.
Grant IN209797 from DGAPA-UNAM to OPG supported this work.

25.17

25.18

EFFECTS OF LP-BM5 INFECTION ON REACTION TIME AND ERRORS IN
A SUSTAINED ATTENTION TASK IN C57BL/6 MICE. B. Lee, P. Tumu,
R. Waltrip* and I.A. Paul, Department of Pharmacology and Psychiatry,
University of Mississippi Medical Center, 2500 North State Street, Jackson,
Mississippi 39216.
Previous studies show that the LP-BM5 murine leukemia virus causes an
acquired immunodeficiency syndrome-like syndrome in C57BL/6 mice (MAIDS)
and impairs learning and memory without gross motor impairment. In order to
determine whether LP-BM5 infection impairs sustained attention performance,
we tested LP-BM5 infected mice using a random two choice operant task. Mice
were water restricted for 23 h per day. Animals were trained to react to 1, 2, or 5
second visual stimuli randomly presented on the right or left unit by executing a
nose-poke response within 5 seconds of stimulus presentation for 20 pl water.
Mice received up to 45 presentation in a 15-min test. On days 1, 3, and 5, 5second visual stimuli were used. On day 2, 2-second visual stimuli were used and
on day 4, 1-second visual stimuli were used. After pre-training animals to choose
the target unit for 18 days, twenty mice were inoculated with LP-BM5; controls
received medium (DMEM). From 9 weeks after LP-BM5 infection, the virus
infected animals responded to the visual stimuli statistically significantly slower
than the control group by 20-30% depending on the duration of the visual stimuli.
LP-BM5 infected mice also omitted the visual stimuli 25-40% more than the
control group at 9 and 10 weeks after virus inoculation.
We conclude that LP-BM5 infection disrupts sustained attention task performance
by increasing reaction time to the target stimuli and the proportion of errors of
omission.
Supported by NIH grant MH53228 to I.A. Paul.

A HUMAN NEURONAL CELL MODEL FOR STUDIES OF HIV-1-INDUCED
APOPTOSIS. W. Chen1*, S. Jaffer1, J. Hesselgesser2, W. Choe1 and D. L, Kolson1.
'Dept. of Neurology, University of Pennsylvania, Philadelphia, PA 19104; 2Berlex
Biosciences, Richmond, CA 94806.
Apoptosis has been shown to underlie the neuronal loss in some neurodegenerative
diseases including HIV-1 associated dementia (HAD). Neuronal death in HAD is
thought to occur from indirect effects of HIV-1 infection of macrophages in the brain,
with subsequent release of toxic viral and cellular gene products. Bcl-2 protects against
apoptosis induced by a variety of neuronal insults, but it is currently unknown whether
Bcl-2 is protective against HIV-1-induced neuronal apoptosis. To study this, we have
utilized neurons derived from the human NTera 2 cell line (NT2.N) as a model system.
We previously demonstrated that the HIV-1 envelope glycoprotein, gpl20, and the achemokine SDF-la induce apoptosis ip NT2.N neurons via the chemokine receptor
CXCR4, which is expressed on NT2.N neurons and hippocampal pyramidal neurons in
vivo. Furthermore, anti-Fas monoclonal antibody also induced NT2.N apoptosis, and
RNase protection analysis demonstrated a dramatic increase of Fas mRNA expression
in differentiated NT2.N neurons in comparison to undifferentiated NT2 precursor cells.
To further study mechanisms of HIV-induced neurotoxicity, we created NT2.N cell
lines stably transfected with a Bcl-2 expression plasmid and examined the ability of cell
culture supernatants from HIV-1-infected macrophages to induce apoptosis in NT2.N
and NT2.N/bcl-2 transfectants, utilizing TUNEL assay. NT2.N neurons were
susceptible to HIV-1 and LPS-stimulated apoptosis, and NT2.N/bcl-2 transfectants
showed a significant decrease in susceptibility (—30%) to LPS-induced apoptosis. We
are now further examining the potential role(s) of Fas and other signals in mediating
HIV-1-induced neuronal apoptosis and the ability of bcl-2 and other gene constructs to
inhibit such apoptosis. The NT2.N cell culture system is a unique human cell model
for studying mechanisms of neuronal apoptosis and potential neuroprotective strategies.
Supported by NIH grants NS35007 and NS 37651.
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AAV-MEDIATED BCL2 TRANSDUCTION IN THE SPINAL CORD : A
NEW APPROACH TO PREVENT MOTONEURON DEATH IN FALSTRANSGENIC MICE. M. Azzouz'*. A.F. Hottinger1. AD. Zum1. H. Biieler2 and
P, Adiischer1.1 Division of Surgical Research and Gene Therapy Center, CHUV,
Pavilion 4, 1011 Lausanne, Switzerland, institute for Molecular Biology, University
of Zurich, Abteilung 1, Winterthurerstr. 190, CH-8057 Zurich, Switzerland.
Mutations in the Cu/Zn superoxide dismutase (SOD1) gene underlie some familial
cases of amyotrophic lateral sclerosis (FALS), a neurodegenerative disorder
characterized by loss of cortical, brainstem, and spinal motoneurons. Transgenic- mice
overexpressing a mutated form of human SOD1 (G93A mutation) develop a severe,
progressive motoneuron disease. We investigated the potential of recombinant adenoassociated virus (rAAV) to transfer neuroprotective molecules in this animal model of
FALS. Preliminary experiments with a marker protein showed that rAAV-EGFP
(green fluorescent protein) injected bilaterally into the lumbar spinal card of control
mice lead to expression of the reporter gene in 35% of the motoneurons surrounding
the injection site. Injection of an AAV vector encoding the anti-apoptotic protein bcl2
(AAV-CMV-bcl2) in SOD1 mice also resulted in the expression of bc!2 in up to 40%
of the motoneurons close to the injection site. Interestingly, the number of
motoneurons surviving at the end stage of the disease was significantly higher in the
presence of bcl2 than in the control groups. In addition, the compound muscle action
potential (CMAP) amplitude elicited by nerve stimulation and recoided by
electromyographic (EMG) measurements was higher in the rAAV-bcl2 treated group
than the control (P < 0.001). Expression of the proto-oncogene bcl2 also delayed the
onset of motoneuron disease. However, bcl2 expression was not sufficient to prolong
the survival of the FALS-transgenic mice. This study supports the use of rAAV
vectors for the delivery of functional genes to spinal cord motoneurons as a possible
way to enhance motoneuron survival and repair following degeneration.
Supported by Swiss National Science Foundation.

NOS 1 TRANSLOCATION BETWEEN SOLUBLE AND INSOLUBLE
INTRACELLULAR COMPARTMENTS IN PC 12 CELLS. M Arundine, D
Munoz*, M.J Strong. The Department of Pathology, The University of Western
Ontario, London, Canada, N6A 5A5
Understanding the mechanisms regulating NOS 1 translocation may be beneficial
in comprehending the pathophysiology of neurodegenerative disorders such as
amyotrophic lateral sclerosis (ALS), in which NO-mediated neurotoxicity has been
implicated. Our laboratory has previously shown that levels of NOS 1 steady state
mRNA in ALS spinal motor neurons are not significantly different from those of
control tissue. In contrast, previous authors have demonstrated increased NOS !
immunoreactivity in diseased motor neurons in ALS.
To reconcile these
observations, we have proposed that the intracellular distribution of NOS 1 protein
(cytosolic vs. particulate) is modified in certain disease states.
The present study suggests an in vitro model in which to study the regulation of
NOS 1 intracellular translocation. We have observed that PC 12 cells contain
mRNA encoding a post-synaptic density protein, PSD 95, that mediates the physical
linkage between a NOS 1 isoform containing a PDZ motif and the NMDA Cterminus TSXV* sequence. In addition, PC 12 cells express a NOS 1 isoform
mRNA encoding the PDZ binding module These novel findings suggest that the
soluble NOS 1 present in PC 12 cells may undergo translocation between cytosolic
and particulate fractions. At basal states, NOS 1 protein is predominately associated
with the cytosolic compartment in PC 12 cells. We are currently determining
whether translocation to the particulate fraction occurs following NMDA
stimulation.
These preliminary data suggest that the NOS 1 protein may translocate to the
membrane subsequent to Ca2' influx via NMDA stimulation
We further
hypothesize that the activated membrane-bound enzyme may inherit an alteration in
it’s activity, and thus, affecting intracellular nitric oxide concentrations.

26.3

26.4

HD TRANSGENIC MICE: CHANGES IN STRIATAL DOPAMINE RECEPTORS
AND CYCLIC AMP DISTRIBUTIONS. 'M.A. Ariano*, 2A. Koppel, and 2M.S, Levine,
’Neuroscience, CMS, N. Chicago, IL; 2MRRC, UCLA, Los Angeles, CA.
Transgenic mice expressing a portion of the human HD gene (BGCBA-TgN62, Cell
87:493, 1996) have a unique phenotype and show some features of the human disease.
Previous work has suggested that changes in striatal dopamine (DA) receptor mRNA
and ligand binding for both DI and D2 DA subtypes precede the onset of motor
symptoms in the mutants (PNAS USA 95:6480, 1998). We find a profound loss of
cellular and neuropil staining for DI and D2 receptor subtype protein expression occurs
in BGCBA-TgN62 striatum. However, a few medium sized striatal cells still express
both DA receptor subtypes, and large diameter neurons are still reactive for D2 receptor
protein. The limited number of residual DA receptor reactive cells in BGCBA-TgN62
striatum suggests that they are part of the intemeuron populations, and resistant to the
lethal effects of the HD transgene insertion. In contrast, the number of neurons
expressing the second messenger cyclic AMP was elevated dramatically in the mutant
striatum, and cellular staining intensities in these responsive cells were also more robust
compared to the control. Since a major part of striatal cyclic AMP production is linked
to DI receptor activation and postsynaptic transduction of DI effects, the present
findings suggest a potential uncoupling of the DI receptor from its transduction cascade
in the mutant. Supported by NIH NS NS 32277 [MAA] 33538, 35649 and the
Hereditary Disease Foundation [MSL].

STRIATAL MEDIUM-SIZED SPINY NEURONS (MSSNs) SHOW
DEPOLARIZED RESTING MEMBRANE POTENTIALS (RMPs) IN
TRANSGENIC MOUSE MODELS OF HUNTINGTON'S DISEASE (HD).

26.5

26.6

Copper Chaperone for SODI (CCS) is required to activate mammalian SODI
Jamuna R, Subramaniam1*. Darrell Waggoner3, Lino Tessyollo3. Valeria
Culotta . Donald L. Price1,3. Jeffrey Rothstein’. Jonathan Gitlin and Philip C. Wong1.
Departments of ‘Pathology, ‘^Environmental Health Sciences and ’Neurology, Johns
Hopkins University, Baltimore, MD 21205, 2Department of Pediatrics* Washington
University, St. Louis, MO 63110 and *NCl-Frederick Cancer Research and
Development Center, Frederick, MD, 21701.
Intracellular copper trafficking is mediated through a family of proteins,
termed metal chaperones, which function to ensure the incorporation of copper into
their target proteins. Previous studies showed that the LYS7 gene, which encodes the
soluble yeast copper ghaperone for superoxide dismutase (CCS), is essential in vivo
for charging yeast SODI with copper, a cofiwtor necessary for enzymatic activity. To
demonstrate that CCS is required to charge mammalian SODI with copper, we
generated mice with targeted disruption of CCS alleles (CCS-7' mice). While CCS7'
mice are viable and possess normal levels of SODI protein, they show no copper
incorporation into apoSODl as determined by metabolic wCu-labeling studies and
consequently, marked reductions in SODI enzymatic activity as compared to CCS+/*
mice or control mice. Furthermore, as compared to oontrol mice, CCS-deficient mice
revealed increased sensitivity to paraquat and CCS7 female mice showed reduced
fertility, phenotypes that are observed in the SODI-deficient mice. Taken together,
these results demonstrate that CCS is necessary to selectively deliver copper to SODI
in vivo in mammalian cells. Significantly, mutations in SODI cause autosomal
dominant familial amyotrophic lateral sclerosis and transgenic mice expressing these
mutations develop motor neuron disease. The availability of CCS7* mice will allow
us to directly test, by crossbreeding strategies, the role of copper and mutant SODI in
the pathogenesis of our transgenic mouse model of this human illness.

ZINC-DEFICIENT ALS MUTANT SOD INDUCES MOTOR NEURON
APOPTOSIS BY AN OXIDATIVE MECHANISM REQUIRING NITRIC OXIDE.
ROLE OF ^TROTYROSIl^E. A.G, Estevez '' x^PACrQW , JA Sampson x
Y, Zhuang'. L. Barbeito and J.S. Beqkman . Dept. of Anesthesiology,
Biochemistry and Molecular Genetics, Neurobiology, and the Center for
Free Radical Biology, Univ. of Alabama at Birmingham, AL 35233; Seccidn
Neurosciencias, Facultad de Ciencias, Universidad de la Republica, 11600
Montevideo, Uruguay.
Either inhibition of NO synthesis or increased intracellular superoxide
scavenging prevents apoptosis induced by trophic factor withdrawal in pure
primary cultures of motor neurons. Trophic factor withdrawal also induced
neuronal nitric oxide synthase (NOS). However, NO itself is not toxic for motor
neurons, but can become toxic by reacting with superoxide to form
peroxynitrite. Embryonic rat spinal motor neurons prepared by combination of
metrizamide density gradient centrifugation and immuno-panning were
cultured in Neurobasal medium supplemented with B27 and BDNF.
Liposomes containing either wild-type or ALS mutant Cu, Zn superoxide
dismutase (SOD) with their full metal content protected motor neurons from
apoptosis induced by trophic factor withdrawal. In contrast, zinc-deficient
human SOD induced motor neuron death even in the presence of BDNF.
Zinc-deficient wild-type SOD was just as toxic as zinc-deficient ALS mutant
SOD. The toxicity of zinc-deficient SOD required copper associated with the
SOD protein. Inhibition of NO synthesis largely prevented motor neuron
apoptosis induced by Zinc-deficient SOD. Motor neuron apoptosis induced
by Zinc-deficient SOD was preceded by the induction of neuronal NOS and
increased nitrotyrosine immunoreactivity.
We conclude that induction of
motor neuron apoptosis by Zn-deficient wild type or ALS mutant SODs
depends upon the formation of peroxynitrite and may involve nitration of
tyrosine residues in proteins. Our data suggest that SOD mutations are only a
susceptibility factor and Zinc-deficient wild type SOD may contribute to
sporadic ALS.
[Supported by NIH NS-33291, NS-36761 (JSB), and NS-35871 (JPC) and the
ALS Association (AGE)]

Support by NIH grant (NS37771) and ALS Association.
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G. I. Klapstein1*, A. Koppel1, S. Zeitlin2, I. Dragatsis3, and M. S. Levine1.

MRRC1, UCLA, Los Angeles, CA 90095, Depts. of Pathology2 and Genetics3,
Columbia Univ., NY, NY 10032.

HD is an autosomal dominant neurodegenerative disease with marked
cortical and striatal pathology. We examined passive and active membrane
properties of MSSNs in two transgenic mouse models of HD. The first model
(R6/2; Cell (1996) 87:493-506) carries a human trangene with approximately
150 CAG repeats and exon 1, and displays a pronounced progressive
phenotype. The second model exchanged the normal mouse exon 1, via gene
targeting, with a chimeric mouse/human exon 1 containing 71 or 94 CAG
repeats and human polyproline repeats; the targeted allele expressed a full
length protein with an expanded polyQ stretch (CAG71 or CAG94). In
contrast to the R6/2 model, however, this model shows neither a behavioural
phenotype nor intranuclear inclusions.
Coronal brain slices (350 nm) containing striatum and cortex were
prepared from transgenic and age-matched wild type (wt) mice, incubated
submerged in a recording chamber at 32±0.5 °C, and perfused constantly with
artificial cerebrospinal fluid in an atmosphere of carbogen (95% Oz, 5% CO2).
Intracellular recordings with sharp electrodes (50-100MQ, 3 M K-acetate,
5mM KCI, 2%w/v biocytin) were made from MSSNs (identified by
electrophysiological characteristics and/or biocytin injection). R6/2 mutant
MSSNs had RMPs which were significantly more depolarized than agematched R6/2 wt cells (mean±s.e.m: -60.9±2.2 mV, n=19 and -79.9±1.2 mV,
n=15, respectively). CAG71 mutant MSSN RMPs (-78.2±1.9 mV, n=12) were
similar to those in controls (-81.2±2.3 mV, n=ll), while CAG94 RMPs were
slightly more depolarized (-76.5±2.6 mV, n=13). Thus, RMP in striatal cells in
these HD models is correlated with CAG repeat length and severity of
symptoms. Supported by Hereditary Disease Foundation grants to MSL and SZ.
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NITRATION OF Mn-SOD IN CSF IS A MARKER FOR PEROXYNITRITE
MEDIATED OXIDATIVE STRESS IN SEVERAL NEURODEGENERATIVE
DISEASES. K. Aoyama1 ■2, K. Matsubara2> *. Y. Hujikawa1. N. Umegae1, T.
Uezono3, K. Shimizu3. N. Hayase2. H. Shiono3 and S. Kobayashi1 ’Dept. of
Internal Med. Ill, Shimane Med. Univ., Izumo 693, and Depts. of 2Hospital Pharm.
& Pharmacol, and 3Legal Med., Asahikawa Med. College, Asahikawa 078, Japan.
Peroxynitrite, a product of superoxide and nitric oxide, is a potent biological
oxidant that can nitrate tyrosine residues of proteins. To estimate oxidative stress by
peroxynitrite, we analyzed nitrotyrosine containing proteins in cerebrospinal fluid
(CSF) of 66 patients with neurodegenerative diseases and 6 non-neurodegenerative
controls by the immunoblot analysis using an anti-nitrotyrosine antibody. A rabbit
polyclonal antibody for nitrotyrosine recognized a 96 kDa protein, which was also
immunostained by a sheep polyclonal antibody for Mn-SOD. The strong heat
treatment before SDS-PAGE dissociated the 96 kDa protein into 48 and 24 kDa
bands. These results indicates that the 96 kDa protein was a tetramer of nitrated MnSOD. There were no gender- or age-related differences in regard to the density of the
96 kDa band immunostained by the nitrotyrosine and Mn-SOD antibodies. The
nitrated Mn-SOD levels in CSF strikingly increased in amyotrophic lateral sclerosis
(ALS) patients and were slightly higher in Parkinson's disease (PD) and dementia of
Alzheimer's type (AD) patients with statistical significances compared with the
control group, whereas increased Mn-SOD levels were observed only in progressive
supranuclear palsy (PSP) group.
In PSP, spinocerebellar degeneration,
cerebrovascular diseases and normal-pressure hydrocephalus patients, nitrated MnSOD levels were equal to those in controls. These results suggest the formation of
peroxynitrite would be involvement in the pathogenesis of PD, AD and, especially,
ALS. On the other hand, oxidative stress caused by other than peroxynitrite may
play a important role in PSP. Nitration of manganese superoxide dismutase in CSF
would be a marker for peroxynitrite mediated oxidative stress.

ABERRANT SPLICING OF HUMAN Cu/Zn SUPEROXIDE DISMUTASE (SOD1)
RNA TRANSCRIPTS. A. Kawata1,2 3, S. Kato2, T. Shimizu2, H. Hayashi2, S. Hirai2,
H. Misawa1, R. Takahashi1, 3*. 'Dept. of Neurology, Tokyo Metropolitan Institute for
Neuroscience, 2Dept. ofNeurology, Tokyo Metropolitan Neurological Hospital, Tokyo 1830042; 3Lab. for Motor System Neurodegeneration, BSI, RIKEN, Saitama 351-0198, Japan.
Recently, multiple abnormal mRNA transcripts for astroglial glutamate transporter EAAT2
has been identified in the affected areas of sporadic ALS (SALS) patients. To test the
hypothesis that the aberrant RNA processing also occurs in the SOD1 gene, which is
responsible for one form of familial ALS (FALS), we analyzed SOD1 transcripts in brain
tissues of ALS patients. Two abnormal SOD1 mRNAs, including exon 2-skipping and exons 2
and 3-skipping, were identified from the occipital brain tissues of SALS patients. No mutations
were found in the SOD1 genes of these patients. RT-PCR using specific primers to amplify the
aberrant SOD1 mRNAs confirmed that the both aberrant transcripts were found in the occipital
tissues of patients with various disorders, including SALS, FALS, and other neuromuscular
diseases. They were also ubiquitously expressed in the neuronal and non-neuronal tissues from
a subject without neurological diseases. Transient expression studies revealed slight expression
of the proteins derived from the aberrant SOD1 cDNAs in a cell-free system but no expression
in 293T cells, suggesting rapid degradation of the aberrant proteins. Cotransfection of the
aberrant and wild-type SOD1 cDNAs did not affect the level of wild-type SOD1 protein. In
conclusion, we have found, for the first time, aberrant RNA splicing of the human SOD1 gene
in both ALS and non-ALS subjects. Studies are underway to evaluate the expression levels of
the aberrant SOD1 mRNAs in ALS tissues. Supported by funds from the Ministry of Health
and Welfare of Japan.

26.9
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REPEATED NERVE INJURY DELAYS RECOVERY OF CU/ZN SUPEROXIDE
DISMUTATSE IMMUNOREACTIVITY IN AXOTOMIZED MOTOR NEURONS.
W.H.A. Yu1* and P. Cherry2.1Dept. of Cell Biol.A Anat. Sci.; 2Dept. of Physiol. &
Pharmacol., CUNY Med. Sch., NY, NY 10031.
We have shown previously that axotomized hypoglossal neurons express
neuronal nitric oxide synthase (nNOS) concurrently with a reduction in Cu/Zn
superoxide dismutase (SOD1) immunoreactivity (IR). Both changes are reversed
by axonal regeneration and target re-innervation. This study examined whether
reduced SOD1-IR is causally related to injury-induced nNOS expression, and
whether axonal injury-associated decreases in SOD1-IR occur in other motor
neurons. In order to prolong nNOS expression, target re-innervation was
deliberately delayed by crushing the right hypoglossal nerve of adult rats with a
hemostat once weekly for 6 weeks at the same site. Animals were perfused with
fixative 1 week after the 6th crush lesion. Control animals only received a single
crush lesion. To ascertain whether other motor neurons exhibit similar responses,
the left facial nerve of rats in a separate group was transected, and the animals
were sacrificed 1 week later. Frozen brain stems sections were processed for
SOD1 and nNOS IR using the ABC-peroxidase method. Results indicated that,
in single-lesion controls, SOD1-IR ofthe hypoglossal nucleus (HGN) returned to
pre-lesion levels 6 weeks post crush. Furthermore, nNOS-IR neurons, which were
detectable from 3 days up to 4 weeks post crush in the HGN, were now absent.
In contrast, nNOS-IR neurons persisted in the HGN in repeatedly crush-lesioned
animals, and SOD1-IR ofthe HGN remained depressed as compared to the intact
side. The facial motor nucleus (FMN) showed robust SOD1-IR, and its neuropil
was filled with intensely SOD1-IR fibers, as in the HGN. Facial nerve transection
markedly reduced SOD1-IR in the ipsilateral FMN, with neuropil fibers devoid of
staining. These data suggest that long-term axonal injury could lead to an
imbalance between the production of free radicals and anti-oxidant defense
mechanisms, thereby rendering motor neurons more susceptible to oxidative
stress. Support: PSC-CUNY Research Awards #669249 & 669241.

POSSIBLE INVOLVEMENT OF HEAT-SHOCK PROTEINS AND
PROTEASOMES IN MUTANT SOD 1-MEDIATED TOXICITY. J. Liu2‘,
D.R. Borchelt3 and D.W. Cleveland1,2. 'Ludwig Inst, for Cancer Res.,
2Dept. of Med. & Neurosci., Univ. of California, San Diego, La Jolla, CA
92093; 3Dept. of Pathol., The Johns Hopkins Univ., Sch. of Med.,
Baltimore, MD 21205.
Mechanisms associated with mutant Cu/Zn superoxide dismutase (SOD1)mediated toxicity in familial amyotrophic lateral sclerosis (FALS) remain
unknown. Evidence so far suggests that oxidative stress, glutamate toxicity,
impairment of axonal transport and formation of ubiquitin-positive
aggregates might all contribute to neurodegeneration. Since mutations in
SOD1 can result in protein mis-folding, aberrant enzyme activities and
abnormal interaction with other cellular proteins which might result in
tremendous stresses in cells, we have examined changes in heat-shock
proteins (HSPs) and proteasomes in mouse neuroblastoma (N2a) cells
stably transfected with wild-type and mutant forms (G37R, G41D and
G85R) of human SOD1. There is a trend in down-regulation of inducible
Hsp70 protein in all three mutant transfectants, while Hsp90-a protein is
not changed in all transfected cell lines. HDJ-2 protein level is significantly
reduced following expression of G85R mutant protein. There is also a
decrease in levels of the 25-30 kDa subunit of 20S proteasome, while the
ATPase regulatory subunit of 19S proteasome (MSS1) is significantly
decreased only in G85R line. Currently, we are in the progress of
investigating whether changes in HSPs and proteasomes also occur in
FALS-linked SOD1 transgenic mice.
This work is supported by NIH.

26.11

26.12

METALLOTHIONEIN EXPRESSION IS ALTERED IN A TRANSGENIC
MURINE MODEL OF FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS.
J.L, Elliott* and Y.H. Gong. Department of Neurology, Univ. of Texas,
Southwestern Medical Center; Dallas, Tx. 75235.
Missense mutations in the gene encoding copper zinc superoxide dismutase (SOD1)
have been found to cause one form of familial amyotrophic lateral sclerosis (FALS).
Although the exact mechanism of disease is unknown, abnormalities in the ability of
mutant SOD1 to bind zinc or copper ions may be crucial in the pathogenesis of
disease. Because members of the metallothionein (MT) family of zinc and copper
binding proteins function as important cellular regulators of metal ion bioavailability
in the central nervous system, we used in situ hybridization and immunochemistry to
study the expression pattern of these molecules in a transgenic mouse model of
familial ALS that expresses a G93A SOD1 mutation.
In adult wild type mouse spinal cord, expression of MT-I and MT-II is restricted to
ependymal cells and astrocytes located in white matter tracts, while MT-III synthesis
is limited to neurons within grey matter. Compared to wild type litter mates, G93A
SOD1 transgenic mice demonstrate markedly increased expression of MT-I and MT-II
within astrocytes in both white and grey matter as weakness develops. Changes in
MT-I and MT-II expression first occur focally in a subset of astrocytes in the ventral
horn and then extend over time into astrocytes located more dorsally. MT-III synthesis
in neurons is also greatly upregulated as G93A SOD1 animals age, with glial cell
expression of MT-III evident by later stages of the disease. Alterations in MT
expression occur before the onset of motor deficits or significant motor neuron
pathology in G93A SOD1 mice and remarkably extend beyond ventral horn
populations of neurons and glia. These results are consistent with the hypothesis that
metallothioneins may serve an early and important protective function in FALS.
Supported by the ALS association and NINDS.

LIFE EXTENTION IN A TRANSGENIC MOUSE MODEL OF FAMILIAL
AMYOTROPHIC LATRAL SCLEROSIS BY GENETICALLY MEDIATED
COPPER DEPRIVATION. l^Mahmoud Kiaei-L2. Brett M. Morrison*.
-fi^Alohn H, Morrison, K2A>4jon W, Gordon. Neurobioiogy of aging
laboratories, Mount Sinai School of Medicine, New York, NY 10029,
-^Fishberg Research Center for Neurobioiogy, Mount Sinai School of Medicine,
New York, NY. 10029, ^Dept. of Geriatrics and adult development, Mount
Sinai School of Medicine, New York, NY 10029, ^Dept. of Ob/Gyn. &
Reprod. Science, Mount Sinai School of Medicine, New York, NY 10029.
A subset of individuals with familial amyotrophic lateral sclerosis (FALS)
carry mutations in the Cu/Zn superoxide dismutase (SOD1) gene. Expression
of the altered mouse or human SOD1 genes in transgenic mice produces a
neurodeneration very similar in character to FALS. The mechanism whereby
the altered SOD1 protein damages neurons is unknown, but experiments in
tissue culture demonstrate that the toxic function is negated by copper
chelation. These findings prompted us to test in vivo effects of copper
deprivation on a transgenic mouse model of severe neurodegeneration that to
expresses the G86R mutant mouse SOD1 gene. Genetically copper deficient
transgenic mice were produced by mating transgenic males to females carries
of the X-linked Mottled/Brindled (Mobr) mutation. The Mobr mutation
prevents copper transport across the intestinal lumen by altering a copper
transport protein. The presence of the mutation can be easily identified
because it also causes coat color pallor. Male and female transgenic progeny
were studied for longevity in comparison to controls that did not inherit the
copper deficiency mutations. We report here that copper deprivation
significantly lengthens the lives of FALS transgenic mice by 9%. Our data
suggest that effective copper depletion might be beneficial for patients with
FALS caused by a SOD1 mutation.
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REDUCED HYPOXIC TOLERANCE IN THE Cu/Zn SOD TRANSGENIC
MOUSE MODEL OF AMYOTROPHIC LATERAL SCLEROSIS
M. W. Riepe, M. Buchner, H. Li, R. Huber, I Sehrsam, M. Timmler, U. Knirsch ♦,
H. Voelkel, A.C.Ludolph. Department of Neurology. University of Ulm, D-89075
Ulm, Germany
Mitochondrial damage partakes in the pathophysiologic cascade of neuronal cell
death in experimental models of neurodegenerative diseases such as amyotrophic
lateral sclerosis (ALS). Chemical preconditioning is an effective strategy to
increase cellular hypoxic tolerance in controls. The goal of the present study was to
investigate whether chemical preconditioning is effective in Cu/Zn SOD transgenic
animals, an established mouse model of ALS, also.
Hippocampal slices were prepared from control mice and C57B6SJLTgN(SODl-G93A)lGUR mice at day 40, 80 and 110. Population spikes were
recorded in hippcampal region CAI upon stimulation of Schaffer collaterals in
hippcampal region CA3 (stimulation frequency 0.01 Hz). Population spike
amplitude (PSAP) was determined during hypoxia (15 min) and posthypoxic
recovery (45 min). Pretreatment was achieved by a single i.p. injection of 20 mg/kg
3-nitropropionate (3NP) 24 hours prior to preparation of hippocampal slices.
Posthypoxic recoveiy of PSAP was 33 ± 23 % (mean ± SD) in control mice. Upon
pretreatment with 20 mg/kg 3NP posthypoxic recovery of PSAP was 82 ± 32 % (p <
0.01 to controls). At day 40, posthypoxic recovery of PSAP was 67 ± 41 % (n.s. to
controls) in C57B6SJL-TgN(SODl-G93A)lGUR mice. Upon pretreatment with
3NP posthypoxic recovery decreased to 31 ± 30 % (p < 0.05 to pretreated controls,
p < 0.05 to transgenic controls). Similar results were obtained at day 80 and 110.
We conclude that chemical preconditioning, a treatment that increases hypoxic
tolerance in controls, decreases hypoxic tolerance in C57B6SJL-TgN(SODlG93A)1GUR mice at day 40 and beyond. This indicates an increased vulnerability
to repetitive cellular hypoxia.
Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.

NEURONAL AND ASTROGLIAL CYTOSOLIC AGGREGATES
INVOLVE THE COPPER CHAPERONE PROTEIN (CCS) IN
FAMILIAL AND SPORADIC ALS. M, Watanabe.1 M. Dykes-Hoberg,1

V.C. Culotta,2 D.L. Price,13 P. Wong,3 and J.D. Rothstein1*. 1Dept. of
Neurology and Neuroscience; 2Dept. of Environmental Sciences; 3Dept. of
Pathology; Johns Hopkins Univ.; Baltimore, MD 21287.
Mutations of Cu/Zn superoxide dismutase (SOD1) account for about 1520% of familial amyotrophic lateral sclerosis (ALS). The mechanism of mutant
SOD1 toxicity is not well known, but is believed to be a toxic gain of function.
Copper chaperone for SOD1 (CCS) is a cytoplasmic chaperone protein which
specifically delivers copper to SOD1, and appears to be the sole source of
copper for SOD1. We previously demonstrated that CCS is abundant in
neurons in human and rodent brain, suggesting the possible involvement of
CCS in mutant SOD1 toxicity. Therefore we studied the biology of CCS in
transgenic mice expressing a human mutant for SOD1 (G93A and G37R).
Hyaline inclusions (HI) as well as motor neuronal loss were observed in spinal
cords of transgenic mice. HI were positive for antibodies against CCS,
ubiquitin, GFAP, glutamate transporters GLAST and EAAC1, and proteasome
20S. Aggregates were especially prominent in astrocytes. Interestingly,
immunoreactivity of HI for SOD1 varied from almost negative to strongly
positive in G93A. Moreover all inclusions were definitely negative for an
antibody against for GLT-1, although the aggregates were immunopositive for
another astroglial glutamate transporter GLAST. These results suggest that
not only SOD1, but also other proteins including CCS are involved in the
formation of HI. The accumulation pattern of SOD1 in HI may be distinct in
each transgenic line. Furthermore ubiquitin-proteasome pathways may play an
important role in formation of HI. Supported by NIH (33958), Muscular
Dystrophy Association and ALS Association.

26.15

26.16

DIFFERENTIAL EXPRESSION OF METABOTROPIC GLUTAMATE
RECEPTORS IN RAT SPINAL CORD SOMATIC AND AUTONOMIC MOTONEURONS POSSIBLE IMPLICATIONS FOR THE
PATHOGENESIS OF AMYOTROPHIC LATERAL SCLEROSIS.
J MH. Anneser?’2 G.D. Borasio.2* A. Berthele?3; P. Weydt, W.
Zieglgansberger? and T.R. Toile1,3 . Clinical Neuropharmacology, MaxPlanck Institute for Psychiatry, Munchen2, Department of Neurology,
Ludwig-Maximilians University, Klinikum Grosshadern, Munchen3,
Department of Neurology, Technical University, Munchen, Germany.
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder
characterized by the progressive loss of somatic, but not autonomic motoneurons. The reason for this selective vulnerability is unknown. The
pathogenesis of ALS is thought to involve glutamatergic excitotoxic
mechanisms. While overactivation of ionotropic glutamate receptors may
trigger excitotoxicity, we have previously shown that stimulation of group
I metabotropic glutamate receptors (mGluRs) can exert neuroprotective
effects on cultured motoneurons. Using in situ hybridization, we found a
differential expression of group I mGluRs (mGluR 1,5) in rat spinal cord.
Autonomic motoneurons from the sacral parasympathetic Onuf s nucleus
and thoracic sympathetic neurons, which are spared in ALS, express high
levels of mGluR5, while somatic motoneurons do not. In addition,
mGluRl mRNA is found only in smaller somatic motoneurons, which
seem to be less vulnerable in ALS. Thus, differential mGluR expression
might provide a possible clue to the selective vulnerability of different
motoneuronal subpopulations in ALS.

SELECTIVE KAINATE-INDUCED MOTONEURON DEATH
IS
CAUSED BY Ca2+ ENTRY THROUGH Ca2+-PERMEABLE AMPA
RECEPTORS. L, Van Den Bosch* and ' W. Robberecht. Laboratory of
Neurobiology, Campus Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium
Amyotrophic lateral sclerosis (ALS) is a motoneuron disease characterised by an
age-related, selective death of motoneurons in the spinal cord, brain stem and cerebral
cortex. Excessive activation of glutamate receptors is supposed to be involved in this
process. Motoneurons are thought to be more vulnerable to glutamate stimulation due
to the presence of Ca2+-permeable a-amino-3-hydroxy-5-methyl-4-isoxazole-propionic
acid (AMPA)Zkainate (KA) receptors.
A short exposure of motoneurons cultured on a glial feeder layer to KA resulted in a
dose-dependent neuronal death. The affected neurons were those expressing Ca2+permeable AMPA/KA receptors, as demonstrated by the Co2+ histochemical staining.
Motoneurons cultured in the absence of a glial feeder layer or motoneurons after a too
short differentiation time in vitro scarcely developed Ca2+-permeable AMPA/KA
receptors and remained insensitive to KA exposure. Dorsal hom neurons cultured in
the same conditions as the motoneurons were also insensitive to KA.
KA-induced motoneuron death was mediated by Ca2+ influx through Ca2+-permeable
AMPA receptors, as it was dependent upon extracellular Ca2+ and it was unaffected by
inhibitors of voltage-operated Ca2+ or Na+ channels. The Ca2+ influx as well as the
subsequent cell death was completely inhibited by the specific AMPA antagonist
LY300164 and by Joro spider toxin, indicating that GluR2-deficient AMPA receptors
were involved.
Inhibition of NO synthase (L-NAME) and/or inclusion of antioxidants (MnTBAP,
Trolox, N-acetyl-L-cysteine) did not prevent KA-induced motoneuron death,
indicating that production of free radicals was not responsible for motoneuron death.
We conclude that motoneurons cultured on a glial feeder layer express Ca2+permeable AMPA receptors, more than dorsal hom neurons do. Ca2+ entry through
these receptors is responsible for KA-induced motoneuron death.
Supported by the FWO-Flanders and the K.U.Leuven OT/94/25.

26.17

26.18

COMPARISON OF AMPA RECEPTOR SUBUNIT EXPRESSION IN
MOTONEURONS AT LOW AND HIGH RISK FOR DEGENERATION IN
AMYOTROPHIC LATERAL SCLEROSIS (ALS). P, Laslo1. J Lipski*. L.F.B.

EXPRESSION OF NITRIC OXIDE SYNTHASES IN THE ANTERIOR
HORN CELLS OF AMYOTROPHIC LATERAL SCLEROSIS. Kashiwado
K1., Yoshiyama Y1., Arai KJ., Shimovama M2*., Hattori T1. ^ept. of
Neurology, Chiba Univ. Sch. of Med.;2Dept. of Physiology, Chiba Univ.
Sch. of Med.; Chiba 260-8670, Japan.
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder
characterized by selective loss of motor neurons. Recently, it has been
reported that nitric oxide synthases (NOSs) are expressed in motor neurons
in patients with ALS, though not in normal controls. We compared the
expression of NOSs with the severity of motor neuronal loss in the anterior
horns of patients with ALS. Spinal cords from 6 patients with ALS and
from 3 normal controls were examined. The sections of cervical, lumbar,
and sacral cord including Onufs nucleus, which are seldam degenerated
until the late stage, were stained with three antibodies against NOSs
(anti-n-NOS, anti-e-NOS, and anti-i-NOS) using ABC methods. Perikarya
of motor neurons in ALS were stained with anti-n-NOS and e-NOS but not
in controls. Anti-i-NOS did not recognize the motor neurons of ALS or of
controls. The immunoreactivity for n-NOS and e-NOS was approximately
the same in the sections of cervical, lumbar, and sacral cord in ALS.
Further, there were no significant differences between the patients with
ALS. These results suggest that the expression of NOSs does not directly
affect neuronal loss in ALS.

Nicholson2*, O.Ik Miks1 and G.D. Funk1. 'Dept. of Physiology and 2Dept.

of Anatomy, Univ. of Auckland, Auckland, New Zealand.
Motor neurons (MNs) do not show uniform susceptibility to degeneration in
ALS and there is growing consensus that understanding the basic properties
distinguishing resistant from vulnerable MNs could provide insight into the
disease process. We therefore compared the expression of GluRl-4 AMPA
receptor subunits in resistant, oculomotor (III), and vulnerable, hypoglossal
(XII), motor nuclei. GluR2 subunits, whose presence underlies the Ca2+
impermeability of AMPA receptors, were of particular interest since reduced
GluR2 expression has been hypothesized to increase MN susceptibility to
glutamate excitotoxicity and neurodegeneration in ALS. Adult Wistar rats
(250 g) were injected i.p. with 6 mg of Fluorogold (Fluorochrome Inc.) to
retrogradely label MNs. Four-five days later, brains were removed and 240
pm thick transverse sections were cut Micropunches of III and XII motor
nuclei were taken using anatomical landmarks and fluorescently labeled
motor nuclei to guide tissue collection. RNA was extracted from the punches
using a guanidinium-based method. RT-PCR revealed expression of all four
AMPA receptor mRNA transcripts in both nuclei. However, a semiquantitative PCR analysis showed that in both nuclei the GluR2 transcript
was expressed at a lower level than the other transcripts. The relative
expression of the GluR2 and GluR4 proteins was also examined with
immunocytochemistry using specific polyclonal antibodies (Chemicon).
These results suggest that differential vulnerability of MNs to
neurodegeneration is not directly related to expression of the GluR2 subunit.
(Supported by the Neurological Foundation of N.Z. and the AMRF).
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INVOLVEMENT OF THE PROSTATE APOPTOSIS RESPONSE-4
(PAR-4) PROTEIN IN MOTOR NEURON DEGENERATION IN ALS.
W.A. Pedersen, H, Luo^ I. Kruman, E. Kasarskis*. gnd M. P, Mattson. SandersBrown Research Center on Aging and Dept. of Anatomy & Neurobiology, University
of Kentucky, Lexington, KY 40536.
The prostate apoptosis response-4 gene was isolated by differential hybridization on
a cDNA library prepared from rat prostatic cancer cells induced to undergo apoptosis.
We recently reported (Nat. Med. 4: 957 (1998)] increased Par-4 mRNA and protein
levels in vulnerable brain regions of Alzheimer disease patients relative to controls,
and that treatment of primary rat hippocampal neurons with amyloid-P peptide or
staurosporine, both of which promote oxidative stress, rapidly increase Par-4 levels.
Because oxidative damage appears to be a common feature of amyotrophic lateral
sclerosis (ALS), we tested the hypothesis that oxidative stress-induced motor neuron
(MN) degeneration in ALS is mediated by Par-4. Here, we report higher Par-4 levels in
lumbar spinal cord samples from ALS patients than in lumbar spinal cord samples
from neurologically normal patients. We also compared Par-4 levels in lumbar spinal
cord samples from wild-type mice and from transgenic mice expressing the human
Cu/Zn-SOD gene with the G93A familial ALS mutation. Relative to control samples,
higher Par-4 levels were observed in lumbar spinal cord samples prepared from the
transgenic mice at a time when they were paralyzed in one or more limbs. By
immunohistochemical analyses of human and mouse lumbar spinal cord sections, we
observed that Par-4 is localized to ventral hom MNs. In culture studies, exposure of
primary mouse spinal cord MNs or NSC-19 MN cells to oxidative insults resulted in a
rapid and large increase in Par-4 levels that preceded apoptosis. Pre-treatment of the
NSC-19 cells with a Par-4 antisense oligonucleotide prevented oxidative stress-induced
apoptosis, as well as oxidative stress-induced mitochondrial dysfunction that preceded
apoptosis. Our results support a role for Par-4 in the pathogenesis of ALS. Supported
by NIH and the ALS Association.

EVIDENCE OF MITOCHONDRIAL DYSFUNCTION IN THE
WOBBLER MOUSE BRAIN. MA, Percz-Pinzonf'G.P, Xu. T.J, Sick and
W.G, Bradley, Dept. of Neurology, U. of Miami Sch. of Medicine, Miami, FI.
33101
Mitochondrial dysfunction may underlie the chronic pathophysiology
resulting in amyotrophic lateral sclerosis (ALS)-like neuronal degeneration
in the wobbler mouse. However, the mechanisms of such dysfunction
remain undefined. We hypothesize that the release of cytochrome c and/or
NADH from the mitochondrial matrix may promote neuronal death by
apoptosis, and that wobbler brain mitochondria may be more susceptible
than normal to release such compounds when exposed to stress conditions.
Reduction/oxidation shifts of NADH were measured by rapid scanning
spectrofluorometry, and cytochrome c was measured spectrophotometrically
from mouse brain slices subjected to severe hypoxia plus re-oxygenation. We
found significant declines in NADH fluorescence in the wobbler mouse, as
compared with controls, after anoxic insults. We observed no changes in
mitochondrial cytochrome c redox activity that might suggest release of this
These results suggest that
electron carrier into the cell cytosol.
mitochondrial dysfunction occurs in the wobbler mouse, and may be linked
to neuronal degeneration. The precise cause of the dysfunction remains
undefined, but points towards a possible ‘state 2’ or substrate limitation
deficiency. Further studies are required to characterize the precise
mechanisms of dysfunction. These studies were supported by University of
Miami ALS Research Foundation.

PARKINSON’S DISEASE I
27.1

27.2

Overexpression
Linked Mutant

of Wild Type and
Human ce -Synuclein

Familial Parkinson ’s Disease
in Transgenic
Mouse . M.K.

Lee*D. Qiu1. D.J. Eve1. N.G. Copeland2. N.A. Jenkins2, and D.L. Price1.

'Dept ofPathology, Johns Hopkins Medical Institutions, Baltimore, MD 21205:
2Mammalian Genetics Laboratory, NCI, Frederick, MD 21701.
Parkinson’s disease (PD), a late-life movement disorder is associated with
loss of dopaminergic neurons in the substantia nigra, pars compacta (SNpc).
Although die causes of majority of cases of PD is not known, genetic studies of
familial PD pedigrees have recently identified two missense mutations
[Ala53Thr(A53T); Ala30Pro(A30P)] in a-Synuclein (a-Syn). Moreover, a-Syn
is an integral component of Lewy bodis, cytoplasmic inclusions characteristic of
PD, and aggregates in vitro into filaments similar to that derived from LBs.
These findings indicate that a-Syn is an important component in (he
pathogenesis of the disease. To gain better understanding of the roles of a-Syn
in the pathogenesis of PD and to model human PD in mice, we have generated
transgenic mouse expressing wild type and mutant human a-Syn. Our initial
analysis indicate that the accumulated levels of a-Syn polypeptide in brains of
some a-Syn transgenic mouse lines are ~10-fold higher than the a-Syn levels in
the nontransgenic littermates. Immunocytochemical analysis using human a-Svn
polypeptide-specific polyclonal antibody shows expression in neurons and
accumulation of human a-Syn in these cells. The mice will be examined tor
presenceof clinical signs, LB-like inclusions, and abnormalities associated with
the dopaminergic neurons in the SNpc. This work is supported by NS38065 and
NS38377 (PD Research Center of Excellence).

IMPLICATION
OF
a-SYNUCLEIN
IN
DOPAMINERGIC
NEURODEGENERATION FOLLOWING MPTP INTOXICATION. M Vila*. S.
Vukosavic, V. Jackson-Lewis and S, Przedborski. Department of Neurology and
Pathology, Columbia University, New York, NY IOO32.
Mutations in the presynaptic protein a-synuclein is linked to Parkinson’s disease
(PD). The relationship of this protein to nigral dopaminergic neurodegeneration is
unknown. To acquire a better understanding about the relationship between asynuclein and nigral neurodegeneration, we assessed the expression levels of
synuclein-1, the rodent homologue to human a-synuclein in the 1-methyl-4-phenyl1,2,3,6-tetrahydropyridine (MPTP) mouse model of PD. After chronic MPTP
intoxication, synuclein protein levels increased in midbrain extracts from 0 to 4 days
post MPTP, then progressively returned to control levels. These changes were
specifically localized to the substantia nigra pars compacta (SNpc), where they were
associated with an increased number of synuclein-immunoreactive neurons up to 7
days post MPTP. Double immunofluorecence analysis revealed that synucleinimmunoreactivity was localized in tyrosine hydroxylase (TH)-positive neurons.
Parallel to changes in synuclein protein levels, synuclein mRNA was also increased
following chronic MPTP intoxication, in a time dependent manner. Taken together,
our results show that synuclein expression is increased, at both the mRNA and protein
levels, in compromised dopaminergic neurons of the SNpc after chronic MPTP
intoxication in mice. Furthermore, this upregulation occurs during the period of
maximal induced neuronal death and seems to be specifically associated with the
MPTP regimen that kills neurons by apoptosis.
Supported by the NINDS, the Department of Defense, the Human Frontier
Science Program Organization, the Paririnson’s Disease Foundation, the Lowenstein
Foundation, and the Smart Foundation.

27.3

27.4

a-SYNUCLEIN-EGFP FUSION PROTEINS AGGREGATE IN
PRIMARY NEURONAL CULTURES. P.J. McLean*, S. Ribich and
B.T. Hyman.
Alzheimer Research Unit, Dept. of Neurology,
Massachusetts General Hospital East, Charlestown, MA 02129
a-Synuclein is a highly conserved 140 amino acid protein of
unknown function that was originally isolated from Torpedo. Recent
studies have identified two missense mutations in the gene encoding
a-synuclein associated with rare autosomal dominant forms of familial
Parkinson’s disease (PD) and a-synuclein has been detected as an
abundant component of Lewy bodies. Here, we expand on our
previous observations regarding the neurobiology of a-synuclein in
primary cultures of cortex/hippocampus using a-synuclein expression
constructs and a-synucleinEGFP fusion constructs. We have applied
fluorescence resonance energy transfer (FRET) to reveal an interaction
of a-synuclein with cell membranes. FRET was observed between
a-synuclein, detected indirectly using antibodies directed towards both
the N- and C-termini of a-synuclein with a fluorescein linked
secondary antibody, and Dil labeled membranes. We found that the
PD associated mutations did not affect the association between
a-synuclein and membranes. Additional studies have revealed that
a-synucleinEGFP fusion proteins do not associate with the membrane.
Transfection of wild-type a-synEGFP and A53T a-synEGFP
constructs leads to the formation of aggregates of a-synuclein,
however Ala30Pro a-synEGFP does not give rise to aggregation. In
addition, aggregation can be induced by treatment with ALLN, a
proteasomal inhibitor. Supported by NIH P50NS38372

MUTATED HUMAN a-SYNUCLEIN INCREASES THE VULNERABILITY
OF NEURONAL CELLS TO OXIDATIVE STRESS. L. Ko, N.D. Mehta. M.
Farrer, P, Sheng. S, Lincoln, E, Richelson*. J, Hardy and S.-H.C. Yen. Depts.
Pharmacology, Biochemistry and Molecular Biology, Mayo Clinic, Jacksonville,
FL 32224.
Recent identification of missense mutations in the a-synuclein gene indicates
its causal role in the pathophysiology of Parkinson’s disease (PD). The presence
of a-synuclein as a major constituent of Lewy bodies and Lewy neurites in both
sporadic and familial PD suggests that accumulation of this protein could be
deleterious to neuronal survival. To elucidate the role(s) of a-synuclein in PD
pathogenesis, we established stable a-synuclein transfectants from human
neuronal (BE(2)-M17) and non-neuronal (HEK293) cells and found that a high
level of constitutive a-synuclein expression, wild type or mutated, did not cause
any deleterious effect on cell survival. Because of the cumulative evidence
implicating the causal role of oxidative stress in PD, we treated these
transfectants with menadione to determine if the transgene expression, of asynuclein affects how they respond to oxidative insult. Transfected cells,
especially of neuronal lineage, expressing the mutated human a-synuclein
exhibited heightened sensitivity to menadione-induced cytotoxicity. Such
augmented vulnerability to oxidative stress appears to correlate with a
pronounced increase in the production of reactive oxygen species following
menadione treatment. Our data suggest that expression of mutated human asynuclein confers neuronal cells a heightened sensitivity to oxidative injury.
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NACP/a-SYNUCLEIN-POSITIVE
GLIAL
CYTOPLASMIC
INCLUSIONS IN LEWY BODY DISEASE AND MULTIPLE SYSTEM
ATROPHY. K. Wakabayashi1, M. Yoshimoto2* and H. Takahashi1.
‘Brain Research Institute, Niigata Univ., Niigata, Japan; 2Molecular
Biology Lab, Taisho Pharmaceutical, Co., Ltd., Ohmiya, Japan.
NACP/a-synuclein is a major component of Lewy bodies in
Parkinson's disease (PD) as well as neuronal and oligodendroglial
cytoplasmic inclusions in multiple system atrophy (MSA). We
previously reported argyrophilic, tau-negative glial inclusions in the
midbrains of patients with PD (Neurosci Lett 1996; 217:133-136) and
have now conducted immunocytochemical and ultrastructural
examinations. The PD glial inclusions were also immunoreactive for
NACP/a-synuclein, but not for p-synuclein, and were ultrastructurally
composed of filamentous structures about 25-40 nm in diameter.
Double immunolabeling showed that the inclusions were present in
both astrocytic and oligodendroglial cells. They were located within
the substantia nigra in 13 of 30 patients with PD and outside the nigra
in 24. The number of inclusions was correlated with the severity of
nigral neuronal loss. These findings indicate that abnormal
accumulation of NACP/a-synuclein in glial cells is a pathological
feature of PD related to its progression. Based on the present and
previous findings, the accumulation of NACP/ a-synuclein in glial cells
appears to be specific to Lewy body disorders and MSA.
(Supported by a Health Sciences Research Grant from the Ministry of
Health and Welfare, Japan, and Taisho Pharmaceutical Co., Ltd.)

a-SYNUCLEIN AND THE UBIQUITIN-PROTEASOME PATHWAY.
L. Fallon1, D, C. Anthony*2 and P, T. Lansbury1, Center for Neurologic Diseases1,
Departments ofNeurology1 and Pathology2, Brigham and Women’s Hospital1 and
Children’s Hospital Medical Center2 and Harvard Medical School, Boston, MA 02115.
a-Synuclein has been implicated in the pathogenesis of several neurodegenerative
disorders or “synucleinopathies”. Intracellular, fibrillar deposits of a-synuclein are the
hallmark of such disorders including Parkinson’s Disease (PD). Two familial PD
(FPD) mutations have been found in a-synuclein located at residues 53 (A53T) and 30
(A30P). The work presented herein focuses on the role of the ubiquitin-proteasome
pathway in the processing of a-synuclein. The failure of this pathway to regulate the
cellular concentration of a-synuclein may allow for the build up of the protein and the
accelerated formation of neurotoxic forms of a-synuclein. Several pieces of evidence
implicate the ubiquitin-proteasome pathway in PD including the recent finding that a
neuronal specific deubiquitinating enzyme, ubiquitin C-terminal hydrolase LI (UCHLl), contains a familial PD mutation at position 93 (I93M). Our initial goals include:
1) to determine whether a-synuclein can be ubiquitinated and degraded by the
proteasome, both in rabbit reticulocyte lysate (RRL) and in cell culture, 2) whether the
FPD mutations have an effect on either process, 3) what is the role, if any, of UCH-L1
in the ubiquitination and degradation of a-synuclein. Ubiquitin conjugates of asynuclein WT, A53T, and A30P are observed in RRL in an ATP dependent manner
upon inhibition of deubiquitinating enzymes and the proteasome. High molecular
weight ubiquitin conjugates of a-synuclein are degraded in RRL in the absence of
lactacystin. The protein can accept ubiquitin at several different lysine residues as
shown by K48R ubiquitin incorporation. The PD mutations do not affect the time
course or pattern of ubiquitin conjugate formation in vitro. All three proteins have
been shown to be ubiquitinated in COS-7 cells when transiently cotransfected with
His6-myc-ubiquitin in the presence of proteasome inhibitors. The ubiquitination/degradation of a-synuclein is affected by the presence of UCH-L1 in RRL. (Supported by
NIH AG 14266)

27.7

27.8

a-SYNUCLEIN ATTENUATES ERK/ELK SIGNALING. I. Hanin1>, L,
Petrucelli1, N. Ostrerova1, M. Farrer2, N. Mehta2, J. Hardy2, and B. Wolozin1.
’Dept. of Pharmacology1, Loyola Univ. School of Medicine, Maywood, IL,
60153., 2Dept. of Pharmacology, Mayo Clinic, Jacksonville, FL.
a-Synuclein has been implicated in the pathophysiology of many
neurodegenerative diseases, including Parkinson’s disease (PD) and Alzheimer’s
disease. Mutations in a-synuclein (A53T and A30P) cause some cases of familial
PD. In addition, many neurodegenerative diseases show accumulation of asynuclein in dystrophic neurites and in Lewy bodies. Previously, we have shown
that a-synuclein binds to protein kinase C, BAD and extracellular regulated
kinase (ERK). The association of a-synuclein with these proteins suggests that it
could have a role in cell signaling. We have now characterized the effects of
wild-type and mutant a-synuclein on ERK signaling using Hela cells stably overexpressing a-synuclein or BE-M17 neuroblastoma cell line transiently overexpressing a-synuclein. Using an Elk-luciferase reporter we observed that all asynuclein constructs were able to decrease Elk activity. However, the inhibition
induced by A30P a-synuclein was greater than that for the other constructs. We
also observe a corresponding decrease in phosphorylation of Elk at its active site
(Ser383) which is consistent with the gene reporter data. Our results demonstrate
that the ERK/Elk cell signaling pathway can be inhibited by over-expressed WT
and mutants forms a-synuclein. Because ERK activity is necessary for neuronal
survival, inhibition of ERK by a-synuclein could underlie the neuronal loss
observed in PD. This work was supported by the National Parkinson Foundation.

a-SYNUCLEIN
BINDS
TO
MULTIPLE
PROTEINS
THAT
REGULATE SIGNAL TRUNSDUCTION PATHWAYS. N. Ostrerova*1,
L. Petrucelli1, N. Mehta2, M. Farrer2, J. Hardy2, B. Wolozin1, ’Dept. of
Pharmacology, Loyola Univ. Med. Center; Maywood, IL 60153,2Dept. of
Pharmacology, Mayo clinic; Jacksonville, Fl 32224
a-Synuclein is an abundant component of Lewy bodies, which are
intraneuronal inclusions associated with Parkinson’s disease. Mutations in
a-synuclein gene cause familial Parkinson’s Disease in four different
kindreds. However, the functions of this highly conserved protein are
largely unknown. We have observed that a-synuclein shares regions of
homology with the 14-3-3 family of chaperon proteins. By examining
proteins known to bind 14-3-3, we have identified multiple proteins that
associate with a-synuclein, including protein kinase C, ERK and Ik B,
which is a regulator of NF-k B. The ability of a-synuclein to associate
with these proteins in vitro appears to be strongly dependent on binding to
cell membranes and phosphorylation state. These patterns of association
suggest that a-synuclein might act as a protein chaperone, like 14-3-3, and
regulate the activity of signal transduction pathways. • The pivotal roles of
protein kinase C, ERK and NF-k B in cell survival suggest that a-synuclein
might participate in the regulation of cell death processes.
This work is supported by Parkinson Foundation.

27.9

27.10

ENDOGENOUS
a-SYNUCLEIN
EXISTS
IN
BOTH
MONOMERIC AND POLYMERIC FORMS IN RAT BRAIN
AND HUMAN NEUROBLASTOMA CELLS. M.C. Bennett*,
Y. Leng and T. N. Chase. NINDS-ETB, Bethesda, MD 20892.
a-Synuclein has been implicated in the pathogenesis of
Parkinson’s disease (PD). a-Synuclein can form homo-oligomers
in vitro and higher MW forms have been isolated from Lewy
bodies. However, the identity of an endogenous 40-45 kDa form
described previously has been uncertain. We identified the asynuclein monomer and oligomers of approximately 53 kDa and
140 kDa in rat brain and SY5Y cell lysate using native conditions.
a-Synuclein immunoreactivity was detected by Western blot with a
monoclonal antibody (Transduction Labs). By contrast, matched
lysate samples incubated under harsh denaturing conditions were
found to contain only the 19 kDa form. Densitometry measurements
confirmed that the density of the 19 kDa band of each denatured
sample equaled the sum of the densities of all immunoreactive
bands of the matched native sample, indicating that the oligomers
were cleaved to release the a-synuclein monomer. a-Synuclein
exists in monomeric and oligomeric forms in vivo, thus, the higher
MW forms are not inherently pathological. These results cannot
alone determine whether the oligomers are comprised solely of asynuclein, though the 53 kDa form is consistent with a homotrimer.

DEGENERATING AXON TERMINALS IN HIPPOCAMPUS OF PARKINSON’S
DISEASE AND DEMENTIA WITH LEWY BODIES CONTAIN a-, p- AND ySYNUCLEIN. J.E.Galvin1,2, K, Uryu2, V.M.-Y. Lee2* and J.Q. Trojanowski2
'Dept of Neurology, MCP Hahnemann University, Philadelphia, PA, 19102; 2
Center for Neurodegenerative Disease Research, Dept of Pathology and Lab
Medicine, University of Pennsylvania, Philadelphia, PA 19104.
Missense mutations of the a-syunclein (aS) gene have been linked to familial
Parkinson’s disease (PD) and aS has been demonstrated in Lewy bodies (LBs) of
sporadic PD, dementia with LBs (DLB) and the LB variant of Alzheimer’s disease.
Although 2 other homologous proteins, P-synuclein (PS) and y-synuclein (yS) have
been described, no brain pathology has been attributed to them. We demonstrate by
light and electron microscopy that dentate gyrus, hilar and hippocampal CA2/3
regions of PD and DLB brains contain abnormal accumulations of aS and PS in the
presynaptic terminals, paralleling the appearance of LBs in the entorhinal cortex.
The presynaptic terminals may be abnormal mossy fiber terminals involved in
hippocampal perforant pathway projections and show a marked expansion and
accumulation of vesicular profiles and filaments with preservation of the
postsynaptic terminal structure. In addition, yS positive axon spheroidal inclusions
are present in the dentate molecular layer, CAI and presubiculum. We also
demonstrate the accumulation of several synaptic proteins (synaptophysin,
synaptobrevin and synapsin I) in the presynaptic terminals of the LB cases but not
in control brains. These studies are the first to implicate PS and yS in
neurodegenerative pathology of PD, DLB or any other “synucleinopathy” and it is
possible tliat all 3 known synucleins play a role in the onset and/or progression of
these disorders. (Supported by grants from the National Institute on Aging and the
Alzheimer’s Association).
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Characterization of a-Synuclein/NACP's Lipid Binding Domain
R J Perrin*, WS Woods, DF Clayton, JM George*

MUTATION SCREENING IN THE CODING REGION OF a-SYNUCLEIN
GENE IN MULTIPLE SYSTEM ATROPHY (MSA). R. Chen, L.S. Fomo, D.A.
Di Monte. D. Togasaki*, J.W. Langston and P. Chan. The Parkinson's Institute,
1170 Morse Avenue, Sunnyvale, California 94089, USA

Dept. of Cell and Structural Biology, Dept. of Molecular and Integrative
Physiology , University of Illinois at Urbana-Champaign
a-Synuclein is a 140aa cytosolic protein found predominantly in
presynaptic terminals ofthe CNS. While it is strongly implicated as an agent
in degenerative disease (notably Alzheimer’s, Parkinson’s, Diffuse Lewy Body
Dementia, Multiple System Atrophy), little is known about a-synuclein’s
physiological role in neurons.
As we have published previously, recombinant a-synuclein associates
selectively with small unilamellar vesicles containing acidic phospholipid
(phosphatidic acid [PA] and phosphatidylserine [PS]) but not with those
containing only neutral phospholipids (phosphatidylcholine [PC] or
phosphotidylethanolamine [PE]).
In this study, we continue our investigation of the structural determinants of
lipid binding by a-synuclein. We have engineered and purified the
Parkinson's disease-associated mutant proteins A30P and A53T, and find that
both mutants retain the capacity to bind acidic phospholipid vesicles, although
A30P exhibits a selective decline in binding at lower ratios of acidic
phospholipid. In addition, we find a relative decrease in the a-helix content of
A30P in its lipid-bound conformation, even under conditions in which vesicle
binding is not apparently disrupted.
Further, we have assayed mutants bearing deletions of residues 9-41,
43-56, and 58-102, and find that all bind acidic phospholipid vesicles. We
conclude that lipid binding is a broadly distributed property of the asynuclein protein, resistant to disruption by small mutations. Supported by
NIH ROI AG 13572

27.13
REGULATION OF SYNUCLEIN-1 IN RESPONSE TO NGF TREATMENT IN RAT
PHEOCHROMOCYTOMA PC12 CELLS L. Stefanis*1-2. N. G.Kholodilov1. R.E.
Burke'*’2, L.A. Greene^ Dept of 1 Neurology and ^Pathology, Columbia Univ., New York,

N.Y., 10032
Previous studies indicated that synuclein-1, the rodent homologue of human asynuclein, a gene implicated in Parkinson's disease, is upregulated in vivo in rat
substantia nigra in response to developmental striatal injury (Abs Soc NS 23:631). This
upregulation could mediate a plasticity response or, less likely, be associated with the
apoptotic death that occurs in this model. We investigated the regulation of synuclein-1
in cultured rat pheochromocytoma PC12 cells in response to trophic deprivation, a well
characterized apoptotic stimulus, and to NGF treatment that induces a neuronal
phenotype. By RT-PCR and Northern blot analysis there was no regulation of synuciein1 at the mRNA level following trophic deprivation. In contrast, there was an induction of
synuclein-1 transcript by 1 day of NGF treatment, that was maintained for 14 days in the
presence of NGF. By Western blotting, using a monoclonal antibody dieted against
synuclein-1, we detected a 45 KDa band in naive cells, that was not altered following
serum deprivation. In contrast, NGF treatment for 7-14 days led to the appearance of a
19 KDa band and to a >3-fold induction of total protein levels. By immunostaining,
naive cells showed a low level of punctate staining, that was not altered following serum
deprivation. NGF treatment led to the appearance of cells that were intensely stained
throughout, including the nucleus, the cytoplasm and the processes, similar to the
staining pattern seen in neonatal rat sympathetic neurons in culture. Induced expression
of a-synuclein in PC12 cells did not alter the percentage of cells undergoing cell death
following trophic deprivation. These data support the idea that the regulation of
synuclein-1 is related to plasticity/maturational responses. In contrast, there is no
relation with apoptotic death.
L.S. is the recipient of the Wellcome Burroughs Career Award in Biomedical
Sciences.This work was aiso supported by grants from the NINDS, PDF, and the
Smart family Foundation.
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Two missense mutations in the coding region of a-synuclein gene were found
to be associated with familial Parkinson’s disease (PD). a-Synuclein is found in
Lewy bodies and neurites in PD as well as the glial cytoplasmic inclusions (GCIs),
a pathological feature of MSA. We investigated if any mutations in the coding
region of the a-synuclein gene are responsible for the accumulation of the asynuclein protein in GCIs. Seven brains of patients with pathologically proven
MSA were obtained from the Parkinson’s Institute Tissue Bank. Total RNA was
prepared from the frontal cortex. The entire coding region of the a-synuclein gene
was amplified using RT-PCT methods. The PCR product was purified and
sequenced. The patients included four males and three females. The mean age at
death was 67.3 (range 52-76) and the mean age at onset was 60.1 (range 49-68).
Four cases were diagnosed as striatonigral degeneration, one had
olivopontocerebellar degeneration and the remaining two cases met the
neuropathological
criteria
for
both
striatonigral
degeneration
and
olivopontocerebellar degeneration. All cases had varied degree of GCIs stained
positive for a-synuclein antibody. Neither Lewy body nor neurofibrillary tangles
was observed in any of the cases. In all seven cases, the sequence of the entire
coding region of the a-synuclein gene was screened and failed to find any mutation.
Our study showed that MSA patients with GCIs stained positive for a-synuclein did
not have any mutation in the coding region of the a-synuclein gene, suggesting that
changes in the coding region of the a-synuclein gene appear not to be essential for
the accumulation of a-synuclein protein in GCIs.

This work was supported by the Parkinson's Institute.

27.14
ROLE OF CYTOCHROME C AS A STIMULATOR OF
AMYLOID-LIKE
FIBRIL
FORMATION
OF
aSYNUCLEIN/NACP M. Hashimoto, A. Takeda, L. Hsu, T.
Takenouchi, A. Sisk, and E. Masliah*, Dept. of Neurosciences,
School of Medicine, UCSD, La Jolla, CA 92093-0624
a-Synuclein is a major constitute of aggregates which form
amyloid-like fibrils in Lewy bodies in Parkinson's disease (PD)
and related disorders. Here, a potential role of the heme protein
cytochrome c (cyt c) in the aggregation of a-synuclein was
investigated. In vitro, cyt c was aggregated by hydrogen peroxide
(H2O2), which was revealed by formation of the SDS-resistant
multimers in electrophoresis and formation of amorphous crystals
by electron microscopy. When recombinant a-synuclein was coincubated with cyt c/H2O2, a-synuclein was concomitantly
induced to be aggregated to represent amyloid-like fibrils.
Hemin/H2O2 similarly induced aggregation of a-synuclein, and
both cyt c/H2O2- and hemin/H2O2-induced aggregation of asynuclein were inhibited by the iron chelator deferoxisamine,
indicating that iron-catalyzed oxidative reaction may be
attributed to the cyt c/H2O2-induced aggregation of a-synuclein.
In the brains of PD and related disorders, immunoreactivities of
cyt c were extensively detected in Lewy bodies in substantia nigra,
which were co-localized with those of a-synuclein. Collectively,
our results may suggest that cyt c, a well-known electron transfer
in mitochondria as well as an apoptotic cell death mediator in the
cytoplasm, may be pathologically involved in the aggregation of asynuclein in various Lewy body disorders.
Supported by NIH5131

27.15

27.16

OVEREXPRESSION OF MUTANT HUMAN a-SYNUCLEIN (A53T) CAUSES
DOPAMINE NEURON DEATH IN RAT PRIMARY CULTURE AND IN A RAT
MESENCEPHALON-DERIVED CELL LINE (1RB3AN27). W. Zhou1*, M.S.
Hurlbert1, J. Schaack2, K.N. Prasad3 and C.R, Freed1. 'Div. of Clinical
Pharmacology, Dept. of Medicine and Pharmacology, and the Neuroscience
Program; 2Dept. of Microbiology; ’Center for Vitamins and Cancer Research, Dept.
of Radiology, University of Colorado Health Sciences Center, Denver, CO 80262
Parkinson's disease (PD) is a neurodegenerative disorder characterized by
progressive loss of dopamine neurons in the substantia nigra, and the appearance of
intracytoplasmic inclusions called Lewy bodies (LB). Recently, two mutations
(A53T and A30P) in the a-synuclein gene were identified in PD families, and asynuclein was found to be a major component of LB. Several studies have showed
that both wild-type and mutant human a-synuclein are able to form aggregates in
defined conditions in vitro. However, it remains unknown how a-synuclein, a
normally soluble presynaptic protein, deposited into LB and whether the aggregation
of a-synuclein causes dopamine neuron death. In this study, we developed
replication-deficient adenovirus expressing rat or human a-synuclein to transduce rat
primary mesencephalic cultures and rat mesencephalon-derived cell line 1RB3AN27
(N27). The expression of rat a-synuclein or wild-type human a-synuclein did not
affect dopamine neuron survival in rat cultures. We found that overexpression of
mutant human a-synuclein (A53T) induced more dopamine neuron death; but it had
no toxic effect on non-dopamine neuron. Similar results were seen in N27 cells.
Overexpression of mutant human a-synuclein resulted in cell death, while wild-type
human or rat a-synuclein did not have this effect. In neither cell culture did
overexpression of a-synuclein form LB. The results indicate that increased
expression of mutant human a-synuclein could lead to dopamine neuron death and
PD pathogenesis in some familial patients. Supported by NS 18639, HL58344, the
National Parkinson Foundation, and the Program to End Parkinson’s disease.

SPECIFIC NEUROTOXIC EFFECT OF a-SYNUCLEIN FRAGMENT
(NAC) ON DOPAMINERGIC NEURONS
G. Forloni*, I. Bertani, A.M Calella, R. Invemizzi.Dept.of Neuroscience.
Istituto di Ricerche, Farmacologiche”Mario Negri" 20157 Milano, Italy
Missense mutations in the a-synudein (SYN) gene cause familial
Parkinson's disease (PD), and SYN is a major component of Lewy
bodies (LBs), the intracellular inclusions that neuropathological
characterize PD and dementia with LBs. SYN was originally identified
as a precursor of a non-amyloid component of senile plaque (NACP) in
Alzheimer's disease (AD). To verify the possibility that a common
pathogenic mechanism that involve SYN is responsible for the
neuropathological overlap between AD and PD, we investigated the
neurotoxic activity of NAC, a fibrillogenic SYN fragment (61-95). Rat
primary mesencephalic neurons were exposed to NAC (0.5-100 pM) at
different times, the general neurotoxic activity of the peptide was
evaluated and the effect on dopaminergic (DA) neurons was
determined by the measurement of cellular DA content and the
identification of DA neurons with immunocytochemical technique. The
exposure for six days at low concentrations of NAC (2.5-10 pM)
reduced the number of DA neurons and the DA content up to 70%
without affect the general viability of the cells. At higher
concentrations (50-100 pM) the neurotoxic effect of NAC was extended
to all neurons. The pre-aggregation of NAC strongly increased the
neurotoxicity of the peptide. Tne association between DA phenotype
and NAC toxicity was further characterized by the toxicity of NAC on
PC12 cells differentiated with NGF. Thus, our data show that NAC is
neurotoxic and exhibits a relative specificity against DA neurons.
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DISTRIBUTION AND AXONAL TRANSPORT OF SYNUCLEINS IN
THE RAT PNS. J.-Y. Li*. P. H. JensenS and A, Dahlstrom Dept. of
Anat. and Cell Biol., Univ. of Goteborg, Box 420, SE 405 30 Goteborg,
Sweden. §Dept. of Med. Biochem., Univ. of Aarhus, DK-8000 Aarhus
C, Denmark

CLONING AND EXPRESSION OF PARKIN cDNA IN THE
RAT BRAIN V, D’Agata*. and S. Cavallaro. Institute of
Bioimaging and Pathophysiology of the Central Nervous System,
Italian National Research Council, 95123 Catania, Italy.
Autosomal recessive juvenile parkinsonism (AR-JP) is a levodoparesponsive parkinsonism characterized by early onset and highly
selective degeneration of dopaminergic neurons in the substantia
nigra pars compacta. After genetic mapping of an AR-JP gene locus
(PARK2) to chromosome 6q25.2-q27, Japanese families were
reported with deletions of a new gene of unknown function
designated Parkin. In this study a cDNA encoding for Parkin was
isolated from rat brain. Deduced amino acid sequence of rat brain
Parkin was highly homologous to the human sequence and showed
moderate homology to ubiquitin at the N-terminal portion. The
predicted rat Parkin protein sequence has no C-terminal signalanchor sequence and contains potential phosphorylation sites for
protein kinase C, casein kinase II, and cAMP- and cGMPdependent protein kinase. Northern blot analysis and quantitative
PCR revealed a wide distribution of Parkin-mRNA among various
brain regions suggesting an important role of Parkin in the cellular
functions in most cells of the adult brain.

Recent evidence showed that a-synuclein is a major component of Lewy
bodies in idiopathic Parkinson’s disease (PD) and that it is the second
major component of amyloid plaques in Alzhemer's disease (AD)
patients. This suggests that a-synuclein may be involved in processes of
certain neurodegenerative diseases. In the present study, we have
examined the pattern of axonal transport and distribution of synucleins in
different neuronal components in the rat PNS. Synulein-like
immunoreactivity (LI) was distinctly observed in axons proximal to a
crush as early as 1 hour after the crush-operation, suggesting a fast phase
of axonal transport of synuclein. The amounts of accumulated synucleinLI increased with time and CFS analysis demonstrated that synuclein-LI
accumulated proximal as well as distal to the crushes, indicating bidirectional axonal transport of synuclein-LI. However, the amounts
present in the distal accumulation was about 24 % of proximal
accumulation. A high degree of co-localization between synuclein and
other synaptic vesicle proteins was observed. However, synuclein-LI
was essentially exclusive from SP-containing axons and terminals.
Synuclein-LI highly co-localized with TH-LI in axons of crushed sciatic
nerves and peripheral nerve terminals and also co-localized, to a certain
extent, with VAChT-LI in the peripheral nerve terminals. The data
indicate that synuclein is predominantly distributed in sympathetic
adrenergic neurons and some cholinergic neurons in the periphery.

27.19

IMMUNOHISTOCHEMICAL LOCALIZATION OF PARKIN

K.P. Charleston1, B. Meister*, and D.W. Hanlon1
'Oncogene Research Products, Cambridge, MA 02142;
‘Department of Neuroscience, Karolinska Institute, S-171 77,
Stockholm, Sweden
Parkinson’s disease (PD) is the second most prevalent
neurodegenerative disease after Alzheimer’s, affecting an
estimated one million individuals in the United States. The clinical
manifestations of PD include tremor, rigidity, and bradykinesia.
Symptoms are caused by a deficiency of the neurotransmitter
dopamine, resulting from neuronal death and dysfunction in the
substantia nigra. The autosomal dominant form of PD has been
linked to the a-synuclein gene on chromosome 4, while rare
autosomal recessive juvenile parkinsonism has been attributed to
mutations in the parkin gene, which has been mapped to
chromosome 6. Northern blot analysis has demonstrated mRNA
expression of parkin in several human tissues, including many
regions of the brain. The parkin gene contains an open reading
frame with an amino acid sequence similar to ubiquitin at the
amino terminus and a RING-finger motif at the carboxy terminus.
To better understand the function of parkin, we have developed an
antibody to an internal domain of the human protein.
Immunohistochemical experiments demonstrate parkin staining
throughout the human and rodent brain. Localization of the parkin
protein will be discussed.

27.20
INVESTIGATION OF THE PATHOGENIC MECHANISM OF
PARKIN MUTATIONS. J. KESSLER*. R. SOTO and J, SHEN.
Center for Neurologic Diseases, Brigham and Women’s Hospital and
Harvard Medical School, Boston, MA 02115.
Mutations in parkin have recently been linked to juvenile and earlyonset forms of familial parkinsonism with autosomal recessive
inheritance. The clinical features of families with mutations in parkin
vary from those typical of familial Parkinson’s disease to those
identified in Japanese families with additional distinct clinical features.
Neuropathological studies of a few Japanese cases revealed nigral
degeneration and gliosis in the absence of Lewy body formation. The
large variety of parkin mutations, including deletion, frame-shift,
nonsense and missense mutations, and its recessive mode of
inheritance, suggest a loss-of-function pathogenic mechanism and an
important role for Parkin in nigral survival. To investigate the
mechanism by which loss of Parkin results in nigral degeneration, we
are in the process of generating a germline disruption in exon 4 of the
parkin gene. Deletion of parkin exon 4 resembles deletion mutations
identified in Japanese and European families, and is likely to result in
loss of function due to a non-integral number of codons and tlie
presence of the start codon in exon 4. The phenotypic analysis of the
parkin-nu\\ mouse will be presented. (Supported by American
Federation for Aging Research)

DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: COGNITIVE FUNCTION
28.1

28.2

EARLY DETECTION AND DIFFERENTIAL DIAGNOSIS OF ALZHEIMER’S
DISEASE AND DEPRESSION R. Swainson* C.J. Galton, J.R. Hodges,
A Michael. J. Semple. B.D, Dunn. M.C. Jefferies. J.L. Iddon. T.W. Robbins.
B.J. Sahakian, Depts. Psychiatry, Neurology & Exptl. Psychology,
Univ. Cambridge, Cambridge, UK; SmithKline Beecham Ltd.; CeNeS Ltd.
It is vital, in order to implement treatments which may retard the progression of
symptoms, that Alzheimer’s disease (AD) is detected as early as possible. It is
necessary also to distinguish mild AD from depression which also impairs memory in
die elderiy. An important component of this longitudinal project tests the report by
Fowler et al.11hat the visuospatial paired associative learning test (VSPALT) from the
CANTAB battery is more sensitive than traditional tests (including the MMSE) in
detecting learning and memory changes in questionable dementia patients. An
increase over an 8-month period in the number of errors made on this test may be
useful in predicting, in advance of declining scores on the MMSE, which patients will
reach diagnostic criteria for probable AD within the next few years. Baseline scores
of a group of patients with questionable AD are presented. Whereas the VSPALT
appears to be particularly sensitive to early AD, abnormal response to feedback
measures on visual delayed matching-to-sample and visuospatial planning tasks may
be to some degree specific to depression2. The present study assesses the relative
specificity of these measures to AD and depression. Four subject groups - nondepressed probable AD patients, non-demented patients with major unipolar
depression, questionable dementia patients with purely mnemonic deficits and healthy
control subjects - completed a battery comprising traditional and computerised
cognitive tasks. Statistical analyses demonstrate which tasks are sensitive to
impairments in which patient group(s), and whether the accuracy, sensitivity and
specificity of diagnoses based upon such measures could be clinically useful in
diagnosing AD and depression. Funded by the Medical Research Council.
1 JINS 1997,3:139-146;2 JNNP 1997,63:74-82.

COGNITIVE AND NEUROENDOCRINE RESPONSE TO ESTROGEN IN
POSTMENOPAUSAL WOMEN WITH ALZHEIMER’S DISEASE. S. Asthana*.
L.P, Baker. S. Craft. M.A, Raskind, E, Avery. C.P, Lofgreen. M, Cherrier. S.R.
Plymate. Geriatric Res. Edu. Clin. Ctr. (GRECC), VA Puget Sound Health Care
System, Tacoma, WA 98493 and Univ. of Washington, Seattle, WA, U.S.A.
Converging evidence from clinical and basic science research indicates that estrogen
therapy can enhance cognitive function for postmenopausal women with Alzheimer’s
disease (AD). We have recently reported that treatment with 0.05 mg/d of
transdermal 17 8-estradiol (Estraderm,™ Ciba-Geigy) enhanced memory and attention
for postmenopausal women with AD. To determine whether estrogen-induced
improvement in cognition is dose-dependent, we are currently conducting a
randomized, placebo-controlled, double-blind study in which, to date, 10 women with
AD have completed the study. These women received either a placebo (n=5) or 0.10
mg/day of 17 B-estradiol (n=5) via a skin patch for 2 months. A comprehensive
neuropsychological battery was administered at baseline, at weeks 3, 5, and 8 on
treatment, and again 8 weeks after treatment termination. On each day of
psychometric testing, plasma concentrations of estradiol, estrone, IGF-I, IGF-II, and
IGFBP3 were assayed. Verbal memory as measured by the delayed free recall of the
Buschke Test (F=8.10, p<0.05) significantly improved above baseline for the
estrogen-treated group compared to those who received placebo. Also, estrogen
treatment significantly enhanced attention as measured by the number of selfcorrections (F=9.92, p<0.02) and the time to complete (F=14.50, p<0.01) the
Interference condition of the Stroop Test. Administration of estrogen tended to
suppress the plasma concentrations of IGF-I (F=4.39, p<0.07). Furthermore, a
significant correlation was observed between plasma levels of IGF-I and the number
of uncorrected errors on the Interference condition of the Stroop Test (r=0.93,
p<0.03). Preliminary results of this study, therefore, indicate that, similar to the lowdose (i.e., 0.05 mg/d), a higher dose of 17 B-estradiol significantly improved verbal
memory and attention for postmenopausal women with AD. This study was
supported by funds from Ciba-Geigy Corp., and by the Dept. of Veterans Affairs.
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DOSE-RESPONSE ESTROGEN-INDUCED COGNITIVE ENHANCEMENTS
FOR POSTMENOPAUSAL WOMEN WITH ALZHEIMER’S DISEASE
L.P. Baker, S. Craft.* C. Lofgreen, E. Avery, M.A. Raskind, M. Cherrier, R.C. Veith,
S.R. Plymate, S, Asthana Geriatric Res. Edu. Clin. Ctr. (GRECC), VA Puget Sound
Health Care System, Seattle/Tacoma, WA 98493 & the University of Washington in
Seattle, WA, U.S.A.
Cumulative evidence provided both by clinical studies and neurobiological research
suggests a beneficial effect of estrogen on the brain. In particular, it has been reported
that estrogen replacement for postmenopausal women may be associated with a
reduced risk of developing Alzheimer’s disease (AD), and for women diagnosed with
the disease, that estrogen may have cognition-enhancing effects. We initially
conducted a placebo-controlled estrogen replacement study for postmenopausal
women with AD and reported that aspects of memory and attention were enhanced
when 0.05 mg/day of transdermal 17-J3 estradiol was administered for 8 weeks. To
evaluate whether the cognition-enhancing effects of estrogen replacement are dosedependent, we are conducting a second placebo-controlled, double-blind study in
which 10 postmenopausal women with AD, to date, have received either a placebo or
0.10 mg/day of transdermal 17-(3 estradiol (Estraderm™, Novartis Pharm.) for 8
weeks. As in the lower dose study, several cognitive tests are administered at
baseline, at weeks 3, 5, and 8 on treatment, and again 8 weeks after treatment
termination. Preliminary analysis of the data indicate that both attention (Stoop,
Interference condition) and verbal memory (Buschke, delayed recall) are significantly
enhanced in a dose-dependent fashion for the women who received estrogen (pvalues<0.04). Furthermore, trends for improved performance on two computer tasks
assessing attention (visual search) and spatial memory (oculomotor delayed response)
also provide further support for a facilitatory effect of estrogen replacement on
cognition for postmenopausal women with AD. Funding: Ciba-Geigy Corporation
and the Dept. of Veterans Affairs.

REDUCTION IN P75NTR IMMUNOREATIVE NEURONS WITHIN
THE NUCLEUS BASALIS IN ADULT FEMALES WITH MILD
COGNITIVE IMPAIRMENT AND ALZHEIMER’S DISEASE E.J

Cochran’*, S.Y. Ma1, J. Dills2, P.A. Bennett1, J.H. Kordower1, E.J. Mufson1,
‘Dept. of Neurological Sci, Rush-Presbyterian St. Luke’s Med. Ctr. IL
60612 and 2Dept. of Neurobioiogy, Johns Hopkins Medical School,
Baltimore, MD
Cholinergic basal forebrain (CBF) neurons degenerate in end stage
Alzheimer’s disease (AD); however, it is unknown whether similar changes
occur in patients with mild cognitive impairment (MCI) without AD.
Sixteen female subjects whose estrogen replacement status was known
(average age 83.9 ± 5.8 yr.) came to autopsy from the Religious Orders
Study cohort. All individuals were cognitively tested within 12 months of
death (average MMSE 25.9 ± 4.0). Clinically, 7 subjects were categorized
with MCI, 3 had probable AD and 6 had no cognitive impairment (NCI).
Sections throughout the rostrocaudal extent of the nucleus basalis were
immunoreacted using an antibody directed against the human p75NTR, an
excellent marker for CBF neurons. An unbiased stereology system
(NeuroZoom, CA) estimated the total number of p75NTR-ir neurons and
neuronal density (cells/mm3). ANOVA revealed that the total number of
p75NTR-ir neurons was significantly decreased in subjects with MCI (31%, P
< 0.01) and mild AD (51%, P < 0.01). Preliminary analysis failed to reveal
a significant impact of estrogen status on remaining p75NTR-ir neurons.
The p75NTR-ir neuronal density was also reduced in subjects with MCI
(18%, P < 0.01) and mild AD (35%, P < 0.005). Comparison between MCI
and AD subjects revealed a trend towards a significant reduction of p75NTRir neuronal density in individuals with AD (28%, P < 0.054). Number of
p75NTR-ir neurons was not correlated with MMSE at final clinical
evaluation and age at death. These findings suggest that neurons
containing the p75krR are vulnerable in subjects with MCI as well as mild
AD. Support: NIA.

28.5
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Neural
substrates
of spatial
and
temporal
disorientation
in
Alzheimer ’s disease . G, Gold>,P, Giannakopoulos. *M, Due.1 J.-P, Michel?

NO CELL LOSS IN THE ENTORHINAL CORTEX IN PRECLINICAL
ALZHEIMER’S DISEASE. A.I. Ko, J.C. Morris* and J.L. Price. Depts. of
Anatomy & Neurobioiogy1 and Neurology2 and Alzheimer’s Disease
Research Center1,2, Washington Univ. Sch. of Med., St. Louis, MO 63110
Previous studies have shown that there is substantial cell loss in the
entorhinal cortex (EC) in even the very mildest stage (CDR 0.5) of
Alzheimer’s Disease (AD). We have recently identified “pre-clinical” cases
of AD, which were non-demented (CDR 0) but resembled the CDR 0.5
cases in their degree of pathological change.
Stereological estimates of total cells in the entorhinal cortex were made
in 9 CDR 0 cases with few or no plaques (3 aged <75, 6 aged >75), 4 preclinical AD cases (aged >75) and 5 CDR 0.5 cases (aged >75). These show
that there was no cell loss in preclinical cases, in spite of the extensive
tangles and plaques in these brains. In contrast, the CDR 0.5 cases showed
highly significant cell loss. Thus, the onset of cell loss in EC corresponds
with the onset of cognitive decline. Supported by NIH grant AG03991

P.R, Hof2 and C, Bouras1. ’Departments of Geriatric and Psychiatry, University
Hospitals of Geneva, 1225 Geneva, Switzerland; 2Mount Sinai Sch. Med., NewYork, N.Y. 10029, U.S.A.
To examine the neuroanatomical correlates of spatial and temporal
disorientation in Alzheimer's disease (AD), we performed an anterograde
clinicopathologicai study of 29 patients with clinically and neuropathologically
confirmed AD from a 305 bed acute care geriatric hospital and a 165 bed acute care
psychiatric hospital. The presence of spatial and temporal disorientation was
assessed using standardized neuropsychological tests. In all brains, quantitative
analysis of neurofibrillary tangles (NFT) and senile plaques (SP) was performed in
the CAI field of the hippocampus, layers II and V of the entorhinal cortex, and
layers II-III and V-VI of areas 9, 7, 39, 19, 37, 20 and 23 in the right hemisphere.
Forward stepwise logistic regression was used to assess the relationship between
neurofibrillary tangle and senile plaque densities in selected areas and the presence
of either spatial or temporal disorientation; severity scores and brain weight were
included as covariants. A statistically significant relationship was found between
NFT densities in Brodmann's areas 7, 23 and the CAI field of hippocampus and
both spatial and temporal disorientation. Senile plaque counts did not correlate
with any of the neuropsychological parameters. We conclude that both temporal
and spatial disorientation in AD are related to the degeneration of the same
pathways linking the hippocampus with the superior parietal and posterior
cingulate cortex in the right hemisphere. These observations are discussed with
respect to the notion of global corticocortical disconnection in Alzheimer’s
disease.

Total Neurons in Entorhinal Cortex

p< 01

Age <75, No
Plaques, n=3

Age >75, few or
no plaques, n=6

Preclinical, n=4

CDR=O.5,n=5

28.7

28.8

NEUROPATHOLOGICAL CORRELATES OP MILD FRONTAL LOBE
DYSFUNCTION IN ELDERLY, NON-DEMENTED CONTROLS.

BRAIN ACTIVATION IN THE MEDIAL TEMPORAL LOBE CORRELATES WITH THE
DIAGNOSIS OF EARLY ALZHEIMER'S DISEASE. S.A.R.B. RomboutsL R.H.C, Laeeron2, F,
BarkhoP, W.C.M, Machielsen2, M.P. WitteH, M.A, Bierlaagh1, H.W, Berendse2* and Ph,
Scheltens2. Dept. of ’Clinical Physics & Informatics, 2Neurology, diagnostic Radiology,
4Anatomy & Embryology, Graduate school for Neurosciences, Institute Neurosciences Vrije
Universiteit, Amsterdam, The Netherlands.
Magnetic resonance imaging (MRI) produces highly detailed images that show atrophy in
the medial temporal lobe (MTL) in patients with Alzheimer's disease (AD). However, these
structural changes occur in a relatively late stage of the disease and therefore are of limited
diagnostic value at an early stage. Studies of brain activation in the MTL may provide a
biological marker of AD at an early stage.
We used functional magnetic resonance imaging (fMRI) to study brain activation in twelve
patients with early AD (7 male, 5 female, mean age 65.1 years) and in ten healthy elderly
control subjects (five male, five female,, mean age 61.5 years). During fMRI scanning,
subjects were presented novel and familiar items visually in a block design. They were
instructed to encode novel items into memory. After the task, a recognition score was
determined on a scale of 0.0 (no recognition of items) to 1.0 (all items recognized).
Average recognition score of patients was 0.13, while controls had an average score of
0.63. Increase in brain activation during encoding of novel items as compared to familiar
items was significant in patients in the right medial occipital gyrus (z=5.47) and cerebellum
(z=5.47). In controls, additional activation was seen in the fusiform (z=7.33) and lingual gyrus
(z=5.39) and the right parahippocampal gyrus (z=4.17).
We have observed that the fusHbrm gyrus, lingual gyrus and parahippocampal gyrus are
significantly activated during encoding in healthy elderly subjects, and not in patients with
early AD. From this first fMRI study in AD patients and elderly controls we conclude that fMRI
is feasible and capable of showing differences between groups in activation of areas pertinent
to memory function, known to be affected in AD. Our results warrant further exploration of the
(early) diagnostic utility of fMRI in AD and other dementia's.

Julene K Johnson*. Elizabeth Head. Jamie Reiter. Ronald Kim A Cari W Cotman
Institute for Brain Aging and Dementia. University of California, Irvine, CA
92697.

We recently published evidence for a frontal variant of Alzheimer's disease (AD)
in which AD subjects who presented in the mild stages of dementia with
disproportionately severe frontal lobe impairments had a greater than expected
degree of neurofibrillary tangle (NFT) pathology in the frontal cortex at autopsy.
In order to investigate early predictors ofthe frontal variant of AD, we investigated
neuropsychological performance of 103 elderly,‘non-demented controls. We
compiled scores on 14 tests measuring memoiy, frontal lobe functioning, visualspatial skills, and language. We identified subjects who scored at least one
standard deviation below the norm on any individual test and placed them into a
priori groups (i.e., memory, frontal, visual-spatial, language, or no impairments).
Of the controls, 22 (21%) exhibited an isolated impairment on tests of memory,
and 10 (10%) exhibited isolated impairments on tests of frontal lobe functioning.
To determine whether these early impairments are associated with pathological
changes, we examined archived brain tissues obtained from a subset of the
controls, tyone of the subjects met neuropathological criteria for AD; however,
some pathology was present in a subset of cases. Sections of frontal and entorhinal
cortex were immunostained for NFT and the proportion of area occupied by NFTs
was quantified using NIH Image analysis. We found a greater degree of NFTs in
the frontal cortex of controls who exhibited very mild frontal lobe dysfunction.
Similarly, there was a greater degree of NFTs in the entorhinal cortex in the
controls who exhibited very mild memoiy impairments. These results suggest that
very mild cognitive changes in rum-demented, elderly controls are associated with
underlying NFT pathology. The entorhinal and frontal cortices seem to be
particularly vulnerable to eariy pathological changes fend can he detected by
neuropsychological tests of memoiy and frontal lobe function. (NIA Giants AG00032, AG-05142, AG-00538)
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PROGRESSION IN EARLY ALZHEIMER DISEASE INCREASES COSTS BUT
NOT BENEFITS OF CUE VALIDITY IN VISUOSPATIAL ATTENTION. P.M,
Greenwood*. G.E, Alexander. & R.Parasuraman. Cognitive Science Lab., Catholic
University, Washington, DC & Lab. of Neurosciences, NIA, Bethesda, MD.
Alzheimer Disease (AD) patients with mild dementia are particularly slow to
disengage visuospatial attention from invalidly cued space, whereas the ability to shift
attention in response to valid cues is relatively unaffected (Parasuraman et al., 1992).
We sought to understand how cue validity effects on visuospatial attention change as
early AD progresses and to determine what other aspects of cognitive decline in AD are
related to these changes. Fourteen patients (mean ± SD age=75.5± 7.4, 8F, 6M) with
probable AD (NINCDS-ADRDA criteria) and mild dementia severity (mean± SD
Mattis Dementia Rating Scale [DRS] score = 123±9) performed a cued discrimination
task and a series of standardized neuropsychological tasks on two occasions separated
by a mean of 13.6 months. Following valid, invalid or neutral arrow location cues,
participants decided whether vertically arrayed rectangles were same or different in
height. Benefits of valid cues (neutral - valid RT) did not change significantly over the
testing interval, but costs of invalid cues (invalid - neutral RT) increased over time
(p<0.01). Greater increase in costs was associated with greater decline in the DRS
(r=0.56, p<0.05). Further, after we controlled for age, education and testing interval,
decline on standardized tests of visuospatial function and verbal memory were the best
predictors of increased costs of invalid cues over time (p<0.0003). Thus, as AD
progresses in the mild stage of dementia, the ability to shift attention following a
valid cue remains relatively preserved, but the ability to redirect attention following
invalid cues is increasingly disrupted. Further, the ability to disengage visuospatial
attention declines in step with declines in memory. Since the ability to search requiring repeated redirection of visuospatial attention to items - is essential for most
forms of visual discrimination, early and progressive disruption of the ability to
disengage attention may underlie a number of AD-related neuropsychological deficits.
(NIA 12387 to PG, NIA 07569 to RP and the NIA IRP)

CROSS-FORM EFFECTS ON PERFORMANCE ACCURACY IN
AGING & ALZHEIMER’S DISEASE. N, Askari **. J.M. Ford1,
J.D.E. Gabrieli2, 1 Dept. of Psychiatry & Behavioral Science, Stanford
University School of Medicine and Veterans Affairs Health Care
System, Palo Alto, CA,2 Dept. of Psychology, Stanford University.
The semantic memory problems in Alzheimer's Disease (AD)
patients are differentially affected by perceptual I conceptual and
strategic factors. In the same group of AD patients, elderly, and young
adults, we varied stimulus form and reality (real and non-real pictures
and words) in two tasks. In the reality decision task, subjects decided if
an item was real or nonreal; in the recognition memory task, those
items were intermixed with new items, and subjects decided if each was
new or old. Dementia was associated with difficulty in deciding
whether a picture or word was real or non-real, but aging was not. Both
dementia and aging were associated with poor recognition memory for
nonreal words and pictures. Surprisingly, young adults were more
accurate at remembering non-real words than real words, perhaps
because of the additional attentional effort expended while processing
the non-real words during the reality decision task. AD patients and
elderly adults accurately distinguished and remembered meaningful
information (real words and pictures), but were impaired when asked to
explicitly remember non-meaningful information, regardless of form
(non-real pictures and words). Supported by N1MH(MH4OO52).

28.11

28.12

LOSS OF LAYER II ENTORHINAL CORTEX NEURONS IN PATIENTS WITH
MILD COGNITIVE IMPAIRMENT AND ALZHEIMER’S DISEASE. Y, Chu*.
D.A. Bennett. E.J. Cochran. E.J. Mufson. and J.H, Kordower. Depts. of Neurological
Science and (he Rush Alzlicinicr's Disease Center, Rush Presbyterian Medical Center,
Chicago, IL 60612
Layer 11 of the entorhinal cortex provides the cells of origin for the perforant path
and plays a critical role in memory processing. Loss of layer II entorhinal neurons is a
consistent neuropathological feature of end-stage Alzheimer's disease (AD). The
extent to which neuron loss in layer II of entorhinal cortex is related to mild cognitive
impairment of insufficient severity to warrant a diagnosis of dementia lias not been
extensively investigated. We analyzed twenty-three participants from our ongoing
Religious Orders Study who liave come to autopsy. All individuals underwent
detailed clinical evaluation within 12 months of death and were categorized as nocognitive impairment (NCI; n=6). mild cognitive impairment (MCI; n=9) or mild
AD (n=8). Sections containing the rostrocaudal extent of EC were immunoreacted
with an antibody directed against a neuron-specific nuclear protein (NeuN). Using an
unbiased stereological system, the total number of NeuN immunoreactive stellate cells
was estimated. Analysis of variance revealed a significant difference in neuronal
number across groups (p<.(>()07), NCI cases averaged 610,902+77384 layer II stellate
neurons. MCI (67.45 %. p< 0.0003) and mild AD (46.06%; p<0017) cases
displayed significant losses of layer II entorhinal cortex neurons relative to NCI, but
not relative to each oilier (p> 0.33). These data support the concept tliat degeneration
of layer II entorhinal cortex occurs early in cognitive decline in nondemented elderly
subjects and this loss is not exacerbated in early AD. These data suggest tliat mild
cognitive impairment is related to stmctural brain degenerative changes tliat are
commonly seen in AD. but that loss of neurons in layer II of the entorhinal cortex
may not be sufficient to cause dementia. (Supported by AG14449, AG10161).

COGNITIVE IMPAIRMENT FOLLOWING BETA-AMYLOID INFUSIONS
AND LONG TERM ALUMINUM EXPOSURE IN RATS.
EvL Roloff, B Platt and G Riedel*, Department of Biomedical Sciences, University of
Aberdeen, Foresterhill, Aberdeen AB25 2ZD, Scotland.
One of the most environmentally abundant metals, aluminum (Al), has known
neurotoxic properties and has been suggested to be a factor contributing to the
development of Alzheimer's disease (AD). However, a clear causal relationship
between AD and Al has never been established. The aim of the study was to assess the
behavioral consequences of beta amyloid 1-40 (0A |.4O) infusion in rats challenged with
Al.
In a longitudinal study, 36, newly weaned, male Lister hooded rats were trained in
the open-field water maze to perform a delayed matching to place task at two delays
(30s and lh). Subjects were assigned to two groups: one group receiving 0.1% Al
(N=24) in the drinking water and another receiving water (N=l 1) for the rest of the
experiment. After three months of exposure, the animals were tested again, and
subsequently implanted i.c.v. with 14-day Alzet mini pumps containing either pAM0,
or reverse sequence PA40-i or aCSF. The performance of the rats was tested again two
and twelve weeks after termination of the infusions.
Behavioural data suggest: 1) three months of Al-exposure compared to water has no
detrimental effect on the performance at either delay; 2) two weeks after infusion, PAb
40 treated groups (water & Al) were impaired; 3) three months after infusions PA,.4O
/water treated rats no longer show a performance deficit; 4) in the Al-exposed groups,
the deficit in the PAM0 group was maintained, and an impairment in controls
appeared; 5) the effects were clearest at the 1 hour delay. These data show that PAMo
produces lasting cognitive changes in short-term memory in animals when combined
with Al treatment. A lack of this effect in water-treated controls might be due to the
clearance of PA|.4O from the brain, whereas this clearance is adversely affected in Alexposed animals. Further experiments are being performed to examine these points.
This work was supported by the Danish Research Academy (EvLR) and Daiichi Pharmaceuticals (GR).

28.13

28.14

APOE-KNOCKOUT MICE: DO THEY DISPLAY COGNITIVE DEFICITS?
J-B. Dupuy*, D. Champagne, J. Poirier & J. Rochford. McGill University,
Doug. Hosp. Res. Ctr., 6875 Boul. Lasalle, Verdun, PQ, Canada H4H 1R3
Numerous studies have demonstrated apolipoprotein E knockout (apoE-KO) mice
(Breslow strain) display cognitive impairments in the Morris water maze (MWM), a
task presumably assessing spatial learning and memory. Masliah et al (1996) have
reported these behavioral alterations in apoE-KO mice to correlate with
neuropathological alterations. However, Anderson et al. (1998) failed to detect any
differences in the MWM performance of apoE-KO mice (Maeda strain). To examine
these discrepancies, we tested two groups of apoE-KO (Maeda strain) and littermate
control mice (C57BL/6J) at 10 months of age in the MWM. In experiment 1, mice were
given 4 trials/day (2 min/trial) for 5 consecutive days, in which the distance travelled
and latency to find a hidden platform at a fixed location were measured. A probe trial
was performed in which all extramaze cues were hidden to assess possible non-spatial
learning strategies. Experiment 2 was performed in the same conditions with the
exception that all the extramaze cues were hidden for the entire duration of the task. In
experiment 1, similar to Anderson et al, we found no differences in escape latency or
distance travelled between control and apoE-KO mice, over the 5 days of training.
However, apoE-KO mice exhibited significantly shorter latencies to find the platform
when the extramaze cues were hidden. In experiment 2, however, apoE-KO mice did
not reduce their latency to find the platform whereas control mice displayed a
significant improvement over days. These results suggest that, apoE-KO mice seem to
display severe learning deficits in absence of extramaze cues. However, apoE-KO mice
display a similar level of cognitive performance when extramaze cues are available.
This learning may not be due to comparable spatial learning abilities, rather, apoE-KO
mice may use a different, yet equally efficient cognitive search strategy. These findings
suggest that use of the MWM may fail to discriminate between spatial or non-spatial
learning strategies. Previous findings may need to be reconsidered in order to detect if
whether or not the presence or absence of spatial memory deficits is not due to the
limitation of the behavioral task. (Supported by MRCC, FCAR, & Alzheimer’s Society).

DIFFERENTIAL LEARNING IN TG2576 MICE: ROLE OF SEX,
PHENOTYPE, AND TASK COMPLEXITY. W.B. Rowe* and G.M.
Rose, Neuroscience Drug Discovery, Bristol-Myers Squibb Co.,
Wallingford CT 06492
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It is believed that excessive brain deposition of amyloid (AP) contribute to
the extensive forebrain neuropathology and the cognitive deficits seen in
patients with Alzheimer’s disease. Recently, a transgenic mouse model
(Tg2576) was created that contains a mutated form of human amyloid
precursor protein (APP). These mice show elevated levels of APP, Ap and,
with aging, amyloid plaque-like deposits in several brain regions believed to
be important for cognitive processing.
We assessed cognitive performance in Tg2576 mice in the Morris water
maze and the radial arm water maze (RAWM). Young (4-6 month old) and
aged (20-24 month old) Tg- and Tg+ mice were first tested in the hidden
platform (spatial) version of the Morris water maze, followed by testing in the
visible platform version of the task. Only mice with dark eyes performed
consistently in either task.
Further, young male mice significantly
outperformed young females in the spatial task. No age-related learning
impairments were seen in either Tg- or Tg+ dark-eyed males. We then
examined these animals on a more difficult task, the RAWM. In this task the
pool is divided into 8 swimming lanes which radiate out of an open central
area; the hidden platform was placed at the end of one of the arms, and the
platform's location changed daily. The mice were given 4 acquisition trials,
followed by a fifth trial after a delay interval. In this task, the ability of aged
male Tg+ mice to locate the platform on the fifth trial was consistently
impaired relative to young or aged male Tg- mice. Taken together, these
findings suggest that while it is possible to demonstrate age-related cognitive
dysfunction in Tg+ mice in the water maze, sex and phenotype can also
contribute to performance impairments. Supported by B.-M.S. and F.R.S.Q.
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DEFICITS IN Y-MAZE ALTERNATION AND CONTEXTUAL
FEAR CONDITIONING IN AGED MALE TG2576 MICE. G.M.
Rose*, K.L. Heman, D.M. Barten & W.B. Rowe. Neuroscience Drug
Discovery, Bristol-Myers Squibb Co., Wallingford, CT 06492
Transgenic mice are an increasingly popular research tool for
investigating functional consequences of biochemical abnormalities
that are observed in age-related diseases, such as Alzheimer’s disease
(AD). Tg2576 mice express mutant amyloid precursor protein (APP)
and show elevated brain levels of amyloid P-proteins (Ap) and agerelated AD-like plaques. Using these mice, we evaluated the effect of
APP overexpression and aging in two cognitive tests: spontaneous
alternation in a Y maze and contextual/auditory fear conditioning.
Single-housed male mice at 5 or 20 months of age were used. The
animals all had either black or brown coats and exhibited normal
behavior in their home cages. For the Y maze, a test of spatial working
memory, a mouse was placed at the end of an arm and allowed to freely
explore the maze for 5 min. Alternations were defined as consecutive
entries into all three arms. Young Tg+ mice made significantly more
arm entries than other mice. Old Tg+ mice made fewer correct
alternations than mice from other groups. Contextual and auditory fear
conditioning were evaluated using a 24 hr interval between training and
testing. All groups of mice showed similar conditioning to the auditory
stimulus, but old Tg+ mice were impaired in context conditioning.
Results in both behavioral paradigms indicate that aging alone does not
impair behavioral performance in Tg- mice, while APP overexpression
in Tg+ mice did not affect cognition until the animals were aged.
Supported by B.-M.S. and F.R.S.Q.

APOE4 TRANSGENIC MALE MICE ARE PROFOUNDLY
IMPAIRED ON THE WORKING MEMORY PROTOCOL OF THE
RADIAL ARM MAZE. D.F. Wozniak*, R.E. Hartman, A. Nardi, J.W. Olney,
and D. M. Holtzman. Depts. Psychiat. and Neurol., Washington Univ. Sch. Med., St.
Louis, MO 63110
Interest in the role of apolipoprotein E (apoE) in CNS functions has grown since
the e 4 allele of apoE has been identified as a major risk factor for Alzheimer’s
disease (AD). In order to study the potential neurobehavioral functions of different
human apoE isoforms produced within the brain, transgenic (TG) mice were
generated in which human apoE3 or apoE4 isoforms were under the control of an
astrocyte-specific, glial fibrillary acid protein promoter and these TG mice were bred
back to apoE knockout (KO) mice. In a longitudinal study, apoE3 (n = 9) and apoE4
(n = 9) TG mice were compared with apoE KO (n = 14) and wild type (WT; n = 10)
mice (all male) on several behavioral measures. A complex pattern of differences in
emotional reactivity was detected by several types of tests performed at various ages
throughout adulthood. For example, the apoE4 mice differed from the other groups
on anxiety-related responses in the plus maze and showed the greatest amplitude of
the startle response at 6-8 months of age. However, the most striking differences
noted were in selective leaming/memory function. Although, compared to the other
groups, the apoE4 mice were not significantly impaired on a spatial learning task that
involved a massed trials, reference memory protocol in the rotating holeboard when
tested at 5 or 14-18 months of age, nor on the Morris maze when tested at 10-14
months, they were profoundly impaired when tested at 11-15 months on acquisition
of the working (trial-dependent) memory task in the radial arm maze. Specifically,
the apoE4 mice required significantly more days to reach acquisition criterion than
the apoE KO (p = .002), apoE3 (p = .012) or WT (p < .0005) mice. Moreover, 6/8
apoE4 mice were unable to learn the task within 26 days compared to 2/12 KO and
0/8 apoE3, and 0/9 WT mice. Our findings suggest that apoE4 expression in the
brain may have deleterious effects on memory function although the role of age in
onset and progression of memory impairment require further study . Supported by NIH
AG13956, AG113355, Alzheimer's Association RG3-96-26, Pau! Beeson Award from AFAR.
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REVERSAL OF CHRONIC ISCHEMIA IN THE ADULT RAT: COMMON
CAROTID
ANASTOMOSIS
AND
IMPROVEMENT
IN
MEMORY
DYSFUNCTION. Brett Henderson MD1, Jack de la Torre MD2'. 'Division of
Neurosurgery, Univ of New Mexico; 2Dept of Neuroscience, Univ of California, San
Diego.
Regional cerebral blood flow (CBF) reduction is a common pathological
process initially observed in most dementias, particularly Alzheimer’s disease. We
previously demonstrated that reduction of CBF in rats subjected to bilateral carotid
artery occlusion (2-VO) could be reversed using temporary carotid artery cuff
occluders that were removed 1-2 weeks after occlusion (de la Torre et al, Brain Res
623:6, 1993). Restoration of CBF in these rates resulted in reversal of visuospatial
memory loss and reduction of gliosis. However after 2 weeks of 2-VO, dissection of
the carotid arteries at the level of the cuffs occurred and CBF could no longer be
restored. In the present study, we hypothesized that if restoration of CBF after 2-VO
could be achieved using microsurgical anastomoses of the occluded carotids, possible
return of behavioral and metabolic dysfunction could be obtained even weeks after 2VO. Twenty ten-month-old rats were subjected to occlusion of both common carotid
arteries (2-VO) to reduce brain blood flow. Morris water maze testing was performed
on all rats, including non-occluded controls, at 7 and 14 days post-occlusion.
Significant impairment in water maze testing was seen as soon as 7 days in the 2VO
group. At six weeks post-occlusion microsurgical anastomosis (MA) was performed
in 10 of the 2-VO rats. Morris water maze testing was again performed at 2, 3 and 4
weeks post-operatively and showed statistically significant improvement in the 2-VO
MA group only. We are currently evaluating cytochrome oxidase activity in CAI of
these animals. Our findings suggest that memory dysfunction after global cerebral
ischemia may be reversible, at least early in its course. Since deficits observed in
these rats appears to mimic those observed in Alzheimer’s disease, this model may
provide clues relative to the possible management of this dementia.

PHARMACOLOGY

AND

TOXICOLOGY

OF

DEHYDROEVODIAMINE

HYDROCHLORIDE: ANTI-DEMENTIC AGENT. C, H. Park1? Y. -J, Lee3. S. H, Lee2.

S, H. Choi1. H. -S. Kim1, S. -J. Jeong1, JrC. Rah1 and Y, -H, Suh1 .'Dept. of Pharmacol,
and Neurosci. Res. Inst., 2Dept. of Neurosurg., Coll, of Med., Seoul Nat’l Univ., 3Dept.
of Veterinary, Cheju Nat’l Univ.; Seoul 110-799, Korea
We

previously

reported

that

Dehydroevodiamine-HCl

(DHED)

has

anticholinesterase and antiamnesic activities. To further elucidate the effects and safety

of DHED, pharmacological and toxicological tests were performed. We confirmed that
a single (20, 30, 40 mg/kg, p.o.) and repeated (10, 20, 30 mg/kg, p.o.) administrations

of DHED could significantly reverse the latency time shortened by scopolamine

(lmg/kg, i.p) to control level in passive avoidance test (PA). The impaired spatial
working memory was also significantly improved by a single (6.25 mg/kg, i.p.) and
repeated administrations of DHED (10 and 20 mg/kg, p.o.) in 8-arm maze test. The
cognitive deficits and the neuronal losses induced by electrolytic lesion of entorhinal

cortex and middle cerebral artery occlusion in rats, animal models related with
Alzheimer’s disease, were significantly protected by repeated administrations of

DHED (6.25 mg/kg, i.p.) once a day for 7 days. There are no observable side effects

and toxicities of DHED. These results strongly suggest that DHED might be a safe and

effective drug for not only AD type but also vascular type of dementia.
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LOCALISATION OF PRESENILIN-1 TO MITOCHONDRIA ISOLATED
FROM RAT BRAIN. M. Ankarcrona* and B. Winblad. Dept.of Clinical
Neuroscience, occupational therapy and elderly care research, Division of
Geriatric Medicine, Karolinska Institutet, S-141 86 HUDDINGE, Sweden.
Presenilins (PS-1 and PS-2) are often mutated in cases of autosomal dominant
inherited forms of early onset Alzheimer's disease (AD) and such mutations
sensitise cells to apoptotic stimuli in vitro. The onset of apoptosis is associated with
loss of mitochondrial membrane potential and opening of transition pores in the
mitochondrial membrane. Opening of such megapores lead to release of death
factors and caspase activation. Presenilins are substrates for caspases producing
alternatively cleaved PS-fragments. Previous studies show that presenilins are
primarily located to ER, Golgi and nuclear membranes. Here we show for the first
time that PS-1 is located to mitochondrial membranes. Homogenised rat brains were
subcellulary fractionated into nuclear, microsomal and mitochondrial fractions by
differential centrifugation on a sucrose gradient. EM studies confirmed the content
of each fraction. Using Western blot technique we detected PS-1 in nuclei,
microcomes (incl. ER, Golgi) as well as in mitochondria. To exclude that no nuclei
nor ER appeared in the mitochondrial fraction, we used anti-lamin (nuclei) and anticalnexin (ER) antibodies for detection of these organelle specific proteins. Western
blot analysis revealed that lamins and calnexins were detected in the nuclear and
membrane fractions (respectively, with minor cross-contamination), but not in the
mitochondrial fraction. The function of PS-1 located to mitochondrial membranes is
presently unknown. It may be speculated that PS-1 is part of or regulates the
megapores opened during permeability transition occuring early in apoptosis. PS-1
mutations may make cells more vulnerable to apoptotic stimuli due to altered
function of this protein at the mitochtadrial level. These possibilities are under
current investigation in our laboratory. Supported by Alzheimer Foundation,
Magnus Bergvalls Foundation, Gia Tjdnarinnor Foundation, Sweden

A NOVEL PRESENILIN-2 (PS-2) SPLICE VARIANT IN HUMAN
ALZHEIMER'S DISEASE BRAIN TISSUE
N. Sato U,3. K. Imaizumi 1.2.3. J. Hitomif3 T.Yoneda1.3*. M. Tohyama1.3
iDepartment of Anatomy & Neuroscience, Graduate School of Medicine,
Osaka University, Japan. 2Discovery Research Laboratory, TANABE
SEIYAKU CO., LTD., Japan. 3CREST of JST ; Japan Science and
Technology.
Mutations in the presenilin-1 (PS-1) and presenilin-2 (PS-2) genes
account for the majority of cases of early-onset familial Alzheimer's
disease (AD). Previously, we reported unusual alternative splicing of the
PS-2 gene which leads to the generation of mRNA lacking exon 5 in
human brain tissue. This product was more frequently detected in brain
tissue from sporadic AD patients (70%; 21/30) than from normal agematched controls (17.6%; 3/17). Here we show that the stable
transfectants of this splice variant that produced N-terminal part of PS2 protein 1) were susceptible to various endoplasmic reticulum (ER)
stresses and 2) induced the levels of secreted A/31.42 and Ayfl1.40. The
mechanisms whereby this splice variant cause the vulnerability and the
over-production of A ,3 are related to decreased expression of GRP78/Bip,
a molecular chaperon in the ER. These results provoke the possibility
that this splice variant plays an important part in pathophysiology of
AD and that inhibition of this abnormal splice event may provide a new
therapeutic strategies for AD.
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29.3

29.4

IDENTIFICATION OF AN EARLY ENDOSOMAL POOL OF
PRESENILIN-1 IN PC 12 CELLS.
J.J. LAH* AND A.I. LEVEY.
Department of Neurology, Emory University, Atlanta, GA
While the importance of presenilin-1 (PSI) in the biology of APP and
Notch is becoming well-established, the specific function of PSI remains
uncertain. Precise subcellular localization of a protein provides one
important avenue for understanding its function, and most reports have
localized PSI to the endoplasmic reticulum (ER) and Golgi. However,
interpretation of results from transfected cells is limited by possible
accumulation of overexpressed PSI in biosynthetic compartments. To
clarify this issue, we have analyzed endogenous PSI in PC 12 cells.
Double-label immunofluorescence studies showed some overlap of PSI
with ER and early endosome (EE) markers, but little similarity with Golgi
markers. Treatment of cells with brefeldin A (BFA), which causes
dramatic reorganization of both
biosynthetic
and
endosomal
compartments, induced markedly different effects on PSI and ER
markers.
While it had little effect on ER markers, BFA treatment
produced an accumulation of PSI in a juxtanuclear region which strongly
co-localized with EE markers. Subcellular fractionation of untreated
PC 12 cells support these immunocytochemical results. On sucrose step
gradients, ER proteins enriched in the microsomal P3 pellet while PSI and
EE markers concentrated in a P2 subfraction.
Separation of total
postnuclear lysates on continuous Opti-prep gradients also produced PSI
peaks distinct from ER markers. WTiile these findings do not exclude a
role for PSI in biosynthetic compartments, they do support the
trafficking of PSI to the endocytic pathway and early endosomes. Such a
distribution has implications for understanding the functional interactions
between PSI and cell surface proteins such as APP and Notch.
(Supported by NINDS)

REGULATION OF PRESENILIN-1 PROTEIN TURNOVER BY NERVE
GROWTH FACTOR. SE Counts*JJ Lah, and AI Levey. Department of
Neurology, Emory University, Atlanta, GA 30322.
Mutations in presenilin-1 (PSI) are linked to familial Alzheimer's
disease, with evidence suggesting that levels of PSI protein modulate APP
processing and amyloidogenesis. Although steady-state levels of PSI
polypeptides are tightly regulated, little is known about how cells control
PSI protein levels, or whether there are ways to alter PSI protein
accumulation. Since PSI levels are increased in developing brain, we
tested whether neurotrophin signaling influences PSI metabolism using
neuronotypic pheochromocytoma (PC 12) cells. Treatment of PC 12 cells
with 50 ng/ml nerve growth factor (NGF) caused an apparent increase in
steady-state accumulation of endogenous PSI N- and C-terminal
fragments, as detected by immunoblotting. NGF induced this response as
early as 24 hours and irrespective of in vitro conditions such as culture
media serum concentration and cell density.
Quantitation by
phosphorimaging revealed a specific 1.5-2 fold increase in both
fragments by day 7 of NGF treatments. Northern analysis of RNA from
control and experimental cultures indicates that NGF has no effect on
steady-state PSI RNA levels. As such, NGF signaling likely attenuates
PSI turnover. We have also demonstrated that treatment of PC 12 cells
with epidermal growth factor stimulates slight but reproducible increases
in steady-state PSI protein levels, consistent with the notion that NGF
regulates PSI protein turnover by receptor tyrosine kinase (RTK) signal
transduction. To this end, we will use PC 12 cells, a well-established
model for studying RTK signaling, to pinpoint cellular mechanisms that
mediate PSI metabolism and, presumably, PSI function. Supported by
NRSA F31 MH 11987 (NIMH).

29.5

29.6

STRUCTURAL DOMAIN REQUIREMENTS FOR
ENDOPROTEOLYSIS AND A (342 OVERPRODUCTION.

PRESENILIN

C. A. Saura1*, T. Taisuke2, T. Iwatsubo2 and G, Thinakaran1. 'Dept.

Neurobioiogy, Pharmacology and Physiology, University of Chicago, Chicago, IL
60637. 2Dept. Neuropathology and Neuroscience, University of Tokyo, Tokyo
113-0033,Japan.
Familial Alzheimer’s disease (FAD) is a neurodegenerative disorder of
thq central nervous system that is inhered in the majority of cases by mutations in
two related genes, presenilin 1 (PSI) and presenilin 2 (PS2). We analyzed the
structural domains of PSI that are essential for its metabolism and the gain of
function properties of FAD-linked PS variants. Introduction of pair-wise
deletions of the transmembrane domains within the N-terminal region impairs PSI
endoproteolysis and A(342 overproduction by the corresponding FAD-linked
variants. However, PSI and-PS2 polypeptides that lack the large hydrophilic loop
domain between transmembrane domains 6 and 7, including the caspase cleavage
site, undergo regulated endoproteolysis to generate stable N- and C-terminal
derivatives. Furthermore, FAD-linked PSI and PS2 variants that lack the
hydrophilic loop domain were capable of elevating the secretion of A£42 in stable
cell lines. From these studies, we conclude that the hydrophilic loop domain is
dispensable for PS endoproteolysis and the effect of mutant PS on APP
processing. Furthermore, our studies demonstrate that the elevation of A(342
production mediated by FAD-linked PS occurs independent of the cleavage of PS
by caspase-type proteases.
Supported by NIH 1P0I AG14248 and the Adler Foundation.

DETECTION OF A PSI IMMUNOREACTIVE BAND IN CONDITIONED
MEDIUM AFTER APOPTOSIS INDUCTION.
L. Benussi1,2, A. Alberici2, D. Moratto2, R. Ghidoni2, L. Gasparini2, U. Langer3*, A.
Dene4, R.M. Nitsch1,5 and G. Binetti2. 'Center for Molecular Neurobioiogy,
University of Hamburg, Martinistr. 52, 20246 Hamburg, Germany, 2IRCCS “Centro
San Giovanni di Dio - FBF” Neurobioiogy Laboratory, Brescia, Italy, 3Bayer AG,
PH-R CNS, Aprather Weg 18a, 42096 Wuppertal, Germany, 4Dept. ofNeurology,
Massachusetts General Hospital, Boston, MA. 5Dept. of Psychiatry Research,
University of Zurich, Switzerland.
Mutations in the presenilin 1 (PSI) gene can cause familial Alzheimer's disease
(FAD). PSI is a transmembrane protein with a large hydrophilic loop region that
faces the cytosol; it is mainly localized at endoplasmic reticulum (ER) and Golgi
apparatus. PSI is involved in apoptosis in several experimental paradigms. In order
to determine whether PSI trafficking is modified during programmed cell death, we
induced apoptosis both in HEK293 cells and in primary rat cortical neurons, and
analyzed PSI by immunoflorescence. After induction of apoptosis, PSI was
sequestered in blebbing vesicles. Immunostaining with the ER resident protein
calnexin did not show any signal in these vesicles. Western blot analysis with the
polyclonal antibody R9672 raised against PSI residues 300-314 detected a 23 kDa
(p23), preabsorbable, PSI derivative in media conditioned by either HEK 293 cells
or by primary neurons. P23 co-migrated with the PSI C-terminal fragment detected
in protein extracts. Induction of apoptosis by staurosporine (STS) increased levels of
p23. P23 was mainly associated to a fraction recovered from the medium after high
speed centrifugation, underscoring the possibility that PSI C-terminal fragments are
sequestered in vesicles during apoptotic blebbing.

29.7

29.8

STABILIZATION OF PRESENILINS MEDIATED BY THEIR
CARBOXYL TERMINAL DOMAINS IS CRUCIAL FORTHE
INDUCTION OF ABNORMAL y-CLEAVAGE OF BAPP.
T, Tomita*, R. Takikawa, Y, Morohashi. N, Takasugi. A. Koyama, T,
Iwatsubo. Dept. of Neuropathol. & Neurosci., Univ. ofTokyo, Japan
Mutations in presenilin (PSI and PS2) genes are the major causes of
early-onset familial Alzheimer’s disease (FAD), and these mutations
increase the production of amyloid B peptides ending at position 42
(AB42) that are most amyloidogenic. PS is a polytopic membrane protein
that undergoes endoproteolytic cleavage, forming heterodimeric complex
of N- and C-terminal fragments with an unusually long half-life. To
elucidate the mechanism whereby mutant PS increase the secretion of
AB42, we transfected cultured cells with cDNAs encoding wild-type (wt)
or N14JI FAD mutant PS2 truncated at the C-terminus and examined the
metabolism and stabilization of PS proteins as well as secretion of AB. Cterminally truncated PS did not increase secretion of AB42 on mutant
basis and they were not stabilized nor cleaved. To further determine the
significance of endoproteolysis and stabilization of PS, we expressed wt
or mt PS2 lacking die standard cleavage site (delPS2), as well as PS2
mutated at Asp366 (to Ala or Glu). Tlie mutation of the homologous
residue in PSI has been shown to abolish its capacity to facilitate ycleavage. delPS2 as well as Asp366 mutated PS2 did not undergo endoproteolysis, whereas both were stabilized as holoproteins. delPS2 with
N141I FAD mutation increased secretion of AB42, and Asp366 mutated
PS2 reduced the secretion of total AB. Taken together, stabilization of PS
protein, which is mediated by the C-teminus of PS by as yet unidentified
mechanism, is required for the function of PS to affect y-cleavage.

PRESENILIN 1 FRAGMENTS ARE ENRICHED AND ASSOCIATED
WITH ACTIN IN DETERGENT INSOLUBLE FRACTIONS OF RAT
BRAIN HOMOGENATE
Svch M.*, Hartmann H, and Mueller. W.E.: Dept. of Pharmacology,
University of Frankfurt, Marie-Curie-Str.9, 60439 Frankfurt/M.,
Germany.
Missense mutations of presenilin 1 (PS1) and presenilin 2 (PS2)
account for the majority of early-onset familial forms of Alzheimer’s
disease. Immunochemical analysis of neurons revealed predominant
localisation of presenilins in the endoplasmic reticulum (ER) and the
Golgi complex. Some studies, however, suggest presenilins to be
localized in compartments showing no staining for ER and Golgi
markers. Thus, we investigated their possible association with the
cytoskeleton. Immunoblotting of detergent insoluble fractions of rat
brain homogenate revealed enrichment of neuronspecific 36 and 14
kDa proteolytic fragments of PS1, whereas 30 and 20 kDa fragments
were found in the detergent soluble fraction. After specifically
extracting actin from the detergent insoluble pellet, both actin and PST
fragments were detected in the supernatant.
Our findings provide biochemical evidence for the association of
PS1 fragments with actin. Independent experiments are currently
carried out to confirm these results and to investigate a potential PS1
association with microtubules or intermediate filaments.
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THE ALZHEIMER-RELATED PSI GENE IS REQUIRED FOR NOTCH 1
SIGNALING. Oksana Berezovska*1. Pamela McLean1, Weiming Xia2. Michael S.
Wolfe2, Dennis J. Selkoe2, and Bradley T. Hyman1 1 Alzheimer Disease Research
Laboratory, Massachusetts General Hospital and 2Center for Neurologic Diseases,
Brigham and Women’s Hospital, Boston, MA
Numerous presenilin 1 (PSI) mutations lead to autosomal dominant early onset
Alzheimer disease, characterized by enhanced AB deposition. Previous studies have
shown that deleting the PSI gene in mice markedly diminishes activity of ysecretase, the protease necessary for release of AB from the amyloid precursor protein
(APP). Mutating either of two conserved intramembranous aspartyl residues in PSI
leads to a biochemical phenotype indistinguishable from deleting the entire PSI
gene, i.e., loss of y-secretase activity with concomitant reductions in AB. To
investigate whether mutations of the PSI transmembrane aspartates interfere with
Notchl processing and nuclear Notchl localization in mammalian cells, we used
stably transfected CHO cells overexpressing either wild type (WT) PSI or one of the
Asp -> Ala mutations, and co-transfected full length Notch, N(FL), tagged with
EGFP on its C-terminus. We found that the cytoplasmic signaling portion of the
Notchl molecule translocated to the nucleus after addition of a soluble form of its
native ligand, delta, to the medium of the WT PSI cells, while the translocation was
abolished by mutations in D257 and D385 in PSI, indicating that these mutations
creates a PSI null phenotype from the perspective of Notch processing as well. This
result strongly supports the hypothesis that PS 1 is responsible for the processing of
the C termini of both APP and Notch, and furthermore that D257 and D385 in PS 1
are each critical for this proteolytic activity. We hypothesize that the principal
function of the presenilins in development is to process Notch and related integral
membrane proteins, and that its processing of APP gradually leads to the
accumulation of the proteolytic product, AB, in the brain in post-reproductive life.
Supported by NIH P01 AG 15379 and AG 14744

PRESENILIN 1 AND PRESENILIN 2 ARE NECESSARY FOR THE
REGULATION OF AMYLOID PRECURSOR PROTEIN SECRETION.
J.J. Palacino*, B.E. Berechid, C. Eckman, S. Younkin, J.S. Nye and B. Wolozin.
Dept of Pharmacology and Neuroscience Program, Loyola University Chicago
60153
Numerous reports have implicated presenilin 1 (PSI) in the regulation of the
proteolysis of the amyloid precursor protein (APP). We have examined the
proteolysis, secretion and degradation patterns of APP and its proteolytic derivatives
in immortalized fibroblast lines isolated from PSI transgenic knockout mice and
their heterozygous and wild type littermates. Initial experiments indicate that cells
from PSI knockouts do not increase APP secretion after stimulating PKC, but the
cells expressing PSI (either heterozygous or wild-type) are able to stimulate APP
secretion. Upon examining lysates for APP carboxy-terminal fragments (CTFs),
holo-APP and amino-terminal fragments we observe that cells lacking PSI have
impaired turnover of APP and its derivatives. These changes appear to be directly
due to the action of PSI, because transfection of PSI into knockout cells restores the
normal phenotype of APP processing and degradation. Transfection with PS2
exhibits a similar, but distinct, pattern of restoration, indicating that PS2 exerts a
similar role in the processing of APP. Transfection with the truncated PS2 construct
Alg-3 into PSI knockout cells enhances the accumulation of CTFs, suggesting that
Alg-3 interferes with the action of the native PS2 in regulating the processing of
APP. This suggests that PSI and PS2 are essential to normal APP processing and
presents a possible mechanism to modulate APP and/or AP secretion.
This work is supported by the Neuroscience Research and Education Foundation.

29.11

29.12

PRESENILIN-1 IS INVOLVED IN NEURONAL Ap PRODUCTION IN
THE TRANS-GOLGI NETWORK BUT NOT IN THE ENDOPLASMIC
RETICULUM.
C.A Wilson1*, H. Zheng2, R.W. Poms', and V. M.-Y.
Lee1. 'Center for Neurodegenerative Disease, University of Pennsylvania,
Philadelphia, PA 19104,2Merck Research Institute, Rahway, NJ 07065
Presenilin-1 plays a role in the cleavage of the amyloid precursor protein
(APP) to produce the Alzheimer's disease-associated protein Ap. Cells
cultured from presenilin-1 knockout animals (PSI -/-) demonstrate lowered
Ap levels due to compromised carboxy-terminal y-secretase cleavage. We
examined the processing of APP in primary cortical neurons cultured from
embryonic PSI -/- mice by utilizing viral vectors to overexpress APP. As
shown previously, both intracellular and secreted APwere decreased in PSI
-/- neurons. However, the effects of PSI absence varied according to the
species of Ap examined. Although secreted AP and intracellular AP40
were decreased in PSI -/- neurons, production of intracellular Ap42
remained unchanged.
Intracellular Ap42 is produced within the
endoplasmic reticulum (ER) in neurons whereas other AP species are
produced in downstream organelles, including the trans-Golgi network
(TGN). We targeted APP either to the ER or to the TGN to determine if
PSI has organelle-specific effects on APP cleavage. Ap production was
decreased in PSI -/- neurons when APP was preferentially localized to the
TGN but not when APP was retained in the ER. Thus, PSI has differential
effects on y-secretase cleavage depending on the intracellular site of APP
processing and is involved in Ap cleavage within or after the Golgi, but not
in the ER. (Supported by grants from the NIH, a Paul Beeson faculty scholar
award (RWD) and a Howard Hughes Predoctoral Fellowship (CAW).

MUTANT PRESENILIN 1-REGULATED y-SECRETASE ACTIVITY IN LATE
COMPARTMENTS OF THE CONSTITUTIVE SECRETORY PATHWAY Suzana
S, Petanceska12. Mary Seeger2. Frederic Checler3. and Sam.Gandv^:2 'NYU at
Nathan Kline Institute, Orangeburg, NY 10962; 2The Rockefeller University, New
York, NY 10021; 3 Institut de Pharmacologie Moleculaire et Cellulaire,
UPR411,Valbonne, France
Mutations in the presenilin 1 (PSI) gene are associated with autosomal dominant,
early onset, familial Alzheimer disease (FAD), and result in increased release of the
hyperaggregatable 42 amino acid form of the amyloid P peptide (AP42). To
determine which subcellular compartments are potential sourcefs) of released AP42,
we compared the levels and spatial segregation of intracellular AP40 and AP42
peptides between N2a neuroblastoma cells doubly transfected with the “Swedish”
FAD-linked amyloid recursor protein variant (APPSwe), plus either wild-type
presenilin 1 (PS lwt) or FAD-linked A9 mutant presenilin 1 (PS1A9). As expected,
PSlA9-expressing cells had dramatically higher levels of intracellular AP42 than cells
expressing PS1WI. However, the highest levels of AP42 colocalized not with
endoplasmic reticulum or Golgi markers but with rab8, a marker for trans-Go\gi
network-to-plasma membrane transport vesicles. These data suggest that PS 1
mutants are capable of exerting effects in late compartments of the secretory
pathway, generating there a readily-releasable source of AP42. The detection of
mutant PSI bioactivity in the vicinity of the plasma membrane contributes to
reconciliation of the discrepancy between the preponderant concentration of PS 1
protein in proximal compartments of the secretory pathway and the recent findings
that PSI can control y-secretase-like processing of another transmembrane substrate,
Notch, at or near the plasma membrane.
This work was supported by the grants: AG09464 and AG 10491.

29.13

29.14

RESCUE OF APP PROCESSING IN PRESENILIN 1 DEFICIENT
NEURONS AND FIBROBLASTS: ROLE OF PRESENILINS. G. Wong1.

INTRACELLULAR SITE
OF Ap42^y-SECRETASE
CLEAVAGE
ENHANCED BY PRESENILIN 1 MUTATION
G. Hua. S. Sudoh, Y. Kawamura, K Yanagisawa and H. Komano* Dept. of
Dementia Research, National Institute for Longevity Sciences, Obu, Aichi 4748522,Japan
Previously, we have reported that mutations in presenilin I (PSI) increased the
intracellular levels of Ap42 (S. Sudoh et al., 1998). However, it is still not known
at which cellular site, and how, PSI mutations exert an effect on enhancement of
A042-y-secretase cleavage. In this study, in order to clarify the molecular
mechanisms of enhancement of Afyl2-y -secretase cleavage, wc focused on the
intracellular site of Afyt2-y -secretase cleavage. To address this issue, we used APP
C-100 which encodes the C-terminal APP fragment truncated at the N terminus of
Ap (Cl00), since Cl00 requires only y-secretase cleavage to yield Ap. Mutated
PSI (M146L)-induced Neuro 2a (N2a) cells showed enhanced Api-42 generation
from transiently expressed C-100 as well as from full-length APP, while the
generation of Ap 1-40 was not increased. The intracellular generation of Api-42
from transiently expressed C-100 in both mutated PS7-induced cells and wild-type
N2a cells was inhibited by brefeldin A. Moreover, the generation of both of Api42 and Api-40 from a Cl00 chimera bearing either a di-lysine-based ER retention
signal or the cytoplasmic region of a T cell antigen receptor (CD3) containing an
ER retention signal was greatly decreased, indicating that y -secretase cleavage does
not occur in the ER. However, the intracellular generation of Api-42 and Api-40
from C-100 was not inhibited by monensin treatment. These results suggest that
Ap42- and Ap4O-y -secretase cleavage occur in the early Golgi compartment. Thus,
it appears that PSI mutations selectively enhance Ap42-y -secretase cleavage which
occurs within the early Golgi compartment in the normal proteolytic processing
pathway of APP.

Q, Zhang1, J,. Lee1, C. BahiiLJu-CrQna1, T. Priestley1, R, RozmahefuTeter

St George-Hyslop3 and E, Parker1* ’Dept. of CNS/CV Biological Research,
Schering-Plough Research Institute, Kenilworth, NJ 07033; 2The Hospital for
Sick Children, Toronto, Ont. M5S 3H2; 3Center for Research on
Neurodegenerative Diseases (CRND) Toronto, Ont. M5S-3H2.
Previous studies have shown that processing and secretion of amyloid
precursor protein (APP) derived A|3 peptides is dramatically decreased in
neurons from mice lacking presenilin-1 (PSI), suggesting that PSI is required
for AP production. In this study, the role of wildtype and mutant presenilins
in A3 processing was examined. Cortical neurons and embryonic fibroblasts
isolated from wildtype (WT) and PSI deficient (KO) E14 mouse embryos
were infected with Semliki Forest Viruses (SFV) directing expression of APP
and presenilin cDNAs. These studies show that overexpression of WT PS 1 in
WT embryonic fibroblasts dramatically upregulates AP production, consistent
with the hypothesis that PSI has a direct role in APP processing. Basal
levels of y-secretase activity in knock-out neurons and fibroblasts are
strikingly different: there is an apparent 6-fold difference in Ab production in
WT and KO neurons, but similar levels of AP produced in WT and KO
fibroblasts. Both neurons and fibroblasts show increased production of AP by
PSI overexpression. Data will be presented on which PSI and PS2proteins
can effectively rescue APP processing in PSI deficient cells.
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29.15
Y-SECRETASE ACTIVITY IS ENHANCED IN NEUROBLASTOMA CELLS

EXPRESSING MUTANT PRESENILIN-1. M. Shizuka, M. Kanai, M. Ikeda, Y.
Tomidokoro, E. Matsubara, Y. Harigaya, K. Okamoto, M. Shoji* Dept. of Neurology,

Univ. of Gunma, Maebashi, Gunma 371-8511, Japan.
Mutant presenilin-ls (PSls) are causative genes in most pedigrees with early onset
familial Alzheimer’s Disease. Recent studies have shown that mutations in PSI alter
the processing of [SAPP and increase the production of amyloidogenic A(S42. PSI

deficient mice showed that y-secretase activity to generate A[S42 was prevented by
the absence of PSI. Moreover, PSI is suggested to be the y-secretase itself. We here
examined the effect of PSI on pAPP processing in neuroblastoma cell line and
showed that PS 1 mediated proteolytic cleavage from amyloidogenic C-terminal fragments (CTFs) of pAPP to Ap40 and Ap42(43). Human neuroblastoma cells (SK-NMC) stably expressing PAPP695 ANL were examined by transfection with wild type
PSI (WT) and mutant PSls (M146L, A246E, L392V, C410Y and AE9).
Concentrations of Apx-40 and Apx-42(43) in condition medium were measured by
ELISA. Immunoblot analysis of cell lysates by anti-CTF PAPP antibodies was carried
out to determine the relative amounts of CTFs of pAPP. Both levels of Apx-40 and

Apx-42(43) in condition medium of mutant PSls were increased by 1.1 ~2.2 times
compared to those of PSI WT. Significantly decreased amounts of both 8.7kD and

11.4 KD CTFs of pAPP were observed in cell lysates expressing mutant PSls
compared to those of PSI WT. These findings suggest that PSI mediates proteolytic
cleavage of amyloidogenic CTF of pAPP by y-secretase after a- and p-secretase
cleavage to generate Ap40 and Ap42(43).
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A/J STRAIN OF MICE, A USEFUL INBRED STRAIN TO EVALUATE THE
EFFECTS OF DI DOPAMINERGIC DRUGS. M.Gattu*. C.A. Morgan. M.A.
Libonati. V.L.Coffin. CNS/CV Biological Research, Schering-Plough Research
Inst., Kenilworth, NJ 07033.
The present study evaluated dopaminergic mediated grooming behavior, and the
density of striatal dopamine receptors in A/J, C57BL/6J, DBA/2J and CF-1
strains of mice. In A/J mice, the selective Di agonist SKF 38393 (3.0-30 mg/kg),
increased grooming behavior in a dose-dependent, stereospecific manner, and these
effects were attenuated by doses of the selective Di antagonists, SCH 23390 and
SCH 39166 (0.003-0.1 mg/kg), which had no effect on grooming when given
alone. In contrast, the D2 agonists LY17155 (O.OO3-O.3 mg/kg), (+/-)PPHT
(0.003-3 mg/kg) and apomorphine (0.1-10 mg/kg) and the D2 antagonist
haloperidol (0.03-3 mg/kg), and the atypical antipsychotic clozapine (3-30 mg/kg)
did not increase grooming at any dose, and markedly reduced grooming behavior
at the highest doses tested. In the other inbred strains studied, SKF-38393 and
SCH-23390 had little to no effect at doses which altered grooming in A/J mice. In
contrast to the other strains studied, both SKF-38393 (3 mg/kg) and SCH-23390
(0.003 mg/kg) increased grooming in the random-bred CF-1 strain. These results
indicate that dopamine mediated grooming behavior is differentially effected by Di
agonists and antagonists in different strains of mice. The increase, and subsequent
inhibition of grooming behavior produced by the Di agonist and antagonist
respectively in A/J mice, suggest a potential utility of this strain for the study cf
selective Di dopaminergic drugs. Interestingly, radioligand binding studies
showed that the density of Di receptors in striatum was significantly liigher in A/J
mice compared to other strains, whereas no difference was observed in D2 receptor
density among all strains of mice.
Supported by SPRI.

DISTRESS-LIKE VOCALIZATIONS IN MOUSE PUPS: ROLE FOR 5HT, AND
GABAa RECEPTORS. K.A. Miczek*, E.W. Fish, M. Sekinda, and P.F. Ferrari,
Department of Psychology, Tufts University, Medford, MA 02155
Neonatal rodents emit ultrasonic vocalizations (USVs) when separated from their
dams which may indicate their distress and prompt retrieval by the dam.
Pharmacological agents that alleviate anxiety in humans reduce the emission of
these calls by acting on GABAa and/or 5-HT receptors. The objectives of the
current study were: 1) to investigate specific 5-HTi receptor subtypes that modulate
maternal separation-induced USVs in mice; 2) to assess the behavioral specificity of
these effects; and 3) to compare 5-HT! agonists with a positive modulator of the
GABAa receptor complex. 7-day old mouse pups were isolated from their
littermates and placed onto a 20° C surface for 4 minutes. USVs between 30 and 80
kHz, grid crossing, and rectal temperature were measured following subcutaneous
administration of 5-HT,A
and iB receptor agonists or the neurosteroid
allopregnanlone (3.0 - 17.0 mg/kg). (+) 8-OH-DPAT (0.01- 0. lmg/kg) and
flesinoxan (0.3- 1.0 mg/kg) were the agonists at the 5-HT1A receptors; the 5-HT1B
receptors were assessed by the selective agonist CP-94,253 (0.03- 10.0 mg/kg) and
the mixed 5-HTi B/2c receptor agonist TFMPP (0.1 - 5.6 mg/kg). To verify that the
behavioral effects of these 5-HT agonists were due to their actions at the 1A and IB
receptors, WAY 100,635 (0.1 mg/kg) or GR 127935 (0.1 mg/kg) were administered
as antagonists. AH 5-HTi agonists dose-dependently reduced USVs in a manner
reversible by the appropriate antagonist. Interestingly, the effect of TFMPP was
biphasic; low doses (i.e. 0.01 and 0.03 mg/kg) increased the rate of vocalization.
Flesinoxan and (+) 8-OH-DPAT reduced the number of grid crossing whereas the
highest doses of CP-94,253 and TFMPP increased this index of locomotor behavior.
Allopregnanlone also dose-dependently reduced USVs but this effect was
accompanied by sedation. These experiments confirm that agonists at the 5-HT! and
the GABAa receptors modulate maternal separation-induced USVs in mice.
Supported by USPHS AA5122.

30.3

30.4

HEIGHTENED
AGGRESSION
AFTER SELF-ADMINISTERED
ALCOHOL IN THE RAT: ROLE OF 5-HT RECEPTORS
M. Sekinda*, A.M.M. van Erp, S. Kalsy and K.A. Miczek, Department of
Psychology, Tufts University, Medford , MA 02155
Some individuals who self-administer alcohol engage in higher levels of
aggression. Serotonin (5-hydroxytryptamine, 5-HT) has been implicated in
the mechanisms underlying this form of behavior. The present investigation
was designed to look at the role of serotonin in alcohol-heightened
aggression in a male rat. Male Long-Evans rats were each housed with a
female in a large home cage. Males were induced to drink a 10% ethanol
and 1% sucrose solution using a sucrose fading procedure in a limited 15
min access paradigm. After acquisition of ethanol consumption animals
were assessed for aggression. A naive, male intruder was introduced in the
resident’s home cage and aggressive behavior was recorded for 5 min
following the first attack. The residents were tested repeatedly in two
conditions, i.e. access to 10% ethanol.+ 1% sucrose or 1% sucrose. Thirty
percent of resident rats engaged in heightened aggression after ethanol
consumption as compared to sucrose. In the next phase, immediately after
ethanol or sucrose access, animals were given a S.C. injection of either
saline, 0.01 or 0.03 mg/kg of 5-HIjA agonist, 8-OH-DPAT 15 min before
the confrontation with the intruder. Administration of 8-OH-DPAT dosedependently decreased aggression whether preceded by ethanol or sucrose
drinking, and also decreased locomotor activity. These results confirm the
5-HTia receptor as relevant to inhibition of aggression and extend these
effects to alcohol-heightened aggression.
Ongoing studies with 5-HT!B
agonist CP94,253 promise to offer more specificity than the 5-HTiA agonists
in suppressing aggressive behaviors. Supported by USPHS AA5122.

INHIBITION OF AGGRESSION BY PROGESTERONE AND ITS
METABOLITES IN FEMALE SYRIAN HAMSTERS. J.G. Kohlert1*
and R.L. Meisel2, 'Department of Psychology, King’s College, WilkesBarre, PA 18711; 2Department of Psychological Sciences, Purdue
University, West Lafayette, IN 47907.
Female Syrian hamsters are socially intolerant and attack both male and
female conspecifics. Expession of aggressive behavior in these females
varies across the estrous cycle, with aggression being lowest during
behavioral estrus. The role of ovarian hormones, primarily progesterone,
in regulating aggression appears to be one of inhibition. The purpose of
this study was to examine the possibility that metabolites of progesterone
may participate in regulating aggressive behaviors in female hamsters.
Progestins were administered systemically and intracrainially to ascertain
their influence on aggression in female hamsters. In estrogen-primed (10
pg EB) females, systemic administration of 300 pg of progesterone (P) or
4-pregnen-21-ol-3,20-dione (DOC) significantly decreased the number of
attacks and increased attack latency, while similar doses of 5a-pregnan3a,21-diol-20-one (THDOC) and 5a-pregnan-3a-ol-20-one (ALLO) had
no reliable effects. Fifteen min after intraventricular injections of 5 pg of
THDOC in females receiving systemic EB and P (75 pg), the attack
latency increased significantly while the number of attacks decreased.
Results suggest that several progestins may be effective in inhibiting
aggression in female hamsters.
Supported by a grant from the Guggenheim Foundation.
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SPECIFIC DECREASE IN AGGRESSIVE BEHAVIOR IN MALE MICE
BY 5-HT1B/D AGONISTS ZOLMITRIPTAN AND CP-94,253. R.M.M. De
Almeida*, E. Fish, S. Faccidomo and K.A. Miczek. Tufts University,
Medford, MA, 02155.
Observations of anti-aggressive effects of 5-HTib agonists are limited to
non-selective or investigational agents. Clinically, selective 5-HTi B/d
agonists such as sumatriptan and zolmitriptan, are used as anti-migraine
treatments and their action upon aggressive behavior has yet to be
determined. The objectives of this study were: (1) to demonstrate a
potentially novel application for the 5-HT]B/d agonist zolmitriptan and (2) to
contribute to previous research highlighting the role of 5-HTj B receptor in
the control of aggression by serotonin. Zolmitriptan (3-17 mg/kg) or its
vehicle was injected intraperitoneally to male CFW mice (n=20) 15 minutes
before an aggressive encounter with a male intruder. Salient aggressive and
non-aggressive behaviors were recorded for 5 minutes. As indicated, by a
reduction in attack bites and sideways threats, zolmitriptan (5.6-17.0 mg/kg)
decreased aggression without suppression of motor behavior, such as the
duration of walking and rearing. We are currently using GR127935 as an
antagonist to the 5-HTi B/d receptor to investigate the pharmacological
specificity of these anti-aggressive effects, and testing the efficacy of
zolmitriptan to reduce aggression that is heightened by social instigation.
The results of this experiment confirm the 5-HT]B receptor as a potential
target for pharmacotherapeutic management of aggression. Supported by
USPHS grant AA5122

BEHAVIORAL EFFECTS OF NAALADASE INHIBITION IN SOCIALLY
DEFEATED MALE MICE. L.A, Lumlev*. B.S, Slusher, D.M, Morton. R.C,
Charles. R.F. Charles. G.A. Saviolakis and J.L, Meverhoff, WRAIR, Washington,
DC 20307 and Guilford Pharmaceuticals Inc., Baltimore, MD 21224.
Social stress increases glutamate release in select brain regions. There has been
recent interest in assessing anti-stress or anxiolytic effects of glutamatergic ligands.
One source of glutamate is from the hydrolysis of N-acetylaspartylglutamate
(NAAG) by the enzyme N-acetylated-a-linked acidic dipeptidase (NAALADase).
The NAALADase inhibitor 2-(phosphonomethyl) pentanedioic acid (2-PMPA)
inhibits conversion of NAAG to glutamate. We tested whether 2-PMPA (10 fig/day,
i.c.v.), administered via osmotic mini-pumps 1 wk prior to social defeat (SD), would
prevent defeat-induced behavioral changes in male mice tested in a resident-intruder
test. Resident subject mice were tested for three 5 min. intervals (I): Il (barrier), 12
(barrier plus non-aggressive intruder (NAI)), 13 (only NAI). Since there are strain
differences in glutamate activity, we tested 2-PMPA in both DBA/2 and C57BL/6
mice. In Exp. 1, SD DBA/2 mice displayed more defensive posture, flight,
avoidance, ear wiggling and risk assessment during 12 and/or 13, and fewer
approaches, chase and attacks during 13 than non-defeated mice (NOSD) (p<0.01).
2-PMPA-treated mice had more approaches than vehicle-treated (VEH) mice during
12 (p<0.05). During 13,2-PMPA increased stretch-attend posture (p<0.01) in SD
mice and sniff NAI in NOSD mice (p<0.05). In Exp. 2, SD C57BL/6 mice displayed
more defensive posture, flight, avoidance, tail raise and risk assessment during 12
and/or 13, and fewer approaches, chases and attacks during 13, than NOSD mice
(p<0.01). C57BL/6 mice treated with 2-PMPA were more aggressive than VEH
mice, as indicated by attack during SD or attack of the NAI during the residentintruder test (p<0.05). 2-PMPA-treated mice groomed more than VEH mice during
12, and had more flat body approach (risk assessment) during 13 (p<0.05). In sum, 2PMPA at this dose increased select indices of territoriality. Research was supported
by DAMD-17-0041 between Guilford Pharm. Inc. and WRAIR.

30.7

30.8

SUPPRESSIVE

EFFECTS CF ACUTE AND SUBCHRONIC
ADMINISTRATION CF 7-NITROINDAZOLE CN AGGRESSION IN
OUTBRED MICE. £A, Tavlor? R.W. Dunn.1-2* E. Nikulina3 and K.A.
Miczek3. ^Neuroscience Program, Connecticut College, New
London, CT 06320; 2NOS/CETS, Old Lyme, CT 06371; 3Dept
Psychology, Psychiatry and Pharmacology, Tufts University,
Medford, MA 02155.
The nitric oxide synthase inhibitor 7-nitroindazole (7-NI)
dose-dependently (10-100 mg/kg) decreased aggressive
behavior in adult male Swiss-Webster mice, as measured in
resident mice attacking an intruder following acute
intraperitoneal (i.p.) administration. Acute administration of
7-NI at 100 mg/kg, significantly (P < 0.05) decreased
aggressive (sideways threat, biting and tail rattle) and
nonaggressive (grooming, walking and rearing) behaviors by
62% and 45%, respectively, compared to vehicle control. In
addition, 50 mg/kg subchronic administration of 7-NI, three
times a day (tid) for 4 days, significantly (P < 0.05) decreased
aggressive and nonaggressive behaviors by 50% and 45%,
respectively, compared to vehicle control. The antiaggressive
effects of 7-NI were in the same dose range as the sedative
effects, similar to the effects of neuroleptic agents acting on I}>
or 5HT2 receptor sites in this aggression paradigm. It is likely
that the attenuated aggression observed following the
administration of the NOS inhibitor is secondary to sedation.

PHARMACOLOGICAL EFFECTS OF PHENCYCLIDINE:
DEPENDENCE ON NITRIC OXIDE AND Ca2+ SIGNALLING
Lennart Svensson*. Jianhua Zhang, and Jorgen A Engel. Department of
Pharmacology, Goteborg University, P.O.Box 431, Goteborg, Sweden
Phencyclidine (PCP) is a dissociative anaesthetic and psychotomimetic
drug that may induce schizophrenia-like symptoms in humans which
comprise both the positive and negative symptoms observed in
schizophrenia. This unique property of PCP has rendered the “PCP model
of schizophrenia” considerable scientific attention. Recent studies suggest
that a nitric oxide (NO) dependent mechanism is implicated in the central
effects of PCP. The NO synthase inhibitor, L-NAME, blocks several
PCP-induced behavioural and biochemical effects in the rat. Since
neuronal NO is generated from L-arginine by a Ca2+-calmodulin-activated
NO synthase, Ca2* may be critically involved in the NO-dependent effects
of PCP. In the present study the possible involvement of Ca2+-induced
Ca2+-release (CICR) in the effects of PCP was investigated. CICR relies
on the properties of the ryanodine receptor and represents a mechanism by
which Ca" influx during neuronal activity can be amplified into larger
intracellular Ca2+ signals. The ryanodine receptor agonist, caffeine, was
shown to potentiate the locomotor stimulatory effect of PCP in a doserelated manner in our experiments. Furthermore, the locomotor
stimulatory effect of PCP was partly antagonised by the ADP-ribosyl
cyclase inhibitor, nicotinamide, which inhibits CICR. Thus, these studies
provide evidence supporting an involvement of CICR in the
pharmacological effects of PCP. CICR may be a mechanism by which
PCP-induced NO production is amplified increasing the risk for harmful
effects of this important neuromodulator on cellular function.
Supported by Swedish MRC (4247) and Stanley Foundation.

30.9

30.10

ANTI-HIV DRUGS IN PREGNANCY: EFFECTS ON NEUROBEHAVIORAL
DEVELOPMENT IN ANIMAL MODELS.
A Venerosi.* G. Calamandrei. 1, Branchi and E. Alieva. Lab. Fisiopatologia O. S.,
Istituto Superiore di Sanity 100161 Rome, Italy.
Zidovudine (AZT), alone or in combination with other antiretroviral drugs such as
lamivudine (3TC), has become a standard therapy to prevent mother-to-child HIV
transmission. The short-, medium- and long-term effects of a multidose prenatal
AZT treatment on several behavioral endpoints have been previously characterized.
We have analyzed recently the effects of prenatal 3TC (generously provided by
Glaxo Wellcome) treatment. Specifically, pregnant CD-I mice received per os
either 3TC (125, 250 or 500 mg/kg) or vehicle solution (saline 0.9%) from
pregnancy day 10 to delivery. Offspring have been then examined for different
somatic and behavioral endpoints, including sensorimotor development,
ontogenetic pattern of ultrasonic vocalization, locomotor activity and passive
avoidance learning. In the absence of gross changes in somatic and sensorimotor
development, a slight change in ultrasound emission was found on postnatal day
(PND) 3, with 125 and 500 mg/kg 3TC treated offspring emitting a lower number
of ultrasounds. At weaning (PND 20-21), decreased habituation in a locomotor
activity test was evident in male offspring exposed to 250 and 500 mg/kg 3TC,
while learning and retention performances of a passive avoidance task were
unaffected. At adulthood different behavioral endpoints were analyzed, including
locomotor activity and exploration in an open-field following administration of the
muscarinic antagonist scopolamine (2 mg/kg), spatial learning in either radial arm
or Morris water maze, virgin female behavior in a maternal induction test and pain
sensitivity in a hot-plate test (52 ± 0.1° C). An increase in the overall activity and in
the responsiveness to scopolamine in the open-field test and a longer escape latency
in the first day of the reversal phase in the Morris water maze task were found. No
significant alterations in either pain sensitivity and social/affiliative and maternal
behavior were found, though a higher occurrence of aggressive behavior towards
foster pups was noted in both 125 and 500 mg/kg 3TC females.

POTENTIAL ROLE OF o4 AND a7 nAChR SUBUNITS IN REGULATING
NICOTINE-INDUCED SEIZURES. J.A, Stitzel*, Y, Lu, M, Jimenez and A.C,
Collins, Institute for Behavioral Genetics, University of Colorado, Boulder,
CO 80309.
High doses of nicotine produce seizures. Our earlier studies using F2
mice derived from inbred DBA/2 and C3H mouse strains demonstrated that
polymorphisms in a7 nAChR genes cosegregate with seizure susceptibility.
In addition, LS and SS mouse lines, which were bred for differential
sensitivity to ethanol, also differ in susceptibility to nicotine-induced seizures.
RFLP analyses of LS and SS did not reveal polymorphisms for a7.
However, a polymorphism for the a4 gene was observed. Potential
association between the a4 polymorphism and sensitivity to nicotine-induced
seizures was assessed in 27 LS/SS recombinant inbred (Rl) strains.
Significant effects of Rl genotype were seen for the a4 nAChR gene. Those
strains with the SS variant of this gene had significantly longer latency to
seizure and higher ED50 values than did the strains with the LS variant. The
results from the two genetic analyses are consistent with the proposal that
both a4 and a7 nAChRs may participate in the regulation of nicotine-induced
seizures. This possibility was tested by determining whether nicotinic
agonists with putative receptor selectivity induced seizures in C3H mice.
Both a4 and a7 selective agonists induced seizures. In addition, a4 and «7
selective antagonists also produced seizures, suggesting that nAChR
blockade induces seizures. Since both a4 and a.7 receptors are associated
with GABAergic neurons, it is possible that seizures arise as a consequence
of nAChR receptor desensitization or inhibition resulting in decreased GABA
release.
Supported by AA-11156, DA-10156 and DA-00197.

Supported by ISS, Progetto AIDS grant 30B/A

Society

for

Neuroscience

, Volume

25, 1999

60

BEHAVIORAL PHARMACOLOGY: SOCIAL BEHAVIOR, LEARNING AND DISORDERS

SUNDAY AM

30.11

30.12

HEAD-TWITCH RESPONSE INDUCED BY DOI IS ATTENUATED
BY NICOTINE PRETREATMENT. Y. Tizabi1*. L.T. Russell1. M,
J.QtlOSQO2 and N,A, .Parmani2 ’Dept. of Pharmacology, Coll, of Med.,
Howard Univ., Washington, DC 20059; 2Dept. of Pharmacology, KCOM,
Kirksville, MO 63501.
Preliminary clinical studies indicate possible therapeutic benefits of
nicotine in treatment of Tourette’s syndrome (TS). Head-twitch response
(HTR) induced by administration of the SHT^ agonist, DOI, in mice has
been suggested as an animal model of TS. This study was conducted to
determine whether nicotine may attenuate DOI-induced HTR. Moreover,
the effects of chronic DOI treatment on the densities of nicotinic receptors
in various brain regions were also evaluated. Male albino ICR mice (18-25
g) were administered various doses of nicotine 20 min prior to
administration of DOI (0.5 mg/kg), and were observed for HTR for 20
min. Nicotine dose-dependently reduced the DOI-induced HTR (20, 71
and 86% reduction in HTR with 1, 2, or 5 mg/kg nicotine, respectively).
Chronic administration of nicotine (1.5 mg/kg/day for 10-11 days) also
attenuated DOI-induced HTR by 20-27%. Chronic administration of DOI
(1 mg/kg/day for 10 days) resulted in approximately 65% increase in
[125I]a-bungarotoxin binding in cerebellum only. Frontal cortex, striatum,
hippocampus and midbrain were not affected. The data suggest that the
DOI-induced HTR may be modulated through nicotinic receptors and that
nicotinic agonists may be of therapeutic potential in TS. (Supported by Depts

TOLERANCE INDUCED BY INFUSION OF DOPAMINE DI RECEPTOR
FULL AGONISTS IN DOPAMINE-DENERVATED RATS. J.P. Ryman'5 C.P.
Lawler', D.E. Nichols2, and R.B. Mailman1. Univ. of North Carolina1; Chapel Hill,
NC 27599. Purdue University2; West Lafayette, IN 47907.

30.13

30.14

PRECLINICAL EFFECTS OF ALTERED DOPAMINERGIC FUNCTION: EFFECTS
OF DOPAMINE RECEPTOR ANTAGONISTS AND 6-HYDROXYDOPAMINE IN
A REACTION TIME PARADIGM. A.D. Smith12, H. Moffitt2, D. Smith2, M, Amalric3, M.J. Zigmond1*, and G.F. Koob2. 'Dept. Neurology, University of Pittsburgh,
Pittsburgh, PA 15213, and 2Scripps Research Institute; La Jolla, CA 92037,
’Laboratoire de Neurobiologie Cellulaire et Fonctionnelle, Laboratoire associe a
1’University Aix-Marseille II CNRS.
Although degeneration of dopamine (DA) neurons can lead to severe neurological
deficits, this occurs only when DA loss is very large. However, detection of degeneration at a preclinical stage would be of great value in initiating early treatment. Thus, we
explored using a conditioned reaction time paradigm known to be sensitive to disruption of DA function. Rats were trained to release a lever in response to a visual cue
within a time limit in order to receive a 45-mg food pellet. After behavior stabilized,
the effects of a D, (A69024), D2 (eticlopride), and D3 (nafadotride) antagonist were
assessed in intact animals. A69024 (0.3 -1.3 mg/kg s.c.) had no effect on performance.
Nafadotride produced mild deficits at the highest dose (1 mg/kg) characterized by increased delayed responses indicative of non-specific sedative effects. In contrast,
eticlopride (5 - 20 pg/kg) produced a dose-dependent decrease in correct responses,
and an increase in delayed responses and reaction time at the highest doses. Next, animals received 6-hydroxydopamine (6-OHDA) (0.25 - 4 pg/2 pi per side) into the medial forebrain bundle. A low dose of 6-OHDA (< 0.5 pg) caused no change in correct
responses, but a gradual decrease in premature responses and an increase in delayed
responses, indicative of a slowing of response initiation. A high dose of 6-OHDA (> 2
pg) caused profound motor deficits, decreased correct responses, increased delayed
responses, and a lengthening of the reaction time. Collectively, these data suggest that
the disruption of DA function at D2 receptors may lead to behavioral deficits that can
be used to develop a preclinical screen for conditions such as parkinsonism. [Supported
by DA04398 (GFK) and NS 19608 (MJZ)]

SEX DIFFERENCES IN THE NITRERGIC MODULATION OF
NEUROLEPTIC-INDUCED CATALEPSY IN MICE. J G.P Pires*, F.P.
Saraiva, P.G. Costa, V, Bonikovski. N F, Silva, and H.A. Futuro-Neto. Dept.
Ciencias Fisiologicas, CBM, UFES, Vitoria, ES, 29040-090, Brazil.
It has been suggested that nigrostriatal dopaminergic (DA) transmission is
under nitrergic modulation. It is also known that endogenous estrogens can
influence basal ganglia. In this study we tested the effects of several 'nitrergic'
agents on neuroleptic-induced catalepsy (NC) in male and female mice. Adult
albino mice, 26-36 g, n = 9 per group, were used. Catalepsy was induced with
haloperidol (H; 1 mg/kg) and measured at 30-min intervals by means of a bar
test. Drugs (or vehicle; V) were injected ip 30 min before H, with each animal
been used only once. Drugs used were the NO donors SIN-1 and isosorbide
dinitrate (ID), the NOS inhibitor L-NAME, D-NAME, D- and L-arginine.
Dunnett's test was used for statistical comparisons of means, with the level of
significance set at p < 5 %. Results were: (1) SIN-1 (50 mg/kg) attenuated NC
in males (60 min: 15.8 ±5.2 vs. 42 ±9 s for V), but had no significant effect in
females (60 min: 29.7 ± 10.7 vs. 36.2 ± 10 s for V). (2) ID (5 mg/kg)
attenuated NC in males (150 min: 80 ± 8 vs. 159 ± 24 s for V), but had no
significant effect in females (150 min: 108± 16 vs. 184.9±37 s for V). ID (50
mg/kg) strongly inhibited NC in males, but only a weak reduction of NC was
found in females. (3) L-Arg (20-200 mg/kg) potentiated NC in males, but
caused no change in females. (4) L-NAME (50 mg/kg) potentiated NC in both
sexes, but the effect was more intense in males. (5) In either sex, D-Arg (200)
or D-NAME (50 mg/kg) did not change NC. These data fit with the hypothesis
that NO facilitates central DA transmission; however this effect may be less
pronounced in females. While also influenced by sex, the effects of L-Arg
seem to be NO-independent. Supported by CNPq, FCAA, FACITEC, and FINEP.

30.15

30.16

QUANTITATIVE RELATIONSHIP BETWEEN DOPAMINE D2
RECEPTOR OCCUPANCY AND CATALEPSY IN RATS. M.-L.
Wadenberg. S. Kapur. A, Soliman. C. Jones. A, A, Wilson and F. Vaccarino*,
Clarke Division, CAMH, 250 College Street, Toronto, ON M5T 1R8, Canada.

HALOPERIDOL FAILS TO INDUCE CATALEPSY IN D2, BUT NOT IN D3,
DOPAMINE RECEPTOR KNOCK-OUT MICE

Dihydrexidine (DHX) and A77636 display high intrinsic efficacy at dopamine D,
receptors and exert acute antiparkinsonian activity in animal models, yet may differ
in tolerance liability. We now provide a direct comparison of the behavioral effects of
chronic administration of these agonists, via osmotic minipumps, in Sprague-Dawiey
rats with unilateral dopamine depletion. Contralateral rotation and grooming were
observed more frequently in DHX vs. A77636-infused subjects at 24 h following
pump implantation, suggesting that tolerance had developed more rapidly in A77636treated subjects. These differences were not maintained, however, as subjects in the
DHX and A77636 treatment groups behaved similarly to one another, and to vehicletreated controls, at 7 and 13 d. Chronic agonist infusion did not alter the rotational
response to acute apomorphine challenge. Collectively, these findings suggest that
prolonged infusion of full D, receptor agonists with markedly differing D,:D2
receptor selectivities can induce comparable behavioral tolerance in rats with
dopamine denervation, and highlight the primary role of prolonged D, receptor
occupation in tolerance induction. Agonist-specific variations in the rate of tolerance
induction are suggested, however, by the differences observed between DHX and
A77636-infused subjects during the first 24 hr of drug infusion. Understanding the
basis for these differences will be critical for rational development of novel D,
agonists with reduced tolerance liability.
(Supported by PHS MH40537, MH42705, Center grants HD03110, MH33127,
Training Grants NS07166 and 5T32ES07126-17, and Bristol-Myers-Squibb).

of Pharmacology, Howard University and KCOM)

Catalepsy (CAT), an animal model of drug-induced extrapyramidal side effects
(EPS) in humans, is a frequently used screening test in the development of
antipsychotics. While it is well established that specific D2 antagonists cause CAT, the
quantitative relationship between D2 receptor occupancy and CAT has never been
directly studied in animal models. PET studies in patients show that the risk for EPS
increases significantly when D2 receptor occupancy exceeds 78-80%. The present
study was aimed at developing and validating a method of animal D2 occupancy
measurement that approximates the one used in humans and to use that method to
study the quantitative relationship between striatal D2 occupancy and CAT.
As in human D2 occupancy studies, we used an iv bolus of [nC]-raclopride and
found that drug induced D2 occupancy in rats could be measured parametrically from
0-100% as function of antipsychotic dose. To simplify that method for routine animal
use, we then showed that and iv bolus of [3H]-raclopride and beta counting of
homogenised regional tissue gave identical results (n=20, r >0.98) to [nCl-raclopride
and gamma counting. Following this standardisation, adult male Sprague-Dawiey rats
(n=24) were treated with the selective D2 receptor antagonist raclopride (0.03-2 mg/kg
sc). CAT was measured by a blind rater using the grid test and I>2 occupancy evaluated
using [3H]-raclopride in the same animal. Overall, animals showed 17-100% D2
occupancy. There was no evidence of CAT in any animal with D2 occupancy below
70%. Once above this threshold, CAT intensify increased as a function of D2
occupancy between 70 and 100%. It is concluded that both animal catalepsy and the
human EPS occur one striatal D2 occupancy exceeds 70-80%. This suggests that CAT
and human EPS share similar underlying mechanisms. The finding supports the
construct validity of CAT as a model of human EPS. (SK was supported by an Award
from the MRC and EJLB).
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R. Depoortere. D. Boulav. D, J. Sanger. Gh. Perrault and B. Zivkovic*. Synthelabo
Recherche, 92220, Bagneux, France
We have previously found that mice homozygous for the deletion of the
dopamine (DA) D2 receptor (D2 KO mice) are not spontaneously cataleptic when
tested in a "bar test”. Here, we sought to analyse the reactivity of DA D2 KO mice
to the cataleptogenic activity of D2-like or DI-like receptor antagonists. Based on
the hypothesis that blockade of DA D3 receptors can oppose DA D2 receptormediated catalepsy (Millan et al, J.P.E.T., 275: 885-898, 1995), we also assessed
the cataleptogenic activities of these antagonists in DA D3 KO mice. D2 mice
were totally unresponsive to the cataleptogenic activity of the DA D2-like receptor
antagonist haloperidol (0.125 - 2 mg/kg ip), while D2 mice showed a level of
-/+/catalepsy about half that of wild-type controls. However, D2 and D2 mice were
as sensitive as their controls to the cataleptogenic activity of the DA DI-like
receptors antagonist SCH 23390 (0.03 - 0.6 mg/kg sc). This demonstrates that D2
mice are able to display a pharmacologically-induced cataleptic state. D3 and
D3 mice, on the whole, did not differ from wild-types for the time spent in a
cataleptic position following administration of either haloperidol (0.5-2 mg/kg ip)
or SCH 23390. Also, DA D3 KO mice were no more responsive than wild-types
when co-administered subthreshold doses of haloperidol (0.125 mg/kg) and SCH
23390 (0.03 mg/kg), suggesting that DA D3 KO mice are not more sensitive than
wild-types to synergistic activity of concurrent blockade of DA 1>2 and Dt receptors
in this model of catalepsy. Together, these results suggest that the DA D2 subtype
is necessaiy for the expression of haloperidol-induced catalepsy, and that the DA
D3 subtype appears to exert no observable control over the catalepsy produced by
.D2-like or DI-like receptor antagonists.
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POSSIBLE NEUROPROTECTIVE EFFECTS OF LSD ON PCPENHANCED AUDIOGENIC SEIZURES. W.B. West1, K. C. Ross1,
M. E. Chachich1, F. Howard1, J. R. Coleman1,2, J. B. Appel1*.
Departments of Psychology1, and Pharmacology and Physiology2,
Univ. of South Carolina, Columbia, SC, 29208 USA
N-methyl-d-aspartate
(NMDA)
antagonists
such
as
phencyclidine (PCP), MK-801, and ketamine produce psychotic-like
symptoms in humans and are neurotoxic to cerebrocortical
neurons in rats. NMDA antagonists have also been shown to
increase audiogenic seizure (AGS) susceptibility of immature rats.
LSD, a 5-HT2A/2C agonist, has been shown to block both the
discriminative stimulus properties and neurotoxic effects of PCP.
Because the extent to which LSD might have similar effects on
PCP-induced seizure susceptibility, male and female Wistar rats
were given injections of PCP (5 mg/kg) on PND 14 and primed for
AGS using an 8-min, 125-dB, 10-kHz tone. A second group
received combined injections of both LSD (0-0.64 mg/kg) and PCP
(5.0 mg/kg) prior to tone exposure. All animals were then exposed
to a 125-dB white noise for 4-min at PND 36 during which latency
and duration of seizure activity was recorded. If the results of this
experiment are in accord with those of other models, they support
the hypothesis that 5-HT2A/2C agonists can act as
neuroprotectants.
Supported by USPHS Research Grant 5 R37 DA02543, from the
National Institute on Drug Abuse.

LONG-TERM BEHAVIORAL SEQUELAE OF REPETITIVE EXPOSURE TO
CHLORPYRIFOS, PYRIDOSTIGMINE AND DEET IN THE RAT. T.E, Fitch.
K.F. Manave1, R.W. Halev2, C.L. White3* and C.M. Sinton. Depts. of Psychiatry,
internal Medicine and ’Pathology, UT Southwestern Medical Center, Dallas, TX
and 1Dept. of Physiology & Biophysics, Howard University, Washington, DC.
Organophosphate-induced delayed neuropathy (OPIDN) has been known for
some time to be a consequence of organophosphate (OP) exposure. Data are
also now available demonstrating that continued exposure to low levels of OP
insecticides, such as chlorpyrifos (CH), can induce subtle memory, personality and
EEG changes that indicate central nervous system involvement. Increased use of
CH in agricultural and domestic markets, and its introduction in military situations,
including the 1991 Gulf War, underline the importance of characterizing these
central effects of chronic, low-level exposure to the compound. Here we also
tested the effects of pyridostigmine bromide (PB) and DEET. In these
experiments, Long-Evans rats (175 - 225 gms) were exposed daily for 5 days to
these compounds at doses which caused less than 50 % maximal inhibition of
whole brain acetylcholinesterase: CH (0.1 - 5.0 mg/kg s.c ), PB (0.1 - 2.0 mg/kg
i.p.) and DEET (25 - 500 mg/kg s.c ). At 3 weeks, and then again at 6 weeks after
completion of dosing, rats were tested in standard open field, startle and rotorod
behavioral protocols. DEET caused a paradoxical dose-dependent increase in
rotorod performance, but was without effect on the other two tests. PB exposure
resulted in a dose-dependent reduction in startle amplitude. CH treatment
induced a dose-dependent antagonism of the decline in open field activity that
was noted in control rats between 3 and 6 weeks, but CH had no effect on rotorod
or startle performance. These results suggest that repetitive, low-level exposure
to CH may have a delayed, adverse effect on memory and habituation processes
in the rat.
Supported by the Perot Foundation

30.19

30.20

KNOCKING OUT THE D2, BUT NOT THE D3, DOPAMINE RECEPTOR
PRODUCES AN ACQUISITION DEFICIT, AND AN INSENSITIVITY TO
THE DELETERIOUS EFFECTS OF HALOPERIDOL IN AN ACTIVE
AVOIDANCE TASK.
D. Boulav. R. Depoortere*. D. J. Sanger and Gh. Perrault. Synthelabo Recherche,
92220, Bagneux, France.
Despite the correlation between the clinical efficacy of antipsychotics and their
affinity for DA D2-like receptors, the behavioural profile of knock-out (KO) mice
that lack the gene coding for either the D2, D3 or D4 subtypes, in tests known to be
sensitive to the effects of antipsychotics, seem to have been very little explored.
One behavioural test that has been proposed to be selectively sensitive to
antipsychotics with various neurochemical profiles is the active avoidance test.
Antipsychotics have been shown to interfere both with the acquisition phase
(untrained animals) and the performance phase (trained animals) of this test.
Presently, we assessed if the knocking-out of the gene coding for the D2 or D3
subtype resulted in an impairment of acquisition of a two-way shuttle avoidance
task. In addition, we studied the effects of haloperidol on the performance of this
task. D3 KO mice acquired the task as rapidly as controls (close to 100 % of
avoidance from the 4th session). Furthermore, their performance was affected by
haloperidol (0.1 to 0.6 mg/kg ip) to an extent similar to that of wild-types. On the
other hand, DA D2 KO mice presented a clear deficit of acquisition (about 30 % of
avoidance versus close to 100% for controls at the 4th session), and took twice as
long as controls (10 versus 4 sessions) to reach their asymptotic level of
performance of 80 % avoidance. In addition, DA D2 KO mice were totally
insensitive to the effects of haloperidol. Control studies showed that the reduced
performance of KO mice was probably not consecutive to a major deficit of their
mnesic capacities, as these mice performed normally (D3 KO) or with a limited
deficit (D2 KO) in a passive avoidance test. These results suggest that DA D2, but
not D3 receptors, exert a prominent role in the acquisition phase of this type of
active avoidance, and in the effects of haloperidol in the performance phase.

THE DELAYED EFFECTS OF THE SIGMA RECEPTOR AGONIST DTG AND
THE NMDA RECEPTOR ANTAGONIST MK-801 ON LATENT INHIBITION IN
A CONDITIONED TASTE AVERSION PARADIGM S.M. Turgeon* .E.A
Auerbach, and J.R, George. Department of Psychology and Neuroscience Program,
Amherst College, Amherst, MA 01002.
The delayed effects of phencyclidine (PCP) have been shown to disrupt latent
inhibition (LI) in a conditioned taste aversion paradigm (Turgeon, et al., 1998). In
an attempt to understand the mechanism of this disruption, the delayed effects of
the selective sigma receptor agonist l,3-Di(2-tolyl)guanidine (DTG) and the
selective NMDA receptor antagonist MK-801 on latent inhibition were assessed in
the same paradigm. Water-deprived male rats were allowed access to either water
(non-pre-exposed, NPE) or 5% sucrose (pre-exposed, PE) for thirty minutes on two
consecutive days. On the third day, animals were allowed access to sucrose and
subsequently injected with lithium chloride. On the forth day, animals were
allowed access to both sucrose and water. LI was assessed by comparing the %sucrose consumed in PE and NPE groups on the fourth day. DTG (10 mg/kg),
MK-801 (0.5, 1.0, or 2.0 mg/kg), or vehicle was administered ip 20 hours before
pre-exposure (Days 1 and 2) and conditioning (Day 3). In vehicle-treated groups,
PE animals consumed a significantly higher %-sucrose on the test day than NPE
animals, indicating the presence of LI. DTG and MK-801 (2.0 mg/kg) decreased
the %-sucrose consumed by animals in the PE group to the level observed in the
NPE group, indicating disrupted LI. However, this dose of MK-801 was found to
produce a decrease in %-sucrose consumed in PE animals not treated with lithium
chloride, indicating that the decrease observed in the LI paradigm could be due to
MK-801-induced taste aversion rather than a disruption of LI. Lower doses of MK801 that did not produce taste aversion did not significantly disrupt LI. These data
suggest that the action of PCP at sigma receptors may underlie the previously
observed PCP-induced disruption of LI.
Supported by Amherst College.

30.21

30.22

a2C-ADRENOCEPTOR KNOCKOUT SELECTIVELY BLOCKS THE
ACTION OF a2-AGONIST DEXMEDETOMIDINE ON
EGOCENTRIC REFERENCE MEMORY, AND INCREASES THE
BENEFICIAL EFFECT ON SPATIAL WORKING MEMORY

SPATIAL “CONFIGURAL” LEARNING IN MICE: BEHAVIOURAL AND
NEUROCHEMICAL EFFECTS OF MK801. F. M, Laird, G. J. Hathway and
L.S. Wilkinson*.
Neurobiology Programme, The Babraham Institute,
Babraham, Cambridge CB2 4AT, U.K.
We have developed a test of spatial learning in mice based on the 8-arm
radial maze task. The task taxes elements of configural processing in that
subjects appear to utilise a mixture of extra- and intramaze cues and
information originating from body position to determine whether an arm has
been previously visited or not. Blockade of NMDA receptors by MK801
(50ug/kg, s.c.) slowed acquisition of the task but non-drug-treated levels of
asymptotic performance were eventually achieved. Systematic manipulations
of the task at performance indicated that the effects of MK801 during
acquisition were not on the content of the learning taking place but on the
efficiency with which the learning occurred. The specificity of the effects of
MK801 in relation to learning were confirmed by there being no effects of the
drug once stable performance criteria had been reached. Also, in additional
tests there was no evidence of MK801, at these doses, having non-specific
effects on aspects of motoric, sensory or motivational processes. Neither is it
likely that the effects of the drug were related to disruption of putative “pretraining” information since habituation sessions occurred in the absence of
drug. Currently, we are investigating the neural and molecular mechanism(s)
whereby learning could have occurred, albeit less efficiently, in MK801
treated animals. Specifically, using other behavioural tasks and brain
microdialysis methods we hope to distinguish between a simple progressive
reduction in the efficacy of MK801 in blocking NMDA receptors and
degenerate mechanisms, possibly involving AMPA receptors, that can
mediate learning in the absence of NMDA-complex activity.
Work supported by the BBSRC, U.K.

M.G.Biorklund*. I.Siverina, M.Riekkinen. J.Sallinen. M.Scheinin and
P,Riekkinen Jr, Dept. Neuroscience and Neurology, University of Kuopio,

P.o. Box 1627, FIN-70211 Finland
The present study utilizated aged wild-type (KO-wt) and a2C-adrenoceptor
knockout (KO) mice to investigate whether a2C-adrenoceptors (AR) are
involved in mediating the improving effects of the a2-agonist,
dexmedetomidine (DEX), on spatial working memory in a radial arm maze
(RAM, 1 arm baited and reversal) and on reversal of a non-spatial reference
memory rule in a T-maze. Aged KO mice made as few spatial working
memory errors as the KO-wt mice before the baited arm was changed.
However, KO mice made more working memory errors after the change of
the baited arm in RAM, but managed to reach again as accurate a level of
performance after training. In KO mice dexmedetomidine 5 and 10 ug/kg
alleviated the increase in spatial working memory errors after the change of
the baited arm. KO and KO-wt mice were equally accurate in the T-maze
learning and reversal learning. DEX 5 and 10 ug/kg had trend to improve
reversal learning. The present results show that in aged mice a2-agonists do
not require the presence of a2C-ARs to improve spatial working memory,
but a2c-ARs are a prerequisite for the effect of a2-agonists on reversal
learning based on an egocentric response strategy. (Sponsors: Univ. of
Kuopio, Academy of Finland and Orion-Farmos Ltd)
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AIT-082 IMPROVES MEMORY PERFORMANCE IN A NON-MATCH-TOSAMPLE TASK IN RATS. A. G. Gittis* and J. R. Puzuaskv. Department ot
Psychology, Westminster College, New Wilmington, PA 16172.
AIT-0821 (4-[[3-(1,6-dihydro-6-oxo-9-purin-9-yl)-1 -oxopropyl]
amino]benzoic acid) has recently been shown to have clinical utility in the
treatment of Alzheimer's disease. Recent reports have documented the
drugs ability to reverse amnesias in mice produced by a variety of agents
in win-shift and passive avoidance tasks (Ritzmann, et,al., 1998). Our
study confirms the ability of AIT-082 to moderate drug-induced amnesias,
this time in rats and in a somewhat more challenging memory task. Using
a non-match to sample procedure, a radial arm maze task variant, a
performance deficit was induced by the administration of scopolamine (.3
mg/kg). AIT-082 (25 mg/kg) improved the retention of the sample
information of the amnestic rats by 25%. It reduced by 45% the tendency
of amnestic rats to repeat incorrect choices on a particular trial.
Unaffected was the rather sluggish choice time seen in the scopolaminetreated rats. Ibis suggests that AIT-082 is targeting the memory
impairment produced by scopolamine rather directly.

ACUTE EFFECTS OF THE DOPAMINE D2 RECEPTOR AGONIST
QUINPIROLE ON SEVERAL ASPECTS OF COGNITIVE FUNCTION IN THE
RHESUS MONKEY. M.G, Paule1', M.P. Gillam1 AND B.T. ThornVDiv. of
Neurotoxicol. and 2R.0.W. Sciences, National Center for Toxicological
Research/FDA, Jefferson, Arkansas, 72079.
Dose-response curves for quinpirole (QUIN; 0.03-0.75 mg/kg; i.v. 15-min
pretest) were obtained for 6 young adult (5-7 yr.) males using food-reinforced
behavioral tasks designed to model learning (LRN), short-term memory (STM),
time estimation (TE), color and position discrimination (CPD) and motivation
(MOT). QUIN produced only disruptions in behavior: no enhancements were
noted in any task over the dose range tested. Disruptions manifest as either
decreases in response rates or accuracies or both. The order of task
sensitivity to these effects of QUIN was STM>CPD=TE>MOT=LRN. Thus, the
lower dose (0.03-0.10 mg/kg) effects on STM, CPD and TE tasks were unlikely
the result of QUIN to decrease appetitive motivation. CPD accuracy was not
affected by any dose, whereas STM, LRN and TE accuracies were decreased
by the higher doses. These data indicate that simple discriminations (e.g., the
CPD task), although completed more slowly after QUIN, remained intact
whereas more complex processes (STM, TE, LRN) did not These studies
demonstrate that several behaviors thought to be subserved by different
cognitive processes clearly differ in their responses to QUIN and suggest that
aspects of STM are quite labile in the presence of D2 receptor activation.

1 AIT-082 was supplied by Neotherapeutics- Irvine, CA

30.25
THE EFFECT OF CHRONIC ADMINISTRATION OF TYPICAL AND ATYPICAL
ANTYPSYCHOTICS ON WORKING MEMORY AND REPETITIVE JAW
MOVEMENTS (RJM) IN YOUNG AND AGING RATS. Rosengarten Helen*,
Quartermain David and Arnold J. Friedhoff , New York University School of
Medicine, Department of Psychiatry, Millhauser Laboratories * and Department of
Neurology, Laboratory of Behavioral Neurology.
We investigated the effect of chronic (75 days) administration of clozapine, haloperidol,
olanzapine and risperidone on working memory and repetitive jaw movements (RJM) in
3 and 18 month old rats. Antipsychotics were administered at the dose of 0.4 mg/kg/day,
olanzapine 0.4 mg/day, clozapine 8 mg/kg/day and risperidone 0.2 mg/kg/day. SKF38393
induced RJM were assessed after two weeks washout from antipsychotics. Working
memory was assessed in eight arm elevated radial maze. Rats were given daily sessions
until they reached a criterion of 3 consecutive sessions with one error or less. Delays of
5, 60 and 180 minutes were introduced between the 4th and the 5th trial to establish
temporal gradient of working memory. Analysis of acquisition data indicated that both
young and old rats treated with haloperidol, clozapine and risperidone required
significantly more sessions to reach criterion than the vehicle and olanzapine treated rats.
Analysis of the delay data revealed that there were no significant differences among the
groups of young and old rats on 5 minutes delays. However at 60 minutes delays aged
rats treated with haloperidol, clozapine and risperidone made significantly more errors
than vehicle and olanzapine treated group. At 120 and 180 minutes delays, both, young
and aged rats demonstrated statistically significant differences when compared to
olanzapine and vehicle treated rats. Haloperidol, clozapine and risperidone caused a
significant deficit in choice accuracy whereas olanzapine had no effect. Chronic
treatment with olanzapine and clozapine in contrast to haloperidol and risperidone did not
result in an increase in the frequency of SKF38393 induced RJM. This study provide
clear evidence that olanzapine in contrast to other antipsychotic drugs tested in this study
does not affect cognitive functions and does not demonstrate TD liability.
Supported by Grant
Eli Lilly and Departmental Funds NYU Dept. Psychiatry
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A CORTICOTROPIN RELEASING FACTOR (CRF) ANTAGONIST DECREASES
THE EXPRESSION OF CONDITIONED DEFEAT IN SYRIAN HAMSTERS. A.
M, Jasnow*. E C. Owens. M.C. Banks and K.L. Huhman. Lab. of Behavioral
Neuroscience, Dept. of Psychology, Georgia State Univ., Atlanta, GA 30303.
Following brief repeated defeats, hamsters exhibit submissive or defensive behavior
even when exposed in their own home cage to a smaller, nonaggressive male. We
have called this phenomenon conditioned defeat (CD). Corticotropin-releasing factor
is known to play an important role in anxiety and in physiological and behavioral
responses to stressors. Central administration of CRF induces behavioral activation
and enhances behavioral responses to stressors, whereas administration of CRF
receptor antagonists blocks the behavioral effects of stress exposure. In the present
study we examined if intracerebroventricular injections of the CRF receptor
antagonist, D-Phe CRF(12^I), would reduce the expression of CD in male, Syrian
hamsters. Adult males (n=21) were surgically implanted with a guide cannula aimed
at the lateral ventricle and were allowed one week for recovery. On the CD acquisition
day, hamsters were exposed to a dominant resident 4 times for 5 minutes and were then
matched by weight and assigned randomly to one of three conditions. CD animals
received either D-Phe CRF (Bachem, 5pg, or 25pg given in a volume of 3pi of saline)
or a vehicle control (3 pi saline). The following day, hamsters were exposed in their
own home cage to a smaller, non-aggressive intruder for 5 minutes. Hamsters that
received the high dose of D-Phe CRF displayed significantly less submissive/defensive
behavior than did those animals that received a vehicle control (p < 0.05). Aggressive,
social and nonsocial behaviors were unchanged. These data suggest that CRF may
play an important role in modulating the expression of CD.
Supported by NIH NS34896

ANTAGONISM OF CRF RECEPTORS WITHIN THE LATERAL SEPTUM
DECREASES STRESS-INDUCED BEHAVIORAL INHIBITION IN RATS. V.P.
Bakshi, S. Smith-Roe, L.W. Yang and N.H. Kalin* Dept. of Psychiatry, Univ.
Wisconsin at Madison, Madison, WI 53719.
The peptide corticotropin-releasing factor (CRF) has been implicated in behavioral
responses to stress. Previous studies indicate that freezing, a type of defensive
behavior displayed in response to threat or fear, is reduced in rats after infusion of the
CRF antagonist a-helical CRF (a-hCRF) into amygdala or locus coeruleus. The
lateral septum (LS), a limbic structure with a well-established role in defensive
behaviors, contains high levels of CRF and CRF receptors; however, the involvement
of LS CRF receptors in stress-induced behavioral inhibition is unknown. The present
studies examined the ability of intra-LS infusion of a-hCRF to antagonize footshockinduced freezing behavior. Separate groups of male rats received infusions of ahCRF (0 or 100 ng / 0.5 pi / side) into LS immediately before being placed in a
chamber in which 3 mild footshocks were delivered. Freezing (cessation of body
movements other than those required for respiration) was scored for 15 min after the
final shock. In separate rats, the effects of intra-LS a-hCRF (0, 30, 100, or 300 ng /
0.5 pi / side) on measures of analgesia and locomotor activity were assessed. a-hCRF
significantly increased the latency to begin freezing and decreased the total duration
of freezing. a-hCRF had no effect on either the latency with which rats licked their
hindpaws after placement on a hotplate or their amount of spontaneous locomotor
activity in photocell cages. Thus, antagonism of CRF receptors within LS produces a
reduction in shock-induced freezing that cannot simply be attributed to alterations in
pain sensitivity or changes in general activity levels. These results indicate that LS
CRF receptors may play an important role in stress-induced behavioral inhibition.
Given the abundance of CRF2 but not CRF1 receptor mRNA within LS, it is
intriguing to speculate that CRF2 receptors might mediate these effects; future studies
will explore the anatomical and pharmacological specificity of the present findings.
Supported by the HealthEmotions Research Institute and grant MH40855 (NHK)
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STRESS INCREASES CORTICOTROPIN-RELEASING HORMONE mRNA IN
THE RAT THALAMUS. D.T. Hsu*, F.L. Chen, and N.H. Kalin. Dept. of
Psychiatry, Univ. of Wisconsin, Madison, WI 53719.
Corticotropin-releasing hormone (CRH) in the brain plays a major role in
integrating an animal’s response to stressful stimuli. We previously reported that 1 hr
of restraint stress induced elevations of CRH mRNA in the hypothalamic
paraventricular nucleus (PVN) as well as in the central nucleus of the amygdala
(CeA). These are brain regions that express high levels of CRH and are known to be
important for processing stressful stimuli. In these studies we also noted CRH mRNA
in the thalamus. Because the thalamus plays a role in relaying sensory information to
the cortex and the limbic system, we hypothesized a role of thalamic CRH systems in
the stress response. Adult male Sprague-Dawley rats were restrained for 1 hr,
returned to their home cage for 1 hr, and sacrificed immediately. Serial coronal
sections were taken throughout the thalamus and were processed for in situ
hybridization histochemistry using a radiolabeled antisense riboprobe for CRH
mRNA. Brain sections were exposed to X-ray film and signal densities were
measured using a computer-based imaging program. Alternate sections were Nissl
stained for anatomical location of the signals.
Densitometric measurements
demonstrate that CRH mRNA levels in the rat thalamus significantly increased after
stress [t(9) = 2.62, p < 0.05]. CRH mRNA expression in the thalamus was localized
in specific cell groups which include the intralaminar nuclei. The intralaminar nuclei
process sensory information from the spinal cord through afferents from the
brainstem reticular formation. The intralaminar nuclei have widespread cortical
projections and efferents to the limbic system which regulate arousal systems and
process the motivational components of pain. The current data demonstrate that
thalamic cell bodies containing CRH mRNA are rapidly activated following a
stressor. Participation of thalamic CRH systems in relaying arousal and sensory
information may be a mechanism by which CRH integrates specific components of
the Stress response. Supported by HealthEmotions Research Institute and MH4O855-O8 to N.H K.

RESTRAINT STRESS ENHANCES CRH AND CRH-R1 mRNA IN RAT BRAIN
J.C. Compaan*1. P.J.W.C. Dederen13 . L. Groenink', T.H. Hijzen1, J. van der Gu&tgn.1.,
R. Posting2. E. Ronken2. B. Olivier1, and J.G. Veening3. Dept. of Psychopharmacol.,
Utrecht University, Sorbonnelaan 16, 3584 CA Utrecht, 2Solvay Pharmaceuticals,
Dept. of CNS Pharmacology, and 3Dept. of Anat. & Embryol., University of
Nijmegen, The Netherlands
Stressful events are etiological factors in psycho pathologies such as anxiety and
depression, in which altered behavioral, autonomic and neuroendocrine responsivity to
environmental stimuli is a characteristic feature. Based on findings of altered HPA
function and elevated CRH levels in the CSF in patients with anxiety/depression, it has
been proposed that disturbed CRH signaling in the brain may be central in the
pathogenic mechanism of these diseases. In order to investigate this disturbed signaling
we measured CRH and CRH-R1 mRNA in rat brain after restraint stress. Male Sprague
Dawley rats were restrained for 2 hours. Half of the group was transcardially perfused
with 4% paraformaldehyde 3 hours after the onset of the stressor and the other half
after 24 hours. At both time points we sacrificed also control rats, which were housed
in another animal room to avoid witness stress. Using non-radioactive in situ
hybridization, we found that CRH mRNA is increased immediately after restraint stress
in the dorsolateral bed nucleus of the stria terminalis, central amygdala and
paraventricular nucleus of the hypothalamus (PVN), but not in Barrington’s nucleus
(Bar). CRH-R1 mRNA is increased in for instance the PVN and basolateral amygdala
after restraint stress. The next day all increased mRNA levels seemed to be normalized
Small clusters observed in the posterodorsal medial amygdala will be investigated, as
well as basal forebrain, Bar, and ventrolateral PAG. At present it is not known,
whether an increase in CRH release or another stress mediated mechanism causes the
increases in CRH receptor mRNA. We can only speculate that the transient increase in
mRNA might result in a higher receptor density, and thus in a more sensitive CRH-R1
system. Research was supported by Solvay Pharmaceuticals, the Netherlands.

31.5

31.6

HYPOTHALAMIC AND AMYGDALAR CORTICOTROPIN-RELEASING
FACTOR (CRF) AFTER FATIGUING EXERCISE. J. Buggy1*, C.D, Hewitt2,
G. Kemeny2, J.M. Davis2, H. Stock1, and G.A, Hand12. Departments of
Pharmacol, and Physiol., and Exercise Science. Univ. S. Carolina,
Columbia, SC 29208 USA
The consequences of fatiguing exercise on plasma corticosterone and
regional brain free CRF were assessed in Wistar rats. Exercise consisted of
a single bout of treadmill running on a 5% grade at a speed of 30 m/min. At
fatigue (approximately 60 minutes of exercise), animals were immediately
sacrificed to collect trunk blood and brain target regions (hypothalamus,
amygdala, and cortex were isolated and frozen in liquid nitrogen). Compared
to cage controls (CC), exercise increased plasma corticosterone (PC)
approximately 6 fold whereas restraint for a similar time period increased PC
approximately 3 fold; in animals permitted to recover for 45 minutes after
exercise, PC had returned to within 25% of basal levels. Hypothalamic free
CRF content was significantly increased after exercise compared to CC or
treadmill control (TC) animals; free CRF content in hypothalamus did not
differ between CC or TC animals. In contrast, exercise did not increase free
CRF content in amygdala or cortex compared to CC. These results indicated
that whereas fatiguing exercise is a potent activator of plasma corticosterone,
changes in brain free CRF content are selective, with increases in
hypothalamus but not amygdala or cortex. A time course study indicated
decreased total tissue CRF in sampled regions (BNST, PVN, and Amygdala)
immediately post-exercise; at 24 hrs post-exercise CRF levels had returned
to pre-exercise content. This differential regulation of brain free CRF content
after fatiguing exercise may reflect specificity of stressful stimuli for distinct
brain regions. The changes in total tissue CRF suggest release of stored
CRF rather than synthesis of CRF during exercise. Supported by USC
School of Public Health and Dept. Of Exercise Science.

STUDY OF CENTRAL REGULATION OF STRESS RESPONSES IN
APOLIPOPROTEIN E-DEFICIENT MICE.
Y. Zhou*, L.A. Howell, G.N.
Smagin, P.H. Ryan, and R.B.S. Harris. Pennington Biomedical Research
Center, Baton Rouge, LA 70808.
An altered stress response has been reported previously in apolipoprotein
E (ApoE) deficient mice. In this study, we investigated the expression of
corticotropin-releasing hormone (CRH) mRNA in hypothalamus and
glucocorticoid receptor (GR) mRNA in hippocampus of ApoE-deficient mice
exposed to either single (acute) or repeated (chronic) restraint stress (20 min
each restraint). Expression of CRH mRNA was increased in hypothalamus in
both genotypes in response to stress. CRH mRNA expression in hypothalamus
of ApoE-deficient mice appeared to be lower than that in wild type mice when
exposed to acute stress, but the difference did not reach statistical significance.
There was no significant difference in GR mRNA expression between the two
genotypes, but the GR mRNA level in ApoE-deficient mice was -15% lower
than in wild type mice exposed to repeated stress. Significant differences in
serum corticosterone concentration were observed between the two genotypes
exposed to either acute or chronic stress. We also determined the concentrations
of dopamine, serotonin and their metabolites in the brain stems of these mice.
There was no over-all effect of genotype on stress-induced activation of either
the serotonergic or the dopaminergic system. However, ApoE-deficient mice
had an increased basal activity of the serotonergic system. Dopamine response
to acute stress was significantly lower in ApoE deficient mice than that in wild
type mice. These data suggest an involvement of abnormal neurochemical
activities in the central mechanisms that lead to altered stress responses in
ApoE deficient mice. (Supported by US Army grant DAMD 17-97-2-7013)

31.7

31.8

MECHANISMS OF ACUTE STRESS ON THE SLEEP STATE-DEPENDENT
P13 POTENTIAL IN THE RAT. I. CORTICOTROPIN RELEASING FACTOR
(CRF) INJECTIONS INTO LOCUS COERULEUS (LC). R.D. Skinner*. H.
Miyazato and E. Garcia-Rill. Dept. Anatomy, University of Arkansas for
Medical Sciences, Litlle Rock, AR 72205
Previous studies have shown that the midlatency auditory evoked P13
potential in the rat is, a) sleep state-dependent (present during waking and
REM sleep, absent during slow wave sleep), b) rapidly habituating, c)
generated by cholinergic projections (specifically, of the pedunculopontine
nucleus, PPN), and d) the rodent equivalent of the Pl potential in humans. In
addition, the Pl 3 potential is suppressed by immobilization stress (IMB), an
effect blocked by pre-treatment with the noradrenergic a-2 receptor
antagonist yohimbine. These results suggest that the effects of IMB on the P13
potential could be mediated by activation of inhibitory LC inputs to PPN. In
turn, the LC is known to receive excitatory CRF input. The present studies
used injections (0.3 pl) of CRF bilaterally into a region immediately dorsal to
LC in order to modulate the vertex-recorded P13 potential. Stimulation and
recording were carried out on adult Sprague-Dawley rats (n=8) as previously
described (Miyazato et al, 1995,1996,1997). Injections of 100 ng of CRF were
ineffective, but 200 ng of CRF transiently (5 min) suppressed and 500 ng
reduced P13 potential amplitude for almost 1 hr, i.e. there was a dosedependent suppression (pcO.001). Combined treatment of 500 ng of CRF and
300 ng of the CRF antagonist a-helical CRF (03 pl) prevented the
suppression of the P13 potential by CRF (p<0.001). These findings suggest
that at least some of the effects of IMB on the vertex-recorded P13 potential
may be mediated by activation of LC by CRF inputs. LC, in turn, appears to
suppress the P13 potential via (increased) inhibition of the PPN.
Supported by USPHS grant NS 20246.

REVERSAL OF FEAR-INDUCED BEHAVIORAL SUPPRESSION IN
NEUROPEPTIDE Y TRANSGENIC RATS. A. Thorsell1*, C. Moller1, R.
Rimondini-Giorgini1, M. Michailkiewicz2 and M.Heilig1 1 Dept. of Clinical
Neuroscience, Occupational Therapy and Elderly Care Research, Karolinska
Institutet, Huddinge, SWEDEN. 2. Dept. of Physiology, Health Sciences Center,
West Virginia University, Morgantown, WV, USA
Neuropeptide Y is one of the most abundantly expressed neuropeptides in the
mammalian central nervous system (CNS), and has been implicated in anxietyrelated behavior and feeding, through actions within the amygdala and
hypothalamus respectively. The actions of NPY in the CNS have been studied
using direct administration of the neuropeptide into the CNS, local or icv
injection of ligands for NPY receptors, immunoneutralization and using
antisense methodology. No data are to our knowledge available on the effects of
overexpressing NPY in the rat brain.
We have characterized the behavioral phenotype of an NPY overexpressing rat
carrying 5 copies of the NPY transgene. Subjects were tested in locomotion,
elevated plus-maze (baseline conditions and following restraint stress), and
punished drinking. Corticosterone-levels were obtained before and after the
restraint period. Locomotor activity was normal, as was plus-maze behavior
under baseline conditions. Following restraint stress, a tendency was seen for an
attenuated effect of the stressor on the plus-maze. In the ’high stress’ model of
anxiety, the punished drinking paradigm, a profound release of punished
responding was seen in the transgenic animals as compared to littermate
controls. These results support a previously postulated specific role for NPY as a
’stress buffer system’.
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31.10

HISTOLOGICAL, PHYSIOLOGICAL AND BEHAVIORAL CHARACTERIZATION
OF CRH OVEREXPRESSING MICE.
A. Dirks1, J.G. Veening2, P.J.W.C. Dederen2, E. Ronken1,3*, R. Posting3, J.A.
Bouwknecht1, T.H. Hijzen1, J. van der Gugten* and B. Olivier1,4.
'Dept. of Psychopharmacology, Utrecht University, Utrecht, The Netherlands; 2Dept. of
Anatomy and Embryology, University of Nijmegen, Nijmegen, The Netherlands;
3Solvay Pharmaceuticals, Weesp, The Netherlands; 4Psychogenics Inc., Valhalla, USA.
Corticotropin-releasing hormone (CRH) has been shown to play a major role in
endocrine, autonomic and behavioral responses to stress. Chronically increased levels
of CRH have been implicated in depression and anxiety. A transgenic mouse'model of
CRH overproduction has been developed, driven by the brain-specific Thy-1 promoter,
in order to examine the effects of chronic CRH excess. Immunocytochemistry and In
Situ Hybridization confirmed the prominent CRH overexpression throughout the brain
of these transgenic (CRH*) mice. This excess CRH is bio-active, as shown by in vitro
receptor binding assays. There were marked differences between CRH* mice and
wildtypes regarding body weight and weight gain over a period of 20-28 weeks. The
startle responses to acoustic stimuli of varying intensities (75-120 dB) were not
different between CRH* and their non-transgenic littermates. This result was somewhat
surprising, because it has been reported that in rats after ICV CRH administration
startle amplitude is increased, an effect attributable to the established anxiogenic effects
of CRH. To gain more insight in these unexpected observations, we are currently
investigating by means of radiotelemetry, the consequences and contribution of chronic
CRH overexpression in CRH* animals on heart rate and body temperature, under basal
conditions and in acoustic startle paradigms with or without fear-modification.
Because CRH plays an important role in stress and anxiety, these CRH* mice are
probably very interesting subjects for a more detailed investigation of the role of CRH
in behavioral and physiological aspects of anxiety and fear-related processes.

EFFECTS OF MODIFYING CORTICOTROPIN-RELEASING FACTOR (CRF)
EXPRESSION IN AMYGDALA USING HERPES VIRUS-MEDIATED GENE
TRANSFER. M.A. Wilson1, G. Hand12*. K. Ford1, and S.P.Wilson1. ‘Dept.
Pharmacology &. Physiology, Univ. South Carolina School of Medicine and 2Dept.
Exercise Science, Univ. South Carolina, Columbia, SC 29208.
Expression of CRF was modified in rat amygdala using replication-deficient
herpes virus vectors containing the preproCRF sequence in the sense (DCRF) and
antisense (DACRF) orientations. DCRF, DACRF, and SHZ. 1 (lacZtransgene) viral
vectors (2xl06 pfu; 1 gl) were stereotaxically injected into the central amygdala of
male rats. Transgene expression, body weight, anxiety-related behaviors (open arm
time and entries in plus maze), swim-stress responses, and diazepam (anxiolytic)
responses were analyzed 3-4 days post-infection. SHZ.l infection induced high
levels of P-galactosidase expression in amygdala, with minimal expression in other
brain sites. Changes in CRF expression were assessed using in situ hybridization for
CRF mRNA expression and microdialysis to measure CRF release. Four days postinfection, rats receiving DCRF (CRF overexpression) had lower body weights
(225±6 g) than DACRF (240±9 g) or SHZ.l (238±6 g) groups. DCRF-infected
rats showed slightly decreased open arm time in the elevated plus maze (25±6%,
n=ll), compared to SHZ.l controls (32±4%,n=13) or animals infected with
DACRF (39±7%, n= 11). DCRF injection also decreased activity in this test
(closed arm entries) compared with SHZ.l-infected rats. Stress-induced
corticosterone release was similar in all groups (SHZ. 1=367±19; DCRF=398±
43; DACRF = 379±57 ng/ml). CRF knock-down with DACRF did not modify the
anxiolytic influences of diazepam. Thus, localized injection of replication-deficient
herpes virus vectors yields strong, transient transgene expression, which can be
useful in elucidating the role of neuropeptides in behavioral responses.
(Support: NARSAD,KO2 DA00249,Research Development Fund USC Sch. Med.)

31.11

31.12

CORTICOTROPIN-RELEASING FACTOR IN THE CENTRAL
NUCLEUS OF THE AMYGDALA IS POSSIBLY ASSOCIATED
WITH ANXIETY: A COMPARISON BETWEEN P/NP RATS AND
HAD/LAD RATS. Bang H, Hwang*1. Robert B, Stewart3. J.-K,
Zhang1. L, Lumeng2 and T.-K Li2. Dents, of ‘Anatomy and 2Medicine.
Indiana Univ. Sch. of Med.; and 3Dept. Psychology, Purdue Univ. Sch.
of Science, Indianapolis, IN 46202.
Anxiety is a common affective disorder, but its exact pathogenesis is
not well understood. However, it has been shown that there is increased
corticotropin-releasing factor (CRF) in the cerebrospinal fluid of patients
with depression and anxiety. Animal studies have also demonstrated that
CRF neurons in the amygdala are associated with anxiety. P rats are
known to be more anxious than NP rats. This study was thus designed to
examine if CRF in the central nucleus of the amygdala (CeA) is associated
with anxiety in alcohol preferring (P) rats as compared with alcohol
nonpreferring (NP) rats. High alcohol-drinking (HAD) rats and low
alcohol-drinking (LAD) rats were also studied. The CRF content in the
CeA and paraventricular hypothalamic nucleus (PVN) was assessed using
a radioimmunohistochemical assay. In separate animals, anxiety was
evaluated using an elevated plus-maze. Results showed that there was
less CRF content in the CeA of P rats than NP rats (p<0.01), but the CRF
content in the PVN was not significantly different between P and NP rats.
Furthermore, the CRF content in the CeA and PVN was not statistically
different between HAD and LAD rats. This study confirmed that P rats
were more anxious than NP rats, whereas HAD rats were similar to LAD
rats in anxiety. Collectively, this study suggests that CRF neurons in the
CeA, but not PVN, may play a role in anxiety in P rats.

AGE-DEPENDENT CHANGES IN THE MAGNITUDE OF
CORTICOTROPIN RELEASING FACTOR (CRF) EXPRESSION
AND BEHAVIORAL RESPONSES TO RESTRAINT IN FISCHER
344 RATS. M. Pisarska. J.J. Mulchahev*. A, Regmi. J.W. Kasckow.
Cincinnati VAMC, Cincinnati, OH 45220 and Department of
Psychiatry, University of Cincinnati, Cincinnati OH 45267.
CRF is a 41 amino acid peptide implicated in the behavioral and
metabolic integration of adaptations to stress. The amygdala appears to
be a major site of behavioral effects of CRF. We examined CRF gene
expression in the amygdala of Fischer 344 rats at 4, 12, and 24 months
(mos) of age after 14 consecutive days of 1 hr restraint stress each day.
CRF expression was measured by in situ hybridization using a 35S-CRF
riboprobe. Restraint decreased CRF mRNA expression by 19.1 ±
12.5% at 4 mos, by 46.7 ± 5.9% at 12 mos, and by 47.4 ± 8.4% at 24
mos. These decreases versus same age control animals were
statistically significant at 12 and 24 mos (p < 0.05 by ANOVA and
Fisher’s LSD). We also used an elevated plus maze to evaluate
anxiety-like behaviors. Animals were tested in the maze for 5 minutes
and open arm entry times were recorded. Restraint increased the
amount of time spent in the open arms by 187 ± 41% at 4 mos, by 1076
± 847% at 12 mos, and by 1257 ± 396% at 24 mos. These increases
versus same age controls were statistically significant at 4 and 24 mos
(p < 0.05 by ANOVA and Fisher’s LSD). The magnitude of the
behavioral and CRF responses to restraint varied with increasing age
over the time frame we examined, suggesting that aging-related
changes in reactivity of the amygdalar CRF system to restraint correlate
with aging-related changes in anxiety-like behavior. JWK was
supported by KOI NIMH 001545 and a VA Merit Review 2 award.

31.13

31.14

ANXIOGENIC-LIKE ACTION OF CENTRALLY ADMINISTERED
GLUCAGON-LIKE PEPTIDE-1 IN A CONFLICT TEST. C.Moller*,
W.Sommer, A.Thorsell and M.Heilig. Dept. of Clinical Neuroscience,
Occupational Therapy and Elderly Care Research, Karolinska Institutet,
Stockholm, Sweden.
Glucagon-like peptide-1 (GLP-1) is a 36 amino acid peptide with a high
degree of phylogenetical conservation. This implies an important
physiological function of the peptide. An inhibitory effect on feeding and
drinking has been found in both rat and man. This effect has been proposed
to be exerted via hypothalamic neuroendocrine neurons in the paraventricular
nucleus of the hypothalamus (PVN), which are known to contain GLP-1 and
its receptors, c-fos, a widely used marker of neuronal activation is induced
following administration of GLP-1 not only in the PVN, but also in the
central nucleus of the amygdala, a structure of known importance for
mechanisms of fear and anxiety. Also, administration of GLP-1 has been
shown to suppress locomotor activity. In the present study, experimental
anxiety in male Sprague-Dawiey rats was examined 45 min following
intracerebroventricular administration of GLP-1 using a punished drinking
test. To Establish the behavioral specificity of effects observed, shock
thresholds and measures of thirst were also recorded. A robust
proconflict/anxiety promoting effect was obtained, while measures of thirst
and nociception were left unaffected. The previous finding, that GLP-1
activates the central nucleus of the amygdala, and the present finding that
conflict behavior is suppressed following administration of thi^ peptide,
suggest that GLP-1 may participate in the behavioral regulation of fear and
anxiety exerted by the amygdala.

ANXIOGENIC-LIKE EFFECTS INDUCED BY MICROINJECTIONS OF
SUBSTANCE P IN THE LATERAL SEPTAL NUCLEUS OF RATS EVALUATED
IN THE PLUS-MAZE . T.C.M. De Lima1*, E.C. Gavioli1 and N.S.Canteras2.1 Dept.
Pharmacology, UFSC, Florianopolis;2 Dept. Physiology, USP, SSo Paulo, Brazil.
Substance P (SP) is widely distributed in the central nervous system, including
brain regions, such as the lateral septal nucleus (LS) and the amygdala, areas
implicated in the modulation of anxiety states and defense-rage. The possible
involvement of the amygdala in the modulation of the anxiogenic-like effects induced
by SP has already been demonstrated. Thus, the aim of the present study was to
investigate the role of LS on the anxiogenic-like effects of SP in rats evaluated in the
elevated plus-maze test (EPM). Adult male rats were implanted with a cannula into
the LS (AP 0.2 mm; ML ± 1.0 mm; DV 3.8 mm). Five days following surgery,
control animals received 2 pL of physiological buffer solution and the experimental
group was treated with 2 pL of a 10 pmol solution of SP. Initially, each animal was
placed in the center of an open-field, Where they were observed for 5 min. Animals
were then transferred to an EPM, where during 5 min it was recorded the frequency of
entries and time spent in open and closed arms, as well as several ethological
parameters such as head-dipping, rearing, grooming. Animals that received SPtreatment into the LS presented either “darting” or “freezing” whenever they were
placed in the EPM. Those that presented “freezing” showed a significant decrease in
the frequency of entries into the open arms (C= 46.5 + 8.8; SP= 10.0 ± 10.0), in the
time spent on these arms (C- 45.2 ± 5.5; SP= 0.3 ± 0.3) and in the number of total
entries (C= 14.4 ± 1.9; SP= 2.0 ± 0.5). In contrast, animals that exhibited “darting”
responses did not differ from the control group. Moreover, the SP did not produced
any appreciable behavioral effects when the animals were placed in the open-field.
The present results give support to die idea that the LS is an important site to mediate
the anxiogenic responses of SP, where injection of this peptide induced a much more
pronounced ansiogenic-like effects than the ones observed after injection into the
amygdalar region or lateral ventricle.
Financial support: CNPq and CAPES.

Supported by the Swedish Medical Research Council to MH.
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31.16

ACUTE EFFICACY OF THE SUBSTANCE P (NKj) ANTAGONIST L733.060 IN RAT LEARNED HELPLESSNESS. A CHRONIC ANIMAL
model
OF depression
. ^...McEIrgy*, K.A, wademann, ft,J,,
Zeller. K.W, Jones, and S.P, Amerlc, CNS Diseases Research, The
DuPont Pharmaceuticals Co., Wilmington, DE 19880-0400.
The Substance P (NKj) antagonist MK-869 was reported to have
clinical antidepressant properties (Science 281:1640, 1998). with
significant therapeutic improvement evident after the first week of
dosing, suggesting that blockade of the NKi receptor might represent a
novel approach with a more rapid onset of antidepressant action.
Tricyclic. MAO inhibitor, and SSRI antidepressants are active in the
rat Learned Helplessness model of depression. In this model, escape
deficit induced by prior exposure to inescapable shock is reduced by
chronic (but not acute) treatment. The present study compared the
NKi receptor antagonist L-733,060 and the tricyclic imipramine in the
rat Learned Helplessness model. Imipramine reduced escape failures
only after chronic dosing (minimal effective dose = 30 mg/kg), but not
after acute dosing. By contrast, acute oral treatment with L-733,060
reduced the escape deficit in a dose-dependent manner. The minimal
effective dose was 3.0 mg/kg, and maximal efficacy was produced by
10 mg/kg. Spontaneous activity and rotorod performance were not
significantly affected by L-733,060 (0.3-30 mg/kg), suggesting that L733,060 is devoid of motoric impairment effects at the doses tested.
These results demonstrate that the NKi receptor antagonist L733,060 is approximately 10-fold more potent and has a more rapid
onset of action than the tricyclic imipramine in this preclinical animal
model of depression. The latter effect is consistent with initial clinical
reports. Surprisingly, the potency of L-733,060 in this rat model is
equivalent to that reported in a guinea pig model of depression (above
ref.), despite approximately 200-fold reduced affinity of Substance P
antagonists for the NKI receptor in rat, as compared to guinea pig.

THE EFFECTS OF HALOPERIDOL ON PREPULSE INHIBITION IN
ISOLATION REARED RATS ARE BLOCKED BY THE NEUROTENSIN
RECEPTOR ANTAGONIST SR142948A. B. Kinkead*. E. Binder, M.J. Owens
and C.B. Nemeroff. Laboratory of Neuropsychopharmacology, Department of
Psychiatry and Behav. Sci., Emory University School of Medicine, Atlanta, GA.
30322.
There is strong evidence implicating the neurotensin (NT) neurotransmitter
system in the mechanism of action of antipsychotic drugs (APDs). The striking
similarities between the behavioral effects of centrally administered NT and
peripherally administered APDs first led to the hypothesis that NT may act as an
endogenous antipsychotic. Although certain of these behavioral similarities may be
unrelated to the antipsychotic potential of NT (e.g. hypothermia, analgesia), the
tridecapeptide also resembles APDs in behavioral tests used to screen for
antipsychotic activity. One such test is prepulse inhibition (PPD of the acoustic
startle response. Centrally administered NT blocks DA agonist-induced disruptions
in PPI. Based on the evidence indicating modulation of PPI by the NT system, we
examined whether intact NT neurotransmission was necessary for the PPI
enhancing effects of APDs. Isolation rearing was used as a reliable means to nonpharmacologically disrupt PPI in rats. Social isolation post-weaning of rats leads to
a hyper-responsive DA system and disrupted PPI in the adult animal. This deficit is
reversed by typical, as well as atypical, APDs. The effects of the NTR antagonist
SRI42948A on the restoration of isolation rearing-induced PPI disruption by
haloperidol were studied. The NTR antagonist, while having no effect on its own,
blocked the APD-induced restoration of PPI in isolation reared animals. NTR
binding, NT concentrations, and NT/NN mRNA expression in the brains of treated
and untreated isolation and socially reared rats are currently being measured. These
results not only indicate that NT may be involved in regulation of PPI, but also
provide strong evidence for a preeminent role of NT circuits in the behavioral
effects of APDs. (NIMH MH-39415)

31.17

31.18

ALTERATIONS IN GLUTAMATE RECEPTOR SUBTYPE EXPRESSION IN
THE CONGENITAL LEARNED HELPLESS RAT. J.A. Whittaker*W.E.
Thompson2 and E. Edwards3. 'Neuroscience Institute and 2Dept. of Obstetrics
and Gynecology, Morehouse School of Medicine; 3Dept. of Pharmaceutical
Sciences, Univ. of Maryland; Baltimore, MD 21201.
The congenital learned helpless rat (cLH) has been characterized as a model of
depression. Since glutamatergic mechanisms have been implicated in stress
related disorders, we have carried out this study to assess whether changes in
glutamate receptor subtype expression in the certain brain areas could be
associated with the LH phenotype. We used male rats (F46; N= 8) from the cLH
strain (uniquely susceptible to LH behavior) and the cNLH control strain
(resistant to the development of the same behavior) and utilized cerebellar and
hippocampal tissue extracts in Western blot techniques. These brain areas were
chosen for their known involvement in emotional behavior and cognitive
function. Proteins were separated on SDS-PAGE, blotted on nitrocellulose
membranes, and resolved using polyclonal antibodies directed against the
NMDAR 1 and non-NMDA glutamate GluR2/3 receptor subunits. In comparison
to controls, our results indicate that GluR2/3 receptor subunits were reduced in
cLH tissue extracts from the cerebellum. Moreover, NMDAR 1 subunits were
significantly reduced or conspicuously absent from the cLH cerebellum. In
contrast, hippocampal protein extracts showed no significant change in
NMDAR 1 subunit expression. However, GluR2/3 subunit levels in the cLH
hippocampus were clearly elevated. These data suggest differentially distributed
alterations in the specific glutamate receptor subunits tested and may, in part,
contribute to the cellular basis for cLH maladaptive behavioral responses.

ROMAN HIGH- AND LOW-AVOIDANCE RAT LINES DIFFER IN THE
FEAR-POTENTIATED ACOUSTIC STARTLE RESPONSE AND NUMBER
OF PEPTIDERGIC NEURONS IN THE AMYGDALOID COMPLEX.
D.M. Yilmazer-Hanke, H. Faber-Zuschratter, R. Linke, H. Schwegler *. Ottovon-Guericke University, Medical Faculty, Institute of Anatomy, Leipziger Str.
44, D-39120 Magdeburg, Germany.
The fear-potentiated startle response is a well-established experimental model
to investigate amygdala-related emotional behaviour. Sudden acoustic stimuli
activate brainstem motor centers leading to a short twitch of somatic muscles.
The amplitude of the brainstem reflex can be enhanced using footshocks by
increasing the baseline anxiety level. The Roman high- and low-avoidance
(RHA/Verh. and RLA/Verh.) rat lines considerably differ in their emotional
responses although they were originally selectively bred for good and poor twoway active avoidance. The “more emotional" RLA/Verh. rats show a higher
acoustic startle response and a weak, but yet significant difference in the reaction
to footshock, measured on a piezoelectric accelerometer platform in a sound
attenuating chamber. They also have more corticotropin releasing factor
immunoreactive neurons in their central nucleus of the amygdala, a neuropeptide
thought to play a role in stress and anxiety. In contrast, RHA/Verh. rats have less
neuropeptide Y immunoreactive intemeurons in the lateral nucleus of amygdala.
Despite little knowledge on the role of peptidergic intemeurons in
intraamygdaloid information processing, these neurons are candidates for
influencing habituation and sensitization to testing conditions as well as
potentiation of the acoustic startle response by fear. Thus, RLA/Verh. rats appear
to be “more anxious" than RHA/Verh. rats in the fear-potentiated startle
paradigm, which is reflected by morphological differences.
Supported by the DFG SFB 426

31.19

31.20

PRIMING OF PANIC-LIKE RESPONSES BY ACTIVATING CRF
RECEPTORS OR BLOCKING GABA-A RECEPTORS IN THE
BASOLATERAL AMYGDALA OF RATS. T.S. Sajdyk*, S.R. Keim, S.
K. Blincoe, D.R. Gehlert and A. Shekhar. Dept. of Psychiatry, Indiana
Univ. Med. Center, and Eli Lilly & Co., Indianapolis, Indiana 46202.
Acute blockade of GABA^ mediated inhibition in the anterior
basolateral amygdala (BLA) elicits a panic-like state with increases in heart
rate (HR), blood pressure (BP), respiratory rate (RR) and anxiety. Repeated
subthreshold GABA^ receptor blockade with bicuculline methiodide (BMI)
induces long-term synaptic plasticity (priming) resulting in chronic anxiety and
physiological sensitivity to i.v. sodium lactate infusions, a condition similar to
human panic disorder. Similarly, priming of the BLA with subthreshold doses
of corticotrophin releasing factor (CRF) or its analog urocortin (Ur) also
results in a chronic anxiety state similar to panic disorder. The present study
was conducted to compare the physiological and behavioral effects of priming
by injecting BMI or Ur into the BLA. Two groups of male Wistar rats were
fitted with femoral arterial and venous catheters as well as bilateral
microinjection cannulae in the BLA. One group was injected with repeated
BMI (6 pmoles) and the second group was injected with Ur (3 fmoles/100 nl)
for 5 days. The effects of the two priming procedures on the changes in HR,
BP, and RR, as well as the social interaction and elevated plus-maze tests of
anxiety were noted. Priming with BMI resulted in increases in HR, BP, RR
and behavioral measures of anxiety while priming with Ur resulted in
increased anxiety in both social interaction and plus-maze tests without
significant physiological activation (Supported by MH 52691 and Eli Lilly &
Co.).

ROLE OF CHOLECYSTOKININ RECEPTOR SUBTYPES IN MORPHINEINDUCED STRAUB TAIL IN MICE B.K. Mazzini1, R.G.R. Cacheiro1, T.N.
Cruz1, J.C. Fldrio1, A.G. Nasello2 and L.F. Felicio1* ’Dept. of Pathology, Faculty
of Veterinary Medicine, Univ. of S3o Paulo, 05508-970; 2Dept. of Physiological
Sciences. Med. Sch. of Santa Casa, SSo Paulo, Brazil.
Cholecystokinin (CCK) has some effects opposite to those of opioids. The
present study was undertaken to determine whether injections of antagonists of
the CCKj receptor (lorglumide) and the CCK2 receptor (PD-135,158) can
influence a classical morphine excitatory effect, i.e. the display of Straub tail
reaction in mice (STR). A total of 200 Balb/C mice were tested. Each animal
was treated with ip injections of saline or 1 mg/kg lorglumide or PD-135,158
fifteen minutes before an injection of morphine chlorhydrate at doses ranging
from 1.0 to 50.0 mg/kg. Latency and number of animals displaying STR were
recorded after morphine injection. The higher morphine doses induced both a
larger percent and shorter latencies for STR displaying. Blockade of both the
CCKj and CCK2 receptors potentiated the morphine-induced STR. PD-135,158
and lorglumide potentiation of the effect of morphine was demonstrated since
both drugs induced a significant shift to the left in the dose-response curves. In
the animals of the experimental groups, the maximum response was not changed
by lorglumide or PD-135,158. In addition, both PD-135,158 and lorglumide
reduced the time latencies to displaying morphine-induced STR. The present
data are consistent with the antagonistic effects of CCK and opioids in the
control of morphine-induced STR. In addition, these results suggest that both
CCK receptors are involved in the modulatory effects of CCK on STR.
Supported by FAPESP and CNPq

(Support:NIH grants U54-NS34194 and RR3034)
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31.21

31.22

ANXIOLYTIC- AND SENSITIZATION-LIKE EFFECTS OF REPEATED
INTRA-VTA CCKB RECEPTOR ACTIVATION.
PE A, Bush1; G.R.
Wunderlich1, BE. Allen1, and F.J. Vaccarino12. Depts. of Psychology1 and
Psychiatry2, and Centre for Addiction and Mental Health2, University of Toronto,
Toronto, ON, M5S 3G3, Canada.
Cholecystokinin (CCK) is a neuropeptide colocalized with dopamine (DA) in
mesolimbic neurons originating within the ventral tegmental area (VTA). CCKB
receptor activation has been shown to potentiate anxiety- and inhibit reward-related
behaviors. Recent research in rodents indicates that repeated i.v. infusion of a
selective CCKB agonist produces lasting behavioral effects characterized by a
decrease in anxiety measures and by a sensitization of psychostimulant-induced
hyperactivity. Given that the development of psychostimulant sensitization is a
phenomenon that depends upon DAergic transmission within the VTA, the present
study was designed to examine the extent to which CCKB receptors in this region are
involved in the enduring behavioral effects of repeated CCKB receptor stimulation.
Male Wistar rats were implanted with cannulae aimed at the VTA and assigned
to one of four treatments: amphetamine (AMP; 0 or 2pg) and the CCKB agonist
pentagastrin (PENT; 0 or 4pg). Each group received a total of three intra-VTA
microinjections of their respective drug cocktail administered every other day. Ten
days following the final infusion, drug-free behavior was measured with the acoustic
startle reflex paradigm. Locomotor activity responses were monitored in a habituated
environment following an AMP challenge (0.75 mg/kg, i.p.) on the subsequent day.
The results showed that repeated intra-VTA PENT produced a significant
attenuation of startle amplitudes. Additionally, both intra-VTA AMP and PENT
resulted in a sensitized psychostimulant response. These results support and extend
previous findings of long-term behavioral changes in anxiety- and reward-related
behaviors following repeated CCKB receptor agonist administration, and implicate
the VTA as a site of action for these effects.
Supported by a Medical Research Council of Canada Grant to FJV.

CCKb RECEPTOR ACTIVATION IN THE AMYGDALA: EFFECTS ON

REWARD- AND ANXIETY-RELATED BEHAVIORS. N.J. DeSousa1*, F.M.
Piacenza1, A. De Cristofaro1, C. Presta1, and FJ. Vaccarino1’2. Departments of
Psychology1 and Psychiatry2, and Centre for Addiction and Mental Health, Clarke
Division2, University of Toronto, Toronto, ON, Canada. M5S 3G3.
Numerous reports have implicated CCKB receptors in behavioral processes
associated with both reward and anxiety. The amygdala contains CCKB receptors and
has also been implicated in both reward and anxiety. Recent studies from our lab
have shown that CCK8 receptor activation within the amygdala (AMY) facilitates
anxiety-like behavior in the acoustic startle reflex (ASR) paradigm. The present set
of experiments were conducted to further delineate the behavioral effects of intraAMY pentagastrin, a CCKb agonist, using the self-administration (SA), exploratory
locomotor activity (ELA), elevated plus-maze (EPM), and ASR paradigms.
In each of four separate experiments, male Wistar rats were surgically implanted
with bilateral guide cannulae aimed at the AMY. In experiment 1, indwelling
catheters were additionally implanted into the jugular vein. Following amphetamine
(50 pg/kg/100 pl; i.v.) self-administration training, rats received bilateral intra-AMY
pentagastrin (0, 0.1, 1, and 10 nmol) and their self-administration behavior was
assessed. In experiments 2, 3 and 4, cannulated rats received bilateral intra-AMY
pentagastrin (0, 1, and 10 nmol) followed by saline or amphetamine (0.5 mg/ml; i.p.)
in randomized order. Following this treatment, the behavior of separate groups of
animals was assessed in the ELA, ASR, and EPM paradigms.
Results from experiments 1 and 2 showed that intra-AMY pentagastrin infusions
did not affect either self-administration or locomotor activity. However, results from
experiments 3 and 4 showed that pentagastrin (10 nmol) inhibited both the baseline
EPM open to closed arm dwell time ratios, and ASR magnitude, respectively. These
data support and extend previous studies suggesting that CCKB receptor activation
within the AMY facilitates anxiety-like behavior without altering the expression of
reward-related behavior.
(Supported by a MRC grant to FJV)

31.23

31.24

REGION-SPECIFIC DECREASES IN CCKB RECEPTOR BINDING IN
ANIMALS
DEMONSTRATING
GREATER
“ANXIETY-LIKE”
RESPONDING IN RODENT MODELS OF ANXIETY. G.R, Wunderlich1*, R.
Raymond3, J.N, Nobrega1’2'3, and F J. Vaccarino123. Departments of Psychology1
and Psychiatry2, and Centre for Addiction and Mental Health, Clarke Division3,
University of Toronto, Toronto, ON, Canada. M5S 3G3.
Activation of central cholecystokinin (CCK)B receptors is associated with
augmented “anxiety-like” behaviors (ALB). The present study examined differences
in CCKB receptor binding in animals exhibiting high versus low ALB in certain
behavioral paradigms. Twenty-one male wistar rats were tested in the elevated plusmaze (EPM), acoustic startle reflex (ASR), fear-potentiated ASR, and exploratory
locomotor activity (ELA) paradigms. For each test, animals were divided into lowand high-responder groups based upon a median split of the relevant scores for each
test. Following testing, brain slices were mounted and incubated with 50pM 125ICCK8 (non-sulfated) in the presence or absence of 1 pM cold CCK and then
exposed on tritium-sensitive film for 2-3 days. While there were no differences with
respect to baseline ASR, animals demonstrating high fear-potentiated ASR showed
less CCKB binding in both tire basolateral (BLA) and the central amygdaloid nuclei.
Animals demonstrating greater ALB in the EPM showed less CCKB binding in the
rostral pole of the nucleus accumbens (rNAcc) and a tendency for decreased binding
in the BLA. Additionally, there was a tendency for decreased CCKB binding in the
rNAcc in animals demonstrating low ELA. These results show that in certain
anxiety-sensitive tests, animals demonstrating greater ALB show decreased CCKB
binding in brain regions mediating the behavior. Tliis suggests that the CCK system
may play an important role in individual differences in ALB and that augmented
ALB may be associated with a down-regulation of CCKB receptors, possibly as a
result of increased CCK activity.
Supported by a Medical Research Council of Canada Grant to FJV.

U-69,593 MICROINJECTION IN THE INFRALIMBIC CORTEX REDUCES
ANXIETY AND ENHANCES SPONTANEOUS ALTERNATION/WORKING
MEMORY IN CD-I MICE. P.M. Wall* and C. Messier. Dept. of Psychology,
Behavioural Neuroscience, University of Ottawa; Ottawa, Ont., Canada KIN 6N5.
The present report investigated the contributions of the ventromedial
prefrontal cortex (vmPFC) to the control of spontaneous alternation (SAP)/working
memory and anxiety-related behaviour in CD-I mice. In experiment 1, we
examined the effects of microinfusions of the selective Kappa, receptor agonist, U69,593 (vehicle, 1, 10 or 25 nmol/1.0 pl), in the infralimbic mPFC (IL) on several
ethologically-derived anxiety-related indices in the elevated plus-maze (EPM),
defensive/withdrawal (DW) anxiety, and SAP/working memory in the Y-maze. In
week 1, pretreatment with 10 or 25 nmol U-69,593 in the IL produced an anxiolytic
behavioural profile in the first EPM trial. In a drug-free second trial 24-hrs. later, a
small but detectable anxiolytic behavioural profile was observed relative to vehicletreated animals. In week 2, one injection of the same doses of U-69,593 in the IL in
the same groups of mice was anxiolytic in the D/W test, and SAP memory was
dose-dependently enhanced in the Y-maze. In experiment 2, we evaluated whether
0.5 pl volume microinjections would produce comparable effects on EPM anxiety
and SAP memory in the Y-maze in 3 naive groups of CD-I mice in a reverse-order
testing protocol. Pretreatment with one injection of either vehicle, 10 or 25
nmol/0.5pl U-69,593 in the IL comparably reduced D/W anxiety and enhanced
SAP/working memory in week 1. In week 2, U-69,593 pretreatment produced a
comparable anxiolytic behavioural profile in the first EPM trial, but under these
conditions, a robust anxiolytic behavioural profile was observed in the drug-free
second trial relative to vehicle-treated animals.
Supported by a research grant from the School of Graduate Studies and Research,
University of Ottawa and the Natural Sciences & Engeneering Coucil of Canada.

31.25

31.26

COMPARATIVE STUDIES OF THE HYPOTHALAMUS STRUCTURES
INVOLVING IN COMPENSATORY PROCESSES IN NON-HUMAN
PRIMATES AGAINST THE BACKGROUND OF EXPERIMENTAL
DEPRESSIVE-LIKE BEHAVIOR. V.A.Siketin*. I.M.Sechenov Institute of
Evolutionary Physiology and Biochemistry, St.-Petersburg, 194223, Russia.
Our previous works have demonstrated that presence at an organism of
antibodies to P-endorphin (P-En) have been associated with depressive-like
behavior in monkeys (Soc. Neurosci. Abstr. (1997); 723.4). In this study, we were
active immunized 7 adult monkeys (Macaca mulatta, Macaca fascicularis) against
endogenous p-En: bovine serum albumin conjugated to P-En (BSA-pEn) was
dissolved (250-300 pg/kg) with immunoamplifier (complete Freund’s adjuvant) to
give in 2.0 ml of emulsion injected. Booster immunization was conducted for 10
days. The effects of bipolar electrical stimulation (ES; 100 Hz, 0.5 msec, 20-50 pA)
of the phylogenetically different structures of the hypothalamus (Hp) on the
classical motor-defensive conditioned reflexes (CR) was studied on monkeys with
various types of nervous systems (strong, middle and weak), using the Protopopovs’
method. Positive (defensive) and negative (differentiation and delayed inhibition)
reflexes represented the CR. EEG, motor and vegetative components (respiration
(Rp) and heart rate (Hrt) of the CR were recorded. Free behavior was tested inside
of soundproof room. It was shown that at immunized monkeys: 1) ES of the
dorsomedial nucleus of the Hp (DMH) increased the percent of correct defensive
motor responses (CR), extended of latency period (LP) and increased number of
motor defensive reactions (DR). The background of Hrt and frequency of Rp, as
well as the motor components of tire CR were increased. Motor activity, food intake
and intragroup contacts of monkeys were increased; 2) ES of posterior Hp
(mamillary body) slightly increased CR and quantity of defensive reactions.
Differentiation and other negative reflexes did not changed during ES of the DMH;
3) ES of anterior Hp (lateral preoptic area) did not influenced essentially on
depressive-like behavior of monkeys. The received dates suggest that the chronic
electrostimulation of the philogenetically young DMH (during 5-6 days) decreased
depressive-like behavior symptoms in BSA-pEn active immunized monkeys.

THE EFFECT OF ICV ADMINISTERED KYOTORPHIN ON
EMOTIONAL ACTIVITY
E. Yurdakos*1, M. Mengi1, S. Akyiiz2, N.
Gocayev2. D. Gokkaya2. ’Dept. of Physiology Cerrahpasa Faculty of
Medicine and 2Dept. of Physics, Univ. of Istanbul, Turkey
Kyotorphin (KT) is known as an endogenous analgesic neuropeptide. This
peptide has also seizure-protecting effects. In this study, we have
investigated the effect of intracerebroventricularly (ICV) administered KT
(5, 7.5, 10 pig / 5pil) on emotional activity. The experimental methods used
were the open field and forced swimming test. Male Wistar Albino rats
were divided into four groups: Sham (n=9), ICV 5 pg I 5pl KT (n=9), ICV
7.5 pg / Spl KT (n=7) and ICV 10 pg / 5pl KT (n=8) administered groups.
In the ICV KT administered groups, there was a significant increase in the
immobilization time and significant decreases in the squares crossed and
rears in the open field test when compared with the sham group. In the
forced swimming test, the sham group animals exhibited the well
documented learned helplessness by a significant increase in the
immobilization time when compared with that of the pre-test. On the other
hand, the animals in the KTP administered groups did not display learned
helplessness.
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COMPARISON OF BEHAVIORAL PHARMACOLOGY OF a-, yl - AND y2-MSH
JES Wikberg1, S Germane2, S Svirkis2, B Opmane2, R Muceniece1, A Skujins2, C Post3*
and V Klusa2 . ‘Department of Pharmaceutical Pharmacology. Box 591, BMC, SE75124 Uppsala, Sweden; laboratory of Pharmacology, Latvian Institute of Organic
Synthesis, 21 Aizkraukles Str., Riga, LV-1006, Latvia; 3Melacure Therapeutics AB,
Kungsgatan 62, SE-75321 Uppsala, Sweden
The POMC-derived peptides MSH and ACTH are known to exert a wide variety of
behavioral effects. These peptides are known to bind to activate the melanocortin
receptors of which there are five subtypes, MCI-5, the MC3 and MC4 receptors being
most prominent in the CNS. The y-MSH peptides are relatively poorly characterized,
although their receptor binding has been determined. The aim of this study was to
compare a-, yl- and y2-MSH in behavioral models. In rats, intra-VTA administered aland yl-MSH induced excessive grooming and vertical motor activity, a-MSH being the
more potent. However, y2-MSH was ineffective and instead induced strong catalepsy.
y2-MSH administered intra-VTA blocked yl-MSH induced grooming and vertical
activity. In mice, all three peptides given intracistemally reduced spontaneous
locomotor activity. Both a- and y2-MSH reduced PCP-induced hyperactivity, whereas
yl-MSH potentiated it. However, both yl - and y2-MSH reduced amphetamine-induced
hyperactivity. Both yl - and y2-MSH induced analgesia, an effect that was not inhibited
by naloxone. In conclusion, the potentiation by yl-MSH of PCP-induced hyperactivity
was attenuated by y2-MSH. It is suggested that the grooming effect is mediated by the
MC4-receptor since a-MSH was more potent than yl-MSH. However, with respect to
catalepsia and locomotion, the patterns of MSH-peptide effects indicate at least partly
involvement of mechanisms distinct from MC3- and MC4-receptors. The analgesic
effect of the yl - and y2-MSH does not involve opiate receptors. MSH-peptides thus
appear to have prominent effects in the CNS, and area of research that today is
hampered by the lack of good selective and BBB-penetrating agonists and antagonists
for MC-receptors. Supported by HHMI, the Swedish Medical Research Council and
Melacure Therapeutics AB, Uppsala, Sweden

NEUROPEPTIDE-Y EXERTS ANTIDEPRESSANT-LIKE EFFECTS IN
THE FORCED SWIM TEST IN RATS. K.A. Stogner* and P.V. Holmes.
Biopsychology Program, Psychology Department, The University of
Georgia, Athens, GA, 30602
Previous clinical studies reveal that neuropeptide-Y (NPY)
dysregulation occurs in major depression. Decreased levels of NPYlike immunoreactivity in cerebrospinal fluid and plasma and increased
levels of NPY-like immunoreactivity in platelets have been observed in
depressed patients. Alterations in NPY-like immunoreactivity and
prepro-NPY mRNA levels in the olfactory bulbectomized rat model of
depression have also been reported. Repeated intracerebroventricular
administration of NPY produces antidepressant effects in the olfactory
bulbectomized rat model. The present experiments further examined
the antidepressant-like effects of NPY using the forced swim test,
which is a reliable screening procedure for antidepressant treatments.
Male Sprague-Dawiey rats were exposed to a 15 minute preswim in a
19 cm diameter cylinder containing 22°C water. Rats received 5 gl of
NPY (lgg/gl) or saline through indwelling intracerebroventricular
cannulae immediately, 8 hours, and 23 hours following the preswim.
Sixty minutes following the final injection, rats were placed in the
cylinder again and the incidence of immobility, swimming, and wall
climbing were counted for 5 min. Rats treated with NPY exhibited
significantly less immobility (P<0.05) and significantly more swimming
(PcO.Ol) than saline-treated rats. No differences in climbing behavior
were observed. This pattern of results is consistent with that
produced by standard antidepressant drug treatment in this model.
The results further reveal the potential efficacy of NPY in treating
depression. Supported by NIMH grant #MH59317-01 to P.V.H.
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CLONING OF LOBSTER ECDYSONE RECEPTOR AND ECDYSONEINDUCIBLE genes . M.K. Bradley*, UE, Qs&off aad-E, A-Krayife Deptof
Neurobiol, Harvard Med. Sch., Boston, MA 02115
We are exploring the idea that alterations in gene expression may initiate,
accompany or result from changes in social status in lobsters. After agonistic
encounters (fights), subordinate lobsters are less willing to fight for up to several
days, even if separated from the dominants. The long term nature of these changes
raises the possibility that they result from changes in expression of key genes
important for the behavior. Serotonin (5HT) has been implicated in aggression in
lobsters, and one focus of our studies is whether amine neuron function is altered as a
consequence of changes in status. Aggressive behavior in lobsters is linked to the
molt cycle; animals are highly submissive immediately before and right after a molt
(stages D3 to A), and highly aggressive in the latter half of a molt cycle (stages DO
to D2; Tamm & Cobb, Science 200:79,1978). Lobster molting hormone, the
steroid 20-hydroxyecdysone (20-HE), is at its highest level in lobster hemolymph
(Snyder & Chang, Gen. Comp. Endo. 81:133,1991) close to when aggressive
behavior peaks and at a time when concentrations of 5HT are highest in particular
neurons. Steroids regulate transcription, and it is possible that similar sets of genes
are influenced by 20-HE and by fight-induced changes in status. To address this
possibility we have cloned 1074bp of the lobster ecdysone receptor (HaEcR) and
557bp of an ecdysone-inducible gene E75A (HaE75A) in order to examine their
neuronal expression. RT-PCR indicates that HaEcR and HaE75A mRNAs are differentially expressed in lobster tissues over the molt cycle. Initial RNAse-protection
assays (RPA) show HaE75A mRNA is rare in intermolt and abundant just before the
molt. To test induction, animals have been injected with 20-HE (IgM) and RNA has
been isolated at different times after injection. We are measuring the concentrations of
mRNAs for HaEcR, HaE75A, HHR3 (an ecdysone-inducible gene; Haj et al., Gene
201:127,1997) and tubulin by RPA. In situ hybridization and immunocytochemistry
will be used to determine the cellular locations of these genes and to follow their expression in individual neurons over the molt cycle, (funds: NSF & Whitehall Fnd.)

AGONISTIC BEHAVIOR IN LOBSTERS: PERSISTENCE OF FIGHT-INDUCED
CHANGES IN STATUS AND MODULATION BY SEROTONIN. R. Rutishauser4,
E.J. Wilkinson4, A.E. Hower4, A. Delago’, S.I. Cromarty4, R. Huber2 B.S. Beltz’and
E.A. Kravitz4*. ‘Dept. of Zool., Karl-Franzens-Univ. Graz; 2Dept. of Biol. Sci.,
Bowling Green State Univ.; 3Dept. of Biol., Wellesley Coll. 4Dept. of Neurobiol.,
Harvard Med. Sch., Boston, MA 02115.
Agonistic (fighting) behavior in lobsters is highly stereotypical, increasing in
intensity as the duration of a fight increases. Quantitative methods for examining
fights allow examination of: (i) how long lobsters “remember” having won or lost; and
(ii) the consequences of raising or lowering 5HT levels. To address the 1st question
we pair behaviorally naive juvenile lobsters and allow them to establish a hierarchy
based on two 30 min. fighting periods one hour apart. Test fights are staged after 1, 4
or 7 days with 7 pairs of animals for each separation group. For each agonistic
interaction we measure, who initiates, who retreats, the duration and the maximum
intensity (scale=0-3). The results show a significant decrease in the duration of
encounters after the initial fight that persists for 4 days (36 to 6 sec after 1 day, 35 tol5
sec after 4 days). By 7 days no significant differences are seen. To examine the role of
5HT we have: (i) raised 5HT levels or effectiveness in animals by direct injection of the
amine, and through the use of acute and chronic Prozac treatments; and (ii) lowered
5HT levels through the use of the drug 5,7-DHT. Direct injections of 5HT, 5HT with
Prozac, and acute Prozac were made into the ventral hemolymph sinus of subordinate
animals after the first fight. Chronic Prozac treatments were made using an Alzet
minipump glued to the back of a lobster, while 5,7-DHT was administered in 6-8
injections over a 3-4 week period. In the latter experiments, treated animals were
paired against larger or smaller opponents, and 3 fights were carried out as above with
the 3rd fight held after 1 day. Preliminary results suggest that treatments that raise
5HT increase, while treatments that lower 5HT, decrease the amount of time animals
are willing to fight. The results are consistent with a “motivational” role for 5HT.
5HT may not be necessaiy for whether or not animals will fight (supported by NSF).

32.3

32.4

CHANGES IN HEART RATE ACCOMPANY AGONISTIC ENCOUNTERS IN
LOBSTERS. J. Hemdndez-Falcdn1* and E, A. Kravitz2. (1) Depto. Fisiologia,
Facultad de Medicina, UNAM, Mexico, and (2) Dept of Neurobiology, Harvard
Med. Sch.; Boston, MA 02115.
Losing animals in agonistic encounters in lobsters are unwilling to fight with
winners for several days after their initial meeting. Here we begin to explore the
notion that stressful experiences like fighting and changing status might have
important consequences on many aspects of the physiology of animals, including,
for example, causing changes in cardiac function. Lobsters have a neurogenic heart,
innervated by a cardiac ganglion containing only 9 neurons. Serotonin (5HT)
increases heart rate and the strength of cardiac contractions. Little is known of the
short or long term consequences of agonistic encounters on heart rate in lobsters.
To address this question we recorded electrocardiograms from adult lobsters and
calculated the cardiac frequency (CF) in one minute intervals over 6 continuous
hours of recording. The CF depended on the experimental conditions. At rest, the
values were in the range of ~40 beats/min. In undisturbed animals CF remained
relatively constant for 4 hours. Visual cues in the environment did not lead to
significant changes in the CF, while odor cues increased the CF slightly (20%).
Agonistic encounters between animals caused strong and sustained increases in CF.
During a first fight, the CF increased by as much as four fold in dominant animals
(range=180-420%), gradually returning to control levels when the animal was
returned to its own tank (ca. 2 hrs). In submissive lobsters, the CF also increased
but less dramatically (range =110-200%). In 2nd fights of the same pairs of animals,
24-hours later, the CF still increased but the magnitude of the increase was smaller
and the subsequent recovery faster than in the 1st fight In 3rd fights, 4-days later,
little change was seen in CF. What changes were seen, however, were larger in the
dominant animals. These results suggest that cardiac output is greater in dominant
than subordinate animals, at least in the short run. Whether this difference relates to
5HT neuron function remains to be established, (supported by NSF and DGAPA)

PROPERTIES OF SEROTONERGIC NEUROSECRETORY NEURONS IN THE CNS OF THE
AMERICAN LOBSTER S.I. Cromarty*, R, Heinrich, and E.A, Kravitz. Department of
Neurobiology, Harvard Medical School, Boston, MA 02115.
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Our earlier studies suggested that subsets of neurosecretory cells, releasing serotonin
(5HT) into central neuropil regions and the circulation, serve important roles during
agonistic interactions in lobsters. The 5HT neurosecretory system consists of two pairs
of spontaneously active cells, one in the T5 and a second in the Al ganglion (A1-5HT
cells). A core property of 5HT, octopamine and crustacean hyperglycemic hormone
releasing neurons (but not of spontaneously active GABA cells) is their autoinhibition
after high frequency firing. The duration of this inhibition is directly related to the
length and magnitude of the period of high frequency firing, and inversely related to the
initial firing frequency of the cells. While 5HT can inhibit the firing of cells, the
autoinhibition appears to be mainly due to intrinsic properties of these neurons. One
important goal of our studies is to ask whether 5HT neuron function changes as a
consequence of changes in status. Towards that goal, in studies described here we
continue examining the core physiological properties of these neurons.
Receptor pharmacology: Although not the cause of the autoinhibition, our earlier
studies showed that 5HT first caused a small increase, then a sustained decrease in the
spontaneous firing of A1-5HT cells. These effects appear to be mediated by distinct
5HT receptor subtypes. Thus, a 5HT1/2C agonist, mCPP only increases the
spontaneous firing rate, while RU24969, a 5HT1A agonist only inhibits firing.
Membrane properties: TTX (200nM) completely blocks both the action potential and
ramp, suggesting that a sodium current underlies the spontaneous activity of A1-5HT
cells. A prominent afterhyperpolarization of the action potential is reduced in magnitude
by Charybdotoxin (lOnM), TEA (0.5mM) and 4AP (lOOnM), completely blocked in
the presence of Cd4*, and unaffected by Apamin (ImM) and Cs**. Partial or complete
block of the afterhyperpolarization leads to an increase in the firing rates of cells which
directly effects the duration of the autoinhibition. Voltage clamp studies underway will
further define the ionic conductances responsible for the spontaneous activity patterns of
these behaviorally important neurons (funded by NSF, AvH., NIH).
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MORPHOLOGY AND PHYSIOLOGY OF OCTOPAMINE-CONTAINING
NEUROSECRETORY CELLS IN THE LOBSTER. R.Heinrich4 * P Brauniq1,
I. Walter2. H Schneider and E.A. Kravitz4. 1lnst. Zool., TU Munich; 2Biol. Anst.
Helgoland; ’Dept.Biol., Wm. Patterson Univ.;4Dept. Neurobiol., Harvard Med.
Sch., Boston, MA 02115.
Earlier studies suggested that subsets of
neurosecretory cells, releasing serotonin (5HT) and octopamine (OCT) into
central neuropil regions and the circulation, might serve important roles during
agonistic interactions in lobsters. The serotonergic neurosecretory neurons of
lobsters have been studied in great detail, revealing their intrinsic electrical
properties, pre- and postsynaptic connections, their role in functional circuits
and the behavioral consequences of altered 5HT-cell function. Here, we begin
to characterize the physiological and morphological properties of 14 pairs of
OCT-containing neurosecretory cells found in the thoracic and the subesophageal (SEG) ganglia. The following results have been obtained; (i) The neurosecretory system consists of two subsets of cells, both with putative release
sites within the CNS. Second peripheral release sites exist for 11 of the pairs
(one subset) along 2nd thoracic and SEG roots, while 3 of the pairs (other
subset) selectively innervate the claws, (ii) OCT-cells rarely show spontaneous
activity, but can be stimulated intracellularly to show large overshooting action
potentials with prominent afterhyperpolarizations. When cells are spontaneously active, they fire at slow steady rhythms and show autoinhibition
related to their initial spontaneous firing rates. In these regards, the intrinsic
electrical properties of OCT-cells are similar to those of 5HT-cells. (iii) OCT
neurons are not synaptically coupled to each other or to the 5HT-containing
neurosecretory cells. Collison experiments suggest that they are activated as
a unit, by fibers projecting the entire length of the ventral nerve cord, (iv)
Stimulation of LG or MG axons, which excite 5HT-cells, yielded no response in
OCT-cells. (v) While no direct connections are seen between 5HT and OCT
neurosecretory neurons, we have seen activation of OCT-cells and inhibition of
5HT-cells by stimulation of unidentified axons in nerve cord connectives.
Future studies will examine the functional role served by these cells and ask
whether changes in function of these neurons are seen with changes in social
status. Supported by the A.v.Humboldt Fndn. (RH), Daimler & Benz fellowship
(IW), DFG (PB), and NSF.

DOPAMINERGIC EFFECTS ON AGGRESSION, BEHAVIORAL
REACTIVTY AND SKIN COLOR IN ARCTIC CHARR (SALVELINUS
ALPINUS). E. Hoglund1*, N. Colm2 and S. Winberg3. 'Dept. of
Limnology, Uppsala University, Norbyvagen ISA, Uppsala, 752 36,
Uppsala, Sweden: 2Dept. of Zooecology, Uppsala University, Norbyvagen
18D, Uppsala, 752 36, Uppsala, Sweden; 3Dept. of Animal Development
and Genetics, Uppsala University, Norbyvagen 18D, Uppsala, 752 36,
Uppsala, Sweden
Socially subordinate Arctic charr are characterized by a lower aggression
and darker body color than dominants. It has been shown that L-dopa
enhance the probability of a juvenile Arctic charr to become dominant over
a size matched conspecific. Moreover, treatment with L-dopa affects the
central dopaminergic system, which is associated with aggressive behavior.
The central dopaminergic system also acts inhibitory on pituitary a-MSH
release, a hormone that induces skin darkening. In this study we evaluated
the effects of L-DOPA (10 mg/kg orally distributed) on aggression,
behavioral reactivity and skin color in juvenile Arctic charr having two
days experience of being dominant or subordinate. Aggression was
quantified by counting aggressive acts performed by isolated fish on an
intruding 50% smaller fish for ten minutes, reactivity by measuring the time
from first movement of the intruder to first attack by the isolated fish, and
the effect on skin color with an image analyzing system. Skin color
measurements and intruder tests were made before and one hour after LDOPA treatment. L-DOPA induced skin brightening and a rise in reactivity
but not in aggression. Moreover, we could not detect any effects of
previous social experience on the response to L-DOPA treatment.
Supported by The Helge Ax:son Johnsson Foundation and the Swedish
Council for Forestry and Agricultural Research.

32.7

32.8

SEROTONIN
IN
MICRODIALYS ATE
DURING
A
SOCIAL
CONFRONTATION IN MICE BRED FOR HIGH AND LOW
AGGRESSION S. Faccidomo*, A.M.M. van Erp, E.C. Caliguri, L. Shuster,
R.M.M. De Almeida, K.E. Hood1, K.A. Miczek, Tufts University, Medford
MA 02155, and 1 Pennsylvania State University, University Park PA 16802
Serotonin levels were measured during ongoing aggressive behavior in
mice bred for different levels of aggression, using in vivo microdialysis
followed by a highly sensitive HPLC sample analysis. Ninety mice were
obtained from high aggressive (H), low aggressive (L) or non selected (NS).
Each mouse confronted a group-housed intruder for 5 min in its home cage.
The number of attacks was on average 23.8 (H), 2.7 (NS) and 0 bites (L).
Next, mice were implanted with a CMA/7 guide cannula aimed at the
nucleus accumbens (NAC). A CMA/7 probe (1 mm membrane) was inserted
under isoflurane anesthesia. Artificial CSF was pumped at 0.2 pl/min
overnight and 0.5 pl/min the next day. Samples were collected every 5 min
for 30 min baseline, a 10 min intruder presentation behind a protective
screen, and 30 min thereafter. 200 nl of sample was injected onto a 15 cm x
300 pm ID HPLC column. H mice showed more active behavior (nasal
contact, biting at screen, tail rattling) than NS or L mice. Initial data suggest
that serotonin levels in NAC were decreased followed by an increase during
the social confrontation in high aggressive mice. Further data will determine
whether there are differences in serotonin responses or baseline levels
between low and high aggressive mice. Supported by USPHS AA5122.
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Wayne J. Korzan *, Tangi R. Summers , Patrick L Ronan,
Cliff H. Summers Department of Biology and Neuroscience Group,
University of South Dakota, Vermillion SD 57069

Darkening of postorbital skin in Anolis carolinensis is stimulated by
sympathetic activation of f^-adrenergic receptors, more rapidly in dominant
males during social interaction. To assess the value of the eyespot as a
social signal, males (n = 10) were painted postorbitally with green or black
paint. Each male was exposed to a mirror. There appeared to be two types
of male in each group, either more or less aggressive. Differences in
aggressive tendency between males with the same treatment was evident
after 5 minutes. Animals painted green were generally more aggressive than
those painted black, but half of those were significantly more aggressive
than the other half. In contrast, artificial eyespots (black) inhibited biting
behavior toward the mirror image in both the aggressive and less aggressive
groups. Among males painted green, serotonergic activity was significantly
higher in both hippocampus and medial amygdala in less aggressive
compared to more aggressive males and isolated controls. By contrast,
serotonergic activity in hippocampus is greater in aggressive animals with
eyespot painted black, and lower in less aggressive males; opposite of the
serotonergic response when the eyespot was hidden. These results suggest
plasticity in behavioral and monoaminergic responses as a consequence of
visible social signals derived from sympathetic activity.
Supported by NSF grant OSR-9452894.
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A VISUAL SIGNAL OF SYMPATHETIC ACTIVITY: EFFECTS ON
AGGRESSION AND CENTRAL MONOAMINES

Tangi R. Summers* Wayne J. Korzan, Patrick J. Ronan,
Cliff H. Summers Department of Biology and Neuroscience Group,
University of South Dakota, Vermillion, SD 57069

Postorbital skin in Anolis carolinensis stimulated by sympathetic
activation of adrenal catecholamines darkens more rapidly in dominant
males during social interaction. To assess the value of the eyespot as a social
signal, males (n = 10) were painted postorbitally with green, black or red
paint, and then exposed to a mirror. Aggression was greatest when the
eyespot was masked by green paint. In contrast, black or red artificial
eyespots, regardless of size, inhibited biting behavior toward the mirror
image. A darkened eyespot is capable of inhibiting aggression, whereas
aggressive displays from an opponent without a darkened eyespot, do not.
The most aggressive males, those who saw an opponent with no eyespot,
had significantly higher levels of all plasma catecholamines. In addition,
serotonergic and noradrenergic activity was significantly enhanced in
hippocampus, medial amygdala and nucleus accumbens of animals that
viewed a reflection with no eyespot. Males viewing an opponent with a
permanently darkened eyespot had significantly decreased noradrenergic
activity in both medial amygdala and nucleus accumbens. Serotonergic
activity was also suppressed in nucleus accumbens of animals with black
eyespots. These results suggest plasticity in monoaminergic and behavioral
responses as a consequence of visible social signals derived from
sympathetic activity. Supported by NSF grant OSR-9452894.
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SEROTONIN REGULATION OF OFFENSIVE AGGRESSION IN
GOLDEN HAMSTERS. T.L. Stolberg. Y. Delville. and C.F,
Ferris*. Psychiatry Department, Univ. of Massachusetts Med. Ctr.,
Worcester, MA 01655.
The present studies examine the neurochemistry and neuroanatomy
of the serotonin (5-HT) system innervating the anterior
hypothalamus (AH) and the interaction of 5-HT receptor agonists
with arginine vasopressin (AVP) in the regulation of offensive
aggression in golden hamsters. As specific 5-HT1A, 5-HT1B and AVP
V1A binding sites were observed within the AH by in vitro
autoradiography, the animals were tested for offensive aggression
after micro-injections of AVP in combination with either the 5-HT 1A
agonist 8-OH-DPAT (DPAT) or the 5-HT1B agonist CGS-12066A
(CGS) directly within the site. While treatment with DPAT resulted
in a dose-dependent inhibition of AVP-facilitated offensive
aggression, CGS was ineffective. In addition, a retrograde tracer was
injected within AH to localize the distribution of 5-HT neurons
projecting to the area. Retrogradely labelled 5-HT neurons were
found within the dorsal, median, and caudal linear raphe nuclei.
These retrogradely labeled 5-HT neurons are suspected to inhibit
AVP-facilitated offensive aggression through an activation of 5-HT1A
receptors in the AH.
Supported by MH-52280 awarded to CFF.
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ASSOCIATION BETWEEN THE COMT GENE EXPRESSION AND
AGGRESSIVE EXPERIENCE IN MALE MICE. M.L, Fillipenko1,
A.G. Beilina1, O.V. Alekseyenko2, O.A.Timofeeva1, D.F, Avgustinovich2,
N.N. Kudryavtseva2, 'Institute of Bioorganic Chemistry, institute of Cytology
and Genetics, Siberian Department of Russian Academy of Sciences,
Novosibirsk, 630090, Russia. (SPON: I BANGS)
It is well established that demonstration of aggressive behavior is associated
with brain dopaminergic systems. Repeated experience of aggression in daily
agonistic confrontations is accompanied by increased DA catabolism which
leads to DOPAC enhancement in different brain areas of male mice.
Considering the inactivating role of catechol-O-methyltransferase (COMT) in
dopaminergic metabolism and the role of dopaminergic pathways in the
mechanisms of aggression, it have been suggested involvement of COMT gene
in the regulation of agonistic behavior. The aim of this study was to examine
COMT gene expression in the midbrain with pons (containing the
catecholaminergic cell bodies) of male mice with repeated experience of victories
in 10 days of aggressive confrontations (winners). For comparison the gene
expression was determined in animals without experience of aggression. RTcompetitive PCR was employed for the quantification of COMT mRNA in this
brain area. Competitor artificial DNAs for COMT and p-actin primers were
constructed and used for competitive PCR with oligo-dT-primed cDNAs from
pulled midbrains of each group. In three independent experiments carried out
with half-year interval, significant decrease of COMT mRNA content (2, 3.3
and 6.7 times) in winners in comparison with control level was found. Thus,
repeated experience of aggression is accompanied by suppression of COMT
gene expression. The molecular mechanisms of association between aggressive
behavior and COMT gene expression will have to be revealed.
Supported by the Russian Foundation for Basic Research, grant 97-04-49688.

SEROTONIN TRANSPORTER GENE POLYMORPHISM AND
NEUROBEHAVIORAL DEVELOPMENT IN RHESUS MONKEY NEONATES.
M, Champoux,4A, Bennett,1 K,P, Lesch,2 A. Heil$,2 D,A- Nielsen3J,D. Hjgiey1
and S.J, Suomi4. ‘Laboratory of Clinical Studies, NIAAA; 2 Dept. of Psychiatry, Univ.
of Wuerzburg; laboratory of Neurogenetics, NIAAA; 4Laboratory of Comparative
Ethology; NICHD, Poolesville, MD 20837.
A polymorphism in the serotonin (5-HT) transporter gene regulatory region is
associated with measures of 5-HT transporter (5-HTT) expression and 5-HT-mediated
behaviors in humans. An analogous length variation of the 5-HTTLPR has been
reported in rhesus monkeys (rh5-HTTLPR). A retrospective association study was
conducted on 115 rhesus macaque infants either homozygous for the long variant of
the allele (1/1) or heterozygous for the short and long form of the allele (1/s). To assess
contributions of genotype and early rearing environment, 36 mother-reared monkeys
(1/1 = 26, 1/s = 10) and 79 peer-reared monkeys (1/1 = 54,1/s = 25) were assessed on
days 7, 14, 21, and 30 of life, on a standardized primate neurobehavioral test designed
to measure orienting, motor maturity, reflex functioning, and temperament. Main
effects of genotype, and, in some cases, interactions of rearing condition and genotype,
were demonstrated for items indicative of orienting, attention, and temperament. In
general, heterozygote animals demonstrated diminished orientation, lower attentional
capabilities, and increased affective responding, relative to 1/1 homozygotes. However,
the genotype effects were more pronounced for animals raised in the neonatal nursery
than for animals reared by their mothers. These results demonstrate the contributions
of rearing environment and genetic background, and their interaction, in a nonhuman
primate model of behavioral development.

This research was supported by the Intramural Research Program, NICHD, and by the
European Commission (BMH4-CT96-0730), and the BMBF of Germany. K.P.L. is
supported by the Hermann and Lilly Schilling Foundation.
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LACK OF ANXIOLYTIC ACTION OF FLUOXETINE IN SEROTONIN IA
RECEPTOR KNOCK OUT MICE. L, Santarelli. C. Gross. J. H. Schwartz* and
R. Hen. Center for Neurobioiogy and Behavior, Columbia University, New
York, NY 10032.
The brain serotonin system is a modulator of mood and anxiety states as well
as a target of psychoactive drugs. We compared mice lacking the 5-HTIA
receptor (5-HTIA KO) to wild type animals (WT) to determine the contribution
df 5-HTIA receptor to the action of different classes of antidepressants. These
animals display increased anxiety in a panel of behavioral paradigms, including
the elevated plus-maze (EPM), open field and novelty-suppressed feeding (NSF)
task.
We have treated 5-HTIA KO and WT with chronic (40 days) fluoxetine
(lOmg/kg oral), imipramine (20mg/kg) and desipramine (20mg/kg).
Subsequently, we evaluated the anxiolytic action of these drugs in the NSF and
EPM tests. In the NSF assay, all three drugs exerted a significant anxiolytic
effect in WT animals, while only imipramine and desipramine proved to be
effective in the KO mice. In the EPM, the drugs showed anxiolytic effects only
in the KO mice possibly because of their higher baseline anxiety. However,
again, as in the NSF test, fluoxetine was ineffective in 5-HTIA KO animals
We hypothesize that fluoxetine requires the 5-HTIA receptor to exert its
anxiolytic effect while imipramine and desipramine act through a different
mechanism
Supported by NIMH P01 MH48126-06 to R.H.

SEROTONIN IB STRIA l'AL RESCUE MICE EXHIBIT ROBUST
DISRUPTIONS OF PREPULSE INHIBITION. S.C, Dulawa* K. Stark3, R.
Hen3, and M.A. Geyer12. Departments of Neuroscience1 and Psychiatry2 ,
University of California San Diego, La Jolla, CA 92093.
Center for
Neurobioiogy and Behavior3, Columbia University, New York, NY 10032.
Serotonin IB striatal rescue (1BSR) mice express serotonin IB receptors only
on striatal GABAergic terminals, and are constitutive knockouts for all other
serotonin IB receptor populations. Male and female wild type (WT) and 1BSR
mice on a 129Sv background were tested for prepulse inhibition (PPI). PPI refers
to the normal decrease in startle magnitude tliat occurs when an abrupt startling
stimulus is preceded 30-500 msec by a barely detectable prepulse. PPI is an
operational measure of sensorimotor gating, which is a neural mechanism
theorized to inhibit or filter extraneous information to allow mental and
behavioral integration. Deficits in PPI have been reported in patients with several
neuropsychiatric disorders including schizophrenia. PPI was assessed in WT and
1BSR mice in a startle response paradigm in which some 120 dB acoustic pulses
were preceded by 3, 6 or 12 dB prepulses above background. 1BSR mice
exhibited significantly lower levels of PPI, ranging from 39% to 84% reductions
relative to WT mice at different prepulse intensities. No differences in startle
magnimde and no sex differences were observed. These findings differ from those
obtained with constitutive serotonin IB knockout mice, which show small and
unreliable increases in PPI (previously reported). In the 1BSR mice, lack ofthe
presynaptic serotonin IB receptor may result in serotonin overflow onto the
remaining postsynaptic serotonin IB receptors, which are localized primarily in
the ventral pallidum, substantia nigra and ventral tegmentum. Activation cf
postsynaptic IB receptors could disinhibit these structures, resulting in PPI
deficits. This hypothesis is currently under investigation. Supported by NIDA
(R02DA02925), MIRECC, and NIMH (F31-MH12249-01).
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AGONISTIC INTERACTION IN WILDTYPE AND 5-HT1B RECEPTOR
KNOCKOUT MICE: BEHAVIORAL AND PHYSIOLOGICAL
RESPONSES IN A RADIOTELEMETRIC STUDY

BEHAVIORAL EFFECTS OF ABSENT CORPUS CALLOSUM AND
THE 5HT,B-/- KNOCKOUT IN STRAIN 129 MICE. D. Wahlsten1,
P.M, Schalomon1. J.C, Crabbe2. and B.C. Dudek3. (SPON; International
Behavioural and Neural Genetics Society). ‘Dept. of Psychology, Univ.
of Alberta; ^Portland Alcohol Research Center, VA Medical Center;
3Dept. of Psychology, SUNY-Albany; Edmonton, AB, Canada T6G 2E9
Many gene knockouts use stem cells from the 129 strain that
frequently suffers absence of the corpus callosum (CC). In this study,
mice from 8 strains were tested on 6 behavioral domains in three
laboratories simultaneously, and then forebrain commissures were
examined. Three were 129 strains (129/SvEvTac, n=48; 129/Sv-ter,
n=43; 5HT1B-/- on 129/Sv-ter background, n=48), and 51 of 137 mice
(37%) had absent or greatly reduced CC. Among 21 measures of open
field activity, cocaine activation, elevated plus maze, water escape
learning and alcohol preference, only the percent time spent in the open
arms of the plus maze was significantly influenced by CC absence (42%
for normals vs. 27% for absent CC, P = .003). The 5HT]B-/- mutation
yielded larger brain size (491 mg vs. 466 mg for 129/Sv-ter, P =
.000001) and a higher frequency of rearing in the open field (53 rears vs.
28 for 129/Sv-ter, P = .0004), but other measures of behavior indicated
no or minor effects of the mutation. For these specific tests, absence of
the CC does not contribute to the knockout effect. [Support: Office of
Behavioral and Social Science Research at NIH, and NSERC.]

J. van der Guqten1*, J.A. Bouwknecht1, T.H. Hijzen1, B. Olivier1,2.
1Dept. of Psychopharmacol., Faculty of Pharmacy and Rudolf Magnus Institute,
Utrecht University, The Netherlands. 2Psychogenics Inc., Valhalla, NY, USA.
Activation of the 5-HT1B receptor is thought to inhibit aggression. In this study
we compared mice lacking this specific receptor (KOs) with wildtypes (WTs).
Saudou et al. (Science, 1994) described, that these KO mice were indeed more
aggressive than WTs. In this study we combined behavioral observations in a
resident-intruder paradigm with radiotelemetry: body temperature (BT), heart
rate (HR) and locomotor activity (AC) were measured in freely moving mice. In
total twenty residents were tested; one couple (1KO/1WT) per day. Intruders
were placed in the resident cage for 10 min and removed from the testroom
immediately after the test. 24 Hr after the test the effect of witnessing another
resident-intruder test was determined telemetrically. Behavior of residents was
scored in detail in three classes: exploration, social activtiy and aggression.
As described by Saudou, KOs displayed more aggression (bites). We also
found far more social activity (approach, social sniff and walk away from
intruder) and less exploration in KOs. WTs spent more time in their nest. In
contrast to behavioral differences, both BT and HR increased in WTs and KOs
towards equal values. However, BT and HR in KOs already increased prior to
testing, in response to procedural stimuli. Differences were even larger in the
witness test: WTs hardly reacted on witnessing an agonistic interaction, KOs
showed increases in BT, HR and AC. We conclude there are dissimilarities
between behavioral and physiological responses in aggression. 5-HT,B receptor
knockout mice are more aggressive and socially active towards an intruder, and
they are highly reactive to environmental stimuli.

Society

for

Neuroscience

. Volume

25, 1999

69

MONOAMINES AND BEHAVIOR: AGGRESSION AND GENETIC BASES

70

SUNDAY AM

32.17

32.18

5-HT 1A KO MICE BEHAVE AS IF TREATED WITH CHRONIC
ANTIDEPRESSANTS IN A STRESS PROTECTIVE ASSAY C. Gross. A.-C.
Trillat*. L, Santarelli, and R, Hen. Center Neurobiology & Behavior, Columbia
University, New York, NY 10032
In order to determine which 5-HT receptors are required for the antidepressant
action of chronic SSRI’s, we have developed a behavioral assay which responds to'
chronic antidepressant treatment. Mice subjected to a three week regimen of
different daily stressors show increased locomotion and rearing when tested in the
open field. Animals treated concomitantly with the SSRI fluoxetine (lOmg/kg/day,
i.p.) do not show hyperlocomotion in response to stress. In a simpler version of this
assay, we found that animals given a single restraint stress also show increased
locomotion, rearing, and anxiety when tested 16 hrs. later in the open field or
elevated plus maze. Animals given long-term treatment with fluoxetine (lOmg/kg),
paroxetine (8 mg/kg) or imipramine (20 mg/kg) like in the chronic paradigm do not
show this response to stress. These stress response assays may model the ability of
antidepressants to confer stress resilience in humans.
Interestingly, mice lacking the 5-HT 1A receptor (but not those lacking the
5HT1B receptor) fail to show stress induced hyperactivity and thus behave as if
treated with chronic antidepressants. 5-HT IA KO mice appear to mount a normal
HPA axis response to stress and they show no obvious memory deficits. We
hypothesize that the lack of 5-HT IA autoreceptor, which is known to become
desensitized following long-term treatment with antidepressants, confers on these
animals the ability to resist the effects of stress in this assay. Supported in part by a
NARSAD Independent Investigator Award and NIMH P01 MH48126-06 to R.H.,
and NIMH 15174-22 to C.G.

DECREASED AND DUAL MODULATION OF 5-HT RELEASE BY KETANSERIN
IN MICE LACKING MAO A: AN IN VIVO MICRODIALYSIS STUDY. P. Pestana1.
Y, Dahmoune1. C, Smadia1. A. Deschamps1. S, Durier1. B, Gruwez1.1, Seif2. E, De
Maever2. C. Jacauot1*. J, Shih3 and A.M. Gardier1.1Lab. Pharmacol. UPRES MENRT,
Fac. Pharmacie, Univ-Paris Sud, F92296 Chatenay-Malabry; ^NRS UMR 177,91405
Orsay, France; 3Dpt Mol. Pharmaco. Toxicol., USC-LA, CA 90033 USA.
Mice lacking monoamine oxidase A (MAOA-KO) display enhanced aggression, that
can be abolished by ketanserin, a drug that binds to 5-HT2A/2C receptors and blocks
the vesicular monoamine transporter VMAT2. MAOA-KO having elevated 5-HT and
noradrenaline brain tissue levels, enhanced aggression could be related to an increased
serotonergic or noradrenergic tone. This hypothesis was tested by studying the effects
of ketanserin (1 and 3 mg/kg, i.p.) on the extracellular 5-HT levels [5-HText] using in
vivo micrcds.f.ysis in awake, freely moving MAOA-KO mice and their C3H wild-type
controls (WT). Preliminary data indicated that basal [5-HText] in the frontal cortex (FC)
and ventral hippocampus (VHPC) of MAOA-KO mice were 5.7± 0.7 and 7.9±' 1.2
femtoM/20pl, respectively, while those of WT mice were below the detection limit of
our HPLC system (<0.5 femtoM/20pl). Thus, to enhance the detectability of 5-HT, the
5-HT transporter inhibitor citalopram 1 pM was locally perfused via the dialysis probe
for the all duration of the next studies. In the FC, ketanserin induced a dose-dependent
increase in [5-HText] in both strains of mice, the response being significantly higher in
WT than in MAOA-KO mice. In the VHPC, ketanserin induced a dose-dependent
decrease in (5-HText) in both strains of mice, the response being again significantly
higher in WT than in MAOA-KO mice. Thus, despite elevated basal [5-HText],
MAOA-KO mice exhibit a decreased modulation of 5-HT release by ketanserin, which
fits with the decrease in ketanserin binding sites by the excess of [5-HText] in MAOAKO mice as compared to WT mice (Shih JC. et al., 1999). Other adaptive changes such
as desensitization of somatodendritic 5-HTIA autoreceptors (more abundant in the
DRN) and/or terminal 5-HTIB autoreceptors, may contribute to the puzzling, strikingly
divergent effects of ketanserin on [5-HText] in the FC and VHPC. This could be related
to the fact that 5-HT projections to the FC originate in the dorsal raphe nucleus (DRN),
whereas those to the VHPC have a mixed origin in the DRN and median raphe nucleus.
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SEROTONINERGIC NEURONES, 5-HT1A AUTORECEPTORS AND 5-HT
TRANSPORTER IN MICE LACKING MONOAMINE OXYDASE A. Evrard A.1.
MalaeiB I.2*. Laporte A.M.1. Trillat A.C.2. Seif I.3. De Maever E.3. Gardier AMA
Hamon M.1 & Adrien J.“INSERM U288, Paris, 75013; 2Lab. Pharmacol. EAD
MENRT, Fac. Pharmacie U-PSUD; ’CNRS UMR 177, 91405 Orsay, France.
Genetic deficiency of Monoamine Oxydase A (MAO A, a key enzyme fcr
monoamine catabolism) induces major alterations of mood and behaviour in human.
Since serotonin (5-HT) is involved in the control of mood, we have investigated the
funct
status of serotoninergic systems in knock-out mice lacking MAO A (Tg8).
For t! p arpose, microdialysis, electrophysiological, and autoradiographic studies were
performed at the level of the nucleus raphe dorsalis (NRD) of Tg8 mice. Extracellular
5-HT levels [5-HText] within the NRD were markedly higher (+150 %) in Tg8 than in
wild-type control (C3H) mice. Concomitantly, the spontaneous firing rate of 5-HT
neurones (under chloral hydrate anaesthesia) was less in mutants (-40 %), probably
because of tonic stimulation of 5-HT1A autoreceptors by high
[5-HText].
Autoradiographic labelling of the NRD by pH]WAY 100635 as well as the inhibition
of 5-HT neuronal firing by the selective 5-HT^ agonist 8-OH-DPAT were
significantly less in Tg8 than in C3H mice, as expected of a down-regulation of
5-HT1A autoreceptors in mutants. Subchronic treatment with PCPA (250 mg/kg i.p., 2
days) to inhibit 5-HT synthesis prevented these adaptive changes, thereby suggesting
that they resulted from higher [5-HText] in Tg8 mice. Interestingly, the specific
binding of fHjcitalopram within the NRD was significantly less (-13 %) in Tg8 mice,
indicating 5-HT transporter down-regulation that might further contribute to enhance
[5-HTText] in mutants. However, 5-HT uptake was quite efficient in the latter strain,
since acute treatment with the selective inhibitor citalopram induced much larger
increase in [5-HText] (+250 %) and decrease in neuronal firing (ED50: -75%) in Tg8
than in C3H mice. These data indicate that despite high [5-HText] levels within the
NRD of knock-out mice lacking MAO A, 5-HT neurons are still tonically active,
notablv because of marked down-regulation of 5-HT,A autoreceptors.

IS IT A MAO A AND B DOUBLE KNOCK-OUT MOUSE?
K. Chen1* and J, C, Shih1.2 ’Dept. Mol. Pharmacol & Toxicol.,
School of Pharmacy and 2Dept. of Cell & Neurobiol., School of
Medicine, University of Southern California, Los Angeles, CA 90033

32.21
THE RESPONSE OF DOPAMINE-DEFICIENT MICE TO SUCROSE
AND SACCHARIN. M.D. Brot.1* M.S. Szczypka. and R.D Palmiter2.
Dept. of Orthodontics and 2Dept. of Biochemistry, HHMI, Univ. of
WA, Seattle, WA 98195.
Dopamine deficient (DA-/-) mice are unable to synthesize DA due to
genetic inactivation of the gene for tyrosine hydroxylase (TH). After
weaning, these mice become aphagic and die unless they are injected
daily with L-DOPA. This study examined the response of DA-/- mice to
caloric and non-caloric palatable solutions at time intervals when their DA
levels were very low (LO; 6 hr prior to L-DOPA injection) vs. when DA
levels were increased during the 6 hr following L-DOPA administration
(HI). Sucrose or saccharin intake was compared with water intake
during LO and HI periods of DA. A 2-bottle preference test measured
the absolute intake of each solution and its preference compared to water.
The results showed that DA-/- mice consumed equal volumes of sucrose
to that of wild-type (WT) mice during the HI period and had similar
preference ratios. However, during the LO period, DA-/- mice drank
much less sucrose and their preference ratios were reduced. The results
with saccharin were similar to those for sucrose except that during the
LO period, preference ratios for saccharin were unchanged as the
concentration increased whereas there was there was a 2-fold increase in
preference when the mice consumed sucrose. An additional group of
DA-/- mice treated with gene therapy to restore DA centrally were tested
in this study; these mice resembled WT controls. The difference between
sucrose and saccharin preference during periods of low DA may be due
to the caloric value of sucrose.
Supported by NIH grant DK35816.

Society

for

Neuroscience

, Volume

25, 1999

A hyperactive male mouse has been spotted in a monoamine oxidase
(MAO) B deficient mouse colony. This mouse demonstrated
hyperactivity by fast running in the cage and frequent climbing to the
ceiling of the cage when disturbed. This mouse was crossed with
wild-type (129Sv) or MAO B deficient females, and no hyperactive
mice were seen in the FI generation. Crossing FI hybrid females
with wild-type males resulted in two dwarf males in the F2 generation
(n=7), suggesting that the mutated gene is, like MAO A and B, Xlinked. The body weight of these two hyperactive males (one month
old) were 30% less compared with their male siblings. PCR analysis
of the tail genomic DNA has shown these drawf mice were MAO B
deficient. The observed hyperactivity and retarded growth was not
due to MAOB deficiency (Nature Genetics 17:206-210, 1997), but is
similar to the MAO A deficient mice (Science 268:1763-1766, 1995).
We are currently investigating if this spontaneous mutation is in the
MAO A gene.
(Supported by NIMH grants R01 MH370020, R37 MH39085
(MERIT Award), Research Scientist Award K05 MH00796, The
Boyd and Elsie Welin Professorship).

REPRODUCTIVE BEHAVIOR: EXPERIENCE

SUNDAY AM
33.1

33.2

SEXUAL EXPERIENCE INDUCES c-FOS EXPRESSION IN THE NUCLEUS
ACCUMBENS OF FEMALE SYRIAN HAMSTERS. K.C. Bradley* and RL
Meisel. Dept. of Psychology, Purdue Univ.; West Lafayette, IN, USA 47907.
Dopamine transmission in the nucleus accumbens can be activated by drugs,
stress, or motivated behaviors.
Repeated exposure to drugs or stress
progressively increases dopamine release in the nucleus accumbens, a
phenomenon termed sensitization. Past experiments have shown that sexual
experience can cause sensitization of extracellular dopamine in the nucleus
accumbens. This study examined the effects of sexual experience on c-Fos
expression in different subregions (shell vs. core, and rostral, middle, and'caudal
levels) of the nucleus accumbens of female hamsters. The objectives were to
determine if prior sexual experience changes c-Fos expression in the nucleus
accumbens, and if these changes can be isolated to specific subregions. One
group of female hamsters was given six weeks of sexual experience and a second
group remained sexually naive. On the 7th week, half of the sexually
experienced and sexually naive females were tested for sexual behavior by
exposing them to adult males. There was no difference between the two test
groups in the amount of lordosis expression. However, prior sexual experience
increased c-Fos labeling in the rostral and caudal, but not middle levels of the
nucleus accumbens. In addition, sexual testing increased labeling in the rostral
and caudal nucleus accumbens, and also in the core, but not the shell, of the
accumbens. These data indicate that: 1) cellular activation from sexual behavior
and prior experience is localized to specific regions, and 2) there are functional
differences not only between the shell and core of the nucleus accumbens, but
also between the rostral, middle, and caudal levels of the nucleus.
Supported by NSF grant IBN-9723876.

Sex difference and testosterone modulation of scent investigation and scent
marking behaviors in the ferret. Y-M. Chang, K.R. Kelliher, and M.J. Baum*
Dept. of Biology, Boston Univ., Boston, MA 02215
Previous research using gonadectomized ferrets (Kelliher et al., Biol. Reprod.
59:1454, 1998) showed that neural responses to conspecific pheromones (indexed by
increases in nuclear Fos protein) were enhanced by testosterone propionate (TP)
treatment and differed in the two sexes. We asked whether these neural effects of sex
and adult steroid treatment correlate with differences in ferrets’ display of scent
investigation and marking behaviors after exposure to pheromones from conspecifics?
In experiment 1 gonadectomized ferrets treated with TP or oil vehicle were tested in
cages which contained a clean block of wood on one side and on the other a block that
had been scent marked by either an estrous female or a breeding male. All subjects
preferred to investigate the soiled side (regardless of the sex of the ferret which had
marked the blocks) and did so irrespective of sex or steroid treatment. Males showed
significantly more uro-genital wiping than females on the wood blocks regardless of
whether they had been soiled, and TP-treatment enhanced this effect in both sexes. In
experiment 2 a new cohort of gonadectomized ferrets treated with TP or oil vehicle
was tested in cages which contained a wooden block previously scent marked by an
estrous female on one side and on the other a block marked by a breeding male. Oiltreated subjects showed no preference to investigate either side ofthe test cage;
however, when treated with TP, females preferred the side soiled by breeding males
whereas male subjects preferred the side soiled by estrous females. Again, males
showed significantly more uro-genital wiping than females on wood blocks
irrespective of whether they had been soiled by an estrous female or a breeding male,
and TP enhanced this effect in both sexes. The activational effect of TP treatment on
ferrets’ preference to investigate scents from opposite-sex conspecifics correlates with
previously-observed effects of TP on neuronal Fos responses to these odors. Sex
differences in scent marking behavior were not correlated with Fos responses to odors
or with ferrets’ preferences to investigate odors from the opposite sex. (Supported by
NICHD 21094 and MH 00392)

33.3

33.4

FERRETS’ PREFERENCE FOR HETEROSEXUAL CONSPECIFIC ODORS IS
ENHANCED BY COITAL EXPERIENCE. K.R. Kelliher* andM.J. Baum Department
of Biology, Boston University, Boston MA 02215.

ANALYSIS OF C-FOS ACTIVITY IN THE BRAINS OF PARENTALLY ACTING
VIRGIN MALE PRAIRIE VOLES. B.D.Rood*, J.S. Lonstein, & G.J. De Vries. Ctr.
Neuroendocrine Studies & Dept. Psych., Univ. Massachusetts, Amherst, MA 01003.
Prairie voles (Microtus ochrogaster) are a monogamous species that displays
biparental behavior after the birth of pups. Males also display parental-like behaviors
prior to sexual experience and pairbonding with females. To determine regions of the
brain that may be involved in the regulation of parental-like behavior in virgin male
prairie voles, we herein used immunocytochemical visualization of c-fos activity as a
marker of neuronal activation. Sexually and parentally inexperienced adult male
prairie voles were either handled and given no further stimulation (CONTROL) or
handled and exposed to one of three social stimuli: a familiar adult male littermate
(SIBLING), an unfamiliar gonadectomized adult male (UM), or two novel young
conspecific pups (PUPS). Subjects were exposed to the stimulus objects for 30 min,
their behavior continuously observed, and were sacrificed 60 min later. All three types
of stimuli elicited high levels of non-aggressive social behavior, though the specific
behaviors displayed differed between groups. Preliminary data suggest that SIBLING,
UM, and PUPS interactions elicited equally high levels of Fos-immunoreactivity in the
medial preoptic area (mPOA), a site important for parental behavior in numerous
species and which shows elevated c-fos activity after maternal behavior in rats,
compared with the much lower levels found in CONTROL males. These results
suggest that c-fos in the mPOA is not selectively activated by pups, but rather by
numerous types of non-sexual social stimuli, and demonstrates the necessity for
appropriate control groups when investigating potential neural responses to pups.
Further, this may indicate that parental-like behaviors in male prairie voles are
regulated differently than they are in other species. Other sites implicated in maternal
behavior including the lateral habenula, medial amygdala, and periaqueductal gray
have yet to be analyzed. (Supported by grant MH47538 to G. J.D.)

In T-Maze tests, sexually experienced, gonadectomized, estradiol-primed male and female
ferrets preferred to approach opposite sex ferrets which were in breeding condition and
kept behind a wire mesh barrier (Kindon et al. Horm Behav 30: 514,1996). We used
a Y-Maze to ask whether male- and female-typical sexual partner preference profiles can
be established in response to heterosexual conspecific odors alone, or whether visual and
auditory cues are also required? We also asked whether coital experience enhanced odor
preference to equivalent degrees in males and females. Prepubertal male and female
ferrets were gonadectomized and treated with either 5mg/kg testosterone propionate (TP)
(males) or 15 pg/kg estradiol benzoate (EB) (females) for 3 weeks prior to testing. The
Y-maze was connected so that odors from 2 goal boxes, containing either a breeding male
or estrous female (either awake or anaesthetized) were drawn into a start box.
Gonadectomized, EB-treated females preferred to approach a stud male either when
olfactory, visual and auditory distal cues were provided or when only odor cues where
given. This preference was significantly enhanced after females were allowed multiple
intromissions with different stud males. Sexually naive, gonadectomized, TP-treated male
ferrets showed either a low (odor cues alone) or no preference (all distal cues) for an
estrous female. After male subjects were allowed an intromission with an estrous female,
their preference for the estrous odor was significantly enhanced. Our results show that
volatile olfactory cues from heterosexual conspecifics are preferred even by sexually naive
male and female ferrets and that coital experience increases this preference in both sexes.
(Supported by NICHD 21094 and NIMH 00392)

33.5

33.6

FOS EXPRESSION IN THE SDN-POA IS FACILITATED IN FEMALES
ALLOWED TO PACE THEIR COPULATORY BEHAVIOR Y.-W, Chung, J. Fang
and L.G, Clemens*. Dept. of Zoology and Neuroscience Program, Michigan State
Univ., East Lansing, MI 48824.
In this experiment we compared the effect of two sexual behavior test
paradigms on FOS expression in the female rat. Females were given various
amounts of sexual stimulation ranging from no stimulation to four ejaculations
under female-paced (FP) or male-paced (MP) testing situations. In the FP test the
female had the opportunity to control the ‘pace’ of the sexual contacts. In the MP
test, the female had no opportunity to escape from the male, therefore, had no
control of the timing of copulatory behavior. Females were sacrificed one hour
after the start of the test, and their brains were processed for FOS and tyrosine
hydroxylase (TH) immunohistochemistry. Copulation increased the number of
TH- and FOS/TH-immunoreactive cells in the A13 but not in the All region.
Copulation also increased FOS immunoreactivity in the medial preoptic nucleus
and ventral hypothalamic nucleus. Increases in FOS or FOS/TH
immunoreactivity occurred after less sexual stimulation in FP females than in MP
females. A striking difference was seen in FOS immunoreactivity in the sexual
dimorphic nucleus of the preoptic area (SDN-POA) between FP and MP females
following one ejaculatory series. At this time a dense core of FOSimmunoreactive cells in the SDN-POA was visible in the FP group but not in MP
group. Female-paced sexual behavior appeared to maximize the induction of
neuronal activity in the SDN-POA, medial preoptic nucleus, ventromedial
hypothalamic nucleus and A13 dopaminergic neurons with less sexual
stimulation than male-paced sexual behavior. This research was supported by
NSF grant IBN-9728883.

MEDIAL PREOPTIC AREA KINDLING FACILITATES MASCULINE
SEXUAL BEHAVIOR IN FEMALE RATS BUT DOES NOT MODIFY
FOS EXPRESSION IN THE VOMERONASAL PROJECTION
PATHWAY. W. Portillo, E, Dominguez, A. Hurtazo and R.G Paredes*.
Centro de Neurobiologia, UNAM, Queretaro, Mexico.
Kindling is a model in which an initially subconvulsive electrical
stimulation of certain brain areas eventually develops a generalized seizure.
This model produces long-term neuronal changes that modify brain function.
We have previously shown that medial preoptic area kindling (MPOA)
facilitates the expression of male coital behavior in ovarioectomized female
rats treated with low doses of testosterone propionate (TP). Smce the
vomeronasal projection pathway is crucial for the processing of sexually
relevant chemosensory cues we asked if MPOA kindling modifies FOS
expression in this pathway. Ovarioectomized female rats were implanted with
a bipolar electrode aimed to either the MPOA or the amygdala (AMG). They
were stimulated twice daily until kindling was developed. Once kindling was
established subjects were treated with TP (2.5 mg/kg) for 5 consecutive days
and exposed either to clean or estrous bedding before their brains were
processed for FOS. No differences were found in the number of
inmunoreactive cells in any of the areas along the vomeronasal circuit
including the accessory olfactory bulb, the accumbens, the anterior and
posterior AMG, the bed nucleus of the stria terminalis and the MPOA. These
results indicate that although kindling of the MPOA facilitates the expression
of male coital behavior in female rats it does not modifies the processing of
sexually relevant chemosensory cues as evaluated by FOS expression.
Supported by CONACYT (28039N).
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CELLS GENERATED IN ADULTHOOD ARE ACTIVATED DURING
SEXUAL BEHAVIOR IN MALE GOLDEN HAMSTERS L. Huang, J. M.
LAWRENCE IV, and E. L. Bittman*. Center for Neuroendocrine Studies,
Program in Neuroscience and Behavior, and Department of Biology,
University of Massachusetts, Amherst, MA 01003.
In adult mammals, new cells generated in the subependymal zone of
the lateral ventricle migrate to the olfactory bulb, where they differentiate
into interneurons. So far, there is no evidence that these newly generated
cells are functional. We have found that androgen regulates the incorporation of new cells in limbic forebrain in this species, in which both the main
olfactory and vomeronasal systems are critical to male sexual behavior. To
investigate whether these new cells might participate in processing of
behaviorally relevant cues, we injected two month-old male golden
hamsters with the cell birth marker bromodeoxyuridine (BrdU, 50 mg/kg
b.w., 3 times over a course of a week). Animals copulated with estrous
females for 30 min before perfusion, 10 days, 3 weeks, or 7 weeks after the
first BrdU injection. Colocalization of Fos-ir and BrdU-ir was accomplished using confocal microscopy with fluorescent second antibodies;
In animals receiving BrdU injections 10 days before perfusion, most
of BrdU-ir cells were found in the subependymal zone of the bulbs, and
did not overlap with Fos-ir cells. 3 weeks after BrdU injection, about half
of the BrdU-labeled cells were still in the subependymal zone, while the
remainder were distributed in different layers of the bulbs. A few of these
new cells were Fos-ir, indicating cells generated in the adulthood
differentiated and became functional in 3 weeks. In the 7 week group,
most of the BrdU labeled cells were distributed in the granule layers of the
bulb and about 5% of these cells were also Fos-ir. The results indicate that
cells generated in the adult male hamster are activated during sexual
behavior. It remains to be determined whether BrdU-ir cells in other limbic
areas are also activated, and whether activation is specific to sexual cues.
Supported by NSF IBN-9817252 and NINDS 1F32 NS 10691-01.

COLOCALIZATION OF FOS AND ESTROGEN RECEPTOR-a IN THE
NEURONS OF LACTATING RATS. J.S. Lonstein1*, B. Greco1, G.J. De Vries1. J.M.
Stem2, & J.D. Blaustein1. ‘Center for Neuroendocrine Studies, Univ. Massachusetts,
Amherst, MA 01003; Department ofPsychology, Rutgers Univ., New Brunswick, NJ
08903.
Neural sites critical for maternal behaviors in female rats include areas of the brain
that show elevated c-fos activity when females act maternally (e.g., medial preoptic
area (mPOA), lateral habenula, lateral septum, bed nucleus of the stria terminalis,
medial amygdala, periaqueductal gray). These sites also contain estrogen receptors
(ER), and neurons within these sites may be influenced by estrogen receptor activity
(either ligand-dependent or ligand-independent) for the onset and/or maintenance of
maternal behavior. We used double immunofluorescence to colocalize Fos protein
with the a form of the ER in neurons of lactating rats after the performance of
maternal behavior. Dams were separated from pups for 48 hr beginning on day 5
postpartum (PP). On day 7 PP, dams were reunited with pups for 60 min and motherlitter interactions continuously observed. Dams interacting with pups were highly
maternal and were observed to retrieve and lick them as well as nurse them for
prolonged periods. Control dams received no pup stimulation, were mostly inactive,
and had little Fos in most brain areas. In the mPOA of pup-stimulated dams,
preliminary data suggest that 40%-60% of Fos-immunoreactive neurons are also ERa-immunoreactive, as are 30-45% in the lateral habenula. The results demonstrate the
presence of estradiol receptor-containing neurons in some brain regions which are
also responsive to sensory stimulation fiom pups. The other sites noted above will also
be analyzed. (Supportedby grants MH01321, MH56187 and NS19327 to J.D.B.)

33.9

33.10

INDUCTION OF FOS FOLLOWING OPIOID AGONIST
INJECTIONS INTO THE LATERAL VENTRICLES OF
HORMONE-TREATED FEMALE RATS. M. R. Taube,* and J. G.

SEXUAL EXPERIENCE DIMINISHES THE INHIBITORY
EFFECT OF PENILE ANESTHESIA, CASTRATION, AND 8OH-DPAT ON SEXUAL BEHAVIOR IN THE MALE RAT J.G.
Pfaus*, S. Centeno, and C.B. Coppersmith. CSBN, Department of
Psychology, Concordia University, Montreal, QC, CANADA.

Pfaus. CSBN, Department of Psychology, Concordia University,
Montreal, QC-, H3G 1M8, Canada
Infusions of selective 5- or k - opioid receptor agonists into the lateral
ventricle facilitates lordosis and preceptive behaviour in female rats,
whereas infusion of a selective p-opiate receptor agonist inhibits these
behaviours. We have recently found that infusions of these opioid
receptor agonists into the lateral ventricle of female rats primed with
estrogen and progesterone activated Fos protein in brain regions relevant
to female sexual behaviour. We extended our investigation to study Fos
induction in females primed with estrogen alone or oil. Ovariectomized,
sexually experienced Long Evans rats were implanted stereotaxically
with cannula aimed at the right lateral ventricle. Females were infused
with a p-receptor agonist (DAMGO), 8-receptor agonist (DPDPE), k receptor agonist (U50-488), or saline. All drugs enhanced Fosimmunoreactivity (ir) in the anterior medial preoptic area, lateral
ventromedial hypothalamus, and the ventral premammillary nucleus.
Fos-ir was induced in the lateral, anterior dorsal and posterior preoptic
area, paraventricular nucleus and the septohypothalamic nucleus to a
large extent by DAMGO and to a smaller extent by DPDPE and U50488. DPDPE and U50-488 enhanced Fos-ir in the medial amygdala. The
differential induction of Fos may have important implications for opioid
control of female sexual behaviour.

We have shown previously that sexually naive male rats are
susceptible to the disruptive effect of novelty on copulation, whereas sexually
experienced males are not. The present study investigated whether a similar
"buffering" effect of sexual experience exists for other inhibitory influences.
Sexually experienced or naive male Long-Evans rats were given access to
sexually receptive females following either penile anesthesia (5 % lidocaine
or 4% prilocaine), castration followed by maintenance with 5adihydrotestosterone (DHT), or the 5-HTla agonist, 8-OH-DPAT. Males
given ten 30-min multiejaculatory trials with sexually receptive females at 4day intervals prior to penile anesthesia showed normal patterns of mounts,
intromissions, and ejaculations. Males with sexual experience prior to
castration maintained their ability to mount, intromit, and ejaculate over the
course of 96 days with DHT (compared to saline treatment). Sexually
experienced males treated with 8-OH-DPAT were able to mount, intromit,
and ejaculate. In contrast, none of the sexually naive males copulated
following either penile anesthesia (compared to unanesthetized controls),
castration with or without DHT replacement, or 8-OH-DPAT (compared to
saline treatment). These data indicate that copulatory experience provides a
powerful disinhibitory influence on sexual behavior. Supported by a grant

Supported by NSERC of Canada grant (OGP-0138878) to JGP.

from the MRC of Canada (MT-13125) to JGP.

33.11

33.12

ANALYSIS OF SEXUAL BEHAVIORS ASSOCIATED WITH
FOS INDUCTION IN TYROSINE HYDROXYLASE NEURONS
OF THE MALE RAT VENTRAL TEGMENTAL AREA.
S. Centeno* and J.G. Pfaus. CSBN, Department of Psychology,
Concordia University, Montreal, QC H3G 1M8 CANADA.

CHANGES IN C-FOS EXPRESSION FOLLOWING MATING IN MALE AND
FEMALE RABBIT BRAINS. A. Reyna-Neyra1,1. Camacho-Arroyo1, M.A Cerbdn1,
C. Guerra- Araiza1 and G. Gonzalez-Mariscal*2. ‘Facultad de Quimica, UNAM;
2Centro de Investigation en Reproductidn Animal, CINVESTAV-UAT, Mexico
Mating in rabbits consists of a brief period (around 5 sec) which involves mounting
and ejaculation after a single intromission. Despite its short duration, mating triggers
specific behavioral and endocrine changes in the sexually receptive female, notably;
reduction of scent-marking frequency and ambulation in an open field and release of
GnRH and LH, which trigger ovulation. Following mating male rabbits also show a
reduction in scent-marking frequency (though not in ambulation) but accompanying
neuroendocrine changes are incompletely understood in this sex. Recently we
observed an increase in the number of FOS protein-immunoreactive neurons in specific
forebrain areas at 90 min post-mating in both sexes. However, an increase in the
percentage of neurons that co-expressed FOS and GnRH occurred only in females. To
investigate how early mating can modify neuronal activity and to assess if this occurs
in both sexes we quantified the expression of the c-fos gene in the hypothalamus,
hippocampus and cortex of mated and unmated male and female rabbits immediately
after copulation and 60 min later. mRNA was isolated and the signal amplified by the
RT-PCR method, using specific oligonucleotides from rat c-fos. The expression of the
enzyme glyceraldehyde-3-phosphate-dehydrogenase was used as gene expression
control. PCR products were quantified by densitometry of Southern blots. Mating
triggered an immediate two- to four-fold increase in c-fos expression in the
hypothalamus and cortex of both sexes. This effect was not apparent 60 min later in
the hypothalamus and was reduced in the cortex of males and females. In contrast, the
expression of c-fos in the hippocampus increased four-fold immediately after mating
and remained elevated (two-fold) at 60 min only in females. These results show that
mating provokes in male and female rabbits an immediate stimulation of neuronal
activity in several brain regions and suggest the possibility that this effect is related
with the behavioral and neuroendocrine changes that occur after copulation.

Double immunocytochemistry was used to colocalize Fos and TH in
the VTA of intact male rats after sexual interaction with receptive females.
In a previous study, intact male rats were allowed either to copulate to two
ejaculations or to only mount or intromit a total of 7 times with a
receptive female. A significant increase in the number of colabelled FosTH IR cells was found in the posterior VTA of rats that copulated to two
ejaculations compared to rats that only mounted or intromitted. The
present study investigated this increase further by examining the effects of
a single ejaculation with or without a post-ejaculatory interval (PEI), or
following intromissions during the second ejaculatory series. Intact,
sexually experienced male rats were allowed to copulate to one
ejaculation, copulate to the first intromission in the secondary ejaculatory
series, or copulate to 7 intromissions in the secondary ejaculatory series.
In the posterior VTA, the mean number of colabelled Fos-TH IR cells was
significantly higher among males that were allowed to copulate to the first
intromission of the second ejaculatory series compared to those allowed to
copulate to only one ejaculation. Additional findings examining the effects
of intromissions in the second ejaculatory series on the expression of Fos
in TH-IR cells in the VTA are currently being examined. Supported by a

grant from the Medical Research Council of Canada (MT-13125) to JGP.
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Approach Behavior Between Male and Female Rats
Can Reflect Affiliative As Well As Sexual Motivation
T. James Matthews, Andrea M. Rocca, Robyn A. Filipink,
Ursula Staubli*, Lee Min-Kow & Donald W. Pfaff
New York University & Rockefeller University
Previous experiments have shown that ovariectomized (OVX) females would
learn a nose-poke response to earn a 45-sec access to a male whether they were given
estrogen replacement, or not. The unexpected persistence of OVX females’ responding
for access to the male does not fit the literature showing that sexual motivation is
controlled by estrogen. We hypothesize, therefore, that the females without estrogen
(E) were attaining a reward that is based on social contact. To further explore the
possible role of social contact, we tested both females and males trained to perform the
nose-poke response for access to both female and male targets. The conditions were the
following: OVX females pressing for OVX females, E females pressing for E females,
E females pressing for OVX females, males pressing for OVX females and males
pressing for E females.
Results show that females will respond as fast for access to female targets as
they do for male targets. This result is stable whether the females are in E or OVX as
subjects or targets. Males learned to perform a nose-poke response and sustained
responding over several sessions for access to unreceptive OVX female targets. In
subsequent testing they responded at comparable though initially lower rates for
receptive E females with whom they copulated during access. These results indicate
that while estrogen is known to control simple sexual behaviors and specific sexual
preferences in female rats, the tendency to approach conspecifics seems to be general to
rats of both sexes and independent of estrogen levels in the female. Thus, our assay
appears to open the possibility that reproductive contact in rats is assured by generic
social as well as specific sexual motivations.
Supported by HD-05751.

THE EXPRESSION OF ORGANIZATIONAL DIFFERENCES IN ANDROGENDEPENDENT PARTNER PREFERENCE REQUIRES SEXUAL EXPERIENCE
IN FEMALE RATS EXPOSED TO ANDROGEN PERINATALLY. R. A.
Gorski.1* B. W. Balleine.2 and J. C. Woodson2. ’Dept. of Neurobiology and 2Dept.
of Psychology, University of California, Los Angeles, Los Angeles, CA, 90095.
Experiments using female Long-Evans rats examined an interaction between
organizational exposure to testosterone propionate (TP) perinatally, circulating
testosterone (T), and sexual experience on the amount of time spent near an estrous
female or male rat kept behind a wire screen in a 3-chambered “partner preference”
box. Following ovariectomy and implantation with a single, 30-mm silicon capsule
of T, four experimental groups of adult, perinatally androgen-exposed females
(receiving TP 2 mg/kg into the dam prenatally on gestational day 18, 150 pg TP
postnatally on day 4, both treatments, or oil vehicle), were tested first while
sexually naive, and then again following 3 weekly, 20-min sexual encounters with
estrous females. In both preference tests, all groups spent significantly more time
near the female than the male. No between-group differences in time near the
female were observed at all in the sexually naive tests. Following sexual
experience, however, the preference measure interacted strongly with the pre- and
postnatal treatments and was positively correlated with the male-typical sexual
ability of the groups. Volumetric analyses of the Sexually Dimorphic Nucleus of the
Preoptic Area (SDN-POA) are being conducted to determine if organizational
alterations in the SDN-POA correlate with the observed differences in behavior.
This research was supported by NIH Grant #HD07228-19 to R.A.G. and NIH Grant
#MH 56446 to B.W.B.

33.15

33.16

DIFFERENTIAL RESPONSIVENESS TO OVARIAN HORMONES IN
PERINATALLY ANDROGEN-EXPOSED FEMALE RATS IS NOT
DEPENDENT ON DIM LIGHTING CONDITIONS DURING TESTING. J, C.
Woodson*. Dept. of Psychology, University of California, Los Angeles, Los
Angeles, CA, 90095.
Four experimental groups of perinatally androgen-exposed female Long-Evans rats
(receiving testosterone propionate (TP) 2 mg/kg to the dam prenatally on gestational
day 18, 150 pg TP postnatally on day 4, both treatments, or oil vehicle), were
ovariectomized as adults, primed with estradiol benzoate (EB; 2 pig x 3 days) and
progesterone (P; 500 pg 4 hr prior), and were given two female-typical sexual
experience sessions first in traditional, dim red light conditions, and one week later
in bright white lighting conditions. All rats had previously participated in tests of
male-typical sexual behavior with circulating testosterone (T) from capsules that
were removed 3 weeks before EB & P administration. Tests were conducted from 2
to 6 hours into a reversed 14/10 light/dark cycle. In both sexual behavior tests,
prenatally TP-exposed and control females displayed significantly higher levels of
receptive and proceptive behaviors than postnatally and pre- and postnatally TPexposed females, who exhibited significantly higher levels of active resistance in
response to mounts and mount attempts by males. Bright light illumination did not
attenuate these sexual behaviors to a significant degree for any test group nor for the
stimulus males. Additionally, volumetric analyses of the Sexually Dimorphic
Nucleus of the Preoptic Area (SDN-POA) are being conducted to determine if
organizational alterations in the SDN-POA correlate with the observed divergence in
behavioral responsiveness to ovarian hormones in adulthood. Supported by NIH
Grant #HD07228-19.

IMPAIRED ACQUISITION OF SEXUAL PROFICIENCY BY MALE RATS
EXPOSED PERINATALLY TO SUPRA-PHYSIOLOGICAL LEVELS OF
TESOSTERONE MAY REFLECT DEFICITS IN INSTRUMENTAL
LEARNING.
B. W. Balleine, N. J. Woolf,* and J. C. Woodson. Dept. of Psychology,
University of California, Los Angeles, Los Angeles, CA, 90095.
Intact male rats over-exposed to testosterone propionate (TP) perinatally
display reduced male-typical sexual behavior in adulthood. We compared the
acquisition of sexual proficiency in male rats that had been differentially exposed
to TP prenatally via subcutaneous injection of TP 2 mg/kg or oil vehicle into the
dam on gestational day 18. Following 6, 20-min weekly sexual encounters with
estrous females, the groups of rats were trained to lever press for food pellets
using a FI 20 s schedule of reinforcement from the outset. This procedure has
previously been shown to be highly sensitive to treatments affecting the rate of
acquisition of lever pressing and provides a number of measures that help to
dissociate deficits in learning from those induced by motoric impairment. Using
this instrumental task, we found that males exposed to TP prenatally acquired
lever pressing at a significantly slower rate but that this deficit was limited to the
first four FI periods. This effect is consistent with an attentional deficit, perhaps
related to an impairment in working memory. Furthermore, a deficit in the initial
acquisition of action-outcome relationships may contribute to delays in the
development of copulatory proficiency in these rats. Volumetric analyses of the
Sexually Dimorphic Nucleus of the Preoptic Area (SDN-POA) are being
conducted to determine if structural alterations in the SDN-POA correlate with
the observed differences in behavior. Supported by NIH Grant # MH 56446 and
NIH Grant #HD07228-19.

33.17

33.18
SEQUENTIAL ROLE OF ESTRADIOL AND THE PREOVULATORY
GnRH SECRETION FOR THE FULL EXPRESSION OF ESTROUS
BEHAVIOR IN THE EWE. A Caraty1 *, B. Delaleu1, D. Chesneau',

CONDITIONED SEXUAL INHIBITION IN THE MALE RAT:
EFFECTS OF ALCOHOL. T. E. Kippin*. M. Deraveh,

V, Sotiropoulos. & J, G. Pfaus. CSBN-Dept. of Psych. Concordia Univ.,
Montreal, QC. Canada H3G 1M8.
Male rats must leam to inhibit their sexual behavior toward sexually
nonreceptive females, an effect that can be disrupted by 0.5 g, but not
1.0 g, of alcohol. In the present study, we examine the ability of an
artificial stimulus (almond odor) to serve as a conditioned stimulus (CS)
to produce conditioned sexual inhibition and whether alcohol could
disrupt this effect. Males were trained to copulate with unscented
receptive females and to not copulate with almond-scented nonreceptive
females. Subsequently, during a simultaneous copulation test with one
scented and one unscented receptive female, significantly more of the
conditioned males failed to copulate than those in a control group and,
of the conditioned males that did copulate, they mounted, intromitted,
and ejaculated significantly less times with the scented female than with
the unscented one. Another group of males received the same training
but they also received an injection of 0.0, 0.5, or 1.0 g of alcohol 45 min
prior to the simultaneous copulation test. Only the males that received
0.0 and 0.5 g of alcohol displayed conditioned inhibition of copulation
toward the scented female (as evidenced by biassing intromissions and
ejaculations toward the unscented female), where as the males receiving
1.0 g of alcohol mounted, intromitted, and ejaculated at approximately
equal frequency with both females. These results demonstrate that a
neutral order can serve as a CS for conditioned sexual inhibition and that
this effect can be disrupted by alcohol. Supported by NSERC of Canada
(OGP-0138878) to JGP.
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R. Deghenghi and C. Fabre-Nys . Neuroendocrinology sexuelle, PRMDINRA, 37380 Nouzilly, France; Europeptides, 95108 Argenteuil, France.
Preovulatory GnRH secretion in ewes, starts at the time of the LH surge,
approximately 4 hours after the onset of estrous behavior, and lasts for as long
as receptivity (36 to 48h?), that is much longer than the LH surge. This suggests
that the prolonged GnRH secretion was involved in the maintenance of
receptive behavior, relaying the initial triggering effect of estradiol.
To test this hypothesis we designed 2 experiments in which
ovariectomized ewes in induced estrous (12 days progesterone followed by
2x3cm estradiol silastic implants;E2) were treated with a water soluble GnRH
antagonist (Antarelix, 0.5mg/ml, flow rate 3pl/min ) intracerebroventricularly
for 20 hours either after E2 treatment was stopped (exp. 1: E2 lasting for 24h) or
while E2 was still present (exp.2: E2 lasting for 48h). Blood samples were
collected by venipuncture every 2 h and receptivity was quantified (Receptivity
index, RI) every 4h using a standardized procedure. In both experiments, E2
treatment induced an LH surge 12-20 h post E2 and a high level of receptivity
24h post E2 (RI 80 to 100%). In exp.l, GnRH antagonist infusion was followed
by a significant reduction of receptivity 36 to 48h post E2 compared to vehicle
infusion (RI for GnRH antagonist and vehicle treated animals (n=10) were
respectively 37.6±8.4 vs 85.1±6.1 and 31.3±5.8 vs 73.7±9.5 at 40 and 44h post
E2, P<0.005 for both, Wilcoxon test). By contrast, receptivity was not affected
by GnRH antagonist infusion in exp.2, in which E2 was still present during
infusion.
Our results demonstrate that in the ewe, the sustained preovulatory
GnRH secretion is necessary to prolong estradiol-induced estrous behavior
after that the steroid have been clear up from the peripheral circulation. This
suggests that estradiol and GnRH act partly through separate mechanisms.
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COURTHSIP IN A SEXUALLY POLYMORPHIC FISH: THE ROLE OF
VASOTOCIN AND GONADAL STEROIDS. A.A. George1. K.K. Watkins1.
L.A, Carneiro2, R.F. Oliveira2, and M.S, Grober1*. 1Life Sciences, Arizona
State University West, Phoenix , AZ, 85069 & 2lnstituto Superior de
Psicologia Aplicada, Rua Jardim do Tabaco 44,1100 Lisboa, Portugal.
Some populations of peacock blennies, Salaria pavo, show a
peculiar set of reproductive characters including: i) sex role reversal:
females compete for access to males and then court them; ii) alternative
male reproductive tactics: nest-holder and usneakeru males. Sneakers lack
male secondary sexual characteristics and adopt pseudofemale behavior to
achieve parasitic fertilizations. In non-mammals, arginine vasotocin (AVT) is
a key hypothalamic peptide involved in the control of reproductive behavior
and physiology. Immunocytochemical and in situ hybridization studies
showed that the number of AVT-immunoreactive cells and mRNA
expression per cell differed among the sexual phenotypes. The two
'courting' sexes, females and sneaker males, show a higher level of AVT
mRNA expression than nest holding males. Nest-holding males and
sneakers have more AVT-immunoreactive cells than females and juveniles,
indicating a robust sexual dimorphism between adult males and females.
To examine the role of androgens in mediating male sexual polymorphism,
sneaker males were implanted with 11-ketotestosterone (KT, a potent
androgen), or cholesterol as a control. KT-implanted sneaker males
displayed less female-,ike courtship behavior toward nest-holding males,
and adopted the female nuptial coloration less frequently than fish with
control implants. KT implants also induced the development of pheromone
producing anal glands and testicular glands, which are characteristic of
nest-holder males. Supported by NSF (IBN-9723817 to MSG and REU to
MSG/AAG) and FCT (PBIC/C/ MAR/2228/95 to RFO).

HORMONAL AND NEURONAL RESPONSE TO ESTRADIOL
ADMINISTRATION IN AD LIB FED AND FOOD RESTRICTED LACTATING

RATS. A.Abizaid . & B.Woodside, Dept. of Psychology, Center for Behavioral
Neurobioiogy, Concordia University, Montreal, PQ, Canada.
In rats, lactation is accompanied by a period of infertility that is prolonged by
food restriction. This suppression of reproductive function is reflected in low levels of
circulating luteinizing hormone (LH) that are thought to result from the suppression of
hypothalamic gonadotropin-releasing hormone (GnRH). To determine whether this
suppression was accompanied by an insensitivity to the stimulating effects of estradiol
(EB) we compared the ability of exogenous EB administration to induce immediate early
genes and increase LH levels among female rats in different reproductive and nutritional
states. Patterns of Fos-like (Fos-lir) and egrl-like (Egr-1-lir) immunoreactivity within
the periventricular preoptic area (pePOA) and the LH levels of animals were compared
among the following groups: 1) Non-lactating Ovariectomized (ovx) rats + oil; 2) nonlactating ovx + EB; 3) Ad lib fed lactating rats + EB; and 4) food restricted lactating
rats(50% of ad lib intake during the first two weeks of lactation) +EB. Animals were
equipped with a jugular cannulae 48 hours before blood collection and sacrifice. The
hormone treatment consisted of a priming (1 gg) dose of EB after cannulation, followed
by a bolus dose (250pg) at 9:00 the following morning. 24 h later, on the day of the
expected surge, blood samples were collected and frozen until assayed for LH. After
sampling animals were sacrificed and brains processed for Fos-lir and Egr-1-lir using
polyclonal antibodies. There was more Fos-lir and egr-1-lir in the pePOA of EB-treated
ovx animals than in the pePOA of ovx + oil and EB-treated lactating animals regardless
of diet regime. Animals in the Ovex + EB group showed the expected surge in LH
levels but lactating rats did not. These results suggest that lactating rats are less
sensitive to some of the stimulatory effects of estrogen than ovex-nonlactating females.
Supported by grants from the Medical Research Council of Canada.

STRESS: MONOAMINES

34.1

34.2

STRESS + CRF INHIBIT 5-HT IN CENTRAL AMYGDALA

SYNERGISM OF CRF + AVP INHIBIT 5-HT IN Ce AMYGDALA

Patrick J. Ronan* Christopher A. Lowry, Philip L. Johnson
Kenneth J. Renner and Cliff H. Summers Department of Biology
and Neuroscience Group, Univ of South Dakota, Vermillion, SD
57069 Univ of Bristol, Dept. of Medicine, Bristol BS2 8HW, UK
Coordination of neural and endocrine responses to stressful stimuli
has been attributed to both CRF and serotonergic systems. The central
amygdala (CeA) produces CRF and is reciprocally innervated with
hippocampus, BNST and raphe. Therefore it may be a important site
for integrating central neural stress responsiveness. These experiments
were designed to ascertain the relationship between CRF, serotonin
(5-HT) and prior restraint stress, using in vivo microdialysis in freely
moving rats. Serotonergic overflow was collected from CeA using a
concentric dialysis probe with a 2 mm exchange surface length, and
measured by HPLC. Rats were either restrained for 1 h, 24 h prior to
icv CRF injection and microdialysis, or were not restrained. Injection
of 3.0 or 10.0 pg rat/human CRF alone does not affect 5-HT during a
240 minute sampling period. With prior restraint stress, CRF (10.0
pg) significantly inhibits 5-HT release. These data suggest that
intra-amygdalar CRF modulates serotonergic mediation of stress
responsiveness; and that prior stress affects the mechanisms of stress
adaptation modifying future responses to stressful stimuli.
Supported by NSF grant OSR-9452854; Nelson Research Fellowship.

Aaron Prestbo* Patrick J. Ronan, Christopher A. Lowry, Philip L.
Johnson, Kenneth J. Renner and Cliff H. Summers Department of
Biology and Neuroscience Group, Univ of South Dakota, Vermillion,
SD 57069 Univ of Bristol, Dept. of Medicine, Bristol BS2 8HW, UK
Although CRF alone does not change serotonergic activity in central
amygdala (CeA), following stress it has an inhibitory effect. These
experiments were designed to discover any cooperative effect between
CRF and AVP during coordination of neural and endocrine responses
to stressful stimuli by CeA. Specifically, these experiments examine
serotonin (5-HT) release stimulated by AVP or AVP + CRF,
following restraint stress, and using in vivo microdialysis in freely
moving rats. Serotonergic overflow was collected from CeA using a
concentric dialysis probe with a 2 mm exchange surface length, and
measured by HPLC. Rats were either restrained for 1 h, 24 h prior to
icv peptide injection and microdialysis, or were not restrained. Neither
injection of 3.0 or 10.0 pg AVP or CRF alone affects 5-HT during a
240 minute sampling period. One day after restraint stress, 5-HT
release is significantly inhibited by CRF (10.0 pg), and inhibited in the
absence of restraint with the addition of AVP. These data suggest that
AVP modifies intra-amygdalar CRF activity, especially with respect to
serotonergic mediation of stress responsiveness.
Supported by NSF grant OSR-9452854; Nelson Research Fellowship.

34.3

34.4
CELERITY OF STRESS RESPONSE DETERMINES
DOMINANT SOCIAL STATUS

Cliff H. Summers* Tangi R. Summers, Wayne Korzan, and
Patrick J. Ronan Department of Biology and Neuroscience Group,
University of South Dakota, Vermillion, SD 57069
Dominant and subordinate males respond differently to the stress of
social interaction. After an hour of social interaction, subordinate
males have elevated serotonergic activity in hippocampus, but
dominant males do not. In other species, and using other stressors, the
activation of hippocampal serotonergic activity is much more rapid
than one hour. To elucidate early stress responsiveness, adult male A.
carolinensis were divided into 4 groups: Isolated controls, and pairs of
males sampled after 10,20 or 40 minutes of aggressive interaction.
There were 9 dominate and 9 subordinate males for each sampling
time, plus 9 isolated anoles. After acclimation to the cage and removal
of an opaque divider, social interaction beteween pairs ensued.
Development of dominant-subordinate relationships was determined
by behavior, and the celerity of eyespot darkening. Hippocampal
serotonergic activity was elevated rapidly in both dominant and
subordinate males. That is, serotonergic activity is enhanced equally
in both social groups by 10 minutes, and remains elevated through 40
minutes. By an hour, however, dominant males have serotonergic
activity that returns to normal. Diminution of 5-HT stress responses is
important for social status. Supported by NSF grant OSR-9452894.
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SUBREGIONAL ANALYSIS OF THE EFFECTS OF CORTICOTROPINRELEASING FACTOR (CRF) ON SEROTONIN TRANSPORTER mRNA
EXPRESSION WITHIN MESOSTRIATAL AND MESOLIMBOCORTICAL
SEROTONERGIC SYSTEMS. D. Hirsch, C.A. Lowry, A. Plant, and S.L.
Lightman*, University of Bristol, Division of Medicine, University of Bristol,
Bristol BS2 8HW, U.K.
Studies of patients with major depression have revealed elevated cerebrospinal
fluid concentrations of corticotropin-releasing factor (CRF) concurrent with
reductions in serotonin transporter binding in vivo and in post-mortem brain tissue
from depressed patients versus healthy control subjects. To investigate potential
direct interactions between CRF and foe serotonin transporter, we investigated foe
effects of intracerebroventricular infusions of ovine CRF (oCRF, 0, 0.063,0.63,
2.52, and 6.3 pg) on serotonin transporter mRNA expression 6 h after drug
treatment, using in situ hybridisation histochemistry. Due to foe possibility that CRF
could act on subpopulations of serotonergic neurones, we studied multiple transverse
levels of subdivisions of foe dorsal raphe nucleus, as well as foe median raphe
nucleus, supralemniscal nucleus (B9), pontine mesencephalic reticular formation,
caudal linear nucleus, and interpeduncular nucleus. We found that consistent with
previous studies serotonin transporter mRNA expression varied dramatically at
different rostrocaudal levels of each region. This feature of serotonin transporter
mRNA expression necessitated careful identification of neuroanatomically
equivalent levels from all experimental subjects, for which a detailed stereotaxic
map was prepared. We observed no effect of CRF at any dose on serotonin
transporter mRNA expression at any level of any region studied (from Bregma -8.42
to Bregma-6.90). We are currently investigating the possibility that CRF may alter
serotonin transporter mRNA expression in foe dorsomedial hypothalamic nucleus—
a region in which recent studies suggest that serotonin transporter mRNA expression
is decreased by exposure to acute stress [Hoffman et al., 1998, Frontiers in
Neuroendocrinology, 19, 187-231], This research was funded by The Wellcome
Trust, Project Grant 045843/Z/95/Z.
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CORTICOTROPIN-RELEASING FACTOR (CRF) INCREASES IN VITRO
FIRING RATES OF SEROTONERGIC NEURONES IN THE RAT DORSAL
RAPHE NUCLEUS: EVIDENCE FOR SELECTIVE ACTIVATION OF A
TOPOGRAPHICALLY ORGANISED MESOLIMBOCORTICAL
SEROTONERGIC SYSTEM. C.A. Lowry1*, J.E. Rodda1’2, S.L. Lightman1 and
C.D. Ingram2 University of Bristol, ’Division of Medicine, and department of
Anatomy, Bristol, BS2 8HW, U.K.
Recent studies suggest that the stress-related neuropeptide corticotropin-releasing
factor (CRF) modulates serotonergic neurotransmission in vertebrate brain. This
study examined the effects of CRF in vitro on dorsal raphe neurones that displayed
electrophysiological and pharmacological properties consistent with a serotonergic
phenotype. In the presence of either 1 or 2 mM Ca2+, perfusion of ovine CRF
rapidly and reversibly increased firing rates of a small subpopulation of
serotonergic neurones. For a given responsive neurone, the excitatory effects of
CRF were reproducible and there was no evidence for tachyphylaxis. Excitatory
effects were dose-responsive (effective range 0.1 -1.6 x 10^M) and were
completely absent after exposure to the competitive CRF receptor antagonists ahelical CRF9.4! orrat/human [D-Phe12,Nle21, ,a-Me-Leu37]-CRF12-4i (D-PheCRFi2-4i)- Both the proportion of responsive neurones and the magnitude of the
excitatory response to 1.2 x 10'6 M ovine CRF were potentiated in slices prepared
from animals previously exposed to isolation and daily restraint stress for five
days. The electrophysiological properties and the distribution of responsive
neurones within the dorsal raphe nucleus are consistent with the hypothesis that
CRF activates a topographically organised mesolimbocortical serotonergic system.
This interaction between CRF and a subpopulation of serotonergic neurones is
likely to play an important role in stress-related behaviour and pathophysiology.
This research was fimded by The Wellcome Trust, Project Grant 045843/Z/95/Z.

ANXIOLYTIC BEHAVIORAL PROFILES IN MICE LACKING THE
5HT3R-A RECEPTOR. S.P. Kelley*, P.J. Julius, & C.W. Hodge.
Departments of Neurology and Cellular and Molecular Pharmacology, &
Ernest Gallo Clinic and Research Center, University of California, San
Francisco, San Francisco CA 94110.
Antagonism of the 5HT3 receptor is widely known to produce anxiolytic
effects in both rats and mice. This phenomenon has been demonstrated in
rodents using behavioral conflict models of anxiety such as the elevated
plus maze and the black/white box. The primary purpose of this study was
to determine if absence of the 5HT3R-A receptor produces anxiolytic
behavioral profiles similar to the pharmacological action of 5HT3
antagonists reported in the literature. Mutant mice lacking the 5HT3R-A
receptor and wildtype controls were tested in a black/white box and an
elevated plus maze. The 5HT3R-A knockout mice spent significantly more
time in the illuminated white section of the black/white box than wildtype
controls, thus displaying an anxiolytic behavioral profile. 5HT3R-A
knockouts also made significantly more visits to the open arms of the plus
maze than wildtype controls. However, total visit time on the open arms
was non-significant. Taken together, these results suggest that the absence
of the 5HT3R-A receptor may produce an anxiolytic effect analogous to
pharmacological 5HT3 antagonism.

34.7

34.8

LONG-TERM
EFFECTS
OF
MDMA
ON
STRESS-INDUCED
TRANSMITTER RELEASE. M.E. Filon2. L. Matuszewich2, G, A, Gudelskv’
and B.K. Yamamoto2*. ’College of Pharmacy, University of Cincinnati;
2Program in Basic & Clinical Neuroscience, Department of Psychiatry, Case
Western Reserve University, Cleveland, OH 44106.
High doses of (+)3,4-methylenedioxymethamphetamine (MDMA) are
selectively neurotoxic to serotonin (5-HT) neurons in several brain regions,
including the hippocampus and cortex. Although the 5-HT system has been
implicated in the regulation of many behaviors, few studies have reported the
long-term functional consequences of MDMA-induced 5-HT depletion. The
current study investigated the effects of MDMA-induced 5-HT depletion on the
release of neurotransmitters in response to acute, restraint stress. Male rats were
treated with a neurotoxic dosing regimen of MDMA (10 mg/kg, i.p. for 4
injections) or an equivalent volume of saline. Seven days after treatment, in vivo
microdialysis was used to assess extracellular dopamine, serotonin and glutamate
in the dorsal hippocampus and prefrontal cortex during 1 hour of restraint stress.
In saline treated control rats, there was a significant increase of glutamate (112%)
and 5-HT (104%) over baseline levels in the hippocampus during restraint stress
(p < .05). In the prefrontal cortex, similar increases in dopamine (46%) and 5-HT
(79%) were observed in controls during restraint stress. Rats pretreated with
MDMA, however, showed attenuated transmitter responses in the hippocampuus
(glutamate-38%; 5-HT-27% of saline treated rats) and in the prefrontal cortex
(dopamine—20%; 5-HT-10% of saline treated rats). Thus, the MDMA treated
rats showed attenuated transmitter release in the hippocampus and prefrontal
cortex in response to restraint stress compared to saline controls. The depletion
of 5-HT stores in terminal regions with the neurotoxin MDMA may compromise
the ability of the serotonergic system to activate central systems that respond to
stress stimuli. Supported by grants DA07606 and DA07427.

DIFFERENTIAL REGULATIONS OF SEROTONIN RELEASE IN
THE DORSAL RAPHE NUCLEI AND THE AMYGDALA BY
PSYCHOLOGICAL STRESS. M. Funada* and C, Hara, Dept. of
Pharmacology, Daiichi Univ. Sch. of Pharmacy, Fukuoka, 815-8511
Japan.
Many experimental results have pointed to a serotonergic
involvement in the stress response. In the present study, the influence
of psychological stress on serotonin (5-HT) release in the dorsal raphe
nuclei (DRN) and the basolateral amygdaloid nucleus (BLA) were
investigated using in vivo brain microdialysis technique. Male Wistar
rats weighting 250-300g were used. Psychological stress, lacking
direct physical stimulus, was induced by the communication box
method. Psychological stress significantly increased dialysate 5-HT
levels in the DRN (121%) and BLA (164%). These elevations were
significantly greater in the BLA than in the DRN. These findings
indicate that 5-HT inputs in the BLA are more sensitive to
psychological stress compare with the DRN. Oral administration of a
highly selective 5-HTia receptor agonist MKC-242 (1 mg/kg)
completely blocked these effects. Local administration of MKC-242
(100 nM) through the dialysis probe into the DRN significantly
suppressed the increases of dialysate 5-HT levels in the BLA These
blocking effects of MKC-242 were antagonized by the pretreatment
with a selective 5-HTia receptor antagonist WAY100635 (0.5 mg/kg,
s.c.). These results suggest that ascending serotonergic neurons from
the DRN to the BLA may be activated by psychological stress. 5-HTia
receptors within the DRN play an important role to suppress the
hyperactivation of 5-HT system in the psychological stress state.

34.9
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DOMINANT-SUBORDINATE
RELATIONSHIPS,
BRAIN
MONOAMINE
NEUROTRANSMITTERS, AND CORTISOL IN RAINBOW TROUT
O. Overli*, C.A. Harris and S. Winberg. Dept. Animal Development and Genetics
Uppsala University, Norbyvagen 18D, Uppsala, 752 36, Sweden
Socially defeated animals often display increased glucocorticoid secretion
accompanied by behavioural changes like reduced food intake and suppressed
aggressive behaviour. Brain monoaminergic systems are involved in the control of
behavioural and physiological responses to social stress in fish as well as higher
vertebrates. The objective of this study was to describe changes in brain
monoaminergic activity and plasma cortisol concentrations during the first 24h after
the establishment of dominant-subordinate relationships in pairs of rainbow trout.
Brain tissue (brain stem, optic tectum, hypothalamus and telencephalon) and blood
plasma samples were obtained from rainbow trout in social isolation, immediately after
fights for social dominance, and after 3h .and 24h of interaction in an established
dominant-subordinate relationship. Brain tissue concentrations of monoamines
(serotonin, dopamine and norepinephrine) and monoamine metabolites (5-HIAA,
DOPAC and MHPG) were determined by HPLC with electrochemical detection, and
plasma cortisol concentrations were analysed by radioimmunoassay. Large increases in
blood plasma cortisol were observed in both fight losers (future subordinates) and
winners (future dominants) directly after fights for social dominance. In dominants,
cortisol decreased rapidly (within 3h) to the level of unstressed controls, while
continuing to increase in subordinates. Serotonergic and dopaminergic activation was
observed in some brain regions after fights in both dominants and subordinates. Effects
on brain monoaminergic activity were however reversed in dominants within 24h of
social interaction, while in subordinates substantial activation of serotonergic and
catecholaminergic systems was manifest by 24h. Relationships between plasma
cortisol and brain serotonergic and noradrenergic activity suggest that these systems
influence cortisol secretion under normal conditions and during moderate or short-term
stress, but not under severe stress or during recovery from stress. Supported by the
Norwegian Research Council and the Swedish Council for Forestry and Agricultural Research.

EFFECT OF VARIOUS STRESSORS ON THE ACTIVITY OF LOCUS
COERULEUS NEURONS IN LONG-TERM REPEATEDLY IMMOBILIZED
RATS. M, Rusnak12, R. Kvetnansky*, J, Jelokova1, G, Eisenhofer2*, M. Palkovits3
’Institute of Experimental Endocrinology, Slovak Academy of Sciences, Bratislava,
Slovakia, 833 06; 2NINDS, 3NIMH, NIH, Bethesda, MD, 20 892 USA.
The acute effect of a single application of various stressors on c-fos, tyrosine
hydroxylase (TH) and enkephalin mRNA expression was investigated in the locus
coeruleus (LC) of long-term repeatedly (LTR) immobilized (IMMO) rats by in situ
hybridization histochemistry. Daily IMMO (2h) for 7 weeks resulted in a moderately
increased TH activity in LC neurons (in comparison to non-stressed control rats), but
the increment was still significantly less than the response to the first IMMO. LTR
IMMO diminished the sensitivity of noradrenergic neurons of the LC to a novel
stressor since repeated IMMO 24 h after the long-term stress, or the application of
novel stressors (cold: 4°C for 5h; insulin-induced hypoglycemia 5.0 I.U./kg ip.;
glucoprivation by 2-deoxy-D-glucose [2-DG] 500 mg/kg ip.) failed to elevate TH
mRNA levels in the LC of LTR IMMO rats. (Hypoglycemia did not influence TH
mRNA levels in control rats.) Both IMMO and 2-DG administration induced strong
c-fos expression in the LC of control rats, but only 2-DG showed effect Si LTR
IMMO rats. We did not find significant elevation of c-fos mRNA levels in rats
exposed to cold, or after insulin administration. Enkephalin expression was almost
undetectable in the LC of nonstressed rats. Long-term IMMO moderately increased
enkephalin expression in some of the LC neurons. These neurons were mainly
located just around and ventral to the TH-positive LC neurons. A single IMMO
elicited strong enkephalin expression in, or around the LC. In conclusion, various
stressors may act differently on TH and enkephalin expression in the LC, and the
long-term repeated stress can alter the sensitivity of LC neurons in response to novel
stressors. ‘Supported by VEGA (2-610999).

Society

for

Neuroscience

. Volume

25, 1999

Supported in part by funds from the State of California for Alcohol and
Addiction Research to CWH and by a grant from the NIMH to DJ.
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Habenula Lesions Reduce The Elevation Of Monoamines In The
Dorsal Raphe Nucleus Produced By Inescapable Tailshock. J. Amat\

The
Noradrenergic
al
Antagonist
Benoxathian
Microinjected Into The Dorsal Raphe Nucleus Prevents
Enhanced Conditioned Fear and Escape Failure
Produced By Inescapable Tailshock In Rats. R. E. Grahn*0,

P.D. Sparks’3*, P. Matus-Amatc, R E. Grahn , L.R. Watkins’3, S.F. Maier1’. aInstituto de
Medicina Experimental, Universidad Central de Venezuela, Caracas, Venezuela, the
LDept. of Psychology, University' of Colorado, Boulder CO., ^Neuroquimica, CBB.
Instituto Vcnczolano de Investigaciones, Caracas, Venezuela, and the “Dept. of
Psychology, Connecticut College, New London, Ct.
The enhanced conditioned fear and poor escape responding that occur following
exposure to uncontrollable stressors are associated with an increased 5-HT activity in
the dorsal raphe nucleus (DRN). However, the inputs to the DRN that are responsible
are unknown. The habenula, has been shown to provide a large glutaminergic input
into the DRN, and thus may contribute to the activation of 5-HT neurons during
uncontrolled stress. The present experiment examined the involvement of the
habenula in the increased 5-HT activity observed in response to uncontrollable
stressors. Sprague-Dawiey male rats were each implanted with a guide cannula
ending just dorsal to the DRN. In addition, half of the rats received bilateral
electrolytic lesions of the habenula, while the other half received sham surgeries only.
Microdialysis occurred one week later. After 4 baseline samples were taken, animals
from each group (sham vs lesion) were exposed to either escapable (ES) or
inescapable shock (IS; 100 1mA tailshocks) in a yoked control fashion. Dialysis
samples were taken throughout the shock procedure (5 samples) as well as during a
period after shock (5 samples). Dialysis samples were analyzed with high
performance liquid chromatography. As previously reported, intact IS animals
exhibited higher levels of 5-HT in the DRN as compared to ES animals. Interestingly,
habenula lesions substantially reduced this elevation. In addition, habenula lesions
reduced the rise in norepinephrine in response to shock as well. These results
implicate an excitatory role for the habenula in the elevation of monoamine levels in
the DRN during IS. Support provided by MH50479 and xMH00514.

S. E. Hammack. M. J. Will. K. A, O’Connor, T. Peak, P. D. Sparks. L. R.
Watkins, and S.F. Maier. ^Department of Psychology, Connecticut College,
New London, Connecticut, 06320, and Behavioral Neuroscience Program,
Department of Psychology, University of Colorado, Boulder, Colorado, 80309.
The enhanced conditioned fear and poor escape responding that occur
following exposure to uncontrollable stressors are associated with increased 5HT activity in the dorsal raphe nucleus (DRN).
However, uncontrollable
stressor effects have also been associated with enhanced noradrenergic (NE)
activity in the locus coeruleus (LC). The present experiments began to explore
the possibility that LC NE might provide excitatory input to the DRN. Male
Sprague-Dawiey rats were each implanted with a cannula in the DRN and
subsequently exposed to a series of 100 1mA 5 sec inescapable tailshocks (IS)
or restraint without shock. Behavioral testing was conducted 24 hr after stressor
exposure to assess shuttlebox escape performance and conditioned fear. The al
antagonist benoxathian, 4 (ig/jil/rat, or saline, was injected into the region of
the DRN either 10 min prior to the stressor on the first day or 10 min prior to
behavioral testing on the following day. A third group of rats received saline
on both days. Blocking NE receptors in the DRN before IS prevented both
enhanced conditioned fear and the escape deficit, while benoxathian
microinjected before testing only partially reversed the effects of IS. The
antagonist injected before restraint did not affect behavior, but did enhance
conditioned fear and interfere with escape performance in restraint-treated
subjects when administered before testing. These results indicate that NE,
perhaps by increasing 5-HT activity in the DRN, is an important mediator of
the behavioral effects of IS. Support provided by MH50479 and MH00314.
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Acute Stress-Induced Changes in Gene Expression in Locus Coeruleus of
Rat Strains Defined by Stress Susceptibility and Reactivity. S.A. Sands*, J.
Corbett, R. Strong, and D.A. Morilak, Dept. of Pharmacology, University of
Texas Health Science Center, 7703 Floyd Curl Dr., San Antonio, TX, 78284
Norepinephrine (NE) is thought to play a role in the stress response, and
may be involved in stress-related psychopathological conditions such as
depression or anxiety. Heterogeneity in individual responses to the same
stressor also suggest that a genetic susceptibility to the effects of stress may
contribute to such pathology. To address possible mechanisms underlying
this genetic aspect of the stress response, we examined acute stress-induced
changes in mRNA expression for several components of the NE system in the
locus coeruleus (LC) and adrenals of stress-susceptible Wistar-Kyoto (WKY)
rats and their parent Wistar (W) strain. Expression of tyrosine hydroxylase (TH),
NE transporter (NET) and cc2A receptor mRNA were measured in LC by in situ
hybridization after 30 min restraint stress. Adrenal TH mRNA was measured by
slot blots. No basal differences were observed, but there were differences in
the elevation of TH mRNA following stress. In LC, the expression of TH mRNA
increased by 40% in W rats at 30 min (n=8, p<0.05) and returned toward
baseline by 2 hr, while WKY rats showed only a non-significant 29% increase at
2 hr. In contrast, adrenal TH mRNA expression increased in WKY rats at 2 hr
(n=3, p<0.05), with no significant change in W rats. NET and cc 2A mRNA were
unaltered in both strains. Studies are now underway to compare these same
indices of stress-reactivity in the LC-NE system of Sprague-Dawiey (SD) rats,
stress-susceptible WKY rats, and stress-hyporesponsive Lewis rats. Stressinduced plasma ACTH levels were significantly lower in Lewis as compared to
WKY and SD rats. Preliminary results indicate that SD rats showed the greatest
elevation in TH mRNA expression in LC (33%) compared to either WKY (19%)
or Lewis (17%) rats. These results suggest that blunted LC reactivity in WKY
rats may be related to the stress-induced behavioral inhibition characteristic of
this strain. Support provided by NIMH (MH 53851) and the VA-DoD.

EFFECTS OF EXCITOTOXIC LESIONS OF MEDIAL PREFRONTAL
CORTEX ON ACCUMBAL DOPAMINE RELEASE IN RESPONSE TO
STRESS AND FEEDING. Y. Watanabeand H, Kanevuki, Dept. of Neuropsychiatry, Yamaguchi Univ. Sch. of Med.; Ube, Yamaguchi 755-8505. Japan.
Recent hypotheses of schizophrenia have focused on a possible dysfunction in
the cortical regulation of subcortical dopamine (DA) transmission. To investigate
the extent to which the prefrontal cortex (PFC) influences the responsivity of
mesoaccumbal DA neurons to environmental stimuli, we determined accumbal DA
release during feeding behavior and stress using microdialysis in rats with ibotenic
acid (IA) lesions of the medial PFC. Male Wistar adult rats weighing 270-290 g
underwent stereotaxic infusion of IA (10 //g//d) or vehicle bilaterally at the
coordinates: AP +3.5 mm, ML -0.7 mm, VD -2.8 mm (incisor bar -3.3 mm). Rats
were trained to 18 h food-deprivation for 2 days prior to implantation of dialysis
probes (concentric type) in the nucleus accumbens. Fourteen days after lesions, a
buffered Ringer solution was perfused through the probe and dialysate DA
concentrations were analyzed every 10 min by HPLC-ECD. During dialysis
experiment, food-deprived rats were allowed to feed for 30 min and then exposed
to tail-pinch stress for 10 min. Basal DA levels were not significantly different
between PFC lesion rats (n=8) and sham (n=8). Feeding behavior significantly
elevated accumbal DA release in both PFC lesion (a peak of 40% above baseline)
and sham (45%). There was no significant difference between groups (p=0.68).
Stress also increased DA release in PFC lesion (17%) and sham (39%), but the
increase was significantly smaller in PFC lesion (p=0.02). The present data suggest
that different neural mechanisms are involved in the activation of mesoaccumbal
DA neurons in response to rewarding and aversive stimuli, and afferents from PFC
may play an important role in regulating stress-induced accumbal DA release.
(Supported by the Ministry of Education, Science and Culture of Japan)

34.15

34.16

EFFECT OF LEARNED HELPLESSNESS ON EXPRESSION OF DOPAMINE
Dj /Dj RECEPTORS.
M. Kram1,2, G.L.Kramer1, M.Steciuk1, P. Williams1, F. Petty1,2*. ‘Department of
Veterans Affairs, North Texas Health Care System at Dallas, Texas, 2Department
of Psychiatry, UT Southwestern Medical Center at Dallas, TX 75216.
This study investigated the effect of the animal model of depression known as the
learned helplessness on densities of dopamine D!/D2 receptors in multiple rat brain
regions. Disturbances of mesolimbic and mesocortical dopamine function have
been implied in the pathophysiology of several psychiatric disorders, including
depressive disorders. Performance deficits comparable to those following
inescapable stress can be caused in animals by administration of amethylparatyrosine (AMPT), a tyrosine hydroxylase inhibitor, which depletes
dopamine, or with haloperidol or pimozide, both dopamine antagonists. L-DOPA,
a dopamine precursor prevents escape deficits caused by AMPT or inescapable
stress. A previous study of dopamine receptor mRNA expression in the chronic
mild stress model reported that stress decreased the D2 receptor message in the
nucleus accumbens and in the lateral part of the caudate nucleus with no changes
in the D, an RNA expression. Using an autoradiographic method, we report here
that there were no differences in D, receptor densities in any area in any of the
groups studied. The D2 receptor densities were significantly lower in the caudate
nucleus in learned helpless and non-helpless rats and in the hippocampus of the
tested control and non-helpless rats. In the nucleus accumbens, D2 receptor density
was lower in the learned helpless rats compared to the other group?. The present
results are consistent in many respects with previously reported studies and support
the hypothesis that dopamine systems are involved in mediating the behavioral
effects of both chronic mild stress and learned helplessness. Supported by VA
Medical Research Service.

STRESS POTENTIATES MPTP TOXICITY. J.B. Lucot*. Dept.
Pharmacology, Wright State University, Dayton, OH 45435.
Investigations of the origin of Gulf War Syndrome have uncovered
stress as a factor in the response to toxins. The present study
investigated the effect of shaker stress on the dopaminergic toxin,
MPTP in C57BI mice. This psychological stressor was produced by
horizontal displacement of 3.8 cm at 2.5Hz (150 CPM) intermittently
for 4 hours. MPTP was administered 10 min before stress.
When DDC was given 20 min before MPTP, stress changed the
locomotor motor activity response from depression to stimulation.
Stress had no effect on dopamine damage in the caudate or
accumbens but potentiated it in the amygdala, which was the area
most sensitive to deficits. Without DDC, stress reduced the motor
deficits at low doses and potentiated them at higher doses. Stress
augmented the dopaminergic damage in the caudate, accumbens
and amygdala. The interaction was strongest in the amygdala.
Major findings are (1) stress has dose-dependent effects on the
motor ability response to MPTP, (2) stress potentiates the
neurochemical deficits produced by MPTP and (3) the amygdala is
the most sensitive of the three areas to the stress-MPTP interaction.
Supported by WSU Research Challenge Award.
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DAILY BODY TEMPERATURE RHYTHMS DURING THE ESTROUS CYCLE IN
FEMALE SHR RATS: FEEDING AND FASTING EFFECTS. A. M. Storck, J. A.
Libbin, J.M. Overton and M.E. Rashotte*. Program in Neuroscience, Florida State
University, Tallahassee, FL 32306-1270.
Core body temperature (Tb) of unstressed male SHR rats is similar to normotensive
controls, but stress can result in elevated Tb in the SHR (Morley, Conn, Kluger &
Vander, 1990). Daily rhythms of Tb during the estrous cycle have not been described
in female SHRs, but are of interest because of this strain's reported greater emotional
reactivity and prevailing hypertension. In other strains, Tb is lower and variable (sawtoothed pattern) during DI, D2 and P, but is elevated and less labile on E, the day of
estrous (Kent, Hurd & Satinoff, 1991). Mean dark-phase Tb of our female SHRs
living in standard housing and equipped for Tb telemetry displayed a comparable
pattern across the estrous cycle (vaginal smears) when food was available ad libitum
(see table for mean values ±sem °C). Detailed measurement of feeding and drinking
indicated that the pronounced saw-toothed pattern in Tb during DI, D2 and P is closely
related to episodic occurrences of ingestive behavior. On E, ingestive bouts were
shorter and more frequent, and total food and water intake was reduced.
Day of Cycle:
DI
D2
P
E
Food Ad Libitum: 37.52 ± .08
37.45 ± .08
37.57 ± .08
37.75 ±.12
...
Fasting DI &D2:
37.36 ±.13
37.29 ± .09
...
Fasting P & E:
37.23 ± .08
37.48 ±.10
Tb decreased during 48h fasting periods selectively imposed on D1/D2 or on P/E.
Fasting resulted in some temporary disruption of estrous cycling, with a greater
likelihood of disruption after the P/E fast. Daily rhythms in Tb and ingestive behaviors
during the estrous cycle in SHR rats are similar to those reported in other rat strains, as
is the female SHR's response to fasting. Within-day variability in Tb across the estrous
cycle is closely related to the occurrence of ingestive behavior.
Supported by NIH
HL56732. AMS was supported by NIH Joint Neuroscience Predoctoral Training
Grant (NIA, NICHD, NIDCD, NIDCR, NIGMS, NIMH, NINDS, NINR).

EFFECTS OF GENDER AND ESTROUS CYCLE ON INTAKE OF “FREE”
CHOW & “EARNED” SUCROSE. K Brennan,3 J. McIntosh1, D.C.S. Roberts4,
H. Anisman*3, Z. Merali1,2. *Sch. of Psych. & 2Dept. Cell. & Mol. Medicine, Univ. of
Ottawa, Canada, KIN 6N5.,3Neurosci. Inst., Carleton Univ., Ottawa, Canada. 4Dept.
Phys. Pharm., Wake Forest Univ. Winston-Salem, USA.
This study assessed 1) gender differences in ad lib consumption of rat chow, 2) the
propensity to earn sucrose “snacks”, and 3) the temporal effects of the estrous cycle on chow
and sucrose consumption. Ad lib fed (powdered chow, monitored electronically) male and
female rats had access to operant retractable levers for 21 h/day in 4-h bins (during early
(ED), mid (MD), late (LD) dark and matching light phase intervals). Motivation to seek and
consume a 20% sucrose solution was assessed using a progressive ratio paradigm, where rats
had to emit a progressively greater number of bar-presses to earn the subsequent reward.
Males consumed significantly more chow than females during ED. This difference
dissipated by MD because intake of males declined more sharply than that of the females.
However, when amount consumed was expressed as a percentage of respective body
weights, females consumed significantly more chow than males throughout the dark cycle.
When bar-pressing for sucrose, males outperformed females by more than 2:1 throughout
the dark cycle; but when sucrose rewards were expressed as a percentage of body weight,
females consumed significantly more than males. During the estrous phase, females
consumed significantly less chow during ED and MD, as compared to their consumption
during the diestrus phase. However, though there was no significant difference in barpressing for sucrose between estrous and diestrus, estrous females tended to work just as
much if not more for the snack. In contrast to chow, sucrose intake increased progressively
throughout the night (whereas chow intake declined at LD). These results suggest that
females consume more than males (per body weight) and, while food intake is decreased
during estrous, female rats’ propensity to seek and consume sucrose “snack” is not
diminished. Supported by the Medical Research Council of Canada.

35.3

35.4

ESTRADIOL (E) TREATMENT DOES NOT AFFECT FOOD
INTAKE (FI) OR BODY WEIGHT (BW) IN OVARIECTOMIZED (OVX) ESTROGEN RECEPTOR-a KNOCKOUT
(ERaKO) MICE. N, Geary1. L. Asarian1, J, Chan2, K. Korach3. D.
Pfaff2*, and S. Ogawa2. ’Bourne Lab., Weill Medical College of
Cornell Univ., White Plains, NY 10605 ; 2Lab. Neurobiol. &
Behav., The Rockefeller Univ., NY, NY 10021; 3Lab. Reprod. &
Develop. Toxicol., NIEHS, Research Triangle Park, NC 27709.
To test ERa’s role in the tonic inhibition of FI and BW by E,
we OVX and administered E benzoate (75 pg/d) or vehicle (V)
to wild-type (WT) and ERaKO (KO) mice. PreOVX FI and BW
were not significantly different. PostOVX, FI and BW were less
in E- than V-treated WT mice, whereas there was no effect of E
in KO mice:
-PostOVX-PreOVXBW Gain (g
FI(g/d)
FI(g/d)
4.0±0.5
WT 17.6±0. 4.40+0.16 V 4.54±0.11
2.4+0.5’
E 4.17±0.12*
3.94+0.14 V 4.16±0.08
1.6±0.3
1.9±0.4
E 4.04±0.22
* p < 0.05 vs. V in WT.
Thus, the responsivity of FI and BW to E in OVX mice depends
on ERa, and ER/3 is insufficient for either. The mechanisms of
ERa’s contributions to the control of FI and BW require further
investigation. Supported by NIH DK 54523 (NG).

FEEDING-INDUCED c-FOS EXPRESSION IN THE RAT
FOREBRAIN IS VOLUME DEPENDENT AND REGULATED BY
ESTRADIOL. L.A. Eckel* and N. Geary. Bourne Laboratory,
Weill Medical College of Cornell Univ., White Plains, NY 10605.
To investigate the mechanism of estradiol’s inhibitory effects
on feeding, we tested whether estradiol increases feedinginduced c-Fos-like immunoreactivity (c-FLI) in the paraventricular
nucleus of the hypothalamus (PVN) and the central nucleus of
the amygdala (CeA), two forebrain areas involved in the neural
control of food intake. Ovariectomized rats were injected SC with
10 pg 17-p estradiol benzoate (EB) or oil vehicle on two
consecutive days. Two days after the second injection, 0, 5, or
10 ml of a familiar milk diet was presented for 20 min at dark
onset. Ninety min after feeding onset, rats were perfused and
forebrains were processed for c-FLI. Feeding induced volumedependent increases in the number of c-Fos positive cells per
hemisection in the PVN and the CeA. The c-Fos response was
increased by EB treatment in both the PVN (e.g., oil: 84 vs. EB:
120, after 5 ml of milk) and the CeA (e.g., oil: 80 vs. EB: 120,
after 5 ml of milk). These data demonstrate that enhanced
neuronal signaling in feeding-relevant brain circuits may be part
of the mechanism mediating estradiol’s inhibitory effects on food
intake. Supported by MRC and NIH DK54523.

35.5

35.6

ESTRADIOL MODULATES THE EFFECTS OF
INTERLEUKIN-10 ON FOOD INTAKE IN FEMALE
RATS. P. Butera*. A. Doerflinger and F, Roberto.

CORTICOSTERONE (B) REGULATES INTAKE OF SACCHARIN, BUT
NOT SUCROSE, IN A DOSE-DEPENDENT MANNER. M.E, Bell*. S,
Bhatnagar. J. Liang. L. Soriano. A. Chu. M.F, Dallman. UCSF, San Francisco,
CA 94143 and T. R. Nagv. UAB, Birmingham, AL 53294.
Adrenalectomy (ADX) decreases both saccharin and sucrose preference,
suggesting a role for glucocorticoids in preference for sweet substances. In two
experiments, we tested the effects of different levels of B replacement on saccharin
or sucrose consumption, and on rebound consumption after 3 days of removal.
Male SD rats were sham-ADX or ADX and replaced with B pellets from 0, 15, 30
to 100% B. All animals were given saline (87 mM) and saccharin (2mM) or
sucrose (~1M) to drink. Body weight, food, saline and sucrose/saccharin intakes
were measured throughout. Saccharin or sucrose were available immediately postADX for 4 days/week for 2 cycles; the experiment ended on d 1 of a third cycle.
ADX decreased both saccharin and sucrose consumption compared to Sham-ADX.
The effect of B on increases in saccharin consumption was strictly dose-dependent;
by contrast, sucrose consumption was restored to sham-ADX only by 100%B.
Rebound consumption of both saccharin and sucrose paralleled intake. Saccharin
had no effect on metabolic variables. However, decreases in body weight with
ADX+0%B replacement were prevented by consumption of sucrose. 100% B
groups had the lowest body weights, but had increased white adipose depot and
total body fat weights which were accompanied by protein loss (decreased fat-free
dry mass). We conclude that : 1. dose-dependent, positive effects of B on normal
and rebound intake of saccharin, suggest a strong effect of B on appetite for sweet
substances; 2. high, stress levels (15pg/dl) of B are required in ADX animals to
return sucrose and saccharin intake to normal, suggesting that this effect of B is
mediated by glucocorticoid receptors and is stress-sensitive; and, 3. sucrose intake
normalizes the loss in body weight and the altered body composition caused by
ADX, suggesting that sucrose is metabolically beneficial to ADX rats. We are
currently trying to identify the brain sites and mechanisms by which B exerts
these effects. Suppoitedby NARSAD, a SEPavadfiom, UCSF, andDK28I72.

Department of Psychology, Niagara University, Niagara, NY 14109.
Proinflammatory cytokines (e.g., TNF-a, IL-10) elicit behavioral
and physiological responses that are classified as “sickness behavior”
and include decreased food intake, fever, and a general disinterest in
usual activities. Ovarian hormones modulate immune system activity
in female mammals, suggesting that sex differences in immune
function may be influenced by gonadal steroids. This experiment
evaluated the ability of estradiol to modulate die inhibitoiy effects of
IL-ip on ingestive behavior; a behavioral system in which estrogen is
known to exert strong effects. Three weeks after ovariectomy,
animals were injected with estradiol benzoate (EB, 5.0 or 20.0 pg) or
the oil vehicle. Two days later, subjects were given an ip injection of
IL-lp (1.0,3.0, or 5.0 pg/kg) or .9% saline one hour before light
offset. Food and water intake for the first 2 hours of nighttime
feeding were recorded. Statistical analyses revealed that EB
enhanced the suppressive effects of IL-lp on food intake. There
were no significant between-group differences during feeding tests
with the szdine vehicle. These findings indicate that estrogen
augments the anorectic effect of IL-ip and suggest that responses to
immune system activation are influenced by ovarian hormones.
(Supported by NIH Grant DK54040)
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GASTRIC EMPTYING OF CORN OIL IN PRE-WEANLING RATS.
R.J. Davis* and S.E. Swithers. Dept. Psychological Sciences, Purdue
University, West Lafayette, IN 47907-1364.
The termination of food intake in 6-day-old rat pups is primarily the
result of gastric fill, independent of the caloric concentration of the test
diet (Phifer & Hall, Am. J. Physiol. 250:R807-R814, 1986). However, by
fifteen days of age, the caloric content of a meal affects subsequent food
intake (Phifer & Hall, Am. J. Physiol. 255:R191-R199, 1988). This
change in ingestive behavior may be due to the development of a
mechanism that alters gastric emptying in response to gastric contents.
To examine this possibility, we measured gastric emptying of a corn oil
diet administered to 12- and 15-day-old rat pups. Pups received an
infusion of 0, 25, 50 or 100% corn oil (diluted with mineral oil) delivered
over 10 min through a posterior oral cannula. Thirty minutes after the
infusion, stomachs were removed and the oil remaining was extracted
using Dole’s extraction method (e.g. Friedman et al., Am. J. Physiol,
270:R688-R692, 1996).
The results showed that there were no
differences in gastric emptying between 12- and 15-day-old pups. In
pups at both ages, significantly less mineral oil remained in the stomachs
compared to all concentrations of corn oil. In addition, a greater amount
of 100% corn oil remained in the stomach compared to the 25% but not
the 50% concentration. The observed similarity in the amount of 25 and
50% concentrations remaining in the stomach is consistent with prior
findings in adult rats (Kaplan & Grill, Am. J. Physiol. 273:R1263-1270,
1997). These data suggest that in pups aged 12 days or older, gastric
emptying of a caloric corn oil diet is different from a non-caloric mineral
oil diet, but regulation of gastric emptying does not appear to be directly
related to caloric content. Supported by NIH grant DK55531 to SES.

THE EFFECTS OF FOOD DEPRIVATION ON FOOD AND NONFOOD OBJECT
INTERACTION: A BEHAVIORAL CHARACTERIZATION OF INTRINSIC AND
EXTRINSIC EXPLORATORY PROCESSES. 'PJ. Pierre^P.Skioldager. and 2M.J.
Renner. Department of Psychology, The University of Memphis, Memphis, TN
38152.2 Department of Psychology, West Chester University.
Previous research has suggested that exploratory behavior functions as a means to
procure food or meet another primary need. However, it is also been shown that
exploratory behavior serves a general information gathering function. Exploratory
behavior is often measured under different food deprivation conditions and indexed
with activity-based measures as the sole measure of exploration. However,
exploration is also determined by what the animals attend to as they move throughout
the test environment. To investigate the purpose of exploration, deprivation level was
manipulated and behavior directed toward food and nonfood aspects of the test
environment were simultaneously recorded. Rats were food deprived (0, 24, 48 hrs),
given free access to an open-field arena containing a food object and a nonfood object
and videotaped for a 20-min session. Videotapes were scored by a method that
isolated locomotor, object and non-object related behaviors, as might be expected
with the lowered reward value of the food object As we expected, non-deprived
subjects showed greater amounts of interaction with the nonfood object when
compared to food deprived subjects. However, interaction with the nonfood object, as
well as other non-nutritive features of the environment were maintained as
deprivation level increased. These data suggest that under conditions when the
reward value of food is heightened the information gathering component of
exploratory behavior is maintained.

35.9

35.10

ACTIVATION OF CNS IN RESPONSE TO FOOD DEPRIVATION
AND REFEEDING IN OBESE ZUCKER RATS. Elena Timofeeva^Yves
Deshaies, Frederic Picard, and Denis Richard. Department of
Physiology, Faculty of Medicine, Laval University, Quebec, Canada,
G1K 7P4
The aim of this study was to investigate the central response to food
deprivation and refeeding in obese (fa/fa) and lean (Fa/?) Zucker rats.
Food deprivation induced expression of the immediate early gene c-fos
in different areas in the brain of obese rats, but not in lean animals.
Three hours of food deprivation significantly increased c-fos mRNA
levels in the paraventricular thalamic nucleus (PVT) of obese rats. The
expression of c-fos mRNA peaked following six hours of food
deprivation in the parvocellular part of paraventricular hypothalamic
nucleus (PVHp) and in the arcuate nucleus (Arc). Six, 12 and 24 hours
of food deprivation activated the limbic system, the septum, the
forebrain basal ganglia, the midline and intralaminar thalamic nuclei,
the hypothalamus, and the brainstem regions associated with
periaqueductal gray. The retrograde tracer cholera-toxin subunit B
(CTb) was injected in the PVHp of fa/fa rats. A large amount of cells
double-labeled with CTb-ir and c-fos mRNA was found in the PVT of
obese rats food-deprived for 6 hours. One hour of refeeding after 24
hours of food deprivation markedly activated the brainstem sensory
regions in obese as well as in lean rats. In the PVH, the magnocellular
parts, but not parvocellular ones, were activated in refed animals. We
have observed Fos expression in the PVH in CRHergic neurons, and
AVPergic neurons in, respectively, food-deprived obese and refed rats.
The major activation of the CNS in obese Zucker rats due to the food
deprivation could contribute to development of obesity in these
animals.

HYPOTHALAMIC NEUROCHEMICAL MODULATIONS IN AN ANIMAL
MODEL OF ACTIVITY-BASED ANOREXIA, R, Nerutidh. A.A, Atnmar.
A.O, Abdalla. M, Qian, L, KallstrSm, P, Sodersten and A.E, Johnson,*
Karolinska Institute, Section of Applied Neuroendocrinology, Novum, S-141 57
Huddinge, Sweden.
Female rats with restricted access to food and free access to a running wheel
will increase their activity levels and reduce their food consumption such that
within seven days, their bodyweights will approach 80% of controls which have
unlimited food availability or do not have access to running wheels. This model
of‘activity-based’ anorexia (ABA) displays many of the distinguishing
characteristics of Anorexia Nervosa in humans. Using this animal model, a broad
survey was taken of various hypothalamic transmitter systems that are known to
be involved in the regulation of body weight. In the arcuate nucleus of ABA
rats, NPY mRNA levels increased significantly by about 20%, whereas Yl
mRNA levels displayed an apparent compensatory down-regulation of about
15%. Hypothalamic GAD65 and GAD67 mRNA levels were unchanged in
several hypothalamic areas including the arcuate and dorsomedial hypothalamic
nuclei and in the medial tuberal nucleus. In addition, dopamine D2-receptor
binding (as indicated by [125l]NCQ-298 binding) in the lateroanterior
hypothalamic nucleus of ABA rats was by reduced to 67% of control levels. An
increase in dopamine turnover has been demonstrated previously in tissue
homogenates which included this brain region from rats which had been fooddeprived for 48 hours. No significant differences in binding were detected in the
globus pallidus or in the striatum. These data indicate that a number of
hypothalamic transmitter systems involved in the regulation of food intake and/or
activity are altered in ABA rats. Further experiments are being performed to
begin to determine if manipulations of these systems may be useful for the
treatment of Anorexia Nervosa. These studies were supported by grants from the
Swedish MRC and the Karolinska Institute.

35.11

35.12

THE ATYPICAL ANTI-DEPRESSANT, MIANSERIN, MITIGATES A
MODEL OF COMPULSIVE HYPERACTIVITY. P.F. Aravich1*, T.S. Rieg,2 C.
Benson, S. Deepak, A.S. Kurian, N. Pandey, N, Simmons, N, Sobota, R, Sterling & J.
Swanson. ’Dept. Path, and Anat., Eastern Virginia Med. Sch., Norfolk, VA 23501, &
VAMC, Hampton, VA 23667; 2Dept. Psych., Union Coll., Schenectady, NY 12308.
Compulsive hyperactivity is associated with obsessive-compulsive disorder
(OCD) and anorexia nervosa (AN). The selective serotonin (5HT) reuptake
inhibitor (SSRI), fluoxetine, benefits OCD and—recent data show—prevents
relapse in recovered anorexics. In addition to its SSRI effects, it is now clear
that fluoxetine is a 5HT2C receptor antagonist. This raises the possibility that
5HT2C antagonism may be clinically useful for the treatment of OCD and
AN. This possibility was tested in a model of compulsive hyperactivity
relevant to both OCD and AN. The model is produced by placing rats on a
1.5 h/day restricted-feeding schedule with 22.5 h/day free access to running
wheels. This results in hyperactivity, which, like OCD, is mitigated by
fluoxetine but not imipramine. The impact of the atypical antidepressant,
mianserin, on the hyperactivity was tested. It blocks 5HT2C (as well as
5HT2A and alpha-2 adrenergic) receptors and augments the efficacy of
fluoxetine in treatment-resistant depression. Male Sprague-Dawley rats were
subjected to the model and given one of four daily doses of mianserin (0, 0.3,
3.0 and 10 mg/kg, ip). It was found that mianserin produced a dose-related
suppression of running. This effect was specific to running since there were
no reliable changes in caloric intake or rate of weight loss. It is concluded
that mianserin has efficacy in a model of compulsive hyperactivity relevant to
OCD and AN. More research is now needed to determine the long-term
effects of mianserin on OCD and relapse in AN.

DIFFERENTIAL EFFECTS OF THREONINE (THR) INJECTIONS INTO
THE RAPHE NUCLEI ON INTAKE OF THR DEVOID DIET (DEV).
J.E, Blevins* and P.W, Gietzen. Food Intake Laboratory, Dept. of Vet. Med.
Anatomy, Physiology and Cell Biology, University of Calif. Davis, Davis, CA
95616.
Rats experience a rapid anorexia (approximately 50% of control intake) in
response to a THR imbalanced diet (IMB), due in part to a decrease in THR
concentrations within the anterior piriform cortex (APC). Injections of either
THR into the APC, or the serotonin3 antagonist, tropisetron (TROP, i.p.)
partially attenuate this effect, increasing food intake to approximately 85% of
baseline.
In addition, the ratio of the 5-HT metabolite,
5-hydroxyindole acetic acid to 5-HT is elevated in the dorsal and median
raphe following exposure to IMB diets. Also, projections from the raphe
nuclei to the APC exist. In this study, rats prepared with cannulas directed
toward the raphe nuclei, received unilateral injections of THR (0, 0.5,1, 2, 4,
8 nmol) or saline within 2 hrs prior to receiving DEV. THR (8 nmol)
administration into the dorsal raphe (n=6) stimulated DEV intake by
approximately 52% (5.68±0.70 g (THR) vs 3.75±0.56 g (saline)) during the
12-24 hour period. Reciprocally, THR (1 and 2 nmol) injections into the
median raphe (n=6), decreased DEV intake dose-dependently by 33%
(3.02±0.16 g vs 4.49±0.58 g) and 37% (2.85±0.55 g vs 4.49±0.58 g). This
suggests that DEV-induced anorexia is mediated, in part, through interactions
with THR among the raphe nuclei, serotonergic mechanisms, and activation
of other systems involved in eliciting this response. Supported by; NIH:
DK07355, DK35747, andNS33347.

Research support: Dept. Veterans Affairs Merit Review Award to PFA.
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MOTOR NERVE ACTIVITY DURING INGESTION fN THE LEECH, HIRUDO
MEDICINALIS. Yuxing Li & A.L, Kleinhaus*. Dept. of Cell Biology & Anatomy,
New York Medical College, Valhalla, NY 10595.
Although the neural circuits underlying several behaviors in the leech have been
characterized, our understanding of the cellular basis of feeding remains sketchy. In a
recent report we described the motor pattern that accompanies ingestion (whole body
peristalsis) by EMG recordings obtained from the muscles in the body wall of intact
feeding leeches (Wilson & Kleinhaus, 1997). We found that the contractions of the
dorsal longitudinal muscles of the body wall proceed in rostral to caudal waves,
caudal to rostral waves and discrete localized contractions. These contractions most
likely distribute the meal throughout the gut.
In this study, we present the corresponding electrical discharges recorded from the
motoneurons that activate the body wall muscles. The experiments were done in a
semi-intact preparation where we obtain simultaneous intra- and extracellular records
from neurons in ganglia and nerve roots respectively, located in caudal segments
whilst the rostral portion of the animal feeds (Wilson et al., 1995). The activity
recorded during peristalsis from the roots of nerves innervating the dorsal and ventral
body wall muscles respectively, occurs in bursts that propagate across segments from
the intact to the denervated portion of the nervous system. Comparing the motor
pattern of activity recorded during swimming and ingestion respectively, in the same
preparation, we observe the following differences. Propagation of waves during
feeding are bidirectional (rostral to caudal and caudal to rostral) in contrast to the
exclusively unidirectional waves of swimming. Synchronous activity in neigbouring
segments may also appear .The burst duration, burst period and intersegmental
delays for feeding are significantly slower than those for swimming. Furthermore,
while swimming is characterized by alternating bursts of dorsal and ventral excitor
motoneuron activity, neuronal activity of dorsal and ventral excitors occurs
synchronously during ingestion. Ongoing studies are directed to compare the role of
other common neuronal elements during these two incompatible behaviors.
Supported by NSF, IBN 9723137 to ALK.

BEHAVIORAL AND CELLULAR ASPECTS OF CHEMOSENSATION IN THE
LEECH. E. Perruccio*, L. Kornreich, Yuxing Li and A.L. Kleinhaus. Dept. of Cell
Biology & Anatomy, New York Medical College, Valhalla, N.Y. 10595.
The function of chemical senses is to relay signals to the nervous system when a
change occurs in the animal’s chemical environment. In sanguivorous leeches e.g.
Hirudo medicinalis and Macrobdella decora, appetitive chemosensory signals are
mediated by putative chemosensory neurons that reside in sensory organs called
sensilla. Little is known about these structures except that ablation of sensilla leads to
the inability of the leech to feed compared to sham-ablated controls (Elliot, 1986).
Our ongoing studies combine behavioral, electrophysiological and
immunohistochemical methods in order to elucidate the chemotransduction
mechanisms operating in these animals. We show that Hirudo responds aversively to
quinine and denatonium, substances perceived as bitter by mammals. Furthermore, it
appears that these two structurally different compounds act synergistically. Perfusion
of the isolated dorsal lip with quinine evokes increased activity of small units,
distinguishable from mechanoreceptor activity, in extracellular recordings from
cephalic nerves innervating the sensilla. Patch-clamp records from acutely isolated
sensillar neurons suggest the presence of a variety of conductances including voltagegated Na+ and K+ channels and of particular interest, a cationic current. This cationic
conductance may play a role in bitter transduction in the leech as it does in bullfrog
taste cells (Tsunenari et al., 1996).
Neuronal nitric oxide synthase (nNOS) has been localized in chemosensory cells
of Drosophila and Lymnaea (Muller & Buchner, 1993 and Elphick et al., 1995
respectively), suggesting a role for nitric oxide in chemosensory transduction in these
invertebrates. Labeling dorsal lip sections of Hirudo with a rabbit polyclonal
antibody to nNOS reveals the presence of this enzyme within the sensillar neurons.
Understanding chemotransduction in this animal may shed some light on the
evolution of chemosensation. Supported by NSF, IBN 9723137 to ALK.

35.15

35.16

SYMPATHETIC NERVOUS SYSTEM MEDIATION OF SHORT-DAY
DECREASES IN WHITE ADIPOSE TISSUE IN SIBERIAN HAMSTERS

NEUROCHEMICAL PHENOTYPES OF CNS NEURONS THAT
PARTICIPATE IN THE SYMPATHETIC NERVOUS SYSTEM (SNS)
INNERVATION OF WHITE ADIPOSE TISSUE (WAT)
Shi, H.?Bamshad, M., Demas, G.E., and Bartness, T.J. , Department of Biology,
Georgia State University, Atlanta, GA 30303, USA.
When energy needs can not be met by circulating fuels or stored
carbohydrates, lipid is mobilized from adipocytes through the process of
lipolysis. We have shown that the SNS innervates WAT using anterograde and
retrograde fluorescent tract tracers, and the viral trans-synaptic retrograde tract
tracer, the pseudorabies virus (PRV). Here we report the identification of the
neurochemical phenotypes of some of the neurons that participate in the SNS
outflow from brain to WAT. PRV was injected into inguinal WAT (IWAT) and
epididymal WAT (EWAT) of Siberian hamsters. The brains were processed
immunocytochemistry to visual PRV-, tyrosine hydroxylase (TH)-, dopamine-flhydroxylase (DBH)-, oxytocin-, and vasopressin (AVP)- stained neurons using a
stage-mounted position transducer system. The distributions of all
neurontransmitters/enzymes as well as the double-labeled neurons were similar
between IWAT and EWAT PRV injections. In the brainstem, most PRV-TH and
PRV-DBH double-labeled neurons were found in the A5 cell group, rostral
ventrolateral medulla and ventromedial medulla, whereas very few were found in
the nucleus of the solitary tract and medial vestibular nucleus. In the midbrain,
PRV-TH and PRV-DBH double-labeled neurons could be seen in the oral
pontine reticular nucleus. In the hypothalamus, most PRV-TH, PRV-oxytocin,
PRV-AVP double-labeled neurons were found in the paraventricular nucleus.
Although the absolute number of double-labeled neurons was small, similar to
that reported by others after injection into different tissues, these data help define
the hierarchical chain of functionally-connected, chemically-coded neurons from
CNS to WAT.
Supported by NIH R01 DK 35254 & NIMH MH00841

G.E, Demas*. R.D. Whitten and T.J. Bartness. Neurobiology Program, Department
of Biology, Georgia State University, Atlanta, GA 30303 USA.

Siberian hamsters (Phodopus sungorus) use photoperiod (day length) as a primary cue
to maintain a seasonally-appropriate body mass. Specifically, they reduce body fat in short
“winter-like” days (SDs) and increase body fat in long “summer-like” days (LDs). SDinduced decreases in body fat, however, are not uniform. Internally located fat pads are
depleted preferentially of lipid, while more externally located fat pads remain relatively
unaffected. Photoperiodic changes in white adipose tissue (WAD have traditionally been
assumed to be due to changes in circulating hormone concentrations that have both lipolytic
and lipogenic effects on WAT. Recent evidence from our laboratoiy, however, suggests
that body fat is regulated by the sympathetic nervous system (SNS). The present study
examined the role of the SNS in mediating photoperiodic changes in peripheral WAT
stores in male Siberian hamsters. Specifically, if SD-induced decreases in WAT mass are
due to increased SNS drive on these pads, then catecholaminergic activity should be
increased in WAT in SDs compared to LDs. In order to test this hypothesis, animals were
maintained in LDs (LD 14:10) or SDs (LD 10:14) fix'6 weeks. Animals were then killed,
fat pads were removed and weighed, and norepinephrine (NE) content and NE turnover
were determined using high pressure liquid chromatography. SD hamsters had smaller
WAT pad masses with internally located WAT (e.g., epididymal WAT [EWAT],
retroperitoneal WAT [RWAT]) preferentially depleted. NE content also was significantly
higjier in both EWAT and RWAT, but not inguinal WAT (IWAT), in SD compared to LD
hamsters. These data suggest that differential depletion of WAT in short days is due to
differential SNS activity on these pads, hi addition, these results suggest an important role
for the SNS in mediating photoperiodic changes in energy balance.
Supported by NIMH KO2 00841 & NIH ROI DK 35254 (TJB) and NINDS NS 10596 (GED)
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THE Dl-DOPAMINE RECEPTOR AGONISTS SKF 38393 AND SKF 81297
IMPROVE VISUAL ATTENTIONAL PERFORMANCE IN RATS IN A
BASELINE DEPENDENT MANNER. J.W. Dailey*, F, Passetti, B.J. Everitt and
T. W. Robbins. Dept. of Experimental Psychology, Univ. of Cambridge, Cambridge,
U. K., CB2 3EB.
Recent studies indicate that pharmacological manipulation of brain
dopaminergic function affects visuospatial working memory in humans and in
animals. In rodents and in non-human primates, these effects have been localised
to the prefrontal cortex using local drug administration. The present study
investigated the role of DI dopaminergic (DA) receptors in the rat medial
prefrontal cortex (mPFC) in visuospatial attention. Rats were trained to detect brief
flashes of light in a 5-choice serial reaction time task — an attentional paradigm
which has been shown to be sensitive to bilateral excitotoxic lesions of the mPFC.
After bilateral cannula implantion into the mPFC, animals were briefly re-trained
and the stimulus duration was reduced in some rats in order to produce low (<75%
correct) versus high baseline levels of accuracy (>75% correct). Intra-mPFC
infusion of the DI DA receptor partial agonist SKF 38393 or of the DI DA
receptor full agonist SKF 81297 selectively enhanced the accuracy of attentional
performance in rats in the low baseline condition, but not in those performing at
high accuracy levels. In addition, following SKF 81297 both high and low baseline
rats responded faster to the target when stimuli occurred unpredictably and
frequently. These results further support the notion that aspects of cognitive
performance mediated by the prefrontal cortex can be optimised by DI DA
receptor neuromodulation. The work presented here was supported by the
Wellcome Trust.

THE ESTABLISHMENT OF FEAR CONDITIONING
REQUIRES DI and D2 DOPAMINE RECEPTORS. Mark
E. Bardgefl*& Rachel M. Huckfeldt. Dept. of Psychiatry, Wash.
Univ. Sch. Med., St. Louis, MO 63110.
The amygdala, hippocampus, and prefrontal cortex play
important roles in the establishment and maintenance of conditioned
freezing behavior. All of these brain regions receive input from the
midbrain dopamine system, however the effects of dopaminergic
drugs on fear conditioning, as assessed by freezing behavior, have
not been well characterized. We performed a series of studies aimed
at determining the effects of dopamine antagonists on the
establishment of fear conditioning in rats. The respective DI and D2
receptor-specific antagonists, SCH-23390 and haloperidol, were
injected SC into young adult male rats at 30 minutes prior to the
pairing of three footshocks (2 sec, 1 mA) with a novel cage
(contextual conditioning) and a 20 sec tone(cued conditioning).
Animals were reexposed to the novel cage or context 48 hours later
and to an altered context and the original tone 72 hours later.
Pretraining injections of SCH-23390 (0.025 and 0.1 mg/kg) and
haloperidol (0.15 and 0.75 mg/kg) reduced freezing behavior during
later testing for contextual and cued conditioning. Neither drug
altered reactivity to footshock alone. These data suggest that activity
at both DI and D2 dopamine receptors is required for the encoding of
associations between neutral and aversive stimuli. Accordingly,
reduced activity at these receptor sites results in a failure to “tag”
novel or neutral stimuli with aversive properties. The localization of
these effects remains to be resolved but presumably involves limbiccortical-striatal circuitry. Supported by MH01109 to MB.
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36.4

SYNERGISTIC EFFECTS OF INTRA AMYGDALA ADMINISTRATION OF
THE DOPAMINE D2 RECEPTOR ANTAGONIST, RACLOPRIDE, AND
SYSTEMIC ADMINISTRATION OF THE SEROTONIN IA AGONIST, 8-OHDPAT, ON FEAR POTENTIATED STARTLE IN RATS. D, L, Walker* and M.
Davis. Dept. of Psychiatry, Emory University, Atlanta, GA.
Systemic administration of buspirone, a 5-HT1A partial agonist and dopamine
D2 antagonist, potently disrupts the expression of fear-potentiated startle (i.e., the
increase in startle amplitude to a sudden noise when the startle response is elicited
in the presence of a cue previously paired with shock). However, the mechanism
of this action remains uncertain. The 5-HT1A agonist properties of buspirone do
not appear to fully account for its effect on fear-potentiated startle insofar as 8OH-DPAT, a 5-HTlA agonist without D2 effects, has inconsistent effects on this
behavior (Kehne et al., 1988; Mansbach & Geyer, 1988). These and other data
suggest that the 5-HTIA and D2 actions of buspirone, in combination, may be
necessary for its apparent anxiolytic effects in this paradigm. Here, we examine
the effects of a specific D2 antagonist, raclopride, alone and in combination with
8-OH-DPAT following either systemic or intra amygdala administration.
Raclopride, administered systemically prior to testing, significantly
attenuated fear-potentiated startle, but at doses up to 1 mg/kg (s.c.) did not
completely block fear-potentiated, 8-OH-DPAT (0.5 mg/kg given s.c.) had little
effect. Intra amygdala administration of raclopride (10 pg/side) or buspirone (50
pg/side) had only modest effects on fear-potentiated startle but these effects were
markedly potentiated by systemically administered 8-OH-DPAT. These
preliminary data suggest that the combined targeting of amygdala D2 receptors
and a currently unidentified population of 5HT1A receptors may have potent
effects on fear-potentiated startle and perhaps, more generally, on anticipatory
anxiety. [Supported by MH-57250 and MH-47840].

AMYGDALOID D2 DOPAMINE RECEPTOR INVOLVEMENT IN
PAVLOVIAN FEAR CONDITIONING. F.A. Guarraci*, R.J. Frohardt, W.A.
Falls & B.S. Kapp. Department of Psychology, University of Vermont,
Burlington, VT, 05405
The amygdala is a critical component of the neural circuitry essential for fear
conditioning. The mesencephalic dopamine system provides a rich innervation to
the amygdala (Fallon & Ciofi, 1992). We have recently found that pre-training
intra-amygdaloid infusions of the Di receptor antagonist, SCH 23390, attenuates
conditioned fear when tested 24 hours later, while pre-training infusions of the Di
receptor agonist, SKF 82958, facilitates conditioned fear (Guarraci, Frohardt &
Kapp, in press). These results suggest that amygdaloid dopamine transmission at
the D| receptor is important for the formation and/or consolidation of fear
memories. The present study examined whether transmission at the D2 receptor is
also important for fear conditioning. We investigated the effects of bilateral intraamygdaloid infusions of the D2 receptor antagonist, eticlopride (1.0pg/0.5pl/side),
on the acquisition and expression of conditioned fear measured by freezing to
acoustic and background contextual stimuli. Female rats were randomly assigned
to 1 of 4 groups: 1) eticlopride prior to acquisition and a retention test 24 hours
later; 2) vehicle prior to both; 3) eticlopride prior to acquisition only; or 4)
eticlopride prior to the test only. During acquisition, rats received three 24s tones
(2000 Hz, 80 dB) which were immediately followed by a 0.5s footshock (0.5mA).
During the retention test, rats received three tone-alone presentations. Infusions of
eticlopride prior to acquisition or prior to both acquisition and the test
significantly attenuated freezing to the tones during retention testing. No effects,
however, were observed on freezing that emerged during acquisition.
Furthermore, these effects were not attributable to alterations in baseline activity
or shock reactivity. In conclusion, these results suggest that amygdaloid dopamine
transmission at the D2 receptor also contributes to the formation and/or
consolidation of fear memories. Support: NIMH MH11627-02

36.5

36.6

D2 DOPAMINE RECEPTOR BLOCKADE IMMEDIATELY
POSTTRAINING ENHANCES RETENTION IN SPATIAL AND
CUED VERSIONS OF THE WATER MAZE. B, Setlow* and J.L.
McGaugh, Center for the Neurobioiogy of Learning and Memory and
Department of Neurobioiogy and Behavior, University of California,
Irvine, CA 92697-3800.
There is considerable evidence for a role of central dopamine systems in
memoiy consolidation. Much of this evidence comes from studies using
dopaminergic agonists, which almost always enhance retention when given
immediately posttraining. Studies employing dopaminergic (particularly
D2) antagonists, however, have produced conflicting results, yielding both
enhancing and impairing effects on retention depending on species, task,
and route of administration. To further investigate the effects of dopamine
antagonists on memory consolidation, rats given 4 training trials in either
the spatial (hidden platform) or cued (visible platform) version of the
Morris water maze were given immediate posttraining subcutaneous
injections of the D2 antagonist sulpiride (10, 30, or 100 mg/kg) or vehicle.
A retention test 48 hours later revealed that in the spatial task, rats given
10 mg/kg sulpiride had significantly shorter platform latencies than vehicle
control rats. In the cued task, rats given 30 mg/kg sulpiride had
significantly shorter platform latencies than vehicle controls. The results
show that posttraining administration of sulpiride can enhance retention in
two versions of the water maze which are thought to engage different
memory systems. Although the mechanisms through which sulpiride acts
to enhance memory in these tasks are not known, several lines of evidence
suggest that it may act in part through effects on striatal acetylcholine.
This material is based upon work supported under an NSF Graduate
Fellowship (BS) and NIMH/NIDA research grant MH12526 (JLM).

HIPPOCAMPAL DOPAMINE D2 RECEPTOR INVOLVEMENT IN
MEMORY AND ACETYLCHOLINE RELEASE. H. Umegaki1, J. Munoz2,
R.C. Meyer2, E.L. Spangler2, J. Yoshimura3, H.Ikari1, A. Iguchi1, P.K.
Ingram2*. ’Dept. Geriatrics, Nagoya Univ., Sch. Med., Nagoya, Aichi, Japan.
2Gerontol. Res. Ctr., Natl. Inst. Aging/NIH, 5600 Nathan Shock Drive,
Baltimore, MD 21224.
Previous studies have established cholinergic-dopaminergic interactions
in cognitive performance (Levin et al., Behav. Neural. Biol., 54:271, 1990).
Using microdialysis techniques, we confirmed the involvement of hippocampal
dopamine D2 receptors (D2R) in acetylcholine (ACh) release. Male F344 rats
were implanted with cannula in the ventral hippocampus and infused with the
D2R agonist, quinpirole, resulting in a dose-dependent increase in ACh. This
effect was further confirmed in a second experiment in which quinpirole was
injected i.p., and the ACh increase could be attenuated by infusion of the D2R
antagonist, eticlopride. We next investigated D2R involvement in a complex
maze learning task in which the hippocampal cholinergic system is involved
(Ingram et al., Annals NYAS, 786:1348, 1996). With cannula implanted into
their ventral hippocampi, male F344 rats were tested in a shock-motivated 14unit T-maze. Rats infused with the D2R antagonist, raclopride, exhibited
impaired learning measured as increased maze errors, compared to saline
infused controls. The raclopride-induced impairment could be attenuated by
infusion of quinpirole. These findings provide a basis for exploring the
efficacy of a D2R adenoviral vector previously constructed (Ikari et al., Mol.
Brain Res., 34:315, 1995; Umegaki et al., NeuroReport, 8:3553, 1997)
regarding its ability to affect hippocampal ACh release and improve learning
performance, particularly in aged rats.

36.7

36.8

BLOCKADE OF APPETITIVE PAVLOVIAN CONDITIONING BY PRE-SESSION
INTRA-AMYGDALA R(+) 7-OH-DPAT. E, Setsu and G.P, Phillips* Department of
Psychology, University of York, Heslington, York Y01 5DD, UK.
We have previously reported that while po5?-session intra-amygdala infusions of the
D3 dopamine receptor-preferring agonist R(+) 7-OH-DPAT consistently facilitated
consolidation of appetitive Pavlovian learning, pre-session R(+) 7-OH-DPAT infusions
impaired conditioned behaviours in an acquisition of a novel response task (Hitchcott &
Phillips, 1998*). Here, die latter findings were examined further.
Thus, in Experiment 1 conditioning trials (FT240sec) consisted of the presentation for
lOsec of a light or tone stimulus (CS+) followed immediately by a lOsec period of 10%
sucrose presentation (US) within the chamber recess. A second, control stimulus (CS-)
was also presented but never paired with sucrose. Animals were infused bilaterally within
tlie amygdala either with R(+) 7-OH-DPAT (0.1, lnmol) or vehicle, immediately before
the start of each session.
Pre-session intra-amygdala R(+) 7-OH-DPAT blocked acquisition of the excitatory
conditioned approach response, even after 10 sessions. Approach behaviour during CSand US intervals, and levels of activity in the operant chamber were unaffected.
In Experiment 2, animals treated previously with vehicle were trained further to ensure
a stable rate of asymptotic performance. In these well-trained animals, R(+) 7-OH-DPAT
was without effect on asymptotic behaviour at any dose tested. Finally in Experiment 3,
die predictive power of die CS+ was reduced through removal of the US, and extinction
performance was examined. Pre-session intra-amygdala R(+) 7-OH-DPAT blocked the
ability of animals to inhibit conditioned approach behaviour in the extinction session.
Overall, these data suggest that amygdala D3 dopamine receptor activation blocks the
acquisition of motivational significance by environmental stimuli. In turn, reduced
retroactive interference with an ongoing consolidation process of recent learning may
facilitate die consolidation of recent learning.
[Supported by The Wellcome Trust and Medical Research Council ofthe UK]

EFFECTS OF DOPAMINERGIC TRANSMISSION BLOCKADE
IN RAT’S MEDIAL PREFRONTAL CORTEX ON RECOGNITION
MEMORY, OPEN FIELD BEHAVIOR AND MOTOR LEARNING.
E. Malinina, M. Druzin and A. Kozlov*, Pavlov Physiol. Dep., Inst. Exp.
Medicine, St. Petersburg, Russia.
The aim of present study was to compare the effects produced by local infusion
of DI selective receptor antagonist SCH 23390 (0.3 pg in 1 pi) into medial PFC on
recognition short-term memory (STM), exploratory activity, emotional behavior
and motor learning. The STM test do not employ conditioning procedure and represents two -trial test in Y-maze in which rat should discriminate between novel and
familiar environments (Dellu et al., 1992, 1998). In acquisition trial of this test the
rat was allowed to visit two of three arms of Y-maze. The retention of information
was assessed after 2 hours in retrieval trial by comparing the level of rat’s exploratory activity in novel and familiar (previously visited) arms. In control conditions
(saline infusion into PFC) the duration of exploration in novel arm was considerably higher than in the other two arms. After SCH infusion no significant difference
was found between indexes of exploratory activity in novel and familiar arms.
Analysis of rat’s behavior in open field revealed that after SCH infusion into PFC
exploratory behavior was disrupted whereas the level of locomotor activity and frequency of anxiety-related behavioral patterns were elevated against animal behavior in control group. After SCH infusion acquisition of new motor skill (reaching
food from narrow tube) was slowed mainly due to prolonged emotional reaction of
animals to unsuccessful trials. We suggest that the performance deficit found in
STM recognition paradigm during blockade of dopaminergic transmission in PFC
could be attributable not only to impairments of mnemonic processes but also to
shift in emotional state and altered rat’s exploratory behavior. Supported by Russian Academy of Medical Sciences.

* Hitchcott PK, Phillips GD (1998) Psychopharmacology 140: 458-469.
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HALOPERIDOL ADMINISTRATION PRIOR TO PREEXPOSURE MAY
IMPAIR LATENT INHIBITION. C.V. Buhusi, N.A. Schmajuk*, and L. Dunn.
Department of Psychology, Duke University, Durham, NC 27707, USA.
Schmajuk, Lam, and Gray (JEP:ABP, 1996) offered a neural network theory of
latent inhibition (LI). In the model, an attentional system increases (decreases)
attention to conditioned stimuli (CSs) active at a time when “Novelty” is large (small).
“Novelty” is defined as the sum of the absolute values of the differences between the
average predicted and observed amplitudes of all environmental stimuli including CSs
and the unconditioned stimulus, US. LI reflects the decreased internal representation
of a CS as a consequence of decreased Novelty and attention alter preexposure to tliat
CS. Under the assumption that dopaminergic antagonists (e.g., haloperidol) decrease
“Novelty” the model correctly describes the facilitation of LI when haloperidol is
administered prior to preexposure and conditioning or conditioning alone.
We tested new predictions of the model. Haloperidol administration prior to
preexposure impairs LI with multiple targets, but not with a single target. Six weekold male Sprague-Dawley rats were used to evaluate the effect of intraperitoneal
haloperidol injections on LI of conditioned suppression of water licking, in a betweensubject procedure. Fifteen min after administration of either vehicle or haloperidol
(.3mg/kg), rats received either 0 or 40 presentations of the to-be-conditioned stimuli.
The next day, 15 min after vehicle administration, animals received two presentations
of the target(s) followed by a mild footshock US.
Light+Tone presentations retarded conditioning (LI) in vehicle-, but not haloperidolinjected, animals. When Light+Tone targets were explicitly unpaired from footshock,
suppression increased to similar levels with vehicle or haloperidol, suggesting that
unconditioned responses to the targets do not contribute to LI impairment. No effect
of haloperidol prior to preexposure was found with single targets.
These experimental results confirmed the predictions of the model.
This study was supported by grants from Duke University, ONR and NATO.

LEARNING AND MEMORY: PHARMACOLOGY—ADRENERGIC
37.1

37.2

GLUCOCORTICOID AND a,-ADRENOCEPTOR SYSTEMS IN THE
BASOLATERAL AMYGDALA INTERACT IN REGULATING MEMORY
STORAGE. B, Ferry. B, Roozendaal & J, L, McGaught Center for the
Neurobiology of Learning and Memory, Department of Neurobiology and Behavior,
University of California, Irvine, CA 92697-3800, USA.
Evidence indicates that glucocorticoids affect memory storage through influences
involving noradrenergic mechanisms in the basolateral nucleus of the amygdala
(BLA). Recent studies have shown that the effects, on memory storage, cf
norepinephrine in the BLA are mediated via an interaction between p- and ctiadrenoceptors. Previously we have shown that an inactivation of glucocorticoid
receptors attenuated the memory-enhancing effects of P-adrenoceptor activation in the
BLA. This study examined whether the interaction between glucocorticoids and (3adrenoceptors is mediated by an activation of ai-adrenoceptors in the BLA. Male
Sprague-Dawley rats, with bilateral cannulae aimed at the BLA, received
microinfusions of the specific glucocorticoid receptor antagonist RU 38486 (1.0 ng
in 0.2 |il) 10 min before training in a one-trial inhibitory avoidance task.
Immediately after training, the rats received intra-BLA infusions of phenylephrine (1,
10 and 100 pg), a non-selective a-adrenoceptor agonist, together with yohimbine
(0.2 pg), a selective Cfc-adrenoceptor antagonist. In rats given pretraining infusions
of vehicle, 1 and 10 pg of phenylephrine enhanced retention when infused together
with yohimbine. Pretraining infusions of the glucocorticoid receptor antagonist
blocked the dose-response memory-enhancing effect of phenylephrine.
These
findings support our hypothesis suggesting that glucocorticoids interact with aiadrenoceptors in the BLA in regulating memory storage. Moreover, they suggest
that the influence of glucocorticoids on the p-adrenoceptor induced effects on memory
modulation is mediated via an activation of oti-adrenoceptors in the BLA.
Research supported by a fellowship from the Ralph and Leona Gerard Family
Trust (BF, BR) and USPHS Grant MH12526 from NIMH (JLM).

THE AMNESIC EFFECT INDUCED BY CLONIDINE AND
GUANABENZ IS MEDIATED BY THE a2AD ADRENOCEPTOR
SUBTYPE C. Ghelardini*. N. Galeotti, P, Cardelli, N. Morrocchi, A.
Bartolini Dept. of Pharmacology, Univ. of Florence, Italy,
A number of studies with animals suggest that the central
noradrenergic system plays a major role in memory and learning. Since
controversial data exist regarding the effect of clonidine and guanabenz
on cognitive processes, we decided to investigate the profile of these
two a2 agonists in mice passive-avoidance test. Clonidine (0.08-0.2 mg
kg1 i.p.) and guanabenz (0.2-0.3 mg kg'1 i.p.) induced a statistically
significant amnesia in this test and the mnemonic deficit produced by the
above-mentioned drugs was comparable to that exerted by scopolamine
(1.5 mg kg'1 i.p.), mecamylamine (20 mg kg'1 i.p.), baclofen (2 mg kg'1
i.p.) and minoxidil (10 ^g i.c.v.), used as reference drugs. Pretreatment
with the a2 antagonist yohimbine (1-3 mg kg'1 i.p.) but not with the a,
antagonist prazosine (1 mg kg’1 i.p.) prevented memory impairment
induced by clonidine and guanabenz. Furthermore the o ^ad se ’ecl 1antagonist BRL-44408 (1 mg kg'1 i.p.) but not the a2BC selective antagonist ARC-239 (10 mg kg'1 i.p.) was able to antagonise the amnesic effect
induced by the two a2 agonists. Yohimbine and BRL-44408, when administered alone, did not produce any change in the entrance latency in
comparison with saline-treated mice and they did not modify the amnesia
induced by scopolamine, mecamylamine and baclofen. These results are
consistent with a role for the a2AD-adrenergic receptor in the modulation
of memory processes exerted by clonidine and guanabenz. Ali drugs tested did not impair mouse performance and spontaneous motility, evaluated respectively by the rota-rod test and Animex apparatus.
This work was supported by grant from MURST.

37.3

37.4

P-ADRENERGIC AGONISTS IMPROVE MEMORY IN A NONAVERSIVE TASK IN THE RAT.

P-ADRENERGIC BLOCKADE BY PROPRANOLOL MARKEDLY
INCREASES SPONTANEOUS SINGLE UNIT ACTIVITY OF
AMYGDALA NEURONS. P.E. Simson1*, A.M. Schneider2, M. Johnson1.
B. Gibson1, R. Lubitz1 and D. Levin2. ’Dept. of Psychology, Miami
University, Oxford, Ohio 45056; 2DepL of Psychology, Swarthmore College,
Swarthmore, PA 19081.
Direct activation of the amygdala by either chemical or electrical
stimulation enhances retention in the passive-avoidance procedure. Our
laboratories have recently shown that the p-adrenergic antagonist propranolol,
when administered systemically to rats, also enhances retention in the
passive-avoidance procedure under low arousal conditions (S'. Neurosci.
Abstr., 24.1998). This finding suggests that systemically administered
propranolol, like direct chemical and electrical stimulation, should increase
amygdala activity. The purpose of the present experiment was to determine
whether propranolol, when administered systemically, increases spontaneous
neuronal activity in the amygdala.
Extracellular recordings of single units in the central and basolateral nuclei
of the amygdala were obtained under urethane anesthesia in male Long-Evans
rats (250-325 g) using standard electrophysiological techniques. As in the low
arousal passive-avoidance procedure, propranolol was administered via
intraperitoneal injection. Results showed that propranolol markedly
augmented spontaneous firing rates of amygdala neurons. Increases in
spontaneous neural activity between animals ranged from 50% to 300%.
Firing rates returned to pre-injection baseline rates within 15-30 min. These
results suggest that systemically administered propranolol enhances retention
in the low arousal passive-avoidance procedure, at least in part, by increasing
activity of amygdala neurons.

C. Lebrun*. A. Roger. K, Albinet C. Cuisinier. B. Lockhart and P. Lestage.
Institut de Reeherches Servier, Dept. of Cerebral Pathology, 125, Chemin de
Ronde, 78290 Croissy-sur-Seine, France.

Evidence from animal and human experiments (Psychopharmacology, 1998, 138 :
305-310), indicates that p-adrenergic agonists could enhance the acquisition of
emotionally-based memoiy (aversive situations). The aim of the present study was to
investigate the effects of P-adrenergic agonists in a non-aversive task, the olfactory
social memory task in the wistar rat (J. Comp. Physiol. Psychol., 1982, 96 : 10001006). An adult rat is exposed to a juvenile rat in two trials (5 min each) separated by
an interval of 2h. The time spent in investigating the juvenile was recorded. In
control rats, the time of investigation recorded on the second trial was similar to that
observed on the first presentation indicating that the rats no longer recognized the
juvenile rat. The pi vs (32 affinities of p-adrenergic drugs were assessed by binding
experiments and cAMP determination in cloned human receptors and rat 06 glioma,
respectively. Clenbuterol (3-30 pg/kg i.p.), salbutamol (0.3-3 mg/kg i.p.), and
procaterol (0.03-3 mg/kg i.p.), reduced the time spent in investigating the juvenile
during the second exposure, indicating a cognitive enhancing effect of the drugs.
Isoproterenol (0.1-1 mg/kg i.p.), a p-agonist which does not cross the BBB, had no
effect on social memory. The effect of clenbuterol was reversed by a pre-test
administration of the p2 antagonist, ICI-118,551 (1 mg/kg i.p.) but not by the pi
antagonist, ICI-89406 (1 mg/kg i.p.). Chronic pre-treatment (21 days) with
clenbuterol (30 pg/kg) induced similar effect on the social recognition as acute
treatment. The results indicate that P-adrenergic agonists could improve memoiy in a
non-aversive task via central P2 receptors and without tolerance and could open
therapeutic applications for p2-agonists in pathologies with cognition disorders.
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P-ADRENERGIC BLOCKADE PRIOR TO BUT NOT AFTER PASSIVEAVOIDANCE TRAINING IMPAIRS RETENTION. A.M. Schneider1*, D.
Levin1, K. Hilgers1, E. Wilkins1, A. Floyd1, J. Miller1 and P.E. Simson2.
’Dept. of Psychology, Swarthmore College, Swarthmore, PA 19081; 2Dept.
of Psychology, Miami University, Oxford, OH 45056.
The human literature indicates that propranolol, a p-adrenergic blocker,
impairs retention, while the lower animal work indicates that propranolol,
when administered systemically, either has no effect on retention or, as we
recently reported (S. Neurosci. Abstr,, 24, 1998), enhances retention under ■
low arousal conditions. In the human work propranolol is administered
prior to the memory-related task, while in animal studies propranolol is
typically administered after the memory-related task. The purpose of the
present experiment was to determine in rats if propranolol’s ability to impair
retention depends on whether it is administered prior to or after training.
The subjects were male Long-Evans rats (250-325 g). The training
procedure consisted of a single-trial passive-avoidance task in which the
animals received shock (0.4 mA, 2 secs) for stepping from a lighted to dark
compartment. Animals were administered (i.p.) saline or propranolol
(10 mg/kg) either 20 min prior to or immediately after training. Shock
reaction was monitored during training and retention was measured the next
day in terms of step-through latencies.
The results indicated that propranolol administered prior to but not after
training impaired retention without affecting reaction to shock. These
results suggest that propranolol can have opposite effects on retention
depending on whether it is administered prior to or after training, effects
that cannot be attributed to alterations in the saliency of shock.
Supported by Howard Hughes Medical Institute

THE SELECTIVE NORADRENERGIC UPTAKE BLOCKER,
NISOXETINE, INCREASES NOREPINEPHRINE OUTPUT FROM THE
OLFACTORY BULB AND ENHANCES RECOGNITION RESPONSES.
Y, Shanq*and D, E. Dluzen. Dept. of Anatomy, NEOUCOM, Rootstown,
OH 44272.
In the present report we combine neurochemical measurements with
a behavioral test indicative of recognition to assess brain-behavior
relationships. Male rats were subjected to microdialysis of the olfactory
bulb (OB) for measurement of norepinephrine (NE) output and
simultaneously tested for recognition responses using a social
recognition paradigm. Following a basal collection period, nisoxetine
(NIS - 1.0 mM - N = 6) or vehicle (N = 5) were infused through the
microdialysis probe. At the completion of this NIS infusion an
ovariectomized female rat was introduced into the home cage of the
male for a 5 minute period and the amount of investigation directed to
the female ratwas recorded (Trial 1). This female was again introduced
into the male’s home cage at 120 minutes after the first introduction and
investigation responses were recorded (Trial 2). Male rats infused with
NIS showed substantial increases in OB NE output. Behavioral
responses on Trial 1 (Mean + SEM in minutes = 42 + 7) and Trial 2 = 22
+ 6. The significant reductions in behavioral scores indicates that these
males showed a preservation in their recognition responses over this
extended testing interval. By contrast, male rats infused with the vehicle
showed no increase in OB NE and similar investigatory behavioral
scores on Trial 1 (39 + 4) and Trial 2 (32 + 11) indicating an absence of
recognition. Support: OBR Research Challenge to DED.

37.7

37.8

Blockade

of cerebellar
OF MOTOR LEARNING IN

P-Noradrenregic
receptors
impairs acquisition
F344 RATS. M.H. Mesches*, A.N. Pollock, C.A. Rabiner,
P.C. Bickford. Dept. Pharmacol. & Neurosci Training Program, Univ. Colo. Health
Sci. Ctr. and VAMC, Denver, CO 80262.
The cerebellum is extensively involved in motor learning. Central noradrenergic
lesions or systemic injections of P-adrenergic antagonists impair acquisition of the
rod-running motor task. In aged Fischer 344 rats, electrophysiologic examination of P
adrenergic function following training in the rod-running task indicates that there is a
strong correlation between P-adrenergic receptor function and acquisition of the rodrunning motor task. The direct involvement of cerebellar P-adrenergic receptors has
not, however, been directly examined. We investigated the effect of intra-cerebellar
infusion of a p-adrenergic antagonist on acquisition of rod-running behavior.
Fischer 344 rats (n = 13; 3 mo) were trained to traverse a runway (125x6x25 cm)
with regularly spaced rods (REG; 4 mm dia., 2-4 cm long, 2.5 cm inter-rod distance)
emanating from each side for a water reward. After reaching criterion performance on
the REG pattern of rods, stainless steel guide cannulae (25 ga.) were implanted
bilaterally into cerebellar cortex using standard aseptic stereotaxic techniques. Two
weeks after training on the REG pattern of rods, and at least 1 week following
surgery, the rats were trained to navigate the runway with a novel, irregular pattern of
rods. Prior to each daily training session, the rats were given bilateral infusions (1
pl/side over 2 min) of s-propranoloi (PROP; 100 uM) or vehicle (VEH). After 7 d of
training, the treatment was reversed for 2 d and then daily infusions were
discontinued. PROP significantly impaired the acquisition rate of the rats during the
first 7 d. Acquisition rate increased when PROP treatment was discontinued,
suggesting that the impairment was not due to neuronal damage. PROP had no effect
in animals administered VEH for 7 d and then switched to PROP, indicating that
PROP did not impair motor performance of the task. Thus, cerebellar P-adrenergic
receptors are involved in motor learning. (Supported by USPHS AG04418, AG00728,
NSF IBN-9816825, & VAMRS)

PRETRAINING INACTIVATION OF EXCITATORY INPUT TO THE LOCUS
COERULEUS IMPAIRS ACQUISITION AND RELEARNING OF AN ACTIVE
AVOIDANCE RESPONSE. T, Miyashita*. E.C, Clayton, and C.L. Williams. Dept.
of Psychology, University of Virginia, Charlottesville, VA 22903.
Substantial evidence indicates that the locus coeruleus (LC) contributes to
memory consolidation processes via its noradrenergic projections to limbic structures
such as the amygdala and hippocampus. Tlie responsiveness of LC neurons is
regulated in part by excitatory input from a brainstem structure known as the nucleus
paragigantocellularis (PGi). Given the excitatory influence of PGi on the LC and the
consequent activation in limbic structures involved in memory, the present
experiments examined whether PGi contributes to processes involved in the
acquisition of an adaptive behavioral response.
Five minutes before training in an active avoidance task, male rats were given an
intra-PGi infusion of PBS or the non-specific excitatory amino acid antagonist
kynurenic acid (KA; 1 or 10 nmol/0.5 pi). All subjects were trained to move from
the dark footshock compartment to the illuminated “safe” compartment within 10 sec
after the door separating the two was lowered to avoid being given a footshock (0.35
mA). During acquisition, animals administered either the 1 or 10 nmol dose of KA
required significantly more trials to reach a criterion of 3 consecutive correct
avoidance responses than PBS injected controls (p < 0.02 and p < 0.05, respectively).
Four days after training, retention was tested by giving the animals 5 probe trials
without footshock. Afterwards, the subjects received 15 reacquisition trials in which
footshock was given if no avoidance response was made within 10 sec. No drug
effects were observed during the probe test, however, during reacquisition PBS
injected controls made significantly fewer errors than subjects given a pre-training
injection of 10 nmol of KA (p < 0.03). Subjects administered either 1 or 10 nmol of
KA made fewer consecutive correct responses than controls after the first reminder
shock (p < 0.04 and p < 0.02, respectively). These findings suggest that PGi
contributes to processes associated with the initial acquisition and consolidation of
new
behavioral
responses.
(Supported
by
NIMH
014505-01).

37.9

37.10

POSTTRAINING ACTIVATION OF EXCITATORY AFFERENT INPUT TO THE
LOCUS COERULEUS ENHANCES RETENTION IN EMOTIONALLY
AROUSING AND SPATIAL MEMORY TASKS.
E, C. Clayton*, and C. L.
Williams. Dept of Psychology, University of Virginia, Charlottesville, VA 22903.
Extensive evidence indicates that memory processes are modulated by
norepinephrine (NE) release in the amygdala and hippocampus. Noradrenergic
terminals that innervate both structures originate from neurons in the locus coeruleus
(LC). Electrical or chemical stimulation of the LC produces effects on memory (Sara
& Devaughes, 1988, 1989) similar to those observed following direct application of
NE to either the amygdala or hippocampus (Izquierdo et al., 1992).
Recent findings demonstrate that LC noradrenergic activity is regulated by the
release of glutamate from neuronal projections arising from the nucleus
paragigantocellularis (PGi). Electrical stimulation of PGi potentiates neuronal
activity in the LC and hippocampus. Conversely, inactivation of PGi attenuates
footshock-evoked excitation of LC cells and impairs retention in an emotional
memory task (Clayton & Williams, 1999). Given the excitatory influence of PGi on
LC noradrenergic neurons and the limbic structures involved in mnemonic
processing, the present studies examined whether posttraining activation of PGi
influences retention performance in an inhibitory avoidance (IA) or delayed
matching-to-sample radial maze task. Immediately after training in the IA or radial
maze, all animals were given an intra-PGi infusion of PBS or the excitatoiy amino
acid glutamate (25, 50, or 100 nmol/0.5 pi). Subjects administered the 100 nmol
dose of glutamate immediately following training in IA had significantly longer
retention latencies than PBS injected controls when tested 48 hours later (p < .01).
On a retention test administered 18 hours following radial maze training, subjects
given either the 50 or 100 nmol dose of glutamate made a significantly greater
percentage of correct responses than PBS injected animals (p < 0.05 and p < 0.01,
respectively). These findings suggest that activation of PGi may influence forebrain
structures involved in memoiy via its excitatory actions on LC neurons. (Supported
by NIMH 014505-01).

ADRENAL HORMONES AND MEMORY ENHANCEMENT BY
AIT-082 R. F. Ritzmann1, *, E.M. Taylor1, O. Nguyen1, H. Pham1, M.
Lim1, and M, P, Rathbone21 NeoTherapeutics, Irvine, CA 92618, USA;2
McMaster University, Ontario, Canada
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Chronic elevation of glucocorticoid levels are associated with decreased
hippocampal size, impaired memory and Alzheimer’s disease. Furthermore, the actions
of some cognitive enhancers, including piracetam, are modulated by adrenal hormones.
AIT-082 (NEOTROFIN™), a hypoxanthine derivative, has been shown to increase
hippocampal levels of NGF mRNA in mice and to improve memory. In a passive
avoidance paradigm we have shown that the memory enhancing action of piracetam
(positive control) is abolished in either surgically or chemically adrenalectomized
(ADX) mice. In contrast, 60mg/kg AIT-082 improves memory in both control and
ADX animals. This is also evident in the win-shift behavioural paradigm that assesses
working memory. In separate experiments, a sub-threshold dose of AIT-082
(O.lmg/kg) which does not improve memory in control animals, improved memory in
ADX animals. These data suggest that while AIT-082 function is not dependendent on
adrenal hormones, it is modulated by them.
The mechanism by which AIT-082 action is modulated by adrenal hormones
is unknown. We.have investigated the possibility that AIT-082 interacts directly with
the glucocorticoid receptor. This was tested by examining the ability of AIT-082 to
displace the glucocorticoid agonist, H3-triamcinolone, from glucocorticoid receptors in
rat brain homogenates. While unlabeled triamcinolone inhibited the binding of H3triamcinolone with a Kj of 4.5nM, AIT-082 did not inhibit binding of the
glucocorticoid agonist. Thus AIT-082 does not interact directly with the glucocorticoid
receptor.
This work was supported by NeoTherapeutics, Inc.
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38.2

DISCHARGE PROPERTIES OF IDENTIFIED INTERPOSITUS NEURONS
DURING UNCONDITIONED AND CONDITIONED EYELID RESPONSES IN
CATS. J.M. Delgado-Garcia*1, R. Femandez-Mas2, G. Guillazo-Blanch3, and A.
Gruart1. ‘Lab. de Neurociencia, Univ. de Sevilla, 41012-Sevilla, Spain, 2Div. de Invest,
en Neurociencias, Inst. Mex. Psiquiatria, 14370-Mexico D.F., Mexico, and 3Area de
Psicobiologia, Univ. Autonoma de Barcelona, 08193-Barcelona, Spain.
The interpositus nucleus is supposed to be a place directly involved in the
generation of eyelid learned responses. Cats (n = 6) were prepared for the recording of
the EMG activity of the orbicularis oculi muscle, and of upper lid position with the
search coil technique. They were also provided with stimulating electrodes on the
supraorbital nerve and in the contralateral red nucleus for synaptic and antidromic
identification of recorded units. Unitary activity (n = 360) was recorded with glass
electrodes using a transcerebellar approach. Some units were recorded for the whole
conditioning session (a 2 h). Animals were presented with different stimuli able to
evoke lid responses, and conditioned with pavlovian procedures to close the lids in
response to tones (n = 3) or weak air puffs (n = 3) used as a CS. The US was always a
100 ms, strong air puff. Main results indicated the presence of two types of nuclear
neuron (A, B) located in the rostral part of posterior interpositus nucleus, that increased
(A) or decreased (B) their firing rate during unconditioned and conditioned blinks.
Wavelet analysis showed that the firing rate of type A neurons was related to the 20Hz oscillation present in lid displacements and in the activity of orbicularis oculi
motoneurons. The firing activity of nuclear cells followed rather than preceded that of
facial motoneurons. Linear regression analysis demonstrated significant relationships
between the mean firing rate of nuclear neurons and eyelid position and/or velocity of
blink responses. Microstimulation of recorded areas only evoked CR profiles. It is
proposed that interpositus neurons enhance central motor commands during pavlovian
conditioning to maintain the necessary level of activation for the performance of eyelid
learned responses (Supported by PB93-1175, SAF96-0160, and AECI98-531).

DEVELOPMENTAL CHANGES IN EYEBLINK CONDITIONING AND
NEURONAL ACTIVITY IN THE CEREBELLAR INTERPOSITUS
NUCLEUS. J. H. Freeman Jr.* and D. A. Nicholson. Department of
Psychology, The University of Iowa, Iowa City, IA 52242, USA.
The cerebellum is an essential component of the neural circuitry that
mediates eyeblink conditioning in adult organisms (Thompson & Krupa,
1994, Ann. Rev. Neurosci.) and exhibits extensive morphological
development during the first four postnatal weeks in rats (Altman, 1982, in
S.L. Palay & V. Chan-Palay (Eds.), The Cerebellum: New Vistas). Previous
studies showed that the eyeblink conditioned response also develops during
the first four postnatal weeks in rats (Stanton et al., 1992, Behav. Neurosci.).
Moreover, experimental disruption of cerebellar maturation impaired the
ontogeny of eyeblink conditioning (Freeman et al., 1995, J. Neurosci).
Developmental changes in the neural mechanisms of eyeblink conditioning
were examined further by recording the activity of single neurons in the
cerebellar interpositus nucleus during classical conditioning of the eyeblink
response in infant rats (postnatal days 17 and 24). The percentage of
eyeblink conditioned responses increased as a function of postnatal age. The
development of learning-specific neuronal activity in the cerebellum
paralleled the development of eyeblink conditioning. There was also an agespecific increase in neuronal activity following the onset of the
unconditioned stimulus. The results suggest that the development of the
eyeblink conditioned response depends on the development of learningspecific plasticity in cerebellar neurons. The development of learningspecific plasticity in the cerebellum may be influenced by the development
of unconditioned stimulus inputs to the cerebellum.

38.3

38.4

CEREBELLAR INTERPOSITUS SINGLE UNIT ACTIVITY RELATED
TO BIMODAL CONDITIONED EYEBLINK RESPONSES.
J-S Choi* and J.W. Moore. Neuroscience and Behavior Program, University
of Massachusetts, Amherst, MA 01003.

CEREBELLAR PURKINJE CELL ACTIVITY DURING CHANGES IN THE
INTENSITY OF THE CONDITIONED STIMULUS.
P. Svensson*, F. Bengtsson and G. Hesslow, Department of Physiological
Sciences, Solvegatan 19, S-223 62 Lund, Sweden.
When the intensity of a peripheral conditioned stimulus (CS) is increased, the
conditioned eyeblink response (CR) will be elicited earlier. Maintenance of the
high CS intensity over several trials results in a gradual increase in CR latency
back to initial values. Since the cerebellum most likely is the site where the
association between the CS and the unconditioned stimulus (US) is learned, this
temporal CR property may also be located in the cerebellum, but alternatives exist.
The necessity of precerebellar structures was excluded by an almost perfect
replication of the intensity effects on CR latency with a train frequency increase of
a middle cerebellar peduncle CS.
If the cerebellar cortex is involved in the CR timing this should be reflected in
the Purkinje cell activity during changes in CS intensity. To test this hypothesis,
decerebrate ferrets were conditioned to electrical forelimb stimulation as CS and
electrical periorbital stimulation as US. When the CS reliably elicited CRs the
animals were curarized and single unit activity was recorded from the eyeblink
area in the c3 zone in lobule HVI while the CS intensity was increased from 1mA
to 2mA. Purkinje cells in the eyeblink area were further identified as blink related
when periorbital stimulation elicited short latency climbing fiber responses.
The Purkinje cells responded in different ways to the changes in CS intensity.
One frequent change was that a CR related inhibition of the simple spike activity
appeared earlier.
The presence of CR latency related simple spike activity in blink related purkinje
ceils indicates that the cerebellar cortex is involved in CR timing. Funded by: The
Swedish MRC (no. 09899), the Knut & Alice Wallenbergfoundation.

Single neurons of cerebellar nucleus interpositus (NI) in rabbits fire in relation to eyeblink CRs instilled with a conditioning procedure in which two
different ISIs alternate randomly (Choi and Moore, 1993). Forty-two CRrelated units were recorded from NI. All CR-related units showed neuronal
activity closely related to the time-course of bimodal CRs, i.e., a neuronal
activity pattern with two temporally separated increases in firing rate. Timing relationships between neuronal activity and behavioral CR varied. The
average time between neuronal activity and the behavioral CRs (lead time)
was 50 ms with respect to the latency of the response but on the order of
90-100 ms for the waveform as a whole. Among the 42 CR-related units, 9
responded to the tone CS with short latency (<100 ms). Among 24 units
tested on US-only trials, 17 increased and 2 decreased firing.
CR topographies on short-ISI reinforced trials were unimodal, implying
that the US had become a conditioned inhibitor. The corresponding neuronal
activity of single neurons were also unimodal. Sutton and Barto’s 1990 TD
(CSC) model and its cerebellar implementation (Moore and Choi, 1997) can
account for the suppression of the second peak by employing a US-initiated
timing cascade. The suppression of the neuronal activity on short-ISI trials
suggests that conditioned excitation and inhibition are both expressed at the
level of single neurons. Supported by grant MH57893.

38.5

38.6

CEREBELLAR PURKINJE CELL ACTIVITY RELATED TO
TEMPORAL DISCRIMINATION IN CLASSICAL EYEBLINK
CONDITIONING. J^L Guvnor*. M. E. Rosenfield. J-S Choi, and J. W.
Moore. Neuroscience and Behavior Program, University of Massachusetts,
Amherst, MA 01003.

CEREBELLAR PURKINJE CELL ACTIVITY RELATED TO BIMODAL
CONDITIONED EYEBLINK RESPONSES. RJ, Polewan,* J-S Choi, M.E,
Rosenfield and J.W, Moore. Neuroscience and Behavior Program, University of
Massachusetts, Amherst, MA, 01003.
Berthier and Moore (Experimental Brain Research, 63, 341-350, 1986)
reported that cerebellar Purkinje cells in lobule HVI and neighboring lobules fire
in relation to conditioned responses (CRs) when rabbits were trained in a simple
delay conditioning paradigm with an ISI of 350 msec. Berthier and Moore
subsequently (Experimental Brain Research, 83, 44-54, 1990) showed that
neurons in nucleus interpositus, the target of cerebellar Purkinje cells, also fire
in relation to CRs obtained in simply delay conditioning.
Recently, Choi (dissertation, 1999) showed that neurons in nucleus
interpositus fire in relation to CRs obtained with mixed ISIs of 300 msec and
700 msec. This training results in bimodal conditioned responses. This
relationship strengthens the role of the cerebellum in classical eyeblink
conditioning.
The question of interest now is whether cerebellar Puridnje cells in HVI and
neighboring lobules fire in such a way as to represent both amplitude peaks of
bimodal CRs instilled with the mixed ISI procedure used by Choi. We used
Choi’s procedure to train rabbits and record from Puikinje cells in cerebellar
cortex. Recordings showed that the activity of both amplitude peaks of bimodal
CRs are represented in the firing patterns of single Purkinje cells. Thus,
integration of learning involving mixed ISIs can be expressed by individual
Purkinje cells. Supported by grant MH57893.

Hesslow and Iversson (NeuroReport 5, 649-652, 1994) suggested that
different Purkinje cells mediate classical conditioning to CSs of differing
modalities, for example, a light CS versus a tone CS. To test this hypothesis
we trained rabbits on a temporal discrimination task as described by Mauk
and Ruiz (Behavioral Neuroscience. 106,666-681,1992).
Rabbits were trained with a differential conditioning protocol in which a
light CS was reinforced at an ISI of 300 ms. and a tone CS was reinforced
with an ISI of 700 ms. Both CSs were of 800 ms duration. The US was a
periorbital shock presented to the right eye. Responses to training
manifested themselves within time windows specific to the ISI, i.e. CRs to
the light conformed to a window around 300 ms and CRs to the tone
conformed to a window of 700ms. We recorded the activity of single units
in the right cerebellar lobule HVI of awake rabbits performing this task.
Because of the temporal specificity of the CR to each of these CSs, we
were able to demonstrate that single Purkinje cells fire in a manner
appropriate to the CR produced by that CS. Specifically, modulatory cellular
activity was related to the shorter latency CRs of light trials and to the longer
latency CRs of tone trials. Temporal discrimination learning appears to be
mediated by single Puridnje cells. Supported by MH57893.
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38.8

DISCHARGE PROPERTIES OF IDENTIFIED CAI AND CA3 HIPPOCAMPUS
NEURONS DURING UNCONDITIONED AND CONDITIONED EYELID
RESPONSES IN CATS. A. Munera1, A. Gruart*1, R. Femandez-Mas2, M.D. Munoz3,
and J.M. Delgado-Garcia1. 'Lab. de Neurociencia, Univ. de Sevilla, 41012-Sevilla,
Spain, 2Div. de Invest, en Neurociencias, Inst. Mex. Psiquiatria, 14370-Mexico D.F.,
Mexico, and 3Dept. de Investigation, Hosp. Ramon y Cajal, 28034-Madrid, Spain.
The hippocampus is supposed to be a place directly involved in learning and
memory processes. Cats (n = 6) were prepared for the recording of the EMG activity
of the orbicularis oculi muscle, and of upper lid position with the search coil technique.
They were also provided with stimulating electrodes on the supraorbital nerve and in
the contralateral fornix for synaptic and antidromic identification of recorded units.
Unitary activity (n = 210) was recorded with glass electrodes using a transcortical
approach. Some units were recorded for the whole conditioning session (« 2 h). The
EEG activity of selected hippocampal sites was also recorded with implanted metal
electrodes. Animals were conditioned with pavlovian procedures to close the lids in
response to tones or weak air puffs used as a CS. The US was always a 100 ms, strong
air puff. Both delayed and trace conditioning paradigms were used. Main results
indicated that pyramidal neurons accommodated their firing to CR duration across
conditioning. Thus, pyramidal neurons presented an irregular firing before
conditioning that progressively concentrated within the CS-US interval and, finally,
reproduced CR duration. Wavelet analysis showed that theta rhythm present in
hippocampal EEG records was interrupted by CS presentation and substituted by a 2030 Hz rhythm that slightly overlasted CR duration. The firing activity of pyramidal
cells followed rather than preceded that of facial motoneurons. Linear regression
analysis showed no significant relationship between firing rate of hippocampal
neurons and eyelid position and/or velocity. It is proposed that pyramidal neurons
encoded CR duration during pavlovian conditioning and participate in the storage of
these learned responses (Supported by PB93-1175, SAF96-0160, and AECI98-531).

AGING-RELATED ALTERATIONS IN THE ELECTROPHYSIOLOGICAL
ACTIVITY OF SINGLE NEURONS AND SLOW WAVE EEG IN THE CAI
HIPPOCAMPUS DURING TRACE EYEBLINK CONDITIONING IN THE
RABBIT. M.D. McEchron*. and J.F. Disterhoft. Cell and Molecular Biology,
Northwestern University, 303 E. Chicago Ave., Chicago, IL 60611 USA.
Aging has been shown to produce deficits in the ability to leam hippocampusdependent tasks such as trace eyeblink conditioning. However, as with many types of
learning paradigms, the ability to perform the trace eyeblink task is remarkably
preserved in a subset of aged animals and humans. This study sought to understand
the changes in electrophysiological activity in the CA 1 area of the hippocampus that
were specific to aged animals which showed deficits in trace eyeblink conditioning.
Young (4-6 mo) and aged (29-36 mo) albino rabbits were surgically implanted with
stereotrode electrodes in the CAI area of the hippocampus in order to record single
neuron and electroencephalographic (EEG) activity during daily sessions (80
trials/session) of trace eyeblink conditioning. Each trial consisted of a tone
conditioned stimulus (CS; 100 ms duration) followed by a 500 ms empty trace
interval, then a comeal airpuff unconditioned stimulus (US; 150 ms). A total of 430,
240, and 275 pyramidal cells were recorded from 6 young and 4 aged rabbits that
acquired significant levels of conditioned eyeblink responses (CRs), and 4 aged
rabbits that did not acquire CRs, respectively. Analyses revealed that the largest
group differences in electrophysiological activity occurred very early in training
(Days 1-5), prior to the days when young and aged learners exhibited significant
levels of CRs. The single neuron responses to the CSs and USs were diminished early
in training in aged non-leamers compared to young and aged learners. Multiple
correlation analyses showed that the coordinated firing of the single neuron ensembles
(4-16 cells) obtained from each of the stereotrodes from the aged non-leamers was
diminished early in training compared to the ensembles from the young and aged
animals that acquired trace eyeblink CRs. Analyses of the EEG power spectra
between 1 and 20 Hz revealed that the slow' wave activity of the young and aged
learners was much greater than that of the aged non-leamers and a group of young
pseudoconditioned controls (n=5). These single neuron and slow wave analyses
suggest that the transmission of information to and/or within CAI is altered in aged
learning-impaired animals. Support: NIH AG05711, AG08796, MH47340.

38.9

38.10

The Ml Muscarinic Agonist CI-1017 Facilitates Trace Eyeblink Conditioning in
Aging Rabbits and Increases the Excitability of CAI Pyramidal Neurons.
C, Weiss* A.R. Preston, M.M. Oh. R.D, Schwarz. D. Welty and J.F, Disterhoft Dept.
of Cell & Molec. Biol., Northwestern Univ. Med. School, Chicago, IL. 60611 and
Parke-Davis Pharmaceutical Research, Ann Arbor, MI 48105
The Ml muscarinic agonist CI-1017 was administered (i.v.) to aging rabbits on a
daily basis before and during hippocampally-dependent trace eyeblink conditioning
sessions. The drug significantly increased the rate and amount of learning in a dosedependent manner with no significant effects on the amplitude, area, or latency of CRs.
The minimally effective dose produced only mild and temporary hypersalivation as a
side effect. Circulating blood levels of CI-1017 were significantly related to the drug
dose, and there was an inverted “U” relationship between the level of Cl-1017 and the
percent of trials with CRs. CI-1017 increased the excitability of CAI pyramidal
neurons recorded from hippocampal slices from naive young and aging rabbits as
measured by changes in spike-frequency adaptation and the post burst
afterhyperpolarization. These results suggest that Ml agonists ameliorate age-related
learning and memory impairments by increasing hippocampal pyramidal neuron
excitability, and that Ml agonists may be an effective therapy for reducing the
cognitive deficits that accompany normal aging and/or Alzheimer’s Disease.
Support: AG08796, MH11737 and Parke-Davis Pharmaceutical Research.

AGE RELATED ENHANCEMENT OF sIAHP IN CAI HIPPOCAMPAL
PYRAMIDAL NEURONS J.M. Power*, M.M. Oh, and J.F. Disterhoft.
Department of Cell and Molecular Biology,
Northwestern University
Medical School, Chicago, IL 60611.

Previous studies have demonstrated that acquisition of the eyeblink
conditioned response is associated with a reduction in the post-burst
afterhyperpolarization in CAI pyramidal neurons. In addition, the AHP is
enhanced in CAI neurons from animals at ages in which learning is impaired.
The correlation between neuronal excitability and learning has led us to
hypothesize that AHP changes are integrally involved in age-related learning
deficits. The post-burst AHP is regulated by at least four classes of outward
potassium currents (Ic, 1^, IAHp, s Iahp ) and Iq - Cholinersterase inhibitors,
which reduce IM and sIAHP in vitro, and nimodipine, which reduces sIAHP / IAHP
in vitro, enhance hippocampal dependent learning in aging animals.
Therefore, we investigated whether the sIAHP component of the post-burst
AHP is enhanced in aging CAI.
Whole-cell patch-clamp recordings were made from CAI neurons in
hippocampal slices prepared from young (2-3 mo) and aging (> 36 mo)
rabbits. The sIAHP was isolated by bath perfusion of aCSF containing TTX
(500 nM), CsCl (2 mM), 4-AP (2 mM), TEA (5 mM), kynurenic acid (2 mM)
and picrotoxin (100 pM). The sIAHP was evoked by a 100 ms voltage step
from -55 mV to -5 mV. The sIAHP was found to be greater in aging CAI
neurons (p < 0.05; aging: 334 ± 45 pA; young 191 ± 30 pA). The sIAHP
amplitude was correlated with the post-burst AHP amplitude that was
measured prior to sIAHP isolation. An examination of age related differences
in the kinetics and voltage dependence of the sIAHP is in progress.

Supported by: NIH AG08976.

38.11

38.12

ENHANCED NEURONAL EXCITABILITY OF CAI HIPPOCAMPAL
PYRAMIDAL NEURONS IS OBSERVED AFTER TRACE EYEBLINK
CONDITIONING IN RATS. M.M, Oh*. M.G, Knuttinen, J.M, Power, and J.F.
Disterhoft. Department of Cell and Molecular Biology, and Institute for Neuroscience,
Northwestern University Medical School, Chicago, IL 60611.
Previous studies in our laboratory have demonstrated that hippocampal pyramidal
neurons from rabbits that have acquired the trace eyeblink conditioning (tEBC) task
have reduced postburst afterhyperpolarization (AHP) and spike-frequency adaptation
(accommodation) compared to pseudoconditioned and naive controls. These reductions
are learning-dependent, as neither AHP nor accommodation were reduced in neurons
from rabbits that were trained but failed to acquire the task. Recently, we have shown
that tEBC is hippocampally-dependent in Fisher 344 x Brown Norway rats. We
examined the CAI pyramidal neurons from 3 mo rats after tEBC to determine if
neuronal excitability was increased after learning in rats as in rabbits.
The rats were trained in pairs receiving either tEBC or pseudoconditioning (PC).
tEBC consisted of 30 paired presentations of a tone (CS), followed by a 250 ms
stimulus free trace period, then an airpuff (US), until reaching a criterion of 80% CRs
in a given session. PC consisted of equal number of unpaired presentations of CS and
US. Hippocampal slices were prepared from each pair of rats 24 h after reaching the
learning criterion. Biophysical properties of CA 1 neurons were measured using currentclamp recording technique at a holding potential of -68 ± 1 mV. There was a similar
reduction of AHP amplitude, area, and accommodation in CAI neurons from trained
rats as compared to those from trained rabbits: AHP amplitude (-20%), AHP area
(-40%), and accommodation (-35%) in tEBC rats compared to that from PC rats.
Thus, the reduced postburst AHP and accommodation (increased neuronal
excitability) of hippocampal pyramidal neurons are a cellular consequence of
hippocampally-dependent learning and memory that is observed across species.
SUPPORTED BY NIH AG08796 (JFD) AND 1F31MH11737 (MMO).
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TEMPORARY, CEREBELLAR CORTICAL AMPA-RECEPTOR BLOCKADE
PREVENTS ACQUISITION OF NICTITATING MEMBRANE CONDITIONING.
P.J.E. Attwell, S. Rahman, M. Ivarsson, P.F.C. Gilbert* and C.H. Yeo. Dept.
Anatomy, University College London, Landon WCIE 6BT, U.K.
Lesion studies have revealed that classical conditioning ofthe nictitating
membrane response (NMR) is a cerebellar-dependent motor learning task but they
do not indicate whether the cerebellum is engaged in the learning, or only in the
performance of the task. Reversible inactivations of the cerebellum with localized
infusions of drugs can be used to dissociate performance and learning effects and
they have shown that normal activity in the cerebellar nuclei and inferior olive are
essential for acquisition of NMR conditioning. Several models suggest that there is
plasticity critical for motor learning within the cerebellar cortex but they have not
been tested directly using inactivations restricted to the cerebellar cortex.
We have used infusions into cerebellar cortical lobule HVI of the disodium salt
of CNQX, a relatively selective AMPA-receptor antagonist, to reversibly block
transmission at cerebellar cortical synapses during NMR acquisition training.
Rabbits were implanted with guide cannulae directed to lobule HVI. In phase 1,
they ware given four, daily sessions of NMR acquisition training to a tone
conditional stimulus. Control subjects (n=6) received an injection of vehicle (PBS;
2pl) and experimental subjects (n-6) received CNQX (3.0 mM; 2pl) 5-10 min
before each session. Then, in phase 2, both groups received four more daily
sessions without infusions. CR frequencies of CNQX subjects in phase 2 indicated
that the drug had almost completely prevented acquisition in phase 1. Histology
and autoradiography following injection of [3HJ-CNQX verified that the drug was
confined to the cerebellar cortex and had not spread to the cerebellar nuclei. All
effective drug locations included the rostral regions of lobule HVI. Normal activity
in cerebellar cortical lobule HVI is critical for the acquisition of NMR conditioning.
Supported by the BBSRC.
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TEMPORARY, CEREBELLAR CORTICAL AMPA-RECEPTOR BLOCKADE
PREVENTS PERFORMANCE OF THE CONDITIONED NICTITATING
MEMBRANE RESPONSE. M. Ivarsson* , S. Rahman, P.J.E. Attwell and C.H. Yeo.
Dept. Anatomy, University College London, London, WCIE 6BT, U.K.
Classical conditioning of the eyeblink/nictitating membrane response (NMR) of the
rabbit is a simple form of associative learning. It is critically dependent upon the
cerebellum. Lesions of the cerebellar deep nuclei abolish the expression of
conditioned responses (CRs) and discrete cerebellar cortical lesions can abolish or
impair CRs. Because cerebellar lesions may produce deficits in CR performance, they
cannot indicate where the memories are stored.
Reversible inactivations of the cerebellum with localized infusions of drugs can be
used to dissociate performance and learning effects. Local inactivation of the deep
cerebellar nuclei can prevent the expression of existing CRs and prevent the
acquisition of new CRs. However, models of cerebellar function indicate that there
may be learning-related plasticity within the cerebellar cortex and in order to test
this, effective reversible inactivations of the cerebellar cortex are needed.
We have achieved such inactivations with infusions into cerebellar cortical lobule
HVI of the disodium salt of CNQX - a non-NMDA glutamate receptor antagonist
that reversibly blocks transmission at several types of cerebellar cortical synapse.
Six rabbits implanted with guide cannulae directed to lobule HVI were trained to
blink to a tone. Injection of vehicle (PBS; 2pl) had no effect on CRs. At optimal loci
within the lobule, infusions of CNQX (1.54mM; 2pl) abolished CRs for at least 25
min. Histology and autoradiography following injection of [3H]-CNQX verified that
the drug was confined to the cortex with no spread to the cerebellar nuclei.
These findings confirm an essential role for lobule HVI in the expression of
eyeblink/NMR conditioned responses and provide a reversible inactivation method
for assessing the role ofthe cerebellar cortex in the acquisition of motor learning.
Supported by the BBSRC.

THE EFFECT OF RETROSPLENIAL CORTEX LESION ON LATENT INHIBITION IN

CLASSICAL

CONDITIONING

OF

RABBIT’S

NICTITATING

MEMBRANE

RESPONSE. H. T. Kim*, S. Y. Kwack, J. W. Ryou, and T. K. Lee.

Dept. of

Psychology, Korea Univ., Seoul 136-701, Korea.

Although the hippocampus(HIP) is not essential for most simple types of
classical conditioning, more complex ones, such as trace conditioning, reversal
conditioning, and latent inhibition(LI), are dependent on HIP. We have
studied the role of HIP in LI. This study examined neuronal activities of
HIP during pre-exposure and post-pairing periods, after the lesion of the
retrosplenial cortex(RC). RC receives fibers from HIP and sends to various
areas, including the thalamus, other cortical areas, and the ventral pontine
nucleus(PN). We aspirated RC bilaterally, and recorded neural activities from
both H and PN simultaneously during LI procedure in rabbit’s classical
conditioning of nictitating membrane response. After 450 pre-exposures of tone
CS, rabbits of sham group showed normal retardation of conditioning as
expected. And they showed a gradual increase of neuronal response to CS in
PN during post-pairing period. Such results indicate a possibility that -he
neuronal activities in PN reflect a modulation of CS or PN is a comparator
between processed CS and ongoing CS in LI. Sham group showed the
inhibition of neuronal activities to CS in HIP during post-pairing period.
While, animals with RC aspiration lesion showed no significant alteration of
neuronal activities in both PN and HIP, when switched from pre-exposure to
post-pairing period, and they showed a severe retardation of conditioning
compared to the sham group
in LI. These findings suggest that the
hippocampus has an inhibitory effect on pre-exposured CS in LI and RC may
relay the hippocampal output to PN.
(Supported by Korea Research
Foundation #01 C 0461).

38.15
PRODUCTION OF THE FOS PROTEIN FOLLOWING CLASSICAL
CONDITIONING OF THE EYELID RESPONSE IN RABBITS. A. Gruart1, S.
Morcuende', J.M. Delgado-Garcia1, and S. Martinez*1. ‘Lab. de Neurociencia, Univ.
de Sevilla, 41012-Sevilla, and 2Dept. de Morfologia, Univ. de Murcia, 30100Murcia, Spain.
We have used the production of the Fos protein to determine the relative
involvement of different areas of the cerebral cortex in the classical conditioning of
eyelid blinks. Albino rabbits (n = 20) were implanted with EMG recording
electrodes in the orbicularis oculi muscle and with an eyelid coil for the precise
recording of eyelid position and velocity with the search coil technique. Animals
were classically conditioned with tones or short, weak air puffs as a CS, followed
250 ms from ’CS beginning by a long, strong air puff as a US. The US was always
presented to the left cornea. Two trace (air puff-air puff and tone-air puff) and a
delayed (tone-air puff) conditioning paradigms were used. Some (n = 6) animals
were pseudoconditioned with the unpaired presentation of stimuli used as CS and
US. Two animals were operated and left as controls. Number of trials to criteria
(90%) was reached in conditioned animals (n = 12) by the 5-6th conditioning
session. Animals were sacrified 1 h following the end of the 6th conditioning session
and their brains processed for immunohistochemical staining with anti-Fos
antibodies. The number of positive nuclei was quantified. Compared to control and
pseudoconditioned groups, conditioned animals showed a significant increase in Fos
production in a number of cortical regions contralateral to US presentation-side. The
contralateral somatosensory and pyriform cortices presented a significant production
of the Fos protein for the three conditioning paradigms, but the temporal cortex was
immunostained only for trace and delayed conditionings in which a tone was used as
CS. Although conditioning generated more Fos protein in the contralateral
hypocampus than in controls, no difference was observed between trace and delayed
paradigms (Supported by DGICYT PB93-1175, SAF96-0160).

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—HIPPOCAMPUS
AND NONSPATIAL LEARNING I
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39.2

RAT "RULE INDUCTION" CAN BE MODELED BY A NEURAL NETWORK
WITH SUPERVISED LEARNING. D. G. Wallace1, C. F. Lewis1, S. B.
Fountain1, and C.H, Block2*.
1Kent State Univ., Kent, OH 44242;
Northeastern Ohio Universities College of Medicine, Rootstown, OH 44272.
Debate has centered on the mechanisms responsible for rat serial pattern
learning of food quantity. Symbolic theories suggest that rats, like humans,
leam serial patterns by encoding formal rule structure (Hulse & Dorsky,
1977). Subsymbolic theories posit that serial patterns are learned by
multiple associations between memories of food reward, and subsequent
performance is influenced by generalization between memories (Capaldi &
Molina, 1979). SPAM, a general theory that can account for data generated
from both theoretical camps has yet to model acquisition rates, particularly
for responding to the final sequence item.
SPAM (Sequential Pair-wise Associative Model) in a CAN (Connectionist
Architecture Network) is a formal instantiation of typical subsymbolic
theories, where item representation, association, learning, and retrieval are
accomplished by vector representation, convolution, an error-correcting
"delta" rule, and correlation, respectively. Various data sets relevant to serial
pattern learning of food quantity were simulated via SPAM: serial pattern
tracking (Hulse & Dorsky, 1977; Capaldi & Molina, 1979) and serial pattern
extrapolation (Fountain & Hulse, 1981; Haggbloom & Brooks, 1985.)
A neural net model with supervised learning, based on sequential pairwise associations from a stimulus dimension, made qualitative predictions
that matched acquisition results obtained in the literature. Serial pattern
tracking and extrapolation are best with sequences of high discriminability
and low “complexity," as predicted by subsymbolic models. The results from
multiple simulations supply converging evidence as to the parsimony of
subsymbolic theories of animal cognition.

ANTICIPATION OF "EXCEPTIONS-TO-THE-RULE" IN RAT SEQUENTIAL
LEARNING. M.D. Muller, D.G, Wallace, C.L. Novak, D.P, Smith, and S.B.
Fountain*, Dept. of Psychology, Kent State University, Kent, OH 44242.
When rats and humans leam a highly periodic and repetitive pattern of
movements, responses that are exceptions to the implicit pattern are
considerably more difficult to leam than other elements that conform to the
implicit pattern. In addition, on the exceptions, termed "violation elements"
because they violate pattern structure, errors tend to be responses
consistent with pattern structure. The foregoing suggest that what is learned
about violation elements in patterns is something different from what is
learned for structured elements. Responding to rule-consistent items of
serial patterns has been attributed to symbolic processes, whereas
responding to exceptions-to-the-rule has been attributed to subsymbolic
associative processes. To evaluated these claims, we examined what
factors mediated learning for rule-consistent versus violation components of
a serial pattern. We examined learning in 4 groups of rats in which each
group retained different types of information to guide performance in a 24element pattern with a violation element. A Location (L) group had a
violation element occurring at a consistent spatial location. A Serial Position
(SP) group had a violation element occurring at serial position 24 of the
pattern. An L+SP group had a violation element occurring at a consistent
location and serial position. A No Cue group had no consistent cues to
predict the violation element. Rats were trained to a strict criterion, then
groups L and L+SP underwent a series of transfers designed to remove the
cues that might have controlled their performance on the violation element.
Results indicate that intra-maze cues mediated performance on the violation
element, serial position was not an effective cue, and performance on ruleconsistent elements was mediated by an internal mnemonic representation.
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HIPPOCAMPAL FUNCTION DURING BEHAVIORALLY SILENT
SEQUENTIAL LEARNING. A. Talk*, C. Gandhi, and L. Matzel.
Department of Psychology, Rutgers University, Piscataway NJ 08854
It has been difficult to determine whether the enhancement of
hippocampal evoked potentials observed during the induction of some
forms of memory represent the actual storage of that memory, or are
simply a reflection of the behavioral change that accompanies learning.
We address this issue by examining changes in hippocampal field
potentials evoked during a form of behaviorally silent relational learning,
the expression of which is sensitive to hippocampal lesion. In these
studies, rats were exposed to pairings of white noise and tone (i.e. S1+S2),
which resulted in no change in the behavior of the animals. However, if the
tone was subsequently paired with mild foot-shock (i.e. S2+US), then the
noise (S1) elicited conditioned fear. Pretraining neurotoxic lesions of the
hippocampus were found to disrupt Conditioned fear responses to the
white noise (S1), but not to the tone (S2). Thus learning about the
sequential relationship (S1-S2-US) was dependent on the hippocampus,
while the more simple associative relation (S2-US) was not. No changes in
hippocampal potentials (recorded in CA1) evoked by S1 were observed
during S1+S2 pairings, but changes in the amplitude of both short- and
long-latency evoked responses to S1 were observed after S2+US pairings.
These results suggest that the hippocampus contributes to the expression
of relatively complex sensory relationships, but that changes in sensoryevoked field potentials recorded in the hippocampus do not reflect the
storage of information per se. Increases in hippocampal field potentials at
test most likely reflect the generation of conditioned responses, or the
processing and inferential expression of sequential stimulus relationships.
Supported by a Busch Memorial Foundation grant to L.M.

DEMONSTRATION OF A LEARNED IRRELEVANCE - TYPE EFFECT
IN APPETITIVE SIGNALED BARPRESSING. D. P. Miller*, K. N.
Kersten, T. M. Doherty, and J. L Crouch, Dept. of Psych., Carthage College.
K^Ea,~wrano
---------------Stimulus pre-exposure has been used to retard subsequent learning in a
variety of paradigms. Many of these retardation effects have been shown to
be dependent on hippocampal-cortical structures.
Latent inhibition,
involving pre-exposure to a single stimulus necessary for subsequent
conditioning, has been used effectively to retard learning in a number of
paradigms (Lubow, Cambridge Univ. Press, 1989). Demonstration of a
latent inhibition effect was attempted previously in the appetitive signaled
barpress paradigm (Miller & Steinmetz, SNF Abstracts, 1995). However,
the no tone pre-exposure group that sat in the operant chamber for 10 d
with no stimuli presentations showed levels of retardation during subsequent
conditioning similar to the tone pre-exposu,re group that received 10 d of
tone alone presentations (compared to a no exposure control group).
To overcome this possible context-related inhibition in the no tone
pre-exposure group we implemented a procedure where all groups were
trained to receive food pellets on a FR-8 partial reinforcement schedule.
One group (T) received pre-exposure to the tone for 10 d while performing
the FR-8 task. A second group (NT) received no pre-exposure to the tone
for 10 d while performing the FR-8 task. A third group (C) went straight
from shaping to the signaled barpress task. Group T showed a reduction in
acquisition of the signaled response compared to group NT and C. This
appears to be similar to the learned irrelevance (LI) effect previously
demonstrated only in classical conditioning (uncorrelated CS-US
presentations; e.g., Baker & MacKintosh. Animal Learn & Beh 5:315,
1977).
Current research is assessing whether the hippocampus and
overlying cortical regions are necessary for the LI effect as reported
previously in the rabbit eyelid conditioning paradigm (Allen & Gluck, SFN
Abstracts, 1997).

39.5

39.6

LEARNING AND ANXIETY ARE DIFFERENTIALLY MODULATED
BY STRESS AND CORTICOTROPIN-RELEASING FACTOR (CRF)
ACTING THROUGH CRF RECEPTORS 1 AND 2. Jelena Radulovic*,
Andreas Ruhmann, Thomas Liepold, Andre Fischer, Ulrike Katerkamp and
Joachim Spiess. Department of Molecular Neuroendocrinology, Max
Planck Institute for Experimental Medicine, Hermann-Rein-Str. 3, 37075
Goettingen, Germany.
The role of CRF receptor subtypes 1 (CRFR1) and 2 (CRFR2) in
learning and anxiety was investigated with Balb/c mice. As learning
paradigm, context- and tone- dependent fear conditioning was used.
Injection of CRF into the dorsal hippocampus before training enhanced
learning through CRFR1 as demonstrated by the finding that this effect
was prevented by the local injection of the unselective CRFR antagonist
astressin, but not by the novel CRFR2-specific antagonist antisauvagine-30.
In contrast, injection of CRF into the lateral septum impaired learning
through CRFR2, as demonstrated by the ability of antisauvagine-30 to
block this effect. When antisauvagine-30 was injected alone into the lateral
septum, learning was enhanced. Such tonic control of learning was not
observed when astressin or antisauvagine-30 was injected into the dorsal
hippocampus. Injection of CRF after the training into the dorsal
hippocampus and the lateral septum also enhanced and impaired learning,
respectively. Thus, it was indicated that CRF acted on memory
consolidation, and it was concluded that the observed effects reflected
changes of associative learning, and not arousal, attention or motivation.
Immobilization for lh generated a stress response which included the
induction of anxiety through septal CRFR2 and the subsequent
enhancement of learning through hippocampal CRFR1. The involvement
of either receptor subtype was demonstrated by region-specific injections
of astressin and anti-sauvagine-30. The blockade of stress-induced anxiety
by intraseptal injection of anti-sauvagine-30 partially prevented stressinduced enhancement of learning (Supported by the Max Planck Society)

Time Stamp: Effects of training and testing time on context conditioning
Antoniadis, E.A., Ko, C., Presta, C., Irani, F., Ralph, M.R., & McDonald, R.J.
Department of Psychology and Zoology, University of Toronto.
The organization of learning and memory has been extensively studied in human and
non-human species in the past century. Various memory studies have found “time
of retrieval” effects in humans (Folkard & Monk, 1985). Variations in human
efficiency appear to be the product of an underlying circadian rhythmicity in basal
arousal level, which in turn parallels rhythms in body temperature. In the present
experiment, we were interested in whether the time of training and testing had an effect
on acquisition and eventual retention of information. Hamsters were used in this series
of experiments because they are the species of choice for studying circadian rhythms
in mammals and we have recently shown context conditioning with hamsters. Hamsters
are nocturnal rodents that show maximal amplitude of locomotion as expressed in
wheel-running activity, an hour after dark onset (circadian time 13). The peak of
inactivity in hamsters is circadian time 4 (CT4) during the light period of a light/dark
cycle. To assess the effect that circadian time has on context conditioning, a group of
hamsters were trained at CT4 and tested at CT4, while another group was trained at
CT4 and tested at CT13. Two other groups were trained at CT13 but differed in time
of testing (CT4 or CT13). These results indicate that circadian time had a significant
effect on the retrieval of contextual information. Animals showed normal context
conditioning when training and testing occurred at the same circadian time (CT4/CT4
and CT13/CT13). Context conditioning was impaired when training and testing
occurred at different circadian times (CT4/CT13 and CT13/CT4). These findings
suggest that circadian
information is an essential component of context
representations. (Supported by NSERC to M. R. Ralph., and R.J. McDonald)

39.7

39.8

ROLE OF BRAIN VESICULAR ZINC ON LEARNING AND MEMORY OF
RATS. A. Takeda*. S. Takefuta. S. Sawashita. S.Qkada-and N. Oku. Dept. of
Radiobiochemistry, Sch. of Pharmaceutical Sci., Univ. of Shizuoka, 52-1 Yada,
Shizuoka 422-8526, Japan
Zinc serves as an endogenous neuromodulator of GABA and NMDA
receptors in the brain. The relationship between brain zinc metabolism and
learning behavior was studied based on the data of “Zn localization in the
limbic system of 5-week-old rats. Learning behavior, tested by passive
avoidance performance, of 6-week-old rats improved significantly compared to
that of 4-week-old rats, and the learning ability was maintained at least until 20
weeks of age. When 8-week-old rats were fed zinc-deficient diet for 4 weeks,
the learning behavior was significantly impaired. However it returned to almost
normal level by intake of control (zinc-adequate) diet for 5 weeks. These results
suggest that zinc is necessary for improvement and maintenance of learning
ability. Zinc concentrations in the brain of rats fed zinc-deficient diet for 4 weeks
were almost the same as those of rats fed control diet. In rats fed zinc-deficient
diet for 12 weeks, zinc concentration in the hippocampal formation, unlike the
cerebral cortex and cerebellum, was significantly lower than that in control rats,
although learning of passive avoidance prior to intake of zinc-deficient diet was
memorized. Zinc concentration in the synaptosomal fraction, unlike crude
nuclear fraction, of the hippocampal formation and cerebral cortex of the zincdeficient rats was also significantly lower than that of control rats. These results
suggest that vesicular zinc in the hippocampal formation and cerebral cortex
functions for learning. On the other hand, memory before zinc deprivation may
not be affected by the deprivation. “Zn uptake into the synaptosomal fraction of
the hippocampal formation, unlike the cerebral cortex and cerebellum, of the
zinc-deficient rats was significantly lower than that of control rats. The decrease
of hippocampal zinc level, especially vesicular zinc level, caused under zincdeficient condition may be critical for learning impairment.

INCREASE IN HIPPOCAMPAL AMPA RECEPTOR BINDING IN
RATS LEARNING AN AVOIDANCE RESPONSE AFTER
APPETITIVE TRAINING. L.L, Arnold1-2. C.L, Wellman12*, M.K.
Banks1,2, P.-C..Fang1 and P.E, Garraehty12. ’Prog. Neural Sci., 2Dept.
Psychology, Indiana University, Bloomington, Indiana, 47405.
Previous research has found evidence supporting a link between
AMPA receptor binding levels in the hippocampus after induction of
long-term potentiation, and in the cerebellum after classical
conditioning. In the present study, rats were trained in an instrumental
appetitive-to-aversive transfer task. Following transfer to the aversive
context, the criterion for learning was successful avoidance on 50% of
trials for two consecutive days. Rats that learned the transfer task took
between 3 and 7 days (mean=3.9 days) to reach criterion (N=9). Not
learning was defined as failing to ever reach 50% avoidance levels after at
least 6 days of avoidance training (N=5). At the conclusion of avoidance
training for rats in both groups, the brains were quickly extracted and
rapidly frozen in isopentane. Coronal sections of the hippocampus were
incubated in [3H]AMPA in order to assess AMPA receptor binding.
Density of binding was measured in the CAI, CA3, and dentate gyrus
regions of the hippocampal formatioh. In rats that learned the avoidance
response, [3H]AMPA binding in all hippocampal areas was significantly
higher than in rats that did not leam. These findings do not necessarily
implicate the hippocampus as essential for the acquisition of an
avoidance response after being transferred from an appetitive context
However, because an increase in synaptic efficacy would, in all
likelihood, be sustained by such an increase in AMPA binding affinity,
these results do suggest that hippocampal unit activity increases as rats
are learning the avoidance response after prior appetitive training.
Supported by Indiana University research funds.

Society

for

Neuroscience

. Volume

25, 1999

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—HIPPOCAMPUS
AND NONSPATIAL LEARNING I

SUNDAY AM
39.9

39.10

MOLECULAR EXPRESSION PATTERNS OF NEUROTROPHINS AND
NEUROTROPHIN RECEPTORS IN THE BRAINS OF RATS SHOWING
LEARNING BEHAVIOUR UNDER STRESS. A. Zimmermann* and F, Henn.
Biochemistry Lab. Central Institute of Mental Health, J5, 68159 Mannheim, FRG
Learning and memory are affected by stress experience. In research on stress and
animal behaviour, it has been demonstrated recently that the experience of chronic
stress affects the expression of BDNF and NT-3 in the hippocampus (Smith et al.,
1995). It has also previously been shown that these neurotrophins have rapid and
long lasting effects on synaptic transmission in the adult hippocampus which are
mediated by the tyrosinekinase receptors trkB and trkC (Kang and Schuman, 1995).
Changes in the expression of these growth factors and potential consequences in
functional cellular organization and synaptic efficacy may contribute to the
development of depression illness.
Here, we have studied learning behaviour of Sprague-Dawiey rats under foot shock
stress in the learned helplessness paradigm which is considered to be a suitable
animal model for research on depression illness. Following an inescapable foot shock
experience, rats were exposed to the same stressor and context, but the possibility to
leam to terminate the stressful experience was also included in the experimental
design. Rats were classified according to whether they were Capable of learning
escape behaviour in the stress situation or not. Their brains were sectioned and
processed through in situ hybridizations for the neurotrophins BDNF and NT-3 and
the trk receptors trkB and trkC using 35S-labeled radioactive probes. Sections were
analyzed by quantitative autoradiography. The expression patterns of these mRNAs
in cortex, hippocampus, thalamus and hypothalamus are described and compared in
rats which learned escape behaviour (non helpless) and rats which did not (helpless).
Observed differences in the topography and in the levels of trk receptor and
neurotrophin expression are described and discussed with respect to lateralization of
brain activity and plasticity in the context of the stress and learning behaviour,
(supported by DFG-Forschergruppe “Central aminergic systems11)

BRAIN CYTOCHROME OXIDASE ACTIVITY IN EASY AND DIFFICULT
SIMULTANEOUS VISUAL DISCRIMINATION LEARNING IN RAT
D, Hu* F, Gonzalez-Lima and A. Amsel, Dept. Psychology & Inst, for
Neuroscience, University of Texas, Austin, TX 78712
Hippocampal lesions and agenesis of granule cells of the dentate gyrus
of the hippocampus by x-irradiation have been reported to produce learning
deficits in “difficult” or “very difficult” visual discrimination, but not in “easy”
discrimination (Gazzara & Altman, 1981, Bauer, 1974). It is considered that the
more difficult the task, the more attention is required to learn. The hippocampus
plays an important role in this attentional function in simultaneous
discrimination learning. One of the measurement of this attentional function is
vicarious trial-and-error (VTE) (Tolman, 1938), defined by head movement from
one stimulus to another at & choice point. Intact adult rats show more VTEs at a
choice point and learn faster than rats with damaged or immature hippocampus
in simultaneous discrimination learning. This experiment compared hippocampal
metabolic activity between two groups of rats: one was trained on an “easier”
simultaneous discrimination (black/white, B/W), the other was trained on a
“difficult” discrimination (dark gray/light gray, D/L). Each of these two groups
had a pseudo-training control that received unpaired reward and stimuli.
Quantitative Cytochrome Oxidase (C.O.) histochemistry was used to detect brain
metabolic activity. The results were, (1) The number of VTEs in D/L training
was significantly greater than in a pseudo-D/L training; there was no difference
in VTE behavior between B/W training group and its control. (2) C.O. activity of
the hippocampus of D/L trained rats was significantly correlated with the level
of their discrimination learning. (3) C.O. activity in the visual system of B/W
trained rats was significantly correlated with their VTE behavior, but not the
level of their discrimination learning. (NS37755)

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—HIPPOCAMPUS
AND NONSPATIAL LEARNING II
40.1

40.2

The Role of Sleep in Hippocampus-Dependent Long Term Memory
Consolidation Laurel Graves, Allan Pack, and Ted Abel*. Dept. of Biol, and Cntr.
for Sleep and Respiratory Biology, Univ. of Pennsylvania, Philadelphia PA, 19104.
Sleep has been shown to be important in rats for the consolidation of
hippocampus-dependent long-term memory, based on impairments in the hidden
platform version of the Morris water maze following sleep deprivation (Smith and
Rose, 1996, Physiol. & Behav. 59: 93-97; Smith and Rose, 1997, Behav. Neurosci.
Ill: 1197-1204). Sleep deprivation during specific time windows after training
affects consolidation of this task. Mice are an ideal system with which to explore the
relationship between sleep and memory consolidation and to compare the effects of
sleep deprivation on memory consolidation with our previous work, which has used
genetic and pharmacological approaches in mice to demonstrate that protein kinase A
(PKA) activity is critically important for long-term memory storage (Abel et al.,
1997, Cell 88: 615-626; Bourtchouladze et al., 1998, L & M 5: 365-374). Like sleep
deprivation, the inhibition of PKA or protein synthesis disrupts memory
consolidation only at discrete times following training, and these times vary
depending on the strength of the training protocol. We have begun a series of
experiments to determine if mice exhibit sensitivity to sleep deprivation after training
in the hidden platform version of the Morris water maze. Because the Morris water
maze requires multiple trials for training, a distinct time course of molecular changes
in the hippocampus may be difficult to ascertain after training for this task. Thus,
we have also begun a series of experiments to examine the effects of sleep
deprivation on contextual fear conditioning, a hippocampus-dependent form of
associative learning in which mice learn to associate a mild footshock with a
particular context. With these experiments, we hope to lay the behavioral
groundwork for an examination of the molecular processes underlying the effects of
sleep deprivation on memory consolidation. (Supported by NIH, John Merck Fund,
and Whitehall Fnd.)

HIPPOCAMPUS AND SUBICULUM LESIONS: A COMPARISON OF THEIR
CONTRIBUTIONS TO MEMORY PROCESSES K. Kaut,* C.L. Novak, M. Bunsey, &
D. Riccio. Dept. of Psychology, Kent State University, Kent, OH 44242.
The idea that the hippocampal system functions as a homogenous structure has been
challenged by selective lesioning techniques. The use of these techniques has revealed
functional dissociation between certain sub-components of the system and the type of
memory that is being processed. For example, the hippocampus proper has been shown
to be critical for relational types of memories (Cohen & Eichenbaum, 1993).
The subiculum is considered to be a part of the hippocampal region (Amaral & Witter,
1995); however, relatively little has been examined regarding the subiculum’s role in
relational memory. The current work addresses the role of the hippocampus proper and
the subiculum as to their possible independent contributions to memory processes. Rats
with ibotenate lesions of the hippocampus, subiculum, hippocampus + subiculum, and
controls received a battery of rapidly learned tasks. These tasks were selected for their
ability to distinguish between hippocampal-dependent (e.g. Morris water maze) and
hippocampal-independent memory (e.g. nonspatial odor-guided discrimination).
The data indicate that there were no differences between any of the lesioned or control
animals on tasks that were non-relational in nature. The hippocampal animals were
impaired relative to controls on tasks requiring flexible use of learned information. This
is supportive of the theory that the hippocampus is necessary for the processing of
relational types of memories. Animals with subiculum and hippocampus + subiculum
lesions were also impaired on tasks that required flexible use of information. Preliminary
Morris water maze data suggest that the hippocampus + subiculum animals have the
largest deficit. This supports the idea that these structures work as a functional unit
(Morris et al., 1990), and their integrity may be necessary for some tasks. This work
illustrates the importance of locus of lesion within the hippocampal system. Supported by
NIH #l-R29-NS36962-01.

40.3

40.4

BEHAVIORAL IMPAIRMENTS OF THE VENTRAL HIPPOCAMPUS. B. Hock,
Jr,* B. Price, & M. Bunsey. Dept. of Psychology, Kent State University, Kent, OH
44242
Multiple studies have demonstrated that the dorsal, but not ventral hippocampus is
critical for spatial memory. Until recently (Hock and Bunsey, 1998) the mnemonic
role of the ventral hippocampus remained unclear, but we have now shown that the
ventral hippocampus is responsible for memory associated with internal hunger cues.
Currently, we are extending these findings using two tasks that tap into the different
mnemonic roles of the ventral hippocampus.
Twenty-seven male LE rats were given either dorsal, ventral or sham hippocampal
lesions, using the neurotoxin Ibotenic Acid. After a three week recovery, half the
subjects were tested in a T-maze to assess their ability to optimize food reward when
the nonpreferred side was rewarded 70 % with the opposite side rewarded 30% of
trials. This task was borrowed from Stevens and Cowey (1973), who showed a ventral
impairment using electrolytic lesions. The other half of the animals were tested for
associating hunger cues with simple odor- discriminations. This task was developed in
our lab, and tested a rat’s ability to associate it’s current hunger state with a particular
odor, and must dig in that odor for a cereal reward. Lastly, all rats were ran in the
Morris Water Maze.
The data indicate that ventrals but not dorsals or controls were impaired on
associating hunger cues with odor discriminations and in optimizing food reward in the
T-maze. We, and others, have shown that dorsal but not ventral hippocampus is
responsible for spatial navigation in a Morris Water Maze. Taken together these
findings show a double-dissociation, such that the dorsal hippocampus is responsible
for spatial memory, whereas the ventral hippocampus is responsible for the memory of
hunger cue associations and optimizing food reward.
Supported by NIH #l-R29-NS36962-01.

EXPLORING EPISODIC-LIKE MEMORY IN RATS: THE EFFECTS OF
HIPPOCAMPAL LESIONS ON A NOVEL OLFACTORY MEMORY TASK.
K. Agster, E.R. Wood, J. Faherty, P.A. Dudchenko and H. Eichenbaum*
Department of Psychology, Boston University, Boston MA. 02215
Some theories suggest that the hippocampus may be required for episodic
memory in humans. Recent data indicates that animals also have episodic-like
memory; that is, memory for what occurred, as well as when and where it
occurred (Clayton & Dickinson, 1998). Is the hippocampus necessary for
episodic-like memory in animals? Steele and Morris (1999) reported that the
hippocampus is required for an episodic-like delayed matching-to-place task
that involves memory for novel escape locations. We were interested in whether
hippocampal lesions would disrupt performance of a task that required rats to
remember what occurred and when it occurred, but did not require them to
remember where it occurred.
In the sample phase of a matching-to-odor task rats were required to dig in
each of 8 differently scented cups of sand, 3 of which were randomly assigned
to be rewarded each day. After a delay period, the rats was given 4 test trials. In
each trial they were presented simultaneously with 6 cups of sand; one
contained one of the previously rewarded odors, and the others contained the 5
unrewarded odors. On each trial, the rat was rewarded for digging in the cup
containing the previously rewarded (matching) odor. Thus, on Trial 1 each day
the animals had to remember what occurred (which odor was rewarded), and
when it ocurred (today vs previous days) in order to solve the task. Moreover,
they could not make judgements based on novelty or familiarity of the to-beremembered odor. Rats were trained with a delay of 2 min between the sample
phase and Trial 1. They performed well, making less than one error on Trial 1
before selecting the correct matching cup. Post-training ibotenic acid lesions of
the hippocampus did not significantly affect performance of this what and when
olfactory memory task. Moreover, both lesioned and control animals showed a
similar increase in errors with longer delays (15 min and 60 min). These data
suggest that the hippocampus may be necessary for episodic-like memory only
if foe where dimension of the episode is required. Supported by NIMH.
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40.6

SENSITIVITY OF HIPPOCAMPAL RATS TO DEGRADATION OF THE

INSTRUMENTAL

CONTINGENCY:

EFFECTS

OF

SIGNALING

THE

REINFORCER WITH A DISCRETE CUE. L.H. Cortait. A. Dickinson*, and

B.W. Balleine. Dept. of Psychology, UCLA; Los Angeles, CA 90095.
It has previously been shown that lesions of the dorsal hippocampus render rats
insensitive to changes in the contingency between the instrumental action and
delivery of the outcome. It has been hypothesized that this may be due to the
lesioned animals’ failure to form a context-outcome association which may be used
to predict outcome delivery. Numerous experiments have suggested that animals
with hippocampal lesions are unable to form associations with complex stimuli
such as the experimental context, yet remain able to form associations with discrete
cues. The present experiment examined the effect of signaling the delivery of a
response independent reinforcer with a discrete cue. Following surgery the rats were
maintained on a restricted feeding schedule and trained to lever-press on two separate
levers, each of which earned a unique outcome (either pellets or a sucrose solution).
The lesion did not result in any detectable differences in the acquisition of the leverpressing response for either outcome. The sensitivity to the degradation of the
instrumental contingency was then evaluated. In order to examine this, in addition
to being delivered contingent upon the animal's lever-pressing, the outcomes woe
also deliverednon-contingently with equal probability as for the delivery contingent
upon lever-pressing. Additionally, for one action-outcome relationship, the delivery
of the outcome was paired with a discrete signal (tone or noise). For the other
action-outcome relationship, a discrete signal was added however, its presentation
was random with respect to the delivery of the outcome. Preliminary results suggest
that while hippocampal animals maintain high rates of responding when free and
earned reinforcers are unsignaled, the addition of a discrete cue paired with reinforcer
delivery results in lesioned animals decreasing their responding when the
contingency is degraded. This provides evidence for the idea that the previously
observed impairment in hippocampal animals may be due to a failure to form a
context-outcome association.
This research was supported by NIMH grant # MH 56446.

40.7

DELAY-DEPENDENT IMPAIRMENT IN RECOGNITION MEMORY IN
RATS WITH IBOTENIC ACID LESIONS RESTRICTED TO THE
HIPPOCAMPUS
R E. Clark*. S.M. Zola and L R. Squire. UCSD, La Jolla, CA 92093 and VA
Medical Center, San Diego, CA 92161.
Studies in humans and monkeys have demonstrated that damage restricted to
the hippocampus (dentate gyrus and CA fields) is sufficient to impair
recognition memory. Tasks of spontaneous novelty preference, such as the
paired-comparison task, appear to be particularly sensitive to recognition
memory impairment. In the rodent version of this task, the animal is first
allowed to explore two identical objects (familiarization phase). After a variable
delay, the animal is presented with one previously explored familiar object, and
one novel object (test phase). Recognition memory is indicated by greater
exploration of the novel object.
Rats received either ibotenic acid lesions of the hippocampus (n=8) or sham
lesions (n=8). Two weeks later they were tested on the paired-comparison task.
In both the familiarization and test phases, rats were allowed to explore the
objects for a cumulative time of 30 seconds. The delay between the
familiarization and test phase was 10 sec., 1 min., 10 min., lhr., or 24hrs.
Exploration was scored using specially designed software that permitted
measurement of percent preference for the new object across time, average
number of visits to the old and new objects, and average length of time per visit
to each object. The experimenter was blind to group membership.
Rats with hippocampal damage performed normally when the delay was 10
sec. or 1 min., and were impaired at the longer delays. These results with rats
indicate that the hippocampus is essential for recognition memory, which is
consistent with earlier studies in humans and monkeys. Supported by VA and
NIMH.

40.8

EFFECTS OF INTERFERENCE ON DNMS PERFORMANCE AFTER SELECTIVE
HIPPOCAMPAL LESIONS IN MONKEYS. S, Nemanic*, M.C. Alvarado, J. Bachevalier. Dept
Neurobiology and Anatomy, University of Texas-Houston Health Science Center, TX 77030.
Monkeys with hippocampal lesions are impaired on visual paired comparison (VPC) (Pascalis
& Bachevalier, 1995; Clark et al., 1996; Nemanic et al., 1998), but not on DNMS, except,
perhaps, at the longest delays tested (Murray & Mishkin, 1998; Nemanic et al., 1998; ZolaMorgan et al., 1989). Both tasks measure recognition memory, so spared performance on
DNMS, in spite of impaired performance on VPC, may be due to the use of other behavioral
strategies. We tested the hypothesis that a rehearsal strategy could support performance at all
delays by introducing distractor during the delay period. Three normal monkeys, Group N, and
three monkeys with selective ibotenic acid lesions ofthe hippocampus, Group H, were tested on a
modified versions of DNMS that introduced two distraction procedures during the delays.
Distraction Type 1 was a motor task requiring the monkey to remove a lifesaver from bent wire, it
was introduced at the beginning of each delay, and lasted 10 seconds. Distraction occurred during
1/3 ofthe trials, and was pseudorandomly distributed throughout standard DNMS trials. Distraction
Type 2 was introduced only at the 10-min delay, it consisted of removing the monkey from the
testing box, transporting it to its housing room, and then returning it to the testing box to complete
the trial. Performance on monkeys in group N was not affected by any manipulations (all p = NS).
However, on distraction Type 1, performance of monkeys in Group H were significantly impaired
across delays compared to their own performance on standard
Distraction Trials
DNMS trials (Distraction task p < 0.03, delay = NS, distraction
task x delay p 0.026). In addition, monkeys in Group H made
a significantly higher percentage of errors on distraction Type 1
and Type 2 trials than monkeys in group N (p < 0.035, p <
0.006). Finally, Type 2 distraction had a significantly greater
effect on DNMS performance than Type 1 (p < 0.002). These
data indicate that, in spite of a recognition memory impairment,
monkeys with hippocampal lesions can recruit other memory strategies to support performance on
DNMS. Supported by NRSA MH12106 to S.N., NRSA MH10929 to M.C.A. & MH54167 and MH58846 to J.B.

UNIMPAIRED OBJECT RECOGNITION AND DISCRIMINATION PERFORMANCE IN
MONKEYS WITH EXCITOTOXIC LESIONS OF THE HIPPOCAMPUS. CA.
Buckmaster*', H. Eichenbaum2. D.G. Amaral3, and PR. Rapp4. Neurobiol. and Behav., SUNY
Stony Brook, Stony Brook, NY 117941; Lab. Cog. Neurosci., Boston Univ., Boston, MA 022152;
Gr. Neurosci., UC Davis, Davis, CA 956163; Neurobiol. Aging Labs., Mt Sinai Sch. Med., NY,
NY100294
Recent studies in monkeys have reported conflicting results concerning the mnemonic
consequence of damage restricted to the hippocampus. This issue was addressed in the present
experiment by testing intact monkeys (Macaca mulatta; n=5) and animals with bilateral MRIguided ibotenate lesions of the hippocampus (n=6) on two standard tasks known to be sensitive to
large medial temporal lobe lesions: delayed nonmalching to sample (DNMS) and a rapidly acquired
two-choice object discrimination procedure. All behavioral assessments were conducted postoperatively.
A preliminary evaluation of MRI's collected within a month of surgery revealed substantial
shrinkage of the hippocampus in a subset of the experimental cases. Behavioral testing, however,
failed to reveal reliable differences between the control and experimental groups for any
performance measure. Specifically, experimental animals acquired the DNMS task (90% correct;
10s delay) as rapidly as controls (mean trials to criterion: CNTRL = 153.2, H = 196.8) and
performed normally on the first 10 trials of testing. Accuracy was also comparable between groups
across DNMS retention intervals of 15, 30, 60, 120 and 600 seconds. Notably, intact and
experimental animals performed similarly at the most challenging delay of 10 minutes, scoring
75.1% and 745% correct, respectively. Finally, no group differences were detected for any measure
of object discrimination acquisition or retention, including accuracy on the first 10,5, or 3 trials on
each day of testing.
These findings suggest that the hippocampus is not critical for normal DNMS and object
discrimination performance in the monkey. Informed by this background, experiments currently
underway are aimed at testing the proposal that relational representation and flexible memory
expression are defining features of memory mediated by the hippocampus. (Supported by NIH
grantNS 32892)

40.9

40.10

DIRECT PATHWAY ACTIVATION OF HIPPOCAMPAL
SUBFIELDS IN WORKING MEMORY TASKS REVEALED
BY 2-DEOXYGLUCOSE IMAGING. E.Sybirska, L.Davachi. P.S,
Goldman-Rakic*. Section of Neurobiology, Yale University, School
of Medicine, 333 Cedar St. New Haven, CT 06520.
The 2-deoxyglucose metabolic imaging method was employed to
explore the activation of the hippocampal formation in rhesus
monkeys performing working memory tasks known to be dependent
on the prefrontal cortex. In the present study we analyzed metabolic
activity in the hippocampi of 16 monkeys performing oculomotor or
manual delayed response tasks. The findings showed a highly
differentiated pattern of metabolic activity across all tasks, consisting
of intense activation of CAI and subiculum; activation in CA3 was
barely detectable and moderate activation of the dentate gyms was
confined to the granule cell layer. Two-dimensional reconstructions
revealed'stripe like activity throughout the entire rostrocaudal extent
of hippocampus in all animals over performance intervals as short as
10 min. The observed pattern of activity in the hippocampal formation
suggests a preferential involvement of the direct pathway relative to
the tri-synaptic pathway in animals performing a variety'of working
memory tasks.
Supported by MH 38546.

SELECTIVE HIPPOCAMPAL LESIONS IMPAIR INHIBITORY LEARNING TO CONTEXT
CUES IN A SIMPLE PAVLOVIAN CONDITIONING TASK. J.R. Moreil2*, K-H Chan2, T.L.
Davidson2, and Leonard E. Jarrard1. 'Washington and Lee Univ., Lexington, VA; 2Dept. of
Psychological Sciences, Purdue University; West Lafayette, IN 47907.
Previous experiments using rats with selective lesions of the hippocampus have failed to find
an effect of the lesion on simple excitatory condtioning. However, these studies have typically
reported responding to the CS but not responding during the ITI (context). In this experiment
we examined responding during both the ITI and CS in control rats and rats with ibotenic
lesions of the hippocampus. Rats were given either massed (short ITI) or spaced (long ITI)
simple Pavlovian conditioning. Both control and lesioned rats in the massed condition
responded significantly more in the presence of the CS than in the ITI by the end of 60 trials
(training was stopped at the first sign of discrimination between CS and ITI). No differences
between control and lesioned rats were observed in conditioned responding to the CS or
conditioned responding during the ITI in the massed condition. Subsequent exposure to the
context for rats in the massed condition resulted in reduction of the conditioned response
during the ITI for the control but not for the lesioned rats. In addition, after context exposure
the lesioned and control groups in the massed condition did not differ in levels of conditioned
responding to the CS. Lesioned and control rats trained in the spaced condition showed
similar conditioned responding to the CS; however, lesioned rats responded more during the
ITI than controls. In simple Pavlovian conditioning rats must leam to inhibit responding during
the ITI and respond more during the CS. In massed training there is less opportunity than in
spaced training to leam to inhibit responding during the ITI. Thus, differences in acquisition
between the lesioned and control groups in the spaced condition are suggested to result from
an inability to inhibit responding to the context during the ITI. Subsequent exposure to context
for rats in the massed condition allowed the control rats to inhibit responding to context while
the lesioned rats did not This experiment is consistent with the hypothesis that rats with
selective hippocampal lesions have a selective impairment in learning certain inhibitory
association. Funded by NSF grant to Leonard E. Jarrard.
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A TEMPORAL FACTOR CONTROLLING ANTEROGRADE AMNESIA
FOR CONTEXTUAL FEAR PRODUCED BY HIPPOCAMPAL LESIONS
B.J. Wiltgen*, S. B. Ostlund & M.S, Fanselow. Dept. of Psychology, Univ.
of California, Los Angeles, CA 90095-1563
Hippocampal lesions made immediately after fear conditioning produce a large and
reliable retrograde amnesia for contextual fear. In contrast, lesions of the
hippocampus made before training have produced inconsistent results. The purpose
of these experiments was to find what factors result in reliable anterograde amnesia.
It is known that normal acquisition of contextual fear is dependent on the amount of
exposure to the training apparatus before shock is, presented. Very short intervals
between placement in the chamber and shock leads to little or no conditioning. In the
present study we manipulated this factor for rats with NMDA lesions of the dorsal
hippocampus (DH). Rats were placed in the context for different periods of time
before shock was presented and context fear was tested 24 hours later. It was found
that sham operated animals and rats with DH lesions displayed similar levels of
responding at both the short and long exposure times. At the short time periods there
was no responding in either group while at longer intervals high levels of responding
were seen in both groups. However, at the intermediate exposure times there were
marked differences in conditional responding. Shams showed high levels of
contextual fear while lesioned animals displayed virtually none. Therefore, under
some conditions hippocampal lesions produce a large and reliable anterograde
amnesia for contextual fear. This new procedure may be useful for manipulations
that must be administered prior to training (e.g. transgenic mice). The data may also
present theoretical problems for views that suggest lesioned animals use elemental
strategies to acquire contextual fear conditioning. Supported by NSF Grant (IBN
9723295) to MSF.

THE BASOLATERAL AMYGDALA AND STORAGE OF FEAR
MEMORIES SPANNING THE ADULT LIFETIME OF RATS.
Greg D,G.ale* , Stephan G- Anagnostaras!, Bill P. Godsil1, Shawn Mitch_ell\

40.13

40.14

CONTEXTUAL FEAR CONDITIONING, CONJUNCTIVE
REPRESENTATIONS, PATTERN COMPLETION, AND THE
HIPPOCAMPUS I. W, Rudv*andR.C. O'Reilly. Department of
Psychology, University of Colorado, Boulder, Co. 80309
Impaired contextual fear conditioning produced by damage to the
hippocampus has been attributed to the loss of a conjunctive representation
of the features of the context. The idea is that contextual fear conditioning
shpuld be more robust if it is based on a conjunctive representation because,
during testing, such a representation could be activated by a subset of the
features that make up the context (pattern completion). Thus, the level of
fear expressed would then be a function of the amount of conditioning to the
entire network of features, and not just to the individual ones that happen
to be sampled during testing. The conjunctive representation is assumed to
be lost in animals with damage to the hippocampus. There is, however, no
direct evidence that conjunctive representations contribute to contextual
fear conditioning. Our experiments addressed this issue and support the
conjunctive representation view. Two results make this point: (a)
preexposure to the conditioning context, but not to its separable features,
facilitates contextual fear conditioning, and (b) generalization of fear
conditioning to similar contexts is enhanced by preexposure to the context
used to test for generalization. We interpret this enhanced generalized
fear condtioning as pattern completion to the preexposed context during the
conditioning episode. These results support the view that a conjunctive
representation of context plays an important role in contextual fear
conditioning, and that the impairments produced by damage to the
hippocampus result from the loss of this conjunctive contribution,
that is commonly affected by the variables we investigated.

DISSOCIATING ENTORHINAL AND HIPPOCAMPAL FUNCTION IN LATENT
INHIBITION OF THE CLASSICALLY CONDITIONED EYEBLINK RESPONSE
D, Shohamy, M.T, Allen & M.A. Gluck*. Center for Molecular and Behavioral
Neuroscience, Rutgers University, Newark, NJ 07102

'Dept. of Psychology, IDept. of Neurobiology; University of California, Los
Angeles, CA 90095-1563.
The basolateral anygdaloid complex (BLA) is a critical structure for Pavlovian
fear conditioning but the exact nature of that role is the subject of debate. Some
views of the amygdala's role in fear learning and memory see its role as temporary
and modulatory. Others suggest that the amygdala permanently encodes aspects of
the fear conditioning experience. The experiments reported here address this issue.
Prior to receiving amygdala lesions, rats were given two fear conditioning
experiences that spanned most of their adult lifetimes. Long-Evans rats were given
10 tone-shock pairings in one context (remote memory), and then 16 months later
given 10 tone-shock pairings (with a different tone) in a different context (recent
memory). This was followed the next day by sham or NMDA lesions of the BLA.
Three weeks later they were given separate freezing tests for context and tone (remote
and recent) memory. Freezing was equivalent in the recent and remote tests of tone
and context fear. BLA lesions caused a severe loss in freezing that was equivalent
for remotely and recently acquired tone and context fear. Activity in a dark open-field
was comparable to sham controls and a bright light caused a robust suppression of
activity. Therefore, the deficits in freezing were not related to hyperactivity or an
inability to suppress behavior. Because the lesioned rats froze at levels comparable
to shams if given 75 additional overtraining trials the effects could not be attributed
to an inability to freeze. These data indicate: 1) With these procedures rats show no
time-dependent forgetting of fear memories across their adult lifespan. 2) The BLA’s
role in this behavior is as permanent as the memory is long-lived. 3) The effects of
the BLA lesion can not be attributed to hyperactivity, an inability to freeze, or a
blockade of innate fear. Supported by NSF Grant (IBN 9723295) to MSF.

One form of associative learning which is thought to involve the hippocampal
region is Latent Inhibition (LI), a phenomenon in which pre-exposure to a
conditioned stimulus (CS) inhibits subsequent acquisition of an association
between that stimulus and an unconditioned stimulus (US). However, the role
of the hippocampus itself in LI is not entirely clear. Early studies showed that
hippocampal lesions abolish LI (Solomon and Moore, 1975). However, the
results of more recent studies have been somewhat puzzling. Although one
study showed that selective hippocampal lesions abolish LI (Han et al., 1995),
another study found that selective lesions of the hippocampus do not affect
LI (Honey and Good, 1986), suggesting that cortical regions surrounding the
hippocampus may be involved in LI. In support of this idea, we have previously
shown that selective lesions of the entorhinal cortex, which spare the
hippocampus itself, abolish LI (Shohamy et al., 1998). In the present study
we set out to further clarify the role of the dorsal hippocampus in mediating
pre-exposure effects using a LI paradigm of eyeblink conditioning in rabbits
with ibotenic acid lesions of the hippocampus. The results indicate that
hippocampal lesions do not affect LI: in contrast to entorhinal lesioned
animals, rabbits with hippocampal lesions show a robust LI effect. These
results suggest that the hippocampus itself does not play an important role in
mediating the pre-exposure effects of LI. Furthermore, the results suggest a
dissociation between the role of the entorhinal cortex and the hippocampus in
associative learning.
Supported by Johnson and Johnson Discovery Award to MG.

40.15

40.16

ACQUISITION BUT NOT PERFORMANCE OF TRACE
EYEBLINK CONDITIONING IS DEPENDENT ON THE
HIPPOCAMPUS. A. V. Beylin1*, A. C. Talk2, C. C. Gandhi2,
G. E. Wood1, L. D. Matzel2, and T. J. Shors2. ’Prog. Neurosci., Dept.
Psychol., Princeton Univ., Princeton, NJ 08544. 2Dept. Psychol. Ctr.
Neurosci., Rutgers Univ., Piscataway, NJ 08903.
Lesions of the hippocampus impair trace eyeblink conditioning in rats,
rabbits and humans. In the present study, male rats received either
bilateral lesions of the hippocampus with ibotenic acid, sham lesions or
were left intact. Half of the lesioned rats were exposed to 600 trials of
trace eyeblink conditioning with a 500 ms trace interval between a white
noise conditioned stimulus (CS) and a 100 ms periorbital shock
unconditioned stimulus (US). The same animals were subsequently
exposed to 600 trials of long-delay conditioning with a 750 ms CS
overlapping and co-terminating with a 100 ms US. The remaining
animals were trained in the opposite order - long-delay conditioning
followed by trace conditioning. When initially trained with the trace
procedure, hippocampal rats were impaired in acquiring the conditioned
response (CR) compared to sham and intact rats (p<0.01) but were not
impaired when trained subsequently on long-delay (p=0.85). However,
when hippocampal rats were initially trained on a long-delay task, they
were not significantly impaired when subsequently trained on a trace task
(p=0.17). These results suggest that the hippocampus is necessary for the
acquisition of trace eyeblink conditioning but not for expression or
performance once a conditioned response has been acquired. [NSF
Graduate Fellowship to AVB and NSF (IBN9511027) and NIMH (R01
MH 59970-01) to TJS]

RETROGRADE AMNESIA: DIFFERENT TEMPORAL GRADIENTS
FOLLOWING LESIONS OF THE FORNIX OR HIPPOCAMPUS. K. A.
Wiig* and M, F, Bear. HHMI and Department of Neuroscience, Brown
University, Providence, RI, 02912.
Damage to medial temporal lobe structures can result in temporally
graded retrograde amnesia, where memories acquired in the recent past are
lost and those acquired in the remote past are spared. This phenomenon
suggests that memory is not fixed at the time of learning, but changes and
becomes more stable with the passage of time. Although it is now well
established that the hippocampus participates in this consolidation process,
the contribution of other anatomically related structures has not been fully
determined. This experiment investigated the temporal involvement of the
fornix and the hippocampus in retrograde amnesia.
Male, Long-Evans rats were trained on an inhibitory avoidance task either
one day or one week before receiving sham operations or bilateral lesions of
the fornix or hippocampus. Following recovery from surgery, rats were
tested for retention of the inhibitory avoidance task. Results indicated that
in animals with lesions of the fornix, memory for the avoidance task was
abolished when the lesions were made one day after training, but not when
the lesions were made one week after training. In contrast, a profound
amnesia was observed following lesions of the hippocampus irrespective of
whether the lesion was made one day or one week after training. These
results suggest that the fornix and hippocampus differ in terms of their
temporal involvement in the consolidation of aversive memories. While the
hippocampus may be involved in memory consolidation for an extended
period of time, the fornix may play an initial and more transient role in this
process.
Supported by the Howard Hughes Medical Institute.
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DIFFERENTIAL EFFECTS OF DORSAL-HIPPOCAMPAL
LESIONS ON SHORT- AND LONG-TERM MEMORY.
M.I. Martinez, R. Solana-Figueroa, A.C. Medina, G.L.
Qiiirarte, S. Diaz-Cintra, and R.A. Prado-Alcala^ Center of
Neurobioiogy, Campus UNAM-UAQ, Juriquilla, Queretaro,
Mexico 76001.
The marked retention deficits produced by pre-training
hippocampal lesions have generally been interpreted as learning
deficits. An alternative interpretation may be that the deficit is
due to failure to retrieve learned information. To discern between
these possibilities, kainic acid lesions were produced in the dorsal
hippocampus of rats at 8 days before inhibitory avoidance
training and tested for retention at either 30 min (short-term
memory) or 24 h after training (long-term memory). Other
animals were lesioned 1 day after training and tested 8 days later
(long-term memory). The 30-min group showed near-perfect
retention, while the other two groups were amnesic. These results
strongly suggest that pre-training dorsal-hippocampal lesions do
not interfere with learning, but do so with retrieval.
Supported by DGAPA. We thank the technical assistance of Mr.
Angel Mendez Olalde.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—BASAL GANGLIA
41.1

41.2

FUNCTIONAL RECOVERY IN STRIATAL TRANSPLANTATION:
DEPENDENCE ON
ANATOMICAL
CONNECTIVITY AND
POSTOPERATIVE TRAINING. P.J. Brasted’, C.Watts, T.W.Robbins1,
S.B. Dunnett1. MRC Cambridge Centre for Brain Repair, and ‘Department
of Experimental Psychology, University of Cambridge, UK, CB2 2PY.
Striatal transplants have the ability to form appropriate anatomical
connections with the host brain. However, it is argued that postoperative
training, in addition to this reconnectivity is needed to confer functional
benefit - a concept we have termed 'learning to use a transplant'. A study
was designed to assess whether i) grafted rats would demonstrate recovery
with repeated testing, and ii) recovery would be dependent upon restored
basal ganglia circuitry.
Rats were trained to perform a reaction time task known to be sensitive
to striatal damage, and then received unilateral excitotoxic lesions. The
subsequent implantation of graft tissue into the lesioned striatum was
either immediate (9 days) or substantially delayed (70 days). When retested 4 months later, all graft and lesion animals were equally impaired.
However, recovery was evident with repeated postoperative testing, but
only in animals that had received transplants 9 days post-lesion. The data
are consistent with the hypothesis that postoperative learning is required
in order to mediate behavioural recovery. Furthermore, the lack of
recovery seen in the ‘delayed’ graft group suggests that this behavioural
recovery was mediated specifically by the restored host-graft connections.
(Supported by the Medical Research Council, UK)

THE ROLE OF AMYGDALA-VENTRAL STRIATAL SUB-SYSTEMS IN
PAVLOVIAN TO INSTRUMENTAL TRANSFER.
J.Hall, J.A.Parkinson, T.M.F.Connor, P.Di Ciano*, A.Dickinson, B.J.Everitt.
Dept. Experimental Psychology, University of Cambridge, Cambridge CB2 3EB, UK
Pavlovian stimuli can modulate the instrumental performance of animals
maintained in an appropriate motivational state. This effect can be explicitly tested in
a procedure in which rats trained to associate a CS with a reinforcer are subsequently
trained to lever-press for the same reinforcer. In a test session the CS is able to
enhance lever pressing - the Pavlovian to instrumental transfer effect (PIT).
Administration of systemic dopamine antagonists has been shown previously to
abolish the PIT. In these experiments we have further investigated the neural basis of
this behaviour by studying the effects of excitotoxic lesions of either the basolateral
(BLA, n=12) or central (CeA, n=7) nuclei of the amygdala or of the core (CORE,
n=9) or shell (SHELL, n=6) subdivisions of the nucleus accumbens.
Rats from all groups acquired conditioned magazine entry for food during the
Pavlovian training stage. Animals with CORE or BLA lesions showed a small
reduction in total lever-press responses in the subsequent instrumental training stage,
but this effect did not reach significance. Lesions of the CeA and CORE, however,
resulted in the abolition of the PIT at test (p<0.05). These results suggest that the
CeA and CORE are part of a neural network mediating the motivational effects of
Pavlovian stimuli on instrumental behaviour. To investigate further the relationship
between the CeA and the CORE we injected the anterograde tracer biotinylated
dextran amine and the retrograde tracer fluorogold into these brain regions. These
studies revealed a projection from the CeA to the VTA, the source of dopaminergic
innervation to the CORE. Thus, one mechanism by which the CeA modulates the
PIT may be by regulating the activity of dopaminergic projections to the nucleus
accumbens CORE.
Supported by the Medical Research Council (UK) and Trinity College, Cambridge.

41.3

41.4

NUCLEUS ACCUMBENS LESIONS ENHANCE THE ACQUISITION OF
A SIMPLE INSTRUMENTAL VISUAL DISCRIMINATION.
J.A. Parkinson*. T.B. Buckbv. M.S. Zandi, T.W. Robbins and B.J, Everitt.
Department of Experimental Psychology, Downing Street, Cambridge, CB2
3EB, UK.
A popular view of nucleus accumbens (NAcc) ftinction is that it translates
motivational or emotional information into adaptive motor behavior. This
concept has been developed in various ways in recent years such that the
NAcc has been argued to act as the basis of primary reward, to underlie
response-reinforcement learning or to mediate an energizing influence on
goal-directed behavior.
The present study set out to define more precisely the functions of the
NAcc (in the rat) in instrumental behavior by studying the effects of selective
excitotoxic lesions of either the core or shell cn a visual discrimination task
in a touchscreen apparatus. Animals were required to make an instrumental
nose-poke response to one of two simultaneously presented stimuli (S+ and
S-). A nose-poke to the correct stimulus resulted in food reward.
Animals with NAcc lesions showed enhanced acquisition of the
discrimination, characterised by a reduction in trials and errors to reach
criterion. These data suggest that the NAcc is not involved in instrumental
behavior per se but may be interpreted in terms of die NAcc providing a
Pavlovian associative influence on goal-directed behavior. In this case
control animals adopted a maladaptive tendency to make general Pavlovian
approach responses to the screen. This was prevented by NAcc lesions.
This research was supported by the MRC and Wellcome Trust UK.

STRIATUM LESION AMELIORATES THE PERFORMANCE OF RATS IN
A CUE LEARNING TASK. M GM. Oliveira*. AK Saito. O.F.A. Bueno..
Departamento de Psicobiologia, Universidade Federal de SSo Paulo, SSo Paulo,
Brasil, 04023-062
A large body of evidence has suggested that the neostriatum could play a
critical role in learning tasks spared by hippocampal lesions. One such task is
cue learning, in which a specific visual pattern is the cue for solving the task
In the present experiment rats with ibotenate lesions of the dorsomedial
striatum were trained in a cue learning task in a 8-arm enclosed radial maze.
One arm remained blocked during all the time and the arm in front of it was the
starting-arm. The floor of the remaining 6 arms were covered by plastic
cardboards with one of 6 different visual patterns in each. Only one pattern was
always baited for each animal. So, in order to solve the task, the rat had to
associate a specific pattern with the reward. Rats were submitted to 40 training
sessions, each session consisting of 6 consecutive trials. For the 17 first
sessions, if the animal entered an incorrect arm (pattern) no retracing was
allowed. For the remaining sessions, retracing was allowed, that is, in each trial
the rat remained in the maze until the correct pattern was found. Entrance in
an unbaited arm was recorded as an error. During the first 17 sessions (training
without retracing) no learning was observed. During the training with retracing
both groups showed improvement in performing the task Surprisingly, the
lesioned animals had a better performance as compared to controls animals in
the first 5 (18th through 22nd) sessions of the training with retracing. During
these sessions the lesioned animals walked less through the maze before
entering the baited arm. This was interpreted as an impairment of exploratory
behavior.
Financial Support: FAPESP, AFIP
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41.6

THE DIFFERENTIAL ROLES OF STRIATUM AND HIPPOCAMPUS
IN PERFORMANCE OF A WATER MAZE: PROCEDURAL
LEARNING VS. VISUOSPATIAL MEMORY. M.F. Mazurek?D.J.
Chong and K. Ramakrishnan. Depts. Neurology, Psychiatry and .
Behavioural Neurosciences. McMaster University Medical Centre.
Hamilton, Ontario. L8N 3Z5
Impaired performance in a water maze can be caused by lesions of either
the striatum or the hippocampus. We used a 2-pool paradigm to study the
differential effects of striatal vs. hippocampal dysfunction on acquisition of
a water maze task. Group 1 rats received bilateral lesions of the medial
striatum. Group 2 consisted of animals with bilateral lesions of the fimbriafornix. All animals were trained in a water maze (Pool 1) until criterion
levels of performance were reached, then tested in a second pool (Pool 2) of
comparable size and difficulty. Lesioned animals from both groups were
impaired in acquisition of the water maze task in pool 1 compared with
sham-lesioned controls. Testing in Pool 2, however, showed a dissociation:
rats with striatal lesions showed no impairment of task acquisition in Pool
2, whereas those with fimbria-fornix lesions were still impaired relative to
sham-lesioned controls. These results indicate that dysfunction of either the
striatum or the hippocampus interferes with acquisition of a water maze
task but that the underlying cognitive impairments are different: striatal
lesions disrupt procedural memory, while hippocampal dysfunction impedes
the acquisition and utilization of visuospatial cues.
Supported by NSERC.

COGNITIVE TASK PERFORMANCE FOLLOWING BILATERAL LIDOCAINE
LESIONS OF DIFFERENT SITES WITHIN THE BASOLATERAL AMYGDALA
AND DORSAL STRIATUM. K. Green-Jordan1, E. Valencia1, T. Kremin1, H. B.
Eichenbaum2 and K.M. Kantak1*. 'Laboratory of Behavioral Neuroscience and
laboratory of Cognitive Neurobiology, Psychology Department, Boston University,
Boston, MA 02215
Recent brain imaging studies underscore the possible importance of cognitive
processes for regulating cocaine craving and other aspects of drug addiction. Studies
further suggest that the core and shell of the nucleus accumbens differentially process
information about drug reward stimuli. Of possible importance is that each division of
this limbic structure receives inputs from separate sites within brain regions
predominantly linked to a particular memory system. To begin to identify the role of
different memory systems in regulating addiction-related behavior, it was necessary to
confirm that lesions of these discrete brain sites could each produce specific deficits in
cognitive task performance. Reported here are the effects of reversible bilateral
lidocaine (20 pg) lesions of the rostral or caudal basolateral amygdala as well as the
medial or lateral dorsal striatum on conditioned cue preference (an amygdala-mediated
task) and win-stay accuracy (a dorsal striatum-mediated task) in rats. Results showed
that lesions of the rostral and caudal basolateral amygdala impaired performance on
the CCP task, but not the win-stay task. Alternatively, lesions of the lateral dorsal
striatum impaired performance on the win-stay task, but not the CCP task.
Performance on neither task was impaired following lesions of the medial dorsal
striatum. These findings are consistent with the hypothesis that independent neural
systems may be involved in different aspects of cognitive function. Furthermore, our
results extend this hypothesis by defining the cognitive functions of discrete sites
within the basolateral amygdala and dorsal striatum. Thus, in conjunction with more
traditional models of drug abuse, cognitive tasks such as CCP and win-stay may be
useful for identifying the role that stimulus-reward and stimulus-response associations
play in regulating drug craving, use and relapse. Supported by DAI 1716

41.7

41.8

THE EFFECTS OF PERMANENT STRIATAL LESIONS OR
REVERSIBLE INACTIVATION OF VENTRAL STRIATUM
OR INTRALAMINAR NUCLEI ON DMS USING POSITION
CUES IN THE RAT. M.C. Porter*, J.A, Burk. J, Koch & R.G.
Mair. Dept. of Psych., UNH, Durham, NH 03824.
Previous work has shown that lesions to the
intralaminar nuclei of thalamus (ILn) disrupt DMS
trained with retractable levers. We investigated the
effects of striatal and ILn lesions on this task.
Experiment 1 showed that excitotoxic striatal lesions of
olfactory tubercle produced substantial DMS deficits.
Lesions to medial striatum or to nucleus accumbens
produced less severe, but significant deficits.
Experiment 2 used lidocaine to inactivate temporarily
ventral striatum or the ILn. Results showed that
lidocaine infusions produced deficits consistent with,
but less severe than, deficits associated with
permanent lesions of these areas. The larger effects of
permanent lesions may reflect a greater extent of
tissue disruption. Taken together, these results
suggest that lesions of the ILn or ILn projection areas
in striatum have similar effects on DMS performance.
Supported by NS26855 from NINDS.

NEUROCHEMICALLY BIASING MULTIPLE MEMORY SYSTEMS TOWARD
CONTROL OVER LEARNED BEHAVIOR. M.G. Packard*. Dept.of
Psychology, Yale University, New Haven CT 06517.
In the cross-maze, the hippocampus selectively mediates the expression of
“place” learning, while the caudate-putamen selectively mediates the expression of
“response” learning. In the present study, a cross-maze task that may be
simultaneously acquired through either place or response learning was used to
examine the hypothesis that neurochemical manipulation of the hippocampus or
caudate can bias an animal toward the use of a particular memoiy system. Male
Long-Evans rats received 4 trials/day in a cross-maze task in which they started
from a consistent start-box (south), and obtained food from a consistent goal-arm
(west). On days 4-6 of training, rats received post-training intra- hippocampal (1
ug/0.5 ul), or intra-caudate (2 ug/0.5 ul), injections of either glutamate or saline.
On days 8 and 16, rats received a probe trial in which they were placed in a novel
start-box (north). On the probe trial, rats selecting the west goal-arm were
designated “place” learners, and those selecting the east goal-arm were designated
“response” learners. Hippocampal and caudate saline treated rats predominantly
displayed place learning on day 8, and response learning on day 16, indicating a
shift in control of learned behavior with extended training. Rats receiving intrahippocampal injections of glutamate predominantly displayed place learning on
days 8 and 16, indicating that manipulation of the hippocampus produced a
blockade of the shift to response learning. Rats receiving intra-caudate injections
of glutamate displayed response learning on days 8 and 16, indicating that
manipulation of the caudate produced an earlier “shift” to response learning. The
findings indicate that in a learning task that can be acquired by either the
hippocampus or caudate, neurochemical manipulation of these structures can bias
the brain toward the use of a specific memoiy system to control learned behavior.
Supported by NIH R29MH56973-01.
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42.2

THE INVOLVEMENT OF AUDITORY ASSOCIATION CORTEX IN
AUDITORY RECOGNITION MEMORY
!H Wan, ’E Warbuton, 2D.M. Kowalska, 3J.P. Aggleton and ’M.W. Brown,
'MRC Centre for Synaptic Plasticity, Department of Anatomy, University of
Bristol, BS8 ITD, UK; department of Neurophysiology, Nencki Institute of
Experimental Biology, 3 Pasteur St. 02-093 Warsaw, Poland and 3School of
Psychology, University College, Cardiff, CF3YG, UK. (SPON: ENA)

AUDITORY-VISUAL CROSSMODAL RECOGNITION MEMORY IN
MONKEYS: A NEW TASK. M.Mqjor. K.GaIe. & L. Malkova*. Dept. Of
Pharmacology, Georgetown Univ. Med. Ctr., Washington, D.C. 20007.
Visual (and possibly tactile) recognition memory has been shown to depend upon
the integrity of perirhinal cortex, whereas auditory recognition memory is spared
following perirhinal cortex ablation. Our long-range goal is to evaluate the influence
of perirhinal cortex inactivation on crossmodal auditory-visual recognition memory.
To accomplish this, we developed a task, in which each object provides both visual
and auditory cues. Here we describe the task and initial results of training pigtail
macaques on it. The subjects were trained on an auditoiy-visual delayed matching-tosample task in a manual apparatus (WGTA) with a small set of ten 3-D objects. The
objects were sound-emitting toys that produced sound either by direct manipulation
(bicycle hom) or by a switch (musical toys). The sound was spatially coincident with
the object as distinct from an arbitrary pairing of independent auditory and visual
cues. Therefore, a distinctive sound was an intrinsic property of each object. On each
trial, the sound of one object was produced while the object was behind an opaque
screen. At specified times after termination of the sound, the screen was raised and
the monkey was allowed to make a choice between two objects overlying the lateral
wells of a 3-well tray. If the monkey chose the object corresponding to its sound, it
was rewarded by a food reward and the experimenter touched the object to produce
the sound several times. The sound continued while the screen was lowered and for
several seconds thereafter. No reward or autocorrection was allowed if the monkey
chose the incorrect object; in this case, the screen was immediately lowered and no
sounds were produced. One pair of objects was presented in a daily session (24
trials), each of the objects rewarded on half of the trials, with left and right position of
the correct object following a pseudorandom order. Using this training procedure the
monkeys gradually learned the auditory-visual associations. The monkey that has
received the longest training (1200 trials) has achieved a stable performance of 75%.
Our task now provides a behavioral means to further explore the neural basis of
crossmodal recognition memory. Supported by NIH grant AG14580.

Previous work has demonstrated that neurons of perirhinal cortex and
temporal visual association cortex (area TE) exhibit higher expression of the
immediate early gene c-fos for novel than for familiar visual pictures (Wan et
al. 1999 J. Neurosci. 19:1142-48). An experiment has now been performed to
ascertain the role of perirhinal cortex and auditory areas in recognition
memory for sounds. Rats were exposed to sets of 30 successively presented
naturalistic sounds for six days. At the end of this period 11 rats were
exposed to a set of novel sounds and another 11 rats to a set of familiar
sounds. Greater expression of c-fos was produced by the novel than the
familiar sounds in temporal auditory association cortex (area TE) and
perirhinal cortex, but the difference reached significance only in area TE. No
significant difference was found in the inferior colliculus or primary auditoiy
cortex. These results are consistent with those from lesion studies in both the
monkey and the dog in suggesting an important role for auditoiy association
cortex in auditoiy recognition memoiy.
Supported by MRC.
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EFFECTS OF NON-NMDA RECEPTOR BLOCKADE IN PR, TE AND DG ON
VISUAL RECOGNITION BEHAVIOR. Y. Tang*, M. Mishkin, and T.G. Aigner.
Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892
Stimulus recognition in monkeys is severely impaired by destruction or dysfunction
of the perirhinal cortex (PR). Our recent studies had revealed that the muscarinic or
N-methyl-D-aspartate (NMDA) receptor blockade in PR also impairs visual recognition
memory (Tang, Mishkin & Aigner, Proc. Natl. Acad. Sci. USA, 94:12667-12669,1997;
Tang, Mishkin & Aigner, Soc. Neurosci. Abstr. 24:1907,1999). To examine the effects
of non-NMDA blockade in PR, the inferior temporal visual area (TE), or dentate gyrus
(DG) of the hippocampus on the recognition memory, we injected 6-cyano-7nitroquinoxaline-2,3-dione disodium (CNQX), an AMPA/kainate receptor antagonist,
directly into these areas in three rhesus monkeys performing a computer-automated
version of delayed nonmatching-to-sample (DNMS). List lengths of 20 trial-unique
graphic symbols were presented, requiring recognition of the symbols after a 10-min
delay. Each area was injected bilaterally with 3 pi of 0 (saline control), 1, or 5 mM
CNQX at a rate of 0.15 pl/min over a 20-min interval just prior to DNMS. CNQX
injections into PR, TE, or DG did not lower scores significantly compared to the scores
after the saline control injections, and there is no difference between the scores after
the CNQX injections into PR, TE and DG. The animals failed to perform the trials after
the high dose (5 mM) of CNQX injections compared to the saline control injections
(two-way RM ANOVA, F2,4=11.4, p<0.05), while the response latency showed no
significant change. The results suggest that the formation of stimulus memories
depends critically on NMDA, but not AMPA/kainate, activation of perirhinal cortex.
Support: IRP/NIMH/NIH.

EFFECTS OF SEPARATE LESIONS OF PERIRHINAL AND POSTRHINAL
CORTICES ON PERFORMANCE IN DELAYED NON-MATCHING TO
SAMPLE AND MORRIS WATER MAZE TASKS IN RATS.
H. Abe, Y. Ichitani* and T. Iwasaki. Institute of Psychology, University of
Tsukuba, Tsukuba, 305-8572, Japan.
The perirhinal cortex (PER) is considered to be involved in object recognition
memory, while the role of the postrhinal cortex (POS) is not known well. Because
PER and POS have robust interconnections with the hippocampal formation via
the entorhinal cortex, there is some possibility that PER and POS contribute to
spatial memory as well as object recognition memory.
In the current study, we have examined effects of separate lesions of PEP and
POS on delayed non-matching to sample (DNMS) and Morris water maze tasks. In
EXP.1, rats were trained on DNMS (4 sec. delay) with 250 junk objects in a
Mumby's box (1990) to criterion of 84% correct responses for consectjve 2
days. After attaining the criterion, the animals were subjected to delay test (4,
15, 30, 60, 120 sec.). Postoperatively, the performance of both PER-lesioned
(n=5) and POS-lesioned (n=3) groups was severely impaired on delay test as
compared with sham operated group (n=5). In EXP. 2, a standard place learning
task was conducted for 5 consecutive days (4 trials/day). A rat was introduced
into the water maze from one of four start points, and the latency to find the
hidden platform was recorded (max. 120 sec). On the 6th day, a probe test was
conducted during which the platform was removed from the pool and the animal
was allowed to swim freely for 1min. There were no significant differences
among escape latencies of PER-lesioned (n=9), POS-lesioned (n=7), and sham
operated groups (n=7). On the probe trial, no significant differences were
revealed among these three groups. The present results suggest that PER and
POScontribute to object recognition memory, but not to spatial memory.

42.5

42.6

PRETRAINING AND POSTTRAINING LESIONS OF THE RAT
PERIRHINAL OR POSTRHINAL CORTEX PRODUCE DEFICITS
IN CONTEXTUAL FEAR CONDITIONING. D.J, Bucci* and R.D,
Burwell. Department of Psychology, Brown University, Providence, RI 02906.
Recent anatomical studies have refined the boundaries of the rodent perirhinal
cortex and also identified a region termed postrhinal cortex, which may be
comparable to the parahippocampal cortex of primates. The perirhinal and
postrhinal cortices provide the major cortical input to the hippocampus, via
projections to different regions of the entorhinal cortex, and also receive significant
reciprocal projections from the hippocampus itself. The present study examined the
effects of neurotoxic lesions of either the perirhinal or postrhinal cortex on
contextual fear conditioning; a task previously shown to be sensitive to lesions of
the hippocampus. Male Long-Evans rats received cortical infusions of ibotenic acid
(lOpg/pl) either 12 days prior to, or one day following training. Training occurred
on a single day, and consisted of 3 foot-shocks (1.0 sec, 0.1 mA, 64-sec m)
beginning 3 minutes after the rat had been placed in the conditioning chamber. For
rats with pretraining lesions, the retention test (8 minutes in the conditioning
chamber during which no shocks were presented) took place 24 hours after training.
Rats receiving lesions one day after training were tested 12 days later to allow time
for recovery from surgery. Compared to sham-lesioned controls, rats with
pretraining lesions of either the perirhinal or postrhinal cortex exhibited reduced
levels of freezing both during training and during the retention test. Similarly,
freezing during the retention test was decreased in rats with posttraining lesions of
the perirhinal or postrhinal cortex. These data suggest that the perirhinal and
postrhinal cortices may play a significant role in both the acquisition and further
processing of contextual information. (Supported by NSF grant IBN9875792).

THE EFFECTS
OF TIME-OF-DAY
CUES
ON
CONTEXT
DISCRIMINATION. M.P, Saddoris. D.J, Bucci, and R.D, Burwell*. Department
of Psychology, Brown University, Providence, RI 02906.
We examined the role of time-of-day cues in discriminating a setting in which rats
received a foot-shock from a similar setting in which no shock was delivered. In
Experiment 1, male Long-Evans rats were placed in one conditioning chamber
(Context A) in the morning and in a second chamber (B) in the afternoon. The two
contexts shared several general features, such as overall size, shape, and illumination,
and had in common several individual stimuli (e.g., a speaker, houselight, plexiglass
wall). The chambers differed in that 3 walls were composed of different patterned cues,
the floor bars differed in spacing and diameter, and a different odor was placed beneath
each chamber. In Context A, rats received 3 foot-shocks (1.0 sec, 0.1 mA, 64-sec ITI)
three min. after being placed in the chamber. Rats were placed in Context B for the
same duration, but no shock was delivered. Freezing behavior, the measure of
conditioned fear, was recorded during the 64-sec epoch before shock was first delivered
in Context A, and during the corresponding epoch in Context B. Over 4 training days,
rats quickly learned to discriminate between the two contexts, in that greater freezing
behavior was displayed in the shock context versus the no-shock context. Because
shock was consistently delivered in the morning session, time-of-day cues, rather than
contextual information from the environment, may have played a significant role in
the discrimination. In two subsequent experiments, shock was delivered at the same
time of day, while the context was either held constant between the morning and
afternoon sessions, or alternated such that shock was delivered in both contexts over
the training period. Rats could not use time-of-day cues alone to discriminate between
the shock and no-shock conditions in either experiment. In contrast, in Experiment 4,
when shock was delivered at varying times but always in the same context,
discrimination developed rapidly. These data suggest that time-of-day cues have little
influence on the development of contextual discrimination (NSF grant IBN9875792).

42.7

42.8

PERIRHINAL CORTEX LESIONS PRODUCE A DELAY-DEPENDENT DEFICIT
IN THE WORKING MEMORY VERSION OF THE WATER MAZE. P. Liu and
D.K. Bilkev*. Dept of Psychology, University of Otago, Dunedin, New Zealand.
Rats with ibotenic add lesions centered on the hippocampus (HPC, n = 7) or
perirhinal cortex (PRC, n = 10) and sham controls (SHAM, n = 8) were trained in
two versions of the water maze task. In a reference memory version, the PRC group
took significantly longer to locate the platform during the first three days of training
as compared to the SHAM group. By day 4 and 5, their performance had asymtoped
at control levels. By comparison, however, the HPC group was severely impaired
relative to both the PRC and SHAM groups across all 5 days of training. The HPC,
but not the PRC, group was significantly impaired in a probe test conducted 3 min
after the final training trial of day 5 and HPC, but not PRC, animals also showed a
severe impairment during a platform reversal test.
The working memory version of the water maze task involved two phases. In the
sample phase rats were placed into the pool and allowed to locate the hidden
platform. After a delay period of either 30 sec or 3 min, rats were released into the
pool from a different starting point and allowed to search for the platform at this
same location (test phase). Two trials of this procedure were held each day over two
consecutive days, with a novel platform location utilised across each of these four
trials. When test phase latency measures were analysed it was apparent that the HPC
group was severely impaired at both 30-s and 3 min delays. In contrast, the PRC
group performed as well as SHAM rats at the 30 sec delay, but showed a significant
impairment at the 3 min delay. Whereas one recent study failed to Ijind a PRC-related
deficit in this working memory task, the current data suggest that PRC lesions will
disturb performance under conditions where pretraining is minimised. The role of
the perirhinal cortex in such tasks, may therefore, involve the initial acquisition and
storage of information relating to object location and/or object/cue relationships.
Supported by the Health Research Council of New Zealand.

LESIONS OF THE PERIRHINAL CORTEX IMPAIR SENSORY
PRECONDITIONING IN RATS. D. A. Nicholson*, K. A. Loftus, and J. H.
Freeman Jr. Department of Psychology, The University of Iowa, Iowa City,
IA 52242.
The medial temporal lobe system is thought to be critical for binding stimuli
in memory (Cohen & Eichenbaum, 1993, Memory, Amnesia, and the
Hippocampal System). The binding function of the medial temporal lobe
system provides for the formation of links between arbitrarily related stimuli
and flexible use of the bound information. The current study used a sensory
preconditioning procedure to examine the role of the perirhinal cortex in the
development of associations between two conditioned stimuli (CSs). Rats
were given either bilateral electrolytic lesions of the perirhinal cortex or
control surgery followed one week.later by three phases of training. In Phase
1, half of the rats from each surgical group were given paired presentations of
a tone and a light CS. The other half of the rats were given unpaired
presentations of the two CSs. In Phase 2, all of the rats were given eyeblink
conditioning procedures that involved paired presentations of either the light
or tone and a periorbital shock US. In Phase 3, all of the rats were given a test
session that consisted of unpaired presentations of the tone and light CSs.
Sensory preconditioning was established in the control group but was absent
in the lesion group. The results are similar to those of a previous study by Port
& Patterson (1984, Behav. Neurosci.), which showed that lesions of the
fimbria impaired sensory preconditioning in rabbits. These findings are
consistent with the view that the medial temporal lobe system is involved in
binding sensory stimuli in the absence of reinforcement or is necessary for the
flexible use (i.e., retrieval in different context) of associative information.
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SELECTIVE BILATERAL NEUROTOXIC LESION OF THE PERIRHINAL
CORTEX IN BABOONS IMPAIRS VISUAL RECOGNITION MEMORY BUT
NOT HABIT MEMORY. I. Millien. X. Blaizot. B. Landeau, A. Parent, G. Huguet,
A. Rossard, J.C. Baron, C. Chavoix*. INSERM U320, CEA/Cyceron, Caen, France.
There is now ample evidence that the perirhinal cortex (PRH) plays an important
role in visual recognition memory (VRM). Monkeys with PRH ablation are severely
impaired in delayed matching/nonmatching-to-sample (DMS/DNMS) tasks.
However, the frequent occurrence of nonspecific damage in these ablation studies,
such as inadvertent lesion to area TE, may have affected the results. We have
previously shown that neurotoxic lesion of the entire rhinal cortex (RH) (i.e., PRH
and entorhinal cortex) in Papio anubis baboons induces selective impairments in
VRM though apparently less severe than after RH ablation (Blaizot et al., Soc
Neurosci Abstr, 1996, 22:119). To determine the contribution of the PRH to, and its
specificity for, this VRM deficit, we investigated the effects of selective PRH
stereotaxic lesions induced by ibotenic acid, on computerized versions of the visual
trial-unique DMS and a concurrent drawing discrimination learning (CDDL) tasks,
known to assess VRM and habit memory, respectively. Pre-operatively, the baboons
were trained on the DMS task. Post-operatively, the baboons with PRH lesions (n=3)
were unimpaired on both the relearning and the delay condition of the DMS task
(single targets of mixed delays, from 1 to 60 sec) but performed significantly worse
than the sham-operated baboons (n=3) on the list-length DMS condition (mixed list
lengths: 1 to 9 stimuli). However, no significant difference between groups was
observed on the CDDL task, either for the first, or the second set of ten-pair
discrimination. These preliminary results suggest that 1) neuronal loss of the PRH
impairs VRM, as assessed with a trial-unique paradigm, but not habit memory, and
2) memory load (i.e., memorization of several items) is one salient feature of the
involvement of the PRH in VRM. These results, which are reminiscent of those
found after neurotoxic RH lesions, emphasize the specific role of the PRH in VRM.
Supported by INSERM, CEA, Region Basse Normandie and University of Caen.

NOVELTY,
MEMORY AND THE PERIRHINAL CORTEX IN
MONKEYS: ASSOCIATIVE OBJECT AND SCENE LEARNING. M.J.
Buckley1?6 A. Easton1, K. Parker3, E.L Wilding1 & A. Parker2. 'Depl of
Experimental Psychology, University of Oxford, 0X1 3UD, UK. 2School of
Psychology, University of Nottingham, NG7 2RD, UK. 3Dcpt of Neuroscience,
University of Edinburgh, EH8 9JZ
Using modified associative learning tasks, which control the relative novelty of
test stimuli, we report findings from two groups of perirhinal lesioned monkeys
and two groups of unoperaled controls. Subjects studied lists of 2-dimensional
visual object or scene stimuli. In each daily list one study item (the novel or isolate
item) and its associated foil differed from the others (the homogenous items) along
one stimulus dimension (color). In scene learning backgrounds were from one end
of color space, and two identical choice objects were from the opposite end. In
object learning one of the pairs to be learned in each daily list were isolate items,
in scene leaning both background and choice objects were reversed for onc scene.
The critical experimental measure was the comparison of the visual object or scene
error rales for isolate and homogenous test items. For both control groups, error
rates for both tasks were reliably lower for isolate than for homogenous stimuli
(the von Restorlf effect). Each task was then administered to two groups of
monkeys who had bilateral perirhinal lesions. In both groups there was no
evidence of a von Restorff effect. The results, in combination with similar findings
for DMS (Parker et al, 1998), suggest that novelty detection is a fundamental stage
in the encoding of many forms of memory, and that perirhinal cortex plays a
critical role in this process.
This research was funded by the Medical Research Council (UK).
Parker, A., Wilding, E.L& Akerman, C. (1998) J. Cog. Neurosci. 10; 691-703.

42.11

42.12

AN EXPLORATORY STUDY OF PARTIAL LESIONS OF THE PERFORANT
PATHWAY: EFFECTS ON LEARNING, MEMORY, AND BEHAVIOR.
R.Nocera* and K.Pang, Bowling Green State University,
Bowling Green, OH 43403
The entorhinal cortex has been identified as the earliest and most vulnerable brain area affected by Alzheimer’s
disease (AD). The perforant path, the major connection
between ERC and the hippocampus, via the dentate gyrus,
has been the focus of study in laboratory experiments. In
this research, the perforant path (PP) has been lesioned,
either bi- or uni-laterally, and resulting effects on
various'learning and memory tasks have been examined. However, it is relatively unknown if partial lesions of this
area will result in subsequent learning and memory
deficits. This study will examine the result of partial
PP lesions on a variety of spatial and non-spatial tasks.
This particular question is important in that partial
destruction of the PP is a more realistic representation
of the destruction caused by progressive AD than is a
total lesioning made at one time. THis study is the first
of a series of projects designed to examine the progressive
degeneration of the PP and the analysis of neurochemical
alterations, and their effect on behavior, following this
degeneration.

CONTRIBUTIONS OF THE HIPPOCAMPUS AND THE ENTORHINAL
CORTEX TO TWO FORMS OF SPATIAL NAVIGATION IN THE
WATERMAZE. C.J.P. Oswald.1 D.B, Bannerman,2 B.K. Yee,2 R.C,
Honey1, and M.A, Good1 *. 1 School of Psychology, Cardiff

Supported by NIH 4787

42.13
RAT VISUAL OBJECT DISCRIMINATION LEARNING AFTER DIRECT GENE
TRANSFER OF A CONSTITUTIVELY ACTIVE PKC INTO RHINAL CORTEX
NEURONS. G, Zhang,X,Wang,T.Yang,R.BarttetLR^rown, YChen, Y,Liu,
J, Shen. J. Tana, W. Zhang.1R, Cook, and A.I, Geller, Div. Endo., Children's
Hosp., Boston MA 02115; 1Dept. Psychol., Tufts Univ., Medford MA.
Specific areas of rhinal cortex have been implicated in visual object
discrimination learning, in both primates and rats, using surgical ablation
approaches. However, little is known about the specific signal transduction
pathways, acting in specific groups of neurons, that mediate this learning.
These questions might be approached by genetic intervention. We isolated
(J. Neurosci., 1998, 18. 4119-4132) HSV-1 vectors that encode a
constitutively active, catalytic domain of rat PKC BII. In cultured neurons, this
PKC causes a long-lasting, activation-dependent increase in neurotransmitter
release. Targeting this PKC to nigrostriatal neurons results in a long-term (>1
month) modulation of rat rotational behavior, due to altered dopaminergic
neurotransmission (J. Neurosci, ibid). Furthermore, targeting this PKC to
dentate granule neurons alters hippocampal physiology and enhances rat
auditory discrimination reversal learning (Abs. Soc. Neurosci. 1998 24. 366.1).
We have begun an analysis of visual object discrimination learning using this
approach. Long-Evans rats were first trained on a brightness discrimination,
and then on a two object discrimination (vertical versus horizontal stripes),
using a computer controlled touchscreen apparatus. Next, the constitutively
active PKC was delivered into perirhinal or postrhinal cortex neurons (the
vector contained a neuronal-specific promoter and expression was observed
for at least 1 month after gene transfer). After brief retraining on the stripes,
the rats were tested on a new set of objects (outline of square versus cross).
The rats that received the constitutively active PKC appeared to leam this task
faster and to a higher accuracy than the control rats (HSV-1 vector expressing
LacZ or PBS). Supported by NIH NS34025.
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Univ. Wales, CF11 3YG, 2Dept. of Exp. Psychology, Univ. of
Oxford, U.K. OXI 3UD.
The present study examined the effects of selective
excitotoxic lesions to either the hippocampus (HPC) or the
entorhinal cortex (EC) on two navigation tasks in the
watermaze.
In Experiment 1, rats were required to learn the
location of a hidden platform with reference to extramaze
cues.
HPC lesioned rats were severely impaired on this task
but the performance of EC lesioned rats was comparable to
that of controls.
In Experiment 2, the platform moved from
trial to trial but was always a fixed distance and direction
from a novel intramaze landmark.
In this task, EC lesioned
rats were impaired but the performance of HPC lesioned rats
was comparable to that of controls.
Using a separate set of
lesioned rats, Experiment 3 counterbalanced the order of
training on the spatial and landmark tasks.
The results
indicated that the EC impairment in Experiment 2 was a
result of prior spatial training.
These findings suggest a
dissociation of function between the HPC and the EC in
spatial navigation.
This research was funded by the BBSRC, U.K.
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ONTOGENY OF EYEBLINK CONDITIONING IN THE RAT: LEARNED IRRELEVANCE. A.N. Rush1 B.L. Robinette2, and M. E. Stanton12*. 'Dept. of Psychology,
Univ. of North Carolina at Chapel Hill; 2Neurotoxicology Div., US EPA, RTP, 27711.
Learned irrelevance (LIr) is a Pavlovian conditioning phenomenon in which
unpaired preexposure to a CS and US retards subsequent paired conditioning involving
these stimuli. In developmental studies of eyeblink conditioning in the rat, LIr is not
present on Postnatal Day 20 (PND20). Stanton, Fox & Carter (1998, Neuropharm. 37,
623-33) showed that unpaired preexposure to CS and US on PND 17 failed to retard (in
fact facilitated) subsequent paired conditioning involving these stimuli on PND20,
The present experiments were designed to further characterize the ontogeny of this
phenomenon. In Experiment 1, rat pups were surgically prepared and tested for
eyeblink conditioning as described in Stanton et al. (ibid) except that preexposure
occurred on PND27 and acquisition testing occurred on PND30. During preexposure,
three separate groups received either paired or unpaired CS-US presentations (three
100-trial sessions), or chamber preexposure only. Three days later, all three groups
received three 100-trial sessions of paired training. Unlike the outcome on PND20
(Stanton et al., 1998, ibid), unpaired preexposure clearly retarded subsequent
acquisition. Experiment 2 involved four preexposure groups: chamber only, CS alone,
US alone, or unpaired US/CS presentation. Procedures were as in Experiment 1 except
that training consisted of three 100-trial sessions on PND30, with each group receiving
50 trials of preexposure during the first half of the first session and paired training
during the second 50 trials of that session and all subsequent sessions. Unpaired
preexposure (US/CS) impaired acquisition relative to that of the remaining three
groups, which did not differ. These findings suggest that LIr of eyeblink conditioning
develops between ages PND20 and PND30. They also confirm that the acquisition
impairment observed after unpaired CS-US preexposure depends upon the unpaired
nature of the CS-US presentation, not exposure to the stimuli themselves. (Supported
by Office of Research & Development, U.S. EPA)

EYEBLINK CONDITIONING IN THE FREELY-MOVING RAT:

R J- Servatius*, M. T. Bergen, S. Soldan and L.
Hendrickson. Neurobehavioral Unit (127A), DVA Medical Center,
New Jersey Health Care System, East Orange, NJ 07018 and
Department of Neuroscience, New Jersey Medical School, Newark, NJ.

Eyeblink conditioning in the freely-moving rat uses deflections of eyelid
electromyographic (EMG) as a surrogate for eyeblink responses. In this
preparation, the unconditioned stimulus (US) has been a 60-Hz shock (80100 ms). The shock US interferes with EMG recording ofthe unconditioned
response (UR), requiring that EMG amplification be shut off with US
presentation and remain off for sometime (-100 ms) after US presentation
to allow shock artifacts to dissipate. Here, we present an adaptation ofthe
freely-moving rat preparation using a square wave stimulus (10 v for 10 ms)
as the US. This adaptation fulfilled two important criteria for the US: to
reliably elicit an eyeblink UR and allow for a substantial portion ofthe UR
to be measured. We then evaluated changes in the UR with paired training.
Rats were trained for two daily sessions of 100 trials in the delay paradigm
with interstimulus intervals ranging from 300 ms - 1200 ms. As with the
rabbit preparation, the UR decreased with training. For each daily session,
UR magnitudes were highest in the initial trial block. Lastly, exposure to
inescapable stress - which facilitates acquisition of the eyeblink CR 24 h
after stressor cessation - did not affect the UR in comparison with
nonstressed controls. Supported by funds provided by the joint VA/DOD
Research Program.

43.3

43.4

PARAMETER STABILITY IN THE TD MODEL DURING RABBIT EYEBLINK
TRAINING. J.S, Marks*. J-S Choi, V.E, Castaena, and J.W. Moore. Neuroscience &
Behavior Program, University of Massachusetts, Amherst, MA 01003
Sutton and Barto’s (1990) Time-Derivative (TD) model of learning can describe the
timing and topography of conditioned responses (CRs), if the CS-US interval is
segmented into an ordered series of serial components. The connection weight between a
serial component and the US is computed by the following equation: AV(t) ® p[X(t) yY(t) - Y(t-1)1 X a £ (t). Ihe amplitude of the CR at time t is given by Y = V x X. V is
the connection weight, X represents the US, and X represents the on-off status of the CS
component (X=l if CS is on, 0 otherwise). X is the eligibility of the CS component for
modification: X, (t + 1)» Xj + 5[X,(t) -X/t)]. Ihe parameters a, p, 8, and y are positive
fractions which control the predicted response topography. The purpose of this
investigation was to determine if parameters remained stable as a function of training, CS
modality (tone vs. light), and CS-US interval (300 msec vs. 700 msec).
We took archived behavioral data from earlier rabbit eyeblink experiments and
averaged CRs to CS-only trials for 5 blocks of 5 sessions each, with approximately 6 CSonly trials per session. We used a computerized TD model simulation to determine the
mean-square difference (MSD) between the observed CR and a predicted CR for a given
set of parameter values. We then systematically varied the parameters independently and
a MSD was calculated for each set of parameter values. All combinations of parameters
are then examined for the best fit, based on the least MSD. We use this best fit parameter
set for each block of 5 sessions to simulate responses throughout the other sessions, to
demonstrate the ability of a stable parameter set to simulate CRs observed throughout
training. We also examine the differences in MSD as a single parameter is varied while
the other parameters are held constant We demonstrate that a wide, but stable range of
parameters can be used to produce behavioral waveforms throughout the course of the
training period, and that the parameters suitable for simulating a CR can fluctuate over a
wide range without deviating greatly from CRs observed behaviorally. Supported by
MH57893.

EARLY EXPOSURE TO ALCOHOL DISRUPTS ADULT EYEBLINK
CLASSICAL CONDITIONING IN RATS. J.T. Green1*. R.F. Rogers'. L.M.
Rorick1, C.R. Goodlett2, J.E. Steinmetz1. ’Dept. of Psychology, Indiana University,
Bloomington, IN 47405.2Dept. of Psychology, Indiana University-Purdue University
at Indianapolis, Indianapolis, IN 46202.
Neonatal exposure to alcohol in rats produces significant, dose-dependent cell loss in
the cerebellum, and provides a model of the large cerebellar volume reductions seen
on MRI studies of children prenatally exposed to alcohol. Some of the functional
consequences of cerebellar cell loss can be evaluated with eyeblink classical
conditioning, as this type of learning has been shown to be critically dependent upon
the cerebellum in rabbits, rats, and humans. In this study, the effects of early exposure
to ethanol on learning in adulthood were assessed. Group Ethanol received alcohol
doses of 5.25 g/kg/day on postnatal days 4-9. Group Sham Intubated underwent acute
intragastric intubation on postnatal days 4-9 but did not receive any infusions. Group
Non-intubated (from separate litters) did not receive any intubations. When all rats
were 3-6 months old, they received 100 paired trials per day for 10 days followed by
4 days of extinction. The CS was a 450-ms tone and the US was a coterminating 100ms periorbital shock. Group
- Intubated
Ethanol rats showed impaired CR
-Non-Intubated
acquisition. These results suggest
-EtOH
that early exposure to alcohol has
long-term effects on eyeblink
conditioning, perhaps through
enduring effects on neurons of the
cerebellar-brain stem circuits
mediating this form of learning.
(Supported by Grant #AA11945)

43.5

43.6

EYEBLINK CONDITIONING IN LURCHER MICE
S.K.E. Koekkoek, W.L. den Ouden and C.L De Zeeuw*; Department of Anatomy,
Erasmus University Rotterdam. The Netherlands
The cerebellum is thought to be essential for behavioral learning shown during
eyeblink conditioning paradigms. The exact location of the learning site within the
cerebellum is still a matter of debate. The Lurcher mouse, which is characterized by
genetically induced degeneration of cerebellar Purkinje cells, can be used as an
elegant model to dissociate functions of the cerebellar cortex from those of the
cerebellar nuclei in these kind of learning tasks. Lurcher mice and their wild type
littermates were subjected to standard eyeblink conditioning paradigms. A newly
developed inductive distance-measurement technique was used. This technique
provided absolute eyelid position data and allowed mice to move around freely
during experiments, thus minimizing high amounts of stress induced by restraining.
The acquired conditioned responses showed properties of learned timing, could be
behaviorally extinguished, and was not visible during randomly paired control
procedures. The mice were subjected to 1 session a day of 10 blocks (9 paired and 1
trial with only a conditioned stimulus (CS)). The reduction of conditioned responses
after 4 sessions of extinction was assessed. After 4 days of training a profound
number of conditioned responses in CS-alone trials was observed. An asymptotic
level of 60% was usually reached on the 3rd day. No differences between Lurcher
and wild type mice could be found in terms of acquisition rate and percentage of
conditioned responses.
These results suggest that the circuitry of the cerebellar cortex is not essential for
generating conditioned responses in mice. Whether the timing of the responses in
Lurcher mice is affected is presently under investigation.

MEDIAL PREFRONTAL. BUT NOT RETROSPLENIAL. CORTEX LESIONS
IMPAIR ACQUISITION OF TRACE EYEBLINK CONDITIONING.
A.P. Weible, M.D. McEchron, R.W. Berry*, and J.F. Disterhoft. Dept. of Cell
and Molecular Biology, and the Institute for Neuroscience, Northwestern
University Medical School, Chicago, IL. 60611.
Trace eyeblink conditioning is a hippocampally-dependent learning paradigm
in which a tone conditioned stimulus (CS) is followed first by a 500ms trace
interval, then a corneal airpuff unconditioned stimulus (US). Previous studies
have implicated two regions interconnected with the hippocampus and the
cerebellum, the Retrosplenial Cortex (RSC) and caudal portion of the medial
Prefrontal Cortex (mPFC) as important areas for acquisition of the trace conditioned reflex. These cortical regions have also been proposed to serve as
long- term storage sites. To date, however, no systematic comparison of
their individual contributions has been performed in the same experiment. In
the present study, aspiration lesioned and sham-operated control rabbits
were used to address this issue.
Lesioned and control rabbits were
given 15 sessions consisting of 80
trace CS-US trials. RSC lesioned rab- %
bits performed comparably with control C
rabbits (C), even when nearly 100% of R
the region was removed. In contrast, s
mPFC lesioned rabbits were impaired
as compared to control rabbits.
These data suggest that the caudal
portion of the mPFC, but not the RSC,
Days of Training
is necessary for establishing the CS-US
association in the hippocampally-dependent trace conditioned eyeblink
reflex. This suggests that the mPFC may be a possible storage site of information relayed from the hippocampus critical to performance of the trace
conditioned reflex. (Support: NIH MH47340)
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POST-TRAINING MEDIAL PREFRONTAL LESIONS IMPAIR
SUBSEQUENT PERFORMANCE IN BOTH DELAY AND TRACE
PAVLOVIAN EYEBLINK CONDITIONING. D.A, Powell*. J,
McLaughlin, H. Skaggs and J. Churchwell. Shirley L. Buchanan
Neuroscience Laboratory, Dorn VA Medical Center and Dept. Of
Psychology, University of South Carolina, Columbia, SC 29208.
Medial prefrontal cortex (mPFC) has been shown to modulate autonomic
learning during Pavlovian conditioning.
However, somatomotor
conditioning (e.g., eyeblink (EB) conditioning) is not affected by mPFC
lesions, except under special circumstances, e.g., trace or differential
conditioning. It is unknown, however, whether such effects interfere with
acquisition of the EB conditioned response (CR) or affect retrieval
processes. In the present experiment both delay and trace EB conditioning
were studied in rabbits that were either trained to criterion or over-trained.
The animals then received mPFC or sham lesions 3 or 24 hrs later. All
animals were retested 14 days after surgery. Deficits in post-surgical
performance were obtained in mPFC, compared to sham animals, under
conditions of both criterion training and over-training and in both delay and
trace conditioning. However, these deficits were greater for the trace than
the delay paradigm. These results suggest that the mPFC is involved in
retrieval of information necessary for successful expression of the
Pavlovian conditioned EB CR.
Supported by DVA Institutional Research Funds

MEDIAL PREFRONTAL LESIONS RETARD TRACE, BUT NOT
DELAY PAVLOVIAN EYEBLINK CONDITIONING. J. McLaughlin*.
J. Churchwell. T. Trumbull, and D.A, Powell. Shirley L. Buchanan
Neuroscience Laboratory, Dorn VA Medical Center and Dept. of
Psychology, University of South Carolina, Columbia, SC 29208.
Damage to the medial prefrontal cortex (mPFC) greatly attenuates
acquisition of Pavlovian conditioned heart rate decreases during Pavlovian
delay conditioning. These lesions, however, do not affect the classically
conditioned eyeblink (EB) response when a delay paradigm is utilized. In
the present study the effect of mPFC lesions on trace EB conditioning was
evaluated by comparing responses of sham lesioned and mPFC lesioned
rabbits, which received either one of two delay paradigms or a trace
paradigm. For delay conditioning sham and mPFC lesioned rabbits received
either a 550 msec or 1050 msec 75 db, 1000 Hz tone as the CS, which coterminated with a 50 msec periorbital electric shock, which served as the
US. A third group of sham and lesioned animals received a 500 msec tone
CS but a 500 msec trace period occurred between CS termination and US
onset. A fourth group of sham and lesioned animals received explicitly
unpaired presentations of the CS and US. A significant impairment in EB
conditioning occurred in the lesioned animals in the trace condition, but
mPFC damage had no significant effect on EB conditioning in either delay
condition.
Supported by DVA Institutional Research Funds

43.9

43.10

STIMULATION OF THE CEREBELLO-OLIVARY PATHWAY IN
CLASSICALLY CONDITIONED FERRETS CAUSES EXTINCTION OF THE
CONDITIONED RESPONSE. F.Bengtsson*, P.Svensson and G. Hesslow. Univ.
of Lund; Dept. ofPhysiolog. Sci., Section for Neuropysiol., Solvegatan 19, S22362 Lund, Sweden
After repeated presentations of a conditioned stimulus (CS) paired with an
unconditioned stimulus (US), a conditioned response (CR) can be elicited by the
CS. If the CS is then presented alone, the learned response will become
extinguished. Learning of classically conditioned responses is now thought to be
within the cerebellum. It has been suggested that climbing fibres mediate the US
impulse from the inferior olive (IO) to the Purkinje cells in the cerebellar cortex.
If this is the case, then blocking transmission in the IO should lead to extinction of
the learned response. Previous experiments have indicated that the connection
between the nucleus interpositus anterior (NIA) and the IO is inhibitory. It has
been suggested that one of the roles of this connection could be to block further
learning when the learned response reaches a certain amplitude. Our prediction
was that stimulating the cerebello-olivary fibres just prior to the US would inhibit
the inferior olive and, thus, block US information to the cerebellum. This would
then cause an extinction of the CR. Preliminary results confirm this prediction.
Funded by: The Swedish MRC (no. 09899) and the Knut and Alice Wallenberg
foundation

CEREBELLAR LESIONS IMPAIR MOTOR PREPARATION WHEN THE
TARGET IS PREDICTABLE. P.D. Nixon and R.E. Passingham (SPON: British
Neuroscience Association). Department of Experimental Psychology, University of Oxford,
South Parks Road, Oxford, OXI 3UD. (email: philip.nixon@psy.ox.ac.uk)
There is growing evidence that the cerebellum is involved in the implicit learning of
movement sequences. On the serial reaction time (RT) task patients with cerebellar lesions
fail to demonstrate normal decreases in RT and we have shown a similar effect in monkeys
with bilateral cerebellar lesions. However, it is not clear if this impairment is unique to
sequence learning or whether the cerebellum is also involved in the learning of discrete
responses to predictable visual targets. We investigated this possibility in monkeys with
bilateral lesions of the cerebellar dentate nuclei. Three animals were pre-operatively trained
to make rapid manual responses to a single target appearing on a touch-sensitive VDU
screen. They depressed a button to initiate each trial and held it down until a target appeared.
In Condition 1, a target (white disk) could appear at any of 3 possible locations (spatially
unpredictable). In Condition 2 the target always appeared in the same place (spatially
predictable). Condition 3 was like condition 2 except that the onset of the target was
temporally predictable whereas in the previous conditions this parameter had been
randomized. Condition 1 was taught first until reaction times were no longer decreasing.
Training on conditions 2 and 3 then proceeded until again the RTs were minimal. All 3
animals showed a significant RT gain on these conditions when compared with the baseline
condition (1) [F(2,4) = 28.76, p = 0.004]. The monkeys were retested 6 weeks after surgery.
Each of the 3 conditions were retested in the same order and for an identical number of
sessions. Although movement times showed no significant changes from pre-operative
measurements, the RTs for each of the 3 conditions were no longer significantly different
from each other [F(2,4) = 0.27, p = 0.78]. The results imply that the animals were either
failing to predict the spatial location or time of presentation of the target, or that they were
unable to use their prediction to improve their reaction times. The impairment of the
monkeys on the serial RT task is therefore part of a more general impairment in learning to
prepare responses. (Supported by the Wellcome Trust).

43.11

43.12

CEREBELLAR CORTICAL MUSCIMOL INFUSIONS PREVENT
CONSOLIDATION OF NICTITATING MEMBRANE CONDITIONING.
C.H. Yeo*, S. Cooke and P.J.E. Attwell, Dept. Anatomy, University College
London, London WC1E 6BT, U.K.
Lesion and reversible inactivation studies clearly implicate the cerebellar cortex in
classical conditioning of the eyeblink/nictitating membrane response (NMR) of the
rabbit. But they do not reveal whether there is storage of information for this form
of motor learning within the cerebellar cortex.
If there is long-term information storage for NMR conditioning in the cerebellar
cortex then it should be possible to disrupt its consolidation immediately after
training sessions. Here we have used local infusions of the GABA-A receptor
agonist muscimol in lobule HVI to provide profound inhibition of Purkinje cells for
a period of several hours during which consolidation processes would normally
occur.
12 rabbits implanted with guide cannulae directed to lobule HVI were given four,
daily sessions of 50 training trials using a tone CS and a periocular shock US. Each
session lasted 25 min. Experimental subjects (n=6) received a cerebellar cortical
infusion of muscimol (3.5mM; 2pl) immediately after each training session and
control subjects (n=6) received vehicle (PBS, 2pl). All subjects then received more
daily training sessions with no infusions. Acquisition was significantly impaired in
the experimental group, indicating that post-training consolidation had been
disrupted. After training to asymptote, additional post-training infusions of
muscimol did not affect performance on succeeding days. Histology and
autoradiography following injection of [3H]-muscimol verified that the drug was
confined to the cortex and had not spread to the deep cerebellar nuclei.
These results strongly suggest that there may be information storage for motor
learning in the cerebellar cortex although other interpretations will be offered.

EXTRACELLULAR INTERPOSITUS STIMULATION AS A CONDITIONED
STIMULUS DURING EYEBLINK CONDITIONING. J. Tracy,* J. T, Green & J. E.
Steinmetz. Department of Psychology, Indiana University; Bloomington, IN 47405.
The current study examined the effectiveness of interpositus (IN) stimulation as a
CS during delay eyeblink conditioning in rabbits. Groups 1 and 2 received paired or
unpaired trials of subthreshold IN stimulation (350 ms train, 200 Hz, 0.1 pulse, 15-75
gA) as a CS and corneal airpuff (100 ms, 3 psi at the source) as a US on days 1 and 2.
Group 3 was exposed to training apparatus, but received no stimuli on days 1 and 2.
Group 1 rapidly acquired the CR (mean trials to criterion = 55.8). Group 2 emitted no
CRs. Subsequently, all animals were trained to criterion (8 CRs on any 9 consecutive
trials) with paired tone-airpuff trials. Similar to IN stimulation training, the paired
group rapidly acquired during tone training, with the average trials to criterion = 58.3
trials. In contrast, the control groups were significantly slower to reach criterion to
tone training with the unpaired group taking an average of 198.75 trials and the sit
group 116.75 trials [F(2,l l)=9.790; pc.Ol]. The rapid acquisition demonstrated with
IN stimulation, and the subsequent savings to tone training, exemplifies cerebellar
involvement in eyeblink conditioning. Paired IN stimulation-airpuff training resulted
not only in accelerated
conditioning, but significant
transfer to tone-airpuff training.
CR acquisition to tone training for
the two control groups did not
differ but was more rapid than the o
rates reported in a number of
|
previous studies. Facilitation for
5
the unpaired group may be due to
adaptation to context rather that the
result of repeated IN stimulation.
[Supported by NIMH #MN51178].

Supported by the BBSRC.
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PLASTICITY IN THE INTERPOSITUS NUCLEUS CONTRIBUTES TO THE
EXPRESSION OF SHORT-LATENCY CONDITIONED EYELID RESPONSES.
W.L. Nores*, P.M. Steele, and M.D. Mauk. Department of Neurobioiogy and
Anatomy and Keck Center for the Neurobioiogy of Learning and Memory, University
of Texas Medical School, Houston, TX 77030.
Previous studies in our laboratory demonstrated that the timing of conditioned eyelid
responses is dependent upon the anterior lobe of the cerebellar cortex. These findings
also suggest that the expression of short-latency responses following lesions of the
anterior lobe is mediated by plasticity in the interpositus nucleus. However, it is
possible that the site of plasticity for the expression of short-latency responses is
efferent from the interpositus nucleus (i.e., the red nucleus). To localize the site of
plasticity for the expression of short-latency responses, we assessed the presence of
short-latency responses before and after training with pharmacological inactivation of
the red nucleus. Prior to training, naive rabbits were infused with picrotoxin (200
pM), a GABA antagonist, into the interpositus nucleus and presented 30 min later
with 24 CS (550 ms, 1 kHz tone;) alone trials. The frequency of short-latency
responses at this point was relatively small (mean number of short-latencies < 20%).
For the next 5 days, kynurenic acid (20 mM), an excitatory amino acid antagonist,
was infused in the red nucleus prior to paired CS-US (50 ms periorbital shock)
training. Kynurenic acid blocked the expression of conditioned eyelid responses
(mean CR < 20%) on each day. On the following day, in the absence of kynurenic
acid, the rabbits displayed conditioned eyelid responses (mean CR « 50%) during the
first 2 blocks, suggesting that plasticity was not induced in the red nucleus, but
afferent to it. Infusion of picrotoxin into the interpositus nucleus 30 min before the
start of the 3rd block unmasked short-latency responses at a high frequency (~ 100%).
Combined with the data from a companion abstract (Steele et al.) showing that
blockade of afferent input to the interpositus nucleus prevents eyelid conditioning,
these findings demonstrate that plasticity within the interpositus nucleus mediates the
expression of short-latency responses. Supported by NIMH grant #46904-06.

CHANGES IN RESPONSE EFFICACY TO CEREBELLAR INTERPOSITUS
STIMULATION DURING EYEBLINK CONDITIONING. S. Y. Cho*,
J. Tracy, and J. E. Steinmetz. Center for foe Integrative Study of Animal
Behavior, Dept. of Psychology, Indiana University, Bloomington IN 47405.
It is well established that plasticity in the cerebellar interpositus nucleus
(INT) is essential for eyeblink conditioning. The current study attempted to
combine INT stimulation with foe occurrence of learning-related activity preceding
the behavioral conditioned response. Rabbits were trained with a trace paradigm
(300ms tone-CS; 600ms ISI; 100ms air puff-US) that included extracellular
stimulation of INT. Bipolar electrical stimulation (ES; 200Hz, 0.1ms pulse
width) was administered midway though the trace interval (400ms after CS
onset for 50ms). Stimulation intensity was set at 25% of the initial threshold
for eliciting eyeblinks (30-80/zA). Extinction training consisting of tone+ES trials,
followed acquisition. Rabbits with INT stimulation acquired robust CRs to the
tone CS within the first two sessions and showed strong resistance to extinction.
Throughout training, we conducted 1-0 tests for stimulation thresholds to elicit
eyeblinks to the ES only and foe tone+ES. As animals acquired CRs, foe 1-0
thresholds decreased dramatically; much lower thresholds on foe tone+ES trials
than the ES-only trials. For example, a given INT stimulation current intensity
that did not elicit an eyeblink on the ES-only trial would elicit a response (to
the ES) on foe tone+ES trial. Thus, it appears that the tone CS preceding the ES
facilitated or summed with foe INT stimulation-evoked response. Interestingly,
ES thresholds dropped further during the first two days of extinction training
before returning to pretraining levels. It is possible that over the course of
training the efficacy of interpositus responsiveness is affected such that tone-air
puff training would affect the threshold levels. (Support : nsf bir -9413220, kosef )

43.15

43.16

EFFECTS OF AN NMDA CHANNEL BLOCKER MK-801 ON THE
CLASSICAL EYEBLINK CONDITIONING IN MICE. S. Knwahara.* K. Takahailri

EFFECT OF FEATURE-TARGET INTERVALS IN CONDITIONAL
DISCRIMINATIONS ON ACQUISITION AND EXPRESSION OF
CONDITIONED NICTITATING MEMBRANE AND HEART-RATE
RESPONSES IN THE RABBIT. E, Tames Kehoe*, Nerida Palmer, Gabrielle
Weidemann, and Michaela Macrae. School of Psychology, University of
New South Wales, Sydney, NSW 2052, AUSTRALIA.
Nictitating membrane (NM) and heart rate (HR) responses were
investigated in a conditional discrimination (A-->X+ versus B—>X-), using
feature-target intervals of 0, 5,15, and 45 s. The feature cues (A and B) were
prolonged (65 s) auditory stimuli, and the target stimulus (X) was a brief
(400 ms) flashing light. Conditional control of NM responses to the X
stimulus was acquired to about the same degree across all four intervals.
However, differential conditioning of both the NM and HR responses to A
versus B feature cues appeared only for the three shorter intervals.
Following acquisition, all rabbits were tested with the four different
feature-target intervals. All groups showed a gradient of responding to X,
in which the highest level of responding occurred at or near the interval
used in training. The constancy in conditional control across groups plus the
temporal specificity of conditional control within each group indicates that
the encoding of the feature cues remained functional up to 45 s. Hence, the
question becomes why did CR acquisition to the feature cues diminish at the
longer feature-target intervals? The successive portions of the encoding may
become increasingly variable before decay of stimulus encoding becomes
pronounced. Although such variability in time would hinder CR
acquisition, the overall encoding of the feature cues could remain distinctive
enough to allow them to exert conditional control over the elicitation of the
eyelid CR by the target stimulus with its closer relation to the US. (This
research was supported by Australian Research Council Grant A79800067.)

cal Sciences, The University ofTokyo, Tokyo 113-0033, Japan
NMDA receptors play critical roles in various kinds of synaptic plasticity undedying teaming and memory. To elucidate rotes of NMDA receptors in classical eyeblink
conditioning in mice, we investigated the effects of a noncompetitive NMDA channel
blocker MK-801 on the standard delay conditioning and the trace conditioning with
trace interval of0 and 100 ms. Mice woe conditioned to eyeblink in response to a tone
(CS) paired with a perioibital shock (US). MK-801 (0.1 mg/kg, ip.) or saline was injected 10 min before ihe daily training session. Mice were trained for 7 days for acquisition and for the subsequent 4 days for extinction.
MK-801 impaired acquisition rate of conditioned response (CR) in the delay paradigm, while startle response to the tone and the US intensity required fix eyeWink/head-tum were not affected. This effect was greater in the 100-ms trace conditioning than in delay and 0-ms trace conditioning. During extinction session, both saline-injected and MK-801-injected mice showed decrease ofCR%.
These results suggest that MK-801 affects rate of CR acquisition task-dependentiy,
but not extinction in mice.
[Supported by a Grant-in-aid (#0729105) from foe Ministry ofEducation, Science,
Sports and Culture of Japan, and a grant from Program fix Promotion of Basic Research Activity fix Innovative Bioscience.]

43.17
DELAY EYELID CONDITIONING IN RAT: TIME DEPENDENT PROPERTIES.
N. M. Taylor. M.D. Mauk*. Department ofNeurobiology and Anatomy, University
of Texas Medical School at Houston, Houston, TX 77030.
We have examined the influence of the inter-stimulus interval (ISI) on the
acquisition and expression of conditioned eyelid responses in rat. Adult female
Sprague-Dawiey rats were secured in a harness with tether and given a limited range
of motion inside a sound and light attenuating chamber. The CS was a 2.5 KHz tone
delivered by a P120-electric device, the US was peri-orbital shock delivered via
subcutaneously implanted stainless steel wires, and eyelid position was measured
via an infrared device attached to a bolt affixed to the rat’s skull. Rats were assigned
to a conditioning group with a specific ISI (100, 250, 500, 750, 1000, or 1500 ms) or
to non-paired CS-US control group. The data were collected and analyzed by a
computer using custom software, which allowed the movement of foe eyelid
response to be digitized to determine latencies to onset and peak, as well as response
amplitude. Conditioned responses were defined as eyelid movements that reached a
O. 2 mm amplitude at any time following CS onset and prior to US onset. The results
indicate that some degree of conditioning occurred in all groups. However, rats
trained within foe range of 250-750 ms showed significant %CR compared to foe
unpaired group and at 6 days of training reached an average maximum of 80-85%
CRs. The 100, 1000, and 1500 animals failed to show significant differences to foe
unpaired group and on average only maximally approached 35% CR by day 6. The
amplitude of conditioned responses increased with training in all learning groups.
We find response timing directly correlates to foe length of ISI and rates of
conditioning were inverse functions of foe CS-US interval, botli properties that
closely resemble rabbit behavior. Data suggest that Pavlovian eyelid conditioning in
rat can be a useful and comparable preparation to foe established work on foe
response found in rabbit.
Supported by NIMH grant # 46904-06
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MULTIPLE ELECTRODE ANALYSIS OF LOCAL CIRCUITRY IN THE
PRIMATE PREFRONTAL CORTEX DURING SPATIAL WORKING
MEMORY. C. Constantinidis*, M.N. Franowicz, P.S. Goldman-Rakic. Section of
Neurobiology, Yale School of Medicine, New Haven, CT 06520-8001.
We sought to address the intrinsic circuitry of the primate dorsolateral
prefrontal cortex by examining the functional connectivity of neighboring neurons
during spatial working memory. Simultaneous electrophysiological recordings
were performed from pairs of isolated neurons in monkeys trained in an
oculomotor delayed response (ODR) task. Pairs of neurons were recorded from the
same electrode or 2 - 4 electrodes spaced 200 pm - 1 mm apart. Waveforms were
stored digitally to sort spikes and classify them as putative GABAergic and
pyramidal cells. Cross-correlation analysis was performed on spike trains of
neurons recorded simultaneously.
One hundred and four neurons that displayed significantly elevated firing rates
during at least one task epoch (cue, delay, saccade) were recorded in two monkeys.
Among those, 51 pairs of neurons were recorded simultaneously from the same or
different electrodes. Units recorded from the same electrode displayed largely
overlapping memory fields. A monosynaptic excitatory or inhibitory interaction
was apparent in the majority of these neurons. Approximately one third of the
neurons recorded from different electrodes displayed overlapping memory fields.
However, as distances between the two electrodes increased, common input or
synaptic interactions sharply decreased whether or not the neuronal pair shared
overlapping receptive fields in identical task epochs.
These results support a model of prefrontal modular organization similar to
that of sensory systems, in which the proportion of shared inputs between neurons
decreases progressively across the cortical width and a unique constellation of
inputs may define the microcolumnar organization of memory function in the PFC.
(Supported by NIMH grant MH38546 and fellowship MH11812 to MNF)

NUMERICAL DENSITY OF NEURONS AND INTELLIGENCE. D, L, Kigar*. H, J.
Stoner and S. F. Witelson. Dept. of Psychiatry & Behavioural Neurosciences, McMaster
Univ., Hamilton, ON, L8N 3Z5.
Cognitive functions of the human prefrontal cortex (PFC) include general aspects of
intelligence such as working memory and integration which affect the processing of
information. The aim of this study was to determine whether variation in microscopic
structure of PFC may be related to variation in some cognitive skills. Brodmann area 10
was selected as typical granular cortex, an area which is relatively easy to localize on the
basis of its location and characteristic cytoarchitecture, and as an area having little
evidence of sex differences in its functions. A sample of 9 brains, mean age 49 yr (5
women, 4 men) who had premortem psychological testing were selected from the
Witelson Normal Brain Collection (Witelson & McCulloch, Schiz Bull. 1991). Cortical
depth (d), number of neurons through the depth of the cortex under 1 mm2 (Nc) and
number of neurons per 1 mm3 (cell packing density) (Nv) were obtained for right and left
hemispheres. For men, for both hemispheres combined, Full Scale WAIS scores were
positively correlated with cell packing density, Nv (r = 0.98). WAIS score was
positively correlated with Nc (r = 0.96) and negatively correlated with d (r = - 0.99). In
women, no correlations reached significance (r’s = 0.07; 0.15; 0.69, respectively).
Similar results were obtained for Verbal and Performance IQ scores and for each
hemisphere.
The WAIS subtest, Picture Arrangement (PA), was selected as a measure involving
sequencing of information and more specifically related to frontal cortex. Picture
Completion (PC) was selected as a control task. For PA, in men, Nv and Nc showed
high positive correlations (e.g., 0.8), but did not reach statistical significance. Depth was
significantly correlated (r = - 0.95). Women showed similar results as men for Nv and
Nc; depth was significantly correlated, but positively. No reliable correlations were
observed for PC. The results raise the hypothesis that less neuropil and fewer synapses
per neuron may provide a connectivity pattern that confers some cognitive advantages.
Supported in part by NS18954, MRC 10610 (SFW).

44.3

44.4

DISSOCIATION OF CUE, DELAY AND RESPONSE ACTIVITY
DURING A SPATIAL WORKING MEMORY TASK BY EVENTRELATED FMRL H.-C. Leung1*, J. C. Gore1 and P.S, Goldman-Rakic2.
’Dept. of Diagnostic Radiology, JDept. of Neurobiology, Yale Univ, Med.
Sch,; New Haven, CT 06510.

THE CONTRIBUTION OF THE LATERAL PREFRONTAL CORTEX TO
WORKING MEMORY FUNCTION: A FMRI STUDY. J.B Pochon1’3. R. Lew1*.
S. Lehericv1,2,3, S. Crozier3, J.B, Poline3. G, Leclec’h3, B. Deweer1. B. Pillon1, D.
Le Bihan3. B. Dubois1 (’) INSERM U.289 and (2) Neuroradiology Dpt, Hopital de
la Salpetriere, Paris, France; (3) C.E.A., SHFJ, Orsay, France.
Though it is widely acknowledged that the lateral prefrontal cortex (LPFC) plays
a key role in the cerebral network subserving working memoiy (WM), its specific
involvement in WM processes remains debated. A recent neuropsychological study
(Texeira-Fereira et al., 1998) suggests that the LPFC is critical to use the
information stored in short-term memory to the forthcoming action rather than for
holding information « on-line ». This hypothesis was further tested with an fMRI
study, in eight normal human subjects performing visuospatial WM tasks. In a first
WM task (Visuospatial Recognition task [REC]), subjects had to decide if a
visuospatial sequence was identical to a sequence presented before a delay. In a
second WM task (Visuospatial Reproduction task [REP]), subjects had to
reproduce a sequence presented before a delay without external clues to guide their
behavior. The latter condition differed from the REC task in that the subsequent
action could be prepared on the basis of the visuospatial sequence « held in mind ».
BOLD fMRI was performed on a 3T scanner. We have analyzed the hemodynamic
changes that occured during the delay period of the WM tasks, that is prior to the
motor response.
In the REC task, activations were detected in a large cortical network including
parietal-premotor areas but sparing the LPFC. In the REP task, additional and
significant activations were observed in the right LPFC (BA 9/46) during the
delay, i.e., when all events were similar to the REC task. These results suggest that
the LPFC is not critical to hold information in short-term memory but rattier to a
more executive aspect of WM consisting to bind the stored information to the
forthcoming actions.

Brain imaging studies in humans have identified the prefrontal cortex as
an area important for spatial working memory. However, previous studies
were either done using a block design or did not clearly dissociate between
the cue, delay and response stages of the task.
We applied event-related fMRI to study spatial working memory. The
task involves several stages: fixation (baseline), cue (a brief presentation of
two target dots), 18s delay (continued fixation) and response (another dot
appears and subjects determine if it is at one of the two target locations).
Whole brain images (8 axial slices) are acquired using a 1.5 T GE scanner
with echo planar imaging while healthy volunteers perform the task. MRI
signal changes that are related to individual events are averaged over 8-10
runs (48-60 trials). Images related to cue, delay and response stages are
analyzed separately. Cortical regions activated during each stage are
identified by calculating percentage differences relative to the baseline.
Results from averaged data during the cue-delay period indicate activation
of several regions that were reported previously, including the prefrontal,
parietal and extrastriate areas, but most activity decayed to baseline before
the end of the delay period. More activated regions are found above
threshold during the response period, including the anterior cingulate and
insula, but minimum activation of the extrastriate areas. These results
suggest that there are separate as well as overlap regions of activations
related to the cue-delay and response periods of the task. Our results also
indicate an important role of the anterior cingulate during response
decision.
Supported by NIH grant and NRSA training grant T32NS07416-02

44.5

44.6

TYPE AND DEPTH-OF-PROCESSING EFFECTS ON
DECLARATIVE AND NON-DECLARATIVE MEMORY
PERFORMANCE IN YOUNG AND ELDERLY INDIVIDUALS.
S. Briere1-2, & SJ. Lupieri*1'2. Laboratory of Human
Psychoneuroendocrine Research, Douglas Hospital Research Center,
McGill University, Montreal, Canada, 6875 Bid. Lasalle, Verdun,
Quebec, H4H-lR3;Montreal Geriatric Institute, 4565 Queen-Mary,
Montreal, H3W-1W5
The most widely recognized cognitive consequence of aging is a
decline in the ability to explicitly learn and retain new information.
This impairment in ‘declarative’ memory function is most evident on
tasks that involve internally generated strategies that are organized
during intentional encoding of the information. The goal of this study
was to assess whether the age difference observed in declarative and
non-declarative memory is also apparent when the information has
been encoded incidentally. Fifteen young and 15 elderly subjects were
submitted to an intentional and an incidental encoding condition. The
incidental condition was comprised of 3 encoding conditions that
differed in terms of depth-of-processing, ie. a deep (semantic
elaboration), shallow (visual processing) and self-relevant (emotional
processing) condition. The results showed that elderly individuals
showed a poorer recall than young subjects at each level of processing
on the incidental task, whereas there was no age difference on
recognition
performance,
nor
on
non-declarative
memory
performance.
These results suggest that age-related memory
impairments are also apparent when the subjects are not intentionally
using strategies at the time of encoding.

FUNCTIONAL NEUROANATOMY AND TIME COURSE OF SEMANTIC
MEMORY: DIFFERENTIAL RIGHT HEMISPHERE PROCESSING OF
IMAGERY AND FUNCTION INFORMATION. J. Kounios , R.W.
Smith , J. Kim , A.M. Osman , J. Gelfand *, W. Yang1.
Inst, for Res. in Gogn. Sci., Univ. of PA, 3401 Walnut St.
Suite 400A, Phila, PA 19104-6228; Dept. of Psych.,
Univ. of PA; Dept. of Psych., Princeton University.
Multiple semantics theory of knowledge representation
posits different modality-specific semantic information
formats, with verbal information represented primarily
in the left hemisphere and visual information in both
hemispheres. Unitary semantics theory posits a single
amodal format represented primarily in the left hemisphere. These views therefore predict different right
hemisphere involvement in storing/processing semantic
information. Event-related potentials of subjects either
forming mental images of objects or thinking of functions
for objects supports multiple semantics by showing differences in right parietal and right prefrontal cortices
consistent with recruitment of spatial working memory in
the imagery task. Research supported by NIMH.

This research has been funded by a Scholar Research Award from the EJLB Foundation
to SJL.
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PATH ANALYSIS OF COPYING FROM A VISUAL TEMPLATE AND FROM MEMORY.
B. B. Averbeck*, M. V. Chafee, D. A. Crowe and A. P. Georgopoulos. Brain Sciences
Center, VAMC and Dept. of Neuroscience, Univ. of Minnesota, Minneapolis, MN 55417.
The copying of shapes from a visual template could be mediated via serial processing
from the template to perception to motor action. Alternatively, motor action could be
guided more directly by the early visual representation of the template bypassing a
detailed perceptual analysis stage. We tested these hypotheses by presenting 9 "ideal"
geometric shapes (equilateral triangle, isosceles triangle, square, diamond, trapezoid,
pentagon, hexagon, circle, lemniscate) to human subjects under 4 experimental
conditions. In the first, subjects were shown all possible pairs of the shapes in separate
trials and judged their pairwise dissimilarity on an analog scale. In the second condition,
individual shapes were shown, and subjects copied them using a joystick. In the third
condition, the names of all possible pairs of the shapes were shown, and subjects judged
their pairwise dissimilarity on an analog scale, an in condition 1. Finally, in the fourth
condition, the names of individual shapes were shown, and subjects copied them using
a joystick, as in condition 2. Thus, perceptual similarity judgements and motor copies
were obtained in response to the presentation of the shapes themselves or their names.
The data were analyzed by calculating the correlation coefficient between pairs of shape
dissimilarity matrices computed for each condition. These coefficients made possible,
first, the testing of specific hypotheses concerning the flow of visuomotor information and,
second, the evaluation of the data within the more general context of path analysis to
derive weights for specific information flow paths.
Five dissimilarity matrices were produced corresponding to the visual templates (one
matrix), perceptual judgements (two matrices: visual and word-cued), and motor copies
(two matrices, as above).
The perceptual judgements were direct measures of
dissimilarity; the dissimilarity (D) between specific ideal shapes (e.g. A and B) or their
motor copies, was determined by calculating the area of non-overlap as D = (AuB - AnB).
This analysis showed that the serial flow model (ideal shape -♦ perception -> copy) above
was a poor fit to the data. Instead, a model of mutual dependence of perceptual
judgements and motor copies on the visual template was strongly supported both for the
visual presentation and the word-cued conditions. (Supported by USPHS grant NS17413.)

IMAGINED MOVEMENT OF REAL OBJECTS IN SPACE NEAR
THE BODY DIFFERENTIALLY ACTIVATES FRONTAL AND
PARIETAL CORTEX. M.E. Wheeler1*, F.W. Sabb1, M.S.A. Graziano1 &

44.9

44.10

HUMAN NEURAL SYSTEMS FOR THE GENERATION OF VISUAL
IMAGES. A. Ishai *. J.V, Haxby. L.G, Ungerleider. Laboratory of Brain and
Cognition, NIMH, Bethesda, Maryland, USA.
We investigated distributed neural systems associated with the generation of
visual images, using functional magnetic resonance imaging. Ten subjects were
studied while performing perception, imagery and control tasks. Imagery and
imagery-control trials both began with a perception condition, in which
photographs of faces, houses, or chairs were presented at a rate of 1/s for 21s. The
perception condition was followed by 21s of scrambled photographs (perceptioncontrol), which in turn was followed by either the imagery condition, or the
imagery-control condition. In the imagery condition, a gray square was presented,
and subjects were instructed to generate images of familiar faces, houses, or chairs
from long-term memory. In the imagery-control condition, subjects passively
viewed the gray square. As we previously found, visual perception of faces, houses,
and chairs activated bilateral extrastriate regions in dorsal occipital and ventral
occipitotemporal cortex (Ishai et al., 1997). Visual imagery activated similar
perceptual areas in extrastriate cortex, but to a lesser extent. We found no evidence
for activation of primary visual cortex during imagery. In contrast to perception,
imagery also activated regions in lateral prefrontal cortex, anterior cingulate, frontal
and supplementary eye fields, intraparietal sulcus, medial temporal structures, and
precuneus. These results suggest that the generation of visual images stored in
long-term memory is likely mediated by feedback projections to target extrastriate
areas, where object representations are stored, from a network composed of frontal
and parietal regions.

IMAGINOCEPTION: NEUROPHYSIOLOGICAL CORRELATES OF
IMAGERY AND IMAGINATION. J, Overton, J. Sweeney, J Snodgrass,

44.11
IMAGING THE MENTAL COMPONENTS OF A PLANNING TASK
J.B, Rowe1. A.M. Owen2, I.S. Johnsrude1, R.E.Passingham
’Wellcome Dept. of Cognitive Neurology, University College London. UK;
2MRC Cognition and Brain Sciences Unit, Cambridge, UK.
The Tower of London task (TOL) has been widely used to assess the ability to plan.
The subjects must plan to move coloured balls between three pockets according to
simple constraints, in order to copy a pattern of balls (goal). Performance on the TOL
has been shown to be sensitive to frontal-lobe lesions. However, several cognitive
processes are involved in this task. We used PET to isolate some of these.
There were six tasks. In two (goal) the subjects had to plan the best solution to TOL
problems that could be solved in 4 moves. In two other tasks (no goal) the subjects
were required to generate 4 moves, but since there was no goal, there was no planning
of a path to a goal. In tasks ‘goal 1' and ‘no goal 1' the subjects both planned the moves
and then executed them; in tasks ‘goal 2' and ‘no goal 2' they planned the moves and
then pressed a button when they had all the moves in their head. The ‘goal’ and ‘no
goal’ tasks were matched for the working memory load and ‘thinking time’. Two other
tasks served as baseline conditions. The functional images were analysed with SPM97.
Performance on the ‘goal’ tasks, in contrast to the baseline conditions, was associated
with activation in the dorsal prefrontal cortex, premotor and parietal cortex and
cerebellum. Performance of the ‘no goal’ tasks was associated with activation of the
same areas. Contrasting the ‘goal’ with the ‘no goal tasks’ there was no remaining
activation in the prefrontal cortex, but there were activations in the prestriate, parietal
and temporal cortex, as well as in the premotor cortex and cerebellar vermis and right
paramedian lobe.
These data show that the activity of the dorsal prefrontal cortex on the TOL can be
accounted for by the components of generating and/or remembering mental moves. The
task of relating the moves to the goal involves a comparison with a representation of
the goal in posterior association areas. There may have been more mental moves in
goal conditions, which after evaluation were rejected or inhibited. We take the
premotor and cerebellar activations to be involved either in the representation of these
moves or in their rejection. (This work is supported by the Wellcome Trust)
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J.D. Cohen1,2. ’Dept. of Psychology and the Center for the Study of Brain,
Mind and Behavior, Princeton University, Princeton, NJ. 08544; 2Dept. of
Psychiatry, University of Pittsburgh, 3811 O'Hara Street, Pittsburgh, PA.
15213
Single neuron recording studies describe cells in the ventral premotor cortex
of monkeys which code the location of objects in space relative to specific
body parts-a function which could aid in the sensory guidance of movement
(Graziano et. al. 1997).
The current study used functional magnetic
resonance imaging (fMRI) to investigate whether humans have a similar bodypart centered representation of the location of objects in space. Human
participants selectively attended to one of two objects, one placed near their
face and one placed near their arm. They performed each of four imagery
tasks: They imagined 1) the object near their Face swinging and contacting
their Face; 2) the object near their Face swinging and contacting their Arm; 3)
the object near their Arm swinging and contacting their Face; 4) the object
near their Arm swinging and contacting their Arm. Analysis of the conditions
revealed different patterns of activity in premotor, prefrontal, and inferior and
posterior parietal cortex depending on the location of the attended object
relative to the body and also depending on which body part was 'contacted'.
The discovery of preas of human cortex analogous to the somatotopically
mapped monkey premotor cortex permits further investigation of possible
roles for these cortical regions in spatial attention and the online maintenance
of the location of objects relative to the body. The use of fMRI with humans
additionally will allow this investigation to address questions such as body
self-image which are less easily accomplished in monkey single neuron
studies. (Support: NIH grant MH2864 and NSF MRI/OSTI9871186)

A. Vankov*, and J. A. Pineda.
Cognitive Neuroscience Laboratory,
Department of Cognitive Science, University of California at San Diego, La
Jolla, CA 92093.
Evidence from different fields of study indicates that mind-brain states
characterized by a high degree of vivid imagery are electroencephalographically distinguished by a marked and significant increase in
theta rhythm activity (~ 4-7 Hz). The changes in theta are particularly
evident over frontal areas of the brain and occur during dreaming, hypnotic
trance, meditative and mystical experiences, as well as during psychotic and
drug-induced hallucinations. Although some of these experiences are quite
distinct, they all have in common the fact that the contents of the individual’s
conscious awareness is considerably detached from externally generated
sensory input (perception).
The focus
is instead on imagery-based
cognition, in all modalities, that is internally generated by the mind-brain
(“imaginoception”). The present set of experiments was designed to
investigate the relationship between theta rhythm activity in the human brain
and imaginoception. In order to explore this relationship, two distinct
paradigms were employed, one involving guided imagery in an eyes open
condition, the other involving a similar guided imagery task during hypnotic
trance. Preliminary data support the hypothesis that vivid imagery, even
during waking and eyes open, correlates with an increase in theta rhythm
activity as recorded in the human EEG. This work was supported by a grant
from NIMH (MH54231-03).
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Effects of emotional states on memory in female cancer survivors.
Ax-Kugava*. T. Nakano. M. Wenner.T, Qkuvama. I, Mikami. T, Akechi. H. Okamura.
Y. Ucfaitomi. Psycho-Oncology Div., Natl. Can. Center Res. Inst. East; Chiba, Japan
277-8577
Several studies suggested the interaction between human emotion and memory,
but few have revealed the effects of current emotional states on memory functions. We
focused on the effects in female cancer survivors who still have psychological distress
due to the experience of cancer. Seventy nine females who had operation of breast
cancer at least 3 years ago and without recurrent disease were assessed their emotional
states (anxiety, depression, anger, fatigue, and confusion) by the Profile of Mood
States and memory functions (verbal, visual, attention/concentration, and delayed
memory) by the Wechsler Memory Scale-Revised simultaneously. Subjects with brain
oiganic disease, psychiatric disorders, neurological disease, cognitive disturbance,
substance related disorders, or who were taking psychotropic drugs or who with
family history of dementia were excluded from the study. Eligible subjects’ mean age
was 48.5±5.4 years. Their mean of duration after the operation was 4 years. History of
chemotherapy had a tendency to reduce attention/concentration, but hormonal therapy
(tamoxifen) or characteristics of cancer did not affect any memory functions. We
found negative and significant effect of depression on attention/concentration after
controlling for age, education, employment status, and history of chemotherapy (t=2.12, p=0.037; multiple regression analysis). On the other hand, anger was positively
and significantly associated with verbal (t=2.77, p=0.007) and delayed memory
(t=2.91, p=0.005) even after controlling for age and education. No memory function
related to anxiety, fatigue, confusion, or history of major depression in our subjects.
The effect of depression found in the present study was consistent with previous
reports that suggesting cognitive impairment in major depressed patients. It is possible
that neuroendocrinological changes accompanied by anger might affect memory
functions.

IMPAIRED DECLARATIVE EMOTIONAL MEMORY BUT INTACT
EMOTIONAL RESPONSES FOLLOWING HUMAN BILATERAL
AMYGDALOTOMY. S.B, Hamann1*, G.P Lee2, and R. Adolphs3. Dept. of
‘Psychology, Emory Univ.,' Atlanta, GA, 30322; Dept. of ’Neurosurgery, Medical
College of Georgia, Augusta, GA, 30912 and Dept. of ’Neurology, Univ. of Iowa
College of Medicine, Iowa City, IA, 52242. Declarative memory is usually better
for emotional stimuli than for nonemotional stimuli. The amygdala has been
critically implicated in this emotional memory enhancement effect, both in humans
and experimental animals. Here we examined whether the emotional memory effect
was normal in DBB, a 32-year old male with bilateral damage to the amgydala
following bilateral amygdalotomy. Memory was tested with three tasks: memory for
elements of an emotionally arousing illustrated story, recall of positive, negative,
and neutral emotion-eliciting photographs, and recall of neutral vs. "taboo" words.
Physiological (skin conductance) and subjective responses to the memory stimuli
were recorded during encoding. In all three tasks, DBB showed reduced or absent
emotional memory enhancement effects. In contrast, DBB showed clear evidence of
stimulus-appropriate physiological and subjective emotional responses, particularly
in the emotional story task. These findings are consistent with an earlier report of
two patients with bilateral amygdala damage due to Urbach-Wiethe disease, who
also did not show emotional enhancement of memory in the story task. The present
results extend these findings by showing that this memory impairment is not due to
a lack of physiological responses to emotional stimuli. In addition, they suggest that
the emotional memory impairment following amygdala lesions extends to botji
positive and negative emotional picture stimuli and to memory for verbal stimuli.
Support: NIMH, Sloan Foundation, Emory Univ. Research Cmte.

45.3

45.4

The Prefrontal Cortex: Separate Mechanisms For The Emotional
Modulation Of Memory, and Decision-Making. H. Damasio*, A.

A COMPARISON OF PREFRONTAL ACTIVATION TO FEARFUL AND NONFEARFUL LOOMING VISUAL STIMULI: A FUNCTIONAL MRI STUDY. E.
Kirino, T. Takahashi*, G, McCarthy Brain Imaging and Analysis Center, Duke
University Medical Center, Durham NC 27710 USA and Department of Psychiatry,
Juntendo University, School of Medicine, Tokyo 113-0033 Japan
McCarthy et al. (J. Neurophysiol. 1997) and Kirino et al. (1997) demonstrated
activation of prefrontal cortex, primarily middle frontal gyrus (MFG), in response to
infrequently presented Target stimuli during a visual oddball paradigm and further
demonstrated that equally infrequent but task-irrelevant Novel visual stimuli
(pictures of everyday items) did not activate the MFG. Using an auditory oddball
task, Hinton et al. (1999) again observed MFG activation by Targets, but found that
task-irrelevant Novel sounds with alerting qualities (e.g., sirens, gunshots) strongly
activated inferior frontal gyrus (IFG).
These results suggest that IFG activation by Novels may depend less upon novelty
per se, but more upon the alerting or eihotional quality of the stimulus. To test this
possibility, we imaged subjects passively viewing a series of pictures comprising
two categories: looming fearful animals, such as snakes or spiders and non-fearful
animals, such as cats or fish. Examples of each category were randomly intermixed
and presented every 18 s. To strengthen the fearful effect, the pictures appeared in a
small size for 500 ms duration followed by 2500 ms zoomed presentation as though
the animals were moving rapidly towards the subjects.
Gradient echo, echoplanar images were acquired on a 1.5 T MR system. During
each of 6 experimental runs, 128 images (TR-3.034 s, TE=50 ms) were acquired
for each of 12 contiguous coronal slices (6th slice at the anterior commissure).
Segments consisting of the 3 images preceding and the 5 images following each
stimulus were excised and the average time course of each voxel was correlated
with the average hemodynamic response obtained in a prior study. Focal activation
of the right IFG was obtained for fearful pictures suggesting that more ventral (and
posterior) prefrontal regions are critically involved in processing stimuli with high
alerting or emotional qualities. Supported by NIMH Grant MH-05286.

45.5

45.6

FEAR CONDITIONING IS IMPAIRED IN EARLY ALZHEIMER’S DISEASE.
E,S, Monarch1.* J, Rick1. F.C, Goldstein2 and S.B. Hamann1. Dept. of ‘Psychology
and Dept. of 2Neurology, Emory Univ., Atlanta, GA 30322.
Previous studies have reported that the amygdala is crucial for emotional memory
function in humans, including simple classical fear conditioning. Because
Alzheimer's Disease (AD) is frequently associated with amygdala atrophy, even in
its early stages, we examined whether fear conditioning was impaired in early AD.
Fear conditioning was assessed in 8 patients with early probable AD and 14 elderly
controls. Following a habituation phase, a colored light (CS+) was paired with a
noxious US (100 dB noise for 1 s) using a variable reinforcement schedule. The
opponent-colored light (CS-) was never paired with the US. Conditioned fear was
assessed by measuring subjects' differential skin-conductance responses (SCRs) to
the CS+ and CS-. Both groups showed equivalent SCRs to the US. The elderly
controls exhibited robust and reliable fear conditioning. In contrast, fear
conditioning was severely impaired in the AD group. This impairment is unlikely to
be due to hippocampal damage in AD, since simple fear conditioning is intact in
patients with amnesia following hippocampal damage. Because the amygdala is
critically involved in fear conditioning in humans and this structure is also
frequently affected in early AD, the impairment in fear conditioning in the AD
group appears to be most likely attributable to amygdala dysfunction. This finding
accords with a previous report showing that emotional enhancement of declarative
memory is also impaired in early AD (Hamann et al., in press). In summary, it
appears that memory deficits previously identified in patients with focal amygdala
lesions may also be found in early AD as a result of the amygdala pathology
frequently associated with this disorder. Support: Emory Univ. Research Cmte.

FEAR CONDITIONING IS INTACT IN ELDERLY ADULTS
U,Y, Hwang*, E.S, Monarch, and S.B. Hamann, Dept. of Psychology, Emory Univ.,
Atlanta, GA 30322.
ITie amygdala is critical for emotional memory function in humans, including the
acquisition of conditioned fear responses. Since human aging affects the amygdala
less than other memory-related brain structures such as the hippocampus, we
examined whether this type of conditioning is intact in aging, in contrast to other
types of conditioning which are impaired in aging (e.g., eyeblink conditioning). We
compared simple classical fear conditioning between 14 elderly and 14 young
subjects. Following a habituation phase, a colored light (CS+) was paired with a
noxious US (100 dB noise for 1 s) using a variable reinforcement schedule. The
opponent-colored light (CS-) was never paired with the US. Conditioned fear was
assessed by measuring subjects' differential skin-conductance responses (SCRs) to
the CS+ and CS-. Although fear conditioning was similar in both groups, the
magnitude of conditioned fear was nonsignificantly lower in the elderly group.
However, unconditioned responses (URs) to the noise US were also lower in the
elderly group (in part due to hearing loss), which may have hindered acquisition. A
second group of young subjects (n=14) was therefore tested with a less intense US
(95 dB). In contrast, this second group matched the elderly subjects closely on both
fear conditioning and on unconditioned noise SCRs. These results suggest that
human aging does not affect the ability to learn new conditioned fear responses. In
addition, to the extent that simple fear conditioning indexes amygdala function in
humans, these results are consistent with a relative sparing of amygdala function in
aging. Support: Emory University Research Committee.

Bechara, D. Tranel, A, Hindes. and A.R, Damasio, Dept. Neurology, Univ.
of Iowa, Iowa City, IA, 52242.
The ventromedial prefrontal cortex (VM) is a critical site for the modulation
of decision-making by emotion, although its role in the modulation of
memory has not been studied in detail. We tested normal (n=22) and VM
damaged (n=8) subjects on a memory task in which subjects were presented
with a series of pictures (5 seconds each on a computer screen), and then
tested for recall. A total of 16 pictures were presented in random order; eight
pictures were neutral and eight were charged with emotion (e g. pictures of
rape and mutilation). The stimuli were divided into four sets of four stimuli
each; in each set, there were 2 neutral and 2 emotional pictures. The pictures
in set 1 were presented once each. Those in set 2 were presented twice each,
in set 3 4 times each, and in set 4 8 times each. The presentation of the
different pictures was in random order. Normal controls and VM subjects
showed improvement of memory as a function of repetition. The most
important finding, however, was that both groups were influenced by the
emotion manipulation, producing higher recall scores for pictures with
emotional content. These results suggest that VM subjects are capable of
using emotion to enhance declarative memory. Taken together with previous
findings that these subjects cannot use emotion to guide decisions, we
suggest that the mechanism through which emotion modulates decisionmaking is separate from that through which emotion modulates declarative
memory. Supported by NINDS PO1 NS 19632.
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EMOTIONALLY-AROUSING PICTURES INCREASE BLOOD GLUCOSE
LEVELS AND ENHANCE RECALL. Marise B. Parent*. Treena Blake. & Connie
Vamhagen. Dept. of Psych., U. of Alberta, Edmonton, Alberta. T6G 2E9.
Arousal enhances memory in human participants and this enhancing effect is
prevented by beta-adrenergic antagonists (Cahill, et al, 1994; Nielson & Jensen,
1994). These findings support the extensive evidence, in rodents, indicating that
arousal enhances memory via the release of peripheral epinephrine. As epinephrine
does not readily enter the brain, one way that peripheral epinephrine may enhance
memory is by increasing circulating blood glucose levels. This possibility is
supported by our recent finding that a memory-enhancing emotional narrative
elevates blood glucose levels in university students (Parent, Vamhagen, & Gold, in
press). The present study investigated the possibility that emotionally-arousing
pictures would also improve memory and elevate blood glucose levels. Blood
glucose levels were measured before, 15 min, and 30 min after male university
students viewed 60 emotionally-arousing or relatively neutral pictures (International
Affective Picture System; Center for the Study of Emotion and Attention).
Participants viewed each picture for 6 sec and then had 10 sec to rate the arousal
(emotional intensity) and valence (pleasantness) of each picture. A ffee-recall
memory test was given 30 min after the last picture was viewed. In comparison
with participants who viewed the neutral pictures, participants who viewed the
emotionally-arousing pictures rated the pictures as being more arousing, recalled
more pictures, and had higher blood glucose levels after viewing the pictures.
These findings indicate that, like emotionally-arousing narratives, emotionallyarousing pictures increase blood glucose levels and affect memory. These findings
support the possibility that increases in circulating blood glucose levels in response
to emotional arousal may be part of the biological mechanism that allows emotional
arousal to enhance memory. THIS RESEARCH WAS FUNDED BY NSERC.
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CROSSMODAL TRANSFER BETWEEN VISION AND TOUCH. H.H. BUlthoff4*,
M.O.Emst1, F.N. Newell2, B.S. Tjan3 ‘Max-Planck-lnstitute for Biological
Cybernetics, 72076 Tubingen, Germany; 2Unilever Research, Wirral, UK; 3NEC
Research Institute, Princeton, USA
Does the brain combine information from different senses into a common
representation with cross-modal access? In order to answer this question we tested
visual and haptic recognition with 32 uniquely configured objects made out of the
same six parts (red 8-dot LEGO™ bricks). Since all parts were identical, only the
shape and not the color, texture or weight of the objects played a role in visual and
haptic recognition. In a learning session subjects could either see or feel four different
target objects presented sequentially on a pedestal in a fixed orientation. Subjects
could see each object for 30s with unrestricted head movements but restricted body
movements. In another block the same subjects could feel four different objects for 60s
behind a curtain to block vision. The different familiarisation times were chosen to
yield equivalent recognition accuracy within each modality. During testing the 4 target
objects plus 4 distractor objects were presented in random order and subjects
performed an old/new recognition task either in the same or in the other modality as
learning. During testing in half of the trials the orientation of the target objects was
rotated around the horizontal, vertical or depth axis. We found that visual as well as
haptic recognition performance dropped significantly for the rotated targets.
Interestingly, the opposite was true when between haptic training and visual testing the
180 deg rotation exchanged front and back side of the object (rotation about horizontal
or vertical axes). Rotation about the depth axis, which turns the object upside down
without exchanging front/back did not effect recognition performance. We conclude
that the visual and haptic system code view-specific representations of objects, but
each system has its own "view". For the visual system it is the surface of the object
facing the observer; for the haptic system, it is the surface of the object that due to
biomechanical constraints of the hand can be explored more easily with the fingers,
which is for small objects the backside. Using vision and touch the brain can maximise
shape information by learning about the proximal and distal parts of objects.

CEREBELLAR-HIPPOCAMPAL INTERACTION IN MAN DURING
PROCESSING OF TEMPORALLY DISCONTIGUOUS SENSORY INPUT L
Karhu* and C.D. Tesche. Brain Research Unit, Low Temperature Laboratory, Helsinki
University of Technology, FIN-02015 HUT, Finland.
The participation of hippocampal structures is believed to be most essential in those
memory tasks which require the formation of an association of temporally or spatially
discontiguous items. Animal data indicates that hippocampal participation may depend
strongly on interaction with brain areas such as cerebellum which are concerned with
timing functions. We reported previously magnetoencephalographic (MEG) responses
for neuronal population activity in cortical, hippocampal and cerebellar areas during intermittent somatosensory stimulation. Repetitive stimulation was interspersed randomly with 15% missing stimuli. Responses from five healthy right-handed adults (2550 years; 2 females) showed robust neuronal population activity in hippocampal and
cerebellar source areas 100-150 ms prior to the next overt stimulus after an anticipated
but omitted stimulus. The present study shows that subsequent anterior hippocampal
H100 responses are significantly enhanced (average after an omission 42.7 ± 7.9 nAm,
vs. other stimuli 19.0 ± 2.8 nAm; P < 0.01, Mest), as are the cerebellar responses (22.2
±1.6 vs. 9.9± 0.7 nAm; P < 0.001). The average latency of hippocampal responses is
138 ± 8.5 ms for responses to ipsilateral and 124 ± 5.5 ms to contralateral stimulation.
Interestingly, initial cerebellar responses with identical refractory behaviour emerge in
all subjects on average 20.6 ms (range 8-32 ms) before the contralateral hippocampal
Hl00. In the present study, a temporal context of somatosensory input was established
by an epoch of stimuli uninterrupted by an omission. The observed anticipatory
activity in hippocampus and in cerebellum may reflect preparation of the network for a
comparison and association of temporally non-overlapping items. The increased
salience of the subsequent stimulus as a potentially novel event is then reflected as
enhanced, synchronized responses. The observed delay of about 20 ms between
cerebellar and hippocampal responses is consistent with animal recordings and
strongly suggests direct cerebellar-hippocampal interaction in the evaluation of
temporally discontiguous somatosensory input. Support: NIH NINDS grant NS34533.

46.3

46.4

ACTIVATION OF HUMAN PIRIFORM CORTEX: EFFECT OF ODOR
FAMILIARITY. L.A. Dade*. R.J. Zatorre. A.C. Evans and M, Jones-Gotman.

RECOGNITION OF UNIQUE ITEMS
M.L. Gorno Tempini, C.J, Price and R.S.J, Frackowiak*. ‘Wellcome Dept. of
Cognitive Neurology, Institute of Neurology, London WClN 3BG, UK.
A long standing question in neuropsychology has been whether
prosopagnosic patients, who have selectively lost the ability to recognise familiar
faces, really show an impairment which is constrained by the type of stimuli. An
alternative hypothesis could postulate that specificity depends on the fact that
familiar faces have many visually similar neighbours and are linked to unique and
complex semantic associations. Previous functional imaging studies have shown
that the fusiform gyrus is involved in face processing irrespective of familiarity,
while the left anterior temporal lobe seems activated specifically by famous faces.
We investigated recognition of unique items, such as famous faces and buildings.
Seven right handed normal male volunteers underwent 12 assessments of rCBF using
PET H215O. They performed a same-different judgement on visually presented pairs
of stimuli. The experimental design was a 2X2 factorial design where type of stimuli
(faces or buildings) varied with prior knowledge (famous or non famous). The
baseline condition was scrambled stimuli with the same range of spatial frequencies.
All conditions were matched for mean luminance.
When faces were compared to buildings, bilateral fusiform gyri were
activated, irrespective of prior knowledge of the stimuli. When buildings were
compared to faces, bilateral parahippocampal gyri were activated. Famous stimuli
compared to non famous stimuli, activated the left lateral anterior temporal cortex
(BA 21) for both faces and buildings. No significant interactions were found.
This study shows that the left anterior temporal region, which has previously
been shown to be involved in recognition of famous faces and famous proper names,
responds also to other types of unique items such has famous buildings.
Supported by the Wellcome Trust.

Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada.
Initial studies of human olfactory function using positron emission tomography
(PET) suggested that piriform cortices were activated bilaterally simply by smelling
odors. However, recent studies indicate that the relationship between smelling,
sniffing, and piriform activation is more complex. Results from an olfactory memory
PET study (Dade et al. Ann. N.Y. Acad. Sci. 1998) suggested that odor familiarity
may play a role in the activation of the piriform cortices.
Twelve subjects participated in three 15O (H2O) PET scans: Two odor-sniffing
conditions (Trained & Unfamiliar) and a No-odor sensorimotor control task. Two
sets of odors, equivalent for ratings of pleasantness and low familiarity, were chosen.
For the Trained condition, subjects were familiarized with a set of odors two days
prior to scanning. Six subjects were familiarized to Set A odors and six to Set B. The
odor set not presented was then used for the Unfamiliar condition. Therefore, across
subjects, the same odors were used in the Trained and Unfamiliar conditions.
Subtraction of the No-odor control task from the Unfamiliar odor condition
revealed significant bilateral activation of piriform cortex. The Trained condition
minus the No-odor control task showed weaker and less consistently located activity
in piriform areas. However, subtraction of the Trained and Unfamiliar conditions
from each other showed no positive or negative changes in piriform cortex,
indicating no significant difference of piriform activity between .the two active
conditions. These findings suggest that there is not a direct relationship between
odor familiarity and piriform activity. Additional factors that may play a role in
piriform function will be discussed.
This study was funded by MRC, McDonnell-Pew, and Givaudan-Roure.
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RESILIENT STRUCTURE IN IMPAIRED SEMANTIC MEMORY

Neural network model of multiple traces in hippocampus and retrograde amnesia.
Alexei Samsonovich* and Lvnn Nadel, Dept. of Psychology, University of Arizona, Tucson
AZ, 85721, and Morris Moscovitch, Dept. of Psychology, University of Toronto, Toronto,
Ontario, Canada.

Anna Montagnini*’, Francesca Borgo1,2, and Alessandro Treves1 'SISSA - Neuroscience, via Beirut 2, 34013 Trieste, Italy, 2RRF, Osp S Bortolo, Vicenza, Italy.
One fundamental aspect in the organization of semantic memory could be
the association among the component features of individual memory items. The
proportion of features shared by any two memory items can be used to define
a metric structure among items, to quantify their being similar or dissimilar.
Garrard et al (pers. comm.) have produced a reference data base of the features
that control subjects associate to a sample of items drawn from the two dissociable categories of ’’living” (L) and ’’artefacts” (A). Patients, when asked to
report on the pertinence of a feature to a given item, often report associations
at odds with the reference, even when their impairment is rather mild. We have
used the database to construct a metric of item similarity within the L and A
categories for the normal subjects. Using the responses of individual HSE and
Alzheimer patients, we have then constructed the similarity matrix between an
item as ’’perceived” by the patient and another as ’’perceived” by the controls.
While the' detailed pattern of mismatches is the object of more detailed studies, here we report results concerning the index of metric content. The index,
0 < A < 1, derived from the percent correct and mutual information associated
with any similarity matrix, is a summary measure sensitive to the amount of
structure informing memory representations in the brain (Treves, Biosystems 40
189, 1997). When extracted from the confusion matrix resulting from a forced
choice classification task (Lauro-Grotto et al, Soc Neur abs 734.2 1997) A tends
to take high values for Alzheimer patients, consistent with the highly structured
pattern of their typical memory impairments. To measure A from classification
errors, however, the task had to be very specific (famous faces) and very difficult.
Using the featural database allows instead a similar measure with material of
daily relevance. Results are consistent with a ’’structured” impairment: with
respect to a reference metric content of A =0.51 (L) and 0.64 (A) for controls,
patient responses yield either similar or higher values, e.g. 0.63 (L) and 0.67 (A)
for the most impaired patient. HFSP grant RG 0110/1998-B.

While it is widely agreed that the hippocampal formation and neocortex interact in the
formation of human memory, the exact nature of this interaction is unclear. The traditional
view is that information is initially encoded in a way that necessarily engages the hippocampal
formation, but that over time (the "consolidation" period) this information is encoded within the
neocortex, and can be retrieved without hippocampal partocipation (eg., Squire et al., 1984;
Squire, 1987; McClelland et al., 1995). This view has received support from studies of
temporally-graded retrograde amnesia (RA) in humans, but recent evidence showing that the
RA can extend back as far as 15-25 years (cf. Nadel & Moscovitch, 1997) argue against this
notion. According to multiple trace theory (MTT: Nadel & Moscovitch, 1998)
autobiographical memory always depends upon the hippocampal complex and its provision of
contextual information. As episodic memories age, they will either be forgotten, or as a
consequence of reactivation they will have benefitted from the formation of multiple traces in
hippocampal complex and neocortex. Older memories will be associated with a greater number
of traces. This increase in traces multiplies access routes and hence should facilitate retrieval.
And, because these traces are presumed to be sparse and distributed, multiplying them should
render the memory they support less susceptible to disruption. As a result, partial damage to the
hippocampal complex will affect remote episodic memory in relation to its age - that is, one
will observe a graded RA. We have developed a neural network model of MTT in which
memories are replicated within hippocampus as they age. Lesions of various extent were then
implemented in the hippocampal module within this neural network, and the effect on retrieval
of memories of various "ages" assessed. As predicted, partial lesions led to a temporallygraded RA, with recent memories more susceptible to loss than remote ones, while complete
lesions resulted in a flat gradient reflecting loss of almost all episodic memories. (Supported by
McDonnell Foundation and Flinn Foundation Cognitive Neuroscience Center Grants to the
University of Arizona).

46.7

46.8

OBSERVING GESTURES: SET TO IMITATE VS. SET TO EVALUATE .
B. Suchan1. C. Melde1, K.M. Stephan2, L. Tellmann3, L. YSguez'*, H. Herzog3, R.J.
Seitz2, V. Homberg1. ’Neurological Therapy Centre, department of Neurology,
Heinrich-Heine University, Dusseldorf and ’institute of Medicine, Research Centre
Jiilich, Germany
We investigated in a group of 7 healthy right handed subjects observation related
regional cerebral blood flow (rCBF) using [‘5 O] butanol under two different
cognitive sets: set to imitate gestures after the scans vs set to evaluate the velocity of
gestures. Observing static gestures served as a control condition. We compared the
PET results with the temporal evolution of EEG changes.
PET results during movement observation for velocity judgement showed an
increase of rCBF in bilateral areas close to the occipito-temporal border (presumably
area V5). During observation to imitate afterwards, we observed additional
activations in predominantly left parietal, left premotor areas and right cerebellum.
EEG data showed an increase of coherences in the betal-band between central and
centro-frontal electrode positions during movement observation whereas no changes
were observed when subjects knew they had to imitate the movements afterwards.
Thus, set to imitate during movement observation led to a time specific
involvement of cortical areas, which are known to be concerned with the
performance of the observed task. The task specifity of the observed activation
patterns during movement observation may be a key to the successful role of
movement observation in motor learning.

DIFFERENTIAL NEURAL RESPONSE TO DELAYED MATCHING AND NONMATCHING TO SAMPLE IN HUMANS USING fMRI R.Elliott1* and R.J, Dolan2
1 Neuroscience and Psychiatry Unit, Univ. of Manchester, Oxford Road,
Manchester, Ml3 9PT, UK. 2 Wellcome Dept. of Cognitive Neurology, Institute of
Neurology, 12 Queen Square, London, WC1N 3BG, UK.
Visual short term memory in humans and animals is frequently assessed using
delayed matching (DMTS) and non-matching (DNMTS) to sample tasks. These
tasks have certain common mechanisms but there are behavioural differences
between them. In this study, we used functional neuroimaging to explicitly address
whether the tasks differ at a neural implementation level. We also consider the
effects of two different delay intervals; 5 and 15 seconds.
The main effect of DMTS compared to DNMTS was associated with significant
activation of bilateral caudate and medial orbitofrontal cortex. By contrast, DNMTS
compared to DMTS was associated with significant activation in mediodorsal
thalamus, bilateral orbitofrontal cortex and left premotor cortex. The main effect of
short compared to long delay, across both tasks, was associated with significantly
greater activation in occipital and parietal cortices. Long compared to short delay
was associated with activation of temporal and ventrolateral frontal cortices.
We conclude that DMTS and DNMTS are not equivalent in terms of neural
substrates in humans. We argue that a key difference between the tasks is that in
DMTS the test stimulus specifies a response during the delay interval, while in
DNMTS it specifies a non-response. Also DNMTS involves the inhibition of a
tendency to respond to the familiar object. The precise neural implementation of
these tasks is also a dynamic function of delay interval. It seems likely that at short
delays, subjects rely on a veridical representation of the stimulus, while at longer
delays this is converted to a more abstract description

(supported by the DFG, SFB 194. A3).
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MEG AND ERP MARKERS OF SELECTIVE INHIBITION IN A SINGLE-TRIAL
MEMORY TASK K T. Ciesielski*1, L.M. Rowland1, J. DeWolfe1, & C.J. Aine2
’Clinical Neuroscience Laboratory, Department of Psychology, University of New
Mexico and 2Center for Functional Brain Imaging, Veterans Administration Medical
Center, Albuquerque, NM, USA
Selective inhibition has been defined as a separate and fundamental process
determining memory outcome (Luria, 1966; Shimamura,1995), therefore,
magnetoencephalography (MEG) and event-related potentials (ERPs) were recorded
from young adults to two visual single-trial memory (STM) matching to sample tasks
(Konorski, 1969) with low and high levels of demand for inhibition of distractors:
simple delayed recall (SDR) and delayed recall with distractor (DRD). It was
expected that different source locations between these two tasks, which were identical
except for the inclusion of the distractor array, would suggest active brain generators
for selective inhibition, whereas common sources would suggest memory function.
Behavioral data indicated level of accuracy between 93-97%. Preliminary MEG
analyses were processed using Multistart Downhill Simplex Algorithm (Huang et al.,
1998) and source localization showed: (l)orbital-prefrontal, lateral cerebellum and
occipito-parietal regions for encoding stage for both tasks; (2)shift from prefrontal to
premotor/motor regions for SDR recognition stage; (3)prefrontal (particularly right)
and lateral cerebellum regions for DRD recognition stage. ERPs topographic maps
were consistent with MEG findings with prominent negative deflection over bilateral
frontal regions and positive component over occipital-parietal regions in the encoding
stage. For recognition stage, the large negative component shifted to motor regions
for SDR, while prefrontal negative wave intensified and posterior activity minimized
for DRD. Results of MEG indicate that prefrontal and cerebellar regions may act as
the major generators of selective inhibitory control in the cerebrum. ERP data were
consistent with the MEG results.

CEREBELLAR ACTIVITY RELATED TO ACQUISITION OF INTERNAL
MODELS OF A NOVEL TOOL: IMPLICATIONS FROM AN FMRI STUDY ON
HUMAN SUBJECTS USING A COMPUTER MOUSE FOR THE FIRST TIME.
H. Imamizu*'. S. Mivauchi2. T. Tamada1. T. Yoshioka1 and M. Kawato,13 'ERATO
KDB, Kyoto, Japan; Communications Research Lab., Hyogo, Japan; 3ATR Human
Information Processing Research Labs.
We applied functional MRI to compare the cerebellar activities in human subjects
who use a computer mouse for the first time (novice subjects) with the cerebellar
activities in subjects skilled with using the mouse (skilled subjects). A task for the
subjects was to move a computer mouse so that the cursor would follow a randomly
moving target on the screen in test periods while it was to pursue the moving target
with their eyes and without hand or mouse movements in baseline periods. We used
a correlation analysis to find regions that produced higher MR signals during the test
periods than during the baseline periods. Results indicated that 1) when skilled
subjects used the mouse, anterior parts of the cerebellum were active ipsilaterally to the
used hand, and 2) when the novice subjects used the mouse, lateral posterior parts of
the cerebellum were active bilaterally in addition to the anterior parts. Past
neruophysiological and computational studies postulated that the anterior cerebellum
acquires internal models that mimic the input-output properties of the musculoskeletal
systems and that it contributes to rapid and smooth motor control. Thus, the activities
in the anterior cerebellum are expected to be correlated to the hand movements. We
already found the lateral posterior activities when the skilled subjects learned how to
use a novel mouse in which a relationship between the mouse and its corresponding
cursor was systematically altered in our previous studies (e.g., Imamizu et al., 1997,
Neuroimage 5:S598). Based on this result, we have proposed a hypothesis that an
internal model of the novel tool is acquired in the lateral posterior parts of the
cerebellum. Results of the current study support this hypothesis by showing that the
lateral posterior cerebellum plays an important role in acquiring an internal model of a
general tool, i.e., an ordinal computer mouse, when the tool is novel to the subjects.
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46.12

FUNCTIONAL NEUROANATOMY OF THE NONVERBAL
TRANSITIVE INFERENCE PROBE PHASE. J.C. Nagode* and J.V,
Pardo Cognitive Neuroimaging Unit, Minneapolis VAMC; Program in
Neuroscience, University ofMinnesota
Transitive inference (TI) refers to the conclusion that A > C,
given premise pairs A > B and B > C. Animal studies underscore its
importance as an essential cognitive operation. Various models explain
how the brain might solve nonverbal TI: 1) reinforcement; 2) working
memory; 3) visual imagery; and 4) relational processing. The present
functional neuroimaging study tests the first three of these hypotheses
by contrasting the probe phase with other TI task phases.
During premise training, ten healthy subjects learned the
relative values of adjacent face pairs drawn from ten faces graded
linearly along an arbitrary dimension. During the probe phase, subjects
correctly identified the relative values of non-adjacent face pairs.
Regional cerebral blood flow (rCBF) was measured using H2I5O PET
during four conditions: resting with eyes closed; initial phase of
premise trainihg; final phase of premise training; and the probe phase
of successful TI.
Significant differences in rCBF arose between the probe phase
and all other task conditions. These localized to the right ventral
posterior sector of the precuneus and the right supplementary motor
area (SMA). Overall, these data favor a visual imagery model during
the probe phase of TI. Supported by the Department of Veteran Affairs and the

TRANSITIVE INFERENCE: CONFIGURAL LEARNING WITHOUT
AWARENESS J.A. Dusek1*, A.J. Greene2JI. Eichenbaum', & W.B. Levy2.
'Dept of Psychology, Boston Univer, Boston, MA 02215; 2Dept of
Neurosurgery,Univ of Virginia,Charlottesville, VA 22908
The standard "transitive inference" tasks consists of a set of overlapping premise
pairs (A>B, B>C, C>D, D>E) that may be encoded separately or as a sequential
hierarchy (A>BX>D>E). We have previously shown that
hippocampalectomized animals can acquire the premise pairs, but perform at
chance levels on the critical problem (B vs. D). The hippocampus and
surrounding cortices are known to be required for learning tasks that require a
reorganization of learned material. In addition, hippocampal learning is thought
to be both necessary and sufficient for awareness of the learned contingencies.
Previously, we have shown that performance on the transitive inference task can
be well above chance without task awareness. Here, we more closely examine the
relationship between task awareness and performance on the transitive inference
task. Participants were randomly assigned to an "aware" condition, in which they
were instructed that the task required an inference be made from a set of premise
pairs, or to "unaware" condition, in which they were told to learn the premise
pairs by trial and error. As predicted during the debriefing process many subjects
assigned to the "unaware" condition reported that they had spontaneously
discovered the hierarchical ordering. The data for these subjects was analyzed
separately as a "became aware" condition. Results show that "aware" subjects
had the highest performance whereas those who remained "unaware" perform
more poorly than the other groups, but still significantly better than chance.
Those who "become aware" appear to perform better than those who remaind
“unaware” on the transitive pairs before a conscious awareness of the hierarchical
relationship among stimuli became apparent.

Alzheimer’s Disease Association.

46.13
NEURAL CORRELATES OF INFORMATIONAL UNCERTAINTY: AN
FMRI STUDY. A. Bischoff-Grethe'* S. M. Proper2, H. Mao3, and G. S. Bems2.
'Depts. of Neurology, 2Psychiatry and Behavioral Sciences, and ’Radiology, Emory
University School of Medicine, Atlanta, GA 30322.
Both neuronal recording and imaging studies have suggested a correlation between
object familiarity and a reduction in activity within the left anterior temporal cortex.
Learning-related changes in PET suggest the right inferior temporal area increases
activation during a sequencing motor task, while the left hemisphere (primarily
frontal, parietal, and motor areas) is more active during a sequencing motor task with
a distractor (Hazeltine et al., 1997). We explored these results using a spatial
sequence with varying levels of uncertainty and using a distractor task.
Four squares were presented horizontally across a screen. The squares were
individually illuminated in one of three randomly selected colors (blue, red, or
yellow). Subjects (n=7) counted only the blue squares. Embedded within the square
illumination (regardless of color) were one of three conditions: 1) a 4-element spatial
sequence; 2) a probabilistic version of the sequence (50% uncertainty); and 3) a
random presentation (100% uncertainty).
The subjects performed a single
13 min 38 sec scan (405 dynamic images) and were presented the conditions in the
following order, with 90 trials per condition: 1-3-2-1-2-3-2-3-1. Functional MRI was
performed with gradient-recalled EPI on a Philips 1.5 T scanner. SPM96 was used to
perform a correlational analysis on levels of information uncertainty. Results
indicated a positive correlation between uncertainty and the left anterior temporal
cortex, while a negative correlation between uncertainty and the right anterior
temporal cortex was found. This is suggestive of a hemispheric difference, such that
the left temporal cortex reduces activation under increasing familiarity, while the right
temporal cortex responds in reverse.
Supported by the Stanley Foundation (GSB) and Markey Fellowship (ABG).

COMPARATIVE NEURO ANATOMY

47.1

47.2

A COMPARISON OF SENSORY ORGAN STRUCTURE
AND DISTRIBUTION IN TALPID MOLES - THE
EVOLUTION OF MODULAR RECEPTOR SHEETS
K. C. Catania*6 Vanderbilt University, Nashville, TN, 37240
Talpid moles have highly developed tactile sensory
systems with corresponding elaborations of somatosensory
processing centers in the central nervous system. The starnosed mole (Condylura cristata) in particular has a novel
sensory apparatus consisting of 22 mobile and fleshy
appendages covered with thousands of tactile Eimer’s organs.
Here we survey the sensory specializations of talpid moles. We
found a wide range of variation in the sensory specializations
of these species, and evidence for how the enigmatic “star”
may have evolved from less specialized species. Nearly all
moles were found to possess Eimer’s organs, although they
were degenerate in the Eastern mole (S. Aquaticus) and were
found in a unique configuration around hairs in the aquatic
desmans. Eimer’s organ is thus a characteristic feature of
talpids. In a few Western American species (Scapanus) we
found the beginnings of a modular star-like configuration of
Eimer’s organs. The anatomy of these intermediate forms,
together with the unusual embryonic development of the starnosed mole, suggest that the star may have evolved by the
progressive elevation of sensory strips on the side of an
ancestors snout. The present findings lay the groundwork for
future comparisons of CNS specializations across these diverse
species.
(supported by NIH MH58909 )

DO SIRENIANS HAVE A MAMMALIAN VERSION OF THE LATERAL
LINE? POSTCRANIAL TACTILE HAIRS IN FLORIDA MANATEES.
R L- Keep.1*, M-S- StolP and CD- Marshall2, 'Dept. of Physiol. Sci., Univ. of
Florida College of Veterinary Medicine, Gainesville, FL 32610; 2Dept. of
Orthodontics, Univ. of Washington, Seattle, WA 357446. reep@ufbi.ufl.edu
Hair in sirenians has been reported to be exclusively sinus type tactile
hairs, distributed over the entire body. The facial portion of this system is
involved in tactile exploration and feeding. Here, we sought to map the
distribution and microanatomical attributes of the postcranial hairs.
In 2 postmortem manatees the right side of the postcranial body was
demarcated into 20 regions, their areas measured and follicles counted. Total
postcranial follicles were 1332 and 1499 per side, for a mean density of 0.32
hairs/4cm2 in each case. Hair is twice as dense dorsally as ventrally. Tail
hair density (0.30/4cm2) is comparable to that on the body, but density on the
flipper (0.15/4cm2) is half that of the body. Hair length on the flipper is
about half that of the remainder of the body (2-3mm vs. 5-10mm).
The modified vibrissae of the perioral region and face all possess a ring
sinus and upper and lower cavernous sinuses. Several deep vibrissal nerves
enter basally and their axons ascend along the inner margin of the sinus,
terminating at the level of the ring sinus. Postcranial follicles exhibit a
range of attributes. Some have small ring sinuses and others have only
trabeculated cavernous sinuses, but all have extensive innervation.
We hypothesize that the postcranial hairs function as an array encoding
the intensity and direction of water pressure gradients. This would aid in
navigation and the detection of other animals, objects and currents
underwater. This system may have evolved as an adaptation of large, slow
moving marine herbivores living in turbid waters and lacking echolocation.
Supported by University of Florida College of Veterinary Medicine.
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47.4

DETAILED EXPRESSION MAPPING OF DISTAL-LESS IN THE FOREBRAIN
OF XENOPUS. A. Brox, L. Medina*. B. Ferreiro and L. Puelles. Dept. of
Morphological Sciences, University of Murcia, Spain.
To better understand the regionalization and evolution of the forebrain of
vertebrates, in this study we analyzed the expression pattern of the gene distal-less-four
(Xdll -4, the homolog the mouse dlx2) in the adult frog Xenopus laevis. For that we
prepared dioxigenin-labeled riboprobes and hybridized vibratome brain sections. As a
help for identifying telencephalic structures, we compared the hybridized sections to
similar sections immunohistochemically stained for tyrosine hydroxylase. Our results
showed strong expression of Xdll-4 in restricted regions of the forebrain that included
the olfactory bulb, the nucleus accumbens, the rostral part of the striatum, and part of
the septum. The expresion of XdlM in these regions was related to the presence of
numerous, densely-packed positive cells. The pallial regions showed a number of
loosely-packed cells expressing Xdll A. Surprisingly, the caudal part of the striatum
appeared almost devoid of XdlM expression, and only showed light expression when
the hybridized sections were developed for several days. The pallidum (as described by
Marin et al., 1997) contained a rostral negative part, but its caudal portion (including
the entopeduncular nucleus) was strongly positive. More ventrally and caudally, there
was strong expression of Xdll-4 in restricted alar regions that included the
periventricular hypothalamus and the ventral thalamus. The dorsal thalamus was
negative. In the basal plate, Xdll-4 expression was restricted to the tuberomammillary
region of the hypothalamus. The expression pattern of Xdll-4 in the forebrain of
Xenopus was generally similar to that of the homolog genes in mouse and chick
embryos, with the only major exception being the caudal part of the basal ganglia,
which in other vertebrates is positive. This difference may be due to a downregulation
of XdlM in such regions in the adult frog. As in other vertebrates, the expression of
XdlM in Xenopus forebrain occurs in restricted regions and obeys boundaries that
support the prosomeric model proposed by Puelles and collaborators.

The Visual Telencephalon of Percomorph Fishes: Tectal and Cerebellar
Associations. Leo S. Demski*. J.A. Beaver. P. Barlow. M.J. Funderburk. K.H.
Teelucksinoh, New College of USF, Sarasota F.L. 34243.
We compare previous findings in squirrelfish (SF: Holocentrus sp., Neursci.
Abstr. 64.3, 1998) with experimental results with biotinylated dextran amine
(BDA) tract tracing in pinfish (PF: Lagodon rhomboidies), Texas cichlids (TC:
Cichlasoma cyanoguttatum ); white grunts (WG: Haemulon plumeri); sunfish
(SN: Lepomis macrochirus) and study of Nissl material in several other fishes.
Retrograde transport of BDA from tectal injections in SF, PF, TC, WG, and SN
indicates that part of the area dorsalis pars centralis (ADPC; DC#4 for SN, Fish
Neurobiology II, Fig. 15, p.217, Univ. Mich. Press, 1983) projects to the tectum.
Anterograde transport from BDA implants into the area in SQ, PF, and TC
indicate projections to several tectal layers as well as to the n.
paracommissuralis (np), a known precerebellar nucleus, which also received
a tectal projection in these species. Tectal projections were also observed in
a rostral subdivision of n. preglomerulosus (n. prethalamicus of SF). Cells in
the region were retrogradely labeled following BDA injection into the dorsal area
dorsalis pars lateralis (dADPL) in SF, PF and TC, confirming results from other
fish that the dADPL receives a tectal input via a preglomerular relay. The
dADPL has radial cords of horizontal-like cells, in some cases slight lamination;
and large cells near the capsule suggest the presence of bridge cells (BC)
previously identified in SF. In SF, PF and TC axons from cells of the region
ramify within the confines of the ADPC#4. The tectal-related areas are thus
coupled via this connection and the BC which have processes in both areas.
We propose that the telencephalic-tectal-cerebellar loops are involved in
processing visual information, perhaps including the development and use of
cognitive spatial maps, and as such, may represent the highest level of visual
function attained in bony fishes. Supported by NSF Grant IBN9724144-RUI
and the Florsheim Endowment to the New College Foundation.

47.5

47.6

DORSAL THALAMIC DIFFERENTIATION IN CHICKENS
INVOLVES TRANSIENT PRONUCLEI CONSISTENT WITH
THE DUAL ELABORATION HYPOTHESIS OF THALAMIC
EVOLUTION. K.K. Cookson*, C.W. Balmer, H.S. Saini, and
A.B. Butler. Krasnow Institute For Advanced Study, George

DORSAL THALAMIC DIFFERENTIATION IN RATS
INVOLVES TRANSIENT PRONUCLEI CONSISTENT WITH
THE DUAL ELABORATION HYPOTHESIS OF THALAMIC
EVOLUTION. C.W, Balmer, K.K. Cookson, H.S. Saini, M.J.
Jones, and A.B. Butler.* Krasnow Institute For Advanced Study,

Supported by DGICYT grants PB93-1137 and PB96-0715, and Seneca grant PB14/FS/97.

Mason University, Fairfax, VA, 22030.
The dual elaboration hypothesis (Butler, 1994) claims that two
divisions of the dorsal thalamus, the lemnothalamus and the
collothalamus, have been independently elaborated among
amniotes. The hypothesis also predicts that lemnothalamic and
collothalamic nuclei differentiate from distinct cell groups called
pronuclei during the embryological development of amniotes. We
tested this prediction using the domestic chicken as a model.
Preliminary data have revealed that by day E7 three pronuclei are
present in the dorsal thalamus. The RTO pronucleus gives rise to
nucleus rotundus, nucleus triangularis, and nucleus ovoidalis. The
SRG pronucleus gives rise to the dorsal lateral geniculate nucleus
and nucleus subrotundus. The DMDL pronucleus gives rise to the
dorsomedial and dorsolateral nuclear groups as well as to the
somatosensory nucleus DIVA. Based on previous studies of
homology between the avian and the mammalian dorsal thalamus,
the RTO gives rise to collothalamic nuclei, while the SRG and the
DMDL give rise to lemnothalamic nuclei. This finding is consistent
with the dual elaboration hypothesis. Further, pronuclei in the
dorsal thalamus of chickens share a number of similarities with the
pronuclei in the dorsal thalamus of mammals.

George Mason University, Fairfax, VA, 22030.
Rose (JCN, 1942) identified 5 pronuclei in rabbit embryos that
give rise to the nuclei of the dorsal thalamus. Preliminary data
from embryonic rat brains have revealed pronuclei that do not
conflict with Rose's observations and support the collothalamic
and lemnothalamic divisions of the dorsal thalamus identified by
the dual elaboration hypothesis (Butler, 1994). We are here
defining the term pronucleus as any transiently formed group of
neurons that subsequently differentiates into two or more groups
of neurons that are either pronuclei themselves or the individual
nuclei observed in the mature brain. For days E14-E17, a large
lemnothalamic GCM pronucleus is present in the rostral dorsal
thalamus that caudally divides into the dorsal lateral geniculate
nucleus and a unitary CM pronucleus that corresponds to Rose's
central and medial pronuclei. By day E19, a more caudally located
dorsal pronucleus appears that, as Rose described, gives rise to
the lateral and posterior nuclear groups, which, along with the
later developing medial geniculate nucleus constitute the
collothalamus. Consistent with the dual elaboration hypothesis, in
embryonic mammal brains the lemnothalamus is markedly larger
than the collothalamus, while the reverse is true in chicken brains.

47.7

47.8

EVOLUTION OF THE LIMBIC SENSORY THALAMUS. L.L. Bruce*1, H.I.
Komblum2, and K.B. Seroogy3. ’Dept. Biomed Sci., Creighton Univ., Omaha, NE
68178; 2Depts. Mol. & Med. Pharmacol & Peds., UCLA, Los Angeles, CA, 90095;
3Dept. Anat. & Neurobiol., Univ. Kentucky, Lexington, KY 40536.
ErbB4, a member of the EGF receptor-related ErbB family that binds
neuregulins, is expressed in discrete areas of the mammalian brain from embryonic
day 11 to adulthood (Kornblum et al., Soc. Neurosci Abstr., 1998). One of the areas
of expression, the posterior/intralaminar thalamic nuclei, is of particular interest
because its homologues in other tetrapods are uncertain. Therefore, we compared
the expression pattern of ErbB4 mRNA in rats and chicks using in situ hybridization.
The hybridization pattern of ErbB4 mRNA in the brainstem and cerebellum of
rats and chicks is consistent with recognized homologues and indicates that ErbB4 is
expressed in a highly conserved manner. Within the epithalamus of both the rat and
chick, the medial and lateral habenula were labeled. Within the ventral thalamus of
the rat, the reticular thalamic nucleus, zona incerta, and ventral lateral geniculate
were labeled. Similarly, in the chick, the nucleus reticularis superior and geniculatus
lateralis, pars ventralis were labeled. Within the dorsal thalamus of the rat,
hybridization was only observed in the posterior/intralaminar group of thalamic
nuclei, including the suprageniculate nucleus, medial geniculate nucleus pars
medialis, posterior intralaminar nucleus, and subparafascicular nucleus, as well as
parts of the parafascicular and posterior thalamic nuclei. No hybridization was seen
in the main sensory relay nuclei or elsewhere in the dorsal thalamus. Within the
dorsal thalamus of the chick, the nuclei subrotundus, ovoidalis, and rotundus were
well labeled. No hybridization was observed in the dorsolateral thalamic nuclei.
These results suggest that the sensory limbic thalamic nuclei of mammals are
homologous as a group to the rotundal-ovoidalis sensory thalamic group of birds and
reptiles. They also support previous evidence that their main targets, the basolateral
amygdala (mammals) and dorsal ventricular ridge (birds and reptiles) are
homologous structures. Supported in part by NS35164.

CYTOARCHITECTURE AND SOME CONNECTIONS OF THE
TORUS LATERALIS IN THE PRIMITIVE BONY FISH, POLYPTERUS.
M. R. Braford, Jr.* and L. Sintasath. Biology Dept. and Neuroscience
Program, Oberlin College; Oberlin, OH 44074
The torus lateralis (TL) of Polypterus houses a large nuclear complex
located ventrolateral to the caudal diencephalon and the midbrain
tegmentum. Six nuclei are tentatively recognized in the TL: from rostral
to caudal, A-C medially and D-F more laterally. Injections of horseradish
peroxidase in the torus lateralis retrogradely label cell bodies in the torus
semicircularis, the secondary visceral nucleus (of Nieuwenhuys and Oey,
1983), the optic tectum, the anterior nucleus and nucleus a (of Braford and
Northcutt, 1983) of the dorsal thalamus and anterogradely label ascending
fibers terminating bilaterally in the hypothalamus (more ipsilaterally) and
in portions of the area ventralis of the telencephalon traditionally recognized as Vs, Vn and Vd (more contralaterally, surprisingly). Injections
centered in this telencephalic terminal field anterogradely label terminals
in the nucleus A of the TL ipsilaterally and retrogradely label cell bodies
in nucleus B of TL bilaterally (more contralaterally). Tectal injections
label some axons that end superficially in the TL, whereas injections of the
torus semicircularis label axons terminating deeper and caudally in the TL.
These results provide evidence that the connections of the TL in
Polypterus have some similarities to those of the preglomerular complex of
other ray-fmned bony fishes in support of the suggestion of Braford and
Northcutt (1983) that the two structures might be homologous.
Support: NSF Research Grant IBN-9422613, Howard Hughes Medical
Institute and Oberlin College
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COMPARATIVE MORPHOLOGY AND TOPOGRAPHY OF DORSAL CELLS IN
SIX ORDERS OF TELEOST FISH. S.J. Zottoli*.1 E.-A, Sevfarth.C.J, Tyler.1
and D.S.Palmer1. ’Dept. of Biology, Williams College, Williamstown, MA 01267;
2ZooI. Institut, J.W. Goethe-Universitat, Frankfurt a. M., Germany.
Many teleost fish have neurons whose somata lie on the surface of the medulla
oblongata and/or spinal cord. These neurons have been most commonly referred to as
supramedullaiy neurons or dorsal cells. A large amount of information exists on
dorsal cell anatomy and to a lesser degree on their physiology, while their function
remains a mystery. As a first step in the study of these neurons, we have characterized
the number, size and distribution of dorsal cell somata in 7 representatives of 6 teleost
fish orders. Fish were anesthetized and perfused through the heart with 10% buffered
formalin. The brain and spinal cord were dissected, embedded in paraffin and
transversely sectioned at 15pm. The sections were stained with either cresyl violet
acetate or a modification of Bodian’s silver method. The dorsal cells of the southern
puffer (Spheroides nephelus; mean dorsal-ventral somata diameter [MSD] = 203pm)
and batfish (Ogocephalus cubifrons; MSD = 115pm) are relatively large and are
clustered over the medulla oblongata while the cells in black sea bass (Centropristes
striatus; MSD = 50pm), tautog (Tautoga onitis; MSD = 72pm) and winter flounder
(Pseudopleuronectes americanus; MSD = 80pm) are intermediate in size and are found
in a single row in the rostral half of the spinal cord. Finally, the somata of the sea
raven (Hemitripterus americanus; MSD = 35pm) and oyster toadfish (Opsanus tau;
MSD = 34pm) are the smallest and are clustered over the majority of the spinal cord.
Our anatomical results provide the basis for further studies on the cellular physiology,
behavioral function and evolutionary origin of these neurons. (Supported in part by
Howard Hughes Medical Institute and Essel Foundation grants to Williams College)

SPINAL AND SUPRASPINAL NEURONS LABELED AFTER PSEUDORABIES VIRUS INJECTED INTO THE PROSTATE GLAND
D-H. Zermann?'2 M. Ishigooka1. A. Ebersberger 3*. J. Schubert2 and R.A.
Schmidt1. 1 Neurourol. Unit and Lab, Dept. of Urology, Univ. of Colorado HSC,
Denver, CO 80262, USA; 2 Dept. of Urology, and 3 Dept. of Neurophysiol.,
Friedr.-Schiller-Univ., Jena, Germany
The prostate gland is involved in different functional pathologies of the lower
urinaiy and genital tract. The central innervation of the prostate is unknown.
Therefore the neuroanatomy of the prostate was explored using Pseudorabiesvirus
(PRV) for transneuronal retrograde tracing of the spinal cord and brain stem.
44 individual adult male Sprague-Dawley rats were used for PRV-tracer injection
(Spl, lxl08pfu/ ml) into both lobes of the prostate gland. After a survival time of
72, 96 or 120 hours the animals were sacrificed. The brain and spinal cord were
harvested via a complete dorsal laminectomy. After cutting on a freezing
microtome the tissue was immunostained for PRV.
PRV-positive cells were found within the sacral (S1-S2) and the thoracolumbar
(T12-L2) spinal cord (nucleus intermediolateralis, nucleus intercalatus spinalis,
central autonomic nucleus). At the supraspinal level positive cells were found
within the following regions: nucleus raphe, lateral reticular formation, nucleus
gigantocellularis, A5 noradrenergic cell group, locus coeruleus, pontine micturition
center, hypothalamus, medial preoptic region, and periaquaductal gray.
There is a broad central representation of neurons involved in the control ofthe
prostate gland. Comparing data from the literature it is obvious that there is a broad
overlap in the innervation of different pelvic organs (bladder, rectum, urethra). The
appreciation of these neuroanatomical data allows a better understanding of
common urological pathologies within the pelvis (pelvic pain, prostatism and benign
prostate hyperplasia, neurogenic bladder and bowel dysfunction).
Supported by Deutsche Forschungsgemeinschaft DFG Ze 415/1-1

47.11

47.12

ORIGIN OF THE DESCENDING CATECHOLAMINERGIC PATHWAYS TO
THE SPINAL CORD OF AMPHIBIANS A. Gonzalez*. C, Sanchez-Camacho.
J.M. L6pez. J.J, Pefia. M. Mufioz and O. Marin. Dept. Cell Biology, Univ.
Complutense, 28040 Madrid, Spain.
The distribution of catecholaminergic (CA) structures was studied by
immunohistochemical methods in the spinal cord of representatives of the three
amphibian orders i.e., anurans, urodeles and gymnophionans. In addition, the
supraspinal origin of the CA innervation was studied by means of double labeling
techniques based on retrograde tracing with dextran amines combined with tyrosine
hydroxylase (TH)-immunohistochemistry. In all species studied, abundant
innervation of CA fibers was observed in all spinal segments. The distribution of
CA fibers prevailed in the dorsal hom and intermediate grey but scattered fibers were
also observed in the ventral horn. CA cell bodies were observed ventral to the
central canal in all amphibians and, only in anurans, sparse CA neurons were present
in the cervical dorsal hom. Retrograde tracing from the spinal cord showed that four
CA cell groups account for the spinal innervation: the solitary tract nucleus, the
locus coeruleus, the posterior tubercle and a population in the ventral thalamus just
above the hypothalamus. The pattern observed was largely similar in all species.
Our results demonstrate that in spite of the presence of intraspinal CA cells major
CA innervation arises in supraspinal centers and the locations of these cell groups
are readily comparable to their counterparts in amniotes. Comparison of CA cell
groups that innervate the spinal cord through vertebrates helps the identification cf
putative homologue structures impossible to be cytoarchitectonically discerned.

CONNECTIONS OF THE SCN IN THE DIURNAL RODENT, OCTODON
DEGUS. T.J. Jechura and T.M, Lee*. Dept. of Psychology, University of
Michigan, Ann Arbor, MI 48109.
The suprachiasmatic nuclei (SCN) of the hypothalamus regulate mammalian
circadian rhythms. Neural inputs and outputs of the SCN can influence the
properties and expression of observed rhythms. Stimuli such as changes in lighting
conditions, social environment and even stress can affect various aspects of
circadian rhythms via their connectivity with components of the circadian system.
Neural connectivity studies of the SCN in the rat have revealed projections to brain
areas including the lateral septum, the medial preoptic area, the intergeniculate
leaflet, and various hypothalamic areas. The SCN receives projections from areas
including the retina, the intergeniculate leaflet and the pretectal area (Moga and
Moore, 1997). The present study examines SCN connectivity in a diurnal, social
rodent species, Octodon degus. Photic and social stimuli have been examined for
their influence on degus rhythms. Light intensity, light pulses and social cues
during reentrainment have been found to alter rhythms of degus. Although
behavioral aspects of degus circadian rhythms are being explored, characterization
of the underlying neural pathways is also necessary. The anterograde tracer
Phaseolus vulgaris-leucoagglutinin and the retrograde tracer cholera toxin subunit B
were injected into the SCN of adult degus. Similarities with rats in terms of
connectivity will be discussed along with organization of inputs to the various
subdivisions of the SCN. This research is supported by an NSF Graduate
Fellowship to TJJ and NHLBI grant to TML.

SUPPORTED BY DGES PB96-0606

47.13

47.14

PRESENCE AND DISTRIBUTION OF IMMUNOREACTIVE VASOTOCIN IN
THE BRAIN OF THE BUDGERIGAR Melopsittacus undulatus C.Fabris(1),
R.Massa(2). V.Pantaleo(1\ M L Menandro(1), C.Viglietti-Panzica(3). G.C.Panzica(3) and
B.Cozzi(1)(<). (1) Dept. of Animal sciences, University of Padoa; (2) Dept. of
Environmental Sciences, University of Milan; and (3) Dept. of Anatomy,
Pharmacology and Forensic Medicine, University of Turin, Italy.
In the present experiment a series of male and female Melopsittacus undulatus were
housed separately and allowed to breed. Couples of budgerigars were sacrificed prior
to egg laying, during normal and artificially prolonged brooding (due to egg
sterilization), and after hatching of the eggs. The animals were anesthetized, and
perfused with 4% paraformaldehyde in phosphate buffer. The brains were removed
and processed for immunohistochemical detection of vasotocin using streptavidinbiotin techniques.
All the animals showed large vasotocin-immunoreactive neurons in the magnocellular
nuclei. A dense network of terminals was evident around neurons of the lateral septal
region. Bundles of immunoreactive beaded fibers were placed close to the nucleus
preopticus medialis, the anterior commissure, the nucleus striae terminalis and the
lateral forebrain bundle.
Male and female Melopsittacus undulatus showed no difference in vasotocin
distribution and density. Preliminary observations indicate that during the normal
laying period the number of vasotocin-immunoreactive neurons increases. Animals
sacrificed during this phase of the experiment showed the same distribution of
vasotocin-immunoreactivity, but with a higher number of immunoreactive neurons
and a higher density of fibers if compared to the other groups.

CALCITONIN GENE-RELATED PEPTIDE-IMMUNOREACTIVITY (CGRP-I)
IS DIFFERENTIALLY EXPRESSED IN RAT AND MOUSE HIPPOCAMPUS,
BUT EXHIBITS SIMILAR CHANGES FOLLOWING KAINIC ACID INDUCED
SEIZURES. K. BullochI*,A. Patell, A. Prasadl, A.Renel, J.P. Pierce2 and T.A.
Milner2 lLab.Neuroendo., Rockefeller Univ. & 2Dept. Neurol. & Neurosci., Weill
Med. Coll, of Cornell Univ., NY,NY 10021
Previous studies in rat showed increases in CGRP-I in discrete hippocampal regions
following insult. To further these studies and to determine if these changes are
species-specific, hippocampal CGRP-I was evaluated in rats and mice 1 and 2 days
after kainic acid (KA) induced seizures. By light microscopy, CGRP-I differed
markedly in control rats and mice. In rats, diffuse CGRP-I was primarily in the
dentate inner molecular layer (IML). Most neurons with CGRP-I were in the dentate
hilus; rare neuronal labeling was found in strata oriens (SO), radiatum (SR),
lacunosum-moleculare (SLM) of the CAI region. In contrast, CGRP-I in mice was
primarily in a plexus of fibers in SO, SR and SLM of CAI; a less dense plexus was
in the dentate infragranular region. Occasionally, CGRP-I neurons were in the CA3
region, especially caudally. Following KA treatment, both rats and mice exhibited
marked changes in CGRP-I. One day post-KA, CGRP-I in rats was dramatically
reduced dorsally in the dentate EML, and increased in neurons near stratum
pyramidale (SP) and in varicosities in stratum lucidum (SLu) of CA3.
Ultrastructurally, these neurons exhibited morphological characteristics of
apoptosis. However, at 2 days post-KA, faint CGRP-I was observed in the dentate
IML. One day post-KA, CGRP-I in mice was absent in SR and SLM of CAI and
increased in neurons in SO and SR of CA3; also CGRP-I labeled varicosities were
seen in the dentate granule cell layer and SLu of CA3 (identified ultrastructurally as
mossy fibers). These data show that: (1) CGRP-I is found in different cell
populations in rats and mice; and (2) seizure dramatically alters the pattern of
CGRP expression in both species. Furthermore, our findings suggest that in mice
and rats granule cells are capable of synthesizing CGRP following regional insult.
(Supported by MH 41256 (BSM,KB); MH42834 & DA08259 (TAM)

This study was supported by a Grant from the Italian Research Agency (M.U.R.S.T.,
Cofinanziamento-98) to B.C.
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Cell types within the neostriatum caudolaterale of the chick: Intrinsic
electrophysiological and anatomical properties.

The neostriatum caudolaterale (NCL) represents a nexus of sensorimotor integration
in the avian forebrain that receives converging inputs from secondary sensory
structures and in turn projects to limbic and motor structures, including the basal
ganglia. The mechanisms by which this is accomplished on a cellular level remain
however unclear. In this study we have used whole-cell patch clamp recordings in
combination with intracellular staining techniques in chick brain slices to characterize
the principal cell types in the NCL. Electrophysiological and morphological criteria
led to the identification of 4 cell types. Type I cells show characteristics of
interneurons, i.e. a high-frequency, non-adapting spike pattern, delayed inward
rectification, small somata, thin aspiny dendrites und an extensively locally arborizing
axon. Type II cells fire a single spike or a brief burst of spikes at comparatively high
frequency and show a pronounced inward rectification. These cells have large
dendritic arborizations and dendrites with numerous spines. Type III cells display a
regular spike-pattern, with modest frequency adaptation. Their morphological key
feature are thick, extremely densely spined dendrites. The spike pattern of Type IV
cells resembles that of type II cells, but they show less inward rectification in
response to hyperpolarizing current pulses. Morphologically they are characterized by
thick dendrites that show only tew spines. Neurons of all classes have locally
ramifying axon-collaterals und, with the exception of type I cells, in addition project
to targets outside the NCL. Our results describe basic properties of cell types involved
in information processing within the NCL.
Supported by a grant from the DFG (Gu 227/5-1)

BRAIN LANGUAGE AREA EVOLUTION III: LEFT HEMISPHERE PREDOMINANT
HEMISPHERIC ASYMMETRY OF CYTOARCHITECTONIC. BUT NOT GROSS
ANATOMIC, PLANUM TEMPORALE HOMOLOG IN OLD WORLD MONKEYS
P.J. Gannon1"34*, N.M. Kheck1 and P.R. Hof23. Departments of’Otolaryngology,
2Neurobiology, and ’School of Biomedical Sciences. Mount Sinai School of Medicine,
New York, NY 10029-6574; 4New York Consortium of Evolutionary Primatology.
We previously demonstrated left hemisphere predominance of the homolog of a key
human brain language area, the planum temporale (PT), in chimpanzees and other great
apes (Gannon et al., Science, 279:220-22; Soc. Neurosci. abstr. 64:15, 1998). Here we
determined whether similar asymmetries were present in Area Tpt (=PT) of more
distantly related primates. Two distinct methods were used to assess Tpt size on the
L&R hemispheres of macaques: a) sylvian fissure length (SF-1) and b) stereologic
volumetric estimates of Area Tpt cytoarchitecture (Tpt-v) using the Cavalieri method.
SF-1 was measured on tlie left and right hemispheres of 18d*and 16 2 perfusion-fixed
Macaca fascicularis brains with braided suture. In 6 brains, 40pm frozen sections were
prepared from the posterior portion of the L&R superior temporal gyri and Nissl
stained. Every 10th section was used for stereologic analysis of Tpt volume. Statistical
tests of analysis of variance, paired t-tests and coefficients of variance and error (CV &
CE) indicated the distribution and significance of hemispheric asymmetries.
Unlike humans and great apes and in contrast to previous reports in OW monkeys,
there was no significant difference between SF-1 on the L&R hemispheres (p=0.49 total
sample;p=0.382,p=0.82c?). In marked contrast, Tpt-v was significantly (p<0.01)
larger (26±5%) L>R in 5 brains while the sixth showed L=R. Low CV (L=0.08, R=0.1)
and CE (L=0.04, R=0.04) indicated a stable representation of Tpt anatomic asymmetry.
This study clearly demonstrates that gross anatomic measures of hemispheric
asymmetry' in brain language areas of non-human primates do not necessarily capture
marked asymmetries at the cellular level. We propose these language areas had a long
evolutionary history and are likely involved with species-specific communication.
Research supported hy NSF- SBR 96 J 7262 (PJG)

47.17

47.18

BRAIN LANGUAGE AREA EVOLUTION IV: CHEMOARCHITECTONIC
INTERHEMISPHERIC ASYMMETRIES OF THE PLANUM TEMPORALE
(PT) HOMOLOG IN OLD WORLD MONKEYS N.M. Kheck1*. P.R. Hof23. M.
Deftereos1. T. Lo4 and P.J. Gannon1,24,5 Departments of ’Otolaryngology, '’Neurobioiogy, ’Ophthalmology and 4School of Biomedical Sciences, Mount Sinai School of
Medicine, NY, NY 10029; 5New York Consortium of Evolutionary Primatology.
Gannon et al. (1998) previously reported a human-like gross anatomic pattern of left
hemispheric lateralization of PT in the chimpanzee brain (Science, 279:220-22). In
macaques we’ve observed a similar cytoarchitectonic asymmetry [L>R] of Area Tpt,
the PT homolog in Old World monkeys (Gannon et al, 1999). Within this same sample,
immunocytochemical studies of L/R Area Tpt sought to: 1) determine whether distinct
chemoarchitectonic patterns of asymmetry exist within the intrinsic cortical circuitry;
and more specifically 2) to elucidate interhemispheric differences in regional and
laminar distribution of intrinsic elements using antibodies to GABA and the calcium
binding proteins, calbindin [CB] and parvalbumin [PV] to study specific subpopulations of GABAergic intemeurons. Our preliminary analyses reveal marked left
hemispheric predominance of PV-IR in Tpt, specifically within laminae II-III, and a
similar laminar distribution (with L>R lateralization) ofthe GABA-IR profile. In
contrast, the density of CB-IR neurons was strikingly more intense in the right hemisphere area Tpt (laminae II and V-VI). The observed chemo- and cyto-architectonic
variations in hemispheric and laminar patterns of IR indicate a distinctly lateralized
organization of area Tpt in macaques. Stereology-based quantification of these
hemispheric asymmetries is currently underway.
Evolutionarily, our data suggest that neurochemical specialization in homologs of
human brain language areas preceded the robust expression of gross anatomic PT
asymmetry manifest in apes and humans. Moreover, these may represent the basal
neural substrates that underlie left hemisphere lateralized language functions in both
humans and non-human primates.
Research supported by NSF- SBR 9617262 (PJC)

STEREOLOGIC ANALYSES OF NEURON NUMBER AND VOLUME IN THE
ENTORHINAL CORTEX OF AGED CHIMPANZEES. J.M. Erwin >*. D.P. Perl2. E.A,

Nimchinskv4. and P.R. Hof3. •Bioqual Inc., Rockville, MD 20850, 2Department of
Pathology, and ^Neurobioiogy of Aging Laboratories, Mount Sinai School of
Medicine, New York, NY 10029, 4Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY 11724.
In the context of the Great Ape Aging Project, we have initialed a large-scale
neuropathological survey of brain aging in great apes using detailed mapping and
stereologic methods. We are focusing on regions that are severely affected in
Alzheimer’s disease and are affected early by age-related neuropathologic changes in
human. To analyze the cellular characteristics of brain aging in great apes, we
estimated the total number and cellular volume of neurons in layer II of the entorhinal
cortex (ERC) using stereologic tools, in a series of 18 postmortem brain specimens of
common chimpanzees (Pan troglodytes) aged 1 to 45 years. Total neuron number in
layer II was estimated using the Optical Fractionator in systematic-random series of
Nissl-stained sections including the entire rostrocaudal extent of the ERC. Neuronal
volume was simultaneously estimated using the Rotator. Preliminary data from 3
cases aged 13, 16, and 45 years showed no apparent neuron loss in the aged case
compared to the younger animals (766,100 neurons vs 646,400 and 831,600,
respectively). No shrinkage of cellular volume was observed with age (mean neuronal
volumes: 5385 vs 3400 and 4250 gm-1, respectively). These data are consistent with
observations on the ERC of old macaque monkeys, which had no cell loss. While data
on a larger sample are needed, it is likely that brain aging may differ radically in great
apes compared to humans, where a certain degree of age-related neuronal loss is
observed in the ERC, accompanied by the presence of degenerative changes. While
old great apes may show some cognitive deficits, such changes may be due to more
subtle molecular alterations than the relatively severe neuronal pathology seen in
humans. Cell-specific molecular and morphologic features may have evolved
exclusively in humans, rendering select neuron populations prone to degeneration in
aging and dementia. Supported by NIH grant AG 14308 and Mount Sinai School of Medicine.

41A9

47.20

WHEN DID SEX DIFFERENCES IN THE HUMAN BRAIN EVOLVE?
AN EXAMINATION OF THE BRAIN’S MAJOR INTERHEMISPHERIC
PATHWAY IN MACAQUES
D.C. BROADFIELD1’2*. R.L. HOLLOWAY3, P.J, GANNON2, and J.T.
LAITMAN1,2, Dept. of Anthropology, City University of New York1, The
Mount Sinai School of Medicine2, NY, NY 10029, and, Columbia
University3.
When did sex differences in the human brain evolve? To answer this
question one of the important areas of study has been the brain’s major
interhemispheric pathway, the corpus callosum. Within this structure one
area that has received special attention is the splenium, due to its role in
connecting language areas of the left and right cerebral hemispheres. The
corpus callosum has been examined in several different species, including
rats and humans; however, there has been little study on this structure in
our primate relatives. In an ongoing study we have begun to study the
composition and morphology of the corpus callosum and its subsections
in the brains of the crab-eating macaque (Macaca fascicularis) and the
common chimpanzee (Pan troglodytes). In this phase of our research we
examined the most posterior one-fifth of the corpus callosum, the
splenium, in 4 crab-eating macaques (2 females, 2 males) in order to
elucidate its axonal composition. The corpus callosum was divided using a
radial-line method (Broadfield et al., 1998) and the splenium removed.
Splenia were then thin sectioned (0.5pm), stained with toluidine blue, and
examined using light microscopy (100x). The results obtained from this
aspect of our study indicate that the connections between the
interhemispheric regions of the brain may not have become sexually
distinct until later in primate evolution, after the split between the apes and
humans.
Supported by NSF SBR9528100.

NON-UNIFORMITY OF NEOCORTICAL STRUCTURE IN MAMMALS:
VARIATION IN RADIAL NEURON NUMBER. T.A, Marcus.1* J.Z, Lin2
D.L. Rosene3 and T.W, Deacon.4 lDept. of Anthropology, Harvard Univ.,
Cambridge, MA 02138; 2Qept of EE/CS, Tufts Univ.; 3Dept. of Anatomy
and Neurobiol., Boston Univ. School of Med.; 4Dept. of Anth., Boston Univ.
Neocortical evolution is hypothesized to occur via the tangential
multiplication of relatively invariant radial columnar units (Rakic, 1995).
This "basic uniformity in structure of the neocortex" (Rockel et al., 1980)
appears to hold for many rodents, carnivores, and primates, but not for
mammals as a whole (Haug, 1987; Deacon et al., 1992; Marcus et al., 1995).
Nissl-sections from neocortical regions excluding primate V-l were
sampled in 65 species of therian mammals. Using the BIOQUANT Stereology
program, optical fractionator counts of "radial neuron number" (RNN)neurons underneath a 2500-gm2 cortical surface area—yielded species-values
of 39 to 403 (mean = 146) neurons; CV = 0.58). RNN was correlated with
neuron density and negatively correlated with cell-body area & layer-I
thickness (p < 0.05). At the extremes of the RNN distribution, two neocortical
patterns emerge: Reduced RNN, low cell density, large mean cell size and
relatively thick layer I typify members of the Grandorder Ungulata; these
mammals have aquatic or terrestrial habitats, lack digital dexterity, and are
precocial. Elevated RNN, high cell density, smaller mean cell size, relatively
thin layer I characterize the Grandorder Archonta, altricial mammals with
digital dexterity occupying scansorial, arboreal, or aerial niches.
Generalizations regarding cortical microstructure are risky when based
only on humans and lab animals. Columnar ontogenesis might be less
canalized and more subject to epigenetic and natural selection than is often
supposed. Moreover, some neuroanatomical correlations decreased when
"phylogenetic inertia" was statistically controlled for using the CAIC
computer program (Purvis & Rambaut, 1995). These results underscore the
importance of controlling for methodological bias at all levels of comparative
neuronatomical research, from microscopic sampling to the quantification of
anatomical and phylogenetic relationships. (Supported by NSF SBR-9714565.)

Sven Kroner. Kurt Gottmann. Hanns Hatt and Onur Guntiirkiin
Depts. for Biopsychology and Cellphysiology. Ruhr-Universitat Bochum. 44780
Bochum, Germany
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THREE-DIMENSIONAL RECONSTRUCTION OF
CETACEAN (DOLPHIN, WHALE, AND PORPOISE)
BRAINS FROM POSTMORTEM MAGNETIC RESONANCE
IMAGES. A, JJ.obbs1, L.MarinQ2, J, I. Johnson3* and
J, A, Morris3 . National Museum of Health and Medicine,
Armed Forces Institute of Pathology, Washington, DC 20306;
2Neuroscience and Behavioral Biology Program, Emory
University, Atlanta, GA 30322; 3Radiology and Anatomy
Departments and Neuroscience Program, Michigan State
University, East Lansing, MI 48824.
Comparative neuroanatomical studies depend upon
accurate anatomical databases. In this context, one of the
most neglected mammalian groups has been the cetaceans
(dolphins, porpoises, and whales) despite the fact that,
because of the divergent evolutionary history of this group,
neuroanatomical information about cetacean brains is vital
for comparative analyses of brain diversification in mammals.
We present images and reconstructions of the brains of a
variety of cetacean species from magnetic resonance imaging
(MRI) of preserved specimens. We will describe the computerbased technique, show three-dimensional brain
reconstructions from a variety of cetacean species, and
discuss how this technique will be used to create a
neuroanatomical database on cetaceans. Supported by NSF
grants IBN 9812712, 9814911, 9814912.

CETACEAN (DOLPHIN, WHALE, AND PORPOISE) NEUR0ANAJ0MY AS
REVEALEJ) BY MAGNETIC RESONANCE IMAGING.L.MarinoT and J.K.

Rilling . Neuroscience and Behavioral Biology Program,
Emory University, Atlanta,GA 30322; Dept. of Psychiatry
and Behavioral Sciences, Emory University,Atlanta,GA 30322.
Many cetacean species (dolphins, porpoises, and whales)
possess brain masses which are, when brain-body allometry
are accounted for, second only to modern humans and
significantly higher than that of other mammals, including
great apes. Partially because of difficulties obtaining,
histologically preparing, and measuring the large cetacean
brain, little systematic quantifiable data exist on the
volumetric relationships among brain structures, including
gray-white matter ratios, and on the gross anatomical
organization of cortical and subcortical regions, in any
cetacean species. In the present study we employed a
Phillips NT 1.5T system to acquire high resolution whole
brain Magnetic Resonance Imaging scans from eight adult
post-mortem bottlenose dolphin brains using a Tl--weighted
protocol and the following parameters: 200 FOV, 4 NSA,
40 TE, 3000 TR, 256x256 matrix, 1.5 slice thickness. This
protocol produced images with strong gray-white contrast
that enabled accurate tracing of cortical and gray matter
volumes. Data on whole brain volume, cerebral white and
neocortical gray matter volume will be presented and
compared with published data from primate brains.
Supported by Emory University research funding.

47.23

47.24

Brainlnfo: a

CLONING AND CHARACTERIZATION OF THE NEURAL GENES
FOR NPY AND GnRH RECEPTOR IN A CAECILIAN AMPHIBIAN
(TYPHLONECTESNATANS). T.J. Ebersole. F.W. Goetz and S.K. Bovd*.
Dept. of Biological Sciences, Univ. of Notre Dame, IN 46556.
Neuroendocrine control of reproduction in the amphibian order Gymnophiona is especially interesting because of the prevalence of viviparity in this
group. We cloned neural gene fragments for neuropeptide Y (NPY) and
gonadotropin-releasing hormone receptor (GnRH-R) using a PCR-based
strategy. We obtained an NPY fragment encoding +13 to +36 of the mature
NPY and the entire carboxyl-terminal peptide. Caecilian NPY partial cDNA
was 91%, 89%, 82%, 66%, 63% and 54% identical to frog, chicken,
mammal, electric ray, goldfish and lamprey (respectively) and 98%, 96%,
94%, 87%, 85% and 71% similar. For the GnRH-R, we obtained a fragment
of cDNA encoding a 150 amino acid region between intracellular loop 2 and
transmembrane domain 6. This caecilian GnRH-R partial cDNA was 58%,
56%, 54%, 44% and 39% identical to catfish, goldfish type B, goldfish type
A, mammalian and drosophila (respectively) and 76%, 74%, 72%, 65% and
61% similar. Therefore, the brain of this caecilian amphibian contains
cDNA’s for both NPY and GnRH-R which are substantially similar to those
of other vertebrates.
Supported by NSF#IBN95-14305 and CSHL.

primate
brain atlas
& neuroanatomic
resource
BASED ON GEOGRAPHIC INFORMATION SYSTEMS (GIS) SOFTWARE
D.M. Bowden.1’2* J.E. Robertson.2 R.F. Martin? M.F, Dubach?’2 J.S. Wu2 M.R.
McLean2 J.F. Brinkley3. ‘Department of Psychiatry and Behavioral Sciences,
2 Regional Primate Research Center, ’Department of Biological Structure;
University of Washington; Seattle, WA 98195-7330.
Geographic Information Systems (GIS) are powerful automated systems for the
storage, retrieval, analysis and display of spatial and symbolic data. Developed for
such geographic applications as mapping mineral deposits, political districts, etc.,
GIS is increasingly finding use in other disciplines and in interactive applications on
the Web. The flat map background with registered overlays facilitates die
organization and integration of spatial data in a manner that enhances visualization
and quantitative understanding of spatial relationships.
We are applying GIS software to neuroscientific data management where indexing
by stereotaxic location is advantageous. Data from illustrations in the literature are
mapped to the digital Template Atlas of the Primate Brain (Neuroimage 4:119-150,
1996). The Template Atlas is a set of more than 60 background "maps" which are
equivalent in GIS terms to maps of city streets on which planners superimpose
transparent "overlays" of fire districts, census information, etc. In neuroscientific
application, the maps are cortical views or coronal brain sections segmented on the
basis of gross and histological (Nissl-stain) landmarks. The overlays contain image
data, e.g., Brodmann’s areas, sites where microstimulation elicits eye movement,
lesions with specific effects, areas staining for particular receptors, gene expression,
etc. Data are scanned and normalized to the templates using Edgewarp, a UNIX
based program for biometric warping of medical images; they are indexed and
retrieved by NeuroNames, a hierarchical nomenclature designed for computerized
management of neuroanatomic information (Neuroimage 2:63-83, 1995).
Supported by NIH grants LM06243 and RR00166 to the University of Washington.

47.25
STEREOTAXIC METHODS FOR CRAYFISH BRAIN

E. Barrera-Calva,J. Escamilla-Galvez and B. Barrera-Mera* Departamento de
Fisiologla, Facultad de Medicina, UNAM.Mexico 04510 D.F.

Studies of Cellular identification in the nervous system has been directed
toward the establishment of a relationship between the types and numbers of
neural features involved in the control of corporeal behavioral reactions.
Because of the presence of specific intemeurones channelling not only the
intensity and sequences of the imput of sensory systems to crayfish brain but
also the proper command of it * s neural elements, it is interesting to study the
corresponding consequences, of classical surgical operations upon the most
prominent structure of nervous systems of these invertebrates. To this end
under an initial state of 1 or 2 days of total starvation (1) the animals were
submitted to a state of arresting (2) during anesthesia (3) before the opening
of the dorsal carapace (4) and pushing back the gastric camera (5) to expose
(6) and finally manipulate (7) the mass brain of these crustaceans. Following
these operations we obtained: Hyperphagia aphagia, aggressivity and levels
of fear, among many other functional situations experimentally induced.
Searching for a less aggressive manner to study the crayfish brain, we found
that certain externa points of labrum served to refer the inner points of
crayfish brain. With the aid of micromanipulator and by using the principles of
stereotaxic technique, we were able to do that. In this manner we found that
the Cartesian coordinates and deep dimension would be rigonionsly taken
into account. In such a way it was possible to stimulate, record, cannulate or
destroy the specific neural paths, the neural clusters or specific neuropils. A
number of classical studies which were designed to analyse the mammalian
brain operation, may be now possible in crayfish.
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CHANGES IN ATTENTIONAL DEMANDS ASSOCIATED WITH BALANCE
REACTIONS TO PERTURBATIONS OF VARIED MAGNITUDES. R G Norrie1.
W.E. McIlroy2, J.D, Brooke1*, D.C. Bishop1 . A.J. Nelson1 and B.E.Maki3.
’Neurophysiology Lab. Human Biol & Nutr. Sci.. Univ. of Guelph, 2Grad. Dept.
Rehab. Sci., and 3Sunnybrook and Women’s College HSC. Univ. of Toronto, Canada
A novel dual-task paradigm requiring subjects to continuously track a target while
simultaneously performing a balance task has permitted the objective determination
of the time course and extent of attentional shifts associated with compensatory
balance reactions. The purpose of this study was to explore if the timing and
magnitude of the shifts in attention are associated with responses evoked by varying
magnitudes of perturbation. Seated subjects were required to use a foot pedal to
balance an inverted pendulum while simultaneously performing a visuo-motor
tracking task (using a dial controlled by the fingers to track a pseudorandom
waveform displayed on a computer monitor). Perturbations were applied to the
pendulum evoking rapid ankle rotation and compensatory ankle reactions. Subjects
performed five randomly presented task conditions: (1) no perturbation, (2) low, (3)
medium and (4) high magnitude perturbations and (5) catch trials (engagement of
the perturbation device without imposing any instability to the pendulum).
Compensatory balance reactions (EMG) were recorded in tibialis anterior and soleus
muscles. A potentiometer provided measurements of pendulum displacement.
Following applied perturbations, subjects typically demonstrated a pause in the
tracking performance. The mean latency of the initial attention disruption (297±115
ms) always followed the onset of compensatory balance reactions (133±32 ms) and
was not influenced by perturbation magnitude. Disruptions in tracking could persist
for 5-6 s after the onset of perturbation. The magnitude of these later disruptions
(RMS tracking error) increased with perturbation intensity. Although no change was
noted in the time course of attentional shifts across the perturbed conditions, the
magnitude of the attentional demand appeared to be dependent on the characteristics
of evoked compensatory reactions. Research supported by NSERC and MRC.

THE INFLUENCE OF ONGOING MOVEMENT ON COMPENSATORY
BALANCE REACTIONS. B.E.Maki', S.Quant2, W.E.McIlroy2, S.D.Perry' and
M.E.Verrier2* 'Sunnybrook and Women’s College Health Science Centre, 2Graduate
Department of Rehabilitation Science; University of Toronto, ONT, CANADA.
Evidence of increased instability during locomotion and profound movementrelated conditioning of somatosensory inputs suggests that the control of
compensatory balance reactions may be most difficult when executed during
ongoing movement. This study explores the influence of ongoing movement, and its
specific components (sensory discharge, motor activity, attention demands), on the
initiation and control of rapid compensatory grasping and stepping evoked in
response to whole-body perturbation. Healthy young subjects were tested in seated
and standing task conditions. Seated tasks focussed on the control of compensatory
grasping movements. Standing experiments emphasized compensatory stepping
and/or grasping. During seated trials, compensatory grasping was evoked by
transient perturbations applied to a chair which could tilt in the sagittal plane.
During standing trials, transient perturbations were applied using a moving floor
translated in different horizontal directions. Unpredictable perturbations were
applied to induce rapid compensatory limb movements, during: 1) rhythmic active
movement (lower or upper limbs), 2) passive sensory input (due to tendon vibration
or passive movement), and 3) attention-demanding cognitive tasks. Results indicate
that rhythmic movement leads to a significant delay in onset of compensatory
balance reactions. An attention-demanding cognitive task led to comparable delays.
In contrast, sensory discharge, unrelated to detection of instability associated with
the task, did not influence the initiation of compensatory behavior. These initial
findings demonstrate the potential influence of ongoing movement on the control of
compensatory balance reactions, highlighting in particular the influence of
movement-related demands on central processing.(Supported by NSERC and MRC).

48.3

48.4

NEUROMUSCULAR RESPONSES TO PLATFORM PERTURBATIONS IN
ENDURANCE VS. POWER TRAINED ATHLETES. Tammie L. Keller and
Mariorie H. Wooilacott*.Dept. of Exercise and Movement Science and Institute
of Neuroscience, University of Oregon, Eugene, OR 97403.
As adults age they have a decreased proportion of type II muscle fibers, a 2540% occurrence of sarcopenia, a decrease in muscle strength, and decreased
nerve conduction velocities. These neuromuscular changes may contribute to the
greater incidence of falling in older adults. Distance runners have a decreased
proportion of type II muscle fibers, decreased nerve conduction velocities, and
generally less muscle strength than power athletes who are at the opposite end of
the continuum. We hypothesized that distance runners would have balance
response characteristics more similar to older adults than sprinters, with longer
onset latencies, lower IEMG amplitudes, and a longer time to COP stabilization
in response to varying balance perturbations.
Strength and balance tests were given to two groups of 11 elite and collegiate
level distance runners and sprinters. At lower velocity platform perturbations
(10cm @ 20cm/sec) there were no significant differences between the two
groups. However, at higher velocity perturbations (10cm @ 80cm/sec) the
distance runners had later onset latencies and lower IEMG muscle response
amplitudes than the sprinters for automatic postural responses. The time of COP
stabilization was also significantly longer than for the sprinters. Behaviorally,
the distance runners took a step more frequently than the sprinters in response to
the largest platform perturbations.
Results showing delayed muscle response onsets, decreased response
amplitudes and increased probability of stepping for long distance runners are
similar to those reported in the literature for older adults. This suggests that
optimal balance function may be correlated with the greater proportion of type II
muscle fiber, quicker nerve conduction velocities, and muscle strength that
characterize power athletes. Supported by NIH Grant AG-05317.

POSTURAL STABILIZATION IS INFLUENCED BOTH BY ORGANISMIC
VARIABLES AND BY PATHOLOGY. C.A. Partin', A.T. Lehman2, and E.A.
Keshner1*. 'Sensory Motor Performance Program, Rehab. Institute of Chicago,
Chicago, IL 60611, Northwestern University, Evanston, IL 60201, USA.
Various support devices (e.g., canes, quad canes, and walkers) have been used to
enhance postural stability. Enhanced stability has been demonstrated by decreased
postural sway in subjects stabilized with canes and from touching other surfaces. Jeka
and colleagues have conducted a large body of work on the efficacy of light touch
(less than 1 N) to restore postural stability (Jeka, 1997). They show light touch to be
comparable to force touch (with a higher contact force) in reducing postural sway. But
the effective reduction of postural sway by external supports may also be influenced
by age, anthropomorphic considerations, and by existing pathology.
One subject with multiple sclerosis (MSp) and 3 healthy subjects were subjected to a
series of 30-sec trials of quiet stance with eyes open and closed while standing under
the following conditions: unsupported, with a single point cane, regular and extra-wide
based quad canes, a walker, and a wall. Support was obtained from normal grasp (NT)
and fingertip touch (LT). One subject (MSn) was matched in height, weight, and cane
height to MSp, and was -20 years older than the other healthy subjects and -10 years
older than MSp; In general, LT was less effective than NT in reducing postural sway
for all subjects and conditions. Unsupported sway with eyes closed was approximately
5 times greater in MSp than in healthy subjects. MSp was less able to reduce postural
sway than were the healthy subjects, particularly with LT. MSn was also less
successful at reducing sway with LT than were the other healthy subjects, particularly
with the single point cane. All subjects greatly improved their stability when using NT
on a wall, suggesting that the perception of the stability of the external support was
highly influential. Results also suggest that organismic variables such as age and body
build influence postural stabilization and should be controlled when examining the
effects of pathology.
Supported by NIH-NIDCD DC01125.

48.5

48.6

HUMAN VESTIBULAR EFFECTS OF EXPOSURE TO A SPECIFIC PULSED
200pT MAGNETIC FIELD. A. W, Thomas*. P„. J, Prost and F, S.. Prato;
BioElectroMagnetics Western, The Lawson Research Institute, Department of Nuclear
Medicine & MRI, St. Joseph’s Health Centre, 268 Grosvenor Street, London, Ontario,
Canada N6A 4V2; and the Department of Medical Biophysics, University of Western
Ontario.
Specific time-vaiying pulsed magnetic fields (PMF) (patent pending) alters
subjectively assessed animal and human behaviors, such as learning, pain perception
(analgesia) and anxiety-related behaviors. Here, we test a preliminary protocol on
prototype equipment which it is hoped will produce an ‘objective human assay’ that will
advance the technology of developing clinically relevant magnetic field therapies
previously examined in animal models. Normal healthy human volunteers (Ethics
Review Board approved, University of Western Ontario) were placed within 3 square
Helmholtz coils (2m, 1.75m, 1.5m) arranged orthogonal with the uniform magnetic field
volume centered at head level for standing volunteers. Subjects (blind to the exposure
conditions) stood (feet apart) on the center of a 3-D forceplate, with all forceplate and
PMF (3-D fluxgate magnetometer) values continually digitally recorded at 10 samples
per second throughout toe four 2 min exposures (eyes open/eyes close, sham/PMF
[ambient sham 14.7pT horizontal, 43.3pT vertical, 60Hz < 0.2pTrms; PMF 200±lpTpk
vertical]). Preliminary data show a significant perturbation of normal standing balance
for both eyes open and eyes closed. Repeated measure analysis of subject’s responses
(blind to toe exposure conditions) show both a significant alteration of standing balance
movements (F1119g=1059.8, P<0.001, Eta2=O.47) and a significant alteration in their
relative center of mass (FiiU98=6465.4, PO.OOl, Eta2=0.84). Exposure of a saline-filled
human phantom (~50 kg) (sham vs. specific pulsed magnetic field) was non-significant
(Fi.i 198=0.418, P>0.52). This preliminary data has suggested toe feasibility of a short,
objective human assay for PMF.
Funded by toe Natural Sciences and Engineering Research Council (AWT) and
Medical Research Council of Canada (FSP).

STANDING PULLS ON A REDUCED BASE OF SUPPORT: EVIDENCE FORA
SAFETY MARGIN CONTROL STRATEGY. J, L Patton123* A, Markworth2, W, A, Lee3,
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’Sensorimotor Perfoim. Prog., Rehab. Inst of Chicago 2Bioengineering Dept, Northwestern
University. 3Phys. Therapy & Inst Neuroscience, Northwestern University., Chicago, IL
Variation of the center of pressure (COP) for standing tasks is believed to be a
result of dynamic requirements plus noise processes in the nervous system.
However, recent studies have suggested that discontinuous, threshold-triggered
controls may be initiated when the COP's minimum distance- or time-to-edge drops
below critical values (a safety margin control strategy). If this is true, the system is
indifferent to random COP variation within an allowable range dictated by the base
of support size (the feasible range). We tested this by narrowing the base of
support in a pulling task. If COP variation is due to noise and dynamic requirements
only, COP safety margins should decrease. In contrast, our results indicate that
safety margins increase or stay the same, suggesting safety margin control.
Ten healthy subjects made horizontal pulls on a handle to match targets that
required substantial full-body motion (60% of maximum force with a time-to-peak
of 80-150ms). Subjects were instructed to try to keep their feet stationary as they
performed the activity on both a normal and a pivoting surface that reduced the
base of support. The pivoting surface passively rotated in the sagittal plane (2 axles
beneath the ankle and beneath a point 30% of foot length anterior). All subjects
performed 40 normal, 40 pivoting, 30 normal and then 10 pivoting trials.
Results support a safety margin control strategy: safety margins either stayed the
same or increased on the narrow base of support Furthermore, subjects retained
similar OOP variation ("after effects") even after returning to a normal base of
support. These "after effects" are strong evidence that the nervous system has
adapted an internal model of dynamics and the dynamic constraints. However,
there is no evidence in the final 10 trials that subjects can instantly recall their
previously adapted strategy.
(Supported by NSF IBN-9319601)
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BALANCE-IMPAIRED ELDERLY CHANGE RESPONSE STRATEGY WITH
COGNITIVE LOAD. S. Brauer1, M. Woollacott', A. Shumway-Cook2*.’Dept.
Exercise & Movement Science, Univ. of Oregon, Eugene OR 97403; division of
Physical Therapy, Univ. of Washington, Seattle, WA 98195.
Cognitive demands associated with balance and locomotion may contribute to
increased falls among older adults. We hypothesized that the simultaneous
performance of a secondary cognitive task would reduce the ability of balance
impaired older adults to recover a stable posture following an external
perturbation compared to healthy older adults.
Fifteen healthy and twelve balance-impaired older adults (BIOA) stood on a
force platform and were exposed to a range of 33 backward translations (15cm @
10-50cm/s). In half the trials, subjects performed a choice reaction-time auditory
task concurrent with the perturbation and their recovery. Behavioral, EMG,
kinetic and kinematic data were collected to compare postural responses in single
vs. dual task conditions.
There was a significant effect (p=.03) of cognitive task on balance recovery in
the BIOA. In contrast to healthy older adults, BIOAs changed from an in-place to
a step response at a lower perturbation level (20cm/s) in the dual task condition.
At this level, 8/12 balance-impaired but only 2/15 healthy changed recovery
strategy.
This finding supports the premise that the simultaneous performance of a
secondary cognitive task influences the type of movement strategy used for
recovery of postural stability in BIOA. Since our previous research has shown
that stepping responses require more attention than in place recovery strategies,
increased stepping in BIOA may increase the likelihood for falls during the
simultaneous performance of multiple attentionally demanding tasks. Further
investigation to determine the impact of attentional loading on the postural
response in BIOA is ongoing. Supported by NIH Grant AG-05317.

CORRELATION BETWEEN VERTEBRAL KINEMATICS AND MUSCLE
ACTIVATION IN PRIMATE NECK SYSTEM DURING VOLUNTARY HEAD
MOVEMENT. H, Choi2*, E.A, Keshner1, and B.W. Peterson2. 'Sensory Motor Perf.
Program, Rehab. Inst, of Chicago; 2Dept. of Physiology, Northwestern Univ. Med.
School, Chicago, IL 60611.
Previous studies correlating cervical vertebral kinematics and neck muscle activation
have concentrated upon cats and other quadrupeds (Keshner et al. 1997; Vidal et al.
1986). We are now investigating these relations as a rhesus monkey seated in an
upright posture follows a visual target that moves along a ±20° sinusoidal (0.1, 0.25,
or 0.5Hz) trajectory in the sagittal plane. We collected fluoroscopic images (30 Hz),
rectified and low-pass filtered EMG data from 12 muscles, target position, and head
angular velocity as the monkey tracked the moving target using a laser mounted on its
head. As reported in other mammals (Vidal et al. 1986), the head and cervical
vertebrae moved synchronously, and primarily about skull-Ci (7°±2°) and C6-C7
(8°±2°). Movements of cervical vertebrae and head were close to in-phase (from
-9°±8° to 4°±7°) with the target motion signal at 0.1Hz, and consistently lagged more
as target speed increased (from -44°±17° to -31°±11° at 0.5Hz). EMG signals of most
muscles were well related to the target motion (coherence ~ 0.99), and showed a
stronger relationship at faster tracking frequencies. Activity of most muscles was
matched to upward target velocity, except sternocleidomastoid, which was
consistently phase-matched to peak upward target position. Gains of each muscle
(modulation of EMG activity normalized to its maximum activation level and divided
by the angular excursion) generally increased as target frequency increased. A
muscle’s activation could not be predicted from its pulling direction. For instance,
obliquus capitis inferior showed strong activation and modulations during pitch
motion of the head in sagittal plane despite the fact that its action is primarily to
provide horizontal head rotations. As found in cats (Keshner et al. 1997), variability in
muscle responses did not seem to affect vertebral motion even though the muscles are
the primary actuators of the joint movement. Supported by NIH/NINDS NS22490.

48.9

48.10

EMG RESPONSES TO LARGE SURFACE TRANSLATIONS AND
ROTATIONS DURING FLAT-FOOTED AND POSITIVE HEEL
INCLINE STANCES. R.K.Y. Chong* and M.E, Franklin. Department of
Physical Therapy, School of Allied Health Sciences, Medical College of
Georgia, Augusta, GA 30809, U.S.A.
Although it is functionally possible to perform the ankle, hip and suspensory
actions together, researchers have theorized that only the ankle and the hip
patterns can be combined. To examine this concept we tested the hypotheses
that in healthy young adults 1) a minimal number of muscles are used to
maintain upright balance; 2) muscle activations are sequenced by a limited
number of combinations. Large and fast antero-posterior stance perturbations
were imposed under four blocked conditions of forward and backward support
surface translations as well as toes up and toes down surface rotations. To
examine the influence of task difficulty, subjects were also tested while wearing
high heels. In the four perturbation conditions, muscle pairs on the ventral and
dorsal aspects of the leg, thigh and trunk showed both discrete and tonic
discharge. These neuromuscular responses resembled a mixing of the ankle, hip
and suspensory patterns. Muscle activities recorded at the trapezius showed
early onset latency of response. There was no sequential radiation of distal-toproximal or vice versa activation of muscle synergies if the trapezius response
was included. Compared to flat-footed stance, subjects modulated both the
response amplitude as well as the onset latencies when they wore high heels.
These results reveal the complex balance-correcting in-place responses from the
integration of local sensory inputs triggered by the platform movements. It is
likely that the responses which we have observed arise from the large
perturbations that we used. These perturbations significantly moved more body
segments than the original protocol that was used to formulate the synergy
hypotheses of in-place balance control during perturbed stance.

CHANGES IN GROUND REACTION FORCE DO NOT PRECEDE FAST
HEAD TURNS IN STANDING HUMANS. N, Paouet*. D, Kairv. J, Funs, School
of Phys. & Occup. Ther., McGill Univ. and Jewish Rehabilitation Hospital, Canada.
The execution of voluntary arm raise in standing is known to involve changes in
ground reaction forces before the arm movement (Maki, Med Biol Eng Comput. 1993,
355-362). We hypothesized that voluntary head turns executed in standing also
involve anticipatory postural responses, which are modified by normal aging and
unilateral vestibular deficit (UVD). Our aims were 1) to determine normal postural
responses associated with fast head turns, and 2) to establish how aging or UVD affect
the responses.
Subjects stood with each foot on an AMTI force platform. Their base of support was
narrow, with 8 cm distance between the right and left heels. Reflective markers were
affixed to a head frame and on the bilateral acromions, greater trochanters and lateral
malleoli. The task was to turn the head left, right, up or down, as quickly as
possible, at the illuminating signal of an arrow located 2.5 m in front. The order cf
presentation of the signalling direction was randomized. The required head movement
had to be executed as rapidly as possible and with an amplitude of at least 80% of the
maximum range of motion.
Similar reaction time in head turns was observed in young (28 years) and older (70
years) healthy subjects (246 vs 261 ms, respectively), and was not influenced by the
direction of head turn. For the same amplitude of horizontal head turn (80-90°),
however, the peak value of head acceleration of the older subject was 30% less than
the young subject. One patient with absent vestibular function on the right side (18
months post resection of an acoustic neuroma) was also tested. His peak horizontal
head acceleration was even more reduced (30% less) than the healthy older subject.
For all subjects, changes in vertical ground reaction forces were minimal and always
occurred after the onset of head acceleration.
These results suggest that rapid head turns do not constitute sufficient postural
perturbation during quiet stance in normal subjects. With aging or UVD, reduction in
Read acceleration could be a strategy to prevent postural instability during head turns.
(Supported by FCAR Quebec, MRC Canada, and the JRHfoundation)

48.11

48.12

DYNAMIC RESPONSES TO GALVANIC VESTIBULAR STIMULATION
DURING STEP INITIATION. L.R. Bent1*, B.J. McFadven2, J.T. Inglis1. ’School
of Human Kinetics, UBC, Vancouver., BC, V6T 1Z1.2Dep. de Readaptation,
Faculte de Medecine, Univ.Laval, Quebec, Que., CANADA. Galvanic vestibular
stimulation (GVS) has been shown to induce postural sway towards the anodal
ear during quiet stance (Inglis et al. 1995, J. Neurophysiol. 73:896-901). Few
studies have examined the effects of GVS during voluntary movement. The
purpose of this study was to assess the effects of a vestibular perturbation on
dynamic postural control. Subjects (n=6) performed trials with eyes open or
closed, stepping to a tone, with or without GVS. In stimulation trials GVS was
delivered randomly to either the left or the right mastoid process through carbon
rubber electrodes. The tone to step, when present, occurred 1500ms after the
onset of GVS in stimulation trials. Subjects stepped at their own pace with their
preferred leg that was determined before testing. Data were collected from three
AMTI force platforms, a 3D Optotrak system, in addition to EMG collection from
4 muscles bilaterally. No changes in the data were observed at stimulus onset, but
once initiation of stepping began, centre of pressure (CoP) and momentum data
demonstrated compensatory strategies in the medio-lateral (M-L) direction while
the anterior-posterior (A-P) trajectories were preserved. In the initial stages of the
first step, M-L momentum towards the stance limb was decreased and then
increased towards the swing limb when there was a perceived perturbation to the
stance side. Although sagittal plane momentum and CoP were unchanged by
GVS, decreases were noted in the hip pull-off power and ankle push-off power of
the swing limb. Subjects widened their base of support upon stepping even
though the initial natural stance width appears to have decreased the effect of the
GVS perturbation at its onset. Thus, the perturbation becomes a factor only when
moving to a single support state. This, coupled with the maintenance of forward
progression of the body, suggests that the body is able to compensate for the GVS
perturbation by updating the internal model. Partially funded by NSERC.

DISCHARGE PROPERTIES OF CUTANEOUS MECHANORECEPTORS IN THE
FOOT SOLE: IMPLICATIONS FOR POSTURAL CONTROL. P.M. Kennedy and
J.T. Inglis*. School of Human Kinetics and Graduate Program in Neuroscience,
University of British Columbia, Vancouver, BC, Canada V6T 1Z1.
Previous studies have demonstrated that cutaneous information from receptors in the
foot sole may play an important role in the control of standing balance. The purpose
of this study was to document the properties of the cutaneous afferents in the lower
limb of humans. Microneurography was used to record from single cutaneous axons.
Thirty-one experiments were performed on thirteen healthy volunteers (7 males, 6
females) between 22-50 years of age. Subjects were placed on their stomachs in a
prone position with both legs extended and the right limb elevated on a support. From
this position a sterile 200-pm diameter tungsten recording electrode was manually
inserted into the tibial nerve at the level of the popliteal fossa. Receptor location and
receptive field size was determined through the application of von Frey hairs to the
plantar surface of the foot. For some units, responses to perpendicular indentation
were also determined using a calibrated force/load cell. Of the 126 consecutively
recorded afferents, 106 were from skin (15 SAI, 16 SAII, 60 FAI, and 15 FAII receptor locations shown in figure). An estimate of the glabrous skin size was
obtained to calculate the relative unit density for specific regions of the
foot sole. With respect to the discharge properties of specific units,
some FAII units responded with a post-stimulus discharge following
periods of vibration. In contrast with glabrous skin from the hand,
there was no background discharge in any of the slowly adapting
cutaneous receptors in the foot sole. This low degree of static activity
suggests that dynamic sensitivity may contribute to standing balance by
collectively determining the position of the center of pressure.
Funded by NSERC.
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RAPID ATTENUATION OF POSTURAL SWAY BY LIGHT TOUCH OF THE
FINGERTIP, E Rabin P DiZio and JR Lackner*. Ashton Graybiel Spatial
Orientation Laboratory, Volen Center for Complex Systems, Brandeis
University, Waltham MA 02554-9110.
Non-mechanically supportive contact of the index fingertip with a stable surface
provides sensory information which leads to a 60% reduction of center of pressure
(CP) sway amplitude in blindfolded subjects (Jeka and Lackner, 1994). We
measured the latency of postural stabilization due to light touch following the
initiation of fingertip contact.
Subjects (n= 12) stood, eyes closed, in the tandem Romberg stance on a force
platform and initiated fingertip contact 12 seconds into a 25-second trial. In addition
to location of CP, position and forces applied by the fingertip were recorded. Pretouch CP sway amplitude averaged .77 cm. Within .5 sec of finger contact, the
average CP mean sway amplitude dropped out of the 95% confidence interval for the
‘pre-touch’ trial segment. By 3.7 sec after the start of finger contact the average CP
sway amplitude settled below .37 cm. The mean amplitude of fingertip sway
changed from .63 cm to .12 cm following fingertip contact. By .13 sec after
fingertip contact, the normal reaction force at the fingertip settled below ,5N.
Forces applied by the fingertip were highly correlated with CP sway, and phaseled CP by ~300 msec. This pattern emerged at the beginning of fingertip contact.
The magnitude of the correlation increased monotonically following touch contact
and plateaued by 1 sec. We conclude that the finger serves as a sensory-motor probe
that is stabilized virtually immediately following contact with a stable surface, and
that the fingertip and arm then contribute signals to a forward neural model of body
dynamics predicting and controlling sway.
Supported by NASA grants NAG9-1037 and NAG9-1038.

POSTURAL BEHAVIOR OF YOUNG AND HEALTHY ELDERLY DURING
REACHING MOVEMENTS. A.E. Tyler* and G.M. Karst Div. Physical Therapy
Educ., Univ. Nebraska Med. Center, Omaha, NE, 68198-4420.
The purpose of this study was to characterize postural behavior during reaches to
different distances and to test the hypothesis that young and healthy elderly display
qualitatively different postural behavior. Thirteen healthy young and 14 healthy
elderly subjects were tested. Subjects stood and performed fast, bilateral reaching
movements to targets that were placed at shoulder height to the front. Subjects
performed 10 reaches to each of 5 target distances, ranging from within arm's length to
beyond arm's length. Electromyographic (EMG) activity was recorded from 7 muscles
of the shoulder, trunk, and leg. Center of pressure (COP) data were derived from force
plate measures. Kinematics of the arm were recorded with active markers and infrared
cameras. An accelerometer on the wrist was used to identify the onset of arm
movement. Timing of peak hand velocity and peak COP, and onsets of EMG activity
were determined relative to the onset of arm movement. Two-way RM ANOVAs were
used to determine if EMG, COP or kinematic measures varied with target distance or
age. There was a significant effect of reach distance on EMG onsets; erector spinae,
vastus lateralis, and tibialis anterior demonstrated the most consistent effects. No
significant differences in EMG onsets were found between young and elderly for any
muscle. There was a significant effect of age on the timing of the peak anterioi
displacement of COP; on average, the peak occurred 171ms later for elderly compared
to young. Peak tangential velocity of the distal tip of the hand was significantly less
for young compared to elderly, and occurred significantly earlier for young compared
to elderly. No differences in EMG onsets with age, in combination with differences in
COP and kinematics with age, suggest that aging per se is not associated with a
qualitative change in neural strategy but with a quantitative change in musculoskeletal
capacity.
This study was funded by the School of Allied Health Professions, University of
Nebraska Medical Center.

48.15

48.16

H-REFLEX MODULATION IN LYING AND A SEMI-RECLINING

CORTICOSPINAL CONTROL OF ABDOMINAL AND BACK MUSCLES IN
MAN. A.V. Nowicky1*, S.A, Tunstill2, A.C. Wynn-Davies2. AH. McGregor3 and
N.J. Davey2. ‘School of Health, Biological and Environmental Sciences, Middlesex
University, Enfield EN3 4SF, UK 2Division of Neuroscience & Psychological
Medicine and ’Department of Surgery, Imperial College School of Medicine,
Charing Cross Hospital, London W6 8RF, UK
Erector spinae (ES) muscles of the lower back and rectus abdominis (RA) muscles
are involved in maintenance of posture and contract during forced expiration.
Transcranial magnetic stimulation (TMS) of the motor cortex elicits bilateral motor
evoked responses (MEPs) in ES and RA muscles. We have examined the size of the
MEP at different levels of voluntary contraction to demonstrate a task dependency.
Surface electromyographic (EMG) activity was recorded from ES muscles in 14
subjects and RA muscles in 6 subjects. TMS was delivered to the motor using a
MagStim 200 stimulator connected to either a 7-cm figure-of-eight coil or a doublecone coil. TMS intensity was just supra-threshold for evoking MEPs in relaxed
muscles. Activation of both muscles was seen during forced expiration with breath
holding (FEBH), of ES during backward bilateral leg lift (BLL) and of RA during a
forward bilateral leg lift (FLL). Using visual feedback of the integrated EMG
activity, subjects could contract at all levels of force up to maximum voluntary
contraction (MVC) in each task. The maximum ES EMG activity during BLL was
4.3 times greater than in FEBH while the maximum RA EMG activity during FLL
was 4.7 times greater than in FEBH. The absolute facilitation of the MEP was
expressed as a ratio of the MEP size to the voluntary EMG. During maximum ES
contraction the mean (± SEM) ratio was greater (ANOVA, P<0.05) during FEBH
(89.7 ± 54.7) than BLL (2.4 ± 0.2) while during maximum RA contraction it was
larger (Wilcoxon, P<0.05) during FLL (9.8 ± 3) than FEBH (4.6 ± 1.4). The pattern
of MEP growth with increasing force up to MVC in each task was similar. Control
of corticospinal drive to ES and RA muscles could reflect the strength of their
corticospinal input and may be adapted to task.

‘Rice Univ.; 2Texas Woman’s Univ., Houston, TX 77005.
The purpose of this study was to compare motor neuron excitability as
measured by the H-reflex during lying prone and sitting in a semi-reclining
position. Twelve normal subjects were measured for maximum M- and Hwaves during sitting and prone lying to determine an H/M ratio. The
latency of each H-reflex was also measured. H-reflex amplitudes were
recorded during a control and a vibration condition in the two positions. A
double-stimulus H-reflex recovery curve was also plotted for each subject
in each relaxed position of sitting and lying for 12 different inter-stimulus
intervals (50-1000 msec). Average values between lying prone and sitting,
respectively, were as follows: Latencies = 31.2 msec and 31.3 msec; H/M
ratios = 44.9% and 40.6%; Hv/Hc ratios = 46.2% and 51.6%. Paired t-tests
revealed no significant differences between the prone lying and sitting
positions for; the mean latencies; H/M; or Hv/Hc ratios (p > .05). A twofactor MANOVA with repeated measures resulted in no significant
differences (p > .05) between double-stimulus ratios over inter-stimulus
intervals between the sitting and prone positions. It was concluded there
were no statistically or clinically relevant differences in H-reflex responses
between sitting or lying, indicating no changes in the motor neuron
excitability between the two tested positions. It was recommended that
subjects/patients should be tested in a position which is most comfortable,
which is most commonly in the reclined sitting position.

48.17

48.18

ANGULAR VELOCITY CONSTRAINT BETWEEN ANKLE AND HIP
JOINTS DURING HUMAN QUIET STANDING.
D. Nozaki,* Y. Aramaki, T. Sato, K. Yamanaka, K. Masani, K. Nakazawa.
Res. Inst. Natl. Rehab. Ctr.; Tokorozawa, Saitama 359-8555, Japan.
During human quiet standing (QS), the segmented body has been considered to play a significant role to maintain the center of gravity of body (COG)
above the support area. However, since the angular movements of joints during QS are quite subtle, it is difficult to measure them with high accuracy by
conventional methods. Because of this methodological difficulty, how the CNS
controls the coordination of body segments has not been fully elucidated.
In this study, we investigated how the coordination between ankle and hip
joints is controlled during QS. Angular displacement and velocity of both joints
in a sagittal plane were obtained during QS (duration was 30 s) using a CCD
laser displacement sensor (LK-2500, Keyence, Japan) with a high resolution
« 1 pm. The data were obtained from 5 normal subjects with informed consent.
In general, the forward (backward) ankle joint movement was compensated
by the backward (forward) hip joint movement, however, this constraint was
ambiguous and variable from trial to trial. Similar constraint was observed
more clearly in the relationship between angular velocity of ankle and hip
joints. The principal component analysis revealed that the clear relationship
exists between them as; O^p = a0ank, where Ohip and 0ank > respectively, denote
the angular velocity of the hip and ankle joints. The value of a (—3.35 ± 0.96)
was similar to the theoretical value obtained under the assumption that the
velocity of COG is maintained to be 0. These results suggest that, during
human QS, the coordination between ankle and hip joints is controlled to reduce
the velocity of COG rather than to keep COG at constant position.
This work was supported by the Japan Space Forum and the Japan Science
and Technology Agency.

SENSORY SPECIFICATION OF INTRINSIC AND EXTRINSIC
REFERENCE FRAMES IN HUMAN POSTURAL CONTROL
R. Creath', J. Jeka13*, T. Kiemel2, and F. Horak4; Departments of
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‘Kinesiology and 2Biology, ’Program in Neuroscience and Cognitive Science,
University of Maryland, College Park, MD; ’Neurological Sciences Institute,
Oregon Health Sciences University, Portland, OR.

The present study examined the coupling of body sway to internal
or external reference frames defined by the presence of visual and/or
touch stimuli.
Subjects stood on a variable pitch platform which rotated (+/-) 3.5°
over a range of frequencies from .01-1.0 hz. Spectral analysis was
performed for shoulder, center of mass, and center of pressure
displacements for three sensory conditions: 1. Eyes closed. 2. Eyes
open. 3. Light (non-supportive) touch with eyes closed.
The results demonstrate two components of sway: An oscillation
tied to the platform rotation and a slow fluctuation corresponding to a
drift of the mean body position. Entrainment to the platform was
evident at all frequencies for all sensory conditions. The amplitude of
the slow fluctuation was largest with eyes closed and smallest with
eyes open or light touch.
Individual trajectories were compared with those calculated using a
linear 3rd order model. A best fit of model parameters showed a
strong increase in a noise term suggesting that the estimation of
vertical was less accurate as driving frequency increased.
Supported by grant NIH RO1AG06457
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FREQUENCY
SCALING
INDUCES
CHANGES
IN
POSTURAL BEHAVIOR. J. J. Buchanan1* and F.B. Horak2. 'Texas
A&M University, Dept. of Health and Kinesiology, College Station, TX
77843,2Neurological Sciences Institute, Oregon Health Sciences Univ.
Movement through the environment requires abrupt changes in
behavior to maintain balance and avoid colliding with objects. How are
gradual or sudden changes in posture made to maintain balance? Six
subjects attempted to maintain balance on a sinusoidally moving support
surface (amp.=15cm) with eyes open and closed. There were two
translation conditions: 1) frequency increased from 0.2 to 1.0 Hz; and 2)
frequency decreased from 1.0 to 0.2 Hz. Frequency step size was 0.1
Hz with eight cycles per frequency plateau. With the eyes open, subjects
switched from a ride the platform to an upper trunk-head fixed in space
pattern in the frequency increasing trials, and vice versa in the frequency
decreasing trials. With the eyes closed, subjects switched from the ride
pattern to a pattern of large-amplitude slow-sway motion of the upper
trunk and head, instead of the trunk-head fixed pattern. In the decreasing
trials with eyes closed, subjects switched from slow-sway motion to the
ride pattern. The results show that the postural control system can
organize the bodies many joints and muscles to meet the demands of a
changing environment. Visual input in this experiment removes the slow
drift component of the upper trunk and head and helps to stabilize
postural equilibrium in the form of the trunk-head fixed in space pattern
(Buchanan & Horak, 1999). This work was supported by an NIDCD
NRSA post-doctoral fellow grant (#F2DC00372A).

POSTURE AND MOVEMENT: ANIMAL STUDIES

49.1

49.2

TRANSNEURONAL TRANSPORT OF RABIES VIRUS FROM A FORELIMB
MUSCLE TO RED NUCLEUS AND CEREBRAL CORTEX. J .-A. Rathelot*
and P.L. Strick. Research Service, VAMC and Depts. Neuroscience /
Physiology & Neurosurgery, SUNY-HSC@Syracuse, NY 13210.
We examined whether retrograde transneurona! transport of rabies virus can
be used to define the spatial organization of the rubro- and corticomotoneuronal systems. In five monkeys (Macaca mulatta), we injected a
single finger muscle, extensor digitorum communis (EDO) with a challenge
virus standard strain of rabies virus (0.4ml, 2.5x108pfu). After survival periods
of 97-123 hrs, the monkeys were perfused with aldehydes and their brains
were processed to enable immunohistochemical demonstration of rabiesspecific antigens. The pattern of labeling in the spinal cord and supraspinal
structures correlated with the survival time following the first appearance of
behavioral symptoms associated with infection. Prior to symptom onset,
rabies virus was found only in EDO motoneurons. Twelve hours after
symptoms appeared, labeled cells were observed in the portion of the
magnocellular division of the red nucleus that projects to cervical segments
ofthe spinal cord. At 18-24 hours after symptom onset, labeled neurons were
found in the arm area ofthe primary motor cortex. Most neurons were located
in the anterior bank of the central sulcus and all were found in Layer V. At
longer survival times, labeled neurons were also in cortical layers above and
below Layer V. Thus, there is an orderly progression of rabies transport from
the periphery into the central nervous system of macaques. As a
consequence, retrograde transneuronal transport of rabies from single
muscles should enable us to define the pattern of “muscle” representation in
descending systems. Support: NIH grant USPHS NS24328 (P.L.S.) and the
French Ministry of Foreign Affairs, Lavoisier program (J.-A.R.).

EARLY MODERATE EXERCISE TRAINING AFTER SPINAL CORD
INJURY (SCI) DOES NOT EXACERBATE LESION SIZE AND
ATTENUATES CHANGES IN HINDLIMB (HL) SENSATION IN RAT.
K. Hutchinson*, J. Venset S.Obermiller, L. LeDuff, L. Fisher, D.M. Basso. The
Ohio State University, Columbus, OH.
Studies have shown that intense, early, forced limb use exacerbated brain lesion
size and negatively impacted motor recovery (D. Kozlowski ’96). In contrast,
specificity of training appears to facilitate recovery of certain motor tasks (J.Hodgson
‘94). This study, therefore, was designed to examine the role of the specificity of
training at moderate intensity after SCI. We compared the effect of treadmill (TM),
swim (SW) and stand (STD) training initiated early after SCI on lesion size and HL
sensation in rat. Methods: Female Sprague Dawley rats (n=37) were randomly
assigned to SCI-TM, SCI-SW, SCI- STD, SCI-Only, or Laminectomy Control
(LAM) groups. Rats were subjected to moderate SCI (1.1mm displacement, OSU
device). Training began 4 dpo, lasting 20-25 min/day, 5 days/wk, for 7 wks. A
subset of animals (n=23) were subjected to biweekly von Frey Hair (vFH) testing.
The lowest gram-force necessary to evoke a withdrawal of the paw > 50% of the time
determined the response threshold. Percent sparing at the lesion epicenter was
calculated from myelin stained sections using the ratio of the area occupied by spared
myelinated fibers to the total cross-sectional area of the cord. Results: Moderate SCI
caused a decrease in response threshold to vFH testing (7 wks po, Mean+sem: LAM
50.45± 0, SCI-Only 22+ 7). TM but not STD training prevented the hypersensitivity
to vFH testing (TM 50.45± 0, STD 27± 10). In addition, early exercise treatment did
not exacerbate the size of the neural lesion at the epicenter (% sparing, Mean ±sd:
LAM 75± 1, SCI-Only 16± 8, SCI-TM 20 ± 5, SCI-SW 24 ± 10, SCI-STD 14 ± 5).
Conclusion: Moderate exercise initiated 4 dpo did not negatively affect SC lesion
size. In addition, task specific training mediated changes in HL sensation caused by
neural injury.: Am. Paralysis Assoc.BA2-9801-2; OSU seed grant

49.3

49.4

BI-FUNCTIONAL
POPULATION
CONTROL
OF
VISUAL
ORIENTATION BEHAVIOR BY THE OPTIC TECTUM OF RANA
PIPIENS. R.C. Rayborn* & C.M. Comer. Neurobioiogy Group, Dept.
of BioSciences, University of Illinois, Chicago IL 60607.
Anuran prey orientation and escape behaviors are distinct visually
elicited behaviors. The optic tectum receives retinotopically mapped
information that determines the directionality of turns toward prey and
away from threat. We have examined the directional motor output
related to each of these behaviors for regions of the tectum following
restricted electrocautery lesions to nearby portions of the retinotopic
map. We observed consistent disruption of prey-orientation and escape
behavior starting with the first trials tested 24 hours post-lesion. Normal,
food-deprived frogs predictably oriented to the leading edge of a
moving mealworm within 3 to 5 seconds following stimulus presentation.
In lesioned frogs, regions corresponding to removed tissue demonstrated
markedly reduced responsiveness to live, moving mealworms. Within the
deficit range, occasional prey-targeting attempts were observed, but were
highly variable in accuracy. Orienting to prey in regions corresponding
to visual space immediately caudal to these deficits resulted in a
consistent target overshoot whereas orienting to prey in regions
corresponding to visual space immediately rostral to these deficits
resulted in target undershoots. Frogs normally escape predominantly by
turning contraversive to the direction of an escape-eliciting stimulus.
Lesioned frogs misdirected 40 - 50% of escape responses toward the side
of the stimulus for stimuli delivered either rostral or caudal to the deficit.
Thus the sign of the dysmetrias produced in escape by tectal lesions is
different from that for prey capture. These results are consistent with
tectal control of visual behavior by way of population coding in anurans,
but they suggest that different algorithms underlie prey orientation and
escape behavior. This work was supported by NSF grant IBN-9604629.

INDEPENDENT COMPONENT ANALYSIS (ICA) OF MOTOR PATTERNS IN SPINAL FROGS
DURING TRAJECTORY CORRECTION RESPONSES. S.F. Giszter*, W. Karqo, Dept
Neurobioiogy and Anatomy, School of Medicine, Medical College of Pennsylvania /
Hahnemann University, Philadelphia, PA 19129.
There is some correspondence between reflex induced isometric force patterns and
isometric force patterns induced by spinal stimulation (Giszter et al. 1993), and similarly there
is correspondence between cutaneous afferent/reflex maps and spinal stimulation maps
(Tresch et al. 1999). It therefore now sbems likely that the muscle activity patterns that support
organization, regulation and adjustment of the reflex behaviors are due to assembly and
regulation of several underlying primitives. It is clearly desirable to separate motor activity and
its regulation into the underlying contributing primitives or intemeuronal and feedback control
groups. To detect statistically independent control groups or drives in our data, we applied the
Bell / Sejnowski ICA technique, using available MATLAB code developed by Scott Makeig.
ICA separates observed data into a sum of multiple statistically independent sources
contributing to multiple output channels. Individual EMG channels form the observed outputs.
To generate observed signals, motor pools sum intemeuronal drives. These drives are the
independent sources. Each source could thus be considered the contribution of a single
primitive. ICA allows an estimation of the structure and behavior of these sources. We applied
ICA to data from frogs undergoing multiple behaviors under different conditions. In particular
we examined frogs exhibiting trajectory correction responses (TOR) during wiping behaviors.
Remarkably, spinal frogs modify their motor performance on collision with an obstacle so as
to circumvent the obstacle. They arrive at the target limb within 10-30ms of the arrival time of
an unimpeded motion. These responses can be decomposed by ICA into summation of
muscle control groups that are largely similar among frogs. These are conserved in differing
behaviors and conditions. The data and analysis are consistent with linear summation at the
motor pools of independent drives or control groups. These primitives or control groups are
combined to assemble foe reflex and its on-line adjustments (e.g. TOR) by linear summation.
Supported by NIH R29-NS34640.
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49.5
MOTOR RESPONSES OF ALPHA-2C ADRENERGIC RECEPTOR KNOCKOUT

mice to mptp

. Anthony p, Nicholas*. .William W, Spp w and Teresa 5. .Thomasi

Department of Neurology, University of Alabama at Birmingham and the Birmingham
Veterans Administration Medical Center, Birmingham, AL 35233.
Alpha-2C adrenergic receptors are present in the striatum of rodents and primates, but
their role in motor functioning has not yet been fully explored. It has been shown that
C57BL/6J X DBA/2J mice that were genetically engineered to express non-functional
alpha-2C receptors (A2C-K0) showed no significant differences in their motor
fiinctioning, as compared to wild-type controls (A2C-WT) [Sallinen et al., 1997, Mol.
Pharmacol. 51:36-46]. In the present study, we re-examine these A2C-K0 and A2CWT mice (kindly donated by Dr. B.K. Kobilka; NIH Grant HL48638) and their motor
responses to l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP). Aged and sexmatched, 10 month old A2C-KO and A2C-WT mice were given intraperitoneal
injections of MPTP (30 mg/kg in 5% ethanol) per day for 10 days and motor activity
was recorded with a cage rack Photobeam Activity System (San Diego Instruments).
Using this system, ambulations were recorded as large movements that broke two
adjacent beams of light, while fine movements were recorded as two consecutive breaks
of a single beam of light. MPTP-treated A2C-WT mice showed an 66-85% decrease in
motor activity from days 1-5; but then experienced over a 50% increase in especially
ambulatory motor activity from days 6-10, as compared to vehicle-injected A2C-WT
controls. In contrast, MPTP-treated A2C-KO mice showed an initial 25-36% increase
in motor activity from days 1-8; but then experienced over a 40% decrease in especially
fine movements from days 9-10, as compared to A2C-KO, vehicle-injected controls.
Therefore, normal mice with functional alpha-2C receptors responded to MPTP with
first decreased and then increased motor activity. In contrast, those mice lacking
functional alpha-2C receptors first became hyperkinetic, followed by a decrease
especially in fine movements. The present study thus demonstrates that by damaging
dopaminergic pathways with MPTP, previously unknown influences of alpha-2C
adrenergic receptors on ambulations and fine motor movements in mice are uncovered.
Supported by the Parkinson Association of Alabama, an MREP from the Department
of Veterans Affairs, Medical Research Service and the Strain Family Foundation.

Modulation

of

dorsal

root

potentials

evoked

by

supraspinal

H. Leblond*. A.
Menard, and J.-P, Gossard, C.R.S.N., Dep. Physiologie, Universite de Montreal,
Montreal, Quebec, Canada, H3C 3J7.
The amplitude of primary afferent depolarization (PAD) evoked by sensory
volleys is modulated by the spinal locomotor networks and thus presynaptic
inhibition may participate in the gating of sensory transmission during
locomotion. Supraspinal structures are also known to evoke PADs but their
modulation during locomotion remains unknown.
In this study, we stimulated vestibulospinal (1-3 pulses, 80-150pA, 300Hz in
Deiter’s nucleus, DN), reticulospinal (1-6 pulses, 25-150pA, 300Hz in medial
longitudinal fasciculus, MLF) and corticospinal (6 pulses, 75-150pA, 300Hz in
controlateral pyramidal tracts, coPT) tracts and recorded PADs evoked in
numerous unidentified primary afferents as dorsal root potentials (DRPs) at the
level of L6-L7 during fictive locomotion in the decerebrate cat. In all cases but
2, the spinal cord was cut at T13 leaving only the relevant spinal quadrant intact.
In the 2 non-spinalized cats, the fictive locomotion was occurring spontaneously,
in the others, it was induced by injection of nialamide (20-50 mg/kg) and 1-DOPA
(30-150 mg/kg). We measured and compared the amplitude of DRPs occurring
in 6-8 bins dividing the fictive step cycle.
Overall, there was a deep phasic modulation of the evoked DRPs (DN: 74%,
MLF: 69%, PT: 62%). The DN-DRPs had a maximal amplitude at the beginning
of the extensor phase (8/10 trials in 5 cats); MLF-DRPs during the flexor phase
(9/12 trials, 5 cats) and PT-DRPs in the middle of the flexor phase (4/5 trials in
2 cats). There was no noticeable differences between partly- and non-spinalized
cats. These results indicate that the spinal locomotor networks modulate strongly
the transmission in PAD pathways activated by DN, MLF and PT and that the
phase for maximal presynaptic inhibition may be different for different
supraspinal tracts. (Supported by Rick Hansen Foundation, MRC and FCAR).
STIMULATION DURING FICTIVE LOCOMOTION IN THE CAT,

49.7

49.8

PATTERNS OF INTERACTION AMONG LATERAL BIASES IN THE
BUSHBABY (Otolemur garnetIii). C. Cantalupo* and J.P, Ward. Dept. of
Psychology, Univ. of Memphis; Memphis, TN 38152.
To assess the extent of interaction between lateral biases in response systems
controlled at different levels of the neuraxis and detect the possible presence of
different laterality patterns related to population subgroups, we investigated lateral
bias in hand reaching, whole-body turning and eye use in 20 bushbabies
(Otolemur garnettii). Two subgroups were clearly identified, the STABLE group
was composed of subjects, mainly females, tliat were consistent in hand
preference and had positive correlation of hand/eye biases (r = .783, p = .004).
The UNSTABLE group included subjects, mainly males, that showed instability
in hand preference as a function of change in test conditions and had negative
correlation of hand/whole-body turning biases (r = -.730, p = .026). This suggests
that tlie crucial difference between STABLE and UNSTABLE animals lies in the
differential effect on handedness by asymmetry in odier systems controlled at
different levels of the neuraxis (visual system in STABLE vs. systems for the
control of axial musculature in UNSTABLE). These results clearly support the
value of the study of interaction between lateral biases as a way of gaining a
deeper understanding of die complexity of laterality.

COMPARISON OF THE GAIT KINEMATICS OF FISCHER 344 AND SPRAGUE
DAWLEY RATS PRIOR TO SPINAL CORD INJURY. W.L. Siler1*, A.L. Gahan1.
K.A. Law*, N.I. Bamber2, H, Li2 & X.M, Xu2. Departments of Physical Therapy hnd
Anatomy and Neurobiology2, Saint Louis University, St. Louis, MO 63104.
The purpose of this study was to compare the walking patterns of adult Fischer
344 (F) and Sprague Dawley (SD) rats prior to receiving a spinal cord hemisection.
Six F and five SD female rats received two weeks of daily training on a beam
walking task. On the last day of training, each rat was videotaped while performing
four crossings of the beam. The videotaped trials were digitized and the coordinate
data scaled to life-size measures. Kinematic parameters including gait velocity
(VEL), stride length (SL), stride frequency (SF), and joint angles at the instants of
foot contact and foot clearance were derived. The results from the four trials for an
animal were averaged and the mean entered into the statistical analysis to represent
that animal. Statistical comparisons were made with Mann-Whitney tests (p < 0.05).
VEL for the two groups were not different [76.7±0.9 and 73.6±4.0 cm/s for F and
SD, respectively (mean±SE)], but F crossed the beam with shorter SL (16.8±0.4 cm)
and higher SF (4.6±0.1 Hz) than the SD (19.5±0.3 cm and 3.8±0.1 Hz). In addition,
SD contacted the beam with more plantar flexion than F (107.9± 1.3 and 87.5±2.9
deg respectively) and cleared the beam with the knee more flexed (89.4 ±7.1 and
109.5±4.0 deg respectively). It was concluded that F and SD rats exhibit different
walking patterns during beam walking prior to a spinal cord injury, despite walking
at similar velocities. These findings suggest that the strain of rat being studied may
significantly impact the movement patterns observed.
Support provided by the International Spinal Research Trust to XMX and WLS.

49.9

49.10

DOPPLER RADAR: A USEFUL TOOL FOR BEHAVIORAL
IDENTIFICATION. J.D. Marotti? K.B. Austin.2* J.S. Quintana?
K.A. Dorenbos? and E.R, Delay1, Neuroscience Program, Regis
University, Denver, CO 80221; 2The Eclectic Engineering Studio,
Denver, CO 80207.
Our group previously reported that continuous-wave
Doppler radar (CWDR) signals could be analyzed to reliably
identify certain behaviors in the rat and not others (Marotti et al,
Soc. Neurosci. Abst, 1998, 24: 959). To improve and extend this
technique we adjusted our behavioral definitions into five
categories: stillness, grooming, activity in-place, circling, and
general activity. CWDR signals were acquired for 3 seconds
during each of these behaviors. A 3-layer, feed-forward neural
network (FFNN) was trained to recognize the spectral content of
two-thirds of the collected CWDR epochs using backpropagation.
The remaining third (not seen during training) was used to test how
FFNN performance generalized to new data. Our FFNN was able
to distinguish each of the five behaviors with better than 80%
predictive accuracy based on the spectral content of the CWDR
signal.
Thus, our work demonstrates that CWDR-based
measurements can be used to effectively discriminate between a
variety of overt behaviors. Future research includes testing the
effectiveness of CWDR against trained observers.

ADRENERGIC ALPHA RECEPTORS REGULATE IMMOBILITY
EPISODES IN THE taiep RAT. M.C. Cortes*, J.R. Eguibar and J. Valencia.
Institute of Physiology, BUAP, Puebla, Pue. Mexico.
The taiep rat is a neurological mutant with immobility episodes (IEs)
which are elicited spontaneously or by sudden gripping. From EEG data,
such fits have been proposed as cataplectic attacks. It is currently accepted
that cataplectic attacks and REM sleep are deeply influenced by
noradrenergic system.
The effect of two oti and a2 agonists on the frequency and mean duration
of IEs was evaluated by systemic injections in a cumulative doses schedule.
Results show that prazosin produced a dose-dependent increase in the
number and mean duration of IEs (ANOVA, p<0.001). Whereas WB-4101,
an aja antagonist, increased only mean duration. Unexpectedly,
administration of methoxamine and cirazoline, <X] agonists, did not reduce
the number of IEs. Furthermore, cirazoline at higher doses (100-1000
Pg/Kg) increased the number and duration of IEs. Clonidine and xylazine, a2
agonists, produced an increment in the frequency and mean duration of IEs,
being clonidine more effective than xylazine. Both a2 antagonists,
yohimbine and idazoxan reduced these fits, abolishing them with the highest
dose of yohimbine; contrasting, the mean duration was unaffected. These
results show that gripping-induced IEs are in line with available data from
human and canine narcoleptic syndrome. Supported by CONACYT, Mexico,
grant 5221P-N and VPPII-GOPROMEPOOl to JRE. M.C.C. is a fellowship
from CONACYT.
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ASSESSMENT OF MOTOR AND COGNITIVE DEFICFI'S IN
RATS: CONSTRUCTION AND USE OF AN AUTOMATED
OPERANT CHAMBER T. Bazzett1*, M. Sharpe1, H. Brownrigg1,
and M. Bauter2. ]Dept of Psychology, SUNY Geneseo, Geneseo,
NY 14454,2Department of Environmental Medicine, University of
Rochester, Rochester, NY 14642.
A forelimb reaching chamber and testing protocol were developed
to assess use and accuracy of independent forelimb motor control-in
a food retrieval paradigm. The operant behavior chamber is simple
in design, and inexpensive to construct. It consists of a plexiglass
box with reaching holes on opposing walls opening to food
containers attached to the outside of the chamber. We have
previously reported results from unilateral striatal lesion studies
using this chamber with data collected by experimenter observers.
We now report the automation of this chamber using infrared
photocell recording devices interfaced with a computer data
collection program. Automation of the chamber increases it s utility
in laboratories where behavioral observation is not necessarily the
primary focus of research. In addition to measuring motor deficits,
there are implications for use of this chamber in quantification of
some cognitive deficits. The capabilities of this chamber and
protocol to simultaneously measure motor and cognitive deficits
make it ideally suited for assessing behavioral manifestations in
transgenic rodent models of human neurological disorders.

COMPARISON OF SKILLED REACHING MOVEMENTS
USED BY RATS, FOLLOWING RUBROSPINAL TRACT,
RED NUCLEUS, OR SERIAL LESIONS.
J.E, McKenna*
& I.O. Whishaw. Department of Psychology & Neuroscience,
University of Lethbridge, Alberta, Canada, TIK 3M4.
The red nucleus (RN) contributes significantly to the control of
skilled limb movements, and has been proposed as a critical mediator
of recovery after damage to the motor system (Kennedy et al., 1987;
1990). In the present study, female Long-Evans rats were trained to
reach for food pellets with one forelimb and then received a lesion of
either the ipsilateral rubrospinal tract (RST) or the contralateral RN,
followed (1 month later) by a lesion of the other structure. Subjects
quickly regained the ability to retrieve food pellets with the affected
limb; however, an analysis of high-speed video recordings revealed
that successful reaching was acheived through the use of distinctive
whole body and alternative limb movements after each type of motor
system injury. These results indicate that: (1) although compensatory
changes rapidly occur after damage to the RST, the original skilled
movements do not recover; and (2) a serial lesion of the RN, after
recovery from a RST lesion, caused additional changes in skilled
reaching movements. This study is supported by the Alberta Heritage
Foundation for Medical Research, the Neuroscience Canada
Foundation, and the Medical Research Council of Canada.

49.13

49.14

EVOKED MOVEMENTS IN A DENERVATED OCTOPUS’ ARM. G. Sumbre1,
Y. Gutfreund1, G. Fiorito3, T. Flash2, B. Hochner1*. ‘Dept. of Neurobiology, Institute
of Life Sciences and Center for Neural Computation, The Hebrew University of
Jerusalem, Jerusalem, Israel; 2Dept. of Applied Math, The Weizmann Institute of
Science, Rehovot, Israel;3 Lab. Di Neurobiologia, Stazione Zoologica di Napoli,
'A.Dohm', Italy.
Our earlier kinematics studies (Gutfreund et al. 1996,1998) have led us to
hypothesize that arm extensions are controlled by a built in motor program without
the compulsory intervention of the centralized brain. To test this hypothesis, we
developed a preparation in which the supraoesophageal brain mass is removed,
obtaining subdued animals that demonstrated only several basic reflexes. Then, the
axial nerve cord of one arm was exposed and transacted, keeping the circulation
system intact. These preparations were fixed to a submerged platform and stimulated
either by a bipolar electrode at the exposed axial nerve cord, or by a tactile stimuli
applied to the arm. The obtained behaviors were video taped by two cameras,
permitting the 3D analysis of the evoked movements. Both the tactile and electrical
stimuli generated a variety of complex arm movements. Some of them showed bend
propagations along a substrate and about 35% resembled the arm extensions obtained
in behaving octopuses, not only in appearance, but also by their quantitative
kinematics. In most of the cases, these arm movements extended far beyond the end of
the stimulating trains, suggesting that the stimulus did not produce the movement
directly, but actually triggered it. Support to the active nature of the evoked arm
movements was obtained by showing that passive arm bend propagations, generated
by whipping a submerged amputated arm, showed variable and different kinematics.
These results led us to conclude that the arm extension movements can be generated
and even initiated by the neuromuscular system of the octopus’ arm, without the
participation of the brain.
Supported by: US. Office of Naval Research. US-Israel Binational Science
Foundation

PERSISTENT CORRELATION IN LOCOMOTOR RHYTHM IN THE PRESENCE
OF BRAIN-SPINAL CORD INTERACTION. M. Shao and R. Jung? University of
Kentucky, Center for Biomedical Engineering, Lexington, KY 40506-0070
All vertebrates show temporal variability in their locomtoor rhythm. This variability
may simply be uncorrelated (random) noise or correlated and deterministic. It has been
suggested that mixed dynamic feedback loops may underlie the deterministic behavior
observed in physiological systems. Deterministic variability can be reflected as long
term (persistent) positive correlations. In the lamprey, a "fictive locomotor" rhythm can
be induced by bathing the spinal cord (SC) with excitatory amino acids. Previously, we
have shown that the variability in the fictive swim rhythm is lower in in-vitro isolated
SC preparations than in brain-SC preparations that have excitatory feedforward (FF)
and excitatory and inhibitory feedback (FB) loops between the brain and the spinal
cord. We hypothesized that the variability observed with intact FF-FB loops would
show persistent correlation. Fictive locomotor rhythm was recorded for 10 to 20
minutes in 5 in vitro lamprey brain-spinal cord preparations either with the brain bathed
in saline or with a zero calcium saline solution. The latter suppressed synaptic
communication thus interrupting the FF-FB loops. To test for persistent correlations the
Hurst exponent (H) was calculated from the cycle periods using Dispersion Analysis. For
a one-dimensional self-affine series, H ranges between 0 and 1 and is = 2-D where D is
the fractal dimension of the signal. H=0.5 implies random fluctuations, H>0.5 indicates
persistence and H<0.5 indicates anti-persistence. The H values obtained from the time
series were corrected for bias introduced by the analysis method. The bias was determined
from estimates of H obtained from 10 synthesized series of fractional Brownian noise. H
was significantly reduced from 0.67 + 0.16 (S.D.) with the FF-FB loops intact to 0.45 +
0.04 (S.D.) with the FF-FB loops interrupted (P=0.01, one sided paired T-test). The
results thus suggest that the motor variability in the presence of the brain has long-term
positive correlations reflecting the presence of an endogenous mechanism that has a
fractal nature. Dynamic supraspinal-spinal interaction may form the neurophysiological
basis for the persistence. Support NSF [IBN-9601345] and The Whitaker Foundation.

49.15

49.16

ANATOMICAL AND PHYSIOLOGICAL CHARACTERIZATION OF FIN
MOTONEURONS IN ZEBRAFISH, DANIO RERIO. H, Schneider* and
B. Sulner, Biology Dept., William Paterson University, Wayne, NJ 07470.
Fighting of zebrafish appears to begin with a lateral display in
which two fish position themselves parallel to each other with dorsal fins
raised and caudal fin expanded. To gain insight into the control of these fin
movements we characterized the innervation of dorsal and caudal fin
muscles anatomically and physiologically.
Application of neurobiotin to dorsal fin muscles labeled 21 - 35
neurons with diameters of 10-15 pm. 10-11 secondary motoneurons (MNs) are
located in ipsilateral groups of 3 to 4 neurons within a lateral column of a
hemisegment. Dorsal fin MNs show typical dendritic branching patterns
and can be distinguished from axial MNs which are located in a median
motor column.
Caudal fin muscles are innervated by nerves that originate in at
least 5 segments of the spinal cord. These nerves form three nerve bundles: a
dorsal, a medial, and a ventral bundle. Application of tracers yielded 3366 MNs for the dorsal bundle, 61-71 MNs for the medial bundle, and up to
33 MNs for the ventral bundle. Labeled MNs are 5-20 pm in diameter. MNs
of the dorsal bundle and ventral bundle are distributed over more segments
than the MNs of the medial bundle.
We began to study the activation characteristics of caudal fin MNs
using extracellular recording techniques. Low intensity stimulation of the
rostral spinal cord elicited action potentials with latencies of 5-10 msec.
High intensity stimulation elicited additional action potentials with
latencies of more than 15 msec.
Future studies are concerned with modulation of activities of dorsal
and caudal fin MNs.
Supported by Center for Research, William Paterson University.

STIMULATION OF THE CEREBELLAR LOCOMOTOR REGION
(CLR) RESULTS IN SYNAPTIC ACTIVATION OF RETICULOSPINAL AND VESTIBULOSPINAL CELLS IN THE CAT.
S. Mori.* K. Matsuyama, F. Morir B. Kuze and T. Matsui. Dept. of
Biological Control System, National Institute for Physiological Sciences,
Okazaki, 444-8585 Japan.
In a decerebrate cat, we found that pulse train microstimulation of the
cerebellar locomotor region (CLR) in the midline of the cerebellum,
provoked ‘controlled’ locomotion as evoked by stimulating the
mesencephalic locomotor region (MLR) on a moving treadmill surface. The
CLR corresponded to the hook bundle of the cerebellum through which
crossed fastigioreticular and fastigiovestibular fibers, and fastigiospinal
fibers innervating the upper cervical segments pass. As an attempt to
elucidate the descending pathways which mediate CLR-evoked locomotor
driving signals to the spinal cord, the decerebrate animal was immobilized
after physiologically identifying the optimal stimulus loci for provoking
locomotion in both the CLR and the MLR. We recorded extracellularly and
simultaneously the activity of pontomedullary reticulospinal and
vestibulospinal cells. These cells were identified antidromically by
stimulating LI segment, and the effects of CLR stimulation on these pair of
cells were studied. Effects of MLR stimulation on the same pair of the
reticulospinal and vestibulospinal cells were also studied for comparison.
We have found that CLR stimulation resulted in synaptic activation of a
majority of medullary reticulospinal cells and vestibulospinal cells with
mono- and/or oligosynaptic latencies, and that MLR stimulation resulted in
an activation of most reticulospinal cells and a few vestibulospinal cells with
multi-synaptic latencies. Supported by Japan Grant-in-Aid for General
Scientific Research A06404087 to S.M.

Society

for

Neuroscience

. Volume

25, 1999

SUNDAY AM

POSTURE AND MOVEMENT: ANIMAL STUDIES

113

49.17

AVOIDANCE STRATEGY OF AN OBSTACLE DURING
BIPEDAL LOCOMOTION ON THE SURFACE OF A MOVING
TREADMILL IN JAPANESE MONKEYS (M.FUSCATA).

F, Mori*. N, Gantchev, A. Tachibana, C. Takasu, M. Mori, K. Matsuyama,
and S, Mori. Department of Biological Control System, National Institute
for Physiological Sciences, Okazaki 444-8585, Japan
Adult Japanese monkeys, which acquired a strategy to walk bipedally on
the surface of a moving treadmill, are capable of controlling both their
body axis and lower limb movements so as to meet the external
environments such as the treadmill speeds and the inclinations (F. Mori, et
al. 1998). This study was designed to answer the question whether these
monkeys are able to acquire a novel strategy to walk bipedally while
avoiding an obstacle placed on the treadmill surface. A white rectangular
block (height; 2.4, 5.0 and 7.5cm, width: 2.0cm, length: 25cm) was placed
on the path of the left hindlimb. Treadmill speeds wsre set to 0.7, 1.0 and
1.3m/s. The obstacle appeared in front of the monkeys every 2 to 4 steps.
Lateral views of the walking monkeys were photographed and videotaped
with a high-speed video recording system. Postural and kinematic features
of the walking monkeys were then analyzed by drawing stick pictures. The
monkeys flexed their hip, knee and ankle joints maximally when the left
foot reached above the obstacle, but they kept body axis relatively constant
throughout the periods of before, during and after clearance of the obstacle
by the left hindlimb. These results show that the monkeys minimize their
postural disturbance by recruiting visually-guided anticipatory mechanisms.
Supported by Japan Grant-in-Aid for General Scientific Research
A06404087 to S.M. and Uehara Memorial Foundation to F.M.
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CHANGES OF ATTRACTOR PROPERTIES DURING BIMANUAL
COORDINATION. N. Wenderotrfand Q, Bock. Dept. of Physiol., German Sport
Univ., 50927 KOln, Germany.
Studies investigating bimanual, isofrequent movements have found two
preferred patterns of limb coordination, corresponding to a relative phase of
<|>=0o and <|»=180o. Since both values of <f> can be easily initiated and correctly
maintained, they represent attractive states of the I parameter space.
In the present study, subjects operated two parallel linear slides with thenhands. The slides were linked to a cursor on a computer screen, such that one
hand controlled the vertical, and the other the horizontal component of cursor
position. Subjects’ tasks was to follow a target moving along a circle, which
required them to produce arm movements with <j>=90o. Occasionally, the circle
changed* to a diagonal, thus requiring <|>=0o or <j>=180°, and reappeared a short
time later. Following tliis perturbation, the absolute error of <t> was initially high,
and gradually dropped with a reset time x to a lower plateau P.
We found that with practice, P and x gradually decreased. Throughout the
experiment, the value of x remained consistently higher following a 180° vs. a 0°
perturbation.
These findings indicate tliat with training an attractor gradually evolved, and
expressed the following properties:
1. attractor area converged on tlie required 90°
2. attractor basin become steeper
3. attracor basin was skewed towards 0°.

SIMPLIFYING STRATEGY OF HUMAN WHOLE HAND GRASP AS
DETERMINED BY SINGULAR VALUE DECOMPOSITION. C. R. Mason*, J. E.
Gomez, T, J. Ebner. Depts. of Neuroscience, and Neurosurgery, and the Graduate
Program in Neuroscience, University of Minnesota, Minneapolis, MN 55455.
A recent study evaluated the static hand posture at the end of prehension to imagined
objects. Results suggest that control involves a few synergies (Santello et al. 1998).
We proposed to examine the evolution of hand shape during prehension when the
object shape, size and grip requirements were varied systematically to determine if
simplifying strategies were used to control the evolving and final hand posture.
Five adult human subjects performed the following reach-to-grasp tasks to 16
objects: precision grip, power grip, power grip with a lift, a mimed versions of the
power and precision grips. The objects systematically varied in shapes (cylinders,
cones, and lathed parabolic solids) and size to induce a broad range of joint/angle
combinations during grasp. Reflective markers were attached to all finger joints and
tips, wrist and proximal to the wrist to monitor the kinematics of the reach and grasp.
Singular value decomposition of the temporal sequence of the 21 marker positions
was used to identify common patterns across the 16 objects for each task. One such
pattern (eigenvector or “eigenposture”) that explained over 97% of the variance was
identified in each subject. The temporal weighting of the eigenposture differed for
each of the 16 objects in the 5 tasks indicating a different hand shape evolved
gradually for each of the 16 objects. The identification of only one eigenposture
suggests that the CNS simplifies the control of the hand by utilizing one template that
can be scaled according to the task and object demands. The theory of the control of
the hand as a unit is further supported by a correlation analysis of each of the joint
angles to the 14 other joint angles of the wrist and hand. The correlation matrix
indicates that all joint angles are significantly related to each other. A large portion of
variance was taken into account by correlations between the proximal and distal
interphalangeal joint angles. Both analyses indicate that the CNS controls the hand as
a unit during the evolution of the grasp during prehension.
Support: NIH 5 F32 NS10491-02; R01-NS18338

50.3

50.4

THE EFFECTS OF MOVEMENT CHARACTERISTICS ON TIMING AND
TRAJECTORY VARIABILITY OF RHYTHMIC ARM MOVEMENTS.
T. Liberzon* and S.H. Brown. Center for Human Motor Research, Division of
Kinesiology, University of Michigan, Ann Arbor, MI 48109.
In the past, variability during rhythmic motor tasks has been primarily studied
utilizing a simple finger tapping paradigm. In contrast, variability in rhythmic limb
movements requiring active deceleratory control is not well documented. In this
study, the effects of movement frequency, velocity, load and external cueing on
movement variability were examined in young, normal subjects. Subjects performed
visually-guided, rhythmic elbow movements at four different frequencies (1, 1.33,
1.66 and 2 Hz). For each frequency, movements were made at four mean velocities
(20, 80,140 and 200 deg/s) by manipulating movement amplitude. For each
frequency-velocity combination, movements were made with and without load (1.4
Kg) and with and without auditory cueing. During auditory cueing, subjects were
instructed to synchronize movement reversals with the tone. Timing variability was
measured by the coefficient of variation of movement duration. Trajectory (positionvelocity) variability was determined by measuring the area of ellipses having radii
equal to one standard deviation of the standardized position and velocity data.
Both timing (p<0.001) and trajectory (p<0.0001) variability decreased
significantly as movement velocity increased. As movement frequency increased,
there was a non-significant decrease in timing variability, while trajectory variability
increased (p<0.01). Loading led to a significant decrease in both timing (p<0.01) and
trajectory (p<0.05) variability. In contrast, auditory cueing led to a consistent
although non-significant increase in both timing and trajectory variability.
These results suggest that, for rhythmic limb movements in which both
acceleratory and deceleratory forces must be controlled, the impulse variability
model and speed-accuracy trade off principle may not hold.
Partially supported by NIH grant R29-AG12168-01 A3
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RESPONSES TO STIMULATION OF CORTICOSPINAL AXONS ARE REDUCED
DURING SUSTAINED MAXIMAL VOLUNTARY CONTRACTIONS IN
HUMANS. J.E. Butler, J.L. Taylor and S.C. Gandevia*, Prince of Wales Medical
Research Institute, Sydney, 2031, N.S.W., Australia.
Motoneurone firing rates decrease during a sustained maximal voluntary contraction
(MVC). This may be due to inhibition of the motoneurones. However, decreases in
discharge rates of motoneurones could also be a result of decreases in descending
drive. In this study, we stimulated corticospinal axons to examine changes in
motoneuronal excitability during a sustained isometric MVC of the elbow flexors.
Subjects (n=5) sat with the right arm flexed to 90° and strapped in an isometric
myograph. EMG was recorded with surface electrodes over biceps brachii and
brachioradialis. Muscle responses were evoked during contractions by stimulation at
two sites, (i) proximal to the motoneurones by magnetic stimulation over the back of
the head (2 cm below the inion) with a double cone coil to activate corticospinal axons,
or (ii) distal to the motoneuronal cell bodies by electrical stimuli to the brachial plexus
at an intensity 150% of that needed to evoke maxima, compound potentials (M-waves)
in both muscles. Control responses to each stimulus were recorded during brief MVCs
of the elbow flexors (-2 s duration). Subjects then performed a 2-min MVC during
which the two stimuli were delivered alternately (5 s apart, every 15 s). Brief MVCs
were also performed after the sustained MVC to monitor recovery. Control responses
to corticospinal stimulation were 52-92% of the amplitude of the maximal M-wave in
biceps and 48-89% in brachioradialis. During die 2-min MVC, responses decreased to
54±15% and 49±12% of control amplitude respectively. When the corticospinal
responses were normalised to M-waves evoked at close to the same time, both the area
and amplitude decreased similarly by about 50%. After the 2-min MVC, the responses
recovered to control levels within 15s. The reduction in the response to corticospinal
stimulation is consistent with decreased excitability of the spinal motoneurones during
fatigue. However, activity-dependent changes in the corticospinal axons or synapses
could contribute to the reduction.
Supported-by National Health & Medical Research Council of Australia.
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MODULATION OF CONSCIOUS PERCEPTION AND SOMATOSENSORY
EVOKED POTENTIALS (SEPs) DURING HUMAN MOVEMENT AND ACTIVE
TOUCH DISCRIMINATION. D.F. Collins1*, W.R. Staines2, R. Chua1, E.P. Zehr1.
‘Faculty of Physical Education & Recreation, Univ. of Alberta, Edmonton, AB, and
2Grad. Dept. of Rehabilitation Science, Univ. of Toronto, Toronto, ON, CANADA.
Somatosensory feedback is modulated during movement with the predominant effect
being inhibition of movement related somatosensory inputs arising from the moved
limb segments. The relationship between the control of sensory feedback to primary
cortical reception areas and the conscious perception of stimulation to the moving limb
has not been well studied. We hypothesized that early SEPs and the conscious
perception of the evoking stimulus would modulate in parallel during a tactile
discrimination task. Specifically, both SEP amplitude and conscious perception would
be attenuated during movement alone, but would be relatively increased during
performance of an active touch discrimination task when matched for movement
velocity. SEPs (recorded at C3’ referenced to Fpz’) were elicited by median nerve
stimulation in the following conditions: 1) rest; 2) static contraction (4 levels); 3)
grasping (3 velocities); and 4) grasping with surface discrimination (2 difficulty levels).
Stimulation was triggered immediately prior to surface contact and intensity was
maintained with stable M wave amplitudes. Ratings of stimulus intensity on a scale of 1
to 10 (5 - level at rest) were also obtained for each condition. Early SEP amplitudes and
conscious perception estimates decreased with increasing static contraction levels and
movement velocity (p<05). Matched for movement velocity, SEPs were not
significantly altered during discrimination regardless of task difficulty. However,
estimates of conscious perception of the evoking stimulus were significantly decreased
during the more difficult tactile discrimination task (p<05). This modulation occurred
independently of associated SEP amplitude changes. The relationship between SEP
amplitude changes and conscious perception requires further exploration.

EFFECTS OF VISUAL IMAGING TRAINING OF A SIMPLE TASK ON
MUSCLE STRENGTH IN HUMANS. P.W. Garrison *, S. James and EF
Anderson. Division of Rehabilitation Sciences, Univ.of Okla. Health
Sciences Center, Okla. City, Okla. 73190.
The Purpose of this study was to see if a population of normal
subjects, who receive a series of visual training sessions, would have an
increase in strength over a population of normal subjects who do not.
Methodology: The control Group (n =26) as well as the experimental
group (n = 31) were individually asked to squeeze a hand-held
dynamometer with the right hand and then the left as hard as they could.
The control group returned in six hours and repeated the task. The
experimental group collectively watched a three minute video. The
dialogue encouraged them to focus on the activity of the human model and
imagine they were squeezing as hard as they could without actually
squeezing. They repeated the session on the hour six times. After the last
session, they repeated squeezing the dynamometer. Population mean
changes in force (lbs.) between pre and post testing were compared using
the Paired T Test. Results: Both the control and experimental groups had
a mean increase in force following the 2nd squeezing (post testing) for
both hands. However, only the experimental group had statistically
significant (P s .05) increase for both hands and the change in the
dominant hand was the more significant. Conclusion: Increase in force in
both groups may be due to motor learning, and an additional increase in
force in the exp. group might be related to the imagery training with a
subsequent more efficient recruitment of motor activity.

50.7

50.8

TEMPORAL PRECISION IN DISCRETE AND CONTINUOUS MOTOR
TASKS: EVIDENCE FOR DISSOCIABLE TIMING SYSTEMS. H.N.
Zelaznik1*, R. Spencer1 & R. Ivry2. ’Department of Health, Kinesiology and
Leisure Studies, Motor Behavior and Control Laboratory, Purdue University,
West Lafayette, IN 47907, department of Psychology University of California
Berkeley, CA 94720.

BROAD-BAND ACTIVITY WITHIN A DISTRIBUTED BRAIN NETWORK DURING A SENSORIMOTOR SYNCHRONIZATION TASK
T. Holroyd*’1, T. Takeda3,1’2, T. Masuda1,2 and N. Harada1. ‘National Inst,
of Bioscience and Human-Technology, 1-1 Higashi, Tsukuba, 305-8566, Japan;
2Core Research for Evolutional Science and Technology, JST; and 3Dept. of
Complexity Science and Engineering, University of Tokyo, Tokyo, Japan.
Several brain regions which are active during sensorimotor synchronization
have recently been identified, but little is known about the neural dynamics of
these regions, or their functional interrelations. In the present study, we used
magnetoencephalography (MEG; 64-channel full-head SQuID system, CTFSystems Inc., Vancouver) to record the brain activity of subjects performing
right index finger tapping in synchrony with an auditory metronome (presented
binaurally). Synthetic Aperture Magnetometry (SAM) images were used to
identify cortical regions that had significant signal-to-noise power within the
frequency bands of 1-15 Hz (If), 15-24 Hz (mf), and 24-50 Hz (hf). These regions included: bilateral primary auditory cortex (If, mf), right inferior frontal
area (If, mf), right superior temporal sulcus (If), right inferior (hf) and left (If)
precentral sulcus, left central sulcus (mf, hf), right (mf, hf) and left (If, mf,
hf) postcentral sulcus, and right posterior ascending Sylvian fissure (mf, hf).
Source-space projection using SAM beamformers as dual-space filters was then
used to recover the dynamics of sets of model dipole sources placed within
the active cortical regions. Dynamical effects observed included modulation
of the higher frequency components at the stimulus frequency and sequential
activations among active cortical areas.
The results suggest a possible functional organization for a brain network
involved in movement timing, and illustrate the usefulness of MEG and SAM
for observing functional relationships in the brain.
Supported by NSF/STA Fellowship #196116.

Supported by NSERC and AHFMR.

During the past twenty years it has become clear that timing can be
viewed as a general purpose ability which can be shared by a variety of
different tasks. Evidence in support of this notion has been generated by Ivry
and Keele who found large correlations between temporal acuity in motor
and perceptual tasks. Recently, Robertson et al.( in press) did not observe
significant correlations for timing precision for tapping and continuous drawing
movements, and thus concluded that different temporal control processes
may be invoked for such tasks. In the present study, we explore the
hypothesis that while common processes are involved in tasks requiring
explicit timing such as time estimation and tapping, the temporal properties of
continuous tasks such as circle drawing reflect different, implicit temporal
control processes. Twenty-five subjects performed a 1000 ms tapping task,
and a 1000 ms intermittent circle drawing task, in which a 500 ms circle was
followed by a 500 ms pause. The tapping task and intermittent drawing tasks
were expected to invoke an explicit timing process. As predicted, temporal
consistency was significantly correlated between these two tasks. Estimates
of central and motor implementation sources of variability also supported the
idea that intermittent drawing and repetitive tapping were utilizing a common
timing process. In a second experiment, a third condition was added in which
circles were drawn continuously. Low correlations were observed between
this task and the two discrete tasks. Based upon these results we discuss the
dissociation between the temporal control of discrete and continuous tasks.

50.9

50.10

INTERFERENCE EFFECTS IN EYE-HAND-COORDINATION IN ISO- AND
CONTRA-DIRECTED DUAL TASK EXPERIMENTS
A. Rolli, W. Wolfl and G, Neuweiler^.
1 Universitat der Bundeswehr, Munich, Germany, 2Ludwig-Maximilian-Universitat,
Munich, Germany.

THE COORDINATION OF FORCES IN MULTIFINGERED GRASPING.
M. Santello* and J. F. Soechting. Department of Neuroscience, University of
Minnesota, Minneapolis, MN 55455
Object grasping and manipulation relies on a highly coordinated control of
forces. Finger forces have to be coordinated both in the spatial and temporal
domain, i.e., among fingers and sequentially during the grasp. When all digits are
used for grasping, the problem of defining grip forces is indeterminate. This
means that different patterns of coordination among forces can lead to a successful
grasp. To assess the existence of consistent patterns of force coordination we
studied the control of grip forces during the static phase of multifingered grasping,
i.e., when holding an object after lifting it. We asked subjects to reach, grasp and
lift a device that measured normal and tangential forces at all digits. The center of
mass of the device was changed by varying the width of the device and by adding
mass at 4 different locations.
Changing the center of mass of the device elicited different patterns of coordination among forces during object holding, i.e., the total force necessary to
counterbalance thumb force was partitioned differently among fingers depending
on the center of mass location. Fast Fourier Transform (FFT) analysis revealed a
strong covariation pattern, where all digits tended to exert force in phase with each
other. To assess the presence of additional covariation patterns among the index,
middle, ring and little fingers, we removed the statistical effect of the thumb on
finger forces. FFT analysis revealed the presence of a second covariation pattern,
where fingers tended to exert force out of phase with each other, the first pattern
being preserved only in the relationship between middle and ring fingers.
Remarkably, both strategies were found to operate over a frequency range up to 10
Hz.
Supported by NS 15018 from NIH.

Eye and hand reactions in dual task experiments have shown delayed reaction times in
comparison to single task experiments. This interference effect occurs only if target
direction is unpredictable but necessary for programming the motor responses. The
underlying mechanisms and their neural control processes are controversially discussed
in literature. The present experiment was designed to investigate the temporal relation
between eye and hand reactions in response to one common visual target. A saccadic eye
movement and an isometric reaction of the index finger should be performed in target
direction (pro reactions) or opposite to target direction (anti reaction). Therefore, we
investigated eye and hand reactions in 4 dual task combinations: 2 iso-directed and 2
contra-directed experiments.
Some subjects showed a preference of grouping both reactions not only in iso-directed
experiments but in the contra-directed experiments, too. The reaction time of the first
reaction is increased if the second response changes from an iso-directed to a contradirected reaction. The grouping of reactions was most effective in the iso-directed anti
experiment. A plausible hypotheses for the interference mechanism is response selection.
In the case of grouping, only a single response must be selected if both reactions are
made in the same direction. But if directions are different two responses must be selected
before further processes can be initiated and both reaction times are increased. Further,
we have investigated more precisely the dynamics of the interaction between both motor
systems by analyzing responses showing response grouping and those showing
sequencing of reactions separately.
(This work is supported by DFG Graduierten Kolleg "Sensorische Interaktion ...")

Society

for

Neuroscience

, Volume

25, 1999

POSTURE AND MOVEMENT: REACH AND GRASP I

SUNDAY AM

115

50.11

50.12

INTERNAL MODELS FOR BALL CATCHING STUDIED IN OG. J. McIntyre?'2
M. Zaeo? A. Berthoz? and F. Lacquaniti2*. ‘LPPA - CNRS/College de France, Paris,
France; 2Human Physiology Research Section, Scientific Institute S. Lucia, Rome,
Italy.

TUNING OF FINGER MUSCLE ACTIVITY IN RELATION TO FINGER
POSTURE AND FORCE DIRECTION. T.E. Milner* and S. S. Dhaliwal. School of
Kinesiology, Simon Fraser University, Burnaby, B.C. V5A 1S6.
Flexion and extension of die index finger is mediated by 3 intrinsic and 4 extrinsic
muscles, all of which have actions at more than one joint. While the extrinsic muscles
have a single action, either flexion or extension of all spanned joints, the intrinsic
muscles have a dual action, flexion of the MCP joint and extension of the PIP joint.
The combination of force direction and joint angles determines the sign of the torque at
each joint. By varying these two parameters, it is possible to obtain combinations of
flexion and extension torque at the MCP and PIP joints that exactly match or oppose
intrinsic muscle action. In particular, the range of force directions for which exact
matching or opposition occurs, grows as the finger is flexed.
We recorded surface EMG from the 3 intrinsic and from 2 of the extrinsic finger
muscles while subjects exerted isometric flexion or extension fingertip forces in 8
different directions. EMG tuning curves were constructed for each muscle and
quantified in terms of shape, orientation and size. These parameters were then
investigated for dependence on force magnitude, finger posture and MCP joint angle.
The results were consistent with the notion that muscles with a flexor action are
activated most strongly when they contribute optimally to the required joint torques.
The intrinsic muscles were inactive when the force direction required MCP and PIP
torques that exactly opposed their action, while the orientation of the EMG tuning
curves shifted with the force directions that exactly matched their action, as finger
flexion increased. With increased finger flexion, the amount of activity decreased,
possibly because the moment arms of intrinsic muscles decrease while those of
extrinsic muscles increase. Consequently, the extrinsic muscles operate more optimally
than the intrinsic muscles when the finger is fully flexed. In contrast, extrinsic extensor
muscle activity was more broadly tuned than flexor activity and less well matched to
the force directions for which extensor torque was required at all three joints. This
suggests that the extensor is used more to stabilize the joints than to control force.
This work was supported by the Natural Sciences and Engineering Research Council.

The act of catching a falling ball requires precise coordination between visual
information about the ball’s trajectory and the muscle activity necessary to intercept
the projectile and absorb the impact. A key question remains open as to if and how
the CNS accounts for gravitational acceleration when predicting the time-to-contact
with the ball and the expected momentum at impact.
Five astronauts caught a ball that was projected toward the floor with 3 different,
randomly ordered initial speeds (initial height 1.6 m, initial speeds 0.75, 1.75 and
2.75 m s), both on Earth and during the 17-day “Neurolab” space-flight. Latency of
EMG onset (with respect to impact) and EMG amplitude (prior to impact) were
compared between Og and lg sessions.
Anticipatory EMG activity occurred ~30 ms earlier with respect to impact for the
first experimental sessions performed inflight (flight day 3) as compared to ground
trials. Timing of EMG onset for subsequent inflight sessions were identical to those
performed on the ground. Relative EMG amplitude for the 3 initial speeds were best
correlated with the linear velocity of the ball ~250 msec prior to impact, both on the
ground and inflight. These data support the hypothesis that the CNS uses an internal
model of constant ball velocity to predict the magnitude of impact, but that the timing
of muscular responses is adjusted for the affects of gravity based on an adaptive a
priori model of gravitational acceleration.
The authors wish to thank M. Venet for extensive assistance. This work was
supported by grants from the French and Italian Space Agencies.

50.13

50.14

EFFECT OF CHANGING INITIAL DIRECTION ON THE KINEMATICS OF
FIGURE EIGHT MOVEMENT IN FREE SPACE. A. Beneoetxea. B. Dan, E
Bouillot, G. Cheron and J.P. Draye*. Lab, of Movement Biomechanics, Univ. Libre
de Bruxelles, CP 168, 1050 Brussels. Belgium.
We investigated the effect of changing initial direction on the kinematics of figure
“8” movement performed as fast as possible by normal human subjects with the arm
extended in free space. The index finger motion was monitored by the ELITE
system. It was found that the temporal segmentation following tangential velocity
(Vt) profile is not significantly different whatever the initial direction of the
movement. The decomposition of Vt into different velocity profiles with respect to
vertical (3 phases, Iy-IIIy) and horizontal (5 phases, Iz-Vz) directions showed a
significant relationship between the amplitude and the maximal velocity for all the
different phases (except the ly phase) which demonstrated a good conservation of
the Isochrony Principle. However, we showed that the transition between the
clockwise and counter-clockwise loop (inflection point) induced greater variability
in the vertical profile than in the horizontal one. Moreover, some parameters such as
the maximal velocity of ly and the movement amplitude of the last phases (Illy-Vz)
showed significant changes depending on the initial direction. A highly significant
positive correlation was observed between the instantaneous curvature and angular
velocity. This was expressed by a power law similar to that previously described for
the other types of movement. Furthermore, it was found that this covariation
between geometrical and kinematic properties of the trajectory is not dependent on
the initial direction of movement. In conclusion, these results support the idea that
the fast execution in different directions of a figure “8” movement is mainly
controlled by two types of invariant commands. The first one is reflected in the 2/3
power law between angular velocity and curvature and the second one is represented
by a segmental tangential velocity profile.

HETEROGENITY OF BROADLY TUNED MUSCLE ACTIVATION PATTERNS
DURING THE PERFORMANCE OF ISOMETRIC CONTRACTIONS. B.J.C. van
Don and G.L. Gottlieb*. NeuroMuscular Research Center, Boston University,
Boston, MA 02215.
Several authors have reported the relationship between the level of activation of a
given muscle and the force direction in an isometric arm task. The results showed
abrupt changes in muscle activation levels with small changes in force direction and
a lack of agreement with respect to the existence of synergy and co-activation. This
study took a closer look at the activation levels of the arm muscles during isometric
contractions while applying a force for which direction changed continuously within
each trial instead of one force direction per trial.
Subjects were standing upright with the arm flexed and supported in a horizontal
plane. Muscle activation patterns were obtained for the Biceps Femoris Long and
Short Heads, Triceps Long and Lateral Heads, and the Brachioradialis. An
OPTOTRAK® system was used to determine the position of the shoulder, elbow,
wrist and fingertip, and the direction of the force exerted on the fingertip. A constant
force was applied to the fingertip in the horizontal plane. The direction of the force
changed continuously within one trial from 0-360 deg over an interval of
approximately 20 s.
All muscles were active over a wide range of force directions. No rapid changes in
muscle activation with respect to small changes in force direction were observed. It
could be noted that the muscle activation level versus force direction relationship did
not show multiple peaks of activation. The tuning direction of the maximum
activation for the muscles was similar across subjects. Large differences in coactivation levels between subjects for each muscle were observed. These results
suggest that when a stationary limb is exerting a constant force, muscle activation is
determined not just by the external force requirements but by highly variable and
sometimes dominating postural stability requirements.
This research was supported by NIH grants AR33189 and AR44388.

50.15

50.16

Posterior parietal cortex lesion effects on kinesthetic perceptions of forearm orientation. W.G.
Darling*, M, Rizzo, J.G. Harper, H. Husnik, A. Vedepo. Departments of Exercise Science and
Neurology, University of Iowa, Iowa City, IA 52242
We previously showed that neurologically normal human subjects align the forearm more
accurately to the trunk-fixed anterior/posterior (a/p) axis and earth-fixed vertical axis than to
other body-fixed axes (Darting and Williams, Exp Brain Res 117:465,1997, Darling and
Hondzinski, Exp Brain Res in press). These two axes define a kinesthetic coordinate system for
specification of upper limb segment angles that may be used when specifying sensorimotor
transformations for reaching to visual targets. To examine the role of posterior parietal cortex
(PPC) in these processes we examined the performance of 4 individuals with focal lesions
including the inferior parietal lobule (IPL) of the PPC on alignment of the forearm to these axes.
Subject were blindfolded and sat in a dental chair with the forearm supported. Upper limb and
head orientations were recorded with an electromagnetic system. Subjects were instructed to
align the forearm to the trunk-fixed a/p axis (a/p task) and to earth-fixed vertical (vertical task)
using elbow flexion/extension and/or shoulder intemai/extemai rotation without changing the
horizontal flexion/extension or elevation angle of the arm segment (humerus). The tasks were
performed with both upper limbs, In each task, 5 standard trials were collected in which the
subject maintained the head upright and folly controlled upper limb orientation, and 20 trials were
oofiectod with head and initial arm orientations varied by the experimenter. Thus, subjects could
not simply align the forearm to head-fixed axes or return the entire upper limb to the same
orientation on each trial.
Controls had low constant and variable errors with both upper limbs in both tasks. Individuals
with PPC lesions had low variable errors when aligning the forearm to vertical but one of these
subjects exhibited a large (0.3 rad) constant error when aligning the forearm to vertical. When
aligning to the a/p axis the subjects with PPC lesions exhibited large variable errors when the
head and upper limb configurations were varied. These data suggest that the IPL contributes to
perceptions of forearm orientation relative to kinesthetic coordinate system axes. Such
perceptions are likely important for programming reaching movements to visual targets.
Partially supported by PHS grants NS34895 and NS19632

THE IMPACT OF WHOLE HAND VIBRATION ON MOVEMENT DETECTION
THRESHOLD. S.J. Day1*, J. Lonn1, S. Radovanovic1, R. Lundstrom2 and H,
Johansson1. ‘Dept. for Musculoskeletal Research & 2Dept. of Technical Hygiene,
National Institute for Working Life, Box 7654, S907 13, Ume&, Sweden.
Direct muscle belly or tendon vibration often elicits an illusion of movement of the
affected limb. Hovever, exposure to vibration is rarely experienced directly on a
muscle belly or tendon. Instead, vibration is more commonly experienced while
grasping a mechanical tool. Little data exists regarding the impact of whole hand
vibration on the sense of wrist position or movement. The aim of the present study
was to identify how exposure to whole hand vibration affected subjects' capacity to
detect wrist flexion and extension movements.
Subjects, seated with their right forearms secured to a supporting platform, grasped
the handle of a mechanical rig so that the rotational axis of the rig was congruent with
the wrist joint axis. Rotational flexion and extension movements were imposed from
the same neutral start position (5° of wrist flexion), for a range of angular acceleration
values. Each randomised trial featured a constant value of movement acceleration.
Subjects indicated the detection of each movement with a button press. For the test
condition, each movement detection trial was preceded by 30 seconds of sinusoidal
vibration at 80Hz with a peak to peak amplitude of 1.5 mm. Estimates of angular
distance and velocity were derived from the position data recorded during each trial.
Results from the vibration test were compared to those obtained in the absence of
vibration.
The preliminary results indicate, for both the control and test conditions, that the
angular excursion distance preceding movement perception decreased non-linearly
with movement acceleration, whereas the velocity of movement at perception
increased non-linearly with acceleration. Some fairly compelx differences were
observed between the two conditions. (Supported by the Swedish Work Environment
Fund and the Swedish Sports Research Council).
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CONTACT POINTS DURING MANIPULATION ARE PROBED
BY SACCADIC EYE FIXATIONS. R.S. Johansson1* and J.R,
Flanagan2, ^ept. of Integrative Medical Biology, Section for
Physiology, Umea Univ., S-90187 Umea, Sweden; 2Pept. of
Psychology, Queen's Univ. Kingston, Canada
Despite the importance of vision in manipulation, little is known
about the interplay between eye and hand movements in
manipulatory tasks. We studied saccadic eye fixations under-the
hypothesis that foveal vision reveals important information about
how the CNS gathers and uses visual information in planning and
controlling manipulation. Subjects grasped bars with the tips of the
index finger and thumb and performed goal-directed movements.
We recorded the positions of the bars and the fingertips and the line
of gaze of the right eye. Subjects directed gaze towards forthcoming
grasp sites as they reached for objects regardless of whether grasp
site selection was driven by verbal instructions, cues in the visual
scene, or self-selection based on task demands. During further
manipulation, gaze was directed to various contact points between
the object and the environment. We conclude that gaze supports
planning and control of hand movements by marking key positions
(contact points) to which the fingertips or grasped objects are
directed.
Supported by the Swedish MRC, the G. Gustafsson Foundation,
Sweden, and the Canadian NSERC.

GAZE-HAND COORDINATION SUBSERVING MOTION
PLANNING IN OBJECT MANIPULATION. J.R. Flanagan1* and
R.S. Johansson2, ^ept. of Psychology, Queen's Univ. Kingston,
Canada; 2Pept. of Integrative Medical Biology, Section for
Physiology, Umea Univ., S-90187 Umea, Sweden.
In manipulatory tasks, we use vision to locate objects, targets, and
obstacles. However, little is know about the use of gaze in motion
planning and control during object manipulation. Subjects grasped
and moved bars from a start position to a target position around
obstacles. We recorded the positions of the bar and the fingertips
and the line of gaze of the right eye. Bar length and obstacle location
were varied. When subjects were permitted to explore the visual
environment before movement, gaze was directed towards the grasp
site at one end of the bar, the other end of the bar used to contact the
target, the protruding point of the obstacle, and the target. During the
subsequent movement, only the grasp site and target (contact sites)
were always fixated. However, following changes in obstacle
position or bar length, the tip of the bar and the obstacle were more
frequently fixated during action. We conclude that the CNS uses
saccadic eye fixations to build up a representation of the
environment, used in motion planning, and to guide motions of the
object in hand.
Supported by the Swedish MRC, the G. Gustafsson Foundation,
Sweden, and the Canadian NSERC.

50.19
THE DETECTION OF SIMULTANEOUS JOINT ROTATIONS IN HUMANS
J.R. Wright*, R.C. Fitzpatrick and D.I. McCloskey, Prince of Wales Medical
Research Institute, High Street, Randwick, Sydney, NSW 2031 Australia.
It is conceivable that there are interactions between proprioceptive signals
mediating the detection of passively applied movements at the wrist and shoulder
joints. We are measuring the displacement necessary for 70% correct detection of
the direction of movements imposed on i) the wrist in isolation, ii) the shoulder in
isolation, iii) the shoulder when there is simultaneous wrist movement.
Average results show that the size of movement required for detection becomes
smaller as the velocity of rotation increases in all 3 conditions. Our detection levels
are generally consistent with those previously reported for the shoulder (1), and our
detection levels at the wrist are similar to those at the shoulder. Hall and
McCloskey reported that much larger movements are required for detection at a
finger joint. Thus, in our investigation, the wrist behaves more like a limb joint
than a finger joint, and is therefore a valid joint to use in our comparisons.
When there is wrist movement at the same time as shoulder movement, the mean
size of the shoulder movement required for detection is slightly, but not
significantly enlarged. There are no muscles that cross both the shoulder and wrist
joints. An explanation for our results could be that the addition of wrist rotation
during shoulder rotation does not add any ambiguity to the signals that the central
nervous system receives from muscle stretch receptors concerning joint rotation.
However, for joints with common muscles, some ambiguity may be introduced in
the signals sent to the central nervous system. We are presently investigating
simultaneous rotation of the elbow and wrist joints.

1.

Hall, L.A. and McCloskey, D.L (1983). J. Physiol 335, 519-533.

This research is supported by the NHMRC of Australia.
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FUNCTIONAL ORGANIZATION OF SEGMENTALLY HOMOLOGOUS
RETICULOSPINAL NEURONS IN TELEOST HINDBRAIN
Y. OdaNH. Nakavama. H. Matsui andY. Murakami Lab. of Brain Science,
Div. of Biophysical Engineering, Graduate School of Engineering Science,
Osaka University, Machikaneyama 1-3, Toyonaka, Osaka 560-8531, Japan
The vertebrate hindbrain is a segmented structure. In teleost fish,
hindbrain segments contain reticulospinal (RS) neurons that are spaced
periodically along the neuraxis. The hindbrain RS neurons in adjacent
segments are assumed to be segmental homologues from their morphological
similarity. The largest RS neuron, the Mauthner (M) cell, which is known to
initiate the fish escape behavior, is found in segment 4 (s4). RS neurons in
the adjacent segments also are thought to be involved in control of the
escape reflex. We studied the functional relationship between the
homologous RS neurons by intracellular recordings from the M-cell and the
RS neurons in s5 (MiD2cm, MiD2cl, MiD2i, and MiV2) of goldfish. These
neurons were identified by their antidromic response to spinal stimulation
and labeled for morphological examination with intracellularly injected
biocytin. The conduction velocities of s5-RS neuron axons were three times
slower than that of the M-cell. A depolarizing pulse injected intracellularly
evoked only one spike in M-cell, whereas bursting activity reflecting the
pulse amplitude was observed in the s5-RS neurons. Stimulating the
auditory or lateral line nerve evoked excitatory postsynaptic potentials
(EPSPs) in these RS neurons in s4 and s5. Intraaxonal activation of M-cell
produced large EPSPs with spike burst in s5-RS neurons except MiD2i cell.
The time course and amplitude of EPSPs evoked from the sensory nerves or
M-cell were different among RS neurons. These results suggest that the
functional differentiation and interaction between the homologous RS
neurons may underlie the control of variable patterns of escape response.

THE ORIGIN AND TERMINATIONS QF THE GUINEA PIG CORTICOSPINAL
NEURONS
N.K, Mather* & J.S.H.Taylor. Dept. of Human Anatomy & Genetics, University of
Oxford, Oxford. U.K. OXI 3QX
The Corticospinal tract has a variable, species specific, projection pattern; in rats and
mice most corticospinal axons decussate at the caudal medulla and enter the dorsal
columns, whereas in carnivores and primates the axons project to the lateral columns
and there is a substantial uncrossed projection. Here we present work on the guinea pig
corticospinal tract which has a projection to the ipsilateral dorsal columns; our interest
lies in defining the origins and terminations of this uncrossed pathway.
Newborn guinea pigs were anaesthetised and corticospinal axons traced anterograde
and retrograde by injection of biotinylated dextran. After seven days survival, animals
were perfused, the brains sectioned and biotin visualised with avidin-biotin followed by
DAB in the presence of H2O2.
In the guinea pig the corticospinal decussation has a candelabra shape with axons
growing in several bundles around the hypoglossal nucleus. There is a substantial
uncrossed corticospinal projection which emerges from all positions within the
pyramid, intermingled with contralaterally projecting axons, rather than forming
separate bundles. The corticospinal axons pass to the ventrolateral aspect of the dorsal
columns where they lie in a distinct domain. On the ipsilateral side the axons are again
intermingled with the contralateral projection and show no discrete bundling.
Terminations in the cervical enlargement of the spinal cord could be seen in the medial
aspect of the dorsal hom and in layers I1I-V on the contralateral side. Ipsilaterally,
terminations could be traced to intemeurons in deep layers of the dorsal hom
Corticospinal axons retrogradely labelled in layer 5 of the cortex lay in clusters, rather
than being evenly dispersed. These results argue that the uncrossed projection is a subclass of pyramidal neurons in layer 5 specified to make uncrossed terminations.
This work is supported by grants from the Wellcome Trust.
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EVIDENCE FOR DIRECT PROJECTIONS FROM THE NUCLEUS
RETROAMBIGUUS TO THE MOTONEURONS OF THE EXTERNAL
OBLIQUE IN THE FEMALE CAT. J. Boers* and G. Holstege, Department of
Anatomy and Embryology, Faculty of Medicine, University of Groningen, The
Netherlands.
The nucleus retroambiguus (NRA) is a group of interneurons, located
laterally in the most caudal portion of the medulla oblongata. The NRA plays a role
in respiration, vomiting, vocalization, and mating behavior. The NRA mediates
these functions through projections to the motoneuronal cell groups of the
abdominal, intercostal, and the hindlimb, axial and pelvic floor muscles. It is well
known that the abdominal muscles have a function in expiration, vocalization, and
vomiting, but they might also play a role in mating behavior. The aim of the present
ultrastructural study is to demonstrate that the NRA has monosynaptic projections
to the motoneurons of the external oblique abdominal muscle. In a double labeling
study in 4 cats, the external oblique muscle was injected with 300 pl 0.1% cholera
toxin subunit b (CTb), which resulted in retrogradely labeled motoneurons in the
thoracolumbar cord. In the same animals 60-100 nl 2.5% WGA-HRP was injected
in the NRA. Prior to the injection a hemisection was made at the level of C2. The
L2 segment was selected to identify at the ultrastructural level retrogradely labeled
external oblique motoneurons and anterogradely labeled NRA terminal profiles.
From a total of 60 WGA-HRP labeled NRA terminals 47 (78%) were found to have
a synaptic contact with a retrogradely CTb labeled dendrite. All these synapses
were asymmetrical and the synaptic vesicles were mostly round (49%), sometimes
pleiomorphic (21%) and in 30% of the cases the shape of the vesicles could not be
determined with certainty. The results demonstrate that there exist direct probably
excitatory NRA-external oblique motoneuronal connections.

BEHAVIORAL ANALYSIS OF DESCENDING MOTOR CONTROL
IN LARVAL ZEBRAFISH. S.A. Budick and D.M. O’Malley*, Dept.

117

Biology, 414 Mugar Hall, Northeastern University, Boston, MA 02115.
Larval zebrafish behaviors include swimming, escaping, prey capture and
orienting/righting. These behaviors are controlled by a relatively small number of brainstem neurons including: reticulospinal, vestibulospinal, nMLF and
T-reticular neurons, numbering perhaps 180 in total (see e g. Metcalfe et al.,
1986). It is possible to optically record the activity of these neurons in vivo
(O’Malley et al., 1996; Fetcho et al., 1998), and also to laser-ablate specific
individual neurons (Liu ahd Fetcho, 1997, 1998). It should therefore be
possible to determine how the descending control of motor behaviors is distributed across this set of neurons. A first step is to characterize the range of
natural behaviors exhibited by the larval fish. While escape behaviors have
been well characterized (see e g. Kimmel et al., 1974; Foreman and Eaton,
1993), the full repertoire of other locomotive behaviors has not. High-speed
behavioral recordings (1000 images/sec) were used for this purpose. Larval
swimming was examined and found to be more complex than a single unitary
behavior modulated only by speed and strength. In some instances, the swim
consists mainly of small, slower bends occurring close to the tail. In other
instances, swimming is initiated by large, faster bends that originate more
rostrally. The variation in these swimming patterns suggests that there are
distinct (but possibly overlapping) sets of brainstem neurons triggering and
controlling these behaviors. Regarding turning behaviors, comparison of
escape-initiated turns with non-escape turns revealed differences in both
angular velocity and magnitude of the turn, especially in the 2nd phase of the
escape or turn. This again suggests the existence of distinct populations of
brainstem neurons, in this instance providing separate control over “escape”
vs. “non-escape” turns. Supported by NIH grant NS37789.

51.5

51.6

PROPRIOSPINAL TRANSMISSION OF CORTICOSPINAL EXCITATION IS
MUCH STRONGER IN SQUIRREL MONKEY THAN IN MACAQUE.
R.N. Lemon*, K. Nakajima, M.A. Maier & P.A. Kirkwood. Sobell Department of
Neurophysiology, Institute of Neurology, UCL, London WClN 3BG UK.
In the macaque monkey most hand and arm motoneurons (MNs) receive corticomotoneuronal (CM) connections, which are thought to confer the capacity for
independent digit movements. There is little evidence for corticospinal excitation of
these MNs via upper cervical propriospinal neurons (PNs; Maier et al., 1998,
J.Physiol. 511) as has been observed in the cat. We have now studied the squirrel
monkey (Saimiri sciureus), which is less dextrous than the macaque, and has
weaker CM projections (Maier et al., 1997, J. Neurophysiol.
Intracellular recordings were made from median, ulnar or deep radial MNs in 4
male adult monkeys, anaesthetized with chloralose (50 mg.kg'‘ i.v.). A C5 lesion
was made in the dorsolateral funiculus to interrupt corticospinal input to the lower
segments and unmask PN-mediated effects. Repetitive (3 x 200 pA) stimulation of
the contralateral pyramidal tract (PT) evoked late, non-monosynaptic EPSPs in
32/37 (86%) MNs. Mean segmental latency was 2.0 SD ± 0.3 ms from the third
corticospinal tract volley. After a similar C5 lesion, only 14% (12/88 MNs) showed
such effects in the macaque. Stimulation in the ipsilateral lateral reticular nucleus,
which in cat activates ascending collaterals of PN axons, gave significantly larger
EPSPs in squirrel monkey MNs than in macaque (1.7 SD ± 1.0 vs 1.2 ± 0.7 mV).
These findings confirm propriospinal transmission of corticospinal excitation in the
squirrel monkey and suggest that the positive correlation across species between
more advanced hand function and the strength of the CM system is accompanied by
a negative correlation between this function and the strength of the PN system. The
findings predict that in man, where the CM system is highly developed, the PN
system is unlikely to be responsible for significant transmission of cortical
commands to upper limb MNs (Supported by the International Spinal Research
Trust and Wellcome Trust).

FINE ARCHITECTURE OF PONTOMEDULLARY RETICULOSPINAL AXONS AND THEIR FUNCTIONAL ROLE IN THE
CONTROL OF LOCOMOTION IN CATS. K. Matsuyama.* F. Mori, C
Takasu and S, Mori, Dept. of Biological Control System, National Institute for
Physiological Sciences, Okazaki, 444-8585 Japan.
In this study, we have intended to reveal the fine architecture of
reticulospinal axons originating from the pontomedullary reticular formation
(PMRF) in cats, and investigated their functional role in the control of
locomotion. For this purpose, first, we performed PHA-L anterograde tracing
studies of reticulospinal axons in the lumbar enlargement. From serial
transverse sections (50 p.m) of the lumbosacral cord, trajectories of single axons
were traced together with their collateral arborization. Identified axons
commonly gave off axon collaterals at multiple segments, and mainly
innervated laminae VII and VIII. The termination fields of axon collaterals from
a given axon were similar at each segmental level but differed from one axon to
another. In the next, we studied the discharge pattern of reticulospinal axons
during fictive locomotion together with their collateral arborization in the
lumbar cord. For this purpose, fictive locomotion was evoked by stimulating the
mesencephalic locomotor region in decerebrate paralyzed cats. Activity of
axons directly activated by the stimulation to the PMRF was intraaxonally
recorded in the ventral funiculus using a micropipette filled with 2% neurobiotin
(NB)-IM KCI solution. NB was then injected iontophoretically into the
recorded axons to visualize their arborization. During fictive locomotion,
recorded axons were either silent or engaged in tonic or rhythmic discharges.
These axons showed similar pattern of collateralization and arborization to
those revealed in our PHA-L study. These results indicate that the reticulospinal
pathway comprises a number of axons whose fine morphology and functions
differ across axons. Supported by Japan Grant-in-Aid for Scientific Research,
Brain Science Foundation and Uehara Memorial Foundation to K.M.

51.7

51.8

LOCATION
AND
QUANTITATIVE
ANALYSIS
OF
THE
SPINOCEREBELLAR TRACT NEURONS IN THE CHICKEN SPINAL
CORD.
M, Uehara,^. M.. Yamamoto._ T, Imagawa and H. Kitagawa.
Dept. of Vet. Anat., Fac. of Agriculture, Tottori University, Tottori 680-8553,
Japan.

THE SUPERIOR OLIVARY COMPLEX IS NECESSARY FOR THE FULL
EXPRESSION OF THE ACOUSTIC STARTLE RESPONSE. P.K.D, Pilz, M,
Fendt, and T. Wagner* Tierphysiologie, Univ. Tubingen, D-72076 Tubingen,
Germany.
The superior olivaiy complex (SOC) is an important part of the binaural auditoiy
system of mammals. Retrograde and anterograde tracing studies in rats have shown
that the SOC projects to the caudal pontine reticular nucleus (PnC). The giant
neurons of the ventrolateral PnC are the sensorimotor interfaces of the acoustic
startle response (ASR). However, there are no behavioral data available to assess the
role of the SOC in tlie elicitation and expression of the ASR. Therefore, we tested the
effects of ibotenic acid lesions on the amplitude and latency of the ASR elicited by
different stimulus intensities. Furthermore, we measured the tactile startle response
to confirm the integrity of the neighboring ventrolateral PnC since the LSO is only
involved in auditory information processing. Additionally, the integrity of
neighboring nuclei (ventrolateral PnC and the nucleus subcoeruleus) and fibers of
passage was assessed by Nissl and fiber staining. Animals with SOC lesions showed
a statistically significant reduction of ASR amplitude compared to presurgery values.
The reduction was approximately 70 % and was observed for all stimulus intensities
tested. There were no statistically significant differences for both, onset and peak
latencies of the ASR. It is important to note that the tactile startle responses were not
influenced by SOC lesions, i.e., the function of the ventrolateral PnC was not
disturbed. In conclusion, the present study corroborates neuroanatomical and
electrophysiological evidence for an important auditory input via the SOC to giant
neurons of the PnC. The fact that SOC lesions strongly reduce ASR amplitude
without affecting ASR onset latency is consistent with a concept that considers SOC
inputs as necessary for the full expression of ASR without denying the importance of
fast inputs from the cochlear root neurons (Lee et al., J. Neurosci. 16:3775-3789,
1997) for the initial elicitation of the ASR.
Supported by DFG (SFB 430/C7, SFB 307/C2 and Fe 483/1-1).

The avian cerebellum is very developed and its most part corresponds to the
vermis of mammalian one. The spinocerebellar tracts (SCT) are the major
cerebellar afferents in birds. The aim of the present study is to describe the
distribution of spinocerebellar tract neurons (SCTN) and its quantitative analysis
in the chickens using the retrograde WGA-HRP labeling technique. The chicken
spinal cord was divided into the cervical region, CR, (spinal segment, SS, 1-12),
the cervical enlargement, CE, (SS 13-15), the thoracic region, TR, (SSI6-20),
the anterior lumbosacral region, ALR, (SS 21-26) and the posterior lumbosacral
region, PLR, (SS 27-30) based on the distribution of SCTN. 32% of the total
number of SCTN was in CR, 13% in CE, 13% in TR, 35% in ALR and 7% in
PLR. The concentrations of SCTN were highest in ALR, higher in CE and PLR,
and low in CR and TR. In CR, SCTN were mainly located in the ventral hom
and layer 7. In CE, SCTN were mainly located in the cervical Carke’s column in
layer 6, in the cervical spinal border cells in the dorsal ventral hom and layer 8.
In TR, SCTN were diffusely distributed in layer 7, in the lateral and medial
ventral horns, and layer 5. ALR is similar to PLR in the distribution of SCTN. In
ALR and PLR, SCTN were mainly located in the lumbar Clarke’s column, in
the spinal border cells, in the ventral layer 9 and the ventral marginal nucleus.
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DENSITOMETRY ANALYSIS OF RAT BRAINSTEM NEURONAL
AUTOFLUORESCENCE AND LABELING WITH WGA-TRITC. ‘A
Sawczuk* and 2P. Coveil (Depts. of ‘OPBDS, ‘Neuroscience, and
Orthodontics, UMDNJ, Newark, NJ 07103)
To be useful as vital stains, fluorescent tracers must be quickly and easily distinguished from each other and from autofluorescence. The purpose of this study was to develop and test a computerized protocol using a
modified version of NIH image for densitometry analysis that would allow quantification of fluorescence in brainstem images. The nucleus tractus solitarius (NTS) and nucleus ambiguus (NA) in the rat brainstem were
labeled with wheat germ agglutinin conjugated to tetramethylrhodamine
isothiocyanate-dextran (WGA-TRITC) after bathing the cervical branches
of the vagus nerve in tracer. A fluorescence intensity ratio was calculated
from the signal to background density which enabled us to distinguish
autofluorescence in labeled control neurons from fluorescence in labeled
projection neurons. The mean fluorescence intensity ratio of NTS neurons
was 2.53 +/- 0.90 in labeled neurons (n = 8) and 0.84 +/- 0.50 in control
neurons (n = 6; p < 0.001). The mean fluorescence intensity ratio of labeled NA neurons was 6.63 +/- 2.89 (n = 8) and 2.35 +/- 0.91 in control
neurons (n = 6; p < 0.01). The rostrocaudal extent of label was determined and found to agree with reports from previous studies of brainstem
projections from cervical vagus nerves. Additionally, the mean lengths of
the major and minor axis for labeled NTS and NA neurons receiving input
from cervical vagal neurons were similar to reports from previous investigations. Our results suggest that densitometry analysis is a rapid and reliable method of quantifying fluorescence label in brainstem neurons when
immediate results are desired. This study was supported by NIH Grant
NS01650 and a Foundation of UMDNJ Grant.

FUNCTIONAL MRI OF HUMAN PONS, MEDULLA & CERVICAL SPINAL CORD
B.R. KomisarukX K.M. Mosier.2 C. Criminale.l W-C. Liu,2 L, Zaborszkv.l
B. Whipple.l J. Nissanov.l and A.J. Kalnin.2 1 Rutgers, The State University of NJ,
Newark, NJ 07102, 2NJ Medical School-University of Medicine and Dentistry of NJ,
Newark, NJ 07103, and 3Drexel University, Philadelphia, PA 19104.
Preliminary studies indicated that functional magnetic resonance imaging (fMRI)
has the resolution and sensitivity adequate to differentiate specific cranial nerve nuclei in
humans that are activated by specific sensory stimulation or voluntary motor activity.
The present study confirms and extends those findings. Healthy adults were imaged on a
GE 1.5T SIGNA Horizon Echospeed MR scanner using BOLD techniques. Acquisition
parameters: TR/TE=2000/60, FOV=24 cm, matrix=64x64, Flip angle=90°, and slice
thickness=4 mm. At each of 14 slice locations, 95 images in the coronal plane were
obtained. FMRI activity in regions of interest was cross-correlated with selected sensory
or motor events, and motion correction analysis was performed to control for movement
artifact. The relative location of specific cranial nerve nuclei was ascertained using
human brain atlases. The following correlations between sensory or motor events and
activation sites were observed. Tactile stimulation of face: region of the main
Trigeminal n. (Cranial Nerve V) in pons; eye movement (left to right): region of the
Abducens n. (CN VI) in pons; facial movement (smile/pucker): region of the Facial n.
(CN VII) in medulla oblongata; strong taste stimulation (combined sweet, sour, salt
and bitter): region of the Vagal sensory n. (CN X: N. Tractus Solitarii) in medulla;
tapping the tongue against the roof of the mouth and forced swallowing: region of the
Hypoglossal n. (CN XII), N. Ambiguus in medulla, and spinal cord nuclei at Cl, 2
and 3. Finger tapping was correlated with activation of the region of N. Cuneatus in
medulla. In many cases, activity in somatosensory thalamus and sensory and motor
cortex was observed in regions appropriate to the event - e.g. the location of
activation in motor cortex during finger tapping was superior to that during tongue
movement, corresponding precisely to the motor cortical homunculus. These procedures
may facilitate individual subject-specific localization, characterization, and perhaps
therapeutic intervention relevant to lower brainstem nuclear function and/or dysfunction.
Support: American Paralysis Association and Busch Foundation (BRK&BW).

51.11

51.12

FINE STRUCTURE OF HUMAN RED NUCLEUS DEMONSTRATED BY
HIGH RESOLUTION GRADIENT ECHO MAGNETIC RESONANCE
IMAGING. Y. Pu*, Y. Liu, 1-H Gao, P.T. Fox. Research Imaging Center,
The University of Texas Health Science Center, San Antonio, Texas 78284..
Human red nucleus is not a uniform structure. However, previous
magnetic resonance imaging (MRI) studies using spin echo found that the
red nucleus is uniformly hypointense on both T,- and T2-weighted images.
Because iron deposits in the human red nucleus and gradient echo is more
sensitive than spin echo in the detection of iron, a high-resolution
gradient echo sequence was used in this study to demonstrate the fine
structure of normal human red nucleus.
Ten healthy subjects (seven male, three female, 27 to 48 years old) were
scanned with a 1.9 T MRI system. In seven subjects, the red nuclei were
imaged in oblique semi-coronal and semi-sagittal slices through the
centers of both red nuclei and dentate nuclei. In the other three subjects,
they were imaged coronally through the red nuclei. The scanning
parameters were repetition time/echo time/tip angle = 60 msec/40
msec/20°, with pixel size of 1.0 mm, slice thickness of 5 mm and second
order motion compensation.
In all subjects, the MR images of all three scan planes showed that the
signal intensity of both rostral and caudal parts of red nuclei was
consistently low relative to that of the temporal white matter. The
central part of red nuclei was consistently isointense with the temporal
lobe white matter. The low signal intensity areas in the rostral and
caudal parts of red nuclei are consistent with cellular parts of red nuclei.
The isointense area in the central part of the nuclei is consistent with
medullary lamina of the red nuclei. In conclusion, the high-resolution
gradient echo MRI is useful in the demonstration of the fine structure of
normal human red nucleus.

CORTICO-SUBCORTICAL SYNCHRONIZATION IN THE CHLORALOSE
ANESTHETIZED CAT. J. Aguilar, J. Mariflo and A, Canedo*. Dept. of
Physiology, Fac. of Medicine, Laboratory of Neuroscience and Neuronal
Computation, associated to the Cajal Institute (CSIC), 15705 - Santiago de
Compostela, A Coruna, Spain.
Neocortical and thalamic neurons form a functional network showing
synchronized oscillatory activity. During the states of quiet sleep and deep
anesthesia, the cortico-thalamic neurons trigger and synchronize thalamic cells.
The possibility exists that the long-axoned neocortical neurons of layer V could
spread the cortical rhythmicity to their targets. This work was aimed to study
whether the cerebral cortex imposed its patterns of activity on subcortical
structures targeted by corticofugal fibers. Spontaneous and electrically-induced
paroxysmal cortical activity was used as reference. The experiments were
conducted on anesthetized (a-chloralose) and paralyzed (pavulon) cats.
Paroxysmal cortical discharges were induced by electrically stimulating the
precruciate primary motor (MCx) and postcruciate primary somatosensory
(SSCx) cortices through a set of six bipolar electrodes. The gross cortical activity
was recorded through a bipolar electrode placed in the sensorimotor cortex.
Tungsten recording electrodes were placed ipsilaterally in the superior colliculus
(SC), the magnocellular red nucleus (mRN) and the substantia nigra (SN); and
contralaterally in the reticularis gigantocelularis (NRGc) and cuneate (CN)
nuclei. The spontaneous and paroxysmal sensorimotor cortical synchronized
activity spread down to subcortical structures receiving direct cortical input (SC,
mRN, NRGc and CN); but not to the SN. The data demostrate that the cortex
influences specific subcortical neuronal populations origin of descending motor
tracts (rubrospinal, tectospinal, reticulospinal) as well as sensory relay stations
such as the CN. This work was supported by DGICYT. J. A. is a fellow of the
MEC; J. M. was a fellow of the Univ. de Santiago de Compostela.

51.13

51.14

THE ANOXIC RESPONSE OF THE ISOLATED RESPIRATORY NETWORK IS
ENHANCED IN PPTA KNOCK OUT MICE
P. Telgkamp*, Y.Q. Caot, A.I. Basbaumt and J.M. Ramirez. Dept. Anatomy, Univ.
of Chicago and fDept. Anatomy, Univ. of California, San Francisco, USA
The concentration of substance P increases during hypoxia (Srinivasan et al.,
1991). We examined the modulatory role of substance P in transverse medullary
slices that generate spontaneously respiratory activity. This preparation responds to
anoxia in a biphasic manner and involves the generation of eupneic and gasp-like
activities. Bath application of substance P mimics the initial phase of the anoxic
response by increasing the frequency of eupneic activity and gasping. Similarly to the
anoxic response, the modulation by substance P involves a reduction in the amplitude
of calcium currents and a presynaptic inhibition of glycinergic transmission. Since
substance P is present in transverse slice preparations there are two possible
hypotheses: (1) Substance P is causally involved in the hypoxic response. If this is the
case, the hypoxic response would be diminished in the absence of substance P. (2)
Substance P competes with the same cellular mechanisms as hypoxia. If this is the
case, the hypoxic response would be enhanced in the absence of substance P. We
tested the two hypotheses using PPTA knock out mice (postnatal day 2-12) which
lack the two most important tachykinins substance P and NKA (Cao YQ et al., 1998,
Nature:392). Our findings are consistent with the second hypothesis. Respiratory
activities in PPTA knock out mice showed slower and less regular breathing activities
(mean cycle length: 17s +/- 1.05, n=6) compared to the wild type (mean cycle length:
10s +/- 4.9, n=5). Upon the induction of anoxic conditions PPTA knock out mice
showed a significantly stronger anoxic augmentation of respiratory frequencies
compared to wild type mice. Respiratory frequencies increased by 83% (+/-2) in
PPTA-ko compared to 62% (+/-7) in the wild type (n=5/6) during anoxia. Our data
indicate that substance P plays an important role in modulating respiratory activity
under normoxic and anoxic conditions. Supported by NIH

MODULATION OF MOUSE INSPIRATORY HYPOGLOSSAL
MOTONEURON (XII MN) ACTIVITY BY SUBSTANCE P (SP) IN
VITRO. G.P. Funk*. C. Walsh. K. Yasuda, MA, Parkis. & D.M.
Robinson. Dept. Physiology, Univ. of Auckland, Auckland New Zealand.
To investigate the role of SP in controlling XII MN activity, SP was
locally applied to the XII nucleus of rhythmically-active medullary slice
preparations (600 pm thick) from neonatal mice (postnatal day 0-3). SP
produced a dose-dependent, spantide- and GR82334-sensitive increase in
XII nerve tonic discharge and XII nerve inspiratory burst amplitude.
Amplitude was increased 17±3, 30±7, and 43±16% by 0.01, 0.1 and 1.0
pM SP respectively (n=6). Bath application of 5 pM spantide blocked
(n=3), while 100 pM GR82334 (n=8) reduced the actions of 0.01 and
0.1 pM SP. Whole-cell recordings revealed that SP induced inward
currents or depolarizations in all inspiratory MNs tested (n=20). At -60
mV, currents of -34±8 pA and -54±14 pA were induced by 0.1 (n=4)
and 1.0 pM (n=15) SP. These currents were associated with a 16%
increase in input resistance (RN, 105±17 vs 116±18 MQ, n=13);
unaffected by TTX (1 pM, n=7); reduced with hyperpolarization (n=15);
and reversed near -100 mV (n=5). Elevation of [K+]o shifted the reversal
potential in the depolarizing direction (n=2). SP currents were reduced
by locally applied GR82334 (100 pM) leaving a component that did not
vary between holding potentials of -90 and -55 mV (n=2). SP was
without effect on inspiratory synaptic currents (n= 6) but potentiated
repetitive firing responses to synaptic and injected current (n=6). f/l plots
were significantly left-shifted but slopes were unchanged. Results suggest
that SP directly depolarizes XII MNs by reducing a resting GR82334sensitive K+ conductance and inducing a GR82334-insensitive inward
current. These actions, which are likely to underlie the SP-mediated
potentiation of XII inspiratory burst amplitude, increase MN excitability
by depolarizing the cell and increasing RN. Supported by AMRF, HRC,
Lotteries Health, Neurological Foundation, Paykel & Wallath Trusts.
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MODULATION OF NEONATAL RAT PHRENIC MOTONEURON
(PMN) ACTIVITY IN VITRO BY EXTRACELLULAR ATP. M.A.
Parkis*, G.B. Miles & G.D. Funk. Department of Physiology, University
of Auckland, Auckland, New Zealand.
P2X receptors are ubiquitously expressed in MNs, including spinal
MNs in the region of the phrenic motor nucleus (Collo et al., J. Neurosci.
16: 2495-07, 1996; Kanjhan, et al., J. Comp. Neurol. 407:11-32, 1999).
To test for purinergic modulation of PMN excitability, we examined the
effects on C4 ventral nerve output and single PMN activity of locally
applying ATP to the spinal C4 region in rhythmically-active brainstemspinal cord preparations from neonatal rats (postnatal day 0-3).
ATP produced a dose-dependent increase in C4 nerve tonic discharge
and inspiratory burst amplitude (1 mM, 11±3; 10 mM, 22±7%), that was
followed by a transient reduction (10±5%, n=5) in burst amplitude. Bath
application of the general P2 receptor antagonist suramin (100 JiM) or
the P2X receptor antagonist pyridoxal-phosphate-6-azophenyl-2',4'disulphonic acid, (PPADS, 50 pM) reduced the response to 10 mM ATP
by 52 or 59%, respectively. The hydrolysis-resistant ATP analog, ATPyS
(10 mM), increased C4 output without subsequent inhibition, suggesting
that the post-ATP inhibition results from the hydrolysis of ATP to
adenosine and activation of Pl receptors. Whole-cell recordings of
PMNs revealed that at resting membrane potentials (—64 mV), ATP and
ATPy-S (10 mM) induced inward currents (70±5 pA, n=12) or
depolarizations (5±1 mV, n=5). ATP-induced depolarization persisted in
TTX (n=l). Inspiratory synaptic currents to PMNs were unaffected
during the initial stage of the response to ATP, but decreased transiently
by 20-40% following ATP application (n=5). These data support a role
for P2X receptors in control of PMN excitability, and, in conjunction
with extensive P2X labeling in MNs (ibid), a general role for ATP in
controlling motor outflow from the CNS. Supported by the Marsden
Fund, HRC of New Zealand, and Lotteries Health.

PATTERNS OF NEURONAL ACTIVITY IN THE MEDIAN RAPHE NUCLEUS
DURING HIPPOCAMPAL THETA RHYTHM IN THE ANESTHETIZED RAT.
G. Vlana Di Prisco*, Z. Albo and R.P. Vertes. Center for Complex Systems and
Brain Sciences, Florida Atlantic University, Boca Raton, FL 33431
The median raphe nucleus (MR) is a serotonin-containing cell group that has
been shown to be directly involved in the desynchronization of the hippocampal
EEG (Vertes and Kocsis, Neuroscience81:893-926,1997). We made extracellular
single and multiunit recordings in the MR and para-median region from rats
anesthetized with urethane. Activity was recorded both during the
desynchronized hippocampal EEG as well as during spontaneous and tailpinched evoked theta rhythm.
We recorded from 35 "classic" 5HT cells [slow regular firing and wide (> 1 ms)
spikes]. 60% of cells slightly increased their firing rate with theta (from 1.61 to
2.29 Hz on average), 30% displayed a decrease in firing (from 3.22 to 1.79 Hz)
and 10% had no change. In addition, we found 22 OFF units that suppressed or
decreased their firing during theta (from 6.3 to 0.86 Hz) 26 ON units that showed
a tonic increase in activity (from 1.4 to 8.9 Hz); and 20 units that displayed
rhythmic phase-locked firing with hippocampal theta (mean coherence = 0.67;
mean firing rate = 14.5 Hz). Theta-rhythmic cells were also recorded in the
anterior and ventral tegmental nuclei (n = 8; mean coherence = 0.65; mean
firing rate = 23.7 Hz).
These results indicate that a heterogeneous population of cells with complex
interactions comprise the MR nucleus. Based on previous results we postulate
that slow regular firing and theta-OFF units are probably serotonin-containing
ceils whereas theta-ON and rhythmic firing ones are probably GABA-containing
ceils and speculate that GABAergic cells may inhibit the 5HT MR cells in the
generation of the theta rhythm.
Supported by NIH grant NS35883 and NIMH grant MH10476.

51.17

51.18

FUNCTIONAL OVERLAP OF NEURAL NETWORKS FOR EUPNEA AND
GASPING IN MEDULLARY SLICES OF MICE.
S.P. Lieske*, M. Thobv-Brisson, K. Nagel, and J.M. Ramirez Dept. of Anatomy &
Committee on Neurobiology, University of Chicago, Chicago, IL 60637, USA.
Lesions aimed at localizing the neuronal networks both for gasping and for
eupneic breathing under in vivo conditions have pointed to a single location: the preBotzinger complex (pBc). These results, however, remain inconclusive. Here we
address this issue more rigorously using the transverse medullary slice of mice
(Ramirez et al. 1997). We present data indicating not only that both activities can be
generated within a single (700pm thick) transverse slice, but that a third pattern,
possibly corresponding to the augmented breath, or sigh, is present as well. The
eupneic network is reconfigured during gasping, so that neurons with expiratory or
post-inspiratory activities during eupnea exhibit inspiratory activity during gasps.
Similar reconfiguration occurs during the second, higher-amplitude phase of the
biphasic augmented breath, suggesting that this is not a separate pattern, but represents instead a normoxic gasp, triggered by a eupneic breath. This triggering is
glycine dependent, since eupneic bursts and gasps occur independently in the
presence of strychnine (lpM). The cellular mechanisms underlying the two types of
bursts seem to be different, since low concentrations of cadmium (20pM) abolish
only gasps. Despite the overlap of eupneic and gasping activities at the level of
individual pBc neurons, two different rhythmic patterns can be isolated from a single
animal using much thinner (350pm) transverse slices. An activity similar to gasping
is recorded from the VRG in slices rostral to the hypoglossal (XII) nucleus,
corresponding to the Botzinger complex. More caudal slices that include the rostral
boundary of the XII nucleus, i.e. at die level of the pBc, generate a rhythmic pattern
similar to eupnea. We propose that the Botzinger and pBc act in hypoxic conditions
as a single network to generate the gasping rhythm, while in normoxic conditions
function as two separate but closely associated and interacting networks, generating
both eupneic breaths and sighs. Supported by NIH HL/NS 60120.

ROLE OF SENSORY INPUT FOR THE POSTNATAL TUNING OF A
NOCICEPTIVE MOTOR SYSTEM - EFFECTS OF LONG TERM LOCAL
ANAESTHESIA E. Thimansson. S. Breland, A. Levinsson, J. Schouenborg*

51.19
MOTOR OUTPUTS OF THE PRIMATE RETICULOSPINAL SYSTEM. J.A.
Buford* Division of Physical Therapy, School of Allied Medical Professions, The
Ohio State University, 1583 Perry St, Columbus, OH 43210
Since the work of Lawrence and Kuypers (1968), the primate reticulospinal
system has been considered important for die control of postural adjustments and
gross proximal control, but not for fine distal control. However, there are no
reports of electrophysiological studies on reticulospinal outputs in awake,
behaving primates.
In this study, M. fascicularis were trained to allow gentle manipulation of the
extremities and palpation throughout the body while seated in a primate chair.
Brief trains (12 biphasic pulses, 0.2 ms per phase, at 333 Hz) of current controlled
electrical stimulation were applied through a metal microelectrode as the electrode
was withdrawn from a recording track in which neural activity was recorded
during a behavioral task designed to study motor preparation. Because this task
employs reaching, stimulation sites are biased towards those related to arm
movement. The threshold was defined as the current level at which a response
could be elicited three times in a row at a given current, but where a lower current
(by 5-10 jiA) did not reliably elicit a response. The threshold was noted along
with the body movement evoked, and where possible, the individual muscle(s)
activated. In a few of the latest cases, nearby neurons were identified as
reticulospinal cells by antidromic activation, and there were preliminary results for
stimulus triggered averaging.
The results to date demonstrate responses in the axial muscles and proximal
limb girdles, and in some sites, muscles of the elbow were activated. However,
reponses in the hand and feet have yet to observed. Supported by NIH NS 15017,
RR00166, K08 NS01767, and R01 NS37822.
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Recent studies indicate a modular organization of the withdrawal reflex system.
Each module has a characteristic receptive field, closely matching the
withdrawal movement caused by its effector muscle. In the rat, the weight of the
sensory input to each module is tuned during the first postnatal weeks, i.e.
erroneous spinal connections are depressed or eliminated and adequate
connections are strengthened. To assess the role of sensory input for this tuning
we have now tested the effects of local anaesthesia during early postnatal
development on the tuning of the tail withdrawal reflexes. Withdrawal reflexes,
elicited by thermonociceptive stimulation (CO2 laser pulses), were videotaped
and analyzed offline. Correct or incorrect movements (away from or towards the
stimuli, respectively) were counted. In one group of rats (n=10), the distal two
thirds of the tail was anaesthetized with EMLA salve (2.5% lidocaine and 2.5%
prilocaine) contained in a plastic tube enwrapping the tail. Twice daily, the tube
was refilled with EMLA and the completeness of the anaesthesia was tested.
During the period P14 -20, the number of correct tail movements increased from
about 55% to 90% in control rats (vehicle salve n=7 or no salve at all n=10). By
contrast, rats with anaesthetized tails showed no improvements during the same
time period (as assessed 6 h after the cessation of anaesthesia at P20). After less
than two days post anaesthesia, normal reflexes were restored. In conclusion,
sensory input appears to be essential for the development of a functionally tuned
withdrawal reflex system.
Supported by the Swedish MRC.
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52.1

52.2

EFFECTS OF ELECTRICALLY INDUCED TRAINING ON MUSCLE FATIGUE
AND H-REFLEX SUPPRESSION IN INDIVIDUALS WITH PARALYSIS. RjC
Shields.* Y.J. Chang, A. Littmann. S. Schindler-Ivens. Physical Therapy Graduate
Program, University of Iowa, Iowa City, IA 52242.
Associated with chronic spinal cord injury is transformation to highly fatigable
muscle fibers and a rate sensitive depression of the H-reflex. We evaluated the
effects of optimized electrical stimulation training on soleus muscle fatigue in
individuals with chronic and acute paralysis, examined the degree of cross-education,
and determined the effects of training on rate sensitive H-reflex depression. Six
males with complete spinal cord injury volunteered. Two chronic subjects received
force feedback controlled training of the unilateral soleus muscle for 120 sessions
over 6 months (5 days/week). The training regimen consisted of 4 bouts of 120
contractions each day using force as feedback to control the stimulation. Two acute
subjects began training within 15 weeks of injury. Every month a fatigue index (final
torque/initial torque) was determined for both the exercised and unexercised legs.
Rate sensitive depression of soleus H-reflexes was monitored in the acute subjects at
0.1, 0.2, 1, 5, and 10 Hz. The fatigue index increased 99%, 66%, and 25% for the
three subjects. The unexercised leg showed no change. The acute subject’s fatigue
index was unchanged in both legs over 30 weeks (exercised and unexercised leg);
however the fatigue index decreased 45% over the same time in an acute subject that
did not exercise. The acute subject that did not exercise displayed a 48%, 55%, and
21% decrease in rate sensitive depression for 1, 5, and 10 Hz, respectively. The acute
subjects that trained showed no decrement in rate sensitive depression at 1 and 5 Hz.
These findings indicate the feedback controlled training protocol decreased fatigue of
the chronically paralyzed soleus muscle. Early activity prevented the soleus from
becoming fatigable in acute subjects and maintained the fatigue resistance of the
contralateral nonexercised soleus. Early exercise maintained the rate sensitive
depression of the H-reflexes in acute subjects. Supported by a grant from the PVA
Spinal Cord Research Foundation.

Excitability

52.3

52.4

IPSILATERAL AND CROSSED STRETCH REFLEXES OF THE TRAPEZIUS
MUSCLE IN HUMANS. C.M. Alexander*, R. Zheng and P.J. Harrison. Department
of Physiology, University College London, Gower St, London WCIE 6BT.
Crossed reflex pathways to motoneurones of the lower limb have been investigated
in cats and humans (Harrison, Jankowska and Zytnicki 1986, J.Physiol 371, 147166; Harrison, Evans, Greenslade and McCabe 1994 J.Physiol. 479, 28P) but little
exists in the literature concerning the crossed control of the axial muscles of the
upper limb in humans. The trapezius muscle attaches from the spine to the scapula
and clavicle, and works to rotate and stabilise the scapula during elevation of the
arm. In a recent study, electrical stimulation of the afferent nerve supply to trapezius
(the cervical nerves of C3 & C4) revealed both ipsilateral and crossed responses
which were obvious on single sweeps. The difference in latency between these
responses was only 2.3 ms (Alexander and Harrison 1997 J. Physiol. 505 P).
In the light of these findings, we have investigated ipsilateral and crossed responses
to a mechanical tap to trapezius. A mechanical device was used to tap trapezius at a
point just distal to its attachment to the spine of the scapula. Surface electrodes were
used to record the reflex responses. Preliminary experiments have revealed short
latency ipsilateral and crossed reflexes, although unlike the electrically evoked
response, the reflexes were only revealed with averaging and the crossed effect was
not detectable in every subject. The mean difference in latency between the
ipsilateral reflex (latency 11.7 ms ± S.D. 1.5 ms) and crossed reflex (14.4ms ± S.D.
1.8 ms) was 2.7 ms. The effect of vibration and a modified Jendrassik manoeuvre
(JM) upon these responses has also been explored. Results so far indicate: (1)
facilitation by the modified JM (2) inhibition during vibration and (3) a post
vibration potentiation.
This work is supported by the Wellcome Trust and the Arthritis Research
Campaign.

REFLEX GAIN DURING STATIC AND DYNAMIC MOTOR TASKS.
K.L. Ricker, E.P. Zehr* and R. Chua. Faculty of Physical Education and
Recreation, University of Alberta, Edmonton, Alberta, CANADA T6G 2H9.
The majority of studies examining reflex modulation during movement have
examined reflex scaling with changing background muscle activation that is a
function of movement phase. Results of these studies are complicated by phasedependent modulation of the reflex itself. To quantify reflex gain at different
muscle activation levels without this complication, we chose to evoke reflexes at
different workloads but only one phase of the cycle. Further, as previous evidence
also suggests task modulation of reflexes, we compared movement trials to isolated
static contractions of the leg muscles in the same position. Lastly, as H- and
cutaneous reflexes may be differentially modulated during movement, we studied
both reflex pathways in the same subjects in the current paradigm.
Subjects pedaled at 3 workloads (light, moderate, heavy) on a cycle ergometer at
a constant cadence of 60 rpm. Three matched static trials for each of focussed
plantar flexion and knee extension were also performed. EMG was collected from
selected leg muscles. Stimuli were delivered at 90° of the cycle. H-reflexes were
elicited in soleus by stimulating the tibial nerve (0.5 ms single pulse) proximal to
the popliteal fossa. Pairs of M-waves and H-reflexes were collected to form M-H
curves for each subject in each condition and peak-to-peak amplitude of each
waveform was analyzed off-line. Cutaneous reflexes were evoked by stimulating
the distal tibial nerve (5 x 0.5 ms pulses @ 300 Hz) at the medial malleolus. Both
net (over a 150 ms window) and phasic responses at discrete latencies were derived.
Generally, H- and cutaneous reflexes were found to scale with background
activation level in both static and movement conditions, suggesting that peripheral
feedback related to muscle activation may operate in concert with post-synaptic
mechanisms. However, further investigation is warranted.

of motor

SPINAL CORD INJURY

units

in persons

with

spasticity

from

(SCI). M. Gorassini. P.J. Bennett and J.F, Yang* Fac.

of Rehab. Med. & Div. of Neurosci., U. of Alberta, Edmonton, AB T6G 2G4.
One of the debilitating outcomes after SCI is the prolonged muscle spasms that
occur either spontaneously or in response to transient mechanical perturbations.
Currently, the mechanisms producing such unwanted muscle spasms are unknown. In
this study we investigated if prolonged activation of motor units to brief excitatory
synaptic inputs is exaggerated in persons with spasticity after SCI. Prolonged or selfsustained motor unit activation has been proposed to be produced by the activation of
persistent intrinsic conductances, ie., plateau potentials, in the parent motoneuron 12.
In subjects unable to voluntarily recruit motor units from the tibialis anterior
muscle (n=5 subjects), muscle vibration (100Hz) only occasionally recruited motor units
during the period of the vibration. This was a surprising finding given the velocity
dependence in evoking prolonged muscle spasms and clonus in SCI. In contrast,
cutaneous excitation recruited motor units more readily. Further, when constant
mechanical cutaneous stimulation was applied to the lower leg or foot (as monitored by
the constant firing rate of a tonically firing control unit), subsequent muscle vibration
was now able to recruit new units that continued to fire even after the muscle vibration
was removed (n=2 subjects). The duration of prolonged unit activity was brief, however,
lasting around one second or less, compared to motor units of non-injured individuals
that can exhibit prolonged activity for minutes. This suggested that after SCI, cutaneous
afferent inputs may increase the excitability and prolong the activation of motor units by
affecting the intrinsic conductances of downstream intemeurons and/or motoneurons.
The initiation and maintenance of prolonged muscle spasms may occur only when such
inputs reach a critical level. Supported by Canadian MRC & NSERC.
1 Gorassini et al. Neurosci. Lett. 247: 13, 1998.
2 Kiehn & Eken J.Neurophysiol.78:3061, 1997.

Supported by NSERC, AHFMR, and the Alberta Paraplegic Foundation.

52.5

52.6

LONG-TERM H-REFLEX ADAPTATION DURING ACQUISITION
OF MOTOR SKILL. C. Schneider*, P. Lavallee and C. Capaday. Centre
de Recherche Universite Laval-Robert Giffard, Quebec (QC), G1J 2G3.
In naive subjects during backward walking the soleus H-reflex reaches
nearly the same amplitude during the swing phase as during the stance
phase (Soc. Neurosci. Abstr. 22: 421, 1996). This is a surprising result
since during the swing phase of backward walking the soleus is silent, as
it is during normal walking. But, in the swing phase of normal walking
the H-reflex is shut-off. Backward walking on a treadmill is a novel and
unusual motor task for naive subjects. Would daily training at this task
modify the H-reflex modulation pattern? To this end, we had subjects
walk backwards for 15 min. daily, excluding weekends; they were tested
every 2-3 days. The reflex modulation pattern became progressively
more reciprocal with time. The locomotor burst pattern, on the other
hand, was not modified in any significant respect from one session to
another, nor the Hmax /Mmax ratio measured during quiet standing. The
subjects were tested again a month later, after they had ceased their daily
training. Remarkably, the adapted reflex modulation pattern persisted.
Our working hypothesis is that the H-reflex reflects adaptive changes in
the motor commands, rather than persistent changes in the reflex circuits.
This adaptive phenomenon may prove to be a useful model for studying
the neural mechanisms of motor learning and adaptation in man
(Supported by the Canadian MRC).

LONG LASTING EFFECTS OF MUSCLE ACTIVATION ON STRETCH
REFLEX CHARACTERISTICS. M.M. Mirbagheri1*, E. von dem Hagen2, and
R.E. Kearney1, Department of Biomedical Engineering1 and Department of
Physiology2, McGill University, Montreal, Canada H3A 2B4.
Stretch reflex dynamics are known to change with muscle activation resulting
from either voluntary contraction or the reflex response to random perturbations.
The objectives of this study were (1) to examine the interaction between the two
effects, and (2) to determine how long these effects persist following activation.
The effects of muscle activation on the ankle stretch reflex of 12 normal human
subjects were assessed by comparing responses to pulse displacements applied
before and after a period of voluntary contraction, random perturbation, or both.
Persistent Effects: (1) The shape of the torque responses changed with
voluntary contraction but the amplitude of the response did not. (2) The reflex
torque amplitude decreased significantly with perturbation. (3) The shape of reflex
torque changed with the combination of contraction and perturbation in all
subjects, decreasing in some and increasing in others.
The effects were most evident immediately after the activation procedure but
persisted for more than 60s. The nature of these changes was consistent in all
subjects although the time course of the recovery varied somewhat.
These findings demonstrate that stretch reflex behavior is strongly modulated
during and following active dynamic tasks. Consequently, the persistent effects of
muscle activation on stretch reflex characteristics must be taken into account when
interpreting the functional significance of reflex function in the control of posture
and movement, for normal and pathological cases.
(Supported by a grant from the Medical Research Council of Canada)
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52.7

52.8

MODULATION OF THE TONIC ACTIVITY OF IDENTIFIED WRIST EXTENSOR MOTOR
UNITS BY THE FLEXOR GROUP 1 SENSORY AFFERENTS. J-M. Aimonetti. J-P. Vedel.

SOLEUS H-REFLEX GAIN DURING WALKING AND RUNNING UNDER
SIMULATED REDUCED GRAVITY. D.P. Ferris2*, P. Aagaard1, E.B. Simonsen1,
C.T. Farley3, and P. Dvhre-Poulsen1. 'Univ. of Copenhagen, Denmark; 2Dept. of
Neurology and B.R.I., UCLA; 3Dept. of Integrative Biology, UC Berkeley.
The nervous system uses multiple mechanisms to modulate reflex amplitude for
different locomotor tasks. The H-reflex is an electrical analog of the monosynaptic
stretch reflex. It is elicited by stimulating the afferent nerve, bypassing the muscle
spindle. It is thought that the nervous system uses presynaptic inhibition to set a desired
relationship between H-reflex amplitude and background EMG activity (H-reflex
“gain”) for different locomotor tasks. To investigate H-reflex gain at different
background EMG levels, we studied 8 subjects walking (1.25 m s'1) and running (3.0
m-s'1) under simulated reduced gravity (1.0, 0.75, 0.50, and 0.25 G). We hypothesized
that the slope of the relationship between H-reflex amplitude and background EMG
during stance would be independent of gravity. We based this hypothesis on the
assumption that the nervous system sets a desired reflex gain for a given task
independent of motor neuron excitability. When gravity was reduced by 75%, peak
soleus EMG decreased by -30% for both gaits. As hypothesized, the slopes of the
linear regressions fitted to the H-reflex versus EMG data were independent of gravity
for both walking and running (ANOVA, p > 0.8). Surprisingly, the slopes were also
independent of gait (p > 0.6), contrary to previous studies. There was a significant
difference between gaits in the y-intercept of the linear regressions (p < 0.02). Walking
had a greater y-intercept (22.8% Mmax) than running (0.5%) due to higher H-reflex
values at similar background EMG levels. Tlie finding of a shift in y-intercept without
a change of slope has also observed in cats injected with baclofen (a GABAb agonist)
to experimentally increase presynaptic inhibition. In addition, studies on human
cycling indicate that faster rates of knee and hip flexion produce increased suppression
of the soleus H-reflex regardless of EMG level. Although the functional effects of the
stretch reflex also depend on fusimotor activity, this study provides insight into how
the nervous system uses a spinal mechanism to adjust stretch reflex gain. Supported
by the Danish Sports Research Council, NASA NGT-51416, and NIH R29AR44008.

A. Schmied*, S. Pagni.. NBM-CNRS, 13402 Marseille cedex 20, France.

In wrist extensor muscles it was previously reported that stimulating the flexor
group I sensory afferents induced inhibitory effects on the reflex responses of the
slowly contracting motor units (MU) but facilitatory effects on the reflex responses
of the fast contracting motor units. We further investigated the effects of stimulating
the flexor sensory afferents on the tonic discharge of 30 extensor MUs. Changes in
the MU firing probability were analysed by computing peri-stimulus tirpe
histograms and cumulative sums (CUSUM). The median nerve stimulation induced
two successive decreases in the CUSUM reflecting inhibitory processes, which were
systematically observed for all the types of MUs. The first deflexion with short
latency (21.9 ± 2.1 ms) was clearly separated from the second deflexion with longer
latency (31.8 ± 1.9 ms). The short latency inhibition was attributed to the la
reciprocal inhibition whereas the long latency inhibition might be due to a long loop
involvement. Regression analysis showed that the early inhibitory response decreased
as the MU force threshold increased and as their contraction time decreased suggesting
a downward gradient in the reciprocal inhibition, working from "slow" to "fast"
units. In the case of the "fast" MUs, an early excitatory response was often observed
before the inhibitory ones. The facilitatory effect might be due to the concurrent
stimulation of lb flexor afferents, which effects might be more efficient as the
contraction force increased. These effects were consistently observed however on 8
pairs of MUs each consisting of one "slow” and one "fast" unit which were
simultaneously tested. The paired recordings indicate that the mixed effects of the
antagonist group I afferent may depend on the type of motor unit tested rather than
on the motoneurone pool excitatory drive.

52.9

52.10

CROSSED GROUP I REFLEXES IN LOWER LIMB PATHWAYS IN HUMANS
P. EVANS, P.J. HARRISON. Dept. of Physiology, University College London,
Gower St, London WCIE 6BT. U.K.
(SPON: British Neuroscience Association)
Evidence from cat experiments examining crossed reflex activity in the hind limbs
has indicated powerful group Il-mediated effects and weak or absent group Imediated effects. Observations from human studies indirectly appear to confirm an
important role for group II crossed effects during balance (e.g. Coma, Galante,
Grasso, Nardone & Schieppati, 1996 Exp Brain Res 109, 83-91).
However, in our experiments on humans at rest (using electrical stimulation of
peripheral nerves to condition H-reflexes of contralateral muscles) we previously
found aq inhibition at a latency which indicates group I crossed activity from the
tibial nerve to the gastrocnemius/soleus muscle contraleterally (Harrison, Evans,
Greenslade & McCabe, 1994 J.Physiol. 479,28P). We have now extended this study
to investigate actions from the femoral nerve to the contralateral soleus and
quadriceps muscles. A group I crossed action was again observed.
In addition, as the fastest cutaneous afferents conduct almost as rapidly as the
fastest group la afferents in humans (Pierrot-Deseilligny, Bergego, Katz, & Morin,
1981 Exp Brain Res 42, 351-361) we were concerned that these crossed effects
might be produced by cutaneous afferents rather than by proprioceptive afferents. To
investigate this, we have applied electrical stimulation to the skin over the quadriceps
muscle using surface electrodes situated some distance from the femoral nerve
projection site. The intensity was adjusted to mimic the sensation experienced by
stimulation of the mixed nerve (Meunier, Pierrot-Deseilligny, & Simonetta, 1993
Exp Brain Res 96, 534-544) and the effects upon the contralateral muscles were
compared with the effects of femoral nerve stimulation. Results from the first
experiments show no crossed effects from the fastest conducting cutaneous afferents.
This work is supported by the Wellcome Trust.

CROSSED REFLEXES IN THE HUMAN TRANSVERSUS ABDOMINIS
MUSCLE. LD.Beith’, P.J, Harrison2. ’Physiotherapy Division, King’s College
London, SE1; 2Physiology Department, University College London WCIE 6BT.
(SPON: British Neuroscience Association)
The transversus abdominis muscle surrounds the human abdomen, and is
composed of left and right muscle bellies with a conjoint tendon anteriorly, but
has separate nerve supplies to the left and right muscle bellies. Transversus
abdominis is the deepest muscle of the anterolateral abdominal wall and recent
evidence suggests that it acts to stabilise the lumbar spine (Hodges et al 1996).
To achieve this, it would be necessary for both left and right muscle bellies to be
activated simultaneously.
Recent work in our lab has shown an ipsilateral and a crossed response to
tapping the tendon of the muscle on one side. The mean difference in latencies
between the two sides is 1.5ms (± SD 1.4). The amplitude of the crossed reflex
is consistently comparable to that of the ipsilateral reflex. A combination of the
anatomical arrangement of the muscle, with the implied necessity for
co-activation of left and right muscle bellies, the short difference in onset
latency, and the strength of the crossed reflex might suggest that this reflex is
monosynaptic.
Vibration of the muscle belly is known to 1) reduce monosynaptic reflexes
during vibration and 2) potentiate the reflex immediately post vibration. If the
crossed reflex in transversus abdominis is monosynaptically evoked then
vibration of this muscle would be expected to similarly effect the crossed reflex.
We have therefore investigated this. Preliminary results do suggest a
monosynaptic component of the crossed response to a tendon tap in the
transversus abdominis muscle.

52.11

52.12

MODULATION OF THE SOLEUS STRETCH REFLEX BY
ELECTRICAL CONDITIONING TO THE PERONEAL AND
PLANTARIS NERVES. M Ladouceur*1, PH Veltink2, T Sinkjaer1. ’Center for
Sensory-Motor Interaction, Aalborg University, Fredrik Bajers Vej 7D, 9220
Aalborg, Denmark, institute for Biomedical Technology, University of Twente,
Enschede, the Netherlands.
Persons with spasticity sometimes do not respond or are unwilling to use
drugs to control their spasticity. The purpose of this study was to investigate
the modulation of the soleus stretch reflex by using electrical conditioning
stimuli to the peroneal nerve (common, deep, and superficial) as well as to
the plantaris nerve (intensity: 4*motor or sensory threshold). Stretches
(amplitude: 4 deg; velocity: 120 deg*s ') where applied to the precontracted
(force level:5Nm) triceps surae muscle of normal participants (N=10)
following conditioning by an electrical stimulation with different
conditioning-test intervals (0-1000 ms). The inhibition of the soleus stretch
reflex was greater with a conditioning stimulus applied to the common
peroneal nerve (CPN). This inhibition from the conditioning stimulus to the
CPN was greater in the relaxed situation and decreased with a precontraction
(range: 2,5 - 10,0 Nm) of the triceps surae (from around 90 to 70%) and was
dependent on the intensity of the conditioning stimulus (range: 1-4 * tibialis
anterior motor threshold). Furthermore, this inhibition was related to an
increase in the threshold of the soleus stretch reflex as a function of the
stretch velocity (range: 25-120 deg*s’). The results of this study show that
post activation depression as well as disynaptic reciprocal inhibition
pathway are most probably not the major factors involved in this inhibition.
Acknowledgments. This research is supported by the Danish National
Research Foundation and Medical Research Council.

LOCOMOTOR AND PERIPHERAL NERVE ALTERATIONS PRODUCED
BY THE PIG PARAMYXOVIRUS OF THE BLUE EYE DISEASE (PPBED)
IN SUCKLING PIGS.
M.A. Ramirez-Herrera, M.L. Mendoza-Magafia, J.M. Duefias-Jimdnez, S.H.
Dueftas-Jimdnez*. C.U.C.S. Dept. of Physiology and Dept. of
Neurosciences. Universidad de Guadalajara, Guadalajara, Jal. Mexico.
44340.
PPBED injected in medial gastrocnemious (MG) muscle can be
retrogradely transported by peripheral nerves to reach the CNS, it binds to a
116 KDa protein present in neuronal membranes. It is not known whether
PPBED induces electrophysiological and ultrastructural alterations in
infected nerves and/or in CNS. In these experiments, the heteronymous
monosynaptic reflex (HMR), conduction velocity (CV), fictive locomotion and
ultrastructural alterations in control and infected nerves were studied. Seven
pigs 5-7 days old were injected in the left MG muscle with a dose of 1 ml of
PPBED containing 256 hemaglutinating units/ml, the contralateral MG
muscle was injected with saline solution as control. Eleven days after
injection, three pigs were used for the electrophysiological study. Other four
pigs were sacrificed and tissue samples of MG, sciatic nerves, as well as
dorsal and ventral roots were processed for electronic microscopy study.
The threshold to evoke the first cord dorsal potential (CDP) wave in infected
nerves was increased 4 times and it was 17 times greater for the second
CDP wave. CV was not affected in the infected nerve. Fictive locomotion
was absent in the infected MG nerve and remained unchanged on the
control side. The ultrastructural changes in MG nerve fibres consisted of
myelin disgregation and reducing to 40% the internal diameter of nerve
fibres. These lesions were evident in infected MG nerve fibres, but they did
not occur in ipsilateral lateral gastrocnemious nerve or in contralateral MG
nerve. The HMR (1-1.3 x T stimulus intensity) was not detected in control or
infected nerves. PPBED produced damage in high threshold afferent fibres
in the infected nerve and perhaps in efferent fibres. Suckling pigs seem to
be a good model for locomotion and electrophysiological studies.
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INJECTING BOTULINUM TOXIN INTO ANKLE EXTENSORS MIMICS THE
EFFECTS OF AXOTOMY. J.E. Misiaszek*, K.G. Pearson. Department of
Physiology, University of Alberta, Edmonton, Alberta, Canada T6G 2H7.
Recently we showed that functional recovery following partial transection of the
nerves to ankle extensors is associated with increased amplitude of medial
gastrocnemius (MG) EMG during walking in the cat. Initially, the later portion of the
MG burst increased, suggesting a gain increase of reflex pathways contributing to the
burst amplitude. Over a slower time course, the early portion of the MG burst
increased, indicating the central commands for locomotion had been recalibrated. .We
inferred the changes in the MG burst were initiated by the altered afferent feedback.
Alternatively the injury to the nerves themselves might induce the changes in the MG
EMG. To address this, we injected botulinum toxin (BOTOX) into LG, SOL and PL of
cats trained to walk on a treadmill. Shortly after injecting the BOTOX the EMG activity
in these muscles was reduced and remained low for up to several weeks, but usually
began to recover within 10 days. The reduced activity in these muscles led to increased
ankle flexion at ground contact, similar to that observed following axotomy. Thus
weakening the ankle extensors with BOTOX had similar functional consequences to
nerve transection. The changes in MG burst amplitude after BOTOX injection of the
synergist muscles were also similar to those seen following nerve transection. The
amplitude of the late portion of the MG burst increased in association with the
increased ankle flexion. This portion of the burst continued to increase for the next
several days. The early component of the burst also increased, but this change occurred
more gradually than the increase in the later portion. The abnormal yielding of the
ankle recovered progressively over the period of these changes in EMG activity. We
conclude the weakening of LG, SOL and PL produced a chronic loading of MG and the
consequent abnormal sensory feedback initiated an increase in the gain of reflex
pathways contributing to the MG burst generation, and instigated a recalibration of the
central commands for locomotion. Supported by NSERC and the Alberta Paraplegic
Foundation.

CHANGES IN CUTANEOMUSCULAR REFLEXES FOLLOWING STROKE
IN MAN: A TWO YEAR LONGITUDINAL STUDY. MA Nadler. LM Harrison
& JA Stephens. (SPON: BNA) Dept. of Physiology, UCL, London, UK. WC1E6BT
Cutaneomuscular reflexes (CMRs) are normally triphasic consisting of an early
component El produced by activity in spinal pathways and later components II and
E2 produced by activity in cortical pathways. Stroke may disrupt cortical pathways
and alter CMR responses (Jenner & Stephens, 1982). Nine patients were assessed
over a 2 year period at 6-8 weekly intervals starting from within the first month after
stroke. Surface EMG was recorded from the first dorsal interosseous muscle (1DI).
Electrical stimuli (pulse width 0.1ms) were delivered at 5Hz, 2.5 times threshold for
perception to the digital nerves of the index finger via ring electrodes. At the same
;ime, the patient performed a sustained weak voluntary contraction of 1DI during
(i) power grip or (ii) index finger abduction. EMG signal was amplified, filtered,
rectified and averaged time-locked to each stimulus for 250 stimuli. CMRs were
recorded from stroke and non-stroke sides. Motor function was assessed using the
Motor Assessment Scale; maximum score= 12 (Carr & Shepherd, 1985). CMRs were
recorded during grip from patients with poor recovery (n = 5, score 0-1). El spinal
responses on the stroke side were 2-9 times larger than El on the non-stroke side and
cortical II and E2 responses were absent. This did not change over 2 years. Patients
with good recovery (n = 4, score 6-12) showed E2 cortical responses on the stroke
side as soon as index finger abduction could be performed (1-8 weeks post-stroke). In
these 4 patients, there was no significant difference between the size of E2 compared
to El in the stroke side, whereas E2 was always significantly larger than El in the
non-stroke side (Wilcoxon statistical test). Il cortical responses were always present
on the stroke side by 2-16 weeks post-stroke. In summary, a lack of cortical II and
E2 responses with El spinal responses in the stroke hand more than twice the size of
those on the non-stroke hand may predict poor functional outcome at 2 years.
Supported by the Medical Research Council, UK

REFLEX FUNCTION: ANIMAL STUDIES
53.1

53.2

A COMPARISON OF ADDUCTOR RESPONSES ELICITED BY AIR
PRESSURE AND DISPLACEMENT STIMULI IN THE LARYNX. C.L.
Ludlow*. R. Ambalavanar. L Purcell. F. Evans. P. Dobbs and C. Cvrus.
Laryngeal and Speech Section, NINDS, Bethesda, MD 20892.
Protective glottic closure responses can be elicited by air pressure changes to
the laryngeal mucosa. Although cricoarytenoid joint and tendon receptors are
present, it is not known to what degree these could also elicit protective
responses. Laryngeal muscle responses to a) an air puff to the posterior glottal
mucosa, with a peak pressure of 10-15 mm Hg, and b) a servomotor controlled
displacement of the arytenoid cartilage, were studied in a-chloralose anesthetized
cats. Our purpose was to compare laryngeal responses elicited by these two types
of stimuli. 1) To determine the effects of central suppression on responses to
repeated stimulation, stimuli were presented in pairs at different inter-stimulus
intervals (ISIs), from 250 to 5000 ms with constant durations. Early RI
responses occurred at the same amplitude and frequency to initial and conditioned
stimuli for both air pressure and displacement stimuli. Conditioned late R2
responses were reduced in frequency and amplitude at shorter ISIs between stimuli
in response to joint displacement. R2 responses to air pressure pulses were less
reliable with no systematic conditioning effects. The central suppression cf
continued responses to repeated stimuli was greater for joint displacement
stimuli. 2) To compare the effects of mechanoreceptor adaptation on laryngeal
responses, single stimuli with different durations of 100 to 1000 ms, between
onset to offset, were studied. Responses to air pressure offset did not occur until
500 ms after onset, while responses to joint displacement offset occurred within
200 ms after stimulation onset.
Laryngeal muscle responses to joint
displacement indicated more rapid adaptation of the joint receptors than those
involved in pressure changes. Tire results suggest that joint receptors may play a
more prominent role in eliciting protective responses in the larynx. (Supported by
NINDS)

GROUP II REFLEX ACTIONS MEDIATED BY INTERNEURONS IN THE
LOWER-LUMBAR AND SACRAL SEGMENTS OF THE CAT SPINAL CORD
M. Enriquez-Denton. D.T, Scott and J.S, Riddell*. Institute of Biomedical and Life
Sciences, University of Glasgow, Glasgow G12 8QQ, U.K.
The reflex actions of group II muscle afferents are mediated mainly by spinal
intemeurons, the best studied being those in the midlumbar segments of the cat
spinal cord (Edgley & Jankowska, 1987, J. Pysiol. 389; p675). However,
intemeurons with input from group II muscle afferents also occur in the lowerlumbar and sacral segments (Jankowska & Riddell, 1994, J. Physiol. 475, p455;
Riddell & Hadian, 1996, J. Physiol. 494.P, 62P). In this study we have investigated
the contribution that these intemeurons make to the postsynaptic potentials (PSPs)
evoked by group II afferents in motoneurons.
In chloralose anaesthetised cats, the L7 and SI ventral roots were sectioned and a
lesion including most of the lateral funiculus was made at the L5-L6 border in order
to interrupt the descending axons of midlumbar group II intemeurons. The reflex
actions of group II afferents mediated by intemeurons caudal of the lesion were then
investigated by intracellular recording from motoneurons.
Group II PSPs were recorded in all 92 motoneurons investigated and were equally
common in both flexor (PBSt) and extensor (GS) motoneurons. PSPs were evoked
by group II afferents in each of the ten hind limb muscle nerves tested including
those which powerfully excite midlumbar intemeurons (Q, DP, Sart) and those
which have actions predominantly in more caudal segments (PBST, GS, TP, FDL,
Pl, Pop, ABSm). Convergence from 6 or more nerves was common (58% of
motoneurons). The pattern of actions consisted of a mixture of excitation and
inhibition which was almost evenly distributed in both flexor and extensor
motoneurons. This contrasts with the predominantly flexor reflex pattern seen in
anaesthetised, spinalised animals. The results indicate that intemeurons in the lowerlumbar and sacral segments can mediate widespread group II reflex actions.
Supported by the Wellcome Trust

53.3

53.4

EFFECTS OF BRADYKININ AND CAPSAICIN ON RESPONSES OF
MUSCLE SPINDLE AFFERENTS TO VERTEBRAL LOADS IN THE CAT.
Y.M. Kang, J.M. Wheeler and J.G. Pickar*. Kansas State University,
Department of Anatomy & Physiology, Manhattan, KS 66506.
The purpose of this study was to investigate a possible mechanism for
muscle spasm and pain in the lumbar spine. The hypothesis was tested that
chemical stimulation of group III and IV afferents with receptive endings in the
paraspinal tissues increases the discharge of paraspinal muscle spindle
afferents to loading of a lumbar vertebra. Afferent discharge was recorded
from the cut peripheral end of the Le dorsal root in chloralose-anesthetized
cats. Vertebral loading was accomplished using a force-feedback motor
attached to the spinous process of Le. Ramp and hold loads were delivered at
25%, 50%, 75% and 100% body weight. Saline, bradykinin (10pg) and
capsaicin (1-100mg) were applied to the surface of the multifidus muscle by
injecting 1 ml under the muscle’s fascial covering (subfascial, sf) at the levels
of L5 and L7. Muscle spindle discharge was determined during the ramp-up
(peak discharge) and during the hold (plateau discharge) load. SF bradykinin
did not affect the peak nor the plateau discharge of 11 and 7 of 12 muscle
spindle afferents, respectively. SF bradykinin significantly increased peak
discharge by 50% and plateau discharge by 27% in 2 muscle spindle
afferents, respectively. The effect of sf bradykinin in the remaining 4 muscle
spindle afferents was significant but small and variable (range:-9% to 6%).
SF capsaicin did not affect the peak nor the plateau discharge of 4 and 1 of 6
muscle spindle afferents, respectively. The effect of sf capsaicin was robust in
3 muscle spindle afferents significantly increasing peak discharge by 34% and
plateau discharge by 38% and 40% but small and variable in the remaining 4
muscle spindle afferents (range: -12% to 3%). These results suggest that
stimulation of paraspinal group III and IV afferents may not sensitize the
gamma-motoneuron loop to vertebral loads. Supported by NIH grant NS35300.

PARTURITION IN RABBIT, Oryctolagus cuniculus: PELVIC AND
PERINEAL STRIATED MUSCLES ACTIVATION. Y, Cruz, R.E. Hudson, and
M. Martinez-Gdmez*. Instituto de Investigaciones Biomddicas, UNAM, Mexico,
D.F.; Centro de Investigaciones Fisioldgicas, UAT, Tlaxcala, Tlax., Mexico.
Despite major advances in understanding parturition, knowledge of its
underlying physiology is still surprising incomplete. In general, parturition
involves maternal and fetal interaction at the neural, endocrine and muscular
levels. Muscular participation has been analyzed mainly with regard to smooth
muscle and only some striated abdominal muscles have been considered. Thus,
we are interested in analyzing the activity of the pelvic and perineal striated
muscles closely associated with the reproductive tract. If these muscles are
involved in parturition, we might expect them to play an important role in species
in which they are particularly conspicuous and differentiated such as the rabbit - a
species with very rapid parturition. To investigate this proposal, 15 anesthetized
female rabbits were used (urethane, 1.5 g/kg). They were assigned in two groups:
one (n = 10) for recording muscular activity (EMG) during the vaginal-cervical
stimulation performed by introducing a balloon or a glass probe at three vaginal
levels (craneal, medial and caudal), or touching the cervix; the other (n = 5) to
record EMGs during parturition induced by injecting IU 0.3-0.5 of oxytocin on
day 31 of gestation. The muscles analyzed were: ischiocavemosus,
bulbospongiosus, constrictor vestibuli, constrictor vulvae, bulboglandularis,
obturatorious internus, pubocaudalis and iliocaudalis. Indeed, pelvic and perineal
muscles were activated during artificial stimulation, particularly of the medial and
caudal regions. The muscles were also activated during parturition, 2-3 min
before and during pup expulsion. It is now necessary to analyze in detail the
responses of these muscles in order to determine their function in reproductive
and non reproductive process. (CONACyT 118080; CONACyT 4012PB; DGAPA
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ESTIMATION OF SYNAPTIC POTENTIALS USING THE DISCHARGE TIMES
AND FREQUENCIES OF MOTONEURONS. K.S.Ttirker1*, C. Madore2 and
R.K.Powers2. ’Dept. of Physiology, University of Adelaide,S.A.5005, Australia;
2Dept. of Physiology & Biophysics, University of Washington, Seattle, WA 98195,
USA.
Our aim in this study was to test the hypothesis that the stimulus-induced changes
in the discharge frequency of motoneurons (peristimulus ffequencygram, PSF; Turker
and Cheng, J. Neurosci. Meth. 53: 225, 1994) can provide a better estimate of the
underlying synaptic potential than the peristimulus time histogram (PSTH). We
measured the effects of injected current transients on the discharge probability and
firing rate of repetitively discharging rat hypoglossal motoneurons recorded in vitro.
Repetitive discharge was elicited by injected current steps with superimposed noise in
order to mimic the noisy synaptic drive likely to occur during physiological activation.
The time course and amplitude of the injected current transients were chosen to mimic
the synaptic currents produced by synchronous activation of large numbers of afferent
fibers (simulating compound excitatory and inhibitory postsynaptic potentials (EPSPs
and IPSPs). The spike times and discharge frequencies were then used to build
PSTHs and PSFs, whose features were compared with the underlying PSP profiles.
We found that PSTHs contained secondary peaks and troughs that were not directly
related to the underlying PSP, but instead reflected the regular recurrence of spikes
following those affected by the PSP. The PSF analysis is more useful for indicating the
total duration and the profile of the underlying PSP. The shape of the underlying PSP
can be obtained directly from the PSF records since the discharge frequency of the
spikes follow the PSPs very closely, especially for EPSPs. We are currently using a
threshold-crossing motoneuron model with parameters chosen to match the passive
responses and afterhyperpolarizations of rat motoneurons to examine the relation
between intrinsic cell properties and the effects of PSPs on discharge rate.
This study was funded by the NH&MRC of Australia and NIH grants NS 31925
and NS 26840.

PHYSIOLOGICAL ANALYSES OF FORELIMB MODULATION OF
FORELIMB REFLEXES IN THE NORMAL CAT. L.A. RITZ*, W.M.
NORMAN. AND R.D. JOHNSON. Department of Neuroscience, University
of Florida, Gainesville, FL 32610.
We are investigating segmental and spinobulbospinal connectivity for the
cervical enlargement in cats. Using the decerebrate preparation, intralimb
(same limb) and interlimb (forelimb to forelimb) connections were studied with
a condition-test (C-T) paradigm using a forelimb test circuit (superficial radial
(SR) or median/ulnar (MU) nerves to deep radial nerve) and modulation from
the “opposing” ipsilateral nerve (i.e., SR modulating MU, or MU to SR), or
from the contralateral SR or MU nerves.
The forelimb test circuit consists of early (6-8 msec) and late (12-20 msec)
polysynaptic responses, attributable to segmental (early) and spinobulbospinal
(late) pathways. For intralimb circuits, modulation from the opposing nerve
was inhibitory for short C-T intervals (up to 30 ms) and variable at long C-T
intervals (50-100 ms). For interlimb circuits, the opposing nerve on the
contralateral side typically facilitated the test circuit at all C-T intervals.
Regarding the same nerve from the contralateral side, MU typically facilitated
the MU test circuit, while SR typically inhibited the SR test circuit.
These results complement our studies of ascending and descending
intersegmental pathways, that provide a framework for evaluating intralimb
and interlimb circuits after thoracic compression injury, with fetal
neurotransplants or with training paradigms aimed at enhancing activitydependent plasticity. Supported by NIH P01 NS35702 and the State of Florida
BSCIRTF.
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53.7

53.8

MUSCLE AFFERENT EFFECTS ON FORCE FIELD PRIMITIVES DURING
HINDLIMB WIPING. Kargo, W.J*and Giszter, S.F., MCP/Hahnmann Univ.

PRESYNAPTIC INHIBITION OF EXCITATORY POSTSYNAPTIC POTENTIALS
EVOKED BY MUSCLE STRETCH AND ELECTRICAL NERVE STIMULATION IN
CAT LUMBAR MOTONEURONES. Nielsen, J.B.3*, Enriquez-Denton, M.', Sinkjaer,
T2. Morita, H.3, Christensen, L.O.D.1 and Petersen, N.1, 1) MFI, Panum Institute,
Denmark. 2) SMI, Aalborg University, Denmark and 3) Physiologisches Institut,
Christian-Albrechts-Universitat zu Kiel, Germany.
It has recently been demonstrated in man that H-reflexes and stretch reflexes have a
different sensitivity to presynaptic inhibition (Morita et al, J.Neurophysiol. 80:610. 1998).
The purpose of the present study was to investigate this phenomenon further in the cat.
A total of 17 cats were investigated under alpha-chloralose anaesthesia. Preceding
stimulation of the posterior biceps and semitendinosus nerve (PBSt; 1.6T; 30-60 ms
interval, 5 shocks, 300Hz) depressed the H-reflex recorded from the Soleus muscle to on
average 28.7±33.5 % (n=6; ±SD). The stretch-reflex recorded from the same muscle was
depressed to only 49.2±27.7%. Excitatory postsynaptic potentials (EPSPs) were evoked
in triceps surae motoneurones by electrical stimulation of the gastrocnemius-soleus motor
nerve or by stretch of the triceps surae muscle. EPSPs evoked by single electrical pulses
or very fast ramp (rise time: 5-10 ms) stretches were equally depressed by PBSt stimulation
(to 77±10% and 75±15% of the control EPSP size, respectively; n=12). The initial part of
EPSPs evoked by slow stretches (rising time of 40-60 ms) were similarly depressed, but
the last part of the EPSPs was significantly less depressed (81 +/-10 %; n=12). The last of
the EPSPs in a train of EPSPs evoked by repetitive stimulation of the GS nerve was also
significantly less depressed than the first EPSP (88 %; n=17). When EPSPs evoked by
single electrical pulses were superimposed on a slow ramp stretch of the muscle, a
reduction in the amount of presynaptic inhibition was also seen.
It is proposed that preceding activity of group I afferents reduce the effectiveness of
presynaptic inhibition by either inhibition of the pathway that elicits presynaptic inhibition
or by making the terminals of the group I afferent fibres less sensitive to presynaptic
inhibition.

In the frog, potential building blocks for movement construction organized at
the level ofthe spinal cord-peripheral plant have been termed primitives and
described as an isometric force field (Giszter et al., 1993). A force field
summarizes the combined effects of an activated muscle control group, of
static limb properties, and feedback. In past studies, we used complete and
selective deafferentations to examine feedback effects on force field structure
and use in natural behaviors. Here, we use selective vibration of biceps (BI)
during an isometric examination of hindlimb wiping. BI muscle spindles exhibit
interesting firing patterns during unrestrained wiping: an initial burst at
movement onset, reduced firing during limb translation, and a second burst at
target limb contact. In this study, we modulated BI spindle firing during these
periods. In some frogs, we selectively curarized BI to drive spindles at lower
frequencies (no Beta input) and to reduce the recruitment of tension receptors.
There are two main results of this study. First, BI feedback had distinct
effects on the different force field elements that underlie wiping. Altering the
frequency of BI vibration scaled the magnitude of an initial force field element.
The onset of a second force field element was also regulated by BI vibration
and exhibited a dependency on limb configuration. Second, brief periods of BI
vibration at the onset of wiping, had effects on force field patterns beyond the
period of vibration. In summary, BI feedback had modularly organized
multijoint effects that were consistent with episodic use of feedback. Supported
by NIH-R29-NS34640 to S.G. and Training Grant HD07467 to Marion Murray.

53.9

53.10

DENDRITIC INTERACTIONS BETWEEN IA EPSPS AND RECURRENT
INHIBITION.
M.G. Maltenfort*, V.V. Turkin and
T.M. Hamm, Barrow
Neurological Institute, St. Joseph’s Hospital, Phoenix, AZ.
We have begun studies to investigate how recurrent inhibition (RI) affects dendritic
integration in spinal motoneurons. Initial studies address whether the experimentally
measured occlusion of Ia EPSPs by RI is equal to that expected if Renshaw and Ia
synapses have similar distributions on different dendrites. Burke and Glenn (1996)
have shown that Ia synapses are not evenly distributed to dendrites with different
radial orientations. Measured occlusions less than or greater than the predicted value
of an equivalent dendritic cable model would suggest that the two synaptic systems
tend to occupy different dendrites, or tend to have the same uneven distribution on
different sets of dendrites, respectively. A series of Ia EPSPs were produced in each
motoneuron by a 50 msec train of stimuli (200 Hz) to selected muscle nerves. This
EPSP was elicited with and without RI produced by ventral-root stimulation. The
degree of occlusion was estimated as the % decrease in EPSP amplitude due to RI. In
alternating trials, white noise current was injected in the motoneuron without evoked
synaptic input and during tonic RI. From the resulting impedance function
measurements, estimates were made of the location and conductance magnitude of
the Renshaw synapses on the motoneuron. This method (Maltenfort et al. 1999,
submitted) provides estimates of Renshaw cell synapse location which match the
morphological results of Fyffe (1991). The impedance function also provides
parameters for an equivalent cable model of each studied motoneuron. Using
published Ia synapse distributions (Burke and Glenn, 1996) and the estimated RI
parameters, we produced a comparable Ia EPSP in the cable model, and then
determined the occlusion produced by RI. Preliminary results show agreement
between the predicted and measured occlusion, or measured occlusion that is greater
than predicted by the model and RI estimates. There is a tendency for larger values
of measured occlusion to occur in motoneurons with larger values of rheobase.
Supported by USPHS grants NS22454 and NS07309

VESTIBULAR NUCLEUS NEURONS MEDIATING STARTLE
RESPONSES. J.S. Yeomans l^L. Lil, M. Kawaja2, and P.W.
Franklandl. IDept. of Psychology, Univ. Toronto, Toronto, ONM5S
3G3, 2Dept. of Anatomy and Cell Biology, Queen’s Univ., Kingston
ON.
To find vestibular inputs to the startle reflex, we injected biotinylated
dextran into the pontine reticular formation regions (PnC) critical for
acoustic startle. Many large neurons of the medial and lateral vestibular
nucleus (VN) were found to project to PnC. Electrical stimulation of
VN evoked startle-like responses at currents from 200-400 uA (0.1 ms
pulse duration). Two pulse stimulation showed that the VN substrates
producing startle had refractory periods of 0.3-0.7 ms, indicating large
neurons, with declining summation at interpulse intervals from 0.7- 20
ms. A smaller peak at interpulse intervals of 8-10 ms indicated that
stimulation ofthe nearby facial tract also contributed to the response.
Bilateral VN stimulation elicited larger startle responses that peaked
when the interstimulus interval was 0. Summation between an acoustic
stimulus and a VN stimulus peaked when the VN stimulus followed
the noise by 5-7.5 ms. Therefore, the VN has faster access to the PnC
startle integrator than the cochlea. These data support the idea that
startle is elicited by simultaneous activation of vestibular, acoustic and
trigeminal stimulation, as occurs following head blows.
(Supported by NSERCC grant to J.S.Y.)
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OLFACTORY CONDITIONING OF THE LOCUST: NONASSOCIATIVE AND
ASSOCIATIVE COMPONENTS OF THE RESPONSE TO ODOR. H.L. Dean-L B.
H, Smith^ and G, Laurent-k ^Division of Biology 139-74, 1201 California Blvd.,
California Institute of Technology, Pasadena, CA 91125; ^Department of
Entomology, Ohio State University, Columbus, OH 43210.
Our objective was to develop a behavioral paradigm in which we could investigate
the causal relationships between olfactory-guided behavior and the underlying
physiological processing of olfactory information in the brain. Here we show that the
locust, Schistocerca americana, can be conditioned to respond to plant (nonpheromonal) odors. We chose the locust for several reasons. First, the Antennal Lobes
(AL) of the insect brain possess anatomical characteristics that are analogous to
features of the vertebrate olfactory bulb. Second, physiological processing of olfactory
information in the AL can be investigated with a variety of intra- and extra-cellular
recording techniques. Third, pharmacological treatment disrupts specific spatial and/or
temporal features of that processing. This opens the possibility of using the same
pharmacological treatment to establish causal links between physiology and behavior.
We stimulated restrained locusts with odor (Conditioned Stimulus, CS) and/or a
sucrose/amino acid mixture (Unconditioned Stimulus, US). After 5 to 10 trials with
only the CS or the US, subjects displayed a decrease or increase, respectively, in their
response to odor. The decrease is analogous to sensory adaptation or habituation. The
increased response to odor after US treatment reveals pseudoconditioning
(sensitization). However, nonassociative mechanisms cannot account for all of the
results. Subjects exposed to forward pairing of CS and US displayed higher
responsiveness to odor than did subjects exposed to backward or unpaired presentations
of the same two stimuli. Furthermore, a discrimination conditioning procedure
revealed successful discrimination of an odor associated with the US from a second
odor that was not associated with reinforcement. Therefore, the behavior arises in part
from one or more associative mechanisms.

RAPID AND ENDURING CHANGES IN OLFACTORY
INTERNEURON NETWORK DYNAMICS WITH ODOR
EXPERIENCE. M. Stopfer* and G. Laurent. Division of Biology, 13974, California Institute of Technology, Pasadena, CA 91125.
Olfactory behavior is generally characterized by repeated odor samplings,
imposed both by the complex physical nature of odor plumes, and by
behavioral and physiological responses to odors. In the olfactory system
of insects, odors evoke fast oscillatory synchronization of populations of
antennal lobe projection neurons (PNs) imposed upon slower, stimulusspecific temporal activity patterns. Both of these temporal features have
been shown to contain information about the identity of odorants. We
examined changes in the dynamics of individual neuronal and population
patterns over 10, .1Hz, 1 sec odor stimulations.
We found that responses of PN assemblies underwent a rapid decrease in
intensity (instantaneous spike rate), concomitant with a dramatic increase
in spike time precision and inter-neuronal oscillatory coherence. This
change is consistent with an enhanced ability to represent precise olfactory
information. Once established, this enhanced precision was retained, even
in the absence of the stimulus, for at least 30 sec, and then gradually
reverted to the naive state after about 10 min. This change was stimulus
specific, carrying over partially to structurally similar odorants, and to
blends composed of novel + familiar odorants. This modification may
thus provide a form of short term memory of the odor. The change in
precision depends upon events within the antennal lobe, independent of
olfactory receptor adaptation. The odor specific, slow temporal patterns
displayed by individual PNs did not appear to undergo similar
enhancements (or losses) in the specificity of stimulus representation.

54.3

54.4

ODOR-EVOKED ACTIVITIES IN THE ANTENNAL LOBE OBSERVED
BY VOLTAGE-SENSITIVE DYE IMAGING IN THE MALE
SILKWORM MOTH BOMBYX MORI. H Ai*1. K Okada1. R. Kanzaki1 :.
‘Inst, of Biol. Sci.. Univ. of Tsukuba. Tsukuba. Ibaraki 305-8572. Japan;
;PRESTO. JST, Japan
The antennal lobe (AL) of the insect brain is the primary olfactory center
to which we have already applied an optical recording technique and
acquired some optical images evoked by electrical stimulation to the
antennal nerve in the male B. mori (Ai et al., Neurosci. Lett. 258, 1998) In
the present study we succeeded in acquiring the optical signals to the
olfactory' stimulation (bombykol; primary pheromone component) to the
antennae. A certain response pattern in the AL was recorded by using
voltage-sensitive dye. Bombykol elicited a depolarization followed by a
gradual hyperpolarization on the whole area of the macroglomerular
complex (MGC) and the medial edge of the AL, corresponded to the medial
cell cluster. The optical activity pattern on the MGC was modulated by the
stimulus duration of bombykol. When the stimuli of various durations (0.5s,
ls and 1.5s) were applied to the antennae, the depolarization on the MGC
were consistently phase-locked to the stimulation.
While a weak
depolarization on the lateral edge of the AL, corresponded to the lateral cell
cluster, was induced. In some part of the ordinary glomerular region a weak
hyperpolarization was observed.
Moreover, we investigated the oscillatory signals of spatial and temporal
optical recording data by Maxmum Entropy Method (MEM) in order to
visualize the oscillatory' region. We obtained some oscillatory responses in
the AL during bombvkol stimulation. The frequenev of power peak was ca.
17 Hz.
Supported by grants from PROBRAIN and PRESTO. JST.

VISUALIZATION OF OSCILLATORY REGION IN THE ANTENNAL LOBE
OF INSECTS BY OPTICAL RECORDING METHODS. K, Okada*1, H,Ai1
and R,Kanzaki.121lnst. of Biol. Sci., Univ. of Tsukuba, Tsukuba, Ibaraki
305-8572, Japan, 2PRESTO,JST, Japan
Recent physiological research in insects revealed that oscillatory
synchronized activity in the first-order olfactory center, the antennal lobe,
seems to be necessary for fine odor discrimination and enables the
encoding of information about a stimulus in timing of action potentials in
an oscillatory population response. We investigated odor-evoked
oscillatory signals in the antennal lobe (AL) of a bumblebee worker by
coupling a high-speed optical recording technique using voltage-sensitive
dye, and a frequency analysis of 'Maximum Entropy Method' and 'slidingwindow spectrum analysis'. We consistently observed oscillatory signals
in 20-25 Hz and ca. 15 Hz. The fast oscillation was elicited only during
the stimulation (200-400ms). While the slow oscillation was observed
whole through the recording period (3.7ms). Both oscillatory signals were
suppressed by TTX. Our results indicate that the fast oscillatory signals
(20 - 25 Hz) are elicited by olfactory stimulation and the slow signals (ca.
15 Hz) may be evoked by spontaneous activities of AL neurons. A male
silkwrom moth has specialized (sex pheromone) and general odor
processing system. Clarifying the differences in oscillatory signals on
these two different olfactory processing systems is our ongoing work.
Supported by grants from the PROBRAIN and PRESTO, JST.
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RESPONSES OF OLFACTORY RECEPTOR CELLS IN TRICHOID SENSILLA
ON THE ANTENNAE OF THE FEMALE SPHINX MOTH, MANDUCA SEXTA
TO PLANT ODORS. V.D.C. Shields* and J.G, Hildebrand. ARL-Div. of
Neurobioiogy, Univ. of Arizona, Tucson, AZ 85721.
Moths rely largely on volatile organic compounds emitted by plants to locate
food sources and oviposition sites. The antennae of female Manduca sexta are
equipped with several types of olfactory receptor cells (ORCs) responsible for
detecting these volatiles (Shields and Hildebrand 1999a,b). Extracellular single
sensillum tip recordings were made from type-A trichoid sensilla of female
antennae (Shields and Hildebrand Soc. Neurosci. Abstr. 24:2098). We
determined the response spectra of 44 ORCs to a panel of more than 100
hostplant-associated volatiles representative of the compounds emitted by
selected native night blooming flowers and the vegetation of solanaceous
hostplants. Also included in this panel were the floral and/or vegetative
headspace volatile mixtures collected from jimson weed, tobacco, and tomato
plants, which are typically selected by female M. sexta for oviposition. We also
tested the major components of the sex pheromone of female M. sexta. A
subset of ORCs had a narrow molecular receptive range (MRR) and
responded strongly to only 1-2 terpenoid compounds (e.g. frans-nerolidol,
farnesol).-Another subset of ORCs that was activated exclusively by
aromatics responded strongly to 2-7 compounds (e.g. ethyl salicylate, isoamyl
salicylate, ethyl benzoate, 2-methyl propyl benzoate, n-butyl benzoate, cis-3hexenyl benzoate, ethyl 2-aminobenzoate). Other ORCs had a broad MRR
and responded strongly to compounds from several chemical classes. Certain
compounds elicited excitatory responses in the ORCs of some sensilla, but
inhibitory responses in others. Rhodamine-dextran labeling of ORC’s revealed
axonal projections to the large female glomeruli of the antennal lobe (Rossier
etal. 1998).

SEXUALLY ISOMORPHIC OLFACTORY GLOMERULI IN THE ANTENNAL
LOBES OF THE MOTH MANDUCA SEXTA. J. Roche King* and J.G. Hildebrand.
ARL Division ofNeurobiology, University of Arizona, Tucson, AZ 84721.
Each of the two antennal lobes (ALs) of Manduca sexta contains 60
“ordinary”olfactory glomeruli, spheroidal neuropil structures similar to those in
olfactory centers of many diverse animals. In addition to these glomeruli, the ALs
contain sexually dimorphic glomeruli, the macroglomerular complex in males and the
large female glomeruli in female ALs. We are studying the morphological and
physiological characteristics of selected, sexually isomorphic glomeruli. Current
evidence indicates that the array of these ordinary glomeruli is invariant across
individuals as well as between males and females (Rospars & Hildebrand, in prep.).
By viewing glutaraldehyde-fixed preparations using laser-scanning confocal
microscopy and creating 3-D reconstructions of glomeruli, we have found that many
of the ordinary glomeruli are readily identifiable in both male and female ALs. Based
on ease of identification and location lyithin sectioned tissue, we have focused on 3
glomeruli for morphological and physiological studies. One of these glomeruli, the
antero-dorsal glomerulus (ADG), is an ovoid structure that resides at the anterior
surface of the AL near the entrance of the antennal (olfactory) nerve. In both males
and females, the ADG is situated anterior to the sexually dimorphic glomeruli. The
other 2 glomeruli of interest are located medially within the AL. In both males and
females, these 2 glomeruli display a striking morphology reminiscent of a mortar and
pestle, with one (bowl-shaped) embracing the other, round glomerulus. To probe the
molecular receptive ranges (MRRs) of these identified ordinary glomeruli, we have
begun to study the physiological responses of uniglomerular projection neurons
(PNs) that arborize within them to antennal stimulation with hostplant-related
odorants. By comparing the MRRs of PNs arborizing within such identified, sexually
isomorphic glomeruli, we hope to gain a clearer understanding of the basic principles
underlying olfactory processing in all glomeruli.
Supported by NIH grant DC02751.

Supported by NIH grant DC-02751.

Society

for

Neuroscience

, Volume

25, 1999

Supported by an NRSA to M.S. and an NIDCD grant to G.L.

CHEMICAL SENSES: INVERTEBRATE OLFACTION

SUNDAY AM
54.7

54.8

COUPLED OSCILLATOR NETWORK FOR OLFACTORY PROCESSING IN
LIMAX: RESPONSES TO LOCAL PERTURBATIONS WITH NITRIC OXIDE. A
Gelperin*1 J, Flores1 and B. Ermentrout2. ’Biological Computation Research
Dept., Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974 and
department of Mathematics, University of Pittsburgh, Pittsburgh, PA 15260.
Odor learning in Limax followed by Lucifer yellow injection results in labeled
bands of neurons in the procerebral (PC) lobe, which has oscillatory dynamics
and propagates activity waves from apex to base (Gelperin, J. Exp. Biol, in
press, 1999). To explore how olfactory input can have local effects on the
oscillator network of coupled burster neurons in the PC lobe, we made dual
local field potential recordings from apical, midregion and basal sites in 250 um
thick slices of PC lobe taken along the apical-basal axis of wave propagation.
Slices were incubated in caged nitric oxide and stimulated with 70 um diameter
uncaging flashes in the apical, basal or midregion of the cell body layer of the
slice. Brief localized NO uncaging in the apical region of the cell layer resulted in
high frequency small amplitude oscillations which did not propagate to the
basal electrode. These local waves were superimposed on the global
propagating wave which was not altered by the localized stimulus. Localized
basal stimulation also resulted in localized responses superimposed on global
propagating waves. Staining of PC lobes with sulphorhodamine 101 selectively
stains the burster neurons and reveals that the density of burster neurons is
highest in the midregion of the cell layer. Localized NO uncaging in the
midregion of the cell layer only affected the global oscillation.
An
interconnected network of bursting neurons with variable length scales of
interconnection allows us to explore types of connectivity which permit local
responses to stimuli which excite only a small fraction of bursters in a local area.
Supported by Bell Labs and NSF DMS-9626728 & NIH MH47150 to B.E.

DISTRIBUTED NEURAL ACTIVITY IN ANTENNAL LOBES OF
PERIPLANETA ON STIMULATION WITH ODORS: EFFECTS OF
THE GABA-BLOCKER PICROTOXIN ON SPATIAL PATTERNS.
J, Inouchi* and W, M, Van der Goes van Naters. Lab. of
Neurophysiology, Dept. of Insect Physiology and Behavior, Nat’l. Inst,
of Sericul. and Entomol. Sci., Tsukuba, Ibaraki 305-8634, Japan.
Odor stimulation to the olfactory epithelium generates a distributed
neural response in the primary olfactory centers. The synaptic activity
over the brain in space and time can be monitored through optical
imaging studies using calcium-sensitive probes. We are currently
studying the processing of olfactory information in the antennal lobes
of the cockroach Periplaneta americana. The majority of neurons
intrinsic to the antennal lobes are GABAergic. In this poster we show
(a) that three alcohols generate different spatial patterns of neural
activity, (b) that increasing the concentration of odor stimulation
enhanced the size of the activated areas, (c) that these patterns become
significantly more similar to each other after treatment with picrotoxin,
(d) that the patterns generated by binary mixtures of these alcohols are
not simple summations of patterns generated by component odors but
(e) that the additivity of component odors increases after picrotoxin
treatment. GABAergic connections may contribute to the
discrimination both of single odors and of odor mixtures.
Supported by the MAFF and STA of Japan.

54.9

54.10

A THEORETICAL STUDY OF SPATIO-TEMPORAL CODING IN THE
INSECT OLFACTORY SYSTEM. M.L Rabinovich1. R, Huerta1. A. Volkovskii1.
H.D.I. Abarbanel1, G. Laurent2 and C. Koch2*, ‘inst. Nonlinear Science, UC San Diego,
La Jolla, CA 92093-0402,2Biology Div. Caltech, Pasadena, USA.
Inspired by electrophysiological studies of olfactory processing in locusts and bees,
we developed a class of models that embody the putative dynamical rules of spatiotemporal odor coding and classification by these systems. The model is based on two
important experimental features: (i) different stimulus-evoked, nonstationary firing
patterns from projection neurons (population coding), and (ii) stability and reproducibility
of these patterns in time and neuron space over repeated presentations of the stimulus. To
obtain these features, we cannot use familiar theoretical frameworks in which each input
is represented by a specific (fixed point or limit cycle) attractor. Rather, we propose that
a stimulus-specific transient dynamics of the system, embodied in its phase space
trajectory, is continuously dictated by the input: the system does not seek attractors in preexisting basins of attraction defined by the network alone. We propose a paradigm of
"dynamic competition" in which inputs are represented by internally competiting neural
assemblies. Each spatio-temporal pattern is the result of dynamical motion within the
neural ensemble and does not involve a "winner" among competing groups of neurons.
The model produces spatio-temporal patterns very similar to those observed
experimentally. This form of neural processing has many of the general features desired
of pattern classifiers: large information capacity, reliability, specific responses to specific
inputs and resistance to noise.
Supported by O.R.D., Dept. of Energy and NIDCD.

PAIRED-PULSE SUPPRESSION IMPLCATES PRESYNAPTIC AFFERENT
INHIBITION IN LOBSTER OLFACTORY PROJECTION NEURONS
C.M. Kilroy1,2 and B.W. Ache*1,2,3. ’Whitney Laboratory, University of Florida, St.
Augustine, FL 32086 and Departments of 2Neuroscience and 3Zoology, University
of Florida, Gainesville, FL 32610
Both GABA-ergic and histaminergic inhibitory pathways innervate the outer
layers of olfactory glomeruli in the lobster, Panulirus argus, and they attenuate
integrated optical neural activity in the afferent nerve layer evoked by paired-pulse
electrical stimulation of the afferent nerve in a manner consistent with presynaptic
action (Wachowiak, M. and Cohen, L. 1998. J Neurophysiol 80(2): 1011-5). Here
we report that both pathways inhibit the electrical activity of individual glomerular
output elements (projection neurons, PNs) in a manner consistent with presynaptic
action. Using whole-cell, current-clamp recording to monitor individual PN’s, we
electrically stimulated the cut olfactory nerve in an isolated brain preparation and
recorded the response to paired pulses with intrastimulus intervals from 300 to 800
ms. Filling the cells with biocytin allowed for identification of the type of cell
being recorded. 30 of 30 PNs tested failed to respond to the second of the paired
pulses separated by intervals up to 800 sec. The GABA antagonist picrotoxin
(PTX, 30-100 pM) relieved this inhibition in 8 of 23 of the PN’s. In 2 of these 8
PNs, PTX (100 pM) also induced subthreshold oscillations in the membrane
potential. The other 7 PNs were tested with the histamine antagonist cimetidine (1
mM), which relieved this inhibition in 2 of the cells. Having both pathways act on
the input to individual PNs could possibly explain why either drug did not relieve
the inhibition in all of the cells tested. These results support the earlier, imaging
results by providing cellular-level evidence for presynaptic afferent inhibition in
the lobster olfactory pathway.
Supported by NSF grant IBN 95-15307.
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THE AESTHETASC-OLFACTORY LOBE PATHWAY OF SPINY
LOBSTERS IS NOT NECESSARY FOR ODOR-ACTIVATED
SEARCHING BEHAVIOR, ODOR-ASSOCIATIVE LEARNING, AND
DISCRIMINATION OF COMPLEX ODORS. P. Steullet T. Flavus. D,
Radman, G. Hamidani, M. Zhou, and C.D. Derby*. Dept. of Biology,
Georgia State Univ., Atlanta 30302.
Chemoreceptor neurons that mediate food search and odor discrimination by
decapod crustaceans are located in the paired antennules, each of which
bifurcates into lateral and medial flagella. Chemosensory neurons densely
innervated aesthetasc sensilla, which are located on the lateral flagellum and
project into the glomerular neuropile of the olfactory lobes. Chemosensory
neurons associated with non-aesthetasc sensilla are located on both flagella and
project together with mechanosensory neurons into the non-glomerular
neuropile of the lateral antennular neuropiles. The present study investigates,
through ablation of specific sensillar types, the functional role of these two
pathways in several odor-driven behaviors of the spiny lobster Panulirus
argus. Both aesthetasc and non-aesthetasc chemoreceptor neurons are involved
in evoking behavioral responses to odors presented in low-flow conditions,
and the response magnitude decreases as more antennular chemosensory
neurons are removed. However, aesthetasc chemoreceptor neurons are not
necessary for odor detection, initiation of search behavior, odor-associative
learning, or discrimination among 30- to 35-component artificial food odors.
Our results nevertheless indicate a trend that aesthetasc-less lobsters have more
difficulty in the discrimination of the most similar of these complex odors.
We are currently investigating the role of aesthetascs in discrimination
different blend ratios of a given mixture. Supported by NIH grant DC00312.

ODOR-STIMULATED LABELING OF INDIVIDUAL OLFACTORY RECEPTOR
NEURONS IN THE SQUID. W.C. Michel*, J.P. Danaceau and M.T. Lucero.
Department of Physiology and Interdepartmental Program in Neuroscience, University
of Utah School of Medicine, Salt Lake City, UT 84108.
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The olfactory organ of the squid Lolliguncula brevis is located on the muscular fold
slightly posterior to the eye in a position facilitating its contact with odorants entering
the mantle cavity. Five types of olfactory receptor neurons (ORNs) have been
identified morphologically in the olfactory epithelium. The olfactory responsiveness of
only one of these cell types has been studied in detail. Application of the appropriate
odorants to pyriform receptor cells elicits excitatory (glutamate) or inhibitory (betaine,
dopamine) responses. To obtain information about the responsiveness of the other cell
types, we applied agmatine (AGB), an ion channel permeant probe that has been used
to label odor-activated ORNs in lobster, crab and zebrafish. Application of odors and
AGB to the squid olfactory organ allowed visualization of odor-stimulated cells across
the entire epithelium. Approximately 4-5% cells in the olfactory epithelium were
labeled when exposed to AGB alone. The most stimulatory odor, 100 pM L-alanine,
resulted in the labeling of 10-14% of the ORNs in the olfactory epithelium. Other
odors increasing labeling above levels stimulated by AGB alone included glutamate,
arginine and proline. To investigate whether odorants preferentially activate different
ORN types we first classified ORN types according to their immunocytochemically
determined amino acid profiles and basic morphological features, then determined if
odor-stimulated cells were associated with a particular ORN cell type. ATP stimulated
short, glycine-positive ORNs located superficially in the epithelium while alanine and
glutamate stimulated pyriform-like cells positioned deeper in the epithelium.
Collectively, these data indicate that the squid olfactory organ is capable of detecting
more odorants than might be predicted on the basis of physiological studies of the
pyriform receptor cell type. Supported by NIH DC-01418 (WCM) and DC-02587
(MTL).
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STIMULUS STRENGTH/DURATION PREFERENCES OF TYPE III
LOCAL INTERNEURONS IN THE CRAYFISH OLFACTORY LOBE.

CALCIUM IMAGING OF INPUT TO THE TURTLE OLFACTORY BULB:
PRESYNAPTIC INHIBITION AND ODOR REPRESENTATION. M, Wachowiak*,
L. B. Cohen and M. Zochowski. Dept. Physiol., Yale University, New Haven, CT
06520; Marine Biological Laboratory, Woods Hole, MA 02546.
We used a protocol adapted from Friedrich and Korsching (Neuron 18:737752) to label olfactory receptor neurons in the box turtle T. Carolina with a dextranconjugated calcium dye. The dye was applied to the olfactory epithelium and
transported to the axon terminals, allowing us to selectively image activation of
presynaptic afferent terminals across the olfactory bulb. We used this technique to
investigate regulation of transmission from receptor cells to olfactory intemeurons in
vitro, as well as the representation of odors by patterns of presynaptic activity in the in
vivo olfactory bulb. To investigate regulation of transmission from receptor cells to
intemeurons, paired shocks (300 ms ISI) were delivered to the olfactory nerve while
recording calcium signals from the bulb using a 464-element photodiode array. In
normal ringers, the calcium signal showed significant paired-pulse suppression, with the
test pulse reduced to 40 - 50% of the conditioning pulse. This suppression was blocked
by GABAb antagonists. Shock-evoked calcium influx was reduced by the GABAB
agonist baclofen and the dopamine D2 agonist quinpirole. These findings suggest that
GABA and dopamine, presumably released from glomerular intemeurons, can reduce
calcium influx into olfactory afferent terminals via GABAB and D2 receptors, thus
mediating presynaptic inhibition of olfactory input to the CNS. In addition, we recently
succeeded in recording presynaptic calcium signals across the dorsal bulb surface in
response to odors known to induce complex spatial and temporal patterns of
pos/synaptic activity, as measured with voltage-sensitive dyes. These experiments
should allow us to image odor-evoked input to olfactory glomeruli, and to compare the
spatial and temporal representation of odor information at pre- and postynaptic levels of
the olfactory pathway.
Supported by NIH NS08437.

DeF. Mellon*. Dept. of Biology, Univ. of Virginia; Charlottesville, VA 22903
Type III local intemeurons are broad-spectrum olfactory midbrain cells in the
crayfish olfactory pathway that lack axons and have dendritic arborizations in
most, if not all, olfactory lobe glomeruli.These cells generate complex
inhibitory/excitatory sequences in response to many different simple and
complex odorants, including several amino acids and sugars, mixtures thereof,
and tetramin. Optimal excitation in Type III neurons is generated by very brief
(<100 msec) pulses of odor stimuli, but the properties of the odor-delivery
system we use dictate that brief pulses are diluted by the time they contact the
olfactory receptor neurons on the antennules. Therefore, using single stimulus
concentrations, it is not possible to determine whether the optimal excitatory
responses result from brief stimulation, stimulation with very dilute odors, or
both parameters together. New testing procedures in which the antennules are
exposed to both 100-msec and 1 second pulses of standard and various dilutions
of several odors have suggested that these central neurons are sensitive to highly
dilute odorant stimuli and generate optimal excitatory responses to
concentrations close to threshold.Current studies are aimed at refining the
dynamic temporal properties ofthe stimulus delivery system, determining the
extent to which the response properties that are dependent upon dilute stimuli
are determined by the molecular nature of the odor, and whether this
discriminatory ability of Type III neurons is enhanced for amino acid mixtures
and other complex stimuli.
Supported by the National Science Foundation, IBN-9319406 & IBN-9727753.

54.15

54.16

SPATIO-TEMPORAL PROPERTIES OF ODOR RESPONSES IN THE TURTLE
OLFACTORY BULB, Y.W. Lam, L.B. Cohen*, M. Wachowiak, M, Zochowski.
Dept. of Physiology, Yale Univ. Sch. of Med., New Haven, CT 06510.
We made voltage-sensitive dye measurements of the response to several odorants
in an in vivo turtle preparation. T. Carolina and T. omata were anesthetized by
submersion in ice and a craniotomy was performed over the olfactory bulb. A
0.01-0.02 mg/ml solution of the styryl dye, RH414, was placed on the bulb. We
applied 500 ms odorant pulses at 0.3%, 1.7%, and 10% of saturation. We measured
the optical signals with a 464 element diode array using a 4.5X objective; the area
of the object plane imaged onto each detector was 166x166 um2. We also measured
the electroolfactogram (EOG) from the olfactory epithelium.
Four different population signals were detected: a DC response and three
oscillations. The three distinguishable oscillations (middle, rostral and caudal) differ
from each other in latency, spatial position and frequency. The frequency and
latency of rostral oscillations are similar to those of oscillations detected in the
olfactory epithelium (EOG). However, their phase relation is not constant making
it less probable that they are of the same origin. Propagation of the excitation was
always detected in the rostral oscillation. The middle oscillation has the shortest
latency and a frequency similar to the rostral oscillations. The frequency of the
caudal oscillation is about half that of the rostral, and it has the longest latency.
The spatial origin of the caudal oscillations changes noticeably during the
consecutive cycles suggesting that different cells are responsible for the consecutive
bursts of activity. In some cases the caudal oscillation initiates through the a
detectable period doubling bifurcation.
The DC component had a more rapid rise time and the middle component had
a shorter latency in response to cineole that in response to isoamyl acetate.
Supported by NIH grant NS08437 .

PHYSIOLOGICAL AND MORPHOLOGICAL STUDIES OF OLFACTORY
INTERNEURONS IN AN OSCILLATORY NETWORK. Jing W. Wang,* Jorge
Flores and Alan Gelperin. Biological Computation Research Dept., Bell
Laboratories, Lucent Technologies, Murray Hill, NJ 07974.
Oscillatory activity in the procerebrum (PC), a center for odor
discrimination and odor memory storage in Limax, is required for
discriminating closely related odor molecules in an isolated nose-brain
preparation (Teyke and Gelperin, Neuroreport 10:1061, 1999). We
investigated the synaptic circuit that generates the oscillatory activity
and wave propagation. Sharp electrodes (R > 400 MQ) were used to
record intracellularly from different cell types in the PC lobe and
neurobiotin was subsequently injected into the recorded cells to reveal
their morphologies. Bursting neurons have multiple neurites covering
an extensive region of the cell layer. On the other hand, nonbursting
neurons are monopolar with long processes in the neuropil regions.
Sectioning the PC lobe revealed that most of the bursting neurons,
preferentially labeled by sulforhodamine 101 and Texas red hydrazide,
reside at the junction between the cell and neuropil layers.
Application of an anatomical tracer (biotinylated dextran amine) to the
PC lobe showed consistently that the majority of the PC cells were
monopolar nonbursting neurons and a small number of bursting
neurons had extensive neurites covering the entire cell layer of the PC
lobe. Intracellular recordings showed that the IPSPs in nonbursting
neurons could be reversed by hyperpolarizing the somata, suggesting
that the inhibitory synapse may be electrotonically close to the cell
body of the nonbursting neuron.
Experiments to investigate the
propagation of action potentials in burster neurites are underway.
Supported by Bell Laboratories and NIH grant MH56090 to A.G.

54.17
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CARBON MONOXIDE EXCITES OLFACTORY INTERNEURONS IN THE
PROCEREBRAL LOBE OF LIMAX. J.P.Y. Kao*1, J, Flores2 and A, Gelperin2.
1Medical Biotechnology Center & Dept. Physiol., School of Medicine, Univ.
of Maryland, Baltimore, MD 21201; and *Biological Computation Research
Dept., Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974.
The procerebral (PC) lobe of Limax is the major central locus for odor
discrimination (Teyke & Gelperin, NeuroReport 10:1061, 1999) and odor
learning (Gelperin, J. Exp. Biol. 1999, in press). A network of coupled burster
neurons in the PC lobe mediates oscillations of local field potential and wave
propagation from apex to base. Since staining of PC lobes with antibody to
heme oxygenase II revealed positive staining of elements at the base of the
lobe (Cooke, I.R.C., unpublished), we explored the sensitivity of the coupled
burster network in the PC to carbon monoxide (CO). We made local field
potential recordings in 250 pm thick slices of PC lobe incubated in NVCO/AM, a membrane-permeant form of a “caged CO” (a photosensitive
precursor molecule that releases free CO upon exposure to ultraviolet light).
After flash photolysis, release of CO from NV-CO is completed on the
millisecond time scale. Brief CO photorelease localized to the cell layer
resulted in increased frequency of the field potential oscillation, presumably
mediated by direct stimulation of the burster neurons, as shown previously
for nitric oxide. Using flash durations of 10 to 300 msec, both peak oscillation
frequency and duration of frequency response increased monotonically over
this range of uncaging flash durations. Carbon monoxide may play a role in
the synaptic plasticity of PC lobe neurons during odor learning or guide
connections of new olfactory afferents into the PC lobe.
Supported by Bell Laboratories and NIH grant GM-56481 to J.P.Y.K.

JN VITRO ODOR-AVERSION CONDITIONING IN A TERRESTRIAL
MOLLUSC. T. Inoue.* S. Watanabe, S. Kawahara, and Y. Kirino. Laboratory of
Neurobiophysics, School of Pharmaceutical Sciences, The University of Tokyo,
Tokyo, 113-0033, Japan.
Synchronous oscillatory activity of neurons is a ubiquitous phenomenon in the
olfactory system of many species from vertebrate to invertebrate. In order to
elucidate its physiological function in olfactory information processing including
learning, we developed in vitro odor-aversion conditioning system using the
terrestrial mollusc, Limax marginatus.
Behavioral observation revealed that their mantle muscle was contracted
selectively with aversive odors both by nature and by conditioning. Then, we
identified a motoneuron, p-VN, responsible for the mantle contraction. Using this
motoneuronal activity as an index of learning, we were able to aversively condition
isolated brains. Namely, application of attractive odors, such as carrot or cucumber,
to olfactory receptors of an isolated brain elicited no change of /?-VN activity, but
increased the neuronal discharge when these odors were paired with
unconditioned stimulus.
Spiking activity of p-VN and synchronous oscillatory activity of the
procerebrum (PC), olfactory center of Limax, were simultaneously monitored.
Frequency of local field potential (LFP) oscillation in the PC increased with
aversively conditioned odors but did not change with unconditioned odors. The
frequency change of LFP oscillation was correlated with the identified
motoneuronal activity. On the other hand, the duration of LFP events, regarded as
an index of synchronization of PC neurons, decreased with both conditioned and
unconditioned odors. These results show that odor-aversion learning ability
survives in vitro and suggest that synchronization and frequency modulation of
oscillatory activity in the PC have differential functions in olfactory information
processing. [Supported by a Grant-in-aid (#10480176) from Ministry of Education,
Science, Sports and Culture, Japan, and a grant from Program for Promotion of
Basic Research Activity for Innovative Bioscience, Japan.]
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GPI ANCHORED PROTEINS IN PARAMECIUM'S CHEMORESPONSE
TO FOLATE
J.L. Van Houten*, J. Yano, V, Rakochv, and J.D. Herlihv. Dept. of
Biology, University of Vermont, Burlington, VT 05405.
Paramecia are attracted to the stimulus folic acid. This is a
receptor-mediated response, that leads to hyperpolarization and a
change in swimming of the cells that in turn leads to accumulation of
the cell population near the stimulus source.
In other systems, folate receptors involved in folic acid uptake
predominantly are GPI anchored membrane proteins rather than
integral membrane proteins. There is evidence that in Paramecium,
the folate chemoreceptors, which mediate the hyperpolarization in
response to folate, are also GPI anchored, i) Cells treated with an
antibody to mammalian GPI anchored folate receptors selectively
block the Paramecium folate behavioral response, ii) The antibody
recognizes a 35 kD protein among the GPI anchored surface proteins,
that are also recognized by the anti-CRD antibody (against the
cleaved GPI anchor), iii) Epitopes on the surface of Paramecium are
recognized by the anti-folate receptor antibodies as seen with
confocal microscopy, iv) Cells transformed with an expression vector
for antisense to the PIG-A gene that is responsible for the initial step
in GPI anchor synthesis are depleted of GPI anchored proteins as
shown by anti-CRD Western blots and are specifically inhibited in
folate chemoresponse. Supported by NIH DC 00721 and the VCC.

ANTISENSE APPROACH TO GPI ANCHORED CHEMORECEPTORS IN
PARAMECIUM.
L. G. Murakami*1, J. Yano1, R.R. Preston2, and J.L. Van Houten1.
’University of Vermont, Dept. of Biology, Burlington, VT 05405;
2MCP Hahnemann University, Dept. Physiology, Philadelphia, PA
19129.
We have accumulated evidence that chemoreceptors are among
the glycosylphosphatidylinositol (GPI) anchored proteins of the
surface of Paramecium. (See Van Houten et al., and Chemical
Senses 22: 766, 1997; Soc. Neurosci. Abstr. 122: 1825, 1996.) To
explore these proteins in more detail, one of us (JY) has cloned the
gene for one of the initial steps in GPI anchor formation, PiG-A. Part
of the PIG-A gene sequence has been inserted into an expression
vector for Paramecium in the anti-sense orientation. The effect of
the antisense transcript on the endogenous PIG-A transcript in
transformed clones has been confirmed with RT-PCR. Clones with
reduced PIG-A transcripts have been studied for their array of surface
GPI anchored proteins, lipid intermediates, chemoresponse behavior
and chemoresponse conductances. While the results from clone to
clone remain variable, we consistently find that anti-PIG-A
transformed cells show reduced GPI anchored proteins on Western
blots using anti-CRD antibody, which recognizes the cleaved GPI
anchor, and show reduced amounts N-acetyl glucosamine-Pl and
glucosamine-PI on TLC. The antisense transformed cells show
reduced response to folate and glutamate, but not to acetate and
show significantly reduced folate-induced conductances. NIH DC
00721 and the VCC.
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55.1
SINGLE-UNIT RESPONSES OF MITRAL/TUFTED CELLS TO
URINE IN THE RABBIT ACCESSORY OLFACTORY BULB.
Y. F. Sasaki*, N. Uchida. H. Kashiwadani and K. Mori. Lab. for Neuronal
Recognition Molecules, Brain Science Institute, RIKEN, Wako, Saitama
351-0198, Japan
The accessory olfactory bulb (AOB) is segregated into two zones each
receiving axonal inputs exclusively from one of the two distinct subsets of
sensory neurons expressing specific pheromone receptors. However, the
functional significance of the zonal organization is not known. In addition,
little is known about the molecular identity of pheromones that activate
neurons in each zone of the AOB. To address the above issues, we
developed a system to observe single-unit responses of the neurons in each
zone of the AOB to pheromonal stimuli. The rabbits were anesthetized with
urethane, the vomeronasal organ (VNO) was exposed by removing the
bone, Corpus ossis incisivi. The anterior tip of its bony capsule was opened
to make the lumen accessible to a fine syringe needle. The VNO was
stimulated with rabbit male urine through the syringe needle and
extracellular single-unit recordings were made from the mitral/tufted
(M/T) cells in male and female young adult rabbits. Robust responses with
a train of spike discharges to male urine (diluted 5-fold with phosphate
buffer) were observed in 8% of M/T cells recorded. Control phosphate
buffer did not activate these cells. Temporal patterns of spike discharges
varied among the cells: brief bursts followed by an inhibitory phase, bursts
during stimulation and bursts that last long after the cessation of stimulus.
The urine-responsive cells tended to be localized to specific region of the
AOB. We are now comparing the position of M/T cells in reference to the
zonal organization of the AOB defined by cell adhesion molecule, OCAM
and G-proteins. This work is supported by grants from RIKEN.

55.2
TWO-PHOTON IMAGING OF ODOR-EVOKED Ca2+ DYNAMICS
IN DENDRITIC COMPARTMENTS OF RAT MITRAL CELLS
S. Charpak*1. J. Mertz1. E. Beaurepaire1. L. Moreau1. K.R. Delaney2
’Lab. of Physiology, ESPCI, 75005 Paris, France; 2Biology Dept.,
Simon Fraser Univ., Burnaby, BC V5A 1S6 Canada.
Calcium dynamics in the dendritic compartments of mitral cells (MC)
were measured in vivo in the olfactory bulb of freely breathing,
anaesthetized rats (urethane 1.5g/Kg) using two-photon laser scanning
microscopy (TPLSM). Intracellular recordings were performed with
micropipettes containing Ca2+-green 1 (in 2 M KAcetate) simultaneous
to TPLSM imaging of Ca2+transients during odor stimulation (amyl
acetate-saturateaair). The maximum imaging depth was about 450 pm.
Intracellular recordings were obtained from the soma as well as from the
apical and the basal dendrites. In every compartment the intrinsic
membrane and firing properties were veiy similar. Odor presentation
evoked a characteristic patterning of MC firing (Sobel & Tank 1993 J
Neurophys. 69, 1331): recurrent slow depolarizations, synchronized
with respiration, topped with fast 30-40 Hz oscillations that could
trigger fast action potentials. Spontaneous, current evoked- and odorevoked action potentials induced large Ca2+transients (> 25 % AF/F) in
the soma as well as the apical dendrite, the apical tuft and the basal
dendrites (up to about 500 pm from the soma). As a result, during the
odor response the intracellular free [Ca2+] rose in a step-like manner
synchronized with the patterning. The influx of Ca + was dependent on
the Na+ spike firing since it was not detected when the membrane
potential was current clamped below threshold. We conclude that
during sensory stimulation, Na+ spikes invade all MC compartments
and trigger Ca2+ influx that will modulate transmitter release at
dendrodendritic synapses.Support:’ESPCI/Curie Inst,2MRC Canada MT14455.

55.3

55.4

WHOLE-CELL RECORDING OF EXCITATORY CURRENTS IN
MITRAL CELLS OF THE VERTEBRATE OLFACTORY BULB. I.G.
Davison* and K.R, Delaney, Biosciences, Simon Fraser University,
Burnaby, BC, Canada V5A 1S6
Distributed sensory inputs from the olfactoiy epithelium are
transformed by the vertebrate olfactory bulb into firing patterns of mitral
cells, which project to higher cortical structures. Sensory' afferents excite
mitral/tufted (M/T) cells via both NMDA- and non-NMDA-type receptors
at the apical dendritic tuft. M/T cells receive inhibitory inputs at two
levels in the bulb, from periglomerular cells at the glomerular layer, and
by granule cells at the plexiform layer. Whole-cell recordings were made
from M/T cells in an in vitro frog nose-whole olfactory bulb preparation.
The AMPA-kainate antagonist CNQX (10pM) had little effect on inward
currents resulting from odor stimulation, consistent with our previous
optical measurements of [Ca2*] transients in apical tufts. Olfactory nerve
shock resulted in a mixed excitatory and inhibitory current. Blockade of
the inhibitory currents with GABAa antagonists revealed an inward
current with an initial fast AMPA/kainate-mediated component followed
by a longer-lasting (>500ms) NMDA-dependent component. With
increasing shock strength, the size of the CNQX-sensitive component
increased rapidly to a maximum at lower intensity; the NMDA
component emerged at higher intensity and increased in a more graded
manner with shock strength. When CNQX was combined with GABAa
block to isolate the NMDA component, varying the soma holding
potential between -55 and -95m V to activate Mg block had no effect on
the excitatory current size. This conflicts with our optical measurements
of tuft [Ca2*], which showed that NMDA-dependent transients were
reduced by GABAa inhibition activated through either shock of the
lateral olfactory tract or natural odor-evoked circuit activation. Together
these results imply that the location of inhibitory inputs, and both their
shunting and hyperpolarizing properties, are important in determining
the response properties of mitral cells to sensory input. Supported by

DIRECT EVIDENCE FOR CALCIUM MEDIATED EXCITATION IN
OLFACTORY BULB GRANULE CELLS BJ Hall* and KR Delaney.
Biology, Simon Fraser University, Burnaby, BC, Canada, V5A 1S6

MRC Canada.
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Distributed dendrodendritic inhibition of mitral and tufted cell
secondary dendrites, mediated by GABAergic granule cells (GC), is
essential for shaping olfactoiy bulb (OB) output to cortex in
vertebrates. We are using blind, whole-cell recordings to study GCs in
the intact OB of an in vitro, frog, nose-brain preparation. Our odour
response and current injection data suggests GC activity is modulated
over time by calcium-activated excitability that is, activity dependent,
intrinsic, and sensitive to BAPTA (100-300pM) but not EGTA (up to
5mM). This excitability is characterized by; an accelerated
depolarization during sustained current injection, a subsequent
maintained (<10mV) depolarization above baseline as well as an
increase in the rate of depolarization to subsequent current pulses and
an increased sensitivity to odour. The caged calcium chelator,
nitrophenyl-EGTA, was used to confirm the presence of a calciummediated depolarizing current in these neurons. Photolysis by
ultraviolet light (350nm;10-20s) resulted in a sustained (10-40s)
depolarization (up to 25mV) in current-clamped GCs, driven by a
long-lasting inward current, revealed by voltage clamp. Amplitude and
duration of this current was dependent upon duration of the light pulse
and the extent of calcium preloading by evoked spike trains.
Responses were repeatable and showed saturation during prolonged
light flashes. The current was independent of both ionotropic
glutamate receptor and GABAa receptor blockade (CNQX 20pM,
APV 50pM & Bicuculline 5uM). I(v) analysis in the presence of Na+
and K* channel block (QX314 2mM & TEA 5mM + CsCl lOmM)
showed an ohmic relationship and a reversal potential near +10mV.

Supported by MRC Canada (MT 14455)
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DENDRITIC GROWTH CONES IN THE DEVELOPING OLFACTORY BULB.
M.E. Hanson* and C.A. Greer. Department of Neurosurgery and Section of
Neurobiology, Yale University School of Medicine, New Haven CT 06520-8082.
The specificity of cellular organization in the olfactory bulb (OB) includes the
marked segregation of dendritic processes to specific laminae. While the role of
axonal growth cones in the development of laminar specific circuits is widely
recognized, fewer studies have examined the role of the dendritic growth cone. To
begin assessing the distribution of growth cones in the developing OB we used
confocal microscopy to study a growth cone specific antibody, CDA-1 (kindly
provided by Dr. Colin Barnstable), in the OB from embryonic day (E) 17 - postnatal
day (P) 8. At all ages CDA-1+ puncta were evident in the OB and often had an
elongated appearance consistent with prior descriptions of OB dendritic growth
cones (Hinds & Hinds, ‘72). To assess temporal and laminar specific interactions in
CDA-1 staining, the relative optical density (ROD) of staining was measured in the
dendritic zone (DZ) and nerve fiber layer (NFL) of rats E17 - E20 and in the external
plexiform layer (EPL), glomerular layer (GL) and NFL of rats E21 - P8. The NFL
showed a peak of ROD around El8 that rapidly decayed to background levels by PO.
In general however, ROD in the NFL was significantly less than in the deeper
laminae of the OB. The peak of ROD in the DZ was evident at El9. Beginning at
E21 the DZ could be divided and separate analyses were performed on the GL and
EPL. The ROD in both the GL and EPL showed a progressive decline relative to the
peak seen at El9. However, the decline appeared more precipitous in the GL than in
the EPL. Electron microscopy confirmed the selective staining of dendritic-like
growth cones in the deeper laminae of the developing OB. These data suggest that
the outermost laminae of the OB, the NFL and GL may stabilize prior to the deeper
EPL. The extended expression of CDA-1 in the EPL may reflect the continuing
growth of projection neuron secondary dendrites.
Supported by DC00210 and NS10174; MEH was supported by T32-NS07224.

CO-CULTURE
WITH
OLFACTORY
BULB
INDUCES
THE
EXPRESSION OF ODORANT RECEPTORS IN OLFACTORY
NEURONS. S. Bieri, M. Khan, K. Nichol and A. Cunningham*. Neurobiology
Program, The Garvan Institute of Medical Research, 384 Victoria Street, Darlinghurst
NSW 2010, Australia.
As olfactory receptor neurons (ORNs) senesce they are replaced by young, immature
neurons arising from progenitor cells located in the basal region of the
neuroepithelium. Despite this continual turnover, the expression of odorant receptors
(ORs) remains organized in four broad zones in the neuroepithelium. How are these
expression zones, and presumably the fidelity of odorant perception, maintained during
ongoing neurogenesis and cell replacement? Is the OR to be expressed in a given
ORN determined by the progenitor cell or does direct contact with the olfactoiy bulb
direct expression? We have used in vitro co-culture techniques to further examine .the
trophic influence of the olfactory bulb and specifically analyze its influence on
expression of ORs by ORNs.
ORNs were isolated from neonatal Wistar rats and grown in dissociated primary
culture based on a modification of the technique described previously (Cunningham et
al, Neuroscience, in press). Using a polyclonal antibody, AC310, produced to
recognise the family of OR proteins, we found negligible expression in the baseline
state and this was confirmed by RT-PCR using a set of degenerate primers showing a
low abundance product. On co-culture with dissociated cells from the olfactory bulb,
OR immunoreactivity was induced in clusters of ORNs and there was significant
upregulation of OR mRNA. We determined this induction was dependent on a cellular
versus a soluble factor and are currently using confocal microscopy and double
labelling antibody techniques to see if there is an identifiable bulb cell associated with
the clusters. To analyze the diversity of OR expression in vitro, we sequenced the RTPCR products amplified from the cultures. This showed that the ORs expressed in cocultures were quite diverse compared to the baseline state where only a few ORs were
amplified. In situ-PCR performed on the co-cultures with primers specific to
individual ORs has shown that the clusters do not homogeneously express the same
receptor. These data have relevance to the commitment of ORNs to OR expression.
Supported by the Garnett Passe and Rodney Williams Memorial Foundation and the
NHMRC of Australia

55.7

55.8

RAT OLFACTORY BULB NEURONS IN CULTURE EXPRESS
THE CELL ADHESION MOLECULE OCAM. L.M.MasudaNakagawa* and K.Mori. Lab. for Neuronal Recognition Molecules,
Brain Science Institute, RIKEN, Wako, Saitama 351-0198, Japan.
The aim of our work is to understand the role of OCAM in the
formation and maintenance of neuronal connections in the rat olfactory
bulb. OCAM, a cell adhesion molecule of the immunoglobulin
superfamily with homophilic binding properties is expressed in the
olfactory nerve layer and the mitral cell layer of the developing and
mature olfactory bulb. To analyze the function of OCAM in the
development of the olfactory bulb we have established a long-term
sparse culture of rat olfactory bulb neurons in which growth of
processes and synapse formation can be studied at the single cell level.
Olfactory bulbs are dissected from 15-day rat embryos and dissociated
by trypsin digestion. Neurons are plated on poly-L-lysine coated
coverslips and maintained in Neurobasal medium with B27
supplement Addition of medium conditioned by olfactory bulb glia is
essential to obtain neuronal survival for periods longer than one
week. After three weeks in culture, morphologically identified large
mitral/tufted cells and small GAD-67 positive intemeurons can be
distinguished. In live labeling experiments, OCAM was detected on
the neuronal cell surface membrane as early as after three days in
culture. After three weeks in culture OCAM appears on the surface
membrane of cell bodies, dendrites and axons of mitral/tufted cells.
We have set the stage to analyze the function of OCAM in individual
neurons during synapse formation and axonal elongation.
This work is supported by grants from RIKEN.

MIRROR-IMAGE DOMAIN ORGANIZATION IN THE MOUSE OLFACTORY
BULB. H. Nagao1*, Y. Yoshihara2, S. Mitsui1, A. Tamada*. H. Fujisawa3, and K.
Mori1. 'Lab. for Neuronal Recognition Molecules, 2Lab for Neurobiology of Synapse,
BSI, RIKEN, Saitama 351-0198, JAPAN; 3Dep. of Biological Science, Graduate
School of Science, Nagoya Univ., Nagoya 464-8602, JAPAN
Olfactory sensory neurons selectively expressing a given odorant receptor (OR)
converge axons onto two topographically fixed glomeruli of the mouse olfactory bulb
(OB). To understand the functional organization of the OB, it is essential to know the
spatial arrangement of the glomeruli. In this study, we investigated the dstribution
pattern of specific subsets of glomeruli labeled with antibodies against two cell adhesion
molecules, OCAM and neuropilin-1. In the OB sections, OCAM negative glomeruli
were clustered in the dorsomedial portion whereas OCAM positive glomeruli were
located in the ventrolateral portion. Unrolled map covering whole glomerular sheet
reconstructed from the OB sections showed that the sheet could be divided into two zones;
rostrodorsal zone and caudoventral zone. Independent from such zones, neuropilin-1
positive glomeruli were localized at medial and lateral wall of the OB, forming two
symmetric areas on the glomerular sheet. Superimposition of OCAM zones and
neuropilin-1 areas indicated that OB contains four types of domains.
Spatial
arrangement of these domains suggests that OB represents two mirror-image symmetric
maps of the glomeruli. In situ hybridization studies using OR probes demonstrated that
the target glomeruli of the sensory neurons expressing a particular OR were
symmetrically distributed, corresponding to the symmetric distribution of the CAM
domains. Single-unit recordings from mitral/tufted cells of the rabbit OB indicated that
neurons that were activated by the odorants having similar molecular structure tended to
be localized within a particular domain of the OB. These results suggest that a given
domain contains glomeruli representing ORs having similar tuning specificity to
odorants. Supported by grants from RIKEN, Japan.

55.9

55.10

TUFTED
CELL DENDRODENDRITIC
INHIBITION IN THE
OLFACTORY BULB IS DEPENDENT ON INTERNEURON NMDA
RECEPTOR ACTIVATION J.M. Christie. N.E, Schoppa. D.A, Brickev* and
G.L, Westbrook Vollum Institute, Oregon Health Sciences University, Portland, OR
97201
Tufted cells, one type of primary output cell in the main olfactory bulb, are located
in the external plexiform and periglomerular cell layers. Dendrodendritic synapses
between tufted cells and intemeurons may underlie lateral and reciprocal inhibition;
however, mechanisms which mediate their activity remain unknown. Whole-cell,
voltage-clamp recordings of tufted cells located within the external plexiform layer of
the main olfactory bulb were used to characterize this synapse. Experiments were
performed in a magnesium-free buffer using KCl-containing, patch electrodes.
Because tufted cells have been subtyped based on the spatial location of their soma
and dendritic arborization, electrodes were filled with the fluorescent dye Cy5-EDA
(0.01% w/v) in order to later classify cells using confocal microscopy. Depolarizing
voltage steps (0 mV, 5 ms) applied to tufted cells led to a reciprocal dendrodendritic
IPSC with a long decay constant, t= 0.29 + 0.04 s (n=16). Bath application of the
selective NMDA receptor antagonist D,L-AP5 (50 pM) completely blocked the
reciprocal IPSC (6.7 + 2.5% of control charge; n=6). In contrast, the AMPA
receptor antagonist NBQX (10 pM) had no effect on the IPSC (99 ± 3.5% of control
charge; n=7). The effect of the glutamate receptor antagonists were independent of
tufted cell location within the external plexiform layer. These results suggest that
NMDA receptor activation mediates reciprocal inhibition of .tufted cells at
dendrodendritic synapses, thus the activity of dendrodendritic synapses of tufted cells
is similar to that of mitral cells (Schoppa et al. J. Neurosci. 1998). The unique
properties of NMDA receptors may help mediate sensory refinement events in the
main olfactory bulb. Supported by NIH grant NS26494.

ACTIVITY-DEPENDENT REGULATION OF AMPA RECEPTORS
AND AMPA RECEPTOR BINDING PROTEINS IN THE ADULT
MOUSE OLFACTORY BULB. H. Baker*2, N. Liu2, R.A. Berlin2, S.
DeSouza1 and E.B. Ziff1. ‘Howard Hughes Med. Inst. NYU Med.
Center; 2We ill Med. Coll. Cornell Univ. at Burke Med. Res. Inst.; White
Plains, NY 10605.
The adult mouse olfactory bulb (OB) displays significant
morphological and biochemical responses to perturbations that reduce
odorant mediated olfactory receptor cell activity. In particular, OB
size is reduced and expression of the dopamine (DA) phenotype is
decreased. Both olfactory receptor cells and mitral cells use glutamate
as their transmitter. We hypothesized that modulation of AMPA-type
glutamate receptors and their recently isolated binding proteins would
occur in response to reduced activity. Using adult mi.a with unilateral
naris closure as an odor deprivation . model, we investigated
expression of the AMPA type receptor.subunits, GluRl and GluR2/3,
and the GluR2/3 binding proteins, GRIP and ABP. GluRl immunoreactivity showed the most dramatic deprivation-associated change,
i.e., an up-regulation of expression in mitral cells ipsilateral to naris
closure (iOB) with smaller increases in mitral cell apical dendritic
terminals in the glomerular layer. In confirmation, western blots
showed an increase in GluRl in the synaptosomal fraction in the iOB.
ABP exhibited a variable decrease in the EPL, but increase in mitral
cells of the iOB. GRIP and GluR2/3 staining was weaker and showed
no consistant changes associated with deprivation. These data suggest
that AMPA receptor expression is modulated to compensate for the
loss of odor-induced activity. Supported by AG09686 (HB) and
AG13620 and HHMI (EBZ).

Society

for

Neuroscience

, Volume

25, 1999

CHEMICAL SENSES: OLFACTORY BULB

SUNDAY AM

129

55.11

55.12

PRESYNAPTIC INHIBITION OF OLFACTORY NERVE (ON) INPUT TO
THE OLFACTORY BULB (OB) VIA GABA-B RECEPTORS. V, AroniadouAnderjaska*. F. -M, Zhou, C. A. Priest, and M, T, Shipley. Dept. Anatomy &
Neurobiology, Program in Neuroscience, Univ. Maryland School of Medicine,
Baltimore, MD 21201.
The first stage of synaptic processing in the olfactory system occurs in the
glomeruli of the OB, where the ON terminals synapse with the apical dendrites of
mitral and tufted (M/T) cells, the principal OB neurons, and with juxtaglomerular
(JG) cells, most of which are GABAergic. The glomeruli of the OB are rich in
GABAb receptors. We present both anatomical and physiological evidence
indicating that GABAb receptors mediate presynaptic inhibition of ON input to
the OB. Immunohistochemisty using antiserum a'gainst the GABABRla/b
receptor isoforms (J. Comp. Neurol., 405:299,1999) labels the cell bodies and
processes of olfactory receptor neurons in the olfactory epithelium, the
glomerular neuropil and some JG cells. In OB slices, the GABAb agonist
baclofen (5 gM) blocks the ON-evoked glomerular field EPSP (mediated by
AMPA and NMDA receptors), generated by the apical dendrites of M/T cells, and
the ON-evoked AMPA currents recorded from JG cells. This suggests that
baclofen blocks glutamate release from ON terminals. The GABAb antagonists
CGP-35348 and 55845A reduce paired-pulse depression of the ON-evoked
glomerular field EPSP or the JG cell AMPA currents, suggesting that ON-evoked
GABA release from JG cells reduces glutamate release from ON terminals by
activating GABAb receptors. These antagonists also increase the synaptic
responses of M/T and JG cells to single-pulse stimulation, suggesting that
GABAb receptors are tonically active. Thus, despite the absence of anatomical
synapses, GABA released from JG cells activates GABAb receptors on ON
terminals to regulate glutamate release. Support: DC-00347, NS-36940 (MTS).

SUBLAMINAR ORGANIZATION OF GLIA AND AXONS WITHIN THE
OLFACTORY BULB NERVE LAYER. W.W. Au. H.B, Treloar and C.A. Greer*,
Dept. Neurosurg. & Sec. Neurobiol., Yale Univ. Sch. Med., New Haven CT 06520.
The outermost layer of the olfactory bulb (OB) is composed of the axons of
olfactory receptor cells traveling from the epithelium toward their glomerular targets.
Also found within the olfactory nerve layer (ONL) is a population of glia cells,
termed ensheathing cells, that surrounds fascicles of axons and accompanies them
from the epithelium to the OB. Upon reaching the OB, the axons reorganize
extensively in order to target specific glomeruli. We have been interested in
understanding the relationship of the ensheathing cells and axons during this period
of reorganization. Using confocal microscopy we have assessed the organization of
the ONL using antibodies to p75, GFAP and S-100 to identify glia and OMP and
NCAM to identify olfactory receptor cell axons. Electron microscopy was employed
to characterize the ultrastructure of the nerve layer.
The p75 + ensheathing cells were largely confined to the external lamina of the
ONL. The outermost processes appeared oriented parallel with the rostral-caudal
axis of the OB. Slightly deeper, their orientation became much more complex. At
the innermost ONL, proximal to the glomerular layer, there was no evidence of p75+
processes, although distinct GFAP+ processes were evident. GFAP was at barely
detectable levels in the outermost ONL. S-100+ processes were broadly distributed
throughout the ONL. At the outermost portion of the ONL fascicles of axons
surrounded by ensheathing cells were obvious. However, as the axons moved
toward the innermost portion of the ONL the delineation of fascicles was lost and
axons adopted more tortuous courses. These data suggest that axons travel in the
outermost portion of the ONL where they are constrained to fascicles by ensheathing
cell processes. However, as the axons reorganize to target specific glomeruli, they
exit the ensheathing cell defined fascicles to enter the innermost portion of the ONL.
Supported in part by DC00210 and NS10174 to CAG.

55.13

55.14

ODORANT CONCENTRATION AFFECTS SPATIAL
PATTERNS OF ACTIVITY IN THE GLOMERULAR
LAYER OF THE RAT OLFACTORY BULB. B.A. Johnson*

CHANGES IN FIELD POTENTIAL FOLLOWING MANIPULATION OF
NORADRENERGIC AND SEROTONERGIC INPUTS TO THE
OLFACTORY BULB CORRELATE WITH LEARNING IN NEONATE
RATS. Q. Yuan*1. A. Darbv-Kinq1. J. Bruce. M. Power. C.W. Harley2and
J.H. McLean11Basic Med. Sci.& *Dept. of Psych., Memorial Univ., St.
John’s, NF, Canada A1B 3V6.
We have been studying neurotransmitter interactions in early olfactory
learning. We hypothesize that norepinephrine is sufficient to act as the
unconditioned stimulus (US) while serotonin facilitates the noradrenergic
actions. We are not certain where serotonin and norepinephrine interact
in the olfactory bulb (OB) but suspect interactions at the mitral cell layer.
In the present study, we have examined the physiological effects of
modulatory interactions in the OB that may produce the long term
changes (ie. plasticity) underlying learning.
We show here that the peak amplitude and area of field potentials
evoked by stimulation of the olfactory nerve (ON) are significantly
increased in the OB of anaesthetized pups following systemic injection of
isoproterenol (2mg/kg, p adrenoceptor agonist). ON stimulation mimics
odor stimulation and the isoproterenol dose has been shown to act as a
US for odor preference learning. Additionally, isoproterenol (6mg/kg, but
not 2mg/kg) significantly increases the field potential area in pups
previously depleted of OB serotonergic input. These results demonstrate
that a) activation of noradrenergic p receptors increases ON field
potentials in the neonate OB and that b) noradrenergic modulation of ON
field potentials, in the absence of bulbar 5-HT, parallels learning behavior
we have previously observed using similar manipulations. ON evoked
potentials may reflect the plasticity associated with conditioned olfactory
learning in neonate rats. Supported by the MRC of Canada.

and M, Leon. Dept. of Neurobiology and Behavior, Univ. of California,
Irvine, CA 92697-4550.
To further study relationships between odorant chemistry, spatial
patterns of olfactory bulb activity, and perceived odor quality, we
mapped 2-deoxyglucose uptake across the entire glomerular layer in rats
exposed to different concentrations of the odorants valeric acid and aionone. Valeric acid exhibits odor constancy across different
concentrations, whereas the odor of a-ionone changes from violets to
cedar with increasing concentration. Valeric acid evoked the same four
fields of uptake at all concentrations tested. Amounts of uptake within
the fields varied with concentration, and there were slight shifts in the
centroids of the fields. In contrast, the pattern of activity changed greatly
with a-ionone concentration. At low concentrations, a-ionone evoked
uptake in restricted regions of the bulb. At higher concentrations, these
areas of uptake persisted, but additional responses in other bulb regions
became predominant. The areas of response arising at higher a-ionone
concentrations may represent the recruitment of lower affinity olfactory
receptors interacting with different chemical features of the complex aionone molecule. The altered spatial patterns at different a-ionone
concentrations may explain the different qualities of the perceived odor.
These findings indicate that odorant concentration can be an important
determinant of spatial patterns of bulb activity, and that the patterns, in
turn, may be important determinants of odor perception.
Supported by PHS grant DC03545.

55.15

55.16

ACCESSORY OLFACTORY BULB MGLUR2 ACTIVATION AFFECTS
PHEROMONE-MEDIATED MATING BEHVIOR IN MALE SYRIAN
HAMSTERS. C.M. Nolte and Michael Meredith* Program in Neuroscience, Florida
State University, Tallahassee FL 32306.
Behavioral studies in female mice by others liave suggested a significant
enhancement of learning of male odor signatures following injection of metabotropic
glutamate receptor (mGLUR2) agonist into tlie accessory olfactory bulb. We have
investigated tlie effects of mGLUR2 agonist injection just rostral to tlie AOB in male
hamsters. After drug injection FOS expression increases in the medial amygdala
(Me) of otherwise unstimulated males. In males exposed to female hamster vaginal
fluid (HVF), FOS expression in Me was not different between drug injected and
saline injected animals. However, FOS activation in medial preoptic nucleus (MPN)
was significantly elevated in drug treated animals. HVF stimulus applied to the
hindquarters of an anesthetized male, elicits mating behavior in normal test males but
was less effective in drug injected males, whereas mating behavior with females
appeared less depressed. LCCGI, a potent mGluR2/3 agonist was pressure-injected in
awa’x animals bilaterally tlirough implanted guide tubes just rostral to the accessory
olfactory bulb (AOB), 10 minutes prior to behavior testing. Disruption of the
behavioral consequences of pheromone exposure by LCCGI occurs presumably by its
disinliibition of AOB mitral cells through a decrease in GABA-mediated feedback
inhibition at their reciprocal dendrodendritic synapses with AOB granule cells. The
increase in FOS expression in an AOB projection area is consistent with this
interpretation. A non-specific increase in AOB output, probably affecting both rostral
and caudal AOB regions appears not to facilitate pheromone mediated behavior,
suggesting that a patterned output may be important for normal function.
Supported by R01-DC000906.

GROUP II METABOTROPIC GLUTAMATE RECEPTOR (MGLUR II)
AND LONG TERM POTENTIATION (LTP) IN THE RAT ACCESSORY
OLFACTORY BULB (AOB). Chapgping Jia*. Wei R, Chen and Gordon M,
Shepherd. Section of Neurobiology, Yale Medical School, New Haven, CT 06510.
The accessory olfactory bulb (AOB) is believed to play a critical role in learning
processes, such as the Bruce effect in mice. The principle neurons of the AOB, the
mitral/tufted cells, form dendrodendritic reciprocal synapses with inhibitory
intemeurons, the granule cells. Synaptic transmission from mitral to granule cells
is glutamatergic and from granule to mitral cells is GABAergic. Suppression of
granule cell inhibition on mitral cells is believed to induce a change in synaptic
transmission in the AOB that underlies olfactory learning (Kaba et al., Science,
1994).
To begin to test this model, modulation of mitral to granule cell synaptic
transmission was analyzed in slice preparations of young adult rat AOB. (1) Three
tetani (100 pulses at 50-100 Hz separated by 20 seconds) to the external plexiform
layer (EPL) evoked a long-term potentiation (>1 hour) of the fEPSP in the EPL as
well as EPSP in granule cells. The increased fEPSP was accompanied by an
increased IPSP recorded in mitral cells, suggesting that potentiation of mitral to
granule cell synaptic transmission may result in a decreased mitral cell
excitability. (2) The NMDA receptor antagonist APV reduced but did not block
LTP induction and expression. (3) We further analyzed the role of mGluR II in the
modulation of mitral to granule cell excitatory transmission. The EPSP evoked in
granule cells by EPL stimulation was reduced by bath application of DCG-IV, a
mGluR II agonist, indicating that mGluR II reduced mitral to granule cell synaptic
transmission. (4) The reduction of synaptic transmission from mitral to granule
cells by DCG-IV was partly presynaptic. (5) LTP could be induced by tetani in the
presence of DCG-IV but perfusion of DCG-IV alone did not induce LTP.
Supported by NIDCD, NIA, NIAAA, NIMH and NASA (Human Brain Project).
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ADAPTATION PROPERTIES IN RAT OLFACTORY BULB LAYERS
STUDIED BY FUNCTIONAL MAGNETIC RESONANCE IMAGING (fMRI). F.
Xu.12 X. Yang.2F, Hyder.2 C. A. Greer.13 G. M. Shepherd.1 R. G, Shulman.2*
Section of Neurobiol., 2Dept. of Mol. Biol, and Biophys., 3Dept. of Neurosurg.,
Medical School, Yale Univ., New Haven, CT 06520
The electrical signals transduced from odor molecules in the cilia of olfactory
receptor neurons are sent to the glomeruli in the main olfactory bulb (MOB) where
these signals are encoded into spatial patterns as bases for odor discrimination and
perception. High resolution fMRI (220x220pm) has been successfully used to map
the activity pattern elicited by an odor and show that the activated foci are located in
the outer bulbar layers (Yang, et al, PNAS, 1998, 95:7155). We are using fMRI to
study the adaptation properties in these layers. The anatomical image obtained from
MRI was correlated with the histological layers, using electrochemically deposited
iron spots as markers. Brief exposure to 3% amyl acetate elicited activity patterns in
the ONL and the subjacent layers (mainly GL) that were repeatable with intervals of
several minutes. Prolonged odor exposure, however, was associated with changes in
patterns. The activity of the ONL remained at a relatively constant level after
declining approximately 1/3 in the first minute, whereas the activity of the subjacent
layer, after an initial 50% reduction in the first minute, decreased continuously for
another 25% in the following two minutes, then maintained a tonic level. This
indicates that different intrinsic and extrinsic mechanisms are involved in the
adaptation of different bulbar layers. The possible neuronal regulation mechanisms
are being examined by pharmacological methods. The results demonstrate that fMRI
can be used to study the neuronal modulation involved in processing and encoding
olfactory information at the level of different laminae and to reveal the underlying
mechanisms.
Supported by NIH grants R01 DCO371O, R01 DC/NS 03972 and DC00210.

DOPAMINE D2 RECEPTOR-DEFICIENT MICE EXHIBIT DECREASED
LEVELS OF TYROSINE HYDROXYLASE EXPRESSION IN THE
OLFACTORY BULB. C. A. Priest.*1 F. L. Margolis1, J. W. Margolis1, D. M.
Cummings1, E. Borrelli2, A. Puche' and M. T. Shipley1. 1 Anatomy &
Neurobioiogy, Univ. Maryland School of Medicine, Baltimore, MD 21201;
2Institut de Genetique et de Biologie Moleculaire et Cellulaire, Strasbourg, France.
In the rodent main olfactory bulb (MOB), dopaminergic juxtaglomerular cells
act primarily as inhibitory local circuit neurons. We hypothesize that a
functional role of these neurons is to presynaptically inhibit the activity of
olfactory receptor neuron terminals via dopamine D2 receptors; thus,
dopaminergic local circuitry may be altered in D2 receptor-deficient mice. The
current studies examined the expression of tyrosine hydroxylase (TH) in adult and
juvenile D2 receptor deficient-mice (Nature, 377:424, 1995). In both groups,
mice were age-matched and animals of each genotype were perfused and processed
concurrently for TH immunohistochemistry. Levels of immunoreactive TH
(TH-ir) were quantified at each age in the glomerular layer of the MOB and in the
dorsal striatum (dSTR). In the adult group, levels of TH-ir in the glomerular
layer were highest in the wild type animals, intermediate in the heterozygous
mice and lowest in the homozygous animals. Differences were not seen among
genotypes in the dSTR, suggesting that the alterations in TH-ir that are associated
with D2 receptor deficiency are specific to the MOB. In the juvenile group,
differences in TH-ir were not detected between genotypes in either area.
Preliminary studies using postnatal bromodeoxyuridine injections to assess cell
survival in the MOB suggest that the reduced levels of TH-ir seen in adulthood
may be attributable to juxtaglomerular cell death during development. These data
suggest that the D2 receptor modulates the dopaminergic neural circuitry of the
MOB. Support: DC-00347, NS-36940 (MTS); DC-03112 (FLM).

55.19

55.20

LOW THRESHOLD CALCIUM SPIKES IN A SUBPOPULATION OF
PERIGLOMERULAR NEURONS IN THE RAT OLFACTORY BULB. A.R.
McQuiston* and L.C. Katz, Howard Hughes Medical Institute and Department of
Neurobioiogy, Duke University Medical Center, Durham, N.C. 27710.
Glomeruli of the olfactory bulb are the first point of central information processing in
the mammalian olfactory system. Glomeruli are surrounded by periglomerular (PG)
neurons, the first neurons to integrate odorant information within and between
glomeruli. PG neurons are heterogeneous differing in morphology, neurotransmitters,
connectivity and presumed function. However, little is known about the physiological
properties of the PG neurons. Using whole cell patch clamp recordings from rat
olfactory bulb slices, we found that PG neurons fall into two groups based on the
presence or absence of a low threshold calcium spike (LTS). Almost half of PG neurons
(20/50) produced an LTS when depolarized from a holding potential of -65 to -70 mV.
The LTS could be blocked by 1 mM nickel, suggesting the involvement of a voltagedependent calcium channel. An LTS could be produced following a hyperpolarizing
current pulse, by an electrically evoked excitatory postsynaptic potential (EPSP), from
spontaneously occurring EPSPs or from the photolysis of caged glutamate. Except for
the presence of an LTS, PG neurons shared many other physiological properties. There
was no difference in mean input resistances between groups, both displayed abundant
spontaneous EPSPs and IPSPs, both produced EPSPs in response to electrical
stimulation of the sensory neuron afferents and both were depolarized by the photolysis
of caged glutamate. Intracellular staining with biocytin revealed that neurons lacking
LTS’s had anatomical characteristics of both PG cells and external tufted cells, while
neurons with LTS’s were exclusively PG cells. The presence of an LTS in neurons of
other regions of the brain is important for the generation of behaviorally important
rhythms in populations of neurons, such as spindle waves and slow wave sleep in the
thalamus. We speculate that the LTS in PG neurons may have a similar function, to
entrain groups of PG neurons, as it is known that activity in the olfactory system is
entrained to the breathing rhythm during attentive behavior in the rat.

DEAFFERENTATION-INDUCED APOPTOSIS IN THE OLFACTORY BULB
OF ADULT ZEBRAFISH. A.M. VanKirk and C.A. Byrd, Ph D.*. Dept. of
Biological Sciences, Western Michigan University, Kalamazoo, MI 49008.
It is common for apoptosis (programmed cell death) to be observed during
development, although it may also function during plasticity in response to insult
or injury. We are examining the process of neuronal loss in the olfactory bulb of
adult zebrafish following ablation of the olfactory organ. The zebrafish is an
important model animal because it is well suited for genetics and is amenable to
experimental manipulation. The olfactory system is continually developing which
makes it an ideal system in which to study apoptosis. Death of olfactory neurons
normally occurs by necrosis, but it is uncertain whether apoptosis may also be
involved in olfactory plasticity. Deafferented and control adult zebrafish were
over-anesthetized and perfused with 4% paraformaldehyde then post-fixed for 24h.
Deafferented fish were examined at 24h, lwk, and 3wk. Brains were removed and
embedded in paraffin. 10-gm sections were cut and mounted onto positively
charged slides. Slides were then processed with the TUNEL method to detect cells
undergoing DNA-fragmentation, which indicates an apoptotic response. We show
here for the first time apoptosis occurring in the olfactory bulb of the adult
zebrafish. In the normal adult olfactory bulb, labeled cells are few in number and
appear to be localized to the outer layers of the bulb. In deafferented animals,
there is a large increase in apoptotic cells that are confined to the rostral half of the
bulb. Most cell death occurs 24h post-surgery and appears to decline to normal
levels by lwk. As these apoptotic cells are phagocytized, the volume of the bulb
begins to show a decrease This may account for the fact that changes in bulb
volume are not obvious until 3-6 weeks after deafferentation. Future studies will
include a quantitative analysis, as well as characterization of the cell types
undergoing apoptosis. This research will add to existing knowledge of the process
of cell death and neuronal remodeling. The advantage to these studies in zebrafish
is the potential for examining the molecular mechanisms underlying this event.
Supported by WMU and NIH-NIDCD

55.21

55.22

ODOR-SPECIFIC OSCILLATORY POPULATION DYNAMICS IN
THE ZEBRAFISH OLFACTORY BULB. G. Laurent*. R.W. Friedrich.
Caltech, Division of Biology 139-74, Pasadena, CA 91125.
We developed a nose-attached explant preparation of the
zebrafish brain to study odor-induced spatio-temporal activity
patterns in the olfactory bulb (OB) using electrophysiological
techniques. In many species, odors evoke synchronized firing of
neurons that can be recorded as an oscillation in the local field
potential (LFP). We recorded these oscillations (20-30 Hz in
zebrafish) with a small extracellular electrode in the OB and
analyzed their spectral and temporal features. LFP oscillations were
spatially inhomogeneous and their features (time course, power,
envelope, but not frequency) were odor-specific. In some recordings
the LFP contained periods during which power in the 20-30 Hz
band was decreased below the spontaneous level. The LFP also
varied with odor concentration in a manner dependent on the odor
and the site of recording.
Simultaneous intracellular recordings from mitral cells showed
odor-specific and often multiphasic responses. Mitral cell spikes
were usually phase-locked to the LFP only during specific periods
of the odor response. Subthreshold membrane potential oscillations
phase-locked to the LFP waveform were also observed. Further
studies of spatio-temporal features of odor-induced activity
patterns are in progress.
Supported by grants from the NIDCD and the Del Webb Fund
(Caltech).

NEURAL ACTIVITY IN RAT OLFACTORY BULB AND LOCUST
ANTENNAL LOBE USING MULTISITE SILICON PROBES
I L.M, Kay*. ^C, Pouzat. ^M. Roukes. ^G. Laurent Biology & ^Physics,
California Institute of Technology, Pasadena, CA 91125
The locust antennal lobe (AL) and the rat olfactory bulb (OB) contain a
large number of glomeruli (4200 in the rat, 1000 in the locust), made of the
dendritic tufts of the primary neurons and axonal endings from the olfactory
receptor neurons. Each system has a large population of principal neurons (800
projection neurons (PN) in the locust and 56,000 mitral cells (MC) in the rat),
and a network of inhibitory neurons (300 local neurons and 5 million granule
cells in the locust and rat, respectively). Though the mammalian OB contains a
larger number of cell types, the basic architectures of the OB and AL are very
similar. The principal neurons in both AL and OB send their axons to
downstream brain areas (the mushroom body and the piriform cortex in the
locust and rat brains, respectively). The sizes of these neurons' somata are
similar (20 gm for projection neurons and 30 gm for mitral cells). Because odor
encoding involves the activity of large populations of neurons, we explored new
probe technology that could be used in both preparations. We used silicon
probes to record single units, multiunit activity, and local field potentials
(LFP), simultaneously from several depths, such as mitral cells from the MC
layer and LFP from the granule cell layer. This allowed a direct comparison of
field and single unit activity from optimally placed recording sites in a single
column. In the locust AL, we could record up to 4 PNs simultaneously from 2-3
recording pads 50-100 gm apart. In the rat we obtained spikes of 300-3000 gV
with background activity of approximately 50 gV. In the locust we obtained
spikes of 80-200 gV with background activity of 50 gV. Recordings remained
stable for up to 2 hours. Recordings from a chronically implanted and moveable
probe in the rat olfactory bulb are also presented. Funded by Caltech Burroughs
Wellcome Computational Molecular Biology grant, Caltech Keck center grant,
University of Michigan Center for Neural Communication Technology NIH/NCRR
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ENERGY FLOW IN THE INNER EAR OF THE BULLFROG MEASURED
BY LASER DOPPLER VIBROMETRY.
A.P, Purgue and P.M. Narins* Dept. of Physiological Science, UCLA; Los
Angeles, CA 90095.

THE ROLE OF
THE EAR BULLAE ON AUDITION OF A
MORMYRID FISH, BRIENOMYRUS BRACHYISTUS.
H. Y. Yan*.
School of Biological Sciences, University of Kentucky, Lexington, KY
40506
The mormyrid weakly electric fishes of Africa is unique in having a pair
of gas-filled bullae tightly coupled to the sacculus of the inner ears.
Previous behavioral studies revealed that mormyrids are sensitive to sound
and led to the suggestion that the inner-ear bullae adjacent to the ears play
an important role in mormyrid audition. The baseline audiogram of 8
mormyrids was obtained by the auditory brainstem response (ABR)
protocol. The best frequency is around 500 Hz with a threshold around
95.5 dB (re: 1 pPa). The gas in the bullae was removed bilaterally in a
second group of 8 fish for ABR recording. This treatment led to a
significant elevation of hearing thresholds (e.g., 500 Hz at 110.4 dB) for
the frequencies tested (100, 300, 500, 800, 1500, 2500, 4000 Hz). The
third group of 8 fish received gas withdrawal from one side of ear bulla
only. These fish showed no significant differences when compared to the
control group. The experiment supports the hypothesis that the gas bullae
adjacent to the ears does assist auditory perception of mormyrid fish.
Removal of gas from only one bulla does not result in significant changes
of hearing threshold suggesting the integration of ipsi- and contra- lateral
sides of ascending auditory neuronal pathways in the overall auditory
brainstem responses. (Supported by NIMH-OH03580)

The frog inner ear consists of a complex of fluid-filled membranous
sacs and canals containing eight distinct clusters of sensory hair cells. In
this study we attempt to delineate the potential pathways for acoustic
energy flow toward two of these clusters located within the amphibian
papilla (AP) and the basilar papilla (BP). Detailed morphological
measurements of the periotic canal based on internal casts of the inner ear
in the bullfrog (Rana catesbeiana) revealed that it is divided into a wide,
tapered section and a narrower section comprised of two branches -one
short and blind projecting into the endolymphatic space and another
longer, terminating in the round window. Additionally, we used laser
Doppler velocimetry to record the velocity responses of the contact
membranes of the amphibian papilla (AP) and basilar papilla (BP). We
found that the acoustic energy flow through these two structures is
frequency-dependent such that the AP contact membrane displays a peak
velocity amplitude at frequencies less than 500 Hz whereas the BP
contact membrane velocity response exhibits a maximum above 1100 Hz.
Our data advocates for a mechanical substrate underlying the frequency
segregation in the auditory nerve fibers innervating the AP and the BP.
(Supported by NIH Grant #DC-00222 to PMN)

56.3

56.4

THE DISTANCE RANGE OF INNER EAR AND LATERAL LINE
FUNCTION IN MOTTLED SCULPIN. C. B. Braun*and S. Coombs.
Parmly Hearing Institute, Loyola University Chicago IL 60626.
The inner ear and the lateral line both detect nearfield water
accelerations. It has been argued that lateral line and inner ear function
differ in both their distance range and level of spatial resolution.
However it is clear than many sources stimulate both systems,
particularly at close range. We used a combination of unconditioned
and conditioned behavioral responses to dipole sources to assess source
detectability as a function of the distance from a fixed intensity
vibrating bead (300 m/sec2). Both classically conditioned suppression
of respiration and unconditioned orienting responses show that sculpin
can detect the source when it is within a distance of approximately 12
cm (-1.25 body-length). Pharmacological inactivation of the lateral
line system by CoCl2 has no effect on detectability in the classical
conditioning paradigm, indicating that the inner ear alone is sufficient
to maintain this behavioral response. Unconditioned feeding responses
to the bead were drastically reduced after CoCl2 treatment, however,
indicating that lateral line sensation is necessary for this behavioral
response. The similarity in distance range for the two octavolateralis
systems is understandable in light of the coupling between the benthic
fish and the substrate.
Supported by NIH F32 DC00349-02 to CBB and NIH 5P01DC0029311 to SC.

EFFECTS OF SINGLE AND DOUBLE DIPOLE STIMULATION ON BRAINSTEM LATERAL
LINE UNIT RESPONSES IN THE GOLDFISH, CARASSIUS AURATUS.
Bonn, Poppelsdorfer SchloB, D-53115 Bonn, Germany.
Recent data on the responses of brainstem lateral line units to single-frequency
hydrodynamic stimuli suggest that the receptive field organization of at least some units can
be explained by an excitatory center/inhibitory surround organization (Coombs et al. 1998, J
Comp Physiol A 182, 609). To test this possibility, we investigated whether the responses of
units in the first-order lateral line brainstem nucleus (medial octavolateral nucleus, MON) to a
single dipole stimulus can be affected by a simultaneously presented second dipole stimulus.
The activity of single MON units in goldfish, Carassius auratus, was recorded with
extracellular electrodes. First, unit responses to a single dipole (stationary vibrating sphere, 0
6 mm, vibration frequency 50 Hz) were characterized in terms of receptive field structures,
level-response functions, peri-stimulus time histograms and the degree of phase-coupling
(synchronization coefficient R). The sphere was then placed at the location of the receptive
field center and its vibration amplitude was adjusted to a level which did not cause firing rate
saturation. Finally, a second sphere vibrating in phase with the first sphere was placed at
various locations along the fish and unit responses to both spheres were recorded.
Response characteristics exhibited great heterogeneity. Units responded to a single dipole
either with a tonic, phasic-tonic or phasic increase, or with a decrease in discharge rate.
Synchronization coefficients ranged between 0.12 and 0.96. About half of the units were
strongly phase-coupling (R-values > 0.6) whereas the other half was weakly phase-coupling
(R-values < 0.6) to the stimulus. Receptive fields consisted either of one or more distinct zones
of increased discharge rates, of a broad zone of decreased discharge rate, or both, a zone of
decreased and a zone of increased discharge rate. These data are in agreement with earlier
data on MON unit characteristics and are consistent with the hypothesis that MON units
process information across large portions of the lateral line periphery. However, thus far we
found no evidence that unit responses to a single dipole stimulus were substantially altered
when two dipole stimuli was presented simultaneously.

Supported by DFG (Mo 718/2-1).

56.5

56.6

UTRICULAR NERVE READAPTATION FOLLOWING EXPOSURE TO

EFFECTS OF TEMPERATURE ON AUDITORY AFFERENTS IN THE REDEARED TURTLE. P, Arvai & J, J, Art*. Dept. of Anatomy & Cell Biology,
University of Illinois College of Medicine, Chicago, IL 60612.
In non-mammalian species much of the frequency selectivity of each auditory
afferent is due to variations in voltage- and ion-sensitive channels in the hair cell,
the primary receptor. Consequently, channel kinetics, characteristic frequency (CF)
and sharpness of tuning for each hair cell and its associated afferent fibers should be
temperature-dependent. Previous estimates in the turtle suggest that the hair cell CF
doubles with each increase of 10°C. If primary afferents display similar temperature
sensitivity, then we expect each fiber to vary its CF by more than two octaves over
the turtle’s preferred activity temperature range of 17°- 37°C. To investigate such a
possibility, the responses of primary afferents were characterized in the turtle
isolated half-head preparation over a 20° range of temperature using pseudo-random
noise and pure tone stimuli. Comparisons of the temperature dependence of CF,
threshold and sharpness of tuning were made between animals that had been
acclimated to ambient temperatures of 22.5° and 33°C. In studies of populations of
afferents within an individual, the maximum CF encountered at 15.5°, 23° and
33.5 C were 268Hz, 490Hz and 855 Hz respectively. At the highest temperatures,
the maximum CF corresponds closely to the comer frequency of the middle ear. For
individual fibers the CF changed between 1.3 and 1.7-fold for a 10° change in
temperature. The maximum sensitivity of each fiber remained constant as CF
shifted. In contrast, each afferent displayed a systematic decrease of up to 50% in
the sharpness of tuning as the temperature was raised 10°C. Responses observed
were similar for individuals acclimatized at either temperature. These results
demonstrate that the response properties of afferents vary in poikilotherms such as
turtles, with the high frequency limit of perception determined by an individual’s
body temperature. As the temperature of an animal increases, the band of
frequencies encoded by each afferent broadens so that the population of auditory
fibers maintains overlapping detection of the increased perceptual range.
Supported by NIDCD DC03443.

MICROGRAVITY ON STS-95 SHUTTLE. R. Bovlel*. S.M, Highstein2.

A,F, Mensinger2, and K, Yoshida3. lDept. Otolaryngology, Oregon Health
Sciences Univ., Portland, OR; 2Dept. Otolaryngology, Washington Univ., St.

Louis, MO; 3Dept. Physiology, Univ. Tsukuba, Tsukuba, Japan.
Recording electrodes were implanted into the utricular nerve of 2 toadfish,
Opsanus tau, to chronically monitor the influence of microgravity on
afferent discharge. In-flight data are still unavailable. Following a 9 day

exposure to microgravity aboard the Endeavor Shuttle (STS-95), single

afferent recording experiments were conducted to characterize the afferent
response properties to gravito-inertial accelerations and compare them to

afferent responses of control animals similarly tested. Six recording sessions

(4 in one and 2 in the other fish) were made 10-75 hrs post-landing. Afferent
responses to translational accelerations and head tilts were detected in the
earliest sessions. At present the most striking result is the occurrence of
extremely sensitive afferents, having for example a 60 imp/s rate modulation

for a 1 Hz sinusoidal linear acceleration of 0.006 g (10K imp/s/g), in both
flight fish in the earliest sessions. After about 48 hrs the afferent response

properties of flight and control fish were similar. The results indicate that a

temporary alteration of the utricular-related structures might occur after reentry to a 1 g environment following microgravity exposure, and this change
is registered by the utricular afferents. (Supported by NASA)
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56.8

RECEPTIVE FIELDS OF SEMICIRCULAR CANAL AFFERENT NEURONS IN
HEAD MOVEMENT STATE-SPACE. L. Hoffman12* and M. Paulin13. ‘UCLA Div.
of Head & Neck Surgery, Los Angeles, CA 90095; 2NASA/Ames Research Center,
Moffett Field, CA 94035; 3Dept. of Zoology, University of Otago, Dunedin, NZ.
The present investigation addressed whether the response dynamics of semicircular
canal afferent neurons can be represented as receptive fields (RFs). Adequate stimuli
for canal afferents were represented in the state dimensions of rotational acceleration
and velocity (Paulin, Neural Networks 11:1219, ‘98). Responses of individual
horizontal and anterior semicircular canal afferents in anesthetized bullfrogs were
recorded prior to and during 20 second epochs of band-limited Gaussian (BLG)
rotations (0.05 - 2 Hz, 4 deg/s rms velocity). Many affferents were also recorded
during discrete sine stimuli. Mathematical models of the responses were fitted using a
cross-validation strategy in the time domain. These models were linear transfer
functions, incorporating parameters for static gain, zeroes, poles, and/or s^k, cascaded
with a static nonlinearity and a spike trigger. An information gain criterion was
utilized to converge on the best-fit model. Neural responses were simulated by
passing BLG stimuli through the models. Stimulus states (i.e. acceleration and
velocity) were sampled at spike times during the simulation to estimate the conditional
probability density of stimulus states at spike times. This probability density for
100,000 - 250,000 spikes was interpreted as a RF in stimulus space, providing a
representation of the information transmitted by the afferent about head movement
state. For example, units that tended to respond in phase with stimulus velocity have
RFs centered near the velocity axis in state-space. Afferent response diversity was
represented as RFs with different sizes, shapes, and loci in state-space. The RFs are
broad, corresponding to the small amount of information (high uncertainty) of
individual spikes. This coarse distributed representation would allow large numbers of
neurons acting in parallel to transmit precise information about head movement state.
Supported by NASA, a National Research Council Senior Fellowship, the Deafness
Research Foundation (LH); and the University of Otago Neuroscience Center (MP).

ACOUSTIC RESPONSES OF CHINCHILLA VESTIBULAR AFFERENTS
AFTER CANAL FENESTRATION. J.P. Carey*, T.E. Hullar, and L.B. Minor.
Dept. of Otolaryngology, Johns Hopkins Sch. of Med., Baltimore, MD 21203.
The superior canal dehiscence syndrome consists of vertigo and
nystagmus elicited by pressure changes in the external ear, middle ear, or
intracranial space associated with a defect in the bone over the superior
canal (SC). Pressure stimuli elicit nystagmus attributable to the affected SC
alone. Acoustic stimuli, however, elicit complex eye movements not
attributable to one endorgan. To identify the endorgans that respond to
acoustic stimuli, we presented tones and recorded from vestibular afferents
in anesthetized chinchillas before and after fenestrating (0.25 mm) the SC.
Two acoustic response patterns were seen: phase locking and tonic
changes in firing rate. Before fenestration, phase locking occurred in some
otolith afferents for 125-1000 Hz tones. After fenestration, it occurred in
horizontal canal (HC) and, more frequently, otolith afferents. The latter were
driven to phase lock to higher divisors of the tone frequency (up to 700 Hz),
and the effective stimulus range extended to 3000 Hz.
Small ft 15%) tonic changes in firing rate were seen before fenestration in
38% of canal and 8% of otolith afferents. Thresholds were usually > 130 dB
SPL, and effective frequencies 250-1000 Hz. After fenestration, all canal
afferents exhibited tonic or mixed tonic-phasic responses for 50-4000 Hz
tones. Typical responses were inhibition/silencing for tones <125 Hz, or 2-3
fold excitation for tones > 125 Hz. Thresholds were 120-130 dB SPL.
Results demonstrate that canals and otolith organs both respond to
acoustic stimuli, but do so more vigorously, at lower thresholds, and over
wider frequency ranges when a defect in the bony SC is present. These
observations help explain the findings in SC dehiscence syndrome.
Supported by NIH R01 DC02390 and P60 DC00979
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NEURAL RINGING: THE SOURCE OF PERIODICITY IN AVERAGE
FORWARD-MASKED AUDITORY THRESHOLDS? A MODEL. L. Nizami*
and B. Schneider. Psych. Dept., Erindale College, Mississauga, Canada L5L 1C6.

NATURAL TIME SCALES FOR NEURAL ENCODING
Alexander G. Dimitrov* John P. Miller. Center for Computational Biology, Montana State University, Bozeman, MT 59717-3505
The nature and information content of neural signals has been
discussed extensively in the neuroscience community. However, there
is still some arbitrariness in the choice of temporal scale, with which to
describe the neural coding. We propose natural time scales, which
emerge through asymptotic limits of entropy and mutual information
between stimuli and corresponding spike trains: spike timing precision
dT, average symbol length Ts and average word length Tw. The model
animals were adult female crickets (Acheta domestica) obtained from a
commercial supplier. Intracellular recordings of identified intemeurons
and multielectrode extracellular recordings were performed to asses
neuronal activity in the crickets’ terminal ganglion. The stimuli for
these experiments were random waveform air currents with various statistical characteristics, suitable for the cereal sensory system. Using an
information-theoretic analysis based on the abovementioned time
scales, we also characterize the maximal information content of spike
sequences in this sensory system, independent of their temporal discretization.
Supported by NIH grants MH 12159-2 (AGD) and MH57179 (JPM)

When a brief auditory probe stimulus follows an intense conditioner (the forward-masker),
probe-detection thresholds rise. Neurally, this threshold shift may have two causes. Firing rates
may drop, due to neural fatigue. Also, the primary auditory afferents are frequency-specific
filters. Thus the neural response persists for some time after the forward-masker ends
(“ringing”), raising probe-detection thresholds through simultaneous masking. Recently (Nizami
& Schneider, J. Acoust. Soc. Am., in press), 2 kHz Gaussian-shaped pips (S.D.=0.5 msec)were
presented at time-gaps as little as ‘A-msec apart following a 200 msec 2 kHz tone. Pip-detection
thresholds showed small, sudden rises and falls superimposed on each subject’s generally smooth
recovery. Averaging across-subjects removes this noisiness and reveals a periodicity which can
be emulated as follows. Any auditory filter is characterised by its impulse response, the response
to an infinitely narrow square pulse. Responses provoked by 0.1 msec square clicks reveal that
IHC afferents in the cat have either “Type I” ringing (93% of afferents) or “Type II” ringing (the
remainder; Pfeiffer & Kim, J. Acoust. Soc. Am. 52, 1669-1677, 1972). Both show a smoothly
damped decay in the amplitudes of their post-stimulus-time histograms (PSTHs). But Type JI
neurons may ring much longer; the PSTHs show a modulated envelope not seen spontaneously,
whose duration and number of peaks can increase with click intensity. When spike counts
generated by condensation clicks and rarefaction clicks are displayed on the same plot (ibid.),
which is then normalised, the resulting PSTH has a frequency of the neuron’s characteristic
frequency (CF) and a modulation envelope which approximates the impulse response yc. Here
ycOW-93 y ,(t) + 0.07 y „(t) where y ,(t) and y „(t) are the impulse responses of the Type I and
II units tuned to 2 kHz (developed after Pfeiffer & Kim, Fig. 7, and Rhode & Smith, Hear. Res.
18, 159-168, 1985), where t is time post-masker. Now for forward-masker g(t) and probe s(t,
ts 0), the filter’s output power, computed every 'A-msec period of its 2 kHz CF, is
<»

t

Pa (0=—f
0.0005

*

yfc)dx, yf(t)= fyc(X)[g(t-X)+s(t~X)}dX, t=seconds.
J
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We plotted the unitless ratio dBR(t)=log10 [PR(t)/max (PR(t))] <. 0. For t<0, PR(t)=max[PR(t)].
Post-masker, dBR(t) generally declines but has several bumps or near-plateaux. We then assumed
that pip-detection thresholds are reached when dBR(t) increases by an increment of (say) '/2 dB.
Supported in part by an NSERC grant to Bruce A. Schneider.
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MOUSE MODELS FOR VESTIBULAR AND HEARING DEFECTS.
O.Y. Zheng*, and K.R. Johnson. The Jackson Laboratory, Bar Harbor,
Me 04609.
The laboratory mouse offers a powerful tool for understanding
mammalian biology. Structural and functional analysis of the mouse
genome will define mouse models for human diseases. We have
previously assessed hearing in 80 inbred strains of mice by auditory
brainstem response (ABR) threshold analyses (Zheng et al, Hear Res
130:94-107). In this meeting, we report results of ABR threshold
analyses in the mouse strains that carry the following mutations
proposed to affect hearing or balance. Ap3dnh, Atp2b2df", Atp2b2dfw2J, av2J,
avJ, cpk, DmcT^, Eyalb',r, fi, het, jc, je, js, jv, Kitw, KitW v Lama2dy, mdm,
Mgf, Milf, MifbKS, Mifv“, Myo5a, Myof Myo7ahl, Myo7ah!'7J,
Myol5ih2, Pax3Sp, Pax6SeyDey, PhexHyp, pi, Pmp22TrJ, qv, qvlnd, qv^'21, rd3, sr,
sy, syP, syP'2J, sy™, tit, Tshry', v2J, vJ, vJ, Va, wl. Among the mutations
listed above, the following had congenital deafness: Atp2b2dfw,
Atp2b2dfK:iJ, av2J, avJ, Eyat°r,, jc, je, js, myo6P Myo7ahl, Myo7ashl'7J,
Myol5sh2, pi, sr, sy, sy™, v2J, v4J, v5J and Va. The mutations Ap3d”h, fi,
Mitf, Mifbw\ Kitwand KitWvhad intermediate hearing loss; qv, qf,
qvnd'2J had malformed ABR wave patterns; het, jv,and tit had abnormal
vestibular behaviors but normal ABR thresholds; and cpk', Myo5ad and
rJ3had normal vestibular behaviors and normal ABR thresholds.
Supported by NIH/NEDCD, DC62108.

DISTORTION-PRODUCT OTOACOUSTIC EMISSIONS AND EFFECTS CF
NOISE DAMAGE IN A CONGENIC STRAIN OF C57BL/6J, B6.CAST-+*W
MICE. A.E, Vazquez1*, Q.Y, Zheng.2 B.L. Lonsburv-Martin1 and A.E.
Luebke1. 1Univ. of Miami Ear Institute, Miami, FL 33136; 2The
Jackson Laboratory, 600 Main St., Bar Harbor, ME 04609.
Age-related hearing loss (AHL) is a common type of hearing
impairment that manifests itself as an elevation of hearing thresholds,
beginning with the high- and progressing to the low-frequency range.
The C57 mouse strain, one of the most widely used in transgenic
research, exhibits severe hearing loss by 1 yr of age, whereas the
CAST/Ei strain retains its hearing until 2 yrs. Johnson et al. (1997),
using genetic analysis of a (B6XCAST)XB6 backcross established the
single-gene inheritance of AHL and localized this gene (Ahi) to
chromosome 10. They also constructed B6 congenic strains with
CAST-derived fragments of chromosome 10 that carry the wildtype Ahi
allele. The goal of the present study was to describe the distortionproduct otoacoustic emissions (DPOAEs) in the congenic strain
B6.CAST-+*/’/, so that its susceptibility to excessive sounds could be
determined. Cochlear function was assessed by measuring the magnitude of 2f1-f2 DPOAEs as DP-grams elicited by several primary-tone
levels (L1=L2=55,65,75 dB SPL) for geometric-mean frequencies
from 5.6-48.5 kHz. The B6.CAST-+4/,/ strain exhibited DPOAE levels
that were significantly greater than the parental C57 strain.
This
difference was most striking in the higher-frequency range where the
parental C57 strain had lost all DPOAEs due to the aging processes.
Supported by the Public Health Service (DC03114, DC03086).
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THE PREVAILING MODE OF HAIR CELL (HC) LOSS IN THE RAT INNER
EAR IS DETERMINED BY THE INTENSITY OF THE INJURING STIMULUS.
J. Llorens.1 D, Dememes.2 C.J. Dechesne^ and A, Seoane1. ‘Dept. Ciencies
Fisioldgiques II, Universitat de Barcelona, E-08907-L’Hospitalet de Llobregat,
Spain; TNSERM U-432, University Montpellier II, F-34095 Montpellier, France.
HC loss occurs through either degeneration within the sensory epithelium or
extrusion from its luminal surface. HC extrusion has been described frequently in
birds and poikilothermic vertebrates, less frequently in mammalian vestibular
epithelia and rarely in the organ of Corti. Here we studied the influence of the
intensity of the injuring stimulus on the mode of HC loss prevailing in the rat inner
ear. 3,3’-Iminodipropionitrile (IDPN) is an experimental toxin causing HC loss at
both high acute and low subchronic dosage regimes. Male Long-Evans adult rats
were given a single intraperitoneal injection of 1000 mg/kg IDPN or were exposed
to 0.2% IDPN in the drinking water for 1, 3, 5, 8, or 13 weeks, and examined by
scanning and transmission electron microscopy and light microscopy. Observation
at 2 days after high acute IDPN exposure showed a predominance of HC
degeneration within the sensory epithelia, as reported previously. By contrast,
subchronic IDPN caused vestibular HC extrusion by detachment of the basolateral
membrane from neighboring structures, displacement towards the lumen, and final
loss of the apical tight junctions. Most HC in the cristae and utriculi were extruding
at 5 weeks, and many disappeared by 13 weeks. The results indicated that all
vestibular HCs can be extruded in response to ototoxic exposure, and that extrusion
occurs after doses lower than those causing HC degeneration within the epithelium.
SEM images from the organ of Corti suggested that HC extrusion can also become
prevalent in this organ following low subchronic exposure to IDPN.
Support: Grant FIS 97/0642 and fellowship 1998FI-00521 (A.S.)

LOCAL ADMINISTRATION OF L-METHIONINE TO THE COCHLEA
PROTECTS AGAINST CISPLATIN TOXICITY WITHOUT EFFECTING ITS
CHEMOTHERAPEUTIC ACTION. G. Li1. E. Dinces1. P.A. Frenz1, T.R. VanDe
Water12*. Albert Einstein College of Medicine, Depts of Otolaryngology,
Neuroscience, Anatomy & Structural Biology, Bronx, New York 10461.
The efficacy of cisplatin (CDDP) as a chemotherapeutic agent is diminished
because of its ototoxicity. Systemic administration of L-methionine (L-Met)
provides complete protection against many of the deleterious side effects of CDDP,
including ototoxicity. However, systemic L-Met also has a partial inhibitory effect
on the chemotherapeutic effectiveness of CDDP. Local delivery of this
otoprotective agent (L-Met) may represent an effective strategy to protect the
hearing and to retain the full chemotherapeutic value of CDDP. To examine the
efficacy of otoprotection by local delivery of L-Met, we used Fisher 344 rats
implanted with die malignant breast cancer MTLN3 cell line. L-Met (25 mg/ml)
was delivered to the cochlea via continuous infusion of the round window
membrane niche with a catheter (Intra Ear) and a miniosmotic pump (Alzet).
Cisplatin (6mg/Kg) was administered systemically every 3 days until a cumulative
dosage of 18mg/Kg was achieved. Chemotherapeutic effectiveness was assessed
by measuring tumor mass, degree of necrosis and the presence of metastasis. The
otoprotective effectiveness of locally delivered L-Met was measured by outer hair
cell counts of SEM preparations of cochleae and tone evoked auditory brain stem
responses. The results of this study show that local delivery of L-Met to the
cochlea can effectively protect both hearing acuity and the structural integrity of
the cochlea from cisplatin damage without compromising its ability to eradicate the
breast cancer in this animal model.
Supported by grants from the Shulsky Hearing Research Fund and the National
Organization for Hearing Research.

56.15

56.16

EFFECTS OF EXPOSURE TO AN AUGMENTED ACOUSTIC
ENVIRONMENT ON HEARING LOSS IN DBA/2J MICE:
FREQUENCY SPECIFICITY. V.S. Sundin* and J.F. Willott, Dept.
of Psychology, Northern Illinois University, DeKalb, IL 60115.
Nightly 12-hr exposure to an augmented acoustic environment
(AAE) consisting of a 70 dB SPL broad-band noise slows hearing loss
in DBA/2J (DBA) and other strains of mice that exhibit progressive
sensorineural cochlear pathology. To investigate if AAE effects are
frequency-specific, DBA mice were exposed to either a high-pass (HP,
> 15 kHz) or low-pass (LP, < 10 kHz) filtered noise (70 dB SPL,
200 msec duration, 10 msec rise-fall, 2 Hz rate) from 25 to 55 days
of age. DBA mice normally exhibit high-frequency hearing loss during
this age range. They were tested for hearing with 4, 8, 12, 16, and 24
kHz tones used as stimuli to measure auditory brainstem response
(ABR) thresholds. Frequency specificity was evident in male mice:
Compared to control mice, males exposed to the HP AAE had lower
ABR thresholds at 12, 16, and 24 kHz, whereas males exposed to the
LP AAE had lower ABR thresholds at 4 and 8 kHz. By contrast, AAE
effects were not frequency-specific in females: the LP AAE had no
significant effect, whereas the HP AAE resulted in lower ABR
thresholds for 4-16 kHz. Possible reasons for the gender effect include
hormonal factors and/or gender differences in the salience of the
AAEs.
Supported by NIH grant 5R01AG075554-12.

KNOCKOUT OF p2 THYROID RECEPTOR PREVENTS AGERELATED HEARING LOSS IN C57/BL6 MICE. Y. Wang1-2, M.E. Boers3, F. Wondisford3 and M.C. Liberman1,2*. 1 Eaton-Peabody

56.17

MICE LACKING ex9 ACETYLCHOLINE RECEPTORS HAVE
NORMAL VULNERABILITY TO ACOUSTIC INJURY. FL
Yoshida1,2,4*, D. Vetter3. S. Heinemann3. M.C. Liberman1,2. ‘EatonPeabody Lab., Mass. Eye & Ear Infirmary; 2Dept. of Otol. &
Laryngol., Harvard Medical School; ’Molecular Neurobio. Lab.,
Salk Institute; 4Dept. of Otolaryngol. Tohoku Univ, Japan

Activation of olivocochlear (OC) efferent neurons suppresses afferent
responses in the auditory periphery via acetylcholine action on outer hair
cells mediated by a9 cholinergic receptors. OC suppression is absent in
an ct9 knockout mouse, which otherwise shows normal cochlear function
[D.E. Vetter et al. (1999) Neuron in press). OC activation can also
protect the ear from acoustic injury. The aim of the present study was to
determine if OC protective effects are also mediated by a9 receptors.
Mice (129/SvEv strain) were exposed to a noise band (8-16 kHz) at
103, 106 or 109 dB SPL for 8 hrs. Each exposure group included mice a)
homozygous or b) heterozygous for a null mutation of the a9 gene and c)
wildtype controls. One week after exposure, hearing was assessed via
compound action potentials and distention product emissions.
No difference in permanent threshold shift was found between
homozygotes, heterozygotes or wildtype s via either test, at any exposure
level. Thus, protective effects erf* the OC system revealed in other animal
stuelies by chronic ele-efferentation are probably not mediated via oe9
receptors. Rather, they may inverfve other ligands or receptors within the
complex OC system. Crossing erf* the null mutation into another mouse
strain (CBA/CaJ) is underway to ensure that the present results are not
due to peculiarities erf* the 129/SvEv background.
Research supported by the NIDCD ROI DC0188 and ROI DC02871
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Lab., Mass. Eye & Ear Infirmary; 2Dept. of Otology & Laryngology,
Harvard Medical School; ’Thyroid Unit, Beth Israel Deaconess Medical
Center and Harvard Medical School.
Thyroid hormone is essential for normal cochlear development, and
a variety of thyroid conditions lead to hearing loss. Thyroid receptors
(TR) of pi and {32 subtypes are expressed in the developing ear, and a
mouse with targeted deletion of both TRf31 and TR02 has elevated
thresholds and delayed expression of K+ conductance in sensory cells
[Rusch et al. (1998). PNAS 95:15758-15762],
We have generated a transgenic mouse model with selective
disruption of the TR{32 isoform. As with the TRpi/TRp2 combined
knockout, our selective TRJ32 knockout was created in C57/B16, a strain
showing age-related hearing loss (AHL). This AHL behaves as a singlegene recessive trait and has been mapped to chromosome 10 [Johnson et
al. (1997) Hear. Res. 114:83-92]. Wildtype animals show elevated
hearing thresholds by 2 mths and are profoundly deaf at 10 mths.
Auditory function was tested at 2-5 mths in 7 homozygous TR{32
knockouts and 7 wildtype littermates by auditory brainstem response and
distortion product otoacoustic emissions. As expected, all 7 wildtype
controls showed progressive age-related hearing loss, with mean
threshold shift > 50 dB by 5 mths. In stark contrast, all 7 knockout
animals showed normal cochlear function by both tests at all ages tested.
Thus, the TRp2 knockout completely prevents AHL in the G57/B16,
at least to age 5 mths. Animals will be followed until 1 yr of age, by
which time wildtypes should be completely deaf.
Support from ROI DC 0188 (NIDCD) and ROI DK 53036
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GROWTH FACTOR MODULATION OF PHOTOTRANSDUCTION
A. Savchenko*1, T.W. Kraft2, E Molokanova1, R.H. Kramer1. 'Dept. of Mol. & Cell.
Pharmacol., Univ. of Miami, Miami, FL; 2Dept. of Ophthalmol., Univ. of Alabama,
Birmingham, AL.
Growth factors are important for the development and long-term survival of rods
and cones. Here we show that insulin-like growth factor-I (IGF-I), a putative
paracrine factor from retinal pigment epithelium, also has a short-term effect on
phototransduction by modulating cyclic nucleotide-gated (CNG) channels in rod outer
segments. Incubation with IGF-I, but not IGF-II or insulin, leads to a 2.1-fold increase
in channel sensitivity to cGMP. The apparent Kd of IGF-I was 4.1 nM.
Both protein tyrosine kinases (PTKs) and phosphatases (PTPs) appear to be involved
in IGF-1 signaling because modulation is blocked by inhibiting PTKs or PTPs with
lavendustin A or vanadate, respectively. Moreover, application of a constitutively
active PTP from human T-cells increases channel sensitivity and this is occluded in
IGF-I-treated rods. We earlier showed that CNG channels expressed in Xenopus
oocytes are modulated by phosphorylation/dephosphorylation of a specific tyrosine
residue (Y498), which is present in rod, but not olfactory CNG channel a-subunits.
We find that activation of native oocyte IGF-I receptors can increase sensitivity of
both CNG channels, depending on whether this tyrosine is present. Hence IGF-I
signaling ultimately involves a PTP that catalyzes dephosphorylation of the rod CNG
channel protein.
To address how modulation of CNG channels affects phototransduction, we used a
suction electrode to examine light responses from isolated rods. IGF-I increased the
peak amplitude by about 25% and accelerated the recovery time course, qualitatively
distinct from the effects of light or dark adaptation. In conclusion, these findings show
that phototransduction is not strictly self-contained, but rather can be regulated by
growth factors acting on receptors in rod outer segments. Supported by grants from
the NIH and AHA-FL.

KAINATE GLUTAMATE RECEPTORS TYPE 5 ARE EXPRESSED IN THE
RETINA OF DANIO AQUIPINNATUS. L.V.Ponomareva*. KFSchmidt. JF. Stone.
D.G.McMahon. Dept. of Physiology, University of Kentucky, Lexington,KY 40536,
It has been shown by immunocytochemistry that kainate glutamate receptors with
homology to mammalian GluR6/7, are localized in the fish retina (Peng, 1995). Sites
of expression include fish retinal horizontal cells where kainate receptors may
participate in neurotransmission and its modulation. In order to clone kainate
receptors and find its distribution in the fish retina we used a BamHI cut fragment
of a rat GluR6 cDNA as a probe for screening a retinal cDNA library from Giant
Danio (Danio Aquipinnatus). 9 clones were found. Tlie longest clone was sequenced,
analyzed by Southern and Northern hybridization and a search with GeneBank data
was performed. It appears that Giant Danio retina expresses a glutamate receptor
(GDGR5) which predicts a 922 amino acid sequence with molecular weight of 104
kDa and shows about 80% overall identity to mammalian GluR5. We cotransfected
this c DNA clone in HEK 293 cells together with green fluorescent protein. The
fluorescence of GFP was detected on an inverted phase contrast microscope with a
FITC filter set. Electrophysiological studies were performed using whole cell voltage
clamp technique. Application of 500pM or 1 mM glutamate following 3 minute
treatment of HEK cells with Con A evoked inward currents which were then
desensitized almost completely within 1.5-5 minutes. Immunocytochemical studies
on dispersed retinal cells used an antibody raised against specific epitope of rat GR5.
Bound primaiy antibody was visualized using a DAB/peroxidase reaction or Cy3labelled secondary antibody. We found intense DAB staining or Cy3 fluorescence
on horizontal cells (Hl and H2 type) and their long processes. Our future goal to
establish the function of this receptor in the retina. Supported by NIH EY09256.
NS01736(DGM), DFG 723/6-2(KFS) grants.

57.3
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EAAT5: A PHOTORECEPTOR AND BIPOLAR CELL GLUTAMATE
TRANSPORTER IN RAT RETINA? D.V. Pow1, N.L. Barnett2, P.
Penfold3 and C. Davas1*. ’Depts. of Physiology and Pharmacology, &
2VTHRC, University of Queensland and 3Dept. of Ophthalmology,
University of Sydney, Australia.
Expression of glutamate transporters such as GLAST in the
mammalian retina is developmentally regulated (Pow and Barnett,
1999, Cell and Tissue Research, in press). However little is known
about the distribution of EAAT5 in the developing or adult mammalian
retina. EAAT5 is a retina-specific glutamate transporter which has an
associated chloride conductance; thus it is comparable in its functional
properties to the glutamate transport systems previously described in
photoreceptors and some bipolar cells. We have raised antibodies to the
carboxyl- and amino-terminal regions of EAATS Labelling for both of
these antisera was developmentally regulated; weak labelling appeared
in the outer retina in cells which we interpret as being photoreceptors
around P7; by P10 strong labelling was present in presumptive
photoreceptors and by P21 a population of bipolar elements were also
weakly labelled. In adult retinae both antisera heavily immunolabelled
all presumptive photoreceptors as evinced by the solid band of labelling
in the outer retina, as well as a heterogeneous population of bipolar cell
somata and their proximal axonal processes. The positions and
morphology of these terminals suggests that they are the terminals of
both rod and cone rod bipolar cells. Ultrastructural studies are currently
being performed to confirm these localisations.

NMDA ALTERS THE EXPRESSION OF CALCIUM/CALMODULINDEPENDENT PROTEIN KINASE II CONTAINING A NUCLEAR
LOCALIZING SIGNAL. A, Laabieh1 . G, Li1 andN, G, F, Cooper'^'Dept. of
Anatomical Sciences and Neurobiology, 2Dept. of Ophthalmology & Visual
Sciences, University of Louisville School of Medicine, KY 40202.
We investigated the possibility that calcium/calmodulin-dependent protein
kinase II-a (CaMKII-a) is associated with NMDA induced apoptosis in the rat
retina. A single intravitreal injection of 4 mM of N-Methyl-D-Aspartic acid
(NMDA) was administered to both eyes and the levels of retinal CaMKII mRNA
were evaluated using RT-PCR after 30 min, 2hrs, 24hrs and 7 days. The TUNEL
(TdT-mediated biotin-dUTP nick-end labeling) technique was used to detect DNA
fragmentation characteristic of apoptotic cells at different time points. Control rats
were injected with saline. At 30 min and 2hrs after injections of NMDA, there was
an increase in the level of mRNA of the CaMKII-a isoform that contains a nuclear
localizing signal (CaMKII-aB). However, at 24hrs after injection of NMDA, there
was a dramatic decrease in the mRNA levels for this isoform. Southern blots with
specific probes for the a and aB subunits of CaMKII confirmed these changes in
CaMKII-aB. TUNEL positive profiles were found increased in tissue sections at
24hrs after injection of NMDA, and were mostly evident in the inner nuclear layer.
At 7 days postinjection, TUNEL positive nuclei were detected mainly in the
ganglion cell layer. These data indicate that NMDA alters CaMKII-aB transcription
prior to the appearance of cell death. Nuclear levels of CaMKH could be part of
the signal transduction pathway leading to apoptosis.
Supported by NSF-EPSCOR Grant OSR9452895; U of L, School of Medicine
grant and an unrestricted grant from Research to Prevent Blindness, Inc.

Funded by NHMRC, Australia.
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GAP JUNCTION CHANNELS, CONNEXIN43, OF
RAT RETINAL PIGMENT EPITHELIAL CELLS.

LOCALIZATION AND DEVELOPMENTAL EXPRESSION PATTERNS OF THE
K+-CL COTRANSPORTER (KCC2) IN RAT RETINA. Tania O, Vu.1 John A.
Pavne.2 David R. Copenhagen1*.1 Dept. of Ophthalmology and Physiology,
University of California, School of Medicine, S.F., CA 94143;2 Dept. of Human
Physiology, University of California, School of Medicine, Davis, CA 95616.

S. Hidaka*, M. Yamauchi, C. Nishikawa, T. Kato and E.-I. Miyachi.
Department of Physiology, Fujita Health University School of Medicine,
Toyoake, Aichi 470-1192, Japan.
Physiological functions of gap junctions (GJs) between retinal pigment
epithelial cells (RPEs) are unknown. Using western blots and
intracellular dye injection, we investigated molecular regulation of rat
RPEs-GJs. Immunocytochemical study demonstrated that rat RPEsGJs expressed immunoreactivity against connexin43 (Cx43), a rat heart
GJ protein, as described by Ball and McReynolds (1998) and JanssenBienhold et al. (1998). Rat heart and brain Cx43 is known to have
amino-acid sequences which are phosphorylated by protein kinases and
dephosphorylated by protein phosphatases. In control experiments, the
immunoblot probed with the antibody directed against Cx43 revealed
two immunopositive bands of rat retinal homogenates: intense
immunolabeling of 43-kDa band and very low labeling of 41-kDa band.
Activation of endogenous alkaline phosphatases resulted in conversion
of strong labeling of the 43- to the 41-kDa band whereas their inhibition
suppressed the migration of the 43- to the 41-kDa form. Since the two
forms reflect phosphorylated (43 kDa) and dephosphorylated form (41
kDa) of Cx43, these results showed that Cx43 involved in rat RPEs-GJs
is present almost exclusively as the 43-kDa phosphorylated form. In the
normal condition, intracellular injection of Lucifer Yellow and
Neurobiotin into rat RPEs revealed dye coupling into neighboring RPEs.
Our study suggests that rat RPEs-GJs open with the phosphorylated
form of Cx43 under normal physiological conditions.

Supported by the Science Research Promotion Fund Grom the Promotion
ana Mutual Aid Corporation for Private Schools of Japan and Grants-inAid for Scientific Research from the Japanese Ministry of Education,
Science and Culture, No. 10680754.
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In mature circuits, GAB Aergic and glycinergic transmission is mediated by a chloride
conductance and is inhibitory, often evoking a hyperpolarization below resting
potential. Tlie neuron-specific K+-CL cotransporter (KCC2) appears to be essential in
maintaining chloride equilibrium potentials below resting potential (Thompson and
Gahwiler ’89; Rivera et al. ’99). However early in development, GABA depolarizes
neurons in the retina and elsewhere (Cherubini et al. ‘91, Bahring et al. ‘94, Huang and
Redbum ‘96, Fischer et al. ’98). It has been hypothesized that the depolarizing GABA
responses reflects the delayed onset of KCC2 (Rivera et al. ’98). Here we used
immunohistochemical methods to study the expression of KCC2 and its developmental
regulation in the rat retina. We find that KCC2 is strongly expressed in specific types
of retinal neurons and that this correlates with neurons in the rat retina containing
known GAB Aa , GABAc and glycine-gated channels. With postnatal development,
KCC2 immunoreactivity is present at low levels in the inner retina at birth and
follows a progressive upregulation which is most dramatic during the first postnatal
week. In contrast, KCC2 immunoreactivity is absent from the outer retina at birth,
appearing at the end of the first postnatal week. Expression of KCC2 reached stable
levels comparable to those in the adult in both the outer and inner retina by the end of
the second postnatal week. This suggests that inhibitory GABA responses develop first
in the inner retina and that excitatory GABA responses could continue up to P7 in the
outer plexiform layer.

Work supported by NIH.
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THE EXPRESSION OF NEUREGULINS AND THEIR RECEPTORS IN
MATURE RAT RETINA. C. Mazzochi1* R. J. Pearson Jr.1, S. L. Carroll2, and K.
T, Keyser3. 'Depts. of Neurobiology, 2Pathology and ’Physiological Optics,
University of Alabama at Birmingham, Birmingham, AL 35294.
The neuregulins (NRGs) are a family of growth and differentiation factors related
to epidermal growth factor. The NRGs and their erbB receptors are widely
expressed in the adult nervous system. Their actions in this latter setting, however,
are poorly understood.
We hypothesize that NRGs may modulate the expression of acetylcholine receptor
subunits in adult, rat retina. As an initial test of our hypothesis, we used Western
blot and immunohistochemical analyses to examine the presence and distribution of
NRGs and their erbB receptors in this tissue. Immunoblotting with a pan-NRG
antibody demonstrated the presence of multiple NRG-like immunoreactive species
in retina. Western blot analyses with antibodies recognizing subsets of the NRG
isoforms confirm these results and show that these molecules include both directly
secreted isoforms and transmembrane precursors. In addition, Western blot
analyses demonstrate the presence of erbB3 and erbB4 receptors in this tissue. In
contrast to a previous report, these studies showed erbB2 expression in rat retina.
Immunohistochemical localization demonstrated that erbB4-like immunoreactivity
is in the ganglion cell layer, innerplexiform layer (IPL), and inner nuclear layer.
ErbB3-like immunoreactivity was also observed in these same layers and the outer
plexiform layer (OPL). ErbB2-like immunoreactivity was observed in the IPL and
OPL. We are currently attempting to identify the specific cell types associated with
this erbB-like immunoreactivity. We conclude that the NRGs and their erbB
receptors are expressed in adult, rat retina. Future work will be directed towards
defining their role(s) in this tissue.
This research was supported by the following: EY07845 (K.T.K.),
P30 EY03039 and support from the American Cancer Society and NIA (S.L.C.)

HISTAMINE-CONTAINING CENTRIFUGAL AXONS IN THE RAT RETINA.
M. J. Gastinger,1 D. W. Marshak,1* T. W. Gardner,2 and A, J, Barber2. 'Dept. of
Neurobiology and Anatomy, University of Texas Medical School, Houston 77030;
2Dept. of Ophthalmology, Penn State Geisinger Health System, Penn State University
College of Medicine. Hershey, PA 77033.

57.9

The goal of these experiments was to determine whether the rat retina is innervated
by histaminergic axons, as in other mammals (Panula et al. 1988; Gastinger et al.
1999). Sprague-Dawiey rat retinas and optic nerves fixed in 2-4% carbodiimide
were labeled with a rabbit antiserum to histamine. Preincubating the antiserum with
histamine blocked all labeling. A few (1-5) histamine-immunoreactive (IR) axons,
0.6 to 1.3 pm in diameter, emerged from the optic disc and ran in optic fiber layer
(OFL) to the peripheral retina. They typically made a few branches in the OFL,
before sending orthogonal branches to the inner plexiform layer (IPL), where the
majority of these branched and terminated. A few branches in the IPL sent
projections into the vitreal half of the inner nuclear layer (INL). Varicosities (0.8 to
1.7 pm in diameter) were located on many of the axonal branches, and they appeared
larger and denser near the ends of terminal branches in the IPL or INL. Some axon
terminals were very closely apposed to large blood vessels. In the optic nerve, axons
occasionally bifurcated and resembled the retinal axons in both size and shape. No
histamine-IR cell bodies were found in the retina. Taken together, these findings
suggest that the axons are centrifugal. Since the activity of histaminergic neurons in
the rat brain is highest during the night, histamine may play a role in preparing the
retina to operate in darkness, when rats are most active (Mochizuki et al. 1991).
Grant support: R01 EY06472, P30 EY06472, T32 EY07024 from the National Eye
Institute.

57.10

THE VESICULAR GABA TRANSPORTER (VGAT) IS
EXPRESSED BY RETINAL NEURONS, INCLUDING
HORIZONTAL CELLS. J.G, Cueva. JR.1', R.J, Reimer2, R.H.

Edwards2, and N.C, Brecha1. 'Depts. Of Neurobiology & Medicine, and
Jules Stein Eye Institute, UCLA and VAMC-West Los Angeles, L.A., CA
90095. departments of Neurology and Physiology, UCSF School of
Medicine, S.F., CA 94143.

VGAT is a transporter believed to mediate both GABA and
glycine accumulation into synaptic vesicles of inhibitory axon
terminals. In the present study, we investigated the expression
of VGAT immunoreactivity in the rat retina using a specific
antibody to the VGAT N-terminus. VGAT immunoreactive
processes were located in the outer plexiform layer (OPL) and
all laminae of the inner plexiform layer.
Weakly
immunostained cell bodies were observed in the distal inner
nuclear layer (INL) adjacent to the OPL, in the proximal INL
and in the ganglion cell layer. No immunostaining was
observed in sections incubated in VGAT antibodies absorbed
overnight with 10'5 M N-terminal VGAT fusion protein.
Double label experiments with antibodies to calbindin
(CaBP), a rat horizontal cell marker, and VGAT demonstrated
the colocalization of CaBP and VGAT immunoreactivity in
processes distributed to the OPL. These findirtgs indicate the
presence of a vesicular inhibitory amino acid transmitter
transporter in rat retina, including horizontal cell processes.
Supported by NEI EY 04067 and JGC a fellowship from the APA.

LOCALIZATION OF ZINC IN THE RAT RETINA

T.Akagi1, M. Kaneda3, K. Ishii1, W. Suzuki2* and T. Hashikawa1
^Lab. for Neural Architecture and ^ab. for Cognitive Brain
Mapping, Brain Science Institute, RIKEN, Wako, Saitama 3510198,3Dept. of Physiology, Keio Univ. School of Medicine, Tokyo
160-8582, Japan.
Zinc is one of the trace elements found in the nervous system.
In the retina, the neuronal activity through GABA receptors has
been reported to be modulated by zinc. In this study, we examined
the histochemical localization of zinc with the Neo-Timm method
in the rat retina under a light and an electron microscope. Adult
Wistar rats anesthetized with sodium pentobarbital (Nembutal,i.p.)
were fixed with glutaraldehyde-paraformaldehyde fixative
containing sodium sulfide, and their retinae were developed with
silver lactate solution. Light microscopically, reaction products
were found in the external limiting membrane, and the outer and
inner nuclear layers. Electron microscopically, small reaction
products were found in the outer nuclear layer associated with
photoreceptor or Muller cell membrane. Large reaction products
associated with nucleus were found in the outer and inner nuclear
layers. In addition, thin processes with reaction products were
often observed in the inner plexiform layer. The presence of zinc
in such processes supports the idea that, as studied well in the
hippocampus, zinc could be released from those cells to act as an
endogenous modulator of the synaptic transmission in the
mammalian retina. Supported by RIKEN BSI grant 57911.

57.11
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CHARACTERIZATION OF A NOVEL RECOVERIN-CONTAINING CELL IN
THE INNERMOST LAYERS OF THE MAMMALIAN RETINA. X.-X. Yan*.
Department of Anatomy and Neurobiology, Hunan Medical University, Changsha,
410078, China; Department of Psychobiology, University of California at Irvine,
Irvine, CA 92697.
Calcium-binding protein recoverin has been reported as being present in
photoreceptors, cone bipolar cells and sparse cells in the ganglion cell layer in the
adult retinas of several mammal species including human (Yan & Wiechmann,
1997). The present study was undertaken to characterize the developmental pattern
and possible cellular features of the recovering-expressing cells in the rodent and
human retina by immunocytochemistry, with particular attention being paid to the
cells in the inner retinal layers, i.e., the ganglion cell and nerve fiber layers. In both
the rat and human adult retinas, a small population of recoverin-immunoreactive
cells was present in the ganglion cell and nerve fiber layers. However, the
precursors of these cells were quiet numerous and appeared considerably early—by
13 week of gestation in the human and at birth in the rat. These early-developed
cells in the inner retina had a relatively large, round soma with multiple short
processes, and there followed a noticeable reduction in the numerical density across
die retina with development. The time course of development and early maturelooking appearance of these cells suggested a different morphology of these cells
from that of the ordinary ganglion cells and cone bipolar cells. However,
colocalization study failed to detect a co-presence of CD-45 in these cells,
indicating that they were not microglia. Further investigations are in progress to
further characterize whether these recoverin-containing cells in the inner retina are
actually neurons, particularly a special type of ganglion cells in the developing
retina, using immunocytochemical colocalization and retrograde-tracing methods.
Supported in part by a grant from National Educational Committee of China.

CO-LOCALIZATION OF CLATHRIN ADAPTOR PROTEINS
WITH PHOTORECEPTOR SYNAPTIC RIBBONS IN THE OPL OF
THE MOUSE. Grant W. Balkema1 *& Tri-Hung Nguyen2. ‘’Biology
Department, Boston College, Chestnut Hill, MA 02467;2 Child Study
Center, Yale University School of Medicine, New Haven, CT 06520.
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The B16 monoclonal antibody recognizes an epitope on the synaptic
ribbon of each species examined to date. Light microscopy of retinal
sections incubated with B16 show intense labeling in the inner and
outer plexiform layers (IPL, OPL). The OPL labeling has a
characteristic arc shape of about 1 pm long by 500 nm wide.
Biochemical studies show that B16 immunoprecipitates a protein band
with a relative Mr of 54 kD that te found exclusively in the retina, not
in the brain. Amino acid sequence analysis of the identified band shows
homology with the 47 kD p chain component of the trans golgi adaptor
protein. The adaptor proteins (AP-1 & AP-2) are heterotetrameric
proteins that mediate clathrin endocytosis and protein sorting in the
endocytic and late secretory pathways. Recent work by others shows
that there are at least two more members of the adaptor protein family,
AP-3 & AP-4. Light microscopy of mouse retinal sections that are
doubled labeled with B16 and anti-P or anti-p chain antibodies show
that both anti-Pand -pantibodies label the OPL. The anti-p chain
antibody labels the OPL diffusely. The anti-6 chain antibody labels a
punctate structure that co-localizes with the B16 arcs in the OPL. The
difference between these two patterns suggests that multiple adaptor
proteins reside in the OPL, and that the P sub-unit is associated with the
photoreceptor terminal.
Supported by Boston College Research Funds.
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EXPRESSION OF CALCIUM/CALMODULIN-DEPENDENT PROTEIN
KINASE II (CaMKIl) IN THE RETINA OF THE rdta TRANSGENIC MOUSE.
L.O, Liu1. G. Li2. M. McCall3. andN. G. F. Cooper1-2*: ‘Dept. of Ophthalmology
& Visual Sciences, 2Dept. of Anatomical Sciences and Neurobioiogy, 3Dept. of
Psychology, University of Louisville School of Medicine, KY 40202.
The aim of this study was to investigate photoreceptor-mediated expression
of CaMKIl in the retina of the rdta mouse, in which rod photoreceptors have
been genetically ablated (McCall et al., 1996). Competitive RT-PCR shows that
CaMKIIa and CaMKIip mRNAs are elevated in the retinae of rdta mice relative
to their littermate controls. CaMKIl protein was primarily expressed in the
amacrine and ganglion cells in the mouse retina. The a subunit also was
concentrated in two bands in the inner plexiform layer. Immunohistology and
immunoblotting show that the antibody binding to the a and p subunits of
CaMKIl is significantly increased in the retinae of the rdta mice. The CaMKIIa
mRNA amplified here contains a cis-acting element which targets the mRNA to
the dendrites.
RT-PCR experiment demonstrates that the cytoplasmic
polyadenylation element binding protein (CPEB) also is present in the mouse
retina. CPEB is a translation factor that binds to the cytoplasmic polyadenylation
elements on CaMKIIa mRNA and enhances its translation (Wu et al., 1998). It
is likely that the dendritically localized CaMKIIa mRNA in the retina is under the
translational control by CPEB. Together, these data indicate that transcription and
translation of CaMKIl in the retina are regulated by the presence of rod
photoreceptors. The demonstration that photoreceptors can alter the level of
dendritically targeted mRNA of CaMKIIa could have important implications for
the concepts of synaptic plasticity in the retina.
Supported by NSF-EPSCOR Grant OSR9452895; U of L, School of Medicine
grant and an unrestricted grant from Research to Prevent Blindness, Inc.

NEUROPEPTIDE Y (NPY) RECEPTOR YI EXPRESSION AND
CELLULAR LOCALIZATION IN THE RAT AND MOUSE RETINAS.
I, D’Angelo* and N, C. Brecha Depts. ofNeurobiology & Medicine, Jules
Stein Eye Institute, UCLA School of Medicine & VAMC; LA, CA 90095
NPY, which is expressed predominantly by amacrine cells in rodent
retinas, acts through G-protein coupled receptors, the first of which is
designated as Yl. This study has determined the expression and cellular
localization of Y1 receptors in the retina. Y1 receptor mRNA in rat and
mouse retinal extracts was demonstrated using primers to specific Yl
coding sequences.
We
also
used single
and
double
label
immunohistochemistry7 with well-characterized antibodies to Yl,
vesicular acetylcholine transferase (VAChT), choline acetyltransferase
(ChAT), and calbindin (CaBP) to characterize Yl expression in rat and
mouse retinas. In rat retina, Yl immunoreactivity was localized to
processes located in laminae 2 and 4 of the IPL, puncta spanning lamina
5 of the IPL and part of the GCL, and cell bodies in the distal INL with
processes in the OPL. Double label experiments with ChAT and VAChT
demonstrated that the bands in laminae 2 and 4 of the IPL correspond to
the processes of cholinergic amacrine cells. Double label experiments
with CaBP showed colocalization with Yl immunostaining in the distal
INL and OPL colocalizes with this horizontal cell marker. In the mouse
retina, Yl immunoreactivity was localized to puncta spanning the “off’
sublaminae of the IPL and to weakly immunostained photoreceptor
terminals. These observations suggest that NPY acts on Y1 in a paracrine
matter to influence the function of multiple cell populations and that Y1
dependent NPY function, in the rat and mouse retinas, is likely to differ.
Supported by NEI EY 04067 and EY 07026.

57.15

57.16

ECTOPIC EXPRESSION OF PRESYNAPTIC STRUCTURES IN THE
POSTSYNAPTIC DENDRITES OF ROD BIPOLAR CELLS IN MOUSE
RETINAS DEFICIENT IN METABOTROPIC GLUTAMATE RECEPTOR
SUBTYPE 6 (mGluR6).
Y. Tsukamoto1*, K. Morigiwa2, M. Takao2 and Y. Fukuda2. xDept. of Biology,
Hyogo Col. of Med., Nishinomiya, Hyogo 663-8501; 2Dept. of Physiology and
Biosignalling, Osaka Univ. Grad. Sch. Med., Suita, Osaka 565-0871, JAPAN.
We examined differences in ultrastructure between the mGluR6-deficient and
wild-type mouse retinas. Series of tangential sections, covering the outer
plexiform layer, were made from both groups of mice aged 3, 4, 12 and about 90
weeks. Normal bipolar cells have synaptic ribbons only in the axon terminal
arbors. However, ribbon-like structures were frequently found in the dendritic
tips of mGluR6-deficient rod bipolar cells. The ribbon-like structures varied in
shape and were often accompanied by aligned vesicles similar in size to synaptic
vesicles. The percentage of spherules bearing ribbon-like structures was about 4%
at age 3 weeks and rose to a plateau level of about 20% at age 12 weeks. Most
bipolar’ dendritic tips invaginating the rod spherules were larger and more
rounded in the mutant than in the wild-type. Similar morphological differences
were also seen in bipolar dendrites invaginating the cone pedicles. The above
cytoarchitectural ectopic abnormalities may occur from the disruption of the
metabotropic signal transduction cascade in association with factors involved in
determining neural polarity.
The mGluR6 knockout mice were originally provided by Dr. S. Nakanishi,
Kyoto Univ. Supported by Science and Technology Agency, Japan.

USING TRANSGENIC TECHNIQUES TO CHARACTERIZE TYROSINE
HYDROXYLASE (TH)-IMMUNOREACTIVE INTERPLEXIFORM
CELLS IN THE MOUSE RETINA A.L. Jacobs1*, J.R. Sinclair1, J.H. Son2,
S. Nirenberg1. ^ept. ofNeurobiology, University of California, Los
Angeles, CA, 90095. laboratory of Molecular Biology, Cornell University
Medical College, White Plains, NY 10605.
Previous studies have shown that the mouse retina contains a single THimmunoreactive cell class - a sparse population that lies in the innermost row
in the inner nuclear layer (INL) and projects within the inner plexiform layer
(IPL)1. These cells correspond to Type I dopaminergic amacrine cells, which
have been described in numerous mammalian species2. With improved staining techniques, we have identified a second TH-immunoreactive population
that lies in the more scleral direction of the INL. The staining, though, is
weak and limited only to cell bodies and punctate staining in the outer plexiform layer (OPL) and IPL. Recently, however, we have identified a transgenic
mouse line3 that expresses the reporter gene, E. coli lacZ, in this population.
In this line, lacZ is expressed under the regulation of a partial TH gene promoter (a 9 kb flanking sequence 5’ to the TH gene). Using histochemical
stains and fluorescent antibodies to the lacZ gene product, /?-galactosidase,
we have been able to visualize the processes of the weakly-stained TH population. The processes project to both the OPL and the IPL, indicating
that these cells are an interplexiform population and may correspond to the
dopaminergic interplexiform cells observed in other species.

57.17

57.18

CHARACTERIZATION OF NEUROPEPTIDE Y (NPY) EXPRESSING
CELLS IN THE MOUSE RETINA USING TRANSGENIC AND IMMUNOHISTOCHEMICAL TECHNIQUES. J.R. Sinclair*. A.L. Jacobs, I. D’Angelo.
N.C. Brecha and S, Nirenberg. Department of Neurobioiogy, UCLA, Los Angeles,
CA 90095-1763.
With the development of cell and gene knockout techniques, the mouse has
become an attractive model system for studying retinal networks. The mouse
retina, however, has not been characterized. While all the major cell classes have
been described (1), many subclasses have yet to be revealed. Here, we report a
description of NPY cells in the mouse retina. NPY expression was detected using
immunohistochemical techniques and found to label a large population of cells in
the innermost row of the inner nuclear layer (INL) and a small population in the
ganglion cell layer (GCL). The labeling, however, was confined to the cell bodies
and precluded analysis of cell morphology. Detailed morphology was obtained by
using a transgenic mouse line that expresses the reporter gene, lacZ, under control
of the NPY promoter (2). This mouse line was generated through homologous
recombination that replaced one NPY allele with the gene for lacZ. The lacZ gene
product, P-galactosidase (P-gal), was labeled using a fluorescent P-gal substrate,
which allowed the NPY cell processes to be visualized by confocal microscopy.
NPY cells in the INL showed a clear projection to the first sublamina of the inner
plexiform layer, which, in cat, is the physiologically-defined OFF sublamina,
suggesting these cells may act on OFF ganglion cells. NPY cells in the GCL
showed a more complex ascending projection that included the ON sublamina.
1. Jeon et a/.(1998), J. Neurosci. 18: 8936-8946.
2. Erickson et al. (1996), Nature 381: 415-421.
Support: The Whitehall Foundation

IMMUNOREACTIVITY TO CALBINDIN D-28K IN THE AGOUTI RETINA.
S. M. A. Lima, F. A. F. Rocha and E. S. Yamada*. Departamento de Fisiologia,
Universidade Federal do Pard, Beldm, Brazil 66075-900.
, Several members of the EF-hand family of calcium-binding proteins have
been used as markers for neuronal subpopulations in the mammalian retina. Their
localization in the retina shows some variations among different species, however.
The goal of our study is to compare the localization of calcium-binding proteins in
different species of South American rodents and here we present the results for the
localization of calbindin (CB) in the agouti retina. Agoutis are diurnal, medium-sized
body (3-4 Kg) rodents that possess a well-developed visual streak similar to that
observed in the rabbit retina. For this study, animals were perfused with 4%
paraformaldehyde, and retinal vertical sections and whole-mounts were labeled with
monoclonal antibody to calbindin D-28K (Sigma). The immunoreactivity was
revealed with the avidin-biotin-peroxidase method and visualized in the light
microscope. In vertical sections, the most intense labeling was localized in somas
situated in the upper portion of the inner nuclear layer (INL) and processes in the
outer plexiform layer (OPL). In whole-mounts, we confirmed that A-type horizontal
cells were strongly labeled; their dendrites formed an extensive plexus in the OPL
through out the retina. A-type displaced horizontal cells were also labeled in the
ganglion cell layer (GCL). They occurred mainly in the far retinal periphery similar to
those of previous reports in other mammalian species (Silveira et al., 1989). Other
cells in the INL and GCL were also labeled but less strongly. Their depth and
morphology suggested to us that B-type horizontal cells and some subsets of bipolar
cells, amacrine cells and ganglion cells also contained CB. In the inner plexiform
layer, CB-immunoreactivity was most intense in a thick band occupying
approximately sublamina 2/3. The overall pattern of CB-immunoreactivity in the
agouti retina resembles that described for other species of rodents such as rats and
mice. Supported by UFPa-PROPESP and PRONEX.
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1 Wulle, I; Schnitzer, J. Developmental Brain Research 1989, 48:59-72
2 Nguyen-Legros, J. Progress in Retinal Research 7,113-147.
3 Min, N; Joh, TH; Kim, KS; Peng. C; Son, JH. Brain Research. Molecular Brain
Research, 1994, 27(2):281-9.

Support: The Whitehall Foundation.
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Morphological Classification of the Retinal Ganglion Cells in the
Golden Hamster
Z, Xia and D.A, Carter*
Dept. of Neurological
Surgery, Medical College of Ohio, Toledo, OH 43699.
It has been reported that axons from separate types of retinal ganglion
cells (RGC) can give rise to different types of terminal connections.
Understanding the normal morphology of the RGCs' central connections as
well as their appearance after plasticity and regeneration will be facilitated
by a thorough knowledge of the types of RGCs. RGCs of the hamster, a
species often used in investigating regrowth, have not been studied in detail
previously. Fluorescent dye - DiAsp, was applied to cut optic nerves and
the retinae were retrieved for visualization of the RGCs 4 days later. The
RGCs appeared to segregate into three major morphological groups: Type
I, II and HI. Type I cells could be classified into two subgroups. Type Ia
cells had the largest somata and large dendritic arbors with a regularly
branching pattern and moderate dendritic branching density. Type lb cells
had large somata and dendritic arbors, and also a moderate dendritic
branching density. However, their dendrites were thinner and 'curvier' than
that of Type Ia cells, which resulted in an irregularly branched dendritic
pattern. Type II cells had the smallest somata and arbors giving a "bushy"
morphology with the highest branching density. Type III cells had small to
large-sized soma and large dendritic arbors, typified by 'sparse' branching
and low branching density. Quantitation will be presented. Classification
will be compared to that reported in other rodents.
Supported by Lions
Eye Research Foundation.

DENDRITIC ARCHITECTURE OF THE CHOLINERGIC PLEXUS IN THE RABBIT RETINA:
SELECTIVE LABELING BY GLYCINE UPTAKE IN THE PRESENCE OF SARCOSINE
D.I. Vanev* and D.V, Pow. Vision, Touch and Hearing Research Centre, Department
of Physiology and Pharmacology, University of Queensland, Brisbane, Australia 4072.
The cholinergic cells are one of the best characterized types of amacrine cells in the
retina. They contain y-aminobutyric acid in addition to acetylcholine; like most
GABAergic amacrine cells, the cholinergic cells contain neither glycine nor GLYT1,
which is the glycine transporter expressed in the retina. However, when the rabbit
retina is incubated for 6 hours at room temperature with 1 mM sarcosine, a potent
glycine-uptake blocker, the cholinergic cells show very strong glycine uptake. Because
the glycine-containing amacrine cells and bipolar cells are depleted of endogenous
glycine under these conditions (Pow 1998), the cholinergic plexus is revealed much
more clearly than with immunocytochemistry against choline acetyltransferase. The
sarcosine probably raises the extracellular concentration of glycine, by preventing its
uptake by the processes ofthe glycinergic amacrine cells, and the glycine may then be
taken-up by an unidentified glycine transporter on the cholinergic cells.
The cholinergic dendrites do not blanket the retina uniformly, but show a striking
fasciculated topology, with cords of dendrites surrounding lacunae of 10-50 pm
diameter (Tauchi & Masland 1985). Neurobiotin injection of the On-Off directionselective (DS) ganglion cells in sarcosine-incubated rabbit retina was combined with
glycine immunohistochemistry, using FITC-streptavidin to label the biotinylated tracer
and a Texas Red-labeled secondary antibody to reveal the cholinergic plexus. This
dual-labeling technique showed that the dendrites of the DS ganglion cells closely
follow the fascicules of cholinergic dendrites, consistent with evidence that the
cholinergic amacrine cells provide a strong facilitatory input to the DS ganglion cells.
Each dendrite of a DS ganglion cell is invariably associated with a cholinergic fascicle
and, conversely, there are few cholinergic fascicles that do not contain at least one
dendrite from an On-Off DS cell. It is not known how the dendritic fasciculation
develops, but the cholinergic amacrine plexus may provide the initial scaffold, because
the dendrites of On-Off DS cells commonly run along the sides of the cholinergic
dendritic fascicles rather than down the middle. Supported by NHMRC (Australia).
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LOCALIZATION OF AN ENDOGENOUS DIAZEPAM LIGAND, ACYL CoA
BINDING PROTEIN, TO MULLER CELLS IN RABBIT RETINA. N.H. Barmack*.
H. Liu, and Z.-Y. Qian. Neurological Sciences Institute, Oregon Health Sciences
University, Portland, OR 97201.
Long-term binocular optokinetic stimulation of rabbits causes a progressive decrease
in gain of the optokinetic reflex and the subsequent genesis of negative optokinetic
aftemystagmus during which the slow phase eye movements reach a velocity of
10-50 deg/sec and persist for 12 - 72 hours. Using the technique of "differential
display" we have explored the possible retinal origin this optokinetic plasticity. Four
rabbits were placed at the center of an optokinetic drum that rotated at 5 deg/sec and
stimulated optokinetically for 48 hours. The left eye of each rabbit was stimulated in
the posterior-anterior ("on") direction while the right eye was stimulated in the
anterior-posterior ("off) direction. At the conclusion of stimulation the rabbits were
anesthetized, the central retina was removed from each eye and total RNA was
isolated from each retina for "differential display." Differentially transcribed gene
products were re-amplified by PCR and sequenced. One of these gene products,
acyl-CoA binding protein (ACoABP), was expressed in greater abundance in the
retinae that received posterior-anterior optokinetic stimulation. The differential
transcription of ACoABP mRNA was confirmed with Northern blots and by semiquantitative RT-PCR. An oligonucleotide probe for rabbit ACoABP mRNA was used
for hybridization histochemical localization. Although the probe hybridized most
densely in the ganglion cell and inner nuclear layers, it did not co-localize to either
amacrine or ganglion cells. Rather it co-localized to Muller glial cells. ACoABP
reduces the sensitivity of GABAa receptors in other neural systems. In the retina
GABAa receptors are found in ganglion, amacrine and Muller cells and are essential
for retinal directional selectivity. The activity-dependent expression of ACoABP in
Muller cells could alter the sensitivity of retinal neurons to GABAergic transmission
and thereby provide a plastic mechanism for both the adaptation of the optokinetic
reflex and the genesis of negative optokinetic aftemystagmus. Supported by EY04778.

PARAMETRIC SEPARATION OF MONOSTRATIFIED GANGLION CELLS IN
PRIMATE RETINA. P.J. Calkins*. Dept. of Ophthalmology and Center for Visual
Science, The University of Rochester Medical Center; Rochester, NY 14642.
Investigations ofthe primate and human retina using microelectrode injections and
Golgi staining indicate a greater diversity of ganglion cell types than is emphasized in
the general “M” and “P”view of early parallel pathways. Retrograde labeling indicates
that certain of these lesser known types project to the koniocellular layers of the LGN
that he dorsal to each of the primary M and P layers. However, because of sampling
difficulties, these techniques lend little insight into how sparse ganglion cells separate
quantitatively in parametric space and distribute across the retina. We used
neurochemical markers against distinct large-field, monostratified ganglion cells to
establish parameters to separate their types in macaque retinal whole-mount
preparations. Antibodies directed against a nonphosphorylated epitope of mammalian
neurofilament H (Stemberger Monoclonals Incorporated, SMI32) distinguish two
types of monostratified ON ganglion cell. At 10 mm eccentricity in temporal retina, the
first type is characterized by a large, elliptical cell body with maximum area
encompassing 435-487 pm and a major:minor-axis aspect ratio of 1.4-1.9. The second
type has a smaller, round cell body with maximum area of 335-404 pm and aspect ratio
of 1.0-1.2; it samples with twice the frequency. Labeled OFF ganglion cells form
similar clusters, but with cell bodies 65-70% smaller in maximum area. Antibodies
against the a subunit of type II calmodulin-dependent protein kinase (Boehringer
Mannheim) label the ‘'y”ganglion cell that we have shown projects to the koniocellular
LGN. At a similar retinal location, its cell body is smaller, with maximum area of 169192 pm, but far more elliptical, with aspect ratio 1.7-1.8. The dendritic trees of these
three ganglion cell types also differ in morphology and stratification. Our goal now is
to use these parameters to measure their mosaics across retinal eccentricity.
Supported by EY 12480 to DJC.
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EXPRESSION OF PROTEIN TYROSINE PHOSPHATASE (PRL-l)-LIKE
IMMUNOREACTIVITY IN ROD BIPOLAR CELLS OF THE PRIMATE RETINA.
P.W, Rickman*. T.O. Yarovinsky and C, Bowes Rickman.
Department of
Ophthalmology and Visual Sciences, University of Iowa, Iowa City, IA 52242.
Protein tyrosine phosphatases (PTPs) have a number of demonstrated roles in
neuronal function including modulating neurotransmitter release and neurotransmitter
receptor sensitivity. Using RT-PCR-based suppression/subtraction hybridization, we
detected expression of the PTP, PRL-1, in macaque monkey retina. Using a rabbit
polyclonal antibody to PRL-1 (kindly provided by Dr. R. Taub, University of
Pennsylvania) and homogenates of whole monkey retina, immunoblots revealed a
band corresponding to the molecular weight of PRL-1, as well as several higher
molecular weight bands, suggesting that the PRL-1 antibody may cross react with
other PTPs. Therefore we prefer to use the term "PRL-1-like" to describe the
observed immunostaining pattern. In cryostat sections of paraformaldehyde-fixed
retinas, this antibody labeled both cone photoreceptors and a prominent class of
bipolar cells. Immunostained bipolar cell somata were localized to the outer one-half
of the inner nuclear layer. They had a single scleral process that arborized in the outer
plexiform layer and a vitreal process that arborized narrowly in the innermost
sublaminae of the inner plexiform layer. These cells most closely resembled rod
bipolar cells as described from Golgi preparations. Using a mouse monoclonal
antibody to the a and p isoforms of protein kinase C (PKC; Amersham) and doublelabel immunofluorescence, we determined that PRL-1-like immunoreactivity closely
corresponded to the rod bipolar cell pattern displayed by PKC immunostaining. From
these observations we conclude that PRL-1 is an additional marker for rod bipolar
cells in the primate retina. However, we cannot currently discount the possibility of
labeling of some ON-type cone bipolars. These findings suggest that rod bipolar cell
activity may be modulated by specific tyrosine phosphorylation/dephosphorylation
events.
Supported by NIH/NEI grants EYl 1389 (DWR) and EYl 1286 (CBR).

SPATIAL IRREGULARITY OF THE SHORT WAVELENGTH SENSITIVE
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("BLUE") CONE MOSAIC IN THE PRIMATE RETINA P. R. Martin. T. L. Chan
and U. Griinert*. Dept Physiology and Institute for Biomedical Research.

University of Sydney, NSW 2006 Australia.
The short wavelength sensitive (SWS or "blue") cone photoreceptors form a

semi-regular triangular spatial mosaic in humans and Old World primates such as
macaque. We recently showed that in a New World primate, the common

marmoset Callithrix jacchus, the SWS array is organised randomly (Martin and
Griinert, J.Comp.Neurol. 406, 1999). We asked whether this is a general difference
between New- and Old World primates. Retinas from New World (marmoset
Callithrix jacchus, capuchin Cebus apella, squirrel monkey Saimiri sciureus.

tamarin Sanguinus Oedipus) and Old World (baboon Papio papio. macaque

Macaca fascicularis, chimpanzee Pan troglodytes, orangutan Pongo pygmaetts)
primates were dissected out post mortem and processed with an antiserum against
human SWS cone pigment (JH 455, kindly provided by Dr. J. Nathans). The local

regularity of labelled SWS cones was assessed using the density recovery profile

(DRP, Rodieck 1991) packing factor (PF) parameter, which varies between 0
(random array) and 1 (triangular packing). We found no clear segregation between

New World and Old World monkeys in the regularity of the SWS cone mosaic:
The mean PF was: macaque 0.33, orangutan 0.25, baboon 0.24, capuchin 0.24.
chimpanzee 0.21, squirrel monkey 0.13, marmoset 0.09, tamarin 0.07. We

conclude that spatial regularity is not a consistent feature of the SWS cone mosaic
in primates.

Australian NHMRC grant #960970
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HOW WELL CAN AN OSTRICH (STRUTHIO CAMELUS) SEE: A
QUANTITATIVE STUDY OF THE RETINAL GANGLION CELL LAYER AND
EYE MORPHOMETRICS.
D. Boire*. J.-S. Dufour. H. Theoret and M. Ptito. School of optometry, University of
Montreal, H3C 3J7
The ostrich (Struthio camelus) has the largest eyes of any land vertebrates. Large
eyes are assumed to be adaptive to maximize the theoretical limit of visual resolution
and to allow an animal to function throughout the range of natural luminance levels.
The distribution of cells in the retinal ganglion cell layer was mapped and used in
calculating the theoretical maximal visual acuity of the ostrich. The retinal
magnification factor increases as a function of the posterior nodal distance (PND)
which in turn increases with eye size. Visual acuity is determined by both the retinal
magnification factor and the number of retinal ganglion cells (RGC) per degree of
visual angle. The total number, distribution and peak density of retinal ganglion cells
in retinal wholemounts were estimated in Nissl-stained retinae. The total number of
cells of the RGC layer is estimated to be 2 951 980. The ostrich exhibits a very well
defined linear area which extends throughout the full naso-temporal extent of the
retina with a peak density of 9,500 cells/mm2. Another concentration of cells was
observed in the temporal retina, slightly dorsal to the well defined visual streak. This
area exhibits a peak density of 2,646 cells/mm2. The mean axial length (AL) of the
ostrich eye is 39.81 mm (n=37). Assuming a PND/AL ratio of 0.6, the retinal
magnification factors is 0.4075 mm/deg. The maximum visual acuity would be 19.32
cycles/deg along the visual streak. The visual streak subserves vision along the
horizon, and the temporal area could subserve the small binocular retinal field (Martin
and Katzir 1995 Nature 374 : 19). Retinal illumination is inversely proportional to f2.
(f=PND/maximal pupillary diameter). The post-mortem pupil diameter was measured
(15mm, n=10) and f2 in the ostrich is estimated to be 2.42. This value is comparable to
the nocturnal Great Homed Owl. This suggest that the ostrich may not be restricted to
diurnal activity.

RETINA AND PHOTORECEPTORS: PHOTORECEPTORS
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58.1
EXPRESSION OF PRESYNAPTIC PROTEINS AT REGENERATED
PHOTORECEPTOR TERMINALS. DM Sherry1’. H Yang', and KM Standifer2.
'College of Optometry, and department of Pharmacological and Pharmaceutical
Sciences, University of Houston, Houston, TX 77204.
Signaling at chemical synapses is based on the tightly regulated release of
neurotransmitter from the presynaptic nerve terminal. The characteristics of transmitter
release is regulated by the precise complement of proteins that are expressed in the
presynaptic terminal and their interactions. Reconstitution of normal transmitter
release and signaling at regenerated synapses requires that regenerated terminals express
the appropriate complement of presynaptic proteins. To determine if adult
photoreceptors are capable of intrinsically reconstituting the proper complement of
proteins at regenerated terminals, we investigated the expression of synaptobrevin
(VAMP), synaptic vesicle protein 2 (SV2), synaptophysin, synapsin I, and SNAP-25
in normal and regenerated salamander photoreceptor terminals. Photoreceptors in the
intact retina expressed VAMP, SV2, synaptophysin, and SNAP-25, but not synapsin
I, at their terminals. The expression and subcellular distribution of some of these
proteins, however, was altered during regeneration. Synaptophysin and SV2 were
localized to regenerated synaptic terminals, consistent with their localization in the
intact retina. VAMP was expressed at regenerated synaptic terminals, but also was
present along the plasma membrane of regenerating photoreceptors. In contrast,
SNAP-25 was absent from regenerated presynaptic terminals. Synapsin I was not
expressed by regenerating photoreceptors, consistent with results from intact retina.
These data indicate that presynaptic proteins in regenerating photoreceptor terminals are
regulated independently and that the expression and localization of SV2,
synaptophysin, and synapsin I is regulated correctly by the photoreceptor itself.
Changes in VAMP and SNAP-25 expression during regeneration suggest that the postsynaptic target also may have a critical role in regulating presynaptic differentiation.
Supported by University of Houston, College of Optometry, and DA 10738 (KMS).

K+/H+ EXCHANGER REGULATES pH IN PHOTORECEPTORS

*'David Krizaj. 2Kyoh-Ichi Takahashi and 'David R. Copenhagen
I Depts Physiology and Ophthalmology, UCSF, San Francisco; 2 Division Biological
Sciences, Hiroshima Shudo University, Hiroshima, Japan
It is often thought that pH regulation in neurons is mainly composed of acid
extrusion mechanisms, set to work against variable acid loads contributed by the energy
metabolism and intracellular signaling pathways. Such a system, however, might be
intrinsically unstable and liable to introduce feedback errors into the signals
themselves. A more stable pH homeostatic system would be created by simultaneous
presence of pH extrusion and pH loading mechanisms. We looked for such mechanisms in
vertebrate rods and cones, neural cells whose function is exquisitely sensitive to
intracellular changes in pH.
Salamander photoreceptors were loaded with the pH-sensitive dye BCECF AM
and imaged with a cooled CCD camera in a HEPES-based medium. Amiloride or
elimination of the Na’ gradient rapidly acidified both rods and cones from the resting pH
of-7.2 to -6.5, indicating a powerful, tonically active Na’/H’ exchange in these cells.
Depolarization with high-K’ elicited a complex response consisting of both alkalinizing
and acidifying components. The acidification was blocked by a switch to Ca-free
solution and by nifedipine, an antagonist of HVA Ca channels, suggesting that it
involves an increase in intracellular [Ca2’]. This effect was also blocked by
trifluoperazine, an inhibitor of the Ca-ATPase, confirming our earlier results showing
Ca2’ /H’ exchange in photoreceptor ISs. The depolarization-evoked alkalinization was
unaffected by the manipulation of Na’, Ca2’, CT or HCO3’gradients; it was not affected
by amiloride, H2-DIDS or by ouabain, nor was it affected by Cd2’, nifedipine or
cyclopiazonic acid, an inhibitor of Ca2’ pumping into the intracellular stores. Rather, the
magnitude of the alkalinization depended on the magnitude of the K’ gradient.
Valinomycin, a K* ionophore, also mimicked the alkalinization achieved by the
reduction of the K’ gradient. We conclude that rods and cones possess a powerful K’/H’
exchange mechanism described in some non-excitable cells but never before identified in
vertebrate neurons. A tonic influx of protons via this K’/H’ transporter and via
Ca2’/H’ exchange is counterbalanced by the Na’/H’ exchange, resulting in a stable
steady-state pH. As a consequence, the pHi of these neurons is controlled much more
tightly than it would be if the acid extrusion worked against variable proton loads.
Acknowledgements: Supported by ARVO/CIBA, NIH and NSF.

58.3

58.4

ALTERATIONS IN RETINAL HEAT SHOCK PROTEIN 70 FOLLOWING
LIGHT DAMAGE. D,O, Dean* & M, Tvtell. Department of Neurobioiogy &
Anatomy, Wake Forest University School of Medicine, Winston-Salem, NC 27157.
Heat shock proteins (Hsps) are highly conserved molecules that facilitate protein
folding in normal cells and are induced by metabolic stress. Some, such as the 70
Kd Hsps, can inhibit apoptotic cell death (Samali and Orrenius, Cell Stress &
Chaperones 4:228, 1998). Since light-induced photoreceptor cell death occurs via
apoptosis, light damage should induce retinal Hsps. We examined how retinal levels
for the constitutive and inducible isoforms of the 70 Kd Hsps (Hsc70 and Hsp70,
respectively) were altered following light exposure, to understand better the roles of
Hsc70 and Hsp70 in this type of retinal damage.
Male Sprague-Dawiey rats (200-300g) were exposed to white fluorescent light
(200 ft-candlcs) for 24 hrs and sacrificed immediately (DO), or 4 (D4) or 7 (D7) days
later. Eyes were fixed in methacam and embedded in paraffin. Sagittal sections
(10 pm) through the optic nerve were stained with hematoxylin and eosin, or
incubated with the appropriate Hsp antibody or control IgG. Bound antibody was
visualized using an avidin-biotin-horseradish peroxidase detection system.
As observed previously, there were regional differences in retinal cell death. The
most vulnerable area, superior central, showed disorganization of the photoreceptor
inner and outer segments (IS/OS) and thinning of the outer nuclear layer (ONL) at
DO. By D4, the IS and OS layers had disappeared and only a few ONL cells
remained. The outer retina had degenerated completely by D7. Surprisingly, the
stress of light damage failed to elicit a marked Hsp response. Hsc70 and Hsp70
immunoreactivity (IR) were not elevated in the retina at DO, except slightly in the
outer plexiform layer. At that time, paradoxically, IR was reduced in the IS. At D4,
IR for both Hsps was increased in the remaining ONL cells and for Hsc70 in some
inner nuclear layer cells. No increase in IR was detected in the inner plexiform layer,
or ganglion cells at any time. These results suggest that light damage is a poor
inducer of retinal Hsc70 and Hsp70 and may account for the sensitivity of the albino
rat retina to light damage. Supported by NEI grant EY07616.

ARRESTIN PHOSPHORYLATION: IDENTIFICATION OF SITES AND
INTERACTIONS. B-A. Battelle1*, K E, Kempler1, S.C. Edwards2. W C. Smith3
’Whitney Laboratory, St. Augustine, FL 32086, Dept. of1’’Neuroscience and
’Ophthalmology, Univ. of Florida, Gainesville, FL 32610 and2 Dept. of
Pharmacology, Univ. of South Florida, Tampa, FL 33612
Arrestin in rhabdomeral photoreceptors is phosphorylated rapidly in response to
light by calcium/calmodulin protein kinase II (CAM PK II). The deduced amino
acid sequence of Limulus photoreceptor-specific arrestin contains three CAM PK II
consensus sequences near its C-terminus (KQLS, REMS, RQFS, sites 1,2, and 3,
respectively), and three phosphorylated isoforms of Limulus arrestin have been
identified in vivo. With the goal of understanding the functional relevance of the
phosphorylation of this arrestin, we identified its phosphorylation sites and examined
possible interactions among these sites. Wild-type recombinant Limulus arrestin and
seven arrestin mutants, in which one, two or three of the putative CAM PK II
phosphorylation sites were converted from serine to alanine residues, were expressed
as soluble, N-terminal fusion proteins in E. coli and purified by affinity
chromatography on Ni columns. The extent to which each mutant protein was
phosphorylated by Limulus CAM PK II was compared to the phosphorylation of the
wild type protein. Arrestin containing the triple-site mutation was not a substrate for
phosphorylation. Thus, phosphorylation occurs on one or more of the predicted sites
and not elsewhere in the molecule. Recombinant arrestins containing site 1, 2 or 3
only were each phosphorylated showing that each of the predicted sites can be
phosphorylated. The phosphorylation of arrestin containing site 2 was 6-10 times
greater than that of arrestins containing site 1 or 3 and roughly equal to that of the
wild-type. Ongoing phosphorylation studies of recombinant arrestins containing
combinations of two of the three sites have revealed both negative and positive
interactions. Thus the kinetics of arrestin phosphorylation at multiple sites during
the light response is probably complex. (Supported by NSF)
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58.6

MOLECULAR CLONING AND EXPRESSION OF UV-, GREEN- AND ROD-TYPE
VISUAL PIGMENTS IN THE DEVELOPING ATLANTIC HALIBUT. J.V. Helvik,1 H.C.
Seo,1 T. Kallesoe,1 T. Naess? J. Forsell3 and Bo Hohnqvist1,4*. ‘Dept. of Molecular
Biology, Univ. of Bergen, Norway; 2Institute of Marine Research, Norway; Ytept. of
Zoology, Tjept. Pathology, Univ. of Lund, Sweden.
We have studied the development of photoreceptor cells and opsins in the retina of the
marine flatfish Atlantic halibut (Hippoglossus hippoglossus). This species exhibit an
indirect developmental program with extended larval period (2-3 months) followed by
metamorphosis and change of life habitat. Morphological and immunocytochemical
analyses indicate that the larval retina of halibut contains only cone cells and that rod cells
arise first at metamorphosis. In the present study ds cDNA templates, constructed'from
poly (A) RNAs isolated from larval heads and adult retinas, were used for RT-PCR.
Degenerate primers were designed from conserved regions in the opsin molecule: the first
cytoplasmic loop and the last transmembrane a-helix. The amplified fragments (735 bp)
were gel-punfied and ligated into the pGEM-T Easy vector. Random colony screening
resulted in three different partial opsin sequences. Phylogenetic and sequence analyses
place these genes in the UV-, green- and rod-opsin groups, respectively. The green- and
rod-opsin genes were cloned from the adult retina cDNA, while the UV-opsin gene was
cloned from the larval cDNA. In situ hybridisation, using DIG-labelled RNA probes on
cryosections from different developmental stages, showed distinct expression of UV-opsin,
green-opsin and rod-opsin. The first UV- and green-opsin expressing cones appear about 15
days post hatching, both restricted to the posterior ventral part of retina. At 35 days post
hatching (first feeding) UV-opsin expression is found in a high numbers of cones restricted
to the ventral retina, whereas the green-opsin is expressed in cones distributed throughout
the entire retina. Rod-opsin expression is first detected at metamorphosis. This is the first
cloning and expression of a UV-opsin in a marine teleost. The high number and
organisation of UV-type photoreceptor cells in halibut indicate that they together with
green cones participate in vision formation during larval development. The absence of rod
cells during the larval period confirms the two step retina development in indirectly
developing species, i.e. functional pure cone retina at the larval stage and a duplex retina
after metamorphosis.
Supported by Norwegian Research Council.

IDENTIFICATION AND CHARACTERIZATION OF THE PROTEIN
TYROSINE PHOSPHATASE, PRL-1, IN HUMAN AND MONKEY CONE
PHOTORECEPTORS. T.O. Yarovinskv, D.W. Rickman, G.S. Hageman, and
C. Bowes Rickman*. Dept. of Ophthalmology and Visual Sciences, The
University of Iowa, Iowa City, IA 52242.
The primate fovea is specialized for fine visual acuity. Foveal cone
photoreceptors are morphologically distinct from the extrafoveal cones and,
presumably, express unique transcripts. However, the paucity of available
tissue has made conventional tissue-specific cloning strategies difficult.
Using a RT-PCR-based suppression/subtraction hybridization method to
isolate transcripts expressed in the foveal cones we have identified a clone
encoding the protein tyrosine phosphatase, PRL-1. On Northern and virtual
Northern blots of human and monkey (Macaca fascicularis) macula and
peripheral retina, radiolabeled PRL-1 cDNAs detect a single mRNA
species of about 2.5 kb that is most intensely hybridized in fovea-enriched
samples. Nucleic acid sequence analyses of human macula- and monkey
fovea-derived PRL-1 cDNAs show that they share 98% sequence identity.
Affinity-purified antibodies against PRL-1 (kindly provided by Dr. R. Taub
at the University of Pennsylvania), preferentially label cones and bipolar
cells in human and monkey retina. Immunoreactivity in the cones was
confined mainly to inner segments and, to a lesser extent, outer segments.
Although both foveal and extrafoveal cones were PRL-1 positive, the high
abundance of PRL-1 mRNAs detected in monkey fovea correlates with the
high concentration of cones in the fovea. These studies demonstrate novel
expression of the PRL-1 gene in the retina and suggests that tyrosine
phosphorylation by PRL-1 modulates normal cone photoreceptor function.
Supported by NIH/NEI grants EY11286 (CBR), EY11515 (GSH) and EY11389 (DWR).

58.7

58.8

SUBPOPULATIONS OF HUMAN RED AND GREEN CONES IDENTIFIED
BY DIFFERENTIAL EXPRESSION OF CALCIUM-BINDING PROTEINS.
M.K. Miller1, N. Dmitrieva1, C.A. Curcio2, and K.T. Keyser1*. ’Depts. of
Physiological Optics and 2Opthamology, Univ. of Alabama at Birmingham,
Birmingham, AL 35205.
In the human retina all spectral subtypes of cone photoreceptors reportedly
express calbindin. In cat retina, all cones reportedly express calbindin but only
blue cones have been reported to express parvalbumin. In human retina it has
been shown that blue cones also express parvalbumin. We used double labeling
immunocytochemistry to examine the expression of parvalbumin in red and green
cones. Seven normal retinas aged 19-92 were obtained from donors < 3.5 hours
after death and preserved in 4% paraformaldehyde. Ten gm vertical cryosections
were cut through macula and adjacent retina. Sections were reacted with
antibodies to human red/green opsin, blue opsin, calbindin D28 (Sigma), and
parvalbumin (Sigma). Secondary antibodies for opsin labeling were conjugated
with fluorescein (Jackson). Secondary antibodies for calcium-binding protein
labeling were biotinylated and were reacted with Alexa594-conjugated
streptavidin (Molecular Probes). Sections double labeled for opsins and calciumbinding proteins were examined by conventional and confocal fluorescence
microscopy. Results showed that some red/green cones expressed calbindin and
others did not. Also, some red/green cones expressed parvalbumin and others did
not. Parvalbumin and calbindin were not expressed in foveal cones. In summary,
it appears that spectrally distinct cone subtypes may be differentiated by their
expression of calcium-binding proteins. The question of whether or not there are
red/green cones that do not express calbindin or parvalbumin can only be
answered with triple labeling experiments. Supported by EY07845 (KTK),
EY06109 (C.A.C.), R.P.B., and P30 EY03039.

CALCIUM EFFLUX FROM ISOLATED DISK MEMBRANES OF ROD OUTER
SEGMENT OF BOVINE RETINA. Isidore M. Pepe 12, Carlo Cugnoli2 and Cesare
Usai 2*. ‘institute of Biophysics, Faculty of Medicine, University of Genoa, 16132
Genova, Italy; institute of Cybernetics & Biophysics, C.N.R., 16149 Genova, Italy.
The rod outer segment of the vertebrate retina is morphologically characterized by
a stack of a few thousands of membranous disks containing the visual pigment
rhodopsin. Disks store Ca24 at millimolar levels making a steep gradient with the
cytoplasm where [Ca2+] is about 0.5 pM. Ca2+ uptake by disks is an ATP dependent
process associated with a Ca2+-ATPase having an unusually high Km for Ca2+ (13
pM). Therefore, the pump is inactive at physiological Ca2+ concentrations, while it
can load calcium into the disks, whenever Ca2+ level increases above 5 pM. This
result is consistent with the finding of a low-affinity, high-capacity calcium buffering
mechanism in the outer segment cytoplasm (Lagnado, L., Cervctto, L. and
McNaughton, P.A., 1992, J. Physiol., 455,111 -142). The release of calcium ions
from disks has been observed under different conditions. Purified disks, separated
from cytoplasmic membranes by flotation on 5% Ficoll solution were prepared from
rod outer segments of bovine retina, and the Ca24 efflux was measured by the use of
the fluorescent calcium indicator Fura-2. Cyclic GMP (0.5 mM) stimulates a Ca2,
release from Ficoll-purified disks. Moreover, disks kept at the physiological Ca2+
concentration of the rod outer segment cytoplasm, were stimulated to extrude
calcium by the addition of ADP (5 mM) and phosphate (3 mM). In the same
experimental conditions, a net ATP synthesis (10 nM/min/mg protein) was
measured, suggesting that the Ca-ATPase of the disks could reverse its function and
act as a synthesizer of ATP at the expense of the Ca2+ gradient. These results are
important in terms of the need of an immediate source of ATP on the disk
membranes where the energy is requested to supply the rapid reactions of the
photoreception processes. This work was supported by the PRIN project
“Bioenergetics and membrane transport” of the Italian MURST.

58.9

58.10

DISTRIBUTION OF CYTOSKELETAL PROTEINS IN EMBRYONIC
PHOTORECEPTORS OF LIGHT- AND DARK-ADAPTED OCTOPUS
RETINAS. A. M. Miller, G. H. Ochoa, Y, M, Clark, and L. J, Robles*.
Department of Biology, California State University, Dominguez Hills, Carson,
CA 90747.
The photoreceptor (PR) cytoskeleton in the adult octopus retina is composed
of a network microtubules and microfilaments. This protein network is
important in providing overall support and in guiding protein movements and
morphological changes within the photoreceptors. We are interested in
examining the organization of microfilament and microtubule cytoskeletons in
the retinas of embryonic Octopus bimaculoides and in correlating this
organization with rhabdom growth and transport during development. In this
study, we localized a- and P-tubulin, actin, a myosin III, dynein and kinesin in
light- and dark-adapted retinas of embryonic and newly hatched O.
bimaculoides. Light- and dark-adapted formaldehyde fixed embryonic eyes were
embedded in LR White, sectioned and incubated for one hour with antibodies to
each of the cytoskeletal proteins mentioned above, followed by FITC-labeled
secondary antibody, and examined by epifluorescence microscopy. Differences
in the distribution of the cytoskeletal proteins were apparent in light- and darkadapted retinas. In general, there was migration of tubulin and its associated
proteins from the pigment granule layer to the periphery of the rhabdoms when
the animals were exposed to light. Actin was localized to the pigment granule
layer and rhabdoms in light/dark-adapted retinas. The distribution of myosin III
in light- and dark-adapted retinas was uniform throughout the rhabdoms, but
virtually absent in die pigment granule layer. Our results suggest that tubulin
and actin cytoskeletons are involved in structural changes in the embryonic PR
and, perhaps, in the transport of materials needed for rhabdom growth.
NIH/NIGMS/MBRS Grant 8156

ADENOSINE INHIBITS ROD PHOTORECEPTOR CALCIUM CURRENTS VIA
A2 ADENOSINE RECEPTORS IN TIGER SALAMANDER RETINA. S. L, Stella,
Jr.1,2, E. J. Bryson2, and W. B, Thoreson1,2*. ’Departments of Pharmacology and
2Ophthalmology, University of Nebraska Medical Center, Omaha, NE.
Rod photoreceptors possess L-type calcium currents (ICa) which regulate release of
L-glutamate. At other synapses, glutamate is often co-released with ATP that rapidly
breaks down into adenosine which can act presynaptically to inhibit Ic,. Consistent
with a possible role for adenosine as a transmitter at the photoreceptor synapse,
photoreceptors and horizontal cells take up adenosine (Studhomle and Yazulla, Vis.
Neurosci. 14:207) and adenosine A2 receptors are located in the outer retina (Kvanta
et al., Exp. Eye Res., 65:595). We therefore examined the possibility that adenosine
may modulate L-type ICa in vertebrate rods.
Using the nystatin-perforated patch configuration, whole cell recordings
were obtained from rods in retinal slices of larval tiger salamander (Ambystoma
tigrinum). 1^ was enhanced by using 10 mM Ba2+ as the charge carrier. [Ca2+]j was
monitored with a cooled CCD camera in retinal slices that had been incubated with
fura-2/AM. For imaging experiments, cells were depolarized by 1 min. bath
application of 50 mM KCI. Superfusion with adenosine (1-50 pM) reduced both rod
Ic and the K+-evoked [Ca2+], increase in a dose-dependent manner. The A2 selective
adenosine agonist, DPMA (10 pM), also inhibited Ic and the K+-evoked [Ca2+]j
increase, whereas Aj (PIA) and A3 (APNEA) agonists were without effect. These
results suggest that adenosine inhibits rod Ic by acting at A2 adenosine receptors to
reduce calcium influx into the cell. Thus, release of adenosine (or ATP) by rods or
horizontal cells would have a negative feedback effect on neurotransmission at the
rod synapse.
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IMAGING OF NEUROGENIC INFLAMMATION DURING MIGRAINE.
G.Esposito1*, Z. Szabo1, A. Lokesh2, L. Velez2, L. Kerenyi1, M. Reinhardt1, M.
Pappagallo2. 1 Nuclear Medicine and 2Neurology, Johns Hopkins University,
Baltimore, MD 21287.
Recent animal studies have suggested that
meningovascular mechanisms underly
the onset of migraine. In the meninges, trigeminal nerve electrostimulation causes
inflammatory changes, increased vascular permeability and plasma extravasation.
These can be decreased by pretreatment with sumatriptan. This study evaluated the
possibility of imaging plasma extravasion during migraine attacks in humans.
We studied 3 patients (41-48 y.o.) with 5-20 year history of migraine attacks and
one control with history of non-migraine headaches. Each patient received 2 SPECT
studies after i.v. injection of 10 mCi of "mTc-Human Seroalbumin (HSA), an
intravascular tracer: an early scan acquired during headache attack, and a delayed scan
2-3 hrs after patients received their usual dose of sumatriptan. Two patients received
an additional baseline, headache-free, study on a different day. Data were acquired on
a 3-head SPECT camera. Regions of interest were placed on the area of maximal pain
as indicated by the patient and on the opposite side. Ratios of affected to contralateral
side activity (A/CL) were obtained.
On average, the patients with migraine showed increased activity on the affected
side compared with the contralateral, particularly on the delayed study (mean delayed
A/CL=1.35; mean early A/CL=1.13). In contrast, no side difference was observed in
the baseline studies (A/CL=1.01). The control patient showed no side differences
(A/CL=1.00 and 0.99 on early and delayed scans).
We found that extraparenchymal uptake of the intravascular tracer 99mTc-HSA is
increased in areas of migraine pain during both early and delayed scans, but not when
patients are migraine free. These preliminary findings are consistent with presence of
migraine-related plasma extravasation. SPECT is able to detect areas of increased
meningovascular permeability during migraine attacks and may represent a useful
diagnostic and research tool for the evaluation of migraine and of the effects of
medical treatment on meningovascular alterations.

INTENSITY CODING OF MECHANICAL PAIN IN HUMAN S2 CORTEX.
E.A. Moulton*1, R.P. Gullapalli2 S.L. Small 23, D.K. Emae3, JD. Greenspan1:
Dept. of OCBS, School of Dentistry & Neuroscience Program1; Depts. of
Radiology2 and Neurology3, School of Medicine, University of Maryland,
Baltimore, MD. 21201
A region within the posterior parietal operculum has been identified as the
second somatosensory cortex (S2) based on responsiveness to somatic
stimuli in both monkey and man. The present study asked whether fMRImeasured responses to painful mechanical stimuli would covary with stimulus
(and thus perceived pain) intensity. Five subjects participated in both
psychophysical scaling and fMRI experiments, in which weighted probes were
applied to the foot dorsum (probe size = 0.10mm2; forces = 20g, 60g, 100g,
150g). The temporal stimulus sequence consisted of 32 cycles of a 15-sec
stimulus-on period and a 15-sec stimulus-off period. Psychophysical ratings
before and after the fMRI sessions revealed pain intensity increasing as a
monotonic function of stimulus intensity. For the fMRI data, clusters of voxels
were identified within the posterior parietal operculum that demonstrated
significant activation when comparing stimulus vs. no stimulus periods,
regardless of intensity. Subsequently, response amplitude of these clusters
were analyzed on a trial by trial basis, calculating an average signal change
for each stimulus force. A repeated measures ANOVA revealed a significant
effect of stimulus intensity on the fMRI signal amplitude within the S2 ROI
(p < 0.008). Furthermore, inter-subject differences in pain ratings were highly
correlated with corresponding fMRI response amplitude changes in S2, such
that subjects giving low pain ratings had smaller fMRI responses than those
giving higher pain ratings (r2 = 0.829, p < 0.032). Thus, the fMRI response in
S2 increases with progressively more painful stimuli within subjects, and
reflects the differences in pain intensity experienced across subjects.
(Supported by Univ. of Maryland Research Center on Persistent Pain.)

59.3

59.4

THE EFFECTS OF STIMULUS INTENSITY UPON THE PERCEIVED
SPATIAL FEATURES OF WARMTH AND HEAT PAIN. J.D. Greenspan*,
K. Brown, A. Wagner, J. Zovko and E.A. Moulton. Dept. of Oral and
Craniofacial Biological Sciences, University of Maryland Dental School,
Baltimore, MD 21201.
This project examined two aspects of the spatial perception of heat
stimuli - somatic localization and areal extent - and asked how each was
influenced by stimulus intensity. Two thermal stimulators (1.2cm2 each)
were placed on a subject’s forearm, separated by either 4 or 6cm. For any
single trial, one of the stimulators would provide a heat stimulus: starting at
the base temperature (38°C), and rising to a plateau temperature (from 42
to 48°C), which was maintained for 5 seconds before returning to baseline.
For the somatic localization task, 29 subjects rated the sensory quality
from a list of descriptors, and attempted to identify which probe was active
at each trial. With stimuli that were rated warm, localization performance
was slightly above chance. Localization ability improved with stimuli
above 45°C, which were perceived as hot and painful. The more painful
stimuli were localized better than the less painful stimuli. For the areal
extent task, a different group of 12 subjects rated the sensory quality from
the same list of descriptors, and then drew the area of their perceived
thermal sensation on a picture of their arm. Stimuli that were rated as nonpainful warmth or heat evoked sensations that were approximately the
same areal extent, averaging 3.4cm2. The painful stimuli were perceived
as encompassing up to a 63% greater area than the non-painful stimuli.
These two results would appear intuitively inconsistent - that increased
stimulus intensity into the pain range evokes a larger perceived area of
stimulation, yet provides for better spatial localization. Thus, separate
neural processing mechanisms must underlie these two different aspects
of thermal spatial perception. (Supported by NIH NS-28559.)

CEREBRAL REPRESENTATIONS OF SOMATIC VERSUS VISCERAL PAIN
AS REVEALED BY PET. D.J. Cross1, S. Minoshima1, U. Ladabaum1, W. Hasler1,
W. Chev1, P.E. Paulson2, T.J. Morrow2, C. Owyang1, and K.L, Casey2,3*. ’Depts. of
Internal Medicine; 2NeuroIogy; and 3Physiology. The University of Michigan and
VAMC, Ann Arbor, MI 48109
Differences in somatic and visceral pain pathways have not been well
characterized in humans. Using positron emission tomography (PET) estimates of
regional cerebral blood flow (rCBF) increases, we stimulated the left forearm of 9
subjects (mean age 24+/-7 yrs, 9 males, right-handed) with phasic cutaneous heat at
6 different temperatures (baseline 35°C and 5 points ranging from innocuous
warmth, through pain threshold to pain tolerance ( 2 replications). In twelve other
subjects (mean age 7.1+I-9 yrs, 4 males, right-handed), the stomach was distended at
4 pressures ranging from 10 mmHg through pain threshold to moderate pain (2
replications). All images were transformed to a standard stereotactic coordinate
system and normalized to global cerebral activity. Correlation coefficients between
pixel values and perceived pain intensities were calculated within each subject and
transformed to Z values (Fisher’s z transformation). Individual Z images were
averaged across subjects to assure a normality of pixel distribution, and a smoothed
Gaussian model was applied to identify cerebral structures correlating with
perceived pain intensities. The perceived intensities of somatic and visceral pain
each correlated with rCBF increases bilaterally in the thalamus , brainstem,
cingulate cortex, cerebellar hemispheres and vermis. Visceral pain showed
preferential activation of left cerebral structures. Perceived heat pain correlated
with activity in the right, and visceral pain with activity in the left caudate nucleus
and premotor cortex. In addition, only perceived visceral pain showed a correlation
with activity in the left prefrontal cortex and left superior mid insula. These results:
1) suggest a unique role for the left hemisphere and prefrontal cortex in visceral
pain processing and 2) confirm neurophysiological data showing considerable
overlap of somatic and visceral central nociceptive pathways. Supported by the
Department of Veteran’s Affairs and NIH grant PO1 HD33986-02.

59.5

59.6

FMRI EVALUATION OF CEREBRAL RESPONSES TO NON-PAINFUL AND
PAINFUL BLUNT PRESSURE IN NORMAL VOLUNTEER SUBJECTS. R.H.
Gracelv1, F, Petzke2, J.M. Wolf1, D.R. Kenshalo1*, and P.J. Clauw2. 'CMMU,
PNMB, NIDCR, NIH, Bethesda MD 20893 and department of Medicine,
Rheumatology, Georgetown University Medical Center, Washington D.C. 20007
Pain disorders such as Fibromyalgia are characterized by increased pain sensitivity
to blunt pressure. We used a 1.5 Tesla MRI to investigate differences in supraspinal
processing measured by increases in regional cerebral blood flow (rCBF) during
conditions of alternating innocuous pressure (mean 0.5 kg)/no stimulation, mildly
painful pressure (mean 2.32 kg)/innocuous stimulation, and intensely painful pressure
(mean 4.15 kg)/innocuous pressure to the left thumb. Pressure delivered by a 1-cm2
rubber probe to 16 subjects was calibrated by subjective scales in a baseline session,
and evaluated by the EPI BOLD method (3mm cubic voxels) every 5sec. Pairs of
conditions were alternated at 30sec intervals for 10 1-minute cycles. For each subject
the 120 corrected functional volumes were spatially smoothed with a 6mm FWHM
filter and analyzed by t-tests summarized as a Z-statistical map projected onto a
native structural MRI image. These maps were registered into Talairach coordinates
and combined to form a group statistical image (sum Z/sqrt(n)). Statistical
significance was corrected for multiple comparisons using the method of Worsely et
al. (1992). The resulting activations include regions of increased rCBF to all pairs of
conditions (SH-insula, superior temporal gyrus (STG), anterior cerebellum), and
regions activated only during painful stimulation (anterior cingulate cortex: BA24 &
BA32). Increasing pain intensity from mild to intense recruited additional regions of
activation (hippocampus, parahippocampal gyrus, anterior right STG, superior frontal
gyrus) associated with emotional processing. This study suggests that the cerebral
response to blunt pressure is influenced by the quality and magnitude of the evoked
sensation. A prominent response to mid (BA22) and anterior (BA38) right STG may
represent integration of bilateral auditory and unilateral (left) somatic input, or a
lateralized right anterior temporal aversive response that would be observed also with
right extremity stimulation. Supported by a grant from the National Fibromyalgia
Research Association.

EFFECT OF PROPOFOL-INDUCED SEDATION AND LOSS OF CONSCIOUSNESS
ON PAIN-RELATED ACTIVITY IN THE HUMAN FOREBRAIN. R.K, Hofbauer2*,
T. Daloze*. P, Fiset1. G. Plourde1. S.B. Backman1 and M.C. Bushnell1,2. Dept. Anesthesia1
and Montreal Neurological Institute2, McGill University, Montreal, Canada H3G 1Y6.
Little is known about the effect of loss of consciousness on pain processing in forebrain
structures of humans. The present experiment uses propofol, a non-analgesic anesthetic,
to examine the effects of sedation and loss of consciousness on pain transmission.
Seven healthy volunteers were presented 6s heat stimuli (35° or 47°C; 1-cm-diam.
contact thermode) to six regions on the forearm during four states of consciousness
induced by propofol infusion: alert baseline, light sedation, moderate sedation, and loss
of consciousness. Propofol was given intravenously with a computer-controlled infusion
pump to achieve stable target plasma concentrations of 0.5,1.5 and 3.5 pg/ml. Regional
cerebral blood flow (rCBF) was measured with a 3-dimensional high-resolution PET
scanner following bolus injections of H215O. Statistical brain maps of pain-evoked rCBF
changes (pain-neutral) were derived, and directed searches were conducted of primary and
secondary somatosensory (SI, S2), anterior cingulate (ACC), and insular (IC) cortices and
thalamus. Subjects rated pain intensity and unpleasantness (0-100 scale) after each scan.
Before loss of consciousness (light and moderate sedation), subjects’ pain ratings
remained as high as in the alert state. During the alert state, the most robust pain-related
activation was observed in IC and thalamus. Significant activation in these regions was
also observed during light and moderate sedation, but no significant activations occurred
in these regions after loss of consciousness. As previously reported, there was a negative
correlation between propofol dose and baseline thalamic activity. A similar negative
correlation was seen during painful stimulation.
Propofol-induced sedation does not appear to profoundly alter pain perception or painrelated thalamic and cortical activation, but loss of consciousness may result in reduced
pain-related forebrain activity. Conversely, pain does not seem to alter propofol-related
decreases in thalamic activity. Supported by the Canadian MRC.
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EVIDENCE FOR TEMPORAL SUMMATION OF HEAT PAIN OBSERVED IN SI
CORTEX USING fMRI. J-l Chen' . B Ha1, V. Petre2. MC Bushnell1, and GH Duncan23*
McGill University1, Montreal Neurological Institute2, and Universite de Montreal3,
Montreal, Quebec, Canada H3G 1Y6.
The role of primary somatosensory cortex (SI) in pain perception remains uncertain.
Human imaging studies have had variable success in showing pain-related activation in
SI, and single-unit recordings in primate SI have revealed few nociceptors. This study
assessed the time course of SI activity in humans during noxious heat and innocuous
tactile stimulation to determine if differences in the perception of these stimuli over time
(temporal summation of sensory intensity exclusive to thermal pain) would be reflected
by temporal differences in SI activation evoked by these stimuli.
Three subjects participated in 2 fMRI sessions each, using a 1.5 Tesla scanner and
standard head coil. Each session included a high-res anatomical scan and 5 to 8 runs of
120 whole-brain fMRI scans (10-13 7-mm slices; ~3s/vol.; BOLD). Thermal and tactile
stimuli were applied to the left calf on separate runs, each presented during 9-s periods
of stimulation interspersed with 9-s periods of rest. Thermal runs consisted of 10 cycles
of rest, painful (45-46°C), rest, and neutral (35-36°C) stimulation using a 9-cm2
thermode. Tactile runs contained 20 cycles of brushing (2Hz) and rest. Activation maps
were generated (Spearman’s Rank Order Correlation; pain vs neutral, brush vs rest), and
time-activity plots (averaged over stimulus cycles and scanning runs) were constructed
for S1 activation sites contralateral to the cutaneous stimulation.
Both brushing and noxious heat produced activation peaks within contralateral S1
(ANOVA, p’s<0.001). Brush-related activity reached its peak within 3-6s following the
onset of stimulation; pain-related activity was increased at 6s, but reached a peak only
after 12s, parallelling the perception of increasing pain intensity that exceeds stimulus
duration. The prolonged S1 response to heat pain suggests this activity is related to
noxious thermal, rather than tactile, information effected by skin contact with a thefmode.
The time-course of pain-related S1 activity is consistent with a role for this structure in
the temporal summation of pain perception. Supported by the Canadian MRC.

CORTICAL REPRESENTATION OF HEAT PAIN IN HEMISPHERECTOMIZED PATIENTS; AN fMRI STUDY. C. Morin1*, B. Ha1, H. Olausson1, S,
Marchand13 A, Ptito2,
B. Pike2 and M.C, Bushnell12. ’McGill University,
Montreal Neurological Institute and 3UQAT, Quebec, Canada.
Our previous studies of hemispherectomized patients have not revealed
abnormalities in heat pain perception on the hemibody contralateral to the
lesioned hemisphere. We now examine cortical activation by heat pain in such
patients, to determine the physiological basis of the preserved perception.
Three hemispherectomized patients (aged 26-47 yrs) underwent psychophysical tests and fMRI scans (1.5 Tesla scanner; BOLD methods). Innocuous
warm (-35 °C) and painful heat (-46 °C) stimuli were applied with a contact
thermode (9 cm2) to the right and left calf on six separated runs (3 for each
leg). Each 6-min run consisted of repeated 9s cycles of warm, rest and painful
heat. After each scan, subjects rated the intensity and unpleasantness of the
stimuli on 5-point scales. Activation maps were generated using Spearman’s
Rank Order Correlation, comparing painful to innocuous stimulation. Directed
searches of pain-related cortical sites [primary and secondary somatosensory
(S1, S2), insular (IC) and anterior cingulate (ACC) cortices] were performed.
Patients rated the pain intensity and unpleasantness similarly on the
affected (contralateral to lesion) and unaffected (ipsilateral to lesion) sides of
the body (Int; contra=4.7, ipsi=5.0; Unpl; contra=3.0, ipsi=3.3). Stimulation of
the ipsilateral (unaffected) leg produced contralateral activation in S1, S2,
ACC, and IC. Stimulation of the contralateral (affected) leg produced ipsilateral
activation in S2, IC and ACC for all patients. Similar ipsilateral activation is
seen in normal subjects. There was also some indication of ipsilateral S1
activation in two of the patients; such activation is rare in normal subjects.
These results indicate that ipsilateral cortical activity is sufficient for pain
perception in hemispherectomized patients. Data from one patient suggest
that S1 activation is not necessary for the perception of heat pain.

Supported by the Canadian MRC, FRSQ and STINT.

59.9

59.10

SOMATOTOPY OF THERMAL PAIN: DEPENDENCE ON DOMINANCE AND
BODY PART STIMULATED, A.Darbar1*, N.M Szeverenyi2, A.V Apkarian1
Departments of Neurosurgery1 & Radiology2, SUNY Health Science Center at
Syracuse, Syracuse, NY 13210.
This study was designed to delineate differences in cortical regions activated
when thermal painful stimuli and vibratory stimuli are applied to the right or left,
hand or foot of right handed subjects. The averaged population data of 18 normal
volunteers subjected to functional magnetic resonance imaging (fMRI) is described.
A 1.5 tesla MRI system with a voxel size of 3.75 x 3.75 x 6mm, a head coil and
echoplaner imaging sequence was used to image the whole brain. In 10 subjects left
hand or left-foot was stimulated. In 8 subjects the right hand or foot was stimulated,
either by thermal painful stimuli or by vibration. When painful stimuli were applied
to the left hand, primary somatosensory (SI), posterior parietal (PP), and secondary
somatosensory and insular (SH/Ins) cortices were activated bilaterally. In contrast,
when thermal painful stimuli were applied to the right hand, SI and PP were
activated only contralaterally, while SH/Ins and activity in caudate and thalamus
were bilateral. Right hand stimulation results also showed that the hand pain
representation in SI and SH/lns were distinct from vibration representation in these
regions. The foot stimulation results remain to be fully analyzed.
The results imply distinct organizations for touch and pain representations in the
cortex. Moreover, the laterality of cortical activations for pain is a function of
dominance.
Acknowledgements: This research was supported by NIH/NINDS 35115 and the
Department of Neurosurgery.

CHRONIC BACK PAIN IS ASSOCIATED WITH ABNORMAL BRAIN
CHEMISTRY: AN IN VIVO PROTON MAGNETIC RESONANCE
SPECTROSCOPY STUDY OF PATIENTS VS. NORMAL SUBJECTS.
I.P. Grachev,1* B.E. Fredrickson,2 A.V. Apkarian1. Departments of Neurosurgery1
and Orthopedic Surgery2, SUNY Health Science Center at Syracuse, NY 13210.
Our recent functional imaging studies show that the cortical responses to painful
stimuli are different between chronic pain patients and normal subjects. We
hypothesized that these cortical activation differences may underlie chemical
abnormalities. Brain chemistry was compared between 8 chronic low back pain
patients and 19 normal subjects, using in vivo proton magnetic resonance
spectroscopy. The relative concentrations of N-Acetyl aspartate, choline (Cho),
glutamate (Glu), glutamine (Gin), GABA, inositol (Ins), glucose (Glc) and lactate
were measured relative to creatine within a 8mm3 brain’s voxel. These
measurements were performed in six brain regions: thalamus, and cingulate, insula,
sensorimotor (SMC), dorsolateral prefrontal (DLPFC), and orbital frontal cortices
(OFC) in the left hemisphere. Chronic back pain patients demonstrated a decrease of
Glu, Gin, GABA, GABA+Glu, Cho and Glc concentrations in the DLPFC, and an
increase of Glc and Ins in the thalamus (all p<0.01-0.0001). In normal subjects
metabolites concentration was highest in OFC and DLPFC (p< 10'7). With advancing
age, an increase of metabolites concentration was observed in the OFC and SMC (all
p<l 0'5 -10’7). These two brain regions also showed gender dependence, with women
demonstrating increased metabolite concentrations. Conclusions: 1) Chronic back
pain seems to be related with abnormal chemistry of the brain. 2) These
abnormalities are region specific, are seen mainly in the DLPFC and the thalamus,
where metabolite concentrations change in opposite directions. 3) Sex and agedependent, and region specific chemical differences are observed in normal subjects.
Acknowledgements: Supported by NIH/NINDS R01NS35115 and Department of
Neurosurgery.

59.11

59.12

IMAGING THE PAIN OF BACK PAIN. B.R. Krauss’, I Grachev, N.M.
Szeverenyi', A.V. Apkarian. Departments of Neurosurgery & Radiology1, SUNY
Health Science Center at Syracuse, Syracuse, NY 13210.
Functional imaging studies of pain are usually designed to identify brain activity in
relation to a stimulus-control contrast. Such designs are not adequate for examining
brain circuitry of clinical pain syndromes. Here we describe a functional magnetic
resonance (fMRI) approach that identifies cortical regions involved in conscious
subjective perception of pain with which we directly study brain regions involved in
the pain of chronic back pain. Back pain patients are placed in the MR scanner.
Digits 1 and 2 of one hand are connected to a potentiometer which enables
continuous rating of pain. In some fMRI scans, patients simply lie in the scanner and
only perform ratings of their back pain fluctuations. In others their chronic pain is
exacerbated by a straight leg raising procedure. Brain regions involved in the
chronic pain are identified by correlating the ratings with fMR images. Two types of
control data are generated: 1. Finger movements with no relationship to pain. 2.
Random ratings with proper statistics. The straight leg raising procedure was also
used in normal volunteers to differentiate chronic pain from the acute pain of leg
hyperextension. fMRI scans were done on a 1.5 Tesla MRI system with a voxel size
of 3.75x3.75x5mm, a head coil and echoplanar acquisition to image the whole brain.
Preliminary analysis shows that in the normal subjects when leg raising was
performed to a magnitude below pain no brain activity survived. During pain,
bilateral insular activity was seen in normals and patients. The patients also showed
contralateral posterior parietal activity during leg raising. The results indicate that
the method can distinguish chronic back pain from no pain and from acute muscle
and tendon pain.
Supported by NIH/NINDS R01NS35115 and Dept. of Neurosurgery.

EFFECTS OF ATTENTIONAL SET ON HUMAN SPINAL AND
SUPRASPINAL PAIN PATHWAYS. R. Dowman*. Depts.
Psychology & Biology, Clarkson University, Potsdam NY 13699.
The effects of attentional set on subjective pain ratings, a pain-related
scalp potential thought to be generated in the anterior cingulate and
supplementary somatosensory cortices (i.e., the negative difference
potential or NDP), and a spinal nociceptive withdrawal reflex (R3)
were examined in 24 healthy humans. The subjects were engaged in a
visual task and a somatosensory task presented on separate trials,
where the latter involved rating the subjective magnitude of an
electrical stimulus applied to the sural nerve. 80% of the trials were
correctly cued, where a cuing stimulus indicated whether the next trial
would be the visual or the somatosensory task. The remaining 20% of
the trials were incorrectly cued (i.e., the subjects were expecting a
visual task but were given the somatosensory task, and vice versa).
Magnitude ratings and NDP amplitudes were smaller during the
incorrectly cued condition, whereas there was no change in the R3
reflex. These data suggest that attentional set has a greater impact on
the cortical pain pathways than the spinal pain pathways.
Supported by NIH NS35810
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59.14

PAIN-RELATED POTENTIALS RECORDED FROM THE
SURFACE OF THE HUMAN CORTEX H, Pogrebinskv’. R.
Powman2. T. Parcgy3, v, Thadani3* P,W, Roberts4. M. Roberts *■
’Thayer Sch. Engn., Dartmouth Coll., Hanover NH 03755; 2Depts.
Psych. & Biol., Clarkson Univ., Potsdam NY 13699; Sects. 3Neurol. &
4Neurosurg., Dartmouth-Hitchcock Med. Ctr., Lebanon NH 03756.
Pain-related potentials were evoked by electrical stimulation of the
sural nerve and recorded from intracranial electrodes implanted on the
cortical surface of 3 epilepsy patients. The purpose of this study was to
help localize the pain-related somatosensory evoked potential (SEP)
components recorded from the scalp. All patients exhibited a painrelated response from electrodes located over the parietal operculum
between 110-160 ms post-stimulus. This response may be generated in
the underlying second somatosensory cortex and related areas, as is also
suggested by regional cerebral blood flow and scalp-recorded SEP
studies. A pain-related potential was also recorded from an electrode
placed over the primary somatosensory cortex (SI) foot area at 140 ms
post-stimulus. This potential is very similar to the scalp-recorded
negative difference potential. These data are consistent with evidence
derived from dipole source localization studies suggesting that the
negative difference potential is generated in part by activity in the
supplementary somatosensory area, which is located just posterior to the
SI foot area. Supported by NIH NS35810

TEMPORAL PA'ITERN OF CEREBRAL BLOOD FLOW (CBF) IN PATIENTS
WITH ELECTRICAL MOTOR CORTEX STIMULATION (MCS) FOR PAIN
CONTROL. R. Peyron13*. L. Garcia-Larrea23, P. Mertens2, N. Costes3, F.
Maugufore2, D. Michel1, M. Sindou2 and B. Laurent1 2. ‘Neurological Dpt & Pain
center, 2Dpt of Neurosurgery (U400) & EA 1880, UCLB, ’CERMEP, Lyon
(69003) & St-Etienne, (42055) France.
Positron Emission Tomography (PET) was performed to study the mechanisms
by which clectncal stimulation of motor cortex could mediate analgesia in patients
with chronic pain after lesions of the central nervous system. Ten consecutive
patients were implanted with devices made of a 4-plates electrode positionned in
the extra-dural space over the primary motor cortex (Brodmann area, BA 4) and an
internalized stimulator (Medtronic®). Patients were evaluated between 3 and 6
months post-operatively using the following PET procedure (H2O1S):
OFF1: 4 rest scans, no task, no stimulation, MCS stopped 24 hours before PET.
ON: 4 rest scans 5, 15, 25,35 minutes after MCS had been turned on (2V, 35 Hz).
OFF2: 5 rest scans 15,30,45,60,75 minutes after MCS has been turned off.
MCS (ON vs OFF1) was associated w'ith increased CBF in the rostral part of
anterior cingulate contralaterally to stimulation. As MCS was discontinued (OFF2
vs both OFF1 and ON), this region showed a strong residual haemodynamic effect
lasting up to 75 minutes with additionnal increases of CBF observed in the orbitofrontal cortex, basal ganglia, brainstem and hypothalamic area. In conclusion,
MCS induces strong haemodynamic effects in cortical (frontal) and sub-cortical
areas known to be involved both in pain processing and analgesia. The duration of
these effects reminded of the long-term pain relief induced by MCS. They are
suggestive of synaptic mechanisms and/or neurotransmitter mediation in brain
regions involved in pain control. [Supported in part by the "Programme Hospitalier
de Recherche Clinique" 1996J

59.15
EFFECTS OF ANALGESICS ON PAIN PROCESSING STRUCTURES
IN THE HUMAN BRAIN: AN FMRI STUDY. J. Topolovec1. K. Heath2.
N. Badner2. A. Gelb2*, D.F. Cechetto1 ’Dept. of Anatomy and Cell
Biology, 2Dept. of Anesthesia, University Hospital, University of Western
Ontario, London ON N6A 5C1
Increasingly, neuroimaging is being used to establish the sites, in the
human brain, associated with the processing of pain. The present study
aimed to further characterize these sites, using 4T fMRI, and to examine the
effects of an opioid drug, remifentanil, upon them. Subjects received
increasing intensities of painful electrical stimulation of the right ulnar
nerve prior to, and during intravenous infusion of 0.05 pg/kg/min
remifentanil. Functional MR images were acquired (TR= 625 msec, TE=
12.5 msec, flip angle= 30°) on a 4T Siemans/Varian scanner. Analyses
were performed using SPM96 software in Matlab, with a cluster size of 25
voxels and height threshold of Z=2.33 required for the activation to be
considered significant. Areas activated during painful stimulation alone
included the contralateral insular and prefrontal cortices and the ipsilateral
posterior cingulate gyrus. In addition, the bilateral superior temporal gyri
and the anterior cingulate gyrus were deactivated by the noxious
stimulation. Only the contralateral superior temporal gyrus was activated
during remifentanil infusion. These results clearly indicate that remifentanil
can suppress the cortical activity induced by painful stimulation. This
technique may prove to be an effective means of evaluating the efficacy of
analgesic drugs by determining their sites of action on human forebrain
structures activated by pain. Supported by the Heart and Stroke Foundation
of Ontario.
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60.2

CORRELATION AMONG FOUR PAIN MEASUREMENTS IN HUMAN
FEMALES. K. Bhalang, W, Maixner*, A Sigurdsson, G. Slade, N, Costello, K. Gil,
S. Bunting. Dental Research Center, University of North Carolina, Chapel Hill, NC
27599.
As a part of an ongoing cohort looking at the relationship between pain sensitivity
and the development of temporomandibular disorders, this study investigated the
correlation among four measures of pain perception in 131 normal female subjects: 1)
pressure pain threshold assessed over temporalis muscles, masseter muscles,
temporomandibular joints, and ventral surface of the wrists, 2) A8 and C fiber thermal
pain threshold and C fiber thermal pain tolerance assessed by applying thermal
stimuli to the skin overlying the hairy forearm, 3) temporal summation of C fiber
mediated heat pain from the skin overlying the thenar region of the right hand (Price,
et al.. Pain 3:57, 1977), 4) ischemic pain tolerance assessed by using the submaximal
effort tourniquet procedure. The results demonstrated that there were strong
associations among pressure pain thresholds at the four different sites (r=0.7-0.9,
p<0.001), as well as among A8 and C fiber mediated threshold and tolerance values
(r=0.7-0.8, p:£0.001). Pressure pain thresholds at each site were significantly
correlated with thermal pain thresholds and tolerance (r=0.3-0.5, p<0.001). Ischemic
pain tolerance was significantly correlated with each of the pressure and thermal pain
measures (r=0.2, p<0.05 and r=0.3-0.4, p^O.OOl; respectively) Temporal summation
of C fiber mediated pain was significantly correlated with all thermal pain measures
(r=0.3-0.4, p<0.001), but not pressure pain thresholds. The correlation between
temporal summation of C fiber and ischemic tolerance approached significance
(i=0.2, P<0.07). We concluded that pressure pain, thermal pain and ischemic pain
measures are significantly correlated among each other, whereas temporal summation
of C fiber mediated pain measures are significantly correlated with thermal pain
threshold and tolerance values while the correlation between temporal summation of
C fiber mediated pain measures and ischemic pain tolerance approached significance
Supported by DE07509
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SEX-DEPENDENT EFFECTS
OF
EXERCISE AND SEDENTARY
COMPETITION ON PAIN REPORT IN HUMAN SUBJECTS. W.F, Sternberg*.
Kass. A. Albovadiian. and R.H, Gracelv. Department of Psychology,
Haverford College, Haverford, PA 19041 and NIDCR, NIH, Bethesda, MD 20893.
We have previously reported that athletic competition results in a marked decrease
in pain ratings on the cold pressor test in male and female athletes. However, we
were unable to dissociate the effects of exercise from the cognitive effects of
competing. In the current study, we independently assessed the pain inhibitory
effects of sedentary competition and of exercise in male and female college students.
One hundred subjects (60 athletes and 40 non-athletes) were assigned to one of two
laboratory conditions, sedentary competition (COMP), in which same-sex subjects
competed head-to-head in a video racing game, or exercise only (EX), a 10 min run
on a treadmill at 70% maximum heart rate, or to a track meet condition (athletes
only), in which subjects were tested on site at the athletic event. In all conditions,
pain responses were tested immediately following the video game, treadmill run, or
race. Pain responses on the affect and intensity box scales to a noxious cold
stimulus were recorded and compared to the subjects’ own baseline responses
acquired two days prior to or two days after the laboratory or meet conditions.
Sedentary competition reduced pain ratings in male subjects (Pc.OOOl for intensity;
P<.006 for affect), while no changes were observed in the pain ratings of female
subjects. In contrast, ten minutes of treadmill exercise significantly reduced pain
ratings in females (P<.05 for intensity; Pc.002 for affect), but not males. Athletic
status had no effect in either analysis. Running in a track meet resulted in a decrease
in pain ratings in athletes of both sexes (Pc.OOOl for intensity and affect),
confirming our previous report. Since the reductions in pain ratings in the track
meet condition were of comparable size to the reductions noted in the laboratory
conditions (COMP for males, EX for females), we conclude that different
components of the competitive athletic experience are responsible for the analgesic
effects of competition in males and females. Supported by Haverford College
Faculty Research Grant.
C,J3okat. L.
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THE IMPACT OF PAINFUL GYNECOLOGICAL CONDITIONS ON PAIN OF
UROLOGICAL ORIGIN. M. A. Giamberardino*, G, Affaitati, R. Lerza, L. Vecchiet, K, J.
Berkley1. Pathophysiol. of Pain Laboratory, Dept. of Medicine, “G. D’Annunzio” Univ. of
Chieti - Italy; 'Program in Neuroscience, Florida State Univ., Tallahassee, FL, USA
The aim of the study was to characterize how pathophysiology of the reproductive organs can
influence pain perception from the urinaiy tract by: 1) an epidemiological investigation in
fertile women with urinary stones and 2) an evaluation of the impact of endometriosis on pain
behavior from artificial ureteral calculosis in female rats. Human study, A 4-year survey was
performed at the Univ. Hosp. Chieti (Italy) among fertile women with unilateral urinaiy
calculosis and a tendency to repeated colics. A 2-part questionnaire was used, one
retrospective, the other prospective. In both, the women reported characteristics of their urinary
pathology, menstrual cycle, presence or absence of dysmenorrhea, and the timing of their past
(retrospectve) or current colics (prospective) relative to their cycle. 45 women (19-43 yrs., 20
nondsym. and 25 dysm.) completed the retrospective study. They reported 2-23 colics in the
past 3 yrs, with dysm. women reporting more than nondysm. women (p<0.02). In nondysm.
women, colics were more frequent in the perimenstrual period than in other phases (p<0.05). In
dysmenorrheic women, colics clustered either premenstrually (52%) or periovulatory (48%). In
the prospective study (14 nondysm. and 6 dysm. women), 95% of the colics recorded in the
whole group occurred in the perimenstrual period. Animal study. 18 female Sprague-Dawley
rats underwent removal of a 1-cm segment of the right uterine hom. In 9 of them, 5 pieces of
endometrium (from the segment) were implanted in the abdominal cavity to induce
endometriosis (endo). In the other 9, pieces of fat were sewn in the same sites (sham-endo).
Three wks later all rats underwent stone implantation in the upper left ureter, via injection of
dental cement. Spontaneous behavior was videotaped non-stop for 3 days before and 4 days
after stone formation. Before stone formation, neither endo nor sham-endo rats showed any
abnormal behavior. After stone formation, endo rats showed visceral “crises” (typical of
artificial calculosis) whose number and duration were significantly higher (p<0.01) than those
recorded in sham-endo rats. In addition, endo but not sham-endo rats showed behavioral
movements/positions typical of models of inflammatory uterine pain. These studies indicate
that pathophysiology of female reproductive organs has a significant impact upon pain
associated with disorders of the urinary tract. Supported by Italian government and NIH 11892
(USA).

IIEAT PAIN THRESHOLD IN YOUNG HEALTHY SUBJECTS:
SENSITIVITY AND REPEATABILITY. Wang Ning Hua, Christina W.Y. HuiChan*. Department of Rehabilitation Science, Tlie Hong Kong Polyteclinic
University, Hong Kong (SAR), China

Previous studies liad shown high repeatability of heat pain tlireshold measurement
(e.g. Yamitsky et al. 1995). We set out to systematically define tlie sensitivity
simultaneously with repeatability of heat pain tlireshold, using the Medoc TSA 2001
device in our study.
Tlie study on repeatability was performed on 8 young normal subjects on tlie knee,
foot, liand and trunk, using the Method of Limits. Tests were repeated one and two
weeks following the first one. In tlie study on sensitivity, 10 young healthy subjects
performed subjective psychophysical estimates involving warm and hot cutaneous
stimuli. Ten levels of temperature ranging from 32 to 50°C were applied for 10
seconds to tlie left knee in a random order. Subjects gave continuous ratings of
perceived temperature and pain intensity using tlie visual analogue scale (VAS).
Interclass correlation coefficient (ICC) and linear regression were used for data
analysis in repeatability and sensitivity respectively.
Our results showed that ICC of the tested sites ranged from 0.87 to 0.95. There was
a linear correlation between heat stimulus intensity and subjective thermal sensation,
with a high value of r=0.93 and a slope of 5.04.

We concluded tliat heat pain tlireshold measurements were not only highly
repeatable but also liiglily sensitive. Under tlie present experimental paradigm, heat
pain processing by the nervous system appears to be a linear function of the stimulus
intensity in young healthy humans.
Tlie project was funded by the Hong Kong Polytechnic University.

60.5

60.6

BASELINE SKIN TEMPERATURE DOES NOT GREATLY ALTER PAIN
RATINGS TO TEMPERATURE-CONTROLLED HEAT STIMULI IN
HUMANS. G.Wu, J.N.Campbell, and R.A.Meyer*. Dept. Neurosurgery and
Applied Physics Lab., Johns Hopkins Univ., Baltimore, MD 21287
Variations in baseline skin temperature can be encountered in experimental and
clinical pain states. Such variations have been shown to greatly alter the response
to radiant heat stimuli (e.g., Hargreaves’ technique). We examined whether
similar effects occur for temperature-controlled stimuli. A CO2 laser thermal
stimulator under radiometer feedback control was used to deliver controlled
temperature stimuli. Each stimulus consisted of a 30 s controlled baseline interval
(at 34°C or 38°C) followed by a stepped increase in temperature (to 46°C or
47 °C for 1 s, 2 s or 4 s). A run consisted of one presentation of each of these 12
different stimuli (randomized order) to different locations on the volar forearm.
In subsequent runs, the stimulus intensity and duration at a given location were not
changed, but the baseline temperature was alternated between 34°C and 38°C.
Eight subjects rated the intensity of pain using the technique of magnitude
estimation. Pain ratings for a given subject were normalized by dividing by the
mean of that subject’s ratings to the second run. Mean pain ratings to the stimuli
applied from the 38°C base temperature (1.03 ± 0.03) were only slightly greater
than ratings from the 34°C base (0.96 ± 0.03, p<0.02). In contrast, the pain
ratings to the 47°C stimuli (1.11 ± 0.03) were substantially greater than to the
46°C stimuli (0.88 ± 0.03, p<0.001). Thus a 4°C change in baseline temperature
has a smaller affect (about 7%) on pain ratings than a 1 °C change in stimulus
temperature (about 26%). This suggests that variations in baseline skin
temperature encountered in experimental and clinical pain states do not have a
major impact on pain sensitivity to temperature-controlled heat stimuli.

A NEW MODEL OF CHRONIC MUSCLE PAIN. K.A. Sluka*, A.
Kalra and S.A. Moore.
Physical Therapy Graduate Program,
Department of Pathology and Neuroscience Graduate Program, The
University of Iowa, Iowa City, IA 52242.
Although 14% of the United States population suffers from chronic
musculoskeletal pain, most of our knowledge about pain has been
obtained from studies on cutaneous pain. The current models of
musculoskeletal pain typically produce short-term hyperalgesia
(resolved in 24 h or less). However, clinically, chronic muscle pain, as
experienced by people with fibromyalgia, is long lasting (months to
years). Low pH saline (4.0-6.0, 7.2=control) was injected into the
lateral gastrocnemius muscle 2-10 days apart. The paw withdrawal
latency to radiant heat and the withdrawal threshold to mechanical
stimuli were measured after the first and second injection for 6 weeks.
Repeated unilateral injections of low pH saline into the lateral
gastrocnemius muscle cause a dose-dependent bilateral mechanical
and heat hyperalgesia that lasts up to 30 days. Preliminary data do not
show damage to the muscle (light microscopy) 24h after either the first
or second injection. Thus, we have developed a new model of
widespread, chronic muscle pain without observable tissue damage.
This model will help in the understanding and thus potential treatment
of chronic muscle pain, including such conditions as fibromyalgia,
myofascial pain and low back pain.

60.7

60.8

LOW INTENSITY VAGAL NERVE STIMULATION LOWERS THERMAL
PAIN THRESHOLDS IN HUMANS. T.J. Ness1*, R.B. Fillingim2, A. Randich2
and E. Faught, Jr3. Departments of Anesthesiology1, Psychology2 and

PARASYMPATHETIC CONTRIBUTIONS TO PERIPHERAL AND
CENTRAL SENSITIZATION DURING MIGRAINE.
R. Burstein*12,1. Goor-Arveh1, Z, Baiwa1 and D. Yamitsky1,3.
1Dept. of Anesthesia, Beth Israel Deaconess Medical Center; 2Dept. of
Neurobiology, Harvard Medical School, Boston, MA 02115. 3Dept. of
Neurology, Rambam Medical Center, Technion Medical School, Haifa,
Israel.
Signs of hyperactivity in the parasympathetic innervation of the head
and intracranial blood vessels are common during migraine attacks. The
purpose of the present study was to better understand the role of the
intracranial parasympathetic innervation in the pathophysiology of
migraine.
'
In 30 migraine patients we studied changes in pain intensity and
mechanical and thermal pain thresholds of periorbital and forearm skin
areas (bilaterally) in the absence of migraine, during migraine and after
SPG block obtained by intranasal lidocaine.
SPG block reduced migraine pain intensity and throbbing by >60% in
11 patients, by 30-60% in 8, and by <30% in 11. In most cases, reduced
pain intensity was noticed in the periorbital but not occipital region of the
head. Unexpectedly, reduction in pain intensity was not accompanied by
reversal of cutaneous allodynia.
Parasympathetic components contribute to the ongoing activation and
sensitization of intracranial nociceptors.
The continuous state of
cutaneous allodynia suggests that the maintenance of central
sensitization is independent.
Supported by NIH grants DE-10904 and NS-35611-01.

Neurology3, University of Alabama at Birmingham, Birmingham, AL 35233.
The effect of vagal nerve stimulation (VNS) on thermal pain sensation was
studied in four males with vagal nerve stimulators surgically implanted for
purposes of seizure control. Prior to their involvement in the study, all
subjects had the intensity of their VNS (30 Hz, 0.5 ms pw, intensity range 1.52.0 mA) adjusted upwards until achieving their desired clinical effect (reduced
seizures) or unacceptable side effects. As part of their clinical treatment, they
chronically received 30 s of VNS every 5 minutes. All patients were on
anticonvulsant therapy. Following informed consent, subjects were monitored
non-invasively and hemodynamic (HR, BP) responses to VNS determined.
The intensity of transcutaneous electrical stimulation (TENS) of a site on the
ankle was adjusted by the patient to match any the intensity of any sensations
felt in the neck during VNS. Thermal pain thresholds were determined 30 min
after cessation of chronic VNS using a Medoc TSA-2001 with a thermode
applied to the skin of the forearm. Two threshold measurements were
obtained during TENS and during 30 seconds of VNS at intensities 100%,
66%, 33% and 0% of the settings utilized to control their seizures. Subjects
were not aware of the settings employed and an ascending/descending
ordering of intensity was utilized. During all settings of VNS, but not during
TENS, thermal thresholds were decreased in relation to the 0% setting with
greatest effect at the 66% level (range; 0.25 to 4.4°C decrease). These
findings are consistent with experiments in non-human animals which
demonstrate a pro-nociceptive effect of low intensity VNS.
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MUSIC AND RELAXATION FOR THE TREATMENT OF CHRONIC PAIN.

MUSIC AND RELAXATION IN PATIENTS WITH FIBROMYALGIC PAIN.
Rudolf Likar1 *. Franz Wendtner2 and Guenther Bernatzky2. 1Pain Clinic Hospital
Klagenfurt, 2Herbert von Karajan Centrum Vienna and Salzburg University,
Hellbrunnerstrasse 34, A-5020 Salzburg, Austria;
The effect of music on pain is increasingly becoming a topic of research in
different medical therapies. This study aimed to show if it is possible to obtain a
pain-relieving effect with music and/or relaxation texts in patients suffering from
fibromyalgic pain. 40 patients of both sexes suffering from fibromyalgic pain were
assigned to four different groups in accordance to the time they were admitted: gr. 1
(music and relaxation instructions), gr. 2 (music only), gr. 3 (relaxation instructions
only) and gr. 4 (no intervention). To undergo the intervention therapy methods,
patients had to wear headphones in each of ten therapy sessions (30 min. each). Before
and after each relaxation session, the effects were evaluated by using the following
instruments: pain evaluation (VAS), measurement of the following body parameters
with biofeedback: skin conductivity value, heart rate, pulse volume amplitude,
temperature, and EMG of trapezius; questionnaires at the beginning and the end of the
study: questionnaire about subject, state of health (accord, to Zerssen, 1975), general
depression scale, pain sensation scale, question, for acquiring data on how a patient
copes with pain, question, on function, Hannover polyarthritis, and back pain.
In the course of the sessions, patients suffering from fibromyalgic pain
experience a differently intense pain-relieving effect, depending on the intervention
method: gr. 1: strong pain-relieving effect; gr. 2: slight pain-relieving effect; gr. 3:
enhanced pain-relieving effect; gr. 4: weakest pain-relieving effect.
The results of this study demonstrate that music and the combination of music and
relaxation instructions, respectively, yield a substantial pain-reducing effect and thus
substantially enhance the patients ability to cope with the respective illness.
(This research was support, by Insight Instr. C. and by a Karajan Fond grant to G.B.)

Guenther Bernatzky2 *. Rudolf Likar1 and Franz Wendtner2. JPain Clinic Hospital
Klagenfurt, 2Herbert

Von

Karajan Centrum

Vienna and

Salzburg

University,

Hellbrunnerstrasse 34, A-5020 Salzburg, Austria

The effect of music on pain is increasingly becoming a topic of research.
This study aimed at demonstrating the significance of the receptive effect of music
alone or in combination with spoken relaxation instructions in patients suffering
from chronic low back pain. 74 patients of both sexes, aged from 32 to 62 who were
undergoing a three-week course of treatinent at a health resort, employing nine
underwater therapies for the relief of back pain participated in this study. All patients
were randomly assigned to four different groups: Gr. 1 (music and relaxation
instructions), gr. 2 (music only), gr. 3 (relaxation instructions only), and gr. 4 (no
intervention). The patients had to listen to the corresponding CD in a rest room for
30 min. The pain score was determined by the visual analog scale, the depression
score by a general depression scale and the anxiety score by a questionnaire about
how patients deal with pain; each at the beginning, several times during the threeweek period, and at the end of the therapy. Analyses of variance and t-tests were
performed.
A highly sign, reduction of pain could be found for all 3 groups when
compared to gr. 4 (gr. 1: p=0.003; gr. 2: p=0.001; gr. 3: p=0.007). A highly sign,
reduction in depression values could only be found in gr. 1 (p=0.001) and gr. 2
(p=0.003) (p<0.01). Evaluation of the questionnaire for noting the overcoming of
pain gave highly sign, results, above all in the global domain of subjective psychic
impairment, in terms of a reduction in helplessness and depression, fear and anger in
the groups "music and relaxation" and "music". Furthermore, an increase in subjective
mobility in groups 1 and 2 could be demonstrated. These results show that music and
the combination of music and relaxation instructions help enhance therapy
effectiveness.
(This research was supported by Herbert von Karajan Center-Vienna)

60.11

60.12

MUSIC AND RELAXATION IN THE THERAPY OF PAIN IN PATIENTS WITH
SPONDYLARTHRITIS ANKYLOPOETICA. Franz Wendtner2*. Rudolf Likar1 and
Guenther Bernatzky2. 'Pain Clinic Hospital Klagenfurt, 2Herbert von Karajan Centrum

THE EFFECT OF FEAR AND ANXIETY ON HUMAN PAIN THRESHOLDS: TESTING
ACROSS PAIN STIMULUS PARAMETERS AND MODALITIES. J.L. Rhudy*. J. Gerstein,
K.M. Gaulke. A. Trevino, AM. Lindsey, K.P. Reeves, S. Evans. A.M. Goldthwaite. and
M.W. Meagher. Dept. of Psychology, Texas A&M University, College Station, TX, 778434235
In a previous study (Rhudy & Meagher, in review) we found that fear increases finger
withdrawal latencies to radiant heat (analgesia) while anxiety decreases latencies
(hyperalgesia). Fear was induced by exposure to 3, 12 mA shocks, whereas anxiety was
elicited by the threat of shock alone. Because the heat stimulus had a rapidly ascending
intensity, we argued that it elicited a nociceptive reflex. The present study examined whether
these effects generalize across pain stimulus parameters and modalities. In Experiment 1, the
rise time of the heat was slowed, making the pain stimulus more evaluative (supraspinally
mediated). In Experiment 2, a gradually incremented test shock was used rather than radiant
heat. Heart rate (HR), skin conductance (SCL), and self-reported affect were used to
determine whether the targeted emotional states were induced.
Consistent with our prior study, the results from Experiment 1 showed that exposure to the
fear-inducing shocks inhibited pain reactivity on the slow rise time radiant heat test.
However, anxiety did not alter reactivity. Manipulation checks verified that the targeted
emotional states were achieved and that HR and SCL were significantly increased in the fear
and anxiety conditions. Results suggest that while fear inhibits pain, anxiety may not cause
enhanced reactivity when evaluative measures are employed.
Experiment 2 showed that fear sensitized pain reactivity in women, but produced analgesia
in men. The anxiety manipulation had no impact on pain reactivity. However, because the
threshold test involved shock, anxiety may have already been at ceiling. This interpretation
is supported by the lack of change in autonomic arousal (SCL) when the anxiety manipulation
was presented. These data are congruent with previous findings that suggest that pain
reactivity may differ between stimulus modalities. The gender effects may reflect hormonal
or neurological differences. Alternatively, differences in stressor appraisal and prior
experience may play a role.
All experimental procedures were approved by Texas A&M University’s Human Subjects
Committee.

Vienna and Salzburg University, Hellbrunnerstrasse 34, A-5020 Salzburg, Austria

The present study has investigated the effect of music composed specifically
for pain patients in combination with instructions in relieving stress on pain and
depressive symptoms as part of an integrated treatment concept. Two groups of
patients of both sexes with spond. ankyl. (gr.l: n=12, gr.2: n=15) were tested under
different conditions: Gr.l (age: 31-57 yrs.) could listen to the CD at home (Salzburg
area) under everyday conditions (occupation, household, etc.). Gr.2 (age: 29-61 yrs.)
also listened to the CD under health resort conditions at Badgastein. In both groups
patients had to listen twice a day for a period of three weeks. Before and after listening
to the CD, the patients had to evaluate their pain intensity by VAS. At the beginning
and end of each week, the patients psychological situation was evaluated with regard
to depressive symptoms using a General Depression Scale. Student t-test was used .
In both groups a highly sign. (p=0.000) pain reduction was found over the
entire measurement period. With regard to depression, it was found that at no point
during the study any sign, change in the patients’ self-evaluation of depressive
symptoms in gr.l was found. In gr.2, however, the patients evaluated their
psychological situation at the end of the therapy much better like at the beginning
(p = 0.006) (p < 0.01). These results show that patients suffering from spond. ankyl.
can achieve a sign, pain relief by regularly listening to a suitable combination of
music and instructions in stress relief and that the patients staying at the health resort
showed a highly sign, reduction in their self-evaluation of depressive symptoms and
thus they showed a marked improvement in emotional condition. Thus, in order to be
able to reduce the depression occurring in patients with chronic spond. ankyl. in
particular, it is advantageous for the patients to stay at a health resort.
(This research was supported by Herbert von Karajan Center-Vienna)

PAIN PATHWAYS: BRAINSTEM, THALAMUS AND CORTEX
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PHASIC AND TONIC RESPONSES OF ANTERIOR CINGULATE CORTEX
NEURONS TO NOXIOUS STIMULI R.W. Sikes1*. L.J. Vogt2. B.A, Vogt2
Cingulum NeuroSciences Institute, Wake Forest University, School of Medicine2 and
Dept. of Physical Therapy, Northeastern University1, Boston, MA 02115.
Functional imaging studies show that the anterior cingulate cortex (ACC) is
important in the processing of the affective component of pain sensation. We have
previously shown that in rabbits many neurons in ACC have brisk responses to
noxious stimuli regardless of the stimulus location. The responses are tightly linked
to stimulus onset and duration. The perception of pain, however, often persists after
termination of noxious stimuli. Here we describe a new class of neurons in ACC with
sustained responses to noxious stimulation.
Extracellular responses of neurons in ACC were recorded in halothane
anesthetized Dutch-belted rabbits. Multiunit activity was recorded with 1-2 Mohm
electrodes and resolved into individual unit responses by cluster cutting. Noxious
stimuli consisted of transcutaneous electrical stimulation (>6 mA, 1 ms duration).
With careful adjustment of anesthesia, such stimulation evoked clear responses in
cingulate cortex without producing arousal of the animal. As previously described,
most responding neurons in ACC produce a short burst of activity with a latency of
150-200 ms followed by a second burst about 500 ms later. These responses were
generally tightly linked to the stimulation, responding to each stimulus presentation
and stopping abruptly at stimulus termination. Using cluster cutting, we identified a
second class of responses with the same initial latency but with a much longer
duration. Although weakly responding to single stimuli, these units increased their
response when several stimuli were delivered at the same location. Once initiated,
the response continued 10-15 sec after the termination of the stimuli. Thus, neurons
in the ACC demonstrate a brief alerting response as well as a sustained response to
noxious stimuli. Both are characteristic of the affective component of pain
perception.
(Supported by grants from Northeastern University and Cingulum NeuroSciences)

NEURONS ACTIVATED DURING PAIN ANTICIPATION IN THE
CAUDATE NUCLEUS IN THE AWAKE MONKEY. T. Koyama,1-2 K.
Kato,1 A. Mikami1*. 'Dept. of Behavioral and Brain Science., Primate Res. Inst., Kyoto
Univ. Inuyama, Aichi, 484-8506, Japan. 2Dept. of Anesthesiology, Osaka Univ., Med.
Sch., Suita, Osaka, 565-0871, Japan.
Among cerebral regions, the caudate nucleus (CN), along with the primary and
secondary somatosensory, insular, anterior cingulate (ACC) and prefrontal cortices,
shows activation during stimuli perceived as painful.1 The ACC anatomically projects
to the CN,2 and the CN may be functionally similar to the ACC, which is involved in
both nociception and anticipation of pain.3 Testing this hypothesis, we recorded single
neuronal activities in the CN of a macaque while it was performing a pain-avoidance
task: when the monkey pressed a lever, a fixation cue (FC) appeared for 0.5-1.5 s
followed by a red or green 1 s prediction cue (PC): red cued painful nociceptive electrical
stimulation (ES); green cued a liquid reward. The monkey learned to hold down the lever
to obtain a reward after the green PC and, anticipating ES, to release the lever to avoid
painful ES after the red PC. This pain-avoidance behavior disappeared when the monkey
was retrained to the same task protocol without ES. Of 160 neurons recorded, ten
showed a significantly larger increase in activity after the red PC was presented than after
the green. During an intertrial interval, six of these ten neurons were tested with
spontaneous ES and one responded. Although the activated neuron population is
smaller than in the ACC, the CN may also be involved in anticipation of pain and
nociception.
References
1. Davis KD et. al. J Neurophysiol. 80. 1533-46. 1998.
2. Yeterian EH et. al. Brain Res. 139. 43-63. 1978.
3. Koyama T et. al. Neuroreport. 9. 2663-7. 1998.
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WHAT MIGHT BE THE IMPLICATIONS OF PAIN PROCESSING BY THE
CEREBELLUM? C. Saab*A. Makki, M.J. Quast, J. Wei, E.D. Al-Chaer, W.D.
Willis. Univ. Texas Med. Br., Dept. of Anat. & Neurosci., Galveston, TX 77555.
The cerebellum receives both motor commands as well as sensory information for
the coordination of movements. To investigate whether the cerebellum processes
nociception specifically, the effect of peripheral capsaicin injection on cerebellar
Purkinje neurons was studied.
Electrophysiological studies were carried out on three anaesthetized Sprague
Dawley rats. Receptive fields (RF) were localized in the ankle by extracellular
recording from presumed Purkinje cells of the cerebellar vermis. The responses of
these cells to ankle joint movements, natural stimuli (brush, press, pinch) applied to
the RF, as well as 0.1 ml injection of 0.3% capsaicin in the gastrocnemius muscle
were monitored. In another set of experiments, serial fMRI’s were taken before and
after a similar paradigm for capsaicin injection.
Most electrophysiologic recordings showed more than a 150% increase in the firing
rate that lasted for more than 800 sec. The response was immediate following
capsaicin injection. However, in one case, an initial strong inhibition occurred
followed by an excitation. This pattern seemed to correlate with the differential
response to natural stimuli. Using fMRI, a regional blood volume increase was
noticed in cortical and subcortical areas, as well as in the vermis of the cerebellum.
The data showing involvement of the cerebellum in the processing of nociceptive
information point to a convergence of somatosensory information upon what is
largely considered as a ‘motor comparator’. We consider the contribution of
nociception to this volley of sensory information as a novel finding. We can only
speculate that the cerebellum might be involved in either the behavioral or the
emotional pain responses. The pathways and the clinical relevance, however, are yet
to be determined. (Supported by NIH Grants NS 09743 and NS 11255)

A
ROLE
OF
THE
AMYGDALA
IN
PERSISTENT
PAIN:
ELECTROPHYSIOLOGICAL CHANGES OF CENTRAL AMYGDALA
NEURONS IN VIVO IN A MODEL OF INFLAMMATORY JOINT PAIN.
V. Neugebauer*. Dept. of Anatomy & Neurosciences and Marine Biomedical
Institute, Univ. of Texas Medical Branch, Galveston, TX 77555-1069.
The amygdala plays a key role in emotionality. Nociceptive mechanisms of
persistent inflammatory pain were studied in vivo in the central nucleus of the
amygdala (CeA), the target of the spino-parabrachio-amygdaloid pain pathway.
Extracellular single-unit recordings were made from 50 CeA neurons in 28 rats
anesthetized with pentobarbital and paralyzed with pancuronium for artificial
ventilation. Neurons were selected which responded to electrical stimulation in the
lateral pontine parabrachial area and had a receptive field in the knee joint.
Responses to brief mechanical (15s) and thermal (5s) stimuli of innocuous and
noxious intensity were recorded before and up to 10.5 hours after the induction of a
knee joint inflammation by the injections of kaolin and carrageenan.
CeA neurons with knee joint input usually had large symmetrical receptive fields
in the deep tissue and responded exclusively (NS type; n=25) or predominantly
(WDR type; n=25) to noxious mechanical stimulation. 13 WDR and 9 NS neurons
(= 44% of all neurons) also had cutaneous receptive fields. Noxious heat activated
67% of WDR and 42% of NS neurons. Stimulus-response functions for graded
mechanical and thermal stimuli were not monotonically increasing but sigmoidshaped. The inflammation enhanced the responses of WDR neurons (n=l 1) to
mechanical, but not thermal, stimulation of inflamed and non-inflamed tissue with a
biphasic time course, consisting of an early peak (1-1.5 h) and a late plateau phase
of hyperexcitability (>4-10 h). NS neurons (n=9) showed only minimal changes.
The inflammation-evoked hyperexcitability of CeA neurons may represent a
neurobiological basis of the emotional responses to persistent pain.
Supported in part by the John Sealy Memorial Endowment Fundfor Biomedical Research

61.5
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DORSAL AND VENTRAL HIPPOCAMPAL FIELD CAI
NOCICEPTIVE RESPONSES IN ANAESTHETIZED RAT.
F-D, Huang and S, Khanna*. Dept. of Physiology, National
University of Singapore, Singapore 119260.
We determined the dorsal and ventral hippocampal field CA 1
pyramidal cell responses to subcutaneous injection of formalin (5%,
0.05 ml) in the right hind paw. Subcutaneous formalin is an animal
model of clinical persistent pain due to tissue injury. Extracellular
recordings were performed in urethane (1 mg/kg, i.p.) anaesthetized
rats. Injection of formalin evoked in posterior regions of dorsal CAI
(a) a prolonged increase in the duration of field rhythmic sinusoidal (or
theta) activity, (b) a persistent depression of pyramidal cell synaptic
excitability, and (c) a sustained decrease in extracellular activity of the
majority of presumed pyramidal cells (26/41 or 63.4%) with a smaller
percentage excited (14/41 or 34%). In contrast formalin injection
evoked in ventral CAI (a) a prolonged but significantly lesser increase
in duration of theta, (b) a persistent increase in the synaptic excitability
of pyramidal cells, and (c) an increase or decrease in discharge of a
similar proportion of putative pyramidal cells (8/23 or 34.8% in each
case). Interestingly, the decrease in extracellular activity in the group
was biphasic while the excitation was sustained. Of the remaining
cells, 2 exhibited an early decrease followed by a sustained increase in
discharge while the remaining cells displayed a variable change in
activity. The above data are consistent to the notion that the dorsal and
ventral CAI are functionally distinct. The biphasic response of a
population of neurons in ventral CAI suggests that this region is linked
to the biphasic profile of animal responses to injection of formalin.
This work was supported by a grant from NMRC, Singapore, to SK.

MEDIAL SEPTAL CHOLINERGIC NEURONS MODULATE
DORSAL HIPPOCAMPAL HELD CAI NEURAL NOCICEPTIVE
RESPONSES IN RAT. F, Zheng* and S, Khanna. Dept. of
Physiology, National University of Singapore, Singapore 119260
In urethane-anaesthetized (1 mg/kg, i.p.) rats, we have investigated
the effect of selective destruction of cholinergic neurons in medial
septal-vertical limb of diagonal band of Broca (or medial septal) region
on dorsal hippocampal field CAI neural responses to an injection of
formalin (5%, 0.05ml, s.c., right hind paw). Medial septal cholinergic
neurons were destroyed via an intraseptal injection of an
immunotoxin, 192 IgG-saporin, dissolved in phosphate buffer saline.
As a control, a group of rats received an intraseptal injection of the
vehicle. Field CAI neural responses were recorded using extracellular
electrophysiological techniques. Hind paw injection of formalin in
control rats evoked (a) prolonged suppressions of CAI pyramidal cell
population spike and the dendritic field excitatory postsynaptic
potential, (b) a decrease in extracellular activity of a majority of CAI
pyramidal cells, (c) an excitation of most of CAI inhibitory
interneurons, and (d) a prolonged and robust increase in duration of
local theta. All these responses were attenuated in immuonotoxin
treated animals. Furthermore, both pyramidal cells and interneurons in
CAI exhibited a higher background activity in immunotoxin-treated
animals, as compared to control rats. These findings suggest that the
medial septal cholinergic neurons are involved in (1) maintenance of
tone of the hippocampal neural network, and (2) mediation of formalininduced suppression of CAI pyramidal cells, presumably via excitation
of local inhibitory interneurons. This work was supported by a grant
from NMRC, Singapore, to SK.

61.7

61.8

MONITORING ARGININE, GLUTAMATE AND ASPARTATE IN DIFFERENT
BRAIN AREAS DURING THE FORMALIN TEST. A MICRODIALYSIS
STUDY. E. Silva? L. Hernandez. Behavioral and Physiology Laboratory. Medical

THE LATERAL VENTROMEDIAL THALAMIC NUCLEUS AS A KEY LINK
OF THE RETICULO-THALAMO-CORTICAL NOCICEPTIVE SYSTEM IN RATS
C. DesboisandL. Villanueva* INSERM U-161,75014 Paris France.
Several lines of evidence suggest that the lateral ventromedial thalamic nucleus
(VM/) participate in nociceptive processing. VM/ receives strong projections from the
medullary Subnucleus Reticularis Dorsalis (SRD), a relay of noxious inputs from the
whole body. Moreover, we have recently shown that VM/ neurons respond to the
activation of peripheral fibers in the A5- and C-ranges, no matter which part of the
body was stimulated and encode the intensity of stimuli applied to the skin within
noxious ranges. These responses are strongly depressed following blockade of the
contralateral SRD. The aim of this study was to examine the organization of cortical
projections from the VM/.
Electrophoretic injections of the anterograde tracer Phaseolus vulgaris
leueoagglutinin or the anterograde/retrograde tracer tetramethylrhodamine were
performed in the VM/ and adjacent areas on anaesthetized male Sprague-Dawiey rats.
Following a post-operative survival time of one or two weeks, the animals were reanaesthetized and perfused. The brain and the spinal cord were removed and cut in serial
sections that were processed for immunohistochemistry.
Injections within the VM1 densely labelled efferents which terminated as a
compact band in layer I of the rostral-most aspect of the dorsolateral frontal cortex.
This projection included notably the secondary motor cortex and to a lesser degree, the
dorsolateral orbital cortex. Terminal labelling was also strong more caudally in layer I
of the primary motor and somatosensory cortices and diminished progressively
caudally. The same VM/ injections also retrogradely labelled medullary neurons which
were confined to the rostro-caudal extent of SRD.
Our findings suggest that VM/ neurons relay widespread nociceptive inputs from
the SRD to the entire layer I of the dorsolateral neocortex. This reticulo-thalamocortical network may allow any pain signal to gain access to widespread areas of the
neocortex and thus help prime the cortex for attentional or arousal reactions and/or the
co-ordination of motor responses.

School. Universidad de los Andes. Merida 5101. Venezuela.
Previous study have shown that glutamate and arginine increase during nociceptive
stimulation (formalin test) in the periacueductal gray matter (PAG). In the present
experiments arginine, glutamate and aspartate were monitored in areas connected to
PAG. These twain areas include limbic brain areas and thalamic nuclei as well. A
combination of capillary electrophoresis with laser induced fluorescence detection
(CZE-LIFD) and microdialysis in freely moving rats was used to measure
extracellular glutamate, aspartate and arginine in the lateral preoptic area,
ventromedial hypothalamus, lateral hypothalamus, basolateral ventromedial nucleus
of the amygdala, nucleus accumbens and ventrolateral nucleus of the thalamus
during the formalin test. Rats were implanted with microdialysis probes in the
zones. Samples were collected every 30 seconds (23 samples for each rat) and six
rats for each brain region and then derivatized with fluorescein isothyocianate and
injected in a CZE-LIFD instrument Meridialysis ®. After a subcutaneous injection
of formalin in the hind paw glutamate, aspartate and arginine were measured
Arginine, glutamate and aspartate increased in the lateral preoptic area (pO.OOl);
arginine and aspartate in the amygdala (pO.OOl); glutamate in the nucleus
accumbens (pO.OOl) and glutamate and arginine in the thalamus (pO.OOl). No
significant changes were observed in the lateral and ventromedial hypothalamus
These experiments suggest that rapid neurotransmitter changes in the sensory pain
pathway (thalamus) and limbic regions (amygdala and nucleus accumbens) mediate
pain perception and its emotional correlates. This research was supported by grant
CDCHT # M-566-96-03-B and CONICIT # 970038954)24).
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BEHAVIOURAL CONSEQUENCES OF LESIONS OF A THERMOSENSORY
SPINOTHALAMIC PATHWAY AND ITS THALAMIC TERMINATION SITES IN
THE CAT. U, Norrsell and A. D. (Bud) Craig. (SPON: European Brain and Behaviour
Society). Dept. of Physiology, Goteborg University, SE 40530 Goteborg, Sweden and
Div. of Neurosurgery, Barrow Neurological Inst., Phoenix, AZ 85013
A cat's ability to utilize its contralateral paws for discriminative thermosensory
behaviour can be severely reduced by a cervical spinal lesion if it is made in the middle
of the lateral funiculus. Ascending, crossed lamina I fibres severed by such lesions
constitute the only identified thermoreceptive-specific spinothalamic pathway. These
fibres terminate in three thalamic sites: the dorso-medial aspect of the ventral posterior
medial n. (dmVPM), the dorsal submedial n. (Smd), and the ventral aspect of the basal
ventral medial n. (vVMb). The thermosensory behavioural consequences of unilateral
lesions of these three termination sites, alone or in combination, have now been
investigated.
Seventeen cats were trained in a T-maze to use their paws to discriminate floor
panels held at ambient temperature (25 °C) or at 2° or 4°C below this. Lesions were made
at selected sites based on physiological recordings, and testing was resumed ^8 days
after surgery at the preoperative discriminatory level. Mild although definite
thermosensory deficits were observed, but only in five cats in which the lesions included
vVMb; these lesions may have interrupted a spino-thalamo-cortical pathway to insular
cortex homologous to one found in primates.
Severe deficits, however, like those produced by spinal lesions were not observed
even after large lesions including all three thalamic sites (and more). Therefore, the
possible role of other termination sites of specific lamina I thermosensory fibres was
investigated by making lateral spinal lesions in six cats three months after the thalamic
surgery. These lesions caused severe contralateral thermosensory impairments. Thus,
both thalamic and extra-thalamic (brainstem) terminations of contralateral lamina I
thermoreceptive-specific fibres appear to play a role in cats’ behavioural thermosensory
performance. - Supported by the Swedish Medical Research Council and the NIH.

CHANGES IN NEURONAL RECEPTIVE FIELD CHARACTERISTICS IN
THALAMUS FOLLOWING CHRONIC CONTUSION INJURY. C.H. Hubscher*
and R.D. Johnson. Departments of Physiological Sciences and Neuroscience,
University ot Florida, Gainesville, FL 32610.
Our previous single unit recordings in the thalamus of male rats (Hubscher &
Johnson, SNS Abstr., 1998) selected for a population of neurons responding to
bilateral electrical stimulation ot the dorsal nerve of the penis (bDNP). All of
these neurons also responded to pinching of both ears. In addition, they had
bilateral, mostly nociceptive-specific, convergent cutaneous inputs that were
either (a) similar to those we have seen previously in the medullary reticular
formation [MRF] (i.e., confined to the pelvic region, toes of the hindfeet/forefeet,
and face) or (b) from whole body. In the present study, neuronal responsiveness
was examined at stereotaxically equivalent thalamic sites in male rats (urethaneanesthetized) 30 days following T8 contusion injury, using stimulation of both
bDNP and ears as the search stimulus. A total of 146 neurons in 8 rats were
found, all of which responded to pinching of the ear. The majority (91 %) were
excitatory. None of the neurons responded to regions below the level of injury
(including bDNP and bPN - pelvic nerve). Out of this total number of ear
responsive neurons, 118 (81%) also responded to stimulation of the dorsolateral
trunk (32% low threshold [LT]). These values differ significantly (x2, p<0.01) from
intact controls (31%; 7% LT). The hypersensitive zone included a strip of skin
from dorsal midline laterally, 1 to 3 segments rostral to the level of the T8 lesion.
For those neuronal groups with “previously” whole body cutaneous fields, the
trunk rostral to the hypersensitive zone responded only to pinching. The majority
of the thalamic subregions containing neurons with novel LT trunk receptive
fields were located within the ventral group of nuclei (ventromedial, ventrolateral,
ventral anterior, ventroposterolateral, submedius). Thus, following severe chronic
spinal cord injury, neurons in many thalamic subregions undergo significant
changes in responsiveness (as previously seen in MRF). The observed plasticity
is likely part of the central reorganization producing the multitude of sensory
disturbances that surface following spinal cord injury. Supported by the
Paralyzed Veterans Of America and The Florida Brain & SCI Rehabilitation Fund.

61.11

61.12

ANTINOCICEPTIVE EFFECTS OF MORPHINE INJECTED INTO THE
NUCLEUS PARAFASCICULARIS THALAMI OF THE RAT. S. E. Harte* and
G. S. Borszcz. Dept. of Psychology, Wayne State University, Detroit, MI 48202.
Previous research examining the pain-modulating role of opiates in the medial
thalamus (MT) has been inconsistent. Microinjection of p-opiate agonists into the
MT failed to produce analgesia when measured by pain behaviors organized at the
spinal level (Yeung et al., 1977). However, analgesia has been reported when pain
behaviors organized at supraspinal levels were measured (Carr & Bak, 1988). We
have addressed this inconsistency by examining the antinociceptive action of
morphine microinjected into MT on pain behaviors organized at spinal, medullary,
and forebrain levels.
The present study assesses the antinociceptive influence of morphine
microinjected bilaterally into the nucleus parafascicularis thalami (nPf) of male
Long-Evans rats using the testing paradigm of Carroll & Lim (1960). In this assay,
pain behaviors organized at spinal (spinal motor reflexes = SMR), medullary
(vocalizations during shock = VDS), and forebrain (vocalization afterdischarges =
VAD) levels are elicited from the rat by tailshock. It was shown that the bilateral
micro injection of morphine (5pg/side, lOpg/side, and 20pg/side) generated dosedependent increases in vocalization thresholds (VDS and VAD), but failed to
elevate the SMR threshold. The VDS and VAD threshold increases were reversed
by the bilateral microinjection of 5pg/side of the p-opiate antagonist
methylnaloxonium into the nPf. The ability of nPf-administered morphine to
increase vocalization thresholds, but not effect the SMR threshold, indicates that the
MT selectively contributes to morphine-induced suppression of pain behaviors
organized at the supraspinal level. Therefore, earlier failure to detect analgesia after
the microinjection of morphine into the MT is the consequence of only measuring
pain behaviors organized at the spinal level, and not measuring pain behaviors
organized at supraspinal levels.
Supported by R01 NS27668 from NINDS

ONLY A SMALL PORTION OF THE CAUDAL MEDULLARY AND
SPINAL PROJECTIONS TO THE PAG ORIGINATE IN LAMINA I.
E.M, KIop , L.J, Mouton* and G. Holstege. Dept. Anatomy and
Embryology, Faculty of Medicine, University of Groningen, The
Netherlands.
The periaqueductal gray (PAG) is best known for its role in nociception
control. To accomplish this function the PAG receives many afferents
from the marginal layer of the caudal spinal trigeminal nucleus and from
lamina I throughout the length of the spinal cord. However, the PAG also
plays an important role in the control of emotional motor behavior,
including cardiovascular regulation, micturition, vocalization and mating
behavior. Also for these functions the PAG receives medullary and spinal
afferents, but mainly from other parts than lamina I. Keay et al., (JCN
385:207-229, 1997) in the rat estimated that about 80% of all spinal neurons
projecting to the caudal PAG are located in laminae III to X. A similar
study has not been done in the caudal medulla.
In the present retrograde tracing study in the cat, the numbers of PAG
projecting neurons in lamina I of the caudal trigeminal nucleus (marginal
layer) and of the spinal cord were compared with the total numbers of
spinal and caudal medullary neurons projecting to the PAG.
It appears that of all the caudal medullary neurons projecting to the
PAG, but excluding those located in the dorsal column nuclei and solitary
nucleus, less than 10% originates in lamina I. For the total spinal cord less
than 30% of the PAG projecting neurons are located in lamina I, although
this percentage differs greatly depending on the level of the cord.
Of all the PAG projections from spinal cord and medulla caudal to the
obex, only a limited portion originates in lamina I. These results indicate
that more attention should be paid to the organization and function of the
PAG projections originating from areas other than lamina I.

61.13

61.14

TRIGEMINO- AND PARATRIGEMINO-PARABRACHIAL NEURONS
EXHIBIT PREPRODYNORPHIN mRNA FOLLOWING PERSISTENT
TEMPOROMANDIBULAR JOINT INFLAMMATION. H, Imbe*, R. Dubner
and K, Ren. Dept of Oral and Craniofacial Biological Sciences, University of
Maryland Dental School, Baltimore, MD 21201.
We have previously shown that inflammation of the temporomandibular joint
(TMJ) produced an increase in preprodynorphin (PPD) mRNA expression in the
spinal trigeminal nucleus (VSP) and paratrigeminal nuclei (Pa5) of the rat. To
further understand the functional significance of these findings, we examined
whether the PPD mRNA positive neurons in the VSP and Pa5 projected to the
parabrachial nucleus (PB).
Seven days following bilateral injections of Fluoro-Gold (50 nl, 4 % solution),
a retrograde tracer, into the PB, complete Freund’s adjuvant (CFA, 0.05 ml, 1:1
oil/saline) was injected unilaterally into the TMJ to produce persistent
inflammation. Three days after CFA, the rats were perfused with 4 % '
paraformaldehyde and the brainstem tissues from 2 mm rostral to 6 mm caudal to
the obex were dissected. The brain sections were processed for in situ
hybridization histochemistry using an oligonucleotide probe against PPD mRNA
followed by Fluoro-Gold immunohistochemistry.
Numerous retrogradely labeled neurons were found in the VSP including upper
cervical dorsal horn, and Pa5. In inflamed rats, the number of double labeled
neurons per animal was significantly increased in the ipsilateral VSP (7.3±1.5,
n=3) when compared to the contralateral side (1.0±0.0) and saline-injected controls
(1.0+0.0, n=3) (p<0.05). They were concentrated in the cell column of the
mandibular division of VSP. In the ipsilateral Pa5, the number of double-labeled
neurons per animal was 2.7±0.3 (32.2+1.1% of PPD positive neurons). There
was no double-labeled neuron in contralateral Pa5. These results indicate that a
portion of PPD mRNA positive neurons in the VSP and Pa5 following TMJ
inflammation project to the PB. Thus, the selective upregulation of PPD mRNA
in a subpopulation of trigemino- and paratrigemino-parabrachial neurons after
TMJ inflammation in part involves ascending nociceptive pathways. Supported
by DEI 1964.

INTRACRANIAL
PAIN
INHIBITS
FEEDING
AND
ACTIVATES
PARABRACHIAL NEURONS CONTAINING CHOLECYSTOKININ AND
HYPOTHALAMIC NEURONS EXPRESSING LEPTIN RECEPTOR.
A. Malick*, M. Mousavi, M. Jakubowski and R. Burstein. Dept. of
Anesthesia, Beth Israel Deaconess Medical Center and Dept. of
Neurobiology, Harvard Medical School, Boston, MA 02115.
Migraine attacks are invariably associated with gastrointestinal symptoms
and alterations in appetite such as nausea, vomiting, and most notably,
anorexia. The aims of the present study are to (1) determine whether the
induction of intracranial pain in the rat can cause alterations in feeding
behavior similar to the anorexia experienced by patients during migraine
attacks, and (2) identify brain areas involved in producing these changes.
A combination of behavioral (feeding), immunocytochemical (Fos protein),
and in situ hybridization (CCK peptide, and CCK and leptin receptors)
techniques were used to (1) establish an animal model of migraine-induced
anorexia and (2) identify possible brain regions and neuropeptides involved
in relaying nociceptive trigeminovascular information to areas that regulate
appetite suppression.
In conscious rats, noxious stimulation of the meninges and
trigeminovasculature caused (1) reduction in food intake and (2) neuronal
activation within: (a) ventrolateral ophthalmic neurons of trigeminal nucleus
caudalis, (b) CCK peptide containing neurons within the lateral parabrachial
nucleus, and (c) ventromedial hypothalamic nucleus neurons expressing
leptin and/or CCK receptors.
The suppression of feeding behavior by intracranial pain is mediated by
activation of parabrachial neurons that contain the anorectic peptide CCK,
and ventromedial hypothalamic neurons that exhibit receptors for CCK
and/or the satiety hormone leptin.
Supported by NIH grants DE-10904 and NS-35611-01.
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A PARAMETRIC ANALYSIS OF GASTRIC DISTENSION RESPONSES IN
THE PARABRACHIAL NUCLEUS J.P. Baird, S. Travers & J.B. Travers*
Oral Biology, Ohio State University, Columbus, OH, 43210.
The parabrachial nucleus is a heterogeneous site that processes both taste and
visceral functions. Recent evidence suggests that apparent redundancies in the
subnuclear representation of taste may reflect functional specialization. We
therefore evaluated the distribution of gastric distension responses, attending to
a number of parameters including latency, threshold, and response duration. With
acute extracellular techniques, we recorded cells responsive to gastric balloon
distension using precisely controlled infusions at volumes ranging from 3 to 18 ml.
Each test consisted of 10 sec inflation, 10 sec ‘hold’, and 10 sec deflation. A secby-sec analysis of 38 cells revealed 9 inhibitory, 26 excitatory, and 3 complex
(inhibitory and excitatory) cells. The response duration distribution showed three
subpopulations, independent of response type. "Brief responses were <12 sec
with onset usually during the "hold" period. "Tonic" responses lasted 2/3 ofthe
stimulus period (20 sec), had the lowest thresholds (3-6 ml) and shortest
latencies, with offsets during deflation. "Prolonged" responses began during
stimulation but continued >10 sec after total deflation. To our knowledge, a
prolonged effect has not been reported in primary gastric afferents and may reflect
central processing. Interestingly, the most salient effect of increasing gastric
volume was a commensurate increase in response duration, regardless of
response type; there was no effect on response magnitude per se. Responses
were also distinguished by their subnuclear location; more excitatory responses
were centered in the lateral waist area whereas more inhibitory & complex cells
were in the external region (x2=6.64, p<0.04). Brief & tonic responses were evenly
distributed, but most prolonged responses (8/11) were in the waist area. The
subnuclear variation of gastric responses seen here parallels that seen for other
sensory functions.
F32-DC00382-01, DC000417, DC000416

MORPHO-FUNCTIONAL CHARACTERIZATION OF NOCICEPTIVE
NEURONS IN THE PARABRACHIAL AREA: AN IN VIVO STUDY USING
JUXTACELLULAR INJECTION OF BIOCYTIN.
L. Bourgeais L., Monconduit L. Villanueva and J.F. Bernard* INSERM U161, 75014 Paris France.
Our previous studies demonstrated the existence of a nociceptive spinoparabrachial pathway arising from the spinal laminae I/IIo. In the
parabrachial area, most of the spinal projections were concentrated in a
restricted area, whereas the nociceptive neurons appeared to be more largely
distributed in the lateral and external parabrachial regions. Thus nociceptive
neurons were not necessarily located within the area containing terminals
from spinal origin. The aim of the present study was to evaluate the link
between parabrachial nociceptive neurons and their spinal afferents.
The parabrachial neurons identified, or not, as projecting to the amygdala
or the hypothalamus, were recorded with micropipette filled with biocytin
(1.5%, in 4% saline solution). The rats were anaesthetized with halothane
(0.5%) in nitrous oxide and oxygen mixture (2/3-1/3). The extracellular units
were characterized by their responses to cutaneous innocuous and noxious
stimuli. At the end of the recording stage, pulses of juxtacellular current (1 10 nA, 400ms, 1,2 Hz) were injected through the tip of the micropipette
during 15 to 60 mins. The animals were perfused 30 to 120 mins latter.
Serial sections were reacted with histochemistry permitting the
demonstration of neuron filled with biocytin.
Preliminary results showed that the parabrachial neurons have rather small
somas (« 20 - 30 pm) and especially long dendrites with only few
ramifications. One neuron, excited strongly by noxious stimuli was located
within the area of spinal afferents. Two others, excited moderately by
noxious stimuli, had their soma out of the spinal projection area while
several of their dendrites joined clearly the latter area.
These first results suggest that the nociceptive messages can influence
numerous parabrachial neurons through an extensive dendritic arborescence.

61.17

61.18

CORRELATED ACTIVITY IN GRACILE NUCLEUS IS REDUCED DURING
PERSISTENT PAIN. H.P, Schwark* and O, B, Ilvinskv. Dept. Biological
Sciences, University of North Texas, Denton, TX 76203.
Persistent pain may lead to physiological changes in the lemniscal
somatosensory pathway through direct damage to large myelinated primary
afferents or through sensitization of neurons that give rise to the postsynaptic
dorsal column pathway. To investigate the nature of these changes, we have
recorded from neurons in the gracile nucleus of rats with persistent pain.
Two models of persistent pain were used: CFA (3-4 and 6-8 d postinjection of complete Freund’s adjuvant into one hindpaw); and CCI (14 d
following loose ligation ofthe sciatic nerve). Pairs of neurons were recorded
in urethane-anesthetized rats. Correlated firing between pairs was classified
as monosynaptic, polysynaptic, or shared input.
Patterns of correlated firing during persistent pain differed significantly
from those in control rats (table). In both models of persistent pain there was
an overall decline in correlated firing, in CCI rats there was also an increase
in polysynaptic interactions, an interaction not observed in control rats. The
strength of correlations also declined during persistent pain: on average,
controls had higher monosynaptic peaks (19 vs. 6 z scores above baseline)
and wider shared input peaks (half-height width 14 vs. 7 ms). Baseline firing
rates of neurons in CCI rats were
monopolvshared
no coit
37%
0%
63%
26%
control
lower than in controls. There was
24%
62%
CFA
5%
10%
little effect in responses to brush,
8%
25%
33%
CCI
42%
pressure, and pinch stimuli.
These results suggest that persistent pain can affect lemniscal pathways
as evidenced by changes in interactions between gracile nucleus neurons,
and that the nature of these changes depends upon the type of pain model.
Supported by NSF IBN 9221956

RESPONSES OF/ NEURONS IN THE DORSAL COLUMN NUCLEI OF THE RAT
TO PANCREATIC NOCICEPTIVE STIMULATION C.-C. Wang*and K.N. Westlund.
Department of Anatomy and Neurosciences, University of Texas Medical Branch,
Galveston, TX 77555-1069.
Our previous study in rats has suggested that the dorsal column pathway plays an
important role in transmission of pancreatic nociceptive information since the responses
of neurons in the ventral posterolateral nucleus of thalamus can be completely
abolished by a limited dorsal column lesion. The aim of the present study was to
characterize the responses of neurons in the dorsal column nuclei (DCN) to topical
pancreatic application of bradykinin (BK). Extracellular recordings were made in the
DCN of 16 male Sprague-Dawiey rats under deep anesthesia (Nembutal; 22 mg/kg/hr,
iv). Responses of neurons in the DCN to both somatic stimulation and application of
BK (10'5M) onto the pancreas were characterized. It was found that 11 of 99 (11%)
DCN cells isolated by evoked cutaneous activity were excited by pancreatic stimulation
with BK, 7 (7%) were inhibited cells, and 81 (82%) did not respond. All of the cells
excited had peripheral cutaneous receptive fields localized primarily in and around the
lower thorax. These cells often responded vigorously to innocuous stimulation (brush)
of the skin. The cells examined excited by BK were mainly localized on the
ventrolateral and lateral parts of the gracile nucleus. Application of BK resulted in a
mean percentage increase of 300% in the firing rate during the first 40 seconds post
application when compared with the baseline-firing rate. This change was significant
(paired t-test, p < 0.05). The results of the present study support our previous studies
suggesting that pancreatic nociceptive information is transmitted from the spinal cord
through the post-synaptic dorsal column pathway to the DCN. Presumably, this input is
in turn sent to the ventrobasal complex of the thalamus since cells there have been
shown to be responsive to BK application to the surface of the pancreas in our previous
study (Supported by NIH grant NS 11255 and NS32778).

61.19

ELECTROPHYSIOLOGICAL EVIDENCE FOR REFERRED
PAIN IN COLORECTAL DISTENTION IN RAT
H.Q. Zhang', E.D. Al-Chaer2, W.D. Willis3 & P.S. Chen3*
‘School of Physiology and Pharmacology, University of New South Wales,
Sydney 2052, Australia; 2Dept of Internal Medicine and ’Dept. of Anatomy &
Neurosciences, University of Texas Medical Branch, Galveston, TX 77555-1069
Several recent studies demonstrated viscerosomatosensory convergence

in the dorsal column-medial lemniscus system. The current study focused
on interactions between visceral nociceptive and skin vibrotactile inputs at

the thalamic level.
anesthetized rats.

Extracellular recordings were carried out in

When the thalamic response to controlled tactile

vibration was preceded by or superimposed on colorectal distention (CRD),
the response was enhanced (unfilled bars in Figure). This was in contrast to
the response to CRD conditioned
by vibrotactile inputs in which

neuron discharge was often

□ with PRn
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reduced when preceded by skin

vibration. The results provide
referred pain produced by CRD.
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CORRELATION OF BIOPHYSICAL AND FUNCTIONAL PROPERTIES OF
DORSAL HORN NEURONS IN RATS USING IN VIVO WHOLE CELL PATCH
CLAMP. P. M. Dougherty and H.-R. Weng*. Department of Neurosurgery, The
Johns Hopkins University School of Medicine, 600 N. Wolfe St., Baltimore, MD
21287.
Processing of primary afferent input in the dorsal hom depends on the biophysical
properties of dorsal hom cells. The goal of this study was to determine using in vivo
whole cell patch clamp whether biophysical properties of dorsal horn cells correlate to
functional profile determined by responses to peripheral cutaneous stimuli.
Experiments were conducted in adult Wistar rats anesthetized with pentobarbital (55
mg/kg). ECG, blood pressure, CO2 and core temperature were monitored and
maintained in normal range. A laminectomy exposed the spinal cord at lower lumbar
and upper sacral segments (L6-S1). Neurons in the dorsal hom were recorded using
blind whole-cell patch clamp techniques. Following establishment of a Giga-Ohm or
tighter membrane seal, intracellular recording was initiated by rupture of the
membrane by pressure transients. Measurements of biophysical properties (membrane
potential, resistance, etc) and two minutes of spontaneous action potentials were
collected. Neurons were then classified according to their responses to a camel hair
brush, graded pinch (6 N/lmm2).
Low threshold (N=9), nociceptive specific (N=7) and WDR neurons (N-7) have
been sampled. Four types of action potential waveforms were noted that appear to
correspond to the fast and slow after-hyperpolarizing and after-depolarizing types
described by others. Similarly, four types of spike-burst responses to injection of
depolarizing current steps were also noted. These also appeared to correspond to those
described by others from in vitro preparations. Spike waveform and current-evoked
spike-burst responses have not shown a clear correlation to cells of a specific
functional profile. However, we have noted that NS neurons show a significantly
lower mean resting potential and membrane resistance than WDR or LT neurons.
These early results suggest that differences in biophysical properties determine
functional profile in dorsal horn neurons. Sponsored by NS32386.

IN VIVO WHOLE-CELL ANALYSIS OF IPSC EVOKED BY MECHANICAL
STIMULATION IN RAT SPINAL DORSAL HORN. K. Narikawa1. H. Furue1.
E. Kumamoto1, S. Masuko2* and M. Yoshimura1. ‘Dept. Physiol., 2Dept. Anat.,
Saga Med. Sch., Saga 849-8501, Japan.
We have developed an in vivo patch recording technique to clarify
mechanisms of nociceptive and non-nociceptive transmission in rat
substantia gelatinosa (SG) of the spinal dorsal hom elicited by noxious or
non-noxious stimuli applied to the hind limb. Male Sprague-Dawiey rats (710 week old) were anesthetized with urethane and artificially ventilated
through a tracheostoma. The lumbar spinal cord at the level of L4 or L5 was
exposed and a rat was fixed on a stereotaxic apparatus. After the dura and
arachnoid membrane were opened with scissors, patch clamp recordings
were made from SG neurons, which were identified by injection of biocytin
through the recording electrodes. All SG neurons tested exhibited
spontaneous EPSCs and lPSCs al holding potentials of -70mV and more
positive than -60mV, respectively. Pinch and touch stimuli applied to the
hind limb increased both of EPSCs and IPSCs in frequency and amplitude.
The touch stimuli, however, increased the frequency and amplitude of IPSCs
more than those evoked by the pinch stimuli. At the holding potential of 0
mV, the increase of IPSCs by pinch was seen only at on and off time of
pinch, while the increased IPSC was maintained during the touch stimulation.
These results suggest that the inhibitory interneurons play an important role
in the processing of nociceptive and non-nociceptive transmission in the
spinal dorsal hom.
Supported by HFSP to Yoshimura.

62.3

62.4

IN VIVO PATCH-CLAMP ANALYSIS OF NOCICEPTIVE TRANSMISSION IN
DORSAL HORN NEURONS EVOKED BY CUTANEOUS STIMULATION.
H. Furue*, K. Narikawa, E. Kumamoto and M. Yoshimura. Dept. of Physiology,
Saga Medical School, Saga 849-8501, Japan.
In vivo patch-clamp recordings were made from dorsal horn neurons in the
adult rats spinal cord and synaptic responses evoked by noxious or non-noxious
stimuli applied to the skin were analyzed under current- or voltage-clamp
conditions. Rats were deeply anesthetized with urethane. Under an artificial
ventilation, lumbar spinal cord was exposed and then animals were placed on a
stereotaxic apparatus. Patch-clamp recordings were obtained from neurons located
in SG or deeper laminae. SG neurons had a resting membrane potential of -62.9 ±
2.2 mV (mean ± S.E., n = 15) and input resistance of 569 ± 49 MQ (n = 14).
Under a voltage-clamp condition at -70 mV, all SG neurons examined exhibited
spontaneous fast EPSCs (duration: ~20 ms). Pinch and air stimuli applied to the
hind limb increased the fast EPSCs in frequency and amplitude, some of which
initiated an action potential under a current clamp condition. The increased EPSCs
returned to control level just after cessation of the stimuli without any after
discharge and slow current. All neurons located at 30-150 pm from the surface of
the spinal cord did not respond to noxious heat stimuli. Application of 20 ^M
CNQX substantially blocked the responses. No slow response was observed in SG
following the blockade of fast EPSCs by CNQX. These results suggest that SG
neurons receive nociceptive and non-nociceptive mechanical, but not noxious
thermal inputs; these information may be transmitted by A6 and C afferent fibers

ALTERATION IN PRIMARY AFFERENT INPUTS TO RAT SUBSTANTIA
GELATINOSA NEURONS DURING POSTNATAL DEVELOPMENT. M_.
Yoshimura1, T. Nakatsuka2, T. Ataka1, E. Kumamoto1 and T. Nishimura3’. ’Dept. of
Physiology, Saga Med. Sch.. Saga 849-8501; 2Dept. of Orthopedic Surgery,
Wakayama Med. Sch., Wakayama 640-8516; ’Dept. of Physiology, Tokai Univ. Sch.
Med., Isehara 259-1193, Japan.
A plastic change in central termination of C- and A-primary afferents during
postnatal development was examined in substantia gelatinosa (SG) neurons of rat spinal
cord slices with an attached L5 dorsal root by use of the blind whole-cell patch-clamp
technique. The synaptic responses were compared between slices obtained from
immature (21-23 postnatal days) and mature (56-60) male rats. The afferent inputs were
monitored by recording glutamatergic EPSCs and EPSPs evoked by stimulating C- and
A-afferents, the identification of which was based on the values of threshold stimulus
intensity and conduction velocity of the afferent fiber, determined by intracellular
recordings from dorsal root ganglion neurons. Mature SG neurons received predominant
inputs from C- (84 %) as well as AS-afferents (86 %), and a few inputs (9 %) from
A|3-afferents. In immature SG neurons, however, C- and A6-afferent inputs decreasedin
number (to 36 and 46 %, respectively), while Aj3-afferent inputs were prevalent (51 %).
In both mature and immature rats, a repetitive stimulation of C-afferents did not elicit a
slow response, although C-fibers are known to contain not only excitatory amino-acids
(EAAs) but also neuropeptides such as substance P. These results indicate that both Cand AS-afferents innervating SG neurons are reorganized following maturation,
accompanied by a withdrawal of Ap-fibers from the SG, probably due to a competitive
interaction between primary afferent fibers during development. In spite of the increase
in C-fiber inputs with development, SG neurons in adult as well as immature rats did not
exhibit a slow synaptic response mediated by neurotransmitters other than EAAs.

through an activation of AMPA receptors.

62.5
CORRELATIONS OF MORPHOLOGICAL AND PHYSIOLOGICAL FEATURES
FOR NEURONS IN THE SUPERFICIAL SPINAL DORSAL HORN.
Timothy J. Grudt' and Edward R. Perl. Department of Cell and Molecular Physiology,
University of North Carolina-CH, Chapel Hill, NC 27599-7545.
The superficial dorsal hom (SDH) of the spinal cord (laminae I, IIO, II,) is a major
termination site for primary afferent fibers specifically excited by noxious or thermal
peripheral stimuli The SDH contains many intemeurons, suggesting existence of
neuronal circuitry for modulating these incoming signals. To gain insight into the
possible circuitry, we have collected morphological, electrophysiological, and
pharmacological observations on individual neurons in a search for relationships
among their characteristics.
Whole-cell, tight-seal recordings have been made from 160 neurons in slices of
hamster lumbar spinal cord. The pipette solution contained biocytin to permit
visualization of the neurons. Functional properties examined included input
resistance, resting membrane potential, presence of the hyperpolarization-activated
cationic current (IH) and the transient potassium current IA, the action potential firing
pattern elicited by a depolarizing step (in current clamp), synaptic currents evoked by
dorsal root stimulation, the frequencies of spontaneously occurring excitatory and
inhibitory synaptic currents and responses to putative synaptic mediators.
Morphological characteristics considered include location of the soma, the location
and orientation of the dendritic and axonal arbors and the density of dendritic spines.
The functional and structural properties varied considerably. No one functional
property (e.g. type of firing pattern) defined neurons morphologically; some
structurally similar neurons were veiy different electrophysiologically. However,
certain groups of neurons shared constellations of morphological and functional
features: e.g., islet cells, stellate neurons, stalk cell-like neurons, II, neurons with 1^ II,
cells with a large Ih , neurons receiving multiple monosynaptic inputs from primary
afferent fibers. In all, there appear to be at least ten distinct classes of neurons in the
SDH. Supported by grant NS-10321 from the NINDS of the NIH.
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LAMINA I SPINOTHALAMIC NEURONS DISPLAY TEMPORAL
SUMMATION TO REPEATED BRIEF CONTACT HEAT
STIMULI. A.D. (Bud) Craig* and David Andrew. Div. Neurosurgery,
Barrow Neurological Institute, Phoenix, Arizona 85013.
Pain evoked by brief contact noxious heat stimuli is augmented
sequentially, dependent on repetition rate and stimulus intensity (Vierck
et al., J.Neurophysiol. 78:992, 1997). We have tested the hypothesis that
lamina ISTT cells manifest such temporal summation.
Single lumbosacral lamina I STT cells with receptive fields on the
glabrous foot were antidromically identified from the contralateral
thalamus in anesthetized cats. They were characterized with natural
stimuli as NS (nociceptive-specific), HPC (polymodal nociceptive), or
COLD (thermoreceptive-specific) cells. Repeated brief contact heat
stimuli were applied with a 4 cm2 Peltier element preheated to 45-58 °C
with a constant contact time (0.7 sec) using intervals of 5, 3 or 2 sec.
Both NS and HPC lamina I STT neurons display augmenting responses
to repeated stimuli at 3 sec and especially at 2 sec intervals to noxious
heat stimuli that produce weak or no responses at 5 sec intervals. The
responses are proportional to thermode temperature, and they greatly
exceed measured increases in skin temperature.
These responses correspond with the central summation of pain to
repeated heat stimuli described in humans (Vierck et al., 1997; Price et
al., 1977). Thus, mechanisms within the superficial dorsal hom may play
an integral role in the temporal "windup" of second pain.
Supported by NIH grant NS 25616 and the Barrow Neurological
Foundation.
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HISTAMINE-SELECTIVE LAMINA I SPINOTHALAMIC
TRACT NEURONS. D. Andrew* & A.D. Craig. Atkinson Pain

Research Lab., Div. of Neurosurgery, Barrow Neurological Institute,
Phoenix, AZ 85013.
The recent description of specific cutaneous C-fibers for itch in
humans (Schmelz et al., J. Neurosci. 15:8003, 1997) raises the
possibility of a dedicated central pathway. Interruption of the lateral
spinothalamic tract in humans can abolish itch along with pain and
temperature sensation, consistent with the proposed enteroreceptive
role of this pathway.
Thus, experiments were performed in pentobarbital-anesthetized cats
to investigate whether histamine-selective lamina I spinothalamic tract
(STT) neurons could be identified. Single, antidromically characterized
lumbosacral lamina I STT neurons with distal hindlimb receptive fields
were classified as COLD fthermoreceptive-specific), NS (nociceptivespecific) or HPC (polymoaal nociceptive), based on their responses to
natural thermal ana mechanical stimuli. Eight of 87 lamina I STT cells
were unresponsive to cutaneous and deep stimuli and were initially
silent; these were tested with iontophoretically applied histamine (1%
in 2.5% gel, +lmA for 30s; hairy skin).
Five of these cells responded after 1-3 min with a sustained discharge
lasting up to 20 min, equivalent to the pattern of histamine-selective Cfibers and the accompanying itch sensations in humans. Iontophoresis
of vehicle alone was ineffective. The conduction velocities of their
central axons (1.2 - 3.0 m/s, p=1.8) were significantly slower than NS,
COLD or HPC cells (indicating that they were likely unmyelinated),
and their thalamic projections also differed from other lamina I STT
cells. Two of these cells also responded weakly to noxious heat.
These data are the first to demonstrate a specific chemosensitive
central neural pathway that could subserve itch sensation.

POTENTIAL “ITCH” NEURONS IN SUPERFICIAL DORSAL HORN
IDENTIFIED BY INTRACUTANEOUS (IC) HISTAMINE SEARCH STIMULUS:
MODULATION BY NOXIOUS HEAT, ALGESIC CHEMICALS AND
INTRATHECAL (IT) MORPHINE. S.L. Jinks & E. Carstens*. Neurobiology,
Physiology & Behavior, Univ. of California, Davis CA 95616.
Itch manifests itself during pathological pruritis and as a side effect of analgesic
opiates such as morphine, yet little is known about the underlying neural pathways
which transmit itch. To address the possible existence of “itch-specific” neurons, we
recorded single-unit activity in the lumbar spinal cord of pentobarbital-anesthetized
rats. Recordings were restricted to superficial dorsal hom, and only units exhibiting
spontaneous firing 0-3 min following ic microinjection of histamine (3%, 1 pl) in the
hindpaw were selected. All units identified by this strategy (9 nociceptive-specific,
23 wide-dynamic-range) responded to a second injection of ic histamine into skin
that had not received any other prior stimuli, often for prolonged (3-8 min) periods.
Most neurons were also excited by ic nicotine (22/25), capsaicin (21/22), topical
mustard oil (5/6), and noxious heat (25/29). Heat applied during the histamine
discharge evoked an added response in all but 2 cases, followed by transient
depression of firing in 10/19 units. Histamine-evoked responses were facilitated
(>30%) by low doses of IT morphine (0.1-lpM) in 8 units and depressed in 11, with
no effect in 3. Naloxone appeared to reverse morphine-induced effects in some but
not all cases tested (facilitation: 3; depression: 6). Higher morphine doses (10-100
pM) had largely depressant effects. Most (15/22) unit responses to noxious heat
were facilitated at low doses and depressed at higher doses of morphine, while 7
were depressed at low morphine doses, frequently in a naloxone-reversible manner.
The results suggest that superficial dorsal hom neurons may play a role in itch
processing, although nearly all were additionally exited by algesic stimuli.
Facilitation of histamine-evoked responses by low doses of morphine may underlie
the development of pruritis that is often observed with epidural opiates.
Support: Calif. Tobacco Disease-Related Research 6RT-0231 and NIH NS-35778.

62.9

62.10

MEMBRANE PROPERTIES OF IDENTIFIED LAMINA I NEURONS IN THE
ADULT RAT SPINAL CORD DORSAL HORN.
S. A. Prescott* and Y, De Koninck
Dept. of Pharmacology & Therapeutics, McGill Univ., Montreal, Quebec, H3G 1Y6
Previous electrophysiological studies of the superficial dorsal hom identified three
categories of neurons on the basis of spiking pattern and action potential morphology
(Thomson et al., Eur. J. Neurosci. 1: 479, 1989). Subsequent studies have related
these properties to cutaneous afferent input (Lopez-Garcia and King, Eur. J. Neurosci.
6: 998, 1994) and transmitter phenotype (Jo et al., J. Neurophysiol. 79: 1583, 1998).
An important question is whether these different classes of neurons are differentially
distributed with respect to the laminae or if all types are present in each lamina. We
have used a parasagittal slice preparation from adult rat spinal cord and gradient contrast videomicroscopy to record from visually identified lamina I neurons, some of
which constitute major nociceptive output pathways to supraspinal structures.
Using whole cell patch clamp recordings, we found that lamina I cells exhibit the
same range of properties reported in cells drawn from other regions of the spinal cord.
We report our results based on the categorization by Jo et al. (1998). Type 1 neurons
maintained regular firing throughout the duration of depolarizing pulses (900 ms duration) during both weak and strong depolarization. Type 2 neurons showed marked
accommodation (i.e. reduced spike frequency and amplitude over time). Type 3 neurons fired only a single action potential in response to suprathreshold depolarization.
Type 4 neurons were defined by their inward rectification, and they further showed
tonic firing with weak depolarization but rapid accommodation with stronger stimulation. Post-inhibitory rebound was observed in some neurons. Moreover, preliminary
evidence suggests that action potential morphology correlates with spiking pattern.
These results illustrate the heterogeneity of neurons in lamina I of the spinal cord
dorsal hom. They also raise the possibility that categorization of lamina I cells based
on membrane properties may correlate with morphological characteristics, functional
properties, and receptor expression described in this spinal cord region (Han et al.,
Nature Neurosci. 1: 218, 1998; Yu et al., J. Neurosci. 19: 3534, 1999). Furthermore,
relating the membrane properties of these neurons to their synaptic input will be important to understand the integration of nociceptive signals and relay of information to
supraspinal structures.
(Supported by NINDS)

QUANTITATIVE ANALYSIS OF SPINOTHALAMIC LAMINA I NEURONS
IN THE RAT SPINAL CORD BY CONFOCAL MICROSCOPY AND 3D RECONSTRUCTIONS. X H. Yu*1, A. Ribeiro-da-Silva1,2 and Y. De Koninck1. 'Depts.
Pharmacol. & Ther. and 2Anat. & Cell Biol., McGill Univ., Montreal, Que., H3G 1Y6.
Three distinct morphological types of spinothalamic tract (STT) lamina I (LI) neurons were recently identified in the cat and monkey spinal dorsal hom (Zhang, et al,
J.Comp.Neurol. 367:537,1996; Zhang & Craig, J.Neurosci., 17:3274, 1997). Because
these morphological types appear to differ in functional properties (Han ZS, et al., Nature Neurosci. 1:218, 1998) and receptor expression (Yu et al, J.Neurosci., 19:3545,
1999), we wanted to examine their distribution in the rat and how their identification
related to earlier classification schemes (Lima & Coimbra, J.Comp.Neurol., 244:53,
1986). Lamina I STT cells were retrogradely labeled with cholera toxin subunit b.
Three morphological types of neuron were recognized on the basis of their cell
body shape and characteristics of proximal dendrites in the horizontal plane: fusiform
(F), pyramidal (P) and multipolar (M). The relative distribution of these types was:
43% F, 26% P, 25% M, similar to that observed in cat and monkey. To further characterize the morphology of these neurons, 3D reconstructions from serial confocal images were used to view each cell in all three major planes: horizontal, parasagittal and
transverse. Most LI STT neurons appeared fusiform in the parasagittal plane even
though they belonged to different types based on their appearance in the horizontal
plane, except in the most lateral portion of the dorsal hom, where LI curves ventrally.
None of the LI STT neurons had dendrites extending in lamina II, indicating that the
multipolar type corresponds to the flattened cells described by Lima & Coimbra. The
proportion of STT neurons within LI was also estimated using the optical dissector
method from confocal sections. Neurons belonging to LI were identified using an antibody against the neuron-specific nuclear protein NeuN. We found that more than a
third of LI neurons projected to the thalamus.
Our results indicate that a large proportion of LI neurons belong to the STT. 3D reconstructions from confocal images is a valuable tool for complete identification of LI
neurons. However, LI STT neurons can be best distinguished in the horizontal plane
because none of them belong to subtypes with ventrally directed dendrites. The medial
2/3rd portion of LI should be used preferentially for quantification because of the difficulty to identify these cells in the horizontal plane in lateral LI that curves ventrally.
(Supported by NINDS, the Canadian MRC and Quebec FCAR)

62.11

62.12

WDR NEURONS ARE RESPONSIBLE FOR HYPEREXCITABILITY AFTER
SKIN INCISION-INDUCED TISSUE INJURY. M. Kawamata *, S.G. Shimada and
J.G. Collins. Dept. of Anesthesiology, Yale Univ. Sch. Med., New Haven, CT
06510.
Little has been known about the mechanisms of postoperative pain.
Previous reports have suggested that high-threshold (HT) neurons of the spinal dorsal
hom begin to respond to non-noxious stimuli after tissue injury induced by chemical
irritants. Sensitization of these, as well as wide-dynamic-range (WDR) neurons,
have been believed to contribute to tissue-injury induced hyperalgesia/allodynia.
However, because specific injuries cause unique patterns of hyperalgesia/ allodynia,
we examined the responses to low- and high- intensity stimuli in spinal neurons after
surgical incision which mimics postoperative pain in humans. After approval of the
institutional Animal Care and Use Committee, single neuronal activity of the spinal
dorsal hom was recorded in decerebrate, spinally transected Sprague-Dawley rats
that have receptive fields (RFs) in the hindquarter of the hairy skin. One-cm-long
incision, including the skin, fascia and muscle, was made in the center of the RF.
The RF sizes determined by low- and high-intensity stimuli, and the responses to
non-noxious (brush) and noxious (pinch) stimuli were recorded before and 2 hr after
the incision. In some HT neurons (n=3), a GABA receptor antagonist bicuculline (15
pg/50 pi) was then administered on the surface of the spinal cord. The RF sizes and
responses to non-noxious and noxious stimuli significantly increased in WDR
neurons (n=20) after the incision. The neuronal activity (RF sizes and the firing rates
to stimulation) did not significantly increased in LT (n=8) nor HT neurons (n=l 0).
However, all of the HT neurons tested (n=3) began to respond to brush stimulation
after bicuculline administration. These results suggest that WDR neurons are
responsible for hyperexcitability in the spinal dorsal hom after surgical incision, and
that HT would not respond to low-intensity stimuli in this tissue injury. This study
was supported by NIH GM 44954.

A CONDUCTANCE-BASED MODEL OF DORSAL HORN WIDE DYNAMIC
RANGE (WDR) NEURON. E, Barbe. G, Le Masson* and F, Nagy. INSERM
E.9914, Inst. F. Magendie, Univ. Bordeaux 2, 33077 Bordeaux Cedex, France.
About 28 % of deep dorsal hom neurons of the rat spinal cord, including WDR
relay neurons, generate voltage-dependent plateau potentials underlying prolonged
afterdischarges in response to brief excitations (Morisset and Nagy, Eur. J.
Neurosci., 10: 3642-3652, 1998). Intracellular recordings on a slice preparation have
shown that these regenerative properties rely on successive activation of a L-type
calcium current and a calcium-activated non specific cationic current (CAN), but
quantitative analysis of these currents and of their relative importance were not
available.
We addressed that question by constructing a five conductance, single
compartment model of a WDR neuron. The five currents involved were: a fast
sodium and a delayed rectifier potassium current for the spike generation; a L-type
calcium current, a calcium-activated potassium current and a CAN current.
Qualitative properties of these currents were experimentally determined, but specific
values such as maximal conductance and voltage-dependency were extracted from
intracellular recordings using a parameter search algorithm. This algorithm is able to
extract from voltage traces a direct estimation of biophysical parameters that are not
available in the literature. The model reproduced regenerative properties of real
WDR neurons such as plateau potentials and after-discharges. It also reproduced the
progressive increase of spiking discharge in response to repetitive low frequency
stimulation (0.5 to 1 Hz), known as windup. This phenomenon shares
characteristics with central sensitization to pain. It relies in part on plateau properties
of dorsal hom neurons (Morisset et al., Neurosci. Abstr. 25, 1999). By systematic
exploration of the model’s parameter space (voltage dependency, maximal
conductance and kinetics of conductance) we determined the main characteristics and
the relative weight of IcaL, Ican , and IKCa in the expression of plateau potentials
and windup.
(Supported by grants from the D.R.E.T. (95-148), the Conseil Regional
d’Aquitaine (950301216), and the Institut UPSA de la Douleur).

Supported by the NIH (NS25616) and Barrow Neurological Foundation.
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IONIC BASIS OF PLATEAU POTENTIALS IN DEEP DORSAL HORN
NEURONS OF THE RAT SPINAL CORD. D.L. Voisin. V. Morisset and F,
Nagy*. INSERM E.9914, Inst. F. Magendie, Univ. Bordeaux 2, Bordeaux, France.
Deep dorsal horn neurons (dDHNs) present plateau potentials involved in nonlinear integration of nociceptive inputs, and windup of the response to repetitive Cfiber activation, leading to the expression of long-lasting afterdischarges (Morisset
and Nagy, Eur. J. Neurosci., 1998, 10: 3642-3652). In the present study, we have
analyzed the ionic mechanisms involved in the generation and maintenance cf
plateau potential in dDHNs. Using intracellular recordings in a transverse slice
preparation of the rat spinal cord, we have shown that plateaus were TTX-resistant,
and sensitive to dihydropyridines (blocked by nifedipine, and enhanced by Bay K
8644). Whole-cell patch clamp recordings in acutely isolated soma of dDHNs
(n=48) were used to analyze the voltage-dependent calcium currents involved,
revealing both inactivating components, and a non-inactivating component with a
threshold of -50mV. Most of this non-inactivating component was blocked by
nifedipine (61±6%) suggesting the presence of an intermediate threshold L-type
current. This current could provide the depolarizing drive to generate plateaus near
threshold. Although voltage-dependent facilitation of whole-cell calcium currents
could be obtained by prepulses to +100mV, repetitive depolarizations with plateaulike waveforms failed to induce facilitation of calcium currents (n=6), suggesting that
the build-up of the response observed during windup does not result from a
progressive sensitization of calcium currents. Back to the slice preparation, we found
that substitution of extracellular Na+ with NMDG or choline strongly decreased the
duration of plateau potential. In addition, both BAPTA-AM and flufenamate clearly
decreased the maximum firing frequency and the duration of afterdischarges. We
conclude that the plateau potential in dDHNs is supported both by Ca" influx
through voltage-gated calcium channels of the L-type, activating near resting
potential, and by subsequent activation of a CAN current. (Supported by grants from
the D.R.E.T. (95-148), the Conseil Regional d’Aquitaine (950301216), and the
Institut UPSA de la Douleur to FN, and by fellowships from the Fondation SingerPolignac and SFD-Institut UPSA de la Douleur to DLV).

WINDUP OF THE RESPONSE OF RAT DEEP DORSAL HORN NEURONS
TO PRIMARY AFFERENT STIMULI IS MAINLY SUPPORTED BY
INTRINSIC CALCIUM-DEPENDENT REGENERATIVE PROPERTIES. W
Morisset. J.-M. Cabelguen* and F. Nagv. INSERM E.9914, Inst. F. Magendie,
Univ. Bordeaux 2, 33077 Bordeaux Cedex, France.
In the spinal cord, repetitive stimulation of nociceptive afferent fibers induces a
progressive build-up of dorsal horn neuron (DHN) responses. This “action potential
windup“ used as a cellular model of central sensitization to pain partly relies on
synaptic plasticity, involving NMDA- and neurokinin receptors. Using intracellular
recordings in a slice preparation of the rat spinal cord, we have analysed the
implication of an additional non synaptic component of windup.
Primary afferent fibers were electrically stimulated in the dorsal root. 36 % of deep
DHNs (laminae IV-V) produced action potential windup and afterdischarge during a
series of stimulation (0.4-1 Hz) of afferent fibers. When the NMDA receptors were
blocked with 50 pM AP5, the response to high threshold fibers was reduced, but the
rate of windup did not change. In all neurons, there was an absolute correlation
between expression of windup and the production of calcium-dependent plateau
potentials. Both phenomenons had the same voltage-dependency. Sensitization of
the DHN response, similar to the synaptically-induced windup, was obtained by
repetitive intracellular injection of depolarizing current pulses. This intracellularlyinduced windup had the same pharmacology as the plateau potential, being mainly
supported by a L-type calcium current and a calcium-activated non-specific cationic
current (Ican ). Synaptically-induced windup was also completely abolished by 10
pM nifedipine, a L-type calcium channel blocker. Moreover, windup was positively
modulated by group I mGluRs, being induced by DHPG and blocked AIDA and
4CPG. Expression of plateau properties in DHNs is, therefore, a critical component
of windup, operating downstream to synaptic processes. Being associated with
calcium influx, generation of plateau potentials could be a link between short term
plasticity and the long term modification of DHNs excitability associated with
central sensitization. (Supported by grants from the D.R.E.T. (95-148), the Conseil
Regional d’Aquitaine (950301216), and the Institut UPSA de la Douleur).

62.15

62.16

EFFECTS OF L-TYPE CALCIUM CHANNEL ANTAGONISTS ON WINDUP
OF A NOCICEPTIVE FLEXION REFLEX IN THE RAT. I, Sibon. G. Le
Masson1. D Theodosis2* and F. Nagv1, INSERM E.9914; 2 INSERM U.378, Inst.
F. Magendie, Univ. Bordeaux 2, 33077 Bordeaux Cedex, France.
Windup, the progressive increase of dorsal horn neuron (DHN) response to low
frequency, repetitive stimulation of nociceptive afferent fibers, is a convenient model
to study mechanisms of central sensitization to pain. It relies in part on synaptic
plasticity involving NMDA receptors. However, in a slice preparation of the rat
spinal cord, it was shown that windup depends also critically on intrinsic properties
of DHNs. This additional non synaptic component of windup is the expression cf
plateau potentials, involving L-type calcium currents (see Morisset et al., Neurosci.
Abstr. 25, 1999). The aim of the present study was to analyze the respective part
played in the wind-up of a spinal nociceptive flexion reflex by NMDA receptormediated synaptic plasticity and by L-type calcium channels of spinal neurons. The
phenomenon was investigated in intact, urethane-anesthetized, three week-old rats.
Electromyographic activities were recorded from the ipsilateral biceps femoris in
response to square-wave electrical stimulation (2 ms) applied within the territory cf
the sural nerve via intradermal electrodes. Sequences of 20 stimuli were delivered at
0.5 and 1Hz at 0.8 times the intensity eliciting the maximal response. Drugs were
applied intrathecally. lOpM nifedipine, a dihydropyridine which blocks L-type
calcium channels, decreased wind-up by 90% without changing the response to the
first stimulation, while the NMDAr antagonist AP-5 (lpM) decreased both the
initial response and windup by 85%. Nifedipine application after AP-5 further
decreased windup. In order to test whether the effects of NMDAr blockade were on
sensitization per se or due to impairment of the balance between excitatory and
inhibitory synaptic transmission, we tested the effect of decreasing synaptic
inhibition. Application of the glycine receptor antagonist strychnine (15 pM) after
AP-5 allowed partial recovery of the initial response and wind-up (30 to 50%).
Conversely, no recovery was observed when strychnine was applied after nifedipine.
Our in vivo observations therefore confirm the preponderant role played in windup by
L-type calcium currents of spinal neurons. The NMDA receptor activation could
facilitate wind-up by counteracting polysynaptic inhibitions. (Supported by grants
from the D.R.E.T. (95-148), the Conseil Regional d’Aquitaine (950301216), and
the Institut UPSA de la Douleur).

NATURAL NOXIOUS STIMULATION CAN INDUCE LTP OF
C-FIBRE EVOKED RESPONSES IN INTACT RATS
F. Svendsen, L.J. Rygh, K. Hole* and A. Tiolsen. Department of Physiology,
University of Bergen, Arstadveien 19, N-5009 Bergen, Norway.
Long-term potentiation (LTP) has become the primary experimental model
for the investigation of synaptic plasticity in vertebrates. It is likely that
plasticity in pain control systems is partly responsible for chronic and
pathological pain states. The recently shown spinal LTP with increased efficacy
in nociceptive transmission was therefore an important finding. We showed a
long-term excitation in single wide dynamic range (WDR) neurones in the
dorsal horn after a tetanic sciatic nerve stimulation.
In this study, single WDR neurones were recorded from intact urethane
anaesthetised rats. The firing responses, evoked by a single test pulse (1.5 x Cfibre response threshold) delivered every 4 min to the sciatic nerve, were
recorded for 1 h before and 3 h after a conditioning stimulus (CS). The CS
consisted of repeated crushing of soft tissue and bone corresponding to the
receptive field of the WDR neurone. The control group and the test group
received a nerve block distal to the test stimulation site prior to or after the CS,
respectively.
When the CS was given before the complete nerve block, C-fibre evoked
responses were increased (p<0.001) for a 3 h observation period compared to
baseline responses and control animals (given CS after the nerve block).
Therefore we suggest that a long-term increase of the excitability of WDR
neurones may be important for the development of long lasting pain disorders
after an acute but severe noxious stimulation.
Source of support: The European Commission; Biotechnology programme
B 104-98-0076 and Biomed IIBMH4-CT-95-0172.
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Representational plasticity in adult primate SI paralleling an experience-induced
movement disorder
D.E. Moorman, D.T. Blake, N.N. Byl, and M.M.Merzenich*, W.M. Keck Center for Integrative Neuroscience and Depts. of Otolaryngology and Physiology,
UCSF, San Francisco CA 94143-0732.
A 49 electrode cortical implant was placed in the representations of the thumb,
index finger, and lower face in primary somatosensory cortex of an adult Owl
monkey that was trained to position its thumb and index finger on two small
probes. In the process of learning to position its hand, the animal developed a
large amplitude tremor and abnormal thumb posture. This tremor was only observed in the context of the behavioral task; hand use was otherwise unremarkable. At the onset of this focal dystonia, many electrodes that had recorded
activity driven from the thumb and index, finger stopped responding to cutaneous stimulation. After days to weeks with no driven activity, novel activity
from the face progressively emerged in this cortical sector. The hand:face border was well delineated before the movement disorder. After the disorder, the
previous representations of the thumb and index finger became a mosaic with
intermingled patches of thumb, index finger, forehead, nose, chin, mouth, and
tongue. The representation of skin surfaces not related to the dystonia were
relatively static in their peripheral skin loci over time. Adoption of a new hand
apparatus led to improved performance of the animal, and a heavy schedule of
low threshold cutaneous stimulation of the digits involved in the dystonia. Such
stimulation in the context of more normal hand function led to a re-emergence
of digit responses at cortical locations that had come to represent the face exclusively. This cortical degradation and restoration was consistent with previous
primate experiments in which a palmar grasp task was related to a dystonia and
a parallel dedifferentiation of the cortical map.
DTB supported by NRSA grant 1F32NS10154. This work supported by NIH
grants NS10414, P01-NS34835, HRI, and the Coleman fund.

Temporally based genesis of multiple digit receptive fields in area 3b of the awake
behaving primate
D.T. Blake*, D.E. Moorman, and M.M.Merzenich, W.M. Keck Center for Integrative Neuroscience and Depts. of Otolaryngology and Physiology, UCSF, San
Francisco CA 94143-0732.
A 350 pm grid of electrodes was implanted in the finger representations in area
3a/3b of the adult Owl monkey. Animals were trained to position two adjacent
digits on two tactile motors, and performed a cross-digit interval discrimination
in a limited hold paradigm. Each stimulus consisted of a 100 pm 12 msec tap
to one finger followed by an identical tap to the adjacent finger. A trial began
with intervals ranging from 120 to 250 msec; after one to ten stimuli the interval
length was changed to 100 msec. The animal was required to remove its hand
upon detection of this change in interval duration. Activity driven by either of
the taps was recorded on 2 to 6 channels daily, and cutaneous receptive fields
maps were defined daily on 15 to 25 channels. Over the first several sessions in
which the animal was presented with the taps, activity on any recorded channel
was driven solely by taps on one of the two fingers. After two weeks of training,
some channels recorded activity driven by taps on both fingers. By three weeks
of training, almost all channels driven in the task condition responded to both
taps. These studies show that the time window for integration of nearly coincident stimuli in primary sensory cortex is at least 100 msec.
DTB supported by NRSA grant 1F32NS10154. This work supported by NIH
grants NS10414, HRI, and the Coleman fund.
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EFFECTS OF SENSORY DEPRIVATION ON THE DEVELOPMENT OF
SYNAPTIC PATTERNS IN MOUSE BARRELS. Y. Sadaka*D, L, Lev, E,
Weinfeld and E.L, White Zlowtowski Center for Neuroscience, Dept. of
Morphology, Faculty of Health Sci., Ben-Gurion Univ., Beer Sheva,
ISRAEL.
Ultrastructural changes resulting from sensory deprivation during
development was examined in thin sections through mouse barrel D4.
Sensory deprivation was effected by (1) pulling out all the large mystacial
vibrissae on the contralateral side of the snout beginning at P6, or (2) by
trimming the vibrissae at the skin-line with fine scissors from PO. At P20,
mice were perfuse-fixed with aldehydes; this day was chosen because the
period of rapid synaptic growth during barrel development terminates
several days earlier (White et al., ‘97). Hemispheres contralateral to the
deprived side were dissected out, osmicated, sectioned at 40 pm and
embedded in plastic for thin sectioning. Two approaches, stereology and
profile counting, were compared to assess changes in synaptic density in
the neuropil of barrel D4. Profile counting showed a significant decrease
in the density of asymmetrical synapses in deprived animals, whereas
stereological estimation revealed no significant difference between
deprived and controls. Neither method showed a difference in the
density of symmetrical synapses. The disparity between results obtained
by the two approaches is explained by the finding of a significant decrease
in the diameters of asymmetrical synaptic junctions in deprived animals
(ANOVA F=7.882, p<0.05). Moreover, light microscopic examination
sensory deprived tissue indicates no change in the size of barrel D4.
meaning that the estimated total number of synapses in barrel D4 is not
altered following deprivation. Supported by Israel Science Foundation
335/96 to E.L.W

ALTERATIONS IN STIMULUS-DEPENDENT ACTIVITY IN ADULT RAT
PRIMARY SOMATOSENSORY CORTEX BY MODULATION OF MUSCARINIC
CHOLINERGIC RECEPTORS IN VIVO Silke Penschuck*. Neal Prakash. Susana
Cohen-Cor/ and Ron D. Frostig. Dept. Neurobiology and Behavior, UCI, Irvine, CA
92697, ‘Depts. Psychiatry and Neurobiology, UCLA, Los Angeles, CA 90095
Acetylcholine (Ach) promotes plastic changes in the functional organization of adult
rat primary somatosensory cortex (SI) that may subserve the acquisition of
physiological memory. These effects are likely mediated by binding of Ach to cortical
muscarinic receptors that facilitate synaptic transmission. Previous studies using
electrophysiology provided information regarding the temporal effects of cholinergic
neurotransmission and experiments using 2-deoxyglucose mapping revealed spatial
effects. Here we quantify simultaneously both the spatial and temporal effects of
muscarinic receptor modulation on the fiinctional organization of SI using intrinsic
signal optical imaging during C2-whisker stimulation in pentobarbital- anesthetized
rats in vivo. We assessed the acute effects of topical application of 100 pM
scopolamine, a muscarinic antagonist, and 100 pM carbachol, a muscarinic agonist, on
the C2-whisker functional representation. As compared to control conditions before
drug treatment, application of scopolamine rapidly decreased both, area and peak
height of the C2-whisker representation to 27% and 53% of control size, respectively
(p<0.005, n=9). This decrease was strongest within the first 30 min after scopolamine
application. Thereafter, area and peak height of the C2-whisker representation
increased again and returned to baseline values by 1.5 hours. In contrast, application of
carbachol increased both area and peak height of the C2-whisker representation starting
within the first 30 min after drug application. Area and peak height continued to
increase for up to 2 hours reaching 124% and 166% of control size, respectively
(p<0.05, n=6). In summary, these results show that modulation of muscarinic
cholinergic receptors acutely alters the size and maximal amplitude of a functional
representation in SI, implicating that cholinergic mechanisms can be operative even in
pentobarbital-anesthesized rats.
This work was supported by NINDS NS-34519, NSF IBN-9507636 and a fellowship
from the DFG and SNF to S.P. and the UCI MSTP to N.P..

63.5

63.6

MICROTUBULE ASSOCIATED PROTEINS (MAPs) mRNA IN THE
DEVELOPING MOUSE BARREL CORTEX. J. Skangiel-Kramska*, B. Majewska,
P. Pomorski, Nencki Institute of Experimental Biology, 3 Pasteur St., 02-093
Warsaw, Poland
MAPs are a heterogenous group of developmentally regulated proteins referred
to as immature and mature MAPs. MAP2 immature (MAP2c) and mature (HMW
MAP2) isoforms arise from a single gene as a result of alternative splicing. This also
refers to TAU isoforms. MAPs have been proposed to participate in neuronal
plasticity. The rodent baiTel cortex, provides an excellent model to study both
developmental and adult neuronal plasticity. In the present study [35Sj-labeled
oligonucleotides were used to detect HMW MAP2, MAP2c as well as immature and
mature TAU mRNA variants in the barrel cortex of mice at postnatal days (P) 12, 21,
28 and 70. HMW MAP2 and MAP2c mRNAs showed a complementary pattern of
developmental expression. HMW MAP2 mRNA level was lowest at P12 and
increased significantly by P21. In contrast, the level of MAP2c mRNA was highest at
P12 and dropped down to a much lower value at P21. By P28 both immature and
mature isoforms gained an adult level which was sustained at P70. At P12 a
differential laminar distribution of both immature and mature MAP2 mRNA was
apparent with the lowest level in layer V. On later developmental stages the
hybridization signal did not differ between cortical layers. Age differences in mRNA
expression were less prominent for TAU isoforms. Nevertheless, the switch from
immature to mature variants was observed between P12 and P21. The present results
show that during the first three postnatal weeks immature MAPs dominate over their
mature counterparts and that the end of this period is characterized by a sudden
switch between the two, manifested as a depression in the expression of immature
isoforms and a peak in the expression of mature isoforms.
Supported by the State Committee fo Scientific Research grant 6 P04A00512.

ACTUAL NEURAL ACTIVE AREA EXTRACTED FROM
INTER-TRIAL VARIATIONS IN INTRINSIC OPTICAL
RESPONSES TO SINGLE-WHISKER MOVEMENT IN THE
RAT CORTICAL BARREL
I, Yazawa, K. Sato, T. Tanaka, Y, Momose-Sato and K, Kamino*
Department of Physiology, Tokyo Medical and Dental University
School of Medicine, Tokyo 113-8519, Japan

It has been pointed out that, in comparison with the barrel which is
measured morphologically and/or histochemically, the optical barrel
response area was often larger. We used optical imaging of intrinsic
signals to examine the spatio-temporal patterning of the cortical barrel
response in postnatal and mature Wistar rats. Barrel responses were
evoked by DI-whisker movement stimulation, and the intrinsic optical
signals and images were obtained from the somatosensory cortex
through the dura mater. In a single cortical barrel, the size and
orientation of the response areas varied across the trials with the same
whisker stimulation. For a family of traces from the response areas, we
employed a method of interpolation, and we found evidence that the
intrinsic optical response areas were effective representations of the
neural active area, and we suggest that the actual barrel neural response
area could be quasi-quantitatively extracted from the intrinsic optical
response area. In addition, although the inter-trial variations in the
intrinsic response area decreased gradually as postnatal development
proceeded from 2 weeks to mature, the actual neural active areas were
approximately constant.

63.7

63.8

INTEGRATED ANALYSIS PLATFORM FOR NEURAL ENSEMBLE DATA
ANALYSIS. Eugene Famg ’, Christopher R. Stambaugh2. Craig Henriquez1. Mark
Laubach2. Laura M. Oliveria2.*and Miguel A. L. Nicolelis1,2. lDept. Biomedical
Engineering, 2Dept.Neurobiology, Duke University, Durham, NC 27710.
Since modem neurophysiological techniques allow simultaneous neuronal
recordings of over 150 single units, the resulting data sets can become extremely
large and complex. To address this problem, we have developed an integrated
software package for analyzing and visualizing data obtained in simultaneous
multisite neural ensemble recordings in behaving animals. Our platform takes
advantage of a library of classical multivariate statistical methods (e.g. PCA, LDA,
MANOVA), pattern recognition algorithms based on Hidden Markov Models and
artificial neural networks (e.g. LVQ, backprop nets), and feature extraction methods
(e.g. ICA, NESA) to investigate potential encoding strategies for populations of
sensory and motor neurons. Data manipulation functions (e.g. trial shuffling, spike
shifting, spike smoothing, and neuron dropping) are incorporated to isolate specific
sources of information within the ensemble responses. For instance, in trial
shuffling, the spike trains from individual neurons can be shuffled across trials to
destroy correlated noise. In spike shifting, individual spike trains can be shifted
various amounts to destroy correlations across neurons while maintaining the same
firing rate. In neuron dropping, single neurons or groups of neurons can be
removed from the entire ensemble in order to measure their contribution to the
population. A key feature is the ability to perform real-time analysis of neural
ensemble activity. 3D graphical analysis of the data is achieved by taking advantage
of OpenGL technology. Sponsored by grants from NIH (NS 62352), DARPA and

NEURONAL ENSEMBLE SYNCHRONY ANALYSIS (NESA):
A NEW
METHOD OF ANALYZING POPULATION RECORDINGS BASED ON
SYNCHRONY OF FIRING TIMES. Marshall G. Shuler*, C. R. Stambaugh.
M.A.L. Nicolelis. Department of Neurobiology, Duke University, Durham, NC
27710.
Neuronal Ensemble Synchrony Analysis (NESA) transforms spiking activity
from a population of neurons into a sequence of states depicting whether neurons fire
together above, below, or at chance levels for any bin of post-stimulus time. First,
firing probabilities following a stimulus are derived either directly from peristimulus time histograms or from estimating instantaneous firing rates for each
neuron. Given the neurons’ individual firing probabilities and assuming neurons fire
independently of one another, the probabilities of N number of neurons of the
ensemble firing together in a bin of time are then calculated. By performing this
operation for all bins of post-stimulus time, actual numbers of neurons observed
firing in a given bin can be compared to their expected probabilities of occurring by
chance alone. If the number of neurons firing is significantly above or below
chance levels, a state relating to the excess of synchronous firing (or lack of firing)
of the ensemble is assigned to that bin of time. By treating neurons of the ensemble
collectively and by normalizing for stimulus induced rate changes, space as well as
rate are removed from the ensemble response, leaving synchrony (or the absence of
synchrony) as the only potential coding dimension. Discriminations between
different stimulus types can then be made on the basis of these synchronous states,
without being confounded by differences in firing rates across the neural ensemble.
We have tested this analysis in simulated data sets and subsequently have applied it
to data collected from the barrel cortex of anesthetized rats receiving bilateral
whisker stimulation. We will discuss the application of various discrimination
techniques to data preprocessed by NESA, specifically in regards to whether state
changes in synchrony across a population of layer V cortical neurons can be used to
discriminate between varying bilateral whisker stimuli. Supported by grants from

ONR toMALN.

the Whitehall Foundation and NIH (DE-11121-01) to M.A.L.N.
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ENSEMBLE NEURONAL ACTIVITY IN FREELY BEHAVING RATS
PERFORMING A LEARNED, WHISKER DEPENDENT DISCRIMINATION
TASK. David J, Krupa*, Matthew S. Matell, Amy J. Brisben, Laura M. Oliveira,
Mark Laubach & Miguel A. L. Nicolelis. Duke University, Durham, NC
We developed a novel behavioral task in which rats were trained to
discriminate between a wide or narrow aperture using only their mystacial
whiskers. Rats were trained to enter a darkened rectangular chamber and poke
their nose into a small hole located at the end of the chamber. Before this hole
was a variable width aperture (width set by computer controlled stepping
motors). The aperture was positioned so that the mystacial whiskers were in
contact with it when the rats’ nose was poked into the hole. Rats quickly learned
(< 3 sessions) to discriminate between a wide or narrow opening to obtain a
reward. Optical sensors were used to accurately determine when the whiskers
were in contact with the aperture. Rats made discriminations very rapidly;
typically, the whiskers were in contact with the aperture for only approx. 500
ms. Rats were able to accurately (mean=84%) discriminate between very small
differences in aperture sizes (6.4 vs. 6.6 cm). Shaving the facial whiskers
abolished rats’ ability to discriminate without affecting any other aspect of the
task, confirming that the rats were making the discrimination using their
whiskers. Interestingly, rats did not need to “actively whisk” the aperture in
order to make a discrimination. Cutting the facial nerve had no effect on the
ability to discriminate. Recording ensemble neuronal activity in the VPM
thalamus or the barrel region of SI cortex revealed modulation of firing patterns
while the whiskers contacted the aperture. Quantitative analysis of the ensemble
firing patterns could accurately distinguish between a wide or narrow aperture
whereas firing patterns of individual neurons could not. These data suggest that
coding of biologically relevant somatosensory stimuli occurs at the population
level and not by individual neurons. Funding: NRSA MH 11808 to DJK; NIH
DE-11121 & Whitehall Foundation to MALN.

PARALLEL THALAMOCORTICAL STREAMS FOR SPATIAL AND
TEMPORAL DECODING OF VIBRISSAL INFORMATION. E. Ahissar*, R,
Sosnik and S, Haidarliu. Dept. of Neurobiology, The Weizmann Institute of
Science; Rehovot, Israel.
Sensitivity to stimulus temporal frequency was tested in major sites along the
two vibrissal afferent pathways of the rat: Pr5 (n=12 s.u. & 21 m.u.), VPM (n=6
& 16), and layer 4 of the barrel cortex (n=12 & 25) of the lemniscal pathway;
and Sp5l (n= 5 & 37), Pom (n=11 & 28), and layer 5a of the barrel cortex
(n=10 & 28) of the paralemniscal pathway. Groups of whiskers were
stimulated by air-puffs and mechanical deflections during steady-state (3s of
constant frequency + 2s inter-train interval) and frequency-modulated (40% at
0.4Hz) stimulation periods. In the whisking frequency range (5-11 Hz), neurons
in both brainstem nuclei behaved as relays: their responses were constant
along the stimulus trains and across different frequencies. In contrast, thalamic
neurons did not behave as mere relays: VPM transformations resembled
derivatives of the input intensity with almost no sensitivity to the stimulus
frequency, whereas POm neurons exhibited sensitivity to input temporal
frequency with almost no derivation of the input intensity. Analysis of the
steady-state and dynamic responses along the paralemniscal thalamocortical
loops indicated that these loops might compute temporal phase derivatives.
This computation detects and amplifies deviations of the temporal phase of
vibrissal activity, deviations that occur predominantly when the vibrissae
encounter external objects. During natural whisking, the lemniscal intensity
derivatives can provide arc-related spatial information while the paralemniscal
phase derivatives can localize the object along the row trajectory. Since the
phase derivatives are re-encoded as population firing rates, the outputs of
these two pathways can be easily integrated in the barrel cortex.

63.11

63.12

BRAINSTEM TO THALAMUS TRANSFORMATIONS, THALAMOCORTICAL
COUPLING, AND INVOLVEMENT OF mGluRs DURING PROCESSING OF
VIBRISSAL INFORMATION. S, Haidarliu, R, Sosnik, S. Barash* and E.
Ahissar. Dept. of Neurobiology, The Weizmann Institute of Science; Rehovot,
Israel.
A system for multi-site
extracellular recordings and
microiontophoretic
drug administration was developed and applied at different levels of the
vibrissal neuraxis. This was achieved by constructing a multi-electrode system
that consists of three microdrive terminals (each equipped with regular and
combined electrodes), and by developing a new surgical approach for direct
recordings from brainstem trigeminal nuclei. Simultaneous recordings were
obtained from multiple neurons in the brainstem (Pr5, Sp5O, or Sp5l),
thalamus (POm and VPM), and somatosensory cortex (PMBSF) of rats.
During periodic (2 to 14 Hz) whisker stimulation, (i) neurons of the brainstem
trigeminal nuclei performed a relay function, (ii) significant transformations
occurred at the thalamic level, thus ruling out a relay function for the thalamus,
(iii) latencies and intensities of thalamic responses were modulated by
iontophoretic applications to the thalamus of agonists or antagonists of
metabotropic glutamate receptors (ACPD and MCPG), (iv) the activities of
cortical and thalamic units were tightly coupled during on-going and evoked
periods, and (v) thalamocortical interactions, rather than columnar affiliation,
dominated the response patterns of cortical neurons. These findings suggest
that thalamocortical loops that process different types of information are
interleaved within the same cortical columns and that information is processed
interactively between the thalamus and cortex.

PREMOVEMENT SENSORIMOTOR CORTICAL NEURONAL ACTIVITY
DIFFERS WITH CUES THAT SPECIFY TARGET LOCATION. RJ, Nelson*.
Y, Liu and J.M. Denton. Department of Anatomy and Neurobiology, College of
Medicine, Univ. of Tennessee, Memphis, 855 Monroe Avenue, Memphis, TN 38163.
Previously, we have shown correlations between premovement neuronal activity
(PMA) and the kinematics for the initial phases of ballistic movements. We wanted to
determine the relationships between PMA and movement kinematics for targeted
movements and whether PMA differs depending on the type of sensory signals used to
specify movement end'points. Monkeys made 10° wrist flexions and extensions after
holding a steady position for 0.5-2.0 seconds against a light load opposing flexion
movements. End points were specified by visual targets, increases in vibration to the
moved hand, or both. Animal care was in accordance with NIH guidelines.
To date, we've examined data from 41/68 task-related sensorimotor cortical (SM)
neurons because they had significant PMA changes. Multivariant analyses of position,
velocity, and acceleration with neuronal activity yielded coefficients of determination
(cD). When only changes in vibratory frequency specified target location, cDs
decreased in comparison to target specification by visual cues alone or with vibration.
When visual and vibratory cues were combined, activity occurring while animals
awaited go-cues, and immediately before and after PMA onset, which occurred 80-90
ms before movement, decreased. Reaction and movement times decreased with
combined cues and became less variable. Activity changes averaged 10-15% of mean
firing rate. Behavioral changes averaged 20-80 ms. In several cases, activity patterns
immediately after go-cue onset were qualitatively different when changes in vibratory
frequency specified target location. In these instances, cessations in activity became
evident that did not occur when both visual and vibratory cues specified target location.
SM neuronal PMA may be less well correlated with movements when somatosensory inputs specify targets. Analyses to determine if sensory responsiveness
improves under these conditions are underway. It has been suggested that PMA
represents motor-related activity from central sources. Thus, central inputs to some
sensorimotor cortical areas may be gated when peripheral inputs serve important roles
in specifying movement end points. Supportedby NIH Grant NS36860 to RJN.

63.13

63.14

INTEGRATION OF SINGLE- AND MULTI-WHISKER INPUTS BY
RAT SOMATOSENSORY CORTEX. G.Mirabella*, S.Battiston,

SOMATOSENSORY CORTICAL MAPPING USING FUNCTIONAL MAGNETIC
RESONANCE IMAGING. M. Boakye1*, S.C. Huckins2, B.I. Taskey1, N.M.
Szeverenyi2, C.J. Hodge1. 'Dept. of Neurosurgery, SUNY Health Science Center;
2Neurosurgery Research Laboratories, SUNY Health Science Center, Syracuse, NY.
Functional Magnetic Resonance Imaging (fMRI) provides a convenient and
noninvasive means of studying brain and neural function. We are currently testing
different sensory stimuli in order to determine the most reliable and consistent way to
achieve robust activation of the sensorimotor cortex on fMRI images. Median nerve
stimulation is being compared with tactile stimulation with a brush, Von Frey pressure
aesthesiometer and a piezoelectric vibratory stimulus.
The fMRI studies are performed in healthy right-handed volunteers using our
clinical 1.5 Tesla G.E MR scanner equipped with echoplanar hardware. The following
parameters have been utilized: FOV= 24x24, TR=2000ms, Matrix=64x64, TE=50ms,
and 144 images/slice at each of 10 coronal slices.
Preliminary results show that the contralateral postcentral gyral region of
somatosensory cortex is activated by electrical stimulation of the index finger (25/32
runs) or tactile stimulation of the index finger with Von Frey pressure aesthesiometer
(4/4 runs), or brush (10/11 runs). Within hand somatotopy has been obtained in 1/1
run using electrical stimulation of the median nerve thus far.
These results show that electrical stimulation of the median nerve and tactile
stimulation with Von Frey pressure aesthesiometer, both of which can be easily
calibrated, are useful tools for fMRI studies of the somatosensory system. In the next
series of experiments, more volunteers will be studied, loci of activations will be
compared in terms of volume of activation and frequency of activation in SI and SII
somatosensory areas resulting from the different sensory stimuli.
This study is supported by Dept. of Neurosurgery, SUNY Health Science Center.

Supported by the Minerva Foundation, GERMANY. S.H. was supported by
The Center for Absorption in Science, Ministry of Absorption, Israel.

M.E.Diamond. Cognitive Neuroscience Sector, International School for
Advanced Studies, 34014 Trieste, Italy.
Rats explore the surrounding environment through repetitive whisking
cycles. At any given moment multiple whiskers may simultaneously contact
the surface of an object. The aim of this work is therefore to understand how
simultaneous multiwhisker events are processed in the somatosensory cortex.
This question has been addressed previously using only single-electrode
physiology, where the spatial effects could not be fully explored. Adult male
rats were anaesthetized with urethane and 5x5 electrode grids were inserted
into the vibrissal representation of barrel cortex. Simultaneously recording the
activity from a distributed population of cortical neurons, we compared the
activity evoked by stimulation of single whiskers with the activity evoked by
simultaneous stimulation of multiple whiskers (up to 4) of the same arc or the
same row.
The real response elicited by simultaneous multiwhisker
stimulation (sum of the activity across each channel of the array) was
compared td the predicted response (sum of the corresponding single-whisker
responses). In general, the response became increasingly sublinear (real
response < predicted response) as the number of simultaneously deflected
whiskers increased from 2 to 4. Our data do not specify whether sublinear
summation of multiple coincident inputs occurs due to excitatory mechanisms
or local and lateral inhibition. In either case, the fact that the maximum
difference between real and predicted responses occurred about 10-30 msec
after stimulus onset is consistent with a possible cortical origin of this
phenomenon. (Supported by Telethon grant 984 and MURST).
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BILATERAL RECORDING IN SI (BARREL) CORTEX DURING
BILATERAL STIMULATION OF WHISKERS IN THE AWAKE
RAT. V, Rema*1. H. Sellien. R, N, S. Sachdev. F, F, Ebner, Inst. Dev.
Neuroscience, and Department of Pharmacology1, Vanderbilt University,
Nashville, TN 37203.
Neurons in the left and right SI barrel cortex of rat are interconnected by
callosal fibers that terminate densely in the septa around and above layer IV
barrels. Single deflections of single whiskers do not evoke action potentials
in the ipsilateral cortex of the anesthetized rat. In this study, we examined
whether bilateral stimulation of single whiskers can alter the discharge
pattern of neurons in the barrel cortex of the awake rat. After acclimation to
restraint, a head post and bilateral chambers over SI cortex were surgically
implanted on the skull. For recording the rat's head was restrained and
tungsten wire electrodes were advanced bilaterally into cortex through the
chambers. Air puff stimuli deflected the principal whisker for single cells at
6 or 12 Hz, first contralateral to the cell, then ipsilateral, then bilateral
simultaneously, then bilateral with an offset of 20, 50, and 100 ms. After
recording, the brains were processed to specify electrode position. Single
whisker stimulation at either frequency has little effect on discharge rate in
ipsilateral cortex, but bilateral simultaneous stimulation of "principal"
whiskers reduces the response below that evoked by the contra- whisker
alone. Ipsilateral stimuli 20, 50, and 100 ms before contra- stimuli increase
the magnitude of responses and change the pattern, while the opposite offset
reduces the response, (supported by grants NS-25907 and NS-13031)

TWO TYPES OF INHIBITION IN BARREL CORTEX OF THE
AWAKE RAT. R, N, S, Sachdev*. H, Sellien. F, F, Ebner, Institute for
Developmental Neuroscience, Vanderbilt University, Nashville, TN 37203.
Local inhibitory intemeurons play an important role in shaping the receptive
fields of barrel cortex neurons. In rat barrel cortex, inhibitory interactions
between neurons have been studied using GABAergic agonists and
antagonists, or using various whisker stimulation paradigms, in which one
stimulus is presented to a whisker before or after the second. In this study we
demonstrate that two types of inhibition can be observed in the awake rat with
single mystacial whisker or nose hair stimulation. Rats were handled
extensively and habituated to restraint. Once rats were acclimated to restraint,
head posts and chambers were surgically implanted on the skull. Recording
sessions consisted of restraining the rats’ head and then advancing two separate
tungsten electrodes into cortex through the chamber. Whiskers were stimulated
with an air puff stimulator from 0.5 to 18 Hz. After a successful recording
session, animals were sacrificed and electrode tracks were located
histologically. Two types of inhibition were apparent: one, which is preceded
by a strong excitatory discharge and a second that is preceded by little or no
excitatory discharge. Reconstruction of recording sites suggest that the second
type of inhibition occurs more commonly in penetrations on the edge of barrels
or in septa that surround the barrel. This type of inhibition could be elicited
from stimuli to the small nose hairs or by stimulation of mystacial whiskers.
Inhibition persists for >100 ms and is also most apparent at frequencies below
6 Hz. The long onset latency of both types of inhibition suggests that they are a
result of intracortical processing. (Supported by NS-25907 and NS-13031)
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THE ORGANIZATION OF THE FOREPAW REPRESENTATION IN THE
FOREPAW BARREL SUB FIELD (FBS) IN SOMATOSENSORY CORTEX (SI)
OF MOUSE: A COMBINED ELECTROPHYSIOLOGICAL AND
MORPI IOLOGIC AL STUDY. C.X. Li* and R.S. Waters. Dept. of Anatomy and
Neurobioiogy, UT, Memphis, Col. of Medicine, Memphis, TN 38163.
Background: The strong relationship between the representation of the forepaw in
rat SI cortex and the underlying barrel pattern in the layer IV forepaw banel subfield
(FBS) has been described (Waters et. al., 1995). The availability of genetic mutant
mice with appendage and Lail mutations makes the mouse a particularly desirable
animal model to study cortical organization and neuronal anomalies. The present
study describes the relationship between FBS organization in layer IV of mouse SI
cortex and the representation of the forepaw.
Methods: Adult mice (strains ICR, n=3; BST n=6) were anesthetized with
Nembutal (35mg/kg), the head was stabilized in custom-made holder. An opening
was made in the skull overlying SI cortex, a chamber was fashioned out of dental
acrylic and placed around the skull opening, the dura was removed, and the cortex
was covered with wanned fluid. Carbon fiber electrodes were used to record evoked
responses elicited by a hand-held probe, and the forepaw region of SI cortex was
physiologically mapped. Lesions were placed at selected recording sites and served
as fiducials for super-imposing morphological and physiological maps. Following
mapping, the cortex was removed, hemispheres flattened and cut tangentially.
Tissue was stained with cytochrome oxidase. The following results are noteworthy:
1. The FBS is an ovoid-shaped structure composed of four medio-lateral running
bands. Unlike rat, each band does not appear to be separated into multiple barrels.
2. The representation of the forepaw is somatotopically organized in SI cortex.
Unlike rat, receptive fields of neurons are larger, covering more than one phalanx
and more often covering multiple digits and/or pads.
3. Specific barrels receive input from a principal digit or pad; however, these same
barrels also receive secontkiry input from neighboring digits and/or pads.
(Supported by NSF Grant IBN-9700318 to R.S.W.)

FUNCTIONAL CHARACTERISTICS OF CORTICO-THALAMIC
NEURONS IN THE WHISKER/BARREL SYSTEM. M.K. Kelly1*,
J.A. Hartings2, G.E. Carvell1,2 and D.J. Simons2. Depts. of Physical
Therapy' and Neurobioiogy2, Univ. of Pittsburgh.; Pittsburgh, PA. 15260.
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THALAMIC RETICULAR NUCLEUS CONTROL OF THALAMOCORTICAL ACTIVITY IN SENSORY AFFERENT PROCESSING. J.A.
Hartings, S. Temereanca, D.J. Simons*, Department of Neurobioiogy, University
of Pittsburgh, Pittsburgh, PA 15261.
Somatosensory neurons in the ventrobasal (VB) and reticular (Rt) nuclei of
the rat thalamus are synaptically interconnected in a topographically precise
manner, forming modular inhibitory feedback circuits which regulate
thalamocortical transmission. To investigate the function of VB-Rt and Rt-Rt
interconnections, we recorded single-unit responses of VB and Rt neurons to
controlled ramp-and-hold vibrissa deflections in different directions. Whereas
most primary afferent neurons respond tonically to sustained deflection plateaus in
a preferred direction, only 45% of VB neurons are significantly tonically
responsive. On the other hand, 60% of VB cells are inhibited significantly below
spontaneous levels during stimulus plateaus. This suppression of tonic activity in
VB may arise from Rt, where 75% of cells respond tonically and only 21% of cells
exhibit inhibition. Weak inhibition among Rt neurons is functionally consistent
with cellular mechanisms of amplification in Rt neurons. Transient and sustained
responses of Rt neurons are considerably larger in magnitude than in VB; the
former are > 20 ms longer. Thus, high gain at VB-Rt synapses and weak intra-Rt
inhibition render Rt highly sensitive to VB inputs. Many Rt neurons are also
directionally well-tuned, and their activity may enhance the temporal phase and
direction selectivity of VB output. Indeed, VB neurons that exhibit significant
inhibition during the stimulus plateau display more temporally precise response
peaks ta sinusoidal whisker deflections and greater directional tuning of tonic
responses to ramp-and-hold stimuli. We propose that Rt controls low frequency
changes and DC shifts in VB firing rates and, by so doing, maintains thalamic
drive to cortical circuitry within a range that optimizes the balance of cortical
excitation and inhibition for processing transient afferent signals. Supported by
NIH NS19950 and NSF IBN9421380.

MODELING CORTICOTHALAMIC EXCITATORY AND INTRATHALAMIC
INHIBITORY SYNAPSES ON SIMULATED THALAMIC RELAY NEURONS. &
Mendez, and J, Bickie* Focused Research Program in Computational
Neuroscience, Brewster A-335, East Carolina University, Greenville, NC
27858-4353.
Previously we modeled thalamic sensory nuclei-primary sensory cortexthalamic reticular nucleus (TEN) circuitries in a computer-simulated neural
network. Experimental results with our biologically plausible amulation
suggested a function for these circuits. They serve a stimulus-driven, preattentive "priming* function for selective attention mechanisms further up the
processing streams. We were unable to discharge one computational feature
in biological terms. We scaled equally feedback excitatory input from primary
sensory cortex and inhibitory input from TRN. Input to simulated thalamic relay
neurons was a linear function of activity rates in projecting cells. This
assumption was consistent with the current lack of knowledge about the
relative effects of these two sources.
Working with software that models individual patches of neural membrane,
we have simulated the locations of these two types of synapses on thalamic
relay cells. Electron microscopy has revealed that on a given relay neuron
excitatory synapses from cortex are more numerous than inhibitory synapses
from TRN, but are also more distal from the soma and axon hillock. Results
with this simulation strengthen our argument that these thalamocorticothalamic and intrathalamic circuits subserve the pre-attentive "priming"
function that our previous simulation suggested. In addition to discharging the
purely computational assumption, results with our new amulation also provide
precise, quantifiable predictions about thalamic relay activity in experiments
that are difficult to implement at present in electrophysiology laboratories.
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Corticothalamic neurons can influence the function of thalamocortical
circuits either by contacting thalamic neurons and/or local circuit neurons in
suprajacent layer IV. Using relatively large thalamic stimulating electrodes,
several classes of antidromically identified projection neurons can be
distinguished. Some, but not all, of the variability within this population can
be attributed to activation of sub-diencephalic projecting axons traveling in
the nearby internal capsule; none of these neurons display supernormal
periods in response to paired-pulse stimulation. The present experiments are
designed to identify more clearly corticothalamic neurons and to
characterize
their
stimulus-evoked
responses.
Stainless
steel
microelectrodes having impedances >3 Mohms at 1kHz are used to produce
focal electrical stimulation within a thalamic barreloid. Under these
conditions, corticothalamic neurons in the corresponding whisker-related
column can be activated with low threshold stimulation, reducing the
orthodromic synaptic response and thereby facilitating unit isolation in the
cortex. All identified CT neurons displayed supernormal periods. Of 10
units tested, only 2 responded to whisker stimuli; the remainder were
completely unresponsive, and some had no spontaneous activity
whatsoever. These preliminary findings in the rat are consistent with results
from cats and rabbits suggesting that a large proportion of somatosensory
CT neurons cannot be driven using passively applied peripheral stimuli.
Supported by NS 19950 and the American Physical Therapy Association.
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GLUTAMATERGIC MECHANISMS AND THE HYPOTHALAMICPITUITARY-ADRENAL AXIS. J.I. Koenig*, D. Brady and K. Roman.
Maryland Psychiatric Research Center, Univ. of Maryland School of Medicine,
P.O. Box 21247, Baltimore, MD 21228.
Glutamate (Glu) is the most abundant excitatory amino acid neurotransmitter
in the rat hypothalamus. A wide variety of both metabotropic and ionotropic
receptors have been cloned and are known to mediate the physiological and
pharmacological effects of Glu. Glu exerts marked effects on the activity of
the hypothalamic-pituitary axis but a limited number of studies have addressed
the effects of Glu on the hypothalamic-pituitary-adrenal (HPA) axis. Thus, we
have used in situ hybridization histochemistry to examine the distribution and
regulation of the kainic acid-preferring Glu receptor (GluR) subunits in the rat
paraventricular nucleus (PVN). Radiolabelled cRNA probes for the GluR5-7,
KAI and KA2 subunits were prepared using the riboprobe system. Fresh
frozen rat brain tissue was cryosectioned (12 microns) and used for in situ
hybridization histochemistry. In the PVN, KA2, GluR5 and GluR6 mRNA
are expressed in cells of the parvocellular PVN. Bilateral adrenalectomy
increases the expression of KA2 mRNA in the PVN without augmentation of
GIuR6 expression. The effect has been observed up to 2 weeks post surgery.
Hippocampal expression of KA2 and GluR6 mRNA in adrenalectomized
animals is unaffected by the loss of steroid hormone negative feedback. These
studies indicate that glucocorticoids may modulate the activity of PVN neurons
by affecting the expression of glutamate receptor subunits. This work is
supported by NIH grant DK52382 and the Whitehall Foundation.

ROLE FOR NMDA RECEPTORS IN THE HYPOTHALAMIC
PARAVENTRICULAR NUCLEUS IN ACTIVATING GLUCOCORTICOID
RESPONSES TO STRESS. D.R, Ziegler* and J. P. Herman. Dept. Anatomy &
Neurobiology, University of Kentucky Medical Center, Lexington, KY 40536.
The present studies comprise an investigation of the role of central
glutamatergic neurocircuitiy in stress activation of the hvpothalamic-pituitaiyadrenocortical (HPA) axis. We tested the hypothesis that glutamatergic input to the
PVN contributes to the activation of HPA axis responses to stress by examining
whether corticosterone (CORT) and adrenocorticotropic hormone (ACTH) responses to
restraint stress could be attenuated by microinjections of glutamate receptor antagonists
into the PVN of conscious rats. Adult male rats with stereotaxically implanted
cannulae received bilateral 50nl microinjections of antagonist or vehicle (aCSF) in the
medial PVN and were immediately subjected to 30 min restraint. Stress-induced
CORT secretion was assessed from blood samples at 30, 60. 120. and 180 min
following the onset of restraint. Kynurenic acid (KYN, 50 pmol), an NMDA-preferring
non-competitive antagonist, significantly reduced CORT responses to acute restraint
stress (24± 10%), while CNQX (kainate/AMPA receptor selective antagonist, 50 pmol)
had no effect on either CORT or ACTH responses. These results support tlie
hypothesis that glutamatergic input to the PVN excites the HPA axis and mediates
glucocorticoid responses to stress, probably via NMDA receptors. Use of the selective,
competitive NMDA receptor anatgonist D(-)-APV will conclusively evaluate this
possibility. This putative role for NMDA receptors agrees with in situ hybridization
data indicating a high abundance of NMDA receptor subunit mRNAs in the PVN
relative to AMPA and kainate receptor subunits in the PVN (unpublished observations,
O. Eyigor, L. Jennes, above authors). Finally, KYN exhibited anatomically specific
effects. Missed injections (e.g. in MPO, AHA, or posterior to PVN) had no consistent
effect, except for KYN injections placed 100-300pm dorsal to the PVN which resulted
in disinhibition (31±13%). This effect is likely due to blockade of glutamatergic
activation of GABAergic intemeurons innervating the PVN. Supported by MH49698
to JPH and MH11980 (predoctoral NRSA) to DRZ.
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TIME-COURSE OF HIPPOCAMPAL ADRENOCORTICOSTEROID RECEPTOR
GENE TRANSCRIPTION FOLLOWING ACUTE AND CHRONIC STRESS.
M, Paskitti. B.J. McCreary and J.P, Herman*. Dept. of Anatomy and Neurobiology,
Univ. of Kentucky, Lexington KY 40356-0298
Neuronal glucocorticoid receptor (GR) and mineralocorticoid receptor (MR)
proteins mediate transcriptional actions of circulating glucocorticoids. These
receptors bind the same DNA response element; however, transactivation properties
of the receptors differ substantially. Thus, GR and MR-mediated transcription in
neurons will vary in accordance with both ligand availability and expression of
respective receptor protein. The present study tests the hypothesis that stress, which
causes increases in glucocorticoids sufficient to bind the GR, will down-regulate
expression of the GR and MR genes in the hippocampal formation. Male rats were
exposed to either acute restraint or a chronic variable stress paradigm. Animals in
the acute study were killed 15, 30, 60, 120, 240 or 1440 min after stress induction,
and in the chronic study, after 3, 7, 10, 14 and 28 days of stress exposure. Analysis
of MR gene transcription using an intronic MR probe revealed a transient 50%
decrease in MR hnRNA at 120 min post-stress, consistent with glucocorticoid down
-regulation of the MR gene. However, no changes were seen in full-length MR
mRNA. In contrast, GR hnRNA was not affected by acute stress, but GR mRNA
was decreased 4 hours after stress. There was no evidence for down-regulation of
MR or GR hnRNA/mRNA at any point in the chronic stress paradigm. The transient
decrease in MR hnRNA in the absence of mRNA changes suggests increased MR
mRNA stability. In like fashion, acute stress decreases the availability of GR mRNA
without demonstrably affecting transcription, suggesting reduced GR mRNA
stability. The results suggest that acute stress causes changes in MR/GR mRNA
ratio following acute stress by largely post-transcriptional mechanisms. The effects
of acute glucocorticoid exposure do not appear to persist following repeated stress
exposure. Supported by AG 12962.

THE EFFECT OF NICOTINIC AND MUSCARINIC BLOCKADE ON THE
HYPOTHALAMO-PITUITARY-ADRENAL (HPA) AXIS IN MALE AND
FEMALE RATS. S.L, Wright1-2, M.E. Rhodes1-2. D.A. Johnson2, R.T. Rubin*1.
•Center for Neurosciences Research, Allegheny Univ. of the Health Sciences,
Pittsburgh, PA, 15212; 2Graduate School of Pharmaceutical Sciences, Duquesne
Univ., Pittsburgh, PA 15282.
Cholinergic stimulation activates the HPA axis. The cholinergic receptor
subtypes that mediate HPA axis activation and the role of sex differences;
however, are not well understood. To address these issues, we pretreated male
and female rats with the muscarinic antagonist, scopolamine (SCO; 0.3, 1.0, 3.0
mg/kg; IP) or the nicotinic antagonist mecamylamine (MEC; 1.0, 3.0 mg/kg; IP).
A baseline blood sample then was collected and the acetylcholinesterase
inhibitor, physostigmine (PHYSO) was administered (0.1 mg/kg; IP). Control
animals received saline pretreatment followed by PHYSO. Additional blood
samples then were collected at +20 and +40 min. Males pretreated with SCO
(3.0 mg/kg) had 56% higher arginine vasopressin (AVP) concentrations 40 min
following PHYSO administration compared to controls (p<0.05). Females
pretreated with SCO (3.0 mg/kg) demonstrated an attenuated AVP response (47%
lower than males) (p<0.05). For both males and females pretreatment with all
doses of SCO resulted in significant, 2-5 fold increases in ACTH compared to
control animals. With SCO pretreatment, in contrast to the AVP response, there
were no significant sex differences in the ACTH response to PHYSO. Increased
HPA axis stimulation with SCO pretreatment may result from enhanced
activation of presynaptic muscarinic receptors. Sex differences with SCO
pretreatment suggest differential presynaptic muscarinic sensitivity. Both doses of
MEC blocked the effect of PHYSO on ACTH release in both sexes. These
results suggest that activation of the HPA axis via cholinergic stimulation in both
male and female rats may be mediated by nicotinic receptors. Supported by
NIMH research grant MH28380.
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Serotoninergic Influences on the Hypothalamic Paraventricular Nucleus:
Evidence for Relay Sites in the Basal Forebrain William E. Cullinan* and
Brant I. Koci. Department of Biomedical Sciences, College of Health
Sciences, Marquette University, Milwaukee, WI 53201-1881.
The CRH neurons of the hypothalamic paraventricular nucleus (PVN)
are known to serve as the origin of the final common pathway of
glucocorticoid secretion following stressful episodes. Previous studies have
indicated that stress-related afferents to the rat PVN are relayed in a
number of forebrain sites (Cullinan et al., 1996), all of which are rich in
serotonin-containing fibers and axon terminals. The present experiments
employed a double-immunolabeling protocol to examine whether PVNprojecting forebrain neurons may be the recipients of serotonin-containing
afferents. Discrete iontophoretic injections of the retrograde neuronal tracer
Fluoro-gold were delivered to the PVN. Seven to ten days later, rats were
subjected to a 10 min swim stress, and perfused transcardially at 90 min
post-stress onset. Tissue sections were processed for the simultaneous
detection of Fluoro-gold and the serotonin transporter (5HT-T) using the
DAB/NiDAB method. Forebrain areas in which 5HT-T-labeled fibers and
terminals were found in direct apposition to Fluoro-gold labeled cells
included the bed nucleus of the stria terminalis, the medial preoptic area,
the anterior hypothalamic area (including the subparaventricular zone),
and the dorsomedial hypothalamic nucleus. Current experiments have
extended the analysis to include detection of the Fos protein in combination
with detection of both Fluoro-gold and 5HT-T. The data suggest that in
addition to the direct effects at the PVN, serotoninergic influences on the
stress axis may occur at a number of local forebrain sites. This work was
supported by MH56577 and NARSAD.

SEROTONIN REGULATES ACTH SECRETION INDIRECTLY
VIA CRH
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H. Jorgensen*, A, Kiaer, J. Warberg and U, Knigge,
Department of Medical Physiology, University of Copenhagen, Denmark.

Serotonin (5-HT) and serotonergic agonists stimulate the secretion
of the adenohypophysial hormone ACTH into peripheral plasma. The
secretion of ACTH is primarily dependent on CRH released from the
paraventricular nucleus (PVN) of the hypothalamus, serotonergic
neurons innervate the CRH neurons of the PVN, stimulating the
secretion of ACTH indirectly. A direct stimulation of ACTH from
pituitary cells in vitrois previously shown. The aim of the study was
to investigate whether 5-HT stimulates ACTH secretion directly or
indirectly. Male Wistar rats were treated with either saline, 5-HT or
5-hydroxytryptophan (5-HTP). Four hours later, rats were decapitated,
brains removed and frozen. Brain slices were hybridized with mRNA
probes for corticotropin-releasing hormone (CRH) or proopiomelanocortin (POMC) and the signal was quantified. 5-HT and 5-HTP
upregulated POMC mRNA in the pituitary gland and CRH mRNA in
the PVN. Pretreatment with anti-CRH-antibody serum completely
abolished the serotonergic induced effect on POMC gene expression
in the pituitary and diminished the plasma ACTH level with 60%. We
conclude that the effect of 5-HT on the pituitary secretion of ACTH
seems to be indirectly via activation of hypothalamic CRH.
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EFFECTS OF SEROTONIN AND SSRIs ON GLUCOCORTICOID RECEPTOR
BINDING SITES IN PRIMARY CELL CULTURES OF RAPHE AND
HIPPOCAMPUS NEURONS. M. Hdry, A. Semont, M.P. Fache, M. Faudon and F.
Hery *. INSERM U 501 - IFR Jean Roche - Boulevard Pierre Dramard - 13916
Marseille cedex 20 - France.
Serotoninergic raphe/hippocampus systems were involved in regulation of
hypothalamo-pituitary-adrenal (HPA) activity. Brain glucocorticoid receptors were
also implicated in adjusting HPA activity. The goal of this study was to determine
the role of serotonin (5-HT) and selective serotoninergic reuptake inhibitors (SSRIs)
on expression of type II glucocorticoid receptors (GR) in serotoninergic (raphe
nuclei) and hippocampus neurons respectively. The effects of various 5-HT agonists
and antagonists on GR binding sites were analyzed in primary cell cultures of
neurons raised from foetal raphe nuclei and hippocampus neurons and grown in
medium without serum.
In hippocampus neuronal cell cultures, 5-HT (4 days, 10'8M) induces an increase
of GR binding sites (+ 45%). This effect is reproduced by DOI (5-HT2 receptor
agonist, 10‘7M) and blocked by ketanserin (5-HT2 receptor antagonist, 10'6M). SSRIs :
fluoxetine and citalopram also increase GR binding sites in hippocampal neurons.
In serotoninergic neuronal cell cultures (raphe) GR binding sites were
characterized (Kd : 3.6 ± 1.2 nM ; Bmax : 117 ± 15 fmol/mg protein) corresponding
to that measured in vivo in adrenalectomized adult rat. Treatments with 5-HT (10‘8 ,
10'7M), pargyline (10 6M) or citalopram (1O'7M) for 4 days induce a decrease in GR
binding sites by -20%. A similar decrease is obtained with 8-OH-DPAT (5-HT,A
receptor agonist, 10’7M, 10 8M). This effect is blocked with WAY 100 135 (5-HT,A
receptor antagonist, 10‘6M). In conclusion, it appears that the control of GR protein
expression by 5-HT was structure and receptor dependent. Moreover, SSRIs
stimulating-effects observed in hippocampus suggest that citalopram can directly
control GR expression i.e. without the presence of 5-HT. These data are discussed
in the field of actions of 5-HT agonists and SSRIs in the treatment of anxiety and
depression.

BLOCKADE OF PROLACTIN (PRL) RECEPTORS BY ANTISENSE
TARGETING AND ICV INFUSION OF PRL AFFECT ANXIETY-RELATED
BEHAVIOR AND NEUROENDOCRINE RESPONSES TO STRESS.
L. Tomer, N. Toschi, A. Pohlinger, J.C., Probst, P. Lbrscher, I.P. Neumann*. Max
Planck Institute of Psychiatry, Munich, Germany.
We have previously shown that an acute icv infusion of PRL decreased anxietyrelated behavior on the elevated plus-maze (EPM), without affecting HPA axis
responses. Here we evaluated the involvement of the brain PRL system in the
regulation of anxiety and HPA axis (re)activity using either antisense
oligodeoxynucleotides directed against the long form of PRL receptors (AS ODN), or
chronic icv PRL infusion. Two sets of virgin female rats were chronically infused with
Ringer (VEH), AS ODNs, or mixed bases ODNs (MB) (Alzet osmotic minipump,
0.5pg/0.5pl/h). In the first study after 4 days of treatment, AS-treated rats were
significantly more anxious as indicated by a decrease in the time spent on (p<0.05)
and in the number of entries into (p<0.05) the open arms of the EPM, compared with
MB- and/or VEH-treated animals. In the second study, AS-treated rats fitted
additionally with a chronic jugular vein catheter showed increased basal ACTH levels
and an enhanced ACTH secretory response to exposure to the EPM compared with
VEH- and MB-treated rats. Effectiveness of AS ODN was estimated by receptor
autoradiography. In a third study, HPA axis and oxytocin (OXT) responses to
stressors were investigated after chronic (4 and 5 days) icv infusion of ovine PRL or
VEH (Alzet osmotic minipump, 1 pg/0.5pl/h). Basal ACTH, corticosterone (Cort)
(p<0.05), and OXT (p<0.01) concentrations were increased while their secretory
responses to an emotional (EPM; ACTH, Cort, p<0.05) or a physical stressor (swim;
OXT, p<0.01) were significantly attenuated. These results show that PRL acts as an
endogenous anxiolytic neuropeptide, and reduces HPA axis and OXT responses to
stress at brain level. (Supported by DFG[I.D.N.], and CONACyT[L.T.]).
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DECREASES IN NITRIC OXIDE (NO) AND CARBON MONOXIDE
(CO)
PRODUCTION
IN
THE
HYPOTHALAMUS
ARE
CORRELATED WITH ATTENUATED ACTH RESPONSE TO
ELECTROSHOCKS. C. K. KirrTand C. Rivier. Clayton Foundation
Laboratories for Peptide Biology, The Salk Institute, La Jolla, CA 92037.
We have previously
provided
evidence that
the
gaseous
neurotransmitters, nitric oxide (NO) and carbon monoxide (CO), exert
stimulatory influences on the hypothalamic-pituitary-adrenal (HPA)
response to neurogenic stressors. The present study demonstrates that the
HPA stress response is correlated with activity levels of the constitutive
enzymes that produce NO and CO in the hypothalamus, i.e. nitric oxide
synthase (NOS) and heme oxygenase (HO), respectively. Adult male
Sprague-Dawley rats were administered the vehicle, NOS inhibitor Nonitro-L-arginine-methylester (L-NAME, 50 p,g) or HO inhibitor tin
protophorphyrin (SnPP, 20 pg). These compounds were injected
intracerebroventricularly (5 pi, over 2 min) 1 hr prior to a 45 min session
of mild electroshocks (1 mA, 1 sec duration, 2 shocks/min).
Electroshocks produced the expected increase in plasma ACTH levels,
and L-NAME and SnPP significantly decreased this ACTH response. The
attenuation of the ACTH response by L-NAME or SnPP was
accompanied by marked decreases in NOS or HO activity levels in the
hypothalamus. L-NAME did not affect HO activity and SnPP did not
affect NOS activity, demonstrating the specificity of these antagonists.
The transient and modest effects of L-NAME and SnPP on blood
pressure had subsided when the electroshocks were applied, suggesting
that the endocrine effects of these inhibitors were not due to changes in
cardiovascular activity. The finding of parallel and concomitant decreases
in hypothalamic NOS/HO activity and ACTH release supports our
hypothesis that NO and CO have stimulatory effects on hypothalamic
CRF neurons that participate in the HPA response to neurogenic stressors.
Supported by NIH Grant MH 51774.

PARADOXICAL ACTIVATIONAL EFFECTS OF A CRF-BINDING
PROTEIN "LIGAND INHIBITOR" IN RAT BRAIN. R.K.W. Chan*, W.W.
Vale and P.E. Sawchenko. The Salk Institute, La Jolla, CA 92037.
The CRF-binding protein (CRF-BP) is a moiety distinct from CRF
receptors, but which is capable of binding the peptide and neutralizing its
biological actions. Recent interest has centered about the potential of socalled "ligand inhibitors" of CRF-BP actions to illuminate its functions, and
as potential therapeutic agents. Thus, a synthetic CRF fragment (CRF6-33)
which is inactive at CRF receptors, can displace the peptide from the BP,
thereby increasing local levels of "free" CRF. This ligand inhibitor can act
centrally to improve performance on learning and memory related tasks,
and to blunt overeating and weight gain in animal models of obesity. To
identify potential sites of action of this ligand, we have charted the
distribution of Fos expression seen following icv administration of CRF6-33
(5-50 pg), in relation to CRF-BP and CRF receptor expression. While it was
expected that Fos expression would mimic aspects of the distribution of the
type 1 CRF receptor (CRF-R1), the far greater correspondence was seen with
the central distribution of the CRF-BP, itself. This included neurons in
deeper layers of isocortex, the amygdala, the nucleus raphe magnus, and in
the endopiriform, pretectal, pedunculopontine, magnocellular reticular and
lateral reticular nuclei. Many Fos-ir neurons in each of these regions were
found to coexpress CRF-BP mRNA. While subsets of Fos-positive neurons,
notably in the amygdala, piriform cortex and the pedunculopontine and
lateral reticular nuclei, co-expressed CRF-R1 mRNA, these were limited to
cell groups that also express CRF-BP, and where the BP-ir and Rl transcripts
were subsequently found to coexist. Responsive neurons displaying CRFRI mRNA were rare, and seen reliably only in the lateral septal nucleus.
These findings support only a limited capacity of the ligand inhibitor to
activate neurons that express CRF-Rs. The more pervasive Fos induction
seen in CRF-BP-expressing neurons may be indicative of a receptor-like
function for this protein. (NIH DK-26741, AHA SDG9730284N)
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TARGETED OVEREXPRESSION OF CRH-BINDING PROTEIN IN
PITUITARY CORTICOTROPES OF TRANSGENIC MICE.
D.B. Speert1* and A.F. Seasholtz1’2’3. Neuroscience Program1, Dept.
of Biological Chemistry2, and Mental Health Research Institute3,
University of Michigan, Ann Arbor, MI 48109
Corticotropin-releasing hormone (CRH) is the primary hypothalamic
mediator of the mammalian stress response. A CRH-binding protein
(CRH-BP) distinct from the CRH receptors has been localized to a
number of brain regions and CRH target cells, including anterior
pituitary corticotropes. In vitro and in vivo studies suggest that the
CRH-BP may modulate the endocrine activity of CRH in the
hypothalamic-pituitary-adrenal (HPA) axis. To further elucidate the in
vivo role of CRH-BP in the HPA axis, a mouse model of pituitary
corticotrope CRH-BP overexpression was created. Elevated levels of
CRH-BP in pituitary corticotropes were achieved by expression of the
mCRH-BP cDNA under the control of the POMC promoter. Four
independent lines of transgenic mice have been examined. Crosslinking
assays of pituitary lysates and 125I-CRH demonstrate that pituitary
expression of CRH-BP in transgenic mice is 2-10 times greater than
wild type littermates. Preliminary examinations suggest no significant
change in basal ACTH and corticosterone levels in transgenic versus
wild type littermate mice. Current studies will determine the effects of
excess corticotrope CRH-BP on the endocrine and behavioral
responses to stress. Finally, in situ hybridization histochemical studies
will examine CRH, vasopressin, and CRH receptor mRNA levels in the
transgenic and wild-type mice, as compensation by other components of
the HPA axis may occur in response to elevated corticotrope CRH-BP
expression. Supported by NIH DK42730 (AFS) and NARSAD (AFS).

NERVE GROWTH FACTOR (NGF) SIGNALING IN THE ANTERIOR
PITUITARY CELL LINE AtT-20. Edward M. Mills, David Huang, Matt
Lewullis, and Gordon Guroff*. Section on Growth Factors, NICHD / NIH,
Bethesda, MD 20892.
In rodents, NGF administration activates components of the hypothalamicpituitary-adrenal (HPA) axis and produces increased plasma ACTH and
corticosterone levels. However, only scant information exists regarding the
cellular actions of NGF in pituitary cells. Using the murine anterior pituitaryderived cell line AtT-20, we observed by western blotting and RT-PCR the
presence of the high affinity NGF receptor TrkA in cell lysates. In contrast,
expression of the low affinity receptor, p75, was not detected. Exposure of cells
to 100 ng / ml NGF for 5 min. resulted in increased tyrosine phosphorylation of
TrkA, as determined by immunoprecipitation with an anti-phosphotyrosine
(4G10) monoclonal antibody. Treatment of cells with NGF also induced the
activation of p42 /44 MAP kinases, as determined by phospho-specific antiMAP kinase antibodies. Increases in the level of the orphan nuclear receptor
NGFI-B were observed as were increases in NGFI-B phosphorylation. NGFI-B
has been reported to mediate corticotrophin-stimulated ACTH induction in AtT20 cells. While NGF induced the expression of NGFI-B in AtT-20 cells, no
increase in the mRNA level of the ACTH precursor, proopiomelanocortin
(POMC) has as yet been observed. These data demonstrate an intact NGF
signaling response in AtT-20 cells that activates MAP kinase independently of
p75 and suggest that previously reported NGF-induced systemic ACTH
elevations may occur by a mechanism other than transcriptional regulation.
These results suggest a role for NGF in the regulation of anterior pituitary
physiology.
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64.13

64.14

THE COMBINED DEX/CRH-TEST IN HIGH ANXIETY RATS:
INVOLVEMENT OF ENDOGENOUS VASOPRESSIN
M.E. Keck*, A. Wigger, A. Gesing, T. Welt, J.M.H.M. Reul, F. Holsboer,
R. Landgraf and I.P. Neumannn. Max Planck Institute of Psychiatry, D-80804
Munich, Germany
The dexamethasone (DEX)/CRH test has been used to further correlate
neuroendocrine alterations of the HPA axis to inborn emotionality in two Wistar
rat lines selectively bred for high (HAB) or low (LAB) anxiety-related behavior
on the elevated plus-maze. DEX (30 pg/kg i.v.; 1200 a.m.) resulted in a
significantly less efficient suppression of the diurnal increase in circulating’
ACTH in male HAB compared to LAB rats. In addition, the ACTH response to
subsequent CRH (50 ng/kg i.v.; 0730 p.m.) was significantly higher in male, but
not female, HAB compared to LAB rats. Pretreatment with a vasopressin
receptor)b (Vlb) antagonist (lOpg/kg i.v.) in male HAB rats abolished the CRHstimulated increase in ACTH secretion. The maximal number of binding sites
(Bmax) and relative binding affinity (Kj ) of hippocampal, hypothalamic and
hypophyseal mineralocorticoid (MR) and glucocorticoid receptor (GR) levels
was indistinguishable between male HAB and LAB rats. Thus, the HPA system
appears to be profoundly dysregulated in HAB rats in a gender-dependent
manner independent of GR- and MR-mediated effects, hereby revealing striking
effects of innate emotionality. The abolished ACTH response to the CRH
challenge after pretreatment with a Vtb receptor antagonist indicates changes in
the synergistic mechanisms of exogenous CRH with endogenous AVP. We
therefore conclude that vasopressin-mediated effects account for the profound
disturbance of the HPA system in HAB rats. For the first time, these data reveal
striking neuroendocrine parallels of the HAB rat line and patients suffering from
major depression.
Supported by DFG.

MECHANISMS OF NEUROENDOCRINE REGULATION IN
THE CRH1 RECEPTOR KNOCKOUT MOUSE
M.B, Muller*. R. Landgraf. F. Holsboer, W, Wurst. and M E. Keck
Max Planck Institute of Psychiatry, 80804 Munich, Germany
Most recently, a mouse line lacking a functional CRH 1 receptor
(CRH1RKO) has been established, being characterized by reduced
anxiety and a significantly impaired stress response (1). However,
despite the lack of functional CRH 1 receptor on pituitary
corti cotropes, basal ACTH plasma concentrations in these mice are
similar to controls, pointing towards a compensatory activation of
other potential ACTH secretagogues, such as vasopressin (AVP) and
oxytocin (OX). Therefore, AVP, OX , ACTH and corticosterone
plasma levels were measured under basal and different stress
conditions (emotional versus physical stressor). To determine the
impact of AVP on the stress-related release of AVP and
corticosterone, CRH1RKO mice were treated with a selective
vasopressin 1 (VJ receptor antagonist prior to an emotional and
physical stressor. The responsivity of the HPA system was tested by
i.v. challenges of CRH and ACTH. In situ hybridization analysis for
AVP and OX mRNA expression in the paraventricular nucleus was
performed. Taken together, our results provide first evidence that in
the CRH1RKO, a marked dysregulation of the HPA system occurs
not only at the level of pituitary corticotropes, but also at the level of
the adrenal gland. 1. Timpl et al. Nature Genetics 1998; 19: 162-6

64.15

64.16

CRFR2
DEFICIENT
MICE
HAVE
ALTERED
PERIPHERAL VASCULARIZATION.
T.L. Bale?
K-F. Lee, W.W. Vale.
The Clayton Foundation,
Laboratories for Peptide Biology, The Salk Institute, La Jolla,
CA 92037.
Corticotropin releasing factor (CRF) is a critical integrator of
the hypothalamic-pituitary-adrenal (HPA) axis in response to
stress. The expansive distribution of CRF, both centrally and
peripherally, supports its proposed actions in integration of
endocrine, neuroendocrine, behavioral, and autonomic
responses to stress. CRF and its related molecule urocortin bind
CRF receptor 1 (CRFR1) and CRFR2 with distinct affinities.
We previously reported that mice deficient for CRFR1 exhibited
decreased anxiety-like behavior and a decreased stress response.
In direct contrast to CRFR1 mutant mice, CRFR2 mutant mice
were hypersensitive to stress and displayed increased anxietylike behavior. CRFR2 has been localized to the smooth muscle
layer of blood vessels and has been shown to stimulate
vasodilation in response to ligand activation. Observations in
these mice indicate an altered state of the vasculature in the
mutant animals which may result from either increased vascular
resistance due to inability to properly vasodilate or a direct
developmental defect resulting from a lack of CRFR2. This
alteration in vascularization may affect hormone release from the
pituitary or adrenal gland in response to stress. This work was
supported by NIH Grant DK 27641.

INTERMITTENT ACTIVATION OF SODIUM CHANNELS
STIMULATES HYPOTHALAMIC ARGENINE VASOPRESSIN AND
CORTICOTROPIN-RELEASING HORMONE GENE EXPRESSION IN
THE RAT. DJ Haisenleder*. Dept. of Medicine, Univ. of Virginia;
Charlottesville, VA 22908
Ultradian rhythms for firing activity and secretion of hypothalamic
AVP and CRH neurons have been described. Both the generator and the
physiological significance of these rhythms at the neuronal level remain to
be determined. The present study investigated the effect of intermittent
increases in neuronal activity on AVP and CRH mRNAs. Hypothalamic
tissue was collect from fetal rats (day 18), and neurons dissociated and
cultured on plastic coverslips. 24h later, the coverslips were inserted into
perifusion chambers and the following treatments administered veratridine (VER) pulses (60 min interval; peak chamber concentration =
5uM); continuous VER (5uM), vehicle pulses (60 min interval). Another
group received continuous phorbol myristate acetate (PMA; lOOnM) as a
positive control for AVP and CRH mRNAs. Treatment duration was 24h, 46 chambers per group. At completion, AVP and CRH mRNAs were
measured by RNase protection assay in extracted RNA samples, and
perifusate AVP and CRH determined by RIA. VER pulses stimulated an
intermittent rise in both AVP and CRH secretion, as well as a 2 fold
increase in mRNA levels (p < 0.05 vs vehicle pulsed control). PMA also
stimulated a rise in mRNA levels (8 fold for AVP and 4 fold for CRH; p <
0.05 vs controls). In contrast, continuous VER had no effect on AVP or
CRH mRNA. Thus, rhythmic increases in AVP and CRH firing activity
may play a role in maintaining gene expression for these 2 peptides within
the hypothalamus. Supported by NIH R03MH57747-01 and NSF 89-20162.

64.17

64.18

DYSREGULATION OF THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS
AFTER IMMUNOLOGICAL STRESS IN p-ENDORPHIN DEFICIENT MICE

FOS mRNA EXPRESSION IN THE FOREBRAIN OF MALE AND FEMALE

Rubinstein2, and M.J. Low1.1 Vollum Institute, Oregon Health Sciences University,
Portland OR 97201; 2INGEBI-CONICET and ^Dpto de Biologia FCEN - Universidad
de Buenos Aires, Argentina; 4Max Planck Institute of Psychiatry, Munich, Germany.
The hypothalamic-pituitary-adrenal (HPA) axis coordinates the release of
glucocorticoids in response to stressors of several types including the acute phase
response to immunological challenge. We examined B-endorphin deficient mice to
determine a role for the endogenous opioid in HPA activation after the i.p. injection of
25 pg E.Coli lipopolysaccharide (LPS). Corticosterone levels increased significantly
three hours following an LPS injection in wild-type mice (6 ± 2 to 642 ± 122 ng/ml)
but the response was markedly blunted in B-endorphin deficient mice (16±6to97 +
53 ng/ml). We then tested the hypothesis that the absence of central B-endorphin is
associated with a reduction in hypothalamic neuronal activation in response to LPS.
Expression of the immediate-early gene c-fos has been extensively studied in the brain
following LPS administration. Contrary to our expectations, the number of Fos
immunopositive cells ih the paraventricular nucleus (PVH) of the hypothalamus of Bendorphin deficient mice was over three-fold greater than in wild-type mice three hours
after LPS injection. However, the number of Fos immunopositive cells in the nucleus
tractus solitarius, an autonomic brainstem region that projects to the PVH, was
identical between the two genotypes. In situ hybridization for proopiomelanocortin
mRNA demonstrated an identical increase between genotypes in the anterior lobe of the
pituitary following LPS. We conclude from these data that B-endorphin is an important
physiological modulator of the HPA axis in response to an immunological stress.
Additional studies will more precisely characterize the neuroendocrine or immune
system substrates directly affected by the opioid peptide.
(Supported by National Institutes of Health grants DA05841 and HD30236)
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LEWIS RATS FOLLOWING AN ACUTE IMMUNOLOGICAL CHALLENGE.
M.D. Julian. R.J. Windle*, S.L. Lightman and C.D. Ingram. Departments of
Medicine and Anatomy, University of Bristol, Bristol BS2 8HW.
Sexual dimorphism is known to occur in HPA function following immunological
challenge. Furthermore, as the HPA axis is also immuno-modulatory, differential
activation of the axis may contribute to gender differences in the susceptibility to
various diseases, such as that described for experimentally-induced inflammatory
diseases in the Lewis rat. Therefore we have investigated both the dynamics and
central pathways involved in immunological HPA activation in male and female
rats. Systemic administration of 25 pg of lipopolysaccharide (LPS) via a jugular
catheter caused a marked release of corticosterone (CORT) in both males and
females. Although the dynamics of the response were similar in both sexes,
showing a significant increase in CORT by 25 min and a plateau of secretion by 45
min, the peak levels of the hormone released were significantly greater in the
females at 414 ± 56 ng/ml than in the males at 194 ± 20 ng/ml. Three hours after
LPS administration, the rats were sacrified and their brains collected, together with
those of the untreated controls. In order to determine the areas of the brain activated
by immunological challenge, the neural activity was assessed by in situ
hybridization histochemistry for c-fos mRNA in forebrain sections. Basal
expression of c-fos was low in both sexes. LPS activated c-fos gene expression in
several forebrain regions. In the paraventricular nucleus of the hypothalamus c-fos
expression was significantly higher in females than in males, and in other areas,
such as the medial amygdala, the dorsomedial nucleus, and the paraventricular
thalamic nucleus, die signal also tended to be higher in the females. Therefore it is
likely that the sexual dimorphism in immunological activation of the HPA axis is
centrally mediated. (Supported by the Neuroendocrinology Charitable Trust, Tbe Special Trustees

for the United Bristol Hospitals and Wellcome Trust)
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EFFECT OF ACUTE AND CHRONIC LIPOPOLYSACCHARIDE INJECTION ON
THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS. V.V, Grinevich. X.-M,
Ma. G, Aguilera*. SEP, NICHD, NIH; Bethesda, MD 20892-1862.
The effects of chronic inflammatory stress on the hypothalamic-pituitary-adrenal
(HPA) axis was studied in rats after chronic administration of lipopolysaccharidae
(LPS), a bacterial endotoxin acting though cytokine production. Hypothalamic CRH
mRNA, type 1 CRH receptor (CRH-Rl) mRNA and VP mRNA, and pituitary POMC
mRNA and CRH-Rl mRNA responses to acute LPS injection (250 (ig/100 g) or lh
restraint stress were measured by in situ hybridization, after 14 days injection of saline
or increasing doses of LPS from 50 to 250 gg/lOOg every 2 days (14xLPS). CRH
mRNA levels in the PVN increased 6 hr after acute LPS or 3h after lh restraint. In
contrast, CRH mRNA decreased in 14xLPS, but responses 6h after a new injection
were identical to controls. CRH mRNA responses to restraint were significantly lower
in 14xLPS than in controls. CRH-Rl mRNA levels in the PVN increased equally
following acute LPS or lh restraint, but responses to both were blunted in 14xLPS.
VP mRNA in parvocellular neurons of the PVN increased in response to acute LPS or
restraint in controls and 14xLPS. Basal VP expression in parvocellular neurons tended
to increase in 14xLPS (24hr after the last injection). VP mRNA levels in the
magnocellular PVN were unchanged by restraint or chronic LPS, but decreased
significantly following acute LPS in both controls and 14xLPS. In control rats,
pituitary POMC mRNA levels increased 6h after acute LPS but not 4h after restraint,
whereas an enhanced response to both stimuli was observed in 14xLPS. Pituitary
CRH-Rl mRNA decreased 6h after acute LPS in control rats but not in 14xLPS. The
effects of repeated LPS injection shown in this study are similar to the reported effects
of chronic inflammation on the HPA axis suggesting that cytokines have a mediatory
role. The normal or enhanced CRH mRNA responses to the last repeated LPS
injection suggest that reduced CRH mRNA levels in the PVN after chronic LPS
administration is due to a decrease in mRNA stability rather that transcriptional
inhibition. In addition, while increased parvocellular VP expression after LPS may be
important for the HPA axis responses, the decrease in magnocellular VP mRNA
suggests that immune stimulation may affect fluid homeostasis.
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65.1

65.2

RGS PROTEINS INHIBIT ODORANT-AND FORSKOLIN-INDUCED
cAMP PRODUCTION. D. Srikumar12, S, Sinnaraiah2*, J.H, Kehrl2, E.E.
Morrison1, and V. Vodyanov1. ‘Department of Anatomy Physiology and
Pharmacology, Auburn University, Auburn, AL 36849; 2B Cell Molecular
Biology Section, Laboratory of Immunoregulation, NIAID, NIH, Bethesda, MD
20892.

CELLULAR PROPERTIES OF TWO DISTINCT FORMS OF THE
REGULATOR OF Q_ PROTEIN SIGNALING, RGS 14. S. Hollinger*. J. R.
Hepler. Dept. of Pharmacology, Emoiy University; Atlanta, GA 30322

RGS proteins are newly identified negative regulators of G protein signaling. In
the present study we isolated olfactory cilia from rat and canine nasal septum
epithelium to determine RGS involvement in olfactory signaling. Western
blotting afid RT-PCR revealed the presence of RGS2 and RGS3 in the rat
olfactory epithelium, vomeronasal organ and olfactory bulb. Odorant mixture,
containing equal parts of ethyl butyrate, eugenol, and (+)- and (-) - carvones,
applied to olfactory cilia preparations at concentrations from 10 to 1600 /zM
induced a dose-dependent accumulation of cAMP in the presence of 10 /zM GTP
and 2 /zM ATP. The odorant-induced accumulation of cAMP was inhibited
when olfactory cilia were pre-incubated with the RGS2 protein. The inhibitory
effects of RGS2 were dose dependent. Similar inhibitory effects of the RGS2
were observed when cAMP accumulation was induced by forskolin or by GTPyS
bound form of Gas subunits (Gas-GTPyS). Among the RGS proteins (1,2, 3, 4,
5, and 14) only RGS1, 2, and 3 inhibited odorant induced cAMP accumulation,
with RGS2 demonstrating the most potent inhibitory effect. These results suggest
that RGS proteins, in particular RGS2, may be involved in regulating the
olfactory signaling presumably inhibiting the adenylate cyclase. (Supported by
grant from OST DAAD05-96-0-7019).

Many neurotransmitters rely on heterotimeric G proteins to exert their actions
at target tissues. Besides well defined effector proteins, G proteins interact with
a growing list of binding partners including the highly diverse family of RGS
proteins which bind activated Ga subunits and accelerate Ga-GTP hydrolysis
to block G protein effector signaling. Apart from this feature, RGS proteins
differ widely and growing evidence indicates that they are multifunctional.
RGS 14 (predicted mass 60kDa) is a poorly understood RGS family member
which shares sequence homology with RGS12. RGS14 was first identified as a
binding partner of rapl and rap2, monomeric GTPases implicated in vesicular
transport and ras signaling. To understand the cellular roles and properties cf
RGS 14, we generated a polyclonal antisera which recognizes the C-terminus cf
the protein. Two forms of RGS14 were detected in rat tissues, RGSI4L(~60kD)
and RGS14S(~50kD). RGS14L is expressed ubiquitously in rat tissues, while
RGS14S is observed primarily in lung and brain (including hippocampus,
cerebellum, cortex). Fractionation of rat brain and PC 12 cells revealed that
RGS14L is found exclusively in membranes, while RGS14S is enriched in
cytosol. Serial extraction of bovine brain membranes revealed two
subpopulations: a high salt- and a detergent extractable population (l%TX-100).
The existence of distinct subpopulations of RGS 14 predicts tight regulation cf
RGS 14 functions, though preliminary studies indicate that treatment of PC 12
cells with agents that elevate cAMP (forskolin), protein kinase C (PMA) and
intracellular Ca++ failed to alter gross subcellular distribution. A better
understanding of the biochemical properties of RGS 14 will aid in determining
its still poorly understood cellular roles and regulation.
JRH is supported by grants from NIH/NINDS, AHA (GA affiliate) and the
PhRMA Foundation

65.3

65.4

Structural and Functional Analysis of Essential Residues of RGS4 Protein for
G-proteins Interaction B, Xu*1. W. Kroeze1, M. Shoham1. R.NeubigA and B.L.
Roth1,2, Depts of Biochemistry1 and Neurosciences2, Case Western Reserve
University, Cleveland, OH 44106 ADept. of Pharmacology, University of Michigan,
Ann Arbor, MI 48109
RGS proteins act as negative regulators of G protein signaling by accelerating
the GTPase activity of G protein a subunits, including Gi/oa and Gqa. In order to
identify residues of RGS4 responsible for G-protein subtype specificity, we have
earned out mutational analysis of essential residues previously found from yeast
pheromone assays. Site-directed and random mutagenesis were both used to develop
mutant RGS4s which were then screened for their binding and GTPase activities
against different G-protein subtypes. We found one mutant, E87A, which
specifically associates with Gia and Goa, but not Gqa. Nearly all of the random
mutants L159X (X=16 a.a.) and M160X (X=T7 a.a.) bind neither Gi/oa nor Gqa. To
investigate the binding mechanism, we have built a molecular model for RGS4-Gqa
based upon the previously determined crystal structure RGS4-Gial (by Gilman &
colleagues). According to the model, one salt bridge and one hydrogen bond are
missing in RGS4-Gqa as compared to RGS4-Gial. Additional disruption of a LysGlu pair of salt bridge in RGS4-E87A/Gqa dramatically leads to the inability of
E87A to bind to Gqa. The bulky side chain of LI59 interacts extensively with the
side chain of T182 in Gial (T177 in Gqa) such that it determines the size or shape
of the pocket where a critical residue, T182, in Gial interacts with several conserved
residues, including S85, DI63, SI64, R167 in RGS4. M160X likely represent
folding mutants since Ml60 is located in the center of the hydrophobic core that
consists of L63, 189, W92, F157 and Y165. Studies to determine binding affinities
and GTPase activities of various mutants are ongoing. These studies may help in
elucidating selective regulation by RGS proteins in determining the intensity and
specificity of G-protein subtypes that participate in different signaling pathways in
the brain. (Supported by MH57635, MHO 1366 to BLR, GM39561 to RN)

CHARACTERIZATION OF RGS9-2 FUNCTION IN VIVO USING HERPES
SIMPLEX VIRUS MEDIATED GENE TRANSFER.
Z, Rahman*1’2. S.J. Gold2. R.L.Neve3 and E.J, Nestler2. Dept. of MCDB1,
Laboratory of Molecular Psychiatry^, Yale University, New Haven, CT 06508;
Dept. of Genetics3, Harvard Medical School, Belmont, MA 02178.
Regulators of Q-protein Signaling (RGS) proteins constitute a large family of
proteins that potently modulate the functioning of heterotrimeric G proteins by
stimulating the GTPase activity of the G-protein a subunit. We have recently
characterized a splice variant of RGS9, termed RGS9-2, which is highly enriched in
striatal regions, including caudoputamen, nucleus accumbens, and olfactory tubercle,
with very low levels of expression seen elsewhere in brain and peripheral tissues
(Rahman et al., J. Neurosci. 19: 2016, 1999). The striatal-enriched expression of
RGS9-2 and the prevalence of dopamine neuromodulation in this structure suggests
that RGS9-2 could serve specialized functions as a GTPase-activating protein (GAP)
for striatal neurons and modulate signaling through dopamine receptors. We are now
testing this hypothesis in vivo using well characterized dopamine-modulated
behavioral paradigms. We have generated several constructs in the herpes simplex
virus (HSV) vector that contain the following genes: RGS9-2 in forward
orientation, RGS9-2 in reverse orientation (to serve as a control), and RGS9-1, the
retinal isoform of RGS9. In addition to the analysis of RGS9, we will also test
general features of RGS function on dopamine signaling using a Gai mutant that is
insensitive to RGS activity. We have generated EE-tagged Gail mutant and wild
type constructs in the HSV vector. Using these constructs to mediate gene transfer
into neurons, we are now modulating RGS9-2 levels in the shell of the nucleus
accumbens and analyzing behavioral responses (e.g., conditioned place preference and
locomotor activity) to cocaine and specific dopamine receptor agonists. These in
vivo studies should shed light on the role of RGS9-2 in striatal function and perhaps
on the specificity of the dopamine receptor subtypes and post-receptor signaling
proteins upon which RGS proteins act. (Supported by NIDA)
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65.5

65.6

REGULATION OF RGS mRNA EXPRESSION BY CHRONIC
MORPHINE AND NALTREXONE-PRECIPITATED WITHDRAWAL.
S.J. Gold*, A.E. Herman, Y.G. Ni and E.J, Nestler. Lab of Molecular
Psychiatry, Yale Univ., New Haven, CT 06508
Chronic morphine induces a host of adaptations in brain leading to
addiction. One key brain substrate for physical dependence to opiates is
the locus coeruleus (LC). In LC, the response to opiates are biphasic.
Acutely, opiates depress LC activity and cAMP signaling via the Gi/o
coupled mu-opioid receptor (pOR). Chronically, however, LC neurons
adapt to chronic opiate inhibition by 1) upregulating the cAMP pathway
and 2) showing desensitization of the pOR. Upregulation of cAMP
signaling occurs at several levels including increased expression of
adenylyl cyclase subtypes, PKA, and CREB. In contrast to alterations in
the cAMP pathway, desensitization of the pOR is less well understood.
Previously proposed mechanisms occurring at the receptor level include
modulation of GRK and arrestin activity. An additional candidate for
subserving this phenomenon is the Regulators of G protein Signaling
(RGS) family of proteins. RGS proteins negatively regulate G protein
signaling by hastening their transition to the inactive GDP-bound state.
As a first step in determining if changes in RGSs play a role in pOR
desensitization, we have initiated in situ hybridization studies to assess
whether RGS levels are altered following chronic morphine or
naltrexone- precipitated withdrawal. Work to date indicates that
withdrawal induces marked increases in RGS4 mRNA expression in LC.
Analyses of other RGS changes are underway. Ultimately, it will be
necessary to study the consequences of altered RGS expression on
functional responses of LC neurons to pOR activation. Supported by
NIDA grants to SJG and EJN.

IN VIVO RGS FUNCTION IS RESTORED BY CO-EXPRESSION OF THE RGS
CORE DOMAIN AND THE DEP DOMAIN OF SST2.
G. Hoffman*3. D, Apanovitch4. T. Garrison2. M. Guo3. Z. Rahman1. S.J. Gold1. E.J.
Nestler*. and H. Dohlman2. ’Laboratory of Molecular Psychiatry, Yale Univ., 2Dept.
of Pharmacology, Yale Univ., 3Dept. of Neuroscience, Yale Univ., New Haven, CT
06520. 4Bayer Corporation, West Haven CT, 06516.
RGS (Regulators of £. protein Signaling) proteins modulate neuronal responses to
neurotransmitters by limiting the duration of G protein activation. One way they
accomplish this is by accelerating the GTPase activity of the Ga subunit. They have
been shown to execute this in vitro via a conserved domain, the RGS core domain, that
all members of the RGS family share. However, most family members also possess a
large amount (up to 900 amino acids) of additional sequence. This additional sequence
varies amongst individual family members, but often contains a conserved motif termed
the DEP domain. A pressing question is what the role of this additional sequence is.
We sought to answer this question by conducting genetic studies on Sst2, an RGS
protein in Saccharomyces cerevisiae. Sst2 contains an RGS core domain in its C
terminal half (C); its N terminal half (N) constitutes its “additional sequence" and
contains a DEP domain. Neither N alone nor C alone can rescue an Sst2 knockout
strain. However, co-expression of N and C together in the same cell can substantially
restore Sst2 function. This was paralleled by the finding that co-expression of the
striatally abundant isoform of murine RGS9 and the N terminus of Sst2 also partially
restores Sst2 function to an Sst2 knockout strain, even though neither show in vivo
activity when expressed alone. (Generally, mammalian RGS proteins containing a large
amount of additional sequence, like RGS9, are unable to rescue Sst2 knockout strains,
whereas some smaller RGS proteins are.) N did not restore function to C by altering its
subcellular localization or by enhancing its stability. Furthermore, the functionality of
N and C expressed in the same cell may be physiologically significant since similarly
sized fragments appear to exist in a wild type yeast strain. These results point to the
importance of the DEP domain in RGS function and suggest novel ways in which RGS
function may be regulated. (Supported by NIH # GM55316 and NIDA to EJN.)

65.7

65.8

CO-EXPRESSION AND CO-LOCALIZATION OF RGS9L AND G(JS IN RAT
STRIATAL NEURONS. T.M. Cabrera-Vera*, A. K. Sundgren-Andersson, M.
Day, M. Morrow, S. Hernandez, D. J, Surmeier and H.E. Hamm. Institute for
Neuroscience, Northwestern University, Chicago, IL 60611.
RGS proteins (Regulators of G protein Signaling) accelerate the deactivation of
second messenger responses by enhancing the GTPase activity of Ga subunits.
RGS9L is densely expressed in the striatum, nucleus accumbens and olfactory
tubercle. Our objectives were to determine whether RGS9L and GP5 (an RGS9L
interacting protein) mRNA were co-expressed in specific sub-populations of neurons
within the striatum, and to determine whether RGS9L and Gp5 co-localize to the
same subcellular domains within striatal neurons. Transcripts were identified in
acutely dissociated rat striatal neurons by single cell RT-PCR and proteins were
localized in cultured striatal neurons by fluorescent confocal microscopy. RGS9L
mRNA was detected in medium spiny striatal neurons co-expressing either substance
P (SP), enkephalin (ENK), or both SP and ENK. In addition, RGS9L mRNA was
detected in cholinergic intemeurons within the striatum. GP5 transcripts were
localized to all neuronal cell types examined. RGS9L was primarily localized to the
plasma membrane in soma and neurites. GP5 co-localization with RGS9L was most
prevalent along the plasma membrane in soma and in large diameter neurites.
Diffuse Gp5 staining was also observed within the cytoplasmic compartment. The coexpression and co-localization of RGS9L and Gps is consistent with the idea that
these proteins may act in concert within the brain, and suggests that these proteins
may participate in a signaling complex localized at the plasma membrane. This study
was supported in part by NIH grants EYl0291 (H.E.H) and NS34696 (D.J.S) and by
a training fellowship awarded to T.M.C-V (5T32CA70085).

PHARMACOLOGIC PROFILING OF GPCR’S IN A HIGHTHROUGHPUT FUNCTIONAL ASSAY DESIGNED TO
IDENTIFY NOVEL LEAD COMPOUNDS. N.Nash*, M. Ader,
M.Barrett, E, Burstein, K. Duggento, M. Feddock, D. Gibson, M.
Goodman, D. Li, Q. Lu, J. Ma, C. Moore, M. Pace, E. Pham, F. Piu,
M. Saurez, T, Spalding, A. Sulieman, L. Tripp, C. Trotter, D. Weiner,
Y. Zhang, U.Hacksell, and M.Brann. ACADIA Pharmaceuticals, Inc.
San Diego, CA 92121
Utilizing our patented Receptor Selection and Amplification
Technology (R-SAT™) we have developed high-throughput
functional assays for Gq-, Gi/o-, G12-, G13-, and Gs-coupled
receptors. We have embarked on cloning and enabling the known
(ligand identified) GPCR’s for use in high-throughput screening to
identify small molecule lead compounds. We have cloned 133 of the
approximately 165 identified GPCR’s and have generated complete
pharmacological profiles for each receptor. This profiling includes
full and partial agonism, competitive antagonism, and full and partial
inverse agonism. We have expanded our technology to include other
important CNS targets and have shown efficacy with nuclear
receptors, neurotransmitter transporters, and other signaling
molecules. Using our broad platform of CNS targets we are
functionally profiling a wide range of compounds, in an effort to
better understand the target mechanisms of their physiological effects.

65.9

65.10

IDENTIFICATION OF A NOVEL RHO/RAC GEF
ENRICHED IN BRAIN. X.B, Wang* and T.M, Baraban

OPTIMIZATION OF DOPAMINE AGONIST-STIMULATED [35S]GTPyS
BINDING TO Ga PROTEINS IN BRAIN MEMBRANES. S. Panchalinganfand
A. S. Undie. Neuroscience & Pharmacology, Dept. of Pharmaceutical Sciences,
Univ. of Maryland, Baltimore, MD 21201. <asundie@umaryland.edu>
Binding of radiolabeled GTPyS to endogenous G proteins is now recognized
as a reliable index of functional receptor coupling. The sensitivity and temporal
requirements of this interaction, however, may differ for different G proteins and
receptor systems. We and others have previously implemented protocols for
concurrent measurements of [35S]GTPyS binding to various Ga subunits in rat
brain membranes. The present study sought to optimize the binding assay for
dopamine agonist activation of Gq-like proteins by re-examining each component
and conditions of the assay system. Optimal dopaminergic stimulation of
[35S]GTPyS binding depended on the concentrations of K+, Na+, Mg'\ GDP and
[35S]GTPy S. Addition of cold GTP in the incubation or quench solution did not
significantly alter the basal or agonist-stimulated binding. Exclusion of DTT and
inclusion of sodium deoxycholate significantly reduced basal binding while
enhancing agonist sensitivity. Absolute receptor-mediated binding was linear with
protein content, although the ratio of agonist-stimulation to control binding was
higher at lower protein concentrations. Control binding decreased with incubation
time, while agonist-stimulated binding increased with time up to 4 h of
incubation. Under our optimized conditions, the efficacy of SKF38393-stimulated
binding was greatly enhanced, attaining up to 10-fold increases above basal
binding. Subsequent analyses using antibodies specific for various Ga subunits
implicate Gq as the predominant G protein participating in the agonist responses
under these optimized conditions. Supportedby USPHS/NIHgrant #NS-35571.

Department of Neuroscience, The Johns Hopkins University School
of Medicine; Baltimore, MD 21205.
Recent studies indicate that the rho/rac family of small G
proteins, regulators of the actin cytoskeleton, plays a key role in
controlling the morphology of dendritic processes and spines.
Accordingly, signaling pathways controlling the activity of these
small G proteins may play a central role in neuronal plasticity. As
these small G proteins are activated by guanine nucleotide exchange
factors (GEFs), it will be important to identify GEFs expressed in
brain neurons as an initial step in understanding how these signaling
pathways are regulated in neurons. To help achieve this goal, we
have identified a novel GEF family member that is highly enriched
in brain, as assayed by Northern blot analysis. Sequence analysis of
the cDNA indicates that this GEF targets members of the rho/rac
subfamily of small G proteins. Furthermore, its extreme C-terminus
contains a PDZ ligand motif suggesting that it may be localized to
synaptic zones. In situ hybridization studies demonstrate that it is
expressed at high levels in hippocampal and cortical neurons.
Ongoing studies are aimed at confirming that it catalyzes guanine
nucleotide exchange of rho/rac family members in vitro, as
predicted by the cDNA sequence, and assessing its effects cn the
actin cytoskeleton following transfection.

Work supported by NIH
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PROFILES OF DOPAMINE AGONIST-STIMULATED [35S]GTPyS BINDING
TO Gq-LIKE PROTEINS IN RAT BRAIN MEMBRANES. A. S. Undie* and S.
Panchalingam. Neuroscience & Pharmacology. Dept. of Pharmaceutical Sciences,
Univ. of Maryland, Baltimore, MD 21201. <asundie@umaryland.edu>
Transmembrane signaling by brain dopamine D,-like receptors is mediated
through activation of either Gs/adenylyl cyclase or Gq/phospholipaseC pathways.
Previous studies documented significant brain regional differences in the potency
and efficacy ofdopamine agonist coupling to these effector systems. To determine
if such regional differences may derive from differences in G protein distribution
or coupling to the receptors, we have studied the binding of [35S]GTPyS in
membrane preparations from various rat brain regions using an optimized assay
procedure. Dopamine and the D,-like receptor agonist SKF38393 significantly
stimulated [35S]GTPyS binding to membranes from rat striatum, hippocampus, or
frontal cortex, with the hippocampus showing the highest response. Both the
potency and efficacy of the agonist effects were dependent on the duration of
incubation. In the presence of sodium deoxycholate which appears to enhance
[35S]GTPyS binding to Gq-like proteins, SKF38393 and various other agonists
induced effects with different temporal patterns: agents with significant efficacy
on phospholipase C tended to induce slower but longer-lasting effects on G
protein binding. Immunoprecipitation experiments using antibodies to discrete Ga
proteins showed that a larger portion of SKF38393-stimulated [35S]GTPyS
binding was associated with Gaq than with Gas. These observations indicate that
Gq is a principal target of SKF38393-induced [35S]GTPyS binding in the brain,
and that the functional effects of dopamine Drlike agonists in each brain region
probably depend on the relative effects of the agonists on Gs versus Gq signaling.
Supported by USPHS/NIHgrant XNS-35571.

VISUALIZATION
OF
A
MUSCARINIC
RECEPTOR-INDUCED
REDISTRIBUTION OF CYTOSKELETAL TUBULIN. J, S. Popova*1, and
M. M, Rasenick12. Depts. of Physiology and Biophysics1 and Psychiatry2,
Univ. of Illinois, Chicago, IL 60612
Cytoskeletal tubulin was demonstrated to regulate PLCp, signaling in
response to mt muscarinic receptor stimulation (Popova et al., J. Biol.
Chem., 1997, 272: 6760-6765).
Gaq transactivation through a GTP
transfer from tubulin appeared responsible for enzyme activation. A lower
affinity interaction of tubulin with the PLCpj substrate, PIP2, was proposed
responsible for the enzyme inhibition observed at high local concentrations
of tubulin. Since receptors and G proteins are membrane-located proteins,
while tubulin is either free in the cytosol or forms microtubules, we tested
the hypothesis that an activated muscarinic receptor recruits tubulin to the
membrane. Neuroblastoma SK-N-SH cells which endogenously express m3
muscarinic receptors, Gaq and PLCpL were stimulated with carbachol.
Tubulin membrane translocation was assessed by western blotting of
SDS/PAGE resolved cell membranes.
A
rapid and time-dependent
association of tubulin with the membranes was observed.
Membraneassociated tubulin increased by about 2.5-fold after two minutes of
carbachol and declined gradually thereafter.
These cells were also
visualized by concomitant confocal immunofluorescence and differential
interference contrast microscopy. Carbachol was observed to trigger a
rapid and transient translocation of tubulin to the membrane of the cell.
The initial association of tubulin with the membrane was followed by
microtubule reorganization and transient change in cell shape.
These
results present the first visual and temporal resolution of the sequence of
events underlying receptor-evoked involvement of tubulin in G proteinmediated signaling in a living cell. A direct interconnection between
cellular signal transduction and remodeling of the microtubule
cytoskeleton is also demonsrated.
Supported NIMH and NI/I

65.13

65.14

GALANIN COUPLES TO Goa TO INHIBIT ADENYLYL CYCLASE IN THE
RAT HYPOTHALAMUS. A.U. Kahl*1, E.J. Mufson1 and M.M. Rasenick2. !Dept.
of Neurological Sci., Rush Presbyterian-St. Luke’s Med. Ctr., Chicago, IL; 2Depts of
Physiology&Biophysics and Psychiatry, Univ. Illinois Chicago College of Medicine,
Chicago, IL.
The neuropeptide galanin exerts its effects in the peripheral and central nervous
systems by binding to receptors belonging to the family of G-protein-coupled
membrane-bound receptors (GPCR’s). After binding galanin, the receptor activates a
G-protein which in turn affects one or more second messenger systems. In the
present study we have examined the effects of increasing concentrations of galanin
(10' -10' M) on the adenylyl cyclase (AC) activity in membrane preparations of
male rat hypothalamus (which contains all three of the cloned galanin receptor
subtypes; GalRl, GalR2 and GaIR3). The results indicate that galanin negatively
affects AC, causing a 10-20 % inhibition of the cAMP production first in the 10 13
molar range and then at a 109 M concentration. These effects were abolished
through in vitro pretreatment with pertussis toxin (PTX). To identify the G protein(s)
involved, we performed 32P-azido anilido GTP (32P-AAGTP) labeling of the G
proteins in the membrane preparations, followed by separation of the reaction mix on
SDS-PAGE. The proteins were then transferred onto nitrocellulose membranes
where they were conjugated with antibodies against various G proteins and detected
with chemiluminiscence. 32P-AAGTP-labeled G proteins on the nitrocellulose

DIFFERENT G-PROTEINS COUPLE THE 5-HTIA RECEPTOR AND THE
GABAB RECEPTOR TO A GIRK. N. Mueller1* and S.G. Beck2.
’Pharmacology, Loyola University Medical Center, Maywood, IL 60153;
2Psychiatry, MCP Hahnemann University, Philadelphia, PA 19102
The 5-HTia receptor and the GABA0 receptors are linked through a pertussis
toxin sensitive G-protein to an inwardly rectifying potassium channel (GIRK)
in CAI hippocampal pyramidal cells. Antisense oligodeoxynucleotides were
used to determine the G-protein identity. Male Sprague-Dawiey rats had brain
cannulas implanted into the dorsal hippocampus. Randomly assigned groups
received either vehicle (sterile ACSF) or oligodeoxynucleotides. The antisense
oligodeoxynucleotides used were Gai common, Gao common, Gas common,
and nonsense sequences. Continuous microinfusion into the dorsal
hippocampus was accomplished with osmotic minipumps at a rate of 10
pg/24hr for a total of 96 hours. The rats were decapitated and hippocampal
slices were prepared for electrophysiology. Standard intracellular recording
techniques were used to record a 5-HT induced hyperpolarization through 5HT1a receptor activation or a baclofen induced hyperpolarization through
GABAb receptor activation. Western Blot analysis was done to ensure antisense
specificity. The proportion of cells responding was analyzed using Chi-square
test (5-HTi A) or analysis of variance with follow-up Newman-Keuls t-tests
(GABAb ). We observed a significant reduction in the number of cells
responding to 5-HT with antisense Gai treatment compared to ACSF treatment.
Antisense treatment with Gai and Gao showed a significant decrease in the
maximal hyperpolarization elicited by baclofen. Therefore, we conclude that a
Gai protein(s) links the 5-HTi A receptor to a GIRK and that the GABAb
receptor is coupled by both Gai and Gao in CAI hippocampal pyramidal cells.
Supported by NINDS 28512.

membranes were detected using phosphoimaging. The results show that G;, Go, G^,,
and Gs were all present in the hypothalamic preparations, however, only Go
incorporated 32P-AAGTP in response to galanin. These data suggest that galanin acts
at at least two sites within the male rat hypothalamus to cause a dose-dependent
negative modulation of AC via PTX-sensitive G proteins belonging to the Go
subfamily. Supported by the NIA.
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DOPAMINE TRANSPORTER TRANSMEMBRANE POLAR MUTANTS:
EVIDENCE FOR INTERACTIONS IMPORTANT FOR TRANSPORTER
FUNCTIONS. M. Itokawa*1. Z. Lin1, N. Cai2, C. Wu1, S. Kitayama3. JB, Wang4, and
G.R. Uhl1. >Mol. Nbiol., NIDA IRP & Depts. Neurol. & Nsci., JHUSM, Balt. MD 21224,
2Cell. Nbiol. NIDA IRP, Balt. MD 21224,3Dept. Pharm, Hiroshima USD, Hiroshima
734-8553, Japan and 4Dept. Pceut. Sci., UMD, Balt. MD 21201.

TRANSPORT-DEPENDENT ACCESSIBLITY OF A CYTOPLASMIC LOOP
CYSTEINE IN THE HUMAN DOPAMINE TRANSPORTER. N. Chen1*, J.V,
Ferrer2, J.A Javitch2. J.B. Justice Jr1, ‘Dept of Chemistry, Emory Univ., Atlanta;
2Ctr. for Molecular Recognition and Depts. of Pharmacology and Psychiatry, College
of Physicians & Surgeons, Columbia Univ., New York.
To investigate the functional relevance of several loop cysteines in the human
dopamine transporter (DAT), we used rotating disk electrode voltammetry to measure
the initial rates of DA uptake by a DAT construct, X5C, with five mutated cysteines
(90A, C135A, C306A, C3I9F, and C342A), and by the constructs into which the wild
type (WT) cysteines were substituted back into X5C, one at a time. All of the mutants
showed near-normal affinity for [’Ll] CFT and for cocaine, but they displayed altered
DA uptake, with significant reductions in both K„ and turnover rate. Although
restoring the extracellular Cys90 or Cys306 had no effect on [3H]CFT binding or DA
uptake, reaction of Cys90 or Cys306 with MTSET or MTSES enhanced DA uptake to
a similar extent as the previously observed enhancement of [3H]CFT binding caused
by the same reaction (PNAS, 95:9238, 1998). Restoring the cytoplasmic loop residue
Cys342 (X-A342C) increased the turnover rate towards that of WT, but restoring the
cytoplasmic Cysl35 had no significant effect on turnover. MTSEA inhibited DA
uptake by WT and by all mutants. The rate of reaction of MTSEA, however, as
inferred from the resulting inhibition of DA uptake, was substantially increased by mtyramine in WT and X-A342C, but not in any of the other mutants. The m-tyramineinduced increase in reactivity was rapid and temperature-dependent and appeared to
require the inward transport of m-tyramine, rather than simply the presence of the
substrate on either or both sides of the membrane. Although cocaine did not protect
against MTSEA inactivation of DA uptake in the absence of m-tyramine, it prevented
m-tyramine from increasing the reactivity of Cys342 with MTSEA. Thus, Cys342 is
exposed to MTSEA during conformational changes associated with substrate
transport, suggesting that it is located either on a part of the transporter associated
with cytoplasmic gating or that it lies within the transport pathway itself. (Supported
by NIH grants DA10896, DA00179, DAI 1495, and MH57324)

Polar residues in dopamine transporter (DAT) transmembrane domains
(TM) may interact in recognition of cocaine and dopamine. We have
evaluated effects of alanine substitution mutants altering polar residues in
each of the 12 putative DAT TM domains. Fifteen combination mutants
with multiple substitutions in DAT TMs 4, 5, 7 or 11 were selected as
candidates for evaluation based on mutation effects on dopamine and
cocaine analog affinities. Calculating changes in Gibbs free energies
associated with interactions between combined TM domain mutants
(AAG”int) reveals three categories of interactions: 1) Independent (non-co
operative) interactions among TM domain mutations (1/2 of the
combinations), 2) Synergistic influences (1/2) and 3) Complementation of
influences on CFT recognition (two combinations) and dopamine affinity
. (one). Combined mutations in TMs 4 +5 yielded some of the largest AAG°int
values for dopamine uptake, while TM 4+11 mutants provided the largest
AAG®,,,, for CFT binding. Interactions between DAT TMs 4 and 5 support
models demonstrating their juxtaposition. Contributions of TM 4 and 11
residues to a polar pocket important for cocaine recognition are also
supported. Supportedfinancially by NIDA.
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ROLE OF VALINE AT POSITION 152 FOR THE SUBSTRATE TRANSPORT
AND COCAINE BINDING OF DOPAMINE TRANSPORTER Y.S. Lee1*, MY.
Chang1, K.H, Lee1, H. Chin2, H. Son1 ,Y.S. Lee1, S.H. Lee'ftnstitute of Mental Health,
Hanyang University, Seoul 133-791, KOREA; ?Division of Basic and Clinical
Neuroscience Research, National Institute of Mental Health, National Institute of
Health, MD 20857
Human and bovine dopamine transporters (DAT) demonstrate discrete functional
differences in dopamine (DA), 1 -methyl-4-phenylpyridium (MPP+) transport and
cocaine binding. In the previous study, the functional analyses on the chimeras of
human and bovine DAT have revealed that the region from the 133rd to 186th residue
(encompassing the 3rd transmembrane domain) is responsible for the substrate
transport and cocaine binding. It was tried in this study to determine the specific
amino acid(s) specifying DAT functions by interchanging the amino acids in that
region between human and bovine DAT. The DA, MPP+ transport and cocaine binding
almost disappeared in the chimera hb3 in which the region from the 133rd to 186th
residue of bovine DAT was substituted into human DAT. When isoleucine, the 152nd
residue of chimera hb3, was transformed back to valine, the human DAT residue at the
identical position, the substrate transport and cocaine binding remarkably recovered to
76 - 98% of the human DAT values. In addition, the substrate transport and cocaine
binding decreased by 57 - 97% by substituting isoleucine for valine at position 152 in
the human DAT. Isoleucine at position 152 of the chimera hb3 was also converted to
various amino acids to evaluate the possible molecular basis for the functional
mechanism of the 152nd residue. Only the conversion of isoleucine to alanine among
the amino acids tested significantly increased the DAT functions by 16 - 34%, which
is still somewhat smaller than the recovery effect caused by conversion to valine. In
conclusion, valine at position 152 is a crucial amino acid for the interactions of DA,
MPP+, and cocaine to the DAT. Supproted by the Research Fund of Hanyang
University, Republic ofKorea

AN INTRACELLULAR GATING MECHANISM OF HUMAN DOPAMINE
TRANSPORTER. A. Galli-*, D. Borromeo, JV. Ferret and JA. Javitch-. 1Dept.
of Pharmacology, Univ. of Texas at S. Antonio; 2Center for Molecular
Recognition, Columbia Univ.
Dopamine transporters play an established role in the pathophysiology of
psychostimulant abuse and of Parkinson's disease as well as a purported role
in other neuropsychiatric disorders. Electrophysiological studies of human
dopamine (DA) transporter (hDAT) expressed in Xenopus oocytes revealed the
possibility that single transporters could operate with variable stoichiometry. In
HEK 293 cells stably expressing WT and mutant hDAT, we have further
investigated the DA-activated current using the patch-clamp technique in the
inside-out and outside-out configuration. The single channel activity of hDAT is
increased by superperfusion of dopamine at micromolar concentration on either
side of the plasma membrane. We previously demonstrated that binding of the
cocaine analog CFT to hDAT is affected by methanethiosulfonate (MTS)
derivatives. The extracellular Cys90 and Cys306 and the intracellular Cys135
and Cys342 are the most reactive endogenous cysteines, and their substitution
with other residues creates a functional transporter in which CFT binding is
relatively insensitive to the MTS reagents. We further evaluated the intracellular
interaction between DA and hDAT in 135C, a construct in which we mutated
four cys (C90A, C306A, C319F, C342A). In this construct, Cys135 is the cys
responsible for the inhibition of CFT binding caused by MTS reagents, and in
membranes this reaction is slowed in the presence of dopamine or cf cocaine.
In inside-out patches the membrane-impermeant MTSET applied in the bath
reacted with Cys135, affecting channel activity of the 135C construct. In insideout patches we also found that intracellular DA protected Cys135 from reaction
with MTSET. The protection of Cys135 from MTSET by DA could be a result of
steric or electrostatic interactions or of structural changes induced by DA.

66.5

66.6

PROBING SECONDARY STRUCTURE IN THE DOPAMINE TRANSPORTER
BY ENGINEERING OF INTRAHELICAL ZINC BINDING SITES
Phys., Panum Inst., Univ. of Copenhagen, Denmark; 2NeuroSearch, Denmark;
3Dept. of Physiol, and Biophys., 3Mount Sinai School of Medicine, NY 10029.
Recently, we reported the identification of two Zn2+-coordinating residues in an
endogenous Zn2+ binding site in the human dopamine transporter (hDAT); ,93His in
the large second extracellular loop (ECL2) and 375His at the top of transmembrane
segment (TM) 7. Here we explore the secondary structure around 375His at the top of
TM7 by engineering intrahelical Zn2+ binding sites. The strict structural constraints
for binding of the zinc ion is known from crystal structures of Zn2+ binding proteins.
Importantly, if two coordinating histidine residues are localized within the same ahelix or 6 strand the two histidines must be separated by three residues in the ahelix (z and z'±4) and by one residue in the 6 strand (z and z± 2). Introducing a
histidine in the z-4 (M371H) or z+4 (I379H) positions relative to 375His in a
background where 193His was mutated to Lys (H193K) supported an a-helical
configuration at the top of TM7. Thus, Zn2+ potently inhibited [3H]dopamine
uptake in COS-7 cells expressing H193K/M371H and H193K/I379H with IC50
values of 10-20 pM. The a-helical configuration was further supported and a B-strand
configuration excluded by the lack of increase in Zn2+ sensitivity following
introduction of histidines in positions z-2, z'-3 and i-5 from 375His. We furthermore
attempted to generate additional inhibitory intrahelical Zn2+ binding sites around
the predicted a-helix (370H/374H to 374H/378H). The absence of Zn2+ sensitivity
in these mutants showed that only binding of Zn2+ to one face of the a-helix can
inhibit dopamine uptake. In summary, these data defines the critical role of TM7 in
the translocation process and demonstrate engineering of Zn2+ binding sites as a
usful approach for probing the secondary structure of a complex transporter protein.
Supported by the Danish Natural Science Research Council.

DELINEATING TERTIARY STRUCTURE RELATIONSHIPS IN THE
DOPAMINE TRANSPORTER FROM NATURAL AND ENGINEERED
INTERHELICAL ZINC BINDING SITES
C. J, Larsen, L.Norregaard and U.Gether*, Department of Medical Physiology, The
Panum Institute, University of Copenhagen, DK-2200 N Denmark.
The human dopamine transporter (hDAT) belongs to the family of Na+/CT
dependent neurotransmitter transporters. Little is known about the tertiary structure of
this class of transporters and the molecular basis for the substrate translocation
mechanism remains elusive. Recently, we reported the identification of two Zn2+coordinating residues in an endogenous Zn2+ binding site in the hDAT; 193His in the
large second extracellular loop (ECL2) outside transmembrane segment 3 (TM3) and
375His at the top of TM7. The two residues are separate in the primary structure but
their common participation in Zn2+ binding designated their spatial proximity in the
tertiary structure (Norregaard et al. EMBO J. 1998, 17, 4266). Here we report further
insight into molecular architecture of hDAT based on delineation of a third coordinate
in the endogenous Zn2+ binding site and from engineering of additional artificial
interhelical Zn2+ binding sites. Systematic mutation of acetic residues predicted to be
on the extracellular face of the transporter identified 396Glu at the top of TM8 as a
putative third coordinate in the endogenous Zn2+ binding site. Mutation of 396Glu to
Gin eliminated the ability of Zn2+- in micromolar concentrations, to inhibit
[3H]dopamine uptake in COS7 cells expressing hDAT. However, substitution of
396Glu with His fully preserved Zn2+ sensitivity of the transporter. The proximity
and orientation of TM7 relative to TM8 were further explored by engineering of
bidendate Zn2+ binding sites between these two domains. Summarized, our data
provide evidence for spatial proximity between ECL2 (outside TM 3), TM7 and TM8.
These proximity relationships should prove an important scaffold for designing new
artificial Zn2+ binding sites that may add further insight into the tertiary structure of
this class of transporters. Supported by Danish Natural Science Research Council.

66.7

66.8

PURIFICATION OF THE HUMAN DOPAMINE
TRANSPORTER FOR MASS SPECTROMETRIC
SEQUENCING. B. Reed*, A.T, Pham, S.E. Wirtz, and J.B, Justice. Department

IDENTIFICATION OF NEUROTRANSMITTER
TRANSPORTERS FROM DROSOPHILA MELANOGASTER
P. Pflrzgen, M.S. Sonders, A.I. Reed, S.L. Ingram* and S.G.
Amara. Howard Hughes Medical Institute, Oregon Health Sciences University,

of Chemistry, Emory University, Atlanta, GA, 30322.
Purification of the human dopamine transporter (hDAT) is necessary for the
application of mass spectrometric sequencing to determine the specific amino acid
residues labeled by irreversible inhibitors. The transporter is expressed in a
mammalian cell line, HEK 293, which is stably transfected with a vector
incorporating the cDNA for hDAT. Immunoblotting is used for the selective
detection of hDAT. Proteins from a membrane preparation of the stably transfected
HEK 293 cells are separated according to apparent molecular weight using SDSPAGE. Using a semidry blotting method, the proteins are transferred to a PVDF
membrane, which is then probed with a commercial antibody specific for hDAT. An
alkaline phosphatase-conjugated secondary antibody is then utilized for chromogenic
detection of the transporter. Two separate bands are observed, one corresponding to
an apparent molecular weight of 80 kDa, and a second corresponding to an apparent
molecular weight of 53 kDa. This second band is believed to be a hDAT degradation
product, possibly the result of proteolysis. Deglycosylation using N-glycanase
reveals both bands to be glycosylated. A Triton X-l 14 cloud point extraction has
been utilized for partial purification of the transporter, which partitions into the
detergent fraction. Lectin affinity chromatography utilizing concanavalin A has not
been shown to yield any purification of the hDAT. A C-terminal polyhistidine
tagged-hDAT (hDAT6XHis) has been transiently expressed in COS 7 cells.
Functional analysis using rotating disk electrode voltammetry shows dopamine
transport activity of hDAT6XHis transporter to be 30% that of wildtype hDAT.
Immobilized metal affinity chromatography will be used for the purification of
hDAT6Xhis. Preparative two-dimensional gel electrophoresis is currently being
explored for further purification of hDAT. [Supported by NIDA K02-DA11176].
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Vollum Institute L-474, Portland, OR 97201
The fruitfly Drosophila melanogaster is an attractive model system to dissect
the genetic components underlying the mechanisms of stimulant drugs of
abuse, such as cocaine and amphetamine. The major targets of these drugs
in mammalians are the Na+ and Cf dependent biogenic amine transporters
for dopamine (DAT), serotonin (SERT) and norepinephrine. These
transporter proteins are crucial for shaping and terminating synaptic
transmission in the nervous system. Recently, members of this transporter
family were also cloned from drosophila (dSERT) and C.elegans (ceDAT).
Given the importance of DA (and octopamine) in learning and memory
functions in drosophila there should be additional carriers which can
effectively regulate extracellular levels of these neuromodulators.
We have applied RT-PCR techniques and sequence information from the
Drosophila Genome Project to identify new potential biogenic amine
transporters. In cDNA, prepared from drosophila heads, the dSERT was
highly abundant. Furthermore we identified several other neurotransmitter
transporters: one of which appears to be a new biogenic amine transporter.
Its genomic locus is described in the drosophila database. Its genomic
structure is similar to the mammalian transporter genes and most exon-intron
boundaries are conserved. Functional characterisation of the cloned
transporters with biochemical, pharmacological and electrophysiological tools
are currently underway.
Supported by the Deutsche Forschungsgemeinschaft (PO 650)
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INTERACTION OF Na+, Cl; AND K+ WITH THE BINDING OF VARIOUS
SUBSTRATES TO THE HUMAN DOPAMINE TRANSPORTER. L.-B, Li*1,
and M, E. A, Reith1,2. 1 Dept Biol., Illin. State Univ., Normal, IL 61790; 2Dept.
Biomed; Therap. Sci., Univ. Illinois College of Medicine, Peoria, IL 61656.
Previously, we reported a stimulatory effect of both Na+ and Cl' on the
binding of dopamine (DA) to the human DA transporter (DAT) as measured
by the inhibition of the binding of the cocaine analog [3H]WIN 35,428 to DAT
expressing HEK-293 cells (J. Neurochem. 72:1095,1999). Now we describe
how these ions interact with the binding of d-amphetamine (AMPH), dloctopamine (OCT), and p-tyramine (TYR). Increasing [NaCl] from 0 to 50
mM in a 10 mM NaPhos buffer had little or no effect with Kj values of AMPH
going from 7.1 to 7.7 pM, whereas enhancement from 50 to 290 mM
decreased Kj to 4.4 pM. With Br as an inert substitute for Cl', we found that
the NaCl effect was determined solely by Cl' increasing the affinity of AMPH
(decreasing its K,) as evidenced by flat Na+ curves at each [Cl], lower at
higher [Cl], and lack of Na+ on descending Cl' curves.
In contrast,
enhancement of NaCl from 0 to 290 mM increased the Kj of OCT binding
from 50 to 258 pM, and this effect was caused by Na+, counteracted by Cl'
levels of 50 mM and up. TYR behaved in a similar way with K, values ranging
between 17 and 36 pM, with Cl' being stronger in counteracting the inhibitory
effect of Na+ on binding. As we found previously for DA, enhancing [Na+]
rendered K+ weaker in inhibiting the binding of AMPH, OCT, and TYR.
Preliminary data on these three substrates indicate a competitive interaction
between Na4 and K+ likely involving cation site 1 overlapping with the
substrate domain; the Kd values for Na+ and K4 at this site in the absence of
Cl' were more than two times higher than those observed previously with DA
as the substrate. Clearly, important differences exist between substrates in
the impact of Na+, Cl', and K+ on their binding.
Supported by NIDA 08379.

SYNTHESIS AND PHARMACOLOGY OF DESPHENYL METHYLPHENIDATE
DERIVATIVES AS POTENTIAL COCAINE ABUSE TREATMENT AGENTS
M.M.Schweri*1, T.Dunn2, X.Ye3, and H.M.Deutsch3. 1Mercer Univ. Sch.
Medicine, Macon, GA 31207; 2NSF Undergaduate Research Participant;
’Georgia Tech, Sch. Chem. & Biochem., Atlanta, GA 30332.
As part of an ongoing project to develop cocaine
(COC) abuse pharmacotherapies, a series of
desphenyl derivatives of the stimulant drug threo-(±)CO,CH,
methylphenidate (MP) with and without aryl substitutions at the piperidyl nitrogen was synthesized and
tested for inhibitory potency against [3H]WIN 35,428
"R
(WIN) binding to the COC binding site and dopamine
(DA) transport into rat striatal synaptosomes. This
approach grew out of previous results from our laboratories which showed that
benzylation of the nitrogen of various MP derivatives enhanced their potency
against both WIN binding and DA uptake, perhaps by extending their
structures into an adjacent hydrophobic binding domain. If this new binding
interaction eliminated the need for the original phenyl group, it was
hypothesized that repositioning ofthe phenyl group within the molecule might
lead to retention of activity at the COC binding site, but reduce potency against
DA uptake. A series of compounds with the ester function at position 2, 3, or
4 and R = H, (CH2)nPhe [n=1-3], or (CH2)23,4CIPhe, was synthesized. All ofthe
compounds underwent a marked loss of potency against both binding and
uptake compared to MP. The most potent compound [ R = (CH2)2Phe; ester at
the 2 position (like MP)] had an IC^ of 2.24 pM against WIN binding, making
it 27-fold less potent than MP. Interestingly, this was also the only compound
that exhibited a wider separation in potency against DA uptake vs WIN
binding (3.9-fold) than MP (2.7-fold). This compound will be investigated
further in in vivo tests. Supported by NIDA #DA06305.

66.11

66.12

[3H]p-CIT: A NOVEL RADIOLIGAND FOR DOPAMINE TRANSPORTERS
IN BRAIN TISSUE. J.L, Neumever.* N.S. Kula. F.I, Tarazi, R, Fisser, S,
Wane, J. Trometer, and R.J, Baldessarini. Department of Psychiatry and
Neuroscience Program, Harvard Medical School; Alcohol & Drug Abuse and
Mailman Research Centers, McLean Hospital, Belmont, MA 02478 USA.
Stable phenyltropane analogs of cocaine include useful radioligands for
labeling brain dopamine transporters (DAy). Several are labeled for clinical
neuroimaging with radioiodine or !1C, including 2-|3-carbomethoxy-3-|3-[4'iodophenyljtropane (P-CIT; RTI-55) and its 4'-fluoro congener Win-35,428 (CFT).
We prepared [3H] p-CIT and compared it to the standard DAt radioligand [3H]GBR12935. With rat caudate-putamen (CPu) homogenates, [3H]P-CIT showed high
affinity (Kd = 230 pM) and specificity (at Kd, >90% displaced by 1 pM GBR12909), and was selective for DAy over transporters for norepinephrine (NEt ) in
CPu, but not for serotonin (5-HTt ) in cerebral cortex. With CPu, binding of
[3H]p-CIT also was stereoselective for P-CIT, amphetamine and methylphenidate,
and affinity of phenyltropanes varied with halophenyl (affinity: I > Cl > F) and Nalkyl substitution (affinity: H > CH3 > [CH2]2F > [CH2]3F). With CPu tissue,
affinity (Ki) and selectivity (Ki ratios) for over 50 compounds with [3H] P-CIT and
[3H]GBR-12935 were highly correlated (r > 0.95). With unlabeled GBR-12909 (1
gM) as a blank with both radioligands, [3H] P-CIT also showed high
autoradiographic specificity (89%-92%) and regional selectivity for DAT-rich areas
in rat forebrain sections; the low levels of remaining nonspecific binding were
virtually completely displaced by the 5-HTt ligand citalopram (1 (iM). [3H]GBR12935 showed lower specificity (60%-70%), even in the presence of cisflupenthixol (1 pM) to occlude piperazine binding sites in tissue. [3H]P-CIT is
proposed as a selective, high-affinity DAt radioprobe for transporter assays and
autoradiographic analysis. [Support: NIH grants MH-34006, MH-47370, MH19905; the Bruce J. Anderson Foundation, and the McLean Neuropharmacology
Research Fund.]

PHOTOAFFINITY LABELING OF DOPAMINE TRANSPORTERS
WITH A NOVEL 4-[2-(DIPHENYLMETHOXY)ETHYL]-1BENZYL PIPERIDINE DERIVATIVE. R.Vaughan*1, N, Wang2, J,
Lever2, M. Reith3 and A. Dutta41Univ. North Dakota School Medicine,
Grand Forks, ND, 2Johns Hopkins School of Public Health, Baltimore,
MD, 3Univ. III., Peoria, IL, 4Wayne State Univ., Detroit, Ml.
Structure activity relationship studies of dopamine transporterspecific piperidine analogs of GBR compounds yielded ligands
displaying much more specificity for DAT than the conventional GBR
series. The molecular determinants producing such high selectivity
and potency in these novel analogs were not identical to conventional
GBR compounds. To investigate the molecular basis of binding in
comparison to known sites of action of GBR and cocaine analogs, we
developed a piperidine derivative-based photoaffinity ligand,
[125l]AD-96-129, which specifically bound to DAT. Proteolysis and
epitope-specific immunoprecipitation demonstrated that [125l]AD-9629 incorporation occurs in a14 kDa fragment recognized by DAT
antiserum directed against a.a. 42-59. This is near transmembrane
domains 1 and 2, similar to results found for photoincorporation of
[125I]DEEP, but different from the incorporation site for the cocaine
analog [125I]RTI82. These results provide further evidence implicating
the first two transmembrane domains as important sites of action for
DA uptake blockers. Additional mapping of the [125l]AD-96-129 and
[125l]DEEP-labeled 14 kDa bands will more precisely delineate and
compare the binding sites for the two compounds. Supported by grants
from DA08647 (AD), ND EPSCoR (RV), and DA08870 (JL).

66.13
DOPAMINE
UPTAKE
BY SEROTONIN
TRANSPORTERS:
MECHANISTIC
AND
PHYSIOLOGICAL
IMPLICATIONS.
M.S, Sonders1, P, Porzgen1, W.R, Woodward2. F.O, Risinger2. G.A, Larson3. S.
Mager4. N.R. Zahniser3 and S.G. Amara1* Vollum Inst.1, Oregon Health Sci.
Univ.2, Portland, OR 97201; Univ. Colorado Health Sci. Ctr.3, Denver, CO; Univ.
North Carolina4, Chapel Hill, NC.
Despite evidence associating dopamine (DA) systems with psychostimulant
addiction, the centrality of DA has been brought into question by recent studies
demonstrating that mice lacking dopamine transporters (DAT) readily self-administer cocaine. Since serotonin transporters (SERT) have been reported to transport
DA and may clear extracellular DA in vivo, we chose to examine DA transport by
SERT in isolated systems using Xenopus oocytes and stably-transfected MDCK
cells expressing cloned SERTs. Oocytes expressing human SERT specifically
accumulated nanomolar concentrations of [3H]DA and [3H]MPP+ with velocities
>30% those seen for [3H]5HT. Studies of transport kinetics demonstrated high
affinity/low capacity and low affinity/high capacity components for DA and for
5HT. At concentrations of -100 pM, DA was transported by SERT faster than
5HT. Unexpectedly, 5HT inhibited DA uptake non-competitively whereas DA was
a very poor inhibitor of 5HT transport. These data indicate that hSERT can adopt
multiple functional states, some of which transport DA quite well.
Pharmacological studies further support the hypothesis of multiple states since a
variety of ligands more potently inhibit DA than 5HT uptake by human and rat
SERTs. These include cocaine (-8X), fluoxetine (-3X), and amphetamine (~10X).
Affirming that DA can be cleared by SERT in vivo, clearance rates of DA and
5HT exogenously applied to rat hippocampal CA3 regions were significantly
slowed by i.p. citalopram. Further, the locomotor stimulation in mice produced by
a DAT blocker was enhanced by simultaneous application of citalopram. In sum,
these data suggest that cocaine and antidepressants acting on SERT may critically
affect DA clearance in brain regions (or animals) lacking functional DAT.
Supported by NARSAD (M.S.S), DA 07595 (S.G.A.) and HHMI.
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POLYGENIC GENETIC MODELS: ADDING SEROTONIN TO DOPAMINE
TRANSPORTER KNOCKOUTS ENHANCES LOCOMOTION AND
INCREASES WEIGHTS. I Sora1*, F S Hall1, A Andrews- , X-F Li1, K
Itokawa-, N Kitanaka-, C Wichems-, K-P Lesch5, D L Murphy- & G R Uhl 12
Mol Neurobiol, NIDA, NIH1, & Depts Neurol & Nsci, JHUSM2 Balt, MD 21224; Lab
Clin Sci, NIMH3, Bethesda, MD 20892; Dept Chem, Penn State Univ4 PA 16802; Dep
Psychiat Univ Wuerzburg5 97080 Germany.
Dopamine (DAT) and serotonin (5-HTT) transporters regulate interacting
neurotransmitter systems important for brain and pituitary influences on.
growth, locomotion and reward. Mice with DAT gene knockouts gene are
small, hyperactive and display no locomotor responses to cocaine. 5-HTT
knockouts yield body weights, locomotion and cocaine-increased locomotion
similar to wildtype. We now report double knockout mice with deletions of
one or both copies of the DAT and 5-HTT genes as a model for DAT/5-HTT
interactions. Mice with no DAT deletions and either 0 or 50% 5-HTT
expression display enhanced baseline locomotor activities compared to mice
with full 5-HTT and no DAT expression. DAT deleted mice showed no
locomotor increments after cocaine administration whether 5-HTT was present
or absent. Body weights of DAT + 5-HTT double knockout mice, surpassed
those of DAT knockouts, and reached wildtype levels by 8 weeks postnatally.
DAT/5-HTT interactions in different systems reveal 1) dominant DAT effects
(cocaine locomotion), 2) DAT/5-HTT synergy (baseline locomotion) and 3) 5HTT complementation of DAT effects (body weight) in this multigenic model
for individual differences in development, locomotion and psychostimulant
responsiveness. Supported by NIDA & NIMH lRPs.

EFFECTS OF PAROXETINE ON SEROTONIN EFFLUX IN DOPAMINE
TRANSPORTER KNOCKOUT MICE: ANJN VIVO MICRODIALYSIS STUDY.

and A.M. Gardier1. 1Lab. Pharmacol. UPRES MENRT, Fac. Pharmacie, U-PSud,
F92296 Chatenay-Malabry; 2INSERM U288 75013 Pans; 3Lab. Bioch., Institut Curie
75005 Paris, France.
The brain dopamine transporter (DAT), a key regulator of dopamine
neurotransmission is inhibited by various psychostimulants. In adult DAT knockout
mice (DAT-KO), pharmacological challenges have suggested an enhanced role of the
brain serotoninergic system in mediating the effects of psychostimulants. This peculiar
effect could reflect major compensatory changes that may have occurred during the
development of these constitutive DAT-KO mice. To confirm this hypothesis, we
investigated the effects of a single low dose of paroxetine systemically administered (1
mg/kg, i.p.) on the extracellular levels of 5-HT [5-Htext] by using in vivo
microdialysis in awake, freely moving DAT-KO mice and their wild-type littermates
(WT). Similar basal [5-HText] were measured in the frontal cortex (FC) and ventral
hippocampus (VHPC) of DAT-KO and WT mice, and higher basal values were found
in the VHPC (around 3 fmol/sample) than in the FC (around 1 fmol/sample) in both
strains of mice. Paroxetine was at least two times more active in increasing [5-HTextJ
in the VHPC (around +400% of the area under the curve-AUC values expressed as
percentage data calculated for the 0-60 min period post-treatment) than in the FC
(around +180% of the AUC values) in both strains of mice. This difference of
magnitude of the paroxetine effect between the two forebrain regions studied could be
explained by the fact that ascending projections of 5-HT neurons to the FC arise from
the dorsal raphe nucleus (DRN), while those to the VHPC have a mixed origin,
coming from the DRN and the median raphe nucleus (MRN). Since somatodendritic
5-HT 1A receptor binding sites in forebrain areas are present at a higher density in the
DRN than in the MRN, thus this autoreceptor could exert a tighter negative feedback
control on 5-HT release in the FC than in the VHPC.

67.3

67.4

A GENETIC APPROACH TO STUDY THE INTERACTION BETWEEN MPP+ AND THE
DOPAMINE TRANSPORTER H. Quan, M.G. Caron*. HHMI, Department of Cell
Biology, Duke University Medical Center, Durham, NC27710
l-Methyl-4-phenylpyridinium ion (MPP+) produces Parkinsonian-like symptoms
in human and nonhuman primates by causing a selective degeneration of
dopaminergic neurons. Both in vivo and in vitro studies confirmed that the
selectivity of MPP+ is mediated by an active uptake of MPP+ into dopaminergic
neurons via DAT. In order to identify residues in the DAT critical for the uptake
process of MPP\ a screening approach based on the resistance of DAT-expressing
cells to MPP+ has been developed. The human DAT was tagged with the enhanced
green fluorescence protein (GFP) and the DAT-GFP fusion protein was found to be
fully active in uptaking MPP+ and dopamine. A random mutation pool of the DAT
cDNA was generated by propagating the eukaryotic expression vector of DAT-GFP
for 50 generations in a mutator E. coli strain, XLl-Red cells. The mutation pool
was amplified and transfected into a neuroblastoma cell line. SK-N-MC. Stable
transfectants were subjected to flow cytometry sorting and 25% of the cells
expressing high levels of GFP were kept for MPP+ toxicity screening. In pilot
experiment, addition of 200pM MPP+ for 6 days to SK-N-MC cells led to a loss of
essentially all cells expressing wildtype DAT-GFP while a substantial portion (20%)
of untransfected cells remained viable after the treatment. Treating the high DATGFP expressor subpool from the stable transfectant pool expressing the mutated
DAT-GFP with MPP+ under the identical conditions resulted in the survival of about
50 individual clones. These clones were shown to express high levels of DAT-GFP
by fluorescence microscopy.
These individual SK-N-MC clones are being
characterized for MPP+ and dopamine uptake activity. Mutations in the DAT coding
region will be identified by PCR and sequencing. This approach represents a
promising way to investigate not only the interaction of the DAT with the toxin
MPP+ but also its endogenous substrate dopamine. Supported in part by NIH grant
and NS 19576 and a Bristol Myers Squibb Unrestricted Award (M.G.C.).

TRANSCRIPTIONAL REGULATION OF THE HUMAN
DOPAMINE TRANSPORTER GENE. P. Sacchetti1*, L. A.
Brownschidle1, J. G. Granneman1,2, and M. J. Bannon1, 'Wayne State
University, Detroit, MI 48201 and 2Parke-Davis Pharmaceutical
Research, Ann Arbor, MI 48105.
The dopamine transporter (DAT) is the major regulator of dopamine
(DA) extracellular levels in the brain. We have previously reported
the isolation of 8.3 kb of the 5'-flanking regulatory region of the
human DAT (hDAT) gene and the identification in this region of
several potential binding sites (NBRE) for the transcription factor
NOT (nurrl in mouse). Using transient transfections, we assessed in
different cell lines the basal activity of several hDAT-luciferase
reporter constructs encompassing increasing amounts of 5’-flanking
sequence. Our data show that the strong and non selective
transcriptional activity exhibited by the hDAT proximal region is
silenced through regulatory elements present in the upstream portion
of the 5’-flanking sequence. In addition, the effects of nurrl
stimulation were tested on the same hDAT constructs. Only the
transcriptional activity of the larger hDAT constructs was increased by
addition of nurrl, consistent with the presence in the hDAT upstream
region of several putative NBREs. Functional analysis of cis-acting
elements present in the 5'-flanking regulatory region of the hDAT gene
might provide insights into the mechanisms regulating the tissuespecific expression of this gene. Supported by NIH grant DA06470.

67.5

67.6

REGULATION OF TYROSINE HYDROXYLASE AND DOPAMINE TRANSPORTER
mRNA BY ANTIPSYCHOTIC DRUGS IN A RAT MODEL OF SCHIZOPHRENIA.
B.K. Lipska, Z. Z. Khainq, D. N. Lerman, M. Akil*, D. R. Weinberger, Clinical Brain
Disorders Branch, IRP, NIMH, Bethesda MD 20892.
Typical and atypical antipsychotic drugs evoke disparate changes in the function of
the dopaminergic system, including changes in dopamine release, the density of
dopamine receptors and electrohysiological properties of midbrain dopaminergic
neurons. The results of studies on the effects of chronic antipsychotics on the
expression of tyrosine hydroxylase (TH) and dopamine transporter (DAT), have been
inconsistent. We explored the impact of chronic treatment (28 days, i.p.) with
clozapine (20 mg/kg) or haloperidol (1 mg/kg) in adult rats with neonatal (PD7)
excitotoxic lesions of the ventral hippocampus or sham lesions on TH and DAT mRNA
expression and levels of TH protein in the substantia nigra (SN) and ventral tegmental
area (VTA). Rats were perfused intracardially and killed 24 hrs after the last injection.
Cytoarchitectonically matched midbrain sections were used for situ hybridization and
immunohistochemical studies. DAT mRNA was significantly reduced in SN and VTA of
control rats treated with antipsychotics compared to vehicle. As reported previously,
DAT mRNA was reduced in both SN and VTA in the vehicle-treated lesioned rats
compared with sham controls and was not further attenuated by antipsychotic
treatment. TH mRNA expression was diminished in SN by clozapine and, to a lesser
extent, by haloperidol, but only in the lesioned rats. This change was not paralleled by
a change in protein content in semi-quantitative analyses of TH immunoreactivity in
SN. There were no significant TH changes in SN or VTA in antipsychotic-treated
controls. These data suggest that the two dopaminergic markers are differentially
affected by antipsychotics; the expression of DAT mRNA is reduced whereas TH is
unaffected. The lesion attenuates expression of DAT and alters the response of TH to
antipsychotics.

PHARMACOGENETIC
ANALYSIS
OF
TRANSPORTER
REGULATORS: STUDIES OF THE DOPAMINE TRANSPORTER.
R. Nass U2*. j. Duerr3, J, Rand3. D. M, Miller2 4, and R. D, Blakely12. Dept’s of
Pharmacology1 and Cell Biology4, and Center for Molecular Neuroscience2, Vanderbilt
U. Medical Center, Nashville, TN 37232, and Program in Molecular and Cell
Biology3, OMRF, Oklahoma City, OK 73104
Abnormal dopamine (DA) signaling has been implicated in a variety of neurologic
and mental illnesses such as Parkinson's disease, schizophrenia, attention deficit
disorder, and drug addiction. A primary mechanism for regulating the strength and
duration of dopamine signaling is via the Na+/CI--dependent dopamine transporter
(DAT). Although DAT pharmacology has been extensively characterized, endogenous
regulators of DAT expression, localization, and activity are as yet unknown. To
provide an opportunity for genetic evaluation of DAT regulators, we have recently
cloned the C. elegans dopamine transporter (CeDAT) (Jayanthi et al. 1998, Mol.
Pharm. 54:601-609). Mammalian cells expressing CeDAT exhibit saturable and high
affinity Na+ and CF dependent DA transport, and are inhibited by the mammalian DAT
antagonist cocaine and amphetamines, as well as by the antidepressant imipramine. We
now show that cocaine and amphetamine affect C. elegans behavior and growth. Adult
hermaphrodites exhibit altered motor activity following acute exposure to these drugs.
Growth on media containing either of these psychoactive compounds alters larval
behavior, delays larval development, and reduces brood size. These phenotypes are
consistent with earlier observations that worms have reduced locomotion and
egg-laying if loaded with exogenous dopamine. Transgenic lines have also been
developed which target CeDAT transgenes to dopaminergic neurons and processes. We
are currently exploring the expression and regulation of CeDAT using CeDAT-GFP
and peptide antibodies in WT and CeDAT knockout worms in response to cocaine and
amphetamine. These studies as well as our progess on psychostimulant-based genetic
screens for the isolation of CeDAT regulators will be presented. Supported by
MH19732-07 (RN), GM38679 (JR), NS26115 (DMM), MH58921 (RDB)
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IN VIVO TRANSFECTION OF DOPAMINERGIC NEURONS BY
TARGETED GENE DELIVERY. I. Alvarez-Maya? M. A. Meraz-Rios?’2 I.
Navarro-Quiroga? J. Aceves3 and D.Martinez-Fong2'3*. ‘Departamento de Biologia
Celular, 2Programa Multidisciplinario de Biomedicina Molecular; ’Departamento
de Fisiologia, Biofisica y Neurociencias; CINVESTAV-IPN, Apartado postal 14740,07000 Mexico D.F., Mexico
A variety of systems has been successfully used for gene transfer to the central
nervous system (CNS); yet, some limitations such as lack of specificity and
potential risks remain to be improved. In this work, we tested a novel gene
delivery system to transfect in vivo dopaminergic neurons through the high-affinity
neurotensin receptor (NTRH). The system consisted of neurotensin cross-linked
with poly-L-lysine, to which a plasmidic DNA was electrostatically bound to form
a complex (NT-polyplex). Two microliters of NT-polyplex, whose DNA was
labeled or unlabeled with propidium iodine, was microinjected into the substantia
nigra. After four hours, the propidium iodine-labeled NT-polyplex was observed
inside dopaminergic neurons but not inside glial cells. The expression of reporter
genes (chloramphenicol acetyl transferase and the green fluorescent protein) was
observed only in dopaminergic neurons from 48 hr up to 15 days after NTpolyplex injection. The expression efficiency was figured out comparing the
number of cells expressing the reporter gene with the number of TH-immunolabeled cells, and was 5 ± 4% (mean value ± standard deviation; n=4 independent
experiments). These results agree with previous finding indicating that NTRH
mediates the NT internalization. Other CNS neurons such as those of ventral
tegmental area also express the NTRH, so they represent another putative targets
for gene deliver via NT-polyplex. Accordingly, The NT-polyplex can be used to
produce transgenic animal models of dopamine-related diseases.
CONACYT grant # 3049P-M.

A NOVEL NON-VIRAL VECTOR FOR TARGETED GENE DELIVERY TO
NEURAL CELLS VIA THE HIGHT-AFFINITY NEUROTENSIN RECEPTOR. L
Navarro-Quiroga,1 D. Martinez-Fong,1,2 I. Ochoa,2 I. Alvarez-Maya,3 M.A. MerazRios,2,3 J. Luna? J.A. Arias-Montaflo? and G. Cota1*. 'Departamento de Fisiologia,
Biofisica y Neurociencias; 2Programa Multidisciplinario de Biomedicina Molecular;
’Departamento de Biologia Celular; Centro de Investigacion y de Estudios
Avanzados del Instituto Politdcnico Nacional de Mexico, Apartado postal 14-740,
07000 Mexico D.F., Mexico.
We are reporting a novel DNA delivery system and in vitro evidence of its ability
to transfect cell lines taking advantage of receptor-mediated endocytosis associated
to the high-affinity neurotensin receptor. The neurotensin-SPDP-poly-L-lysine
conjugate was able to bind plasmidic DNAs (pSV2cat and pGreen Lantern-1) at
optimal molar ratios of 1:5 and 1:6 (DNA: conjugate), respectively. The conjugate
internalized those plasmids in cell lines (N1E-115 and HT-29) bearing the highaffinity neurotensin receptor. Expression of the plasmid products, chloramphenicol
acetyltransferase and green fluorescent protein, was observed in such cell lines. Both
internalization and expression of the plasmids transferred by the neurotensin-SPDPpoIy-L-lysine conjugate were prevented by neurotensin (1 pM) and by a specific
antagonist of the high-affinity neurotensin receptor. The neurotensin-SPDP-poly-Llysine conjugate was unable to transfect cell lines lacking neurotensin receptors
(COS-7 and L-929). In rat brain, the high-affinity neurotensin receptor is expressed
by nigrostriatal neurons, therefore the neurotensin-SPDP-poly-L-lysine conjugate
could be a useful tool for gene delivery to those neuronal systems.
CONACYT Grant # 3049 P-M.
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DECREASED DOPAMINE TRANSPORT ACTIVITY INDUCED BY
PKA INHIBITORS IS NOT DUE TO TRANSPORTER
INTERNALIZATION. B. M, Prasad* and S. G. Amara. Vollum and
Howard Hughes Medical Institutes, Oregon Health Sciences University,
Portland OR 97201.
Dopamine transporter (DAT) activity can be regulated by different
second messenger systems. Our previous data indicated that the tonic
activity of an endogenous kinase was required for the function of DAT in
ventral mesencephalic primary cultures. Dopamine uptake and RTI-55
binding in these cultures were inhibited by protein kinase-A inhibitors
H89 and myristoylated PKI (mPKI). The effect of these two kinase
inhibitors on cloned human DAT was assessed in MDCK cells to further
characterize this phenomenon. Green fluorescent protein tagged hDAT
was stably transfected into MDCK cells to monitor its trafficking.
Dopamine uptake in these cells was sensitive to GBR 12909 and occurs
with a Km of approximately 3 p,M. H89 and mPKI (10 |lM) decreased
the Vmax of dopamine uptake by hDAT in MDCK cells, similar to
results obtained in mesencephalic cultures. Furthermore, 10 pM H89
dramatically decreased the binding of RTI-55, a cocaine analog. To
determine if the decrease in Vmax of dopamine uptake is caused by
internalization of the transporter, the effect of H89 and mPKI on surface
expression of this protein was examined. Neither H89 nor mPKI caused
a reduction in cell surface levels of hDAT visualized by laser scanning
confocal microscopy. In addition, the presence of hDAT on plasma
membrane assessed by biotinylation with sulfo NHS-biotin was not
decreased by the two inhibitors. These data indicate that the mechanism
of decrease in dopamine uptake by H89 and mPKI is distinct from
internalization of the transporter. Supported by DA07595 and HHMI.

DIFFERENTIAL RATES OF DOPAMINE UPTAKE IN LIMBIC BRAIN AREAS
ASSESSED BY VOLTAMMETRIC DETECTION OF PHOTO-RELEASED CAGED
DOPAMINE C. Davidson1, E.H.Ellmwood1'2* K.R. Gee3 and T.H. Lee1. ‘Dept. of
Psychiatry and Pharmacology, Duke University Medical Center, Durham, NC 27710.
3Molecular Probes Inc, Eugene, OR 97402.
We have previously shown that fast-scan cyclic voltammetry (FSCV)can be combined
with photo-released caged dopamine (DA) to monitor DA uptake in brain slices (Lee et
al J Neurosci. Meth. 67:221 -231,1996). Here we show that clearance of photo-released
DA is different in selected limbic terminal regions. We also show that the DA reuptake
inhibitor RTI121 (0.5pM) has a different effect in these regions.
Coronal rat brain slices (400pm) containing the caudate,
(JearcnxrfphatcrdeasedEvl
accumbens (NAc) core and shell, and medial prefrontal
inthe K4c core in the absenx
cortex (MPFC) were perfused with recirculating caged(epenardesjcnlpnesenx
(dosedantes) ofRTI 121.
DA (100-200pM in ACSF, 32.5±0.5°C). The recording
chamber was mounted on a fixed-stage, epifluorescent
Nikon Optiphot microscope. The carbon-fiber
microelectrode was inserted 75 pm below the surface of
the slice. UV illumination of50-200ms duration focused
(~50pm) at the tip of the carbon electrode was used to
cause photo-release of DA (~1.5pM) which was
measured by FSCVwith -50 micron and 10Hz spatiotemporal resolution.. An exponential curve was fitted to
the data and the uptake half-life (t1/2)was calculated.

67.11

67.12

PHYSIOLOGICAL ROLES OF AUTORECEPTORS GOVERNING
DOPAMINE RELEASE AND UPTAKE. Qun Wu1 , Maarten E.A, Reith2, Q

GREATER DOPAMINE RELEASE AND UPTAKE IN FEMALE
STRIATUM: AN ORGANIZATIONAL EFFECT OF GONADAL
STEROIDS? O.D. Walker* and C.M. Kuhn. Dept. of Pharmacology,
Duke University Med. Center, Durham, NC.
We have previously used fast-scan cyclic voltammetry at carbon-fiber
microelectrodes to demonstrate that electrically evoked dopamine (DA)
release is greater in female than male rats. To determine whether the sex
difference was influenced by changes across the female estrous cycle the
present studies determined DA uptake and release, in vivo, in females in
diestrous, proestrous and estrous. The concentration of DA released per
stimulus pulse ([DA]P) in caudate by stimulation of the medial forebrain
bundle was identical at each estrous stage, though greater than in males. The
Vmax for DA uptake was greater in female caudate but also did not vary across
the estrous cycle. Neither sex nor estrous cycle affected the affinity of the
transporter for DA. The concentration of extracellular DA ([DA]ec ) was
determined following disparate stimulation frequencies. Sixty Hz stimulations
caused [DA]ec to increase rapidly throughout the stimulus train in both sexes
but increased [DAJec 40% more in female caudate. However, 20 Hz
stimulation evoked similar, steady-state [DAJec in male and female caudate,
demonstrating that although female caudate has the capacity to generate
greater [DAJec than males, it does not do so at a physiologic stimulation
frequency. Linear regression analysis of [DAJP vs. Vmax indicated significant
associations in each sex. Although both measures were greater in females, the
regression lines for each sex had identical slopes and virtually overlapped. A
plausible explanation for these observations is increased terminal density in
female caudate. Supported by DA 09079.

David Walker3, F, Ivy Carroll4 and Paul A. Garris1,2. 1Dept. of Biological
Sciences, Illinois State University, Normal, IL; 2Dept. of Biomedical and
Therapeutic Sciences, University of Illinois College of Medicine at Peoria;
3Dept. of Pharmacology, Duke University Medical Center; 4Chemistry and Life
Sciences, Research Triangle Institute, Research Triangle Park, NC.
The case for autoreceptors governing dopamine (DA) uptake, in addition to
release, is emerging. In this study we investigated the respective contributions
of these autoreceptors for regulating extracellular DA ((DA]EC) in vivo. [DA]EC
was monitored by voltammetry in the caudate-putamen (CP) and nucleus
accumbens (NAc) of the anesthetized rat and elicited by electrical stimulation
ofthe medial forebrain bundle. In both regions haloperidol (0.5mg/kg i.p.), a
D2 antagonist, increased [DA}ECand decreased the extracellular clearance of
DA. RTI-76 (100 nmoles i.c.v), an irreversible inhibitor of DA uptake, similarly
reduced clearance rates. Pretreatment with RTI-76 markedly diminished the
effects of haloperidol on evoked [DAlEC This effect was most pronounced at
high frequencies. Kinetic analysis of evoked signals demonstrated that
haloperidol significantly decreased Vmax for DA uptake by about two-thirds in
both regions. Interestingly, haloperidol was found to increase [DA]P, a rate
constant for DA release describing the concentration of extracellular DA
elicited per stimulus pulse, at low (10-30 Hz) but not at high (40-60 Hz)
frequencies. In excellent agreement with these results, haloperidol-induced
increases in evoked [DAIec elicited by 20 Hz were significantly correlated with
both
(r=0.76) and [DA]P (r=0.67). The frequency-dependence of
haloperidol effects may suggest different intracellular mechanisms for
autoreceptors governing DA release and uptake or subpopulations of DA
neurons innervating the CP and NAc with differential control by autoreceptors.
Supported by Illinois State University (PAG) and DA08379 (MEAR).
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The data suggests that the DA clearance rate in the caudate = NAc core >NAc shell >
MPFC (tw - 850,900,2000 and 7000 ms respectively). Furthermore RTI 121 (0.5pM)
appeared to have a smaller effect in the MPFC than in the other areas.
Supported by DA-06519 to THL and DA-10327 to EHE.
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THE EFFECTS OF CASTRATION ON K' AND MPP4-STIMULATED
DOPAMINE SECRETION IN THE CORPUS STRIATUM AND NUCLEUS
ACCUMBENS OF MALE RATS. R.E. Leipheimer*, L. Fedorkova, and M. Arvin Jr.
Dept. of Biological Sciences Youngstown State University, Youngstown, OH 44555
This study investigated the effects of castration on the dynamics of DA secretion
after acute stimulation by K’ or the neurotoxin, MPP+. The technique of in vivo
electrochemistry (IVEC-10, Medical Systems, Inc.) was used for real time recording
of the release and re-uptake characteristics of DA-like signals from the corpus
striatum (CPu) and nucleus accumbens (AcbC) of anesthetized intact and castrated
male rats. Results demonstrated that castration had no significant effect on the K+induced release phase of DA secretion in either the CPu or AcbC. However,
castration significantly decreased the T 50, T 20-60, and T 40-80 portions of the
decay period of the DA signal in the AcbC and decreased the T 40-80 in the CPu,
suggesting an increase in the activity of the DA transporter. In contrast, castration
significantly affected both the release and decay parameters of MPP+-stimulated DA
secretion. Castration increased the rise time in both the CPu and AcbC, and
decreased the secretion rate of DA release in the AcbC, suggesting an interference
with the MPP4-induced release of DA.
Furthermore, castration significantly
lengthened the decay of the DA signal in the AcbC as evidenced by an increase in the
T 50, T 20-60, and T 40-80, indicating a decrease in the activity of the DA
transporter. These results suggest that: 1. Androgen may play an important role in
modulating specific aspects of the release and/or re-uptake mechanisms of DA
secretion, which were more evident in the AcbC than in the CPu; and 2. Androgen
may modulate the neurotoxic effects of MPP+ in the AcbC by altering the activity of
the DA transporter.
The Department of Biological Sciences, YSU and a Research Challenge Grant to
REL supported this research.

DOPAMINE D2 RECEPTORS REGULATE DOPAMINE
TRANSPORTER-MEDIATED DOPAMINE UPTAKE INTO
UNCLAMPED, BUT NOT VOLTAGE-CLAMPED, XENOPUS
OOCYTES. R.D. Mayfieldl*. and N.R, ZahniserL2 iDept. Pharmacol, and

2Neurosci. Prog., Univ. Colorado Hlth. Sci. Ctr., Denver, CO 80262.
The Na+/Cl'-dependent dopamine transporter (DAT) is essential in
terminating the actions of synaptically released DA. We demonstrated
previously that activation of DA D2 receptors (D2Rs) significantly enhanced
a DAT-mediated ionic conductance in oocytes coexpressing cRNAs
encoding human DAT (hDAT) and the long isoform of the human D2R
(hD2LR) Also, D2R activation significantly enhanced [3H]DA uptake into
these oocytes. Activation of E^Rs could regulate DAT activity by
hyperpolarization of membrane potential and/or alteration of signaling
cascades. The present experiments were conducted to determine if D2Rmediated changes in DA transport are dependent on membrane potential.
DAT-mediated DA uptake was examined under voltage-clamp conditions
(clamped DA uptake) in oocytes coexpressing hDAT and hLBj R. D2R
expression was confirmed by [3H](-)-sulpiride binding and/or coupling to
inwardly rectifying potassium channels in oocytes coexpressing homomeric
GIRK1 subunits. DA uptake, quantitated with HPLC, was measured under
conditions of full E^R activation (10 /xM DA) or complete D2R blockade (10
yYA DA + 1 ^M sulpiride). D2R activation significantly increased DATmediated inward currents confirming our earlier findings. Clamped DA
uptake (5 min; holding potential = -90 mV) was -30 fmol/sec/oocyte under
control conditions (E^R blocked) and was not significantly affected by E^R
activation. Similarly, E^R activation had no significant effect on DA
accumulation in oocytes clamped at -20 mV, or in oocytes clamped at -60
mV coexpressing GIRK1 channels. These data support the hypothesis that
E^Rs regulate DAT activity by a mechanism involving alterations in
membrane potential. (Supported by DA 04216 and DA00174)

67.15

67.16

A COMPARISON OF DOPAMINE TRANSPORTER KINETICS AND
DENSITY IN MOUSE AND RAT STRIATUM. H.K. Wayment* and

REGULATION
OF
EXPRESSED
HUMAN
DOPAMINE
TRANSPORTERS BY TYROSINE KINASES AND PROTEIN
KINASE A. S. Doolen? M.J, Wick?’2* and N.R. Zahniser1. 'Dept. of
Pharmacology and Neuroscience Program, Univ. of Colorado Health
Sciences Center, and 2VAMC; Denver, CO 80262.
The dopamine transporter (DAT) is critical for terminating dopaminergic
neurotransmission. The DAT is also a major site of action of drugs of
abuse such as cocaine and methamphetamine. We have studied regulation
of DAT function by tyrosine kinases and protein kinase A (PKA) in
Xenopus laevis oocytes expressing the human DAT (hDAT). In the
presence of DAT substrates such as tyramine, the transporter generates
detectable currents associated with substrate transport as well as a cationic
leak conductance. In the presence of 10'5 M tyramine, the tyrosine kinase
inhibitor genistein (10'5 M) inhibited the transport-associated current but
had no effect on the cationic leak current. Following a 30 minute wash,
inhibition of the transport-associated current was still present, but to a
lesser extent. In contrast, genistein in concentrations as high as 10'5 M did
not alter [3H]DA uptake into oocytes expressing the hDAT. Transportassociated currents produced by 10'5 M tyramine were also inhibited within
10 minutes of an injection of die PKA inhibitor PKI (50 - 100 ng/oocyte)
compared to control currents measured prior to PKI injection. The leak
current was not changed by PKI. Again, [3HJDA uptake was not altered by
injection of PKI as compared to control oocytes. These data suggest that
tyrosine kinases and PKA may alter dopaminergic neurotransmission by
acutely regulating certain aspects of DAT function.
(Supported by
AA07464, DA04216, and DA00174.)

N.R. Zahniser. Dept. of Pharmacology and Neuroscience Program, Univ. of
Colorado Health Sciences Center, Denver, CO 80262.
Mice are particularly amenable to genetic approaches for addressing
neurobiological and behavioral questions. However, most previous studies
of brain dopamine (DA) systems have used rats, rather than mice. It is
important to determine potential species differences so that appropriate data
comparisons can be made. Previously, our laboratory observed that striatal
DA clearance by the DA transporter (DAT) is faster in C57BL/6 and an
inbred strain of Long-Sleep (ILS) mice than in Sprague-Dawley rats. To
address whether these observations were due to differences in the kinetics or
densities of DATs, we have begun to directly compare the DAT in ILS mice
and Sprague-Dawley rats using electrochemical and radioligand binding
techniques. In vivo chronoamperommetry was used to measure clearance
rates of exogenously applied DA in mouse and rat striatum. MichaelisMenton analysis of these data (clearance rate vs. signal amplitude) indicated
no species difference in the Km but -35% higher Vmax in the mouse, than in
the rat, striatum. Analysis of indirect [3H]WIN 35,428 saturation binding
curves in striatal membranes showed no difference in binding affinity but,
surprisingly, showed that the Bmax was -50% higher in the mouse striatum
compared with the rat striatum. These data revealed species differences in
both kinetics and densities of the DAT in striatum. The mice had a faster
clearance rate but a lower density of transporters, indicating that their
transporter kinetics appear even higher than expected from the initial
clearance measurements.
(This work was supported by AA07464,
AA03527, DA04216 and DA00714.)

67.17
TAURINE MODULATION OF SYNAPTOSOMAL [3H] DOPAMINE
UPTAKE IN RAT STRIATUM. D.R. Wallace*. Dept. of Pharmacology &
Physiology, Oklahoma State Univ., College of Osteopathic Medicine; Tulsa,
OK 74107-1898.
Male Sprague-Dawley rats (4-months old; N=3) were sacrificed and both
the left and right striata were removed on ice. Synaptosomes were
obtained following homogenization in Tris-HCl-buffered 0.32M sucrose
(pH=7.4) using a glass-teflon homogenizes The synaptosomal fraction was
resuspended in oxygenated (95% Ch/5% CO2) buffer containing (mM);
NaCl (126), KCI (4.8), CaCl2 (1.3), MgSO4 (1.4), sodium phosphate (16),
glucose (6) modified to pH = 7.4. Pargyline (lOOpM) was included to
prevent oxidation by monoamine oxidase. Nonspecific uptake was
determined in the presence of lpM mazindol. Synaptosomes were
incubated for 3 minutes at 30°C in the presence of lOnM [3H] dopamine,
and either 0 (control), 1, 10, or 20mM taurine. Filtration and a 15-second
wash with ice-cold 25mM Tris-HCi terminated the reaction. To examine
the effect of taurine on the Km and Vmax of the dopamine transporter,
synaptosomes were incubated in the presence of either 0 (control), 1,10 or
20mM taurine and eight concentrations of [3H] dopamine (10-500nM).
Taurine inhibited the uptake of dopamine at physiological concentrations
(lOmM) and kinetic analysis revealed that this effect was due to an increase
in the Km of the transporter for [3H] dopamine. These results suggest that
taurine, at physiological concentrations, is a modulator of the dopamine
transporter. In addition to other modulatory functions, taurine can also
influence dopaminergic function through changes in receptor number and
transporter function. Supported by OSU-COM intramural funds.
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CLONING AND EXPRESSION OF GLYT1D, A NOVEL HUMAN GLYT1
ISOFORM. L.R. Kowalski, Y. Zheng and V.R. Albert*. Discovery Biology, Allelix
Neuroscience, Inc., Cranbury, NJ 08512.
Two isoforms of GlyTl glycine transporters, GlyTla and lb, have been identified
in rodents. A third isoform, GlyTl c, created by alternative splicing of an additional
exon, has been identified in humans. Human GlyTlb and GlyTlc were shown to
share similar pharmacology and the lc isoform was shown to be brain-specific. In
order to compare their expression, GlyTla, lb and lc-specific fragments were
isolated and used as probes in ribonuclease protection assays (RPAs). The lb- and
lc-specific fragments were isolated from human spinal cord using the reverse
transcriptase - polymerase chain reaction (RT-PCR) method. The 5’ end of hGlyTla
was cloned from human adrenal gland using the rapid amplification of cDNA ends
(RACE) method. A 473 bp fragment, containing 202 bp of the 5’ untranslated
region (UTR) of hGlyTla, was isolated. The 5’ UTR of hGlyTla has 74.7% identity
with the 5’ UTR of rGlyTla. When the isoform-specific probes for hGlyTla, lb and
lc were used for RPAs, the existence of a fourth hGlyTl isoform was uncovered.
The new isoform-specific band was detected with the GlyTlc-specific probe, but
was expressed in peripheral, as well as central nervous system (CNS) tissues. The
new isoform, hGlyTld, was therefore isolated from human adrenal gland by RTPCR using la and lc-specific primers. A comparison of the expression of the four
isoforms in various CNS and peripheral tissues revealed that transcripts arising from
the putative ‘a’ promoter of hGlyTl (hGlyTla and Id) were expressed broadly
throughout the CNS and periphery, while those arising from the ‘b’ promoter
(hGlyTlb and lc) were CNS-specific. In addition, transcripts containing the lc-exon
(hGlyTlc and Id) were expressed at a much lower levels than hGlyTla and lb. The
data suggest that the four human GlyTl isoforms are regulated at both the promoter
and splicing levels. Full length expression clones for hGlyTla and Id were
constructed recombinantly. Transient expression of the isoforms revealed similar
glycine transport kinetics and ion dependence.

EFFECT OF ORG 24598 ON GLYCINE LEVELS IN BRAIN REGIONS OF
FREELY MOVING RATS. J. Ge, W. Hamilton, I. Collie, M. Shahid, D. Hill,
A. Mason* and G. Walker. Dept of Pharmacology, Organon Laboratories
Ltd, Newhouse, Lanarkshire. ML1 5SH, UK.
The uptake of glycine into presynaptic nerve terminals or the
neighbouring fine glial processes constitutes an efficient mechanism by
which its postsynaptic action can be terminated. This process is carried
out by two different glycine transporters, GlyT-1 and GlyT-2. The present
study investigated the effects of Org 24598, a selective GlyT-1 inhibitor, on
glycine levels in different brain regions of freely moving rats using
microdialysis. Male rats were anaesthetised before 15 mm long guide
cannulae were stereotaxically inserted. At least 24 h later, a custom-built
microdialysis probe was gently inserted into the hippocampus, frontal
cortex or striatum and was perfused with an artificial cerebrospinal fluid
(aCSF) at 2 pl/min. Dialysate glycine levels were quantified by HPLC
coupled with fluorescence detection. Local administration of Org 24598
(0.1-100 pM) increased the glycine levels by 7-40 %, 22-91 % and 13-68
% above the basal levels in rat hippocampus, frontal cortex and striatum,
respectively. Systemic administration of Org 24598 (10 mg/kg, i.p.)
maximally increased the glycine levels by 50-205 % above the basal levels
in rat hippocampus, frontal cortex and striatum. There were no regional
differences in glycine levels induced by either systemic or local
administration of Org 24598 in the present study. The increased levels of
glycine may subsequently interact with the NMDA receptor at the glycine
site and/or strychnine-sensitive glycine receptors to produce effects of
physiological and pharmacological significance.
This may have
implications for the control of psychiatric diseases.

68.3

68.4

IN VITRO CHARACTERISATION OF ORG 24598, A SELECTIVE
GLYCINE UPTAKE INHIBITOR. G. Walker, J. Morrow, W. Hamilton,
J. Bruin, M. Shahid, N. Stam*, D. Hill. Dept. of Pharmacology., Organon
Laboratories Ltd. Newhouse, Lanarkshire, ML1 5SH, UK.
Glycine is believed to have two major roles in mammalian central
neurotransmission. 1) as the principal inhibitory transmitter in spinal cord
and brainstem where its action is mediated by strychnine-sensitive glycine
receptors. 2) by acting as a co-agonist with glutamate at the NMDA
receptor complex. Termination of action at these receptors may be under
thfe control of specific glycine transporters, GlyT-1, primarily located in glial
cells and GlyT-2 which is predominantly neuronal in location. Selective
inhibitors of these transporters will assist in elucidating the role of these
proteins in modulation of inhibitory and excitatory neurotransmission. We
describe a selective inhibitor of hGlyT-1b. Org 24598 inhibited the uptake
of [3H]-glycine into CHO cells expressing the human GlyT-1 b protein with a
pICso of 7.0. Selectivity over other transporters including hGlyT-2 was
>400 fold and no significant interactions with either the strychnine-sensitive
or insensitive glycine receptors were detected in binding studies using [3Hjstrychnine and [3H]-MDL-105,519 respectively.
Similarly, radiolabel
binding studies indicated that Org 24598 did not interact with a broad range
of serotonin, dopamine or noradrenaline receptors sub-types and the
compound does not act as a substrate for the heterologously expressed
transporter. Selective modulation of monoamine transporter function has
proved successful in providing agents for psychiatric use and alteration of
glycine transporter activity may provide a novel means of treating
psychiatric disease.

POSTSYNAPTIC EFFECTS OF GLYCINE TRANSPORT INHIBITION IN
THE RAT SPINAL CORD: A SLICE PATCH-CLAMP STUDY. P. Avenct'. V.
L6tang, and B. Biton. CNS Research Dpt., Synthdlabo Recherche, 31 Ave. P.
Vaillant-Couturier, 92220 Bagneux, France.
Glycine is a major inhibitory transmitter in the spinal cord and is involved in
the feedback control of motoneurons by Renshaw cells. Synaptic reuptake of
glycine occurs throught the Na7Cl dependent transporters GLYT-1 and/or
GLYT-2. In order to characterize this transport we studied the effect of its
inhibition on the membrane properties of motoneurons by using the whole cell
patch-clamp technique with spinal cord slices of 5 to 9 days-old rats. With
negative holding potentials and symmetrical chloride concentrations, glycine
(0.01-0.3 mM) applied in the superfusion solutions induced inward currents
(EC0.055 mM) mediated by glycine receptors (GLY-Rs) as demonstrated by
their reversal potential, close to the chloride equilibrium potential (Etl), and their
high sensitivity to strychnine. Substitution of extracellular Na+ for N-methyl-Dglucamine or Li+ induced slowly developing sustained currents (172 and 123 pA,
respectively) which reversed at Ec,. These currents were insensitive to bicuculiine
or to excitatory aminoacid antagonists but were fully blocked by strychnine,
suggesting that they were mediated by postsynaptic GLY-Rs. These were
presumably activated by glycine accumulation after zero-Na+-induced glycinetransport inhibition. The GLYT-1 selective uptake inhibitor sarcosine also
produced Cl inward currents, but these were partially due to a direct action of
sarcosine at GLY-Rs, since sarcosine also elicited currents in excised outside-out
patches withdrawn from tlie slices. The selective GLYT-1 uptake inhibitor
ALX5407 (0.01 mM) did not induce current suggesting that in the spinal cord,
glycine reuptake is mediated by GLYT-2 transporters although the final
demonstration awaits the discovery of GLYT-2 selective uptake inhibitors.

68.5

68.6

EFFECTS OF INTRACELLULAR Cl ON THE GLIAL GLYCINE TRANSPORTER
(GLYT1B) EXPRESSED IN CHO CELLS. S. M, Antonov* and S, Supplisson..
Laboratoire de Neurobiologie, Ecole Normale Supdrieure, CNRS UMR 8544, 46 rue
d’Ulm, 75005 Paris, France.
It is known that substantial changes in intracellular Cl' ([Cl'jJ occur during the
maturation of the CNS. We have taken advantage of the patch-clamp technique to
investigate the effects of [Cl']in on the functioning of the human GlyTl b (hGlyTl b)
expressed in CHO cells.
Whole-cell clamping combined with fast perfusion system was performed on CHO
cells permanently expressing hGlyTl b. The pipette solution contained (in mM) CsF - 140,
CaCl2 -1, EGTA -10, HEPES -10. When necessary Cl' was substituted for F to fix [Cl'fy
The bathing solution contained (in mM) NaCl - 140, CaCl2 - 1, HEPES - 10. At the
membrane voltages (Vms) tested (from +10 to - 120 mV) applications of glycine (Gly)
induced dose-dependent inward currents, the amplitudes of which increased linearly with
hyperpolarization. Gly-induced currents disappeared in Na+ or Cl - free bathing solutions
confirming that these ions are required for Gly translocation into the cell. In order to study
the effects of [Cl']to, we compared the activation curves as a function of external [Gly], [Na+]
and [Cl ] at different Vms in the presence of 20 mM and 6 mM [Cl*]to. We found that the
values were significantly greater in 20 mM than in 6 mM [Cl'Ii,, and equal to 14.8 ±
0.3 pM (n=8) and 4.9 ± 1.6 pM (n=6) at -70 mV, respectively. At the same Vm the KNa05
values were 13.6 ± 2.4 mM (n=4) and 15.4 ± 4.5 mM (n=6) and the
values were 1.9
±1.1 mM (n=5) and 3.3 ± 1.3 mM (n=3), in 20 mM and 6 mM [Cr]to, respectively,
suggesting no effect of [Cl ]m. However, the voltage dependence of the K?0J was affected
by [Cl ],,. At -30 mV a significant difference between the
values was observed which
were 4.2 ± 2.2 mM (n=3) and 9.4 ± 2.4 mM (n=3) in 20 mM and 6 mM [Cl]^ respectively.
This observation indicates that in low [Cl]m the voltage dependent region of the
shifts
towards more negative Vins. Finally, [Cl']in did not affect the 1^ ranging from 30 to 90 pA.
The data suggest that [Cl ]jn can allosterically modify external binding of Gly and Cl'
on hGlyTl b. Supported by ORGANON.

THE ADENYLATE CYCLASE INHIBITOR MDL-12330A HAS A
NONSPECIFIC EFFECT ON GLYCINE TRANSPORT IN MULLER
CELLS FROM THE RETINA. A. Gadea*, E. Lopez and A.M. Lopez-Colome.
Instituto de Fisiologia Celular, Universidad Nacional Autonoma de Mexico,
Apartado Postal 70-253, Mexico, D.F., 04510, Mexico.
Rapid termination of the synaptic action of glutamate (Glu) and glycine (Gly) is
achieved by uptake into the presynaptic terminal and glial cells. Muller glial cells
express two transport systems for Gly: one with low affinity and another with high
affinity for Gly identified as GLYT1, which colocalizes with NMDA receptors in
the CNS. Gly is considered as an obligatory coagonist at NMDA receptors, and
hence Gly transport system could contribute to the modulation of Glu excitatory
transmission in the vertical pathways of the retina. Since removal of
neurotransmitters is mainly ascribed to glia, and Muller cells have been shown to
bare glycine-sensitive NMDARs, the regulation of Gly transport by cAMP was
studied. We report here a nonspecific effect of MDL-12330A, a compound
reported to inhibit the adenylate cyclase (AC), on glycine transport in Muller glia.
20 min preincubation with MDL-12330A (10 pM) inhibits glycine transport by
40%, whereas SQ-22536 (100 pM), a more specific AC inhibitor, had no effect on
transport, nor did forskolin (5 pM), cholera toxin (1 pg/ml) or 8-Br-cAMP (1
mM). Similar effect of MDL-12330A on leucine and D-aspartate uptake (60% and
80% inhibition, respectively) was observed. Cell viability was decreased by 70%
when Muller cells were incubated in the presence of MDL-12330A (50 pM) for 40
minutes, probably due to a toxic action on the cells and not to specific inhibition of
the adenylate cyclase, since SQ-22536 (100 pM, 40 min) did not affect cell
viability. Partially supported by grant IN-210998 from DGAPA-UNAM to AMLC.

Society

for

Neuroscience

. Volume

25, 1999

165

166

TRANSPORTERS: GABA AND GLYCINE

SUNDAY AM

68.7

68.8

POSTNATAL DEVELOPMENT OF HIGH-AFFINITY PLASMA
MEMBRANE GABA TRANSPORTERS GAT-1, GAT-2 AND GAT-3
IN THE RAT CEREBRAL CORTEX. A, Minelli and F. Conti* . Inst, of
Human Physiology, Univ. of Ancona, Ancona, Italy.
The postnatal developmental expression of GAT-1, GAT-2 and GAT-3 was studied
in the rat cerebral cortex using specific polyclonal antibodies (Chemicon) and methods
reported in previous papers (Minelli et al., '95, '96; Conti et al., '99).
GAT-1 is only faintly expressed at birth and it undergoes a steady up-regulation
with growth. At all developmental stages GAT-1 immunoreactivity (ir) is localized to
punctate neuropilar elements. At P0-P2 labeling is prevalent in upper layer I and Vlb.
At P5 signal increases in layer IV, with puncta either sparse in the neuropil or more
densely packed around the profile of unstained cell bodies. At P20-P30 layer IV and
upper I appear to be the most intensely stained, followed by layers II-III and Vb.
GAT-2 is remarkably expressed at birth. Leptomeninges appear intensely labeled at
all developmental stages. GAT-2 ir is localized to puncta and cell bodies of different
size and morphology. Neuropilar staining appears prevalent at earliest stages and
undergoes a down-regulation as maturation proceeds. Labeled puncta are initially more
densely distributed in the cortical plate and in layer VI, but at later stages the
lamination becomes less obvious. Small, irregularly shaped cells are more numerous
and more intensely stained at later developmental stages.
GAT-3 is highly expressed at birth, and is localized to puncta and cells. Labeled
cells, more densely distributed in layers V and VI, are irregular in shape with many
processes radiating in all directions. At earliest stages, parallel fiber-like structures run
vertically from layer VI to I in a regularly spaced pattern. At P0-P2 layer I, V and VI
show the highest level of signal. At P5-P10 signal is prominent in layer IV. At P20P30 ir is most intense in layer IV, supragranular layers and layer Vb. At this stage,
only puncta are observable. Restricted areas of reduced staining, irregularly distributed
in all layers, give the cortex the 'patchy' aspect typically observed in the adult animals.
This study shows that in the rat cerebral cortex GAT-1, GAT-2 and GAT-3 exhibit
heterogeneous developmental profiles and reach their adult pattern (Minelli et al., '95,
'96; Conti et al., '99) during the 4th postnatal week. (Supported by MURST)

GABA UPTAKE IN RAT SUBSTANTIA NIGRA PARS RETICULATA
SYNAPTOSOMES; PHARMACOLOGICAL CHARACTERISATION
AND MODULATION BY PKC. R. Bahena-Trujillo*, A. Nunez and
J.A. Arias-Montano. Departamento de Neurociencias, CINVESTAVIPN, 07360 Mexico, D.F., Mexico.
The pars reticulata of the substantia nigra (SNr) is the main target
of GABAergic axons originated in the striatum and the globus
pallidus. By activating postsynaptic receptors these projections
control the firing pattern of SNr intrinsic GABAergic neurones,
modulating thus the synaptic circuit SNr-thalamus-cerebral cortex,
crucial for the control of motor activity.
In synaptosomes from SNr the uptake of [3H]GABA was inhibited
by unlabelled GABA, nipecotic acid, p-alanine and SKF 89976-A.
Inhibition was concentration-dependent and monophasic, with IC50
values that agreed with those reported for the cloned GABA
transporter GAT-1 (L.A. Borden, Neurochem. Int. 29, 1996: 335356). [3H]GABA uptake was modestly, but significantly, reduced by
TPA (100 nM, 18 ± 2% inhibition). The inhibitory action of TPA was
reversed by staurosporine (100 nM), a selective PKC blocker.
[3H]GABA uptake was unaffected by either forskolin (10 pM) or
8-Br-AMPc (500 pM). These results indicate that GABAergic SNr
nerve terminals express the GABA GAT-1 transporter whose activity
can be regulated by a PKC-mediated mechanism.
Supported by CINVESTAV and CONACYT (28276N).

68.9
GABA PLASMA MEMBRANE TRANSPORTER-1 (GAT-1)
EXPRESSION IN THE RABBIT RETINA. L, Trasarti1*, G.
Casini2, A. Sabatini2, L, Bosco2 and N.C. Brecha1. ‘Dept.
Neurobioiogy and Medicine, UCLA, Los Angeles, CA 90095, USA; 2Dept.
Environm. Sci., Tuscia Univ., 1-01100 Viterbo, Italy.

GABA is taken up and perhaps released from neurons by
GABA plasma membrane transporters, which have an important
role in regulating GABA action. GAT-1 is expressed by
numerous amacrine and displaced amacrine cells in the rodent
retina. We analyzed the expression of GAT-1 in the rabbit retina
using single- and double-label immunohistochemistry. GAT-1
was localized to the plasma membrane of amacrine and displaced
amacrine cells. A densus plexus of immunoreactive processes
was present throughout the inner plexiform layer. In addition, a
loose plexus of varicose GAT-1 fibers was in die outer plexiform
layer, indicating that GAT-1 is expressed by interplexiform cells.
Double-label studies showed that all GAT-1 cells contained
GABA, but many GABA immunoreactive cells did not express
GAT-1. All GABA immunoreactive amacrine cells that express
vasoactive intestinal polypetide or accumulate serotonin expressed
GAT-1. In contrast, GAT-1 was found in very few
GABA/tachykinin and parvalbumin cells, and GAT-1 was not
observed in GABA/tyrosine hydroxylase cells. These results
show that GAT-1 is expressed by selected populations of GABA
immunoreactive amacrine cells.
Supported by NEI EY04067

TRANSMITTERS IN INVERTEBRATES I

69.1

69.2

FUNCTION OF ftp NEUROPEPTIDE GENE FAMILY. Kvuhvung Kim and Chris
U*. Dept. of Biology, Boston Univ., Boston, MA 02215
FMRFamide-related peptides (FaRPs) are short neuropeptides that have been
found throughout the animal kingdom. FaRPs have been shown to have many
general functions, including canfioregulation, muscle control, pain modulation and
learning. In C. elegans, at least 50% of the neurons are FMRFamide-like
immunoreactive. To date, at least 20 genes, flp-1 through ft’p-20, encoding these
peptides have been identified in C. elegans.
To determine the cell-specific expression of the ftp genes in C. elegans, transgenic
animals expressing a gfp (green fluorescent protein) reporter construct under tbe
control of each ftp promoter were generated. To date, ftp-1, ftp-3, ftp-5,ftp-8, and
ftp-12 cell specific expression has been determined. Each/7p gene is expressed in
distinct, and sometimes overlapping set of cells. The cell-specific expression
patterns of otherftp genes are also being determined.
To determine the function of the ftp genes in C. elegans, several ftp deletion
mutants, including ftp-3, flp-7, ftp-8, and ftp-10, were isolated by screening Ron
Plasterk’s C. elegans EMS-mutagenized library. The size of the deletion in ftp-3 or
flp-8 deletion mutants is 2.6 kbp or 1.4 kbp, respectively, and the deletion removes
the entire coding region for each gene. Both flp-3 and flp-8 deletion mutants have
no behavioral phenotype thus far, suggesting that these genes have overlapping
functions with otherftp gpotes. Aftp-10 deletion mutant is being characterized.
To identify genes that may regulate expression of the ftp genes, we are using
transgenic animals expressing a gfp reporter construct under the control of a ftp-1 or
ftp-12 promoter in modifier screens. These strains were mutagenized, and mutants
showing altered expression of these markers were isolated. Several mutants which
show no, faint, or strong GFP expression have been isolated. These mutants are
being mapped, characterized, and cloned.
This work is supported by NSF and NIH.

MALDI-TOF DETECTION AND PHYSIOLOGICAL ACTIONS OF
NEUROPEPTIDES IN C.ELEGANS PHARYNX. L. Holden-Dye*, C.J.
Franks, R.J. Walker, J.F. Burke1.University of Southampton,
Southampton SO 16 7PX. University of Sussex, Brighton BNI 9QG.
C. elegans contains FMRFamide-like neuropeptides, encoded by at least
18 different genes (Nelson et al., 1998). Here we describe the use of
Matrix Assisted Laser Desorption/ionization Time of Flight Mass
Spectroscopy (MALDI-TOF) (Kellett et al.,1996) to determine which
neuropeptides are present in the C. elegans enteric nervous system
combined with electrophysiological studies to define their function.
Analysis of peptide content in C.elegans pharynx: Molecular masses
were calculated for neuropeptides predicted from the completed genome
sequence. MALDI-TOF accuracy was within 1 Da (0.1%). Two of the
peptides detected, SAEPFGTMRFamide and GAKFIRFamide, are
products of the genes flp-3 and flp-5, respectively. Biological actions of
the neuropeptides: Intracellular voltage recordings were made from the
terminal bulb. GAKFIRF-amide had an excitatory action whereas
SAEPFGTMRF-amide was inhibitory. Thus, two of the peptides detected
by MALDI-TOF in the pharyngeal muscle also have biological activity.
This approach will enable us to examine the consequences of a
physiologically relevant peptide ‘cocktail’ for cell signalling.
Acknowledgements: Thanks to Ann Hart for sharing unpublished
information and to Chris Li for provision of gene deletion animals.
Kellett et al., 1996 J.Neuroscience 16, 4949-4957
Nelson et al., 1998. Mol. Brain Res.58, 103-111
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THE ENTERINS: A NOVEL FAMILY OF NEUROPEPTIDES ISOLATED
FROM THE GUT AND CNS OFAPLYSIA. Y Furukawa1*, Y Fujisawa2. K
Nakamaru1, H Wakayama1, K Nakabavashi1, L Li^, E Romanova^, TV

IDENTIFICATION AND CHARACTERIZATION OF THE APLYSIA MIPRELATED PEPTIDES (AMRPs). FS Vilim1*, Y Furukawa2, S Ohta3, TA
Ellis1, NC Pembrow1. L Li4 PD Floyd4, TV Sweedler4, H Minakata5, K

SweedUr3JA-EJlis4. NC PembLQw4,

Romero4 EC Cropper4 J;

Morishita1, O Matsushima1, H Minakata2, KR Weiss4 and FS Vilim4.
^ept Biol Sci, Fac Sci, Hiroshima U. Japan, 2Suntory Inst Bioorganic Res,
Osaka Japan, 3Dept Chem & Beckman Inst, Ul,Urbana IL , and4Dept
Physiol & Biophys, Mt Sinai Sch Med, NY NY
Neuropeptides are a diverse and ubiquitous class of signalling molecules.
In our attempt to understand the generation of feeding behavior in Aplysia,
we have sought to identify and fully characterize the neuropeptides
operating in this system. In this study, we use a multidisciplinary
approach to isolate and characterize a novel family of neuropeptides (the
enterins) and their precursor from Aplysia. The precursor for these
peptides codes for 36 copies of 20 different enterins, most of which end in
HSFVamide. We use matrix-assisted laser desorption/ionization time-offlight mass spectrometry (MALDI-TOF MS) to confirm that all 20 enterins
predicted by the precursor are processed in isolated Aplysia neurons.
Northern analysis, whole mount in-situ hybridization and
immunohistochemistry are used to map the abundant expression of these
peptides in Aplysia CNS and peripheral tissues such as the digestive
tract. In addition to enteric neurons of the gut, radular mechanoafferent
sensory neurons of the buccal ganglion also synthesize the enterins
suggestingthat enterins may play a role in the generation of feeding in
Aplysia. The widespread distribution of the enterins indicates that they
may be operating in many different systems of Aplysia. Supported by
NIMH, NINDS, MESSCJ, BSF and SUNBOR.

1Dept Physiol & Biophys, Mt Sinai Sch Med, NY NY, 2Dept Biol Sci, Fac
Sci, ^Inst Cntr Chem Anal, Hiroshima U. Japan, and 4Dept Chem &
Beckman Inst, Ul,Urbana IL , ^Suntory Inst Bioorganic Res, Osaka Japan.
In this study, we use a multidisciplinary approach to isolate and
characterize novel Aplysia MIP (Mytilus inhibitory peptide)-related
peptides (AMRPs) and their precursor. The precursor encodes for 26 copies of
14 different AMRPs, several of which share some structural similarities
with vertebrate opioid peptides.
We use matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS)
to confirm that all 14 AMRPs predicted by the precursor are processed in
isolated Aplysia neurons. Northern analysis, whole mount in-situ
hybridization and immunohistochemistry are used to map the abundant
expression of these peptides in Aplysia CNS and peripheral tissues such as
the digestive tract, vasculature, and the reproductive organs.
Physiological studies on three different target muscles show that the 14
AMRPs have differing potency rank order of inhibition on these targets.
These results underscore the importance of using such a multidiciplinary
concerted approach to identify and characterize the actions of
neuopeptides in an effort to gain understanding of their role in systems of
interest. The widespread distribution of the AMRPs indicates that they
may be operating in many different systems of Aplysia. Supported by
NIMH, NINDS, MESSCJ, BSF and SUNBOR.

69.5

69.6

MEASURING THE PEPTIDES IN SINGLE ATRIAL GLAND VESICLES
FROM APLYSIA J.V. Sweedler? R.W. Garden, S.S. Rubakhin, and R.R. Fuller.
Dept. of Chemistry and Beckman Institute, Univ. of Illinois, Urbana, IL 61801.
Biologically active peptides often arise from the expression of one or more genes
whose products are enzymatically modified and packaged into discrete secretory
vesicles. Such vesicles are the quanta of information for communication between cells.
In order to study individual vesicles, we have used the exocrine atrial gland from the
marine mollusc Aplysia californica. Expression of the Aplysia egg-laying hormone
(ELH) gene family has been previously examined through a wide range of genetic,
biochemical, and immunochemical approaches. We report new sampling protocols that
enable mass spectrometric assay of peptides in single dense core vesicles from the atrial
gland. Combined with information from the known ELH cDNA clones, matrix-assisted
laser desorption/ionization mass spectrometry (MALDI MS) eliminates the need for
analyte pre-selection and/or purification. A wide range of peptides from multiple genes
are co-localized within each 1 - 2 pm diameter vesicle. For example, spectral peaks
corresponding to peptides A, B, and C, and the three califins are readily observed.
Several previously unreported N-terminal peptides (NTPs) are also characterized.
Specifically, the NTPs predicted to terminate in Val-Thr-Asn are not detected, rather
C-terminally shortened forms (ending with Val) are exclusively present in both single
vesicles and bulk tissue. By changing the transfer and deposition strategies to work
with attoliter-volume samples and picoliter-volume matrix solutions, we detect zmolamol amounts of peptide in a single vesicle using a commercial MALDI time of-flight
mass spectrometer. The methodology is generally applicable to many sample types,
including large vesicles, small cells, neuronal processes, and synaptosomes. This work
is funded by NINDS through grant NS31609 and NSF through grant CHE-966223.

ISOLATION, DISTRIBUTION AND ACTION OF BARATIN: A NONAMIDATED INSECT NEUROPEPTIDE MODULATING MOTOR
ACTIVITY IN THE ABDOMINAL GANGLIA OF COCKROACH AND
LOCUST. J.E. Muren*, M.G.S, Persson and D.R, Nassel, Dept. of Zoology,
Stockholm University, S-10691 Stockholm, Sweden
A novel non-amidated neuropeptide was isolated from brain extract of the
cockroach Leucophaea maderae. By mass spectrometry, Edman degradation and
chemical synthesis the structure was determined as DNSQWGGFA. This
nonapeptide, designated baratin, does not resemble any previously known insect
neuropeptide. A rabbit antiserum was raised to baratin and used for
immunocytochemistry. Baratin-like immunoreactivity (BARLI) was seen in
interneurons throughout the brain and the ventral nerve cord of the cockroach. The
antiserum also labeled a small number of neurons in the brain and abdominal
ganglia of the locust Locusta migratoria. In both insects BARLI was found in
processes in the central complex, optic lobes, lateral and median protocerebrum
and in the tritocerebrum. A prominent system of BARLI processes was found
throughout the locust ventral nerve cord. This system is formed by four
interneurons with cell bodies in the abdominal ganglia A1-2 and has processes
dorsally and laterally in each ganglion. The dorsal ganglionic sheath of A4 was
removed and extracellular recordings were made from nerve 1 (dorsal nerve) of
both A4 and A5. Baratin (concentration 104 to 10‘6 M) applied to the dorsal surface
of A4 induced trains of action potentials and increased rhythmic bursting. In
quiescent ganglia baratin induced rhythmic bursting. Similar actions were seen in
locust and cockroach. Thus baratin may play a role as a neuromodulator in
interganglionic neurons interacting with motor circuits.
Supported by the Swedish Natural Science Council

69.7

69.8

CHARACTERIZATION OF TWO SYMMETRICAL INSULIN-CONTAINING
NEURONS (OGt ) IN OPTICAL GANGLIA OF APLYSIA CALIFORNICA.
STANISLAV S. RUBAKHIN*, LINGJUN LI, YOUNG HUN PARK, ELENA V.
ROMANOVA AND JONATHAN V. SWEEDLER. Department of Chemistry
and Beckman Institute, University of Illinois, Urbana, IL 61801.
We recently described a network of insulin synthesizing neurons in
the Aplysia californica central nervous system. To further explore the
biophysical and biochemical properties of these neurons, two additional
elements of the network were identified using conventional
electrophysiological and morphological methods as well as matrix assisted
laser desorption time of flight mass spectrometry (MALDI-TOF MS) and
capillary electrophoresis (CE).
The OGt neuron is the largest neuron (-100 pm in diameter) in the
Aplysia optical ganglion, and is located near the cerebral ganglion main
vessels. OGT processes develop intense branching in left and right upper
labial nerves. The neurons are electrically coupled to each other and top
layer neurons of cerebral ganglion C-cluster. These neurons exhibit action
potential broadening, the presence of synchronized spontaneous changes
in membrane potential and a generalized inhibitory input upon electrical
stimulation of the anterior tentacular nerve. Application of glucose induced
a marked depolarization of OGt S. The chemical profile of the neurons
explored by MALDI-TOF MS and CE demonstrated a peptidergic nature
and high similarity to a profile of the top layer cerebral ganglion F-cluster
neurons including presence of Aplysia insulin. These results support the
hypothesis that OGT neurons may play a command role in the network of
insulin secreting neurons. Supported by the NINDS grant NS31609.

LONG-TERM FACILITATION OF PEPTIDE RELEASE FROM AN
IDENTIFIED APLYSIA MOTOR NEURON Paul J. Church*, Tuula
Karhunen, Ferdinand S. Vilim, Vera Alexeeva, and Klaudiusz R. Weiss,
Dept. of Physiology and Biophysics, Mount Sinai School of Medicine, NY
NY 10029
While neuropeptides have been identified in a number of vertebrate and
invertebrate systems, technical difficulties have limited the ability to
demonstrate the release of cotransmitters from neurons under
physiological conditions, let alone to characterize the dynamics of that
release. One model system in which this is possible is a neuromuscular
preparation from Aplysia californica, consisting of the identified motor
neuron B15 and its target muscle, the accessory radular closer. The
behavioral firing patterns of this neuron have been described previously
(Cropper et al. 1990), and this neuron has been shown to release its
peptide cotransmitters (small cardioactive peptides and buccalins) in
response to those stimulation patterns (Vilim et al., 1996).
In the present study, we used electrophysiology, radioimmunoassay,
and electron microscopy to examine the dynamics of peptide release in
response to behaviorally relevant stimuli. The B15 motor neuron exhibited
robust facilitation, of peptide release in response to a constant stimulation
paradigm. This facilitation correlates to the disaggregation and specific
translocation of peptide-containing large dense core vesicles within the
presynaptic terminals. In experiments designed to determine the time
course of facilitation, this neuron maintained a facilitated state during rest
periods lasting 1 hour or more. We are currently investigating the roles of
specific ion channels and presynaptic proteins in this long-term facilitation.
Supported by NIMH to PJC and KRW.
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69.10

PEPTIDERGIC (MIP) NEUROMUSCULAR CONTACTS IN THE GASTROPOD
HELIX POMATIA: EM IMMUNOCYTOCHEMICAL STUDIES. K. Elekes,1* Zs.
N. Fekete1, Y. Fujisawa,2 and Y. Muneoka2. ‘Dept. of Experimental Zoology,
Balaton Limnological Res. Inst., HAS, H-8237 Tihany, Hungary; 2Fac. of
Integrated Arts & Sciences, Univ. Hiroshima, Higashi-Hiroshima 739, Japan.
The innervation pattern and neuromuscular contacts established by Mytilus
inhibitory peptide (MIP) immunoreactive fibers in the heart and buccal mass of the
pulmonate snail, Helix pomatia, was investigated. Both peripheral organs are
supplied with a network of varicose MP-immunoreactive (IR) fibers, but of different
density. The heart is much densely innervated, however, showing a seasonal
variation: during autumn, the auricle is almost free of MIP-IR fibers, whereas the
ventricle shows the strongest MIP-IR innervation at this time. At ultrastructural
level, MIP-IR axons enter among the muscle fibers as part of small axon bundles,
containing also a number of unlabelled elements. In both tissues, MIP-IR
varicosities form three types of unspecialized neuromuscular contacts: i) MIP-IR
varicosities located far (several pm) from the muscles fibers; ii) MIP-IR varicosities
facing the muscles fibers but still separated from the muscle cells by a ca 100 nm
cleft; iii) MIP-IR varicosities forming close (16-20 nm) membrane contacts with the
muscles fibers. The frequency of occurrence of these is considerably higher in the
heart than in the buccal mass. The vesicle/granule content of MIP-IR varicosities
found in the three different positions is identical in both peripheral organs,
containing mainly large (120-150 nm) spheroid electron dense granules and
occasionally small (50-60 nm) agranular synaptic vesicles. A wide acting
modulatory role of MIP in regulating muscle function is suggested in Helix, in the
course of which both remote control and direct membrane effects of this
neuropeptide seems to be possible.
Supported by OTKA grants #16015 and #29559.

DOPAMINE DIFFERENTIALLY MODULATES THE EFFICACY
OF TWO IDENTIFIED MOTOR NEURONS IN APLYSIA.
L. EL Fox*. Fk Atluri and FL E. Lloyd Committee on Neurobiology,
University of Chicago, Chicago, IL. 60637
Synaptic transmission in Aplysia anterior buccal muscle 13 (I3a)
provides a simple system to study the role of intrinsic and extrinsic
modulators on behavior. EJPs and contractions of I3a are modulated by
peptide cotransmitters released by the motor neurons that innervate I3a
(B38 SCP; B3 FMRFamide) as well as by serotonin (5HT) released by
modulatory neurons (MCC). The short-term effects of 5HT and SCP are
similar in that they both selectively facilitate B38-evoked EJPs and they
potentiate contractions produced by both motor neurons. In addition,
5HT and SCP potently increase the level of cAMP in I3a.
Evidence from EC-HPLC indicates that dopamine (DA) is present in
I3a extracts. Accordingly, we examined the effects of DA on EJPs and
contractions evoked by B3 and B38. The actions of DA differed from
5HT and SCP in many respects. First, unlike 5HT and SCP, DA
facilitated B3-evoked EJPs and depressed B38-evoked EJPs. Similarly,
DA potentiated contractions evoked by B3 and inhibited those evoked by
B38. DA has little effect on the level of cAMP in the muscle. Thus 5HT
and SCP have similar actions while those of DA are very different.
As an attempt to determine if presynaptic actions might account for the
effects of DA, 5HT or SCP, we measured their electrophysiological
effects on the cell bodies of B3 or B38. All 3 modulators depolarized
both motor neurons in a dose-dependent fashion. Depolarizations were
larger in B38. Thus, DA depressed EJPs evoked by B38 but depolarized
it's cell body. Thus, actions of these modulators cannot be explained by
their presynatic effects at least as recorded in the cell bodies
Supported by F31 MH10656 and NSF IBN 9728453.

69.11

69.12

IMMUNOHISTOCHEMICAL LOCALIZATION OF THE SEROTONIN
PRECURSOR 5-HTP SHOWS SOME DISSOCIATION FROM 5-HT
IMMUNOSTAINING IN TWO MOLLUSCS. H.N. Kingsley*, C.P. Lynn, D.J.
Fickbohm and P.S. Katz. Dept. Biology, Georgia State Univ., Atlanta, GA 30303.
The rate limiting step in serotonin (5-HT) synthesis is thought to be the formation
of 5-hydroxytryptophan (5-HTP) from tryptophan, yet little is known about normal
5-HTP distribution. We used confocal microscopy to compare 5-HTP and 5-HT
immunoreactive (ir) cell distribution in two gastropod molluscs, Aplysia californica
and Tritonia diomedea, in which 5-HT-ir cells have been mapped. We also examined
whether 5-HTP application altered these distributions.
Although previous work showed that CNS levels of 5-HTP generally are low, we
found that identified 5-HT-ir neurons reliably stained for 5-HTP. However, there
were differences between 5-HTP and 5-HT staining; 5-HTP-ir neurons were seen in
regions that are devoid of 5-HT-ir neurons such as the pleural ganglion in Aplysia.
In addition, 5-HTP staining was more diffuse and variable than 5-HT staining.
The effect of 5-HTP application on the distribution of 5-HTP-ir and 5-HT-ir
neurons in Tritonia was tested. One day after 5-HTP treatment, ganglia were fixed
and processed for immunohistochemistry. In contrast to control ganglia, 5-HTP
staining was equally distributed among neuronal somata, indicating that it was taken
up readily by all neurons. Notably, 5-HTP treatment did not result in a widespread
increase in the number of 5-HT-ir neurons, but it did cause a small number of
additional 5-HT-ir cells to consistently appear.
These results have implications for the control of neuronal 5-HT levels. The
presence of 5-HTP staining in serotonergic neurons might indicate that the rate of
5-HTP decarboxylation helps to regulate the content of 5-HT. The finding that some
neurons stain for 5-HTP but not 5-HT suggests that, despite an ability to take up the
5-HT precursor, these neurons either lack a decarboxylase enzyme or rapidly
metabolize the 5-HT that they synthesize, conceivably even producing a second
neuroactive product such as melatonin.
Supported by NIH grant NS-353 71.

MANIPULATION OF 5-HT CONTENT ALTERS THE MODULATORY
ACTIONS OF SEROTONERGIC NEURONS IN THE TRITONIA SWIM CPG
D.J. Fickbohm* & P.S. Katz. Biology Dept, Georgia State Univ, Atlanta, GA 30303.
It is generally accepted that neurotransmitter levels contribute to synaptic
efficacy. However, the functional relationship between a neuron’s transmitter
content and its role in neural circuits has not been well studied. We enhanced the
content of 5-HT in identified neurons in order to assess the effect of transmitter
content on neuronal function in a simple circuit.
We previously found that the dorsal swim intemeurons (DSIs), a set of serotonergic neurons intrinsic to the swim central pattern generator (CPG) of the mollusc,
Tritonia diomedea, exhibit natural variations in the intensity of serotonin (5-HT)
immunoreactivity. We further found that the intensity of 5-HT immunolabeling in
the DSIs was correlated with their ability to evoke a rhythmic motor pattern
(Fickbohm & Katz, Soc. Neurosci. Abstr., ‘98). To test whether measures of 5-HT
immunoreactivity correspond to differences in 5-HT levels, we examined the effect
on 5-HT immunofluorescence of treating the nervous system with the 5-HT
precursor, 5-hydroxytryptophan (5-HTP). We found that 5-HTP treatment increased
the intensity of 5-HT immunolabeling in the DSIs and other serotonergic neurons.
5-HTP treatment enhances the size of EPSPs evoked by the DSIs and alters the
generation of the swim motor program (SMP), as we previously determined. Since
the neuromodulatory actions of the DSIs are important for the production of the
SMP, we examined whether these actions are also enhanced by 5-HTP treatment.
We found that one day after 5-HTP treatment (2 mM, for 30 min), the ability of DSI
stimulation to increase the excitability of intemeuron C2 was enhanced 2-3 fold.
Furthermore, the firing frequency of the DSI needed to cause this modulatory action
decreased following 5-HTP treatment. These results indicate that enhancing 5-HT
content increased the potency of the DSIs at evoking modulatory actions. We are
currently researching whether 5-HT depletion decreases DSI synaptic and
m’odulatory efficacy in order to investigate further the function of transmitter content
in the operation of this neuronal circuit.
This work is supported by NIH grant NS-353 71.

69.13

69.14

SOCIAL EXPERIENCE-DEPENDENT CHANGES IN RESPONSE OF CRAYFISH
LATERAL GIANT NEURONS TO 5-HT MAY BE INDUCED BY HUMORAL
FACTORS. N. Arfai and F. Krasne*. Dept. of Psychology and Brain Research
Institute, UCLA LA CA 90095.
5-HT modulates EPSP amplitudes in crayfish lateral giant escape command
neurons (LGs), and this modulation is thought to be due to a direct action of 5-HT on
the LGs. Whereas 5-HTfacilitates EPSPs in socially isolated crayfish, it attenuates
EPSPs after several weeks of social subordination (Yeh, Fricke, &Edwards, 1996).
Since the neural processing associated with social interaction occurs predominantly
within the cephalothorax, while the LGs originate and receive input in the abdomen,
the question arises as to the route via which the LG is influenced by social interactions. In principle, either descending neural or humoral signals could be responsible. Thus, we asked whether 5-HT would come to cause attenuation if crayfish were
placed with dominants after severance
of the nerve cord between abdomen and
thorax, thereby removing the influ-ence
of neural input to the abdomen.
We evaluated the effect of 5-HT on
the LGs by ascertaining the sensory
threshold for firing of the LGs in freely
behaving animals before, during, and
after infusion of 5-HT; threshold
decreases correspond to facilitated
EPSPs. Nerve cords not already cut
were severed prior to testing to remove
effects of known tonic inhibitory pathways to the LGs. Results to date (Fig.) suggest
that humoral factors may be sufficient to produce the transformation from 5-HT
facilitation to attenuation. [NIH grant NS08108.]

MOLLUSK-DERIVED GROWTH FACTOR, AN APLYSIA PROTEIN RELATED
TO INSECT-DERIVED GROWTH FACTOR. D.-B.G. Akalal, D.B. Bocangel, and
G.T. Nagle*, Marine Biomedical Institute and Department of Anatomy &
Neurosciences, University of Texas Medical Branch, Galveston, TX 77555.
An insect-derived growth factor (IDGF) was previously isolated and characterized
and shown to have potent growth factor activity that stimulates the proliferation of
insect cells (Homma et al., JBC 271:13770-13775, 1996). IDGF does not share
significant similarity with any other protein except for atrial gland granule-specific
antigen (AGSA), an abundant protein in Aplysia atrial gland secretory granules. The
previously characterized AGSA cDNA predicts a 432-residue protein and its
expression is restricted to the atrial gland (Sossin et al., JBC 264:16933-16940,
1989). Originally, it was thought that AGSA played a role in the structure and
function of the cortex of atrial gland secretory granules. The discovery of its
similarity to IDGF, however, suggests that it might serve as a growth factor instead.
Using an AGSA RT-PCR probe, we independently isolated a full-length atrial gland
cDNA clone and discovered a single base difference between the isolated cDNA
sequence and the reported AGSA sequence that resulted in a frame shift in the open
reading frame. The revised sequence was submitted to Genbank (Accession no.
AFI 17336) and encodes a longer, 525-residue protein. The degree of sequence
identity with IDGF increases significantly from the original reported sequence and is
51% identical in the C-terminal region, and increases to 70% when allowances are
made for similar amino acids. We have tentatively named this protein molluskderived growth factor (MDGF) because of its similarity to IDGF, and to distinguish
it from the AGSA sequence. MDGF is clearly related to IDGF and may be the
second member of this family. Efforts are underway to express MDGF and to test
for growth factor activity. Supported by NSF IBN 9511773.
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Behavioral Effects of Altractin, a Peptide Pheromone in the Marine Mollusk Aplysia. S.D.
Painter*, B, Clough. S. Black and G.T. Nagle. Marine Biomedical Institute & Dept. of
Anatomy & Neurosciences, University of Texas Medical Branch, Galveston, TX. 77555.
Attractin is a 58-residue peptide pheromone that was recently isolated from a
combination of egg cordon eluates and extracts of the albumen gland, an exocrine organ
in the female reproductive tract of Aplysia. The peptide is attractive in the T-maze at
levels consistent with pheromonal activity (10 pmol in 6 L) and produces some behaviors
(eg., penis eversion) that suggest it also induces male mating. The studies reported here
were designed to: (1) examine the attraction in greater detail; (2) determine whether
attractin induces mating; and (3) compare the activities of native and recombinant
attractin. T-maze bioassays showed that both peptides: (a) are attractive; (b) produce
behaviors suggestive of male mating; (c) require the presence of an Aplysia to be
attractive; and (d) are attractive regardless of the species of Aplysia present. These results
suggest that, like most pheromones, attractin functions as part of a bouquet of scents and
may explain why multiple species of Aplysia are sometimes associated with an
aggregation. Previous studies have shown that an egg cordon is attractive without an
animal, raising the question whether it is the animal that is required or simply a bouquet
of appropriate scents, the composition of which can vary. The question cannot be
answered directly at present. Mating bioassays showed that both 1 and 10 pmol of native
attractin reduce die latency to mating as a male or a female. They had a larger effect on
hermaphroditic mating. In addition to reducing the latency to mating, the number of
animal pairs mating as hermaphrodites was doubled and the duration of mating increased.
The pair would not stop mating even when food was presented. Mating as hermaphrodites
is the only way both animals can immediately mate as males, and an effect on male
mating is consistent with earlier observations. Mating experiments with recombinant
attractin are in progress.

OTHER NEUROTRANSMITTERS: NO. HISTAMINE AND PURINES

70.1

70.2

Al ADENOSINE RECEPTOR ACTIVATION POTENTLY
INHIBITS NERVE GROWTH FACTOR-INDUCED NEURITE
GROWTH IN PC 12 CELLS BY MAP KINASE INDEPENDENT
PATHWAYS. S. Thevananther and S. Rivkees* Yale Child Health
Research Center; Yale University, New Haven, CT 06520.
Activation of Al ARs is associated with reduced white matter
formation in vivo and reduced neurite growth in vitro. To begin to
decipher the mechanisms by which A1AR activation inhibits neurite
growth, we examined adenosine effects on neurotrophin action in
PC 12 cells stably transfected with A1 ARs. We found that nerve
growth factor (NGF) induced differentiation and neurite outgrowth in
PC 12-A1 AR cel Is. However, treatment with the A1 AR agonist N6cyclopentyladenosine (CPA) potently inhibited neurite growth.
Suggesting that adenosine tonically inhibits neurite growth, Al AR
antagonists increased process growth. Next, we examined the effects
of A1AR activation on the mitogen-activated protein kinase
(MAPK/ERK) pathway which is activated by NGF and stimulates
neurite growth. Surprisingly, adenosine increased MAPK activity,
while inhibiting induced neurite growth. When cells were acutely
transfected with dominant-negative forms of Rho-associated-kinase
(ROK), which can influence cytoskeletal extension into axons, Al AR
effects on neurite growth were markedly reduced. These observations
show that Al ARs potently reduces neurite growth in PC 12 cells and
that A1AR action may be mediated by ROK.

PROTECTION FROM CARBON MONOXIDE-INDUCED INJURY WITH
ADENOSINE AND THE ADENOSINE DEAMINE INHIBITOR, EHNA. R.A,
Wallis,1,2* K.L. Panizzon,1,2 A, Stanboli2 and P. Maranqos3.
1Dept. of
Neurology, UCLA, Los Angeles, CA 90024; 2Sepulveda VAMC, Sepulveda,
CA 91343; 3Cypros Pharmaceutical, Carlsbad, CA 92008.
Carbon monoxide (CO) appears to act as a diffusible neurotransmitter,
producing activation of guanylate cyclase. In addition, CO may act as a
retrograde messenger for long-term potentiation (LTP). However, at greater
concentrations, CO induces profound neuronal injury. Adenosine is an
endogenous neuroprotectant, which has been shown to modulate LTP. To
evaluate the role of adenosine in CO injury, we assessed the neuroprotective
effect of EHNA, an adenosine deaminase inhibitor, and extracellular
adenosine application during direct CO application to hippocampal slices.
Exposure to CO was performed under hypoxic conditions with perfusion
ACSF glucose increased 10 mM to help prevent hypoxic damage. Slices
were exposed to *CSF saturated with helium for 2 mins. This was followed
by exposure to 11 ' pM CO in helium-saturated ACSF for 10 mins. After 60
mins, recovery, CA orthodromic and antidromic PS regained only 10 % ± 1
and 14% ± 2 of t iginal amplitude. Exposure to helium-saturated ACSF
alone for 12 mins, resulted in CA1 PS orthodromic and antidromic recovery
of 98 ± 2% and 96 ± 4%. Treatment with the 20 pM EHNA during CO
exposure significantly improved CA1 PS recovery to 92 ± 4% and 95 ±
2%. Treatment with adenosine also provided robust protection against COinduced CA1 injury with orthodromic and antidromic PS recovering to 91 ±
1 % and 94 ± 1 %. These results indicate that CO-induced injury is mediated
in part by adenosine. They further suggest that adenosine deaminase
inhibitors may be a useful approach in limiting neuronal damage induced by
CO. Supported by VA Research Service.

70.3

70.4

CHARACTERIZATION OF ATP RELEASE FROM CULTURES
ENRICHED IN CHOLINERGIC AMACRINE-LIKE NEURONS.
P.F. Santos, A.P. Carvalho and C.B. PuarteTCenter for Neuroscience
of Coimbra, Departement of Zoology, University, of Coimbra, 3004517 Coimbra, Portugal.
ATP has been proposed to play a role as a neurotransmitter in the
retina, but not much attention has been given to the regulation of
ATP release from retinal neurons. In this work we investigated the
release of ATP from cultures enriched in amacrine-like neurons.
Depolarization of the cells with KCI, or activation of a-amino-3hydroxy-5-methyl-4-isoxazole-propionate (AMPA) receptors, evoked
the release of ATP, as determined by the luciferin/luciferase
luminescent method. The ATP release was found to be largely Ca2+
dependent and sensitive to the botulinum neurotoxin A, which
indicates that the ATP released by cultured retinal neurons originated
from an exocytotic pool. Nitrendipine and ©-Agatoxin IVA, but not
by ©-Conotoxin GVIA, partially blocked the release of ATP,
indicating that, in these cells, the Ca2+ influx necessary to trigger the
release of ATP occurs, in part, through the L- and the P/Q-type of
voltage sensitive Ca2+ channels (VSCC), but not through N-type
VSCC. The release of ATP increased in the presence of adenosine
deaminase, or in the presence of l,3-dipropyl-8-cyclopentylxanthine
(DPCPX), an adenosine Ai receptor antagonist, showing that the
release is tonically inhibited by the adenosine Ai receptors. (Supported

P2Y,-MEDIATED Ca2+ SIGNALLING-IN ASTROCYTES IS ATTENUATED BY PROTEIN
KINASE C-DEPENDENT NEGATIVE FEEDBACK. S.R. Fam* and M.W, Salter. Ho '$r . Sick
Children & Dept. Physiol., U. Toronto, 555 Univ. Avenue, Toronto, ON, Canada, M5G 1X8.
Astrocytes from the dorsal spinal cord respond to activation of P2Y| receptors evoked by 2methylthio-ATP (2MeSATP) with an increase in intracellular [Ca2+] ([Ca2>],) mediated by the
release of Ca2+ from intracellular stores via the PLCIJ/IP3 pathway. Concomitant with the
generation of IP3 and release of stored Ca2+ is the generation of diacylglycerol and activation of
protein kinase C (PKC). The aim of the present study was to determine if PKC mediates negative
regulatory feedback on P2Y,-mediated Ca2+ signalling in astrocytes. We recorded [Ca2+], from
single astrocytes in dorsal horn primary cultures using the Ca2+-sensitive fluorophore, fura-2. P2Y,
receptors were activated by 10s applications of 2MeSATP. To determine if activation of PKC
affects P2Y, signalling, we made use of the PKC activator, phorbol-12-myristate-13-acetate
(PMA, 500 nM). PMA treatment abolished evoked Ca2+ responses (n=5 cells). In cells pre-treated
with the PKC inhibitor, GO 6850 (1/zM), the amplitude of responses evoked after PMA were
89±7% of control (mean±SEM; n=8), suggesting that the effect of PMA is mediated by activation
of PKC, and thus, that activating PKC is sufficient to cause down-regulation of responses to
2MeSATP. To determine whether PKC activated following P2Y, stimulation mediates negative
regulatory feedback of P2Y,-mediated signalling, we examined responses evoked by repeated
applications of 2MeSATP made at time intervals of40-90s. Foreach cell studied, the time interval
was constant. Under control conditions, the amplitude of Ca2+ responses progressively declined
over the first 5-8 applications to a plateau level of 56±3% of the initial response (n=8).The
amplitude of responses evoked by subsequent applications alternated between two levels: the
plateau level and a lower level which on average was 10±2% of the initial response (n=8).
Following treatment of cells with GO 6850, the amplitude of Ca2+ responses evoked by
applications of2MeSATP made at the same rate as control progressively decayed at a rate not
different from control (p>0.1,paired r-test, n=8) to a plateau level of 48±4% of the initial response.
Responses evoked by subsequent applications were stable within a range of 48±4% and 40±7%
of the initial response and the alternation observed in controls abolished (n=8 cells).Together,
these results indicate that there is a PKC-dependent negative feedback which is expressed as the
alternation of responses to repeated P2Y, stimulation, In addition, P2Y, activation stimulates a
PKC-independent negative feedback mechanism. (Supported by MRC Canada and Nicole
Fealdman Memorial Fund)

by PRAXIS XXI)

Society

for

Neuroscience

. Volume

25, 1999

OTHER NEUROTRANSMITTERS: NO, HISTAMINE AND PURINES

170

SUNDAY AM

70.5

70.6

DIRECT MEASUREMENT OF ADENOSINE RELEASE DURING HYPOXIA IN
AREA CAI OF RAT HIPPOCAMPUS. B.G. Frenguelli1 and N. Dale2* 'Dept.
Pharmacology & Neuroscience, University of Dundee, Ninewells Hospital, Dundee,
Scotland, UK, DD1 9SY and 2School of Biomedical Sciences, University of St
Andrews, St Andrews, Fife, Scotland, UK, KYI6 9TS.
We have used a novel enzyme-based biosensor (Dale, J. Physiol., 511, 265-272) to
measure continuously the release of adenosine during hypoxia in the CAI region of
the in vitro rat hippocampus. The sensor responds linearly over the range 10 nM to 20
gM and the signal is abolished by coformycin, a specific inhibitor of adenosine
deaminase, the first enzyme in the cascade.
The sensor was placed on the CAI region of conventional rat hippocampal slices
maintained at 32 - 34 °C from which extracellular fEPSPs were recorded. Hypoxia
(substitution of 95% O2 with 95% N2) rapidly depresses the fEPSP. When no enzymes
are loaded into the sensor, no signal is recorded during hypoxia. The addition of
enzymes reveals a signal which increases during the hypoxic episode and reverses on
return to normoxia. The signal is inhibited by 60 ± 7 % (mean ± SEM; n = 10) by
coformycin (500 nM - 2 pM). For a 5 min hypoxic episode the sensor records an
adenosine signal of 7.1 ± 1-3 gM (n = 15) with an IC50 of -3 pM. Three to six hour
incubation in nominally Ca2+-free aCSF resulted in ~8 fold greater increase in
adenosine release during 5 min hypoxia (55-2 ± 25-8 pM, n = 5; P = 0 02; unpaired t
test). Sequential exposure to hypoxia (5 min) caused a significant decrease (64 ± 7 %;
n = 5) in adenosine release in nominally Ca2+-free aCSF. In 2 mM Ca2+ this decrease
(31 ± 11 %; n = 4) was associated with a delayed depression of the fEPSP. Our results
demonstrate the value of the adenosine biosensor, the calcium independence of
adenosine release during hypoxia and the existence of a depletable pool of adenosine.
Supported (ND) by the Royal Society, UK. BGF is a CRF/RSE Research Fellow.

HYPOXIA REVEALS A DEPLETABLE POOL OF ADENOSINE IN AREA CAI
OF RAT HIPPOCAMPUS. T. Pearson, V. Nuritova and B.G. Frenguelli* Dept.
Pharmacology & Neuroscience, University of Dundee, Ninewells Hospital, Dundee,
Scotland, UK, DD1 9SY.
Excitatory synaptic transmission in area CAI of the rat hippocampus is rapidly
depressed by hypoxia via presynaptic adenosine A| receptors. We have investigated
the effects of repeated hypoxia on synaptic transmission in area CAI. Conventional
whole-cell EPSCs and extracellular fEPSPs were recorded from CAI neurones in 400
gm transverse hippocampal slices fully submerged in aCSF (~ 6 ml min'1; 32 - 34°C;
pH 7 .4). Slices were exposed to an initial hypoxic episode (95 % O2 replaced by 95 %
N2) of between 2.25 and 40 min duration. On recovery of synaptic transmission the
slice was exposed to a second hypoxic episode. The second hypoxic depression of the
fEPSP was consistently delayed with respect to that of the first (“conditioning").
Conditioning increased with the duration of the first hypoxic episode: At50 (difference
in the times taken to reach 50 % depression of transmission) measured 41 ± 3 s (mean
± S.E.M, n = 57) for an initial 10 min hypoxic episode and 82 + 6 (n = 18) for an
initial 40 min episode. Conditioning of EPSCs (in 50 - lOOgM picrotoxin) after 10
min of hypoxia was observed (At50 = 64 ± 9 s; n = 20) in the majority (80 %) of cells.
Conditioning was not dependent on adenosine receptor desensitisation but instead
reflects reduced adenosine release in response to the second hypoxic episode since a
low concentration (10 nM) of the selective and competitive Ai antagonist DPCPX
exaggerated the extent of conditioning: control conditioning of EPSPs was 41 ± 3 s (n
= 57) whereas conditioning from DPCPX-treated tissue was significantly increased to
119 ± 38 s (n = 7, Student’s t-test; P < 0.05). Our data indicate a depletable pool of
adenosine in area CAI which can be partially replenished by the application of
exogenous adenosine (20 gM for 15 min) after prolonged (40 min) hypoxia.
Supported by The Wellcome Trust, SHERT and Tenovus. BGF is a CRF/RSE Fellow.

70.7

70.8

PAW OEDEMA INDUCED BY ADENOSINE At AND A^ RECEPTOR
AGONISTS: INVOLVEMENT OF MAST CELLS, SENSORY
AFFERENTS AND SYMPATHETIC NEURONS. J, Sawynok*. A, Reid
and X.J. Liu. Dept. Pharmacology, Dalhousie University, Halifax, N.S.,
Canada
Both the adenosine At receptor agonist cyclopentyladenosine (CPA) and
the adenosine A^ receptor agonist N6-benzyl-N-ethylcarboxamide
adenosine (N6-B-NECA) produce an acute paw oedema following local
injection into the hindpaw of the rat. In both cases, oedema is blocked by
mepyramine (Hi receptor antagonist), ketanserin (5-HT2 receptor antagonist)
and phentolamine (non-selective a-adrenergic receptor antagonist). In this
study, we determined the involvement of mast cells, sensory afferents and
sympathetic neurons in the paw oedema response by evaluating the effect of
compound 48/80, capsaicin and 6-hydroxydopamine (6-OHDA) on the
action of CPA and N6-B-NECA as determined by plethysmometry.
Pretreatment with compound 48/80 (1 mg/kg X 4 day 1, 1.5 mg/kg X 2 day
2, test day 3) inhibited paw oedema produced by both CPA 5 nmol and NeB-NECA 0.5 nmol. Pretreatment with capsaicin (30 mg/kg day 1, 50
mg/kg day 2, 70 mg/kg day 3, test day 4) inhibited paw oedema by CPA
but not N6-B-NECA. Pretreatment with 6-OHDA (75 mg/kg days 1, 2 and
3, test day 4) inhibited oedema produced by Ne-B-NECA but not CPA. The
adenosine A, receptor mediated response appears to involve a peripheral
neurogenic mechanism with a secondary involvement of mast cells, while
the adenosine
receptor mediated response involves a direct effect on
mast cells with an additional involvement of sympathetic neurons.
(Supported by MRC Canada)

CELLULAR LOCALIZATION OF ADENOSINE Al RECEPTORS IN RAT
FOREBRAIN AND CEREBELLUM: IMMUNOHISTOCHEMICAL ANALYSIS
USING ADENOSINE Al RECEPTOR-SPECIFIC MONOCLONAL ANTIBODY.
T. Ochiishi*1. Ling Chen'. Y. Saitoh2. T. Arai3, H. Nakata4, H. Miyamoto1.
'Biosignalling Dept., National. Inst, of Biosci. & Human Technol., Tsukuba, Ibaraki
305-8566, “Dept. of Neurobiol. & Behav., Gunma Univ., Maebashi, Gunma 371-8511,
’Dept. of Applied Biological Sci., Sci. Univ. of Tokyo, Noda, Chiba 278-8510,4Dept.
of Mol. & Cell. Neurobiol., Tokyo Metropolitan Inst, for Neurosci., Fuchu, Tokyo
183-8526,Japan.
Adenosine Al receptors (AIR) couples with the inhibitory G-protein and its
activation leads to potent inhibition in the central nervous system. A monoclonal
antibody specifically recognizes the AIR was produced using the purified AIR from
rat brain and distribution of AIR was examined in rat cerebral cortex, hippocampus
formation and cerebellum using immunohistochemical technique.
In the cerebral cortex, the strongest immunoreactivity was found in the large
pyramidal neurons of layer V. The immunoreactivity was detected in the pyramidal
cell bodies, dendrites and the initial segments of the axons. In the hippocampus, the
pyramidal cells and their apical dendrites in the CA2-CA3 fields were more intensely
or clearly stained than those in other hippocampal fields and the dentate gyrus. Many
interneurons of the hippocampus were stained by this antibody. In cerebellum, AIR
immunoreactivity was observed in the Purkinje cells, Golgi epithelial cells, Bergmann
fibers and the granule cells. Other components of the cerebellar cortex did not exhibit
AIR immunoreactivity with this antibody. Electron microscopy revealed the presence
of AIR in both the pre- and postsynaptic structures. We examined the possible
coexistence of AIR and glutamate decarboxylase (GAD) in single neurons by doubleimmunofluorescence labeling and the results showed the absence of concomitant AIR
immunoreactivity in the GAD-immunopositive presynaptic terminals, suggesting that
AIR might not regulate the inhibitory presynaptic transmission.

70.9

70.10

THE EFFECT OF CIRCADIAN FLUCTUATIONS OF ADENOSINE ON
SYNAPTIC TRANSMISSION IN RAT HIPPOCAMPAL SLICES. D.K-C. Liu, J.L.
Winslow*. J.M. Woitowicz. Department of Physiology, University of Toronto,
Toronto, ON, M5S 1A8, Canada.
Adenosine is a potent neuromodulator that has been found to vary circadially
in the brain. Levels of this endogenous purine are highest at the end of the active period
and reach a minimum during the inactive period. By acting on presynaptic A, receptors
adenosine exerts an inhibitory tone on excitatory transmission. Thus we propose that
the degree of inhibition varies circadially as a function of adenosine level in the
extracellular space. To address this hypothesis we used Wistar rats housed in a 12:12
light/dark cycle. Hippocampal slices (n=6 animals in each group) were prepared
according to standard protocol, however we also took into consideration time of day.
In one group slices were prepared at 7 a m. which is the end of the rat’s active period.
In the second group, slices were prepared at 5 p.m., which is towards the end of the
inactive period. Tonic inhibition of synaptic transmission was determined by comparing
evoked field synaptic responses (fEPSP) before and afier application of a selective A,
receptor antagonist 8-CPT (100 nM). The fEPSP increased by an average of 183.5%
(s.d.=71) in the morning. In the slices prepared in the evening, fEPSP increased only
44.5%, (s.d.=47). The difference between the two groups was statistically significant
(t-test, PO.01) thus indicating that the tonic inhibition is greater in slices prepared at
7 a.m. when adenosine levels are high- We are also considering the possibility that A,
receptor expression may fluctuate as a function of endogenous adenosine and/or time
of day using a standard immunohistochemical protocol. The electrophysiological and
immunohistochemical data will be correlated. This study supports the hypothesis that
adenosine is an endogenous neuromodulator in the hippocampus and may have a
significant impact on neural plasticity at different times of the day/night cycle.
Supported by MRC cf Canada.

HIPPOCAMPAL CA1 PYRAMIDAL NEURONS HAVE FUNCTIONAL
PURINERGIC RECEPTORS WITH PHARMACOLOGICAL PROPERTIES
UNLIKE THOSE OF RECOMBINANT P2X4 CHANNELS.
W. R. Proctor*1,
T. V. Dunwiddie1, H. A. Lester2 and B. S. Khakh2. 1Univ. Colo. Hlth. Sci. Ctr.
& Denver V. A. Med. Ctr. and 2Caltech.
Previous reports suggest that P2X4 and P2Xg mRNAs are expressed in
the stratum pyramidale layer in rat hippocampus. We have found that local
pressure application of ATP (50 - 200 gM) to hippocampal pyramidal neurons
can elicit large, fast inward currents that appear to be mediated via P2X
receptors. Once activated, these receptors cannot be readily activated again
for several minutes (Proctor & Dunwiddie, 1998, Soc. Neurosci. Abst., 24,
1602). Brief application of ATP to hippocampal interneurons also elicits fast
inward P2-mediated currents, similar to those seen in pyramidal cells. We
found that these responses could be partially blocked by suramin and
cibacron blue, and could be mimicked by the ATP analog, a,p-methyleneATP. These pharmacological results are consistent with responses mediated
by receptors containing P2X, and P2X3 receptor subunits. Our recent finding
that ivermectin is an allosteric effector of heterologously expressed P2X4, but
not other P2X channels (submitted), led us to examine the ivermectin
sensitivity of P2X responses in CA1 pyramidal cells. P2X responses elicited
in the majority of CAI pyramidal cells do not show significant modulation by
ivermectin. We have also examined putative synaptically-activated P2X
responses in the CA1 region (Pankratov, et al., 1998, Eur. J. Neurosci, 10,
3898), but do not observe significant ivermectin modulation of these
occasionally observed responses. These results suggest that functional P2X
responses elicited in CA1 pyramidal neurons are predominantly mediated by
receptors containing P2X1 and/or P2X3 subunits.
Supported by NS 29173, NS 11756, The Wellcome Trust UK and the
Dept. of Veterans Affairs Medical Research Service.
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SURAMIN DECREASES THE BURST LENGTH AND OPEN TIME PER
BURST OF P2X RECEPTORS IN GRANULE CELLS FROM SLICES OF RAT
HIPPOCAMPUS. A.Y.C. Wong? G. Bumstock,1 S, LansdelL*2 and A.J. Gibb2.
'Autonomic Neuroscience Institute, Royal Free School of Medicine; 2Dept. of
Pharmacology, University College London, Gower St., London WC1E 6BT, UK.
ATP receptor mRNA and protein coding for the P2X4 and P2XG subunits are
observed in the rat hippocampus. In this study, we have investigated the effect of
suramin on the single channel properties of P2X receptors activated by bath
application of ImM ATP to outside-out patches from rat dentate gyrus granule cells
held at -60mV. The ATP concentration in solution was maintained by the use of an
‘ATP regenerating system’. The free calcium in this extracellular solution was
estimated to be 0.3 mM. Control periods of recording were made both before and
after suramin application and the effect of suramin is expressed relative to the
average of activity measured before and after suramin.
Bath application of 40pM suramin significantly increased the single channel
conductance by 19 ± 7% (P < 0.05; two-tailed paired Student’s t-test; n = 5
patches). In 4 out of 5 patches, suramin produced a significant decrease (46 ±11%;
P < 0.05) in Popen from 0.064 ± 0.016 to 0.032 ± 0.005. However, in one patch,
Popen increased from 0.048 to 0.06. In addition, 40pM suramin was found to
decrease the mean burst length (31 ± 13%), mean open time per burst (36 ± 16%)
and the number of apparent openings per burst of the P2X receptor (10 ± 10%),
suggesting that the main effect of suramin is to reduce the duration of P2X receptor
activation. However, except for the decrease in burst length and mean open time per
burst, these changes in burst properties did not reach statistical significance.
The demonstration that P2X receptors in hippocampal granule cells are weakly
sensitive to suramin is consistent with the presence of heteromeric P2X receptors
containing the P2X4 and P2X6 receptor subunits. Supported by the MRC. A.Y.C.W
holds an Anatomy Department Ph.D. studentship.

THE SECRETAGOGUE ACTION OF P2Y RECEPTORS IN RAT SYMPATHETIC
NEURONS INVOLVES ACTIVATION OF PROTEINKINASE C, BUT NOT
INHIBITION OF K(M) CHANNELS. E. Moskvina. N, Vartian, S.Boehm* Dept. of
Pharmacology, Univ. of Vienna, Waehringerstrasse 13 a, A-1090 Vienna, Austria.
Uridine nucleotide-sensitive P2Y receptors trigger transmitter release from rat
superior cervical ganglion (SCG) neurons (Boehm et al, Br. J. Pharm. 116, 2341,
1995) and the present experiments investigate the underlying signalling mechanisms.
The release of [3H]NE from SCG neurons triggered oy UTP (10 pM, 2 min) was
reduced by the proteinkinase C (PKC) inhibitors staurosporine (1 pM) and
bisindolylmaleimia I (BIM; 1 pM) by 91.9+1.8% and 71.3+2.8% (n=6), respectively.
Treatment of the neurons with the phorbol ester p-phorboldibutyrate (PPDB; 1 pM,
24h) reduced UTP-evoked NE release by 79.1±1.6% (n=6) when compared with
neurons treated with the inactive a-isomer (aPDB). NE release induced by electrical
stimulation (0.3 Hz for 2 min) was not reduced by any of the above manipulations.
Thus, UTP-evoked transmitter release appeared to specifically involve PKC.
To corroborate that activation of PKC may be sufficient to trigger transmitter
release, SCG neurons were exposed to aPDB (1 pM), pPDB (0.01 to 1 pM), and to
dioctanylglycerol (DOG, 3 to 100 pM) for periods of 12 min. While aPDB induced
an overflow of 0.56±0.43% of cellular radioactivity (n=9), J3PDB and DOG caused a,
concentration-dependent overflow of up to 4.26+0.97 and 5.59+0.67 % of total
radioactivity, respectively. PPDB- and DOG-induced release was reduced by BIM (1
pM) and by a pretreatment with (3PDB (1 pM, 24h). Electrically and UTP-evoked
NE release is entirely Ca2+-dependent and tetrodotoxin(TTX)- as well as Cd2+sensitive; overflow induced by 30 pM DOG was significantly reduced in the absence
of extracellular Ca2+ and in the presence of either TTX (0.3 pM) or Cd2+ (100 pM).
UTP inhibits M-type K+ [K(M)J channels in SCG neurons (Boehm, Br. J. Pharm.
124, 1261; 1998), and this effect has been suggested to be involved in its
secretagogue action. To find out, whether the inhibition of K(M) channels by UTP
also involves PKC, K(M) currents were recorded in amphotericin-perforated patchclamp experiments. UTP (10 pM) inhibited these currents by 26% before and by 32%
after a 10 min application of BIM (1 pM; n=5). Furthermore, aPDB as well as PPDB
(both at 1 pM) failed to cause significant alterations in K(M) currents.
These results indicate that UTP-triggered NE release from SCG neurons involves
activation of PKC, but not inhibition of K(M) channels.
(Supported by grant P12997-MED from the Austrian Science Fund to S.B.)

70.13

70.14

COMPETITIVE ANTAGONISM OF RECOMBINANT RAT P2X RECEPTORS
BY TNP-ATP. W. Niforatos. E.C. Burgard*. E, Touma, T. van Biesen. K.J. Lynch
E.A. Kowaluk. and M.F, Jarvis. Neurological and Urological Diseases Research,
Abbott Laboratories, Abbott Park IL 60064
Functional characterization of P2X receptor subtypes has been restricted due to a
lack of potent, subtype-selective antagonists. Recently, 2’,3’-O-(2,4,6-trinitrophenyl)
adenosine 5’-triphosphate (TNP-ATP) has been characterized as a potent antagonist
selective for rat P2Xb P2X3, and P2X2/3 receptors (Virginio et al., Mol. Pharmacol.
53:969, 1998). We have further examined the kinetics of receptor block by TNPATP at rat P2X23 and P2X3 receptors using patch-clamp electrophysiological
techniques. Currents were evoked from 1321N1 astrocytoma cells expressing
recombinant rat P2X receptors using a piezo-driven theta tube drug applicator. a,fJmethylene ATP evoked very slowly desensitizing P2X2/3-mediated currents, and
rapidly desensitizing P2X3 currents. For kinetic analysis of TNP-ATP inhibition,
TNP-ATP was rapidly applied for 500-2000 msec during steady-state P2X2/3 receptor
activation. Onset of inhibition followed a single exponential time course that was
concentration- dependent, while antagonist off rate was concentration-independent
and slow (0.4 sec1). In comparison, the lower affinity antagonist suramin displayed a
much faster off rate (2.7 sec'1). The competitive nature of TNP-ATP was examined
using long (5 sec) co-applications of agonist and antagonist. At TNP-ATP
concentrations between 3 and 30 nM, block developed in < 2 sec, and shifted the a,ftmethylene ATP concentration-response curve to the right. High concentrations of
agonist (30-300 pM) were able to overcome the antagonism produced by TNP-ATP
at P2X2/3 receptors, revealing a competitive interaction at this receptor subtype. In
contrast, TNP-ATP appeared to be a non-competitive antagonist at the rapidly
desensitizing P2X3 receptor, as previously described. It is proposed that, due to the
slow unbinding kinetics of TNP-ATP, competition with agonist can be observed only
on a time scale of seconds. The rapid (msec) desensitization of P2X3 receptors may
preclude the detection of a competitive interaction at this receptor subtype.

HISTAMINE H3 RECEPTORS MODULATE DOPAMINE DI
RECEPTOR-DEPENDENT LOCOMOTION IN THE RESERPINETREATED RAT MODEL OF PARKINSON’S DISEASE

70.15

70.16

IN VIVO ACh RELEASE FROM RAT AMYGDALA IS MODULATED BY
ENDOGENOUS HISTAMINE. M, B. Passani, I, Cangioli, L. Bacciottini,
P.F, Mannaioni and P. Blandina* Dip. di Farmacologia, Universita di
Firenze, 50139 Firenze, Italy.
The basolateral and lateral nuclei of the amygdala (BLA/LA) receive
both cholinergic and histaminergic innervations. Here we show that
local administration of histaminergic ligands modulate ACh
spontaneous release from BLA/LA. Rats were implanted with vertical
microdialysis probes in the BLA/LA to measure the output of ACh and
deliver drugs locally. 24 hrs after surgery, rats were perfused with
Ringer (flow rate=1.3 pl/min) containing 100 nM neostigmine
bromide to recover detectable dialysate concentrations of ACh. ACh
was measured by HPLC with electrochemical detection. The rat
BLA/LA spontaneously released ACh at a stable rate (0.36 ± 0.08
pmol/10 min; n=20). 10-min administration of 100 mM K+ into
BLA/LA more than doubled the output of ACh, which returned to basal
values upon reperfusion with normal Ringer, an indication of the
functional integrity of our model. 20-min perfusion of BLA/LA with
thioperamide, clobenpropit or ciproxifan, all H3 antagonists,
significantly reduced the spontaneous release of ACh by about 50%.
Cimetidine, H2 antagonist, increased ACh release and blocked
completely the effect of thioperamide. These results suggest the
existence of a histaminergic tone on amygdaloid cholinergic system.
The amygdala plays a crucial role in the acquisition, consolidation and
retention of conditioned fear. A better understanding of brain systems
that modulate the amygdala might eventually lead to the development
of novel pharmacological strategies for treating anxiety and memory
disorders. Supported by MURST-Universita di Firenze (40 and 60%)

IDENTIFICATION OF A HISTAMINE H3-L1KE RECEPTOR IN THE
ZEBRAFISH BRAIN. K. Karlstedt* N. Peitsaro, O.V. Anichtchik, P. Panula.
Department of Biology, Abo Akademi Univ.,Bio City, Tykistokatu 6A, 20520
Turku, Finland.
Recently it was shown that histamine (HA) innervation and L-histidine
decarboxylase expression in zebrafish brain resemble those in the mammalian
brain. Three types of HA receptors (Hb H2 and H3) are found in mammals.
None of these has previously been described in lower vertebrates. In this study
we identified a H3-like receptor in the zebrafish brain and the receptor was
linked with activation of G, or Go proteins.
Binding studies with [3H]-N-a-methylhistamine ([3H]-NAMH) were carried
out on sections of adult zebrafish brains. Binding signals were observed in
several regions of the brain, highest in optic tectum and hypothalamus.
Competitive binding was performed with both NAMH and R-amethylhistamine. The [3H]-NAMH binding was completely blocked by
clobenpropit and significantly reduced by thioperamide. No significant
reduction of the [3H]-NAMH binding was observed with either mepyramine (Hj
antagonist) or cimetidine (H2 antagonist). This indicates that the signals
identified are due to binding of [3H]-NAMH to an H3-like receptor in the
zebrafish brain.
The activation of Gj or Go coupled receptors after immepip stimulation of the
H3-like receptor in zebrafish brain sections was investigated with GTP-y-35S
autoradiography. Immepip induced a significant increase of Gj/G0 protein
activation over basal level and this activation was blocked to almost basal levels
with clobenpropit. These results indicate that the zebrafish has a histamine H3like receptor, possibly coupled with Gj or Go proteins.
(Supported by the Academy of Finland)
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M.P. Hill. A. R. Crossman and J. M. Brotchie*. Division of Neuroscience,
School of Biological Sciences, University of Manchester, UK.
M.Hill@man.ac.uk
Current treatment of Parkinson’s disease (PD) relies on dopamine replacement
therapies such as L-DOPA. However, following long-term treatment, side
effects such as L-DOPA-induced dyskinesia appear. We have proposed that LDOPA actions mediated by activation of
dopamine DI-receptors on striatonigral
projections may be responsible for the
generation of dyskinesia. The striatum and
substantia nigra have the highest densities
of histamine H3 receptors in the rat brain
and they are co-localised with dopamine
DI- receptors on the striatonigral projection
neurones. Therefore, in this study we have
investigated the potential role of histamine
chloro-APB (0.1 mg/kg)
H3 receptors in modulating dopamine Dlreceptor-dependent locomotion in the reserpine-treated rat model of PD.
Activation or, paradoxically, inhibition of histamine H3 receptors with imetit
or thioperamide, respectively, reduced chloro-APB (selective dopamine Dlreeeptor agonist)-induced locomotor stimulation by 60% and 80%,
respectively. These data suggest that the histamine H3 receptor is a potential
target for anti-dyskinesia therapy.
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HISTAMINE H3-RECEPTOR ACTIVATION INHIBITS DOPAMINE
SYNTHESIS IN RAT STRIATUM. A. Molina-Hernandez*, D. Limon,
A. Nunez and J.A. Arias-Montano. Departamento de Neurociencias,
CINVESTAV-IPN, 07360 Mexico, D.F., Mexico.
The striatum possesses a high density of histamine H3-receptors
(1) whose activation inhibits [3H]dopamine release from mouse
striatal slices (2). In this work we set out to study whether H3receptor activation modulates dopamine synthesis in rat striatum.
Unilateral 6-hydroxydopamine lesion to substantia nigra pars
compacta resulted in a modest, but significant, decrease (19 ± 5%)
in H3-receptor levels in synaptosome membranes from ipsilateral
striata. Dopamine synthesis was assessed by the accumulation of
[3H]L-DOPA or L-DOPA following the inhibition of DOPA
decarboxylase by NSD-1015. In striatal slices, depolarisation (50
mM K+)-induced [3H]L-DOPA accumulation (146 ± 6% of basal) was
reduced by immepip, a selective H3-agonist (100 nM; 68 ± 7%
inhibition) and this effect was reversed by thioperamide (1 pM), a
H3-antagonist. L-DOPA accumulation stimulated in vivo by ybutyrolactone (100 mg.kg'1, i.p.; 197% of controls) was reduced by
immepip (10 mg.kg'1, i.p.; 140% of controls). Thioperamide (10
mg.kg"1, i.p.) reversed the action of immepip. Our results indicate
that histamine modulates striatal dopamine synthesis by acting at
H3-receptors presumably located on nigrostriatal nerve terminals.
Supported by CINVESTAV.
1. H. Pollard et al., Neurosci., 1993, 52: 169 - 189.
2. E. Schlicker et al., J. Neural. Transm., 1993, 93: 1 - 10.

CLONING AND FUNCTIONAL EXPRESSION OF THE HUMAN
HISTAMINE H3 RECEPTOR
B.L. Roland*, S.J. Wilson, X. Jiang, J. Pyati, A, Huvar, M.G. Erlander, T.W,
Lovenberg
R.W. Johnson Pharmaceutical Research Institute, San Diego, CA 92121
Histamine regulates neurotransmitter release in the central and peripheral
nervous systems through H3 presynaptic receptors which are
pharmacologically distinct from Ht and H2. The existence of the H3 receptor
was demonstrated 15 years ago, yet despite intensive efforts, its molecular
identity has remained elusive. Through homology searching of expressed
sequence tag (EST) databases, we identified a partial clone (GPCR97) that
had significant homology to biogenic amine receptors. The GPCR97 clone
was used to probe a human thalamus library, resulting in the isolation of a
full length clone encoding a putative G-protein coupled receptor. Homology
analysis showed the highest similarity to M2 muscarinic acetylcholine
receptors and low homology to all other biogenic amine receptors, including
an aspartic acid residue in the 3rd transmembrane domain. Transfection of
GPCR97 into a variety of cell lines conferred an ability to inhibit forskolinstimulated cAMP formation in response to histamine, but not acetylcholine or
any other biogenic amine. Subsequent binding and functional analysis
revealed a pharmacological profile practically indistinguishable to that for the
histamine H3 receptor. In situ hybridization in rat brain revealed high levels
of mRNA in all neuronal systems (such as cerebral cortex, thalamus, and
caudate) previously associated with H3 receptor function. Its widespread
and abundant neuronal expression in the brain highlights the significance of
histamine as a general neurotransmitter modulator. Availability of the
human H3 receptor cDNA should greatly aid in the development of chemical
and biological reagents allowing a greater appreciation of the role of
histamine in brain function.

70.19

70.20

HISTAMINE Hi RECEPTORS MEDIATE STIMULATION OF BRAIN
DOPAMINE SYNTHESIS BY PHENYLAMINOTETRALINS IN VIVO.
R. G. Booth*, N. Y. Choksi, W. B. Nix, and S. D. Wyrick. Dept. of Medicinal
Chemistry, Sch. of Pharmacy, Univ. North Carolina, Chapel Hill, NC, 27599.
A series of novel phenylaminotetralins (PATs) previously were shown to
recognize binding sites that are stereoselectively labeled by [3H]-(-)-fra«s-lphenyl-3-MV-dimethylamino-1,2,3,4-tetrahydro-naphthalene (H2-PAT) and
highly localized in catecholaminergic nerve terminal regions in guinea pig
forebrain. Furthermore, certain PATs stimulate dopamine synthesis in guinea
pig and rat brain in vitro. In guinea pig brain, PAT effects on dopamine
synthesis are associated with [3H]-(-)-/rans-H2-PAT labeled sites that are
pharmacologically similar to histamine Hi receptors. Current studies show
that [3H]-(-)-Zra»5-H2-PAT also labels histamine Hj-type receptors in rat
brain. The rank order of H2-PAT isomer binding at [3H]-(-)-/ra«s-H2-PAT
sites (Zra«5-[-] > cz's-[-] > trans-[+] > czs-[+]) is identical to the order at [3H]mepyramine labeled Hi receptors and indicates (5)-stereochemistry at the C3
amine position is an important structural determinant for binding of PATs to
brain Hi receptors. After intracerebroventricular injection (4 - 40 nmole/kg),
(±)-trans H2-PAT stimulates dopamine synthesis to about 180% of control
levels selectively in the limbic (nucleus accumbens) vs. extrapyramidal
(striatum) region in rat brain; this effect is fully blocked by (±)-cw-H2-PAT
and the Hi antagonist triprolidine. We hypothesize that H2-PAT effects on
dopamine synthesis in the limbic system are mediated via interaction with
presynaptic histamine Hrtype receptors labeled by [3H]-(-)-/ra>«-H2-PAT.
Thus, PATs represent a novel class of Hi receptor ligands with functional
effects on brain catecholamine synthesis. Support: USPHS NS 35216.

A NOVEL NITRIC OXIDE SIGNALING PATHWAY: ANCHORING OF
NEURONAL NITRIC OXIDE SYNTHASE TO DEXRAS1 VIA CAPON.
M. Fang* S. Jaffrey, A. Sawa, K. Ye and S.H. Snyder . Department of
Neuroscience, The Johns Hopkins University School of Medicine, 725 N.
Wolfe Street, Baltimore, MD 21205.
Nitric oxide (NO) is an important signaling molecule which has been
implicated in neuronal development, differentiation and synaptic plasticity
in the nervous system. Although the mechanism of NO signaling is unclear,
previous studies have suggested that Ras may be a direct target of
endogenous NO. In the present study, we show that Dexrasl, a new member
of the Ras superfamily of GTPases, can also be activated by NO. NOgenerating compounds such as sodium nitroprusside and S-nitroso-Nacetylpenicillamine significantly increase GTP-bound Dexrasl up to 3-fold,
similar to the degree of Ras activation by NO donors. But not Ras, Dexrasl
is physically coupled to neuronal nitric oxide synthase (nNOS) via an
intermediary adaptor protein, CAPON. In vitro binding and coimmunoprecipitation assays demonstrate that the N-terminus of CAPON
interacts with the unique C-terminus of Dexras while the C-terminus of
CAPON binds to the PDZ domain of nNOS. This anchoring of nNOS to
Dexrasl by CAPON may enable endogenous NO generated from nNOS to
activate Dexrasl rapidly and efficiently. Considering that Dexrasl is highly
homologous with Ras and Dexrasl activation leads to MAP kinase
activation, the targeting of nNOS to Dexrasl may represent a novel NO
signaling transduction pathway.

70.21

70.22

SPIN TRAPPING AGENT, N-TERT-a-BUTYL PHENYL
NITRONE (PBN), RELEASES NITRIC OXIDE (NO): IN VITRO
AND IN VIVO STUDIES. Hideki Kametani1* Kieko Saito2 and
Hisashi Yoshioka2. JDept. of Psychol., Fukuoka Prefectural Univ.,
Fukuoka, Japan 825-8585; 2 Inst, of Environmental Sci., Univ. of
Shizuoka, Shizuoka, Japan 422-8526.
PBN exhibits protective effects against oxidative damages including
ischemia-reperfusion and CC14-induced rat liver injury. Chronic
administration of PBN also reverses the age-related decline in spatial
learning and prolongs the life-span in mice. These pharmacological
effects of PBN are thought to be derived from its scavenging action on
free radicals. Our recent studies have indicated that PBN acts not only
as a radical scavenger, but also as an NO donor under oxidative stress,
hi the present experiment, we examined NO release from PBN under in
vitro and in vivo conditions. For this aim, PBN (lOOmM) was exposed
to UV or free radicals and an oxidative product of NO, nitrite, was
measured by the Griess assay. In addition, PBN (lOmM and 50mM)
was perfused into the rat striatum via a microdialysis probe for 20 min
and changes in extracellular NO products during and after PBN
perfusion were determined using the NOx analyzer. The results showed
that PBN exposed to UV light or hydroxyl radicals formed nitrite.
Moreover, NO generated from PBN solutions activated guanylate
cyclase in the mouse liver homogenates. Perfusion of PBN into the rat
striatum significantly increased nitrite and nitrate levels at a dosedependent manner. L-NAME, a NOS inhibitor, did not block the
increase in NO products (20mg/kg and 50mg/kg, i.p.). These results
indicate that PBN decomposes and forms NO and suggest that PBN acts
as an oxidative stress-responsive NO donor.

DIRECT OBSERVATION OF TRAPPING AND RELEASE OF NITRIC OXIDE
BY THIOLS VIA ELECTRON PARAMAGNETIC RESONANCE STUDY. F.-S.
Sheu1*, H.-H. Miao1, W. Zhu2, and P.C.W. Fung2. *Dept. of Biochemistry, The
Hong Kong University of Science and Technology, Clear Water Bay, Kowloon,
Hong Kong; 2Dept. of Medicine, The University of Hong Kong, Pokfulam, Hong
Kong.
While the biosynthesis of nitric oxide (NO) is well established, one of the key
issues remains to be solved is whether NO participates in the biological responses
right after generation through biosynthesis or there is a Secret passage” via which
NO itself is trapped, transported and released to exert its fimctions. It has been
shown that NO reacts with thiol-containing biomolecules (RSH), like cysteine (Cys),
glutathione (GSH) etc., to form S-nitrosothiols (RSNO) which then release nitrogen
compounds, including NO. The direct observation of trapping of NO and its released
by RSNO has not been well documented as most of the detection techniques measure
the content of NO as well as nitrite and nitrate. Here we use electron paramagnetic
resonance (EPR) spectroscopy to measure NO content directly in the reaction time
course of samples of GSH and Cys (~ mM) mixed with NO (~ pM), pertaining to
physiological conditions. We demonstrate that NO is readily trapped by these thiols
in less than 10 min and around 70-90% is released afterward. These data imply that
~10-30% of the reaction product of NO does not exist as free radical form. The NO
release versus time curves are pH dependent. Since GSH and Cys exist in high molar
concentrations in blood and in mammalian cells, the trapping and release passage of
NO by these thiols may provide a mechanism for temporal and spatial sequester of
NO to overcome its diflusion concentration gradient so as to exert its multiple
biological effects by reacting with various targets through regeneration. [Supported
by DAG grant of HKUST and CRCG grant of HKU],
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NOS- AND NON-NOS NADPH DIAPHORASES IN THE INSULAR CORTEX
OF THE SYRIAN GOLDEN HAMSTER . R.G. Wehbv1* and M.E. Frank1,2.
1 Program in Neuroscience and ^Department of BioStructure and Function,
Schools of Medicine and Dental Medicine, University of Connecticut Health
Center; Farmington, CT 06030.
We had previously shown NADPH diaphorase activity in fixed tissue slices of
the insular cortex of the Syrian golden hamster (Mesocricetus auratus). The
objective of this work was to determine the chemical identity of agents
responsible for the observed NADPH diaphorase activities. Three different
enzymatic NADPH diaphorase activities were distinguished in the insular
cortex: (i) The activity seen in endothelial cells was not characterized
histochemically, but it co-localized with eNOS-like immunoreactivity. (ii) The
neuronal Type I activity showed little sensitivity to 10'^ M dicoumarol, could
use either a- or p-NADPH with almost equal facility, and co-localized with
nNOS-like immunoreactivity. This activity was primarily attributable to nNOS.
(iii) The neuronal Type II activity was greatly attenuated by 10"5 M dicoumarol,
had a strong preference for 0-NADPH (rather than a-NADPH), and did not
colocalize with any NOS-like immunoreactivity. These characteristics also apply
to the NADPH diaphorase activity observed in the diffuse blue band in layers II
and III of agranular and dysgranular insular cortex, and in the meshwork of
cortical fibers. This staining was due primarily to a dicoumarol-sensitive
dehydrogenase(s), either an isozyme of DT diaphorase (EC 1.6.99.2), or
NADPH dehydrogenase (quinone) (EC 1.6.99.6), or a novel dicoumarolsensitive NADPH dehydrogenase.
This work was supported by a grant
(5P50DC00168) and a training grant (5T33DC00025) from the National
Institutes of Deafness and Communication Disorders.

NITRIC OXIDE SYNTHASE (NOS) CONTAINING INTERNEURONS OF THE
NUCLEUS ACCUMBENS - CONVENTIONAL AND UNCONVENTIONAL
FORMS OF communication
, gjfcfete. .and. .§• TonggtelL ISEQtt. .British
Neuroscience Association) Department of Pharmacology, Mansfield Road, Oxford,
UK.
The NOS immunoreactive neurons (NOS neurons) form one population of
intemeurons in the nucleus accumbens (Acb). This type of intemeuron manifests
many uncertainties as previous studies which employed NADPH-d histochemistry to
characterise this subpopulation, did not achieve extensive dendritic detail combined
with good ultrastructure and therefore connectivities of this type of subpopulation is
unresolved. It is established that NADPH-d and NOS co-localise completely.
Therefore, this study attempts to define the anatomical connectivities of this
intemeuronal type by using antibodies against NOS, enabling us to study inputs to
the dendrites and the axonal output targets. Male Wistar rats were perfused and 50p,m
thick sections through the nucleus accumbens were collected. The sections were
incubated in antibodies against NOS, and localised using the PAP method and
labelled with the chromogen Vector SG and prepared for light and electron
microscopic analysis. NOS neurons exhibited various morphological characteristics.
Examination under the electron microscope showed that they received very few
mainly symmetric synapses at the cell body level, but both symmetric and
asymmetric synapses formed frequently onto dendrites. The origins of these inputs are
currently under investigation. Axonal boutons of NOS positive intemeurons forms
exclusively symmetric synapses onto spines and dendrites including dendrites of other
NOS neurons. Interestingly, the NOS type intemeurons seemed to form presynaptic
specialisations at presumbably dendritic sites, and furthermore formed asymmetric
synapses adding a further facet of curiosity given that the axonal termination formed
symmetric synapses only. These observations contribute to our understanding of the
microcircuitry of Acb.

70.25

70.26

STRIATAL NITRIC OXIDE SYNTHASE NEURONS CHANGE
AFTER CHRONIC PRE AND POSTNATAL LEAD EXPOSURE.^
Selvm-Testa*, C. F. Loidl, F. Capani and J. Pecci-Saavedra. Instituto de
Biologia Celular y Neurociencias "E. de Robertis". Facultad de Medicina.
UBA. Buenos Aires, 1121, R. Argentina.
The effect of chronic lead exposure in neostriatal nitric oxide synthase
containing neurons (nNOS) was studied. Lead treatment (lg% lead acetate
in drinking water) was started prior to mating and continued until 90
postnatal (PN) day. Changes were assessed by immunohistochemistry
(polyclonal antibody to nNOS was used), and computer assisted image
analysis. Immunohistochemical studies in lead treated rats at PN21 to PN90
showed in small and medium size aspiny interneurons a reduction in nNOS
expression and optical density. nNOS+ cells were mainly in the matrix
compartment, although their neuronal cell bodies were found in both
compartments. Their soma sizes were smaller and dendrites appeared
shorter and thinner with fewer branches and varicosities than controls. In
addition, more blood vessels surrounded by nNOS+ dendrites were
detected than in treated rats. The increase of neuronal size and the fiber
outgrowth after PN21 was less evident in lead exposed animals. Changes
in neostriatal nNOS neurons were similar to those previously obtained in
hippocampus and temporal cortex. The ability of lead to reduce the expression of nNOS, and/or any interference for nNOS enzymatic activity, and
interaction with heme iron and Ca-calmodulin complex may alter NO
production. This study support the hypothesis that modifications in nNOS
containing cells induced by lead may produce functional and morphological
alterations that could be involved in the development of neurological
dysfunctions.

70.27
NITRIC OXIDE MODULATES THE BASAL ACTIVITY AND
RESPONSIVENESS OF STRIATAL NEURONS TO ELECTRICAL
STIMULATION OF THE ORBITAL PREFRONTAL CORTEX.
Anthony R, West* and Anthony A. Grace. Departments of Neuroscience and
Psychiatry, University of Pittsburgh, Pittsburgh, PA 15260, U.S.A.
Recent studies demonstrate that striatal nitric oxide (NO) signaling mediates
multiple aspects of corticostriatal neurotransmission. To investigate the
potential modulatory role of NO in the regulation of neuron activity in the
dorsal striatum by corticostriatal afferents, single unit extracellular recordings
were made concurrently with reverse microdialysis in chloral hydrateanesthetized rats. The firing activity of striatal cells was assessed under basal
conditions and following electrical stimulation of the orbital prefrontal cortex
(oPFC) during separate intrastriatal infusions of artificial CSF and NO
generators. Intrastriatal infusion of the NO donor SNAP (2mM for 20min)
elevated the mean firing rate of striatal cells from 0.25 to 0.65 spikes/sec
(a=0.05, n=6) and increased the number of spikes fired in bursts from 2.4 to 3.3
(p=0.05, n=6). The mean firing rate of striatal cells during electrical
stimulation of the oPFC (250-1 OOOp A, 0.6Hz, 2min) was also enhanced by NO
infusion (n=7). In a subpopulation of cells, intrastriatal NO infusion attenuated
the initial inhibitory responses evoked by electrical stimulation of the oPFC.
These results indicate that striatal NO signaling regulates the basal firing rate
and pattern of striatal neurons and modulates the responsivity of these neurons
to oPFC inputs. Furthermore, these studies support a role for NO in the
integration of sensorimotor information within striatal networks.

Supported by USPHS NS 10725 (A.R. W.) and MH 57440 (A.A.G.).
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DEMONSTRATION OF NOS ACTIVITY BY CTTRULUNE IMMUNOHISTOCHEMISTRY

G. Kdhoff, M. Retser*, G. Wolf. Inst Med. Neurobiol, University of Magdebug, 39120 Magdeburg, Germany

NO, a neurotransmitter and -modulator with a major neurodegenerative patency is generated by
NO synthases (NOS) utiztog L-arginine as substrate, where dtnJtoe (Cff) is formed as a,byproduct". Al err detectable in brain tissue is thought to be produoed by NOS, as the urea cyde in
the brain is incomplete. Our aim was to characterize NOS activity by immurxx^fochemical
staining (IS) of CIT in different oel types of the striatum. Gia activation was triggered by
ipopolysaccharide/Hnterferon (LPS/ylF) for 3 days (to vivo) or 24 h (in vitro).,Mirror sections" or
sthalal aJtures were incubated wSh anti-L-CIT, -iNOS, -nNOS, and anti-GFAP or -OX 42 and
isolectin B4 to identity astro- and microgia, respectively. In cultures enriched with arginine, NIL or amethyt-DL-aspartate (MDLA) was added in peralel to LPS/ylF.
(1) Only a portion of NOS+ cels were Crr+, implying a lack of catalytic activity or Cff levels were
betouv to the detection bmft, possibly due to a high turnover rate of CIT. The latter assumption has
been confirmed by our ftodtogs that inhibitjon of argininosuocinate synthetase by MDLA increased
the number of Cff+ microgial cels in vftro. Since we have used arginine in excess a shortage of
substrate can be excluded. (2) Not al CIT+ cels were nNOS+, which may be explained by low
sensitivity of nNOS-IS at the Ight microscope level. Thus, to the electron microsoope to light
microsoopicaly unstained cels we were able to reveal even traces of nNOS-lS. (3) The injection of
LPS/ylF into the striatum resulted to an activation of microgSal cels within 24h, correlating with an
increased IS for OX 42, IB4 and iNOS. In peralel to iNOS activation a dramatic increase to CIT4S
was observed to nearly al microgial cels. Activation of astrogfia became evident by intensification
of the GFAP4S. But there was no evidence for an increase to iNOS or CIT expression both to
astro^a and neurons of the injection area. (4) In cultures 24h after LPS/ylF treatment, iNOS was
exclusively induced to microgial cels and, to paralel, Cff-JS was dramaticaly increased
demonstrating an imperative dependency of Cff4S on iNOS activity. (5) Application of the iNOS
inhibitor NIL nearly aboished Cff-IS to microgia, todcating that CfT is synthesized by NOS alone.
CIT-IS is suitable to demonstrate regional patterns of NOS activity to normal and stimulated brain
and, therefore, represents a completion of the NADPFkSaphorase histochemistry to study
physiological and palhophysioiogicai aspects of NO production under to situ conditions.
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INDUCIBLE EXPRESSION OF NEUROTRANSMITTER RECEPTORS: USE OF
SODIUM BUTYRATE AND TRICHOSTATIN A TO INCREASE THE
EXPRESSION LEVELS. P, Vanhoenacker'. K. Van Craenenbroeck'. A.S. Lesage \ P.
Van Gompel2", W. Gommeren2*, W.H.M.L. Luyten3"*, J.E. Levserf and G.
Haegeman'. ‘Department of Molecular Biology, VIB-University of Gent, K. L.
Ledeganckstraat 35, B-9000 Gent, Belgium; “Department of Biochemical
Pharmacology,3 Department of Functional Genomics, °Janssen Research Foundation,
Tumhoutseweg 30, B-2340 Beerse, Belgium.
Heterologous expression of cloned receptor subtypes for screening programs has
become a real necessity for a modem pharmaceutical company. We recently reported
on the use of different inducible expression systems to obtain strictly regulated and
efficient expression of different serotonin (5-HT) and dopamine receptors in the cell
lines L929 and 293 (1,2). In order to further improve the expression levels, we used
sodium butyrate and trichostatin A. Both compounds have been shown to inhibit
histone deacetylase activity, resulting in enhanced gene expression. Addition of
sodium butyrate or trichostatin A upon induction of the receptor-expressing cell lines
generally resulted in a two- to threefold increase in expression. In this way, we
obtained expression levels (all in fmole/mg protein) of 11,000 for the 5-HJ\ receptor,
12,000 for the 5-HTIB receptor (57,000 when measured with antagonist!), 16,000 for
the 5-ht1E receptor, 8,400 for the 5-ht,F receptor, 3,500 for the 5-HT2A receptor and
1,800 for the dopamine D4 receptor. These results show that the use of inducible
expression systems in combination with increased histone acetylation is a powerful
tool to obtain very efficient production of neurotransmitter receptors.
(1) Vanhoenacker etal. Rec. & Chan. 5:125-137,1997.
(2) Vanhoenacker et al. Gene Ther. Mol. Biol. 3, in press, 1998.
This work was supported by the IWT. G.H. is a Research Director with the FWO
Vlaanderen.

LONG-TERM EFFECTS OF FETAL ASPHYXIA ON SEROTONERGIC NEURONS AND PSYCHOMOTOR BEHAVIOR AWD Gavilanes.W Vreuls . A
Blokland2, HWM Steinbusch', CEBIanco.fSPON: European Neuroscience
Association) Depts.of Pediatrics, Psychiatry and Neuropsychology1 and Biological Psychology2, Univ.Maastricht, Maastricht,The Netherlands.
Fetal asphyxia (FA) may result in brain damage and long-term
neurodevelopmental impairment. The aim of this work was to study the impact
of FA in the adult rat brain, on psychomotor behavior and morphology. On E17,
Lewis rats were subjected to a midline laparotomy inside a close incubator. The
uterine and the ovarian arteries were clamped with removable clamps for 75
min.The asphyctic group was born vaginally at term date (group 1). Control
groups were sham operated (group 2) or untreated (group 3) and both were
vaginally delivered. Open field (OF) behavior activity (0.25 m2) was assessed at
6 mo under placebo and D-amphetamine (AMPH), at 12 mo under placebo and
apomorphine (APO). At 19 mo, OF consisted of a 1 m2 base subdivided into 36
squares. Data of both tests were analyzed with a video tracking system. Morphological data were obtained at 6 and 19 mo, cortex, in particular striatum and
raphe nuclei (RN) were stained immunohistochemically for HE, glial fibrillary
acidic protein (GFAP), NADPH-diaphorase (NADPH-d), tyrosine-hydroxylase
(TH) and serotonin (5-HT). At 6 and 12 mo, basal behavioral activity was significantly lower in group 1 compared with group 3. Rats of group 1 and 2 treated
with placebo, 1.0 mg/kg AMPH and 0.3 mg/kg APO were significantly hypoactive
than those of group 3. At 19 mo, asphyctic rats spent significant more time in
corner squares compared with group 2 and 3. At 6 mo of age, no differences
were seen within the 3 groups for HE, GFAP and TH. Striatal and cortical
NADPH-d showed neuronal cytomegaly in the asphyctic group. A decreased
number of NADPH-d (+) cells were seen in RN of the asphyctic rats. A
decreased serotonin intensity was found in the RN of group 2. This decrease
was more pronounced in group 1. Morphological analysis at 19 mo will be
presented. Conclusion: FA partially depletes RN serotonin and decreases motor
function. Anxiety-related behavior could explain these differences. FA might
induce mood disorders and might play a rol in neurodegenerative diseases in
adulthood.

71.3

71.4

The ETS-domain gene Pet-1 is a precise and early marker of
the hindbrain serotonergic system. T.J. Hendricks, N.J. Francis. D.
Fyodorov, and E.S. Deneris*. Dept. of Neuroscience, Case Western
Reserve Univ.; Cleveland, OH 44106.
Serotonin (5-HT) is involved in the control of numerous neural functions
such as cognition, affect, pain, sleep, and perception. Abnormal regulation
of the 5-HT system has been implicated in several prominent psychiatric
disorders, yet little is known about the molecular mechanisms through
which 5-HT neuronal cell identity is specified and maintained.
Previously, we identified an ETS-domain factor, Pet-1, which displays a
highly restricted expression pattern in the rat brain. Pet-1 expression in the
adult brain is limited to the raphe nuclei, which contain the majority of 5-HT
neuronal cell bodies in the vertebrate brain. Within the raphe Pet-1 appears
to be expressed exclusively in tryptophan hydroxylase (TPH) positive
neurons. Moreover, Pet-1 expression in the embryonic brain is limited to
the developing 5-HT system and occurs prior to the appearance of 5-HT.
The other major site of 5-HT expression is the enteric nervous system of
the digestive tract. Pet-1 expression was observed in the developing gut
suggesting it may mark 5-HT neurons in the PNS.
Pet-1 binding sites are present near the promoters of several human and
mouse genes whose expression are characteristic of 5-HT neurons.
Functional reporter assays in primary neuron cultures show that these
binding sites can support transcriptional activation through interactions with
the Pet-1 DNA binding domain. We hypothesize that Pet-1 is involved in an
early differentiation step required for the appearance of hindbrain
serotonergic neurons. Targeted elimination of the murine Pet-1 locus is
currently being performed to test this hypothesis. Supported by NIMH
MH58926.

LYSERGIC
ACID
DIETHYLAMIDE
POSITIVELY
AND
NEGATIVELY INFLUENCES GENE EXPRESSION WITHIN THE
BRAIN. C.D. Nichols1*. L.A. Hazelwood1. M.A. Blackshear2 and jE.
Sanders-Bush1. 1) Department of Pharmacology and Center for
Molecular Neuroscience, Vanderbilt University School of Medicine,
Nashville, TN 37232; 2) Department of Biology, Tennessee State Univ.,
Nashville, TN 37209.

Lysergic acid diethylamide (LSD) is a potent hallucinogen that
produces dramatic alterations in mood and perception. It is our
hypothesis that LSD influences the expression patterns of genes within
the brain. Identifying and characterizing these genes will be important
in understanding mechanisms underlying how LSD alters behavior and
may lead to the identification of novel therapeutic targets for treatment
of mental disorders. We have previously utilized differential display
reverse transcriptase polymerase chain reaction techniques to identify a
pool of primary candidate clones corresponding to genes potentially
influenced by acute LSD administration. A selection of these primary
candidates have been further tested by RNase protection to quantitate
their differential expression. Candidates have been identified that show
increases in expression as well as decreases in expression in RNA
isolated from whole brains of rats administered LSD (500 |±g/kg i.p.).
For example, clone 87.3 represents a 1.3 kb transcript that is 42%
repressed by injection of LSD. Clone 78.4 represents a transcript that
shows 62% induction. Sequences from these two candidates are not in
the GenBank database. Therefore, these candidates may represent novel
genes. The results of further experiments with these clones, as well as
those of other clones, will be presented. (Supported by NIH grants
DA05181, RR 11808 and the Heffter Research Institute)

71.5

71.6

EFFECT OF p-CHLOROAMPHETAMINE AND 3,4-METHYLENEDIOXYMETHAMPHETAMINE ON CRE- AND TRE-BINDING ACTIVITY IN RAT FRONTAL
CORTEX AND HIPPOCAMPUS. D. Frechilla, A. Garcia-Qsta and J. Del Rio*, Dept.
of Pharmacology, University of Navarra Medical School, Pamplona, Spain.
p-Chloroamphetamine (PCA) and 3,4-methylenedioxymethamphetamine (MDMA,
"ecstasy11) are neurotoxic to brain serotonin (5-HT) neurons. A single dose of PCA
(5 mg/kg) produced a marked 5-HT depletion in rat frontal cortex and hippocampus
from 2-4 h to 72 h after injection. A lower 5-HT depletion was found after MDMA (10
mg/kg) and 5-HT levels were partially recovered after 48-72 h. In the frontal cortex,
gel retardation assays showed an early and transient increase in CRE- and TREbinding 2 h after PCA or MDMA. A significant increase in CRE/nuclear protein
complexes was again found 48-72 h after MDMA, but not after PCA. Parallel
changes were observed in TRE-binding suggesting that the increased AP-1 binding
to TRE may depend on a CREB-induced enhancement of c-fos expression. The
time-dependent recovery of 5-HT content in the cortex appears to correlate with the
potentiated CRE-binding activity suggesting the possibility of an enhanced
transcription of the tryptophan hydroxylase gene. In the hippocampus, a sustained
increase in TRE-binding was observed after both neurotoxins but there was no
parallel change in CRE-binding. On the contrary, nuclear protein binding to CRE in
the hippocampus was reduced 8 h after injection of either neurotoxin. Western blot
analysis revealed lower pCREB levels at the same time point. The results may aid
to interpret mechanisms of neurodegeneration and possible compensatory events
after the neurotoxic amphetamines and may also account for some of the
behavioural/ cognitive effects of these drugs.
Supported by EC (BI04 CT96-0752) and CEPA-CICYT (970315).

5-HT SYSTEMS AS TARGETS FOR THE TREATMENT OF
LEARNING AND MEMORY DYSFUNCTIONS. A Meneses*. Dept
Pharmacol Toxicol, CINVESTAV-IPN. AP 22026, Mexico, D.F., 14000.
MEXICO.
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Serotonin (5-HT) systems have been implicated in physiological, pathophysiological

and/or therapeutic mechanisms mediating learning and memory. For instance, cumulative
evidence indicates that 5-HT,A and 5-HT4 agonists, 5-HTIA, B-HL^pr or 5-HT, antagonists,
and 5-HT uptake inhibitors represent potential tools in the treatment of cognitive

alterations. Hence, in order to explore further 5-HT mechanisms, the effects of 5-HT agents
were tested in an autoshaping learning test All drugs were administered i.p. immediately
after the first learning session and rats were tested 24 h later. The results showed that

post-training injection of the 5-HT uptake facilitator tianeptine (2.5-10 mg/kg), the 5-HT1f
agonist LY344864 (1-10 mg/kg) or the inverse 5-HT,, agonist SB224298 (1-10 mg/kg)

improved learning consolidation, while the 5-HT7 antagonist DR4004 (1-10 mg/kg) did not

modify performance. Previous and the present data confirm a significant role of multiple
5-HT mechanisms in learning and memory. For instance, 5-HT transporter apparently play

a major role in normal ami altered cognitive processes, since: i) Alzheimer's disease seems
to be associated with decrements in the number of 5-HT transporters; ii) reduced 5-HT
transporters and memory deficits have been observed in some recreational user of

"ecstasy" (i-e. MDMA); and iii) 5-HT uptake inhibition or facilitation (e.g. tianeptine)
improves learning and memory.
Supported by CONACYT grant 28398-M
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THE CENTRAL BINDING SITES AND SEROTONERGIC EFFECTS OF
ELETRIPTAN. N.P. Clarke, D.E. Johnson1, H. Rollema1*, R.M. Wallis and A.D.
McHarg. Candidate Research Group, Pfizer Central Research, Sandwich, Kent,
U.K. 1 Department of Neuroscience, Pfizer Central Research, Groton, U.S.A.
Eletriptan has been shown, to be efficacious in the acute treatment of migraine.
The pathophysiology of migraine is unknown, but recent studies with a number of
5-HTib /id agonists that are efficacious in treating migraine, e.g. zolmitriptan and
rizatriptan, have suggested a central component to their mechanism of action. The
aim of these experiments was to identify the location of eletriptan binding in the
central nervous system using in vitro autoradiography, and to determine the
functional effect on 5-HT levels in the rat cortex using in vivo microdialysis.
The autoradiographic studies utilised rat sagital brain sections which were
incubated with 2, 5, 20 or 50nM [3H]-eletriptan. These demonstrated that binding
was concentration-dependent in nature and that the major nuclei were, in order of
decreasing specific binding, the substantia nigra > striatum / globus pallidus >
cortex > hippocampus. By the use of selective receptor ligands, the eletriptan
binding in these brain regions was shown to be reversible and predominantly to
5-HT1B/1D and 5-HTip receptors. Microdialysis experiments demonstrated that
local perfusion of lOOnM eletriptan decreased cortical 5-HT release by 47 ± 14%.
In contrast, eletriptan administered at lmg/kg i.v. which, in previous studies,
inhibited plasma protein extravasation, had no effect on central 5-HT release.
However, higher doses (3.2mg/kg i.v.) reduced 5-HT release by 18%. The
concentration of eletriptan in the dialysate was in the range of 0.5-2nM.
In summary, these findings demonstrate that eletriptan reversibly binds to
central 5-HTiB/iDand 5-HT1F receptors. Furthermore, locally perfused eletriptan
potently decreases cortical 5-HT release and intravenously administered
eletriptan, at high doses, shows some degree of CNS penetration.

MODULATION OF 5-HT1B BUT NOT 5-HT1D AUTORECEPTOR FUNCTION IN
RATS BY 5-HT MODULINE.
G.Fillion,1 C. Bouchard2 and P. Blier2*. 11nstitut Pasteur, Paris, France 75015;
2Neurobiological Psychiatry Unit, McGill University, Montreal, Canada H3A 1A1
The endogenous peptide leucine-serine-alanine-leucine (5-HT moduline) has
conclusively been shown to be associated with 5-HT1B receptors since the binding
of the 5-HT1B ligand [125l] cyanopindolol and of [3H]5-HT moduline present in
wildtype mice is absent in 5-HT1B knockout mice. Administration of 5-HT moduline
(i.c.v.) attenuates the function of 5-HT1B receptors in the rat substantia nigra. The
present in vitro studies were undertaken to assess whether 5-HT moduline could
alter the electrically evoked release of [3H]5-HT (25 mA, 2 ms at 3 Hz for 2 min)
from preloaded rat brain slices as well as the function of 5-HT1B autoreceptors in
the hippocampus and the frontal cortex and of 5-HT.,D autoreceptors on 5-HT
neurons in the midbrain. In the presence of 5-HT moduline (100 nM introduced
before a second stimulation period), the evoked release of [3H]5-HT remained
unaltered in the three brain structures when compared to that elicited in a first
stimulation period in the absence of any drug. However, the inhibitory effect of the
5-HT1B agonist CP 93,129 was markedly attenuated in the frontal cortex and
hippocampus by 5-HT moduline in the conditions mentioned above. In contrast,
the scrambled peptide (ALLS) failed to alter the effect of CP 93,129 in the frontal
cortex. In midbrain slices containing the dorsal and median raphe, the inhibitory
effect of the 5-HT1D agonist sumatriptan was unaltered by 5-HT moduline.
In conclusion, low concentrations of 5-HT moduline did not alter evoked 5-HT
release under the present experimental conditions but attenuated the response
of terminal 5-HT1B autoreceptors to an exogenous agonist in the forebrain and
left unchanged that of 5-HT1D autoreceptors on the cell body of 5-HT neurons.

71.9

71.10

AFFINITY of p-ADRENOCEPTOR LIGANDS FOR PRE- AND
POSTSYNAPTIC 5-HT1A RECEPTORS IN THE RAT AND HUMAN
BRAIN. M.E, Castro1, P.J. Harrison2, A. Pazos3* and T. Sharp1. University
Dept. of Clinical Pharmacology and 2Psychiatry, Oxford, U.K. and 3Dept.
Physiology and Pharmacology, University of Cantabria, Santander, Spain.
There is considerable interest in the use of drugs which block the
presynaptic 5-HT1A receptor for the adjunctive treatment of major
depression. A number of 5-HT1A/[3-adrenoceptor ligands are presently
available for use in man and antidepressant properties of pindolol have
been detected in some clinical trials. It has been claimed that ligands like
pindolol may need to act selectively at presynaptic 5-HT1A receptors in the
midbrain raphe nuclei to produce an antidepressant effect. Here we have
determined the affinity of (±)pindolol, (-)tertatolol and (-)penbutolol for 5HT1A binding sites in the dorsal raphe nucleus (DRN) and hippocampus of
the rat and human brain using receptor autoradiography. The binding of
[3H]WAY-100635 was specific, saturable and showed high affinity in the
rat DRN and hippocampus (Kq = 1.5-1.7 nM). In competition studies, the
three compounds had nM affinity and produced monophasic displacement
of [3H]WAY-100635 binding in all regions of both species. (-)Penbutolol and
(-)tertatolol had similar affinity for pre- and postsynaptic 5-HT1A receptors
in both rat and human. However in the human, but not rat, the affinity of
(±)pindolol in DRN (Ki= 8.9 ±1.1 nM; pKi= 8.1 ± 0.1) was slightly but
significantly higher than hippocampus (Ki= 14.4 ± 1.5 nM; pKi= 7.9 ±0.1
in CAI). In summary, our data show that (-)penbutolol and (-)tertatolol do
not discriminate between sites in DRN and hippocampus. However,
(±)pindolol has a slightly higher affinity for pre- versus postsynaptic 5HT1A receptors in human brain. Further work is needed to establish
whether this small difference is clinically relevant.

NEURONS CULTURED FROM THE REGION OF THE MIDBRAIN RAPHE ARE
CHEMOSENSITIVE TO ACIDOSIS. W. Wang* and G.B. Richerson. Depts. of
Neurology and Cellular & Molecular Physiology. Yale University, New Haven, CT
06510 and VAMC, West Haven, CT 06516.
Serotonergic neurons of the medullary raphe are highly chemosensitive. We have
proposed that these neurons are chemoreceptors for respiration and other pH-sensitive
CNS functions. Midbrain raphe neurons have similar electrophysiology as their
medullary counterparts, but it is unknown whether they are also chemosensitive. We
have cultured neurons from the midbrain raphe to examine whether neurons from this
region respond to acid/base changes. The brainstem was removed from neonatal (P0Pl) rats and 1-1.5 mm transverse slices were made with a tissue chopper. Slices
containing the Sylvian aqueduct and 3rd ventricle were selected, and the midline
region ventral to these structures was isolated. Primary, dissociated neuronal cultures
were prepared in the same manner as reported for the medullary raphe (J. Physiol.
511:433, 1998). A subset of neurons in these cultures were immunopositive for
tryptophan hydroxylase, the rate-limiting enzyme for serotonin synthesis. Perforated
patch recordings demonstrated that some neurons cultured from this region had a
highly regular firing pattern, with each spike followed by a deep afiterhyperpolarization and then a ramp depolarization, typical of serotonergic neurons recorded in vivo
and in vitro. Of 56 stable recordings from neurons tested for chemosensitivity, 16%
were stimulated, and 14% were inhibited by acidosis. Most neurons stimulated by
acidosis fired with a regular firing pattern, suggesting that they were serotonergic.
The response to acidosis was consistent with that reported from serotonergic neurons
of the medullary raphe. The serotonergic raphe system projects extensively
throughout the CNS. The effect of acidosis on these neurons would be expected to
modulate a variety of brain functions in response to changes in acid/base status.
These effects might act to initiate a highly coordinated CNS response for maintaining
pH homeostasis. This work was supported by NIH HL-52539 and the VAMC.

71.11

71.12

STIMULUS-DEPENDENT EFFECTS OF SEROTONIN ON THE
AUDITORY RESPONSES OF INFERIOR COLLICULUS NEURONS.
L, M. Hurley* and G. D. Poliak. Section of Neurobiology, University
of Texas, Austin, TX 78712.
Serotonergic neurons innervate most of the auditory brainstem
nuclei, yet only a few experiments have examined the effects of
serotonin on the firing patterns of neurons in these nuclei. Here, we
investigate the effects of iontophoresed serotonin on the soundevoked firing patterns of extracellularly recorded neurons in the
inferior colliculus of the Mexican free-tailed bat (Tadarida
brasiliensis). This animal, like other bats, is a good model for
studying the auditory system, because many of its auditory nuclei are
hypertrophied. At the same time, however, many aspects of its
auditory system are quite similar to those seen in other mammals.
Serotonin can either depress or facilitate auditory responses.
However, whether serotonin depresses or facilitates the response to
sound depends partly on the type of stimulus presented. Serotonin
can have different effects on the responses to tones and frequency
modulated sweeps in single inferior colliculus neurons. These
differential effects of serotonin can also apply to frequency
modulated sweeps that differ only is direction, duration, or depth.
Moreover, serotonin can differentially affect the responses to more
naturalistic sounds, recorded bat calls.

RELATIONSHIP BETWEEN MEDULLARY SEROTONERGIC NEURONAL
ACTIVITY AND DIMINISHED MOTOR CAPACITY IN AWAKE CATS.
EJ. Martin .CA-Fomal, C.W. Metzler, and B.L. Jacobs. Program in
Neuroscience, Princeton University, Princeton, NJ 08544.
Serotonergic neurons in nuclei raphe obscurus and pallidus (NRO/NRP)
densely innervate brainstem and spinal motoneurons and are thought to facilitate
motor output. In the present study, we examined the activity of these neurons in
relation to: 1) centrally-induced muscle paralysis by means of intrapontine
microinjections of the cholinomimetic agent carbachol; 2) insulin (hypoglycemia)
-induced muscle weakness; and 3) physical fatigue produced by prolonged
treadmill locomotion. Serotonergic neurons in the NRO/NRP were recorded as
described previously (Veasey et al., J. Neurosci. 15: 5346-5359, 1995).
Microinjection of carbachol (4-16 ug) produced profound muscle inhibition and
an almost complete suppression of NRO/NRP serotonergic neuronal activity.
There was a strong positive relationship between the tonic level of motor
activity/muscle tone (as measured by integrated EMG activity) and the discharge
rate of these neurons following carbachol administration. Similarly, systemic
injection of insulin (2-4 IU/kg, i.v.) produced muscle hypotonia and signs of
muscle weakness which were associated with a decrease in the activity of
NRO/NRP neurons. The effects of insulin on blood glucose, muscle tone, and
serotonergic neuronal activity were rapidly reversed by glucose (0.5 g/kg, ’i.v.).
During prolonged treadmill exercise (0.4 m/s; 30-60 min), the activity of most
NRO/NRP neurons gradually declined below baseline levels, after an initial
increase. A fiirther decrease in firing rate was often seen when the treadmill was
turned off at the point when the animal could no longer maintain pace with the
treadmill. Overall, these results suggest that diminished NRO/NRP serotonergic
neuronal activity may contribute to loss of motor activity/muscle tone through
disfacilitation of motoneuron excitability, and the associated sympathetic
activation. Furthermore, we hypothesize that these neurons may play a role in the
central mechanisms underlying fatigue. Supported by NIMH Grant MH 23433.
F.J.M. is currently supported by CICYT Grant SAF-98-0064-C02-01.

M.E. Castro is supported by the "Ministerio de Education y Cultura" Spain.

The stimulus-dependent effects of serotonin on different types of
sounds suggest that serotonin functionally reconfigures the soundprocessing circuitry of the inferior colliculus, so that auditory
information flowing through the inferior colliculus is differentially
filtered, depending on whether serotonin is present or absent.
Supported by NIH DC00268 and DC00391.
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DO ENDOGENOUS OPIOIDS
HAVE
A TONIC
INFLUENCE ON
SEROTONERGIC NEURONS IN THE DORSAL RAPHE NUCLEUS? Kl .
T&O*.__ L__ Ma.,__ and__ Sxi,__ Auerbach- Nelson Biol. Lab.,
Rutgers Univ., Piscataway, NJ 08854-8082.
Exogenous
opioids
can
alter
serotonergic
(5-HT)
neuronal activity. Thus, extracellular 5-HT in the rat
dorsal raphe nucleus (DRN) and forebrain projection sites
was increased by the p.- and S-opioid agonists DAMGO and
DPDPE,
respectively,
and decreased by the K-opioid
agonist U-50,488 (Soc Neurosci Abst 24:436.13, 1998). In
the present study, we used microdialysis probes in the
DRN to infuse opioid receptor ligands and measure
extracellular 5-HT. At concentrations that blocked DAMGOinduced increases in 5-HT, the p-opioid antagonists CTOP
and 0-FNA alone had no effect on 5-HT. Similarly, at a
concentration that blocked U-50,488-induced decreases in
5-HT, a K-opioid antagonist nor-BNI alone did not alter
5-HT. In contrast., the 8-opioid antagonist naltrindole
alone produced a dose-dependent reduction in 5-HT. Thus,
30 pM, 100 pM, 300 pM and 1000 pM naltrindole produced
10%, 25%, 40% and 60% decreases, respectively in DRN 5HT. To investigate whether or not disinhibition was
involved in the effect of 8-opioid receptor ligands, GABA
receptor blockers were infused into the DRN before
naltrindole administration. The inhibitory effect of
naltrindole was not blocked by
the
GABA receptor
antagonist bicuculline. This supports the possibility
that endogenous 8-opioids have a direct
excitatory
influence on DRN 5-HT neurons under our experimental
conditions. Supported by NIH grant MH51080.

DEPLETION OF SPINAL SEROTONIN ATTENUATES THE RATE OF
MORPHINE TOLERANCE IN RATS J.-Y. Li13 E. Y.-K. Huang3. H.-L.
Wang2*. C.-H. Wang3, P, P.-C,Tan3 and.. J.-C.. Chcii1. ‘Dept. of
Pharmacology, 2Dept. of Physiology, Chang Gung University; 3Dept. of
Anesthesiology, Chang Gung Memorial Hospital, Kwei-Shan, Tao-Yuan
333, Taiwan, R. O. C.
In our previous experiment, we found tliat the rate of morphine
tolerance in arthritic rats was faster than that in controls. Moreover, ratio
of 5-hydroxymdole acetic acid/5-hydroxytryptamine (5-HIAA/5-HT) was
noted to increase in arthritic rats. The results suggest a significant role of
5-HT up-regulation in the spinal cord during chronic pain and the
development of morphine tolerance. Further experiment using [3H]
DAMGO mu-opioid receptor binding assay, we found there is no
difference in mu-opioid receptor binding between both groups before
morphine treatment, but the Kd value was significantly increased in
arthritic rats than that in controls. Depleting spinal 5-HT with intrathecal
neurotoxin 5,7-dihydroxytryptamine was found to attenuate the rate of
morphine tolerance in both normal and arthritic rats after chronic
morphine treatment. The detail mechanisms of tlie effects of 5-HT on
morphine tolerance are currently investigating. (Supported by NSC882314-B-182A-092)

SEROTONIN: METABOLISM AND DISTRIBUTION
72.1

72.2

EFFECT OF SUBCHRONIC LITHIUM TREATMENT ON
CITALOPRAM-INDUCED INCREASES IN EXTRACELLULAR
CONCENTRATIONS OF SEROTONIN IN THE
MEDIAL
PREFRONTAL CORTEX: AN IN VIVO BRAIN MICRODIALYSIS
STUDY.
I. Muraki*, T. Inoue, S. Hashimoto, T. Izumi, K.Ito, T,
Ohmori, T. Koyama. Dept. of Psychiatry, Hokkaido Univ. Sch. of
Med. ; Sapporo 060-8638, Japan.
Recent clinical evidence has shown that selective serotonin (5-HT)
reuptake inhibitors (SSRIs ) are effective in the treatment of various
anxiety disorders in addition to depressive disorders. The authors have
reported the anxiolytic effects of SSRIs on freezing behavior, an index
of anxiety, induced by conditioned fear stress (CFS). The present study
investigated the effects of subchronic lithium treatment (0.2% LiCO3 in
diet) on citalopram (SSRI) induced increases in extracellular
concentrations of 5-HT in the medial prefrontal cortex (mPFC). Acute
administration of citalopram at a low dose (3 mg/kg) increased
extracellular concentrations of 5-HT about two times as baseline and at a
high dose (30 mg/kg) about three times as baseline. The baseline of
extracellular concentrations of 5-HT after subchronic lithium was
increased significantly as compared with vehicle controls.
Acute
citalopram (3, 30 mg/kg) with subchronic lithium pretreatment
significantly increased extracellular 5-HT concentrations relative to
acute citalopram without lithium pretreatment. These results suggest
that the lithium-induced enhancement of the anxiolytic action of
citalopram in CFS is assumed to be mediated by more increases in
extracellular concentrations of 5-HT.

DISTRIBUTION OF NORADRENALINE AND SEROTONIN IN THE
FOREBRAIN OF THE DOMESTIC CHICK M. Metzger1* and K. Braun2 ’Heart
Institute, Sio Paulo University, School of Medicine, 04593-000 Sao Paulo, Brazil;
2Leibnitz Institute for Neurobioiogy, 39118 Magdeburg, Germany
Monoaminergic neurotransmitter systems have been shown to be activated in chick
brain in relation to auditory imprinting and stressful situations. Whereas there is a bulk
of information on the distribution of dopamine (DA) in the chick forebrain, only little
is known about the distribution of noradrenaline (NA) and serotonin (5-HT). In order
to study the distribution of these molecules, 4 to 7-day-old domestic chicks were
perfused with 4% paraformaldehyde (5-HT) or 5% glutaraldehyde (NA). Brains were
sectioned in the coronal plane on a vibratome. Sections were incubated with antibodies
to NA or 5-HT and standard immunoperoxidase or immunofluorescence techniques
were used for visualization. With regard to the noradrenergic innervation, a moderate
number of NA-positve (+) fibers was found to be evenly distributed throughout almost
all forebrain regions. Only parts of the medial and ventral striatum, as well as the
septum, showed a more dense innervation. The majority of NA+ fibers were oriented
in apparently random directions and only very few pericellular arrangements became
obvious. The serotonergic innervation of the telencephalon was similarly widespread.
Most forebrain regions displayed a moderate to high density of 5-HT+ fibers.
However, some distinct area-specific differences could be observed. Whereas primary
sensory areas such as the ectostriatum and layer L2 of field L displayed very few 5HT+ fibers, the dorsal part of the archistriatum intermedium and the n. taeniae showed
an extremely dense serotonergic innervation. The imprinting relevant forebrain regions
mediorostral neostriatum/hyperstriatum ventrale (MNH) and neostriatum
dorsocaudale (Ndc) showed a moderate serotonergic as well as noradrenergic
innervation. Results indicate that NA and 5-HT may be involved in the physiological
response of the domestic chick during filial imprinting and that the general
organization of these transmitter systems is similar to that in mammals.
Supported by: CAPES-DAAD and Deutsche Volkswagenstiftung

72.3

72.4

PET STUDIES OF COMPETITION BETWEEN [C-l 1]CARBONYL-WAY
100635 AND ENDOGENOUS SEROTONIN. M. Laruelle*. R.V, Parsev. L.S.
Kggsles. D, R, Hwang, N, Simpson. R, Weiss. R. Van Heertum. J. Mann. Brain
Imaging Division, Dept. of Neuroscience, NYSPI, NY, NY 10032
[C-l l]Carbonyl-WAY 100635 is a PET radiotracer that binds with high affinity
(KD = 0.1 nM) and selectivity to 5-HTIA receptors (Pike et al., EJP, 1996,301).
The aim of this study is to investigate the vulnerability of WAY100635 to
endogenous serotonin competition. We used 2-compartment kinetic modeling,
constrained on cerebellar Kl/k2 ratio, to measure the k3/k4 ratios in baboons
after 120 minutes of scanning in 3D mode. Arterial blood samples were collected,
counted, and analyzed by HPLC to measure the parent input function. 4 test/retest
experiments in two separate baboons revealed a decrease, in all cases of 14 ±
3.6% (range 9 to 22%) in k3/k4 across 6 separate brain regions (ID = 1.88 mCi,
SA = 791 ± 275). The cause for this increase in non-specific binding has not, as
yet, been determined, but may be related to prolonged anesthesia. To investigate
the potential impact of an increase in extracellular 5-HT on [C-l 1]WAY binding,
2 baboons on 4 separate occasions were injected with 2.5 mg/kg i.v. fenfluramine
(ID = 2.16 mCi, SA = 924 ± 274 Ci/mmol). In contrast to the test/retest
experiments, k3/k4 increased 5.4 ± 3.7% across all regions. The effects of
fenfluramine on 5HT1A availability were statistically significant (Repeated
Measure ANOVA, interaction between k3/k4 and drug condition, p < 0.001). In
conclusion, we failed to observe the predicted decrease in WAY100635 k3/k4
following increased serotonin synaptic release. The data suggest that a simple
competition model might not account for our experimental observations. Funded

EFFECTS OF CITALOPRAM ON EXTRACELLULAR SEROTONIN (5-HT) IN
THE FRONTAL CORTEX AND ACTIVITY OF 5-HT NEURONS IN THE
DORSAL RAPHE NUCLEUS (DRN) OF RATS
A. Mark1, P.B.F, Bergqvist2. E.K, Moltzen3*, ’Dept. of Neurobioiogy, 2Dept. of
Psychopharmacology and 3Dept. of Medicinal Chemistry, H. Lundbeck A/S, Ottiliavej
7, DK-2500 Copenhagen-Valby, Denmark.
Male Sprague-Dawiey rats were treated with the SSRI, citalopram (20
mg/kg/day s.c., minipumps) for 2 or 14/21 days. In animals treated with vehicle (0.9%
NaCI) for 2 and 14 days a citalopram challenge (5 mg/kg s.c.) induced a 100%
increase in extracellular 5-HT. Injection of WAY 100635 (0.1 mg/kg s.c.) 50 min later
significantly potentiated the citalopram response. After 2 days of citalopram treatment
the baseline 5-HT level in the frontal cortex was not significantly different from that
observed in the vehicle animals and a decreased basal firing rate and number of
active DRN 5-HT neurons were observed. However, following citalopram treatment
for 14 days, the baseline level of 5-HT was significantly increased by 180%. The
challenge doses of citalopram and WAY 100635 did hot increase the extracellular 5HT any further. Furthermore, the basal firing activity of the DRN neurons was
normalised after 21 days of citalopram treatment. In vehicle animals injection of 8OH-DPAT (1 mg/kg s.c.) reduced the baseline 5-HT level by approximately 50%.
After citalopram treatment for 2 days, the 8-OH-DPAT challenge reduced the
extracellular 5-HT to the level observed in the vehicle animals. However, after 14
days of citalopram treatment the response to the 8-OH-DPAT challenge was markedly
reduced. Consistently, a blunted response to a challenge of flesinoxan (0.25 mg/kg
i.v.) was observed in the electrophysiological experiments after 21 days of citalopram
treatment. This study indicates that the lack of immediate increases in extracellular 5HT in the forebrain when initiating the treatment with SSRIs involyes activation of
somatodendritic 5-HT1A receptors. Once these receptors have become desensitised
after prolonged treatment, extracellular 5-HT increases significantly in the forebrain.

by NIMH.
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ANTI-BUFOTENINE MONOCLONAL ANTIBODIES AND
BUFOTENINE IMMUNOREACTIVITIES IN THE BRAIN
OF THE TOAD, BUFO BUFO JAPONICUS. N. TAKEDA*.
Department of Biomed. Science, COSMO Research Institute.,
Satte, Saitama 340-0193, Japan

PARA-CHLOROPHENYLALANINE-INDUCED CHANGES IN REGIONAL
CONCENTRATIONS OF BRAIN MONOAMINES, THEIR METABOLITES, AND
AMINO ACIDS DIFFER BETWEEN SPRAGUE DAWLEY AND WISTAR RATS.
S. N. Hudgins and K.W. Johnson*. Neuroscience Research; Lilly Research Laboratories;
Eli Lilly and Co.; Indianapolis, Indiana 46285-0510.
p-Chlorophenylalanine (pCPA) is well known to deplete serotonin (5-HT) via
selective inhibition of the enzyme tryptophan hydroxylase. The present study sought to
characterize pCPA’s effects on regional tissue levels of 5-HT and its metabolite 5hydroxyindole-3-acetic acid (5-HIAA), as well as on other monoamines, their
metabolites, and amino acids in two different strains of rat.
A high performance liquid chromatography (HPLC) technique adapted from
Gamache et al. (1993) was used to assess neurochemical changes within six or seven
discrete brain regions (hypothalamus, prefrontal cortex, nucleus accumbens,
hippocampus, striatum, cerebellum, and amygdala) following two consecutive daily
injections of pCPA (200 mg/kg i.p.) with animal sacrifice on the fourth day. In brief,
dissected brain regions from male Wistar and Sprague Dawley rats were homogenized in
cold 0.1 M perchloric acid and filtered. For a 30 gL sample, a 10 gL aliquot was
injected onto a column for detection of monoamines and their metabolites (NE, EPI, DA,
5-HT, HVA, 3-MT, DOPAC, MHPG, 5-HIAA). The remaining sample volume was
derivatized with o-pthalaldehyde (OPA) by a robotic autosampler and injected onto a
second column for amino acid detection (alanine, GABA, glutamine, glutamate, glycine,
serine, threonine, tyrosine, histidine and taurine). Using two distinct mobile phases
and columns coupled with a single coulometric array electrochemical detector,
simultaneous detection of up to 19 analytes was achieved. pCPA administration caused
profound decreases in regional tissue levels of 5-HT and its metabolite 5-HIAA in both
strains. However, distinct strain-specific differences were observed in the regional
changes of other monoamines, their metabolites, and amino acids.
Gamache, P. et al. J. Chrom. 614, 1993, 213-20.

Bufotenine (BUTN) is an important diagnostic marker for some
psychiatric disorders (1,2). The brain of Bufo was a natural model for
BUTN metabolism (3). In addition to the former three hapten BUTN BSA complexes (4), the newly hapten BUTN was designed, synthesized
and conjugated to bovine serum albumin as follows:3-(2-A/ N- dimethyl)
ethyl- 5-(3-carboxyl) propyloxyindole - BSA complex. Balb/c mice were
immunized with the complex in Freund’s adjuvant and the spleen cells
were fused with Sp2/0 Agl4 cells. Finally, ten anti-BUTN monoclonal
antibodies with high specificity were selected by the competitive ELISA
method (5).
Immunohistochemical analyses showed that BUTN localized around
the area of the third and fourth ventricles from where immunoreactive
axons ran toward the diencephalon and the cerebrum in the brain of
Bufo bufo japonicus. Some immunoreactive nucleoli were also found in
the area of the hypothalamus from where immunoreactive axons
penetrated into the hypophysis. Immunoreactivities for BUTN were
widely distributed in the main part of the brain, as shown in the former
results by HPLC (3), suggesting its important role in the brain function.
(1) Neuro-Report 6: 2378. ’95. (2) Prog. HPLC-HPCE6: 169. ’97. (3)
Comp. Biochem. Physiol. 107C: 275. ’94. (4) Soc. for Neurosci. 22: 604.
’96. (5) J. Anal. Bio-Sci. 22: ’99. in press.

{Funded by Eli Lilly and Co.}

72.7

72.8

CYTOTOXICITY OF CARBIDOPA, AN INHIBITOR OF AROMATIC-L-AMINO
ACID DECARBOXYLASE, TO HUMAN PULMONARY CARCINOID AND
SMALL CELL LUNG CARCINOMA CELLS. Gilbert. J.A.*, Frederick. L.M.. and
Ames, M.M. Mayo Clinic and Foundation, Rochester, MN 55905.
High levels of aromatic-L-amino acid decarboxylase (AAAD) polypeptide and
mRNA were detected by this laboratory in human carcinoid primary as well as
metastatic tumors. Continuous exposure (72 h) to AAAD inhibitors a-methyldopahydrazine (carbidopa) or a-monofluoromethyldopa (MFMD) was lethal to NCIH727 human lung carcinoid cells (IC50 = 29+2 jiM and 56±6 pM, respectively). A
third AAAD inhibitor, 3-hydroxybenzylhydrazine (NSD-1015) produced no growth
inhibition. Carbidopa and MFMD completely inhibited AAAD activity in intact
NCI-H727 cells within 10 min (IC50 = 16+5 pM and 2±0.3 pM); NSD-1015
inhibition was incomplete. Further studies with carbidopa indicated that it also
induced death in two human small cell lung carcinoma lines (SCLC; NCI-H146 and
NCI-H209) with high levels of AAAD activity and mRNA (ICJ0 = 12+1 pM and
22±5 pM); SCLC, like the carcinoid, is a serotonin-producing tumor. Doxorubicin
(£100 pM) was not lethal to carcinoid cells, and carbidopa (<100 pM) was not lethal
to DU 145 prostate, MCF7 breast, or NCI-H460 large cell lung carcinoma cells.
Carbidopa (100 pM) inhibited growth of SK-N-SH neuroblastoma and A204
rhabdomyosarcoma by 73% and 58%. Tumor lines ranked by maximal AAAD
activity were: NCI-H146 > NCI-H209 > SK-N-SH > NCI-H727 > MCF7 > A204,
whereas DU 145 and NCI-H460 had no measurable activity. A comparison of
responsiveness to carbidopa with inherent AAAD activity of the eight human tumor
lines revealed that, except for SK-N-SH and MCF7, the higher the AAAD activity of
a line the more cytotoxic the carbidopa exposure to the cells. In the pulmonary tumor
lines (carcinoid- and two SCLC), maximal AAAD activity was correlated with the
potency of carbidopa cytotoxicity; large cell lung carcinoma, which lacks AAAD
activity, was unresponsive to carbidopa. Supported in part by Mayo Foundation.

STUDIES OF THE MECHANISM BY WHICH AROMATIC-L-AMINO ACID
DECARBOXYLASE INHIBITORS INDUCE CARCINOID TUMOR CELL
DEATH. Frederick, L.M1*. Gilbert. J.A.2. and Ames. M.M.1,2 Molecular
Neuroscience Program1 and Department of Oncology2, Mayo Foundation, Rochester,
MN 55905.
A characteristic of carcinoid tumors is their overproduction of serotonin (5-HT) via
tryptophan hydroxylase (TPH) and aromatic-L-amino acid decarboxylase (AAAD).
Exposure of lung carcinoid cells (NCI-H727) to gM concentrations of AAAD
inhibitors (alpha-methyldopa, benserazide, carbidopa) resulted in cell death. We
investigated whether these cytotoxic effects were due to 1) inhibition of the 5-HT
pathway or 2) production of toxic products. To determine if cell death resulted from
disruption ofthe 5-HT pathway, cells were exposed to para-chlorophenylalanine, a
specific inhibitor of the first enzyme in the serotonin pathway (TPH). There were no
alterations in carcinoid cell growth. Additionally, administration of exogenous 5-HT
(<lmM) to the cultures in the presence of carbidopa failed to rescue the cell line,
suggesting that blocking the 5-HT pathway was not the cause of carcinoid cell death
and that AAAD inhibitors may be killing through an alternative mechanism. To
determine if carcinoid cells were susceptible to compounds that can form toxic
catechol oxidation products, cells were treated with autooxidizable and nonautooxidizable dopa derivatives. The autooxidizable compounds L-dopa, D-dopa,
and catechol were lethal to carcinoid cells at similar concentrations to carbidopa,
whereas the non-autooxidizable compound 3-O-methyldopa had no effect. In addition,
antioxidant enzymes (lOOOU/ml catalase, lOOU/ml superoxide dismutase) partially
rescued carcinoid cells following the addition of either D-dopa or carbidopa. These
data are consistent with a role for toxic oxidation products that may be produced by
AAAD inhibitors in the induction of lung carcinoid cell death. Exposure of carcinoid
cells to I O-fold dilutions of carbidopa resulted in cell death at lOOgM, whereas a large
cell lung carcinoma line (NCI-H460) lacking AAAD activity died at ImM. These
data in concert with additional studies suggest that AAAD may sensitize carcinoid
cells to the cytotoxic effects of AAAD inhibitors. This work is supported in part by
Mayo Foundation.

72.9

72.10

MONOAMINERGIC METABOLITES DIFFER IN WILD ANUBIS,
HAMADRYAS, AND HYBRID BABOONS, POSSIBLY REFLECTING
VARIATION IN LIFE HISTORY. J.R. Kaplan1*. J, E, Phillips-Conroy2, C
J.Jollv3. M, B, Fontenot1. and J.J. Mann4. 1 Dept. of Pathology, Wake
Forest University; 2Dept. of Anatomy, Washington University;3 Dept. of
Anthropology, New York University; 4Dept. of Psychiatry, Columbia
University.
Male hamadryas baboons (Papio hamadryas hamadryas) rarely leave the
social groups into which they are bom; in contrast, closely related anubis
(P.h. anubis) males usually disperse from their natal groups. Based on the
observation that late-emigrating rhesus monkey (Macaca mulatta) males
have higher cerebrospinal fluid (CSF) levels of the serotonin metabolite
5-hydroxyindoleacetic acid (5-HIAA) than do their early-dispersing
counterparts, we hypothesized that hamadryas males would have higher CSF
5-HLAA concentrations than would anubis males. We tested this hypothesis
with CSF samples taken from 10 anubis, 12 anubis-hamadryas hybrid, and
47 hamadryas baboons, all males and all free-living in Ethiopia. The data
revealed a significant (all p’s < 0.05), stepwise (anubis, hybrid, hamadryas)
increase in two indices of serotonergic activity. A third measure was higher
in both the hybrids and the hamadryas than in the anubis. The patterning of
these data provide initial evidence that taxonomically relevant differences in
dispersal and perhaps other expressions of social behavior may reflect
underlying divergence in central serotonergic activity.

GENDER DIFFERENCES IN WHOLE BLOOD SEROTONIN AND
TYROSINE IN YOUNG ADULTS WITH MIGRAINE OR TENSION-TYPE
HEADACHE K.E. Waldie*.
T.E, Moffitt, and R. Poulton, Dunedin
Multidisciplinary Health and Development Research Unit, Dept of Preventive and
Social Medicine, University of Otago, Dunedin, New Zealand.
Serotonin (5-hydroxytryptamine, 5-HT) is thought to play an important role in
the pathogenesis of headache, with peripheral release of 5-HT from platelets
suggested as one of the triggering mechanisms in migraine headache. Tyrosine (a
precursor to the catecholamines) has similarly been implicated in migraine during
crisis. Relatively little is known, however, about the role of serotonin and tyrosine
in tension-type headache (TH). Whole blood serotonin and tyrosine concentrations
were determined using a high-performance liquid chromatography procedure in a
representative birth cohort of 781 females (47%) and males (53%) at age 21. Selfreported migraine (N = 56), and TH (N = 43) was determined by application of
International Headache Society criteria at age 26 (79% also reported severe
headache at age 21). The control group consisted of study7 members (N=516) who
did not report severe headaches at ages 21 and 26. Factors such as platelet count,
diurnal variation, recent diet, psychiatric and migraine medications, stress
reactivity, psychiatric diagnosis, and alcohol and tobacco use were examined and
controlled for. Whole blood 5-HT concentrations were significantly higher in males
with migraine relative to those with TH. In contrast, serotonin and tyrosine
concentrations were marginally lower in females with migraine and higher in TH
as compared to controls. These findings indicate that alterations of peripheral and
possibly the central serotonin and tyrosine systems differ among males and females
with migraine. These gender differences in headache aetiology, if corroborated,
may have important therapeutic implications.
(supported by HRC (NZ) and NIMH - MH45070).
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SITE-DIRECTED MUTAGENESIS OF TRYPTOPHAN HYDROXYLASE REVEALS
KI 11-E223 TO BE AN INTERSUBUNIT DIMERIZATION BRIDGE. G.J.Yohrling
IV*. G.C-T. Jiang, S.M, Mockus, K.E. Vrana. Department of Physiology and
Pharmacology, Wake Forest University School of Medicine, Medical Center Blvd.,
Winston-Salem, NC 27157-1083.
Tryptophan hydroxylase (TPH) is the rate-limiting enzyme in the biosynthesis
of the neurotransmitter, serotonin (5-HT). TPH belongs to the aromatic amino acid
hydroxylase superfamily, which includes phenylalanine hydroxylase (PH) and tyrosine
hydroxylase (TH). The crystal structures for both PH and TH have been reported, -while
a crystallographic model of TPH remains elusive. For this reason, we have utilized the
information presented in the PH and TH crystal structures to model the TPH structure
and to rationally design point mutations in potential structural domains of the TPH
protein. For all mutants, enzymatic activity and macromolecular assembly were
determined via a radioenzymatic assay and size exclusion chromatography (SEC),
respectively. We found that the disruption of a proposed intersubunit dimerization salt
bridge (K111-E223) by converting E223 to an alanine (E223A) reduced the specific
activity of the enzyme ~ 50%. E223A also displayed profile heterogeneity when
analyzed with SEC. Enzyme peaks were present for both tetramer (200 kDa) and dimer
(110 kDa). The creation of more severe mutations that substituted opposite charges
(KI 1 IE and E223K) resulted in inactive enzyme. Finally, the charges in the proposed
salt bridge were reversed with the double point mutant, KI 11E-E223K. While this
double combination of mutations modestly increased activity above the individual
mutations, it failed to restore wild-type activity. These studies implicate the salt bridge
interface K111-E223 as necessary for both the proper macromolecular assembly and
enzymatic activity of TPH. However, it is not essential in that selected mutations form
active enzyme and produce partial tetramerization. This work was supported by GM
38931 (to K.E. V) and T32AA0756 (to S.M.M).

DETERMINING RESIDUES INVOLVED IN THE SUBSTRATE BINDING SITE
AND FAD ATTACHMENT TO MONOAMINE OXIDASE B. R. M. Geha*, K.
Chen, J. C. Shih. Dept. Mol. Pharmacol. & Toxicol., School of Pharmacy and Dept.
of Cell and Neurobiology, School of Medicine, University of Southern California,
Los Angeles, CA 90033.
The objective of this study is to characterize the substrate binding site and the FAD
binding amino acids of monoamine oxidase B (MAO B). Based on the structure of a
recently described polyamine oxidase (PAO) with a similar function and a 20% amino
acid identity to MAO, we have selected 2 amino acids with a potential FAD binding
function and 3 amino acids that may be part of the active site. The MAO B mutants
were constructed using oligonucleotide directed mutagenesis. The mutants were
expressed in insect Sf21 cells after infection with baculovirus plasmids containing the
mutant constructs. The enzyme kinetic parameters were then determined. We have
replaced an aspartate residue of human MAO B, whose negative charge was postulated
to guide the positively charged amine substrate into the active site of PAO, with the
neutral alanine. We have also replaced a lysine residue, which forms an indirect
hydrogen bond with the isoalloxazine moiety of FAD, and a tryptophan which also
may form noncovalent FAD interactions, with alanine. Two tyrosine residues which
may form an aromatic 'sandwich' at one end of the active site have each been changed
to serine and phenylalanine, to check the validity of this conserved active site feature
by narrowing the function of the side chains to the benzene ring or the hydroxyl
group. The kinetic properties of these mutants as well as the differences and
similarities between MAO and PAO will be discussed. (Supported by NIMH grants
R01 MH37020, R37 MH39085 (MERIT Award), Research Scientist Award K05
MH00796, and the Welin Professorship).

72.13

72.14

DOI, A 5-HT2 RECEPTOR AGONIST, INCREASES NITRIC OXIDE
PRODUCTION IN RAT STRIATUM. A. Balcioglu* and R.J. Wurtman.
Dept. of Brain and Cognitive Sciences, MIT, Cambridge MA 02139.
5-HT2 receptors are known to be present in rat striatum, however
their physiological significance is unknown. We have hypothesized that
activation of these receptors enhances nitric oxide (NO) synthesis. We
now use a novel and sensitive technique to monitor NO production in
vivo. This technique takes advantage of the high affinity of NO to oxyhemoglobin perfused through a microdialysis probe; we then spectrophotometrically monitor changes in oxyhemoglobin levels before and after drug administration. The calibration curve for determining the molar
extinction coefficient is obtained by quantitatively oxidizing increasing
concentrations (0.1-1 |iM) of oxyhemoglobin in vitro and plotting differences in absorbance versus the concentration of oxyhemoglobin used.
The calibration curve, constructed in vitro with probes using sodium nitroprusside (1 mM), yielded an extinction coefficient of 1.9x10“^ pM-1
cm1, with a correlation coefficient of 0.998. Local application to striatum of 100 pM DOI, in an oxyhemoglobin solution, for 2 h increased
NO from 15±2 nM to 50±8 pM in 20 minutes; these remained elevated,
and local administration of N-methyl-L-arginine (100 pM, an NMDA
receptor agonist and a positive control for NO production) further increased them to 100±15 pM. Pretreatment with ketanserin (100 pM, a 5HT2 receptor antagonist) blocked the increase in NO induced by DOI.
These results suggest that 5-HT2 receptor stimulation is coupled to
NO production in rat striatum. This mechanism could mediate serotonin-induced dopamine release.

DIFFERENTIAL. EFFECTS OF NITRIC OXIDE ON THE NMDAREGULATED RELEASE OF SEROTONIN (5-HT) IN THE RAPHE AND
FRONTAL CORTEX OF FREELY MOVING RATS. J.C.E.Smith* and
P.S.Whitton. Dept. of Pharmacology, Tlie School of Pharmacy, 29-39 Brunsw ick
Square, London WC1N 1AX, UK.
In terms of serotonergic transmission tlie degree of NMDA receptor activation in
tlie raphe nuclei (RN) has been shown to result in dramatically different outcomes.
This study- investigated tlie role of NO in tlie NMDA-regulated release of 5-HT in
tlie raphe and frontal cortex (FC) of freely moving rats.
To test this hypothesis tlie selective inhibitor of tlie neuronal form of NOS, 7Nitroindazole (7NTZ) and the NO donor, S-nitroso-N-acetylpenciUamine (SNAP)
were used to study the effects of NO on the release of 5HT. Male Wistar rats were
implanted with concentric dialysis probes in tlie RN and FC of tlie same animal.
Tlie following day- the probes were infused with artifical cerebrospinal fluid
(ACSF) before NMDA (25-100pM) and 7NTZ (ImM) or SNAP (ImM) were
infused via tlie RN probe. Levels of 5HT from RN andFC samples were detected
using HPLC-EC detection.
Infusion of 25pM NMDA into tlie RN, decreased RN and increased FC 5-HT
release. 7NTZ in tlie RN did not alter this effect however, in tlie FC a decrease
was now observed. Following lOOpM NMDA infusion extracellular RN 5-HT
increased and a decrease was seen in tlie FC. 7NTZ abolished the effect of NMDA
in both brain regions. Infusion of SNAP resulted in a sustained decrease in the RN
release of 5-HT and a transitory- decrease was observed in tlie FC.
These results suggest tliat NO is involved in tlie control of NMDA-regulated
5HT release. How ever the nature of this control appears to depend on tlie level of
NMDA receptor activation. At high levels 7NTZ abolishes NMDA-evoked
changes in serotonergic transmission in a manner that would be predicted.
Following tlie infusion of lower concentrations of NMDA tlie role of NO is less
clear. JCES holds an MRC studentship.

72.15

72.16

ASSOCIATION BETWEEN GENOTYPE OF THE MAO A PROMOTERASSOCIATED UPSTREAM VNTR AND MAO A ACTIVITY IN HUMAN MALE
SKIN FIBROBLASTS. R. Denney,1* H. Koch2 and I.W. Craig2, department of
Human Biological Chemistry and Genetics, University of Texas Medical
Branch, Galveston, TX 77555;2 Molecular Genetics Unit, Department of
Neurology, Social, Genetic and Developmental Psychiatry Institute, Maudsley
Hospital, Denmark Hill, London.
Genetic deficiency of MAO A is rare in humans, but the extent of quantitative
genetic variation in MAO A activity between individuals is not known. Skin
fibroblast cultures offer a model system to assess individual variation in this
important, serotonin- and norepinephrine-oxidizing enzyme. Fifteen male skin
fibroblast cultures were assayed for MAO A specific activity, proportion of cells
expressing the enzyme, and genotype of a variable number tandem repeat
polymorphism located 1.2 kb upstream from MAO A exon 1 (uVNTR; Sabol et al. I
Hum. Genet. 103:273-9, 1998). Mean MAO A activity of cells with three 30 bp
repeats was lower that cells with four (P = 0.032). Variation between cultures in the
proportion of cells which expressed the enzyme was correlated with MAO A activity
(R= 0.77), but not with uVNTR genotype. Mean MAO A activity in immunopositive
cells with three repeats was 3.3-fold lower than those with four (P=0.013), with no
overlap in activity between genotypes. These fibroblast data demonstrate that a
common polymorphism near the MAO A promoter is associated with individual,
quantitative differences in cellular MAO A activity. Taken together with published
data that the uVNTR affects transcriptional activity of artificial MAO A promoter
constructs neuroblastoma and choriocarcinoma cells, the fibroblast data predict that
human males fall into two groups differing in their capacity to oxidize serotonin and
norepinephrine.

SEROTONERGIC INNERVATION OF THE PRIMATE CLAUSTRUM.
J.S. Baizer*, Dept. Physiol, and Biophys., University at Buffalo, Buffalo, N.Y.
14214
The claustrum is a subcortical structure topographically and reciprocally
connected with many fiinctional cortical areas; we asked if the claustrum, like
cortex, shows regional variation in serotonergic innervation. We analyzed the
pattern of serotonergic innervation of the monkey claustrum using a monoclonal
antibody to serotonin (SIGMA, 1:5000). We studied immunoreactivity to
serotonin on coronal sections from three monkeys. We found that the claustrum
stained for serotonin-ir, over its entire anterior-posterior and dorsal-ventral
extent. Most of the serotonin-ir fibers had varicosities; these varied in size,
shape, and separation. The fine appearance of the claustrum did vary
significantly from region to region. In some regions, there were few if any fibers
which could be followed for any distance, and the tissue was sprinkled with
darkly stained "puncta,” which may represent cross sections of fibers running
perpendicular to the plane of section. In other regions, especially the long
narrow portion of the claustrum, many fibers, running roughly parallel to each
other, could be followed for long distances. In still other regions the pattern was
of many short segments of fibers oriented randomly with respect to each other.
Some fibers closely followed the circumference of cell bodies, and appeared to
make multiple contacts with them. The results suggest that all regions of the
claustrum receive serotonergic innervation; the local variations in the orientation
of serotonergic fibers relative to the plane of section may have obscured subtle
regional differences in the density of serotonergic innervation. Supported by
MH48658.

Supported by the Center for Brain and Metabolism Charitable Trust
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SOCIAL ISOLATION OF POST-WEANING RATS LEADS TO LOSS OF
SEROTONIN TERMINALS and 5-HTIA RECEPTORS IN
HIPPOCAMPUS J. Hobin. A. Borella and P, Whitaker-Azmitia* Dept..
of Psychology, SUNY at Stony Brook, Stony Brook, New York 117942500
Isolation of post-weaning rats causes specific behavioral (eg. aggression/
anxiety and learning and memory) and neurochemical changes in the adult
brain. Many studies have looked at the effects on serotonergic systems,
but none using immunocytochemistry in order to examine the system in
detail. The current study uses antibodies raised against the serotonin
transporter (courtesy of Dr. F. Zhou) and the 5-HTIA receptor (courtesy
Dr. E. Azmitia) in male Sprague-Dawley rats. Rats were raised in groups
of four or in isolation in opaque cages, from postnatal day 22 and for six
weeks, until the end of the experiment. The results showed a pronounced
loss of serotonin terminals, most specifically in CA3. As well, the 5-HT 1A
receptor was significantly decreased. This was most evident in the granule
cell layer, while the pyramidal cell layer was relatively spared. The results
will be discussed in terms of the role of serotonin in isolation-induced
behavioral changes, particularly in terms of the morphological changes
subserving learning and memory processes.

OPIATE RECEPTORS I

73.1

73.2

PRODUCTION OF COMBINATORIAL OPIOID RECEPTOR KNOCKOUT MICE.
T.A. Czyzyk1*, M. King2 J. Zhang1. A. Schuller1, G.W. Pasternak2, J.E, Pintar1.
’Dept. of Neuroscience and Cell Biology, UMDNJ-Robert Wood Johnson Med. Sch.,
Piscataway, NJ 08854; 2Cotzias Laboratory, Sloan-Kettering, NY, NY 10021.
Endogenous opioids have been defined by their ability to bind and exert their actions
through the p, S, and K receptors. Widespread expression patterns of these receptors
both in the fetal and adult mouse have implicated the opioids in multiple roles in
development, cell proliferation, stress and analgesia. Single gene knockouts of p, 8,
and k have been previously generated in our laboratory via gene targeting, and have not
produced developmental abnormalities, raising the possibility that opioid effects may
be obscured by the presence of compensatory mechanisms. Furthermore,
pharmacological studies have limitations in the assessment of receptor function as
emphasized by analysis of single gene knockouts. For example, analgesia produced by
the 8-selective agonist, DPDPE, was reduced in p-deficient mice, providing evidence
for cooperativity between two opioid receptors. To further characterize the roles of
endogenous opioid receptors, we report here the generation of mice lacking the p, 8,
and k opioid receptors. Individual mutant strains have been mated to produce mice
heterozygous for each receptor mutation. Analysis of offspring indicates that all
combinations of double mutants are present, as well as mice homozygous for all three
mutant alleles. Mice of each combinatorial genotype are viable and fertile, and gross
developmental abnormalities remain absent. In situ hybridization to investigate the
expression of endogenous opioid ligands in the absence of functional receptors, as well
as behavioral analysis of triple knockouts is in progress. Preliminary data suggests
that orphanin FQ analgesia is attenuated in the triple knockout mice as is seen in the
kappa single knockout. Supported by DA-09040 (JP) and DA-07242 (GWP).

MU-, DELTA- AND KAPPA-OPIOID AGONIST STIMULATED [35S]GTPyS
BINDING IN THE p-OPIOID RECEPTOR GENE KNOCKOUT MICE. Y. Park1,2,
T. Ma2, C.-G. lang2, S. Tanaka2, K, H, Ko1, H. H, Loh3 and I, K. Ho2*. 1Dept. of
Pharmacol., Coll, of Pharmacy, Seoul Nat'l Univ., Seoul, Korea, 2Dept. of
Pharmacol. & Toxicol., Univ. of Mississippi Med. Ctr., 2500 North State St.,
Jackson, MS 39216,3Dept. of Pharmacol., Univ. of Minnesota, Minneapolis, MN
55455, USA.
Mice lacking the p opioid receptor gene have been developed by a gene
knockout procedure. Despite the loss of their p receptors, it has been reported
that p-opioid receptor knockout mice contain the same density of 8- and k receptors as that of wild-type mice using binding studies in tissue homogenates.
It has also been suggested however, that there is some indication of cooperativity between each subtype, especially p and 8. in this study, the activity
of opioid receptor coupled G proteins was examined to investigate whether
there is a change in the extent of coupling for p, 8 and k receptors in p-knockout
mice. [35S]GTPyS binding was measured by autoradiography of coronary sections
of the mouse brain in the presence or absence of p-, 8- and K-agonist, DAMGO
(D-Ala2-MePhe4-Gly-ol5 enkephalin), DPDPE (D-Pen2,5 enkephalin) and U50,488, respectively. DAMGO stimulated [35S]GTPyS binding was increased
significantly in the caudate putamen of control mice, whereas there was no such
increase in p-knockout mice. Kappa-opioid receptor agonist, U-50,488,
stimulated (35SJGTPyS binding was increased significantly in the cortex and
caudate putamen of both control and p-knockout mice. However, 8-agonist
stimulated [35S]GTPyS binding was not increased in the cortex of p-knockout
mice, whereas it was increased significantly in the control mice. These results
suggest that there are regional differences in the activity of opioid agonist
stimulated G proteins in the p-opioid receptor gene knockout mice.

73.3

73.4

p-OPIOID & MORPHINE-6-GLUCONURIDE ACTIONS IN C57B16/J
MICE & KNOCKOUT MICE LACKING EXON 1 OF MOR-1.
M Connor*1, CW Vaughan1, HQ Lin1, EE Bagley1, A Schuller2, J Pintar2
& MJ Christie^. ^Dept. Pharmacology, Uni, of Sydney, NSW 2006
AUSTRALIA & 2UMNDJ-Robert Wood Johnson Med. Sch., Piscataway,
NJ, 08854 US of A.

MORPHINE AND MORPHINE-6P-GLUCURONIDE-INDUCED FEEDING ARE
DIFFERENTIALLY REDUCED BY G-PROTEIN a SUBUNIT ANTISENSE
PROBES IN RATS. R.M. Silva1*, G.C. Rossi2, J. P, Mathis2, K.M. Standifer3,
G.W. Pasternak2 and R.J. Bodnar1. ’Neuropsych. Doct. Prog., Queens Col., CUNY,
Flushing, NY 11367; 2Dept. Of Neuro-Oncol., Memorial Sloan-Kettering Cancer
Ctr., NY, NY 10021; 3Col. Of Pharmacy, Univ. of Houston, Houston, TX 77204.
Although morphine and its active metabolite, morphine-60-glucuronide
(M6G), each induce p-opioid receptor-sensitive feeding, different antisense (AS)
probes directed against the MOR-1 clone produce distinct effects. Thus, MOR-1
AS probes directed against exons lor 4 reduce morphine, but not M6G-induced
feeding, whereas probes directed against exons 2 or 3 reduce M6G, but not morphine-induced feeding. AS probes directed against different G-protein a subunits
differentially reduced morphine (G,a2)and M6G (Gjal)-induced analgesia. The
present study evaluated the ability of AS probes directed against G-protein a subunits to reduce feeding induced by morphine and M6G in rats. The AS probes (25
pg, icv) were administered once 24 h prior to morphine (5 pg, icv), and spontaneous free feeding was assessed 1, 2 and 4 h thereafter. In agreement with analgesic
studies, morphine-induced feeding was significantly reduced by 79% by the G,a2
AS probe. Morphine-induced feeding was unaffected by either AS probes directed
against Gjal, Gj<x3, Go, G^, or Gq, or a nonsense control probe, and was significantly enhanced by pretreatment with the Gs AS probe. When M6G-induced feeding was assessed at a dose (500 ng) which was sensitive to MOR-1 AS effects,
none of the G-protein a subunit AS probes were effective. Experiments using
lower, but effective, M6G doses are ongoing. These data indicate that morphineinduced feeding is selectively modulated by the Gia2 subunit, and provide fiirther
evidence for separate and distinct molecular mechanisms mediating these functional responses. (Supported by NSF IBN-9816699, NIH DA000310 & DA07242).

Mice with a targeted deletion of exon-1 of MOR-1 have been reported to be
insensitive to morphine but to retain analgesia to M-6-G in focussed heat/tail flick
tests. We used whole cell patch clamp recording to examine the actions of p.-opioids
and M-6-G on 1) voltage-dependent currents in acutely isolated locus coeruleus (LC),
periaqueductal grey (PAG) and sensory neurons, and 2) membrane properties and
synaptic transmission in LC, PAG and rostroventral medulla (RVM) slices. In wildtype mice p-opioid agonists and M-6-G inhibited GABAergic synaptic transmission
in PAG and RVM, caused an outward current in LC and PAG, and inhibited calcium
channels in PAG, LC and trigeminal ganglion neurons. In mice with a deletion of
exon-1 of MOR-1 the effects of p-agonists and M-6-G were abolished in all regions
examined. The inhibitory effects of K-opioids on GAB Aergic transmission in PAG
were similar in wild type and exon-1 knockout mice. The exon-1 deletion mice were
completely insensitive to the analgesic actions of M-6-G (10 & 20 mg/kg i.p.) in a
warm water (52 °C) tail flick assay, while wild type mice showed robust analgesia at
10 mg/kg M-6-G. This study demonstrates that the acute effects of p-opioids on
neurons known to be involved in anti-nociception are similar in mice and rats. The
results also suggest that analgesia mediated by the putative M-6-G receptor is
mediated either in different brain regions from where p-opioids act or by distinct and
as yet unidentified effects on neurons in the PAG, RVM and sensory ganglia. MC
supported by a RE Lake Fellowship; CWV is a NH&MRC RD Wright Fellow,
EEB is supported by an Australian Postgraduate Award; AS and JEP by NIH Grant
DA-09040; MJC by the University of Sydney Medical Foundation.
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MERCAPTOACETATE INDUCES FEEDING THROUGH CENTRAL OPIOIDSENSITIVE MECHANISMS IN RATS. V. Znamensky, J.A. Stein, F, Baumer and
R.J. Bodnar*. Department of Psychology and Neuropsychology Doctoral
Subprogram, Queens College, CUNY, Flushing, NY 11367.
Since control of fat intake was one mechanism by which the endogenous
opioid system mediates food intake, it would be expected that opioid antagonists
should be quite effective in altering mechanisms mediating the fat oxidative process. Thus, the present study examined whether feeding induced by mercaptoacetate, a potent inhibitor of free fatty acid oxidation, was altered by systemic or
central (icv) pretreatment with general (naltrexone), g (0-funaltrexamine), g,
(naloxonazine), k , (nor-binaltorphamine) or 6 (naltrindole) opioid receptor
subtype antagonists in rats. Mercaptoacetate (70 mg/kg, ip) produced potent
increases in pellet food intake over 4 h in the light cycle which was significantly
and dose-dependently reduced by systemic naltrexone (0.05-5 mg/kg). Centrallyadministered naltrexone (0.1-20 gg, icv) eliminated mercaptoacetate-induced
feeding, indicating a central mechanism of action. Both g and g, (0.1-20 gg. icv)
antagonists equipotently reduced mercaptoacetate-induced feeding. Mercaptoacetate-induced feeding was eliminated by k , antagonism (0.1-20 gg), and reduced to
a lesser degree by 6 antagonism (0.1-20 gg). Parallel studies utilizing antisense
probes directed against MOR-1, KOR-1 and DOR-1 clones are ongoing. These
data implicate central g, gb k , and to a lesser degree, 6 opioid receptors in the
mediation of mercaptoacetate-induced feeding. Thus, although glucoprivic,
induced by 2-deoxy-D-glucose, and Jipoprivic, induced by mercaptoacetate, forms
of homeostatic ingestive challenges are typically dissociated from each other, both
appear to be regulated by central opioid receptor systems. (Supported by NSF IBN9816699, a Howard Hughes SPUR Fellowship, and Pleasantville HS Science
Research Program).

A CHIMERIC g/K OPIOID RECEPTOR THAT FUNCTIONS AS A g OPIOID
RECEPTOR WITH SELECTIVITY FOR DYNORPHIN A. R.N. DeHaven*, J.A.
Cassel, J.D. Daubert, E.K. Gauntner and E. Mansson. Adolor Corporation, Malvern,
PA 19355.
We haVe previously reported that a chimeric opioid receptor composed primarily
of amino acid residues derived from the g opioid receptor, with only the 26 amino
acids of extracellular loop 2 derived from the k opioid receptor, acts in receptor
binding assays as a dynorphin-sensitive g receptor. That is, dynorphin analogs
inhibit binding with affinities that correlate with their binding at the k receptor, but
other ligands inhibit binding with affinities that correlate with their binding at the g
receptor. We now report that effects on [35S]GTPyS binding indicate that this
chimeric receptor behaves functionally as a dynorphin-sensitive g opioid receptor.
In membranes derived from cells expressing this chimera, the K-selective agonist
dynorphin A stimulated [35S]GTPyS binding to a similar extent (41%) as the gselective agonists loperamide (35%) and DAMGO (33%). In contrast to the effect
of dynorphin A, the arylacetamide K-selective agonist U50,488 stimulated
[35S]GTPyS binding <10% at concentrations up to 100 gM in membranes
expressing either the chimera or the g receptor, even though U50,488 was a full
agonist when compared with dynorphin A in membranes expressing the k receptor.
The EC50 values in g, k , and chimera receptor-mediated [35S]GTPyS binding for
dynorphin A were 370, 8.3, and 11 nM, respectively, while those for loperamide
were 28, 390, and 18 nM, and those for DAMGO were 230, 2500, and 34 nM. The
potencies of naloxone and the K-selective antagonist nor-binaltorphimine (nor-BNI)
to reverse the stimulation of [35S]GTPyS binding at the chimera were also consistent
with their potencies at the g receptor, rather than at the k receptor, and independent
of the receptor selectivity of the agonist. This dynorphin-sensitive g-like chimera
may be a useful tool for the discovery of k analgesics that, like dynorphin A, lack
the side effects of arylacetamides.

73.7

73.8

STRUCTURE-ACTIVITY RELATIONSHIP ASSESSMENT OF CONJUGATED
ENKEPHALINS IN CENTRALLY MEDIATED ANALGESIA. W.R. Anderson*, N.
Ekwuribe, A. Ansari, T.M. Harris, and D. Surguladze. Protein Delivery, Inc.,
Research Triangle Park, NC 27709.
Enkephalins are natural endogenous pentapeptides that bind to opioid
receptors and are well known for their role in analgesia, which is mediated via
the central nervous system. Natural enkephalins are hydrophilic, metabolically
unstable and lack a specific transporter in the membrane, therefore passage
from blood through the blood-brain barrier (BBB) is greatly inhibited. We have
developed a conjugation technology that uses amphiphilic oligomers to modify
peptides, including enkephalins. We have modified the lysine moiety of [Met]enkephalin-[Lys] (Mod-Enk) with alkyl-PEG oligomers (hydrolyzable or nonhydrolyzable) which confer stability and amphiphilicity. This process enhances
BBB penetration and promotes retention of the molecule in the brain. Mod-Enk
has been shown to be stable in brain homogenate for one hour and also
demonstrate equivalent or enhanced opiate receptor binding greater than or
equivalent to [Met]-enkephalin-[Lys]. Mod-Enk was synthesized by varying the
number of PEG units from 0 to 3 and the alkyl portion of the oligomer was a 16carbon alkyl chain. Adult, male Sprague-Dawiey rats were administered single
tail vein injections of Mod-Enk at doses ranging from 0.5 to 5.0 mg/kg and
evaluated for analgesia by the hot-plate method. Results showed that Mod-Enk
having 3 PEG units elicited neither analgesia nor toxicity at doses up to 5
mg/kg while Mod-Enks possessing 1 or no PEG units were toxic and analgesic
at 5 mg/kg.
Mod-Enk composed of 2 PEG units provided analgesia
comparable to morphine at doses less than 1 mg/kg. These studies suggest
that by manipulating the degree of pegylation of Mod-Enk, the therapeutic index
may be optimized through altering the overall amphilicity of the enkephalin
conjugate to elicit safe and efficacious centrally mediated analgesia.
(Supported by Protein Delivery, Inc.)

INCREASED RELEASE OF BETA-ENDORPHIN IN RAT
PERIAQUEDUCTAL GREY (PAG) IN ELECTROACUPUNCTURE
(EA) ANALGESIA. X.-H, Chen. E, B. Geller* and M, W. Adler.
Department of Pharmacology, Temple University School of Medicine,
Philadelphia, PA 19140
Investigating the mechanisms responsible for the analgesic effect of
acupuncture is important for establishing its use as an alternative therapy
in medicine. In male SD rats, we have previously shown that 2 Hz EA
can produced a profound analgesic effect in the cold water tail-flick test
and radiant heat tail-flick test. This effect was blocked by intracerebroventricular injection of CTAP and naltrindole. In the present study, we
measured the release of beta-endorphin (0-E) from the PAG during and
after EA in unanesthetized, freely-moving rats. One pair of stainlesssteel needles (0.25 mm diameter) was inserted into the hind leg of the r;:
at the points Zusanli (ST36) and Sanyinjiao (SP6). Square waves of 0.3
ms duration were applied at frequencies of 2 Hz. The intensity (constant
current) of stimulation was set at 1.5 mA for 15 min, then shifted to 3.0
mA for additional 15 min. Artificial CSF was microdialyzed into the
PAG of unanesthetized rats and samples were collected every 30 min. 0E immunoreactivity (ir) was measured by RIA. The results showed that
(1) the analgesic effect induced by 2 Hz EA stimulation was blocked by
CTAP (0.1 nmol) and naltrindole (0.2 nmol) microinjected into PAG; (2)
2 Hz EA stimulation produced about a 100% increase in 0-E ir ovi ;
baseline during the 30-min of EA stimulation. In the 60-min perio I
following cessation of EA stimulation, 0-E ir declined to normal levels in
•the 2-Hz EA group. Thus, 2 Hz EA stimulation increases the release of
endogenous 0-E during stimulation. (Supported by NIH grants DA
00376)

73.9

73.10

DISTRIBUTION OF METHIONINE’-ENKEPHALIN (ENK) AND MUOPIOID RECEPTORS (gORs) IN THE LOCUS COERULEUS (LC) OF
MORPHINE DEPENDENT ANIMALS. E.J. Van Bockstaele*. J, Peoples and P.
Telegan. Dept. of Path., Anat & Cell Bio., Thomas Jeff. Univ., Phila, PA 19107.
Many compensatory biochemical changes have been described in the LC
following chronic morphine treatment. These include increases in adenylate
cyclase, c-AMP dependent protein kinase A, phosphoprotein levels, as well as
alterations in gene expression. In addition, changes in neurochemical expression in
afferent projections to the LC may be equally important in modulating
noradrenergic neurons during opiate dependence and withdrawal. To test the
hypothesis that opioid afferents to the LC or opioid receptors on LC neurons are
altered following chronic opiate administration, we exposed adult male rats to
either morphine or placebo pellets for five days. Rats were transcardially perfused
with an acrolein/paraformaldehyde based fixative and processed for the
immunocytochemical identification of either ENK or gOR. Alternate sets of tissue
were processed for either peroxidase or gold-silver labeling of ENK or gOR. Tissue
sections containing peroxidase labeling of ENK or gOR were analyzed at the light
microscopic level while tissue sections with gold-silver labeling of ENK and gQR
were further processed for electron microscopy. Analysis of peroxidase-labeled
material .for ENK indicated that there was a decrease in immunoreactivity for the
opioid peptide in afferent terminals in LC and peri-coerulear regions of morphine
treated animals. Ultrastructural analysis confirmed that ENK terminals from
morphine dependent animals exhibited substantially less gold-silver labeling for
ENK. Similar decreases in immunoreactivity were detected for the gOR in the LC.
However, differences in the distribution of the gOR at the ultrastructural level were
not as clear. These data indicate that following chronic morphine administration
there is a decrease in ENK labeling in opioid afferents to the LC which may arise
from a decrease in the synthesis of ENK in cell bodies giving rise to ENK
innervation of LC. Decreases in gOR may also represent alterations in the
synthesis of the receptor protein in LC neurons. These hypotheses are being
presently evaluated. Supp.: NIDA R29 DA09082, RO3 DA10450, AHA 96002240.

DOWN-REGULATION OF MU OPIATE RECEPTORS BY MORPHINE,
ENDOMORPHIN-1 AND ENDOMORPHIN-2 IN SH-SY5Y HUMAN
NEUROBLASTOMA CELLS. K. A Homer13 *. J.E. Zudina1*3
‘VA Med. Ctr.,2 Dept of Medicine, Tulane Univ. Sch. of Med., and Neuroscience
Program, Tulane Univ., 1601 Perdido St., New Orleans, LA 70112-1262.
Prolonged exposure of a receptor system to an agonist can lead to a decrease in
rcsponsivness that may be attributed, at least in part to receptor down-regulation. For
this reason, the down-regulation of mu opiate receptors by chronic agonist exposure
could be one of several mechanisms contributing to die development of opiate
tolerance. It has previously been shown that chronic treatment with the prototypical mu
agonist, morphine, down-regulates mu opiate receptors in SH-SY5Y human
neuroblastoma cells. Recently two endogenous opioid peptides, endomorphin-1 (TyrPro-Tip-Phe-NHj; EM-1) and endomorphin-2 (Tyr-Pro-Phe-Phe-NH,; EM-2), were
isolated from bovine hypothalami. These peptides bind with high selectivity and
affinity to Ihe mu receptor. In this study, we compared the effects of chronic EM-1 and
EM-2 with chronic morphine treatment, to determine if the endomorphins downregulated mu receptors in a manner similar to morphine. SH-SY5 Y cells were grown
to confluency and treated three times over 6 days with retinoic acid to induce
diffianentiation and to increase expression of mu receptors. The cells were then treated
with 10"’ M EM-1, EM-2, morphine, or H,0 as a control. Twenty-four hours later the
ceils were harvested and the membranes processed for mu receptor binding assay using
Tl DAMGO. Chronic morphine, EM-1, or EM-2 treatment resulted in a 41%, 58%
and 54% decrease in Bmax, respectively. These differences were statistically
significant from die control treatment, which resulted in no change in Bmax.
Therefore, chronic eadomorphm treatment produces a down-regulation in mu receptors
in SH-SY5Y that is comparable tothat seen with chronic morphine. This study was
funded by the VA and NIDA (DA011655 to JEZ and DA05907 to KAH).
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ALTERED GATING OF OPIATE RECEPTOR-MODULATED K+CHANNELS ON AMYGDALA NEURONS OF MORPHINEDEPENDENT RATS.
Xueguang Chen* and Jonathan E.
Freedman. Dept. Pharmaceutical Sciences, Northeastern Univ.,
Boston, MA 02115.
We have used cell-attached patch-clamp recordings to characterize the properties of an inwardly-rectifying 130 pS K+ channel on
neurons freshly dissociated from the rat amygdalohippocampal
area. This channel was selectively activated by p-opioid receptors
in a membrane-delimited manner. In neurons from morphinenaive animals, channel openings were dependent upon the agonist
concentration, with brief openings and long closures at 0.1 pM
morphine, and long bursts of openings with brief closures at a saturating concentration of 10 pM. Treatment of the rats with morphine-containing osmotic minipumps for 6 days markedly changed
130 pS channel gating without affecting conductance, such that 10
pM morphine only elicited brief openings and open probability
was reduced by almost 100-fold. This effect occurred in about half
of recordings following morphine treatment at 0.6 mg/kg/hr, and
in all recordings at 2.0 mg/kg/hr, corresponding to doses behaviorally active in withdrawal signs after naloxone injection. No such
change in gating was observed with minipumps containing vehicle, or when morphine exposure lasted less than 24 hrs. The resulting decrease in channel current appears large enough to account quantitatively for opiate tolerance, and may represent a
novel molecular mechanism of tolerance in a limbic region known
to be involved in addictive behaviors.
Supported by NIH grant DA-10086.

MODIFICATION OF p OPOID RECEPTOR BINDING IN THE RAT BRAIN IN
THE COURSE OF A 21 DAY ANTIDEPRESSANT TREATMENT WITH
PAROXETINE. C. Vilpoux, L. Naudon*, I, Leroux-Nicollet, J, Costcntin.
Laboratoire de Neuropsycho-pharmacologie Experimentale. UPRESA CNRS 6036.
IFRMP 23. U.F.R. Medecine- Pharmacie. 76 000 Rouen. France.
In human the therapeutic effect of antidepressants is delayed by 2 to 3 weeks
after the beginning of the treatment; therefore crucial neuronal adaptations should
appear during this period and lead to mood normalization. Previous studies have
shown modifications of p opoid receptor (pOR) expression and Met- and Leuenkephaline contents in central nervous system in rat at the end of chronic
antidepressant treatments. In order to precise the time course of adaptations
occuring during a chronic SSRI treatment, 3H-naloxone binding to pOR has been
studied on the 4th, 7th and 21st day of a paroxetine treatment (i.p.; 10 mg.kg ') in
50 regions throughout rat brain by means of autoradiography. A 4-day paroxetine
treatment led to significant increase in pOR binding density in frontal (17%) and
cingulate (9%) cortices, in dorsal endopiriform nucleus (17%) and lateral septum
(27%). On the 7th day of treatment, the pOR binding density was significantly
increased in insular cortex (11%), olfactory tubercle (18%), dorsal endopiriform
nucleus (15%) and in the corticomedial part of amygdaloid complex (44%). After a
21-day treatment, whereas the increase in the olfactory tubercle (20%) only
remained, there was a decrease in 3H-naloxone binding density in the prefrontal
cortex (-9%), hippocampus (-16%), different thalamic regions (-13 to -22%) and
hypothalamus (-45%).
These results suggest that paroxetine treatment induces sequential regulation of
pOR density in different brain regions. As some of the implicated regions are part
of the limbic system, such pOR changes would be linked to mood regulation in
human and participate in therapeutic effect of SSRIs.
Supported by funding from the Region Haute Normandie, France.

73.13

73.14

CONTINUOUS INFUSION OF DEXTROMETHORPHAN PARTIALLY
BLOCK THE DEVELOPMENT OF MORPHINE TOLERANCE
PflQ-tuh lao, Lok-Hi Chow and Wen-Mei Fu*
Department of
Pharmacology, National Defense Medical Center; *Department of
Pharmacology, National Taiwan University.
Dextromethorphan (DM), the over-the-counter antitussive drug and Nmethyl-D-aspartate receptor antagonist has been reported to either prevent or
not prevent morphine (M) tolerance in rats. The objective of this study is to
further clarify this issue.
Male Sprague Dawley rats (350-450g) were first implanted with a miniosmotic pump (Alzet, Model 2001) filled with DM (100 mg/ml) for M+DM
group or sham-operated for control (C) group and M group. Either saline (C
group) or morphine (5 mg/kg) (M and M+DM group) was administered twice
a day for another 5 days. Tail-flick test was used to determine the
antinociceptive effect of morphine. Rat cerebral cortex and spinal cord were
rapidly removed and c-GMP level was determined by EIA method.
We found significant tolerance developed to the antinociceptive effect of
morphine after multiple injections of morphine for 5 days in rats. Continuous
infusion of DM effectively prevented it. The c-GMP level of either cortex or
spinal cord decreased significantly only in chronic morphine group.
Our conclusion is that continuous infusion of DM effectively blocks the
development of morphine tolerance and reverses the chronic effect of
morphine on c-GMP level. (This project is supported by DOH-88-HR-402.)

ADAPTATIONAL TOLERANCE OF GUINEA PIG (GP) LOCUS CERULEUS
(LC) NEURONS TO OPIOIDS IS ASSOCIATED WITH CELLULAR
DEPOLARIZATION. J.-O, Kong. W.W, Fleming and D.A. Taylor*. Dept.of
Pharmacol, and Toxicol., WVU. Sch. Med.,R. C. Byrd Hlth. Sci. Ctr., P.O. Box
9223, Morgantown, WV. 26506-9223.
Chronic exposure to morphine via pellet implantation leads to nonspecific
changes in responsiveness of neurons in the nTS and LC of GP. Studies from this
laboratory have demonstrated that similar nonspecific changes in responsiveness
of GPmyenteric neurons after chronic morphine exposure is associated with cellular
depolarization that is likely due to a reduction in electrogenic sodium pump
contribution. The current studies aimed to compare the membrane properties of LC
neurons of the GP after chronic exposure to morphine via pellet implantation (one
75mg morphine pellet/lOOgm body weight) 7 days prior to the experiment. Pontine
slices were obtained and placed in a recording chamber on a microscope equipped
for infrared videomicroscopic visualization of individual neurons. The electrical
properties of individual LC neurons from control and morphine-treated GP were
obtained using whole cell patch clamp recording. The resting membrane potential
of control neurons was -63.5 ± 2.9 mV with a cellular input resistance of 314 ± 67
MQ. In contrast, the resting membrane potential of LC neurons from animals
treated with morphine was -55.1 ± 1.3 mV which was significantly depolarized
compared to that of control. No significant difference in cellular input resistance
was identified (337 ± 54 MQ). These data suggest that the development of
tolerance following a single administration of morphine pellets is associated with
changes in the membrane potential which may account for the nonspecific
differences in cellular responsiveness observed. Supported in part by NIDA grant
DA03773.
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CALCITONIN GENE-RELATED PEPTIDE RECEPTOR ANTAGONIST REVERSES
SPINAL MORPHINE TOLERANCE. K.J. Powell, W. Ma1, R. Ouirion1, K. Jhamandas*.
Dept. ofPharmacology & Toxicology, Queen’s University, Kingston, Ontario, Canada K7L
3N6 and 'Douglas Hospital Research Centre, McGill University, Montreal, Quebec, H9H
1R3
The mechanisms underlying the development of tolerance to opioid induced
analgesia remain relatively unknown, however, recent evidence implicates the activity of
calcitonin gene-related peptide (CGRP), a spinal sensory transmitter, in this phenomenon
(Menard etal., J. Neurosci. 16:2342-2351,1996). Previous studies have demonstrated that
animals tolerant to spinal morphine exhibit increased CGRP-like immunoreactivity (CGRPIR) in the dorsal hom of the spinal cord, and a CGRP receptor antagonist (CGRP8.37) can
block this response and the development of tolerance. Since CGRP plays a role in the
development of tolerance, we investigated whether it also contributes to the expression of
tolerance. This study examined the potential of CGRPg.37to reverse both the changes in
CGRP-IR and analgesic tolerance to spinal morphine. Intrathecal injections of morphine
(15ug), once daily for ten days, resulted in a progressive decline in morphine effect by day
5, and a significant loss in morphine potency in tests of thermal (tailflick) and mechanical
(paw pressure) nociception, reflecting the development of tolerance. Intrathecal
administration of CGRPg_37(0.5,1,2,4,or 8ug) withmorphine on days 6-10 partially restored
the antinociceptive potency of morphine, the degree of restoration being greater in the
tailflick than in the paw pressure test. In animals tolerant to intrathecal morphine, CGRP-IR
was elevated in the superficial lamina of the dorsal hom. Treatment with CGRP8.37 in
tolerant animals returned CGRP-IR to control levels. Taken together, this study
demonstrates that treatment with CGRP8_37 has the potential to reverse both the behavioural
and biochemical manifestations of spinal morphine tolerance. Thus, C GRP may have a role
in both the development and expression of spinal opioid tolerance. [Supported by the MRC
and Ferring].

THE OPIOID GROWTH FACTOR, [MET5]-ENKEPHALIN,
MODULATES ANGIOGENESIS. P.J. McLaughlin1*, J.E. Mazo2,
J. Blebea2, T.K.Kihara2 and I.S. Zagon1. 1Dept. of Neuroscience
and Anatomy and 2Surgery, The Pennsylvania State University
College of Medicine; Hershey, PA 17033.
The influence of endogenous opioids on the development of
blood vessels was investigated using a chicken chorioallantoic
membrane (CAM) model and digital image analysis. A
methycellulose disk was impregnated with 5 pg of either opioid
growth factor (OGF, (Met5]-enkephalin), OGF and naloxone
(NAL), NAL, naltrexone (NTX),or an equivalent volume of distilled
water (control), and placed on the outer third of the CAM on day 3
of incubation. Analysis was conducted on incubation day 5. OGF
had a significant inhibitory effect on angiogenesis, decreasing
total blood vessel length and number by 23% and 35%,
respectively. NAL neutralized OGF activity, but NAL alone had no
effect on blood vessel growth. Persistent opioid receptor
blockade with NTX increased the total length and number of blood
vessels by 24% and 51%, respectively. These results indicate
that OGF is an inhibitor of angiogenesis, influencing blood vessel
growth in a receptor-mediated fashion. Moreover, native opioid
peptides are tonically active with respect to angiogenesis because
opioid receptor blockade increases the development of blood
vessels. Supported by NIH grants CA66783, EY10300, HL53557,
and the Laverty Foundation.
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REPAIR OF EPITHELIAL INJURY TO THE HUMAN CORNEA IS
REGULATED BY OPIOID GROWTH FACTOR. I.S. Zagon1*, J.W.
Sassani2 and P.J. McLaughlin1. 1 Depts. of Neuroscience and
Anatomy and ophthalmology, The Pennsylvania State University
College of Medicine, Hershey, PA 17033.
The role of the endogenous peptide opioid growth factor (OGF) in
re-epithelialization following comeal abrasions of human eyes was
determined. Human corneas were marked by a 8 mm trephine and
the encircled epithelium removed by a scalpel blade. Corneas were
placed in RPMI media and treated with 1(TM naltrexone (NTX, a
long-acting opioid antagonist) or an equivalent volume of sterile
saline. Fluorescein stained images of the corneas were captured
daily by SONY CCD camera and areal analysis performed.
Examination at 24 hr after surgery revealed that NTX accelerated
wound closure; 45% of the NTX treated wounds were reepithelialized in comparison to 31% of the control wounds (p<0.05).
At 48 hr in culture, the NTX defects were 71% healed, whereas the
control wounds were only 53% closed (p<0.01). By 4 days in culture,
when NTX corneas were completely resurfaced, 20% of the comeal
defect in control corneas was still apparent. Control eyes required 6
days for complete closure. These results indicate that a native opioid
peptide exerts a tonically active, inhibitory influence at the receptor
level, on re-epithelialization of human corneas. Supported by NIH
grant EY10300.

DIFFERENTIAL EFFECTS OF DEXAMETHASONE AND NALTREXONE
ON MET-ENKEPHALIN RELEASE FROM SHEEP BRAIN AND ADRENAL
SLICES. K. Pierzchala-Koziec*, M. Dziedzicka-Wasylewska1. Dept. Anim.
Physiol. Agric. Univ. Cracow, Poland; ’Polish Acad. Sci. Cracow, Poland.
It is generally accepted that opioids play important role in the regulation of the
hypothalamo-pituitary-adrenal axis. On the other hand, synthesis and release of
opioids are mediated by different neurotransmitters and hormones.
Therefore, as a part of study dealing with the interaction of opioids and
glucocorticoids the present study was carried out to investigate the effects of
in vivo injection of dexamethasone and opioid receptor antagonist on the
Met-enkephalin release from sheep brain and adrenals.
Animal studies were performed on 6 months old lambs divided into control,
naltrexone (3 mg/kg i.v.) and dexamethasone (0.1 mg/kg i.p.) twice (12 hrs apart)
treated groups. Twelve hours after last injection, pituitary, hypothalamus and
adrenals were removed within 5 min. Tissue slices were superfused with Krebsbicarbonate/02 and the opioid release was analyzed in the presence of 30 mM K+,
100 nM of ACTH, dexamethasone or naltrexone. Met-enkephalin was assayed by
RIA in the perfusates collected at 10 or 20 min intervals.
The K+ evoked release of Met-enkephalin was higher by 40 -90% from all tested
slices. Of considerable interest, naltrexone potentiated resting opioid secretion
from hypothalamus by 120%, pituitary by 180% and adrenals by 22%. In contrast,
in vivo dexamethasone injection decreased Met-enkephalin release from
hypothalamus by 65%, adrenals by 20% and unexpectedly increased from pituitary
by 290%.
The results confirm and extend previous reports on the role of glucocorticoids in
the regulation of enkephalin system in animals.
Supported by: Grant KBN 5 PO6D 004 15.

73.19
OPIOID RECEPTOR ACTIVITY IN THE DEVELOPING MOUSE BRAIN.
J.F, Nitsche'. J.E, Pintar'.Dept. of Neuroscience a Cell Biology, UMDNJRobert Wood Johnson Medical School; Piscataway, NJ 08854.
Previous work has outlined the developmental patterns of both opioid receptor
binding and opioid receptor mRNA expression. However, these approaches may
not accurately reflect the impact of the opioid receptors on the developing brain
because they do not assess the degree of receptor function during crucial
developmental stages. Recently, a new approach has been developed that can
detect receptor activated G-protein coupling and thus allow receptor function to
be measured. This current study utilizes this new technique to extend previous
receptor binding and mRNA expression studies and gain a better understanding of
the opioid receptor function during development.
In initial studies, whole brain homogenates from pi mice were examined, and
the results showed that both DAMGO and DPDPE induced significant p and S
receptor coupling, respectively. In addition, it was found that basal G-protein
coupling was considerably lower in the pi mouse as compared to the adult
mouse, suggesting that G-proteins may function quite differently in the
developing brain than in the adult brain. Histological analysis of pi mouse
brains has shown that the anatomical distribution of p receptor coupling induced
by DAMGO closely mimics its mRNA expression, with prominent activity
present in the caudate-putamen, hypothalamus, and habenula, with less abundant
activity in the olfactory bulb and medulla. Consistent with the low abundance of
8 receptor mRNA present at this stage, 8 receptor coupling induced by DPDPE
was found at low levels and only in the lateral caudate-putamen. Analysis of
prenatal stages has thus far demonstrated p and 8 receptor coupling in el7.5,
indicating that functional coupling of these receptors begins prior to birth.
Supported by T32-MH/AG-19957 and DA-09040.

PEPTIDE RECEPTOR STRUCTURE AND FUNCTION: ORPHAN RECEPTORS AND OTHERS
74.1

74.2

MOLECULAR CHARACTERIZATION OF THE MELANINCONCENTRATING HORMONE (MCH) RECEPTOR. Y.Saito1*, H.P.Nothacker1, Z.Wang1, S.H.S.Lin1, F.Leslie1,2, and O.Civelli1,3.
’Dept. Pharmacology, 2Dept.Anatomy
and Neurobiology, 3Dept.

IDENTIFICATION OF ENDOGENOUS PEPTIDE LIGANDS
FOR ORPHAN G PROTEIN-COUPLED RECEPTORS FROM
TISSUE EXTRACTS
Hans-Peter Nothacker*. Zhiwei Wang. AnneMarie McNeill,
Yumiko Saito, Steven Lin, Sue P, Duckies & Olivier Civelli.
Dept. of Pharmacology, College of Medicine, University of California,
Irvine CA 92697-4625

Developmental and Cell Biology, Univ.Califomia, Irvine, CA92697
Orphan G protein-coupled receptor (GPCRs) are cloned proteins that
exhibit structural characteristics common to the GPCRs but that bind
undescribed ligands. Orphan GPCRs have been used as targets to identify
novel transmitter molecules. We describe here the isolation from brain
extract and the characterization of the natural ligand of a particular orphan
GPCR over a seven-step HPLC-purification procedure. We show that the
natural ligand of this receptor is the neuropeptide melanin-concentrating
hormone (MCH). MCH is a cyclic, 19-amino-acid neuropeptide which
regulate a broad array of functions in the mammalian brain. We show that
nanomolar concentrations of MCH elicit a robust activation of the receptor
via Gai and/or Gaq protein-related pathways and that MCH-related

peptides have no affinity for this receptor. In situ hybridization shows
that the MCH receptor is expressed in many areas recipient of the MCH
neuronal projections. Our finding will help further our understanding of the
mechanisms that are regulated by the MCH system, in particular food
consumption.
Supported by a grant from F. Hoffman-La Roche and by the Eric and Lila
Nelson endowed chair in neuropharmacology.
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Homology-based cloning approaches and genome sequencing efforts have
revealed the existence of a large number of human genes encoding
“orphan” G protein-coupled receptors (GPCR), receptors that bind
unidentified natural ligands. Elucidation of the biological significance of
these orphan receptors will lead to the discovery of novel brain functions.
Genomic approaches provide only ideas about the possible involvement of
an orphan receptor in disorders. Screening of libraries of synthetic
compounds mostly identifies agonists with moderate affinity for orphan
receptors. In contrast, biochemical analyses which lead to the identification and purification of the natural ligand of an orphan receptor
provides the right tool to study the biological significance of that receptor.
Here we present the identification of the endogenous ligand of a hitherto
orphan GPCR. We define the pharmacological profile and the tissue
ditribution of this new ligand-receptor system. We conclude in suggesting
an important role of our orphan receptor in modulating cardiovascular
functions.
This work was supported by F.Hoffmann-La Roche and by the Eric and
Lila Nelson endowed chair in neuropharmacology.
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CLONING AND FUNCTIONAL CHARACTERIZATION OF A NOVEL
NEUROPEPTIDE
F-LIKE
RECEPTOR
FROM
DROSOPHILA

Evans2, and L.M, Hall3*. 'Dept. of Anatomy and Neurobiology, Washington Univ.
School of Medicine, St. Louis, MO 63110; 2The Babraham Institute Laboratory of
Molecular Signaling, Dept. of Zoology, Univ. of Cambridge, CB2 3EJ, U.K.;
’Dept. of Biochemical Pharmacology, SUNY at Buffalo, NY 14260-1200.
Neuropeptide F (NPF)-reIated peptides have been isolated from several invertebrate
species. All display structural similarities with the members of the vertebrate
Neuropeptide Y (NPY) superfamily of peptides (Maule et al., 1995, Hydrobiologia
305:297-303). We report the cloning and functional characterization of a novel Gprotein coupled receptor (GPCR60) from Drosophila melanogaster that is activated
preferentially by insect NPF-like peptides. Using low stringency PCR with primers
from regions conserved in all biogenic amine receptors, we amplified a 0.60kb
fragment from Drosophila genomic DNA which was used to isolate a clone from an
adult head cDNA library with an open reading frame of 600 amino acids (predicted
molecular weight, 66.5kDa). The protein has seven transmembrane domains as
revealed by hydropathy plot and shows other features of GPCRs. GPCR60 shows
highest sequence similarity to vertebrate NPY-like receptors. Northern blot analysis
ofpoly(A)+RNA indicates that GPCR60 is expressed as a single 6.5kb transcript in
both heads and appendages, consistent with a functional role in the nervous system.
When coexpressed in Xenopus oocytes with the promiscuous G-protein Ga-16,
GPCR60 activates Phospholipase C leading to the generation of transient inward
currents. The receptor is activated best by ARGPQLRLRFamide, a short insect
NPF-like peptide. Other NPY- and NPF-like peptides produced much smaller effects.
Funded by NIH grants NL39369 & NS16204 (LMH), by the BBSRC through the
Babraham Institute (PDE), by BBSRC ROPA awards (VR, KK, HMC), by the
Newton Trust (VR), & by NATO Grant 900709 (PDE, LMH).

WIDE DISTRIBUTION OF THE ORPHAN G-PROTEIN COUPLED
RECEPTORS GPCR/CNS1 AND GPCR/CNS2 IN GLIA. E.R. Spindel*, G.B.
Gu, R.B. Simerlv and N, Lena. Division of Neuroscience, Oregon Regional
Primate Research Center; Beaverton, OR 97006.
GPCR/CNS1 and GPCR/CNS2 are two orphan G-protein coupled receptors
related to the bombesin and endothelin receptors. While these receptors are
structurally related to the bombesin and endothelin receptors, they do not react
to any of the known bombesin or endothelin-like peptides. Previous studies in
our laboratory by Northern analysis and in situ hybridization of rat brain
demonstrated unusually strong and broad distribution of both receptors
throughout the central nervous system. GPCR/CNS1 appeared to be
expressed primarily in glial ceils of fiber tracts, while GPCR/CNS2 was
expressed primarily in gray matter. In the present study, the regional and
cellular distribution of the GPCR/CNS1 and GPCR/CNS2 receptors in the rat
nervous system were investigated using combined immunocytochemistry and
in situ hybridization, /nsitu hybridization was performed with 35S-labeled cRNA
probes to rat GPCR/CNS1 and 2; antibodies to NeuN were used to label
neurons and to GFAP to label astrocytes. These studies confirmed that
GPCR/CNS1 was primarily localized in glia, but surprisingly demonstrated that
GPCR/CNS2 also appeared to be expressed by glial cells as identified by
NeuN staining. For example, only approximately 5% of GPCR/CNS2 mRNA
signals co-localized with NeuN staining in the motor cortex. Thus both
GPCR/CNS1 and GPCR/CNS2 appear to be preferentially expressed in glial
cells, but in different cell populations. Studies to further characterize the glial
subtypes that express GPCR/CNS1 and 2 are currently in progress. The
preferential expression of GPCR/CNS1 and 2 in glial cells and their high level
of expression suggest an important role of these receptors in glial cell related
functions. This work was supported by NIH grants NS35580 and RR00163

melanogaster

. G, Feng1, V, Rsals2, KJKsroedy2, H.M. £hatwin\.KII
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MOLECULAR CLONING OF THE MOUSE GPCR/CNS2 GENE
ENCODING AN ORPHAN G-PROTEIN COUPLED RECEPTOR HIGHLY
EXPRESSED IN THE CENTRAL NERVOUS SYSTEM. N. Leng* Y.B. Jia
and E.R. Spindel. Division of Neuroscience, Oregon Regional Primate Research
Center, Beaverton, OR 97006.
GPCR/CNS2 is an orphan G protein coupled receptor related to the endothelin
and bombesin receptors and highly expressed in the central nervous system. We
report here the cloning of the mouse ortholog of the GPCR/CNS2 gene. The
protein-coding region of the mouse GPCR/CNS2 gene is divided into two exons
and spans approximately 16 kb. The genomic organization of the GPCR/CNS2
gene shows a single intron interrupting the receptor-coding sequence within the
presumed third transmembrane domain. The mouse GPCR/CNS2 gene contains
an open reading frame coding for a putative G protein-coupled receptor that
shares high homology with human GPCR/CNS2 (91%) and rat GPCR/CNS2
(96.5%). Northern blot analysis of mouse tissues revealed a 2.4-kb mRNA
transcript. The promoter sequence of GPCR/CNS2 mouse gene has putative
binding elements for multiple transcription factors, including SRY (sex
determination factor), AML-la (acute myeloid leukemia-linked transcription
factor). A comparison of the genomic structure with other related receptor genes
indicates that the exon/intron organization is well-conserved among the
GPCR/CNS1 and GPCR/CNS2 genes, but differs from the endothelin and
bombesin receptor families. This further supports the notion that GPCR/CNS1
and GPCR/CNS2 form a new GPCR family. The isolation of mouse
GPCR/CNS2 gene should facilitate studies on mechanisms regulating its
expression and GPCR/CNS2 knock-out mice. This work was supported by NIH
grants NS35580 and RR00163

CHARACTERIZATION OF A NOVEL ORPHAN G PROTEIN-COUPLED
RECEPTOR M21: SCREENING OF ENDOGENOUS LIGANDS AND
MODULATORS. T. Kubo*, M, Takeda, T. Kimura and H, Urano.
National Institute of Bioscience and Human-Technology, AIST, MITI;
Tsukuba 305-8566, Japan
Cell signaling mediated by G protein-coupled receptors (GPCRs) is one of
the essential processes for living cells and also for higher order neural
functions such as behavior, emotion, learning and memory. There are still
many GPCRs and also endogenous ligands for orphan receptors to be
uncovered to further understanding of receptor-mediated neural functions
and diseases. We have cloned novel GPCR cDNAs from mouse brain
cDNA libraries. One of the GPCRs named M21 is novel and shows the
higher sequence similarity to the tachykinin receptors (ca. 36 %) as well as
opioid receptor family (ca. 34 %). Northern blot analysis showed that the
transcript was low in tissues so far we examined, but detectable in the brain,
kidney and thymus. To find the endogenous ligand for the M21, we
prepared M21-transfected CHO cell lines and monitored the receptormediated intracellular [Ca2+J changes in the CHO cells using Fra-2. To the
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DISCOVERY AND PHARMACOLOGICAL CHARACTERIZATION OF A
NOVEL THYROTROPIN-RELEASING HORMONE RECEPTOR. H, Jin1*, T,
Nguyen3, D.K. Lee1, W. Huang4, M.C. Gershengom4, R, Cheng3, Y, Liu1, S.R.
George1,2,3 and B.F. O’Dowd1,2’3’. Departments of ‘Pharmacology and 2Medicine,
University of Toronto, Toronto, Ont. M5S 1A8; 3Centre for Addiction and Mental
Health, Toronto, Ont. M5S 2S1; 4Div.of Molecular Medicine, Dept. of Medicine,
Cornell University, New York, NY 10021.
Thyrotropin-releasing hormone (TRH) is a tripeptide present in the CNS and
periphery which functions as a hormone, a paracrine regulatory factor and a
neurotransmitter. The first TRH G protein-coupled receptor, TRH-R1, has very
limited distribution and ftinction. We have discovered a second TRH receptorencoding cDNA, TRH-R2, which was isolated during a PCR search of rat brain
cDNA, and which revealed a protein which shared a sequence identity of 68% in the
transmembrane domains with TRH-R1. Tissue distribution of TRH-R2 mRNA was
obtained by northern blot and in situ hybridization analyses of various rat brain
tissues. TRH-R2 transcripts were found to be discretely expressed in various rat brain
areas including cortex, thalamus, hypothalamus, midbrain and pituitary. We analysed
the binding of 9 TRH analogs with substitutions at each of the 3 positions of TRH
(pGlu-His-ProNH2). We found no significant difference in binding of any of these
analogs by TRH-R2 compared to TRH-R1. In contrast, regulation of TRH-R2 after
TRH binding was different from that of TRH-R1. In COS-1 cells, TRH-R2 exhibited
a more rapid rate of TRH-induced internalization and a greater extent of
downregulation 24 hours after TRH addition than did TRH-R1. (Funded by the
Medical Research Council of Canada and the National Institute on Drug Abuse)

DISCOVERY OF NOVEL G PROTEIN-COUPLED RECEPTORS.
B. F.
O’Dowd1,2'*, T. Nguyen2 D. K. Lee2, R. Cheng‘,Y, Liu2, A. Marchese2, K. Lynch4
and S. R. George1,2,3. 'The Centre for Addiction and Mental Health, Depts of
2Pharmacology and 3Medicine, University of Toronto, Toronto, Canada M5S 1A8.
4Univ. of Virginia Health Sciences, VA.
The search for novel GPCRs identified a cohort (~80) of receptor systems which
had eluded pharmacological detection. Thus far we have isolated DNA encoding
receptors that have homologies to opioid, somatostatin, cannabinoid, gaianin,
thyrotropin releasing hormone and catecholaminergic receptors. We now report that
a degenerate oligonucleotide PCR search of rat brain cDNA, followed by a library
screening retrieved a cDNA (GPR54) with identities to gaianin receptors. Analysis
revealed that GPR54 was expressed in many brain regions, kidney and intestine.
Library screening with EST clone (248165) retrieved a gene GPR55, with identity to
the P2Y2 purinoceptor. Analysis revealed expression in caudate and putamen. In an
attempt to clone patented GPCR gene (HNHCI32; GPR57), we isolated a fragment
encoding yGPR57 with a 99.6% identity to GPR57. Based on identities, vpGPR57,
GPR57 and GPR58 (patent gene, phBL5), comprise a subfamily along with the
previously reported PNR and a pseudogene 5HT-4 receptor. Mapping studies of this
subfamily revealed a genetic cluster localized to chromosome 6q22-24. Human
GPR59, obtained by library screening with a partial patented rabbit sequence, was
most related to the 5-HT6 receptor. Using GPR59 and APJ as in silico probes we
searched Genbank to obtain gene GPR60 and cDNA GPR61, with homology to the
5-HT6 and angiotensin receptors respectively. The discovery of all the GPCR genes
in the genome and the identification of the unsolved receptor-transmitter systems
represents one of the most important tasks in modem pharmacology. (Funded by the
Medical Research Council of Canada and Merck-Frosst Pharmaceuticals Inc.)
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cells we applied several different preparations of brain extract and observed
the [Ca2+]j increasing-potentials in an acetonitrile/TFA soluble fraction rather
in a non-peptide fractions. Thus we constructed peptide libraries from
mouse and porcine brain and screened. Several candidates for the M21
endogenous ligands or modulators of the receptor activity are identified and
processed to characterization.
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CHARACTERIZATION OF FRACTALKINE AND ITS RECEPTOR
USING GFP FUSION PROTEIN
M. Cui, Y.-L. Hong. L.-H. Liang, H. Liu, S. Hunt and F.-Z, Chung*. Dept.
of Molecular Biology, Parke-Davis Pharmaceutical Research, Division of
Warner-Lambert Company, Ann Arbor, MI 48105
Fractalkine is a novel chemokine with a CX3C motif and exists as a
membrane-anchored form as well as a shed form. It is highly expressed in
brain and upregulated by inflammatory process. A G-protein-coupled seventransmembrane receptor has been identified to serve as fractalkine receptor
(CX3CR1). We present here that recombinant human CX3CR1 expressed in
Chinese hamster ovary (CHO) cells bound specifically to fractalkine with
high affinity (IC50=0.44 nM). Fractalkine also elevated intracellular calcium
level and activated transcription activator Elkl in CX3CR1 transfectant. Our
study with primary neuronal culture showed the mRNA expression of both
full-length CX3C (FLCX3C) and CX3CR1 in cortical neurons and
hippocampal neurons. In addition, fractalkine activated extracellular
response kinases (ERK)-1/2 in these neurons. In order to study their
localization and trafficking, chimeric proteins consisting of either FLCX3C
or CX3CR1 and green fluorescent protein (GFP) were constructed. Confocal
laser scanning microscope showed that CX3CR 1-GFP and FLCX3C-GFP
were expressed at both cell membrane and cytoplasm. CX3CR 1-GFP bound
to fractalkine with similar activity as CX3CR1. When stimulated with
fractalkine, CX3CR 1-GFP also mediated Elkl activation, but to a less extend
than CX3CR1. These GFP fusion proteins can serve as important tools in
understanding the interaction between fractalkine and its receptor in normal
and pathological states of central nerve system.

Somatostatin receptor subtypes 2 (sst2) and 5 (sst5) inhibit CRH-stimulated
ACTH secretion from AtT-20 cells. A.D. Blake* and J.M. Schaeffer.
Merck Research Laboratories, PO Box 2000, Rahway, NJ 07065
Somatostatin (SST) regulates pituitary adrenocorticotropin hormone
(ACTH) secretion by interacting with a family of homologous, G-protein
coupled, membrane receptors. Which of the five SST receptor subtypes
(sst 1 -sst5) controls ACTH release is unknown. Using novel, subtype
selective SST analogs, we have identified the SST receptor subtypes
involved in regulating ACTH release from AtT-20 cells, a cell line model of
pituitary corticotrophs. Radioligand binding studies with l25I-“Tyr-SST-14
showed that SST-14 and SST-28 recognized specific, high affinity and
saturable membrane binding sites. Nonpeptidyl agonists with selectivity for
the sst2 (L-779,976) or sst5 (L-817,818) receptor subtypes potently
displaced 125Tyr”-SST-14 from AtT-20 cell membranes, while agonists
selective for the sstl(L-779,591), sst3 (L-796,778) or sst4 (L-803,087)
subtypes were inactive. Tyr1‘-SST-14, L-779,976 (sst2) or L-817,818 (sst5)
inhibited forskolin and CRH-induced increases in intracellular cAMP.
Furthermore, the sst2 and sst5 agonists potently inhibited CRH-induced
ACTH release, demonstrating that sst2 and sst5 receptors regulate the
ACTH secretory pathway. These results provide the first direct evidence
that sst2 and sst5 receptor subtypes, but not sstl, sst3 or sst4, inhibit cAMP
accumulation and regulate ACTH secretion in mouse AtT-20 cells.

74.11

74.12

NEW TOOLS TO INVESTIGATE NEUROPEPTIDE Y RECEPTORS IN THE
CENTRAL AND PERIPHERAL NERVOUS SYSTEMS: BIBO3304 (YO, BIIE246
(Y2) AND [12iI]GR231118 (Yi /Y4). Y, Dumont1*, A, Cadieux2, H, Poods3 and R.
Ouirion 1 Douglas Hosp. Res. Ctr., Dept. Psychiatry, McGill Univ. Montreal, QC, Canada,

INHIBITION OF THE SELECTIVE BINDING TO Y,-, Y2- AND YS-LIKE
NEUROPEPTIDE Y (NPY) RECEPTORS IN RODENT BRAIN AND
KIDNEY BY BASIC POLYAMINOACIDS M. S. Parker *27, S. L. Parker 17
and W. R. Crowley 17 Dept. of Pharmacology, Univ. of Tennessee College of
Medicine, Memphis, TN 38163 17, and Dept. of Microbiology and Molecular Cell
Sciences, Univ. of Memphis, Memphis, TN 38152 27
Basic poly-L-amino acids poly-L-arginine (p-Arg), poly-L-lysine (p-Lys) and
poly-L-omithine (p-Om) (Mr 8-12 kDa for all) inhibited the binding of subtype selective ligands [125I](Leu31,Pro34)human peptide YY (LP-PYY), [125I] human
peptide YY (3-36) (P336) and of [125I] human or rat pancreatic polypeptide (hPP or
rPP), to Yr, Y2- and Y5-like neuropeptide Y (NPY) receptors in particulates from
rat or rabbit parietal cortex or hypothalamus, and from rabbit kidney. There was no
sensitivity to the acidic-sidechain amino acid polymer poly-L-aspartate, or to the
aliphatic/hydrophobic sidechain polymer poly-L-leucine (both about 10 kDa). A
component of Y2-like binding of P336 was quite insensitive to basic
polyaminoacids (especially p-Orn), and could be identified as the aggregated highaffinity receptor also resistant to guanine nucleotides and to solubilization by nondenaturing detergents. As expected, p-Arg was consistently the most potent
inhibitor of die binding to all three subtypes (ic50 values in the range of 100 - 400
nM), and p-Om the weakest (icso range 1.5 - 2.5 pM). Differences in inhibitory
potency across subtype-selective ligands for the same basic polyaminoacid were
rather small, attesting to participation of a similar mosaic of receptor acidic
residues in the liganding of the three subtypes.

H4H 1R3. 2Dept. Pharmacology, Univ. Sherbrooke, Sherbrooke, QC, Canada, J1H 5N4.
Preclinical Res. Dept., Boehringer-Ingelhein, 88397 Biberach, Germany.

Most recently, the development of neuropeptide Y (NPY) receptor antagonists such
as BIBO3304 (Yj antagonist; Wieland et al., Br. J. Pharmacol. 125:5498, 1998),
BIIE246,(Y2 antagonist, Doods et al., 5th NPY meeting, April 1999) and GR231118
(Yi antagonist/Y4 agonist; Parker et al., Eur. J. Pharmacol. 249:97, 1998) has been
reported. We have evaluated here their potential usefulness in tissues containing
heterogeneous population of NPY receptors such as the rat brain and various
peripheral tissues. BIBO3304 and BIIE246 were able to inhibit NPY responses in the
rabbit saphenous vein (Yi bioassay; pA2 9.03) and rat vas deferens (Y2 bioassay; pA2
8.6), respectively. BIBO3304 competed (IC50 0.3 nM) for Yi site labeled with
[125l][Leu31 ProjPYY while being inactive against Y2/[12iI]PYY3_36 or Y5/
[Leu ,Pro34]PYY/BIBP3226-insensitive sites. In contrast, BIIE 246 was a potent
competitor (IC50 10 nM) of specific [125I]PYY3.36 binding without any significant
affinities for either Yb Y4 or Y3 receptors. [125I]GR231118 (also known as 1229U921
or GW1229) demonstrated Kd values of 0.09 and 0.2 nM for the cloned rat Yi and
Y4 receptors, respectively while no specific signals could be detected with this
radioligand in HEK293 cells transfected with the rat Y2 and Y5 receptor subtypes.
Autoradiographic studies extended these findings with specific [l55I]GR231118
binding sites being competed by the Y, antagonist BIBO3304 while the Y2 blocker
was inactive against [t25I][Leu31,Pro34]PYY or [125I]GR231118 but very potent
against [125I]PYY3 .36 labeling. Interestingly, in few regions such as the area postrema
and the CAI and CA3 sub-fields of the hippocampus, specific [125I]GR231118
binding was resistent to BIBO3304 suggesting that this residual labeling could
represent the Y4 receptor. Taken together, our data demonstrate that BIBO3304 and
BIIE246 are among the most potent and specific non-peptide Yt and Y2 receptor
antagonists developed thus far. Furthermore, [125I]GR231118 appears to be a better
radioligand than [r25l][Leu31,Pro34]PYY to investigate the Yx receptor subtype on the
basis of its very high affinity. Supported by the MRC of Canada and BoehringerIngelhein.

[Supported by NIH 13703].
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PRESYNAPTIC MODULATION OF GLUTAMATE RELEASE BY NPY Y2
RECEPTORS IN THE RAT HIPPOCAMPUS. A.P, Silva1. J.Q, Malva12. A.P.
Carvalho1 and C.M. Carvalho1*. ’Center for Neuroscience of Coimbra, Dept. of
Zoology and Faculty of Medicine and ^Laboratory of Biochemistry, Faculty of
Medicine, University of Coimbra, 3004-517 Coimbra, Portugal.
We investigated the effect of neuropeptide Y13-36 (NPY 13-36), a selective agonist
of the Y2 receptor, on the Ca2+ influx and on calcium-dependent and -independent
glutamate release. NPY13-36 (300 nM) inhibited the [Ca2+]j increase in hippocampal
synaptosomes in response to depolarization with 15 mM KCI by about 20%.
Moreover, this specific C-terminal fragment of neuropeptide Y (NPY), at the same
concentration, inhibited the Ca2+-dependent and -independent release of glutamate in rat
hippocampal synaptosomes. Ihe Ca2+-dependent release of glutamate induced by 15
mM KCI depolarization was inhibited , in the presence of 300 nM NPY 13-36, by 4050% in three independent experiments. Also, in the same conditions, the Ca2+independent release (200 nM free Ca2+ concentration) was inhibited by about 20%. We
also investigated the effect of NPY 13-36 (300 nM) on Ca2+ influx stimulated by
kainate (KA, 100 pM) or KCI (50 mM), in cultured rat hippocampal neurons, using
Fura-2 single cell imaging. However, this Y2 receptor agonist did not significantly
modulate the [Ca2+], in neuronal cell bodies. These results are in agreement with the
idea that NPY Y2 receptors are presynaptic, which is corroborated by the observation
that NPY13-36 acting on presynaptic Y2 receptors inhibited the increase in [Ca2+] and
glutamate release, in rat hippocampal synaptosomes. Since the expression of Y2
receptors is described to be upregulated following kainate induced epilepsy, the
negative modulation of glutamate release by NPY 13-36 may contribute to decrease
excitability on the hippocampus in epileptogenic conditions. (Supported by Funda^ao
para a Ciencia e Tecnologia, Portugal; PRAXIS XXI/BD/18261/98)

Functional Studies of Bradykinin Receptors in Chinese Hamster Ovary
Cells Stably Expressing the Human B2 Bradykinin Receptor. S.-P.
ZHANG1*, H.-Y. WANG1, T. W. LOVENBERG2 and E. E, CODD1.
Drug Discovery Research, The R.W. Johnson Pharmaceutical Research
Institute, ‘Spring House, Pennsylvania and 2La Jolla, California.
Bradykinin Bx and B2 receptors, which belong to the G-protein coupled
receptor family, are involved in inflammation and pain. Chinese hamster ovary
(CHO) cells were stably transfected with the human B2 bradykinin receptor
(CHO-B2) to facilitate functional studies of this receptors. The selective B2
antagonist [3H]NPC17731 but not the selective Bx antagonist [3,4-Prolyl-3,43H(N)]-[des-Arg10,Leu’]kallidm ([3H]DALKD) bound to CHO-B2 cell
membranes with a Kj of 0.77 nM and Bmax of 1087 fmol/mg protein.
[3H]NPC17731 binding was inhibited by bradykinin ligands in the order:
NPC17731 > bradykinin > kallidin » DALKD > [des-Arg^kallidin (DAKD). A
scintillation proximity assay (SPA) was used to study [35S]GTPyS binding to
CHO-B2 cell membranes. The B2 agonist bradykinin and Bx/B2 agonist kallidin
stimulated [35S]GTPyS binding, whereas the Bx agonist DAKD did not stimulate
[3sS]GTPyS binding. Co-immunoprecipitation study indicated that B2
bradykinin receptors coupled exclusively to Gaq/11. Stimulation with
bradykinin resulted in a 10-fold increase in B2 receptors co-immunoprecipitated
with Gaq/11. Intracellular calcium signals were measured with the calcium
indicator Fluo-3 using a Fluorometric Imaging Plate Reader system.
Bradykinin and kallidin, but not DAKD, induced intracellular calcium release
in CHO-B2 cells. NPC17731 but not DALKD blocked the calcium release. These
results demonstrate that CHO-B2 cells are a useful tool to study B2 receptor
binding and function.
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SR48692 IS A NEUROTENSIN RECEPTOR ANTAGONIST FOR
SMALL CELL LUNG CANCER CELLS.
T.W. Moody1*. J,
QuldsL-g,, Moody1 andXP-. Paviff2-__ 2Medicine Br.,
NCI, Rockville, MD 20892 and 2Dept. Pharmacology,
Univ. Arizona Col. Med. Tucson, AZ 85724
Neurotensin (NT) is an autocrine growth factor
for some small cell lung cancer (SCLC) cells. NT
binds with high affinity, elevates cytosolic Ca2+
and stimulates the proliferation of NCI-H209
cells.
Here the effects of the nonpeptide,
antagonist SR48692 were investigated using SCLC
cells.
12SI-NT bound with high affinity (Kd = 4
nM) to a single class of sites (Bmax = 2000/cell)
using NCI-H209 cells. NT(8-13) and SR48692 but
not NT(1-8) or levocabastine inhibited specific
125I-NT binding.
One nM NT or NT (8-13) elevated
cytosolic Ca2* from 140 to 270 nM within 1 min
after addition.
The increase in cytosolic Ca2*
caused by NT or NT (8-13) was antagonized by
SR48692; levocabastine had no effect on cytosolic
Ca2*. NT or NT(8-13) increased c-fos mRNA 45 min
after addition.
The increase in c-fos mRNA
caused by NT was antagonized by SR48692.
SR48692
inhibited the clonal growth of NCI-H209 cells.
Further SR48692 inhibited the proliferation of
NCI-H209 xenografts in nude mice.
These results
suggest that SR48692 may antagonize NTRl in SCLC
cells.

RECEPTOR BINDING ASSAY OF CCKb RECEPTOR AFTER ADMINISTRATION

OF CCKb RECEPTOR ANTISENSE INTO LATERAL VENTRICLE. T. Tsutsumi ,
T. Hikichi, A. Kiyota, S. Katsuragi, Y. Yamamoto, K. Isogawa, H. Nagayama
and J. Akiyoshi.^Department of Neuropsychiatry, Oita Medical University,
Oita, Japan.
In order to examine the role of CCK in the formation of anxiety, we
investigated whether CCKb receptor antisense suppressed conditioned
fear stress. First, CCKb receptor antisense, saline, sense or random sense

was constantly administered into lateral ventricle of rat by MINI-OSMOTIC

PUMP for 6 days. The rats were individually subjected to 30 min of
inescapable electric footshock in a chamber with a grid floor. Twenty-four
hours later, the rat was again placed in the chamber and observed for 5
min without shocks. We examined the effect of the CCKb receptor

antisense on freezing behavior induced by conditioned fear stress. Next,
receptor binding assay was done by using the rat brain after
administration of CCKb receptor antisense. We used radioligand [3H]
PD140376. Administration of antisense significantly only reduced
freezing behavior (one way ANOVA with Dunnett's test, df=3, p<0.01).

Antisense blocked conditioned fear stress. The results of receptor binding

assay will be reported on that day.
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PHARMACOLOGICAL PROPERTIES OF [125l]-M40 BINDING IN RAT BRAIN
SECTIONS: GTPyS-DEPENDENT MODULATION.
M.M. Durkin*, M.W.
Walker, C. Forrav and T.A. Branchek. Synaptic Pharmaceutical Corporation,
215 College Road, Paramus, NJ 07652.
The galanin-related peptide M40 (galanin 1-12-[Pro-Pro-Pro-Ala-Leu-AlaLeu-Ala-NH2]) has been reported to antagonize the effects of galanin in rat in
vivo models of feeding behavior and learning and memory tasks. However, in
in vitro expression systems transfected with cloned rat GAL1, GAL2 or GAL3
galanin receptors, M40 mimics the effects of galanin, behaving as a full
agonist. Together, these findings raise the possibility that M40 may act
differently in cloned versus native expression systems.
In an effort to identify receptor sites at which M40 is an antagonist, we
employed receptor autoradiography using [125l]-M40 (0.1 nM) as the
radioligand, with and without preincubation of rat brain sections with 100pM
GTPy S, a non-hydrolyzable form of GTP. The exchange of GTPyS/GDP at
the G-protein a-subunit has been shown to reduce the affinity of G-proteincoupled receptors for agonist ligands, without affecting their affinity for
antagonists. [ 5I]-Cyanopindolol (0.05nM), a p-AR antagonist, was used as a
control for antagonist binding.
In sections not exposed to GTPyS, labeling by [125l]-M40 was
indistinguishable from that of [ l]-galanin. Preincubation with GTPyS
completely disrupted the binding of [ l]-M40 in all areas of the rat
brain. In contrast, the binding of [ Ij-cyanopindolol was unaffected by
pretreatment by GTPyS.
The finding that GTPyS disrupted [ 25l]-M40 binding in all brain regions is
consistent with an agonist profile for this peptide, in accord with results found
using the cloned receptors. These results fail to support the existence of sites
at which M40 is an antagonist. The possibilities cannot be excluded, however,
that such a site exists but is expressed at levels below the limit of detection in
this assay or exhibits a low (e.g., >30nM) affinity for M40. However, these
data also indicate that the agonist activity of M40 at the cloned galanin
receptors is unlikely to be an artifact of heterologous expression system.
This work was supported by Synaptic Pharmaceutical Corporation.

DYNORPHIN AND OFQ: MOLECULAR DETERMINANTS OF
SELECTIVITY FOR KAPPA AND ORPHANIN RECEPTORS.
C.E. Owens*, H. Akil. Mental Health Research Institute, Department
of Psychiatry, University of Michigan, Ann Arbor, MI 48109.
The opioid and orphanin FQ (OFQ) systems are structurally related
yet pharmacologically distinct systems. By mutating residues in the
OFQ receptor to the corresponding residues found in opioid receptors,
we endowed the OFQ receptor with the ability to recognize prodynorphin products (in effect, generating a “dynorphin pocket” in the
OFQ receptor). The aim of these studies is to probe structural features
of the kappa receptor that prevent binding of OFQ while retaining high
affinity binding for pro-dynorphin peptides. Towards this end, we have
generated mutants (including K227A, IHI290-292VQV, I316T and
various permutations) that are complementary to the OFQ mutants.
The individual mutants have decreased affinity for dynorphin
peptides (15- to 50-fold) but no change in affinity for alkaloids. No
gain in affinity for OFQ was observed with these mutants. Functional
studies suggest that alkaloid agonists activate the individual mutants
with slightly decreased potency (~3-fold). Interestingly, alkaloids
produce partial activation of K-A and IHI-VQV (-25% less than wild
type) but greater activation of I-T (-60% greater than wild type). The
pharmacology of combination mutants is being evaluated.
These results support the idea that these sites form a “dynorphin
pocket” both in the kappa and mutant OFQ receptors. Other sites may
define an “OFQ pocket” that is not present in the kappa receptor,
suggesting that separate mechanisms evolved to govern the selectivity
of each of the peptides toward their given receptors.

74.19
COMPARISON OF THE NK3 RECEPTORS DISTRIBUTION IN GERBIL,
GUINEA-PIG AND RAT BRAIN USING [3H]SENKTIDE AND [3H]SR142801.
X. Langlois*, C. Wintmolders, P, Te Riele and J.E. Leysen. Department of
Biochemical Pharmacology, Janssen Research Foundation, 2340 Beerse, Belgium.
The NK3 receptor is predominantly expressed in the central nervous
system. Various non-peptide NK3 receptor antagonists have been
synthesized and were shown to inhibit behavioral effects induced by
senktide, the most selective NK3 receptor agonist described. These
antagonists show marked differences in their affinities for NK3 receptors
from different species. The selective NK3 antagonist SR142801 has a higher
affinity for the human, gerbil and guinea-pig than for the rat NK3 receptors.
Due to this species difference, numerous in vivo tests have been developed
in guinea-pig and gerbil but little is known about the localization of NK3
receptors in the brain of these species. To study this, [3H]senktide and
[H]SR 142801 were used in autoradiography experiments to visualize the
NK3 receptors in gerbil and guinea-pig brain and compared to the
distribution of [3H]senktide binding sites in the rat brain. The most striking
differences between species were seen in the striatum, the raphe nuclei, the
laterodorsal thalamic nuclei (LDN) and the paraventricular hypothalamic
nuclei (PVN). In the rat striatum, high level of NK3 receptors is expressed
whereas in the gerbil and guinea-pig striatum, no specific binding could be
detected. In the raphe nuclei, the NK3 receptor is highly expressed in gerbil
whereas it is only expressed at a low level in rat. No binding sites were
detected in the guinea-pig raphe nuclei. In the LDN, the NK3 receptor is
only visible in the gerbil whereas in the PVN, binding sites are seen only in
the rat. The differences of NK3 receptors distribution may imply that this
receptor mediates different functions in different species.

Society

185

for

Neuroscience

. Volume

25, 1999

Supported by NIDA Grant 5T32DA07286.

186

ACETYLCHOLINE RECEPTORS: NICOTINIC I

SUNDAY AM

75.1

75.2

MICE HETEROZYGOUS FOR THE a7 L250T NICOTINIC ACETYLCHOLINE
RECEPTOR MUTATION SHOW A PARTIAL GAIN OF FUNCTION FOR THIS
RECEPTOR.
R.S. Broide,1* A. Orr-Urtreger? M.R. Kasten,1 H. Dang? J.A. Dani,1 A.L. Beaudet2
and J.W. Patrick1. Departments of ‘Neuroscience and 2Molecular and Human
Genetics, Baylor College of Medicine, Houston, TX 77030 and ’Genetic Institute,
Tel-Aviv Sourasky Medical Center, Israel.
A threonine for leucine 247 substitution (L247T) in the channel domain of the
chick a7 nicotinic acetylcholine receptor (nAChR) has been shown to increase
agonist affinity and decrease the rate of desensitization, creating a “ gain of function”
model for this receptor. In the rodent, the a 7 L250T nAChR point mutation, which is
numbered according to the double cystine residues at positions 192/193, is equivalent
to the chick al L247T nAChR mutation. We have recently demonstrated that
neonatal mice homozygous (T/T) for the al L250T nAChR mutation have a marked
decline in al subunit protein levels in the brain, show extensive apoptosis throughout
their somatosensory cortex and die within 24 hours of birth. We now focus on the
heterozygous (+/T) al L250T neonatal mice and show that brains from these mice
exhibit a 25-30% decline in al nAChR protein levels compared to wild-type
littermates. Moreover, physiological evaluation of cultured hippocampal neurons
from +/T mice reveals an abnormal a7-like current that includes a slower
desensitizing component and greater sensitivity to low concentrations of nicotine.
However, +/T L250T mice are viable, anatomically normal and exhibit normal levels
of apoptosis in their brain, similar to wild-type littermates. These results suggest that
+/T L250T mice express a partial “gain of function” for the al nAChR, but are not
noticeably affected by this mutation. We are currently generating mice that will carry
only one copy of the al L250T mutant subunit by cross-breeding al nAChR
knockout mice with the al L250T mutant mice. Supported by NIDA grants 4R37DA04077 and 1F32-DA05947-01.

CHARACTERIZATION OF FUNCTIONAL nAChR IN INFERIOR
COLLICULUS AND INTERPEDUNCULAR NUCLEUS OF 02 NULL
MUTANT MICE. M.J. Marks*, S.R. Grady, M.R. Picciotto, J-P
Changeux, and A.C. Collins.
Institute for Behavioral Genetics,
University of Colorado, Boulder, CO 80309.
Nicotinic agonist stimulated efflux of “Rb from mouse brain
synaptosomes has been used to characterize functional nAChR.
The effect of 02 null mutation on this response was evaluated.
Samples prepared from defined brain regions were incubated with
“Rb, collected by filtration and perfused. “Rb efflux was monitored
continuously. ACh-stimulated “Rb efflux was reduced in 02 +/- mice
and almost completely eliminated 02 -/- in 11 of 13 brain areas
assayed. Significant residual activity was observed in inferior
colliculus (IC) and interpeduncular nucleus (IP) of 02 -/- mice. This
residual “Rb efflux was characterized pharmacologically. Epibatidine
was most potent of 12 agonists tested [ECso«0.06 gM (IP), 0.13 pM
(IC)], while carbachol was least potent [ECso»120 pM (IP), 650 pM
(IC)]. Although maximal efflux varied among the agonists, the range
was smaller than that observed for other nicotinic responses. Rank
order of potency for four commonly used agonists was: cytisine >
nicotine > ACh > DMPP. Each of these agonists elicited similar
apparent maximal efflux. The pharmacological properties and the
persistence of the response in 02 null mutants suggests a receptor
containing the 04 subunit mediates these responses.
Supported by DA03194, DA10156 and DA00197.

75.3

75.4

NICOTINIC ACETYLCHOLINE RECEPTOR MEDIATED
ACETYLCHOLINE RELEASE FROM MOUSE INTERPEDUNCULAR
NUCLEUS SYNAPTOSOMES. S. R. Grady1*, N.M, Meinerz1 M.R,
Picciotto2, J.-P. Changeux3, M.J. Marks1, and A.C. Collins*. 1lnst~for
Behav. Genetics, Univ. of Colorado, Boulder, CO 80309; 2Dept. of
Psychiatry, Yale Univ. Sch. of Medicine; ’Neurobiologie Moleculaire,
Institut Pasteur.
Release of acetylcholine from synaptosomes, prepared from
mouse interpeduncular nuclei, is calcium-dependent and stimulated
by nicotinic agonists. Dose response curves for nicotinic agonists
and inhibition curves for nicotinic antagonists show that this
neurotransmitter release is mediated by a substantially different form
of the receptor than that mediating striatal dopamine release or
thalamic “Rb* efflux. The most striking differences are that cytisine
is a full rather than partial agonist and DHSE is a poor antagonist.
The rank order of potency (ECso values in pM) for a 30s exposure of
agonists tested is (±)EPI (0.05) > CYT (3.5) > ACh (12.4) > TMA
(24.5) > CARB (56.6) > L-NIC (60.8) > D-NIC (249). The rank order of
potency (IC50 values in pM) for antagonists, measuring their ability to
block release in response to 5 pM CYT is MEC (2.0) > MLA (4.0) >
dTC (5.9) > HEX (16) > DHBE (53) > DEC (115). The dose response
curve for cytisine in the (J2 null mutant (-/- genotype) is identical to
that for B2 wildtype (+/+ genotype) indicating that this nAChR does
not contain the S2 subunit.
Supported by DA03194; DA10156; and DA00197.

EFFECT OF CHRONIC NICOTINE EXPOSURE ON NICOTINIC RECEPTOR
EXPRESSION IN PRE-WEANING PUPS AND MOTHERS. C.R. Breese', U.
Narayanan. Department of Pharmacal Sciences, Auburn University School of
Pharmacy, Auburn, AL 36849.
There are a number of studies that have examined the effects of chronic fetal
nicotine exposure on brain development and neurochemistry. While it is known
that nicotine can be passed to the newborn through the mother's milk, it is
unknown if this route of nicotine exposure can induce changes in nicotinic
receptor regulation in the postnatally nicotine-exposed brain. The present studies
were undertaken to examine the effect of chronic nicotine treatment on brain
nicotinic receptor regulation in the mothers and nursing pups. Post-partum,
nursing mothers were implanted with osmotic mini-pumps to deliver either saline
or nicotine (6mg/kg/day). Pups were cross-fostered from untreated mothers at
postnatal day 3 and were sacrificed at postnatal day 18. While there were no
differences in the weight of the pups when cross-fostered, there was a significant
reduction in the weight of the nicotine exposed pups compared to the saline
control pups (p<0.001). Brain tissue was homogenized and [H^-epibatidine was
used to examine nicotinic receptor binding levels in these animals. In the
mothers, there was a >75% increase nicotinic receptor binding in nicotine treated
mothers compared to saline controls (100.43 vs 56.8 fmol/mg protein; P<0.001).
After 15 days of exposure to nicotine through the mother's milk, there was also a
significant increase in nicotinic receptor levels in brain of the nicotine exposed
offspring compared to the saline control animals (17.38 vs. 63.98 fmol/mg
protein; P<0.02). The present results suggest that nicotine exposure through
mother's milk can induce changes in nicotinic receptor regulation, which could
possibly alter long-term nicotinic receptor regulation and brain development in
offspring exposed to nicotine by this route.
[Support: USPHS Grants AA11164 and a NARSAD young investigator award].

75.5

75.6

NICOTINE-STIMULATED RELEASE OF [YlJNOREPINEPHRINE
FROM RAT CORTEX, CEREBELLUM AND SPINAL CORD. K.T.
O’Leary. K.A, Gallardo, and F.M, Leslie*. Department of Pharmacology,
College of Medicine, University of California, Irvine, CA 92697.
Nicotinic acetylcholine receptors (nAChRs) are found at all levels of the
neuraxis; therefore it is not surprising that nicotine has been shown to
modulate such diverse central functions as cognition, behavior,
psychomotor
responses
and
analgesia.
Nicotine-stimulated
[3H]norepinephrine (NE) release has been shown in rat brain areas such as
the hippocampus and frontal cortex. However, more caudal areas of the
central nervous system have not been the subject of such release studies.
Based on the noradrenergic projections of the locus coeruleus (LC) and its
topographical organization, we chose to study the occipital cortex,
cerebellum, and spinal cord for their response to an acute nicotine stimulus.
Brain and spinal cord slices, cross-chopped to 250 gm in size were prepared
from adult Sprague-Dawley rats, pre-loaded with [3H1NE (15 nM), then
examined for the effect of nicotine (1-300 pM) on pH]NE release. Our
results indicate that nicotine induces a moderate level of [3H]NE release in
the occipital cortex, as well as a small release in the cerebellum and cervical
section of the spinal cord. This apparent influence of nicotine on [3H]NE
release in these additional areas may shed some light on both the
endogenous functions of nAChRs and noradrenergic LC projections in these
regions and on the effects of chronic nicotine exposure.
Supported by PHS grant DA 10612.

CHRONIC PRENATAL NICOTINE EXPOSURE INDUCES LONG-TERM
ALTERATIONS IN NICOTINE-STIMULATED [3H]NOREPINEPHRINE
RELEASE FROM RAT NEOCORTEX. K.A. Gallardo*, K.T. O’Leary and
F.M. Leslie. Department of Pharmacology, College of Medicine, University cf
California, Irvine, CA 92697.
Prenatal nicotine exposure results in profound central nervous system
disruption, which persists into adulthood. This early nicotine insult has been
shown to alter the development of central noradrenergic neurons; however, it is not
known whether this effect is direct or indirect. The evidence for early nicotinic
acetylcholine receptor (nAChR) expression in brain suggests that many cf
nicotine’s central effects are due to a direct action at this protein, and less
attributable to the fetal hypoxic episodes which accompany maternal smoking
during pregnancy. We have previously shown that nicotine stimulates [3H]NE
release from cultured fetal locus coeruleus (LC) neurons, and from developing and
adult cerebral cortex, a prominent terminal field of the LC. In the present study we
have examined the postnatal response to an acute challenge of nicotine in rats
exposed to nicotine during gestation. On the fourth day of gestation, timedpregnant dams were implanted subcutaneously with osmotic mimipumps delivering
nicotine (3/mg/kg/day) or saline. At birth, pups were cross-fostered to untreated,
nursing dams and allowed to develop normally until PND 4, 14 or 30.
Subsequently, brain slices, cross-chopped to 250 pm in size were prepared from the
nicotine-exposed or control rats, pre-loaded with [3H]NE, then examined for the
effect of an acute challenge of nicotine (0.1-300 pM) on [3H]NE release. Our data
indicate that gestational nicotine exposure results in long-term alterations in the
cortical response to an acute nicotine challenge. Prenatal nicotine exposure caused a
significant increase in nicotine-induced release of [3H]NE postnatally in rats, with a
trend toward gender-specific responses. These data indicate that nAChRs may play
a critical role in cortical development, and suggest a mechanism by which prenatal
nicotine exposure leads to persistent alterations in brain function throughout
development.
Supported by PHS grant DA10612.
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PERSISTENT ENHANCEMENT OF GLUTAMATERGIC SYNAPTIC
TRANSMISSION BY ACh AND "TOLERANCE" WITH EXPOSURE TO LOW
LEVEL NICOTINE. R. Girod*, J. Goldberg and L. Role. Dept. Anat. Cell.
Biol., Ctr. for Neurobiol. & Behav., Columbia University, 722 W. 168,h St.,
NY, NY 10032.
We have previously shown that activation of presynaptic nicotinic
acetylcholine receptors (nAChRs) by nicotine (Nic) facilitates glutamatergic
synaptic transmission at the limbic synapse between the medial habenulla
(MHN) to the interpeduncular nucleus (IPN) (McGehee et al.,
Science, 1995). We have now tested whether the endogenous ligand
acetylcholine (ACh) also modulates glutamatergic neurotransmission. To
approximate synaptic delivery of the transmitter, we applied short pulses
(100 ms) of high concentration ACh (200 pM) at 0.2 Hz, for a duration of 30
sec. Such application of ACh elicited 2-10 times increase in glutamatergic
transmission. In contrast with presynaptic facilitation elicited by Nic which
lasted only during the application of nicotine (30 sec-1 min), ACh-elicited
presynaptic facilitation was sustained, lasting for > 15 min up to 2 hrs.
Atropine (1pM) did not alter this action of ACh. Prolonged exposure of the
MHN-IPN synapses to Nic (1pM, 24-48 hrs) depressed both Nic and AChevoked synaptic facilitation for > 6hrs following removal of nicotine. Full
recovery was seen after 24 hrs “nicotine-free” incubation. These data
suggest that CNS cholinergic neurons could promote long-lasting changes
of synaptic strength at glutamatergic synapses via presynaptic nAChRs.
Prolonged exposure to Nic (as occurs in the brain of heavy smokers) may
cause a long-term inactivation of presynaptic nAChRs, thus disrupting
signaling by the cholinergic system. Supported by: DA05840 to RG and
DA09366-05 to LR.

DIFFERENTIAL REGULATION OF [3H]GABA RELEASE BY
NICOTINIC ACETYLCHOLINE RECEPTOR STIMULATION IN BRAIN
REWARD AREAS. M.L Davila-Garcia* and K.J. Kellar. Georgetown
University School of Medicine, Washington DC. 20007. USA.
It is now well accepted that most neuronal nicotinic acetylcholine
receptors (nAChRs) in brain are strategically located in presynaptic and
prejunctional sites where they modulate the release of other
neurotransmitters. In the brain, increase activity of one of these
neurotransmitters, dopamine, has been shown to activate the brain “reward
pathways”. Here we have examined the effect of nicotine stimulation of
nAChRs in the release of [3H]GABA in the ventral tegmental area (VTA),
nucleus accumbens (NAC) and frontal cortex (FCTX) using brain slices. We
found that nicotine-stimulated [3H]GABA release was highest in NAC
(-84% over control) and moderate in VTA (-42% over control) and FCTX
(-31% over control). The release of [3H]GABA was dose dependent and
blocked by pretreatment with 10 uM mecamylamine or 100 uM d-tubocurare
in all brain areas. A second nicotine stimulation, 14 min after the 1st nicotine
exposure, did not produce a response in any of these tissues. It appears that
the nAChRs were desensitized, rather than [3H]GABA being depleted, since
stimulation with high potassium (30mM) 10 min after the 2nd nicotine
exposure stimulated [3H]GABA release by >2 fold.
This work was supported by AHA9930049N to MDG and NIH grants
AG09973 and DA06486 to KJK.

75.9

75.10

EXPRESSION OF NEURONAL NICOTINIC ACETYLCHOLINE
RECEPTOR SUBUNIT mRNAS WITHIN RAT MIDBRAIN
DOPAMINERGIC NEURONS

SYSTEMIC NICOTINE STIMULATES DOPAMINE RELEASE IN THE
NUCLEUS ACCUMBENS (NAcc): RE-EVALUATION OF THE ROLE OF
GLUTAMATE IN THE VENTRAL TEGMENTAL AREA (VTA). S.G.
Matta*. Y, Fu, V, Brower and B.M, Sharp. Dept. Pharmacology, University of
Tennessee, Memphis, TN 38163.
Systemic nicotine stimulates dopamine (DA) release in the NAcc, and Nmethyl-D-aspartate (NMDA) receptors in the VTA are involved. However, it is
not known whether the activation of NMDA receptors is mediated by the tonic
action of glutamate (Glu), or by a phasic effect due to the release of Glu by
nicotine. To clarify this, in vivo microdialysis was conducted in rats implanted
with cannulae in both the NAcc and VTA. Glu release in the VTA and DA
secretion in the NAcc due to i.v. nicotine were measured. Nicotine (65, 90 or
135 pg/kg; delivered at 90 pg/kg/60s), dose-dependently stimulated NAcc DA
secretion (P<0.01). However, nicotine 65 pg/kg failed to stimulate Glu release
in the VTA, whereas higher doses (>90 pg/kg) of nicotine were effective
(P<0.01). Additional experiments were done to assess the effect of the NMDA
antagonist, 2-amino-5-phosphonopentanoic acid (AP-5), on nicotine-induced
DA release. Administering AP-5 ImM through the probe in the VTA abolished
NAcc DA release in response to 65 pg/kg nicotine (PcO.Ol). Therefore, at a low
dose of i.v. nicotine, DA release in the NAcc is dependent on the tonic action of
Glu in the VTA; low dose nicotine does not target the VTA glutamatergic
terminals. In addition, AP-5 reduced the secretion of DA by 90 pg/kg nicotine
(PcO.Ol). These results and those showing that Glu secretion was stimulated
only by higher doses of nicotine, indicate that the phasic action of VTA Glu
may be involved in DA release by high (>90 pg/kg) but not lower doses of
systemic nicotine. (Supported by DA-03977)

L. Azam*. D, Castaneda. Y, Chen and F.M. Leslie. Dept. of Pharmacology,
Univ. of CA, Irvine, Irvine, CA 92697.
Nicotine’s central actions include changes in locomotor activity and
reinforcement. These central effects are believed to be mediated by nicotine
modulation of nigrostriatal and mesolimbic dopaminergic (DAergic) activity.
Nicotine regulates dopamine release not only by stimulation of nicotinic
acetylcholine receptors (nAChRs) located on DAergic cell bodies within the
substantia nigra and ventral tegmental area (SN/VTA), but also by acting on
presynaptic nAChRs located within the striatum. The nAChR subtype(s)
modulating this release is still a matter of controversy. The purpose of this
study was to use double labeling in situ hybridization to identify nAChR subunit
mRNAs located within DAergic neurons of the SN/VTA, using a digoxygeninlabeled riboprobe for tyrosine hydroxylase as the DAergic marker and 35S-

labeled riboprobes for various nAChR subunits. The results show that, within
the SN, a4, a5, a6, (32 and (33 are expressed in almost all DAergic neurons,
whereas a2 and a3 are expressed in about 80% of these neurons.
Approximately 50% of DAergic neurons express a7 mRNA and less than 20%
express (34 mRNA. Within the VTA, there’s a similar pattern of expression of
nAChR subunit mRNAs except that (i) (34 is expressed in about half of DAergic
neurons and (ii) all of the a subunits are expressed in a lower percentage of
DAergic neurons than in the SN. These data reveal that there are similarities as
well as differences in nAChR subunit mRNA expression within the SN and
VTA, which may suggest possible differences in nAChR subtype(s) in the two
areas. We have undertaken functional studies to confirm this hypothesis.
Supported by grant DA 10612.

75.11

75.12

LOCAL ALPHA-BUNGAROTOXIN (a-BTX)-SENSITIVE NICOTINIC

SYSTEMIC
ADMINISTRATION
OF
METHYLLYCACONITINE
ANTAGONIZES THE STIMULATORY EFFECTS OF NICOTINE ON FOS
EXPRESSION IN MESOLIMBOCORTICAL DOPAMINERGIC PROJECTION
AREAS. B. Schilstrbm1', G G. Nomikos2, A. Malmerfelt1 and T.H. Svensson1.
'Dept. of Physiology and Pharmacology, Section of Neuropsychopharmacology,
Karolinska Institutet, S-171-77 Stockholm, Sweden, 2Neuroscience Research, Lilly
Corporate Center, Eli Lilly and Company, Indianapolis, IN.
Nicotine is known to activate neurons of the mesolimbocortical dopaminergic
system causing a marked enhancement of dopamine release and, in turn, Fos
expression in the corresponding projection areas. Our previous data indicate that this
sequence of events is, in all probability, initiated via activation of nicotinic receptors
of the a7 subtype localized in the ventral tegmental area (VTA). Thus, systemic
nicotine increases extracellular levels of glutamate in the VTA, an effect that can be
prevented by local administration ofa7 selective antagonist methyllycaconitine
(MLA) in the VTA. Accordingly, dopamine release in the nucleus accumbens can
be attenuated by local administration of MLA or AP-5, an NMDA receptor
antagonist, in the VTA. Also, local administration of AP-5 in the VTA blocks Fos
expression in the nucleus accumbens. Here, by using Fos immuno-histochemistry,
we examined whether blockade of a7 nicotinic receptors affects the stimulatory
action of acutely administered nicotine on Fos expression in various dopamine
target areas. Systemic nicotine (0.5mg/kg, s.c.) increased Fos expression in the
medial prefrontal cortex as well as in the shell and core parts of the nucleus
accumbens. Systemic administration of MLA in a dose (6.0 mg/kg, i.p.) that was
previously shown to give concentrations in brain within the specificity range for a7
receptors, blocked nicotine-induced Fos expression without affecting basal Fos
expression. These data indicate that MLA may serve as an effective tool for the
study of central nicotinic actions also after its peripheral administration and provide
further support to the notion that a7 receptors are involved in the stimulatory effects
of nicotine on mesolimbocortical dopaminergic function. Supported by the Swedish
Medical Research Council, grants 4747 and 11026, Karolinska Institutet and a
Pharmacia-Upjohn award, Kalamazoo.

RECEPTORS MODULATE NICOTINE-INDUCED DOPAMINE (DA)
.RELEASE IN THE NUCLEUS ACCUMBENS (NACC). Y, Fu.* S.G, Matta,
and B.M. Sharp. Dept. Pharmacology, University of Tennessee, Memphis, TN
38163.
Nicotinic receptors (NachRs) in the ventral tegmental area are involved
in nicotine-stimulated DA release in the NAcc. However, the role of NAchRs
within the NAcc is not well defined. In the present study, in vivo microdialysis
was used to evaluate this question. NAchR antagonists, methyllycaconitine
(MLA) or mecamylamine (Mec), were delivered through the NAcc dialysis
probe, followed by 90 qg/kg nicotine iv. MLA, at 1.8 mM, inhibited 42% of the
DA response (p<0.01); in contrast, Mec 1.8 mM was ineffective. These data
suggest that alpha 7 subunit-containing NAchRs may be involved. Additionally,
the alpha 7 antagonist, a-BTX (0.15 nmol/4ql/45 min), was infused into the
NAcc adjacent to the microdialysis probe, followed by 90 qg/kg nicotine iv.

Alpha-BTX blocked 48% of the DA response (p<0.05), further supporting a role
for alpha 7 subunit-containing NAchRs. We estimate that MLA or a-BTX may

achieve qM tissue concentrations in the NAcc, levels that are considerably
higher than the nM concentrations required in vitro. The higher concentrations
required to block DA release suggest that NAchRs in the NAcc that are involved
in the dopamine response to systemic nicotine may not be alpha 7 homonomers.
(Supported by DA-03977)
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NICOTINIC MODULATION OF GABAERGIC TRANSMISSION VIA
DOPAMINE IN RAT STRIATUM. Y. Otsu* and H. Nawa Dept. Molec.
Neurobiol., BRI, Niigata Univ.,Asahimachi 1, Niigata 951-8585 Japan
In the striatum, a large population of neurons use y-aminobutyric acid
(GABA) as a major neurotransmitter and form various types of synapses in
this structure. GABAergic transmission in the striatum has been known to be
modulated by dopamine (DA) as well as acetylcholine (ACh). However
physiological correlation between DA and ACh remains to be characterized
in this system. We investigated the effect of antagonists and/or an agonist
against nicotinic ACh (nACh) receptors and DA receptors on GABAergic
synaptic transmission in striatal slices, using the patch-clamp recording
technique. Miniature postsynaptic currents were recorded from striatal
neurons as outward currents at a holding potential OmV in the presence of
CNQX, (±)-APV and TTX. These events represented miniature inhibitory
postsynaptic currents (mIPSCs) as they were blocked by application of
bicuculline (10/AI). Bath perfusion or local application of nicotine (20/^M)
elicited an increase in the frequency (820+470%, n=15), but not the
amplitude of mIPSCs. The increase in frequency of mIPSCs was blocked by
mecamylamine (10^M),an antagonist of nACh receptor, without changing
the frequency of basal mIPSCs. Furthermore, the nicotine-dependent
increase in frequency were blocked by DA receptor antagonists: Coapplication of R(+)-SCH23390 (lOpM), a DI receptor antagonist,
significantly decreased the frequency to 264+141 % of the basal level (n= 15,
p<0.001; paired t test), but S(-)-suIpiride (1 O^M), a D2 receptor antagonist,
partially blocked the effect of nicotine (567+320%, n=15)(p>0.01). These
results suggest that the facilitation of GABA release by nicotine depends on
the activation of DI receptors on GABAergic nerve terminals. Supported by
the Japan Society for the Promotion of Science (RFTF-96L00203).

ALTERATIONS IN NICOTINIC RECEPTOR SUBUNIT mRNA LEVELS
IN MONKEY BRAIN AFTER MPTP TREATMENT. M, Ouik . Y,
Polonskaya. A, Gillespie1, K.G, Llovd1 and J.W, Langston* The Parkinson’s
Institute, Sunnyvale, CA and ’Sibia Neurosciences, LaJolIa, CA.
Previous studies from our laboratory have shown that a4, a6, a7 and 02, 03
04 nicotinic receptor mRNAs are present in the monkey substantia nigra with
a particularly intense and localized labelling of the a6 and 03 subunit mRNAs
to this brain region in the primate. Because degeneration of the substantia
nigra leads to Parkinson’s disease and in view of recent evidence that nicotinic
agonists potentiate the action of L-dopa in reducing the movement dysfunction
of Parkinson’s disease, we initiated a series of experiments to determine
whether there were alterations in specific nicotinic receptor mRNAs in the
substantia nigra after nigrostriatal degeneration. We used squirrel monkeys
(Samiri sciureus) rendered parkinsonian by systemic administration of MPTP,
a selective dopaminergic neurotoxin. MPTP treatment resulted in a decline in
baseline motor activity to 36 ± 11% of controls. Caudate and putamen
dopamine levels were reduced to 45 ± 15% and 40 ± 6% of control values,
respectively. The number of tyrosine hydroxylase positive neurons in the
substantia nigra was 75 ± 6% of control. Despite the reduction in nigral cell
number, there were no changes in a4, a6, 02 and 04 mRNA levels in the
substantia nigra. Interestingly, a6 mRNA levels were increased (136 ± 7%)
and 04 mRNA levels decreased (76 + 8%) in the substantia nigra after MPTP.
These results show that there are selective changes in nigral nicotinic receptor
subunit mRNA levels in response to nigrostriatal degeneration. These data
may suggest that nicotinic receptor ligands directed to these receptor subunits
are of therapeutic relevance in Parkinson’s disease. Supported by Sibia
Neurosciences and Tobacco Related Disease Research Program, CA.

75.15

75.16

DIFFERENTIAL SENSITIVITY TO NICOTINE-INDUCED STRIATAL
DOPAMINE RELEASE IN FLINDERS SENSITIVE AND RESISTANT LINE
RATS. D. Lecca1, J. Auta1, D.H. Overstreet2, A. Guidotti1, E. Costa1 and J.I.
Javaid^/Psychiatric Institute. Dept. of Psychiatry. University of Illinois at Chicago:
Chicago, IL 60612; 2Dept. of Psychiatry, University of North Carolina; Chapel Hill,
NC 27599.
The Flinders Sensitive (FSL) and Flinders Resistant (FRL) Line rats were bred for
their different sensitivity to the anticholinesterase agent DFP. Previous studies have
shown behavioral and physiological differences elicited by nicotine administration in
FSL and FRL rats. The present study investigates whether the higher nicotine
sensitivity in the FSL is associated with changes in neuronal nicotinic receptor
(nAChRs) expression and function. We measured extracellular DA release in freely
moving rats, induced by local application of nicotine perfused through a
microdialysis probe implanted in the striatum. We also measured the striatal highaffinity nAChRs density using [3H]-epibatidine and the mRNAs encoding for a4, a7,
02 nAChR subunits using the RT-PCR technique. There were significant differences
in basal DA levels between the two lines (FSL:87.6±6.4; FRL:108.8±7.9
fmoles/40pl; p<0.05). A short-lasting (lmin) nicotine perfusion (10 nmoles/min)
significantly increased the dialysate DA content in each group versus the respective
baseline (p<0.01). The nicotine-induced DA increase was significantly greater in the
FSL rats compared with the FRL rats (two-way ANOVA; p<0.05). Mecamylamine,
a non-competitive nicotinic antagonist, attenuated striatal nicotine-induced DA
enhancement in both lines compared with controls (p<0.01). nAChR expression
density shows that FSL rats have higher values than FRL rats (FSL:343±19.8;
FRL:246.4±25.8 fmol/mg prot; p<0.05). Also the expression of mRNAs encoding
for nAChR a4, a7 and 02 subunits reveal greater values for FSL rats (FSL:
a4:98.0±10.3, a7:278.8+16.3, 02:31O.3±19.3; FRL: a4:77.3+7.4, a7: 184+15.7, 02:
200.8+11.6 attorn ol/gg total RNA; p<0.01). These results suggest that the
differences in nicotine-inditced DA release in striatum of FSL versus FRL rats are
associated with differences in nAChR subunit expression in the two lines. The
Flinders rats could be used as an animal model for nicotine self-administration
studies to evaluate the sensitivity of FSL and FRL rats to nicotine dependence.

COMPLEX INDIRECT ACTION OF NICOTINE ON DOPAMINE
RELEASE FROM THE RABBIT RETINA. J.R. Cunningham, M.J. Neal*,
and K.L. Matthews. Dept. of Pharmacology, King’s College London, St
Thomas’ Hospital, London, SE1 7EH, UK.
The present experiments were undertaken to investigate the mechanism by
which activation of retinal nicotinic receptors results in an increase in
dopamine release. Isolated rabbit retinas were incubated for 30 min in Krebs
medium containing [3H]dopamine, pargyline (8pM) and ascorbate (lOOpM).
They were then superfused in a small chamber with medium containing
nomifensine (0.5pM), and 2 min fraction were collected. Exposure of the
retina for 2 min to nicotine, DMPP, cytisine, anatoxin A or epibatidine
increased the release of dopamine from the retina. The effects of nicotine
and epibatidine were blocked by mecamylamine confirming their action on
nicotinic receptors. The effect of nicotine was not blocked by glutamate
antagonists (APV, PDA, APB), but bicuculline and picrotoxin inhibited the
nicotine-evoked release of dopamine. Separate experiments revealed that
nicotine caused a striking increase in GABA release from the retina
suggesting that nicotine increases dopamine release indirectly by stimulating
GABAergic inhibition of another intemeurone with an inhibitory action on
the dopamine amacrine cells. LNMMA and naloxone had no effect on
dopamine release but strychnine inhibited the nicotine-evoked release of
dopamine. We conclude that nicotine stimulates the release of GABA which
then reduces glycinergic inhibition on dopaminergic neurones and results in
an increase in dopamine release.

None

75.17

75.18

EVIDENCE FOR SEGREGATION OF NICOTINIC ACETYLCHOLINE
RECEPTOR CLASSES AT RELEASE SITES ON CALYCEAL ENDINGS IN
THE EMBRYONIC CHICKEN CILIARY GANGLION. A.L. Windle and P.B.
Sargent*. Neuroscience Program, University of California San Francisco, SF, CA
94143
Synaptic currents (EPSCs), recorded from many chick ciliary ganglion cells have
falling phases best described by a biexponential decay. Additionally, the two
components of decay can be pharmacologically isolated with toxins that selectively
antagonize different classes of nicotinic acetylcholine receptors (nAChRs). The
rapidly decaying component of the EPSC (x = ca. 1 ms) is blocked by
a-bungarotoxin, while the slowly decaying component (x = ca. 10 ms) is blocked by
a-conotoxin Mil (Zhang et al. 1996 Neuron, 17: 1231-1240; Ullianetal. 1997
J. Neurosci., 17: 7210-7219). This suggests that both a7- and non a7-containing
nAChRs underlie the EPSC. We examined whether these two nAChR classes might
be segregated at the level of individual release sites by analyzing whether quantal
current events decayed exclusively with either a fast or slow monoexponentiai time
constant. Whole cell current recordings were obtained from E14-E16 ciliary neurons
in the presence of Sr2* to produce asynchronous release. Under these conditions,
electrical stimulation of preganglionic inputs resulted in an attenuated EPSC
followed by a cascade of presumed unitary (quantal) events with an average
amplitude of 24 + 4 pA. Analysis of the decay phase of these events suggested that
they comprise two populations: those with a single rate of decay (x = ca. 10 ms) and
those with both fast and slow components. These results suggest that one set of
release sites has only one type of associated nAChR class while a second set of
release sites has both nAChR classes. Imaging studies done by several labs suggest
that the release sites containing one nAChR class are on the smooth-surfaced part of
the cell, while those sites containing both nAChR classes are on somatic spines.
(Supported by NIH NS 24207)

THE ROLE OF ACTIN FILAMENTS IN CONSTRAINING
a7-CONTAINING NICOTINIC RECEPTORS TO SOMATIC
SPINES.
R.D, Shoop*. W.G, Conroy, and P.K. Berg,
Biology Department, UC San Diego, La Jolla, CA 92093.
Controlling the distribution of receptors on the cell
surface is critical when the receptors have site-specific
effects.
This appears to be the case with nicotinic
acetylcholine receptors containing a7 subunits (a7-nAChRs)
which have a high relative permeability to calcium and can
directly influence calcium-dependent events. On chick
ciliary neurons the receptors are highly concentrated on
somatic spines tightly folded into discrete clumps on the cell
surface. When the neurons are first dissociated, they retain
the spines with a7-nAChRs intact for 3-4 hrs; by 24 hrs,
however, most of the spines have retracted and most of the
a7-nAChRs have been lost from the cell surface. When
freshly dissociated cells are treated 3-4 hrs with latrunculin
A to collapse actin filaments, the spines quickly retract and
the a7-nAChRs are dispersed into microclusters, but the
receptors are not immediately removed from the surface.
Stabilization of actin filaments with Jasplikinolide causes
retention of spines and associated a7-nAChRs for periods
up to 24 hrs with no loss of surface receptors. Tyrosine
phosphatase inhibitors inhibit the loss of spines and the
dispersal
of
a7-nAChRs
but
also
produce
some
redistribution of receptors. The results suggest a role for
actin-related components in determining the distribution and
stability of a7-nAChRs on the cell surface. (NIH NS12601
& NS35469; TRDRP).
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CALCIUM REGULATION OF NICOTINIC RECEPTORS
WITH «7-SUBUNITS ON SOMATIC SPINES.
O.-S, Liu
and D.K, Berg*, Biol. Dept., UCSD, La Jolla, CA 92093.
Nicotinic acetylcholine receptors containing the a7 subunit
(a7-nAChRs) are one of the most abundant neuronal
nicotinic receptors and have a high relative permeability to
calcium. On chick ciliary neurons the receptors are highly
concentrated on somatic spines.
Whole-cell patch clamp
recording from freshly dissociated cells shows that the
receptors are regulated by calcium in different ways' at intraand extracellular sites.
Physiological concentrations of
calcium (2 mM) acting at extracellular sites enhance a7nAChR responses in a rapidly reversible manner while
higher and lower concentrations produce smaller responses.
Calcium acting at intracellular sites causes a slowly
developing, long-lasting inactivation (run-down) of the a7nAChR response. The run-down is revealed by intracellular
dialysis with conventional patch recording (not seen with
perforated patch recording); it is driven by receptormediated calcium influx; and it is exacerbated by collapsing
the actin filaments and attendant spine retraction.
Rundown can be prevented by blocking calcium release from
internal stores or by infusing the cells with an ATPgenerating system coupled with either a calmodulin blocker
or an inhibitor of CaM kinase II; a phosphatase 2B inhibitor
augments the rundown.
The results implicate spineassociated cytoskeletal elements, CaM kinase II, and
calcium stores in regulating the function of a7-nAChRs on
the neurons (NIH NS12601 & NS35469; TRDRP).
ACETYLCHOLINE I
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TIME COURSE OF ACETYLCHOLINE INDUCED
SUDOMOTOR
ACTIVATION AND SWEAT PRODUCTION IN HUMAN SKIN R. Schmidt1*. M.
Schmelz2. A. Bickel23. C, Weidner2. F, Reinhardt3. E. TorebiOrk1. H.Q.
Handwerker2. ’Dept. Clin. Neurophysiol., Univ. Uppsala, Sweden, 2Dept. Physiol. &
Exp. Pathophysiology and 3Dept. Neurology, Univ. of Erlangen, Germany
Microneurography was employed to record from C-fibers in the peroneal nerve of
healthy volunteers. The units were identified by their long latency responses to
electrical stimulation of their terminals in the skin from intracutaneous needle
electrodes at 4s intervals. Sympathetic efferent units were identified according to
their characteristic response to maneuvers enhancing the sympathetic outflow.
Acetylcholine (ACh) iontophoresis (1mA, 60s, 10%), known to elicit sudomotor
responses, activated 9/22 sympathetic units while iontophoresis of saline and
histamine .were ineffective. Activity in these units started with a mean delay of
61±4s, reached maximum activation at 180±35s and lasted for 225±40s. In another
experimental setting, sweat production elicited by an identical acetylcholine
stimulus was measured in 7 subjects on the dorsum of the foot at a distance of 1 cm
from the iontophoresis using an evaporimeter (Tewameter®). Sweat production
increased with a mean delay of 76±9s and peaked at 194+1 Is after start of
iontophoresis with a mean sweat output of 62+12ml/h/sqcm. Transepidermal water
loss declined to 50% of maximum 283+76s after start of iontophoresis. ACh
iontophoresis induced a marked increase in superficial blood flow inside the axon
reflex area as measured by laser Doppler imager (Moor instruments, London).
Depletion of vasodilatory neuropeptides by capsaicin (3%) pretreatment for 36h
before ACh ionotophoresis diminished the axon reflex flare. However, no evidence
for a vasoconstriction inside the axon reflex area was encountered.
This study provides evidence that ACh ionotophoresis provokes action potentials
only in sympathetic sudomotor, but not vasoconstrictor units.
supported by the Max Plank award, the Swedish MFRJYoj. 5206 and the DFG, SFB 353

CHOLINERGIC MODULATION OF NEURONAL EXCITABILITY AND
SYNAPTIC TRANSMISSION IN THE MAIN OLFACTORY BULB. Pablo E.
Castillo*1,2, Alan Carleton1, Jean-Didier Vincent1 and Pierre-Marie Lledo1. ‘C.N.R.S.,
Institut Alfred Fessard, Avenue de la Terrasse, 91198 Gif-sur-Yvette Cedex, France,
and 2Depto. de Fisiologia, Facultad de Medicina, Universidad de la Republica, 11800
Montevideo Uruguay.
The main olfactory bulb (MOB) receives massive cholinergic innervation from the
basal forebrain whose role in odor processing is still unknown. Although behavioral
studies have stressed the importance of this innervation in olfactory memory, the site
and mechanism of acetylcholine (ACh) action remain to be identified. We therefore
explored the effects of cholinergic receptor activation on both neural excitability and
synaptic transmission of the MOB network. Whole-cell and cell-attached recordings
from different cell types in mice MOB slices were performed under visual control by
IR-DIC microscopy. We found that carbachol increased the spontaneous firing
activity of mitral and juxtaglomerular cells through direct activation of nicotinic
receptors (nAChRs). In contrast, carbachol reduced the granule cell firing activity
through muscarinic receptors (mAChRs). Inhibitory synaptic inputs onto mitral cells
were presynaptically facilitated by muscarinic agonists. This effect was independent
of GABAergic interneuron spike activity since it was also observed in the presence of
TTX. In turn, mAChR activation decreases spontaneous, action potential dependent,
inhibitory input onto granule cells.
Our observations indicate that nAChRs, by increasing relay cell excitability,
facilitate the sensory information flow from the MOB towards upper olfactory
centers. In addition, mAChR activation inversely modulates GABAergic inhibition
onto mitral and granule cells. In agreement with the anatomical distribution of
cholinergic receptors, we demonstrate multiple functional targets for ACh in the
MOB network. Our results strongly support a neuromodulatory role of the cholinergic
system in odor processing and olfactory learning.
Supported by the CNRS and ECOS-Uruguay.
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ChAT-IMMUNOREACTIVE NEURONS IN THE HIPPOCAMPUS DO NOT
EXPRESS GAD65 AND GAD67 mRNA
R, Bender*, I. Vida, and M. Frotscher. Institute of Anatomy, University of
Freiburg, P.O.Box 111, D-79001 Freiburg, Germany.
It is generally assumed that the cholinergic innervation of the hippocampus
originates from magnocellular neurons in the medial septum/diagonal band
complex. However, immunostaining for choline acetyltransferase (ChAT)
regularly revealed a low number of ChAT-immunoreactive neurons in the
hippocampus (Frotscher et al., Cell Tiss Res 1986, 246:293-301). The nature
of this immunoreactivity remained obscure. Transection ofthe fimbria-fornix,
which contains the axons of septohippocampal cholinergic neurons, results in
the virtually complete loss of cholinergic fiber staining in the hippocampus but
not ofthe few ChAT-immunoreactive hippocampal cells. In addition, ali nonprincipal neurons of the hippocampus have been suggested to be GABAergic
inhibitory interneurons (Freund and Buzsaki, Hippocampus 1996, 6:347-470).
Here we tested the possibility that the ChAT-positive neurons belong to the
heterogeneous group of hippocampal GABAergic inhibitory cells. GABAergic
cells express glutamate decarboxylase (GAD), the GABA-synthesizing enzyme.
By combining ChAT immunocytochemistry with in situ hybridization for GAD65
and GAD67 mRNA, we labeled virtually all different types of GABAergic
interneurons in the hippocampus and dentate gyrus. However, ChATimmunopositive hippocampal cells never stained for GAD65 and GAD67
mRNA. ChAT-positive cells were, nevertheless, clearly identified as
intemeurons by their structural characteristics and location outside the principal
cell layers. Thus, the present data suggest the presence of a few nonGABAergic, supposedly cholinergic, interneurons in the rodent hippocampus
and fascia dentata. (Supported by the Deutsche Forschungsgemeinschaft).

MUSCARINIC RECEPTOR ANTAGONISTS DISRUPT SPONTANEOUS FIRING ACTIVITY OF SEPTOHIPPOCAMPAL NEURONS: ROLE OF LOCAL
CHOLINERGIC MECHANISMS. M. Alreja*, J.B. Atkins, M. Wu, M. Shanabrough and C.
Leranth. Depts. of Psych., Neurobiol. & Obst. & Gynec., Yale. Sch. Med., New Haven, CT.
The muscarinic receptor antagonists, atropine or scopolamine (Atr/Scop), given
systemically in rat or humans, produce an amnesic syndrome. In rats, this syndrome is
alleviated by infusions of muscarinic agonists into the rat medial septum/diagonal band
(MSDB) and mimicked by local Atr/Scop, suggesting that muscarinic receptors in the
MSDB are important for learning and memory functions. In a previous study we found
that exogenously applied muscarine excites a majority of MSDB neurons which project
to the hippocampus and inhibits a small subpopulation of septohippocampal neurons
(SHNs). Since cholinergic neurons comprise a major subpopulation in the MSDB, we
hypothesized that local ACh release may also modulate cell firing in MSDB neurons. We
therefore, examined the effects of Atr/Scop on MSDB neurons.
The effect of bath-applied ACh (1 mM) and Atr/Scop (0.1 to 3 pM) was tested on 43
spontaneously firing MSDB neurons, using single unit extracellular recordings in brain
slices containing the MSDB and neighboring structures. 66% (21 /32) ofthe neurons were
excited by Ach and inhibited by Atr/Scop and 50% (1/2) of the neurons were inhibited
by ACh and excited by Atr/Scop, suggesting the presence of a muscarinic tone in 65% of
MSDB neurons. Similar effects were observed in slices containing only the MSDB. Thus,
the observed tone originates from within the MSDB itself. Atr/Scop also inhibited 3/8
retrogradely labeled SHNs, suggesting the presence of a muscarinic tone in SHNs. To
determine if spontaneously firing, cholinergic neurons are indeed present in our slices
(that could release ACh locally), 5 MSDB neurons were recorded and labeled with lucifer
yellow and an antibody to cholineacetyl transferase (ChAT). 2 spontaneously firing
neurons out of these 5 were found to be cholinergic. Thus, a majority of MSDB neurons,
some of which project to the hippocampus, are under a constant excitatory muscarinic
tone; abolition of this tone by Atr/Scop may be an important mechanism underlying the
well-known amnesic effects of these drugs. Supported by DA 09797.
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ACETYLCHOLINESTERASE INHIBITORS EXCITE NEURONS OF THE
MEDIAL SEPTUM/DIAGONAL BAND: EVIDENCE FOR A LOCAL MUSCARINIC CHOLINERGIC TONE. J.B. Atkins*, M. Wu, M. Shanabrough, C. Leranth, and
M. Alreja. Depts. of Psych., Neurobiol. & Obst. & Gynec., Yale. Sch. Med., New Haven, CT.
Basic and clinical studies have long recognized the importance of cholinergic
mechanisms for the maintenance of cognitive functioning. Acetylcholinesterase inhibitors (AChEIs), the most common pharmacological treatment for Alzheimer’s disease,
may function by increasing synaptic acetylcholine (ACh) levels. The precise CNS
targets for such therapies remain unknown. There is compelling evidence that the medial
septal/diagonal band (MSDB), which give rise to the septohippocampal pathway,
contributes to learning and memory processes. In rats, intraseptal applications of
cholinergic antagonists impair, while cholinergic agonists enhance performance on
working memory tasks. Based on these and our recent findings, which suggest the
presence of a muscarinic tone in septohippocampal neurons, we hypothesized that
cholinergic mechanisms in the MSDB are an important target of AChEIs therapy. We
therefore tested the effect on MSDB neurons, of a wide array of AChEIs (neostigmine,
physostigmine, edrophonium, ambenonium, DFP) as well as the clinically used tacrine.
The effect of bath-applied ACh (1 mM) and AChEIs (0.1 to 10 pM) was tested on
93 spontaneously firing MSDB neurons, using single unit extracellular recordings in a
septal slice preparation. All AChEIs had similar effects and, therefore, are summarized
together. ACh increased the firing rate in 72% of cells tested (mean incr.=97%); this
excitatory effect was mimicked by AChEIs in 65% of the neurons tested (mean
incr.=l 37%). While the effects of neostigmine, ambenonium and edrophonium washed
out readily; physostigmine, and tacrine produced longer duration effects. Cumulative
concentration-response curves plotted for tacrine using 5 concentrations (0.1 to 10 pM)
yielded an EC50 of 2.9 pM. Atropine reversed the effects of every AChEI tested,
suggesting involvement of muscarinic mechanisms. In conclusion, the effects ofAChEIs
on MSDB confirm the presence of a muscarinic tone in MSDB neurons and suggest that
the MSDB is an important site of action for AChEIs. Supported by NIH R 29 DA 09797.

QUANTITATIVE DATA ON THE CHOLINERGIC INNERVATION
IN ADULT RAT PARIETAL CORTEX. N. Mechawar and
L, Descarries *. Dep. pathologie & biologie cellulaire and CRSN,
Universite de Montreal, Montreal, QC, Canada H3C 3J7.
After specific immunostaining with a highly sensitive monoclonal
antibody against purified rat brain ChAT (Cozzari et al., Soc. Neurosci.
Abstr. 16:200, 1990), the NIH Image program was used to measure the
density of cholinergic innervation in adult rat parietal cortex. Skeletonized
compound images (X 645) of the ACh axon network were obtained from
three focal planes across 50-p.m-thick vibratome sections. From these
images, axonal length (corrected for fiber angulation) and the number of
varicosities per unit length of axon were determined for each cortical
layer. Length of ACh axon per mm3 of tissue ranged from 10.3 m (layer
I) to 7.5 m (layer III) and averaged 9.1 m for layers I-VI. The
corresponding densities for varicosities (x 106 per mm3) ranged from 3.6
(layer I) to 2.6 (layer III) with an average of 3.3. Knowing the
proportion of these ACh varicosities which make a synaptic junction, this
represents an average of 0.47 x 106 asynaptic and 2.86 x 106 synaptic
ACh varicosities per mm3 of cortex. Thus, underneath a surface of
1 mm2, it can be calculated that the whole thickness of the parietal cortex
is innervated by a total lenght of 18.5 m of ACh axon, bearing 7.1 x 106
varicosities, 1.1 x 106 of which are synaptic. Furthermore, based on
published values for ACh content in adult rat parietal cortex, and
assuming that most of this ACh is concentrated in axon varicosities, their
average ACh concentration may be evaluated at 9.3 x 10 3 M. Such
studies are currently being pursued in other cortical regions and at
different stages of postnatal development. (Supported by grant MT-3544
from the MRC of Canada).
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AFFERENT INPUT TO THE FRONTAL CORTEX IN RAT.
A. Csordas*, A. Nunez and L. Zaborszkv. CMBN, Rutgers University, Newark, NJ
07102, U.S.A. and Dept. Morph. School of Medicine, Univ. Autonoma de Madrid,
Madrid 28029, Spain
The frontal cortex of rat includes medial (prelimbic, infralimbic, anterior
cingulate), lateral (insular) and ventral (orbital) prefrontal areas, as well as the rostral
parts of primary and secondary motor and somatosensory areas (Ml, M2, SI).
Prefrontal cortical areas in rodents and primates have been implicated in higher order
cognitive functions. The present study aims at a systematic study of the afferent
cortical and basal forebrain input to these frontal cortical areas using a combination of
fluorescent retrograde tracers and immunostaining for choline acetyltransferase. In 26
rats the retrograde tracer Fluoro-Gold was iontophoretically injected with 8uA for 10
min. (7s on/7s off), and Fast-Blue was pressure injected (0.2uL). The two injection
sites was separated by the distance of 800um.
Injection sites in the prelimbic and infralimbic cortices always resulted in
prominent retrograde labeling in a longitudinal strip of the cortex along the M1/M2
border extending into retrosplenial/parietal association cortices and further caudally
into the medial part of the secondary visual area. This labeling showed a typical
columnar pattern with 300-400 um width in supra- and infragranular layers and 500800 um width in the middle layers. Injection sites in medial parts of Ml still resulted
in labeling in this cortical strip, however, more laterally located injection sites in Ml
and S1 resulted in only extensive labeling in lateral parietal cortical areas. This latter
labeling showed usually a trilaminar pattern with 2-3 columns spreading in the lateral
cortex. Finally, injections in the insular cortex resulted in retrograde labeling only in a
cortical strip encompassing the most ventrolateral part of the neocortex bordering the
rhinal sulcus. Comparing the location of cortical neurons projecting to the prefrontal
cortex with that of the topography of basalocortical neurons as well as the known
topography of prefrontal efferents, it is suggested that several segregated corticoprefrontal-basalo-cortical parallel circuits exist.
Supported by USPHS Grant NS23945.

COMPUTATIONAL ANATOMICAL ANALYSIS OF THE BASAL
FOREBRAIN IN RODENTS AND PRIMATES. D.L, Buhl1, J.G. Biaalie2,
Z. Nadasdy3. J. Somoeyi4, and L. Zaborszkv1* ’Center for Molecular and Behavioral
Neuroscience, Rutgers University, Newark, NJ 07102; department of Anatomy,
University of Oslo, Norway; 3Center for Neural Computation, The Hebrew
University, Jerusalem, Israel; 4Flinders University, Bedford Park, Australia.
The medial septum, diagonal bands, ventral pallidum, substantia innominata,
globus pallidus and internal capsule contain a heterogeneous population of neurons,
including cholinergic and non-cholinergic corticopetal projection neurons and noncholinergic interneurons. This highly complex brain region, which constitutes a
significant part of the basal forebrain, has been implicated in attention, motivation,
learning, as well as in a number of neuropsychiatric disorders such as Alzheimer’s
disease, Parkinson’s disease, and schizophrenia. Part of the difficulty in
understanding the functions of the basal forebrain, as well the aberrant information
processing characteristics of these disease states, lies in the fact that the
organizational principles of this brain area remains largely elusive.
Forebrain sections stained for different cholinergic and GABAeric markers from
several rat (Sprague Dawley) and one monkey (Macaca mulatto) brains were used
for this study. Neurolucida (MicroBrightField, Inc.) was used for data acquisition,
Micro3D (Oslo Research Park) and Gnuplot were used for analysis and 3-D
visualization. Our preliminary data suggest 1) that in monkey, a proportionally larger
population of cholinergic cells are located in ‘clusters’; these clusters are larger (in
terms of cell count and size) and fewer in numbers in monkey than in the rat. 2)
cholinergic and different GABAergic (calretinin-calbindin-parvalbumin containing)
cells show a complicated numerical and spatial relationship, however, these four cell
types seem to construct longitudinal, obliquely (lateromedial) oriented, partially
overlapping bands in the entire extent of the basal forebrain, which together with
other anatomical data suggest the presence of several functionally segregated circuits
in the basal forebrain.
Supported by USPHS Grant NS23945.
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SEROTONERGIC INNERVATION OF THE BASAL FOREBRAIN
T. Haiszan* & L. Zaborszkv Center for Molecular and Behavioral Neuroscience,
Rutgers the State University of New Jersey, Newark, NJ 07102, USA
Several lines of evidence indicate that serotonergic raphe neurons of the brainstem
modulate cortical activity both directly through their axon terminals in the cerebral
cortex as well as indirectly via the basal forebrain. Previous studies suggest that
serotonin, acting on presynaptic 5-HT receptors located on acetylcholine-containing
terminals, can control cholinergic transmission in the cortex. Another possible level
of interaction may be at the basal forebrain, where serotonin may act directly on
cholinergic neurons or indirectly via GABAergic or peptidergic intemeurons.
Although a relay via the basal forebrain cholinergic corticopetal neurons has been
repetitively suggested (e.g. Zaborszky and Luine, 1987; Cape and Jones, 1998),
direct evidence for synaptic input of serotonergic terminals on basal forebrain
neurons is lacking so far.
In order to find preliminary morphological evidence for putative synaptic
communication between serotonergic fibers and basal forebrain neurons of the rat, a
light microscopic double immunocytochemical labeling has been performed using
antibodies against serotonin, choline acetyltransferase and three different GABA
markers: parvalbumin, calbindin and calretinin. In the basal forebrain territories,
including the medial septum, diagonal band of Broca, ventral pallidum, substantia
innominata and peripallidal regions, serotonergic fibers have been found to establish
occasional close associations, suggestive of synaptic input, to both cholinergic and
GABAergic dendrites and cell bodies. As the ultimate proof of synaptic contact, the
electronmicroscopic demonstration of synapses between serotonergic axons and basal
forebrain cholinergic and GABAergic neurons is required in the future.
These results suggest that serotonin may regulate cortical activity by controlling
cholinergic functions at the level of basal forebrain.
Supported by USPHS Grant NS23945

IDENTIFIED BASAL FOREBRAIN NEURONS: UNIT ACTIVITY
AND ITS RELATIONSHIP TO CORTICAL EEG. A. Duoue1*. L, Detail2
& L. Zaborszkv1. ‘Center for Molecular and Behavioral Neuroscience, Rutgers the
department of
State University of New Jersey, Newark, NJ 07102 USA.
Physiology and Neurobiology, Eotvos Lorand University, Budapest, Hungary.
The Basal Forebrain (BF) is an important modulatory system affecting cortical
activity. This complex system consists of a heterogeneous population of neurons in
terms of neurotransmitter content, morphology and electrophysiology. In particular,
it contains cholinergic and non-cholinergic projection neurons, as well as
intemeurons. Since cortical EEG reflects behavioral states and different BF cells
could affect EEG differently, this study attempts to characterize individual BF neurons
and their relationship to cortical EEG patterns. To this end, we used a combination
of retrograde labeling, in vivo single cell extracellular recordings with juxtacellular
labeling, sequential immunocytochemical tests, and recording of cortical EEG.
Anesthetized adult male Sprague Dawley rats were given 0.2 pL pressure injections
of Fluoro Gold (FG) (5 % in dd. H2O) into the prefrontal cortex. After 6 days, the
animals were re-anesthetized and extracellular recordings were obtained from neurons
in the BF, including the horizontal limb of the diagonal band, substantia innominata,
internal capsule and globus pallidus. Following single cell extracellular recordings
with cortical EEG recordings, neurons were juxtacellularly stained with biocytin (5%
in IM NaCl) by applying 2-10 nA current pulses for 4-20 minutes. After perfusion
and sectioning, the biocytin filled neurons were visualized using avidin-conjugated
lissamine rhodamine (LR) fluorescent labeling. The biocytin stained (LR+) neurons
were sequentially immunostained first for the presence of choline acetyltransferase
(ChAT) followed by parvalbumin (PV), calretinin (CR) and calbindin (CB) using
fluorescein isothiocyanate (FITC). Our preliminary studies suggest the presence of
morphologically and possible neurochemically different neuronal populations that
show specific relationship patterns to cortical EEG activity.
Supported by NS 23945,2 S06 GMO8223-15 and OTKA T25837
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EFFECTS OF NEUROTOXIC LESIONS OF THE MEDIAL
SEPTUM ON MOTOR-REFLEX LEARNING IN THE RABBIT.
B, R, Ermita*M, T, Allen, M. A. Gluck, L. Zaborszky, Center for Molecular and
Behavioral Neuroscience, Rutgers, The State University of New Jersey, Newark, NJ
07102
Motor-reflex conditioning of the eyelid response is known to involve the
cerebellum, hippocampus, and medial septum. Previous recording, microdialysis,
scopolamine infusion and electrolytic lesion studies have shown the functional
integrity of the medial septum to be involved in the modulation of eyeblink
conditioning. Anatomically, the medial septum contains important ascending fiber
tracts as well as a heterogeneous collection of cholinergic and GAB Aergic neurons.
Functional disruptions of the medial septal-basal forebrain axis result in a learning
deficit that is distinct from normal learning seen in hippocampal lesions.
Previously the histological effects of medial septal lesions have been poorly
described.
Through the use of combined techniques, including stereotaxic surgery, selective
neuronal toxins (i.e., ibotenic acid) or specific cholinergic immunotoxins (i.e., 192IgG saporin), along with immunocytochemical visualization methods, the effects of
restricted lesions can be assessed behaviorally and quantified neuroanatomically.
Monoclonal antibodies to the p75-NGF receptor have been useful in localizing
cholinergic neurons, while antibodies to the calcium-binding protein parvalbumin
have localized GABAergic neurons, in the rabbit basal forebrain. Using serial
reconstruction and computerized 3-D visualization techniques, the effects of
restricted, selective lesions can be assessed. Our results are presented in the context
of a cholinergic disruption model that leads to an impairment (not complete
abolition) of conditioning and are indicative of a role of the basal forebrain in the
neuromodulation of learning. Supported by USPHS grant NS23945 (LZ) and
Johnson & Johnson Discovery award 4-30366 (MG).

THE EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON NITRIC OXIDE
SYNTHASE EXPRESSION IN RAT BRAIN. E.Q. Koylu*1,2, B. Balkan12, J.R.
Alonso3, E. Weruaga3, S. Demirgoren1'2 and S. Pogun1,2 Ege Univ. ’Center for Brain
Research and 2School of Medicine, Dept Physiology, Izmir, Turkey;3 Univ of
Salamanca, Dept Cell Biology and Pathology, Spain
Nicotine increases nitrite and nitrate levels in various regions of rat brain suggesting the
involvement of nitric oxide (NO) in the central actions of nicotine. There are differences
between the effects of acute and chronic treatment as well as regional specificity and
sexual dimorphism (Pogun et al., 1997). Chronic nicotine treatment is more effective in
increasing NO activity in rat brain than acute treatment, and this difference is the most
pronounced in the corpus striatum. The aim of the present study was to assess the effect of
chronic nicotine treatment on NOS expression in male and female rat brain. Four monthold male and female Sprague Dawley rats received 0.4 mg/kg nicotine (s.c., o.d.) or saline
for 15 days. Rats were perfused 24 hours after the last injection, brains were remove•! and
serial coronal sections were prepared. Naive rats were also included to evaluate the
possible stress effect arising from injections. Histological (Nissl), histochemical
(NADPH-d) and immunohistochemical (NOS icc) techniques were employed to study
NOS expression. Although nitrite and nitrate levels are reported to be higher following
nicotine treatment, in the present study the number of NADPH-d positive neurons in the
striatum were lower in nicotine-treated rats in both sexes. However, saline injections were
not inert and caused a similar decline in the number of NADPH-d positive cells, more
significantly in females. As a consequence, while in female striatum both saline and
nicotine injections caused a similar decline, in males the effect of nicotine was more
prominent, suggesting a sex difference to stress arising from injections. Glucocorticoids
have been shown to reduce NOS I mRNA expression; furthermore, NO is proposed to
autoinhibit neuronal NOS. Our findings support the view that increased NO production by
nicotine, as well as a direct effect of stress hormones, result in a decrease in nNOS
expression in the striatum.
(Supportedby grants CRG-972168from NATO and SBAG-U/15-1 &3from TUBITAK.)

76.13
MODELING TRANSMITTER BINDING TO LIGAND-GATED ION CHANNELS
AND METABOTROPIC RECEPTORS AT NON-EQUILIBRIUM CONDITIONS.
Sanjive Qazi* and Barry Trimmer, Tufts University, Biology Dept., Medford, MA
02155.
During chemical transmission between neurons the biochemical integration of
signals begins with the binding of a ligand to its receptor and continues with
changes in cellular responses. This biochemical integration is best studied in
neurons that contain multiple receptor classes for a single neurotransmitter. For
example, in the CNS of M. sexta, the release of acetylcholine gates ionic
conductance in motoneurons directly through the activation of nicotinic receptors
(nAChR) and indirectly via G-protein coupled receptors (muscarinic receptors,
mAChR). To model how released transmitter activates each receptor, the
mathematical simulation must describe binding on different timescales involving
complex kinetic interactions at non-equilibrium conditions. In our modeling
approach, both types of receptor activation were expressed as a set of bimolecular
interactions. We described each interaction as a function of time, the initial
conditions and affinity parameters with no assumptions about steady state or
transmitter depletion. These sets of bimolecular interactions were solved using
second order difference equations. These simulations were applied to complex
kinetic schemes that included receptor state transitions (active and desensitized) and
produced solutions that were comparable to the traditional analytic matrix method.
In addition, we have used this approach to model multiple biochemical pathways
and demonstrate the relationship between bound receptor and the activation of
signaling cascades (mAChR and G-protein activation). To more fully describe
receptor activation, the model will be extended to include complex kinetic
interactions such as cooperativity and feedback regulation. The long term aim of
these studies is to elucidate how changes in transmitter levels (primary signals)
activate different classes of receptors to generate the final integrated response of the
cell. This will provide important insights into the role of receptor kinetics such as
allosteric interactions and desensitization in signal transduction.
[Supported by NIH grant NS30566 to BAT]
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DIFFERENTIAL DISTRIBUTION OF POTASSIUM CURRENTS
IN NEURONES OF THE RAT LATERAL AMYGDALA.
E.S.L. Faber, S. Oleskevich* and P. Sah.
Cellular Neurophysiology group, Division of Neuroscience, John
Curtin School of Medical Research, Australian National
University, Canberra, ACT 2601, Australia.
The amygdala is thought to be important in emotional learning. The
present study aimed to characterise the firing properties of pyramidal
neurones in the lateral amygdala and to investigate the ionic basis of
these properties. Whole cell recordings were made using IR/DIC
techniques in 400 pM coronal brain slices from Wistar rats (unsexed,
17-20 days old). The pipette solution contained (mM) KMeSO4 135,
NaCl 8, HEPES 10, MgATP 2 and GTP 0.3 and the slices were
perfused in ringer containing (mM) NaCl 118, KCI 2.5, NaHCO3 25,
glucose 10, MgCls 1.3, CaCI2 2.5 at 30 °C. Two broad classes of cells
were found based on their spiking properties; those that showed
accommodation to a prolonged 600 ms depolarising step (type 1,
n=22) and those that did not (type 2, n=10). In both cases trains of
action potentials were followed by an after-hyperpolarisation (AHP).
Two types of AHP were seen; type 1 cells had a slow rising AHP
which was blocked by isoprenaline (20 pM, n=10) whereas type 2
cells had a fast rising AHP blocked by the SK channel blocker apamin
(100 nM, n=3). Isoprenaline inhibited the accommodation shown by
type 1 cells but did not change the firing properties of type 2 cells.
Apamin had little effect on type 1 cells. These findings show that the
firing properties of neurones in the lateral amygdala are determined b y
differential distribution of calcium-activated potassium currents.
Supported by The Sylvia and Charles Viertel Foundation and Institute
of Advanced Studies.

COWS AND RATS: ADRENAL CHROMAFFIN BK PROPERTIES
DIFFER DRAMATICALLY. P.V. Lovell and D, P. McCobb*, Dept. of
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853.
Ca2+ and voltage-gated K+ channels (BK) dominate the voltagedependent outward current profile of adrenal chromaffin cells,
undoubtedly shaping intrinsic excitability and secretory responses.
Consistent with previous reports, the large majority of inside-out patches
we pulled from rat chromaffin cells exhibited rapid and nearly complete
BK current inactivation (BIQ, though BK; currents have not been
described in bovine cells. We report here that bovine cells can also
exhibit fully and rapidly inactivating BK currents, but that the
distribution of BK properties across the chromaffin population differs
strikingly from that in rats. Thus the large majority of inside-out patches
pulled from bovine cells exhibited either slow and incomplete BK
inactivation, or entirely sustained (BKS) currents. Bovine BK currents also
typically exhibited a more positive voltage-dependence of activation (V05
was 29mV more positive on average), and slower kinetics of channel
deactivation. Rat BK current has been modeled in Hodgkin-Huxley
fashion as the sum of currents through tetrameric channels comprised of
varying numbers of inactivation-competent and -incompetent subunits
(Ding et al., 1998). With a similar model, we were able to fit currents with
widely varying inactivation rates, with the average percentage of
inactivation-competent subunits being 70 and 19% for rat and bovine
patches, respectively. While species differences in activation and
deactivation gating might be explained by differences in splicing of the
Slo gene (see Chatterjee et al., these abstracts), the lack of a tight
correlation with inactivation suggests that inactivation differences may
derive from differential association with B2-related subunits (Wallner et
al., 1999). Supported by the American Heart Association.
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LARGE-CONDUCTANCE Ca2+-ACTIVATED K+ CHANNELS IN HUMAN
GLIOMA CELLS HAVE AN UNUSUALLY HIGH SENSITIVITY TO Ca2*
C.B. RANSQM*AND H. SONTHEIMER DEPT. OF NEUROBIOLOGY, UNIV.
OF ALABAMA SCHOOL OF MEDICINE, BIRMINGHAM, AL.
The vast majority of primary neoplasms in human CNS derive from glial
cells. These tumors have a poor prognosis due to their invasive migration that
renders surgical treatment untenable. Ion channels may contribute to this
behavior by influencing salt and water movements between intracellular and
extracellular compartments during shape and volume changes associated
with migration through brain tissue. Previous work has shown that,many
human glioma cells express Ca2+-activated K* currents. We used patch clamp
techniques to investigate the Ca2* sensitivity of these channels in two
established glioma cell lines, STTG-1 and D54-MG. Results were identical in
both cells. In inside-out patches, these channels activated upon application of
Ca2* to the cytosolic face, had a unitary conductance of =210 pS, and were
highly K+-selective. Isolation of patches with a single channel was difficult,
consistent with the high density of these currents in whole-cell recordings (80
pA/pF at +120 mV). We therefore chose to quantify the Ca2* sensitivity as the
quantity N*Po, where N is the number of channels in the patch and Po is open
probability. This quantity was calculated from the integral of current during
step applications of Ca2* divided by unitary current and time. We fit the N*Po
vs. voltage plot with the Boltzmann equation to determine the half-maximal
voltage for channel activation, V0.5. In the absence of Ca2+ V0 5 was =+102 mV.
The Vo 5 shifted to =+61 mV and =-16 mV in solutions with a calculated free
Ca2+ of 35 nM and 100 nM, respectively. Gating of large-conductance Ca2+activated K+ channels at negative potentials in the presence of submicromolar concentrations of Ca2+ is very unusual. To the best of our
knowledge, these channels in glioma ceils have the highest Ca2+ sensitivity
described to date. This work was supported by RO1 NS36692.

HERG-LIKE CURRENTS IN HIPPOCAMPAL ASTROCYTES
Adriana Emmi1*, Philip A. Schwartzkroin1, Jurgen Wenzel1, Laura Bianchi2,
Damir Janigro1. ’Dept. ofNeurosurgery , Univ. of Washington, Seattle, WA 98104;
2Dept. ofPharmacology, Vanderbilt Univ,, Nashville, TN 37232.
Hippocampal slice astrocytes express a variety of potassium currents, some of
which (including K)R) give rise to inward rectification. However, the channels
contributing to these currents are not fully understood. We hypothesized that part of
the apparent inward rectification in astrocytes could be mediated by HERG
“inactivation”. HERG-type currents were recorded in hippocampal slice astrocytes
by using the whole-cell variation of the patch-clamp technique. HERG-like and K(R
currents were separated by specific HERG blockers and the K,R blocker Cs+.
Application of E4031 (100 nM) resulted in a reduction of hyperpolarization-induced
tail currents by 64 ± 10%, (n = 7, p<0.008), while the depolarization-activated
currents decreased by 62 ± 12%, (n = 7, p<0.008). Similar results were obtained
with the application of another Herg-specific antagonist, dofetilide (1-1000 nM).
Cs+ (1 mM) failed to block E4031- or dofetilide-sensitive currents, but caused
dramatic reduction of currents attributable to KIR. Using HERG-specific antagonists
(the antiarrythmic drug E4031), we examined the effects of HERG blockade on
potassium clearance in hippocampal slices. In the presence of the HERG blocker,
resting potassium increased slightly; further, stimulation of neuronal pathways to
CAI and to CA3, at 5-10 Hz, resulted in a larger increase in extracellular potassium
(as measured with K+-sensitive microelectrodes) than observed in control slices.
These results suggest that the astrocytic HERG channels contribute to the
modulation of extracellular potassium levels following neuronal activation, and thus
may play a critical role in controlling excitability and epileptogenicity of the
neuronal population. [NIH-NS 51614, ES 07033, NS 35548]

77.5

77.6

ACTION OF BAPTA-DERIVED Ca2+ BUFFERS ON INTRINSIC MEMBRANE
CURRENTS IN CAI NEURONES. B. Lancaster* and A M. Batchelor. Wolfson
Institute for Biomedical Research, University College, London WC1N 1PJ.
Investigation of the properties of Ca2+-activated currents is complicated by the
spatial and temporal variation of Ca2+ transients. One possible solution is control
of [Ca2+], with exogenous buffers. Whole-cell recordings from CAI pyramidal cells
in vitro were made with KMeSO4-based solutions + calcium buffers. Under these
conditions, inclusion of 1 mM dibromo-BAPTA in recording electrodes resulted in
an outward current which reached maximum (548 + 91 pA, n=10) within 5
minutes of breakthrough with or without depolarization-evoked Ca2* influx. The
outward current had a null potential close to theoretical EK (-110 mV), was
accompanied by increased slope conductance and a loss of depolarization-elicited
Isahp - This persistent outward current was inhibited by 5-10 pM noradrenaline
(11/11), and the development of outward current was completely prevented when
electrodes contained 100 pM 8-bromo cAMP (7/7). Dibromo-BAPTA has a similar
affinity for Ca2+ (KD 1.5 pM) as the photolabile buffer diazo-2 (unphotolyzed KD
2.2 pM, photolyzed KD 73 nM). Inclusion of 2 mM diazo-2 in recording electrodes
produced an outward current similar to that seen with dibromo-BAPTA. This
current could also be reversibly blocked by noradrenaline (10 pM) or isoprenaline
(2-4 pM) and was abolished following flash photolysis of the buffer to the higher
affinity form; which implies a persistent dependence on raised [Ca2+ ],.
The results suggest that a steady state Ca2+-activated K+ current can be elicited
by these buffers. The current is sensitive to 0-adrenergic receptors and cAMP
without requiring depolarization-induced Ca2’ influx. The pharmacological
properties of this current are similar to the SK-type Ca2+-activated K+ current
which underlies slow afterhyperpolarizations in CAI pyramidal cells.

AN APAMIN-SENSITIVE Ca2+-ACTIVATED K+ CURRENT IN CAI
PYRAMIDAL NEURONS.
P. Pedarzani*. M. Krause & M. Stocker. MPI f. experimentelle Medizin, Dept. Mol.
Biol. Neuronal Signals, 37075 Gottingen, Germany.
In hippocampal and other cortical neurons action potentials are followed by
afterhyperpolarizations (AHPs) generated by the activation of small-conductance Ca2+activated K+ channels (SK channels). By shaping the neuronal firing pattern, these
AHPs contribute to the regulation of excitability and to the encoding function of
neurons. In hippocampus, a segregation of apamin-sensitive and -insensitive AHP
currents has been proposed based on electrophysiological experiments. Thus, pyramidal
neurons would present exclusively the slow apamin-insensitive s Iahp » whereas
intemeurons would present the faster apamin-sensitive Ia HP- These results are in
contrast with apamin-binding studies, which show the highest density of apamin
binding sites in the hippocampal CAI region. We have used a combination of
electrophysiological (whole-cell recordings) and pharmacological tools to reveal the
presence of an apamin-sensitive AHP current, Iahp , ’n CAI pyramidal neurons in rat
acute slices. Iahp presents a faster time course than s Iahp , arid ft is blocked by the
GABAa R blocker bicuculline, by the nAChR blocker curare, and by the toxins apamin
and scyllatoxin. IAhp presents a different modulation profile by neurotransmitters in
comparison with s Iahp , and it seems to play a role in the control of repetitive firing by
contributing to the generation of the medium AHP. Furthermore, we have performed insitu hybridization experiments showing that the apamin-sensitive SK channel subunits,
SK2 and SK3, are expressed in CAI pyramidal neurons, thereby providing a potential
molecular correlate to the novel apamin-sensitive AHP current. Altogether, these results
clarify the discrepancy between the reported high density of apamin-binding sites in the
CAI region and the apparent lack of an apamin-sensitive current in CAI pyramidal
neurons, and may explain the effects of this toxin on hippocampal synaptic plasticity
and learning. [Supported by the Max-Planck Gesellschaft, HFSP and SFB406]

77.7

77.8

SINGLE CHANNEL CONDUCTANCE UNDERLYING SMOCs IN
PARASYMPATHETIC NEURONS FROM THE MUDPUPPY CARDIAC
GANGLIA. F.S. Scornik*, L.A. Merriam and R.L Parsons. Dept. of
Anatomy and Neurobioiogy. Univ. of Vermont; Burlington, VT 05405.
We previously analyzed SMOCs in parasympathetic neurons from
the mudpuppy cardiac ganglia. SMOCs result from the simultaneous
activation of high conductance calcium dependent potassium channels
(KCa) based on their sensitivity to TEA and iberiotoxin. We also
demonstrated that SMOCs are activated by a CICR mechanism that
involves calcium release from caffeine and ryanodine sensitive
intracellular stores (Merriam et al. J. Neurophysiol. 1999, in press). In the
present study we analyzed the single channels that contribute to SMOC
generation using the cell attached patch technique. Recordings were made
of an 85 pS channel that was sensitive to 500 pM TEA and 3 mM caffeine.
TEA applied in the pipette reduced single channel amplitude to 60% of the
control value (n=3). In 3 experiments 3 mM caffeine increased channel
open probability (Po). In one experiment, after an initial increase of Po
following caffeine application, we observed simultaneous openings of
multiple Kca channels with summed current kinetics that clearly resembled
SMOCs. This recording provided direct evidence that single channels
underlying SMOCs are clustered in a restricted area. In this particular case
the number of channels that were open at the maximum peak amplitude
was 10, a number within the range (10-40) that we estimated from the
relation between the SMOC and single channel amplitude values.
Supported in part by grants AHA 982003 IT (FSS) and NIH NS 23978
(RLP).

TOWARDS IDENTIFYING A ROLE FOR nSLO POTASSIUM CHANNELS
IN C. ELEGANS. C. J. Franks*, E, C. Pooley, B. Sheth, R. J. Walker, L, M.
Holden-Dye. School of Biological Sciences, Univ. Southampton. U.K.
The C. elegans gene nslo encodes two splice variants of a potassium channel
subunit, with homology to the ‘BK’, large conductance, calcium-activated
family (Wei et al. 1996). These channels are involved in the regulation of
muscle cell excitability and may modulate the duration of action potentials,
inter-spike interval or muscle cell membrane potential.
Using a modification of the single-cell RT-PCR technique (Collins and
Fleming, 1995) we have determined the expression of both splice variants in
an isolated pharyngeal preparation from adult hermaphrodite worms. In
addition we have characterised the effect of Ca** activated potassium channel
blockers, on action potentials recorded from the pharyngeal muscle. Quinidine
(50 pM), for example, increased the duration of pharyngeal action potentials
by 52.5 ± 10.8 % (n=5; p<0.05). Furthermore at 200 pM, it depolarised
muscle cells by 20+6 mV (n=5).
These data suggest that nslo potassium channel may subserve a role in
modulating the excitability of the pharyngeal muscle. We are continuing our
characterisation of the native channel.
Collins, J. E. & Fleming, T. P. (1995). Trends in Genetics, 11: 5-7.
Wei, A. etal. (1996). Neuropharmacology, 35(7): 805-829.
This work was funded by The Wessex Medical Trust. C. J. Franks is
supported by BBSRC.

AMB supported by the Wellcome Trust.
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DIFFERENT PROPERTIES OF
SINGLE
VOLTAGE-DEPENDENT
POTASSIUM CHANNELS IN ADULT RAT PYRAMIDAL NEURONS
ACUTELY DISSOCIATD FROM CAI AND CA3 REGIONS OF
HIPPOCAMPUS.
L. W. Gong, T. M. Gao, Z. Q. Tong*. F. T. Zhang.
Department of Physiology, The First Military Medical University, Guangzhou,
510515 P.R. China.
Previous whole-cell study has showed that delayed rectifier current in CAI
pyramidal neurons is smaller than that in CA3 neurons in rat (Klee R. et al, J.
Neurophysiol., 1995, 74:1982). Here we investigated the differences of Ca2+independent, 4-AP-insensitive and TEA-sensitive voltage-dependent single K+
channel between acutely isolated CAI and CA3 pyramidal neurons of adult rat
hippocampus using cell-attached and inside-out configurations. During a given
depolarizing step of 300ms, the channels didn’t show inactivation in both types
of cells. Conductance of this voltage-dependent K+ current in CAI cells with 912pS (n=10) was smaller than that in CA3 cells with 15-18ps (n=10). Open
probabilities of this channel in CAI cells were 0.023, 0.047, 0.072, 0.123 when
depolarized by 20m V, 40mV, 60mV, 80mV from resting membrane potential of 60 mV respectively, while those in CA3 cells were 0.061, 0.113, 0.153, 0.289
with corresponding depolarized potentials. Distributions of open dwell times
could be best-fitted with two-exponential mode. Time constants of open dwell
times with 60mV depolarized potential were 0.35ms and 1.44ms in CAI cells
and 1.13ms and 9.96ms in CA3 cells. It is suggested that different properties of
the single K+ channels in CAI and CA3 cells may partially account for previous
whole-cell results and the distinct discharge mode in these two cells.
(Supported by National Natural Science Foundation of China)

INACTIVATING POTASSIUM CURRENTS OF PURKINJE CELLS IN
CEREBELLAR SLICES. T, Sacco2, P. Strata2, F. Tempia1*. ‘inst. of Physiology,
Univ. of Perugia; 2Dept. of Neuroscience, Univ. of Turin; Turin, Italy, 1-10125.
Inactivating voltage-dependent K+ currents are involved in shaping the discharge
pattern of neurons, in damping synaptic inputs and in the modulation of dendritic
Ca2+ signals. K* currents of Purkinje cells (PCs) with a conserv ed dendritic tree were
studied by whole-cell patch-clamp recording in acute cerebellar slices from 7 to 11
days old mice. Inactivating K+ channels expressed by PCs belong to the KVI, KV3
and KV4 subfamilies. In the presence of TTX (1 pM), Cs* (0.5 pM) and Cd2+ (50
pM), the currents had a fast onset, a small rapidly inactivating and a large sustained
component. The addition of TEA (4 mM) completely abolished a fast onset
component activating around -10 mV and with a voltage-dependent inactivation with
time constants ranging from 25 ms at 0 mV to 2.5 ms at +20 mV. This component
has the properties of KV3 channels. TEA also largely inhibited a slow sustained
current likely due, at least in part, to KV2 channels. The residual current activated at
a low voltage (between -60 and -50 mV), was half inactivated at a holding voltage of
-65 mV and had a pronounced inactivation that was not voltage-dependent and was
fitted by a single exponential function (t =122 ms ±36 SD, n=6). Such a current can
be mediated by either KVI or KV4 channels or by a combination of both. To dissect
the KVI relative to the KV4 component we blocked KVI channels by application of
either dendrotoxin-I (DTX, 20 nM) or agitoxin-2 (AgTX, 2 nM). DTX blocked 35%
of the current (n=3) while AgTX blocked 40% (n=5). The residual current had a
single-exponential, voltage-independent inactivation (x=126 ms ±30 SD, n=5). This
component is likely mediated by KV4 channels. The DTX/AgTX sensitive
component had a voltage-dependent inactivation, becoming faster towards positive
voltages (x at -20 mV: 130 ms ±44 SD, n=4), in agreement with the properties of
KVI channels. These results indicate that inactivating K* currents of PCs are due to a
variety of K+ channels belonging to tliree KV subfamilies, indicating their
involvement in diverse physiological roles. Funded by MURST grants to F.T.

77.11

77.12

CHARACTERIZATION OF AN APTERONOTID Kv3 POTASSIUM CHANNEL

Pyramidal cells of Apteronotid electrosensory lobe (ELL) generate oscillatory
discharge that incorporates backpropagating spikes regulated by somatic and dendritic K+ channels (see Lemon and Turner). In situ hybridization reveals an intense
label for Kv3A mRNA in pyramidal cells (see Rashid et al.). This study examined
the biophysical properties of Kv3A K+ channels transiently expressed in HEK cells
in relation to currents in intact ELL pyramidal cell somata and apical dendrites.
Expressed Kv3A currents were outwardly rectifying with an early peak (~4 ms
duration at 50 mV) and a later component that was typically non-inactivating over a
100 ms time frame (HP = -70 mV). The onset of activation was above —20 mV
with a half activation of 17 mV. There was a fast and voltage-dependent rate of activation that ranged from t = 0.46 ms at -10 mV to z = 0.15 ms at 50 mV. Deactivation was fast and voltage-dependent, ranging from x = 0.45 ms at -100 mV to x =
1.1 ms at 20 mV. A pronounced voltage-dependent inactivation could be evoked
with longer depolarizing pulses (up to 7 s) with an onset of 1-5 s for voltage commands over 100 mV. Recovery from inactivation at -70 mV was rapid, with 80%
recovery at 200 ms. Kv3A currents were blocked by 100 pM 4-AP and were highly
TEA sensitive (IC5o = 240 pM). Single channel conductance measured in on-cell or
outside-out configurations was ~21 pS, with a similar pM sensitivity to TEA as the
whole cell currents. Preliminary recordings in intact pyramidal cells show a prominent somatic whole-cell K+ current with veiy similar voltage-dependence and rates
for activation and deactivation. On-cell recordings reveal a single channel conductance of ~20 pS in both soma and apical dendrites with pM TEA sensitivity. The
similarities between gymnotid KV3A and mammalian Kv3.1 suggest a role for
Kv3A in spike repolarization, and thus the regulation of oscillatory discharge in a
sensory neuron.
Supported by the Canada MRC and AHFMR.

CHANGES IN INTRACELLULAR K+ DURING WHOLE-CELL
RECORDING FROM HEK293 CELLS TRANSFECTED WITH
Kv2.1 POTASSIUM CHANNELS. C. I. Frazier, E. G. George,
and S. W. Jones*. Department of Physiology and Biophysics,
Case Western Reserve University, Cleveland, OH 44106.
During experiments designed to study slow inactivation of
Kv2.1, we found that K+ currents can produce large changes in
intracellular K+. With 10 mM K+j and/or 10 mM K+o, apparent
inactivation was associated with changes in reversal potential
(VR), even when the only other monovalent cation was Nmethyl-D-glucamine (NMG+). VR shifts could be quantitatively
explained by changes in K+p e. g., a mean outward K+ current of
1 nA for 2 s would decrease K+j from 10 to 3 mM in a 10 pF cell.
Dialysis from the recording pipet was too slow to fully prevent
such changes in K+j. Changes in K+o were negligible. With 10
mM K+i>0, 140 mM Na+j, and 140 mM NMG+0, steps to +20 mV
produced a positive shift in VR, as expected from K+j depletion,
but opposite to the shift expected from a decrease in K+/Na+
selectivity. Long steps to VR caused inactivation, but no change
in VR. Studies of K+ channels in small cells with large currents
need to evaluate current-dependent changes in K+j.
Supported by NIH grant NS 24471 and a Howard Hughes
Medical Institute Research Resources Grant to CWRU.

77.13

77.14

LOOSE-PATCH CURRENTS FROM HYPOTHALAMIC-POSTERIOR
PITUITARY EXPLANTS. H.G. Marrero* and J.R. Lemos. Dept. of Physiology
& Neurosci. Prog., U. Mass. Med. Sch., Worcester, MA 01655.
The neurohypophysis contains the nerve terminals of the hypothalamic
magnocellular neurons and is well known to have specific frequencydependent stimulus requirements for the optimal release of peptides. Using
the loose-patch clamp technique in whole hypothalamic-posterior pituitary
explants, voltage-gated currents were obtained from the surface of the
hypothalamus and from the posterior pituitary. Both areas show fast inward
Na+- and slower outward K+- currents. However, the responses from the
posterior pituitary show an outward component, similar to the "A" type K+
current, which was not observed in the magnocellular region. Long-lasting
inward currents which contained a Ca -dependent component were also
obtained from the posterior pituitary under hyperpolarizing conditions, and
were not detected from the magnocellular region.
The possible role of these currents in the stimuli frequency characteristics in
the posterior pituitary was investigated using a "two pulse" protocol, where the
effect of an initial pulse on a second one was tested against the timing and
duration of the pulses. The results show a potentiation ofthe second pulse 2530 ms after the first pulse, but only if the first pulse contains an appreciable
"A" component, and is absent in the magnocellular records. This potentiation,
which affects the recovery time of the currents and is abolished by 7 mM 4AP, which bjocks the outward “A” currents, is interpreted as an effect of
interstitial K+ accumulation. In the presence of 0.5 mM CdCb, the potentiation
is also abolished, indicating the participation of inward Ca2* currents. These
results can be explained based on the effect of Ca2+ (as with other divalent
cations) on Na+ channels. Namely, that after pulse-induced currents K+
accumulates in the interstitial spaces in the posterior pituitary reaching
concentrations high enough to induce inward Ca2* currents. The optimal
frequency for stimulation of release from the intact neurohypophysis correlates
well with the observed potentiation and recovery ofthe Na* currents.
Supported by NIH grant NS29470.

VOLTAGE-GATED POTASSIUM CURRENTS IN PYRAMIDAL NEURONS
ACUTELY DISSOCIATED FROM RAT PREFRONTAL CORTEX. Y. Dong1*,
D.C. Cooper1, X.-T. Hu2 and F. J. White2, Depts. of Neuroscience1 and Cellular and
Molecular Pharmacology2, Finch Univ. Health Science/The Chicago Medical
School, 3333 Green Bay Rd., North Chicago, IL 60064.
Dynamic modulation of neuronal excitability in pyramidal neurons of the
prefrontal cortex (PFC) is important for working memory and goal-directed
behavior. Depolarization-activated potassium (K*) currents play an essential role in
determining neuronal excitability. To characterize these currents in PFC pyramidal
neurons, we used whole-cell voltage-clamp recordings from acutely dissociated
neurons. Using holding command potentials of varying duration and amplitude, we
isolated three types of K+ currents. The fast current (consistent with the A-type
potassium current, ZA) accounted for 20% of the total outward K* current. IA
completely inactivated at -40 mV and half-inactivated at -60 mV with a time
constant of 20 ms. The time to peak (TTP) amplitude was 10-16 ms at a test
potential of+10 mV. Recovery from inactivation exhibited a time constant of 50 ms
determined by -120 mV prepulses of increasing duration (1 ms to 1 sec). The
second current, which was consistent with the slowly inactivating current (ZKS)
accounted for 70% of the total current. ZKS exhibited a TTP of 30 ms and completely
inactivated at -40 mV. The inactivation tail consisted of both a fast (x=60ms) and a
slow (x=10s) component. /ks recovered from inactivation with a time constant of
300ms at -120 mV (prepulse durations from lms to 1 sec). The third current was
operationally defined as the current remaining after 5sec holding at -40mV and was
similar to the very slowly inactivating current (ZKSS). I^ss contributed 10% of the
total K* current and failed to inactivate over a 4 sec test command. We are currently
characterizing each of these three K* currents using pharmacological isolation with
selective K+ channel blockers. (Supported by DA04093, DA00207 and DA05794).

R.W. Turner*1, E. Morales1, A. Rashid2. R, Dunn2. ‘Neurosci. Res. Group, Univ. Calgary, AB T2N 4N1,2Dept. Neurol. & Neurosurgery', McGill Univ., Montreal, PQ H3G 1A4
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77.16

SINGLE-CHANNEL ANALYSIS OF KATP CHANNELS IN DENTATE GYRUS
GRANULE CELLS. M.R, Pelletier14 **. P. Pahapill13*. P. Pennefather5 and P.L
Carlen12,4'*. Playfair Neuroscience Unit1, Faculty of Medicine (Neurology2,
Neurosurgery3), Depts of Physiology4 and Pharmaceutical Science5, Toronto
Western Hospital*, University of Toronto, Toronto ON Canada M5T 2S8.
ATP-sensitive K+ (KATP) channels have been postulated to exist in the
hippocampus. Whole-cell recordings of KATP currents suggest regional differences
in their distribution, being prevalent in the dentate gyrus (DG; Zawar et al. J.
PhysioL 1999;514.2:327-41). We have recorded single-channel KATP activity from
DG neurons, which has not been reported previously. Conventional transverse
hippocampal slices were prepared from Wistar rats (15-17 days). Slices were
transferred to an interface-type chamber and perfused with ACSF containing (in
mM): 126 NaCl, 3.5 KCI, 2 CaCl2, 2 MgSO<, 1.25 NaH2PO<, 26 NaHCO3, 10
glucose, 10 TEA, 2 CsCl and 1 4-AP. Experiments were conducted at room
temperature (20-22 °C). Single-channel recordings in the cell-attached
configuration were made (Axopatch 200B) from DG neurons using thick-walled
(0.66 mm) borosilicate glass pipettes (6 - 10 MQ) filled with a solution containing
(in mM): 140 KMeSO,, 2 CaCl2,0.0002 charybdotoxin, 10 TEA, 2 CsCl, 1 4-AP,
and 0.01% BSA (300 mOsm, pH 7.3 with KOH). In 20/28 patches, we recorded
inwardly rectifying single-channel currents with a slope conductance of 32.0+4.3 pS,
which reversed at a transmembrane potential of 0 mV. Open and closed dwell time
histograms were fit best with one (S.4+2.9 ms) and two (1.59+0.4, 407+87.3 ms)
Gaussians, respectively. Mean P(o) was 0.02 ± 0.01. These channels were blocked
(10/13 patches) by the addition of glybenclamide (10 jizM) to the ACSF and
activated (5/6 patches) by hypoxia/hypoglycemia (95% N2/5% CO2; sucrose) for 5
min. Because brain KATP channels have been implicated in mechanisms of ischemia
they may represent an important therapeutic target. Supported by the Medical
Research Council of Canada (P. Pahapill, P. Pennefather, P.L. Carlen).

AN ANIMAL MODEL OF KQT POTASSIUM CHANNELOPATHY IN C. ELEGANS.
Aguan Wei* and Lawrence Salkoff. Department of Anatomy and Neurobiology,
Washington University School of Medicine, St. Louis, MO 63110.
KQT potassium channels are encoded by a distinct multigene family conserved in C.
elegans and vertebrates. Human members of this gene family (KvLQTl, KCNQ2,
KCNQ3 and KCNQ4) are associated with hereditary diseases affecting cardiac, brain
and hair cell functions. We have initiated studies of this gene family in C. elegans. with
the aim of establishing a useful animal model amenable to genetic analysis of their
functions, in vivo. C. elegans possesses multiple kqt genes (kqt-1 to -3). kqt-I shares
-70% amino acid identity with human KvLQTl. Expression of kqt-1 in Xenopus
oocytes revealed voltage-gated potassium currents with strikingly slow activation
kinetics, similar to those reported for coexpression of KvLQTl and minK. An in vivo
role was suggested by a kqt-1 :.GFP promoter fusion, which prominently labeled muscles
of the pharyngeal bulb. This myogenic muscle is required for feeding and shares many
features with vertebrate cardiac muscle, including the use of broad plateau potentials to
time rhythmic contractions. Common electrical characteristics and expression of KQTtype channels, suggested an important conserved role for these channels in shaping the
electrical properties of these cells. A dominant-negative KQT-1 (DN) subunit was
created by introducing a missense mutation (A338E in S6) analogous to a human
KvLQTl mutant allele associated with long-QT cardiac arrhythmia. Transgenic lines of
worms were created which overexpressed either DN or wild-type KQT-1 subunits in
phaiyngeal muscle. Transgenic lines expressing the DN KQT-1 subunit exhibited a
“starved” phenotype consistent with compromised pharyngeal function. This was
confirmed by electropharyngeogram recordings which revealed abnormally prolonged
and irregularly timed contractions, similar to those described for long-QT cardiac
arrhythmia. These results demonstrate that suppression of kqt-1 function by expression
of a DN subunit alters normal myogenic rhythmicity, and creates a deleterious in vivo
phenotype. We hope to employ genetic screens for suppressors of this induced
phenotype to identify conserved genes capable of reversing this deleterious phenotype.
These genes may reveal novel general strategies for ameliorating channelopathics.

77.17

77.18

MUTATIONS IN A TWO-P DOMAIN POTASSIUM CHANNEL CAUSE
UNCOORDINATED MOVEMENT IN C. ELEGANS. M.T. Kunkel. D.B,
Johnstone1. M L. Nonet. J.H. Thomas1. L. SalkofF*. Dept. of Anatomy and
Neurobio. Wash. Univ. Sch. of Med. St. Louis, MO 63110 (http://ntsalkoff.wustl.edu). and 'Prog, in Molecular and Cellular Bio. and Dept. of
Genetics. Box 357360, Univ. of Wash. Seattle, WA 98195.
As many as 50 genes encoding K+ channel subunits that contain two P
regions and four transmembrane domains (2P channels) are present within the
C. elegans genome. We have identified two mutants of n2P18, unc-110 and
mah-2, that confer uncoordinated movement in C. elegans. unc-110 animals
display uncoordinated movement at room temperature, whereas mah-2
animals are affected only at elevated temperatures (above 30°C). We have
identified missense mutations at distinct sites within the n2P18 gene in unc110 and mah-2 animals. Wild-type n2P18 channels express small outwardly
rectifying K+ currents in Xenopus oocytes, while both mutant channels
express much larger K+ currents. Expression of GFP under the n2P18
promoter indicates expression only in body-wall muscle, consistent with the
phenotype of defective body-wall muscle contraction. Thus, gain-of-function
mutations of n2P 18 may cause excessive K+ conductance in body-wall muscle
thereby inhibiting muscle membrane excitation and preventing contraction.
The n2P18 current amplitude was found to be highly temperature dependent.
The effect of temperature on the mah-2 mutant is to increase potassium efflux
above a threshold at which animal movement is impaired. The activity of the
wild-type channel is low such that this threshold level is not reached (up to
35°C), whereas this threshold is surpassed even at room temperature in the
unc-110 mutant.
This work is supported by grants from the NIH.

THE POTASSIUM CURRENT, IKSO, IN GRANULE CELLS IN CEREBELLAR
SLICES AND ITS RELATIONSHIP TO NOVEL TWO-PORE POTASSIUM
channels
. L. Barratt. A, Southan, J. Millar1
Mathie1 &. B, Robertsas*,
Biochemistry and ’Biophysics, Imperial College of Science Technology and
Medicine, London SW7 2AY, UNITED KINGDOM.
Recently, a novel superfamily of K channels, the 2-pore domain potassium channel
family (2P-K), has emerged (Goldstein, S.A.N. et al. (1998) J. Mol. Med. 76 13-20).
However, to date, no functional correlates have been identified in mammalian
neurons. We have shown, previously, that cerebellar granule neurons (CGNs) in
culture express an outwardly rectifying potassium current, termed a “standingoutward” K current (IKSO) (Watkins C.S. & Mathie A. (1996) J. Physiol. 491 401412). IKS0 shares a number of functional similarities with the 2P-K channel, TASK.
For example, neither has voltage-dependent gating, and both currents have linear
current voltage-relations with symmetrical potassium concentrations. Significantly,
both TASK and IKSO are inhibited by modest extracellular acidification.
In this study, we show that IK so can also be observed in mouse CGNs in acutely isolated slices obtained from young (3-5week) mice. As with IKS0 in cultured
CGNs, IKSO in cerebellar slices is blocked by external Ba2+ ions. We have found that
the sensitivity of IKS0 to block by Ba2+ ions was remarkably similar to that seen for
TASK currents expressed in Xenopus oocytes. Ba2+ block of IKSO in cerebellar slices
had an IC50 of 370 gM compared to a value of 320 gM for Ba2+ block of TASK
currents in oocytes.
The presence of IKSO in CGNs in slices suggests that this current may be present in
CGNs in vivo and is not simply overexpressed in CGNs in tissue culture. The
similarity in the sensitivity of the two channels to block by Ba2+ and H+ ions
provides further evidence to support the idea that native IKSO is the native correlate
of TASK. (Supported by the MRC and the Wellcome Trust).

CALCIUM CHANNELS: MOLECULAR STUDIES
78.1

78.2

A SINGLE AMINO ACID SUBSTITUTION IN THE a1B CALCIUM CHANNEL DOMAIN III

IDENTIFICATION OF AMINO ACIDS IN THE N TERMINUS OF THE
RABBIT a1B VOLTAGE-DEPENDENT CALCIUM CHANNEL REQUIRED
FOR INHIBITION BY G PROTEINS.
K.M. Page, C, Canti, G.J, Stephens and A.C. Dolphin*. Dept. Pharmacology,
University College London, WC1E 6BT, UK.
The neuronal a1B (N type) calcium channel is modulated by G protein py
subunits and the first 55 amino acids of the intracellular N terminus of a1 B
are essential for its G protein modulation (1). We have investigated this
further with mutations in the rabbit a1 B N terminus. In Xenopus oocytes,
expression of a1B/p2a/a25 and activation of co-expressed dopamine D2
receptors with 100 nM quinpirole resulted in by 35.3±2.2% inhibition (n=8,
mean ± SEM). Deletion of the first six (AN 1-6) or 44 (AN 1-44) amino acids
produced channels that were still strongly modulated, thus identifying a1B
45-55 (YKQSIAQRART) as essential. Deletion of only these 11 amino acids
(A45-55) or the mutations YKQSI-+AAAAA or RAR-+AAA also resulted in a
loss of G protein inhibition, and YKQ->AAA produced a reduction in
modulation. Ofthe single point mutations, inhibition was only markedly
reduced by S48A (4.5±1.0%, n=6), I49A (17.4±2.1%, n=11), R52A
(9.0±1.7%, n=11), R54A (4.4+0.8%, n=8). Broadly similar results were
obtained by transiently expressing the constructs, with p2a, a28 and
G protein p1y2 subunits in COS-7 cells, and measuring modulation using a
prepulse protocol, although in this assay the Y45A mutation also reduced
modulation. Thus three amino acids (S48, R52, R54) within the N terminus
of a1 B are essential for G protein modulation of the channel, and two others
(Y45 and I49) play a subsidiary role. They may form part of a Gpy binding
site, or translate the binding into a functional response.
This work was supported by the Wellcome Trust.
1.
Page K.M et al 1998 J. Neurosci. 18: 4815-4824.

S5-S6 LINKER INCREASES AFFINITY AND REVERSIBILITY FOR O-CONOTOXIN GVIA
Z.-P. Feng1,3*, G.R. Bosey2, T.P. Snutch2,3 and G.W. Zamponi1 'Department of
Pharmacology and Therapeutics, University of Calgary; 2Biotechnology Laboratory,
University of British Columbia, 3Neuromed Technologies Inc., Vancouver.
The peptide toxin co-conotoxin GVIA (CgTx) selectively and virtually irreversibly
blocks N-type Ca2+ channels via direct occlusion of the external mouth of the channel
pore. The putative binding site of CgTx is contained at least in part within the
extracellular linkers connecting the S5 and S6 segments of domain III of the N-type
calcium channel a, subunit (Ellinor et al., Nature, 372: 272,1994). Here, we report
the effects of a single point mutation within this region G1326P on CgTx block of Ntype (a1B + a2-S + P,b) calcium channels transiently expressed in HEK cells. Whereas
the basic biophysical properties of the mutant channel were similar to the wild type
a1B channel, the sensitivity to CgTx was dramatically changed. Application of 1 gM
CgTx to the wild type channel resulted in complete block with a blocking time
constant (x) of 6s, and recovery from block effect was less than 5% after 15min wash.
In contrast, for the mutant channel, a 30-fold lower CgTx was required to yield a
similar blocking time constant. In addition, recovery from block was dramatically
accelerated in the mutant channel, yielding -60% recovery within 15 minutes of
washout. A kinetic analysis of the concentration dependence of the blocking rate
constants seen with both wild type and mutant channels revealed blocking and
unblocking rate constants for the mutant channel of respectively, S^gM’s1 and 0.26
s1 for the mutant channels compared with 0.26gM‘* s'1 and close to 0 for the wild
type channel. Our data provide evidence that residue G1326 mediates a critical role
in the access of CgTx to its binding site and also the stabilzation of CgTx binding to
the channel.
This study was supported by AHFMR and MRC.
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The human ^iD^bSPsa voltage-dependent calcium channel (VDCC) does not exhibit
G-protein modulation.
D.C. Bell*. P.F. Brust1, A. Nesterova1, K.A. Stauderman1, G.R Seabrook2 and A.C.
Dolphin.
Department of Pharmacology, University College London, WC1E 6BT, 'SIBIA
Neurosciences, Inc., La Jolla, CA92307 and 2Merck, Sharp & Dohme, Harlow,
CM20 2QR, UK.
Uncertainty exists over the possibility of G-protein modulation of neurosecretory
L-type VDCCs. The human neuronal form of the L-type VDCC, a1D, stably coexpressed with the accessory subunits a2b5 and p3a in HEK293 cells (Hans et al.;
Biophys. J., 1997, 72: Tu-Pos39) has been examined to address this problem.
The VDCC subunit composition was confirmed by the reverse transcription
polymerase chain reaction. Using the whole-cell patch clamp technique, typical Ltype pharmacology was also exhibited in these cells: barium current (IBa) was
modulated by specific L-type VDCC pharmacological agents [inhibition by 3pM
nifedipine=63±5% (mean±sem), n=7; enhancement by 3pM S(-)BayK8644=325±25, n=5j.
The HEK293 cell line endogenously expresses all the major G-protein families
and the G-protein coupled receptor somatostatin (SST) receptor-2. Internal dialysis
of GTP-yS (lOOgM, n=8) and GDP-PS (2mM, n=8),which activate and inactivate Gproteins respectively, had no effect on either the aID current density or current
facilitation (arising from strong depolarising pre-pulses). Perfusion of SST-14
(500nM, n=5) also had no effect on ctiD IBa. In contrast, under similar experimental
conditions transiently transfected a1B, a28 and p3a channels displayed typical Gprotein modulation by internal GTP-yS and by SST-14. The effect of cAMP
elevation on a1D IBa was also investigated by perfusion of forskolin (lOpM, n=4):
again no effect was observed.
Thus, in this human neuronal a1D splice variant, G-protein modulation via the
pathways investigated does not appear to occur.
D.B is supported by a M.R.C./Merck, Sharp & Dohme Ph.D. studentship.

THE AMINO TERMINUS OF THE Ca2+ CHANNEL aiB SUBUNIT IS AN
ESSENTIAL DETERMINANT OF G PROTEIN MODULATION. GJ Stephens,
C Canti, KM Page and AC Dolphin. Dept of Pharmacology, University College
London, Gower St., London WC1E 6BT. SPON: British Neuroscience Association.
This study examines the relative contributions of the N-terminus, domain I and the
I-II loop of the al Ca2+ channel to G protein modulation, using a series of chimeras
between aiB and the unmodulated alC subunit, al constructs, together with a26 and p2a subunits, were expressed in either Xenopus oocytes or COS cells. G
protein effects were studied by activation of co-expressed dopamine D2 receptors by
quinpirole in oocytes; and by co-transfection of GPy subunits in COS cells.
Modulation was measured as % inhibition in current (IBa) by quinpirole in oocytes
and the reversal of GPy-induced shifts in the midpoint of voltage-dependence of
activation (AV50) by a large depolarizing prepulse in COS cells.
Parental aiB showed robust modulation (47±3% IBa inhibition n=8; AV50:=9.3±2.1
mV n=10); in contrast, alC showed no modulation. The presence of the a IB N
terminus was an absolute requirement for G protein inhibition of chimeric constructs.
Transfer of the a IB N terminus alone into alC (albCcCCC) conferred a sensitivity
to G protein modulation (13±4% IBa inhibition n=9; AVJ0 =4.6 ±0.9mV n=8).
Modulation was also seen with the additional exchange of either domain I
(albBcCCC) or the I-II loop (albCbCCC) or both (albBbCCC). In COS cells, AV50
values for albCbCCC (6.7±1,9mV n=9) and albBbCCC (7.8±1.8mV n=6) were
not significantly different to values for a IB. All constructs containing the a 1C Nterminus did not exhibit G protein modulation.
Constructs were also expressed in the absence of the exogenous P2a subunit in
Xenopus oocytes. Inhibition by quinpirole in the absence of P2a was increased for
a IB. Of the constructs tested, only albBbCCC showed a similar effect. This
indicates that the N-terminus/domain I/I-II loop region of the al subunit may contain
determinants for the antagonism of GPy modulation of Ca2+ channels by p subunits.
Work supported by The Wellcome Trust.

78.5

78.6

CALCIUM CHANNEL p SUBUNITS IN CHICK DORSAL ROOT
GANGLION NEURONS. M. S. AtKisson and Kathleen Dunlap*.
Department of Neuroscience, Tufts University; Boston, MA 02111.

CLONING AND EXPRESSION OF CALCIUM CHANNEL pSUBUNITS FROM BOVINE CHROMAFFIN CELLS A.L. Cahill*. J.H.
Hurley and A.P. Fox. Dept. of Neurobiology, Pharmacology &
Physiology, The University of Chicago, Chicago, IL 60637
A common feature of virtually all N-type Ca channels is that they
exhibit voltage-dependent inactivation. In contrast, N-type channels
found in chromaffin cells frequently show no voltage-dependent inactivation. In an effort to determine the molecular basis for inactivation of
these N-type channels, we previously cloned the a1B subunit of the N-type
calcium channel from chromaffin cells. Because other studies have
shown that the rate of N-type channel inactivation depends on which psubunit is co-expressed, we have now assessed which P-subunits are
expressed in bovine chromaffin cells and cloned five of them. Northern
blots and RT-PCR confirmed the expression of Plb, p2a, p2b, and P3a- Upon
screening of a random-primed bovine chromaffin cell library (a gift of Dr.
H. Pollard, NIH) we isolated full length clones corresponding to plb, Plc,
and IL and partial clones containing all but small portions of the 5'-ends
of p2a and p2b. The 5'-ends of the p2a and p2b subunits were cloned by RTPCR from chromaffin cell mRNA. All the p-subunits were subcloned
into the mammalian expression vector pcDNA3.1 and Co-expressed with
bovine a1B and rat c^S in HEK293 cells. The combination of bovine p2a,
a1B and
produced non-inactivating N-type channels similar to those
in bovine chromaffin cells. Co-expression of plb, plc, p2b, or p3a with a1B
and 0^8 produced channels which exhibited distinct voltage-dependent
inactivation. Chromaffin cells may modulate expression of various Psubunits to obtain N-type calcium channels with different inactivation
properties. (Supported by USPHS 5 R01-GM43560).

Currents through the ai subunit of the calcium channel can be modulated
in three ways: 1) by the auxiliary b subunits, 2) by voltage-dependent Gprotein-coupled pathways, and 3) by voltage-independent G-proteincoupled pathways. These three modulatory pathways are likely to interact.
There is at least a relationship between P subunit identity and the effect of
G-protein-mediated modulation. Calcium currents in chick dorsal root
ganglion (DRG) neurons can be modulated by neurotransmitters in two
biophysically distinct fashions, one voltage-dependent and the other
voltage independent. However, not every cultured cell demonstrates both
types of modulation. One component in determining DRG response to
neurotransmitter may be the identities of the P subunits expressed in each
cell. To determine which P subunits are present in embryonic chick DRG
neurons, we used RT-PCR methods to detect the presence of specific
mRNAs. The following P subunit genes are expressed in the ganglia, as
confirmed by sequence analysis of PCR products, both before and after
culturing: p2 (p2a or P2b, and P2c), P3, and P4. pi has not been detected.
No change in subunit expression can be seen by this method in the days
between embryonic day 10 and day 13. The PCR products from these
experiments will be used as probes for in situ hybridization on tissue from
the ganglia and on cultured DRG neurons. These experiments will
determine whether the expression of P subunits is uniform across the cell
types in the ganglia, or whether the differential expression of p subunits
could contribute to the observed heterogeneity in neurotransmitter
response.

This work supported by NINDS grant #NS 16483.

78.7

78.8

KNOCK-OUT OF THE Ca2+ CHANNEL a1A SUBUNIT ABLATES P- AND QTYPE CURRENTS AND CAUSES GENERALIZED DYSTONIA. K. Jun1’2, S.M.
Smith3,4, E. Piedras-Renteria3, D.B. Wheeler3, S. B. Lee12, T. G. Lee1,2’, *R.H. Scheller3'4, R.W. Tsien3 and H-S Shin12 'National Creative Research Initiatives Center for
Calcium and Learning and 2Dept of Life Science, Pohang University of Science and
Technology, Pohang, Korea, department of Molecular and Cellular Physiology and
4H.H.M.I„ Stanford University School of Medicine; Stanford, CA 94305.
P/Q-type Ca2+ channels are the predominant pathway for Ca2+ entry at the majority
of presynaptic terminals in the mammalian CNS and play a key role in regulating
neurotransmitter release. Considerable evidence suggests that the a1A subunit supports P- and Q-type currents but the most direct test, a gene knockout, has not been
described. We have generated an a1A subunit null mutant (a1A-/-) by conventional
knockout techniques, as confirmed by Southern, Northern, and Western analyses. The
a1A-/- mice developed a severe progressive generalized dystonia and died before P28,
whereas heterozygotes (+/-) appeared like wild type (+/+).
Pharmacological dissection of the Ca2+ channel currents in voltage-clamped cerebellar granule cells revealed that the total current density was reduced in the a1A-/mice compared with a1A+/+ animals (p<0.0001), due to the absence of P/Q-type current (p<0.01) and a reduction in R-type current (p<0.05). Similarly, in Purkinje cells,
pharmacologically defined P-type current was absent and the total current density was
accordingly decreased. Synaptic transmission in hippocampal slices showed enhanced
dependence on N-type Ca2+ channels. The specific N-type blocker (fl-CTx-GVIA reduced the slope of population EPSPs by 93±1% in the a1A-/- mice, compared with
43±2% in a,A+/+ animals (p<0.0001). These experiments provide the strongest evidence to date that both P- and Q-type currents arise from a1A subunits. The knockout
mice will allow examination of the biological roles of P/Q current. So far, histopathological examination of a!A-/- mice revealed delayed migration of the external
granule cell layer and focal axonal swelling in the Purkinje cells. In addition, abnormal expression of tyrosine hydroxylase was detected in deeper cortical layers.
Supported by NIH, HHMI and NCRI. SMS and EPR contributed equally to this work.

CLONING AND FUNCTIONAL CHARACTERIZATION OF THE HUMAN
y2 CALCIUM CHANNEL SUBUNIT M.S. Washburn*, M.E. Williams, R.
Pasieczny, K.A. Stauderman and E.C. Johnson, SIBIA Neurosciences, Inc., La
Jolla, CA 92037.
The stargazer mutation was recently identified within a gene whose predicted
structural characteristics are similar to those of the yj voltage-gated calcium channel
(VGCC) subunit identified in skeletal muscle. Stargazer mice have spike-wave
EEG discharges characteristic of absence epilepsy, similar to the phenotype of
VGCC-associated mutants, tottering and lethargic. Recombinant expression of y2
with the rabbit aJA subunit resulted in calcium channels with altered biophysical
characteristics (Letts et al., 1998).
Using PCR primers designed for regions near both the initiation and termination
codons, we amplified the full-length y2 cDNA from human TT cell, amygdala,
hippocampus and thalamus cDNAs. The human y2 cDNA was 98% identical to the
mouse y2 but only 41% identical to the yi cDNA isolated from human skeletal
muscle. Hybridization of northern blots containing poly(A)+ RNAs from a variety
of human tissues with a full-length y2 probe indicated that a y2 transcript of -6.0 kb
is expressed throughout the brain. The only detectable transcripts in non-neuronal
tissues were relatively low levels of an RNA of -2.0 kb in placenta and pancreas.
The effects of y2 expression on calcium channel function were examined in
Xenopus oocytes. Steady-state inactivation values from oocytes injected with
mRNAs for human a1A, a^S, p3a and y2 VGCC subunits were shifted
approximately 8 mV in the hyperpolarizing direction relative to those from oocytes
injected with a]A, a2b§ and p3a mRNAs. The voltage dependence and kinetics of
activation were unaffected. These data are consistent with the functional role
previously described for the mouse y2 subunit.
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78.10

ALTERNATIVE SPLICING IN THE PUTATIVE II -III LOOP OF THE N-TYPE Ca
CHANNEL otjB SUBUNIT. J. Pan, J. Nam, & D. Lipscombe*. Dept. of Neuroscience,
Brown University, Providence, RI 02912.
We report the presence of alternative splicing of a 22 amino acid segment in the
putative II-III intracellular loop of Ca channel aJB mRNA derived from rat sympathetic
neurons. This spliced sequence, located between A757 and R758 in rat aiB, was first
described in mouse neuroblastoma cells (Coppola et al., 1994). 0CiB mRNA containing
the 22aa insert (+22a1B) was prevalent in mRNA derived from sympathetic neurons
but was relatively rare in brain based on RT-PCR analysis. Expression of 22aa is thus
regulated in a tissue-specific manner. The electrophysiological properties of the +22a1B
and A22otiB variants were compared in Xenopus oocytes using the two-microelectrode
voltage-clamp technique. N-type Ca channel peak current-voltage relationships and
steady-state inactivation curves of the two splice variants were indistinguishable. Midpoints for activation and SS inactivation were -5 mV and -37 mV, respectively with 5
mM Ba as the charge carrier. There was, however, a significant difference in the time
course of Ca channel inactivation between the splice variants. As reported previously,
inactivation of the A22a]B variant (control) follows a bi-exponential time course (Tfas, ~
125 ms; xsiow ~ 900 ms). In contrast, >50% of oocytes expressing the +22aiB variant
lacked the fast component of inactivation and decayed with a single, slow time
constant of ~ 800 ms. The 22aa insert resides within the putative syntaxin binding site
(Sheng et al. 1994). We therefore assessed the influence of co-expressing syntaxin on
channel properties, but found that the effects of syntaxin on the two splice variants
were indistinguishable. Consistent with previous reports (Bezprozvanny et al., 1995)
syntaxin induced a hyperpolarizing shift (20 mV)in the N-type Ca channel steady-state
inactivation curve although in our studies we observed smaller shifts (7 mV). Syntaxin
also inhibited the N-type Ca channel current by a voltage-independent mechanism.
Tissue-specific splicing of the 22aa may in part underlie the reported variability in Ntype Ca channel inactivation in different neurons. Supported by NS29967

A POINT MUTATION IN THE i2 LOOP DOMAIN OF 5HT1A
RECEPTORS UNCOUPLES AGONIST INDUCED CALCIUM CHANNEL
-BUT NOT ADENYLYL CYCLASE INHIBITION IN Fll CELLS.

X.Wu1*, N.Kushwaha3, P. Banerjee2, P.R. Albert3 and N.J.Peningtonj,
Pharmacology. SUNY (H.S.C.) Brooklyn N.Y. 11203, CUNY Coll.of Staten
Island and Univ of Ottawa Canada.
Serotonin activates 5HT]A receptors that couple to Gi/Go G-proteins to
inhibit Ca2+ channels and forskolin-stimulated cAMP levels. Several PKC
phosphorylation sites in the second and third intracellular loop (i2 and i3) of
the 5-HT1A receptor were mutated (T149A in i2 and T229A/S253G/T343A
in i3). All the mutants coupled to the inhibition of cAMP in GH4 and Ltk'
cells (Lembo et. al. 1995,1997). The receptor DNA was transfected into the
neuronal Fll (DRG x N18TG2 neuroblastoma) cell line to study coupling
to Ca2+ channels. In whole-cell patch-clamp recordings from untransfected
FI 1 cells 5-HT (lpM) had no effect on Ca2+ current and showed no 5-HT1A
receptor binding. In DI wild type clones, expressing rat 5HT1A wildtype
receptors, 5-HT inhibited the Ca2+ current by 57 ± 5.6% (7/13 cells). Similar
results were obtained with the human 5-HT1A receptors expressed in these
cells by electroporation. In F11 cells (G2 clones) containing a triple receptor
mutant (i3 loop domain) Ca2+ current was inhibited by 61 ± 3.4% by 5HT
(12/12). Most Fll cells expressing the T149A receptor mutant (i2 loop
domain) did not respond to 5HT (12/13), but did respond to lOOnM
enkephalin (DADLE). 5-HT also inhibited cyclase in these clones. Our
results indicate that Thr 149 is critical for coupling between the receptor and
the heterotrimeric G-protein, or direct coupling between receptor and G-|3y
subunits to Ca2+ channels. Supported by HSC Dean's initiative fund.

78.11

78.12

THE JELLYFISH CYANEA CAPILLATA CONTAINS NON L-TYPE HVA
CALCIUM CHANNEL SEQUENCES R.M. Greenberg, G.B, White, M.C.
Jeziorski, and P, A.V, Anderson*. Whitney Laboratory, University of
Florida, St. Augustine FL 32086.
The cnidarians, which include jellyfish and sea anemones, are the oldest
extant animals to have a recognizable neuromuscular system. We are
interested in determining the number of subtypes of voltage-gated ion
channels present in these early nervous systems. As a model, we are isolating
cDNAs encoding voltage gated Ca2+ channel ai subunits from the lion's mane
jellyfish, Cyanea capillata. We had previously described the cloning and
expression of a Cyanea cDNA with a structure most closely resembling Ltype Ca2+ channel sequences. The current generated by expression of this
sequence in Xenopus oocytes differs from mammalian L-type currents in its
pharmacology and ion selectivity. We now report the cloning of at least one
additional Cyanea cDNA fragment which most closely resembles the (A, B,
E) class of non L-type Ca2+ channel sequences. Another group [Zoccola et al.
(1999) Gene 227, 157] also recently found non L-type channel sequence
fragments in another cnidarian, the reef building coral Stylophora pistillata.
Cyanea non L-type sequences are more similar to their mammalian non Ltype counterparts than to the L-type sequence from Cyanea, indicating that
the L-type/non L-type split in Ca2+ channel ai subunits predates the
emergence of the Cnidaria approximately 700 million years ago. This
divergence of channel subtypes apparently occurred prior to the appearance
of animals with recognizable nervous systems. (Supported by NSF grant
#IBN-98O8386 to PAVA and RMG)

MOLECULAR CLONING OF NEURONAL CALCIUM CHANNEL SUBTYPES
AND BETA SUBUNIT IN LYMNAEA STAGNALIS
J.D. Spafford,1* N.G. Grigoriev,1 E.R. .van Kesteren,2 S. Spiiker,2 'J. van Minnen,2
R.E. van Kesteren,2 A.B. Smit,2 N.I. Syed,1 and W.P.M. Geraerts2 ’Dept. ot
Anatomy and Cell Biology, Univ. of Calgary, Calgary, Alberta, Canada. T2N 4N1;
2Research Institute Neurosciences, Dept. of Molecular and Cellular Neurobiology,
Vrije Universiteit Amsterdam, The Netherlands. De Boelelaan 1087, 1081 HV.
Synaptic transmission and synapse formation between soma-soma paired Lymnaea
neurons requires calcium influx through high voltage-activated calcium channels.
However, the precise molecular identity of these and the other types of Ca channels
in Lymnaea has not yet been determined. In this study, we cloned a complete, fulllength (approx. 7.0 kb) cDNA coding for a non-L-type channel and an almost fulllength (approx. 6.5 kb) L-type channel cDNA from the central ring ganglia of
Lymnaea stagnalis. We have also found an almost full-length cDNA for a member
of the recently-discovered T-type channel family and a 1.4 kb Ca channel beta
subunit cDNA in this species. The cloned non-L-, L- and T-type channels in
Lymnaea show a high sequence divergence compared to their vertebrate
counterparts. Lymnaea channels were "most similar in sequence to mammalian
homologues in transmembrane regions, but sequence similarity was generally low in
cytoplasmic loops and termini. Amino-acid residues of Lymnaea channels were
extremely conserved in regions critical for calcium ion selectivity, voltagesensitivity and kinetics. High sequence conservation of residues was found in
regions expected to be involved in the interaction pf L and non-L type calcium
channels with beta subuits. Correspondingly, the sequence of putative residues
responsible for Ca channel associations was conserved in the Lymnaea beta subunit.
Our findings from molecular cloning clearly demonstrate that the important
structural elements of Ca channels and beta subunit are conserved in Lymnaea
Stagnalis.

78.13
DUAL-CELL PATCH CLAMP ANALYSIS OF SYNAPTIC INTERACTIONS
BETWEEN SOMASOMA PAIRED LYMNAEA NEURONS. N.G. Grigoriev;
M.A. Woodin; J.D. Spafford; K.Lukowiak and N.I. Syed*. Respiratory and
Neuroscience Research Groups, Faculty of Medicine, University of Calgary, 3330Hospital Drive, N.W. Calgary, Alberta, Canada T2N 4N1
Cardio-respiratory rhythmogenesis in Lymnaea is a function of synaptic
interactions between an identified group of central pattern generating neurons
(CPG). However, the precise pre and postsynaptic ion channel mechanisms
underlying rhythm generation in this circuit remain poorly defined. In this study,
utilizing in vitro reconstructed synapses between the somata of identified Lymnaea
neurons visceral dorsal 4 (VD4) and left pedal dorsal 1 (LPeDl), we performed
dual-cell patch clamp analysis of synaptic interactions between these cells. When
paired in a soma-soma configuration, VD4 established an excitatory synapse with
LPeDl which was similar to that seen in vivo. Since VD4-induced postsynaptic
currents in LPeDl were blocked by d-tubocurarine and exhibited non-additive
summation with exogenously applied acetylcholine we suggesting that the synaptic
transmission between these cells is most likely cholinergic. Taken together, the
soma-soma synapse model, coupled with dual-cell patch clamp analysis provides us
with an unequalled opportunity to further characterize both the ion channel and
synaptic mechanisms that regulate respiratory rhythm generation in this circuit.
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A, McMahon1*. E, Perez-Reves2 and R.H. Joho1. GENE STRUCTURE
INCLUDING UPSTREAM SEQUENCES OF THE MOUSE alG T-TYPE
CALCIUM CHANNEL. ‘The Center for Basic Neuroscience, The University of
Texas Southwestern Medical Center, Dallas, TX 75235, and department of
Physiology, Loyola University Medical Center, Maywood, IL 60153.
Three genes coding for low voltage-activated calcium channels have been
identified. In situ hybridization analysis identified ulG as the most abundantly
and widely expressed of these genes in the brain. We have isolated mouse
genomic clones containing promoter sequence and exon sequences spanning the
first domain of alG (from a mouse genomic library screened with either a probe
containing the 5' untranslated region or coding sequence from domain 1 of the rat
cDNA). Similar to other members of the calcium channel family the coding
sequence for the alG gene is distributed among many exons with general
conservation of intron/exon boundaries observed between the human and mouse
genes. The sequence for domain 1 is contained in 7 exons with exon sizes from
less than 100 bp to 784 bp for exon 7 which encodes part ofthe S6 transmembrane
segment and part of the cytoplasmic loop connecting to domain 2. Exon 1
contained a large untranslated sequence (almost 500 bp) followed by the sequence
encoding the first 81 amino acids of the cytoplasmic domain up to the beginning
of the first transmembrane segment (SI). The a 1G gene promoter does not contain
a TATA box but contains a very G+C rich region around the transcription start
site. The promoter contains two GC boxes and two copies of the core motif
CCAGGAG found in several neuron-specific genes. One of these sequences is
present in inverse orientation within the sequence for the 5' untranslated region
of the cDNA. The promoter sequence also contains motifs for CREB and AP-2
transcription factor-binding sites (supported by NS28407 [RHJ]).

ISOLATION AND CHARACTERIZATION OF A FAMILY OF T-TYPE
CALCIUM CHANNELS. J.E. McRory1? J. Mezeyova2, C.M, Santi1, K.

197

Hamming1. K. Sutton1, and T.P. Snutch1,2. ’Biotechnology Lab, University
of British Columbia, Vancouver B.C., Canada V6T 1Z3; 2NeuroMed Technologies,
Vancouver B.C., Canada V5Z 4C2.
Voltage gated calcium channels are encoded by a family of structurally related al
subunit proteins. Utilizing a genomics-based cloning strategy, we have isolated
three members of the T-type class of calcium channels from human and rat brain.
The full length rat aiG cDNA encodes a protein of 2286 amino acids, the rat a)H
cDNA encodes a protein of 2044 amino acids and the rat an cDNA encodes a
protein of 1799 amino acids. The aiG and am channels share 65% amino acid
identity while the an is 53% identical to a1H and 47% to a]G. Northern blot and
RT/PCR analysis shows that a1H and aJG exhibit a similar expression pattern in rat
brain. However, in contrast to a previous report (Talley et al., J Neurosci
19(6): 1895-911), we find that an channel expression exliibits an unique and
selective distribution. Several alternatively spliced variants were also found,
including an variants that differ by the presence or absence of 6 amino acids in the
domain I-II linker or by the presence or absence of 13 amino acids in the domain IV
S4-S5 segment. Transient expression studies in HEK 293 cells shows that each of
the am, am and an subunits encode functional T-type calcium channels.
Supported by grantsfrom MRC of Canada, NSERC of Canada, ALS Society of
Canada and the Human Frontiers Science Foundation.

79.3

79A

STRUCTURE AND ALTERNATIVE SPLICING OF THE GENES
ENCODING THE HUMAN BRAIN T Ca2+ CHANNEL SUBUNITS
ttic AND an. S. Mittman*, J. Guo and W.S. Agnew. Depts. of
Anesthesiology and Physiology, The Johns Hopkins University School
of Medicine, Baltimore, MD 21287
The structures of the genes encoding the human brain T Ca2+
channel subunits ociG and an (CACNA1G and CACNA1I) were
determined by comparison of genomic and PCR-amplified brain cDNA
sequences. CACNA1G consists of >38 exons spanning >66,490 nt of
chromosome 17q22. Alternative splicing of the RNA occurs at six
sites: cassette exons 14, 26, 34 and 35, an internal donor in exon 25 and
protein-cpding intron 38B.
Additionally, the RNA can be
polyadenylated at either of two sites. CACNA1I consists of >37 exons
spanning >116,390 nt of chromosome 22ql2.3-13.2.
Alternative
splicing of the RNA occurs at tliree sites: cassette exon 9, an internal
acceptor in exon 33 and an internal donor in exon 36. Polyadenylation
and cleavage at the 3' end of the long version of exon 36 leads to loss
of exon 37. Alternative processing of the CANCA1G and CACNA1I
RNAs may lead to expression of as many as 64 and 8 distinct protein
products, respectively. This molecular diversity may contribute to tlie
observed heterogeneity of T currents in central neurons. Supported by
the NIH, the Foundation for Anesthesia Education and Research, the
American Society of Regional Anesthesia and Astra Pharmaceutical
Products, Inc.

IDENTIFICATION OF HUMAN ajG T-TYPE CALCIUM CHANNEL SPLICE
VARIANTS. A. Monteil, J. Chemin, S. Spiesser, E. Bourinet*, P. Lory, and J. Nargeot.
Institut de Genetique Humaine, CNRS UPR1142, 141 Rue de la Cardonille, 34396
Montpellier France.
Voltage Gated Calcium Channel (VGCC) diversity is abundantly described in native
neurons. They are classified mainly on the basis of their sensitivity to membrane
depolarization (Low Threshold of Activation or LVA vs High Threshold of Activation or
HVA) and their distinct pharmacological properties. Different functions have been linked to
these various channels ranging from cellular excitability to neurotransmitter release or gene
activation. Molecular cloning of the constitutive subunits of these channels progressively
shows the extent of their structural diversity. On this aspect, HVA VGCC have been well
characterized. They are multimeric complexes formed of an a 1 pore forming subunit (SU) and
at least 3 ancillary SU (P, a2-8, and y). To date seven genes encoding HVA al SU are
identified (ajA, ajg, alC> alD> alE, alF> ais)- Recently, 3 novel al SU have been
identified*0 and recognized as major components of LVA (or T-type) Ca2+ channel (ajQ,
ajH> and ail)- We have cloned and expressed several isoforms of human ajQ subunit. The
functional properties of these splice variants have been studied following expression in HEK
cells. Tissues such as cerebellar and thalamic neurons or developping heart myocytes where an
implication of T-type Ca2+ channel has been postulated in the genesis of rhythmic oscillations
of the membrane potential shows high levels of ajQ expression. Therefore additional
characterization of a j q isoforms activity have been done using action potential waveforms of
these different cells as voltage command to investigate how their respective properties are
compatible with a role on pacemaking activity.

79.5

79.6

a„: A T-TYPE CALCIUM CHANNEL WITH NOVEL GATING
PROPERTIES. C.M. Santi1, J.E. McRory1, K.G. Sutton1, J, Mezeyova2, A.
Hasson1* and T.P, Snutch1. ’Biotechnology Laboratory, Univ. of British Columbia,
Vancouver, B.C., Canada V6T 1Z3; 2NeuroMed Technologies Inc.,Vancouver,
B.C., Canada, V5Z 4C2.
Low voltage activated calcium channels play an important role in the generation
of pacemaker activity and repetitive bursting in neurons. Here we present a detailed
analysis of the electrophysiological properties of a new member of the T-type
calcium channel family: an. We compare the properties of an with another member
of the low-threshold calcium channel family (a1G) and the aiE channel which
exhibits properties of both high- and low-threshold channels. Channels were
transiently expressed in HEK 293 cells and currents recorded in 2 mM calcium
external solution using the whole cell patch clamp technique. The an channel both
activated (~ -80 mV) and peaked (—50 mV) at more negative potentials compared
with aiG and a1E. The V5oactforau was found to be -60.7 mV compared to -51.6 mV
and -9.2 mV for aio and aiE, respectively. The an channel also exhibited relatively
more negative steady-state inactivation properties (V5oinact = -93.1 mV) compared to
aiG(Vsoinact = -86.2 mV) and aIE (-81.6 mV). A further distinguishing features of the
an current is its unusually slow kinetics of activation and inactivation (iact = 3.1
ms; Tuuct = 112.8 ms) compared to aJG (xact = 0-92 ms; Tinact = 11.6 ms) and aJE (Tact
= 1.86 ms; Tinact = 73 ms; all at -20 mV). As is typical for a T-type calcium channel,
the deactivation of an was slow (Tdeact ~ 1 ms at -120 mV) and the permeability for
Ca2+ was approximately equal to Ba2+. We also tested the effect of several classic T
type channels blockers: both aiG and an displayed similar low sensitivities to block
by Ni2+ and weak inhibition by amiloride.

INACTIVATION KINETICS OF all, A LOW VOLTAGE
ACTIVATED Ca CHANNEL. R.L. Martin1. M.M. McNulty1. J.H. Lee2.
E. Perez-Reves2, & D.A. Hanck1*. ‘Dept. of Medicine, University of
Chicago, Chicago, IL 60637 and 2Dept. of Physiology, Loyola
University School of Medicine, Maywood, IL 60153
The recently cloned family of low voltage activated Ca channels is
comprised of three isoforms (alG, alH, and all), whose membrane
spanning regions share more than 80% homology. When these isoforms
are stably expressed in HEK293 cells and studied with 2 mM Ca as the
charge carrier, all inactivates much more slowly than alG and alH.
At positive potentials, e.g. at 0 mV, 90% of alG and alH current
decays by 50 ms, whereas greater than 200 ms is required for 90%
decay of a II. Near threshold potentials (between -80 mV and -60 mV),
where inactivation is likely to develop primarily from closed states,
availability for all three isoforms reaches steady-state only after 5 s.
However, the time courses of both alG and alH are bi-exponential,
with the slower time constant of ~1 s, accounting for about 20% of the
availability. In contrast all inactivates with a dominant slow time
constant that is near to or greater than 1 s between -80 mV and -60 mV.
The presence of such a slow time course of inactivation creates a time
dependent window current that would make this channel especially
well suited to control excitability in neurons in which it is expressed.
Supported by AHA and NIH.

Supported by the MRC ofCanada and the Human Frontiers Science Program.
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BIOPHYSICAL PROPERTIES OF THE alG Ca42 CHANNEL SUBUNIT
EXPRESSED IN HEK CELLS. R. B. Jacobsen1, S. S. Kumar1. L. L. Cribbs2. E.
Perez-Reyes2* J. R. Huguenard1. 'Dept. of Neurology and Neurological Sciences,
Stanford School of Medicine, Stanford, CA 94203; department of Physiology,
Loyola University Medical Center, Maywood, IL 60153.
Low-voltage activated (LVA), or T-type, Ca42 channels exhibit distinct
biophysical properties in different neurons, suggesting that a family of channels may
exist. In situ studies have localized the alG cloned Ca42 channel subunit, which
forms a putative T-type channel, to relay nuclei in the thalamus. LVA currents in
these neurons have been extensively characterized and are known to be essential for
the generation of rebound excitation and burst firing. The aims of the present study
were to evaluate the alG subunit as a candidate for the T-type Ca42 channel of
thalamic relay nuclei and to extend the biophysical characterization of T-type
channels using an expression system. We recorded whole-cell patch clamp currents
from Ca42 channels formed by the stable expression of the alG subunit in human
embryonic kidney (HEK) cells or following injection of mRNA into Xenopus
oocytes. In HEK cells, macroscopic Ca42 currents show voltage-dependences of
activation, deactivation and inactivation that are generally quite similar to those
previously reported for relay neurons. However, the time constant of inactivation is
~two-fold faster at saturation in the expressed channels (-10 ms vs. 20-30 ms in
relay neurons). Using a pre-pulse step protocol, we were able to measure the rate of
inactivation at membrane potentials as hyperpolarized as -80 mV, where
T approaches -200 ms. Deinactivation follows a biphasic time course that is also
consistent with earlier observations in relay neurons, except at potentials below -100
mV, where monophasic fits are adequate. By comparison, deinactivation of Ba42
currents in oocytes is biphasic at potentials between -60 and -110 mV, with fast
and slow t ranging from 30-300 and 200-2000 ms, respectively. Thus, while the
behaviors of expressed alG Ca42 channels and those in thalamic relay neurons are
similar, discrepancies between expression systems and with recordings from relay
neurons suggest that additional modulation of channel properties may be possible.

Nickel

block of three
cloned
ca channels
: low concentrations
selectively
block alH

SUNDAY AM

T-type

J.-H. Lee*J.C. Gomora, L.L. Cribbs, and E. Perez-Reyes . Department of
Physiology, Loyola University Medical Center, Maywood, EL 60153.
Recently we cloned three novel Ca2+ channels, alG, H, and I. Currents
through these channels were nearly identical to the biophysical properties of
native T-type channels. Although all had distinctively slow kinetics of
inactivation, it would be difficult to distinguish alG from alH currents in
native cells. In this study we explored the ability of Ni2+ to distinguish
between the three T channels.
We studied the effects of NiCb on the cloned channels expressed in both
Xenopus oocytes and HEK-293 cells (10 mM Ba2+). Interestingly, only alH

currents were sensitive to low micromolar concentrations (IC5O=13 pM).
Much higher concentrations were required to half block all (216 pM) and
alG currents (250 pM). These results are consistent with previous studies on
the Ni2+ sensitivity of native T currents and the distribution of channel
mRNAs. Outward currents through the T channels were blocked much less,
suggesting that the permeant ion can knock Ni2+ out of the pore. Similar to
the results of Zamponi et al. (1996) on HVA channels, we find that Ni2+
additionally affects channel gating, shifting the I-V curve to the right. We
conclude that Ni2+ is only a selective blocker of alH currents, and that the
concentrations required to block alG and all will also affect HVA currents.
This work was supported by grants from the AHA and NIH (EPR).

79.9

79.10

DISTRIBUTION OF T-TYPE CALCIUM CHANNELS IN CAI STRATUM
ORIENS INTERNEURONS. L.M. Schultz*’1, BR. Christie1, and T.J.
Sejnowski1’2. ’Computational Neurobioiogy Lab and ^Howard Hughes Medical
Institute, The Salk Institute for Biological Studies, La Jolla, CA 92037.
Low-threshold (T-type) calcium currents have been implicated in the bursting
behavior of thalamic neurons. Given that hippocampal intemeurons in the
stratum oriens region (SO) also display burst firing, we used confocal imaging
techniques to determine the relative density of functional T-type channels in
the soma and dendrites of SO intemeurons. Transverse hippocampal slices
were prepared from 14-28 day-old Sprague-Dawiey rats, and somatic wholecell current clamp recordings were obtained at room temperature using 3-5
MQ patch electrodes containing (in mM): 140 KMeSO4, 10 HEPES, 4 NaCI, 4
ATP, 0.3 Tris-GTP, 14 phosphocreatine, and 0.1 Oregon Green 488 BAPTA-1.
A train of 5-10 action potentials was evoked by somatic current injection, and
calcium influx was simultaneously monitored using a confocal microscope in
linescan mode. Calcium influx was quantified as the percentage change in
fluorescence of the high-affinity calcium indicator dye Oregon Green.
Measurements were made before, during, and after bath application of the Ttype antagonist nickel chloride (25 pM), an agent that also blocks burst
activity. As evidence for the presence of T-type channels in SO intemeurons,
we found that nickel reversibly reduced voltage-activated calcium influx in
both the soma and dendrites. Preliminary results also suggest that T-type
channels are differentially distributed in SO intemeurons. Unlike thalamic
relay cells, where distal dendrites have the highest density of T-type channels
(Destexhe et al., 1998), T-type calcium channels appear to be more
concentrated in the soma of SO intemeurons. These results suggest that lowthreshold calcium currents may contribute to the bursting behavior of SO
intemeurons and thalamic relay neurons via different mechanisms.
Supported by HHMI (T.J.S.) and NIH MH12169 (L.M.S.)

ENDOGENOUS EXPRESSION OF ALPHA-1G T-TYPE CALCIUM CHANNELS
IN UNDIFFERENTIATED HUMAN RETINOBLASTOMA CELLS. MEM
Kelly*1. E.M. Denovan-Wright1. K, Hirooka2, G. Zamponi3 and S. Barnes2. Depts. of
Pharmacology1, Physiology & Biophysics2 and Ophthalmology2, Dalhousie University,
Halifax, Nova Scotia, B3H 4H7, and Neuroscience Research Group3, University of
Calgary, Calgary, Alberta, T2N4N1.
Fluctuations of intracellular calcium concentration normally occur in cells during
early stages of differentiation. Low voltage activated T-type Ca channels are present
only in undifferentiated human retinoblastoma cell lines (Y-79 and WERI) and
disappear following differentiation. To define the molecular species of the Ca channel
present, we used primers specific for human T-type alG and alH Ca channels, as well
as primers for alE Ca channels in PCR reactions with cDNA derived from
retinoblastoma cell lines. We detected a PCR product of 395 bp using the alG primers.
The alG PCR product was cloned and sequenced. No specific products were amplified
using alH- or alE-specific primers. Hence, characterization of endogenously
expressed alG T-type Ca channels can be made in this cell line. Similar to reports for
other T-type Ca channels, these prefer Sr24 over Ca2+ (Ps/Psa = 44.4 + 1.7%, n=4), and
Ca24 over Ba24 (Pq /Pbb = 39.4 + 7.1%, n=4). The current is unaltered when sodium is
replaced witii NMDG (0.2 + 1.8% current remaining, n=4), is not sensitive to TTX (1.3 + 0.8%, n=4), but disappears in the absence of Ca24. The current is insensitive to
blockers of L-, N- and P/Q- type Ca channels: Neither nifedipine (10 pM; -0.3 + 1.8%,
n=4), o-conotoxin GVIA (0.3 pM; 0.4 + 1.8%, n=4), or co-agatoxin IVA (200 nM; -1.7
± 2.7%, n=4) reduced current carried by 20 mM Ba24 in the channels. As we reported
earlier, Cd24 and Ni24 block the channels with ECy/s of 75 and 110 pM respectively,
typical values for T-type channels. However, agents that reduce some T-type Ca
channel currents are either ineffective (ethosuximide, 5 mM; 0.7 + 1.1%, n=4) or only
mildly effective (amiloride, 100 pM; -5.8 + 1.4%, n=4) in reducing current. The alG
T-type Ca channels may be responsible for calcium signalling in undifferentiated
retinoblastoma cells.
Supported by the Medical Research Council ofCanada.
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REGULATION OF T-TYPE Ca2+ CHANNELS BY ALBUMIN AND
ESTROGENS. R. Felix*, F. Espinosa, C. Munoz-Garay. I. LdpezGonzalez, and A. Darszon. Dept. of Genetics and Molecular Physiology,
Institute of Biotechnology, UNAM, Cuernavaca, Mor., 62100 Mexico.
Sperm capacitation is crucial in fertilization. Physiologically
occurring in the female genital tract, capacitation is a complex process
which includes, among other phenomena, a modification of membrane
properties that render sperm cells responsive to stimuli leading to acrosome
reaction before oocyte penetration. Although yet to be established
definitively, it appears that albumin plays a key role in the membrane
changes occurring during sperm capacitation. To better understand these
events, we have studied the effects of albumin on T-type Ca2+ channel
activity using mouse spermatogenic cells as a model system. Whole-cell
patch-clamp experiments show that acutely dispersed spermatogenic cells
respond specifically to bovine serum albumin (fatty acid free).
Macroscopic Ca2+ current density increased significantly at all voltages
tested in a concentration-dependent manner. Further investigation of the
mechanisms underlying such regulation suggests alterations in the lipid
bilayer environment. Competition experiments using saturated albumin
suggest a role for P-estradiol but not for cholesterol in the albumin-induced
up-regulation of membrane T-type channels. Consistent with this, pM
concentrations of P-estradiol inhibited significantly channel activity in
spermatogenic cells. Taken together, these results suggest an important role
for albumin in the regulation of voltage-gated T-type Ca2+ channels in

POSSIBLE IMPLICATION OF T-TYPE CALCIUM CHANNELS IN HORMONE
SECRETION. V. Leuranguer1, E, Bourinet*, G. Dayanithi1, N.C. Gu6rineau3* and J. Nargeot1.
1 Institut de Gdn&ique Humaine, CNRS UPR1142, 141 Rue de la Cardonille, 34396
Montpellier France., 2cNRS UPR9055, CCIPE 34095 Montpellier France, 3INSERM 469,
CCIPE 34095 Montpellier France.

sperm cells likely via neutralization of P-estradiol-mediated inhibition.
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T-type Ca2+ channels are mainly expressed during development but their physiological role
remains obscure. An implication in secretion was suggested in different cell types. As a model,
cardiac cells were used to measure T-type channel expression during ontogenesis and its
contribution to ANF secretion. We compared the evolution of calcium currents in freshly
dissociated postnatal atrial and ventricular myocytes (4 days to 4 months). Our results show that
T-type current is present in both young atrial and ventricular myocytes but at a higher density in
atrial myocytes where a peak current density is observed at 8 days. The molecular structure of
the channel encoding the cardiac T-type has not been clearly identified yet. In 8 days old atrial
myocytes, this channel does not seem to be encoded by the aig calcium channel gene in
contrast with previously reported experiments (Piedras-Renteria & al, PNAS 1997) since
application of SNX-482, a toxin reported to be specific for aj£ channels, did not alter calcium
currents. Recently, two new genes encoding T-type currents have been identified and named a
1G and OtjH Their currents differ in the nickel sensibility (EC50 = 230gM and 7pM
respectively), a property which can be helpful to establish correlations between native and
recombinant channels. In that respect the nickel sensibility found for the atrial T-type current
(EC50 160pM) is clearly different from am and much closer to that reported for Clio- We
studied the possible implication of the T-type current in the atrial ANF secretion. Basal ANF
release or mediated by small K+-induced depolarisations are blocked by low concentrations of
mibefradil indicating that calcium-dependent ANF secretion involves T-type calcium channels.
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OPTICAL MONITORING OF THE DISTRIBUTION OF A FUNCTIONAL EGFP-alG CALCIUM CHANNEL IN LIVING NEURONS.
Y. Maulet1, R.C. Lambert1. A. Kozlov1,
C. Wyart1,
L. Bourdieu2.
T, Schneider3.
E. Perez-Reyes4, A. Feltz1*. 'UPR 9009-CNRS, 67084
Strasbourg, France; 2UMR 7506/CNRS-Univ., 67084, Strasbourg, France;
3Inst. fiir Neurophysiologie, D50931 Koln, Germany; 4Loyola Univ. Med.
Ctr., Maywood, IL 60153, USA.
The exact distribution of a channel is important for understanding of
neuronal signalling and development. There is presently no pharmacological
tool to address this question for the low-voltage activated alG Ca channel
which has been suggested to prevail on the dendritic tree of a number of CNS
neurons. Here we report of the fusion of an Enhanced Green Fluorescent
Protein (EGFP) in N-terminal of alG. Transfected HEK cells (using
polyethylenimine for DNA transfer) displayed a similar clustering of the green
fluorescence in live cells expressing the EGFP-alG fusion protein and of the
anti-alG immunoreactivity in fixed cells expressing alG as observed in
confocal microscopy. The expressed EGFP-fused channel exhibits the same
biophysical properties when compared to the stably expressed alG, both in
terms of activation/inactivation kinetics and voltage dependency (the potential
for half-maximal activation of -39.3 ± 3.2 mV (n= 15) for EGFP-alG is to
be compared—40.3 ±2.5 mV (n=6) for alG, using 2mM Ca2* as ion charge
carrier). Neuronal expression of this plasmid is currently under investigations
in primary cultures.

LIGAND-GATED ION CHANNELS: GLUTAMATE RECEPTORS
80.1

80.2

GluCl
SINGLE-CHANNEL
CURRENTS
ACTIVATED
BY
IVERMECTIN IN ASCARIS SUUM PHARYNGEAL MUSCLE
R.J, Martin1 and M.A. Valkanov2. ’Dept. of Biomedical Sciences, College
of Veterinary Medicine, Iowa State University, Ames, Iowa 50011 and
2Dept. of Preclinical Veterinary Sciences, R.(D.)S.V.S., University of
Edinburgh, EH9 1QH., U.K.
The objective of our study was to study the single-channel properties of
the ion-cliannels activated by the anthelmintic ivermectin. We have
produced muscle membrane vesicles from all regions of the pharynx of
Ascaris suum by using a treatment of protease and then collagenase.
L-glutamate (0.2-ImM in pipette; inside-out patches) activated two types
of channel; a cation selective channel with a mean conductance of 167pS
and an anion channel with a mean conductance of 25pS (range 7 to 65 pS).
In symmetrical N-melhyl-D-glucamine chloride, only openings of the
anion channel were recorded. Ivermectin, lpM applied in the bath using
inside-out patches, increased the mean probability opening of the chloride
channels opened by L-glutamate in the pipette. In patches recorded
without tlie L-glutamate present in the pipette, ivermectin in the bath in
concentrations <1 pM, produced opening of L-glulamate-like chloride
channels. The large range of individual conductances of the L-glutamateaclivated chloride channels and the ivermectin-activated chloride channels
indicates that the cliannels are heterogeneous. It is concluded that vesicles
preparations from the Ascaris pharynx are suitable for studying nematode
GluCl single-cliannel properties activated by glutamate and/or ivermectin.

CLONING AND EXPRESSION OF TWO NEURONAL
GLUTAMATE-GATED CHLORIDE CHANNELS
FROM SCHISTOCERCA AMERICANA

M. Hamelin*, R. Brochu, M. Cuddy, B. Hirschberg, D. Cully,
J, Warmke and C. J. Cohen. Merck Research Laboratories;
P.O. Box 2000, Rahway, NJ 07065 USA
The avermectins target glutamate-gated chloride channels (GluCl) in
nematodes and insects. GluCls are related to mammalian glycine- and
GABA-gated chloride channels and are distinct from the excitatory
glutamate receptors. Members of this family have been cloned from
various invertebrate species, including C. elegans, Drosophila, and the
cat flea, Ctenocephalides felis. Motorneurons from the grasshopper
Schistocerca americana have robust glutamate-gated Chloride
currents and a high density of binding sites for ivermectin. A cDNA
library was made from isolated metathoracic ganglia and two GluCl
subunits were cloned. SaGluCll shares 89% identity (amino acid
level) with Drosophila GluCl DmGluCla. Expression of SaGluCll in
Xenopus oocytes produces homomeric chloride channels that have
properties similar to those exhibited by DmGluCla; both channels
are activated by glutamate (EC50 = 10 pM) and by ivermectin.
SaGluC12 is more divergent, sharing only 65% identity with the
Drosophila clone. SaGluC12 is neither activated by glutamate, nor by
ivermectin, GABA, glycine, histamine or acetylcholine, which are
agonists for some ligand-gated chloride channels.
Interestingly,
SaGluC12 appears to suppress expression of SaGluCll suggesting a
dominant negative effect for SaGluC12.

80.3

80.4

ACTIVITY DEPENDENT ZINC RELEASE FROM MOSSY FIBER
TERMINALS IN THE HIPPOCAMPUS MODULATES NMDARECEPTOR FUNCTION
K,E, Vogt1* & R, A, Nicoll1’2. Depts. of ’Pharmacology and
Physiology, UCSF, 513 Parnassus Ave, San Francisco CA 94143
Synaptic vesicles in mossy fiber (mf) terminals in the CA3 region of
the hippocampus contain substantial amounts of the heavy metal ion
zinc. Although zinc has served as a morphological marker for mfs, the
functional significance of the mf zinc has remained elusive. Several
groups have reported that zinc can be depleted from mf terminals during
stimulation with high potassium containing solutions and it was
suggested that zinc plays a role in excitotoxicity during temporal lobe
epilepsy.
Here we report that application of the high affinity Zn-chelator
CaEDTA caused a 20-30% increase in the NMDA receptor mediate
response to iontophoretically applied glutamate when the application
was made in s. lucidum, where the mfs terminate, but not in other
regions of the hippocampus. This suggests that mfs toncially release Zn.
Tetanic stimulation of the mf pathway induced an additional 50%
depression of this response that lasted 2-5 minutes. The known Zn
binding characteristics of the NR1A/NR2A NMDA-receptor suggest
steady state Zn concentrations above 200-500 nM and orders of
magnitude higher than this during intense mf stimulation.
We have recently reported that glutamate can leave the synaptic cleft at
mf synapses during intense activity. The co-release of zinc would be
expected to inhibit the activation of neighboring NMDA receptors and
thus inhibit the effects of this spillover.

ACTIVITY-DEPENDENT REVERSIBLE
REPLACEMENT
OF
FUNCTIONAL NMDA-RECEPTOR SUBUNITS DURING SYNAPSE
FORMATION.
K.Kiyosue*. T.Hiyama. K.Nakayama. T.Taguchi. Lab. of Neurotech.,
Osaka National Res. Inst., AIST, MITI; Ikeda, Osaka 563-8577, JAPAN
Activity-dependent synaptic modification is considered to be one of
the neuronal strategies to form correct circuits. Postsynaptic silent
synapse is composed with only NMDA receptors at first and then
inserted functional AMPA receptors by putative coincident activities of
pre- and post- synapse. We focused on the function of NMDA receptors
expressed in the period of synapse formation and their activitydependency expression. In the chick cerebral culture, as we reported
previously, most silent synapses are converted to functional one during
EEdays 11 to 17. To investigate functional changes of NMDA receptor
during these days, we compared NMDA receptor properties by single
channel recording. NMDA receptors expressed in EEdays 11 neurons
had a larger mean open time and more sensitive to ifenprodil, an
antagonist to NR2B subunit, than that in EEdays 17 neurons. These
indicate that NR2B subunit are expressed in EEdays 11 neurons and
decrease with development. Further we examined activity-dependency
of their expression. Ifenprodil sensitive NMDA receptors were reexpressed in cell surface after TTX treatment for 3 days. These results
suggest that NR2B subunit plays a critical role in synapse formation
process, including conversion of silent synapse to unsilent one. This
work was supported by MITI, Japan

KEV was supported by the Swiss National Science Foundation and RAN by the NIH.
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BLOCKADE OF NMDA CHANNELS IN ACUTELY ISOLATED RAT

INTERACTION OF BLOCKING DRUGS WITH NMDA CHANNEL GATING
MACHINERY. A.L Sobolevsky*, S.G. Koshelev and B I. Khodorov. Inst, of
General Pathology and Pathophysiology, Baltiyskaya 8, 125315, Moscow,
Russia.
Using whole-cell patch-clamp techniques, we studied the interaction of open
NMDA channels of acutely isolated rat hippocampal neurons with
tetraethylammonium (TEA), tetrapropylammonium (TPA), tetrabutylammonium
(TBA), tetrapentylammonium (TPentA). Mg2+ and 9-aminoacridine (9-AA).
Analysis of the blocking kinetics, concentration and agonist dependencies using a
set of kinetic models allowed us to create the criteria distinguishing the effects of
these blockers on the channel closure, desensitization and agonist dissociation.
Thus, it was found that TPentA prohibited, TBA partly prevented, while .TPA,
TEA and Mg2+ did not prevent either the channel closure or the agonist
dissociation. TPentA, TBA and 9-AA prohibited, TPA slightly prevented, while
TEA and Mg2+ did not affect the channel desensitization. These data, along with
the voltage dependence of the stationary current inhibition, led us to hypothesize
that: 1) there are activation and desensitization gates in the NMDA channel; 2)
these gates are distinct structures located in the external channel vestibule, the
desensitization gate being located deeper than the activation gate. The size of the
blocker plays a key role in its interaction with the NMDA channel gating
machinery: small blockers (TEA, TPA and Mg2+) bind in the depth of the channel
pore and permit the closure of both gates, while larger blockers (TBA) allow the
closure of the activation gate but prohibit the closure of the desensitization gate;
and finally, the largest blockers (TPentA) prohibit the closure of both activation
and desensitization gates. The mean diameter of the NMDA channel pore in the
region of the activation gate localization was estimated to be approximately 11 A.
Supported by the RFBR.

HIPPOCAMPAL NEURONS BY THE CA2+ PUMP INHIBITOR EOSINE.

M. Yelshanskava. A. I. Sobolevsky and B. I. Khodorov*. Institute of General
Pathology and Pathophysiology, Baltiyskaya 8, 125315, Moscow, Russia.

Acutely isolated rat hippocampal neurons were voltage-clamped in the
whole-cell configuration. The currents through NMDA channels were elicited

by fast application of aspartate in a Mg24-free 3 pM glycine-containing

solution. Eosine known as a potent reversible inhibitor of the plasma and
endoplasmic reticulum membrane ATP-dependent Ca2+ pump was able to

block NMDA channels. The eosine-induced inhibition of NMDA-mediated
currents enhanced with eosine concentration (IC50 = 248 pM) but did not
depend on the membrane potential, aspartate and glycine concentrations, pH

and on the presence of the disulfide reducing agent dithiothreitol (DTT). Zn2+
equally well inhibited NMDA responses in the presence and absence of eosine.

These results suggest that eosine interact with a new earlier non-described

NMDA receptor regulatory site
Supported by RFBR.

80.7

80.8

CHARACTERIZATION OF THE EFFECTS OF PERMEANT IONS ON
EXTERNAL Mg2+ INHIBITION OF NMDA-ACTIVATED CURRENTS IN 293T
CELLS. A. Qian1*. D, B. DeFranco1,2 and J. W, Johnson1, 'Department of
Neuroscience, ^Department of Biological Sciences, University of Pittsburgh,
Pittsburgh, PA 15260
Single-channel and whole-cell studies in primary cultures of rat cortical neurons
have demonstrated that permeant ions (internal Cs+ and external Na+and Ca2+) have
critical roles in shaping the characteristics of external Mg2+ block of the channel of
NMDA receptors. Here we characterize this permeant ion effect in receptors with
known subunit composition.
Wild type NRl-la and NR2A subunits were transiently transfected in 293T cells.
Currents activated by 30 or 100 pM NMDA and 30 pM glycine were recorded in the
whole-cell patch-clamp configuration. NMDA-activated currents in the absence of
external Mg2+ and in the presence of several [Mg2+]s were used to estimate Mg2+ IC^
at membrane voltages -35 mV, -65mV and -95 mV. The results in normal internal
solution (with 125 mM Cs+) and a low Cs4 internal solution (with 8 mM Cs+) were
compared. The impermeant ion NMG was used to substitute for Cs+.
We observe that: (1) With normal internal solution, the Mg2+ IC50 values for
NR1/NR2A receptors were similar at each voltage to IC^ values previously measured
in rat cortical neurons, in which NR2A and NR2B are the predominant NR2 subunits.
Published Mg2+ IC50 values for NR1/NR2A receptors expressed in Xenopus oocytes,
on the other hand, are somewhat lower. (3) Upon lowering the internal Cs+
concentration to 8 mM, Mg2+ IC^ at each voltage was substantially lower, consistent
with the results previously obtained from cortical neurons. In summary, we have
demonstrate with transfected 293T cell that external Mg2+ block of NR1/NR2A
receptors is strongly influenced by the intracellular permeant ion. Supported by
NIMH.

GLUTAMATE-AND SYNAPTICALLY-EVOKED [Ca]2+ INCREASES IN GLIAL
CELLS OF RAT HIPPOCAMPAL SLICES. I. Latour, C.E. Gee, R. Robitaille and J.C. Lacaille*. CRSN, Dep. de Physiologie, Univ. de Montreal; Montreal, Qc, H3C 3J7.
Recent studies emphasized the active role of glial cells in synaptic transmission. Most
experiments, however, were conducted on glial cells in culture and divergent results were
reported concerning ion channels and neurotransmitter receptors involved. Here we
wanted to determine if hippocampal glial cells in situ respond to glutamate with Ca2+
increases and identify the glutamate receptors and calcium channels mediating these
responses. Glial cells in rat hippocampal slices were loaded with 30pM fluo 3-AM and
Ca2+ levels were monitored using a confocal microscope. Local application of glutamate
caused transient Ca2+ rises in str. radiatum glial cells (peak ~160%AF/F, area under
response ~2080AF/F*s). Ca2+ responses were not decreased when neuronal activity was
blocked by lpM TTX. Glutamate-evoked Ca2+ responses were reduced by 30% by the
L-type Ca2+ channel antagonist nimodipine (2-4pM), by 77% by the metabotropic
glutamate receptor antagonist MCPG (500pM), and by 31% by the NMDA receptor
antagonist APV (50pM). The non-NMDA antagonist CNQX (20pM) did not significantly
reduce Ca2+ responses. To assess if glial cells respond to synaptically released glutamate,
we monitored Ca2+ levels during Schaffer collateral stimulation (0.1-1mA, 5-100Hz, ls).
Pyramidal cell synaptic activity was monitored with field potential recordings.
Stimulation evoked Ca2+ responses in glial cells (peak ~120%AF/F, area ~525%AF/F*s)
that were blocked by TTX, indicating that synaptic activity was necessary. Stimulation
at 50 and 100Hz reliably elicited Ca2+ responses in glial cells, whereas 5 and 25Hz
stimulation did not. Synaptically-evoked Ca2+ increases were blocked by nimodopine and
MCPG, and decreased by 54% in APV. However, they were not significantly reduced
in CNQX. These results indicate that hippocampal glial cells in situ respond to
exogenous and synaptically-released glutamate by intracellular Ca2+ rises which involve
ionotropic and metabotropic glutamate receptors, as well as L-type Ca2+ channels.
(Supported by FCAR, FRSQ, MRC, NSERC, Sloan and EJLB Found.)

80.9

80.10

GluRl SUBUNIT IS A POTENTIAL p42 MAPK SUBSTRATE. K.T, Dinelev*
and J.D. Sweatt. Div. of Neuroscience, Baylor Col. of Med., Houston, TX 77030.

REGULATION OF SPONTANEOUS INHIBITORY SYNAPTIC
TRANSMISSION BY NON-NMDA GLUTAMATE RECEPTORS IN
PRIMARY HIPPOCAMPAL CULTURES.
M. Vignes*EP 628 CNRS, Universite Montpellier II, 34095 Montpellier
cedex 05, France
In the hippocampus, glutamate inputs provide an excitatory drive for
GABAergic neurons. We have examined whether this kind of modulation
existed in primary hippocampal cultures. For this purpose, we have studied
the effect of the activation of glutamate ionotropic receptors on
spontaneous inhibitory synaptic transmission between developping
hippocampal neurons taken from El 8 rat embryos. Spontaneous inhibitory
currents (sIPSCs) were recorded from 15 days in vitro by the use of wholecell patch-clamp technique. Neurons were voltage-clamped at 0 mV.
In the presence of AMPA receptor selective antagonist GYKI 53655
(or LY 303070; 20 pM) sIPSC were almost completely blocked in a
reversible manner. Under these conditions, the GluR5 kainate receptor
selective agonist, (S)-iodo-5-willardiine (500 nM), could restore sIPSCs.
This stimulatory action could be antagonized by the non selective nonNMDA receptor antagonist NBQX (20 pM). hi the absence of GYKI
53655, the frequency of sIPSCs could be strongly enhanced by
cyclothiazide (5 pM) an AMPA receptor potentiator. NMDA antagonists,
i.e. AP5 (50 pM) or MK 801(1 pM), had no effect on sIPSCs. None of
these effects could be observed in the presence of tetrodotoxin (500 nM).
It is therefore suggested that in primary hippocampal cultures: i)
glutamate tonically excites GABAergic neurons via AMPA receptors; ii)
kainate receptors containing GluR5 subunit potentiate inhibitory
spontaneous synaptic transmission.

The non-NMDA glutamate receptor subunit type I (GluRl) is modulated during LTP
by protein kinases. In addition to phosphorylation by CaMKIl, GluRl phosphorylation by
PKC and PKA has been demonstrated. The necessity of these kinases for the induction and
maintenance of early and/or late phases of LTP is well established. Activation of the
mitogen-activated protein kinase (MAPK), p42, occurs during LTP and is necessary for the
induction of a late-developing phase of LTP. Upstream activators of PKA and PKC
(including the dopaminergic, muscarinic, adrenergic, and metabotropic glutamatergic
modulatory neurotransmitter receptor types) lead to p42 MAPK activation. In addition,
kainate activation of non-NMDA subtype glutamate receptors leads to p42 MAPK
activation in vitro and in vivo.
Investigations into the biochemical cascades underlying hippocampal synaptic
plasticity led us to postulate that p42 MAPK phosphorylates GluRl during synaptic activity.
Several observations in this laboratory support the notion that GluRl may be a substrate for
p42 MAPK: 1) p42 MAPK plays a pivotal role in hippocampal plasticity; 2) multiple kinase
cascades that are involved in hippocampal plasticity feed into the p42 MAPK cascade; 3)
GluR activation by kainate leads to p42 MAPK activation in vitro and in vivo.
Preliminary work testing our hypothesis suggests that GluRl is a substrate for p42
MAPK. Immunoprecipitation of the GluRl subunit expressed in COS cells followed by in
vitro back phosphorylation by MAPK in the presence of [32P]y-ATP results in 32P
incorporatiori'into a protein that migrates to an electrophoretic position similar to the GluRl
protein.
In addition, immunoblotting with a monoclonal antibody specific for a
phosphorylated serine residue that precedes a proline residue (p42 MAPK consensus
sequence) recognizes the GluRl protein in homogenates of transfected COS cells. This
immunoreactivity appears to be attenuated by preincubation of cell cultures with an
inhibitor (20 pM U0126, DuPont) of MEK, the immediate upstream activator of p42
MAPK. These results establish the potential of GluRl as a substrate for p42 MAPK.
Identification of the phosphorylation site(s), whether phosphorylation occurs during
synaptic activity and if this phosphorylation is involved in synaptic plasticity is under
investigation. Supported by NIMH and NARSAD.
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BLOCK OF NATIVE AMPA RECEPTOR CHANNELS BY DICATIONIC
COMPOUNDS: SELECTIVITY AND VOLTAGE-DEPENDENCE D B Tikhonov
M.V. Samoilova. S.L. Buldakova and L.G. Magazanik'. Sechenov Institute of
Evolutionary Physiology, RAS, Thorez pr., 44, St.-Petersburg, 194223 Russia.
The open channel block of GluR2-containing and GluR2-lacking AMPA receptors
(AMPAR) by dicationic derivatives of adamantane (IEM-1754. IEM-1460) and
phenylcyclohexyl (IEM-1925) lias been studied in neurones freshly isolated from rat
hippocampal slices using whole-cell recording. The estimated dissociation constants
for block (KJ of GluR2-containing (expressed in pyramidal cells) were
approximately 100 times higher than for block of GluR2-lacking (nonpyramidal
cells) AMPAR channels. Using concentration-jump techniques it has been found that
the blocking rate constant (k+) determines the subunit specificity. Tlie ratios of K(i of
IEM-1754, IEM-1460 and IEM-1925 as GluR2-lacking and GluR2-containing
AMPAR channel antagonists at -80mV were 4.1:0.37 and 1.44:1:0.36. respectively
Kinetic analysis has showed that variations of blocking potency of dicationic
compounds are due to differences in the drug-channel complex stability (k ). The
voltage dependence of block is complex. At high negative potentials K,i values
become voltage independent or even increase with fiirther hyperpolarisation. We
have found the voltage dependence of k. is responsible for this effect that suggests
partial permeation of the drugs through the channels. Permeating properties of
compounds studied depend on their structure as well as on the subunit composition of
AMPAR. The compound of minimal size (IEM-1754) is the most, while the largest
compound (IEM-1925) is the least permeant blocker of both channel subtypes.
GluR2-containing channels, which are known to be less permeable for monovalent
and divalent cations, are also less permeable for dicationic blockers. It is concluded
that presence of GluR2 subunit(s) in the receptor oligomer affects not only the energy
equilibrium binding but increases the energy of barriers as well.
The work is supported by INTAS-RFBR for LGM and Welcome Trust for SLB

FUNCTIONAL EXPRESSION OF AMPA RECEPTORS IN NOCICEPTIVE RAT SENSORY
NEURONS. C. Justin Lee*, H. S. Enqelman, and A. B. MacDermott. Dept. of Physiology &
Cellular Biophysics and Center for Neurobiology & Behavior, Columbia University, New York,
NY 10032
Dorsal root ganglion (DRG) neurons have been shown to express functional kainate
receptors (Huettner, 1990). The expression of AMPA receptor subunits has been suggested by
immunocytochemistry but little is known about whether they form functional receptors and
which sensory neuron population they are expressed by. We have demonstrated functional
AMPA receptor expression by acutely dissociated P3-P8 rat DRG neurons that are capsaicin
sensitive. It was possible to preserve the AMPA receptors by using a 10-minute incubation in 1
mg/ml trypsin, followed by complete inactivation of trypsin with 1 mg/ml trypsin inhibitor. Fura-2
AM loaded acutely prepared DRG neurons were exposed to 100pM kainate in the presence of
3pM SYM 2081, a strongly desensitizing kainate receptor agonist. In a subset of the DRG
neurons tested (n=8), kainate induced a fCa+2]i transient that was blocked by 100pM GYKI
52466, a selective AMPA receptor antagonist. All of the 8 cells that showed AMPA receptormediated responses showed an increase in [Ca+2]i in response to 1pM capsaicin, indicating
that these DRG neurons were in fact nociceptors. The average diameter of the AMPA
receptor-positive DRG neurons was 22pm, supporting the observation that AMPA receptors
are expressed in small diameter nociceptors. Consistent with these findings,
immunocytochemistry with antibodies against GluR1 and GluR2/3 also showed the expression
AMPA receptors in a subset of DRG neurons from frozen sections of P8 rat DRG. When the
sections were doubly stained with antibody against peripherin, a marker for small diameter
sensory neurons, the GluR1 positive and GluR2/3 positive DRG neurons showed coexpression with peripherin. Many DRG neurons had GluR1 or GluR2/3 immunoreactivity with
no peripherin immunoreactivity, suggesting that non-nociceptors also express AMPA receptors.
These data suggest that AMPA receptors may play a role in more than one modality of sensory
transmission.
Funding: NIH NS29797

LIGAND-GATED ION CHANNELS: NICOTINIC ACh AND 5HT3 RECEPTORS

81.1

81.2

FUNCTIONAL EFFECTS OF PERIODIC TRYPTOPHAN SUBSTITUTIONS IN
THE ALPHA M4 TRANSMEMBRANE DOMAIN OF THE TORPEDO

CHARACTERIZATION OF PRESYNAPTIC NICOTINIC RECEPTORS IN NERVE
TERMINALS FROM RAT STRIATUM. S.V. Nayak* and R.A. Nichols.
Departments of Pharmacology and Neurobiology & Anatomy, MCP Hahnemann
University, Philadelphia, PA 19129.
Ligand-gated nicotinic acetylcholine receptors are present throughout the brain and
likely have a predominantly modulatory role when located at presynaptic sites. In the
striatum, determining the exact nature of the presynaptic nicotinic receptors is
complicated by the possibility that different subunit combinations may be present.
Since laser-scanning confocal microscopy enables us to discriminate and study
individual nerve terminals, we used this technique to characterize striatal presynaptic
nicotinic receptors. Calcium changes were measured in individual nerve terminals
(synaptosomes) isolated from the rat corpus striatum and loaded with the calcium
indicator fluo-3. Nicotine (500 nM) induced Ca2+ changes in a subset (~15%) of
synaptosomes (n - 721; 8 experiments). The Ca2+ responses were dependent on
extracellular Ca2* and showed little desensitization on prolonged exposure to agonist.
When nicotine was re-applied to the same synaptosomal field following a 20-min
wash period, the individual Ca2* changes were similar in nature to those induced in
the first application (n = 35; 4 experiments). Treatment with the nicotinic antagonist
mecamylamine (10 pM) inhibited the nicotine-induced responses in a subset (60%)
of the synaptosomes to 40% of control values (« = 35; 4 experiments). That a
significant proportion of the responses were insensitive to mecamylamine suggests the
presence of at least two different subunit compositions of nicotinic receptors on
separate striatal terminals. We have previously demonstrated the presence of the a4
nicotinic subunit on striatal synaptosomes using immunoblotting and
immunofluorescent staining. Which subunits are involved in a given striatal
presynaptic nicotinic response is currently being investigated using pharmacological
and immunohistochemical means.
(Supported in part by NIH grant NS30577)

81.3

81.4

CALIFORNICA NICOTINIC ACETYLCHOLINE RECEPTOR. J. Lasalde1, S.
Tamamizu2. G. Guzman1, J. Santiago1, L. Roias, I. Kato2, Mark G. McNamee3*:
’Department of Biology, University of Puerto Rico, 2Oriental Medicine Research
Center, Kitasato Institute, Japan, ^Section of Molecular and Cellular Biology, UC
Davis, Davis CA 95616.
Our previous amino acid substitutions at the postulated lipid exposed
transmembrane segment M4 of the Torpedo californica acetylcholine receptor
(AChR) focused on the aC418, aG421 and aC412 positions. A tryptophan
substitution on the aC418 produced a 3 fold increase in normalized macroscopic
response to acetylcholine and a 23-fold decrease in the closing rate constant
measured from single channel analysis. The same substitution at position C412
did not affect channel kinetics. These results suggested that the relative
orientatiooof the tryptophan substitution to the protein-lipid interface or to a helix
contact might be critical factors in determining the functional consequence to the
channel gating mechanism. In this study we introduce tryptophan substitutions at
twelve positions (C412W, M415W, L416W, I417W, C418W, I419W, I420W,
G421W, T422W, V423W, S424W and V425W) along this postulated lipid
exposed segment M4 in order to examine functional consequences on channel
gating. The expression levels of mutants C412W, G421W and S424W were
almost the same as the wild type, whereas other mutants (M415W, L416W,
C418W, 1419W, I420W, T422W, V423W and V425W) had relatively lower
expression levels compared to the wild type. Two positions (L416W, and V423W)
had less than 10% of the wild type expression level and 1417W gave no
detectable 125l-BgTx binding on the surface of oocytes. The functional response
ofthe V425W mutation was similar to the response of the C418W. These results
indicate that positions L416, L417 and V423 might be involved in the AChR
assembly and oligomerization. These results will be presented and discussed in
terms of possible structural models. (Supported by NIH grants GM56371 and
GM08102-27).

KINETIC ANALYSIS OF A SLOW DESENSITIZED STATE OF ADULT-TYPE
NICOTINIC ACETYLCHOLINE RECEPTOR CHANNELS. J. Bufler, K. Jahn, K.
Krampfl and R. DenglerfDept. of Neurology, Medizinische Hochschule Hannover,
Carl Neuberg Str. 1,30625 Hannover
The nicotinic acteylcholine receptor (nAChR) channel is the best
investigated ligand-gated receptor. Recently a circular kinetic scheme for the
embryonic-type nAChR was proposed with all rate constants determined
quantitatively. In the present study we investigated recombinant adult-type nAChR
channel currents transiently expressed in HEK293 cells using the patch-clamp
technique in combination with an ultrafast system for solution exchange and
modeled the experimental data using computerized calculations. The proposed
circular model includes three binding sites for ACh because of a Hill coefficient of
2.65 and high affinity desensitized states. Since techniques for ultrafast solution
exchange were developed, analysis of desensitization concentrated on fast reactions
in the ms-range. In the present study we investigated slow desensitization of nAChR
channel currents. For this purpose double pulse experiments with application of 1
mM ACh to outside-out patches were performed. A constant interval of 1.6 s
between two successive pulses allowed foil recovery of the receptor channels from
fast desensitization. Prolongation of the first pulse to 10 s led to a 80% decrease of
the peak current amplitude of the second pulse. If intervals between pulses were
prolonged, die peak current amplitudes of the second pulse increased again. For
quantitative analysis of this slow desensitizing reaction we included a further
desensitized state in foe circular kinetic scheme with forward and back rates of 0.3
and 0.1 s’1, respectively, which were at least hundred-fold slower than that of the
well known fast desensitized states of tiie receptor. It is concluded that the slowly
desensitizing state of foe receptor may be an independent mechanism for muscle
fatigue. Supported by foe Deutsche Forschungsgemeinschaft (Bu 938/2-1,3-1 and
SFB391/A2).
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CYSTEINE SUBSTITUTION IN THE PORE REGION OF THE 5-HT3
RECEPTOR-CHANNEL COMPLEX David M, Lovinger1. Mrinalini Dixit
land Tina K, Machu2*. iDept. of Molecular Physiology and Biophysics,
and Center for Mol. Neurosci., Vanderbilt Univ. Med. Sch., Nashville, TN
37232-0615; 2Dept. of Pharmacology, Texas Tech Health Sciences Center
To gain more structural information about the 5-HT3 receptor-channel
we want to take advantage of pharmacological and biophysical approaches
that rely on cysteine chemistry. Through multiple site-directed mutagenesis steps we have created a receptor in which all non-disulfide-bridged
cysteines have been changed to serine. This receptor is fully functional
when expressed in Xenopus laevis oocytes and HEK 293 cells. The EC50
for 5-HT measured in HEK cells (2.28pM) is slightly lower than that
observed in the wild-type receptor (3.9pM), and receptor desensitization is
comparable to that of the wild-type 5-HT3R. Using this “cys-deleted”
receptor as a template, we have substituted a cysteine for the leucine residue
at the 286 position believed to reside at the center of the channel pore.
This receptor is functional when expressed in HEK 293 cells, and the
potency of 5-HT is slightly enhanced in this mutated receptor, consistent
with effects of other mutations at this residue. We are examining the
effects on 5-HT3R function of compounds that can stimulate crosslinking
of neighboring cysteines using the L286C mutant receptor. Results to date
indicate that N’N’-1,4-Phenylenedimaleimide (p-PDM) produces irreversible inhibition (50-100%) of L286C 5-HT3R-mediated current if applied
for 1-4 min in tiie presence, but not in the absence, of lOpM 5-HT. These
preliminary findings indicate that access of this crosslinking agent to the
286 residue is restricted to the open channel state, and that the residues may
reside within 10A of each other when the channel is open. We hope to use
this mutated 5-HT3R and receptors with other cysteine substitution mutations to gain further information about channel structure using site-directed
cross-linking and spectroscopic techniques. Supported by AA08986.
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Knock-in Mice Carrying A Targeted Mutation in the 5HT3A Subunit.
H. Dang*P. Despande1, Z. Chen1, N, Guv2, D. J. Julius2, and H. A. Lester',
'Caltech, Biology 156-29, Pasadena, CA 91125.2Dept. Cellular and Molecular
Pharmacology, UCSF, San Francisco, CA 94143.
The 5HT3 receptor is a member of the LGIC superfamily whose subunits all
contain 4 transmembrane domains. To further understand the role of this receptor
in behaving animals, we used the targeted exon replacement technique to generate
mouse lines containing a hyperactive 5HT3A notation. The mutation V13’S in the
M2 channel lining domain caused a ~ 70-fold decrease in serotonin ECSO in the
homomeric 5HT3A receptor expressed in Xenopus oocytes. The mutant also
showed no desensitization in contrast to the wild type receptor. Furthermore, when
the mutant subunit was coexpressed with the recently discovered 5HT3B subunit
(Davies et al, 1999, Nature, 397: 359), there was even more marked hyperactivity.
A genomic construct containing the mutation and a Neo-resistant selection cassette
flanked by 2 LoxP sites in the nearby upstream intron was used for targeted exon
replacement in mouse ES cells. Two clones of ES cells containing the correct
construct were used to generate mouse lines. The Neo cassette in the intron was
deleted from the ES cell genome by transient transfection with a plasmid containing
the CRE recombinase gene. Two mouse lines, neoVS retaining the Neo cassette
and VS with Neo deleted, were established. Preliminary results show that both
hetero- and homo-zygotic mice of the neoVS construct appear grossly normal, but
display reduced expression of the 5HT3 mRNA and responses. Both the heteroand homo-zygotic mice from the VS lineage are also viable. These mice are being
characterized in detail. Support: NRSA, MH-49176, to H. Dang, and H.A. Lester.

SINGLE AMINO ACID MUTATION ALTERS THE PARTIAL AGONIST
SENSITIVITY OF THE 5-HT3 RECEPTOR. L. Zhang*, M. Hosoi and F.F,
Weight. Laboratory of Molecular & Cellular Neurobiology, NIAAA, NIH,
Bethesda, MD 20892-8115
We previously reported that a single amino acid mutation, R245A, on the Nterminal domain of the 5-HT3 receptor increased the apparent affinity of the mouse
recombinant 5-HT3 receptor (Soc. Neurosci. Abst. 24:1819, 1998). In this study,
we extended the investigation to determine whether or not this single amino acid
mutation alters the sensitivity of 5-HT3 receptors to 2-Methyl-5-HT (2-Met-5-HT),
a partial agonist of 5-HT3 receptors. The cRNA of the mutant or the wild type 5HT3 receptor was injected into Xenopus oocytes, and, after receptor expression,
agonist-activated currents were recorded with two-electrode voltage-clamp. As
described previously, maximal current amplitudes activated by 5-HT and m-CPBG,
a 5-HT3 receptor agonist, were not significantly different between mutant and wild
type receptors. The EC50 values of the 5-HT and m-CPBG concentration-response
curves for R245A were approximately 10 fold less than those of the wild type
receptor. In the cells expressing the wild type receptor, the maximal response
activated by 2-Met-5-HT was 40 + 3% (n = 5) of the maximal response activated by
5-HT. However, in the cells expressing the mutant receptor, the maximal response
activated by 2-Met-5-HT was 89 ± 6% (n = 5) of the maximal response activated by
5-HT. The EC5„ value of the 2-Met-5-HT concentration-response curve for R245A
was approximately 6 fold less than that of the wild type receptor. These
observations suggest that mutation of the arginine to alanine at amino acid 245 of
the 5-HT3 receptor can modulate, in an allosteric manner, the partial agonist
sensitivity of the receptor.
Supported by the intramural program of NIAAA, NIH.

81.7
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TRYPTOPHAN 89 OF THE 5HT3RECEPTOR FORMS A CAT10N-n
INTERACTION WITH THE AMINO GROUP OF 5HT3R
ANTAGONISTS. P. Venkataraman^C. Ma, K.S.Kiischbaum,
M.K. Schulte . Div. Of Basic Pharmaceutical Sciences, School of Pharmacy,
Northeast Louisiana University, Monroe, LA 71209
Previous mutagenesis studies have indicated the presence of W89, R91,
Y93, F106 and E105 in the binding site of the 5HTjR. It has been previously
demonstrated that mutation of W89 to phenylalanine results in a decrease in
binding affinity for 5HTsR antagonists with little or no effect on 5HT3R
agonist affinities. In order to further probe this “antagonist specific”
interaction, we have synthesized a piperidine analog of the 5HTR antagonist
N-benzyl piperazinyl benzimidazole. The piperidine analog differs from the
parent compound by the absence of a piperazine amino group. We have
hypothesized that W89 interacts with this amino group.
Mutations of W89 to tyrosine and phenylalanine decreased binding affinity
to the parent N-benzyl piperazinyl benzimidazole up to 14 fold when compared
to wildtype. No decrease in binding affinity was observed for the piperidine
analog. The magnitude of the decrease in binding affinities for the N-benzyl
benzimidazole compounds was consistent with that observed for other 5HTjR
antagonists including granisetron and d-tubocurare. Agonist affinities were
unaffected. Our data is consistent with the hypothesis that the amino group of
5HT3R antagonists interacts with W89; most logically in a cation-7T
interaction. It also suggests that 5HT3R antagonists do not share an identical
amino binding domain with 5HT3R agonists.
Supported by the American Heart Assocaition (9820013L A )

MUSCLE CELLS REGULATE THE PROPERTIES OF PRESYNAPTIC 5-HT3
SEROTONIN RECEPTORS ON CO-CULTURED NG 108-15 CELLS. R. A, Nichols*
and P. Ronde. Departments of Pharmacology and Neurobiology & Anatomy, MCP
Hahnemann University, Philadelphia, PA 19129.
Presynaptic 5-HT3 serotonin receptors in rat brain possess distinctive properties,
based on agonist-induced changes in nerve terminal [Ca2+]„ which are slow in onset,
display little desensitization and are insensitive Ca2+ channel blockers, the latter
suggesting a substantial permeability for Ca2+ via the receptor itself. In contrast, 5-HT3
receptors expressed postsynaptically display rapid kinetics, desensitize, and, in the case
of rodent receptors, have veiy low ion selectivity for Ca2+. Turning to a model in vitro
neuronal system, we had previously examined the responses of 5-HT3 receptors
localized to presynaptic-like varicosities of NG108-15 hybrid neuroblastoma cells, and
had found that agonist-induced increases in [Ca2+], in the varicosities were similar to
those observed for 5-HT3 receptors on the NG108-15 cell bodies, namely rapid but
transient and completely sensitive to Ca2+ channel blockers. The question arose as to
whether the presence of postsynaptic target, absent from the cultures, influences the
properties of 5-HT3 receptors localized to presynaptic sites. To address this question,
differentiated NG108-15 cells were co-cultured with neonatal rat hindlimb myotubes,
with which they form functional cholinergic synapses. By 3-4 days of co-culture, 5HT3 agonist-induced Ca2+ responses in a subset (23%) of varicosities displayed
prolonged kinetics typical of presynaptic 5-HT3 receptors in brain (n=31). By 10 days
of co-culture, nearly all of the varicosities displayed responses with prolonged kinetics
(n=12), which were also shown to be insensitive to Ca2+ channel blockers (n=8).
Presynaptic-like responses to 5-HT3 agonist were also observed in varicosities of
NG 108-15 cells treated for 5 days with conditioned medium from the co-cultures (n=6).
These results indicate that the properties of presynaptic 5-HT3 receptors are regulated
by the postsynaptic target cell, most likely via diffusible neurotrophic molecules.
(Supported in part by. NIH grant NS30577)

EXCITATORY POSTSYNAPTIC MECHANISMS: GLUTAMATE RECEPTORS

82.2

82.1
THE NMDA NRI N598R MUTATION IS DOMINANT
NEGATIVE LETHAL

R, SchQgpfgf\.P,E, Choi1. A, Aanala1^, Rudhard1, t Dsan2,,S.P.

HuntLM.Kngussd1
University College London, ’Dept. Pharmacology and LMP, 2PhD
program neuroscience, 3Dept. Anatomy, London WC1E 6BT, UK.
NMDA receptors are coincidence detectors through which Ca2+
enters the cell after detection of the simultaneous presence of
glutamate and depolarization. Ca2+ influx through the NMDA
channels is considered important for intracellular signaling
cascades that may cause immediate changes in synaptic strength as
well as long term modulation of connectivity.
We have now generated a mouse model carrying the N598R
point mutation in the native NRI gene. This mutation abolishes the
ability to detect coincidence and makes NMDA channels
impermeable for Ca2+. Heterozygous NRI N598R / wt pups die
shortly after birth. Thus this mutation has a dominant phenotype.
It is known that knock-out mice mouse lacking the NRI subunit
die shortly after birth. These mice also fail to develop whiskerrelated neuronal patterns (barrelettes) in the perinatal trigeminal
brainstem nuclei. We have now investigated whether the NRI
N598R point mutation also results in disturbed trigeminal nuclei
formation, i.e. whether the lack of NMDA mediated coincidence
detection is sufficient to block barrelette formation.
Funded by the Wellcome Trust.
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OVEREXPRESSION OF GLUR-B RECEPTOR SUBUNIT IN INTERNEURONS
DISRUPTS GAMMA SYNCHRONY IN HIPPOCAMPAL AREA CAI
H. Dohenv2*, H. Monver1 . E, Fuchs1, H. Faulkner2, M, Whittington2 and R. D.
Traub3.1 Zentrum fiir Molekulare Biologie, Im Neuenheimer Feld 282, 69120
Heidelberg, imperial College Sch. Medicine, S. Kensington, London SW7 2AZ.
’Neuroscience Unit, Univ. of Birmingham Medical School, Birmingham BI 5 2TT.
Gamma oscillations (30 - 60 Hz) can synchronise principal cell outputs in
distributed networks despite long axon conduction delays, via time-varying
intemeuron firing patterns, determined by AMPA-mediated EPSPs. AMPA
receptors on intemeurons and principal cells are different; e.g. the former have
faster kinetics. Expression levels of edited GluR-B subunits contribute to the
differences. Do such differences matter for synchronous oscillations?
We produced transgenic mice with enhanced GluR-B expression in intemeurons
by making use of homologous recombination in embryonic stem cells to generate
mice expressing the rat GluR-B subunit under the transcriptional control of the
GAD67 gene. To facilitate the expression analysis of the targeted GluR-B
minigene, a dicistronic expression cassette was used in which an IRES element and
the lacZ reporter gene are fused 3’ of the GluR-B coding region. Double-labelling
studies confirmed the expression of the transgene in intemeurons.
Hippocampal slices from these transgenic mice exhibited reduced gamma
synchrony of 2-site, tetanically elicited CAI oscillations, separation e.l mm (modal
phase differences 0.5 ms in control mice, 3.5 ms in mutant, p<0.05). Local gamma
was little affected. Evoked and spontaneous EPSPs in s. pyramidale intemeurons
sometimes were prolonged in the mutant, leading to intemeuron doublets after 1site stimuli, a pattern not seen in controls. Network simulations indicate that
intemeurons EPSPs, when enhanced enough, disrupt intemeuron firing patterns and
2-site gamma synchrony.
Supported by DFG Mo432/4-l and Wellcome Trust.
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KCI INDUCES AN ACTIVITY-DEPENDENT EXPRESSION OF NMDA
RECEPTORS IN EARLY DEVELOPMENT OF RAT HIPPOCAMPAL
NEURONS IN CULTURE. Y. Akaneva, and E.B. Ziff*. HHMI and Dept. of
Biochemistry, NYU School of Medicine; New York, NY 10016
In early development, the activity of NMDA receptors (NMDAR) is involved in
the maturation and outgrowth of axons and dendrites, synaptogenesis and neural
network formation. Therefore, we have studied the relation between NMDAR
expression and depolarization. Depolarization by potassium chloride (KCI)
induced significantly the levels of NMDAR1 subunit protein in cultured
hippocampal neurons as detected both in Western blots and by
immunocytochemistry, while in contrast, NMDAR2B significantly decreased. The
enhanced expression of NMDAR 1 was completely blocked by the simultaneous
treatment with a NMDAR blocker (APV) and a L-type calcium channel blocker
(nifedipine). However, addition of only one of the two blockers did not inhibit the
enhancement of NMDAR 1 expression by KCI. This suggests that the increase in
NMDAR1 expression may require entry of calcium into cytosol via both NMDAR
and voltage-dependent calcium channels. Since calcium activates several protein
kinases, we have checked the effects of kinase activators and inhibitors on
NMDAR expression. Cyclic AMP analogues, but not the activators of other
kinases such as MAP kinase, significantly induced NMDAR 1 expression. These
findings suggest that the cyclic AMP-dependent protein kinase pathway, or a
related pathway may be involved in the expression of NMDAR 1 in early
development of hippocampal neurons by an activity-dependent mechanism.

REGULATION OF N-METHYL-D-ASPARTATE RECEPTOR 1 AND 2 GENE
EXPRESSION IN NEURONAL NITRIC OXIDE SYNTHASE KNOCKOUT MICE.
J. Putzke1, B. Seidel1, P.L. Huang2 and G. Wolf1* .’inst. Med. Neurobioiogy, Univ. of
Magdeburg, D-39120 Magdeburg, Germany; Cardiovascular Res. Center, Harvard
Med. Sch., Charlestown, MA 02129, USA.
The connection of N-methyl-D-aspartate receptor (NMDAR)-mediated calcium influx
and neuronal nitric oxide synthase (nNOS) activation is postulated to be due to a
physical coupling of the receptor and the enzyme by intermediary adapter proteins,
like the postsynaptic density proteins (PSD’s). Several alternatively spliced isoforms
or subunits of the NMDAR are known, able to couple to nNOS via PSD95, through a
unique PDZ-PDZ domain interaction. However, little is known if and to what extent
changes in nNOS expression influence NMDA receptor density or function. We have
therefore compared the localization of nNOSa, 0 and y splice variant with those of
relevant NMD ARI and 2 mRNA and protein levels in wild-type versus knockout mice
deficient in nNOSa (nNOSaA/A mice). Whereas nNOSa mRNA and protein were
completely absent in nNOSaA/A mice, nNOS0 and y were expressed in both wild-type
and knockout animals. Moreover, the nNOS0 splice variant was found to be upregulated especially within striatal and cortical tissue of nNOSa3' animals. The expression ofthe NMDAR1-1 splice variant (without PSD-binding capacity) was remarkably
decreased in striatal, hippocampal, cortical and cerebellar tissue in nNOSa3 mice,
but no changes in the NMDAR 1-4 (containing an alternatively spliced C-terminal and
thus a PSD-binding site) and NMDAR2B (with PSD-binding capacity) mRNA and
protein levels were observed in these animals. While NMD ARI-4 and 2B may be related to receptor targeting and clustering to PSD’s and to nNOS, our data suggest that
differences in nNOS expression obviously do not directly influence gene expression of
these particular NMDAR splice variant. Otherwise, the observed diminution of
NMDAR1-1 mRNA and protein levels may, at least partially, explain the decreased
vulnerability of nNOSaA A mice to glutamate-mediated neurotoxicity.

82.5
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LAYER 4 NEURONS OF THE MOUSE BARREL CORTEX EXPRESS
LOW-CONDUCTANCE
NMDA
CHANNELS
WITH
REDUCED
SENSITIVITY TO Mg2+. I.A. Fleidervish, A.M. Binshtok and M.J. Gutnick*
Koret School of Veterinary Medicine, The Hebrew University of Jerusalem,
Rehovot 76100, Israel.
We previously showed that excitatory interaction between spiny stellate
(SS) neurons in Layer 4 of the adult mouse barrel cortex is largely mediated by
NMDA receptors with distinctive voltage-dependence (Neuron 21: 1055-65,
1998). Here, we compared NMDA single channel properties and NMDA-R
mediated synaptic currents in Layer 4 neurons (tangential slices) with those of
Layer 5 neurons (coronal slices). Whole cell recording from SS cells in slices
bathed in 2 mM Mg2+ revealed prominent DNQX-resistant, APV-sensitive,
slowly decaying spontaneous EPSCs at —70 mV. Single NMDA channel
currents induced by glutamate applied to outside-out patches excised from the
same neurons were predominantly of the low-conductance class (main
conductance, 30 pS; subconductance, 19 pS) and displayed reduced sensitivity
to Mg2+. Channels with these properties were also seen in cell-attached
recordings from Layer 4 cells, when glutamate was included in the pipette
solution. By contrast, in Layer 5 neurons, no activity was recorded at negative
membrane potential in the presence of DNQX. Single NMDA channels in
patches from these cells were of the high-conductance class (main conductance,
50 pS; subconductance, 40 pS) and showed “classical” Mg2+ sensitivity. These
data are consistent with the hypothesis that the distinctive characteristics of
NMDA-R mediated synaptic transmission in Layer 4 cells reflect their
expression of the NR2C subunit. Supported by a grant from the French-Israeli
Association for Scientific and Technological Research (AFIRST).

EXPRESSION OF NMDA RECEPTOR AND CALCIUM CHANNEL IN THE
HIPPOCAMPUS OF THE ADULT Ts65Dn MOUSE, A MODEL FOR DOWN
SYNDROME. A, Caruso, R.J. Siarev. A. Balbo, S.I,, Rapoport and Z.
Galdzicki*. Laboratory of Neurosciences, NIA, NIH, Bethesda, MD 20892,
Department of Physiology, USUHS, Bethesda, MD 20814, Bearsden Bio, Inc.,
Aston, PA 19014.
The segmental trisomy mouse (Ts65Dn) is a model of Down syndrome
(trisomy 21), because it is trisomic for the segment of chromosome (Chr.) 16
that is homologous to human Chr. 21. The adult Ts65Dn mouse demonstrates
abnormal learning on spatial tasks (Reeves et al., 1995; Escorihuela et ai.,
1995; Holtzman et al., 1996, Coussons-Read & Crnic, 1996). We have
reported a N-methyl-D-aspartate (NMDA)-dependent abnormal long-term:
potentiation (LTP) and depression (LTD) in hippocampal slices from the adult
Ts65Dn mouse (Siarey et al., 1998). Ca2+ plays an important role in the
expression of both LTP and LTD and may enter the postsynaptic neuron via
the glutamate NMDA receptor or voltage-gated Ca2+ channels.
We are examining the possibility that these Ca2+ routes are abnormal in the
adult (2 month)Ts65Dn hippocampus and are investigating the expression of
both NMDA receptors and L-type Ca2+ channel subunits in the hippocampus;
Expression of the NMDA receptor main subunit (NR1) and of the a1c Ca2+
channel subunit proteins, was estimated by Western blot analysis using
specific polyclonal antibodies corresponding to the C-terminus of the NMDA
receptor subunit for NR1, and to residues 818-835 of the a1G subunit of rat
brain L-type Ca2+ channel. In hippocampi from 4 Ts65Dn and 3 diploid
animals the protein levels encoding the NR1 and the a1c Ca2+ channel subunit
proteins were not significantly different (p>0.5 in Students unpaired t-test).
The abnormal LTP and LTD seen in the hippocampus of the adult Ts65Dn
mouse is likely not due to a dysfunctional NMDA receptor or L-type Ca2+
channel. These initial findings should be confirmed with direct
electrophysiological recordings and through further Western blot analysis of
auxiliary subunits of the NMDA receptor and other subunits of the Ca2+
channels, which are expressed in the hippocampus.
(Supported by: NIA intramural program AG 00123-13 LN, NIH Grant AG 08938 and
HD31498.)
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KAINATE RECEPTOR MEDIATED RESPONSES IN NEOCORTICAL
PYRAMIDS AND INTERNEURONES A. B. Ali.* B. Cauli, J. Rossier. E. Audinat
Laboratoire de Neurobiologie et Diversite Cellulaire, CNRS UMR 7637, ESPCI, 10
rue Vauquelin, 75231 Paris, Cedex 5, France
Kainate receptor subunits are widely expressed in the CNS, however in most
areas their functional role remains to be fully determined. Therefore, to determine
which types of cells utilise kainate receptors in the neocortex, whole cell recordings
were performed in acute slices from 17-22 day old rats and the effect of kainate
receptor agonists was studied in pyramids and intemeurones.
Experiments were performed in the presence of 50pM AMPA receptor
antagonist, GYKI 53655 and NMDA receptor antagonist, D-2-amino-5phosphopentanoic acid (D-AP5). In layer II, HI and V pyramids, bath application of
non-selective kainate receptor agonists, 250nM kainate or domoate induced an
inward current and an increase in the frequency of spontaneous inhibitory
postsynaptic currents (sIPSCs). Both effects were blocked by 50gM 6-cyano-7nitroquinoxaline-2,3-dione (CNQX). Bath application of (RS)-2-amino-3-(3hydroxy-5 ‘butylisoxazol-4-yl) (ATTA), a selective agonist (lOgM) of GluR5
subunit-containing receptors, increased sIPSCs in these pyramids, but did not cause a
postsynaptic effect. In the presence of tetrodotoxin, ATPA did not have any effect on
the frequency of the miniature IPSCs in these cells. In subsets of intemeurones,
including fast spiking and burst firing cells, ATPA caused an inward current
suggesting that these subsets contain functional GluR5 subunit-containing receptors.
These data support the results obtained from single cell RT-PCR
experiments showing a predominant expression of GluR5 in intemeurones and the
absence of this subunit in pyramids.
A. B. Ali is a Wellcome postdoctoral fellow.

A-ACETYLASPARTYLGLLIAMATE ANTAGONIZES THE NMDA
RECEPTOR FUNCTION IN THE CAI AREA OF THE HIPPOCAMPUS.
Robert W. Greene, Richard Bergeron, Joseph T, Covle.Department of Psychiatry,
Harvard Medical School, VAMC, Brockton, MA, USA.
There are several lines of evidence suggesting that NMDA receptor hypofunction
plays a key role in the pathophysiology of schizophrenia. An endogenous dipeptide, Nacetylaspartylglutamate (NAAG) and its catabolic enzyme //-acetylated a-linked acid
dipeptidase (NAALADase) seem to be involved in glutamatergic neurotransmission.
NAAG has been found to be in high concentration in the limbic region of
schizophrenic patients compared to control subjects. Using the whole cell voltageclamp technique and IR/Nomarski visualization we recorded fromCA 1 pyramidal cells
and from CAI interneurons to assess the physiological effects of NAAG on the
NMDA-dependent components of EPSCs following electrical stimulation of Schaffer
collaterals.
In the first series of experiments, we compared the effects of the NMDA antagonist
APV and NAAG. On pyramidal cells, both APV and NAAG (20 pM, VH = -60 mV)
induced a reduction of the EPSC. On intemeurons, the antagonistic effects of APV and
NAAG were significantly greater than the effects on pyramidal cells. In the second
series of experiments, the effects of the inhibitor of the NAALADase (2-PMPA) were
also assessed. On pyramidal cells, 2-PMPA (50 nM, VH = -60 mV) was found to
decrease the amplitude of the NMDA-mediated EPSCs by 10% after 30 minutes. On
interneurons, at the same dose and at the same membrane potential, 2-PMPAalso
induced a decrease of the amplitude of NMDA-mediated-EPSC by 30%. The
antagonistic effect 2-PMPA on the intemeurons appeared gradually over a period of
20 minutes. Further, the rate of turnover of NAAG is sufficient to elicit acute NAAGmediated antagonism of NMDA-dependent transmission. These results suggest that
NAAG is a potent antagonist at the NMDA receptors on pyramidal cells and
intemeurons with implication for pathophysiology of schizophrenia.
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82.9

REGULATION OF LONG-TERM POTENTIATION BY H-Ras
THROUGH PHOSPHORYLATION OF NMDA RECEPTORS.
A, Aiba.’*T. Manabe.3 T, Ichise.1 A, Yamada.’and M, Katsuki1’2, ’Dept.
of DNA Biology & Embryo Engineering & 2CREST, Inst, of Medical
Science, Univ. of Tokyo, Tokyo 108-8639,3Dept. of Neurophysiology,
Fac. of Med., Univ. of Tokyo, Tokyo 113-0033, Japan.
Ras proteins play a central role in regulation of cellular functions,
such as cell growth and differentiation as well as oncogenesis, by
activating several protein kinases. Although they are abundantly
expressed in the adult central nervous system (CNS), where neuronal
proliferation is almost absent, their role in the brain has not been
elucidated. In order to investigate the role of H-Ras in the CNS, we
generated H-ras null mutant mice. In the H-ras mutant hippocampus,
NMDA synaptic responses are selectively enhanced and the magnitude
of LTP is almost double that of wild-type mice most likely to be due to
a selective enhancement of the NMDA synaptic responses.
Biochemical analyses of H-ras mutant hippocampus showed that the
extracellular response kinase (ERK) activity is reduced, while the
tyrosine phosphorylation of NMDA receptor subunits NR2A and
NR2B is increased without a change in the subunit composition of
NMDA receptors. Therefore, although H-Ras proteins have been
implicated in cell proliferation and differentiation, the regulation of
activity-dependent synaptic plasticity in the adult CNS by controlling
the phosphorylation of the NMDA receptor may be another major and
pivotal role for H-Ras protein. Supported by CREST, the Ministry of
Education, Science, Sports and Culture, Japan, the Ministry of Health
and Welfare, Japan, the Uehara Memorial Foundation and the
Mitsubishi Foundation.
NEUROGLIA AND MYELIN I
83.1

83.2

CELL-CYCLE REGULATION OF K+ CURRENTS IN OLIGODENDROCYTE
PROGENITOR CELLS. T. Heckman1, C.A. Ghiani1 R. Armstrong*2, V.
Gallo1 and C.J. McBain1. 'Lab. Cellular and Molecular Neurophysiology,
NICHD? NIH,' Bethesda, MD 20892 & 2Dept. Anat. & Cell Biology, USUHS
Bethesda, MD 20814.
We have previously demonstrated that K* channel blockers inhibit
oligodendrocyte progenitor (OP) cell proliferation in both purified cultured
cells and cerebellar slice cultures (Ghiani et al., J. Neuroscience, 1999).
We have now analyzed the relationship between the expression of K+
currents and the proliferative potential of OP cells. Dividing OP cells
cultured in the presence of PDGF display large outward K+ currents,
whereas postmitotic cells that cannot re-enter the cell cycle only express
inward K+ currents. OP cells cultured in the absence of mitogenic factors for
1-2 days (GO cells) display only modest outward K+ currents (Vtest =
+70mV, mean amplitude = 444.6 ± 76.1 pA (n=7)). GO cells treated with
either PDGF or bFGF can re-enter the cell cycle, as shown by cyclin D
expression and BrdU labeling, and display a time-dependent increase in
outward K+ current amplitude. Outward current amplitudes were 770 ±114
(n=15), 902 ± 130 (n=8) and 1238 ± 222pA (n=9) following 6, 12 and 24hrs
of PDGF treatment respectively. Similar data were obtained using bFGF.
The PDGF-induced increase in K+ currents was prevented by two protein
synthesis inhibitors. GO cells were treated with cyclohexamide and
puromycin 4hr before incubation with PDGF, and K+ currents were
analyzed by whole-cell patch-clamp recording 22hr later. Under these
conditions, cyclohexamide and puromycin reduced the PDGF-induced K+
current expression to 25.1 ± 4.2% (n=7) and 28.5 ± 5.7% (n=8) of control,
respectively. Treatment with the RNA synthesis inhibitor a-amanitin
similarly reduced outward currents, induced by 24hr PDGF treatment, to
24.7 ± 6.5% of control (n=7). These results indicate that: i) outward K+
currents are only expressed in OP cells that have the potential to divide,
and ii) mitogenic factors induce a protein-synthesis- and RNA synthesisdependent increase in the density of outward K+ currents in OP cells. This
work was supported by the NIH.

Ca 2+ Sparks and Macrosparks
Signals in Oligodendrocyte

83.3

83.4

BLOCKAGE OF K+ CHANNELS AND MEMBRANE DEPOLARIZATION
INDUCE ACCUMULATION OF THE CYCLIN-DEPENDENT KINASE
INHIBITORS p27Kipl AND p21clP1 IN OLIGODENDROCYTE
PROGENITORS. X.Yuan, C.A, Ghiani. A.M, Eisen, P.L, Knutson. R.A.
DePinho1. M.L, Mayer*, C.J, McBain and V. Gallo. Lab. Cellular and
Molecular Neurophysiology, NICHD, NIH, Bethesda, MD, 20892-4495. ‘Dana
Farber Cancer Institute, Harvard Medical School, Boston, MA 02115.
We have previously demonstrated that oligodendrocyte progenitor (OP)
proliferation and differentiation are inhibited by blockage of K+ channels with
tetraethylammonium (TEA) and cell depolarization with veratridine (ver)
(Knutson et al., J. Neurosci. 1997, 17:2669-2682), however the molecular events
involved are largely unknown. Forskolin (FSK) and dideoxyforskolin (DFSK)
also blocked K+ currents and inhibited OP proliferation. The anti-proliferative
effects of TEA, FSK, DFSK and ver were due to OP cell cycle arrest in GI
phase. In fact: i) cyclin D accumulation in synchronized OPs was not affected by
treatment with the K+ channel blockers or ver; ii) these agents prevented OP
proliferation only if present during GI phase, and iii) GI blockers, such as
rapamycin or deferoxamine, mimicked the anti-proliferative effects of TEA,
FSK, DFSK or ver. Blockage of K+ channels and membrane depolarization also
caused accumulation of the cyclin-dependent kinase inhibitors (cdkis) p27K,pl
and p21Cipl in OPs. TEA, FSK, DFSK and ver still inhibited proliferation of OP
cells purified from INK47' mice, lacking the genes which encode the cdkis
pl6INK4a and pl9ARF. Our results demonstrate that blockage of K+ channels and
cell depolarization induce GI arrest in OP cell cycle through a mechanism that
may involve p27Kipl and p21Cipl accumulation. This work was supported by NIH.

NEUROTRANSMITTER RECEPTOR ACTIVATION AND BLOCKAGE OF
K+ CHANNELS INHIBIT CYCLIN-DEPENDENT KINASE ACTIVITY IN
OLIGODENDROCYTE PROGENITOR CELLS. C.A, Ghiani* and V, Gallo.
Lab. Cellular and Molecular Neurophysiology, NICHD, NIH, Bethesda, MD
20892-4495.
We have established that inhibition of oligodendrocyte progenitor (OP)
proliferation results from activation of glutamatergic (GluR) and p-adrenergic ((3AR) receptors, and blockage of K+ channels. This arrest of cells in GI is caused
by increased levels of the cyclin-dependent kinase inhibitors (cdkis) p27K,pl and
p21clpl (Ghiani et al., Development, 126:1077-1090, 1999; Ghiani et al., J.
Neuroscience, 1999, in press). In our present study, we asked whether the
observed increase in the levels of these cdkis affected the catalytic activity of the
cdki targets, namely complexes of cyclins and cyclin-dependent kinases (cyclincdk complexes), which regulate Gl/S progression. Treatment of OP cells with
agonists of GluRs (kainate, 100 pM) or p-ARs (isoproterenol, 50 pM) induced a
significant decrease in the activity of cdk2 (71% and 47%, respectively), when
compared to OPs cultured with PDGF alone. Kainate and isoproterenol also
inhibited cdk4 activity by 37% and 42%, respectively..The effect of isoproterenol
was mimicked by the cAMP analogs db-cAMP and 8-Br-cAMP (both 1 mM). In
addition, OP cells treated with TEA (5 mM) also displayed a marked reduction
(74%) in cdk2 activity. Thus, neurotransmitter receptor activation and blockage of
K+ channels trigger intracellular pathways which converge on inhibition of cdk2
and cdk4 activity. It can be concluded that the increase in cdki levels and the
concomitant decrease in cyclin-cdk complex activity are part of the mechanism
through which neurotransmitter receptor activation and blockage of K+ channels
prevent OP cells from entering S phase. This work was supported by the NIH.
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Precursor
(O-2A) Cells
Haak LL
Song L-S2, Cheng H2, and Russell JT1
(l) NICHD, NIH, Bethesda, MD 20892 and l2)NIA, NIH, Baltimore, MD 21224
Ca2+ waves appear to be generated by a concerted action of spatially
discrete Ca2+ release units. In muscle cells, Ca2+ sparks represent
elementary Ca2+ release events of these units, and show a characteristic
time (30msec) and space (2pm) profile (Cheng et al, 1993). Elementary
release events in neural cells are larger, with a spatial spread of 5-6 pm
and a time course of close to 1 sec (Koizumi et al, 1999). We now
report in glial cells not only elementary events similar to sparks, but
also a hierarchy of Ca2+ signals from sparks to macrosparks to waves. In
O-2A cells derived from cerebral cortex, previous work has indicated
that Ca2+ wave initiation and propagation is supported by discrete
subcellular specializations, including clusters of IP3 and ryanodine
receptors (Simpson et al, 1997). To characterize the kinetic properties
of such specialized Ca2+ release sites, we used confocal laser scanning
microscopy to perform linescan recordings of Ca2+ transients in the
processes of fluo-3 loaded O2-A cells. Spontaneous Ca2+ sparks were
infrequently observed. Sparks and macrosparks could be evoked
reliably by the metabotropic agonists methacholine (3pM) and 2methyl-thio-ATP (lpM) as well as by raised (lOmM) extracellular K+.
Average spark duration was 60 msec and average width was 4pm.
Macrosparks appeared to trigger Ca2+ wave initiation. Interestingly, a
spectrum of local Ca2+ events, from sparks to waves, was frequently
observed within a single cell, suggesting that coupling between Ca2+
release sites is dynamic in O-2A cells.

NEUROGLIA AND MYELIN I

SUNDAY AM
83.5

83.6

SONIC HEDGEHOG REGULATES THE DEVELOPMENT OF
TELENCEPHALIC RAT OLIGODENDROCYTES. C.A, Rottkampi, K,
Murray and M, Dubois-Dalca*. Unite de Neurovirologie et Regeneration du Systeme
Nerveux, Institut Pasteur, 25 Rue du Dr. Roux, 75724 Paris, France
In the embryonic spinal cord, oligodendrocyte progenitors (OP) originate on each
side of the ventral ventricular zone and this process is induced by the local morphogen,
sonic hedgehog (Shh) present in the floor plate. As Shh expression extends to the
ventral telencephalic region, we have investigated whether it plays a role in the
induction of the oligodendrocyte phenotype at the time of gliogenesis. Shh and its
receptors patched and smoothened were detected by RT/PCR in subventricular zone
(SVZ) tissues of newborn rats. Because this indicated an endogenous source of Shh,
we dissociated SVZ cells and cultured them in the presence of neutralizing Shh
antibody (5E1). After 4 to 6 days, the percentage of 04+ cells was decreased by half
compared to controls treated with normal mouse IgG. We next decided to test the
ability of Shh to induce OP in E17 cortical explants.
At this stage, no
oligodendrocytes have yet developed in the cortex, although the region contains
multipotential stem cells that have the ability to generate OP. When recombinant
human Shh was added to these explants at day 1, there was a dramatic enhancement in
the number of cells migrating from the explant. In cultures treated with Shh at
concentrations between 0.05 pg/ml and 20.0 pg/ml, OP emerged earlier than in
control cultures, at day 3 rather than day 4. By day 6 of treatment there was a Shh
dose dependant increase in the percentage of 04+ cells with a maximum of a ten fold
increase at 10 pg/ml. Thus Shh is a strong inducer of oligodendrocyte development in
the outgrowth of E17 cortical explants. Together, our data suggest that, as in the
embryonic spinal cord, Shh can signal precursors in the telencephalic region to
become oligodendrocytes.
^Fulbright Fellow, USA. Supported by the Multiple Sclerosis Society of Great
Britain and Northern Ireland. Shh is provided by Ontogeny, Inc, Cambridge, MA.

ESTABLISHING AN IN VIVO MODEL TO ELUCIDATE THE ROLE OF
GROWTH FACTORS ON OLIGODENDROCYTE PROGENITOR CELL
MIGRATION. J.R. Alberti and R.J. Colello* Dept. of Anatomy, Medical
College of Virginia, VCU, Richmond, Va, 23298
The myelination of axons in the CNS by mature oligodendrocytes is essential
for the establishment of saltatory conduction. In vitro and in vivo studies have
established that migration of oligodendrocyte progenitor cells (OPC’s) is one of
the key elements of axon myelination within the CNS. OPC’s originate from
ventricular and subventricular zone neuroectoderm and migrate to their final
destination. While previous in vitro studies suggest that OPC’s will migrate
along molecular gradients of platelet-derived growth factor (PDGF) and basic
fibroblast growth factor (bFGF), the in vivo assessment of these growth factors
has been technically difficult as these events take place during prenatal
development. To address this, we have developed a novel approach to study
OPC migration in the postnatal rat by x-irradiating the optic nerve of a newborn,
which completely eliminates the first cohort of prenatally derived OPC’s.
Following the elimination of the initial set of OPC’s, we have shown, through
immunostaining with the OPC marker PDGFaR, that the x-irradiated nerve is
subsequently repopulated beginning at Pl4 with a second cohort of migrating
OPC’s. Through this approach we are now able to model prenatal OPC
migration postnatally. In order to assess the role of PDGF and bFGF on OPC
migration we first set out to determine whether these molecules are present in
the optic nerve at the time of migration. Western blot analysis revealed that
PDGF and bFGF proteins were present in the optic nerve at the time of prenatal
migration (El8), as well as in our experimentally induced postnatal migration
(Pl4 in the x-irradiated animal). These findings suggest a possible in vivo role of
PDGF and/or bFGF on OPC migration. Utilizing neutralizing antibodies to
these proteins in our x-irradiation model system should provide further evidence
of their effects on progenitor cell migration. Support: A.D Williams Foundation.

83.7

83.8

Developmental regulation of tau in oligodendrocytes and myelination
P. LoPresti,1* N.A.Muma,2 J.M. Lee1,2, and S.J.Mackey1 ’Dept. ofPathology,
2Dept. of Pharmacology, Loyola Univ. Med. Center; Maywood, IL 60153
The microtubule-associated protein tau is present as a set of isoforms derived
from differential splicing of a mRNA and posttranslation modifications. The
splicing at the amino and carboxy domain gives rise respectively to three (AO,
Al and A2) and two tau mRNA derived isoforms (3R and 4R). Tau has been
found in oligodendrocytes (OLGs) and linked to myelination (LoPresti et al.,
1995). Since myelination is a developmentally regulated event, here we
examine tau mRNA expression in OLGs obtained from 1 and 20 day old rat
brain; 20-day-old rat brain is at the peak of myelination. By using primers
surrounding the amino region of tau, semiquantitative reverse transcriptasepolymerase chain reaction (RT-PCR) showed that 1 day old neonatal OLGs
express AO and Al tau mRNA isoforms, with a ratio of 3 to 1; however 20 day
old neonatal OLGs express equal amounts of AO and Al. In addition, a twofold upregulation of tau mRNA levels were measured in older OLGs. By using
primers surrounding the carboxy domain, we found that in 1 day old OLGs, 3R
tau is more abundant than 4R tau, however in 20 day old OLGs the pattern of
expression reverses with 4R tau more abundant than 3R tau. Above data
suggest that a) the splicing mechanism regulation at the carboxy and amino site
of tau occurs as large amount of myelin related proteins are synthesized by 20
day old OLGs; b) Al tau mRNA isoform displays a distinct regulation from A2;
and c) there is a developmentally regulated reverse expression of 3R and 4R tau.
Work is in progress to establish whether tau regulation in OLGs is cell type
specific and linked to myelin related functions. Supported by NMSS grant
RG2958A1/T (P.L.)

Prostaglandins elevate intracellular cAMP levels in Schwann cells.
N Muja1’ and GH DeVries23
’Program in Neural Science and department of Cell Biology, Neurobiology, and
Anatomy, Loyola University of Chicago, Maywood, IL 60153
’Research Service, Edward J Hines VA Hospital, Hines, IL 60141
Following peripheral nerve injury, hematogenous macrophages are rapidly
recruited to the injuiy site where they phagocytize myelin and axonal debris. Activated
macrophages are also known to release prostaglandins which are locally acting
hormones derived from arachidonic acid by the actions of cyclooxygenases.
Prostaglandins activate receptors coupled to G proteins producing an elevation in
intracellular cAMP and/or calcium. Given that macrophages produce prostaglandins
specifically at the site of injuiy, it seems likely that Schwann cells located within or
near the injury site will be physiologically responsive to prostaglandin stimulation. We
hypothesize that Schwann cells express prostaglandin receptors coupled to adenylyl
cyclase. Using RT-PCR, we demonstrate that primary rat Schwann cells express RNA
transcripts encoding the EP2, EP4, and IP prostaglandin receptors. Using a competitive
ELISA specific for cAMP, we discovered that prostaglandin receptor stimulation
resulted in a rapid, dose dependent elevation in intracellular cAMP levels. To confirm
our ELISA findings, we performed an immunocytochemical analysis of intracellular
cAMP levels using an antibody and staining procedure developed by Weimelt et al. (J
Biol Chem 272(50): 31489-95). We demonstrate that, compared to forskolin treated
Schwann cells, a small subset of the Schwann cell population was strongly
immunoreactive for cAMP following prostaglandin treatment and that this subset of
cells displayed a morphology suggestive of a differentiated phenotype. Current studies
are underway to further characterize the signal transduction events that are initiated
following prostaglandin stimulation and their role in Schwann cell detachment and
proliferation during Wallerian degeneratioa (Supported by Arthur J Schmidt
Fellowship awarded to NM and a Hines VA Medical Research Service grant awarded
to GHDV).

83.9

83.10

DEATH OF MYELIN-DEFICIENT OLIGODENDROCYTES IN
VITRO. J,$, B^glgy, L,A,
D,F, Cfirpip and.JtB. Qrin$pan*.
Dept. of Neurology Research, Children’s Hospital of Philadelphia,
Philadelphia, PA 19104.
Myelin-deficient (MD) rats have an X-linked mutation in their
proteolipid protein gene which results in demyelination, physical
impairment by 2 weeks of age and death at around day 21. We and
others have shown that apoptosis of mature oligodendrocytes (OLs) is
a prominent feature of the MD phenotype in vivo. We have developed
a method for isolating and culturing OL precursor cells from
individual 1-day-old brains in vitro. DNA extracted from the animals
can subsequently be analysed by PCR to determine whether a culture
is wild type (WT) or MD. This has allowed us to analyse MD OLs in
vitro. MD cultures contain similar numbers of precursor, A2B5+ cells
as WT. However, when precursors are induced to differentiate by
removing growth factors, MD cultures have significantly fewer
differentiated OLs than WT. The number of cells expressing
galactocerebroside
(GalC)/sulfatides
and
cyclic
nucleotide
phosphodiesterase in MD cultures is less and there are no OLs
containing myelin basic protein. MD OLs expressing GalC have
shorter processes and are generally less complex than WT. MD
cultures also have increased amounts of activated caspase 3 suggesting
that MD OLs begin to differentiate but then die by apoptosis mediated
by caspases. (Supported by NIH grant NS34017).

RELATIONSHIP BETWEEN IMMATURE OLIGODENDROCYTES AND MYELINATION IN VITRO.
Kouichi Itoh1*, Yoko Sakurai2. Yoko Nakai2. Masato Umeda1 and
Hiroaki Asou2, ’The Tokyo Metropolitan Institute of Medical
Science, Tokyo 113-8613, 2The Tokyo Metropolitan Institute of
Gerontology, Tokyo 173-0015, Japan
Myelination is essential for central nervous system
development and the myelin is a terminal differentiation of the
oligodendrocytes. The mechanisms controlling myelination at the
cellular level are not fully understood. To understand this
differentiation processes, we develop in vitro myelination system.
Stage-specific oligodendrocytes cultured from E18 rat cerebrum
(Sakurai et al., 1998) are co-cultured with primary neurons in the
presence or absence of astrocytes. We obtain three different stage
of oligodendrocytes, progenitor, early- and late-stage of immature
oligodendrocytes. The purity of the three types is confirmed by
immunocytochemical characterization using various antibodies.
These cells co-culture on neurons and/or astrocytes. We measure
time-course of myelination. Oligodendrocytes at late stage start
myelinating earlier than other stages. These results suggest that
the ability (myelin membrane lipid and protein synthesis etc.) of
immature oligodendrocytes to myelinate acquire through neurons
and astrocytes during maturation.(Supported by a Grant-in Aid for
the Scientific Research from the Ministry of Education of Japan
and Brain Science Fund.)
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83.12

IMMORTALISED CELLS OF ADULT HUMAN OLIGODENDROCYTE
LINEAGE: BIOLOGY, BEHAVIOUR AND MYELINATING POTENTIAL.
HC Wilson SC Barnett2, NJ Scolding1.
'University of Cambridge Neurology Unit and MRC Cambridge Centre for Brain
Repair, Cambridge, CB2 2PY. 2DDepartment ofNeurology, CRC Beatson
Laboratories, Glasgow G61 1BD. SPON: British Neuroscience Association.
Myelin is produced and maintained in the central nervous system (CNS) by
oligodendrocytes. Oligodendrocyte progenitor cells (OPCs) have been well
characterised in the neonatal and adult rodent and are also present in cultures of
normal adult human brain. They can be identified in tissue sections of normal adult
human brain and in the lesions of multiple sclerosis (MS) and may be responsible
for the limited remyelination seen in MS. An understanding of the factors which
encourage their proliferation, differentiation and myelinating capacity is important
for the development of strategies aiming to augment intrinsic remyelination in MS.
Further study of adult human OPCs is limited by low yields of cells from scarce
supplies of human brain tissue and an incomplete knowledge of their proliferative
signals. We have begun to produce immortalised adult human cell lines by
techniques well established in the rodent. Antibiotic-selectable retroviral vectors
were used to introduce a panel of oncogenes into primary cultures of adult human
brain, enriched for cells of oligodendrocyte lineage. Infection with a temperature
sensitive mutant of SV40 large T antigen produced one cell line which has an
immunophenotype corresponding to cells of early oligodendrocyte lineage,
exhibiting positive staining for NG2 chondroitin sulfate, 04 and surface
gangliosides recognised by the A2B5 monoclonal antibody. Further
characterisation of this cell line should provide important insights into the cell
biology of the adult human OPC.
This study- is funded by a grant from the Multiple Sclerosis Society of Great Britain
and Northern Ireland.

DOWN-REGULATION OF GLUTAMATE RECEPTOR EXPRESSION IN
MATURE OLIGODENDROCYTES UNDERLIES THEIR RESISTANCE TO
KAINATE TOXICITY. J. Shen, D. Hershberger, S.B. Ali, M. Segal, R.M.
Sanchez, J.J. Volpe, P.A. Rosenberg, and F.E, Jensen*. Div. of Neurosci.,
Children's Hospital and Harvard Medical School, Boston, MA 02115.
Injury to immature oligodendrocytes (OLs) occurs in preterm infants in
response to hypoxic/ischemic injury. Using stage-specific OL cultures, we have
previously shown that mature myelin basic protein (MBP) positive OLs are
resistant to kainate excitotoxicity, while developing OLs (immunopositive for
the 04 and/or 01 surface markers) are susceptible to this excitotoxic injury
(Gan, et al. Soc. Neurosci. Abs. 1997;23:63). As OLs are known to express
nonNMDA glutamate receptors, we evaluated whether maturational differences
in OL susceptibility were related to differences in expression of functional
AMPA/kainate glutamate receptors. We compared receptor subunit expression
in stage-specific cultures of mature MBP+ OLs and developing 04+ OLs.
Western blots of membrane protein using subunit-specific antibodies showed
a marked reduction of AMPA (GluR2, GluR4) and kainate (GluR6/7, KA2)
subunit protein in cultures of mature MBP+ OLs compared to immature 04+
OLs. To confirm the maturational difference in resistance to kainate toxicity,
MBP+ OL cultures were incubated in medium containing kainate (1 mM) for
24h. No significant differences in cell counts were seen compared to sister
cultures incubated in control medium for 24 h. As a functional correlate to the
immunoblot experiments, whole cell patch clamp recordings of cells in the
MBP+ cultures revealed no response to kainate (200-3 OOpM). In contrast,
kainate-induced currents were robust (200-300pA at -50mV) in stage-specific
cultures containing 04+ pre-oligodendrocytes. Given the relative lack of
kainate-induced currents in the mature MBP+ cells, these results suggest that
maturational differences in functional glutamate receptor expression may
underlie the differences in susceptibility to excitotoxicity between mature
MBP+ and developing O4+, MBP-negative OLs. (NS31718, P30HD18655)

83.13

83.14

IMMUNOCYTOCHEMICAL DELINEATION OF OLIGODENDROCYTE LINEAGE PROGRESSION IN HUMAN CEREBRAL WHITE
MATTER. S.A. Back*1, N. Borenstein2, J.J. Volpe1 and H.C. Kinney2.
Departments, of ‘Neurology and “Pathology, Children’s Hospital, Harvard
Medical School, Boston, MA 02115
Test of the hypothesis tliat the pathogenesis of periventricular
leukomalacia (PVL) involves the death of oligodendrocyte (OL)
precursors has been hampered by limited information about the
progression of the human OL lineage. We examined in 20 cases whether
OL specific antibodies (anti-NG2, 04, 01, and anti-MBP) could visualize
OLs at one site of predilection for PVL--the parietal lobe at the level of the
trigone. Between 18-22 weeks gestation (n=10), the majority of OLs were
O4+. Less than 5% of the total OLs at 18w were O1+. Essentially all 04+
cells were also NG2+. The majority of OLs between 24-27w (n=4) were
04+ but few were 01+. At 30-36w (n=6) progressively more 01+ cells
were visualized. As early as 30w, 04+ and MBP+ processes were detected
in the optic radiation. Three distinct populations of processes were
identified: 04+MBP-, 04+MBP+ and 04-MBP+. In order to quantify
lineage progression in future studies, we determined the relative size of the
nucleus of 04+ and 01+ OLs in a case at 18w and 35w. Digitized images
of cells double-labeled for 04 or 01 and Hoechst 33342 were obtained by
confocal laser microscopy. At 18w the nucleus of an 04+ cell (39.0 +8.3
pm2, n=112) did not differ in size from an 01+ cell (37.5 + 8.3“pm2,
n=40). At 35 w there was also no difference in the size of the"nucleus of
an 04+ cell (54.5 + 10.9 pm2, n=164) or an 01+ cell (54.8 + 10.6 pm2,
n=93). However, there was a marked difference in the size ofthe nucleus
of an 04+ and of an 01+ cell at 18 versus 35 weeks (p< 0.0001). These
data provide critical baseline information for the study of cerebral white
matter injury in the premature infant. Supported by NINDS NSO1855-O3,
P30HD18655, a Grass Foundation Morison Fellowship, the Hearst
Foundation and tlie NIH Brain Bank, Miama.

IMMATURE OLIGODENDROCYTES IN THE DEVELOPING BRAIN ARE
SELECTIVELY VULNERABLE TO AMPA TOXICITY AND
HYPOXIA/ISCHEMIA. P.L. Follett*, P.A. Rosenberg, J.J, Volpe. F.E. Jensen,
Dept. Neurology, Children's Hosp. and Harvard Med. Sch., Boston, MA 02115
Selective white matter (WM) injury secondary to hypoxia/ischemia is a
central feature of periventricular leukomalacia (PVL) in preterm infants. We
previously showed that developing oligodendrocytes (OLs) in vitro are
susceptible to AMPA/kainate excitotoxicity, while mature myelin basic protein
(MBP) positive OLs are resistant (Gan, et al. Soc. Neurosci. AbsL 1997; 23:63).
We demonstrated that such developing OLs labeled with 04/01 stage specific
markers, but not MBP, are abundant in subcortical WM in the P7 rat (Back, et
al. Soc. Neurosci. Abs. 1998;24:51). To evaluate susceptibility of immature
OLs to AMPA in vivo, we performed intracerebral AMPA injections (5nmoles+
5nmo!es MK-801 in 0.5 pL) in rat pups. Focal WM injury was seen in 100%
of P7 and P3 rats, while no lesion was seen in the adult, and this injury was
attenuated by pretreatment with the AMPA antagonist NBQX (20-30 mg/kg
i.p.). We next evaluated whether hypoxia/ischemia at P7 produced selective
WM lesions and OL death. Unilateral carotid ligation in combination with
hypoxia (6% for lh) resulted in selective, subcortical WM injury at 96h and a
marked ipsilateral decrease in 01+ and MBP+ OLs in 10/12 rats. NBQX (2030 mg/kg i.p.) was protective in 6/7 rats (p<0.02 vs vehicle treated controls).
These results are consistent with our prior in vitro observations, and
demonstrate susceptibility of immature OLs to AMPA excitotoxicity in vivo.
The parallel, maturation-dependent susceptibility to AMPA and
hypoxia/ischemia, and the protective efficacy of NBQX to both insults implicate
glutamate receptor-mediated injury as a pathogenetic factor in PVL. (Hearst
Foundation, HD18655, NS31718)

83.15

83.16

INHIBITORS OF 12-LIPOXYGENASE BLOCK GLUTATHIONE DEPLETION
EVOKED TOXICITY IN CULTURED OLIGODENDROCYTES. S. B, Ali. S, A,
Back, P. A. Rosenberg, and J. J. Volpe*, Dept. of Neurology, Children’s Hospital,
Boston, MA 02115.
The mechanisms of oxidative stress induced toxicity have not been elucidated in
oligodendrocytes (OL). Previous studies suggest that activation of 12-lipoxygenase
(12-LOX) mediates oxidative glutamate toxicity in cultured neurons and in a
hippocampal cell line [Li et al (1997) Neuron 19: 453-463], Cystine deprivation
induces oxidative stress in OLs through depletion of intracellular glutathione [Back
et al (1998) J. Neurosci. 18: 6241-6253], To test whether 12-LOX activity is key to
oxidative stress induced OL toxicity, we tested the ability of several different
compounds to block toxicity in the cystine deprivation model of oxidative stress.
Two selective inhibitors of 12-LOX, baicalein (2 pM) and cinnimyl-3,4-dihydroxya-cyanocinnamide (CDC; 10 pM), conferred close to full protection against cystine
depletion.
We also found that 1 pM 2,3,5-trimethyl-6-(12-hydroxy-5-10dodecadiynyl)-l,4-benzoquinone (AA861), an inhibitor of 5-LOX and 12-LOX,
conferred complete protection against cystine deprivation. Previous studies have
shown that free radical scavengers can rescue OLs from oxidative stress [Yonezawa
et al (1996) J. Neurochem. 67: 566-573], We tested the possibility that the
protection by these 12-LOX inhibitors was due to free radical scavenging activity
using an assay employing the stable free radical l,l-diphenyl-2-picrylhydrazyl
(DPPH). In this assay, 15 pM Trolox, 100 pM vitamin C, 15 pM baicalein, and 15
pM CDC all demonstrated significant free radical scavenging activity. However, 15
pM AA861 showed no free radical scavenging activity distinguishable from
baseline. Given that the 5-LOX inhibitors caffeic acid and 5,6-dehyro-arachidonic
acid (DAA) conferred no protection against glutathione depletion, it appears that
AA861 protection is not due to its 5-LOX inhibitoiy activity, but rather to its activity
as a 12-LOX inhibitor. This implicates 12-LOX activity in oxidative stress induced
OL toxicity. This work wasfunded by a grantfrom the NIH (HD18655).

TREATMENT OF MIXED GLIAL CULTURES WITH mM CONCENTRATIONS
OF GLUTAMATE RESULTS IN PROLIFERATION OF OLIGODENDROCYTES.
Jennifer R. Yates12*, Andrew R, Blight2, and Timothy J. Neuberger2. ’Curriculum in
Neurobioiogy, University of North Carolina, Chapel Hill, NC 27599. 2Acorda
Therapeutics, Hawthorne, NY 10532.
Astrocytes have been shown to protect neurons, both in vivo and in vitro, from a
variety of insults including excitotoxicity. Rapid sequestration of glutamate by
astrocytes likely plays a role in this protection. Much of the damage that occurs after
an ischemia/reperfusion injury is due to a disruption in the astrocytes ability to
sequester glutamate from the extracellular space.
Like neurons, purified
oligodendrocytes in culture have been shown to be susceptible to excitotoxic cell
death. This appears to be due to activation of AMPA/kainate receptors on
oligodendrocytes. However, little is known about the effects of glutamate on
oligodendrocytes when they are co-cultured with astrocytes. In this study, mixed
glial cells were taken from post-natal day 6-7 Long-Evans rat brain and plated on
poly-d-lysine coated wells. After 3 to 7 days in culture, these cells were treated with
doses of glutamate ranging from 500 pM to 5 mM for 3 to 10 days. Glutamate was
added with fresh media to the mixed cultures every other day.
Using
immunohistochemical staining, cultures were analyzed for both astrocytes and
oligodendrocytes. There was no observable difference in the astrocyte population as
a result of glutamate treatment. However, there was a significant dose-dependent
increase in the number of oligodendrocytes found in these cultures as compared to
cultures that received no glutamate. These results may have application in the study
of the neuronal influence on oligodendroglial proliferation and myelination in CNS
development and also on the response of the CNS to ischemic injury and mechanical
trauma. Supported by SCRF/PVA.
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TYRAMIDE SIGNAL AMPLIFICATION (TSA) FOR COMBINED NEURAL
TRACING AND IMMUNOHISTOCHEMISTRY OF RAT CNS PATHWAYS
TFC Batten1*, S Saha1. EKA Corbett1. FOG Esteves1. Z Henderson2 & J Deuchars2
Schools of Medicine1 & Biomedical Sciences2, Leeds University, Leeds LS2 9JT, UK.
Fluorescently labelled tyramides have recently been introduced for amplification of
HRP in immunohistochemical and in situ hybridization detection systems (van Gijlswijk
et al. 1997). We have now used this amplification to visualize various anterograde and
retrograde neuronal tracers in combination with fluorescence immunohistochemical
detection of transmitter markers, in afferent and efferent neural projections to/from
nucleus tractus solitarii (NTS). To retrogradely label NTS-projecting neurons, cholera
toxin B subunit (CTb) was injected into the commissural subnucleus. CTb labelled cells
in the medulla, amygdala, cortex, hypothalamus and spinal dorsal hom were detected
with goat anti-CTb, a biotin-avidin-HRP reaction and TSA reagent directly linked to
fluorescein. Incubations in rabbit/mouse antisera to transmitters or enzymes (GABA,
glutamate, TH, DBH, NOS, SP etc) detected by Cy3 conjugated secondary antibodies,
allowed .the neurochemical profile of retrogradely labelled neurones to be defined. In
anterograde labelling studies, biotin-dextran amine (BDA) was injected into the central
nucleus of the amygdala or dorsal hom lamina I. Anterogradely labelled fibres were
detected in NTS by biotin-avidin-HRP with TSA visualization. Simultaneous immunohistochemistry with Cy3 detection permitted identification of putative neurotransmitters
in NTS neurons receiving appositions from the anterogradely labelled boutons. A similar
approach was used to detect anterogradely or transganglionically labelled afferent fibres
in NTS by application of a range of tracers (HRP, BDA, CTb, CTb-HRP, WGA, WGAHRP, PHA-L) to the nodose ganglion or vagus nerve. Confocal microscopy showed
that certain vagal fibres in NTS were immunoreactive for SP, CGRP or NOS, but not
NPY, gaianin or bioamines. TSA was also very effective for visualizing the perikarya
and dendrites of retrogradely labelled vagal motoneurons. Optimal results were obtained
in all cases when the TSA reaction was performed as the final step in the dual labelling
procedure. Supported by the British Heart Foundation.

TISSUE REACTION WITH UNIVERSITY OF MICHIGAN
NEUROPROBE CORTICAL PLACEMENTS. Finger P.A., Wys
N.L, Wiler J.A., Hetke J, Anderson P.J. & Altschuler R.A.*
Kresge Hearing Research Institute, Dept. of Electrical Engineering
& Computer Sciences, Univ. of Michigan; Ann Arbor, MI 48109.
We are studying the neuroprobe-tissue interface with University
of Michigan silicon substrate multichannel recording electrodes.
We applied antibodies to characterize the envelope of tissue
reaction surrounding the probe shanks. Multishank probes were
placed in the guinea pig cortex for three weeks. Animals were
fixed with 4% paraformaldehyde, probes removed and cryostat
sections
cut
perpendicular
to
the
probe
tracts.
Immunofluorescence methods were applied with antibodies to
differentiate cell types and cell products. Five antibodies to
intermediate filaments were applied: neurofilament 200 (neuronal),
glial fibrillary acidic protein - GFAP (glial), cytokeratin
(epithelial), vimentin (epithelial of mesenchymal origin), desmin
(muscle). Two antibodies to extracellular matrix, fibronectin and
laminin, were also applied.
Both GFAP and vimentin
immunostained cells were observed surrounding probe shank
tracts. Antibody to CD 31 was applied to differentiate endothelial
cells (blood vessel origin) and this did not co-label with the
vimentin around the tract, suggesting it might be of pial origin.
Fibronectin immunolabel was often seen at the end (base) of the
tracts. These results suggest that the tissue envelope surrounding
the probes may have both a glial and an epithelial component.
Supported by NIH Grant PAI RR 09754

84.3

84.4

GLYCOLYTIC-OXIDATIVE METABOLIC POLARIZATION IN RAT DENTATE
GRANULE CELLS & MAGNOCELLULAR HYPOTHALAMOHYPOPHYSEAL

neurons

. Glenn ILKagcyama*. T„ RamWi-W^lBlpinsla, M,-Martinez. and A.

Warden. Dept. Biol. Sci., Calif. State Polytechnic Univ., Pomona, CA 91768; Dept.
Anat. & Neurobiol., Coll, of Medicine, University of California, Irvine, CA 92717.
Major sites of energy utilization, as determined by the histochemical localization of
Na+,K+-ATPase (p-nitrophenyl phosphatase, p-NPP), was compared to major sites of
energy production by glycolytic vs. oxidative metabolic pathways, as determined by
lactate dehydrogenase (LDH) isozyme histo- and immunohistochemistry and
cytochrome oxidase (CO) histochemistry, respectively, in the rat hippocampus and
hypothalamohypophyseal pathway. Animals were perfused with aldehydes and 60 pm
vibratome sections were processed for either p-NPP or CO histochemistry, or M
(muscle; glycolytic)- or H (heart, oxidative)- LDH histo- or immunohistochemistry,
and compared. Comparative analysis of rat dentate granule cells and magnocellular
hypothalamohypophyseal neurons revealed significant differences. In granule cells the
highest levels of p-NPP, CO and H-LDH were found within the dendrites, while MLDH was highest in astrocytes and presynaptic perforant path terminals. However,
mossy terminals exhibited elevated levels of H-LDH activity, but low levels of CO
and pNPPase activity, indicating that lactic acid may be utilized by mossy terminals
for neurotransmitter recycling rather than as a metabolic fuel. In contrast, the
magnocellular neurons of the paraventricular and supraoptic nuclei exhibited moderate
levels of CO and H-LDH in the soma-dendritic domain, but low levels of the same in
the axon terminals in the posterior pituitary. Instead the axon terminals exhibited
elevated levels of M-LDH, suggesting that there is an inverse intracellular distribution
of oxidative and glycolytic enzymes. These observations support, the hypothesis that
glucose utilization as determined by others using the 2-deoxyglucose method can
exhibit a very different subcellular localization from oxidative metabolic methods such
as cytochrome oxidase (CO) or H-LDH histochemistry. Support: Cal Poly Pomona
RSCA Grant #1-11496 & NIH 1 SO6 GM53933-01A1.

INTRACELLULAR LOCALIZATION OF Dp71 ISOFORMS OF
BRAIN CELLS IN CULTURE. V. Aleman
B., Osorio ,
0. Chavez1 and D. Martinez de Munoz / Dept. of
Physiology , Biophysics and Neurosc iences , CINVE_S
TAV-IPN, 07000 Mexico, D.F. MEXICO.
It is known that dystrophins 427, 140 and 71
(Dp71) are found in the mammalian brain. Of
these, Dp71 isoforms are the most abundant in
this organ. However, we have not yet a clear
picture of their intracellular localization in
neurons or astroglia. This is of importance if
one is interested to know their functions in
these cells. For this purpose, two antibodies:
5F3 and Dys2 that distinguish Dp71f and Dp71d
respectively were used with two immuno-detection
techniques;
immunocytochemistry
and
Western
blots for the intracellular localization of
these isoforms in 21-day cultures of neurons and
cortical astroblasts. Both isoforms were present
in both type of cells and were found localized
in the Golgi complex. Dp71d was detected in ijn
termediate filaments of neurons but not in astr£
blasts. These isoforms were also localized in
the nucleus of neurons but not in astroblasts.

This work was supported in large part by CINVESTAV.

84.5

84.6

Immunohistochemical detection of fos and FosB after acute and chronic

COLOCALIZATION OF CONANTOKIN G WITH NMDA
RECEPTOR SUBUNITS NRI, NR2A, NR2B, AND NR2C IN
CORTICAL CELLS. Linda Chicoine, Jake Nielsen. Li-Ming Zhou,
John Wagstaff, Patrick Hartv. Ann Cornell-Bell*, and R. Tyler
McCabe. Cognetix/Viatech Laboratories, Inc., Salt Lake City, UT
84108 USA
Conantokin G (ConG), a conopeptide in development to treat severe
epilepsy, inhibits the NMDA response in cortical neurons. Patch
clamp and membrane binding studies demonstrate ConG interaction
with the NR2B subunit, thus inhibiting NMDA responses. Primary
cortical cell cultures were compared at 5, 7, 14 and 21 days in vitro
(DIV) for changes in NMDA receptor subunit distribution and
interaction with ConG. Immunolabeling with anti-NRl, anti-NR2A,
anti-NR2B, and anti-NR2C antibodies reveal extensive labeling on
neuronal cell bodies and processes. NMDA receptor subunits were
also detected, to a lesser extent, in glial cells of cortical cultures. In
order to demonstrate ConG binding on cortical cells, ConG was
biotinylated and visualized using an anti-biotin fluorescein-conjugated
antibody. Colocalization of biotin-ConG with NMDA receptor subunit
antibodies indicate binding of ConG with receptors containing NRI,
NR2A, and NR2B subunits on cefl bodies and processes of 7DIV
neurons and also in glial cells. Fluorimetric assays of cortical cells
quantified the amount of each NMDA receptor subunit at 5, 7, 14, and
21 DIV. Fluorimetry was used to quantify the interaction of ConG
with NMDA receptor subunits, and NR2B showed the greatest
interaction with ConG. These findings suggest a unique ConG
binding site in cortical cell neurons.

electroconvulsive seizure. T, M, Madsen*. T. G. Bolwig. J. D. Mikkdsen.
Neuropsychiatry Laboratory, Dept of Psychiatiy, Rigshospitalet, Copenhagen,

Denmark.
Transcription factors of the Fos family are known to be upregulated in a number
of seizure models, including electroconvulsive seizures (ECS). FosB has been

shown to have a different pattern of induction than Fos itself. In this study, the
immunoreactivity of Fos and FosB is studied in different regions of the brain after
acute or chronic ECS.
Male Wistar rats were administered a single or ten (one daily) ECS. Two or 18
hours after the last seizure, animals were transcardially perfused and processed for
immunohistochemistry with a Fos specific antibody or a FosB antibody recognising
both FosB and the splice variant AFosB. Immunopositive nuclei were counted in
the frontal and parietal cortices, and in subregions of the hippocampus. In all
regions measured, both Fos and FosB immunoreactivity had risen 2 hours after the
last seizure. At 18 hours after a single ECS, the number of Fos immunopositive
nuclei were back at control levels in all regions measured. In the hippocampus, the
FosB levels, were at control levels. In the cortical areas measured, the number of
FosB immunopositive nuclei had not decreased at this time point The pattern of
induction was the same after exposure to ten ECSs. In the hilus of the
hippocampus, the control levels of FoB immunopositive nuclei was low, but was
markedly upregulated at the 18 hour time points.
FosB and its splice variant, AFosB are imvolved in the long-term adaptions of the
brain to chronic stimuli. In this assay, it is not possible to distinguish between the
two, but it is likely AFosB and isoforms thereof are predominant after the chronic
treatment. Here, we show that the induction pattern of FosB is differently regulated
in the hippocampus compared to cortex. This experiment indicates that
hippocampus has diferent adaptability to ECS stimulation than does the cortex.
Supported by the Danish Medical Research Council,
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COLOCALIZATION OF IMMUNOHISTOCHEMICAL AND DNA IN SITU
HYBRIDIZATION SIGNALS IN RESIN EMBEDDED TISSUE. A NOVEL
AND HIGHLY SENSITIVE METHOD USING METHACRYLATE
EMBEDDED SERIAL SECTIONS.
Marcus Muller1, Karin Wacker1, William F, Hickey2, E. Bernd Ringelstein1 and
Reinhard Kiefer1*
‘Dept. of Neurology, Univ. of Munster, Munster, Germany 48129, and 2Dept. of
Pathology, Dartmouth Medical School, Lebanon, U.S.A.
The sequential performance of in situ hybridization (ISH) and
immunohistochemistry (IHC) is often difficult because the process necessary to
detect the target structure of one technique often affects the target of the other.
Morphological impairment also limits the sequential application of the two
techniques. To overcome these problems we developed a method for parallel ISH
and IHC performed on 1pm semithin sections of methylmethacrylate embedded
tissue. Microwave-stimulated antigen retrieval, signal amplification by catalysed
reporter deposition (CARD) and carbocyanine fluorophores were used for both
techniques to increase sensitivity and signal resolution. Transgenic DNA and a
large number of antigens could be localized with excellent morphological
preservation and reproducability. ISH and IHC signals retrieved on neighbouring
serial section were brought together by means of computer aided image processing.
Using this technique, resident endoneurial macrophages were identified in the
normal and lesioned peripheral nervous system of radiation bone marrow chimeric
rats created by transplanting wild-type bone marrow into Tk-tsa transgenic Lewis
rats and could be differentiated from infiltrating hematogenous macrophages.
Resident endoneurial macrophages persists after lesions and become activated. The
technique presented may have many other applications in neurobiology.

EVIDENCE OF FUNCTIONAL RYANODINE RECEPTOR
INVOLVED IN APOPTOSIS OF PROSTATE CANCER (LNCAP)
CELLS. N, Prevarskava1. P. Mariot1, M. Roudbaraki1, X. Le Bourhis1,
F. Van Coppenolle1, J. Stinnakre2*. R. Skrvma1 ‘Cell Physiology Laboratory,
INSERM EPI 9807, Universite de Lille 1,2Laboratoire de Neurobiologie
Cellulaire et Moleculaire, CNRS, 91198 Gif-sur-Yvette, FRANCE.
Ryanodine receptors mediate calcium release from intracellular stores and
are known to play an important role in calcium-induced calcium release in
excitable cells and more specifically in excitation-contraction coupling in
muscle cells. Their functional expression and physiological role in nonexcitable cells are still a matter of debate. We have assessed the presence of
such functional receptors in non-excitable LNCaP prostate cancer cells using
fluorimetric measurements of intracellular calcium and expression assays of
mRNA encoding ryanodine receptors. We show here that LNCaP cells responded to caffeine, a ryanodine receptor agonist, by mobilizing calcium.
Another ryanodine receptor agonist, 4-chloro-w-cresol, had a similar effect
and promoted a calcium release. These effects were inhibited by a pretreatment
with ryanodine or thapsigargin. In addition to a calcium release, caffeine was
able to produce a calcium entry blocked by nickel. We used a reverse
transcription-polymerase chain reaction assay to investigate the expression of
ryanodine receptors in LNCaP cells. Two types of ryanodine receptors were
strongly expressed in LNCaP cells: RyRl and RyR2. The combination of these
results showed that non-excitable LNCaP cells, derived from a human prostate
cancer, had functional RyRs able to mobilize Ca2+ from intracellular stores.
Finally, we show that ryanodine receptor activation by caffeine stimulates
apoptosis of prostate cancer cells and that the inhibition of these receptors by
ryanodine protects the cells against apoptosis.

This work is supported by the DFG (Deutsche Forschungsgemeinschaft) and the
IMF program of the Medical Faculty of the University of Munster.

84.9

84.10

EXPRESSION OF VOLTAGE-GATED Na+ CHANNELS IN HUMAN PROSTATE
CANCER D. Stewart1, C.S. Foster. P, Smith2 R.G. Foster* and M.B.A.
Djamgoz1.1 Department of Biolqgy. Imperial College of Science, Technology and
Medicine, London SW7 2AZ: ‘Department of Pathology. University of Liverpool.
Duncan Building, Liverpool L69 3GA.
Death from prostate cancer in men increases continuously at all ages (1). Although
surgical removal of the prostate could cure the cancer if the tumor remained
localised, by the time tlie primary' tumor is detected, local invasion or metastasis
usually will have occurred. Hence, there is an urgent need for new clinical strategies
to provide early diagnosis.
It has previously been demonstrated by electrophysiological studies that voltagegated Na* channels (VGSCs) are expressed specifically bv highly metastatic prostate
cancer cell lines from both rat and human. Moreover, blockage of channel activity
with tetrodotoxin significantly reduced the invasion of the cells in vitro (2. 3). Ih
addition, it has also been shown for a variety of cell lines that tlie invasive ability of
tlie cells increases in parallel with VGSC expression (4).
In tlie present stuay. VGSC proteins have been localised in sections of human
prostate by basic immunohistochemistry utilising primary antibody against alpha
subunit of VGSCs (Upstate) and quantified by image ’ analysis using a Nikon
microscope. CCD camera (Pixera) and OPTIMAS v.5.2 for optical density
measurements. The results have shown that VGSC expression occurred in tlie
prostatic epithelial cells and that its level increased significantly in line with tlieir
metastatic potential. Semi-quantitative analysis of the staining patterns from 20
different cases have indicated that channel accumulation occurs in the apical region
of invasive ducts at the carcinoma stage, and in the periphery of invasive cancer cells
responsible for metastasis In contrast, in benign areas. VGSCs appeared at a very
low level on the basal cells of the ducts.
These observations complement die work on cell lines and support tlie possibility
tliat level of VGSC expression might be useful as a novel prognostic marker in early
detection of prostate cancer.
References: (l)Foster, C. S. et al., Br J of Urol 83, 171-194 (1999). (2)Grimes,
J.A. et al. FEBS Letts. 369, 290-294 (1995).(3)Laniado, M.E. et al. Am J. Pathol.
150 1213-1221 (1997).(4)Smith etal. FEBS Letts. 423, 19-24(1998).
(Supported by Prostate Cancer Research Fund)

IMPROVED DETECTION SENSITIVITY FOR LIGHT AND ELECTRON
MICROSCOPIC
IMMUNOLOCALIZATION
USING
TYRAMIDE
AMPLIFICATION AND FLUORESCENCE PHOTOOXIDATION. A. Stelljes, M.
H. Ellisman, T. J. Deerinck and M. E. Martone*. National Center for Microscopy and
Imaging Research, Univ. of California at San Diego, La Jolla, CA 92093-0608.

84.11

84.12

IMMUNOHISTOCHEMICAL STUDIES OF NEURONAL, GLIAL, ENDOTHELIAL
CELL AND LEUKOCYTE PROTEINS IN THE FELINE CNS. A.S. Lossinsky,*
D.B. McCreerv, L.A. Bullara, T.G.H. Yuen, and W.F. Agnew. Neurological Res.
Lab., Huntington Medical Research Institutes, Pasadena, CA91105.
Our objective was to define immunohistochemical parameters for labeling
several cellular antigens in the cat CNS. Immunohistochemical methods are being
applied for the development of neuroprosthetic devices to examine subtle cellular
changes that occur in CNS tissues as a function of electrical stimulation. Previous
studies of feline cerebral cortex demonstrated that lymphocytes accumulate near
the tips of pulsed microelectrodes (Yuen et al., SN 24:659, 1998). Because of the
limited availability of monoclonal antibodies against feline cell types, we
investigated several commercially available, non-feline antibodies in an attempt to
identify leukocyte subsets and other cellular, changes that may be expressed in the
stimulated cat CNS. Six mice (positive control tissues) and 6 cats were perfusedfixed with either % strength Kamovsky’s Fixative containing 3% formalin (F), 2.5%
glutaraldehyde (G) in a 0.1 M sodium phosphate buffer, or an immunofixative (IF)
containing 4% F with 0.1-0.25% G in the same phosphate buffer. Cerebral cortex,
brain stem, spinal cord, spleen, and lymph node tissues were selected for cryostat,
paraffin or glycol methacrylate (GM) embedding and sectioning. Eight pm sections
on glass slides were incubated with various protein blockers, and with primary
antibodies to leukocyte, endothelial cell (EC), neuronal and glial cell proteins (CD4,
CD8, CD13, CD20, CD54, NOS, Gap-43 and GFAP). Tissues were incubated with
secondary antibodies and immunoprobes including peroxidase and silverenhanced immunogold. Cryostat sections labeled all cellular antigens. Paraffin
sections demonstrated CD-8 and CD13-stained leukocytes and ECs labeled CD54
in spleen and CNS tissues, while NOS, Gap-43 and GFAP labeled neurons and
astrocytes. GM sections labeled ECs (CD54) and neurons (NOS, Gap-43). These
results present useful immunohistochemical methods that identify several cell
types in the cat CNS. Supported by NIH Contracts #N01-NS-8-2399iand #N01NS-8-2388.

A NOVEL METHOD IN QUANTITATIVE IN SITU HYBRIDIZATION:
CALCULATION OF THE MAXIMAL HYBRIDIZATION SIGNAL (Hmax) FOR
MULTIPLE CALMODULIN mRNAs. K. Gulya* and S. Vizi. Dept. Zoology and Cell
Biology, University of Szeged, Szeged, H-6722, Hungary.
Besides qualitative analysis, in situ hybridization (ISH) techniques provide
efficient means to study the quantitative aspects of gene expression. To
compare the abundances of different mRNAs of interest, an estimation can be
made on their copy numbers per volume unit. In such an experiment,
hybridization is expected to be performed at saturating probe concentration.
However, it is nearly impossible to fulfill this condition when medium-to-high
amounts of transcripts exist, and/or in large-scale experiments, where large
amounts of probes should be synthesized. To resolve this problem, a doublestep experimental procedure has been developed for calmodulin I, II and III
[35S]cRNA probes in rat brain sections. Step 1) Applying different dilutions of a
probe onto serial sections, saturation curves were created for several selected
brain areas exhibiting a broad range of labeling intensities. A maximal
hybridization signal (Hmax) value was calculated and assigned to each selected
brain region. As the ratios of the labeling intensities of the selected brain areas
remained constant at different probe concentrations, division of their Hmax
values by the corresponding labeling intensities provided a factor characteristic
to the actual probe concentration for all selected brain regions. Step 2) Largescale ISH analysis was carried out using a selected (medium) probe
concentration. Having known the Hmax values of the different brain regions, a
factor for the selected probe concentration was determined. For many brain
regions with a labeling value falling within the range of the labeling intensities
of the pre-measured areas (step 1), Hmax values of the brain areas of interest
were calculated by multiplying their labeling intensities with this factor and then
converted to mRNA copy number/mm3 values. Thus, total accessible mRNA
contents of several brain areas have been quantified in an economic way
without using saturating probe concentration. Supported by the National
Research Fund, Hungary (T 22822).
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Fluorescence photooxidation of diaminobenzidine (DAB) is a useful
technique for performing correlated high resolution light and electron
microscopic analysis on the same specimen.
We have reported
previously that eosin, a brominated derivative of fluorescein, is far
superior to more conventional fluorophores for driving the
photooxidation reaction and, when conjugated to a variety of molecules
such as antibodies, drugs, and toxins, can be used for high resolution
protein localization (Deerinck et al., J. Cell. Biol., 126:901, 1994).
However, this technique is not as sensitive as other antibody detection
methods such as those based on peroxidase. We have recently employed
catalyzed reporter deposition using the tyramide amplification system
(TSA) to enhance the sensitivity of the technique. Sections of rat brain
were labeled using biotinylated tyramides followed by streptavidin-eosin
and photooxidation of DAB. TSA amplification resulted in a tremendous
enhancement of the signal for every antigen tested thus far, including
synaptophysin, cytochrome C, and tubulin. The amplification allowed
us to reduce photooxidation times by up to 90% thereby minimizing
photo-induced damage to the tissue. Minimal background staining was
observed and non-specific photooxidation of mitochondria was reduced
due to the brief illumination times. We are currently evaluating the effect
of the tyramide amplification on labeling resolution and investigating the
use of the microwave to improve penetration of reagents. This work
supported by NIH grant RR04050.
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USE OF NOVEL FLUORESCENT TYRAMIDE SIGNAL AMPLIFICATION
SYSTEMS (TSA) IN SINGLE AND DOUBLE LABELING TECHNIQUES
FOR IN SITU HYBRIDIZATION DETECTION OF MRNA. M. C. Tyler* and
P. C. Mayer. NEN Life Science Products, Boston, MA 02118
We describe the use of novel fluorescent Tyramide Signal Amplification (TSA)
systems for in situ hybridization. As model systems, we have used the new TSA™
Plus (Fluorescein) System to detect enkephalin mRNA, and cyanine 3 and cyanine 5
labeled tyramides for the simultaneous detection of vasopressin and oxytocin mRNA.
To detect enkephalin mRNA, an enkephalin oligonucleotide probe was first labeled
with digoxigenin, then hybridized overnight. After stringency washes, and a 30
minute blocking step, the slides were then incubated with anti-digoxigenin-HRP.
The TSA Plus amplification step followed. In the presence of HRP, the Fluorescein
Amplification Reagent covalently deposits, allowing the deposition of multiple
fluorescein molecules which can be viewed immediately with a fluorescent
microscope. Resolution was better, and sensitivity was comparable to a 2 week
autoradiographic emulsion.
For the double fluorescence labeling, vasopressin probe was labeled with biotin,
and oxytocin with fluorescein. Both probes were hybridized together overnight, and
stringency washes done the next morning. After a 30 minute blocking step, the tissue
was incubated with streptavidin-HRP to react with the biotin-labeled probe. The first
amplification step was done with a 10 minute incubation with cyanine 3 tyramide.
The signal from the fluorescein-labeled probe was too weak to be detected itself, so
after brief washing, the slides were then incubated with antifluorescein-HRP, and
amplified with another fluorescent tyramide, this time with cyanine 5 tyramide. A
CCD camera was used to detect the signal from the cyanine 5 tyramide, and images
from the cyanine 3 and cyanine 5 were taken from the same slide separately, then
superimposed to clearly show which cells express either or both of the two probes.
Supported by NEN Life Science Products

A CRE/LOXP RECOMBINATION-ACTIVATED NEURONAL MARKER
SYSTEM IN MOUSE NEOCORTEX. Z.J. Huang1,2*, W. Yu1, C. Lovett1, and
S. Tonegawa1’2- ^ept. of Biology and 2Howard Hughes Medical Institute,
Massachusetts Institute of Technology, Cambridge, MA 02139
Our understanding of the fine architecture and plasticity of the neocortex
would benefit from being able to visualize detailed morphology of single or subclasses
of cortical neurons at high resolution and in living tissue. A low frequency Cre/loxP
recombination-activated marker system was developed to label single neurons in mouse
neocortex. This strategy involved creating two stains of transgenic mice and breeding
them to double transgenics for analysis. The "reporter" line carried a loxP-stop-oftranscription/translation-loxP-lacZ/GFP (STOP-lacZ or STOP-GFP) cassette driven by
the chicken p-actin promoter. In the "deleter" strains, the aCaMKII promoter directed
the expression of the Cre recombinase (CaMKII-Cre) at different levels among different
transgenic lines, which activated reporter gene expressions at high, medium, and low
frequencies in the forebrain. A deleter line was identified which activated the reporter
expression in less than 0.1% of well separated pyramidal neurons in the cerebral cortex.
Suprisingly, the same deleter line also activated reporter expression in vertical
“columns” of neocortical pyramidal neurons in the motor, somatosensory and visual
cortex. These columns appear as early as embryonic day 16.
A reporter strain was generated in which a STOP-MAP2EGFP (a MAP2/EGFP
fusion gene) cassette was driven by the chicken P-actin promoter. In CaMKII-Cre/
STOP-MAP2EGFP double transgenic mice, MAP2EGFP strongly labeled the entire
dendritic trees of pyramidal neurons in the hippocampus and neocortex. Within the
neocortex, single or columns of pyramidal neurons were well labeled. Such a binary
system can be generalized to express subcellular-targeted, GFP-based reporters in single
or columns of pyramidal neurons, and in defined classes of GABAergic intemeurons in
the neocortex. With its combinatorial property, this recombination-activated neuronal
marker system should be useful in studying the detailed neuronal morphology,
connectivity, and plasticity in living neocortical tissue and in living brain.

84.15

84.16

IN VIVO GENE TRANSFER INTO NEURAL CELLS USING HSV1 AND PEI.
S. Tabbaa, C. Goulah, C. Dlugos, H, Peng, W.D. McCall Jr.*, D.C. Bloom1, M.K.
Stachowiak Molecular and Structural Neurobioiogy and Gene Therapy Program State
University of New York, Buffalo, NY 14214, ‘Arizona State University, Tempe, AZ
85287.
Herpes simplex virus (HSV-1) has the ability to establish life-long latent infections
within neurons and may therefore be considered as a vector for delivering biological
relevant peptides to the nervous system. The cationic polymer polyethylenimine
(PEI), forms neutral complexes with DNA that promote efficient transgene expression
in various tissue types. In this study, we evaluated the ability of HSV-1 to express Bgal reporter gene as compared to that of the PEI vector. The ICP4- replication
deficient virus recombined with the HSV latency-associated transcript promoter
(LAT) and the Moloney murine leukemia virus LTR (LAT/LTR) was fused with the
B-gal gene to produce ICP4-LAT/LTR-B-gal. The HSV vector with the LAT/LTR-Bgal cassette (HSV), a PEI-pCMV-B-gal plasmid complex (PEI), or the control glucose
solution (GLU) were injected in 4 ul volumes into the rostral hippocampus or
substantia nigra (S.N.) of the anesthetized rats. The animals were perfused with 4%.
paraformeldahyde and the expression of beta-galactosidase was examined both
histologically (X-gal) and by RT-PCR. Widespread expression (over 18mm3) of the
HSV-B-gal marker was obtained in neurons five days after injection into the
hippocampus. Expression was reduced to 30% (6mm3) after fourteen days and down
to 10% (l-2mm3) after 25 days. In contrast the PEI-B-gal which, after five days
expressed at 10% (l-2mm3) of the initial HSV-B-gal, increased three-fold after
fourteen days to 30% (6mm3), and exceeded the initial HSV-B-gal levels after 25 days
by 100% (36mm3). The HSV vector maintained more stable expression in the S.N
than in the hippocampus. Considerable expression of the HSV-B-gal was obtained in
neurons five days after injection into the S.N. (6-8mm3) and retained through the midterm (14 days). Long-term (25 days) expression was more wide-spread (18 mm3).
Expression of the PEI- B-gal was nearly undetectable in the S.N. within any time
frame. Supported by Parkinson's Disease Foundation and March of Dimes.

BIOLISTIC TRANSFECTION OF ORGANOTYPICS BRAIN SLICES AND
SUBSEQUENT IMMUNOHISTOCHEMICAL IDENTIFICATION OF
NEURONE AND GLIAL POPULATIONS. P-A. Menoud, M. Ibrahim* and
M.R. Celio. Inst, of Histology & Gen. Embryology, Univ. of Fribourg, CH-1705
Switzerland.
Biolistic transfection (particle-mediated gene transfer) of brain slice
cultures is becoming increasingly popular in the study of gene transfer and
subsequent cell or environmental modifications. In this study we have used the
method of biolistics to look at the morphology of individually transfected cells and
their subsequent identification using neurone and glial specific antibodies. For
transfection we have used cytomegalovirus (CMV), simian virus (SV40) and
neurone specific (Thy-1) promoters driving the expression of green fluorescent
protein (GFP). Wistar rats ranging from postnatal day 10-21 were used. Under
aseptic conditions, brains were removed and 250pm thick coronal, forebrain and
cerebellar slices were prepared using a vibratome. Slices were transferred to
Millicell semiporous membranes, placed in a petri dish, below which 1ml culture
medium was added. Slices were then placed in an incubator at 37°C and allowed to
settle for 2-4 hours. Gold particles (0.6pm diameter) were coated with either
CMV-GFP, SV40-GFP or Thy-1-GFP and biolistically shot into the slice cultures.
Transfected cells were initially visualised under a fluoresence microscope using a
FITC filter block, with cells being detected as early as 16 hours after transfection.
After a further 16-72 hours incubation, brain slices were fixed in 4%
paraformaldehyde, immunofluoresence labelled with one or two antibodies, and
visualised using fluoresence confocal microscopy. Antibodies used in the
identification of transfected cells included those for neurones (parvalbumin and
calretinin), oligodendrocytes (Rip), astrocytes (glial fibrillary acidic protein) and
microglia (isolectin B4). This method of biolistic cell transfection using GFP
expression under the control of various promoters not only enables the
characterisation of individual cell morphologies, but opens doors to further
possible physiological and time lapse experiments.

84.17

84.18

RECOMBINANT SEMLIKI FOREST VIRUS AND SINDBIS VIRUS
EFFICIENTLY TRANSFER GENES INTO NEURONS OF CULTURED
HIPPOCAMPAL SLICES. M. U. Ehrengruber,1* K. Lundstrom,2 C. Schweitzer,2
C, Heuss,1 S. Schlesinger,3 and B. H. Gahwiler1. ’Brain Research Institute,
University of Zurich, 8057 Zurich, Switzerland; 2F. Hoffmann-La Roche,
Research Laboratories, 4070 Basel, Switzerland; department of Molecular
Microbiology, Washington School of Medicine, St. Louis, MO 63110.
Gene transfer into nervous tissue is a poweful tool for the analysis of gene
function. Using a rat hippocampal slice culture preparation, we show that Semliki
Forest virus (SFV) and Sindbis virus (SIN) vectors are useful for the effective
transfection of neurons. The stratum pyramidale and/or the granular cell layer
were injected with recombinant virus encoding p-galactosidase (LacZ) or green
fluorescent protein (GFP). Using low concentrations of injected SFV-LacZ or
SIN-LacZ, we detected LacZ staining of pyramidal cells, intemeurons, and
granule cells. About 60% of the infected cells exhibited clear neuronal
morphology; thus, relatively few glial cells expressed the transgene. Expression of
GFP from SFV and SIN vectors gave similar results, with an even higher
percentage (>90%) of the GFP-positive cells identified as neurons. Infected
pyramidal cells were readily recognized in living slices, displaying GFP
fluorescence in dendrites of up to the fourth order and in dendritic spines. The
cells appeared morphologically normal and remained viable at 1-5 d postinfection. We conclude that both SFV and SIN vectors efficiently transfer genes
into neurons in hippocampal slice cultures. Using the GFP reporter and SFV and
SIN vectors, we will now electrophysiologically examine infected pyramidal cells.
Supported by the Betty and David Koetser Foundation for Brain Research.

SINDBIS VIRUS VECTOR CARRYING GFP AS A REPORTER GENE:
ELECTROPHYSIOLOGICAL AND CELL BIOLOGICAL EVALUATION
IN THE NEOCORTICAL NEURON. H. Namba1*, M, Kawamura1. M.
Okada2, Y. Otsu1 andH.Nawa1; 1 Dept. of Mol. Neurobiol., Brain Res. Inst.,
Niigata Univ., Niigata 951-8585, Japan,2 Dept. of Neurophysiol., Inst, for
Brain Res., Fac. of Medicine, Univ. of Tokyo, Tokyo 113-0033, Japan
Sindbis virus that contains a single-stranded positive-polarity RNA
genome expresses its genes efficiently in the cytoplasm of the target cells.
Using sindbis virus vectors that carry green fluorescent protein (GFP) and
lacZ as a reporter gene, we assessed cell tropism and toxicity of their
infection to target cells as well as electrophysiological properties of infected
neurons in culture. In neocortical neurons, viral infectivity and levels of
reporter gene expression were both higher than those in glial cells.
Expression of GFP and lacZ became detectable from 2-4 hrs after infection
and reached maximum at 24-72 hrs. However, cell viability started declining
at 48 hrs. Whole cell recordings from the neocortical neurons infected at
low(<0.5) multiplicity of infection exhibited no significant alteration in the
membrane potential, input resistance and membrane capacitance ofthe cells.
In contrast, the amplitude of voltage gated sodium currentawas significantly
decreased at 12-24 hrs after infection. To test the efficacy of expression of
a foreign gene as well as a reporter gene, we generated a novel recombinant
vector which contained double subgenomic promoters to operate lacZ as a
foreign gene and GFP as a reporter gene independently. This vector
expressed lacZ as well as GFP in a similar degree compared to the single
promoter vector. These results demonstrate that the sindbis virus vectors
provide a useful molecular tool that enables neurons to express a foreign
gene quickly with the highest efficiency.
Supported by the Japan Society for -the Promotion of Science (RFTF96L00203).
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CNS AXON REGENERATION AND REMYELINATION USING XENOGENIC
CELL THERAPIES. K. L, Lankford1*, T. Imaizumi1, W. Fodor2, & J. D. Kocsis1.
'Dept. of Neurology Yale Univ. Med. School New Haven CT 06510, 2Alexion
Pharmaceutical New Haven CT 06511.
In previous studies (Honmou et al 1996, J. Neurosci. 16: 3199-3208, Imaizumi et
al. 1999, Glia in press, Lankford et al. Neusrosci. Abstr. 24: 793.4, & Lankford et al.,
in preparation), we have shown that transplanted rat Schwann cells or olfactory
ensheathing cells (OECs) can remyelinate a substantial fraction of chemically
demyelinated rat spinal cord axons or improve regeneration of severed axons. In this
study, we have attempted to evaluate the feasibility of using xenogenic ’ cell
transplants to repair similar types of CNS lesions by transplanting 3X104 pig
Schwann cells or OECs into X-irradiation and ethidium bromide-induced
demyelinated dorsal column lesions or rostral and caudal to a dorsal column
transection. Both normal pigs and pigs transgenic for the human CD59 gene were
used as donors. Four weeks after cell transplantation, we used quantitative
morphometric techniques to determine the total amount of axon length remyelinated
by the transplanted cells or the numbers of regenerated axons crossing the transection
site. We also assessed the pattern of repair for each transplant and compared the sizes
of remyelinated or regenerated axons to the intact population to assess the selectivity
of the repair. Electrophysiological recordings of compound action potentials
propagated across the lesion were also used to evaluate the effects of transplants on
the conduction velocity and high frequency firing responses of the repaired axons.
The results indicate that although the total amount of repair was reduced in xenogenic
transplants, compared to allogenic transplants, the patterns of repair and the
physiological properties of the regenerated or remyelinated axons were qualitatively
similar to allogenic transplants, and no differences were detected between normal and
transgenic pig donor cells. It is not yet clear whether the reduced rate of repair by
xeongenic transplants was due to problems with cell-cell recognition, partial rejection
of transplanted cells, or inherently slower repair kinetics by pig cells. Supported by
NIH, APA, and MS Society.

REGROWTH OF CHRONICALLY INJURED AXONS THROUGH SCHWANN
CELL-SEEDED MINI-CHANNELS IMPLANTED INTO HEMISECTED ADULT
RAT SPINAL CORDS. H. Li ? N.I. Bamber.1 X. Lu.r W.L. Siler.2 P. Aebischer? M.
Oudega. *4 and X.M. Xu.1.1 Depts. Anat. & Neurobiol. &2 Phy. Therapy, St. Louis Univ.
Sch. of Med., St. Louis, MO 63104; 3Gene Therapy Center, CHUV, Lausanne Univ.,
Lausanne, Switzerland. The Miami Project, Univ. of Miami Sch. of Med. Miami, FL 33136.
Schwann cells (SCs) in mini-guidance channels successfully promote axonal growth
through the graft into the distal host spinal cord in acutely lesioned adult rat spinal cords (Eur.
J. Neurosci, 1999, in press). Such axonal outgrowth can be further enhanced if the
neurotrophins NT-3 and/or BDNF are applied (Soc. Neurosci. Abstr. 361:15, 1997).
Presently, the capacity for chronically injured axons to regenerate was tested in this model.
Adult rat SCs were purified in culture, suspended in a 40:60 solution of Matrigel and DMEM
(M & D), and placed in mini-channels (1.25x3mm, density=120xl06 cells/ml). Adult rat
spinal cords were hemisected at T8 on the right. The rats were kept for 2, 3, or 4 wks before
a second surgery to remove a 2.5mm hemicord and graft a SC-seeded mini-channel at the
lesion site. Acutely implanted SC-grafts (0 wk) and M & D channels served as controls. After
30-60 days, tissue cables were found bridging the rostral and caudal stumps of the cord in all
groups. Numerous axons were observed to grow into SC-seeded channels, identified by
neurofilament immunostaining. At the graft mid-point, 1312±417 (mean+SEM; n=8),
1488+262 (n=8), 1211+347 (n=8) myelinated axons were found in groups which received
chronic grafting at 2, 3, 4 wks, respectively, after initial injury. A one-way ANOVA
demonstrated no statistical differences between acutely (1029+68; n=10) and chronically
injured rats. In contrast, all experimental groups differed statistically from M &D controls
(82+37; n=5). Anterograde tracing with BDA demonstrated that, in some cases, numerous
labeled axons extending through the host-graft interface to enter the distal host spinal cord.
Synaptic bouton-like structures between the growing axons and target neurons in the distal
cord were found. We conclude that chronically injured axons are capable of successful
regeneration through the SC bridge and make connections in the host spinal cord
environment. (Supported by International Spinal Research Trust and NIH NS36350 to XMX)

85.3

85.4

IMPLANTATION OF OLFACTORY EPITHELIAL-DERIVED
PRECURSOR CELLS IN I I IE SPINAL CORD OF ADULT RA l'S A.

OLFACTORY ENSHEATHING CELLS SURVIVE IN FIBRIN GLUE
IMPLANTED INTRASPINALLY.
Y. Itoh*. M. Iwakawa. N. Kuwahara. K. Iwaya. T. Ohta. K. Mizoi. Dept. of
Neurosurgery, Akita Univ. Sch. of Med., Akita 010-8543, Japan.
Regeneration of lesioned corticospinal tract (CST) fibers generally does not
occur in the adult mammalian central nervous system. If provided with
olfactory ensheathing cells (OECs), however, lesioned CST axons cross the
transitional zone between CST and OECs grafts, and grow into caudal spinal
cord, where they contribute to partial restoration of forelimb function. We
examined whether cultured OECs survive in fibrin glue (FG) (Tisseel®, Nippon
Zoki Pharmaceutical, Japan) that was placed in a large lesion cavity formed in
adult rat spinal cord. Rats received intraspinal implants of FG containing
OECs into left dorsal quadrant cavities aspirated in the lumbar enlargement.
OECs had been cultured for one week. One to three months after implantation
the rats were perfused and analyzed light and electron microscopically. OECs
survived in the lesion cavity after FG had been completely resorbed and formed
a meshwork rather than a cellular cluster. Two major cell types were
identified: OECs and astrocytes. Many myelinated axons probably derived
from host spinal cord and remyelinated by OECs were present. Blood vessels
with an endothelial lining were also identified. Debris formed by degenerated
OECs was located at the bottom of the lesion cavity. Our results indicate that
cultured OECs are able to survive in FG, which serves to fill the lesion cavity
temporarily and as a medium that effectively supports the survival of OECs.
Intraspinal implantation of OECs coupled with FG may therefore provide a
strategy that can contribute to the treatment of spinal cord injury.
Supported by Grant-in-Aid No. 10671280 for Scientific Research from the
Ministry of Education, Sports, Science and Culture, Japan.

A. Webb1, B. Kvinlaug2, A. Glostcr2*, and G.D. Muir12. 1 Dept. of V ct cr inary
Physiological Sciences, Western College of Veterinary Medicine; 2Camcco MS
Neuroscience Research Center, Univ. Saskatchewan, Saskatoon,
Saskatchewan, Canada, S7N 5B4.
The sensory neurons within adult mammalian olfactory epithelium
are continually generated throughout life. Previously, we have isolated
olfactory epithelial-derived precursor cells from adult mice, cultured
them in vitro, and induced them to differentiate into neurons,
oligodendrocytes, and astrocytes. The objectives of this study were: (1)
to investigate the fate of mouse olfactory precursor cells transplanted
into the spinal cord and (2) to determine the effect of these transplants
on functional recovery following spinal cord injury. Fifty to 100
thousand fluorescently labelled precursor cells were injected bilaterally
into spinal cord at I 11- T12. Immunocytochemical techniques were
employed to determine the fate of the olfactory precursor cells. Kinetic
and kinematic methods were used to quantify the effect of precursor
cell transplantation on functional recovery following spinal
hemisection. Our results demonstrate that olfactory derived precursor
cells survive long term in the spinal cord and may prove valuable in
promoting functional recovery following spinal cord injury. Supported
by WCVM Inlerprovincial and Saskatchewan Ncurolrauma Funds.

85.5

85.6

TRANSPLANTATION OF FETAL SPINAL CORD PORCINE NEURONS INTO
THE INTACT AND INJURED RODENT SPINAL CORD
J.B, Sieean*, D.B, Jacoby. C, Lindberg. K.L.Wetzel. J.Bousquet, M.L.
Wunderlich, and J. H. Dinsmore Diacrin, Inc., Charlestown, MA 02129
Fetal neurons have been transplanted into damaged rodent spinal cords to replace
injured neurons for over 15 years. The aim of fetal cellular therapy is to repopulate
damaged and/or degenerated areas of the spinal cord while restoring sensorimotor
function with proper neuronal circuitry and appropriate regulated neurotransmission.
The limitation of acquiring adequate amounts of human fetal tissue severely impairs
the feasibility of attempting allo-engraftment on a large scale in spinal cord injured
patients. In order to overcome the tissue source obstacle, we chose to use fetal
porcine spinal cord tissue obtained reproducibly from timed pregnant pigs. Previous
work from our laboratory has demonstrated that fetal porcine neurons can survive fixextended periods in the normal and injured rat spinal cord. In studies to be
presented, we demonstrated that fetal porcine neurons can be transplanted safely into
the normal rat (n= 57) spinal cord without producing abnormal sensory and motor
behaviors. Following laminectomy of vertebrae T8-10, rats were stereotaxically
implanted with either 0.5gtl of fetal porcine spinal cord cells or an equal volume cf
transplant media (glucose-saline) into the intermediate spinal gray matter. Observed
allodynic, hyperalgesic, and locomotor behaviors of immunosuppressed fetal porcine
implanted rats (n=42) did not statistically differ from immunosuppressed saline
injected controls (n= 15) (p<0.5) 6 weeks following surgery. These results suggest
that fetal porcine spinal cord neurons can be successfully transplanted into the rat
spinal cord and may be used to repopulate spinal cord damaged regions. In addition,
ongoing experiments are examining whether fetal porcine spinal cord transplanted
cells can integrate, as well as, enhance sensory and motor performance in the crushed
thoracic rodent spinal cord. The results of the primary study, in which fetal porcine
neurons were implanted in the unaltered rat spinal cord, in conjunction with results
from the current damaged spinal cord study, will further determine whether porcine
cell transplants may be used clinically as an appropriate replacement for human
neurons in spinal cord injured patients.

GRAFTING OF ALGINATE-ENCAPSULATED BDNF-PRODUCING
FIBROBLASTS INTO INJURED SPINAL CORD C.A, Tobias,1 N. Dhoot.3 M.
Wheatley,3 J, Wilson? S.Y, Chow? A, Tessler/1,2 M. Murray1 & I. Fischer.1 1 Dept.
of Neurobio.& Anat., MCPHU, Phila, PA 19129; 2VA Hospital, Phila, PA 19104;
3Dept. of Chem. Eng. & Biomed. Eng., Drexel U., Phila, PA 19104.
Ex vivo gene therapy is a strategy in which therapeutic genes are delivered to the host
by a graft of genetically modified cells. Previously, we have shown that when primary
fibroblasts are modified to produce BDNF and grafted into the injured spinal cord (SC)
of adult rats, these cells survive, rescue axotomized neurons, promote regeneration and
contribute to recovery of function (Liu et al., J. Neurosci.,‘99). However, these grafted
cells only survive in the injured rat SC under strict immunosuppression protocols with
Cyclosporin A. The disadvantages of immunosuppression are the vulnerability of the
recipient to infections, potential development of tumors by the transplanted cells, and
possible adverse effects on regeneration and recovery. To address these problems,
genetically modified cells can be encapsulated with a semipermeable membrane that
facilitates cell survival and allows production and diffusion of the therapeutic product
while protecting the cells from the host immune system. We examined (1) the
important factors for encapsulation of BDNF producing fibroblasts (BDNF/FB) with
the biocompatible polysaccharide alginate, (2) the ability of the encapsulated cells to
grow in vitro, and (3) the properties of the encapsulated cells following SC grafting.
We found that the encapsulated BDNF/FB proliferated and continued to express the
transgene for at least 14 days in culture. In addition, when transplanted into a partial
hemisected cervical adult rat SC, without immune suppression, the encapsulated cells
survived and appeared to provide a permissive environment for sprouting as indicated by
immunostaining for CGRP, neurofilament, and MAP-2 after 14 days. We conclude
that alginate encapsulation may provide an effective strategy for delivery of therapeutic
products to the injured SC in the absence of immune suppression. Supported by NIH
grants NS24707, NS 10090, EPVA, ISRT & VA.
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NT-3 PREVENTS DEGENERATION OF THE CORTICOSPINAL TRACT
WHEREAS
BDNF
TRANSIENTLY
INDUCES
BEHAVIORAL
IMPROVEMENT IN THE COMPLETELY TRANSECTED SPINAL CORD.
G.W.Plant*. P.J. Horner2. F.H.Gage2, M.B. Bunge1 The Miami Project, and
’Dept Anatomy and Cell Biology and Neurological Surgery, Univ. Miami Sch.
Med, FI 33136 and ’Laboratory of Genetics, The Salk Institute, La Jolla, CA.
Genetically modified fibroblasts secreting NT-3 and BDNF have the ability
to stimulate axonal sprouting, regeneration and myelination after contusion
injuiy (McTigue et al., 1998). Here we have transplanted NT-3, BDNF and
LacZ (Control) fibroblasts in a collagen matrix into the adult Fischer female .rat
spinal cord. A 2mm segment of spinal cord tissue was removed at T8. The
collagen I/fibroblast graft (~3mm) was trimmed and placed into the lesion gap
and then covered with synthetic dura. Animals were assessed for locomotor
improvement using the BBB scale for 1-2 months, after which the sensorimotor
cortex was injected with 10% BDA to trace the corticospinal tract (CST). Two
weeks later the animals were perfused and the spinal cords analyzed. BDNFreceiving animals exhibited a transient (6 week) increase in BBB score of 6.5
compared to 3.0 in controls. LacZ (n=4), BDNF (n=8) and NT-3 (n=10)
collagen grafts were well tolerated in the lesion and attached to the host tissue.
Large numbers of RT97 and GAP-43 axons were seen in the NT-3 and BDNF
fibroblast grafts with lower numbers in lacZ grafts. Small numbers of 5-HT and
DJ3H-positive fibers entered the grafts for small distances (~500|xm) in the
BDNF but not NT-3 or LacZ grafts. CGRP-positive fibers were seen to enter all
grafts but larger numbers were seen in the NT-3 and BDNF grafts. BDA tracing
of the CST showed no regeneration into any of the grafts but only NT-3
significantly reduced dieback of the tract (400pm from rostral interface of the
graft compared to 2.3mm in controls). Increased sprouting was also observed at
tlie rostral host spinal cord interface of NT-3 and BDNF animals. [Funded by the
American Paralysis Association, NIHNS09923, and The Miami Project]

TRANSPLANTATION OF HUMAN OLFACTORY ENSHEATHING CELLS TO THE DEMYELINATED SPINAL
CORD. T. Kato", 0. Honniou1'2'3, J. D. Kocsis2'3. T. Uede1, and K. Hashi;. Dept. of
Neurosurgery, Sapporo Med. Univ. Sapporo, 060-8543, JAPAN'; Neuroscience Res.
Ctr., VA Med. Ctr., West Haven, CT, 06516, USA2; Dept. of Neurology, Yale Univ.
New Haven, CT, 06516, USA2
Transplantation of myelin-forming cells derived from the central and
peripheral nervous system into dysmyelinating mutants or the area of
demyelination in genetically normal host animals results in varying degrees of
myelination. Olfactory ensheathing cells are the glial cells that ensheath
olfactory axons within both the PNS and CNS portions of the primary olfactory
pathway. These glial cells express a mixture of astrocyte-specific and Schwann
cell-specific phenotypic features. Although Schwann cell-like myelination has
been reported following transplantation of rat olfactory ensheathing cells into
areas of demyelination in the adult rat CNS, it is not clear whether human
olfactory ensheathing cells can remyelinate. In this study we transplanted
human olfactory ensheathing cells cultured from adult human olfactory nerves
into adult rat spinal cords which had been demyelinated by prior spinal cord Xirradiation and injection of ethidium bromide. Light and electron microscopic
examination of the dorsal columns in the transplanted group revealed cells
engaging and myelinating axons in a manner highly reminiscent of Schwann cells
in the demyelinated regions 21 days after transplantation, although the region
in the non-transplanted group did not show any remyelination. In addition, in
situ hybridization with COT-1 DNA probe indicated that the new myelin was formed
by the human cells. These results provide evidence that adult human olfactory
ensheathing cells are able to produce peripheral-type myelin sheaths around
demyelinated axons in the adult mammalian central nervous system.

85.9

85.10

DELAYED EXERCISE AND FETAL SPINAL CORD TISSUE TRANSPLANTATION
CAN RESTORE SKELETAL MUSCLE MASS IN CHRONIC TRANSECTED RATS.
R.J.L. Murphy1. E.E. Dupont-Versteegden2, K.P, Phelan1*. C.A. Peterson2 and J.D.
Houk1. Departments of Anatomy1 and Geriatrics2, University of Arkansas for Medical
Sciences, Little Rock, AR. 72205.
This study evaluated the potential of two delayed interventions alone or in
combination, to restore chronic spinal cord transection-induced changes in skeletal
muscles of adult female Sprague-Dawiey rats. The soleus (SO), plantaris and
gastrocnemius muscles were studied in groups of: uninjured control animals; animals
with a spinal cord transection (Tx) for 2 months; Tx with a one month delay before
initiating a motor-assisted cycling exercise (Ex) program; Tx with one month delay
before transplantation (Tp) of fetal spinal cord (FSC) tissue into the lesion cavity; and
Tx with one month delay before Tp and Ex. Muscle to body mass ratios were
significantly reduced two months after Tx. Delayed Tp of FSC tissue did not reverse
this atrophy, however, Ex restored some of the lost muscle mass and the combined Ex
and Tp group had greater muscle mass compared to Ex alone. Mean SO myofiber crosssectional areas were similar to the SO to body mass ratios in all groups. Tx increased
individual SO myofiber SDH activity and caused changes in myosin heavy chain
(MyHC) expression towards faster isoforms. The interventions had little effect on SO
MyHC expression, however, exercise restored SDH activity to control levels and had
small effects on MyHC mRNAs. Immunocytochemistry of the spinal cords of Tp
recipients confirmed the growth and integration of the Tp with host cord at both the
rostral and caudal ends. Furthermore, in the TxTpEx group, there were a number of
serotonergic axons observed extending through the Tp suggesting that the environment
(FSC tissue) and the activity (cycling exercise) provided favorable conditions for axonal
regeneration. Finally, these results suggest that a combination of Tp and Ex can have
a greater effect on skeletal muscle mass and axonal regeneration compared to either
intervention alone.
Supported by NIH grant number HD35096 and a postdoctoral fellowship from the
Natural Sciences and Engineering Research Council (NSERC) of Canada.

TRANSPLANTS OF FIBROBLASTS GENETICALLY MODIFIED TO
PRODUCE BDNF PROMOTE AXONAL REGENERATION IN THE
CHRONICALLY INJURED SPINAL CORD. Y. Jin1. I. Fischer2. A. Tessler2-3 and
J. Houle1* Dept. of Anatomy1, Univ. of Arkansas for Med. Sci., Little Rock, AR,
Dept. of Neurobiology and Anatomy2, MCP/Hahnemann University, and
Philadelphia VA Hospital3, Philadelphia, PA.
Transplants of fibroblasts genetically engineered to produce brain derived
neurotrophic factor (BDNF) have been shown to promote rubrospinal tract
regeneration after an acute spinal cord injury (Liu et al.,'99). In this study, we
tested whether these fibroblast transplants could promote regeneration in the
chronically injured rat spinal cord. All rats received a hemisection lesion at the
third cervical level, creating a 2 mm long cavity. Four weeks later the lesion site
was exposed and scar tissue removed and the cavity expanded to 3-4 mm in
length. Modified fibroblasts (Fb/BDNF) which produce biologically active BDNF
in vitro were grafted into the cavity of one group of rats. Unmodified fibroblasts
(Fb) were grafted into the cavity as a control group. In a third group Fb/BDNF
were mixed into a suspension of fetal spinal cord tissue prior to transplantation.
Four to five weeks later the regrowth of rubrospinal and reticulospinal axons was
demonstrated by anterograde transport of biotinylated dextran amine (BDA).
Regenerated axons grew in a relatively straight course through the transplant (3-4
mm), with a few fibers reaching the caudal graft-host interface. Transplants of
unmodified Fb did not support growth of either of these tracts. Mixing of
Fb/BDNF with fetal tissue was ineffective in promoting greater axonal growth, as
most fibers grew only among the Fb/BDNF cells and terminated within 1 mm of
the rostral interface. These results demonstrate that a continuous supply of BDNF
to a lesion site can promote regeneration by chronically injured neurons from
several different supraspinal regions. Supported by NIH grants NS26380, NS24707
and VA Research Service.
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SPINAL ISCHEMIA-INDUCED PARAPLEGIA: DIFFERENTIATION OF
NEURONAL
STEM CELLS AFTER INTRASPINAL IMPLANTATION.
NLMarsala'*.-O,Kakinohana4. D.Cizkova5. L.C.Yang.3. M.Webb2 and T.L.Yaksh1,
'Anesth. Res. Lab., UCSD, San Diego, 2SIBIA Neurosci, San Diego, 3Dept. cf
Anesth., Chang Gung Memorial Hospital-123, Taiwan, 4Dept. of Anesthesiol., Univ
ofRykyus, Okinawa, Japan,5 NBU-SAV, Kosice, Slovakia
In previous studies we have shown that after transient spinal ischemia there is a
selective loss of small inhibitory neurons localized between laminae V-VII in
lumbosacral spinal segments. In the present study we characterize the fate of spinally
implanted neuronal stem cells when implanted in control rats and in rats 2 weeks
after induction of paraplegia secondary to spinal ischemia. Spinal ischemia was
induced by inflating a 2F Fogarty catheter placed into descending thoracic aorta. 2-3
weeks after ischemia, rats were anesthetized with 2% halothane and laminectomy of
L2-L4 vertebra was performed. Animals were then mounted into spinal apparatus and
received 5 injections (lpl each) of cultivating media containing previously
dissociated and Fast Blue-labeled neuronal stem cells (60cells xl0’6/ml).
Immunohistochemical characterization of stem cells in vitro showed positivity for
MAP2, Nestin but not for NeuN. After implant, rats survived for 3-5 weeks and
were then perfusion-fixed for immunoflorescent analysis of the spinal cords. In rats 3
weeks after implant,
numerous Fast Blue labeled cells were detected at the
injection site. In addition, a number of positive cells were detected at a distance of a
300-500 pm from the site of injection. Subsequent staining for NeuN and GFAP
showed that the majority of implanted cells localized close to the injection site were
NeuN negative while cells distant from the injection were NeuN positive. In
addition,
some
cells showed ChAT immunopositivity. Increased GFAP
immoreactivity in the vicinity of the injection was also seen. If analyzed 5 weeks
after implant, a comparable differentiation of implanted stem cells was detected.
These data suggest that neuronal stem cells implanted into control and previously
ischemic spinal cord show long term survival. More importantly a number of
implanted cells appear to show a successful differentiation and display a neuronal
phenotype by 3-5 weeks after implant. Work supported by NIH (NS32794).

FUNCTIONAL EFFECT OF FETAL ALLOGENIC HOMOTOPIC SPINAL CORD
GRAFT AFTER SCAR REMOVING IN LATE SPINAL CORD INJURY OF ADULT
RATS. I Grijalva1,2*, G. Guizar-Sahaaun, 1,2 H. Salgado-Ceballos12, Martinez A2,
G6mez A2, Ibarra A1'2, Madrazo l1^ 1UIME Neuroldgicas, HECMNSXXI, IMSS;
2Proyecto Camina A.C.
Transplantation of allogenic homotopic fetal tissue in acute spinal cord (SC) injury
and in newborn animals has shown moderate functional improvement, and in chronic
lesions and adult animals there have been discrete functional improvement. This
limited improvement in delayed lesions has been partially attributed to the fibroglial
scar. The objetive of this study was to prove the effect of allogenic homotopic fetal
transplant on locomotor recovery and histologic behavior after scar removing.
MATERIAL AND METHODS- Seventy adult female Long-Evans rats were submitted
to moderate SC contusion by the weight-drop method (45 g/cm). Four or 8 weeks
post-contusion the surgical site was reoperated and the lesion zone was subjected to
a mixture of 0.25% collagenase and 0.1% hyaluronidase followed by 30 sec aspiration
at an intensity of 2 cm of Hg. The animals were assigned randomly to 7 groups of 10
animals each, to receive dissociated fetal SC (DT), block feta! SC (BT), adipose tissue
(AT) or Gelfoam (GT); one group was only subjected to enzymes application and
aspiration (MA), in other the surgical site was dissected until epidural space without
handling the SC injured zone (ST), and in the last one still received an anesthetic
doses without manipulation the surgical zone (NT).
RESULTS AND CONCLUSIONS- At the end of the follow-up the DT group had the
highest scores in 4 of the 7 clinical test: inclined plane, open-field walking, base of
support and bipedestation, but without statistically differences with BT, MA, ST and
NT (Kruskall.Wallis test). A great amount of neurons and random axonal distribution
were seen in fetal graft groups and some axonal groups were organized into
fasciculated tract-like structures and were seen penetrating into the host spared white
substance. Then, allogenic homotopic fetal tissue transplants into late SC lesions
survive and become part of the preserved host SC, but without significant functional
superiority than control groups, and the scaring removing prior this graft procedure
apparently do not improved functional recovery as it was expected.
I. Grijalva was CONACYT feilow
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REPAIR OF THE DEAFFERENTED RAT SPINAL CORD BY HUMAN
EMBRYONIC TRANSPLANTS
A. Levinsson*1, H. Holmberg1, J. Schouenborg A. Seiger2, H, Aldskogius3 E,
N. Kozlova3
1 Dept. Physiological Sciences, Lund University; 2 Dept. Clinical Neuroscience
and Family Medicine, Karolinska Institutet; 3 Dept. Neuroscience, BMC,
Uppsala University
Functionally useful repair of the mature spinal cord following injury requires
axon growth and the re-establishment of specific synaptic connections. We have
shown previously that axons from peripherally grafted human embryonic dorsal
root ganglion cells grow for long distances in adult host rat dorsal roots, traverse
the interface between the peripheral and central nervous system, enter the spinal
cord and arborize extensively in the dorsal horn. Here we show that these
transplants mediate synaptic activity in the host spinal cord. Dorsal root ganglia
from human embryonic donors were transplanted in place of native adult rat
ganglia. Two-three months after transplantation the recipient rats were examined
anatomically and physiologically. Human fibers labeled with a human-specific
axon marker were distributed in superficial as well as deep spinal cord laminae
of the recipient rat spinal cord. Electrophysiological recordings demonstrated
that the transplanted human dorsal roots conduct impulses that can evoke
postsynaptic activity in dorsal horn neurons and polysynaptic reflexes in
ipsilateral ventral roots. The times course of the synaptic activation indicated that
the human fibers were non-myelinated or thinly myelinated. This was supported
by the weak immunoreactivity for the peripheral myelin protein, PO. Our
findings show that growing human sensory nerve fibers which enter the adult
denervated rat spinal cord become anatomically and physiologically integrated
into functional spinal circuits.
Supported by the Swedish Medical Research Council, the Biomed II programme
of the European Commission (BMH4-CT97-2586)

TRANSPLANTATION OF HUMAN NEURAL STEM CELLS, PROPAGATED BY
EITHER GENETIC OR EPIGENETIC MEANS, INTO HYPOXIC-ISCHEMIC (HI)
BRAIN INJURY. KI Park1 2 r. EY Snyder2 3. Dept. of Pediatrics'. Yonsei Univ. Coll,
of Med., Seoul, Korea 135-270, Dept. ofNeurology2 & Pediatrics’, Children’s Hosp.,
Harvard Med. Sch., Boston, MA 02115
We have tracked the response of host & transplanted rodent neural cells with stem
cell features to HI cerebral degeneration and explored the therapeutic potential of
neural stem cells (NSC) injected into the brains of P7 mice subjected to focal HI
injury. Such cells showed robust engraftment & foreign gene expression within the
region of HI inury, & appeared to have migrated preferentially to the site of ischemia,
experienced limited proliferation, and differentiated into neural cells lost to injury,
trying to repopulate the damaged brain area. In order to determine whether such
findings might be extended to cells from the human central nervous system (CNS). a
stable clone of NSC isolated from the telencephalon of a human fetus was injected
into the infarction cavity of CD1 mice brains 3d after HI injury. Brains were
analyzed 2, 4, or 8 weeks later. Donor-derived human NSC, like their rodent
counterparts, showed robust engraftment within the region of HI injury, migration to
widely disseminated CNS regions including the cerebral hemisphere contralateral to
the lesion, differentiation into all 3 neural cell types (neurons, oligodendrocytes,
astrocytes). Some donor-derived cells appeared to express GABA, glutamate, choline
acetyltransferase, & tyrosine hydroxylase. These data suggest that human , NSC
appear capable of replacing neural cell populations lost to HI injury & providing
specific deficient neuronal populations for the treatment of degenerative CNS
diseases.

86.3

86.4

AAV-MEDIATED TRANSDUCTION OF HUMAN FETAL BRAIN TISSUE.
L.Tenenbaum1,2,
F.Bonnaud4,
M.Peschanski4,
C.Melas1,2,
G.Saber4,
A.Stathopoulos1,2, F.Rodesh3, T.Velu2 and M.Levivier1.*
‘Lab. of Experimental Neurosurgery, 2I.R.I.B.H.N., 3Dept of Gynecology, Hopital
Erasme, Belgium, 4 INSERM U421, Creteil, France.
The use of human fetal brain tissue for transplantation for patients with
Parkinson’s and Huntington’s diseases is still limited by the poor survival of the
graft. Stable genetic modification of the grafted cells by the means of viral vectors
expressing trophic factors could be used to enhance survival of the grafted tissue.
We evaluated the ability of an AAV vector to transfer and express the EGFP gene,
encoding green fluorescent protein (gfp) under the control of the strong
cytomegalovirus (CMV) promoter in organotypic cultures of human fetal brain
tissue. Mesencephalon from human embryos (6-8 weeks) was dissected as performed
for clinical transplantation (Levivier et al., 1997). Purified rAAV-EGFP virus was
prepared as described (Tenenbaum et al., 1999). Viral infections were performed
immediately after dissection either by injection or by incubation into a viral
suspension. Numerous cells expressed gfp, 3 days to 6 weeks post-infection as
detected by fluorescence microscopy and by immunohistochemistry. At 6 weeks
after infection, the labelled cells had a neuronal morphology with long neurites.
These data suggest that AAV vectors encoding trophic factors could be used to
improve neural graft survival.
This work was supported by the grant n°CT-97-2207 (Biotech) of the European
Communities, grant n°3,4540.96F from the Belgian National Research Foundation
(FNRS), a grant from the Belgian « Loterie Nationale » and the « Association
Frangaise contre les Myopathies ».

HISTOLOGICAL ASSESSMENT OF STRIATAL CELL
TRANSPLANTS IN A HUNTINGTON'S DISEASE PATIENT.
F, CicchcUi1, T. Deacon1. T, Freeman2*. R, Hauser3. P. Sanberg2, J.H. Kordower4. S.
Saporia2, and O, Isacson . 'Neuroregeneration Labs. McLean Hospital/MGH
Hospital/Harvard Medical School, Belmont, MA 02478; 2Division of Neurosurgery,
3Dcpt. of Neurology, Univ. of South Florida, Tampa, FL 33606; “Rush Presbyterian
Medical Ctr., Chicago, IL 60612.
Transplantation of the lateral aspect of the fetal lateral ventricular eminence
(LLVE) was investigated as a treatment of Huntington’s disease (HD). A 54-year
old man with HD received bilateral stereotaxic transplants of fetal neural tissue
fragments into the putamen and caudate of fetal human donors aging from 8-9
weeks post conception. Cyclosporine immunosupression was used for 6 months
after surgery. Eighteen months after transplantation the patient died of causes
unrelated to the surgical procedure. Histological analysis demonstrated well
delineated transplants partially filling the striatum and consisting of neuronal
clusters of large and medium sized neurons. Selective markers for striatal cell
phenotypes including dopamine and c-AMP related phosphoprotein (DARPP32),
calretinin (CR), acetylcholinesterase (AChE), choline acetyltransferase (ChAT),
tyrosine hydroxylase (TH), calbindin (CB), enkephalin (ENK), substance P (SP)
and in situ hybridization for monkey preproenkephalin (PPE) mRNA expression
showed that grafts consisted of two morphologically distinct regions: a) cell clusters
positive for striatal markers and b) surrounding negative regions, but positive for
glial fibrillary acidic protein (GFAP) and other neuronal types. Areas positive for
striatal markers comprised up to 60% of the total graft volume and had cell types
and organization typical of caudate-putamen with a morphology corresponding to
the developmental stage of the transplanted striatal tissue. This study demonstrates
that grafts derived from the human fetal LLVE can survive and develop
appropriately after transplantation into a patient with HD. Supported by the
Hereditary Disease foundation and Fonds de recherche en sante du Quebec.

86.5
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DOUBLE-BLIND PLACEBO-CONTROLLED HUMAN FETAL DOPAMINE
CELL TRANSPLANTS IN ADVANCED PARKINSON’S DISEASE. C. R.
Freed1*. R. E. Breeze1. P.E. Greene2, D. Eidelberg3. W. Tsai2 . J. Murphy1. J. Q,
Trojanowski4, J, M. Rosenstein5, and S. Fahn2. *U. Colo. Sch. Med., Denver. CO
80262; 2Columbia-Presbyterian Med. Ctr, NY, NY; 3North Shore Univ. Med. Ctr.
Manhasset, NY; 4U. Penn., Phila, PA; 5George Wash U. Wash. DC.
Using transplant methods developed over the last decade, we devised a novel,
double-blind, placebo-controlled surgical trial of fetal dopamine cell transplants.
Forty patients witii advanced PD still responsive to L-dopa were recruited, 21 men
and 19 women aged 34 to 75 with PD for at least 7 years (ave. 13.8 years). Exclusion
criteria included major medical conditions, dementia, psychosis, and MRI evidence
of cerebrovascular disease. In-hospital testing of clinical state including UPDRS
motor, Schwab and England, and other measures was done at CPMC. 18F-dopa PET
scans were done at NSUMC befoe and 12 months after surgery. Mesencephallic
tissue from four empbryos 7 to 8 weeks post-conception was held in tissue culture for
1 to 4 weeks and then implanted into putamen bilaterally via four needle tracts
through tlie forehead under local anesthesia and without immunosuppression.
Maternal informed consent complied witii Federal and State laws governing fetal
tissue use. Tissue and maternal blood were screened for viral and bacterial
pathogens. Results showed significant improvement in UPDRS motor “off’ and
Schwab and England “off’ scores. Two thirds of patients showed >20% increase in
F-dopa signal. When subdivided by age, growth of transplant by F-dopa was tlie
same in older and younger than 60 . while only the group under age 60 showed
clinical benefit. A global rating score did not improve because of a high placebo
response. Postmortem analysis of two patients age 66 and 71 showed large numbers
of surviving dopamine neurons. Conclusion: Cultured human fetal dopamine cell
transplants survive and improve signs of advanced Parkinson’s disease in younger
patients even without immunosuppression.

BLOOD-BRAIN-BARRIER FORMATION
OF
GRAFTED
HUMAN UMBILICAL VEIN ENDOTHELIAL CELLS IN
ATHYMIC MOUSE BRAIN. T.Kondoh*. H.Akiyama, T.Kokunai.
N.Tamaki; Dept. of Neurosurgery, Kobe University School of
Medicine, Kobe 650-0017 JAPAN
Human umbilical vein endothelial cells (HUVECs) were
transplanted in athymic mouse brain and neovascularization or grafted
endothelial cells was studied. HUVECs were transfected by reporter
gene pEGFPE-Nl in vitro. These gene transfected cells were grafted
stereotactically in unilateral striatum of adult nude mice. Histological
studies were performed 4 weeks posttransplantation. It was revealed
that grafted HUVECs were well survived in the brain and many of
cells migrated away from the implanted site. These migrated cells
newly formed miscovessels in the Drain, which were fused with host
vessels. Intravenous injection of Evans Blue prior to sacrificing
animals resulted in no extravasation of dye, indicating blood-brainbarrier was formed in grafted HUVECs. Anti-GFAP immunostaining
demonstrated host astrocytes extending glial foot on grafted
endothelial cells. Anti-GLUT-1 immunostaining demonstrated the
expression of GLUT-1 in some of the grafted cells. Intraarterial
injection of HUVECs via unilateral common catrotid artery was also
performed , however, it resulted in survival of few cells in the
capillary vessles of the host brain.
The results of this study indicate that endothelial cells from
ectopic origin have the property as cerebral endothelial cellls after
grafting in brain and are able to form blood-brain-barrier. The essential
role of astrocytes is argued. (This study was supported in part by the
Grant-in-Aid for Scientific Research (B) (#9557119) and
^)(#10671300) from the Ministry of Education, Science, sports and
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SITE-SPECIFIC NEURONAL DIFFERENTIATION OF GROWTH FACTOR
EXPANDED HUMAN NEURAL PROGENITOR CELLS AFTER TRANSPLANTATION TO THE NEONATAL RAT BRAIN. U.Englund'\ R.A.Fricker'.
M.K-Carpenter. J.Jackson. S.Sherman2. K.Wictorin1 and A.Bjorklund'Lund Univ.,
Wallenberg Neurocentrum, Lund, Sweden. 2CTI. Lincoln, RI. 02865, USA.
Expandable human neural progenitor cells have been generated from the embryonic
forebrain, and cultured in serum-free growth factor-containing medium (EGF, FGF-2
and LIF), for over one year, with repeated passaging every 7-14 days. In vitro, these
cells are known to be able to form several different phenotypes characteristic of the
mature nervous system: neurons, astrocytes and oligodendrocytes, even after long
periods in culture (Carpenter et al, Exp. Neurol., In press). In this study, we assessed
these human neural progenitors in their ability to differentiate after transplantation to
the neonatal rat brain. Cell suspensions of small spheres from either 6.5wk, 7wk,
8.5wk or 9wk human fore-brain, at passage 4-28, labelled with Bromo-deoxy-uridine
(BrdU, lgM, 48 h), were transplanted to the postnatal day 1 rat CNS, into either the
hippocampus (hpc), midbrain, striatum or the subventricular zone (SVZ). For all graft
sites, surviving grafts were found in over 80 % of the recipients. At 4-15 wks after
grafting BrdU-ir cells were distributed throughout the striatum, with extensive
migration in particular towards the globus pallidus. In the hpc and SVZ, which were
still undergoing extensive neurogenesis at the time of transplantation, implanted cells
appeared to respond as the endogenous progenitors with directed migration to the
hippocampal granule cell layer (gel) and along the rostral migratory stream to the
specific layers of the olfactory bulb (OB), respectively. Quantification of neuronal
differentiation of the implanted cells showed that BrdU-ir cells expressed the early
neuronal marker Hu; 66 % in the graft core in the striatum, 74 % in the gel of the
hpc, 64 % in the OB, suggesting that a significant number of the cells developed
towards a neuronal phenotype. Immunohistochemical staining with human-specific
antibodies against Tau, neurofilament (NF) and Thy-1, revealed neuronal differentiation
at the graft sites in the striatum and hpc, with axons extending from the striatal
transplants into the fibre bundles of the internal capsule. These results indicate that
human growth factor- dependent neural progenitor cells are able to integrate and
differentiate appropriately after transplantation into defined regions of the developing
rat CNS. Supported by the Segerfalk Foundation and the Swedish MRC.

TRANSPLANTATION OF FETAL HUMAN NEURAL PRECURSOR CELLS REPAIRS DEMYELINATED
SPINAL CORD AXONS IN THE ADULT RAT. K. Igarashi’12, 0. Honmou2,3'4, Y, Akiyama2, T.

86.9

86.10

FUNCTIONAL REPAIR OF DEMYELINATED SPINAL CORD AXONS IN THE ADULT RAT BY
TRANSPLANTATION OF CLONAL NEURAL STEM CELLS DERIVED FROM ADULT HUMAN BRAIN.

EXTENSIVE NEURITE OUTGROWTH FOLLOWING TRANSPLANTATION
OF HUMAN NEURAL PRECURSOR CELLS INTO THE LESIONED RODENT
STRIATUM. T. Ostenfeld*, M.A. Caldwell and C.N. Svendsen. MRC Centre for
Brain Repair, University of Cambridge, CB2 2PY, UK.
Expanded populations of mitogenic-responsive human neural progenitor cells
(HNPCs) may provide a valuable source of tissue for the cell-based therapy of
Parkinson’s disease. Although the efficient conversion of late-passage progenitors
into dopaminergic neurons has not yet been demonstrated, it remains essential to
show that mature grafts can form and that they are able to innervate the host brain.
In the present study we set out to investigate whether graft survival and fibre
outgrowth from HNPCs was density-dependent. HNPCs derived from the cortex of
an 11 week-old human embryo were primed for 14 days in EGF and FGF-2
supplemented medium, and then switched to FGF alone for a further 46 days. The
total expansion was 100 fold. These cells were grafted as whole spheres into the 6OHDA-lesioned striatum of immunosuppressed adult Sprague Dawley rats at either
200,000, 1 million or 2 million cells per graft. Brains were analysed at 2, 6 or 20
weeks post-grafting. No animals from any group showed behavioural recovery,
although in low-density grafts there was a transient expression of TH-positive
neurons at 6 weeks. Using the proliferation marker Ki67, we noted that a significant
number of cells were still dividing at early time-points following grafting. The
number of dividing cells decreased with time and appeared to correlate with an
increase in the density of graft-derived NF-70-positive neurites, which were found
throughout the striatum of several animals. Our data indicate that the emergence of
neurites from grafted human HNPCs in the adult rodent striatum is (i) at least in
part density-dependent, (ii) inversely related to the proliferation of grafted HNPCs,
and (iii) temporally related to graft maturation over a minimum period of 20 weeks.
Supported by the Wellcome Trust and the MRC (UK).
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GRAFTING HUMAN BONE MARROW STROMAL CELLS INTO INJURED
SPINAL CORD OF ADULT RATS. B,T, Himes13 *. S.Y, Chow1, H. Jin1. P.J,
Prockop2. A. Tessler1,3.1, Fischer1 ’Department of Neurobiology and Anatomy and
2Center for Gene Therapy, MCP Hahnemann University, and ’Philadelphia Veterans
Administration Medical Center, Philadelphia, PA
Tissue transplantation is among the most promising approaches for spinal coid
repair. Ideally, cells to be transplanted into adult spinal cord can be readily obtained
(from the host if possible), easily cultured, expanded and stored, can be genetically
modified to produce therapeutic products, will survive and integrate when placed in
injured spinal cord and will provide an environment permissive for axonal regeneration.
We have grafted human marrow stromal cells (MSCs) into cervical spinal lesions in
adult Sprague Dawley rats that were immune suppressed with cyclosporin A. Human
MSCs are relatively easy to isolate from a patient under local anesthesia using an
aspirate of bone marrow, can be rapidly expanded in culture and are capable of long term
survival in the CNS (Azizi et al, PNAS 95:3908-13). About 2-5X105 cells were
injected into a pledget of gelfoam filling the lesion cavity. Animals were euthanized and
perfused from 1 week to 2 months following surgery. At all survival times grafts
showed good survival and integration with the host. Many cells migrated into
surrounding host tissue. Neurofilament immunohistochemistry showed many labeled
axons passing through the grafts. We have also shown that human MSCs can be
genetically modified by recombinant adenovirus vectors in vitro. Current experiments
examine whether MSCs modified to express neurotrophins can promote regeneration
and rescue axotomized neurons. The present results suggest that human MSCs can
thrive in the injured spinal cord, integrate with the host spinal cord and are permissive
for axonal growth. The ability to prepare stromal cells from patients and to genetically
modify them to express therapeutic genes makes these cells an attractive candidate for
use in gene therapy in spinal cord injury. Supported by grants from NIH (AR44210,
HD07467, NS24707, NS077440), APA, EPVA, and VA Research Service.

TRANSPLANTATION OF HUMAN EMBRYONIC NEURAL PROGENITOR
CELLS INTO AN ANIMAL MODEL OF RETINAL DEGENERATION.
SJ.Q.Whitetey1*, KMizumoto1, ILMizumoto1, H.J.Klasssn2 & MJ,Ya.uag1,.1Schepens
Eye Research Institute, Harvard Medical School, Boston, MA 02114; 2CHOC
Research, Children’s Hospital of Orange County, Orange, CA 92868.
Neural progenitor cells have been proposed as a source of transplantable cells to
replace degenerating neurons in the central nervous system. Here we have examined
the differentiation and development of human neural progenitor cells (HNPC;
Clonetics Inc.) under different in vitro conditions; in uncoated flasks, or on PEI(polyethyleneimine) versus poly-D-lysine/laminin-coated glass coverslips. We also
transplanted HNPC cells into the vitreous of immunosuppressed and nonimmunosuppressed RCS rats, an animal model of inherited retinal degeneration.
When HNPC were cultured in uncoated flasks, they formed and maintained spheres
of cells that grew to diameters of 2 to 3 mm. In contrast, when cultured on a PEI
substrate, HNPC slowly migrated away from the sphere 24 hours after plating. This
occurred more rapidly on a poly-D-lysine/laminin substrate, with migration and
differentiation seen after 1-2 hours. HNPC cultures were stained with anti-human Tau;
both spheres and adherent migrating cells stained for Tau. FITC-conjugated porcine
IgM was also used to stain the HNPC cultures. Only migrating, differentiated cells
were seen to label with IgM-FITC.
HNPC (dissociated or spheres) were transplanted into the vitreous of 1,4 and 8 week
old RCS rats. Surviving grafts were seen up to 4 weeks post. Grafted cells formed a
layer on the vitreal surface of the retina, closely apposed to the ganglion cell layer.
The survival of grafted HNPC in a xenogenic, degenerative environment, suggests
these cells may provide a means for replacing cells lost during retinal degeneration.

Y. Akiyama", 0. Honmou1,23, T. Kato1, J. D. Kocsis2,3, T. Uede1, and K. Hashi1.
Dept. of Neurosurgery, Sapporo Med. Univ. Sapporo, 060-8543, JAPAN1; Neuroscience
Res. Ctr., VA Med. Ctr., West Haven, CT, 06516, USA2; Dept. of Neurology, Yale
Univ. New Haven. CT, 06516, USA3
Clonal neural stem cells were derived from adult human brain were
transplanted into the demyelinated rat spinal cord to determine if myelin
formation could occur and if conduction could be improved. The dorsal columns
of the adult rat spinal cord were demyelinated by X-irradiation and intraspinal
injections of ethidium bromide. Cell suspensions of clonal neural stem cells
derived from adult human brain were injected into the glial-free lesion site.
Light and electron microscopic examination of the dorsal columns revealed cells
engaging and myelinating axons in a manner highly reminiscent of Schwann cells
in the demyelinated regions 21 days after transplantation. In addition, in situ
hybridization study with COT-1 DNA probe indicated that the new myelin was
formed by the human cells. The dorsal columns were removed and maintained in an
in vitro recording chamber; conduction properties were studied using field
potential recording techniques. The demyelinated axons exhibited conduction
slowing and .block, and a reduction in their ability to follow high frequency
stimulation. Axons remyelinated by transplantation of clonal neural stem cells
derived from adult human brain exhibited restoration of conduction through the
lesion, with re-establishment of normal conduction velocity. The axons
remyelinated following transplantation showed enhanced impulse recovery to
paired pulse stimulation and greater frequency-following capability as compared
to demyelinated axons. These results demonstrate the functional repair of
demyelinated axons in the adult CNS by transplantation of clonal neural stem
cells derived from adult human brain, and that clonal neuroprecursor cells
derived from brain can produce a peripheral pattern of myelin when transplanted
into the CNS.
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Kato2, J. D. Kocsis3,4, T. Uede2, and K? Hashi2. Dept. of Neurosurgery, Chiba
Hosp., Chitose, 066-0034, JAPAN1; Dept. of Neurosurgery, Sapporo Med. Univ.
Sapporo, 060-8543, JAPAN2; Neuroscience Res. Ctr., VA Med. Ctr., West Haven, CT,
06516, USA3; Dept. of Neurology, Yale Univ. New Haven, CT, 06516, USA2
A central issue in cell transplantation therapy for demyelinating diseases
is to determine which type of cell is most effective in eliciting functional
recovery. Although it is known that transplantation of glial cells can lead to
functional improvement in animal models of demyelinated disease, less is known
about results of transplantation of neural precursors derived from human
fetuses. We report here that transplantation of neural precursors derived from
human fetals into the demyelinated axons in the adult rat spinal cords leads to
remyelination. The dorsal columns of the adult rat spinal cord were
demyelinated by X-irradiation and intraspinal injections of ethidium bromide.
Cell suspensions of neural precursors derived from human fetal brain were
injected into the demyelinated lesion site.
Lesions were examined
histologically and electrophysiologically 3 weeks after transplantation. Light
and electron microscopic examination revealed the demyelinated axons were
remyelinated with a peripheral pattern of myelination, i.e., large nuclear and
cytoplasmic regions of the myelin-forming cells which were surrounded by a
basement membrane. Impulses propagated into and out of the transplant region,
and axons remyelinated by transplanted cells showed conduction velocity and
frequency-response properties similar to normal axons.
These results
demonstrate that remyelination following transplantation of neural precursors
derived from human fetuses results in functionally appropriate changes in
conduction properties which approach normal values.

Supported by Minda DeGunzburg Research Center for Retinal Transplantation; N.I.H. grant 09595-08
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CALCIUM BINDING PROTEINS IN hNT NEURONS TRANSPLANTED
IN THE CORTEX AND HIPPOCAMPUS OF THE RAT. S. Saporta1'2’ 3,*
A.E. Willing2,3, T. Zigova2,3 and P.R. Sanberg2,3. Departments of ’Anatomy
and 2Neurosurgery, and the 3Neuroscience Program, University of South
Florida, Tampa, FL 33612-4799.
A wide variety of proteins modulate calcium concentration in neurons. Of
these proteins, calbindin, calretinin and parvalbumin have been extensively
studied in a number of neuronal populations. These three calcium binding
proteins occur in distinct subsets of neurons in the central nervous system, and
have been used as differential markers for subsets of neurons within the same
nuclear group. We have examined the calcium binding protein characteristics
of hNT neurons four weeks after transplantation into the cortex or
hippocampus of rats that had received a unilateral middle cerebral artery
occlusion four weeks prior to transplantation. Frozen sections through the
transplant were cut at 40pm and the presence of calbindin, calretinin and
parvalbumin examined with immunohistochemistry. These sections were
double labeled with human nuclear matrix antigen (NuMA), which marked
hNT neurons. No parvalbumin positive neurons were NuMA positive.
However, calbindin positive neurons, which were also NuMA positive, were
found in the cortex, but not the hippocampus. Conversely, calretinin positive
neurons, which were also NuMA positive, were found in the hippocampus,
but not the cortex. These results indicate that subsets of hNT neurons express
different calcium binding protein characteristics, depending upon the site in
which the hNT neurons are transplanted. Supported, in part, by Layton
BioScience, Inc.

MHC ANTIGEN EXPRESSION IN HUMAN FIRST TRIMESTER
SPINAL CORD WITH IMPLICATIONS FOR CLINICAL
TRANSPLANTATION TRIALS. E. Akesson*1, L. Markling’, A.
Kjaeldgaard3, S. Falci4, A. Seiger1 and O. RingdeiL. Depts. of ‘Clinical
Neuroscience, Occupational Therapy and Elderly Care Research,
’Clinical Immunology and ’Obstetrics and Gynecology, Karolinska
Institutet, Huddinge Hospital, S-141 86 Sweden and 4Dept. of
Neurosurgery Craig Hospital, Denver, Colorado.
The expression of human leukocyte antigen (HLA) class I and II in
human first trimester spinal cord and cerebral cortex was analyzed by use
of monoclonal antibodies coupled to immunomagnetic beads. Human
first trimester spinal cord tissue was recovered from elective abortions
from the fourth to eleventh gestational week. The human cerebral cortical
anlage showed no expression of either HLA class I nor II antigen while
the spinal cord showed HLA class I expression in 7-20% and HLA class
II expression in 2-6% of the cells during the first trimester. Mixed
lymphocyte cultures, where embryonic spinal cord cell suspensions were
co-cultured with adult human lymphocytes, were used to further evaluate
if the HLA expression in the immature spinal cord can induce an
activation of the adult lymphocyte population. No lymphocyte
proliferation was found in the co-cultures suggesting non-functional
MHC expression. Interferon-y stimulation and subsequent ciclosporine
treatment will further investigate the regulation of the human spinal cord
MHC antigen expression. Moreover, evaluations of the MHC expression
in the grafted human embryonic spinal cord 6 months post implantation
in the nude athymic rat are under progress. The clinical relevance of
these findings is high since the degree of functional MHC expression will
direct the optimal use of immunosuppressive therapy in transplantation
procedures including human embryonic spinal cord tissue.

TRANSPLANTATION I

87.2

87.1

DIRECT TRANSPLANTATION OF ADULT SUBVENTRICULAR
ZONE
(SVZ)
TISSUE:
CELLULAR
AND
VASCULAR
DIFFERENTIATION. Jeffrey M. Rosenstein* and Janette M. Krum.
Dept. of Anatomy and Cell Biology, George Washington Univ. Med.
Ctr.; Washington, DC 20037.
The SVZ in the adult rat contains relatively undifferentiated,
proliferating cells that can develop into neurons or glia in culture under
appropriate conditions. We sought to determine the cellular properties
of adult SVZ grafted in toto into an adult host and whether vascular and
blood-brain barrier (BBB) properties were comparable to fetal CNS
grafts. Pieces of the dorsolateral SVZ (1mm3) were placed into the host
IV ventricle and survived between 1-8 weeks. Tissues were
immunoreacted for NeuN, MAP-2, TuJl (neuronal markers), GFAP,
nestin, SI00 (glial markers) and GLUT-1 (BBB marker). At one week,
the grafts contained mostly undifferentiated cells and exhibited little cell
division and negligible necrosis, but at two weeks and beyond the
neuronal markers were strongly expressed. Small MAP-2 and TuJl (+)
neurons were located initially in the grafts’ center but by 4-8 weeks
neuronal processes extended throughout the grafts. Astroglia were
strongly GFAP and SI00 (+) and electron microscopy showed these to
have filament-laden processes which surrounded neurite bundles. Large
GLUT-1 (+), barrier-competent vessels were prominent in the grafts.
The results suggest that grafted SVZ tissue differentiates in a temporal
sequence into networks of neuronal and glial processes and, in contrast
to fetal CNS grafts, does not appear to have compromised BBB
properties. (NS-17468).

REMYELINATION OF THE ADULT DEMYELINATED MOUSE BRAIN
BY GRAFTED OLIGODENDROCYTE PROGENITORS. A. Espinosa de los
Monteros*. H. Baba. P. Zhao. N. Sosa. T. Pan C.J. Huang, R. Nazanan, R.
Chang. J. de Vellis and K. Ikenaka. Dept. of Mental Retardation Research
Center, UCLA School of Medicine, Los Angeles, CA. 90024-1759

87.3

87.4

BIOARTIFICAL GRAFTS FOR REPAIR OF PERIPHERAL NERVE INJURIES CAMunrol MS
Shoichet23, X Cao2, MKK Wong4,1 Aubert1*. J Noble. R Midha1 Division of Neurosurgery and
Trauma Research Program, Sunnybrook & WCHSC1, Dept. of Chemical Engineering and
Applied Chemistry,2 Dept of Chemistry,3 University of Toronto, Toronto, ON, Division of
Hematology/Oncology, University of Pittsburgh Cancer Institute, Pittsburgh, PA 152134
The aim of our collaborative research is to develop an artificial nerve graft for the repair of
peripheral nerve,injuries. The ideal conduit to support nerve regeneration should be
bioabsotbable, and provide an environment that enhances the rate and amount of
regeneration. In this initial study, we investigated the utility of collagen tubes filled with a
collagen matrix, with/without a growth factor (FGF-1) and/or small diameter polyglycolic acid
(PGA) fibres incorporated into the matrix. Tubes with a 1.7 mm inner diameter and 2.2 mm
outer diameter were prepared from crosslinked collagen by injecting Type 1 collagen with
cfisuccinimidyl glutarate polyethylene glycol (Di-SG-PEG) into a tubular mould. To form an
internal matrix, 8 ml of a collagen solution (Vitrogen 100,3.1 mg/ml) was mixed with 100 mg of
Di-SG-PEG, injected into the tube and allowed to crosslink in situ. Five types of 1 cm long
tubes were prepared and compared to nerve autografts: 1) empty, 2) matrix alone, 3) matrix
with PGA fibres (8 /tube), 4) matrix with FGF-1 (77 ng/tube) and 5) matrix with both PGA fibres
and FGF-1. Tubes (n=5/group) were used to repair 8 mm gaps created in rat sciatic nerves.
Nerve regeneration through the tubes was assessed 8 weeks following implantation using
morphometric analysis of tissue from the distal nerve and the mid-portion of the implanted
tubes. All tube designs demonstrated appreciable amounts of regeneration (mean fibre counts
in 5 fields ranged from 56 in the FGF with PGA fibres group to 329 in the empty group)
however, they were all significantly less effective than the autografts (mean fibre count = 483,
F=5.22, p<0.01). While cfistal stump reinnervation was seen with all tube designs, no distal
stump reinnervation was seen in 3 of the 5 FGF with PGA fibres, 2 of 5 FGF and 1 of 5 empty
tube repairs. High concentration, crosslinked collagen matrix appears to inhibit regeneration.
Under the present conditions, FGF-1 and PGA fibres failed to enhance regeneration.
Partial financial support from the Dean’s Fund University of Toronto, the Ontario Neurotrauma
Foundation and the Natural Sciences and Engineering Research Council of Canada.

INTEGRATION OF EMBRYONIC NEURONS IN VIVO IS ENHANCED BY COTRANSPLANTATION WITH A RADIAL GLIAL CELL LINE C6-R. A. Hormigo,
M. McCarthy. J.-M, Nothias, I, Fischer*, D. R. Friedlander. G. Fishell. and M.
Grumet Dept. of Pharmacology & Skirball Instit., NYU Medical Center; NY
10016 & Dept. Neurobiol. & Anatomy, MCP Hahnemann Univ., Phila, PA.
C6-R is a cell line derived from C6 glioma cells that exhibits a radial gliallike morphology. In culture, C6-R support neuronal migration and when
neurospheres, prepared from embryonic spinal cord stem cells, were cocultured with C6-R cells they appeared to migrate along the processes of the
C6-R cells. In the embryonic rat brain, GFP labeled C6-R cells adopt a radial
orientation. When C6-R cells were grafted into injured spinal cord they
showed good survival were oriented along the rostral-caudal axis and
migrated from the graft site. In preliminary transplantation experiments, we
analyzed the behavior of C6-R cells in the intact and injured adult rat brain,
and their influence on integration of embryonic neurons. By eleven days
post-implantation, GFP labeled C6-R cells had migrated along the corpus
callosum and hippocampus. PKH-26 labeled rat lateral ganglionic eminence
(LGE) embryonic neurons co-implanted with GFP labeled C6-R cells migrated
with the C6-R cells through a volume of 1.58 ± 0.21 mm3. When implanted
alone, they only distributed through a volume of 0.20 ± 0.04 mm3. Controls
with co-implantation of fibroblasts and LGE embryonic neurons, yielded
volumes that were somewhat greater than those obtained with neurons
alone. In brains injured with ibotenic acid, the migration of C6-R was more
widespread. When neurons were co-implanted with C6-R cells they codistributed beyond the lesion cavity while neurons alone were found primarily
in the fcavity. The migratory properties of C6-R cells and co-transplanted
embryonic neurons in the adult intact and lesioned rat brain, suggest that
radial glia may serve as a scaffold or substrate for grafted neurons that may
facilitate development of experimental models for neural transplantation and
regeneration. Supported by NIH.
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A transgenic (Tg) mice colony: 4e contains multiple copies of the PLP gene.
Homozygous animals with 5 PLP genes present typical dysmyelination and
die by 25 days of age. Heterozygous littermates containing three PLP gene
copies develop and myelinate normally. However, a progressive
demyelination begins at 3-4 months of age. Despite focal demyelination, these
animals survive over one year of age with hindlimb paralysis. We used this
CNS demyelination model to determine if grafts of fast blue (FB) labeled
oligodendroglial(OL) progenitors would survive and myelinate the adult CNS.
Three types of grafts were performed: Wild type OL-progenitors, CG4 and cografts of CG4/B104 cells (5:1 ratio respectively). All three types of grafts
survived, although the number of FB+ cells varied. Dark field images revealed
regions lacking myelin in treated and untreated Tg animals. Double
immunofluorescence for 160 kD neurofilament and myelin basic protein
(NF/MBP) revealed a reduction of naked axons in Tg grafted with progenitor
cells. Quantitative in situ hybridization for Tf mRNA indicated that a large
population of OL progenitors may exist in these Tg. Tf mRNA expression was
reduced in response to grafted cells. Thus, the 4e Tg mouse is the first model
of “spontaneous demyelination” of the adult CNS. A detailed comparative
analysis of our data will be discussed.This work was supported by NIH grant
HD 06576 and by the JSPS Fellowship for Research.
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ENHANCED INTEGRATION OF FETAL NEURAL GRAFTS IN LESIONED
CA3 OF ADULT HIPPOCAMPUS DEPENDS UPON SPECIFICITY OF
DONOR CELLS. V. Zaman*, D. A. Turner, and A, K, Shetty, Neurosurgery and
Neurobioiogy, Duke Univ. Med. Ctr., and Durham VAMC, Durham NC 27710.
Neural graft-mediated functional recovery following neurodegenerative diseases or
CNS injury depends on the degree of graft cell survival and also the quality of graft
integration, particularly establishment of specific graft-host neuronal connectivity.
We hypothesize that the extent of appropriate graft integration in the damaged CNS
depends critically on the specificity of donor cells to the region of transplantation.
We investigated specificity- of graft cell survival and integration in CA3 region of
adult rat hippocampus, 4 days following an intracerebroventricular administration of
kainic acid. Donor cells comprised 5’-bromodeoxyuridine (BrdU) labeled fetal cells
from hippocampal fields CA3 and CAI, and the striatum. The absolute cell survival
was studied in micrografts of these cells (15,000 cells) at one month after grafting,
using BrdU immunostaining and serial 3-D reconstruction of grafts. In addition, longdistance projections were measured in macrografts (50,000 cells) of CA3 and CAI at
3 months post-grafting. Commissural projections were measured using injections of
Fluoro-Gold into the hippocampus contralateral to transplantation whereas septal
projections were analyzed using Dil injections into the septum. The absolute graft cell
survival in lesioned CA3 was significantly greater with grafting of CA3 cells (69% of
grafted cells) than with grafting of either CAI cells (42%) or striatal cells (4%). Also,
a high propensity for establishing commissural projections was seen with CA3 cell
grafts located around the lesioned CA3 cell layer (214 cells/graft). Similarly located
CAI cell grafts, in contrast, exhibited only minimal commissural projections (7
cells/graft). However, the extent of septal projections did not differ between CA3 and
CAI cell grafts, closely resembling the pattern of connectivity seen in CA3 and CAI
cells within intact hippocampus during normal development.
The results clearly suggest that both enhanced survival and appropriate integration
of grafted cells in the lesioned CNS are dependent upon the specificity of donor cells
to the region of transplantation. This specificity is maintained despite the lesioninduced elevation of neurotrophic factors at the site of transplantation. Thus, to
achieve maximum graft integration, grafting of cells that are specific to the region of
transplantation is critical. Supported by NINDS ROI NS36741 and VA Merit
Review Award to A. K. S.

SURVIVAL OF SUPRACHIASMATIC NUCLEUS (SCN) GRAFTS IN RATS
LESIONED AND TRANSPLANTED NEONATALLY. F.J. Yang* and M.-T.
Romero. Psychology Dept., Binghamton University, SUNY.
Binghamton, NY 13902.
Neural graft survival, anatomical integration and fiber outgrowth
appear to be superior when transplants are placed in neonatal brains.
Therefore, it is expected that the potential for functional recovery is
increased in neonatally grafted hosts. To explore this possibility, the
SCN-lesion/graft model was used in this study. Fetal SCN transplants
are known to restore behavioral circadian rhythmicity in animals
rendered arrhythmic by SCN lesion. To examine factors related to graft
survival, growth and functional recovery, we manipulated lesion size
and grafting period after lesion.
Postnatal day 3 (P3) rats received electrolytic lesion of the
hypothalamus (H-X) or only the SCN (SCN-X). A subgroup of rats
was immediately grafted (in the 3rd ventricle) with embryonic day
22 solid SCN tissue; another subgroup was grafted in adulthood. An
intact control group was grafted at P3 with SCN or cortical tissue.
Locomotor activity, feeding and drinking rhythms were monitored in
all animals. Our data indicate that (1) H-X induced hydrocephalus and
brain structure distortion; (2) graft survival was inversely related
to lesion size; (3) in the SCN-X group, grafts usually survived and
expressed SCN-characteristic peptides; (4) the best graft survival
rate and Integration was found in intact hosts; (5) behavioral
rhythmicity was sustained in partially SCN-X rats regardless of lesion
size. We conclude that graft survival and development depend more on
lesion size than on the age of the host. Aspects of functional recovery
will be presented. Supported by the Research Foundation of SUNY.

87.7

87.8

ACUTE
DEATH
OF
GRAFTED
OLIGODENDROGLIAL
PROGENITORS. S.C, Zhang*. D, Wagner, and Ian D, Duncan. Dept. of
Med. Sci., School of Veterinary Medicine, Univ. of Wisconsin, 2015
Linden Dr. W, Madison, WI 53706-1102.
Glial cell transplantation has been proposed as a potential therapy for
human myelin disorders. How many cells die after grafting and to what
extent the surviving cells proliferate in order to achieve the expected
degree of myelination has not been determined.
To this end,
oligodendroglial progenitors (oligosphere cells) were labeled with
Hoechst 33325 and transplanted into die spinal cord of neonatal myelindeficient (md) rats and their normal littermates. The death of grafted cells
was determined by identifying pyknotic nuclei of grafted cells stained
with propidium iodide and by electron microscopy 4 and 24 hours
following graft. Approximately 56% and 25% of the transplanted cells
had died at 4 and 24 hours after implantation, respectively. TUNEL
staining indicated that the majority of the dead cells were positively
labeled, indicating apoptotic death. There is no obvious difference in the
survival of grafted cells between md and normal rats. These observations
indicate that there is a substantial death of oligodendroglial progenitors in
the acute phase of transplantation. As such transplants in md rats
normally result in extensive myelination, the oligodendroglial progenitors
that survived the acute death must have proliferated and migrated
extensively. It is thus possible that increasing the survival of grafted cells
may result in more extensive repair by transplanted oligodendroglial
progenitors. Supported by NIH grant NS 33710.

THE MIGRATION AND DIFFERENTIATION OF NEURON RESTRICTED
PRECURSORS FOLLOWING TRANSPLANTATION INTO THE CNS.
H. Yang1, T^qjteba2,
Rao2 and, MB, Luskin1*- 'Dept. of Cell Biology,
Emory Univ. School of Medicine, Atlanta, GA 30322 & 2Dept. ofNeurobiology
and Anatomy, University of Utah Medical School, Salt Lake City, UT 84132
We have identified neuron restricted precursor (NRP) cells that can
differentiate into multiple types of neurons, but do not differentiate into glia. In
this study we transplanted NRP cells into the neonatal brains of rats in order to
investigate their migratory behavior and differentiation potential in vivo. We
harvested El3.5 rat NRP cells by immunopanning and labeled a subset of them
with GFP using a retroviral construct in which the GFP expression is driven by
the CMV promoter. The NRP cells were injected into either the lateral ventricle
or into the anterior paa of the neonatal subventricular zone (SVZa) which is
comprised exclusively of neuronal progenitors whose progeny are destined for
the olfactory bulb (OB). The animals were allowed to survive for 3 or 7 days.
The brains were sectioned at 10 pm and immunostained with an antibody to
GFP to recognize the NRP cells. The GFP(+) cells were widely distributed,
from the OB to the cerebellum, indicating their ability to migrate. Some cells
remained at the transplant site, whereas others entered the parenchyma,
differentiated and acquired a typical neuronal morphology (e.g., those in the
frontal and occipital cortex had a pyramidal appearance, while those in the
hippocampus had a multipolar shape). To verify die neuronal identity of the
transplanted cells we double-labeled sections with anti-GFP and TuJl, a
neuron-specific antibody; double-labeled cells were present in all structures
containing GFP(+) cells. Ongoing studies will examine the destination and
phenotype of transplanted NRP cells after longer intervals. Supported by the
NIDCD, Muscular Dystrophy Association and an NIH First Award.

REGENERATION: GENE EXPRESSION I
88.1

88.2

IPP ISOMERASE, AN ENZYME OF MEVALONATE PATHWAY, IS
PREFERENTIALLY EXPRESSED IN POSTNATAL CORTICAL NEURONS
AND INDUCED AFTER NERVE TRANSECTION

TRANSGENIC ZEBRAFISH IDENTIFY 5’ FLANKING DNA OF THE
GOLDFISH ai TUBULIN GENE THAT CONFERS INCREASED
REPORTER GENE EXPRESSION IN THE DEVELOPING AND'
REGENERATING CNS . D, Goldman*. Z, Li. M, Hankink X, Pai. and T,
Ding. Mental Health Res. Inst, and Dept. of Biol. Chem., University of
Michigan, Ann Arbor, MI 48109 and ^Dept. of Anat. and Neurobiol.,
Medical College of Ohio, Toledo, Ohio 43614.
The al tubulin gene is induced during nervous system development and
regeneration. Its induction is correlated with neurite outgrowth.
Therefore, its expression may serve as a sensitive probe for mechanisms
mediating CNS development and regeneration. We hypothesized that
the al tubulin genes 5' flanking DNA harbors regulatory elements
controlling its expression in the developing and regenerating CNS. To test
this hypothesis we created transgenic zebrafish that harbor an
expression vector containing 1696 bp of al tubulin gene 5' flanking DNA
controlling GFP expression. GFP expression was observed throughout the
developing CNS and subsided as the fish matured z However transgene
expression was maintained in dividing neuroblasts of the adult. In
addition, if one damaged the CNS by crushing the optic nerve, transgene
expression was reinduced in retinal ganglion cells that were regenerating
their optic axons. These studies show that elements residing in the al
tubulin genes 5' flanking DNA are sufficient for inducing gene expression
in the developing and regenerating CNS. Promoter mutagenesis and in
vivo expression assays are being used to identify these elements.
(Research supported by The Glaucoma Foundation).

T. Morihara'”. K. hmimmi1* T. Yoned.13. K. Tanabe13, N Mitsuda'^M.

Takeda2 and M. Tohvama13. ’Department of Anatomy and Neuroscience Graduate
School of Medicine, OSAKA University, 2-2 Yamadaoka, Suita, Osaka 565-0871

JAPAN; department of Clinical Neuroscience, Psychiatry; 3CREST • JST,
TANABE Seiyaku Co. Ltd.
We screened genes whose mRNA expression was uptregulated in neonatal in
the rat cortex to a greater extent than in adult by differential display and obtained
five genes. Among these genes, we focused on pyrophosphate (isopentenyl
diphosphate, dimethylallyl diphosphate: IPP) isomerase gene, the product of which
is known as an enzyme of the mevalonate pathway. Northern blots and in situ
hybridization analysis showed that at embryonic stage weak signals for IPP
mRNA were diffusely detected in the CNS, and the signal in the cortex became
intense at postnatal day 1 and maximized in almost all neurons of all layers at
postnatal day 7 with a subsequent reduction. At 8 weeks, the expression of IPP
isomerase mRNA in neurons decreased, while it was detected in the
oligodendrocytes in the regions ermtaining abundant nerve fibers. These finding*
suggested that IPP isomerase contributes to postnatal neuronal maturation and
myelination. We also demonstrated that IPP isomerase mRNA is induced after
nerve axotomy, which suggests a relationship between neuronal regeneration and
IPP isomerase.

Taken together, these results suggest that elevation of IPP isomerase mRNA
levels in neurons contributes to construction of nerve fibers both during the
postnatal period in the cortex and their regeneration.
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A SUBUNIT OF THE C A AT-BINDING TRANSCRIPTION FACTOR NF-Y IS
UP-REGULATED IN NEURONS AFTER PERIPHERAL NERVE AXOTOMY.
A. Horvat1, F-W, Schwaiger1, G. Hager1. F. Brocker1, C. Spitzer1. J.J. Barskr*
and G.W, Kreutzberg1. 'Department of Neuromorphology. department of
Neurochemistry, Max-Planck-lnstitute of Neurobiology'. D-82152 Martinsried,
Germany.
Following axonal injury motoneurons possess the ability to regenerate They
grow new axons and reinnervate the target tissue The molecular mechanisms
underlying successful regeneration are partially based on modulation of gene
expression. By means of differential display PCR. (DD-PCR) we isolated genes
which might be involved in neuronal regeneration and analysed regulatory' factors
important for the activation of these genes. Seventy cDNA fragments were isolated
when we compared differences of mRNA expression between intact and
axotomized facial nuclei. In this study we focus on ferritin heavy chain, which we
found to be differentially expressed in the axotomized motoneurons and
surrounding glial cells using in situ hybridisation Subsequently, we observed that
the expression of ferritin light chain, which acts in concert with ferritin heavy
chain to control the binding of iron ions, parallels the expression of ferritin heavy
chain in neurons. Previous studies had revealed tliat the transcriptional regulation
of ferritin can be modulated through the CAAT binding factor NF-Y. Using in situ
hybridisation with probes for the three NF-Y subunits, only B but not A and C
subunits showed upregulation in the motoneurons of the axotomized facial
nucleus. The CAAT box, which is the essential binding region for NF-Y, is known
to be present in approximately 30% of known promoters. In this context, our data
provide evidence that NF-Y might be involved not only in the control of ferritin
expression but also in the coordinated regulation of other genes activated in
response to nerve injury (e g. thrombospondin, MHC class II gene).

LAR PRO1EIN TYROSINE PHOSPHATASE DEFICIENT MICE SHOW
IMPAIRED PERIPHERAL SENSORY AND MOTOR NERVE
REGENERATION FOLLOWING CRUSH LESION. E.M.M. van Lieshout, L
van der Heijden, W.J.A.J. Hendriks, C.E.E.M. van der Zee*. Dept. of Cell
Biology, Institute of Cellular Signalling, University of Nijmegen, the
Netherlands
The cell adhesion molecule-like receptor-type protein tyrosine phosphatse
LAR is expressed in epithelial and neuronal cells in a developmentally
regulated fashion. Gene targeting studies in mice have demonstrated an
important role for LAR in development and function of the mammary gland, a
tissue with extraordinary dynamics with respect to epithelial cell-cell matrix
interaction. To unravel the possible impact of LAR activity under dynamic
circumstances in the nervous system, the right sciatic nerve of male mice
(LAR +/+, +/- and -/-) was crushed by clamping a forceps for 60 seconds at
the most accessible point (i.e., sciatic notch, at about 35 mm distance from
the footsole innervation target). Restoration of sensory function was
determined by a local electric footsole stimulation test starting at day 10 after
the crush lesion and continued daily until full recovery. Return of motor
function was measured at day 3, 10, 12, 14, and 17 following crush by
determining the sciatic functional index (SFI) in a walking test. The obtained
results together with a histological evaluation will be presented. Preliminary
results revealed a slower restoration of sciatic motor function and a delayed
return of sensory function in LAR-deficient mice when compared to
heterozygous and wild type littermates, suggesting a role for LAR in
peripheral nerve regeneration.
Supported by the Dutch Cancer Society.

88.5

88.6

RECEPTOR FOR AGE (RAGE) IS EXPRESSED IN INJURED
PERIPHERAL NERVE AND MODULATES REGENERATION IN A
MURINE MODEL OF UNILATERAL SCIATIC NERVE CRUSH. L.L.
Rong, W, Trojaborg, A.P, Hays, M. Shelanski*. D. Stem and A. M.
Schmidt, College of P & S, Columbia Univ., N.Y., N.Y, 10032.
Receptor for AGE (RAGE), a member of the immunoglobulin
superfamily of cell surface molecules, is highly-expressed in developing
neurons and in vitro mediates neurite outgrowth of embryonic rat neurons
on matrices coated with ligand, amphoterin. In adult homeostasis,
expression of RAGE and amphoterin recede to basal levels. To test if
RAGE expression/function might be modulated in injured adult peripheral
nerve, we performed unilateral crush of the sciatic nerve in mice with
severe combined immunodeficiency. Mice were treated intraperitoneally
with blocking rabbit anti-RAGE F(ab’)2 fragment (gp 1), nonimmune
rabbit F(ab’)2 fragment (gp 2) or vehicle (saline) (gp 3), every 3 days x
21 days (n=10/gp). Immunohistochemistry revealed increased expression
of amphoterin and RAGE, peak at 18 hrs after injury in proximal and
distal stumps compared with contralateral uninjured nerve. Paw-spreading
was markedly impaired in gp 1 mice; spreading in mice in gps 2/3 was not
different than that observed in uninjured nerve on day 16. On day 21,
motor nerve conduction velocity (MNCV) was significantly diminished in
gp 1 mice after injury compared with gps 2/3 (mean ± SE): 7.0±2.6,
16.0±4.3 and 16.5 ±3.4 m/sec, resp.; p<0.05 comparing gp 1 to either 2 or
3. Sensory NCV was markedly suppressed in gp 1 mice after injury
compared with gps 2/3: 4.9 ±1.7, 20.7 ±6.2 and 17.1 ±4.1 m/sec, resp.;
p<0.01 comparing gp 1 to either 2 or 3. Thus, blockade of RAGE impairs
functional recovery after sciatic nerve injury enhanced expression/function
of RAGE in this setting may recapitulate developmental processes.
Grant support: HL60901.

THE SMALL GTP-BINDING PROTEIN TC10, OF WHICH EXPRESSION IS

during nerve regeneration. Supported by the Ministry of Education, Science and
Culture for Japan and CREST JST.

88.7
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IMMUNOHISTOCHEMICAL LOCALIZATION OF LYSYL OXIDASE IN CNS
INJURY SITES. G.M. Gilad* and V.H. Gilad. Lab. of Neuroscience, Assaf
Harofeh Med. Cent., Zrifin 70300, Israel.
The evidence indicates that while intrinsic CNS neurons possess innate ability to
regenerate their injured axon, the local extracellular environment is inhospitable and
thus, initial regenerative efforts are aborted. The site of CNS injuiy is a dynamic scene
where hematogenous cells, microglia, astrocytes and fibroblasts, attracted by various
signals, interact to perform wound healing activities, some of which are considered
supportive while others disruptive of axonal growth. A major outcome of these activities
is the formation, within few days, of the astrocytic scar that borders the injuiy site. The
scarring process culminates at^7-10 days after the injury by migrating fibroblasts that
deposit collagen. This period coincides with the retraction of the regenerative axonal
sprouts. Our current research is based on the premise that lysyl oxidase (LO,
EC1.4.3.13), an enzyme that catalyzes covalent cross-linkages of extracellular matrix
proteins (collagen, elastin and other protein molecules), may be secreted by cells
attracted to CNS injury sites and thereby participate in both modulation of the local
extracellular growth substrates and in scar formation. Here we used specific polyclonal
LO antibodies (Li et al., Proc. Natl. Acad. Sci. USA, 94:12817-12822, 1997) to
examine the immunohistochemical localization of LO after longitudinal knife cuts in
the rat forebrain and Ti0-Tu segments of the spinal cord. LO-like immunoreactivity
filled the core of the injuiy site at 24 hours, but was undetectable at 2 days postoperative.
By 5 days, LO was again present within the core of the CNS scar tissue and remained
there for up to 15 days. Glial fibrillary acidic protein (GFAP)-positive astrocytes began
to outline the core of the injuiy site at 2 days and were not associated with LO
immunoreactivity. These findings indicate for the first time that LO is, present at the site
of CNS injuries and, therefore, may participate in the modulation of extracellular matrix
proteins during scar formation.

MATRIX METALLOPROTEINASE-13 AND TISSUE INHIBITOR OF
METALLOPROTEINASES-3 (TIMP-3) IN PERIPHERAL NERVE
REGENERATION. Kerek E, Frierson* and Karen A, Hasty Dept. Anatomy and
Neurobiology, Univ. of 'IN at Memphis 38163 and VAMC Memphis, TN 38104.
Following a crush injury to a peripheral nerve (PN), Wallerian degeneration occurs
distally with digestion of myelin and axonal remnants, and concomitant influx of
macrophages and Schwann cell proliferation. Outgrowth of neurites occurs from the
proximal segment into the area of degeneration, with the new cell processes advancing
between Schwann cells and their basement membranes (BM). The matrix
metalloproteinases (MMPs), are a family of endonucleases which remodel extracellular
matrices (ECM). MMPs degrade most ECM components e.g. fibronectin, laminin ,and
collagens and may play a role in removal of axonal debris allowing progression of
regenerating neurites. In particular, MMP-13 degrades fibrillar collagen types I, and III,
and nonfibrillar type IV collagen found in Schwann cell BM. To evaluate the levels
of MMP-13 mRNA in PN regeneration in male BALB/c mice, a semi-quantitative
polymerase chain reaction assay was developed in which mRNAs of interest were
evaluated using actin as internal standard for noimalization. The amplified cDNA was
viewed on agarose gels with CYBR Green I nucleic acid stain and quantitated using a
STORM image analysis system. We observed a two-fold increase of MMP-13 mRNA
(p< 0.001) at 7 days following sciatic nerve crush. By contrast, the level of mRNA for
TIMP-3, a tissue-bound protein inhibitor of MMP-13, was found to be 57%, 68% and
84% that of unoperated baseline at days 2, 7, and 14, respectively. c-Jun mRNA, a
transcription factor postulated to regulate MMP expression, peaked at 7 days at
266% of baseline (p<0.002). Other recent work1 has demonstrated that MMP-9 mRNA
is upregulated at 1 and 4 days following crush and that TIMP-1 and MMP-3 mRNAs
are upregulated at 4 days following a nerve crush. These combined results suggest that
a concerted pattern of MMP and natural TIMP regulation contributes to proteolytic
remodeling of ECM during the regenerative process of peripheral nerve. 1.) La Fleur,
et. al. (1996) J. Exp. Med. 184:2311-26.
(Supported by NIMH and APA Fellowships to KEF and by the Research Service of the
Dept. of Veteran Affairs)
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SIGNIFICANTLY INDUCED BY RAT PERIPHERAL NERVE AXOTOMY,
PROMOTES FILOPODIUM AND LAMELLIPODIUM FORMATION IN
NEURAL CELLS. K. Tanabe123’. T. Tachibana4. T. Yamashita3. Y. H. Che235. M,

Tohyama3’. Y. Yoneda4, T. Ochi2. H. Yasuno6*. and H, Kiyama1. ‘Dept. of Anatomy,
Asahikawa Med. Col., Asahikawa, 078-8307; 2Dept. of Orthopaedic Surgery, 3Dept.
of Anatomy and Neuroscience, 4Dept. of Anatomy and Cell Biology, Graduate Sch.
of Med., Osaka Univ., Suita, 565-0871; ’CREST, JST, 105-0011; 6Dept. of
Otolaryngology, Hyogo Col. of Med., Nishinomiya, 663-8131, JAPAN.
We have identified a Rho family GTPase TC10 as a gene whose expression is
induced by peripheral nerve injury by means of expression-sequence-tag analysis

coupled with in situ hybridization. Other Rho families, RhoA, Racl and Cdc42 also
show up-regulation following axotomy, however their expression change is less than

that of TC10. TC10 expression in the brain is low at the embryonic stage and

gradually increases through development. In the adult brain, its expression is limited
and not detected in cerebral cortex. This is in contrast to the high expression of
RhoA, Racl and Cdc42 in the brain at any age. Overexpression with recombinant
adenovirus vectors of constitutive active TC10 induces filopodium and

lamellipodium formation in N1E-115 and PC12 cells. We suggest that TC10
regulates axonal outgrowth cooperatively with RhoA, Racl and Cdc42, especially
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RELEASE OF A TRYPSIN-LiKE PROTEINASE FROM RAT BRAIN SLICES
WHICH DEGRADES ECM AND STIMULATES PAR-2. M, Nishibori*, K. Sawada,
N. Nakaya, Z, Wang and K. Saeki. Dept. of Pharmacology, Okayama Univ. Med.
Sch., 2-5-1 Shikata-cho, Okayama 700-8558, Japan.
There have been increasing evidences that serine proteinases and their
inhibitors may play roles in neuronal plasticity including LTP and remodeling, in
the present study, we purified a trypsin-like serine proteinase from the incubation
supernatant of rat brain slices and characterized its properties. The proteins in
three hour incubation supernatant of the rat brain slices were precipitated with 80
% saturation of ammonium sulfate. The recovered proteins were dialyzed and
applied on benzamidine-sepharose 6B, CM-celluiose and SW300XL
chromatographies, successively. The activity was detected by gelatin zymography
after SDS-PAGE. The final preparation showed a single peak on RP-HPLC and
the reconstituted eluted peak revealed a gelatinoiytic activity at the same size of
22 KDa on zymography as detected throughout the purification steps. DFP,
benzamidine and aprotinin inhibited the gelatinoiytic activity of the purified protein
but anthroproline, leupeptin and E64 did not. These results indicated that the
proteinase was a serine proteinase. TLCK efficiently inhibited the activity whereas
TPCK and eiastinal did not, suggesting that the proteinase had trypsin-like
property. The specificity for authentic peptide substrates also supported this
notion. The proteinase efficiently digested extracellular matrix proteins, laminin,
fibronectin and type IV collagen but not bovine serum albumin and rabbit Ig G.
Moreover, the proteinase produced the transient increase in intracellular Ca2+ in
A172 human glioblastoma through the stimulation of protease-activated
receptor-2 (PAR-2) which was desensitized by the prior activation of PAR-2 with
protease-activated receptor agonist peptide.

REGENERATION IN MICE ENTORHINO-HIPPOCAMPAL SLICE
CULTURES IS AGE-DEPENDENT AND CAN BE STIMULATED
BY TREATMENT WITH GF109203X AND PERTUSSIS TOXIN.
Peter Prang, Domenico Del Turco, Martin Hennegriff* and Josef P.
Kapfhammer. Anatomisches Institut I, AG Neuronale Plastizitat,
Universitat Freiburg, Hansastr. 9A, 79104 Freiburg, Germany.
It is known that entorhino-hippocampal axons of young rat pups
(P6-P8) are able to regenerate after lesions and project correctly to the
dentate gyrus in slice cultures. In contrast, axons of older rats (Pl 2P15) are not able to regenerate (Li et al., Eur J Neurosci, 7, p. 1164,
1995). We have used a similar slice culture model for the study of
regeneration in mice. By using slice cultures of postnatal mice (P5-P7)
we found that axonal outgrowth was robust after lesions made at 3
days in vitro (DIV), but only a small number of fibers still regenerated
after lesions made at 5-6 DIV. In order to stimulate regeneration we
treated the cultures with modulators of intracellular signal
transduction. After treatment with GF109203 X, an inhibitor of protein
kinase C, we observed a strong increase of entorhinal fiber outgrowth
compared to untreated control cultures. A similar stimulation of
entorhinal axon growth was found after treatment with Pertussis toxin,
an inhibitor of Gi-Proteins. Our findings show that mouse entorhinohippocampal slice cultures show an age-dependent decrease in their
regenerative potential which can be altered by treatment with
modulators of intracellular signal transduction pathways.

Supported by the Forderprogramm Neurobiologie des Landes Baden-Wurttemberg.
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SELECTIVE INCREASE OF GABA-A RECEPTOR SUBTYPES IN THE
DEAFFERENTED RAT DENTATE GYRUS. E. Simburger.3 M. Plaschke,3 J-M,
Fritschy? A. Rex.1* and R, Nitsch.3 'Inst, of Pharmacology, Humboldt Univ.
Hospital Berlin (Charite); 2Inst. of Pharmacology, Univ. of Zurich, CH-8057 Zurich;
3Inst. of Anatomy, Humboldt Univ. Hospital Berlin (Charite), 10098 Berlin.
Entorhinal cortex (EC) lesions specifically denervate dendrites within the outer
molecular layers of the dentate gyrus (DG). This induces long lasting morphological
ajid physiological changes. Granule cells display strong synaptic inhibition which
may be due to the sprouting of inhibitory fibres in the deafferented layer.
Immunocytochemical techniques and confocal laser scanning microscopy were used
to analyse-alterations in the expression of two major GABA-A receptor subunits in
the DG following lesion of the EC. The a2 subunit, which is expressed in granule
cells, showed a significant layer-specific increase in the deafferented part of the
molecular layer which is due to a higher number of individual a2-positive receptorclusters. A similarly altered staining pattern was detected for gephyrin, the
corresponding anchor protein. Parvalbumin-positive intemeurons are known to
express the a, subunit of the GABA-A receptor. Receptor-clusters containing this
subunit are specifically colocalised with larger gephyrin clusters. Both the a, subunit
and the large gephyrin-positive clusters displayed no alterations following lesion.
These results demonstrate that the formation of new synaptic contacts between
sprouting inhibitory projections and the deafferented dendrites in the DG represents a
highly layer and cell specific process which might be responsible for the
physiological alterations following lesion. Therefore the sprouting of various afferent
fibres cannot be interpreted as a trial for functional recovery.
Supported by DFG Ni 344/3-1

A PREFERENTIAL LNCREASE OF CYCLIC GMP IN SATELLITE
CELLS OF NITRIC OXIDE SYNTHASE CONTAINING
PERIPHERAL GANGLIA OF ADULT RAT.
S, Magnusson* and M, Kanje. Dept. of Animal Physiology, Lund
University, Helgonav. 3B, SE-223 62 Lund, SWEDEN.
Nitric oxide (NO) is known to be a signaling molecule in many
biological systems. It promote the synthesis of cyclic GMP (cGMP) by
activating soluble guanylate cyclase. In this study, the distribution of
cGMP and nitric oxide synthase (NOS) was investigated in thoracic (Th)
and lumbar (L) dorsal root ganglia (DRG), (Th 1 - L 6) and in nodose
ganglia of adult rats cultured for 0, 24 or 48 h. cGMP was visualized by
immunocytochemistry (the antibody was a kind gift by Dr. J. de Vente)
and NOS by staining with NADPH-diaphorase histochemistry.
NADPH-d positive neurons were found in all freshly dissected DRG,
but Th 8 - L 2 contained the highest number. Most neurons in the nodose
ganglia exhibited NADPH-d activity. Few cGMP positive satellite cells
or neurons were found in DRG and nodose ganglia. After culturing the
ganglia for 24 or 48 h, we found that the profile of cGMP-positive
satellite cell in DRG correlated to the NADPH-positive neurons of DRG.
In cultured DRG the number of cGMP positive satellite cells increased
particularly in Th 8 - L2, these DRG also contained most NOS positive
nerve cells. An increase of cGMP in the satellite cells was also observed
in the cultured nodose ganglia.
The study suggest that NO might be involved in the signaling between
neurons and satellite cells in sensory ganglia during regeneration.
The study was supported by grants from the Natural Science Research
Council, the foundations of Crafoord, and the Royal Swedish Academy
of Sciences.
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MHC Class I EXPRESSION IN THE HIPPOCAMPUS FOLLOWING
ENTORHINAL CORTEX LESION: A LIGHTMICROSCOPY AND
ULTRASTRUCTURAL ANALYSIS.
RE, Savaskan; A.U. Brauer; N, Smaluhn; M. Plaschke: T. Skutella: O,
Ninnemann & R. NitschftUniversitv Hospital Charity, Institute of
Anatomy, Dept. Cell & Neurobiology, 10098 Berlin, Germany.
It has been shown that the expression of MHC class I mRNA in the
mature CNS is spatially correlated with brain regions that maintain a
certain level of synaptic plasticity (Corriveau et al.,1998). In this study we
analysed the protein expression pattern of class I MHC in the mature rat
hippocampus after unilateral entorhinal cortex lesion (ECL). Entorhinal
fibers originating from layer II and IH present the major excitatory input to
the hippocampus and innervate the distal dendritic portions of the
hippocampus. Ultrastructural immunohistochemical studies revealed that
class I MHC is present on the dendritic portions of dentate neurons as well
as on pyramidal neurons of CA1-CA3 and on hilar intemeurons in the
normal hippocampus. Two days after ECL increased immunoreactivity for
MHC class I is present in the stratum lacunosum-moleculare and outer
molecular layer of the dentate gyrus, the laminae where the EC-axons
terminate. This increased MHC class I immunoreacivity was observed
until 15 days after ECL, whereas no changes in immunoreacivity occured
in sham operated animals. The MHC class I staining returned 30 days after
ECL to normal levels. Ultrastructural analysis shall identify the cellular
components which show increased MHC class I immunreacivity in the
denervated zone. This study was supported by SFB 515.
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THE SEXUAL DIFFERENCE OF NCAM AND GFAP LEVELS IN RAT BRAIN
AFTER IRRADIATION OF 0,25 GY X-RAY SINGLY. I.A. Leshchins’ka. T.l.Duka,
V.I. Chornaya. Dept. Biochemistry, State University, 72 Gagarin ave., 320625,
Dniepropetrovsk, Ukraine. (SPON: IBANGS)
The purpose of this study was investigated the possible relation between sex and
changes of neural cell adhesion molecule (NCAM), glial fibrillary acidic protein
(GFAP) levels after low-dose X-ray irradiation. The distributions of NCAM and GFAP
were estimated in neocortex, hippocampus, striatum, middle brain, pons and
cerebellum of control sham-irradiated and experimental rats by ELISA at 1, 12, 24,
120 and 168 hours post-radiation. We found the difference of NCAM and GFAP
contents in control male and female rat brain. The NCAM level was higher both at 1,2fold in striatum and hippocampus of male and GFAP level was 1,2-fold smaller in all
studied male brain structures except for neocortex in which was found 1,2-fold higher
level of GFAP compare to female. The trend of NCAM and GFAP levels changes after
irradiation were similar both male and female. However, the volume and time of its
changes after X-ray irradiation in male and female brain areas was different. The
maximum changes of NCAM was observed during first 12h that,include the elevated
NCAM level 2,2-fold in neocortex, 1,6-fold in hippocampus and 2,5-fold decreasing in
pons of male and 2-fold decline in neocortex, 1,7-fold elevated in female
hippocampus. The changes of GFAP was maximum during first 24h after irradiated:
changes of GFAP level include authentic decreasing in studied brain areas except for
3,8-fold and 3,9-fold increasing in hippocampus in male and female respectively.
After 7 day post-irradiation we observed the partly recovering of NCAM and GFAP
level in male and female brains. The level of NCAM was recovering in striatum and
middle brain and GFAP level in cerebellum and middle brain at 7 day post-radiation.
However, the level of NCAM in male hippocampus was at 1,7-fold higher but not in
female. The GFAP level was different in striatum: the concentration of GFAP was
decreasing only in female striatum while in male it was recovering. Thus, alterations of
NCAM and GFAP level after X-ray exposure may depends of sex characteristics.
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MUSCLE ATROPHY REVERSED BY CLENBUTEROL FOLLOWING CHRONIC
SPINAL CORD INJURY. T. Khan1’*. S. Savers1. R. Mrkvicka, N. Chauhan1, J,
Hussain and Y. Lucero2 ‘Rehabilitation R&D Section, 2Spinal cord injury service,
Hines VA Hospital, Hines, IL 60141; ’Dept. Neurology, Loyola University,
Maywood, IL 60153.
Clenbuterol, a beta 2 agonist, has been shown to ameliorate denervation-induced
muscular atrophy, therefore is considered to have a therapeutic potential in the
treatment of muscle wasting. This study was designed to evaluate the potential for
clenbuterol treatment to reverse muscle atrophy after chronic injury to the spinal coid
(SCI). Fischer-344 rats were anesthetized and sustained a severe traumatic injury to the
spinal cord at T8 level by dropping a lOg weight from 18cms. The lesioned animal
group (n=8) were compared with non-lesioned animals (n=3). The animals in the third
group (n=12) received oral administration of clenbuterol (lOmg/kg/day) starting tenweek post-trauma, for an additional ten week. The effectiveness of clenbuterol
treatment in chronic spinal cord injury was evaluated by somatosensory evoked
potentials (SSEPs), motor evoked potentials (MEPs), and by weighing individual
muscles of the hindlimb. Repeatable baseline SSEPs and MEPs were obtained from
all animals pre-operatively. Following injury, the SSEP responses to stimuli
requiring transmission across the lesion site were extinguished. There was no
electrophysiologic evidence of sensory transmission across the lesion in untreated, as
well as clenbuterol treated animals. However, MEPs recovered in the clenbuterol
treated animals, although the amplitude was reduced and the mean latency of the
response to cortical stimulation was increased. Clenbuterol treatment also restored the
muscle wasting following chronic SCI. In addition, muscle protein which was lost
following SCI was restored in the treated group. In conclusion,, dietary clebuterol
administration appears to be a potentially useful drug for restoring muscle wasting and
in aiding in the regrowth of motor neurons after chronic SCI.
(Supported by Rehabilitation R&D Service, DVA and American Paraplegia Society)

CHANGES IN THE DISTRIBUTION OF SEROTONIN EXPRESSION
IN THE LAMPREY SPINAL CORD AFTER SPINAL INJURY. A. H.
Cohen. J. Presson*. and B. Bent. Department of Biology, University of
Maryland, College Park, MD 20742.
We have reported that larval lampreys with mid-body spinal injuries
often develop dysfunctional behavior if kept in normal cold temperatures;
they exhibit fully functional behavior if kept at room temperature.
Serotonin (5-HT) has been shown to be involved in regulation of
locomotion in lampreys; thus we examined 5-HT expression after spinal
regeneration under these two conditions. Areas of normal expression
include an intrinsic spinal cord ventral plexus and ventral expression,
with descending fibers in die lateral tracts, and some fibers across the
dorsal fiber tracts. 5-HT fibers are also seen in dorsal and ventral roots.
To date, there is no time at which the segments rostral to the lesion of
any injured animals are seen to have less 5-HT expression than controls.
After 10 weeks of recovery in either temperature, the segments rostral to
the lesion of all injured animals show some increased 5-HT expression.
There is a further increase by week 26 and by one year post injury, it has
increased still further. The number of fibers expressing 5-HT is far
greater than in controls. Also, after 10 weeks of recovery rostral fibers
are almost uniformly distributed throughout the fiber tracts. On the other
hand, the segments caudal to the lesion of animals that recover at room
temperature display the control 5-HT pattern, while in the cold animals,
5-HT expression is almost completely lost except for the ventral plexus.
The disappearance aside from the plexus is almost complete in cold
animals by week 10; the expression never reappears. This research was
supported by a grant from the American Paralysis Association to AHC.
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NEUROTROPHIC KETONE ANALOGUES OF PROLYL AND
PIPECOLYL ESTER FKBP12 LIGANDS
Joseph P. Steiner*, Yong-Oian Wu, Doug Wilkinson, David
Limburg, Jia-He Li, Hansiorg Sauer, Doug Ross, Hongzhi Guo,
Shi Liang, Dawn Spicer, Heather Valentine, Mike Fuller, Pam
Howorth, Rai Soni, Yi Chen, and Gregory S. Hamilton.
Department of Research, Guilford Pharmaceuticals, Inc.,
Baltimore, MD 21224
The recent discovery that non-immunosuppressant ligands
for the neuroimmunophilin FKBP 12 promote regeneration of
damaged nerves in vitro and in vivo has prompted considerable
interest in exploring such structures. We have previously reported
in detail on the therapeutic utility of one such FKBP 12 ligand, GPI
1046, in a variety of animal models of neurodegenerative disease.
The FKBP ligands reported to date have been esters of proline or
pipecolic acid. As part of our program to explore several structural
classes of FKBP 12 ligands, we were interested in preparing ketone
analogues of our previously described compounds. These ketone
derivatives of FKBP 12 ligands displayed potent neurotrophic
activities in animal models of Parkinson’s Disease. Details of the
synthetic studies, together with a comparison of the biological
activity of some of the ketones with their ester analogues, will be
presented.

STRUCTURAL ANALYSIS OF THE BINDING OF
NEUROTROPHIC LIGANDS FOR FK506-BINDING PROTEIN
(FKBP)
Gregory S. Hamilton*, Agnes Holmes, Christine Thomas, Ling
Wei, Rajat Soni, Maureen Connolly, Michael F. Summers, and
Joseph P, Steiner, Department of Research, Guilford
Pharmaceuticals, Inc., Baltimore, MD 21224 and University of
Maryland Baltimore Campus, Catonsville, MD 21228
The immunophilin FKBP 12 is a member of the large
family of proteins which possess peptidyl-prolyl isomerase or
PPIase activity. It has recently been demonstrated that
nonimmunosuppressant small molecule ligands for FKBP 12
possess the remarkable ability to promote regeneration of damaged
peripheral and central nerves following oral administration.
GPI 1046 is a prolyl competitive inhibitor of FKBP 12 which has
demonstrated therapeutic utility in a variety of animal models of
neurodegeneration. We have determined the solution structure of
the GPI 1046/FKBP12 complex by multidimensional NMR, and
compared the binding of GPI 1046 to pipecolic acid analogues
previously reported. We have also examined the binding of
different structural classes of FKBP 12 ligand by HSQC
experiments.

88.19
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N-GLYOXYL PROLYL AND PIPECOLYL AMIDE FKBP12
LIGANDS: POTENT NEUROTROPHIC AGENTS IN AN ANIMAL
MODEL OF PARKINSON’S DISEASE
Douglas T. Ross*,Yong-Qian Wu, Doug Wilkinson, Rai Soni, Chad
Scott, Hong Guo, Pamela Howorth, Yi Chen, Heather Valentine, Dawn
Spicer, Gregory Hamilton and Joseph P, Steiner. Department of
Research, Guilford Pharmaceuticals, Inc., Baltimore, MD 21224
The recent discovery that small molecule ligands for the
peptidyl-prolyl isomerase (PPIase) FKBP 12 possess powerful
neuroprotective and neuroregenerative properties in vitro and in vivo
suggests therapeutic utility for such compounds in neurodegenerative
disease. The neurotrophic effects of these compounds are independent of
the immunosuppressive pathways by which drugs such as FK506 and
rapamycin operate. Previous work by ourselves and other groups
exploring the SAR of small molecules which mimic only the FKBPbinding domain portion of FK506 have focused on esters of proline and
pipecolic acid. We have explored amide analogues of these earlier
structures and found that they too are extremely potent in promoting
recovery of lesioned dopaminergic pathways in a mouse model of
Parkinson’s Disease. Several compounds were shown to be highly
effective upon oral administration subsequent to lesioning of the
dopaminergic pathway, providing further evidence of the potential
clinical utility of a variety of structural classes of FKBP 12 ligands.

THIOESTER FKBP12 LIGANDS: EVALUATION OF THEIR
IN VITRO AND IN VIVO NERVE REGENERATIVE
EFFECTS.
Hongzhi Guo*, David C. Limburg, Mark J. Vaal, Jia-He Li,
Yong-Qian Wu, Christine Thomas, Hansiorg Sauer, Douglas T.
Ross, Rajat Soni, Yi Chen, Pamela Howorth, Heather Valentine,
Timothy Moeller, Dawn Spicer, Mike Fuller, Sarah Wood,
Gregory S. Hamilton and Joseph P. Steiner, Department of
Research, Guilford Pharmaceuticals, Inc., Baltimore, MD 21224
Ligands for the peptidyl-prolyl isomerase FK506 binding
protein of 12 kilodaltons (FKBP 12) have been found to
unexpectedly
possess
powerful
neuroprotective
and
neuroregenerative effects in vitro and in vivo. We have
extensively explored and reported the therapeutic utility of
FKBP 12 ligands based on esters of proline and pipecolic acid.
Here we describe a new class of FKBP 12 ligand containing a
thioester linkage. These novel neuroimmunophilin ligands are
effective in the mouse MPTP model of Parkinson’s Disease
following either systemic or oral administration. Details of the in
vitro SAR of these compounds as FKBP 12 inhibitors, and their in
vivo efficacy as neuroprotective and neuroregenerative agents,
will be presented.
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STRUCTURAL AND FUNCTIONAL DIVERSITY OF NEUREGULIN ISOFORMS
EXPRESSED IN REGENERATING NERVE AND ASSOCIATED NEURONS. S.L.
Carroll1,2*, M.S.Stonecvpher2. K.D, Anderson2 and P.W, Frohnert1. Depts. of
’Pathology and 2Neurobiology, Univ. of Alabama at Birmingham; Birmingham, AL
35294-0017.
We have proposed that Schwann cell dedifferentiation and proliferation in injured
peripheral nerve is initially elicited by 3-neuregulins (NRG) released from degenerating
axons, with subsequent NRG actionsmediated by P- and/or a-NRGs derived from
Schwann cells themselves. The relationship between NRG expression and Schwann cell
proliferation is complex and may be modulated by temporally and spatially variable
expression of specific NRG splice variants. As an initial test of this hypothesis, we
exhaustively cloned the NRG isoforms expressed in axotomized rat sciatic nerve, the
motor and sensory neurons projecting into this structure and rat JS 1 schwannoma cells.
Distinct cDNAs encoding six cysteine-rich domain (CRD)-NRGs and four glial growth
factor (GGF) isoforms were identified and sequenced. Both groups have variable
juxtamembrane domains (1,2,3 and 4 variants). Additional heterogeneity is found in the
EGF-like (a and p isoforms) and carboxy terminal (a and b variant) regions of CRDNRGs. Furthermore, the predicted GGF proteins contain glycosylation domains
previously found only in mesenchymal NRGs. Northern blot, ribonuclease protection,
RT-PCR and in situ hybridization analyses were used to examine expression of these
isoforms in injured sciatic nerve and associated neurons. GGF mRNAs accumulate in
axotomized nerve, a subpopulation of DRG neurons and most spinal cord motoneurons.
CRD-NRGs, however, are undetectable in injured nerve except by RT-PCR. In contrast,
the majority of DRG and spinal cord motor neurons express CRD-NRGs, with a pi
isoform being most abundant Stable expression of a2a, pia and 03 CRD-NRGs
demonstrates that at least some of these proteins are secreted in a form capable of
activating erbB receptors. We conclude that the GGF and CRD-NRG subfamilies are
more structurally diverse than previously appreciated. Furthermore, NRG actions during
Wallerian degeneration may be modulated by the action of distinct splice variants.
Supported by the American Cancer Society and NIA

Netrin receptor UNC-5 express selectively in poorly
regenerating neurons following spinal transection in lamprey.
M. I. Shifman* and M. E. Selzer. Dept. of Neurology, University of
Pennsylvania School of Medicine; Philadelphia, PA 19104.

The sea lamprey recovers from spinal cord transection by a process
that involves directionally specific regeneration of axons. The
mechanisms underlying this specificity are not known, but they may
involve molecular cues similar to those that guide the growth of
spinal cord axons during development, such as netrins and
semaphorins. To test the role of guidance cues in regeneration, we
cloned netrin and its receptor UNC-5 from lamprey CNS and studied
their expression after spinal cord transection. In situ hybridization
showed that: 1) mRNA for netrin is expressed in the spinal cord,
primarily in neurons of the lateral gray matter and in edge cells.
2) mRNA for UNC-5 is expressed in lamprey reticulospinal neurons.
3) Following spinal cord transection, Unc-5 message was dramatically
downregulated at two weeks, during the period of axon die-back.
4) Unc-5 message was upregulated at three weeks, when many axons
are beginning to regenerate. 5) Axotomy-induced expression of Unc5 occurred primarily in neurons whose axons regenerate poorly.
Because the Unc-5 receptor is thought to mediate the chemorepulsive
effects of netrins, netrin signaling may play a role in limiting or
channeling the regeneration of certain neurons.
These data strengthen the rationale for studying the role of
developmental guidance molecules in CNS regeneration.

Supported by NIH grant T32-HD 07425, R01-NS 25581 and NS 14837.
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EXPRESSION OF SEMA3A FOLLOWING INJURY TO THE SPINAL DORSAL
COLUMNS IN THE ADULT RAT

PERIPHERAL,
BUT
NOT
CENTRAL,
AXOTOMY
INDUCES
UPREGULATION OF NEUROPILIN-1 mRNA IN ADULT DORSAL ROOT
GANGLION NEURONS

R.J. Pasterkamp*, P.N. Anderson1. Y, Zhang1 and J, Verhaaeen. Netherlands Institute
for Brain Research, Amsterdam, The Netherlands. ’Department of Anatomy and
Developmental Neurobioiogy, University College London, London, UK.
Axons in the adult spinal cord generally fail to regenerate after injury. This lack of
regeneration has been attributed to expression of repulsive proteins in and around the
injury site. Inhibitory molecules contributing to the nonpermissive environment of the
injured spinal cord may include recently identified repellents, such as members of the
ephrin, netrin, slit and semaphorin gene families. Recently, we identified fibroblast-likb
cells in the glial scar as a source for the class 3 semaphorin Sema3A (sema III/coH-1;
Pasterkamp etal., J. Neurosci. 18:9962-9976 (1998), Pasterkamp etal., MCN 13:143166 (1999)). To examine a role for this secreted repellent in spinal cord regeneration and
scar formation, we evaluated the expression of Sema3A and neuropilin-1, a Sema3A
receptor component, following direct injury to the dorsal columns of the adult rat spinal
cord. At 6 days after dorsal column transection, Sema3A hybridization signals were
restricted to the meningeal sheet at the surface of the lesion and to cells surrounding the
injured dorsal roots. By 60 days, Sema3A-positive cells had invaded the lesion site and
formed a cellular network filling up the dorsal aspect of the lesion. Neuropilin-1 protein
was present in dorsal root ganglion (DRG) neurons with projections at the lesion site at
both 6 and 60 days postlesion, suggesting that injured DRG neurons continue to be
sensitive to Sema3A. Transganglionic labeling further revealed that only few DRG
collaterals had been able to penetrate the Sema3 A-positive scar tissue at 60 days after
transection. Our results suggest that injury-induced expression of the chemorepellent
Sema3A may act to block elongation of regenerating DRG fibers in the lesion site
following dorsal column injury. Current analysis of genetically manipulated mice will
help to gain further insight into the role of Sema3A in the failure of dorsal column axons
to regenerate. Funded in part by NWO-grant 900-94-142.

I.Gavazzi*. J.H, Storehouse. L.S, Appiah-Kubi. J.N. Reza. A. Sandvig, J. Cohen.
Dept. of Developmental Neurobioiogy, GKT School of Biomedical Sciences, King’s
College London, Guy’s Campus, London Bridge, London SE1 9RT
Neuropilin-1 (NP-1), the receptor for semaphorin III/collapsin-1, is known to play a
crucial role in axonal guidance during development. In particular, the peripheral
projections of sensory neurons are severely disrupted in the NP-1 null mutant mouse.
Both semaphorin HI and NP-1 are still expressed in the adult nervous system, where
they could play a role in plasticity and regeneration. The aim of the present study was
to establish 1) what proportion and which neurons express NP-1 mRNA in adult rat
DRGs; 2) whether unilateral lesion of the sciatic nerve (peripheral lesion) or of the
dorsal roots at lumbar levels 4 and 5, or bilateral dorsal funiculus lesion (central
lesion), affected the expression of NP-1 mRNA in the lesioned DRGs. Adult (250 g)
Wistar rats were used for all experiments. The DRGs (L4/5 and L2/3) were dissected
from intact animals, or operated animals 12-14 days after injury. Non-radioactive in
situ hybridization was performed using digoxygenin-labeled cRNA probes for NP-1 (a
kind gift of M. Tessier-Lavigne, UCSD). The percentage of NP-1 expressing neurons
was calculated, and the cell body diameter of NP-1 mRNA positive and negative cells
was measured. In control DRGs, NP-1 positive neurons were predominantly small and
intermediate in size (< 40 gm). Significantly increased NP-1 mRNA expression was
detected only following sciatic nerve lesion. In control L4/5 DRGs, large neurons are
mostly NP-1 mRNA negative, whilst many large neurons upregulate NP-1 expression
following sciatic nerve lesion. These results suggest a role for NP-1 in the neuronal
response to peripheral nerve injury, which may be specific for a particular subset of
neurons. Supported by the Wellcome Trust.

89.5
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EFFECTS OF AXOTOMY AND GONADAL STEROIDS ON rRNA
EXPRESSION IN RUBROSPINAL MOTONEURONS (RSMN). P, D, Storer*
and K. J, Jones. Department of Cell Biology, Neurobioiogy, and Anatomy, Loyola
University-Chicago, Maywood, IL 60153
In injured facial motoneurons (FMN), rRNA is up-regulated in accordance
with successful facial nerve regeneration. Testosterone propionate (TP)
administered at the time of facial nerve injury augments both the ribosomal
response and regenerative capabilities of FMN. RSMN represent a population of
central motoneurons that contain androgen receptors, but do not have the
regenerative capacity of FMN. In this study, the effects of axotomy, with or
without TP, on the ribosomal response to axotomy was examined in RSMN.
Adult gonadectomized male hamsters were subjected to left lateral hemisection of
the spinal cord at C7-T1 vertebral levels, with the contralateral side serving as
internal control. Half the animals received TP implants at the same time of injury,
while the other half received sham implants. Postoperative times ranged from 2h
to 14d. In situ hybridization was performed using [’H]-labeled rDNA probes to
either an external transcribed region of the 45S precursor ribosomal gene (to
measure rRNA transcription) or to the 28S rRNA encoding region (to measure
stable rRNA levels). Quantitative analysis of the autoradiographs revealed that
axotomy induced the rapid activation of rRNA transcription in RSMN, but no
subsequent increase in stable rRNA levels. The addition of TP at the time of
axotomy had no effect on either rRNA transcription or levels. These data suggest
that an initial, regenerative signal is rapidly received by the RSMN cell body, but
that negative environmental feedback from the injury site shuts off the subsequent
production of ribosomes. In turn, the resultant deficiency in functional ribosomes
prevents the injured cell from responding to injury with die appropriate protein
synthetic response necessary for full axonal regrowth. To test this hypothesis,
experiments providing a growth permissive environment at the lesion site are
underway. Supported by NIH grant NS28238 (KJJ).

GENE EXPRESSION MONITORING SUGGESTS A ‘REGENERATION
CYCLE’ FOR INJURED DORSAL ROOT GANGLION NEURONS.
A.A. Cameron*. G, Vansant W. Wu. D.J. Carlo and C.R. 111. The Immune
Response Corp., 5935 Darwin Court., Carlsbad, CA 92008.
Axon regeneration following sciatic nerve crush is mediated by gene
transcription in dorsal root ganglion (DRG) neurons. Activated Schwann cells
facilitate axon regeneration by secretion of extracellular matrix and
neurotrophins. This study compares the gene expression profiles of injured
DRG neurons in vivo, and activated Schwann cells in vitro.
The L4 and L5 DRG were extracted from anesthetized rats which had
undergone sciatic nerve crush or sham operation 7 days previously. Schwann
cells from neonatal rat sciatic nerve were activated in vitro with bacterial
lipopolysaccharide. mRNA populations were purified from experimental and
control DRG and Schwann cells, and hybridized to cDNA microchips.
In the regenerating DRG, the expression level of 545 genes changed
significantly: 520 were upregulated, and 25 were downregulated. The upregulated group included 27 genes previously shown to be associated with cellcycle regulation or cancer. However, immunostaining for the cell proliferation
marker, PCNA was not detected in DRG sections from nerve-crushed or control
animals, demonstrating the absence of mitosis. In contrast, the activated
Schwann cell populations showed 242 genes upregulated and 208 downregulated. Interestingly, the downregulated group included 65 genes which were
either identical to or isotypes of those upregulated in the DRG neurons.
The regulation of transcription in regenerating DRG neurons may constitute a
‘regeneration cycle’, which involves certain cell cycle genes, some of which
have not been previously associated with a function other than mitosis.
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NGF, NT-3, CNTF AND GDNF mRNA EXPRESSION IN RAT
SKELETAL MUSCLE FOLLOWING DENERVATION AND SENSORY
PROTECTION. Y, Huang1. M, N, Hanna1. K, Veltri2. J, R, Bain2* and M.
Fahnestock1. Depts. of'Psychiatiy and Behavioural Neurosciences and 2Surgery,
McMaster University, 1200 Main Street West, Hamilton, ON L8N 3Z5, Canada.
Poor muscle and nerve functional recovery after nerve damage is a serious
clinical problem, particularly if there is a prolonged delay before nerve-muscle
contact is reestablished. A previous report suggested that sensory-motor nerve
cross-anastomosis (sensory protection) provides support to the • denervated
muscle.
In the present study, we analyzed neurotrophic factor mRNA
expression in denervated rat gastrocnemius muscle receiving sensory protection
with saphenous nerve (pure sensory), compared to normal innervated muscle, to
denervated muscle, and to denervated muscle repaired immediately with the
peroneal nerve (mixed motor-sensory nerve). Total RNAs of gastrocnemius
muscle samples (1 hour to 4 months following denervation) were isolated and
surveyed for CNTF, GDNF, NGF, and NT-3 mRNA expression by RT-PCR,
using GAPDH as the internal control. Sensory protection results in elevated
levels of NT-3 mRNA in gastrocnemius muscle for at least 4 months following
denervation. GDNF mRNA levels are lower in sensory-protected gastrocnemius
muscle compared to denervated muscle, and are indistinguishable from the levels
in muscle given immediate motor repair. No significant differences in average
mRNA levels of NGF and CNTF were found between the sensory protection
treatment and the denervated or the motor repair groups. These data suggest that
GDNF and NT-3 may play a role in protection of denervated muscle by sensory
nerve during nerve regeneration. Supported by the Physician’s Services
Incorporated Foundation (Physicians of Ontario).

EXPRESSION OF NEUROTROPHIN RECEPTORS IN RESPONSE TO
NERVE INJURY ALTERS ALONG WITH DEVELOPMENT, AND CAN BE
REGULATED BY THE LIGAND STIMULI. M Hon ma, K Mansur,1
K Namikawa,1 K Abe,113 KTakakusaki4*and H Kiyama1. ’Dept.of Anatomy,
’Dept.of Dermatology, ’Dept.of Psychiatry and neurology, "Dept.of
Physiology, Asahikawa Med.Col.; Asahikawa, Hokkaido, Japan 078-8510
It is well established that injured motoneurons can survive in aduit aminais,
but degenerate and die in an early postnatal age. To explore molecular bases
in such a significant difference, we investgated the expression of
neurotrophin receptors {GFRai and TrkB) in injured hypoglossal,
motoneurons of neonate and adult rats using in situ hybridization and
immunohistochemistry. The expression of GFRai and TrkB are downregurated in injured motoneurons of neonate, whereas, these receptors are
up-regulated in injured motoneurons in adult rats. An application of
recombinant GDNF or GDNF expressing adenovirus succeeded in preventing
the down-regulation of the receptors in neonate. These results suggest that
the expression level of neurotrophin receptors are positively regulated by the
neurotrophin stimulation in vivo, and thereby the receptor expression can be
retained even after axotomy. This ligand regulated receptor up-regulation
might be a crucial mechanism in rescuing axotomy induced neuronal death by
neurotrophins.
Supported by Grant-in-Aid for Scientific Research from the Ministry of
Education and the Ministry of Health and Welfare Japan.

89.9

89.10

ISOLATION OF A NOVEL NERVE INJURY ASSOCIATED MOLEULE,
DINE (DAMAGE-INDUCED NEUTRAL ENDOPEPTIDASE).
S..Kirvu-SeQ*, M, Sasaki
Hirayama, S, Nakagomi, H, Yokohama, H,
Kiyama, Dept. of Anatomy, Asahikawa Medical College, Asahikawa,
Hokkaido, 078-8510, JAPAN.
To identify novel molecules which were implicated in nerve
regeneration, the differential display PCR (DD-PCR) coupled with in situ
hybridization was carried out. The RNAs for DD-PCR were obtained from
normal and axotomized hypoglossal nuclei of rats. Among several
candidate clones, we identified a novel nerve injury associated molecule
with 7.8 kb transcript. The molecule was structurally similar to a
membrane-bound metallopeptidase such as NEP (Neprilysin) and ECE
(Endothelin converting enzyme). An endopeptidase activity of the
molecule was detected by using artificial peptide substrates. According to
these characteristics, we termed this molecule as DINE (Damage-Induced
Neutral Endopeptidase). RNase protection assay and subsequent in situ
hybridization have demonstrated that the expression of DINE was
restricted to CNS neurons, especially those in hypothalamus and a group
of cholinergic neurons. The other nerve injury models such as ischemia
and optic nerve injury have also showed a significant increase of DINE
expression in the damaged neurons. These results suggested that DINE
play some roles in response to neuronal damage to protect those
damaged neurons from death and /or promote nerve regeneration.

FURTHER CHARACTERIZATION OF [3H]DPAT BINDING SITES IN THE
GOLDFISH RETINA. ROLE OF 5-HT1A RECEPTORS IN RETINAL
REGENERATION C. Schmeer, F. Qbregdn, E, Jaffe*, L. Lima. Lab. de
Neuroqulmica, Centro de Biofisica y Bioquimica, I.V.I.C., Apdo. 21827, Caracas
1020-A.
Previous studies showed that the 5-HTiA receptor agonist 8-hydroxy-2-(di-npropylamino)tetralin (DPAT) and forskolin stimulate cAMP production (Osborne,
1990; Urbina et al, 1996) in the goldfish retina. Forskolin and DPAT inhibit
neuritic outgrowth during regeneration of this tissue. [3H]DPAT binding sites have
been shown for the goldfish retina (Lima et al, 1994). In order to further
characterize these sites we studied the effect of the 5-HTg/i receptor binding
inhibitory drugs clozapine, pimozide, amoxapine and fluphenazine (0.1 nM-1
mM) and the receptor irreversible blocker A-ethoxycarbonyl-2-ethoxy-l,2dihydroquinoline (EEDQ) (4 pg/2 pi inyected intraocularly) on [3H]DPAT (1 nM)
binding to retinal membranes The inhibitoiy drugs did not modify [3H]DPAT
binding. Three days after administration of the alkylating agent EEDQ, [3H]DPAT
specific binding was significantly reduced up to 77%. Half life (Ti^) of receptors
was 2.08 days, similar to values obtained for 5-HTi A receptors in rat dorsal raphe
nucleus. In addition, we evaluated the effect of DPAT (10 - 200 pM) and adenylyl
cyclase inhibitors MDL1233OAand SQ22536 (0.01 - 100 pM) on outgrowth from
post-crush goldfish retinal explants by measuring neurite density and lenght at 5
days in culture. 50 pM DPAT significantly decreased outgrowth as compared to
controls (20.48 pm vs 36.54 pm from controls). This effect was partially reduced
by 100 pM SQ22536 (31.20 pm vs 20.48 pm from 50 pM DPAT). These results
make to suggest that the agonist DPAT acts on 5-HTiA receptors in the goldfish
retina, and that these receptors are involved in the growth regulatory effect of
serotonin during regeneration.
Lima, L., et al (1994). Neurochem. Res. 19,
249-255. Osborne, N. (1990). Neurochem. Int. 15, 523-528. Urbina, M, et al
(1996). Neurochem, Int. 29,453-460. CONICIT Sl-723.
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DIFFERENTIAL REGULATION OF TIMP-2 and TIMP-3 mRNA EXPRESSION
IN THE RAT CNS DURING DEVELOPMENT AND IN RESPONSE TO
INJURY. CJ Cornbrooks*. N Fager and DM Jaworski. Department of Anatomy
& Neurobiology, Univ. of Vermont College of Medicine, Burlington VT 05405.
Extracellular matrix (ECM) molecules play an important role in tissue
remodeling during development, and following injury. Matrix metalloproteinases
(MMPs) are believed to be the main physiologically relevant mediators of ECM
degradation. MMPs function in the turnover of a broad-spectrum of ECM proteins.
MMP activity is tightly regulated by association with tissue inhibitors of MMPs
(TIMPs). While the role of TIMPs in the morphogenesis in non-neural structures
has been characterized, there exists limited information on the spatio-temporal
expression of the TIMPs in the rat central nervous system (CNS).
To isolate TIMPs expressed in the adult rat CNS, rtPCR was performed. Significant TIMP-2 and moderate TIMP-3 expression was detected. In situ hybridization
revealed TIMP-3 expression diffusely distributed throughout the entire brain, with
specific expression primarily restricted to the thalamus and choroid plexus. In
contrast, intense TIMP-2 hybridization was present in the neocortex, diencephalon
and brainstem. The temporal regulation of TIMP-2 and -3 mRNA expression was
further examined by northern blot analysis and in situ hybridization from embryonic
day 14 to adulthood. While TIMP-3 is dramatically down-regulated, TIMP-2
expression increases. TIMP-2 expression was further analyzed by western blot
analysis and immunohistochemistry. The timecourse and distribution of mRNA
and protein suggests a role for TIMP-2 in axon outgrowth.
To determine whether TIMP expression is regulated following CNS injury,
TIMP-2 and -3 expression was examined 2,4, 7, and 14 days consequent to a
cortical stab wound. TIMP-2, but not TEMP-3, mRNA expression was
significantly up-regulated following injury. This represents the first report of TIMP
up-regulation associated with CNS injury in vivo.
Supported by NS35874 and AHA 9950039N (DMJ).

TEMPORAL AND SPATIAL EXPRESSION PATTERNS OF KERATAN
SULFATE PROTEOGLYCAN, A PUTATIVE INHIBITORY MOLECULE,
FOLLOWING INJURY TO THE ADULT RAT SPINAL CORD. RJ Grill ^and
MH TuszynskjL2 1 Dept Neurosci., Univ Calif-San Diego, La Jolla, CA; ^VA Med
Ctr, San Diego, CA.
The poor growth of axons observed following adult CNS injury may be due in part
to their interactions with growth inhibitory molecules upregulated following a CNS
lesion. We and others have previously reported the upregulation of members of the
putative inhibitory family of Chondroitin Sulfate Proteoglycans after spinal cord
injury. It is possible, if not probable, that other potentially inhibitory molecules may
restrict axonal regrowth following CNS injury; we are in the process of examining
other families of potential inhibitors of axonal growth following spinal cord injury.
The current study examined the expression of Keratan Sulfate Proteoglycans, a family
of proteoglycans that may restrict axonal growth during development and inhibit
axonal growth in vitro. Adult female Fischer 344 rats underwent dorsal hemisection
lesions at T8. A temporal and spatial analysis demonstrated that numbers of KSPGimmunoreactive (KSPG-IR) cells increase dramatically in the area immediately
surrounding the lesion site and in areas undergoing secondary cellular degeneration.
In addition, large numbers of KSPG-IR cells can be found associated with the severed
axonal endbulbs of the lesioned corticospinal tract, a pathway that demonstrates poor
regenerative capacity following injury. The high concentration of KSPG-IR around
the lesion site and other areas of axonal degeneration place this proteoglycan in a
spatial location to potentially restrict axonal growth.
Supported by Dept of Veterans Affairs, PVA, Hollfelder Foundation and NIH.

Supported by Ministry of Education, Science, Sports and Culture, and
Minstry of Health and Welfare, Japan.
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DIFFERENTIAL
EXPRESSION
OF
THE
STEAROYL-COA
DESATURASE IN THE CENTRAL AND PERIPHERAL NERVOUS
SYSTEM OF THE RAT AFTER AXOTOMY. S. Breuer1, A.B. Schmitt1,
F.W, Schwaiger2. GA, Brook1. K. Pech1. G.W. Kreutzberg2, and W.

Differential

Nacimiento1*. 1 Dept. of Neurology, Technical Univ. Sch. of Med., D-52057
Aachen; 2 Dept. of Neuromorphology, Max-Planck-Institute for Psychiatry, D82152 Martinsried. Germany
Spinal cord injury leads to complex cellular and molecular changes contributing
to the failure of any functionally significant regeneration of severed central axons.
In contrast, injury of the peripheral nervous system leads to functional
reinnervation. To identify genes which might influence the fate of injured neurons
we are investigating the axotomy-induced gene expression in neurons of the red
nucleus and Clarke's nucleus after spinal cord hemisection and in the facial nucleus
after transection of the facial nerve. By differential display polymerase chain
reaction, we have found the differential expression of rat stearyl-CoA desaturase
(SCD) typel, which is the terminal component of the electron transport system
influencing desaturation of CoA esters of long chain unsaturated fatty acids. By in
situ-hybridisation, we could demonstrate that this gene fragment is dramatically
upregulated in injured neurons of the PNS. This upregulation began 3 days after
axotomy, with a maximum between 7 and 10 days. A weak signal could be
observed in a few neurons up to 42 days after injuiy, which may reflect a slow
regeneration process in these neurons. Interestingly, no regulation could be
observed in axotomized Clarke's nucleus and red nucleus neurons. Since neuronal
outgrowth is always coupled to the new synthesis of cell membranes, we speculate
that the induction of SCD is necessary for the regenerating process of peripheral
neurons. The question is, if the failure of SCD induction in axotomized intrinsic
neurons is the cause or the consequence for the failure of regeneration.
(Supported by a grant from the DFG (Na 289/2-3 and Schm 1304/3-1)
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BOTOX-DENERVATED RAT SKELETAL MUSCLE.

J. Weis*1, J.-M. Burgunder2, D. Suter1. Division of Neuropathology, Institute of Pathology1, and Neurological Clinic, University of
Berne, CH-3010 Berne, Switzerland.
Denervation of skeletal muscle initiates complex alterations in gene
expression, some of which are aimed at reinnervation. Still, only few molecules involved in this denervation response have been isolated thus far.
In the present study, we used the differential display PCR method to
trace out genes that show an altered regulation at the level of RNA expression in denervated vs. control muscle. Rat gastrocnemius muscles
were chemodenervated by intramuscular injection of botulinum toxin or
sham injected. This method was chosen because we wanted to avoid potential effects of nerve fiber breakdown products associated with nerve
transection. Numerous cDNA fragments expressed at increased levels
after denervation were reproducibly detected in independent experiments.
Sequence analysis revealed that several fragments correspond to previously unknown genes. Another sequence was found to be part of the embigin gene. Embigin encodes a cell surface protein possibly involved in cell
adhesion. Another highly upregulated cDNA corresponded to sarcolipin, a
gene encoding a Ca-ATPase regulating protein. Northern blot analysis
confirmed the increased expression of embigin and sarcolipin in denervated compared to innervated muscle. Further studies are under way to
characterize the thus far unknown sequences and to determine the functions of embigin and sarcolipin in the context of muscle fiber denervation.

89.15
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APPLIED ELECTRICAL FIELDS FOLLOWING SCI RESTORE THE
EXPRESSION OF pill TUBULIN-mRNA IN THE DISTANT
CORTICOSPINAL TRACT NEURONS OF MOTOR CORTEX.
*Chauhan, N.B., Chauhan, B.C., Sayers, S.T., Mrkvicka, R. and Khan, T.
Neuroregeneration Laboratory, RR&D, Edward Hines, Jr. VA Hospital,
Hines, IL 60141; Department of Neurology, Stritch School of Medicine,
Loyola University Chicago, Maywood, IL 60153.
The effect of applied electrical fields on the expression of J3m tubulinmRNA in the sensomotor cortex of rats following spinal cord hemisection
Was investigated by in situ hybridization. Female Spraugue-Dawley rats
weighing 150-200g were anaesthetized and sustained a bilateral
corticospinal tract transection at the T9 level (N=5). The injured group of
the animals were compared with non-lesioned controls (N=5). After a 12
week survival period, in situ hybridization was performed on 5 pm-thick
Paraplast sections passing through the motor cortex of 4% buffered
paraformaldehyde-perfused rats with the use of riboprobes. The riboprobes
were prepared by in vitro transcription of linearized pm tubulin-cDNA with
in presence of [ S-CTP]. The procedural controls consisted of pretreatment
of sections with RNase A and hybridization of sections with sense probes.
The results show: (1) a reduction in the hybridization signal for pill
tubulin-mRNA in the motor cortex of spinal cord-hemisectioned rats
compared to non-lesioned controls, (2) an increase in the hybridization
signal for pill tubulin-mRNA in the motor cortex of spinal cordhemisectioned rats that received electrical stimulation after injury compared
to injured ones. Conclusion: Restoration of pill tubulin-mRNA in the
distant corticospinal tract neurons of sensomotor cortex after application of
electrical fields following injury indicates that application electrical fields
may contribute to the effective regenerative response of corticospinal tract
axons by upregulating the synthesis of pill tubulin, a cytoskeletal protein
that constitues a critical component of slow axonal transport.

GEFILTIN EXPRESSION DURING ZEBRAFISH DEVELOPMENT:
PROMOTER ANALYSIS USING TRANSIENT TRANSGENICS.
D. Leake1, L. Fochtmann2, N, Schechter1-2 and A. Francis1,2* Depts. of 'Biochemistry
and 2Psychiatry, SUNY, Stony Brook, NY 11794
Neurogenesis is correlated with the successive expression of neuronal intermediate
filaments (IF) proteins. The developmental regulation of IF protein expression
suggests that specific neurofilament proteins convey structural attributes that support
the staged growth of the neuron. In teleosts, the expression of IF proteins in retinal
ganglion cells (RGCs) and during optic nerve (ON) regeneration parallels the
expression of IF proteins during mammalian development. Two IF proteins, plasticin
and gefiltin, are serially expressed in RGCs during zebrafish development and
regeneration. Gefiltin is expressed during the later stages of retinal development
when axons grow past the optic chiasm and innervate their tectal targets.
Furthermore, during ON regeneration gefiltin expression increases, peaking at a time
corresponding with tectal innervation. Presumably, gefiltin provides structural
integrity for axonal growth yet allows for flexibility during the process.
Because of this timing of gefiltin expression, we identified regions within the
promoter that potentially regulate its expression during the later stages of nerve
growth and regeneration. Promoter deletions driving LacZ expression were
transiently expressed in zebrafish embryos and compared with the endogenous
expression pattern of gefiltin. To overcome the problem of mosaicism, composites of
expression patterns from several embryos were generated for each promoter/LacZ
construct. This permitted comparison of the expression patterns resulting from each
promotor deletion.
Statistical significance of differences in expression was
determined by x2 analysis, (supported by EY0212 to N.S.)

89.17
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IDENTIFICATION OF CIS-ACTING DNA SEQUENCES OF al TUBULIN
GENE CONTROLLING ITS EXPRESSION DURING CNS DEVELOPMENT
AND REGENERATION. Z. Li*, X. Dai, J. Ding, and D. Goldman. Mental
Health Research Institute. University of Michigan, Ann Arbor, Ml 48109.
The al tubulin gene is induced during CNS development and
regeneration, in zebrafish, we found the expression level of this gene in
the CNS reached the highest at about 24 hours post fertilization (hpf); a
time when axonogenesis is abundant. This expression declined around 72
hpf. In the adult fish little al tubulin expression is detected. However
following optic nerve crush the al tubulin gene is reinduced in retinal
ganglion cells (RGCs). Therefore, we decided to study the al tubulin
promoter in an effort to identify the cis-acting elements that respond to
signals controlling its expression in the developing and regenerating CNS.
We created an expression vector containing 1696 bp of a 1 tubulin 5’
flanking DNA controlling GFP expression. Transgenic fish harboring this
vector exhibit robust GFP expression in the developing CNS. In addition
optic nerve crush in the adult transgenic fish resulted in re-expression of
the al tubulin / GFP transgene in RGCs that regenerate their axons.
Mutant expression vectors with various deletions in the 1696 bp 5’ flanking
region were also created. These experiments identified a region between
-854 to -686 upstream of the transcription start site that contain element(s)
that are required for controlling neural specific induction of the al tubulin
gene. Deletions in the al tubulin gene’s first intron indicate that it
participates in repressing non-neural expression ofthe al tubulin promoter.
Currently, we are mapping 5’ and 3’ boundaries of these elements and
testing the effect these mutations have on reporter gene expression during
CNS regeneration. (Supported by a grant from Glaucoma Foundation)

SLOW INTRINSIC SIGNALS INDUCE LONG-TERM HYPEREXCITABILITY
(LTH) IN NOCICEPTOR NEURONS AFTER AXOTOMY. Y-J Sung. D-F Zhu.
R.T, Ambron*. Columbia University, New York 10032
Damage to an axon activates signaling systems that influence protein
translation and transcription. Some injury signals act rapidly and produce
short-term (ST) responses lasting up to a day. Others act after a delay, but
cause long-term changes lasting days or weeks. Injuring axons of Aplysia
nociceptive sensory neurons in vivo causes both STH and LTH. The LTH is
manifest as a decrease in threshold and an increase in action potential
discharge. When the sensory neurons are axotomized and placed in vitro,
they rapidly extend neurites that grow for about 3 days. The cells also exhibit
a LTH that first appears on the 4th day and continues to increase through to
the 8th day. This implies that the injury signals that induce growth act rapidly
whereas those that induce the LTH are delayed. Blocking translation
reversibly with anisomycin for 4 h at the time of axotomy significantly reduces
the LTH measured on the 4th-9'tl days, whereas exposure on days 1 and 2
completely prevents its appearance. There is no effect if the anisomycin is
added on the 3rd day. Hence, the LTH that appears after axotomy depends on
protein translation on day 2. To examine transcription, we injected
oligonucleotide sequences that prevent specific factors from binding to DNA.
Preliminary results indicate that the acute-phase transcription factor
apC/EBPB is necessary for the increase in action potential discharge. This is
consistent with other studies implicating this factor in axon regeneration and in
regulating the electrical properties of these sensory neurons. In particular,
apC/EBP is a substrate for a kinase that is activated at the site of injury and
which uses the retrograde transport/nuclear import pathway to the nucleus.
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TARGETING GENE EXPRESSION IN NEURONS USING CHOLERA
TOXIN (3 CHAIN. L.B, Barrett1, W, Vine4' P.R. Pash1. M. Berrv2. A, Logan3*.
A,
Gonzalez4’. M, Read1. A, Baird4, and L.W, Seymour1, 'institute for Cancer
Studies, University of Birmingham, BI5 2TA, UK, ’Department of Anatomy
and Cell Biology, UMDS, London SE1 9RT, UK, ’Division of Medicine,
University of Birmingham, B15 2TT, UK, 4Selective Genetics Inc., San Diego,
CA 92121, USA
The aim of this study was to construct polycationic gene delivery vectors for
specifically targeting neurons in vivo. The high efficiency of cholera toxin (CT)
uptake by neurons is mediated by the 3 chain (CTp) binding the oligosaccharide
portion of the ganglioside GM1. Here we show that CTB covalently linked to
poly(D)lysine (CT(3-K) successfully condenses LacZ expression plasmids (DNA)
and targets them to neurons in vitro. Rat PC 12 pheochromocytoma cell cultures
were transfected with control K/DNA and CTB-K/DNA complexes and assayed
for gene expression. In the absence of calf serum, non-targeted K/DNA complexes
showed low levels of non-specific uptake and transfection of cells. CTp-K/DNA
complexes showed levels of uptake and transgene expression increased 1.5- and 4fold, respectively, compared with controls. In the presence of serum the uptake cf
control K/DNA complexes was decreased by over 90%, and no transfection was
detected. In contrast, uptake of CTP-Kioo/DNA complexes was only slightly
decreased and transgene expression was potentiated 20-fold compared to the
absence of serum. GM1 binding specificity was confirmed by competition of the
CTP-K complexes with lOx free CTp. These results validate the strategy cf
targeted vector delivery to neurons using neuron-specific ligands. Sources of
support: The International Spinal Research Trust, the Glaucoma Society.

TRANSLATIONAL REGULATION OF RIBOSOMAL PROTEIN L4
DURING NEURITE ELONGATION. Y. Liu*B. Chang, J.L. Twiss.
Dept. of Pathology & Lab. Med. (Neuropathology), University of
California, Los Angeles, CA 90095.
Recent evidence indicate that some proteins which are needed for
axonal growth and maintenance are synthesized not only in cell bodies
but also within the growing neurites. The presence of mRNAs
encoding cytoskeletal and other proteins coexist with translational
machinery in growing axons, suggesting that axons have the capability
to modulate responses through localized translational control. We have
shown that a short-lived mRNA, which encodes the ribosomal protein
L4, is traslationally regulated during neurite regeneration in
differentiated PC 12 cells and translation of L4 mRNA is required for
this rapid neurite extension. Axonal elongation from injured sensory
neurons is also blocked by antisense phosphothiorate oligonucleotides
to rat ribosomal protein L4 mRNA. Using a combined in situ
hybridization and immunocytochemistry, we have colocalized L4
mRNA and protein in elongating axons of primary rat sensory neurons
using dissociated culture following an axonal crush injury.
Accumulation of L4 mRNA in regenerating axons was found not only
with its own protein but also with other components of the translational
apparatus (e.g., elF-4E, eIF5 and RPP) indicating localized translational
control. The neuronal PC 12 cells yielded similar results.
Such
localization of components of the protein synthesis machinery itself may
prove crucial for the rapid axonal elongation seen in the injured sensory
neurons.
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ELECTROPHYSIOLOGICAL PROPERTIES AND SYNAPTIC
RESPONSES OF RAT PRINCIPAL SENSORY NUCLEUS CELLS
DURING DEVELOPMENT AND FOLLOWING DENERVATION. R. S,
Erzurumlu* and F.-S. Lo. Dept. of Cell Biology and Anatomy, Louisiana State
University Medical Center, New Orleans, LA 70112.
In the postnatal rat principal sensory nucleus of the trigeminal nerve (PrV),
barrelette and interbarrelette cells can be identified by their dendritic
morphology and active membrane properties (Lo et al., 1999). In this study we
examined whether there are maturational changes in the electrophysiological
properties and synaptic responses of PrV barrelette and interbarrelette cells
during whisker-specific pattern (barrelette) formation and following infraorbital
nerve section at birth. During development (PND0-PND12), the active
conductances of barrelette and interbarrelette cells did not change. Barrelette
cells exhibited a prominent A-type K+ conductance and interbarrelette cells a
substantial T-type Ca++ current. Both groups also had a mixed cation
conductance, Ih - The only change we noted was a decrease in the input
resistance of interbarrelette cells, presumably because of increase in soma
size. The postsynaptic responses of both classes of cells did not vary during
early postnatal life, both showed an EPSP-IPSP sequence. A small fraction of
cells also exhibited a large plateau-like depolarization evoked by strong
electrical stimulation of the trigeminal tract, mediated by L-type Ca++ channel
activation. Following infraorbital nerve section at birth, membrane properties
did not change. However, most of the barrelette and interbarrelette cells
showed the plateau potential after tract stimulation. This might be caused by a
diminution in the amplitude of IPSPs. These results suggest that active
membrane properties do not change during the critical period of activity
dependent refinement, and are impervious to changes in trigeminal afferent
activity. (Research supported by N.I.H. and the Whitehall Foundation.)

SPONTANEOUS AND EVOKED ACTIVITY IN THE DEVELOPING
TRIGEMINAL NUCLEUS. P.M.E. Waite1 and S.M. Ho2* ’School of Anatomy,
Univ. New South Wales, Sydney, 2052; ‘Developmental Neurobiology, Research
School Biologial Sci., Australian National University, Canberra, 2611, Australia.
The role of electrical activity in establishing appropriate connections in
somatosensory pathways remains controversial. For the trigeminal system, genetic
modification of the NMDA receptor alters whisker-related pattern formation
although postnatal blockade of trigeminal nerve activity fails to prevent barrelette
formation. The present studies have used an in vitro preparation of the brainstem,
with the trigeminal ganglion attached, to study the development of activity in the
trigeminal nucleus from embryonic day (E)15 to postnatal day (P)6. We report that
postsynaptic activity could be recorded in the main sensory nucleus from as early as
El5, when collaterals first invade the nucleus. From El6 onwards, bath application
of AP5 (50pm) and DNQX (10pm) showed that the response contained both NMDA
and AMPA components, with NMDA predominating until Pl. The postsynaptic
response was also enhanced by bicuculiine (50pm), indicating involvement of
GABAa mediated excitation.
An unexpected finding was the presence, throughout the trigeminal nucleus, of
spontaneous bursts of activity of similar amplitude and polarity to the evoked
responses. The bursts ranged in frequency from 0-9/min, with the highest frequency
occurring at PO-2. Bath application of bicuculiine and kynurenic acid abolished this
spontaneous activity suggesting GABAergic and glutamatergic mechanisms are
involved in its generation. Bursts were associated with depolarization of the
trigeminal root, similar to primary afferent depolarization of spinal roots. It is
suggested that these spontaneous potentials may cause sychronized depolarization of
trigeminal afferents, independent of evoked activity, and that this may be important
in the development of whisker-related patterns.

90.3

90.4

MECHANOSENSmVTTY OF GROWTH CONES OF CULTURED RAT
DORSAL ROOT GANGLION NEURONS. K, Imai. H. Soeda. A. Kokubo. and
Y. Katavama * Dept. Autonom. Physiol., Med. Res. Inst., Tokyo Med. & Dent.
Univ., 2-3-10 Kandasurugadai, Chiyoda-ku, Tokyo 101-0062, Japan.
Mechanosensitive machinery which should possibly localize on primary afferent
neurons has been poorly investigated. In the present study, we developed an
experimental system to investigate which sites of a single neuron are sensitive to
mechanical pressure or deformity, by using cultured rat dorsal root ganglion (DRG)
cells. Cultured neonatal rat DRG neurons protrude growth cones at the tip of the
growing neurites several hours after isolation. While whole-cell patch clamp
recordings were made from cell bodies at the holding potential of -60mV, inward
currents were recorded when mechanical stimulation was applied to growth cones
with glass capillaries. Almost no electrical responses were recorded when other sites
of DRG cells were mechanically stimulated. These current responses were reversed
in polarity at about -2.2mV (reversal potential). In the low-chloride (11.7mM)
solution, the reversal potential was about +60mV as expected from Nemst equation
for chloride. Replacement of extracellular sodium by tetraethylammonium (TEA)
did not significantly change the reversal potential. These inward currents were
partially (about 77%) inhibited by intracellular application of DIDS (ImM), and
almost completely (about 90%) inhibited by extracellular application of NPPB (lOOp
M). These results indicate that the inward currents are due to activation of
mechanosensitive chloride channels which would preferentially be located on the
growth cones of cultured rat DRG neurons. Supported by a Grant-in-Aid for
Scientific Research from the Ministry of Education of Japan.

WITHDRAWAL OF Ap FIBRES FROM SUBSTANTIA GELATINOSA
DURING NORMAL POSTNATAL DEVELOPMENT IS AN ACTIVITYDEPENDENT PROCESS.
S.A Beggs. A, Aynsley-Green. J. N. Wood* and M. Fitzgerald
Dept. of Anatomy and Developmental Biology. University College London, Gower
Street, London WC1E 6BT, UK.
The adult pattern of AP terminals in the rat spinal cord is not apparent at birth, but
is refined by axon withdrawal over the first three postnatal weeks. This
rearrangement occurs at a time of increased afferent input to the spinal cord and
may therefore be activity-dependent. The A-Methyl-D-Aspartate (NMDA) receptor
has been implicated in postnatal plasticity in other sensory sytems, eg whisker
barrel formation in somatosensory cortex and ocular dominance column segregation
in visual cortex. Both of these processes can be disrupted by NMDA receptor
blockade.
We have investigated the effect of chronic low-dose NMDA receptor antagonism
on postnatal spinal cord plasticity. Newborn rat pups were anaesthetised by
hypothermia and ELVAX implants containing lOOmM MK-801 inserted subdurally over the lumbar spinal cord. Six to eight weeks later, rats were reanaesthetised and sciatic nerves labelled with the transganglionic tracer B-HRP,
which remains selective for A-fibres under these conditions.
In normal newborn rats, B-HRP labelling is seen throughout laminae I-V of the
dorsal horn, but by three weeks of age, terminals have withdrawn from lamina II.
Chronic MK-801 administration resulted in the pattern seen at birth being retained,
with dense staining visible in lamina H. These results indicate an NMDA-mediated,
activity-dependent mechanism for the normal postnatal development of the dorsal
horn.
S. Beggs is funded by a Child Health Research Appeal Trust studentship.
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AREA-SPECIFIC ACTIVATION OF PLC-B ISOFORMS IN
NEOCORTEX. A. Katsnelson1 , P.C Kind1, K. Huber3. A.J. Hannan1.
D.Kim2. H-S. Shin2. M. Bear3 and C, Blakemore‘*Univ. Lab. of Phys., Oxford,
0X1 3PT, U.K. 2Dept of Life Science., Pohang Univ. of Science and Tech, Rep.
of Korea. 3Dept. of Neuroscience, Brown University, RI, USA.
Second messenger enzymes provide the molecular pathways by which receptor
activation is translated into functional changes within cells. There is a large
amount of hetorogeneity amongst these enzyme families, which may reflect
differences in the molecular events subsequent to receptor activation. The
phospholipase C-B family of phosphodiesterases are second messenger enzymes
that, following neurotransmitter receptor activation, hydrolyse PIP2 into IP3 ahd
diacylglycerol. We have recently demonstrated that PLC-G1 plays an important
role in the development of somatosensory cortex in rodents. Furthermore, PLCB1 expression is selectively enhanced in the somatosensory cortex during
development. To examine whether PLC-pl has differential patterns of activity in
different areas of the cortex, we compared the stimulation of phosphoinositide
(PI) turnover by ACPD, a group 1 metabotropic glutamate receptor (mGluR)
agonist, and Carbachol (CCh), a muscarinic acetylcholine (mAChR) receptor
agonist, in synaptoneurosome preparations from anterior cortex (including
somatosensory) and posterior cortex (including visual) of wildtype and PLC-fll
knock-out (KO) mice. In 3-week-old mice, CCh stimulation of
synaptoneurosomes from anterior cortex was dramatically reduced in PLC-B 1 KO
mice compared to wildtype animals. In contrast, CCh preparations from
posterior cortex of wildtype and PLC-B 1 KO animals showed no difference.
ACPD stimulation of PI turnover was similar in wildtype and PLC-B 1 KO mice
for both anterior and posterior cortex. These results indicate that the same class
of receptors can use different second messenger enzymes in different cortical
areas. Moreover, they suggest that, at 3 weeks of age, PLC-B 1 is not activated
via either mGluRs or mAChRs in the posterior cortex, but is stimulated through
mAChRs in the anterior cortex. Supported by the Medical Research Council.

A ROLE FOR PLC-B1 ACTIVATION VIA mGluRs DURING
MOUSE BARREL DEVELOPMENT P.C, Kind1*. K, Huber3. A,
Katsnelson1. A.J. Hannan1. D. Kim2. H-S. Shin2. M. Bear3 and C. Blakemore1.
Univ. Lab. of Phys., Oxford, OXI 3PT, U.K. 2Dept of Life Science, Pohang
Univ. of Science and Tech., Rep. of Korea. 3Dept. of Neuroscience, Brown
University, RI, USA.
The development of cortical cytoarchitecture depends, at least partly, on afferent
activity during embryonic and early postnatal development.
The rodent
somatosensory cortex, with its clearly defined ‘barrels’, provides and ideal system
in which to examine the role of neurotransmitter receptor signalling pathways in
cortical differentiation. We have recently demonstrated (Hannan et al, submitted)
that cortical neurons in mice with a null mutation in the PLC-B 1 gene fail to
organize into cortical barrels, despite the normal segregation of thalamocortical
afferents. To determine the receptors that signal through PLC-B 1, and hence are
involved in cortical barrel formation, we examined the ability of ACPD, a group 1
metabotropic glutamate receptor (mGluR, mGluRl and mGluR5) agonist and
Carbachol (CCh), a muscarinic acetylcholine (mAChR) receptor agonist, to
stimulate phosphoinositide (PI) turnover in synaptoneurosome preparations from
wildtype and PLC-B 1 knockout (KO) mice. At postnatal day 8, stimulation of
both mAChR and mGluR receptors in wildtype synaptoneurosomes resulted in a
large increase in PI turnover. In contrast, in synatoneurosomes from PLC-B 1
knockout mice, PI stimulation through mGluRs was completely abolished and
was greatly reduced through mAChRs. By Pl9, CCh stimulation was still greatly
reduced in the PLC-B 1 KO mice but ACPD stimulated PI turnover was similar to
that observed in wildtype animals. The data demonstrate a developmental
regulation in the second messenger enzymes through which group 1 mGluRs
stimulate PI turnover and suggest a critical role for these receptors in the formation
of cortical barrels. Supported by the Medical Research Council.

90.7

90.8

CYTOARCHITECTONIC ALTERATIONS IN PRIMARY SENSORY CORTICES
OF ADULT SEROTONIN TRANSPORTER KNOCKOUT MICE A.M. Persico1*,
A Baldi1, R. Moessner2 , D.L. Murphy3, K.P. Lesch2, and F. Keller1: ’Lab. of
Neuroscience, L. Univ. “Campus Bio-Medico”, Rome, Italy, 2Dept. of Psychiatry,
Univ. of Wiirzburg, Germany, 3Lab. of Clinical Science, NIMH, Bethesda, MD.
Serotonin (5-HT) plays a morphogenetic role during development of both neural
and non-neural tissues, such as heart and palate. In neonatal rodents, 5-HT is
transiently accumulated via the 5-HT transporter (5-HTT) by thalamocortical
neurons projecting to primary sensory cortices. We have thus undertaken
cytoarchitectural assessments of cortical brain areas, employing knockout (ko) mice
devoid of functional 5-HTT. The thickness of each cortical layer in primary motor,
cingulate and inffalimbic, primary somatosensory, visual and auditory cortices was
measured in acetylcholinesterase- and cytochrome oxidase-stained coronal sections
of 4-month old mouse brains. Cell counts were performed using Nissl-stained
sections. The KS-100 and Neurolucida/Stereoinvestigator systems were employed
fir image analysis. Preliminary assessments performed on 3-4 animals of each
genotype indicate that ko mice display an 8.6+4.7% reduction in primary
somatosensory cortical thickness compared to wild-type and heterozygous mice,
with prominent 17+5.5% decreases in layer IV thickness. Similar reductions in
cortical and layer IV thickness are also present in the primary visual cortex,
whereas no difference is detected in non-sensory cortices from the same animals.
These cytoarchitectonic alterations, together with the PCPA-induced reversion of
barrel pattern alterations we previously described, provide evidence of a
morphogenetic role of 5-HT in rodent cortical development, possibly most
prominent in cortical areas which are the target of 5-HTT-expressing
thalamocortical neurons. We are presently investigating the basis of the reduced
cortical thickness observed in 5-HTT ko mice. Supported by grant BMH4-CT96-

NMDA RECEPTOR BLOCKADE AND CELL DEATH IN THE DEVELOPING
RAT OLFACTORY BULB. B. K. Fiske1* and P. C. Brunjes12. .‘Program in
Neuroscience and department of Psychology, University of Virginia,
Charlottesville, VA 22903.
Surgical closure of a single external naris reduces airflow across the olfactory
epithelium and thus odorant access to olfactory sensory neurons. When performed
on postnatal (P) day 1, substantial (25%) reductions are observed in the size of the
ipsilateral olfactory bulb by P30. The decrease is due, in part, to the increased death
of specific postnatally generated cell populations. However, the mechanism(s)
linking reduced sensory function to an increase in cell death is unclear. NMDA
receptor activation is one means through which afferent function may regulate cell
survival. To examine the possible role of NMDA receptors, we injected rats on P7
and P28 with MK-801 (0.5mg/kg b.w. i.p.), an NMDA receptor antagonist, and
examined levels of cell death in the bulb 24 hours later using TUNEL. Drug
injection on P7 dramatically increased levels of cell death in the olfactory bulb by P8
when compared to saline-injected control rats, with 2- to 4-fold increases seen in all
bulb layers. While similar effects were observed after injections on P28, alterations
were mainly confined to the deeper bulb layers, suggesting a laminar-specific
difference in susceptibility to NMDA receptor blockade at the older age. Thus,
NMDA receptor function may play an important role in regulating cell survival in the
olfactory bulb and provides a putative mechanism for the deprivation-induced cell
death seen after functional olfactory deprivation.
This study was funded by grant DC-00338 from the NIDCD.
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0730 of the European Community and by a grantfrom Fondazione CaRiSal.

90.9

90.10

NITRIC OXIDE IN OLFACTORY DEVELOPMENT IN MANDUCA SEXTA:
LOCALIZATION AND EFFECTS OF PERTURBATION. N.J. Gibson,* W.
Roessler, A, Nighom, L.P. Tolbert and J.G. Hildebrand. Arizona Research
Laboratories Division of Neurobiology, University of Arizona, Tucson, AZ 85721.
During metamorphosis in the moth Manduca sexta, ingrowing olfactory receptor
axons are necessary for development of glomeruli in the antennal lobes of the brain.
Normally, axon terminals form knot-like protoglomeruli, glial cells surround the
protoglomeruli, and dendrites of antennal-lobe (AL) neurons then extend into the
glomeruli. In the absence of afferent innervation, glial cells fail to migrate; if glial
cells are ablated, however, the afferent terminals form protoglomeruli but subsequently lose their glomerular organization. In both cases AL neurons fail to arborize
in a glomerular pattern. We have investigated the possible role of nitric oxide (NO)
in these events. We have cloned Manduca NO synthase (NOS) and find that it is
expressed by olfactory receptor cells throughout metamorphosis, and also is strongly
expressed by perineurial cells until an intermediate developmental stage, suggesting a
role for NO in signaling during formation of glomeruli. We have investigated this
possibility by treating pupae with the NOS inhibitor, L-NAME. In animals treated
twice a day with 11 mg L-NAME, axons of receptor cells grow into the AL and
appear to form normal protoglomeruli, but glial cells fail to migrate to surround them.
With lower doses of L-NAME, ALs form in which glial cells migrate to surround
some glomeruli. In these glomeruli a unique, identified serotonin-immunoreactive
neuron extends processes beyond their normal limits. To investigate the possible
downstream effectors of the NO signal, we have characterized the expression of
soluble guanylyl cyclase (sGC) and cGMP immunoreactivity. We find evidence of
NO-sensitive sGC’s in a subset of AL neurons, but not in AL glia or in the serotoninimmunoreactive neuron. In preliminary experiments, ODQ, an inhibitor of sGC, has
no obvious effect on AL development. Currently we are investigating other distinct
biochemical pathways known to be affected by NO, including protein acylation and
protein ADP-ribosylation.
Supported by NIH grant NS-28495.

LTP AND LTD INDUCED BY ACTION POTENTIAL-EPSP PAIRING AT
VERTICAL INPUTS TO LAYER II/III PYRAMIDS IN RAT SOMATOSENSORY
CORTEX. D. E. Feldman*. Neural Devel. Sec., NINDS, NIH, Bethesda MD 20892.
Sensory experience alters the neural representation of the body surface in primary
somatosensory (barrel) cortex. For instance, when all but a single mystacial vibrissa
is plucked in adolescent rats, neurons in layer II/III of the cortical columns
representing the plucked whiskers undergo a rapid, long-lasting decrease in principal
vibrissa responses (Glazewski and Fox, J. Neurophysiol. 75: 1714, 1996). Here I
investigate the hypothesis that this decreased principal vibrissa response may be due
to associative LTD at vertical, within-column inputs onto layer II/III pyramidal cells.
Whole-cell recordings were made from layer II/III pyramids in coronal slices of
barrel cortex (age: Pl8-30). Bicuculline was applied focally to block IPSPs.
Stimulation of layer IV in the same column evoked AMPA and NMDA receptormediated currents in II/III neurons. The shortest latency currents, most likely to
reflect monosynaptic input from layers IV-VI, were studied. Homosynaptic LTP
(mean: 145%; n=8) or LTD (mean: -33%, n=10) could be induced in voltage-clamp
experiments by transiently depolarizing the cell to either 0 or -50 mV, respectively,
for 50-100 stimuli without changing baseline stimulation frequency. Plasticity could
also be induced associatively in current clamp experiments by pairing EPSPs and
postsynaptic action potentials. Pairing induced LTP when the EPSP preceded the
action potential and LTD when the EPSP followed the action potential. Presentation
of EPSPs or action potentials alone did not induce plasticity. In preliminary data, the
temporal window for LTD induction was longer than that for LTP (=100 vs. =20
msec). This observation implies that vertical inputs that are active but not correlated
to pyramidal cell spiking would, over time, become depressed. This mechanism could
explain the depression of principal vibrissa responses during uni vibrissa rearing, since
spontaneous activity in vertical inputs representing plucked vibrissae is likely to be
poorly correlated with pyramidal cell spiking driven by the spared vibrissa.
Supported by NINDS Intramural Research Program.
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EFFECTS OF AXOPLASMIC TRANSPORT ATTENUATION ON THE
RESPONSE PROPERTIES OF VIBRISSAE-SENSITIVE NEURONS IN THE
TRIGEMINAL PRINCIPAL SENSORY NUCLEUS. S. Zhang, N.L. Chiaia,
R.S Crissman*. R.W. Rhoades. Dept. of Anatomy and Neurobiology, Medical
College of Ohio, Toledo OH 43699
We have previously shown that attenuation of axoplasmic transport in the
infraorbital nerve in rats at birth results in a loss of vibrissae-related aggregates
of neurons in the brainstem, thalamus, and cortex of these animals despite a
retention of such organization in the central terminals of trigeminal primary
afferents in the brainstem. The present study examined the effects of the loss
of this pattern on the response properties of neurons in the principal sensory
nucleus (PrV). We recorded responses to mechanical deflection of the whiskers
and electrical stimulation of the trigeminal (V) ganglion and the ventral
posteromedial nucleus of the thalamus (VPM), of 54 vibrissae sensitive neurons
in PrV in vinblastine-treated animals and 65 such units in control animals. The
response properties of units recorded in vinblastine-treated animals showed only
modest changes from normaL These cells showed a small, but statistically
significant increase in receptive field size (1.3±0.7 vs 1.7±0.9 vibrissae) and
a decrease in percentage of units that responded in a tonic fashion to vibrissae
deflection (56.9% vs 7.4%). Directional selectivity, number of spikes per
stimulus, and latency to orthodromic activation of the V ganglion were all
unaffected. These results demonstrate that loss of vibrissae-related patterns
following vinblastine treatment does not markedly alter the responses of PrV
cells to whisker stimulation.
Supported by NS 28888 and DE 07734.

THE EFFECT OF DIFFERENTIAL UNILATERAL WHISKER
STIMULATION
ON
EXPLORATORY
BEHAVIOR
AND
COMPLETION OF SPATIAL LEARNING TASKS. C.L. Sauer, D,

Shollar, R.L. Craik1, J.R. Hoffman*. Dept. ’Phys. Ther. & Biology7, Beaver
College, Glenside PA, 19038.
Rodents actively use their vibrissae during exploration. In this study, 6 week
old rats were cither chronically-enriched (n^9; unilateral brushing of whiskers
at 5 Hz for 5 minutes a day), control (n=10), chronically-deprived (n=8;
unilateral whisker ablation), or acutely-deprived (n=4; unilateral clipping of
vibrissae). All whisker manipulations were completed on the left side of the
animal. Chronic animals were either enriched or deprived for 3 weeks prior to
testing, while acute animals began testing on the same day as whisker trimming.
Animals were maintained on a 23 hour food restriction paradigm beginning 5
days prior to and continuing through the entire 10 day testing period. Animals
were tested on a baited 8-arm radial arm maze and a multiple Y-maze under
normal and red-light illumination. Animals were also placed in a glass cylinder
and limb placement during rearing events was monitored. Chronically- and
acutely-deprived animals demonstrated significantly fewer successful
completions of the radial arm maze under normal illumination during the 6minute trial period early in the testing phase. A similar trend was observed
when animals were tested under red-light illumination. Total number of rearing
events was not different between groups, but chronically-enriched and
chronically-deprived animals exhibited significantly greater initial placement of
the left paw. The results indicate the sensitivity of these tests for assessing the
role of vibrissae in exploration.
Supported by a Beaver College Faculty Development Award.

90.13

90.14

SEX, AGE AND DURATION OF EXPOSURE DETERMINE LAMINAR FLOW
HOUSING EFFECTS ON CONSPECIFIC ODOR PREFERENCES OF CD-I
MICE. C.A. Cornwell*, M.J. Chun, R. Pearson and N. Sanpetrino.
Dept. of Psychology, Syracuse Univ., Syracuse NY, 13244.
Two experiments investigated whether housing developing mice in a
filtered Laminar Flow enclosure alters preferences for familiar vs
novel odors, open field behavior and hippocampal monoamine
concentrations. The latter behavioral and neurochemical measures
are sensitive to stress.
Experimental mice were bom in the open
colony, reared in hardwood shavings and their cages were placed in
the Laminar Flow apparatus one, two or three weeks before testing at
either 35 or 44 days of age. Control siblings remained in the open
colony. Laminar Flow housing did not alter responses to familar vs.
novel arbitrary odors (clean hardwood vs. cedar). However, one
week in the apparatus reduced attraction to soiled nest shaving vs.
clean hardwood odor and activity in the open field for male, but not
female mice tested on Day 35. Two and three weeks in the apparatus
respectively reduced and enhanced conspecific odor attraction but did
not influence open field behavior by 35-day-old males. Either one
or two weeks in the apparatus enhanced conspecific odor attraction in
both males and females 44 days old and did not affect open field
behavior, or hippocampal monoamine levels.
Supported by the Department of Psychology, Syracuse University.

GENDER
DIFFERENCES
TO
TAIL-FLICK
TEST
DURING
THE
POSTNATAL DEVELOPMENT OF WISTAR RATS.
Carrillo, P* . ,
Mucifio, E., Fajardo, V.,
Manzo, J., Hernandez, M.E. and
Pacheco,
P.
Inst.
Neuroetologia,
Univ.
Veracruzana,
Xalapa, Ver. , Inst, de Inv. Biomedicas, UNAM. Mexico.
In newborns the response associate to the perception of
thermal noxious stimuli has been scarcely analyzed and
with contradictory results. Here using the tail-flick
(TF) test we systematically examine during the postnatal
development the responsiveness to pain. Every other day
from day 7 to 21 and during days 25 , 30 and 35, the TF
was done (45°C).Two tail regions (tip and medial) of the
newborns were used for stimulation. Males
(n=15) and
females (n=15) were raised in 3 mixed gender litters.
Weaning was done at day 22 of life. The animals were
housed in reversed light-dark cycle and tested during the
third hour of the dark phase. Diameter and longitudinal
extension of the tail as well as the curve of body weight
were also obtained. RESULTS: body weight, tail diameter,
tail
longitudinal
extension
and body
weight
had
a
progressive increase. No statistical differences between
sexes were observed. TF to tail tip stimulation was
similar in both sexes. However, from day 17 to 35 the
responsiveness in males to medial region stimulation was
slower than in females(p<0005). CONCLUSIONS: Since in the
present study the physical parameters were similar in
both
gender,
it
is
conceivable
that
the
gender
differences obtained in pain thresholds is due to a
tiif ferent ial sex neural modulation.
CONACyT-PCC-12 7 3 0 9N
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POSTNATAL EXPOSURE TO A MODIFIED SALT DIET ALTERS DENDRITIC
REMODELING IN THE ROSTRAL NUCLEUS OF THE SOLITARY TRACT
(rNST). W.E. Renehan*1, Y.-Z. Liu1 and L. Schweitzer2. ’Neurogastroenterology
Research, Henry Ford Health System, Detroit MI 48202 and 2Dept. of Anatomical
Sciences and Neurobiology, University of Louisville School of Medicine, 40202.
Our laboratories have demonstrated that Salt Sensitive gustatory neurons (neurons
that respond to NaCl, NH4CI and KCI) in the rNST of the rat undergo substantial
dendritic remodeling during development, with many measures (e.g. dendritic
length, rostrocaudal extent, dendritic branches, swelling density) reaching peak
values between postnatal days (PND) 22 and 28. The present study was designed to
examine the possibility that the remodeling that occurs in Salt Sensitive cells after
PND22-28 may be stimulated by the relatively high salt content (approx. 140mM) of
normal rat chow. We tested this hypothesis by maintaining weaned rats on a diet
that contained the same concentration of NaCl (38mM) as rat milk. The dendritic
morphology of Salt Sensitive neurons (N = 14) in these animals was compared to
the dendritic architecture of Salt Sensitive neurons from normal adult rats (N = 21).
We found that the dendritic arbors of Salt Sensitive neurons from animals raised on
the modified salt diet were more restricted in the dorsoventral axis (244.7 vs. 311.6
pm) and more expansive in the rostrocaudal axis (381.5 vs. 271.7 pm) than Salt
Sensitive cells from normal animals (t test p < 0.05 for both comparisons). There
were also trends that indicated that the Salt Sensitive neurons from the experimental
animals had a greater cell volume (2366.9 vs. 1619.4 pm3) and swelling density
(0.052 vs. 0.039 swellings/pm) than normal cells (t test p < 0.2). These data provide
further support for our hypothesis that the maturation of the dendritic morphology of
Salt Sensitive neurons in the rNST is sensitive to the concentration of NaCl in the
diet of weaned animals. The results would appear to illustrate a link between a
specific environmental stimulus (NaCl) and the morphology of higher-order neurons
in the central nervous system. Supported by DC01074 from NIDCD-NIH.

DEVELOPMENT OF SPATIAL REFINEMENT OF INHIBITORY INPUTS TO
MEDIAL SUPERIOR OLIVARY NEURONS DEPENDS ON EXPERIENCE OF
BINAURAL LOW FREQUENCY INPUTS C. Kapfer1, A. Seidl2, M. Rager1, H.
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Schweizer2, and B. Grothe*1 1 Max-Planck-Institut fur Neurobiologie, 82152 MunichMartinsried, Germany; 2Zoologisches Institut der LMU 80333 Munich, Germany.
The medial superior olive (MSO) receives binaural inhibitory projections via the
medial and lateral nucleus of the trapezoid body (MNTB, LNTB). In adult low
frequency hearing animals like cats, chinchillas, and gerbils these inputs are spatially
restricted to the soma and most proximal dendrites. This refinement might enhance the
time resolution of interaural time difference (ITD) coding by MSO coincidence
detector neurons. The question is whether the development of this spatial refinement
only occurs in animals using ITDs for sound localization and whether it depends on
binaural sound driven coincident activity.
We investigated the development of the inhibitory projections to MSO neurons in the
low-frequency hearing gerbil using different immunocytochemical approaches. The
distribution of glycine boutons on single MSO neurons and the overall distribution of
gephyrin and glycine receptors across the mediolateral axis of the MSO were
quantified. Additionally, we compared the spatial arrangement of these inputs in the
MSO of gerbils with that in the MSO of only high frequency hearing mammals
(opossum, rat, free-tailed bat).
In adult opossums, rats, and free-tailed bats the labeling was evenly distributed over
soma and dendrites of MSO neurons. In contrast, in adult gerbils these inputs are
restricted to the soma and most proximal dendrites. However, in young gerbils two
days before hearing onset (PlO) this refinement could not be found. Adult gerbils with
unilateral cochlea ablation before hearing onset (P7) also do not show this refinement.
These results suggest that the spatial refinement of glycinergic projections to MSO
neurons depends on experience of binaural inputs that are phase-locked to low
frequency sounds. Supported by DFG-FG “Hdrobjekte”/TP3

ACTIVITY IN SENSORY SYSTEM DEVELOPMENT: EFFECTS AND MECHANISMS

SUNDAY AM
90.17

Development of whisker-related neuronal patterns in cerebral cortexspecific NMDAR1 knockout mice. Yuqing Li*1,2,3. Ren-Shiang Chen1 XiaoLu Jin3, and Huailian Guo3. Neuroscience Program1, Beckman Instituted
Dept. of Molecular & Integrative Physiology3, Univ. of Illinois at UrbanaChampaign, Urbana, IL 61801
The rodent whisker-to-barrel system is an excellent system to study the role
of activity, especially the activity mediated by NMDA receptors, in the
formation and specificity of central synaptic connections. It is well established
now that the development of the whisker-related neuronal patterns in
brainstem trigeminal nuclei (barrelettes) is activity-dependent and requires
NMDA receptors (Li et al., 1994; Kutsuwada et al., 1996; Iwamoto et al.,
1997; Mori et al., 1998). However, it has been unsettled whether the
development of whisker related patterns requires NMDA receptor activation
at the higher levels (barreloids in thalamus and barrels in cortex) along the
trigeminal neuraxis (Schlaggar et al., 1993; Mitrovic et al., 1996; Iwamoto et
al., 1997). In order to resolve the issue, we have created transgenic mice
recently that can target genetic manipulations specifically to the developing
cerebral cortex using cre-loxP technology. Using these mice, we have
successfully derived mutant animals with a cerebral cortex-specific
inactivation of the NMDA receptors. Unlike the NMDA receptor null knockout
mice produced previously, the cerebral cortex-specific knockout mice are
viable and can survive more than 6 months postnatal. In addition, the
development of barrelettes and barreloids is unaffected in these mice. In the
mutant cortex, barrels are present but are less distinct compared to control
littermates. These results indicate that NMDA receptors are not required for
the initial development of barrels and that the refinement of barrels is critically
dependent upon the activity mediated by NMDA receptors. Supported by
NSF, NIH, Beckman Institute, Critical Research Initiative of UIUC, and by a
startup fund from State of Illinois and Lucille P. Markey Charitable Trust.
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POSTNATAL DEVELOPMENT OF CORTICOSPINAL AXON BRANCHING.
Qun Li*, Susan J. Lee, and John H, Martin. Ctr. for Neurobioiogy and Behav.
and NYS Psychiatric Institute, Columbia University, New York, N.Y. 10032
Corticospinal (CS) projections in cats undergo activity-dependent refinement of the topographic distribution of their terminations between the 3rd - 7th
postnatal weeks (Martin et al., 1999). In this study we have extended our
earlier results (Lee et al., 1998) examining further how CS terminal axon
branching depends on neural activity.
We compared branching patterns in normal cats and those subjected to
unilateral sensory-motor cortex activity blockade, produced by continuous
muscimol (10 mM) infusion. CS axon terminals were labeled with BDA and
PHA-L. In normal animals, we examined branching before (postnatal day
[PD] 25), during (PD 35), and after (>PD 49) axon refinement. In animals
subjected to unilateral blockade, we examined branching of silenced axons
>PD 49, and for active axons, at PD 35 and >PD49.
In normal cats at PD 25, we found that CS axons have relatively few
terminal branches but their distribution exceeds that of mature terminations.
Following PD 25, there is both a progressive increase in contralateral
branches and elimination of transient branches. In animals subjected to
unilateral blockade, silenced CS neurons have fewer branches than agematched controls, while active neurons have more branches.
Our results provide further evidence for the importance of neural activity
in shaping CS terminations. The increased branching of the “active” terminations could reflect maintenance of transient ipsilateral terminations and excess growth resulting from the absence of competitive interactions with
“silenced” terminations. (NS36835; March of Dimes; United Cerebral Palsy)

ACETYLCHOLINE AND GLUTAMATE SECRETIONS FROM EMBRYONIC
SPINAL RAT MOTONEURONS: REGULATION AND MORPHOLOGICAL
INFLUENCES.
J.P. Temaux^M. Barthelemy-Requin and P. Portalier. UPR 9041 CNRS. 13009
Marseille. France.
E15 purified embryonic spinal rat motoneurons exhibit immunoreactivity to
antibodies raised against acetylcholine (ACh) and glutamate (Glu).
Chemiluminescent and bioluminescent detections of respectively ACh and Glu
show that both molecules are spontaneously secreted from motoneurons.
Secretions of ACh and Glu are not modified in absence of extracellular calcium.
Basal secretion of Glu is enhanced in presence of glucose and significantly
reduced in presence of carbachol (0.1 mM). ACh secretion increased in presence
of 0.1 mM Glu suggesting regulatory mechanisms through excitatory amino-acids
receptors. Immunohistochemistry with specific antibodies demonstrates that Glu
Rl, Glu R2 and Glu R6-7 are present on embryonic motoneurone membrane as
well as EAAC1, the neuronal transporter of Glu. Addition of D-APV (O.lmM) in
the medium, a specific antagonist of NMDA receptor, significantly reduced the
ACh secretion. Extracellular ACh is also decreased in presence of GYKI 53655
(lOpM), a potent antagonist of AMPA/kainate receptors. These results show that
Glu is able to regulate the ACh secretion from embryonic motoneurons. At this
stage, ACh is a trophic factor and inhibits the neuritic growth. Changes in
morphological properties of developing motoneurones are observed when they are
cultured in presence of D-APV and GYKI, exhibiting longer axons and reduction
of their dendritic processes. Such an observation can be attributed to the
modulation of ACh trophic effect by Glu.

91.3

91.4

NMDA-RECEPTOR ANTAGONIST PREVENT FROM THE
ABNORMALITIES INDUCED BY NEONATAL X-IRRADIATION
ZorrillaZ., Maria A.; Guelman, Laura K*And Zieher, LuisM.

MOTOR

1". Cdtedra de Farmacologia, Facultad de Medicina, Universidad de Buenos Aires, Argentina. Paraguay
2155. Piso 15° (1121) Buenos Aires, Argentina,

e-mail: ZOrriHa©fmed.uba.ar

Exposure of neonatal rats to 5Gy of X-irradiation induces permanent alterations in cerebellar
cytoarchitecture (decreasing number of granule cells), neurochemistry (increase in cerebellar
noradrenaline levels) and motor function (ataxic gait, dystonia and fine tremor). Moreover,
cerebellar granule cells grown in culture showed a high radiosensitivity after in vitro
irradiation.
NMDA-receptor antagonists have been effective in the prevention of mechanical,
neurotoxical and ischaemic lesions that involves excitotoxicity. Since glutamatergic granule
cells possess NMDA-receptors and activation of this receptors might be one of the mechanisms
that triggers granule cell death in the radiation model, we tested ketamine (a non-competitive
NMDA-receptor antagonist) or selfotel (a competive NMDA-receptor antagonist) administered
s.c. to neonatal rats 1 hour prior irradiation in doses found to be non-toxic. Motor gait was
evaluated by using two ad-hoc quantitative tests. Cerebellar NA levels were quantified
spectrofluorometrically.
Results show that ketamine and selfotel failed to modify the radiation induced increase in
cerebellar NA concentration. However, in ketamine-treated X-irradiated rats, parameters of
motor gait significatily differed from X-irradiated non treated rats and remained similar to
control values. On the other hand, selfotel-treated X-irradiated rats showed that motor gait was
significativelly improved only for one parameter. The better outcome of ketamine on the
prevention of functional loss by radiation damage could be due to its noncompetitive
mechanism of action cm glutamatergic receptors as compared with the competitive one of
selfotel, particularly in the presence of high concentrations of the endogenous agonist, in this
case, glutamate. Moreover, as demonstrated in a previous paper on the prevention by ketamine
of neurotoxic effect of X-irradiation on granular glutamatergic cells in an in vitro model, we
may conclude that glutamate-induced granule-cell death may be one of the mechanisms of
radiation damage in this model.
This work was supported by CON1CET and UBA.
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EFFECTS OF NORADRENERGIC a-RECEPTOR AGONISTS AND
ANTAGONISTS ON AIR-STEPPING. L.L, Taylor and C, Van
Hartesveldt*. Psychology Dept., Univ. of Florida, Gainesville, FL 32611.
Rat pups suspended in harnesses and administered L-3,4dihydroxyphenylalanine (L-DOPA) engage in age- and dose-dependent
stereotyped locomotor behaviors termed air-stepping. In order to assess the
role of noradrenergic aj and a2 receptor subtypes in these behaviors, several
doses of the aj agonist cirazoline and the a2 agonist UK-14,304 were
separately administered s.c. to rat pups at postnatal days 5,10,15, and 20
and their behaviors recorded. Cirazoline elicited extension of the limbs and
tail but not air-stepping; UK-14,304 elicited very brief episodes of airstepping. Given together, these two agonists elicited air-stepping of much
longer duration than UK-14,304 elicited alone. Thus, activation of both
receptor subtypes together is sufficient to elicit air-stepping.
In order to determine whether activation of each subtype is necessary to
elicit L-DOPA-induced air-stepping, several doses of the noradrenergic ct]
antagonist prazosin and the a2 antagonist idazoxan were separately
administered s.c. prior to 100 mg/kg L-DOPA s.c. While both drugs dosedependently decreased L-DOPA-induced air-stepping, prazosin also
changed its topography. Taken together, these data suggest different roles
for the noradrenergic a, and a2 receptor subtypes in locomotion.
This research was supported by Grant NS 28850.
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INCREASED IN VIVO SEROTONIN LEVELS: EFFECTS ON TRIGEMINAL
MOTONEURONS AND MUSCULOSKELETAL TARGET ORGANS. T.A.
Sheskin1, C.M. Rush1, N.A. Doucette1, W.M. Johnston1, D. Teomim2, A.J, Domb2,
and K.E. Byrd1 . ’Dept. of Anatomy, Sch. of Med., Indiana Univ. Indianapolis, IN
46202 USA; 2Sch. of Pharm., The Hebrew Univ. of Jerusalem, ISRAEL.
This study investigated how long-term release of serotonin (5-HT) from
polyanhydride microspheres in proximity to trigeminal motoneurons (Mo5) could
alter craniofacial growth of growing rats. Biodegradable microspheres containing
10% or 15% 5-HT in P(FAD:SA), in 1:1 ratio were prepared as described earlier
(Byrd et al., 1997). In vitro release analysis for 5-HT microspheres indicated that
the 5-HT was completely released within 8 days. Microspheres were implanted
adjacent to left-side Mo5 in 30 35-day old male, Sprague-Dawley rats. Blank
(BLA) microspheres and sham (SHA) procedures were also performed in control
rats of identical age. At sacrifice, 15% 5-HT rats showed a dramatic deviation of
their snout/facial skeleton toward their implant-side and an asymmetry of their
orbital sockets. In addition, 15% 5-HT rats demonstrated implant-side muscle fiber
shifts in color. Implant-side muscles - mainly masseter (MS) and temporalis (TP) were generally darker than their nonimplant-side antimeres. Histograms of MS and
TP color components for the 15% 5-HT rats showed markedly different color
intensities for these muscles when compared to the control rats. At 14 days postop,
15% 5-HT anterior digastric (AD) and lateral pterygoid (LP) implant-side muscles
were significantly (P<0.05,0.01) heavier than BLA and SHA implant-side AD and
LP. At 21 days, significant (P<0.01) differences were detected between 15% 5-HT,
BLA, and SHA nonimplant-side medial pterygoid (MP) and LP muscles. The
results presented here suggest that in vivo 5-HT levels have significant effects on
the development of craniofacial structure, muscle fiber color-shifts, masticatory
muscle weights, trigeminal motoneuron and target organ (masticatory muscles)
activity patterns. This research supported by NIDR grant DE07380.

AN ELECTROMYOGRAPHIC COMPARISON OF L-DOPA-INDUCED
AIR-STEPPING AND SWIMMING IN DEVELOPING RATS.
L.B. Tucker* and P.J. Stehouwer. Department of Psychology, University of
Florida, Gainesville, FL 32611.
The aim of the present experiment is to describe differences in muscle activity
underlying hindlimb movements during L-DOPA-induced air-stepping and
swimming in developing rats. Rat pups at postnatal days (PND) 5 and 20 were
injected with L-DOPA (100 mg/kg) and suspended in harnesses within an
incubator. Electromyograms were recorded from biceps femoris (hip extensor),
vastus lateralis (knee extensor), gastrocnemius (ankle extensor), and tibialis
anterior (ankle flexor) during episodes of coordinated air-stepping and
suspended swimming. The frequencies, durations, peak amplitudes, and phase
relationships of muscle activity were calculated using electromyograms
integrated with a time constant of 10 msec. An ontogenetic increase in cycle
frequency of each muscle was observed on both substrates, although cycle
frequencies were higher in the air at both ages. Analyses of phase relationships
revealed that the order of activation varied little across substrate. Burst
durations did not vary as a function of either age or substrate. However, the
mean area of the integrated activity of each muscle was greater in water than in
air. The greater activation resulted from an increase in peak amplitude rather
than an increase in burst duration. These results suggest that although limb
movements after treatment with L-DOPA are kinematically similar in the air
and in the water, the amount of muscle activity is greater in the water to
compensate for greater biomechanical demands. (Supported by ORTGE,
University of Florida)

91.7
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IMPROVED RECOVERY OF LOCOMOTION IN SPINAL CORD
INJURED RATS TREATED WITH AN ANTIBODY NEUTRALIZING
MYELIN ASSOCIATED NEURITE GROWTH INHIBITOR. K. Fouad*12,
G.A.S. Metz1, V. Dietz2, M.E. Schwab1 and D. Merkler1.1 Brain Res.
Institute, Univ. of Zurich; 2Univ. Hospital Balgrist, Zurich, Switzerland.

NEUREGULIN IS AN IN VITRO SURVIVAL FACTOR FOR EMBRYONIC RAT
SPINAL CORD MOTONEURONS. RJ. Pearson Jr.3* A.G. Estevez1. J.S.
Beckman1,2, and S.L. Carroll3,4. Depts. Of’Anesthesiology, biochemistry and
Molecular Genetics, ’Neurobiology, and “’Pathology, Univ. of Alabama at Birmingham
Sch. Med., Birmingham, AL 35294.
Neuregulins (NRGs) are a family of structurally related growth and differentiation
factors that exert pleiotropic effects on both neurons and glia. To test the hypothesis
that (3NRG is an in vitro survival factor for embiyonic day 15 (E15) rat spinal
motoneurons (MNs), we treated these cells with vaiying concentrations of ftNRG (.0150nM) and examined the survival of these highly purified (92-98%) MNs 24 hrs after
plating. We found that 5nM NRG promotes maximum MN survival in vitro.
Treatment of MNs with NRG plus GDNF resulted in a significant increase in MN
survival over that seen with GDNF alone. However, the combination of NRG plus
BDNF, another known MN survival factor, resulted in MN survival only slightly
greater than that seen in cultures receiving no neurotrophic factor. Treatment of MN
cultures with NRG plus NGF similarly decreased MN survival. When cultures
receiving NRG plus BDNF are treated with either a nitric oxide synthase inhibitor (LNAME) or a superoxide dismutase mimetic (MnTBAP), MN survival is restored to
levels similar to that of cultures treated with NRG alone.
Expression of NRG and the erbB receptors was examined in E15 rat spinal motor
neurons and skeletal muscle by double-label immunofluorescence using antibodies to
NRG, eibB2, erbB3, erbB4, and the motor neuron marker Islet-1/2. All NRG isoforms
(both transmembrane bound and secreted isoforms) and erbB receptors colocalized with
motor neurons. Furthermore, Western blot analysis confirmed the expression of NRGs
and their erbB receptors in spinal cord and demonstrated NRG synthesis in developing
limb bud. These results suggest that NRG is an in vitro survival factor for E15 rat
spinal MNs and when combined with other known MN survival factors, may mediate
MN apoptosis by inducing peroxynitrite formation. Our analysis of in vivo expression
of the NRGs and their erbB receptors suggest that NRGs mediate MN survival during
normal development. Supported by the ACS and NIA.

91.9

91.10

ALTERED DENDRITIC MORPHOLOGY IN A POPULATION OF MOTOR
NEURONS IN RATS REARED IN MICROGRAVITY. F.M. Inglis.* K. E.
Zuckerman. M. Roberts and R.G. Kalb. Department of Neurology, Yale University
Medical School, 333 Cedar Street, New Haven, CT 06520.
Sensory systems undergo experience-dependent development during which
connnectivity is guided by sensory-evoked synaptic activity during a critical period in
early postnatal life. Does the motor system undergo similar experience-dependent
development? To perturb motor experience, we studied young rats that developed for
part of the first month of postnatal life in the absence of gravity. We examined the
dendritic morphology of motor neurons in the cervical spinal cord in rats flown on the
space shuttle (Neurolab). Rats were 8 days old at launch, and were sacrificed by
perfusion fixation at age 16 or 19 days, or upon landing at age 24 days. Motor neuron
dendrites were labeled with Dil application to the ventral roots, and computer-assisted
camera-lucida drawings were made in 80^m sections. There were no differences in
any indices of cell size or amount of dendritic arbor observed in 16 and 19 day old
animals reared in microgravity compared with age-matched controls. However, in 24
day old animals the number of bifurcations, and the average amount of arbor per
dendritic tree, were reduced compared to controls. These alterations were prominent in
cells located medially, while cells lying laterally were similar to controls. Musclespecific tracing studies indicate that extensor motor neurons occupy a more medial
position than flexor motor neurons within the ventral hom. These observations
indicate that in reduced gravity, the morphology of extensor motor neurons develops
abnormally. This suggests motor neurons undergo experience-dependent during early
postnatal life. (Supported by NIH grants NS29837 and NS33437).

LOCOMOTION IN NEONATAL RATS DURING AND AFTER SPACE
FLIGHT. D Sulica*, J Laczko and KD Walton. Dept. of Physiology &
Neuroscience, New York University School of Medicine, New York, N.Y., U.S.A.
To examine further the influence of experience on the development of motor
function, two groups of neonatal rats were flown aboard Neurolab, a 16-day shuttle
mission: One group spent postnatal day 8 (P8, before quadruped stance) to P24 in
flight (= 3mo to 6 yrs in humans), the other group walked at launch and spent Pl4
to P30 in flight (~ 1 to 8 yrs in humans). Flight (F) and asynchronous ground
control (AGC) animals were housed in similar cages; vivarium control (VIV)
animals were housed in standard cages. Walking was videotaped at 60 fps inflight
and at 200 fps after landing. The step cycle was analyzed using the Motus Motion
Measurement System (Peak Performance, Inc.). Locomotion in the microgravity
environment was dominated by the forelimbs (FL). When the hindlimbs (HLs) were
used, “overstepping” was observed where the HL was placed in front of the FL
position. Locomotion in the Pl4-30 F rats on R+0 was characterized by a crouched
posture and marked side-to-side roll due to an increased vertical excursion of the hip
(F, 6.7±0.5mm; AGC, 4.3±0.4mm, p=0.0003; VIV, 4.4±0.4mm, p=0.0001). The
knee joint was hyperflexed during the entire step cycle and the hip during the swing
phase. This was due to thigh position (min. thigh angle F, 19.8t2.8j AGC,
32.2±2.2< p=0.0002; VIV, 32.8±1.6j pcO.OOOl). An increased vertical excursion
of the hip was also seen in the P8-P24 F animals (F, 6.8±0.4mm; AGC,
5.4±0.5mm; VIV, 4.7±0.4mm, pcO.OOOl). In addition, there was poor interlimb
coordination in these animals. The F rats lifted the FL from the ground before HL
foot contact (-6±2ms), while the controls lifted the FL after this event (AGC,
+23±3ms; VIV +21±3ms, pcO.OOOl). These preliminary findings indicate that an
Earth-normal gravitational field is needed for the normal development of locomotion
and that hindlimb loading, unloading, and interlimb coordination are the most
sensitive parameters. (Supported by NASA: NAG2-951 and NINDS: NS33467)

The aim of this study was to examine the effect of a treatment with an
antibody (IN-1) raised against a myelin associated growth inhibitor on the
locomotor recovery in incomplete spinal cord injured rats. IN-1 was secreted by
hybridoma cells, injected into the cortex directly after the injury. A variety of
established and new locomotor tests (BBB-Score, Kinematic analysis, Gridwalk, Narrow-beam, Retraction time after slip) were used to assess the
locomotor capacity and the locomotor control during the rehabilitation phase.
Electromyograhic (EMG) recordings were used to illustrate changes in the
locomotor pattern. To examine eventual nociceptive changes after the
treatment with IN-1, we performed the tail flick test at the beginning and the
end of the evaluation period. Following this period, the corticospinal tract was
traced by BDA injection into the motor cortex. Two weeks later the rats were
perfused and spinal cord lesion size as well as the corticospinal tract
histologically examined. Improved recovery of the IN-1 treated group compared
to a control group was observed consistently in all behavioral tests as well as in
the kinematic analysis. The grid-walk and the narrow beam test, which are
challenging tasks for the descending locomotor control, showed significant
improvements in the IN-1 treated group. No differences between the two
groups were observed in the tail flick test five weeks after operation, indicating
that IN-1 treatment did not affect nociception.
The anatomical analysis revealed an increase in dorsaly projecting fibers
from the ventral CST caudal to the lesion. These plastic changes could be
partly responsible for the improved and fast recovery.
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IDENTIFICATION OF A CRITICAL PERIOD FOR THE DEVELOPMENT OF
RIGHTING STRATEGY. SJarding. D Anschel, and KD Walton*, Dept. of
Physiology and Neuroscience, New York University School of Medicine, NY, NY.
The role of primary vestibular input on the postnatal development of the motor
strategies for surface righting was studied in neonatal rats. Vestibular input was
eliminated by sending the rats on a 16-day shuttle flight (Neurolab) from P8 to P24
or from P14 to P30. The strategy of turning (mature or immature) and righting
times were evaluated. Surface righting was videotaped inflight (60fps) and on the
ground (500 fps). The strategy of turning (mature or immature) and the righting
time for mature turns were evaluated. In flight, when released from a supine
position, the animals floated away from the surface. In fact, no turning was seen,
even when the animal was held supine with a 90° head rotation (one ear down)
before release. The postflight data indicate that the righting reflex did not mature in
microgravity. This was most clearly seen in the strategy of turning. After landing,
the proportion of immature turns in P24 control (C) animals was 35% three days
after landing while the value for flight (F) animals was 74% (close to the P8 value
of 70%) (p<004). The control value for the P30 animals on the day of landing was
15%, while the value for F animals was 85% (the P14 value was only 61%)
(pc.0001). These effects are long-lasting. After 23 days of recovery, the values for
the younger animals were: F, 78%; C, 30% (pc.0001). For the older animals the
values after 4 months of recovery were: F, 56%; C, 13% (pc.0001). The speed of
mature turns was slow in F animals after landing, but recovered by R+3. These data
demonstrate that there is a “critical period” for the development of a righting
strategy. That is, it does not develop properly in the absence of the expected input
and the effect is permanent. Such a critical period was not found for the development
of lower level nervous system functions, such as those relating directly to spinal and
vestibular function. (Supported by NASA: NAG2-951 and NINDS: NS33467)

HORMONES AND DEVELOPMENT: STRUCTURE
92.1

92.2

DIMORPHIC EXPRESSION OF MEDIAL BASAL HYPOTHALAMICPREOPTIC AREA CALBINDIN-D2gK MRNA DURING PERINATAL
DEVELOPMENT AND ADULT DISTRIBUTION OF CALBINDIN-D^r
MRNA IN SPRAGUE-DAWLEY RATS. E. Brinton. N.A. Jacobson and E.D.
Lephart*. The Neuroscience Center and Department of Zoology, Brigham Young
University, Provo, UT 84602.
Calcium-binding proteins play important roles in neurogenesis and
neuroprotective mechanisms by their ability to buffer intracellular Ca2+ levels.
Evidence exists that brain calbindin (CALB) is regulated by androgens during
prenatal development [Neurosci. Res. 32:97,1998], By Northern analysis, we
characterized medial basal hypothalamic-preoptic area (MBH-POA) CALB
mRNAs at gestation day (GD) 18, in newborns and at postnatal day (PND) 2 and
PND 5. Also, CALB mRNAs were quantified in the adult brain sites: frontal
cortex, posterior cortex, hippocampus, entorhinal cortex, olfactory bulb, striatum,
MBH-POA, thalamus, cerebellum, midbrain, pons, medulla and spinal cord. In
control studies, three mRNA transcripts (@ 1.9, 2.8 and 3.2 Kb) were observed.
In adult CALB mRNA distribution experiments, the highest levels were detected
in cerebellum, followed by the MBH-POA, olfactory bulb, then hippocampus.
The lowest CALB mRNA levels were found in spinal cord, medulla, thalamus and
entorhinal cortex. During perinatal development, male CALB mRNA levels were
notably higher than female levels at GD 18 and in newborns. At PND 2, CALB
mRNA levels were approximately equivalent in males vs. females, while at PND
5, female levels were higher compared to male values. These data confirm
previous MBH-POA dimorphic expression of CALB protein levels (i.e., male >
females) during prenatal development and in neonates [Dev. Brain Res.
96:281,1996], and support the concept that CALB is modulated by androgens.
Thus, further investigative attention is warranted due to the potentially important
role this calcium-binding protein may play in the determination of sexually
dimoiphic brain structures. Funding- Natl. Sci. Foundation DBN 9507972

THE EFFECTS OF PRENATAL ADMINISTRATION OF
TESTOSTERONE AND FLUTAMIDE ON RETINAL THICKNESS.
D.L. Salver1, T.D. Lund1, E.D, Lephart2, and D.E. Fleming1*,

‘Dept. of Psychology & 2Dept. of Zoology,

Brigham Young University, Provo, UT 84602-5543.
Tlie present study examines the effects of prenatal administration of
testosterone (T) and an androgen blocker - flutamide (Flu) on retinal thickness
of male and female rats at 30 days of age. Eighteen pregnant Long-Evans rats
were randomly assigned to one of three experimental groups and were given
daily subcutaneous injections of either T (lmg in 0. lcc peanut oil), Flu
(30mg in 0. lcc ethanol), or 0. lcc peanut oil vehicle during the last trimester
(gestation days 15-21). At 30 days postpartum, pups were perfused
transcardially with isotonic saline and fixed with 4% paraformaldahyde. The
eyes were removed, set in parafm, sectioned at 25pm, and stained with
hemotoxylin and eosin. Five consecutive thickness measures were obtained
from the center of the retina for the right and left eyes of males and females
from each treatment group. Results demonstrated significantly larger
thickness measures for males and females in the T group versus both Flu and
Oil. Sex differences approached significance (p<.07) with males showing
larger thickness measures while the thickness patterns were similarly affected
by the treatments. Right versus left eyes showed no significant thickness
differences. In summary, the prenatal administration of testosterone has a
profound effect on the thickness of the retina in both male and female rats.
(Supported by BYU Family, Home, & Social Science funding)

92.3

92.4

THE SEXUALLY DIMORPHIC NUCLEUS OF THE MEDIAL PREOPTIC AREA
(SDN) AS EFFECTED BY THE PRENATAL ADMINISTRATION OF
FLUTAMIDE AND TESTOSTERONE. T.D. Lund1 D.L. Salver1. D.E. Fleming1,
E.D, Lephart2. E.D. Bigler1*. ‘Dept. of Psychology; 2Dept. of Zoology,
Brigham Young University, Provo, UT 84602-5543.
Estradiol, produced intraneuronally by the aromatization of testicular
testosterone, appears to be the hormonal molecule responsible for the masculine
differentiation of the brain. Marked structural correlates of sexual differentiation,
such as the SDN, can be used to investigate the mechanisms by which hormones act
to determine the structure and function of the brain. Although testosterone’s effects
on the SDN have been thoroughly treated, research regarding the antagonism of
prenatal testosterone is limited. The design of this study was to determine the effects
of the prenatal administration of flutamide on the volume of tlie SDN in 30 day old
rat pups. Flutamide, achieves its antiandrogenic effect by interfering with
intracellular binding of the androgen to receptor proteins inhibiting uptake.
Eighteen pregnant female Long-Evans rats randomly assigned to one of three
groups and given daily subcutaneous injections of either Flutamide, Testosterone or
peanut oil during their third trimester until parturition. At 30 days pups were
perfused transcardially with paraformaldehyde fixative. Brains were removed,
sectioned, and stained with Thionin. The perimeters of the SDN were traced and
quantified by one investigator without knowledge of the treatment group or brain
sex. SDN volumes were calculated by multiplying the sum of the areas of all
sections of the SDN by tlie section thickness. Statistical analysis performed using
analysis of variance technique on the independent variable (treatment/sex)
determined a treatment/sex, and interaction main effect (p<.01). Newman-Keuls
post hoc comparison identified significance between sexes, and treatments (p<.05).
These findings lend themselves to the idea that the characteristics of brain function
and morphology are imposed on the developing brain by the action of testicular
hormones or the lack there of. Our results establish tliat the prenatal hormonal
environment plays a critical, but not complete, role in the brain’s development
especially in sexually dimorphic nuclei such as the SDN.
(Supported by BYU Family, Home, & Social Science Funding)

DECREASED VOLUME OF THE SEXUALLY DIMORPHIC NUCLEUS
OF THE MEDIAL PREOPTIC AREA (SDN-POA) IN MALE RATS
AFTER CHRONIC NONYLPHENOL EXPOSURE . AC Scallet*, C
Bennett, R Newbold1, K Delclos. C Weis. JM Meredith, Div of Neurotoxicol,
NCTR/FDA, Jefferson, AR 72079 and *NIEHS, ResTriangJe Park, NC 27709
Nonylphenol is a commercially important alkylphenol with estrogenic
properties. Masculinization of SDN-POA size depends on perinatal estrogenic
exposure during a critical period. Therefore, we used 3-D volumetric
reconstruction of the SDN-POA as an indicator of nonylphenol neurotoxicity.
Dams and their pups were continuously exposed to nonylphenol through their
feed from GD 7 until sacrifice at PND50. Following formalin perfusion, 20 pm
sagittal sections were cut through the offsprings’ hypothalami. Serial drawings
of SDN were aligned in relation to the anterior commissure and paraventricular
nucleus and rendered in 3-D. Compared to controls, 200 ppm nonylphenol
decreased male SDN-POA size (7.26 ± 0.76 vs. 1.23± 0.66, mean ± SEM in
pm3 x 106, p<0.01). There was a similar, but not statistically significant, trend
for nonylphenol to decrease female SDN-POA size (0.71 ± 0.35 vs. 0.34 ± 0.12,
mean ± SEM in pm3 x 106> p>0.10). As expected, male control SDN-POAs
were ~ 10-fold larger than those of female controls. Nonylphenol may have
compromised the typical pattern of male SDN-POA development via direct
testicular toxicity (by reducing the formation of testosterone), by inhibition of
aromatase activity in die brain (thus preventing estrogen formation) , or by
antagonism of the estrogen receptor. Support was provided by an Interagency
Agreement between FDA and NIEHS.
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EXPRESSION OF SEX STEROID HORMONE RECEPTORS IN THE
ANTEROVENTRAL PERIVENTRICULAR NUCLEUS (AVPV) OF NEONATAL
RATS. M. Kirigiti and R.B. Simerly*. Division of Neuroscience, Oregon Regional
Primate Research Center, Beaverton, OR 97006 and Oregon Health Sciences Univ.,
Portland, OR, 97201.
The AVPV is a sexually dimorphic nucleus in the preoptic region that has been
implicated in the neural control of gonadotropin secretion and contains an abundance
of hormone sensitive neurons. Previous work has established that the development of
the AVPV is regulated by sex steroid hormones, and expression of receptors for
estrogen (ER) or androgen (AR) by neurons during developmental critical periods is
thought to be the primary molecular event underlying hormonal control of neuronal
development. For example, disruption of the ERa in transgenic mice blocks the sexual
differentiation of a sexually dimorphic population of dopaminergic neurons in the
AVPV (Simerly et al, PNAS 94:14077 1997). In the present study we used in situ
hybridization to define expression patterns of ERa, ERp and AR mRNAs in the AVPV
of neonatal rats. Animals were perfused on postnatal days 0,2,6, and 10 and the brains
processed for in situ hybridization by using cRNA probes directed against unique
sequences of each message. Consistent with earlier studies we found high levels of
ERa mRNA in the AVPV that appeared to be somewhat elevated in females relative
to those observed for males. In contrast, expression of ERp in the AVPV of both male
and female neonates was relatively low compared with either that of ERa mRNA, or
the substantially higher levels of ERP mRNA detected in the AVPV of adult rats. AR
mRNA, on the other hand, is virtually absent in the AVPV of neonatal rats, but is quite
abundant in other sexually dimorphic cell groups such as the principal nucleus of the
bed nuclei of the stria terminalis. Together these findings indicate that during the critical
period for sexual differentiation, AVPV neurons display an abundance of ERa mRNA
and only low levels of ERP or AR mRNA, suggesting that the developmental actions
of sex steroid hormones on the AVPV are mediated primarily by the ERa. Supported
by NS26723 and RROO163.

TARGET DEPENDENT DEVELOPMENT OF A SEXUALLY DIMORPHIC
FOREBRAIN PATHWAY. M.A. Ibanez* and R.B. Simerly. Division of Neuroscience,
Oregon Regional Primate Research Center, Beaverton, OR 97006 and Oregon Health
Sciences Univ., Portland, OR, 97201.
The principal nucleus of the bed nuclei of the stria terminalis (BSTp) is larger in male
rats and sends its strongest projections to hypothalamic nuclei involved in reproduction,
such as the anteroventral periventricular nucleus (AVPV), which is larger in females.
The projection from the BSTp to the AVPV is the most robust sexually dimorphic
pathway yet identified, being approximately 20X stronger in male rats relative to the
homologous pathway in females, and it appears to develop on the 9th postnatal day (P9)
through a hormone-sensitive mechanism of directed growth (Hutton et al., J. Neurosci.
1998). The present study was designed to test the hypothesis that sex steroids act on the
AVPV to determine the density of its innervation by BSTp neurons through a target
dependent mechanism. Co-cultures of BSTp (P5) and AVPV (P9) explants derived from
male, female or androgen treated female neonatal rats were maintained for 10 days in
defined medium containing testosterone (T; 10‘7M), which was added to the medium
because we determined that it induced a nearly 5 fold increase in neurite extension from
the BSTp when co-cultured with the AVPV. The co-cultures were fixed in
paraformaldehyde and projections from the BSTp, labeled with Dil. Co-cultures
comprised of BSTp and AVPV explants derived from male rats had a high density of
labeled axons between the BSTp and AVPV explants, whereas few labeled fibers were
observed when the co-cultures were prepared with BSTp explants from males and AVPV
explants from females. Co-culture of BSTp explants (male) with AVPV explants derived
from females treated in vivo with T (P0-P9) resulted in dense projections from the BSTp,
as was the case when the BSTp explants were derived from females and the AVPV from
males or androgen treated females. Thus, the sexually dimorphic projection from the
BSTp to the AVPV appears to result from a hormone induced trophic activity derived
from the AVPV that is independent of the sex or neonatal hormone environment of the
BSTp. Supported by MH49236 and RR00163.

92.7
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PURKINJE CELLS IGFBP-2 IMMUNOREACTIVITY AND SIZE INCREASE
BY PROGESTERONE. M. Dueftas- Jim6nez\ J. Chowen, M. Ayub, M.
Mendoza, M. Ramirez, S. Rosales, and S. Dueftas. CUCS, Depts. of
Physiol, and Neurosc. U de G, Jal, M6x. 44340 , Cajal Institute, CSIC,
Madrid Spain 28002.
It is not known whether insulin like growth factor binding protein-2
(IGFBP-2) or changes in IGF-1 mRNA are regulated by sexual steroids in
cerebellum. In a 45 rats group, we analyzed the estradiol and progesterone
effects on the IGBP-2 cerebellum immunoreactivity, the Purkinje cells
morphology and the levels of IGFBP-2. The IGF-mRNA histochemistry
hybridization in situ, in a 30 rats group was also studied. All rats were
ovariectomized. Each group was divided in three subgroups. The first one
was injected i.p.with sesame oil vehicle, the second one with 17B estradiol
(300pg/rat, i.p.), and the third subgroup with progesterone (500pg/rat, i.p.).
The cerebellums of the first group were immunostained with anti-IGFBP-2
polyclonal anti-body (DSL). The purkinje cells were analyzed by the
following parameters: integrated optic density (IOD), somatic area,
diameter, perimeter, and somatic size. To evaluate levels of IGFBP-2 a
western-ligand assay was performed. The IGFBP-2 immunoreactivity is
distributed in white matter, Purkinje cells and Bergmann glia. Purkinje
treated ceils exhibited a progesterone IGFBP-2 immunoreactivity, diameter,
perimeter and somatic area increase, particularly the size was increased
under the progesterone treatment. Two proteins bands, one of them
between 27-29 KDa and the other between 24-25 KDa were of similar IOD
in control and treated rats. Similar levels for IGF 1 mRNA among subgroups
were also found. The highest level of IGFBP-2 detected in Purkinje cells
suggests protein redistribution by hormones. Since there were no changes
in IGF-1 mRNA, it seems possible that increase in Purkinje ceils size
occurred by sexual hormone effects.

PROGESTERONE RECEPTORS PLAY A ROLE IN THE SEXUAL
DIFFERENTIATION OF THE MEDIAL PREOPTIC NUCLEUS IN RATS. C.K.
Wagner*, W.C.J. Chung, P.S, Quadros and G.J. De Vries, Center for Neuroendocrine
Studies and Neuroscience & Behavior Program, University of Massachusetts, Amherst,
MA 01003
Testosterone of fetal origin and its metabolite estradiol act during development to
masculinize the medial preoptic nucleus (MPN), one of the most sexually dimorphic
structures of the adult rat CNS. Fetuses are also exposed to high levels of maternal
progesterone. We have recently demonstrated that progesterone receptor (PR)
expression is high in the developing MPN of males, but is virtually absent in females
(Wagner et al, Endocrinol. 139: 3658, 1998). We hypothesize that this perinatal sex
difference in PR expression contributes to sexual differentiation of the MPN. Here, we
examined the role of PR in the development of the well documented sex difference in
the volume of the central division of the MPN (MPNc). Male and female rats were
treated from postnatal day 1 (PD1= day of birth) through PD8 with either one of two
PR antagonists: RU486 (mifepristone, 20pg/0.01cc/g body weight) or ZK98299
(8gg/0.01cc/g body weight), or an equal volume of the oil vehicle alone. On PD8
animals were sacrificed, brains were immersion fixed with 5% acrolein, embedded in
paraffin, cut transversely at 15pm, and Nissl stained. The area of the MPNc was
measured in serial sections through the rostro-caudal extent of the region using an
image analysis system to calculate the total volume of the MPNc. On PD8 the MPNc
was larger in control males than in control females (p<0.05). In contrast, there was no
significant sex difference in animals treated with either RU486 or ZK98299. This
suggests that progesterone may play an important role in the development of sex
differences in the brain. Supported by NIH HD3 7244 and MH58006 to CKW and NSF
IBN 9421658 and NIMH MH47538 to GJD.

92.9
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PROGESTERONE IN FETAL BRAIN IS OF MATERNAL ORIGIN. P.S. Quadros*
and C.K. Wagner, Center for Neuroendocrine Studies & Neuroscience and Behavior
Program, University of Massachusetts, Amherst, MA 01003
Progestin receptor (PR) expression is the earliest sex difference reported in the
sexually dimorphic medial preoptic nucleus (MPN) (Wagner et al, 1998). On
embryonic day 19 (El 9) through the day of parturition, males express an abundance of
PR in the MPN while fetal females have virtually none. This suggests that PR is
important in the sexual differentiation of this region. However, the source of the ligand
employed by these receptors is unknown. Fetal ovaries are not steroidogenic. In
contrast, maternal progesterone (P) levels are extremely high. Maternal and fetal serum
P concentrations are correlated during late gestation (Martin et al, 1977) and no
differences are present between fetal male and female P levels (Weisz and Ward, 1980).
This implicates the mother as the source of P in fetal circulation. It has not been
determined whether maternal P acts centrally in the nervous system of the fetus.
Employing an antibody (H928) that preferentially recognizes unliganded PR, this study
examined whether P from the mother can cross the placenta and bind to nuclear PR in
the male fetal MPN. On E22, a time point in pregnancy when maternal P levels are
almost undetectable, pregnant females were injected with a bolus injection of P or oil.
One or two hours following the injection blood was collected from mothers and fetuses,
and brains were fixed with acrolein. Sections cut on a sliding microtome were
immunostained using H928. Initial analysis on the maternal brains revealed that Ptreated mothers had less intense H928 staining in the MPN than oil-treated mothers
(p<0.005). The H928 antibody, therefore, is valuable in quantifying levels of occupied
PR in brain. We are currently conducting similar analysis in brains of male fetuses from
these mothers. These findings would implicate an influential role of the mother in the
sexual differentiation of the developing brain. Supported by NIH grants HD37244 and

TESTOSTERONE-PROGESTERONE INTERACTIONS ON DEVELOPING RAT
HYPOTHALAMIC DOPAMINERGIC NEURONS IN VITRO.
G.E. Gillies and M.C. Christian. (SPON: British Neuroscience Association)
Dept. Neuroendocrinology, Imperial College School of Medicine, Fulham Palace Road,
London W6 8RF.
Estrogen receptor (ER)-mediated mechanisms contribute to the sexual differentiation
of the brain by testosterone after its aromatization to 17B-estradiol (E2), but little is
known regarding the effects of androgens or progestins on developing neurons. Using
sex-specific primary hypothalamic cultures, which were derived from embryonic day 18
rats and maintained in a chemically defined medium, this study aimed to investigate the
effects of testosterone (T), dihydrotestosterone (DHT, the non-aromatisable androgen)
and progesterone (P) on the development of dopaminergic (DA) neurons. The specific
uptake of [3H]DA over a 2-3 week period in vitro was used as an index of DA neuronal
function (Christian M. & Gillies G. 1999 J. Endocrinol 160: Rl-6). In the absence of
added steroid, uptake by male and female cultures was not significantly different, but in
tlie presence of P (10'8M) uptake was enhanced and significantly greater by
approximately 28% in male cultures (p< 0.05). Addition of T alone (1012-10~6M)
slightly enhanced uptake at 10"8-10'6NJ (p<0.05). However, in the presence of P (108M), T caused a dose-dependent inhibition of uptake (10'12-10"8M, p<0.01) which was
maximal at day 16 in vitro for both male and female cultures. The inhibitory effect of
T was mimicked by DHT but was in marked contrast to E2 which produced a dosedependent increase in uptake (1014-10'8M). Addition of aromatase inhibitors (arimidex
or androstatrien, 101 Lio-7M) provided no evidence to suggest that the effects of T were
mediated after aromatization to E2. In summary, these results provide the first evidence
for i) a direct, sexually differentiated influence of P on developing hypothalamic DA
neurons in vitro which i i) may be opposed by very low levels of androgens, possibly
acting via the androgen receptor (AR). The results thus raise the novel hypothesis that
sexual differentiation of specific neuronal pathways may be effected, at least in part, via
AR-mediated interactions with progesterone-dependent events.
Acknowledgements: This work was supported by The Wellcome Trust
(044565/Z/95/MJD).

MH58006toCKW
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TESTOSTERONE MASCULINIZES ARGININE VASOPRESSIN EXPRESSION
BUT NOT GALANIN EXPRESSION IN THE BED NUCLEUS OF STRIA
TERMINALIS OF RATS. T.M, Han* and G.J. De Vries. Center for
Neuroendocrine Studies, Tobin Hall, Univ. of Massachusetts, Amherst, MA
01003.
In the adult rat, the sexually dimorphic arginine vasopressin (AVP) system of the
bed nucleus of the stria terminalis (BST) is part of a larger, non-sexually
dimorphic set of gaianin (GAL) expressing neurons. More galaninergic neurons
in the BST of male rats coexpress AVP than do so in female rats. Because of this
adult pattern of expression, galaninergic neurons in the BST may represent a
precursor phenotype from which AVP expression arises. To determine if AVP
expression could be a hormonallly induced phenotype of galaninergic neurons, we
manipulated neonatal testosterone (T) levels in male and female rats. Because
previous work demonstrated that T delivered on postnatal day 7 (P7) did not
increase AVP expression in female rats, we administered T on an earlier date.
Gonadectomies were performed on male and female rats on Pl. Testosterone
propionate (TP; 500 pg /0.05 ml sesame oil) or 0.05 ml of vehicle was delivered to
gonadectomized males and females on Pl, P3, and P5. Because T is necessary for
the initiation and maintenance of AVP expression in the BST in adulthood, T
levels were matched on P60 across groups. All the subjects were implanted with
silastic capsules (2.5 cm; 1.5 mm, id, 2.4 mm od) filled with T. Two weeks later,
the rats were sacrificed and the brains were processed for in situ hybridization for
AVP or GAL mRNA. We found that neonatal TP treatment affected males and
females equally, significantly increasing AVP mRNA levels (p < 0.05) compared
to oil-treated controls. However, T treatment did not affect GAL mRNA levels.
Hence, the data are consistent with the hypothesis that GAL expression is an
established phenotype from which AVP expression is hormonally induced.

PERINATAL ESTROGEN ORGANIZES THE RAT BRAIN PERMITTING
CORPUS CALLOSUM FEMINIZATION IN ADULTHOOD. H.A. Bimonte*, R.H.
Fitch, and V.H, Denenberg, Biobehavioral Sciences Graduate Degree Program,
University of Connecticut, Storrs, CT, 06269.
The male rat's corpus callosum (CC) is larger than the female's. Male CC are
permanently masculinized by testosterone, while female CC are permanently
feminized by ovarian hormones (OH; Fitch and Denenberg, 1998 for review).
Ovariectomy (Ovx) up to postnatal day 25 (P25) enlarges the CC, and OH
replacement on P70 reverses this enlargement so that a feminized CC results
(Bimonte, Stavnezer, and Denenberg, 1998). There are behavioral data suggesting
that normal adult responsiveness to OH exposure depends upon perinatal estrogen
(E) exposure. As such, it is possible that female CC responsiveness to OH at P70
depends upon E exposure during the perinatal period. To investigate this, we
compared P70 CC responsivess to OH in female littermates receiving either P25 Ovx
or P25 Ovx after administration of the E receptor blocker tamoxifen on the first 21
days of life (Tx/P25 Ovx).
Littermate correlations revealed no significant litter effects for CC area so subjects
were treated as independent observations. Replicating previous findings, males had
larger CC than females in overall area and 1 posterior width region; P25 Ovx females
had larger CC than sham females in overall area, 2 anterior, and the 3 most posterior
width regions (one-tailed tests; see Denenberg et al., 1989 for width factor
procedure). As expected, P25 Ovx+OH females had significantly smaller CC than
P25 Ovx females in 2 width regions; there was also marginal significance in overall
area and 1 width region (one-tailed tests), demonstrating that P70 hormone
replacement was effective in feminizing the CC. In contrast, Tx/P25 Ovx+OH
females did not differ in area or any width region from Tx/P25 Ovx females,
indicating that females who were not exposed to perinatal E were not responsive to
the feminizing effects of OH when given on P70. These data indicate that perinatal E
organizes the female brain such that it responds in a female manner to OH when
given in adulthood. Funded by predoctoral NRSA grant #l-F31-MH12416-01.

92.13

92.14

SEX AND HORMONE MANIPULATION EFFECTS UPON THE
VOLUME AND NUMBER OF NEURONS IN THE RAT PRIMARY
VISUAL CORTEX. J.L. Nuftez* J. Sodhi and J.M. Juraska.
Neuroscience Program and Department of Psychology, University of
Illinois at Champaign-Urbana; Champaign, IL 61820.
Previous work from our lab has demonstrated that the binocular
region of the rat primary visual cortex (OclB) is larger and has more
neurons in males than in females (Reid & Juraska, 1992), but neonatal
cryoanesthesia disrupts this difference (Nuftez, Kim & Juraska, 1998).
In the present study, the total volume of the monocular (OclM) and
binocular (OclB) subfields ofthe primary visual cortex were investigated
in three hormonally manipulated groups of rats: flutamide implanted
males, DHT implanted females and testosterone injected females, along
with control males and females. Planned comparison analysis indicates
a significant difference between control males and females (OclM:
p=.O41; OclB: p=.O18), with males having a larger volume, consistent
with previous reports from our lab. There was no significant difference
between control males and flutamide implanted males. A marginally
significant difference was observed between testosterone injected females
and control females in OclB (p=.O54), but not in OclM (p=.121), with
control females having a smaller volume. Interestingly, DHT implanted
females had significantly larger volumes of OclM (p=. 016) and OclB
(p=.O22) than control females. This work demonstrates the action of
androgens in the development of the primary visual cortex. More
animals will be added, along with a stereological investigation of neuron
number in OclM and OclB. This work supported by NSF 9723918;
JLN was supported by NIGMS 1 F31 17209.

ROLE OF ESTROGEN IN DEVELOPMENT OF SEXUALLY DIMORPHIC
VASOTOCIN SYSTEM IN THE CHICKEN BED NUCLEUS OF STRIA
TERMINALIS. R. Grossmann1*, A Juikevich2 and A. Kohler1, ’institute for Animal
Science and Animal Behavior (FAL), Celle D-29223, Germany; 2Institute of
Ecology, Vilnius LT-2600, Lithuania.
Neurons expressing arginine vasotocin (AVT) in the bed nucleus of stria terminalis
(BnST) of chickens are highly sexually dimoiphic: they are present in adult males
and lacking in females. Primarily, AVT expressing neurons occur in tlie BnST of
both male and female embryos and undergo further sexual differentiation during
perinatal life. Several studies have demonstrated the importance of embiyonic
estrogen in sexual differentiation of the nervous system and behavior in birds. In this
study we tested the hypothesis whether estrogen can be a potent factor that promotes
sexual differentiation of the AVT system during embryogenesis. Chicken embryos
were treated with estradiol benzoate (0.5 mg in sesame oil in ovo) or vehicle alone on
day 8 (E8) or 18 (E18) of incubation. After hatch (on E21), males were reared until
sexual maturity when they were tested for mating and aggressive behaviors and then
sacrificed. To reveal AVT-expressing neurons, in situ hybridization and
immunocytochemistiy were used. Estrogen given on E8 virtually abolished AVT
gene transcripts and AVT immunoreactivity (AVT-ir) in the BnST as well as
sexually dimorphic AVT-ir innervation in the lateral septum. Intensities of
hybridization signals in hypothalamic AVT mRNA expressing neurons were not
affected by this treatment In contrast, no pronounced differences in intensity of
hybridization signal were found between males who received estrogen or vehicle on
E18. These results indicate the organizational role of estrogen in development of sex
dimoiphic AVT gene expression within the BnST. We are currently testing the effect
of suppression of embryonic estrogen synthesis on sexual differentiation of
vasotocinergic neurons in the BnST.
Supported by grants from the Federal Ministry of Agriculture and the Deutsche
Forschungsgemeinschaft.

92.15

92.16

EXPRESSION AND ESTROGEN EFFECTS ON BDNF mRNA AND
PROTEIN IN THE FOREBRAIN OF FEMALE PRAIRIE VOLES. Y,
Y-QtmgL.T8R±..Insgl,2* and Z.X. Wang1. ’Dept. of Psychology
& Neurosci. Prog., Florida State Univ., Tallahassee, FL 32306 and
2Dept. of Psychiatry & Behav. Sci., Emory Univ., Atlanta, GA 30322
Our previous study has shown that an increase in circulating estrogen
is associated with increased cell proliferation in the subventricular zone
and the rostral migratory stream of female prairie voles (Microtus
ochrogaster). Since estrogen may act on the brain-derived neurotrophic
factor (BDNF) to regulate cell proliferation and survival, we examined
the distribution pattern of BDNF mRNA and protein in the brains of
female prairie voles. Cells that contained either BDNF mRNA or BDNF
immunoreactivity (ir) were found in several brain structures, such as the
hippocampal formation, claustrum, amygdaloid complex, cortex, and
several thalamic and hypothalamic regions. The distribution pattern of
cells containing BDNF mRNA was correlated with that of the cells
containing BDNF-ir. In addition, BDNF-ir fibers were found in the
lateral septum, the bed nucleus of the stria terminalis, the central nucleus
of the amygdala, and several regions of the hypothalamus. In a second
experiment, we examined the estrogen effects on BDNF mRNA in
ovariectomized females. After four weeks of estrogen treatment (by
silastic tubing), BDNF mRNA expression was significantly elevated in
the ventromedial nucleus of the hypothalamus, suggesting that estrogen
regulates regional BDNF expression in female voles. The effects of
estrogen manipulation on BDNF-ir fibers is currently under
investigation, (supported by NIMH 54554 and 56539)
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OESTROGEN RECEPTOR DEPENDENT REGULATION OF SENSORY
NEURON SURVIVAL IN DEVELOPING DORSAL ROOT GANGLION
(DRG). C Patrone, S. Andersson, L. Korhonen and D. Lindholm*. Department

of Neuroscience, Biomedical Center, Box 587, S-75123 Uppsala, Sweden

Oestrogen is known to influence different fimctions in brain tissue ranging
from neuronal development to plasticity and survival, but the mechanisms
involved have not been clearly defined. Previous studies have shown the
presence of the two oestrogen receptors (ERs), ERa and ERP, in several brain

areas, but less is known about the role of oestrogen in the peripheral nervous

system. Here we demonstrate that dorsal root ganglion (DRG) neurons express
ERa and ERP during early postnatal development and in culture, and that the

ERs localise mainly to neuronal cell nuclei. Studying the role of oestrogen in
DRG, we observed that low concentrations of 17P-oestradiol increased survival

of cultured DRG neurons deprived of nerve growth factor (NGF). 17P-oestradiol
upregulated the expression of the anti-apoptotic molecule, Bcl-x without
affecting that of Bax, suggesting a mechanism by which the hormone

counteracted neuronal death. Antioestrogens abolished the action of 17Poestradiol in the DRG neurons which demonstrates an involvement of ERs. The
results show that oestrogen and ERs play an important role for the development
and survival of DRG neurons.
This work was supported by EU and by Swedish Cancer Foundation
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EXPRESSION OF ESTROGEN RECEPTOR ALPHA (ERa) IN THE PYRAMIDAL
CELL LAYER OF REGIONS CAI AND CA3 IN THE DEVELOPING RAT
HIPPOCAMPUS. D. Solum1* and R. J. Handa2. ’Dept of Cell Biology, Neurobiology
and Anatomy, Loyola Univ. Chicago, Maywood, IL 60153; 2Dept of Anatomy and
Neurobiology, Colorado State University, Fort Collins, CO 80523.
During development, estrogen has a variety of effects on morphological,
biochemical and electrophysiological properties of hippocampal neurons. Recent
animal studies have demonstrated that estrogen influences performance on learning
and memory tasks and can alter certain aspects of cognitive performance and
pathology such as seizure activity and Alzheimer’s disease. During development,
estrogen receptor (ER) binding and mRNA increase transiently in the hippocampus.
In this study, we used immunocytochemistry to determine the localization of ERa in
the developing rat hippocampus. An antibody designed against the carboxyl-terminus
region of ERa (C1355, M. Shupnik, U. VA) was used in these studies. Nuclear
staining was observed in the CAI and CA3 regions of the ventral rat hippocampus.
Staining was concentrated in pyramidal cells. Little or no staining was observed in
postnatal day (P)5 animals or younger (day of birth - PO), however, beginning on P6,
ERa immunoreactivity is visible and reaches maximal levels by PlO. These levels
subsequently decline to low levels so that by Pl5 levels approximated those of the
adult. Western blot analysis confirmed that this antibody recognizes a 68kd band,
characteristic of the full length ERa protein, in pituitary, uterus, hippocampus and
hypothalamus. ERa immunoreactivity does not co-localize with y-amino-butyric
acid, suggesting that these cells are not GABAergic intemeurons.
During this early developmental period estrogen has been suggested as having a
number of transcriptional effects on morphological and biochemical properties of
hippocampal neurons that would predict an excitatory action of estrogen on synaptic
physiology. We conclude that these effects may be direct through an ERa subtype in
hippocampalpyramidal cells.
Supported by National Science Foundation 96-04723

ESTROGEN EFFECTS ON CYTOSKELETAL GENE EXPRESSION
ARE DIFFERENTIALLY REGULATED THROUGH ESTROGEN
RECEPTORS (ER) ALPHA AND BETA IN PC 12 CELL LINES.
L.Gollapudi and M.M. Oblinger*. Dept. Cell Biology & Anatomy,
Chicago Medical School, North Chicago, IL 60064
Estrogen has marked biological effects on many cells that are the result
of its interactions with intracellular receptors which act as liganddependent transcriptional factors to alter the expression of target genes.
While it is now clear that two types of estrogen receptors, ERa and ERp,
are differentially expressed in various neural regions, the specific roles of
each receptor in regulating neuronal gene expression are not known. We
have recently generated and characterized stably transfected lines of PC 12
cells that express rat ERa (PCER cells). The parental PC 12 cells, as well as
the control vector transfected lines (PCCON cells) express no endogenous
ERa mRNA or protein. We have recently discovered that these cells do
express endogenous ERp.
This model system provided us the
opportunity to begin dissecting the roles of ERa and ERp in estrogen
stimulated changes in gene expression. PCER cells (which express both
receptors) and PCCON cells (which express only ERp) were treated with
estrogen and the expression of various neuron-specific cytoskeletal
mRNAs was examined.
17P-estradiol increased the levels of
neurofilament (NF-L) mRNA in both PCER and PCCON cells. In
contrast, 17P-estradiol increased the levels of peripherin mRNA and
reduced the levels of al-tubulin mRNA in only PCER cells. These results
suggest that estrogen effects on neurofilament expression are mediated
through ERp, while its effects on peripherin and al-tubulin expression
require the presence of ERa.
Supported by NIH AG13338 and NS21571 to MMO
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ESTROGEN RECEPTOR a AND 3 EXPRESSION IS REGULATED
DURING DEVELOPMENT OF GRANULE CELLS IN THE RAT
CEREBELLUM
S.M. Belcher*. H.H. Le. J.K. Wong. Dept. of Pharmacology & Toxicology,
University of Arkansas for Medical Sciences; Little Rock, AR 72205.
Using a nested RT-PCR approach, we have found that transcripts encoding both
ERa and ERp are present in total RNA isolated from developing rat cerebellum.
To investigate whether ER transcripts were present in developing granule cells,
total RNA was prepared from purified preparations of those neurons on postnatal
day 1 (Pl), P4, P7, PlO and P15. The results of semi-quantitative RT-PCR
experiments revealed that ERa and ERp transcripts were present in granule cell
RNA throughout the first 15 postnatal days. The relative expression of those
transcripts, however, varied significantly during that period. The ERa mRNA
was expressed at the lowest level on the Pl; whereas expression of ERP was
highest on that day. While the expression of ERa was increased on P4, there was
a significant decrease in ERP expression. Between P4 and Pl5, the expression of
the mRNA of each receptor varied in a similar fashion; expression decreased
slightly between P4 and P10 and then increased significantly on Pl5. Alternative
splicing of the ERP transcripts was also investigated and was likewise found to
vary during granule cell development. Initially, the mRNA encoding the pi
isoform was predominant, but by P4 the P2 isoform was the major isoform
expressed. On P7 and PlO there was not a significant change in the level of pi
and P2 expression. By Pl5 pi was again the predominant ERP isoform
accounting for nearly 90% of all ERP transcripts expressed. These results indicate
that ERa and ERP mRNAs are expressed in developing granule cells and that the
relative levels of expression change during early postnatal development. The
results also suggest that ERs might have an important function in developing
granule cells.

ESTROGEN RECEPTOR p-IMMUNOREACTIVITY IS EXPRESSED IN
PURKINJE CELLS AND TRANSIENTLY EXPRESSED IN DEVELOPING
GRANULE CELLS OF THE RAT CEREBELLUM. RL. Jakab1. K.E. Light2*.
S.M. Belcher1. ’Dept. Pharmacology & Toxicology, 2Dept. Pharmaceutical
Sciences, Univ. of Arkansas for Medical Sciences; Little Rock, AR 72205.
Developmental changes in estrogen receptor P (ERP) expression in the rat
cerebellum were studied from postnatal day 1 (Pl) through adulthood using a
polyclonal antiserum specific for ERP. Between Pl and P15 ER0immunoreactivity (ERP-ir) was detected in the external granule cell layer (EGL) of
the cerebellum. In the EGL, the peak intensity of ERP-ir was detected on P4. ERPir was concentrated in the inner, differentiating sublayer of EGL and was weaker
in the outer, mitotic sublayer. After P5, the intensity of ERP-ir in the EGL
decreased gradually and became undetectable by P20. The loss of ERP-ir in the
EGL is coincident with the disappearance of the EGL.
From P4 through adulthood, ERp-ir was detected in the cell body and dendrites
of Purkinje cells. The induction of ERP expression on P4 coincides with the onset
of Purkinje cell maturation and formation of the Purkinje cell layer. The
localization of ERp to the dendrites of Purkinje cells is suggestive of a non-nuclear
function for these receptors. Qualitatively, gender-related differences in ERP-ir
were not detected during cerebellar development. The transient presence of ERP in
granule cells suggests that ERP may be involved with maturation and migration of
those neurons. The expression of ERP in developing and mature Purkinje cells
suggests that ERP is required not only during development, but is also essential for
the normal function of the mature Purkinje cells.
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ANALYSIS OF NGF-REGULATED PROTEINS IN LOW-DENSITY
MEMBRANES OF PC 12 CELLS USING TWO-DIMENSIONAL GEL
ELECTROPHORESIS AND MASS SPECTROMETRY. Connie R Jimenez1- 2*.
William C. Mobley2 and Alma L. Burlingame* *Dept. of Pharmaceutical Chemistry,

GROWTH FACTOR EXPRESSION PROFILES OF SINGLE GRANULE
CELLS FROM NORMAL AND EPILEPTIC HUMAN HIPPOCAMPI.,

University of California, San Francisco; 2Dept, of Neurology, Stanford University,
Palo Alto, California.
Induction of neuronal differentiation of the rat pheochromocytoma cell line,
PC 12, by nerve growth factor (NGF) requires a cascade of phosphorylation events
leading to activation of mitogen-activated protein (MAP) kinase and changes in gene
expression. To gain a better insight into the early events of NGF signaling, twodimensional (2-D) gd electrophoresis in conjunction with immunoblotting and peptide
mapping by mass spectrometry were employed to identify proteins in low-density or
caveolae-like membranes of PC 12 cells that exhibited altered tyrosine phosphorylation
in response to NGF treatment. Low-density membranes were isolated by flotation on
a sucrose gradient and subjected to 2D gd electrophoresis. A number of protdn spots
in the range of 30-130 kDa and pi 4-9 exhibited altered tyrosine phosphorylation after
5 min NGF. Only a subset of the NGF-regulated proteins identified by
immunostaining was visible on silver-stained gels, that were run in parallel. To
identify the proteins, the silver-stained gd spots were excised and in-gel digested
followed by mass analysis using matrix-assisted laser desorption/ionization (MALDI)
mass spectrometry. The tryptic peptide masses were used to search the NCBI
database using the database search programs MS-Fit and MS-Tag. Among the
tyrosine dephosphorylated proteins identified sofar is a voltage-gated anion channel.
Several proteins did not give a search hit and current efforts are directed and
generating a partial sequence.
Grant support: Bioorganic & Biomedical MS Resource grant, NIH P41RR01614.
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Dichter*’^. David Mahoney Institute of Neurological Sciences, 2Dept. of
Neurosurgery, ^Dept. of Neurology, University of Pennsylvania School of
Medicine, Philadelhpia, PA 19104.
Epilepsy is a disorder in which altered neuronal excitability leads to an imbalance
between excitatory and inhibitory neurotransmission. While the exact mechanism of
epileptogenesis is poorly understood, mossy fiber sprouting to the dentate gyrus
(DG) and extensive cell death in both DG and CA3-4 hippocampal regions of
epileptic patients suggest an alteration in the regulation of neuronal survival and
growth. We hypothesize that changes in the relative abundances of growth factors
or receptors will be seen in neurons from chronic epilpetic foci, potentially as a
consequnce of the original injury that led to seizures or as part of an ongoing degenerative process in the presence of continuous seizures. To test this hypothesis, we
have compared the mRNA expression profiles of single DG granule cells from
normal control and epileptic human hippocampi. Using In situ reverse transcription
and antisense amplification, we quantitated relative mRNA abundances of 42 growth
factors and receptors representative of neurotrophin, platelet-derived growth factor
(PDGF), fibroblast growth factor (FGF), insulin-like growth factor (IGF), transforming growth factor (TGF), neuregulin, and neurokine families. Preliminary
evidence indicate that receptors for PDGF, FGFs, and TGFs and trkA are more
abundant in granule cells from epileptic tissues while FGFs, heuregulin, trk B,
erbB receptors, glial-derived neurotrophic factor, and bone-morphogenetic protein-6
are less abundant. The higher mRNA levels for growth factor receptors in epileptic
granule cells suggest that they may be upregulated. This might reflect a need for
increased growth factor response or an intrinsic alteration in the mechanism that
regulates neuronal survival and neurite outgrowth, both of which may ultimately
lead to a imbalance between inhibitory and excitatory circuitry. [NS 24260]
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CRD-NRG-l IN MURINE TONGUE SYNAPTOGENESIS. T.MASON,*
D.WOLPOWITZ, and L.ROLE . Department ofNeurology; Center for
Neurobioiogy and Behavior, Columbia University, P&S, 722 W. 168th St. NY, NY
10032
Synaptogenesis at nerve-muscle junctions involves both a redistribution of preexisting surface nicotinic acetylcholine receptors (nAChRs) and an increased local
synthesis and insertion of new receptors. This latter increase in nAChR expression
is induced by members of the neuregulin (NRG) family (Fischbach and colleagues
Cell 72:801; 1993). Our laboratory has characterized a NRG isoform in chicks,
mice, and humans in which a highly conserved cysteine-rich domain replaces the
Ig-motif found in other NRGs; we have termed this variant CRD-NRG-l. CRDNRG-l appears to be both a necessary and sufficient signal for the control of
neuronal nAChR expression during synaptogenesis (Neuron 20:255; 1998). A
CRD-NRG-l, isoform-specific knock out mouse was generated in order to
evaluate the overall role of CRD-NRG-l in synaptogenesis in vivo. Initial studies
ofthe effects of this genetic deletion suggest significant changes in development
ofthe peripheral nervous system. Specifically, we have examined development of
hypoglossal nerve-intrinsic tongue muscle synapses between E13 and PO in control
and CRD-NRG-l' mice. Analysis of the spatial and temporal patterns of several
pre- and post-synaptic proteins (including neurofilament, synaptophysin, abungarotoxin, acetylcholinesterase, and utrophin) indicate an important role of
CRD-NRG-l in the maturation of hypoglossal-tongue synapses. (Supported by
NS29071 to L.W.R.; T.B.A.M. is supported by NSAD, Colleen Giblin
Foundation).

IMPORTANCE OF HEPARIN BINDING ACTIVITY OF
NEUREGULIN-1 IN RECEPTOR STIMULATION. B. Han, KM.
Rosen* and GD. Fischbach, Dept. of Neurobiol., Harvard Med. Sch.,
Boston, MA 02115
Neuregulins (NRGs) contain an EGF-like domain, which is thought to
be critical for receptor activation. Some isoforms of NRGs, including
NDF and ARIA, also contain an Ig-like domain, which can bind to
heparin and heparan sulfate proteoglycans (HSPGs) in the extracellular
matrix. We examined the role of heparin binding activity of NRG in
receptor activation. We compared phosphorylation of the NRG receptor,
pl85, in L6 muscle cells by the extracellular domain of NRG (NDFf317244, Ig-EGFpl) with that by EGF-like domain of NRG (NDFpl 77-240,
EGFpi). Ig-EGFpi was 10-times more potent than EGFpi without any
difference in maximal stimulation. The higher potency of the Ig-EGFpi
was likely due to interaction of the Ig-like domain with heparin moiety in
the extracellular space of L6 cells. After limited proteolysis of both
peptides, the Ig-EGFpi lost its heparin binding ability and was no longer
more potent than the EGFpi. In addition, incubation of the L6 cells with
heparinase prior to NRG treatment dramatically reduced pi85
phosphorylation by Ig-EGFpi but not by EGFpi. Therefore,
extracellular HSPGs may bind and present Ig-containing NRGs to their
receptors and thus increase their potency in receptor activation.
This research was supported by NIH grant ROI NS 18458.
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PRIMATE DOPAMINERGIC NEURONS EXPRESS THE ErbB4
NEUREGULIN RECEPTOR AND ARE PROTECTED FROM INJURY
IN VITRO BY NEUREGULIN.
K.B. Seroogy*1. W. Duan'< K.H,

TNFa CONVERTING ENZYME (TACE) IS RESPONSIBLE FOR erbB4/HER4
CLEAVAGE. C. Rio*, J. D. Buxbaum*, J. J. Pesehon*, R- A= Blaek.Land.G-.
Corfas*8.5Div. of Neuroscience, Children’s Hospital, Boston, MA 02115, "Mount
Sinai School of Med., New York, NY 10029, ffmmunex Corp., Seattle, WA 98101
erbB4/HER4 is a member of the EGFR family. It is a receptor for the neuregulins,
and can also bind and be activated by HB-EGF and betacellulin. erbB4 is important for
die development of the nervous system. We have previously identified sequences
within the juxtamembrane (JM) region of erbB4 that are necessary for the cleavage and
downregulation of the receptor in response to PKC activation. Since it is likely that
the regulation of expression of erbB4 is important for its function during development
we set out to identify the molecules involved in erbB4 processing.
In order to study the cleavage of erbB4 in a quantitative manner, we developed an
ELISA assay to measure the relative amount of cell surface receptor in transfected cell
lines, using an antibody against the extracellular domain of the human erbB4. We
found that PKC activation by PMA has the strongest stimulatory effect on the
cleavage of the receptor, and that the metalloprotease inhibitor IC-3 completely
abolishes PMA-induced erbB4 shedding. We then tested the role of two wellcharacterized metalloproteases, Kuzbanian and TACE. Expression of a dominant
negative KUZ in erbB4 expressing cells does not affect receptor cleavage. However,
when erbB4 is expressed in embryonic fibroblasts from TACE -/- cells, PMA cannot
induce receptor cleavage. Moreover, re-expression of TACE in TACE -/- cells rescues
the proteolytic activity. Thus we conclude that TACE is necessary to mediate the
cleavage of erbB4. To test the role of the JM region of erbB4 in receptor shedding
we constructed an erbB2 chimeric receptor, containing the erbB4 JM region. While
erbB2 is not normally cut after PMA stimulation, the erbB2-erbB4 JM chimeric
receptor undergoes both constitutive and regulated cleavage. This suggests that the JM
region of erbB4 can make other erbB receptors susceptible to cleavage by TACE.
(Supported by NINDS NS35884, EJLB Foundation, The Klingentein Fund (GC)).

Lundgren1. L, Zhang', D.M. Yurek3. D.M. Gash1. M.P. Mattsonu. and H.I.
Kornblum4. Depts. of ‘Anatomy & Neurobioiogy, 2Sanders-Brown Ctr. on
Aging, and ’Surgery, Univ. of Kentucky, Lexington, KY 40536; 4Depts. of
Mol. & Med. Pharmacol, and Pediatrics, UCLA, Los Angeles, CA 90095.
We have previously shown that expression of ErbB4, a member of Ihe
ErbB family of neuregulin tyrosine kinase receptors, was substantially
decreased in the substantia nigra of rhesus monkeys made hemiparkinsonian
via intracarotid MPTP treatment. These data suggested that primate midbrain
dopaminergic neurons express the ErbB4 receptor and may have the capacity
to respond to neuregulin ligands. In the present study we used combined isotopic/nonisotopic double-labeling in situ hybridization to directly determine the
extent of ErbB4/dopamine coexistence in sections of normal monkey midbrain. The results demonstrate that virtually all monkey tyrosine hydroxylase
(the catecholamine biosynthetic enzyme) mRNA-containing nigral neurons
also express ErbB4 mRNA. To test whether neuregulins are neuroprotective
for primate dopaminergic neurons, we employed a human neuroblastoma
dopaminergic cell line (SK-N-MC) that is vulnerable to degeneration after exposure to iron (Fe2+) or the complex I inhibitor rotenone. Compared to controls, pretreatment of the cultures (24 hr) with the neuregulin heregulin-pl
(100 ng/ml) significantly increased dopamine neuron survival upon exposure
to Fe2+ (10 JiM) or rotenone (1 JiM). These results indicate that neuregulins
protect primate dopaminergic neurons from both oxidative and metabolic
insults in vitro and raise the possibility that neuregulins are neuroprotective
and/or neurotrophic for mesencephalic dopamine neurons in vivo.
Supported by NS35164, NS35890, AG13494, andNS01837.
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CHARACTERIZATION OF CELL-CELL SIGNALING AT SYNAPSES BY
TRANSMEMBRANE NEUREGULINS. K.E, Frenzel and D.L, Falls*,
Department of Biology, Emory University, Atlanta, GA. 30322.
The neuregulins (NRGs) are a family of ligands for receptor tyrosine kinases
(RTKs) that mediate cell-cell signaling. In the nervous system they are
predominantly expressed as transmembrane proteins. Recent evidence suggests
that other transmembrane ligands for RTKs (e.g. Ephrins, c-kit ligand) can
function as juxtacrine signaling molecules: i.e., membrane-bound molecules
that mediate signal transduction through direct cell-cell contact. NRGs have
previously been localized to synapses in the central nervous system and using
immunohistochemistry we have confirmed previous observations that NRGs
are present at synapses in the retina and spinal cord. However, the mechanism
by which they signal at synapses is not known. We propose that
transmembrane NRGs act as juxtacrine signals at synapses in the CNS. This
hypothesis predicts: 1) that transmembrane NRGs are present at presynaptic
terminals and 2) that transmembrane NRGs are enriched in presynaptic
terminal plasma membranes. To test these predictions, we have examined the
distribution of transmembrane NRGs in subcellular fractions of adult rat brain.
Purified synaptosomes and synaptosomal plasma membranes were isolated and
analyzed by Western blot with an antibody to the cytoplasmic tail of NRG, as
well as with antibodies to markers of specific subcellular compartments. The
results suggest that transmembrane NRGs are, in fact, present at central
synapses and are localized to synaptic plasma membranes. Experiments to
further test predictions of the model are ongoing.
Support: NIH GM 56337

THE ROLE OF THE LEUKEMIA INHIBITORY FACTOR
RECEPTOR AND GP130 IN THE REGULATION OF CHOLINE
ACETYLTRANSFERASE GENE EXPRESSION. J.L. Bartoe* and
N.M. Nathanson. Department of Pharmacology, Univ. of Washington, Seattle,
WA 98195.
Activation of the receptors for ciliary neurotrophic factor (CNTF) and
leukemia inhibitory factor (LIF) can lead to the induction of choline acetyltransferase
(ChAT) gene transcription, and CNTF and LIF can promote the survival of
cholinergic neurons in culture and in vivo. We have begun to investigate
mechanisms by which CNTF and LIF regulate ChAT gene expression. CNTF and
LIF initiate signaling through heterodimerization of the low affinity LIF receptor a
(LIFR) and gpl30. To determine whether gpl30 and LIFR can stimulate expression
of ChAT, chimeric receptors containing the extracellular domain of the granulocyte
colony stimulating factor receptor (G-CSFR) attached to the transmembrane and
cytoplasmic regions of gpl30 or LIFR (G-CSFR/gpl30 and G-CSFR/LIFR) were
coexpressed with a reporter gene containing the 5’ proximal region of the murine
ChAT gene. We find that activation of G-CSFR/gpl30, but not G-CSFR/LIFR
can stimulate the expression of the ChAT reporter gene. Truncation of the
carboxyl-terminal 47 amino acids of G-CSFR/gpl30 reduces receptor-stimulated
ChAT-luciferase expression by as much as 80%. This 47 amino acid region
contains two tyrosine-based motifs surrounding tyrosines 905 and 915, that are
necessary for the activation of the transcription factors Stall and Stat3. Mutation of
each of these sites individually had no effect on receptor-mediated expression of the
ChAT reporter gene, but mutation of both sites reduces ChAT reporter gene
expression to levels that are comparable to that obtained with the 47 amino acid
truncation of G-CSFR/gpl30. These results suggest that tyrosines 905 and 915 are
necessary for full induction of ChAT expression, and that ChAT expression is
mediated in part by Statl and Stat3. (Supported by the NIH and MDA).
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PHOSPHORYLATION OF HUMAN GP130 AT SERINE 782 ADJACENT TO THE
DI-LEUCINE INTERNALIZATION MOTIF R.M, Gibson^W.P. Schiemann, L.B,
Pritchard. J.M, Reno2. L.H, Ericsson2 and N.M. Nathanson1* ’Departments of
Pharmacology1 and Biochemistry2, University of Washington, Seattle, WA 98195
The receptor for the neurally active cytokine, leukemia inhibitory factor (LIF)
consists of two polypeptides, the low affinity LIF receptor (LIFR) and gpl30. We have
shown previously that LIFR is phosphorylated at SI044 by mitogen-activated protein
kinase (MAPK). We tested whether gpl30, the P-subunit of activated LIF receptors, is
phosphorylated on Ser/Thr residues in agonist-stimulated 3T3-L1 cell extracts. We
found that gpl30 fusion proteins were phosphorylated predominantly on Ser residues
C-terminal to box 3 in a time- and dose-dependent manner in LIF- and growth factorstimulated 3T3-L1 cell extracts. Although the kinetics for phosphorylation of gpl30
were similar to those for activation of MAPK, gpl30 fusion proteins were poor
substrates for active recombinant MAPK in vitro. Phosphorylation of gpl30 fusion
proteins containing Ser-to-Ala point mutations at positions S780 and S782 with
stimulated 3T3-L1 cell extracts revealed that GST-cgpl30(S780A) was phosphorylated
to an intermediate extent relative to WT and the S782A mutant. Furthermore, the
double mutant, GST-cgpl30(S780A/S782A) exhibited a level of phosphorylation that
was similar to that of the single S782A mutant. Edman sequencing followed by
matrix-assisted laser desorption time of flight mass spectrometry (MALDI-TOF MS)
demonstrated that S782 was the sole site of Ser phosphorylation on gpl30.
Additionally, S782 is located immediately N-terminal to the di-leucine motif of gpl30
which regulates agonist-stimulated internalization of the receptor. Expression in Cos-7
cells of chimeric G-CSFR-gpl30 receptors lacking S782 resulted in greater cell surface
expression of the receptor (-2-10 times greater). Taken together, our results identify
S782 as the major phosphorylated residue in human gpl30, and suggest that
phosphorylation of this site may serve to regulate cell surface expression of the
receptor polypeptide.
Supported by: NIH Grants T32-NS07332-08, F32-NS10585-01 andR01-NS30410.

ASTROGLIAL RESPONSES TO ENTORHINAL CORTEX LESION IN A CNTF
KNOCK-OUT MOUSE
Alisa G. Woods*, Christine Dallner. Mattias Kirsch, Thomas Deller, Michael
Sendtner, Hans-Dieter Hofmann Institute of Anatomy, University of Freiburg, D79001 Freiburg, Germany
Ciliary neurotrophic factor (CNTF) has been hypothesized to be one of the signals
initiating and maintaining astroglial responses to injury. Studies examining
infusion or over-production of CNTF in brain have demonstrated consequent
astrocyte activation. We have previously demonstrated increases in CNTF and
CNTF receptor-alpha in astrocytes within denervated areas of the hippocampus
following entorhinal cortex lesions. In the present study, we used mice mutants
lacking CNTF to investigate whether this factor is required for induction of
astrogliosis. We examined five indicators of astrogliosis following unilateral
entorhinal cortex lesion, including the astroglial expression of the three CNTF
receptor sununits (CNTFRa, LIFRp and gpl30). as well as GFAP and S100
immunoreactivity.
Our data demonstrate that all three CNTF receptor subunits are transiently induced
in GFAP-positive astroglia in the denervated outer molecular layer of wildtype mice.
Expression of the receptor components was notably observed at 5 days post-lesion.
In contrast, upregulation of receptor subunits was absent in the denervated outer
molecular layer of CNTF knock-out mice. However, S-100 and GFAP staining was
equally present in the denervated outer molecular layer of knock-out mice in
comparison to the background strain. These data indicate that the production of
CNTF is required for the induction of specific aspects of astrogliosis, in particular
the astroglial expression of its own receptor subunits, and that this factor may act
via an autocrine/paracrine mechanism to prolong astrocyte reactivity following a
brain insult. Supported by Alexander von Humboldt Foundation and the DFG
Ho 1722/6-1
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ACTH AND NEUROTROPHIC FACTORS IN RAT ASTROCYTE:

of neurotrophic factors.

ISOLATION OF NOVEL MOUSE cDNAs FOR GLIA
MATURATION FACTOR-p and -y. Y. Inoue1, K. Asai1*, K.
Fujita1, M. Morikawa1, M. Yamamoto1, Y. Miura1, Y. Kawai1,
M. Moriyama2, T. Kato1. ’Dept. of Bioregulation Research,
Nagoya City Univ. Med. Sch.; 2Div. of Biomolecular Science,
Inst, of Natural Science, Nagoya City Univ.; Nagoya 4678601, JAPAN.
A novel full-length mouse cDNAs for Glia Maturation
Factor-p (GMF-p) and GMF-y were isolated. The lengths of the
cDNAs are 4123 bp for mouse GMF-p and 606 bp for GMF-y.
Both cDNAs contained the same length of 426 bp open
reading frame with a deduced protein sequence of 142 amino
acid residues. A homology search with the FASTA program
revealed, within the coding region, 71.1 % DNA identity
between mouse GMF-p and GMF-y. The deduced amino acid
sequences of their putative products were highly homologous
(80.2 % identity). The cysteine residues, position 8, 87, and
96, which are considered to be crucial for biological activity for
GMFs are completely conserved. Northern blot analysis
indicated that messages of 4.4 kb long for GMF-p were
predominantly expressed in mouse heart, brain, lung, liver,
kidney, and testis, and messages of 0.9 kb long for GMF-y were
detected in mouse heart, spleen, lung, and testis. The limited
distribution of GMF-y may imply its specific cellular functions
distinct from those of GMF-p.
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NEUROTROPHIC ACTION OF LIPOCORTINl DERIVED FROM
ASTROCYTES ON CULTURED RAT CORTICAL NEURONS. H. Tsuiki1.
T, Miyachi1, H. Mizuno1. K. Asai2, K. Fujita2. K. Uomura1. Y. Wada1. and T. Kato2*
Dept of‘Pediatrics and ^Biorcgulation Research, Nagoya City University Medical
School, Mizuho-ku, Nagoya 467, Japan.
The lipocortins arc a family of struct urally related proteins, namely an annexin
family, that exerts a variety of cellular functions through Ca2+ ■ dependent binding
to phospholipase A2 JEC 3.1.1.4], including a crucial role in the centra] nervous
system (CNS) such as antipyrogenic, thermoregulatory and neuroprotective
agents in vivo. To elucidate the paradigm of lipocort in 1 functions in the CNS, we
have first, demonstrated (1) the induction and subsequent extracellular secretion
of LCl by glucocorticoid in cultured rat astrocytes, and (2) neurotrophic activities
(survival-promoting, neuritogenic and synaptogenic actions on rat cortical
neurons) of recombinant LCl. Time- and dose-dependent, experiments of a
synthetic glucocorticoid, dexamethasone (DEX), on rat cortical astrocytes in
culture revealed that the expression of the intracellular LCl mRNA and protein
were significantly augmented by DEX (1 pM). In addition, DEX evoked an
extracellular secretion of LCl without its cytotoxic effects. Furthermore, the
recombinant LCl appeared to promote not only the survival and neurite
outgrowth but also the synaptogenesis of embryonal rat cortical neurons. These
results suggest that LCl induced and selectively released from astrocytes by
either endogenously or exogenously introduced glucocorticoids may play a specific
and essential role on development and regeneration of the central nervous
system.

A NEW SYSTEM OF NEURONAL APOPTOSIS AND SURVIVAL
USING NG1O8-15 CELLS AND BRAIN INJURY-DERIVED
NEUROTROPHIC PEPTIDE(BINP)
T. Hama*, K. Sato, A. Qhtake and M. Maruyama, Mitsubishi Kasei
Institute of Life Science, Machida, Tokyo 194-8511 Japan
Neuroblastoma x glioma hybrid NG 108-15 cell serves as a typical
model cell with many neuronal properties. BINP is a fragmental 13mer
peptide of a novel neurotrophic factor and shows neurotrophic activities.
To elucidate the mechanism of neuronal apoptosis and survival from
apoptosis, we investigated system using BINP and cell line. We have
obtained monoclonal-anti-BINP receptor antibody screened by the
inhibition of BINP binding to the receptor. This antibody could stain the
cell surface of NG108-15 cells, indicating the presence of BINP receptor
on NG 108-15 cells. Among several reagents examined, lasalocid
induced cell death of NG 108-15 cells after 24- 48 hrs incubation. The
cell death induced by lasalocid was identified as an apoptic cell death by
TUNNEL method. Addition of BINP together with lasalocid could
protect NG 108-15 cells from apoptosis. This effect of BINP was dose
dependent and maximal effect was observed at 10 nM. As suggested
from that a monoclonal antibody against BINP receptor inhibited BINP
binding, BINP did not rescue the cells from apoptosis induced by
lasalocid in the presence of this monoclonal antibody. We concluded that
NG 108-15 cells had BINP receptors and BINP rescued NG 108-15 cells
from apoptosis via BINP receptors.

ACTH REDUCE CM I mRNA IN RAT ASTROCYTE.
M. Aovama.1
M, KokuboLK, Asai2. Y, Kawai2. K, Nakanishr * Y, Wada1. T. Kato2 ‘Dept.

of Pediatrics and 2Dept. of Bioregulation Research, Nagoya City University

Medical School, Mizuho-ku, Nagoya 467-8601, Japan. 3Dept. of Physiology,
Institute for Developmental Research, Aichi Human Service Center, Kasugai,

Aichi 480-0392, Japan

We examined the effects of ACTH (Adrenocorticotrophic Hormone), which
is used for the therapy of West syndrome, to astrocyte. In vivo administration of

ACTH induces secretion of glucocorticoid from adrenal glands and reduces

Corticotrophin Releasing Factor (CRF) by negative feedback (brain adrenal
axis). We stimulated rat astrocytes with CRF, ACTH, Dexamethazone (Dex) in
vitro, and examined changes of neurotrophins mRNA by RT-PCR. Down

regulation of CNTF mRNA was observed when stimulated with ACTH.
Northern blot analysis revealed the change was observed in 4 h after stimulation
over 10 nM of ACTH. The change of CNTF protein was not found in 8h and

24h after stimulation. Upregulation of NT-3 mRNA was also found when

stimulated with 1 |±M Dex. Th*ere is a possibility that blood-brain barrier (BBB)
is not complete in immature and damaged brain, which might lead to West

syndrome. Administrated ACTH may affect astrocyte directly and make change
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DEVELOPMENTAL LOCALIZATION OF APC, PRESENILIN 1, GSK-3 3 AND
3-CATENIN IN THE RAT CENTRAL NERVOUS SYSTEM. K.Ishii1*, T.Akagi1,
T-Hashikawa1, T .Honda2 and A.Takashima2. Lab.for Neural Architecture1 and Lab.for
Alzheimer’s disease2, Brain Science Institute, RIKEN, Wako, Saitama 351-0198, Japan.
Recent studies indicate that some components of the Wnt signaling pathway are
expressed by neurons in the developing brain. To study the localization of the
adenomatous polyposis coli(APC), Presenilin-1 (PS-1), glycogen synthase kinase
(GSK)-3 3 and 3 -catenin in the developing rat brains, we carried out immunohistochemistry using antibodies specific these molecules. In addition, we examined the
distribution of them in the cerebral cortex under an electron microscope. Wistar rats were
anesthetized from embryonic day(ED)16 to adult with sodium pentobarbital and
were transcardially perfused with fixative. At ED 16,APC and PS-1 immunostaining
revealed intensely labeled cortical plate cells. At postnatal day (PD)1, APC immunopositive neurons were in cortical layers V and Vlb cells, mesencephalic trigeminal
neurons, cerebellar Purkinje cells, olfactory bulb mitral cells and CAM hippocampal
pyramidal cells and dentate granule cells. At PD3, they were similar to PD1 in their
distributions, with an additional labeling of pyramidal neurons in cortical layers H/DI.
Rather intense and similar labeling patterns were found by adult. At later stages, PS-1
immunostaining patterns were similar to that of APC with additional neurons in the
paraventricular hypothalamic nucleus. At ED16, GSK-3 3 immunostaining mainly
labeled intermediate layer. ByPD14, cerebellar Purkinje cells were labeled. At later
stages, GSK-3 3 immunostaining patterns were similar to that of APC. 3 -Catenin
immunostaining almost did not label somata of neurons. Electron microscopically, the
immunoreactivity forAPC, PS-l,and GSK-3 3 was detected in the somata and dendrites,
whereas 3 -catenin was preferentially localized in dendrites rather than somata. These
findings indicate that APC may be co-localized with PS-1 from early developmental stages and with GSK-3 3 at later stages. Supported by RIKEN BSI grant 57911.

BONE MORPHOGENETIC PROTEIN (BMP) 2 AND 4 UP REGULATE
THE BASIC HELIX-LOOP-HELIX TRANSCRIPTIONAL REPRESSORS
Id4 AND Id2 IN SUBVENTRICULAR ZONE PROGENITOR CELLS
D. Zhang*, M.F, Mehler, J.A. Kessler, Depts. ofNeurology and Neurosci.,
Albert Einstein College of Medicine, Bronx, NY 10461
BMPs, a subclass of the transforming growth factor p super family,
promote astroglial lineage commitment of mammalian subventricular zone
(SVZ) multipotent progenitor cells. In order to understand genes that are
regulated by BMPs in these neural progenitor species, cDNA gridded
microarray techniques were used to compare mRNAs expressed by control
and BMP2-treated cells. BMP2 treatment of late embryonic (El8) SVZ
proliferative progenitor populations for 2 hours induced expression of only 4
genes out of 5,500 examined; one of these genes was Id4. Northern blot
analysis confirmed that Id4 was expressed by BMP2-treated progeniter cells
but not by control cells, and that levels of Id4 expression increased
progressively with time after factor treatment (2hr, 6hr,15hr). BMP4 was
equally as effective as BMP2 in inducing Id4 expression. By contrast, both
BMP2 and BMP4 promoted a stable increase in expression of Id2 mRNA
from elevated basic expression levals in untreated progenitor cells. Id4 and
Id2 belong to a family of helix-loop-helix transcriptional repressors that have
been shown to regulate differentiation in several other cellular systems. The
role of Id proteins in promoting progenitor cell lineage commitment and
astroglial development is currently under investigation.
Supported by grants from NIH NS20013, NS20778 (JAK).

93.17
VASCULAR ENDOTHELIAL GROWTH FACTOR (VEGF); AXONAL
OUTGROWTH AND THE EXPRESSION OF THE VEGF - RECEPTOR
FLK-1 IN CULTURED PERIPHERAL GANGLIA . M. Sondell1* G.
Lundborg2 and M, Kanje1. Department of Animal Physiology, Lund
University, Helgonav. 3 B, S-223 62 Lund, Sweden; ^Department of Hand
Surgery, Malmo General Hospital, Lund University, Malmo, Sweden.
Vascular endothelial growth factor (VEGF) is a well known mitogen for
endothelial cells. We have found that VEGF stimulates axonal
outgowth from dorsal root ganglia (DRG) and the superior cervical
ganglia (SCG) i.e. VEGF has neurotrophic activity, like the structurally
related angiogenic factor PDGF. In this study we investigated the
expression of the VEGF receptor flk-1 in DRG and SCG and the effects of
two inhibitors of signal transduction, the MAPK kinase inhibitor PD
98059 and the protein kinase inhibitor K252a on VEGF-induced axonal
outgrowth. Immunocytochemistry (ICC) showed the presence of the flk-1
receptor on nerve cell bodies in both SCG and DRG. Growth cones and
regenerating axons from both types of ganglia also exhibited
immunoreactivity, as did Schwann cells. In situ hybridization showed a
mRNA distribution similar to the ICC in the ganglia. VEGF-induced
axonal outgrowth was inhibited by PD 98059 but not by K252a. The
results suggest that the neurotrophic effects of VEGF involve activation
of the flk-1 receptor and the MAPK pathway. This study was supported
by grants from the Swedish Medical and Natural Science Research
Councils and the foundations of Ake Wiberg, Hierta-Retzius and
Crafoord.

OTHER NEUROTROPHIC FACTORS: LOCALIZATION AND EFFECTS ON
PROLIFERATION AND DIFFERENTIATION

94.1

94.2

USING RENILLA LUCIFERASE AS THE
REPORTER FOR GDNF EXPRESSION. H. Liu1,
R.P. Iacono2, G. Maeda1* A. Szalay3. Dept. of
Physiology and Pharmacology1, Dept. of Surgery2,
Dept. of Biochemistry3, Loma Linda University,
Loma Linda, CA 92350
The aim of this study is to develop a system to
monitor the expression of glial cell-line derived
neurotrophic factor (GDNF) in body fluids. The
reporter gene is a mutant form of Renilla luciferase
cDNA which was fused with GDNF cDNA via a
linker. Bioactivities of Renilla luciferase and
GDNF fusion protein were monitored and the
correlations established in vitro. These studies
revealed that GDNF was efficiently expressed
together with Renilla luciferase. Optimization of
the expression of the fusion protein in glial cells
and testing of this contract in model animals are
subject to present studies. The potential
applications of the fusion protein in cellular
implantation will be discussed.

CHARACTERIZATION OF bFGF- AND EGF-RESPONSIVE NEURAL
PRECURSOR CELLS (NPCs) ALONG THE ANTERIOR-POSTERIOR (AP) AXIS
OF THE DEVELOPING NERVOUS SYSTEM. M.C, Cardenas-Aguayo12 *. J.
Santa-Qlalla1. M. Fregoso-Lomas1. L, Salgado3 and L. Covarrubias1. ’Dept. Gendtica
y Fisiologia Molecular, IBT-UNAM, 2Dept. Biomedicina Molecular, and 3Dept.
Bioquimica, CINVESTAV-IPN. A.P. 510-3, Cuernavaca, Mor. 62271, Mexico.
EGF and bFGF have been shown to promote proliferation of multipotent NPCs. We
previously demonstrated that, in vitro, an EGF responsive population appears after
bFGF has acted in early NPCs of mesencephalon. Regional and temporal analysis
shows that the EGF-responsive population arise first in ventral and then in dorsal
mesencepalon, and its contribution increases as development progress with
concomitant decrease in the NPCs responsive to bFGF. Then, bFGF and EGFresponsive NPCs are within the same lineage, and are part of the coordinated process
of NPC expansion during mesencephalon development. To establish if this same
process occurs in other regions of the nervous system, we estimated the contribution
of the bFGF and EGF-responsive population along the AP axis at different
developmetal stages (from 12.5 to 14.5 d.pc). We found that, at early developmental
stages, only bFGF was capable of generating colonies, and at late stages contribution
to the total number of colonies by the EGF-responsive population increased, except in
the metencephalon and spinal cord. Interestingly, if we pre-treated cells with bFGF
for one day at early developmental stages, the EGF-responsive population appeared,
even from cells of metencephalon and spinal cord. These data suggest that a similar
bFGF responsive NPCs exist along the AP axis that is very likely the source of the
NPCs responsive to EGF, appearing later in development in different brain regions.
We are also interested in the possible mechanisms of action of bFGF and EGF on
NPCs. Grossly, EGF seems to be acting as a mitogenic factor and, on the EGFresponsive population, bFGF appears to be a survival factor. In order to determine if
the generation of colonies depends only on the mitogenic activity of EGF, we have
infected EGF-responsive NPCs with a retrovirus coding for the myc oncogene. The
bFGF survival activity is being tested using a retrovirus coding for the bcl-2 oncogene.
Results obtained from these experiments will be presented. Funded by UNAM.

Society

for

Neuroscience

, Volume

25, 1999

OTHER NEUROTROPHIC FACTORS: LOCALIZATION AND EFFECTS ON
PROLIFERATION AND DIFFERENTIATION

234

SUNDAY AM

94.3

94.4

Molecular Cloning and Expression of Xksy, a Novel Sky Family
Receptor Tyrosine Kinase with a Glutamic Acid-rich Domain

CHARACTERIZATION OF THE NOVEL GDNF-FAMILY MEM]
NEUBLASTIN
C. Rosenblad1. M, GrOnborg2, C, Hansen3 D. Kirik1, N. Blom4, C. Lundberg1.___
Meyer, J, Johansen . L. Dagd1, ,U, Pater, D. Trono7, A, Bjorklund1* and T.E.
Johansen . Wallenberg Neuroscience Center, Lund University Lund, Sweden;
2NeuroSearch A/S, Glostrup, Denmark; 3The Panum Institut, Copenhagen, Denmark;
4The Technical University, Lyngby, Denmark; 5Odense University, Odense, Denmark;
Cambridge Bioscience, Cambridge, United Kingdom. 7Universtiy of Geneva Medical
School, Geneva, Switzerland ] -/, Q
The GDNF family of neurotrophic factors have previously been reported to exert
neuroprotective actions on several neuron populations including the nigrostriatal
dopamine (DA) neurons which degenerate in Parkinson’s disease. We have identified
a novel member of the GDNF family by searching the High Throughput Genome
Database with sequences of mature Persephin. This new member, which we have
named Neublastin (NBN), is identical to Artemin recently published (Baloh et al.,
1998 Neuron 21, 1291-1302). Full-length coding sequences of human and murine
NBN were cloned from cDNA libraries using PCR with primers based on the
sequence from the database search (a full-length cDNA clone of 1892 bp has been
downloaded to GenBank, Accession no. AFI 20274). cRNA in situ hybridization
shows NBN expression in the embryonic and postnatal retina, striatum, cortex,
dentate gyrus, dorsal root ganglia and trigeminal ganglia. In vitro, supernatant from a
neuroprogenitor cell line transduced with NBN was able to enhance the survival of
cultured primary DA neurons grown under serum-free conditions. After 7 days in
vitro the increase was 60% which was similar to the maximal effect obtained with
GDNF treatment (10-100ng/ml). In contrast to GDNF, NBN was not able to increase
the QhAT activity in ventral mesencephalic or spinal chord motor neurons in culture.
The neuroprotective effects of NBN on nigral DA neurons in vivo were tested in the
intrasCiatal 6-OHDA lesion model. The nigral neurons were retrogradely pre-labelled
with’fluorogold. Lenti virus vectors carrying the gene for green fluorescent protein
(GFP), NBN or GDNF were injected into the striatum and substantia nigra one week
before the intrastriatal 6-OHDA lesion. At 3 weeks post-lesion the number of
surviving neurons in the GFP group was 30% of that on the intact side. Almost
complete protection, 89% and 87%, was obtained in the NBN and GDNF groups
respectively. The results show that NBN is widely expressed in the developing CNS
and has a profound neuroprotective effect on lesioned nigral DA neurons, similar to
that of GDNF. Supported by NeuroSearch A/S.

94.5
A TROPHIC ROLE FOR MOTONEURONS DURING ADULT
MYOGENESIS IN DROSOPHILA. J.J. Fernandes? S.R. Holt, and H.
Keshishian, Dept MCDB,Yale Univ., New Haven. CT 06520.
In many organisms including mammals, trophic factors play an
important role in regulating development of their targets. Such studies
have previously received little attention in Drosophila, due to the lack
of an appropriate neural system to test these effects. We have found
that the developing adult motor system of Drosophila is well suited to
examining trophic signaling. Using cellular manipulations, we have
shown that a nerve-derived mitogen regulates proliferation of adult
myoblasts. When the indirect flight muscles (IFMs) of Drosophila are
denervated using a microbeam laser, the resulting fibers are up to 60%
smaller than control counterparts. Using BrDU to label dividing nuclei,
we have show that a reduction in proliferation is responsible for the
observed reductions in muscle mass. The IFMs are made up of two
muscle groups, the DVMs which develop de novo, and the DLMs
which develop using larval scaffolds. Denervation affected DVM fiber
formation more severely than the DLMs- although myoblast fusion
was initiated, fiber formation was rarely seen. Our results indicate that
a nerve-derived mitogen regulates myoblast proliferation in order to
maintain the myoblast pool during fusion and fiber formation.
Interestingly, the nerve effect is coincident with elaboration of
motoneuronal processes over the muscle surface. Our current efforts
are aimed at identifying the molecular nature of the mitogen by
examining the expression of known secreted molecules, and
subsequent analysis of mutants in candidate genes.
Supported by grants from the NIH, NSF and NASA.

94.6
ANTAGONISM OF PLATELET-DERIVED GROWTH FACTOR (PDGF)
MEDIATED PROLIFERATION BY TRANSFORMING GROWTH
FACTOR (TGF) pi IN DISSOCIATED CULTURES OF CORTICAL
ASTROCYTES. J.A. Lang, J. Luo*, and M.W. Miller. Dept. Psychiatry,
Univ. Iowa Coll. Med., and Veterans Affairs Med. Ctr., Iowa City IA.
Cell proliferation in the developing central nervous system reflects the
combined activity of mitogens (e.g., platelet-derived growth factor; PDGF)
and anti-proliferative agents (e.g., transforming growth factor {31;
TGFpi). We hypothesize that TGFpi inhibits the action of PDGFmediated signal transduction. To test this hypothesis, primary cultured
cortical astrocytes were treated with PDGF and/or TGFpi raised in a
medium with 1.0 or 10% fetal calf serum. We examined the combined
effects of PDGF and TGFpi on (1) ligand and receptor expression, (2)
receptor autophosphorylation, and (3) glial proliferation. The isoform
PDGF-AA apparently stimulated further expression of PDGF-AA
expression in a concentration-dependent manner. In contrast, TGFpi
had no effect on the expression of either PDGF-AA or PDGF-BB, or on
the PDGFp receptor. TGFpi did significantly down-regulate the
expression of the PDGFa receptor. PDGF-AA stimulated phasic
autophosphorylation of the PDGF receptor. TGFpi only minimally
stimulated its receptor. Interestingly, concurrent addition of both factors
caused a sustained phosphorylation of the PDGFa receptor. PDGF-AA
stimulated glial proliferation, whereas treatment with TGFpi caused cell
numbers to decrease. TGFpi completely blocked PDGF AA-mediated
proliferation of cells. Thus, it appears that the ability of TGFpi to alter
PDGF-mediated autophosphorylation and glial proliferation results from
the effect of TGFpi with the activity of the PDGFa receptor. Funded by
the VA and NIH (DE07734, AA06916, AA07568, and AA09611).

94.7

94.8

EXPRESSION OF RETINOID RECEPTORS DURING THE RETINOIC
ACID-INDUCED NEURONAL DIFFERENTIATION OF A HUMAN
EMBRYONAL CARCINOMA CELL LINE. W.M.W. Cheung*, P.W.K.
Chu, C.H. Lung, W.S. Hui, A.H. Chu and N.Y, Ip. Department of Biology
and Biotechnology Research Institute, Hong Kong University of Science
and Technology, Clear Water Bay, Hong Kong, China.

THE HEAT SENSITIVITY OF ISOLECTIN-B4 POSITIVE NOCICEPTORS IS
SELECTIVELY LOST IN MICE LACKING THE NEURTURIN RECEPTOR
GFRa2 C.L. Stucky1*, J. Rossi2, M. S. Airaksinen2 and G.R, Lewin1. 'Max Delbriick
Center for Molecular Medicine, Berlin, Germany and 2University of Helsinki,
Helsinki, Finland.
Targeted disruption of the GFRa2 receptor gene in mice indicates that GFRa2 is a
receptor for the GDNF-related neurotrophic factor neurturin (Rossi et al. 1999,
Neuron 22:243-252). GFRa2 receptors are expressed by IB4-positive, GDNFresponsive nociceptors. We used physiological techniques to ask whether the function
of sensory neurons is affected in the absence of this receptor. We used two
electrophysiological approaches to record from sensory neurons in GFRa2 -/- and
GFRa2 +/+ mice. The mechanosensitivity of cutaneous sensory neurons was
analyzed by recording from 130 functionally-identified Ap, AS and C-fiber neurons
in an in vitro skin-saphenous nerve preparation. There were no differences in either
the proportions or von Frey thresholds of any of these types of fibers. Heat-activated
inward currents (>100 pA) of nociceptors were investigated by using whole-cell
patch clamp techniques. A total of 77 small-diameter (< 26 pm) sensory neurons
were examined 1 day after isolation. Neurons were tested for responsiveness to heat
by superfusion with a ramp of heated buffer (22-50 C° in 8 ± 1 sec). Living neurons
were labelled with FITC-coupled IB4. Forty-five percent of neurons recorded in both
GFRa2 -/- (17/37) and GFRa2 +/+ (18/40) mice were IB4-positive suggesting no
substantial loss of IB4-positive neurons. Among the IB4-negative sensory neurons,
there was no difference in the percentage of heat-responsive neurons in GFRa2 -/mice (23.5%, n=17) and GFRa2 +/+ mice (36.4 %, n=22). In contrast, among the
IB4-positive neurons, the heat-responsive neurons in GFRa2 -/- mice were reduced to
10% (n=20) from 45% (n=18) in GFRa2 +/+ controls (p < 0.05, %2 test). Our
functional analyses indicate GFRa2 is required for the expression of heat sensitivity
specifically in IB4 positive nociceptors. Supported by DFG.

Y, A, Kishi*, H, Funakoshi, K, Miyamoto, and T, Nakamura
Div. of Biochemistry, Biomedical Research Center, B-7, Osaka University
Medical School, Osaka 565-0871, Japan
Sky (Ohashi et al., 1994) is a member of Axl/c-Mer/Rek receptor tyrosine
kinase family, which has two immunoglobulin (Ig)-like repeats and two
fibronectin type III (FN ill)-like repeats in the extracellular domain. To analyze the
function of Sky family in early neural development, we isolated a cDNA
encoding a member of Sky family from a Xenopus tailbud cDNA library, and
termed Xksy (Xenopus tyrosine kinase of Sky family). Although Xksy showed
the highest identity to Rek or Sky, the overall identity were relatively low. In
addition, Xksy contained a unique glutamic acid-rich (Glu-rich) domain which
was not conserved in any of the known Sky family members and this is the first
identification report of a Glu-rich domain in receptor tyrosine kinases by our
knowledge. The importance of this domain is implicated in some functional
molecules, so it may give Xksy specific functions distinct from other Sky family
members. Northern analysis revealed that Xksy mRNA was expressed relatively
broadly in adult Xenopus tissues, and this pattern is in contrast to Rek and Sky
which are predominantly expressed in brain. RNase protection assay revealed
that Xksy mRNA levels progressively increased from mid neurulation stage to
tadpole stage during development, and Xksy was restricted to the head region
in the later development of Xenopus. Whole-mount in situ hybridization of the
tadpole stage embryos revealed the expression of Xksy to be localized to the
central nervous system, the origins of sensory organs, and the branchial
arches. Biological activity of Xksy will be also presented. Taken together, we
propose that Xksy is a novel member of Sky family with a glutamic acid-rich
domain, which may play important roles in neural development and neural crest
development.

Retinoic acid (RA), a derivative of vitamin A, is essential for the
maintenance of normal growth and development. It is also important in embryonal
patterning and neurogenesis. Clinically, RA has been used as an effective therapeutic
agent for the treatment of acute promyelocytic leukemia. Hence, RA has stimulated
intense efforts in understanding its mode of action. Previous studies have been
focused on the role of RA receptors (RARs), one of the two nuclear receptors that
mediate the RA signals in differentphysiological functions. Little is known on the
role of the other nuclear receptor, the retinoid X receptors (RXRs). In this study,
using a human embryonal carcinoma cell line, NT2, we examine the possible role cf
RXRs during the RA-induced neuronal differentiation. Although RXRs were
activated only by 9-cis RA, the expression of RXRs in NT2 cells were regulated by
both sSA-trans and 9-cis RA. While the expression of RXRa was upregulated
during the RA-induced neuronal differentiation, the expression of RXRa could also
be upregulated by increasing the cell density. It is possible that RXRa might be
associated with growth arrest, as well as other neuronal fiinctions. As the first step
to understand the functional roles of RXRa in neurons, we examined the sublocalization of the RXRa in human CNS neurons. It was observed that RXRa was
expressed in the neurites of the TH-positive neurons. Interestingly, RXRa was
demonstrated to be expressed in CNTF-induced murine Pl9 neurons. Taken
together, our findings suggested that RXRa, as well as other RXRs, might play a
role in the functioning of neurons in addition to its role as a component in the RAsignaling cascade. (This study is supported by the Biotechnology Research Institute of
HKUST and Research Grants Council of Hong Kong)
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A ROLE FOR PTEN IN NEURONAL DIFFERENTIATION. A.H.
Ross*, M.B. Lachyankar, N. Sultana, C.M. Schonhoff, P. Mitra, W.
Poluha, S. Lambert, P.J. Quesenberry, N.S. Litofsky, R. Nabi, and
L.D. Recht. UMASS Medical School, Worcester, MA 01655.
Mutations of PTEN, a protein and lipid phosphatase, have been
associated with gliomas, macrocephaly and mental deficiencies. We
have assessed PTEN’s role in the nervous system, examining mouse
brain, PC 12 pheochromocytoma cells and cultured CNS stem cells.
Many neurons in adult brain express PTEN, but it is not detected for
astrocytes or oligodendrocytes. PTEN is not required for initiation
of neuronal differentiation by neurotrophins but is required for
survival of the resulting immature neurons. PTEN is detected for
immature astrocytes but not for mature astrocytes and is not required
for astrocytic differentiation. This is the first evidence for a role for
PTEN in neuronal differentiation. In addition, the expression of
PTEN in immature glial cells is consistent with recent proposals that
gliomas are derived from glial precursor cells.
Supported by Our Danny Fund, UMASS Cancer Center.

REGULATION OF CHOLINERGIC BASAL FOREBRAIN NEURONS
BY BONE MORPHOGENIC PROTEINS. D. Nonrter1, P.L. Kaplan2 and
J.N. Barrett1*. 1Univ. of Miami Sch. Med., Miami, FL 33136 and
2Creative BioMolecules, Boston, MA 02199.
Bone morphogenic protein (BMP) growth factors BMP-6 and BMP7/OP-1 (but not BMP-3) increased choline acetyltransferase (ChAT)
activity in cultures of embryonic day 15 rat septum. A 7-11 day
exposure to a single addition of either BMP-6 or BMP-7 in the optimal
concentration range of 2 to 5 nM increased ChAT activity 1.6- to 2-fold.
In this concentration range there was no further increase in ChAT
activity when both factors were added together, or when multiple
applications were made over a 7 day culture period. BMP-6 and BMP7 further increased ChAT activity in the presence of nerve growth
factor. BMP-6 and BMP-7 also increased ChAT activity in combined
cultures containing both septal and hippocampal cells. High concentrations of either BMP-6 or BMP-7 (50 to lOOnM) reduced ChAT activity
but did not reduce neuronal survival.
Both BMP-6 and BMP-7 protected septal neurons from a
hypoglycemic stress, but not from stress produced by exposure to
okadaic acid (a phosphatase inhibitor). Both total neuronal survival
and ChAT activity following stress were increased, suggesting that
cholinergic neurons were among those whose post-stress survival was
enhanced by BMPs.
Supported by Creative BioMolecules and NIH NS 12207.

94.11

94.12

NOREPINEPHRINE AS WELL AS ACETYLCHOLINE IS REQUIRED FOR THE
ACQUISITION OF SWEAT GLAND SECRETORY RESPONSIVENESS. B.
Habecker1, H. Tian2, M. Rios3, S, Roffler-Tarlov4 and S. Landis2*.1 Dept. Physiol. &
Pharm., Oregon Hlth Sciences Univ., Portland, OR 97201 2Neural Development
Sect. NINDS/NIH, Bethesda, MD 20892; ’Whitehead Inst., MIT, Cambridge, MA
02142,4Dept. Neurosci., Tufts Univ. Sch. Med., Boston, MA 02111.
During development, sympathetic neurons innervating sweat glands undergo a
change from noradrenergic to cholinergic that is induced by interactions with their
target tissue. Acquisition of secretory responsiveness by the glands requires
cholinergic innervation. Culture studies suggested that production of cholinergic factor
by sweat glands and therefore the cholinergic switch requires catecholamine (CA)
innervation. To determine whether CA innervation of sweat glands is required for the
switch in vivo, we examined the onset of secretory responsiveness in mice lacking the
CA synthetic enzyme, tyrosine hydroxylase (TH). As previously reported (Tafari et
al., J. Neurosci. 17:4275), secretory responsiveness was delayed, but not abolished, in
pigmented TH null mice. At P15, 50% of sweat glands secrete after pilocarpine
challenge in pigmented wild-type mice while less than 5% are active in pigmented TH
null mice. At P21 when 75% of glands in wild-type mice secrete, only 30% do so in
pigmented TH null mice. The developing gland innervation of pigmented TH null
mice contains CA fluorescence: CAs are present because the precursor, L-dopa, is
available through the activity of tyrosinase in the melanin pathway (Rios et al., J.
Neurosci. 19:3519). CA fluorescence is absent from the gland innervation of albino
(tyrosinase -/-) TH null mice and in these mice less than 3% of the adult complement
of glands are responsive at P21, indicating that secretory responsiveness depends on
the presence of CA in the developing sweat gland innervation. When we examined the
sweat gland innervation for the vesicular acetylcholine transporter (VAChT) to
determine whether CAs are required for the induction of cholinergic function, we found
that VAChT-IR was normal. Thus, CA are not required for induction of cholinergic
function in the sweat gland innervation but are required along with acetylcholine for
the induction of secretory responsiveness. Supported by NINDS DIR & NS35639.

SYNERGISTIC INDUCTION OF CHOLINE ACETYLTRANSFERASE
ACTIVITY IN CULTURED SYMPATHETIC NEURONS BY CILIARY
NEUROTROPHIC FACTOR AND ACTIVIN. M, Clemens and J. Coulombe*
Neural Development Section NINDS/NIH, Bethesda, MD 20892-4064
Amongst the soluble proteins known to affect neurotransmitter phenotype are
members of the neuropoietic cytokine and transforming growth factor-(3 superfamilies. Others have shown that in cultured sympathetic neurons, the neuropoietic
cytokine ciliary neurotrophic factor (CNTF) and TGF|3 superfamily member activin
alter the expression of mRNAs for several neuropeptides and neurotransmitter
biosynthetic enzymes including choline acetyltransferase (ChAT). However, it is not
clear whether the induction of ChAT mRNA by activin is translated into an increase
in ChAT enzymatic activity. Here we report that treatment of cultured rat Pl SCG
neurons for one week with recombinant activin A (100 ng/ml) results in a 4 fold
increase in ChAT activity over untreated cultures. In comparison, cultures treated
with 10 ng/ml recombinant CNTF underwent a larger 12 fold maximal increase in
ChAT activity. Since activin and CNTF have previously been found to have a
synergistic effect on the induction of vasoactive intestinal peptide (VIP) gene
expression in a neuroblastoma cell line, we examined whether activin and CNTF also
act synergistically on ChAT expression in primary cultures of sympathetic neurons.
In the presence of a maximal dose of CNTF (10 ng/ml) and a 0.4 ng/ml
concentration of activin, rat Pl SCG neurons cultured for one week have higher
levels of ChAT activity than cultures treated with maximal doses of either factor
alone. This synergistic effect plateaus with concentrations of activin greater than 25
ng/ml with a 45 fold maximal increase in ChAT activity over untreated cultures. A
half maximal response is obtained with 6 ng/ml of activin. Thus, in cultured
sympathetic neurons, activin can produce a small increase in ChAT activity and in
the presence of the neuropoietic cytokine CNTF, a large synergistic increase in
ChAT activity is obtained. These results suggest the potential for neurotrophic
factors to act synergistically in determining neurotransmiter phenotype. Supported by
NINDS DIR.

94.13

94.14
BONE MORPHOGENETIC PROTEINS ARE ESSENTIAL FOR
THE DEVELOPMENT OF SYMPATHETIC NEURONS
C. Schneider, J. Enderichl M, Wegner* and H. Rohrer*
Max-Planck-lnstitut fur Himforschung, D-60528 Frankfurt/M.,
Germany; IZentrum fur Molekulare Neurobiologie, UKE,
Martinistr. 52, 20246 Hamburg, Germany.
Bone morphogenetic proteins (BMPs), potent inducers of
neurogenesis in neural crest cultures, stimulate sympathetic neuron
development when overexpressed in the chick embryo in vivo. We
now demonstrate that sympathetic neuron development is prevented
in chick embryos treated with the BMP-inhibitor noggin. In noggintreated embryos, the expression of genes coding for the
noradrenaline biosynthetic enzymes tyrosine hydroxylase (TH) and
dopamine-p-hydroxylase (DBH) and for the pan-neuronal
neurofilament and SCG 10 proteins are virtually absent in
sympathetic ganglia. The lack of sympathetic neurons is explained
by the death of precursor cells, as suggested by the reduction in the
number of ganglion cells and the increase in the number of TUNELpositive apoptotic cells. The analysis of upstream transcription
factors revealed that Cash-1 but not Phox2a and Phox2b are
expressed in noggin-treated embryos. These results demonstrate an
essential role of BMPs for sympathetic neuron development and
suggest that the induction of Phox2a and Phox2b expression is
involved in the action of BMPs in vivo.
Supported by grants from DFG (SFB 269) and Fonds der
Chemischen Industrie to H.R.

DEVELOPMENTAL EFFECTS OF BMPS AND GDNF ON ENTERIC
AND SYMPATHETIC NEUROBLASTS GROWN IN COMPLEX
ENVIRONEMENTS. J.M. Pisano*, F, Col6n-Hastings and S.J. Birren.
Department of Biology, Brandeis University, Waltham, MA 02254.
In the peripheral nervous system, enteric and sympathetic neurons develop from
multipotent neural crest cells. Using cells isolated from embryonic rats, we have
shown that El4.5 enteric and sympathetic neuroblasts which have colonized their final
embryonic environments are plastic with regard to final phenotype. This developmental
potential is restricted by E19.5, at which time enteric and sympathetic neuroblasts do
not alter their TH expression pattern in response to alternative environmental cues. We
have shown that phenotypic restriction takes places as a consequence of intrinsic
changes in developing neuroblasts by co-culturing neuroblasts and environments,
(dorsal aorta or gut) from different developmental stages. These data also show that the
gut factors which down-regulate TH in developmentally plastic neuroblasts are still
present at E19.5. Since lineage specific maturation begins during this time window,
our co-culture system provides an opportunity to examine the factors and interactions
underlying phenotypic restriction and maturation.
We have analyzed the effect of GDNF, NT3, bFGF, BMP2 and BMP7 on neuronal
survival, division, death, and neuronal maturation of enteric and sympathetic
neuroblasts at E14.5 and E19.5. These molecules have previously been shown to effect
neuronal development in lineage and context specific manners. We have looked at
combinatorial effects of these factors on enteric and sympathetic precursors in the
presence and absence of co-cultured environments. Initial experiments have shown that
GDNF increases the number of enteric and sympathetic neuroblasts grown either alone
or in gut or dorsal aorta environments. In the absence of other cell types or added
factors BMP2 and BMP7 decrease the number of surviving neuroblasts. Combinations
of the BMPs with either GDNF, FGF, NT3 or die gut environment appear to interact
to induce neuronal maturation. These data suggest that complex interactions of
multiple cues are necessary for lineage divergence and appropriate neuronal maturation
in the peripheral nervous system. Supported by NSF grant IBN-9514552 to S.J.B.
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Myoblast differentiation is accompanied by expression of the NGF
receptors: Effects of NGF on the proliferation and differentiation of
myoblasts. J-Y. Ou , J. Chambers*, E. F. Wheeler. Division of Life Sciences,
Univ. of Texas at San Antonio.
The p75NTK and trk A receptors can be detected in embryonic muscle by
immunohistochemical analysis or in situ hybridization. p75NTR expression is
transient and expresses on myoblasts tliat are proliferating or are in the process
of fusing to form myotubes. By contrast the trk A receptor can be detected in
both embryonic and adult muscle. Furthermore, NGF localizes in support tissue
that surrounds the muscle. The expression of the NGF and its receptors during
muscle development indicates these molecules may play a role in myoblast
differentiation and/or function. To characterize the role of the NGF receptors in
myoblast differentiation, primary myoblasts were harvested from El7.5 rat
embryos and cultured in the presence and absence of NGF. Proliferation and
differentiation were monitored by assaying tlie numbers of myosin heavy chain
positive myoblasts and myotubes in the NGF cultures versus those cultured in
the presence of bFGF or 10% horse serum (differentiation media). NGF and
bFGF were comparable in their ability to induce cellular proliferation. Similar
experiments were conducted with the L-6 rat myoblast cell line with the same
results. To test whether or not the NGF was signaling through one or both
receptors, L-6 myoblasts were starved for factor and then treated with NGF.
After 90 minutes, the NGF-treated cultures showed both IFk B and Map kinase
phosphorylation as determined by western blot analysis. These results indicate
that NFkB and the Map kinase were activated by NGF in the L-6 myoblast cell
line prior to myotube formation and that p75NTR and trk A are actively signaling
myoblasts that are proliferating. This work was supported by the NIH-MBRS
grant #2S06-GM08194 to EFW.

GDNF INCREASES MORPHOLOGICAL DIFFERENTIATION OF
CULTURED NIGRAL NEURONS.
H.R, Widmer*. B, Schaller,
R, Guzman, M, Mever\ and R.W, Seiler, Department of Neurosurgery,
University of Bern, CH-3012 Bern, Switzerland and "Department of
Anatomy and Cell Biology, USD-Odense University, Denmark.
Glial cell line-derived neurotrophic factor (GDNF) is a potent neurotrophic
factor for mesencephalic dopaminergic neurons. Subpopulation of these
neurons express the calcium-binding protein Calbindin. Detailed knowledge
of the effects of GDNF on this subset of neurons might be of importance for
an optimal transplantation of Parkinson’s disease. We have previously
shown that GDNF treatment of nigral free-floating roller tube cultures
increased the survival of tyrosine hydroxylase immunoreactive (TH-ir) and
Calbindin immunoreactive (CB-ir) neurons. To investigate the effects of
GDNF on the morphological complexity of mesencephalic TH-ir and CB-ir
neurons, primary cultures were prepared. Chronic administration of GDNF
[lOng/ml] for seven days resulted in increased survival of TH-ir (1.5fold)
and CB-ir (2.5fold) neurons. Total fiber length, number of primary
neurites/neuron and branching points/neuron were increased for TH-ir
(1.5fold) and for CB-ir neurons (2fold, 1.5fold and 2fold, respectively),
which caused a markedly larger area of influence per neuron after GDNF
exposure (2fold and 3fold, for TH-ir and CB-ir neurons, respectively). The
neuron soma area was 1.25fold larger in the treated cultures. In conclusion,
our findings identify GDNF as a neurotrophic factor that strongly promotes
the morphological differentiation of mesencephalic TH-ir and CB-ir
neurons.
Supported by SNF 31-52947.97.
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POTENTIAL TARGET GENES DOWNSTREAM OF P75NTR IDENTIFIED IN
AN INDUCTION GENE TRAP APPROACH USING BRAIN-DERIVED
NEUROTROPHIC FACTOR (BDNF). A, Von Holst1,4 *, M. Karasawa1.^,.
Luz2, A, Rodriguez-Silva1-4, E, Hoppe3 and W, Wurst1-4, ’Inst, for Mammalian
Genetics, 2Inst. of Pathology, GSp-Research Center, D-85764 Neuherberg;
3MPI of Neurobioiogy, D-82152 Martinsried; 4MPI of Psychiatry, Dept.
Molecular Neurogenetics, D-80804 Munich, Germany.
BDNF is widely expressed in the nervous system and has multiple
functions in neuronal differentiation, survival and plasticity. How the
diverse activities of BDNF are integrated on a molecular level are largely
unknown. We have performed an induction gene trap in embryonic stem (ES)
cells to identify target genes downstream of p75NTR, the only neurotrophin
receptor expressed in ES cells. Using the novel gene trap vector PT3
harbouring an engrailed-2 (En-2) splice-acceptor site fused in frame to the
tau microtubule-binding sequences and lacZ as a reporter gene we generated
20,000 PT3-containing ES cell colonies. In this library, of modified ES cells we
identified six BDNF-responsive integrations. Among them are clone 3BI223,
a new regulatory subunit of the protein phosphatase PP2A family and clone
3BI109, which shows a short stretch of similarity to the DAED/DEAH box
helicase protein family. During development both genes are strongly
expressed in a dynamic spatio-temporal pattern. Postnatally 3BI109 is
restricted to the ependymal layer of the brain, whereas 3BI223 is more
widely expressed with most promiment labeling in the hippocampus, the
cerebral cortex and in the granule cells of the cerebellum. Preliminary
analysis of the two transgenic mouse lines did not show any obvious
abnormalities in heterozygote or homozygote offsprings. Further analysis
will show whether the integrations created true non-functional alleles and
a mutant phenotype.
EU-grant: BIO4-CT96-0146

ACUTE STIMULATION WITH BDNF CAUSES CREB PHOSPHORYLATION
AND C-FOS EXPRESSION IN ABSENCE OF CALCIUM INCREASES IN
CULTURED NEURONS FROM RAT VISUAL CORTEX. E. Putignano, T,
Pizzorusso*, G.M. Ratto and L. Maffei. Scuola Normale Superiore and Istituto di
Neurofisiologia CNR, Pisa Italy.
Neurotrophins exert their effects on neuronal survival and plasticity by
activating a number of intracellular pathways, some of them converging on CREB
which is a key element of NT-induced gene expression. CREB-dependent
transcription requires the phosphorilation of CREB at Ser 133. We wondered whether
changes of intracellular calcium were necessary for the CREB phosphorylation
induced by BDNF. Mixed cultures of neurons and astrocytes were obtained from the
visual cortex of P0-1 rats, and were analyzed 6 to 10 days after plating on coated glass
coverslips. Coverslips were transferred from the incubation medium in a physiological
solution (serum free, 3.1 mM KCI) four hours prior to BDNF induction. Quantitative
immunofluorescence was employed to asses the levels of c-fos expression and CREB
phosphorylation. Exposure to 50 ng/ml of BDNF induced c-fos expression in neurons
and this effect was blocked by the tyrosine kinase inhibitor K252a. Similarly a 15 min
exposure to BDNF (5-50 ng/ml), induced a robust phosphorylation of CREB in
neurons, which was completely prevented by treatment with K252a. Ca-imaging
showed no detectable response to acute BDNF exposure, suggesting that Ca
modulation does not play a direct role in CREB phosphorylation. To check whether
Ca changes were necessary for CREB activation we pre-incubated the cultures with
100 pM BAPTA-AM a condition which suppress or strongly diminish any cytosolic
Ca changes. In non-stimulated cultures BAPTA-AM incubation did not alter the basal
level of phosphoCREB. Incubation with BAPTA-AM, did not diminish the level of
CREB phosphorylation induced by BDNF stimulation, thus ruling out a direct role for
Ca in the transduction pathway.
Supported by the EEC Biotech project, CNR and MURST.

95.3

95.4

ACUTE STIMULATION WITH BDNF DOES NOT INDUCE AN INCREASE OF
INTRACELLULAR CALCIUM IN SLICES AND CULTIVATED CELLS OF RAT
VISUAL CORTEX. G.M. Ratto*. T. Pizzorusso. E. Putignano and L. Maffei. Istituto
di Neurofisiologia and Scuola Normale Superiore. Pisa, Italy.
Neurotrophins (NTs) play a crucial role in the plastic processes occurring
during maturation of the visual cortex, but very little is known on the cellular
mechanisms involved in the NT action. In many models of synaptic plasticity
increases in intracellular calcium concentration are a necessary step for the induction
of long lasting changes of synaptic efficacy. In vitro evidences suggested that acute
stimulation with BDNF induces transient increases of Ca level in the cell body, but
the issue is still controversial and there are no evidences that the same mechanism is
at work in cortical slices. Coronal slices were obtained from the occipital cortex of
rats in early post-natal life (P2-P22) and calcium dynamic was monitored in cells
from the supragranular layers with a confocal microscope, employing the Caindicators Fluo-3 ot Indo-1. At all ages only a negligible fraction (<1%) of neurons
displayed a response that could have been caused by BDNF (200 ng/ml) exposures
ranging in duration from 10 to 40 minutes. A possible problem that could plague the
slice preparation is a low degree of penetration of BDNF, therefore we repeated the
calcium imaging experiment in cultured cells from the visual cortex of neonatal
donors. Also in this preparation less than 1% of neurons responded with a Ca
increase to BDNF exposure although BDNF induced a massive phosphorilation of
CREB. In^contrast a small percentage of astrocytes responded (9.8%). We failed to
reveal BDNF-induced increases even if the system was sensitive enough to reveal Ca
transients due to the release from intracellular storage obtained by fast stimulation
with caffeine or thapsigargin.
Supported by the EEC Biotech project, CNR and MURST.

INTERACTION OF PROTEINS WITH THE JUXTAMEMBRANE REGION OF
THE TRKB NEUROTROPHIN RECEPTORS. F.S. Lee1’2. P. Perez3, H.Y. Kong2,
H. Yano2. J, Band1*, and M.V. Chao2. JDept. Psychiatry, Cornell Uni. Medical
Center, New York, NY 10021; 2Skirball Institute, NYU Medical Center, New York,
NY 10016; 3Instituto de Microbiologia Bioquimica, Universidad de Salamnca, Spain.
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Several lines of evidence have suggested that the juxtamembrane region of Trk
neurotrophin receptors plays an important role in the diversity cellular processes
mediated by these receptors including signal transduction and neuronal differentiation.
The divergence of sequence homology in this region also suggests that this region
may confer specificity of Trk receptor responses. A yeast two-hybrid screen was
performed to identify proteins that interact with the juxtamembrane region of TrkB.
The bait construct encoded a fusion protein containing the 89 amino acid region of the
TrkB receptor that spanned the juxtamembrane region and was used to screen a rat P1
DRG library containing approximately lxlO6 primary transformants. Based on
growth in the absence of leucine and induction of p-gal activity, 75 cDNA clones were
selected and sequenced. Seven clones were identified to be Tax interacting protein, a
PDZ domain containing protein. Tax interacting protein was recently shown be
GIPC, which is postulated to be a part of a G protein signaling network involved in
vesicular tracking. Two clones were identified to be a G protein P subunit. Three,
clones were identified to be Tctex-1, a dynein light chain, which is associated with
cytoplasmic dynein, a complex shown to be involved in retrograde axonal transport in
neurons. Specificity tests in yeast were performed to confirm that these proteins
interacted with the juxtamembrane region of Trk receptors. Our results provide initial
steps in delineating the molecular components involved internalization and transport
of the Trk neurotrophin receptors.
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PI3K AND MAPK MEDIATE NEUROTROPHIN-DEPENDENT NEURONAl.
SURVIVAL THROUGH DIFFERING PATHWAYS. Robert D. Bart*, David M.
Holtzman. Laura L, Dugan. Dept. of Neurology, Washington Univ. School of Med. ,
St. Louis, MO 63110.
Neurotrophic factors are critical determinants of neuronal survival and
differentiation in the developing nervous system. Phosphatidyl-3-kinase (PI3K) has
been identified as an important mediator of neurotrophin-dependent survival in
many cell types, and may act through activation of PKB and phosphorylation of
BAD. We recently reported that the MAPK pathway also contributes to
neurotrophin-mediated neuronal survival. To evaluate how PI3K and MAPK differ
in the mechanisms they recruit to maintain neuronal viability, we used an
immortalized hypothalamic neuronal cell line, GT1-1 trk, which stably expresses the
trk receptor. NGF supports survival of these cells, while removal of NGF results in
cell degeneration which is blocked by the general caspase inhibitor, Boc-(Asp)fluoromethylketone (BAF). We found that application of the PI3K inhibitor
LY294002, or the MEK inhibitor, PD 98059, caused neuronal death even in the
presence of NGF. In addition, cAMP, which activates MAPK, rescued neurons from
NGF deprivation. The pro-survival effect of cAMP was abolished by co-treatment
with PD98059, suggesting that cAMP supports neuronal survival by activating
MAPK. Furthermore, MAPK inhibition stimulated free radical formation, and cell
death produced by MAPK plus NGF was blocked by the antioxidant Ceo derivative,
caiboxyfollerene, E. These data support the idea that both PI3K and MAPK may
both contribute neurotrophin dependent neuronal survival, and further suggest that,
while PI3K may act through it link to PKB/BAD, MAPK-mediated survival acts in
part by suppressing a toxic free radical source. Supported by NIH NS 37688 and an
American Federation of Aging Research Beeson Award to LLD.

PKC IS INVOLVED IN THE ACUTE INCREASE OF L-TYPE
CALCIUM CURRENTS INDUCED BY NERVE GROWTH FACTOR IN
PC12 CELLS. M, Jia*. MX, Li. XW, Liu. H, Jiang. P.G, Nelson
and G. Guroff. NICHD, NIH, Bethesda, MD 20892
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Whole cell calcium currents were recorded from PC 12 cells with
the perforated patch technique. Currents were evoked by step
depolarization from a holding potential of -90mV. Nerve growth
factor (NGF) increased calcium currents through L-type calcium
channels by more than 75% within 3~5 minutes. Brain-derived
neurotrophic factor (BDNF) also increased calcium current, but to a
smaller extent Thus the increase in calcium current can be linked to
activation of either the high- or the low-affinity nerve growth factor
receptor. The increase of calcium currents induced by NGF was
inhibited by K-252a or by nifedipine. The increase was also inhibited
by protein kinase C inhibitor Go6976 and long-term treatment with
phorbol 12-myristate 13-acetate (PMA). This suggests that PKC is
one of the important cellular mechanisms in NGF-induced calcium
current enhancement. An increase in presynaptic calcium uptake may
be a crucial element in the short-term actions of the neurotrophins on
neurotransmitter release leading to long term potentiation. Also, the
control of calcium uptake is likely to be an important factor in the
long-term actions of the neurotrophins on neuronal survival and
neuronal protection. The present data indicate that the PC 12 cell may
be a useful model for studying the effect of the neurotrophins on
calcium uptake.

95.7

95.8

PROTEIN 4.IN BINDING TO NUCLEAR NuMA IN PC12
CELLS MEDIATES THE ANTI-PROLIFERATIVE ACTIONS
OF NERVE GROWTH FACTOR

IP3-TRIGGERED INCREASE OF INTRACELLULAR CALCIUM IS
ESSENTIAL FOR BDNF-DEPENDENT GLUTAMATE RELEASE FROM
CURTURED CEREBELLAR GRANULE CELLS. T. Numakawa^T.
Matumoto1, M. Kojima12, N. Takei3 and H. Hatanaka1. ‘Division of Protein

K, Ye*, D.A. Compton*, M.M. Lai . L.P, Walensky , S.H.
Snyder f Departments of Neuroscience, Pharmacology and
Molecular Sciences, and Psychiatry, Johns Hopkins University
§chool of Medicine, 725 N. Wolfe Street, Baltimore, MD 21205.
*Department of Biochemistry, Dartmouth Medical School,
Hanover, NH 03755
Pfotein 4.IN is a neuronal selective isoform of the
erythrocyte membrane cytoskeleton protein 4.1R. In the present
study, we demonstrate an interaction between 4. IN and NuMA, a
nuclear protein required for mitosis. The binding involves 4.1N's
C-terminal domain. In PC 12 cells treatment with nerve growth
factor (NGF) elicits translocation of 4.IN to the nucleus and
promotes its association with NuMA. Specific targeting of 4.IN to
the nucleus arrests PC 12 cells at the GI phase and produces an
aberrant nuclear morphology. Inhibition of 4.1N's nuclear
translocation prevents the NGF mediated arrest of cell division,
which can be reversed by over-expression of 4.IN. Thus, nuclear
4. IN appears to mediate the anti-proliferative actions of NGF by
antagonizing NuMA's role in mitosis.

Biosynthesis Institute for Protein Research, Osaka University, Suita, Osaka
565-0871,2PRESTO, JST and ’Brain Research Institute, Niigata University,
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NITRIC OXIDE SYNTHASE INHIBITORS AND NERVE GROWTH FACTORMEDIATED ACTIVATION OF THE MAP KINASE SIGNALLING PATHWAY.
B.E.Kalisch*. C.S.Demeris and R.J Rylett. Department of Physiology, University of
Western Ontario, and The John P. Robarts Research Institute, London, Ontario,
Canada, N6A5C1
Nerve growth factor (NGF) increases expression of nitric oxide synthase (NOS)
isozymes, which can lead to the production of nitric oxide (NO). We have found
that administration of NOS inhibitors abolishes NGF-mediated increases in
cholinergic gene expression in PC 12 cells. Although the mechanism by which this
occurs is not known, the mitogen activated protein (MAP) kinase pathway is known
to play an important role in the response of PC12 cells to NGF. Like NGF, NO
donors have been reported to activate Ras, leading to the phosphorylation of MAP
kinase. The present study investigated the role of NO in the NGF-mediated
activation of MAP kinase in PC12 cells. Cells were treated with 50 ng/mL NGF or
100 pM SNP to establish the activation pattern of MAP kinase. Subsequently cells
were pretreated with NOS inhibitors and exposed NGF for 30 minutes (acute high
level of phosphorylation) or 24 hours (prolonged low level of phosphorylation).
The non-selective NOS inhibitor N“-nitro-L-arginine methylester (L-NAME; 20
mM) appeared to have little effect on NGF-mediated phosphorylation of MAP
kinase. In contrast, the iNOS selective inhibitor s-methylisothiourea (MIU; 2.5
mM) reduced MAP kinase phosphorylation following 24hour NGF exposure.
Therefore, NO is not responsible for, but may modulate, NGF-mediated activation
of MAP kinase in PC 12 cells. Western blots exposed to the antibody which
recognizes threonine/tyrosine phosphorylated MAP kinase only detected 2 bands
(presumably phospho-p42 and -p44 MAP kinase. When exposed to antibodies
against total MAP kinase 6 bands were detected, 2 of which lie above the p44
phosphorylated MAP kinase band. The identity of these bands has not been
determined. (Supported by the Alzheimer Society of Canada)

NGF MODULATION OF CERAMIDE AND HYDROGEN PEROXIDEINDUCED APOPTOTIC CELL DEATH IN RAT PCI2 CELLS. W. Wang1,
J.H. Song3. M, Bussiere3. G. M. Ross2 3. R.J, Riopelle23. and K. E. Dow1*. Dept. of
Pediatrics', Medicine2 and Pharmacology & Toxicology3, Queen’s University,
Kingston, Ontario, Canada K7L 2V7.
There is accumulating evidence that oxidative stress triggers both necrotic and
apoptotic cell death in a variety of neurodegenerative disorders. Our previous studies
have shown that exposure of rat PC 12 cells to low concentrations of H2O2 (0.05-0.1
mM) resulted in cell death from apoptosis (Neurosci Lett, 259, 115). The present
study was designed to investigate the precise biochemical signaling pathways that
trigger H2O2-mediated apoptotic cell death. Following exposure to H2O2, both
caspase-3 activity and levels of ceramide, a lipid signal mediator, were increased to
-180% and -160% of control levels, respectively. Apoptosis in PC12 cells and
caspase activation were induced by the addition of exogenous C2-ceramide. A
general caspase inhibitor, benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl ketone (zVAD-FMK), significantly inhibited both H2O2- and C2-ceramide-mediated caspase-3
activation and cell death. Similarly, nerve growth factor (NGF), which has been
shown to activate sphingosine kinase activity, inhibited H2O2-mediated caspase-3
activation and ceramide induction as well as apoptotic cell death. A competitive
inhibitor of sphingosine kinase, N, A-dimethylsphingosine, significantly attenuated
NGF-mediated protection while sphingosine-1-phosphate (SPP) restored the viability
of cells exposed to H2O2. These results suggest that ceramide signaling pathways
that can be modulated by NGF may be involved in H2O2-induced apoptotic cell
death.
Supported by the Medical Research Council of Canada and The Heart and
Stroke Foundation of Ontario (NA3718).
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Niigata 951-8585, Japan.

We have already reported that BDNF promoted rapid and transient release of
glutamate from CNS neurons (Takei et al, J Biol Chem (1998) 273:27620-27624;
Numakawa et al, Brain Res(1999), submitted). In this study, we investigated an
intracellular mechanism, especially Ca2+-dependency, for BDNF-induced glutamate
release in cultured cerebellar granule cells. BDNF could phosphorylate TrkB within
30 sec. Pretreatment with an inhibitor of Trk kinase, K252a, and a recrutor of
BDNF, TrkB-IgG, reduced BDNF-dependent release of glutamate. These results
suggest that BDNF-dependent glutamate release is mediated by the activation of
TrkB receptor. As for Ca2+-dependency, both BAPTA-AM and thapsigargin
abolished glutamate release induced by BDNF, while Ca2+-free media were
ineffective. These results indicate that the increasing concentration of intracellular
Ca2+ might be important for BDNF-dependent glutamate release. Furthermore, in
the experiment using styryl dye, FM1-43, which is useful synaptic vesicles marker,
BDNF did not evoked enough dye loss, suggesting that BDNF-induced glutamate
release occur through a non-exocytotic pathway. BDNF could induce a significant
[Ca2+]i increase in cultured cerebellar granule cells. BDNF-induced increase of
intracellular Ca2+ was blocked by heparin, an inhibitor for IP3 receptor, and also
by U-73122, an inhibitor for PLC- y . These results suggested that IP3-triggered
increase of intracellular Ca2+ is involved in BDNF-dependent glutamate release.
Whether BDNF promotes the production of IP3 by activation of PLC- y in cultured
granule cells is investigating
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DISTRIBUTION OF P84 (SIRP-al, SHPS-I) IMMUNOREACTIVITY IN THE
MOUSE SPINAL CORD: MODULATION BY NEUROTROPHIC FACTORS.
A.M. Ritter*1, C.J. Woodbury1, D.M. McGee1, B.M. Davis2, K.A. Albers2, C.F.
Lagenaur1, and H.R. Koerber1 ’Dept. of Neurobiology, U. of Pittsburgh, Pittsburgh
PA, 15261 and2Depts. of Anatomy Neurobiology and Pathology, U. of Kentucky,
Lexington KY 40536
The receptor adapter protein P84 is a transmembrane glycoprotein that binds nonreceptor protein tyrosine phosphatases, and that may play a role in intracellular
signaling in response to growth factors. In the mouse spinal cord, P84
immunoreactivity (P84 IR) was found to be localized to the substantia gelatanosa (SG) as well as the area around the central canal (lamina X). Intense staining was
also found in the neuropil of the nucleus of the dorsal lateral funiculus. The pattern
of staining very closely resembled the pattern of enkephalin staining, with the
exception of light staining in the dorsal corticospinal tract. Staining was intrinsic to
spinal cord neurons, as it was not altered by nerve section or dorsal rhizotomy. At
Pl, P84 IR was confined to the remnant of the floor plate. By P7 P84 IR had
gradually disappeared from the floor plate, and first appeared in the dorsolateral
spinal nucleus and the superficial part of the SG. By Pl 5 the staining extended
throughout the SG and displayed the complete adult-like distribution. In adult mice
that over-expressed NGF in the skin and that were hyperalgesic to noxious thermal
stimulation (as measured by tail-flick latencies), P84 IR was dramatically reduced in
the SG. In contrast, NT3-overexpressing mice that were thermally hypoalgesic,
displayed increased P84 IR in the SG as well as in deep dorsal hom. Mice lacking
the low-affinity NGF receptor p75, and which coincidentally have increased levels
of NT3 in the skin, also had increased P84 IR. The pattern of staining of P84, the
time course of its appearance in the SG, and its modulation by neurotrophic factors
all suggest that it might be involved in the processing of nociceptive information in
the spinal cord. Supported by NS23725 to HRK and NS31826 to BMD

ACTIVATION
OF
TISSUE-TYPE
PLASMINOGEN
ACTIVATOR BY BDNF IN CORTICAL NEURONS.
H. Fiumelli, P. T. Magistretti and L-L. Martin*.
Institut de Physiologie, Universite de Lausanne, Switzerland.
We have recently shown that BDNF stimulates the
transcription of tissue-type plasminogen activator (tPA) in
primary cultures of cortical neurons (Fiumelli et al. (1999). Eur. J.
Neurosci. 11, 1639-1646). NT-4 and to a lesser extent NT-3 also
increase tPA mRNA expression, while NGF is devoid of any
effect. Induction of tPA mRNA expression is accompanied by an
increase in the proteolytic activity of tPA associated with cortical
neurons and release into the extracellular space. To examine the
intracellular pathway underlying induction of tPA expression by
BDNF, we have tested LY 294002, U 73122 and PD 098059, which
are specific inhibitors of phosphatidylinositol 3-kinase,
phospholipase C and MAPK kinase, respectively. PD 098059
markedly inhibits increases in tPA mRNA levels following
stimulation by BDNF, in contrast to LY 294002 and U 73122,
which do not affect tPA mRNA expression. Consistent with this
observation, BDNF activates MAPK by
stimulating
phosphorylation of MAPK isoforms p44 and p42, an effect
almost totally inhibited by PD 098059. Together, these
observations suggest that induction of tPA mRNA expression by
BDNF is triggered by the activation of MAPK.

95.13

95.14

SEVERAL GENES INDUCED BY THE NEUROTROPHINS, BDNF, NT-3,
AND NT-4/5 IN RAT CORTICAL CELL CULTURES. S.H, Kim* and
ILj L.__G.Viag Dept. Of Pharmacology Ajou Univ. Sch. of Med.
Suwon 442-749, Korea.
Neurons treated with neurotrophins, a family of nerve
growth factor (NGF), become resistant against apoptosis
but highly vulnerable to necrosis-producing injuries such
as N-methyl-D-aspartate, free radicals, and deprivation
of
oxygen-glucose.
The
injury
potentiation
by
neurotrophins is sensitive to addition of cycloheximide,
a
protein
synthesis
inhibitor,
suggesting
that
neurotrophins
exert
the
putative
neurotoxicity
via
ongoing protein synthesis.
In light of identifying
possible target genes responsible for pro-necrosis and
anti-apoptosis
actions
of
neurotrophins,
genes
simultaneously induced by brain-derived neurotrophic
factor (BDNF), NT-3, and NT-4/5’ were screened using
differential
display
reverse
transcription-polymerase
chain reaction (DD RT-PCR). Specifically, rat cortical
cell cultures (11 days in vitro) containing neurons and
glia were treated with 100 ng/ml BDNF, NT-3 and NT-4/5
for 30 min or 8 hr. Immediately after treatment, total
RNA was isolated, mRNAs sensitive to all neurotrophins
obtained, and candidate genes sequenced and analyzed. So
far, we have identified 6 genes listed on the expressed
sequence tags (EST) data base and CRMP(Collapsin Response
Mediator Protein)-1
that is
selectively induced by
neurotrophins. Other putative target genes are being
examined and further study will be performed to determine
how the target genes (e.g. CRMP-1) are involved in the
effects of neurotrophins on neuronal injuries. Supported
by HMP-96-M-2-1046.

MOLECULAR MODELING STUDIES ON THE INTERACTION OF
NEUROTROPHINS WITH THE P75NTR COMMON NEUROTROPHIN
RECEPTOR. I.L. Shamovsky, G.M. Ross, R.J. Riopelle and D.F. Weaver*.
Departments of Medicine and Chemistry, Queen’s University, Kingston,
Ontario, Canada K7L 2V7.
Neurotrophins are a family of proteins with pleiotropic effects mediated by
two distinct receptor types, namely the trk family and the common neurotrophin
receptor p75NTR. Binding of four mammalian neurotrophins, nerve growth factor
(NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3) and
neurotrophin-4/5 (NT-4/5), to p75NTR is studied by molecular dynamics
calculations based on X-ray structures of the neurotrophins and the extracellular
domain of pSS™™, a homologue of p75NTR. The model of neurotrophin/receptor
interactions suggests that the receptor binding domains of neurotrophins (loops
I and IV) are geometrically and electrostatically complementary to a putative
binding site of p75NTR, formed by the second and part of the third cysteine-rich
domains. Geometric match of neurotrophin/receptor binding domains in the
complexes, as characterized by the shape complementarity statistic, is
comparable to known protein/protein complexes. All charged residues within the
loops I and IV of the neurotrophins, previously determined as being critical for
p75NTR binding, directly participate in receptor binding in the framework of the
model. Principal residues of the binding site of p75NTR are predicted to include
Asp47, Lys56, Asp75, Asp76, Asp88 and Glu89. The additional involvement of Arg80
and Glu53 is specific for NGF and BDNF, respectively, and Glu73 is expected to
participate in binding with NT-3 and NT-4/5. Neurotrophins are likely to induce
similar, but not identical, conformational changes within the p75NTR binding site.
These studies are supported by the NeuroScience Network.

95.15

95.16

NEUROPROTECTION BY C2 CERAMIDE IN AGING IS INDEPENDENT
OF NFk B ACTIVATION. H, Sheng. S, Srinivasan. C, Logsdon*. J.W.
Wiley. K.E. Hall*. Depts. Internal Medicine and Physiology*, University of
Michigan, 48109; VA Medical Center, Ann Arbor, MI, 48105.
Compared to youthful controls, dorsal root ganglion (DRG) neurons from
aged rats (22-28 months) demonstrated decreased ceramide, and increased
susceptibility to apoptotic death induced by withdrawal of nerve growth
factor (NGF) + treatment with tumor necrosis factor alpha (20 nM TNFa).
Apoptosis was significantly reduced by 24 h pre-treatment with C2 ceramide,
but not dihydro-C2 (dhC2). Quantitative Western immuno-blotting of
inhibitory factor kappa-B (Ik B) degradation in DRGs was used to assess
activation of nuclear factor-kappa B (NFk B). Ik B expression (n=3) in aged
rats was significantly decreased following 24 h exposure to TNFa + NGF
withdrawal in untreated (2487+528 pixels/band; p<0.01), C2-treated
(2754+602, p<0.01) and dhC2-treated (1893±825, p<0.005) DRGs, compared
to NGF-treated controls (6320+721). NFk B p65 subunit expression
measured by fluorescent immuno-staining (pixels/gm2; n=3) was
significantly decreased at 24 h following TNFa + NGF withdrawal (73+11,
p<0.05), C2-treated (71±15, p<0.05), or dhC2-treated (48+8, p<0.01),
compared to NGF-treated (94±13). Activation of NFk B following NGF
withdrawal was transient, as by 24 hours, translocation from cytoplasm to
nucleus (ratio of nuclearxytoplasmic NFk B p65 subunit immunofluorescence) was similar in all groups. Conclusion: In this aging model,
apoptosis was associated with activation of NFk B. In contrast to other
reports, the neuroprotective effect of C2 ceramide appeared independent of
NFk B activation. Supported by ADHF Industry Scholar Award to KEH.

THE PLASMA MEMBRANE CALCIUM ATPASE IS AN IMPORTANT
DETERMINANT OF SURVIVAL FOR PC12 CELLS INCUBATED WITH
A23187.
M.U Garcia*, E,E, Strshler. and A.J, Windebank.
Mayo Clinic and Mayo
Foundation, Molecular Neuroscience Program, Rochester, MN 55905 USA.
Improper regulation of intracellular calcium has been linked to many pathological
conditions. Several lines of evidence have implicated the plasma membrane calcium
ATPase (PMCA) as a potential mechanism whose dysfunction could play a crucial
role in the loss of calcium homeostasis. We have previously reported that PC 12
cells are vulnerable to the calcium ionophore, A23187, and that NGF can reduce its
toxic effects. We have also reported that NGF can regulate the expression of PMCA
isoform 4, and that suppressing the expression of PMCA isoform 4, via antisense
strategies, enhances PC 12 cell vulnerability to A23187. We now report that
increasing the expression levels of PMCA isoform 4, via transfection with hPMCA
isoform 4b, significantly enhances the survival rate of PC 12 cells incubated in
A23187. Stably transfected PC 12 clones 3 and 9 expressed PMCA isoform 4 169%
and 175% of control PC 12 cells, respectively. The percentage of cells labeled with
propidium iodide, following 24 hr incubation in A23187, was significantly reduced
versus control cells. Clone 3 labeled at 45.8% (± 1.4%), and clone 9 labeled at
36.7% (± 1.6%) whereas controls labeled at 51.7% (± 1.8%). To determine the
effects of altering the expression of PMCA isoform 4 on NGF’s protective capacity,
all clones were incubated with A23187 and 20 ng/ml NGF given simultaneously
with ionophore. Interestingly, both over-expressing clones were less protected by
NGF compared to controls whereas the antisense clone 5 was better protected. Clone
3 labeled at 36.6% (± 1.1%). Clone 9 labeled at 24.6% (± 1.2%), and antisense
clone 5 labeled at 11.4% (± .8%) whereas controls labeled at 17.4% (± .7%). These
data suggest that PMCA is an important mechanism for maintaining intracellular
calcium during pathologic conditions. However, the PMCA does not appear to be
the primary mechanism by which NGF protects cells from pathological increases in
intracellular calcium. (Support: NS 10436 and Mayo Foundation)
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ACUTE EFFECTS OF NGF ON CAPSAICIN CURRENTS IN RAT DRG
CELLS DO NOT REQUIRE Ca AND ARE MODULATED BY
MANIPULATION OF PKA LEVELS. X-Q Shu* and L.M. Mendell. Dept.
Neurobioiogy and Behavior. SUNY, Stony Brook, NY 11794
In previous work in dissociated DRG cells, we showed that NGF, bathapplied in the 10 min interval between 2 brief capsaicin (CAP) pulses,
reverses the tachyphylaxis normally noted in response to the second CAP
stimulus. Here, we used the same protocol to investigate the effect of NGF
on CAP currents in Ca2+-free solution which abolishes tachyphylaxis. In 2
bf 3 neurons the response to CAP was increased in the presence of NGF
(100 ng/ml). After also adding BAPTA/AM to buffer internal Ca2+, 8 of 10
cells exhibited an increased 2nd response to CAP [averaging +58 ± 27 %
(SEM)] after NGF treatment. This suggests that NGF can increase CAP
current independently of tachyphylaxis, confirming previous results It also
indicates that the effects of NGF are independent of Ca2+, at least in part.
We have begun to investigate the role of intracellular signaling systems,
beginning with the PKA pathway, in mediating the action of NGF on CAP
currents. Forskolin, which activates PKA, mimicked the action of NGF, i.e.
inhibited CAP tachyphylaxis (n=4). Treating DRG neurons with H89 (100
nM), a PKA blocker, appeared to reduce the magnitude of NGF action on
CAP tachyphylaxis. In the presence of H89 tachyphylaxis produced in 100
ng/ml NGF averaged -16 ± 19 % (n=10), significantly different from
untreated controls (-83 ± 4.8 %) and from NGF alone (+69 ± 34 %). H89
alone had no effects on CAP currents and tachyphylaxis (n=3). We suggest
that PKA can modulate the NGF effects on CAP tachyphylaxis. Supported
by NIH. NGF provided by Genentech.

CYCLIC AMP RENDERS PC 12 CELLS TREATED WITH THE
MITOGEN EGF DEPENDENT ON TROPHIC SUPPORT FOR THEIR
SURVIVAL. N. Lambeng*, P.P. Michel, Y. Agid, M. Ruberg. INSERM
U.289, Hopital de la Salpetriere, 75013 Paris, France.
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In the presence of serum proteins, PC 12 cells treated with NGF become
dependent on this factor for their survival when they are exposed to cyclic
AMP analogs. In the present study, we show that the mitogen EGF is also
capable of producing terminal and irreversible neuronal differentiation of
PC 12 cells in the presence of dbcAMP, a cell permeant analog of cAMP.
When deprived of both factors, PC 12 cells differentiated by EGF and
dbcAMP die by apoptosis. Degenerative processes usually begin after a lag
period of 12 hours and by 48h, only -30% of these cells remain viable.
Apoptosis can be prevented by dbcAMP, forskolin, an activator of the
adenylate cyclase, NGF, and insulin. EGF by itself was found ineffective
confirming that this factor mimicks only part of the effects of NGF.
ZVAD-FMK, a synthetic and wide spectrum inhibitor of this class of
enzymes, fails to inhibit cell death, suggesting that caspases activation is
not essential in the apoptotic process. Two observations indicate that cell
cycle regulators may be used by the apoptotic program to its own ends: (1)
olomoucine, a cyclin dependent kinase inhibitor, affords protection
following deprivation; (2) cyclic AMP, which alone permits survival of
terminally differentiated PC 12, exerts strong antimitotic effects on NGF or
EGF treated cells. In summary, our results show that activation of cAMP
signaling modifies the mitogenic activity of EGF and converts it to a
differentiation factor.
Financial support provided by INSERM. P.P.M. was supported by C.R.P.F.,
Castres, France
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THE DISSOCIATION OF ACh RECEPTOR AND PHOSPHOTYROSINE
CLUSTER FORMATION AND DISPERSAL INDUCED BY SIGNALS
FOR SYNAPTOGENESIS. Z. Dai* and H.B. Peng. Dept. of Cell Biol, and
Anatomy and Curriculum in Neurobioiogy, Univ. of North Carolina, Chapel
Hill, NC 27599.
The clustering of acetylcholine receptors (AChRs) induced by innervation is
accompanied hy co-clustering of phosphotyrosine (PY) in skeletal muscle cells.
Recent studies have implicated muscle-specific kinase (MuSK) as the mediator
of this process. Molecular mechanisms downstream to MuSK activation are
not understood. Although AChR itself, most notably its $-subunit, can be
phosphorylated on tyrosine, recent data suggest that this process is not
necessary for its clustering. As a first step to understand PY proteins important
to AChR cluster formation, we sought to separate AChR and PY localization
by immobilizing receptors. Cultured Xenopus muscle cells was sequentially
treated with fluorescently conjugated a-bungarotoxin (BTX), anti-BTX
antibody and fluorescently conjugated secondary antibody. This results in
AChR crosslinking and immobilization. Synaptogenic stimuli, such as agrin
and HB-GAM-coated beads, failed to induce AChR clustering after
crosslinking. However, new PY clusters were still induced by both stimuli. In
contrast, preexisting AChR hot spots, which normally undergo dispersal as
new clusters are induced, were preserved after crosslinking. PY, which
invariably associates with hot spots, was nevertheless dispersed.from persistent
hot spots in stimulated cells after crosslinking. These results have clearly
shown that AChR and PY can be dissociated from each other. Thus, molecules
other than AChRs are responsible for the PY signal at the cluster. Elucidating
the molecular nature of this signal should advance our understanding of the
receptor clustering mechanism (Supported by NIH grant NS-23583 and
MDA)

ROLE OF ACHR TYROSINE PHOSPHORYLATION IN AGRININDUCED RECEPTOR CLUSTERING. L. Soares Borges & M.
Ferns-* Dept of Neurol. & Neurosurg., & Ctr. Res. Neurosci., MGH
Res. Inst., Montreal PQ, H3G 1A4, Canada.
Agrin is a motoneuron-derived factor that induces clustering of the
acetylcholine receptor (AChR) at the developing neuromuscular
synapse. Agrin acts via the MuSK receptor tyrosine kinase, and we
have found that agrin-MuSK signaling induces tyrosine phosphorylation at two sites in the AChR P subunit in C2 mouse myotubes. To
test whether this phosphorylation is required for agrin-induced
clustering of the AChR we have constructed epitope-tagged versions of
the P subunit where the two tyrosine sites in the major intracellular
loop were mutated. Tagged P subunit constructs were transfected
into C2 mouse myotubes and their expression was assessed by
immunostaining and by alpha-bungarotoxin-mediated precipitation.
We find that tagged P subunit assembles into AChR and is expressed
on the myotube surface. After agrin treatment, staining with
rhodamine-bungarotoxin and anti-tag antibody showed that AChR
containing tyrosine-minus P subunits still forms clusters along with
the endogenous receptor. Levels of AChR containing wild-type tagged
P subunit were higher than that for tyrosine-minus mutants, raising
the possibility that tyrosine phosphorylation might regulate other
processes like AChR assembly, insertion, or stability.
Supported by Canadian MRC grant to MF.

96.3

96.4

RAPSYN AND AGRIN ARE INVOLVED IN INTERACTIONS OF SELECTED
POSTSYNAPTIC PROTEINS WITH ACETYLCHOLINE RECEPTORS. &
Fuhrer1’3*. M. Gautam2. J, E. Suaivama3 and Z. W. Hall3.1 Brain Research
Institute, Univ. Zurich, 8057 Zurich, Switzerland; 2St. Louis Univ. Med.
School, St. Louis MO 63104; 3NIMH, NIH, Bethesda MD 20892.
At the neuromuscular junction, aggregates of acetylcholine receptors
(AChRs) are anchored in the muscle membrane by association with rapsyn
and other postsynaptic proteins. We have investigated the interactions
between the AChR and these proteins in cultured C2 myotubes before and
after treatment with agrin, a nerve-derived protein that induces AChRs to
cluster. When AChRs were isolated from detergent extracts of untreated C2
myotubes, they were associated with rapsyn, and, to a lesser degree, with
utrophin, (3-dystroglycan, MuSK and src-related kinases, but not with
syntrophin. Treatment with agrin increased the association with MuSK, a
receptor tyrosine kinase that forms part of the agrin receptor complex,
without affecting other interactions. Analysis of rapsyn-deficient myotubes,
which do not form protein clusters in response to agrin, revealed that rapsyn
is required for association of the AChR with utrophin and p-dystroglycan, and
for the agrin-induced increase in association with MuSK, but not for
constitutive interactions with MuSK and src-related kinases. In rapsyn -/myotubes, agrin caused normal tyrosine phosphorylation of AChRassociated and total MuSK, whereas phosphorylation of the AChR p subunit,
both constitutive and agrin-induced, was strongly reduced. These results
show first, that aneural myotubes contain pre-assembled AChR protein
complexes that may function in the assembly of the postsynaptic apparatus;
and second, that rapsyn, besides its role in AChR phosphorylation, mediates
some, but not all interactions between the AChR and other proteins.
Supported by the NIH and the Swiss National Science Foundation.

THE ROLE OF ACTIN POLYMERIZATION IN THE FORMATION OF
ACh RECEPTOR CLUSTERS IN MUSCLE CELLS. H.B. Peng1*, H. Xie
and Z. Dai. Dept. of Cell Biol, and Anat. and^urr. in Neurobiol., Univ.
of North Carolina, Chapel Hill, NC 27599.
F-actin is enriched at acetylcholine receptor (AChR) clusters at
vertebrate neuromuscular junction (NMJ). The necessity of actin
polymerization in the formation of AChR clusters in cultured muscle
cells was studied with marine sponge toxins latrunculin A, which
binds to G-actin and prevents its polymerization into F-actin, and
jasplakinolide, which binds to and stabilizes F-actin. These toxins
potently inhibited the formation of AChR clusters induced by agrin or
by HB-GAM-coated beads in Xenopus muscle cells in a dosedependent and reversible manner. Preexisting AChR clusters (hot
spots) are, however, much less sensitive to these toxins. Cells
stimulated by agrin or beads in the presence of latrunculin A were able
to significantly resume the clustering process once the toxin was
removed. This suggests that actin polymerization occurs downstream
to the initial signaling. In addition to the effect on AChRs, latrunculin
A also inhibited the accumulation of phosphotyrosine at bead-muscle
contacts. These data demonstrate that actin polymerization is a
necessary step in the assembly of AChR clusters in cultured muscle
cells. The F-actin cytoskeleton seems to serve as a scaffold for AChRs
cluster and for the assembly of signaling proteins such as tyrosine
kinases and their substrates involved in postsynaptic development.
Once assembled, this scaffold undergoes relatively little turnover in
actin and this may be the basis for the stabilization of AChR clusters.
(Supported by NIH grant NS-23583 and MDA)
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AGRIN-INDUCED ACHR CLUSTERS ARE MAINTAINED BY A CALCIUMDEPENDENT SUPPRESSION OF TYROSINE PHOSPHATASE ACTIVITY

[Support: MDA & HD23924.]

DYSTROGLYCAN
OVEREXPRESSION
DECREASES
SYNAPTIC
CLUSTERING OF ACETYLCHOLINE RECEPTORS AT EMBRYONIC
NEUROMUSCULAR JUNCTIONS. R.D. Heathcote1*. J.M, Ekman', and EW,
Godfrey2. 'Dept. of Biol. Sci., University of Wisconsin-Milwaukee, Box 413,
Milwaukee, WI 53201 and 2Dept. of Cell Biol., Neurobiol. & Anat., Medical College
of Wisconsin, Milwaukee, WI 53226.
Dystroglycan (DG) is a member of the transmembrane dystrophin-associated
complex in muscle cells. (3-DG is a transmembrane protein and a-DG is an
extracellular protein that links the complex to the basal lamina. a-DG binds to agrin,
which stimulates clustering of the acetylcholine receptor (AChR) in embryonic
muscle. DG binding and AChR clustering are mediated by two separate domains of
the agrin molecule. To test whether DG plays a role in synaptogenesis at the
neuromuscular junction, we overexpressed it by injecting rabbit DG RNA into 1 or 2celled Xenopus embryos. We measured AChR clustering in myotomes by labeling
them with rhodamine-a-bungarotoxin followed by confocal microscopy and image
analysis. DG overexpression resulted in a 50% decrease in AChR clustering at the
neuromuscular junction of experimental animals compared to controls. This result is
consistent with DG competition for agrin without signaling AChR aggregation. DG
was distributed on the surface of muscle membranes but was concentrated at the ends
of myotomes where AChRs normally aggregate at synapses. Overexpressed DG alters
AChR clustering in a rostro/caudal gradient. Fewer rostral (older) myotomes show a
decrease in clustering. Presumably, more mature synapses can overcome the effects
of additional DG. Increasing concentrations of DG RNA did not decrease AChR
binding noticeably, but embryo survival dropped dramatically. Most of the failure
occurred during gastrulation suggesting an essential, nonsynaptic role of DG during
this early period of development.
Supported by NIH grant MH-57545, NIEHS Center grant ES-04184 and the
University of Wisconsin-Milwaukee.

96.7

96.8

THROMBIN INVOLVEMENT IN NEUROMUSCULAR SYNAPTOGENESIS
IN VITRO. B. Faraut, S. Bonavaud, M.A. Dovennette. M. VerdiereSahuque, J. Koenig and D. Hantai.* INSERM U.523, Institut de Myologie,
Hopital de la Salpetriere and Laboratoire de Cytologie, University Pierre et
Marie Curie, Paris.
The serine protease thrombin has been proposed to block the activitydependent synapse elimination in vitro (Liu et al., PNAS 91:10300-10304,
1994). The aim of the present study was to check whether thrombin is also
able to modulate the formation of neuromuscular contacts. To investigate
its effect on neosynaptogenesis, myotubes were cultured in the presence
of embryonic rat spinal cord cells. The newly formed neuromuscular
contacts were visualized both by cholinesterase activity and rhodaminelabeled a-bungarotoxin binding and their size (less or > 50 pm) was
measured. In the presence of 10 nM and 500 nM a-thrombin the number
of neuromuscular junctions larger thqn 50 pm was decreased to 50 and 25
% of control respectively. Conversely in the presence of 100 nM and 1 pM
leech hirudin, a potent and specific inhibitor of thrombin, this number was
increased to 150 and 200 % of control. In an attempt to determine if this
effect might be due to the modulation of muscle synaptic proteins, the
number of acetylcholine receptors was estimated by binding to 125l-abungarotoxin on cultured myotubes. This number was decreased to 80 and
60% of control in the presence of 10 nM and 500 nM a-thrombin
respectively and increased to 115 and 130% in the presence of 100 nM
and 1 pM hirudin.
These results show that thrombin modulate acetylcholine receptor and
subsequent esterase aggregation at synaptic sites and suggest that this
effect might be due, in part, to modifications of acetylcholine receptor
synthesis.
Supported by AFM

THE EFFECT OF SCHWANN CELLS ON ACETYLCHOLINE
RECEPTOR AGGREGATES IN XENOPUS NERVE-MUSCLE
CULTURES. G. Cao, H. Qiang and C.-P. Ko*. Dept. of Biological Sciences,

L.J, Megeath1»2\ M.T, Kirber3. C, Hppf4, W, „HQ£fa4, and J,R. FflllQn21Dept. of Cell Biol., U. Mass. Med. Cntr.; 2Dept. of Neuroscience, Brown U.;
Providence RI 02912; 3Dept of Med., Brown U., R.L Hosp.; 4MPI fiir
Entwicklungsbiologie, Germany.
Agrin directs the formation of nerve-muscle synapses and seems likely to
govern synaptic maintenance as well. Previously, we showed that intracellular
calcium fluxes are necessary for the formation of agrin-induced AChR clusters
(J. Neurosci. 18:672, 1998). Clamping such calcium fluxes with BAPTA during
agrin stimulation blocks AChR clustering, but the agrin-induced tyrosine
phosphorylation of MuSK and of AChRs are unaffected. Here, we
investigated the mechanisms regulating the maintenance of agrin-induced
postsynaptic specializations. AChR clusters were induced with agrin. If agrin
is then withdrawn, these clusters disperse slowly (t-|/2 “3 hr). However, the
dispersal rate is accelerated (t-i/2 <1 hr) if intracellular calcium transients
are clamped with BAPTA (added after the AChR clusters have formed).
Further, both MuSK and AChRs are rapidly dephosphorylated following
addition of BAPTA. This accelerated dispersal and dephosphorylation occurs
even in the continued presence of agrin. The tyrosine phosphatase inhibitor
pervanadate blocks MuSK dephosphorylation and slows AChR cluster dispersal
in BAPTA-treated cells. These data indicate that a tyrosine phosphatase(s) is
selectively clustered at agrin-induced AChR clusters, but that its activity is
checked by agrin-induced intracellular calcium fluxes. Removal of agrin or
clamping of intracellular calcium fluxes leads to phosphatase activation and
AChR cluster dispersal. These findings indicate that the mechanisms
mediating formation and maintenance of agrin-induced AChR clusters are
distinct, and further suggest an avenue by which postsynaptic stability can be
regulated by modulation of an intracellular signaling pathway.

96.9
EXPRESSION OF AGRIN BY FROG SCHWANN CELLS IN
INTACT, DEGENERATING AND DEVELOPING NERVES. T.F. Yang*
and C.-P. Ko. Dept. of Biological Sciences, University of Southern
California, Los Angeles, CA 90089-2520.
Perisynaptic Schwann cells (PSCs) at the frog (Rana pipiens)
neuromuscular junction (NMJ) sprout profusely following axotomy and
subsequent regeneration. We have shown previously that extrajunctional
acetylcholine receptor (AChR) clusters are co-localized with PSC sprouts
(H. Qiang et al., 1998 Soc. Neurosci. Abstr.24:1036). The present aim is to
determine whether Schwann cells express agrin and, if so, whether
Schwann cell derived agrin plays a role in the aggregation of
extrajunctional AChRs. The reverse transcription-polymerase chain
reaction (RT-PCR) study showed that adult Schwann cells along the sciatic
nerve expressed not only the inactive form of agrin (B0) but also neuronallike active forms (Bll and B19) at a relatively low level. After denervation,
Schwann cells up-regulated active agrin expression including B8 isoform,
which has the most potent AChR aggregation activity. Developmental
studies in tadpoles showed that agrin expression in the early
developmental stage was limited to the inactive form (B0). Active agrin
(Bll and.J319) expression began only at late stages of metamorphosis.
These results suggest that Schwann cells express agrin but that does not
play an important role in initial synaptogenesis of tadpoles. Instead, it
may participate in the maintenance and aggregation of AChRs, especially
at die extrajunctional regions along the Schwann cell sprouts following
nerve degeneration and subsequent regeneration in adult muiclp.
(Supported by NIH grant NS17954 and a grant from Muscular Dystrophy
Association.)
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University of Southern California, Los Angeles, CA 90089.
To define the role of Schwann cells in the development and maintenance of the
neuromuscular junction, a new method of adult Xenopus Schwann cell culture was
developed to set up coculture systems of Schwann cells with embryonic Xenopus
neurons and muscles. The Schwann cells were dissociated from adult Xenopus
sciatic nerves and plated on laminin I-coated coverslips. Four types of cultures
were used: Schwann cell + neuron + muscle, Schwann cell + muscle, neuron +
muscle, and muscle alone. At different time points, the cultures were fixed and
stained with a-bungarotoxin for acetylcholine receptors (AChRs), 2A12, a
monoclonal antibody for Schwann cells, and anti-synaptophysin for neurites.
Neurons degenerated after 3-4 days in culture. Up to this time, there were no
significant differences both in the number and in the total area of AChR aggregates
in these four culture systems. However, after 7-9 days coculture, the number and
the total area of AChR aggregates in Schwann cell + neuron + muscle cocultures
were more than 2 times higher than those in neuron + muscle cocultures. There
was no colocalization between AChR aggregates and Schwann cell-muscle
contacts. In contrast to the cocultures previously containing neurons, there was no
significant difference between Schwann cell + muscle cocultures and pure muscle
cultures 7-9 days in vitro. These results suggest that adult Schwann cells enhance
the aggregation of AChRs probably by secreting diffusible factors, but the
expression of these factors requires pre-exposure to neurons. This study is
consistent with our recent finding that Schwann cells express active isoforms of
agrin after nerve injury in adult frogs (see the accompanying abstract by Yang and
Ko). (Supported by NIH grant NS 17954 and a grant from the Muscular Dystrophy
Association.)

AXON GUIDANCE MECHANISMS AND PATHWAYS: SEMAPHORINS, NEUROPHILINS,
EPHRINS AND Eph RECEPTORS

SUNDAY AM

97.1

97.2

SEMAPHORIN 3A IS EXPRESSED IN TERMINAL SCHWANN CELLS
DURING POSTNATAL DEVELOPMENT AND REGENERATION OF ADULT
RAT NEUROMUSCULAR JUNCTIONS.
F. De Winter*, R.J. Pasterkamp and J. Verhaagen. Graduate School for Neurosciences,
Neth. Institute for Brain Research, Meibergdreef 33, Amsterdam, The Netherlands.
The involvement of the secreted glycoprotein Semaphorin 3A (Sema 3A) and its
receptor neuropilin-1 in axon guidance has been mainly examined in the developing
embryonic nervous system. In embryos, Sema 3A functions as a chemorepulsive
guidance cue for growing, neuropilin-1- positive, axons. Expression of Sema 3 A during
postnatal development and adulthood suggests that this chemorepellent is also involved
in structural plasticity and synaptic remodeling. Spinal motor neurons express neuropilin1 mRNA both, during developement and adulthood, and it may therefore be conceivable
that the rearrangements of motor nerve terminals at the neuromuscular junction during
postnatal development and following reinnervation is controlled by Sema 3 A expression
in the target muscle. We observed that during postnatal development of neuromuscular
junctions of the rat musculus gastrocnemius, a subpopulation of non-myelinating terminal Schwann cells, which cover the nerve terminals at the neuromuscular junctions,
expresses Sema 3 A mRNA. As development proceeds, Sema 3 A expression in terminal
Schwann cells declines gradually, while almost no Sema 3A-positive terminal Schwann
cells are found in the adult muscle. Denervation of the m. gastrocnemius in adult rats, by
sciatic nerve crush (which allows complete regeneration within 36 days), results in a
temporary re-expression of Sema 3A mRNA in terminal Schwann cells during the time
period reinnervation of the muscle occurs (7-21 days post-lesion). These results suggest
that Sema 3A/neuropilin-l signaling may play an important role in guidance and/or
termination of growth of spinal motor neuron axons during development of the
neuromuscular junction, and during reinnervation of the muscle following peripheral
nerve injury. (Funded by Van den Houten fund)

FUNCTIONAL ROLES OF SEMAPHORIN H IN THE DEVELOPING CENTRAL NERVOUS SYSTEM. H. Takahashi1.H. FunatoL
1-1, Takashima2*and Y. SaitoL 1 Developmental Neurobiology
Group, Mitsubishi Kasei Institute of Life Sciences. Machida-shi,
Tokyol94-0031, Japan; 2Neurology Section, Nagasaki Kita
Hospital, Nagasaki-shi, Nagasaki 852-8061 .Japan
Semaphorins are a large family of secreted and membranebound proteins functioning as the chemorepellent or attractant,
yet the role of each semaphorin family member is not fully
known. We have examined the role of one family member,
semaphorin H (semH).cDNA encoding rat semH was cloned and
the spacio-temporal expression pattern was analysed using in
situ hybridization method. The expression of semH was
observed in the several part of the brain including olfactory bulb,
hippocampus, thalamus. Construct for alkaline phosphatase
tagged semH(ALP-semH) expression was produced and was
transfected into 293 cells. Supernatant containing ALP-semH
was used for the investigation of the localization of semH
receptor. The fiber tracts including hippocampal commisure,
corticofugal tract were positive for ALP-semH binding. Collagen
gel assays to elucidate the role of semH was performed. The
results will be presented at the meeting. We will also discuss on
the differential roles of each semaphorin in the neural network
formation.
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EXPRESSION OF CEREBELLAR SEMAPHORINS AND NEUROPILINS
SUGGESTS ROLES IN AXON GUIDANCE AND TARGET CELL
SPECIFICITY. J.M. Solowska. B, Kruk, P.H, Baird*. Dept. of Neurobiol.

SEMA 4F (SEMA W), A NEW MEMBER OF THE
SEMAPHORIN FAMILY

and Anatomy, MCP Hahnemann Univ., Philadelphia, PA 19129.
In mature cerebellar cortex, mossy fibers project to granule cells, while
climbing fibers project to Purkinje cells. Our studies examined the role of
semaphorins during the development of these connections in the mouse.
Purkinje cells express collapsin-l/semaphorin-D (semD) in situ, and
growth cones of pontocerebellar mossy fiber neurons are collapsed by
cbllapsin-1 in vitro [Rabacchi et al. J. Neurosci. 19(11)]. We have now
characterized the expression of other members of the semaphorin gene
family by in situ hybridization, and immunolabeled components of
semaphorin receptors, neuropilin (NPN)-l and NPN-2. SemA, a related,
secreted semaphorin, repels NPN-2 expressing axons from semA
expressing cells and antagonizes semD-mediated repulsion at NPN-1
receptors (Takahashi et al. Nature Neurosci. 1:487). At postnatal day 5
(P5), semA is expressed by immature granule cells in the external
germinal layer and by some granule cells in the maturing internal granule
layer. At birth, neuropilin-1 is expressed on basilar pontine neurons and
on their axons in the pathway to the cerebellum. At P5, NPN-1,
presumably on mossy fibers, is also expressed in lateral, but not medial
cerebellum. However lateral NPN-1 expression is low in a cerebellar lobule
avoided by most pontine mossy fibers, the flocculus. NPN-1 expression is
generally complementary to semD expression, suggesting semD repels
developing pontine mossy fibers. At PO and P5, NPN-2 is not expressed
by pontocerebellar neurons, but is expressed in cerebellum and by inferior
olivary nuclear neurons, the source of cerebellar climbing fibers. These
results suggest that cerebellar semaphorins and their receptors contribute
to axon guidance and target cell specificity. Anti-NPN antibodies kindly
provided by A. Kolodkin. Supported by grants from the Whitehall
Foundation and the NIH (NS33214).

J.A. Encinas1, K. Kikuchi1, A. Chedotal2, F. de Castro2, C.S. Goodman3, T. Kimura1*

'Sumitomo Pharmaceuticals Research Center, Konohana, Osaka 554-0022, Japan,
2INSERM U106, Hopital de la Salpetriere, Paris, France, ’Howard Hughes Medical
Institute, Division Of Neurobiology, Department of Molecular and Cell Biology,
University of California, Berkeley, USA.
Development of the nervous system requires that axonal projections reach their
correct targets. Among the molecules involved in the guidance of extending axons are
, several semaphorins, members of a large family of membrane-bound and secreted
proteins that share a common 500 amino acid sema domain. We recently cloned a new
transmembrane semaphorin, Semaphorin 4F (Sema 4F, previously Sema W), that
belongs to the class IV subgroup of the semaphorin family. Sema 4F was found to be
expressed embryonically in the olfactory bulb, spinal motor neurons, sympathetic
ganglia, dorsal root ganglia, and retina. Expression was also detected in cells along the
retinal axonal path, suggesting involvement in retinal axon guidance during
development. In agreement with this, Sema 4F in an in vitro growth cone collapse assay
showed activity against retinal ganglion neuron growth cones. Although in the embryo,
we detected Sema 4F only in the tissues listed above, in the adult, strongexpression was
detected by Northern blot analysis in all areas of the adult CNS so far examined, as well
as in the lung. Thus Sema 4F may have important additional post-developmental
functions. Interestingly, genetic mapping studies in mice and humans have localized the
gene within chromosomal regions in which several neurodegenerative diseases have
been mapped, such as mnd2 in mice and Parkinson disease and Alstrom syndrome in
humans. Sema 4F may play a role in axon guidance during development, however the
expression of Sema 4F primarily in the adult makes it a potentially important molecule
in nervous system maintenance and repair.
Source of support: Sumitomo Pharmaceuticals
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AXONS OF HABENULAR NUCLEUS NAVIGATED BY SEMAPHORIN IV
AND NETRIN-1. H, FbnatoJJ*. Y,_S.aito-Nakazato,' and H, Takahashi1
'Developmental Neurobiology Group, Mitsubishi Kasei Institute of Life Sciences,
Machida-shi, Tokyo, 194-0031, Japan; 2Depl. of Neuropathology, Medical
Research Institute, Tokyo Medical and Dental University
Axonal tract from habenular nucleus is one of initial tracts of diencephalon and
grow on the boundary region between neuromeres.
At El3-15, habenular nucleus expressed neuropilin-2, not neuropilin-1. In
addition, growing axons from habenular nucleus (future habenulo-interpeduncular
tract) were labeled by alkaline phosphatase-tagged semaphorin E (SemE), not by SemD.
In situ hybridization revealed that SemlV was expressed in a neuromere
bordering with growing axons from habenular nucleus at E13-E15. SemE and
SemD were not expressed in diencephalon at El3-15.
Cocultured with floor plate explant in collagen matrix, axons form habenular
explants dissected from E13-E14 rat embryos grew toward floor plate explants.
Similarly, coculture with netrin-1-secreting cell aggregates revealed that habenular
explant axons were attracted by the cell aggregates. No effect was observed in
axon outgrowth of habenular explant cocultured with SemD-secreting cell
aggregates.
Thus, SemlV expressing in a neuromere-specific pattern and netrin-1 secreted
from floor plate may navigate axons from habenular nucleus.
Supported in
part by grants from Ministry of Education, Science and Culture of Japan (H.F.).

ROLES OF SEMAPHORIN D-NEUROPILIN 1 SIGNAL IN THE
FORMATION OF SYMPATHETIC NERVE CHAIN.
T.Kawasaki12, Y.Bekku1 T.Kitsukawa3, and H.Fujisawa13 *.
1. Div. Biological Sci., Nagoya Univ. Graduate Sch. Sci., Nagoya, Japan.
2. CREST Japan. 3. Lab. Specification, NIBB, Japan.
Sensory neurons in the dorsal root ganglia and autonomic neurons in
the sympathetic ganglia (SG neurons) derive from the neural crest.
Neural crest cells leave the neural tube, migrate along with defined
paths, and subsequently settle at appropriate positions within embryos to
differentiate. Several studies have suggested that neural crest cells and
their progeny are guided to their ultimate sites of arrest, after interaction
with various local cues within their migratory pathways and target
regions. However, little is known about molecules which operate
migration and homing of neural crest cell-derived neurons. The aim of
this study was to investigate whether a chemorepellant Semaphorin D
(SemaD) and its neuronal receptor Neuropilin-1 (NP1) are required for
the migration and/or homing of SG neurons in embryonic development.
We analyzed the NP1 mutant mice which had been produced by
targeted disruption of the NP1 gene. We found that more than 50 % of
tyrosine hydroxylase (TH)-positive SG neurons in the homozygous
mutant embryos at El2.5 located at ectopic position, and that the
sympathetic nerve chain was severely disorganized. We also found that
recombinant SemaD protein inhibited migration of NP1-expressing but
not NP1-deficient TH-positive SG neurons in vitro. These results
emphasize that the NP1-mediated SemaD inhibitory signal plays
essential roles in precise migration and/or homing of SG neurons arid
the formation of sympathetic nerve chain. Supported by CREST of
Japan Science and Technology Corporation (JST).
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CNS FIBER PROJECTION IN NEUROPILIN-1 MUTANT EMBRYOS.
T.Kadoshima1, T .Kawasaki12, J.C.Glover3, T.Hirata2 4* and H.Fujisawa12.
1. Div. Biological. Sci., Nagoya Univ. Graduate Sch. Sci., Nagoya,
Japan. 2. CREST Japan. 3. Dept. Anatomy, Univ. Oslo, Oslo, Norway. 4.
Div. Brain Function, National Inst. Genetics, Mishima, Japan.
Semaphorin D (SemaD) is a chemorepellant that mediates inhibitory
guidance of nerve fibers, and Neuropilin-1 (NP1) is a neuronal receptor
for SemaD. Targeted disruption of the SemaD and NP1 genes in mice
has shown that the NP1-mediated SemaD signal plays important roles in
the guidance of peripheral axons during development. By contrast, little
is known about the functional role of the NP1-mediated SemaD sigfial
in the guidance of CNS axons. The aim of this study was to investigate
whether the NP1-mediated SemaD signal is required for CNS axon
guidance in vivo. As the NP1 mutants in the original ICR genetic
background die by El3, an analysis of the CNS was limited. To
facilitate survival to more advanced developmental stages, we transferred
the mutated NP1 gene into a different genetic background by crossing
the NP1 mutant mice with JF1 mice. This allowed survival of
homozygous NP1 mutant embryos to El5.5. Dil-labeling of DRG
axons and immunostaining with anti-trkA and -trkC antibodies showed
that the central DRG projection in the NP1 mutant embryos was
virtually normal: TrkC-positive fibers projected to the ventral spinal
cord, whereas trkA-positive fibers were restricted to the dorsal spinal
cord. In the NP1 mutant embryos the pathway and projection of the
olfactory mitral cell axons were also normal. These data indicate that the
absence of the NP1-mediated SemaD chemorepulsive signal has no
noticeable effect on the guidance of these CNS fiber projections during
embryonic development. Supported by CREST of Japan Science and
Technology Corporation (JST).

SEMAPHORIN D/III ENHANCES ENDOCYTOSIS AT SITES OF RAC1/FACTIN CO-LOCALIZATION DURING GROWTH CONE COLLAPSE A.E,
Fournier*. S.M. Strittmatter Department ofNeurology, Yale University School of
Medicine, 333 Cedar Street, P.O. Box 20818, New Haven, CT 06520
Axonal growth cone collapse is accompanied by a decrease in filopodial actin
filaments. This decrease may be mediated by racl, which prevents semaphorin D
(semD)-induced growth cone collapse when present in its dominant negative
form. Racl is a member of the rho family of small GTP binding proteins which
regulate actin cytoskeleton dynamics. However, more recently, rho family
proteins have been shown to affect a number of cellular processes including
endocytosis. We have examined the effect of semaphorin D (semD) on
endocytosis in the growth cone. We show that FITC-dextran uptake is stimulated
in DRG growth cones following semD treatment in a time and dose dependant
manner. Examination of DRG growth cones at intermediate stages of collapse
revealed the formation of membrane ruffles and vacuoles within the growth cone
lamellipodium following semD treatment. Sites of endocytic uptake co-localized
with ruffles and vacuoles. Immunostaining of semD treated growth cones
demonstrated that neuropilin-1, racl, and F-actin also reorganized to sites of
membrane ruffles and vacuoles during semD-induced collapse. This suggests that
semD binding to neuropilin induces the formation of a receptor complex which
mediates the formation of membrane ruffles and vacuoles and stimulates
endocytosis in the growth cone. We have also observed enhanced levels of
endocytosis during CNS myelin- and phorbol ester-induced collapse, and during
growth cone collapse in both retinal and sympathetic neurons. We suggest that Factin redistribution and enhanced endocytosis may be general principles of
physiologic growth cone collapse.
This work was supported by NIH grant #NS33O2O, and by an FCAR fellowship to
A.F.
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EFFECTS OF EPHRIN A5 WITH CONCENTRATION GRADIENTS ON
OUTGROWTH OF MOTOR NEURITES. H. Wang1. R. Lewis2, J R. Sanes2 and
M.B. Laskowski1*. 'Department of Biological Sciences, University of Idaho,
Moscow, ID 83844-4207 and ^Department of Anatomy and Neurobioiogy,
Washington University School of Medicine, St. Louis, MO 63110.
Ephrin A5 is selectively expressed by developing rostral muscles, preferentially
inhibits caudally derived neurites (Donoghue et al. Mol. Cell Neurosci. 1996), and
mediates or modules topographically selective innervation of muscles (Laskowski et
al. Soc. Neurosci. Abstr. 1998). To further study how ephrin A5 affects
neuromuscular topography, we isolated membranes from ephrin A5-expressing cell
lines and deposited them as gradients on nucleopore filters (method of Baier and
Bonhoeffer, Science, 1992). Ventral halves of rostral (cervical) and caudal (lumbar)
E15 spinal cord slices were cultured on these filters for 3 days then lengths of
neurites growing up and down the gradient were measured and their fasciculation
was assessed. Growth of neurites from caudal explants was significantly reduced
toward increasing, compared to decreasing concentration of ephrin A5 (378 + 19pm
up the gradient vs. 449 + 22 pm down the gradient, or 19% difference; n = 67). For
rostral neurites, in contrast, the effect was marginal (481 + 13 pm vs. 508 + 18 pm,
or 5% difference; n = 72).
These results suggest that caudal neurites are more sensitive than rostral neurites
to differences in ephrin concentration. Rostral and caudal neurites also showed
different levels of fasciculation in response to gradients of ephrin: dramatic
fasciculation was observed for 54% of caudal explants growing up the gradient,
25% of caudal explants growing down the gradient (n = 48), 17% of rostral explants
growing up the gradient, and 33% of rostal explants growing down the gradient (n =
52). The mechanisms by which ephrins differentially affect neurite fasciculation and
length are currently under investigation. Supported by NIH.

EPHRIN-A5 CONTROLS TOPOGRAPHIC MAPPING OF NASAL
RETINAL AXONS IN THE SUPERIOR COLLICULUS.
T. McLaughlin*. M. Zagrebelskv. and D.D.M. O’Leary,
Molecular Neurobioiogy Lab, The Salk Institute, La Jolla, CA.
Ephrin-A5 and ephrin-A2, ligands for EphA receptor tyrosine kinases, are
expressed in a high caudal to low rostral gradient in mouse superior colliculus
(SC). Temporal RGCs, which express high levels of EphA receptors, project
to rostral SC, and nasal RGCs, which express low levels of EphA receptors,
project to caudal SC. In vitro, both ligands preferentially repel temporal RGC
axons. Previous in vivo findings in ephrin-A5 knockout mice show a role for
ephrin-A5 in confining temporal RGC axons to rostral SC (Frisen et al. ’98;
Neuron). These observations strongly implicate ephrin-A5 in guiding temporal
RGC axons. Here we use focal Dil injections in the retina, done after an
ordered projection normally develops, to map nasal RGC projections and test
the requirement of ephrin-A5 in controlling their topographic mapping. In
wild type mice, peripheral nasal RGC axons arborize in a dense termination
zone exclusively at their topographically appropriate site in caudal SC. In
ephrin-A5 null mice, labeled peripheral nasal RGC axons form a
topographically correct projection to caudal SC. However, in addition one or
more well-focused ectopic arborizations are observed. Most typically, the
aberrant termination zones are in the rostral half on the SC, at sites that
correlate with the low end of the persisting ephrin-A2 gradient. Thus, ephrinA5 is required for the proper mapping of nasal, as well as temporal RGC
axons. In the ephrin-A5 null mice, nasal RGC axons appear to have increased
sensitivity to ephrin-A2, perhaps due to the loss of ephrin-A5 in nasal retina,
and its modulation of nasal axon sensitivity to ephrin-A repellent activity. This
possibility is being investigated. Supported by NIH grant EY07025.
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POTENTIAL ROLE OF BDNF AND TRKB IN DEVELOPING
TOPOGRAPHIC RETINOTECTAL PROJECTIONS. Octavio Choi and
D.D.M. O’Leary*. Molecular Neurobio Lab, Salk Institute, La Jolla, CA92037
Topography in the chick retinotectal projection develops by retinal axon
overshoot followed by branching along the axon shaft at topographicallyappropriate locations in the tectum. Ephrin-A ligands have been shown to act
as a repellents for retinal ganglion cell (RGC) axons and are required to
establish proper topography. The ephrinAs could act to prevent branching
caudal to topographically correct locations in the tectum, but additional
information is required to regulate branching rostral to the correct locations.
One candidate is BDNF. BDNF is expressed in the tectum, and RGCs express
TrkB, the high-affinity receptor for BDNF. In addition, BDNF regulates
retinotectal axonal arbor morphology in Xenopus. We have investigated
whether BDNF is a viable candidate to regulate topographic RGC axon
branching in chick. We covalently coupled BDNF or control molecules to
lOjxm beads, and added them to dissociated E6 chick retina cultured for
36hrs. Control molecules were NGF, NT-3, or cytochrome C (CytC), which
has a similar size and charge as BDNF. After 12 hrs incubation, cultures were
fixed and stained for f-actin or p-tubulin to label cytoskeletal components of
branches. Large accumulations of f-actin and/or extensive microtubule
networks associated with a bead were scored as “branch-like structures”
(BLSs). BDNF-coated beads are much more likely to be associated with BLSs
than all control beads. Immunohistochemical detection of TrkB reveals that
TrkB distribution is graded along RGC axons, with strongest labeling nearer
the growth cone. These findings implicate BDNF as a topographic branching
signal that may cooperate with the ephrins to generate topography in the
retinotectal projection. Supported by NIH grant EY07025.

SELECTIVE ACTIVATION OF ENDOGENOUS NEURONAL
EPHA RECEPTORS BY EPHRINS. L. S. Janis* and L. F. Kromer.
Department of Cell Biology, Georgetown University Medical Center,
Washington, D.C. 20007.
The Eph family of tyrosine kinase receptors is subdivided into two
groups, EphA and EphB, based on binding preferences to ephrin-A or
ephrin-B ligands. Studies using artificial in vitro expression systems
have suggested that ephrin-A ligands exhibit considerable promiscuity
in their binding to EphA receptors. Our recent in vivo studies,
however, indicated that endogenous neuronal EphA receptors exhibited
selective binding to ephrin-A ligands (J. Neurosci, in press). In
particular, ephrin-A 1 and ephrin-A4, but not the three remaining
ephrin-A ligands, selectively bound to EphA4. In the present study,
synaptosome preparations from the striatum and neocortex of P4 and
Pl2 rats were used to determine whether ephrin-Al and ephrin-A4
selectively activated neuronal EphA4 receptors. To assay for receptor
phosphorylation, synaptosomes were incubated for different lengths of
time with varying concentrations of ephrin-A ligands. Results from this
study demonstrated that ephrin-Al and ephrin-A4 produced a rapid (by
5 min.) and robust phosphorylation of EphA4 receptors compared to
the remaining ephrin-A ligands. These findings are consistent with our
ligand-receptor binding assays and challenge current assumptions that
ephrin-A ligands exhibit broad promiscuity in their binding to and
activation of EphA receptors. [Supported by NIH grant HD07549].
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NEURONAL-GLIAL INTERACTIONS IN THE VENTRAL MESENCEPHALON:
ROLE OF EPH RECEPTORS.
Beth-Anne Sieber1*, Joseph Wagner1, Carlos F. Ibanez2.and Ernest Arenas1 ■
Molecular Neurobiology Laboratory, ‘Dept. Medical Chemistry and Biophysics, and
2Dept. Neuroscience, Karolinska Institute, Stockholm, S-171 77 Sweden

POTENTIAL ROLES OF EPHA RTK-EPHRIN INTERACTIONS IN MOTOR
AXON PATTERNING. CE Krull*1,1 Eberhart1, R McLennan3, EB Pasqualei
SA Koblar3. ‘Biological Sciences, University of Missouri-Columbia, Columbia,
MO 65211; The Burnham Institute, La Jolla, CA 10901 ;3Dept of Genetics,
University of Adelaide, Adelaide, AU 5005.
Eph receptor tyrosine kinases (RTKs) and their ligands, the ephrins, are
thought to play key roles in patterning neural cells during development. The
Eph family is divided into two subclasses, A and B, dependent upon ligand
binding preferences. In general, EphA RTKs bind ephrinA ligands, anchored to
the plasma membrane via a GPI-linkage; EphB RTKs interact with ephrin-B
ligands which are transmembrane proteins. Recent studies have implicated
Eph RTK-ligand interactions in neural crest migration, the formation of
topographic axonal projections, and axon fasiculation. One intriguing
possibility is that these cues guide growing motor axons to their target regions
in the periphery. We previously evaluated whether disruption of EphB RTKephrin interactions altered the segmental outgrowth of motor axons in the
somitic mesoderm. Whereas the segmental patterning of trunk neural crest
was dramatically perturbed in the presence of exogenous ephrin-Bl, motor
axon outgrowth remained segmented. We are currently examining the
spatiotemporal distribution of EphA subclass members during axon
pathfinding to the limb and find that motor neurons and their pathways
express unique combinations of EphA RTKs and ephrins. Our preliminary
results indicate that ventral neural tube cells avoid ephrin-A substrates.
Experiments are in progress to test the function of these cues using in ovo
electroporation to express truncated forms of Eph RTKs and to misexpress
particular ephrins. Our results suggest that motor axons utilize a complicated
set of positive and negative cues to navigate the adjacent somitic mesoderm
and extend toward their targets. ‘Supported by NIMH, MOD, and University
of Missouri-Columbia. ‘Supported by the Australian NH and MRC.

The Eph family of receptor tyrosine kinases and their ligands, the ephrins, provide
contact-mediated, topographic cues that contribute to the establishment of neural
circuitry in the CNS. These molecules, which are widely expressed in the brain
during development and maturity, regulate multiple aspects of brain function,
including axonal pathfinding and fasciculation, as well as neuronal migration,
plasticity and death. Our interest is to define the role of these molecules in the
survival and maintenance of dopamine (DA) neurons of the ventral mesencephalon
(VM). Multiple studies have demonstrated expres§sion of both EphA and EphB
receptors in the VM, but the cellular localization of these molecules is not clear. We
have characterized Eph and ephrin protein expression in primary cultures of neurons
and glia from rodent VM using ligand- and receptor-bodies, consisting of the
extracellular domain of ephrins or Eph receptors attached to the Fc domain of human
IgG, to detect ephrin and Eph receptor expression, respectively. Our studies indicate
that EphB receptors are expressed on neurons of the VM, including DA neurons.
Notably, we find that EphA receptor expression is limited to cells of non-neuronal,
glial-like morphology in vitro. Such localization of EphA receptors suggests that
cell contact may regulate aspects of astrocyte function and partially mediate
neuronal-glial interactions within the VM. To understand the role of this receptor
subclass in glial function, we are currently utilizing ephrinA-Fc reagents to stimulate
or antagonize EphA receptors in vitro, as well as in vivo, using cell transplant-based
strategies and transgenic techniques. Supported by the BIOTECH Program of the
European Commission and the Swedish NFR.

97.15

97.16

EPHRINS AND THE
DEVELOPMENT OF
PATTERNED
CONNECTIONS IN THE FOREBRAIN. P, Vanderhaeghen1. O. Lu1. N.
Prakash2. D.A. Feldheim1, M.J. Hansen1. J. Frisen3. C.A, Walsh4. R.D.
Frostig2, and J.G. Flanagan1 *. ’Dept. of Cell Biology, Harvard Medical
School, Boston; 2Dept. of Psychobiology, Univ. of California at Irvine;
3Dept. Of Cellular and Molecular Biology, Karolinska Institute,
Stockholm; 4Dept. of Neurology, Beth Israel Deaconess Medical Center,
Boston.
The forebrain in mammals contains the most complex centers for the
processing of sensory information. The major sensory inputs enter the
forebrain at nuclei in the thalamus and project from there to sensory areas
in the neocortex. The mechanisms reponsible for the generation of sensory
maps in the forebrain remain poorly understood, and in particular it
remains unclear whether the map topography of such higher sensory
projections depends on axon guidance labels.
Here we show that ephrins of the A family display multiple gradients of
expression and binding in the developing thalamus and cortex. In vitro
assays show that these ligands can act as topographically-specific axon
repellents and analysis of neural connections in ephrin-A knock-out mice
reveals that ephrins are required for the normal patterning of forebrain
sensory maps. Our results constitute direct experimental evidence for the
existence of guidance labels displayed in the developing forebrain that
may play an instructive role in the ordering of topographic sensory
connections.
This work was supported by grants from the US NIH, NSF and NEI, the
Swedish MRC, die Klingenstein Foundation, NATO, the Belgian
American Educational Foundation, and the Belgian FNRS.

EPHA RECEPTORS MEDIATE TOPOGRAPHIC INNERVATION BY MOUSE
RETINAL GANGLION CELLS. A, Brown12. P, Yates'. D. Ortuno1. P, Bunpla1,
D, Goldhawk2*, S, Pfaff. D.D.M. O'Leary1, G. Lemke1. 'Molecular Neurobiology
Laboratory, The Salk Institute, La Jolla CA 92037. •‘Neurodegeneration Research
Group, Robarts Research Institute, London, Ontario, Canada N6A 5K8.
Perhaps the best-studied example of topographic mapping in
neural development is the innervation of the superior colliculus (SC) by
retinal ganglions cells (RGCs). RGCs in the temporal retina project to
neurons in the rostral SC, while nasal RGCs project to the caudal SC.
EphA receptors are hypothesized to play a central role in the generation
of this topography: they are expressed in a low nasal to high temporal
gradient in the retina, and their repulsive ephrin-A ligands are
complementarity expressed in a high caudal to low rostral gradient in the
SC. It is hypothesized that nasal retinal axons innervate the caudal SC
because they are relatively insensitive to the repulsive affect of ephrin-A
ligands, while the ephrin sensitive temporal RGCs project to the rostral SC
where ephrin-A levels are relatively low. A major untested prediction of
this model is that disruption of the EphA receptor gradient in the RGC
layer should lead to aberrant targeting of RGCs. We tested this prediction
by generating a line of Islet2-EphA3 knock-in mice that ectopically
express the EphA3 receptor in RGC patches that are superimposed upon
the existing EphA receptor gradient in the retina. We find that nasal RGCs
that ectopically express EphA3 project to more rostral targets in the SC
than normal. The extent of this re-ordering of the retino-collicular map is
graded across the nasal-temporal axis of the retina, is dependent on
ectopic expression of EphA3, and is a function of EphA3 gene dosage.
Supported by Canadian MRC, and NIH grants NS23896 and EY07025.
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EPH MOLECULES IN THE EMBRYONIC INNER EAR. L.M.
Bianchi*. Neuroscience Program, Oberlin College, Oberlin OH 44074.
Eph molecules have been implicated in a variety of developmental
functions such as axonal outgrowth, tissue segmentation and pattern
formation. To begin to address the role of Eph molecules in the
developing auditory and vestibular systems, immunohistochemical
analysis of various Eph receptors and ephrin ligands was completed.
EphA4, EphA5, ephrin-Al, ephrin-A2, EphBl and ephrin-Bl were
detected in the differentiating cells of the embryonic mouse inner ear.
In addition, both EphA5 and ephrin-B 1 were detected in statoacoustic
ganglion (SAG) nerve fibers during the period of initial neurite
outgrowth. Immunochemical labeling using soluble EphBl-Fc
(Regeneron Pharmaceuticals) indicated that EphBl bound to ephrin-B
ligands on SAG nerve fibers in vitro. In vitro assays of E5 chick and
E12 mouse SAG are being used to test whether addition of EphBl
influences outgrowth of ephrin-Bl-expressing neurites.

EXPRESSION OF SEMAPHORINS AND NEUROPILINS IN THE INJURED
SPINAL CORD AND AXOTOMIZED RUBROSPINAL NEURONS
L.W. Oschipok, J. Liu, S, Barclay, J.D., Steeves. and W. Tetzlaff*. CORD
(Collaboration On Repair Discoveries) Depts. of Zoology, Anatomy 8z Surgery,
UBC, Vancouver, Canada, V6T 1Z4.
The semaphorin family of axonal guidance molecules plays an important
role in neural development by virtue of their chemorepulsive effects on most
axonal growth cones. While little is known regarding the expression of
semaphorins and their cognate receptors the neuropilins in the adult nervous
system, many developmentally regulated genes are re-expressed following spinal
injury. Therefore, we hypothesize that the re-expression of semaphorins, with
their axonal growth inhibiting properties, may contribute to the failure of CNS
regeneration in higher vertebrates.
Here we have studied the expression of semaphorins and neuropilins in
rubrospinal neurons, as well as the spinal cord lesion site, following cervical
spinal cord injury of adult rodents. Using RT-PCR, we have found that the
expression of semaphorin D/III mRNA was readily detectable in the microdissected spinal cord injury site, as well as within the uninjured spinal cord. In
contrast, semaphorin D/III expression was not detected in either the normal or
axotomized micro-dissected red nucleus. However, the expression of neuropilin1 was found in both the axotomized and contralateral red nucleus.
Taken together, these data indicate a possible role of semaphorin D/III and
Neuropilin-1 in the axonal regeneration failure of rubrospinal neurons.

Supported by NIDCD DC03121

Supported by the Medical Research Council of Canada.
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INCREASED EXPRESSION OF NEUROPILIN-1 PROTEIN
FOLLOWING EXPERIMENTAL TRAUMATIC BRAIN INJURY IN
RATS. D. Emery1*, K.E. Saatman2, R.Raghupathi2, and T.K.
McIntosh2. ’Dept. of Pharmacology, Univ. of Pennsylvania; 2Dept. of
Neurosurgery, Univ. of Pennsylvania; Philadelphia, PA 19104.
Neuropilin-1 has previously been identified as a receptor for
Semaphorinin/D/Collapsin-1 (Semalll), and recent observations suggest
possible roles for semaQI and neuropilin-1 in scar formation and the
relative failure of axonal regeneration in the adult CNS, and in mediating
neuronal apoptosis in vitro. Using immunohistochemical methods, the
expression of neuropilin-1 was evaluated in the brains of adult rats
subjected to experimental traumatic brain injury. Anesthetized rats (n=15)
were subjected to lateral fluid percussion brain injury and sacrificed at
survival times of 24 hours (n=5), 48 hours (n=5), or 72 hours (n=5).
Additional control animals (n=4) were subjected to anesthesia and surgery
alone, without traumatic brain injury. In brains of control animals,
neuropilin-1+ cell bodies were noted scattered throughout the neocortex,
thalamus, and hippocampal formations. At all timepoints postinjury, the
number of neuropilin-1 + cells was increased, with two new populations
evident: some neuropilin-1 + cells morphologically resembled astrocytes
(also exhibiting immunoreactivity for glial fibrillary acidic protein), while
others exhibited a pyknotic appearance confirmed by H&E staining of
adjacent sections. These results suggest that the receptor neuropilin-1
may be associated with formation of the glia limitans, and in cell death
processes during the first 72 hours following traumatic brain injury.
(Supported by NINDS P01-NS08803 and R01-NS26818, NIGMS R01GM34690, 5T32MH14654-21, and a VA Merit Review grant.)

CELL MIGRATION I

98.1

98.2

WNT-1 EXPRESSING CELLS GENERATED IN THE RHOMBIC LIP
CAUDAL TO RHOMBOMERE 6 MIGRATE TO FORM THE MURINE
PONTINE GRAY NUCLEI. P.H, Nichols* and L.L, Bruce. Dept. Biomed.
Sci., Creighton Univ., Omaha, NE 68178.
Mouse embryos carrying a wnt-1 enhancer/lacZ construct (WZT9B;
Echelard et al., Development 120: 2213-24, 1994) were used to trace the
lineage and follow the migration of wnt-1 expressing cells originating in the
rhombic lip of mouse embryos from embryonic day (ED) 10.5 through 17.5.
Beginning on ED 10 a massive migration of blue stained (lacZ expressing)
neural (and glial?) precursors originates from the rhombic lip (dorsal-most
alar plate) of rhombomeres (r’s) 7 and 8, as individual strands migrating
ventrally through the mantle and marginal zones of the neural plate. On ED
13 .5 some strands from r 7 (and possibly caudal r 6) turn rostrally, dorsal the
ninth cranial nerve exit, then ventral to the seventh/eighth cranial nerve exit.
By ED 14.5 the strands have coalesced into a single coherent stream,
approached the fifth cranial nerve exit and turned abruptly ventral to
approach the ventral midline just rostral to the fifth nerve exit. On day 17.5
the stream has crossed the ventral midline and stained cells are accumulating
on either side of it. This stream is clearly the bulbo-pontine stream known to
form the pontine gray nuclei. The strands that gather to form the bulbopontine stream are not all committed to that course. Several briefly join the
stream then break away to resume a ventral course. Is a single attractant
directing both the ventral and bulbo-pontine migrations?
Supported by NIH grant P01 DC00215.

MODE OF MIGRATION OF CEREBELLAR RHOMBIC LIP DERIVATIVES
IN VITRO. J. D. Gilthorpe, A. Lumsden* and R.J.T. Wingate. Department of
Developmental Neurobiology, GKT School of Biomedical Sciences, King’s
College London, Guy's Hospital Campus, London SE1 9RT, UK.
We have used a combination of Dil labelling and retroviral techniques to
examine changes in the migratory behaviour of rhombic derivatives in the avian
cerebellum over time. The cerebellar rhombic lip gives rise to two distinct
populations of migratory cells: granule cell precursors and neurons of the pontine
nucleus. Two different in vitro approaches were used to assess the migratory
behaviour of these cells in E4-E8 chick cerebellar explants.
To examine the changing behaviour of successive cohorts of migratory
cells, acute Dil applications were made to the rhombic lip and viewed after 24
hours. Fluorescently-labelled migrating cells displayed a uniform unipolar
morphology at all ages consisting of a cell body with a single process tipped with
a prominent growth cone apparently extending in the direction of migration.
Prior to E6 these processes extend ventrally into non-cerebellar, pontine territory.
After E6 processes are deflected at the cerebellar-pontine boundary. This suggests
that the trajectory of the growth cone of the leading process defines the migratory
path of early-born, pontine versus late-born, purely cerebellar rhombic
derivatives.
This mode of migration was confirmed by time-lapse confocal
photomicroscopy. Retrovirally GFP-labelled rhombic lip precursors were
transplanted orthotopically into the presumptive cerebellum at E2. At E5-7
fluorescent cells were filmed in culture. Migrating cells first extend growth cones
away from the rhombic lip. Cell bodies migrate along the trajectory of the leading
process with a pulsatile motion.
[Supported by the Wellcome Trust and the UK Medical Research Council]

98.3

98.4

NON-MIGRATORY MOVEMENT OF THE EARLY-GENERATED
PRECOCIOUS NEURONS IN THE DEVELOPING STRIATUM.

A SUBPOPULATION OF MZ CELLS MIGRATES OUT OF CULTURED
CEREBRAL CORTEX SLICES. C. Hedin-Pereira1, E.C.P. de Moraes2, M.F.
Santiago1, *R. Mendez-Otero1 & R. Lent2. ’Progr. Neurobiologia, IBCCF-UFRJ and
2Depto. Anatomia, ICB-UFRJ, Brazil.
We have previously shown that an organized tissue composed of neurons, radial glia
(RG) and astrocytes is formed out of cerebral cortical slices after 7 days in vitro (DIV).
RG are able to grow out of the slices and support neuronal migration. Neurons
uncouple and differentiate several hundred microns from the cortical slice border
forming an outer stratum similar to a cortical layer. In this work we show the existence
of a migratory stream arising from the marginal zone (MZ) of the cortical slice
contributing to the newly formed tissue. For this we have made 350 pm coronal slices
from E15 hamster brains. Slices were plated on Petriperm membranes with culture
medium containing fetal calf serum. After 7 DIV in the incubator (5%CO2), a complex
tissue is formed on the surface of foe plate outside foe slice. To study foe MZ neurons
we labelled than with antibodies against: calretinin, calbindin, reelin and 9-Oacetylated gangliosides. After immunoprocessing we found foat calretinin+ neurons
were present both in foe MZ of foe slice and foe newly formed tissue. Labelled oells
with typical migratory morphologies were found extending out from foe MZ supported
by RG fibers often forming a string of migrating profiles. Calretinin, Calbindin and
reelin positive neurons were found in foe MZ after 7 DIV, however, foe last two
markers were mostly restricted therein with little or no outward migration.
Immunoprocessing cortical slices for 9-O-GD3 after 1 DTV revealed labelled cells with
horizontal migratory morphology in foe MZ. The neotissue also contained ganglioside
labelled cells. In conclusion, foe presence of reelin synthesizing neurons does not
prevent radial migation out of cortical slices. A component of foe neotissue derives
from foe RG suppported migration of MZ cells showing foat foese are capable of both
tangential and radial migration. Some of foese cells have 9-O-acetylated GD3 foat may
be involved with neurophilic migration. Financial Support: CNPq, FAPERJ, PRONEX

T, Hamasaki*, $, Goto, S, Nishikawa and Y, UshiQ,
Laboratory of Neurdbiology, Department of Neurosurgery, Kumamoto
University School of Medicine, 1-1-1 Honjo, Kumamoto 860-8556,
Japan.
It is widely accepted that after their migration from their site of
origin, neurons lose the motile nature and settle in their permanent
resident sites during brain development.
However, our present
study including time-lapse video analysis in striatal slice preparations
from rat embryos disclosed that a specific population of neurons
appeared to move in coincidence with the growing axon fascicles.
According to their morphology, possession of calretinin and birthdate,
these cells belonged to a peculiar cell group, the so-called "earlygenerated precocious neurons". In vivo, they were consistently
localized in close proximity to growing axon bundles. The ordinary
cell migration in developing brain is generally defined as the
travelling .of precursor cells from their germinal zone toward a
permanent resident site. Our results suggest, to our knowledge for
the first time, that there exist neurons which exhibit non-migratory but
purposive movement in the mammalian brain.
This research is supported by Grant-in-Aid for Scientific Research
from the Ministry of Education, Science and Culture of Japan.
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98.5

98.6

ABERRANT MIGRATION OF SYMPATHETIC PREGANGLIONIC NEURONS
IN SCRAMBLER, YOTARI AND DISABLED-1 NULL MICE RESEMBLES
THAT IN THE REELER MOUSE. J, W, Yip*1. Y, P, L, Yip1. K, Nakaiima2. D,
Coomes3. T, Curran3 and C, Capriotti1 ]Dcpt. of Neurobioiogy, University of
Pittsburgh, Sch. of Med., Pittsburgh, PA 15261, 2Dept. of Molecular Neurobioiogy,
Institute of DNA Medicine, Jikei University Sch. of Med., Tokyo 106-8461, Japan
and 3Dept. of Developmental Neurobioiogy, St. Jude's Children Research Hospital,
Memphis, TN 38105.
Scrambler, yotari and Dabl null mice produce the Reelin protein but show
phenotypes similar to reeler mutant mice. Several lines of evidence have suggested
that Dabl, which is mutated in yotari and scrambler, functions downstream to the
reelin gene (Rein). As a first step towards determining whether the migration of
preganglionic neurons (PN) can be used as a model to study the Rein /Dabl signaling
pathway, we compared the migration of sympathetic PN in yotari, scrambler and
Dabl null mice to that of the reeler. Retrograde Dil labeling of PN in E12, El3,
E14 and E15 embryos was used to map the migratory pathway of PN. Results
showed that PN in Dabl deficient mice initially migrate from the neuroepithelium to
the ventro-lateral spinal cord as in reeler mutant and wild type embryos. In wild type
embryos PN then migrate dorsally to form the intermedio-lateral column (IML); a
small number of neurons continue to migrate to form the intermedio-medial column
(IMM) adjacent to the central canal. In Dabl deficient mice as in the reeler mutant,
however, the majority of PN migrate dorso-medially to the IMM, instead of dorsally
to the IML. This finding is consistent with the idea that Rein and Dabl function in
the same signaling pathway. Future studies can use isolated sympathetic PN to
elucidate the mechanisms of Reelin signaling on neuronal migration. Supported by
NS23916 (JWY), NS36558, P30 CA21765, the American Lebanese Syrian
Associated Charities (ALSAC) (TC), Human Frontiers Science Program Grant
#RG67198 (TC, KN) and Ministry of Education, Science and Culture of Japan (KN).

IDENTIFICATION AND CHARACTERIZATION OF DAB 1-BINDING
PROTEINS: APLP1 AND A NOVEL PROTOCADHERIN. R.
Homayouni2*, D.S. Rice2, S. Law1 and T. Curran2. 'University of Bath,
England, UK, Dept. of Developmental Neurobioiogy, St. Jude Children’s
Res. Hosp., Memphis, TN 38105.
Disruption of the disabled-1 gene (Dabl) results in aberrant migration
of neurons during development and disorganization of laminar structures
throughout the brain. Dabl is thought to function as an adapter molecule
in signal transduction processes. It contains a protein-interaction (PI)
domain similar to the phosphotyrosine-binding domain of the She
oncoprotein, it is phosphorylated by the Src protein tyrosine kinase and it
binds to SH2 domains in a phosphotyrosine-dependent manner. To
investigate the function of Dabl we searched for binding proteins using
the yeast two-hybrid system. We found that the PI domain of Dabl
interacts with amyloid precursor like protein 1 (APLP1), a new
protocadherin and a novel protein. The association of Dabl with these
proteins was confirmed in biochemical assays.
The site of Dabl interaction with APLP1 was localized to a sequence of
amino acids in the cytoplasmic region of APLP1 that is conserved among
all members of the amyloid precursor family of proteins. Indeed, we
found that Dabl also interacts with APP and APLP2 in biochemical
association experiments. In transiently transfected cells, APLP1 colocalizes with Dabl and increases its serine phosphorylation. Dabl and
APLP1 are expressed in similar cell populations in developing and adult
brain tissue. These results suggest that Dabl may function, at least in part,
through association with APP family members in the brain.
This work was supported in part by Cancer Center Support CORE grant
NIH P30 CA21765, NINDS R01-NS36558, NIH 5T32CA09346, the
American Lebanese Syrian Associated Charities (ALSAC), and the Human
Frontiers Science Program RG67/98.

98.7

98.8

REELIN AND THE EVOLUTION OF THE CEREBRAL CORTEX. A. M.
Goffmet *. Neurobioiogy Unit, Univ. Namur Med. Sch.; Namur, Belgium
The mammalian cortical plate (CP) is characterized by its radial cellular
organization and an inside-outside developmental gradient. Observations on
reelin and Dabl-deficient mice show that reelin and Dabl are both required
to develop radial cortical organization and a normal maturation gradient. In
the reptilian cortex, radial organization varies among species; it is the most
rudimentary in turtles and the most elaborate in lizards, and can be described
a£ intermediate in other species such as crocodilians and Sphenodon. On the
other hand, the gradient of corticogenesis is directed from outside to inside
in all reptiles studied, irrespective of their degree of radial cortical
organization, and in mice that are deficient in reelin, Dabl, Cdk5 or its
cofactor p35. This suggests that reelin and Dabl are necessary but not
sufficient for the CP to develop from inside to outside. AH reptiles, even
turtles, have reelin-expressing cells in the embryonic marginal zone (MZ).
Mammals are characterized by a drastic increase in the number of reelinpositive cells (Cajal-Retzius cells) in the MZ, and by an amplification of
reelin expression per cell. In lizards, the pattern of reelin expression is
different: reelin-expressing cells are present in the MZ but also below the
CP. In both mammals and reptiles, Dahl is expressed in CP cells,
particularly in medial, dorsal and dorsomedial areas. These data suggest that:
i) The reelin/Dabl pathway was an important factor of cortical evolution on
the synapsid lineage; and ii) Similarities in radial cortical organization
between squamates and mammals are homoplastic, the product of
evolutionary convergence.

THE DISABLED 1 GENE IS DISRUPTED BY LI INSERTION IN
THE YO TARI MOUSE T. Koiima,1* K, Nakaiima2 and K.
Mikoshiba13. 1 Lab. for Developmental Neurobioiogy, Brain Science
Institute, The Inst, of Physical and Chemical Research (RIKEN),
Wako, Saitama 351-0106, Japan; 2Dept. of Molecular Neurobioiogy,
Inst, of DNA Medicine, Jikei Univ. Sch. of Med., Minato-ku, Tokyo
105-8461, Japan; 3Dept. of Molecular Neurobioiogy, Inst, of Medical
Science, Univ. of Tokyo, Minato-ku, Tokyo 108-8639, Japan.
yotari is an autosomal recessive mouse mutation which causes
widespread neuronal misplacement in the brain such as an inversion
ofthe neocortical layers. The phenotype is almost identical to that of
the reeler mouse. Previously, we reported that the yotari mouse
expresses a mutated form of disabled 1 (DabT) mRNA resulting in no
Dabl protein. In this study, we report that the yotari mutation is
caused by insertion of a long interspersed nuclear element (LI) into
the Dabl gene. The nucleotides of complete two exons and a part of
an additional exon were eliminated as well as three introns because
ofthe insertion. The inserted LI fragment contains 962 nucleotides
and is highly homologous to members ofthe TF subfamily of LL It is
truncated in both 5’ and 3' ends and contains two blocks in a head-tohead arrangement. Based on the DNA sequences around the
insertion, we developed a screening method that enables us to
distinguish wild type, yotari, and heterozygous mice. This method
should greatly contribute to and facilitate analyses ofthe early
anatomical and physiological consequences of the yotari mutation.
Supported by Special Postdoctoral Researchers Program of RIKEN,
the Human Frontier Science, and grants from the Science and
Technology Agency ofthe Japanese Government and the Ministry of
Education, Science, and Culture of Japan.

98.9

98.10

IDENTIFICATION OF A NOVEL ISOFORM OF REELIN IN XENOPUS, WHICH
CONTAINS THE F-SPONDIN DOMAIN AND THE CR-50 EPITOPE REGION
BUT LACKS THE REELIN REPEATS. H. Tabata1*, K. Nakajima2, and K.
Mikoshiba1’-3. 1 Develop. Neurobiol., BSI, The Institute of Physical and Chemical
Research (RIKEN), Wako, Saitama, 351-0106, Japan; 2Dept. of Mol. Neurobiol.,
Inst, of DNA Med., Jikei Univ. Sch. of Med.; -^Dept. of Mol. Neurobiol., Inst, of
Med. Sci., Univ. of Tokyo.
Reelin is the responsible gene for the reeler mutation and has a crucial role in
well-arranged lamination of cortical neurons in the cerebral cortex. However, these
higher laminated structure is not obvious in cortices of lower vertebrates such as
amphibians. To elucidate the relationship between the Reelin molecule and the
evolution of telencephalon, we have isolated Xenopus reelin (Xreelin) ('98 SFN in
LA). In the process of cDNA cloning of Xreelin, we found a novel splicing variant of
Xreelin that contains the F-spondin domain and the CR-50 epitope region but lacks
the "Reelin repeats". To confirm the existence of this isoform, Northern blot analysis
was performed using a truncated form-specific probe, and a transcript with the
estimated size (~2kb) was detected. Moreover, Western blot analysis revealed a protein
with a MW of ~4kD. The expression patterns of the intact and the truncated forms of
Xreelin were analyzed by in situ hybridization using the intact form- or truncated
form-specific probes. The transcripts of intact Xreelin were localized in the olfactory
bulb, tectum, cerebellum, and spinal cord. The expression patterns in these tissues
were similar to those of the mouse reelin, but, so far, we could not detect any signals
in the cerebrum. This finding correlates with the fact that laminated structure is
absent in the Xenopus cerebrum. The signal of the truncated Xreelin mRNA was
faint, but we could detect it in the spinal cord. Taken together, the splicing variant
that lacks all of the Reelin repeats certainly exists in Xenopus, and there is a
possibility that this isoform has some function in the formation of CNS.
Supported by Human Frontier Science Program, STA of the Japanese
Government, the Ministry of Education, Science, and Culture of Japan.

DOUBLECORTIN IS A NOVEL MICROTUBULE ASSOCIATED
PROTEIN
J.G. Gleeson'. P.T, Lin1. L.A. Flanagan2. C.A. Walsh1*.
’Neurogenetics Div., Dept. Neurology, Beth Israel Deaconess Medical
Center, Boston, MA 02115 USA, 2Dept. Medicine, Brigham and
Women’s Hospital, Boston, MA 02115
Mutations in the X-linked gene doublecortin (dex, lisX), which
encodes a protein with no clear structural homologues, are found in
patients with the developmental neuronal migration disorders “double
cortex” syndrome and X-linked lissencephaly. The function of DCX is
unknown, but it appears to be expressed by all populations of postmitotic migrating neurons. We observed close co-localization with
microtubules both in primary cortical neurons and in neurons
overexpressing DCX, and this co-localization was disrupted by
colchicine but not by cytochalasin B, suggesting that DCX may be
associated with microtubules. DCX co-purifies with microtubules
prepared from brain and this association persists with successive
polymerization/depolymerization cycles, suggesting that DCX
physically interacts with microtubules, either directly or via one or more
MAPS. Furthermore, recombinant DCX has a direct and dramatic effect
on the kinetics of purified microtubule polymerization, suggesting that
DCX plays a direct role in microtubule dynamics and interacts directly
with either tubulin or microtubules. We propose that the role of DCX in
neuronal migration may be through mediation of microtubule dynamics
in migrating neurons. This observation may provide a genetic link
between neuronal migration and the microtubule cytoskeleton.
(Supported by NINDS, NSADA, and HHMI)
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INSULIN-LIKE GROWTH FACTOR I PROMOTES MOTILITY AND
DYNAMIC MORPHOLOGICAL CHANGES IN SH-SY5Y
NEUROBLASTOMA CELLS, DEPENDENT UPON PI-3K. G.E. Meyer*, E.
Shelden1 and E.L. Feldman. Dept. of Neurology and Neuroscience Program,
Univ. of Michigan; 'Dept. of Anatomy & Cell Biology, Univ. of Michigan; Ann
Arbor, MI 48109.
Migration of neurons is a critical process for nervous system development. We
investigated the role of insulin-like growth factor I (IGF-I) in promoting neuronal
motility, using SH-SY5Y neuroblastoma cells as a model system for neuronal
function. Two assays are used to assess the effects of IGF-I on SH-SY5Y
motility. Cell motility begins with changes in morphology that lead to extension
of lamellipodia. Time lapse video microscopy is used to measure the effects of
IGF-I on the dynamic extension and retraction of membraneous processes.
Images of serum-starved cells are taken at 1 min intervals for 20 min before and
60 min after stimulation with IGF-I. Using a computer imaging program, each
sequential image is subtracted from the previous image, giving a measurement of
the area of cell shape that changed during the interval. 1 nM IGF-I immediately
increases the amount of dynamic morphological change in SH-SY5Ys. This
effect can be inhibited by pre-treatment of the cells with an antibody that blocks
the type I IGF receptor. A second assay measures cell motility over a period of
hours by quantifying the areas of tracks etched into gold-plated coverslips made
by moving cells. SH-SY5Y motility is significantly increased after 6 h of
treatment with IGF-I. 10 nM IGF-I is somewhat less effective. PI-3K, a
downstream effector of IGF-I signaling, is likely to be involved in growth factorinduced motility. A potent inhibitor of PI-3K, LY290042, completely blocks
IGF-I-induced motility. We are continuing to investigate the intracellular
signaling mechanisms that are required for IGF-I-induced neuronal motility.
Supported by NIH ROI NS38849 (ELF) and 5T32 GM07863 (GEM).

EFFECT OF GROWTH FACTORS, SUBSTRATE AND PSA MOIETIES IN THE DIFFERENTIATION
AND MIGRATION OF PRE-PROGENITOR OLIGOSPHERES IN VITRO.
Avellana-Adalid V., Decker L., Rougon G.* 1, Baron-Van Evercooren A.
INSERM CJF 97.11 Pathologies de la Myeline, CHU Pitie-Salpetriere, Paris France.
IGenetique et Physioiogie du Developpement, Marseille, France.
The migratoiy and proliferative potential of oligodendrocyte progenitors (OP) changes throughout
development. OP are both proliferative and migratory but they loose these capacities with further
comittment into premyelinating oligodendrocytes or astrocytes. Oligodendrocyte pre-progenitors (OPP)
are proliferative and express PSA-NCAM. As PSA moieties are associated to cell plasticity, we
hypothetized that OPP expressing PSA will migrate more efficiently than OP which loose PSA when
acquiring GD3. We studied the combined effect of growth factors (bFGF, PDGFaa, B104 neuroblastome
conditioned medium), PSA-moieties and substrate (poly-omithine, matrigel) in differentiation and
migration capacities of OPP.
PSA+ OPP prepared as floating oligospheres (Avellana-Adalid et al,1996) were used after 3 days in
vitro (DIV). The same oligospheres after 30 DIV were mainly composed of GD3+ OP cells. 3DIV OPP
and 30DIV OP were seeded on poly-omithine and matrigel in the presence of N1 medium with growth
factors (N1/FGF (20ng/ml), N1/PDGF (20ng/ml), N1/B104 CM (70:30)) for 4 days in the presence or
absence of endoneuraminidase (endo-N) which cleaves specificaly PSA moieties from the
transmembrane adhesion N-CAM protein.
Experiments showed that for all conditions, the velocity of 3DIV and 30DIV cells migrating out of
oligospheres decreased with time. Migration was favoured on poly-omithine compared to matrigel and
was always faster for OPP than for OP. Moreover PSA+ OPP but not GD3+ OP presented different
kinetics in the presence of growth factors for a given substrate, with poly-omithine:
N1/B104>N1/FGF>N1/PDGF, and on matrigel: N1/FGF>N1/B104>N1/PDGF. In all culture conditions
OPP and OP velocity of migration decreased with endo-N treatment As expected OPP migration was
more impaired that the OP one, when seeded on poly-omithine. Using immunocytochemistry for PSA,
GD3 and GFAP to detect OPP, OP and astrocytes respectively, we found that the best condition for
PSA+ OPP migration was N1/B104 on poly-omithine, and N1/FGF in matrigel. In general, the addition of
endo-N to the system decreased cell migration in correlation with the emergenoe of GD3+ OP on polyomithine and GFAP+ astrocytes in matrigel.
Results comfort other observations (see Baron-Van Evercooren et al accompanying abstract) indicating
that PSA+ OPP had the best migratory capacities. They show that adhesive and soluble cues interact in
oligodendroglial differentiation and migration in vitro as they do in vivo.
Supported by: INSERM; EEC -BIO4-CT972207

99.3

99.4

A NOVEL PLATFORM FOR GENE THERAPY AGAINST BRAIN TUMORS:
FOREIGN GENE EXPRESSING NEURAL STEM CELLS (NSCs) DISPLAY
TROPISM FOR INTRACRANIAL GLIOMAS
Karen S, Aboodv1,2. Nikolai G, Rainov2. Kate A. Bower1. Juan E. Small1. Shaoxiong
Liu1. Alice Brown2, Peter McL, Black3, Xandra O, Breakefield2 and Evan Y, Snyder1*,
‘Depts of Neurology, Pediatrics, & Neurosurgery, Children’s Hospital, Harvard Med.
School, Boston, MA 02115; ’Molecular Neurogenetics Unit, Dept of Neurology,
Mass. General Hospital, Harvard Med. School, Boston, MA; ’Brain Tumor Service,
Dept. of Neurosurgery, Brigham & Women’s Hospital & Children’s Hospital, Harvard
Med. School, Boston, MA 02115.
One of the impediments to the treatment of primary human brain tumors (e.g.,
gliomas) has been the degree to which they expand, infiltrate surrounding tissue, &
migrate widely in normal brain. We demonstrate that inherently migratory NSCs,
when implanted into experimental intracranial gliomas, will distribute themselves
quickly & extensively throughout the tumor & migrate in juxtaposition to widely
expanding & aggressively advancing tumor cells while continuing to stably express a
foreign reporter gene. Furthermore, when implanted at even distant sites from the
tumor bed (e.g. into normal tissue, into the contralateral hemisphere, or into the
lateral ventricles), the donor cells migrate through normal tissue specifically targeting
the tumor cells. Preliminary data suggest that both murine & human NSC’s
retrovirally transduced to express the prodrug cytosine deaminase behave in a similar
manner. These results suggest the adjunctive use of NSCs as an effective delivery
vehicle for targeting therapeutic genes & vectors to invasive brain tumor cells, a
disorder that, has been largely refractory to currently available treatments. The
additional approaches now made feasible by NSC-mediated gene delivery may include
not only the direct dissemination of cytotoxic gene products, but also the more
efficacious delivery of viral vectors encoding therapeutic genes to be incorporated by
tumor cells (e.g. suicide genes).
Supported by NIH-NINDS, NIH-NICHD, NCI.

MIGRATION POTENTIAL OF MOUSE OLIGODENDROCYTE PREPROGENITORS AND PROGENITORS AFTER TRANSPLANTATION IN THE
DEVELOPING MURINE CENTRAL NERVOUS SYSTEM. Baron-Van Evercooren
A*.. Vitry S.. Avellana-Adalid V.. Lachapelle F CJF INSERM 97-11 - Pathologies de
la Mydline CHU Pitid- Salpetribrel05 bd de I’Hopital - F 75013 Paris France
The establishment of oligodendroglial cultures from transgenic and dysmyelinating
mice is of potential for exploring the mechanisms of oligodendrocyte (olg)
development. Adapting to mice the oligosphere strategy previously developed for rat olg
(Avellana-Adalid V. et al., 1996), we were able to isolate and expand immature
oligodendroglial populations from cerebral hemispheres of 9.6kb MBP-LacZ transgenic
newborn mice. In vitro, young aggregates, initially composed of PSA-NCAM+ olg
pre-progenitors (93,0±l,9% after immunoselection), became enriched in GD3+ olg
progenitors after 6-7 days of culture in N1-B104 conditioned medium.
In order to compare their in vivo functionalities both type of spheres were Hoechstlabeled and grafted into the left subventricular zone (SVZ) of newborn MBP-deficient
shiverer mice. Hoechst-positive cells from PSA+-enriched spheres were found in the
rostral migratory stream (RMS), the olfactory bulb (OB) and the caudal migration
pathway between the corpus callosum (CC) and hippocampus. In addition, pGal+
myelin was observed in the OB, suggesting that cells originating from the SVZ
contribute to the process of myelination in the OB. When grafted in the wild-type
newborn brain, grafted cells were observed in the OB as early as 5 days posttransplantation and LacZ+ olgs were found in the same area one month posttransplantation. In contrast, grafted spheres enriched in GD3+ olg progenitors
preferentially colonized and myelinated white matter tracts at the vicinity of the SVZ.
The capacity of differentiation and the high migration potential of PSA-NCAM+ olg
pre-progenitors suggest that these cells are good candidates for therapeutic
transplantation in the dysmyelinating central nervous system. (INSERM, CEE#BIO4CT972207

99.5

99.6

ASTROCYTES INDUCE MIGRATION OF NEURONAL PRECURSORS H.A.
Mason*8. S. Ito* and G. Corfas8.8Div. of Neuroscience, Children’s Hospital, Boston,
MA 02115, and *Dept. of Neurobiology, Harvard Med. School, Boston, MA 02115.
During the development of the central nervous system (CNS), neuronal precursors
must migrate long distances from the proliferative regions where they are generated to
their final destinations. It has recently been found that neuronal precursors not only
migrate along radial glial fibers, but also move tangentially within the plane of the
subventricular zone (SVZ). One dramatic example of tangential migration occurs
within the SVZ, from the lateral ventricles to the olfactory bulb. These neuroblasts
are closely associated with one another, forming long chains of cells, and are
surrounded by astrocytes which form glial tubes around the migrating cells. While the
time-course and the route of neuronal migration within this pathway have been
characterized, the cellular and molecular events associated with tangential migration are
largely unknown. To gain insights into the mechanisms of this distinct form of
neuronal migration, we have developed an experimental system in which neuroblasts
migrate out of olfactory bulb SVZ explants. Neuroblasts migrate out of SVZ explants
forming long chains of cells, which can be several hundred microns long and several
cell bodies in diameter. This migration is robust, reproducible, and similar to
migration of olfactory intemeuron precursors in vivo. Using immunocytochemistry
and electron microscopy, we found that most cells in the migrating chains are
neuronal progenitors. In addition, a small number of GFAP-positive astrocytes
generate an elaborate network of processes within the chains, as is the case within the
SVZ in vivo. Cell migration from SVZ explants can be modulated by environmental
signals. Co-culturing the explants with purified astrocytes, or treating explants with
astrocyte-conditioned medium, leads to a dramatic increase in the number of migrating
neurons and in the distance they migrate. This migrationjnducing activity is present
only in astrocyte-conditioned medium and not in medium conditioned by other cell
types and can be destroyed by protease treatment. These results indicate that astrocytes
release a soluble peptide factor that modulates the migration of neuronal precursors.
(Supported by NINDS NS35884, The EJLB Foundation (GC)).

PATTERNS AND DYNAMICS OF SVZ CELL MIGRATION IN THE
POSTNATAL FOREBRAIN; MONITORING LIVING PROGENITORS
IN SLICE PREPARATIONS. Akivoshi Kakita* and James E. Goldman.
Dept. of Pathology, College of Physicians and Surgeons, Columbia Univ.
New York, NY 10032.
The postnatal subventricular zone (SVZ) gives rise to many of the glial
cells in the forebrain. We investigated migration pathways and dynamics
of motility of progenitors from the neonatal rat forebrain SVZ by
labeling progenitors in vivo with a retrovirus encoding green fluorescent
protein (GFP) and then visualizing the dynamics of their movements by
time-lapse fluorescence microscopy in slice preparations. Several novel
aspects of glial progenitor migration were observed. Cells within the
dorso-lateral SVZ moved in an apparently undirected fashion, but
migrated in more directed patterns after emigration into white matter and
cortex, displaying both radial and tangential migration. Cells in the
striatal-SVZ, a region of SVZ along the lateral wall of the ventricle,
migrated parallel to the ventricular surface, and entered the striatum,
where they migrated both perpendicular and parallel to the ventricular
surface. Sometimes, cells in all these regions reversed their migration
back toward the SVZ. Migration involved either elongation of the leading
process followed by a quick translocation of the nucleus or a
synchronous advancement of the nucleus and the leading process. Two
distinct patterns of cellular changes were observed at orthogonal turning;
one involves the cessation of cell body movement and the formation of a
new leading process, and the other involves continuous cell body
movement and bending of the leading process. The dynamic behavior of
progenitors may reflect local tissue architecture and contribute to the
widespread distribution of glia.
This work was supported by NIH grant NS 17125.
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CELL MIGRATION ALONG THE ROSTRAL MIGRATORY
STREAM USING ORGANOTYPIC SLICE CULTURES.
T.L. Dellovade* and S.A. Tobet. Dept. of Biomedical Sciences, The
Shriver Center, Waltham, MA.
Neurons continue to be added to the olfactory bulbs throughout life in
vertebrates. Precursor cells proliferate along the subventricular zone
well-defined path known as the rostral migratory stream (RMS) to the
olfactory bulbs. In the present study we used organotypic slice culture
to observe the migration patterns of fluorescently labeled cells along
the RMS. Neonatal mouse brains were embedded in agarose and 250pm
parasagittal slices were plated onto glass coverslips in serum- free
media. Dil-coated glass fibers were placed in the SVZ and after one or
two days in vitro fluorescently labeled cells were observed both along
the RMS and in the olfactory bulb, demonstrating cell migration away
from the Dil-fiber site. Using time-lapsed video microscopy the
direction and speed of cell migration was analyzed. Data indicate that
cells migrating directly caudal to rostral migrate faster than cells going
along more oblique angles. This in vitro system will allow observation
and manipulation of live migrating neuroblasts in situ and enable us to
ask questions about factors underlying cell migration in the neonatal
and adult mammalian brain. This research is supported by NIMH grant
#MH57748 (SAT).

EFFECTS OF IN UTERO EXPOSURE TO BICUCULLINE ON THE
GnRH AND REPRODUCTIVE SYSTEMS IN MICE. E. P. Bless?
T.L. Dellovade, A.E. Brown, E. D. Ross, G.A. Schwarting, and S.A.
Tobet. Program in Neuroscience, The Shriver Center and Harvard
Medical School, Waltham, MA 02452.
Recent data indicate that y-aminobutyric acid (GABA) plays a
role in gonadotropin releasing-hormone (GnRH) system development.
Our data suggest a role for GABA in the organization of GnRH neurons
in the forebrain. In utero exposure to bicuculline, a GABAa antagonist,
from embryonic days 10 to 15 (E10-E15) disrupted the normal pattern
of GnRH cell migration. Normally, GnRH neurons follow the caudal
extension of the vomeronasal nerve (VNN) into the forebrain. Thus, the
present study examined the effect of in utero bicuculline on the
association of GnRH neurons with VNN fibers in the forebrain and the
long-term effect of such treatment on reproduction. Confocal
microscopy showed that treatment with bicuculline reduced the
association of immunoreactive GnRH neurons with olfactory derived
fibers in the forebrain. In addition, bicuculline treatment from E10-E18
produced a 3 day delay in vaginal opening, although other measures of
reproductive capacity were not affected. These results suggest that
exposure to GABA early in development may have both short and longterm consequences for the function of the GnRH neuronal system.

99.9

99.10

O/E-1 IS EXPRESSED IN DEVELOPING LHRH NEURONS. CL
Lorang* and S. Wray. Cellular and Developmental
Neurobiology Section, NINDS, NIH, Bethesda, MD 20892.
LHRH neurons originate from the olfactory placode and
migrate into forebrain along axons of the olfactory complex.
The mechanisms that control this event are unknown. In an
initial screen, the O/E-1 (Olf-1/EBF) transcription factor was
identified in NLTs (olfactory-derived LHRH cell line). This
result suggested O/E-1 was present during development of
LHRH cells, in addition to its well documented expression in
olfactory epithelium. In this study, we examined O/E-1
expression in primary LHRH neurons in vivo and in vitro. An
embryonic mouse olfactory explant model was used to
examine the expression of LHRH and O/E-1 during LHRH cell
migration. After 7 days in vitro, the majority of immunopositive
LHRH neurons, independent of location, expressed O/E-1.
These results are consistent with O/E-1 playing a role in
expression of proteins important for axonal pathfinding and/or
neuronal differentiation, as described for unc-3, the C. elegans
homologue of mammalian O/E proteins (Pradas et al., 1998).
However, in vitro LHRH positive/O/E-1 negative neurons were
routinely detected. In addition, only a small population of
LHRH cells were found to express O/E-1 in E15.5 staged
embryos. These results imply temporal cues regulate
expression of O/E-1 in LHRH neurons and that O/E-1 is not
essential throughout their migration.

CELL MIGRATION TO THE ACCESSORY OLFACTORY BULB IN THE ADULT
RAT. P. Peretto1, C. Giachino1, A. Fasolo1, GC. Panzica2*. 1E>ep. Animal and Human
Biology and 2Dep. of Human Anatomy and Physiology, University of Turin, Italy,
In a recent study (Bonfanti et al. Neuroscience, 81: 489; 1997) we have
demonstrated the occurence of neurogenesis in the adult accessory olfactory bulb
(AOB) as a consequence of cell migration from the multipotent stem cells
compartment of the subependymal layer of die lateral ventricles (SEL). During this
migration to their principal target represented by the granular layers of die main and
the accessory OB, these cell express the polysialylated isofarm of the neural cell
adhesion molecule (PSA-NCAM).The existence of cell renewal in the AOB is
intriguing since several works have shown that this area, in rodents, is sexuallydimorphic, and its development is stricly related to the influence of the sexual
steroids (Roos et al, J. Comp. Neurol., 270: 121; 1988). Furthermore, intemeuronal
circuits involved in the formation of an olfactory memory for male feromones have
been described in die AOB of female rodents (Brennan et al., Science, 250: 1223;
1990).To tackle die relations between such sexual dimorphism and targeted cellmigration we carried on a quantitative study on adult rats of both sexes. Six males
and females (coming from die same nest) were intraperitoneally injected with BrdU
(20mg/Kg) and killed after 20 days of survival. Cryosections of 25 pm of thickness
were obtained from each OB and than treated with anti-BrdU antibody. Using NIHimage software (a freeware developed at NIH, Bethesda, USA), the granular layer of
both main and AOB was analyzed in terms of number and density of positive BrdU
nuclei. Preliminary results confirmed that the migratory rate to the AOB is relevant
corresponding to about one half of that directed to the main OB. In the female AOB
the average cell density is relatively constant, whereas in the male there is high
heterogeneity. Even if technical bias due to BrdU treatment can not be ruled out,
comparison of the average distribution of BrdU positive cells in the AOB and MOB
of the same animals, validate the present results and suggest at least in female a
volume dependent migration to the target.

Supported by NICHD#RO1 HD33441 (GAS) and NINDS # NS 10718-01 (EPB).

Supported by Italian CNR, MURST and Cavalieri Ottolenghi Foundation.

99.11
DEFECTIVE MIGRATION OF GnRH NEURONS IN A NOVEL MOUSE
MUTANT M. J, $kyn.nsr,J.-R, Pape, A. £. Herbison*. Laboratory of
Neuroendocrinology, Babraham Institute, Cambridge CB2 4AT, UK.
Gonadotrophin releasing hormone (GnRH) neurons represent the final output cells
of the neural network responsible for the regulation of the reproductive axis. GnRH
neurons are unusual developmentally, as they originate outside the CNS in the
olfactory placode and migrate caudally across the cruciform plate into the brain via
the nasal septum. Here we describe a novel mouse mutant 2300, which was generated
fortuitously through insertional transgenesis, in which the migration of GnRH neurons
is significantly impaired. The timing of the initiation of GnRH migration appears
defective in 2300 mice with fewer neurons exiting the olfactory placode at El 1.5 in
comparison to controls. At E14.5 onwards, large numbers of GnRH neurons appear
“stuck” in the nose where they are present as large clusters of cells midway between
the olfactory pit and the nasal septum. This results in a deficit in the final number of
GnRH neurons entering the brain such that by adulthood, only 30% of the normal
complement of GnRH neurons are present within the medial septum and
hypothalamus. The distribution of the residual 30% of GnRH neurons in 2300 mice is
similar to that in wild-type mice whilst other adjacent hypothalamic phenotypes are
unaffected. In situ hybridisation showed that cellular GnRH mRNA expression was
normal in 2300 GnRH neurons and that 90% of GnRH neurons projected to non-blood
brain barrier sites. Intriguingly, despite the absence of two thirds of the GnRH
population, 2300 mice enter puberty at the correct time and are capable of producing
litters of normal size. We have mapped the transgene insertion site by FISH to mouse
chromosome 5, and are currently constructing a genomic library to isolate the flanking
DNA sequence to identify the nature of the genetic defect in 2300 mice. The 2300 line
is therefore a powerful resource with which it should be possible to dissect, a key
mechanism underlying GnRH neuron migration. Supported by BBSRC.
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Regulatory sequences of the mouse Sox-2 gene direct transgene
expression to embryonic telencephalic neural stem cells. R. Galli. M.V.
Zappone, S.F, Pagano, A. Gritti, R. Catena, S.K, Nicolis and A.L. Vescovi*,
National Neurological Institute “C. Besta”, Milan, Italy.
SOX-2 belongs to a family of transcription factors which can play a prominent role
in regulating decision-making steps in embryogenesis. During development of the
central nervous system (CNS), Sox-2 expression localizes to the neuroepithelium,
downregulates upon cell differentiation, and becomes restricted to the ventricular zone of
the neural tube. We sought to determine the identity of the CNS cells expressing Sox-2
and to study its regulation in early embryonic precursors. We generated several
constructs in which different regions of the Sox-2 promoter were linked to a (3-geo
reporter/selection gene (p-galactosidase and neomycin resistance activity). The activity
of the constructs was evaluated at increasing stages of neurogenesis by means of
chimeric and transgenic approaches. We found a 5.7kb fragment (5.7kb Sox-2
transgene) in the Sox-2 promoter which directs the Sox-2 transgene expression to the
dorsal aspect of developing forebrain. When stem cell cultures were established from the
telencephalon and the spinal cord of 14.5 d.p.c. 5.7kbSox-2 transgenic embryos,
exclusively the telencephalic stem cells could be grown and expanded in the presence of
neomycin. The vast majority of these stem cells remained p-gal-positive throughout
extensive serial subcloning. These transgene-expressing progenitors were confirmed to
be bona fide stem cells by assessing their self-renewal and multilineage capacity. It
was not possible to establish stem cell cultures from the spinal cord of 5.7kbSox-2
transgenics in the presence of neomycin. Finally, when cultured 5.7kb transgeneexpressing stem cells were triggered to differentiate, the Sox-2 transgene expression
became confined to astrocytes while it was abolished in neurons, as observed in vivo.
Thus, Sox-2 may be expressed in neural stem cells and its expression may
downregulate as differentiation ensues. Moreover, regulatory elements of the Sox-2
promoter can direct its transcription to specific CNS areas.

Regulatory sequences required for the embryonic expression of
a glutamate decarboxylase gene (Gad67) in mice.
Brian G. Condie *, Joby J. Westmoreland and Christopher R.
Hancock. Institute of Molecular Medicine and Genetics,
Medical College of Georgia, Augusta, GA 30912.
A critical feature of neuronal development and differentiation
is the regulated expression of neurotransmitters. To define the
molecular mechanisms that regulate the development of the
GABAergic neurotransmitter phenotype, we have initiated an
analysis of the mouse gene encoding the 67-kDa isoform of
glutamate decarboxylase (Gad67). Transgenic experiments with
Gad6 7-tacZ reporters have defined a 5kb region of the Gad67genQ
that is sufficient to drive normal expression patterns in the
developing brain and spinal cord. Comparative sequence analysis of
mouse and human Gad67 genomic clones has defined at least three
highly conserved regions which may function as enhancer
sequences. These conserved modules are located in the 5’ flanking
region, the first intron and immediately adjacent to the promoter.
Protein binding and co-transfection studies of the promoter proximal
region have detected functional binding sites for homeodomain and
POU-domain containing transcription factors. Our studies have
mapped the regulatory regions of the Gad67 gene required for its
normal early embryonic expression pattern and have defined three
regulatory modules that may function in regulating Gad67 gene
expression during development.

100.3

100.4

CHARACTERIZATION OF A NEUROD3 UPSTREAM FRAGMENT THAT
DIRECTS REGULATED EXPRESSION OF A REPORTER GENE IN Pl9
CELLS AND IN TRANSGENIC MICE. R.C. Murray3*. M.B. McCormick1. S.J.
Tapscott2, and A.L, Calof3. 'Dept. of Med. Genet., Univ. of Wisconsin-Madison;
2Fred Hutchinson Cancer Res. Ctr.; 3Dept. of Anatomy & Neurobiol., Univ. cf
Calif. School of Med., Irvine, CA 92697-1275.
The basic helix-loop-helix transcription factor neuroD3 (also known as
neurogeninl and MATH4C) has been shown to be involved in vertebrate
neurogenesis. Overexpression studies in Xenopus embryos indicate that neuroD3 is
capable of inducing ectopic neurons [McCormick et al., Mol. Cell. Bioi. 16: 5792],
and mouse embryos lacking neuroD3 fail to generate the proximal subset of cranial
sensory neurons [Ma et al., Neuron 20: 469], Such studies suggest that neuroD3 is
a neural determination gene. In order to learn more about the regulation of neuroD3
expression, a study of the upstream regulatory sequences was undertaken. Using
fragments of DNA upstream of the neuroD3 gene fused to a luciferase reporter gene,
it was determined that a fragment extending to -3.0 kb had approximately 5-10 fold
higher activity than a fragment extending to -1.0 kb upstream of the coding region
when transfected into P19 cells and activated by co-transfection with either neuroD2
or neuroD3. The 3.0 kb fragment of DNA was then fused to a more permanent
reporter gene, the lacZ gene (ND3-lacZ), and tested for its ability to be induced in
an in vitro neuronal differentiation assay. When transfected Pl9 cells were treated
with retinoic acid and aggregated to induce neuronal differentiation, the ND3-lacZ
gene was strongly induced. To test the ability of the 3.0 kb fragment to direct
expression of a reporter gene in vivo, the (3-gal construct was used to generate
transgenic mice. Several mice exhibiting a subset of the normal neuroD3 expression
pattern, including cranial ganglia, neural tube, and dorsal root ganglia expression,
were recovered. These data suggest that the 3.0 kb fragment contains regulatory
elements required for a subset of the normal neuroD3 expression pattern. Supported
by NIH grant DCO3583 to A-L.C.

BMP4 EXERTS CONCENTRATION-DEPENDENT EFFECTS ON
OLFACTORY NEUROGENESIS. J. Shou*, R.C. Murray, Y.C. Kim,
P.C. Rim, and A.L. Calof. Dept. of Anatomy & Neurobioiogy,
University of California School of Medicine, Irvine, CA 92697-1275.
Using tissue culture assays of mouse olfactory epithelium (OE), we
have shown that high, yet physiological (10 ng/ml), concentrations of
Bone Morphogenetic Proteins (BMPs) 2, 4, and 7 inhibit olfactory
neurogenesis by a mechanism involving rapid proteolytic degradation
of an essential transcription factor [Shou et al., 1999, Nature Neurosci.
2: 339-345]. Thus, BMPs can function as negative regulators of
olfactory neurogenesis. However, low levels of BMP(s) appear to be
required for neurogenesis to take place in OE cultures. Cells of the
stroma underlying OE in vivo express mRNAs for several Bmps [Shou
et al., 1997, Soc. Neurosci. Abstr. 23: 298], and these stromal cells are
required for neurogenesis in long-term cultures of OE neuronal
progenitors [Mumm et al., 1996, PNAS 93: 11167-11172]. If Noggin,
a soluble BMP antagonist absent from GE in vivo, is applied to such
long-term co-cultures, neurogenesis is inhibited. Furthermore, at low
concentrations (0.1 ng/ml), BMP4 causes an increase in neurogenesis in
these cultures. Interestingly, BMP7 does not have this effect. Since
stromal cells make Bmp mRNAs, we tested conditioned medium from
cultured stromal cells in long-term cultures of OE neuronal
progenitors.
Like low concentrations of BMP4, stromal cell
conditioned medium causes an increase in neurogenesis, and we are
currently testing the hypothesis that the stimulatory effect of stromal
cell conditioned medium is due to low levels of BMPs produced by
these cells. These concentration-dependent effects of BMP4 suggest
that BMPs exert a strict and complex regulation of neuron number in
the OE. Supported by NIH grant DC03583 to A.L.C.

100,5

100,6

CHARACTERIZATION OF A XENOPUS LAEVIS MIDDLE
MOLECULAR WEIGHT NEUROFILAMENT (NF-M) GENE.
Szaro*. J.R. Roosa and C, Gervasi. Biology Dept., Univ. at Albany,
S.U.N.Y., Albany, NY 12222.
Neurofiiaments (NF) are neuron-specific cytoskeletal proteins whose
expression is highly regulated during axon development and
regeneration. To study NF gene regulation in Xenopus, we isolated
genomic clones of NF-M(2). Its 1.5 kb upstream regulatory sequence
(URS) had little in common with that of other vertebrates (goldfish,
human, mouse, chicken), except for shared consensus sequences of
transcription factors at locations varying among the genes. When
injected into fertilized eggs, a 3-galactosidase reporter gene driven by
the 1.5 kb URS labeled cells throughout the embryo. This suggested
that the 1.5 kb URS lacks elements for neuron-specific expression,
although a deletion series identified several regions containing basal
regulatory elements. To confirm the lack of neuron-specific regulatory
elements in the 1.5 kb URS, transgenic tadpoles were made by sperm
nuclei transplantation. All 20 transgenic tadpoles expressed the
reporter (green fluorescent protein, GFP) in structures outside the
nervous system (e.g., heart, somites, otic vesicles, branchial arches,
notochord, and thymus); and expression preceded neuronal
differentiation. Only 17 of the 20 expressed GFP within the nervous
system. Moreover, each transgenic tadpole was unique, suggesting that
activity of the 1.5 kb URS is strongly influenced by its position within
the genome. Supported by NIH grant NS30682.
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REGULATION OF THE BHLH TRANSCRIPTION FACTOR,

MASH1, IN NEURAL DEVELOPMENT. A.L. Meredith and J.E.
Johnson, Center for Basic Neuroscience, University ol Texas
Southwestern Medical Center, Dallas, TX 75235.
In the vertebrate nervous system, regulation of gene expression is
critical for a number of developmental processes. Mashl is a member
of the bHLH family of transcription factors and is expressed transiently
in the developing CNS and PNS. Regulation of the precise temporal
and spatial expression of Mashl is likely to be important for proper
neural development. A 1.2kb enhancer was previously identified mat
recapitulates reporter gene expression in a subset of the endogenous
Mashl expression pattern in the CNS- including the diencephalon,
mesencephalon, ana neural tube. This enhancer was analyzed for
elements that are important for Mashl expression in the developing
CNS. To this end, flanking regulatory sequences from human (Hashl),
chicken (Cashl), and pufierfish (Fashl) homologs of Mashl were
cloned. Cross species conservation of Hashl and Cashl indicates that
the 1.2kb enhancer is highly conserved. No region of significant
homology has been identified yet in ~13kb of Fashl sequence. Hashl
regulatory sequence contains a region of 83% homology to the mouse
enhancer that is ~7kb from
Hashl coding region, similar to the
distance from the coding region to the enhancer in Va&Mashl gene.
Additionally, chicken sequence also contains a region corresponding to
the enhancer (-68% identical across 800bp).
This data has
underscored the importance of an 800bp region within the mouse
enhancer. Current efforts include identifying regulators of Mashl
expression using a one-hybrid approach in yeast to identify proteins
that bind important cis elements within the 1.2kb enhancer. Supported
by NIH T3Z GM082303 (ALM) and NIH R01NS32817 (JEJ). JEJ is
an established investigator ofthe AHA.
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NEURAL-SPECIFIC ENHANCERS GOVERN DISTINCT DOMAINS OF
NEUROGENIN 1 AND NEUROGENIN 2 GENE EXPRESSION. T. E.
Johnson*, K. Gowan, T. Savage, A. Abney, and A. Simmons. Center for Basic
Neuroscience Research, UT Southwestern Medical Center, Dallas, TX 752359111.
Neural-specific bHLH transcription factors are essential for the
development of invertebrate and vertebrate nervous systems. Two murine
members of this family, neurogenin 1 (ngnl) and neurogenin 2 (ngn2), are
expressed in overlapping domains in a dynamic pattern in specific subsets
of proliferating neural precursor cells in the CNS, the olfactory epithelium,
and the sensory division of the PNS. Given the essential function of these
bHLH factors demonstrated in gene knock out experiments, it is likely that
the regulatory mechanisms leading to the correct temporal and spatial
expression of ngnl and ngn2 are also critical for normal development. To
understand the molecular events leading to the correct formation of the
nervous system, we have undertaken a study to identify the mechanism
regulating ngnl and ngn2 expression. Multiple enhancers found both 5'
and 3' of the genes act to drive expression to distinct subsets of their
expression patterns in transgenic mice. Due to persistence of the lacZ and
GFP reporter genes into later stages of development, information relating to
the fate of the ngnl and ngn2 expressing neural precursors has also been
obtained. For ngnl, these domains include precursors to motor neurons
ventrally and commissural intemeurons dorsally within the spinal neural
tube, the olfactory epithelium, dorsal midbrain, and the trigeminal ganglia.
For ngn2, enhancers have been identified for ventral motor neurons in the
spinal neural tube, dorsal midbrain, and dorsal telencephalon. Taken
together, the identified enhancers govern expression in much of the ngnl
and ngn2 domains. Further experiments are directed towards identifying
the transacting factors that bind and regulate expression through these
enhancers.
Supported by NIH RO1-NS32817, JEJ is an AHA Established Investigator.

PROTEIN KINASE A REGULATES CHOLINERGIC GENE
EXPRESSION IN PC12 CELLS: REST4 SILENCES THE
SILENCING ACTIVITY OF NRSF/REST. M. Shimojo1, A.J.
Paquette2, D.J. Anderson2’3, and L.B. Hersh1*.
‘Department of
Biochemistry, University of Kentucky, Lexington, Kentucky 40536, and
2Howard Hughes Medical Institute and 3Division of Biology 216-76,
California Institute of Technology, Pasadena, California 91125.
The role of protein kinase A (PKA) in regulating transcription of the
cholinergic gene locus was investigated in PC 12 cell and a PKAdeficient PC 12 mutant cell, A126.1B2. The expression of both the
choline acetyltransferase (ChAT) and the vesicular acetylcholine
transporter (VAChT) gene were reduced in A126.1B2, compared to
PC 12. Reporter gene analysis showed that the site of PKA action was
localized to an NRSE/RE-1 sequence within the cholinergic gene.
NRSF/REST, the transcription factor which binds to NRSE/RE-1, was
expressed at similar levels in both all cell lines, however the neuron
specific truncated form of NRSF/REST (REST4) was expressed only in
PC 12. Gel mobility shift assays demonstrated that nuclear extracts from
PC 12 did not bind to NRSE/RE-1, but nuclear extracts from A126.1B2
did. Furthermore, REST4 inhibited the binding of NRSF/REST to
NRSE/RE-1. REST4 expression in A126.1B2 was sufficient to
transcriptionally activate the ChAT and VAChT gene. These results
suggest that PKA promotes the production of REST4, which in turn
regulates the cholinergic gene locus through a double-repression
mechanism. Supported in part by grants AG05893 and AG05144.

100.9

100.10

CONDITIONAL SILENCING OF THE NEURAL
TRANSCRIPTION FACTOR, REST Suyong Yun1, Stella
Tsirka1,2 *, Gail Mandel3, and Michael A. Frohman1 ‘Dept. of
Pharmacology, 2Dept of Psychiatry, ’Dept. of neurobiology,
SUNY Stony Brook; Stony Brook, NY 11794
Recent findings have suggested that neural stem cells exist and
may play roles in regeneration or memory consolidation. REST
(RE 1-silencing transcription factor) is a candidate gene that may
regulate the maintenance of such stem cells. REST acts to
suppress the expression of neuron-specific genes including type
II sodium channel, SCG 10, and synapsin I, in neuroblasts as well
as in nonneural tissues.
The REST null mutation is embryonically lethal. To study the
role of REST in the adult CNS, we have initiated conditional
gene targeting using CreAoxP recombination. This technique will
be used to control the inactivation of REST in a temporally and
spatially regulated manner. Gene targeting in ES cells has been
performed to generate loxP mice in which exons 2 and 3 of
REST are flanked by loxP sites. Cre recombinase will be
introduced into the ependymal layer of adult loxP mice via
adenovirus-mediated gene transfer. By analyzing the
conditionally REST-silencecl mice, the role of REST in
regulating neural stem cell maintenance will be assessed.

IDENTIFICATION OF THE PROMOTER REGION OF THE GENE
ENCODING THE NEURON-RESTRICTIVE SILENCER FACTOR
C. Koenigsberger*, G.M. Edelman and F.S. Jones. Department of
Neurobiology, The Scripps Research Institute; La Jolla, CA 92037.
The neuron-restrictive silencer factor (NRSF/REST) is a zinc finger
protein widely expressed in non-neuronal cells.
It silences the
expression of several genes that are important for the function of
mature neurons by interacting with a 21 base pair DNA element, the
NRSE. During embryogenesis, NRSF/REST is also transiently
expressed in neural progenitors, but is rapidly down-regulated when
they differentiate into neurons.
To understand the role that
NRSF/REST might play in neuronal differentiation, we have sought to
identify the DNA elements and transcription factors that control
expression of the Rest gene. Murine Rest genomic clones were
isolated that contained a region of 5’ flanking sequence, three exons
that encoded the 5‘ untranslated region, and the exon with the ATG
codon that was similar to the previously identified rat Rest gene.
Immediately upstream of the 5‘-most exon, we found a GC-rich region
with several SP1 sites characteristic of a core promoter. Cellular
transfection experiments demonstrated that a 7 kb Rest gene fragment
including 5‘ flanking sequence and the 5‘ untranslated exons had
promoter activity in both neuroblastoma and fibroblast cell lines. We
are currently determining the positive elements that are critical for
promoter activity and identifying the negative regulatory regions that
extinguish Rest expression in neuronal cells. Supported by the Skaggs
Institute, the G. Harold & Leila Y. Mathers Foundation, and grants from
the NIH (HD33576) and the NSF (IBN-9816896).

supported by NIH

100.11
mRNAs
ENCODING
RIBOSOMAL
PROTEINS
AND
ELONGATION FACTOR 2 ARE PRESENT IN THE AXON AND
PRESYNAPTIC NERVE TERMINAL. A.E. Gioio H.S, Zhang, H.
Wen, A. Giuditta^and B.B, Kaplan* Laboratory of Molecular Biology,
NIMH, Bethesda, MD 20892 and ‘Dept. Gen. Physiology, Univ. of
Naples, Naples, Italy.
Previously we demonstrated that the squid giant axon contained a
heterogeneous population of mRNAs which encoded key elements of the
cytoskeleton, axonal transport systems and enzymes involved in local
energy metabolism. In addition, we have reported that the giant axon and
the large presynaptic terminals of photoreceptor neurons contained
biologically active polysomes, as judged by in vitro radiolabeling
experiments and electron spectroscopic imaging.
Recent studies employing differential mRNA display methodology has
facilitated the isolation and characterization of axonal mRNAs encoding
the ribosomal proteins L7, L8, L9, L22 and S5, as well as EF-2. The
cDNA clones obtained ranged in size from ~ 300-800 bp and sequencing
of the clones was completed using 5’race methodology. The identities of
mRNAs were subsequently established by comparative sequence analysis
to the human cognate proteins which yielded sequence similarities ranging
from (60 -95 % ). The localization of select mRNAs in the squid giant
axon was demonstrated by in situ hybridization histochemistry and the
presence of the transcripts in the presynaptic nerve terminals isolated from
optic lobe was defined by Reverse Transcriptase -PCR methodology.
Based upon these findings, it is hypothesized that key elements of the
mRNA translational apparatus are locally synthesized in the axon and
presynaptic nerve terminal.
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MOLECULAR CHARACTERIZATION OF THE ALTERNATIVELY SPLICED
NEURON-SPECIFIC VARIANTS OF NRSF/REST. Y, Naruse, T. Kojima, Y.
Uezono* andN. Mori. Dept. Mol. Genet., Natl. Inst. Longev. Sci., Aichi 474, Japan.
The neural-restrictive silencing factor NRSF (also known as REST) can repress the
transcription of neural-restrictive silencer (NRS)-bearing neuronal promoters in nonneuronal cells by recruiting co-repressor Sin3 and thereby histon deacetylase (HDAC)to
the core promoter using, at least, the N-terminal repression domain RD-1 (see
accompanied abstract by N. Mori et al.). We and others previously identified multiple
splicing variants of NRSF/REST that are expressed exclusively in neurons. The
neuronal-specific NRSF/REST variant, NRnV, is generated by splicing alternatively into
a cell-selective exon in neuronal cells of human, rat and mouse. Since NRnV retains the
RD-1 domain but lacks the binding activity toward NRS, we ought to determine whether
NRnV can interfere the function of the authentic NRSF/REST and further asked whether
it can function as a repressor. Co-transfection experiments of NRSF/REST andNRnV in
neuronal and non-neuronal cells revealed that over-expression of NRnV did not relieved
the NRS-mediated transcriptional repression by NRSF/REST, suggesting that NRnV
does not interfere with NRSF/REST. However, heterologous fusion protein of NRnV and
GAL4-DNA binding domain had significant repressing activity in UAS-mediated
transcription system. This observation suggests that NRnV could function as a repressor,
possibly with different DNA-binding specificity. Since NRnV retains the full RD-1
domain and we have found that NRSF’s RD-1 interacts with co-repressor Sin3, we tested
whether NRnV can interact with Sin3 and further HDAC. Results revealed that NRnV can
indeed associate with the co-repressor and HDACs in neuronal cells. These results suggest
that NRnV is a potential repressor with unknown specificity and may modulate
transcription of neuronal and/or non-neuronal genes.
Supported by CREST, JST.

MOLECULAR MECHANISM OFTHE NEURON-SPECIFIC GENE REGULATION
BY THE NEURAL-RESTRICTIVE SILENCER FACTOR NRSF/REST. N. Mori*,
Y. Naruse.T. Aoki, T, Kojima. Dept. Molecular Genetics and the Program of Protecting
the Brain, CREST, JST, Natl. Inst. Longev. Sci. (NILS), Oobu, Aichi 474-8522, Japan
Accumulative evidence suggests that more than twenty neuron-specific genes are
regulated by a transcriptional cis-regulatory element known as neural-restrictive silencer
element (NRSE). A trans-acting repressor NRSF/REST was previously cloned; however,
the mechanism of transcriptional repression via NRSE is largely unknown. Here we show
evidence that NRSF/REST recruits mSin3 and histone deacetylase and forms a complex
to repress the neural-specific target genes containing NRSE. Transfection experiments
with a series of deletion constructs revealed the presence of two repression domains, RD-1
and RD-2, at the respective N- and C-terminal portions of NRSF/REST. A yeast two
hybrid screen using the RD-3 region as a bait identified a short form ofmSin3B. In vitro
pull-down assays and zn vivo IP-Western analyses revealed aspecific interaction between
NRSF-RD1 and mSin3B PAH1-PAH2 domains. Furthermore, NRSF/REST and
mSin3B formed a complex with histone deacetylase 1 (HDAC1), suggesting that
NRSF-mediated repression involves histone-deacetylation. When the deacetylation of
histones was inhibited by Tricostatin A (TSA) in non-neuronal cells, mRNAs encoding
several neuronal-specific genes such as SCG10, NMDA-R1, and ChAT became
detectable. These results indicate that NRSF/REST recruits mSin3 and HDAC 1 to silence
the neural-specific genes, and further suggest that derepression of histone deacetylation on
chromatin is crucial, at least in part, for transcriptional activation of neural-specific genes
during neuronal terminal differentiation.
Supported by CREST, JST.

101.3

101.4

INACTIVATION OF TWO NEURONAL bHLH GENES, NEX AND
NEUROD/BETA2, RESULTS IN LOSS OF THE DENTATE GYRUS
A. Bartholomae1, M, Schwab1 , B, Heimrich2, D, Feldmeyer3, S. DruffelAugustin1, S, Goebbels1, M. Frotscher2, M.-J, Tsai4 and K.-A, Nave1,
^MBH, Univ. of Heidelberg, D-69120 Heidelberg, Germany, 2Univ. of

CHARACTERIZATION OF A MAMMALIAN HOMOLOG OF
DROSOPHILA NEURALIZED GENE. T.Timmusk,1 * K. Palm,2
N. Belluardo,^ and T. Neuman^. lDept. of Neuroscience, Uppsala
University, S-751 23 Uppsala, Sweden; ^Dept. Surgery, CedarsSinai Medical Center, Los Angeles, CA; ; ^Institute of Human
Physiology, University of Catania, Catania, Italy.
Studies on brain development in Drosophila and mouse, indicate
that many basic molecular and genetic mechanisms involved in
neurogenesis are highly conserved. Drosophila neuralized (neu)
gene encodes a protein with a C-terminal C3HC4 RING zinc
finger motif. Inactivation of neu in Drosophila results in neuronal
hypertrophy. This suggests that Drosophila neu and its vertebrate
homologs could share important functions to inhibit neuronal
determination and/or differentiation. Recently a human homolog
of Drosophila neu gene (hneu) was identified in the region
frequently deleted in malignant astrocytomas (Nakamura et al.,
Oncogene 16: 1009-1019,1998). No other data however are
known about the mechanism of action, function and expression of
hneu gene. We have isolated differentially spliced cDNAs of
human, mouse and rat neu and characterized their expression
patterns during the embryonic and postnatal development of
nervous system by RNase protection and in situ hybridization
analyses. Using yeast two hybrid system we have isolated several
interactors of neu. Our results suggest that neu mediates
transcriptional repression of multiple neuronal genes.
Supported by Swedish Medical Research Council and CedarsSinai Medical Center.

Freiburg, 3MPI f. Exp. Medizin, Heidelberg, 4Baylor College, Houston
Basic helix-loop-helix (bHLH) proteins play important roles in cell
lineage determination and differentiation in a variety of systems. The
neuronal bHLH protein NEX (Bartholomae & Nave, 1994) together with
NeuroD/BETA2 and NDRF, defines a subfamily of cell-specific
transcription factors with an overlapping spatio-temporal expression
pattern in the neocortex and hippocampus. Mice lacking NEX are viable
without obvious neuronal abnormality whereas targeted disruption of the
NeuroD/Beta2 gene is lethal due to a pancreatic failure. We have generated
mice lacking both NEX and NeuroD/Beta2 and have identified a major
developmental defect of the dentate gyrus (DG). By in situ hybridization,
affected cells have also lost the expression of NDRF, suggesting an
underlying
"break-down" of the neuronal bHLH system. By
immunohistochemistry, presumptive granule cells of the DG are generated
but arrested at an early developmental stage. Mutant DG cells which lack
most neuronal differentiation markers, are also unable to position
themselves in a V-shaped layer. By patch clamp analysis, they fail to show
normal sodium currents and, when filled with biocytin, lack their normal
morphological differentiation. Long-term hippocampal slice cultures
reveal a stable defect of both DG input projections (perforant path) and
output (mossy) fibers, confirming the absence of a functional DG. We
conclude that bHLH proteins, which are partially overlapping in function,
are required for terminal neuronal differentiation in the hippocampus.

101.5

101.6

THE TRANSCRIPTION FACTOR XAML IS SPECIFICALLY
EXPRESSED IN DEVELOPING PRIMARY SENSORY NEURONS. D. M.
Orentas* and C. Kintner. Molecular Neurobiology Labs, The Salk Institute, La
Jolla, CA, 92037.
During the formation of the Central Nervous System transcription factors
appear to direct sequential developmental stages in neurogenesis. Initially,
proneurai bHLH genes such as Neruogenin specify regions of neural
development from which a subset of cells are then directed by lateral inhibition
to develop into neurons. In the Xenopus embryo three classes of neurons
initially differentiate and become specified into distinct neuronal subpopulations;
the primary motor neurons, intemeurons and sensory neurons. Of these, the first
neurons to differentiate are the primary sensory neurons (Rohon Beard cells)
arising from the lateral neural plate. In this lateral neural domain, the first gene
specifically expressed is XAML (Xenopus Acute Myeloid Leukemia), a member
of the runt domain family of transcription factors. Runt domain proteins have
been implicated in cellular determination and differentiation during
hematopoiesis and osteogenesis. To further understand the role of XAML in
neural development die expression XAML was characterized. It was observed
that XAML is expressed in a subset of the cells in the lateral neural domain and
these cells ultimately differentiate into primary sensory neurons. The
development of XAML+ cells can be influenced by both neurogenic genes and
genes in die lateral inhibition pathway, further supporting the hypothesis that
these cells differentiate into neurons. These data suggest that expression of
XAML specifically identifies primary sensory neurons at the earliest stages of
neurogenesis. This hypothesis will be further explored by comparing the
expression of XAML to XhoxI 1 and Xhoxl 1L2, Xenopus homologues ofthe
Tlx gene family.
This work was supported by an N.I.H. fellowship, F32 NS 10347.

DROSOPHILA C2HC-TYPE ZINC FINGER GENE THAT IS EXPRESSED IN
NEURONAL SUBSETS OF THE CENTRAL NERVOUS SYSTEM. S, Ohsako*axi
Y. Takamatsu. Dept. of Cell Biology, Tokyo Metropolitan Institute for Neuroscience,
Tokyo 183-8526, Japan
Neural zinc finger factor 1 (NZF-1), myelin transcription factor 1 (MyTl) and
NZF-3 are members of a neural-specific zinc finger gene family in mammals,
containing Cys-XJ-Cys-XirHis-X4-Cys(C2HC)-type zinc fingers. Xenopus MyTl,
whose expression is positively regulated by the bHLH protein and negatively regulated
by the Notch/Delta signal transduction pathway, has recently been shown to play a
critical role in neuronal differentiation. In Drosophila, the roles of the proneurai genes
encoding bHLH transcriptional factors and the Delta/Notch signaling pathway have
been the most extensively studied. To understand the functional roles of C2HC-type
zinc finger gene(s) in Drosophila neurogenesis, we cloned the cDNA of a Drosophila
C2HC-type zinc finger gene (termed dNZF-1). The dNZF-1 protein is composed of
1220 amino acids and contains only two C2HC zinc fingers, whereas all vertebrate
MyT/NZF proteins contain six zinc fingers. The first C2HC zinc finger of (NZF-1
shows 96.3% amino acid sequence identity with the fourth one of NZF-3, but there is
little structural homology of (NZF-1 to other members outside the two zinc fingers.
Gel retardation assays showed that the dNZF-1 protein is able to bind to the double copy
of an AAAGTTT sequence; furthermore, it is able to activate transcription of the
heat-shock 70 minimal promoter-luciferase reporter gene through this sequence in
Schneider cells. Whole-mount in situ hybridization to embryos showed that <NZF1 transcripts are expressed in neuronal subsets of the central nervous system at the late
embryonic stage. Moreover, expression of a dominant negative form of dNZF-1 using
the GaI4/UAS system induced embiyonic lethality. Taken together, these results
suggest a functional role of dNZF-1 in neuronal differentiation.
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101.8

EXPRESSION OF THE PANCREATIC HOMEODOMAIN
TRANSCRIPTION FACTOR IDX1 IN THE CNS SUGGESTS A ROLE IN
NEURAL DEVELOPMENT. R. Moratalla1*, P.T. Schwartz2. B. gerezVillamil2. A. Rivera1, and M. Vallejo2’3, ^ajal Institute and 2Instituto de
Investigaciones Biomedicas, CSIC, Madrid, Spain; -^Reproductive Endocrine
Unit, Mass. General Hospital, Harvard Medical School, Boston, MA 02114.
Expression of the homeodomain transcription factor IDX1 has been shown
to be restricted to cells in the developing pancreatic primordium, and in the
adult, to the duodenum and pancreatic islets. Animal and human studies
indicate that IDX1 is required for pancreatic development and function. We
report that IDX1 is expressed in discrete cells of the rat CNS during
embryonic development. Expression was detected by RT-PCR with both
degenerate and specific primers. The highest levels of IDX1 were found at
embryonic day 15 (E15). Western immunoblotting using a highly specific
antiserum that recognizes the carboxy terminal end of the protein confirmed
the presence of IDX1 in E15 and E17 forebrains, as well as in immortalized
cortex-derived RC2.E10 neural precursor cells, which express somatostatin.
Immunohistochemical analysis of sections of E15-E17 rats demonstrated the
presence of scattered IDX1-immunopositive cells in different regions of the
brain, including cerebral cortex, ganglionic eminence, thalamus,
hypothalamus, inferior colliculus and area postrema. Electrophoretic mobility
shifts assays in the presence of the IDX1-specific antiserum, using nuclear
extracts from RC2.E10 cells or from rat embryonic forebrain, demonstrated
binding of IDX1 to somatostatin gene regulatory elements. Transient
transfection/mutation assays in RC2.E10 cells indicated that IDX1
transactivates somatostatin-CAT gene expression in neural cells. Our results
suggest that IDX1 may have previously unsuspected extrapancreatic
functions during development of neural cells in the CNS, and that the
somatostatin gene may be a target for regulation by IDX1 in neural cells.
Support: NIH, Whitehall Foundation, FIS 98/1368 and Accion Especial (CSIC).

INDUCTION OF NEURITE OUTGROWTH BY NeuroD/BETA2. J.H.
Cho1, I.S. Kwon1, S.H. Ghil1. H.S. Kang2*, Y.P. Lee1 and H.Y,
Suh-Kim1. 1Dept. of Anatomy, Ajou Univ. Med. Sch., Suwon 442-749;
2Dept. of Anatomy, Yonsei Univ. Med Coll., Wonju 220-701, Korea.
NeuroD/BETA2 is a member of the basic helix-loop-helix
transcription factor family. The role of NeuroD/BETA2 in development
of the nervous system has been reported using null mice. We
previously found that NeuroD/BETA2 was expressed in both mitotic
and postrhitotic neuronal cells of developing mouse brain, suggesting
an important function of NeuroD/BETA2 in neuronal cell differentiation.
However, the precise role of NeuroD/BETA2 in neuronal cell has not
been established yet. Thus, we investigated the cellular role of
NeuroD/BETA2 using F11 cells, which could generate neurites in the
presence of cAMP. To induce or block the NeuroD/BETA2,
expression vectors for the full length and a truncated mutant were
generated. DNA binding activity of the truncated mutant was tested
by electrophoretic mobility shift assay. The truncated mutant
repressed
the
transactivation
of
insulin
promoter
by
the
NeuroD/BETA2 and behaved as a dominant negative mutant. In F11
cells, the full length NeuroD/BETA2 containing both DNA binding
domain and transactivation domains induced neurite outgrowth in the
absence of cAMP. On the contrary, transfection of the dominant
negative mutant inhibited neurite outgrowth even in the presence of
cAMP. Taken these data together, i) NeuroD/BETA2 can induce
neurite outgrowth in F11 cells, ii) the truncated form containing only
bHLH can function as a dominant negative mutant for neuronal
differentiation, iii) NeuroD/BETA2 is essential for neuronal cell
differentiation.

101.9

101.10

251

FUNCTIONAL ANALYSIS OF THE HELIX-LOOP-HELIX TRANSCRIPTION
FACTOR R8F ON NEURONAL DIFFERENTIATION. M.I. Diaz, N. Cabrero, D.
Capo, C. Felix, Y. Olmeda and D.I. Lugo*. Dept. of Biology, Univ. of Puerto
Rico, Rio Piedras, P.R. 00931.
The elucidation of the molecular mechanisms underlying specific neuronal
differentiation is a major challenge for the field of mammalian developmental
neurobioiogy. We have begun to ascertain these mechanisms in the neocortex,
by cloning and characterizing a new member of the helix-loop-helix family of
transcription factors isolated from E10 rat forebrain and named it R8f. In-situ
hybridization analysis showed that it is expressed in the embryo as early as E10
and its expression becomes restricted to the cerebral cortex by E15.
Immunocytochemical analysis showed high levels of R8F protein in the
telencephalic ventricular zone at mid-gestation and in nuclei of migrating and
differentiating cells at late pre-natal ages. Gene knockdown studies utilizing
RS/-specific antisense oligonucleotides and Retinoic-Acid-induced P19
embryonal carcinoma cells resulted in 84% (p<0.05) reduction in neurite
outgrowth as compared to control cultures. This reduction in neurite number
was consistent with a decrease in neuronal phenotype as determine by
neurofilament immunostaining, suggesting a role for this transcription factor
on neuronal differentiation. EMSA utilizing E-box-containing oligo-nucleotide
sequences from neuronal-specific genes are underway in order to evaluate
potential targets for this gene. (Research supported by NIH-NIGMS-MBRS
Grant # 3 S06 GM08102-26S2 and FIPI Grant # 8-80-834).

WITHDRAWN

101.11

101.12

EXPRESSION AND FUNCTION OF THE TRANSCRIPTION
FACTOR MEI
DURING
NEUROGENESIS. M.
N.
Uittenbogaard. and A. Chiaramello*. Department of Anatomy and
Cell Biology, George Washington University Medical Center,
Washington, DC 20037.
MEI gene encodes a murine transcription factor belonging to the
basic Helix-Loop-Helix family. More specifically, the MEI protein
is a member of file E-protein subfamily. Our objective has been to
elucidate the molecular mechanisms of action of MEI at different
stages of neurogenesis. We performed a detailed analysis of MEI
pattern of expression during embryonic brain development. MEI
expression is triggered at the early steps of neurulation in the
cephalic folds and embryonic mesoderm. During embryonic brain
development, MEI expression is linked to areas where
neuroepithelium stem cells reside. In addition, MEI transcripts are
abundandly found in neural crest-derived structures and the cephalic
mesenchyme. We also investigated the functions of MEI as a
transcriptional factor, by determining its heterodimeric partners.
MEI interacts with several tissue-specific bHLH proteins, such as
NSCL-1, NeuroD, and Nex-1 and each heterodimeric complex
targets specific E-box elements. Furthermore, MEI exhibits a dual
function; it acts either as an activator or repressor, depending on its
dimerization status. Taken together, these results suggest that MEI
may function in distinct ways at different stages of brain
development as a result of changing heterodimeric partners.
This work was supported by grant from the National Science
Foundation (IBN-9727443).

MOLECULAR CLONING OF A NOVEL MEMBER OF THE IKAROS
GENE FAMILY IN ZEBRAFISH S. YOKOYA. H. KIYOSAWA. T. MORI. Y.
HQMMA,K. KANAZAWA, _T. NIKAIDQ, I, TAKEDA. Y,IANNQ, M.
TAKEUCHI. and A. WANAKA*. Department of Cell Science, Institute of
Biomedical Sciences, Fukushima Medical University School of Medicine,
Fukushima 960-1295, Japan
The Ikaros family (Ikaros, Aiolos and Helios) consists of putative
transcription factors with zinc finger motifs that may play critical roles in
differentiation of the lymphocytes. The null-mutation of the Ikaros gene
resulted in complete lack of lymphocytic lineages. We have identified a novel
member of the Ikaros family, Eos, in the mouse (see KIYOSAWA, et al., this
meeting). Eos mRNA is specifically and widely expressed in the developing
central and peripheral nervous system in contrast to the other family members
whose expressions are almost confined to the immune system (Thymus and
Spleen). Taking these findings and previous studies into account, We consider
that Eos likely exerts important functions in neural development. As the
Zebrafish has several advantages in investigation of certain gene functions in
early development, we aimed to identify a Zebrafish homologue of Eos gene.
Screening Zebrafish cDNA library with mouse Eos cDNA yielded several
overlapping cDNA clones. Deduced open reading frame was significantly
homologous to mouse Eos and Helios, but was distinct from Zebrafish Ikaros.
Characterization of the gene is now in progress.
This work is supported in part by a Grant-in-Aid for Scientific Research on
Priority Areas from the Ministry of Education, Science, Sports and Culture and
by a Grant-in-Aid for Scientific Research from the Ministry of Health and
Welfare, Japan.
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101.14

EXPRESSION ANALYSIS OF THE NOVEL TRANSCRIPTION FACTOR,
EOS, IN THE PROCESS OF NEURONAL DIFFERENTIATION OF
MOUSE P19 EMBRYONAL CARCINOMA CELLS. H. KIYOSAWA1. S.
YOKOYA1. T. MORI1. Y, HONMA1. K, KANAZAWA1, T, NIKAIDQk I.
TAKEDA1. M. TAKEUCHI1. N. SATO2 * and A. WANAKA1. ‘Department
of Cell Science, Inst, of Biomedical Science, department of Anatomy,
Fukushima Medical University School of Medicine, Fukushima 960-1295,
Japan
The genes belonging to the Ikaros family (Ikaros, Aiolos, Helios) code the
transcription factors that regulate lymphocyte differentiation. The Eos gene
presented here is a novel transcription factor and belongs to this family. Its
expression is mainly restricted to embryonic nervous system of mice. It has
four and two Zn finger motifs near N-terminus and C-terminus, respectively.
The putative DNA binding domain lies between those two Zn finger motif
regions. The Eos protein forms homo-/hetero-dimers with itself or other family
members by its C-terminal Zn finger motif. In order to understand the role of
Eos in neuronal development, we utilized mouse embryonal carcinoma cells
P19 as its in vitro model, where P19 cells were induced to neurons with
retinoic acid. Induction of Eos mRNA was observed during the process of P19
cells' neuronal differentiation. The full length Eos and its dominant-negative
form which has only C-terminal Zn finger were expressed in the P19 cells, and
their effects on the neuronal differentiation were analyzed.
This work is supported in part by a Grant-in-Aid for Scientific Research on
Priority Areas from the Ministry of Education, Science, Sports and Culture
and by a Grant-in-Aid for Scientific Research from the Ministry of Health and
Welfare, Japan, and by a grant from Kato Memorial Bioscience Foundation.

THE ROLE OF EMX2 IN PRECURSOR CELLS OF THE CEREBRAL CORTEX
N. Heins1* F. Cremisf and M. Gotz1. ‘Max-Planck-Institute of Neurobiology,
D-82152 Planegg-Martinsried, Germany; 2Scuola Normale Superiore, 56100 Pisa,
Italy. E-mail: mgoetz@neuro.mpg.de
A variety of transcription factors are expressed in a region-specific manner and are
crucial for patterning the developing nervous system. Often, they are expressed in
precursor cells. For instance, precursor cells of the cerebral cortex express Emxl/2,
Pax6 and Ngnl/2 that are not expressed by cells of the adjacent ganglionic eminence
(GE). We are interested to understand which aspects of cortical precursor cells are
influenced by these transcription factors (Gotz et al., 1998). In this study we examined the Emx2 gene by gain-of-fimction experiments in cortical precursor cells and
GE precursor cells that normally do not express Emx2. To overexpress Emx2 we
constructed replication-incompetent retroviral vectors co-expressing B-galactosidase
(B-gal) and Emx2 in sense orientation. Dissociated cells were prepared from cortex
and GE of mice at embryonic day 14, infected with control or Emx2-sense retroviral
vectors and analysed after different times in vitro by staining with antiserum against
B-gal. Overexpression of Emx2 leads to a significant increase in the size of clones
formed by a single infected precursor compared to those infected with the control
virus BAG (BAG: 7; Emx2: 18) after 7 days in vitro. Interestingly, this increase was
observed only in cortical clones, but not in clones of the GE. Next, we examined
whether this effect could be due to a delay in differentiation. BrdU was added to the
culture medium at different times in vitro. The analysis of BrdU-labeled cells demonstrated that Emx2-overexpressing cells continue to proliferate for more than 9
days in vitro, whereas most cells infected with the control virus BAG stopped proliferation after a few days in vitro. Nevertheless the relative percentage of cells which
differentiated as neurons or astrocytes was not altered by Emx2-overexpression.
These results suggest that Emx2 influences the transition from precursor cells to differentiated cell types in a region-specific manner (Supported by MPG and EC grants)

101.15

101.16

GENE EXPRESSION OF THE NOVEL LIM-ONLY PROTEIN LMO-4 IN THE
DEVELOPING AND ADULT MOUSE BRAIN. Ola Hermanson*, Tod Sugihara,
and Bogi Andersen. School of Medicine, UCSD, La Jolla, CA 92093.
LIM-only (LMO) proteins constitute a family of non-DNA-binding transcriptional
regulators that seem to act as bridging molecules between DNA-binding transcription
factors and coregulator complexes. Recently, a novel member of this family, LMO-4,
was characterized and shown to interact with the transcription factor mDEAF1/NUDR (Sugihara et al., PNAS, 1998, 95:15418-15423). Interestingly, mDEAF1/NUDR has been implicated in the regulation of enkephalin gene transcription,
suggesting a possible role for LIM-proteins in opioid production. To fiirther elucidate
a fiinctional role for LMO-4 in neural cells, we investigated the expression of LMO-4
in the developing and adult mouse brain by in situ hybridization.
LMO-4 is widely expressed at E9.5-E10.5, with strong neural expression. At
E14.5-E15.5, a more restricted expression pattern can be seen with specific regions
displaying very high LMO-4 levels. For example, in the diencephalon, very strong
LMO-4 expression is detected in the developing hypothalamic paraventricular
nucleus (PVH), the medial preoptic area, and the medial geniculate body, whereas
the signal is low or absent in the mammillary region and the anterior hypothalamic
area. This dramatic regionalization continues through E17.5-P0. In the adult, only a
restricted number of brain regions display significant LMO-4 expression, such as
PVH, the ventromedial hypothalamic nucleus, the lateral amygdala, and the CA3
layer of the hippocampus. The gene expression thus suggests that LMO-4 is involved
in the development of brain regions regulating sensory, autonomic and
neuroendocrine function. The LMO-4 distribution in the adult brain overlaps to a
certain extent with enkephalinergic expression, but simultaneous visualization of
LMO-4 and enkephalin is required to evaluate if LMO-4 can be involved in
transsynaptic regulation of enkephalin transcription.
Supported by the Swedish Brain Foundation (OH) & NIH Grant AR044882 (BA).

THE ROLE OF THE LYMPHOID TRANSCRIPTION FACTOR IKAROS IN THE
DEVELOPMENTAL SPECIFICATION OF ENKEPHALINERGIC NEURONS IN THE
STRIATUM. M. Ring12*. A. Dobi1, K. Georgopoulos3. and D.v. Agoston1,4. ‘Dept. of Anatomy
and Cell Biology, USUHS, Bethesda, MD 20814, 2Dept. of Genetics, George Washington
Univ., Washington, DC 20052, ‘Massachusetts General Hospital and Harvard Medical School,
Charlestown, MA 02129, and 4LDN, NICHD, NIH, Bethesda, MD 20892.
The enkephalin (ENK) gene encodes pentapeptides that are critical neurotransmitters for
neurons predominantly residing in the caudate putamen of the striatum. The identity of
transcription factors that govern the differentiation of progenitors into the enkephalinergic
phenotype is unknown. Previous studies have shown that Ikaros mRNA expressing cells are
present in the developing striatum (Georgopoulos et al. 1992) and that the ENK gene contains
Ikaros sites that specifically bind nuclear proteins expressed around enkephalinergic
specification in the striatum (Dobi et al. 1997). Here we show that Ikaros acts as a
developmental regulator of ENK gene expression. In contrast to the thymus, the developing
brain expresses only two Ikaros isoforms (IK-1 and IK-2) as shown by RT-PCR and Western
blotting. Immunohistochemistry showed that Ikaros+ cells are restricted to the developing
striatum where their spatiotemporal distribution resembles the developmental gradient of
neurons differentiating into the ENK phenotype. In the adult brain, Ikaros+ cells could only be
detected in brain regions known to contain neuronal precursors (e.g. hippocampus). Cotransfection of primary embryonic striatal neurons with the plasmid 2700/703ENK-Luc that
contains the Ikaros elements and with increasing amounts of competitor dsDNA containing
Ikaros sites resulted in a concentration-dependent decrease of luciferase activity suggesting that
Ikaros is a positive regulator of ENK expression in embryonic striatal neurons. Furthermore,
the striatum of Ikaros null mutant (Ikaros 7') mice (Wang et al. 1996) contains decreased levels
of ENK mRNA as measured by quantitative RT-PCR. This decrease is likely due to impaired
differentiation of progenitors into the enkephalinergic phenotype because the number of ENK
mRNA+ neurons as quantified by in situ hybridization histochemistry was -40% lower in the
striatum of Ikaros'7' mice as in the striatum of wildtype littermates. We conclude that Ikaros not
only controls T-cell differentiation but also contributes to the specification of the enkephalin
phenotype in the developing CNS. Sponsored by BIA#0991-701-6807.

101.17

101.18

NEGATIVE REGULATION OF FASCICLIN III BY ENGRAILED
IN THE CNS OF EMBRYONIC DROSOPHILA X.-X. Jia and
M.V.S. Siegler*. Dept. of Biology and Program in Neuroscience,
Emory University; Atlanta, GA 30322.
From work on grasshopper, it was hypothesized that Engrailed
(En) protein regulates cell adhesion molecules (CAMs) (Siegler and
Pankhaniya, J.Comp.Neurol. 388, 658-668, 1997). In Drosophila
CNS, En negatively regulates two CAMs, Connectin and Neuroglian
(Siegler and Jia, Neuron 22, 265-276, 1999). We now show that
Fasciclin HI (Fas HI) is also negatively regulated in subsets of CNS
neurons.
Ubiquitous neuronal expression of En using the
GAL4/UAS system results in downregulation of Fas III expression in
two identified clusters of intemeurons, while expression in motor
neurons is relatively normal. Allied experiments indicate that loss of
Fas III expression in intemeurons is a result of En overexpression in
those neurons, rather than the result of nonspecific disturbances in
CNS development. Conversely, Fas III is upregulated in mutants
lacking En expression in the CNS. Fas III- expressing intemeurons
are En-negative in the normal CNS, consistent with the interpretation
that the experimental manipulations reflect a functional repressive
effect of En upon Fas III in subsets of intemeurons. Support: R01
NS32684 to M.V.S.S.

INDUCTION OF RAT MIDBRAIN DOPAMINERGIC NEURONS IN VITRO BY
SONIC HEDGEHOG AND MODULATION OF NURR1 GENE EXPRESSION
■P.DaEozz.Q1,
^International Institute of Genetics and Biophysics, CNR, Via Marconi 10, 80125
Naples, Italy and ^University of Catanzaro, FacoltA di Farmacia, 88021 Roccelletta di
Borgia, Italy.
We have studied early events involved in the acquisition and maturation of the
dopaminergic (DA) phenotype using primary cultures of the rat ventral mesencephalic
(MES) neurons from early embryonic stages (El2). Addition of basic FGF to MES
cells stimulate proliferation of MES DA precursors, when plated at low density in
serum-free medium. Under these conditions, the addition of fibroblasts transfected with
the morphogen Sonic Hedgehog (SHH) enhances DA differentiation, as monitored by
DA uptake. These results suggest that the combined action of bFGF and SHH can be
exploited to expand in vitro the number of committed DA neurons and to study the
cellular and molecular mechanisms underlying these events.
Nurrl is the first gene known to be activated in committed midbrain DA
precursors. It is an immediate early gene encoding an "orphan" member of the steroidthyroid hormone receptor superfamily of ligand-activated transcription factors. It is.
essential for survival and final differentiation of mesencephalic DA precursors. By
using a semi-quantitative RT-PCR technique, we show that in rat midbrain in vivo,
Nurrl gene presents a specific pattern of expression with a peak at embryonic day El 315. A similar pattern is expressed in mesencephalic DA neurons in vitro, where Nurrl
mRNA is high at the beginning of the cultures for two days. We examined the effect
of depolarization and retinoids on Nurrl gene expression in vitro. After a 2 hrs
depolarization using 60 mM KCI, Nurrl mRNA shows a two-fold increase, compared
to unstimulated control cultures. Up regulation of Nurrl mRNA is also observed after
addition of retinoic acid for two hours, but not for longer treatment These data suggest
that Nurrl could be the point of convergence between retinoic and activity-dependent
signaling pathways. It will be important to investigate whether andhow modulation
of Nurrl gene expression influences maturation and maintenance of DA neurons.

Reg. Campania, PF CNR Biotecnologie, AIRC, Telethon, supported this work.
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101.20

A SELECTIVE GROUP OF DOPAMINERGIC NEURONS EXPRESS
NURR1 IN THE ADULT MOUSE BRAIN. C. Backman u, Barry L
Hoffer1, T. Perlmann2, M. Morales1. ‘Cellular Neurobiology Department,
National Institute on Drug Abuse, National Institutes of Health,
Baltimore, MD 21224 and 2Ludwig Institute for Cancer Research,
Karolinska Institute, Box 240, Stockholm S-171 77, Sweden.
Nurrl, an orphan receptor of the nuclear receptor superfamily, is
widely expressed in the central nervous system including brain regions
where tyrosine hydroxylase (TH) immunoreactive neurons are
abundant. Recent analyses of Nurrl null mutant mice, have shown that
Nurrl is essential for the development and survival of midbrain
dopaminergic neurons. However, other dopaminergic neuronal
populations do not seem to be affected by ablation of the Nurrl gene.
The purpose of the present study was to investigate the degree of coexistence of Nurrl mRNA and TH immunoreactivity in the brain of
adult mice to better understand the selective effects of Nurrl during
development.
Our results indicate that the majority of TH
immunoreactive neurons in the substantia nigra, ventral tegmental area,
retrorubral field, olfactory bulb and linear nucleus raphe express Nurrl.
In contrast, the paraventricular and periventricular hypothalamic
nucleus showed only a few double labeled neurons, while TH
immunoreactive neurons in the arcuate nucleus and zona incerta did not
express Nurrl mRNA. Nurrl expression was also excluded from
(nor)adrenergic neurons of the brain stem. These results clearly
demonstrate that Nurrl is not expressed in all catecholaminergic brain
regions but in a selective population of dopaminergic neurons
suggesting that Nurrl may affect the function of the nigrostriatal and
mesolimbic pathways in the adult mouse brain. (Supported by the IRP,
NIDA/NIH).

MISEXPRESSION OF BASIC HELIX-LOOP-HELIX GENES IN THE
MURINE CEREBRAL CORTEX AFFECTS CELL FATE CHOICES
AND NEURONAL SURVIVAL. Li Cai*, Eric M. Morrow and
Constance L. Cepko. Dept. of Genetics, Howard Hughes Medical
Institute, Harvard Medical School, 200 Longwood Avenue, Boston,
Massachusetts 02115
To investigate the role(s) of basic helix-loop-helix genes
(bHLH) genes in the developing murine cerebral cortex, Mashf
Math2, Neurogeninl (Ngn1), Ngn2, NeuroD, NeuroD2, and Id1 were
transduced in vivo into the embryonic and postnatal cerebral cortex
using retrovirus vectors. The resulting tissue was harvested at
postnatal stages. The morphology and location of retrovirally labeled
cells were analyzed. The data indicate that a subset of bHLH genes
are capable of regulating the choice of neuronal vs. glial fate, and
that, when misexpressed, they can be deleterious to the survival of
differentiating neurons, but not glia.

253
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102.1

102.2

GANGLIONIC EMINENCE INDUCES
NEOCORTICAL SECONDARY
PROLIFERATIVE POPULATION. S-Miyama1-2* . T, Takahashi12, P, G, Bhide1 and
V. S, Caviness, Jr.1. 'Dept. of Neurology, Massachusetts General Hospital and
Harvard Medical School, Boston MA 02114, 2Dept. of Pediatrics, Keio University
School of Medicine, Tokyo 160, Japan.
Neocortical proliferative population consists of a ventricular zone (VZ) and a
secondary proliferative population (SPP) which is roughly co-extensive with the
subventricular zone. Explants of the embryonic day 13 murine cerebral wall, either in
continuity with or separated from the ganglionic eminence (GE+ and GE-,
respectively), were cultured in serum-free, defined medium. GE+ and GE- sets were
cultured under two conditions: (1) 5 hr in the medium followed by a 4 hr exposure to
brhmodeoxyuridine (BUdR) and (2) 8 hr in the medium followed by a 1 hr exposure to
BUdR. The explants were fixed, sectioned coronally at 4 p.m and stained
immunohistochemically for BUdR. Medial and lateral VZ were defined based on
distance froln the cortico-striate angle. Medial zone was 1000 pm and the lateral zone
was 500 pm from the angle. A mean BUdR labeling index (labeled/total nuclei) was
determined for both medial and lateral VZ of each explant.
In this labeling paradigm cells labeled in condition (1) but not (2) correspond to cells
which have exited S phase but are still in G2/M phase. The G2/M phase cells were
displaced toward the ventricular surface in both GE+ and GE- sets and in both medial
and lateral VZ, reflecting expected interkinetic nuclear migration of the VZ cells.
However, the two sets differed principally in that there was also a significant
accumulation of G2/M phase cells displaced outward from the VZ in the lateral region
of only the GE+ sets. This may reflect the appearance of SPP whose cells do not
display interkinetic nuclear migration. The observation suggests that continuity of GE
and neocortical VZ induces exit of the SPP from the neocortical VZ cells.
Supported by NIH grants NS12005 and NS32657 and a grant from the Pharmacia
Upjohn Fundfor Growth & Development Research.

PRODUCTION, DEATH AND SURVIVAL OF NEURONS DURING
NEOCORTICAL HISTOGENESIS IN MICE. T Takahashi12*, C. Verney3,
T. Goto2, S. Miyama2, P. G. Bhide1, R. S. Nowakowski4 and V. S. Caviness,
Jr.‘. ‘Dept. of Neurology, Massachusetts General Hospital, Harvard Med.
Sch., Boston. MA 02114; 2Dept. of Pediatrics, Keio Univ. Sch. Med., Tokyo
160, Japan; TNSERM, U106, Hospital Salpetriere Paris, France; 4Dept. of
Neurosci. and Cell Biol., UMDNJ-Robert Wood Johnson Med. Sch.,
Piscataway, NJ 08854.
Neocortical neuronogenesis in mouse is divisible into 11 cell cycles that
occur over a 6 day period. The contribution and distribution pattern of net
output (total neurons produced minus those eliminated by histogenetic cell
death) from each of the 11 cell cycles to each cortical layer were
determined in fields 40 and 1 by a double S-phase labeling method. The
estimated total net output from the 11 cell cycles is 398 neurons in field 40
and 382 neurons in field 1 per area subtended by 1000 Jim2 of pial surface.
In a separate set of experiments, by direct count of TUNEL positive cells in
each layer, the proportionate cell loss over the first 2 postnatal weeks was
estimated in the same fields; the estimate used a clearance time of 2.5 hr for
TUNEL+ cells. The proportionate overall loss in field 40 is 11.3% while in
field 1 the loss is 22.7%, reflecting survival rates of 88.7% and 77.3%,
respectively. For the first 7 cell cycles the cell survival rate is relatively
constant at 93% (field 40) and 83% (field 1). After cell cycle 7 the survival
rate falls in both cortical fields reaching 83% (field 40) and 58% (Field 1).
By considering together the estimates of net output and neuronal loss by
histogenetic cell death, we estimated the total output (i.e., predeath) for
each layer for each of the 11 cell cycles. The quantitative model presented
here represents all of the three major events of neocortical histogenesis;
neuronogenesis, cell distribution by migration and elimination by cell
death on a cycle-by-cycle basis. Supported by NS12005, NS32657,
NS33433; Pharmacia Upjohn Fund for Growth & Development Research.

102.3

102.4

TRANSIENT INHIBITION OF CELL CYCLE ALTERS PROGENITOR CELL
DEVELOPMENT IN EMBRYONIC CEREBRAL CORTEX EXPLANTS.
K, Robertson* and P. Levitt, Department of Neurobiology, University of
Pittsburgh, Pittsburgh PA15261.
Cell cycle regulation is precisely coordinated with morphogenesis during
development of all species. In both Xenopus and chick embryos, use of the
DNA polymerasea blocker, Aphidicolin, to inhibit cell cycle has profound
effects on embryonic patterning. In addition, the correct temporal expression
of certain genes, e.g. Drosophila evenskipped, is cell cycle dependent.
During development of the mammalian cerebral cortex, progenitor cells
proliferate in the ventricular zone (VZ) in a coordinated fashion, then
differentiate and migrate out into more superficial layers. To determine the
role of cell cycle regulation on subsequent fate determination of mammalian
cortical progenitors, we injected Aphidicolin-coated fluorescent microbeads
into a small region of the cortical VZ of embryonic day (E) 14 mouse
explants. Bromodeoxyuridine (BrdU) labeling indicated that S-phase
progression was inhibited in VZ cells in the region of the injection for about
48 hours. This inhibition was accompanied by an accumulation of
proliferating cellsdirectiy above the injection site, in the overlying
intermediate zone (I2)r Regions of the explants that had not been injected
with beads, or which had been injected with uncoated control beads, were
unaffected in their patterns of proliferation. These ectopically dividing cells in
the IZ did not appear to differentiate into neurons or glia, but rather there was
a subsequent increase in cell death in the IZ, suggesting that progenitor cells
that cycle outside the correct location are unable to differentiate.
(Supported by NIMH MH45507)

VISUALIZATION OF NEUROGENESIS IN THE MAMMALIAN CENTRAL
NERVOUS SYSTEM USING GREEN FLUORESCENT PROTEIN
TRANSGENIC MICE. M. YamaguchL-U H, Sai to.2 M. Suzuk&and K. Mori2-*.
!PRESTO, Japan Science and Technology Corporation, Kyoto 619-0237, Japan,
2Lab. for Neuronal Recognition Molecules, BSI, RIKEN, Saitama 351-0198,
Japan, 3Center for Animal Resources and Development, Kumamoto Univ.,
Kumamoto 862-0976, Japan.
Neurons in the mammalian central nervous system (CNS) are generated from
neural progenitor cells during development and, in particular brain regions, even
throughout adult life. To develop an in vivo system to analyze the cellular and
molecular mechanisms involved in neurogenesis in the CNS, we have generated
transgenic mice expressing green fluorescent protein (GFP) under the control of the
progenitor cell-specific nestin promoter. GFP fluorescence was observed at sites
of active neurogenesis, such as developing neuroepithelium, cerebellum in early
neonates, and subventricular zone of the forebrain in adults. Some GFP positive
cells in the rostral migratory stream and the hippocampal dentate gyrus of adult
mice showed neuronal phenotype: these cells expressed PSA-NCAM. GFP
expression also occurred in newly-generated neurons in the peripheral nervous
system: the regenerating olfactory sensory neurons induced by removal of the
olfactory bulb were found to express GFP. In summary, in all the regions where
neurogenesis was reported to occur, we could observe GFP expression. Because of
the close relationship between the neurogenesis and the GFP expression, the nestin
promoter-GFP transgenic mice are useful to study neurogenesis during
development, maintenance, and regeneration of the nervous system. Supported by
a grant from Japan Science and Technology Corporation, a grant from RIKEN, and
a grant from the Ministry of Education, Science, Sports and Culture of Japan.
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102.6

PRECURSOR CELLS ISOLATED FROM THE DEVELOPING HUMAN CNS
SHOW REGIONAL SPECIFICITY AND LACK TELOMERASE EXPRESSION.
C.N. Svendsen1*, K.R. Prowse2 M.H.K. Linskens2 and E. Jauniaux3, ’MRC Centre
for Brain Repair, University of Cambridge, UK. 2University of Groningen, The
Netherlands and 3Obstetrics and Gynaecology, University College, London, UK.
The striatum, cortex, mesencephalon, thalamus and cerebellum were dissected
from intact 8-10 week old human embryo’s. All regions were sectioned into 300pm
cubes and placed directly into growth medium containing EGF, FGF-2 and heparin
(Svendsen et al, J. Neurosci Methods (1998) 85: 141). Spheres formed from all regions
and contained proliferative cells based on both BrdU and Ki67 labelling. At 2
weeks, the spheres were passaged by sectioning and at 4 weeks single spheres were
plated in the absence of EGF/FGF-2. 14 days following plating all regions showed
similar characteristics with extensive neurite outgrowth and cellular migration
along 3CB2 positive radial glia. Following 20 weeks of expansion the neurite
outgrowth was significantly reduced following plating and there were dramatic
differences between the regions. Spheres derived from the cortex gave rise to over
40% neurons, but those from the mesencephalon produced less than 1% neurons.
Telomerase expression was very low in all human precursors from each brain region
at either early or late passages. A negative correlation between population doublings
(pd’s) and telomere length was established (r2=0.876; from 13.2 Kbp at 3 pd’s to 7.4
Kbp at 33 pd’s). All cultures eventually stopped dividing and differentiated after
250 - 300 days in vitro (40 pd’s - or 1012 fold t in cell number). In contrast, rodent
neural precursor cells expressed high levels of telomerase. Together these results
show that (i) human precursors isolated from different brain regions are not the
same (ii) they have a finite but very large growth capacity and (iii) a stem cell
common to all brain regions cannot be expanded using these culture conditions. It is
more likely that we are growing committed progenitors or regionally specified stem
cells. Supported by the Wellcome Trust and MRC.

DISTRIBUTION OF MITOTICALLY ACTIVE CELLS AND POLYSIALYLATED NEURAL CELL
ADHESION MOLECULE IN THE SUBEPENDYMAL ZONE OF AN ADULT PRIMATE R.A.
.Clinqenpeel1*, P. Poulin4, M.J. Webster2, M. Olson4, R.C. Saunders3, J.E. Kleinman1, and C.
Shannon Weickert1. (1) Clinical Brain Disorders Branch, NiMH, NIH, Bethesda, MD. (2) Stanley
Research Laboratories, Bethesda, MD. (3) Laboratory of Neuropsychology, NIMH, NIH,
Bethesda, MD. (4) University of Calgary, Calgary, Alberta, Canada.
The subependymal zone (SEZ) of the adult rodent brain contains proliferating cells, which
generate new neurons bound for the olfactory bulb. The SEZ of the primate brain remains
largely undescribed. We have used immunohistochemistry to characterize the cells of the SEZ
in the brain of the Rhesus monkey. Four female Macaca mulatta, ages 4-6 years, were injected
with the cell proliferation marker bromodeoxyuridine (BrdU) for one or two days (3 injections/day,
-230 mg/injection). We counted immunoreactive SEZ cells in four regions along the lateral
ventricle adjacent to the head ofthe caudate: under the lateral and medial ependymal layers of
the lateral ventricle, in the ventral floor, and at the dorsal apex. Approximately 80% of all BrdU
positive cells and PSA-NCAM positive cells were found in the lateral and ventral regions. There
was an average of 37 BrdU positive cells per 14pm thick section; 43.84% of these were found in
the lateral region, 38.72% were in the ventral floor, 11.78% were in the medial region, and
5.66% were at the dorsal apex. Some SEZ cells were also positive for polysialylated neural cell
adhesion molecule (PSA-NCAM), which is frequently associated with migrating immature
neurons; these cells were found most often in clusters and were distributed in a similar pattern to
the BrdU positive cells. A 14pm thick coronal section contained an average of 196 PSA-NCAM
positive ceils; 60.25% in the lateral region, 21.73% in the ventral floor, 15.09% in the medial
region, and 2.93% at the dorsal apex. PSA-NCAM staining was confirmed in the brain of a
monkey which was not injected with BrdU. The PSA-NCAM positive cells were negative for the
glial markers vimentin and GFAP. Thus, we have identified a population of cells in the
subependymal zone of an adult primate which is anatomically and immunohistochemically
similar to the neurogenic population found in the adult rodent SEZ, suggesting that this region
may be a source of newly generated migratory neurons in the adult primate.
Research supported by the Intramural Research Program, NIH and Neurospheres Inc.

102.7

102.8

IDENTIFICATION AND EXPRESSION PATTERN OF A NOVEL CELL
SURFACE MARKER OF PNS AND CNS NEURONAL PRECURSORS.
W, Schubert, V, Coskun, M.S, Rao*, M.B. Luskin, and Z, Kaprelian.
Dept. of Cell Biology, Emory Univ. Sch. of Med., Atlanta, GA 30322;
Depts. of Path. & Neurosci., Albert Einstein Coll, of Med., Bronx, NY
10461; Dept. of Neurobio. & Anat., Univ. of Utah Med. Sch., Salt Lake
City, Utah 84132.
To identify novel cell surface markers of neuronal progenitor cells,
we generated a panel of monoclonal antibodies (mAbs) to neurons
derived from human embryonal carcinoma (hNT) cells. One of these
antibodies, referred to as mAb 2F7 was chosen for further analysis. The
epitope recognized by 2F7 was characterized by Western blots,
immunolabeling of cultured cells, and by immunocytochemistry of the
embryonic and neonatal forebrain. In cultured neural cells 2F7 labeled
neurons and neuronal precursors but did not label mature
oligodendrocytes and astrocytes. In the developing telencephalon (E14
- E20) the domain of 2F7 expression overlapped but was broader than
that of TuJ1 (a neuron specific marker). In the neonatal forebrain 2F7
labeled a low density of the neuronal progenitor cells along the rostral
migratory stream, and most postmitotic neurons in the cellular layers of
the olfactory bulb. 2F7 expression was also seen on developing
motoneurons, migrating neural crest and PNS neurons. Direct
comparisons of HNK-1 and 2F7 immunoreactivity revealed several
significant differences. These findings suggest that 2F7 is a novel
epitope that is present on progenitor cells and postmitotic, differentiating
neurons in the CNS and PNS. (Supported by the NIH, NIDCD, March of
Dimes & MDA)

EFFECTS OF DOPAMINE ON CELL CYCLE PARAMETERS IN THE
LATERAL GANGLIONIC EMINENCE. N. Ohtani* T, Mitsuhashi and P. G.
Bhide. Neurology Department, Massachusetts General Hospital and Harvard Medical
School, Charlestown, MA 02129.
Cells of the neostriatum arise from the lateral ganglionic eminence (LGE), a
transient embryonic structure that forms the lateral walls of the lateral ventricles.
Dopaminergic axons approach and enter the LGE early in development, around
embryonic day 13 in mice, suggesting a possible role for dopamine in the regulation
of LGE cell proliferation. We examined the effects of dopamine on cell cycle
parameters in organotypic explants of the mouse LGE. Initial experiments
confirmed that the explant system is suitable for estimation of cell cycle parameters
using bromodeoxyuridine as an S-phase marker. Furthermore, the explant system
permits evaluation of the effects of dopamine on S-to-G2-phase and Gl-to-S-phase
transitions, critical cell cycle events. The data show that dopamine reduces
bromodeoxyuridine labeling index in the LGE and that the reduction is likely to be
due to a reduction in the rate of entry of cells from Gl- to S-phase. Dopaminergic
effects on the cell cycle are mimicked by Dl-receptor agonists SKF-38393 and SKF81297; blocked by Dl-receptor antagonist Scheming 23390. It is known that Dlreceptor stimulation increases intracellular cyclic AMP levels via the activation of
adenylate cyclase. Recently, it was shown that cyclic AMP elevates intracellular
p27 levels, a cyclin E inhibitor, which in turn inhibits entry of proliferating cells
from Gl-phase to S-phase. Therefore, in separate experiments, we examined if
stimulation of the adenylate cyclase-cyclic AMP pathway influences cell cycle
parameters in LGE explants. The data showed that forskolin, an adenylate cyclase
activator, reduces bromodeoxyuridine labeling index in the LGE, in a manner
comparable to that caused by the DI-agonists. Thus, dopamine, acting via the
cyclic AMP-coupled DI-family of receptors can alter cell cycle parameters in the
LGE. These data suggest a role for dopamine in the regulation of neurogenesis in
the CNS and may provide a basis for understanding the structural and functional
deficits produced by perturbation of the dopaminergic system during development.
Supported by NINDS grant HNS32657.

102.9

102.10

GABAa RECEPTOR ENHANCES CORTICAL PROGENITOR G2M/G1 CELL

GLUTAMATE INFLUENCES PROLIFERATION OF SUBPOPULATIONS OF
FOREBRAIN PROGENITOR CELLS. K. Luk*, M.C. Belanger, S.Mittal, Y, W.
Lee, A. F. Sadikot. Dept. Neurology and Neurosurgery, Montreal Neurological
Inst., McGill Univ., Montreal, Canada.

CYCLE TRANSITION THROUGH CaM KINASE II. M.L. Schwartz*, F. Wang,
T.F. Haydar and P. Rakic. Section of Neurobioiogy, Yale Medical School, New
Haven, CT 06510
GABA has been identified as a potential signal for regulating neurogenesis in the
cerebral cortex. Cells containing either GABA or GABAa receptors have been
localized in the cerebral proliferative zones. Moreover, the activation of GABAa
receptors has been shown to depolarize the membrane potential, elevate
intracellular [Ca2+], and inhibit DNA synthesis. Previously, we revealed that cells in
different phases of the cell cycle express GABAa receptors, including cells
undergoing mitosis within the ventricular zone. In this study, we used a slice
preparation of embryonic rat cerebral cortex to examine the role of GABAa
receptors in cell cycle progression and the possible involvement of CaMK II in
mediating GABAa ’s effects. Flow cytometry measurement of BrdU pulse-chase
labeling and propidium iodide DNA staining were used to monitor progression
through G2M/G1 phases of the cell cycle. Under this paradigm, the BrdU labeling
index (LI) passed through a latent period, followed by a period of rapid increase,
finally reaching plateau within 16 to 20 hours. Incubation with 50 pM GABA for 8
to 12 hours led to a significant increase in the LI, which was blocked by 100 pM
BMI, a GABAa antagonist. KN-93 (25 pM), a specific CaMK II inhibitor, was able
to reverse the effect of GABA and reduced LI to below control levels. In contrast,
GABA was unable to reverse the inhibitory effect of KN-93 on the LI. DNA
histogram analysis of BrdU-positive cells revealed significantly more cells in the
G1G0 phases and fewer in the G2M phases following GABA treatment, while KN93 treatment had the opposite effects. Our data suggest that GABA and GABAa
receptors enhance the G2M/G1 cell cycle transition in cortical progenitor cells, and
that CaMK II is likely to be the downstream kinase. (Supported by grants from the
United States PHS)
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Neurotransmitters influence a wide variety of developmental processes. We
hypothesize that the N-methyl-D-aspartate (NMDA) subclass of glutamate
receptors influences proliferation of populations of forebrain neuroblasts. As our
model, we use subclasses of neurons in the striatum and cerebral cortex.
Competitive (CGS-19755) and noncompetitive (MK-801) NMDA receptor
antagonists were given to timed pregnant rats at either E15-E18 or E18-E21.
Brains from adult offspring of the treated dams, and also pair-fed and saline
controls, were processed for immunohistochemical markers of different striatal
and cortical neuronal subtypes. In comparison to pair-fed and saline controls,
offspring of rats given either NMDA antagonist at E15-E18 showed marked
reduction in the density of the parvalbumin (PV)-immunoreactive subclass of
GABAergic intemeurons in the striatum, but not the frontal agranular cortex.
Offspring of animals given either antagonist at El8-21 showed no significant
reduction in striatal PV neuron density, although a reduction in cerebral cortex PV
neuron density was noted in the MK-801 group. In addition to intemeurons,
analysis of the majority projection neurons thus far reveals that NMDA antagonists
reduce neuroblast proliferation in the striatum, but not in the cerebral cortex. Our
results suggest that NMDA antagonists influence proliferation of basal
telencephalon-derived striatal neuroblasts, but have little influence on proliferation
of dorsal telencephalon-derived cortical neuroblasts.

Research supported by MRC of Canada, and the March of Dimes.

SUNDAY AM

PROLIFERATION

102.11

102.12

GABA AND GLUTAMATE DIFFERENTIALLY REGULATE THE
PROLIFERATION OF VENTRICULAR AND SUBVENTRICULAR ZONE
PROGENITORS. T.F. Havdar*, F, Wang, M, L. Schwartz, and P, Rakic.
Section of Neurobiology, Yale Medical School, New Haven, CT 06510.
The cerebral cortex is an end product of cell proliferation in the ventricular
zone (VZ), which generates mainly neurons, and the subventricular zone
(SVZ), which produces primarily glial cells. Recent evidence suggests that
signaling molecules such as GABA and glutamate may regulate the rate
and/or mode of proliferation in these zones during corticogenesis. We now
show that these amino acids affect the two neocortical proliferativepopulations differentially. The present experiments used confocal assisted
stereology and cumulative BrdU labeling to examine cell proliferation and cell
cycle kinetics in the VZ and SVZ of murine organotypic hemispheric slice
cultures. Using minimal defined media culture conditions, exposure to either
GABA (30pM) or glutamate (50pM) increased the rate of cell proliferation
within the VZ by 60%. This increase in VZ proliferation was due to
shortening of all phases of the cell cycle, with S-phase duration proportionally
most affected. In contrast, proliferation within the SVZ of the same cultures
was reduced by 60%. However, when both the VZ and SVZ were pooled
together, GABA and glutamate had an overall inhibitory effect on cell
proliferation. These results were corroborated by the specific effects of
agonists and antagonists. Thus, GABA and glutamate may regulate the
differential production of progenitor cells in the two proliferative
compartments and influence their respective contribution to growth of the
neocortex. Supported by grants from the U.S. Public Health Service.

SEROTONERGIC REAFFERENTATION REVERSES LESIONINDUCED DECREASES IN PSA-NCAM LABELING AND CELL
PROLIFERATION IN THE DENTATE GYRUS OF ADULT RATS.
J.M. Brezun. A. Nieoullon* and A. Daszuta. Cellular and Functional
Neurobiology Laboratory, CNRS, 13402 Marseille cedex 20 (France).
Serotonin (5-HT) is believed to play a role in structural plasticity in
adult brain and cell adhesion molecules may be involved in such adaptive
processes. The present study sought to determine the effects of 5-HT
deafferentation and reafferentation of the hippocampal formation on the
expression of glial and neuronal markers and cell proliferation in adult
rats. In a previous study, we have shown that 5,7-dihydroxytryptamineinduced lesions of 5-HT neurons produce significant decreases in the
number of newly generated granular cells expressing PSA-NCAM and
BrdU (Brezun and Daszuta, Neuroscience, 1999). These changes are
maintained as long as the hippocampus remains significantly deprived in
5-HT fibers. Within 2 months, the sprouting of 5-HT fibers facilitated by
the lack of changes in tenascin-C is associated with a complete reversal in
these changes. These results indicate that 5-HT regulates the number of
granular cells that proliferate in the adult dentate gyrus and therafter
express PSA-NCAM-Ir at the levels of cell bodies, dendrites and axonal
paths (mossy fibers). Such a control may have critical consequences in
the development of pathologies involving alterations in 5-HT
transmission and cognitive deficits associated to the hippocampal
formation, such as Alzheimer's disease or some forms of Schizophrenia.

102.13

102.14

ACTIVATION OF MUSCARINIC ACETYLCHOLINE RECEPTORS
PRODUCES A DOSE-DEPENDENT INCREASE IN DNA SYNTHESIS IN
bFGF-EXPANDED NEURAL PRECURSOR CELLS K. M, Shaffer \ B-S,
Li2. J, D, Andreadis *. H.C. Pant 2. J.J, Pancrazio \ P. Manos. *, D, Ax
Stenger 1 and W Ma 1 ‘Center for Bio/Molecular Science and Engineering,
Naval Research Laboratory, Washington, D.C. 20375; 2 Laboratory of
Neurochemistry, NINDS, National Institutes of Health, Bethesda MD 20892.
To assess the ability of muscarinic receptor (mAChR) agonists to stimulate
DNA synthesis in neural precursor cells, we examined the effects of
acetylcholine (ACh), carbachol (CCh) and muscarine on cell proliferation
with BrdU and [3H]thymidine incorporations. Neural precursor cells
dissociated from El3 rat cortical neuroepithelium were cultured in serumfree medium containing bFGF. After 5 days in culture cells were transferred
to bFGF-deprived medium for 24 hours before exposure to mAChR agonists
or antagonist. The cultures had been incubated with BrdU or [3H]thymidine
for 4 hours before cell proliferation assays took place. Results from BrdU
incorporation were consistent with those from total [3H]thymidine
incorporation. ACh, CCh and muscarine elicited a significant increase in
DNA synthesis. The effect of CCh was partially or completely reversed by
atropine, a selective muscarinic receptor antagonist. Dose response analysis
with [3H]thymidine incorporation showed that 100 pM CCh was the most
effective and stimulated DNA synthesis by 60%. These results indicate the
mitogenic role for ACh in stimulating neural precursor cell proliferation.
(Supported by ONR/DARPA contract and NIH grant 1R21AA12237-01)

ACETYLCHOLINE STIMULATES CORTICAL PRECURSOR CELL
PROLIFERATION VIA MUSCARINIC RECEPTOR ACTIVATION AND
MAP KINASE PHOSPHORYLATION
W, Ma
D. Marie2. O, Hu
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Li LJ, D, Andreadis. \ G, M, Grant1, Q-Y, Liu2, K, M, ShafferY,H, Chang2, L, Zhang,2, J.J, Pancrazio 1 JL C, Pant3, P. A. Stenger!*, J, L,

Barker 24
‘Center for Bio/Molecular Science and Engineering, Naval
Research Laboratory, Washington, D.C. 20375; 2 Laboratory of
Neurophysiology, 3 Laboratory of Neurochemistry, NINDS, National
Institutes of Health, Bethesda MD 20892.
Little is known about the factors that regulate proliferation of neural stem
cells and stem cell-derived progenitor cells in the embryonic (E) mammalian
CNS. Here we report a novel role for the classical neurotransmitter
acetylcholine (ACh) in stimulating neural precursor cell proliferation in vitro.
Neural precursor cells were dissociated from E13 rat cortical
neuroepithelium and expanded in response to basic fibroblast growth factor
(b-FGF). RT-PCR and immunocytochemistry revealed the presence of
several subtypes of muscarinic acetylcholine receptors (mAChRs). ACh,
carbachol and muscarine increased cytosolic Ca2+ and in some cells, induced
delayed slow inward currents, which were abolished by atropine. Exposure
of bFGF-deprived precursor cells to muscarinic agonists activated the p44/42
mitogen-activated protein kinase (MAPK) and significantly increased DNA
synthesis, which were variably blocked by atropine, pertussis toxin, H7,
PD98059 and BAPTA-AM. These results suggest that ACh acts directly on
mAChRs of proliferating precursor cells to stimulate DNA synthesis via G
proteins, [Ca2+]c elevation, PKC activation and MAPK phosphorylation.
(Supported in part by ONR/DARPA contract and NIH grant 1R21AA1223701) * Joint senior authors

102.15

102.16

CHRONIC RESTRAINT STRESS SUPPRESSES PROLIFERATION OF
NEURAL PRECURSORS IN THE DENTATE GYRUS BUT NOT SURVIVAL
OF GRANULE CELLS. K, Pham1*, P.R. Hof2 and B.S. McEwen1. 'Laboratory of
Neuroendocrinology, Rockefeller University, New York, NY 10021; 2Neurobiology
of Aging Laboratory, Mount Sinai School of Medicine, New York, NY 10029.
The production of new neurons in the dentate gyrus continues postnatally through
adulthood and can be altered by some stressful events in rodents. Neural precursor
cells residing at the border between the hilus and granule cell layer (GCL) undergo
cell division; this proliferative activity can be monitored by immunostaining for
incorporation of 5-bromo-2’-deoxyuridine (BrdU) during the S phase of the cell
cycle. Adrenal hormone levels and NMDA receptor activity are involved in
regulation of neurogenesis; accordingly, glucocorticoid and glutamate release are
increased by stress. Chronic restraint stress induces reversible atrophy of apical
dendrites in CA3 pyramidal neurons and also alters mossy fiber synaptic terminal
structures, resulting in the rearrangement of clear synaptic vesicles in the vicinity of
active zones. To find out if this stressor can alter the rate of neurogenesis in adult
rats, we subjected rats to either acute or chronic restraint stress and quantitated the
number of proliferating cells in the dentate gyrus by BrdU immunohistochemistry.
Using unbiased stereology, we also determined the effects of chronic restraint stress
on the survival of granule cells and GCL volume. Our results indicate that acute
restraint stress does not alter neurogenesis in the dentate gyrus; however, chronic
restraint stress suppresses proliferation of neural precursors by 24%. Granule cell
survival and GCL volume are not significantly changed by chronic restraint stress.
These results suggest that stress response and elevation of circulating corticosterone
levels alone are not sufficient to acutely suppress neurogenesis. There is a
cumulative effect of repeated stress resulting in the delayed onset of certain
biological responses such as neurogenesis suppression and dendritic atrophy.
Supported by NRSA Grant GM07524.

PROLIFERATING CELLS IN “PURIFIED” DISSOCIATED CULTURES OF
FETAL RAT CEREBRAL CORTEX. J.S. Jacobs* and M.W. Miller.
Neuroscience Prog., Dept. of Psychiatry, and Dept. of Pharmacology, University
of Iowa, Iowa City IA 52242 and Res. Serv., V.A.M.C., Iowa City IA 52246.
Neuronal cultures are often obtained from cortex on gestational days 14-16,
a period of active neuronal generation. Although one might predict that such
cortices would contain dividing cells, many investigators contend that these
cultures are purified, containing >95% post-mitotic neurons. To characterize
these cultures, we examined the composition and activity of cortical cells raised
in vitro in a medium with 1.0% serum for up to 7 days. Immuno-expression of
neurofilament 200 (NF200) and microtubule-associated protein (MAP) 2abc
doubled over 4 days in vitro (DIV), from 41 % of cells on Day 1 to more than 85%
on Day 4. Labeling with MAP2ab, however, increased from only 10 to 20% over
this time. Thus, most of the MAP2-positive cells expressed the “c" isoform, a
marker for immature neurons. Nestin, another protein expressed by immature
neurons, consistently labeled 12% of the cells between 1 and 4 DIV. Markers
for mature glia (e.g., glial fibrillary acidic protein) and glial precursors (A2B5 and
8C10) were expressed by <2% of cells. The total number of viable cells was
stable for 4 DIV and then steadily decreased. The incidence of cell death was
verified by the expression of apoptotic and/or necrotic cells. This occurred
despite ongoing cell proliferation, as shown by l3H]thymidine ([3H]dT) and
bromodeoxyuridine (BrdU) incorporation. A cumulative BrdU labeling study
showed that 29% of the population was actively cycling and that the cell cycle
was 17 hr long. Often, l3H]dT-labeled cells were nestin- or MAP2abc-positive;
none expressed NF200. The cel, proliferation was totally eliminated by
treatment with fluorodeoxyuridine for 48+ hours. Thus, the “purified" cortical
cultures are quite heterogeneous; more than % of the cells are passing through
the ceil cycle. Neurons which have at least partially differentiated (MAP2cpositive) are actively cycling. Funded in part by the D.V.A. and the N.I.H.
(AA05525, AA06916, AA07568, AA09611, and DE07734).
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CELL PROLIFERATION, NUCLEOTIDE METABOLISM AND CELL
DEATH IN THE DEVELOPING TELENCEPHALON ARE AFFECTED
BY SPACE FLIGHT. N.L. HAYES* AND R.S. NOWAKOWSKI. Dept.
of Neurosci. and Cell Biol., UMDNJ-Robert Wood Johnson Medical
Sch., Piscataway, NJ 08854.
The weightlessness of space flight results in an absence of
buoyancy and a resultant loss of convection currents. We have
evaluated quantitatively the effects of the loss of gravity on the
developing cells of the mouse telencephalon by comparing the brains
of fetal mice which developed on Earth with comparably Staged
fetuses that experienced between 2 and 5 days of weightlessness on
the Space Shuttle Columbia. Pregnant mice in space and controls on
earth were injected first with tritiated thymidine and then after 2 hours
with bromodeoxyuridine; after an additional 0.5 hr fetuses were
collected by hysterotomy and fixed by immersion in 4%
paraformaldehyde. After 3 days at 4°C the tissue was transferred to
70% ethanol and returned to storage at 4°C until landing. Fetuses
were then embedded in paraffin, sectioned at 4/xm, and processed for
the immunohistochemical demonstration of bromodeoxyuridine and
autoradiographic demonstration of tritiated thymidine. The results
show that in developing neocortical proliferative zones cell number is
slightly increased, the cell cycle is slightly shortened, and tritiated
thymidine remains available for a longer time. In addition, we found a
reduced amount of apoptotic cell death in the whole telencephalon.
Thus, we suggest that intra- and inter-cellular convection currents play
a physiological role in the regulation of normal cell functions.
(Supported by grants from NIH (NS33443) and NASA (NAG 2-950).)

A PUTATIVE PROGENITOR CELL POPULATION IN THE ADULT VENTRAL
MIDBRAIN: PROLIFERATION FOLLOWING MPTP LESION AND COMPARISON WITH STRIATAL PROGENITORS. J.N, Kav1 and M, Blum1*. 'Fishberg Res.
Ctr. for Neurobiology, Mt. Sinai School of Medicine, New York, NY 10029.
Various progenitor cell populations, capable of giving rise to multiple differentiated
cell types, have been identified in the adult brain. In response to injury, some progenitors can proliferate and generate new neurons and/or glia, which may then participate in injury-induced compensatory processes. In this study, we explore the ability
of young adult mice to generate new cells in response to l-methyl-4-phenyl-l,2,3,6tetrahydropyridine (MPTP) lesions, which selectively kill dopaminergic (DA) neurons of the substantia nigra (SN). We labeled dividing cells 3, 10, and 15 days after
MPTP lesion by administering the thymidine analogue 5-bromo-2'-deoxyuridine
(BrdU), and then performed BrdU immunostaining on sections through the SN and
the dorsal striatum, the main target of SN DA neurons. A dramatic increase in BrdU+
cells was seen specifically in both brain regions at 3 days post-lesion, compared to
unlesioned animals; BrdU+ cell number was still somewhat elevated at 10 days postlesion. This result shows that injury to SN DA neurons triggers an extended period
of cell proliferation in aduit animals. To explore the fate of cells generated during
this period of proliferation, we administered BrdU 3 days post-lesion and examined
the phenotype of BrdU+ cells 1, 4, 7, and 22 days later, using double immunolabeling.
In the striatum, nearly all newborn cells rapidly differentiated into astrocytes, as
shown by GFAP/BrdU immunostaining. In the SN, however, we never found
GFAPVBrdU+ cells. Some midbrain cells co-immunostained for BrdU and Mac-1, a
microglial marker. However, most BrdU+ cells in the SN failed to express markers
for microglia, astroglia, oligodendroglia, or neurons. Thus, progenitors in the vicinity
of the degenerating cell bodies respond differently to lesion than progenitors in the
vicinity of the degenerating axon terminal. Although the putative midbrain progenitors appear undifferentiated 22 days after their birth, it is possible that they may adopt
neural or glial fates if allowed to survive longer, or if exposed to exogenous factors.
Supported by grant NIHAGO8583.

102.19

102.20

CELL CYCLE-RELATED CHANGES IN CELL VOLUME REGULATION
BY MOUSE FIBROBLASTS. N. Doroshenko and P. Doroshenko*.
Loeb Health Research Institute, Ottawa Hospital and Dept. of
Medicine, University of Ottawa, Ottawa (ON) K1Y 4E9, Canada
We studied changes in cell volume regulation during progression
through the cell cycle by measuring regulatory volume decrease (RVD,
by computer-assisted videomicroscopy) and volume-sensitive Ci'
current (by whole-cell patch clamp technique) in LM TK(-) fibroblasts
arrested in defined stages of cell cycle. Cells arrested in GO phase by
serum starvation completely lost the ability to recover their volume
when swollen in hyposmotic medium. In patch clamp experiments,
these cells responded to the standard stimuli with only a negligible
volume-sensitive Cl' current. This loss was reversible: normal RVD and
the volume-sensitive Cl' conductance were restored 48 hr after reintroduction of serum into the culture medium, concurrent with the
resumption of ceil proliferation. Cell volume regulation was also
compromized in cells arrested in the M phase (20 hr incubation in the
presence of 500 nM taxol) and in the S phase (24 hr incubation with 10
pM cytosine (3-D-arabinofuranoside). The most sensitive indicator of
these changes appears to be the maximal degree of cell swelling in
hyposmotic environment, rather than the rate of cell shrinkage during
RVD. Thus, the activity of volume-sensitive Cl' channels varies during
progression through cell cycle, as was reported earlier for K+ channels.
The results are discussed with respect to the underlying mechanisms
of modulation of volume-sensitive Cl' channels.
This work was supported by grant from MRC of Canada (MT14063)

INCREASED PROLIFERATION OF NEURAL PRECURSOR CELLS IN HUMAN
DENTATE GYRUS OF YOUNG PATIENTS WITH INTRACTABLE SEIZURES.

B, Scheffler. J.-C. Schewe. S, Normann. Q. Briistle. O.D. Wiestler' and I,
Bltlmcke*, Dept. of Neuropathology, Univ Bonn Medical Ctr, 53105 Bonn, F.R.G.
Postnatal neurogenesis persists within the dentate gyrus of mammalian
hippocampus and appears to be increased by limbic seizures. Newly generated
granule cells may contribute to an altered neuronal network and thus play a role in
the pathogenesis of temporal lobe epilepsy (TLE). In human patients suffering from
chronic TLE, this important pathomechanism cannot be directly explored.
Screening for phenotypically immature neural cells can, however, be helpful to
demonstrate persisting hippocampal neurogenesis. In the present study, we analyzed
a series of hippocampal specimens obtained from patients with intractable epilepsies
(n=20) for the immunohistochemical expression of neurodevelopmental marker
proteins, such as the intermediate filament nestin, B3-tubulin, MAP2c or
neurofilaments. A striking increase of nestin-immunoreactive cells within the hilus
and granule cell layer of the dentate gyrus was observed in young TLE-patients. In
addition, clusters of displaced nestin-immunoreactive cells were visible in the
moleeular layer of the dentate gyrus. The majority of nestin-immunoreactive cells
displayed a morphology typical for immature granule cells, but simultaneuos
analysis of neuronal or glial markers failed to co-localize. On the other hand, some
nestin-immunoreactive cells were shown to co-express the proliferation marker Ki67. The number of nestin-immunoreactive cells was significantly increased in young
patients under age of 5 years compared to adult patients or normal developing
human hippocampus, which showed nestin-immunoreactive precursor cells only
during prenatal maturation. Although the origin of these precursor cells remains to
be further analyzed, our data suggest that hippocampal neurogenesis is increased in
TLE-patients with early exposure to epileptic seizures and that newly generated cells
contribute to the abnormal structural organization of the epileptogenic dentate gyrus.
Supported by the Deutsche Forschungsgemeinschaft (SFB 400) and the BONFOR
program.

HISTORY OF NEUROSCIENCE

103.1

103.2

FROM ANGEL TO ANIMAL. THE CHANGING NATURE OF THE HUMAN
INTELLECT IN EIGHTEENTH CENTURY FRANCE AND JEAN BAPTISTE
DE LAMARCK’S THEORY OF THE ORGANIZATION OF THE MIND. C.A.
Budzynski*. Dept. of Psychology, Bowling Green State University, Bowling
Green, OH 43403.
Understanding the relationship between mental processes, such as attention,
memoiy, and judgment and the physical world was not a unique inquiry of
philosophers and scientists of the eighteenth century. Individuals such as Thomas
Willis (1621-1675) attempted to understand mental attributes by examining of the
anatomy of the brain. However, his attempts were to distinguish the soul of the
brute from the rational soul of humans. In contrast, many eighteenth century
philosophers and scientists challenged the immortal nature of the rational soul
and sought to explain everything, including the mental activities once attributed
to the rational soul, in physical terms.
One such individual that examined the relationship between the mental and
the physical was Jean-Baptiste de Lamarck (1744-1829). Although Lamarck has
been historically recognized for his theory of the origin and diversity of species,
his ideas regarding the organization of the mind have been relatively ignored. By
comparing the nervous system across species, Lamarck’s attempt to describe
mental activities as a product of the physical world was indicative of the changing
atmosphere in the natural sciences of eighteenth century France. The status of the
human intellect, although still apical in Lamarck’s hierarchy, was now classified
among animals. The human was no longer an image of God on earth; rather, the
human and its intellect was the product of a transformation based on
environmental demands. Lamarck and the scientists that influenced his ideas
were important for establishing the foundation for the integration of the mind and
the brain.

MATHIAS DUVAL ON THE THREE-DIMENSIONAL FEATURES AND
CYTOARCHITECTURE OF THE AMMON'S HORN (1882)
R. Olrv, M.-G.Martinoli*.
University of Quebec at Trois-Rivieres, Qc.,Canada.
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The very first monograph devoted to the structure of the Ammon's hom
(currently hippocampal formation) was the doctoral dissertation of the
German Gustav Kupffer (1859). Twenty-three years later, the anatomist
Mathias Marie Duval published the first French monograph about this
part of the brain. This 51-page publication initially appeared in the
« Archives de Neurologie » (1881-1882), and the first separate edition in
1882. It was illustrated with 4 plates (17 figures) engraved by Leuba after
the author's drawings. Unlike Gustav Kupffer whose study was restricted
to the rabbit, Mathias Duval analyzed the hippocampal formation in
man and numerous other species (monkey, sheep, rat, rabbit, mole, and
bat). He described the three-dimensional features of the hippocampal
formation and compared his opinions with those of many authors like
Kupffer, Kolliker, Arndt, and Stieda. Mathias Duval seems to have been
one of the very first to understand the real anatomy of the hippocampal
formation, the organization of its different neuronal layers and the
relationship between subiculum, hippocampus, and dentate gyrus. His
monograph must therefore be regarded as a landmark in the history of
neuroanatomy.
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CAMILLO GOLGI: THE PHYSICIAN BEHIND THE NEUROSCIENTIST
S.Gov.oni ''3. S.Ticozzi L M.Racchi L andA.Guaita2
Institute of Pharmacology, University of Pavia, Istituto Geriatrico “C. Golgi”
Abbiategrasso and IRCCS “Centro S. Giovanni di Dio - FBF” Brescia
A relatively unknown aspect of the life of the famous neuroscientist Camillo
Golgi is that he was head resident physician at the “Pio Albergo degli Incurabili” in
Abbiategrasso (a small town nearby Milano) from 1872 to 1875. The “Pio albergo
degli incurabili” was a shelter for the insanes, nowdays is a modern Alzheimer’s
Center, named from him “Istituto Geriatrico Camillo Golgi”. As medical director he
had the right to be lodged within the institute and he used his apartment as a
laboratory, working during this period on the black reaction. At the same time he
was actively working and concerned about the health of his patients. In addition to
the routine activity as a physician, he had an intense correspondence with the
administrative offices, fighting on the behalf of his frail patients. For example, in the
archive of the “Istituto Geriatrico Camillo Golgi” we found Golgi’s hand written
letters asking for better and warmer clothes for winter time. Among the most
interesting documents there is a letter complaining of a reduction of money available
for buying meat for the patients thus leading to a forced reduction in protein content
ofthe patients’ diet. In his letter he quoted literature data providing guidelines for
the ill patient, stressing the importance of the protein content of the diet, and
moreover he reported diet compositions adopted by some european hospitals as a
reference, a rather modem and scientifically sound approach to the problem. Finally,
perceiving the importance of guidelines and procedures for the physician operating in
an hospital for chronically ill patients he drafted a 25 items list of instructions and
obligations for the medical staff in Abbiategrasso. Notably the physicians were asked
to pay special attention to nutrition of the patients and to monitor any disease cf
potential scientific interest. In addition a pathology laboratory was established to
collect and preserve pathological speciments of particular interest. Camillo Golgi in
the years of intense work in Abbiategrasso provided therefore an example of how to
successfully combine scientific methodology with attention to the frail patient care.

THE HISTORY OF TRACT TRACING M. Bentivoglio*
Dept. of
Morphological-Biomedical Sciences, University of Verona, Italy.
At the end of the twentieth century it is worth reminding that the
experimental study of neural circuits based on the axonal transport of tracers
represents the methodological hallmark of the recent history' of neuroanatomy.
Although this innovative technical approach was introduced in the 1970s,
experimental neuroanatomical techniques date back to the nineteenth century.
With experimental studies on the visual system, based on removal of the eye
and the consequent atrophic changes in visual centers, Bartolomeo Panizza in
1855 and Bernard von Gudden in 1870 were the pioneers of the degeneration
tracing techniques, to which Auguste Forel also contributed in the late 1880s.
Vittorio Marchi devised in Golgi's lab in the mid-1880s a selective staining of
degenerating myelin sheaths, thus providing tool for anterograde tract tracing.
In the 1950s and 1960s, the Nauta and Fink-Heimer silver stains for
degenerating axons represented a sensitive and effective methodological
development. The introduction of the autoradiographic study of anterogradely
transported tritiated amino acids, together with the introduction of the
retrograde axonal transport of proteins and dyes, brought about in the last
three decades a methodological revolution in neuroanatomy. The axonal
transport of tracers allowed to use multiple labels, to pursue a chemical
characterization of circuits with combined approaches, and led overall to
revisit in detail central and peripheral neural connections. Tracing in vitro
with diffusion of dyes along neuronal membranes, functional mapping in vivo
exploiting gene induction at the single cell level, as well as the study of the
activation of circuits at the system level with functional imaging studies, are
now in the forefront of neurosciences.
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PHYSIOLOGICAL PSYCHOLOGY BEFORE AND AFTER
GOLGI'S HISTOLOGICAL TECHNIQUE, BLACK REACTION.
Henry A, BuchteP* and Aldo Badiani 1. ^Dept. of Psychology,
Univ. of Michigan and Dept. of Pharmacology, University of Rome
"La Sapienza"; ^Psychology Service, VAMC Ann Arbor and
Departments of Psychiatry and Psychology, Ann Arbor MI 48109.
The period between the 1880s and the early part of this century
represents a time of intense interest in the organization of the
nervous system. The discovery and development of the "Black
Reaction" of Camillo Golgi ( 1843-1926) provided the tool for this
development. This poster will chart some of the changes that can be
seen in physiological psychology between before and after Golgi's
black reaction, using a particular text, Elements of Physiological
Psychology by George Ladd, of which there is an edition published
in 1887 and a revised edition in 1911. The first edition does not even
cite Golgi, although there are many places where his research is
relevant. The second edition cites numerous articles that were based
on findings that took advantage of Golgi's histological technique (or
variations introduced by Ramon y Cajal and others). The total
number of chapters was constant at 22, but even the chapter titles
demonstrate that the emphasis in physiological psychology has
changed from a philosophical predominance to one that focuses
more on the physiological underpinnings of mental phenomena.

ROSS GRANVILLE HARRISON (1870-1959) AND A NOBEL PRIZE NEVER
RECEIVED. D.E, Haines’’^ind B. Franklin2, ’Dept. of Anatomy, The Univ. of
Mississippi Med. Ctr., 2500 Norrth State Street, Jackson MS 39216; 2Dept. of Biology,
Belhaven College, Jackson MS 39202.
Bom January 13, 1870 in Germantown PA, Ross G. Harrison would make profoundly
important contributions to the method we now call tissue culture. In 1907 he invented
what was known, at the time, as the hanging drop method for culturing tissue outside of
the body. In these experiments he used pieces of developing neural tube and the
pharyngeal arches and made significant new observations on the development of neurons
and their processes. In his initial reports he noted that tissues could survive for almost
for four weeks if proper aseptic conditions were followed.
Recognizing the uniqueness of this contribution, and the new discoveries on
development of the nervous system that immediately followed, Harrison was first
nominated for the Nobel Prize in 1913 by Nussbaum. This was followed by nominations
in 1914 and 1917. In 1917 the Nobel Prize Committee, by majority note, recommended
the prize for that year go to Harrison “for his discovery of the development of the nerve
fibers by independent growth from cells outside the organism”. However the actual
award of the prize was complicated by the World War and the fact that the committee
decided to save funds during the war years to establish a Nobel Institute. Harrison was
again nominated in 1919, 1920 and 1933 and while considered for the prize in 1933, the
Committee considered the method somewhat passe at that particular time. He continued
to be nominated (1934-1937, 1941) but was never again considered as a potential
candidate, This presentation explores the situations surrounding the nominations of
Harrison for the Nobel Prize, the prominence of many of his supporters, and the
controversies that followed. The latter include the fact that some scientists who worked
with Harrison, and leamed/used his method, later won the Prize while Harrison, the
originator, did not.
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Ladd, G.T. (1887) Elements of Physiological Psychology. NY: Scribner's; Ladd,
G.T. and Woodworth, R.S. (1911) Elements of Physiological Psychology. NY:
Scribner's.

BIOLOGICAL TREATMENTS FOR DEPRESSION: AN
HISTORICAL REVIEW. M, Sharpe. A. Bishop, T, Bazzett*. Dept.
of Psychology, Geneseo State University; Geneseo, NY 14454.
Biological treatments for mental illness have existed for thousands
of years. Depression has not always been a discrete diagnosis and its
historical counterpart “melancholia” likely contained many disorders
beyond the modem sense of the word. Nevertheless, modem
treatments for depression have their roots, in part, in the therapies
used to treat melancholia. Interestingly, many biological treatments
used in the past have been used in recent times to treat depression.
Other treatments, though not in use today, can be explained in terms
of today's understanding of neuroscience. Evidence for prehistoric
psychosurgery exists and presages the popularity of such procedures
in the 1930s and 1940s. Opium was reportedly used to treat
melancholia as early as ancient Greek times and since has made
several resurgences. For example, many current antidepressants act
on opiate receptors. The use of cocaine and amphetamines to treat
depression also has a rich history, evolving indirectly to the use of
catacholemine agonists of today. Another modem treatment, shock
therapy, can also be traced back to ancient Greece where electricityproducing fish were utilized.
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HISTORY OF NEUROSCIENCE AT ST. ELIZABETHS. S.E, Bachus*1, P.D,
J.E. Kleinman1 . 1 NIMH, NIH, Bethesda, MD 20892; 2Dept. Psychiatry,
Oregon Health Science Univ., Portland, OR 97201.
In the 1950’s Seymour Kety strove to recruit Joel Elkes, who with his wife
Charmian had pioneered a controlled clinical trial of chlorpromazine in the
(new, 1951) Department of Experimental Psychiatry in Birmingham, England,
to head the Lab of Clinical Science for NIH. Torn by loyalty to Birmingham,
Elkes did not come to NIH until 1957 to create the Clinical Neuropharmacology Research Center in the William A. White Bldg, at St. Elizabeths Hospital,
Wash., D.C. Elkes was succeeded by Nino Salmoiraghi (who recruited Mimo
Costa1), Floyd Bloom, Richard Wyatt, and Daniel Weinberger in overseeing 4
decades of neuroscience, in what became the NIMH Neuroscience Center,
distinguished by intermingled patient care and bench science. Elkes,
coming from physical chemistry/pharmacology, emphasized from the
beginning2 the transdisciplinary nature of psychopharmacology in bridging
functional neuroanatomy, neurochemistry, electrophysiology, animal
behavior and clinical trials, all represented in the NIMH Neuroscience Center.
Recent research is highlighted in a review of “Quiet Miracles of the Brain”3. In
1998 the NIMH Neuroscience Center closed, making this era history. The
NIMH branches are now assimilated on the main NIH campus, bringing Kety’s
original plan full circle, much eventful neuroscience and many affectionate
memories of St. E’s later. Mementos on display include photos of Yakovlev
dissecting a human brain, photos from the personal collection of Joel Elkes,
speeches and letters from alumni for the “Last Holiday Party", and personal
reflections from a celebration at the 1998 CINP where Elkes shared the first
Pioneer in Psychopharmacology Award with Deniker and Lehmann.
1 Costa, Profile of a Neuroscience Research Program at the NIMH 1968-1985
2 Elkes, Neuropsychopharm.12:93.‘95. Healy, The Psychopharmacologists:
Interviews, vll, Altman, NY, ‘98; 3Swerdlow, National Geoqraphic187(6k2. ‘95
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WAYNE STATE NEUROSURGERY AND THE GURDJIAN LEGACY

SOME VIRTUALLY UNKNOWN DISCOVERIES OF N. R. F. MAIER. R. L.
Isaacson^ Dept. of Psychology, Binghamton University, Binghamton, NY 139026000
Almost 100 years ago Norman R. F. Maier was born in a small town
in Michigan and educated in the public schools of that state. He received his
doctorate from the University of Michigan in 1928. Before that, he spent a year
in Germany (1925-1926) studying under the renown Gestalt Psychologists,
Kohler, Wertheimer, and Lewin. In 1929 and 1930 Dr. Maier was a National
Research Council Fellow in Zoology working with Karl Lashley at the
University of Chicago. He joined the faculty of the Psychology Department at
the University of Michigan in 1931. Overall, professor Maier had great success
in four different lines of research: Brain functions in learning, memory, and
abnormal behaviors in rats after cortical brain damage, comparative behaviors,
human problem solving, and industrial psychology. The first two of these are
of direct relevance to-several fields of current neuroscience. He was remarkable
productive in all lines of his work as is documented by the seventeen books and
170+ experimental articles published in well refereed, respected journals.
The poster will emphasize the experimental study of cortical brain
damage in rats using theoretical approaches unusual for the 1930-1940 era and
experimental designs that were quite different from those used by others
investigating cortical function. Other directions of professor Mair's research into
the ability of animals with cortical damage to solve difficult visual
discriminations, responses to frustration and the pharmacologic interventions that
were useful in overcoming such responses will be presented as well. Because
of his non-traditional approach to the study of brain function, much of his work
has gone unrecognized. Hopefully, recognition of his work may open new vistas
for modern researchers.

L.M, Thomas and D.B, Michael*. Departments of Neurological Surgery;
Anatomy & Cell Biology (*), Wayne State University School of Medicine
(WSU-SOM)and Detroit Receiving Hospital, Detroit, MI 48201
The establishment and early contributions of Wayne State neurosurge; y
are largely due to the first Professor and Chair, E. Stephen Gurdjian, M.D.,
Ph.D. Bom in Smyna, Asia Minor in 1900, he earned his Bachelor’s degree
from the American University in Beirut in 1919, M.S., M.D. and Ph.D.
from the University of Michigan (U of M) finishing in 1927. He was the
first graduate student of the noted neuroanatomist, Elizabeth Crosby, Ph D.
He completed his neurosurgical residency under Dr. Max Minor Peet ax 'J
of M. Dr. Gurdjian was the third neurosurgeon to practice in Detroit in
1930. He established the Wayne State neurosurgery residency in 1946 and
became the first Chair of the Department of Neurosurgery in 1957, serving
until 1970. Dr. Gurdjian espoused the tripartite role of the academic
physician, gaining an international reputation for patient care, teaching and
research. His research has been in the fields of traumatic brain injury
(TBI), cerebral blood flow physiology and cerebrovascular disease. The
collaboration of Dr. Gurdjian and Professor Herbert Lissner to study
mechanisms of TBI was the seminal event establishing the discipline of
biomechanics. The “Wayne Tolerance Curve” describing concussion
tolerance as related to force vs. time is still used to determine safety
characteristics of head injury protection devices.
Supported by the L.M. Thomas, M.D. Fund WSU-SOM.

103.11

103.12

CARL WERNICKE’S CONTRIBUTION TO THEORIES OF CONCEPTUAL
REPRESENTATION IN THE CEREBRAL CORTEX
N.M.Gage and G, Hickok*. Department of Cognitive Sciences, University of California, Irvine, CA 92697
In his 1874 monograph “The Aphasia Symptom Complex: A Psychological Study
on an Anatomic Basis”, Carl Wernicke related neuroanatomical information to behavior following brain damage and formulated a description of sensory aphasia that remains in wide usage to this day. Wernicke’s model for language processing - outlined in this monograph - has formed the basis for the classical connectionist language processing model which serves as an integral part of the theoretical framework
for current language research. Less well known are Wernicke’s ideas regarding conceptual representation, originally described in the 1874 monograph and extended in
later works. A contemporary description of conceptual representation in the brain includes two central ideas: i) the anatomical substrate of a concept is comprised of distributed sensory memory traces associated with that concept, and ii) this association
is formed through the simultaneous occurrence of sensory events. Wernicke’s notions
about the neural substrates of conceptual representation foreshadowed contemporary
theory and are strikingly similar to present views. In the Grundriss der Psychiatrie
(Outlines of Psychiatry), published in 1900 and never translated into English, Wernicke describes the neural substrate of a concept: “In conclusion, then, we would have
explained a memory trace as an acquired association of perceptual elements ... Since
these different sensations occur simultaneously, their memory traces remain associated with each other. In this way, every tangible object is related to an acquired association of memory traces of different sense, and this association is stronger the more
frequently the object is perceived by our senses. We have in this manner arrived at the
anatomical substrate for what psychology has long called a “concept”.” (1900,
1999©; p. 25, 29-30) In the present paper, we provide a translation of relevant sections of the Grundriss der Psychiatrie. set it into context with earlier work as well as
with contemporary work in the field, and present Carl Wernicke’s ideas regarding
conceptual representation in the cerebral cortex to the neuroscience community.

AN AMERICAN CONTRIBUTION
TO EXPERIMENTAL
PSYCHOLOGY: MARGARET FLOY WASHBURN (1871-1939).
L.H. Marshall* Neuroscience History Archives, Brain Research
Institute, University of California, Los Angeles, CA 90095-1761.
One of psychology’s most influential early figures, Washburn was
drawn to science and philosophy as an undergraduate at Vassar
College and later combined them in the new experimental psychology.
In 1892 she became Titchener’s first graduate student, at Cornell
University. Her dissertation on the effect of visual imagery on tactile
perception was published in Wundt’s Philosophische Studien (1903),
a signal honor as that journal published almost exclusively work from
Leipzig. She returned to Vassar and remained committed to career
and college, in spite of the absence of graduate students. Instead,
Washburn assigned research topics to her advanced undergraduates and
published the results under joint authorship in the American Journal
of Psychology, with which she had a long editorial association.
The greater part of Washburn’s influence stemmed from The Animal
Mind (1908), meeting the new field’s critical need for an authoritative
textbook that systematically presented scattered experimental results,
methodologies, history, and theoretical analysis. Her theme was the
evidence that animals have mind and consciousness and she
propounded elements of learning theory later developed by others.
Without a lineage of graduate students who went on to make their
mark, Washburn’s own mark frequently has been overlooked.

103.13

103.14

SYNESTHESIA THEN AND NOW: CONTRASTING
SCIENTIFIC VIEWS FROM A CENTURY AGO AND TODAY.
P.G. Grossenbacher* and C.T. Lovelace. SCEN, Laboratory of
Brain and Cognition, NIMH, NIH, Bethesda, MD, 20892-2668.

HISTORY OF BRAIN STIMULATION AND SELF-STIMULATION. J.M.
Bossert*. M.R, Holahait P.M, Milner. Dept. of Psychology, McGill University,
Montreal, QC H3A 1B1

Synesthetic perception comprises a rare condition in which stimuli evoke
additional sensations not regularly experienced by most people. Of the few
people who regularly experience synesthesia (“synesthetes”), this may take any
of several forms, including colored sounds and haptically shaped tastes.
Synesthesia can be induced by certain drugs, arise as a symptom of
neuropathology, or develop as an apparently innocuous hereditary trait present
from early childhood. We compare the studies of synesthesia conducted by Sir
Francis Galton and his contemporaries in the late 19th century to those of
today’s cognitive neuroscientists. Of the more than 100 reports on synesthesia
published before 1900, most are case descriptions contributed by scientists from
a wide range of disciplines. More recently, psychophysical and cognitive
experiments have established new facts concerning the nature of synesthetic
perception. In the last two decades, neuroimaging studies have added evidence
regarding physiological differences in brain function between synesthetes and
non-synesthetes. Based on the weight of evidence provided by these convergent
findings, we now know synesthetic perception to be a consistent, involuntary
process marked by distinct patterns of brain activity. Although its neural
mechanisms have yet to be fully determined, several neurobiological theories of
synesthesia have been suggested. We contrast the century-old theories of
synesthesia based on localized brain functions with modem accounts which
address functional connectivity between brain areas in terms of plasticity in the
developing and adult brain. Supported by NIMH IRP.

Investigations into electrical properties of nervous transduction began in the late 18th
century. In the 1790’s, Galvani and Volta observed how different forms of electrical
disturbances produced muscle contractions in frogs. The invention of the galvanometer
in 1811 provided evidence of “internal electricity”. Acceptance of electrical
stimulation as a research tool had a tremendous impact on studies of the nervous
system. Simonoff chronically implanted electrodes deep in the brain and observed
“on” and “off” effects of electrical stimulation. Fritsch and Hitzig elicited muscle
contractions following stimulation of the cerebral cortex. In 1900, Talbert described
a technique for brain stimulation while an animal was engaged in different behaviors.
In 1909, Karplus and Kreidl observed the effects of hypothalamic stimulation,
providing the impetus for further subcortical stimulation experiments. The classic
findings of Hess that hypothalamic stimulation could elicit autonomic responses led to
the speculation that electrical stimulation may elicit emotional reactions in animals.
Reports between the mid 1940's and early 1950's by Magoun, Moruzzi, and Jasper
showed that stimulation of the reticular activating system produced heightened arousal.
From these findings it was hypothesized by Sharpless and Milner that stimulation of
the reticular activating system may result in specific motivational responses. This
culminated with the serendipitous discovery by Olds and Milner in 1953 that neural
structures mediate positive reinforcement and animals will actively seek out electrical
stimulation of specific neural regions. The phenomenon of electrical self-stimulation
of the brain continues to be explored and many researchers believe that this
phenomenon contributes important clues to understanding the physiological basis of

motivation and reward.
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THE CARTESIAN SELF PRIMARY KNOWLEDGE OF MAN : A FEEDFORWARD NEURAL PROCESSES ON THE LEARNING OF SELF
OPERATION OF BRAIN. B.Barrera-Mera* E. Barrera-Calva. Departamento
de Fisiologia, Facultad de Medicina, UNAM. Mexico, 04510 D.F.

HERBAL THERAPY- A PENDULUM SWINGING BACK IN THE HISTORY OF
MEDICINE. Mohsin Raz£ Sompong Sombati and R, J, DeLorenzo. Department of
Neurology, Virginia Commonwealth University, Richmond VA 23298.
Use of Herbal Medicines comprising of multiple compounds is a common
feature of all traditional systems of medicine. With the advent of modem medicine and
synthetic chemistry, the search for cure of diseases began to be focused on single
compound medicines or drugs. However, several major neurological disorders still
remain a challenge to modem pharmacologists. Plants used in traditional medicine by
ancient people have been invaluable source of several novel compounds that have served
and continue to serve as active drugs or lead molecules for the development of new
drugs. Aspirin, atropine, codiene, digoxin, pilocarpine, pseudoephidrine, quinine,
scopolamine, taxol, theophylline, tubocurarine, vincristine and vinblastine are few
examples of such invaluable therapeutic tools for modem day physicians.
Many traditional herbal remedies when used in emde form (eg. Gingko biloba
and Hypericum perforatum) have shown excellent results in clinical studies that are
either better and safer or as good as currently available single compound drugs. This can
be attributed to presence of more than one active compounds as well as complex
pharmakokinetic interactions of several compounds that reduce side-effects and increase
the efficacy of active compounds.
Use of most of the medicinal plants has been attributed to the wisdom of
ancient people and not to serendipity altogether. With almost 90% of plants still
scientifically unexplored for the presence of bioactive compounds, traditional medicine
is regaining its popularity and still remains a vast area of research for the search of new
drugs. Pharmakokinetic evaluation of traditional remedies is much more complex than
a single compound drug. We will present summary of the use of useful medicinal plants
from different systems of traditional medicines as well as food for thought for further
research on them in the light of their traditional uses. [Supported by F.E.M. T to M.R.]

Learning and its neurophysiological mechanisms are
both phenomena respectively revealed by several
reuroscientists and grossly comprehended
or
learned at all by
a bigger number of teachers,
lecturers
and the
students at several schools
and Faculties. One possibility could be that the
students of nervous system are under a privileged condition. Their own
experience in which their brain learns.The self intimal processes, from where
the wright hemisphere normally comunicate with that of the left to express
unceassingly but unified self conscious experience leading to learning. The
cortical evoked potentials for example caused by sensory inputs below the
adecuate level for conscious sensation, and its revertion to conscious events
when the attention of the studied subject is directed to the stimulus (Libet et
al, 1967), are among the most important demonstrations. Which lead us to
advertice our students about that possibilities of their encephalic and sensory
motor mechanisms.Whose fine repertory include the lateral and recurrent
inhibition, pre and subsinaptic inhibition among
many other complex
phenomena. Our results demontrate a clear inproving attitude to achieve the
brain and peripheral mechanisms involved in caption and processing the
nervous information required to leam the brain science. (These events needed
for create novel acces by the immediate send receive not only voluntary but
uncounscious messages of control of biofeedback gain of experience.Which
could explain, the self primary knowledge of man proposed by R. Descartes
(1650).
COGITO
ERGO
SUM

103.17

103.18

A HUNDRED YEARS * STORY OF THE NEUROPEPTIDE
CARNOSINE. A. Boldyrev. International Center for Biotechnology and
Center for molecular medicine of MV Lomonosov Moscow State University,
119899 Moscow, Russia.
Camosine (P-alanyl-L-histidine) was first described by Vladimir
Gulevitch in 1900 as a natural constituent of skeletal muscles of vertebrates
[1]. Its biological function was suggested to be closely connected with
excitable tissues [2] but mechanisms of action was obscure for a long time.
Recently the membrane protecting action of camosine was demonstrated [3]
presumably based on its ability to possess antioxidative [4,5] and antiglycating [6] activities. Present day concept of biological function of
camosine classifies the compound as natural intracellular buffer of several
radical compounds (amongst them reactive oxygen species, active forms of
shugars, etc.) affecting a number of important processes in the vertebrate
tissues. Thus, camosine supports excitability and contractility of muscular
tissues, regulates immune system, protects brain neurons against apoptotic
transformation. Modem studies evidence that camosine may be useful
treatment increasing stability of excitable tissues against unfavorable factors
like free radical species.

5. Kohen R. et al. Proc. Natl. Acad. Sci. USA 1988, 85,3175-3179.

BIOCHEMICAL TRANSFER OF ACQUIRED INFORMATION AND THE ORIGINS OF NEUROPEPTIDE
DOCTRINE J.E.Love Dept. of Biological Sciences, Florida Institute of Technology, Melbourne, FL
The role of neuropeptides (NPs) as neurotransmitters and neuromodulators has been firmly
established. Following the identification of the first endogenous opioids in 1975, a plethora of NPs
have been described. However, early focus on peptidergic mediators of neural function was largely
due to experiments which are generally omitted from neuroscience history textbooks. Although the
work on chemical transfer of acquired information was never substantiated, it pointed at peptides
(instead of RNA) as macromolecules that can alter neural function. Moreover, some of the original
interpretations regarding specificity of these early neuroactive peptides can be revised in light of
their similarities to NPs. Ungar et al. published in 1972 the first paper on the isolation,
identification, and synthesis of a specific-behavior-inducing peptide, scotophobin (SP). They further
reported on the aminoacid sequence of other peptides resulting from learned behavior: ameletin and
the chromodiopsins. Thus, Ungar proposed a "one peptide, one behavior" hypothesis for the
molecular coding of neural information. Due to controversy about the bioassay methodology and to
Ungar’s death in 1977, memory transfer experimentation with peptides came to an end while
research on enkephalins, endorphins, and other NPs flourished. Subsequently, there has been an
attempt to revisit SP as a NP based on aminoacid sequence (AAS) homologies (Nature 320: 313314, 1986), but the published results were erroneous because the author used the AAS of SP
reversed (the carboxyl-terminal end of SP is amidated, so it was confused with its amino terminus).
We have examined the AAS of SP, ameletin, and the chromodiopsins in relation to NPs. Ameletin
contains an amino-terminal pyroglutamate residue displayed by several NPs, and exhibits AAS
homology to physaelemin, a member of the tachynin family of NPs (which includes Substance P,
Kassinin, Neurokinin A [Substance K], Eledoisin, Neurokinin B [Neuromedin K], Bombesin,
Neurotensin, and Neuromedin N). An AAS of 5 residues in SP also shows homologies to tachynin
NPs, including a gln-gln moiety shared with Substance P. In addition, enkephalin precursor,
neurophysin precursor, corticotropin I lipotropin B precursor, and somatostatin-25 exhibit AAS
similarity to SP for at least 5 residues. We are grateful to the Protein Identification Resource,
National Biomedical Research Foundation, Georgetown University Medical Center, Washington, DC.

103.19

103.20

DUCHENNE'S STUDY OF THE PHYSIOLOGY OF MOVEMENT.
M.S. Rafii. J.R. Fallon*. S.H. Greenblatt. Department of Neuroscience, Brown
University School of Medicine, Providence, RI 02912.
Among G.B.A. Duchenne's (1806-1875) contributions to neurology are his
descriptions of Duchenne muscular dystrophy (1852), Duchenne-Aran motor
neuron disease (1849), locomotor ataxia (1858), the muscle biopsy technique
(1868), Duchenne-Erb palsy/upper brachial plexus injury (1872), and the first use
of photography to illustrate neurological disease (1862). There exists however,
Duchenne's lesser known study of specific muscles and their relations to
movements, including facial expressions. The basis for this work came out cf
Duchenne's desire to diagnose and treat patients stricken with neuromuscular
disorders using electrical stimulation. Duchenne combined faradic stimulation
with photography, both recent inventions, to analyze muscle action in a unique
and powerful way. Duchenne spent twenty-two years (1848-1870) at the
Salpetriere hospital in Paris performing rigorous stimulation studies and
compiling photographic patient records. The hospital was fertile ground for his
work as it had over 20,000 patients including the ill, insane and indigent. It was
through studying and classifying some of these people, using the combination cf
physical examination, electrical stimulation, and photographic analysis that
Duchenne began to catalogue various neurological disorders. Duchenne also
described the normal functional anatomy of muscles in a way which had not been
possible. Namely, he placed the contractions of certain muscles in the context cf
defined movements. In his study of facial expression, emotional meaning was
systematically added to nerve and muscle groups. Consequently, Duchenne
undertook a comprehensive study of human kinesiology and neurologic
pathophysiology while on a quest to find a use for electrical therapy and
photography in medicine.

ACETYLCHOLINE: FROM THE NEUROMUSCULAR JUNCTION TO
SYNTHESIS IN MAMMALIAN BRAINS. D, E, McLin III* Depart, of
Neurobiology and Behavior and the Center for the Neurobiology of Learning &
Memory, Univ. of California, Irvine, CA 92612.
It would be difficult to overstate the impact that the isolation of the first
neurotransmitter in the brain has had on our conception and understanding of the
nervous system. The seminal experiments of Otto Loewi and Sir Henry Dale
demonstrated that acetylcholine (ACh) acts as a neurotransmitter at muscles.
However, more than a decade elapsed before a demonstration of ACh synthesis in
the brain. As most scientific advancements, this was not a discrete event, but an
assimilation of insightful experiments carried out by several investigators in parallel.
The first step in the process was the development of techniques in the early 1930s by
Dale, Hoffman, and others, to extract ACh from tissues in a manner that left it stable
and prevented degradation by acetylcholinesterase. The amount of ACh in a variety
of tissues was subsequently estimated by application of the extracts to various
bioassay preparations. Such preparations were ingeniously designed to exploit what
little was known about ACh, primarily its effect on muscle tissue. In 1933 Chang
and Gaddum, using a frog's rectus assay method, were the first to demonstrate the
presence of ACh in the brain. In 1936 Quastel's group successfully demonstrated
that ACh is synthesized in the brain in a manner dependent on metabolic processes.
A year later Stedman and Stedman removed all reasonable doubt regarding the
identity of the substance extracted from the brain, showing that it crystallizes in
manner microscopically indistinguishable from ACh. The critical factor in this
endeavor’s success was the ingenuity of investigators in using the sparse facts and
rudimentary techniques at their disposal to extract a secret from nature that has had
an enormous impact on our understanding of the nervous system.
This historical research was supported and encouraged by the History of
Neuroscience graduate course instructed by Drs. Norman M. Weinberger and Larry
Cahill and N.I.D.C.D. grants DC-02938 and 1X3-02346.

References:
1.
2.
3.
4.

Gulevitch V., Amiradgibi S. Ber.Deutsch.Chem.Ges.1900, 33, 1902-1903.
Severin S. Proc. Plen. Lect. VI Int. Bioch. Congr. NY, 1964, p. 45-61.
Boldyrev A., Severin S. Adv. Enzyme Regul. 1990, 30, 175-193.
Boldyrev A. etal. Bioch. Int. 1987,15, 1105-1113.

6. Hipkiss A. Int. J. Bioch. Cell Biol. 1998, 30, 863-868.
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FROM WENTWORTH TO SAYK-THE OBSTACLES OF CONCENTRATING
CELLS FROM CSF FOR CYTOLOGY H.C.R. Grunze1*, P. Lopes- Cardozo2, A.I.
Spriggs3, H.K.P. Grunze4. ‘Dept. of Psychiatry, LMU, 80336 Munich, Germany,
University of Leiden, The Netherlands, 3University of Oxford, Great Britain,
4RWTH Aachen,Germany.
Since the invention of lumbar puncture by Quincke (1891) the growing discipline
of cytology became attracted to the CSF as it appeared to be a comfortable mean in
diagnosing infectious diseases, especially neurosyphylis. Early studies of Wentworth
(1896) and Bemheim & Moser (1897) were methodologically improved by Widal
(Widal et al., 1900) linking successfully in vivo CSF cytology to postmortem
histology in meningitis. Similar to Widal (1903) and Babinski & Nageotte (1901)
findings on lymphocytosis in neurosyphylis, these diagnoses were not based on a cell
count, but on the demonstration of immune cells in stained smears from concentrated
cell suspensions. This technique had been successful and produced nice results (e.g.,
Szecsi 1911) as long as the deposit is very concentrated and desiccates rapidly. The
area of quantification started with the 3 mm3 counting chamber (Fuchs & Rosenthal,
1904), and it became apparent that there are CNS pathologies not producing such an
strong immune response that a simple smear of a CSF drop can secure a diagnosis.
Thus, methods of accelerating desiccation and concentrating cells were applied. The
method of Rotstadt of Warsaw (1916) by subdividing continuously the drops
containing the deposit led to quick drying and satisfactory spreading. Concentrating
cells became easier with the introduction of the sedimentation chamber. However,
every method of drying by evaporation bears the risk of cell damage by gradually
increasing electrolyte concentration. Thus, the method of Sayk (1954,1960) using
absorbent paper for gradual fluid removal while the cells settle down onto a slide,
marked the final break-through. Nowadays, any cytologist applying the Sayk method
after using the sedimentation chamber or cytocentrifuge can produce reasonable
preparations even from normal CSF with low cell counts.

An Experimental Demonstration of Purkinje Images
in a Fourteenth-Century Arabic Text.

G. A. Russell; I. Steele Russell*, Texas A&M University Health
Science Center, College Station, TX 77803-1114.

Lenticular images (reflected from the anterior and posterior surfaces
of the lens) have played an important role in the nineteenth century.
They provided strong evidence for explanations of accommodation (by
Cramer and Helmholtz) as a change in the curvature rather than the
position of the lens. The discovery of these images is attributed to
Purkinje (1823) and Sanson (1827).
There is, however, a much earlier description and experimental
demonstration of such images in a fourteenth-century Arabic manuscript
entitled the Tanqih al-Manazir by Kamal al-Din al-Farisi (d. 1320).
The book is both a critical revision (tanqih) and a major extension of Ibn
al-Haytham’s (L. Alhazen; d.1040) experimental investigations in
physical and physiological optics (Russell, 1996; 1999).
In a series of studies of image formation in dark chambers,
Kamal
al-Din demonstrates under controlled and repeatable experimental
conditions that the transparent parts of the eye both refract and reflect
light depending on the angle of incidence of the incoming rays, the
position of the observer, and the observed eye.
It will be shown that Kamal al-Din conducts an experiment using an
extirpated sheep’s eye and directly observes two of the three Purkinje
images: one reflected from the cornea and the larger but fainter second
image reflected from the anterior surface of the crystalline lens. He
attempts to account for their formation, and notes the difference in the
size of the two images. His work does not, however, appear to have been
translated into Latin.

103.23

103.24

SPALLANZANI AND THE ORIGINS OF ECHOLOCATION
RESEARCH. J, H. Cassedav*Dept. of Psychology, Univ. of
Washington, Seattle, WA 98195.
It has been known for centuries that, in complete darkness, bats
can fly, avoid obstacles and catch insects. In the late 1700's an italian
biologist named Lazzaro Spallanzani (1729-1799) observed that
owls, when forced to fly in a completely dark room, would crash into
the walls, but a bat in the same circumstance experienced no such
difficulty. Spallanzani conducted a series of experiments including
blinding the bats and filling their ears with wax; he came to the
conclusion that bats sensed objects in the environment through their
ears. In the 1800's this idea was ridiculed. The question of how bats
sense objects in complete darkness became known as "Spallanzani's
bat problem". It was not until the 1940’s, during WW II when
sophisticated electronics methods were developed to measure high
frequency sound, that the truth of Spallanzani's conclusions was
demonstrated. At this time Donald Griffin and Robert Galambos
were able to measure the sounds that bats made during flight.
Galambos and Griffin then recorded the neural activity in the inner
ear and discovered that the bat's ear was indeed sensitive to the high
frequencies in the echolocation sounds. With this discovery,
Spallanzani's bat problem finally was solved, and the scientific study
of echolocation began.

100 YEARS OF MAZES IN PSYCHOLOGY AND NEUROSCIENCE

103.25
INTERNET RESOURCES FOR NEUROSCIENCE HISTORY. R. Johnson*.
Neuroscience History Archives, Brain Research Institute; and History and Special
Collections Division, Louise M. Darling Biomedical Library, UCLA, Los Angeles,
California 90095 USA. <rjohnson@library.ucla.edu>
During the past three years, the Neuroscience History Archives (NHA) at UCLA
has developed tools to assist neuroscience historians in harnessing the chaotic and
ever-changing Internet to supplement and in some cases replace other forms of
communication and information distribution and retrieval. HISTNEUR-L: The
Neuroscience History Internet Forum <HISTNEUR-L@library.ucla.edu> is a listserv for broadcasting announcements, queries, and scholarly and other opinions to
over 225 subscribers worldwide. The NHA’s World Wide Web homepage
<http://www.medsch.ucla.edu/som/bri/archives/nhahome.htm> is an efficient online
guide to contacting the repository and learning about its holdings and services.
RETICULUM: Neuroscience History Resources <http://www.medsch.ucla.edu/som/
bri/archives/RETICULM.htm>, complementing Neil Busis's Neurosciences on the
Internet utility (which focuses on information sources supporting contemporary
neuroscience research, development, policy, and teaching), is a meta-site or gateway that collects, evaluates, organizes, and verifies links to the rapidly proliferating
potpourri of individual Internet resources which may be of interest to historians of
neuroscience. For these projects to flourish, we must rely on input from established
as well as potential users whose expertise and familiarity with specific topics, individuals and eras gives them the appropriate perspectives from which to evaluate the
quality of the projects’ structures and relevance of their contents. Suggestions of
additional Internet resources to procure, refine, or create—such as' a.history of
recent science portal, which the Sloan Foundation is funding through various professional societies, including the Society for Neuroscience—will be appreciated, as
we continue to identify the concerns and expand efforts to meet the information
needs of the neuroscience history community.
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R. E. Brown* and R. L. Clements. Psychology Department, Dalhousie
Univ., Halifax, NS, Canada B3H 4J1 [rebrown @is.dal.ca]
Between 1898 and 1900, Willard S. Small of Clark University studied
the learning ability of rats in a model of the Hampton Court Maze. His
resulting paper (The American Journal of Psychology. 12: 206-239) was
the first to provide a laboratory investigation using rats in an intellectually
puzzling maze. Over the last one hundred years, innumerable mazes,
including the T-maze, Lashley type IH maze, Tolman's sunburst maze,
the Hebb-Williams maze, Barnes Maze, 8-arm radial maze, Morris water
maze and elevated plus maze, have been used in psychological and
neuroscientific research. A multitude of species, from worms to humans,
have been tested in mazes to study basic questions regarding the sensory
and neural basis of learning, motivation and perception. Mazes such as the
Porteus maze, developed in 1917, and newer computerized virtual mazes
continue to be used as standardized tests for human mental abilities. The
current literature lacks a comprehensive overview of the mazes used in
scientific research and our paper provides a history of this fascinating
apparatus. An in-depth review of the literature found over 11,000 papers
on maze learning in the last 100 years and the use of mazes continues to
increase. We describe the use of the maze with particular emphasis on
some of the currently popular mazes used to study learning, memory and
emotional behaviour (Morris water maze, 8-arm radial maze and elevated
plus maze). The discussion summarizes the advantages and disadvantages
of using mazes in psychology and neuroscience.
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THE ETHOLOGY OF PARTNERSHIP: WHAT MAKES SCIENTISTTEACHER COLLABORATIONS TICK? K.P, Tanner*. Science & Health
Education Partnership, UCSF, San Francisco, CA 94143-0905
Collaborations between the scientific community and the educational community
arc an increasingly popular mode of science education reform in K-12 schools.
Specifically, partnerships between individual scientists and teachers provide a
flexible framework for this collaboration. The hypothesized benefits of these
scientist-teacher partnerships to students, teachers, and scientists are enormous,
including scientist role models for students, insight into the nature of science for
teachers, and communication and teaching experiences for scientists. Ho.wever,
partnerships arc often short-lived due to conflicting goals, communication
difficulties, and differing expectations. Mechanisms to facilitate and sustain these
partnerships arc essential if reform efforts are to be successful and the proposed
benefits to be reaped. Upon completion of my doctoral degree in Neuroscience at
UCSF, I received an NSF Postdoctoral Fellowship in Science Education
(PFSMETE) to study scientist-tcacher partnerships, determine factors that
contribute to their success or failure, and evaluate the impact of these experiences
on the students, teachers, and scientists involved. I am pursuing this work in the
context of the UCSF Science & Health Education Partnership (SEP), the
organization that initially sparked my interest in K-12 science education. SEP
coordinates a variety of models of scientist-teacher partnerships, varying in their
thematic goal, team structure, duration, and level of staff coordination. I am using
both qualitative and quantitative methods to study partnership, including classroom
observations, interviews, surveys, and pre- and post-assessments of student
attitudes towards science. Preliminary data suggest that in addition to the oft touted
benefits to teachers and students, scientists report numerous gains, including
increased communication skills, rejuvenated interest in science, and insights into
modem pedagogical techniques. Results from this study will be used to develop
partnership tools that can be disseminated for use by universities and school
districts nationwide. [Funded by ihe National Science Foundation]

ACHIEVING GENDER EQUITY IN NEUROSCIENCE OUTREACH
AND EDUCATION C.L. Miller*Universitv of Texas Health Science Center
Houston, School of Allied Health, Department of Health Informatics, Houston,
TX 77030.
The purpose of this Teaching Neuroscience Poster is to increase awareness of
gender equity issues and to provide guidance and resources to faculty and
teachers who are developing neuroscience educational materials and activities.
Why consider gender equity issues in science outreach and education?
1. To encourage women and girls to pursue careers in science. By providing a
gender-neutral environment, it may be possible to increase interest in
neuroscience careers, and increase the number of women in these positions.
2. To prevent attrition of women and girls from tlie “science track.” It has been
well documented tliat women leave tlie sciences at a greater rate tlian tlieir male
counterparts, and tliat the structure and culture of science classrooms and
science departments may be to blame for this phenomena.
3. It’s the law. Title IX, 1972, Education Amendment states: "No person in
the United States shall, on the basis of sex, be excluded from participation in, be
denied the benefits of, or be subjected to discrimination under any education
program or activity receiving Federal financial assistance." It is our
responsibility as educators to create equal learning opportunities for students of
both genders. By raising awareness of gender equity issues we can apply
lessons learned from education research. These minor modifications to our
teacliing strategies, classroom activities and educational materials could have
profound and lasting results.
A comprehensive list of resources for creating gender equity will be available
on the web, and in hard copy at the Teaching Neuroscience poster sessions.
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104.3

104.4

OVERCOMING SCIENCE ANXIETY AND BRINGING
UNDERGRADUATE WOMEN INTO NEUROSCIENCE:
INTRODUCTORY AND ADVANCED LAB-BASED COURSES. R.L.
Galli* Dept. of Psychology, Simmons College, Boston, MA 02115.
Simmons College, established in 1899 to provide women with the
education necessary to earn an independent living, currently enrolls 1240
women in undergraduate liberal arts and sciences programs. The
curriculum emphasizes hands-on learning and fieldwork experience. All
psychology majors are required to take an introductory level
biopsyohology class with weekly laboratory sessions. Teaching strategies
developed to overcome many students’ initial anxiety over physiological
material will be presented in detail. These strategies include case study
readings, laboratory activities, field trips, demonstrations and a strong
emphasis on the connection between text book topics and life experiences.
Students have the option of continuing on to an upper level biopsychology
research course in which they discuss research methodology, statistical
analysis, and the ethics and issues involved in the use of human and
animal subjects. The women design and run their own experiments, and
present results at a departmental poster session. Students report a high
level of satisfaction with the lab-based activities in both courses. In
addition, several extracurricular activities further encourage and support
student interest in the neuroscience fields.

FUTURE NEUROSCIENTISTS: UNDERGRADUATE
PARTICIPATION IN RESEARCH PRESENTED AT THE
1999 SOCIETY FOR NEUROSCIENCE MEETING.
K. Flanneryt S. Krauchunas, Psychology Department, Saint
Anselm College, Manchester, NH 03102.

104.5

104.6

NORTH EAST UNDER/GRADUATE RESEARCH ORGANIZATION FOR
NEUROSCIENCE (N.E.U.R.O.N.): OUR THIRD CONFERENCE TO
PROMOTE NEUROSCIENCE TRAINING, C, Frve1*. P. Kehoe2 and C.
McCormick3. Depts of Psychology, SUNY Albany1, Albany, NY, 12222;
Trinity College2, Hartford, CT, 06106; Bates College3, Lewiston, ME. 04240
N.E.U.R.O.N. is an organization whose primary goal is to foster neuroscience
training and education by enhancing contacts among neuroscience researchers and
educators of all levels. N.E.U.R.O.N. has created an annual conference which is an
open forum for neuroscience students to present and discuss their research with those
of similar interests. Preliminary data from the inaugural and second conferences
suggest that the conference also can be used as a forum for training students about
important neuroscience pipeline issues. The third N.E.U.R.O.N. conference was
held on May 1,1999 at Trinity College. This one day conference took a
multifaceted approach to enhancing development of neuroscientists in training.
Through poster sessions, undergraduate and graduate students garnered presentation
experience and received feedback from peers and faculty on the research they have
engaged in during the academic year. Students attended workshops about postmatriculation opportunities that are available to those with interests in neuroscience.
Faculty had workshops on the use of technology in the classroom and on grant
writing. The conference keynote speaker, Dr. Robert Sapolsky from Stanford
University School of Medicine, gave a talk entitled “Stress, neurodegeneration, and
individual differences”. This year’s program provided a well-rounded experience for
all attendees to engage in rigorous science, while promoting and encouraging the
development of neuroscientists in training. Future N.E.U.R.O.N. conferences will
strive to further enhance the training of existing junior neuroscientists (e.g. graduate
students) and encourage those who are just beginning to pursue their interests in the
discipline (e.g. undergraduates). This third N.E.U.R.O.N. conference can serve as a
model for other geographic regions and disciplines. Supported by Trinity College, a
RI 3 grant from NIH, and CAREER grant 9896262 from NSF

A SURVEY OF NEUROSCIENCE GRADUATE STUDENT CAREER
GOALS: INTEGRATING RESEARCH AND TEACHING
G.V. Clodfelter*, B, Brandt, L. Worley, Dept. of Pharmacology, College of
Medicine; Dept. of Pharmacy Practice and Science, College of Pharmacy;
Teaching and Learning Center, College of Education, University of Kentucky,
Lexington, KY 40536
Since the publication of a Carnegie Foundation report, Scholarship
Reconsidered, in 1991, many universities have broadened the approach to
faculty roles and responsibilities. In this view, faculty need to be supported
in four types of scholarship: discovery (research), integration
(interdisciplinary), application, and teaching. This study replicates research
conducted at the University of Kentucky that demonstrated new graduates
who assumed faculty positions believed they were well-prepared for the first
three types of scholarship. However, they reported a mismatch between
expectations for their teaching and their graduate preparation.
In this replicated study, we have looked at current graduate students in
neuroscience from the local chapters of neuroscience of two institutions to
understand from their perspective how well their graduate programs are
preparing them for their career goals. To determine this, we have
administered a questionnaire that addresses the professional outcomes for
students in neuroscience with a focus toward faculty roles. This survey
addresses several issues such as personal career goals, perception of career
advancement, and perceived efficacy of graduate training. Early analysis
indicates variation among graduate students' career goals, a disparity
between career goals and perception of support for career advancement, and
the need for preparation for teaching responsibilities for those students who
desire faculty positions.
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FUN provides a travel award to support undergraduate
presenters, publishes a newsletter, maintains a web page,
provides recognition for outstanding teachers in Neuroscience,
and meets annually at the Society for Neuroscience
conference. This year we have designed a web-based survey
to collect information from the undergraduate students
presenting posters with their FUN mentors at the 1999 Annual
Meeting. The survey includes items regarding their
institutions, research laboratories, mentors, and future
educational/career plans. We would like this web-based
survey to serve as a template for collecting information about
undergraduate students involved in neuroscience research to
create a longitudinal database.
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104.8

EVALUATION OF INSTRUCTIONAL SKILLS OF POSTDOCTORAL FELLOWS WITH RESEARCH EXPERIENCE IN NEUROSCIENCE. Y, S.
Zagvazdin1*. C. A, Meade1. M.E.C, Fitzgerald1*2 and A. Reiner1. ’Dept. of
Anatomy & Neurobioiogy, Univ. of Tennessee and 2Dept. of Biology, Christian
Brothers Univ.; Memphis, TN 38163
Student evaluation is a powerful tool that can provide useful information for
improving teaching effectiveness. Studies have shown that students are sensitive to
strengths and weaknesses of an instructor even after one lecture (Stillman et al.,
1983). Student comments, therefore, are especially valuable for postdoctoral fellows,
graduate students and other beginners with limited teaching experience and limited opportunity to teach. However, the literature on this subject and on the evaluation of
begining teachers by students is limited. In this study, we used student comments to
assess teaching performance of two postdoctoral fellows and to improve basic instructional skills. We also attempted to determine the effect of other factors such as different cultural backgrounds, personality characteristics and research experience in neuroscience on student perceptions of the teaching performance of instructors. To address
these issues, a questionaire was presented to a group of students from Christian
Brothers University regarding the performance of two postdoctoral neuroscientists
that have different cultural backgrounds. For both researchers this was their first opportunity to deliver two lectures and to conduct a lab for undergraduate biology majors. Presented is an analysis of student’s comments to four categories of questions
that include: a) performance of instructors, b) effectiveness of the teaching methods,
c) performance of past instructors, d) effectiveness of past teaching methods. This
study helps to identify potential ways for improving teaching effectiveness by postdoctoral researchers.

EXCELLING IN GRADUATE SCHOOL: FORMAL INSTRUCTION IN
“SURVIVAL SKILLS” AND ETHICS FOR NEUROSCIENCE STUDENTS.
B.A. Fischer and M.J. Zigmond.* Survival Skills & Ethics Program, University of
Pittsburgh, Pittsburgh, PA 15260.
We believe that graduate students benefit from formal instruction in the skills
necessary to survive and succeed in graduate school and beyond, and we have
developed an educational model that offers such instruction. Our program provides
trainees with (1) a detailed overview of the path to a Ph.D.; (2) recommendations
on factors to consider in making many of the critical decisions of a graduate
student (e.g., selecting an advisor, research topic, and thesis committee); (3)
information on the broad range of career options available to neuroscientists and
guidance on how to tailor training experiences to prepare for such positions; (4) a
formal introduction to many of the “survival skills” necessary for success as a
professional, including communicating one’s work effectively, both orally and in
writing; teaching and mentoring; hiring and supervising staff and students; and
obtaining financial support for projects; (5) formal training in responsible conduct,
including discussions of both major issues (e.g. falsification of data) and more
subtle topics (e.g., authorship and duplicate publication); and (6) information on
campus resources, including where to get assistance in dealing with a variety of
situations (e.g., managing stress and depression or dealing with student-faculty
conflicts). We believe that such instruction is useful for all graduate students in
neuroscience, and that it is particularly valuable for increasing the retention of
individuals from underrepresented populations. More information on our program
is available via our website www.pitt.edu/~survival. [The Survival Skills and
Ethics Program is funded by NSF, NIMH, and the University of Pittsburgh.]

104.9

104.10
RESEARCH ETHICS FOR NEUROSCIENTISTS:
PERSPECTIVES FROM A FACULTY DEVELOPMENT
PROGRAM

A WEB-BASED COURSE IN RESEARCH ETHICS. M.D. Mann* Dept. of Physiol,
and Biophys., University of Nebraska Medical Center, Omaha, NE 68198-4575.
The NIH mandate that graduate students supported by training grants receive
training in research ethics makes some sort of course essential. The contemplated
requirement that everyone supported by an ROI grant receive such training exerts even
stronger pressure for ethics courses. But busy lab schedules make traditional courses a
less-than-perfect solution. Web-based courses offer flexible availability and still allow
interaction between students and between students and faculty. I have developed a
web-based course that consists of a number of modules spanning various scientific
endeavors that involve ethical issues, each module consisting of a number of scenarios.
Students are required to read Muriel Bebeau's excellent paper on developing a
reasoned response to an ethical dilemma and then asked to respond accordingly to each
scenario (to receive credit a student must do all). They are asked for both a general
response and answers to specific questions. Responses may be submitted by email or
via an online "chat" session. Email responses receive immediate general feedback and
later specific feedback from faculty. This method of responding is appropriate for a
single student. But the "chat" method is preferred because of the enhanced discussion
possibilities. Chat forums are available for each scenario. Scenarios are presented as
text, audio or video along with links to online and offline references specific to the
topic. Online references are preferred because of their "instant gratification," but
permission to use them is not always granted.
Evaluation of the course is made using the traditional "popularity" analyses, e.g.,
did you like the course, what did you like best, how could it be improved? However,
the purpose of the course is to sensitize students to ethical issues and to help them
develop reasoned responses to them. To measure success in achieving this purpose,
students are presented with a single-case pretest before the course. They are required
to submit a response that is saved. At the end of the course they are presented with the
case again and asked how their response would be changed having completed the
course. Such changes are what we hope to foster.

A.M. Issa* and E.W. Keyserlingk. Biomedical Ethics Unit, Faculty
of Medicine, McGill University, Montreal, Quebec, Canada
H3A 1W9
For the past three years, we have been organizing
research ethics workshops for members of institutional
review boards, hospital ethics committees and faculty at
McGill University and its affiliated hospitals and research
institutes. Using a combination of large group plenary and
small group sessions, we focus on a particular area such as
clinical trials with a genetics component, for example. In the
small group sessions, we use a case-based approach to facilitate
the discussion. Ethics guidelines and policies are also discussed
and resource materials for participants are provided. We also
allow time for participants to bring to the floor their questions
and issues for discussion with a group of panelists with an
interdisciplinary range of expertise. The goal of this paper is to
share some of our experiences in organizing and implementing
a successful workshop on research ethics and policy for faculty
development.

104.11

104.12

BRAIN EXPLORERS: A LONGITUDINAL LEARNING
PROGRAM IN NEUROSCIENCE FOR ELEMENTARY
STUDENTS. G.E. Duncan*, S. Seymour, C. Carver, Department of
Psychiatry and UNC Neuroscience Center, University of North
Carolina, CB#7250, Chapel Hill, NC 27599.
To insure national scientific literacy, effective and engaging science
education needs to begin at the elementary school level. In order to
address the need for novel and additional science education materials,
we have begun a project to use neuroscience as a framework to
introduce and develop elementary concepts in the chemical and
biological sciences. In initial work we have tested variations of
activities based on two themes, Gross Anatomy of the Central Nervous
System and Localization of Function, in 3rd, 4® and 5th grade
classrooms. For the first theme, students observed a fixed human brain
and listened to a short introduction on gross anatomy. The students
were then asked to break up into five small groups of about four
students each to further observe, draw, and write about the brain. For
the second theme, students were asked to record the results of an
experiment conducted for them in the form of a short skit on the
localization of brain function. One educator used a “magic” electrode to
stimulate seven points on the other educator’s brain. Students used their
data to guess what general brain function occurred at each of these
points. This exercise was followed by a slideshow of PET scans
showing brain activity under different conditions. After that, students
received cray-pas, markers, and a worksheet with outlines of four
brains on which they used color scales to create color-coded pictures of
brain activity related to various behavioral states. The program has
been greeted with great enthusiasm from students, teachers, and
administrators alike. Students enjoy the hands-on approach offered in
each activity and their eagerness to learn more is often greater on each
subsequent classroom visit. (Supported by DA-11657)

TYPICAL AND ATYPICAL BRAIN AND BEHAVIOR:
A SCIENCE EDUCATION PARTNERSHIP PROJECT FOR
ELEMENTARY GRADES 3-6. J. Crandall*. L. D’Agostino. L.
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Doucette, S.JLvdon-Daddona, W. Mcllvane, S, Mihalick. S. Oross and
A. Walsh. Eunice Kennedy Shriver Center, Waltham, MA 02452.
Our overall goal is to develop a curriculum for elementary grades 3-6
emphasizing hands-on activities and extensions to teach children about
typical and atypical brain and behavior. Our concentration is on five
topics about neuroscience: geography of the brain, functional systems
of the brain, brain development and genetics, behavior, and robotics.
Our lesson plans are developed by teachers and scientists teaming
together to outline concepts, review known activities, and brainstorm
new activities and extensions. Three levels of complexity are sought:
introductory, intermediate and advanced. Scientists, teachers or both
partners have presented pilot lesson plans in select grades and
classrooms in local Waltham and Arlington school districts. Feedback
has been gathered from a variety of sources including measures of
student comprehension, evaluations by classroom teachers, and critiques
of videotapes. Specific subject areas concentrated on thus far include
human and animal brain divisions and structure, neuron communication,
stages of brain development, structure of neurons and glial cells, neuron
migration, learning and memory, robotics, chromosomes and genes, and
visual perception. Examples will be presented of these activities,
particularly contrasting typical and atypical conditions. Future efforts
will concentrate on motor function and reflexes, additional sensory
functions, and complex behaviors including language, emotion and
attention. Supported by NIH (NCRR R25 RR13433).
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104.13

104.14

NEUROSCIENCE FOR KIDS: EXPANDING THE CLASSROOM
BEYOND THE TEXTBOOK. E.H. Chudler*1, E.Y. Kuwana1, M.A.
Murray1, L.J. Bleeker2, J.Diaz3, 'Dept. of Anesthesiology, ’Dept. of
Psychology, Univ. of Washington, Seattle, WA
98195-6540,
’Ankeny, IA 50021.
"Neuroscience for Kids" is a World Wide Web (WWW) resource
developed for K-12 students and teachers. This resource offers many
interactive technologies accessible through the Internet. Users can
conduct self-guided research of various topics including
neuroanatomy, neurophysiology, neuropharmacology, sensory
systems, neurological disorders, and higher cognitive functions.
Active learning is encouraged through the use of:
1) Image maps: for on-line games to illustrate concepts
2) JAVA applications: for on-line activities and interactive quizzes
3) Audio clips: to aid in the pronunciation of new vocabulary
4) Interactive feedback: in surveys and a question and answer forum
5) Portable document format (PDF) files: for off-line activities
In addition to using these on-line interactive methods, the resource
provides suggestions for expanding learning beyond the classroom
walls. For example, several active outside games have been
developed to illustrate the properties of neurotransmission.
(URL: http://weber.u-washington.edu/~chudler/neurok.html)
(Supported by NIH RR12312)

THE NATIONAL BRAIN BEE. N, R, Mvslinski*. Dept. of OCBS, School
of Dentistry, University of Maryland, Baltimore, MD 21201
It was an unbelievable finish. After 13 rounds the final 6
competitors were from Maryland, Texas, Ohio, New Hampshire,
Arizona & Ontario. The continuing battle left only a young lady
from Glendale, AZ and a young man from Toronto. Neither would
die easily. It came down to a battle between Canada and the US, big
city and small town, male and female. Each withstood the barrage
of questions for an additional 20 rounds until only David Alpay
from Toronto was left standing.
On March 16, 1999, high school students came to Maryland to
be quizzed about the brain and compete for top honors in the first
ever National Brain Bee (NBB) held at the University of Maryland
in Baltimore. To qualify for the NBB, the competitors were
required to win one of 17 regional brain bee competitions held
this winter throughout the US and Canada. The winner received a
$1000 scholarship, and his school received the coveted, traveling
Best Brain Trophy. The day following the NBB all the competitors
were introduced to neuroscientists and statesmen at the Capital
Hill event in Washington sponsored by the DANA Alliance.
The NBB is part of BAW and was filmed and televised in part by
Maryland Public TV. Any neuroscientist or group interested in
sponsoring a regional bee next year should contact: 410-7067258; or nrm001@dental.umaryland.edu. (Sponsored in part by
the Neuroscience Program and Center for Persistent Pain at the
University of Maryland)

104.15

104.16

BRINGING BRAIN AWARENESS TO ELEMENTARY SCHOOL CHILDREN:
THEY'RE BRAINIER THAN YOU THINK. B. M. Stevenson* J. M. Harms.
G, M, Ungaro. L. M. Terry and I. B. Johanson. Department of Psychology, Charles E.
Schmidt College of Science, Florida Atlantic University, Boca Raton , FL 33431.
As part of the 1999 Brain Awareness Week (BAW), undergraduate and graduate
students from the Developmental Psychobiology Seminar at Florida Atlantic
University, participating in their first BAW, visited two local elementary schools in
order to teach children about their brains.
We began with a short question-answer discussion: What Does My Brain Contain?
The children were very receptive and interested in learning more about their brains
and how their brains control behavior. After the introduction, children separated into
small groups and visited different stations which were designed to provide an
informative, and yet fun and interactive learning experience. Several stations targeted
specific sensory systems, while the remaining ones introduced children to neurons,
reflexes, and comparative neuroscience. For example, station 1, "Pin the Brain on the
Animal," demonstrated the relative difference in brain size and corresponding
function among various species of animals. In station 2, we painted neurons on the
hands of the children and explained the role of sensory, motor, and intemeurons in a
reflex. In station 3, children were able to observe the behavior of an adult rat with a
litter of pups between the ages of 2 and 20 days. This station also displayed a
selection of rat brains in different stages of development as well as a few sheep
brains. The remaining stations revolved around the various sensory systems: 1) We
introduced children to their vestibular system by spinning them around and having
them try to walk in a straight line. 2) Children learned the inter-relatedness of their
olfactory and gustatory systems by closing their eyes and guessing the flavor of a jelly
bean first by smell alone and then by taste. 3) To leam about their visual system, the
children attempted to hit a target with a ball while wearing goggles which distorted
their vision. Lastly, children participated in a "Smell" game in which they were able
to experience what it would be like to rely primarily on their olfactory system for
social communication. Children were given a cotton ball which was scented with 1 of
3 extracts and were asked to find the members of the class whose scent matched their
own. Finally, the children competed for "Brain Eraser Prizes" by completing the
sentence, "I like my brain because..." and drawing a corresponding picture. Our
BAW was so successful that we plan on expanding the program in future years to
include more local area schools and to increase university-wide participation.

COMBINING BRAINS AND DINOSAURS II: THE OPTIC SYSTEM
B.H. Hallas'*and W.D. Maxwell2. 'Department of Neuroscience, New York
College of Osteopathic Medicine of NYIT, Old Westbury, NY 11568; department
of Biological Sciences, University of the Pacific, Stockton, CA 95211
We reported in 1998 on a new approach to the teaching of neuroscience; one in
which use is made of the universal fascination that children have for dinosaurs.
Fossilized and replicated material of dinosaurs was introduced to the classroom
and then used to engage the interest of the students, leading to the consideration of
scenarios depicting plausible dinosaurian behavior. An emphasis was placed on
how dinosaurs process sensory information, with reference to analogous behavior
in humans. Initial lessons were used to explain basic concepts and principles (for
example, sensory and motor systems; cranial nerves) and were well received by
students and teachers alike. The latest versions of the lesson concentrate on
specific systems. The example presented here deals with the teaching of the optic
system in three phases. (1) Students are asked to consider the use of sight in
dinosaurs. Predators, such as Tyrannosaurus, use sight and other senses, to locate
and fix prey animals. Herbivores, such as Triceratops, use sight and other senses,
to seek out edible plants and to detect the approach of predators. Students are
encouraged to think of how such information is obtained and analyzed. (2) The
processing of visual information in the human optic system is explained
sequentially, with comparisons drawn between humans and a given dinosaur in a
selected behavioral scenario. (3) Students dissect cow eyes to gain first hand
experience in handling and observing some of the structures involved in the lesson.
We have found that the new lessons emphasizing specific systems are just as
effective in conveying an appreciation of the human nervous system. This is due in
large part to the enthusiasm that students show for dinosaurs.

104.17

104.18

DESIGNING
INTERACTIVE
ACTIVITIES
TO
EXPLAIN
CONCEPTS OF NEUROEMBRYOLOGY TO ELEMENTARY-AGE
CHILDREN A. M. Zardetto-Smith*. Creighton Univ., Dept. of Physical
Therapy, Omaha NE, 68178.

A PROJECT-BASED UNDERGRADUATE LABORATORY
COURSE DESIGNED TO PROVIDE A RESEARCH
EXPERIENCE. M. L. Caspers* andE. S. Roberts-Kirchhoff Dept. of
Chemistry & Biochemistry, Univ. of Detroit Mercy, Detroit, MI 48219.
Biochemistry majors are required to take a 2 credit biochemistry lab
course in their junior or senior year. We changed the format of this
course from structured experiments to a more project-based approach.
Several structured experiments were included at first because not all
students were familiar with computer-based statistical and graphics
programs or fundamental biochemical techniques. Then, the students
were given two projects; the purification of alkaline phosphatase and a
diabetes project. The students were expected to do literature searches,
submit and orally defend proposals for each project, perform the
experiments and submit reports in journal format. Various methods
including salt precipitation, column chromatography and electrophoresis
were employed for the enzyme purification experiment. Livers from
diabetic or control rats were provided by the physiology lab. Three
groups of students measured alkaline phosphatase activity and one
group determined glycogen levels. A laser densitometer was used to
analyze data, as appropriate. In final course evaluations, the projectbased approach rated a high degree of satisfaction. This project-based
design is easily applicable to molecular or behavioral neuroscience
undergraduate labs. Supported by Dreyfus Foundation and NSF-ILI
grants.

For first-year doctorate of physical therapy (DPT) students learning
neuroembryology, designing hands-on, engaging, interactive activities for children to
explain the development of the nervous system was a useful strategy to assist their
comprehension. Explaining concepts in neuroscience, particularly neuroembryology,
to 4 - 6th grade elementary children, can be challenging for a number of reasons.
Typically, the structure of the nervous system (brain and spinal cord) is not covered
in depth in the science curricula until the 5th or 6th grades. The concept of the cell,
and what a neuron is, may not be taught until the 6th grade. However, demonstrating
how the nervous system develops can be a powerful assist in getting children to
understand that neurons and components of the nervous system are not easily
replaced after damage or injury. Thus, within the context of their embryology course
at Creighton University, DPT (N= 59) students were assigned a group project to
develop an activity to be presented at a “reverse” neuroscience fair (where the
children would judge which projects presented by adults to explain concepts of the
nervous system were the best in terms of being the most fun and informative).
Activities were developed that demonstrated the formation of the neural tube and
consequences of non-closure, how axons reach their target tissues such as muscle)
with the aid of growth factors, and how the process of myelination occurred and its
importance. In successfully designing and implementing these activities, the DPT
students increased their own depth of understanding as they translated a concept of
neural development to a simple and engaging format, while simultaneously
improving their ability to communicate with the lay public.
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UNDERGRADUATE
NEUROSCIENCE
AT
BATES
COLLEGE:
A
CURRICULUM BASED ON LABORATORY SCIENCE. N.W. Kleckner*1, C.M.
McCormick2, T. Rioux and J.E. Kelsey2. Departments of Biology1 and Psychology2,
Program in Neuroscience, Bates College, Lewiston, ME 04240.
In 1996 Bates College approved a Program in Neuroscience that allows students
entering as of 1997 to receive a major in Neuroscience. Two faculty and an assistant
in neuroscience attended two Project Kaleidoscope (PKAL) conferences to get
assistance in designing the curriculum for the major (1995) and in incorporating more
in-depth laboratory experiences into the curriculum (1998). The major is derived from
a pre-existing interdisciplinary major in biopsychology advised by one of us (JK)
since 1979, and consists of 16 courses that include introductory biology (3) and
chemistry (2), organic chemistry (2), psych statistics (1), four core neuroscience
courses (3 with laboratories), 3 upper-level elective courses and one or two semesters
(usually 2) of senior thesis. Students who choose a bachelor of science degree take in
addition two semesters each of mathematics and physics. The emphasis on laboratory
research distinguishes this major from the previous interdisciplinary major in
biopsychology. Of the 16 courses, at least 10 have required laboratories. Several of
these laboratory courses utilize student-directed investigative techniques. Students
graduating with a neuroscience major have lab experience in molecular and cellular
biology, and in electrophysiological, anatomical, surgical and behavioral techniques
related to neuroscience; many also have biochemistry and neuroendocrinology
expertise. More importantly, our neuroscience majors understand how to design, carry
out and communicate independent research projects in the fields of neuroscience. This
poster highlights the laboratory experiences from three core neuroscience laboratory
courses (neurobiology, physiological psychology and cognitive neuropsychology),
and from several semesters of senior thesis research in neuroscience. Although we
will not graduate our first official neuroscience majors until 2001, students have
already graduated with interdisciplinary degrees in neuroscience that reflect the new,
laboratory-intensive curriculum. Supported by Bates College, Howard Hughes
Medical Institute, and NSF DUE-9751261, CSI-8650267 and CSI-8750377.

ACTIVE LEARNING STRATEGIES FOR A PHYSIOLOGICAL
PSYCHOLOGY COURSE. B.J. Anderson1’2*, D.P. McCloskey1, P.S.
Cobum-Litvak2, 'Dept. of Psychology and 2Program in Neurobiology
and Behavior, SUNY Stony Brook, Stony Brook, NY 11794.

The traditional lecture-based teaching format provides the opportunity to
present more material in undergraduate scientific courses, but much of that
information is already available in the text. These passive learning
strategies often fail to provide students with opportunities for logical
reasoning, discovery and group endeavors, all of which are critical
components of the scientific process. Incorporating active-learning strategies
can provide the opportunity to introduce students to these components of the
scientific process. This poster will introduce the advantages of active
learning strategies, and the fundamentals for successful group activities. The
poster will also present ideas for identifying topics and concepts that would
be more effectively taught with active learning strategies.
Two examples of group activities will be presented. In one, cooperative
learning groups work through a series of scenarios in which nerve cells have
open ion channels and varying ion concentrations inside and out. Students
begin to understand how ionic concentrations and membrane permeability
interact to produce the resting membrane potential.
In a second activity, groups review simplified scientific articles based on
primary literature from the current course topic. After familiarizing
themselves with the hypothesis and graphs, they must draw their own
conclusions and decide whether or not the data support the hypothesis. Each
group then presents their article and justifies their conclusions to the class.
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INTRODUCING ELECTROPHYSIOLOGICAL RECORDING AND
PASSIVE ELECTRICAL PROPERTIES OF MEMBRANES.

JAVA IMPLEMENTATION OF SNNAP (SIMULATOR FOR NEURAL NETWORKS
AND ACTION POTENTIALS) EXPANDS ACCESS TO NEURAL SIMULATION
SOFTWARE. D.A. Baxter* and J.H. Byrne, Department of Neurobiology and
Anatomy, W.M. Keck Center for the Neurobiology of Learning and Memory, The
University of Texas-Houston Medical School, Houston, TX 77030.
Computer simulations are useful tools for research and the teaching of
neurophysiological principles. Previously, we developed a Simulator for Neural
Networks and Action Potentials (SNNAP; Ziv et al. 1994) that is versatile enough to
meet research needs and user friendly enough to be employed in teaching. The
drawbacks of previous versions of SNNAP included the requirement of a UNIX
operating system, which is complex and unfamiliar to many users, and user
compilation of the software, which could be difficult. To address these issues, a new
version of SNNAP (Ver. 5) was developed.
Version 5 was implemented in the Java programming language. Java is portable
across platforms and operating systems. Thus, SNNAP can run on virtually any
computer. Moreover, it is no longer necessary to compile the software. The
performance of the software was also improved significantly. The look-and-feel of
the program has not changed, however, and all input files are compatible with
previous versions. As in the original version, the electrical properties of cells are
described with Hodgkin-Huxley-type voltage- and time-dependent conductances; the
connections among neurons can be electrical, chemical and/or modulatory synapses;
and second messengers, modulation and synaptic plasticity can be simulated.
SNNAP can simulate networks of up to 100 cells with up to 300 synaptic
connections. In addition, simulations have been developed that illustrate several
general principles of cellular neurobiology such as the ways in which individual ionic
currents contribute to the unique firing properties of cell. Additional information is
available at http://nba19.med.uth.tmc.edu/snnap/. Supported by NIH grant RR11626.

R.A. Wyttenbach, B.R. Johnson, and R.R. Hoy*.
Neurobiology & Behavior, Cornell University, Ithaca, NY 14853-2702.
This introductory lab precedes a series of lab exercises in which students
record extracellularly and intracellularly from nerves, muscle, and neurons. It
introduces equipment and concepts that are important in later exercises.
The first exercise introduces the resistor model of the membrane. Students
are given a chain of resistors representing internal, external, and membrane
resistances. They use this along with a voltmeter and battery to simulate
intracellular and extracellular recording. This simulation illustrates the pattern
of current flow responsible for biphasic potentials in extracellular recording
and monophasic potentials in intracellular recording. From their data, students
determine the space constant and input resistance; these values are then
compared with values calculated from the actual resistances. This leads to
discussion of how passive electrical properties affect propagation of signals.
In the second exercise, students measure and calculate the time constant of
a simple RC circuit. This leads to discussion of how membrane capacitance
affects signal transmission. In the course of this exercise, students become
familiar with use of stimulus, recording, and measurement apparatus.
The final exercise uses the electric organ discharge (EOD) of commonly
available weakly electric fish to give a more complete introduction to use of
the AC amplifier, oscilloscope, and data acquisition and analysis system.
After recording and measuring single EOD pulses, students analyze the pulse
rates produced under a variety of behavioral conditions.
Beginning a sequence of neurophysiology labs with this set of exercises
gives students a good grounding in basic concepts that they can refer back to
in subsequent labs. For information about this and other labs in the series, see
http://www.bb.comell.edu/crawdad/. Supported by NSF grant 9555095.
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THE RESTING POTENTIAL AS A DYNAMIC BASELINE FOR
NEURONAL EXCITABILITY. B.R, Johnson1*, R.A. Wyttenbach1, W.J.
Heitler2 and R.R. Hoy1. ‘Neurobiology and Behavior, Cornell University,
Ithaca, NY 14853 and 2The Gatty Marine Laboratory, University of St.
Andrews, Fife KYI6 8LB, Scotland.
We present a combined wet lab and computer simulation exercise
designed to teach the ionic basis of the resting potential (RP) and to
explore the RP as a dynamic baseline for neuronal activity. First, a handson lab exercise teaches intracellular recording, ion substitution and
quantitative analysis paradigms to determine the ion(s) setting the RP.
Students record RPs from the superficial flexor muscle of the crayfish
abdomen while changing extracellular [K+] and [Na+]. Statistical analyses
of student data determines the bath conditions that produce different RP
values and whether the RP can be accounted for by K+ alone. This is one of
a series of lab exercises using non-vertebrates as model systems for
undergraduate neuroscience teaching (Wyttenbach, Johnson, and Hoy,
1999. Crawdad: A CD-ROM Lab Manual for Neurophysiology. Sinauer
Associates, Inc.). Second, students do simulations to consider the RP as a
basis for neural activity (Heitler, 1997. NeuroSim: Simulation Programs
for Teaching Neurophysiology. BioSoft Ltd.). Modifying the population
of active ion channels shows the varieties of electrical personalities
expressed by real neurons. For example, adding leak Ca2+ channels to a
resting neuron that also has Hodgkin-Huxley type Na+ and K+ channels
produces tonic firing; adding Ca2+-dependent K+ channels produces
bursting; and altering channel kinetics produces plateau potentials.
Combining a wet lab with computer simulations allows a practical
examination of the RP to extend into a creative synthesis of the
mechanisms underlying neuronal activity. Supported by NSF (9051880
and 8809445).

NEUROHORMONES REGULATE CRAYFISH
BEHAVIOR AND
PHYSIOLOGY: AN INVESTIGATION IN BEHAVOIRAL NEUROSCIENCE
FOR UNDERGRADUATES.
Ruth A. Conley*.
Bradley University, Biology Department, Peoria, IL 61625. Crayfish display
dominance and submissiveness though posturing. When a crayfish is
confronted with an unfamiliar conspecific, the crayfish go through a series of
aggressive interactions until dominance is established. The neural circuitry
involved in posturing and escape behaviors utilizes the neurotransmitters
seratonin and octopamine (Livingstone et. al. 1980, Kravitz 1988, Huber et.
al. 1997). The neurophysiological effect of these neurohormones can be
either excitatory or inhibitory depending on the social status of the individual
(Yeh et. al. 1996, 1997). In these experiments, students discover and
characterize dominant and submissive behaviors and design behavioral
scenarios to test their predictions using the following variables: size, sex,
resident or intruder status, past dominant and submissive behaviors. Using
knowledge of neurotransmitter actions in the tail-flip escape response,
students generate hypotheses concerning neurotransmitter levels and
behavioral manifestations in dominant and subordinate crayfish. Students
inject selected crayfish with octopamine (<=0.5 mg / 0.1 cc crayfish saline)
and measure the effects of elevated octopamine levels on aggressive
interactions between crayfish. After octopamine injection, qualitative and
quantitative behavioral measures show that more submissive animals
display more dominant behaviors while more dominant animals display
more submissive behaviors. Students can compare results with findings
reported in the scientific literature for crayfish, lobsters, monkeys, arid
humans. Using this investigative approach, students can leam nerve and
muscle physiology, neural circuitry and the control of neural responses,
neuropharmacology, neuroanatomy,
neuroethology, physiological
psychology, and evolutionary biology.
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PRE-COLLEGE
RESEARCH:
THE
NEUROPHYSIOLOGY,
BEHAVIOR AND ANATOMY OF WEAKLY ELECTRIC FISH. 2T
Century Biology Class', D.D. Fields', M.C. Fields1, Dr.R.D.
Fields2*‘Sidwell Friends School, Washington DC;2 N.I.H., Bethesda, MD
Students are currently studying the weakly electric fishes: Gnathonemus
petersii, Eigenmannia virescens, and Apteronotas albifrons. Through
convergent evolution, these nocturnal freshwater fishes have developed
into two orders: mormyriforms (Africa) and gymnotiforms (Central and
South America).
The electric organ, which is either myogenic or
neurogenic, is located in the tail of the fish. Myogenic organs emit electric
organ discharges (EODs) in either a pulse or a wave form, while
neurogenic organs emit EODs only in a wave form. The fish use their
EOD for electrolocation and communication.
Our students studied
experiments that explore the effect of steroid hormones on the fishes’ EOD
in Eigenmannia virescens. A discussion of their observations of the
occurrence of lower frequencies in males and mating rituals among fish
follows. Also discussed are experiments developed by students, with the
help of Joerg Oestreich and Harold Zakon, scientists at the University of
Texas at Austin, studying the Jamming Avoidance Response (JAR) and the
permanent modulation of the electric organ discharge due to prolonged
same frequency stimulus. Students learned about the neuroethology,
ecology, and neurophysiology of electric fish while gaining a better
understand of biophysical concepts.

A SERVICE-LEARNING APPROACH TO UNDERGRADUATE
NEUROSCIENCE EDUCATION. P.J, Colombo*. B. Moelv. Dept. of
Psychology, Tulane Univ., New Orleans, LA 70118.
“Service, combined with learning, adds value to each and
transforms both” (Honnet and Poulsen, 1989). Service-learning is
designed to integrate classroom- and community-based learning to
facilitate academic achievement, develop civic responsibility among
students, and provide a service to the community. We describe
application of an optional service-learning component to a course
designed to introduce undergraduate students to fundamentals of
brain/behavior interactions. Students served at a local hospital as
volunteers on rehabilitation units that housed either brain injury or
cardiovascular accident (CVA) patients. Students reviewed medical
records detailing the locus and extent of brain damage, attended
physical and other therapy sessions, and spent time interacting with
patients informally. Course assignments directed the students’
attention to the interface between experiential learning and lecture
material. The students reported enhanced understanding of topics that
included functional neuroanatomy, sensory processing, language, and
learning and memory.
Supported by the Tulane-Xavier Campus Affiliates Program and
Tulane’s Office of Service Learning.
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A SYSTEMATIC APPROACH TO TEACH THE FUNDAMENTAL
PRINCIPLES OF SCIENTIFIC INQUIRY IN NEUROSCIENCE:
METHODS AND THEORIES. D. C. Tam.» Department of
Biological Sciences, University of North Texas, Denton, Texas 76203.
E-mail: dtam@unt.edu
http://www.biol.unt.edu/~tam/

TEACHING STUDENTS TO BE CREATIVE AND INSIGHTFUL.
W. R. Klemmt Dept. VAPH, Mail Stop 4458, Texas A&M University,
College Station, TX 77843-4458.
Do we teach what we value? Neuroscientists value the process of
discovery. Highest value is placed on the ability to recognize key
issues, to think critically, and to generate creative insights. But what
we often teach are the facts of neuroscience and test for rote
memorization. Is that because we do not believe that higher thinking
skills can be taught or because we do not know how?
Herein is an overview of what has been learned from four years of
experience from using formal insight exercises in an Introductory
Neuroscience cpurse taught to undergraduate biomedical science
majors. Students conducted these insight exercises with lecture
material, textbook reading, and journal articles. Central to success was
the need to 1) expect insight, 2) require it, and 3) give feedback, both
from peers and from the professor.
As the course progressed, students overcame their aversion to this
style of teaching and became conspicuously more proficient in higherlevel thinking skills. Two negatives have been noted: 1) although
students who actually take the course give it high ratings, enrollment
in this elective course has always been small (<16), and 2) mastery of
factual matter suffers in comparison with traditional lecturing and
objective exam formats. The latter problem is being addressed with
specific study questions and drill-and-practice games.

The teaching of the basic principles of scientific inquiry is often
implicitly assumed during the course of training of graduate students.
These principles are often implicitly taught in the lab while doing
experiments, or in a scientific literature review setting; thus, the teaching
is a time-consuming process and often without explicit presentation of the
theories behind these principles formally in a systematic manner.
A step-by-step formulation of the theoretical foundation underlying
the principles of scientific inquiry in neuroscience can be explicitly taught,
not only at the graduate level, but also at the undergraduate level, so that
students can understand the scientific process in a well-organized fashion.
The formulation of theoretical models and hypotheses, the methods for
hypothesis-testing, the formulation of experimental paradigms, the
collection of data, the formal validation or rejection of
hypotheses/theories can be taught systematically with theories, models and
experimental examples, similar to steps in mathematical theoremproofing. Thus, theoretical principles of neuroscience can be taught and
integrated with experimental verification of scientific facts.
The teaching of this scientific “thought-process” can enhance the level
of inquisition and critical thinking in processing the complexity of the
central nervous system, both at the methodological level and also at the
theoretical level. With this training, students will be able to understand
how “textbook knowledge” was arrived at from a scientific perspective,
and be prepared to challenge old thinking and contribute to the making of
“breakthroughs” in new ideas.
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NEUROLAB: TUTORIALS IN NEUROPHYSIOLOGY USING
THE SIMULATOR NEURON. J. W. Moore1* & A, E. Stuart2
1Dept Neurobioiogy, Duke Univ. Med. Center, Durham, NC 27710 &
2Dept. Cell & Molecular Physiology, Univ. North Carolina, Chapel Hill,
NC 27599-7545.
NeuroLab is an interactive set of tutorials and computer simulations
designed to help a student learn concepts of neurophysiology. These
concepts range from resting and action potentials to integration of
synaptic inputs on the dendritic tree. The simulations use the HodgkinHuxley equations to calculate the current and voltage distributions
throughout a nerve cell. A unique feature of NeuroLab is the “movie”
which displays the voltage along the length of the neuron; the
impulse can be seen to move along the axon. Students can see how
propagation changes with variation of parameters such as:
ion concentration (intracellular and extracellular)
length and diameter of axon, soma or dendrite
degree of myelination of axon
ion channel densities.
Changes in impulse shape and propagation velocity are particularly
instructive where morphological discontinuities occur such as at a
transition from a myelinated to a demyelinated region of axon.
NeuroLab, distributed on CDs by Sinauer Associates and viewed via
the Netscape browser, contains links to reproductions of selected
original publications included on the CD.

COMPUTER SIMULATIONS FOR TEACHING: PRINCIPLES OF SENSORY
PHYSIOLOGY 1. THE SKIN SENSES. MECHANO- AND THERMOSENSITIVITY: H.A. Braun', N. Anthes1, W. Bom1, H.B. Braun1, K.Voigt1, M.T. Huber2*, U.
Konig2, X Pei3 and F. Moss3, 'inst. of Physiology and 2Dept. of Psychiatry,
University of Marburg D-35033 Marburg Germany; 3Center for Neurodynamics,
University of Missouri, St. Louis, MO 63121, USA.
An interactive computer simulation for undergraduate students in medicine, biology and related faculties is presented which allows examination of basic characteristics of stimulus encoding in sensory receptors of the skin, including different types
of mechanoreceptors (e.g. slowly and rapidly adapting) and thcrmorccptors (cold and
warm sensitive). The program simulates extracellular recordings of impulse activity
in afferent skin nerves. Action potentials are shown on a virtual oscilloscope while
the firing rate (PSTH) and the interspike-intervals are simultaneously plotted on a
virtual chart recorder along with the stimulus parameters. Virtual stimulation devices
provide ramp-shaped or sinusoidal stimuli with preselectable amplitude and slope or
frequency, respectively. Recordings (interspike intervals and stimuli) are stored for
subsequent analysis of the stimulus-response characteristics.
The tasks for the students include analysis of frequency-stimulus relations, evaluation of different types and time-courses of adaptation as well as examinations of
temporal impulse patterns using interval-histograms and return-maps. The students
themselves have to classify the receptors according to these characteristics. For
documentation, the results can be stored and printed. The simulation is based on
mathematical algorithms including stochastic components to account for the
physiological variability of impulse generation as well as for inter-individual
differences of the neurons. In this way it is guaranteed, as in real life, that no single
recording is exactly the same as another. The program additionally provides
examples of impulse sequences from real experiments with background information
about the electrophysiological procedures.
Supported by BMT GdbR, Heidelberg-Marburg and Solar Sumac Inc, St.Louis.
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MATHEMATICAL METHODS IN COGNITIVE AND COMPUTATIONAL
NEUROSCIENCE. A, AssadilieY. H. Hu2 H. Eghbalnia, J. Carew1, J. Ullmer1, and P.
Rutecki3. ’Dept. of Mathematics, 2Dept. of Electrical and Computer Engineering,
3Dept. of Neurology, University of Wisconsin-Madison, WI 53706.
The 21st Century is called the Century of Biology. The new millennium is
called the Millennium of Computation. Recent advances in distributed knowledge and
computation have revolutionized our views of intelligence and feasible computational
paradigms. The critical role of mathematics is anticipated to grow in order to pave the
way for revolutionary discoveries. The future generation of researchers must be
adequately prepared to take part in such breakthroughs in the biological and
computational sciences. As a first step towards this objective we have been
developing a sequence of cross-disciplinary courses that incorporate recent advances
in computational and mathematical methods in neuroscience. Pilot courses at UWMadison have addressed these issues through dynamic organization and a flexible
implementation strategy. The course contents are adaptable to accommodate novel
scientific and technological breakthroughs. Their implementation is facilitated
through a composition of several relatively self-contained blocks of materials, i.e. a
modular structure. Each course consists of two sets of complimentary modules: those
consisting entirely in lectures, and the second group of computational modules with
an integral lab component. While modules are essentially self-contained, a thematic
choice of materials enhances the structure of semester long syllabi. In our pilot
courses we readily provided materials facilitating the transition from one module to
another while preserving logical progression and cohesiveness. Additional attractions
of these courses are: (1) to provide for students of the biomedical sciences to build a
coherent, efficient, and application-oriented foundation; (2) to provide computational
and mathematical scientists an accessible and efficient introduction to research
frontiers in neuroscience in need of quantitative breakthroughs; (3) to dramatically cut
the distance between the present curriculum and cross-disciplinary research; (4) to
provide new and exciting professional opportunities in neuroscience for students in
the mathematical sciences. ShJfPeftTeb fty flAl N NF CCC£> 6^

THE TEACHING OF BRAIN THEORY AND NEURAL NETWORKS. A.

Alexander, M. A. Arbib*, A. Weitzenfeld, S. Marmol, and E. Oztop.
University of Southern CaEfomia, Los Angeles, CA 90089-2520.
The introductory teaching of brain theory requires the proper selection of
models so that the students are not overwhelmed or underwhelmed. It also
helps if the selected models can be presented in a form in which the students
can study, test, and manipulate them. At the University of Southern
California we have created several exemplary models which are used for the
teaching of brain theory and which are stored within the Brain Models on the
Web (BMW) repository. From this repository students can either execute the
models as is, or download them so that they can be modified and
experimented upon. To aid in the development and manipulation of the
models, we have created them using our Schematic Capture System (SCS)
and Neural Simulation Language (NSL 3.0). SCS allows students not only to
see the structure of a model graphically but also to hierarchically traverse the
different levels. Students can also add new submodules by dropping icons
onto the model's schematic sheet. From the schematic sheets SCS generates
part of the NSL code, thus allowing naive users to create models quickly.
NSL is our flexible neural network simulator that can be used to simulate a
variety of biologically realistic as well as artificial neural networks. Its ease of
use inspires students to try different experiments and to leam more about
neural networks. Since NSL 3.0 is implemented in Java and C++, it runs on
most platforms and is easy to install.
On-line information regarding the NSL can be found at http://wwwhbp.usc.edu/. Supported by NIH grant MH52194-04.
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A SUMMARY OF THE NEUROPSYCHIATRIC
SYMPTOMS ASSOCIATED WITH SUBCORTICAL
INJURY. K.H. Taber1,2*, R.A. Hurley2, I Naumescu\ L.A,

Richard Semon’s Mneme Theory Revisited. Ann E. Power*. Center for
the Neurobiology of Learning and Memory and Department of Neurobiology &.
Behavior, University of California, Irvine, CA 92697-3800.

Hayman1,2 ’Department of Radiology and Herbert J. Frensley Center
for Imaging Research, department of Psychiatry and Behavioral
Sciences, Baylor College of Medicine, Houston, TX 77030-3498
The goal of this project was to create a visually engaging and easily
understood summary and synthesis of the clinical literature related to
the neuropsychiatric symptoms that may result from injury to
particular subcortical structures. Symptoms were organized by
categories (Behavioral, Emotional, Memory, Language, Other) and
color-coded to structures (Caudate, Putamen, Globus Pallidus,
Thalamus, Amygdala, Hippocampus, Fornix, Pons, Substantia Nigra,
Hypothalamus, Mammillary Body). Each structure was also colorcoded on axial brain sections and a sagittal drawing to facilitate
orientation to diagnostic imaging studies. To provide a clinical
overview, the most commonly used treatments for several classes of
neuropsychiatric disorder (Depression, Cognitive & Memory Deficits,
Impulsivity/Aggression, Anxiety, Obsessive-Compulsive Disorder) as
well as tips for clinical management were also included. This chart is
designed to enrich teaching of neuroscience by providing a link
between the disciplines of neurology, psychiatry, anatomy and
radiology.

The term engram was one of many terms created near the turn of this
century by Richard Semon as part of his largely ignored universal
theory of organic reproduction, The Mneme. It seems the following
two circumstances contributed largely to the ignorance of this work:
Semon had become a scientific isolate following a personal scandal and
he believed in the inheritance of acquired characters. Consideration of
Semon’s two works The Mneme and Mnemic Psychology (English
translations from the German) revealed that Semon’s Mneme Theory
was under-appreciated by his contemporaries and includes several
concepts that are consistent with modem ideas in learning and memory
research as well as some concepts which are intriguing and have no
contemporary correlate. Notably, Semon emphasized the active nature
of memory retrieval processes at a time when retrieval was considered
purely passive and therefore a non-issue. The present study included a
brief biographical sketch of Semon’s life and influences on this
thinking, a summary of his Mnemic principles, a review of his major
criticisms and his responses to his critics, and an analysis of how his
ideas fit with modem ideas about learning and memory.
GPOP Cota Robles Fellowship (AEP).
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GRAY MATTERS: THE ROLE OF EDUCATIONAL ASSESSMENT IN THE
DEVELOPMENT AND PRODUCTION OF AN INTERACTIVE PLANETARIUM
SHOW ABOUT THE BRAIN. T, Abdulaziz*, J.A, Pollock. L, Kim, C, Brozinsky.
R, Chabav. J.L.McClelland and R. Hayes Center for the Neural Basis of Cognition,
Department of Biological Sciences, and the Center for Innovation in Learning,
Carnegie Mellon University, Pittsburgh, PA 15213
Gray Matters is an interactive multimedia planetarium presentation about the brain.
Gray Matters was carefully developed and produced based upon results of educational
assessments conductedby researchers at Carnegie Mellon University. Researchers
assessed student background knowledge through the use of questionnaires, interviews,
and a group activity. Students expressed a strong desire to leam about the human brain
but demonstrated misconceptions and limited background knowledge. For example,
many students stated that electricity does not exist in the brain and can only be obtained
through an electrical outlet.
Gray Matters is an interactive presentation. Therefore, audience members are not
passive viewers but often control much of what occurs on screen. Interactive segments'of the show were evaluated for their ability to convey content and increase student
interest. A teacher’s manual was developed to facilitate student understanding of three
basic concepts about the brain; 1) that the brain is made of individual cells, 2) that these
cells communicate and 3) that cooperation between regions of the brain is necessary to
bring about behavior. Results of open-ended interviews with science teachers concerning
the effectiveness of the teacher’s manual are presented.

GRAY MATTERS:
THE TRACKING THE HUMAN BRAIN
INTERACTIVE MULTIMEDIA PRESENTATION
I.A. Pollock*, T. Abdulaziz, R. Fisher, J.L. McClelland
Center for the Neural Basis of Cognition, Department of Biological
Sciences, and Studio for Creative Inquiry, Carnegie Mellon University,
Pittsburgh, PA, 15213
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As the "Decade of the Brain" comes to a close, popular interest in the
brain and its functions is high. There have been many popular magazine
articles and television shows, but public knowledge of basic principles
of the brain and nervous system is wanting. With the exception of
science centers, few educational environments offer scientifically sound
and accessible knowledge about the brain to the public at large. The
primary goal of this project is to communicate the science of the brain to
the public using an interactive multi-media presentation viewed on the
emerssive environment of a planetarium dome. A multidisciplinary
team of neuroscientists, artists and educators have developed the
presentation. A progressive formative assessment process allowed
tests audiences to view elements of the show as they were under
development [see Abdulaziz, et al., SFN poster]. This refinement
process has generated an exciting show that will ultimately be featured
at a number of science centers and planetariums around the country.
The show is using an investigation of the visual and auditory senses to
reveal to the audience basic principles of information processing in the
brain including signal transmission by nerve cells, integration and
cooperatively of information processing and specialization of function.
The interactive elements of the show directly engage the audience,
reinforcing the cooperative and emergent properties of the brain.
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AN INTRODUCTORY COURSE FOR A FIVE COLLEGE
NEUROSCIENCE PROGRAM IN CLAREMONT
J, B, Grooms1?! JLfigflen2, Q, H, Chase3, O-,W,

INTEGRATING MULTIMEDIA AND CASE PRESENTATIONS IN A FIRST
YEAR MEDICAL NEUROSCIENCE COURSE. D. Barker.2* J, Aschenbrenner.1
E, Orr.1 J. Turner.1 B. Barron.2 M. Forster.4 M. Gamer? W. McIntosh3. G. Smith5
‘Dept.of Anatomy and Cell Biology, 2Dept. of Integrative Physiology, 3Dept. of
Internal Medicine, 4Dept. of Pharmacology, sDept. of Surgery, Univ. of North
Texas Health Science Center, Fort Worth, TX 76107.
We redesigned our course in 1998 to incorporate multimedia, website and
small group integration sessions. Lecture materials included slides or overheads
from 2 textbooks (Haines, Fundamental Neuroscience, and Waxman, Correlative
Neuroanatomy), PowerPoint presentations, the Interactive Brain Atlas CD,
HyperBrain with the Slice of Brain videodisc, and videotapes of neurology and
neurosurgery patients. Lecturers were encouraged to start the lecture with
discussion of a case from Waxman. Notes, study guides, quizzes and PowerPoint
slides were available on the website. Website activity was tracked with counters.
For the laboratory, students could purchase either the DeArmond Photographic
Atlas or the Interactive Brain Atlas CD. In lab sessions, students used wet
specimens and the CD on computers in the teaching lab. The CD was also
available in the library computer labs and could be checked out. Screen captures
from the CD were a major component of laboratory exams.
There were 6 small group sessions (15 students each) following a block of
lectures. Students read 3 cases with 9-12 study questions per case before the
sessions. Each case was assigned to a group of 5 students for presentation to the
others. A quiz at the end of each session was based on the discussion. Facilitators
included both faculty and 2nd or 3rd year medical students.
Students evaluated the course and its components. The satisfaction index
(range 20-100) for the course went from 69 to 87 (1997 to 1998). Other
satisfaction indices were 97 for the Interactive Brain Atlas, 90 for small group
sessions, 85 for website and 82 for PowerPoint presentations. Average score on the
NBME Neuroscience subject exam increased from 65 to 68 (p<.0001).

Jones2, R, $• Lewis5, D,..5.eoM:Kakures6 and.Na..Y,.W.eeKes51 Dept Biotogy-haixey. Mudd-Qollefle, 2Pitzer College.
Esyghology QlaremoDi-NIgKenna College,4Joint-Sgignca Dept,
5Dept Psyofaoiogy Pomona College, 6Dect Philosopfay-Sgripps
College: Claremont, CA 91711.
We have developed Foundations in Neuroscience to initiate
a 5 college neuroscience program in the Claremont consortium.
Our overall goal in Foundations is the engagement of each
student with the challenge of ascribing structure to function
relationships in the brain. Foundations is a collaborative effort
by faculty from each of the colleges in disciplines ranging from
philosophy to molecular neurobiology to describe a wide range
of neuroscientific endeavors. The course begins with a 3 week
exploration of historical and philosophical issues centra! to
neuroscience. Then, students begin a rotation through 3
parallel modules (bioelectricity, cognitive neuronscience, and
neurochemistry) in which hands-on laboratory exercises are
emphasized. Finally, the class reassembles to focus on a
common and integrating theme in neuroscience (i. e. blindsight)
to engage students with discussions of “top-down" and
“bottom-up" strategies to study the brain. Supported by NSF
CCD DUE-9653140.
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CASE-BASED PROBLEM SOLVING IN THE LONGITUDINAL
NEUROSCIENCE CURRICULUM. B. Giffin1 and J.Quinlan2. ‘Dept. of
Cell Biology, Neurobiology, and Anatomy; ^Dept.of Neurology, University
of Cincinnati College of Medicine (UCCOM), Cincinnati, OH, 45267.
The UCCOM has developed a longitudinally integrated
program in the teaching of medical neuroscience. The program consists of
the following components: (I) a multidisciplinary Year-I Neuroscience
course; (2) a multidisciplinary Year-II Neuroscience Block; (3) a Year-Ill
Psychiatry core clerkship; and (4) a Year-IV Clinical Neuroscience
Selective. Case-based problems have been introduced into the curriculum
beginning with the Neuroscience I course. The goals of these case-based
problems are to develop: (1) a strong, clinically relevant knowledge base in
the Neurosciences; (2) critical thinking skills that will lead to a consistent,
methodic approach to clinical problem solving; (3) the skills and
methodology for using information technology in clinical problem solving;
(4) the interpersonal skills needed to work together in a team approach to
problem solving; and (5) effective and verbal communication skills. The
cases are organized into four sections (i.e., anatomy/clinical presentation,
pathophysiology/cellular and molecular aspects, clinical and laboratory
diagnosis, prognosis and treatment options) with focus questions to guide the
learning process. These case-based problems have been enthusiastically
received by both faculty and students and will be introduced into the
Neuroscience II Block.

SIMULATED EXPERIMENTS FOR NEUROSCIENCE TEACHING.
N.T. Camevale*1, M.L, Hines2, and D.B, Jaffe3. Departments of ‘Psychology and
Computer Science, Yale University, New Haven, CT 06520, and ’Division of Life
Sciences, University of Texas at San Antonio, San Antonio, TX 78429.
By enabling students to explore the processes that underlie neuronal function,
interactive simulations can enhance correct intuition, increase motivation, and help
students visualize concepts that are difficult to grasp through noninteractive means
such as verbal descriptions and static images on the printed page. Therefore we have
created a series of simulation exercises, with an accompanying manual, to be used as
an adjunct to lectures and conventional laboratory experiments. These exercises are
designed to reinforce learning of basic concepts, promote creative thinking through
problem-solving, encourage productive interplay between simulation
and experimentation, and provide a launching point for students who wish to pursue
independent research projects. Based on a course developed at UTSA and
subsequently introduced at Yale, they have been examined and tested in classrooms
at colleges and universities across the country by an advisory panel of experienced
neuroscience educators, some of whom have themselves developed educational
software. To maximize the potential audience, they are keyed to several leading
neuroscience textbooks. They cover topics related to the origin, propagation,
interaction, and functional consequences of electrical and chemical signals in
neurons. These topics include: passive and active membrane properties; the origin
and spread of action potentials in axons and dendrites; synaptic transmission and
integration; quantal analysis; use-dependent synaptic plasticity; voltage clamping;
quantal analysis; field potentials; effects of neuromodulators and neurotoxins. The
exercises are implemented with NEURON, a fiilly-programmable simulation
environment that is freely available, used widely for research, and runs under
MSWindows, MacOS, and UNIX/Linux [Hines and Camevale, Neural Computation
9:1179, 1997]. This allows educators to modify existing exercises and create new
ones to meet specific needs.
Supported by NSF DUE 9652890
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PROBLEM BASED LEARNING (PBL) MODULES FOR AN
INTRODUCTORY CELLULAR NEUROBIOLOGY COURSE J. K.
Ono*. Department of Biological Science, California State University,
Fullerton, CA 92834.
Many faculty would like students to leam important skills, such as
working collaboratively to solve problems, finding and critically
evaluating relevant information, and effective communication while
learning course content. PBL or case study approaches have been used
in many professional schools to teach these skills along with content.
A group of faculty at the University of Delaware have adapted PBL for
undergraduates and their website (http://www.udel.edu/pbl/) was used
to help develop two modules to introduce PBL assignments in an
introductory Cellular Neurobiology course. Scenarios were designed
for these two modules with specific learning objectives in mind and
students were provided with tools to facilitate working in problemsolving groups. Modules were assessed by individual papers in which
students reflected about the PBL process and their role in the group’s
solution, a group paper on the solution, and a group presentation to the
entire class, using presentation software. A website for the course
using Courselnfo (http://fdc.fullerton.edu/), an online teaching tool by
Blackboard, Inc., was developed to facilitate communication among
student groups and with the instructor. Learning objectives were met
by this approach and student comments indicate that the PBL
experience was an enjoyable part of the course.
Equipment to facilitate teaching this course was obtained through
supportfrom a National Science Foundation IU award.
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MULTIDISCIPLINARY
LABORATORY
INVESTIGATIONS
IN
NEUROBIOLOGY. M.S. Rang*.
Biology Department, Stetson University,
DeLand, FL 32720.

Neurobiologists use a variety of approaches to studty questions about the nervous
system. Therefore, laboratory investigations were designed to emphasize the
multidisciplinary nature of neurobiology by allowing students to use different
techniques to address a single research topic throughout the semester. At the
beginning of the semester, the ten students in the course were presented with three
general research plans each utilizing a different experimental subject The subjects
were garden slugs (Umax), crayfish and rats and the subject-specific topics were
the neural mechanisms of feeding, synaptic transmission, and learning and
memory, respectively. Once deciding on a subject to study, the students designed
the specific experiments that they wanted to perform (lists of potential projects
were provided) and submitted a research proposal for approval. The laboratory
was physically arranged into three centers. In the behavior center, students studied
the ‘whole animal’ to describe and alter a specific behavior (feeding, tail flip and
water maze performance). In the anatomy center, students discovered the details of
the neural components underlying the behavior using dissection, neural tract
tracing, lesioning and immunohistochemical techniques. In the physiology center,
students investigated the electrical properties and responses of neurons involved in
the behavior. During the semester, students submitted research reports after
completing their studies in each center as well as took three quizzes on their recent
activities. At the end of the term, a review article integrating their findings using
the three different approaches was submitted.
These laboratory exercises
successfully taught students the value of the different techniques used in
neurobiology and the necessity of a multidisciplinary approach to studying the
nervous system. [Supported by an ILI-EP grant from the NSF (9651138)].
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FLUOROSCOPIC RADIOCONTRAST VENTRICULOGRAPHY AND
ANGIOGRAPHY WITH NEUROANATOMIC DISSECTIONS:
NORMAL AND PATHOLOGIC STRUCTURAL CORRELATIONS

SENEX: A PORTABLE ELECTRONIC RESOURCE FOR MOLECULAR
NEUROPATHOLOGY AND MEDICINE. S.S, Ball and V.H. Mah*
UCSF/Fresno, University Medical Center, Dept of Medicine, Fresno CA
93702.
SENEX is a continually evolving computer resource for molecular
medicine, pathology and clinical medical practice. It provides facilities for:
1) collecting and correlating information from seminars, publications and
other sources, 2) organization of these materials for textbook style easy
retrieval as well as use in clinical practice, scientific presentations and
publications, and 3) use as a tool for making predictions for possible
laboratory experiments. SENEX contains information about small
molecules, proteins, protein interactions, genes, diseases and clinical
diagnostic and laboratory procedures, as well as images and
histopathology. Rapid access to data from 1) ProSite database of peptide
motifs & electronic textbook of biochemistry, 2) Swiss-Prot database of
protein sequences, 3) Protein Information Resource (PIR) database of
protein sequences, 4) Enzyme database and 5) Mendelian Inheritance in
Man is facilitated by links to downloaded copies of these databases. In
addition SENEX is set up for a user to easily add proprietary information to
the application that either modifies existing information or adds new
information. SENEX currently runs on Macintosh computers and will be
demonstrated through a general discussion of the pathology of
neurodegenerative diseases, including genetic alterations in Alzheimer's,
Parkinson’s and Huntington's diseases and some of the proteins, protein
interactions and pathways implicated in these disorders, such as amyloid
precursor protein, presenilins, notch signalling, alpha-2-macroglobulin,
apolipoprotein E, microtubule-associated protein tau, alpha-synuclein, and
others.
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NEURODISEASE INTERVIEW PROJECT FOR UNDERGRADUATE
PRE-HEALTH
PROFESSIONAL STUDENTS
PROMOTES
INTEREST,
APPRECIATION, AND INDEPENDENT LEARNING ABOUT THE "REAL LIFE"
TREATMENT AND MANAGEMENT OF NERVOUS SYSTEM DISORDERS.

CYBERTECHNOLOGICAL ENHANCEMENT OF A TRADITIONAL
NEUROSCIENCE CURRICULUM D.D. Rigamonti*1, J. Smimiotopoulos2, M.
Sanchez1, K. Spence1, D.C. Olsen H. Bryant3, ‘Departments Nurse Anesthesia,
^Radiology and ’Physiology, USUHS.

Dr. Joseph J. Warner* Dept. of Neuroscience, University of Florida College
of Medicine and the University of Florida Brain Institute, Gainesville, Florida
Early techniques of neuroimaging were limited to “indirect” methods, such
as pneumoencephalography and angiography. A detailed three-dimensional
understanding of the anatomic relationships between ventricular, vascular,
and neural structures was essential for interpretation and clinical correlations.
The author has combined procedures based upon these concepts with
specimen dissection for neuroanatomic study. Post-mortem radiocontrast
ventriculography was performed on whole brains via cannulation of the
Foramen of Magendie. Fixed specimens were infused with dilute aqueous
toluidine blue to assess potential reflux, subarachnoid injection, or contrast
egress through the infundibular recess. Radiocontrast marked with toluidine
blue was then injected over 30 to 60 minutes, with lateral specimen rotation
to direct flow through each Foramen of Monro, and sagittal rotation to
visualize the temporal horns. Brains were then positioned under fluoroscopy
with additional contrast injection to visualize specific aspects of the ventricular
system. Angiography was performed via carotid and vertebral arterial injection
of toluidine blue followed by radio-opaque contrast. Post-injection
computerized tomography was obtained on selected preparations.
Cervicocranial specimens were studied with modified radiocontrast infusion
techniques including cisternography. Specimens were then dissected for
detailed anatomic correlation with radiologic images. The presentation of
post-mortem ventriculographic and angiographic images in conjunction with
correlative dissection has proven to be an effective method of examining
aspects of neuroanatomy not readily demonstrable with other techniques.

D.S, Kreiss*. Univ. of Central Arkansas, Dept. of Biology, Conway, AR 72035.
The Neurodisease Interview Project provides a unique learning experience for
undergraduate pre-health professional students enrolled in a junior-level course,
Introduction to Neuroscience. Project Goals: (l)-increase knowledge about disorders
of the nervous system and the application of management strategies in the home/
clinic; (2)-foster appreciation for differences between literature-based information and
real-life practices; (3)-enhance awareness of the disorder-induced physical, emotional,
financial, and social tolls incurred by the patient, caretakers, and the healthcare
system; (4)-facilitate development of independent learning skills.
Project Description: (A)-select and research a disorder of the nervous system;
(B)-interview either a patient with the disorder or a caretaker/healthcare professional
that manages patients with the disorder; (C)-write a 6-8 page paper discussing insights
gained from the interview and comparing "real-life" presentation, management, and
treatment of the disorder to literature-based descriptions/recommendations; (D)-read
the Project papers of 2 other classmates.
Fall 1998 Students’ Responses <n=71); "This project helped me learn about a
disease state” oh yeah-91%, kinda-9%, not really-0%. "Having read other students'
papers will help me if 1 encounter a person with the disorder" oh yeah-52%, kinda44%, not realIy-4%. "If I was the professor, I would have students read other
students' papers" oh yeah-75%, kinda-14%, not really-11%. "I actually enjoyed
doing this Interview Project" oh yeah-48%, kinda-42%, not really-10%. "If I was the
professor, I would have the students do this Project" oh yeah-66%, kinda-31%, not
really-3 %. Conclusion: This assignment effectively motivates undergraduate
pre-Physical and pre-Occupational Therapy students to independently learn about
nervous system dysfunction by evoking the students' inherent interest in the clinical
aspects of diagnosing and treating/managing neurological disorders.

Traditional courses such as Anatomy/Cell Biology and Neuroscience have a long history of
effective delivery using the lecture, laboratory format. Reinventing the modem classroom
has been aided by a growing number of digital databases and cybertechnologies. To name
a few, these may include CD-ROM based texts and atlases, the Visible Human, the Internet,
and electronic transfer of lecture materials.

The nurse anesthetist routinely manipulates the human nervous system both at the central
and peripheral levels for the relief of pain concomitant with a variety of surgical and clinical
procedures. In order to perform this manipulation, a thorough understanding of all aspects
of the central and peripheral nervous system is essential for a successful practice. To this
end, the Council on Certification of Nurse Anesthetists publishes an extensive list of topics
to be covered during the students training. The approach used by about one half of schools
training nurse anesthetists to insure that this material is adequately covered, is to include a
required Neuroscience course in the curriculum (Sanchez, et al, 1999)
Neuroscience course instruction at the Uniformed Services University of the Health
Sciences in the Graduate School of Nursing routinely uses both traditional and cyber
technologies to enhance student involvement and exposure to this important area. These
include the computer aided instruction material in Brainstorm™, professor and student
topics converted to electronic format, display of the Visible Human data set using the
software package Analyze™ from the Mayo Foundation, and others. A preliminary CDROM of the introductory course is planned for use in the summer of 1999 and, in addition,
Dr. Smimiotopoulos’ lecture, “Introduction to Imaging of the CNS” will be translated into
both a CD-ROM and an Internet based distance learning tool.

104.47

104.48

PRIMARY CNS LYMPHOMA AS MODEL FOR TEACHING STRUCTURE FUNCTION RELATIONSHIPS. B.H, Liwnicz1 \ and R.G. Liwnicz2, ’Dept of
Pathology, Loma Linda Univ, 2Psychiatry Service, Loma Linda VA Med Ctr,;
Loma Linda Univ Med Ctr,; Loma Linda, CA 92354.
The use of CNS pathology for teaching of structure-function relationships is a
well-established tradition. Information is usually obtained by correlating clinical
examination with autopsy findings. Since the advent of neuroimaging methods,
dynamic changes in structure (location, size) can be correlated with temporal
progression of neuropsychiatric symptoms in a live subject. This new
opportunity calls for pathological models suitable for teaching functional
neuroanatomy. We suggest that primary CNS lymphoma is an optimal model for
teaching functional neuroanatomy of the white matter, because it is a relatively
common, well-circumscribed white matter tumor. 54-year-old woman presented
with depression, anxiety and pain out of proportion to remote cervical spine
injury. Multiple neuropsychiatric symptoms of various duration and intensity
appeared one year later and lasted until death three years later. These included
left-sided extremities, trunk and face numbness and weakness, blurred vision in
the left eye, bilateral or right-sided headaches, suicidality, slurred speech,
numbness of palms, left arm drift and left facial droop. CT and MRI scans
variously showed right parietal mass, later resolved, right temporoparietal
encephalomalacia, and left frontal mass. On autopsy lesions were found in the
cerebrum,% basal ganglia, brain stem, and cerebellum and involved almost
exclusively the white matter. There was a gradient of involvement with the most
numerous lesions found in the frontoparietal and temporal lobes. Lesions varied
in appearance from active, containing multiple tumor cells to burned-out,
sparsely cellular areas with residual astrogliosis. The distribution of lesions
correlated well with clinical symptoms, and the age of lesions with temporal
progression.

MEDICINAL MYSTERIES FROM HISTORY: NEUROSCIENCE AND
ADVENTURE FOR YOUNG AUDIENCESON THE WWW. L.M. Miller.1*
J.M, Maves? and C.L, Miller 2 1 Rice University, Center for Technology in
Teaching and Learning, Houston, TX 77005; 2University of Texas Health
Science Center, School of Allied Health, Department of Health Informatics,
Houston,TX 77030.
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Medicinal Mysteries from History encourages middle school students to
engage in problem-based learning about neuroscience on the web. Through the
use of interactive multi-media the student enters a futuristic world in which he
or she assumes the role of a "reconstructor" charged with discovering medical
knowledge from the past. In the first episode, The Plaguing Problem, the topic
is the history and science of opioids. In the interactive mystery format the
student takes on the role of an explorer, researcher, and historian while learning
crucial information about drugs of abuse.
The project objectives are: 1) to make widely available accurate scientific and
historical information about drugs of abuse in a format that is able to compete
with other forms of entertainment bn the world wide web; 2) to improve
students' critical thinking and problem solving skills, and 3) to reinforce the
scientific method. Specific learning objectives include teaching concepts such
as: 1) drug addiction, 2) drug tolerance, and 3) analgesia.
We have
incorporated these and more specific learning objectives to an adventure game
grounded in problem-based learning theory. Medicinal Mysteries from History
is nonviolent and sensitive to gender differences in educational software. The
web site will be available for review at the poster session. Funding by the
Science Education Drug Abuse Partnership Award (SEDAPA) Program,
National Institute on Drug Abuse

SUNDAY AM

TEACHING OF NEUROSCIENCE

104.49

104.50

WEB-BASED
TEACHING
OF
NEUROSCIECNCE:
LEVERAGING INTERACTIVE TECHNOLOGY TO PRESENT
VAST QUANITIES OF INFORMATION IN REAL TIME. J Gulas.
1.0. Opole.J.H. Fallon*. Department of Anatomy and Neurobiology,
University of California, Irvine
We have used web-based technologies to present traditional lectures
in a real-time interactive format over the internet. Typical lectures
involve oration, and static graphics typically drawn on a chalkboard
charts, or slides. The lecture is translated into an audio track, and
synchronized to graphics with animations. In addition, the audio track
is transcribed into text with hyperlinks, which are linked to a listing of
definitions and explanations, or to other associated lecture and
refemce material, which can be used by the student to further explore
the concepts presented. The animations, charts, diagrams, streaming
video and 3D graphics, all coupled to hypertext, will enhance the
overall learning experience. This affords the student, more than any
other medium, the opportunity to leam at his or her own pace, with no
limitation on content or form. The learning experience will be
extended further by adding an all-encompassing database-driven
interactive module, which allows for the testing of the student after the
lecture process and recommendation of further study paths depending
on performance. It will not only have the ability to track the overall
performance of the student in the course but also the effectiveness of
the lecture/teaching method. Our approach extends the use of the web
beyond traditional teaching methods and should be applicable in a
wide variety of subject material.
Supported by Dean’s pilot studies grant, College of Medicine, UC
Irvine.

AN ON-LINE NEUROPSYCHOPHARMACOLOGY INFORMATION
DATABASE AND TEACHING TOOL: WWW.BRAINCHEMISTRY.COM.
M. Santarelli,1 S. E. Peckins/and W.A. Black2*. 1 Neuroscience Program,
University of Scranton, Scranton, PA 18510; 2 Department of Neurosurgery,
Northeastern Neurological Associates, Scranton, PA 18510.
The 1990s, known as the Decade ofthe Brain, have seen an unparalleled growth
in knowledge of neuroscience, assisted by the rapid development of the Internet’s
World Wide Web (WWW). At first, the Internet was aimed at academic users, but
as its popularity increased so did its ease of access to the average person. We now
have the opportunity to provide reliable and comprehensive information to anyone
with access to a standard WWW browser.
We developed an Internet World Wide Web site (http://www.brainchemistry.com]
to inform and educate both the professional and the non-professional of the normal
and abnormal functioning of the brain. Knowing that the need for reliable
information does not rest only with the health professional, we have made this site
accessible to those with limited knowledge of the field. The site is an in-depth
resource dealing with pharmacology, behavioral disorders, and neurochemistry. In
addition, the site also contains basic information, a glossary of terms, graphics, and
links to other sites. Feedback regarding the resource is obtained via an on-line
survey.
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DEVELOPMENT OF A 3-D COMPUTER-ANIMATED VIDEO FOR
TEACHING NEUROSCIENCE AND THE ACTIONS OF DRUGS OF
ABU SE. Rochelle D. Schwartz-Bloom* and Gayle Gross de Nunez.
Savantes, Durham, NC 27705.

AN ON-LINE EXPERIMENTAL DATABASE FOR THE STORAGE AND
RETRIEVAL OF NEUROIMAGING DATA,

There is a paucity of scientifically accurate and vivid depictions of neuronal
activity and the actions of drugs of abuse targeted to high school students and
other pre-professional individuals. Using 3-D modeling and animation software,
we developed a 22-minute science education video in 2 parts titled, “Animated
Neuroscience: The Action of Nicotine, Cocaine and Marijuana in the Brain”. The
first part (10 minutes) covers basic neurobiology including neuronal structure and
neurotransmission (neurotransmitter release, binding and termination of activity).
Two typical neurotransmitter systems are presented: acetylcholine and dopamine.
In the second part (12 minutes), the actions of nicotine, cocaine and marijuana are
described at the cellular level. In addition, an animated example of the effects of
each drug on the central nervous system is presented. The video is made entirely,
of 3D animation, showing organ anatomy, animations superimposed on
photomicrographs of real neurons, and animations of molecular interactions. This
video is geared mainly to high school students in biology classes, but it is also
appropriate for other groups such as drug rehabilitation counselors, health care
practitioners, community college students, physician assistant students, nursing
students and police departments. A teacher’s guide accompanies the video, and it
contains a complete narration, workbook pages and a glossary. Recently, the
video was awarded a Golden Eagle Award from the Council on International
Non-theatrical Events (CINE). It can be obtained along with the teacher’s guide
from Films for the Humanities and Sciences (www.films.com). Supported by
NIH grant DA 24577 (GGN and RDS).

LS- Grelhe* and S.T. Grafton

Department of Neurology, Emory University School of Medicine, Woodruff Memorial
Research Building, Suite 6000, Atlanta, GA 30322.

In order to store and retrieve neuroimaging data (e.g. PET, fMRI, MRI) one
needs to take into account the diversity of protocols being employed in
generating the data as well as the properties of the data being collected. In
order to address problems associated with managing these increasingly
large and diverse neuroscience datasets, a database for experimental data
(NeuroCore™, a component of the Neuroinformatics Workbench™) was
developed by the University of Southern California Brain Project (USCBP).
The USCBP NeuroCore database consists of two primary components: 1) The
database component, a novel extendible object-relational database schema
that allows for the storage of experimental data, along with all the
details regarding the protocols used to generate this data; and 2) an on-line
notebook that provides a laboratory-independent "standard" for viewing,
storing and retrieving data across the internet.
Extensions to the NeuroCore database were designed to allow for the
storage of the particular data and protocols used in neuroimaging
experiments. Currently, the database contains data from two experiments.
The first dataset consists of fMRI data of reflexive visually-guided
saccades. The second dataset consists of PET data of normal motor control.
Even though this database is designed primarily to store and access data in
a laboratory setting, this technology can be used for educational purposes as
a platform on which one can perform virtual experiments (i.e. experiments
where the relevant data is collected from existing data sets that are stored
in the database rather than from a new laboratory experiment).
On-Line information regarding the neuroimaging database can be found at
http://pallidum.neuro.emory.edu/NeuroCore
Supported in part by NS37470 to STG, a Markey Fellowship to JSG and an Informix for
Innovation Software Grant.
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CASE STUDIES, COMPUTERS, AND THE WORLD-WIDE-WEB:
SUPPLEMENTS TO TEACHING MEDICAL NEUROANATOMY.
J.R. Augustine*, A.J, McDonald, and C.A, Blake. Department of Cell
Biology and Neuroscience, USC School of Medicine, Columbia, SC 29208.
In addition to material presented in lectures and labs, we have
supplemented the Medical Neuroanatomy course in ways that effectively
encourage our students in their study of the human nervous system. Near
the end of the second quarter of the course, after our students have a
reasonable knowledge base on which to build, we introduce problemsolving case studies that follow the Neurological Case Studies by Beal and
Cooper (1984). Five one-hour laboratory sessions are set aside during
which time students work together in groups of four assessing the case and
then presenting their anatomical diagnosis to the entire class. These cases
test and reinforce the students’ knowledge of functional neuroanatomy and
are an excellent introduction to, and preparation for, Problem Based
Learning (PBL) sessions recently introduced into our first and second year
curriculum. Besides these problem-solving sessions, we use three excellent
software programs that are available to our students on a series of
Macintosh computers in the teaching lab. These programs are BrainStorm
1.3, a. highly interactive program from Stanford University; the Interactive
Brain Atlas from the University of Washington that presents computer
generated, dynamic 3-D reconstructions of the brain and its component
parts, sets of 2-D images of whole and sectioned brains and MRI scans; and
the Basic Neurological Anatomy Tutorials, from Saint Louis University
consisting of ten individual programs with sections on anatomical components, functional organization, and clinical correlation. Last of all, we
encourage our students to explore many excellent basic and clinical neuroscience World-Wide-Web sites that we have bookmarked for them on
computers in the lab. Collectively, these supplements reinforce material
presented in the course, enhance our students’ computer and information
technology skills, and help them become better lifelong learners.

THE DEVELOPMENT OF A TEACHING PROGRAM USING COMPUTER
GENERATED, THREE DIMENSIONAL, ANIMATED MODELS OF THE
BRAIN. J. E. QUARLES, J. B. GELDERD, AND J. R. WEST*. Dept. of
Human Anatomy & Med. Neurobiology, Texas A&M University System
Health Science Center; College Station, TX 77843-1114.
One of the greatest difficulties that beginning medical students have
is comprehending the three dimensional nature of the brain. In the past,
the only way to accomplish this was by viewing models, or comparing
and contrasting horizontal and coronal sections.
We have produced a teaching videotape demonstrating the three
dimensional nature of the ventricles of the human brain. The models
and animations were created on a Silicon Graphics workstation
(Personal IRIS and 02), using Microsoft’s Softimage software. The
models of the ventricles and other brain structures were started as
spherical, wire frame objects. Individual points, or groups of points, were
adjusted until the proper shapes were simulated. A ventricular cast from
an actual human brain plus a variety of horizontal and coronal sections
of fixed human "brains were used to ensure the anatomical accuracy of
the modeled structures. Once the modeling was completed, each
model was given a color and translucency and the models were
assigned to specific scenes. Directional lighting was added for each
scene. A path was then determined for the camera to follow during the
subsequent animation. The Softimage software animates the movement
of the camera along the designated path. This allows viewing of the
models from any angle to demonstrate their relative positions. Each
animated scene was then rendered and sequenced together. Labels
and an audio narrative were added to help clarify specific anatomical
features. In the future, we plan to use this technology to produce
additional teaching programs visualizing other anatomic regions such as
basal ganglia
and other facets of neuroscience
such as
neuroembryology.

Society

for

Neuroscience

Volume

25, 1999

269

TEACHING OF NEUROSCIENCE

270

SUNDAY AM

104.55

104.56

USE OF BRAIN COLLECTIONS ON THE INTERNET IN
UNDERGRADUATE INSTRUCTION IN NEUROSCIENCE.
J, I. Johnson12 * M,LeGare4, W,..Welker^. C, L, Pizad&KJL

B.Y.O.B. IN THE CLASSROOM: A PROGRAM FOR INCREASING
STUDENT RETENTION OF NEUROANATOMY. D.W.Lee’ (1.2,
W.M.Bennett (2), D.J.Doan (2), B.J.Lysakovski (2), C.Sanchez (2).
L.Schmierer (2), C.L.Tafova (2), and R.E.Lee (3k (1) Psychology Dept
California State University, Long Beach, CA 90840. (2) Psychology Dept
Mount Saint Mary's College, Los Angeles, CA 90049. (3) NPI, Brain Mappino
Division, UCLA School of Medicine, Los Angeles, CA 90095
The B.Y.O.B. (Build-Your-Own-Brain) Project is a key feature of the
Biological Psychology Lab course at Mount St. Mary's College. The project is
an instructional device designed to encourage student retention of
neuroanatomical detail through participation in an engaging hands-on
exercise. The project assignment is "to build and label an anatomically corred
model of a human brain using any materials that can be purchased / borrowed
I baked / torn / glued / or otherwise manipulated."
On the day of the 1998 B.Y.O.B. Project unveiling, the anatomy lao was
filled with last minute student activity, the chatter of brain building "horror
stories, and more than a little secrecy as to exactly what was hiding under the
shrouds, drapes, and upturned boxes. Two judges (Professors from the
Departments of Psychology and Art) were introduced to each pair of
competitors. Each B.Y.O.B. project was examined as it was unveiled, ano
questions were asked of the participants regarding the composition and setup of the model, the materials used, and the correctness of the labeling or
the anatomy. When all models were revealed, the laboratory was filled with an
eclectic array of "brains" of molding dough, fruits, vegetables, home baked
cakes, cotton, plastic brain-molds, and wooden jigsaw puzzle pieces.
In the end, the judges decided on a three-way tie between a carved,
acrylic painted, foam head, a watermelon filled with various (anatomically
correct, of course!) fruits, and an extensively detailed and labeled foam head
cut-away. A good time was had by all and successful retention of threedimensional neuroanatomical detail was accomplished.
http://www.brainmapping.org/Lee/BYOB

Sheppard2. R. A. Carloni2, B, M, Winn3, A, J, Fobbs8, A, Noe8
iNeuroscience Program, 2Radiology and Anatomy Depts.,
3Communications Technology Lab., Michigan State Univ., E.
Lansing, MI 48824; Wept. Psychology, California State Univ,,
Sacramento, CA 95819, Depts. of 5Physiology, 6Medical
Illustration, and 7Division of Information Technology, Univ.
Wisconsin-Madison WI 53706; 8National Museum Health &
Medicine, Armed Forces Inst. Pathol., Washington, DC 20306.
As a pilot project for classroom use of museum collections in
electronic format, we presented on the internet an array of
images for use by students in the undergraduate course
"Introduction to Neuroscience". Thus they could use
comparative brain materials not otherwise available, selected
to meet the specific needs of the course. Each student had the
task of downloading images of whole brains, and of stained
sections through the brains, of a particular species. To these
they added information about the animals obtained from other
research sources. The results were presented on posters, both
for the class and for the campus open house,where they were
viewed by 200-500 grade school children. Supported by NSF
grants IBN 9812712, 9814911, 9814912.
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HUMAN BRAIN LABORATORY FOR UNDERGRADUATE
PSYCHOBIOLOGY. K.G. Hill*. H.J. Kaczmarek and J.J. Sable. Dept.
of Psychology, Kansas State Univ.; Manhattan, KS 66506.
The “Brain Lab” gives students in undergraduate psychobiology the
opportunity to examine the human brain from whole, mid-saggital, and
coronal sections, and to identify structures from each view. During a 50min class period, groups of students rotate through various stations, each
with different views. Psychobiology fulfills a university general science
requirement, so the Brain Lab is the first opportunity many students
have to look closely at actual brains, especially those of humans.
Students develop an increased appreciation for the complexity of brain
anatomy and the difficulty in identifying many individual structures.
Pairs of students answer questions pertinent to each station and hand
them in for credit. These questions require the students to integrate
structural and functioisaTaspects of the brain.

“NEUROIMAGES” - A LEARNING RESOURCE FOR THE CLINICAL
APPLICATION OF NEUROANATOMY. A.F. Tan and A.W. Goodwin*. Dept. of
Anatomy & Cell Biology, University of Melbourne, Parkville, Australia 3052.
Advances in diagnostic neuroimaging (eg. CT, MRI, SPECT, MEG) have
revolutionized clinical practice in neurology and neurosurgery. This is a rapidly
developing field of increasing importance, that is not adequately addressed by
“traditional” teaching in neuroanatomy or radiology. Students in a variety of health
sciences need better, up-to-date coverage of neuroimaging.
We are developing “Neuroimages” as a computer-based tutorial for tertiary
students and postgraduates which will foster efficient and enjoyable learning about
the current uses of clinical neuroimaging. In particular, our program tests and
strengthens the user’s knowledge of clinically relevant neuroanatomy, improves
his/her ability to evaluate neuroimaging results, and promotes the application of these
to solving diagnostic problems in a clinical setting.
Most of the tutorial is case-based, using the stories of patients with various
important neurological conditions (such as stroke, tumors and MS) as triggers for
interactive learning. Initially, the program describes the presenting symptoms and
signs, and challenges/helps the user to propose a differential diagnosis. She/he is then
guided through choosing appropriate imaging investigations, and reading the results
to attain a final diagnosis. Thus users gain an understanding of how neuroimaging is
used and improve their problem-solving skills, as well as learning about
neuroimaging methods and neurological disorders. There are also supporting modules
providing an Introduction to Neuroimaging and a grounding in the Principles of
Diagnostic Neurology.
“Neuroimages” will be a flexible, valuable and easily-implemented resource in a
range of under- and postgraduate learning situations. It is designed for access by
standard web-browsers on various platforms, and can be delivered via the Internet, by
intranet or by CD-ROM. An alpha version of “Neuroimages” is currently being used
to good effect in undergraduate Neuroscience courses at the University of Melbourne.
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ART OF THE BRAIN. A. Burkhardt and L. Normansell*.
Program in Neuroscience, Muskingum College, New Concord, OH
43762
“Art of the Brain” is a component of our “Project B.R.A.I.N.S.,”
a continuing program of educational outreach, taking brain-related
activities, demonstrations, and information into area schools. This
year, students enrolled in art classes from New Concord Elementary
School, East Muskingum Middle School and John Glenn High
School participated in a discovery-based learning experience that
combined the teaching of neuroscience concepts with hands-on
experience creating art. The young artists drew and painted
pictures of the brain, while the older students made ceramic tiles
and sculpture pieces depicting the brain, neurons, and abstract
representations of brain activity and function. An exhibition of the
work of nearly ninety students was presented in our campus art
gallery during Brain Awareness Week. The further development of
this integrative curriculum, involving our neuroscience program and
the local school district working together to provide neurosciencebased learning activities, continues at other area schools.

USE OF IMMUNOFLUORESCENCE MICROSCOPY IN NEUROSCIENCE
UNDERGRADUATE TEACHING LABORATORIES. S. Shoemaker, A.
Brown, L, Isaacson and P. Callahan*, Miami Univ., Center for
Neuroscience, Dept. of Zoology, Oxford, OH 45056.
In an upper level Endocrinology laboratory, students examined the
effects of steroid replacement on LHRH immunoreactivity in ovariectomized (Ovx) rats. Animals received 17-p-estradiol (50 jxg/kg) at 1000h,
followed two days later by progesterone (2.5 mg/kg) at 1000h. Rats were
sacrificed 3 hours after the progesterone injection, during the LHRH surge,
and perfused with 4% paraformaldehyde. Students incubated 50 p.m brain
sections with rabbit-anti-rat LHRH. One week later, 3 h prior to the
laboratory, sections were incubated with biotinylated goat-anti-rabbit IgG.
During lab, students incubated sections with avidin-FITG. Qualitative
analysis of the sections revealed obvious and intense staining in the
median eminence in steroid treated animals compared to controls.
In an upper level Neuroanatomy laboratory, students used choline
acetyltransferase (ChAT) immunofluorescence to compare ChAT
immunoreactive neurons in young adult and aged rat brains. Following
perfusion with low pH buffer followed by 4% paraformaldehyde, frozen
coronal sections (50 pm) were incubated for one week in rabbit anti-rat
ChAT. During week 2, immunoreactive neurons were localized using
biotinylated goat-anti-rabbit IgG, and avidin-FITC. In week 3, students
mapped immunofluorescent neurons in the brain, making qualitative and
quantitative assessments of the stained neurons. All six student groups
found more intense and extensive staining of neuronal profiles and cell
bodies in the brain tissue from aged rats, suggesting that aged neurons
exhibit greater ChAT immunostaining than the young adult.
Supported by NSF grant DUE-9851373 to PC and LI.
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BRAINSTORM AS A TOOL FOR LEARNING TO INTERPRET MAGNETIC
RESONANCE IMAGES OF THE BRAIN. E.J.Tancred, G.P. Coppa, P. Dev*
School of Anatomy, University of New South Wales, Sydney, Australia;
SUMMIT, Stanford University School of Medicine.
The use of imaging technologies (such as MRI) as diagnostic tools has
led to a need for a change in neuroanatomy teaching, with more emphasis
required on understanding the cross-sectional anatomy of the forebrain.
Consequently Brainstorm, an established multimedia program for teaching
neuroanatomy, has been expanded to include a series of MR images in the
coronal, sagittal and horizontal (axial) planes of a normal adult brain. Each of
these images has been linked (where possible) to corresponding myelin-stained
cross-sections allowing students to toggle back and forth between the two.
Structures in these images can be identified by clicking on them and structures
of interest can be followed through consecutive sections. Each of the structures
labelled in the MR images is also linked to an expanded database of gross
anatomy dissections, diagrams and textual information. To demonstrate clinical
relevance, the program also now includes a number of MR and CT images
showing a variety of brain pathologies. Using the guide recorder in Brainstorm,
customised tutorials (known as guide files) are developed by instructors.
These enable the students to follow an annotated guided lesson through the
available material in Brainstorm. We have developed interactive guide files for
teaching cross-sectional anatomy of the forebrain and are currently preparing
several which are based on the clinical cases shown in the pathology images.
These guide files, which will be demonstrated at the meeting, all make use of
the extensive cross-linking already available in Brainstorm and include
customised quizzes to provide feedback to students on their progress.
Brainstorm, previously only available for Macintosh computers, has recently
been adapted, using the Java scripting language, for use on other platforms.

COMPUTATIONAL NEUROSCIENCE: A SUCCESSFUL DISTANCE
LEARNING COURSE. D. P. Bashor* and L. M. JORDAN2. Dept. of
Biology, UNC Charlotte, NC 28223 USA, 2Dept. Physiology, University
of Manitoba, Winnipeg R3E 3 J7 CANADA
Computational techniques are used in almost all aspects of
neuroscience research. Because the University of Manitoba offered no
formal training in the area, a distance educational approach was
developed to provide a course in computational neuroscience. It
consisted of two six-week segments; the first focussed on the cellular and
synaptic levels and the second, on neural circuits and systems. Course
activities were lectures, readings and modeling projects related to the
students’ own research interest. Twice-weekly lectures were given from
North Carolina using videoconferencing. Projects were supervised by
email, telephone, and three visits to U of M by the instructor. The course
emphasized the relationship of models to physiological data sets from
animal experimentation, and demonstrated levels of study from channel
behavior, to cell spiking, to circuit and system function. The practical
portion of the course used several pieces of software developed by Dr.
Bashor and his colleagues for research and teaching. The course serves
as a successful example of how technology can be used to supplement
graduate education on a cost effective basis. Supported by the Program
Development Fund and the Department of Physiology, University of
Manitoba.
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STUDENT ACCEPTANCE OF TWO ATTEMPTS TO INCORPORATE
PATHOLOGY/PATHOPHYSIOLOGY IN A BASIC NEUROSCIENCE

An Interdisciplinary Experimental Model of Neuroscience
Teaching for Applied Health Science Professionals. K. Telage
and K.K. M aitrat School of Health Sciences and Human
Performances, Ithaca College, Ithaca, NY. Neuroscience is a
core content area required for allied health students in
occupational therapy, physical therapy and speech-language
pathology.
Although the rehabilitation process requires
practitioners to work together, there is no consensus about what,
how, or how much neuroscience information should be provided
at undergraduate and graduate levels. This paper presents a
model for interdisciplinary web-based teaching that provides a
common neuroscience foundation for these students that
incorporates virtual mobility across academic departments and
resources. Key features of the model allow for self-contained
content modules, active student interactions and unlimited
flexibility.
These features are integrated into an online
interactive web-based mega-source that is structured to include
core and common information block teaching
modules,
organized illustrations including slides, animations and video
clips and a question and discussion format.

COURSE FOR MEDICAL STUDENTS. R. H. Thalmann*, J.C. Goodman
and P. E. Schulz. Baylor Coll, of Medicine, Houston, TX 77030
In the last 25 years, two attempts have been made at our institution to
incorporate pathology and pathophysiology into our basic neuroscience
course for medical students. In the later (1997-8; two iterations) versus the

earlier attempt (1976-82; six iterations), the faculty responsible for the new
material were active in planning the overall course. Furthermore, they took
an active, day to day role in coordinating their material with the overall

objectives of the course, and with prerequisite material that was introduced
by others. Detailed results of this collaboration and an analysis of critical
variables will be presented. The index of student acceptance of these two
attempts in both 76-82 and 97-98 was student rating of instructors primarily

responsible for the pathology/pathophysiology material in each attempt.
These ratings, which were returned by at least 50% of the class enrollees,
were normalized to the ratings of one “Basic science” subject lecturer who

was common to both epochs, and whose absolute ratings were constant
over the two epochs. Enthusiasm for the lecturers was superior in 97-99. In
addition, enthusiasm for the course in general was high as indicated by its
selection by students as best “module” of the basic sciences in 97 and 98

(99 is in progress). Funded by Baylor College of Medicine.
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NEURO-OCCUPATION AS A TEACHING HEURISTIC. C.B. Roveen*
and M. Duncan. School of Pharmacy and Allied Health Professions,
Creighton University, Omaha, NE 68178.
Teaching neuroscience to professional level, occupational therapy,
doctoral students requires synthesis and application of information in ways
that are not readily accommodated by experimental models of neuroscience
research. Consequently, using aspects of the theories of chaos, selforganization, as well as occupational therapy practice, an innovative model
of neuroscience related to human occupation (neuro-occupation) has been
developed by Duncan (1998). This evolving model of neuro-occupation
provides a heuristic for the scholarship of application of human participation
in activity in context, which is the core of occupational therapy practice.
The model of neuro-occupation assumes six key control parameters: (1) the
ripple effect, (2) reverberating circuitry, (3) sensory influences, (4)
bifurcations, (5) occupational shaping, and (6) occupational integrity. Use
of the model for instructional purposes with clinical doctoral students in
occupational therapy will be summarized using qualitative and quantitative
data analysis. First, qualitative themes emerging from pre- and post- test
administration of personal essays will be presented. Second, summative
analysis of students Likert style rating of the usefulness of the model to
better guide occupational therapy practice grounded in neuroscience
principals (n=9) will be presented. Third and finally, the poster will submit
implications for applications of the model in teaching neuroscience and
occupation to doctoral level, practice professionals.

NEUROSCIENCE AS A SEPARATE COURSE IN THE DENTAL SCHOOL
CURRICULUM. L.T. Robertson*. Dept. Biological Structure & Function, School
of Dentistry, Oregon Health Sciences University, Portland, OR 97201.
Only 17 of the 51 predoctoral dental training programs in the United States include
a separate course in neuroscience in the curriculum. A survey was made of these
neuroscience courses to gather information about their organization and content, and
whether special topics related to dentistry were included. Responses were obtained
from 15 course directors. Four of the 15 courses combined the teaching of medical
and dental students (MS/DS), although the dental students were not always held
responsible for all the material or had separate laboratory and/or discussion sessions.
The courses included a wide range in total contact hrs (not including examinations)
from 11 to 110 hrs, with a median of 47 hrs; the MS/DS courses averaged 82.3 hrs
whereas courses just for dental students averaged 41.1 hrs. The MS/DS courses
used about 40% of the contact time in various types of nondidactic instruction (e.g.,
labs, discussions, clinical conferences), whereas the dental student courses averaged
only 3% of their time with nondidactic instruction, except for two courses that
allocated about 67% of the time for nondidactic instruction (labs and problem-based
learning). The proportion of didactic time of the dental student courses for
neurobioiogy (mainly neuroanatomy): 48%, sensory systems: 22%, motor systems:
13%, limbic and hypothalamus: 10%, and higher cortical function: 6%. The MS/DS
courses used similar proportions of time for the same general topic areas, except they
allocated more time to cellular physiology, development, language, memory, and the
visual and auditory systems than the dental student courses. Several dental student
courses included lectures on pain (including dental and TMJ pain) and mastication.
There is a large difference in the student: faculty ratio between the dental student
courses (averaging 5 instructors) and the MS/DS courses (averaging 18 instructors).
The additional instructors of MS/DS courses were particularly evident in the
nondidactic sessions.
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List-serv Project: The Neurosciences Online. R. Kriebel*. Dept. of BioMedical
Sciences, Philadelphia College of Osteopathic Medicine; Philadelphia, PA 19131.
Patients are becoming more knowledgeable, and in many cases seek to
understand what is happening to them or a person close to them. It is likely that
future physicians will encounter increasing numbers of patients who are
technologically astute. In Clinical & Basic Neurosciences, an integrated block of
all neuroscience related courses in our curriculum, each student was asked to
imagine - you have a patient and their significant other(s) asking you. their
physician, if there are any places that could provide them with more information,
support, or help dealing with their particular problem. The assignment was to
identify a listserv/mailing list/discussion-support group dealing with one of the
following neurological disorders: spinal cord paralysis, autism, chronic pain,
sleep disorder, Alzheimer’s disease, cerebral palsy. Students were given
directions to identify the list and its address; to ‘subscribe’ for not less than 2
weeks; to review daily; to participate silently; to unsubscribe’ at appropriate time.
A summary of their experience was submitted by e-mail or hard copy with the
following information: 1. the list/listserv address; 2. indicate how you found the
list: (search protocol; word of mouth; anonymous tip; etc); 3. write a paragraph of
no less and no more than 250-300 words indicating your opinion on this particular
list and its potential effectiveness in meeting the needs of your patient in terms of
a knowledge base on this condition as well as information to help the patient live
with or through this particular neurological problem, include how the list is
helpful in understanding the basic and clinical neuroscience and the psychosocial
issues related to the disorder, identify the most common issues discussed during
the time you were on the “list”; 4. on a scale of 1-10 rate the authoritativeness of
the site (10 being the highest reliability), state your rationale in selecting this
rating (less than 100 words). Examples will be displayed. Results from an
outcomes assessment questionnaire will be discussed.

THE DEVELOPMENT AND UTILIZATION OF WEB-BASED, INTERACTIVE
QUESTIONS AS A LEARNING TOOL IN THE MEDICAL NEUROSCIENCES.
J. B. Gelderd1*, M. Davis2 and J. E. Quarles1 . 1Dept. of Human Anatomy &
Med. Neurobiology and 2Dept. of Medical Physiology, Texas A&M University
System Health Science Center; College Station, TX 77843-1114.
Many neuroscience course websites have appeared on the Internet in recent
years.
Some of these websites contain course material that can be
downloaded and/or contain sample test questions. We report here on
internally developed software, currently in use in our Neuroscience course,
that provides both interactive, case-based questions as well as timed
questions to simulate a laboratory exam. The tests are accessible over the
Internet from any computing platform with a browser supporting HTML,
graphics and JavaScript 1.1. All questions, answers and images for the tests
are stored in a relational database on the webserver; database records are
accessed using embedded HTML instructions transparent to the student.
The case-based questions are designed to help students develop a
standardized approach to problem solving and are presented in a format
similar to the USMLE exam. Each clinical case provides the student with an
initial scenario, which includes patient symptoms. These remain on screen
while the student scrolls through a series of multiple choice questions and
illustrations pertaining to the case. Immediate feedback is provided for both
correct and incorrect answers, mandating that each question be answered
correctly, and in order. The final question in the series provides the student
with a set of illustrations depicting possible lesion sites in the neuraxis.
The second format provides pretest practice for students by simulating the
type of timed questions asked on laboratory exams. In this format, they must
answer a series of 2-4 questions pertaining to an illustration within a 2-minute
time period. Current plans are to expand both the format and the variety of
questions to help reduce lecture time and encourage the students to engage in
independent, self directed learning.
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A COURSE IN COGNITIVE NEUROSCIENCE FOR PSYCHIATRIC
RESIDENTS
R. D. Lane1*, R. L. Potter1. ‘Department of Psychiatry, University of Arizona,
Tucson, AZ 85724.
The literature on the functional neuroanatomy of psychiatric disorders is growing
and is certain to expand in the future. To prepare psychiatric residents for the
inevitable transformation in how psychiatric disorders are conceptualized and
treated, a course in cognitive neuroscience has been created at the University of
Arizona. The primary goal of the course is to enable residents to thoughtfully read
the functional neuroimaging literature in psychiatry. To do so they need a solid
grounding in neuroanatomy, functional neuroimaging techniques and cognitive
neuroscience before attempting to understand the neuroanatomical basis of
psychiatric disorders.
The course consists of 35 1-hour sessions presented at approximately
weekly intervals. The course is taught in four parts. Part I consists of a 6-session
review of neuroanatomical systems taught by visiting faculty from the Department of
Neuroanatomy. Part II is a 5-session review of functional neuroimaging techniques,
particularly positron emission tomography and. functional magnetic resonance
imaging, taught by psychiatry faculty. Part III consists of 14 sessions covering topics
in cognitive neuroscience such as memory, attention, emotion, language, perception
and consciousness. A very readable textbook entitled Cognitive Neuroscience by
Gazzaniga et al. is the primary source of readings for this section. Discussions in this
section are supervised by faculty in the Department of Psychology who are experts in
the topic under discussion. Part IV consists of 10 sessions in which seminal papers
on the functional neuroanatomy of depression, PTSD, OCD, panic disorder and
schizophrenia are reviewed. Psychiatry faculty members oversee the discussion in
this section. Residents take turns presenting the material in Parts III and IV. Resident
response has been enthusiastic, in part because they appreciate the future, if not
immediate, clinical relevance of the material.

NEURONAL SYNAPSES-A CLINICAL APPLICATION USING PET
THERAPY. P.B. Hernandez*. Biology Dept ; Abilene, TX 79699.
The objective of this presentation is to convey a basic understanding of the
nervous system and a stroke, and to demonstrate how pet therapy facilitates
rehabilitation of stroke patients. Discussion concerning the function and
importance of the brain is stimulated by considering why we should wear bike
helmets. Then we consider how the brain communicates with the spinal cord
and muscles via synapses. To evaluate their comprehension of these concepts,
we simulate what happens when a bug touches one’s leg. We trace the
neuronal sensory and motor routes on an outlined body. Afterwards, we trace a
student’s body on butcher paper. The students receive neuronal name tags and
stand at the appropriate position on the body. They simulate synapses by
passing a “pop-ice” neurotransmitter. A plastinated human brain (with visible
blood vessels) was passed around. A stroke is explained, and they are also
informed of its warning signs.
The students then pretend they have had a stroke, and participate in pet
therapy. When the animal is on the grooming table, the patient may be
working on sitting/standing balance, endurance, and range of motion by
brushing the animal. They may also determine the patient’s cognition (where
are the ears?). When the animal is retrieving or catching the ball, the patient is
focusing on standing balance and endurance, range of motion, and memory.
Throwing a ball challenges their balance and memory-there is a shift in
equilibrium and must give the animal 3-4 commands in the correct sequence.
For speech therapy, the patient blows bubbles which the animal bursts. With a
leash, animals may walk alongside the patient’s wheelchair or walker to
improve their endurance. Pet therapy provides an interactive way of conveying
the importance of the nervous system.
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SONA AND THE PROMOTION OF RESEARCH AND
TEACHING OF NEUROSCIENCE IN AFRICA
N.B. Patel, A. G. Diop, W. Daniels, M.J. Zigmond, R.N.
Kalaria.* SONA Secretariat, Department of Medical Physiology,
University of Nairobi, P. O. Box 30197, Nairobi, Kenya;
SONA (Society for Neuroscientists of Africa) was officially
formed after its inaugural meeting in 1993 in Nairobi, Kenya.
SONA, registered as a charity organisation, began from a
series of IBRO-UNESCO sponsored workshops to promote
research and teaching of neuroscience in Africa. One of its
principal activities includes hosting the biennial meetings. Since
the inaugural meeting in 1993 SONA has brought together
African and non-African neuroscientists at three subsequent
meetings in other comers of Africa: Marrakech, Morocco 1995;
Cape Town, South Africa 1997 and Dakar, Senegal 1999. As
we enter the next millennium SONA plans for future meetings
involving modern neuroscience as well as instructing
neuroscientists in communication survival skills. Under a
recently IBRO directed initiative, SONA will also establish
neuroscience schools or workshops to enhance its educational
and research programmes. SONA advertises its activities via
the SONA NEWSLETTER published twice a year and the
SONA website http://members.tripod.com/~SONA_home/
Supported by IBRO, UNESCO, SFN (USA).

TEACHING AN INTEGRATED, MULTIDISCIPLINARY HUMAN NERVOUS
SYSTEM COURSE IN A NEW MEDICAL COLLEGE IN THE MIDDLE
EAST: A CHALLENGING EXPERIENCE. A, A. Khan1*, M. Lagopoulos2 & O.
Habbal2. Departments of Clinical Physiology’ and Clinical Anatomy2, College of
Medicine, Sultan Qaboos University, Muscat, 123. Sultanate of Oman.
The College of Medicine at Sultan Qaboos University conducts a seven-year MD
program that follows the semester calendar. The College has opted for the credit
system that makes designing of an integrated, multidisciplinary course a very difficult
proposition. The human nervous system course is no exception to that. We find it
extremely troublesome to tailor make a course to fit-in the precise requirements for
credit allocation, especially when one tries to develop an integrated course, based on
input from different departments. Often our scientific naivete and at times our
territorial loyalties to our respective subjects prevent us from developing a truly
integrated approach. In such situations we are forced to settle for a mere juxtaposition
of different topics. This tends to create a bias for one or more components in the
course at the cost of other disciplines: The aim of the course is to guide students to
understand the brain and the disorders afflicting the nervous system. The course
includes neuroanatomy, neurophysiology, neuropharmacology, neurology, psychiatry
and neuroradiology. This course runs over 15 weeks and has three clinical case
presentations. Each week has four lectures, two practical classes and four tutorials.
The assessment of the students is in two parts. The in-course assessments contribute
40% to the total marks; the final examination carries 60% of the total marks. Because
of the relative weighting of different components the students tend to ignore the
subjects that contribute less credit hours.
There are two important problems
encountered in the course. Firstly, poor knowledge of the English language hampers
the comprehension of the subject matter. Secondly, less efforts to analyze and
synthesize the given information. Instead students tend to memorize information. It
is felt that in its present form the course is top long and too detailed. We are in the
process of re-designing the course in the light of our present experience.
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ENRICHMENT OF THE "NERVOUS SYSTEM BLOCK" BY CLINICAL ORIENATION
COURSES AND COLLECTIVE PROBLEM SOLVING BY BIO-SYCHO-SOC1AL
APPROACH: A MODEL FOR EARLY VERTICAL INTEGRATION IN HUMANISTIC
MEDICAL CURRICULUM.
G.O. Peker1*, M. Baka2, A. Qertug3, Y. Er§ahin4, H. Hanci5.
H. Co$kunol6, M. Zileli4, Y. Kirazli7, T. Tagci1, I. Durak8, and §. Pdgiin'.
Ege University
School of Medicine, Departments of 'Physiology, 2Histology-Embryology, 3 AnaesthesiologyReanimation, '’Neurosurgery, 5Forensic Medicine, 6Psychiatry, and 7Physical TherapyRehabilitation, and8Office of Medical Education, Bomova, 35100 Izmir, TURKEY.
Organ system-based, horizontally integrated, and lecture-centred basic science curriculum
has been in practice for the last 10 years in a classroom environment to a student body of 150450. Students, graduates, basic and clinical science faculty have not been satisfied despite the
considerably high scores of the graduates in the central national placement for residency and
graduate training exams. Education is based on passive rote learning instead of self-directed
conceptual and problem oriented methodology. There has been no real vertical integration.
We aimed to design a moderately innovative and least resistance liable curriculum at no
additional cost, to accommodate large classes and to promote collective problem solving
attitude in classroom environment. Nervous system block was chosen as pilot. 1)
Macroanalysis of the current curriculum for betterment of horizontal integration between
basic sciences, 2) training of faculty for promotion of concept mapping in lectures. 3)
inclusion of practical, video viewing, case studies, demonstration of diagnostic approaches
and clinical interventions at all neuroscience related clinics, and 4) presentation of a
moderately morbid car accident scenario where the patient and his family was followed in the
acute, sub-acute and chronic phases and also retrospectively in interest of Preventive
Community Medicine and Psychiatry. Main focus was on conceptual acquisition and
reinforcement of all relevant basic science topics. Evoking awareness in critical reasoning,
communication skills, attitudes, ethics, public health issues, quality concepts in health
education, service and research and an early orientation to clinical neurosciences was also
prospected. Students responded fairly by improved classroom and lab course attendance and
scholastic achievement (30% higher scores than previous years’ on end-block exam and
clinical orientation quizzes) and by providing encouraging feedback on the questionnaires.
Feedback from students and faculty indicated revision for better timing, reduced passive
lecture hours and vigorous encouragement of student participation in problem solving.

PRODUCING COURSE-SPECIFIC INSTRUCTIONAL MEDIA ON CD-ROM
M.E. Kelker, S.E. Peckins, K.R. Herbert, L.A. Polowczuk, M.E. Bono, & J.T.
Cannon*. Department of Psychology and Neuroscience Program, University of

104.75

104.76

EVALUATION OF THE MULTIMEDIA TEACHING SOFTWARE ‘SIMNERV’: K. Voigt A Klatt and H. A Braun*. Institute of Physiology, University of
Marburg, D-35037 Marburg, Germany.
155 medical students who took part in trials of the multimedia simulation 'SimNerv1 (Thieme Publ.) were asked to anonymously answer a questionnaire regarding
user-friendlmess and acceptance of the program, effect on learning, preference
between simulation and real experiment and other topics. ‘Sim-Nerv’ was part of a
practical physiology course which included 11 other experiments covering all major
areas of physiology'. The ‘Sim-Nerv’ trial was held towards the end of the course
‘when the students had already' done most of the other experiments.
Questions about user-friendliness revealed that the structure of the experiment
was found to be very comprehensible and that use of the virtual machines did not
cause any difficulties. In comparison to the real experiment, most of the students
assumed that they may even have learned more using ‘Sim-Nerv’. Excellent
positive results (>80%) were also obtained when ‘Sim-Nerv’ was compared to
other training experiments. This is the more remarkable considering that nerve
physiology usually does not belong to the students favorite topics and that ‘SimNerv’, in this course, had to compete with clinically very important exercises (EEG,
ECG, blood plasma analysis etc.) performed in very well equipped labs.
The students also were asked if they thought multimedia simulations in general
could be an alternative to experiments carried out on organ preparations. This was
asked prior to using ‘Sim-Nerv’ revealing an already positive rating. Nevertheless,
when the students were asked again following the ‘Sim-Nerv’ experiment there was
an additional, statistically highly significant shift (t-test: p = 3.48 x IO10) toward
still more positive values. The majority found it interesting to work with this multimedia program and they felt that it helped to increase their understanding of nerve
physiology. According to student’s positive opinion of ‘Sim-Nerv’ they expressed
an obvious interest in the development and use of further simulation programs.
Supported by a Medical Faculty Grant of the University of Marburg.

THE ASSESSMENT OF NEUROLOGICAL INTERVENTIONS BY THE CANADIAN
COORDINATING OFFICE FOR HEALTH TECHNOLOGY ASSESSMENT. L.
McGahan,* A. Hall, and J. Sanders. Canadian Coordinating Office for Health
Technology Assessment (CCOHTA), Ottawa, Ontario, Canada, K2C 3V4.
The Canadian Coordinating Office for Health Technology Assessment (CCOHTA),
facilitates information exchange, resource pooling and coordination of the assessment of
health care technologies of national concern. Health technology assessment is the
process of evaluating medical technologies and their use. Pressure for the introduction of
novel interventions abounds, perplexing decision makers who are forced to do more with
fewer resources than ever before. Adoption of inadequately assessed novel technology is
of great concern to health care managers. Providing policy makers with timely, relevant
information can facilitate their ability to predict the potential impact of new technologies,
provide the evidence needed to support or reject their implementation, and plan for the
adoption and diffusion of technology.
The assessment of health technology includes information regarding cost and
utilization; studies on effectiveness; cost-effectiveness and quality of life; and discussion
of social and ethical issues. Since establishment by the Ministers of Health in 1989,
CCOHTA’s assessments of neurological interventions include a comparison of drug
treatments for multiple sclerosis; a review of therapies for attention-deficit disorder;
clinical and cost-effectiveness of selective serotonin reuptake inhibitor treatment of
depression; effectiveness of transcutaneous electrical nerve stimulation and pain
management; meta-analysis and economic evaluation of Sumatriptan treatment for acute
migraine; economic analysis of Tacrine treatment for Alzheimer’s disease; and
pharmacoeconomic evaluation of Clozapine and Risperidone treatment for
Schizophrenia, as posted on the CCOHTA web site (http://www.ccohta.ca).
CCOHTA’s assessments of neurological interventions provide policy makers with the
information necessary to make informed decisions regarding the implementation and
diffusion of new technologies and their potential impact on the health care system.
CCOHTA is a non-profit corporation funded by the federal/provincial/territorial
governments.

104.77
THE HUMANIZING BRAIN: WHERE RELIGION AND NEUROSCIENCE

A SUPPLEMENTAL READING. R. B. Glassman.* Dept. of
Psychology, Lake Forest Col., Lake Forest, IL 60045-2399.
Top-down conjectures about parts and processes, from observations of
larger phenomena, are a vital aspect of science, but scientists often tend
toward deification of established conceptions of parts, and worship atomism
excessively. To avoid stultification, neuroscience teachers should regularly
look to broad human considerations. The Humanizing Brain (Pilgrim Press,
1997) is by two theologians, James Ashbrook and Carol Albright, who, in
reviewing a good deal of modern neuroscience, are informed and competent.
They address a modern dilemma: Advances in science during the past three
“Enlightenment centuries” have associated much doubt with religious
mythologies, yet religions continue to carry wisdoms for living and are
frequently a good source of orientation in human lives. “Beginning with
Descartes in the early seventeenth century, the Baconian tradition of science
- with its drive for prediction and control - shoved aside awe and wonder.
Pieces swallowed up the whole. The simple strangled the complex (p. xv).” I
use THB as the basis for three discussions, appended to three of the shorter
laboratory sessions in my undergraduate course Neuroscience and
Behavior. (The main text is Bear, Connors, & Paradiso’s Neuroscience).
For example a discussion of the THB chapter on the upper brain stem and
attention follows our lab on EEG and sleep in humans. (Two other THB
chapters: “Toward a Neurobiology of Meaning,” “The Frontal Lobes, and a
Purposeful God.”) One of my short-paper assignments requires a critical
commentary on one chapter of THB, after the student looks up two of the
cited sources and reviews a relevant chapter of the Bear, et al. text. THBs
main purpose is to educate religious people while illustrating that the
discovery of areas of potential accommodation is more interesting than
simplistic oppositional dialectics. For the same reason, the book may be
read by students of neuroscience.
MEET:
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We have developed Web-based instructional materials to enhance the lecture and
laboratory components of our Behavioral Neuroscience course (e.g., The Sheep
Brain Dissection Guide; http://academic.uofs.edu/department/psych/sheep/ and The
Human Brain Tutorial; http://academic.uofs.edu/department/psych/human/. These
Web-based programs utilize still images. Full motion video has substantial
advantages for many instructional applications, for example: presenting threedimensional objects or demonstrating sequential events. With multimedia PCs
becoming the standard in educational settings and the recent availability of low cost
technology to produce CD-ROMs, instructors now have the ability to author their
own multimedia software and provide them to students at nominal fees of $2-5.
Our CD-ROM tutorials are authored in HTML and combine text, graphics, still
images, and videos. They run on PC or MAC machines (PC minimum: Pentium
75MHz, 32MB RAM, 6x CD-ROM or equivalent MAC platform) with a JavaScript
enabled web browser and QuickTime 3 or above. To allow use on relatively lowend multimedia machines, most videos are 280 x 210 24-bit color at 30 fps
compressed using Sorenson Video and Qualcomm PureVoice codecs. For video
capture and editing we use Adobe Premier 5 on a 400MHz Pentium II with 128 MB
RAM and a TARGA 2000 digital video capture board. Video is provided by several
composite sources. CD-ROMs are produced by a Hewlett-Packard CD-Writer.
Our video clips cover such topics as: sectioning with freezing and paraffin
microtomes, histological staining, operation of a microscope, microscopic
examination of neural tissue with a variety of stains, stereotaxic surgery, and
microdissection of invertebrate neural tissue including the intracellular placement of
microelectrodes. Also included are the Sheep Brain Dissection Guide and The
Human Brain Tutorial, enabling the use of these resources without Internet access.
We are making our video clips available for free download at:
http://academic.uofs.edu/department/neuro/vidlib/. As the use of this technology
spreads, we plan to add links to additional WWW resources. Partial funding for
this project was provided by NSF grant USE-9250437 and an internal Teaching
Enhancement grant awarded to JTC.
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SYMPOSIUM. OF VOLTAGE-DEPENDENT CALCIUM CHANNELS,
MIGRAINES, MUTATIONS AND MICE. M.W. McEnerv. Case Western
Reserve Univ., Cleveland, OH (Chairperson); R.R. Frants. Leiden Univ.
Med. Center, Leiden, The Netherlands; E. Perez-Reves. Loyola Univ.
Medical Cntr; Maywood, IL A.C. Dolphin. Univ. College London, England;
C.F, Fletcher. NCI-Frederick Cancer Res. Dev. Cntr. Frederick, MD
Structural alterations in voltage-dependent calcium channel (VDCC)
subunits underlie ataxias and epilepsy in mice and several human genetic
diseases. A variety of experimental systems will be presented in this
symposium which probe potential causal relationships between the altered
VDCC subunit and an abnormal phenotype. Maureen W. McEnery will
introduce the structure and diversity of the individual subunit families and
present evidence for plasticity in the expression of VDCC subunit isoforms.
The role of VDCC in human neurological diseases will be presented by
Rune R. Frants who will discuss the identification of different mutations in
the a1A gene that lead to three different inherited human disorders. Lowvoltage activated T-type VDCC have been implicated in various forms of
human and rodent epilepsies. Ed Perez-Reyes will discuss the cloning,
expression and distribution of the members of the T-type family of VDCC
(a1G, a1H, all). The multisubunit composition of VDCC suggests altered
protein structure may lead to defects in assembly and trafficking. Annette
C. Dolphin will speak on the roles of VDCC accessory subunits a2/delta
and different beta isoforms (pl-|34) in modifying the trafficking of the a1A
and a1B in non-polarized and polarized cell lines. Naturally occurring and
engineered mouse models of neurological diseases and epilepsies are a
valuable resource to explore the pathology of human diseases. Colin F.
Fletcher will discuss the genetic analysis of spontaneous and targeted
alterations of mouse VDCC subunits.

SYMPOSIUM.
NEURAL
SUBSTRATES
OF
STIMULUS-REWARD
ASSOCIATIONS IN NONHUMAN PRIMATE. Trevor Robbins. Cambridge
University, England; Angela Roberts, Cambridge University, England; Elisabeth
Murray, NIMH; Wolfram Schultz, University of Fribourg, Switzerland; Barry J.
Richmond, NIMH (Chairperson).
For meaningful behavior to occur, the signals related to sensory stimuli must
undergo a change from carrying information about the identity of a stimulus, i.e.,
what stimulus is present, to carrying information about its significance i.e., what the
stimulus predicts about future conditions. Important new information has been
obtained about stimulus-stimulus and stimulus-reward associations in the nonhuman
primates, providing new behavioral and neuronal correlates.
Trevor Robbins will review the current understanding of the neuroanatomical
and neurochemical substrates of drug abuse in rats and humans to set the context for
studies of stimulus-reward learning mechanisms in nonhuman primates that will be
presented in this symposium. Angela Roberts will present evidence that the orbital
and medial prefrontal cortex play different, but complementary, roles in affective
processing, possibly dependent upon the nature of the associations governing
behavior. Elisabeth Murray will relate findings on stimulus-stimulus association and
stimulus-reward association learning to the roles of medial temporal lobe structures in
primate memory, with an emphasis on the dissociable roles of perirhinal cortex and
amygdala in these processes. Wolfram Schultz will describe how dopamine neurons
code an error in reward prediction and respond to attention-grabbing stimuli, and how
striatal neurons associate stimuli with reward expectations to generate task-related
activity before reward is attained. Barry Richmond will describe work showing that
neurons in both the ventral striatum and perirhinal cortex have signals coding
progress through predictable schedules of trials leading to reinforcement, thus
showing that the responses not only anticipate reward, but encode more complex
predictive relations.

VISUAL CORTEX: EXTRASTRIATE—MOTION PROCESSING
109.1

109.2

RETINOTOPY IN THE HUMAN MT COMPLEX
R.F. Dougherty, R.M. Khan, W.A. Press, A.R. Wade, H.A. Baseler*, D.J. Heeger,
B.A Wandell. Dept. of Psychology, Stanford University, Stanford, CA 94305

FUNCTIONALLY DISTINCT MOTION AREAS IN HUMAN VISUAL
CORTEX R, M. Khan1, R. F. Dougherty1, B. A. Wandell1, W. T. Newsome23*, D. J.
Heeger1.
of Psychology, Stanford University; 2Howard Hughes Medical
Institute; 3Dept. of Neurobioiogy, Stanford University.
PURPOSE: To identify and characterize distinct subregions within a motion selective
region of the human brain (human MT complex, hMT+). BACKGROUND: In
monkeys, area MT is more clearly retinotopic than area MST and a higher proportion
of peripheral MST than MT neurons respond to ipsilateral stimulation. MST, but not
MT, receives extra-retinal inputs concerning pursuit eye movements. MST, but not
MT, neurons are selectively responsive to large field optic flow stimuli. METHODS:
We designed 4 functional magnetic resonance imaging (fMRI) experiments based on
these distinctions in monkeys. 1) Retinotopy (see Dougherty et al., SFN 99). 2)
Ipsilateral stimulation: Stimuli alternated between moving and stationary dots,
restricted to a peripheral sector (>15°) of the visual field near the horizontal meridian
(<30°). 3) Smooth pursuit: The stimulus was a single pursuit target in the dark that was
alternately moving and stationary. 4) Optic flow: We compared the responses to
radially-moving and randomly-moving dots. RESULTS: One area, putative human
MT (hMTa), was clearly retinotopic but did not respond to ipsilateral stimulation. A
second area, hMTb, directly anterior to hMTa, exhibited weak or no retinotopy but
responded strongly to ipsilateral stimulation. A third area, hMTc, further anterior
(separated from hMTb by approx. 12 mm and located in a different sulcus), exhibited
some retinotopy for contralateral stimulation and responded strongly to ipsilateral
stimulation. hMTa responded much more strongly to retinal motion than to pursuit.
Responses in hMTb and hMTc were nearly equal for retinal motion and pursuit. Area
hMTc responded significantly more to radial than to random motion. No differences
were observed in areas hMTa and hMTb to radial and random motion.
CONCLUSIONS: Human MT complex can be divided into at least 2 subregions that
may be homologous to monkey MT and MST. A third area, anterior to hMT+, might
be homologous to monkey MST or to STPa.__________________________________
Supported by NIH EY11794, NIH EY01364, & HHMI

The human MT complex (MT+) is located bilaterally on the lateral aspect of the
occipital lobes. This cortical region responds preferentially to moving compared to
static stimuli and is easily identified in functional MRI (fMRI) studies. Region
MT+ is thought to comprise several distinct visual areas, including homologues to
monkey MT, MSTd, and MST1. Here we report that it is possible to subdivide the
MT+ region into two parts based on retinotopic mapping.
MT+ was first identified in four human observers using white dots on a black
background that alternated between stationary and radial motion displays.
Retinotopic organization was measured using several different stimuli, including
rotating wedges and expanding rings, composed of either moving dots or highcontrast flickering checkerboards. FMRI measurements were made using a 1,5T
GE Signa (TR=2-3s, TE=40ms, spiral acquisition). Eight to sixteen planes were
acquired at various spatial resolutions (ranging from lxl mm to 3x3 mm inplane)
and orientations.
Retinotopic organization was present within a 2.5 cm? area that covered roughly
half of the MT+ region. Retinotopic organization was apparent in all four subjects,
and all subjects showed the clearest retinotopy in the right hemisphere.
The retinotopic region within human MT+ is likely to be the homologue of visual
area MT (V5) in monkey because this area exhibits the clearest retinotopy of the
various motion-selective areas in the monkey. In addition, the functional
specialization of this retinotopic area, as shown by R.M. Khan, et al (SFN99), is
consistent with this claim. The discovery of this sub-division of MT+ makes it
possible to study stimulus selectivity in separate portions of the human MT
complex, removing a confound present in previous studies of this region.
Supported by NEI ROI EY03164, EY11794 and the McKnight Foundation.

109.3

109.4

FMRI CORRELATES OF PURSUIT EYE MOVEMENTS: EFFECTS OF
TARGET AND BACKGROUND MOTION. M.W, Greenlee*, H. Kimmig,
T. Mergner Dept. Neurology, 79106 Freiburg, Germany
The cortical areas activated by smooth pursuit eye movements were studied with
functional magnetic resonance imaging (fMRI). We investigated the effects of target
and background motion on pursuit-related cortical activity, especially in area V5/V5A
in 8 subjects. Eye movements were measured with an infrared light reflection
technique with a fiber optic system (Kimmig et al., Exp. Brain Res., 1999). Echoplanar data were obtained with a 1.5 T Siemens Vision scanner (16-24 planes,
128x128 2-mm-voxels). Visual stimuli were created on a VSG graphics board and
shown in back-projection with an LCD-projector. We compared fixation periods
(OFF) with activation periods (ON) of 30 s duration. The stimulus consisted of
sinusoidal movements along the horizontal plane (peak velocity 20 deg/s; frequency
0.3 Hz, amplitude +-10 deg). In a first experiment (i) a red target dot moved across a
stationary random dot background, (ii) the target and background moved together, (iii)
the target remained stationary while the background moved. The subjects’ task was to
pursue or fixate the target dot. In a control experiment the background was replaced by
a second dot. We monitored the subjects’ attention by requiring them to press a button
each time the target dot was dimmed. We found activation in the primary visual cortex
VI, in the motion sensitive area V5/V5A, in parietal cortex (area 7), the precuneus,
and little activation in the frontal eye fields (area 6) and the supplementary eye fields.
Dot motion with pursuit as well as background motion with fixation yielded similar
activation of area V5/V5A. The activation in V5/V5A was strongest when, during
pursuit, target and background moved together. Pursuit of the moving dot with a
stationary dot in the background resulted in some activation, whereas fixation of the
stationary dot while the other one moved led no activation in V5/V5A The subjects’
attention did not substantially alter the results. We conclude that retinal and
extraretinal information activates area V5/V5A. Support: Sander Stiff, DFG (Gr988).

CEREBRAL REGIONS PROCESSING KINETIC BOUNDARY
MOTION. P. Dupont2*, Gy Sary1, L, Mortelmans2 and G.A, Orban1. ’Lab.
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Neuro- en Psychofysiologie, KULeuven, Medical School, Campus GHB,
UZ GHB, Dept. Nuclear Medicine, PET Center, B-3000 Leuven, Belgium.
While it has been clearly established that the kinetic occipital (KO) region
is involved in processing static kinetic contours (Orban et al., PNAS 1995;
Dupont et al. Cereb. Cort. 1997; Van Oostende et al. Cereb. Cort. 1997), little
is known about regions of the human brain processing motion of kinetic
contours. Last year we (Dupont et al., Soc. Neurosci. Abstr. 1998) reported
that none of the areas involved in processing first or second order motion,
responded to kinetic motion. Since we suspected that this might reflect the
difference in saliency of the different types of motion and since it is well
established that attention can increase motion signals, we compared opposed
direction discrimination for kinetic contours to a dimming detection control
condition. In fact we used a factorial design, by introducing the same tasks
for first-order stimuli. Saliency was equated by introducing static noise and
adjusting the S/N ratio for equal performance. There was little interaction
between the two factors stimulus type and task. The opposite direction
discrimination task compared to the control detection task (main effect)
activated MT/V5+ and occipito-parietal regions lateral of the IPS in the right
hemisphere. In the left hemisphere dorsal IPS regions as well as posterolateral occipital regions were active. In many of the more dorsal visual areas
the dimming condition in which the stimulus was present did produce as little
activity as a fixation control in which no stimulus was present. The only main
effect of stimulus type was a larger activation of VI/V2 with kinetic than
luminance borders, presumably reflecting the much larger amount of noise
present in the luminance stimulus. These results show that kinetic boundary
signals are processed in the same network as luminance motion; but the exact
configuration of the network depends on the task.
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109.5

109.6

MICROSTIMULATION OF AREA MT: AN EFFECT ON A MEMORY
FOR MOTION TASK. J.W. Bisley* and T. Pasternak, Dept. Neurobiology
& Anatomy and Center for Visual Science, University of Rochester.
Rochester, NY 14642.
Neurons in area MT have been shown to play a role in the integration of
local motion signals. Recent lesion studies have provided evidence for an
involvement of MT in motion integration and short-term storage of
motion direction (Rudolph & Pasternak, 1999; Bisley & Pasternak, ARVO
1999). In this study we used electrical stimulation of physiologically
identified sites in MT to examine their roles in the performance of a
match-to-sample task. During the task monkeys viewed two random-dot
fields, sample and test, separated by a delay of 1.5 sec. The sample was a
field of random dots moving within a 250° range of directions; on each
trial the mean direction was randomly selected from a set of 4. The dots in
the test stimulus moved coherently in the direction that was the same or
opposite to that of the sample. Stimulation was applied randomly on one
quarter of the trials for 500 msec, either during the sample (to test the
encoding process), or during the delay (to test storage). Stimulation during
either the sample or the delay drastically degraded performance, but only
for a subset of the 4 directions tested. It remains to be determined whether
this directionally selective effect of stimulation results from injecting noise
into retinotopic locations within MT or it was produced by masking due to
the increased activity within the stimulated directional column. These data
are consistent with a view that MT not only plays a role in integration of
directional information from non-coherent random-dot fields but it may
also be involved in the short-term storage of this information.
Supported by EYl 1749 and P30EY01319.

EVENT-RELATED FMRI OF SHORT-TERM MEMORY OF MOVING OBJECTS
REVEALS ENCODING- AND DELAY-SPECIFIC SUBCOMPONENTS IN THE
HUMAN MOTION COMPLEX . R. Goebel’L. Muckli1, F. E. Zanella-, W. Singer'
'Max Planck Institute for Brain Research, D-60528 Frankfurt. -Dept. of
Neuroradiology, Johann Wolfgang Goethe-Universitat, D-60528 Frankfurt.
Various aspects of visual short-term memory including memory for spatial positions
and objects have been investigated in imaging studies. In this study we used eventrelated fMRI to investigate the cortical network involved in the active maintenance of
moving objects and to distinguish it from the cortical network involved in spatial
short-term memory. Eight subjects viewed a display of one or two moving squares
(encoding phase). After two seconds the squares disappeared for a random interval of
6-10 seconds (delay phase) and then reappeared for two seconds (test/response
phase). In separate runs, subjects were asked either to memorize the positions where
the squares disappeared (location maintenance condition) or to mentally track the
motion pathway of the hidden squares (motion maintenance condition). This design
allowed us to use the same stimulus configurations during the encoding phase of the
two main conditions. Performance was verified through presenting the squares in the
test/response phase at the respective expected (match trials) or slightly displaced
positions (non-match trials). Prior to scanning, subjects were trained to perform the
task while fixating. The variation of the maintenance interval on a trial-by-trial basis
ensured that subjects relied on a „mental tracking'1 strategy.
FMRI was performed at 1.5T using a gradient echo EPI sequence (TR/TE^
2000/66ms; FOV=210x210mm2; 64x64 matrix; 12 slices; slice thickness=6mm; gap
size=1.2mm). During the encoding phase, the strongest increase in signal intensity
was observed in the human motion complex (hMT+/V5). The cortical network
observed during the delay period of the motion maintenance condition was similar to
the network described by Goebel et al. (1998) for motion imagery as well as to the
network described by Culham et al. (1998) for attentive tracking of visible objects
and includes a strong signal increase in the superior parietal lobule, the frontal eye
fields (FEF) and prefrontal areas. Several regions in the superior parietal lobe as well
as in the human motion complex responded significantly stronger during motion
maintenance than during location maintenance. In addition, we observed a highly
consistent separation of hMT+/V5 within and between hemispheres into encoding
and delay-specific subcomponents. Supported by the Max-Planck-Gesellschaft.

109.7

109.8

SEPARATE PROCESSING OF 1st AND 2nd ORDER MOTION IN HUMAN BRAIN. M,

REPRESENTATION OF FIGURE AND GROUND IN PRIMATE VISUAL
AREA MT. R.T. Bom1*, R.Zhao1, S.J. Lukasweycz1, and J.M. Groh2. 'Dept.
Neurobiol., Harvard Med. Sch., Boston, MA 02115; 2Cog. Neurosci. and Psychol.,
Dartmouth, Hanover, NH 03755
Visual motion cues are important for distinguishing objects from the background.
Center-surround interactions within the receptive fields of neurons in the middle
temporal visual area (MT or V5) provide a potential neural substrate for this figureground discrimination. To test this possibility we compared the effects of
microstimulation within MT and actual background motion on the initiation of
smooth pursuit to a moving visual target.
In the microstimulation experiments, we applied brief (-200 ms) trains of biphasic
current pulses to physiologically characterized sites within MT. We found that the
effects of microstimulation depended on the center-surround properties of the site:
stimulation at sites selective for local motion usually shifted smooth pursuit in the
preferred direction of the neurons at the site, whereas stimulation at sites responsive
to wide-field motion tended to shift pursuit in the opposite direction. We
hypothesized that activating these wide-field sites mimicked background motion
thus inducing an illusion of target motion in the opposite direction.
To test this, we examined the effects of motion of a random dot background on the
same task. These experiments were formally identical to the microstimulation
experiments, except that a 200 ms period of background motion was substituted for
the period of microstimulation. We found that background motion reliably shifted
pursuit initiation in the direction opposite to that of the background.
Thus the effect of real background motion on pursuit initiation was similar to that
observed for microstimulation at wide-field motion sites within MT. This supports
the notion that center-surround properties serve as a neural substrate for segregating
the motion of a figure against a background.
Supported by EYl 1379 to RTB; Sackler to RZ; McKnight, ONR YIP to JMG

109.9
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RESPONSES OF SINGLE MT NEURONS TO ANTI-CORRELATED
STEREOGRAMS IN THE AWAKE MACAQUE. K, Kruq, B.G. Cumming and

PERCEPTUAL SWITCHES EVOKED BY A BISTABLE APPARENT MOTION
STIMULUS ARE REFLECTED IN THE FMRI SIGNAL TIME COURSE OF THE
HUMAN MOTION COMPLEX
L. Muckli*', N. Kriegeskorte1, H. Lanfermann2, F. E. Zanella2, W. Singer' and R.
Goebel'. 'Max Planck Institute for Brain Research, D-60528 Frankfurt, institute of
Neuroradiology, Frankfurt University, D-60528 Frankfurt.
When squares separated in space are turned on and off in alternation at
appropriate temporal intervals, subjects perceive a single square moving between the
two positions. This phenomenon, called apparent motion (Wertheimer, 1912), is
strongly dependent on stimulus parameters and has previously been shown to evoke a
BOLD response in the human motion complex (hMT+/V5) which is significantly
stronger than the response to appropriate flickering control conditions (Goebel et al.,
1998). With appropriate spatial and temporal parameters, an ambiguous stimulus
configuration can be defined which is perceived either as a moving square or as a pair
of stationary blinking squares (Anstis, 1985). In the present fMRI study, stimulus
parameters were adjusted for each subject in the scanner until switches between
apparent motion and blinking squares were reported. The stimulus parameters were
then fixed for the recording sessions during which subjects reported perceptual
switches by pressing one of two response buttons. The thus defined periods of
perception of apparent motion or blinking squares were used as the basis for a
multiple regression analysis of the BOLD signal time course
Functional magnetic resonance imaging was performed at 1.5T using an EPI
sequence (Siemens Magnetom Vision, 12 slices, 64x64 matrix, voxel size: 3.28 x
3.28 x 5 mm3, TR = 2000msec). Fixation was verified in the scanner using the Ober2
(Permobil) eye tracking system. Results of eight subjects indicate that Vl, V2, V3a,
posterior parietal cortex (PP), and frontal eye fields (FEF) respond with roughly equal
strength during both percepts whereas hMT+/V5 was significantly more active during
perception of apparent motion than during perception of blinking squares. Our results
show that hMT+/V5 participates in the constructive process that creates from
discontinuous visual input a continuous percept of the visual world.
Supported by the Max Planck Society.

Rizzo*, M, Nawrot. J, Dawson. Department of Neurology, University of Iowa, Iowa
City, IA 52242.
Motion perception may rely on two distinctly different cue types and motion
processing systems. 1st order motion involves displacement of luminance
boundaries, created when an object passes over a ground. 2nd order motion is
found in the absence of moving luminance boundaries and instead relies on local
changes in contrast or texture (Chubb & Sperling, PNAS, 86, 2985, 1989). To test
the hypothesis that 1st and 2nd order motion are processed separately in the human
brain, we studied 42 subjects with focal lesions in occipital lobe and adjacent
temporal and parietal areas. Lesion analyses used 3D MRI reconstruction
techniques. To assess motion perception, subjects were asked to indicate
direction of the motion in random dot cinematograms (RDC) that presented a
motion signal amid spatially random background noise. The 1 st order stimuli
resemble those used to test primates with area MT lesions and “motion blind”
subject LM (Brain 118:1105ff, 1995). The 2nd order stimuli relied on contrast
reversals in very dense RDCs to define movement. Motion perception thresholds
were calculated using probit analysis. Lesions associated with high thresholds on
motion tasks comprised a variety of locations. Correlation was low between
thresholds for 1st and 2nd order motion (Spearman r=.O77 at 3.3% and .020 at
11.1%, both non-significant) but was high for 1st order motion presented at the 2
different speeds (r=.776). Low correlation between 1st and 2nd order motion
perception thresholds following focal cerebral lesions is compatible with separate
processing of these two motion types. Results suggest that several areas in the
human brain process motion, but tiiese regions differ in processing 1st and 2nd
order motion cues. Supported by NIH PONS 19632

A.J. Parker. (SPON: British Neuroscience Association). University Laboratory
of Physiology, Parks Road, Oxford OX1 3PT, UK.
Area MT of the primate has recently been implicated in the perception of
stereoscopic depth. One line of evidence is the response of MT neurons to
random-dot structure-from-motion stimuli portraying rotating cylinders. The
direction of rotation of these cylinders can be rendered unambiguous by
adding a disparity. In the case of an ambiguous, zero-disparity cylinder, trialto-trial variation in firing of single MT neurons is correlated with the monkey's
report of the direction of rotation (positive choice probability).
We have now investigated the responses of MT neurons in the awake
behaving macaque to anticorrelated random-dot cylinders (made up of random
dots with opposite contrast signs in the two eyes), and anticorrelated randomdot stereograms. Under the conditions used, these stimuli do not give rise to
a coherent depth percept, despite producing disparity-selective responses in
V1 (Cumming and Parker, 1997).
Many MT neurons displayed disparity selectivity to anticorrelated
stereograms, similar to that shown in V1. Furthermore, more than half of the
MT ceils in our study systematically modulated their response to the disparity
of anticorrelated cylinders. In twelve neurons, we were also able to measure
the choice probability for correlated cylinders. Six of these cells were disparity
selective for the anticorrelated cylinder and yet showed a positive choice
probability for the correlated cylinder (mean = 0.77). The response to
anticorrelated stimuli suggests that the firing of single MT neurons is not
simply predictive of the animal’s perception of stereoscopic depth. The
demonstration of positive choice probabilities in single neurons nonetheless
clearly indicates some involvement in depth perception.
Supported by the Wellcome Trust.
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109.11

109.12

HUMAN CORTICAL REPRESENTATION FOR MOTION-DEFINED FLAT AND
CURVED SURFACES IN DEPTH. Y, Jiang12*, R, Parasuraman2, J.V. Haxbv'
‘Laboratory of Brain and Cognition, NIMH, NIH, Bethesda, MD 20892; Cognitive
Science Lab, The Catholic University of America, Washington DC 20064.
Motion information provides a powerful cue for identifying surfaces or objects.
Previous monkey single-unit studies have demonstrated the roles of dorsal and ventral
visual cortices in the perception of structure-from-motion. To identify the human
cortical representation of surfaces defined by motion, we used functional magnetic
resonance imaging (fMRI) to examine the neural responses mediating perception of
flat and curved surfaces depicted from motion. Six right-handed normal subjects were
imaged on a 1.5T scanner. They were required to maintain steady fixation at the
center of a screen while passively viewing either stationary sheets of dots or
coherently moving dot patterns (alternating every 18 seconds). There were two
motion conditions that generated two types of perception: (a) two “sandwich-like” flat
surfaces, and (b) “sphere-like” curved surfaces recovered from motion. Perception of
depth was present in both the flat and curved surface conditions. Ninety whole-brain
volumes, each consisting of twenty-two axial slices were acquired during each
functional sequences for every subject. Using multiple regression analysis, we found
many cortical areas in human visual pathways were activated by both the flat and
curved motion-defined surfaces as compared to stationary dots, especially in posterior
occipital, ventral temporal, human MT/V5 complex, superior temporal, and
intraparietal cortices. Moreover, curved surfaces activated a larger extent of cortex
than flat surfaces did in these areas. In addition, curved surfaces evoked stronger
activation in the above visual cortices. These fMRI results indicate that several
human cortical regions in the visual pathways are involved in the representation of
surfaces defined by motion. The representation of curved surfaces involves a larger
cortical extent with higher levels of activity than does the representation of flat
surfaces recovered by motion (Supported by NIH grant AG07569, and NIMH IRP).

Chromatic Motion Processing: A Comparison of Neuronal and Psychophysical
Performance A. Thiele*2, K.R. Dobkins3, T.D, Albright1,2. 'Howard Hughes Medical
Institute, 2Salk Institute for Biological Studies, La Jolla, CA 92037; 3Dept. of Psychology,
UCSD, La Jolla, CA 92093-0109
The mechanisms by which chromatically defined motion is processed and perceived, as
well as the underlying neural circuitry are poorly understood. To gain some insight into
these mechanisms we have previously determined the contribution of color to motion
processing in macaque area MT (Thiele et al. 1998, Soc. Neurosci. Abstr. 24:788.6) using
a paradigm that allows the sensitivity of motion detectors to heterochromatic stimuli
to be quantified relative to sensitivity to a luminance-defined standard (Cavanagh &
Anstis 1991, Vis. Res. 31:2109). The resulting metric was termed “equivalent
luminance contrast” or “EqLC”. The contribution of color to motion processing (the
EqLC) in MT was profound at low luminance contrast, matching a luminance defined
stimulus of ~6% contrast. However, it waned sharply as the contrast of the luminance
component was increased, a result contrary to human psychophysics, where color
contributes to motion processing largely independent of luminance contrast. Confronted
with this discrepancy we proposed: (1) chromatic motion processing in MT may be
substantially different when monkeys attend to the visual stimulus, (2) MT may not
be the substrate for chromatic motion processing revealed perceptually, or (3)
chromatic motion processing may be different in monkeys and humans.
We have now directly addressed these possibilities by recording neuronal activity from
directionally selective units in area MT while the psychophysical EqLC was simultaneously
obtained in 2 monkeys. In both monkeys psychophysical EqLC decreases as luminance
contrast increases, a finding consistent with the behavior of simultaneously recorded MT
neurons. Thus, chromatic motion processing in MT is similar whether or not monkeys
are required to attend to the visual stimulus. Moreover, the data show that the
behavior of MT neurons is sufficient to account for the psychophysically determined
monkey EqLC (even at low temporal [2 Hz] frequency). Additionally human and
monkey psychophysically determined EqLC functions differ, suggesting differences
in chromatic motion processing between the two species. Supported by Human
Frontier Science Program fellowship to AT.

109.13
SYNCHRONY IN CROSS-CORRELOGRAMS LINKED TO SPIKE
COUNT CORRELATION IN PAIRS OF NEURONS IN AREA MT

W. Bair*1, E. Zohary2, W.T. Newsome3. ‘HHMI & Center for Neural Science,
New York University, NY, NY 10003. department of Neurobioiogy, Institute
of Life Science, Hebrew University, Jerusalem, 91904, Israel, department of
Neurobioiogy, Stanford University School of Medicine, Stanford, CA, 94305.
The synchronized firing of action potentials in nearby neurons with similar properties is common in the visual system, from the retina to cortex, and
is manifested as a narrow centralized peak in spike train cross-correlograms
(CCGs). In data collected from pairs of neurons in area MT of macaque monkeys (Zohary et al. 1994, Nature 370:140-143), we found that correlated spike
count (computed from simultaneously recorded responses to nominally identical stimuli) during the two second behavioral epoch was largely accounted
for by the area of the central CCG peak, i.e. by spike synchrony, at a time
scale of tens of milliseconds. The empirical relationship between synchrony and
correlated spike count is consistent with two observations. (1) There is a mathematical relationship between the correlation coefficient of spike count and the
spike train CCG and auto-correlograms (ACGs). (2) Strong correlation within
and between spike trains was largely limited to a time scale of less than 100 ms
across the MT database. Because the time scale of correlation was much shorter
than the behavioral trial, we were able to apply a new, more efficient metric
for estimating spike count correlation that is based on the CCG and ACGs and
is likely to be of general use. On the other hand, because correlation was not
instantaneous, the measured value of spike count correlation will vary with the
duration of the counting period, increasing for longer periods and asymptoting
once the period exceeds the time scale of correlation. While spike synchrony is
recognized as a potentially useful mechanism to encode and transmit information about visual stimuli, spike count correlation is a hindrance in models which
seek to average out spike count variance by pooling across neurons. Our results
highlight the conflicting nature of the putative roles of synchronous discharge.
Supported by the Howard Hughes Medical Institute (HHMI).
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110.1

110.2

A SYSTEM OF INTRINSIC CONNECTIONS WITHIN LAYER 6 OF AREA
VI ORIGINATES FROM SOLITARY MEYNERT CELLS. K.S. Rockland* and
T. Knutson. Dept. ofNeurology, U. of Iowa, Iowa City, IA 52242.
Several systems of horizontal connections have been demonstrated in area
VI in macaques. In this report, we describe an additional system of widespread
intrinsic connections originating exclusively from the large solitary cells of
Meynert. Connections are anterogradely labeled by extracellular injections of
PHA-L, biocytin, or BDA, and analyzed by serial section reconstruction. Two
axon fields have so far been reconstructed in their entirety, and four others less
completely. The main features of these axons are:
(1) Terminations are exclusively within layer 6;
(2) There are multiple branches wliich each extend 2-7 mm within VI;
(3) Terminations are concentrated in loose clusters, 0.2 -0.4 mm in width;
(4) Each cluster has a small number of boutons (~ 50), but most of these are
unusually large (2-3 pm).
This system is distinguished from other intrinsic connections of area VI (in
layers 3 and 4B) by the very large extent of the terminal fields and tlie large size
of the boutons. The spatial divergence is consistent with the large receptive
fields characteristic of neurons in layer 6. The anatomical features may also be
related to tlie extrinsic connectivity of Meynert cells, which are known to project
to area V5/MT and/or tlie superior colliculus. The widespread network of
Meynert cell collaterals in area VI may be an important component of systems
involved in motion-detection. (Supported by NS19632 and IBN9421970.)

GABA„ RECEPTOR SUBUNITS ARE EXPRESSED IN EXCITATORY AND
INHIBITORY SYNAPSES OF RAT VISUAL CORTEX. Y. Gonchar1. OFavorov*2
and ABurkhalter1.1 Dept. of Anatomy and Neurobioiogy, Washington Univ. Sch. of Med.;
St Louis, MO 63110;2 Dept. of Biomedical Engineering, Univ. of North Carolina; Chapel
Hill, NC 27599.
The functional GABAg receptor (GABABR) is a heterodimer consisting of Rl and
R2 subunits. In cerebral cortex GABAgRs are thought to mediate slow inhibitory
postsynaptic potentials (sIPSP), and by their location on GABAergic and glutamatergic
terminals reduce the release of inhibitory and excitatory transmitters from presynaptic nerve
endings. However, the distribution of GABAgRs in cortical neurons remains unknown. To
study this problem in rat visual cortex we used antibodies to the Rl a andR2 subunits (gift
from B.Bettler) and employed preembedding immunoperoxidase, gold-substituted silver
intensified immunogold and postembedding immunogold stainings and visualized labeled
structures in the electron microscope.
Rl and R2 subunits are expressed in the somatic cytoplasm of most pyramidal and
GABAergic neurons. In GABAergic dendrites staining extends into the distal tips, whereas
thin processes and spines of pyramidal cells are unstained. Cytoplasmic staining in
GABAergic terminals is rare and absent from GABA-negative endings. Membrane-bound
Rl and R2 is seen in pyramidal and GABAergic neurons. When present, both subunits are
most often localized peri- and extrasynaptically at symmetric and asymmetric synapses. In
pyramidal neurons staining is less abundant in distal dendrites and spines than at or near the
soma. No such gradient is seen in GABAergic neurons. Rl and R2 subunits are present in
pre- and postsynaptic membranes of numerous symmetric synapses. Rl and R2 subunits are
also present in the postsynaptic membrane at many asymmetric junctions. The same
synapses also express Rl and R2 but rarely and weakly in presynaptic terminals.
These results support observations that GABAgRs mediate sIPSPs and may play
a role in GABA release from GABAergic terminals. Our findings suggest that GABAb Rs
play a minor role in glutamate release from excitatory terminals and raise the question about
the role of GABAgRs at asymmetric synapses. Supported by NIH grant NEI 05935.
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110.3

110.4

INNERVATION OF GABAERGIC NEURONS BY INTERAREAL VISUAL
CORTICAL CONNECTIONS: DISTINCT TARGETS OF FORWARD AND
FEEDBACK PATHWAYS. A.Burkhalter and Y.Gonchar*. Dept.of Anatomy and
Neurobiology, Washington Univ. Sch.of Med. ; St.Louis, MO 63110.
In mammalian visual cortex reciprocal forward (FW) and feedback (FB)
connections between functionally specialized areas provide the structural basis for
integrating distributed information to form a unified percept of the visual scene. FW and FB
pathways originate from pyramidal neurons (Pyr) which in the target area are connected to
Pyr and GABAergic cells. Due to this organization excitatory effects of FW and FB inputs
on Pyr are followed by inhibition. The amount of inhibition generated by each pathway
differs and is weaker in the FB circuit (Shao and Burkhalter, 1996). To investigate whether
this asymmetry is due to dissimilar microcircuits we have studied whether FW and FB
pathways between visual areas Vl and V2 have distinct connections to different types of
GABAergic neurons. To this end we studied inputs to parvalbumin- (P V+) and calretininexpressing (CR+) GABAergic target neurons (Gonchar and Burkhalter, 1997).
In both FW and FB pathways ~10% of axon terminals in layer 2/3 form synapses
with PV+ cells. In Vl and V2 PV+ neurons include cells which innervate somata/proximal
dendrites and initial axon segments of Pyr, respectively. FW axons form large synapses with
proximal PV+ dendrites. In contrast, FB axons form small synapses with distal PV+
dendrites. Unlike PV+ cells in layer 2/3, CR+ cells in layer 2/3 lack inputs from FW and FB
pathways. However, FB axons innervate CR+ cell bodies and proximal dendrites in layer
1. Interstingly, layer 1 receives FB input but lacks FW input. This indicates that FW and FB
pathways have dissimilar GABAergic targets and that each pathway connects to a different
microcircuit in the target area. The differential localization and morphology of FW and FB
terminals on PV+ suggests that FW inputs are more effective in exciting P V+ than FB inputs
and, therefore, provide more powerful inhibition to Pyr. In the FB circuit inhibition may be
weak due to inputs to distal PV+ dendrites. The link to inhibitory CR+ neurons, which are
interconnected among themselves, suggests that disinhibition may contribute to the
weakness of inhibition in the FB circuitSupported by NIH grants NEI 05935 and NS30676.

EFFICACY OF DISYNAPTIC RETINAL INPUTS TO VISUAL CORTEX. Prakash Kara* and R.
Clay Reid. Department of Neurobiology, Harvard Medical School, Boston, MA 02115.
Past studies (e.g., Tanaka, Vision Res. 25: 357,1985) have used cross-correlation analysis
to study monosynaptic connections between neurons in the lateral geniculate nucleus (LGN)
and visual cortex. Although these connections have been shown to be very specific (Reid &
Alonso, Nature 378:281,1995), measurement of the strength of connections is complicated by
the presence of fast (<1 ms) correlations between nearby LGN cells (Alonso et al, Nature 383:
815, 1996). Specifically, the magnitude of afferent input to cortical cells via geniculocortical
recordings could be overestimated because the tight intra-geniculate synchrony of spiking may
lead to double-counting of the cortical response to synchronous inputs.
In order to quantify the strength of feedforward input to cortical cells, we recorded
simultaneous single-unit responses from retinal ganglion cells (RGCs) in the retina and simple
cells in the striate cortex of anaesthetized cats. We recorded from 125 retino-cortical pairs with
varying degrees of overlap in their receptive fields (RFs). Cross-correlation analyses from 9
pairs showed fast rise time and single narrow peaks in the correlograms, suggestive of
disynaptic feedforward connections. In all "connected" pairs (9/9), the sign (ON vs. OFF center)
and width of the RFs of RGCs and that of the overlapping simple cell’s subfields were well
matched. In no circumstances were there disynaptic connections between mismatched RGCs
and simple cells (e.g., between an ON center RGC superimposed with an OFF subfield of a
simple cell).
In 5/9 pairs, we collected 50,000-160,000 spikes from each RGC and 10,000-100,000 spikes
from each cortical unit. This enabled us to examine how the pattern of firing of the RGC
influenced the efficacy of individual spikes. We found that when 2 spikes from a single RGC
occurred within <10-20 ms of each other, the second RGC spike was significantly more likely to
evoke a cortical spike. The strength of this di-synaptic paired-spike enhancement was greater
than monosynaptic paired-spike enhancement from retina to thalamus (Usrey et al., Nature
395: 384, 1998). This relatively simple mechanism of paired-spike enhancement may
contribute to preventing the degradation of sensory signals along successive stages in the
primary visual pathway. Supported by NIH EY-10115 and EY-12196.

110.5

110.6

FUNCTIONAL,
LAYER-SPECIFIC
INPUT
TO INHIBITORY
INTERNEURONS AND PYRAMIDAL NEURONS IN LAYER 2/3
OF RAT VISUAL CORTEX. J.L, Dantzker* and E.M, Callaway. Systems
Neurobiology Labs, The Salk Institute for Biological Studies, La Jolla, CA 92037
and Department of Biology, UCSD, La Jolla, CA 92093.
Our current understanding of cortical layer-specific circuitry is limited mostly to
excitatory connections between excitatory neurons. Far less is known about the
connectivity of inhibitory intemeurons.
We investigated whether inhibitory
interneurons follow unique rules of connectivity by mapping layer-specific excitatory
input patterns to individual inhibitory and pyramidal neurons using infrared DIC
microscopy and laser-scanning photostimulation in rat visual cortex brain slices.
This technique allowed us to stimulate presynaptic neurons at hundreds of sites
across ther cortical layers while recording postsynaptic currents in visualized layer 2/3
neurons using whole-cell patch clamp. Additionally, iontophoresis of biocytin
allowed us to reconstruct the morphologies of the postsynaptic neurons. Layer 2/3
pyramidal neurons (n=14) received the majority of their excitatory input from
layer 4. Some also received strong input from layer 5A (a very narrow band at the
top of layer 5). In contrast, excitatory input to layer 2/3 inhibitory neurons (n=15)
was significantly different from pyramidal neurons and could be categorized into three
major classes: 1) inhibitory interneurons whose firing rates accomodated during direct
current injection (n=6) received strong input from layer 5B, a layer that provided
little or no input to layer 2/3 pyramids; 2) three other accomodating interneurons
received their dominant input only from layer 2/3; 3) Six fast-spiking interneurons
received strong input from layers 2-5A. These results indicate that although many
cell types are found in layer 2/3, different sources of excitatory input synapse
selectively on each type. The observed input patterns have important implications
for cortical function.
Supported by NIH grant EY-10742 and NSF Predoctoral Fellowship (J.L.D).

NONPYRAMIDAL CELLS IN LAYER 1 OF TURTLE VISUAL CORTEX.
'J.B, Colombe* and 2P.S, Ulinski. l,2Committee on Neurobiology and 2Dept. of
Organismal Biology and Anatomy, University of Chicago, Chicago, IL 60637.
McCormick eta/. (1985) first suggested a correlation between the morphology
of cortical neurons and their firing patterns following intrasomatic current
injections. Regular spiking (RS) and intrinsically bursting (IB) neurons were
initially recongnized and correlated with pyramidal cells, while fast spiking (FS)
neurons were correlated with stellate nonpyramidal cells. Gray and McCormick
(1996) found cells with chattering (CH) physiology to correspond to layer 2-3
pyramids. Since the variety of firing patterns has been subsequently expanded,
and their correlation with morphology is less clear (e.g. Kawaguchi and Kubota,
1997), the physiology and anatomy of layer 1 neurons in turtle visual cortex
were examined. Recordings were made from nonpyramidal neurons in layer 1 in
whole-cell mode in slices (n=19). The cells were physiologically characterized in
current-clamp mode, injected with Neurobiotin and drawn at high power under
camera lucida. Dendritic arbors ranged continuously from more horizontallyoriented configurations for cells with somata near the pia to more stellate
configurations for cells with somata deeper in layer 1. Most of the beaded
dendrites were smooth, with a few cells showing sparse and medium numbers of
spines. Axon arbors were labeled in about one-third of the cells, with both local
collaterals and longer-range collaterals which coursed medioventrally across
visual cortex. Fast-spiking (FS, n=12) and regular-spiking (RS, n=7) action
potentials were seen, both exhibiting variable amounts of spike rate adaptation.
Chattering (CH, n=l) and intrinsically bursting (IB, n=l) patterns of FS spikes
were also seen. There was no visible correlation between dendritic arbor
morphology and physiologic signature. JBC was supported by PHS Grant
P32GM07839, and NSF LIS Grant ECS-9720357 to PSU.

110.7

110.8

ACTIVE MEMBRANE PROPERTIES CONTRIBUTE TO VISUAL
RESPONSE DISCHARGE PATTERNS IN VISUAL CORTICAL CELLS
IN VIVO. R. Azouz* and C.M, Gray. Center For Neuroscience, University
of California, Davis, CA 95616
It is well established that cortical neurons exhibit a variety of discharge patterns in
response to constant current inputs. The patterns of response are determined by
voltage-gated conductances distributed throughout the somatic and dendritic
membranes of neurons. Therefore, die membrane potential of a cell is determined not
only by the pattern of its synaptic input, but also by the pattern of current flow
through voltage-gated channels that are activated by those inputs. In order to
determine the contribution of these active membrane properties, we performed
intracellular recordings from neurons in the cat striate cortex in vivo. We compared
the membrane potential fluctuations under control conditions to those occurring
when the cells were hyperpolarized to prevent them from reaching threshold. We
found that voltage-gated conductances lead to amplification of synaptic signals,
enhancing cellular responses specifically to transient inputs which otherwise would
be attenuated because of the passive membrane properties of these cells. In order to
study the functional implications of these differences, we used a simple model
neuron containing voltage-gated Na+ and K+ conductances or an integrate-and-fire
neuron. The model cells were activated by a current waveform constructed from the
visually evoked responses taken from intracellular recordings in vivo under control
conditions as well as when the cells were hyperpolarized. We found that the model
neurons exhibited distinctly different discharge patterns in response to the two types
of current waveforms. This was revealed by differences in the peristimulus time
histograms, the inter spike interval distributions, and the spectral content of the spike
trains. The results suggest that active membrane properties in cortical cells
influence how individual cells process sensory input.
Supported by the National Eye Institute.

Intrinsic membrane properties contribute to temporal de-correlation
by single neurons in the visual cortex:
model and experiment
Y. Liu*, X. - J. Wang, M. V. Sanchez - Vives and D. A. McCormick Center for Complex Systems, Brandeis University, Waltham, MA. 02454 and Section of Neurobiology,
Yale University, New Haven, CT 06512
Real-world inputs to the brain display strong spatiotemporal correlations. A reduction
of such redundancy has been suggested to be beneficiary for an efficient neural coding
of the sensory information, but little is known about how this may be accomplished by
plausible neural mechanisms. Recent experiments indicate that intrinsic ionic currents,
especially a Na+-activated K+ current, in the visual cortical neurons play a major role
in the phenomenon of contrast adaptation (Sanchez-Vives 1997). The present study was
designed to test the hypothesis that adaptation ionic currents also provide a cellular
mechanism for temporal de-correlation in the primary visual cortex.
A neuron model was simulated, which included a Ca2+-activated K+ current (Ikco )
and a Na+-activated K+ current (/k ;vo )- iKCa is activated by the intracellular Ca2+
dynamics (time constant ~ 100 msec). Ikno . has a much slower dynamics controlled by
the spike-triggered Na+ influx and a Na+-K+ electrogenic pump (time constant up to
tens of seconds). When the model neuron was driven by a constant input, Ikco . and
iKNa gave rise to spike-frequency adaptation at their respective time scales. When the
input was stochastic with a prescribed temporal correlation, the firing output of the
model neuron showed a strongly reduced temporal correlation, compared to the input.
Ikco . (resp. Ikno ) was effective for removing positive correlations at short (resp. long)
temporal scales.
In addition to the model, we also performed intracellular recordings from layers 2/3 and
4 (pyramidal and stellate) neurons in primary visual cortex slices of the ferret maintained
in vitro. Stochastic currents with a prescribed long temporal correlation (time constant
500-2000 msecs) were intracellularly injected. It was found that the neuronal responses
showed various degrees of temporal de-correlation. The relationship between the degree
of the de-correlation effect and the amplitude and duration of the slow afterhyperpolarizations (indicative of the Ixca and IxNa amplitudes and durations) was analyzed.
These results demonstrate that intrinsic membrane properties in cortical neurons may
increase the efficiency with which sensory information is encoded.
Sponsored by the NIH (MH53717) and A. P. Sloan Foundation.
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110.9
OCULAR DOMINANCE PATTERNS IN MAMMALIAN VISUAL
CORTEX: A WIRE LENGTH MINIMIZATION APPROACH.

Alexei A. Koulakov* and Dmitri B, Chklovskii. Sloan Center for Theoretical
Neurobiology, The Salk Institute, La Jolla, CA 92037.
We consider the problem of the ocular mapping from retinas of two eyes
to the primary visual cortex from the point of view of minimization of intracortical connection length. We apply this principle to the mixture of the neurons
belonging to two classes: dominated by the left and right eye. We obtain the
segregation of the uniform mixture into the alternating regions of right and
left-eye dominance (ocular dominance patterns). Two types of patterns are
considered: Stripes, which comprises the series of stripes of right and left-eye
dominance, and Patches, in which patches of neurons belonging to one class
are surrounded by the other. Stripes are formed when two ocular dominance
classes have close average densities. Patches exist when one class is diluted with
respect to the other. The transition between these two structures occurs when
the density of neurons dominated by ipsilateral eye is approximately equal to
38% of the total density of neurons. Based on the parameters of our model
we build the phase diagram reflecting the coexistence of these patterns. This
phase diagram is in the agreement with the existing experiment on Cebus and
macaque monkeys. Our results can be easily generalized to other binary cortical
systems such as cytochrome oxidase blobs.
Supported by the Sloan Center for Theoretical Neurobiology.

SUNDAY PM

110.10

CORTICAL MAPS OF ORIENTATION PREFERENCE:
A WIRE LENGTH MINIMIZATION APPROACH.

Dmitri B. Chklovskii* and Alexei A. Koulakov, Sloan Center,
The Salk Institute, La Jolla, CA 92037.
Orientation preference maps in mammalian visual cortex reveal
segregation of neurons by orientation of preferred stimuli. A common feature of these maps is the arrangement of iso-orientation
patches around pinwheel centers. We propose a theory for orientation preference maps based on the wire length minimization approach. Intra-cortical wiring is characterized by connection function
which gives the distribution of orientation preferences for neurons
which synapse onto a given neuron. For various connection functions we find optimal layouts which minimize the total length of
intra-cortical connections. A uniform connection function leads to
Salt&Pepper layout in which every orientation preference is represented equally at every point. ’’Convex” connection functions
yield Icecube as the optimal layout. ’’Concave” connection functions
yield pinwheels in the optimal layout. Thus our theory establishes
a link between the intra-cortical connectivity and neuronal layout.
This allows us to make predictions about connectivity which can be
tested experimentally.
Supported by the Sloan Center for Theoretical Neurobiology.

110.11

110.12

CONTRAST ADAPTATION AND ITS ORIENTATION SPECIFICITY IN
CORTICAL PINWHEEL CENTERS AND ISO-ORIENTATION DOMAINS.
Frank Sengpiel* and Tobias Bonhoeffer. Max-Planck-lnstitut fOr Neurobiologie, 82152 Munchen-Martinsried, Germany
Adaptation of visual cortical neurons may be interpreted as a normalization
of their responses with respect to recently experienced contrast (Heeger,
1992). If adaptation is the result of an integration of local inputs from a pool of
neurons, then its characteristics should depend on the position of an adapted
neuron within the functional architecture of the visual cortex. We tested this
hypothesis by measuring adaptation of neurons situated either in isoorientation domains or orientation pinwheel centers. Orientation preference
maps of the primary visual cortex of adult cats were generated using optical
imaging of intrinsic signals. Electrode penetrations were then targeted at isoorientation domains or pinwheel centers. Neurons were adapted to drifting
gratings of either their preferred or orthogonal-to-preferred orientation at
different contrast levels. We assessed whether responses to optimally
oriented test gratings depended primarily on the absolute contrast of the test
gratings or on their contrast relative to that of the adapting grating (ANOVA).
As expected, for the majority of cells (44 of 60), neuronal responses
depended on relative stimulus contrast when adapting and test stimuli were of
the same, preferred orientation (Ohzawa et al. 1985). When the adapting
stimulus was of orthogonal orientation, adaptation was mostly weak or
absent, such that 39 of 60 cells responded to absolute rather than relative
contrast. The cells exhibiting adaptation in that condition were found both in
pinwheel centers (12 of 38) and iso-orientation domains (9 of 28).
We conclude that some adaptation is present even for orthogonal adapting
and test stimuli; but this is not obviously dependent on the local functional
architecture.
Supported by the Max-Planck-Gesellschaft

VARIABILITY AND SPATIAL INHOMOGENEITY OF PATTERNS OF
ORIENTATION COLUMNS IN CAT STRIATE CORTEX. Stefan Rathjen»+,
Matthias Kaschube, Siegrid Lftwel+ and Fred Wolf. Max-Planck-lnstitut fllr
StrOmungsforschung, Bunsenstr. 10, D-37073 Gottingen; +Leibniz-Institut fhr
Neurobiologie, Brenneckestr. 6, D-39118 Magdeburg, Germany.
The functional architecture of the visual cortex exhibits a high degree of
interindividual variability. At present, the origin of this variability, which may be
caused by heritable factors, random events during development, or differences in
experience, is not known. Here we report a quantitative study of the variability of
patterns of orientation columns in area 17 of adult cats, visualized by 2-deoxyglucose
autoradiography on cortical flat-mounts (n=31 hemispheres). For every pattern,
average wavelength and correlation length were estimated from its 2-dimensional
correlation function. In addition, we calculated the local wavelength and a local
anisotropy index for every location within a pattern using wavelet analysis. The local
anisotropy index measures whether orientation domains form isotropic patches or
elongated bands in a given cortical region. We find that the average wavelengths of
the patterns vary between 1.0 and 1.25mm in different animals. In individual
patterns, the standard deviation of local wavelengths was typically smaller than
0.1mm. Both the correlation lengths and the spatially averaged anisotropy indices
vary by a factor larger than two in different animals indicating that patterns of
orientation columns differ strongly in their degree of regularity. The local anisotropy
index typically exhibits an inhomogeneous distribution across area 17: the lowest
values occur, in general, in the cortical representation of the areae centrales and high
values are typically found in more peripheral visual field representations. Taken
together, these analyses i) identify sensitive quantitative indicators for the similarity
and dissimilarity of visual cortical orientation maps and ii) demonstrate a consistent
difference between the layout of orientation maps in foveal and peripheral
representations. Supported by the MPG, WGL and ESF/LSA.

RESPIRATORY REGULATION
111.1

111.2

PERINATAL AGE, REPEATED HYPOXIA AND CHRONIC
PRENATAL COCAINE INCREASE APOPTOSIS PROTEINS IN
BRAINSTEM OF PIGLETS. LR, Moss*. A. Laferrifere and P, Jain.

CHANGES IN PDGF p RECEPTOR (PDGFR) EXPRESSION IN
NUCLEUS TRACTUS SOLITARIUS (nTS) MEDIATE
COMPONENTS OF VENTILATORY ACCLIMATIZATION TO
HYPOXIA (VAH) IN THE RAT. Marc A. Czapla*, Narong
Simakaiornboon, Joseph A. Laskv, David Gozal. Constance S. Kaufman
Pediatr. Pulmonary Res. Lab., Tulane Univ. Sch. Med., New Orleans, LA.
Activation ofPDGFR in nTS is associated with ventilatory roll-off.
Temporal changes in PDGFR expression could underlie VAH. Normoxic
ventilation was examined in adult Sprague Dawley rats chronically exposed
to 10% O2, and on days 0,1,2,7,and 14, northern and western blots of
dorsocaudal brainstem were performed for PDGFR. Although no changes
in PDGFR mRNA occurred over time, marked attenuation of PDGFR
protein expression was apparent already at day 7 of hypoxic exposure.
Such changes coincided with significant increases in normoxic ventilation,
Le., VAH. In addition, long-term administration of PDGF-BB in the nTS
via osmotic pumps loaded with either PDGF-BB (n=4) or vehicle (Veh;
n=4) showed that although no significant changes in the magnitude of
acute ventilatory response to hypoxia (HVR) occurred in Veh over time,
the typical attenuation of HVR by PDGF-BB decreased over time. We
conclude that decreased expression of PDGFR in dorsocaudal brainstem
correlates with the magnitude of VAH. We speculate that the decreased
expression of PDGFR is mediated via internalization of receptor and
degradation rather than by transcriptional regulation.

Developmental Respiratory Lab, Depts Pediatrics & Physiol, McGill
Univ Health Centre Research Inst, Montreal, QC H3H 1P3.
Similarly to infants, neonatal swine display lower respiratory
excitability and more sleep at birth than at a later age as well as a delay
in the development of these functions after repeated prenatal exposure
to cocaine that may produce repeated fetal hypoxia. We asked whether
these phenomena, or an exposure to repeated hypoxic mixtures (8.5%
O2 for 30 min, for 6 consecutive days), involve neuronal death by
apoptosis. We assessed apoptosis by terminal dUTP nick-end labelling
(TUNEL), and the expression of Bax and Bcl-2/Bcl-x, apoptosis
promoting and inhibiting proteins, respectively, by immunocytochemistry in respiratory- and arousal-related brainstem regions of 2-3,
6-7, 14-17 and 21-25 day-old piglets. Bax was found regularly at all
ages, was higher in the young or after repeated hypoxia, but was
unchanged by prenatal cocaine. Bcl-2 and Bcl-xs were higher in the
young piglets, and Bcl-xs was also higher in unexposed as compared
to cocaine exposed piglets. In contrast, tunel staining was found only
sparsely, and its frequency did not change with age, repeated hypoxia,
or prenatal cocaine. These results suggest an association between
augmented apoptosis-related proteins and youth, repeated hypoxia or
prenatal cocaine. Support: CND MRC MA-13764, USA NIDA DA10623
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111.3

PROJECTIONS FROM THE AMYGDALOID COMPLEX AND THE
HIPPOCAMPAL FORMATION (HF) TO THE PRE-BOTZINGER
COMPLEX (PBC). M. A. HAXHIU*, B. EROKWU, S. WALDBAUM, S.
HADZIEFENDIC. CASE WESTERN RESERVE UNIVERSITY,
CLEVELAND, OHIO 44106.
The hippocampal formation and amygdaloid complex have been

implicated in functions such as memory and emotion. These structures may

WITHDRAWN

affect breathing. In the present study we examined projections from these
sites to PBC, the region involved in generation of rhythmic breathing. The

neurons that project to PBC were identified by the viral retrograde
transneuronal labeling method. Pseudorabies virus (PRV) was injected into

the PBC via the ventral aspect of the medulla oblongata (n=5). After 3 or 4

days survival, brain tissue sections from these animals were processed for

immunohistochemical detection of PRV. PRV labeled neurons were found
in the different nuclei of the amygdaloid complex, including medial, central
and lateral nucleus of the amygdala. Furthermore, labeling was seen in the

hippocampal formation, in the somatosensory and the motor cortex. These
results indicate the existence of routes that can affect breathing as a behavior,
and modulate inputs to PBC from other widespread regions of the brain.

Supported by NIH grant 50527.

111.5

111.6

C02 RESPONSE OF THE NEURONS IN THE VENTROMEDIAL
MEDULLA (VMM) OF THE RAT. Y Okada.1* S. Kuwana.2 Z. Chen.3.

RHYTHM GENERATION AFTER DISTURBANCE OF SYNAPTIC
INHIBITION IN THE RESPIRATORY NETWORK. D. BQsselberg1*
A.M. Bischoff4. P.M. Lalley2 and D.W. Richter1. 'University of Gottingen, Physiology, Humboldtallee 23, D-37073 Gottingen, Germany; University of WisconsinMadison, Physiology, MSI, USA.
Under normal conditions, respiratory rhythm generation depends on synaptic inhibition in a neuronal network which is located in the pre-BOtzinger complex. The
network consists of six classes of neurons (pre-inspiratory, early-inspiratory, augmenting-inspiratory, late-inspiratory, post-inspiratory and augmenting-expiratory).
Reciprocal glycinergic inhibition between early-inspiratory (early-I) and postinspiratory (post-I) neurons plays a key function for rhythm generation. Focus of the
present study was the role of early-I neurons for rhythm generation after disturbance
of synaptic inhibition.
Respiratory neurons in anesthetized cats and perfused mice brainstem were analyzed in intracellular recordings. Synaptic inhibition and excitability of early-I neurons was changed by: (I) strychnine blockade of glycine receptors, (II) 8-OH DPAT
activation of 5HT1A receptors and (III) hypoxia.
The maximal activity pattern of post-I neurons occurs in the inspiratory phase
(due to excitatory input from inspiratory neurons). Early-1 neurons are potential
burster („pacemaker“) neurons, which seem to be capable to trigger respiratory
rhythm by their endogenous properties (activation of lh-, CaT>L-, Na- and Kcacurrents) when inhibitory mechanisms are disturbed within the network. Under these
circumstances pre-I, late-I and post-I neurons get functionally disconnected from the
network.
The consequence is, despite the differences in species, absence or presence of
anesthesia, in vivo or in vitro preparation, a conversion from a three phase
(inspiration, post-inspiration and expiration) to a two phase (inspiration and expiration) respiratory rhythm.

Dept. of Medicine, Keio Univ. Tsukigase Rehab. Ctr., Shizuoka 410-3293 Japan; Dept.
Physiology, Teikyo Univ., Tokyo 173-8606 Japan; Div. of Pharmacology, Glaxo

Wellcome Inc., Research Triangle Park, NC 27709.
Although VMM is known to be an important site for various aspects of autonomic

neural regulation, the functional role of VMM in respiratory control has not been
elucidated. We have conducted a mapping-analysis of hypercapnia induced c-fos
positive cells in VMM of the rat, and have found a high density distribution of c-fos
positive cells in the rostral VMM (RVMM); dorsal to the pyramidal tract in the rostral

medulla. We also analyzed the firing pattern, responses to CO2 and electrical
stimulation of the VMM neurons in the in vivo and in vitro rat. Half of the neurons

recorded extracellularly in RVMM in vivo were respiratory-modulated. Various firing
patterns of respiratory modulation were observed; e.g., inspiratory, pre-inspiratory,
post-inspiratory and phase-spanning. Half of the RVMM neurons in vivo were excited
by CO2, and the electrical stimulation of the regions close to CO2-excitable RVMM

neurons often induced respiratory augmentation as well as occasional respiratory
suppression. CO2-cxcitable RVMM neurons stained with biocytin in the in vitro
hrainstem preparation showed dendritic extension to the ventral surface of the medulla.
Neurons in CVMM were mostly non-respiratory-modulated, and generally were not
excited by CO2 These results indicate that RVMM is an important site for respiratory
control and the RVMM neurons compose a part of the respiratory neuronal network.

Supported by Deutsche Forschungsgemeinschaft.

Supported by the Ministry of Health and Welfare’s Research Grant for Specific Diseases, Japan.

111.7

111.8

EXPIRATORY MUSCLE ACTIVITY IN NEONATAL RATS. W. A. Janczewski*
and M. Aoki Dept. of Physiology, Sapporo Med. Univ., Sch. of Med., Japan.
The brainstem and spinal cord or medullary slices for the in vitro respiratory studies
are typically obtained from rats younger than postnatal day 5. Expiratory activity (EA)
of medullary neurons in vitro has been reported, however reference data concerning
expiratory muscle activity in the living rat of the same age is not available. Our aim
was therefore, to determine the EMG pattern of the abdominal muscles (abdEMG), the
intercostal muscles from the 1281 intercostal space (intEMG) and the expiratory
component of the hypoglossal nerve (expXII) activity in 20 anesthetized, vagotomized
1-4 day old rats. The diaphragmatic EMG was an indicator of an inspiration (I). EA
and tracheal pressure (TP) were also studied during 3 min. of asphyxia. We reasoned,
that whatever is the level of hypoxia of the medullary tissue in vitro similar conditions
were, at least temporarily, reproduced during asphyxia. We found that during eupnea
abdEMG, intEMG and expXII peaked immediately after I-phase and then declined
during post-I phase. Asphyxia recruited the other peak just before I-phase. During the
“primary apnea” and several periods of apnea afterwards, the inspiratory activity and
negative TP swings were temporarily eliminated. The positive TP swings and EA
phasic discharges continued undisturbed. In adults gasping follows “primary apnea”,
but in neonatal rats eupneic like activity reappeared. Activity of the XII nerve and
intEMG had 3 components: pre-inspiratory (pre-I), I and post-I. AbdEMG started and
ceased simultaneously with the other 2 signals but it was suppressed during I-phase,
which created a characteristic biphasic firing pattern bracketing I-phase. Although the
duration of the respiratory cycle sharply increased with progressing asphyxia total
duration of the pre-I, I and the post-I activity remained constant (1.16±0.12 s). During
asphyxia EA produced TP swings of +14.7±4.9 cmH2O and +5.5±2.7 cmH2O before
and after I-phase, respectively. During I phase TP was -40.8±4.4 cmH2O. We
conclude that EA better reflects the activity of the respiratory rhythm generator than
inspiratory activity of the diaphragm. During anoxia neonatal rats develop a breathing
pattern which differs from gasping by vigorous activation of the expiratory muscles.
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ROLE OF GABA AND NMDA RECEPTOR IN THE MODULATION OF RESPIRATORY RHYTHM IN THE

MEDIAL AREA OF NUCLEUS RETROFACIALIS IN NEONATAL RAT. Zhong Hai Wu*, Yang Gao,

Daihui Hu and Guang Rong Shen. Dept. of Physiology, The First Military Medical

University, Guangzhou 510515, P.R.China
Our previous works showed that the medial area of nucleus retrofacialis
(mNRF) may be the critical region for respiratory rhythmogenesis. In the

present study,

the role of GABA and NMDA receptor in the modulation of

respiratory rhythm was investigated in brainstem-spinal cords isolated from

neonatal rats. After bilateral microinjection of GABA into the mNRF ,

respiratory rhythm became

irregular,

the

amplitude and

frequency

the

of

spontaneous rhythmical respiratory discharge (SRRD) decreased and sometimes

apnea occurred. The above effects of

GABA was completely abolished by

bicuculline, a GABAa receptor antagonist. The results indicate that the GABA

may be an important inhibitory neurotransmitter in the genesis and modulation
of respiratory rhythm in mNRF. Microinjection of NMDA into the mNRF induced

an increase of the amplitude of the SRRD while no effect on the frequency of

SRRD was observed. Application of an NMDA receptor blocker

(AP-5) alone

neither altered the amplitude of SRRD nor gave rise to the significant changes

in the respiratory rhythm. However, microinjection of AP~5 into the mNRF could

block the effect of NMDA on SRRD. These results indicate that NMDA receptor
play an important role in the modulation of respiratory activity, but is not
so for respiratory rhythmogenesis.

Supported by National Natural Science Foundation of China, No 39670278
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AFFERENT MODULATION OF INSPIRATORY NEURONS IN THE LUNG-

ARE PREBOTZINGER NEURONS PRIMARILY RESPONSIBLE
FOR RESPIRATORY RHYTHM GENERATION IN VIVO? D.R.
McCrimmon* and A. Monnier. Dept. Physiology, Northwestern Univ.,
Medical school, Chicago IL, 60611-3008.

N.M. Mellen^M. Roham & J.L. Feldman . Department of Neurobiology, UCLA, Los
Angeles, CA 90095-1763
In a neonate rat brainstem/spinal cord preparation retaining lungs and
their vagal innervation, sustained lung inflation during expiration (E) prolongs E, and phasic inflation during inspiration (I) shortens I and increases
respiratory frequency. Both reflexes are blocked by bicuculiine (BIC;
GABAa antagonist). Here, we classified I neurons based on whether they
were hyperpolarized by inflation during E. Neurons which were hyperpolarized included Type l1 and Type 32'3 neurons. Both classes of neurons: i)
reached threshold for firing at or just after inspiratory burst onset; ii) were
hyperpolarized by inflation or under TTX, by bath application THIP
(GABAa agonist); iii) during phasic I inflation the firing onset relative to
the inspiratory burst was unchanged or delayed and they showed increased
preinspiratory hyperpolarization. I neurons that were not inhibited by inflation during E were of type 23. During phasic I inflation, a subset of these
neurons fired earlier in relation to the I burst. These findings suggest that
while E lengthening may be a direct consequence of GABAergic inhibition, the increase in respiratory frequency accompanying phasic I inflation
reflects a transformation of the network within which I neurons are embedded. Supported by The American Lung Association, Research Grant # RG105-N, and NIH Grants HL40959 and HL37941.
’Rekling et al. J. Neurophys., ‘96, 75:795.2Onimaru & Homma, Pflugers
Arch. ‘92, 420:399. ’Brockhaus & Ballanyi, Eur. J. Neurosci., ‘98, 10:3823
ATTACHED NEONATE RAT IN VITRO BRAINSTEM/ SPINAL CORD.

The preBotzinger Complex (PreBotC) within the ventral respiratory
group (VRG) has been proposed to contain the neurons necessary for
respiratory rhythm generation. To better understand how respiratory rhythm
is generated and whether PreBotC neurons contribute to rhythm generation,
we recorded modifications in the discharge pattern of PreBotC neurons in
vivo during respiratory rhythm modifications induced by chemical
injections into the contralateral PreBotC. We used multibarrel pipettes on
one side to record respiratory neurons and to eject 1) an excitatory amino
acid to increase respiratory rate, and 2) bicuculiine (5 mM), a GABA
receptor antagonist, to slow respiratory rhythm (Monnier & McCrimmon,
FASEB J. 13: A491, 1999) On the contralateral side a single barrel pipette,
filled with an excitatory amino acid, was used for localization of the
PreBotC (Monnier et al, FASEB J. 12: A494, 1998) and for single unit
recording. Within the preBotC region, expiratory (E) -augmenting and
inspiratory (I) -augmenting neurons decreased their phasic activity in a
matter not easily reconciled with a primary role in rhythm generation. In
contrast, I-decrementing, E-decrementing and pre-I neurons maintained
appropriate phase relationships with phrenic activity consistent with their
proposed roles in respiratory rhythm generation. (Supported by NIH grant
HL/NS-60097).

111.11

111.12

FUNCTIONAL MAGNETIC RESONANCE IMAGING DURING
HYPOXIA
CHALLENGES
IN
CONGENITAL
CENTRAL
HYPOVENTILATION
SYNDROME
(CCHS)
REVEALS
LATERALIZED NEURAL RESPONSES. R.M. Harper.* D, Spriggs, M.M,

TIME COURSE OF FUNCTIONAL MAGNETIC RESONANCE
SIGNAL CHANGES IN RESPONSE TO HYPERCAPNIA IN
CONGENITAL CENTRAL HYPOVENTILATION SYNDROME
(CCHS) D, Spriggs*, M.M, Saeed, J.R, Alger, M.A, Woo, M.S. Woo, D. Gozal,

Saeed, J.R. Alger, M.A. Woo, M.S, Woo, D. Gozal and T.G. Keens, Depts. of
Neurobiology and Radiological Sci. and the Brain Res. Inst., UCLA; Div of Pediatric
Pulmonology, Childrens Hospital Los Angeles, USC, Los Angeles, CA 90095.
Patients with CCHS show impaired ventilatory responses to both hypercapnia and
hypoxia and a failure of automatic breathing during sleep. Regions within the brain
which mediate the ventilatory responses to hypoxia have not been well described.
Functional Magnetic Resonance Imaging (/MRI) was used to visualize brain areas
activated to a hypoxic challenge in 14 children with CCHS (7 males, 7 females (7-14
yrs), ventilator-dependent only during sleep, no Hirschsprung’s Disease) and in 14
age- and gender-matched controls. A series of 20 image slices (20 repetitions, Echo
Planar technique) through the entire brain was collected during baseline (FiO2 0.21)
and during mild hypoxia (F^ 0.15). Baseline images were subtracted from
experimental conditions, and the resultant difference images were subjected to
multiple paired f-tests with Bonferroni correction (p<0.01) using MedX software.
The extent of changes were pseudo-colored and overlaid on the first image in the
series. Brain areas responsive to hypoxia in controls were extensive, and included
several sites within the cerebellum, limbic system, and basal ganglia. These responses
were often lateralized, with marked unilateral signal changes in certain areas, such as
the caudate nucleus and hippocampal formation, with more modest changes on the
contralateral side. The CCHS group was characterized by minimal activation in
multiple sites, especially at medial cerebellar and frontal regions, and the group
differences were laterality-dependent. We conclude that areas in the brain responsive
to hypoxia challenges are lateralized, include the cerebellum and forebrain structures,
and show reduced responses in CCHS. Supported by HD-36228.

111.13
INFORMATION CONTENT IN PULMONARY STRETCH RECEPTOR SPIKE
TRAINS R,.F...Rogers1 >2*, J. D. Runyan1, A. G, Vaidvanathan2. and J. S.
Schwaber1,2 ’Dept. of Neuroscience, Univ. of Pennsylvania, Philadelphia, PA
19104; 2Central Research & Development, E. I. du Pont de Nemours & Co., Inc.,
Wilmington, DE 19880-0328
The medium of information representation and exchange among and between
neurons is the ongoing action potential trains. The central problem for the neurophysiologist lies in decoding these spike trains. We employed information theoretic analyses in order to quantify the information content in the spike trains of
single cells, specifically pulmonary stretch receptors (PSRs), which were recorded
in rabbit nodose ganglia in vivo during a continuously changing (in rate and volume) naturalistic stimulus. The data was quantified using a fixed width sliding
window and the number of spikes (response) and the average tracheal pressure
(TP; stimulus) was determined for each time step (5ms) of the window. Given the
probability density and associated entropy for the co-occurrence matrix (Pstim,resp>
Hstim,resp)’ we calculated the global information transmitted by the spike train
about the stimulus as the reduction in uncertainty of the maximum possible joint
entropy (Hmax) given the probability densities of the stimulus and response. The
normalized information transmission can be described by the equation, Inorm=lHstim,resp!I^max' which quantifies the information transmitted as a fraction of the
possible maximum. This measure was sensitive to both the stimulus and spike categorization and window width parameters. Using this and related metrics applied
to the spike train data from five neurons, we calculate that the spike train from a
single PSR may transmit up to 59% of the maximum theoretical information about
TP. Since this represents the information transmitted by just one of Hundreds of
these primary afferent neurons, we conclude that there exists a massive redundancy
of information regarding TP in the population of spike trains arriving at the NTS.
This work was supported by NIH (HL54194-0) and the DuPont Company.
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T.G. Keens, R.M. Harper. Depts of Neurobiology, Radiological Sci. and the Brain
Res. Inst., UCLA; Div of Pediatric Pulmonology, Childrens Hospital Los Angeles,
USC, Los Angeles, CA 90095
CCHS is a rare respiratory control disorder characterized by impaired
chemoreceptor responses. The neural site(s) for the deficit are unknown.
Functional Magnetic Resonance Imaging (/MRI) was used to visualize neural
responses to hypercapnia in 14 children with CCHS (7 male, 7 female, 7-14
yrs; ventilator-dependent only during sleep; no Hirschsprung’s Disease) and
14 age- and gender-matched controls. A series of 20 image slices (20
repetitions, Echo Planar technique) through the entire brain was collected
during baseline (Fi O2 1.0) and during mild hypercapneic (5% CO2 in 95% O2)
challenges. Images taken under experimental conditions were compared to
images obtained under baseline conditions and subjected to multiple paired ttests with Bonferroni correction (p<0.01), and the time courses of defined
brain areas were charted using MedX software. Brain areas responsive to CO2
included cerebellar, midbrain, and frontal regions. The CCHS group showed a
relative lack of activation in several defined sites, especially at medial
cerebellar and frontal regions, and the unresponsiveness persisted for the
duration of the challenge. We conclude that multiple areas in the brain
normally respond to CO2, and include the cerebellum. We speculate that the
unresponsiveness to CO2 in CCHS may involve a failure to recruit cerebellar
“error correction” compensatory motor efforts to the hypercapnic challenge.
Supported by HD-36228
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PROTECTION FROM GLUTAMATE EXCITOTOXICITY BY ENHANCING
ENZYMATIC DEGRADATION Matthews CC1. Wollack JB2. Zielke HR2, and £S
Fishman ’*. 1 Departments of Neurology and 2 Pediatrics University of Maryland,
School of Medicine and the Baltimore VAMC, Baltimore, MD 21201
Several enzymes with the capacity to degrade glutamate have been suggested as
possible neuroprotectants. We initially evaluated the kinetic properties of glutamate
pyruvate transaminase (GPT, also known as alanine transaminase or ALT), glutamine
synthetase (GS) and glutamate dehydrogenase (GDH) under physiologic conditions to
degrade neurotoxic concentrations of glutamate. Although all three enzymes initially
degraded glutamate rapidly, only GPT was able to reduce toxic (500 pM) levels of
glutamate into the physiologic (less than 10 pM) range as measured by HPLC. Final
concentrations of glutamate were dependent on pyruvate concentration, particularly in
conditioned media with high alanine content. Primary cultures of fetal murine
cortical neurons were subjected to paradigms of either exogenous or endogenous
glutamate toxicity to evaluate the neuroprotective value of GPT using uptake of the
flourescent dye calcien as an indicator of viability. Neuronal survival after exposure
to concentrations of glutamate ranging from 100-500 pM was significantly improved
in the presence of GPT (100 U/ml). The degree of neuroprotection attained was
comparable to that observed with the NMDA antagonist MK-801. Cultures were
also exposed to the glutamate transporter inhibitor L-trans-pyrrolidine-2,4,
dicarboxylate (PDC) which produces neuronal injury through an increase in
extracellular synaptic glutamate. GPT significantly reduced the toxicity of PDC. This
reduction is associated with a reduction in the PDC dependent rise in the media
concentration of glutamate. These results suggest that enzymatic degradation of
glutamate by GPT can be an alternative to glutamate receptor blockaid as a strategy to
protect neurons from excitotoxic injury. Methods for delivering this large protein to a
synaptic site of action will be needed. Supported by the NIA and the VA Research
Service.

FORMATION OF CaMKII CLUSTERS AS A POTENTIAL
MECHANISM FOR NEURONAL PROTECTION.
A. Dosemeci* , J.-H. Tao-Cheng, J. D. Petersen, and T. S. Reese.
Laboratory of Neurobiology, NINDS, NIH, Bethesda, MD
CaMKH is a calmodulin-dependent protein kinase and its
presence in very high quantities in neurons suggests that this
protein could have the additional function of buffering and
regulating the availability of calmodulin. In replicas and thin
sections of detergent-insoluble fractions from brain, spheroids
-100-150 nm in diameter and immunopositive for CaMKII were
observed. These structures, which we call CaMKH clusters, were
mostly, if not exclusively, composed of CaMKII. Immunolabeling
of thin sections of cultured hippocampal neurons revealed that
inhibition of oxidative phosphorylation in glucose-free medium
causes the formation of CaMKH clusters, identical in shape and
size to those observed in subcellular fractions, with a
concomitant decrease in diffusely distributed CaMKH. The
protein phosphorylation capacity of CaMKH is expected to be
reduced drastically upon clustering due to a reduction of its
accessibility to fixed substrates. On the other hand, CaMKH in
clusters retained its capacity to bind gold-conjugated calmodulin.
We hypothesize that the formation of clusters could constitute a
protective mechanism against sustained increases of Ca2+ by
retaining the calmodulin trapping function of CaMKII while
reducing the phosphorylating function.

112.3

112.4

CASPASE-3-LIKE ACTIVITY IN HIV gpl20 INDUCED
NEURONAL APOPTOSIS. Gwenn Garden*, Elena Tsai, Samantha
Budd, Tim Lishnak, and Stuart Lipton. CNS Res. Institute, Brigham and
Women’s Hosp.; Progr. in Neurosci., Harvard Med. Sch., Boston, MA.
HIV-1 infection may lead to cognitive decline and motor dysfunction.
Paradoxically, HIV-1 does not infect neurons. However, soluble viral
proteins, including the coat protein gpl20, have been demonstrated to
cause neurotoxicity in vitro and in vivo. Rat cerebrocortical cultures
exposed to gpl20, undergo apoptosis which is blocked by NMDAR
antagonists. Additionally, gp 120-transgenic mice develop dendritic injury
similar to that seen in patients with AIDS dementia and treatment of these
mice with NMDAR antagonists prevents this neuropathology. In the
present study we examine gpl20 induced caspase-3-like activity and
apoptosis in cerebrocortical cultures by histologically labeling the active
form of caspase-3 using a specific antibody or biotinylated-DEVD. To
determine if caspase-3 activation occurs primarily in neurons in this mixed
neuronal/glial culture system, cells were double labeled for active caspase3 and the neuron-specific microtubule associated protein, MAP-2.
Exposure to 200 pM gpl20 for 24 h produces a significant increase in the
percent of MAP-2 positive cells with increased caspase-3 activity.
Caspase-3 activity co-localizes with MAP-2 in dendrites prior to the
appearance of nuclear apoptosis, but subsequently translocates to the
nucleus in cells demonstrating nuclear condensation. NMDA receptor
blockade with 12 JJ.M memantine prevents induction of caspase-3 activity,
as measured by a fluorogenic substrate assay. Thus, one mechanism by
which HIV-1 can cause neuronal injury without infecting neurons appears
to involve an NMDA receptor-mediated activation of neuronal caspase-3.
Supported by NIH grants P01 HD29587 and R01 EY09024 (S.A.L.).

STATUS EPILEPTICUS PRODUCES CASPASE-INDEPENDENT NEURONAL
DEATH DESPITE INTERNUCLEOSOMAL DNA CLEAVAGE. D.G. Fujikawa.*
S.S, Shinmei and P.Q Nguyen, Exp. Neurol. Lab., VA Greater Los Angeles
Healthcare System, Sepulveda, CA and Dept. of Neurology and Brain Res. Inst.,
UCLA Sch. of Med., Los Angeles, CA.
Both lithium-pilocarpine-induced status epilepticus (SE) and kainic-acid-induced
SE produce acidophilic neurons by H & E stain which are ultrastructurally necrotic
despite intemucleosomal DNA cleavage (“DNA laddering”). Caspase-activated
DNAse may cause DNA laddering, and in vitro studies have shown that caspases
may produce necrotic as well as apoptotic cell death. We hypothesized that caspase
inhibition might also protect against LPCSE-induced neuronal necrosis.
Anesthetized male Wistar rats had stereotaxic implantation of microdialysis guide
cannulae with EEG electrodes into their amygdalae, after which they were given 3
mEq/kg lithium chloride i.p. The next day microdialysis probes were inserted
through the cannulae and one amygdala was perfused with 1.2 mM Z-VAD-FMK in
Krebs-Ringer-bicarbonate (KRB) solution (this is 5x the neuroprotective
concentration in vitro [100 pM], also taking into account an in vitro probe extraction
fraction of 40% at a flow rate of 0.5 pl/min), and the other amygdala was perfused
with KRB solution alone during a 2 h baseline period and 3 h of SE. Pilocarpine was
given to induce 3 h of generalized clonic SE (30-60 mg/kg i.p ), diazepam and
phenobarbital were given to stop SE, and 24 h later rats’ brains were perfusion-fixed
in situ for light-microscopic examination with H&E stain. The numbers of
acidophilic and normal neurons were counted in 270 x 540-pm areas medial and
lateral to each probe tract. No differences were found between the amygdala perfused
with Z-VAD-FMK and that perfused with KRB solution alone (37 ± 12 vs. 30 ± 9
acidophilic neurons [mean ± SEM], 98 ± 12 vs. 131 ± 41 normal neurons and 135 ±
8 vs. 162 ± 32 total number of neurons, p>0.5 in each case, n=5). Caspase inhibition
may not be neuroprotective despite SE-induced DNA laddering. (VA-supported.)

112.5

112.6

A RAPID INCREASE IN INTRACELLULAR CALCIUM IS ESSENTIAL FOR DNA
FRAGMENTATION IN THE INITIAL PROCESS OF GLUTAMATE
NEUROTOXICITY. S. Yamamoto1*. W, Teng1. T, Tsuboi2, T, Sakurai2. S. Terakawa2.
'Depart, of Neurosurgery and Photon Med. Res. Center, Hamamatsu Univ. Sch. of Med.,
Hamamatsu, 431-3192, Japan
We have observed that glutamate induces mitochondrial dysfunction and DNA
fragmentation independently of superoxide in the initial process of excitotoxicity (J Cereb
Blood Flow Metab suppl. 1999, in press). In this study, to elucidate the relationship
between mitochondrial dysfunction and the process of DNA fragmentation, we examined
1) how mitochondrial inhibitors could induce morphological changes in the neurons, and
2) whether mitochondrial inhibitors would increase intracellular Ca, and 3) we compared
the results with those induced by glutamate. In cultured rat hippocampal neurons, we
observed morphological changes with video-enhanced contrast differential interference
contrast microscope. Ca-imaging was obtained with fruo-3 before and dining an
application of mitochondrial inhibitors or glutamate.
3-nitropropionic acid (3-NP, 5-10 mM), a complex II inhibitor, and FCCP (1-10 pM),
a potent mitochondrial uncoupler, dose-dependently produced granulation in the nucleus
within 20 min which was identical to the findings induced by glutamate (100 pM) showing
the early process of DNA fragmentation (J Neurosci Res 43:613-622, 1996). On the
contrary, rotenone (1-100 pM), a complex I inhibitor, and KCN (10 pM-10 mM), a
complex IV inhibitor, did not produce die rapid nuclear changes, while they effectively
inhibited the mitochondrial respiratory chain when assessed by lucigenin-induced
chemiluminescence. The toxic 3-NP, FCCP and glutamate markedly increased
intracellular Ca, while rotenone and KCN did not do so.
The rapid nuclear change in the neuron is not always induced by mitochondrial
inhibition, but is highly correlated to the increase in intracellular Ca . A rapid Ca increase
in the neuron is essential for the nuclear changes observed in the early process of glutamate
neurotoxicity. (Supported by a grant from the Ministry ofEducation, Science, Sports and

INTERDEPENDENCE BETWEEN CYTOPLASMIC pH (pHc) AND
MITOCHONDRIAL Ca2+ IN PRIMARY CULTURES OF CEREBELLAR
GRANULE CELLS (CGCs) EXPOSED TO NMDA AND DEPRIVED OF
GLUCOSE. L. Kiedrowski*. The Psychiatric Institute, Department of Psychiatry,
College of Medicine, University of Illinois at Chicago, IL 60612.
It has been established that activation of NMDA receptors in cultured neurons leads
to a Ca2+ influx-dependent drop in pHc, whose mechanisms are not completely
understood. Mitochondrial'function is expected to affect pHc because formation ofthe
mitochondrial membrane potential includes active extrusion of H+ from the
mitochondrial matrix to the cytoplasm by the respiratory chain. This study tested how
pHc is affected when neuronal mitochondria buffer Ca2+, and how these changes in
pHc are affected when neurons are deprived of energy. Cytoplasmic [Ca2+] ([Ca2+]c)
and pHc were monitored simultaneously in CGCs loaded with fluorescent dyes fura-2
and BCECF, respectively. Cells were exposed for 5 min to NMDA (300 pM NMDA
plus 10 pM glycine, Mg-free Locke’s buffer) in the presence or absence of 5 mM
glucose; then CGCs' mitochondria were depolarized by applying a Ca-free medium
containing 10 pM CCCP plus 3 pg/ml oligomycin (CCCP/oligo). Although glucose
deprivation failed to affect the drop in pHc observed during the 5 min-exposure to
NMDA, it had a major effect on the changes in [Ca2+]c and pHc observed following
the CCCP/oligo application. In CGCs exposed to NMDA with glucose, CCCP/oligo
caused a prompt return of [Ca2+]c and pHc to basal levels. By contrast, in CGCs
exposed to NMDA and deprived of glucose, CCCP/oligo caused a rapid increase in
[Ca2+]c to fura-2-saturating levels and a rise in pHc to levels that greatly exceeded the
basal pHc. The results indicate that the NMDA-induced Ca2+ influx is enhanced by
glucose deprivation; consequently, more Ca2+ is stored in mitochondria which
concomitantly extrude more protons to the cytoplasm. Upon mitochondrial
depolarization with CCCP/oligo, Ca2+ is released from mitochondria to the cytoplasm,
and the protons return from the cytoplasm to mitochondria, which results in the
observed increases in [Ca2+]c and pHc- Supported by NIH grant NS 37390.
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A FRET-BASED, WHOLE-CELL ASSAY OF MITOCHONDRIAL
MEMBRANE POTENTIAL FOR DRUG SCREENING. J.A, Dykens,
S.S. Ghosh.and G. Velicelebi*. MitoKor, San Diego, CA 92121.
Mitochondrial dysfunction plays a pivotal role in neurodegenerative
diseases and stroke. Impairment of complex IV in AD and complex I in
PD increases oxidative stress, and also potentiates mitochondrial
permeability transition (MPT). The latter entails a catastrophic loss of
inner membrane integrity that collapses mitochondrial membrane potential
(AT^) and initiates apoptosis by releasing proteins, such as cytochrome c,
into the cytosol. MPT also plays a central role in excitotoxicity and other
forms of Ca2+-mediated death occurring in stroke. Therefore, therapeutic
strategies to maintain mitochondrial integrity should prove beneficial in
acute and chronic neuronal death. Accordingly, we have initiated
compound screening programs using a novel assay to monitor
in
intact cells. Conventional techniques for assessing A^ use potentiometric fluorescent dyes that are toxic at the concentrations necessary to
obtain a signal with plate readers. To circumvent this limitation, we have
developed a A'Pm assay based on fluorescence energy transfer (FRET)
between two dyes: nonyl acridine orange (NAO), a highly efficient
fluorophore that stains cardiolipin in the mitochondrial inner membrane,
and tetramethylrhodamine (TMR), a potentiometric dye that is sequestered
by mitochondria as a function of AT^. FRET occurs when both dyes are
located in the mitochondria, resulting in quenching of NAO emission.
Upon collapse of ATm (e.g., in response to elevated cytosolic Ca2+), TMR
is released, thereby dequenching NAO. Cyclosporin A and bongkrekic
acid forestall ATm collapse, whereas apoptogens, such as atractyloside,
exacerbate it. Hits identified in the initial A^ assay are further
characterized in secondary assays of apoptosis and cell viability.

Toxic Effect of Ethanol via the N-methyl-D-aspartate Receptor
Guochuan Tsait^ Jennifer Emond, Joseph T. Coyle Mailman Research
Center, McLean Hospital and Harvard Med School, Belmont, MA 02478
Recent evidence indicates that ethanol affects N-methyl-D-aspartate
(NMDA) neurotransmission by interfering with fast excitatory
neurotransmission and by promoting neuronal toxicity through upregulation of NMDA receptor density. Therefore, ethanol treatment
results in apoptotic cell death by inhibiting the trophic effect mediated by
the NMDA receptor. We test the hypothesis that NMDA receptormediated neurotransmission plays an important role in the neurotoxic
effects of ethanol and investigate the molecular mechanism of this
toxicity. We characterize the cellular vulnerability due to the expression
of different NMDA receptor subunits by ethanol and investigate the
effects of molecular manipulation of NMDA receptors (NR) subunit on
ethanol's neurobiological effects. We expressed dual combinations of
NR1 and NR2A through NR2D in HEK-293 mammalian cell line and
examine the vulnerability of recombinant receptor-bearing cells to
ethanol. Preliminary results indicated that ethanol induced cell death in
HEK-293 cells which expressed NR subunits and not in the HEK-293
cells not transfected with NR subunits. In addition, NMDA channel
blocker ketamine potentiate the toxicity induced by ethanol in the NR
subunit-expressing HEK-293 cells. The results implicate that NMDA
receptor is critical for neuronal survival and blockade of NMDA receptor
via different modulatory sites can produce toxicity. To determine the
critical molecular structure of NMDA receptor for ethanol's action, we
will perform a mutation analysis of different NMDA modulatory sites to
determine the critical molecular structure(s) of ethanol's effect on the
NMDA receptor.

112.9

112.10

AMPA RECEPTOR CALCIUM PERMEABI ITY, GLUR2 EXPRESSION AND
SELECTIVE MOTONEURON VULNERABILITY. W. Vandenberghe *• 2, W.
Robberecht2* and J.R. Brorson *. ‘Dept. ofNeurology, The University of Chicago,
Chicago, IL 60637; 2Dept. ofNeurology, University of Leuven, Leuven, Belgium.
AMPA receptor-mediated excitotoxicity is believed to play a major pathogenic
role in the selective motoneuron death of amyotrophic lateral sclerosis.
Motoneurons have been shown in various models to be more susceptible to AMPA
receptor-mediated injury than other spinal neurons. AMPA receptors can have
diverse permeability to Ca2+ depending on the presence of the GluR2 subunit. It has
been proposed that the selective vulnerability of motoneurons to AMPA receptor
agonists is due to the expression of highly Ca2+ permeable AMPA receptors. The
aim of this study was to provide a relative quantification of AMPA receptor Ca2+
permeability and GluR2 expression in motoneurons by combining whole-cell patchclamp electrophysiology and single-cell RT-PCR, and to compare these properties
with those of dorsal spinal neurons. Spinal motoneurons and dorsal horn neurons
were isolated from embryonic rats and cultured on spinal astrocytes. Motoneurons
were significantly more vulnerable to AMPA and kainate than dorsal spinal
neurons. Motoneurons expressed AMPA receptors with moderate relative Ca2+
permeability (PCa27Pcs+ ~ 0.4). GluR2 mRNA constituted ~ 35 % of total AMPA
receptor subunit mRNA in motoneurons. There was no clear difference in mean
relative Ca2+ permeability of AMPA receptors or mean relative abundance of GluR2
mRNA between motoneurons and dorsal horn neurons. However, AMPA receptor
current density was considerably higher in motoneurons than in dorsal spinal
neurons, suggesting a higher density of AMPA receptors in motoneuron
membranes. These results indicate that the selective vulnerability of motoneurons to
AMPA receptor agonists may not be determined by AMPA receptor relative Ca2+
permeability. Supported by F. W.O.-Vlaanderen and ALS Association.

Exacerbation of neuronal death by activation of group I metabotropic glutamate
receptors: role of NMDA receptors and arachidonic acid release
A, I, Faden1* J.W. Allen1,2, and S.M. Knoblach1.‘institute for Cognitive and
Computational Sciences, and interdisciplinary Program in Neuroscience,
Georgetown University Medical Center, 3970 Reservoir Road, Washington,
District of Columbia 20007, USA
Activation of Group I metabotropic glutamate receptors (mGluR)
exacerbates neuronal injury in a variety of in vitro models: mechanical trauma;
trauma with ‘chemical ischemia’ using 3-nitroproprionic acid and glucose
deprivation (trauma + 3NP/GD); and oxygen-glucose deprivation (OGD) in rat
neuronal-glial co-cultures.
However, preliminary studies indicated that
exacerbation may result not only from PI hydrolysis or NMDA receptor
activation. Rat cortical neuronal cultures (11-13 DIV) were stimulated with
NMDA and whole-cell currents were recorded. Application of the group I
mGluR agonist dihydroxyphenylglycine (DHPG) for 2 min was without effect.
Re-application of NMDA following DHPG significantly increased the maximal
current compared to that elicited by NMDA alone. Using the calcium-sensitive
dye fura-2 AM, DHPG application significantly potentiated NMDA-induced
increases in neuronal intracellular calcium levels. However, the exacerbating
effects of DHPG on OGD persisted in the presence of NMDA receptor
blockade, suggesting that additional mechanisms are involved. Application of
DHPG (20gM) to neuronal-glial cultures increased arachidonic acid (AA)
release. Maximal increases were detected at 10 min. Trauma + 3NP/GD also
increased AA release; this effect was significantly potentiated by DHPG. These
data suggest that increases in AA release, as well as activation of NMDA
receptors may be involved in the exacerbation of injury by group I mGluR
activation. Supported by NIH NS 37313 and DOD DAmD 17-93-V-3018.

112.11

112.12

MITOCHONDRIAL
AND
EXTRACELLULAR
SUPEROXIDE
RADICALS IN EXCITOTOXICITY. M. Patel* and L. P. Liang. Departments
of Medicine, National Jewish Medical and Research Center and Univ. of
Colorado Health Sciences Center, Denver CO 80206.
The relative contribution of mitochondrial and/or extracellular superoxide (O2‘)
radicals in glutamate receptor (GluR) mediated excitotoxicity is unclear. Using
selective inactivation of mitochondrial aconitase (a O2' - sensitive Fe-S protein)
as an index of O2' formation and intracellularly- and extracellularly-targeted
metalloporphyrin SOD mimetics as well as transgenic mice overexpressing
extracellular SOD (TgEC-SOD) as tools, we investigated the relative roles of
mitochondrial and extracellular O2' in excitotoxic injuiy in vitro and in vivo.
In mixed cortical cultures, both NMDA and kainic acid selectively inactivated
mitochondrial aconitase, a (^'sensitive Fe-S enzyme, but not fumarase, a control
mitochondrial enzyme, suggesting that activation of NMDA and non-NMDA
receptors increases mitochondrial Of production. NMDA- and kainic acidinduced neuronal death was prevented by cell permeable SOD mimetics
(MnTBAP and a related analogue) but not by extracellularly targeted SOD
mimetics (MnTM-2-PyP & MnTM-4-PyP) or in cultures derived from TgECSOD mice. Systemic administration of kainic acid produced selective
inactivation of mitochondrial aconitase but not fumarase at times preceding
hippocampal cell loss, reflecting an increase in mitochondrial O2‘ production.
I.c.v. delivery of the intracellular SOD mimetic MnTBAP prevented kainic acidinduced inactivation of mitochondrial aconitase by ~75% and hippocampal
neuronal loss by ~ 60%. Systemic kainic acid-induced hippocampal cell loss was
attenuated by the extracellular SOD mimetic MnTM-2-PyP and in TgEC-SOD
mice. These data suggest that excitotoxic injury in vitro is mediated primarily by
mitochondrial O2', whereas excitotoxic injuiy in vivo is mediated by both
mitochondrial and extracellular 02" radicals.

ENDOGENOUS NITRIC OXIDE INHIBITS NECROSIS BUT NOT
APOPTOSIS IN CEREBELLAR GRANULE CELLS. S.J. Robb*, S. Vesce and
D.G. Nicholls. Neurosciences Institute, Dept. of Pharmacology and Neuroscience,
Ninewells Medical School, Dundee, Scotland, U.K.
Neuronal cell death falls on a continuum from apoptosis to necrosis. Many
toxins at low doses produce apoptosis, while at higher doses produce necrosis,
suggesting there are common aspects to these pathways. Nitric Oxide (NO) is a
purported mediator of both types of neuronal death; however there is a growing
body of literature suggesting NO may decrease vulnerability under some
circumstances. The goal of tliis study was to determine the effect of endogenously
produced NO on neuronal apoptosis and necrosis. Apoptosis was induced in
cerebellar granule cells by lowering extracellular potassium (K+). Neuronal
apoptosis was characterized by loss of cytochrome c (cyt. c) from mitochondria,
condensation of the nucleus, formation of apoptotic bodies and translocation of
phosphatidyl serine (PS) from the inner to tlie outer face of the plasma membrane.
These events were also observed in response to low K+ when cells were pretreated
with lippopolysachharide to increase inducible nitric oxide synthase (iNOS).
Necrosis of cells exposed to glutamate/glycine involves loss of calcium
homeostasis (delayed calcium deregulation, DCD), loss of mitochondrial
membrane potential (ATm), and increased levels of superoxide (O2 ). Endogenous
NO decreased necrotic death of neurons by postponing DCD, preserving AT™,
and decreasing levels of O2' . From these studies, we conclude endogenously
produced NO may ftinction to decrease glutamate-induced necrosis of cerebellar
granule cells by preserving calcium homeostasis and mitochondrial integrity.
Endogenous NO did not decrease apoptosis induced by low K+, suggesting tlie
pathways may be divergent.
Supported by The Wellcome Trust.

Supported in part by the Alzheimer’s Investigator Development Award (UCHSC)
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SELECTIVE INFLUENCES ON
DOPAMINE UPTAKE AND
COCAINE ANALOG BINDING BY ALANINE SUBSTITUTIONS FOR
DOPAMINE TRANSPORTER TRANSMEMBRANE DOMAIN
RESIDUES. Z. Lin*M. Itokawa, W. Wang & G.R. Uhl. Mol. Nbiol., NIDA

POINT MUTATIONS OF THE HUMAN DOPAMINE TRANSPORTER (hDAT)
REVEAL DIFFERENTIAL BINDING OF AN AMINE AND A NON-AMINE
LIGAND. GM Miller*. LM Gracz. M Goulet H Yang. HN Panas. PC Meltzer. BJ
Hoffman. BK Madras, Harvard Medical School, NERPRC, Southborough, MA 01772.
We have shown that non-amines, novel compounds lacking an amine nitrogen, retain
a large array of the biological activities displayed by their amine nitrogen-bearing
counterparts (Soc. Neuro. Abstr. 113.11,1998). Based on the critical role of substituents
on the aromatic ring in conferring high affinity for non-amines (Synapse 24:340,1996),
we hypothesized that aromatic-aromatic interactions may contribute significantly to nonamine-transporter binding, whereas a counterion on the transporter may be critical for
monoamine bonding. To test this hypothesis, we compared the binding of a non-amine,
[3H]tropoxene (TPX, IC50*lnM), with that of a monoamine, [3H]WIN35428 (CFT,
ICJ0®10nM), in hDAT point mutants of: 1) a highly conserved aromatic amino acid,
phenylalanine 531 (F531), and 2) a putative aspartate counterion for monoamine ligands,
D79. Mutant constructs were expressed in HEK293 cells and compounds were assayed
for binding affinity and potency for blocking dopamine uptake. The aromatic residue was
essential for non-amine drug- but negligible for monoamine drug-transporter interactions:
F531 to alanine obliterated TPX binding (IC50>10gM; 10,000-fold lower affinity vs. wildtype hDAT), but spared CFT binding (IC50=53±3nM; 8-fold lower affinity vs. wild-type
hDAT). Blockade of dopamine transport was similarly affected. The critical role of an
aromatic ring at this position for the non-amine-transporter interaction was demonstrated:
F531 to tyrosine completely retained wild-type binding affinities for both TPX (InM) and
CFT (8. InM). In contrast, the acidic aspartate residue was essential for monoamine
(CFT)- but inconsequential for non-amine (TPX)-transporter interactions: D79 to alanine
obliterated CFT affinity (>10pM), whereas TPX affinity was fully retained (~lnM). One
interpretation is that aromatic-aromatic interactions are critical to non-amine drugtransporter binding, whereas counterion bonding is essential for monoamine drugtransporter interactions. This is the first evidence to demonstrate that potent non-amine
and monoamine drugs may bind differently to the DAT. The data support the potential
of designing novel transporter drugs with differential effects on monoamine transport
dynamics. Support: DA06303, DA00304, RR00168.

IRP & Depts. Neurol. & Nsci., JHUSM, Balt., MD 21224

Dopamine transporter (DAT) recognition of cocaine, cocaine analogs
including carboxyflurotropane (CFT) and recognition/translocation
of dopamine and ions are likely to involve hydrophobic and cationic
interactions between DAT trans-membrane domain (TM) residues
and DAT ligands and substrates. To define such interactions, we
assessed influences of substituting alanines (A) for phenylalanine
(F), tryptophan (W) and proline (P) residues in or near putative
DAT TM domains. Dopamine transport rates are influenced by
many TMs F->A, W->A and P-»A substitutions. Reduced affinities
for dopamine are most prominent with substitutions in TMs
1,2,3,4,5,7,11,12, extracellular loops 2,3 and 6and intracellular loop
1. Substitutions in TMs 1,2,5,7,8,10 and 11 and extracellular loops
3 and 4 lowered CFT affinities. Interesting changes in ion
dependence can also be noted. These data support contributions of
specific aromatic amino acids to correct DAT hydrophobic pocket
formation essential for cocaine analog recognition and dopamine
uptake. Supported by NIDA Intramural Research Program.

113.3

113.4

NON-AMINES: A NEW GENERATION OF TRANSPORTER DRUGS ARE POTENT
SEROTONIN REUPTAKE BLOCKERS. M, Goulet*. G, Miller. P. C. Meltzer and B.K.
Madras- Harvard Medical School, New England Regional Primate Research Center,
Division of Neurochemistry, Southborough, MA 01772-9102
The serotonin transporter (SERT) is a principal site of action of therapeutic
antidepressants in the brain. Without exception, these transport-blocking agents contain
an amine nitrogen in their structure. Previously, we demonstrated that novel non-amine
compounds that contain no amine nitrogen in their structure blocked dopamine transport
in COS-7 cells transfected with the human dopamine transporter (Madras et al., Synapse
24:340-8, 1996). The present study was designed to investigate whether certain nonamines block serotonin transport as do their amine-bearing counterparts. We measured
the affinity of non-amines at [3H]citalopram binding sites on SERT and their potency for
blocking serotonin reuptake in cloned human SERT stably expressed in HEK 293 cells.
The non-amines 0-1228, 0-1391 and 0-1229 displayed high affinity for [3H]citalopram
labeled sites on the serotonin transporter (IC50 2.5+1.2, 4.8±1.2 and 8.1±3.1 nM,
respectively, n=2-3) as did tricyclic antidepressants (amitriptyline, imipramine) and
selective serotonin reuptake inhibitors (fluoxetine, citalopram, sertraline). These nonamines 0-1228, 0-1391 and 0-1229 blocked [3H]serotonin reuptake with similar high
affinities (ICJ0 0.5±0.2,2.9+1.2 and 7.6±4.2 nM, respectively n=2-3). The present study
reveals that amine nitrogen-based drugs are not essential for blockade of serotonin
reuptake. The high potency of non-amines for the SERT opens avenues for developing
a new generation of antidepressants. These compounds may have unique pharmacokinetic
and pharmacodynamic properties, may be effective as depot drugs and, thereby increase
the options for medications to treat depression.
Supported by DA 06303, DA 00304, RR 11558.

DIFFERENTIAL ELEVATION OF ENDOGENOUS GABA LEVELS
PRODUCES TIME DEPENDENT INHIBITION OF COCAINEINDUCED
DOPAMINE
(DA)
RELEASE
IN
NUCLEUS
ACCUMBENS (NAc). R.A. Bermel1, M.R. Gerasimov1, W.K. Schiffer2,
C.R. Ashby3, J.D. Brodie2, C.L. Barnes4*, and S.L. Dewey1. 1 Chemistry
Dept., BNL, Upton NY 11973, 2Dept. Psychiatry, NYUSM, NYC NY.
3PHS Dept, St. John’s University, Jamaica NY. 4Dept. Physical Therapy,
Regis Univ, Denver CO.
Many drugs that elevate endogenous GABA levels produce a subsequent
decline in extracellular DA concentrations. We compared the temporal
effect of the GABA transaminase (GABA-T) inhibitor (GVG, Vigabatrin®)
and a GABA reuptake inhibitor (CCM004-014) on cocaine-induced
dopamine release. Both drugs (300 mg/kg) were administered 0.5 and 2.5
hours prior to cocaine challenge (20 mg/kg) via i.p. injection in freely
moving Sprague Dawley rats. As assessed by microdialysis, extracellular
NAc DA concentrations were similarly inhibited in both groups of animals
receiving CCM004-014 0.5 and 2.5 hours prior to cocaine (54% and 61%
inhibition respectively). In marked contrast, inhibition by GVG was clearly
dependent on the pretreatment time, with maximal inhibition (31%)
occurring only in the 2.5 hour pretreatment group compared with the 0.5 hr
pretreatment time (18%). Our results indicate that the mechanism of
reuptake inhibition by CCM004-014 is efficacious at pretreatment times of
0.5 and 2.5 hours, while the mechanism of GABA-T inactivation by GVG
requires 2.5 hours, consistent with the metabolic time course of enzyme
inhibition. Supported by USDOE/OBER (DE-AC02-98CH10886) and
NIMH MH49165. The authors thank Chiro Tech® for their generous supply
of the reuptake inhibitor.

113.5

113.6

DIFFERENT jla L hDAT ADAPTATION INDUCED BY SUSTAINED
TRE ATMENT WITH VARIOUS DAT INHIBTORS IN
NEURONAL CULTURE

Karley Y. Little *, Lian Zhang, Huailing Zhong, Gordon Crippen
Departments of Psychiatry and Pharmaceutical Chemistry, University of
Michigan, and Ann Arbor VAMC

Previous experiments have demonstrated that cocaine treatment increases hDAT
uptake in neuronal culture, a result complementing human brain binding studies
performed with tne cocaine congener [3H]WIN 35428. It appears that the
increases reflect an increased fraction of DAT molecules embedded in the outer
membrane. Differing binding results have been obtained using different DAT
radioligands, which is likely due to differential sensitivity of some radioligands to
DAT location—plasma membrane-embedded vs internalized. Also, sustained
exposure with various DAT inhibitors appears to cause different DAT responses.
The present experiments in hDAT-expressing neuronal culture compared the
effects of treatment with an array of DAT inhibitors to those of cocaine.
Wild type hDA i cDNA (inserted in the pcDNA3 vector) was expressed in a
mouse neuroblastoma neuronal culture (neuro2A). Cells were then treated for 24
hours with a number of DAT inhibitors, in doses ranging from lO’M to 10'6M.
Cells were then ext /lively washed before assay with [3HJWIN 35428, and
terminal wash samp’.*.; were examined for [3H]WIN 35428 binding IC50. There
were marked differences in the effects of the inhibitors. DAT binding
upregulators included cocaine, WIN 35428, bupropion, and methylphenidate.
Downregulators included d-amphetamine, benztropine, mazindol, and RTI-55. A
3D -QSAR model was derived which successfully predicted the effect of
methylphenidate before it was assayed. Further immunofluorescent,
phosphoprotein, and electrophysiological studies are underway to determine the
mechanisms involved. (NIDA 09491)
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THE ORGANIC CATION TRANSPORTER TYPE 2 (OCT2) IS

INVOLVED IN DOPAMINE HANDLING. S. Koster. D, Griindemann.
N, Obermuller, A, Schober*, E, Schomig. Depts. of Pharmacology and Neuroanatomy,
Univ. of Heidelberg, INF 366, 69120 Heidelberg, Germany
Recently the organic cation transporter OCT2 has been cloned. The analysis of the
tissue distribution by RT-PCR reveals that OCT2 mRNA exists exclusively in
dopamine-rich tissues such as the kidney and some brain areas (s. nigra, striatum, n.
accumbens). This opens the possibility of OCT2 being involved in both, central and
peripheral dopamine handling. The hypothesis that OCT2 accepts dopamine and other
monoamine transmitters as substrate was tested. Stable transfection of HEK293 cells
with the OCT2 cDNA resulting in 293^2 cells transfers transport activity for
dopamine (KM 2.1 mmol/I, Vmax 3.9 nmol/min per mg protein) and other monoamine
transmitters (norepinephrine, epinephrine and serotonin).
The cellular localization of OCT2 by nonradioactive in situ hybridization was not yet
successful in the brain whereas in the kidney a clear signal was obtained. mRNA
expression was investigated in rat kidney with a digoxigenin-labeled antisense RNA
probe. Cryostat sections of perfused adult rat kidney were hybridized with the labeled
probe, incubated with alkaline-phosphatase coupled antidigoxigenin antibody and
subsequently a color reaction was performed. OCT2r mRNA is restricted to the outer
medulla and deep portions of the medullary rays indicating selective expression in the
S3 segment of the proximal tubule.
Although the role of OCT2 in the CNS is less clear, in the kidney - considering
recently published in vivo data with the highly potent inhibitor disprocynium24- OCT2
seems to be involved in tubular dopamine handling. OCT2 could be the molecular
target for a new class of eukaliuric high ceiling diuretic and antihypertensive drugs.
Supported by the DFG (SFB601/A4 and UN34/19-1/B2).
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GENETIC
EFFECTS
ON
DOPAMINE
TRANSPORTER
AVAILABILITY AMONG
ALCOHOLICS
AND
CONTROL
SUBJECTS A. Heinz,1* D. Jones,2 D. Goldman,2 J.G. Gorey? M. Linnoila?

NEUROTRANSMITTER TRANSPORTER DISEASES: A CODING
MUTATION IN THE HUMAN NOREPINEPHRINE TRANSPORTER
UNDERLIES
A
FAMILIAL
FORM
OF
ORTHOSTATIC
INTOLERANCE N.L.Flattem*. J.R.Shannon. J.Jordan, G, Jacob, LBiaggionL
D.Robertson and R.D.Blakelv. Depts. of Pharmacology, Medicine and Neurology and
Ctr. for Mol. Neurosci., Vanderbilt Univ. Med. Center, Nashville, TN 37232-6420.
The norepinephrine (NE) transporter (NET) is believed to play an important role in
the inactivation of NE released at noradrenergic synapses in the CNS and PNS.
Although drugs that act at NETs such as cocaine, amphetamines and tricyclic
antidepressants exert a profound effect on systemic physiology and behavior, no
alterations in hNET have as yet been linked to brain or autonomic disorders. Recently
(Jacob et al. Circulation 99, 1706-1712, 1999), defects in peripheral NE clearance,
NET-dependent, tyramine-induced NE efflux and adrenergic receptor sensitivity have
been recognized in some individuals with Orthostatic Intolerance (OI). 01 patients, in
general, exhibit markedly elevated heart rates upon standing, diminished cerebral
perfusion, syncope and chronic fatigue that improves upon lying down. Given the
prominent role of the NET in regulation of heart rate, blood flow and NE inactivation,
we examined the NET gene of one proband and her family for evidence of mutations
that might disrupt NET expression or activity. Our studies reveal the presence of a
coding mutation in the proband which converts a highly conserved transmembrane
domain Ala residue to Pro. Analysis of the protein produced by the mutant cDNA in
transfected cells demonstrates a >98% reduction in activity relative to the original
NET isolate (Pacholczyk et al., 1991 Nature 350, 350-354). Studies of the proband
and her family reveal correlations of plasma NE, DHPG/NE and heart rate with the
mutant allele. Our findings represent the first identification of a specific defect in OI
and the first disease linked to a coding alteration in Na+/Cl- dependent
neurotransmitter transporters. This research is supported by NIH award MH58921 to
R.D.B. and awards PO1 HL56693 and NASA 9 19483 to D.R.

D.R. Weinberger2. ‘Central Institute of Mental Health, 68159 Mannheim,
Germany; ^National Institutes of Health, Bethesda, MD

Dopaminergic dysfunction has been implicated in the pathogenesis of
alcohol dependence and an allelic variation of the dopamine transporter
(DAT) has been associated with the severity of alcohol withdrawal. We
assessed genetic effects on the in vivo availability of dopamine transporters
among eleven control subjects and 14 abstinent alcoholic-dependent patients.
In each subject, we measured the variable number of tandem repeat
polymorphism of the 3’ untranslated region of the DAT gene (SLC6A3).
Single photon emission computed tomography (SPECT) and the radioligand
[I-123]P-CIT were used to measure the effective DAT binding potential. No
group differences in DAT availability were observed between alcoholdependent patients and control subjects. Independent of diagnosis, individuals
with the 9-repeat/10-repeat genotype showed a significant reduction of DAT
availability in the putamen compared with 10-repeat homozygote individuals.
This finding was more pronounced in the subgroup of alcohol-dependent
patients compared to control subjects. Our observation may indicate that the
assessed polymorphism of the DAT gene influences dopamine transporter
expression. A lower striatal dopamine uptake capacity may affect severity of
alcohol withdrawal when monoaminergic neurotransmission is activated
during early abstinence. Supported in part by the Deutsche
Forschungsgemeinschaft (Research Grant No. He 2597/1-1)

113.9
MOLECULAR IDENTIFICATION OF THE EXTRANEURONAL
MONOAMINE TRANSPORTER (EMT). E. Schomig. B. Schechinger.

S. Koster. G. Rappold. U. Misgeld*, D, Grtindemann. Depts. of Pharmacology,
Physiology and Human Genetics, Univ. of Heidelberg, INF 366,69120 Heidelberg,
Germany
The inactivation of the released catecholamine plays a key role in adrenergic signal
transduction. Norepinephrine is taken up from the synaptic cleft by a sodium-driven,
high-affinity neuronal transport system (NET) and by a steroid-sensitive, low-affinity
high-capacity extraneuronal transport system, originally named uptake2. The latter exists
in various sympathetically innervated peripheral tissues and the central nervous system
glia. Here we report the molecular identification of the extraneuronal monoamine
transporter.
Degenerate oligonucleotides were derived from transporter-typical sequence motives
and used for RT-PCR on mRNA from Caki-1 cells, a human kidney carcinoma cell line
known to express extraneuronal monoamine uptake. An amplicon with similarity to
known transport proteins was identified and used to retrieve the corresponding 3.4 kb
full-length cDNA from a primary Caki-1 cDNA library. The new transport protein
(EMT) consists of 556 amino acids. Hydropathy analysis suggests 12 putative transmembrane segments. EMT is a new member of the amphiphilic solute facilitator (ASF)
family of transport proteins. Transfection of HEK293 cells with EMT confers a transport
activity for known substrates of the extraneuronal catecholamine transporter such as
tyramine, epinephrine, norepinephrine, and serotonin. Norepinephrine uptake by EMT
was saturable with a Km of 510 pM and a Vm„ of 3.9 nmol/min per mg protein. The rank
order of antagonist affinities perfectly fits in with data from classical organ preparations
for extraneuronal monoamine uptake (uptake2). With EMT the molecular identity of a
long known key element in catecholamine inactivation has been revealed.
Supported by the DFG (SFB601/A4, UN/19-1/B2)
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RAPID AND REVERSIBLE CHANGES IN ACETYLCHOLINE
RECEPTOR DENSITY AT NEUROMUSCULAR JUNCTIONS:
REGULATION BY MUSCLE ACTIVITY IN VIVO.

DIFFERENCES IN ACETYLCHOLINE RECEPTOR CHANNEL
KINETICS BETWEEN NEONATAL AND DENERVATED RAT
MUSCLE. A. Villarroel* Dept. of Physiology & Biophysics, Dalhousie
University, Halifax, Nova Scotia B3H 4H7, Canada.
During the first two weeks of postnatal development the y-subunit of the
muscle acetylcholine receptor (AChR) becomes replaced by the e-subunit.
As a result of this change, the synaptic channels acquire larger
conductance and faster kinetics. Denervation of an adult muscle causes the
y-subunit to reappear in the surface of the muscle. The presence of
multiple y-subunit mRNA forms in the fetal muscle (FEBS Lett 443: 381384; 1999) together with a heterogeneous off-set kinetic of the fetal
channels suggests a multiplicity of receptor types. Here we address the
question whether such heterogeneity is also present in denervated
muscles. We recorded single-channel currents in the synaptic site of
freshly dissociated fibres from postnatal (Pl-Pl9) and adult denervated rat
muscles. The mean-open time was 10.4+3 ms (max. 16.7, min 6.1 ms;
n=21) for postnatal muscle. Denervated muscle, however, had a more
homogeneous kinetic. The mean-open time was 7.6 ± 1 ms (n=9). In
addition, we found several mRNA forms encoding for the y-subunit in
denervated muscle. We are currently investigating differences in the
repertoire of y-subunits mRNA in denervated muscle that could explain
the differences in single-channel kinetics.

M.Akaaboune*, S.Culican, S. Tumey and J.W.Lichtman. Dept of Anatomy
and Neurobiology, Washington University School of Medicine, St Louis.
Quantitative fluorescence imaging was used to assay the number and stability
of acetylcholine receptors (AChRs) at normal and non-functional
neuromuscular junctions in living mice. When neuromuscular transmission
was functional, AChR lifetime was quite long (loss rate = 0.2%- 0.09% per
hour). However when neurotransmission was blocked, receptor lifetime
rapidly decreased more than 25-fold (loss rate = 5.2%/hour). This accelerated
rate of receptor loss led to a progressive decrease in the density of AChRs at
blocked neuromuscular junctions. Direct stimulation of muscle fibers
prevented, and restoration of synaptic transmission halted receptor removal
from blocked junctions. AChRs removed from the non-functional synapses
resided temporarily in the perijunctional membrane, signs of internalization
beginning about 8 hours later. The perijunctional pool of receptors
surrounding non-functional junctions was capable of returning to the synapse,
increasing the density of synaptic AChRs when neurotransmission was
restored.The rapid and reversible nature of the regulation of AChR density at
the neuromuscular junction in vivo is therefore a useful model to study
activity dependent changes in postsynaptic receptor density. In addition, these
results may provide an explanation for the prolonged paralysis that sometimes
follows use of neuromuscular blocking agents in humans. This work was
supported by HFSP (M.A), NHI and MDA (JWL).

Supported by the Medical Research Council of Canada, Grant'MT-14457

Society

for

Neuroscience

. Volume

25, 1999

SUNDAY PM

ACETYLCHOLINE RECEPTORS: NICOTINIC II

114.3

114.4

EFFECTS OF INJECTING PURIFIED RECOMBINANT
AGRIN INTO RAT SKELETAL MUSCLES IN VIVO.

IN F/FGQUNTIF1CATION OF a402 NICOTINIC ACETYLCHOLINE
RECEPTORS WITH [1-123]- 5-1-A85380 SPECT. M. Fujita, G. Tamagnan, S.S.
Zoghbi and R.B. Innis*. Depts. of Psychiatry and Pharmacology, Yale Univ.
School of Medicine; West Haven, CT 06516.
The purposes of this study were to measure the densities of nicotinic acetylcholine
receptors (nAChRs) in vivo using 5-[I-123]iodo-3-(2(S)-azetidinylmethoxy)pyridine
([1-123]- 5-I-A85380) and single photon emission computed tomography (SPECT)
and to evaluate reliability of outcome measures by comparing two independent
experiments with different paradigms (bolus/kinetic and bolus plus constant
infusion (B/I)/equilibrium) in each animal. Bolus (duration 6 h, 220 MBq) and B/I
(B/I = 4.75 - 5 h, duration 8 h, 220 MBq) paradigms were applied in three
overiectomized female baboons. The specific distribution volume (PT) was
calculated in the thalamus (Thai) and the striatum (Str). Blood samples were
immediately centrifuged and plasma was mixed with acetonitrile to prevent
decomposition of the tracer. A displacement study was also done under
B/I/equilibrium paradigm in one baboon using (-)-cytisine (0.8 mg/kg s.c.). Bolus
studies were analyzed with 2-tissue compartment model where Kilk2
(nondisplaceable distribution volume) was coupled among brain regions and V3'
was treated as a variable in place of k4. In B/I studies, V3' was calculated by
subtracting radioactivities in a receptor-free region from those in receptor-rich
regions. In both paradigms, the cerebellum (Cbl) was used as a receptor-free
region. Brain regions were identified on a coregistered MRI in each animal. In a
displacement study, the uptake in the brain regions was decreased to the level of
Cbl. V3' was well identified in Thai and Str with a coefficient of variation of 1 3.6% and 2.8 - 3.7%, respectively. V3' in these regions matched well between bolus
and B/I studies in each animal with the values of (bolus-B/I): 2.9-3.1, 1.8-1.9, and
1.8-1.5 in Thai and 1.5-1.2, 0.58-0.64, and 0.38-0.43 (mL/mL) in Str. In
conclusion, [1-123]- 5-I-A85380 SPECT provided highly reliable measures of
nAChR levels in the thalamus and the striatum with both bolus and equilibrium
methods, (supported by MH30929)

G.Bczakova and T. Lomo*. Dept. of Physiology, Univ. of Oslo, Norway
Neural agrin released from motor nerve terminals into the synaptic cleft of
neuromuscular junctions (NMJs) plays a key role in directing the formation of
the postsynaptic apparatus. Here we have injected purified recombinant neural
and muscle agrin into soleus and extensor digitorum longus (EDL) muscles of
adult rats. By affecting large population of muscle fibers, these experiments
provided us with a new approach to examine further the aggregating ability of
agrin in vivo.
A single injection of chick or rat neural agrin into denervated soleus and EDL
muscles induced numerous AChR aggregates alpng individual muscle fibers.
The aggregates increased in size and number with increasing agrin
concentrations. Their appearance changed with time after the injection and
aggregates were still present after 4 weeks. The aggregates were less numerous
near the original NMJs. Soleus and EDL responded similarly, and chick and rat
agrin had similar effects except for smaller differences in the appearance and
distribution of the aggregates. Chick and rat agrin induced AChR aggregates in
innervated soleus and EDL muscles but these aggregates were much less
numerous than those induced in denervated muscles and were concentrated near
the myotendinous junctions. Muscle agrin at 5 times the concentration of neural
agrin induced very small AChR aggregates, and was unable to prevent the
aggregating activity of coinjected neural agrin. Proteins typically present at
NMJs were found concentrated at the sites of the AChR aggregates.
This new approach will be used further to examine how agrin and electrical
muscle activity interact to influence the formation, size and distribution of
AChR aggregates on skeletal muscle fibers in vivo.
Supported by EU grant ERB BIO4 CT96 0216
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114.5

114.6

DRUG-INDUCED RE-DISTRIBUTION OF NICOTINIC ACETYLCHOLINE
RECEPTORS ON NEUROCHEMICALLY-IDENTIFIED MYENTERIC
NEURONS. M.-T, Liu* and A, Kirchgessner, Dept. Physiol and Pharm., SUNY
Health Sci. Center at Brooklyn, Brooklyn, NY 11203.
Nicotinic acetylcholine receptors (nAChRs) play a major role in mediating
excitatory synaptic transmission in the gut; therefore, it is not surprising that a large
subset of enteric neurons displays nAChR immunoreactivity. The present study was
designed to examine the distribution of nAChRs on chemically-coded myenteric
neurons and determine whether the distribution of nAChRs is altered by exogenous
nicotine or hexamethonium. Dissociated myenteric neurons were obtained from the
guinea pig small intestine. Subgroups of enteric neurons were identified, based on
their neurochemistry. Calbindin was used as a marker of putative primary afferent
neurons. Choline acetyltransferase (ChAT) and vasoactive intestinal polypeptide
(VIP), were used as markers of excitatory and inhibitory motorneurons, respectively.
nAChRs were demonstrated with monoclonal antibody 35 (mAb35; RBI), in
conjunction with confocal microscopy. Dense clusters of nAChRs were found on the
cell bodies and dendrites of both ChAT- and VIP-immunoreactive neurons. Most of
the receptor was located on the cell surface; however, clumps of receptor were also
found throughout the cell. nAChRs were also found on calbindin-immunoreactive
neurons; however, most of the receptor was distributed on the soma, and only on a
subset (-75%) of calbindin cells displayed nAChR immunoreactivity. In cultures that
were incubated in the presence of nicotine (lpM), the majority of nAChR
immunoreactivity was intracellular. Clumps of receptor were increased, suggesting
that receptors had been internalized. Removal of agonist from the medium resulted in
recovery of cell surface expression. Incubation with the nicotinic antagonist
hexamethonium (300pM), promoted an increase in cell surface immunoreactivity and
a decrease in internal clumps of receptor. We conclude that nAChRs in enteric
neurons undergo drug-induced redistribution that is likely to be implicated in receptor
signaling. Supported by NIH NS27645, NS35951.

NICOTINE EFFECTS ON REGIONAL CEREBRAL BLOOD FLOW
IN TOBACCO SMOKERS. E.F, Domino1*, J.-K, Zubieta2’3. S. Guthrie3.
L. Ohl3. L. Ni1. R. Koeppe2, D. Cross2 and S. Minoshima2. Depts. of
‘Pharmacology, 2Nuclear Medicine/Intemal Medicine, and ’Psychiatry,
University of Michigan, Ann Arbor, MI 48109.
Eighteen healthy, adult, mixed race and gender, abstinent overnight
tobacco smoking volunteers were selected for study. In each subject,
positron emission tomographic images of rCBF with [O15]H2O were
obtained in three conditions - about 3 min after approximately 2 mg of
nasal nicotine spray, about 3 min after nasal oleoresin of pepper, and
resting baseline. Arterial and venous nicotine levels, EKG, and systemic
blood pressure were measured. Images were analyzed in stereotactic
coordinates using pixel-wise t statistics and a smoothed Gaussian model.
Peak plasma nicotine levels were approximately half those typical of
tobacco cigarette smoking. Increases in heart rates correlated well with
peak arterial nicotine levels. Structures specifically activated by nicotine
(nicotine minus pepper, >8%; Z score >4.0) include: left cerebellum,
right medial thalamus, primary visual cortex, inf. frontal gyrus and left
pons. Black pepper oleoresin spray (a nasal irritant placebo control)
alone activated the following structures (pepper minus baseline): right
and left premotor cortex/insula, left cerebellum and vermis, right
lenticular nucleus, cerebellum (vermis). Areas in which nicotine increases
rCBF such as the thalamus and pons have a large number of nAChRs
involved in arousal. (Supported by NIDA Grant ROI DA-10992.)

114.7

114.8

THE NICOTINIC ALPHA-7 RECEPTOR SUBTYPE IN THE DORSAL
MOTOR NUCLEUS OF THE VAGUS REGULATES INTRAGASTRIC
PRESSURE. S.N, Ebert1*, M. Ferriera1. D.C, Perry2. K.J. Kellar1. BB. W fife1. R.
Yasuda1. M, Bingaman1. and R.A. Gillis1. 'Dept. of Pharmacology, Gecrgetown
University Medical School, and 2George Washington University, Washington DC.
Direct microinjection of nicotine (100 pmoles in 60 nl) into the dorsal motor
nucleus of the vagus (DMV) of an anesthetized adult Sprague-Dawiey rat produces
increases in gastric pressure as measured from a saline-filled balloon implanted in the
stomach. In six rats, the initial injection of nicotine in the DMV resulted in a 42±4%
increase in gastric pressure. Subsequent (or prior) injection of saline into the same
region had no measurable effect on gastric pressure. However, a second injection of
nicotine at the same site and using the same concentration as the initial application
resulted in an increase in gastric pressure (+40±6%) that was similar to that observed
initially. This nicotine-induced increase in gastric pressure was strongly attenuated
(60-70% decrease from control response, n=6) by the prior application of abungarotoxin (a-BTX, 100 pmoles in 60 nl) to the targeted region of the DMV. Since
a-BTX selectively blocks nAChRs containing a7 subunits, these data suggest that the
nicotine-induced increase in gastric pressure was mediated by a7-nAChRs in the
DMV.
These results are supported by autoradiographic evidence demonstrating specific aBTX (125I-a-BTX) binding sites in the DMV. Unilateral cervical vagotomy strongly
suppressed 125I-a-BTX binding in the ipsilateral, but not the contralatera DMV,
thereby indicating that a7-nAChRs are expressed in DMV neurons. Direct evidence
that DMV neurons express the a7-nAChR subunit is provided by immunoflvorescent
staining of DMV neurons using an anti-a7-nAChR antibody. This staining shows
that within the DMV, a7 subunits are primarily located on cell bodies. Together,
these results suggest that a7-nAChRs represent post-synaptic receptors on DMV
neurons and that when stimulated by nicotine, gastrointestinal pressure iicreases.

NICOTINE-INDUCED ENHANCEMENT OF EXCITATORY AND INHIBITORY
SYNAPTIC TRANSMISSION IN THE MOUSE AMYGDALA. Nobl Barazanqi* and
Lorna Role. Department of Anatomy and Cell Biology in the Center for Neurobioiogy
and Behavior, Columbia University, 722 W. 168th St., NY, NY 10032.
Presynaptic nicotinic acetylcholine receptors (nAChRs) have been implicated in the
cognitive and behavioral effects of nicotine. The olfactory projection to the amygdala
is a limbic relay involved in behaviors that are influenced by nicotine. We have
examined the role of presynaptic nAChRs in modulating synaptic transmission in cocultures of mouse olfactory bulb (OB) explants and dispersed amygdala neurons.
Whole cell patch-clamp recordings were obtained from amygdala neurons
contacted by the OB explant processes. Approximately 50% of the neurons were
innervated, indicated by the presence of spontaneous miniature excitatory and/or
inhibitory postsynaptic currents (mPSCs) in TTX. Fast-decaying mPSCs that were
blocked by 10pM CNQX and 50pM AP-V, and are presumably mediated by
glutamatergic receptors, were observed in 53% of the innervated neurons.
Application of 1 pM nicotine for 1 minute resulted in the facilitation of the frequency of
glutamatergic mPSCs, without a change in the amplitude, of 26% of the neurons
tested. Nicotine resulted in a 2 to greater than 50 fold increase in the frequency of
these mPSCs. Furthermore, slow-decaying mPSCs that were blocked by 20pM
bicuculline, reversed with potassium gluconate in the intracellular pipette solution,
and are presumed to be GABAergic, were observed in 33% of the innervated
neurons. Application of nicotine resulted in the facilitation of the frequency (2 to
greater than 40 fold) of the GABAergic mPSCs in 16% of the neurons tested.
In conclusion, it is believed that the inhibitory synapses observed arise by virtue of
interactions between interneurons intrinsic to the amygdala, while the excitatory
synapses are likely to be the result of glutamatergic synapses between the OB and
amygdala as well as intra-amygdala connections. It is presumed that nicotinesensitive synapses include glutamatergic projections from the OB, since the mitral
cells express mRNA for a5, a7, and p2 nAChR subunits and antibodies for the a4
and a7 nAChR subunits have stained OB explant fibers. Current studies are being
conducted to examine whether the mitral cell projections account for the sensitivity of
glutamatergic synapses to nicotine by using immunocytochemistry and evoked
transmission.
Supported by: NS-22061

This work was supported by NIH grant DK29975-12Al (R.A. Gillis, P.I).
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CHOLINE GATES THE 23 pS nAChR SUBTYPE IN CHICK SYMPATHETIC
NEURONS AND INDUCES ROBUST PRESYNAPTIC FACILITATION. £
Du* & L, W. Role. Center for Neurobiology, Columbia Univ., NY, NY 10032.
Our previous studies describe multiple neuronal nAChR subtypes in individual
chick sympathetic neurons (y = 13, 23, 36, and >50 pS). The 23 pS subtype is
blocked by aBgTx and absent following a7-specific antisense oligonucleotide
treatment (Yu & Role, 1998). Furthmore, a7-containing presynaptic nAChRs
facilitate synaptic transmission (McGehee et al., 1995). In view of the important role
played by a7-containing nAChRs in modulating synaptic transmission, we have now
further characterized this receptor subtype by using an a7 subunit-specific agonist,
choline, in cultured chick embryonic sympathetic ganglion neurons.
10 mM choline evoked a small, slow-decaying macroscopic current (56 + 9 pA)
that was blocked by aBgTx (200 nM). This matches the aBgTx-sensitive current. In
both outside-out and cell-attached patches, choline gated a 23 pS channel (EXZN ~ 0
mV), of which the open dwell distribution matches well with that of the 23 pS
nAChR subtype. nM prostaglandin (PGE2) selectively increased the Po and open
duration of the 23 pS nAChR subtype while decreased Po of other nAChR subtypes.
PGE2 also increased the Po and open duration of the choline-gated 23 pS channels.
To investigate the effects of choline on a7-containing presynaptic nAChRs,
spontaneous excitatory postsynaptic currents (sEPSC) were recorded in sympathetic
neurons innervated by presynaptic visceral motor neurons. Choline (10 pM) induced
a robust presynaptic facilitation (4X increase in sEPSC frequency). This effect was
blocked by aBgTx. Pretreatment with choline abolished the presynaptic facilitation
induced by 500 nM nicotine. These results indicate that a7-containing nAChRs are
present in both the soma and presynaptic locations of chick sympathetic neurons, and
are of the 23 pS subtype. The presynaptic effects of pM choline suggest that choline
may play an important physiological role in the function of nAChRs [Supported by
NS22Q61 and the Councilfor Tobacco Research to L. W.R.].

LYNXl, AN ENDOGENOUS TOXIN-LIKE MODULATOR OF
NICOTINIC ACETYLCHOLINE RECEPTORS IN THE
MAMMALIAN CNS. J.M. Miwa, I, Ibanez-Tallon, #G.W, Crabtree
#L.W. Role, and N, Heintz*, Laboratory of Molecular Biology, HHMI,The
Rockefeller University, NY, NY 10021 #Department of Anatomy,
Columbia University, NY, NY 10032
The correct physiological function of circuits requires the precise
regulation of neurotransmitter receptor action. A variety of exogenous
peptides and proteins have been shown to have potent physiological effects
on neurotransmitter receptors. This is the case for a-bungarotoxin which
specifically targets acetylcholine receptors. We have discovered a novel
brain gene in mice, lynxl, which contains the signature cysteine rich motif
characteristic of this class of neurotoxins. Primary sequence and gene
structure analyses reveal an evolutionary relationship between lynxl and Ly6/neurotoxin gene family, lynxl is localized to the somadendritic region in
cerebellar Purkinje cells, pyramidal neurons of the hippocampus and cerebral
cortex. Application of lynxl to Xenopus oocytes expressing nicotinic
receptors results in an increase in acetylcholine-evoked macroscopic currents.
These results identify lynxl as a novel protein modulator for nicotinic
acetylcholine receptors in vitro (Ibanez-Tallon et al, abstract SFN 1999).
This could have important implications in the regulation of cholinergic
function in vivo. We are currently using a transgenic approach to
investigate the function of this novel modulator in the developing CNS.

This work sponsored by the HHMI and the Rockefeller University.

114.11

114.12

ASSOCIATION OF C-SRC AND UNIDENTIFIED PHOSPHOTYROSINE
PHOSPHATASES (PTPASES) WITH THE NEURONAL ACETYLCHOLINE
RECEPTOR AND MODULATION OF RECEPTOR CHANNEL ACTIVITY BY
INHIBITORS OF SRC FAMILY KINASES AND PTPASES IN ADRENAL
MEDULLARY CHROMAFFIN CELLS. K. Wang1, J.T. Hackett1. M. van Hoek1. J.
Lindstorm2, M.E. Cox1, and S.J. Parsons1*. ’♦University of Virginia, Charlottesville, VA
22908, 2University of Pennsylvania, Philadelphia, PA 19104. ’* DHHS CA40042.
Adrenomedullary chromaffin cells are models for the study of neurotransmitter release.
These cells synthesize, store and release the catecholamines in response to acetylcholine
or nicotine stimulation. Src family tyrosine kinases are found richly expressed in these
cells, localizing to the plasma membrane and membranes of secretory vesicles. The
specific kinase activities of c-Src and Fyn are also modulated in a nicotine-dependent
fashion, suggesting that they may play a role in regulating the secretory process. Here
we show that c-Src and to a lesser extent Fyn co-immunoprecipitate with the neuronal
form of the nicotinic acetylcholine receptor (nAChR) and with an unidentified
PTPase(s). Evidence is also presented to suggest that c-Src, its associated PTPase
activity, and the nAChR exist in a putative tri-partite complex, indicating that c-Src may
play a role in modulating secretory activity through the receptor. Electrophysiologic
analysis of receptor channel activity indicated that the Src family kinase inhibitor, PP2,
reversibly decreased the nicotine-induced current peak and plateau amplitude in both
bovine adrenal chromaffin cells and in a AChR293 cell line transfected with alpha 3,
alpha 5 and beta 4 subunits of the nAChR. Secretion in the chromaffin cells followed the
same pattern with the application of PP2. However, treatment with sodium vanadate (a
general phosphatase inhibitor) reversibly increased the peak, while transfection of kinase
defective c-Src into the AChR293 cell line abolished the sodium vanadate-enhanced
peak increase. These results suggest that the physical association and functional
interactions of Src family kinases and the putative PTPases modulate the dynamics of
nAChR activity and the secretion process in bovine adrenal medullary chromaffin cells.

PHOSPHATIDYLINOSITOL 3-KINASE REGULATES NICOTINIC
ACETYLCHOLINE RECEPTOR E-SUBUNIT PROMOTER ACTIVITY
INDEPENDENT OF THE NEUREGULIN-RESPONSE ELEMENT.

114.13
NOVEL PROPERTIES OF HETEROLOGOUSLY EXPRESSED, HUMAN «7NICOTINIC ACETYLCHOLINE RECEPTOR (nAChR) MUTANTS. R.J. Lukas,

J.-H. Peng, J.B. Eaton and R.S. Fisher*. Divisions of Neurobiology and Neurology,
Barrow Neurological Institute, Phoenix, AZ 85013.
The first report of a stably transfected cell line heterologously expressing functional
nAChR composed as homooligomers of recombinant a7 subunits originated from this
laboratory (Puchacz et al., FEBS Lett. 354: 155,1994). Subsequently, we
successfully created several cell lines stably expressing chick wild-type or mutant or
human wild-type a7-nAChR (e.g., see volumes 21,22,24 of these abstracts). Reported
here are novel properties of two human a7-nAChR mutants stably expressed in SHEP1 human epithelial cells. The VX1 mutant of human a7-nAChR is slowlydesensitizing, and its function can be measured using isotopic rubidium ion flux
assays. Acetylcholine (ACh; ~2 uM EC50) and carbamylcholine (carb; -20 uM
EC50) act as agonists at VXl-ha7-nAChR, but nicotine does not. Function of VX1
ha7-nAChR in the presence of acetylcholine is non-competitively inhibited by
methyllycaconitine (MLA) or d-tubocurarine (d-TC). Thus, we have generated a
human a7-nAChR variant that is not activated by nicotine. The VX3 mutant form of
human a7-nAChR is truncated, apparently containing only two transmembrane
domains, but still forms an ion channel, function of which can be measured using
isotopic ion flux assays. VX3-ha7-nAChR expression can be detected using 125-1labeled a-bungarotoxin or 3H-epibatidine binding assays. Function of VX3-ha7nAChR is activated by carb or ACh and is blocked (apparently competitively, but
weakly) by d-TC or MLA. Thus, we have created an even simpler prototype for a
ligand-gated ion channel, composed as homooligomers of truncated a7 subunits.
Funded by Arizona Disease Control Research Commission and Council for Tobacco
Research, USA.
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M. Sapru*
Molecular Neuroscience Laboratory, Depts. of
Kinesiology and Psychiatry, University of Illinois at Chicago, IL
60608.
Neuregulin, a motor neuron-derived factor, induces synapsespecific expression of adult-type nicotinic acetylcholine receptor
(nAChR)-encoding genes (cc23E5) at the neuromuscular synapse.
This induction requires the binding of neuregulin to the ErbB receptor
tyrosine kinases which results in activation of Ras/MAP kinase
pathway. Recently, neuregulin binding of the ErbB receptors has
also been linked to the activation of phosphatidylinositol 3'-kinase
(PI3-kinase)-dependent mechanisms.
However, the role of
activated PI3-kinase in the regulation of adult-type nAChR gene
expression is not well understood. This study used transient
transfection assays to delineate the role of PI3-kinase in regulating
promoter activity of the nAChR e-subunit gene. Expression of
constitutively active PI3-kinase in rat primary myotube cultures
resulted in 2-3 fold reduction in e-subunit promoter activity. Under
identical assay conditions, the catalytically inactive mutant of PI3kinase, however, had no effect on e-promoter activity. Further,
promoter deletion and site-directed mutagenesis revealed that
suppression of e-subunit promoter activity by constitutively active
PI3-kinase is independent of the previously identified neuregulinresponse element that harbors an Ets binding site. Supported by
grant 2124282CRBFY99.
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ATTENTIONAL CONTROL SYSTEMS SEPARATED FROM SELECTIVE
ATTENTION EFFECTS USING EVENT-RELATED FMRI
J, B, Hopfinger1*, M, H. Bounocore2,, and G, R. Mangun3.
‘Center for Neuroscience and Departments of Psychology and 2Radiology, University
of California, Davis, CA 95616. center for Cognitive Neuroscience and Department
of Psychology, Duke University, Durham, NC 27708
The goal of the present study was to distinguish between attentional control
mechanisms and the effects of this control on subsequent processing. Healthy adult
subjects (4 female, 2 male, ages 22-34) participated in a trial-by-trial spatial cueing
paradigm. Whole-brain T2*-weighted EPI functional images were acquired using a
customized head coil on a 1.5 Tesla MRI system (General Electric). Data were
analyzed using SPM97, which allowed hemodynamic activity to be modeled
separately for attention-directing cues and subsequent target stimuli.
A network of areas including bilateral regions of the lateral intraparietal sulci,
superior frontal regions extending into the frontal eye fields, and superior temporal
sulci were found to be activated in response to instructive cue stimuli. These regions
were not activated by the target stimuli, and furthermore were not activated in
response to non-informative cue stimuli, suggesting these regions may be involved in
the control of attentional orienting. Other brain regions previously proposed to be
involved in executive fimctions, such as lateral prefrontal and supplementary motor
areas were found to be activated only to the target stimuli, not to instructive cue
stimuli.
As a result of the top-down control mechanisms, subsequent target processing was
enhanced in multiple extrastriate regions extending from V2-V4 and including
motion-processing regions, contralateral to the direction of attention. Furthermore, we
were able to show that control processes recruited at the time of the instructive cues
were able to exert top-down control within the brain regions coding the spatial
locations being attended. Specifically, attention effects were found in response to the
instructive cue stimuli in the same extrastriate regions that showed selective
processing to target stimuli, but before the target stimuli were presented.
[Research supported by the NSF and the NIMH]

ANTICIPATORY VISUOSPATIAL ATTENTION ACTIVELY INHIBITS
NONRELEVANT STIMULUS LOCATIONS AS INDEXED BY FOCAL
DISTRIBUTIONS OF ALPHA-BAND ELECTRICAL ACTIVITY RECORDED
FROM THE SCALP. , M. Worden1, J.J, Foxe2, N. Wang', B. Higgins1 and G.V.
Simpson1,2*. Depts. of 'Neurology and 2Neuroscience, Albert Einstein Coll, of Med.,
Bronx, NY 10461.
Although many studies have investigated the effects of visuospatial attention on the
processing of visual stimuli, relatively few have looked at the processes associated
with the deployment of voluntary attention prior to the occurrence of the to-beattended stimulus. We used a visual cueing paradigm in which a central arrow cue
(SI) directed Ss attention to one of two peripheral locations. 1000 ms after the arrow
cue, a second stimulus (S2) (either oriented Ts or moving dots in different conditions)
appeared with equal probability at either of the two locations. When the stimulus
appeared at the attended location, Ss were required to make a discrimination (of either
orientation or direction of motion) and to respond with a button press if a target
stimulus was detected (a prespecified orientation or direction of motion). Stimuli
appearing at the noncued location were to be ignored. The two peripheral stimulus
locations were marked with constant, dark gray squares and, in blocked trials, could
be either in the upper or lower visual quadrants. We found that, starting at approx.
500 ms after the cue and lasting until the presentation of the S2, a focal region of
alpha-band activity was present over posterior scalp sites ipsilateral to the cued side of
attention. The scalp topography of this activity had a different distribution depending
on whether the stimulus locations were in the upper or lower visual hemifield. We
suggest that this activity reflects active inhibitory gating of the unattended visual
location. Furthermore, we hypothesize that oscillatory neural activity in this
frequency band may be a functional mechanism for active attentional suppression.
Support: NIH NS27900; Human Frontier Science Program.

115.3

115.4

FRONTAL EYE FIELD AND COLLICULAR ASYMMETRIES IN VISUAL
EXPLORATION. DR Gitelroan123'*. KS LaBar1. TB Parrish2. AC Nobre14. M-M
Mesulam*. Depts. of ‘Neurology, and 2Radiology, Northwestern Univ.; 3Lakeside
VA, Chicago, IL, USA; 4Dept. of Experimental Psych., Oxford Univ., Oxford, UK.
An integrated network of cortical and subcortical regions subserves attention to
extrapersonal space. Each of the associated cortical regions has been hypothesized to
control a differential aspect of attentional behavior (posterior parietal: sensory
representation of salient targets, frontal eye field (FEF): execution of motor
exploration, and cingulate: distribution of motivational relevance). In order to study
the exploratory aspect of attention we had 13 subjects explore and detect targets
across a visual scene. Control conditions were designed to account for both eye
movements and visual facets of the task. fMRI was performed on a Siemens 1.5 T
unit. The entire brain was sampled using single-shot EPI (TR/TE 4350/40 ms,
a=90°, FOV=220, 64x64 matrix). Data were analyzed with SPM96. Subjects were
trained and eye movements monitored outside the magnet.
Significant activations in the exploration task relative to the control conditions,
were seen in the right FEF, right superior colliculus and bilateral posterior parietal
cortex (R > L). Other areas of activation included the right middle frontal gyrus and
insula, bilateral peristriate and visual association cortices, and midline cerebellum.
In contrast to previous studies of covert attention, the most pronounced cortical
asymmetry was in the FEF and not the parietal cortex, consistent with the
differential control of overt exploration by the frontal node of the attentional
network. The activation of the right FEF despite a stringent control condition for eye
movements confirms the role of this area in the attentional and not just the
oculomotor aspects of exploratory behavior. The strong anatomical and behavioral
affiliations between the FEF and superior colliculus were supported by the
asymmetrical activation of this subcortical structure. Supported by the James S.
McDonnell Foundation (DRG), NARSAD (KSL), and NIH grant NS30863 (MMM).

TOPOGRAPHY OF ATTENTIONAL ENHANCEMENT IN HUMAN OCCIPITAL
AND PARIETAL CORTEX. J. Brefczynski, J. Lewis*, & E.A. DeYoe. Med Col
WI, Milwaukee, WI 53226.
Spatial shifts of visual attention within one hemifield produce shifting foci of
cortical activation that are retinotopically mapped in contralateral occipital visual areas
(Brefczynski & DeYoe, Nature Neurosci.’99). In this study, we describe additional
topographically organized activation that can be observed in ipsilateral occipital cortex
and in parietal areas possibly involved in the control of attention. Methods: While
undergoing BOLD fMRI, 5 subjects viewed a dartboard-like array of striped and
colored segments. In a block design paradigm, they fixated a central cross while
alternately attending to a target segment in the left or right visual field as cued by an
auditory signal. A control period of passive visual fixation was inserted between each
active attention block. Subjects detected specific color/orientation feature conjunctions
within the cued segments. Results: As previously reported, subjects showed the
strongest attentional enhancement at the retinotopic location of the target segment in
contralateral occipital visual areas (V1-V4). However, in all subjects, weak but
unequivocal activation (exceeding control) was also observed at the cortical location
opposite the representation of the cued target (i.e. at the mirror-image representation.)
The amplitude of this ipsilateral response averaged 37% of the primary contralateral
response and was more irregularly distributed. Similar attentional modulation was
observed in parietal cortex in and around the intraparietal sulcus contralateral to the
attended target.
As in occipital cortex, contralateral parietal activation was
accompanied by a lower level of modulation at the comparable ipsilateral site.
Conclusions: The similar left-right hemifield preference in occipital and parietal
cortex suggests a possible link between the two. An attractive interpretation is that the
retinotopic attentional modulation in occipital visual areas is driven by signals
originating in parietal cortex. The functional significance of the weak activation at
cortical sites ipsilateral to the cued target could reflect subtle attention-related effects
associated with visual field locations mirroring the target. NIH EYl0244, MH51358,
RR00058.

115.5

115.6

SPATIAL VS. TASK-SPECIFIC ATTENTION IN HUMAN OCCIPITAL AND
PARIETAL CORTEX. G.T. Buracas* and G.M. Boynton, SNL-B, Salk

fMRI OF THE TRANSMODAL NETWORK FOR INVOLUNTARY ATTENTION.
J. Downar1, A.P. Crawley2, P.J. Mikulis2, and K.P. Davis13*. ’Institute of Medical
Science, Depts. of 2Medical Imaging and 3Surgery, University of Toronto and the
Toronto Western Hospital Neurosciences Centre, Toronto, ON, Canada M5T 2S8.
Attention is involuntarily drawn to stimuli which undergo an abrupt transition in
state or quality. We used event-related functional MRI to identify brain regions
responsive to transitions in visual, auditory, and tactile modalities.
Functional images were acquired from 6 male and 4 female right-handed subjects
on a 1.5T GE echospeed MR system using a 1 shot spiral sequence: TE = 40 ms, TR
= 2000 ms, 3.125 x 3.125 mm in-plane resolution, 2 s/volume, 25 4mm-thick axial
slices. Stimuli in each modality were presented simultaneously and continuously and
alternated between 2 different states (visual: red/ blue shapes; auditory : running water/
croaking frogs; tactile: brushing/tapping of the right lower leg). A transition between
states in one modality occurred every 14 s with a total of 15 transitions/modality. For
each subject, event-related activations corresponding to transitions in visual, auditory,
tactile or all modalities were found by correlation to the predicted hemodynamic
response. Data are reported for findings consistent across 2:7/10 subjects.
Visual, auditory, and tactile association areas responded specifically to transitions
in their respective modalities. By contrast, primary sensory cortices showed little or
no increased activation in response to transitions. Areas responding to transitions in
all modalities comprised the thalamus, putamen, anterior insula, anterior and posterior
cingulate cortex, intraparietal sulcus, superior parietal lobule, supplementary motor
area, temporo-occipital cortex, and dorsolateral prefrontal cortex. These data provide
evidence for a network underlying the involuntary orienting of attention, operating
across modalities. This network includes areas previously implicated in the voluntary
orienting of attention. Furthermore, the identification of both unimodally- and
multimodally-responsive areas supports recent models of higher-level sensory
processing mechanisms. (Supported by the Canadian MRC and Whitehall Foundation)

Institute, La Jolla, CA 92037.
Our goal was to study the functional organization of the posterior parietal
cortex (PP) with respect to spatial attention and behavioral task. FMR image
sequences were acquired while subjects fixated between stimuli presented
simultaneously in the left and right visual hemifields. Subjects were cued to
alternate between a motion-discrimination task in one hemifield and a rapid
serial visual presentation (RSVP) task in the other hemifield. In the motiondiscrimination task, subjects determined whether a pattern of partially
correlated moving dots moved upward to the left or upward to the right. In
the RSVP task, subjects detected digits in a stream of characters. The cue
directed the subject to shift spatial attention, and therefore the task, to the
opposite hemifield every 21 seconds. The fMRI response was quantified as
the phase and amplitude of the (42 sec period) sinusoid that best fit the
average time-series from pixels in a given brain area. Responses in Vl, V2
and PP in each hemisphere modulated with alternation of the cue. In Vl and
V2, responses were greater when the subject attended to the stimuli in the
contralateral hemifield, but did not depend greatly on the task. Responses in
PP, however, varied with the task regardless of which hemifield contained the
task. Dorsal PP responses increased during the RSVP task, while ventral PP
(posterior angular gyrus) responses increased during the motiondiscrimination task. These results show that performing different tasks
activates segregated regions within PP, while attention to different spatial
locations modulates responses in the early visual areas in a retinotopic
fashion Supported by the Salk Institute.
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115.8

MULTISENSORY SELECTIVE ATTENTION
CM. Adams*
Brain Imaging and Electrophysiology Section, LCS, DICBR, NIAAA, NIH

ATTENTIONAL WEIGHTING OF VISUAL DIMENSIONS: AN FMRI
STUDY. S. Pollmann1*. R. Weidner2, H.J. Muller2 and P.Y. von Cramon1,
‘Dept. ofNeurology, Max-Planck-Institute of Cognitive Neuroscience; 2Dept. of
Experimental Psychology, Univ. of Leipzig, Leipzig, Germany
Objects characterised by a unique visual feature may pop out of their environment When subjects have to search for such ‘odd-one-out’ targets, detection
is facilitated when targets are consistently defined within the same feature dimension (e.g. colour) compared with when the target dimension is uncertain (e.g.
colour or motion). Further, with dimensional uncertainty, there is a cost when a
given target is defined in a different dimension to the preceding target, relative to
when the critical dimension remains the same. Behavioural evidence suggests
that a target dimension change involves a shift of attention to the new dimension.
Using a gradient-recalled EPI sequence (TR=2000ms, TE=40ms, flip
angle=40°), we acquired 16 axial slices parallel to the AC-PC-plane. Data were
collected at 3T by a Bruker 30/100 Medspec system. When attentional weight
was allocated to color, signal increase was observed in fusiform gyrus, at the
location of V4, and in striate cortex, near the occipital pole, at the foveal
representation of VI. When attention was allocated to movement, activation was
increased along the horizontal ramus of the superior temporal sulcus (STS) in the
left hemisphere, and its ascending ramus on the right Dimensional changerelated increases of activation were observed in left frontopolar cortex, as well as
in posterior visual areas of the dorsal and ventral streams. In contrast activation
in striate cortex was transiently decreased following changes of the target
dimension. This pattern suggests involvement of frontopolar cortex in the control
of cross-dimensional attention shifts, modulating visual cortical processing by
increased activation in dimension specific higher-level visual areas and
suppression of activation in lower-level areas.
This study was supported by a grant from the Deutsche Forschungsgemeinschaft (DFG Working Memory Research Group grant SCHR 375/8-1).

Selecting a subset of stimuli from a stimulus-dense multisensory environment
is a basic aspect of cognitive functioning. In the current investigation I have used a
task which requires selecting stimuli of one sense modality from competing stimuli in
two task-irrelevant sense modalities in order to begin to describe the functional
characteristics of those neural processes which perform the computations necessary to
suppress responses to irrelevant stimuli in sense modalities different from that in which
the relevant stimuli are presented.
Event-related potentials (ERPs) were used to examine mechanisms of
selective processing of stimuli presented across sense modalities and spatial locations.
Lateralized stimuli were asynchronously presented in the auditory, visual, and tactile
sensory modalities. Thus, there were always stimuli presented on six stimulus channels
(left and right: auditory, visual, and tactile). Subjects were asked to selectively attend
to one of these six channels while ignoring stimuli presented on the other five
concurrently presented channels. Attentional focus was assessed by requiring subjects
to respond to occasional deviant stimuli in the attended channel.
Statistical analysis confirmed that ERPs elicited by focally attended stimuli in
a specific sense modality were enhanced (starting as early as 50 ms) relative to ERPs
elicited by these same stimuli when they were nonattended and presented
contralaterally to the focus of attention. This difference diminished when comparing
ERPs elicited by nonattended auditory stimuli when the focus of attention was on a
different sense modality. This smaller difference was due to an apparent enhancement
between 250-600 ms of the ERPs elicited by nonattended auditory stimuli, particularly
at electrodes over centro-parietal areas. These results confirm earlier findings in our
lab which suggest that hemispace represents a fundamental feature along which
auditory stimulus representations are encoded as the basis for selecting auditory stimuli
from a multisensory stimulus environment. Supported by NIH IRTA Fellowship.

115.9

115.10

AN FMRI INVESTIGATION OF OBJECT-BASED ATTENTION.
P. Downing^3, K. M. O'Craven^/p, Stanley^, N. Kanwisher^3*.
IDept. of Brain and Cognitive Sciences, MIT; 2Bunting Institute of
Radcliffe College; 3MGH-NMR Center; Cambridge, MA 02139.
Object-based models of visual selective attention (e.g. Desimone and
Duncan, 1995) predict that: 1) selection of one attribute of an object
entails selection of the other attributes of that object; and 2) contrary to
space-based models of attention, processing of attributes of an
unattended object will be suppressed, even if occupying the same
location as the attended object.
We used fMRI measurements of activity in extrastriate regions
selective for motion (MT), faces (fusiform face area, FFA), and places
(parahippocampal place area, PPA) as indicators of processing of
attended and unattended attributes. Subjects viewed a series of images
composed of a face and a house transparently overlapping. Either the
face or the house moved in one of four directions. In separate blocks,
subjects performed a repetition detection task with attention to either
the faces, the houses, or the direction of motion.
The unattended attributes of attended items showed enhanced
processing. For example, when subjects attended to motion, the fMRI
signal in the FFA was higher when the face (rather than the house)
moved. Second, the processing of an attended object was enhanced
compared to an unattended object even when both occupied the same
location. For example, the PPA responded more to the compound
house/face stimulus when the house was task relevant compared to the
face. These results support an object-based model of attention.
Supported by Human Frontiers and NIH MH56037 to N. Kanwisher.

IMAGING ATTENTIONAL BLINKS AND ATTENTIONAL CROWDING IN THE BRAIN.
R. Marois1’, M.M. Chun2 and J.C. Gore1. ‘Dept. Diagn. Radiol. Yale Univ. Sch. Med.,
2Dept Psychol., Yale Univ.; New Haven, CT 06510.
The attentional blink (AB) refers to an impairment in detecting the second (T2) of 2
targets embedded in a rapid serial visual presentation (RSVP) of distractor stimuli. It
demonstrates inherent attentional limitations to visual perception. We used eventrelated fMRI to isolate the neural substrates associated with the occurrence of the AB.
In the first study, we exploited the fact that the AB is dependent on the interference
produced by the distractor immediately following the first target (Tl). For each trial,
subjects (10) identified a single target letter (B, C or D) presented within a 1 Os-long
RSVP of digits and letters (presentation rate=10/s). In a LOW interference condition,
a 100ms blank immediately followed Tl while in a HIGH interference condition, a
distractor letter was inserted between the target and the blank. Two brain regions were
more activated with the HIGH compared to the LOW interference condition (pc.001
in composites, uncorrected): the (right) intra-parietal sulcus (IPS) and the lateral
mid./inf. frontal gyrus. The anterior cingulate was marginally activated. To test for the
generality of these findings, we performed a second fMRI study testing the effect of
global target/distractor discriminability on the AB: Six subjects were scanned while
identifying a target embedded either amongst digits (which leads to substantial AB)
or symbols (which leads to diminished AB). A region of interest analysis revealed
that the right IPS and the anterior cingulate were significantly more activated with the
digits distractor condition. In a third experiment, we asked whether the same areas
would be activated in a spatial, as opposed to a temporal, interference condition
(attentional crowding). Subjects (7) performed the same central letter identification
task, except that eight distractor letters were flanking the target on each side, either in
close spatial proximity (HIGH interference condition ) or with a spatial gap between
target and flankers (LOW interference). The right IPS was significantly activated with
the HIGH interference condition. Taken together, these results indicate that the IPS,
and frontal regions, may underlie our attentional limitations to visual perception.
(Supported by NIH).

115.11
INATTENTIONAL BLINDNESS VERSUS INATTENTIONAL AMNESIA FOR FIXATED
BUT IGNORED WORDS

G, Rees1,3’*. C, Russell2. C.D, Frith1 & J. Driver2 'Wellcome Department of
Cognitive Neurology and institute of Cognitive Neuroscience, University College
London, UK. ’California Institute of Technology, Pasadena, CA

Whether the identity of meaningful stimuli is still extracted when ignored is a
classic issue in attention research. Recent studies show that visual attention can
modulate stimulus-evoked activity in early visual brain areas, but the stimuli used
were typically meaningless (patches or moving dots), so cannot resolve the issue
for meaningful stimuli such as ignored words. Moreover, if the response to an
unattended stimulus is merely attenuated rather than eliminated at early levels of
processing, it might continue through to the level of meaning. We measured brain
activity with fMRI, in humans viewing rapid successive displays of overlapping
pictures plus letter-strings, which could be meaningful words or non-words.
Directing attention to letter-strings versus pictures strongly modulated activity in
extrastriate cortex, despite the spatial overlap of the stimuli. Cortical regions
whose activity reflected word identity of letter-strings when attended included
areas of left temporal, parietal and frontal cortex classically associated with
language. Critically, when the letter-strings were ignored, the activity related to
word identity was abolished. These findings demonstrate ’inattentional blindness’
even for highly familiar and foveated stimuli. We suggest that subjects fail to
remember these unattended stimuli due to the absence of brain activity reflecting
their identity at the time of presentation.
[Supported by the Wellcome Trust]
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116.2

FK506 MEDIATES NEUROPROTECTION BY DOWNREGULATION
OF JNK ACTIVITY AND INHIBITION OF MICROGLIA ACTIVATION
K. Mielke, S. Brecht, R. Lucius and T. Herdegen* Department of
Pharmacology, University of Kiel, Hospitalstrasse 4, 24105 Kiel

The immunosuppressant macrolid FK506 binds to FK506 binding
proteins (FKBPs), a subgroup of immunophilin-rotamases. FK506 protects
against ischemia and axotomy-induced cell death, but the underlying
mechanisms are not known. Here we have investigated in the neural cell
lines PC12w, SHSY5Y and Neuro2A, (i) the stimuli-specific
neuroprotection of FK506 and (ii) inhibition of the JNK pathway, an
apoptotic stress kinase. RT-PCR analysis shows that PC12w cells express
only JNK1 and 2, SHSY5Y only JNK1, whereas Neuro2A express all 3
JNKs. 200pM H2O2 (PC12w , Neuro2A) or 5 mM H2O2 (SHSY5Y) led to
activation of JNK1 and subsequent cell death of 50% of cells after 6-12 h.
Preincubation of 100 nM FK506 prevents activation of JNK1 and reduces
cell death to 10%. Similar results were seen following UV irradiation. JNK
mRNA levels did not alter after H2O2 or UV stimulation.
Besides the stress pathway, FK506 suppresses also the activation of
microglia. Following MCA occlusion, FK506 (1 mg/kg i.p.) reduces
expression of EDI, a marker for activated microglia. In vitro, FK506 was
able to reconduct LPS-activated into inactive microglia. Thus,
neuroprotection of FK506 is mediated at least by suppressed activation of
stress kinases and microglia.
Supported by Boehringer-Ingelheim KG and University of Kiel.

ROLE OF NFk B AND JNK IN NEURONAL APOPTOSIS.
A.J. Windebank*. D.A.Wittrock. and J.S, Gill. Mayo Clinic and Mayo
Foundation^ Molecular Neuroscience Program, Rochester, MN 55905
USA.
Apoptosis is observed in many forms of neuronal death including growth
factor withdrawal, oxidative stress, and toxin-induced. Determination of
critical elements in the signal transduction cascade mediating neuronal
apoptosis provides potential therapeutic targets. Experiments in this
study were directed at determining the role of the cellular stress response
proteins NFk B and c-jun N-terminal kinase (JNK) in mediating various
forms of neuronal apoptosis.
Neuron-enriched dorsal root ganglion
cultures were exposed to anti-cancer agents (suramin, daunorubicin, and
camptothecin), the protein kinase C inhibitor staurosporine, a cell
permeable ceramide analog (C2-ceramide) and nerve growth factor
withdrawal under conditions previously demonstrated to induce neuronal
apoptosis. Electrophoretic mobility shift assays and western blot analysis
revealed activation of JNK and NFk B in all experimental models of
neuronal death. An oligonucletotide based strategy designed to inhibit
NFk B promoted neuronal survival in cultures treated with suramin, C2ceramide, staurosporine, and nerve
growth
factor
withdrawal.
Neuroprotection was not observed in any cultures exposed to the JNK
inhibitor curcumin. Furthermore, specific inhibition studies determined
that JNK activation was not dependent on NFk B nor was NFk B activity
associated with JNK. These studies suggest the hypothesis that in the
models of neuronal death studied, JNK and NFk B promote separate signal
transduction pathways mediating cellular reaction to stress. Activation of
NFk B promotes neuronal apoptosis while JNK may mediate neuronal
survival. Studies are underway to investigate the distal targets of both
JNK and NFk B. (Support; Mayo Foundation)

116.3

116.4

ACTIVATION OF p38 KINASE IN RAT CEREBELLAR
GRANULE CELLS UNDERGOING APOPTOSIS R.Nath*1,
K.McGinnis3, S.Dutta2, B.Shivers2, K.K.W.Wang1’3

Depts. of Neuroscience Therapeutics1 and Cell Biology2 Parke-Davis
Pharmaceutical Research, Div. of Warner Lambert Co, 2800 Plymouth Road, Ann
Arbor, MI 48105; 3Dept. of Pharmacology, Univ. of Michigan, Ann Arbor, MI
48106
The mitogen-activated protein kinase (MAPK) cascades are thought to be
important mediators in the transduction of extracellular signals into
cellular responses. The p38 kinase, a member of the MAPK superfamily,
is activated by a wide variety of extracellular stimuli and has recently been
implicated in neuronal apoptosis induced by glutamate [Kawasaki et al.
(1997) J.Biol.Chem. 272,18518-21]. In this study we have examined the
role of p38 kinase in the potassium deprivation model of apoptosis in rat
cerebellar granule cells. An increase in p38 kinase activity was observed
with a 15-minute potassium deprivation when compared to the basal level.
We also found that SB203580, a specific p38 kinase inhibitor,
significantly attenuated apoptosis in potassium-deprived cells in a dose
dependent manner. A decrease in caspase-3 mediated DEVD-MCA
substrate hydrolysis and the appearance of the 120 kDa-spectrin
breakdown product in cells treated with SB203580 further suggests that
the p38 kinase acts upstream of caspase-3 in the apoptosis cascade. The
data provides evidence for an essential role of p38 kinase in mediating
apoptotic cell death in this system. (Supported by Parke-Davis Pharmaceutical
Research)

The Ras-MAPK signaling pathway promotes cell survival
via a dual transcription-dependent and transcriptionindependent mechanism
Azad Bonni. Anne Brunet. Anne E. West, Sandeep Robert Datta, Michael
E. Greenberg*. Division of Neuroscience, Children's Hospital, and
Department of Neurobiology, Harvard Medical School.
The Ras-MAPK signaling pathway plays a critical role in
mediating growth factor-dependent cell survival. However, the
mechanisms that underlie the survival-promoting effects of this signaling
pathway in mammals have remained to be elucidated. We have
characterized a mechanism by which the Ras-MAPK signaling pathway
mediates the trophic effects of the neurotrophin BDNF in neurons. The
MAPK-activated kinase Rsk2 was found to induce the phosphorylation of
the pro-apoptotic protein BAD at the distinct site of Serine 112 thereby
suppressing its pro-apoptotic effect. In addition, the MAPK signaling
pathway was found to mediate BDNF-enhancement of neuronal survival
by a transcription-dependent mechanism that is activated by the Rsk2induced transcription factor CREB. These findings suggest that the RasMAPK signaling pathway promotes cell survival via a dual mechanism
that inhibits the cell death machinery directly by triggering a
posttranslational modification of the pro-apoptotic protein BAD and
indirectly by inducing the expression of pro-survival genes in a CREBdependent manner.
A. Bonni is supported by a Postdoctoral Research Fellowship for
Physicians from the Howard Hughes Medical Institute. Supported by an
NIHRO1 grant (CA43855; MEG), an MRRC grant (NIHP30-HD18655),
and the F.M. Kirby Foundation (MEG).

116.5

116.6

POTENTIATION
OF
NETWORK
ACTIVITY-INDUCED
HIPPOCAMPAL NEURON INJURY BY HISTAMINE: A ROLE FOR
THE p44/42 MAP KINASE PATHWAY. S.D. Skaper*, K.L, Murkitt,
L. Facci, P.J.L.M, Striibos and FS Walsh. Department of Neuroscience
Research, SmithKline Beecham Pharmaceuticals, Harlow, Essex CM 19
5AW, UK,
Excessive synaptic release of glutamate and the subsequent influx of
calcium are thought to underlie a number of neurological diseases,
including cerebral ischaemia. In analogy, enhanced excitatory synaptic
neurotransmission can damage hippocampal neurons in vitro via
activation of NMDA receptors. Interestingly, histamine has been
described to amplify NMDA receptor-mediated currents. We now show
that histamine can directly potentiate the degeneration of hippocampal
neurons triggered by excessive synaptic activity. When mature (14-17
days in vitro) hippocampal neurons were exposed to a Mg24 -free,
glycine-supplemented solution for 15-30 min, approximately 30%
neuronal loss was observed 24 h later. Addition of histamine during this
period produced a concentration-dependent increase in neuronal death of
40-60% (EC50: 10 pM). This injury was blocked by tetrodotoxin and
NMDA receptor antagonists, and was pH-dependent. In the absence of
these antagonists, neurons displayed intense and frequent spiking in
intracellular calcium. Furthermore, tool inhibitors of calcium-activated
mitogen-activated protein (MAP) kinase kinase reduced neuronal death
caused by network activity, but not that provoked by bath application of
NMDA. The data suggest a possible role for the p44/42 MAP kinase
pathway in the release of transmitters and/or postsynaptic signalling
leading to neuronal injury.

OXIDATIVE STRESS AND P53 INDUCTION MAY PARTICIPATE IN
THE MECHANISMS FOR MOTOR NEURON APOPTOSIS IN ADULT
SPINAL CORD. LJ Martin*. A Kaiser and AC Price. Depts. of Pathology and
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The mechanisms for motor neuron degeneration in adult spinal cord following
axotomy and target deprivation are not fully understood. We used a unilateral
sciatic nerve avulsion model in adult rat to test the hypothesis that retrograde
degeneration of motor neurons is apoptosis. By 21 days postlesion, the number of
large motor neurons in lumbar spinal cord is reduced -30%, and specifically in L5
the reduction achieves -70%. The death of motor neurons was confirmed by in situ
end-labeling for fragmentation of nuclear DNA. Motor neuron degeneration is
characterized by aberrant accumulation of perikaryal phosphorylated
neurofilaments. Structurally, motor neuron death is apoptosis. Apoptotic motor
neurons undergo chromatolysis followed by progressive cytoplasmic and nuclear
condensation with chromatin compaction into uniformly large round clumps. Prior
to apoptosis, functionally active mitochondria accumulate within chromatolytic
motor neurons, as determined by cytochrome c oxidase activity. These dying
motor neurons sustain oxidative damage to proteins, DNA, and RNA within the
first 7 days after injury, as identified by immunodetection of nitrotyrosine and
hydroxyl-modified deoxyguanosine and guanosine. P53 expression is induced in
injured motor neurons . We conclude that the retrograde death of motor neurons in
the adult spinal cord after sciatic nerve avulsion is apoptosis and occurs by
programmed cell death mechanisms. Abnormal trafficking of active mitochondria
and their accumulation within the perikaryon, oxidative damage to nucleic acids
and proteins, and p53 signaling may participate sequentially in the mechanisms
for apoptosis of motor neurons in the adult spinal cord. Supported by NS34100.
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PERSISTENT p21WAF1/Cipl EXPRESSION IS ASSOCIATED WITH SURVIVING
NEURONS IN THE IRRADIATED NEONATAL CEREBELLUM. K.-H, Herzog*.
S.-H, Han, and J.I, Morgan. Dev. Neurobiol., St. Jude Children’s Research
Hospital, 332 N. Lauderdale St., Memphis, TN, 38105.
y-irradiation induces cell death in the external granule layer (EGL) of the postnatal
cerebellum. At day 5 after birth, the EGL of the mouse cerebellum consists of an
outer, mitotic layer and an inner, postmitotic premigratory zone. Using double
labeling with BrdU and in situ end labeling to detect proliferating and apoptotic
cells, respectively, we demonstrate that cells in S-phase (outer layer) are killed by yirradiation, whereas postmitotic premigratory granule cells (inner layer) are resistant.
This cellular elimination starts around 4 hours after y-irradiation and by 24 hours
most of the cells are dead. While we demonstrated previously that y-irradiationinduced cell death in neuroblasts is p53-dependent, we show here that p53 is
expressed in both dying (mitotic) and surviving (postmitotic) granule cells. Thus
p53 expression does not invariably lead to cell death and may contribute to survival.
To analyze potential p53-dependent survival genes we investigated the cell cycle
regulator, p2iWAF1/CipI. Shortly after irradiation, p21 mRNA is induced in both
mitotic and postmitotic cells in the EGL. Using immunoblotting, p21 is upregulated
in a p53-dependent manner within two hours after y-irradiation. Furthermore, p21
protein levels are elevated for at least 24 hours, a time when most cells are dead.
Therefore, p21 is expressed predominantly in granule cells that survive radiation
treatment. This supports the hypothesis that p53-dependent p21 expression is
associated with cell survival.
This work was supported in part by NIH Cancer Center Support CORE grant P30
CA21765 and by the American Lebanese Syrian Associated Charities (ALSAC).

COORDINATE EXPRESSION OF PRO- AND ANTI-APOPTOTIC GENES IN
DIFFERENT MODELS OF NEURONAL PROGRAMMED CELL DEATH AS
ASSESSED BY cDNA ARRAY TECHNOLOGY. L. W. Chiang*1, J, M. Grenier', L.
Ettwiller1, L. P. Jenkins2, S. C. Smith2, A. Wood2, and P. S. DiStefano'. ’Millennium
Pharmaceuticals, Inc., Cambridge, MA 02139; 2Wyeth-Ayerst Research, Princeton, NJ
08543.
Programmed cell death (PCD) in rat cerebellar granule neurons (CGNs) induced by
potassium (K+)-withdrawal has been shown to be dependent on de novo RNA synthesis. We characterized this transcriptional component of CGN PCD, using a brainbiased cDNA array consisting of 7500 rat genes. Radiolabeled cDNA was prepared by
reverse transcription of RNA isolated from CGNs at various times after induction of
PCD. Hybridization signals to the arrays were digitally quantified to simultaneously
monitor the expression pattern of all 7500 genes. The differentially expressed genes
were categorized based on their temporal expression pattern induced by K+-withdrawal
under serum-containing and serum-free basal medium conditions. Seven major clusters
identified appeared to delineate various functional gene classes including immediate
early gene induction, proliferation and differentiation, apoptosis, and cell-cycle progression. We compared the time courses of regulated genes across several different
paradigms of PCD in vitro and in vivo including kainate treatment and ischemia.
Thusly, we identified a restricted set of relevant genes including seven novel genes that
were regulated in all CGN PCD models tested. In addition, we followed the expression
profiles of many known pro- and anti-apoptotic regulatory proteins, including transcription factors, Bcl-2 family members, caspases, cyclins, Hsp’s, IAP’s, growth factors/receptors, other signal transduction molecules, p53, SOD’s, and other stress response genes. The relative expression of these genes is different across various conditions perhaps reflecting a graded transcriptional component that determines susceptibility to cell death-inducing stimuli. Supported by MPI/WAR.

116.9

116.10

CISPLATIN INDUCED APOPTOSIS IN SENSC
NEURONS IS
ASSOCIATED WITH TRANSITION INTO GI BUT NOT S PHASE
OF THE CELL CYCLE.

V.L. Murrie*. J.S. Gill. J.L. Podratz, and A.J. Windebank. Mayo Clinic and
Mayo Foundation, Molecular Neuroscience Program, Rochester, MN
55905 USA.
Platin compounds have been used for the treatment of germ cell tumors
for 35 years. The total dose of cisplatin given to patients is limited by
neurotoxicity.
Previous studies have revealed that cisplatin induces
peripheral neuropathy by directly injuring dorsal root ganglion (DRG)
neurons. Studies in our laboratory have shown that cisplatin-induced
neurotoxicity in DRG neurons in vitro is associated with perturbations of
cell cycle elements (Journal of Clinical Investigation 101:2842-2850, 1998).
Attempted re-entry into the cell cycle by terminally differentiated
sensory neurons leads to apoptosis, which may underlie cisplatin-induced
neuropathy. The focus of this study was to investigate the role of cell
cycle regulatory elements in cisplatin-induced neurotoxicity.
DRG
cultures were incubated with 3.5 pg/ml cisplatin. Cyclin D,, associated
kinase activity (Cdk4/6), hyperphosphorylation of retinoblastoma
protein (pRB) and Cyclin E expression were measured. Cyclin Dt
expression and cdk 4/6 kinase activity were increased but cyclin E
expression was not detected. Morphological analysis and differential
activation of caspases demonstrated that cells were undergoing apoptosis.
This suggests that neurons enter into GI phase of the cell cycle but
undergo apoptosis prior to entry into S phase. (Support: NIH NS 14304)

Cis- and Transplatin Binding to Neuronal DNA.

E.S. McDonald* and A.J. Windebank. Mayo Clinic and Mayo Foundation,
Molecular Neuroscience Program, Rochester, MN 55905 USA.
Cisplatin is a chemotherapeutic drug used as treatment for ovarian and
testicular cancer. A major dose limiting side effect of this drug is
neurotoxicity. Our laboratory is focused on elucidating the mechanism by
which cisplatin causes neuronal death.
Cisplatin has been shown to form DNA adducts in cancer cells in vitro.
This may be the initial step of cisplatin induced cellular death. We were
interested in determining whether cisplatin binds to neuronal DNA. Our
lab previously demonstrated that 100 ng/ml nerve growth factor (NGF)
prevented neuronal apoptosis in vitro. We wanted to test the hypothesis
that NGF treatment of neuronal cells prevented cell damage by inhibiting
cisplatin binding to DNA.
We used analytical mass spectrometry to measure the platinum content
of DNA from rat dorsal root ganglion (DRG) cells that had been treated
with 2 pg/ml cisplatin for 24, 48 or 72 hours, with and without 100 ng/ml
NGF. As a control, we measured the platinum content of DNA from cells
that had been treated identically with transplatin, an inactive isomer of
cisplatin. We carried out parallel experiments in neuron-like clonal PC 12
cells.
Our results showed that platinum bound to DNA from DRG more avidly
than to that of PC 12 cells. DNA binding was not altered by treatment
with 100 ng/ml NGF. Platinum was virtually undetectable in DNA from
untreated cells. Transplatin bound DRG and PC 12 DNA at 30-60% the
level of cisplatin.
In conclusion, it is likely that cisplatin forms DNA adducts in neuronal
cells. Under these conditions, NGF does not reduce cisplatin binding to
DRG neuronal DNA. Elucidation of the mechanism by which NGF rescues
DRG cells from cisplatin induced apoptotic death is currently under
evaluation. (Support: NIH NS 14304 and Mayo Metals Laboratory)

116.11

116.12

THE ABILITY OF NEURONS TO REPAIR DNA DAMAGE
INCREASES WITH AGE H.M. Geller*. K.-Y. Cheng, and N.K
Goldsmith Department of Pharmacology, UMDNJ-Robert Wood Johnson
Medical School, Piscataway, NJ 08854.
We and others have reported that neurons become resistant to
camptothecin (CPT)-induced DNA damage as a function of age. We now
show that this resistance is accompanied by an increased ability to repair
DNA damage, and that this ability is dependent upon the activity of
poly(ADP-ribose) polymerase (PARP). Rat cerebellar granule neurons
were exposed to CPT, and dose-dependent toxicity was evaluated at 24
hr. using the MTT assay. CPT was significantly less toxic to granule
neurons at 7 days in vitro (DIV) as compared to 1 DIV neurons. The
extent of DNA damage in single neurons after CPT treatment was
evaluated using single-cell gel electrophoresis (the "comet" assay). CPT
produced equal dose-dependent increases in comet moment after 10 min.
of treatment in both young and old neurons. However, DNA damage was
repaired in 7 DIV neurons, whereas neurons at 1 DIV were unable to
repair damage. Repair was inhibited by 3-aminobenzamide (3-AB), an
inhibitor of PARP. Moreover, 3-AB treatment elicited comet formation
in young but not older neurons. These data suggest that there is an agedependent increase in DNA repair capability, and that this is due, at least
in part, to PARP activity.
Supported by NIH R01 NS-36443 to H.M.G.

ROLE OF CASPASES IN APOPTOSIS OF NEURONS FOLLOWING DNA
DAMAGE INDUCED BY X-IRRADIATION. G.T. Gobbel1*. S. Beier1. and
S.M, Massa2. Depts. of Neurological Surgery1 and Neurology2, University of
California1 and VA Medical Center2, San Francisco, CA 94143-0520.
Neurons treated with x-rays undergo apoptosis, presumably due to
DNA damage. However, the molecular pathways leading from x-ray
induced damage to apoptosis are poorly understood. We evaluated the role
of cysteine-aspartate proteases (caspases) in neuronal apoptosis following
DNA damage. Cortical neurons isolated from 16-18 day rat fetuses were
treated with 0-200 pM of inhibitors to caspases 1-10 followed 12 h later
with 0-8 Gy of x-rays to induce DNA damage. The cells were scored for
apoptotic nuclear fragmentation at 12 h after irradiation and for membrane
integrity and viability at 24 h. Irradiation increased the percentage of
apoptotic cells from 1.9 ± 2.2% (0 Gy) to 45.3 ± 11.1 (8 Gy) (mean ± SD).
Only inhibitors with activity against caspases 3 or 8 significantly reduced
nuclear fragmentation due to irradiation; they also blocked late membrane
breakdown as measured by release of lactate dehydrogenase. Thus,
caspases 3 and/or 8 are likely effectors of nuclear fragmentation and
membrane breakdown due to irradiation. None of the inhibitors, alone or in
combination, increased cell viability after irradiation based on calcein AM
staining. In comparison, treatment with the protein synthesis inhibitor,
cycloheximide, prevented nuclear fragmentation and membrane breakdown
and maintained cell viability at the level of unirradiated controls. Our
results suggest that protein synthesis and activation of caspases 3 and 8 are
required for some of the morphologic features of apoptosis due to DNA
damage. However, whereas protein synthesis is required for cell death due
to DNA damage induced by x-rays, activation of caspases 1-10 is not.
Supported by NIH grant NS 35782.
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MODULATION OF DENDRITIC SPINE PLASTICITY BY
NEURONAL ACTIVITY
U. Wagner, B. Ludin and A. Matus*
Friedrich Miescher Institut, Postfach 2543, Basel 4002, Switzerland
Synaptic plasticity has long been presumed to depend at least in
part on morphological changes at individual synapses. Recently we
showed that dendritic spines undergo rapid shape changes in
cultures of dispersed hippocampal neurons (Fischer et al. 1998).
Since this phenomenon may contribute to structural alterations at
synapses in response to synaptic activity in intact tissue, we have
now studied dendritic spine shape and motility in more complex
organotypic cultures. These were prepared from transgenic mice
expressing actin-GFP which in neurons targets to dendritic spines.
Using real time confocal microscopy we observe that spines in
organized circuits of hippocampal slice cultures are highly motile.
Treatment with the glutamate receptor antagonist AMPA blocks
spine motility implicating the AMPA subtype of glutamate receptor
in the regulation of this form of synaptic plasticity.
In these cultures we also observe rapid, co-ordinated spine
movement and shape changes that have not been observed in
dispersed cultures.

TWO-PHOTON MICROSCOPY REVEALS DENDRITIC SPINE CHANGES
ASSOCIATED WITH LONG-TERM SYNAPTIC PLASTICITY IN THE
HIPPOCAMPUS. F. Engert and T. Bonhoeffer*. Spon: German Neuroscience Society,
Max-Planck-Institut fiir Neurobiologie, 82152 Munich-Martinsried, Germany.

117.3

117.4

CaMKIl CONTRIBUTES TO INDUCED THICKENING OF PSDs
IN CULTURED HIPPOCAMPAL NEURONS. T. S. Reese*.
J. D. Petersen, A. Dosemeci and J.-H. Tao-Cheng. Laboratory of
Neurobioiogy, NINDS, NIH, Bethesda, MD 20892
The structure of post synaptic densities (PSDs) was analyzed by
immunogold labeling on rotary shadowed replicas and thin sections.
Isolated PSDs were adhered to glass and rotary shadowed revealing two
faces: a lattice-like structure labeled for PSD-95 was submerged in a
smooth face, and variable numbers of aggregates labeled for CaMKIl
adhered to a rougher face. This differential distribution was also
apparent in thin sections of cultured hippocampal neurons: PSD-95 gold
label lined up along the postsynaptic membrane, whereas CaMKIl label
was concentrated on the cytoplasmic side of the postsynaptic dense
material. The PSD is known to increase in thickness during experimental
ischemia. Similarly, we observed in thin sections that application of 210 pM of the uncoupler of oxidative phosphorylation CCCP to cultures
for 15-30 min increased the mean thickness of the PSD-associated dense
material by 1.8 times. This additional material was labeled for CaMKIl.
At the same time >50% of the synaptic vesicles we measured next to the
presynaptic membrane were lost, suggesting that the CCCP treatment
also stimulated neurotransmitter release. These findings also suggest that
the induced increase in postsynaptic dense material may be attributed to
clustering of CaMKIl during extensive excitatory neurotransmission.
(supported by NIH intramural funds)

LONG TERM POTENTIATION IN PUTATIVE NEW-BORN GRANULE
NEURONS IN THE DENTATE GYRUS OF THE ADULT RAT. JM
Woitowicz*. B. W. Scott. S. Wang. Department of Physiology, Medical
Sciences Bldg., University of Toronto, Toronto, ON, M5S 1A8, Canada.
Postnatal neurogenesis contributes substantially to the neuronal
population of the adult dentate gyrus. The adult-generated granule neurons
become incorporated into the neuronal network of the hippocampus but their
properties and relative contributions to neuronal plasticity are not known.
We report here that young neurons can be identified in a standard
hippocampal slice preparation by morphological, immunohistochemical and
electrophysiological criteria. The dendritic trees of the putative young
neurons recorded electrophysiologically and imaged with Lucifer Yellow
consist of one or two main dendrites and conically-shaped branches
possessing varicose protrusions. These features are in agreement with the
appearance of the same population of young neurons immunopositive for
TOAD-64, a marker for immature neurons. In disinhibited brain slices the
young neurons are distinguished from mature neurons by showing paired
pulse facilitation and having a lower threshold for induction of long term
potentiation. The young neurons are completely unaffected by GABAa
inhibition and display robust long-term potentiation. In contrast, the mature
neurons never produce long term potentiation when GABAa inhibition is
intact. Even without the inhibition the induction of long-term potentiation in
the mature neurons is sporadic. The consequence of these differences is a
greater plasticity in the young neurons which is likely to have an impact on
the overall hippocampal function in adult animals, especially in situations
where the rate of neurogenesis is altered. Supported by MRC of Canada.

The possible relationship between changes of synaptic strength and changes in the
morphology of the respective subcellular compartments has generated considerable
interest for a number of years. As easily as functional synaptic modifications are
induced as complicated it has been to prove that these are accompanied or even caused
by morphological changes, mainly because it has been difficult to pin-point the location
of the synapses which are expected to change. Here we combined two-photon imaging
with a local superfusion technique thereby confining the region on the postsynaptic
dendrite where the synaptic changes could occur.
Sharp electrodes filled with the fluorescent dye calcein were used to record
intracellularly from pyramidal neurons in the CAI region of hippocampal slice
cultures. Synapses on these neurons were activated with a stimulating electrode placed
in the Schaffer collaterals. Activity, and therefore potential morphological changes,
were confined to the small group of synapses by pharmacologically blocking synaptic
transmission in the whole slice-culture and removing the blocking solution only
locally, in an area of no more than 30 pm in diameter. In this area, dendrites and spines
of the intracellularly filled neuron were then scrutinized for morphological changes
using two-photon laser-scanning microscopy.
We found that local LTP induction in such a restricted region of the dendrite reliably
led to the appearance of new spines in this area. These novel spines remained stable in
shape and position for the whole period of observation, which lasted up to 24 hours.
We found furthermore that the disappearance of spines was not, as is the case in LTP
and spine growth, controlled in a specific and activity-dependent manner but it rather
occurred more or less randomly in time and space.
Supported by the Max-Planck-Gesellschaft.

117.5

117.6

SILENT AMPA RECEPTORS ARE DETECTED DURING
RECOVERY FROM DESENSITIZATION. Victor A, Perkach and
Thomas R. Soderling*. Vollum Institute, Oregon Health Sciences
University, Portland, Oregon.
AMPA receptor desensitization contributes to the
strength of transmission at glutamate synapses. Molecular mechanisms
of fast desensitization and recovery of recombinant GluRl AMPA
receptor were studied by applying a new concept. It utilizes
simultaneously silent states of channels to explicitly describe their
behavior as a population. The approach revealed that desensitization
can be solely attributed to the decrease of channel open probability. In
contrast, recovery from desensitization is accounted for by an increasing
number of functional receptors. The data were supported by
nonstationary fluctuation analysis. Results implicate that AMPA
receptor plasticity can be regulated by a dynamic balance between
functional and silent fractions of AMPA receptors present in the plasma
membrane. Supported by NIH grant NS27037.

SELECTIVE PROPAGATION OF ACTIVITY-DEPENDENT
SYNAPTIC POTENTIATION IN SIMPLE NEURAL NETWORKS.
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H.-z. W. Tao*, L. I. Zhang, G-q, Bi, M.-m. Poo. Dept. of Biol. Univ. of
California at San Diego, La Jolla, CA 92093
Long-term synaptic potentiation (LTP) has been implicated in the
developmental remodeling and learning functions of the nervous system.
Many theoretical models were based upon the assumption that only synapses
between two neurons undergone correlated excitation become strengthened.
Recent studies have suggested that LTP can spread to adjacent synapses via
the action of extracellular diffusible factor(s) released from the activated
synapse. However, whether there is any connection-related specificity in
LTP spread is unknown. In present study, whole cell perforated patch
recordings were performed simultaneously from three or four neurons to
monitor all the connections within the networks of cultured rat embryonic
hippocampal neurons. We found that induction of LTP of a synaptic
connection between two glutamatergic neurons resulted in a specific pattern
of distributed potentiation at other connections within the network.
Potentiation propagated from the site of induction retrogradely to synapses
received by the dendrites of the presynaptic neuron and laterally to those by
its axonal collaterals onto other glutamatergic cells. In contrast, synapses
made by the presynaptic neuron onto GABAergic cells were not affected,
nor were other synapses received or made by the postsynaptic neuron. These
results suggest long-range and target-specific cytoplasmic signaling within
the presynaptic cell. Such presynaptic cytoplasmic signal may be generated
as a consequence of localized retrograde interaction during the induction of
LTP. Thus along the excitatory pathways in a neural network, outputs of a
neuron undergo LTP as an integral unit and synaptic strength of its inputs is
modified in accordance to its output. (Supported by NIH grants NS 36999)

SYNAPTIC PLASTICITY I

292

SUNDAY PM

117.7

117.8

DISTRIBUTED SYNAPTIC MODIFICATIONS IN NEURAL
NETWORKS INDUCED BY LOCAL STIMULATION WITH
TEMPORAL PATTERNS. Guo-qiang Bi* and Mu-ming Poo. Dept.
of Biology, Univ. of California San Diego, La Jolla, CA 92093-0357
Activity-dependent changes in synaptic efficacy or connectivity
are critical for the development, signal processing, as well as learning
and memory functions of the nervous system. Repetitive correlated
spiking of pre- and postsynaptic neurons can induce a persistent
increase or decrease in synaptic strength, depending on the timing of
pre- and postsynaptic excitation. Previous studies on such synaptic
modifications have focused on synapses made by the stimulated
neuron. Here we examined, in networks of cultured hippocampal
neurons, whether and how local stimulation can result in synaptic
modifications at sites remote from the stimulated neuron. We found
that repetitive paired-pulse stimulation of a single neuron for brief
periods induces persistent strengthening or weakening of specific
polysynaptic pathways in a manner that depends on the interpulse
interval. These changes can be accounted for by correlated pre- and
postsynaptic excitation at distant synaptic sites, resulting from
different transmission delays along separate pathways. Thus, through
such a ‘delay-line’ mechanism, temporal information coded in the
timing of individual spikes can be converted and stored into spatially
distributed patterns of persistent synaptic modifications in a neural
network. (Supported by NS36999).

THETA RHYTHM OF CA1 HIPPOCAMPAL NEURON ACTIVITY: GATED BY
GABAERGIC SYNAPTIC DEPOLARIZATION. M.-K. Sun*, T.J. Nelson, & D.L.
Alton. Laboratory of Adaptive Systems, NIH, Bethesda, MD 20892.
Theta frequency field oscillation (0), a major feature of the hippocampal
electroencephalogram, occurs during exploratory behavior and rapid-eyemovement sleep and has been considered indicative of ongoing information
processing and memory consolidation. In the hippocampus, basket cell
interneurons have been found to exhibit a much clearer 0 activity than all
other types of neurons do and therefore may entrain the discharge of a large
population of ‘place’ cells into the 0 rhythm. Here, application of carbachol
(CCH) triggered 0 oscillation of CA1 field potential recorded extracellularly,
and of intracellularly recorded membrane potential of CA1 pyramidal cells in
adult rat hippocampal slices. Theta rhythmic membrane potential oscillations of
CA1 pyramidal cells could also be induced by injecting calexcitin, a learningassociated calcium-binding signaling protein, into the pyramidal neurons (n=10,
p<0.001), whilst the heat-inactivated protein was ineffective. The CCH-induced
rhythmic activities in CA1 pyramidal cells were associated with reduction of
GABAergic inhibitory postsynaptic potentials or depolarization in response to
basket intemeuron activity. The depolarizing GABAergic responses and 0
activities were sensitive to GABAa receptor blockade (n=10, p<0.001) or
inhibitors of carbonic anhydrase (n=12, p<0.001). After inducing the depolarizing
GABAergic response, stimulation of the GABAergic inputs at 0 frequency
directly entrained the discharge of CA1 pyramidal cells at the same frequency
(n=14, p<0.001). We conclude that (a) enhanced HCO3' conductance through
GABAa receptor channel underlies the GABAergic synaptic depolarization and
(£») a brief period of GABAergic synaptic depolarization entrains the pyramidal
cells at 0 frequency, suggesting a fundamental role of these intemeurons in
learning-specific hippocampal integration.

117.9

117.10

SITES ON GLUR1 CARBOXYL TERMINUS CONTROLLING CaMKIIDRIVEN DELIVERY OF AMPA RECEPTORS TO SYNAPSES. S.-H. Shi*, Y.
Hayashi, J. A. Esteban, A. Piccini, J.-C. Poncer and R. Malinow. Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY 11724

TWO DIFFERENT MECHANISMS FOR DELIVERY OF AMPA
RECEPTORS TO SYNAPSES IN HIPPOCAMPAL NEURONS Y. Hayashi*,
S.-H. Shi, N. Yamashita, A. Piccini, K. Svoboda, and R. Malinow. Cold Spring
Harbor Lab., Cold Spring Harbor, NY 11724

The calcium/calmodulin-dependent protein kinase II (CaMKH) is strongly
expressed at excitatory synapses and controls synaptic and neuronal
plasticity as well as learning and memory. Increased postsynaptic CaMKH
activity rapidly enhances synaptic transmission, mimicking long-term
potentiation (LTP). The mechanisms by which this occurs are not known.
Here we have tested if CaMKH activity promotes the incorporation of
GluRl-containing AMPA receptors into synapses. We have developed a
method to measure synaptic incorporation by acutely transfecting
hippocampal slices (using a Sindbis virus expression system) with recombinant
AMPA receptors that are electrophysiologically tagged. Expression of
this AMPA receptor alone is not sufficient to see its incorporation into
synaptic transmission. However, after co-expression of this recombinant
receptor with a constitutively active form of CaMKH, the
electrophysiologically tagged receptor participates in synaptic
transmission. Our results show that increased CaMKH activity does
promote recombinant GluRl-containing AMPA receptors into synapses. This
effect of CaMKH can be blocked by specific mutations on GluRl. The
effect of such mutations on LTP are being investigated. Our results
identify sites on GluRl carboxyl-terminus that are important in
controlling AMPA receptor targeting to synapses by CaMKH.
(Supported by NIH and the Mathers Foundation)

117.11
BIDIRECTIONAL REGULATION OF THE AMPA RECEPTOR PROTEIN
GLUR1 FOLLOWING L-LTP AND L-LTD IN THE ADULT
HIPPOCAMPUS IN VIVO. D.C. Bae. E.M, Quinlan, A.J. Heynen*, K.H.
Parikh and M.F. Bear. HHMI/Department of Neuroscience,
Brown
University, Providence, RI 02912.
Changes in the complement of postsynaptic glutamate receptors have
been proposed to underlie some forms of activity-dependent modification of
synaptic efficacy. Recently, experiments in vitro have correlated changes in
synaptic strength, induced by conditioning stimulation, with changes in the
distribution of the AMPA subtype of glutamate receptor (Nayak et al., 1998,
Carroll et al., 1999). The purpose of present experiment was to determine if
long-lasting modifications in synaptic strength (L-LTP and L-LTD in the CAI
region of the hippocampus) are associated with changes in the synaptic level
of the AMPA receptor protein GluRl in vivo,
Recording and stimulating electrodes were positioned in CAI stratum
radiatum of adult, pentobarbital anaesthetized rats. L-LTD, induced by lowfrequency stimulation (LFS: 2 x 900 pulses @ 1Hz ), and L-LTP, induced by
high-frequency stimulation (HFS: 6-12 x 100Hz for 1 sec), were defined as
stable changes in field potential slope lasting >4 hours after conditioning
stimulation. GluRl levels were determined by quantitative immunoblotting of
synaptoneurosomes, a biochemical fraction enriched for synaptic proteins,
prepared from dorsal hippocampi of stimulated and control hemispheres.
L-LTP (153.9 ± 18.4% of baseline, p<0.05) was associated with a 15.8
+ 6.0% increase in Glurl protein (p<0.05). In contrast, L-LTD (61.2 + 3.4%
of baseline, p<0.05) was associated with a 23.3 + 7.5% decrease in Glurl
protein (p<0.05). These data support the hypothesis that bidirectional
regulation of synaptic AMPA receptor number contributes to the maintenance
of long-lasting changes in synaptic strength in vivo. (Supported by HHMI)
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Little is known about the regulation of glutamate receptor delivery to the surface of
a synapse. To elucidate this, AMPA receptor GluRl and GluR2 subunits were tagged
with GFP at the extracellular N-termini and expressed in hippocampal slice culture
using Sindbis virus expression system. Imaged with two-photon microscopy, GluRlGFP is distributed diffusely in the dendrite but delivery into spines is restricted1. In
contrast, GluR2-GFP can be seen in most spines. This delivery is mediated by Cterminus of GluR2: a chimeric GluRl with GluR2 C-terminus was delivered into
spines similarly to GluR2-GFP. We tested whether GluR2-GFP contributes to synaptic transmission by expressing it in GluR2 (-/-) animal. Receptors lacking GluR2
show inward rectification. Functional incorporation of GluR2-GFP can be detected
as relief of this rectification. In uninfected cells, transmission completely rectified.
Three days after infection, rectification was relieved (to- 62.2% of wild-type values),
indicating participation of GluR2-GFP in synaptic transmission. This delivery was
not facilitated by LTP induction. The consitutive delivery of GluR2 contrasts with
GluRl. The latter requires tetanic stimulation or CaMKH activation for delivery to
the synapse1,2. We thus propose that there are two different mechanisms of delivery
of AMPA receptor, one regulated by CaMKH and the other constitutive.
1. S.-H. Shi, Y. Hayashi, R. S. Petralia, S. H. Zaman, R. J. Wenthold, K. Svoboda
and R. Malinow (submitted).
2. S.-H. Shi, Y. Hayashi, J. A. Esteban, A. Piccini, J.-C. Poncer, R. Malinow (accompanying presentation).
(Support: Uehara Memorial Foundation, NIH, and the Mathers Foundation).
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ENDOTHELIN
MODULATES
THE
SURVIVAL
AND
DIFFERENTIATION
OF
CULTURED
POSTGANGLIONIC
SYMPATHETIC NEURONS. Deborah H. Damon and Gary M. Mawe*.
Depts. of Pharmacology and Anatomy and Neurobiology, University of
Vermont, Burlington, VT. 05405.
Endothelin (ET) is best known as a vascular-derived vasoconstrictor, but this
peptide also acts on neurons to modulate neurotransmitter release and neuronal
development. We tested the hypothesis that ET modulates the development of
postganglionic sympathetic neurons. The effects of ET on neuronal survival,
morphologic differentiation, and biochemical differentiation were assessed in
cultures of postganglionic sympathetic neurons isolated from the superior cervical
ganglia (SCG) of 3-4 day old rat pups. In the absence of and in the presence of
low concentrations of nerve growth factor (NGF), ET-1 (3-30 nM) promoted the
survival of up to 16.8+1.4% of SCG neurons. In the presenceof 10 ng/ml NGF,
ET-1 (10 nM) inducedhypertrophy of SCG neurons. Mean cell area was 455+28
pm2 in the absence and 644+39 pm2 in the presence of ET-1. In the presence of
10 ng/ml NGF, ET-1 also increased the number of processes extended per neuron;
1.7±0.11 in the absence versus 2.8+0.3 in the presence of ET-1. As measured by
western analysis, ET-1 (10-lOOnM) decreased the expression of tyrosine
hydroxylase to less than 50% of control levels (10 ng/ml NGF). These data
indicate that ET can modulate the survival and differentiation of postganglionic
sympathetic neurons in culture, and suggest that ET may be a novel vascular
target-derived factor that plays a role in the development of sympathetic
innervation. Supported by NIH R29-HL-51130.

LONG TERM NEUROPROTECTIVE EFFECTS OF
GLYCOSAMINOGLYCANS-IGF-I COTREATMENT IN THE MOTOR
NEURON DEGENERATION (Mnd) MUTANT MOUSE
A.Gorio*1, E. Gennani*, E. Lesina1, E.E. Muller2 and A.M. Di Giuiio'.
'Laboratory for Research on Pharmacology of Neurodegenerative Disorders,
Pharmacological Laboratories, Dept. of Medicine, Surgery and Odontoiatry,
Faculty of Medicine, H. S. Paolo, Via A. di Rudini 8, 20142 Milano;
laboratory of Endocrinology, Department of Pharmacology, Chemotherapy
and Medical Toxicology, Via Vanvitelli 32, 20129 Milano; Italy
This study shows that cotreatment with Insulin-like growth factor-I (IGF-I)
and glycosaminoglycans (GAGs) prevents the onset of neuromuscular deficit in
the mbit mutant mouse. These mice show a mid-to-late life onset of a
progressive paralysis of hind limb, that is correlated by altered innervation and
reduced nerve-evoked isometric twitch tension of the EDL muscle. Almost 50%
of extensor digitorum longus (EDL) nerve endings are negative for antisynaptophysin staining, while retrograde labeling with p-cholera-toxin coupled
to type IV horseradish and quantitative histological analysis show a small loss
of EDL and lumbar cord motor neurons. At 10 months of age also forelimb
function evaluated as grip strength is significantly reduced. Animals treated
either with glycosaminoglycans alone or with IGF-I alone at low and high
dosages show only a partial improvement of their condition. However,
cotreatment of mini mice with IGF-I and GAGs fully prevented the
neuromuscular abnormalities, the twitch tension loss, the motor neuron
decrease and the forelimb grip strength reduction.

Supported by Telethon-Italy, Grant 974

118.3

118.4

INCREASED EXPRESSION OF INSULIN-LIKE GROWTH FACTOR-I DURING
EARLY POSTNATAL DEVELOPMENT INCREASES THE TOTAL NUMBER
OF NEURONS AND SYNAPSES IN THE FASCIA DENTATA OF THE MOUSE.
LR O’Kuskv1*. P. Ye1 and A. J. D’Ercole2 ‘Dept. ofPathology and Laboratory
Medicine, Univ. of British Columbia, Vancouver, BC, Canada V5Z 1M9; *Dept. of
Pediatrics, Univ. of North Carolina at Chapel Hill, Chapel Hill, NC 27599.
Stereological analyses of the fascia dentata of the hippocampus were performed in
transgenic mice that overexpress insulin-like growth factor-I (IGF-I) postnatally and
in non-transgenic littermate controls on postnatal days 7,14, 21,28, 35 and 130.
tThe total volume of the granule cell layer was found to be significantly greater in
transgenic mice than in controls on days 14 (45%), 21 (33%), 28 (59%), 35 (57%)
and 130 (69%). Although the numerical density of neurons did not differ
significantly between the two groups at any age, the total number of neurons in the
granule cell layer was significantly greater in transgenic mice on days 14 (55%), 21
(29%), 28 (50%), 35 (56%) and 130 (61%). By postnatal day 35 there was a
significant increase of 65% in the total volume of the molecular layer of the fascia
dentata in transgenic mice. The numerical density of synapses was increased by
22% in transgenic mice, resulting in a 101% increase in the total number of synapses
in the molecular layer. The synapse-to-neuron ratio was found to be significantly
greater by 27% in transgenic mice, indicating increased synaptogenesis over and
above the increase in neuron number. These results indicate that increased in vivo
expression of IGF-I during early postnatal development results in a significant
increase in neuron number and an increase in the number of synapses per neuron in
the fascia dentata. The available evidence indicates that this increase in neuron
number is due primarily to an IGF-I mediated inhibition of programmed cell death
during postnatal development. Supported by NIH grant HD08299 (to AJD) and by
The Hospital for Sick Children Foundation grant XG 96-034 (to JRO).

ANTI-GHRH EXPOSURE AFFECTS MUSCLE REINNERVATION
AND IGF-I INCREASE PROMOTED BY GLYCOSAMINOGLYCAN
TREATMENT. A. M. Di Giuiio*1, E. Germani1,E.Lesmal, A. Torsello2,
E. E, Muller2, and A. Gorio1. 'Pharmacological Laboratories, Dept. of
Medicine, Surgery and Odontoiatry, H.S. Paolo, Via A. Di Rudini 8,
20142 Milano; laboratory of Neuroendocrinology, Dept. of Medical
Pharmacology, University of Milano, Via Vanvitelli 32, 20129 Milano;
Italy.
This study shows that the promoting effects of glycosaminoglycans
treatment upon muscle reinnervation is partially counteracted by exposure
to antibodies to growth hormone releasing hormone. Following sciatic
nerve crush performed in 2-day-old rats, the extensor digitorum longus
muscle reinnervation is rather poor. However when nerve lesioned rats are
treated with glycosaminoglycans the extent of muscle reinnervation, the
recovery of nerve-evoked muscle twitch tension, and the number of motor
neurons reinnervating the extensor digitorum longus muscle are greatly
increased. Such an effect is accompanied by a marked increase of insulinlike growth factor-I levels in the denervated muscles. Exposure to antigrowth hormone releasing hormone abolishes glycosaminoglycanspromoted insulin-like growth factor-I increase and reduces
glycosaminoglycans stimulatory effects upon muscle reinnervation
Supported by Telethon-Italy, Grant 974

118.5

118.6

INCREASE OF THE BRAIN ENDORPHINS RELEASE STIMULATES THE
REPAIR PROCESSES OF HEPATOCYTES (H) IN VIVO AFTER POISONING
(P). V.Lebedev1*, M.Melikhova2, S.Kolbasov , G.Stroikova2, O.Zamuruev1.G.
Kozlowski31 Pavlov Inst, of Physiology.. 2Inst. of Toxicology. Saint Petersburg
199034, Russia, 3Stress Research Foundation, Dallas, TX 75006, USA
Our previous studies have demonstrated that uninvasive transcranial electrotimulation (TES) using a unique treatment protocol, activates brain
endorphinergic structures and significantly increases P-endorphin levels in both
CSF and blood. In various experimental models such as skin wounds, gastric
ulcers and dissected peripheral nerve, we also showed that repair processes
were significantly accelerated after short application of TES and, most
importantly, these effects were naloxone reversible. In this study, we
investigated the effects of TES on repair processes in toxic damaged H
induced by administering dichlorethane (0.75 LD50, per os) to male Wistar rats.
On the 3rd day after the administration of dichlorethane, 3 TES sessions of 1 h
each were given. Three days after that, the rats were euthanised by Nembutal
(70 mg/kg). Functions of H were estimated biochemically and
micromorphometrically 3 times - before P, before TES and at the end of the
experiment. The results of several biochemical functional liver tests (antitoxic,
synthetic) showed that H were significantly better in comparison to untreated
controls; and, in several cases were the same as in healthy animal. Events of
cytolysis (intracellular H enzymes in the blood) and fatty degeneration of H
were also significantly reduced in treated animals. The endorphinergic nature
of TES improvement of H functional status after P was proved by reversing the
TES effects in animals administered naloxone (2 mg/kg s.c., two times during
each TES sessions); and potentiation by administering the enkephalinase
inhibitor D-leucine (125 mg/kg i.p. before each TES session). These data
suggest that TES elicits its protective property by means of increasing
endogenous opioid peptide release which, in turn, has a high ability to
accelerate the repair processes of H.

NEUROPHILIN
LIGANDS:
PROTECTIVE
AND
TROPHIC
EFFECTS IN ANIMAL MODELS OF PARKINSON’S DISEASE
L.C, Costantini*1. D. Cole2, P. Chaturvedi2, O. Isacson1 (1) Neuroregeneration
Laboratory, McLean Hospital, Harvard Medical School, Belmont, MA 02178 (2)
Vertex Pharmaceuticals, Incorporated, 130 Waverly Street, Cambridge MA 02139
The MPTP mouse model of Parkinson’s disease (PD) depletes striatal dopamine
(DA) after systemically-administered MPTP. We have shown that oral
administration of a novel neurophilin ligand, V-10,367, protects striatal DA
innervation in this model of PD (Costantini et al, 1998; Neurobiology of Disease
5:97-106). In follow-up studies, we determined that V-10,367 confers significant
(p<0.01) protection in this model over a dose range of 1 mg/kg/qd po to 100
mg/kg/qd po in a manner that correlates with dose. Furthermore, a second novel
neurophilin ligand, V-13,661 at 15 mg/kg/qd po, also significantly (p<0.01)
prevents MPTP-induced loss of striatal DA innervation in mice. By contrast,
FK506 is not protective in the MPTP model. Rats that receive infusion of 6hydroxydopamine into the striatum display progressive loss of striatal DA
innervation and nigral DA cells over 2-3 weeks. In this progressive lesion model
of PD, preliminary data indicate that oral V-10,367 (25 mg/kg/qd po for 21 days)
partially prevents this damage while improving behavioral outcome (rotational
behavior). We also observed TH+ fibers within the core of the lesion only in
neurophilin ligand-treated rats, suggesting a sprouting of spared DA fibers. The
effects of orally administered neurophilin ligands in these models suggest that such
compounds may be useful for the treatment of PD. Supported by McLean Hospital,
Harvard Medical School, and Vertex Pharmaceuticals, Inc.
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118.8

NEURONAL EXPRESSION AND FUNCTION OF C5aR. S. O'Barr1*,
J. Caguioa 2, D. L, Gruol2, and N, R. Cooper1. Depts of ‘Immunology and
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037
C5a anaphylatoxin, a 74 amino acid proteolytic fragment of the fifth
component of the complement system, has long been known to play a role in
host defense by acting as a chemotaxin and activator of myeloid cells. The
C5a receptor (C5aR) is a high-affinity seven transmembrane, rhodopsin family
receptor, which is coupled to a pertussis toxin-sensitive G-protein. Although
originally thought to be confined to myeloid cells, studies have shown C5aR
expression on numerous cell types not of myeloid origin from liver, lung, heart,
kidney and intestine. Endogenous expression of C5aR on non-myeloid cells
suggests, as yet, undetermined roles for C5a in normal physiologic function.
In the central nervous system (CNS), C5aR is constitutively expressed on
astrocytes and microglia, both in vitro and in vivo, and increased expression
is observed in diverse inflammatory conditions. Although C5aR expression
on neurons from normal brains is controversial, neuronal C5aR expression is
observed in the inflamed CNS, including animals with experimental Listeria
meningoencephalitis, IL-3 transgenic mice, and kainic acid injected animals.
We have assessed C5aR expression on neurons and initiated studies to
evaluate its functions in normal neuronal physiology, with the goal of
understanding why the receptor is upregulated in neuroinflammatory
conditions. We find that the C5aR is expressed on normal neurons in vivo and
in culture, and that C5a induces changes in intracellular calcium, and activates
protein kinase C as well as nuclear transcription factor-xB (NF-k B) in primary
explant neurons, indicating functional integrity. We also observe that C5a is
neurotrophic for undifferentiated neuroblastoma cells in culture and protects
differentiated neuroblastoma cells from the neurotoxic effects of the amyloid
P peptide. This work demonstrates that C5aR is constitutively expressed on
normal neurons, and reports for the first time, that C5a binding activates signal
transduction pathways which may be responsible for the ability of C5a to
function as a neurotrophic, as well as a neuroprotective agent. Supported by
funding from the NIH (NS34682, AG04342) and Novartis (SPF 1141).

IDENTIFICATION OF CYTOKINE INDUCIBLE GENES BY
AFFYMETRIX, SYNTENI AND NYLON MEMBRANE MICROARRAYS
TECHNOLOGIES.
G. Wong, T. Ryan, X. Rong, X. Weng, L. Radov, M. Mangan, T. Defay, J.
Blosser* and J. Reid, Department of Molecular Sciences, AstraZeneca,,
Worcester, MAO 1605
Tumor necrosis factor (TNF) and interferon-y (IFN- y) have been shown to
induce apoptosis in many tumor cells, augment a variety of immune responses,
enhance the production of protective proteins against oxidative stress and
trigger antiviral activities against different virus infections. We have identified
TNF and IFN-y inducible genes using different transcriptional profiling
methods. We used micro-arrays on glass chips from Affymetrix (containing
6,000 different gene oligonucleotide probes) and Synteni (containing 10,000
cDNAs) and nylon membranes from Genome Systems (containing 18,000
cDNAs). Chips or nylon membranes were hybridized with labeled cDNAs
derived from a single preparation of poly A+ mRNA isolated from SHSY-5Y
human neuroblastoma cells treated with the cytokines TNF and IFN-y for 24
hours and compared with cDNAs from untreated control cells. Similar
experiments were carried out using cytokine treated and control murine
microglial line BV2 using the same technologies arrayed with mouse probe
sets. Genes of interest were confirmed by Northern blotting and quantitative
RT-PCR analysis. Comparing the results from these technologies for novel
gene identification, we found all gave reproducible results. However,
Affymetrix arrays yielded mostly known genes while Synteni chips and nylon
membranes provided higher numbers of ESTs. Despite these differences, we
have found that Affymetrix, Synteni and nylon membranes are reliable tools for
rapid high-throughput screening and for novel target-gene identification.

118.9

118.10

TUMOR NECRQSTS-a (TNF-a) UPREGULATION OF
INTRACELLULAR ADHESION MOLECULE-1 (ICAM-1) BY
SCHWANN CELLS (SC) IS PREDOMINATELY MEDIATED
BY TNF RECEPTOR TYPE I (TNF-RI) R.P. Lisak? B. Bealmear, J.A.

TGFpj MODULATES KIR2.3 CURRENTS VIA A PLC-PKC DEPENDENT
MECHANISM IN REACTIVE ASTROCYTES DERIVED FROM ADULT
RAT BRAIN. P.R. Perillan , E.A. Potts, X. Li, D.S. BredF.J.M. Simard. Univ. of
Maryland; Dept. of Neurological Surgery; Baltimore, Maryland 21201,2Univ. of
California at San Francisco; Dept of Physiology; San Francisco, CA 94143.
Reactive astrocytosis is a constant feature following CNS injury.
Processes regulating this, however, are not well understood. The most
striking feature of gliosis is the cellular response of reactive astrocytes.
Transforming growth factor P-1 (TGFPi) secreted by astrocytes in both
paracrine and autocrine fashion, plays a critical role in brain injury. We have
previously characterized inward rectifier (KIR) currents in reactive astrocytes.
Here we report the identification of the KIR2.3 protein via fluorescent
immunohistochemistry in cells that we had previously characterized as
having strongly rectifying whole cell currents. Electrophysiological
recordings using the nystatin perforated whole cell technique, revealed
depolarization due to TGFPi, which we hypothesized was associated with a
block of potassium channel conductance. After application of TGFPi (0.1-10
ng/mL) KIR currents were decreased 20%-90% in a dose dependent fashion.
Selective inhibition of the PLC-PKC second messenger system with
neomycin (25 nM), staurosporine (25 nM) and calphostin C (10 nM) blocked
the effect associated with TGFPi. Phorbol myristate acetate (PMA) (500nM)
mimicked the TGFPi current run-down in a time-dependent manner. Based
on these data TGFpi modulation of KIR2.3 currents is mediated by a PLCPKC dependent second messenger signal transduction pathway. The
interaction between TGFpi and KIR2.3 in reactive astrocytes, may play a
crucial role in the pathogenesis of brain injury. This work is supported by a
Veterans Administration Merit Award.

Beniamins and A. Skoff. Dept of Neurology, Wayne State University, Detroit,
MI 48201.
We have previously shown that several cytokines, including TNF-a, induce
upregulation of ICAM-1 on the surface of SC. This upregulation may be
important in inflammatory diseases of peripheral nerves as well as in myelination
and remyelination. TNF-a mediates its effects on target cells via two different
receptors which differ in their signaling pathways. We sought to elucidate the
roles of the two receptors in TNF-a induction of ICAM-1. Primary cultures of
neonatal rat SC were incubated with: 1) TNF-a (positive control) ; 2) goat (G)
anti-TNF-RI with or without donkey (D) anti-goat IgG (as second antibody) to
increase cross-linking of receptor peptide chains; 3) G anti-TNF-R II with or
without D anti-GIgG; 4) normal GIgG with or without D anti-GIgG; or, 5)
additional medium (negative control). The primary antibodies, normal IgG and
secondary antibodies were tested at different concentrations. 55% of SC
incubated with TNF-a expressed ICAM-1 whereas only 5% of medium control
SC were positive. Incubation of SC with anti-TNF-R I with or without second
antibody resulted in upupregulation of ICAM-1 (48% positive cells) but SC
incubated with either anti-TNF-R II or normal IgG, with or without second
antibody, did not differ significantly from control SC. These results suggest that
most, if not all, of the ICAM-1 induction by SC in response to TNF-a is via the
type I receptor. Supported by NIH NS 31287
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PREFRONTAL SYSTEMS UNDERLYING SPONTANEOUS AND DIRECTED
STRATEGIC MEMORY PROCESSES. C.R. Savage, T, Deckersbach. S. Heckers. A.D.

LOCALIZATION OF PICTURE AND WORD ENCODING USING FMRI AND
CORTICAL RECONSTRUCTION TECHNIQUES. B.A, Kirchhoff1*. B. Fischl23,
A,D- Wagner23. A. Maril23, & C.E. Stern12. IBoston University, Boston MA 02215;
2MGH-NMR Center, Charlestown MA 02129; and 3Harvard University, Cambridge
MA 02138.
The present study used event-related fMRI and cortical reconstruction methods to
directly compare picture and word encoding within subjects. In each fMRI scan (BOLD
fMRI, 3.0T GE scanner with ANMR EPI, 16 axial slices, TR=2 sec), situationally
novel and situationally familiar pictures and words were incidentally encoded. There
were four main trial types: novel pictures, familiar pictures, novel words, and familiar
words. Participants made an indoor/outdoor judgment during scanning for all stimuli.
Averaging nine subjects’ activations in Talairach space revealed that novel picture
encoding preferentially activated right inferior prefrontal cortex (BA 6/44), while novel
word encoding preferentially activated left inferior prefrontal cortex (BA 6/44 & 45/47).
Both novel picture and word encoding activated hippocampal, parahippocampal, and
fusiform regions, with novel word encoding activating a subset of the regions activated
by novel picture encoding. Novel word encoding also activated distinct lateral temporal
(BA 22) and left fusiform regions more than novel picture encoding. We used
previously described cortical reconstruction techniques (Dale et. al., 1999; Fischl et.
al., 1999) to better localize these activations at the single subject level. Participants
were scanned with a high resolution anatomical sequence (3D-SPGR Tl-weighted,
1.5T GE LX scanner), which was used to reconstruct an accurate model of each
subject’s cortical surface. Functional activation maps were then overlaid on the
reconstructed surface. This analysis allowed us to better localize and segregate the
multiple inferior prefrontal and temporal regions that play a role in picture and word
encoding. (Support: Alzheimer’s Association, NSF, and NIA).

Radiology, Massachusetts General Hospital/Harvard Medical School, Charlestown, MA 02129.
Numerous lines of evidence point to the importance of the prefrontal cortex in
strategic memory processes. An important question concerns the nature of spontaneous
memory strategies - specifically, why some subjects spontaneously use organizational
strategies during learning and others do not. The current study examined the neural
systems underlying both spontaneous and directed organizational processing using
positron emission tomography (PET). Eight normal subjects listened to lists of 24
words presented by computer, in four conditions: 1) Unrelated: words were
semantically unrelated; 2) Spontaneous: words were related in four semantic
categories, but subjects were not instructed beforehand; 3) Directed: same as (2) but
subjects were explicitly instructed to notice the relationships and use them to improve
memory; 4) Baseline (resting visual fixation). In addition to free recall, behavioral data
included Semantic Clustering, which measured active regrouping of words into
semantic categories during recall. PET data (inhaled 15O) were acquired in two scans
for each condition, motion corrected, and analyzed in SPM95 (z=3.09 threshold). In
the primary graded PET contrast (D>S>U), two distinct activations were found in left
inferior prefrontal cortex (A45/46) and left dorsolateral prefrontal cortex (A9). These
regions, supporting semantic processing and working memory, were activated in a
graded fashion, corresponding to levels of clustering observed in the behavioral data.
Correlation analyses also revealed highly significant relationships between PET blood
flow measures in the Spontaneous condition and Semantic Clustering, in right
ventromedial prefrontal cortex, extending from inferior medial A10 to orbitofrontal
cortex (All). Thus, blood flow in ventromedial prefrontal cortex during encoding
predicted the use of organizational strategies during recall. These results provide
evidence that the ventromedial prefrontal cortex supports the spontaneous detection
and mobilization of strategic memory processes. Support: NIMH MH50275, MH01230.

Society

for

Neuroscience

, Volume

25, 1999

COGNITION: HUMAN LEARNING AND MEMORY—MEMORY FORMATION

SUNDAY PM

295

119.3

119.4

MATERIAL-SPECIFIC LATERALIZATION IN PREFRONTAL CORTEX
OF ENCODING PROCESSES THAT ENHANCE LONG-TERM
EPISODIC MEMORY. I.D.E, Gabrieli*, E.M. Fine. W.S, Francis, and C. I,
Vaidya. Dept of Psychology, Stanford University, Stanford, CA 94305.
Hemispheric specialization in prefrontal cortex for the encoding of
experience into long-term declarative memory has been examined in two
ways. Task-based studies have compared encoding tasks across identical
materials that yield superior versus inferior later memory, such as
semantic versus non-semantic tasks. These studies, which have mostly
been performed with words, have consistently revealed left prefrontal
activation for the task that enhances later memory. Material-based
studies have compared identical encoding tasks across verbal materials
(words) and non-verbal materials (patterns or faces). These studies have
shown left-lateralized activations for encoding verbal materials and
right-lateralized activations for encoding non-verbal materials. It is
uncertain, therefore, whether there are task-modulated processes in
right prefrontal cortex that enhance memory for non-verbal material. In
the present study, we measured prefrontal activation via functional
magnetic resonance imaging (fMRI) as subjects encoded words, faces, and
patterns. There were two encoding tasks for each material that yielded
superior or inferior later memory. Right prefrontal activations were
evident for tasks that enhanced memoiy for patterns and faces, whereas
left prefrontal activation was evident for a task that enhanced memory
for words. These results suggest that encoding processes that enhance
long-term memory exist in both left and right prefrontal cortices, and
that these encoding processes are related to the nature of the material
being encoded. Supported by grants from the NIA (AG12995 and
AG11121).

FUNCTIONAL
ANATOMY
OF VERBAL
AND
NONVERBAL
ENCODING IN YOUNG AND OLD ADULTS. R.L. Buckner1,2*, A.L.
Sanders1, W.M, Kelley13, A. Snyder3, and J.C. Morris3. ‘Dept. of Psych.; 2Depts. of
Radiol., Anat. & Neurobiol.; 3Dept of Neurol.; Wash. Univ. St. Louis, MO. 63130
Memory encoding of verbal (words) and nonverbal (faces) items was examined using
fMRI in 28 healthy adults (20 young, mean = 22 years and 8 old, mean = 75 years).
The old adults were carefully screened for signs of dementia or complicating neurologic
histories and should be considered optimally healthy. Two studies were conducted
sequentially in each subject on a 1.5 T Siemens EPI scanner. Study 1: Detailed
anatomy was obtained along with characterization of the amplitude and linear
summation properties of the hemodynamic response (adapted from Dale & Buckner,
1997 HBM). Study 2: Intentional encoding during blocks of word and face items was
examined (adapted from Kelley et al., 1998 Neuron but presenting 1 item per 5 sec).
Both young and old adults showed hemodynamic response characteristics that were
consistent with a linear model of response summation. Old adults showed a marginally
lower amplitude response (1.48% vs. 1.31%). For the encoding study, both groups
performed above chance, with the young adults (91%, 90% correct for faces and words)
outperforming the old adults (73%, 85%). Both groups showed robust responses in
frontal regions previously implicated in memory encoding (e.g., Buckner et al., 1999
Nature Neurosci.) in addition to a broader network of regions. Moreover, the laterality
of these regions was influenced by the kind of materials being memorized with left
frontal cortex active during word encoding and bilateral activation during face encoding.
Direct comparison between word and face encoding revealed more activation in right
frontal cortex for faces, for both young and old adults. We interpret these findings to
suggest that optimally healthy old adults can perform memory encoding tasks in a
manner similar to young adults and, consequently, activate similar regions; subtle
differences may exist. An open question is how old adults with dementia will perform
on these tasks, and which brain areas they will activate. Support AG05681, AG03991.

119.5

119.6

ACTIVATION PATTERNS DURING ENCODING AND RETRIEVAL
OF EASY WORD-PAIRS IN NORMAL ELDERLY INDIVIDUALS

WADA TESTING REVEALS FRONTAL LATERALIZATION DURING
MEMORIZATION OF WORDS AND FACES. W.M,, KeljeyL L£L
Ojemann. R.D. Wetzel, LE Derdeyn, LL Moran, UW Cross ffl, LL Dowling,
J.W. Miller. S.E. Petersen. Washington Univ. School of Medicine, St. Louis, MO.
Functional imaging studies have shown that specific frontal and medial temporal
regions are engaged during memory formation. Further, there is specialization across
these regions; verbal materials more strongly engage left-hemisphere regions, whereas
nonverbal materials more strongly engage right-sided regions. While the importance of
the medial temporal lobe to memory is well established, an open question has been to
what extent frontal participation is necessary for successful memory formation.
The present study investigates this question in 12 patients (aged 19 to 47 years,
mean age=34) undergoing a reversible lesion procedure known as the Wada test.
Patients memorized words and unfamiliar faces while a portion of one hemisphere was
temporarily anesthetized by injecting sodium amytal into the left or right internal
carotid artery. After recovery from anesthesia, a yes/no recognition test was
administered. The procedure was then repeated in the opposite hemisphere. Inspection
ofthe circulation affected by the amytal revealed that while the middle cerebral artery
(which supplies bloodflow to the frontal regions described above) filled completely in
all 12 patients, the posterior cerebral artery (PCA) (which supplies medial temporal
regions, including the hippocampus) filled completely in only one subject. PCA
filling was minimal or absent in the remaining 11 patients.
Faces were subsequently remembered better than words following left-hemisphere
anesthesia; words were remembered better than faces following right-hemisphere
anesthesia. Moreover, recognition performance was essentially at chance for faces
following right-hemisphere anesthesia and for words following left-hemisphere
anesthesia. Given the angiography results, the memory impairments observed here
more likely resulted from anesthetization of frontal than medial temporal regions.
Supported by NS32979, and NS0209.

119.7

119.8

RETROGRADE MEMORY FOLLOWING HIPPOCAMPAL INACTIVATION
IN THE INTRACAROTID AMOBARBITAL PROCEDURE. M.P.
McAndrews*. Div. of Neuropsychology, The Toronto Hospital; Toronto, ON
M5T 2S8.
Current theories suggest that the hippocampus plays a crucial role in tlie
consolidation of information in memory, as shown by temporally-graded
retrograde amnesia in patients with discrete damage to the hippocampus. The
intracarotid amobaibital procedure (IAP) permits an evaluation of time-dependent
consolidation processes, as the hippocampus in one hemisphere is physiologically
inactivated for a brief time (~ 5 min) after drug administration.
Twenty-five patients with temporal lobe epilepsy underwent IAP testing on
each hemisphere. Four items were presented immediately (1 min) prior to
injection and 10 items were presented post-injection (30 sec to 2.5 min).
Recognition testing for all items was carried out after recoveiy from tlie drug.
All patients demonstrated intact recognition of pre-injection items (mean 93%
correct). Critically, nine patients who demonstrated anterograde memory deficits
(< 50% correct) following injection contralateral to their seizure focus (i.e., side of
liippocampal dysfunction), also performed well on pre-injection items (mean 89%
correct).
As posterior cerebral blood supply to the hippocampus does not guarantee the
complete inactivation of this structure in IAP, it is possible that adequate
consolidation of material was due to partial preservation of hippocampal activity.
Nonetheless, the findings of adequate retrograde memory despite anterograde
memoiy failure following contra-lesional injection suggest that such consolidation
is very rapid, as tlie participation of both medial temporal regions to memory
processes is minimal after drug administration in such cases.

DECLARATIVE MEMORY FORMATION INVESTIGATED BY EVENTRELATED POTENTIALS (ERPs) RECORDED INVASIVELY FROM THE
HUMAN MEDIAL TEMPORAL LOBE (MTL). G. Fernandez*, T. Grunwald, A.
Effem, K. Lehnertz, C.E. Eiger. Dept. of Epileptology, Univ. of Bonn, Germany.
Our aim was to define the time course of human declarative memory formation
and to investigate whether this operation is dissociable into subprocesses performed
by certain MTL structures. We recorded ERPs from MTL depth electrodes while
patients with unilateral temporal lobe epilepsy (n = 12) studied visually presented
words (20 study-distraction-test blocks). ERPs were recorded during study and
sorted into subsequently recalled and unrecalled words. Only data from the MTL
contralateral to the seizure origin zone (6 left, 6 right) were considered. Mean
amplitudes of consecutive 200ms ranges were subjected to two-way ANOVAs
(factors, hemisphere: left vs. right; memory. later recalled vs. unrecalled). No main
effect of or interaction with the factor of hemisphere occurred. In the anterior
parahippocampal gyrus, data between 400 and 800ms were more negative to
subsequently recalled than unrecalled words (min. F(l,ll)= 22.26, p< .005). Within
the hippocampus, data from all latency ranges between 600 and 2000ms were more
positive to subsequently recalled than unrecalled words (min. F(l,ll)= 15.06, p<
05). Phase reversal and steep voltage gradients indicated that the subsequent
memoiy effect recorded within the anterior parahippocampal gyrus was generated
locally (e.g., rhinal cortex). The hippocampally recorded subsequent memory effect
was only detectable within but not immediately outside the hippocampus, indicating
that it was generated within the electrically closed field of the hippocampus. A
functional connection between the rhinal and hippocampal effects is suggested by
their serial time course (onset latency: 310 vs. 500 ms) and the positive correlation
of their sizes (r= .92; p< .0001). Our data verify the participation of human rhinal
cortex and hippocampus in declarative memory formation. Moreover, they provide a
first point of evidence that this operation is serially executed by these MTL
structures and initiated within about 300ms.

Wong, M, Zeineh. M, Stroiwas.G, Small, and S. Bookheimer.* Brain Mapping
Division, UCLA School of Medicine, Los Angeles, CA 90095-1764.
Introduction: Understanding the underlying neuroanatomical structures of memory in
healthy older individuals offers us insight into the effects of normal aging in contrast
to the pathology of dementia. In this experiment we used fMRI in normal elderly
volunteers to investigate brain activity during learning and recall of simple word pairs.
We hypothesized mainly prefrontal, language, and parietal activation but minimal
medial-temporal activity because of the ease of the task.
Methods: 7 normal right-handed subjects (mean age 64) without the APOE-4 allele
participated in this study. Functional MRI scanning was performed on a GE 3.0 Tesla
scanner with echo-planar imaging (gradient echo; TR = 2.5, 64x64, FOV 20, 4mmskip-lmm slices). Subjects heard 7 pairs of related words; following a brief delay,
they were cued with the 1st word and had to recall its pair. The sequence was repeated
6 times. Data were realigned, normalized into Talairach space, and smoothed using
AIR and in-house tools. We performed statistical analysis using SPM96 looking at 3
contrasts: memory (learning+recall)-rest, learning-recall, recall-learning.
Results: The memory-rest condition revealed left Al, left Broca's area, right superior
temporal gyrus, left and right prefrontal areas, anterior cingulate, left inferior parietal
lobule, and right superior parietal lobule. This is largely consistent with primary
sensory areas cooperating with language and prefrontal areas carrying out this simple
associative task. In the learning-recall comparison, there was posterior activity in left
parahippocampal gyrus and retrosplenial cortex, indicative of decreases during recall.
In contrast, in the recall-learning comparison, there was striking anterior activation
consisting of left and right Broca’s area, anterior cingulate, and right prefrontal cortex.
Discussion: This easy memory task elicited activation in primary sensory areas and
Broca's areas consistent with involvment of semantic networks, with a striking
posterior/anterior dissociation for leaming/recall. This study can form the foundation
for comparison of activation patterns in elderly individuals afflicted with dementia.
Supported:NIH R01 AG133O8-O1

This work was supported by research funding from The Toronto Hospital.
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119.9

119.10

COMMON AND UNIQUE BRAIN REGIONS ENGAGED BY
WORKING MEMORY AND INTENTIONAL ENCODING. LS,
BraveiA D.M, Barch1. W.M. Kelley1^. R.L, Buckner1*2*2 S.E, Petersen-^^AJL
Snyder2. J.M.Ollinger2 E.Akbudak2. T.E, Conturo2. and M.E. Raichle2*4. 'Psych.;
2Radiol.; 3 Anat. & Neurobiol.; 4Neurol.; Wash. Univ. St. Louis, MO 63130.
Intentional encoding and working memory (WM) tasks using identical series of
stimuli (faces, words, pictures) and timing parameters (1 item / 2.5 secs) were studied
with fMRI in 12 healthy adults (1.5 T Siemens EPI scanner). Encoding was studied
in a task requiring intentional memorization of items for a later recognition test
(adapted from Kelley et al., 1998 Neuron). WM was studied using a standard 2-back
task (adapted from Braver et al., 1997 Neuroimage). For both tasks later recognition
performance was high, though significantly better following intentional encoding
(84%) than WM (77%). Imaging analyses revealed a network of regions significantly
activated (relative to fixation) in both encoding and WM, including bilateral inferior
frontal gyrus (BA 44/6), bilateral inferior parietal cortex (BA 40), and bilateral
extrastriate cortex (BA 18/19). In most of the commonly activated regions, the level
of activity was greater during WM vs. encoding. In contrast to this dominant
activation pattern, there were also brain regions significantly more activated during
encoding. Most prominent among these was bilateral medial temporal cortex, likely
including the hippocampus. Finally, there were brain regions only activated by WM.
Most prominent among these were right dorsolateral prefrontal cortex (DLPFC; BA
46/9) and bilateral superior parietal cortex (BA 7). The finding of commonly activated
brain regions suggests that the two tasks engage a common set of cognitive processes
important for both short-term active maintenance and long-term memorization.
Conversely, the finding of brain regions either preferentially (e.g., medial temporal
cortex) or exclusively (e.g., right DLPFC) activated by one of the tasks suggests
task-related functional specialization. Finally, the results suggest that a complete
characterization of the cognitive functions performed by both sets of brain regions
will be best served by integrating findings across multiple memory domains.
Supported by NS32979 and McDonnell Center for Higher Brain Function.

EXECUTIVE CONTROL AND EPISODIC MEMORY ENCODING: fMRI
EVIDENCE FOR SEPARABLE PREFRONTAL CONTROL PROCESSES. ATT
Wagner1,2*. A. Maril12. & R.A, Biork3. ‘MGH-NMR Center, Charlestown MA
02129; 2Harvard University, Cambridge MA 02138; 3UCLA, Los Angeles CA 90095.
Prefrontal cortex (PFC) has been hypothesized to subserve working memory and
executive control functions, with inferior PFC posited to mediate the maintenance of
information in working memory and dorsolateral PFC posited to mediate the
monitoring and manipulation of the contents of working memory (Owen et al., 1996).
Neuroimaging studies of verbal episodic encoding have consistently observed activation
in left inferior PFC, but not in dorsolateral PFC (Wagner, 1999). We conducted an
event-related fMRI study of rote and elaborative verbal encoding to examine whether
inferior and dorsolateral PFC contribute to episodic encoding depending on the control
processes demanded by the encoding task. During six incidental encoding scans,
participants were presented word triplets once every 8 sec (stimuli on for 3 sec, EPI on
3.0T GE scanner, 3x3x7mm voxels, 16 AC-PC slices, TR=2sec). During rote
encoding, participants mentally rehearsed the triplet in the order presented for the
duration of the trial, thus demanding recruitment of maintenance control processes.
During elaborative encoding, participants reordered the stimuli from least to most
desirable, thus demanding control processes that allow for the monitoring and
manipulation of the information being maintained. Behavioral results revealed that
subsequent recognition memory was superior following elaborative relative to rote
encoding. fMRI results revealed left inferior PFC activation during both rote and
elaborative encoding. In contrast, dorsolateral PFC activation was selective to the
elaborative encoding condition. These findings suggest that inferior and dorsolateral
PFC mediate distinct control operations, with the specific PFC regions engaged during
episodic encoding depending on the control processes required to perform the encoding
task. (Support: AG05778 and Human Frontiers Science Program).

119.11
DETECTING DEVIANCE - AN EVENT-RELATED fMRI STUDY
B.A. Strange. R.N.A. Henson. K.J. Friston and R.J. Dolan*. Wellcome Dept. of
Cognitive Neurology, Institute of Neurology, London WC1N 3BG, UK
We used event-related functional MRI (fMRI) to measure neural responses, in 11
subjects, during presentation of nouns that were either perceptually, semantically or
emotionally deviant from the context nouns. Depth of processing was also
experimentally manipulated by either a deep or shallow encoding task. All three types
of isolates, regardless of their attributes and depth of processing, activated right
prefrontal cortex (inferior frontal sulcus) and bilateral posterior fusiform cortices (fig
1). We observed a strong coupling between the right prefrontal cortex and bilateral
temporal parietal junction (TPJ) for all isolate types relative to context nouns,
regardless of encoding task. Additionally, attribute specific neural responses,
independent of task requirements, were evident in a bilateral fusiform response to
_
perceptual and a left amygdala response to
emotional isolates. An interaction with depth of
processing was evident in a left prefrontal cortex
response, in left inferior frontal sulcus, during
deep encoding of semantic isolates. We conclude
that the detection of an isolate reflects the
operation of a generic deviance detection system
involving the right prefftonal cortex and
| : J
fusiform. However, isolates also engage brain
regions sensitive to stimulus attributes that
determine deviance.
Figure 1. Regions commonly activated by all three isolates superimposed on a glass
brain and on a coronal section at y=21, the latter showing right prefrontal activation.

J

Supported by the Wellcome Trust (RJD,RNAH,KJF) and the Astor Foundation
Scholarship (BAS)
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120.2

A GENETIC POLYMORPHISM OF THE ACID PROTEASE CATHEPSIN D
IS A MAJOR AND AGE-INDEPENDENT RISK FACTOR FOR SPORADIC
ALZHEIMER’S DISEASE. A. Papassotiropoulos? M. Bagli? F, Jessen.1 O.
Feder? S.G, Schwab.1 M, Ludwig,2 W, Maier.1 M.L. Rao1* and R. Heun1,
'Dept. of Psychiatry; 2Dept. of Clinical Biochemistry, University of Bonn,
Sigmund-Freud-Str. 25, D-53105 Bonn, Germany.
The proteolytic cleavage of amyloid precursor protein (APP) by the betaand gamma-secretases resulting in the formation of beta amyloid peptide
(BA4) is a crucial step in the pathogenesis of Alzheimer’s disease (AD).
Overexpression or enhanced activity of beta- and gamma secretases may result
in increased amounts of I3A4 and therefore be causative of AD. Cathepsin D
(catD) is an intracellular acid protease with in-vitro beta-secretase-like
features. A C->T (ala-»val) transition at position 224 of the catD gene (exon
2) was associated with increased pro-catD secretion and altered intracellular
maturation of the enzyme. We tested the hypothesis that this polymorphism is
associated with an increased risk for AD in 102 demented patients and 351
controls. The cathepsin D*T allele was over-represented in demented patients
(14.2%) compared to non-demented controls (6.7%, p = 0.0012); KaplanMeier analysis revealed that this was age-independent (p > 0.3, log rank
statistic). Our data suggest that the catD*T allele .poses an increased risk for
AD which is independent of the individual’s age. At least for some forms of
AD, catD might be a putative target of therapeutic strategies aimed to block
beta-secretase activity.
Supported by the BONFOR grants programm of the Medical Faculty of the
University of Bonn and the Deutsche Forschungsgemeinschaft.

<x2. MACROGLOBULIN INFLUENCES ALZHEIMER’S DISEASE NEURITIC
PLAQUE DENSITY Larry Altstiel '. Vahram Haroutunian 2'3, Martina Dumer2. David
Greenberg2. Dinghi Fu2. Richard Dodel ‘. Yansheng Du Kelley Bales1. Amy Chappell
‘. Steven M Paul*. Kenneth L Davis2. Richard Mohs2'3 1 Neurosciences Division, Lilly
Research Laboratories, Lilly Corporate Center, Indianapolis IN 46285..2 Department of
Psychiatry, The Mount Sinai School of Medicine, 1 Gustave L. Levy Place, New York,
NY 10029.3 Psychiatry Service, The Bronx Veterans’ Administration Medical Center,
130 West Kingsbridge Road, Bronx NY 10468.
Recent reports have suggested that an exon 18 splice acceptor pentanucleotide deletion
in A2M, the gene encoding a2-macroglobulin (A2M), is associated with an increased
relative risk for late onset Alzheimer’s disease (AD). We examined 157 brains from both
AD and non-AD patients to determine if there is an association between autopsyconfirmed AD and the A2M exon 18 splice acceptor pentanucleotide deletion, and
whether this A2M polymorphism affects senile plaque density. There were no discernible
differences in the frequency of the A2M pentanucleotide deletion between AD and nonAD patients and no significant alteration in the odds ratio for an AD diagnosis associated
with the presence of the deletion. ( OR = 0.82, x2 = 0.36, p > 0.5). There was a
significant increase (p < 0.05) in the median density of neuritic plaques in the brains of
AD patients who were either heterozygou^or homozygous for the A2M pentanucleotide
deletion compared to those who did not carry the deletion. The increased median plaque
density was observed in all brain regions examined. There were no differences between
subjects who had one or two copies of the deletion and those in whom the deletion was
absent in: age, antemortem clinical status and ApoE-E4 allele frequency. The deletion
did not affect the median severity of neurofibrillary tangle (NFT) density. The
association between A2M genotype and neuritic plaque deposition provides additional
evidence for a role for A2M in Afi processing. While the association between autopsyconfirmed AD and A2M appears to be small, if indeed present, A2M has a significant
and relatively specific influence on the extent of neuritic plaque pathology in patients
with AD.
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120.4

FAMILIAL CERF.RROVASCLM.R AMYLOIDOSIS WITH NEURO.FIB1LLARY
TANGLES CAUSING DEMENTIA IN BRITISH PATIENTS IS DUE TO A STOP CODON
MUTATION OF A NOVEL GENE BRI MAPPED TO CHROMOSOME 13.

A NOVEL APP MUTATION (E693G) - THE ARCTIC MUTATION,
CAUSING ALZHEIMER’S DISEASE WITH VASCULAR SYMPTOMS.
C, Nilsberth1,2*, C. Forsell*. K, Axelman1. C. Gustafsson1. J. Luthman2. J.
Naslund1. L, Lannfelt1 ‘Karolinska Institute, Div. of Geriatric Medicine, S-141
86 Huddinge, Sweden, Astra Arcus AB, S-151 85 Sodertalje, Sweden
Eight different disease-causing mutations have been reported in the Alzheimer
amyloid precursor protein (APP) gene. Two of these, the Dutch (E693Q) and the
Flemish (A692G), are located within the AP peptide and they have been reported
to cause cerebral haemorrhage and presenile dementia. We have identified a new
mutation in the APP gene, also at amino acid 693 (E693G) in a Swedish family
affected by early onset AD with prominent vascular symptomathology. The
family extends over five generations and originates from northern Sweden. 16
family-members have been investigated and eight of them were mutation
carriers. Of these eight, four have developed AD. A lodscore of 2.32 was found
by two-point linkage-analysis with age-dependent penetrance. The mean age of
onset was 56.6 years and the first symptom in most cases was loss of memory.
MRI examination showed small infarcts and/or ischemic lesions, similar to what
is seen in vascular dementia, without obvious neurological symptoms. The cell
biological properties of this mutation is currently being characterized. Different
mutations have been introduced to APP695 in the pcDNA3.1 vector by in vitro
mutagenesis. Qualitative and quantitative AP production is analyzed by
metabolic labeling and immunoprecipitation in HEK293, SH-SY5Y and NT2
cells transfected with the different APP constructs. The AP peptides will be
further characterized by mass spectroscopy and C-terminal sequencing. Data on
the characteristics of the Arctic mutation will be presented in comparison to the
Dutch, Flemish and Swedish mutation. (Supported by grants from the Swedish
Medical Research Council no 10819)

JGhiso1*, R.Vidal1, A.Rostagno1, S.Mead2, TRevesz?, G.Plant2,3 and BFrangione1
‘Dept. of Pathology, NYU School of Medicine. New York, NY 10016; National Hosp.
Neurology & Neursurgery and institute of Neurology'. London. UK.
Familial British dementia (FBD), previously designated familial cerebral amyloid
angiopathy-British type, is an autosomal dominant disorder of undetermined origin
characterized by progressive dementia, spasticity and cerebellar ataxia with onset around
the fifth decade of life. Cerebral amyloid angiopathy, non-neuritic plaques, and
neurofibrillary' tangles are the predominant pathological lesions. Using a combination
of formic acid extraction and gel filtration chromatography we have isolated and
purified the amyloid subunit deposited in leptomeningeal vessels and parenchymal
amyloid plaques of a patient affected with FBD. A novel 4 kDa amyloid peptide
exhibited no sequence homology with other known proteins. Sequence and MS analysis
revealed that the amyloid subunit, 34 residues in length, is heterogeneous at both N- and
C- terminus and features pyroglutamate at residue one. This highly insoluble peptide
is a fragment of a putative type 11 single-spanning transmembrane precursor 266 amino
acids long encoded by a novel gene BRI located on chromosome 13. A single base
substitution at the stop codon of this gene generates a longer ORF resulting in a larger
277 residues precursor protein. Release of the 34-C-terminal amino acids from the
mutated precursor originates the amyloid subunit. The mutation creates a Xbal
restriction site useful to detect asymptomatic carriers. Antibodies against the amyloid
or homologous synthetic peptides recognize both, parenchymal and vascular lesions in
FBD patients. A synthetic peptide homologous to the amyloid sequence exhibits high
propensity to aggregate and polymerize. This is the first example of an amyloid
protein generated by a mutation of the normally occuring stop codon of the precursor.
We designated the amyloid ABri and the precursor ABriPP.
Supported by NIH grants AG08721 and AG05891

120.5

120.6

A NEW VAL715 ->MET pAPP 770 MUTATION RESPONSIBLE FOR
PROBABLE EARLY ONSET ALZHEIMER'S DISEASE TRIGGERS
UNUSUAL PHENOTYPIC ALTERATION OF pAPP MATURATION. *
F, Checler, K. Ancolio, C. Dumanchin, H, Barelli, A, Delacourte, T.M.
Warter, A. Brice, D. Campion and T. Frebourg. IPMC du CNRS, UPR 411,
660 Route des Lucioles, 06560 Valbonne, France

A CONSTANT SEQUENCE OF AP-PROTEIN DEPOSITION WITHIN THE HUMAN MEDIAL
TEMPORAL LOBE. D.R. Thai*. C. Schultz. U. Rub. E. Braak and H. Braak,

120.7

120.8

Ca2+ SIGNAL IS LOWER IN AGING AND EARLY STAGES
OF ALZHEIMER’S DISEASE. M. Chen* and H.L. Fernandez.

LONGITUDINAL STUDY OF CEREBROSPINAL FLUID TAU, AMYLOID
p42 AND P40 LEVELS IN PATIENTS WITH ALZHEIMER’S DISEASE. T.
Tapiola,*1 T. Pirttiia? K. Koivisto,1 M. Mikkonen,1 P.D. Mehta,4 P. Riekkinen Sr/2
and H. Soininen.1 Dept. of Neuroscience and Neurology1, A.I.Virtanen Institute2,
University Hospital and University of Kuopio, Finland. Institute for Basic Research
in Developmental Disabilities4, Staten Island, New York, USA.
Cerebrospinal fluid (CSF) tau protein concentration is increased and amyloid P42
(AP42) decreased in Alzheimer’s disease (AD), which suggests that these markers
may be useful in the diagnosis of AD. However, alterations of the levels of these
biomarkers with the progression of AD are not well characterized.
We analyzed the changes in CSF Ap42, Ap40, and tau concentrations in 20
patients with AD during the follow-up period of three years (mean+SD 36.8±2.8
months) using ELISA assays. During this period we found significant reductions of
AP42 (p<0.01) and AP40 (p<0.005) levels. 17/20 AD patients had decreased AP42
concentration, and 18/20 had decreased Ap40 concentration. CSF tau level was
increased in 11/20 and decreased in 9/20 AD patients. At the end of the follow-up
period there was a postive correlation between CSF Ap42 and Mini-Mental Status
examination scores (MMSE) (r=0.519, p<0.05) and a negative correlation between
CSF tau and MMSE scores (r=-0.497, p<0.05). AP40 did not correlate with MMSE
scores. CSF tau levels were higher and Ap42 levels lower in patients with at least
one apolipoprotein E (apoE) e4 allele compared to those without apoE s4 allele, but
a statistically significant difference between the groups was observed only in tau
levels (P<0.05). There was no relation between apoE genotype and the change of
CSF tau AP42 or Ap40 concentration during the follow-up period.
The reductions of AP42 and AP40 in CSF during the follow-up period might be
due to enhanced binding of Ap into the plaques. AP42 and Ap40 analysis might be
useful in monitoring the progression of AD and the efficacy of drugs. (The study
was supported by the Academy of Finland.)

We have identified a novel PAPP mutation (V715M-PAPP770) which
cosegregates with early onset Alzheimer's disease (AD) in a pedigree. Unlike
other Familial AD (FAD)-linked PAPP mutations reported to date,
overexpression of V715M-PAPP in human HEK293 cells and murine neurons
reduces total AP production and increases the recovery of the physiologically
secreted product, APPa. V715M-PAPP significantly reduces AP40 secretion
without affecting AP42 production in HEK293 cells. However, a marked
increase.in N-terminally-truncated AP ending at position 42 (x-42AP) is
observed, while its counterpart x-40AP is not affected. This unusual
phenotypic alteration of the pAPP maturation could be due to either altered
kinetics parameters of secretases triggered by mutated residues or related to a
misrouting of PAPP to a cell compartment displaying distinct secretases
content. In order to further examine these two possibilities, we have studied
the processing of the 99 amino-acids C-terminal P-secretase-derived fragment
of PAPP in which the V715M mutation was introduced. Since this fragment is
not routed and remains in the membrane without entering constitutive
secretion pathway, it allows to examine specifically, through AP
measurements, the influence of the mutation on the enzymatic parameters.
This V715MC99 construction was compared to C99 constructions bearing the
Florida and London mutations only, or in association with V715M. Our data
support the hypothesis of a direct influence of the V715M mutation on ysecretases activities. Overall, our results suggest that, in some cases, FAD may
be associated with a reduction in the production of AP but may be caused by
increased production of truncated forms of AP ending at the 42 position.

Neurosci. Res. Lab., Research Service (151), Bay Pines VA Medical
Center, Bay Pines, FL 33744; and University of South Florida.
In a series of 8 theoretical papers, we undertook a systematic analysis
of the current data and arrived at the following points: (I) three major
biochemical processes linked to Alzheimer’s disease (AD) are all
mediated by Ca2+-related signal pathways (normal APP processing, tau
degradation and long-term potentiation). Thus, by assuming a “deficit” of
Ca2+ signaling in the AD brain, the 3 hallmark lesions (plaques, tangles
and memory deficits) would be uniformly explained; (II) this model
appears to be in contrast with the current “Ca2+ rise” hypothesis; however,
it is known that direct measurement of dynamic Ca2+ signal changes in
aging brain has not been possible thus far; (III) the strongest support for
our model is the observation that Ca2+-mediated processes (cell growth,
muscle contraction, neurotransmission, etc.) are all reduced during aging;
and (IV) our model also explains, among others, why plaques and tangles
are a common feature of aging brains and only found in the brain; and
why age is the most important risk /actor for AD. Our studies conclude
that Ca2+ deficit, among the many other contributing or individualized
factors, is most likely the initial and common cause for the plaque and
tangle accumulation characterizing neurodegeneration. (supported by the
Medical Research Service of the U.S. Department of the Veterans Affairs)
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Department of Anatomy, J.W. Goethe University, D-60590 Frankfurt am Main,
Germany.
Neurofibrillary changes and AP-protein (AP) deposits are hallmarks of Alzheimer's
disease (AD). The evolution of the distribution of initial AP-deposits into fully
developed P-amyloidosis is not clear. Here we studied the location of AP-deposits
within the medial temporal lobe in 80 cases covering all stages of AD-related APpathology (57 cases with AP-pathology and 23 control cases with and without
neurofibrillary
pathology).
For
detection
of
P-amyloid
deposits
immunohistochemistry with the antibody against AP (4G8) and the CampbellSwitzer silver method were used. Initial deposits of Ap are seen in the basal
temporal neocortex (area 36) in the form of diffuse plaques in the layers II-V. Then
the same type of plaques appeared in the external entorhinal cellular layers pre-P
and pre-y, and fleecy amyloid and diffuse plaques occurred in the first Ammon's
horn sector. In the third phase, diffuse Ap deposits appeared in the molecular layer
of the fascia dentata. Band-like AP-deposits occurred in the subpial portion of the
molecular layer of both entorhinaJ and temporal cortex. Confluent, lake-like APdeposits developed in the parvopyramidal layer of the pre-, para-, and
transsubiculum. Plaques with an amyloid core occurred in the layers III and V of the
temporal neocortex, in the layers pre-P and pre-y of the entorhinal cortex, in the
subiculum and in CA 1. The final phase exhibited presence of diffuse and core only
plaques in the fourth Ammon's horn sector. Occasionally, diffuse plaques evolved in
the entorhinal layer pre-a. These phases of P-amyloidosis in the medial temporal
lobe correlated significantly with the Braak-stages. The present data point to a
distinct temporal sequence in which regions of the medial-temporal lobe gradually
become involved in AP-deposition. This sequence differed from the evolution of
neurofibrillary tangles and neuropil threads in the same areas.
Supported by DFG grants (H.B.).

297

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: NEUROPATHOLOGY AND DIAGNOSIS

298

120.9
PLASMA AB IS ELEVATED IN MOST PATIENTS WITH TYPICAL LATE
ONSET ALZHEIMER’S DISEASE OF SHORT DURATION. S.G. Younkin* N.
Ertekin-Taner, T. Xin, L.H. Younkin and N. Graff-Radford. Mayo Clinic
Jacksonville, Jacksonville, FL 32224, USA
Plasma AB (AB42 or both AB40 and AB42) is increased in subjects who have any
of the BAPP, PSI, or PS2 mutations linked to early onset familial Alzheimer’s
disease and in subjects with trisomy 21, who invariably develop AD pathology by
age 40. In 223 non-demented subjects between the ages of 20 and 96, there was a
highly significant age-dependent increase in plasma AB40 (p<0.0001) and AB42
(p=0.0009) beginning at approximately 65 years. Comparison of 180 first-degree
AD relatives under age 65 with 129 controls showed significant increases in both
AB40 (p=0.0004) and AB42 (p<0.0001) in the AD relatives. The high frequency of
elevated plasma AB in the elderly and in first-degree AD relatives prompted us to
reexamine plasma AB in a series of 185 AD patients that included 112 with disease
of short duration (0-4 years). Both AB40 and AB42 showed significant (p<0.0001)
increases in the AD patients as compared to 171 controls in the same age range.
Plasma AB40 and AB42 decreased profoundly with increasing disease duration. Of
the 112 patients with disease of 0-4 years duration, 42 (38%) had plasma AB40
over 260 pM or plasma AB42 over 25 pM. In contrast, none of the 22 patients with
disease of over 7 years duration had AB in this range, and 8 (28%) of the 29
patients with AD of 4-10 years duration had AB in this range. Remarkably, 71% of
all AD patients had plasma AB40 or AB42 in the range observed in subjects with
trisomy 21 (AB40>160 pM, AB42>21 pM). Thus, in the first years of disease, most
patients with typical late onset AD have plasma AB40 or AB42 in the range
associated with genetic, early onset AD. Collectively, these results indicate that
age-related, genetically-driven increases in AB are likely to play an important role
in typical late onset AD and that elevated plasma AB is likely to be an excellent
premorbid biomarker for AD. (Support: NIA AG06656, AG 12685)

SUNDAY PM

120.10
ORIGIN OF AN AMYLOID PLAQUE: NEW PERSPECTIVES FROM
IMMUNOHISTOCHEMICAL STUDIES OF ALZHEIMER’S DISEASE
BRAINS. M.R. D’Andrea1, R.G. Nagele2. H.-Y. Wang1 C R. PlataSalaman1, P. A. Peterson1, B. Dubinskyrand D.H.S. Lee1. 1The R. W.
Johnson Pharmaceutical Research Institute, Spring House, PA, 19477,
USA; 2Dept.of Molecular Biology, University of Medicine and Dentistry of
New Jersey, Stratford, NJ, 08084, USA.

Amyloid plaques, enriched in the p-amyloid peptide^, in
Alzheimer’s Disease [AD] are generally considered to be the result
of chronic extracellular amyloid deposition. This assumption would
predict that an immunohistochemical study of AD brain sections
should reveal various stages of amyloid deposition on neurons and
that the sizes of each of these plaques should be highly variable.
However, all of the literature reporting on AD plaques morphology to
date, failed to demonstrate the ‘development’ of amyloid deposition
on neurons. We performed detailed immunohistochemistry using a
battery of markers and morphometric studies on amyloid plaques
using serial hippocampal and cortical sections of 4 AD brains and
formulated a new theory of amyloid plaque formation in AD. This
theory strongly argues against the current concept regarding
extracellular formation of plaque formation, but provides a molecular
explanation on the neuronal origin of plaques. In addition, serial
labeling suggests that diffuse plaques are dense-core amyloid
plaques in the cortex and hippocampus. (This work is supported by
RWJ-PRI)

120.11

120.12

IN VIVO MULTIPHOTON IMAGING OF AMYLOID IN MICE
TRANSGENIC FOR THE HUMAN AMYLOID PRECURSOR
PROTEIN. R.H. Christie3, B.J. Bacskai3, W. R. Zipfel1, R.M.
Williams1, W.W. Webb1, E.T. Hedley-Whyte2*, and B.T. Hyman3.
’Cornell University, Ithaca, New York, department of Pathology and
3Alzheimer Research Unit, Dept. of Neurology, Massachusetts General
Hospital, Charlestown, MA 02129
Multiphoton imaging allows for the non-destructive visualization of
microscopic structures deep within living tissue. We have taken
advantage of this unique capability to examine the in vivo deposition
of thioS-positive amyloid in mice transgenic for the human Amyloid
Precursor Protein (APP695(Sw), Tg2576). We report the development
of a method that allows for the repeated visualization of cortical
plaques to a depth of 200um and of amyloid angiopathy on surface and
penetrating vessels over a time period of weeks to months within the
same animal. The number of plaques, their volume and total amyloid
burden can be calculated within a reference volume over time. The 3dimensional morphological evolution of individual thioS deposits can
also be observed over time at a resolution approaching that of confocal
microscopy. Multiphoton imaging also allows for an assessment of
the functional consequences of amyloid on cells surrounding plaques.
Preliminary results using the dye dichlorofluorescein suggest free
radical generation in the core but not periphery of thiazine-red positive
amyloid deposits. Supported by NIH AG08487.

BRAIN A(342 AND A(340 CONCENTRATIONS IN MULTIINFARCT DEMENTIA AND ALZHEIMER’S DISEASE
R.N. Kalaria*. H. D. Lewis, N.J. Thomas and M. S.Shearman
Department of Psychiatry, MRC Unit and Institute for Health of
Elderly, University of Newcastle, Newcastle upon Tyne NE4 6BE
and Department of Biochemistry and Molecular Biology, Merck
Sharp & Dohme Research Laboratories, Essex CM20 2QR, UK
Cortical and cerebrovascular amyloid deposits of Alzheimer's
disease (AD) contain a mixture of amyloid fi (Afi) peptides with
carboxyl- and amino-terminal heterogeneity. However, Afi and its
precursor APP may be induced by cerebral trauma or ischaemic
insults. Here, we examined the distribution of Afi40 and Afi42
species in brain tissue from patients diagnosed with multi-infarct
dementia (MID) compared to those with AD. Using a highly
sensitive HTRF assay developed recently to measure Afi species, we
found elevated concentrations of Afi42 species being accumulated at
an earlier age in the temporal cortex of AD and MID patients
compared to controls. Whilst the concentrations of Afi40 were
extremely low making quantification difficult, it was interesting to
note a progressive increase in the Afi42 /Afi40 ratios: AD> MID>
controls. These and our immunocytochemical observations suggest
that even in MID Afi42 species is increased relative to normal ageing
controls. Supported by grants from the Alzheimer’s Association
(USA), MRC (UK) and NIH (NINDS).
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AMYLOID-ASSOCIATED a-SYNUCLEIN (NACP) PATHOLOGY IN
AGED AMYLOID PRECURSOR TRANSGENIC MICE. G. M. Cole1, F.

ULTRASTRUCTURAL STUDY OF ALZHEIMER'S AMYLOID PROTEIN
ENDOCYTOSED BY CULTURED HUMAN MICROGLIA. M. D. Ard*.
Dept. of Anatomy, Univ. of Mississippi Med. Ctr., Jackson, MS 39216.
Microglia were cultured from autopsied adult human frontal cortex
white matter to study endocytosis of Alzheimer's amyloid beta-protein
(AP). Initial cell yield was poor, but proliferation during the first 3-5 days
in vitro expanded the population. Little proliferation occurred after 5 days,
and cell numbers were limited to around 104 cells/100 [tl of medium.
After 20 hrs incubation with soluble or partially aggregated AP, cultures
were prepared for electron microscopy and post-embedding immunostaining. Immunogold labeled AP accumulated in surface-connected
compartments, endosomes and Iysosomes. Most frequently labeled were
Iysosomes with heterogeneous contents including both lipid and protein,
and a second type with predominantly lipid contents including
immunolabeled phospholipid lamellae. Occasionally lipid droplets were
labeled. Ap 1-40 in partially aggregated form also accumulated in a third
type of lysosome, small, homogeneous, medium-dense granules. This
organelle did not occur in microglia incubated with either soluble or
partially fibrillar AP 1-42 nor in microglia incubated without exogenous Ap.
Addition of lipoprotein-containing serum to the incubation medium did
not change the type of organelles labeled after ingestion of AP . The
difference in lysosomal distribution of AP 1-40 vs. AP 1-42 is of interest
since an increase in AP 1-42 is associated with Alzheimer's disease.
Furthermore, these results raise the question whether the hydrophobic AP
peptide complexes with lipids in intracellular storage compartments.
Funded by U. of Mississippi Med. Ctr.

Yang*1, K. Ueda2, W, Beech1, P.-P. Chen1 and K.Hsiao3. 1 Sepulveda

VAMC GRECC 11E, CA 91343 and UCLA Depts. Med. and Neurol., CA
90095, ^Dept. Neurochem., Tokyo Institute of Psychiatry, Tokyo 156-

8585 Japan and ^Dept. Neurology, Univ. of Minn., MN 55455.

Transgenic mice expressing human amyloid precursor protein (APP)
have dystrophic neurites and limited synaptic loss, but little or no neuron
loss or tau pathology compared with Alzheimer’s disease (AD) patients.
Lewy bodies and Lewy neurites represent ubiquitinated intraneuronal asynuclein/ NACP accumulations. They are found in Parkinson’s disease
(PD), dementia with Lewy bodies (DLB) and the Lewy body variant
(LBV) of AD. APP transgenic mice and patients with Lewy body linked
dementias show less neuron loss and more limited tau pathology than AD
patients. Therefore, we sought to determine whether synaptic pathology
in a neuritic plaque-forming APP transgenic mouse involves a-synuclein/
NACP. We found frequent ubiquitin- and a-synuclein- positive (Lewy)
neurites resembling those seen in human Lewy body diseases and rare
neuronal a-synuclein accumulations in aged Tg2576 transgenic mice
overexpressing human APP695.swe. As in the human diseases, neurites
with synuclein pathology are distinct from tau- positive dystrophic
neurites. The presence of hippocampal and synaptic a-synuclein/ NACP
pathology suggests that APP transgenic mice have a common element
found in the Lewy body dementias and PD which may be related to
synaptic alterations. Supported by AG13471,Plott Family Trust (GMC).
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NEUROPROTECTION BY SALICYLHYDROXAMIC ACID
(SHA) IS IN PART MEDIATED BY SCAVENGING FREERADICALS. Dean A. Le1, Ying Wang2, Marcus Kaul1. and Stuart A.
Lipton1*. *CNS Research Institute, Brigham & Women's Hospital,
Program in Neuroscience, and 2Channing Laboratory, Harvard Medical
School, Boston, MA 02115.
Hydroxamic acids are used for a variety of disorders and are
known to be clinically-tolerated. To test whether SHA is
neuroprotective during cerebral ischemia, we subjected wild-type
C57BL/6 male mice who received vehicle or SHA (400 mg/kg i.p.) to 2
hr of ischemia followed by 22 hr of reperfusion using the intraluminal
filament model of middle cerebral artery occlusion. Analysis of stroke
size with triphenyltetrazolium chloride (TTC) histology revealed an
-40% decrease in damage in the SHA-treated group (n = 10; P < 0.01
by Mest). SHA (100 gM) also protected neurons in cerebrocortical
cultures from NMDA receptor-mediated toxicity elicited by 300 pM
NMDA plus 5 pM glycine exposure for 20 min (23% apoptosis after
NMDA vs. 4% after SHA plus NMDA, n = 6; P < 0.01). Next, we
assessed free-radical quenching as a potential mechanism of action of
SHA. We compared cerebrocortical cell cultures exposed to free
radicals with and without SHA treatment. Cells exposed to 400 pM
H2O2 for 24 hr underwent extensive (87%) neuronal apoptosis, whereas
cells pre-treated with SHA for 1 hr at 100, 400, and 1000 pM displayed
a dose-dependent decrease in neuronal apoptosis (73, 34, and 21%,
respectively; P < 0.0001 by ANOVA). We therefore conclude that the
neuroprotective effect of SHA is at least in part mediated via free radical
scavenging.
Supported by NIH grant P01 HD29587 and a D.F.G. fellowship.

CHANGES OF POSTLESIONAL HEME OXYGENASE-1 AND 2 AND ITS RELATION TO
IRON DEPOSITION FOLLOWING CORTICAL PHOTOTHROMBOSIS IN RATS.
H.-J. Bidmon1, T.J, Gores1, E. Oermann1, B. Emde1,0.W. Witte21and K. Zilles1.1Dept. of
Neuroanatomy and Neurology ofthe University, D-40225 Dusseldorf, Germany.
Free heme is cytotoxic and is known to inhibit irreversibly the ligand binding to muscarinic
ACh receptors. The constitutively expressed heme oxygenase HO-2 and the inducible HO-1
oxidize liberated cytotoxic heme to biliverdin, CO and iron. Biliverdin and the reduced metabolite
bilirubin act as endogenous antioxidants. CO represents a gaseous transmitter and is discussed
as a stabilizing factor for heme containing enzymes, whereas iron has to be tightly controlled
since it could induce the formation of cytotoxic radicals via the Haber-Weiss-reaction.
Furthermore, it is well known that iron participates in and deposits during several progressing
neuropathological conditions. We have studied the postlesional cellular changes of HO-1 and 2
expression and iron depositions in perfusion-fixed brains of adult, male Wistar rats at 1h, 4h
and at days 1, 2, 3, 7 and 14 after focal, cortical photothrombosis. HO-1 and HO-2
immunoreactivity were generally increased throughout the lesioned brains between days 2 to 7,
whereas cellular changes were found for HO-1 only. HO-1 was transiently upregulated between
4h and 14 days in microglia and astrocytes of the lesioned hemisphere in the a small rim
surrounding the lesion core, the periiesional cortex, the striatum, the corpus callosum and
hippocampus. All of these areas were affected by edema and showed the same time frame for
HO-1 upregulation with a strong increase up to day 3 and a dramatic reduction of H0-1 positive
cells towards day 7. In contrast the ipsilateral internal capsule and thalamus H0-1 positive glia
appeared from days 3 to 14 (peak at day 7) indicating that this upregulation was rather due to
anterograde and/or retrograde fiber degeneration than to edema. Additionally HO-1 was
upregulated in cortical MAG positive oligodendrocytes. Iron appeared in some single glial cells
at day 3 within the rim of the lesion and increasing amounts of deposited iron were found from
day 7 onward after which HO-1 expression had decreased. The data suggest that the iron
deposits were rather due to the degradation of heme containing proteins by necrosis within the
core than to previously occurring HO-1 activity.
SFB-194-B 2

121.3

121.4
OVEREXPRESSION OF SOD-1 ATTENUATES ACUTE ACTIVATION OF

MODULATION OF APE/Ref-1 EXPRESSION AFTER HYPOXIA IN
NEURONAL CULTURES OF CU/ZN SOD TRANSGENIC MICE.
P.Narasimhan. M.Fujimura. P.H.Chan*.Department of Neurosurgery, Neurology
and Neurological Sciences and Program in Neurosciences, Stanford University,
School of Medicine, Palo Alto, CA 94304
APE ( apurinic/apyrimidinic endonuclease)/Ref-1 is an enzyme with dual
functions. It is involved in DNA repair via the base excision repair pathway.
Induction of APE/Ref-1 in response to reactive oxygen species (ROS) has been
studied in different cancer cell lines, but has not been examined in primary
neuronal cells. ROS and free radicals are known to be produced during ischemia
and other oxidative stresses such as hypoxia/reoxygenation. In fact, neuronal
damage caused by ischemia has been attributed to the production of free radicals
during reperfusion. We have demonstrated that the APE/Ref-1 protein is rapidly
decreased in hippocampal CAI neurons in rats after transient global cerebral
ischemia (Kawase et al, Stroke, 99) and in neurons within the ischemic core after
focal cerebral ischemia (Fujimura et al, JCBFM, in press). However, the
response of APE/Ref-1 in neuronal cells to direct oxidative stress is not known.
In the present study, we investigated APE/Ref-1 expression in response to
hypoxia. There is an induction of APE/Ref-1 expression when primary cortical
neurons are subjected to 12 h of hypoxia. We compared APE/Ref-1 expression
in Cu/Zn SOD transgenic (Tg) mice and wild type neuronal cultures. Cu/Zn
SOD is a scavenger of superoxide radicals whose overexpression has been
demonstrated to play a protective role in cerebral ischemia. In contrast to wild
type cultures, the neuronal cultures from the Tg animals did not show any
induction of APE/Ref-1 expression after hypoxia. Our results thus indicate that
APE/Ref-1 could play a protective role against DNA damage caused by the
production of free radicals during hypoxia through the oxidative stress
mechanism. Also, during hypoxia the overexpression of Cu/Zn SOD causes a
depletion of the superoxide radicals produced and subsequently reduces the
induction of APE/Ref-1. (Supported by NIH grants NS 14543, NS25372,
NS36147 andNS38653.

C-Y Huang*, M. Fujimura, Y-Y Chang and PH, Chan Departments of Neurosurgery,
Neurology and Neurological Sciences, and Program in Neurosciences, Stanford University, Palo
Alto, CA 94304.
Reactive oxygen species (ROS) have been implicated in reperfusion injury after
focal cerebral ischemia (FCI). ROS are known to regulate the activity of
transcription factors, including NF-k B. To investigate the role of ROS in NF-k B
activity in vivo, we examined its protein expression and DNA-protein binding
activity after FCI using CuZn-superoxide dismutase (SOD1) transgenic (Tg) mice,
which showed smaller infarction volume after FCI. The SOD-1 Tg and wild-type
(Wt) mice were subjected to 60 min FCI and subsequent reperfusion by
intraluminal blockade of the MCA. Normal brains of Wt and Tg mice revealed
low basal constitutive NF-k B activity. In Wts, immunohistochemistry showed an
acute increase of NF-k B p65 nuclear translocation in the ischemic cortex and
striatum as early as 5 min after FCI. The ischemic cortex displayed an increased
level of NF-k B immunoreactivity (IR) at 1 and 4 hr, and was maximized 24 hr
after FCI in Wts; whereas the levels of NF-k B IR in the same region was
significantly reduced in SOD-1 Tg mice. The ischemic core progressively lost
NF-k B IR from 4 to 24 hr after FCI in Wts, whereas it was sustained in Tg mice.
The double staining of p65 and MAPs showed that NF-k B p65 was found to be
up-regulated in some neurons after FCI. EMSAs showed that NF-k B DNA
binding activity was increased after FCI in Wts; whereas ischemia-induced NF-k B
DNA binding activity was reduced in Tg mice. Our results suggest that SOD1
prevents the early activation of NF-k B. This may block the expression of downstream deleterious genes, thereby reducing the infarction volume after transient
FCI in mice. (Supported by NIH grants NS14543, NS25372, NS36147 and
NS38653.)

121.5
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THE EFFECTS OF MELATONIN ON VARIOUS BRAIN REGION GLUTATHIONE
LEVELS IN A RAT MODEL OF GLOBAL CEREBRAL ISCHEAMIA-REPERFUSION.
F.Z, Kutav1. Tanvalcin1, D. Taskiran2, T, Yurtseven3. V, Gulmen3, E. Tabur3, L, Kanit2, S.
Isleker. and G.O, Peker*. Ege Un. Center for Brain Research and School of Me?-inc,
Depts 'Biochemistry, 2Physiology, and ’Neurosurgery, Bomova, 35100 Izmir, TURKEY.
Recent studies have shown that ischeamia-reperfusion causes oxidative stress which in turn
induces free radical formation in the neural membranes resulting in severe cell damage or cell
death. Neural tissue is more vulnerable to free radical damage mainly because oxidative
metabolic activity rate is higher, whereas protective antioxidant enzyme, especially, catalase
and glutathione peroxidase (GSH Px) activity is lower in the brain. Owing to its potent toxic
hydroxyl and peroxyl radical scavenging and macromolecule sparing effects supported by invivo and in-vitro evidence, neurohormone melatonin (MLT) has been recently reported as
neuroprotective in many acute and chronic neurodegenerative processes . This study was
undertaken to investigate the antioxidant effect of pharmacological dose of melatonin by
measuring the total (TGSH) and oxidized glutathione (GSSG) levels in the rat cortex,
hippocampus, and cerebellum following global cerebral ischeamia-reperfusion (I-R). 10-12
m.o. Sprague Dawley male rats were studied in Groups: I) Naive, II) I-R, III) MLT, IV) MLT
+ I-R, V) Placebo + I-R, VI) Sham, and VII) Placebo. Global I-R was induced by two day,
four vessel occlusion (carotid occlusion time: 10 min) tecnique of Pulsinelli and Brierly
(1983). 2.5mg/kg, i.p. MLT was administered four times at 20 min pre-, at the time of and at
60- and 120-min post-isheamia. Rats were euthanized and brains dissected on ice. TGSH
levels were determined by using the enzymatic method of Teare et al. (1993) and reduced
glutathione (GSH) was derivetized with 2-vinylpyridine for determination of GSSG, KruskalWallis One-Way ANOVA revealed an alteration in the glutathione reserve; GSH / GSSG in
cerebellum (p=0.005), cortex (p=0.0027), and hippocampus (p=0.0421) showed significant
differences among the groups. Bonferroni corrected Mann-Whitney U test was conducted for
comparisons between individual groups. We conclude that 1) ischeamia-reperfusion and
handling, in general, affected the GSH system negatively; 2) the lOmg/kg pharmacological
dose of MLT supported the GSH system in naive rats; and 3) MLT support was insufficient to
reverse the negative effects of I-R, possibly due to insufficiency of the MLT dose, inaccurate
time course for determination of GSH levels, severity of I-R injury in this paradigm, and / or
limited n values in the experimental groups studied.
(Supported by TUBITAK SBAG-U15/5)

PEPTIDE GROWTH FACTORS ACTIVELY PREVENT INDUCTION
OF THE CELL CYCLE DURING PROGRAMMED CELL DEATH. L
Wright, T. Shaw, and K, Maiese*, Neurology, Anatomy and Cell Biology, Ctrs. for
Molecular Medicine and Toxicology, Wayne State Univ. Sch. of Med., Detroit, MI
48201.
As agents capable of preventing programmed cell death (PCD), the trophic
factors basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF)
modulate multiple cellular pathways, but their genetic mechanisms of neuronal
protection are not well defined. Direct modulation of the cell cycle by the
retinoblastoma gene product (pRb) has been linked to PCD and offers an attractive
neuroprotective mechanism (TenBroeke, et al., Soc. Neurosci. Abstr., 24: 1749,
1998). We therefore investigated the ability of bFGF and EGF to regulate the
activity of pRb during nitric oxide (NO) induced PCD. In primary hippocampal
neurons, DNA fragmentation was assessed by TUNEL 24 hours following treatment
with the NO generators SNP (300pM), SIN-1 (300pM), or NOC-9 (300pM).
Expression of the pRb subtypes was examined by immunocytochemistry using
phosphatase labeled purified antibodies and by Western blot analysis. Downregulation of pRb was achieved with antisense oligonucleotides complementary to
the pRb translation initiation codon. Induction of DNA fragmentation following NO
exposure alone was rapid with neurons positive for PCD increasing from 18±4% to
78+6% over a 24 hr period. In this same neuronal population, expression of total
pRb increased to a similar degree for both the phosphorylated (inactive) and
hypophosphorylated (active) forms of pRb from 10+4% to 62+6% (n = 10,
p<0.001). In contrast, bFGF (10 ng/ml) or EGF (10 ng/ml) administered 24 hours
prior to NO exposure not only actively decreased PCD expression over a 24 hour
period from 78±7% (NO only) to 30±4% (bFGF) and to 32±4% (EGF) (n=10,
p<0.001), but also significantly and selectively increased pRb activity
(hypophosphorylated form), suggesting the inhibition of cell cycle induction.
Administration of pRb antisense down-regulated the pRb hypophosphorylated form
and significantly reduced trophic factor neuroprotection. Our work suggests that
trophic factors selectively alter pRb activity to inhibit cell cycle induction and PCD.
Supported by tiie Alzheimer's Association, AHA (National), Boehringer
Ingelheim Award, J&J Award, and NIH NIEHS.

Society

for

Neuroscience

, Volume

25, 1999

NF-k B AFTER TRANSIENT FOCAL CEREBRAL ISCHEMIA IN MICE.

299

300

ISCHEMIA: FREE RADICALS, GROWTH FACTORS AND CELL PROLIFERATION

SUNDAY PM

121.7

121.8

ASTROCYTES TRANSFECTED WITH GDNF GENE SECRET GDNF THAT
PROTECTS ASTROCYTES FROM APOPTOSIS Albert C.H. Yu u* R.Y. Liu1, K.Y.
Ng2, and K.L. So2. 'Shanghai Research Center for Life Sciences, Chinese Academy of
Sciences, Shanghai, and department of Biology, The Hong Kong University of Science
and Technology, Kowloon, Hong Kong, China.
Astrocyte is abundant in the CNS and known to be supportive in. neuronal survival,
thus should be an ideal vehicle cell to carry functional and therapeutic genes in CNS
cell/gene therapy. In this study, we aimed to investigate whether astrocytes in primary
culture could serve this purpose. Firstly, we selected lipofection for transfecting gene
into astrocytes. We improved the lipofection efficiency by repeatedly exposing
cultured astrocytes to Lipofectin® - multi-lipofection. The efficiency measured 2
days after 1-lipofection for P-galactosidase (P-gal) gene was 5.2%, while 24.5% after
4-Iipofection. Secondly, we introduced glial derived neurotrophic factor (GDNF)
gene into cultured astrocyte by multi-lipofection. Western blot analysis indicated that
the GDNF levels increased 2.9 folds in cell lysates and 4.7 folds in culture media after
4-lipofection, as compared to culture after 1-lipofection. The GDNF-conditioned
medium (CM) could protect astrocytes from apoptosis induced by staurosporine
(STS) and ischemia. With pre-treatment of CM, the number of condensed nuclei
induced by STS decreased from 17.3% to 7.1%. Similar protective effects were
observed when recombinant human GDNF were used. In a post-ischemia model, the
number of apoptotic astrocytes was also significantly reduced. In conclusion, GDNF
protected astrocytes from apoptotic cell death induced by STS, ischemia and postischemia. The combination of multi-lipofection and cultured primary astrocytes could
be a better candidate for CNS gene/cell therapy than the non-CNS cells, tumorogenic
cell lines, and the viral transfection suggested by many investigators. (Supported by
the NORAM Foundation, Hong Kong, CAS/HKUST Joint Laboratory, and RGC
Competitive Earmark Research Grant HKUST6177/97M)

BrADRENERGIC
RECEPTOR
RESPONSIVENESS
OF
CALPASTATIN AND ATTENUATION OF APOPTOSIS AFTER
ISCHEMIA. A. RAMI, H.A. OELSCHLAGER* and J. WINCKLER
Anatomy IH, JWG-University Clinic, 60590 Frankfurt/Main FRG

The involvement of irreversible degradative enzymes such as calpains in
degenerative processes is an intuitively attractive concept that is receiving
increasing support. In the CNS, where intraneuronal Ca2+ overload has been
established as a mechanism contributing to neuronal damage associated with
excitotoxicity, ischemia and stroke, there is interest in understanding the role of
calpain inhibition in rescuing neurons from death. It has been postulated that
calpastatin (endogenous calpain-inhibitor) can be modulated by NGFs. While
NGF-treatment of brain presents a complex problem, another feasible approach to
influence neurotrophin actions is to search for ways to manipulate specifically any
step in the synthesis, release, and transduction mechanisms of endogenous NGFs.
We have demonstrated in vitro as well as in vivo a neuroprotective effect of B2agonist clenbuterol (CN) mediated through an increased NGF expression. In this
study we attempt to find out whether CN is capable of (1) modulating proteolysis
induced by calpain activation and of (2) suppressing apoptosis after ischemia.
Rats received daily CN (0.5 mg/kg, i.p) during one week, were subjected to
ischemia and perfused 1, 2, 3, 5 and 7 days post-ischemia. Cerebral ischemia was
performed in rats by clamping carotid arteries and reducing blood pressure for 10
min. The activity of calpain was measured by the immunolocalisation of spectrinbreakdown products and calpastatin. The time course of apoptosis was assessed by
TUNEL-staining.
CN enhanced calpastatin synthesis, attenuated proteolysis of spectrin, reduced
CAI-hippocampal damage by 30 % and suppressed DNA-laddering . These data
provide evidence that modulation of 62 adrenergic receptors which through the
enhancement of calpastatin synthesis merits consideration as new concept for
neuroprotection.

121.9
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INDUCTION OF SECONDARY LYMPHOID-TISSUE CHEMOKINE (SLC)
mRNA EXPRESSION IN NEURONES BY NEURONAL DEATH K, Biber, A,
Sauter. N, Brouwer, J.C.V.M.Coprav and H.W.G.M Boddeke* Department of
Medical Physiology, University of Groningen; Groningen, Netherlands, 9712KZ.
Recently it has been demonstrated that the B-chemokine SLC is expressed
constitutively in secondary lymphoid organs like lymph nodes. SLC attracts naive Tcells, B-cells and mature, antigen presenting dendritic cells all of which express Bchemokine receptor 7. In the last few years it has become clear that chemokines are
also expressed in brain and their function in various brain diseases is currently under
digcussion. Most chemokines in brain are expressed by astrocytes or microglia and
by immune cells (monocytes and T-cells) which infiltrate the damaged brain. By
screening cDNA from ischaemic mouse brain we found high expression levels of
SLC mRNA. SLC mRNA was prominent already 6h after the onset of ischaemia and
remained at high levels up to 4 days. In-situ hybridisation showed cells strongly
expressing SLC mRNA in the cortex next to the ischaemic lesion. No SLCexpressing cells were found on the contralateral, non-ischaemic side of the brain. In
order to identify the cell type expressing SLC we investigated cultured microglia,
astrocytes and neurones. SLC mRNA expression was only found in cultured
neurones after various treatments known to induce neuronal death i.e. 3mM
glutamate, heat shock or Na-azide. No SLC mRNA expression was found in cultured
astrocytes or microglia. This strongly suggests that also in vivo neurones could be
the source for SLC. The function of SLC in ischeamic brain remains unclear,
however, since we found SLC-induced Ca2+ transients and chemotaxis in cultured
microglia it is possible that microglia respond to the chemokine expressed by
neurones after damage. In summary, we provide here evidence that SLC mRNA in
neurones is induced by neuronal death. This makes SLC the first B-chemokine of
neuronal origin inducible expressed during brain damage. The finding that cultured
microglia respond to SLC makes it tempting to speculate that SLC is part of a
neurone-elia sienaline svstem related to Datholoeical conditions of the brain.

NEUROTROPHINS CAN PROTECT CORTICAL NEURONS FROM
HYPOXIC AND IRRADIATION INJURY BY ACTIVATING THE TRK
RECEPTORS AND INHIBITING CASPASE-3. Dong H. Kim* and Christina Tu
Dept. of Neurosurgery, University of Texas, Houston, TX 77030.
Because neurotrophins such as NGF can promote the survival of neurons, they
have potential as therapeutic agents. There is evidence to suggest neuroprotective
effects during injury, but mechanisms remain unclear. Specifically, it is not known
which receptors are involved or the effects of their activation.
To address this issue, we established an in vitro model of injury using pure
neuronal cultures from embryonic rat cortices. A dose-dependent injury paradigm
was achieved with hypoxia cr irradiation, producing apoptotic death. Of the
neurotrophins, BNDF and NT-3 had dramatic, statistically significant protective
effects. NGF did not. Western blot analyses showed that these neurons expressed
trk’s B and C (specific for BDNF and NT-3, respectively), but not trkA or p75. We
then assayed for the activation of the caspases and found pro-enzymes for caspase
1,2, and 3, but not 8 or 9. With either injury, caspase-3 became activiated, but not
caspase 1 or 2. Treatment with BDNF or NT-3 completely blocked this activation.
Lastly, we proved that the neurotrophin protection was mediated through the trk
receptors by using a specific blocker. K252a abolished both the neuroprotective
effect and the caspase-3 inhibition. These data show that the neurotrophins can
modulate neural injury by signalling through the trie receptors and inhibiting
caspase-3 activation. Implications for both elucidating the trk receptor signalling
cascades, and for developing new therapeutic targets will be discussed.

121.11
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MODUALTION OF VIABILITY AND PROLIFERATION IN PRIMARY CELL
CULTURE OF EMBRYONIC CHICK TELENCEPHALON AFTER EXPOSURE
TO INCREASED EXTRACELLULAR MAGNESIUM: ROLE OF PI3 KINASE IN
MAGNESIUM’S ACTION. Richard C. Krueger. Jr1. Duong Huvnh2*; Glvn Dawson3,
and Nancy B. Schwartz3. Depts. of ’Peds. and 2Neurology, Cedars-Sinai Medical
Center, UCLA, Los Angeles, CA; 3Dept. of Peds., Univ. of Chicago, Chicago, IL.
In animal models, magnesium administration has been reported effective against
hypoxic-ischmic CNS injury, but the mechanism of this “protective effect” is not
easily explained. Primary cell cultures derived from E6 chick telencephalon are plated
on polylysine. [Mg**] in the media is 0.8 mM. An additional 2.5 mM [Mg**] is added
to treated cells at 5 days. Cultures are analyzed after 24 hours of treatment for overall
cell viability using an MTT assay, apoptosis using TUNEL staining and a
nucleosomal fragmentation ELISA, and cell proliferation after BrdU incorporation
using anti-BrdU ELISA and immunocytochemistry. Increased extracellular [Mg**]
increases overall cell viability by 51% (p<0.013). This is due at least in part to a
dose-dependent increase of up to 48% in the rate of cellular proliferation in the presence
of additional [Mg**], as measured by BrdU incorporation (p<0.02). There is no
significant change in apoptosis in these Cultures. Many cells, pulse-labeled with BrdU
on culture day 5, differentiate into GFAP-positive astrocytes, suggesting that some
cells proliferating on day 5 are glial precursors. The mechanism of this effect appears
at least in part to be secondary to activation of PI3 Kinase, as the increases in cell
viability and proliferation are blocked by PI3 Kinase inhibitor wortmannin. Increased
extracellular [Mg**] activates Akt, an anti-apoptotic protein kinase downsteream of PI3
Kinase. Increased extracellular [Mg**] augments wortmannin-induced apoptosis by
24% (p<0.03). This is the first time increased extracellular [Mg**] has been shown to
increase cell proliferation in neural cells in culture, or suggested to alter the regulation
of PI3 Kinase. These results suggest that extracellular [Mg**] could have a dramatic
impact in CNS development, especially during periods of glial precurser proliferation.

CORTICAL NEUROGENESIS IN ADULT RATS
REVERSIBLE PHOTOTHROMBOTIC STROKE
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This work was supported by grants from the Bayer Phanneceutical Corporation
and the Dept. of Neurosurgery at University of Texas, Houston.

INDUCED

BY

Dept. Medicine1 and Pathology2, Univ. Ume&, S-901 87 Ume&, Sweden
Remarkable morphological cortical tissue recovery concurred with spontaneous
reperfusion into the region at risk in a reversible photothrombotic ring stroke model.
VEGF-mediated early angiogenesis correlated with the reperfusion, whereas the
mechanisms responsible for the dramatic tissue recovery remained unknown. The
aim of this study was to explore the cell proliferation process involved in the
restoration in this novel stroke model.
12 weeks-old male Wistar rats were subjected to reversible photothrombotic
stroke. The cell proliferation specific marker 5-bromodeoxyuridine (BrdU) was
systemically injected intraperitoneally. Rats were transcardially perfused at 7, 30, 60
and 100 days after stroke. 8 (im-thick paraffin embedded or frozen coronal brain
sections were processed for immunohistochemistry or immunofluorescence with the
cell proliferation specific marker anti-BrdU, the neuron specific markers anti-betatubuline III and anti-Map-2 as well as the glial marker anti-GFAP. Sections were
examined by light or confocal microscopy.
Widespread BrdU immunopositive cells were observed in the lesioned cortex 7 d
after stroke. These cells were densely distributed in the ring-shaped cortical lesion,
the region-at-risk and the surrounding cortex. Numerous Map-2 and BrdU doublelabeled immunopositive cells were found through the cortical layers II-VI that
admixed with the predominant double labeled glial cells (BrdU and GFAP
immunopositive). Confocal microscopic examination confirmed the co-localization
of BrdU and the neuron specific marker beta-tubuline BI in the same cells. The BrdUpositive neurons survived up to 100 d after stroke though the intensity of BrdU
immunostaining was gradually faded.
Our data suggest that cortical neurogenesis may be an important mechanism for
cortical tissue restoration following reversible photothrombotic ring stroke injury.
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CHARACTERIZATION OF MEMBRANE-BOUND AND SOLUBILIZED
y-SECRETASE-LIKE ACTIVITY
Sukanto Sinha*, Susanna Suomensaari, Russell Caccavello, Pamela Keim, Kirsten
Jacobson-Croak, Cordell Yin, John Anderson, Elan Pharmaceuticals, South San
Francisco, CA 94080
Cellular proteolytic processing of membrane-bound, FL-APP, leads to the
formation, secretion, and eventual deposition of A(3 in Alzheimer’s disease.
Cleavage of FL-APP by P-secretase leads to the formation and release of p-sAPP ,
and the corresponding membrane-bound carboxy-terminal fragment, p-CTF. The
second step of Ap production is carried out by y-secretase, which cleaves the
P-CTF fragment within the TM region, primarily at position AP 40, between
Val7ii-Ile7i2, generating Ap. Incubation of carbonate-washed membranes derived
from 293 cells transfected with SwAPP led to time-dependent, specific cleavage of
endogenous APP substrates at the 40 position, measured using a specific ELISA for
AP x-40. This y-secretase cleavage was exhibited over a wide pH range, and was
not inhibited by leupeptin or 1,10-phenanthroline. However, the y-cleavage was
inhibited by micromolar levels of pepstatin. Extraction of the carbonate-washed
membranes with selected detergents led to solubilization of the activity, which
could now be measured by the addition of an exogenous, APP-derived, fusion
protein substrate. Remarkably, the membrane-bound, unsolubilized enzyme was
also capable of specifically cleaving the exogenous fusion protein substrate,
allowing for a comparison of membrane-bound and solubilized y-secretase-like
activity with a defined exogenous substrate. These results show that y-secretase is
an integral membrane-bound, detergent-solubilizable enzyme, which can cleave
both membrane-bound and exogenous substrates at the y-cleavage sites, and retain
cleavage specificity after solubilization.
This work is funded by Elan Pharmaceuticals.

PROTEOLYTIC PROCESSING OF THE APP TRANSMEMBRANE
DOMAIN
A, Weidemann. K, Paliga. F.B.M, Reinhard. S. Eggert. G. Evin*1. C.L, Masters1
and K, Bevreuther, Zentrum fiir Molekulare Biologie Heidelberg, ZMBH, INF
282, D-69120 Heidelberg, Germany; 'Dept. of Pathology, University of
Melbourne, Parkville, Victoria 3052, Australia.
The proteolytic processing of APP is central to Alzheimer's disease molecular
pathogenesis because one of the resulting cleavage products, the B-amyloid (AB), is
detected in the brains of affected individuals as amyloid deposits. Although there
are numerous reports on the formation of AB amyloid peptide, the counterpart Cterminal fragment expected to be generated by y-secretase cleavage has never been
documented. Such a fragment would comprise the C-terminal part of the
transmembrane domain and the cytosolic domain of APP. Investigation of the
formation of this fragment could give fiirther clues to the mechanisms by which
APP becomes processed within its transmembrane domain and help characterizing
the y-secretases. By designing C-terminal tagged APP derivatives we have
developed a method enabling to detect for the first time C-terminal fragments
derived from the proteolytic processing of APP with in its transmembrane domain.
Sequencing data, obtained with both COS-7 and SH-SY5Y cells, indicate that the
APP transmembrane domain is converted by at least one additional cleavage distal
to the'y-cleavage site. This unexpected finding demonstrates that the basic
mechanisms of the proteolyitc processing of the APP transmembrane domain have
not been frilly elucidated yet. With this novel approach, cleavage of APP
transmembrane domain can be assessed directly within the cells whereas most
other studies rely on the release of secretory AB in the culture media. Due to this
features, this assay supplements and extends the existing data on the basic
mechanisms of the proteolytic processing of APP within its transmembrane
domain that result in the production of AB amyloid peptide.
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PEPTIDOMIMETIC PROBES SUGGEST A LARGE SI POCKET FOR
ALZHEIMER’S y-SECRETASE. M.S. Wolfe1’2*, C.L, Moore1, T.S. Diehl2, T.
Rahmati2, W. Xia2 and D.J. Selkoe2. ’Department of Pharmaceutical Sciences,
University of Tennessee, Memphis, TN 38163; 2Center for Neurologic Diseases,
Brigham and Women’s Hospital and Harvard Medical School, Boston, MA 02115.
The final step in the generation of the amyloid-P peptide (Ap) from the P-amyloid
precursor protein (APP) is proteolysis within the transmembrane region by ysecretase, a process intimately involved in the etiology of Alzheimer’s disease.
Studies with substrate-based difluoro ketone and difluoro alcohol peptidomimetic
inhibitors suggest that y-secretase is an aspartyl protease, while molecular modeling
and mutagenesis studies on the y-secretase cleavage site within APP are consistent
with an intramembranous proteolytic event. We recently reported that two
transmembrane aspartates in presenilin-1 are independently critical for both
presenilin endoproteolysis and y-secretase activity, suggesting that presenilins
themselves are y-secretases, novel intramembrane-cleaving aspartyl proteases
activated through autoproteolysis. To further characterize the active site of ysecretase, we prepared a series of difluoro ketone peptide analogues with varying
steric bulkiness in the Pl position (i.e., immediately adjacent to the difluoro ketone
functionality) and tested their ability to inhibit AP production in APP-transfected
CHO cells. We found that (1) increasing the bulkiness of the Pl substituent in
difluoro ketone y-secretase inhibitors increases the potency for blocking AP
production, with the rank order of potency being Pl substituent = cyclohexylmethyl>
sec-butyl>benzyl>isopropyl>methyl; (2) the IC50 values for some of these inhibitors
approach 1 pM; and (3) installing the best substituent in this series
(cyclohexylmethyl) allows N-terminal truncation of the analogue to obtain a low
molecular weight compound (<600 Da) that effectively blocks Ap production (IC50 ~
5 pM). These findings suggest that y-secretase has a large hydrophobic S1 pocket
and that optimal binding to this pocket may allow the development of potent
inhibitors with ideal pharmaceutical properties. (Supported by NIH grants NS37537
and AG 12749.)

CASPASE-6 ROLE IN APOPTOSIS OF HUMAN NEURONS,
AMYLOIDOGENESIS AND ALZHEIMER'S DISEASE.__ A.
LeBlanc*, H. Liu, C. Goodyer, C. Bergeron, J. Hammond. Dept.
Neurol, and Neurosurg., McGill U. Montreal, Qc. H3T 1E2.
We have shown that increased production of AP is a consequence of
neuronal apoptosis suggesting that apoptosis activates proteases
involved in amyloid precursor protein (APP) processing. Here, we
investigate key effectors of cell death, caspases, in human neuronal
apoptosis and APP processing. Caspase-6 is activated and responsible
for neuronal apoptosis by serum deprivation. Caspase-6 activity
precedes the time of commitment to neuronal apoptosis by 10 hours
indicating possible activity without subsequent apoptosis. Inhibition of
caspase-6 activity prevents serum deprivation-mediated increase of Af3.
Caspase-6 directly cleaves APP at the C-terminus and generates a Cterminal fragment of 3 kDa (Capp 3) and an A3-containing 6.5 kDa
fragment, Capp6.5, that increases in serum-deprived neurons. A pulsechase experiment reveals a precursor-product relationship between
Capp6.5, intracellular A3 and secreted A3 indicating a potential
alternate amyloidogenic pathway. Caspase-6 pro-enzyme is present in
adult human brain tissue and the plO active caspase-6 fragment is
detected in AD brain tissue. These results indicate a possible alternate
pathway for APP amyloidogenic processing in human neurons and a
potential implication for this pathway in the neuronal demise of AD.
Supported by the Medical Research Council of Canada, NIH NINDS
and the Fond de Recherche en Sante du Quebec. The authors gratefully
acknowledge the Canadian Brain Tissue Bank (Toronto Canada) for
the brain tissue.

122.5

122.6

ROLES OF THE AMYLOID PROTEIN PRECURSOR AND p SECRETASE
IN THE REGULATION OF NEURONAL APOPTOSIS L. Gan1’2. X. Xu1’2,
J, Yan1,2. O. Ye1’2. G.-O. Yu1’2. X. Meng2’3* and L, Mucke1’2. ’Gladstone
Institute of Neurological Disease, Departments of ^Neurology and 3 Anatomy,
University of California, San Francisco, CA 94141-9100
The amyloid protein precursor (APP) plays an important role in Alzheimer's
disease (AD) pathogenesis. Previous studies from our laboratory have shown
that expression of wildtype human APP (hAPP) in APP-deficient neuroblastoma
cells (B103) protects these cells against UV- and staurosporine-induced
apoptosis by inhibiting p53 activation (Xu et al., PNAS, in press). In contrast,
hAPPs carrying point mutations linked to familial AD (FAD) failed to protect
BI03 cells against apoptosis. Wildtype, but not FAD-mutant, hAPP strongly
inhibited the DNA-binding activity of p53 and p53-dependent gene
transactivation. The differential anti-apoptotic capacity of wildtype versus
mutant APP could be due to the enhancing effect of FAD mutations on the
production of the hAPP-derived Ap42 peptide, which could sensitize cells to p53
activation by UV or staurosporine, or to an interference of FAD mutations with
APP-mediated signaling events. To test these hypotheses, we eliminated Ap
production from FAD-mutant APP by substituting a single amino acid adjacent
to the P secretase cleavage site (M596I in hAPP695). In preliminary
experiments, this manipulation did not increase the anti-apoptotic capacity of
FAD-mutant hAPP, suggesting that its poor anti-apoptotic capacity may not be
due to increased AP42 production. Notably, the anti-apoptotic capacity of
wildtype hAPP was significantly reduced by introduction of the M596I mutation,
suggesting that prevention of P secretase cleavage could interfere with
neuroprotective hAPP functions. These findings could have important
implications for the pharmacological inhibition of P secretase activity in the
treatment of AD. Supported by the NIH (AG11385, AG16883) and the State of
California (ADP 98-15725).

OVEREXPRESSION OF BLEOMYCIN HYDROLASE AFFECTS AQ
PRODUCTION. C. R. Abraham*, R, Yamin, E. A. Berg. R.E. Fine and W.
T. McGraw. Dept. of Biochemistry, boston University Sch. of Med.;
Boston, MA 02118
The cysteine proteinase bleomycin hydrolase (BH) was identified by our
group as one of only three proteinases from Alzheimer's disease (AD)
brain that selectively cleaves a model peptide at the 3-secretase site of APP.
The characteristics of this enzyme prompted our further examination of
BH as a candidate p-secretase. We recently reported that a polymorphism at
residue 443 (Val or He) showed no correlation with the incidence of AD in
Caucasians, but interestingly was associated with a significant risk for the
African American and Askenazi Jewish populations who were homozygous
for isoleucine-443 form of BH. Along with the genetic association of the
polymorphism in BH to AD, this proteinase also meets several readily
accepted criteria for a candidate secretase: 1) BH co-localizes with APP in
the sub-cellular locations where the secretase cleavage is thought to occur.
We have previously shown by confocal microscopy that BH and APP have
overlapping perinuclear staining in APP/BH doubly transfected cells. We
now report that BH and APP co-localize to a subset of neuropeptide
containing vesicles purified from rabbit optic nerve termini. Additionally,
there is significant evidence that the BH activity is lumenal and that
carboxy-terminal fragments of APP are most abundant within these same
vesicles. 2) Overexpression of BH alters Ap levels in the media of doubly
transfected cells. We measured the production of Ap 40/42 in the
conditioned media of HEK293 cells co-transfected with APP751 and BH
(both polymorphic forms) at several expression levels of BH. To our
surprise, die levels of Ap decreased with increasing levels of BH expression,
suggesting that BH may act as an a- secretase or an Ap-processing enzyme.
Supported by NIH AG09905, NIH 5T32NS07152 and the Alzheimer’s
Association.

Society

for

Neuroscience

, Volume

25, 1999

302

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: APP PROCESSING

SUNDAY PM

122.7

122.8

EVIDENCE FOR A PUTATIVE D-ASPARTYL-p-AMYLOID SECRETASE IN
HUMAN BRAIN. J. M. Lee1*, L. Petrueelli1, G. Fisher2, S. Ramdath2, J.
Castillo2, M. M. Di Fiore3,4 • and A. D’Aniello4. ’Dept. of Pathology and
Pharmacology, Loyola Univ. Strich Sch. of Medicine, Maywood, IL, 60153;
2 Dept. of Physical Sciences, Barry University, Miami, FL 33161;3 Dipartimento
di Scienze della Vita, Second University of Naples, Via Arena, 81100 Caserta,
Italy; 4Dept. of Biochemistry and Molecular Biology, Stazione Zoologica "A.
Dohm", Villa Comunale, 80121 Naples, Italy.
Alzheimer’s disease is characterized neuropathologicaly by the presence of
senile plaques, which are composed of the amyloid-p protein (Ap). Ap is an
insoluble extracellular deposit consisting of 39-43 amino acids that is cleaved
from a larger precursor amyloid-p- precursor protein (P~ APP). It has been
shown that Ap proteins extracted from amyloid cores of neuritic plaques contain
isomerized and/or racemized Asp residues. Therefore, we hypothesized that a
specific secretase(s) may exist in the human brain that can cleave a P-APP peptide
bond containing D-Asp at position 1 of the Ap protein. In the present study, using
three substrates (L-Met-D-Asp-L-Ala, L-Lys-L-Met-D-Asp-L-Ala-L-Glu and LAsp-L-Lys-L-Met-D-Asp-L-Ala-L-Glu-L-Phe), we report data to the support the
existence of a putative membrane bound D-P-secreatase which can cleave
between L-Met-D-Asp at the 1 position of the Ap. For L-Met-D-Asp-L-Ala,
Micheles-Menton analysis revealed a Km between 5-7 mM with a pH optimum in
the neutral range. The specific enzyme activity of soluble extracts from AD
samples were 20% higher compared to age-matched controls. We are currently
attempting to purify this putative enzyme for a more complete characterization.
Since Ap containing D-amino acids has been shown to aggregrate more readily,
the possibility of a specific D-Aspartyl-P-amyloid secretase supports an
alternative model for amyloid plaque formation. This work was supported by a
grant from CNR, Italy.

CAVEOLIN-1: A SELECTIVE INHIBITOR OF BETA SECRETASE
ACITIVITY FOR APP IN NEURONS. T. Ikezu’*, B.D. Trapp1, T. Tomita2, T.
Iwatsubo2, S. Ikezu1, M.P. Lisanti3, and T. Okamoto1. ’Dept. of Neurosciences,
The Cleveland Clinic Foundation, Cleveland, OH 44195; 2Dept. of Neuroscience,
University of Tokyo Faculty of Pharmacy, 3Dept. of Molecular Pharmacology,
Albert Einstein College of Medicine.
The role of caveolin-1 (Cav-1), a principal component of caveolae, on amyloid
precursor protein (APP) processing in neurons was investigated. Semliki forest
virus mediated gene transfer was employed to express Cav-1, wild type APP
(APPwt), and Swedish mutant of APP (APPsw) in primary cultures of rat
hippocampal neurons. More than 80% of total plasma membrane APPwt and
APPsw were located in detergent-insoluble glycolipid membrane complex (DIG),
whereas only 50 % of total plasma membrane Cav-1 was recovered in DIG. DIG
is a precursor of caveolae. Upon Cav-1 binding, caveolae structure is created from
DIG. Cav-1 is co-immunoprecipitated with both APPwt and APPsw. Methyl-fL
cyclodextrin, which depleted cholesterol from cells and hence disrupted DIG,
inhibited their physical complex formations. The results indicate that both APPwt
and APPsw form a physical complex with Cav-1 in DIG of neurons.
Cav-1 expression inhibited Ap production from both APP species in a
dose-dependent manner. The ratio of Api-42 versus Api-40 was not altered.
Cav-1 expression also inhibited the production of APP C-terminal fragment which
was processed by P-secretase (CT99) but not by a-seoretase (CT83). The amounts
of p3, an APP fragment which was processed by a- and y-secretases, and of APPs,
total secreted APP extracellular domains, were not altered by Cav-1 expression.
Pulse-chase experiment showed that production of CT99 but not of CT83 was
significantly attenuated. The results provide multiple lines of evidence that Cav-1
selectively inhibited P-secretase activity and thus inhibited Ap production from
APPwt and APPsw. This work is supported from NIH (MH56036 and AG05836).

122.9

122.10

al-ANTICHYMOTRYPSIN INHIBITS Ap-DEGRADATION BY
NEUROBLASTOMA CELLS. R. Yamin1, J. H. Sandell2* and C. R.
Abraham1. 1Dept. of Biochemistry; 2Dept. of Anatomy and
Neurobiology, Boston Univ. Med. Sch., Boston, MA. 02118.
Many lines of evidence suggest that the amyloid-p peptide (Ap) plays a
major role in the pathogenesis of Alzheimer’s disease (AD). It is unclear
whether Ap accumulates in the AD brain due to increased Ap production
or due to decreased Ap catabolism. Recently, we have shown that the zinc
metalloprotease EC3.4.24.15 (MP24.15) is involved in Ap degradation.
An excess amount of secreted Ap accumulates in the conditioned medium
(CM) of neuroblastoma cells transfected with antisense MP24.15.
Furthermore, synthetic Ap degradation is enhanced by CM of MP24.15overexpressing cells. Treatment of these CM with AEBSF or DFP (two
serine proteinase inhibitors) prior to incubation with Ap resulted in the
complete inhibition of Ap degradation. Here we report that alantichymotrypsin (ACT), a serpin serine proteinase inhibitor, inhibited up
to 60% of the Ap degradation by the CM of MP24.15-transfected cells.
Serpin family members form SDS-insoluble complexes with their serine
proteinases. When CM of MP24.15-overexpressing cells was incubated
with purified ACT, an SDS-resistant ACT-containing complex was detected,
suggesting that an interaction occurs between ACT and an active serine
proteinase present in the CM. These results imply that ACT inhibits Ap
degradation, either by directly inhibiting an Ap-degrading serine
proteinase in the CM or by binding to Ap itself rendering it degradationresistant. Interestingly, APP/ACT bigenic mice exhibit an increased
amyloid plaque burden when compared to APP mice, supporting the
inhibitory role of ACT in Ap clearance in vivo (See abstract by Mucke et
al). Supported by NIH grants AG09905 and AG00001 and by the
Alzheimer’s Association.

POTENTIAL ROLES OF a,-ANTICHYMOTRYPSIN AND a-SYNUCLEIN IN
ALZHEIMER’S PATHOGENESIS ASSESSED IN BIGENIC MICE EXPRESSING
HUMAN AMYLOID PRECURSOR PROTEINS.
LMucke1’2*, G.-Q.Yu1, C.R.Abraham3. L.McConlogue4. E.M.Rockenstein5, and E.
Masliah5, ’Gladstone Inst. Neurological Disease & 2Dept. Neurology, UCSF, San
Francisco, CA; 3Dept. Biochemistry, Boston University, Boston, MA; 4Elan
Pharmaceuticals, South San Francisco, CA; 5Depts. Neuroscience & Pathology,
UCSD, La Jolla, CA.
Neuritic plaques are a hallmark of Alzheimer’s disease (AD). They contain the
amyloid precursor protein (APP)-derived Ap peptide in tight association with the asynuclein-derived non-amyloid component and the serine protease inhibitor a,antichymotrypsin (ACT). To assess the pathogenic potential of these factors, they were
expressed alone or in combinations in transgenic (tg) mice. We used the platelet-derived
growth factor (PDGF) B chain promoter to express human APP and a-synuclein (SYN)
in neurons and the glial fibrillary acidic protein (GFAP) gene to express human ACT in
astrocytes. Lines of APP mice that develop typical AD-like plaques at 6-8 months of
age were crossed with lines of ACT or SYN mice. Coexpression of APP/ACT
significantly increased the amyloid plaque burden at 14, but not at 6, months of age.
No plaques were found in ACT mice or non-tg controls. Plaques of both APP/ACT and
APP mice contained much more Ap42 than Ap40. APP/ACT mice showed more
synaptic loss and reactive astrocytosis than mice expressing APP alone. Thus, while
ACT did not accelerate the onset of amyloid deposition in these models, it may act as a
pathogenic cofactor in more advanced stages of cerebral (3 amyloidosis. APP/S YN mice
also developed amyloid plaques around 6-8 months of age. Lewy body-like pathology,
observed in SYN mice as early as 3-4 months of age, was moderately enhanced in
APP/SYN mice. APP/SYN mice also showed loss of synaptophysin and an intense
astrocytosis in the neocortex and hippocampus. These alterations were associated with
severe performance deficits in the water maze. Interactions between SYN and AP may
also contribute to CNS impairments in AD with Lewy bodies. (Supported by NIH
grants AG11385, AG5131 and AG10869)

122.11

122.12

INSULIN DEGRADING ENZYME DEGRADES NATURALLY-SECRETED
AMYLOID (3-PROTEIN IN NEURONS.
K. YstoJlis,. Z, _Yg, T.S, Pkhl*.
W.O. Oiu and D.J. Selkoe. Center for Neurologic Diseases, Brigham and
Women’s Hospital and Harvard Medical School, Boston, MA 02115.
Little is known about how AB, once secreted, is degraded and cleared from
tissues. Defective degradation of AB could be a possible risk factor for the
development of AD. We previously reported that whole cultures of differentiated
PC12 cells, primary rat cortical neurons and BV-2 cells exhibit significant ABdegrading activity. This activity seems to represent IDE, or an IDE-like
protease(s), because it is inhibited by several known IDE substrates such as
insulin and glucagon. However, unlike that in the microglia, the degrading
activity we detect in neuronal-type cultures appears not to involve a released
protease but rather one that is cell-surface associated. Immunoblotting and
biotinylation experiments confirmed the presence of IDE on the surface of CHO
cells, cortical neurons, and proliferating and differentiated PC 12 cells.
Immunoblotting of neuronal conditioned medium that lacks AB degrading
activity revealed that IDE is present, but in a multimeric form. Transient and
stable transfection of an IDE cDNA into CHO cells expressing mutant human
APP markedly reduced the levels of endogenously secreted AB40 and 42 in the
media but had no effect on intracellular AB levels suggesting that IDE most
likely acts to degrade AB extracellularly. We previously showed that IDE can
also augment the process of AB oligomerization in vitro under physiological
conditions and concentrations. However, the in vivo expression of IDE had no
effect on the oligomerization of endogenous peptide. Coupled with an earlier
report that IDE is the major AB-degrading activity at neutral pH in human brain
tissue (McDermott and Gibson, Biochem. Res., 1997), our results suggest that
IDE and similar thiol metalloendopeptidases could play a principal role in the
fate of AB after its secretion by neuronal and microglial cells. (Supported by
NIH AG12749)

In vivo mechanism of p-amyloid catabolism
T. C. Saido*, S. Tsubuki, Y. Takaki., H.-J. Lee, M. Morishima-KawashimaH, E.
Hosoki, M. Sekiquchi, K. Watanabe, E. Hama, Y. Sekine-Aizawa, N. Iwata.
Laboratory for Proteolytic Neuroscience, RIKEN Brain Science Institute,
Wako-shi, Saitama, Japan; ^Department of Neuropathology, University of
Tokyo School of Medicine, Bunkyo-ku, Tokyo.
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Clearance of Ap from brain parenchyma can be divided into two major
categories. One is a physiological catabolism, in which secreted soluble Ap is
fragmented under normal conditions. The other is a rather pathological
catabolism presumably involved in clearance of fibrillar Ap that could develop
into diffuse and cored plaques. Both are important for Alzheimer research
because a reduction in these processes would lead to accelerated
accumulation and because we may be able to prevent the disease onset or
decelerate its progression by manipulating these processes. We analyzed
the mechanism of physiological catabolism by injecting multiply radiolabeled
Ap peptides into rat hippocampus. Effect of various peptidase inhibitors and
structural analysis of catabolic products suggested that a metalloendopeptidase similar or identical to neprilysin plays a major role. Also,
differential sensitivity of structural variants to in vivo catabolism indicated that
amino-terminal exoproteolysis would make a positive contribution. The
pathological catabolism was analyzed under the assumption that matrixdegrading proteinases are likely to be capable of proteoiyzing fibrillar Ap. We
discovered a novel matrix metalloproteinase (MMP) predominantly
expressed in brain by cDNA cloning. This MMP is most strongly expressed in
cerebellum that is known not to develop cored plaques but only diffuse
plaques. Involvement of this novel MMP and other matrix-degrading
enzymes in clearance of fibrillar Ap will be described. Supported by research
grants from RIKEN BSI.
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PATHOLOGIC INTERACTION BETWEEN CELL-SURFACE FIBRILLAR
AMYLOID-B (AB) AND SECRETED AMYLOID PRECURSOR PROTEIN
(sAPP) ON CULTURED CEREBROVASCULAR SMOOTH MUSCLE CELLS.
J. P. Melchor* and W, E. Van Nostrand. Departments of Medicine and
Pathology, State University of New York, Stony Brook, NY 11794-8152.
Cerebrovascular deposition of the 39-43 amino acid amyloid-B peptide
(AB) is a key pathological lesion of Alzheimer’s disease and related disorders
such as hereditary cerebral hemorrhage with amyloidosis-Dutch type
(HCHWA-D). We have previously shown that AB^with the E22Q (HCHWAD) mutation extensively assembles into fibrils on the cell-surface of cultured
human cerebrovascular smooth muscle (HCSM) cells. This assembly evokes
a pathologic response on HCSM cells including cellular degeneration and an
increase in the level of cell-associated amyloid-B precursor protein (ABPP).
We further investigated the nature of the increase in cell-associated ABPP
using antibodies against the amino- and carboxyl-terminus of ABPP after
incubation with pathogenic AB. Although the levels of full-length ABPP
increase, most of the total ABPP increase is due to an increase in secreted
APP (sAPP). This result suggests that sAPP might bind back to HCSM cells,
possibly to the cell-surface fibrils formed by pathogenic AB. Binding of
biotinylated-sAPP to fibrillar AB is seen by electron microscopy as well as to
AB in congophilic vessels by fluorescence microscopy. Solid-phase binding
assays show that biotinylated-sAPP binds fibrillar AB in a dose-dependent
manner with a
in the low nM range. Domain mapping studies implicate the
amino-terminus of the ABPP molecule in its interaction with AB.
This study suggests that an interaction between fibrillar pathogenic AB
peptide and its parent molecule, ABPP, occurs on the cell-surface of cultured
HCSM cells. This interaction might contribute to the pathologic response
evoked by pathogenic AB towards cultured HCSM cells.
Research funded by NIH Grant NS-35781

CHARACTERIZATION OF MULTIPARTITE COMPLEXES OF
APP. S. Parvathv1. N.Y. Choksi1, Y. Fang1, S.L. Sabo2, & J.D.
Buxbaum1 *. ’Department of Psychiatry, Mount Sinai School of
Medicine, One Gustave L. Levy Place, Box 1230, New York, NY
10029; and, ^Laboratory of Molecular Neuroscience, The Rockefeller
University, 1230 York Avenue, New York, NY 10021.
The Alzheimer amyloid protein precursor (APP) has been
shown to interact with phosphotyrosine-interacting domain (PID)
containing proteins, including Fe65 and XI1. Both Fe65 and XI1
appear to function as adaptors, cross-linking APP with one or more
additional proteins.
Fe65 contains, in addition to the PID that binds APP, a second
PED as well as a WW domain. XI1 contains, in addition to the PED
that binds APP, two PDZ domains. It is of profound interest to
determine what other proteins interact with Fe65 and XI1 to
understand more about APP trafficking, localization and processing.
We are making use of both the yeast two-hybrid system and
biochemical methods to identify proteins interacting with Fe65 and
XI1. For the yeast two-hybrid system we are using the WW domain
of Fe65 and the PDZ domain of XI1. Recombinant PDZ domain of
XI1 is also being used in biochemical assays for interacting proteins
because of known difficulties with this domain in two-hybrid studies.
Finally, we are also testing the hypothesis that the presenilins'
are able to bind PDZ-containing proteins, by determining whether the
XI1 PDZ domain can interact with the presenilins.
Supported by the NIH and the Alzheimer’s Association.
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DIFFERENTIAL EFFECTS OF IBOGA AGENTS ON THE EXPRESSION OF
COCAINE-INDUCED BEHAVIOURAL SENSITIZATION. Karen K. Szumlinski*,
Isabelle M. Maisonneuve and Stanley D. Glick. Dept. Pharmacology and
Neuroscience, Albany Med. Coll., Albany, NY 12208
To determine whether the common anti-addictive effects of the prototypical
iboga agent, ibogaine (IBO), and the novel synthetic iboga alkaloid congener, 18methoxycoronaridine (18-MC), might involve common interactions with the
psychobiological consequences of chronic cocaine (COC) administration, a series of
experiments examined the effects of IBO, 18-MC (both at 40 mg/kg, IP, 19 hr
earlier) or vehicle (VEH) on the expression of sensitization to the locomotor and
stereotypic effects of COC in rats treated chronically with either COC (5 daily
injections of 15 mg/kg, IP) or saline (SAL). Compared to VEH-pretreated controls,
IBO increased the potency of COC (0, 5, 10, 20, 40 mg/kg) to elicit locomotor
responding in both sensitized and non-sensitized rats. Compared to VEH controls,
18-MC also potentiated locomotion in response to COC (5 mg/kg) in non-sensitized
rats; however, it markedly attenuated the expression of locomotion in sensitized rats.
These locomotor effects might be related to an enhancement of COC-induced
stereotypy, as both iboga agents were found to prolong the duration of stereotypy in
response to higher COC doses (20 & 40 mg/kg). This latter effect was more
pronounced in chronic COC-treated rats. The present findings demonstrate that IBO
and 18-MC may differentially alter sensitized behaviour, raising the possibility that
their similar anti-addictive actions may involve different interactions with the
psychobiological consequences of chronic COC administration. (Supported by NIDA
grant DA 03817).

ANTISENSE OLIGODEOXYNUCLEOTIDES AGAINST CTi
RECEPTORS REDUCE THE CONVULSIVE AND LOCOMOTOR
STIMULATORY EFECTS OF COCAINE IN MICE. R.R.
Matsumoto* and K.A. McCracken. University of Oklahoma Health
Sciences Center, Oklahoma City, OK 73190.
The ability of cocaine to interact with ai receptors at affinities that
are comparable to that for the dopamine transporter, suggested their
involvement in the behavioral effects of cocaine.
We have
previously reported that novel sigma receptor antagonists attenuate
the behavioral toxic and psychomotor effects of cocaine. To further
validate that the protective actions involve antagonism of sigma
receptors, two antisense oligodeoxynucleotides against ai receptors
(King et al., 1997; Kitaichi et al., 1997) were tested for their ability
to attenuate the convulsive and locomotor stimulatory effects of
cocaine in male, Swiss Webster mice. One antisense was comprised
of an 18-mer that targeted the 5’ region of the mRNA; the other
antisense was comprised of a 21-mer that targeted the -97 to -77
area after the initiation codon.
Saline, mismatch, and sense
sequences were used as controls. The antisense oligos or controls
were administered i.c.v. through chronic indwelling cannula guides
in mice using procedures previously reported to cause functional
knock-down of cti receptors. Following a challenge with an ED97
convulsive (60 mg/kg, i.p.) or locomotor stimulatory (10 mg/kg, i.p.)
dose of cocaine, there was a significant reduction in the
responsiveness of mice who were pre-treated with antisense oligos.
These studies provide further evidence that cti receptors are involved
in the behavioral actions of cocaine.

123.3

123.4

ANTAGONISM OF CRF RECEPTORS IN THE BED NUCLEUS OF
THE STRIA TERMINALIS (BNST) BLOCKS FOOTSHOCKINDUCED REINSTATEMENT OF COCAINE SEEKING IN RATS.
S. Erb*, J. Stewart. Center for Studies in Behavioral Neurobioiogy,
Department of Psychology, Concordia University, 1455 de Maisonneuve
Blvd. Montreal, Canada, H3G 1M8.
We have shown that i.c.v. administration of the CRF receptor
antagonist, D-Phe CRF12-4i, blocks footshock-induced reinstatement of
drug seeking in cocaine-trained rats. We now report on the effects of DPhe in the BNST and amygdala, two brain sites containing CRF
receptors and implicated in behavioral responses to stress, on footshockand cocaine- induced reinstatement of cocaine seeking. Rats were trained
to self-administer cocaine (0.5 mg/kg/infusion i.v). After 5-10 drug-free
days, animals were returned to the self-administration chambers and
given daily extinction and reinstatement test sessions. In tests for
reinstatement, rats were pretreated with vehicle or D-Phe in either the
amygdala (50 or 500 ng/side) or BNST (50 ng/side). Both footshock and
priming injections of cocaine reliably reinstated drug seeking. Injections
of D-Phe Into the BNST blocked footshock-induced reinstatement of
cocaine seeking, but had no effect on reinstatement induced by cocaine.
Injections of D-Phe into the amygdala had no effect on either the
footshock- or cocaine-induced reinstatement of cocaine seeking. These
findings suggest that activation of CRF receptors in the BNST, but not
in the amygdala, is critical for footshock-induced reinstatement of
cocaine seeking. Supported by NIDA and FCAR, Quebec.

IS p-ENDORPHIN A NEW CHAIN IN HEDONISM AND ADDICTION?
G. Yadid*. M. Aleli, I. A. Zangen, R. Nakasli and Gispan-Herman. Faculty of Life
Sciences, Bar-Ilan University, Israel
DA and 5-HT are major transmitters invoked in the behavior manifestation that
characterize the exposure to cocaine. However, the mechanisms that lead to
hedonic and motivation behaviors, involved in drug craving and are absent in
depression, arc poorly understood. p-Endorphin is an endogenous opioid peptide
that acts as a neuromodulator and neurotransmitter in the central nervous system.
The cell bodies in the brain that synthesize p-endorphin are found predominantly
in the hypothalamic arcuate nucleus, and their axons and terminals occur in
abundance along the walls of the third ventricle but also in the nucleus accumbens.
In humans, rats, and many other species, injection of exogenous p-endorphin into
various brain areas or the cerebrospinal fluid exerts an analgesic and hedonic-like
effect stronger than that of morphine. Thus, leading to the hypothesis that
p-endorphin may be spontaneously released in the brain not only in response to
pain and thereby producing reinforcement and hedonia. We used in vivo
microdialysis for concomitant assessment of regional release of p-endorphin in the
brain corresponding to behavioral effects. Our results demonstrate tliat DA and
5-HT stimulate the release of p-endorphin in the nucleus accumbens and arcuate
nucleus. These effects were mimicked by the SSRI fluexatine and the injection of
cocaine i.v. Moreover, these effects are modulated by Di receptors and are
abolished by the blockade of dopamine receptors and lesion of the mesencephalic
dopaminergic system of the brain. These results suggest 5-HT/DA/p-endorphin as a
new circuit in the brain. Furthermore, modulation of endorphinic pathways may
contribute to addiction and depression and may be found effective as a new strategy
for treating these diseases.
Supported by the Israel Authority for Dntg Abuse.
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123.6

KAPPA-OPIOID RECEPTOR AGONIST, U69593, DOWNREGULATES
THE DOPAMINE TRANSPORTER IN MESOLIMBIC REGIONS OF
THE RAT BRAIN. L.G, Sharpe1*, R.B. Rothman2. C.M. Dersch2, A.
Thompson3, T.S, Shippenberg1. 3Dept. Psychol., SUNY, Buffalo, NY,
’Behavioral Neuroscience Branch and 2Clinical Psychopharmacology
Section, NIH, NIDA, Intramural Research Program, Baltimore, MD 21224.
Co-administration of K-opioid receptor agonists with cocaine prevents
increases in dopamine uptake and release that occur during a 3-day
abstinence from cocaine. The present studies sought to examine the
influence of repeated K-opioid agonist administration on the dopamine
transporter (DAT) in the mesolimbic DA system. Rats received once
daily injections of the selective K-opioid receptor agonist, U69593 (0.32
mg/kg, s.c.) or vehicle for 5 days. They were decapitated 3 days later and
the brains were removed for either homogenate binding or quantitative
autoradiographic analysis. Specific brain tissue (binding) and 20 pm
coronal sections (autoradiography) were assayed for the presence DAT
using RTI-55 in the presence of citlalopram. The results showed that
DAT was significantly decreased (34 %) in the nucleus accumbens but
not in the caudoputamen. Bmax for vehicle and U69539 groups were,
respectively, 3007 (± 216) and 1987 (± 155) fmol/mg protein. Binding
affinity (Kd) was unchanged. Preliminary autoradiographic results
showed that the DAT downregulation also occurred in the olfactory
tubercles, ventral tegmental area and the substantia nigra (compact).
The results showed that K-receptor activation may influence mesolimbic
dopaminergic function by interacting with the dopamine transporter.

GENDER DIFFERENCES IN, AND SEX HORMONE REGULATION OF,
NON-REPRODUCTIVE BEHAVIOR FOLLOWING REPEATED IV COCAINE
ADMINISTRATION. R.M. Booze*, M.L. Wood, M.A. Welch and C.F, Mactutus.

Univ. of Kentucky, Dept. of Anatomy and Neurobiology, Graduate Center for
Toxicology, College of Medicine and Div. Pharm. Sci., College of Pharmacy &
THRI, Lexington, KY 40536-0084.
Repeated intermittent administration of cocaine is known to produce
behavioral sensitization in male animals. In addition, our recent work (Booze
et al., 1999) suggests that females are particularly responsive to the effects of
repeated IV cocaine administration. The present studies explored whether
behavioral sensitization occurred in intact male, female and gonadectomized
rats in response to repeated IV cocaine administration. Adult male, female,
ovariectomized (OVX) and castrated (CAS) Sprague-Dawiey rats (N=40) were
surgically implanted with an intravenous access port (Mactutus et. al., 1994).
Animals received 3.0 mg/kg IV cocaine once/day for 14 days. Starting
immediately after IV injection, animals were observed in their home cages
using a behavioral observation scale that included indices of locomotor
activity, stereotypy and appetitive behaviors. Behaviors were sampled at 1, 5,
10,15, 30 and 60 min post-injection. No stereotypic behavior was observed in
any of the treatment groups following IV cocaine injection. All rats displayed
significant locomotor activation immediately following IV cocaine injections;
consistent with the kinetics of IV cocaine (Booze et al., 1997) the locomotor
effects of cocaihe dissipated within the 60 minute post-injection period.
However, female animals had greater locomotor behavior, relative to males,
and moreover, this activation was not present in the OVX animals. In sum,
these data indicate that sex differences occur in behavioral responses to
cocaine and non-reproductive behaviors are modulated by sex hormones.
(Supported by DA11337, DA09160 & ES06259).

123.7

123.8

EFFECTS OF OVARIAN HORMONES ON CATECHOLAMINE LEVELS IN
THE MEDIAL PREFRONTAL CORTEX OF OVARIECTOMIZED COCAINETREATED RATS. L.I. Perrotti*, K D. Beck. V.N, Luine. and V, Quiflones-Jenab
Hunter College of the City University of New York, New Yoik, NY 10021.
Interactions between drugs of abuse and depression may lead to a cycle of chemical
dependence and psychosocial problems. It has been hypothesized that the 5-HT
deficit associated with cocaine abuse may predispose individuals to depression. This
study was conducted to determine if the effects of cocaine on catecholamines are
modulated by steroids in females. Adult ovariectomized female Fischer rats were
randomly assigned to one of two drug-treatment conditions: “binge” cocaine or
saline administration. Rats in each drug treatment group were further assigned to one
of four hormone groups: no hormone (control), estrogen, progesterone, or estrogen +
progesterone Forty-eight hours prior to the start of drug treatment, animals received
s.c. injections of estrogen (50pg) or sesame oil. Forty-four hours post-estrogen
administration, animals received s.c. injections of progesterone (500mg) or sesame
oil. Four hours post-progesterone treatment, animals received three hourly i.p.
injections of 0.9% saline (1 ml/kg) or cocaine (15mg/kg). HPLC analysis was
preformed on tissue punches from the medial prefrontal cortex, a brain area
associated with depression. Rats given progesterone and cocaine had higher levels of
5-HT than rats in all other drug and hormone groups (p<0.03). In addition,
progesterone animals treated with cocaine had higher levels of 5-HT than those
treated with saline (p<0.05). Further, progesterone-treated rats had higher levels of 5HIAA than control or estrogen-treated rats (p<0.05). There were no significant
alterations in levels of norepinephrine, dopamine, DOPAC, or HVA These results
suggest an interaction between the endocrine environment of the female and activity
of the 5-HT system in the medial prefrontal cortex. In addition, cocaine-induced
alterations in the 5-HT system may be an important element in the neuronal events
underlying cocaine-induced depression. This work was supported by The Altman
Foundation, RR-03037, and NARSAD Young Investigator Award, (V.Q. J.).

COCAINE AFFECTS PROGESTERONE PLASMA LEVELS IN FEMALE
RATS. V. Quinones-Jenab*1Z, L, I. Perrotti12, A, Ho ‘S, Jenab2, S.D, Schlussman
L J, Franck *, and M.J. Kreek 1 ‘ The Rockefeller University, and 2 Department of
Psychology,2 Hunter College, CUNY; New York, NY 10021.

Female Fischer rats injected with cocaine in a “binge” pattern (15
mg/kg, i.p., three times a day, at 1-hour intervals) had significantly higher
levels of progesterone than saline-treated controls (p<0.001). When
analyzed by the stage of the estrous cycle, animals in proestrus showed
significantly higher cocaine-induced progesterone plasma levels than those
in other stages of the cycle (p<0.01). Progesterone plasma levels were also
increased after a single dose of cocaine (15 mg/kg). However, three hours
post injection progesterone plasma levels had returned to normal. Thus,
cocaine modulation of progesterone plasma levels appears to be an acute
and transient effect. In ovariectomized rats had been pre-treated with
estrogen, progesterone or estrogen+ progesterone, no significant differences
were observed in progesterone plasma levels after acute cocaine “binge”
pattern administration. Thus, cocaine induction of progesterone levels is
likely to increase secretion rates of progesterone in intact female rats rather
than accelerate its biotransformation. Due to the profound effects of
progesterone in the modulation of CNS plasticity, the modulation of
progesterone plasma level by cocaine may have implications for
reproductive processes and neuronal functions of females. This work was
supported by NIH-NIDA P50-DA05130 (M.J.K.), NIH-NIDA K05-DA0049
(M.J.K.), and a fellowship from The Altman Foundation, PSC-CUNY, and RCMI
RR-0307, NARSAD Young Investigator Award, (V.Q.J.).

123.9

123.10

COCAINE
STIMULATES
PROGESTERONE
BUT
NOT
ESTRADIOL SECRETION IN FEMALE AND MALE RATS. C.M.
Kuhn.* R.S. Francis and Q.D, Walker. Dept. of Pharmacology, Duke

VARIATION IN THE EFFECT OF COCAINE AND CALCIUM
CHANNEL BLOCKER, VERAPAMIL, IN TWO STRAINS OF MICE.
IL A., MPhacihecrh* and D. C. Shockley. Meharry Medical
College, Department of Pharmacology, Nashville, TN
37208.
Verapamil,
a
calcium channel
blocker,
bag
previously been shown to decrease the effect of
cocaine on motor activity of mice. The objective of
this experiment was to investigate further the
effect of cocaine (20 mg/kg) in ICR and C57BL/6 mice
in presence of various concentrations of verapamil.
Sixty C57BL/6 and eighty white ICR male mice were
divided into four groups (I, II, III, and IV) . Group
I was injected with i.p saline/saline, group II.with
verapamil and saline, group III with verapamil and
cocaine, and group IV with saline and cocaine. The
locomotor, horizontal, vertical, and rest time
components of motor activities were recorded and
analyzed via Digiscan Animal Activity Monitor every
fifteen minutes for ninty minutes; thirty minutes
after saline or verapamil and sixty minutes after
either cocaine or equivolume saline. Analysis of
the data suggested that the motor effect of cocaine
in C57BL/6 mice was attenuated by a lower dose (10
mg/kg) of verapamil than in ICR mice (35 mg/kg) .
This research was supported in part by DA06686; and
G12RR03032.

University Med. Center, Durham, NC.
Cocaine (COC) is known to alter the HPA axis as it increases ACTH and
corticosterone secretion in rats. We have investigated a possible mechanism of
disruption of the HPG axis in rats. Dose-response and time-course relationships
for COC-stimulated progesterone (P) were determined. Male and female rats
were injected with 5, 10, 20 mg/kg COC, or the saline vehicle and killed 30
min later. Serum concentrations of P were measured by RIA. COC
significantly stimulated P secretion at all doses in females and in all but the
lowest dose in males. In experiment two, male and female rats were injected
with 20 mg/kg COC or the saline vehicle and killed 15, 30 or 60 min later. P
levels in saline-treated males and females were highest at 15 min, probably
reflecting injection stress. COC increased P relative to saline at 30 min post
injection in both sexes. A third experiment indicated that estrous cycle stage
significantly affected COC-stimulated P. COC (15 mg/kg) increased serum P in
proestrous and estrous rats (over 3 fold relative to saline treated rats)
significantly more than in diestrous rats (50% increase). Ovariectomy of female
rats decreased serum P but COC induced a small but significant increase in P
even in these females. Adrenalectomy attenuated COC-stimulated P secretion,
indicating along with COC-stimulation of P in males, that the adrenal is a
source of COC-stimulated P. COC did not increase serum estradiol in male or
female rats. Disruptions of serum P could alter gonadotropin secretion through
feedback mechanisms and thereby contribute to the female estrous cycle
disruptions induced by COC. Supported by DA 09079.

Society

for

Neuroscience

, Volume

25, 1999

DRUGS OF ABUSE: COCAINE—PHARMACOLOGICAL REGULATION

SUNDAY PM

305

123.11

123.12

EFFECTS OF BLOCKADE OF NITRIC OXIDE SYNTHASE ON SPECIFIC
ASPECTS OF COCAINE-SEEKING BEHAVIOR IN RATS. C. Orsini1. E,
Izzo1*, G.F, Koob1, L.Pulvirfenti1,2 Dept. Neuropharmacol., Scripps Res. Inst1. &
C. Bernard Neurosci. Inst.2, La Jolla, Ca 92037
The integrity of glutamate receptors in the limbic system is essential for the full
expression of the reinforcing properties of cocaine and activation of glutamate
receptors of the NMDA type results in an increase in the activity of nitric oxide
synthase (NOS). Previous studies have shown that the competitive inhibitor of
NOS Ng-nitro-l-arginine methyl ester (1-NAME) reduced the maintenance of
intravenous cocaine self-administration and the absolute rewarding value of cocaine,
as measured in a progressive ratio schedule. In the present study the effects of
pretreatment with 1-NAME (10 and 50 mg/kg twice daily for 4 days) on other
components of the natural history of the cocaine dependence cycle were studied in
rats. Pretreatment with 1-NAME, while not significantly modifying the acquisition
of cocaine self-administration, reduced cocaine-seeking behavior in the absence of
cocaine during the extinction phase as indicated by a decrease in the number of nonreinforced responses after discontinuation of drug access. In addition 1-NAME reduced
a measure of craving for cocaine in the presence of the drug measured as relapse into
cocaine-seeking behavior induced by an acute non-contingent systemic injection of
cocaine after completion of the extinction. Furthermore, preliminary results indicate
that pretreatment with 1-NAME produced long-lasting changes in cocaine-seeking
behavior since rats pretreated with 1-NAME before the acquisition phase showed, at a
later time, reduced measures of cocaine-seeking behavior. These results further
support the hypothesis that nitric oxide may represent a critical components of
various phases of the natural history of the cocaine dependence cycle.

COCAINE, CAFFEINE AND CGS 15943 REINSTATE
EXTINGUISHED COCAINE-TAKING BEHAVIOR IN BABOONS
E.M. Weerts1* and R.R. Griffiths1 >2
Dept. of Psychiatry and Behavioral Sciences1, Dept. of Neuroscience2,
Johns Hopkins University School of Medicine, Baltimore, MD 21224
Cocaine and caffeine have been reported to increase extinguished
cocaine-taking behavior in rats (Worley et al., 1994, Pharmacol Biochem
Behav 48: 217-21). Since caffeine produces many of its behavioral
effects via blockade of adenosine receptors, the current study evaluated
whether cocaine, caffeine, and the adenosine receptor antagonist CGS
15943 would similarly reinstate extinguished cocaine-taking behavior in
baboons. Three baboons with chronic intravenous (i.v.) catheters were
trained to self-inject cocaine (0.032 mg/kg) during daily 2-hr sessions.
Up to 30 injections were available under a Fixed Ratio (FR 10) schedule
of reinforcement. Completion of the ratio requirement was followed by a
4-min timeout. Cocaine and saline availability was alternated every 2-5
days when lever responding was high (>25 injections) during cocaine
sessions and was low (<10 injections) during saline sessions. During
extinction, acute doses (mg/kg, i.v.) of cocaine (0.1-3.2), caffeine (0.11.8), CGS 15943 (0.032-0.32) or vehicle were administered 4 min
before the saline session. Cocaine, caffeine and CGS 15943 dosedependently increased the number of saline self-injections in all 3
baboons. These data confirm that cocaine and caffeine can reinstate
cocaine-taking behavior after extinction in baboons. The finding that
CGS 15943 also reinstated extinguished cocaine-taking behavior
suggests that caffeine's effects on reinstatement may be via adenosine
mechanisms. Supported by NIDA grant DA01147.

123.13

123.14

Melanocortin-4 Receptor (MC4-R) Mediates the Rewarding Effects of Cocaine

ATROPINE INJECTIONS INTO THE VENTRAL
TEGMENTAL AREA (VTA) REDUCE REWARD BUT
INCREASE LOCOMOTOR ACTIVITY AND DOPAMINE
(DA) LEVELS IN THE ACCUMBENS (Acc). E.M.Munn*and R,
A. Wise Center For Studies in Behavioral Neurobiology, Concordia
Univ., Montreal, Que, CANADA H3G 1M8.
Rats with chronic IV catheters and bilateral VTA guide cannulae
self-administered cocaine on an FR-1 schedule for one hour and
were then injected bilaterally with either vehicle (0.5 ul) or atropine
methyl nitrate (7.5,15, 30, or 60 ug/0.5 ul). Their responding for IV
cocaine on a progressive ratio schedule of reinforcement was
monitored. Responding following the injection of low doses of
atropine resembled responding when saline was substituted for
cocaine; breaking points were established rapidly and there was no
post-reinforcement pause. The priming effect of the cocaine
administered during “loading” was abolished by 60 ug of atropine;
breaking points were reduced. In a second study, microdialysis
techniques were used to assess extracellular DA levels in the shell of
the Acc. Locomotor activity was also measured. The injection of
atropine methyl nitrate into the VTA increased locomotor activity
while extracellular levels of dopamine and its metabolites were
elevated in the ipsilateral Acc shell. Blockade of cholinergic input to
the VTA reduces reward while increasing locomotion and
mesolimbic DA levels. This dissociation indicates that while
cocaine reward and cocaine-induced locomotion are each thought to
be dopamine-dependent, their mechanisms are not completely
homologous. Supported by NIDA, NSERC, and FCAR.

R. Hsu, C. Haile, J.A. Alvaro*J.R. Taylor, V. Phantharangsy, G. Han1, V.J.
Hruby1, D. Huszar2, and R.S. Duman . Laboratory of Molecular Psychiatry,
Department of Psychiatry, Yale University School of Medicine, 34 Park Street, New
Haven, CT
06508, ’University of Arizona, Tucson, AZ, 2Millenium
Pharmaceuticals Inc, Cambridge, MA.
Previous studies from our laboratory have demonstrated that repeated administration
of cocaine regulates the expression ofMC4-R, but not MC3-R, in rat striatum and
nucleus accumbens. This suggests that MC4-R may be involved in the behavioral
effects ofpsychostimulants. Our locoomotor sensitization studies have shown that
blockade of the MC4-R results in a reduced development of locomotor sensitization
to cocaine in both Ay (Agouti) and MC4R-KO mice, in a gene-dosage dependant
manner. In addition, rats receiving SHU9119 (a synthetic antagonist at the MC4-R)
pretreatment blocked cocaine-induced locomotor sensitization. We next studied the
role that melanocortins play in cocaine-induced conditioned place preference(CPP).
SHU9119 treatment (1 ug bilateral nucleus accumbens infusion) completely blocked
cocaine (10 mg/kg) induced CPP in rats, in two separate treatment paradigms.
First, pretreatment with SHU9119 before each pairing with cocaine blocked the
acquisition phase of cocaine-induced CPP. Second, pretreatment with SHU9119
only before the test day blocked the expression phase of cocaine-induced CPP.
SHU9119 alone was shown not to have an aversive effect. In addition, preliminary
studies have demonstrated a decrease in CPP in MC4R-KO mice, in a gene dosage
dependant manner. We are currently investigating the behavior of these MC4R-KO
mice in a self-administration paradigm. The results of these studies provide further
support that the MC4-R may play a significant role in mediating the rewarding
properties of cocaine. Supported by DA08227.

123.15
Ml MUSCARINIC RECEPTOR ACTIVATION IN THE SHELL OF
THE NUCLEUS ACCUMBENS DECREASES COCAINE REINFORCEMENT IN RATS. M. C. Grubb, A. E. Kinney & G. P.
Mark? Department of Behavioral Neuroscience, Oregon Health
Sciences University, Portland, OR 97201.
Mesencephalic dopamine neurons synapse on acetylcholine (ACh)containing intemeurons in the nucleus accumbens (NAc). These large
aspiny intemeurons may serve an important integrative function and
their involvement in drug reward has not been systematically
investigated. We examined the impact of local changes in muscarinic
activity within the NAc on cocaine self-administration in rats trained on
a progressive ratio schedule of drug reinforcement. Animals were
given a minimum of 9 continuous days of drug access before testing in
order to establish a stable breaking point for cocaine infusions (0.75
mg/kg/infusion). On the test day, rats were bilaterally infused widi the
Ml selective muscarinic agonist oxotremorine M (0.1, 0.3 or 1
nmol/side) or saline 15 min before cocaine access. Oxotremorine dose
dependently reduced break-point values for cocaine reinforcement (24%, -75% and -91% for 0.1, 0.3 and 1.0 nmol, respectively) and
these reductions dissipated by the following session. Pretreatment with
the Ml selective antagonist pirenzipine blocked the break-point
reducing effect of 0.3 nmol oxotremorine. The results suggest that
muscarinic ACh receptors in the caudomedial NAc may play a role in
mediating some of cocaine’s reinforcing properties.
Supported by USPHS grants DA 10964 & DA 11203 and 'MRF25956
from the Medical Research Foundation of OR to G. P. M.
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ISRADIPINE TREATMENT FOR CHRONIC CEREBRAL PERFUSION
DEFICITS IN COCAINE DEPENDENCE. C. Gottschalkf J. Seibyl, H. Dev, and
T. Kosten. Departments of Psychiatry, Neurology, and Radiology, Yale School of
Medicine and VA-Connecticut Healthcare; West Haven, CT 06516
Recent data have confirmed that cocaine is a potent vasoconstrictor of cerebral
vessels in humans (MJ Kaufman et al. JAMA 1998; 279: 376). Isradipine, a
dihydropyridine L-type calcium channel blocker (CCB) like nimodipine, can
prevent the acute, transient reduction in CBF seen after intravenous doses of
cocaine (B Johnson et al. Psychopharmacology 1998; 136: 335). In addition to
cocaine’s acute effects, chronic cocaine abusers often have persistent, multifocal
reductions in cerebral blood flow. If these represent cerebral vasospasm,
vasodilating agents such as isradipine should augment perfusion in abnormal areas
acutely, but this effect would likely only last as long as the agent is in circulation.
The goal of the study described here is to determine the efficacy of isradipine in
normalizing regional cerebral perfusion deficits in chronic cocaine abusers, and to
determine the persistence of that effect after a short course of treatment.
We recruit active, long-term cocaine abusers without another Axis I diagnosis,
HIV, or any medical condition or treatment that might alter cerebral blood flow.
Each subject has three standard 99m-Tc-HMPAO SPECT cerebral perfusion scans
over six days. The first scan is performed with no intervention, within ten days of
the last reported cocaine use. Over the next forty-eight hours, each subject receives
5-mg of isradipine three times a day, for a total of seven doses. The second
perfusion study is performed two hours after the last dose. The third study occurs
ninety-six hours later, with no further medication. Increases in CBF were assessed
in each subject on and off medication. The distribution of such changes was tested
in paired t-tests and by generating statistical parametric maps contrasted with
repeated SPECT studies in normal controls. Preliminary data from five subjects
shows no significant increases in CBF after treatment with isradipine.

IRREGULAR PATTERN OF SELF-ADMINISTRATION DURING
CONTINUOUS ACCESS TO COCAINE (BINGE).
W. Tornatzkv* and K.A. Miczek. Dept. of Psychology, Tufts
University, Medford, MA 02155.

Supported by NIDA P50DA-04060 & DA-00167

A stable elevated level of cocaine intake characterizes I.V. selfadministration during long binges of continuous access in rats. Irregularities
in the pattern of cocaine self-administration begin to emerge after 12 hours.
Are these changes caused by tolerance or sensitization to the reinforcing
effects of cocaine? The objective of the present study is to examine if rats
react differentially to variable doses of cocaine self-administered during an
early (“regular”) and a late (“irregular”) phase of a 30-hour binge. Male Long
Evans rats were given access to I.V. cocaine (0.25 mg /infusion, FR5, TO 30
sec.) during daily limited access sessions. After 10 days of daily limited
access sessions a single binge or continuous access session was scheduled.
During the 30-hour “binge" an early and a late phase comprised tests with
variable doses of cocaine (VDP). During these tests, the rats could infuse
one of three cocaine doses (0.125, 0.25 and 0.5 mg/inf, 15 infusions each), in
a random order. For the remainder of the binge, rats had access to 0.25
mg/inf. The pattern of self-administration 24 hours into the binge was
characterized by a higher variability of consecutive inter-infusion intervals
compared to the initial intake pattern early in the binge. During the VDP late
in the binge the lawful relationship of the self-administered dose and the
immediately following inter-infusion interval was not different from the doseeffect curve established during the VDP early in the binge. Thus,
pharmacological dysregulation is unlikely to account for the observed
increase in variability of inter-infusion intervals 24 hours into the binge. The
irregular, sometimes burst-like pattern of self-administration may be caused
by the allostatic load of prolonged, compulsive drug use.
Supported by grant: USPHS DA02632

124.3

124.4

CHARACTERIZATION OF THE LOCOMOTOR EFFECTS OF
NOVEL COCAINE ANALOGS. H.L. Kimmel*1-B.E. Garrett1,
F.I. Carroll2, and M.I. Kuhar1. ‘Division of Neuroscience,
Yerkes Regional Primate Research Center, Emory University,
Atlanta, GA 30322; 2 Research Triangle Institute, Research
Triangle Park, NC 27709.
Cocaine abuse is a widespread problem in the United States
today. One strategy for treating addicts is to provide them
with a medication that will lessen the withdrawal symptoms of
and the craving for cocaine, a strategy similar to that of
methadone maintenance therapy for heroin and morphine
addicts. In the present study, we examined the effects of
cocaine and seventeen analogs of cocaine upon locomotor
activity in mice. Mice were injected with 1.0 to 30 pmol/kg of
each compound and horizontal activity was measured in 10min intervals for a total of 20 hours. The time course of activity
and the total activity produced by each of the compounds were
compared with those of cocaine. The level of activity was
compared with the chemical structure of the compound and
with previous data determining the potency of the compound
at the dopamine, serotonin, and norepinephrine transporters,
the sites of action of cocaine.
Supported by Office of National Drug Control Policy
(ONDCP) grant # OND 6069, DA00418, and RR00165.

SATIETY THRESHOLD; A MATHEMATICAL MODEL OF
MAINTAINED COCAINE SELF-ADMINISTRATION IN RATS

V.L. Tsibulsky*, M.R, Tabet, M.K, Norman, J.F.Hall and A.B, Norman,
Division of Neurosci., Dept. of Psychiatry, University of Cincinnati,
Cincinnati, OH 45267-0559
The intervals between self-injections of cocaine are defined by an
equation that contains only three parameters: the dose of cocaine
administered, the elimination half-life of cocaine, and an amount of
cocaine in the body, which we have termed the cocaine satiety threshold.
This latter parameter is defined as the maximal level of cocaine at which
the probability of self-administration (SA) approximates one and above
which the probability of SA is low. The mathematical model generated
mean values for the satiety threshold and the functional elimination
half-life for cocaine of approximately 1.7 mg/kg (i.v.) and 8.2 min,
respectively. Our model predicts that when cocaine levels are maintained
above the satiety threshold, rats would not self-administer cocaine. The
elimination rate of cocaine at the satiety threshold was calculated to be
approximately 2 pg/kg/sec. Therefore, an infusion of cocaine at this rate
should maintain cocaine levels fractionally above the satiety threshold. A
continuous infusion of cocaine at this rate prevented cocaine SA for the
duration of the infusion, confirming the model. This quantitative model
provides a description of cocaine SA and contains no subjective terms,
implying that psychological concepts are not necessary for descriptions of
this behavior in rats. (Supported by DAI2043 and HL07382).

124.5

124.6

Cocaine Potentiates Defensive Behaviors in Mice and Rats.D.C. Blanchard*. L.
Dulloog, Y.Hackney, C. M. Han, J.N. Kaawaloa, M.A.Hebert and D.C, Blanchard.
Bekesy Laboratory ofNeurobiology, University of Hawaii, Honolulu, HI 96822
Ethoexperimental measures indicate that cocaine potentiates defensive behaviors
previously shown to respond selectively to drugs that alter anxiety and, particularly,
panic. In a Mouse Defense Test Battery cocaine consistently enhanced flight and
escape, with effects seen at 10-30 mg/kg, i.p.dose levels and at different injectiontest intervals. In a Rat Runway Test, 4 mg/kg cocaine, i.v. produced a strong, but
well directed, flight response. Flight was still elevated 30 min. after the i.v.
cocaine, and defensive threat/attack to the oncoming threat stimulus were also
increased.
Cocaine also enhanced defense in tests of sniffing “stereotypy.” Sniffing after 30
mg/kg cocaine, i.p. was appropriately oriented to incoming air flow, suggesting
that it may be part of a defensive risk assessment pattern. Risk assessment is
suppressed by high-magnitude threat stimuli such as a cat, and a similar
suppression of sniffing was obtained after 30 mg/kg (i.p.) cocaine. Toycat exposure
suppressed sniffing initially in cocaine-dosed rats, but this suppression decreased
and sniffing increased, over repeated dose/toycat exposures. Crouching over these
testing regimes supported a “sniffing-suppression” interpretation of these changes
and also provided data suggesting that cocaine can sometimes enhance crouching.
These data have implications for cocaine potentiation of defense-linked
psychopathologies; and for the involvement of defense in both conditioning and
“sensitization” phenomena associated with cocaine, raising issues of the
relationship between the defense-enhancing and the reinforcing consequences of
cocaine, They may also suggest a basis for the subjective experience of efficacy and
potency that is sometimes associated with cocaine use.
Supported by NIH RR08125

ACUTE COCAINE EFFECTS ON SELECTED DEFENSE BEHAVIORS IN THE
MOUSE DEFENSE TEST BATTERY.
J.N. Nikulina, J.N. Kaawaloa. C.M.
Markham, D.C. Blanchard, and R,J. Blanchard. Dept. of Psychology and Bekesy
Laboratory ofNeurobiology, University of Hawaii, Honolulu, HI;
There is considerable clinical evidence that cocaine abuse in humans can result in
severe panic- and anxiety-related psychopathologioes. Previously in our laboratory we
demonstrated that the panicogenic compound yohimbine can increase flight and escape
responses to a predator, while panicolytic compounds such as alprazolam, imipramine,
and fluoxetine can suppress flight in a similar situation. The Mouse Defense Test
Battery allows to assess the full defensive repertoire of mice (avoidance/escape, flight,
jump attack, jump escape, defensive upright, risk assessment behaviors) to a predator
(rat) in a controlled and ethologically-sound situation.
In the present experiment male Swiss-Webster mice were given acute intraperitoneal
(i.p.) injections of either 0, 10, or 30 mg/kg of cocaine and tested either 7, 27, or 57
minutes later. Cocaine-treated animals tested at all three time intervals exhibited stable
and persistently heightened predator avoidance, increased flight (both speed and
number of flight attempts), and made more jump-escape attempts. The increase in flight
appeared to be due to heightened defensive response toward the predator, rather than a
generalized increase in motor behavior, since cocaine did not significantly increase
motor responses in the three minute pre-test prior to exposure to the threat stimulus.
Cocaine-treated subjects showed little or no change in other defensive measures
(defensive threat, defensive attack, risk assessment measures, etc.), since the
predominance of flight responding throughout the MDTB tests masked any possible
cocaine effects on other defenses. These findings suggest that cocaine affects certain
defensive behaviors in an ethologically-based model, and can potentially shed some light
on an understanding of cocaine-induced defensive psychopathologies.
Supported by: NIH RR08125
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124.8

COCAINE SELF-ADMINISTRATION INDUCES PROLONGED
LOCOMOTOR SENSITIZATION DURING LATE, BUT NOT EARLY,
WITHDRAWAL J, Onton12* and R.P. Hammer. Jr.1-2-3 Depts. of
’Neuroscience, 2Psychiatry and 3Pharmacology, Tufts University School of
Medicine, Boston, MA 02111.
Recent data suggest that behavioral sensitization, which is induced by
chronic cocaine treatment, is associated with incentive salience underlying
drug-seeking behavior. The present study examined whether repeated
cocaine self-administration induced sensitization in response to cocaine
challenge during withdrawal. Adult male Sprague-Dawiey rats received
intravenous catheters, after which locomotor response to cocaine challenge
was assessed for 45 min. Rats were trained to self-administer cocaine for 7
consecutive days, and then allowed access to a 16 hr binge. Locomotor
response to the same cocaine challenge was assessed 3 or 21 days later.
Sensitization was defined as 20% or greater augmentation of activity upon
final challenge compared to first response. Acute cocaine increased
locomotor response during the first 15 min of behavioral testing. Sensitized
animals exhibited significantly increased activity during this time after both
3 and 21 days. However, the pattern of behavioral sensitization differed at
these times. Locomotor response was significantly augmented during each
15 min testing period at 21 days, but not at 3 days when similar paradigms
reveal anhedonia and reduced basal metabolic state. These results suggest
that chronic cocaine self-administration induces prolonged state-dependent
sensitization, which may be associated with drug craving and relapse in
dependent subjects. Supported by USPHS Award DA09822.

ETHANOL PREEXPOSURE ATTENUATES THE ACQUISITION OF
COCAINE-INDUCED TASTE AVERSIONS. I. Grakalic and A. L. Riley*.
Psychopharmacology Laboratory, American Univ.; Washington, DC 20016.
The synergistic interaction of alcohol and cocaine has been demonstrated in a
variety of behavioral and physiological preparations. Interestingly, such effects have
only been assessed when the two drugs are given concurrently. The possibility of a
sequential interaction was investigated in the present experiment in which rats were
given five exposures to alcohol (3.5 g/kg administered intraperitoneally every fourth
day) prior to taste aversion conditioning with cocaine. During aversion training,
subjects were given exposures to a novel saccharin solution followed immediately by a
subcutaneous injection of cocaine (32 mg/kg) for a total of five conditioning trials.
Consumption of this alcohol-preexposed, cocaine-conditioned group (Group AC) was
compared with that of subjects preexposed to water and conditioned with cocaine
(Group WC), of subjects preexposed to alcohol and injected with water following
saccharin consumption (Group AW) and of subjects preexposed to water and injected
with water following saccharin consumption (Group WW). Subjects preexposed to
water and conditioned with cocaine (i.e., Group WC) displayed robust aversions to the
cocaine-associated saccharin solution, drinking levels significantly less than nonconditioned subjects in Group WW throughout conditioning. Subjects preexposed to
alcohol and conditioned with cocaine (i.e., Group AC) displayed a retarded acquisition
of the aversion, drinking significantly less than non-conditioned control subjects
(Group AW) only on Conditioning Trials 4 and 5. Further, subjects in Group AC
drank levels significantly greater than nonpreexposed, conditioned subjects throughout
conditioning. Under these conditions, alcohol attenuated (and did not potentiate)
cocaine’s aversive effects. Such an attenuation may have implications for cocaine use
and abuse in alcohol-experienced subjects.

124.9

124.10

SIMULTANEOUS EXPOSURE TO STRESS AND COCAINE
ABOLISHES COCAINE SENSITIZATION R. Sircar*, S. Biswas, T.
Scipione, S. Bennett, A. Schwimmer. Laboratory for Developmental
Neuroscience, Departments of Psychiatry, Neurology, Pathology,
Albert Einstein College of Medicine, Bronx, NY.
Repeated exposures to psychostimulants (cocaine, amphetamine)
produce long-lasting enhancement in behavior referred to as
behavioral sensitization. Repeated exposure to stressors (novel
environment, restraint, repeated foot shock) also result in the
development of behavioral sensitization. Several reports have
shown that repeated exposure to the former (psychostimulant) result
in cross-sensitization to an acute exposure of the latter (stressor),
and vice versa.
The present study explored the effects of
simultaneous exposure to stress and cocaine on acute as well as
repeated cocaine behavior. All rats received daily cocaine injections
(15 mg/kg, i.p.) for 5 days and behavioral scoring was done on the
first day and last day of cocaine injections, and to a cocaine
challenge following several days of drug-free period. Rats were
stressed - by exposing them individually to cold water for 5 min, prior
to cocaine injection in the test cage. Control rats received daily
cocaine injections without any stress exposure. Additional controls
received either only cold water stress or cold water stress followed
by saline injections in the test cage. Compared to Day 1 scores,
behavioral scores of rats treated daily with cold water stress and
cocaine were significantly attenuated both on Day 5 as well as
following the cocaine challenge. Together, this study shows that
daily stress pre-exposure along with cocaine injection inhibit cocaineinduced behavioral sensitization.

BUTYRYLCHOLINESTERASE ADMINISTRATION PREVENTS BEHAVIORAL EFFECTS OF COCAINE IN MICE BY CATALYSIS OF
COCAINE CLEARANCE. L, Koetzner1*, M. J. Weisslitz1, B. N. Condevaux1 and J. H. Woods1,2. Depts. of ’Pharmacology and Psychology,
University of Michigan, Ann Arbor, MI 48109.
Cocaine abuse is a medical problem; the development of a cocaine
antagonist might be of therapeutic benefit to many people. Receptor-based
strategies have not yielded completely satisfactory antagonists, probably
due to the complexity and mechanism of cocaine’s effects on the brain.
Changing cocaine kinetics by accelerating metabolism might be more effective; since butyrylcholinesterase (BChE) metabolizes cocaine, we investigated the effects of administration of exogenous enzyme on cocainestimulated locomotor activity. Intravenous (IV) pretreatment with BChE
(250-25000 units/kg) attenuated the effects of cocaine (10-56 mg/kg intraperitoneal, IP) on locomotor and stereotyped activity. These effects were
dependent on both the dose of BChE administered and the route of administration: intraperitoneal pretreatment with 25000 units/kg had less effect
than the same dose administered IV. The effect of BChE was also dependent on the drug used to stimulate locomotor activity, as the effects of nomifensine (10-56 mg/kg, IP) were not attenuated by enzyme pretreatment.
Reduction of the cholinesterase activity of the preparation by paraoxon incubation reduced the effect of the enzyme on cocaine-stimulated behavior,
indicating that enzyme catalysis is required for the antagonist effect. Taken
together, these data suggest that BChE administration can serve as an effective cocaine antagonist.
Supported by grants DA00254 and DA05777 from NIDA

124.11

124.12

HIGHLY SENSITIVE RADIOMETRIC ASSAY FOR COCAINE
HYDROLYSIS BY BUTYRYLCHOLINESTERASE. H. SurTand
S, Brimiioin. Dept. of Pharmacology, Mayo Clinic, Rochester MN 55905.
There is interest in finding and modifying enzymes such as plasma
butyrylcholinesterase (BChE) that detoxify cocaine by hydrolyzing the
benzoyl ester bond. Current assays for cocaine hydrolysis measure loss of
UV absorption but require large amounts of BChE, hindering the search for
greater catalytic power. We developed a more sensitive radiometric assay
based on organic solvent extraction of 3H benzoic acid liberated from 3H
benzoyl-labeled cocaine as substrate. Recombinant or natural BChE (50 pi)
is mixed with 3H cocaine (50 pi, 100 nCi). After 1 hr at 37 °C, reaction
mixtures are acidified with HCI (protonating benzoate for extraction) and
organic solvent plus scintillation fluor are added (no need to separate
aqueous and organic phases). Among solvents tested, pure toluene proved
optimal, quantitatively extracting benzoic acid but little unhydrolyzed
cocaine. Signal-to-noise ratio was best at pH 7.2 (spontaneous hydrolysis
increased at higher pH; enzymatic hydrolysis fell at lower pH). Under
optimal conditions samples with 0.001 U of BChE (~ 1000-fold less than
for spectrophotometric assay) gave 4 times the radioactivity of blanks
(BChE with 10'4 M ethopropazine), and 200 samples could be processed
per day. In a study of substrate kinetics this method yielded a Km of 4.3
pM, in reasonable agreement with spectrophotometric estimates. The
radiometric assay may save time and effort in attempts to engineer improved
methods for cocaine detoxication. (Supported by Mayo Foundation)

SUCROSE FEEDING PREDICTS THE RATE OF ACQUISITION OF
COCAINE SELF-ADMINISTRATION IN RATS. B. A. Gosnell*.
Neuropsychiatric Research Institute, Fargo, ND 58107.
Sucrose feeding has been shown to have a positive relationship with a
number of effects of amphetamine. In this study, individual differences
in sucrose feeding were examined in relation to cocaine self-administration. With a procedure similar to that used by Sills and Vaccarino
(Psychopharmacol. 116:1-8, 1994), granulated sucrose was presented to
rats for 1 hr each day for 8 days. On day 8, an i.p. injection of saline
immediately preceded the sucrose presentation. After the surgical implantation of intravenous catheters, low (LS) and high (HS) sucrose
feeders (n=8/group) were tested for cocaine self-administration in daily
90 min sessions. After 10 sessions at an infusion dose of 0.2 mg/kg,
doses of 0.5 and 1.0 mg/kg/infusion were tested for 4 days each. By day
10, the groups did not differ in tfye number of infusions obtained (46 ± 8
vs. 43 ± 10 for the HS and LS groups, respectively). However, acquisition was more rapid in the HS group. On days 6-8, the HS group obtained significantly more infusions than the LS group (p<.05). On day 6,
for example, the HS and LS groups obtained 37 ± 6 and 17 ± 4 infusions,
respectively. In a survival analysis, sucrose was a significant predictor
of days to acquisition (defined as the day on which a 3-day mean of at
least 25 infiisions was achieved). In test sessions at higher infusion
doses, no differences between the groups were observed. The identification of factors associated with the acquisition of drug usage may be
useful in efforts to prevent drug abuse. (Supported by NIDA DA05471)
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INTEROCEPTIVE DRUG CUE CONDITIONING OF COCAINE STIMULANT
EFFECTS. Robert J, Carev*. Ernest Damianopoulos and Gail DePalma. Dept. of
Psychiatiy, S.U.N.Y. Health Science Center and Research and Development (151), V.A.
Medical Center, Syracuse, N.Y. 13210.
It is widely recognized that certain central acting drugs induce Pavlovian conditioned
drug effects. As a consequence, contextual cues associated with such drug use can
acquire conditioned stimulus properties and evoke drug effects as conditioned responses.
While the number of drugs which are effective for the induction of conditioned drug
responses is limited, virtually all central acting drugs have stimulus properties and,
therefore, have the potential to function as conditioned stimuli. Seemingly then, any drug
with stimulus properties given in conjunction with a drug which induces conditioned
drug effects could acquire conditioned stimulus properties. In this report, we present
evidence that the pairing of the non-stimulant drug, the 5-HT1A agonist, 8-OH DPAT
(0.2 mg/kg) with cocaine (10 mg/kg) leads to the acquisition of cocaine stimulant effects
by 8-OH DPAT. Separate groups of rats (n=7) were given repeated pairings of either
saline and saline, 8-OH DPAT (0.2 mg/kg) and saline, saline and cocaine (10 mg/kg) or
8-OH DPAT (0.2 mg/kg) and cocaine (10 mg/kg) in association with a 20 min placement
in an open-field environment. Cocaine reliably induced locomotor stimulant effects
which were not altered by 8-OH DPAT. When administered by itself, 8-OH DPAT did
not increase locomotor behavior as compared to saline treated animals. Subsequently, the
groups were given a series of conditioning tests with either saline or 8-OH DPAT (0.1,
0.2 or 0.3 mg/kg). It was found that animals which had received 8-OH DPAT in
conjunction with cocaine exhibited cocaine-like stimulant effects when they were treated
with 8-OH DPAT and that the stimulant effects were maximal at the 0.2 mg/kg dose.
The other treatment groups exhibited locomotion effects equivalent to the saline treated
animals. These findings expand the involvement of drugs in Pavlovian conditioning of
cocaine effects to include both conditioned and unconditioned stimuli.
This research was supported by NIDA grant R01DA05366-12.

The Efficacy of Cocaine in the Establishment of CPP Across
Periadolescence. R.M, Philpot*, T. Dark, D.__ Peckham, C,L,—Kjrsteiil
Departments of Psychology and Pharmacology and Therapeutics, University of South
Florida, Tampa FI, 33620.
Adolescence is a period of high risk for the initiation of substance abuse, and this
developmental period appears to be unique in the profile of reward mediating neural
substrates. A major developmental strategy in mammals is an overproduction (e.g.,
synapses and receptors) until the onset of puberty, followed by a pruning process
from adolescence to adulthood. With respect to the nucleus accumbens (NAcc)
significant changes are observed during the period of periadolescence. From postnatal
day (PND) 25-40 rats exhibit significant elevations in both DI and D2 receptor
number in the NAcc, as well as changes in dopamine transporter levels (DAT), with
different developmental profiles observed for males and females. Since cocaine
appears to produce its reinforcing effects via DI receptors in the NAcc and produces
synaptic elevations in dopamine via blockade of the dopamine transporter, the present
study investigated developmentally-related changes in the rewarding efficacy of
cocaine (10, 20, 30 or 40 mg/kg) at 4 periadolescent age ranges, PND 20-25, 25-30,
30-35, and 35-40 in a conditioned place preference paradigm. Animals were trained
over a period of five days, one day of pre-exposure to the apparatus followed by 4
successive days of training, alternating daily between conditioning and control
chambers. Cocaine was paired with a context containing both visual and textural cues
and preference was determined by measuring total time spent in the conditioned
chamber versus the unconditioned chamber. Animals trained from PND 30-35, the
developmental range in which many receptor and transporter changes are most
extreme, exhibited maximal preference for the conditioned side when trained with 30
mg/kg cocaine. Significant preferences in PND 30-35 animals were also established
with 20 and 40 mg/kg but not however, with 10 mg/kg, a dose normally effective in
adult studies. The rewarding efficacy of cocaine across the 4 periadolescent age
categories examined, as well as developmentally related sex differences are discussed.

124.15

124.16

A DISCRETE CLASSICALLY-CONDITIONED STIMULUS ELICITS
DRUG-SEEKING BEHAVIOR IN AN ANIMAL MODEL OF RELAPSE.
R.E, See* and P.J. Kruzich. Department of Physiology and Neuroscience,
Medical University of South Carolina, Charleston, SC 29425.
Animal models of relapse following chronic drug self-administration have
sought to produce situations whereby animals will reinstate responding in the
presence of conditioned stimuli. In this study, rats self-administered i.v.
cocaine (0.25 mg/infusion) on a FR1 schedule of reinforcement for 14 days (3
IVday). On days 5 and 10, rats had no access to the operant levers and were
administered i.v. cocaine in a noncontingent manner. In addition, the drug
infusions on these days were discretely paired with a 5 sec compound
stimulus (tone + light), which was only experienced on these two trials (days
5 and 10). After 7 days of extinction trials in which lever responding had no
programmed consequences, rats were given noncontingent presentations of
the compound stimulus alone in the absence of cocaine (test day 1).
Following 2 more extinction sessions, animals were presented with the
compound stimulus alone, contingent upon lever pressing (test day 2).
Finally, rats were given a single priming infusion of cocaine after 2 more
extinction trials (test day 3). Responding on test day 1 did not differ from
extinction conditions (i.e. no reinstatement), while responding on test day 2
was significantly increased over extinction rates. In addition, rats with the
lowest responses for contingent stimulus presentation showed greater
increases in lever responding after a single cocaine infusion on test day 3.
These results indicate that a distinct noncontingent “cue” does not induce
drug-seeking behavior after extinction.
However, previous classical
conditioning of a stimulus will enhance drug-seeking behavior during
contingent presentation of the CS. (Supported by NIH grant DA10462.)

THE DOPAMINE DI RECEPTOR AGONIST SKF82958 SERVES
AS A DISCRIMINATIVE STIMULUS IN THE RAT.
C.N. Haile*. G. Carev. G.B, Varty. V.L, Coffin, CNS/CV Biological Research,
Schering-Plough Research Institute; Kenilworth, NJ 07033.
The ability of cocaine to act as an indirect agonist at dopamine receptors is thought
to underlie its behavioral effects. It is still unclear however, the contribution of DI vs.
D2 receptor subtypes in mediating these effects. The present study investigated
whether the selective DI agonist SKF82958 could serve as a discriminative stimulus
and whether or not cocaine would substitute for the SKF82958 cue. Male SpragueDawley rats were trained to discriminate SKF82958 from saline in a two-lever, foodreinforced (FR 30) procedure. When rats reached testing criteria, a SKF82958 dose
response curve was determined followed by substitution and antagonism tests. Results
showed that SKF82958 served as a reliable discriminative stimulus at 0.03 mg/kg
following an average of 33 training days. Higher doses (0.3 and 1.0 mg/kg) disrupted
response rates during training. The DI antagonist SCH39166 (0.01 mg/kg) shifted the
entire SKF82958 dose response curve to the right without disrupting rates of
responding while the D2 antagonist raclopride (0.03 mg/kg) failed to induce any shift.
The high efficacy DI agonist SKF81297 (1.0 mg/kg) completely substituted for the
SKF82958 cue (90% drug-lever responses) but appreciably decreased response rates,
whereas the lower efficacy DI agonist, SKF38393 (3.0 mg/kg) partially substituted
for the SKF82958 cue (55% drug-lever responses) and did not affect response rate. The
D2/D3 agonist quinpirole (0.01-0.1 mg/kg) did not substitute and profoundly decreased
rates of responding at the highest dose tested. In addition, cocaine (0.3-5.6 mg/kg) tfid
not completely substitute for the SKF82958 cue (44% drug-lever responses). These
results demonstrate that the DI agonist SKF82958 can serve as a discriminative
stimulus in rats. Furthermore, the SKF82958 stimulus is mediated by a DI receptor
mechanism, and the indirect dopamine agonist cocaine does not reproduce the
interoceptive cue elicited by SKF82958.

124.17

124.18

REINFORCING PROPERTIES
OF
N-(l-(2-BENZO(B)THIOPHENYL)
CYCLOHEXYL)PIPERIDINE (BTCP) IN SELF-ADMINISTERING RATS.
R, Martin-Fardon* and F, Weiss. The Scripps Research Institute, Dept. of
Neuropharmacology, La Jolla CA 92037.
N-(l-(2-benzo(b)thiophenyl)cyclohexyl)piperidine (BTCP), is a phencyclidine
derivative and, like cocaine, a potent dopamine reuptake inhibitor. Earlier studies
have shown that BTCP can increase the reinforcing effects of cocaine. Ihe
present investigation sought to characterize the reinforcing actions of BTCP in
naive male Wistar rats. Rats were implanted with jugular catheters and trained to
lever press for BTCP IV infusions (0.25 mg/infusion) on a fixed ratio schedule
(FR 5). Self-administration of 4 unit doses of BTCP (0.03, 0.06, 0.125, 0.25
mg/infusions) produced an inverted U-shaped dose-effect curve. Two doses on the
ascending limb of the dose response curve (0.125 and 0.25 mg/infusions) were
then tested on a progressive ratio schedule of reinforcement. The response
requirement (number of lever responses required to receive a drug infusion, i.e.,
ratio) was increased in the following manner: for each the first 8 infusion the
ratio was increased by 1, for each of the next 8 infusions the ratio was increased
by 2 and for each of the next 8 infusions the ratio was increased by 4. Thereafter,
the ratio was increased by 8 for each BTCP infusion. The breaking point (BP)
was then defined as the highest ratio reached to receive a drug infusion. Under
these conditions, at the training dose of BTCP (0.25 mg/infusion), the BP was
reached in 20 hours (621.3 ± 144 lever-presses for a total of 94.2 ± 18.0
infusions), and at 0.125 mg/infusion the BP was reached in 7 hours (215.0 ±
89.0 lever-presses for a total of 43.2 ± 11.2 infusions). Together these results
demonstrate that BTCP exerts strong reinforcing effects and seems to be more
potent in this regard than cocaine.
Supported by NIDA grant DA07348 (F.W.), Singer Polignac and Simone et
Cino Del Duca Fondations (R.M.F.).

EFFECT OF COCAINE CHRONIC TREATMENT AND WITHDRAWAL
ON DIET PREFERENCES AND CIRCADIAN PATTERN OF FOOD
INTAKE IN RATS. R, J. Wurtman*. I. V. Zhdanova and M. Giorgetti.
Department of Brain and Cognitive Sciences, Massachusetts Institute of
Technology; Cambridge, MA 02139.
Cocaine is a highly addictive drug with strong anorectic properties. Here
we describe the effect of long-term treatment with cocaine (8 days, 15 mg/kg
ip, b.i.d) or saline on the feeding behavior of rats. Individually housed male
Sprague Dawley rats were given a choice between a regular diet (60%
carbohydrate; 20% protein) and a high carbohydrate diet (CHO: 85%
carbohydrate; 1-2% protein). Their individual food intakes were measured
daily at 9 AM and 6 PM, concomitant with the injections of cocaine/saline
and continuing during drug withdrawal.
During the dark phase cocaine suppressed CHO intake (3.5+0.5 g vs.
7.5+0.1 g, P<0.01), without altering intake of the regular diet (11.8+1.8 g vs.
12.5+2.1 g). On the other hand, during the light phase cocaine increased
intake of the regular diet (5.0+1.1 g vs. 1.5+0.5 g, P<0.01) and of the CHO
(2.1+0.4 g vs. 0.8+0.1 g, P<0.05). No significant difference in twenty-four
hour pattern of locomotor activity was observed between cocaine-treated and
control groups. During withdrawal the cocaine-treated rats increased CHO
consumption during the dark phase and showed a progressive reduction in
intake of both foods during the light phase. These data suggest that cocaine
chronic treatment suppresses nocturnal CHO consumption and induces
perturbations in the circadian pattern of food intake in rats.
Supported by Center for Brain Sciences & Metabolism Charitable Trust.
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125.2

EPHEDRINE AND PHENYLPROPANOLAMINE PRODUCE SELECTIVE LONGLASTING DECREMENTS IN DOPAMINE AXONAL MARKERS IN STRIATUM OF
RODENTS AND NONHUMAN PRIMATES. J. Yuan*, B, Callahan. G. Hatzidimitriou
and G.A. Ricaurte. Department of Neurology, Johns Hopkins Medical Institutions,
Baltimore, MD 21224.
[lR,2S]-(-)Ephedrine and [lR,2S]-(-)phenylpropanolamine are amphetamine analogs
that are sometimes abused. Despite their abuse liability, little is presently known
regarding the neurotoxic potential of repeated doses of ephedrine and
phenylpropanolamine. We previously reported that ephedrine, like amphetamine, has
potential to selectively damage brain dopamine neurons in mice. The purpose of the
present studies was to determine if the neurotoxic effects of ephedrine generalize to
nonhuman primates, and to ascertain if phenylpropanolamine has neurotoxic properties
similar to those of ephedrine. Squirrel monkeys were treated with 20 mg/kg ephedrine
subcutaneously four times, at 2-hour intervals. This dosage regimen was selected in
order to account for the 5- to 10-fold potency difference between ephedrine and
amphetamine, and to simulate abuse conditions. Control animals received saline. Two
weeks after drug treatment, monkeys were sacrificed and brains were evaluated for
evidence of brain dopamine and serotonin neurotoxicity. As in the mouse, ephedrine
produced a significant depletion (~ 50%) of striatal dopamine axonal markers in the
monkey. Similar results were obtained with phenylpropanolamine, both in the mouse
and in the monkey. Neither amphetamine analog produced long-term effects on brain
serotonin axonal markers. These results indicate that both ephedrine and
phenylpropanolamine have the potential to selectively damage brain dopamine neurons
in rodents and nonhuman primates. Whether or not these findings generalize to humans
who use these amphetamine analogs for recreational purposes remains to be determined.
[Supported by NIH grants DA05707 and DA00206]

EFFECT OF DOPAMINE STIMULANTS ON THE DEVELOPMENT
OF OLIGODENDROCYTES AND THE EXPRESSION OF MYELIN MARKERS
IN THE RAT PUP
P.NGUYEN, 0. BEZOUGLIA AND S. HOWARD*
Dept. of Molecular and Medical Pharmacology and the MRRC
University of California, Los Angeles, CA 90095

125.3

125.4

ASTROCYTIC BASIC FIBROBLAST GROWTH FACTOR
EXPRESSION DURING AND AFTER A PROLONGED
ESCALATING AMPHETAMINE TREATMENT. C. Flores* and J.
Stewart, Center for Studies in Behavioral Neurobioiogy, Concordia
University, Montreal, Canada, H3G 1M8.
We reported recently that after 3 intermittent injections of 3.0 mg/kg
amphetamine (AMPH) there is a long-lasting increase in expression of
astrocytic fibroblast growth factor (bFGF) in cell body regions of
midbrain dopaminergic neurons; an effect prevented by glutamate
receptor antagonists. We now report on bFGF-IR after more intense
and prolonged exposure to AMPH. Rats received twice daily
injections, 7 h apart, 5 days a week, of an escalating dose of AMPH or
saline for either 2 weeks (from 1 to 4 mg/kg) or 5 weeks (from 1 to 9
mg/kg). After the 2 weeks treatment, a significant increase in bFGF-IR
in both ventral tegmental area (VTA) and substantia nigra compacta
(SNc) was observed 1 week after the last AMPH injection. One week
after the last injection of the 5 weeks treatment, however, the AMPHinduced bFGF-IR increase was not longer present. Furthermore, 1
month after the last injection of the 5 weeks escalating treatment a
significant decrease in bFGF-IR was observed in the VTA and SNc of
AMPH-treated rats. These findings suggest that the factors that initiate
the recruitment of bFGF are absent following prolonged and intense
AMPH exposure, that bFGF is self-regulating, or that in such
conditions the astrocytic response is spent. The effects of these
escalating AMPH treatments on bFGF-IR in dopaminergic midbrain
and forebrain terminal regions is being investigated. Supported by
MRC, Canada, and FCAR, Quebec.

SELF-ADMINISTRATION OF COCAINE MODIFIES NEURONAL
MORPHOLOGY IN NUCLEUS ACCUMBENS AND PREFRONTAL
CORTEX. T. Robinsoni*, E. Mittonh G. Gomy2 & B, Kolb?.
Psychology & Neuroscience, University of Michigan, Ann Arbor, MI
48109, and 2University of Lethbridge, Lethbridge, Canada, T1K 3M4.
We reported previously that repeated treatment with experimenteradministered amphetamine or cocaine produces a persistent increase in
dendritic branching and spine density on neurons in the nucleus
accumbens (Acc) and medial prefrontal cortex (Cg3). The purpose of the
present experiment was to determine if self-administered cocaine has
similar effects. Rats were trained to self-administer 0.33 mg/infusion of
cocaine via an intravenous catheter using standard operant techniques,
and then allowed to self-administer cocaine on a FR1 schedule for 1
hr/day 5 days a week for approx. 2 months. Control animals were
allowed to bar press for food over the same period of time, or were left
undisturbed. One month after the last self-administration session the
brains were processed for Golgi-Cox staining. Cocaine selfadministration, but not bar pressing for food, stimulated growth of
dendrites on medium spiny neurons in Acc and pyramidal cells in Cg3.
Cocaine self-administration (but not food training) also increased the
density of dendritic spines on these same cells. It appears that repeated
exposure to psychostimulant drugs, either by self- or experimenteradministration, reorganizes patterns of synaptic connectivity in the Acc
and prefrontal cortex. These drug-induced changes in the circuitry of
brain reward systems may be responsible for some of the enduring
behavioral consequences of repeated exposure to psychostimulant drugs.
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ENVIRONMENTAL MODULATION OF AMPHETAMINE-INDUCED CFOS mRNA EXPRESSION. MM Ostrander* ^.H.EW-, Pa.y<.A.JBadiani3,
H, Akil2. S.I. Watson2, and T.E. Robinson^. Neuroscience Program1, Mental
Health Research Institute^, & Dept. of Psychology^, University of
Michigan, Ann Arbor, MI 48109.
Administration of low to moderate doses of amphetamine (AMPH) in a
NOVEL test environment induces a greater acute psychomotor response and
greater rate of sensitization than administration of the same dose of AMPH
in a physically identical HOME environment (Badiani et. al, 1995). In an
effort to understand the neural mechanisms underlying the environmental
modulation of the acute drug response, we recently used c-fos in situ
hybridization to investigate the pattern of neuronal activation in various
brain regions. We found that an acute i.p. injection of AMPH resulted in
dramatic environment-dependent c-fos mRNA expression in the striatum and
several cortical areas (Badiani et. al, 1998). Based an these results and our
earlier observation that repeated AMPH in the NOVEL environment results
in a greater rate of sensitization, we hypothesized that the pattern of c-fos
mRNA expression induced by i.v. AMPH would differ as a function of 1) the
environment in which AMPH is administered and 2) the past drug history of
the animal. We tested this hypothesis by comparing the ability of an
AMPH challenge to induce c-fos mRNA expression in animals pretreated
with saline or AMPH (0.5 mg/kg i.v.) in the HOME or NOVEL environment.
Preliminary data suggest that AMPH-induced c-fos mRNA expression in the
striatum, medial prefrontal cortex, and orbital cortex does vary as a function
of the environment in which it is administered, but there does not appear to
be an effect of prior drug history cn c-fos mRNA expression in these brain
regions. (Supported by NIDA grants to TER, HA and SJW.)

NOVELTY INDUCED ENHANCEMENT OF THE ACUTE
PSYCHOMOTOR EFFECTS OF AMPHETAMINE AND
SENSITIZATION: ROLE OF HABITUATION. Hans S.
Crombag*, Sean Dineen, Aldo Badiani and Terry E. Robinson. Dep. of
Psychology, The University of Michigan, Ann Arbor, MI 48109.
We have previously reported that repeated unsignalled amphetamine
(AMPH) treatment (0.5-1.0 mg/kg) in the home cages does not produce
behavioral sensitization whereas the same treatment produces robust
sensitization if drug administration is given in a novel test environment.
The purpose of the current experiment was two-fold. First, we
investigated whether habituation to the test environment would attenuate
the acute psychomotor effects and the development of sensitization.
Second, in doing so, this experiment explored the temporal
characteristics of the effect of novelty on the psychomotor activating
effects of repeated AMPH treatment. The psychomotor stimulant effects
of repeated AMPH treatment were evaluated in the following
environmental conditions: in a novel environment, following 8 hours, 1
hour or 30 minutes habituation to the test environment prior to each
treatment, or in the home cages. All groups were given 0.5 mg/kg
AMPH i.v. for 14 days, followed by a withdrawal period and an AMPH
challenge. The psychomotor activating effects of AMPH were quantified
by measuring rotational behavior in rats with unilateral nigrostriatal
dopamine lesions. The results indicate that i) habituation to the test
environment attenuated the acute psychomotor effects to AMPH, but ii)
habituation was not sufficient to attenuate the development of
sensitization. These data further support the notion that environmental
modulation of the acute psychomotor stimulant effects and sensitization
are independent. (Grant # DA 04294).
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We have recently determined that the D2 Dopamine
receptors (D2r) are on interfascicular oligodendrocytes,
and that administration of cocaine during early development, causes a delay in differentiation and/or maturation
of the oligodendrocyte. In order to examine the effect
of DA on the development of the oligodendrocyte, we
administered the DA releasing drugs amphetamine (amph)
1 mg/kg s.c., methamphetamine(meth) 1 mg/kg s.c. or
methylene dioxyamphetamine (MDA) lmg/kg s.c. for 10 days,
beginning on postnatal day 4 (P4). Pups were sacrificed
on P15, and thier brains examined for expression of D2r,
MBP (myelin basic protein), and PLP (proteolipid protein)
by in situ hybridization, northern blot analysis and
immunohistochemistry. Northern blot analysis showed that
AMPH produced the greatest decrease in myelin markers.
This work was supported by a pilot grant from the
Stein-Oppenheimer fund.

Supported by a NIDA grant to TR and a NSERC of Canada grant to BK.
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C-FOS mRNA EXPRESSION AFTER ACUTE AMPHETAMINE OR
COCAINE: THE INFLUENCE OF ENVIRONMENTAL NOVELTY.
J. Uslaner1, A. Badiani1*, H.E.W. Day?, S.J. Watson2, H. Akil? &
T.E. Robinson1, Dept. Psychology1 & Mental Health Research
Institute2, University of Michigan, Ann Arbor, MI 48109.
We reported previously that exposure to a novel context greatly enhances the acute psychomotor activating effects of amphetamine (AMPH),
AMPH sensitization, and its ability to induce c-fos mRNA in the striatum,
relative to when AMPH is given in the home cage. The purpose of this
experiment was 2-fold: 1) to determine if environmental context has a
similar effect on the ability of cocaine (COC) to induce c-fos mRNA, and
2) to determine if this effect of environment is seen in neurologicallyintact rats (previous studies were with rats that had a unilateral 6-OHDA
lesion). In the caudate nucleus and medial prefrontal cortex both AMPH
(1.5 mg/kg) and COC (15 mg/kg) induced c-fos mRNA to a greater
extent when administered in association with environmental novelty. For
AMPH this effect was evident throughout most of the caudate, but for
COC the effect of environment was confined primarily to the dorsomedial
quadrant of the caudate. Mere exposure to a novel environment also
induced c-fos expression, and in some structures this may account for
the ability of novelty to enhance drug-induced c-fos expression. It is
concluded that 1) environmental novelty has a similar effect on the ability
of both AMPH and COC to induce c-fos mRNA in the caudate and frontal
cortex, although there are also differences in the actions of these two
drugs; 2) the ability of environmental context to modulate psychostimulant drug-induced gene expression may contribute to its ability to
modulate the persistent neurobehavioral consequences of psychomotor
stimulant drug use. Supported by NIDA grants to TR, HA and SJW.

AMPHETAMINE REGULATION OF AP1- AND CREDEPENDENT TRANSCRIPTION IN THE INTACT NERVOUS
SYSTEM USING AP1- AND CRE-LACZ TRANSGENIC MICE.
Jose A, Mordn* and Bruce Hope.
Laboratory on Molecular Mechanisms of Behavior, Behavioral
Neurosciences Branch, National Institute on Drug Abuse, 5500
Nathan Shock Dr, Baltimore, MD 21224.
Repeated administrations of a drug of abuse are required to
produce the gradually developing and long-lasting behavioral
changes associated with addiction. Corresponding alterations in gene
expression, including transcription, are suggested to underlie these
behavioral changes. The transcription factor complexes, AP-1 and
CREB are thought to mediate some of these alterations in transcription
following drug administration. However, it is virtually unknown how the
AP-1 or CREB complexes regulate AP1- and CRE-dependent
transcription in the intact nervous system. Studies of AP1- and CREdependent regulation in cell lines are not helpful since AP-1 and CREB
complexes have shown widely varying effects on transcription
depending on the cell type and media chosen. In response, we have
developed AP1-lacZ and CRE-lacZ transgenic mice which contain 4X
AP-1 sites and 6XCRE sites upstream of the beta-galactosidase
reporter gene. Acute amphetamine increased expression of betagalactosidase in several brain regions. Surprisingly, expression
continued to rise in some regions 24 hours following acute
administration. The results suggest a short-lasting acute administration
of amphetamine can induce much longer-lasting alterations of
transcription in the intact nervous system. We will continue to examine
these unexpected findings following acute and chronic amphetamine
and cocaine adminstrations. [Supported by NIDA IRP]

125.9
ENVIRONMENTAL NOVELTY DIFFERENTIALLY AFFECTS AMPHETAMINE-INDUCED
C-FOS MRNA IN THE AMYGDALA AND BED NUCLEUS OF THE STRIA TERMINALIS. H.
E.W. Day1*, A. Badiani2, M.M. Oates2, T.E, Robinson2, S.J. Watson1 and H. Akil1.1 Mental
Health Research Institute; 2Dept. Psychology, Univ. of Michigan, Ann Arbor, Ml 48109.
We have reported previously that exposure to environmental novelty enhances the
psychomotor activating effects of amphetamine and its ability to induce c-fos mRNA in the
striatum and other brain regions. Here we report that exposure to environmental novelty
differentially affects the pattern of amphetamine-induced c-fos mRNA in the bed nucleus of the
stria terminalis (BST) and amygdala. Adult male rats were injected with amphetamine, 2 mg/kg
i.p. (AMPH), or saline (SAL), in either their home cage (HOME), or in a physically identical but
novel environment (NOVEL). Animals were killed after 50 min. and the brains processed for in
situ hybridization. For all regions of the BST and amygdala, naive and HOME-SAL groups
exhibited background levels of c-fos mRNA. Three patterns of c-fos mRNA were observed; the
first two consistent with those described previously, and the third very distinctive. 1) In the
medial nucleus of the amygdala and medial posterior BST, HOME-AMPH animals exhibited
background levels of c-fos mRNA expression, while both NOVEL-SAL and NOVEL-AMPH
groups resulted in similar moderate levels of c-fos mRNA expression. 2) In the basolateral and
lateral amygdala complex, moderate expression was observed in NOVEL-SAL and HOMEAMPH groups. Similar to other brain regions, an additive effect on c-fos mRNA was observed
for the NOVEL-AMPH group. 3) In the lateral division of the central nucleus of the amygdala
(CEAi) and the oval nucleus of the BST (BSTov), a robust increase in c-fos mRNA was
observed in HOME-AMPH animals, while the NOVEL-SAL group elicited a very small increase
in these areas. In contrast to all other brain areas examined to date, exposure to amphetamine
in the novel environment resulted in significantly lower (approximately 50%) c-fos mRNA
expression compared with at home. Dual in situ hybridization demonstrated that the majority of
cells positive for c-fos mRNA in the BSTov and CEAI did not contain corticotropin releasing
hormone. Work is currently in progress to determine the neurochemical identity of these c-fos
positive cells. This work was supported by NIDA DA04294, DA08920 and DA02265 (TER) and
NIDA DA02265 and Bristol Myers Squibb Research Award (HA).
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FOREBRAIN INJURY FOLLOWING FLUID PERCUSSION INDUCED TRAUMA
COUPLED WITH SECONDARY HYPOXIA. K.M. McBride. J.M. Petras, R.A.
Bauman, J.B Lone, and M, Sipos*. Division ofNeuroscience, Walter Reed Army Institute
of Research, Washington, D.C. 20307-5100.
Halothane anesthetized male Sprague-Dawiey rats (250-300g bw) received either
i) unilateral parasagittal fluid percussion injury (FPI) to the cerebral cortex; ii) FPI
followed immediately thereafter by 30 min of systemic hypoxia (FPI-H); or were sham
injured with post-injury iii) normoxia or iv) hypoxia. Fourteen days post-injury, rats
were administered pentobarbital sodium prior to transcardial perfusion of i) a clearing
agent and ii) fixation with formalin (10%). Transverse serial sections were stained either
with thionin or a cupric-silver method (deOlmos, et al., 1994). No evidence of injury was
observed in sham injured rats. Combining fluid percussion injury and systemic hypoxia
(FPI-H) resulted in greater loss of thalamic neurons and more widespread and severe
gliosis than in the brains of rats traumatized by FPI alone. The cerebral cortex, septal
nuclei, cingulate, and retrosplenial cortices, hippocampal formation, basal ganglia, and
the thalamic anterior, medial, dorsal, and ventral nuclear groups were more widely
damaged by FPI-H exposure than by FPI alone. The thalamic nuclei VA, LD, LP, GLd,
and PO were damaged in their entirety ipsilateral to the trauma, and only small sectors of
the thalamic nuclei VL and VP were spared. Extensive areas of the ipsilateral AD and
AV nuclei were damaged, whereas the AM nucleus was minimally affected in FPI-H and
FPI cases. The thalamic MD nucleus was more affected in FPI-H cases while neuronal
injury to midline nuclei was minimal in the same cases. Axonal degeneration was
bilateral, and massive ipsilaterally in FPI-H cases in the i) thalamic dorsal, ventral, and
medial tier nuclei; ii) cerebral white matter; iii) corpus callosum; iv) fimbria of the
fomix; and v) internal capsule. Brain trauma coupled with systemic hypoxia dramatically
expanded the level of forebrain injury further underscoring the significance ofmaintaining
or providing normal oxygenation of the cerebral circulation. Funded by the U. S. Army
Medical Research and Materiel Command.

CHANGES IN MITOCHONDRIAL FUNCTION IN STRETCHINJURED ASTROCYTES AND NEURONS. S.M. Ahmed. B.A.
Rzigalinski*. K.A, Willoughby. H.A. Sitterding and E.F, Ellis, Dept. of
Pharmacology and Toxicology, Medical College of Virginia, Virginia
Commonwealth University, Richmond VA.
Evidence supporting the role for mitochondrial damage and energy
deficit in the pathology of traumatic brain injury (TBI) is unclear.
Using our in vitro model for TBI, we tested the hypothesis that injuiy
of astrocytes and neurons leads to mitochondrial dysfunction with
subsequent energy deficit. Pure astrocytes, nqixed neuronal/glial
cultures and pure neuronal cultures were subject to mild (5.7 mm),
moderate (6.5 mm) or severe (7.5 mm) stretch injury. Cellular ATP
levels were measured using the luciferin-luciferase assay.
Mitochondrial membrane potential (MMP) was examined using the
fluorescent dye rhodamine-1,2,3. ATP levels dropped significantly in
pure astrocyte cultures 15 minutes after mild or moderate injury, to
approximately 50% that of uninjured cells, with a corresponding
decline in MMP. Astrocyte ATP and MMP returned to control by 24
hours. Neurons in mixed neuronal plus glial cultures also displayed a
50% drop in MMP 15 minutes after mild, moderate or severe injury
that recovered within 24-48 hours. However, neurons in pure
embryonic cultures exhibited a decline in MMP only after severe (7.5
mm) stretch, which was sustained for 48 hours. When embryonic
neurons were cultured on pure astrocyte cultures, their response to
injury was altered. Embryonic neurons cultured on astrocytes became
susceptible to loss of MMP after mild injuiy. Our findings indicate that
injury leads to a reversible cellular energy deficit in astrocytes, and that
the presence of astrocytes in culture affects neuronal mitochondrial
function after injury. We suggest that iniury-induced deficits in
astrocyte function may provoke mitochondrial deficits in neurons.
Supported by NS-27214, NS-07288.
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MITOCHONDRIAL RESPIRATORY FUNCTION AND ATP CONCENTRATION
DEFICITS IN CORTICAL AND HIPPOCAMPAL REGIONS FOLLOWING
LATERAL FLUID-PERCUSSION BRAIN INJURY IN THE RAT.
J. Lifshitz, R. Raghupathi*, F.A. Welsh, T.K. McIntosh. Dept. of Neurosurgery, Univ.
ofPA, Philadelphia, PA 19104.
Traumatic brain injury (TBI) results in delayed and progressive cell death, both
apoptotic and necrotic, particularly within the parietal cortex and CA3 of the
hippocampus. The energy demands of apoptosis require at least partially functional
mitochondria to support its completion, otherwise necrosis will pervade, potentially
exacerbating the injury. To determine whether areas affected by the injury have the
metabolic support to undergo an apoptotic cell death, we assessed mitochondrial
respiratory function and local ATP content in the cortex and hippocampus acutely
following lateral fluid percussion (FP) brain injury. Male Sprague-Dawley rats (375400g) were anesthetized and subjected to moderate FP brain injury (2.5-2.7 atm) or
sham surgery. Oxygen consumption per min per mg of parietal cortex (~100mg) or
hippocampus (~80mg) was measured in isolated mitochondria at 3 hours after injury.
State 3 respiration (ADP stimulated), state 4 respiration (ADP depleted) and respiratory
control ratios (state 3/state 4) were not significantly different between ipsilateral
injured, contralateral and sham regions. Additional animals were frozen in liquid
nitrogen and tissue from the cortical and hippocampal regions and subregions were
assayed for ATP content by lucifenn:luciferase reaction. ATP content (mM ATP/Kg
tissue) in the ipsilateral injured, contralateral and sham cortex and hippocampus were
not significantly different from one another. However, significant reductions in ATP
content were detected in subregions (~1.5mg) of the injured cortex and CA3
hippocampus. Regional respiratory function and ATP content would suggest that
mitochondria from injured brain are capable of supporting the energetic demands of
their host cells, whether for repair or programmed cell death. Yet, specific subregions
that degenerate following TBI do exhibit limited ATP for bioenergetic functions.
(Supported by NIH grants NS08803, NS26818, GM34690 and a VA Merit Review.)

FREE RADICAL FORMATION IN RAT BRAIN MITOCHONDRIA - A
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T, Wieloch*. ’Laboratory for Experimental Brain Research, Wallenberg
Neuroscience Center, Lund University Hospital,
2Section
for
Neurophysiology, Lund University, S-22185 Lund, Sweden.
Mitochondria have been identified as key players in cell death in different
models of neurodegeneration. In this study, we have used flow cytometry to
study isolated mitochondria at the single organelle level. This method makes it
possible to rapidly collect data on a number of parameters for each organelle.
We have applied this technique to study changes in formation of free radicals,
membrane potential, and changes in light scattering properties in isolated
mitochondria under different metabolic conditions. Mitochondrial swelling
caused by high levels of calcium was detected as a decrease in side scattering
(SSC, “granularity”), and was prevented by the addition of Cyclosporin A
(5gM). The formation of free radicals was studied by loading the mitochondria
with dichlorodihydrofluorescein diacetate, which when oxidized generates the
fluorescent compound dichlorofluorescein. Mitochondrial membrane potential
(AY) was detected using the fluorescent dye tetramethylrhodamine. The
formation of free radicals was studied under normal conditions, and after
addition of ADP (200pM), the uncoupler CCCP (0.5pM) or Ca2+ (30mM).
We found that the formation of free radicals after addition of Ca2+ was elevated
compared to the control experiments. After addition of ADP and CCCP, the
formation of free radicals decreased. Our results indicate that the formation of
free radicals is lower in depolarized or actively respiring mitochondria than in
mitochondria with a low respiratory activity or high calcium load.
Supported by the Swedish MRC.
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NEUROTRAUMATIC DAMAGE SPREADS VIA GAP JUNCTIONS.
IxAdamohik, M, Weisspapir. M.V, Frantseva. C.C.G. Naus. P.L. Carlen*. J.L. Perez
Velazquez. Playfair Neuroscience Unit, Toronto Western Hospital, 399 Bathurst St.,
Toronto, Ontario M5T 2S8, Canada
Two models of mechanical trauma injury were used to assess the role of gap
junctional communication (GJC) in spreading cell death after the impact damage.
Organotypic hippocampal slice cultures were prepared from 7 days old Wistar male
rats, and were used after 14 days in vitro. Primary traumatic injury was achieved by
rolling a glass cylinder (5 mm diameter, 2mm length, 0.135 g weight) on the
organotypic slice, and secondary traumatic injury by dropping onto the slice a weight
of 0.137g from 2mm (area 1.5 mm2). Cell death was examined by propidium iodide
fluorescence at several time points using the rhodamine channel of a confocal
microscope. The initial localised impact damage in the secondary injury model spread
24,48 and 72 hours after the injury, cell death being 11 % at 24 hours and 35% at 72.
The gap junctional blockers carbenoxolone (120 uM) and octanol (50 wM)
significantly reduced the spread of the cell death in both trauma models. Higher
concentrations of octanol (200 m M) were found to be toxic. To determine whether
specific connexins (the proteins that form gap junctions) are involved in spreading the
damage, we used organotypic brain slices prepared from mice with a mutation for
connexin 43 (a connexin present mostly in astrocytes). Cell death spread less in slices
from heterozygote animals (that express less than half of connexin43 expressed by
wild-type) as compared with slices from wild-type animals. These results indicate that
GJC plays a critical role in the spread of trauma related injury in brain tissue, and that
these models of moderate mechanical trauma could be potentially exploited to
investigate neuroprotective strategies.
Supported by a grant from the Ontario Neurotrauma Foundation

Diffuse Axonal Injury: A Silver Impregnation Study in Rat. Kallakuri S', Cavanaugh JM,
Ozaktay AC, Takebayashi T. Bioengineering Center, Wayne State University, Detroit,
MI. Diffuse axonal injury (DAI) is characterized by morphologic changes of axons
throughout the brain and brain stem. The relationship between increasing impact energy
to the presence and severity of DAI in the corpus callosum was investigated by inducing
a closed head impact to anesthetized male Sprague Dawley rats (400-450 gm) by a 450
gm cylindrical brass weight from heights of 2, 1.5 and 1 meter (n=2 each). Control
animals (n=2) were subjected to the same conditions as the impacted ones but not
impacted. After 24 hours, coronal sections (25 ^m) of cerebral hemispheres were studied
by silver impregnation.
Results: In 2 m impacted rats the respiratory rate was depressed for less than 15
min after impact. In 1.5 and 2 m impacted rats there was no corneal reflex up to 5 to 10
min after the impact and no paw pinch response from 10 to 30 min. Moderate epidural
hemorrhage confined to the dorsal aspect of the hemispheres with modest blood pooling
at the base of skull and in spinal cord down to C3 and C4 were also observed in these
rats. Damaged axons were defined as a) those appearing to be broken and arranged like a
line of beads, b) axons with retraction balls or axonal clubs and c) separation of the
axonal membrane leading to a vacuole-like structure. Some axons had occasional
swellings. Average counts per coronal section were as follows. 2 m- 60 beaded axons, 6
retraction balls, 1 axonal separation; 1.5 m- 25 beaded axons and 3 retraction balls; 1 m36 beaded axons and 3 retraction balls; sham controls- 3 beaded axons.
These results suggest that a graded axonal injury occurred in rats impacted from
2, 1.5 and 1 m heights with a greater severity in the 2 m group. This is supported by the
greater number of beaded axons, retraction balls and vacuoles. The presence of axons
with swollen regions may indicate accumulation of axoplasm and may represent the onset
of the initial injury process leading to a subsequent breakdown and to a beaded
appearance with membrane separation. These results indicate that the model produces
axonal injury, including DAI in a graded manner from 0 to 2 meters with a difference in
injury not apparent between 1 and 1.5 m. Supported by CDC Grant No
R49/CCR503534-09
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LONG TERM EFFECT OF MINOR TRAUMATIC BRAIN INJURY
ON MOUSE PERFORMANCE. C.G. Pickl*, V. Getslevl, and S.
Schreiber2, Dept. Anatomy, Sackler Sch. Med., Tel-Aviv Univ. TelAviv,; 2Dept. Psychiatry C, Sheba Med. Center, Tel-Hashomer, Israel.
Minor traumatic brain injuries (mTBI) commonly present as a number
of imprecise perceptual symptoms without objective structural brain
alterations. We use a mouse model of minor traumatic brain injury to
produce long-lasting cognitive, behavioral and cellular deficits in mice
similar to the persistent clinical deficits in human mTBI syndrome.
Following glide mode injury, brain NMRI and neurological status of the
experimental animals were assessed. Only animals with no neurological
score were used for future experiments. All groups were trained in
Morris water maze at different time intervals following the injury (from
7- 90 days post injury). Control mice learned to find an invisible escape
platform located in a fixed position relative to environmental cues more
rapidly than did injured mice. Escape latencies of animals that sustained
mTBI were significantly increased as compared to controls (p<0.01).
Control fnice also displayed better knowledge of the platform location
during a probe trial conducted in the absence of the escape platform on
day 5 by crossing the platform field about 30% more often than did
injured animals (p<0.001). These results show clear long term effects
of mTBI on learning behavior in mice similar to the persistent deficit of
cognitive learning abilities in human mTBI syndrome. Additional
studies are underway to investigate the possible cellular mechanisms
involved in these behavioral deficits.

RECOVERY OF FUNCTION AND HISTOLOGICAL OUTCOME
FOLLOWING CONTROLLED CONTUSION INJURY IN MICE. M, Ma, P.
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Walters, D.M, Basso. B.T. Stokes*, and L.B. Jakeman. Dept. Physiology, The Ohio
State University College of Medicine, Columbus, OH 43210.
A computer controlled electromagnetic injury device has been adapted to develop a
mouse model of contusion injury in the spinal cord. In the present study, we completed
the characterization of this model with behavioral and histopathological outcome
assessment. Mice of the C57BL/6 strain received a laminectomy (LA) of the T9
vertebral process and were then assigned to groups receiving displacement injury
(0.3mm, 0.5mm, and 0.8mm), complete transection (TX), or LA only (n=4-8).
Functional recovery was examined weekly for 9 weeks using the BBB open field
locomotion scale. Grid walking and footprint analyses were also performed on the
mice that had consistent stepping. Histological evaluation of cross-sectional lesion
area and spared white matter at the impact site was tested for correlation with the
biomechanical injury parameters and final behavioral outcome.
Distinct patterns of locomotor recovery and differences in the percentage (%) of
spared white matter at the lesion site were found across the injury groups. Mice with an
0.3mm injury showed locomotor deficits in BBB scores when compared to LA control
at 1, 3 and 7 days post injury. After 14 days, BBB scores were not different from LA
(21+ 0[SEM]), but the number of hindlimb misses on grid walking was greater in the
0.3mm group. BBB scores (12.4+1.1), foot misses and toe drags from footprint
analyses for the 0.5mm group were different from all other groups. Mice in the 0.8mm
injuiy group had limited hindlimb movements; their BBB scores (3.8+1.0) overlapped
those with TX (2.3+0.4). The % of spared white matter was correlated with final BBB
scores (r=0.935), and inversely with the impact force (r=-0.756). These results suggest
that graded controlled contusion injury can be produced reliably in mice by selecting
the different displacement amplitude using OSU impact device. These behavioral
outcome measures will be useful in future studies of recovery of function after
molecular manipulation or therapeutic interventions. NS33696 and the PVA-SCRF.
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A NEW MODEL OF TRAUMATIC WHITE MATTER INJURY IN THE MOUSE
K,E, Saatman1*, B, Abai1, C.K. Vorwerk3, M, Leoni1. A, Grosvenor2. D.H, Smith1.
and D.F, Meanev2,
Depts. of ‘Neurosurgery and 2Bioengineering, Univ. of
Pennsylvania, Philadelphia, PA 19104 and 3Dept. of Ophthalmology, GuerickeUniversity, Magdeburg, Germany.
Damage to white matter is a common feature of traumatic brain injury. Therefore,
to study traumatic white matter injury in isolation, we developed an optic nerve
injury model in the mouse. In anesthetized, male C57/B16 mice (n= 30, 25-30 g), the
conjunctiva and muscles around the right eye were surgically resected and a sling was
positioned behind the eye. A small (2 gm) preload was applied to the eye via the
sling prior to the induction of a rapid, 2 mm stretch injury (n=18 injured, n=12
sham-injured). Immediately, 3 days or 13 days'following injury (n=10/time), the
fluorescent retrograde tracer fluorogold (FG) was injected bilaterally into the superior
colliculus of anesthetized mice. One day later, fixed longitudinal optic nerve sections
were immunostained for neurofilament protein and calpain-mediated spectrin
breakdown products (BDPs). In addition, retinal flat mounts were prepared, imaged,
and FG+ cells were counted. No axonal injury or loss of FG+ retinal ganglion cells
(RGCs) was observed in sham-injured nerves and eyes, respectively, compared with
nonsurgical controls. However, at 1,4, and 14 days postinjury, rapid stretch resulted
in widely distributed axonal swellings throughout the optic nerve, identified by
accumulation of neurofilament protein and spectrin BDPs. Maximal axonal
pathology was observed at 4 days and gradually decreased by 14 days. A marked
decrease in the number of FG+ RGCs compared to uninjured animals was observed at
1, 4 and 14 days after stretch injury, indicating a sustained disruption of retrograde
transport in injured axons. These data demonstrate that this model replicates the most
salient features of traumatic white matter injury, in a species which facilitates the
study of gene function. Supported by a Whitaker Foundation grant,- CDC R49-CCR
312712 (DFM), NIH AG12527 and NS38104 (DHS), and NIH NSO88O3 (DFM, DHS).

CHANGES IN CEREBRAL PERFUSION AND PIAL CAPILLARY DIAMETER
IN RESPONSE TO FLUID PERCUSSION INJURY P. Tompkins, F.A. Stevens,
S.C. Kim, C.M. Loftus*, P.C. Francel. Dept. of Neurosurgery, Univ. of Oklahoma,
HSC, Oklahoma City, OK, 73104.
Traumatic brain injury results in a variety of brain abnormalities, both physiological
and biochemical. There is evidence that the outcome of closed head injury may be
dependent on early events such as reduced brain blood flow and vascular injury. Due
to the time required to transport patients to the emergency room, little information is
currently available from the clinical setting on these early vascular events. Because
brain blood flow is so important in long term outcome, current treatment centers on
returning brain blood flow to normal levels once it has been altered. Treatment
includes mannitol to increase blood flow by reducing viscosity and resistance and the
use of pressers to increase systemic blood pressure and improve cerebral perfusion
pressure. While these attempts are sometimes successful, a lack of information on
early chemical/vascular events following head injury impedes successful treatment of
a majority of patients in this category. We have been using a closed cranial window
model in the rat to assess both pial artery vessel diameter and laser Doppler perfusion
in response to a moderate fluid-percussion (FP) cerebral injury (1.5 atm). The control
group shows no change in either vessel diameter (PC based video imaging system) or
laser Doppler perfusion over a two hour period. FP results in a 50% decrease in
cerebral perfusion within 5 minutes of injury and at two hours post injury, perfusion
is still reduced by 30% from pre-injury levels. No significant changes in pial artery
diameter were detected over this time frame. Moderate cerebral trauma gives rise to
prolonged alterations in cerebral perfusion that may contribute to long term vascular
pathology. Continuing studies involve the use of pharmacologic agents to attenuate
the vascular consequences of cerebral trauma.

126.11

126.12

LOCAL INFLAMMATION AND REMOTE ORGAN DYSFUNCTION
FOLLOWING LATERAL FLUID-PERCUSSION BRAIN INJURY IN RATS.
K.L.Keeling? B. Billings,2 J. Mahesh? R,R, Hicks2* and G.J. Kotwal1.
‘Department of Microbiology and Immunology, University of Louisville School
of Medicine; Louisville, KY 40202; 2Division of Physical Therapy, University
of Kentucky; Lexington, KY 40536.
Multiple Organ Dysfunction Syndrome (MODS) is often the ultimate cause
of death in individuals subjected to accidental trauma. MODS arises from a
sequential and progressive inflammatory cascade that develops in otherwise
healthy tissues remote from the initial injury site. Using a zymosan-induced
MODS model in mice, we have shown that complement component C5a and the
chemokine MIP-la play significant roles in the lethality of MODS.
Furthermore, we have shown that zymosan-induced MODS causes neutrophil
infiltration into the peritoneal cavity and lungs, thus contributing to organ
dysfunction.
Using a lateral fluid-percussion (FP) model of traumatic brain injury in rats,
we were able to study a MODS model that more closely resembles closed head
injury. Neutrophil accumulation was detected by measuring myeloperoxidase
(MPO) levels in cortical, hippocampal, and liver tissue. We found increased
levels of MPO in cortical tissue from the FP-injured rats, as compared to the
naive and sham-operated animals. There was also an increase in liver MPO
activity in some of the FP- and sham-injured rats, as compared to the naive
animals. These results suggest that the FP model of head injury leads to local
damage and distal organ dysfunction. We are now using viral
immunomodulatory proteins to regulate the secondary damage and thereby
influence both the recovery of brain function and prevention of organ damage.
Funding from a UKRF sub-contract arising from a KSCHIRB award.

PRECONDITIONING EFFECTS OF REPETITIVE MILD BRAIN INJURY
ON MOTOR FUNCTION AND BRAIN NEUROCHEMISTRY

G.V. Allen*, D. Gerami and M.J. Esser. Departments of Anatomy & Neurobioiogy
and Pharmacology, Dalhousie University, Halifax, N.S., Canada.
Repetitive mild traumatic brain injury (TBI) is thought to have adverse
consequences on cognitive and motor function. We attempted to confirm this
observation in a controlled weight drop animal model of TBI. Mild or severe TBI was
induced by dropping a 20 g weight in a plexiglass guide tube onto the dural surface
(force SOg/cm2 or 300g/cm2, respectively) of an anesthetized rat. The mild TBI was
repeated 3 times (once every three days). The animals were divided into four groups:
repetitive mild TBI (n=5), severe TBI (n=8), repetitive mild+severe TBI (n=9) or
sham TBI (n—6) and tested for motor dysfunction using the beam walking test. The
brains were sectioned and stained with 0.1% thionin or immunostained with the 27
kDa heat shock protein (Hsp27). The severe TBI animals showed motor deficits on
the balance beam that recovered by 6 to 8 days whereas the animals with repetitive
mild TBI only, repetitive TBI+severe TBI or sham TBI showed little or no motor
dysfunction. The area of cortical damage (12 mm2) was similar in both severe TBI
and repetitive mild+severe TBI groups whereas repetitive mild TBI produced less
damage to die upper layers of the cerebral cortex. Both severe TBI and repetitive mild
TBI animals showed similar patterns of densely stained Hsp27 immunoreactive glial
cells throughout the ipsilateral cerebral cortex, internal capsule and the corticospinal
tract. The results indicate that repetitive mild injury in the weight drop model of TBI
has no effect on motor function. However, repetitive mild TBI appears to have a
preconditioning effect since little or no motor deficit was observed following a
subsequent severe TBI at the same site. Finally, the expression of Hsp27 following
repetitive mild TBI may indicate cortical and subcortical sites where preconditioning
mechanisms are activated since similar patterns of Hsp27 were seen in the severe TBI
animals. Supported by the Nova Scotia Neurotrauma Society.
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WORKING MEMORY IS SEVERELY IMPAIRED FOLLOWING
CONTROLLED CORTICAL IMPACT INJURY IN RATS. AE. Kline*.
H.O. Yan. J. Yu. X, Ma. D.W, Marion & C.E. Dixon, Department of
Neurosurgery, University of Pittsburgh, Pittsburgh, PA 15260.
Cognitive impairments are common consequences of traumatic brain injury
(TBI) and memory disturbance, in particular, appears to be most susceptible.
The Morris water maze (MWM) has been shown to detect working memory
deficits following various experimental injury procedures, but has only
recently been used to assess working memory following controlled cortical
impact (CCI) injury (Fox et al., J Neurotrauma, 15:599-614, 1998). However,
because only mice were used in the Fox et at study, it is not known whether
working memory can be similarly impaired in rats following CCI injury. To
this end, anesthetized male Sprague-Dawiey rats were subjected to a CCI
injury of moderate severity (4 m/sec, 2.7 mm deformation) or sham surgery
and tested in the MWM, according to the procedure of Hamm et al (J
Neurotrauma, 13:317-23, 1996), on post-operative days 11-19. Briefly, the
rats were given 8 pairs of trials (T) per day with a 10 sec delay between Tl
and T2 and a 4 min inter-trial interval between pairs. The data show that
working memory was severely impaired in CCI injured animals compared to
sham controls. We conclude that 1) CCI injury can produce working memory
deficits in both mice and rat, 2) there does not appear to be a difference in
working memory dysfunction among the CCI and fluid percussion injury
models using the method of Hamm et al, and 3) unlike conventional MWM
protocols, significant cognitive deficits can be detected in a single day. These
findings provide opportunities for pharmacotherapy screening to ameliorate
one of the most pervasive sequelae of TBI. (Supported by grants NIHNS33150 and NIH-NS30318)

CHRONIC TRAUMATIC BRAIN INJURY (TBI) DOWN-REGULATES DOPAMINE
D2 RECEPTOR PROTEIN IN RAT STRIATUM. H.Q. Yan*. A.E, Kline, X, Ma.
L. Shao. J. Yu, L.W. Jenkins. D.W, Marion and C.E. Dixon, Department of
Neurosurgery, University of Pittsburgh, Pittsburgh, PA, 15260
There is emerging evidence that a disturbance in dopamine (DA) neurotransmission
following TBI is involved in the development of post traumatic functional deficits. The
DA receptor subtype 2 (D2R) is essential for normal DA neurotransmission. However,
the chronic effects of TBI on the D2R is currently unknown. To determine if there is an
alteration in D2R after TBI, we examined the effect of controlled cortical impact (CCI)
injury on D2R levels in the striatum at 4 weeks post surgery by utilizing a commercially
available antibody specific to D2R. Rats were anesthetized and surgically prepared for
CCI injury (4 m/sec, 2.6 mm) or sham surgery. Injured (n=6) and sham animals (n=6)
were perfused with 4% paraformaldehyde and 15% saturated picric acid and following
post-fixation were coronally sectioned (35 pm) through the striatum. Furthermore,
semiquantitative measurements of D2R protein in striatal homogenates from injured
(n=6) and sham (n=6) rats sacrificed at 4 weeks were assessed using Western blot
analysis.
A decreased expression of D2R protein was shown by both
immunohistochemistry and Western blot in the injury group compared to sham controls.
We speculate that the decrease in D2R protein may reflect a compensatory response of
dopaminergic neurons to down-regulate presynaptic inhibitoiy receptors to increase the
efficiency of DA neurotransmission chronically after. TBI. (Supported by grants NIHNS33150 and NIH-NS30318)
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EFFECTS OF CHRONIC TRAUMATIC BRAIN INJURY (TBI) ON TYROSINE
HYDROXYLASE (TH) PROTEIN IN RATS. C.E. Dixon*, H.O. Yan, A.E. Kline,
X. Ma, L, Shao, J, Yu, L.W. Jenkins and D.W, Marion. Department of Neurosurgery,
University of Pittsburgh, Pittsburgh, PA, 15260
Tyrosine hydroxylase (TH) is the key enzyme for synthesizing dopamine (DA) in
dopaminergic neurons and its terminals. There is emerging evidence that a
disturbance in DA neurotransmission following TBI is involved in the development
of post traumatic neuropsychological deficits associated with frontal lobe function.
However, the chronic effects of controlled cortical impact (CCI) injury on TH in the
substantia nigra (SN), striatum, and prefrontal cortex are currently unknown. To
determine if there is an alteration in TH after CCI injury, we examined TH levels at
4 weeks post surgery by utilizing a commercially available antibody specific to TH.
Rats were anesthetized and surgically prepared for CCI injury (4 m/sec, 2.6 mm) or
sham surgery. Injured (n=6) and sham animals (n=6) were perfused with 4%
paraformaldehyde and 15% saturated picric acid, and following post-fixation were
coronally sectioned (35 pm thick) through the striatum and SN for
immunohistochemistry. Additionally, semiquantitative measurements of TH protein
in prefrontal cortex and striatal homogenates from injured (n=6) and sham (n=6) rats
sacrificed at 4 weeks after injury were assessed using Western blot analysis. An
increased expression of TH protein was observed by immunohistochemistry in the
SN and striatum in injured rats compared to sham controls. Western blot analysis
showed an increase in both striatal and prefrontal cortex TH. We speculate that the
increase in TH may reflect a compensatory response of dopaminergic neurons to
upregulate their synthesizing capacity and increase the efficiency of DA
neurotransmission chronically after TBI. (Supported by grants NIH-NS33150 and
NIH-NS30318)

IN SITU MEASUREMENT OF INJURY-INDUCED NITRIC OXIDE (NO).
S, M. Kumar1*, D, M. Porterfield2.K. J. Muller3. C, L, Sahlev1, and P, J. S, Smith2;
’Dept. of Biological Sciences, Purdue University, West Lafayette, IN, 47907;
2Biocurrents Research Center, Marine Biological Laboratory, Woods Hole, MA,
02543;3 Dept. of Physiology & Biophysics, Univ. of Miami School of Medicine,
Miami, FL 33136.
Axons accurately regenerate synapses in the CNS of the leech Hirudo medicinalis.
One of the earliest events following injury is the appearance of endothelial nitric
oxide synthase (eNOS) immunoreactivity and NOS activity. Our previous studies also
showed that subsequent microglial migration and accumulation at the lesion site are
influenced by NO, but injury-induced NO has not been measured directly. In the
present experiments, after the leech CNS is crushed, there is a rapid and transient
efflux of NO, with a mean flux of 791 ± 142 fmol cm2 sec'1 lasting for 14.3 ± 2.9
min. Treatment with the NOS inhibitor V0-nitro-L-arginine methyl ester (L-NAME)
reduced the amplitude and duration of the injury-induced response to 179 ± 3 fmol
cm'2 sec'1 lasting only 1.2 ± 0.3 min. Because treatment with the inert enantiomer ATnitro-D-arginine (D-NAME) did not change the injury-induced response from that
observed in controls, L-NAME evidently attenuated the injury response by preventing
formation of NO, rather than by a nonspecific toxic effect. These in situ injuryinduced NO measurements were obtained with a recently developed self-referencing
nitric oxide microsensor, a direct and sensitive method for measuring NO in the
external milieu. This method provides better temporal and spatial resolution than any
other assay, including the citrulline assay, a standard method we have used to monitor
the conversion of [3H]arginine to [3H]citrulline during the production of NO.
Timecourse studies of injury-induced eNOS immunoreactivity and absolute
measurement of NO levels should help to understand the role of NO in arrest of
microglial migration at the lesion and the subsequent growth of axons through the
lesion. Supported by NIH grants to KJM, CLS, and PJS (P41-RR01395from NCRR).

127.5

127.6

TRAUMATIC BRAIN INJURY UP-REGULATES PERIPHERAL-TYPE
BENZODIAZEPINE RECEPTOR (PTBR) EXPRESSION IN THALAMUS.
V. L. Raqhavendra Rao*, A. Dogan, K.K. Bowen, and R.J. Dempsey.

Dept. of Neurological Surgery, Univ. of Wisconsin-Madison, WI 53792.
In mammalian CNS, PTBR is localized on the outer mitochondrial
membrane of astrocytes and microglia. PTBR transports cholesterol
across mitochondrial membranes to the site of neurosteroid biosynthesis.
Several neurodegenerative disorders were shown to be associated with
increased PTBR density. Present study evaluated the changes in the
PTBR density (assessed by quantitative autoradiography using
[3H]PK11195 as a ligand) and mRNA expression (assessed by RT-PCR)
as a function of time (6h to 14 days) after traumatic brain injury (TBI).
Moderate TBI was induced in adult, male, Sprague-Dawiey rats under
halothane anesthesia with a controlled cortical impact device. Between 3
to 14 days after TBI, there was a significant increase in the pHJPKI1195
binding (by 95 to 158%, p<0.01) and PTBR mRNA expression (by 2 to 3.4
fold, p<0.05) in the ipsilateral thalamus. Furthermore, the number of
reactive astrocytes (GFAP positive) and activated microglia/macrophages
(ED-1 positive) increased in the ipsilateral thalamus between 7 to 14 days
after TBf. increased PTBR expression may lead to increased neurosteroid
biosynthesis and thus may play a role in the pathophysiology of TBI.
(Supported by NIH, VA, Wisconsin Affiliate of the American Heart
Association and the University of Wisconsin-Madison Medical School).

BEHAVIORAL AND HISTOLOGICAL CHARACTERIZATION OF
DIFFUSE BRAIN INJURY IN RATS. T.M. Hallam*, M.M. Folkerts, L.L.
Lee, Q-Z. Gong, B.G. Lyeth, J.P Muizelaar. R.F. Berman. Dept. of Neurological
Surgery, Univ. of California Davis. Davis, CA 95616
Diffuse brain injury (DBI) is a common and serious consequence of head trauma.
We further characterized the behavioral and histological effects of a recently
developed weight-drop, impact-acceleration model of DBI (Marmarou et al. 1994).
DBI was produced in twenty-three male Sprague-Dawiey rats. Severity of injury was
graded by duration of unconsciousness immediately after injury: mild (< 700 sec),
moderate (700-900 sec), and severe (> 900 sec). Behavioral outcome for up to 42
days after DBI was assessed using beam walk, inclined plane, radial arm maze, and
Morris water maze. Motor deficits on beam walk (through day 42) and inclined plane
(through day 7) were directly related to injury severity (p<0.05). Learning and
memory deficits were minimal and appeared unrelated to injury severity. Additional
rats (n=18) were sacrificed at 0.5, 1,3,24,48, and 7 days after injury to examine
structural alterations. No gross histopathological consequences of DBI were observed
with cresyl violet (e.g., cell loss gliosis). Fluoro-Jade (FJ), was used as a
histofluorescent marker for degenerating neurons. FJ positive neurons were limited to
piriform cortex, brain stem, and cerebellum in 4 of 6 animals in the severe injury
group. No FJ positive neurons were found in the hippocampus and the overlying
cortex. Disruption of microtubule associated protein 2 (MAP-2) immunostaining was
observed at all injury levels in the CA-1 region hippocampus and overlying cortex as
early as 3 hours post-injury. Previous studies of MAP-2 revealed MAP-2 disruption at
24-72 hours. Behavioral deficits in this model are predominantly in motor
performance. The model produces widespread, transient disruption of the neuronal
cytoskeleton with only minimal neuronal degeneration at severe injury. (Supported by
NIH grant NS 29995)

127.7

127.8

CELLULAR MARKERS OF NEURONAL DAMAGE IN RAT HIPPOCAMPUS
AND CORTEX AFTER TRAUMATIC BRAIN INJURY IN RATS. M.M..
Folkerts,1 T.M. Hallam.1 B.G, Lyeth.1. Q-Z Gong.1 J.R. Dedman,2 M.A. Kaetzeh2
J.P. Muizelaar1 and R.F. Berman1*. ’Dept. Neurological Surgery, Univ. Calif.
Davis; 2Dept. Mol. Cell. Physiol., Univ. Cincinnati Coll. Med.
Cellular, biochemical and structural alterations in rat hippocampus and cortex
were assessed after traumatic brain injuiy produced by lateral fluid percussion (LFP).
Time points from 30 min to 24 hr after LFP injury were examined in SpragueDawiey rats for changes in immunostaining of microtubule associated protein 2
(MAP-2) and phosphorylated calcium-calmodulin dependent kinase II (pCaMKII).
Fluoro-Jade, a histofluorescent marker for degenerating neurons, was used to
visualize the location and extent of injured neurons. An antibody directed against
the phosphorylated state of calcium calmodulin-dependent kinase II (pCaMKII)
revealed an overall increase in neuronal immunostaining within hippocampus
ipsilateral to brain injury, indicating increased intracellular availability of calcium.
This increase was present 0.5h and 3h post TBI. In contast, some individual neurons
within CA3 demonstrated a loss of immunostaining after brain injury. MAP-2
immunostaining was markedly disrupted in CA3 at these same time points indicating
damage to the neuronal cytoskeleton. Comparison with adjacent cresyl violetstained sections showed otherwise intact neurons in CA3 and cortex. Extensive
Fluoro-Jade histofluoresence was observed by 24 hr after brain injury in the
hippocampus (e.g., CA3) and cortex indicating active degeneration of some injured
neurons. These results demonstrate that traumatic brain injury results in cellular
responses visible at several levels, including damage to the neuronal cytoskeleton
(MAP-2), increased phosphorylation of CAM-kinase n, as well as activation of
mechanisms ultimately leading to neuronal degeneration and death (Fluor-Jade).
The onset of these effects was rapid, with changes in MAP-2 and pCAM-kinase II
levels visible within 30 min of injury. (Supported in part by NIH Grant NS-29995)

ULTRAFILTRATION REDUCES CEREBRAL EDEMA AFTER TRAUMATIC
BRAIN INJURY IN RAT. R.L. Sutton1 < H. Quist2. W, Mathews2 and R.M.
Odland23. Departments of Surgery1 and Otolaryngology3, Hennepin County Medical
Center, and Twin Star Medical Corp.2, Minneapolis, MN 55404
To determine if fluid extraction via hollow fibers implanted into a cortical
contusion injury (CCI) could reduce cerebral edema, rats with sham injury or CCI
of the right parietal cortex had 2 fibers implanted in the injury site at 6 or 18 h after
surgery. Fibers utilized were made of polyacrylonitrite (50 kD cut-off; PAN-50)
or cuprophan (10 kD; CP-10). PAN-50 fibers were tested in both sham and CCI
rats, whereas CP-10 fibers were tested only in rats with CCI. Animals remained
in microdialysis cages during 18 or 6 h treatment periods, wherein negative
hydrostatic pressure (NHP) of -180 mm Hg was applied through lines attached to
the fibers/dialysis probes. Edema (% tissue H2O) in cortical (frontal, parietal and
visual) and hippocampal (Hp) regions was determined at 24 h post-surgery using the
wet-dry method.
Repeated measures analysis of variance (RMANOVA) revealed that tissue water
content in the left hemiphere of sham vs CCI groups did not differ. A similar
RMANOVA indicated that CCI resulted in significant edema (p < 0.001 vs sham)
that varied by brain region (p < 0.001 for region and injury by region interaction).
Post-hoc analyses indicated that application of NHP treatment via PAN-50 fibers did
not significantly alter CCI-induced edema formation in the right cortex or Hp.
However, NHP treatment via the CP-10 fibers for either 6 or 18 h was found to
significantly reduce edema in the visual cortex and in Hp ipsilateral to CCI (p’s <
0.05 vs nontreated CCI rats).
With further research, this novel treatment method may be applied clinically to
reduce focal edema that remains refractory to conventional treatments.
Support: NIH/NINDS 1 R43 NS38015-01
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Sustained
Impairment
of Cognitive
and Motor
Function
in Multiple
Tasks Following
Traumatic
Brain Injury in the Rat . L. Fan*, G.B. Fox,

ASSESSMENT OF FORELIMB SENSORIMOTOR OUTCOME IN
UNILATERAL RAT MODELS OF STROKE, PARKINSONISM
AND SPINAL CORD INJURY IN RATS. J.L. Humm*1. S. Bland1.
J.L. Tillerson1. S. Fleming1, H, Nakajima2. J. Smith1. G. Bittner1. T,
Schallert1. ‘Institute for Neuroscience, University of Texas at Austin,
Austin, TX 78712, and 2Dept. ofNeurology, Massachusetts General
Hospital and Harvard Medical School, Boston, MA 02114.

R.A. LeVasseur, and A.I Faden. Georgetown Institute for Cognitive and
Computational Sciences, Georgetown University Medical Center, Washington,
DC 20007.
This study was designed to extensively evaluate motor and cognitive
function in a commonly used rodent model of traumatic brain injury (TBI) by
utilizing multiple behavioural tasks. Rats were subjected to either sham surgery (n
= 14) or a moderate (2.5 atm) lateral fluid percussion injury (FPI, n = 13). Motor
function was then assessed for all rats on days 1,7, 14 and 21 after surgery using
a battery of tests including contralateral forepaw flexion, lateral pulsion and
balance on an inclined plane. Spatial reference memory was examined using the
Barnes circular maze on days 7-10 after surgery, as well as the Morris water maze
on days 14-17. Spatial working memory was assessed using a modified version of
the water maze 21-24 days post-surgery. Additional groups of injured and shamoperated animals were trained in a cued control version of the Barnes maze and in
a procedural control version of the working memory task at the appropriate time
points. When compared with sham controls, injured rats exhibited a significant
and sustained impairment of motor function from days 7-21. Significant
performance deficits in all three cognitive tasks were also seen in the same
animals over this time period. These results indicate that rats subjected to FPI
have a sustained deficit in spatial reference and working memory function, as well
as impaired motor function. These complementary behavioral tests - both
cognitive and behavioral - can be used to elucidate underlying mechanisms and
potential pharmacotherapies for brain trauma. Supported by CDC CCR 306634
and DOD DA MD 17-93-V-3018.

We have developed sensitive tests of forelimb sensorimotor function
that are useful and reliable for evaluating limb use function acutely e nd
chronically in unilateral rat models of brain injury. Outcome following
ablation injury to the forelimb sensorimotor cortex was compared to that
following transient vs. permanent focal ischemia, rapid vs. slow degeneration of nigrostriatal dopaminergic neurons in a 6-hydroxydopamine
model of Parkinsons disease, and cervical (C3-4) spinal hemisection.
Behavioral tests include forelimb use for weight shifting during vertical
exploration, inhibitory postural control of the forelimb during swimming,
limb placing, footfault, sensory and other tests. Recent modifications of
these tests were adopted to improve their preclinical utility, and the data
will be presented. Supported by grants from NIH, NIAAA, and the
Texas Advanced Research Program.

127.11

127.12

POST-ACUTE AXONAL RESPONSES TO TRAUMATIC AXONAL INJURY
(TAI). W.L.MaxwelLl* G.McCoIl,1 and P.I. Graham2. ‘Lab. Of Human Anatomy;
2 Dept. of Neuropathology, University of Glasgow, Glasgow G12 8QQ.
Evidence obtained from animal models of human diffuse axonal injury has
demonstrated that microtubules and neurofilaments of the axonal cytoskeleton
respond at different rates and with different outcomes after nondisruptive axonal
injury. But there has been no ultrastructural, morphometric study of axonal
cytoskeletal responses at more than 6 hours after injury. We decided to carry out a
quantitative analysis of cytoskeletal responses to nondisruptive axonal injury at 24
hr and 7 d after injury.
Adult guinea pigs were anaesthetised and stretch-injury applied over 19-2lms to
the right optic nerve. Sham operated (n=3), 24 hr (n=3) and 7 d (n=3) were killed
by transcardiac perfusion fixation and processed for TEM. Quantitative
morphometric analysis of changes in the axonal cytoskeleton was carried out using
a Vidas kontron image analysis system. Statistical significance was estimated by
ANOVA.
At the internode, there were increased numbers (F=47.2) and compaction
(F=18.3) of neurofiiaments at 24 hr and 7d but only in axons of <0.5 pm diameter.
There was an increased spacing (F=345.2) between but no change in the number of
microtubules in axons of >1.0 pm diameter at 7d. At the paranode spacing
(F=247.5) was increased between neurofiiaments of axons of 1.0-1.5 pm diameter
at 24 hr and in axons of 0.5-1.0 pm at 7d (F=62.7). No change occurred with
respect to microtubules. There was no change from control values at nodes of
Ranvier at either 24 hr or 7d for either neurofiiaments or microtubules.
Axonal cytoskeletal responses to nondisruptive axonal injury extend for at least 7
days after injuiy in a subpopulation of nerve fibres. There is a differential response
between small and large axons within the stretch injured optic nerve.
Support by the Wellcome Trust is gratefully acknowledged.

SUPPRESSION OF SLOW CORTICAL OSCILLATION RECORDED IN
VITRO FOLLOWING TRAUMATIC BRAIN INJURY IN ADULT RATS. C-Q.
Kao*, J.T, Povlishock, and T.M. Reeves. Dept. of Anatomy, Medical College of
Virginia, Virginia Commonwealth University, Richmond, VA 23298, USA
The electroencephalogram recorded during natural sleep, some anesthetized
states, and in some comatose patients is characterized by slow rhythmic activity
which is predominantly modulated by thalamocortical circuitry. The current study
examines whether this rhythmicity is also a correlate of traumatic brain injury.
Adult rats received a moderate lateral fluid percussion traumatic brain injury
(TBI) and were allowed to survive for lh, 2d, 7d or 15d prior to in vitro
electrophysiological recording. 450 pm thick transverse brain slices were
prepared using a cutting angle which preserved reciprocal connections between
somatosensory cortex and the ventrobasal thalamic complex. Extracellular
recordings in the cortex of uninjured control slices revealed a spontaneous slow
cortical oscillation (SCO) (<1 Hz) which was blocked by APV (50 pM) and
augmented in low [Mg2+]o. This SCO was absent in 84% of slices recorded at lh
postinjury, but SCO incidence showed a time-dependent recovery to control levels
by 15d. Among injured slices exhibiting rhythmic activity, SCO waveform peak
and area were significantly depressed at lh, 2d, and 7d, but also reached control
levels by 15 days. However, a TBI-induced reduction in SCO frequency persisted
through 15 days. Threshold current for potentials evoked through the
thalamocortical system was elevated (+70%) at lh, 2d, and 7d, but was at control
'cvels at 15d. Increasing bath [K+L from 2.5 to 10 mM produced a biphasic
change to SCO, with an initial increased frequency followed by a total
suppression at 15 min. These results suggest an injury-induced functional
disconnection in the thalamocortical system, and are consistent with prior reports
of cellular depolarization and altered NMDA receptor properties associated with
TBI pathology. Supported by NS 12587.

127.13
NEUROANATOMICAL CHARACTERIZATION OF FOREBRAIN INJURY
FOLLOWING FLUID PERCUSSION INDUCED TRAUMA. J.M. Petras, K.M.
McBride, R.A, Bauman*, and J.B Long. Division of Neuroscience, Walter Reed Army
Institute of Research, Washington, D.C. 20307-5100.
Halothane anesthetized male Sprague-Dawiey rats (250-300g bw) received
unilateral parasagittal fluid percussion injury (FPI) to the cerebral cortex, or were sham
operated. Fourteen days post-injury, rats were administered pentobarbital sodium prior
to sequential transcardial perfusion of i) a clearing solution, and ii) fixation with
formalin (10%). Following craniectomy and dissection, brains were removed and
immersed in formalin. Embedded brains were cut transversely and collected serially for
staining with either thionin or a cupric-silver method (deOlmos, et al., 1994) for evidence
of cytopathology or axonal degeneration, respectively. No evidence of injury was found
in sham injured rats. Trauma to the dorsal aspect of the cerebral hemisphere
(parasagittal), or at the dorsal side of the cerebral convexity, resulted in injury to i) the
cerebral hemispheres and diencephalon bilaterally, ii) internal and external capsules
ipsilaterally, iii) the fimbria fornix ipsilaterally; iv) cerebral and thalamic neurons
ipsilaterally, and v) loss of thalamic neurons ipsilaterally. Cerebral cavitation at the site
of trauma was observed ipsilaterally and also affected the hippocampal formation in some
instances. Enlargement of the cerebral ventricles was not uncommon when trauma was
induced parasagittally. The hippocampal formation was unilaterally injured in parasagittal
trauma cases. The frontal, parietal, and cingulate cortices were affected ipsilaterally
together with the cerebral white matter, corpus callosum, and cingulum. The nuclei of the
septum were affected. The caudate-putamen complex was injured dorsally, while the
globus pallidus was affected in some cases. Thalamic pathology included i) the internal
and external medullary laminae, and ii) the anterior (AD, AV), medial (MD), dorsal (LD,
LP, GLd), ventral (VA, VL, VP, PO), and intralaminar nuclear groups (Ret, CL).
Forebrain axonal degeneration was bilateral, but massive ipsilaterally. Funded by the U.
S. Army Medical Research and Materiel Command.
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MOUSE MODEL OF MIDDLE CEREBRAL ARTERY OCCLUSION BY
INTRALUMINAL SUTURE COATED WITH POLY-ULYSINE. L. Belayev*, W. Zhao,

G, Fernandez, R. Busto, M.D. Ginsberg. Cerebral Vascular Disease Research Center,
Dept. of Neurology, Univ. of Miami School of Medicine, Miami, FL 33101.
The present study was conducted to validate a modified method of temporary focal
cerebral ischemia in the mouse; neurobehavioral function and histopathological infarction
were quantitated following various periods of MCAo. Male C57BL/6 mice were
anesthetized with 3% halothane in a mixture of 30%O2 / 70%N2O and were subjected to
30 min (n=7), 60 min (n=8), 120 min (n=8) or 180 min (n=5) of temporary middle
cerebral artery occlusion (MCAo) by an intraluminal thread. We modified the method of
Zea Longa et al.,1 employing a poly-L-lysine-coated intraluminal suture.2 Behavioral
Junction was evaluated before MCAo, during occlusion (at 20, 50, or 60 min) and 24 h
after MCAo. Neurological function was graded on a scale of 0-12 (normal score = 0,
maximal score = 12).2 One day after MCAo, brains were perfusion-fixed and infarct
volumes were measured. 12 mice showed an initial neurological score below 8 and were
excluded from further analysis. In all other mice (n= 28), high-grade contralateral
forelimb placing deficits were clearly present during MCAo. In mice with 30- or 60-min
MCAo, the neurological score improved significantly at 24 h (30 min: from 9.9 to 6.0; 60
min: 10.9 to 6.3), but in mice with 120 or 180 min of MCAo the deficits tended to persist
(120 min: 9.9 to 8.4; 180 min: 9.8 to 10). Animals subjected to 60, 120 and 180 min of
MCAo showed ipsilateral hemispheric infarction, and there were no significant
differences between groups. Total infarct volume was significantly smaller in mice with
30-min MCAo compared to 180-min MCAo mice (total volume, 18.8±2.3 vs. 38.1±8.2
mm3, respectively). These results show that MCAo by poly-L-lysine-coated intraluminal
suture can be successfully adapted to the mouse. The majority of mice exhibit high-grade
neurological deficits, which are predictive of consistent histopathological infarction.
Supported by NS 05820.
'Zea Longa EL, Weinstein PR, Carlson S, Cummins R (1989) Stroke, 20: 84-91.
’Belayev L, Busto R, Zhao W, Fernandez G, Ginsberg MD (1999) Brain Research, in press.

INTRALUMINAL THREADING MODEL IS NOT A FOCAL CEREBRAL ISCHEMIA.
H Kanemitsu*, T Nakagomi, H Murakami, K Takagi and A Tamura. Department of
Neurosurgery, Teikyo University School of Medicine, Tokyo 1738605, Japan.
Two procedures, microsurgicai occlusion of MCA (Tamura model) and MCA occlusion
using an intraluminal suture (threading model) are now widely used as focal cerebral
ischemia in rats. The aim of this study is to evaluate protein synthesis, inductions of hsp
70 mRNA and HSP70 protein in the brain exposed to ischemia by two different methods
(Tamura model and threading model). METHODS: Male Wistar rats weighing 250-350g
were anesthetized with 2% halothane. Left MCA was occluded either by the microsurgicai
occlusion of the proximal portion of the MCA (Tamura model) or by the intraluminal
threading into the ICA without craniotomy (threading model). Inductions of hsp70
mRNA and HSP70 protein: At 4h, 24h, and 4d following MCA occlusion, fixed rat
brain containing the striatum, hippocampus, thalamus, and substantia nigra were processed
for in situ hybridization or immunohistochemistry (n=4 each). Protein synthesis:
Incorporation of 3H-vaIine into the rat brain was studied using an autoradiographic
technique. At 6h following MCA occlusion, animals (n=13) received a single dose of
’H-valine (6.7mCi/kg). Brain sections containing the striatum, hippocampus, thalamus,
and substantia nigra were processed for autoradiography. RESULTS & DISCUSSION:
Tamura model: In the ischemia core including the lateral striatum and anterior cortex,
hsp70 mRNA and HSP70 protein were mainly induced. Neither hsp70 mRNA nor
HSP70 protein was induced in the remote areas including thalamus, hippocampus, and
substantia nigra. Incorporation of 3H-valine into the brain was strongly suppressed in
the ischemic core. There was no decrease in protein synthesis in the remote areas.
Threading Model: Hsp70 mRNA was induced mainly in the ischemic core and in the
ipsilateral remote area. HSP70 protein was induced in the ischemic core and in the
remote areas. In all animals, incorporation of 3U valine into the brain was strongly
suppressed in the ischemic core. In some animals, protein synthesis was suppressed in
the ipsilateral remote areas. From these results, the intraluminal threading model is not
a focal ischemia.

128.3

128.4

EFFECTS OF REPEATED TEMPORARY OR PERMANENT OCCLUSIONS

COMPARISON OF POSTERIOR COMMUNICATING ARTERY PATENCY
IN C57BL/6J AND SV-129 MICE: EFFECT ON EEG ACTIVITY DURING
GLOBAL CEREBRAL ISCHEMIA
TC Wellons, PTLaskowitz, RD Pearlstein, PS Warner, H Sheng*
Departments of Anesthesiology, Medicine and Surgery, Duke University
Medical Center, Durham NC, 27710
The advent of transgenic/knockout mice has created need for a reliable
recovery model of global cerebral ischemia. One technique simply involves
bilateral carotid artery occlusion in spontaneously breathing anesthetized
animals. This model relies non-patency of the posterior communicating
arteries (PcomA). Unfortunately, incidence of this non-patency varies
markedly amongst murine strains. An alternative technique combines
bilateral carotid artery occlusion (BCAO) with systemic hypotension. This
should reduce differences in severity of ischemic insult between strains
regardless of PcomA patency. C57B1/6J and SV-129 mice were anesthetized
with halothane, intubated, and mechanically ventilated. Arterial blood
pressure and EEG were monitored. Mice from each strain were subjected to
either BCAO alone or BCAO + hypotension (MAP = 30 mmHg) (n=15-17 per
group). EEG changes in the first 2 min of ischemia were graded as no change;
attenuation; or isoelectricity. Cerebral arteries were then filled with dyeladen gelatin and the ratio of PcomA to basilar artery diameter was
determined. During BCAO + hypotension, the EEG became isoelectric in all
C57B1/6J and SV-129 mice. During BCAO alone, the EEG in 80% of C57B1/6J
mice became isoelectric and in 20% it was attenuated. For SV-129 mice, 66%
became isoelectric , 13% became attenuated, and 21% had no change. PcomA
diameter (relative to basilar artery) was consistently greater in the SV-129
strain. These data indicate that addition of systemic hypotension to BCAO
provides a more consistent global ischemic insult amongst strains of mice.

OF THE BASILAR ARTERY ON THE CBF, NEUROLOGICAL AND
HISTOLOGICAL OUTCOME. T. ALKAN*, B. GOREN, E. KORFALI'
Depts of Physiology and 'Neurosurgery
Uludag Univ Sch of Med BURSA TURKEY

In this study, whether the interruption or uninterruption of an ischemic period

produced any significant effect on the evolution of brain ischemia was
investigated. Under GA and mechanical ventilation in adult SD rats basilar

artery was exposed through a transclival approach. In Group I (n: 10) interrupted
5 min of reperfusion after each lOmin period of occlusion, in Group II (n:10)

60min of uninterrupted occlusion were applied and rCBF measured continously
during experiment.

During the experimental period rCBF values significantly decreased in both
groups (p<0.01). Three days after the neurological examination did not show

significantly better difference and total area of infarction were similar in both

groups. (6.8±0.2 vs 7.18±8.8, p<0.05) These results suggested that repeated
temporary interruption of blood flow during neurovascular procedures in the

basilar artery territory was not neuroprotective.

128.5

128.6

WHAT DETERMINES THE DIFFERENCE IN RISK OF STROKE DUE TO
SYMPTOMATIC
VS
ASYMPTOMATIC
CAROTID
STENOSIS:
SUSCEPTIBILITY TO CEREBRAL ISCHEMIA OR CONDITION OF THE
ATHEROSCLEROTIC PLAQUE? S.A.Gutnikov*, P.M.Rothwell for the ACSS
Collaborative Group. Department of Clinical Neurology, University of Oxford,
Oxford, OX2 6HE, United Kingdom.
Atherothrombotic stenosis of the carotid artery causes about 25% of
ischaemic strokes. The risk of major stroke is considerably increased following
symptoms of recent minor cerebral ischemia. However, it is unclear whether this
excess risk is due to a greater susceptibility of the brain to ischemia or greater
thromboembolic activity of the carotid plaque. We analysed individual patient
data from the Asymptomatic Carotid Stenosis Study (ACSS) comprising 6269
patients with imaging of an asymptomatic carotid artery in whom there was a
recently symptomatic stenosis of the contralateral carotid artery. The absolute risk
of ipsilateral ischaemic stroke (IIS) distal to the stenosis and the change of risk
with time were compared for asymptomatic and symptomatic stenosis. A total of
2977 patients had a recently symptomatic 70-99% carotid stenosis and 965
patients had an asymptomatic 70-99% stenosis. The time course of occurrence of
IIS was linear distal to an asymptomatic stenosis (steadily increasing by ~2%
every year), but highly non-linear distal to a symptomatic stenosis (rapidly
increasing within first three years and almost levelling off afterwards). The three
year risk -of IIS distal to an 70-99% symptomatic stenosis was considerably
higher than that distal to an asymptomatic stenosis - 17% vs 6% and the
difference was much reduced after eight years - 22 vs 16%. These data suggest
that the long term risk of stroke distal to an asymptomatic stenosis may be equal
to that distal to a recently symptomatic stenosis. The difference in early risk is
likely to be due to temporary differences in plaque activity riather than a
permanent difference in the susceptibility of the brain to ischemia.
This research was supported by a Stroke Association (UK) grant.

LEAO'S SPREADING DEPRESSION AND GAP JUNCTIONS: AN ELECTRODIFFUSION MODEL OF THE DC-VOLTAGE SHIFT, IONIC MOVEMENT
AND OSMOTIC VOLUME CHANGES. B. E. Shapiro*. Department of
Biomathematics, UCLA School of Medicine, Los Angeles, CA 90095-1766.
A mode) of gap-junction mediated spreading depression (SD) has been
developed which uses electro-diffusion for the intracellular concentration cIW and
a reaction-diffusion equation for the extracellular concentration cout:
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^tcin = dx[fyndxcin] + (ff! BT)^x[^incindx^] ~ Pfm + s

dtcout ~ Pout^xxcout + aPfm ~ 8
where dx is the partial derivative operator; D the diffusion constant; (p the
membrane potential; fm the membrane flux; p the surface-area to volume ratio; j
the internal sources; a the external-to-internal volume ratio; and g glial uptake.
The ions described are K+, Na+, CT and Ca**. Membrane currents include 16
different ion channels and pumps. Gap junctions are described by a diffusion
constant. Cellular volume changes due to osmotic forces are also described.
Simulations demonstrate that SD can be described in terms of membrane
physiology. In the simulations, velocity and waveform shape depend on the mix
and quantity of NMDA-receptors, voltage-gated K*-channels, and K(Ca) channels.
SD is most sensitive to NMDA-receptors, but may occur as a result of any one or a
combination of these three classes of K+ channels, and may be correspondingly
blocked depending upon the conductance mix. The Na* flux enhances SD, and the
CT flux supports recovery. Preventing cell expansion or blocking gap junctions
always prevents SD. DC-voltage shifts and ionic redistributions are correctly
predicted, and the simulated wave speed ranges from two to ten mm/min over the
known physiological ranges of all conductances. The simulations support the
theory that SD is driven by intracellular diffusion via gap junctions. ^Supported by
a systems and integrative biology training grantfrom NIGMS and NIH.
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ACUTE CENTRAL ADMINISTRATION OF PHOSPHORAMIDON AUGMENTS
NEURAL DAMAGE INDUCED BY EXOGENOUS ENDOTHELIN-1 IN RATS.
L. Park* & J. Thornhill. Dept. of Physiology, Univ. of Saskatchewan, Saskatoon,
Saskatchewan, S7N 5E5, Canada.
Endothelin-1 (ET-1) is a potent vasoconstrictor that plays an important role in
the regulation of cerebral blood flow (CBF). Synthesis of ET-1 is up-regulated by
hypoxic ischemia (HI), but both its synthetic pathway and involvement in the neural
damage by HI are unclear. The effect of an endothelin-converting enzyme
antagonist, phosphoramidon (PRN, 5pM), on the neural damage caused by injection
of ET-1 (O.lpg/pl) was studied in anesthetized male Long-Evans rats in vivo. ET-1
was injected (1 p.1) intrastriatally (1ST) in rats followed by 35-min of hypoxia (12%
O2 balance nitrogen) via a nose cone. Striatal capillary blood flow was assessed by
Laser Doppler Flowmetry (CBFldf ) and systemic blood pressure (BP) was measured
via a femoral arterial catheter. 1ST ET-1 induced negligible changes in BP, but
resulted in a significant reduction (<25%) in striatal CBFldf . 1ST injection (1 pi) of
PRN attenuated the response of striatal CBFldf to hypoxia, but caused no change in
BP. Volume of focal damage induced by ET-1 alone (EWH) was 5.67±1.75mm3
(n=8). Combining ET-1 with hypoxia (EBH) significantly increased (p<0.05) neural
damage (10.43±1.62mm3, n=9) from EWH. 1ST administration (lpl) of PRN prior
to hypoxia (EPBH) caused significantly higher (p<0.05) neural damage
(17.37±2.88mm3, n=9) compared to EWH and EBH groups. Moreover, a second
injection of PRN after hypoxia (EPAH) further increased the neural damage
(21.19±3.08mm3, n=8) from that of the EPBH group. Focal damage of all treatment
groups was significantly higher (p<0.01) from normoxic or hypoxic rats given 1ST
saline (0.65±0.15 mm3, n=10). Data demonstrate that phosphoramidon may retard
the endogenous release of ET-1, which may play a critical role in the regulation of
CBF in response to hypoxia, thus increasing the neural damage in those treatment
groups. Supported by the Heart & Stroke Foundation of Saskatchewan.

EFFECT OF ETa RECEPTOR ANTAGONIST ON NEURONAL
INJURY IN GLOBAL ISCHEMIA. H. Sugano, *Y. Ohara, ‘R. M.
McCarron. J.M. Hallenbeck* and M. Spatz. Stroke Branch, NINDS,
NIH, and Naval Medical Research Center, Bethesda, MD 20889-5607.
Vascular endothelial cells produce endothelin-1 (ET-1), one of the most
potent vasoconstrictive peptides known. ET-1 is produced and released
during transient ischemia. It has been suggested that ET-1 is responsible
for hypoperfusion observed during reperfusion. The capacity of Ro 611790 (ETa receptor antagonists) to reverse this postischemic hypoperfusion supports this hypothesis. The present study demonstrates the
effects of Ro 61-1790 (a gift from Hoffmann-La Roche Ltd.; Basel,
Switzerland) on neuronal survival in the CAI region of the hippocampus
in transient global ischemia of gerbils. Mongolian gerbils were subjected
to bilateral carotid artery occlusion (8 min) with reperfusion (72 h).
Saline or Ro 61-1790 (1 mg/kg; 12.5 min after reperfusion) were
administered by i.v. injection. Laser Doppler flowmetry assessed the
cerebral blood flow. Hematoxylin eosin and TUNEL staining evaluated
neuronal survival and integrity. Treatment with Ro 61-1790 prevented
postischemic hypoperfusion and significantly increased neuronal survival
(64-74%) as compared to control animals (20-44%). In addition, no
TUNEL staining was observed with this treatment; significantly increased
TUNEL staining was seen in controls. These results indicate that the ETa
receptor antagonist treatment preserved blood flow and hippocampal CAI
neurons in transient global ischemia. The findings support the hypothesis
that endogenously released ET-1 is an important mediator of cerebral
ischemic injury. Supported, in part, by Office of Naval Research Grant
No. 62233N.MM33C30.005.1805.

128.9

128.10

ACUTE VASOCONSTRICTION AFTER SUBARACHNOID HEMORRHAGE IS
A PRIMARY CAUSE OF ISCHEMIC INJURY. A. Masago, F.A. Sehba. W, Boon.
D. Weisz* and J.B. Bederson. Dept. of Neurosurgery, Mt. Sinai School of Medicine,
New York, NY 10029.
Acute cerebral ischemia is observed immediately after SAH, and has been
associated with acute vasoconstriction, decreased CBF, premature mortality, and
decreased availability of Nitric Oxide. However, questions remain whether acute
vasoconstriction is a primary event that causes ischemia or a secondary event caused
by decreased cerebral metabolism. We addressed this issue by measuring extracellular
glucose and lactate concentrations in rats subjected to experimental SAH.
Anesthetized rats underwent induction of SAH (n = 6) by injection of 0.3cc
autologous blood or saline (n = 6) into the cisterna magna. CBF was recorded and
cortical microdialysate was analyzed for glucose and lactate concentrations.
CBF decreased immediately to 4.7±1.1 % (mean±sem) of baseline after SAH, and to
9.7±3.1 % after saline injection and remained similarly decreased for 10 min. CBF
remained 51. 1±7.() % below baseline in rats undergoing SAH and recovered to
KX).O±6.3 % in controls, 60 minutes after later (p< 0.001). This level of CBF
reduction is consistent with a mild SAH as previously defined in our laboratory.
Baseline extracellular Glucose concentrations were 0.17+0.01 mmole/L and did
not change after Saline injection but decreased 10 min after SAH to 52.1±6.1% and
remained decreased for 60 min (p < .05). Baseline Lactate concentrations were
().O7()+0.(X)5 mmole/L and remained unchanged after saline injection, but increased to
27<)±28.4 % 10 min after SAH (p < 0.001), and remained significantly elevated for
next 30 minutes. These results indicate that injection of subarachnoid blood but not
saline causes a primary ischemic insult manifested as an increase in extracellular
lactate. This is consistent with the hypothesis that acute vasoconstriction is a primary
cause of cerebral ischemia after SAH.
Supported by NIH grant R29 NS35904-03

REDUCED SHEAR RATE IS ASSOCIATED WITH SIGNIFICANT
LEUKOCYTE
ACCUMULATION
IN
THE
CEREBRAL
MICROCIRCULATION AFTER MIDDLE CEREBRAL ARTERY
OCCLUSION AND REPERFUSION L. Ritter,1’2 B. Coull,2 P. McDonagh? and
J. McDonagh4*. ’College of Nursing ,2 Dept.of Neurology, 3Dept.of Surgery, 4Dept.
of Physiology, Univ. of Arizona; Tucson, AZ 85724
We recently reported the development of a model for direct observation of the
cerebral microcirculation during early reperfusion after middle cerebral artery
occlusion and reperfusion (MCAO-R). Using this model, we observed significant
leukocyte accumulation in cerebral venules after MCAO-R. In the present study,
we examined the significance of shear rate on leukocyte accumulation during
MCAO-R. Rats were intubated and ventilated. Middle cerebral artery occlusion
(MCAO) was performed using the filament method. A craniotomy was performed
and the surface of the brain was exposed and then continuously superfused with
37°C artificial CSF. After 2hr of MCAO, the filament was removed. The pial
microcirculation was observed during reperfusion using fluorescence
videomicroscopy. FITC-BSA was injected intravenously to demarcate the
microcirculation and rhodamine 6G was injected to label the leukocytes. Two
groups were studied: Sham operated controls (N=6) and MCAO-R (N=7). During
reperfusion, blood velocity was determined by measuring centerline leukocyte
velocity (Vwbc ) in 20-90 um venules. Shear rate was then calculated as 8(VWBC/D).
We found that mean blood velocity and shear rate were significantly lower in
MCAO-R venules compared to controls. These findings provide in-vivo evidence
that that reduced blood flow and shear may contribute to significant leukocyte
accumulation during early reperfusion following MCAO.
Velocity (um/sec) Shear rate (sec1) # leukocytes at R30+
12.9 ± 3.3
SHAM
185.5 ±29.8
1759 ± 270.2
41.1 ±4.5*
MCAO-R 846.2 ± 120.2*
66.3 ± 8.8*
*P<0.01vs. SHAM

+ leukocytes/105um2 venule

NIH NR 07318 and AHA S WGB 0498

128.11

128.12

ANTIBODIES TO ICAM-1 DO NOT APPRECIABLY ENHANCE
BLOOD FLOW DURING REPERFUSION FOLLOWING FOCAL
CEREBRAL ISCHEMIA. T, N, Nagaraia,1 L. Wei,1'2 A, Yu1 and J.
D. Fenstermacher1*. 1Dept. of Anesthesiology, Henry Ford Hospital,
Detroit, Ml 48202; 2Dept. of Cell Biology, Washington Univ., St.
Louis, MO, 63110.
During and following middle cerebral artery (MCA) occlusion in
the rat, leukocytes adhere to the endothelium of small microvessels
and reduce luminal patency. Such adherence is facilitated by the
endothelial intercellular adhesion molecule-1 (ICAM-1) and is likely
to reduce local cerebral blood flow (ICBF) during reperfusion,
thereby further lowering blood flow. The MCA was transiently
occluded by an intraluminal fiber for 2 hr in Wistar rats. The rats
were treated with either antibodies to ICAM-1 or vehicle, and ICBF
was measured in 12 brain areas by iodoantipyrine quantitative
autoradiography after 4, 22, or 48 hr of reperfusion. In the ischemic
hemisphere, ICBF varied among areas and over time but was not
appreciably raised by antibody treatment. In contrast, blood flow on
the contralateral side did not change over time but was significantly
higher in the antibody treated rats than the placebo group. In both
groups, ICBF in the most ischemic areas was 60-80% of that on the
contralateral side after 4 hr of reperfusion; thereafter, flow was
similar in both hemispheres. The lack of effect on the ischemic
side suggests that anti-ICAM treatment, if neuroprotective, is not
acting by altering blood flow but by some other mechanism.
Supported by NIH grants NS23393 and NS33627.

Functional heterogeneity of human endothelial cells from different
districts: role in the pathogenesis of atherosclerosis/thrombosis.
M.Girelli1, G, Alessandri3, E, Corsini1, C, Muneretto2, L, Dei Cas2. A, Salmaggi1,
E.AxJaati1.*. ‘IstitUtQ National?Neurologi£o::jCJ.Begta,,-Milan Italy;,JCJ.D,,
3Microbiologia, University di BresciaJtaly,
The expression of adhesion molecules and the significant proliferation potential
are hallmarks of endothelial cells (either under basal conditions or upon damage or
stimulation) and could be differentially involved in the pathogenesis of thrombosis
or atherosclerosis as well as in blood vessel repair. The fact that endothelial cells
from different districts display functional and morphological heterogeneity, may
account for their different susceptibility to thrombotic events occurring in microand macro-circulation.
In this work, we set up a procedure to investigate whether human endothelia
derived from large arteries (aorta, charotid), veins (jugular, saphena) and brain
microvasculature differ in terms of their proliferative response to mitogenic factors
such as bFGF and VEGF and with respect to their expression of ICAM-1, VCAM1, PECAM-1 and ELAM-1 after proinflammatory cytokine stimulation. In
preliminary experiments, we could not detect any major differences in cytokineinduced adhesion molecules expression among endothelial cells established from
the different districts.
For instance, VEGF was found to enhance proliferation of all endothelial cell
types. Nevertheless, we observed that only the aortic endothelium was highly
responsive to bFGF whereas the effect of this mitogen on charotid, jugular and
saphena cells was negligible.
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RAPID DIFFERENTIAL PLASMINOGEN ACTIVATOR EXPRESSION BY
ISCHEMIC BRAIN TISSUE DURING ACUTE MIDDLE CEREBRAL ARTERY
OCCLUSION. N. Hosomi, J. Lucero, J.H. Heo, B.R. Copeland, and G.J. del Zoppo*.
Dept. of Molecular and Experimental Medicine, The Scripps Research Institute; La
Jolla, CA 92037.
During focal cerebral ischemia, microvascular matrix (ECM), responsible in part for
the vascular integrity, is degraded and lost. A relative decrease in the basal lamina
constituents laminin, collagen (IV), and fibronectin is accompanied by coincident
increased expression of matrix metalloproteinase-2 (MMP-2) and select MT-MMPs.
Plasminogen activators (PAs) may also play a role in basal lamina degradation by
generation of plasmin, or by activation of select MMPs. Using a sensitive
modification of gelatin-plasminogen zymography, we determined the activity of t-PA
and u-PA (urokinase) in 10 pm frozen sections from the ischemic and non-ischemic
basal ganglia and in plasmas of 31 male non-human primates (Papio anubis /
cynocephalus) after middle cerebral artery occlusion / reperfusion (MCA.O/R) for
various periods. PA-associated plasmin activities were compared and quantitated
relative to regions of cell injury (dUTP incorporation) in adjacent sections. u-PA
activity increased significantly by 1 hour after MCA:O in ischemic brain tissues,
peaked at 2 to 4 hours after reperfusion, and returned to baseline thereafter, whereas
t-PA activity did not show a substantial change. u-PA expression was associated with
the region of cellular injury, whereas t-PA was not. In plasma, u-PA activity increased
by 1 hour after MCA:0. A transient and significant increase in u-PA, but not t-PA,
initiated by focal brain ischemia coincides with increases in MMPs as previously
reported. The roles of this differential PA expression are yet unclear, but u-PA may
contribute to vascular ECM degradation, MMP activation, inter-cellular signaling, or
other processes. (Supported by the NINDS/NIH and the Uehara Memorial Foundation)

PEROXYNITRITE MEDIATES BLOOD-BRAIN BARRIER BREAKDOWN
AND VENULAR LEUKOSTASIS DURING REPERFUSION FOLLOWING
GLOBAL ISCHEMIA IN PIGLETS. T.S. Park*, S.S. Kaplan, E.R. Gonzales,
R.M. Perez, A.R. Shah, and J.M. Giddav. Depts. of Neurological Surgery, Cell
Biology & Physiology, and Anatomy & Neurobioiogy, Washington University
School of Medicine, and St. Louis Children’s Hospital, St. Louis, MO 63110.
Recent studies in our lab support an important role for superoxide radical in
mediating increases in leukocyte-endothelial adherence and leukocytedependent microvascular leak in cortical vessels of piglets subjected to
asphyxia. We have also shown that tonically-released NO, presumably from
endothelial NOS, exerts anti-adherent effects on circulating leukocytes.
Therefore, we hypothesized that peroxynitrite, formed as a result of asphyxiainduced increases in superoxide interacting with endothelially-derived NO,
mechanistically promotes leukocyte adherence and the attendant loss of
blood-brain barrier integrity. We examined the effects of uric acid, a scavenger
of peroxynitrite in many in vitro systems, as one test of this hypothesis.
Anesthetized newborn piglets were equipped with closed cranial windows for
videorecording cortical venular leukocyte dynamics (rhodamine 6G) and
microvascular leak (sodium fluorescein) by epifluorescence microscopy.
Transient global ischemia (9 min asphyxia) was followed by 2 h of reperfusion.
Nonasphyxic animals and untreated asphyxic animals were compared with a
matched asphyxic group in which uric acid (500pM) was superfused through
the cranial window during asphyxia and reperfusion. The acute, progressive
increase in the number of leukocytes adherent to venular endothelium
observed in asphyxic animals at 1 and 2 h of reperfusion was attenuated more
than 50% (p<0.05) at both timepoints. The leukocyte-dependent vascular leak
was attenuated to a similar extent in the uric acid group (p<0.05). These
results support the hypothesis that peroxynitrite is an important mediator of the
acute vascular inflammatory response to global ischemia. (NIH NS 21045)

128.15

128.16

REDUCTION IN CEREBROVASCULAR INFLAMMATORY RESPONSE
FOLLOWING PERMANENT MCAO IN MOUSE BY POSTISCHEMIC
IBUPROFEN. J.M. Giddav*, S.S. Kaplan, E.R. Gonzales, R.M, Perez, A.R,
Shah, and T.S. Park. Departments of Neurological Surgery, Cell Biology &
Physiology, and Anatomy & Neurobioiogy, Washington University School of
Medicine, and St. Louis Children’s Hospital, St. Louis, MO 63110.
Ibuprofen (IBU) has documented neuroprotective effects in focal and global
ischemia; in these studies, its primary mechanism of action was assumed to
result from reduced prostanoid and superoxide formation secondary to cyclooxygenase inhibition. However, many in vitro studies indicate that IBU and
other nonsteroidal anti-inflammatory drugs can exhibit several inhibitory effects
on leukocyte function and leukocyte-endothelial adhesion pathways that are
cyclooxygenase-independent. To address this possibility in vivo, we subjected
chloral hydrate-anesthetized male Swiss-Webster mice to normothermic
permanent middle cerebral artery occlusion (MCAO) by direct arterial ligation
via craniotomy. 15 min after MCAO, a single dose of IBU was administered
(10 mg/kg, i.v.), and animals were recovered under normothermic conditions
for 24 h. Animals were then reanesthetized and a closed cranial window was
placed over the penumbral MCA cortex for epifluorescence videomicroscopy of
rhodamine 6G-labeled leukocyte dynamics in cortical venules. Animals were
then sacrificed for infarct volume determination by TTC. The 10-fold increase
in the number of leukocytes adherent to cerebral venules in ischemic animals
(n=13) relative to shams (n=9) was reduced by 68% (p<0.05) in IBU-treated
animals (n=10). IBU reduced infarct volume by 26% (p<0.05). These results
are consistent with in vivo anti-leukocyte effects of IBU that may contribute to
the observed neuroprotection. The relative contribution of IBU-inhibited
leukocyte function and IBU-mediated reductions in cyclooxygenase-dependent
prostanoid and/or superoxide production to the observed reduction in infarct
size still requires clarification.
(Supported by NIH NS 21045)

CEREBRAL INFARCTS IN COMPLEMENT (C3)DEFICIENT MICE. Philip E. Stiegl*. Dean A. Le1. Marcus
Kaul1, Michael Carroll2, and Stuart A. Lipton1. !CNS Research
Institute, Neurosurgical Service, and department of Pathology,
Brigham & Women Hospital and Program in Neuroscience, Harvard
Medical School, Boston, MA 02115.
Activation of complement has been implicated in the damage
observed in several neurological diseases, including multiple
sclerosis, Alzheimer's disease, and stroke. To assess the importance
of complement activation in cerebral ischemia, we subjected C3deficient male mice and wild-type male littermates to 2 hours of
ischemia followed by 1 day of reperfusion using the intraluminal
filament model of middle cerebral artery (MCA) occlusion (n- 6).
Analysis of stroke size with triphenyltetrazolium chloride (TTC)
histology showed no significant difference (Student's /-test) in
infarct volume (mean ± S.E.M) between C3-deficient mice and wildtype littermates (64.1 ± 19.2 mm3 vs. 55.5 + 23.4 mm3).
Nonetheless, it is possible that complement-mediated damage
becomes evident at later time points of reperfusion, so we are
currently analyzing stroke size 3 days post occlusion. To date,
however, we have not found that C3-deficient mice have smaller
strokes after 1 day of reperfusion in our model system.
Supported by P01 HD29587.

128.17

128.18

SYSTEMIC COMPLEMENT DEPLETION REDUCES PERIHEMATOMAL
BRAIN EDEMA. G, Xi*, Y, Hua, R.F. Keep, J.G. Younger, and I.T. Hoff.
Dept. of Surgery, University of Michigan, Ann Arbor, MI 48109.
Recently, we found complement cascade activation in a rat intracerebral
hemorrhage (ICH) model. However, it remains unclear whether inhibiting
the complement cascade will improve outcome after ICH. This study
investigated the effects of systemic complement depletion cn brain edema
formation following ICH. A total of twenty five pentobarbital-anesthetized
Sprague-Dawiey rats were used. Treatment animals were complementdepleted with cobra venom factor (CVF, 20 units/kg, i.p., three times at 36,
24, and 12 hours before intracerebral blood infusion). Control rats received an
equal volume of saline injection (i.p.). In both treatment and control rats,
autologous blood (100-p.L) was infused stereotactically into the right basal
ganglia. Rats were sacrificed 24 and 72 hours later for brain water, ion
content measurements and immunocytochemistry studies. Brain edema was
quantitated by wet/dry weight and sodium, potassium ion contents were
measured by flame photometry. Immunostaining was used to detect
complement C3d and C9.
Perihematomal brain edema was reduced by systemic complement
depletion at 24 hours (78.8+0.6% vs. 81.6±0.8% in control, p<0.001) and 72
hours (81.5+1.5% vs. 83.5±0.9% in control, p<0.05), while contralateral brain
water content was unaffected (78.2+0.3 vs. 78.0±0.1%). Immunocytochemistry
found complement depletion significantly reduced perihematomal C9
deposition and C3d production. Thus, complement depletion attenuates brain
edema in ICH indicating that complement activation plays an important
role in ICH-induced brain edema. Complement activation may become a new
target in ICH treatment. This study was supported by grant NS-17760 from
NIH.

HIGH-DOSE ALBUMIN THERAPY PROTECTS AGAINST GLOBAL
ISCHEMIC BRAIN INJURY IN RATS. W. Zhao*, L. Belayev, I, Saul, G. Fernandez.
P.W. Huh, N. Finotti, R. Busto, M.D. Ginsberg. Cerebral Vascular Disease Research
Center, University of Miami School of Medicine, Miami, FL 33101, USA.
We have recently shown that high-dose human serum albumin (HSA) therapy confers
marked histological protection in focal cerebral ischemia and brain trauma in rats.1,2 The
purpose of this study was to determine whether treatment with high-dose HSA would also
protect in high-grade transient forebrain ischemia. 26 fasted Wistar rats underwent
bilateral common carotid artery occlusion for 10 min with simultaneous reduction of
MABP to 50 mmHg by withdrawal of arterial blood, as previously described.3 The agent
(25% HSA) or vehicle (0.9% NaCI) was administered i.v. (1% of body weight) five min
after termination of ischemia. Neurological function was evaluated before ischemia, as
well as 3h, 1, 2, 3 and 7 days after ischemia (normal score=16, maximal deficit=0), as
previously described.4 7 days after ischemia, brains were perfusion-fixed and ischemic
neuronal injury was assessed by counting the number of surviving neurons in the
hippocampal CAI area. A significant improvement of neurological deficits by treatment
with HSA was observed at 3h, 1, 2, 3 and 7 days after global ischemia. Treatment with
HSA signficantly attenuated ischemic damage (normal-neuron counts, right medial CAI:
13.8+3.4 [HSA] vs. 5.5+0.8 [saline] (mean + SEM); middle CAI: 12.6+2.8 vs. 5.2+0.9;
lateral CAI: 18.3+6.4 vs. 6.3+1.2; left medial CAI: 19.4+6.9 vs. 4.3+0.7; middle CAI:
19.6+5.8 vs. 3.7+0.7; lateral CAI: 30.6+7.0 vs. 7.5+1.8, respectively).
Our findings document that high-concentration albumin therapy instituted 5 min after
global ischemia significantly improves the neurological score and reduces histological
damage. This pharmacological agent has promising potential for the treatment of brain
ischemia.
Supported by NIH Grant NS05820.
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’Belayev L, Zhao W, Pattany PM, et al. (1997) Stroke, 29,2587-2599.
‘Belayev L, Alonso O, Huh PW, et al. (1999) J Neurotrauma, in press.
’Smith ML, Auer RN, Siesjo BK. (1984) Acta Neuropathol. (Bert) 64:319-332.
*Belayev L, Bar-YosefA, Adamchik J, Biegon A. (1995) Molec Chem Neuropathol 25:19-33.
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128.20

ROLE
OF
PHOSPHOLIPASES
AND
PROTEIN
KINASES
IN
HYPOSMOTICALLY-INDUCED AMINO ACID RELEASE FROM THE RAT
CEREBRAL CORTEX. ‘A.Y. Estevez*, 2M.H. O’Regan, ‘D. Song and ‘J.W.
Phillis. Departments of ‘Physiology, Wayne State University School of Medicine,
Detroit, MI 48201 and ^Biomedical Sciences, University of Detroit-Mercy School
of Dentistry, Detroit MI 48219
The role of phospholipases and protein kinases in the response to hyposmotic
stress was studied using an in vivo rat cortical cup model. Hyposmotic stress
induced significant releases of aspartate, glutamate, glycine, phosphoethanolamine,
taurine and GABA from the rat cerebral cortex. The phospholipase A2 (PLA2)
inhibitors 4-bromophenacyl bromide and 7,7, dimethyleicosadienoic acid had no
significant effects on hyposmotically-induced amino acid release. AACOCF3, an
inhibitor of cytosolic PLA2, decreased total taurine release by 16%. The release of
the other amino acids was not inhibited. The phospholipase C inhibitor U73122
had no significant effect on amino acid release. The protein kinase C (PKC)
inhibitor cheierythrine significantly reduced hyposmotically-induced taurine
release with no significant effects on the other amino acids. Stimulation of PKC
with phorbol 12-myristate, 13-acetate (PMA) did not alter taurine, glutamate
glycine or phosphethanolamine release. The releases of aspartate and GABA were
greatly enhanced. Phorbol 12, 13-dideconate (PDD), another potent stimulator of
PKC, significantly increased taurine release. The releases of aspartate, glutamate
and glycine were enhanced several fold. Similarly, stimulation of protein kinase A
with forskolin significantly increased taurine release and enhanced aspartate,
glutamate and glycine release several fold. These studies support a minor role for
c PLA2 but not for PLC in the response to hyposmotic stress. They also support the
hypothesis that protein kinases play a modulatory role in the RVD response, as
inhibition did not completely abolish the response but stimulation greatly increased
the efflux of amino acids. Supported by USPHS # NS26912

ANALYSIS OF TAURINE AS A NEUROPROTECTANT FOLLOWING
TRANSIENT GLOBAL FOREBRAIN ISCHEMIA (TGFI). S.H. Khan1. A.
Bameesh2. A. Baziani1. K, G. Todd3. H. Mivashita1. M. Eweida1, and Ax
Shuaib1-4* . 'Sask. Stroke Research Centre, Univ. of Saskatchewan; T>ept. of Pharmacology, Univ. of Saskatchewan; Depts. of’Psychiatry and ’’Neurology. Walter
Mackenzie Health Sci. Ctr., Univ. of Alberta, Edmonton, AB, T6G 2B7.
Taurine (2-aminoethanosulfonic acid) is indicated to be an osmoregulatory solute
in the brain. During ischemia, it maintains cell osmolarity, glucose influx, brain water hemostasis, calcium concentrations, extra and intracellular glutamate, membrane
stabilization and thermoregulation. Based on these attributes, we assessed taurine as
a neuroprotectant following TGFI. Gerbils were assigned to three groups (n=8 /
group). Group I received taurine (25 mmol/kg/hr) continuously from a brain infusion
pump for 7 days; group II (negative control) received B-alanine in the same manner
and dosage; group III (control) was not administered any agent. All animals underwent TGFI by 5 min bilateral carotid artery clamping on the fourth day following
commencement of drug administration. 4 animals each from groups I and II had intracerebral microdialysis (ICMD) around the time of TGFI. At day 7, all animals
were sacrificed and their brains examined histologically after silver staining. ANOVA
and Mann Whitney-U tests were used to analyze the ICMD and histological data.
For ICMD, correlation between taurine and glutamate was also studied using Pearson, Spearman and Kendall’s techniques. The level of statistical significance was set
at p<0.05. A statistically significant glutamate surge suppression was not noted in
any group. There was no significant correlation between taurine and glutamate at
the measured intervals in either group. Histologically, the mean percentage damage
was greater in the control group (72.7) than in the B-alanine or taurine treated groups
(50.5 and 57.9, respectively). This difference was statistically insignificant. These
results indicate that intracerebral peri-ischemic administration of taurine in the indicated dosage and fashion does not cause significant glutamate surge suppression, or
histological neuroprotection. The concomitant requirement of other neuroactive substances (e.g., GABA) for taurine to exert neuroprotection is a consideration.

128.21

128.22

TREATMENT WITH CONTINUOUS HYPERTONIC SALINE WORSENS
INFARCTION VOLUME FOLLOWING TRANSIENT FOCAL ISCHEMIA IN THE
RAT. A. Bhardwai*,1-2!. Harukuni,1 P. D, Hum, ‘R. C, Koehler, 1 J, R. Kirsch, 1
R. J.Traystman,1 Depts. of 1 Anesthesiology/Critical Care Medicine and 'Neurology.
Johns Hopkins University School of Medicine, Baltimore, MD 21287.
Hypertonic saline (HS) has been advocated as a hyperosmolar agent for the
treatment ofcerebral edema. Recently, several animal studies and clinical series have
demonstrated the efficacy of HS treatment in traumatic brain injury. We tested the
hypothesis that continuous intravenous infusion of HS following transient focal
ischemia and reperfusion would attenuate infarction volume in the rat. Under
controlled conditions of normoxia, normocarbia and normothermia, halothaneanesthetized adult male Wistar rats were subjected to 2 hr of middle cerebral artery
occlusion (MCAO) by the intraluminal occlusion technique. At the onset of
reperfusion, rats were randomly assigned to receive 10 c.c./Kg intravenous bolus of
either normal (0.9%) saline (NS) or 7.5% HS (chloride:acetate 50:50) followed by a
continuous infusion @ 0.5 cc/hr until the end of the experiment. Infarction volume
was assessed by triphenyltetrazolium chloride staining at 22 hr ofreperfusion. In rats
treated with NS (n=8), serum Na+ levels were 137±3 mEq/L (mean±SEM) at
baseline, 135±2 and 138±2 at 4 hr and 22 hr of reperfusion respectively; compared
to 136±2 at baseline, 148±1 and 153±5 mEq/L in HS-treated rats (n=8). Percent
change in laser-Doppler perfusion signal was similar in both treatment groups during
MCAO and immediate reperfusion. There were no differences in mean arterial blood
pressure and hematocrit in the two treatment groups. Cortical infarction volume
corrected for swelling of ipsilateral cerebral cortex was significantly larger in HStreated rats (121±14 mm3; 3O±3% ofipsilateral hemisphere; p<0.05) as compared to
NS-treated controls (64±15 mm3; 16±4% of ipsilateral hemisphere; p<0.05).
Infarction volume in the striatum was similar in both treatment groups. Compared
to contralateral cerebral cortex, tissue volume of ipsilateral cortex was increased
26±5% with NS and 414=5% with HS. These data demonstrate that continuous HS
therapy given during reperfusion following transient focal ischemia worsens tissue
swelling and cortical infarction volume in experimental focal ischemia.

SPREADING DEPRESSION IS ELICITED BY COLLAGENASE-INDUCED
INTRACEREBRAL HEMORRHAGE. S. Mun-Brvce*. A. Wilkerson. N,
Papuashvili, and Y, C, Okada. Depts. Neurol. & Neurosci., Univ.
New Mexico Sch. Med., Albuquerque, NM 87131

Supported by USPHS NIH NS20020 and the American Heart Association.

128.23
STROKE-INDUCED GELAUNASE B EXPRESSION IS EXACERBATED IN CuZnSOD
DEFICIENT MICE. Y. Gasche1*. M Fuiimura1, J-C, Copin1. Y, Morita-Fuiimura1 and EH
Chan1. ‘Departments of Neurosurgery Neurology and Neurological Sciences, and Program in
NcuroscSences, Stanford University School of Medicine, Palo Alto, CA 94304.
During brain ischemia-reperfusion, matrix metalloproteinases (MMPs) are
involved in blood-brain barrier (BBB) alteration leading to secondary brain injury.
Vasogenic edema is also closely related to oxidative stress as illustrated by a more
important alteration of BBB observed after transient middle cerebral artery
occlusion (tMCAO) in CuZn superoxide dismutase (SOD-1-/-) deficient mice as
compared to wild type animals (SOD-1+/+). The aim of our study was to compare
the levels of pro- and activated forms of MMP-9 and MMP-2 in the brains of SOD1-/- and SOD-1+/+ mice subjected to tMCAO (60 min), at lh and 3h following
ischemia. After purification from each sample using their selective affinity to
gelatin-sepharose, MMPs were detected by zymography and quantified by
densitometric analysis. ProMMP-9 and proMMP-2 were detectable in the brains of
mice without ischemia and in non-ischemic regions (contralateral) of every mouse
subjected to stroke. Constitutive proMMP-9 and proMMP-2 levels were 2.3 fold and
1.5 fold higher in SOD-1-/- than SOD-1+/+ animals, but no activated form of either
enzyme could be detected in any animal. After lh of reperfusion proMMP-9
increased mildly in knockout and wild type animals but no difference was observed
and no activated form of MMP-9 could be detected. (Pro)MMP-2 was not induced at
lh of reperfusion. 4h after ischemia, proMMP-9 was strongly increased in ischemic
regions of knockout animals (5.9 fold) while it was only moderately induced in wild
type littermates (2.3 fold). This difference was significant (p<0.05). Activated
MMP-9 was present at 4h in both types of animals, and again, it was higher in SOD1-/- (mean OD: 2.7±1.4) than SOD-1+/+ mice (mean OD: 6.7±3). Our results show
that SOD-1 deficiency is associated with a higher level of MMP-9 expression and
activation after stroke in mice, suggesting that MMP-9 could be involved in
oxidative stress related BBB disruption (Supported by NIH grants NS 14543,
NS25372, NS34167 and NS38653).
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There is an increased incidence of intracerebral hemorrhage (ICH)
when ischemic stroke patients are treated with the thrombolytic
agent, tissue plasminogen activator (tPA). We have used electrophysiological techniques to study the sequelae of an ICH in an in
vivo gyrencephalic swine model whose brain resembles the human
brain in many respects. The somatic evoked potential (SEP) elicited by electrical stimulation of the snout decreased in amplitude
within minutes after the start of collagenase injection into the
projection area of the cortex, indicating that the blood brain barrier
(BBB) was rapidly broken by this metalloproteinase. The SEP from
the primary projection site was abolished within 1 hr. As the hematoma was developing within the volume of injection site, we observed spontaneous, recurring episodes of spreading depression
(SD) in the penumbra. SD from the penumbra eventually stopped
as the hematoma expanded. These findings seem to be clinically
important since they suggest that SD may be occurring spontaneously in reperfusion bleeds as a result of tPA therapy. Supported
by R01-NS30968 (YCO), an Under-represented Minority Postdoctoral
Fellowship from NINDS and the Dedicated Health Research Funds of
the UNM School of Medicine (SM-B).
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MILD ISCHEMIC DAMAGE TO THE CORTEX INDUCES
SIGNIFICANT SENSORIMOTOR DEFICITS IN MICE.
J. Palmer, H. Thibodeaux, M. Van Lookeren-Campagne, N. Van
Bruggen, R. Gerlai. SPON: International Behavioural Neurogenetics
Society*. Neuroscience, Cardiovascular, & Immunology Departments,
Genentech, Inc., 1 DNA Way, South San Francisco, CA 94080.
The preferred subjects for studies of cerebral ischemia are the rat
and the gerbil. However, transgenesis and gene targeting are carried
out in mice and as a result of the advancements in recombinant DNA
techniques the number of mutant mouse strains is rapidly increasing.
Furthermore, the availability of a large number of genetically well
characterized inbred and recombinant inbred mouse strains also makes
the mouse a subject of choice for brain research. In the present study
we induce mild and transient focal cerebral ischemia by occluding the
right middle cerebral artery (MCA) for 45 min in C57BL/6 strain of
mice. We analyze the ischemic brain damage by magnetic resonance
imaging (MRI) and characterize the behavior of mice in basic
sensorimotor tasks 21 days post-ischefriia. We show that although the
induced brain damage is mild compared with other ischemia models, it
leads to. clearly detectable and significant sensorimotor defects
associated with fine motor coordination, balance, and postural and
sensory reflexes. We conclude that the applied behavioral tests will be
useful in the analysis of stroke in mice and may allow the development
and evaluation of potential stroke therapies in this mammalian model
system.
Supported by Genentech, Inc.

ENVIRONMENTAL INFLUENCE ON NGFI-A AND 5HT1A
RECEPTOR mRNA EXPRESSION AFTER FOCAL BRAIN
ISCHEMIA IN RATS. A, Ronnback, P. Dahlqvist, A, Risedal', B. Mattsson1,

I-M. Johansson, B.B. Johansson1 and T. Olsson*. Dept of Public Health and Clin
Med, Umea University Hospital ‘Dept of Neurol, Lund University Hospital, Sweden

Environmental enrichment improves sensorimotor function after
brain infarction in rats. We have studied possible neuronal plasticityrelated factors, i.e., NGFI-A and the 5HT!A receptor, after different
stroke recovery environments. After permanent occlusion of the right
middle cerebral artery, adult male spontaneously hypertensive rats
were housed in different environments: enriched (8 rats, large cage
with toys), social (8 rats, large cage), isolated (1 rat, small cage) or
isolated with a running wheel (n=6-9/group). Functional outcome
(rotating pole and limb placement) was scored and gene expression on
the dorsal hippocampal level was studied by in situ hybridization after
28-34 days. Functional outcome was significantly better among
enriched and social groups. Cortical infarct volumes were not affected
by environment. NGFI-A mRNA expression in the CAI subregion and
cortex was significantly associated with good outcome. Adrenal
weight was increased (29%) and 5HT1A mRNA expression was
significantly decreased (14-29%) in CA3, CA4 and dentate gyrus
subregions in wheel-running rats. Brain infarction combined with
social interaction is associated with good outcome and increased
NGFI-A gene expression. Decreased 5HT1A mRNA expression and
signs of chronic stress after wheel-running is related to bad outcome.

Supported by the Swedish Medical Research Council, the Swedish Heart and Lung
foundation and Soderbergs foundation.

129.3

129.4

LONG-TERM NEUROLOGICAL EFFECTS OF TRANSIENT FOCAL CEREBRAL
ISCHEMIA IN RATS. H. Sauer*, K. Wozniak, H. Jiang., Y. Wu, J. Estrada, B. S.
Slusher, J. P. Steiner. Department of Neuroscience, Guilford Pharmaceuticals Inc.,
6611 Tributary St., Baltimore MD 21224.
The aim of the current study was to identify persistent long-term neurological deficits
in rats with focal cerebral infarcts, and to assess a range of behavioral tests for their
suitability to detect neuroprotective or restorative efficacy of putative drug candidates.
Male and female 230-260g Sprague-Dawiey rats underwent unilateral 120min. occlusion of the medial cerebral artery by the intraluminal filament method (MCAO). Animals were left to recover from MCAO or sham surgery for 4-6 weeks prior to commencement of behavioral testing. Behavioral tests included 1. the staircase test of forepaw dexterity; 2. place learning in the Morris water maze; 3. visible platform learning
in the MWM; 4. open field locomotor activity; 5. vertical paw placing in a perspex
cylinder; 6. Plantar thermal pain sensitivity in the Hargreaves test. Infarct volumes
were determined from brain slices using the Cavalieri method.
Paw-reaching scores were markedly impaired for the forepaw contralateral to, but not
ipsilateral to the infarcted hemisphere. Paw reaching scores did not recover even with
protracted training during weeks 6-9 post surgery. Naive animals with infarcts displayed significantly poorer acquisition of the platform location in a Morris water maze
place learning task relative to unlesioned naive controls. Animals that had successfully
acquired the platform location prior to MCA occlusion (pretrained), performed significantly better than their naive MCAO counterparts, but significantly poorer than pretrained unlesioned controls. MCAO and sham animals learned to locate a visible platform with equal precision, but MCAO animals displayed a significantly slower acquisition of this task. MCAO animals were also impaired in a spatial probe trial. There
were no differences between MCAO animals and sham controls in several measures of
open field activity, or plantar thermal pain sensitivity in the Hargreaves test.
Morphometric assessment of infarct volumes showed large lesions involving predominantly the cortex and striatum ipsilateral to MCA occlusion. Correlation analyses on
the relationship of infarct volume to behavioral impairment will be presented.

CHOLINERGIC DEAFFERENTATION DOES NOT POTENTIATE ISCHEMIC
LEARNING DEFICIT Patrick D. Lyden*, Kelley Chuang, Caroline Shin, Catherine
Jackson-Friedman, Andrew Chen Veteran's Administration Medical Center, San Diego, CA 92161
Cerebral ischemia may cause dementia or potentiate Alzheimer's type dementia
(AD), but the mechanisms of these effects are unclear. We studied whether
cholinergic deafferentation, the main biochemical marker of AD, potentiated the
learning deficits associated with stroke.
Methods: We injected 1.3pg 192 IgG-saporin into the right (R) lateral ventricle of
male Sprague Dawley rats weighing 250 to 300g. Seven days later left (L) MCA
was occluded with intraluminal suture, and reperfused after 20 or 40 minutes. Two
weeks later learning and memory was assessed in a Morris water maze. ChAT
levels in frontal (F) and occipital (O) cortex were measured. Results: ChAT levels
were compared to the mean of unlesioned controls (n=3) and were reduced by 192
IgG-saporin (n=8) to 80±6% and 38±4% in RF and RO, respectively (p<0.05,
ANOVA/Dunnett's). After 20min ischemia (n=3) ChAT declined to 80±15% (LF)
and 70±6% (LO); 40min ischemia (n=5) reduced ChAT to 81 ±9% (LF) and
72±8% (LO). 192 IgG-Saporin plus 20min (n=8) or 40min (n=7) ischemia
reduced ChAT to 75±4% or 79±9% respectively (LF), and to 44±3% or 44±5%
respectively (LO). In the water maze, all groups acquired the escape location by
the 7th test day (repeated measures ANOVA F, 93=7.3, p=0.008). During spatial
probe the groups were similar (F7 43=1.05). In a reversal test the 20minute ischemia
group was delayed (latency=30±l 1 sec) compared to controls (l,1.5±2sec)
(P<0.05, ANOVA/Dunnet's), but all other groups resembled controls.
Conclusion: There was no additive effect of 192 IgG-saporin plus mild,
temporary ischemia upon ChAT levels or learning deficit. Longer ischemia
duration should be studied. (Supported by the Medical Research Service,
Department of Veteran’s Affairs).

129.5

129.6

EFFECTS OF EPISODIC HYPOXIA ON WATER MAZE
PERFORMANCE OF YOUNG RATS. J. Daniel1*, J. Chen2, D,
Gozal2, and G, Dohanich1. ’Department of Psychology, Tulane
University, and departments of Pediatrics and Physiology,
Tulane University Medical School, New Orleans, LA 70118.
Obstructive sleep apnea syndrome is characterized by
episodic hypoxia (EHYP) and REM deprivation. Reported in
1-2% of all children, this syndrome may be responsible for a
variety of learning and behavior impairments in school age
children. In order to test the effects of EHYP in an animal
model of sleep apnea, young Sprague-Dawiey male rats were
exposed to EHYP (10% O2 balance in N2) for 30 minutes per
hour during the 12 hours of the light phase over 14 days.
Control males were housed under normoxic conditions.
Beginning on the day after termination of hypoxia, place
learning was assessed in a water maze. Rats exposed to
EHYP displayed significantly longer escape latencies and
swim distances on place training trials over 2 days of testing.
Performance deficits persisted for as long as 14 days after
termination of EHYP. There was no effect of EHYP on
latencies to mount a marked platform indicating that all rats
could discriminate and swim equally well to a cued escape
platform. These results indicate that 14 days of episodic
hypoxia impaired acquisition of a task that depends on spatial
reference memory, without affecting sensorimotor function.

BEHAVIORAL ASSESSMENT IN THE MIDDLE CEREBRAL ARTERY
OCCLUSION MODEL OF STROKE. A.E, Willing*1, F. Nowicki1, M. Milliken1,
S. Saporta12’, & P.R. Sanberg1. Neuroscience Program, Departments of
‘Neurosurgery & 2Anatomy, University of South Florida, Tampa, FL, 33612.
Middle cerebral artery occlusion (MCAO) is a model of stroke that produces
focal lesions of the striatum, cortex and hippocampus, which are accompanied by
motor and cognitive deficits. The purpose of this study was to examine whether
there are changes in the spontaneous behavioral patterns of the rat across the light
cycle and compare these naturalistic observations with more structured behavioral
tests. Male Sprague Dawley rats were observed both prior to and 1 month after
MCAO on the following tests: day and night spontaneous activity monitoring,
motor coordination, motor asymmetry and learning and memory. During the dark
phase of the light cycle, the changes of largest magnitude were increases in
stereotypy, and vertical activity; this hyperactivity was maintained throughout the
13hr test. During the first 5 min. of the daylight test period, the animals were
hyperactive in vertical activity, counterclockwise rotation, and time and activity in
the center of the cage. However, this hyperactivity was not maintained throughout
the lhr observation period. While acquisition remained unchanged in the passive
avoidance task, there was a decrease in performance on the retention phase of the
test (p < .03). There was a tendency for performance in the motor coordination test
to be impaired. Measures of motor asymmetry failed to reveal any differences in
behavior before or after the stroke. These results suggest that the spontaneous
activity tests and the passive avoidance tests are sensitive measures of the motor
and cognitive damage caused by the MCAO. These results demonstrate that
measuring spontaneous activity can be a sensitive measure of MCAO deficit
depending on the time of day of the test and the length of the observation period.

Supported by ALA CI-002-N, HL-62372, and MCJ-229163
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BEHAVIORAL AND COGNITIVE EFFECTS OF MIDDLE CEREBRAL
ARTERY OCCLUSION IN MICE. K. Hattori1, K. Kim1. P.D. Hum1, B.J.
Crain2*, R.J. Traystman1, and A.C, DeVries1. ‘Departments ofAnesthesiology
and Critical Care Medicine and 2PathoIogy, The Johns Hopkins School of
Medicine, Baltimore, MD 21287, USA.
The purpose of the present study was to assess the sensorimotor, anxiogeniclike and cognitive effects of middle cerebral artery occlusion (MCAO) in mice.
Male mice were subjected to 60 min of MCAO (using a 6.0 nylon filament) or
sham-surgery. In the first cohort of animals, locomotor activity, balance, and
coordination were evaluated two weeks after surgery through a series of
sensorimotor tests. Anxiogenic-like behavior also was assessed in these animals
via the elevated plus-maze. In a second cohort of animals, the effects of MCAO
on learning and memory were assessed using a step-down passive avoidance
task. Beginning one week after surgery, the animals were trained on two
consecutive days to avoid stepping down onto an electrified grid. Following
successful acquisition of the task, the ability of the animals to retain the task
was tested one and four days after the last training session. At the conclusion
of the study, infarction volumes were determined using cresyl violet staining
and quantitative image analysis. MCAO resulted in cortical and striatal
infarction volumes of 12+3 and 19+3 (% ipsil. region; mean+sem),
respectively. There were no significant differences (P>0.05)between MCAO
and SHAM animals in body weight, sensorimotor ftinction or anxiety.
However, MCAO significantly impaired both the acquisition and retention of
the passive avoidance task. Supported by NR03521, NS 20020 and NS33668.

COGNITIVE DEFICIT VS. HIPPOCAMPAL LESION SEVERITY IN NEONATAL
CEREBRAL ISCHEMIA J, Barks*, H, Duong. T, Trakht, X.H, Liu. Dept. of Peds.
and Ctr. for Human Growth and Development, U. of Michigan, Ann Arbor, MI 48109
Mechanisms of injury to the immature brain and neuroprotective strategies have
been extensively evaluated in neonatal rat (usually postnatal day 7, i.e. P7) models of
cerebral hypoxia-ischemia (HI). Neuroprotection in rats is usually evaluated by reduction in size of tissue damage. Yet, in humans, the important outcome is neurologic
function. Little is known about the relationship between the size of a neonatal HI
brain lesion and eventual neurological function. Cognitive deficits have been detected
after severe neonatal HI. It is not known whether there is a linear relationship between
lesion severity and degree of cognitive deficit. We hypothesized that mild-to-moderate
neonatal cerebral HI also produces deficits in learning and memory as rats reach maturity, with a linear relationship between severity of lesions and deficits. Unilateral cerebral HI was induced in P7 Long-Evans rats by right carotid ligation followed by 1 or
1.5 h in 8% 02. Controls included rats with ligation alone, and normal rats. Rats
from 5 litters were equally represented among groups. To evaluate spatial learning,
rats were tested in the Morris Water Maze at P60-P65. Bilateral hippocampal volumes
were estimated from area measurements obtained by image analysis. The relationship
between % right hippocampal atrophy [100*(L-R)/L] and daily mean escape latencies
was not linear. Rats were then subdivided, based on severity of unilateral hippocampal
atrophy [minimal (<10%); moderate (11-39%); severe (>40%)]. Rats with severe
atrophy had prolonged escape latencies (p<0.05, repeated measures ANOVA), compared to those with minimal or moderate atrophy. Latencies were not prolonged in rats
with moderate atrophy (vs. minimal). Hl-induced hippocampal damage must exceed a
threshold of severity before impaired learning can be detected using the Watermaze.
This finding has important implications for the choice of lesioning conditions, if
cognitive outcome is used as the key index of neuroprotection. (Grant support: United
Cerebral Palsy, Mott Hospital Gift Fund and U. of MI Children in Poverty Program)

129.9

129.10

Delayed Rehabilitative Enrichment Enhances Recovery Following Cortical
Ischemic Injury. J, Biemaskie*. K, McKay. J. Dowden, R, Farrell, S. Evans,
D. Corbett. Basic Med. Sci., Fac. Med., Memorial Univ., St. John’s, NF,
Canada, AIB 3V6.
Environmental enrichment and rehabilitative training have been reported to
promote functional recovery following neocortical injury. The present study
utilizes a model of focal ischemic injury to examine the beneficial effects of
an enriched environment intended to encourage use of the affected forelimb.
Rats were subjected to either sham or ischemic surgery and subsequently
designated to either enrichment or non-enrichment treatment groups at 14
days post-surgery. Focal ischemia was produced by intraluminal occlusion or
stereotaxic application of endothelin-1 (60 pM) to the right MCA. Core
temperature was maintained above 36.5°C for 8 hours and monitored for 24
hours post-ischemia. Functional recovery of the affected forelimb was
assessed by a staircase reaching paradigm, and by measuring asymmetrical
forelimb use. Ischemic + enrichment animals showed significant improvement
on the staircase task at 30 and 60 days post-treatment, compared to those in
the ischemic + non-enrichment condition (p<.05). Further, when measured for
asymmetrical forelimb use, ischemic + non-enriched animals preferentially
used the unaffected forelimb whereas ischemic + enrichment animals did not
differ from sham animals. Preliminary evidence suggests that rehabilitative
environmental enrichment stimulates dendritic growth and synaptogenesis in
intact cortical areas, which may underlie this enhanced functional recovery.
Supported by the Heart & Stroke Foundation of NF.

MODERATE TRANSIENT CORTICAL ISCHEMIC STROKE: EARLY
OVERUSE OF THE AFFECTED FORELIMB WORSENS LONG-TERM
OUTCOME WITHOUT INCREASING TEMPERATURE OR
CORTICOSTERONE. S, Bland1*, R, Sttgag2, J, Aivnpwskj2, T, Schallert1 A
J, Grotta2. ’Dept. of Psychology and Inst, for Neuroscience, University of Tt as
at Austin, Austin, TX. 2DepL of Neurology, University of Texas Medical
School, Houston, TX, .
We have previously shown that forced overuse of the affected forelimb exaggerates
sensorimotor deficits and infarct volume following mild (30 min), but not severe
(90 min), transient focal ischemic stroke in rats (Bland et al., 1998). The current
studies examine the effects of forced forelimb overuse following a moderate
transient cortical ischemic stroke. Ischemia was produced in male Long-Evans
rats by 45 min unilateral middle cerebral artery/bilateral common carotid artery
occlusion (MCAO). One forelimb, either ipsilateral (overuse) or contralateral
(disuse) to the MCAO side was immobilized by means of a plaster of paris cast,
or the animal was left uncasted. Casts were removed on day 10 and sensorimotor
testing was performed during days 17-38. Cognitive performance was tested in
the Morris water maze. MCAO rats performed worse on limb-use sensorimotor
tests than sham, with ipsi-casted animals performing worse than contra- or
uncasted animals. No group differences were found in the Morris water maze.
Temporalis muscle temperatures and plasma corticosterone levels were measured
during the 10 days following 45 min ischemia and casting. Temperature was
measured using a remote transponder implanted in the temporalis muscles of rats.
Corticosterone was measured in tail blood plasma samples using RIA. No group
differences were found in either temperature or plasma corticosterone. Forced
overuse of the affected forelimb immediately following focal ischemia has
detrimental effects on functional outcome, by a mechanism other than
hyperthermia ot stress. Supported by grants from NIH, NIAAA, and the Texas
Advanced Research Program.

129.11

129.12

EFFECTS OF EARLY BEHAVIOURAL TESTING ON HISTOLOGICAL
OUTCOME AFTER GLOBAL ISCHEMIA. J. Dowden.1* S, Evans? S. Nurse2
and D. Corbett1, ‘Basic Med. Sci., Fac. Med., Memorial Univ., St. John’s, NF,
AIB 3V6; 2CRSN, University de Montreal, Montreal, QC, H3C 3J7 Canada.
Rehabilitation therapy is a standard treatment for stroke patients. Recent
animal data suggest that excessive behavioural testing early after brain injury
may worsen long term outcome (Koslowski et al., J. Neurosci., 96). We further
tested this hypothesis by exposing gerbils to a novel open field within the first
few days following a moderate, 3 min global ischemic insult and in gerbils made
tolerant to ischemia by prior ischemic preconditioning.
In experiment 1 gerbils were exposed to 3 min of bilateral carotid artery
ischemia at ~36.5°C. Half the animals were tested in the open field 3 days later
and all animals were sacrificed on day 5. Similarly, in experiment 2 gerbils were
preconditioned by 2,1.5 min occlusions separated 24 hr apart followed 3 days
later by a 5 min bilateral occlusion. Half of the animals were tested in the open
field 3,7,10, and 30 days after the final (5min) occlusion and the remaining
animals were handled but not tested.
CAI cell counts revealed no differences between groups across 3 rostral/caudal
levels of the hippocampus in either experiment 1 (t1>8=0.07 - 0.94) or in
experiment 2 (t! 20 = 0.76-0.92). These data indicate that exposure to a novel
(and hence stressful) environment that results in use dependent activity (e.g.
forming spatial maps) early after global ischemia does not exacerbate CA 1
histological outcome.

CI Therapy Extended from Upper to Lower Extremity in Stroke Patients. E. Taub.
* R.D. Pidikiti. A, Chatteriee, G. Uswatte. P.K. King, C. Bryson, C. Willcutt, T.
Jannett. S. Yaklev and M, Spear. Depts of Psychology and Neurology, University
of Alabama at Birmingham, 35294 and Physical Medicine and Rehabilitation
Service, Veterans Affairs Medical Center, Birmingham, AL 35233.
A new approach to the rehabilitation of movement after stroke, termed ConstraintInduced (CI) Movement Therapy, has been derived directly from basic research
with monkeys given somatosensory deafferentation of one upper extremity. The
therapy for upper extremity involves: 1) restricting movement of an unaffected arm
for all or most of waking hours for a period of consecutive days (1-3 wks), 2)
training the affected arm. Until recently this technique was applied successfully to:
1) unilaterally deafferented monkeys where a useless limb was converted into a
limb that could be used extensively, 2) chronic stroke patients representing to date
the upper 60-75% of the population in terms of initial motor deficit. We report
here the successful extension of the CI Therapy massed practice approach to the
lower extremity of 15 chronic (>1 yr post-event) stroke patients with a wide range
of initial deficits, extending from minimally ambulatory to moderate impairment.
Therapy took place in massed practice fashion for 6 hr/day for 15 consecutive
weekdays. It consisted of concentrated framing (by shaping) of lower extremity
function in a variety of tasks including: forward, backward and sideway treadmill
ambulation with and without partial body weight support, overground ambulation,
stair climbing, sit to stand, and balance exercises. A limb load monitor with an
increased feedback capacity and an electric goniometer were used in the training,;
no constraining device was placed on the less-affected leg. Patients did
significantly better than placebo or reduced treatment controls on three laboratory
tests and a real world outcome measure. Effect sizes were all above 1.5.
Supported by Grant B95-975R from the U.S. Dept. of Veterans Affairs and NIH
Grant HD 34273.

Supported by the MRC of Canada
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VOLUNTARY FINGER TORQUE GENERATION FOLLOWING HEMIPLEGIC
STROKE. D.G. Kamper1 . S, Suresh2, and P. Joseph1. & W.Z. Rymer1*
1SMPP, Rehabilitation Institute of Chicago, Chicago, IL 60611; *Dept. of
Anesthesiology, Northwestern Univ., Chicago, IL, 60611.
Control of finger joint torque is often compromised following stroke,
potentially resulting in chronic deficits in hand function. The goals of this
preliminary study were to quantify the ability of chronic stroke subjects to
generate isometric torques about the metacarpophalangeal (MCP) joints of
the hand and to examine the possibly altered impact of cutaneous afferent
input from the glabrous skin on voluntary torque generation at the MCP joint.
Eleven subjects with hemiplegia resulting from a cerebrovascular incident at
least two years prior participated in the study. With the wrist casted, the MCP
joints of the 4 fingers were aligned vertically with the shaft of a servomotor that
controlled MCP rotation. At 6 locations throughout the joint range, subjects
were asked to generate maximal voluntary isometric extension torques. Of
the 11 subjects examined, 9 failed to generate an extension torque greater
than 0.2 N-m, (mean torque=0.07±0.17 N-m), despite generally normal
passive resistance to MCP extension. Indeed, attempts to extend the fingers
usually resulted in paradoxical finger flexion, with electromyographic (EMG)
activity present in both the long flexors and extensors of the fingers. While
control of extension torque was highly impaired, control of MCP flexion torque
remained in all subjects, with 9 able to produce at least 1.4 N-m of voluntary
flexion torque. To address the impact of glabrous skin afferents on MCP
torque generation, 4 subjects also underwent blockade of these nerves
through injection of 2% lidocaine at the wrist. Extensor EMG activity observed
during attempts to create an extension torque increased significantly following
anesthetization, though flexor EMG activity increased as well. It appears that
reduction of palmar cutaneous input may facilitate MCP extensor voluntary
torque. (Supported by NRSA 1 F32 NS10679 and NRSA 5 T32 HD07418).

Contralateral activation of the word generation in a patient of motor
aphasia recovered four years after stroke: fMRI study evaluated Lthreo-3,4-dihydroxyphenylserine combined speech therapy
K. Shimoda#rN. Sadato and K. Imamura##. #Division of Neurology,
National Nishitottori Hospital, Tottori 689-0203, *Biomedical Imaging
Research Center, Fukui Medical University. Fukui 910-1193, ##
Department of Neuroscience, Osaka Bioscience Institute, Osaka 565-0874,
JAPAN
We present a case of 48 years right handed male with severe motor
aphasia that responded to combination therapy of L-threo-3, 4dihydroxyphenylserine (DOPS) and speech therapy. He had a large
cerebral infarction due to a thrombosis of the left internal carotid artery
damaging the left parieto-frontal cortex and the basal ganglia four years
ago. This produced right hemiparesis and severe motor aphasia. He was
admitted to our hospital 4 years after the initial stroke for this combination
therapy of DOPS and speech therapy. After a few weeks of this
combination therapy, he started to repeat a word very well and read words
and sentences very clearly. The score of standard language test of aphasia
improved 175% over the years prior to this therapy without any apparent
reduction of the damaged area. Functional MRI with covert word
generation task showed that the bilateral inferior frontal gyrus, left
thalamus and left basal ganglia were significantly activated during the task
in this patient. Compared with the 24 control subjects (PET study), the
patient showed greater activation during covert word generation task in
the right inferior frontal gyrus. Percent increase in rCBF in this area was
11.4 % in the patient whereas -1.4 percent in normal control group. This
combination therapy might have induced a functional reorganization in the
motor speech neuronal system. We are now treating a few more patients of
aphasia with DOPS and speech therapy, and planning to have functional
imaging of speech area.

129.15

129.16

IN VIVO HEAD TISSUE CONDUCTIVITY ESTIMATION FOR
IMPROVED EEG ANALYSIS. T. C. Ferrec.* K. J. Eriksen and D, M,
Tucker, Electrical Geodesics, Inc., Eugene, Oregon, 97403.
Dense-array electroencephalography (EEG) can be used to improve the
diagnosis and treatment of stroke, epilepsy and aging-related disorders.
Approximate localization of pathological brain tissue is also possible using
electrical head models and inverse methods. In addition to head geometry,
which can be determined from structural magnetic resonance imaging,
accurate head models require the average conductivity of the brain,
cerebrospinal fluid, skull and scalp. Given the large variability in the
existing experimental data, ideally these values would be determined for each
subject individually. We have therefore developed a method for estimating
head tissue conductivities in vivo, by injecting small (l-10pA) currents into
the scalp and measuring the electric potential at the remaining electrodes of a
dense-array EEG net. Conventional thinking argues that the low skull
conductivity would cause most of the injected current to be shunted through
the scalp. Yet we have found that the resulting scalp potentials are indeed
sufficiently sensitive to the inner head tissues. Treating conductivity
estimation as an inverse problem, we used a multi-start downhill simplex
algorithm to find the set of conductivities that minimizes the sum-squared
error between measured and computed scalp potentials. Assuming noise
levels like those anticipated in practice, we have found that a well-adapted
inverse procedure can retrieve head tissue conductivities to within a few
percent error.
This work was supported by NIMH 2-R43-MH-53768-02.

SHORT AND LONG TERM EFFECTS OF HYPOXIA-ISCHEMIA IN
YOUNG BRAIN II; BEHAVIORAL ASSESSMENT. T.J. Hudzik*. S.
Sydserff, P.Bialobok, M. Yanek, M. Mastrangelo, K. Malisza1. S.
Bascaramurtv1 and U.l. Tuor1 Deot. of Pharmacology. Astra Arcus USA,
331 Clay Rd. Rochester, NY;11nstitute for Biodiagnostics, National
Research Council Canada, Winnepeg, MB.
While there have been numerous reports on the functional and histologic
consequences of experimental ischemia within very short timer periods of
the insult, remarkably little work has been directed at long term follow up,
particularly as it relates to recovery of function. In order to study the
relationships between ischemia-induced deficits, recovery, CNS
activation and histology, the present study was undertaken. Twelve male
rats were given experimental stroke by ligation of the right carotid artery
and exposure to an 8% oxygen environment. Twelve rats served as
controls. During the first week after insult, rats were tested in fMRI, a
neurologic battery and In a beam walking task. From 5-12 weeks
following insult, animals were trained to respond under an operant task in
which responses of a duration of 1-1.3 sec were reinforced. From 9-13
weeks post-ischemia, animals were trained in a test of fine motor control
(staircase test). fMRI and histology were performed at 20 weeks. There
was some degree of impairment in each behavioral test. Rats scored
more poorly on the beam walking task up to 1 week after ischemia. In the
operant task, there was a 50% decrease in accuracy relative to controls,
which was largely due to highly disorganized and variable response
durations. In the staircase test, hypoxic-ischemic rats were less
successful in retrieving pellets than controls. Correlations between
behavioral deficits, fMRI and histology are presented.

129.17

129.18

EVALUATION OF RAT CEREBRAL INFARCTION: A NOVEL APPROACH
WITH FUNCTIONAL AND MORPHOLOGICAL METHODS. Y.-S.Yen',ILCULheng2, M.-J. Tsai3*, L.-S.-LeeLandTLGheagL ’Dept. of Neural Regeneration
Lab., Neurological Institute and 2Dept. of Radiology, VGH-Taipei, Taiwan;
’Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan
It has been difficult to evaluate functional deficits in brain infarction models in
rats. Quantitative surveys for effects of medical or surgical therapy depend
mostly on histologic methods, and data from long-term follow-up of experimental
cohorts is rarely reported. In this study, we created cerebral infarctions in 20 rats
using a modified middle cerebral artery occlusion (MCAO) technique (Right
MCA+CCA ligation plus left CCA temporary occlusion for 120 minutes).
Animals were studied with gait analysis methods as described previously at
several time points before and up to 3 months after surgery. Magnetic resonance
imaging (MRI) with T2WI and diffusion-weighted modes were done at the same
time periods post-operatively. Three or 4 rats were subjected to histological
examination for brain infarction each time after gait analysis and MRI. Gait
analysis showed the transit time and step number significantly increased after
surgery, whereas the gait length significantly decreased compared to those before
the operation. Both MRI and histology showed the location and size of infarct
were constant among different rats. It is concluded that our method produces a
stable infarction size according to MRI and histological evaluation. The
functional deficit could be detected with the gait analysis method, allowing a
noninvasive test for various treatments.
(supported by NIDA, NSC and NHRI)

DIFFUSION WEIGHTED IMAGING REFLECTS CHANGES IN TISSUE
MORPHOLOGY ASSOCIATED WITH PERMANENT FOCAL ISCHEMIA.
Brenda Bartnik and Andre Obenaus*. Department of Medical Imaging, Royal
University Hospital, University of Saskatchewan, Saskatoon, SK. S7N 0W8
Ischemic neuronal death appears to be modulated in part by both cytotoxic and
vasogenic edema. Cytotoxic edema can be identified using diffusion-weighted
imaging (DWI) which measures the diftusional motion of water in tissue whereas
T2-weighted imaging (T2WI) can detect the edema associated with the development
of the infarct. The objective of our study was to define the progression of a small
permanent focal ischemic lesion using magnetic resonance imaging (MRI) with
correlative histology. The lesion was induced on the frontal cortex of Wistar rats
using the pial vessel disruption technique. DWI and T2WI were performed using a
1.5 Tesla magnet at 24, 48 hours and 14 days after surgery. Analysis of the DW
maps showed a decrease in apparent diffusion coefficient (ADC) to 85% of control
levels beginning at 24 hours, which reached a maximum at 48 hours (72% of
control). Within 14 days, the ADC started to increase to 89% (of control) but did
not reach basal levels, suggestive of permanent morphological changes.
Assessment of the T2W maps revealed similar alterations. Histological analysis
with cresyl violet revealed changes in tissue integrity at 24 hours when an increase
in extracellular space was identified. By 3 days a pan-necrotic lesion had developed
at the site of the ischemic infarct. Our results demonstrate that MRI accurately
reflects the anatomical changes associated with a small focal ischemic event. The
correlation of the temporal relationship between MR images and the anatomical
alterations after the induction of a small lesion may hold significance for clinical
identification of small, sub-lethal ischemic induced injuries. (Supported by a
Saskatchewan Health Services Utilization and Research Commission grant to AO.)
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EVALUATION OF A COMPRESSION INDUCED PENUMBRA
STROKE MODEL WITH T2-MAP, PROTON DENSITY -MAP,
ADC-MAP AND PERFUSION MRI
Z. Chen1 M, Abo1?. Klasonl T, Reese^K, Bjelke1*, B. Bielke1

MAGNETIC RESONANCE IMAGING OF HEMORRHAGIC STROKE

^MR Research Center, Karolinska InstituteT, Stockholm, Karolinska Hospital,

S171 76 Stockholm, Sweden.- Novartis Pharma, Basel, Switzerland
The aim of this study was to evaluate a penumbra stroke model at 3h, 6h, 12h
and 24h postlesion using 3D imaging, T2-maps, proton density (PD) maps,
apparent diffusion coefficient (ADC) maps, perfusion MRI and MR angiography
imaging on a Biospec Avance 4.7T/40 imaging spectrometer. A compression over
the right sensori-motor cortex was performed stereotaxically for 30 minutes under
isoflurane anaesthesia in male Sprague Dawley rats bw.t. 200 to 240 g. One
representative brain coronal slice at the center of the lesion was used for the
analysis. ADC values were slightly lower in the core and periphery region of
lesion compared to the corresponding region on the contra lateral side at the 3h and
6h postlesion. Perfusion MRI data was analysed for evaluation of relative changes
of relative cerebral blood volume (rCBV), blood flow (rCBF) and the mean transit
time (MTT). They were calculated by integrating the apparent change in transverse
relaxation rate (AR2*) curve from ROIs (2x2 pixel) positioned in the same
location as the ROIs for the ADC values. Previous studies have shown that peak
AR2* values can be used as an index of the deficits in cerebral perfusion. We found
a small difference at3h and 6h postlesion between the peak AR2* versus time in
the core and periphery lesion regions and a significant linear correlation was found
between the ADC values and the peak AR2* values at the same time points. Thus,
in a morphologically well defined penumbra lesion we have characterised the
alterations in diffusion and perfusion properties 3 to 24h postlesion. Supported by:
The Swedish Medical Research Council, David och Astrid Hagelens stipendiefond,
Svenska Lakaresallskapets forskningsfonder, Lars Hiertas Minne, Knut och Alice
Wallenbergs Stiftelse

Ryder.l. iDept of Biology and Biotechnology, Worcester Polytechnic
Institute; Worcester, MA 01609. 4Bruker Medical Inc.; Billerica, MA
01821. 5Dept. of Anesthesia, McMaster Univ.;Hamilton, Ontario, Can.
L8N 3Z5. 2Dept of Psychiatry; 3*Dept of Physiology; Univ.
Massachusetts Med. Sch.; Worcester, MA 01655
The area of brain insult following stroke due to cerebral vascular
occlusion can be visualized with diffusion and perfusion weighted
imaging techniques. However, the other major type of cerebrovascular
insult, hemorrhagic stroke, has not been studied with NMR techniques.
In the present study, fully conscious, stroke prone spontaneously
hypertensive rats were imaged in a 4.7T MR scanner (Biospec, Bruker
Medical). Prior to and following induction of stroke by a hypertensive
dose of i.v. norepinephrine, animals were scanned with diffusion,
perfusion and T2*weighted pulse sequences. The onset of vascular
rupture and the progressive movement of extravascular blood was best
imaged using the T2* weighted sequence that is sensitive to magnetic
susceptibility. In the most robust case, the hemorrhagic insult began at
the head of the caudate/putamen and was followed by a rapid filling of
the ventricular system with blood. The compromise in cerebral blood
flow following stroke was confirmed with MR angiography. After
imaging, animals were sacrificed and immunocytochemically stained for
fibronectin and albumin. All animals were acquired and cared for in
accordance with the guidelines published in the Guide for the Care and
Use of Laboratory Animals (National Institutes of Health Publications
No. 85-23, Revised 1985). This work was supported by NIMHMH52280 to CFF, and NSF-DBI-9604937 to JK.

129.21

129.22

MRI STUDY OF PHOTOCHEMICAL INDUCED ACUTE STAGE
CORTICAL INFARCTION IN THE RAT

NEUROPROTECTIVE EFFECT OF THE NOVEL AMPA RECEPTOR
ANTAGONIST YM872 ASSESSED WITH IN-VIVO MR IMAGING OF RAT
MCA OCCLUSION. M. Takahashi,1 A. Habere,2 M, Hielstuen? M, Okada.1* T.
Yamaguchi1 and O, Haraldseth2< ’institute for Drug Discovery Res., Yamanouchi
Pharmaceutical Co., Ltd., Tsukuba, Ibaraki 305-8585, Japan; 2MR-Center, University
Hospital, Trondheim, Norway; 3SINTEF UNIMED, Trondheim, Norway.
AMPA receptor antagonists are potentially useful as novel therapeutic agents for the
treatment of cerebral ischemia. However, the optimal duration of treatment with AMPA
antagonists during ischemia remains unresolved. In this study, the neuroprotective effect
of postischemic treatment with the highly water-soluble AMPA antagonist [2,3-dioxo-7(l//-imidazol-1 -yl)-6-nitro-1,2,3,4-tetrahydro- l-quinoxalinyl]acetic acid monohydrate
(YM872) was evaluated by using MR imaging and histopathology of rats subjected to
permanent middle cerebral artery occlusion (MCAO). Two treatment groups with iv.
infusion of 20 mg/kg/h YM872 during either the first 4 h or first 24 h after MCAO
were compared with a saline-treated control group. The MR imaging was performed
on a 2.35T Bruker Biospec. T2 weighted MR imaging (T2WI) and histopathology
(hematoxylin-eosin staining) 24 h after MCAO in rats were used as the main endpoints for evaluation of neuroprotection, and diffusion weighted MR imaging (DWI)
4.5 h and 24 h after MCAO was used to study the temporal evolution of the ischemic
tissue damage. The volume of ischemic damage as assessed by DWI 4.5 h after MCAO
was significantly smaller in both YM872-treated groups (99 ± 52 mm3 and 102 ± 44
mmJ vs. 186 ± 72 mm3 in control, ± SD and p < 0.01). After 24 h MCAO, however, the
volume of ischemic damage in the 4-hours YM872-treated group had reached the same
level as the control group. The infarct volume as assessed by T2WI 24 h after MCAO
was significantly smaller only in the 24-hours YM872-treated group (262 ± 57 mm3 vs.
366 ± 49 mm’ in control, p < 0.01) while the infarct volume in the 4-hours YM872treated group (357 ± 88 mm3) was similar to the control group. These results suggest
that the AMPA receptor plays a crucial role during the first 4 h after MCAO and that the
following phase is also important for neuroprotection with its antagonists.

M. Abol, Z. Chen-t, T. Klasonk, T. Reese^. and B. Bielke-t^

1 MR Research Center, Dept. of Clinical Neuroscience, Karolinska Institutet,
Karolinska Hospital, 171 76 Stockholm, Sweden.
2 Novartis Pharma, Basel, Switzerland
The purpose of this report was to characterise a focal, photochemically induced,
cortical necrotic lesion in the acute phase of stroke by using a combination of T2weighted imaging (T2WI), proton density imaging (PDI), diffusion-weighted
imaging (DWI), perfusion-weighted imaging (PWI) and MR angiography. Male
Sprague Dawley rats (bw.t. 200 to 240g) were recorded in the MR scanner 3h, 6h,
12h and 24h post lesion. The MRI recordings were performed on a Bruker Biospec
Avance 47/40 spectrometer with a 4.7 Tesla magnet. Quantitative MR data maps
were calculated from multi-echo T2WI data and spin-echo DWI data. From T2maps, PD-maps and apparent diffusion coefficient (ADC) maps, the different
stages of the brain lesion could be characterised regarding size and quality of the
lesioned region and effects on the surrounding tissue such as a midline shift
towards the contralateral side. In the core and periphery of the lesion the ADC
values were lower than in the same regions on the contralateral side at 3h and 6h
after the lesion (p<0.05). There was no significant difference between the control
group and lesion group concerning the ADC values in the contralateral cortex.
The ADC values in the lesioned group was elevated in the white matter in capsula
externa bilateral compared to the controls. Perfusion analysis using bolus tracking
and MR angiography showed a perfusion deficit in the lesion region. Thus, MRI
characterisation using T2-, PD-, ADC-maps and perfusion analysis is a valuable
tool in characterising a brain lesion such as a stroke lesion.
Supported by: The Swedish Medical Research Council, David och Astrid
Hagelens stipendiefond, Svenska Lakaresallskapets forskningsfonder, Lars Hiertas
Minne

129.23
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WHITE AND GRAY MATTER ISCHEMIA DURING TRANSIENT MCA OCCLUSION IN CATS MONITORED BY MICRODIALYSIS AND SEQUENTIAL PET .
R. Graf *, C. Dohmen, E. Kumura, G. Rosner. W.-D. Heiss. Max-Planck-Institut fiir
neurologische Forschung, D-50931 Cologne, Germany
Gray (GM) and white matter (WM) are likewise affected in stroke. To test whether
the slower breakdown of ion homeostasis in white matter (WM) as compared to GM
ischemia can be explained by differences in metabolic patterns, we studied cerebral
blood flow (CBF) and oxygen metabolism and extraction (CMRO2 and OEF) by sequential positron emission tomography (PET), and extracellular purine catabolites as
determinants of ATP degradation by microdialysis in selected WM and GM regions in
cat focal ischemia.
In halothane (PET study, n=6) respectively a-chloralose (microdialysis study, n=7)
anesthetized cats, the middle cerebral artery (MCA) was transiently occluded for 60
min. CBF, CMRO2, and OEF were repeatedly measured using 15O tracers on a
CTI/Siemens ECAT EXACT HR PET scanner, and evaluated in circular regions of
GM and WM of 5 representative coronal planes. Microdialysis/HPLC measured extracellular purine catabolites in cortical GM and subcortical WM.
Upon occlusion, all cats showed severe ischemia in both GM and WM. Ischemic
decreases in CMRO2 were smaller than those in CBF, and OEF increased by about
100%, the most prominent difference between GM and WM being a steeper WM drop
of the primarily increased ischemic OEF during late ischemia. In the microdialysis
study, purine catabolites in GM and WM increased fast upon occlusion. The rise in
adenosine was transient peaking 20-40 min earlier in GM than in WM. After reperfosion, adenosine returned almost immediately to preischemic controls, whereas hypoxanthine did not reach control levels until the end of the two hour reperfusion period.
As shown by PET and microdialysis, metabolic differences between GM and WM
ischemia seem to be of minor relevance for the progress of ischemic damage. Because
of the delayed peak of adenosine in WM, neuroprotective actions of this component
may last longer explaining to some extent higher ischemic tolerance of brain WM.

FUNCTIONAL RECOVERY AFTER LOCAL ISCHEMIA REVEALED BY
OPTICAL IMAGING IN BARREL CORTEX. L Wei. 12 JP Erinieri2. C Rovainen1*
and, TA WQolsey 12 Depts. of Cell Biology and Physiology1 & of Neurology and
Neurological Surgery2, Washington University, St. Louis, MO 63110.
Our “ministroke” model of focal cerebral ischemia in rat barrel cortex was used to
investigate early cell death and the role of neuronal/vascular plasticity in recovery
after stroke. Objectives: (a) To test acute loss of function and 30-day recovery and
plasticity after local ischemia by intrinsic optical signaling (IOS), (b) To identify
early cell death during acute ischemia. Methods: Adult Wistar rats were anesthetized
in ketamine and xylazine; an 8 mm cranial window was opened over the right
somatosensory cortex with the dura intact. Multiple branches of the MCA around the
whisker-activated cortex were identified and permanently ligated to reduce acute local
blood flow to 20% of normal. Surgical sham controls had cranial windows and
sutures through the dura without ligation. IOS at 520-560 nm was used to localize
the whisker barrel cortex and to map signals induced by stimulation of all, rows of,
or single contralateral whiskers. TUNEL and immuno staining were used to estimate
neuronal (MAP-2) and capillary endothelial (GLUT-1) cell death. Results: Whiskertriggered IOS was strong prior to and disappeared acutely after MCA ligation, but not
in sham controls. TUNEL+ neurons were found as early as 3 hr after ligation; both
cell types were TUNEL+ at 24 hr. MAP-2 immunostaining was reduced. In
individual rats IOS reappeared by 30 days. New IOS in adjacent areas of the barrel
cortex indicated plasticity. In sham controls IOS was the same after 30 days as it was
acutely. Conclusions: Functional intrinsic optical signals were lost in whisker
barrel cortex immediately after a focal ischemia that leads to acute neuronal and
endothelial cell death. Return of functional activation 30 days after ischemia may
have contributions from the new neural connections and vascular remodeling which
we have shown previously after “ministrokes”. (Supported by NIH Grants NS 2878land NS
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TNFa EXACERBATES ACUTE OLIGODENDROCYTE CELL DEATH IN

Tine1. 'Dept. of Microbiology/Immunology, Univ. of North Carolina, Chapel
Hill; Curriculum in Neurobioiogy, Univ. of North Carolina, Chapel Hill; 3New
York Medical Institute; Chapel Hill, NC 27599
Oligodendrocyte cell death plays a key role in a variety of
demyelinating diseases including Multiple Sclerosis, ALS, and Krabbe's disease.
This depletion of mature oligodendrocytes may be a direct result of microgliamediated inflammation. In this study we investigated whether an often proinflammatory cytokine, tumor necrosis factor a (TNFa) exacerbates
oligodendrocyte apoptosis in vivo in a model for microglia-mediated
demyelination using the neurotoxin, cuprizone.
C57BL/6J and TNFa"'' male mice, 6-8 weeks old, were provided a
powder feed containing 0.2% cuprizone for up to five weeks to induce
demyelination. RNA and protein levels of TNFa were upregulated during
cuprizone administration to the wildtype animals, detectable by RT-PCR and
ELISA 3, 4, and 5 weeks after treatment. In addition, immunohistochemistry
localizes the protein upregulation to microglia in the corpus callosum. An acute
microglia/macrophage infiltration in the corpus callosum at the level of the
fornix was seen with no difference in both wildtype and knockout mice;
however, the depletion of oligodendrocytes, gauged by counting GST+ cells in
the corpus callosum at midline, was much less severe at 3 weeks in the TNFa"'".
Corroborating this result, many more TUNEL-labeled cells were found to colocalize with oligodendrocytes in the wildtype mice than the TNFa '" mice. This
study suggests that in a model lacking any breach of the blood-brain barrier and
hence little or no T cell involvement, TNFa does play a role in the microgliamediated killing of oligodendrocytes in vivo. Supported by grants from the
National Institutes ofHealth (NS34190) and the National Multiple Sclerosis
Society (RG1795)

EX VIVO MRS STUDY OF 3NP TOXICITY IN RATS POINTS TO NACETYL-ASPARTATE AS A MARKER OF NEURONAL DYSFUNCTION.
C, Dautry* F. Vaufrey.N, Bizat.E. Brouilletfe, Bloch and P, Hanirave. URA CEA
CNRS 2210 et Groupe RMN, SHFJ, DRM, DSV, CEA, 4 place Gal Leclerc,
91401 Orsay Cedex, France.
Because N-acetyl-aspartate (NAA) is exclusively found in neurons, it is
commonly considered as a marker of neuronal density. We have recently shown in
primates chronically treated with the succinate dehydrogenase (SDH) inhibitor 3NP,
a progressive and striatal-selective decrease in NAA occuring as early as 3 weeks
before the appearance of a striatal lesion. Given that SDH inhibition following
systemic 3NP injection has been shown to affect striatal and cortical regions to a
similar extent, these observations suggested that NAA depletions could be related to
neuronal dysfunction, and not solely to SDH blockade. We tested this hypothesis in
rats sacrified after 3 or 6 days of chronic 3NP intoxication (osmotic minipumps, 38
mg/kg/day s.c.). Perchloric acid extracts of striatum and frontal cortex were analysed
by in vitro 1 H-MRS and the concentrations of various metabolites including NAA,
aspartate, glutamate and alanine correlated to SDH activity and density of cells with
DNA strand breaks detected by TUNEL method. Following 3 days of 3NP,
significant changes in NAA (-15%) and in alanine (+53%) were observed in the
striatum but not in the frontal cortex, despite similar reductions of SDH activity (54%) and absence of TUNEL positive nuclei or cell loss in both structures. In
contrast, glutamate and aspartate concentrations were decreased in both structures ;
the striatum being preferentially depleted. After 6 days of 3NP delivery, a further
decrease in NAA (-20%) was observed in the striatum, but still not in the frontal
cortex. At this time point, numerous TUNEL positive cells could be found in the
striatum. This study indicates that: 1) significant NAA depletions can be observed
in the absence of detectable neurodegeneration. 2) decreases in NAA concentrations
can be not only due to oxidative metabolism blockade but possibly to the intrinsic
biochemical vulnerability of a structure towards chronic energy impairment.

130.3

130.4

N-ACETYL-ASPARTATE, A MARKER FOR METABOLIC IMPAIRMENT ?
F, Cond^C, Dautry. E, Brouillet. P.G Henry. G, Bloch and P, Hantrave. URA
CEA CNRS 2210 et Groupe RMN, SHFJ, DRM, DSV, CEA, 4 place Gal Leclerc,
91401 Orsay, France.
N-acetyl-aspartate (NAA), an amino acid synthetized in neuronal mitochondria
from acetyl-CoA and aspartate can be detected by proton magnetic resonance (MR)
spectroscopy (1H-MRS), a non invasive technique allowing in vivo studies of brain
metabolism. In this context, NAA has been frequently used as an neuronal marker,
associated with neuronal loss. To better understand the significance of this marker,
we studied with 1 H-MRS variations of absolute concentrations of NAA in the
striatum of baboons chronically intoxicated with 3-nitropropionate acid (3NP), a
model of progressive Huntington-like striatal degeneration (Brouillet et al., Prog.
Neurobiol., 1999. The mean magnitude of the first statistically significant decrease
(p<0,03) observed in NAA concentration in the striatum was 16% below control
values without any evidence of striatal lesion at MR imaging. One baboon was
sacrificed at this stage of intoxication and histological evaluation showed no
evidence of neuronal cell loss but a severe decrease in calbindin immunoreactivity in
the dorsolateral putamen. The remaining three animals were kept untreated with
3NP for one month, re-examined with 1 H-MRS and immediately killed for
histology. At this latter time point, absolute striatal NAA concentrations were not
significantly different from controls ( and histological findings in these animals
were similar to those observed in the first animal, except that a partial recovery in
calbindin immunoreactivity was observed in the dorsolateral putamen. These results
indicate that early stages of 3NP-induced metabolic impairment are associated with
decreased NAA, reduction of calbindin immunoreactivity but no evidence of striatal
cell loss. In the context of neuroprotection studies in HD patients, monitoring NAA
concentrations in vivo using 1 H-MRS should be useful to detect early signs of
neurodegeneration.

3-HYDROXYKYNURENINE
AND
3-HYDROXYANTHRANILIC
ACID
GENERATE HYDROGEN PEROXIDE AND PROMOTE PROTEIN
POLYMERIZATION BY METAL ION REDUCTION. L. Goldstein1*.
M.Hartshorn1, J.Lim1.__ M.Leopold3, E. Bowden3, R.Tangi2 and A,Bush],
Genetics & Aging Unit, and Depts. of 'Psychiatry and *Neurology, Harvard
Med. Sch., Massachusetts General Hospital, Charlestown, MA 02129; 3Dept.
of Chemistry, North Carolina State University, Raleigh, NC 27695.
Tryptophan catabolism proceeds through the kynurenine pathway and
produces toxic intermediates including 3-hydroxykynurenine (3HK), 3hydroxyanthranilic acid (3HAA), and quinolinic acid (QA). Multiple findings
implicate kynurenine pathway intermediates in neurodegenerative,
inflammatory, and immunologic phenomena. Both 3HK and 3HAA induce
neuronal cell death with apoptotic features. We have previously presented
evidence suggesting that the ortho-aminophenol kynurenine pathway
intermediates 3HK and 3HAA interact with the redox-active transition metals
Cu(ll) and Fe(lll). Here we corroborate and extend our earlier findings by
investigating the redox properties of these compounds and interactions with
a model protein, a-crystallin. Methods: Electrochemical reduction of Cu(ll)
and Fe(lll) were investigated using reduced metal indicator compounds and
colorimetric analysis. Results were corroborated using cyclic voltammetry.
Generation of hydrogen peroxide was confirmed by fluorometric analysis.
Interactions with protein were conducted using Western blot analysis of
recombinant a-crystallin and calf total lens protein. Results and
Conclusion: 3HK and 3HAA were able to reduce Cu(ll)>Fe(lll), whereas QA
and the non-phenolic kynurenine intermediates were not able to carry out
this reduction. 3HK and 3HAA reacted with molecular oxygen and Cu(ll) to
produce hydrogen peroxide and induce polymerization and fragmentation of
a-crystallin. 3HK and 3HAA bound to a-crystallin retained the ability to
reduce Cu(ll)>Fe(lll). Since both 3HK and 3HAA bind proteins through lysyl
residues, these data suggest that these kynurenine pathway intermediates
may be cofactors in the alteration of proteins in inflammatory, infectious,
immunologic and degenerative processes.
‘Supported by Harvard Consolidated Dept. of Psychiatry and Prana Corp.

130.5

130.6

NUCLEAR LOCALIZATION OF ATROPHIN-1, THE DRPLA GENE
PRODUCT, INCREASES CELLULAR TOXICITY. F.C. Nucifora Jr *.,
W.J. Herring, M F. Peters J.D.Wood, R.L. Margolis, VT. Dawson, T.M.
Dawson, ana C.A, Ross, division of Neurobioiogy. Department of
Psychiatry, and Department of Neurology, Johns Hopkins University
School of Medicine, Baltimore, MD 21205.
Dentatorubral and pallidoluysian atrophy (DRPLA) is an
autosomal dominant neurodegenerative disorder similar to Huntington’s
disease, with clinical manifestations of chorea, incoordination, ataxia, and
dementia. Expansion of a CAG repeat encoding polyglutamine in the
atrophin-1 gene causes DRPLA. In transient cell transfection
experiments using N2a cells, full length atrophin-1 with 26 or 65
glutamine repeats localizes predominately to the nucleus with less
cytoplasmic label. Full length atrophin-1 with 65 repeats does not cause
an increase in toxicity compared to full length atrophin-1 with 26
repeats. Atrophin-1 contains a putative bipartite nuclear localization
signal (RKKEAPGPREELRSRGR) in the N-terminus of the protein (a.a.
16) and a putative nuclear export signal (LARLQMLNV) in the Cterminus (a.a. 1033). Constructs lacking the putative NES (a.a. 1-917),
At-N917, show an increase in diffuse nuclear labeling. In addition, there
is an increased toxicity (36.7%) for this construct with 65 repeats
compared to this construct with 26 repeats (19.4%). Mutating the NLS
(NNKEAPGPREELNSRGN) in At-N917-26Q or At-N917-65Q shifted
atrophin-1 to the cytoplasm and eliminated the enhanced toxicity of 65
repeats compared to 26 repeats. These data indicate that endogenous
cellular targeting signals are functional and nuclear localization is
directly related to cell toxicity. They are also consistent with the idea that
proteolytic processing is relevant for toxicity. This work was supported
by the HDSA, NS 16375, and NS38377.

VASCULAR FACTORS ARE CRITICAL IN THE SELECTIVE NEURONAL
DEATH IN AN ANIMAL MODEL OF IMPAIRED OXIDATIVE METABOLISM.
N.Y, Calinoasan*, P.L. Huang1, H.S. Chun and G.E. Gibson. Weill Med. Coll, of
Cornell Univ. at Burke Med. Res. Inst., White Plains, NY 10605; 'Harvard Med.
Sch., Massachusetts Gen. Hosp., Charlestown, MA 02129.
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Thiamine deficiency (TD) is a nutritional/cofactor deficit that leads to
chronic impairment of oxidative metabolism and selective neuronal loss.
Although the region-specific neuronal death is accompanied by selective
vascular changes and oxidative stress, the initiating events that lead to cell
loss are unknown. The current studies tested the role of intercellular
adhesion molecule-1 (ICAM-1) and endothelial nitric oxide synthase (eNOS)
in TD-induced selective neuronal death, which begins in the submedial
thalamic nucleus. ICAM-1 promotes leukocyte adhesion to vascular
endothelium. TD increased ICAM-1 immunoreactivity in microvessels within
the submedial thalamus, one day prior to the onset of neuronal loss. ICAM-1
induction progressively spread during the course of TD pathology, and
always preceded damage in thalamus. ICAM-1 induction led to the
accumulation of cells labeled with the leukocyte marker, myeloperoxidase.
Induction of eNOS accompanied neuronal loss during late stages. Targeted
deletion of the gene encoding ICAM-1 or eNOS attenuated the TD-induced
neurodegeneration and oxidative damage. TD induced ICAM-1 in eNOS
knockout mice, but did not induce eNOS in ICAM-1-deficient mice. These
results support the hypothesis that in TD, ICAM-1 induction increases eNOS,
initiating a cascade of events leading to leukocyte extravasation and
oxidative stress-mediated death of metabolically compromised neurons.
Thus, TD is a useful model to help elucidate the role of ICAM-1 and eNOS
in the pathogenesis of diseases associated with oxidative stress and
selective vulnerability. Grant support: AG-14600 (GEG) and an AFAR grant (NYC)
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TYROSINE KINASE-LINKED MEMBRANE RECEPTORS MAY MEDIATE THE
NON-PROTEOLYTIC PROTECTIVE ACTION OF tPA AGAINST ZINC
TOXICITY IN CORTICAL CULTURE. Y.H. Kim12* and J. Y. Koh1. ’National
Creative Research Initiative Center for the Study of CNS Zinc, Univ. Ulsan Sch. Med.
2Dept. Molecular Biology, Seoul Natl. Univ., Seoul 138-736, Korea
Recently, we have shown that tissue plasminogen activator (tPA) has a novel
protective action against zinc-induced oxidative injury independent of its protease
activity (Kim et al., Science, 1999). Further suggesting that the proteolysis is not the
basis of tPA protection, urokinase-type plasminogen activator (uPA), which is almost
identical with tPA in the proteolytic spectrum, did not protect against zinc
cytotoxicity at all. Suggesting that plasminogen activators may act at specific
membrane receptors, the non-protease domain of uPA as well as intact uPA have been
shown to act at the specific GPI-anchored receptor (uPAR) and to increase protein
tyrosine phosphorylation and Erk activation on endothelial cells. Consistently,
exposure to tPA lead to an increase of protein tyrosine phosphorylation and Erk
activation. However, different from the case of uPA, the tPA’s protective effect was
not reversed by PI-PLC that cleaves the GPI-anchored receptors, indicating that tPA
did not act at GPI-anchored receptor like uPAR. Since tPA contains the EGFhomologous sequence in its non-protease domain, we examined the possibility that
tPA cytoprotection is mediated by the EGF receptor. While EGF itself was not
effective in attenuating zinc toxicity, down-regulation of the EGF receptor by preexposure to EGF markedly reversed the tPA cytoprotection; pre-exposure to other
trophic factors (BDNF, PDGF, and insulin) had no such effect. Furthermore, a
specific inhibitor of the EGF receptor-associated tyrosine kinase (C56 compound,
Calbiochem) reversed the cytoprotective action of tPA. These results suggest that the
cytoprotective effect of tPA against zinc toxicity is probably mediated by the EGF
receptor or its kindred. However, the signaling cascade activated by tPA may be
different, qualitatively or quantitatively, from that by EGF, since the latter did not
share the protective action.
Supported by Creative Research Initiatives from the Korean Ministry of Science and
Technology.

DEFICIENT SENSORIMOTOR FUNCTION AND REACTIVE MICROGLIA IN
PROTEASE NEXIN-1 OVEREXPRESSING MICE P.A. Piosik? N, SchaerenWiemers3, M. Meins? S. Franzoni? W.P.J.M. Spooren2, D. Monard1*. ’Friedrich
Miescher-Institut, P.O. Box 2543 and 2Novartis Pharma AG, Nervous System, CH4002 Basel; ’Department of Research Neurobiology, CH-4031 Basel, Switzerland.
Protease nexin-1 (PN-1), a 43-kDa protein that promotes neurite outgrowth in
cultured neuronal cells, is a potent inhibitor of serine proteases such as thrombin and
the tissue- and urokinase-type plasminogen activators. To gain more insight into the
function of PN-1 in the nervous system, mice overexpressing PN-1 postnatally in
neurons have been generated. Two lines of PN-1 overexpressing mice, i.e. TG27 and
TG24, showing a differential pattern of PN-1 transgene expression were analysed. A
slowly progressive neurological disorder was observed in animals of line TG27 that
showed a high specific overexpression of PN-1 a.o. in layer V and VI of the cerebral
cortex. The primary symptoms observable include a hunchback posture, blepharitis,
weight loss, and gait disturbances from 5-6 months onwards. Previously, prominent
reactive astrogliosis was shown in layer V of the forelimb/ hindlimb region of the motor
and somatosensory cortex and in other cerebral areas. In spinal cord and brain stem
both reactive astrocytes and microglia could be detected from 6-7 weeks onward, with
microgliosis peaking at 12-14 weeks. In situ hybridization of aged mice revealed a
reduced number of cells expressing GAP43 mRNA in layer V of the cerebral cortex.
Behavioral evaluation showed that the transgenic mice of line TG27 exhibited a severe
impairment in the horizontal beam walk test from 12 weeks onward, indicating a deficit
in sensorimotor function and coordination. Footprint analysis revealed a significant
decrease in the length of the stride. The extension reflex of the hindlimbs was impaired
in PN-1 overexpressing mice from both lines. Tests requiring muscle strength, or
measuring spontaneous exploration and activity did not reveal any obvious deficits.
Histopathological examination of aged TG27 mice revealed muscle atrophy and an
upregulation of the 75-kD neurotrophin receptor (p75NTR) mRNA at hindleg muscles.
The results indicate that in vivo disturbance of the extracellular protease activity can
trigger neurodegenerative events leading to functional deficits.

130.9

130.10

COMPLETE RESCUE OF LESIONED ADULT FACIAL MOTOR
NEURONS BY LENTIVIRAL MEDIATED EXPRESSION OF GLIAL
CELL LINE DERIVED NEUROTROPHIC FACTOR, A.F, Hottinger. M.
Azzouz. N. D6glon. P, Aebischer. A.D. Zurn*, Division of Surgical Research and
Gene Therapy Center , Pavilion 4, CHUV, 1011 Lausanne, Switzerland.

STIGMOID BODIES IN PRIMARY NEURONAL CULTURES CA

Axotomy of the facial nerve in adult BalbC mice leads to an approximately 50%
loss of motoneurons one month after axotomy. We evaluated the ability of glial cell
line derived neurotrophic factor (GDNF) to prevent this cell death by administering
the neurotrophic factor directly into the facial nucleus. A lentiviral vector (LV)
Encoding the GDNF gene under the control of the PGK promoter was injected
stereotaxically into the right facial nucleus of 4 month-old BalbC mice. Control
animals received injections of either lentiviral vectors coding for a mutated inactive
form of GDNF or the reporter protein P-galactosidase, or a saline solution. Four
weeks later, right facial nerve axotomy was performed. One month after this
procedure, the mice were sacrificed and their brains analyzed. The expression pattern
of the virus-encoded protein was studied using the reporter gene LacZ. A total of
approximately 30'000 cells were infected in the facial nucleus and the surrounding
brain stem. Both neurons and astrocytes were shown to be transduced. Axotomy
induced the loss of 54.2±3% of facial motoneurons in the LV-mutated GDNF
controls. In contrast, there was no motoneuron loss in LV-GDNF treated animals
(111.9±9.2% survival compared to the non-lesioned side) (n=9, p<0.0001). The area
of the remaining motoneurons was increased in lesioned motoneurons receiving
GDNF (428.4±21gm2) compared to unlesioned or lesioned motoneurons in controls
(263.8±14 (im2, pcO.OOOl). Facial nerve lesion in adult mice is an excellent model
to evaluate the effects of neurotrophic factors on adult-onset degenerative disorders
such as amyotrophic lateral sclerosis.
Supported by the Swiss National Science Foundation and Roche Research Foundation.

Gutekunst*, E. Torre , E. Marino , H. Yi , A. Sharp , C. Ross
and
S.M. Hersch
Emory Univ. School of Medicine, Atlanta, GA 30322,
Johns Hopkins Univ. School of Medicine, Baltimore, MD 21287.
Recently we have shown that antibodies against the huntingtin associated
protein (HAP1) immunoreact strongly with Stigmoid bodies (SBs) in
several brain regions and can therefore be used as markers for SBs. Little
is known about the content and role of SBs in relationship to Huntington’s
Disease. SBs are ovoid or spherical structures of 1 to 4 pm in diameter.
Although they do not possess a limiting membrane, Sbs are very well
organized structures. They have been described in both neuronal and
non-neuronal cells. In neurons they are found mostly in perikarya and
proximal dendrites. Studies of SBs have required the use of electron
microscopy and have been hampered by the lack of good markers. Based
on histochemical techniques, it has been proposed that they may contain
protein, RNA and nucleoproteins. To study SBs we have prepared primary
neuronal cultures from the hypothalamus and the septum of El6 mice.
Using HAP1 and HAP IB specific antibodies we show that SBs are present
some neurons in both primary neuronal cultures starting at 1 week of
culture. SBs found in the cultured neurons were similar in size, number
and appearance to that found in the brain. We will present electron
microscopy comparing the ultrastructure of SBs in cultures and in the
brain. We will present colocalization studies using HAP1 antibodies and
antibodies to specific cell populations found in these regions to determine
which cell types contain SBs. Further, these neuronal cultures provide a
means to study SBs and determine their content and their role. Using a
nucleic acid stain (SYTO 17) specific for cytplasmic RNA we show
colocalization of HAP1 and SYTO 17 suggesting that SBs do contain
RNA. It has been proposed that SBs may play a role in protein synthesis.
To explore this hypothesis we will present data showing the effect of
blocking protein synthesis on SBs. Supported by NIH grant NS35255.

130.11
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UNRAVELING THE DISTINCT HISTOPATHOLOGICAL AND
BIOCHEMICAL CHARACTERISTICS OF MULTIPLE SYSTEM
ATROPHY (MSA) WITH A NOVEL PANEL OF a-SYNUCLEIN
ANTIBODIES. J, Duda1 B.I. Giasson1, U. Shah1, T.J. Montine2, D.
Robertson3, V.M-Y. Lee1, J.Q, Trojanowski1*. ‘Center for
Neurodegenerative Disease Research, University of Pennsylvania
School of Medicine, Philadelphia, PA 19104; department of
Pathology, and 3Division of Clinical Pharmacology, Vanderbilt
University, Nashville, TN 37232.
a-synuclein (a-syn) has been recognized as a major component of
the glial and neuronal cytoplasmic inclusions of MSA. Using a novel
panel of antibodies to a-syn we have examined the regional
distribution, immunohistochemical epitope composition and
biochemical properties of glial cytoplasmic inclusions (GCI’s) of
MSA. Regional distribution of a-syn positive GCI's was similar to
previously described data using silver staining techniques. Antibodies
to epitopes that span the a-syn molecule were normalized by ELISA to
purified a-syn, and used to demonstrate differences in a-syn epitope
availability in GCI’s. Finally, we examined the biochemical
characteristics of the a-syn within GCI’s. Collectively, these results
suggest post-translational differences in the a-syn components of
GCI’s. (Supported by grants from the National Institute on Aging and
the Alzheimer's Association.)

The Direct Administration of Adeno-Associated Virus into the Mouse Brain
Yields High Levels of ft-Glucuronidase Expression from a Housekeeping
Promoter. M.A. Passini.* C.M, Jones. G.G. Heuer. and J.H. Wolfe. Department of
Pathobiology and Center for Comparative Medical Genetics, School of Veterinary
Medicine, University of Pennsylvania; and Children's Hospital of Philadelphia,
Philadelphia, PA 19104.
Adeno-associated virus (AAV) is a small, non-pathogenic DNA virus that can
infect both actively dividing and postmitotic cells. Given its ability to transduce
and integrate into the genome of postmitotic cells, AAV is a class of viral vectors
capable of delivering exogenous genes to neurons of the central nervous system
(CNS). Previous reports demonstrate that the site and duration of gene expression
vary in different regions of the adult brain following AAV transduction. This
observation may be a result of differences in the ability of specific brain regions to
utilize the promoter driving transgene expression. This problem can be
circumvented by engineering an AAV vector that contains a CNS housekeeping
promoter; one that would direct the long-term global expression of a therapeutic
gene. The 0.4 kb GUSB promoter is a candidate for these overexpression studies,
especially since the endogenous promoter is active throughout most of the brain. In
this study, a recombinant AAV clone containing the human GUSB promoter
upstream of the GUSB cDNA was constructed, packaged, and injected into
different regions of the adult brain. Intense GUSB activity was detected 1.5 months
after viral administration in several structures, such as cerebral cortex, caudate
putamen, thalamus, hypothalamus, and hippocampus. The successful delivery and
expression from an AAV/GUSB-promoter system may provide a general strategy
for the treatment of CNS disorders through gene therapy.
The GUSB gene encodes B-glucuronidase, a lysosomal acid hydrolase that is
responsible for the catabolism of glycosaminoglycans (GAGs). Mammals
containing a homozygous null mutation at the GUSB loci suffer from the
neurodegenerative disease MPS VII, due to an accumulation of undegraded GAGs
in the lysosomes. This work is supported by the NIH grant DK42707 to JHW and
the NRSA training grant DK07748 to MAP.
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130.14
DISRUPTION OF NAG LU, A GENE INVOLVED IN HEPARAN SULFATE
DEGRADATION RESULTS IN CHANGES OF EXPRESSION OF SEVERAL
GENES IN MOUSE BRAIN. H. H. Li1* and F. Gomez-Pinilla2. Departments of
Biological Chemistry1 and Physiological Sciences2, University of California, Los
Angeles, CA 90095.
A mouse model of Sanfilippo syndrome type B (SFB), an autosomal recessive
neurodegenerative disorder, has been developed by disruption of Naghi, the gene
encoding a lysosomal enzyme a-N-acetylglucosaminidase. The enzyme
participates in the enzymatic degradation of heparan sulfate (HS). Although the
immediate consequence is storage of HS in lysosome, other disturbances may arise
because of the many physiological effects of HS. For example, HS binds fibroblast
growth factor 2 (FGF-2), and modulates its action on cell growth. We therefore
examined the expression of genes that might be relevant to HS function in brain.
Total RNA was isolated from various regions of mouse brains at ages 3 and 6 mos
(4-6 mutants and normal controls). The levels of steady-state mRNAs in mutant
brains for FGF-2, syndecan-3, glial fibrillary acidic protein (GFAP), synapsin-1
and growth associated protein (GAP-43), quantified by Northern blots, were
compared to controls at both ages. For regions examined so far. syndecan-3
mRNA was about double in hippocampus (HP) and caudal cerebral cortex (CCX).
The level of FGF-2 mRNA was elevated about 1.5 fold in the HP and cerebellum
(CB). GFAP mRNA was increased to a greater level in all tissues tested (CCX,
HP, CB, and brain stem) than could be accounted for by the slight increase in
astrocytic density. There was a significant reduction in the mRNAs for the
synaptic marker synapsin-1 and the axonal growth marker CAP-43 in CB.
indicating a deficit in plastic capabilities in the mutant mice. We concluded that a
defect in HS degradation affects the expression of several genes relevant to growth
and plasticity. (Supported in part by NIH grant NS 22376).
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DECREASED DOPAMINE DAI RECEPTOR BINDING IN THE
PREFRONTAL CORTEX OF HYPERTENSIVE MONKEYS. T.L. Moore*. R.T.
Killiany. D.L. Rosene, M.B, Moss. Dept. of Anatomy & Neurobiology, Boston
University School of Medicine, Boston, MA 02118.
Hypertension (HT) has been identified as a major risk factor for
cerebrovascular disease (CVD) and has been associated with progressive
impairments in cognitive function. The nigrostriatal dopamine (DA) system
has been shown to serve a direct role in the regulation of blood pressure (BP)
and the administration of DA agonists results in decreased BP in hypertensive
subjects. DA also is known to influence the cognitive functions of the prefrontal
cortex (PFC). In the present study, the effect of HT on the DA system in the
PFC was investigated in our model of CVD. The subjects were 9 young adult
male rhesus monkeys. Five underwent surgical coarctation of the thoracic
aorta resulting in HT sustained for 12 months (systolic BP 150 to 170 mm
Hg). The other 4 served as operated controls. Using autoradiographic ligand
binding, we measured DAI receptor binding in PFC tissue. Monkeys were
perfused with Krebs buffer and 15 pm coronal cryostat sections were incubated
in [3HJ SCH 23390, a DAI antagonist. Using the Inquiry computerized
densitometry system, we measured binding density in 5 areas of the PFC.
Statistically significant decreased DAI receptor binding density was observed
in the dorsolateral PFC, dorsal bank of the sulcus principalis (SP), and medial
PFC (p's^ 0.05) of the hypertensive monkeys relative to controls. No significant
changes in receptor binding were found in the ventral bank of the SP or the
orbital frontal cortex. Preliminary analyses indicate significant correlations
(p's^O.Ol) between decreased DAI binding density and performance on our
newly developed test of concept formation and set shifting. (Supported by
NIH grant PO1NS31649)

LIPOPEROXIDATION IS SELECTIVELY INVOLVED IN PROGRESSIVE
SUPRANUCLEAR PALSY. M. Tabaton’^S. Garibaldi3, R. Norese1, G. Angelini1,
L. Mannellr, S. Valentini3, S. Menini1, N, Traverso1, D. Zacchco1, S. Siedlnk4, G.
Perry4, M. Smith4, P. Qdetti3 ’Dept. of Experimental Medicine, 2Dept. of
Neurosciences, 3Dept. of Internal Medicine, University of Genova, Italy; 4Inst. of
Pathology, CWRU, Cleveland, Ohio, USA.
Progressive supranuclear palsy (PSP) is a neurodegenerative disorder
characterized by extensive neurofibrillary tangles (NFT) formation and
neuronal loss in selective neuronal populations. Currently, no clues on the
biological events underlying the pathological process emerged. In Alzheimer’s
disease, which shares with PSP the occurrence of NFT, advanced glycation
end products (AGEs) as well as oxidation adducts have been found to be
increased in association with neurofibrillary pathology. We assessed by
biochemical, immunochemical and immunocytochemical analysis presence
and amount of lipid and protein oxidation markers, as well as of pyrraline and
pentosidine, two major AGEs, in midbrain tissue from five PSP and six agematched control cases. The levels of 4-hydroxynonenal (HNE) and
malondialdehyde (MDA), two major products of lipid peroxidation, were
significantly increased respectively by 1.6 (P<0.04) and 3.9 folds (P<0.02) in
PSP in comparison to control tissues. Coherently, in PSP tissue the intensity
of neuronal HNE immunoreactivity was proportional to the extent of abnormal
aggregated x protein. The amount of protein oxidation products and AGEs
was instead similar in PSP and control tissues. These findings indicate that in
PSP lipid peroxidation is selectively associated with NFT formation. The
intraneuronal accumulation of toxic aldehydes may contribute to hamper x
degradation, leading to its aggregation in the PSP specific abnormal filaments.

130.17

130.18

HYPOGLYCAEMIC NEUROPATHY IN DIABETIC BB/WOR RATS TREATED
WITH INSULIN IMPLANTS.
S. Mohseni*, C. Hildebrand, Dept. Biomed. & Surg., Univ. Linkoping, S-58185
Linkoping, Sweden.
Patients with insulin dependent diabetes show secondary complications such as
neuropathy. Hyperglycaemia is generally thought to underlie the development of
diabetic neuropathy but peripheral nerves show pathological alterations also after
hypoglycaemic episodes. In diabetic patients strict euglycaemic control implies a risk
for hypoglycaemic episodes which then may represent a significant pathogenetic
factor. Examination of die plantar nerve trunk at ankle level in eu-hypoglycaemic
and eu-hyperglycaemic diabetic BB/Wor rats treated with insulin implants during at
least 4 months showed a distinct neuropathy in the former only. Analysis of nerve
terminals in plantar skin of hypoglycaemic rats revealed mild alterations but the
occurrence and structure of end plate terminals in a plantar muscle were obviously
abnormal. At proximal levels the dorsal root L5 showed a few minor changes
whereas obvious signs of de- and regeneration of myelinated axons were seen in the
corresponding ventral root in some cases and milder alterations in others. We
conclude that a modest hyperglycaemia does not cause neuropathy in diabetic
BB/Wor rats whereas a modest hypoglycaemia gives an obvious neuropathy
affecting motor axons more severely than sensory axons.
Supported by the Swedish Medical Research Council.

EXPERIMENTAL DIABETES ACCELERATE THE FLUORESCENT
PIGMENTS ACCUMULATION IN RAT TRIGEMINAL NEURONS
A.SUGAYA*, H.SUGIMOTO, N.MOGI, H.TSUJIGAMI and T.HORI
Periodontology, Kanagawa Dental College, Yokosuka, 238-8580 Japan
Age-related changes increase the product of fluorescent pigments as lipofuscin in
the post-mitotic cells such as neuron and muscle cell. The change of peroxide lipid
turnover is considered the reason for lipofuscin accumulation and also the
occurrence in diabetes mellitus(DM). There are many reports that the DM cause
peripheral neuropathy, whereas the alteration of nerve cell body is not well-known.
The purpose of this study was to observe the change of autofluorescence in the
trigeminal neurons (TN) after experimental diabetes. Eight adult male rats and four
aged rats (90 wks.) were used. Four adult rats were injected streptozotocin (STZ; 50
mg/kg) to produce diabetes (DM rats). Establishment of diabetes were confirmed by
measurement of blood glucose level. Eight wks. after STZ injection, rats were
sacrificed and fixed with 4% paraformaldehyde. TN were dissected and embedded in
paraffin by standard manner. The sections were observed the autofluorescent
pigment. Control (non injected STZ) and aged rats also performed as same manner as
DM rats. Then we measured the area of autofluorescent pigment (AA) and the
number of neuron with autofluorescent pigment (NA) for quantitative analysis. The
neuron of aged and DM rats showed a large quantity of autofluorescent pigment
compare to the control. The result of AA showed 16.84 % in aged, 13.02 % in DM
and 4.45 % in control rats, and NA showed 25.36 % in aged, 30.38 % in DM and
8.98 % in control.
The value of aged and DM rats showed significant higher level
at each AA and NA analysis (Mann-Whitney’s U test). We conclude that the
experimental DM increase the product of autofluorescent pigment as lipofuscin in
trigeminal neurons. Supported by Kanagawa Dental College fund.
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DIABETES ENHANCED NEURITE REGENERATION FROM
NERVE-TRANSECTED TERMINALS OF MOUSE SENSORY
GANGLIA IN VITRO. K. Sango1*, H. Saito2. H. Hone3, K. Takeshita3,
H. Kawano1, Y. Ishigatsubo2 and Y. Ishikawa3. ‘Dept. of Anatomy
and Embryology, Tokyo Metropolitan Inst, for Neuroscience, Tokyo
183-8526; Depts. of Physiology and internal Med., Yokohama City
Univ., School of Med., Yokohama 236-0004, Japan.
To examine the effects of diabetes on neural regeneration in vitro,
we applied a 3-dimensional collagen gel culture system to vagal and
spinal sensory ganglia of streptozotocin-induced diabetic C57BL/6
mice. Nodose ganglia (NG) with vagal nerve fibers and dorsal root
ganglia (DRG) with spinal nerve fibers were dissected from diabetic
and normal controlmice. These ganglia were embedded in collagen gel,
and were cultured in a serum-free medium fbr a week. After 7 days
in culture, the numbers of neurites regenerating from the transected
nerve terminals ofNG and DRG in diabetic vs controlmice were 150.8
±53.9 vs 46±25.2, and 32.1±11 vs 22.6±13.8, respectively; the
both sensory ganglia from diabetic mice extended to a significantly
larger number of neurites in vitro than those from control mice. While
a deficit in neural regeneration in diabetes is widely accepted, the
results in this study indicate that the regenerative capability of
vagal and spinal sensory nerves after axotomy is increased in diabetic
conditions. (Supported by a grant for Scientific Research from the
Ministry of Education, Science, Sports and Culture, Japan.)

THE EFFECT OF STREPTOZOTOCIN-INDUCED DIABETES (STZ-D) ON CELL
PROUFERATION IN THE RAT DENTATE GYRUS. J J, Jackson*, L, K. Nisenbaum
and J. D, Leander, Neuroscience Research Division, Lilly Research Laboratories, Eli
Lilly and Company, Indianapolis, IN 46285.
Recent evidence has shown an association between diabetes mellitus (DM) and
deficits in learning and memory. However, the mechanism by which cognitive abilities
are impaired in diabetes has not been identified. The dentate gyrus of the hippocampus
plays a significant role in spatial learning and memory. Studies in rodents show that
learning tasks enhance cell proliferation in the dentate gyrus of the adult. In the present
study, we examined whether streptozotocin-induced diabetes (STZ-D) alters cell
proliferation in the dentate gyrus. Male, Sprague-Dawiey rats (n = 4) were given a
single Lv. injection in the tail vein of streptozotocin (STZ, 45mg/kg), freshly prepared in
citric acid buffer. Controls (n = 3) received a similar injection of the vehicle in the tail
vein. Blood glucose levels were determined two days after STZ injections to confirm the
presence of diabetes. All animals then received four injections (1 inj. every 2 hours) of
5-bromo-2’-deoxyuridine (BrdU, 100 mg/kg, i.p.). Twenty-four hours after the first BrdU
injection, animals were anesthetized, perfused with 4% paraformaldehyde and the
brains were processed for BrdU immunohistochemistry. Data were analyzed by
counting the number of BrdU-labeled cells in the dentate gyrus (the granule cell layer
and hilus combined). A 60 ± 13% decrease in the number of BrdU-labeled cells was
observed in the STZ-D group as compared to the controls (t = 5.284; p < 0.05). The
results from this study may contribute to a clearer understanding of the neurochemical
effects of diabetes mellitus.

PARKINSON’S DISEASE II

131.2

131.1
LINKAGE EXCLUSION IN 9 FAMILIES WITH PROBABLE
PARKINSON’S DISEASE .
Marie-Christine Chartier-Harlin1* Alain
Destee2, Estelle Becquet2, Fabienne Wavrant-De Vrieze1'3, Vincent
Mouroux1, Florence Richard1, Luc Defebvre2, Sarah Lincoln3, John Hardy3,
Phillippe Amouyel1 & Matt Farrer3. 1 INSERM 508, Institut Pasteur de Lille,
59019 Lille Cedex, France FL32224, USA; 2 Clinique Neurologique,
CHRU, 59037 Lille Cedex, France; 3 Mayo Clinic Jacksonville, 4500 San
Pablo Rd., Neurogenetics Laboratory,
We have analyzed the segregation of genetic markers spanning
chromosomal regions 2pl3, 4pl4-15, 4q21-23, 6q25-27 and 17q21 in nine
French families affected by autosomal dominant probable Parkinson’s
disease.
These regions have been linked/associated with familial
Parkinson’s disease or parkinsonism. Multipoint linkage and haplotype
analysis excluded 2p 13 and 4p 14-15 loci in 6/9 kindreds in each case. For
three families, which were equivocal for linkage to 4pl4-15 (D4S405), the
ubiquitin carboxy-terminal hydrolase gene (UCH-L1) was sequenced. In
one family, a novel UCH-L1 M124L mutation that did not segregate with
early-onset disease was identified. This suggests that rare variants in this
gene may not be pathogenic. In 7/9 families, it could be inferred that
affected individuals did not share 4q21-23 (a-synuclein) haplotypes. All
families were unequivocally excluded, by haplotype analysis, from the
parkin locus on 6q25-27. Finally, the 17q21 region was excluded in 5/9
kindreds and no mutation in the tau gene was identified in the four
remaining families. Findings from this study confirm genetic heterogeneity
within familial parkinsonism.

131.3

It is hypothesized that functional modification in the membrane
dopamine transporter (DAT) might predispose individuals to Parkinson’s
disease (PD) after exposed to exogenous MPTP-like chemicals. We studied
the 3’ variable number tandem repeat (VNTR) polymorphism in the DAT
gene for an association with PD in a Chinese population. PD patients were
recruited from the First Affiliated Hospital of the Sun Yat-sen University of
Medical Sciences in China. The sex- and gender-matched controls were
recruited from the same hospital and were either patients without CNS
diseases or normal staff working at the hospital. The DAT 3’ VNTR
polymorphism was analyzed using a PCR-RLFP method. Total 171
sequential (104 men and 67 women) PD patients and 180 healthy controls
(100 men and 80 women) had consented and participated in the study. Only
the 7-, 8-,, 9-, 10-, and 11-repeat alleles were found in the Chinese
population and the 10-repeat allele was the most frequent in both patients
and controls. There was a significant difference between patients and
controls for both the allelic (pO.Ol 6) and genotypic (p=0.03) distributions
of the 11-repeat allele, respectively (Fisher's exact test). The frequency of
the 11-repeat allele was significantly higher in patient group than in controls
with an Odds ratio of 4.08. Our data suggested a four-fold increase in risk
for PD in people with the 11-repeat allele, supporting the hypothesis that
DAT may be a susceptibility factor for PD.

131.4

TRANSGENIC MOUSE MODELS FOR HEREDITARY PARKINSON'S
DISEASE.
Gispert, S., Cabin, D. ,Auburger*, G., Orrison, B.M., Bernard, D.J. and
Nussbaum, R.L. Genetic Diseases Research Branch, National Human
Genome Research Institute.
Parkinson's Disease (PD) with early onset has a clear genetic component as
indicated by elevated monozygotic twin concordance and the existence of
families with autosomal dominant, Lewy-body positive PD. In six such
families, two different mutations (A30P and A53T) in the a-synuclein gene,
SNCA, have been implicated in PD. Most interesting is that even in
apparently sporadic forms of PD a-synuclein is present in Lewy bodies,
indicating that a-synuclein plays a role in the more common forms of PD
not due to SNCA mutations. One approach to understanding the role of
SNCA in PD is to create mouse models carrying mutant forms of SNCA.
This approach is complicated by the fact that the A53T mutation is naturally
occurring in mice. We have therefore set out to create mice with the
following genetic make-up: (l)Mice in which the murine Snca has been
deleted; (2) Mice in which the normal human SNCA gene is expressed from
a Pl artificial chromosome carrying the human gene, introduced via
microinjection; (3) By crossing 1) and 2), mice in which the only SNCA
expressed is human ("humanized" SNCA mice); (4) Four transgenic mouse
lines expressing wildtype and mutant (A53T) human SNCA driven by two
different heterologous promoters: mouse prion promoter and rat tyrosine
hydroxylase promoter. These mice can be crossed onto the humanized
SNCA mice to re-create the genotypes for SNCA in families with the A53T
mutation. These mice are aging and undergoing intensive histological and
behavioral testing. (Supported by the Intramural Research Program of the
National Human Genome Research Institute).

Society

ASSOCIATION BETWEEN MEMBRANE DOPAMINE TRANSPORTER
GENE POLYMORPHISM AND PARKINSON’S DISEASE. P. Chan*1. J
Wang2. Z. Liu2. ’Parkinson's Institute, Sunnyvale, California 94089, USA;
2Dept of Neurology, Sun Yat-Sen University of Medical Sciences,
Guangzhou 510080, P.R. China

for

Neuroscience

, Volume

25, 1999

WITHDRAWN

SUNDAY PM

PARKINSON’S DISEASE II

327

131.5

131.6

THE MECHANISMS FOR THE RAPID NEUROPROTECTIVE EFFECTS
OF PRAMIPEXOLE AGAINST MPP+ IN SH-SY5Y CELLS
S, Presgraves*1. Y. Shen2 J.N, Joyce1. Parkinson’s Research Center and
^Alzheimer’s Research Center, Sun Health Research Institute, Sim City; Molecular
and Cellular Biology Graduate Group, Arizona State University, Tempe, AZ
Dopamine (DA) D3 receptor preferring agonists have been shown to be
neuroprotective in mesencephalic cultures and the SH-SY5Y neuroblastoma cell
line. The SH-SY5Y cell line exhibits native expression of the DA transporter (DAT),
norepinephrine transporter, enzymes for synthesis and metabolism of DA (and
acetylcholine), and receptors for DA. The cell line exhibits cell death to MPP+, the
active metabolite of MPTP, albeit at relatively high concentrations (1 mM MPP+ or
greater). It was recently shown that the neuroprotective effects of D3 receptor
preferring agonists talipexole and pramipexole (PPX) against MPP+ in the SHSY5Y cell line was not blocked by D2-like receptor antagonists (Kitamura et al,
1998). These particular neuroprotective effects of talipexole and PPX may be unique
to the paradigm used. Pretreatment with talipexole and PPX are required and the
high concentrations of MPP+ may utilize a non-DAT intracellular carrier to induce
cell death. To test this we confirmed that the SH-SY5Y cell line can be further
differentiated to exhibit much higher expression of enzymes for DA (e.g., tyrosine
hydroxylase) and the DAT with treatment with retinoic acid (RA) followed by 12-0tetradecanoyl-phorbol-13-acetate (TPA). The cytotoxic effect of MPP+ (0.03, 0.3
and 3 mM) was assayed over a four day period at 24-hr intervals using the MTT (3[4,5-Dimethylthiazol]-2,5-diphenyltetrazolium) salt assay. The RA/TPA teated cells
exhibited much higher sensitivity to the cytotoxic effects of all concentrations of
MPP+ than the untreated cells (UN) as early as 24 hrs after treatment. This effect of
MPP+ was blocked by DAT inhibitors in RA/TPA differentiated but not the UN
cells, suggesting that the high sensitivity is due to intracellular accumulation of
MPP+ via the DAT. Acute and pretreatment with PPX (0.1,ImM) significantly
reduced the cytotoxic effects of MPP+ in the RA/TPA differentiated, but acute PPX
did not protect the UN cells. The mechanisms by which PPX has a rapid
neuroprotective effect against MPP+ in the RA/TPA differentiated but not the
untreated cells are being investigated. Funded by a grant from Upjohn &
Pharmacia to JNJ and Arizona Alzheimer Center Grant to YS.

1-METHYL-4-PHENYL-1,2,3,6-TETRAHYDROPYRIDE (MPTP)
NEUROTOXICITY IS POTENTIATED IN MICE WITH NEURONAL
OVEREXPRESSION OF HUMAN CYCLOOXYGENASE-2. D. Winger1. L. Ho1*.
J.D. Luterman1. D. DiMonte2. A. Lindroth1. S. Yemul1 and G. M. Pasinetti*.
Neuroinflammation Research Laboratories of the Department of Psychiatry1, The
Mount Sinai School of Medicine, New York, NY, 10029 and The Parkinson Inst.2,
Sunnyvale, CA, 94089.
Recent evidence indicates that prostaglandin (PG) E2, an index of cyclooxygenase
(COX) activity, is elevated in the substantia nigra of Parkinson’s disease (PD)
patients. Because free radicals are generated by COX-catalytic activity and because
oxidative stress is involved in the pathogenesis of PD we further explored the role
of COX-2 in a mouse model of PD neurodegeneration. In this study we tested the
hypothesis that overexpression of human (h)COX-2 in neuron potentiates MPTP
neurotoxicty. Treatment of wild-type (WT) control mice with MPTP (30 mg/kg,
s.c.) resulted in a >40% decrease in striatal dopamine (DA) content, seven days
postlesioning compared to vehicle injected controls. In contrast, parallel MPTP
treatment of transgenic mice with neuronal overexpression of hCOX-2 resulted in a
>2 fold potentiation of MPTP mediated depletion of striatal DA content, compared
to WT controls. This model system will allow a systematic examination of the role
of COX-2 in mechanisms of neurodegeneration in PD. Supported by AG 14766,
A13799 and AG 14239 to GMP.

131.7

131.8

TRANSGENIC MOUSE MODELS FOR THE SPATIOTEMPORAL CONTROL OF
NEUROTROPHIN EXPRESSION IN SN DOPAMINERGIC NEURONS AND
STRIATUM. J,H, SON*, H.S, CHUN, C, PENG. T.H, JOH. H, BAKER. E.J.
NESSLER1. J.S, CHEN1. Lab of Molecular Neurobiology, Weill Medical College of
Cornell University at BMRI, White Plains, NY 10605; ‘Lab of Molecular Psychiatry,
Yale University School of Medicine, New Haven, CT 06508.
Neurotrophic factors, BDNF and GDNF, exert neuroprotective pharmacological
functions in Parkinson’s animal models and enhance the viability of the dopaminergic
neuronal grafts. The expression of both BDNF and GDNF is developmentally
regulated in the substantia nigra (SN) and striatum. However, the in vivo molecular
mechanisms for their pharmacological and physiological actions and the effect of both
long-term and short-term overexpression in both the SN dopaminergic neurons and
their innervation target, striatum, are not well characterized. In the brain, it has not
been possible to regulate the temporal expression of neurotrophic factors in a tissuespecific manner, because the SN dopaminergic neurons and striatal neurons have been
inaccessible to genetic manipulations. To address these issues, we have developed
and tested four different kinds of transgenic mouse models. 1) Employing the
dopaminergic neuron-specific TH promoter, BDNF overexpression in the SN resulted
in embryonic lethality while GDNF overexpression significantly reduced
dopaminergic neurons in the adult midbrain. 2) Using a Tetracycline-regulated on-off
model, the targeted expression of either tTA or rtTA fusion proteins in the SN
dopaminergic neurons surprisingly resulted in frequent embryonic lethality and
anatomical abnormality. 3) We have developed the new Tet-regulated transgenic
mouse lines using the tTA4 fusion protein, with normal anatomical structure of the
brain. Together with the TH-tTA4 transgenic mouse model, 4) the established
striatum-specific tTA transgenic mouse model will provide clues to the
pharmacological and physiological actions of BDNF and GDNF in vivo. Supported
by NIH grant AG14093 (JHS) and Burke Foundation.

Mice Overexpressing
X-Linked Inhibitor
of apoptosis
(XIAP) Protein are
Resistant
to MPTP-Induced
Parkinsonism
. S.J. Crocker? P.Liston3,4, C.S.
Thompson3,4, A. Adeeko1,4, C.J. Lee1, R.G. Korneluk2,3, H. Anisman5 and G.S. Robertson1,6,
Departments of Cellular and Molecular Medicine1 and Biochemistry2, University of Ottawa,
Ottawa Ontario KIH 8M5; Apoptogen Inc.3, Ottawa, Ontario KIH 8L1; Neuroscience
Research Institute4, University of Ottawa, Ottawa, Ontario KIH 8M5; Institute of
Neuroscience5, Life Science Research Center, Carleton University, Ottawa, Ontario K1S
5B6; Department ofPharmacology6, Merck Frosst Canada Inc., Kirkland, Quebec, H9R 4P8
CANADA.
Administration of the dopaminergic neurotoxin l-methyl-4-phenyl-l,2,3,6tetrahydropyridine (MPTP) induces the death of nigral dopamine neurons which results in
a Parkinsonian-like syndrome in both mice and humans. XIAP is a mammalian antiapoptotic gene which has been shown to have functionally neuroprotective effects in several
in vivo neurodegenerative models. Since we have recently reported protection of the
nigrostriatal pathway by adenovirus-mediated XIAP gene transfer in 6-OHDA lesioned rats,
we examined the effects of MPTP administration on C57B1/6 mice in which the human
XIAP gene had been inserted under the control of the neuron specific enolase promoter
(NSE-XIAP). NSE-XIAP mice or wild-type littermates (n=5-6 per group) were administered
MPTP (40 mg/kg/day for 2 days, 80 mg/kg cumulative; i.p.) while additional groups ofNSEXIAP and wild-type littermate mice served as vehicle controls (0.9 % saline, 0.1 ml/kg).
Two weeks following the injections, animals were either perfused with 4%
paraformaldehyde or decapitated. Histochemical assessment of neuron survival was
performed on fixed tissue, while dopamine, DOPAC and HVA levels were determined in
fresh frozen tissue. The injurious effects of MPTP on the nigrostriatal pathway were
significantly less in NSE-XIAP mice than littermate controls. These results suggest that
treatments which enhance neuronal XIAP expression may have therapeutic benefit in
Parkinson’s disease.
This study was supported by grants from the Medical Research Council of Canada
(GSR, RGK). SJC and PL contributed equally to this work.
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Drosophila melanogaster: a model organism to study the behavior
and genetics of Parkinson. J.M. Horowitz* and G. Torres. •Medaille
College, Agassiz Circle. Buffalo. New York 14214. Behavioral
Neuroscience Program, Department of Psychology, State University
of New York at Buffalo, Buffalo, New York 14260.
Parkinson disease (PD) is a progressive neurodegenerative
disorder of unknown etiology. Unfortunately, non-human animals fail
to develop PD, therefore the use of MPTP and its neurotoxic
metabolite, MPP+, in rodents and non-human primates has helped
establish animal models of PD. However, these mammalian species
with their complex and intricate nervous systems are not always
suitable for studying basic issues related to genes and PD.
Therefore, one approach to understanding the genetic causes of PD
is to study the fruit fly. This organism, for which we have
extensive behavioral and biochemical information, is amenable to
studies of genetic processes common to all animals. We have
taken advantage of these experimental features to ascertain the use
of Drosophila as a model to study the behavior and genetics of PD.
Self-administration of medium laced with MPP+ resulted in a rigid
posture position (i.e., akinesia) and the loss of self-grooming
behaviors and spontaneous motor movements in flies. These
behavioral^ deficits were partially reversed by administering
L-DOPA, a precursor molecule of dopamine. As in humans, MPP+
produced a chemical lesion in dopamine neurons of the fly brain,
thus paralleling the pathophysiology of PD in the substantia nigra.
Further, studies aimed at identifying the protein known as Parkin in
Drosophila nervous system are currently in progress. This twork was
supported by The National Parkinson Foundation awarded to JMH.

ANTISENSE-MEDIATED CREB KNOCKDOWN INDUCES HYPERREACTIVITY TO L-DOPA IN A RAT MODEL OF PARKINSON'S
DISEASE. M. Andersson, and M.A. Cenci*. Dept. Physiol. Sci...

Society

for

Neuroscience

. Volume

25, 1999

Neurobiol. Div., University of Lund., Wallenberg Neuroscience Centre.,
Sblvegatan. 17, 223 62 Lund (Sweden).
The transcription factor, c-AMP responsive element-binding protein
(CREB) has been shown to mediate dopamine (DA) agonist-induced c-fos
and prodynorphin gene expression in striatal neurons, both in vitro and in
vivo. Aim of this study was to assess whether antisense-mediated CREB
knockdown can block striatal c-fos and prodynorphin gene induction by
L-DOPA in a rat model of Parkinson's disease. A single intrastriatal
injection of CREB antisense oligonucleotides produced a significant
downregulation of both c-Fos immunoreactivity and prodynorphin mRNA
in normal rats challenged with cocaine (15 mg/kg i.p.), but did not have
any effect on the above markers in 6-hydroxydopamine-lesioned rats
treated with L-DOPA (5 to 8 mg/kg i.p.). We next asked whether a more
pronounced downregulation of CREB than that achieved by a single
antisense injection would be required to block the effects of L-DOPA.
CREB antisense was thus continuously infused in the DA-denervated
striatum for 14 days, after which rats were injected with L-DOPA (8 mg/kg
i.p.) and sacrificed at 3 hours post-injection. We found, surprisingly, that
rats receiving CREB antisense but not CREB-sense controls, were hyperreactive to L-DOPA, exhibiting dyskinetic-like movements that are usually
induced by chronic L-DOPA treatment only. In the targeted striatal region,
CREB antisense infusion was found to produce a complete downregulation
of CREB immunoreactivity, but no effect on prodynorphin mRNA, while
c-Fos expression tended to be higher than in the CREB-sense control
group. Tne present data suggest that transcription factors other than CREB
mediate L-DOPA-induced upregulation of c-Fos and prodynorphin mRNA
in DA-denervated striatal neurons, and warrant further investigations upon
the role of CREB-regulated genes in the pathogenesis of L-DOPA-induced
dyskinesia. Supp. by NHR, Wiberg's, Segerfalk's, Nilson's, arid Kocks'fo

328

PARKINSON’S DISEASE II

131.11

SUNDAY PM

131.12
THE LENTIVIRAL VECTOR AS A GENE DELIVERY SYSTEM IN THE MOUSE
CNS: CELLULAR AND BEHAVIOURAL IMPROVEMENTS IN A 6-OHDA
MODEL OF PARKINSON'S DISEASE USING GDNF
J.C, Bensadoun. N, D3glon*. J.L, Tseng. J.L. Ridet. A.P. Zum. and P. Aebischer,
Gene Therapy Center and Division of Surgical Research, CHUV, 1011 Lausanne,
Switzerland.
Adequate localization and expression of therapeutic molecules has been shown to
be the limiting factor to insure recovery in models of neurodegenerative disorders.
Thus, efforts are being made to optimize the release of such molecules close to the
degenerating neurons. In vivo gene therapy using viral vectors represents a powerful
strategy to achieve this goal. The aim of the present study was to validate the efficacy
of a lentiviral vector as a gene delivery system in the mouse CNS. For this purpose,
glial cell line-derived neurotrophic factor (GDNF) was used in a murine 6-OHDA
model of Parkinson's disease (PD). A lentiviral vector carrying the cDNA for GDNF
under the control of the PGK promoter was injected above the substantia nigra (SN) in
C57BL/6j mice. Two weeks later, animals were unilaterally lesioned with an
intrastriatal dose of 6-OHDA. Two, three, and four weeks following the injection of
the toxin, animals were tested for apomorphine-induced rotation and sacrificed after
the last test. Counts of tyrosine hydroxylase (TH)-positive cells in the SN revealed
that animals injected with the lenti-GDNF construct were significantly protected when
compared with animals injected with a lentiviral vector encoding a truncated GDNF
gene (69.5% vs 33.1% of cells remaining compared to the non-lesioned side,
respectively). Apomorphine-induced rotation was significantly decreased in the
GDNF-injected group at 4 weeks, with a trend at 2 and 3 weeks following 6-OHDA
injection. Histological analysis of animals injected with a lac Z-encoding vector
showed that this lentivirus was able to infect a large proportion of dopaminergic
neurons and diffuse over long distances in the murine midbrain. These data indicate
that the lentiviral vector is a powerful gene delivery system for the murine CNS. It
thus represents an interesting tool for the screening of therapeutic molecules in mouse
models of neurodegenerative diseases. Supported by the Swiss National Science
Foundation.

WITHDRAWN
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COEXPRESSION
OF
TYROSINE
HYDROXYLASE
AND
AROMATIC AMINO ACID DECARBOXYLASE IN STRIATAL
NEURONS IN A RAT MODEL OF PARKINSON’S DISEASE USING
HELPER VIRUS-FREE HSV-1 PLASMID VECTORS. M. Sun*. W.
Zhang. G. Zhang. T. Yang. X. Wang. P.S. Goldstein1. J.W.
Haycock2. K.L. O’Malley3, and A.I. Geller. Div. Endo., Children’s
Hosp., Boston MA, 02115; ^Clinical Neurosci. Branch, NINDS, NIH,
Bethesda, MD 20892; 2Dept. Biochem., LA St. Univ. Med. Cntr., New
Orleans, LA 70119; ^Dept. Anat & Neurobiol., Wash. Univ. Schl.
Med., St Louis, MO 63110.
We have previously shown (Science 1994, 266. 1399-1403) that
striatal expression of tyrosine hydroxylase (TH) from a HSV-1 vector
results in long-term biochemical and behavioral correction of the 6hydroxydopamine (6-OHDA) rat model of Parkinson’s disease (PD).
This study had a number of limitations, including the use of a helper
virus packaging system, limited stability of long-term expression, and
expression of only TH. To address these issues we have developed a
helper virus-free packaging system, devised vectors that coexpress both
TH and aromatic amino acid decarboxylase (AADC), and modified a
neuronal-specific promoter to enhance long-term expression. Using
these improvements to the vector system, we now describe neuronalspecific coexpression of TH and AADC in the partially denervated
striatum of 6-OHDA lesioned rats. Expression was detected at both 4
days and 1 month after gene transfer. The majority of these rats
exhibited substantial behavioral correction. Supported by NIH NS34025
and Neurovir.

DISCORDANCE BETWEEN EXPRESSION AND GENOME TRANSFER
TITERING OF HSV AMPLICON VECTORS: RECOMMENDATION FOR
STANDARDIZED ENUMERATION. William J. Bowers*, Darlene F. Howard, and
Howard J. Federoff. Dept. of Neurology, and the Center for Aging and Developmental
Biology, Univ. of Rochester School of Medicine and Dentistry, Rochester, NY 14642
The HSV-1 amplicon vector is a plasmid-based vector with great potential for the
development of novel strategies to treat neurodegenerative disorders. As
improvements are made to this gene delivery system, in terms of safety and efficacy,
standardized titering must be adopted by which amplicon vectors can be accurately
assessed and compared to one another. Conventional titering techniques are typically
based upon determination of vector-directed expression of an encoded reporter gene
(i.e., lacZ, CAT, GFP, etc.) following transduction of a titering cell line (i.e., BHK,
293, Vero, etc.), while dot-blot titering techniques assess relative viral genome levels
in viral preparations prior to transduction. The former titering method (expression
titering) assumes that vector-directed expression activity is similar between different
amplicon constructs in a given titering cell line, while the latter method (vector genome
titering) does not allow for an accurate assessment of transduction efficiency of viral
preparations. We have developed a novel titering method (transduction titering) that
determines viral transduction efficiency without the confounding issue of cell-specific
promoter activity. The new method was tested by comparison with expression titering
of helper virus-free amplicon stocks of HSVlac (IE 4/5 promoter driving lacZ) and
HSVGRE5lac (glucocorticoid-regulated lacZ) in four commonly used titering cell lines.
Expression titers for HSVlac were found to be substantially greater than HSVGRE3lac
virus. Transduction titers determined by the new method revealed the two viral
constructs have similar gene transfer efficiencies, indicating the discrepancy in
expression titers is likely due to the greater transcriptional activity of the HSV1E4/5
promoter in the titering cell lines evaluated. The "real-time" quantitative PCR-based
assay is reproducible, amenable to high-throughput, and can be used to titer any
amplicon vector preparation.
Work supported by NIH F32-NS10299 to WJB and NIH RO1-NS36420 to HJF.

131.15

131.16

EX VIVO GDNF GENE TRANSFER USING ENCAPSULATED XENOGENEIC
CELLS IN MPTP-LESIONED MONKEYS. P.J. Blanchet.15* S. Konitsiotis.1 R.
Pints,2 K- Hvland? D.F, Emerich.46 M, Goddard.4 T.N. Chase1 and M.M.
Mouradian1. 'Exp. Ther. Br., and 2Surg. Neurol. Br., NINDS, Bethesda, MD;
Tnst. Metab. Dis., Baylor U. Med. Ctr., Dallas, TX; 4CytoTherapeutics, Lincoln,
RI; Present address: 5Fac. of Dentistry, U. of Montreal and CHUM/St. Luc Hosp.,
Montreal, Canada; 6Alkermes Inc., Cambridge, MA.
GDNF has potent neuroprotective and restorative effects in animal models of
Parkinson’s disease (PD) but its brain delivery, optimal dosing and intraparenchymal
diffusion remain problematic. Grafts of cells engineered to produce GDNF
constitute “biological minipumps” that continuously deliver small amounts of the
protein in a site-specific manner. Five parkinsonian monkeys previously exposed to
MPTP were stereotaxically implanted with 5 devices made of polymer-encapsulated
Baby Hamster Kidney (BHK) cells in each striatum at 9 months interval. These cells
were either engineered with die GDNF cDNA (3 unilateral, 1 bilateral) or were nonengineered "placebo" cells (3 unilateral, 1 bilateral). Animals were rated blindly at
weekly intervals and global motor activity monitored with portable actimeters (PA).
Dopamine (DA) and metabolites (HVA, DOPAC) were measured in the striatum and
devices assayed for GDNF production after sacrifice at 4 months following the
second graft. Only one GDNF-BHK implanted animal improved behaviorally by 1.5
point beginning 8 weeks after grafting; the control cell-implanted animal also
improved by 1 point. Two animals, including the control, showed a rise in PA
counts. HVA/DA and DOPAC/DA ratios were similar between GDNF and control
cell-treated striata. Postmortem histology revealed a thick cuff of inflammatory cells
around the implant sites. Residual cell viability and GDNF synthesis were very poor
at explantation. These polymer devices do not appear suitable for intraparenchymal
implantation in the brain. Major advances in this technology are required before it
can be considered a viable therapeutic strategy for PD.[Supported in part by The
Parkinson Foundation of Canada (PJB) and the Onassis Foundation (SK)]

FUNCTIONAL RECOVERY AFTER INTRASTRIATAL 6-OHDA
LESIONS MEDIATED BY INTRASTRIATAL INJECTIONS OF
RECOMBINANT AAV ENCODING RAT GDNF R.J, Mandel*. D. Ki.ik.
C, Rosenblad. and A. Biorklund, Wallenberg Neuroscience Center, Section of
Neurobiology, University of Lund, Solvegatan 17, 223 62 Lund, Sweden.
Glial cell line-derived neurotrophic factor (GDNF) delivered to the substantia nigra
(SN) via injection of recombinant adeno-associated virus encoding GDNF (rAAV
GDNF) has been shown to protect nigral tyrosine hydroxylase positive (TH+) cells
from intrastriatal 6-OHDA-induced degeneration (Mandel et al., PNAS 94: 1408314088, 1997). However, because striatal TH fibers were not rescued by nigral delivery
of GDNF, no functional effects were studied. In order to determine if vector delivered
GDNF can protect striatal fibers from intrastriatal injections of 6-hydroxydopamine (6OHDA) and induce functional sparing of nigrostriatal pathway, rAAV-GDNF wa;
injected either in the striatum (STR, n=l 1), the SN (n=10), or both (n=I 1) 4 weeks
prior to intrastriatal injections of 6-OHDA (4x7 pg, Kirik et al.. Exp. Neurol.
152:259-277, 1998). The control groups consisted of combined striatal and nigral
injections of rAAV encoding green fluorescent protein (n =6) or sham operated rats
(n=5). Intrastriatal 6-OHDA injections resulted in severe behavioral impairments in all
groups (amphetamine-induced rotation, amph, 2.5 mg/kg, = 19 turns/min). However,
beginning 7 weeks after the lesion, STR-GDNF group showed significant reductions
in amph rotation and this reduction continued for an additional 9 weeks until when 10
out of 12 animals were fully compensated. The same group of animals performed
significantly better in the skilled forelimb-use test. The number of successful!''
retrieved pellets (max= 40 per side) by the impaired limb were 19.9 ± 2.8 and 12.0 ±
2.6 in the STR-GDNF and control groups respectively. However, impairments
forelimb akinesia test were not affected in any group. Morphological analysis showed
that a partial but significant portion of the striatal dopaminergic innervation was
protected against 6-OHDA lesion only in STR-GDNF group. These data suggest that
intrastriatal rAAV-GDNF can induce partial recovery after intrastriatal 6-OHDA
lesions.
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GDNF GENE DELIVERY AFTER 6-OHDA INDUCED DEGENERATION
RESCUES DOPAMINERGIC (DA) NEURONS. MAINTAINS STRIATAL
PROJECTIONS, AND AMELIORATES BEHAVIORAL DEFICITS.
JXA
Kozlowski*1. B. Connor1. J.L, Tillerson2, T, Schallert2. B.L, Davidson3 & M.C,
Bohn1, 'Children’s Mem. Inst, for Education & Research, Northwestern Univ. Med.
Sch., Chicago, IL 60614, 2Dept. Psych., Univ. of Texas-Austin, Austin, TX 78712,
2Dept. Int. Med., Univ. of Iowa Coll. Med., Iowa City, IO 52242.
An adenoviral vector harboring glial-cell line derived neurotrophic factor
(AdGDNF) protects DA neurons and ameliorates behavioral deficits when injected one
week prior to a unilateral progressive 6-OHDA lesion. This study examines whether
AdGDNF injected one week after a unilateral 6-OHDA lesion can rescue degenerating
DA neurons in the substantia nigra (SN), maintain their projections to the striatum
(ST), and reduce DA-dependent behavioral deficits. Rats received 6-OHDA unilaterally
into the ST to induce a progressive partial lesion. One week later, AdGDNF or
AdLacZ (3.2xlOA7 pfu in 2pl) was injected into the ST or just above the SN.
Amphetamine-induced rotation and asymmetrical limb use during weight bearing
movements were measured before and after the lesion until day 35. On day 30 postlesion, the remaining nigrostriatal connections were labelled by injecting a retrograde
tracer, FluoroGold, (FG) into the ST at the exact coordinates of the 6-OHDA lesion.
This resulted in FG+ neurons in the SN which still maintained connections to the
ST. The number of FG+ neurons in the SN was counted and behavioral asymmetries
analyzed. AdGDNF injected into the SN significantly increased the number of
nigrostriatal connections, when compared to AdLacZ injected rats (54±6% vs.
25±3.5% p<.05). AdGDNF in the SN also resulted in a trend for improved
behavioral function. Injection of AdGDNF into the ST resulted in a slight, but
insignificant, increase in nigrostriatal connections and no behavioral improvement.
These results indicate that AdGDNF gene therapy can protect DA neurons and their
connections even after the neurodegeneration process has commenced.

AN EXPERIMENTAL STUDY OF TYROSINE HYDROXYLASE (TH)

AND GAP-43 COMBINED GENETIC THERAPY FOR PARKINSON'S
DISEASE IN RATS. W. Cai3 . J. Liu2, K, C. Zhang^Dept. of Neurosurgery,
Xin-Qiao Hospital, The Third Military Medical University, Chongqing 400037,
P. R. China, Dept. of Histology & Embryology, The Third Military Medical
University, Chongqing 400038, P. R. China.
The TH and GAP43 recombinant retrovital vector were constructed and
transducted into PA317 cell lines by electroporation. Resistent colonies were
coloned and maintained under neomycin selection(400 pg/ml), Viral titers ranged
from 5.95x104 to 3.30x105. TH-transducted astrocytes or GAP-43-transducted
astrocyte were made into single cell suspension and were injected into the head
of the caudate-putamen ipsilateral to the 6-OHDA lesion of rats. At different
time after transplantation, the rats were tested for apomorphine-induced
rotation. The rotation of rats which had received grafts of Th-induced astrocytes
and TH/GAP-43 transducted astrocytes revealed reduced the rotation obviously
at 8 weeks after transplantation as compared with the control groups (p<0.01).
Merely GAP-43 transducted astrocyte has no effect on the reduced rotation but
it able to enhance the effect of combined TH-transducted astrocytes in treating
P.D. rats. In conclusion, the present study suggested that TH gene and GAP43
gene combined use are more efficient than that of using TH gene alone. Second
astrocyts is highly useful as gene carriers for ex vivo gene therapy.
This work was supported by Chinese National Nature Science Fund 1998

Supported by NIH Grant NS31957; Med. Res. Inst. Council of Children’s Mem. Hosp. &
Carver Fdn. Original AdGDNF was the gift of Genetic Therapy/Novartis.

131.19
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GROWTH FACTOR ENHANCED RETROVIRAL GENE TRANSFER TO
THE ADULT CENTRAL NERVOUS SYSTEM. L.A. King1*, L.A. Clark1,
K.A. Mitrophanous2, A.J. Kingsman2, R.J. Colello1. ’Dept. of Anatomy,
Medical College of Virginia, Virginia Commonwealth University, Richmond,
VA, 23298; 2Oxford BioMedica (UK) Ltd.
Retroviral vectors, specifically those based on the murine leukemia virus
(MLV), are the most commonly used vectors for gene transfer in clinical trials.
Though safe and effective in many systems, MLV-based vectors have limited
use in the CNS because they are unable to infect non-dividing cells. As cells of
the adult brain divide either very slowly or not at all, MLV-based vectors have
not been considered an appropriate gene delivery system for the treatment of
neurodegenerative diseases. Since cultured brain cells can be induced to divide
in the presence of growth factors, we speculated that an in vivo application of
growth factor, if able to induce cell division, could enhance MLV-based gene
transfer to the adult brain. Therefore, adult rats received a single cortical
injection of basic fibroblast growth factor (BFGF) or saline and, at varying
times, BrdU, a thymidine analog used to mark dividing cells. We found that at
48 hours after BFGF injection, the number of cells dividing was 5 times higher
in BFGF treated rats versus saline alone (154,679 vs. 37,260; P<0.05). To test
whether this cell division would enhance MLV-based gene transfer, adult rats
received a cortical injection of BFGF and 48 hours later, an injection of MLV
vectors expressing the LacZ gene. We found that the number of transduced
cells present in adult rat brains primed with BFGF was significantly higher
than those in rats primed with saline alone (24,720 vs. 6,281; P<0.05). We now
show that an exogenous application of BFGF induces cell division in vivo and
this, in turn, greatly enhances MLV-based gene transfer. This novel approach
precludes any vector modifications and proyides a simple and effective way of
delivering genes to cells of the adult brain utilizing MLV-based retroviral
vectors. Support: Medical College of Virginia and Oxford BioMedica Ltd.

EFFECTS OF NEURAL GRAFTING AND NEUROTROPHIC FACTOR
(GDNF) ON MOTOR PERFORMANCES IN MPTP-INDUCED
HEMIPARKINSONIAN RHESUS MONKEYS. A.M. McDonough1, L.L.
Howell1’2, R.L. Watts3, R.S. Kudchadkar1, A.A. Freeman1 and R.A.E.
Bakav4*. ^erkes Regional Primate Research Ctr. and Depts. of 2Psychiatry,
Neurology and 4Neurosurgery, Emory University, Atlanta, GA 30322.
The study evaluated the effectiveness of neural tissue grafts in conjunction
with glial-derived neurotrophic factor (GDNF) in diminshing parkinsonian
symptoms. Twelve adult female rhesus monkeys were trained with operantconditioning techniques to interact with a touch-sensitive computer monitor
displaying a lighted icon. The behavioral task required the use of both hands
to initiate a test trial. Rotational and ambulatory behaviors were measured
using a Videomex motion-tracking apparatus, and hand dexterity’ was
assessed according to the manipulation of food objects. Subjects also were
evaluated monthly with a Parkinsonian Clinical Rating Scale. Unilateral
internal carotid injections of the neurotoxin, MPTP, induced a state of hemiparkinsonism that was sustained during a 3-month post-treatment period.
Profound deficits were demonstrated on all behavioral measures. Subsequently, mesencephalic neuronal tissue obtained from fetuses approximately
44 days old was implanted into the lesioned caudate. GDNF was administered intraventricularly on a monthly basis, either alone or in conjunction
with neural grafting. Within 2-3 months, neural grafting, GDNF administration and the combined treatment all markedly improved hand dexterity and
clinical ratings, but deficits in operant behavior persisted due to the failure of
subjects to initiate test trials. The results indicate that neural grafting and
GDNF can alleviate critical motor symptoms associated with parkinsonism.
Supported by USPHS grants NS24340 and RR00165.
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PET SCAN STUDIES OF PARKINSON’S DISEASE IN THE ON AND OFF
STATE
J. Le1. E. Salmon1, R. Iacono2. A. Mohamed2, D. Keator1, A. Lee1. J, WuulDept. of
Psychiatry, Univ. of Calif. Irvine, Irvine, CA 92697; 2Dept. of Neurosurgery, Loma
Linda Univ., Loma Linda, CA 92354.
Parkinson’s disease is associated with many clinical symptoms that become
progressively worse as the disease advances. One such symptom is freezing while
walking. Freezing while walking occurs in the later stages of Parkinson’s disease and
is characterized by difficulty with the successful execution and follow through of
walking motions. Severity ratings were obtained for both the on and off state. All
subjects were screened by a physician with the Unified Parkinson’s Disease Rating
Scale (UPDRS). Before the F1-Deoxyglucose (FDG) Positron Emission
Tomography (PET) scans, all 12 patients did not take their medications for at least 46 hours. All patients performed the Continuous Performance Test (CPT), a visual
task, during the uptake of FDG. The scans were transformed to glucose metabolic
rates, and images were acquired. PET scan images were normalized and correlations
were done on a pixel by pixel basis using SPM 96. Statistical parametric images were
thresholded so that only significant regions were displayed (p< 05). For both the on
and off state ratings, there were significant positive correlations between left and right
frontal pole (BA10) and freezing while walking in Parkinson’s patients. For the on
state only, there were also significant negative correlations between thalamus,
occipital lobe and cerebellum and freezing while walking. Increased frontal pole
activation during freezing while walking could be indicative of a conscious attempt to
control walking with cortical resources to compensate for the impairment associated
with freezing. Decreased activation of thalamic activity indicates that the thalamus
may play an important role in the pathophysiology of Parkinson’s disease and may
explain why thalamic stimulation works to improve Parkinsonian symptoms.
Study supported by clinical and departmental binding.

PLASMA PROLACTIN AND CORTISOL CONCENTRATIONS IN
CHRONIC PARKINSONIAN MONKEYS. CHANGES IN CIRCADIAN
RHYTHMS. C Barcia1, V Bautista1, A Sdnchez-Bahillo1, H Almirall2, MD de la
Calzada3, T Sagales3. JA Obeso1* MT Herrero1.1 Dept. Ciencias Morfoldgicas y
Psicobiologia, Neurologia y Neurocirugia Experimental. Univ. Murcia; 2Dept.
Psiquiatria i Psicobiologia &3 Hospital Vail de Hebr6n, Univ. Barcelona, Spain.
Prolactin is synthesized by the anterior pituitary cells. Dopamine, which is
produced at the ventral arquate nucleus of the hypothalamus, is the primary
Prolactin inhibitory factor.
Seven male adult cynomolgus monkeys were used for this experiment. Five
of them were treated with systemic doses of intravenous MPTP until a stable
parkinsonian syndrome was achieved. These monkeys were not treated with
levodopa nor with dopaminergic agonists. Two monkeys were used as control. In
their third year of parkinsonism, plasma samples were obtained, day and night, at
three hours interval. The samples recollection was repeated three times for each
animal. Prolactin and Cortisol concentrations were determined and compared
with control group. A significant increase (One-way Anova test) was observed
for Prolactin at night hours (0:00 hours: Control = 6.48±2.1, MPTP = 16.54±1.7
p<0.01; 3:00 hours: Control = 5.16±1.2, MPTP = 11.45±1.1 p<0.01; 6:00 hours:
Control = 5.61±1.6, MPTP = 13.22±2.4 p<0.05). Surprisingly, a high decrease of
Prolactin was displayed at the end of the day in MPTP monkeys (15:00 hours:
Control = 20.55±7.7, MPTP = 2.98±0.3 P<0.01; 21:00 hours: Control =
14.50±2.5, MPTP = 3.8±0.5 p<0.001). By contrast, no significant changes were
found in Cortisol levels at any time of the day. Prolactin changes suggest an
effect of MPTP on the activity of the dopaminergic hypothalamic neurons, which
in turn would alter the hypothalamus - anterior pituitary axis.
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L-DOPA ACTIVATED AND INDUCED CATECHOL-O-METHYLTRANS-FERASE (COMT) AND METHIONINE ADENOSYL
TRANSFERASE (MAT). W. Zhao and C. Charlton*College of Pharmacy,
Florida A&M University, FL 32307.
Both L-dopa and dopamine (DA) avidly accept methyl group from
S-adenosyl-methionine (SAM). COMT is utilized in the process, and MAT
is required to replenish SAM. Therefore, during chronic L-dopa therapy the
demands for the methyl group may lead to the induction of the enzymes.
Mice were injected with L-dopa, and brain DA, 3-O-methyl dopa (3OMD), SAM and S-adenosylhomocysteine (SAH) were measured at
intervals, after a 1 day L-dopa withdrawal. MAT, the potential
trans-activator proteins (PTP) for MAT and COMT were evaluated, using
SDS-PAGE and immunoblotting. On the 2nd and 3rd day DA was increased
by 260%. The levels tapered to about 180% of control. 3-OMD showed a
similar pattern. SAM was increased by 90% and SAH by 38%. After the 3rd
day MAT activity was increased by about 35%. Western blot analysis
resolved the 32, 38 and 48 KD subunits of MAT. The induction of the 38
and 48 KD subunits and the PTP, c-Jun/AP-1, was evident at 6th day.
Western blot detects 3 bands of COMT in the brain. Both a soluble COMT
and a membrane-bond COMT showed high presentation from the 6th to the
9th day. Clearly, L-dopa-induced changes that persist after its withdrawal.
Its induction of MAT, the PTP of MAT and COMT may be relevant to the
tolerance developed to L-dopa and to the usage of COMT inhibitors with
L-dopa. Supported by RO1 28432, GM 08111 and RR03020.

ALTERATIONS IN D3 RECEPTORS IN MONKEY CAUDATE AFTER
MPTP AND L-DOPA TREATMENTS. S, Police*. L. He. D. Di Monte. J.W.
Langston and M, Ouik, The Parkinson’s Institute, Sunnyvale, CA
The purpose of this study was to determine the effect of L-DOPA on D3
dopamine receptors and mRNA in caudate-putamen and substantia nigra of
MPTP-lesioned squirrel monkeys (Samirai sciureus). Monkeys were rendered
parkinsonian by systemic injection of MPTP, which resulted in a > 95%
depletion of striatal dopamine, DOPAC and HVA levels and a > 80% reduction
in the number of tyrosine hydroxylase (TH) positive neurons in the substantia
nigra. Autoradiographic analysis showed that there was a 40% decline in D3
receptor binding in the lateral caudate. This was reversed after two weeks of LDOPA treatment. These changes in D3 receptors were selective for the lateral
caudate with no alterations in the medial caudate, putamen, nucleus accumbens,
and globus pallidus. Robust D3 receptor binding was also observed in the
substantia nigra; however, nigral D3 receptors were not decreased after MPTP
treatment. In situ hybridization was used to measure D3 receptor mRNA
expression after MPTP and L-DOPA treatments; no change was observed in any
brain region, suggesting that regulation of the D3 receptor is at the level of the
protein.
These results show that D3 receptors in the lateral caudate are selectively
decreased after MPTP treatment, an effect reversed by L-DOPA administration.
Furthermore, the observation that there is a > 80% decline in TH positive
neurons in the substantia nigra in the absence of a change in D3 mRNA and
protein expression, suggests that D3 mRNA is expressed within
nondopaminergic neurons in the monkey substantia nigra, while D3 receptors
are present on incoming nerve terminals or nondopaminergic nigral neurons.
Supported by NIH/NINDS.

132.5

132.6

THE EFFECTS OF L-DOPA ON 125I-MK801 BINDING IN THE BRAIN OF
NORMAL AND MPTP-LESIONED MONKEYS. L. He*, M. Jakowec, D. Di
Monte, J.W. Langston and M, Ouik. The Parkinson’s Institute, Sunnyvale, CA
94089
Although labeled MK-801, a non-competitive antagonist at NMDA receptors,
has been used to study NMDA receptors in rodent brain, no information is
available using primate models. Experiments were therefore first carried out to
characterize 25I-MK801 binding in monkey brains using quantitative
autoradiography. Robust binding was observed in the caudate and putamen with
a Bmax = 62.7 nCi/g, Kd = 0.51 nM and Bmax = 72.1 nCi/g, Kd = 0.71 nM,
respectively. In contrast, no apparent ,2SI-MK801 binding was detected in the
monkey globus pallidus, subthalamic nucleus and substantia nigra. Experiments
were subsequently done to compare 125I-MK801 binding in control and MPTPtreated monkeys without and with L-dopa treatment. There was no change in
125I-MK801 binding in the MPTP-lesioned group compared with the saline
control group. L-dopa treatment alone resulted in a significant decrease in l25IMK801 binding by 26% and 27% in caudate and putamen, respectively. A
similar change was also observed in the MPTP-lesioned group after L-dopa
administration, with a 23% and 22% decline in caudate and putamen regions,
respectively. These results show that MK801 binding is present in monkey
caudate and putamen, with no apparent binding in globus pallidus, subthalamic
nucleus and substantia nigra. Furthermore, the results reveal that L-dopa
administration decreased NMDA receptor binding in normal as well as MPTPlesioned monkeys. The fact that NMDA receptors are modulated in response to
L-dopa treatment may have implications for the management of Parkinson’s
disease. Supported by NIH/NINDS.

DIFFERENTIAL EXPRESSION OF C-FOS AND ZIF268 IN THE
NIGROSTRIATAL SYSTEM FOLLOWING METHAMPHETAMINE
ADMINISTRATION IN A RAT MODEL OF PARKINSON’S
DISEASE. H, Hashiguchi1. Y. Ishida1. K. Todaka1. Y, Ishizuka1, H,
Tatebavashi3*, T, Ikeda2, T. Nishimori2 and Y, Mitsuvama1. Deps. of
Psychiatry and 2Biology, Miyazaki Med. Col., Miyazaki 889-1692,
Japan; 3Dep. of Neuropsychiatry, Fac. of Med., Kyushu Univ.,
Fukuoka 812-8582, Japan.
The goal of this study was to examine the topological specificity of
methamphetamine-induced activation of the immediate-early gene
proteins, c-Fos and Zif268 in the nigrostriatal system in a 6hydroxydopamine (6-OHDA) rat model of Parkinson’s disease with or
without intrastriatal grafts of fetal ventral mesencephalon (VM).
Methamphetamine (3 mg/kg, i.p.) induced Fos-like immunoreactivity
(FLI) not only in the striatum and the globus pallidus (GP) on the intact
side, but also in the substantia nigra pars reticulata (SNr) on the
lesioned side. However, the hyperexpression of FLI in the SNr was
not suppressed by the intrastriatal grafts which could suppress the
methamphetamine-induced rotation completely. These results indicate
that opposite hemispheric asymmetries in FLI are induced by
methamphetamine in the striatum and the SNr in the 6-OHDA rats. In
the striatum, a similar tendency could be observed between c-Fos and
Zif268 immunoreactivity following methamphetamine. However, only
a sparse immunoreactivity of Zif268 could be detected in the GP and
the SNr on both sides in the 6-OHDA rat. Differential expression of cFos and Zif268 was observed among three regions of the nigrostriatal
system following methamphetamine in the 6-OHDA rats.

132.7

132.8

TIME-DEPENDENT CORRELATIONS BETWEEN MOTOR, COGNITIVE
DEFICITS AND LOSS IN STRIATAL 18F-DOPA UPTAKE IN CHRONIC MPTPTREATED BABOONS: IMPLICATIONS FOR NEUROPROTECTION STUDIES.
T.Poyot1, V.Mittoux1. J.Bloch3, F.Cond6? M-C .Gregoire1, F.Dolld2, F.Hinnen2.
P.Aebischer3 and P.Hantrave1* 1 URA CEA CNRS 2210 and2 Groupe de Radiochimie,
SHFJ, DRM, DSV, 4, place Gal Leclerc, 91401 Orsay, France, 3 Division (fe
Recherche Chirurgicale et Centre de Therapie Genique Vaudois, Lausanne,
Switzerland.
In preparation to neuroprotection studies for Parkinson’s disease (PD), a
longitudinal analysis of correlations between motor and cognitive deficits and striatal
dopaminergic deafferentation was undertaken in baboons chronically treated with
MPTP. Three Papio anubis received weekly intra-muscular MPTP injections for 60
weeks (0.5 mg/kg for the first 26 weeks, then regularly incremented to 1 mg/kg until
the end of the study). Clinical status and progression of striatal dopaminergic
deafferentation was studied every 2 months using various quantitative motor (Video
movement analysis) and cognitive tests (Detour Task), as well as serial l8F-Dopa PET
imaging. Preliminary data indicate that early stages of toxicity (20 weeks) are
associated with a partial loss of 18F-Dopa (30% decrease as compared to control values)
in both caudate and putamen, significant hypokinesia but no cognitive deficits.
Intermediate stages (40 weeks) are associated with more pronounced loss in l8F-Dopa
uptake in the putamen but still a partial depletion in the caudate nucleus, hypokinesia,
starting bradykinesia and no alterations in the Detour Task. At the final stage of the
intoxication (60 weeks), all animals present severe parkinsonian symptoms including
bradykinesia, hypokinesia, tremor, significant alterations in the Detour Task and a
near complete loss in l8F-Dopa uptake in caudate and putamen. In addition to
providing new insights on the natural history of PD, the present study will also help
to design future clinical trials in PD patients, using neuroprotective strategies.
Supported by Biomed (BMH4-CT96-1012) and MRT grant 97168.

ADENOSINE RECEPTOR EXPRESSION IN PARKINSON’S
DISEASE. M.J. Hurley1*. D.C, Mash1. P. Jenner2. 'Dept. of Neurol.,
U. Miami Sch. Med., Miami, FL 33136. 2Div. Pharmacol, and Ther.,
Guy’s, King’s and St. Thomas’ Sch. of Biomed. Sci., London, U.K.
Parkinson’s disease is characterized by a progressive degeneration of
dopaminergic neurons within the basal ganglia. The symptomatic
treatment of Parkinson’s disease with dopaminergic agonists is limited
by debilitating side effects. The A2A adenosine receptor is widely
expressed within the basal ganglia and A2A receptor antagonists have
been shown to possess antiparkinsonian activity without causing
hyperactivity and dyskinesias. The purpose of this study was to
investigate whether changes in adenosine A2A receptor expression
occur in Parkinson’s disease. Striatal tissue punches were taken from
patients with end-stage Parkinson’s disease and age-matched control
subjects. Total RNA was extracted and cDNA synthesized using a
reverse transcription kit (Gibco). Aliquots of cDNA were amplified by
PCR using primers specific for the adenosine A2A receptor and actin in
the presence of [33P]-dATP. Samples were then eletrophoresed through
a 5% polyacrylamide gel, dried, exposed to film and then quantified.
Preliminary data suggest a trend towards an increase of A2A receptor
mRNA in the nucleus accumbens and a decrease in caudate nucleus,
with no difference in the putamen. These data may provide an
explanation for the reduced incidence of side effects of A2A receptor
antagonists. (Supported by the National Parkinson Foundation, Inc.
Miami, FL.)
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CALPAIN UPREGULATION IN SPINAL CORD OF MPTP-INDUCED PARKINSON DISEASE MOUSE MODEL. 1S. Rav, 1G. Wilford.2W, Bogdan*. S, Ali,
*N, Banik, ’Dept Neurol, 2Dept Psych, Med Univ SC, Charleston SC 29425;
Div Neurotoxicol, Natl Ctr Toxicol Res, Jefferson AR 72079
Environmental toxins and genetic defects have been implicated in the
development of Parkinson's disease (PD). The toxin 1-methyl-4-phenyl1,2,3,6-tetrahydropyridine (MPTP) undergoes in vivo oxidation by monoamine
oxidase-B (MAO-B) to 1-methyl-4-phenylpyridinidium (MPP+) which then
exerts in toxic effects on dopaminergic neurons of the substantia nigra in
brain. Within the central nervous system (CNS), spinal interneuronal
pathways are also likely to play a significant role in the pathophysiology of PD.
The main effect of MPP+ is mediated by irreversible inhibition of mitochondrial
complex I, releasing free radicals. MPP+ may also activate N-methyl-Daspartate (NMDA) receptors, increasing cytosolic concentration of free Ca2+.
To investigate the probable involvement of the Ca2+-dependent cysteine
protease calpain in spinal cord degeneration, we employed the mouse model
of MPTP-induced PD. Male C57BL/6N mice (17 months old) were subjected
to MPTP treatments (12.5mg/kg for 0.5h; 25mg/kg for 0.25h; 50mg/kg for
0.25,0.5,1,2, and 24h). RT-PCR and Western blot analysis were performed
using the thoracic segment of spinal cord form normal and MPTP-induced PD
mice. All schedules of MPTP treatment caused calpain overexpression at the
mRNA and protein levels to various extent, compared to normal mice.
Calpain activity was measured indirectly by 68kD neurofilament protein (NFP)
degradation, which was increased in MPTP-induced PD mice. These results
suggest that calpain may play a role in spinal cord degeneration in PD.
Supported by NIH-NINDS, NMSS, and AHA Foundation grants.

PATTERN OF GENE INDUCTION BY DOPAMINE
AGONISTS IN RAT MIDBRAIN CULTURES STUDIED BY
MICROARRAY ANALYSIS. I.A. Soussis, C. Mytilineou*

132.11

132.12

EXTENSIVE DOPAMINERGIC CELL DEATH IN THE RAT SUBSTANTIA
NIGRA FOLLOWING INTRASTRIATAL INFUSION OF 6-OHDA: A MODEL
OF PARKINSON’S DISEASE FOR NEUROPROTECTION. Yoshitsueu Oiwa*.
Rqs &pq Sanchez Pemaute, Makorzata Kohutnicka, Andre Phillips and Krys S,
Bankiewicz. Molecular Therapeutics Section, LMNN, NINDS, NIH, Bethesda, MD
20892.
Infusion of dopaminergic (DA) toxines into the striatum produces a delayed and
progressive degeneration of dopamine neurons in the ipsilateral substantia nigra
(SNc). The time span between lesioning and actual neuronal death provides a
therapeutic window for testing neuroprotective strategies. The aim of this study was
to characterize the time course and extend of cell death in the SNc following an
intrastriatal infusion of 6-OHDA in order to design an optimal model for the study
of neuroprotection in Parkinson’s disease. Sprague-Dawiey rats (n=95) received a
stereotaxic unilateral infusion of 6-OHDA (0, 5, 10, 20gg in 20|x PBS) using
convection-enhanced delivery (CED) to allow extended distribution within the
stratum. Morphological changes were quantified by tyrosine hydroxylase
immunohistochemistry (TH-IR) and apoptotic staining. Extensive DA lesion of the
striatum with relative sparing of the n. accumbens was observed within first week.
Apoptosis in the substantia nigra was determined by in situ end-labeling of free 3’
ends in fragmented nuclear DNA and TH-IR with Nissl counterstaining. One week
after the infusion, TH-IR SNc neurons showed apoptotic changes but TH-IR was
preserved. Two to four weeks after the lesion, a progressive dose-dependent
decrease in TH-IR cells was found in the SNc, while TH-IR cells were spared in the
ventral tegmental area (VTA). This points to a particular susceptibility of nigral
neurons to the apoptotic death as FluoroGold administration using the same
infusion technique (0.1%, 20pl) labeled over 90% of TH neurons in SNc and VTA.
This is a valuable model of progressive and selective loss of DA neurons in the
SNc, which can be used for neuroprotection approaches to Parkinson’s disease.

ALTERATIONS
IN THE ABUNDANCE,
COMPOSITION
AND
PHOSPHORYLATION OF STRIATAL NMDA RECEPTORS IN THE
RAT 6-OHDA MODEL OF PARKINSON'S DISEASE.

132.13

A.W, Dunah1*. Y-H, Wana2. K, Kamevama3, R, L. Huganir3, B.B. Wolfe2 and D.G,

Standaert1.1 Department of Neurology, Mass. General Hosp. and Harvard Med.
School, Boston, MA 02114; department of Pharmacology, Georgetown Univ.
School of Med., Washington, DC 20007; department of Neuroscience, Johns
Hopkins Univ. School of Med., Baltimore, MD 21205.
NMDA glutamate receptors have a potent modulatory effect on
dopaminergic signaling, and are potential targets for new therapeutics in human
Parkinson’s
disease.
We
used
quantitative
immunoblot
and
immunoprecipitation methods to examine alterations in the relative abundance,
subunit composition and phosphorylation of NMDA receptors in the rat
unilateral 6-hydroxydopamine (6-OHDA) model of Parkinson's disease. In
striatal membranes, the abundance of NR1 and NR2B proteins were reduced
on the lesioned side (39% and 35%, respectively) while the abundance of
NR2A was unchanged. Coimmunoprecipitation of soluble striatal membrane
proteins under native conditions showed a marked reduction in NMDA receptor
complexes composed of NR1 and NR2B subunits. The serine phosphorylation
of NR1 at ser890 and ser896, but not ser897, and the tyrosine phosphorylation
of NR2B but not NR2A were decreased in the lesioned striatum. Chronic
treatment with L-DOPA normalized the abundance and composition of the
NMDA receptors found in striatal membranes, but also produced
hyperphosphorylation of NR1, NR2A, and NR2B subunits. These data suggest
that assembly and insertion of NMDA receptors into striatal membranes are
modulated by dopamine, and that altered receptor subunit phosphorylation
may make an important contribution to the adverse effects observed after longterm L-DOPA treatment.

Supported by NS31579 and NS34361 (DGS); NS2830 (BBW); and a
Cotzias Fellowship from the American Parkinson Disease Assoc. (DGS).

132.14

EXTRACELLULAR
SINGLE-UNIT
RECORDING
FROM
THE
STRIATUM OF FREELY-MOVING UNILATERAL 6-OHDA LESIONED
RATS. M.T. Chen,1’2* B.J. Hoffer,1 M, Morales,1 C.V. Borlongan,1 A.F.
Hoffman,1 P.H. Janak.1 'Cellular Neurobiology Branch. National Institute on Drug
Abuse, NIH, Baltimore, MD 21224 and department of Neurosurgery,
Neurological Institute, Veterans General Hospital-Taipei, Taiwan and Graduate
Institute of Medical Sciences, National Defense Medical Center, Taipei, Taiwan.
Loss of dopaminergic (DA) input to the striatum in animals and in man produces
a number of motor and sensory abnormalities. To understand how DA loss affects
striatal physiology, we lesioned the medial forebrain bundle unilaterally with 6hydroxydopamine to remove the source of DA to neurons in the striatum. Chronic
recording was then used to monitor the extracellular electrical activity of
ensembles of individual neurons within die striatum during behavior in the awake
rat. Two weeks after 6-OHDA lesioning, arrays of 8 stainless steel Teflon-coated
microwires were implanted bilaterally into the dorsal striatum. One week after
surgery, neuroelectric signals of 4 -16 units were simultaneously amplified,
filtered, sorted, and recorded in the awake subject during daily 40-minute sessions
for the next 2 consecutive weeks. An increased mean neuronal firing rate of the
lesioned side, as compared to the contralateral non-lesioned side, was noted. After
apomorphine injection (s.c., 0.05mg/kg), the mean firing rate of neurons of the
lesioned side decreased, and that of the contralateral nonlesioned side, increased.
Changes‘in firing pattern (including mean, median, mode interspike interval,
variation coefficient) were also found. In conclusion, neurons of the DAdenervated striatum of the awake rat show a higher discharge rate, and an
increased inhibitory response to DAergic receptor agonists. These results suggest
that altered patterns of striatal activity after loss of DA modulation may underlie
the motor and sensory abnormalities seen in Parkinson’s disease. Supported by the
Intramural Research Program, NIDA/NIH and VGH-Taipei.
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Mount Sinai School of Medicine, New York, NY 10029.
Several dopamine (DA) agonists are approved for clinical use in
the treatment of Parkinson's disease. Stimulation of DA receptors
by dopamine agonist improves motor features associated with this
disease. In addition, several studies have suggested that dopamine
agonists, including pramipexole (PPX), may have neuroprotective
activity. In order to identify the gene responses that may mediate
the long term effects of these agents, we are studying the response
to PPX of > 4000 known genes by microarray screening using rat
mesencephalic cultures. Cultures were treated with vehicle or 1
pM PPX for 6h and 24h. Total RNA was extracted from control
and treated cells, reverse transcribed, labeled and used as a probe to
screen microarray membranes containing DNA validated sequences
of known human genes. We selected 24 genes that were regulated
by >3 fold at 6 and 24 h for further analysis. Genes that are
induced by PPX include V-myc, fas binding protein dax and
glutathione peroxidase. The time course and response to other
agonists, and to other neuroprotective and neurotoxic agents are
being investigated. These studies will help elucidate the
mechanisms underlying the long term symptomatic and putative
neuroprotective effects of dopamine agonists.
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SPONTANEOUS
LONG-TERM
COMPENSATORY
DOPAMINERGIC
SPROUTING IN MPTP-TREATED MICE S. Dovero* E. Bezant T. Boraud,

B. Bioulac and C.E. Gross. Basal gang, CNRS UMR 5543, University Bordeaux
2, 33076 Bordeaux France

Several recent reports would seem to indicate that surviving adult
DA neurones in animal models of Parkinson’s disease can undergo
plastic trophic support-induced modifications similar to those already
observed in glutamatergic and serotonergic striatal afferents. The
spontaneous compensatory sprouting of DA fibers after partial nigral
degeneration has already been elicited in the rat (Dravid et al., 1984 ;
Onn et al., 1986; Blanchard et al., 1996) and in the mouse (Ho and
Blum, 1998 but the consequences of severe degeneration have not yet
been explored.
The present study was designed to investigate whether this
phenomenon can still be observed after severe MPTP intoxication in
the mouse. [ H]-DA uptake was measured by striatal synaptosomal
preparation in OFI mice at 0.5* 1,5, and 7 months after intoxication.
Although the number of TH immunoreactive neurones remained
stable in the SNc throughout the entire protocol, a progressive increase
in [3H]-DA uptake was observed. From 17% at 0.5 months uptake
increased to 65% at 7 months (p<0.05).
These results provide clear evidence that spontaneous long-term
compensatory dopaminergic sprouting can occur even after severe
MPTP-induced nigral degeneration. The origin of the new DA fibers
remains a mystery. The sprouting we report could be due either to
regrowth from surviving DA nigral neurones or to the proliferation of
intrinsic striatal DA neurones or to both.
-Supported by CNRS and MESR grant-
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132.16

DYNAMIC
APPROACH
OF
DOPAMINERGIC
COMPENSATORY MECHANISMS OCCURING IN MPTPTREATED MICE E. Bezaid*2, M. Jaber1, A. Boireau3, F. Gonon1 and C.E.

ELECTROPHYSIOLOGICAL
ACTIVITY
OF SUBSTANTIA
NIGRA PARS COMPACTA AND RETICULATA OF NORMAL
MICE C, Imbeit , T. Fradon, E. Bezant T. BoraratB. Bioulac and C.E. Gross.
Basal gang, CNRS UMR 5543, Universite Bordeaux 2, 33076 Bordeaux France

Gross2. (1) CNRS UMR 5541 and (2) Basal gang, CNRS UMR 5543,
Universite Bordeaux 2, 33076 Bordeaux France, (3) Rhone Poulenc Rorer, CNS
Programme, 94403 Vitry sur Seine, France.

Most experimental research on Parkinson’s disease (PD) has explored the normal
and full parkinsonian states. Some animal studies have investigated the consequences
of partial lesion but even these have evaluated a static situation at a given point in
time. None have fully integrated the notion of progressive degeneration, despite the
fact that its progressiveness is one of the major characteristics of PD.
With this in mind we have recently developed a dynamic MPTP mouse model in
order to trace the evolution of six parameters relevant to PD: (1) dopaminergic
neuronal death in the SNc, (2) dopamine and metabolite levels in the striatum, (3) IH
levels in the striatum, (4) COI histochemistry of the SNr, (5) dopamine reuptake in
striatal synaptosomes and (6) dopamine release and elimination following brief
electrical stimulation of the medial forebrain bundle (4 pulses at 15 Hz and 100 Hz),
monitored in vivo using carbon fiber electrodes combined with amperometry.
Our results show that dopaminergic homeostasis is initially maintained at optimum
level thanks to an increase in TH synthesis by surviving fibers.When, however, at a
second stage, this homeostasis is disrupted,-as attested by the subsequent decrease in
striatal dopamine content and the augmentation of COI activity in the SNr -there is a
down-regulation of the dopamine transporter.
These are the first results actually charting the sequential activation of the different
compensatory mechanisms which come into action in an experimental model of
chronic MPTP intoxication.They reveal clearly the importance of compensatory
mechanisms in the presymptomatic period and illustrate the interest of a dynamic
approach to the study of the physiopathological evolution of PD.

-Supported by IFR of Neurosciences (INSERM N°8-CNRS N°13)-

The electrophysiological activity of the substantia nigra pars
compacta (SNc) and reticulata (SNr) have already been observed
both in the rat and die monkey but not yet in the mouse. The present
study describes the firing characteristics and the patterns of
discharge of SNc and SNr neurones in the normal mouse.
SN neuronal activity was recorded in 14 normal mice
(C57B1/6) weighing 25-28g. Extracellular recordings using glass
microelectrodes (7-10MQ) filled with 2.5% pontamine sky blue in
2M NaCI were carried out in anaesthetised mice placed in a
stereotactic frame. The position of the tip of each electrode was
marked by iontophoretic injection of pontamine sky blue. Firing
frequency and pattern of discharge were calculated for each
recording.
SNc neurones presented a mean firing frequency of 3.5 ±
2.3 Hz and only two firing patterns - regular (19%) and irregular
(81%). SNr neurones presented a mean firing frequency of 9.4 ±
3.1 Hz and three modes of firing - regular (37%), irregular (39%)
and bursty (24%).
These results are compared with those already reported for the rat
and the monkey.
-Supported by CNRS and IFR (INSERM N°8-CNRS N°13)-

132.17

132.18

MODIFICATIONS
INDUCED
IN
GLOBUS
PALLIDUS
NEURONAL ACTIVITY BY PASSIVE LIMB MOVEMENTS IN
NORMAL AND MPTP-MONKEYS. T. BoraudfE. Bezaid, B. Bioulac , and
C.E. Gross CNRS UMR 5543, UNIVERSITE VICTOR SEGALEN BORDEAUX II, 33076 BORDEAUX CEDEX FRANCE.

BOTH
STN
AND
SNR
UNIT
ACTIVITY
INCREASE
PROGRESSIVELY IN AN EVOLUTIVE MPTP MONKEY MODEL
C. Dumora. E. Bezant, T. Boraiid, B. Bioulac and C.E. Gross Basal gang, CNRS
UMR 5543, Universite Bordeaux 2, 33076 Bordeaux France
The electrophysiological activity of the basal ganglia network in the
normal and the full parkinsonian states has been well documented but we know
little of the long intermediate stages which characterize this pathology. In order to
come closer to the evolution of the human disease, we have recently developed a
dynamic MPTP monkey model which reproduces the gradual appearance and
aggravation of motor disorders and has already allowed the demonstration that the
activity of both the subthalamic nucleus (STN) and the globus pallidus pars
intemalis (GPi) augment progressively in the course of experimental
parkinsonism.
In order to precise the changes occuring in both the STN and the
substantia nigra pars reticulata (SNr), the other basal ganglia output structure, we
carried out extracellular unit recordings of STN and SNr neuronal activity in two
monkeys rendered parkinsonian by gradual MPTP intoxication and monitored the
evolution of firing frequency and pattern.
Although monkeys remained asymptomatic, mean firing frequency
increased significantly in both the STN (from 13.9±5.6 Hz before intoxication to
25.3±7.3 Hz after intoxication) and the SNr (from 18.0±5.8 Hz before intoxication
to 26.4±8.6 Hz after intoxication).The number of regular neurones augmented in
both structures as the level of intoxication progressed.
These results provide further confirmation that STN and SNr neuronal
activity intensify well before the first appearance of clinical symptoms. The
question remains as to how the information transmitted by the basal ganglia is
interpreted and treated by the thalamic nuclei.
-Supported by IFR of Neurosciences (INSERM N°8-CNRS N° 13)-

The model of basal ganglia function currently used to explain the physiopathology of
PDwas First proposed in 1989 by Albin and Young. More recent studies question this
model and propose alternative paths. We recently designed a study to investigate the
influence of passive limb movements on the neuronal activity of the globus pallidus
(GP) in the normal and the MPTP- treated monkey in order to determine the
(modifications induced by MPTP-induced dopaminergic depletion.
Extracellular unit recordings monitored any correlation between passive limb
movements and eventual modifications of the neuronal activity of the internal (GPi) and
external (GPe) pallidum in two calm, awake and drug naive monkeys (Macaca
fascicularis), before and after MPTP intoxication.
In the normal animal, arm and leg-related neurones were located in clusters in the oral
and medial parts of the GPe, but only in the medial part of the GPi. The vast majority of
both GPfe (91.3%) and GPi (81.7%) neurones increased their firing frequency during
passive limb movement , whilst the remainder decreased their firing rate (8.7% and
18.3% respectively). Most GP cells were linked to a single joint.
In the MPTP-treated monkey, the percentage of neurones activated by movement
increased significantly in the GPi (96.9%) but not in the GPe (88.6%). Most responding
cells were linked to several joints.
We thus observed two phenomena at variance with the model of basal ganglia function
mentioned above, which postulates an inhibition of the activity of the GPi by the GPe,
mediated through the subthalamic nucleus: the first, an absence in the normal animal
of any significant difference in the ratio of activated/inhibited cells between the GPe
and the GPi, the second, a decrease in the selectivity of GP neurones after MPTP
intoxication. Neither of these phenomena can be explained by the current theory of PD
physiopathology or its recent variations; we urgently need to elaborate a new model
including a selection system of motor program.
-Supported by IFR of Neurosciences (INSERM N°8-CNRS N°13)-

132.19
ENHANCED CONVERSION OF EXOGENOUS L-DOPA TO DOPAMINE
IN STRIATUM AND MIDBRAIN: A POTENTIAL NEW APPROACH TO
TREAT PARKINSON’S DISEASE
N.H. Neff13*, T.A. Wemlinqer1and M. Hadjiconstantinou1-23. Departments of
Pharmacology1 and Psychiatry2 and The Neuroscience Program3. The Ohio
State University College of Medicine and Public Health. Columbus, OH
43210
The treatment of choice for Parkinson’s disease is to administer LDOPA, which is converted to dopamine by aromatic L-amino acid
decarboxylase (AAAD). AAAD is a modulated enzyme and administering
a single dose of SCH 23390, a dopamine Drlike receptor antagonist,
significantly increases the activity of AAAD in the striatum and midbrain and
induces small changes of endogenous dopamine metabolism. Mice were
pretreated saline or with MPTP and then treated with SCH 23390,10 mg/kg
ip, 3 hr later given L-DOPA and killed 1 hr later. When L-DOPA was
administered after saline and SCH 23390, there was a significant increase
of AAAD activity and of the formation of DOPAC and dopamine turnover in
both striatum and midbrain compared to L-DOPA alone, suggestive of
enhancement of dopamine metabolism. When the studies are repeated in
the MPTP mouse model of Parkinson’s disease, there was significantly
more dopamine metabolism in the striatum of lesioned mice pretreated with
SCH 23390 than in a comparison group treated with L-DOPA alone. These
studies suggest that it may be possible to enhance the conversion of LDOPA to dopamine in Parkinson’s disease patients by administering
substances that augment and stabilize brain AAAD activity.
Supported, in part, by grant NS34571.
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INTERLEUKIN-1 INDUCES Nurr-1 EXPRESSION AND THE DA
PHENOTYPE IN MESENCEPHALIC PROGENITOR CELLS. PM
Carve/and Z.P, Ling. Depts. of Pharmacology and Neurological Sciences,
Rush-Presbyterian St. Luke’s Medical Center, Chicago IL 60612.
Progenitor cells from the subependymal region of the mesencephalon of El 4.5
rats can be converted to DA neurons by the cytokines Interleukin 1 (IL-1),
leukemia inhibitory factor (LIF), IL-11, and glial cell line-derived neurotrophic
factor (GDNF). Although LIF and GDNF were necessary for the maturation of
the DA neurons, they were ineffective at progenitor cell conversion to the DA
phenotype without IL-1. We subsequently demonstrated that IL-1 turned on the
expression of gpl30 in MAP-2 immunoreactive cells suggesting that IL-1
initiated a transcriptional event leading to gp 130 mediated responsiveness. Since
Nurr-1, an orphan receptor superfamily of nuclear receptors, has been shown to
be essential for the development and maintenance of the DA neuron phenotype,
we sought to determine if IL-1 similarly turned on the expression of this factor.
In this particular study, clonally expanded progenitor cells were exposed to IL-1
(200 pM) or control media for up to 6 days, fixed, stained, and assessed using
confocal microscopy. Nurr-1 was present in control cultures but at low levels.
In contrast, IL-1 dramatically increased Nurr-1 expression which was confirmed
by the Western blot. Nurr-1 was co-localized with tyrosine hydroxylase
immunoreactive (THir) cells although many of the Nurr-1 ir cells were not THir.
However, all MAP-2ir cells were Nurr-1 ir. None of the Nurr-1 ir cells were
GFAPir suggesting that Nurr-1 was expressed only in neurons. These data
suggest that IL-1 increases the expression of Nurr-1 and that this expression is
correlated with the development of the DA neuron phenotype. (Support by
DOD grant DAMD17-98-1-8629)

ESTRADIOL
REDUCES
LEVODOPAAND
BACTERIAL
LIPOPOLYSACCHARIDE-INDUCED DA NEURON LOSS. Z D. Ling12.*

J.W. Lipton1,2 3. C.W, Tong1, and P.M. Carvey1-2 Depts. of Pharmacology?
Neurological Sciences2, and Pediatrics3, Rush-Presbyterian-St. Luke’s Medical
Center, Chicago, IL 60612.
The incidence of Parkinson’s disease (PD) is higher in men than in women and
estrogens are known to regulate DA neuron function. We examined the effects
of estradiol on DA neurons in normal primary mesencephalic cultures as well
as cultures exposed to levodopa which is known to kill DA neurons through
oxidant stress. We also evaluated estradiol in cultures exposed to bacterial
lipopolysaccharide (LPS), an endotoxin that stimulates glial cells to produce
tumor necrosis factor alpha (TNF-a) which induces DA neuron loss through
a receptor mediated mechanism. The number of tyrosine hydroxylase
immunoreactive (THir) cells served as an index of DA neuron survival.
Estradiol alone significantly increased DA neuron survival (F=9.645; P=0.014),
promoted sprouting of DA neurons, and dose-dependently attenuated levodopa
(50 pM) induced DA cell loss (F=32.263; P=0.001). Pre-treatment of
mesencephalic cultures with 1 pM estradiol did not alter LPS-induced TNF-a
release in culture, but suppressed LPS-induced DA neuron loss (F= 14.746;
PO.OOl). These results suggest that estrogen acts as a neuroprotectant to DA
neurons potentially playing a role in maintaining the normal morphology of the
DA neuron while increasing resistance to oxidant stress and receptor-mediated
toxicity. Estrogen replacement therapy in post-menopausal women may
therefore reduce or delay the development of Parkinson’s disease in women.
(Supported by the Parkinson’s Disease Foundation).

133.3

133.4

THE EFFECTS OF ACTIVATED MICROGLIA ON NIGROSTRIATAL
DOPAMINERGIC SYSTEM IN RAT. BK Tin1? IK Rvu1. T Kim? MH
Kim? KK Cho2, YW Ahn2, HK Pvo3 EH Toe3, SU Kim?1Brain Disease
Research Center, department of Neurosurgery, department of
Pharmacology, Ajou University School of Medicine, Suwon 442-749,
Korea.
Activated microglia has been known to play a pathogenic role in the
neurodegenerative diseases including Parkinson's disease(PD). In the
present study, neurotoxic effects of activated microglia were
investigated in rat nigrostriatal dopaminergic system. Cultured rat
microglia activated by lipopolysaccharides(LPS) or LPS alone was
injected into substantia nigra(SN) in Sprague-Dawley rats. The degree
of microglia activation was measured by amount of nitric oxide(NO)
released into culture media. Microglia exposed to LPS for 48 hr
produced the highest amount of NO although transplantation of these
activated microglia resulted in only mild and transient rotational
behavior following amphetamine administration. In contrast, in animals
receiving nigral injection of LPS, rotational behavior was much more
intense and dose-dependent (0.5, 1, 5, 10 mg/mC). Immunocytochemical
examination of brain in these experimental animals demonstrated that
there were a profound loss of dopaminergic neurons in SN and
terminals in striatum evidenced by tyrosine hydroxylase(TH) staining.
Reduction in the number of TH+ neurons in SN was dose-dependent
and increases in the number of activated microglia and astrocyte were
also demonstrated. These results support the hypothesis that activated
microglia could contribute to the degeneration of nigrostriatal
dopaminergic system in PD.

CEP-1347/KT-7515, A SAPK/JNK PATHWAY INHIBITOR REVERSES MPP* INDUCED
TOXICITY IN MULTIPLE IN VITRO NEURONAL SYSTEMS. J. R, Mathiasen*, B, A, W.
McKenna, L. Lu, R. W. Scott and D. Bozyczko-Covne, Dept. of Neurobiology, Cephalon,
Inc.; West Chester, PA 19380.
Parkinson's Disease (PD) is characterized by a loss of nigro-striatal dopamine neurons
and PD patients have widespread decreases in mitochondrial function. Loss of
dopamine neurons in PD has been associated with apoptotic cell death. There is also
evidence that activation of the stress-activated protein kinase (SAPK)/c-jun N-terminal
kinase (JNK) pathway leads to apoptotic cell death. In vivo models of PD utilize the
selective nigro-striatal dopaminergic neurotoxin, MPTP. MPTP is oxidized in glial cells to
the toxic product MPP* that is selectively taken up into dopamine neurons and induces
death that has been linked to apoptosis. Previous studies have shown protection in an
MPTP mouse model of PD with CEP-1347/KT-7515, (bis-ethylthiomethyl analog of K252a) [Saporito, et. al.; J Pharmacol Exp Ther 1999 Feb; 288(2):421-7), an inhibitor of
the SAPK/JNK pathway [Maroney, et. al. J. Neuroscience 1998 18:104-111). Here, we
used neuronal cells that are responsive to the neurotoxic effects of MPP* in a functional
assay of benztropine-sensitive [3H]-dopamine uptake and a survival assay measuring
lactate dehydrogenase (LDH) release: 1. In rat E14 ventral mesencephalic (VM) primary
neuronal cultures, MPP* (10 uM) induced ~ 50% decrease in [3H]-dopamine uptake.
CEP-1347/KT-7515 protected up to 30% of the MPP* induced decrease in [3H}-dopamine
uptake and increased tyrosine hydroxylase (TH) immunopositive neurons. 2. In
differentiated human SH-SY5Y cells (dopaminergic, neuroblastoma) 3 mM MPP* induced
cell death ~ 5-fold over basal as measured by LDH release. CEP-1347/KT-7515
prevented this MPP* induced cell death in a concentration-dependent manner with
maximal efficacy (~50 % rescue) achieved at 30 nM. CEP-1347/KT-7515 also maintained
normal SH-SY5Y cell morphology versus MPP* induced changes. The SAPK/JNK
inhibitor, CEP-1347/KT-7515, protection against MPP* induced toxicity implicates this
signaling pathway in the pathophysiology of PD. Together, data support therapeutic
potential for CEP-1347/KT-7515 in the treatment of Parkinson’s Disease.

133.5

133.6

HALOPERIDOL INDUCES PARKINSON’S DISEASE-LIKE CELL LOSS
IN SUBSTANTIA NIGRA IN AGED RATS. A.Kolbasnik, S. Garside.
A, Levinson. P.I. Rosebush^M.F. Mazurek. Departments of Neurology,
Psychiatry and Behavioural Neuroscience, McMaster University Medical
Centre, Hamilton, ON. L8N 3Z5
Loss of midbrain dopamine neurons is the neuropathological hallmark of
Parkinson’s Disease (PD). We recently reported that the antipsychotic drug
haloperidol (HAL) induces reversible downregulation of dopamine neurons in
substantia nigra (SN) in young rats. (Neuroscience 84:201-211,1998). We
studied whether HAL might cause PD-like cell death in older animals. Male
Sprague-Dawley rats received either oral HAL 1.8 mg/kg/day or normal
drinking water for 3 weeks. Subsequent examination of the SN showed that
younger HAL-treated animals (6 months of age) had a 35% reduction of
tyrosine-hydroxylase (TH)-immunoreactive cell counts 3 weeks after
discontinuation of the drug (p<,001), with recovery almost to control levels by
7 weeks withdrawal. By contrast, older HAL-treated animals (18 months of
age), had a persistent 39% reduction of TH-positive cell counts 7 weeks after
stopping the drug (p<.001) and a 30% loss of Nissl-stained cells in medial SN
(p<.001). Further analysis showed TUNEL-positive cells (x=8.2±0.9/section)
in the SN of older HAL-treated rats, but none in the older control rats. These
results show that: (1) The neuroleptic drug HAL can induce reversible
suppression of dopaminergic cells in tlie SN of younger animals. (2) A 3week course of HAL can cause apoptotic cell death in nigral cells in older rats.
Implication: Antipsychotic drugs may be capable of causing Parkinson’s
disease in older individuals.
Supported by NSERC and Schizophrenia Society of Ontario.

NICOTINE PARTIALLY PROTECTS DOPAMINERGIC CELLS FROM
MPP+ NEUROTOXICITY IN VITRO. G. Jevarasasineam* and M. Ouik.
The Parkinson’s Institute, Sunnyvale, CA 94089.
Epidemiological studies show an inverse correlation between cigarette
smoking and the incidence of Parkinson’s disease.
Accumulating
evidence suggests that nicotine, a major component of cigarette smoke,
may be responsible for such neuroprotection in vivo. To test whether this
may be due to an effect of nicotine at the level of the substantia nigra, we
have examined the potential neuroprotective effects of nicotine against the
dopaminergic neurotoxin MPP+ on ventral mesencephalic neurons in
vitro. Receptor binding studies were first done to determine whether
nicotinic receptors are present on mesencephalic neurons in culture.
Robust binding of both 3H-epibatidine, which interacts with a2-a5
containing receptors and 125I-a-bungarotoxin, which interacts with a7
receptors, was observed in culture. We then tested the ability of nicotine
to attenuate MPP+ induced toxicity by assessing the number of cells
immunoreactive for tyrosine hydroxylase (TH positive). Incubation with 3
pM MPP+ for 48 hours resulted in a 70% reduction in the number of TH
positive neurons as compared to control cultures. However, cultures
treated with 10'5 M nicotine for 24 hours prior to MPP+ exposure exhibited
only a 53% decline in the number of TH positive cells as compared to
control. These results show that nicotine exposure significantly prevents
MPP+ induced degeneration of dopaminergic nigral neurons. (Supported
by TRDRP 7FT-0010).
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MELATONIN PREVENTS DEFICITS IN MOTOR BEHAVIOR IN
RATS TREATED WITH THE TOXIN 6-HYDROXYDOPAMINE.
V. Villacorta and L. Iacovitti* Dept. of Neurology, Thomas Jefferson

POSSIBLE
INVOLVEMENT
OF
CYCLOOXYGENASE
THE
ISOENZYMES COX-1 AND COX-2 IN THE MPTP-MOUSE MODEL OF
PARKINSON’S DISEASE. Peter Teismann* and Boris Ferger, Inst, of
Pharmacol, and Toxicol., University of Marburg, D-35032 Marburg, Germany
Although the dopaminergic neurotoxin MPTP (l-methyl-4-phenyl-l,2,3,6tetrahydropyridine) is widely used in animal models of Parkinson's disease, its
mechanism of action is not fully understood. We studied the possible role of the
isoenzymes of cyclooxygenase COX-1 and COX-2 using acetylsalicylic acid, a
preferential COX-1 inhibitor, in comparison with meloxicam, a preferential COX2 inhibitor.
Male C57BL/6 mice were treated with a single injection of acetylsalicylic acid
(10, 50, 100 mg/kg i.p.) or meloxicam (2, 7.5, 50 mg/kg i.p.) immediately prior to
administration of MPTP (30 mg/kg s.c.) or saline. After seven days the mice were
sacrificed and the striatum was dissected out and analyzed for dopamine,
serotonin and their metabolites using HPLC with electrochemical detection.
Acetylsalicylic acid and meloxicam did not alter striatal dopamine levels in the
saline treated groups. MPTP treatment alone leads to a significant depletion (p <
0.001, ANOVA, Duncan-test) of striatal dopamine levels to 15.9 % of saline
controls. MPTP treatment in combination with acetylsalicylic acid (50 and 100
mg/kg i.p.) significantly attenuated dopamine levels to 37.1 and 38.6% of saline
control values, respectively (p < 0.001, ANOVA, Duncan-test). MPTP treatment
in combination with meloxicam (7.5 and 50 mg/kg i.p.) significantly attenuated
dopamine levels to 36 and 40 % of saline control values, respectively (p < 0.001,
ANOVA, Duncan-test). The lower dosage of acetylsalicylic acid and meloxicam
showed no effect against MPTP-induced dopamine depletion. In addition,
serotonin turnover was neither affected by MPTP-treatment, nor acetylsalicylic
acid or meloxicam.
In conclusion acetylsalicylic acid and meloxicam were both effective against
MPTP-induced dopamine depletion in mice. Both isoforms COX-1 and COX-2
seem to contribute to the toxic function of MPTP, a predominant role of one
isoform cannot be assumed. (Supported by the DFG FE 465-1 and 465-2).

University Medical College , Philadelphia, PA.
Melatonin is believed to be a potent antioxidant capable of protecting against
cellular damage cue to oxidative stress, including that associated with
Parkinson’s disease (PD). Indeed, our previous studies have shown that
melatonin can prevent the death of toxin-damaged dopamine (DA) neurons in
tissue culture models of PD (Iacovitti et al., 1997). In this study, we sought to
determine whether melatonin is also effective in preventing toxin-induced
deficits in vivo. Unilateral MFB injections of 6-hydroxydopamine (6-OHDA)
were used to create large (20 ug 6-OHDA) or moderate (12ug 6-OHDA) PDlike lesions in the rat. This resulted in classic deficits in motor behavior 3
weeks later; i.e. rats rotated ipsilaterally when stimulated with amphetamine
(>3 turns/min). Melatonin (10 mg/kg) was administered IP to rats at various
time points (-10 min, +30 min) relative to toxin treatment. We found that
melatonin dramatically decreased the rotational score (<1 turn/min) in 50% of
rats with large lesions while 100% of control rats continued to circle at >3
turns/min. Melatonin showed even greater efficacy in moderately lesioned
animals; motor deficits were virtually absent in 100% of rats treated 30 min
after 6-OHDA or 87% of rats treated 10 min prior to 6-OHDA. In contrast,
only 35% of control rats with moderate lesions exhibited spontaneous signs of
motor recovery. We conclude that melatonin can dramatically prevent the
motor deficits normally observed in vivo in moderately or severely lesioned
models of PD. Studies are currently underway to establish whether
melatonin’s protection also extends to neuroanatomical and neurochemical
indices. (Supported by NIH NS 36342)

133.9
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LACK OF PROTECTIVE EFFECT OF ANTIOXIDANT DRUGS
AGAINST MPTP NEUROTOXICITY IN C57BL/6 MICE

COMT INHIBITORS ATTENUATE LEVODOPA TOXICITY IN
PRIMARY DOPAMINERGIC NEURONS: MECHANISMS OF ACTION.
Alexander Storch*, Heike Blessing, Markus Bareiss, Sinie Jankowski,
*Johannes Schwarz. University of Ulm Medical School, Department of
Neurology, Oberer Eselsberg 45, 89081 Ulm. *Present address: California
Institute of Technology, Division of Biology, Pasadena, California, U.S.A.
Inhibition of catechol-O-methyl transferase (COMT; EC 2.1.1.6) is a
new therapeutic strategy in the treatment of Parkinson’s disease. However,
nothing is known about the effects of COMT inhibition on levodopainduced toxicity in dopaminergic neurons. Thus, we evaluated the effects of
the selective COMT inhibitors Ro 41-0960 and 3,5-dinitrocatechol on
levodopa-induced toxicity in primary mesencephalic cultures from rat in
vitro. Both inhibitors show no significant effects on survival of tyrosine
hydroxylase immunoreactive (THir) cells up to 10 pM after 72 h. Ro 410960 reduce levodopa-induced THir cell loss in a dose-dependent fashion
shifting the IC50 value after 24 h from 30 pM in absence to 71 pM in
presence of 1 pM Ro 41-0960 (P < 0.01). These effects are specific for
dopaminergic neurons. Dinitrocatechol shows similar effects. In contrast, DDOPA-induced toxicity is not altered by COMT inhibitors. The data show
that COMT inhibition enantio-selectively attenuates levodopa toxicity
towards dopaminergic neurons in vitro. The mechanism of these protective
effects is discussed.
Supported in part by the University of Ulm Medical School Research
Foundation and the Pharmacia-Upjohn Company, Germany.

N. Bonhomme? P. Greve, C. Cuisinier and P. Lestage. IdR Servier, Dept. of
Cerebral Pathology, 125 Chemin de Ronde, 78290 Croissy-sur-Seine, France.
It is largely accepted that the neurotoxicity of MPTP is mediated by MPP+, a
metabolite formed in glial cells by the action of monoamine oxidase B (MAO B).
MPP+ is selectively taken up by dopaminergic neurons where it accumulates in
mitochondria and disrupts oxidative phosphorylation leading to ATP depletion and
subsequent neurodegeneration. Both direct and indirect evidence have suggested that
this cascade of events could result in free radical generation. However, the
implication of oxidative stress as a causal effect in MPTP neurotoxicity in vivo is
somewhat controversial. In this study, three different types of antioxidants, a-phenylN-tert-buty lnitrone (PBN), Ethoxyquin and DL-6,8-thioctic acid have been tested for
their ability to reverse the MPTP-induced dopamine (DA) depletion in C57BL/6
mice. Decrease of striatal DA levels was used as an indicator of MPTP-mediated DA
cell loss. MPTP (30 mg/kg, i.p.) was injected twice at 24 hr intervals and animals
were sacrified 7 days after the last MPTP injection. Firstly, we demonstrated that
PBN (300 mg/kg, i.p.), injected 30 min. before each MPTP injection, has no
significant effect on the MPTP-induced decrease of DA levels (about 45%) whereas
L-deprenyl (10 mg/kg, i.p ), a selective MAO B inhibitor, fully reversed the MPTPinduced DA depletion. In other experiments, PBN and Ethoxyquin (100 mg/kg, i.p.)
and DL-6,8-thioctic acid (25 mg/kg, i.p.) were injected 30 min before the MPTP
injection and then, every day until the day before sacrifice. In these conditions,
MPTP-induced decrease of striatal DA levels was not significantly affected by these
antioxidants. Although our results are not in favor of a major role of oxidative stress
in MPTP-induced DA depletion, they do not, however, rule out the potential
implication of additional oxidative mechanisms (e.g. those mediated by NO).

133.11
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METALLOTHIONEIN INDUCTION BY ZINC SULFATE PROTECTS
ASTROCYTES AGAINST MPP+-INDUCED TOXICITY W.Yuen and
A.Stadlin (SPON: The Hong Kong Society of Neurosciences). Dept. of
Anatomy, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong
Metallothionein (MT) is a low molecular weight, cysteine-rich, heavy
metal-binding protein. The MT-I and MT-II isoforms in the brain are located
in the astrocytes. Oxidative stress had been shown to induce MT levels,
which acts as a scavenger of reactive oxygen species. Thus, MT was
examined in the present study to ascertain its protective role against 1methyl-4-phenyl-pyridinium (MPP*)-induced injuiy. Astrocytes cultures
obtained from the cortex, striatum and mesencephalon were first treated with
50 pM zinc sulfate (ZnSO4) for 24 h. This treatment induced an increase in
MT content in astrocytes from all 3 regions. Following ZnSO4 treatment, 10
pM MPP* was added to the cells and examined at 4, 8, 24 and 48 h
treatment. Results showed that by 48 h MPP* treatment, there was a 6.5, 8.9
and 6.6 fold increase in lactate dehydrogenase (LDH) released in cortical,
mesencephalic and striatal astrocytes respectively. ZnSO4 pretreatment
protected these cells against the increase in LDH release. The tetrazolium salt
(MTT) conversion to the colored formazan method was used to assess the
loss in cell viability. At 48 h MPP* treatment, it was shown that there was an
approximately 50% decrease in cell viability and this loss was protected by
ZnSO4 pretreatment. It can be concluded that, astrocytes induced to express
high levels of MT by ZnSO4, are resistant to the toxic effects of MPP*. This
suggests that MT may play a key role in the protection against oxidative
stress. (Supported by the RGC Direct Grant 98/016/DG awarded to A.S.)

NEUROPROTECTIVE EFFECTS OF PERGOLIDE IN ANIMAL MODELS
OF GLOBAL CEREBRAL ISCHAEMIA AND PARKINSON’S DISEASE.
M.J. O’Neill, T.K. Murray. J.B. Swettenham, C.A. Hicks and M.A. Ward. (Spon:
British Neuroscience Association) Eli Lilly & Co., Lilly Research Centre, Erl Wood
Manor, Surrey, GU20 6PH, U.K.
It is thought that the mechanism of cell death in Parkinson’s disease (PD) involves
free radicals and oxidative stress. Pergolide increases superoxide dismutase activity,
decreases hydrogen peroxide formation from dopamine (DA) and preserves nigral
cells in aging rats. Experiments described here investigated the effects of pergolide
in a model of global ischaemia in the gerbil and in the 6-hydroxydopamine
(6OHDA) model of PD in the rat.
Global ischaemia was induced in male gerbils by 5 min bilateral carotid artery
occlusion. Pergolide (lmg/kg i.p.) was administered either lhr before or at the time
of occlusion. Locomotor activity was measured on day 1 and 4 and on day 5 the
brains removed for histology. In the 6OHDA model, 6OHDA was infused
stereotaxically into the substantia nigra of male rats, pergolide (lmg/kg i.p.)
administered for 4 days, beginning lhr prior to the lesion and for the next 3 days. On
day 8 brains were removed, 8pm coronal sections taken in the striatum and nigra and
lesions assessed with tyrosine hydroxylase immunostaining (TH-I).
Pergolide produced a significant reduction in both the ischaemia-induced
hippocampal and striatal damage following global ischaemia when administered
either pre- or post-occlusion and reduced the ischaemia-induced hyperactivity. In the
6OHDA model, pergolide significantly attenuated the reduction in striatal TH-I when
administered chronically.
These results demonstrate that pergolide affords protection against global
ischaemia in gerbils and reduces striatal damage following 6OHDA lesions of the
substantia nigra in rats. These results provide further evidence for the role of D2
agonists in neurodegenerative disorders and indicate that dopamine agonists may be
able to slow the progression of Parkinson’s disease.
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NEUROPROTECTIVE ACTIONS OF (±)-SKF-38393 HCL, A DOPAMINE,
RECEPTOR AGONIST IN l-METHYL-4-PHENYL-l,2,3,6TETRAHYDROPYRIDINE (MPTP)-INDUCED PARKINSONISM. D,
Muralikrishnan and M. Ebadi*. Dept. of Pharmacology, Univ. of Nebraska Coll.
Med., Omaha, NE 68198-6260.
Parkinson’s disease (PD) is characterized by the progressive degeneration of
nigrostriatal dopaminergic neurons. Several factors such as dysfunction of the
mitochondrial respiration, generation of hydrogen peroxide by enzymatic reaction,
and reduced radical defense mechanisms with resulting oxidative stress, contribute to
degeneration of dopaminergic neurons. Several animal models can, in part, mimic the
neuropathology of PD. One experimentally used neurotoxin is MPTP which is
converted by monoamine oxidase B to its active metabolite 1 -methyl-4-phenylpyridinium (MPP+). MPP+ is then taken up into the dopaminergic neurons by high
affinity dopamine transporters and inhibits complex I of the respiratory chain, in
particular in the substantia nigra. Inhibition of complex I impairs mitochondrial
electron transport and, probably through this, generating oxygen radicals. In humans,
MPTP can produce parkinsonian symptoms and a generation of nigrostriatal
dopaminergic neurons. The efficacy of (±)-SKF-38393 HCI (a D, dopamine receptor
agonist) or preclamol HCI (a dopamine autoreceptor agonist; post synaptic dopamine
receptor antagonist) to block the neurotoxicity of MPTP was tested by measuring the
activities of monoamine oxidase B, catalase, and superoxide dismutase and the
content of glutathione. SKF-38393 but not preclamol increased the activities of
superoxide dismutase and catalase, and hence by mimicking the actions of selegiline
attenuated MPTP-neurotoxicity, and therefore, may be of value in the treatment of
PD. (Supported in part by a grant from USPHS NS34566-4).

EVALUATION OF THE NEUROPROTECTIVE EFFECTS OF SIB-1508Y, A
NOVEL NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR (nAChR)
AGONIST IN A MURINE MODEL OF PARKINSON’S DISEASE (PD). T.S. Rao*,
G. Magnuson, E.M. Santori and G.K. Lloyd. SIBIA Neurosciences Inc., La Jolla, CA
92037. 1
SIB-1508Y, a novel nAChR agonist currently in Phase II clinical development for
PD, is neuroprotective in a rat model of PD produced by intrastriatal injection of 6hydroxydopamine (Soc. Neurosci. Abs. 24, 574.6, 1998). The effects of repeated
administration of SIB-1508Y (1 or 10 mg/kg/ b.i.d, i.p. 21d) were investigated in a
murine model of PD induced by N-methyl-4-phenyl-l,2,3,6-tetrahydropyridine
(MPTP). C57B6 mice were given MPTP (30 mg/kg/day, i.p. 5d) and SIB-I5O8Y
treatment was initiated either on the first day of the MPTP injection (Concurrent
Mode) or 1 day after the last injection of MPTP (Delayed Mode). In the Concurrent
Mode, SIB-1508Y (1 mg/kg) offered significant protection against the MPTP-induced
depletion of DA levels the striatum (26%, p<0.05), substantia nigra (SN, 40%,
p<0.05) and olfactory tubercle (OT; 32%, p<0.05). In the Delayed Mode, SIB-1508Y
(10 mg/kg) significantly protected against the MPTP-induced loss of DA levels only
in the striatum (40%, p<0.05). Significant preservation of the tyrosine hydroxylase
(TH, 22%, p<0.05)- and DA transporter (DAT)-immunoreactivity (ir) in the striatum
(17%, p <0.05) accompanied these neurochemical changes. MPTP injection produced
modest decrements in the number of TH- or DAT-ir cells in the pars compacta of SN
and these were unaffected by SIB-15O8Y treatment. SIB-1508Y has no known
interaction with the DA transporter site and it does not inhibit monoamine oxidase
activity. These results suggest that SIB-1508Y can protect against chemically induced
damage of DA terminals. The overall neuroprotective profile of SIB-1508Y combined
with a demonstrable improvement in cognitive and motoric deficits in rodent and
primate models of PD suggest that SIB-1508Y has the potential to offer symptomatic
improvement in human PD and to retard the progression of the disease.

133.15

133.16

NEUROPROTECTIVE EFFECTS OF CABERGOLINE IN THE
RAT 6-OHDA PARKINSON MODEL. J.Sander , P.Odin*S.Milde.
R.DenglerDepartment of Neurology, Medical School Hannover,
30625 Hannover, Germany
During the last years the possibility of neuroprotective effects of the
drugs presently in use in the symptomatic treatment of Parkinson's
disease have received an increasing interest. Among the dopamine
agonists experimental data suggesting a possible neuroprotective
capacity exist for bromocriptine, pergolide, pramipexole, ropinirole
and apomorphine. The aim of this study was to investigate if
cabergoline, a long-acting dopamine receptor agonist, does also exert
neuroprotective effects. This was investigated in the rat 6hydroxydopamine (6-OHDA) parkinson model. 6-OHDA lesions were
performed either in the substantia nigra (4ug 6-OHDA in a single
injection) or in the striatum (28ug 6-OHDA at 4 targets). Cabergoline
(1 mg/kg s.c. every second day) or buffer (control animals) was given
from 2 weeks before, and up to 3 weeks after the lesioning. Five
weeks after the lesioning the rats were sacrifized, processed for
histochemistry with TH-staining and the total number of TH-positive
cells in substantia nigra were counted. While the 6-OHDA lesion in
the control group (buffer treatment) resulted in a 62% loss of THpositive cells, 33% more TH-positive cells were present when the rats
were treated with cabergoline. These results indicate that cabergoline
might have neuroprotective effects on dopaminergic cells in vivo.

INVESTIGATION OF A POTENTIAL NEUROPROTECTIVE
MECHANISM OF SELEGILINE IN PARKINSON’S DISEASE: AN IN
VIVO MICRODIALYSIS AND IN SITU HYBRIDIZATION STUDY.

D. Alvarez Fischer? C. Themann? M.K.H. Schafer,2 S. Grofi? R, Westermann?
E, Weihe? K, Kuschinskv?* and B. Ferger1. hnst. for Pharmacology and
Toxicology; 2Inst. for Anatomy and Cell Biology, University of Marburg, D35032 Marburg, Germany.
The monoamine oxidase B (MAO-B) inhibitor selegiline is used in the
treatment of Parkinson’s disease. However, MAO-B independent neuroprotective
actions of selegiline such as anti-oxidative and anti-apoptotic effects have been
recently postulated. We investigated the effects of acute and subchronic
selegiline treatment on dopamine overflow and the influence of a chronic
selegiline treatment on the regulation of tyrosine hydroxylase (TH), the rate
limiting enzyme of dopamine biosynthesis and source of oxygen radical
formation as recently reported [Adams et al. (1997) Redox Report 3, 273-279],
Wistar rats were injected daily with selegiline (10 mg/kg, i.p.) or saline over a
time period of 6 weeks. On day 1 and 8 in vivo microdialysis was carried out to
measure selegiline-mediated dopamine overflow. After 6 weeks of chronic
treatment the brains were processed for in situ hybridization with a 35Sradiolabelled probe for TH in another experimental group.
Acute and subchronic administration of selegiline increased extracellular
dopamine levels, whereas only repeated treatment over 7 days showed signs of
behavioural sensitization. Furthermore, chronic treatment with selegiline
significantly reduced TH mRNA levels in substantia nigra and the ventral
tegmental area.
In conclusion, acute and repeated treatment with selegiline enhanced
extracellular dopamine levels and might by a negative feed back mechanism
reduce TH mRNA, which is discussed to be neuroprotective by reducing oxygen
radical formation. (Supported by DFG FE 465/1-1 and 465/1-2)

133.17
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PROTECTIVE EFFECTS OF IMMUNOPHILIN LIGANDS ON
DOPAMINERGIC NEURONS X. Guo, V.L. Dawson and T.M. Dawson*.
Department of Neurology and Neuroscience, Johns Hopkins University
School of Medicine, Baltimore, MD 21287.
Immunophilin ligands, including FK506 and rapamycin, are
immunosuppressant drugs that bind receptor protein immunophilins, such
as FKBP12. Previously we showed that FK506 promotes neurite outgrowth
in dorsal root ganglia. Several FK506 analogues have been identified
which can bind FKBP12, but lack immunosuppressive activity. Two
representative compounds are GPI 1046 and L685818. Both have been
shown to enhance functional and morphologic recovery of rats with
crushed sciatic nerves and induce neurite growth in PC 12 cells. In animal
models of Parkinson’s disease generated by MPTP or 6-OHDA, GPI 1046
promoted regrowth and functional recovery of dopaminergic neurons.
To further study the neurotrophic effects of immunophilin ligands, we
used ventral mesencephalic cultures from rat embryos to investigate
potential neuroprotective effects of these compounds. We found that
FK506, GPI 1046 (Guilford) and L685818 (Merck, Inc.) modestly, but
significantly protect against dopaminergic neuronal death induced by
MPP+ and 6-OHDA. Effects of immunophilin ligands on the expression of
tyrosine hydroxylase were also investigated. Our findings suggest that
immunophilin ligands have both neuroprotective and neuroregenerative
properties and further define their mechanism of action.
Some of the authors own stock in (T.M.D.) and are entitled to royalties
(T.M.D., V.L.D.) from Guilford Pharmaceutical Inc., which is developing
technology related to the research described in this abstract. Supported by
NIH.

CHRONIC AND ACUTE COPPER SULFATE PRETREATMENTS INHIBIT
MPR4--INDUCED DAMAGE IN MICE. M. Alcaraz-Zubeldia? M.C. Boll2, C
Rips1 *. department of Neurology and department of Neurochemistry, National
Institute of Neurology anti Neurosurgery “Manuel Velasco Suarez”. Mexico.
MPP+ is the major metabolite of MPTP, a drug which induces Parkinson-like
damage in animals by promoting neurotoxical effects in the dopaminergic
nigrostriatal pathway. Our group previously reported a 50% MPTP-induced copper
striatal depletion suggesting an important role of copper in MPTP dopaminergic
neurotoxicity. In this study we evaluated the effect of copper sulfate pretreatment on
MPP+-induced striatal damage. Adult male C57-Black mice (25-30g) were
pretreated with copper sulfate with two different schemes of administration. An
acute pretreatment (2.5 mg/kg i.p.) at 30 minutes or 24 hours before the
intracerebroventricular (i.c.v.) MPP+ administration, and a chronic one (1.4mM, or
2.8 mM) through drinking water, during 30 days before the MPP+ administration
(20pg/3gl i.c.v.). 2 hours after MPP+ injection, striatal lipid peroxidation (LPO)
was measured. Dopamine (DA) and Cu contents were evaluated 7 days after MPP+
injection. Results showed an increase of 116% in striatal LPO in mice of the MPP+
group vs controls and a non-significant increase of 32% in LPO levels only when
copper was injected 24h before MPP+-. MPP+-induced 55% DA depletion was
completely blocked by copper administration only when copper was administrated
24 hr before MPP+. Chronic administration of copper at the lower dose didn’t
prevent the MPP+--induced dopamine depletion but at the higher one the 40% DA
depletion was completely blocked. These results suggest that the mechanism
involved in the MPP+-mduced damage is inhibited by chronic copper supplement.
This work has been supported by CONACyT Grant 26504-M.
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DOPAMINE D, RECEPTOR ANTISENSE ATTENUATES LEVODOPAINDUCED BEHAVIOURAL SENSITIZATION IN RATS

" SYSTEMIC ADMINISTRATION OF CGP 3466b PREVENTS ENZYMATIC
AND BEHAVIORAL DEFICITS IN 6-OHDA TREATED RATS" O, Andringa12.
Rr.Y... yan Qpsten J.Q. gtoof sod AiRs Q<?9l§ ‘Dept. Psychoneuropharmacology,
Univ. of Nijmegen, and ^es. Inst. Neurosciences, Free Univ. of Amsterdam, The
Netherlands.
The propargylamine CGP3466b inhibits neuronal apoptosis in culture1. It is not
metabolized into (meth)amphetamine and easily passes die blood brain barrier
suggesting that the compound may also be effective in protecting neurons in vivo.
The efficacy of CGP 3466b to inhibit 6-OHDA-induced enzymatic and behavioral
deficits was investigated in an animal model of Parkinson’s disease (PD), the 6OHDA treated rat. 3 pg/^l 6-OHDA was infused bilaterally into the substantia nigra
pars compacta (SNc), and, starting from 2 hours after the lesion procedure, both the
sham-treated and 6-OHDA-lesioned animals were s.c. injected with either H2O or
CGP 3466b (0.0014 - 1.4 mg/kg) twice a day for 14 days. After a washout period of
14 days behavior was evaluated. After transcardial perfusion, tyrosine hydroxylase
(TH) immuno-cytochemical staining was performed and the TH-positive area was
quantified using a computerized system. CGP 3466b was able to prevent the display
of all the deficits seen in our 6-OHDA treated rats. It prevented a) abnormal stepping
(open field test: 0.0014-0.014 mg/kg) b) the increase in fore- and hindlimb retraction
time (paw test: 0.014 and 0.14 and 0.0014, 0.014 and 0.14 mg/kg, respectively), c)
the delayed acquisition in the morris maze task and d) the reduction in THimmunoreactivity in the SNc (0.0014 and 0.014 mg/kg). However, 1.4 mg/kg CGP
3466b decreased the TH-ir bodi in die VTA and SNc and induced abnormal movements in
SHAM/treated rats. It is concluded that CGP 3466b is able to fully prevent the 6OHDA-induced deficits in behavior and TH activity. The data suggest that CGP
3466b could be a powerful agent to inhibit the progression of PD, especially in early
parkinsonian patients, under certain conditions.
1. Kragten et al, 1998, J.Biol.Chem.273, 5821-5828.

The longterm use of levodopa for the treatment of Parkinson’s disease is
associated with the development of abnormal involuntary movements or
dyskinesias. Although the exact mechanism underlying these complications
remains unclear, alterations in striatal dopamine receptor responsiveness are
thought to play a key role. There is evidence to suggest heightened activity in
dopamine Dj receptor-bearing striatonigral neurons following chronic levodopa
treatment. Studies of receptor changes, however, have yielded mixed results.
Dopamine D3 receptors are colocalized with D. receptors on striatonigral
neurons and an increase in their expression has been associated with
sensitization of the rotational response to apomorphine following chronic
levodopa. This sensitization can be attenuated by the preferential Dj antagonist
nafadonide. Thus, altered dopamine D, receptor function may contribute to the
development of levodopa-induced dyskinesias. Here, we provide further
evidence for the role of the dopamine D3 receptor in a rodent model of
levodopa-induced dyskinesias through the use of in vivo antisense. In rats,
centrally administered oligonucleotide antisense to dopamine D3 receptpr mRNA
resulted in a significant reduction in dopamine D» receptor binding (f H]7-0HDPAT). Rats with unilateral 6-hydroxydopamine lesions of the medial forebrain
bundle were given twice daily injections of benserazide/levodopa (50mg/kg? i.p.)
for 3 weeks. Dopamine D3 receptor antisense was then infused into the striatum
ipsilateral to the 6-hydroxydopamine lesion via an osmotic minipurnp (Alzet)
(0.3 nmol/hr, 5 days) beginning 2 days prior to the termination of levodopa.
Saline and scrambled oligonucleotide controls were also included. Animals were
then tested for apomorpnine-induced rotations (300 pg/kg, s.c.). Those animals
receiving antisense treatment displayed significantly fewer apomorphuieinduced rotations than saline- or scrambled sequence-treated controls. Thus, by
reducing dopamine D3 receptor expression through the use of antisense, we were
able to attenuate die sensitized response to apomorphine resulting from chronic
levodopa treatment. The dopamine D3 receptor appears to play a significant role
in levoaopa-induced dyskinesias and warrants further examination.
Supported by the Medical Research Council of Canada and the Parkinson’s
Foundation of Canada.
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NAD(P)H:QUINONE OXIDOREDUCTASE(NQOl) ACTIVITY IS

REDUCED THIOL LEVELS IN ALZHEIMER’S DISEASE. S.D.
Edland1*. W.A, Kukull1. P.S. Rabinovich2. M. Poot2. ’Dept. of
Epidemiology; 2Dept. of Pathology, University of Washington,
Seattle, WA 98195.

NQO1 catalyzes the two-electron reduction of quinones, preventing their
participation in redox cycling and subsequent generation of reactive oxygen
species. Pretreatment of neuroblastoma cell with compounds (tert-butylhydroquinone and dimethyl furmarate) increase NQO1 expression protect cells
from oxidative stress induced cell death by H2O2 and dopamine. Evidence of
neuronal death by AD and the presence of other oxidative enzymes in senile plaques
and neurofibrillary tangles(NFT) led us to study the expression pattern of NQO1 in
AD ancf control brains. Hippocampal regions from neuropathologically diagnosed
AD patients and contral subjects were fixed in 4% paraformaldehyde for 14 hours,
and cryoprotected in 30%surcrose. Eight microns serial sections were cut on a
freezing microtome, and histochemical analysis of NQO1 enzymatic activity was
performed according to Murphy et al(1998). NQO1 activity was exhibited as a
punctuate blue stain in astrocytes, microglia and endothelial cells in hippocampal
sections from AD and control patients. In addition, pyramidal neurons in
hippocampal CAI region were strongly stained in AD patients, but not in control
subjects. NQO1 positive neurons were selectively located in area where neuronal
populations exhibited NFT as seen with tau staining.. Those rare neurons not
staining for tau also did not stain forNQOl.

We have recently reported a pedigree with three generations of
matrilineal inheritance of Alzheimer’s disease (AD) that carries the
mitochondrial A9101C mutation, a putative primary mutation for
Leber’s hereditary optic neuropathy (LHON). This mutation causess
an isoleucine to threonine substitution at amino acid 192 of subunit 6
of the transmembrane segment of the F1/F0 ATP synthase. Previous
biochemical studies on cybrid cell lines suggest this mutation is
associated with a proton leak across the mitochondrial inner
membrane [Majanders et al., FEBS Letters 1997;412:351-4]. We
now report flow cytometry data consistent with this being a
pathogenic mutation. Using a monobromadine assay, we found that
reduced thiol levels in lymphocyte cell lines from (N=2) siblings with
the A9101C mutation were 80 percent those of (N=3) age-matched
controls. Likewise, oxidative damage to mitochondrial cardiolipin
was higher, and mitochodrial membrane potential lower, in the AD
cases. Normative data on mitochondrial function in 24 AD cases and
24 age-matched controls will also be presented.

UPREGULATED IN HIPPOCAMPAL PYRAMIDAL NEURONS IN
ALZHEIMER’S DISEASE (AD) PATIENTS Y. WANG1, K. SANTACRUZ2, C.
DECARLI1*, and J.A. JOHNSON3. Dept. of Neurology1, Pathology2, and
Pharmacology, Toxicology and Therapeutic3, University Kansas Medical Center,
Kansas City, KS 66160.

Our finding suggests that NQO1 expression in pyramidal neurons is uniquely
upregulated in AD. We speculate that expression of NQOlin pyramidal neurons in
AD patients is a neuroprotection response. (Supported by NIEHS ES08089, and
BWF New Investigator in Toxicological Science Award to J.A Johnson)

Supported by NIA grant numbers AG-05136 and AG-10917.
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A NOVEL LC/MS/MS METHOD FOR THE DETECTION OF 3-NITRO-L-TYROSINE:
MEASUREMENT OF 3-NITRO-L-TYROSINE
IN
HUMAN VENTRICULAR
CEREBROSPINAL FLUID.
S.OJDfltan\ E, Calleqari1. B.G. Sahaaan2* and D,
Friedman8. CNS Drug Metabolism; CNS Molecular Sciences; 3Clinical Genetics,
Diagnostics and Measurements, Pfizer Inc. Central Research Division; Groton, CT.
06340.
3-Nftro-L-Tyroeine (3-NT) is a reported biomarker for reactive nitrogen species, such
as nitric oxide (»NO) and peroxynitrite (ONOO). »NO is formed through the action of
nitric oxide synthases (NOS), which can then react with endogenous superoxide to
form cytotoxic ONOO*. Interaction of ONOO* with tyrosine residues results in the
formation of 3-NT. »NO and ONOO* have Been implicated in a host of chronic
neurodegenerative diseases including Alzheimer’s Disease (AD). Quantitation of free
3-NT in human ventricular cerebrospinal fluid (VF) from AD and age-matched control
VF may be useful as a surrogate clinical marker of NOS activity. Recent investigations
report that free 3-NT concentrations in normal VF are 10-500 nM. Free 3-NT
concentrations from AD VF were shown to increase by approximately 2-fold relative to
normal VF.
These results were obtained using high performance liquid
chromatography (HPLC) with electrochemical detection (ECD). In the present study, a
sensitive and specific analytical method was developed to quantitate free 3-NT from
AD and age-matched control VF. These postmortem ventricular VF samples were
collected within throe hours at autopsy. This novel method utilized derivitization of 3NT with dansyl chloride followed by HPLC with detection by mass spectrometry
(LC/MS/MS) utilizing a Sciex API 3000 triple quadrepole. The lower limit of detection
for 3-NT was 0.1-0.5 nM (0.2-1.0 pg). The dynamic range of the assay was 0.1-100
nM. Free 3-NT was not detected in the VF from normal or AD subjects following
LC/MS/MS analysis. The analysis methods employed in the present study are more
specific than HPLC-ECD. The three criteria used to identify 3-NT are formation of the
dansylated product, mass spectroscopy and retention time. A recent report suggests
that there is an artifact peak that co-elutes with 3-NT when using HPLC-ECD to detect
3-NT, but differs from authentic 3-NT in that it does not exhibit the same ultraviolet
absorbance spectrum, fragmentation pattern by mass spectroscopy and
electrochemical profile.

REACTIVE NITROGEN SPECIES CONTRIBUTE TO PROTEUS} AND LIPID
OXIDATION IN ALZHEIMER’S DISEASE: POSSIBLE RELEVANCE TO
PATHOLOGY.
K, Hensley*1, K, S, Williamson1, P. Oabbita1, W.R,
Markesberv2. R. V, Coonev3. and R.A, Flovd*. 'Free Radical Biology and Aging
Research Program, Oklahoma Medical Research Foundation, Oklahoma City, OK
73104 USA; ’University of Kentucky Sanders Brown Center on Aging,
Lexington, KY 40526 USA; ’Cancer Research Center of Hawai’i, Honolulu, HA
96813 USA.
Reactive oxygen species (ROS) have been implicated in the neuropathology of
Alzheimer’s disease (AD) and other neurodegenerative conditions. Protein and
DNA oxidation are increased somewhat in the AD brain and antioxidant enzyme
activities are altered to suggest a compensatory response to oxidative stress. The
source and identity of the ROS involved in AD are unclear, and the pathological
mechanisms by which ROS may act in AD remain to be elucidated. Using high
performance liquid chromatography with electrochemical array detection (HPLCECD), we have previously demonstrated 3-5 fold increases in protein-bound 3nitrotyrosine and 3,3’-dityrosine in affected regions of the AD brain. Using
combined HPLC-ECD and photodiode array detection, we have detected
significant quantities of tocopherol nitration products, including 5-nitro-ytocopherol, in the brains of AD-afflicted individuals obtained at rapid postmortem
intervals (PMI < 3 H). Similar protein and lipid nitration can be induced in cell
culture by stimulation with model inflammatoiy substances such as
lipopolysaccharide (LPS). These data suggest that reactive nitrogen species,
possibly elaborated by inducible nitric oxide synthase as part of an inflammatory
process, promote tissue oxidation in the AD brain and may contribute to
neurodegeneration. Supported by NIH grants NS35747 and PO1-AG05119;
Oklahoma Center for the Advancement of Science and Technology; and the
Abercrombie Foundation.
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REDUCTIONS IN BRAIN a-KETOGLUTARATE DEHYDROGENASE ACTIVITY IN ALZHEIMER’S DISEASE CORRELATE
WITH DEMENTIA SEVERITY. GE Gibson L V Haroutunian^. LCH
Park I H Zhang*. R.Mohs^ RKF Sheu1, JP Blass* 1 1 Cornell Med.
College. Burke Med. Res. Inst. White Plains, N.Y.;2Mt. Sinai School of
Medicine, NY, NY. Bronx Veteran Affairs Med. Center, Bronx, NY

Supported by grants AG11921, AG14600, AG14930, AG02219, AG05138

ALTERATIONS IN RYANODINE RECEPTOR FUNCTION: AN EARLY
FEATURE OF ALZHEIMER'S DISEASE THAT CORRELATES WITH
NEUROFIBRILLARY AND P-AMYLOID PATHOLOGIES. C. O' Neill*1. J.
Fastbom2, R.F.Cowbum2 , W.Bonkale2. R.Ravid3 T.G. Ohm4. M. Carmody1 and
M. Kelliher1 .^Department of Biochemistry, University College Cork, Ireland; 2
Karolinska Institute, Geriatric Medicine, S-14186 Huddinge, Sweden;
-^Netherlands Brain Bank, Meibergdreef 33, 1105 AZ, The Netherlands; 4Inst.
Anatomie, Charite, D-100098, Berlin, Germany
Ryanodine receptors (RyRs) regulate calcium release from endoplasmic
reticulum stores and are essential in the maintenance of brain calcium homeostasis.
A significant (p < 0.02) 40 % decrease in the Bmax for pHjryanodine binding,
significant loss of the RyR2 isoform, and significantly higher IC50 values for
magnesium and ruthenium red inhibition of pHJryanodine binding were detected
in Alzheimer's disease (AD) temporal cortex particulate fractions (Stage V-VI)
when compared to matched control fractions. These differences were not detected
in brain areas unaffected by AD pathology. [^H]ryanodine autoradiography of
entorhinal cortex/anterior hippocampal sections staged for neurofibrillary changes
and p-amyloid deposition revealed increased numbers of RyRs at extremely early
stages of neurofibrillary pathology (Stage I-II) in subiculum, CA2 and CAI
regions when compared to cases with no neurofibrillary pathology (Stage 0).
Subsequent to this a gradual stage related loss of RyRs was detected in the
subiculum, CAL CA2 and CA4 that was finally extremely severe (74-94% loss)
in the subiculum CA1-CA4 regions from the final late isocortical stage (Stage VVI) compared to Stage I-II. pHJryanodine binding also showed significant
declines with staging for p-amyloid deposition in the entorhinal cortex (p < 0.01)
and CA4 ( p < 0.05). Alterations in RyR binding and function are thus very early
events in AD pathogenesis and may be implicitly involved in this process.
Supported by The Health Research Board of Ireland

134.7

134.8

A POSSIBLE MECHANISM FOR THE DECREASE OF
CYTOCHROME OXIDASE IN ALZHEIMER’S DISEASE. S. M.
Cardoso1, M.T, Proenca1,3. S, Santos1,1, Santana3, C. R, Oliveira1,2,3*,

ASTROGLIAL CELLS PRODUCE NEUROPROTECTIVE ANTIOXIDANTS AFTER IN VITRO EXPOSURE TO FREE RADICALS.
C, Faber. K. Hemmer. E. Morga, P. Heuschling*. Neuroimmunologie
& Inflammation, CRP-Sante, Luxembourg, L-l 150
The local increased production of free radicals has been implicated in
the pathophysiology of several neurodegenerative diseases. Abnormal
lipid peroxidation as well as PARS linked energy depletion in the
neuronal cells are the consequences of high concentrations of these free
radicals. Microglial and astroglial cells are known to produce nitric oxide
(NO) and superoxide anions (O2 ) under inflammatory conditions.
In order to investigate whether astroglial cells are able to protect
neurons from these free radicals by secreting protective difrusable
substances, we challenged rat and human astrocytoma cells over-night
with 3-morpholinosydnonimine (SIN-1) (3xl0'4 M), a donor molecule of
O2‘ and NO forming peroxinitrite. After this exposure, the cells were
washed and allowed to condition their culture medium for 24 hours. This
supernatant was able to protect human neuroblastoma cells from the
apoptotic death produced oy the incubation with lethal concentrations of
SIN-1 in a defined medium containing no additional anti-oxidants. The
same neuroprotective property was seen in a transwell co-culture system,
where neuronal cells were cultured in the bottom compartment and SIN-1
pre-exposed astrocytes on the membrane. To know whether this
protective effect was mediated via anti-oxidant mechanisms, we
measured the ability of the culture supernatant to prevent the oxidative
fluorescence shift of dihydrorhodamine-123 in the presence of SIN-1.
The supernatant of SIN-1 challenged astroglial cells was more effective
to delay the oxidation of dihydrorhodamine than control supernatants.
We conclude that astroglial cells respond to an important free radical
challenge by producing diffusable neuroprotective anti-oxidant factors.

These studies tested the relationship between the activity of a-ketoglutarate dehydrogenase complex (KGDHC), a key mitochondrial enzyme, to the decline in mental function and neuropathological changes in
Alzheimer’s Disease (AD). KGDHC activity was measured in inferior
parietal cortex at autopsy of 18 control subjects and 93 AD patients.
KGDHC activities (mU/mg protein) in the AD brain (2.97 ± 1.94) were
significantly less (p=0.001) than in the control brains (4.59 ± 1). KGDHC
activities for all subjects (i.e., controls and AD patients) were highly correlated (r value of partial correlations controlling for age at death and
cortical pH; p <0.05) with the clinical dementia rating (-0.4), the number
of plaques (-0.25), the tangle density rating (-0.28) and choline acetyltransferase (0.50). The correlation for KGDHC activity to clinical dementia rating (0.73) and to choline acetyltransferase (0.62) was higher in
patients with one ApoE4 allele. The results provide fiirther evidence that
the reduction in KGDHC is a critical component of a cascade of events
that lead to neurodegeneration in AD brain.

’Center for Neurosciences of Coimbra; 2Faculty of Medicine; ’University Hospital,
University of Coimbra; 3000 Coimbra, Portugal.

There is increasing evidence that defective function of the
mitochondrial cytochrome oxidase (CO) is involved in the pathogenesis
of Alzheimer’s Disease (AD). Although it is assumed that the enzyme is
decreased in AD, the mechanism that leads to this defect remains
unknown. The objective of this study was to determine whether the
decrease of CO is due to an alteration of the lipid environment or
whether is due to the loss of some of the CO subunits. Platelet
mitochondria of sporadic and pre-senil AD patients were used in this
study. We observed that CO activity is significantly decreased (16.79
%) in AD patients compared to age matched controls, this defect leading
to a drop of 19.59 % in ATP levels. In order to determine if the
reduction of CO activity correlates with an alteration of membrane
fluidity we used two fluorescent probes Diphenyl Hexatriene (DPH) and
Trimethyl Ammonium - DPH and no significant difference was found
between controls and AD patients. Furthermore, the membrane levels of
cholesterol and vitamin E were similar both in controls and AD patients,
suggesting that an alteration in membrane biophysical parameters is not
directly involved in the inhibition of CO activity. Bidimensional
electrophoresis is now being used to evaluate if an alteration in CO
subunits can be responsible for the defect observed in AD patients.

Acknowlegement: grant It 95/01 CRP-Sante; MEN fellowship 96/026 for K.H.
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GENETIC AND BIOCHEMICAL CHARACTERIZATION OF A CYBRID
CELL LINE WITH A STABLE CYTOCHROME c OXIDASE DEFECT.

DOES OXIDATIVE STRESS INDUCE GLYCOGEN
SYNTHASE KINASE-313 EXPRESSION VIA
TRANSCRIPTION FACTOR, NF-k B? K. Townsend.
R. Herrera, O. Weeks*. Dept. of Biological Sciences, Florida
International University; Miami, FL 33199.
In the brain extracellular deposits of amyloid beta peptides
(Ap) and intracellular deposits of neurofibrillary tangles (NFT)
are hallmarks of Alzheimer’s disease(AD). However, how the
two phenomena are related to each other in the pathogenesis of
AD remains to be determined. Numerous in vitro and in vivo
studies have shown that AP is a source of oxidative stress. As
well, oxidative stress evokes NF-k B activation. Still other
studies have suggested that AP stimulates GSK-3 P up-regulation
during neurodegeneration. In this study, we analyze neurons
cultured under oxidative stress and describe GSK-3 p upregulation as being mediated by NF-k B.

S*S,,Ghosh*»S.E,Miller, C.Hermstadt, J.A. DykenSx AxN,. Murphy and R.E.

Davis, MitoKor, San Diego, CA 92121.
Substantial evidence indicate that late-onset, sporadic AD is associated with
defects in energy metabolism and impaired activity of cytochrome c oxidase
(CO) in both neuronal and blood cells. The mitochondrial functional defect
associated with Alzheimer’s disease (AD) can be recreated in a cytoplasmic
hybrid (cybrid) cellular system by transplanting mitochondria from AD
patients into SH-SY5Y neuroblastoma cells previously depleted of
mitochondrial DNA (mtDNA). One such AD cell line shows substantially

impairment of CO activity that is stable over numerous passages in
culture. Sequencing of the full mitochondrial genome revealed that the

mtDNA of this cybrid line is identical with that isolated from the patient’s
blood cells, and carries a homoplasmic mutation (G—>A) at position 6366,
and several homoplasmic changes in the 12S and 16S RNA. It is not clear
which of these mutations, or combinations thereof, are causative of the
phenotype. cDNA Analysis confirmed that the exogenous mtDNA is
expressed in the cybrids, thus leading to a Val to He substitution in amino
acid 155 of CO subunit 1. This CO deficit yields increases in ROS
production and oxidative markers such as 8-hydroxyguanosine and lipid
peroxidation products. Oxidative stress triggers compensatory increases in
several radical scavenging enzymes, as observed by increased enzymatic
activities and gene expression levels. In addition, this mitochondrial defect
confers increased vulnerability to cell death in response to a variety of
apoptotic stimuli. This cybrid cell line recapitulates many of the features of
AD phenotype and thus serves as a useful model to study the role of chronic
mitochondrial dysfunction in AD.
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COPPER EFFLUX IS ALTERED IN CULTURED CELLS STABLY
TRANSFECTED WITH THE METALLOTHIONEIN-3 GENE.

TRANSFORMING GROWTH FACTORS-BETA (TGF-ps) PROTECT
AGAINST OXIDATIVE STRESS IN NEURONAL CULTURE. J. J. Shacka*1?
E, S. Kim? W. T, Parks1, R. F. Ren1 and K. C. Flanders1. 'Laboratory of Cell
Regulation and Carcinogenesis, NCI and 2NIGMS, NIH, Bethesda, MD 20892.
In Alzheimer's Disease (AD), amyloid beta (AP) deposition is thought to
generate reactive oxygen species (ROS), driving neurons into a state of oxidative
stress and eventual death. Aberrant expression of TGF-p has been previously
identified in sites of AD pathology and has been shown in vitro to attenuate APinduced neurotoxicity. However, TGF-p's neuroprotective mechanism(s) are
largely unknown. The goal of this study was to characterize the degree of
neuronal protection offered by exogenous TGF-p against exogenous ROS. Subsets
of SK-N-SH human neuroblastoma cells were treated with TGF-p 1, 2 or 3 (0.1 to
5 ng/ml) and/or H2O2 (425 pM) or the ROS generator xanthine oxidase (35
mU/ml, in the presence of 100 pM xanthine) for 24h in serum-free media. TGFpi, in the presence of ROS significantly increased MTT reduction compared to
ROS alone, suggesting that TGF-P protects against oxidative stress. Similar
increases in MTT reduction were also seen with TGFp2 and TGFP3. The
protective effects of TGF-P were further demonstrated with significantly increased
live cell number (determined via trypan blue exclusion) and decreased lactate
dehydrogenase activity when cells were treated with TGF-p 1 plus ROS compared
to ROS alone. Results of 3H-thymidine incorporation studies exclude any
proliferative effects of TGF-P in combination with ROS. Interestingly, in
comparison to vehicle, TGF-p 1, with or without H2O2 significantly increased state
Ill-dependent oxygen consumption (Complex II), suggesting that TGF-p may be
neuroprotective in part by influencing mitochondrial respiration. Ongoing studies
will further characterize the protective effects of TGF-p against ROS and the
degree to which TGF-p is involved in the response of neurons to oxidative stress.

E.C. Yeiser and C.W. Levenson*. Program in Neuroscience, Florida State
Univ., Tallahassee, FL 32306-4340
Metallothionein-3 (MT-3), also known as Neuronal Growth Inhibitory
Factor (GIF), is a CNS-specific member of the MT family of metal-binding
proteins. It has been shown to inhibit the survival of neurons in culture.
Reduction in expression has been associated with Alzheimer’s Disease, while
increases have been shown occur with gestational hypothyroidism. To study the
possible contribution of MT-3 to brain copper and zinc metabolism we stably
transfected human Hep G2 cells, which do not normally express MT-3, with
the MT-3 gene attached downstream from a CMV promoter permitting
constitutive expression in this hepatoma cell. After Northern and in situ
confirmation that the gene was expressed only in the transfected cells,
radiocopper and zinc uptake and efflux were measured. There were no
significant differences in the first order kinetics of 67Cu or 65Zn uptake in Wildtype vs Transfected cells during the 60 minute uptake experiment. However,
67Cu efflux was decreased by approximately 30% in MT-3 transfected cells
pre-loaded for 24 h with radiocopper. Percent efflux of the initial copper pool
(t=0) was 55.8±7 % in wild-type cells compared to 24.6±2% in transfected
cells at t=30 minutes. Kinetic analysis was also used to study the impact of Fe,
Co, Cu and Zn interactions on MT-3 metal binding and cellular metal
metabolism. These data suggest that MT-3 plays a role in copper and zinc
metabolism in the CNS and may contribute to brain metal regulation.
(Supported by NIH grant DK 50472)

134.13
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BINDING TO CHEMOKINE RECEPTORS CXCR2 AND CXCR3
BY THEIR RESPECTIVE LIGANDS KC AND IP-10 INDUCES THE
ACTIVATION OF MAP KINASE (ERK1/2) IN MOUSE CORTICAL
NEURONS. MO. Xia**. BJ. Bacskai1, RB. Knowles1, SX. Qin2 and
BT. Hyman 1. 1 Alzheimer’s Research. Dept. Neurology, Massachusetts
General Hospital, Charlestown, MA02129; 2LeukoSite, Inc.
Cambridge, MA 02142.
Chemokines belong to an important family of inflammatory
cytokines. Recent evidence has shown the presence in the CNS of a
number of chemokine receptors such as CXCR2, CXCR3, CXCR4 and
Duffy antigen on neurons and CCR3, CCR5 on microglia. We have
observed marked elevation of IP-10, MIP-1 beta in reactive astrocytes in
Alzheimer’s disease (AD) brains. We explored how the interaction of
chemokines with their neuronal receptors could affect neuronal
functions. Both KC (a mouse homologue of GRO alpha, a ligand for
CXCR2) and IP-10 (a ligand for CXCR3) were able to induce the
activation of ERK 1/2 pathway (a member of the MAP kinases) in mouse
cortical neurons, through a pertussis toxin sensitive pathway typical of
chemokine receptors. These data provide further evidence for the
functional existence of CXCR2 and CXCR3 on cortical neurons.
Although the activation of ERK 1/2 pathway is associated with many
essential neuronal activities, sustained activation of this pathway has
been implicated in neuronal death and tangle formation. Since we have
observed markedly elevated IP-10 expression in reactive astrocytes of
AD brains, aberrant upregulation of any of the above chemokines could
cause sustained activation of ERK 1/2 signaling pathway which may
contribute to the mechanisms of neuronal injury and tangle formation in
AD. Supported by NIH AG05134.

DIFFERENTIAL ALTERATIONS IN MUSCARINIC RECEPTORCOUPLED
PHOSPHOINOSITIDE
HYDROLYSIS
AND
AP-1
ACTIVATION IN ALZHEIMER’S
DISEASE
CYBRID CELLS.
P. De Samo?* G. Biiur? R. E. Davis2 and R. S. Jope.? ^Department of
Psychiatry and Behavioral Neurobiology, Univ. of Alabama at Birmingham,
Birmingham, AL 35294-0017 and ^MitoKor, San Diego, CA 92121.
Muscarinic receptor-mediated signaling was measured in cybrid cells,
which are SH-SY5Y cells with mitochondria from Alzheimer’s disease (AD)
or control subjects. Reactive oxygen species are elevated by 50% in AD
cybrids. Basal phosphoinositide hydrolysis (PI) in AD cybrids was 224%
that in controls, and carbachol (lmM)-simulated PI hydrolysis was 33%
higher in AD cybrids. To test the effect of oxidative stress, the inhibitory
effect of H202 was measured in AD and control cybrids by incubating the
cells with H2O2 for 10 min prior to the addition of carbachol. H2O2
decreased carbachol-stimulated PI hydrolysis similarly in both cell lines. A
downstream consequence of activation of the phosphoinositide
signal
transduction system is stimulation of AP-1 DNA binding activity.
Surprisingly, we found that carbachol-stimulated increase in AP-1 DNA
binding activity was significantly lower in AD than control cybrids (40%
lower maximal activation). To test the activities of signaling intermediates
coupling phosphoinositide hydrolysis to AP-1 activation, AD and control
cybrids were compared in their responses to protein kinase C-mediated
activation of AP-1. PMA (lpM)-stimulated increase of AP-1 DNA binding
activity was 40% lower in AD cybrids that the stimulation in control cybrids.
This indicates that protein kinase C is down-regulated in AD cybrids, thus
accounting for the coexistence of decreased AP-1 DNA binding activity
with increased carbachol-stimulated phosphoinositide hydrolysis.
Supported by NIH grant AG06569.
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OXIDATIVE STRESS AND NITRIC OXIDE ATTENUATE MUSCARINIC
RECEPTOR-G PROTEIN INTERACTION: IMPLICATIONS FOR
ALZHEIMER’S DISEASE. D.P, Flvnn*. G, Ferrari-DiLeo. L, Kubasiak and C
Paz. Dept of Molecular & Cellular Pharmacology, Univ. of Miami School of
Medicine, Miami, FL 33101
Circumstantial evidence suggests the involvement of oxidative stress (OS), freeradical damage and microglial-mediated inflammatory mechanisms in Alzheimer’s
disease (AD) pathology. However, the mechanisms by which these phenomenon
are generated and the putative cause and effect relationships among them, if any, are
not clear. We have sought to determine whether there is an association between the
prominent pathological features of AD and the selective vulnerability of cholinergic
neurons and deficits in muscarinic receptor (MR)-mediated signal transduction. We
have recently shown that conditioned media from lipopolysaccharide (LPS)activated microglia decreases ml MR activation of G proteins (Jumelle-Laclau and
Flynn, SFN 1998). In vitro, microglia secrete high levels of reactive oxygen species
(ROS), products of OS, and nitric oxide (NO) in response to activation by
inflammatory mediators like LPS.
Here we show, using several in vitro
experimental paradigms, that OS and nitric oxide specifically diminish MR-G
protein interactions in both cultured cells expressing MR and in rat brain cortical
homogenates. In order to begin to elucidate tiie mechanisms by which such MR-G
protein uncoupling may occur, we have examined the correlation between the extent
of membrane lipid peroxidation (MLP) and MR-G uncoupling. Mattson and
colleagues (1997) have recently shown that a product of MLP, 4-hydroxynonenal
(HNE), is a potent uncoupler of receptor-Gq interactions. We found that while OS
results in corresponding high levels of MLP and MR-G uncoupling, exogenously
applied NO greatly decreases MR-G coupling with no effect on MLP, under our
experimental conditions. These findings suggest a provocative relationship between
several disease-associated features, but support the notion that multiple mechanisms
may be involved in the loss of cholinergic signal transduction associated with AD.
(Supported by NIH AG12738)

THE ROLE OF CYCLOOXYGENASE-2 (COX-2) OVEREXPRESSION
IN THE DEVELOPMENT OF MEMORY IMPAIRMENT. A.Savonenko?
K. Andreasson4, D. Borchelt2, D. Grinnell? J. Goellner5, P. Isakson5, P.
Worley3, D. L. Price2,3’4 and A. L. Markowska? 1 Dept. of Psychology,
Johns Hopkins University, Baltimore, MD21218 and Depts. of2 Pathology,
3 Neuroscience and4 Neurology Johns Hopkins University School of
Medicine, Baltimore, MD 21205,5Monsanto/Searle, St. Louis, MO 63167.
Recent studies suggest that the use of non-steroidal anti-inflammatory
agents, that inhibit the cyclooxygenase activity, can protect against the
development of Alzheimer's disease (AD). The cox-2 gene has been identified
as an NMDA-dependent activity-regulated gene in brain. Due to the recent
evidence implicating excitotoxic mechanisms in neurodegenerative diseases, we
hypothesize that cox-2 overexpression may play a role in the development of
AD. We predict that cox-2 overexpression by itself may not produce cognitive
deficits at a young age, but may accelerate the onset of cognitive deficits with
age in transgenic cox-2 mice, as well as, in double transgenic cox-2/APPswe
mice, when compared to age-matched control littermates. In the present study
we assessed the behavioral phenotype of an initial line of thy-l/hcox-2
transgenic mice. Our study indicates that the 7-months old thy-l/hcox-2 mice
do not appear to be different from age-matched non-transgenic C57B6 mice in
spatial memory and in general phenotype such as activity, body coordination,
agility, neurological reflexes emotionality/anxiety, swimming ability and visual
acuity. These findings indicating that cox-2 overexpression does not lead to
memory impairment at a young age is consistent with our hypothesis. At
present, we are in the process of investigating those effects in older animals.
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CHARACTERIZATION OF A TRANSGENIC MOUSE THAT
OVEREXPRESSES CYCLOOXYGENASE-2 IN NEURONS. &
Videnski. J. Goellner. A. Shaffer, Y. Zhang. P. Worley. P. Isakson,
K, Andreasson* Departments of Neurology and Neuroscience,
Johns Hopkins University School of Medicine, Baltimore, MD and
Monsanto/Searle Co., St Louis, MO
In previous studies, we have determined that cyclooxygenase-2 (cox2) is an activity-dependent immediate early gene that is regulated by
NMD A-type glutamate receptor activation. Recent studies suggest
that glutamate-mediated excitotoxicity may underlie neuronal injury
associated with neurodegenerative and cerebrovascular diseases.
Epidemiological studies have demonstrated a protective effect of non
steroidal anti-inflammatory agents, which block the action of
cyclooxygenase, in the pathogenesis of Alzheimer's disease (AD).
To test the hypothesis that neuronal cox-2 participates in the
development of AD, we have generated a transgenic C57B6/J murine
line that overexpresses human cox-2 under the control of the
neuronal-specific promoter thy-1. In an initial line of mice, we detect
an 8-12 fold induction in levels of PGE2, and immunohistochemical
studies demonstrate a high level of expression of the transgene
product in the correct somatodendritic distribution in neurons. At the
present time, we are crossing our hcox-2 mice with a murine model
of familial AD, the APPSwe mouse, which develops amyloid plaques
in an age-dependent fashion, but does not exhibit neuronal or
synaptic loss, a central component of AD pathology. Supported by
Monsanto/Searle Co., St. Louis, MO.

CYCLOOXYGENASE-2 INDUCTION IN THE HIPPOCAMPAL FORMATION
OF ALZHEIMER’S DISEASE PATIENTS: REGIONAL DISTRIBUTION AND
CORRELATION TO CLINICAL DISEASE MEASUREMENTS.
L. Ho1. F. Willis1. D, Winger1. C. Pieroni1. G, Leordeanu1. P.S. Aisen1. D. Purohit2.
and G.M.Pasinetti1* Neuroinfl. Res. Lab.of the Dept of Psychiatry1 and the Dept. of
Pathology2, The Mount Sinai School of Medicine, New York, NY, 10029.
Non steroidal anti-inflammatory drugs (NSAIDs) are among the most promising
classes of drugs for the prevention and potential treatment of Alzheimer’s disease
(AD). There is evidence that the mechanism of apparent beneficial effects of
NSAIDs in AD involves cyclooxygenase (COX)-2 inhibition (Pasinetti, 1998).
Based on this hypothesis, we further characterized the regulation of COX-2 protein
in the hippocampal formation of neuropathologically defined AD cases using semiquantitative immunocytochemical techniques. We found elevated levels of COX-2
expression in hippocampal neurons of the CA1-CA4 subdivisions of AD brain
compared to age-matched non-AD controls. COX-2 expression in the dentate gyrus
granule neurons was unaffected. The level of COX-2 induction among hippocampal
pyramidal neurons in the AD brain correlated with amyloid plaque density. To
determine the relationship between COX-2 expression in the AD brain and clinical
measures of disease activity, we correlated COX-2 expression with antemortem
assessment of AD dementia defined by the clinical dementia rating (CDR). Our
ongoing studies indicate that COX-2 expression in pyramidal neurons of the
hippocampal formation is elevated in cases of mild-moderate (CDR=l-2) but not
questionable (CDR=0.5) dementia. Because therapeutic trials of potential diseasemodifying regimens select patients at one or more stages of clinical disease, our
observations on the relationship between AD clinical stage and COX-2 expression
will be immediately relevant to the design of anti-inflammatory drug trials.
Supported by NIA AG13799, AG14239, AG05138 to GMP.

134.19

134.20

POTENTIATION OF EXCITOTOXICITY IN TRANSGENIC MICE
OVEREXPRESSING NEURONAL CYCLOOXYGENASE-2.
K, Kdlgy1*, D- Winger2, L. Ho2, P.S, Aisen2 and Q.Mt .PwipfitU2
Neuroinflammation Research Laboratories of the Department of Psychiatry2 and
the Department of Molecular Biology *, The Mount Sinai School of Medicine, New
York, NY 10029.
Excitotoxicity may contribute to the widespread pattern of neurodegeneration in
the Alzheimer’s disease (AD) brain in which a “disinhibition syndrome” involving
elevated glutamatergic tone is responsible for a widespread pattern of
neurodegeneration. In rodents, the response to kainic acid (KA)-mediated
excitotoxicity may model aspects of hippocampal and cortical neurodegeneration
observed in AD. Recent evidence from our laboratory and others suggests the
apparent beneficial effects of non-steroidal anti-inflammatory drugs in AD involve
cyclooxygenase (COX)-2 inhibition (Pasinetti, 1998). In this study we used a
transgenic mouse model with neuronal overexpression of human (h)COX-2 to
explore the role of COX-2 in excitotoxicity. In wild-type control mice injection of
increasing concentrations of KA into the hippocampal formation (30-90 ng/0.3 pi)
resulted in dose-dependent induction of apoptotic neuron death in the CA1-CA4
subdivisions of the hippocampal pyramidal layer. Parallel hippocampal injections
of KA into transgenic hCOX-2 mice resulted in potentiation of KA-mediated
apoptotic neuron death. This study demonstrates a cause-effect relationship between
neuronal COX-2 expression and responses to KA-induced excitotoxicity. This
model will allow a systematic examination of die role of COX-2 in mechanisms of
neurodegeneration involving excitatory amino acid pathways. Supported by
AG13799, AG14239, AG05138.

POTENTIATION OF P-AMYLOID MEDIATED CASPASE 3 ACTIVATION
AND TOXICITY BY ECTOPIC CYCLOOXYGENASE (COX)-2
OVEREXPRESSION IN PRIMARY NEURON CULTURES J.P Luterman*.
L. Ho. P. Mukherjee and G.M. Pasinetti. Neuroinflammation Research
Laboratories of the Dept. of Psychiatry, Mount Sinai School of Medicine, New
York, NY 10029.
Studies of post-mortem Alzheimer’s disease (AD) brains, experimental
neurodegeneration, as well as a large number of epidemiological studies, all
point to an important role for cyclooxygenase (COX)-2 in the pathophysiology
of AD (Pasinetti, 1998). The current study was designed to investigate the role
of COX-2 on the activity of caspase 3, an index of apoptotic cell death, in an in
vitro model of P-amyloid (AP) mediated neurotoxicity. We found that AP^s
mediated redox impairment (assessed by MTT assay) is potentiated in primary
cortico-hippocampal neuron cultures derived from transgenic mice with
neuronal overexpression of human (h)COX-2 compared to cultures derived
from wild-type littermates, confirming previous findings (Ho et al., 1999). This
potentiation of Ap2S_35 neurotoxicty coincided with >40% potentiation (p<0.05)
of caspase 3 activity. Pre-treatment of the cortico-hippocampal neuron cultures
with the COX-2 specific inhibitor NS-398 (24 hr, lpM) brought the potentiated
caspase 3 levels down to control values. Our evidence in AD brain suggests
that neuronal COX-2 is indeed the appropriate target for non steroidal antiinflammatory drugs (NSAIDs). Our present data provide a means of
comparing the activity and selection of various NSAID regimens that may be
appropriate for clinical trials in AD prevention or treatment. Supported by
AG13799, AG 14239, AG05138 to GMP.
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THE UP-REGULATION OF ENDOSOMAL-LYSOSOMAL
COMPONENTS IN AMYLOID 6 RESISTANT CELLS.

ENHANCEMENT OF B-AMYLOD-INDUCED APOPTOSIS IN CULTURED
HIPPOCAMPAL NEURONS BY HYPOXIA. K.Iwasaki*. M.Ishibashi. K.Mishima
K.Irie and M.Fujiwara. Dept. of Physiol. & Pharmacol. Fac. of Pharmac. Sci., Fukuoka

1*

2

1

Yonghong Li . Chunhui Xu and David Schubert
1 The Salk Institute, 2 The Burnham Institute, La Jolla, CA
92037.
The abundance of amyloid beta peptide (AB) and the selective
loss of neurons are characteristics of Alzheimer’s disease (AD).
However, subpopulations of brain cells survive, including
neurons near AB rich plaques. The surviving neurons may have
gene expression profiles which allow them to be resistant to AB
toxicity. Here we use the differential display technique to
compare the profiles of gene expression in an AB resistant cell
line with its parental cells. Prominent among the changes are two
components of the endosomal-lysosomal system, insulin growth
factor receptor II/mannose-6-phosphate receptor and arylsulfatase
B. Both are more highly expressed in the AB resistant clone, and
arylsulfatase is inducible by AB and hydrogen peroxide. These
results are consistent with the observation that the endosomallysosomal system is highly activated in AD brains, and they raise
the possibility that the high expression of endosomal-lysosomal
components is important for neuronal survival in the presence of
AB. (Supported by grants from NIH).

Apoptosis has been demonstrated to be one of the mechanisms of cell death
not only in cerebrovascular disease but also in Alzheimer’s disease (AD). BAmyloid (AB) deposited in the senile plaques is thought to be a main cause of
AD. On the other hand, cerebral microcirculation around the senile plaques

sometimes reported to be decreased in AD. In the present study, to investigate whether the cerebrovascular dysfunction affect the AB-induced apoptosis,
we examined the influence of hypoxia on the AB-induced apopt osis using

primary cultured hippocampal cells. AB, and AB^ 35 (10 -50gM) significantly
decreased the number of MAP2* immunoreactive (MAP2-IR) neurons and

increased TUNEL-positive apoptotic cells, dose- and time-dependently. Cotreatment of AB (25pM) v/ith hypoxia (5% of O2, 6hrs) or kainic acid (500pM)

significantly enhanced the decrease of the number of MAP2-IR neurons and
increased the number of TUNEL-positive cells. This apoptosis was significantly inhibited by CNQX, but not by MK-801. Furthermore, Z-Asp-CH2-DCB,

ICE-inhibitor, significantly inhibited the appotosis induced by the co-treatment of AB with hypoxia. These results suggest that the cell death in AD may
be occurred not only by AB but also by multiple factors, for example AB with

ischemia. Furthermore, non-NMDA mechanism may play art important role
for the incidence of apoptosis in AD.
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135.4

ALZHEIMER’S (3-AMYLOID PEPTIDE ASSOCIATED FREE RADICAL
OXIDATIVE STRESS AND NEUROTOXICITY: ROLE OF METHIONE
RESIDUE 35. S. Varadaraian,1* S. Yatin,1 and D.A. Butterfield.1,2 ’Dept. of
Chemistry, Center of Membrane Sciences; 2Sanders-Brown Center on Aging,
University of Kentucky, Lexington, KY 40506
Amyloid P-peptide (AP), the central constituent of senile plaques in Alzheimer’s
disease (AD) brain, has been shown to be a source of free radical oxidative stress that
may lead, to neurodegeneration. Extensive experimental evidence from numerous
laboratories has shown that Ap induces brain membrane lipid peroxidation, protein
oxidation, ROS production, Ca2+ accumulation, and neurotoxicity in vitro.
We showed that AP(l-40) and AP(l-42), in addition to exhibiting the above
mentioned markers of oxidative stress, also mediates the production of free radicals in
cell free solution as evidenced by EPR spin trapping experiments. Further, we had
shown that in the case of the truncated peptide AP(25-35), replacement of the
methionine residue at position 35 by structurally similar norleucine, or by valine, or
the removal of the methionine abrogates all the oxidative stress properties of this
peptide.
Here we present results that indicate that the methionine residue is critical to
the oxidative stress properties of the full length Ap peptides. If the methionine residue
35 were substituted by norleucine in both AP(l-40) and AP(l-42), no hippocampal
neuronal protein oxidation, no neuronal cell death and no EPR spectrum was
observed. Further, none of the elevated oxidative stress markers are observed when
hippocampal neurons are treated with the reverse sequence AP(42-1), suggesting that
the neurotoxic properties are sequence specific.
It has been shown that Ap peptides can bind copper and iron, and can reduce
these redox active metals. We present results that indicate that replacement of the
metal binding histidine sites with tyrosines still results in neuronal toxicity, though
lower than the parent, Ap(l-42). Support: NIH.

OXIDATIVE STRESS INDUCES INTRACELLULAR ACCUMULATION OF ALZHEIMER AMYLOID 6-PROTEIN IN HUMAN
NEUROBLASTOMA CELLS.
H. Misonou12*, M. MorishimaKawashima1, Y. Ihara12. ’Dept. of Neuropathology. Fac. of Medicine,
Univ. of Tokyo, Bunkyo-ku, Tokyo 113-0033, 2Core Research for
Evolutional Science and Technology (CREST), Japan Science and
Technology Corporation. Saitama, Japan.
Several lines of evidence suggest that oxidative stress is related to the
pathogenesis of Alzheimer's disease (AD). Amyloid B-protein (AB) is the
major component of senile plaque and thought to have a causal role for
AD. Thus, we studied the effect of oxidative stress on the AB metabolism.
Here we report that oxidative stress induced by H2O2 (50-250 pM)
causes an increase in the level of intracellular AB in human neuroblastoma
SH-SY5Y. SY5Y cells exposed to H2O2 showed a decreased level of AB
precursor protein (APP), whereas APP gene expression was not affected.
Furthermore, H2O2 also decreased the level of COOH-terminal fragment
containing AB sequence (C99) without affecting the level of nonamyloidogenic C83.
Dimethyl sulfoxide, a scavenger for hydroxyl
radical, inhibited the AB accumulation induced by H2O2. The present
data suggest that oxidative stress including formation of hydroxyl radical
causes intracellular accumulation of AB probably through enhancing AB
production from its precursors, and that it may be involved in the AB accumulation in vivo.
This work was supported by CREST.

135.5

135.6

NEURONAL CELL DEATH INDUCED BY OXIDIZED
LIPOPROTEIN AND BETA AMYLOID PEPTIDE B. DraczvnskaLusiak.* G Y, Sun and A.Y. Sun Pharmacology Department,
University of Missouri, Columbia, MO 65212
Beta amyloid peptide (A-beta) and apolipoprotein E (apo E) are
major components in the senile plaques that accumulate in Alzheimer’s
disease (AD) brain. There is increasing evidence that A-beta in fibrillar
form can impose oxidative stress to the brain and cause neuron cell
death. It is possible that the enhanced oxidative stress leads to other
oxidative mechanisms including oxidation of lipoproteins (LP). In
turn, oxidized LP may fiirther potentiates the cytotoxic effect of A-beta.
In this study, different combinations of the following components were
used to assess their effects on neuron cell death: aged A-beta (1-42) to
allow aggregation in the fibrillar form, LP constituted with brain lipids
and apoE3/apoE 4, and oxidized LP obtained after incubating LP with
Cu2+ or Fe2+. Using Dil-labeled LP and confocal microscopy, LP were
found taken up by primary neurons isolated from fetal rat brain. Both
oxLP and A-beta individually induced neuron cell death as
demonstrated by the release of lactate dehydrogenase and MTT assay.
The A-beta effect was further enhanced in the presence of LP and
oxLP. These results demonstrated that the cytotoxic effect of A-beta
can be potentiated in the presence of LP. (Supported by the
Alzheimer’s Disease and Related Disorder Program in Missouri)

Competitive Effects of Zinc and Copper upon Cell-free Hydrogen Peroxide
Formation by Ap Correlate with Neurotoxicity. M.P. Cuajungco,* J. Lim, Y.W.
Farrag, C.S. Atwood, X. Huang, R.E. Tanzi1, and A.I. Bush. Depts of Psychiatry
and ’Neurology, Harvard Med Sch, and Lab of Oxid Biol, Genetics and Aging Unit,
Massachusetts Gen Hospital, Charlestown, MA, 02129, USA.
Recent studies show that zinc and copper are significantly elevated in senile
plaques of Alzheimer’s disease (AD) brains. Low micromolar concentrations of zinc
and copper reversibly promote AP precipitation, the main component of plaques.
This study tested the hypothesis that these interactions modulate Ap peptide
neurotoxicity. Sprague-Dawiey rat (El 8 days) primary cortical neurons were
cultured for 5 days. The cells were then exposed to freshly prepared Api-42 peptide
(10-20 pM) ± Zn(II) (10-20 pM), or Cu(II) (10-20 pM). Cell survival was assessed
using staining with calcein-AM ester and trypan blue dye. Zinc significantly
attenuated neurotoxicity of Api-42 after 48 h exposure, while copper increased
neurotoxicity. Toxicity was partially rescued by catalase (1000 U/ml), but
exaggerated by buthionine sulfoximine (10 pM), suggesting that toxicity was
mediated in part by hydrogen peroxide (H2O2). Copper-induced potentiation of
Api-42 toxicity in this system correlated with H2O2 directly produced by the
peptide in a cell-free in vitro assay, since co-incubation with zinc (10 pM)
significantly decreased A P-mediated H2O2 formation. These observations suggest
that direct production of H2O2 by Ap, in contrast to cellular O2 "-mediated H2O2
formation caused by respiratory distress, may be an important factor in the
neurotoxicity of the peptide as it accumulates in AD brain.

135.7

135.8

THE ROLE OF RAS ON A(3 AND SUPEROXIDE TOXICITY TO PC 12 CELLS
A, Miyao. V, Longo, C.E, Finch* Andrus Gerontology Center and Dept.
Biological Sciences, U of Southern California, Los Angeles, CA 90089
One mechanism by which A(3 mediates neuronal cell toxicity may be an increase in
reactive oxygen species (ROS). Ras is implicated as a common signaling target of
ROS, which may lead to apoptosis. In particular, Ras may mediate Afi toxicity as a
target of NO signaling in conjunction with NMDA receptors. NMDA receptors are
implicated in AP toxicity (Lambert et al, PNAS 2^:6448,1998). Using PC12 cells
which are transfected with constitutive active form of Ras (Ras 1) or with dominant
negative form of Ras (DN 1), we evaluated Ras in the toxicity of Ap (25-35),
Paraquat(PQ) which generates superoxide, and H2O2 which generates OH. We
have shown that constituitive activation of Ras protected PC 12 cells from AP
toxicity as it was detected by MTT assay (Longo et al, Neurosci Abst
#849.9,1998). However, trypan blue staining did not detect Ap (25-35) toxicity or
an effect by constituitive activation of Ras. In the present study constitutive
activation of Ras increased the PQ mediated cell death measured by trypan blue by
35% +11, which was blocked by a MAPKK inhibitor (PD098059, Biomol Inc).
Active Ras did not modify H2O2 mediated cell death. To test if activation of Ras
by NO had an effect in superoxide mediated cell death, wildtype PC 12 cells were
treated with PQ and sodium nitroprusside(SNP) to induce NOS. Treatment with
SNP significantly increased (>60%) superoxide generated cell death measured by
trypan blue. Supported by AG-13499.

ROLONGED INFUSION OF P-AMYLOID PROTEIN INTO THE
CEREBRAL VENTRICLE ALTERS Mn-SUPEROXIDE DISMUTASELIKE IMMUNOREACTIVITY IN THE RAT BRAIN

Society

for

Neuroscience

, Volume

25, 1999

Supported by the Prana Corporation, American Health Assistance Foundation, &
the New Zealand Neurological Foundation Miller Postgraduate Scholarship (MPC).

DTLlm1, ILC.-Kim1. W.KJhoQ.'.-K, Yamada2. M. Ukai3* and T, Nabeshima2. 'Dept. of
Pharmacy, College of Pharmacy, Kangwon National University, Chunchon 200-701,
KOREA; 2Dept. of Neuropsychopharmacology and Hospital Pharmacy, Nagoya
University School of Medicine, Nagoya 466, JAPAN; ’Dept. of Chemical
pharmacology, Faculty of Phmaceutical Sciences, Meijo University, Ngoya 468-0077,
JAPAN
The direct neurotoxic action of the P-amyloid protein, the major constituent of senile
plaques, may represent the underlying cause of neuronal degeneration in Alzheimer’s
disease. Based on the in vitro findings that free radical scavengers protect neuronal cells
against P-amyloid toxicity, it was suggested that the generation of free radicals and
oxidative stress is involved in p-amyloid toxicity. Because the oxidative phosphorylation,
the main physiological source of reactive oxygen species, is occured within the
mitochondria, we examined mitochondrial Mn-superoxide dismutase-like immunoreactivity
(SOD-2-IR) following continuous infusion of P-amyloid protein-(l-42) into the cerebral
ventricle. There is no significant change in SOD-2-IR in the vehicle or P-amyloid protein(40-l)-infused brain. Continuous infusion with P-amyloid protein (1-42) exhibited only
minimal neuronal loss in the pyramidal layer of the hippocampus. Exposures with pamyloid protein did not significantly affect SOD-2-IR in the pyramidal neurons of the
hippocampus. By contrast, SOD-2-1R in the parietal cortex was reduced following Pamyloid protein infusion. Surprisingly, SOD-2-IR in the substantia nigra (SN) was
disappeared without any neuronal loss (as evaluated by tyrosine hydroxylase
immunoreactivity and cell body staining) after P-amyloid protein-(l-42) infusion. Thus,
SN area might be susceptible to oxidative stress mediated by P-amyloid protein. These
alterations reflect the regulatory roles of mitochondrial Mn-SOD against the toxicity
initiated by p-amyloid protein.
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CONTINUOUS
EXPOSURE
TO
P-AMYLOID
PROTEIN
INFLUENCES GLUTATHIONE HOMEOSTASIS IN THE RAT BRAIN

THE ROLE OF POLYAMINES IN AP-ASSOCIATED FREE RADICAL INDUCED
NEUROTOXICITY S.M. Yatin1*, M, Yatin3,4, S. Varadaraian1, K.B. Ain3'4, P.A.
Butterfield1,2. ‘Dep. of Chem. and Ctr. of Membrane Sci., 2Sanders-Brown Ctr. on
Aging, ‘internal Med., University of Kentucky, Lexington, KY 40506, 4VA Med.
Ctr., Lexington, KY 40511
We previously have reported that AP(l-42) and AP(25-35) are toxic to
neurons through a free radical dependent oxidative mechanism and caused increased
polyamine metabolism manifested by upregulated polyamine uptake and ornithine
decarboxylase (ODC) activity [Butterfield (1997) Chem. Res. Toxicol. 10: 495; Yatin
et al. (1999) Neurosci. Lett. 263: 17]. Both effects were prevented by the free radical
scavenger vitamin-E. Spermine has been reported by others to function directly as a
free radical scavenger [Ha et al. (1998) Proc. Natl. Acad. Sci. 95: 11140]. In this
study we investigated the capability of spermine to quench Ap associated free radicals
as measured by EPR and the putative protective function of this polyamine in in vivo
conditions. Pretreatment of cultured neurons with spermine prior to AP exposure
failed to prevent AP-induced cell death. Indeed, Ap plus spermine added to cultured
neurons was even more neurotoxic than either agent alone. The ODC suicide
inhibitor, difluoromethylomithine (DFMO) and other polyamine biosynthesis enzyme
inhibitors have also been reported to be rescuing agents for neurons under hypoxic,
thermal and chemical stresses and increase neuronal survival. In our hands, down
regulation of polyamine synthesis by DFMO and of spermine synthesis by the
aminopropyltransferase inhibitor, AdoDATO, did not increase AP-induced cell
toxicity. Although spermine is capable of scavenging free radicals generated by AP
in vitro, the up-regulated transport of exogenously added spermine together with Ap
may lead to over-accumulation of a cellular spermine pool with resulting enhanced
neurotoxicity. Though the requirements for polyamines in growth are well
established, the molecular functions of polyamines are still ill-defined. The cellular
polyamine content and the role of the oxidation status of polyamine metabolism
regulatory proteins (i.e., antizyme) in response to generation of free radicals are under
investigation. Support: NIH.

WJLJhooLH.CKimLK, Yamada2. D.H. Im1. M-E, Mirault3fO.P, Hjelle4. T. Mamiya2*
and T, Nabeshima2. 'Dept. of Pharmacy, College of Pharmacy, Kangwon National
University, Chunchon 200-701, KOREA; 2Dept. of Neuropsychopharmacology and
Hospital Pharmacy, Nagoya University School of Medicine, Nagoya 466, JAPAN;
3Unit Med. Gen.& Molec., Ctr Hosp Univ. Laval, 2705 Boul Lauier, Ste Foy, PQ Gl V
4G2, CANADA; 4Dept. of Anatomy, Institute of Basic Medical Sciences, University
of Oslo, 0317 Oslo, NORWAY
Glutathione (GSH) is a key element of the cellular defense against oxidative stress.
Because p-amyloid toxicity is mediated, at least in part, by oxidative stress, we
examined the influence of p-amyloid protein on the immunoreactivities of GSH,
glutathione peroxidase (GPX) and Glutathione-S-transferase-P (GSTP). A strong
GSH-like immunoreactivity (GSH-IR) was mainly observed in the pyramidal neurons
of the cortex, Ammon’s horn and dentate granule cells of the hippocampus, thalamic
area and subtantia nigra in the normal brain. There was no significant change in the
GSH-IR in the vehicle or P-amyloid protein-(40-l)-infused brain. However, GSH-IR
was significantly reduced in particular Ammon’s horn of the hippocampus and
thalamic area following continuous infusion of P-amyloid protein-(l-42) into the
cerebral ventricle. The immunodistribution of GSTP was consistent with that of
GSH-IR in the normal brain. Similar to GSH-IR, GSTP-IR significantly subsided in
the thalamic and cortical areas after prolonged P-amyloid infusion. In addition, the
reduction of GPX-IR was mainly observed in the cortical neurons following exposures
of P-amyloid protein. These results suggest that reductions in the intracellular protein
expression of the GSH and GSH-related enzyme are involved in the cytotoxic
oxidative process mediated by P-amyloid protein.

135.11

135.12

INVESTIGATION INTO THE ROLE OF OXIDATIVE STRESS IN
THE MECHANISM OF AP-INDUCED TOXICITY IN HUMAN
CEREBROVASCULAR SMOOTH MUSCLE CELLS
Sonia S. Jung* and William E, Van Nostrand. Department of Medicine,
State University of New York, Stony Brook, NY 11790-8152
P-amyloid (Ap) deposition in the cerebrovasculature is a key
pathological feature of Alzheimer’s disease and hereditary cerebral
hemorrhage with amyloidosis-Dutch type (HCHWA-D). Fibrillar Ap
has been well-documented to have toxic properties on neuronal cells in
culture inducing a variety of changes such as oxidative stress
eventually leading to cell death, whereas soluble AP is nontoxic.
We have used human cerebrovascular smooth muscle (HCSM) cells
as a model cell system to investigate the pathogenic mechanisms of the
cerebrovascular pathology of Alzheimer’s disease and cerebral
amyloid angiopathy, a related disorder. Previous reports from our
group have demonstrated that soluble Apl-42 and Apl-40-Dutch
(E22Q) induce several pathologic responses in these cells such as fibril
assembly at the cell surface, increase in the levels of AP precursor
along with dramatic morphologic changes.
We are currently
investigating whether oxidative stress may participate in AP-induced
degenerative mechanism of these cells. Examination for modified
proteins caused by oxidative stress in HCSM cells demonstrated no
appreciable difference between Ap-treated and untreated cells, in
contrast to previous studies with primary neuronal cells in culture.
Preliminary studies for the detection of free radicals by the cellpermeable dye dichlorofluorescein diacetate in HCSM cells suggest
that free radicals are not robustly detected in our cells, and support the
notion that AP-induced toxicity in HCSM and neuronal cells occurs by
different mechanisms.
Research funded by NIH Grant NS-35781.

DIFFERENTIAL EFFECTS ON OXIDATIVE MITOCHONDRIAL
DNA DAMAGE BY ALZHEIMER p-PROTEIN 1-42 AND 1-40. Y-J.
Chyan1. B. Poeggeler*1 T, Bryant1, B, Frangione2. J, Ghiso2. S. LeDoux1,
G, Wilson1. M. Pappolla1.‘University of South Alabama, Mobile and 2New
York University, New York.
The Alzheimer P peptide (AP) has been implicated in the widespread
neuronal degeneration occurring in Alzheimer’s disease. Evidence strongly
indicates that free-radicals are involved in this modality of damage. In the
process of examining oxidative injury caused by either Apl-40 and Api42, we found differential effects on mitochondrial DNA damage caused by
these two peptides. Ap neurotoxicity was evaluated by two standard
assays (MTT and trypan blue exclusion). Oxidative damage of mtDNA was
determined using an established quantitative PCR method which amplifies
a 16kb mtDNA fragment (Bozner 1997, Pappolla 1999.) At similar levels
of neurotoxicity (i.e., experiments were “normalized” for similar cell death
rates) Apl-42 caused profound oxidative damage of MtDNA detectable
as a marked decrease in intensity of the radiolabeled 16-kb PCR-amplified
mtDNA band. In contrast, neuronal cells exposed to Apl-40 underwent
cell death and distinct morphological changes but little evidence of
oxidative MtDNA damage. In conclusion, this study identifies distinct
pathways whereby Api-40 and Apl-42 contribute to neuronal death.
Supported by NIH grants R55 AG14381 ROI AGI 1130, ROI AG05891.

135.13

135.14

THE EFFECTS OF MERCURY ON OXIDATIVE STRESS, CELL
CYTOTOXICITY, P-AMYLOID PEPTIDES AND TAU
PHOSPHORYLATION IN A CELL CULTURE SYSTEM.
G. Olivieri* C, Brack1, F. MUller-Spahn1, M. Hermann1, P. Renard2, P.Frey3, M.
Brockhaus4, C. Hock1,5 . ’Dept.of Psychiatry, University of Basel, Switzerland,
2Lab.of Cell Biology, University ND de la Paix, Namur, Belgium, 3Novartis, Basel,
Switzerland, 4Roche, Basel, Switzerland,5Dept.of Psychiatric Research, University
of Zurich, Switzerland.
Environmental factors such as heavy metals have been suggested to be risk
factors of Alzheimer’s Disease (AD). We investigated the role of inorganic mercury
(HgCl2) on oxidative stress, cell cytotoxcity, P-amyloid production and Tau
phosphorylation in an in vitro system, using SHSY5Y neuroblastoma cells. The
results demonstrate that 50 ng/ml of HgCl2 for as little as 30 minutes is able to
induce a 30 % reduction in cellular glutathione (GSH) levels. Preincubation of cells
for 30 minutes with lpM melatonin or pre-mixing melatonin and HgCl2 appears to
protect cells from the mercury induced GSH loss. Similarly MTT cytotoxicity
assays reveal that 50 ng/ml of HgCl2 for 24 hours produces a 50 % inhibition of
MTT reduction. Melatonin preincubation appears to protect cells from the
deleterious effects of mercury with MTT reduction equal to control levels. The
release of AP (1-40) and (1-42) into cell culture supernatants, after exposure to
HgCl2 was shown to be different: AP (1-40) showed maximal (17 ng/ml) release
after 4 hours of exposure to mercury while Ap (1-42) levels remained relatively
unchanged. The preincubation of cells with melatonin resulted in an attenuation of
Ap (1-40) and Ap (1-42) release. Similarly tau phosphorylation was shown to be
affected by mercury and melatonin preincubations. These results demonstrate that
mercury is able to exert a number of important physiological effects which could be
translated into potentially deleterious effects by neuronal cells.

ALTERED Ca2+ SIGNALING FOLLOWING APPLICATION OF
AMYLOID p-PEPTIDE IN HIPPOCAMPAL NEURONS. W. Z.
Wejl, T. Shimahara2* and C.W, Xiek 1 Department of Psychiatry and
Biobehavioral Sciences, UCLA-NPI, Los Angeles, CA 90024; 2 Centre
National De La Recherche Scientifique, Gif, France.
We previously reported that brief perfusion of hippocampal slices with
subneurotoxic concentrations of amyloid p peptides (Ap) strongly
inhibited hippocampal long-term potentiation, and this action was closely
associated with the ability of Ap peptides to form cation-selective ion
channels in the lipid bilayers. To further investigate the implication of
ionic mechanisms in Ap-induced impairment of synaptic plasticity, the
present study examined the effect of Ap on intracellular Ca2+
concentration ([Ca2+]j) and Ca2+-dependent signaling in cultured
hippocampal neurons. Ca2+ imaging analyses showed two major types of
Ca2+ responses following brief application of lpM AP25-35: a rapid rise
in [Ca2+]j in neurons 2-5 days in vitro (DIV), and increases in the

Society

for

Neuroscience

, Volume

25, 1999

frequency or/and amplitude of spontaneous Ca2+ oscillations which were
most evident in neurons at 7-14 DIV when synaptic contacts were formed.
Removal of extracellular Ca2+ completely prevented both types of Ca2+
responses. Furthermore, inhibition of calcineurin, a Ca2+/calmodulindependent protein phosphatase, significantly attenuated suppression of
LTP by Ap. Taken together, Ap-induced Ca2+ influx, subsequent
intracellular Ca2+ rises and activation of calcineurin may contribute to
impairment of hippocampal LTP. Supported by NIH grant DA08571 and
Pilot Study Fund from UCLA Alzheimer’s Disease Center to CWX.
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135.16

135.15

K+ AND CA2+ CHANNEL CURRENTS IN NEURONES FROM CORTEX AND

AMYLOID B-PEPTIDE INHIBITS THE LATE PHASE OF LTP
THROUGH A CALCINEURIN-DEPENDENT MECHANISM IN RAT
DENTATE GYRUS. Q.S. Chen and C.W. Xie* Department of Psychiatry
and Biobehavioral Sciences, UCLA-NPI, Los Angeles, CA 90024.
The perforant path projecting from the entorhinal cortex to the hippocampal
dentate gyrus is a particular vulnerable target to the early selective
deposition of amyloid p peptides (Ap) in Alzheimer’s brain. Our previous
study showed that application of synthetic AP suppressed the early phase of
long-term potentiation (LTP) in rat perforant path. The present study
further examined in this pathway the effect of AP on the late phase of LTP
(L-LTP), which is though to be a synaptic correlate of long-term memory.
The L-LTP was induced in the medial perforant path of rat hippocampal
slices using three sets of high frequency stimulation, each consisting of 3
trains (100 Hz / 1 sec) at 20 sec intervals, with 5 min between sets. In
control slices this paradigm induced a stable LTP lasting for at least 3 hr
(186+16 %, n = 7) which was sensitive to the protein synthesis inhibitor.
Application of Api-42 (200 nM, 30 min) significantly reduced the
magnitude of L-LTP (105+ 5%, n = 7, P<0.01) without affecting the basal
synaptic transmission. This effect of Ap was partially reversed by
pretreating slices with FK-506, a calcineurin inhibitor. These results,
combined with our Ca2+ imaging data showing Ap-induced brief
intracellular Ca^+ rises, suggest that Ap may contribute to Alzheimer
dementia by impairing hippocampal long-term synaptic plasticity; and this
effect was at least partially mediated via a Ca2+/calcineurin-dependent
mechanism. Supported by NIH grant DA08571 and Pilot Study Fund from
UCLA Alzheimer’s Disease Center to CWX.

BYApiuo. M. Ramsden, Z. Henderson and H. A. Pearson*. School of Biomedical
Sciences. University of Leeds, Leeds LS2 9JT, U.K.
The deposition of amyloid p protein (AP) in senile plaques is a principal diagnostic
hallmark of Alzheimer’s Disease (AD). Ap induced neurotoxicity may be responsible
for the neuronal cell loss observed in this condition. Its neurotoxic actions have been
suggested to invoke disrupted cellular ion homeostasis possibly via a modulatory
action on ion channel activity. Thus the L-type Ca2" channel blocker nimodipine can
attenuate Ap toxicity and tetraethylammonium (TEA) reduces Ap-induced apoptotic
cell death by preventing increases to delayed rectifier K1 channel current (fy).
Here we use primary cultures of rat neurones to investigate the effect of lpM APi.4o
on neurones from the cortex, which suffers cell death during AD, and the cerebellum,
which remains unaffected until the latest stages of disease. Incubating these cell types
with non-aggregated lpM APi..„, for 24 hours increases the Ca2+ channel current in
neurones from the cortex and cerebellum Tlie augmented Ca2' channel current can be
blocked using N-lypc antagonist oi-conotoxin GVIA in granule neurones but is
insensitive to N-type and L-type antagonists in cortical neurones. Incubation with
1 pM Ap|.4l) increases the K"1 channel current in cerebellar granule neurones, an effect
confined to the inactivating component of current (L). Identical treatment protocols
have no effect on Iz1 or ft in cortical pyramidal neurones. The increased granule
neurone Kr channel current was not Ca2+ activated as it was also observed when the
experiment was repeated in the presence of lOpM CdCl2. The MTT assay for cell
viability showed that incubation with lpM APi..,()was only neuroloxic to these cells
when allowed to aggregate. In our studies there was no neuroprotective effect of
20mM TEA. In contrast to earlier results 20ntM TEA was neurotoxic. Our results
suggest that these enigmatic Ap-induced changes in ion channel activity are not
necessarily ncurotoxic but tlieir sequelae may have a physiological, modulatory role.

135.17

135.18

CATION SELECTIVE CHANNELS FORMED BY A C-TERMINAL
FRAGMENT OF fi-AMYLOID PRECURSOR PROTEIN. S.H. Choi* Y
H.J, Kim, Y.-H. Suh", M.H. Lee, and P.D. Ryu. Dept. of Pharmacology,
Coll, of Veterinary Med., Neuroscience Research Institute MRC, Seoul Nat'l
Univ. Suwon 441-744; +Dept. of Pharmacology, Coll, of Med. and
Neuroscience Research Institute MRC, Seoul Nat'l Univ., Seoul 110-799;
Republic of Korea
C-terminal 105 amino acid fragment of ft -amyloid precursor protein
(CT105) is known to be highly neurotoxic and to induce membrane currents
in Xenopus oocytes (Fraser et al., J Neurochem, 1996). In this work we
examined the pore forming activity of CT105 (10-1,000 nM) and the single
channel property of CT105-induced conductances in planar lipid bilayers
composed of phosphatidylethanolamine and phosphatidylcholine (80:20 w/w, 25
mg/ml in decane).
Macroscopic membrane conductance increased with CT105 concentration
and its ionophoric effect was comparable to that of amyloid @ protein. The
mean unitary conductance of CT105-induced channels was 120 pS and
open-state probability was close to 1 at the voltages from -80 to +80 mV.
CT105-induced channels were selective to cations (Pk /Pci =10.2), being most
selective to Ca2*. The rank order of permeability of CT105-induced channels
to 7 cations were Ca>Na>K>Rb>Li>Cs>Mg. The respective relative
permeability ratios of these ions to K+ were 1.61, 1.40, 1, 0.79, 0.58, 0.50,
and 0.41.
Our results demonstrate that CT105 can form cation-selective
Ca2+-permeable channels on planar lipid membranes in both microscopic and
macroscopic levels. Such ionophoric action is a likely mechanism of the direct
neurotoxicity induced by the C-terminal fragments of $APP in Alzheimer's
disease. (Supported by Korean Ministry of Education 93-96 and Brain
Research Project of Korean Ministry of Science and Technology 98-99).

C-TERMINAL FRAGMENT AND Ap OF AMYLOID PRECURSOR PROTEIN
DISRUPTS CALCIUM HOMEOSTASIS IN NEURONAL CELLS H. S, Kim? C.

135.19
(3-AMYLOYD,.4o DISRUPTS CALCIUM HOMEOSTASIS OF SELECTIVE
HIPPOCAMPAL NEURONS IN ORGANOTYPIC SLICE CULTURE. N.R. Kobayashi1*.
T. Hirasawa2 ’. N. Yoshida1, Y. Kudo2, and M, Hoshi1,'Mitsubishi Kasei Institute of Life
Sciences, Tokyo, Japan; 2 School of Life Science, Tokyo Univ. of Pharmacy and Life
Science, Tokyo, Japan; 3Dept. of Physiology, Tokai Univ., Kanagawa, Japan.
Although a great deal of studies has reported the neurotoxic effect of aggregated
beta-amyloid peptides (APs) the molecular mechanisms underlying the process of Apinduced neuronal degeneration is not well understood. Here, we have tested the hypothesis
that differences in intracellular calcium loading are responsible for a differential
susceptibility to AP toxicity within a distinct subpopulation of hippocampal neurons.
Hippocampal slice cultures were exposed to lOpM aggregated APi ^q (see Hoshi et al.,
this meeting) and cellular uptake of propidium iodide (PI) was monitored for cell viability.
One day after the treatment, there was a marked PI staining in the entire granule cell
layer of the dentate gyrus and only in the terminal portion of CA3 pyramidal cells. By
day 3, the PI uptake of these regions was much weaker, indicating that majority of cells
in these regions had already degenerated. PI uptake of CAI pyramidal cells reached
maximum around day 2, displaying a slower time course of PI uptake. Next, we examined
changes in cytoplasmic calcium loading by means of a ratiometric fluorescent measurement
of Fura-PE3. During 1 hour-AP application, a gradual and steady increase in a 340/380
fluorescent ratio was observed in the dentate molecular and granule cell layers. The ratio
increase was less prominent in the terminal portion of CA3 as well as in the CAI
pyramidal cells. These observations suggest a correlation between the calcium loading
patterns and the spatio-temporal PI uptake in the hippocampus.
This work is supported by the Program for Promotion of Fundamental Studies
in Health Science of the Organization for Drug ADR Relief, R&D Promotion and Product
Review of Japan.
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CEREBELLUM SHOW DIFFERENTIAL SENSITIVITY TO MODULATION

H. Park1. J. H. Lee1 and Y.-H. Suh1 'Dept. of Pharmacol., Coll, of Med, Seoul

National Univeristy,. Seoul 110-799. Korea
Most research has focused exclusively on the amyloid p peptide (AP) related

with the etiology of Alzheimer's disease. However, the possible role of other cleaved
products of APP is less clear. In this study, the effects of a recombinant carboxy-

terminal 105-amino-acid (CT 105) of APP on the intracellular calcium homeostasis

were investigated. We have examined the effects of CT 105 and Ap, on the calcium
uptake by endoplasmic reticulum Mg2+ Ca2+ ATPase and on the Na2+-Ca2+ exchanger
activity in SK-N-SH cell and also on the intracellular calcium concentration in PC 12,

SK-N-SH and U251 cells. We have found that CT105 is a potent inhibitor of Mg2+Ca2+ ATPase of endoplasmic reticulum and Na2"-Ca2+ exchanger activity, whereas

AP,.42 shows no effect, and that CT 105 increases intracellular calcium concentration
in PC 12 and SK-N-SH cell, not in U251 cell. These results suggest that CT 105 may

disrupt calcium homeostasis by inhibiting the ability of brain miersomes to sequester
calcium, Na2+-Ca2+ exchanger activity and acting directly on cell membrane,

resulting in the neural toxicity.
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136.1

136.2

A MECHANISM STUDY ON THE CYTOTOXICITY OF P-AMYLOID (0A) AND
AMYLIN(HUMAN) AND NATURAL PRODUCTS THAT PROTECT CELLS
FROM pA AND AMYLIN(HUMAN) INSULTS. S.Y. Park, J.U, Choh. H.B, Chai,
and D.S .H.L, Kim*, Department of Medicinal Chemistry and Pharmacognosy and
PCRPS, College of Pharmacy, University of Illinois at Chicago, Chicago, IL 60612.
Alzheimer disease (AD) is a neurodegerative disease, characterized by the cellular
dysfunction, neuronal loss, and cognitive decline. PA fibril induced neurotoxicity was
recognized as one of the major cause of AD. Consequently, PA (both 1-42 and 25-35
fragment) has been, extensively used in AD research. Amylin(human) was
concomitantly found to be toxic to neuronal cells and used in AD research, assuming
their mode mechanism in expressing cytotoxicity may be similar. Herein, using MTT
reduction assay, we present evidences that suggest the mode of mechanism involved in
PA and amylin induced toxicity may be different. Tlie IC50 of PA(l-42), PA(25-35),
amylin(human), and amylin(20-29) against PC 12 cells, as measured by MTT reduction
assay, were 2.0, 1.0, 0.1, and > 25 gg/ml, respectively. MTT is reduced to MTT
formazan, accumulating as intracellular MTT formazan granules (IMFG) which convert
to needle-like MIT formazan crystals (NMFC). We observed that cell membrane
blebbing (CMB), a sign of cells undergoing a necrotic process, precedes the appearance
of NMFC in PC12, IMR32, and HUVEC cells when insulted with PA (both 1-42 and
25-35) at IC50 concentration. However, the cells treated with amylin(human) at IC50
concentration do not show CMB process although IMFG and NMFC are evident.
CLZ-1, 2, 3, 4, and 5, isolated from Curcuma longa (Zingiberaceae) protected PC 12,
IMR32, and HUVEC cells from pA (both 1-42 and 25-35) and amylin(human) insults
at ED5() = 0.5 - 10 pg/ml. Synthetic CLZ analogs showed structure activity
relationship. It was found that CLZ analogs without antioxidant activity show greater
efficacy in protecting cells from PA and amylin insults. The results suggest that CLZ
compounds may be protecting cells from pA and amylin insults through a common
mechanism, (supported by faculty start-up fund and Swagger Foods Corp.)

INSULIN PROTECTS HIPPOCAMPAL NEURONS AGAINST AMYLOID 8PEPTTDE TOXICITY. E, UEMURA*, T, PRAPONG AND W, HSU. Dept. of
Biomedical Sciences, Iowa State University, Ames, IA 50011.
Alzheimer’s disease (AD) is associated with changes in glucose metabolism in the
brain. In vitro studies seem to suggest that the decreased cerebral glucose uptake in
AD may reflect, in part, inhibition of neuronal and astrocytic glucose uptake by
amyloid B-peptide (AB), a 39-43 amino acid protein that deposits in the brain of AD
patients. Here we demonstrate that insulin protects hippocampal neurons from AB
toxicity in vitro by elevating neuronal glucose uptake. Neurons exposed to 10 gM
AB25-35 for 24 hr showed decreased glucose uptake, but 50 nM insulin prevented
this inhibitory effect of AB. The importance of insulin in cell viability was seen in
neurons exposed to AB25-35, which induced a time-dependent increase in lactate
dehydrogenase (LDH) levels. Insulin prevented this LDH increase even if it was
added up to 4 days after AB treatments. This protective effect of insulin against AB
toxicity was prevented by 50 pM PI(3)-Kinase inhibitor (LY29400), but not by
MAPK inhibitor (PD98059). Insulin also promoted glucose transporter GLUT3
translocation from the cytosol to the plasma membrane. Thus, our findings suggest
that insulin promotes neuronal glucose uptake by translocating GLUT3 to the
plasma membrane and thus has a unique neuroprotective property against AB
neurotoxicity. Supported by Iowa State University Biotechnology Grant.

136.3

136.4

p-AMYLOID-INDUCED DEATH OF PC12
CELLS IS
INHIBITED BY LONG TERM LITHIUM TREATMENT. H. Wei',
Y. Qian1, W. Wei1, P.R. Leeds', S. Nonaka2* and D.-M Chuang?
'Section on Molecular Neurobiology, Biol. Psych. Br., NIMH, NIH,
Bethesda, MD 20892; 2Ono Pharmaceutical Co., Mishima-Gun,
Osaka 618, Japan.
Treatment of PC12 cells with P-amyloid peptide [Ap(l-42)J for 24
h induced a concentration-dependent neurotoxicity in the dose range
of 1 to 20 pM. Pretreatment of cells with 2 mM LiCl for 7 days
markedly attenuated AP-induced cell death. The viability values in
the absence vs presence of 7-days lithium pretreatment in cells
treated with 1, 5, and 10 pM AP(l-42) were 73±1.9% vs
112±1.5%,62+1.8% vs
91±2.6%, 42.8±6.3% vs
78±12%,
respectively. Similarly, 7-day lithium pretreatment also protected
PC 12 cells from toxicity induced by Ap(25-35) fragment. However,
one-day lithium pretreatment failed to inhibit neurotoxicity induced
by AP(l-42) or AP(25-35). Seven-day lithium pretreatment also
reduced excitotoxicity in PC 12 cells induced by glutamate in
presence of glycine, but MK-801 failed to affect AP-induced PC 12
cell death. Preceding PC 12 cell death, AP elicited a slight decrease in
protein levels of Bcl-2. Conversely, 7-day pretreatment with lithium
resulted in an approximately doubling of Bcl-2 protein levels in cells
treated with or without AP(l-42). Thus, lithium protection against AP
neurotoxicity may involve Bcl-2 overexpression and the lithium
treatment for Alzheimer’s disease should be reexamined.
(Supported by NIMH, NIH)

I7p-ESTRAD1OL ATTENUATES MITOCHONDRIAL TOXICITY OF Ap(l-43)
AND Ap(25-35) IN SK-N-SH NEUROBLASTOMA CELLS. E. J. Perez, P. S.
Green, M. J. Meldrum* and J. W. Simpkins. Center for the Neurobiology of Aging
and Department of Pharmacodynamics, College of Pharmacy, University of Florida,
Gainesville, FL 32610.
Alzheimer’s disease (AD) is marked by extracellular deposition of amyloid
protein in specific regions of the brain with neuronal cell degeneration and death
ensuing. Estrogens are known to reduce the incidence of AD. Several studies have
demonstrated estrogen-mediated neuroprotection of cultured neurons against
AP(25-35) and AP(l-40). We have found similar results showing 17P-estradiol
(17PE2) rescue of SK-N-SH cell function with two peptides derived from the
AP protein, Ap(l-43) and AP(25-35). Mitochondrial function, assessed by MTT
assay, was disabled by the addition of either Ap peptide in a dose-dependent
manner; the estimated TD50 values for Ap(l-43) and AP(25-35) were 1 uM and
0.3uM, respectively. The neuroprotective ability of 17PE2 was then tested against
these peptides (5 uM for both). Preincubation with 17pE2 for 3 , hours attenuated
the mitochondrial toxicity of both Ap(l-43) and AP(25-35) in a concentrationdependent manner. Initial protective effects of 17PE2 against AP(25-35) toxicity
were seen at 1 nM concentrations with a lOuM concentration preventing 90% ofthe
decline in mitochondrial activity. Similarly, 100 nM 17PE2 conferred 80%
protection against Ap (1-43) toxicity. This ability of beta amyloid peptide to inhibit
enzymatic reduction of MTT may be an early signal of p amyloid-mediated
apoptosis.
Impairment of mitochondrial function does not, however, directly
correlate with cell death as determined by the calcein AM assay. These data
support a role of estrogens in alleviating the mitochondrial toxicity of AP peptides.
(Supported by NIH AG 10485 and Apollo BioPharmaceutics, Inc.)

136.5

136.6

ESTROGEN RECEPTOR MEDIATES PROTECTIVE EFFECT OF 170 -ESTRADIOL AGAINST A 0 -INDUCED NEUROTOXICITY. H.
Kim. O.Y, Bang. K. Huh, L. Mook-Jun^ Brain Disease Research Center,
School of Medicine, Ajou University, Suwon, Korea, 442-721.
Previous studies have shown that estrogen replacement therapy is
associated with a reduced risk of Alzheimer's disease (AD) and that
physiological concentrations of estrogen are effective for prevention of
A 0 -induced neuronal cell death. In the present study we examined
whether or not the estrogen effect against A £-induced neurotoxicity is
mediated by estrogen receptors. Immunocytochemical and RT-PCR
analyses revealed that B103 cells contain a relatively high level of
estrogen receptors. When cotreated with 17- 0 -estradiol and ICI
182,780, a high affinity estrogen receptor antagonist, blocked protective
effect of estrogen against A# toxicity. ICI 182,780 had no effect on cell
death by itself. We also used HT22 cells, which lack functional
estrogen receptors, to test involvement of estrogen receptors in
protective action of estrogen against A0 toxicity. When HT22 cells
were treated with 17- 0 -estradiol and A0, 17- 0 -estradiol showed no
protective effect against A#-induced cell death unlike in the case of
B103 cells. These data provide evidence that protective effect of
estrogen against A0 neurotoxicity is mediated by estrogen ;receptors.
Experiments are currently under way to determine contributions of
different receptor isotypes. This work was supported by the Korea
Science and Engineering Foundation through the Brain Disease
Research Center at Ajou University and Korean Ministry of Health and
Welfare Foundation to I. M-J.

CELL CYCLE INHIBITORS PROTECT AGAINST NEURONAL APOPTOSIS
INDUCED BY B-AMYLOID PEPTIDE. Copani A.T Condorelli F.2 Vancheri C.3.
Saia A.4. Nicoletti F.5,6. Canonico P.L7*. and Sortino M.A.2 lDept. Chemical
Sci., 2lnst. of Pharmacol., 3|nst. of Resp. Dis., and 5Dept. Pharm. Sci., Univ. of
Catania; 4lnst. Mario Negri Slid, Chieti; 6|.N.m . Neuromed, Pozzilli; Dept.
Internal Med., Univ. of Pavia, Italy.
Cultured cortical neurons respond to B-amyloide peptide (BAP) with an
activation of the cell cycle, as indicated by FACS analysis and by the
progressive expression of cell cycle proteins, such as cyclin D1, phospho-Rb,
cyclin E and cyclin A. We have examined whether a causal relationship exists
between cell cycle activation and BAP induced neuronal apoptosis. Cultures
were transfected with expression vectors encoding for a negative dominant
mutant of cyclin-dependent kinase type-2 (ND-CDK2) or for a
dexamethasone-inducible cyclin D1 antisense (As-D1). Transfection
efficiency ranged from 10 to 28%, as shown by co-transfection with the
leukocyte marker CD20 or with EGFP. Expression of either ND-CDK2 or AsD1 was substantially neuroprotective against BAP-induced apoptosis, as
indicated by FACS analysis of hypoploid DNA, as well as by Hoechst
chromatin staining of cells expressing the vectors identified as EGFP+ (for AsD1) or as HA-tag+ (for ND-CDK2). Cell cycle inhibitors, such as mimosine or
deferoxamine, or factors that are known to induce growth arrest, such as
transforming growth factor-B2 also protected against BAP-induced apoptosis.
We are currently trying to identify the steps leading to the exit from the ceil
cycle and to the induction of neuronal apoptosis in response to BAP, focusing
on p53 and other check points of the cell cycle.
Supported by VEBMH-CT96-085 to FN.
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INHIBITORY EFFECT OF ANTISENSE OLIGONUCLEOTIDE ON THE OVEREXPRESSION

NEUROPROTECTIVE EFFECTS OF A NOVEL
ORALLY ACTIVE REVERSIBLE CALPAIN
INHIBITOR BDA-410 .

OF ALZHEIMER’S AMYLOID PRECURSOR PROTEINININ PC12 AND U251 CELLS.

Keun-A Chang1 *S.-H, Kim1. Y.-Sakaki2. H.-S. Kim1, C.-W. Park1 and Y.-H. Suh1- ,
'Dept. of Pharmacol., Coll, of Med, Seoul Nat'l Univ., Seoul, 110-799, Korea;

institute for Medical Science, Univ. of Tokyo, Japan
The overexpression of amyloid precursor protein (APP) is known to be a risk
factor for the amyloid beta peptide (AP) deposit in Alzheimer's disease (AD) and

Down syndrom (DS). The inhibition of APP expression has been thought to be

beneficial to the patients with such diseases. In this study, we investigated the effects

of antisense oligonucleotide (AO) on the overexpression of APP induced by NGF

and IL-1 p. Three different AO were designed based on human APP sequence against
initiation codon, Kunitz type protease inhibitory (KPI) domain, and AP domain
respectively. For each region, both normal and phosphorothioate oligonucleotides
were used. Various kinds of AO inhibited in vitro transcription and translation of

APP to a different degree. Phosphorothioate-oligonucleotides against initiation

codon significantly reduced the protein levels of APP induced by NGF and IL-1 p to

basal level in PC 12 and U251 cell culture systems. These results suggest that these
antisense oligonucleotides may have a potential to be a therapeutic agent for some

patients with AD and DS.

N. Yoshii*, T. Ohgami’, H. Yamaguchi1, R, Ando1, T.C, Saido2 and
K.-I. Saito1*
’Pharmaceuticals Lab.1, Yokohama Research Center, Mitsubishi Chemical
Corporation; Yokohama, 227-8502
aProteolytic Neuroscience Lab., RIKEN Brain Science Institute; Wako,
351-0198

Overactivation of calcium-activated neutral protease (calpain) has
been implicated in the pathophysiology of several degenerative
conditions, including Alzheimer's disease (AD), stroke or muscular
dystrophy.
A novel synthesized reversible calpain inhibitor (BDA-410), with potent
and selective inhibitory action against calpain (Ki values for p- and mcalpain of 130 nM and 630 nM, respectively), has been identified.
BDA-410 inhibited calpain activation and neuronal cell death in vitro
and in vivo models.
In rat hippocampal slice culture model, B-amyloid (AB1-42) activated
calpain and increased the fodrin breakdown product (150kD) which is
reported to be generated by calpain. BDA-410 significantly reduced
the generation of calpain mediated fodrin breakdown product and
neuronal cell death.
In vivo rat kainate injection model, oral administration of BDA-410
significantly reduced the fodrin breakdown product and neuronal cell
death in the hippocampal CA3 region, and also improved memory
deficient in the water maze task.
These data provide clear evidence that inhibition of calpain can
substantially reduce the cell death. Thus, orally active calpain inhibitor
BDA-410 would be effective in the neurodegenerative disease.

136.9
ESTROGENS PROTECT MOUSE CORTICAL NEURONS AGAINST AP
TOXICITY BY ATTENUATING MICROGLIAL CELLS T. Nagata'k___ K.
Furukawa12’, G.D. Schellenberg2 Y. Itoyama' 'Dept. of Neurology, Tohoku Univ.
Sch. of Medicine, Sendai 980-8574, Japan, 2Dept. of Medicine, Univ. of Washington,
Seattle, WA 98195, ’Geriatric Research Education and Clinical Center, Veterans
Affairs Puget Sound Health Care System, Seattle, WA 98108.
Amyloid P peptide (AP) is a major component of senile plaques which are
characteristic neuropathological changes found in Alzheimer's disease (AD) brains.
On the other hand, several findings of inflammatory reactions, which are caused by
activation of microglial cells, have been reported in the AD pathogenesis. In the
present study, using culture systems, we investigated how microglial activation is
involved in neuronal death induced by Ap, and if estrogens, which are a good
candidate for AD treatment, attenuate microglial activation or protect neurons.
We employed a murine microglial cell line (N9 cells) and primary cultured mouse
cortical rteurons and microglia. Microglial activation was quantified by measuring the
nitrite in the culture media. Interleukin IP (IL-1P) and inducible nitric oxide synthase
(iNOS) induced in N9 cells were immuno-stained with specific antibodies and were
analyzed with a fluorescent microscope. Neuronal survival assay was performed by
counting intact neurons under a phase-contrast microscope.
Ap (1-42) caused N9 cells significant release of nitrite, and estrogens drastically
attenuated this release. IL-1 p and iNOS were also remarkably induced by AP in N9
cells. AP's neurotoxicity was much greater in the co-culture system of primary
neurons and microglia than in the condition of neurons alone, and estrogens' neuroprotective effect was more significant in the co-culture system.
From these results, we concluded that Ap activates microglia and that this activation
has a very important role in neuronal death. Estrogens could be a very useful
compound to prevent AD because they protect neurons by attenuating microglial
activation. (This study was supported by American Federation for Aging Research.)
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NEUROCHEMICAL CO-LOCALIZATION OF PSEUDORABIES
VIRUS TRANSPORTED FROM THE LUMBAR EPAXIAL MUSCLES
TO THE VENTROMEDIAL HYPOTHALAMUS. D, Daniels* and L.M.
Flanagan-Cato. Department of Psychology and Institute of Neurological
Sciences, University of Pennsylvania, Philadelphia, PA 19104.
The ventromedial nucleus of the hypothalamus, including its surrounding
neuropil (VMH), is critical for the effect of estrogen on lordosis behavior,
but the local circuitry of the region is not well understood. To better define
the neurochemical circuit, we first used immunocytochemistry to compare
the distribution of oxytocin (OT) fibers and estrogen receptor a (ERa)containing cells within the VMH. Second, we co-localized OT and ERa
each with pseudorabies virus (PRV)-infected neurons in the VMH
transported from the lordosis-producing, lumbar epaxial muscles. A dense
OT fiber bed was observed throughout the lateral and ventral neuropil of
the VMH. ERa was detected in a cluster in the lateral portion of the
VMH. Rostrally, this cluster was located -400 pm dorsal to the base of the
brain and -600 pm lateral to the third ventricle. Caudally, the boundaries
of the cluster expanded dorsally and ventrally. Except for a few cells,
ERa-containing cells were segregated from the OT fibers, although
caudally the two were in closer proximity. In experiments that colocalized PRV and OT, virus was allowed to be transported for 96 h (n=3).
An average of 79% (±5%) of the PRV neurons were found either within or
on the edge of the OT fiber bed. Preliminary studies of PRV and ERa
(PRV transport time 96-105 h) indicate that most PRV-infected neurons
were located lateral and ventral to the ERa cluster. Some PRV cells,
however, were found within the ERa cluster, with an occasional cell that
contained both PRV and ERa. Thus, the projection neurons for lordosis,
as defined using PRV, have been localized in the VMH in relation to two
functionally-relevant neurochemical markers. Supported by MH54712.

DISTINCT PROJECTIONS FROM THE LUMBOSACRAL CORD TO
ESTROGEN RECEPTOR-ALPHA IMMUNOREACTIVE NEURONS IN THE
CAUDAL VENTROLATERAL PERIAQUEDUCTAL GRAY IN THE RHESUS
MONKEY. V.G.J.M, VanderHorst1-2-3*. E, Terasawa2. H.J, Ralston III3. ’Dept. of
Anatomy, Univ. of Groningen, Netherlands; 2WRPRC, Univ. Wisconsin, Madison,
WI 53715; 3Dept. of Anatomy, Univ. California San Francisco, CA 94143.
Estrogen is crucial for female receptive behavior, and affects micturition and
analgesia. One of the sites at which estrogen might influence these behaviors is the
periaqueductal gray (PAG). The PAG contains estrogen-concentrating neurons and
receives direct input from the lumbosacral cord, at which level sensory information
relevant for micturition and reproductive behavior enters the central nervous
system. The present study determines whether there exist direct projections from
the lumbosacral cord to estrogen receptor-alpha immunoreactive (ER-alpha IR)
neurons in the PAG of female rhesus monkeys (n=7). In 4 monkeys, tracer was
injected into the lumbosacral cord to anterogradely label fibers in the PAG. In 5
monkeys, the distribution of ER-alpha IR in the PAG was studied using the H222
antibody. Two of the animals were used for a double labeling study. The tracing
experiments showed that the medial part of the ventrolateral caudal PAG received a
prominent projection from the lumbosacral cord. A moderate projection was present
in the lateral PAG and the adjacent tegmentum at the intercollicular level. ER-alpha
IR neurons formed a compact, densely labeled cluster in the medial part of the
ventrolateral caudal PAG. More lightly labeled ER-alpha IR neurons were found
the remaining part of the ventrolateral PAG, and the dorsal and lateral PAG. Double
labeling experiments showed that the pathway from the lumbosacral cord to the
ventrolateral PAG projected precisely to the cluster of ER-alpha IR neurons. At the
ultrastructural level, lumbosacral terminal profiles in the ventrolateral PAG were
found to contact ER-alpha IR neurons. It is concluded that there exist monosynaptic
projections from lumbosacral neurons to a distinct group of estrogen-sensitive PAG
neurons in the rhesus monkey. This pathway might be involved in specific activities
such as mating behavior and micturition, or might affect analgesia. Supported by
NS 23347 to HJR, NIH RR00167 to ET, Fulbright Program, Netherlands
Organization of Scientific Research (NWO), and Groningen Graduate School for
Behavioral and Cognitive Neurosciences (BCN) to VGJMV.
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GONADAL STEROIDS REGULATE N-CADHERIN IN THE RAT SPINAL
CORD D.A.Monks3*, S. Getsios1. C. D. McCalman K.A. Knudsen2,_NAL Watson}

EVIDENCE FOR MONOSYNAPTIC PROJECTIONS FROM THE NUCLEUS
RETROAMBIGUUS TO CUTANEUS TRUNCI MOTONEURONS IN THE
FEMALE GOLDEN HAMSTER; ANOTHER PATHWAY IN THE CENTRAL
CONTROL OF MATING BEHAVIOR. P.O, Gerrits* and G, Holstege, Department of
Anatomy and Embryology, Medical School, University of Groningen, Oostersingel 69,
9713 EZ Groningen, The Netherlands.
The nucleus retroambiguus (NRA) in the female golden hamster has a direct
projection to the iliopsoas muscle motoneurons in the lumbar cord (Gerrits and
Holstege, 1999). This NRA-motoneuronal pathway is thought to produce the lordosis
posture during mating behavior. However, during mating the female animal not only
displays lordosis, but also elevates the tail and tenses up the loose skin. In the hamster,
these movements are generated by the cutaneus trunci muscle (CTM), which raises the
question whether the NRA also controls CTM motoneurons. Retrograde tracing results
show that the CTM motoneurons are located in the ventral and ventrolateral part of the
C7-C8 ventral horn. CTM motoneurons innervating the tail region of the muscle are
located ventrolateral to those innervating the axillary region. Anterograde tracing
studies show that NRA fibers terminate bilaterally in both parts of the CTM
motoneuronal cell groups. In electron microscopical studies the retrograde CTM
motoneuronal labeling was combined with anterograde labeling of NRA terminals. The
results revealed that of the 143 labeled NRA terminal profiles, 104 (72.7%) made
monosynaptic contacts with retrogradely labeled dendrites of CTM motoneurons.
Almost all of these terminal profiles had asymmetrical synapses and contained
spherical vesicles, which suggests an excitatory function. Moreover, 17% of the NRA
terminals were found to make more than one synaptic contact with retrogradely labeled
motoneuronal dendrites. Conclusion. There exists a monosynaptic excitatory NRACTM motoneuronal projection. It is thought that this pathway plays a role in the
control of the tail muscle movement during mating behavior, and in stretching the
loose hamster skin of the female hamster in order to facilitate mounting by the male.
Gerrits, P.O. and G. Holstege (1999) J. Comp. Neurol. 403;219-228.

1 British Columbia Research Institute for Children's and Women's Health, The Lankenau Medical

Research Center, Wynnewood, Pennsylvania, ‘Dept. of Psychology, Simon Fraser University, Burnaby:
British Columbia, V5A 1S6 Canada.

Gonadal steroids modulate the functional connectivity and morphology of neurons
in the lumbosacral spinal cord devoted to reproductive behavior. To date, the molecular
bases of steroid induced plasticity of neural morphology remain poorly understood. The
cadherins, a gene superfamily mediating calcium dependent cell-cell adhesion, are widely
expressed in the nervous system and provide excellent candidates for the mediation of
steroid-induced plasticity in neural morphology'. Neural-cadherin (N-cad), in particular, is
believed to influence such events as nuclei formation, axon guidance, neurite outgrowth,
and synaptic plasticity. Furthermore, N-cad expression has been shown to be steroid
regulated in reproductive tissues. Gonadal steroid regulation of N-cad expression was
evaluated in the lumbosacral spinal cord of adult male rats that were gonadectomized
and Implanted with Silastic capsules containing testosterone(T), estradiol(E2),
dihydrotestosterone (DHT) or nothing(B). The number and distribution of
immunoreactive neurons in sections sampled from spinal segments sacral-1 through
lumbar-5 was determined. All animals receiving steroids had elevated levels of N-cad
expression relative to animals not receiving steroid, and distinct distributions of N-cad
expression resulted from treatment with androgenic and estrogenic steroids.
(Support: NSERC 0194522 (N. V. W), MRC MT-14154 (CDM))
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137.5

137.6

NEURAL CONNECTIONS BETWEEN THE VENTRAL
PREMAMMILLARY NUCLEUS AND CHEMOSENSORY
PATHWAY OF THE RAT BRAIN.
M Yokosuka^R^Qhtani-Kancko1, K. Hirata1 and M. Ichikawa1'3

ESTROGEN (E) INCREASES DENDRITIC SPINE DENSITY IN
THE HYPOTHALAMIC VENTROMEDIAL NUCLEUS (VMH) IN
A REGION- AND DENDRITE-SPECIFIC MANNER. L.H. Calizo*
and L.M. Flanagan-Cato, Dept. of Psychology, Inst. Neurological
Sciences, University of Pennsylvania, Philadelphia, PA 19104.
E-induced plasticity in the VMH, a site crucial for sexual behavior, is
a useful model system for investigating the effects of E on brain and
behavior. In a previous study, E administration increased VMH
dendritic spine density. This suggests that E alters local VMH
connectivity. To better understand the local circuitry and the functional
significance of E-induced VMH spines, the present study determined
the region- and dendrite-specificity of the effects of E. Rats were
injected with oil (n=4) or estradiol benzoate (EB, n=5, 10 ug/day for 2
days) and perfused 48 hr after the last injection. VMH cells from lightly
fixed brain sections were iontophoretically filled with lucifer yellow
(-30 nAmp, 10 min), and morphological analysis was performed on
coded, confocal micrographic images of these cells (5-7 cells/animal).
EB treatment increased dendritic spine density in the ventrolateral VMH
(vlVMH; 228+21 vs. 147+19 spines/mm; p<0.05), but not the dorsal
VMH. Dendrites were assigned to one of 3 categories: longest
primary, shorter (non-longest) primaries, and secondaries. EB
increased spine density only on the shorter primary dendrites (292+65
vs. 141+36 spines/mm, p<0.05). In conclusion, these results suggest
that E-induced neural remodeling is confined to the vlVMH, the VMH
subdivision previously shown to be critical for sexual behavior.
Furthermore, alterations in connectivity may be limited to particular
dendrites on vlVMH neurons. Supported by NIMH grant MH54712.

‘Dept. Anat. St. Marianna Univ., School of Medicine, Kawasaki 216-8511,
Japan. 2Dept. Anat. & Embryol., Tokyo Metropol. Inst. Neurosci., Tokyo
183-8526, Japan, 3CREST of JST, Kawaguchi 332-0012, Japan.
The ventral premammillary nucleus (PMv) of the rodents is involved
in regulation of male mating behavior. However, it’s accurate
physiological function still unclear. On the other hand, chemosensory cue
(e.g. sex-pheromone) from female can alter male mating behaviors.
To analyze the role of the PMv between chemosensory neural inputs
and male mating behaviors, the neural connection of the PMv and
chemosensory pathway was examined with the retrograde tracing method
in adult male rats. Fluorescent Latex Microspheres were injected into the
region of the PMv. Post-injection survival times for all experiments were 7
days. The PMv has heavily connections with chemosensory pathwayrelated brain regions, i.e., the medial preoptic nucleus, the bed nucleus of
stria terminalis, and the posterodorsal part of the medial amygdaloid
nucleus. The PMv also received afferent inputs from the ventromedial
hypothalamic nucleus and the posteromedial cortical amygdaloid nucleus.
These results demonstrate that the neurons of the PMv receive afferent
inputs from chemosensory pathways in the rat brain. The PMv is also
known as an androgen-responsive region. Thus, involvement of the PMv
in the chemosensory-related neural actions on male sexual behaviors is
suggested.

137.7

137.8

NEUROTRANSMITTERS/MODULATORS AND CONNECTIONS OF CELLS IN
THE POSTERODORSAL PREOPTIC NUCLEUS (PdPN) AND POSTERODORSAL
MEDIAL AMYGDALA (MeApd) IN RELATION TO CELLS ACTIVATED WITH
EJACULATION IN MALE GERBILS. D.A. Simmons and P. Yahr*. Department of
Neurobioiogy and Behavior, University of California, Irvine, CA 92697.
Both the PdPN and MeApd are implicated in male sex behavior. In gerbils, cell-body
lesions of either of them, or the connections between them, disrupt mounting behavior.
In addition, PdPN and lateral MeApd (IMeApd) neurons are activated with ejaculation,
as assessed by Fos immunocytochemistry (ICC). To learn more about these cells, we
are attempting to characterize their neurotransmitter/modulator phenotypes, focusing on
vasopressin (VP), substance P (SP), cholecystokinin (CCK), tyrosine hydroxylase (TH),
glutamic acid decarboxylase (GAD) and glutamate (GLU). In the PdPN, many TH-,
VP-, SP- and GAD-positive cells were seen with ICC, but only a few, weakly stained
GLU cells and no CCK cells were detected. All of the molecules studied were seen in
the IMeApd, but only CCK, SP, GAD and GLU are candidates for being in the cells of
behavioral interest based on their distributions and densities. Since GLU can be found
in the IMeApd without colchicine, we are visualizing both it and Fos in males that have
copulated to ejaculation. In the sections studied to date, about 20% of the cells that are
activated with ejaculation show GLU staining. This corresponds closely to the
percentage of IMeApd cells activated with ejaculation that project to the PdPN.
In addition to studying the neurochemistry of cells that are activated with ejaculation,
we are attempting to identify their projections. Previous work combining Fos ICC and
retrograde tracing did identify two PdPN projections, but they accounted for less than
20% of the PdPN cells activated with ejaculation. As a first step toward identifying the
targets of the other 80% (if they are projection neurons), we are using the anterograde
tracer biotinylated dextran amine. One apparent PdPN projection that will be studied
with retrograde tracing combined with Fos ICC terminates in the retrorubral field, a
midbrain region previously implicated in the control of sex behavior in male gerbils.
Supported by MH 26481.

SMALL MEDIAL AMYGDALA LESIONS PREVENT NONCONTACT
ERECTION IN RATS WITHOUT IMPAIRING COPULATION OR PARTNER
PREFERENCE. Y. Kondo, P. G. Jordan and B. D. Sachs*. Dept. of Psychology,
U-1020, Univ. of Connecticut, Storrs, CT 06269-1020.
Inaccessible estrous females evoke ‘noncontact’ erection (NCE) in male rats.
Lesions in the posterior medial amygdala (MePx) impair NCEs and reduce the
probability of ejaculation in time-limited tests (Kondo et al., Behav. Br. Res. 88:153;
1997). We asked (1) whether radiofrequency lesions in anterior Me (MeAx) would
have similar effects, and (2) whether the deficit in NCE after Me lesions is associated
with a loss of the normal preference for estrous over anestrous females. NCE was tested
in a three-part chamber (Sachs, Physiol. Behav. 62:921; 1997) in which air entered
from the two end portions, housing an estrous female on one side and an anestrous
female on the other, into the middle portion holding the test male. The sections were
separated by opaque partitions with gaps at floor level that allowed air to pass between
them, so that males could smell and hear females, but could not see them. The relative
number and duration of nose pokes by the males through the gaps on either side were
taken as measures of preference for the two females. Copulation was tested in a glass
chamber about the size of a 40-liter aquarium. Males selected after being screened for
NCE and copulation were given baseline tests before receiving MeAx (n=5), MePx
(n=10), Sham lesions (n=9), or misplaced lesions (Mis; n=19). Both MeAx and MePx
suppressed NCEs relative to Sham and Mis (p<0.001). All groups delivered more nose
pokes toward the estrous females than the anestrous females, and the groups did not
differ significantly in their relative preference. There were also no reliable differences
among groups in any measure of copulatory behavior. We conclude that (1) both MeA
and MeP are involved in NCE; (2) larger Me lesions are needed to impair copulation
than NCE; (3) the disruption of NCE after Me lesions is not a result of failure to detect
cues from estrous females. Pending histology, ongoing research appears to confirm the
effects of MeAx and MePx on NCE and copulation, and to indicate that even when only
volatile olfactory cues are available, males with Me lesions retain their preference for
estrous females. (Supported by NSF research grant IBN 9603917 to BDS.)
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THE ROLE OF LATERAL ENTORHINAL CORTEX IN DISCRIMINATION
OF INDIVIDUALS AND SEX IN FEMALE GOLDEN HAMSTERS
(MESOCRICETUS AURATUS). Darryl J, Maveaux and Robert E. Johnston*.
Dept. of Psychology, Uris Hall, Cornell University, Ithaca, NY 14853.
Golden hamsters use body odors for social recognition. Large lesions
of the parahippocampal area (entorhinal and perirhinal cortex,
posteromedial cortical amygdala, and minor damage to ventral
hippocampus) in female hamsters eliminated differential sniffing of novel
versus familiar social odors but not the preference for sniffing a male's
rather than a female's odor. This study 1) examined discrimination
abilities of individuals with lesions limited to lateral entorhinal cortex,
and 2) varied the interval between habituation and discrimination trials
(0 vs. 15 min) to distinguish deficits in odor memory from deficits in odor
discrimination.
Twelve sexually naive adult female hamsters received bilateral
electrolytic lesions of lateral entorhinal cortex; twelve others underwent the
same surgical procedure without receiving a lesion. All subjects habituated
to the odor of one male as indicated by a greater than 50% reduction across
the four habituation trials in duration of sniffing. Those with lateral
entorhinal cortex lesions failed to discriminate the two odors with either 0
or 15 min between trials. Hamsters with sham lesions sniffed the novel odor
reliably longer than the familiar one. This ability may, however, interact
in as yet not understood ways with spatial location of the odor. Females
from both surgery groups sniffed soiled bedding of a male nearly three times
as long as that of a female. Additional studies will determine the
contribution of spatial arrangement to differential sniffing of familiar and
novel odors in habituation tasks.
Supported by grants MH54146 and MH58001 from the NIH.

RAT STRAINS WITH HIGH vs. LOW SEXUAL REACTIVITY: BEHAVIORAL &
LATERALIZED AMYGDALOID CRH RESPONSES OF MALES. D. Michaud,*1 D.
McIntyre? H. Anisman? and Z. Merali,1,2, ’Sch. Psychol., 2Dept. of Cell. & Mol.
Med. Univ. of Ottawa, Ont. Canada. 3Neurosci. Inst., Carleton Univ., Canada.
During the breeding of two strains of Long Evans rats originally selected for their
differential kindling susceptibility (fast vs. slow), it became apparent that their sexual
responses varied in a strain-dependent manner. The current study assessed 1) the
behavioral response of males upon exposure to strain-matched females (in estrous or
sexually receptive, and non-estrous, phases), and 2) whether there were concomitant
strain differences in the release of corticotropin-releasing hormone (CRH), at the
central nucleus of the amygdala (CeA). An initial 90-min mating test revealed that
when presented with strain-matched receptive females, 8 of 10 fast males mated
(latency to intromission =13 min), whereas only 3 of 10 of the slow strain did
(latency to intromission = 23 min). Bilateral microdialysis probes were inserted into
the CeA, and both CRH release and behavior were monitored during the following
30-min conditions: a) basal (B; female absent), b) non-contact (NC; female in
adjacent cage), and c) contact (C; female in male’s cage). Under B condition, there
were no behavioral differences between the strains, however, the fast strain had
higher interstitial CRH levels. Under NC non-estrous condition, fast males were
significantly more active in female oriented sniffing and general exploration; these
differences were further exaggerated in presence of estrous females. Under C
condition, fast rats engaged in more female pursuit, ano-genital sniffing and
mounting; while other behaviors remained comparable across the strains. In the fast
rats, the CRH levels increased, during NC condition but dropped during contact with
estrous but not non-estrous females. CRH elevations at the left CeA correlated with
general arousal/activity, whereas contact with sexually-receptive females was
associated with a drop in CRH release. This contrasts with response to food intake or
stress exposure, where CRH release at the CeA is enhanced. These strains with
differential sexual reactivity may provide a useful model for the study of sexual
(patho)physiology and of pharmacological interventions. Supported by MRC.

137.11

137.12

PREOPTIC AROMATASE CELLS PROJECT TO THE MESENCEPHALIC
CENTRAL GRAY AND ANTEROVENTRAL PERIVENTRICULAR
CATECHOLAMINERGIC CELL GROUP IN MALE QUAIL. P, Absil* ahlL
Balthazart. Lab. Biochemistry, Univ. Lfege, B-4020 Lfege Belgium .
The medial preoptic nucleus (POM) in quail plays a key role in the activation by
steroids of male reproductive behavior. Testosterone must be aromatized and act within
this nucleus in order to activate both the appetitive and consummatory aspects of male
sexual behavior. Accordingly, the POM contains a dense population of aromataseimmunoreactive (ARO-ir) cells that outline the cytoarchitectonic boundaries of the
nucleus. We previously demonstrated by anterograde tract tracing that the POM
projects to a variety of brain areas which is consistent with its role in the integration
of sexual responses. Two of these anterograde projections may be of special relevance
to the control of reproduction: the projection to the mesencephalic central gray (GCt)
that is known to act as a pre-motor relay in the transmission of outputs from the
preoptic area to the spinal cord and the projection to a catecholaminergic cell group
located at the ventromedial comer of the anterior hypothalamus and presumably
homologue to the anteroventral periventricular nucleus (AVPv) of the rat. This cell
group is at the origin of about 50% of the dopaminergic inputs to the POM and could
play a significant role in the control of the preoptic aromatase activity. These studies
could not determine whether these projections from POM to GCt and AVPv originate
in aromatase-containing cells or not. In the present study, we used retrograde tracing
with red (RLF) or green (GLF) latex fluospheres combined to the
immunocytochemical visualization of aromatase in fluorescent light (FITC label) to
address this question. After injection of RLF in GCt, a large number of retrogradely
labelled cells were observed in the medial preoptic area where they outlined the
boundaries of the POM. GLF injections in AVPv resulted in retrogradely labelled cells
in the anterior POM. We never observed any cell containing both RLF and GLF. In
sections double-labelled for aromatase, a large proportion of tne fluospheres-containing
cells were found to be ARO-ir. This demonstrates that ARO-ir cells located in the
POM are not only local intemeurons but rather send long distance projection to GCt
and AVPv. These data raise the possibility that preoptic aromatase cells may affect the
activity of catecholaminergic neurons in AVPv ana transmit to GCt at least a part of
the motor outputs associated with copulatory behavior. These ARO-ir cells could
represent an integration locus that propagates the motor information and whose
activity is affectedby both the endocrine ana environmental stimuli transmitted by the
complex previously described inputs to these cells.
Supported by NIMH 50388, FRFC 9.4565.96F, Credits Spdciaux Ulg.

ONTOGENY OF AROMATASE SEX DIFFERENCES IN THE QUAIL PREOPTTC
AREA. A. Foidart*1. M. Baillien1. O, Tlemcani1. N, HaradaA and J. Balthazart1.
Lab. Biochemistry, Univ. Lifcge, B-4020 Lifcge Belgium (1) & Molec. Genetics,
Fujita Health Univ., Toyoake Aichi 47011, Japan (2).
The aromatization of testosterone (T) into estrogens plays a key role in the control
of many behavioral and physiological aspects of reproduction. Biochemical and
immunocytochemical studies have demonstrated that in the quail preoptic area (POA)
aromatase activity (AA) and the number of aromatase-immunoreactive (ARO-ir) cells
are sexually differentiated (males>females). This enzymatic sex difference is
presumably implicated in the control of the sexually dimoiphic behavioral response of
quail to T. We analyzed here the ontogenetic development of this sex difference by
measuring AA (tritiated water release assay) and counting ARO-ir cells in the POA of
males and females from one day post natch to sexual maturity (8 weeks). We
investigated in parallel another enzyme: tyrosine hydroxylase, the rate limiting step in
catecholamine synthesis to determine whether changes in aromatase represent a general
or specific ontogenetic process and research whether catecholamines may be
responsible for the changes in AA. Between hatching and 4 weeks of age, AA levels
were low and equal in males and females. AA then markedly increased in both sexes
when subjects initiated their sexual maturation but this increase was more pronounced
in males so that a marked difference in AA was present in 6 and 8 week-old subjects.
TH activity progressively increased with age starting immediately after hatching and
there was no abrupt modification in the slope of this increase when birds became
sexually mature. No sex difference was detected in the activity of this enzyme. The
number of ARO-ir cells in the POA progressively increased with age starting at
hatching. No sex difference in ARO-ir cell numbers could be detected before subjects
reachedfull sexual maturity at 8 weeks of age. The three-dimensional organization of
ARO-ir cells in the POA revealed that, with increasing ages, ARO-ir cells acquire a
progressively more lateral position: they are largely periventricular in young birds but
they are found at higher density in the lateral part of the medial preoptic nucleus in
adults. Taken together these data indicate that AA differentiates sexually when birds
reach sexual maturity presumably under the activating effects of the increased T levels
in males. The number of ARO-ir cells however begins to increase in a non sexually
differentiated manner before the rise in plasma testosterone in parallel with the
increased TH activity. Whether this temporal coincidence results from a general
ontogenetic pattern or from more direct causal links remains to be established.
Supported by NIMH 50388, FRFC 9.4565.96F, Credits Sp6ciaux Ulg.

STRESS: CELLULAR RESPONSES

138.1

138.2

DIFFERENTIAL EXPRESSION OF c-fos mRNA WITHIN THE MALE SYRIAN
HAMSTER BRAIN FOLLOWING FOOTSHOCK OR DEFEAT. S. KollackWalker*. D. Helmreich. S.J. Watson and H, Akil. Mental Health Research
Instituto, University of Michigan, Ann Arbor, MI 48109-0720.
The purpose of this study was to compare the brain activation patterns
produced by a 30 min exposure to either social defeat or footshock. These two
stressors are similar in that they possess both physical and psychological elements,
but differ with respect to social stimuli and the potential for the display of
aggression. Subordinate males defend against attacks from an aggressive
conspecific while showing little or no aggression toward the dominant animal. In
contrast, footshock-stressed animals will engage in fighting when shocked in pairs;
in this paradigm, social cues pan be eliminated by shocking animals alone. In this
study, the levels of c-fos mRNA were compared among 3 groups: 1) handled
control males (HC), 2) males exposed to acute defeat (AD), and 3) males exposed
singly to acute footshock (AF). Plasma glucocorticoids were also measured and
compared among groups. A significant increase in cortisol and corticosterone was
observed in the AD group relative to control, with males in the AF group
possessing intermediate levels. Preliminary analysis of c-fos expression revealed a
similar pattern of neuronal activation within the lateral septum, paraventricular
and arcuate nuclei of the hypothalamus, medial amygdala and locus coeruleus in
males of the AD and AF groups. Both stressors also activated neurons within the
ventromedial nucleus of the hypothalamus, although the specific pattern of labeling
varied. In contrast, the AD group showed selectivity in the activation of neurons
within the amygdalohippocampal area, anterior hypothalamus, supraoptic nucleus,
tuberomammillary nucleus, dorsal periaqueductal gray and cuneiform nucleus.
This selectivity may underlie the processing of sodally-relevant cues that may
activate defensive behavior, but inhibit aggressive responding, in the presence of a
dominant male. (Supported by NIMH MH42251, SJW)

C-FOS EXPRESSION INDUCED BY A SOCIAL STRESSOR IN
RAT PUPS. C. P. Wiedenmaver*1’3. G. A. Barr1’2’3, ^ept. Psychiat.,
Columbia Univ., ^Dept. Psychol., Hunter College, and ^Devel.
Psychobiol., NY State Psychiatric Institute, New York, NY 10032.
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Even early in ontogeny, animals react to social stressors with adaptive
responses such as cardiovascular changes, defensive behaviors and pain
suppression. For example, preweaning rat pups exposed to a potentially
infanticidal adult male become immobile and analgesic. Because little is
known about the underlying neural pathways of stress in the infant rat, brain
activation following exposure to a male was determined by the expression of
the immediate-early gene c-fos. On postnatal day 14, a huddle of three male
pups was exposed to an adult male behind a screen for 5 min. The pups were
immobile 86.7% of the time. As control, littermate pups were put in the
testing chamber but were not exposed to the male. They were immobile
28.3% of the time. Two hours after testing the pups were perfused, their
brains removed, sectioned, and processed for immunocytochemistry by the
avidin-biotin-peroxidase (ABC) method. Labeled nuclei were counted in
brain areas outlined in cresyl violet stained sections. Male exposure induced
significantly more Fos expression in the amygdala, the paraventricular
nucleus of the hypothalamus, the periaqueductal gray, and the ventral
tegmental area. These results demonstrate that Fos expression occurs in
specific nuclei that, as in the adult, constitute neural pathways activated by
stressors and mediating defensive behavior.
Supported by MH18264, DA00325 and NS36130.

STRESS: CELLULAR RESPONSES

SUNDAY PM

347

138.3

138.4

REPEATED SOCIAL STRESS PRODUCES LONG-LASTING
FUNCTIONAL ACTIVATION IN PREFRONTAL CORTEX
E.M. Nikulina1*, K.A. Miczek1,2’3, R. P. Hammer, Jr.13 Departments of
Psychiatry', Psychology2, Pharmacology and Experimental
Therapeutics3, Tufts University, Boston and Meaford, MA
Repeated social stress is frequently associated with substantial
behavioral and neurochemical changes. Recently, we have shown that
exposure to a single or repeated social defeat stress induced expression
of p-opioid receptor mRNA in the ventral tegmental area (VTA), the
origin of the mesocorticolimbic dopamine system. Opioids can
modulate the VTA dopamine system via inhibition of GABA-ergic
intemeurons, whereupon opioid receptors are located. We tested the
hypothesis that such stress-induced functional alteration might elicit
activation of neurons in mesocorticolimbic regions. Social defeat
stress resulted from a short confrontation between aggressive resident
rats and experimental intruder rats, which displayed submissive
behavior. The intruders were subsequently protected and exposed to
threats by residents for 30 min once per day for 5 days; control rats
were handled but not exposed to residents. Rats were perfused 7 days
after the last stress exposure. Fos immunohistochemistry was used as
marker of neuronal activation in the nucleus accumbens (NAc) and
prefrontal cortex, regions receiving projections from the VTA.
Repeated social defeat stress markedly increased Fos-like
immunoreactive staining in the prelimbic and infralimbic regions of
prefrontal cortex. No significant differences in Fos-positive cells were
found in the NAc core or shell. These data suggest that persistent
functional activation in prefrontal cortex might be a neurobiological
substrate for behavioral consequences of repeated stress exposure.
Supported by USPHS Awards DA09822 and DA02632.

EFFECTS OF CHRONIC UNPREDICTABLE STRESS ON MDMA AND
METHAMPHETAMINE NEUROTOXICITY.
L. Matuszewich2*. G.A,
Gudelskv1 and B.K. Yamamoto2.
'College of Pharmacy, University of
Cincinnati; 2Program in Basic & Clinical Neuroscience, Department of
Psychiatry, Case Western Reserve University, Cleveland, OH 44106.
Human and experimental animal studies have demonstrated that repeated
exposure to stressful stimuli may damage neurons or increase the probability of
their damage by future neurological insults. One reported consequence of
exposure to stressful stimuli is a decrease in the growth factor, brain-derived
neurotrophic factor (BDNF) mRNA in the hippocampus (Smith et al., 1995).
BDNF has been suggested to be neurotrophic to both serotonin and dopamine
neurons during various neurological insults. Whether stress potentiates the
neurotoxic effects of the psychostimulants methamphetamine (METH) or (±)3,4methylenedioxymethampetamine (MDMA) is unknown. The current study
investigated the effects of chronic stress on: 1) BDNF protein expression; and 2)
the neurotoxicity of METH and MDMA. Male rats were either exposed to daily
stressors for 10 days or were weighed daily, but not exposed to other stressors.
On the 11th day, rats were treated with a neurotoxic dosing regimen of METH or
MDMA (10 mg/kg, i.p. for 4 injections) or an equivalent volume of saline.
Twenty-four hours after the first injection, rats were killed and the striatum,
hippocampus and frontal cortex were dissected. BDNF concentrations were
determined with an ELISA (Promega BDNF Emax). BDNF levels were
significantly increased in the striatum and frontal cortex of MDMA-treated,
chronically stressed rats (p < .05). In contrast, BDNF levels in the hippocampus
were significantly decreased in MDMA-treated, chronically stressed rats (p <
.05). There were no significant effects of stress alone on BDNF protein levels in
any brain region. Thus, exposure to chronic, unpredictable stress in conjunction
with MDMA alters BDNF expression, which may contribute to the long-term
neurotoxic effects of MDMA. Supported by grants DA07606 and DA07427.

138.5

138.6

REDUCED BDNF mRNA RESPONSE TO RESTRAINT STRESS IN
RATS BRED FOR LEARNED HELPLESSNESS. B.Vollmayr, H. Faust
and F, A. Henn. Central Institute of Mental Health, Mannheim,
Germany
Alterations of BDNF expression have been implicated in the
pathophysiology of major depression and stress. Furthermore effects
of antidepressant treatment have been suggested to be mediated by
BDNF expression. Rats inbred for learned helplessness (LH) or nonhelpless behavior (NLH) for more than 50 generations have lost
plasticity of behavior, e. g. they do not respond to antidepressant
treatment. We tested whether this loss of plasticity also involved
BDNF-regulation.
In situ hybridization for BDNF mRNA was performed in male
Sprague-Dawiey (SD) rats, LH and NLH rats without or after 45 min
restraint stress.
SD rats show a marked reduction of BDNF mRNA in dentate gyrus
after restraint stress, which has been reported to be mediated by
glucocorticoids. Inbred rats (LH and NLH) almost completely lose the
BDNF response to restraint stress, but baseline BDNF mRNA in NLH
rats shows a stress like pattern: less BDNF mRNA in dentate gyrus
than in CA3. This may be explained by higher corticosterone levels at
baseline and in response to stress in NLH rats.
The results are in agreement with the hypothesis that behavioral
plasticity may be mediated by BDNF expression since the stereotype
behavior of both of the inbred lines is paralleled by the fixed BDNF
expression.

EXPRESSION OF NEUROTROPHIC FACTORS IN THE RAT INNER EAR IN
RESPONSE TO STRESS. Y, Cho1,2*, M. I, Lomax
T, Stover*, S.
Hartman2, T. Carey2 and R. A. Altschuler1,2.1 Dept. of Anatomy and Cell
Biology; 2 Kresge Hearing Research Institute, Univ. of Michigan Med. Sch.;
Ann Arbor, Ml 48109.
In the inner ear, neurotrophic factors such as brain-derived
neurotrophic factor (BDNF), neurotrophin-3 (NT-3), glial cell line-derived
neurotrophic factor (GDNF), fibroblast growth factor (FGF) and ciliary
neurotrophic factor (CNTF) play an important role as survival factors for
protection and repair from neuronal injury in the adult. We are examining
changes in expression of these neurotrophic factors in response to noise
exposure to assess their role in protection and repair by using RT-PCR and
western blot. Quantitative RT-PCR assays were developed for BDNF, NT-3,
CNTF, and GDNF and applied to examine levels of mRNAs for each
neurotrophic factor in the auditory nerve before and after noise exposure.
Competitor templates for RT-PCR contained mouse p-actin sequence flanked
by neurotrophin primer sequences. These competitor templates yielded PCR
products that were about 100 bp longer than the PCR products derived from
endogenous neurotrophin mRNA. Western blot was applied using antibodies
to BDNF, GDNF and NT-3. Rat cDNA microarrays containing 588 Unigen
cluster were purchased for Clontech to examine changes of some additional
genes. Small changes in BDNF and CNTF mRNA were detected immediately
after a noise exposure (110 dB for 90 min with 50% duty cycle) that caused a
temporary threshold shift (TTS). GDNF showed a significant increase.
Preliminary results from the gene microarrays suggested that many additional
genes were up- or down-regulated under this condition. These results indicate
that endogeneous neurotrophic factors as well as many other genes are
responsive to “abnormal”, stressful environmental stimulation and may play
an important role in the stress response.
This research was supported by NIH grant DC02982.

138.7

138.8

LONG-LASTING ACTIVATION OF THE cAMP-RESPONSE ELEMENT BINDING
PROTEIN (CREB) IN LIMBIC BRAIN STRUCTURES FOLLOWING FORCED
SWIMMING. A, Bilane-Bleuel*. J. Reeh, A.C.E. Linthorst and J.M.H.M.Reul. Max
Planck Institute of Psychiatry, Section Neuropsychopharmacology, 80804 Munich,
Germany
Previously, we have shown that the transcription factor CREB is involved in
the intracellular signaling cascade activated following stressful stimuli in the brain.
Using semi-quantitative immunohistochemistry and western blotting, we have further
characterized the effect of forced swimming on the temporal and neuroanatomical
pattern of the activated (i.e. phosphorylated) CREB protein (P-CREB). Basal levels
of P-CREB are relatively high in cerebellum, moderate in cortical regions, amygdala
and lateroanterior hypothalamus and low in the rest of the brain including
hippocampus and PVN. Acute forced swim stress (15 min at 25 °C) increased the
levels of P-CREB in limbic brain structures: dentate gyrus, amygdala and cerebral
cortex. The time course of induction was comparable in all regions: 2 peaks were
detected, the first one after 15 min and the second 8-9 hours following swim stress.
Moreover, P-CREB levels remained elevated for at least 48 hours after a single
stressful stimulus. The effect of increased P-CREB levels on transcriptional activation
was examined by analyzing the product of the CRE-inducible immediate early gene
c-fos. Maximal levels of c-fos protein were detected 2 hours following stress onset in
various brain regions. Since the P-CREB antibody crossreacts with other members of
the CREB family, antibodies specific for CREM and ATF-1 were also tested.
Preliminary results obtained using western blotting indicate that stress leads to
increased phosphorylation of CREB but not of CREM or ATF-1. We found basically
the same neuroanatomical and temporal pattern as seen using immunohistochemistry.
In conclusion, long-lasting elevated P-CREB levels in limbic brain structures support
the notion that this transcription factor participates in stress-induced long-term changes
in brain function.

Sensorimotor Gating Deficits Following a Brief Social Interaction
With an Aggressive Conspecific Rat J.J, Byrnes* and Ronald P, Hammer. Jr.

Society

for

Neuroscience

, Volume

25, 1999

Departments of Pharmacology and Experimental Therapeutics, and Psychiatry, Tufts
University School of Medicine/New England Medical Center; Boston, MA 02111.
Deficits in prepulse inhibition (PPI) are observed in patients with schizophrenia, and
are believed to reflect underlying abnormalities of sensorimotor gating. In rodents,
PPI disruption via augmentation of mesocorticolimbic dopamine transmission has
become a widely used animal model of psychotic illness. The onset of psychotic
symptoms in schizophrenia is often precipitated by social/environmental stressors,
which are known to activate mesocorticolimbic dopamine systems. One purported
salient stressor which augments dopamine transmission in the mesocorticolimbic
system of rats is social interaction with an aggressive conspecific (Tidey and
Miczek, 1996). To determine whether aggressive social interaction produces deficits in
sensorimotor gating, naive male rats were tested for baseline PPI of the acoustic
startle reflex, and assigned to one of two groups which experienced either a 0
(Control) or 5 (Interaction) nun exposure to an aggressive conspecific. Forty right
hours after baseline testing, animals were individually placed inside a stainless steel
protective enclosure within a larger, dean plastic rodent cage Animals in both groups
habituated to the environment for 30 min. An aggressive male rat was then placed
inride the larger cage of animals assigned to the Interaction group. The protective
enclosure allowed unrestricted visual, auditory, and olfactory contact between the two
animals. Animals assigned to the Control group remained undisturbed within the
protective enclosure. After 5 min, all animals were tested for PPI. Animals in the
Interaction group showed a significant reduction of PPI (27.5%), while Control
animals showed no change from baseline. No change in startle amplitude was
observed in either group. These data suggest that even brief social stress exposure can
induce sensorimotor gating deficits in young adult rats. (Supported by PHS Grants
DA09822 and MH19924).
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STRESS-INDUCED CHANGES IN POLYAMINE LEVELS IN THE
PLASMA AND BRAIN OF MICE. Y. Hayashi1*, Y. Morizumi’, T. Sano\ M.
Suedomi’, Y. Hattori3 and J. Tanaka2. Depts. of’Education for Handicapped
Children and 2Human Development, Naruto Univ. of Education, Naruto,
Tokushima 772-8502, Japan; ’Dept. of Foods and Human Nutrition, Faculty
of Human Life Sciences, Notre Dame Seishin Univ., Okayama 700-8516,
Japan
Previous studies have shown that neuronal stress and injury in the epileptic
brain significantly alter polyamine metabolism, resulting in a marked
elevation of the putrescine level. Recently, it was also reported that brain
polyamine metabolism is modified by traumatic stress and may be involved
in affective disorders. In this study, we measured the polyamine levels in the
plasma, frontal cortex, and hippocampus after applying the water-immersion
restraint stress, to further clarify the relationship between polyamines and
traumatic stress. To stress mice, they were confined in a restraint stress-cage
and immersed in water maintained at 25 °C for 2 h. The animals were
decapitated 1 min, 6 h, and 24 h after the cessation of stress. In the plasma,
the putrescine and spermidine levels were significantly elevated 6 h after
stress application. In the hippocampus, the putrescine level was increased 1
min and 6 h after applying stress, while the spermidine and spermine levels
were decreased 24 h afterwards. There was no change in the polyamine level
in the frontal cortex. Pretreatment with diazepam (2 mg/kg, i.p.) had no effect
on the stress-induced polyamine changes. These results indicate that
polyamine metabolism is linked to traumatic stress, probably through a
mechanism independent of the action of benzodiazepines. The changes in
plasma polyamine levels might be considered as a marker of traumatic stress.
This study was supported by a Grant-in-Aid of Scientific Research from the
Ministry of Education, Science, and Culture, Japan.

STRESS-INDUCED RELEASE OF ZINC OBSERVED BY TSQ
FLUORESCENCE IMAGING. C.J, Frederickson* M. Motamedi. C, Jean
Frederickson. S.W. Suh, NeuroBioTex, Inc. Galveston, TX 77550 & UTMB
Galveston, Biomedical Engineering and Neuroscience, Galveston TX 77555.
Zinc-containing neurons of the mammalian cerebrum sequester zinc in
their presynaptic vesicles and release the zinc when physiologically active. Here
we present evidence that this release is promoted by the stress of
immobilization in adult, freely-behaving rats.
Halothane-anesthetized rats were given intraventricular injections of
either CaEDTA (which chelates extracellular zinc, thus preventing reuptake of
synaptically-released zinc) or ZnEDTA (which does not). Upon recovery from
the halothane, the rats were either returned to their home cages or were
immobilized by wrapping their four legs with a tape bandage that immobilized
the legs. Three hours later all rats were anesthetized with halothane and
decapitated, and the brains were sectioned in a cryostat, stained with TSQ for
zinc-TSQ fluorescence, and imaged with a SPOT2 camera in epifluorescence.
Stressed rats given CaEDTA showed a marked loss of forebrain bouton
zinc (TSQ fluorescence), whereas stressed rats given ZnEDTA did not. For rats
in the home cage, there was no apparent differrence between the CaEDTA and
the ZnEDTA- treated brains.
These data suggest that the rate of release of Zn2+ from telencephalic
boutons is accelerated by immobilization stress. Behavioral/experiential
modulation of zinc-containing neuronal function is implied.

138.11
COWS, RATS, AND BABOONS: BIG DIFFERENCES IN ‘Slo’ K+
CHANNEL SPLICING IN ADRENAL CHROMAFFIN CELLS
Chatteriee1, G, Lai1, J, Xie1, P.V, Lovell1, T.J. McDonald2*, P.W, Nathaniels/2, and
D.P. McCobb1. Dept. of Neurobioiogy and Behavior1, and Laboratory for Pregnancy
and Newborn Research2, Cornell University, Ithaca, NY, 14853.
Alternative splicing of the Slo gene, encoding Ca2+- and voltage-gated BK
channels, has been shown in adrenal chromaffin cells to be controlled by the
endocrine stress axis in vivo, and by glucocorticoids (CORT) in vitro (Lai et al.,
these abstracts). Thus inclusion of an optional 174 bp ‘STREX’ exon is favored by
stress hormones. The exon shifts the voltage-dependence of channel activation in the
negative direction, and increases and decreases, respectively, activation and
deactivation rates. These changes are expected to enhance repetitive firing properties
of chromaffin cells. Because species differ dramatically in serum CORT levels, we
used RT-PCR to measure the relative abundance of STREX and ZERO (lacking any
insert at this junction) forms in mRNA extracted from mature rat, bovine, and
baboon adrenal medulla. Primers bracketing the junction yielded two bands
representing STREX and ZERO forms in all three species. Ratios of band intensities
were taken as a measure of relative template abundance, after correcting for
differences in length and amplification efficiency. In bovine, STREX comprised
-15% of Slo transcripts, compared with -50% in rat. Inter-individual variation was
greater than that between measurements from a single animal, but ranges for bovine
and rat did not overlap (N=10). Repeated measures from a single adult baboon sample
suggest that baboon levels are much closer to rat than bovine levels. The results
roughly parallel species differences in serum glucocorticoid levels, and support the
thesis that Slo gene splicing is subject to stress axis regulation, either organizational
or dynamic. They also suggest that BK functional differences result partly from
differential splicing of Slo. Supported by the American Heart Association.
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ENDOGENOUS OPIOIDS MAY BE INVOLVED IN MODULATING THE
ACQUISITION OF CONDITIONED DEFEAT IN SYRIAN HAMSTERS. K.L.
Huhman*. E.C. Owens. C, F, Gillespie and A.M. Jasnow. Lab. of Behavioral
Neuroscience, Dept. of Psychology, Georgia State Univ., Atlanta, GA 30303.
Social conflict produces behavioral responses that are accompanied by increases in
plasma endogenous opioids. Administration of p opioid antagonists have been found
to block stress-induced analgesia and to enhance conditioned fear, whereas k opioid
antagonists have been found to reduce conditioned fear. Following brief repeated
defeats, hamsters exhibit submissive/defensive behaviors even when exposed in their
own home cage to a smaller, nonaggressive male. We have called this phenomenon
conditioned defeat (CD) and have hypothesized that CD may be a type of conditioned
fear. In the present study we examined if subcutaneous injections of buprenorphine,
a partial p agonist and k antagonist, would reduce the expression of CD in male,
Syrian hamsters. Animals (n=16) were exposed to a dominant resident 4 times for 5
minutes, matched by weight and assigned randomly to one of two conditions.
Immediately following the final defeat, animals were either injected subcutaneously
with buprenorphine (25mg/kg) or saline. Three days later, hamsters were exposed in
their home cage to a smaller, non-aggressive intruder for 5 minutes. Animals were
tested 3 times with 3 days between each testing session. Animals that received an
injection of buprenorphine displayed significantly less submissive/defensive behavior
(p < 0.05) and significantly more aggressive and nonsocial behavior (p < 0.05). Social
behavior was unchanged (p > 0.05). These data suggest that activation of the opioid
system may be involved in the acquisition of CD.
Supported by NIH NS34896

MORPHINE SENSITIZATION PREVENTS STRESS INDUCED ESCAPE
DEFICIT S. Scheqqi1, M, Rinaldi1, C. Gambarana1, A. Taqliamonte1 and
M.G. De Montis*2
1 Clinic of Nervous and Mental Diseases, University of Siena, Siena, Italy
2 Dept. of “Scienze del Farmaco”, University of Sassari, Sassari, Italy
The present study investigated the effect of sensitization to morphine on
the development of stress-induced escape deficit (ED) (Gambarana et al.,
Behav. Pharmacol. 6, 66, 1995) in rats. Sensitization was induced by the
daily administration of 10 mg/kg of morphine s. c. for 7 days. After a week of
wash-out, sensitization was evaluated on the basis of locomotor activity and
stereotypies elicited by a challenge dose of 5 mg/kg morphine. The
expression of morphine sensitization was completely antagonized by the
administration of a selective Di dopamine receptor antagonist (SCH 23390).
Since a Di dopaminergic activity is crucial for the expression of imipramine
protective activity on stress-induced ED (Gambarana et al., Pharmacol.
Biochem. Behav. 50, 147, 1995), sensitized rats were exposed to
unavoidable stress and then tested for escape, two weeks after the end of
the sensitization protocol.
Morphine sensitization prevented the
development of stress-induced ED. Moreover, the acute administration of
SCH 23390 to sensitized rats prior to the unavoidable stress, completely
antagonized the protective effect of sensitization on ED development.
Repeated treatment with low doses of rubidium (1 mg/kg/72 h) induces in
rats a spontaneous ED condition (Gambarana et al., Brain Res. 826, 200,
1999). Thus, animals previously sensitized to morphine were treated with
rubidium (1 mg/kg/72 h) for 3 weeks. At the end of treatment, rats were
tested for escape and a week later morphine sensitization was evaluated
again. Repeated rubidium administration significantly reduced the animal
reactivity to noxious stimuli, while it did not modify the expression of
sensitization. (This study was supported by grants from the Italian MURST).
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LY354740, A POTENT GROUP II METABOTROPIC GLUTAMATE
RECEPTOR AGONIST PREVENTS LACTATE-INDUCED PANIC
RESPONSES IN RATS. A, Shekhar* and S.R. Keim. Dept. of
Psychiatry, Indiana Univ. Med. Center, Indianapolis, Indiana 46202.
LY354740 is a potent and selective agonist at the group II
metabotropic glutamate receptors and is shown to be an effective
inhibitor of glutamate release with significant anxiolytic properties.
Rats with chronic inhibition of GABA synthesis in the dorsomedial
hypothalamus (DMH) are highly anxious and sensitive to peripheral
lactate infusions, eliciting panic responses similar to patients and these
panic-prone rats have been utilized as an animal model of panic
disorder. In this study, we tested the efficacy of LY354740 in
preventing the lactate induced panic response in these rats, using
alprazolam, a clinically effective anti-panic drug as a comparator. Rats
were fitted with femoral arterial and venous catheters and implanted
with Alzet pumps infusing the GABA synthesis inhibitor L-allylglycine
into the DMH. After 4 days of recovery, they were confirmed to be
panic-prone to lactate infusions as indicated by increases in heart rate,
blood pressure, respiratory rate and anxiety measured in the social
interaction test. Next, these rats were pretreated with either vehicle,
LY354740 (0.3 and 0.6 mg/kg) or alprazolam (0.5 and 1.0 mg/kg) and
rechallenged with lactate infusions. LY 354740 treatment was equally
efficacious as alprazolam in preventing lactate induced panic responses
in this model. These data suggest that LY354740 could be a novel antipanic drug (Supported by MH 52691 and Eli Lilly & Co.).

REGULATION OF ESCAPE BEHAVIOR BY HISTAMINE H2
RECEPTORS IN THE MIDBRAIN TECTUM. N.R. Santos and M.L.
Brandao*. Lab. of Psychobiology, FFCLRP-USP, Brazil, 14049-901.

The dorsal periaqueductal gray matter (DPAG), superior and inferior
colliculus have been implicated in the control of defense reactions in the
midbrain. Electrical and chemical stimulation of these structures induces
escape behavior, usually accompanied by autonomic responses and
antinociception. GABA, 5-HT, opioids, excitatory amino acids and
neuropeptides have been postulated to participate in the organization of such
defensive reactions in the midbrain tectum. In the present study we assessed
the effects of injections in this region of histamine and the Hj and H2
receptor antagonists, chlorpheniramine and ranitidine on the defensive
behaviors. The effects of these drugs were also examined on antinociception,
which has been considered to be an inherent component of the defense
reaction .Thus, the animals were submitted to an open field test and after 30
min antinociceptive behavior was measured with the aid of the tail-flick test.
The results show that histamine reduced exploratory activity without causing
motor deficit, as evaluated by the rotarod test. Ranitidine led to a dose
dependent behavioral activation, with clear signs of fear, whereas no apparent
effect was observed following
injections
of chlorpheniramine.
Antinociception always followed the escape reaction induced by the H2
receptor blocker ranitidine. The present results suggest that H2 receptors may
be involved in the control of escape behavior and antinociception following
activation of the neural substrates of fear in the midbrain tectum.

FAPESP

139.5

139.6

DIFFERENTIAL EFFECTS OF CENTRAL NEUROPEPTIDE Y (NPY) ON
BEHAVIORAL, ENDOCRINE AND IMMUNE PARAMETERS IN SPRAGUE
DAWLEY (SD), FISCHER (F344) AND LEWIS (LEW) RATS
Stephan von Hdrsten1*. Heike Nave1. Fabian Helfritz1. Jan Ballof, Diik Mever2.
Reinhold E. Schmidt2. Adriana del Rev3. Rainer Straub4 and Reinhard Pabst1. Depts.
of‘Functional and Applied Anatomy, 2Clinical Immunology, Medical School of
Hannover, ’immunophysiology, University of Marburg, 4Interal Medicine I,
University Hospital Regensburg, Germany
Outbred SD rats are the maternal strain for the inbred, histocompatible, F344 and
LEW strains. These genetically related strains differ in the responsivity of their hypothalamic-pituitary-adrenal (HPA) axis to stress. Since brain NPY systems contribute
to the regulation of stress and HPA responses, we asked whether these strains show
functional differences also in the response to intracerebroventricularly (i.c.v.) applied
NPY. To test this, age matched (56 ± 6 days) male SD (n=16), F344 (n=19), and
LEW (n=17) rats were compared with respect to their behavioral (24h food intake,
home cage activity, response to novelty, elevated plus-maze behavior), endocrine
(corticosterone), and immunological (IL-6 and TNF-a levels, blood and splenic
leukocyte subsets, splenic NK cytotoxicity) responses lh after i.c.v. NPY treatment.
The pattern of effects in the F344 strain was characterized by significantly increased
food consumption, decreased activity in familiar environment, increased ambulation
and rearing in novel environment and reduced anxiety in the plus maze. In addition,
F344 rat’s serum corticosterone was increased, absolute blood granulocyte, monocyte
and NK cell numbers decreased and splenic NK cell function was suppressed. LEW
rats displayed a similar pattern cf effects but less pronounced. In contrast, the SD
strain showed significantly increased IL-6 levels and responded behaviorally only after
higher dosages of NPY. Thus, just as F344 rats being the most HPA responsive
strain to a number of stressors, this strain also mounted the most pronounced
behavioral, endocrine and immunological effects after i.c.v. NPY application.

LOWER BRAIN ACETYLCHOLINESTERASE IN RATS EXPOSED TO
INESCAPABLE STRESS AND TREATED WITH PYRIDOSTIGMINE
BROMIDE. F.X. Brennan*, G.P. Zhu, J.E. Ottenweller, D. Beldowicz, and
R.J. Servatius. Neurobehavioral Unit (127A), DVA Medical Center, NJHCS,
East Orange, NJ 07018 and Department of Neuroscience, NJMS-UMDNJ,
Newark, NJ.
Pyridostigmine bromide (PB), a carbamate antagonist of acetylcholinesterase
(AChE) activity with predominantly peripheral actions, is used as a
pretreatment against organophosphate (OP) exposure. A question has arisen
as to whether PB may affect brain acetylcholinesterase activity, thereby
having actions similar to OPs. Soreq’s group demonstrated that exposure to
inescapable stress allowed PB to affect brain AChE activity in mice. Here,
we tested whether the interaction of stress and PB treatment would affect
brain AChE activity in Sprague-Dawiey (SD) rats. In a 2 x 2 design, rats
were exposed to inescapable stress (40, 2-mA tailshocks) or served as
nonstressed controls. Twenty minutes after stressor cessation rats were
either treated with PB (2-mg/kg) i.p. or saline. Rats were sacrificed 20 min
later. Exposure to inescapable stress resulted in elevated corticosterone
levels. Treatment with PB reduced plasma butyrylcholinesterase (BuChE)
activity to 15-20% of pretreatment levels. Exposure to stress did not affect
plasma BuChE activity. Brain AChE activity was assessed in the cortex,
cerebellum, hippocampus, and basal ganglia. Levels of AChE activity were
similar in the cortex, hippocampus and cerebellum for all of the groups.
However, lower AChE activity was noted in the basal ganglia of stressed rats
subsequently treated with PB. Thus, exposure to inescapable stress
interacted with PB treatment to affect brain AChE activity of rats. Supported
by funds provide by DVA Medical Research.

Supported by a grant from the Volkswagen Foundation (/I/72029).

139.7
EXPOSURE TO REPEATED, INTERMITTENT (/-AMPHETAMINE
SENSITIZES HPA-AXIS TO A SUBSEQUENT STRESSOR. A.M.Barr?*
C.E.Hofmann,2 J.Weinberg? and A.G.Phillips1. ’Dept. of Psychology, 2Dept. of
Anatomy, Univ. of British Columbia, Vancouver, BC V6T 1Z4.
The exposure of animals to repeated, intermittent doses of psychostimulant
drugs results in a phenomenon known as “sensitization”. This effect is commonly
observed as an increased behavioural response to subsequent doses of the drug.
Cross-sensitization also occurs between psychostimulant drugs and stressors,
whereby exposure to one increases the subsequent effects of the other. In the
present study, we examined the effect of a mild stressor on the HPA-axis of male
Wistar rats after prior exposure to a schedule of (/-amphetamine (Hamamura &
Fibiger, Eur J Pharmacol 1993) that has been shown previously to induce both
behavioural and neurochemical sensitization to a stressor. Rats were given single
daily i.p. injections of either ^/-amphetamine (7 days x 2mg/kg, + 7 days x
4mg/kg) or saline vehicle. After a two week period during which rats remained
undisturbed, half of the subjects from each group were exposed to 30 min of
restraint stress. Immediately following the stressor, rats were decapitated and
trunk blood samples were collected in order to determine plasma concentrations
of the stress hormones corticosterone (CORT) and ACTH. The remaining
animals from each group were not exposed to the stressor, and served to provide
basal levels of the stress hormones. It was found that prior drug sensitization had
no significant effect upon basal plasma levels of CORT and ACTH. However,
amphetamine sensitized rats exhibited significantly greater levels of plasma
CORT (+ 36%) and ACTH (+ 247%) than non-sensitized controls after exposure
to the stressor. These findings indicate that the HPA-axis may be involved in the
expression of cross-sensitization between psychostimulant drugs and stressors.
Supported by: Group Grant PG-12808from MRC Canada (AGP)
AA07789from NIAAA (JW)
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ELEVATED MELATONIN RECEPTOR GENE (melia) EXPRESSION IN
THE BRAIN OF HIBERNATING GROUND SQUIRRELS. Z. Y. Yu1*, D. C.
Cai2, J. M. Hallenbeck2 and R. M. McCarron1, ’Naval Medical Research Center,
Bethesda, MD 20889; 2Stroke Branch, NINDS, NIH, Bethesda, MD, 20892
Hibernation in mammals is widely recognized as an adaptation for energy
conservation. Melatonin, secreted by the pineal body, is evidently linked with the
regulation of core body temperature and intervenes in generating seasonal rhythms
of hibernation. The hibernation bout of ground squirrels can be prolonged by
intracerebroventricular infusion of melatonin. Melatonin is also an endogenous
antioxidant. The effects of melatonin are mediated by specific high-affinity melatonin
receptors: MELiA, MEL1B and MEL1C. MEL1A receptor is expressed in the
mammalian brain, retina and pituitary. This study evaluates the expression of the
MEL1A gene (mel]a) in the brain of hibernating and non-hibernating (warm-active
and cold-exposed) thirteen-lined ground squirrels. Anaesthetized hibernating squirrels
(n = 5), cold-exposed active (n - 5) and warm active animals (n = 5) were perfused
with 4% paraformaldehyde. Brains were removed following perfusion. Expression
of melia mRNA was determined by in situ hybridization with a self-designed
biotinylated rat oligonucleotide probe. Wann-active animals exhibited low levels of
melja mRNA. All of the hibernating animals expressed significantly elevated levels
of melfa mRNA, especially in the cortex, hippocampus (particularly in CAI),
striatum and hypothalamic area (especially in supraoptic nucleus and preoptic nuclei).
Melia expression in cold-exposed animals was intermediate to the above two groups.
These data suggest that melatonin may be linked to thermoregulatory mechanisms
associated with induction and maintenance of hibernation in thirteen-lined ground
squirrels. The findings support a role for melatonin in neuroendocrinologie and
metabolic regulations of hibernation.

ATYPICAL MELATONIN CIRCADIAN RHYTHM IN B6D2F, MICE
X.M. Li1, X.H. Liu1, E. Filipski1, G. Metzger1, P. Delagrange2*, J.P. Jeanniot3 and F.
Levi1
'Lab. Rythmes Biologiques & Chronotherapeutique, l.C.I.G, Hop. P. Brousse,
Villejuif; 2I.R.I.S, Courbevoie ; ’Technologie Servier, Orleans, France.
Melatonin (MLT), a hormone involved in circadian time keeping, is usually elevated
at night. The 24 h pattern of this hormone is unknown in B6D2Fj mice. We
investigated circadian rhythms of body temperature (TEMP) and locomotor activity
(LA) in different environmental conditions, and studied the circadian changes of MLT
content in plasma and in pineal gland of these mice. MLT was measured with
radioimmunoassay and/or gas chromatography mass spectrometry in animals
synchronized to 12 h of light (L) and 12 h of darkness (D) cycle (LD12:12). TEMP
and LA displayed a significant 24 h-rhythm with maxima occuring near mid-darkness.
Both circadian rhythms persisted in continuous darkness, with an average dominant
period of 23.7 ± 0.1 h for TEMP and 23.9 ± 0.1 h for LA. Exposure to continuous
light (LL) for up to 19 weeks lengthened the period of both rhythms to 25.6 ± 0.1 h
for TEMP and 25.3 ± 0.1 h for LA. In mice kept in LD 12:12, mean plasma MLT
concentration rose steadily during L and reached a maximum (30.6 ± 10.0 pg/ml) at
11 hours after light onset (HALO), then gradually decreased following the onset of D
to a nadir (4.7 ± 0.4 pg/ml) at 20 HALO. Mean pineal content followed a pattern
parallel to that of plasma concentration (peak at 11 HALO : 17.7 ± 1.0 pg/gland). Both
plasma and pineal contents displayed large and statistically significant coincident
circadian changes. This mouse model has predominant MLT production and secretion
during the rest span of these noctumally-active mice.
Supported in part by ARTBC Int., Paul Brousse Hosp., Villejuif (F) and IRIS,
Courbevoie (F).

140.3

140.4

LUZ1NDOLE ATTENUATES THE IN VITRO MELATONIN ENHANCEMENT
OF CELL-MEDIATED IMMUNITY IN C57BL/6J HOUSE MICE. S.D. Bilbo1*,
D. L. Drazen1, D. Bilu1, and R. J. Nelson1,4. 'Dept. of Psychology, Behavioral
Neuroendocrinology Group, 4Depts. of Neuroscience and Biochemistry,
Reproductive Biology Division, The Johns Hopkins University, Baltimore, MD,
21218-2686 USA.
Melatonin may mediate interactions among the nervous, endocrine and immune
systems. Melatonin affects immune function both indirectly, by acting through
other hormones, and directly by acting on various components of the immune
system. Deer mice treated with exogenous melatonin for 8 weeks display an
enhanced splenocyte proliferative response. Results of studies of melatonin
treatment in vitro, however, are contradictory. In vitro melatonin enhances
splenocyte proliferation in deer mice and prairie voles, while other studies have
reported inhibition or no effect on immune function. In the present study, the
effects of melatonin on splenocyte proliferation in C57BL/6J house mice was
assessed using the competitive melatonin receptor antagonist, luzindole. Animals
were injected with 30 mg/kg luzindole or saline 30 min. prior to removal of spleen.
Lymphocytes were then isolated from the spleen and exposed to 500 pg/ml of
melatonin, or were left unstimulated. Melatonin significantly enhanced splenocyte
proliferation in vitro, and this enhancement was significantly attenuated in those
animals treated with luzindole. C57BL/6J mice have previously been reported to
have undetectable levels of melatonin in their pineal glands. The present results
suggest that melatonin retains biological function in these animals, and that
melatonin may enhance immune function directly, possibly via melatonin receptors
located on lymphocytes. Studies investigating circadian rhythmicity in these
processes are being conducted. Supported by NIMH grant MH 57535.

PHASE RESPONSE CURVE TO MELATONIN IN OCTODON
DEGUS. L, Morris, G,gt RivharJ$Qn and B^,Tafc5 Depts. of
Medicine and Neuroscience, Brown University School of Medicine,
and the Miriam Hospital, Providence, RI 02906.
The pineal hormone melatonin (MLT) is secreted during the night in
all mammalian species. Melatonin will phase shift circadian rhythms in
either nocturnal or diurnal rodents in a species specific pattern. The
degu (Octodon degus) has been reported to show diurnal, crepuscular,
or nocturnal activity patterns. In this experiment, running wheel activity
was monitored in 12 adult male degus maintained in LD12:12 (lights on
0600). Activity onsets occurred within 2 hours of lights on, with an
average of 62% of activity occurring during the light phase. Animals
were then released into dim red LL. MLT (1 mg/kg body weight in 4%
ethanol-saline) or vehicle was administered ip at varying circadian times
(CT 0-24) and the resulting phase shift calculated. The animals were
allowed to free run for 4 weeks before an second injection was given.
Animals were reentrained to LD 12:12 and the phase of activity onset
and percent activity during the light phase was again calculated. In dim
LL, MLT, but not vehicle, caused significant phase shifts in the
running wheel activity rhythm, with phase delays occurring in
subjective day (CT 0-12, activity onset defined as CT 0) and phase
advances occurring in subjective night (CT 12-24). Following
exposure to dim LL, the reentrained activity rhythm on LD 12:12 did
not show any significance differences in phase of activity onset or
percent activity during the day when compared to pre-LL exposure
data. These data demonstrate a phase shifting effect of melatonin in the
degu similar to that found in other mammals. (Supported by NIMH
054601)

140.5

140.6

CELLULAR EXPRESSION OF MELATONIN SYNTHESIZING ENZYMES
AND MELATONIN RECEPTORS IN C3H/HEN MOUSE RETINA AND
BRAIN. Walid M. Al-Ghoul'^and Margarita L. Dubocovich1,2 ’Department of
Molecular Pharmacology and Biological Chemistry and Northwestern Drug
Discovery Program, Northwestern University Medical School, Chicago IL 60611.
Melatonin, released primarily from the pineal gland and retina, regulates
mammalian visual, circadian and vascular functions tlirough activation of mti and
MT2 melatonin receptors in target tissues (Dubocovich et al., 1997, 1998; Doolen et
al., 1998). The goal of this investigation was to determine the cellular distribution
of melatonin synthesizing enzymes and melatonin receptors in the central nervous
system (retina and brain) of male C3H/HeN mice which possess an rd mutation
associated with complete loss of rod- and substantial loss of cone-photoreceptors.
Digoxigenin-labeled antisense and sense oligonucleotide probes targeted against
unique mRNA sequences of the melatonin synthesizing enzymes, arylalkylamine-Nacetyltransferase (AA-NAT) and hydroxyindole-O-methyltransferase (HIOMT), and
the melatonin receptors mt| and MT2 were used for in situ hybridization studies in
retina and brain sections (30 pm). In the retina, the hybridization signal for AANAT, HIOMT and MT2 mRNA was robust while the signal for mti mRNA was
moderate in tlie ganglion cell layer. High-to-moderate hybridization signals for AANAT, MT2 and mti but not HIOMT were observed in the retinal inner nuclear layer.
In the brain, mti and MT2 melatonin receptor mRNA expression was highest in the
suprachiasmatic nucleus, hippocampus, dentate gyrus, piriform cortex and cingulate
cortex. No hybridization was evident with any of the sense probes in the retina or
brain. We conclude (1) that melatonin may be synthesized in C3H/HeN mouse nonrod, non-cone retinal cells where it may also have receptor targets and (2) that in
addition to the SCN, melatonin receptor targets may be expressed in non-visual
brain regions tliat most notably include limbic regions. Supported by MH 42922

MELATONIN (MLT) REGULATION OF LIGHT-INDUCED mPer, AND
mPer2 EXPRESSION IN THE MOUSE SUPRACHIASMATIC NUCLEUS
(SCN). S.A. Hauge*, L.A. Radcliffe. M.I. Masana, S, Benloucif and M.L.
Dubocovich. Dept of Mol. Pharmacol, and Biol. Chem. and Northwestern Drug
Discovery Program, Northwestern Univ. Medical School, Chicago, IL 60611.
Light pulses during early subjective night produce phase delays in the circadian
rhythms of wheel running activity (Benloucif and Dubocovich, 1996) and increase
the expression of mPer, and mPer2 mRNA in the SCN (Zylka et. al., 1998). MLT
administration 5 min before a light pulse reduces the magnitude of light-induced
phase delays of circadian activity (Dubocovich et. al., 1996). Here we report the
effect of MLT-light treatment on per gene expression in the SCN. Per gene
expression in the SCN of male C3H/HeN mice was assessed by in situ hybridization
using 35S-UTP labeled riboprobes. Circadian phase was determined by the onset of
wheel running activity in mice kept in constant dark. At CT 14, mice received either
vehicle (Veh: 3% ethanol/saline) or MLT (90 ug, sc.) followed 5 minutes later by
either a light pulse (15 min, 300 lux) or no light treatment and were then sacrificed
at CT 15.5. Light stimulation significantly induced both mPer, (optical density: 33.3
+ 3.5, n=4, Veh; 116.4 + 9.6, n=4,Veli/light, p< 0.001) and mPer2 (81.9 + 9.9, n=9,
Veh; 106.4 + 6.0, n=9, Veli/light, p<0.05) mRNA expression. MLT alone tended to
increase mPeri expression (44.4 + 2.7, n= 4) and to decrease mPer2 expression (55.5
± 12.8, n=8), as compared to Veh alone. The light-induced increases in expression of
mPer, (61.8 + 6.7) and mPer2 (45.6 + 4.6) following MLT administration were
significantly different to those obtained with light/Veh stimulation, as compared to
Veh alone (mPer,: 83.0 + 6.1, p<0.05; mPer2: 22.5 ± 3.9, p<0.05). These results
suggest that MLT may modulate the light-induced expression of both pert and per2
genes within the mouse SCN. Changes in amounts of PER proteins in the master
biological clock may be critical in determining tlie magnitude and direction of acute
phase shifts due to combined light-MLT stimulation. Supported by MH 52685

Supported by Office ofNaval Research Grant 62233N.MM33C30.005.1805

(MLD) and T32 ES07I24 (WMA)

(MLD) and T32 ES 07284 (SAH).
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140.8

’H-4P-PDOT: A SELECTIVE MT2 MELATONIN (MLT) RECEPTOR
ANTAGONIST RADIOLIGAND. M.L. Dubocovich* and M.l. Masana. Dept.
Mol. Pharmacol. Biol. Chem. and
Northwestern Drug Discovery Program,
Northwestern Univ.Med. Sch., Chicago, IL 60611.
4P-PDOT is a selective and specific MT2 melatonin receptor antagonist
(Dubocovich et al.. 1997). The aim of this study was to characterize the hMT2
receptor using 3H-4P-PDOT {4-Phenyl-2-[(2\ 3’ (n)-3H)-propionamido]tetraline}
(S.A.: 110 Ci/nunol: purity by radio-HPLC: 98-99 %; NIMH Drug Discovery
Program). Membranes from CHO cell lines expressing either the hint] or hMT2
(CHO-hmt| or CHO-hMT2) were incubated with appropriate concentrations of 3H-4PPDOT (0.025 -1.5 nM) and competing agents (1 pM-10 pM) in Tris-HCI (50 mM) at
25 °C during 1 h. Bound from free radioligand was separated by rapid filtration
using glass fiber filters. 3H-4P-PDOT (1.1 nM) binding to membranes from CHOhMT2 cells reached equilibrium at 60 min, was reversible and specific (95%). 3H-4PPDOT (1.1 nM) is a selective radioligand for the hMT2 receptor, as specific binding
to this receptor (1.9 pmol/mg protein) was significantly higher than to the hint!
receptor (< 0.01 pmol/mg protein). 3H-4P-PDOT (0.025 - 1.5 nM) binding to CHO1i MT2 was of high affinity (KD = 0.42 nM, n=2) and saturable (Bmax = 2.7 pmol/mg
protein). Competition of MLT and MLT analogues (0.1 pM - 10 pM) for 3H-4PPDOT (1.5 pM) to the hMT2 receptor followed monophasic curves and showed a
profile identical to that of the MT2 receptors labeled with 2-[125I]-iodomelatonin. The
affinities (Ki values, nM) significantly correlated with the affinities determined on
competition with 2-[l25I]-iodomelatonin binding. In CHO-hMT2 membranes the
affinity of 3H-4P-PDOT determined in saturation experiments (Kd = 0.42 nM) was
identical to the affinity of 4P-PDOT to compete for this radioligand (Ki= 0.44 ± 0.09
nM, n=3) and to antagonize MLT-mediated inhibition of dopamine release at the
MT2 presynaptic heteroreceptor (KB = 0.4 nM) of rabbit retina (Dubocovich et al.,
1997). 3H-4P-PDOT is a specific and selectively radioligand for the MT2 MLT
receptor that will be useful to localize and characterize MT2 MLT receptors in
peripheral and central nervous tissues. Supported by Mil 42922.

EFFECT OF ESTRADIOL (P-E) TREATMENT ON MELATONIN (MLT)
RECEPTORS IN VASCULAR AND NEURONAL TISSUES. C. Ersahin1, S.
Doolen3, W.M, Al-Ghoul1, M.l. Masana1*, S.P. Duckies3, D.N. Krause3 and M.L
Dubocovich12. 'Depts. Molecular Pharmacol. Biol. Chem. and 2Northwestern Drug
Discovery Program, Northwestern Univ. Med. School, Chicago, IL 60611 and 3Dept.
Pharmacology, College of Medicine, Univ. CA at Irvine, CA 92697.
MLT receptor-mediated functional responses are modulated by estradiol.
Specifically, MT2 MLT receptor-mediated vasodilation is enhanced in the caudal
artery of the female rat (Doolen et al., 1999). The expression of mti and MT2 MLT
receptors was studied in the caudal artery and the suprachiasmatic nucleus (SCN) of
ovariectomized (OVX) female rats and OVX rats were implanted with 17p-estradiol
(P-E) capsules for 2 weeks. Specific 2-[I25I]-iodomelatonin (120 pM) binding (1 pM
MLT) to caudal arteries of OVX rats, determined by quantitative receptor
autoradiography was: 0.29 ± 0.07 fmol/mg protein (n=6). p-E treatment significantly
increased specific binding to 0.63 ± 0.04 fmol/mg protein (n=6) (p < 0.05). In caudal
arteries from OVX rats, the subtype selective MT2 MLT receptor antagonist and mt|
inverse agonist (Dubocovich & Masana, In: Biological Clocks, Mechanisms and
Applications, Y.Touitou, ed., pp 289, 1998) 4P-PDOT (10-1000 nM) increased 2{’"Tj-iodomelatonin binding (1.94 ± 0.29 fmol/mg protein, n=6) when compared
with total binding (1.23 ± 0.06 fmol/mg protein, n=6). 4P-PDOT did not compete for
MT2 receptors but rather may act as an inverse agonist on constitutive mti receptors
increasing mti surface receptor density. p-E treatment increased total 2-[ 25I]iodomelatonin binding in caudal arteries from OVX rats to 2.28 ± 0.08 fmol/mg
protein (n=6)(p<0.05). 4P-PDOT did not change total binding, suggesting that p-E
is also acting to increase cell surface receptor density, without changing the
expression of mt) or MT2 receptors. Expression of mti and MT2 mRNA in the caudal
artery assessed by in situ hybridization was not affected by p-E treatment (Optical
density: 0.72 ± 0.09. n=6; 0.45 ± 0.03, n=6, respectively in OVX and 0.64 ± 0.07,
n=6,0.44 ± 0.02, n=6. respectively in OVX/E). (3—E did not modify specific 2-[125I]iodomelatonin binding or mti or MT2 mRNA expression in the SCN. We conclude
that 4P-PDOT and estrogen increased mti cell surface receptors in the caudal artery,
but not in the SCN, possibly by acting as an inverse agonist on constitutively active
mt, MLT receptors. Supported bv MII 42922 (MLD), HL 560775 (SPD) and T32
ES 07124 (WMA).

140.9

140.10

NEUROPHYSIOLOGICAL STUDIES OF A NOVEL MELATONIN
RECEPTOR
ANTAGONIST
(S22153)
IN
THE
RAT
SUPRACHIASMATIC NUCLEUS (SCN). B. Rusak1*. S-W Ying1 and

DIURNAL MODULATION OF K+ CHANNELS IN CHICK PINEAL
CELLS. Yutaka.Hasegawa*_. and Stuart E, Dryer, Dept. of Biology and
Biochemistry, University of Houston, Houston, TX 77204-5513.
We have investigated ion channels in acutely isolated and cultured chick
pineal cells maintained on 12 hr:12 hr light-dark (LD) cycles. In acutely
dissociated cells, a K+ channel with a unitary slope conductance of ~ 60 pS
was detected in excised inside-out patches. In these experiments, the
recording electrode was filled with normal extracellular saline (containing
5.4 mM CaCfy) and bath solution was composed of (mM) KCI 150, HEPES 10,
EGTA 10. In most acutely-isolated cells, this channel was not active prior to
patch excision into Ca2+-free saline. Gating in excised patches was not
markedly voltage-dependent, and was not changed by bath application of
10 pM free Ca2+ or 1 mM ATP. However, the channels were blocked by 5 mM
TEA. In cultured pineal cells maintained on LD cycles, the same channel
was detected in 19 out of 27 cell-attached patches during the night (ZT1521). In contrast, this channel was only observed in 5 out of 32 cell-attached
patches during the day (ZT2-6). Gating kinetics (i.e. mean open- and closed
times) under these conditions were similar to those observed in excised
patches. These results suggest that large-conductance K+ channels are
regulated by an unknown inhibitory intracellular signal under the control
either the circadian oscillator or light-dark cycles in chick pineal cells.
Supported by EYl 1973.

£■ Del a grange2. 'Dept. of Psychology, Dalhousie University, Halifax,
Nova Scotia, Canada, B3H 4J1; 2IRIS, Courbevoie Cedex, France.
Several subtypes of receptors for the pineal hormone melatonin have
been identified in vertebrates. At least one class of high affinity
melatonin receptors is found in the rat SCN, and melatonin has been
shown to have potent effects on circadian rhythms regulated by the
SCN. We have investigated the effects on spontaneous firing rates and
on responses to melatonin of a novel melatonin receptor ligand
(S22153) which has been reported to function as a selective melatonin
receptor antagonist.
SCN single-unit responses were recorded extracellularly in both a
urethane-anesthetized in vivo preparation and in a hypothalamic slice
preparation. For in vivo studies, S22153 was dissolved in 10% DMSO
(v/v)/0.9% NaCl, and injected intraperitoneally (ip). In brain slice
preparations, S22153 was dissolved in 0.01-0.1% DMSO/ACSF, and
applied by bath
application.
Melatonin was applied by
microiontophoresis in all experiments. Melatonin was highly effective
in suppressing firing rates of SCN cells in both situations. S22153 alone
decreased firing rates in vivo at doses higher than 5.0 mg/kg and in
brain slices at concentrations higher than 0.1 mM. However, at doses of
1-3 mg/kg and at a concentration of 0.01 mM, S22153 strongly
antagonized the effects of melatonin on SCN neuronal activity. At low
concentrations, S22153 appears to function as a highly effective
melatonin receptor antagonist in the SCN.
Supported by Institut de Recherches Internationales Servier and NSERC
of Canada.

140.11

140.12

SENSITIVITY OF THE MOUSE CIRCADIAN SYSTEM TO PHOTIC STIMULUS
DURATION AND INTENSITY E.D.Buhr, M.A.Laliberte, A-A.Lutterman, and
D.E.Nelson*.Department of Biology, University of St Thomas, St Paul, MN 55105
We have characterized the the sensitivity of the mouse (C57BL/6) circadian
entrainment pathway to photic stimulus duration and intensity using phase shifts
of the locomotor activity rhythm as an assay. Mice were entrained to 12:12 LD
cycles and then maintained in DD. Activity was monitored using a data acquisition
system (Chronobiology Kit). On day 7 of DD a single light pulse (“white” fluorescent
light, Sylvania:F40/CWX) was administered to each mouse at CT 16. To facilitate
comparisons with light measurements in other experiments, we recorded stimulus
levels in units of illuminance (lux) and irradiance (pW). Resulting phase delays
were used to determine the responsiveness of the circadian pacemaker and the
visual entrainment pathway to light. In an initial experiment we measured the
sensitivity to illuminance using 15 min pulses (N = 58). Increasing stimulus levels
above a threshold of approximately 1 lux induced increasing phase delays. A
sigmoidal curve fitted to the data (ALLFIT) had a minimum delay of -18 min,
maximum delay of -106 min, slope of -1.1 and half-saturation of 3.2 lux. In a
second experiment we measured the responsiveness to stimulus duration using
sub-saturating illuminance levels of 9 lux (N = 80). Significant phase delays were
not observed for durations <15 min. Durations of 1,3 and 6 h induced increasing
mean responses (as large as -190 ± 27 min, SEM, for 6 h pulses). In a final
experiment (N = 54) we measured the ability to integrate photons using pulses of
equal total photons (49.5 lux min). Equal-photon pulses of 5, 15 and 60 min
induced increasing responses. Delays of -63 min (±14 min) and -83 min (±13 min)
were induced by 15 and 60 min pulses, respectively, and were not significantly
different from one another. Pulses of 3 - 9 h induced decreasing responses that
were not significantly different from dark controls. The Mouse circadian
entrainment pathway appears maximally sensitive to the total photons delivered
in pulse durations of 15 to 60 min.

OLFACTORY STIMULATION ENHANCES LIGHT-INDUCED
PHASE SHIFTS IN ACTIVITY RHYTHMS AND FOS EXPRESSION
IN THE SUPRACHIASMATIC NUCLEUS.
S. Amir*, S. Cain, J. Sullivan, B, Robinson and J. Stewart. Center for
Studies in Behavioral Neurobiology, Concordia University, 1455 de Maisonneuve Blvd. W., Montreal, Quebec, Canada, H3G 1M8.
There is evidence that olfactory stimuli can modulate circadian rhythms
in mammals. Furthermore, olfactory bulb removal can alter free running
rhythms in animals housed in constant darkness and can attenuate the
effect of social stimuli on photic entrainment of circadian rhythms. The
mechanisms through which olfactory stimuli influence circadian rhythms
are not known. One possibility is that such stimuli influence circadian
rhythms by modulating the activity of the circadian clock located in the
hypothalamic suprachiasmatic nucleus (SCN). To study this, we assessed the effect of olfactory stimulation on free running rhythms and on
photic resetting of the circadian clock in rats using phase shifts in wheel
running rhythms and expression of the inducible transcription factor Fos
in the SCN. We found that brief exposure to an olfactory stimulus, cedar
wood essence, in the subjective day or subjective night had no effect on
either free running rhythms or Fos expression in the SCN, but that when
presented in combination with light, the odor dramatically enhanced lightinduced phase shifts and Fos expression in the SCN. Olfactory stimulation alone induced Fos in several structures that innervate the SCN,
pointing to ways by which stimulus information transmitted in the olfactory pathways could gain access to the SCN to modulate photic resetting.
These findings, showing that clock resetting by light can be facilitated by
olfactory stimulation, point to a mechanism by which olfactory cues can
modulate entrainment of circadian rhythms. Supported by MRC Canada.
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GASTRIN-RELEASING
PEPTIDE
(GRP)
PHASE-SHIFTS
RAT
SUPRACHIASMATIC NUCLEI FIRING RATE RHYTMS IN VITRO.
A, Coogan1. A.J. MacArthur2. S, BieUo3. and H, Piggms*1. ’Sch. of Biological
Sciences, University of Manchester, Manchester Ml3 9PT, 2Biomedical Sciences,
King’s College London, London WC2R 2LS, 3Dept. Psychology, University of
Glasgow, Glasgow G12 8QQ
In mammals, the principal circadian pacemaker is contained in the suprachiasmatic
nucleus of the hypothalamus (SCN). Gastrin-releasing peptide (GRP) and its receptor
are synthesised by rodent SCN neurones, but the role of GRP in circadian pacemaker
processes is unknown. In this study, we examined the phase-resetting effects of GRP
on the electrical activity rhythm of rat SCN neurones in vitro.
Coronal hypothalamic slices (500 pm thick) containing the SCN were obtained
during the light phase from adult male Wistar rats and continuously perfused with
oxygenated Earle’s Balanced Salt Solution (EBSS) in a brain slice chamber.
Extracellular recordings were made from spontaneously discharging neurones from 2h
to 72h following slice preparation. Circadian variation in the electrical activity of
SCN neurones in untreated, control slices peaked at the middle of the projected light
phase [zeitgeber time (ZT) 7.1, where ZTO=projected lights on] on days two and three
following slice preparation. In slices given GRP (10‘7 M in EBSS) early in the
projected night, the peak in this rhythm was delayed by ~ 3.1h, while in slices treated
with this concentration of GRP late in the projected night, the peak was advanced by
~2.8h. Treatments with GRP during the middle portion of the projected day did not
alter the peak in this rhythm. Pretreatment with the GRP receptor antagonist [D-Phe6,
Des-Met 4]BN(6-14)ethyl amide during the projected night blocked these phaseshifting effects of GRP, but this compound had no intrinsic phase altering effects on
the peak of the SCN electrical activity rhythm when applied alone during the projected
night. These results indicate that GRP phase-dependently phase-resets the electrical
activity rhythm of rat SCN neurones in vitro in a pattern resembling the effects of light
on rodent behavioural rhythms. (Supported by MRC UK).

ROLE OF THE TRANSCRIPTION FACTOR ApC/EBP IN THE
OCULAR RHYTHM OF APLYSIA. S. Hattar*, and A. Eskin.
Dept. Biology and Biochemistry, Univ. of Houston, Houston,
TX 77204.
Previously we reported that levels of mRNA for the
transcription factor, CCAAT enhancer-binding protein
(ApC/EBP), were rhythmic in eyes from intact animals kept
under 12:12 light dark (LD) cycles or constant darkness
(DD). Short duration treatments of entraining agents light
and 5-HT given to intact animals increased levels of
ApC/EBP mRNA at all phases tested. Effects of in vivo 1.5hr
treatment of light and 5-HT on ApC/EBP mRNA were phase
dependent and correlated well with their effects on the
ocular rhythm. Furthermore, the amplitude of ApC/EBP
mRNA rhythm was damped in older animals similar to the
dampening of the amplitude in the ocular rhythm with age.
Currently, antibodies have been raised against ApC/EBP
protein. Preliminary results indicate changes in levels of
ApC/EBP protein may mirror changes in levels of ApC/EBP
mRNA. A detailed analysis of changes on the protein level of
ApC/EBP will hopefully lead to a better understanding of its
role in the ocular rhythm of Aplysia. (Supported by NIMH
MH41979).

140.15

140.16

IDENTIFICATION OF CURRENTS MEDIATING THE AFTERHYPERPOLARIZATION
OF
SUPRACHIASMATIC
NUCLEUS
NEURONS. K. TESHIMA AND C.N. ALLEN*. Cntr Res Occup &
Environ Toxicol & Depart Physiol. & Pharm., OR Hlth Sci Univ,
Portland, OR 97201.
Suprachiasmatic nucleus (SCN) neurons fire action potentials in a
circadian manner. Current and voltage clamp recordings were performed,
using the nystatin perforated patch technique together with SCN slices at
different times of the circadian day. In current-clamp mode, membrane
depolarization activated a train of action potentials that were followed by
An afterhyperpolarization (AHPT). The AHPT amplitude was significantly
larger in spontaneously firing neurons and was blocked by d-tubocurare
(300 pM), apamin (100 nM) and Cd2+ (100 pM) but not by iberiotoxin
(50 nM)*or TEA (1 mM). Both d-tubocurare and apamin inhibited spike
frequency adaptation during a sustained depolarization. No significant
differences in AHPT amplitude were observed at different circadian times.
In voltage-clamp mode, application of a depolarizing step in the presence
of tetrodotoxin (1 JiM) and TEA (5 mM) activated a voltage-gated Ca2+
current in poorly clamped portions of the SCN neurons followed by an
outward tail current. The tail current was blocked by addition of Cd , dtubocurare and apamin. The tail current reversed in amplitude near the
theoretical K+ equilibrium potential. These data are consistent with the tail
current flowing through SK-type Ca2+-activated-K+ channels activated by
Ca2+ influx through voltage-gated Ca2+ channels. These data indicate that
SK-type Ca2+-activated K+ channels mediate the AHPT that follows a train
of action potentials in SCN neurons. The work was supported by grant
NS036607.

EFFECTS OF ACUTE AND CHRONIC INJECTIONS OF ETHANOL ON THE
CIRCADIAN RHYTHMICITY OF ACTIVITY AND TEMPERATURE IN DARK
ADAPTED RATS. J. A. Wasielewski*, J. A. Mechanic, K. L. Carl, M. O. Wollan, M.
C, Mhatre, F, A. Holloway. Department of Psychiatry and Behavioral Sciences,
University of Oklahoma Health Sciences Center; Oklahoma City, OK 73190
Previous studies have displayed the ability of ethanol to shift or disrupt the circadian
rhythm (CR) in animals under an alternating light/dark (LD) schedule. The aim of the
present study is to explore the ability of ethanol to shift the CR in dark-adapted, freerunning rats. Past research has likened the hangover effect associated with ethanol
intake to that ofjet-lag. These shifts in CR have been shown to disrupt performance on
tests measuring cognitive ability and reaction time. Twenty male Sprague-Dawiey rats
were implanted with telemetry devices to determine the extent of circadian variation in
activity and temperature due to the administration of ethanol, saline or no treatment. The
effects of acute and chronic ethanol injections were analyzed using the cosinor
parameters; period, mesor, amplitude and acrophase. All animals underwent a series of
varying time segments consisting of a LD baseline followed by a period of constant
dark (DD), during which, pre-acute, chronic and post-acute injections were
administered. The analysis of temperature and activity data displayed significant
differences within treatment groups for various cosinor parameters during the DD
period. The between groups analyses of both variables also displayed differences
between ethanol and saline controls or ethanol and non-treatment controls for various
time segments.
Consistent with previous research completed in LD paradigms, injections of ethanol
administered in DD appear to alter various aspects of an animal’s biological rhythm as
well. Additionally, there seems to be the potential for ethanol to phase-advance both
temperature and activity cycles. While it is unclear if ethanol is able to serve as a
zeitgeber under these conditions, the current results provide a strong indication that
ethanol does have the ability to disrupt the CR of dark-adapted free running animals.
Research supported by NIDA 5T32 DA07248 and NIAAA 1ROI AA08333.

140.17

140.18

DIURNAL MODULATION OF SYNAPTIC PLASTICITY IN THE
HAMSTER HIPPOCAMPAL SLICE. J. M. Horowitz*. A, V.
Raghavan, and C, A, Fuller. Section of Neurobioiogy, Physiology and
Behavior, Univ. of Calif., Davis, CA 95616-8519
We tested the hypothesis that the magnitude of long-term potentiation
(LTP) in hippocampal slices from hamsters sacrificed during the day
was significantly greater than that of animals sacrificed during the
night. LTP was evoked in slices from Syrian hamsters, Mesocricetus
auratus (a nocturnal species with a highly stable activity rhythm),
entrained to a 14:10 light:dark cycle. Population spike (PS) amplitudes
from CAI pyramidal cells were measured before (control) and after
tetanizing the Schaffer/collateral commissural pathway. Slices from
animals sacrificed within a one hour period during the day, between
zeitgeber time (ZT) 0430 and 0530, were incubated, and then tetanized
between ZT 1340 and 1930, where ZT = 0 denotes lights on. In a
second group, slices from animals sacrificed within a one hour period
during the night, between ZT 1830 and 1930, were incubated, and
tetanized between ZT 0030 and 0410. LTP, a sustained increase in PS
amplitude (by at least 30% recorded 30 minutes following tetanus),
was evoked in both groups. PS amplitude increased by 102.7 ± 20.3%
above control (n = 13) in day-sacrificed animals, a greater change than
the 48.0 ± 7.5% increase (n = 10) in night-sacrificed animals (p< 0.05).
Thus, hamster slices prepared during the day show more robust changes
in synaptic plasticity than do slices prepared at night.

PERSISTENCE OF CIRCADIAN RHYTHMICITY IN THE ISOLATED
ABDOMINAL GANGLIA OF CRAYFISH. L. Rodriouez-Sosa^V. Anava2 and
H. Arechiga1. division de Estudios de Posgrado e Investigation, Facultad de
Medicina, UNAM. Mexico, D.F. 04510. 2 Depto. de Fisiologia, Biofisica y
Neurociencias, CINVESTAV, IPN. Mexico, D.F.
Circadian rhythmicity appears to be a distributed function in the crustacean
nervous system. It has been documented for neurosecretory activity in the
isolated eyestalk (J. mar. Biol. Ass. U.K. 77:17, 1997), as well as in the
isolated retina of crayfish (Proc. R. Soc. Lond. 265:1819, 1998). We report
the persistence of rhythmicity in the isolated abdominal ganglia of the
crayfish Procambarus clarkii. The activity of the tonic flexor motoneurons was
extracellularly recorded from the superficial root of abdominal ganglia.
Continuous recordings were made with suction electrodes, for up to 72
hours, with conventional recording and monitoring techniques. Some
preparations were recorded immediately after excision; some others were
kept in organ culture medium, at 16 °C in sterile containers for up to one
week prior to recording. Spontaneous electncal activity was recorded, from
the six superficial tonic flexor neurons (F1-F6), at constant temperature.
Instantaneous firing rate, interspike intervals, autocorrelation and crosscorrelation were determined with Spike2 software.
All six neurons displayed spontaneous activity; and in most recording^,
transitions from tonic to bursting activity were detected along the 24 hours
cycle. Phase differences were apparent between all units, with a definite
trend towards a nocturnal acrophase.
These results suggest the existence of an endogenous capability in
abdominal ganglia for generating circadian rhythmicity.
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A CIRCADIAN CLOCK AFFECTS GLYCOLYSIS AND pH IN THE
VERTEBRATE RETINA. A. V, Dmitriev and S.C, Mangel*. Dept. of
Neurobiology, Univ. of Alabama Sch. of Med., Birmingham, AL 35294

LIGHT INDUCES C-FOS IN PACAP CONTAINING RETINAL GANGLION
CELLS OF THE RETINO-HYPOTHALAMIC TRACT DURING THE SUBJECTIVE DAY.*

A circadian clock regulates the pH and metabolic activity of the retina
so that the pH is lower at night than in the day (Dmitriev et al., 1999).
We thus investigated whether retinal pH is dependent on metabolic
activity, as well as whether the day/night difference in retinal pH reflects
circadian clock regulation of glycolysis. Isolated goldfish retinas were
superfused in constant darkness with a bicarbonate-based Ringer and
periodically stimulated with dim lights. Light-evoked retinal activity was
monitored by measuring extracellular potassium and the ERG.
Extracellular pH and potassium were measured with ion-selective
electrodes. Retinal pH was always more acidic than Ringer pH. The
difference between Ringer and retinal pH was significantly greater (p <
0.05) during the subjective night (0.27 + 0.01 (SEM)), compared to the
subjective day (0.21 + 0.01). Replacing glucose (10 mM) with pyruvate
(20 mM) for 24 min decreased the amplitude of light-evoked activity and
the difference between retinal and Ringer pH by 10-20%. Superfusion
with pyruvate (20 mM) and iodoacetate (2 mM), a blocker of glycolysis,
for 24 min dramatically reduced light-evoked responses and reduced the
day/night difference in retinal pH such that the difference between retinal
and Ringer pH in the subjective night (0.13 ± 0.01 (n=7)) was not
significantly different (p > 0.5) from that in the subjective day (0.11 +
0.01 (n=8)). These findings 1) indicate that retinal pH is dependent on
metabolic activity and 2) suggest that the day/night difference in retinal
pH is due in part to an effect of the clock on glycolysis.
Supported by grants from the NSF and NIH.

Jens Hannibal. Jan Fahrenkrug. Depart.Clin.Biochemistry, Bispebjerg Hospital, University
of Copenhagen, DK-2400 NV, Denmark
The retinohypothalamic tract (RHT) originates from a distinct subset of retinal ganglion
cells immunoreactive for the neurotransmitters PACAP and glutamate. The RHT mediates
photic entrainment of the suprachiasmatic nucleus (SCN). Light induces c-fos expression
at dawn in a population of retinal ganglion cells. Using double immunohistochemistry for
PACAP and c-fos we examined 1) retinal ganglion cells for co-existence of c-fos and
PACAP during light stimulation, 2) the time course of light stimulated c-fos immunoreactivity during the subjective day. The rat used were photo-entrained to a 12/12 h light:dark
photoperiod.
At dawn (zeitgeber ZT0) light induced c-fos immunoreactivity in a large group of ganglion
cells and in cell of the inner nuclear layer (INL). A subpopulation of the c-fos positive
ganglion cells also stored PACAP immunoreactivity. C-fos immunoreactivity was seen 30
min after light was turned on and reached maximum after 2 h (ZT2). Hereafter a rapid
decrease was seen in the INL and in all ganglion cells not containing PACAP. In the
PACAP immunoreactive ganglion cells c-fos staining persisted in the nucleus until dusk
(ZT12). The expression of c-fos was light-dependent during the day since no c-fos
immunoreactivity was detectable if animals were kept in constant darkness. Dark pulse
starting at ZT6 also inhibited c-fos immunoreacticity in the PACAP containing ganglion
cells within one hour.
In conclusion light induces c-fos immunoreactivity in PACAP containing ganglion cells
of the RHT throughout the subjective day suggesting that these cells are important for the
light signalling to SCN at a time where light it self is unable phase shift of the rhythm.

COGNITION: HIGHER FUNCTIONS—VISUAL

141.1

141.2

ERP CORRELATES OF FACE CATEGORIZATION.
___
HanoteauL R. BruverL J.M. Guerit2, M, Crommelinck2*. ILab. of Cognitive
Neuropsychology, UCL, Louvain-la-Neuve; 2Lab. of Neurophysiology, UCL, Brussels,
Belgium.
Categorization consists in grouping in a unique category several exemplars sharing
common properties by neglecting their differences. Recent behavioral studies have
shown a facilitation to discriminate between-category differences as compared to withmcategory differences, even if the nature and magnitude of the physical difference is kept
constant (Beale & Keil, 1995; Young et al., 1997). The present study aims at giving a
neurophysiological account of this facilitation phenomenon.
Five faces were combined two per two by means of a morphing procedure. Different
morphed faces were then associated in pairs. In 50% of the pairs, the faces belong to the
same identity-category (intra-categorical differences), in the other 50%, they belong to
two different identity-categories (between-categorical differences). A third set of pairs
with two identical stimuli was also created (no difference). Event-related potentials from
58 electrodes at standard EEG sites were recorded while 10 subjects were randomly
presented with the three sets of pairs. The task consisted in deciding for each pair if the
second image was exactly the same as the first image (delayed same-different matching
task).
The main result concerns the occipito-temporal negativities (OTN) recorded at T5/T6
sites about 160 ms following stimulus onset. Whereas these OTN showed no
significant differences (in amplitude and latency) for the first image in each condition,
the second image gives rise to OTN of different amplitudes, mainly in the right
hemisphere (T6).
The similarity in amplitude and latency of OTN evoked by the first image of the pairs
in the three conditions suggests an identical processing of configurational informations
of the morphed faces presented randomly in the experiment. However, the difference in
amplitude showed on OTN (at T6) for the second image of these pairs suggests an eariy
modulation of discrimination process by categorical appartenance.
Supported by ARC grant n°95/00-189. First author is supported by FNRS.

HEMISPHERIC LATERALIZATION IN FACE RECOGNITION:
INFLUENCE OF INDIVIDUAL DIFFERENCES
Henry A. Buchtel1* and Michael Weisslitz. 1 Psychology Service,
VAMC Ann Arbor and Departments of Psychiatry and Psychology,
Ann Arbor MI 48109.
It is commonly believed that the right cerebral hemisphere is
dominant for face perception and recognition, but several findings
suggest the importance of individual differences (Rizzolatti &
Buchtel, 1977, Cortex, 13:300-305; Pizzamiglio, Zoccolotti, et al.,
1983, Brain & Cognition, 2:176-188). The present study investigated
the relationship between perceptual ability on the Embedded Figures
Test (EFT) and choice reaction time (RT) in the left and right visual
fields to two target faces and two non-target faces. We also studied
RTs to the lateralized target faces under conditions of an altered
feature (e.g., different nose, for example) and altered spatial relations
(e.g., mouth lower).
Results suggest that individual differences in perceptual ability are
related to the hemispheric organization of face recognition. During
the initial learning of the faces, those with poor scores on the EFT
showed a right visual field (left hemisphere) superiority, while those
with a good EFT score did not. After becoming familiar with the
faces, those with a good EFT scores showed a left visual field (right
hemisphere) superiority, while those with poor scores on the EFT did
not. The findings have significant implications for understanding
how the brain recognizes faces in individuals with diverse perceptual
abilities.
(Supported by the VA Medical Center, Ann Arbor MI)

141.3

141.4

GENERATORS OF VISUAL EVOKED POTENTIALS ELICITED BY
FACES AND EYES IN THE HUMAN BRAIN EXHIBITED BY DIPOLE
TRACING ANALYSIS.
T. Shibata2, H. Nishijo1. R, Tamura1, K. Miyamoto1, S. Eifuku1, S. Endo2
and T. Ono1*. Departments of ‘Physiology and 2Neurosurgery, Toyama
Medical and Pharmaceutical University, Toyama 930-0194, Japan.
It has been suggested that, in an early stage of face information
processings face is encoded holistically, which is followed by a process to
encode individual facial features such as eyes. In the present study, human
visual evoked potentials (VEPs) were recorded during presentation of
photos of human and animal faces and various face features. Negative
waves with approximate peak latency of 165 msec (N170), dipoles of
which were proposed to be located at the eye-sensitive regions mainly
within the occipito-temporal sulcus in previous neurophysiological studies,
were bilaterally recorded from the occipito-temporal regions. Mean peak
latencies of N170 were significantly earlier for faces than those for eyes
only. Analysis of amplitude of N170 indicated that the VEPs for a face
were tuned to a general face regardless of species, but those for eyes were
tuned to human rather than animal eyes. Dipole tracing analysis indicated
that dipoles for eyes were located in the posterior inferior temporal gyrus,
and those for faces, located initially in the same region, but moved toward
the fusiform and lingual gyri at the late phase of N170. Locations of the
dipoles at the late phase of the N170 for a face corresponded well to the
regions where face-sensitive VEPs (N200) for a face was recorded by the
previous depth recording studies. These characteristics of N170 suggest
that a face and eyes are processed by anatomically distinct neural systems,
and that the oblique generators of N170 and the radial generators of N200
are sequentially activated during early information processing of a human
face. This information processing for a face might correspond to an initial
structural encoding stage of human faces, where physiognomic
information is detected and preferentially processed.

THE EFFECTS OF FAMILIARITY, SEX OF
PARTICIPANT, AND SEX OF FACE STIMULI
ON FACE RECOGNIZABILITY AND LOCALIZATION
OF FACE RECOGNITION USING EEG ALPHA
DESYNCHRONIZATION
H, Zaiac, J.A.Dale & J.D. Cross*
Allegheny College
Participants’ EEC (n=24) activity was measured while
viewing unfamiliar faces, pairs of unfamiliar vs. newly
familiar faces, and pairs of unfamiliar vs. famous faces.
The number of faces that were correctly recognized as
familiar was also recorded. Using power from 9.5 to
10.5hz, unfamiliar faces resulted in more alpha
desynchronization at Cz than both newly familiar and
famous faces. Newly familiar and famous faces resulted
in more alpha desynchronization than unfamiliar faces
at a site over the temporal lobe below C4 and P4 (TA)
A sex difference occurred in alpha desynchronization at
TA with males (n=12) resulting in more alpha
desynchronization than females. This research supports
and validates the use of EEG alpha activity for the
localization of cognitive functions, specifically face
recognition. This implies that a task like this one might
be useful in a battery of tests that are involved in the
localization of brain dysfunction.
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PROSOPAGNOSIA: A DEFICIT OF FACE SPECIFIC FEATURAL
PROCEDURES? B, de Gelder.1’2 B. Rossion.2’3 A. de VolderJ j.M,
Bodart3 and M. Crommelinck2. ’Dept. of Cognitive Neuroscience,
LJniv. of Tilburg, Tilburg, The Netherlands; 2Lab. of
Neurophysiology, Univ. of Louvain, Brussels, Belgium; 3PET Unit,
Univ. of Louvain, Louvain-la-Neuve, Belgium. (SPON: European
Brain and Behaviour Society).
Face deficits can lead to a reversal and exacerbation of normal
functional patterns leading to better processing of inverted than
upright faces. This contradicts the received view that prosopagnosic
patients use local features to discriminate faces. In a PET study of
normal Ss a double dissociation was observed between featural (LH)
and global processing (RH) of faces in the fusiform gyrus providing
evidence for a bi-hemipsheric neural model of human face
processing. Using the same procedure in a PET study with a
developmental prosopagnosic patient (AV) shows that the impairment
is most marked in the absence of activation of featural processing
within the left fusiform face area.

PERCEPTION OF FACIAL EXPRESSIONS IN A BLINDSIGHT
PATIENT. G, Pourtois.1,2 B. de Gelder.1,2 B. Rossion,2.^
Weiskrantz.3 J.M, Guerit2 and M. Crommelinck2. ’Dept. of Cognitive
Neuroscience, Univ. of Tilburg, Tilburg, The Netherlands; Lab. of
Neurophysiology, Univ. of Louvain, Brussels, Belgium; 3Dept. of
Experimental Psychology, Univ. of Oxford, Oxford, UK. (SPON:
European Brain and Behaviour Society).
Visual event-related potentials (ERPs) have been recorded
(Neuroscan 64 channels) in a patient (GY) with right homonymous
hemianopia. Achromatic and chromatic faces from different
expression categories (Ekman series) were presented to the left and
right visual field. Stimulus presentation in RVF yielded evidence of
strong temporal negativity at centro-temporal sites (latency: 180 ms)
suggesting an early visual processing of facial expressions. When
presented in his good visual field, the same stimuli elicited a facespecific positive component at Cz and a strong N300 component at
centro-parietal sites which has been previously shown to be related to
the emotional content of the stimuli presented. Brain activity elicited
by facial expressions is evidenced similarly in the left and right
ventral visual stream.

141.7

141.8

SIZE RECOGNITION IN HEALTHY VOLUNTEERS (NV), A BRAIN BLOOD
FI OW INVESTIGATION. H. Holcomb*. A. Parwani. D. Medoff. Nina Ma. and
C. Tamminaa. Maryland Psychiatric Research Center, Univ. Maryland,
Baltimore, MD. 21228.
When making decisions about the relative sizes of two objects a person may
use multiple environmental cues associated with spatial relationships. In this
15-Oxygen, cerebral blood flow study, we have asked how the brain switches
physiological activity when an object is being merely viewed versus assessed
for relative size. Changes from temporal to parietal activity were anticipated.
NV (n=7) were trained to make size judgements (large or small) about two
black rectangles presented on a computer screen in a forced choice task.
Passive viewing without a motor response, viewing with synchronized button
presses (R alternating L), and size decisions associated with a button press
were studied with the bolus water PET method. The contrast between passive
viewing and button press indicated an activity focus in the Left GTm; the
recognition scans contrasted with the button press revealed marked activation
in frontal (R), cerebellar (L), and parietal regions (R) indicated in this figure.
Size judgment may depend heavily on a frontal-parietal -cerebellar system.

THE NEURAL BASIS OF ORIENTATION NORMALIZATION IN OBJECT
RECOGNITION. K.P. Wilson & M.J. Farah*. Department of Psychology,
University of Pennsylvania, Philadelphia, PA 19104.
How do we recognize familiar objects in novel orientations? One possibility is that we use mental rotation, whereby the internal representation of
a stimulus is rotated through intermediate orientations until it matches a
stored image. Behavioral studies have shown that reaction times are proportional to angular disparity during both mental rotation and rotated object
recognition, consistent with this hypothesis. As a further test, we compared patterns of brain activity during mental rotation and rotated object
recognition using fMRI at 1.5T. Subjects performed an object-naming task
using pictures of everyday objects and two classic mental rotation tasks
involving left/right and mirror-image discrimination. Stimuli were pictureplane rotated in each task and data were analyzed using a modified general
linear model for serially correlated data. Results of Experiment #1 indicated
that stimulus rotation was associated with greater activity in dorsal and ventral visual stream areas during both mental rotation and object recognition.
Experiment #2 confirmed these results using a self-paced trial design, ruling out alternative hypotheses involving duty-cycle effects. In Experiment
#3, stimulus orientation was varied parametrically and the quantitative relationship between fMRI signal intensity and stimulus orientation was assessed. The results showed that during mental rotation, orientation effects were greater in posterior parietal cortex than in inferior temporal cortex. During object recognition, on the other hand, orientation effects were
greater in inferior temporal cortex than in posterior parietal cortex. This
crossover interaction suggests that although rotated object recognition
and mental rotation share common resources in the dorsal and ventral visual processing streams, the two tasks differentially engage these systems.

(Supported by the National Institute on Aging)

Work supported by the William K . Warren Foundation and NIMH
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HERE'S LOOKING AT YOU: SEX-SPECIFIC PROCESSING OF EYECONTACT WITHIN THE HUMAN MESIAL TEMPORAL LOBE. N. Pezer1,
T. Grunwald-, P.G. Falkai-*, C.E. Eiger1. ’Pent. of Epileptology, 2Dept. of
Psychiatry; Bonn University Medical Center, 53105 Bonn, Germany.
The human mesial temporal lobe (MTL) contributes to the processing of
faces and emotional facial expressions. Studies with human patients and nonhuman primates also indicate that neuronal activity within the MTL is especially
sensitive to eye-contact. Here we report on limbic event-related potentials to
faces recorded directly from the non-epileptic temporal lobe of 13 female and 13
male patients undergoing invasive presurgical evaluation for epilepsy surgery.
We presented photographs of male and female patients that either did or did not
look directly into the camera thus establishing eye-contact with the viewer or not.
Faces elicited pronounced negative field potentials within the anterior MTL
peaking around 400 ms (AMTL-N400) whose amplitudes were significantly
higher to faces with eye-contact than to those without (F(l,25)= 14.49; p=
0.001). However, while in female patients significant AMTL-N400 amplitude
differences were only present when they viewed male but not female faces,
AMTL-N400s in male patients were sensitive to eye-contact only with female but
not male: faces. Thus, neuronal activity within the MTL was only sensitive to eyecontact when the subjects viewed faces of persons of the opposite sex. This
indicates that eye-contact represents a sex-specific social signal and that human
MTL structures are critically involved in its perception.

RESPONSE COMPETITION INDUCES INCREASES IN CEREBRAL
ACTIVATION AS REVEALED WITH fMRI. E, Hazeltine1, R.A. Poldrack1,
J.D.E. Gabrieli1, & R.B. Ivry2*. 'Dept. of Psychology, Stanford University,
Stanford, CA 94305; 2Dept. of Psychology, UC Berkeley, Berkeley, CA
94720.
Eight normal participants performed a modified version of the flanker task
(Eriksen & Eriksen, 1974) while undergoing functional magnetic resonance
imaging (fMRI). Tlie task required that responses be made based on the color
of a centrally presented stimulus (target) while the color of two stimuli
(flankers) presented simultaneously with the target in the left and right
hemifields was to be ignored. Tlie task used a 4:2 mapping so two colors
required responses with tlie left index finger and two colors required
responses with the right index finger. The target differed from the color of
tlie flankers on every trial, but tlie flanker color could indicate tlie same
(congruent) or different (incongruent) response. Incongruent trials induced
significant increases in reaction times, indicating activation of tlie
inappropriate response codes. In alternating 17 s blocks, the proportions of
incongruent trials switched from .88 to . 12. Consistent with earlier
neuropsychological findings (Rafal et al., 1996), blocks of predominantly
incongruent trials showed activation increases in the inferior and middle
frontal gyri when compared to tlie congruent blocks. These changes were
particularly evident in tlie right hemisphere. Increases were also observed in
tlie left caudate and SMA. No areas showed significant increases when the
congruent blocks were compared to tlie incongruent blocks. The results
support a role for the frontal region in tlie inhibition/selection of response
options.
Research supported by an NRSA post-doctoral training grant (MH1184901A2) awarded to the first author.

Supported by the DFG (project E1122/4-1 and SFB 400) and the BONFOR

program.
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DOES STIMULUS DEGRADATION INCREASE P3b LATENCY?
MEASUREMENT ISSUES. C. A. Christensen, 1.2* M. Gibbons.2
and KJ, Drake1. 1 Department of Psychology and 2Program in
Cognitive Science, Vassar College; Poughkeepsie, NY 126040313.
P3b latency has often been shown to increase when stimuli are
degraded, supporting the contention that the latency of this peak
reflects the duration of stimulus evaluation. However, many
studies have measured P3b in a window broad enough to include
the P4 peak (also called the P-CR). The later peak appears to
overlap and augment the P3b peak when responses are emitted
rapidly, but emerges as a separate peak when reaction times
(RTs) are prolonged. This raises the possibility that apparent P3b
delay reflects a misidentification of the P4 as the P3b peak on
degraded trials. To evaluate this possibility both peaks were
assessed in two choice-RT tasks with the words LEFT and RIGHT
used as stimuli. Degradation in one task was achieved by adding
visual noise and in the other by embedding stimuli in a matrix of
letters, after the method of McCarthy and Donchin, 1980. Results
from the two tasks were equivalent. RTs were significantly
prolonged by degradation, validating the manipulation. However,
P3b latency increase was not observed on degraded trials. On
those trials P3b amplitude was reduced and the P4 peak was more
pronounced.
Whether the degradation-induced P3b latency
increase reported by others reflects P3b-P4 confusion is unclear.
When measurement windows targeting both peaks were
employed, P3b was not delayed when discrimination was made
more difficult, a result at odds with the classic finding.

TRANSIENT INTERHEMISHERIC COHERENCE REFLECTS
VISUAL AWARENESS
T. Mima^T. Oluwatimilehin. T. Hiraoka, N. Simpkins. M. Hallett
Human Motor Control Section, NINDS, NIH, Bethesda, MD 20892.

Support: Research Committee, Vassar College

Right and left hemispheres must communicate with each other to constitute the
neural correlate of a unitary visual stimulus spanning the visual midline. This
integration might be achieved by neuronal synchronization (coherence).
To test this hypothesis, we studied the electroencephalographic (EEG)
interhemispheric coherence during an object detection task in 8 normal
volunteers. Subjects were asked to discriminate familiar unitary objects from
swirled meaningless ones presented at the center of the visual field. EEG
coherence was computed at the electrode pairs connecting the right and left
temporal-occipital (ventral visual pathway). Coherence spectra revealed a
significant increase of coherence in 8-12 Hz (alpha band) at 117-373 ms
following the target stimuli. This transient coherence increase did not occur with
meaningless objects or when the detection of tlie familiar object failed. When tlie
same set of stimuli was presented passively, this coherence increase also
disappeared. To test the connection-specificity of the interhemispheric coherence,
we applied the same set of stimuli presented either on the right or left side of the
visual field. The coherence increase was not observed in this second experiment.
These data suggest that the interhemispheric EEG coherence in alpha band
dynamically reflects the recognition of the object located at the center of the
visual field. It is likely that the cognition of static objects might require an
attentional top-down modulation because it presumes the previous knowledge of
targets (familiarity). Our results are in favor of tlie possibility that a certain level
of neural synchrony is a prerequisite for visual awareness.

NEURAL BASIS OF BEHAVIOR: COGNITION—ATTENTION: AUDITORY, SOMATOSENSORY
AND CROSS-MODEL ATTENTION
142.1

142.2

COVERT AUDIOSPATTAL ATTENTION USING VIRTUAL SOUND
SOURCES. M. L, Spezio*, L. D. Sanders and H. T. Neville Institute of
Neuroscience, University of Oregon, Eugene OR 97403.

SELECTIVE ATTENTION TO AUDITORY STIMULI: AN
APPLICATION OF THE EVENT RELATED WAVELET.
P.A, Peterson1* and C.A Seger2. *Dept. of Computer Science and 2Dept. of
Psychology, Colorado State University; Fort Collins, CO 80523.
The auditory event related potential (ERP) has been extensively studied in
selective attention paradigms. Differential effects of attention to auditory
stimuli are usually demonstrated by changes in the amplitudes and/or
latencies of the peak components of the corresponding ERPs. At the same
time, there is growing evidence that the frequency distribution of the
electroencephalogram (EEG) has correlates in attention. However,
frequency representations of EEG obtained with Fourier analyses usually
discard temporal information. We used wavelet transforms to investigate
the temporal dynamics in the frequency distribution of the auditory ERP.
ERPs were recorded in response to an alternating dichotic listening task.
The event related wavelet (ERW) was computed for each ERP. Thus,
difference waveform ERPs produced difference waveform ERWs.
Difference waveform ERWs provide displays of the relative difference in
energy level between two conditions at varying scales and latencies.
Because wavelet scales roughly map to frequency bands, the ERWs give
insight into the distribution of the ERP’s energy in both time and frequency.
The ERW demonstrated that the ERP’s frequency distribution has
significant temporal dynamics. Thus, the ERW provides very different
information than simple unwindowed Fourier transforms. By giving
explicit insight into the spectral characteristics of brain electrophysiology
otherwise unattainable with traditional ERP analyses, the ERW provides
another window into the physiological basis of selective auditory attention.

What are the neural substrates of sustained (i.e., directionally focused over
many trials) and transient (i.e., directionally shifting over many trials) spatial
attention and how do they differ? Previous work in the visual modality using
reaction times and event-related potentials (ERPs) has led to a proposal that
transient, but not sustained, spatial attention involves a cue-dependent activity
within the posterior parietal cortex (PPC). In the present study, behavioral ana
ERP data were collected simultaneously using both transient and sustained
designs, each involving the presentation of a central visual cue and an auditory
target. Targets were broad-band noises (1-13 kHz) pre-convolved with headrelated impulse responses from a standard subject and presented over headphones
(Etymotics ER-1). Four virtual locations were used: upper and lower, left of
mialine; upper and lower, right of midline. Subjects were directed to covertly
attend to the side specified by a central arrow. For each trial, the central arrow
preceded an auditory target by 500 ms (50% valid trials). Subjects pressed one
button if the target was above and another button if the target was below the
horizontal plane. Reaction times were lower for validly cued than for invalidly
cued targets in both the transient and sustained conditions. There was no
difference in validity effect between attentional conditions. Also, peak negativity
between 50-150 ms (i.e., N100) was significandy greater for validly than for
invalidly cued targets, but only in the transient attention condition. These results
in the auditory modality are consistent with past findings in the visual modality
that transient and sustained attention yield the same behavioral effects while
transient attention alone results in a modulation of the Nl ERP component.
However, this work does not support the hypothesis that the difference in ERPs
is a result of a cue-dependent PPC activity in transient spatial attention.
Supported by grants from the NIDCD (DC00128) and the NIGMS (5-T32GM07257).

142.3

142.4

SOMATOSENSORY MODULATION OF VISUOSPATIAL HEMINEGLECT BY
TRANSCUTANEOUS ELECTRICAL NEURAL STIMULATION AND CYCLIC
PRESSURE APPLICATION. C Lafosse12*, E. Kerckhofs3, M. Troch2, W.
Duquet3, E. Vandenbussche1. ‘Laboratory of Neuropsychology. KULeuven.
Belgium; 2Revalidation Center Hof ter Schelde, Antwerp; 3Dep. Physical
Therapy, VUB, Belgium.
Introduction. We investigated the effects of left transcutaneous
electrical stimulation (TENS), cyclic pressure application (CPA) and the
combination of both on left visuospatial neglect. Method. 13 Patients (mean
age 63) with left visuospatial neglect (mean time between stimulation and
lesion onset = 4.15 months, range 1-9) received four stimulation conditions:
TENS, CPA, TENS + CPA and a control condition without active stimulation.
During the stimulation (t1), immediately after (t2) and 30 minutes post
stimulation (t3), the subjects performed 3 visuo-motor exploratory tasks, i.e.
Star Cancellation (SC), Schenckenberg Line Bisection (SLB) and a
Configurational Line bisection task (CLB). Results. The results were task and
time dependent. TENS temporarily improved left exploratory performance
significantly on the SC and the SLB respectively at t3 and t1. Even within one
task there was a differential stimulation effect according to the length of the
bisected lines: on the CLB task the combination of TENS and CPA improved
performance for the long lines at t3 and only CPA modulated bisection of the
short lines at t1. Based on the SC task, MANOVA further revealed that
improvement was most pronounced in patients stimulated within two months
post lesion onset. Discussion. The results indicate: (1) a task and time
dependent left somatosensory modulation specificity suggesting modulation of
the egocentric co-ordinates of extrapersonal space distorted in patients with
left hemispatial neglect; (2) that this modulation was most effective within two
months post lesion onset suggesting behavioural plasticity within this period.

RELATION OF EXTINCTION TO LESION SITE IN VISUAL,
AUDITORY AND TACTILE MODALITIES
G. C. Baylis*. C. L, Gore. R. Shisler. Dept. Psychology,
University of South Carolina, Columbia, SC, and L. L. Baylis.
Dept. Psychology Presbyterian College, Clinton, SC 29325.
Visual extinction occurs following unilateral brain damage
and is detected when a patient will fail to notice
contralesional items only when an item is also present in the
ipsilesional field. A similar phenomenon is seen in auditory
and tactile modalities.
It remains contraversial the extent to which extinction
represents a low-level sensory gating phenomenon, or an
attention-related problem at the highest levels of perception.
Baylis, Driver and Rafal (1993, J. Cog. Neurosci) manipulated
whether the two stimuli used were the same in the two fields.
Their results suggested that jn visual extinction following
lesions to the dorsal visual system, extinction may represent
a failure to become aware of unified objects, despite the fact
that the stimulus features are analyzed in the contralesional
field.
In the present study we investigate whether extinction in
other modalities follows a similar pattern, and whether the
type of extinction depends on whether the lesion is primarily
cortical or subcortical. Results suggest that extinction may be
largely sensory in nature when lesions are subcortical, but
an attentional phenomenon following cortical lesions.

None.
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142.6

VISION INFLUENCES TACTILE PERCEPTION AT BODY SITES
THAT CANNOT BE VIEWED DIRECTLY. S.Tipper,1 -D.Lloyd2,
L.Howard1, M.Dvorak2, G-Essick3" and F.McGlone12. ‘School of
Psychology, Univ. of Wales, Bangor, LL57 2DG, UK;2 Neuroscience
Group, Unilever Research, Wirral, L63 3JW, UK;3’ Curriculum in
Neurobiology, Univ. of North Carolina, NC, 27514, USA.
Previous research demonstrated that vision of a body site,
without proprioceptive orienting of eye and head to the body site, could
affect tactile perception (Tipper et.al., Neuro Report 9, 1998). The body
site viewed was the hand, which can be seen directly under normal
viewing conditions. The current research asked two further questions:
First, can vision similarly effect touch perception at a body site that
cannot normally be viewed directly, such as the face or neck? And
second, does prior experience of seeing a body site, such as viewing the
fact in mirrors, produce larger effects of viewing than body sites rarely
seen, such as the back of the neck? We observe that detection of tactile
targets at these body sites was influenced by whether or nor they were
viewed, and this effect was greater when viewing the more familiar site
of the face than that of the neck. The mechanisms mediating these
intersenory interactions will be discussed with respect to possible
attentional orienting mechanisms.
This work was supported by Unilever Research.

AUDIOTACTILE LINKS IN FOCUSED AND DIVIDED SPATIAL
ATTENTION. N.Merat1, C.Spence2, P.J. Withington3* and F. McGlone1.
'Unilever Research Port Sunlight, Bebington, UK; ^Department of Experimental
Psychology, University of Oxford, UK; ’School of Biomedical Sciences,
University of Leeds, UK.
Recent studies have demonstrated extensive crossmodal links between vision
and audition, and between vision and touch, in the control of spatial attention
(see Driver & Spence, 1998; Trends in Cog Sci, 2,254-262). Here, we
investigate crossmodal links in endogenous spatial attention between audition
and touch under conditions of both focused and divided attention. Participants
discriminated the elevation (up versus down) of auditory and/or tactile targets
presented to their left or right. In the divided attention studies, participants made
speeded elevation judgements for targets presented in either modality, whereas
in the focused attention studies they responded to stimuli in just one modality,
ignoring distractors presented simultaneously in the other modality. Dividing
attention between audition and touch was easier when both were directed to the
same rather than different spatial locations. By contrast, participants found it
harder to focus attention on just one modality, when stimuli in the two
modalities were presented from the same rather than different locations. Further
studies showed that crossmodal links in spatial attention are maintained when the
hands were crossed (i.e. left hand placed in right hemispace, and right hand in
the left). These results are integrated with neurophysiological findings regarding
multimodal integration.

142.7

142.8

EVENT RELATED POTENTIAL (ERP) CORRELATES OF CROSSMODAL ATTENTION V. Nataraian* and F.McGlone Unilever
Research Port Sunlight, Quarry Road East, Bebington, Wirral, CH63
3JW, UK

SEEING OR NOT SEEING WHERE YOUR HANDS ARE
A Fame,1 G. Zeloni,2 G, di Pellegrino,3 and E, Ladavas1* (SPON: European Brain
and Behaviour Society). ‘Department of Psychology, Univ. of Bologna, 40127 Italy;
2LN.R.C.A. "I Fraticini", Firenze; ’institute of Psychology, Univ. of Urbino.
Previous findings from our laboratory demonstrated the existence of a visual
peripersonal space centred on the hand in humans and its modulatory effects on
tactile perception. In brain damaged patients with tactile extinction, a strong
modulatory effect of vision on touch perception was found when a visual stimulus
was presented near the hand. In contrast, when the visual stimulus was presented far
from the hand only a weak modulatory effect was found.
The aim of the present study was to verify whether such cross-modal links
between touch and vision in the peripersonal space centred on the hand could be
mediated by proprioceptive signals specifying the current hand positions, or they
directly reflect an interaction between two sensory modalities, i.e. vision and touch.
To this aim, cross-modal effects were studied in two different experiments: one in
which patients could see their hands and one in which the vision of their hands was
prevented. The results showed strong modulatory effects of vision on touch
perception when the visual stimulus was presented near the seen hand, and only mild
effects when the vision of the hand was prevented.
These findings are explained by referring to the activity of bimodal neurons in
premotor and parietal cortex of macaque, which have tactile receptive fields on the
hand, and corresponding visual receptive fields in the space immediately adjacent to
the tactile fields. One important feature of these bimodal neurons is that their
responsiveness to visual stimuli delivered near the body part is reduced or even
extinguished when the view of the body part is prevented. This implies that, at least
for the hand, the vision of the hand is crucial, with respect to the proprioceptive
information, for determining the spatial mapping between vision and touch which
takes place in the peripersonal space.
E.L. was supported by grants from MURST.

Attention studies exploring ERPs to pure vibrotactile stimuli
have been carried out using the Posner paradigm previously employed in
visual studies. Cross modal effects of visual cues on tactile targets at a
variety of stimulus onset asynchronies (SOAs) were explored. 10
subjects responded with a foot pedal to target vibrotactile stimuli on the
thenars of the left and right hands while ignoring visual LED stimuli
presented at similar spatial locations. Amplitude & latency differences
in the potentials evoked after target stimuli were observed depending on
the spatial location of the preceding irrelevant visual cue. Differential
effects were also observed with long and short SOAs. Simultaneously
recorded reaction time data corroborates previously reported information
on inhibition of return to tactile targets preceded by visual cues (Lloyd et
al, 1999). These data will be discussed in the context of evoked
potentials specifically correlated with tactile attentional processes, as
have been found for the modalities of vision and audition.

Lloyd D.M. Howard L. Bolanowski S. & McGlone F.P. (1999)
Mechanisms of attention in touch. Somatosen. & Mot. Res. (in press)

142.9

142.10

COMBINED ERP AND FMRI STUDY OF ATTENTION MODULATION OF PREFRONTAL
AND TEMPORAL CORTEX ACTIVATION DURING AUDITORY ODDBALL PROCESSING IN
SCHIZOPHRENIA.. A. Belger1,2, E. Kirino1,2, Lucien Vita1,2, D.C, D’Souza2, J.C2, Gore3, N,
Boutros2, J.H, Krystal2*. ^Cognitive Neuroscience Lab., VAMC, West Haven CT 06516 USA, and
Departments of -Psychiatry and -Diagnostic Radiology, Yale University School of Medicine, New
Haven CT 06510 USA.
Numerous studies have demonstrated that schizophrenic patients show significant deficits on the
mismatch negativity (MMN) and P300 event-related potentials, which respectively index auditory
tone discrimination and target categorization capabilities. The neural circuitry underlying the MMN
and the P300 ERP components have not been elucidated. The goal of the present study was to
examine the temporal and structural loci associated with tone-deviance detection and auditory target
selection using event-related potential recordings and event-related fMRI in healthy subjects. The
second goal of this study was to determine the spatial and temporal correlates of abnormal MMN and
P3 ERP components in schizophrenia. Eleven healthy and twelve schizophrenic patients participated
in one event-related potential (ERP) recording session and one functional magnetic resonance
imaging (fMRI) session during which they performed two identical auditory oddball tasks. The first
task consisted of a passive auditory stimulation task during which subjects were instructed to read a
short story and disregard the auditory tone patterns. The second task consisted of an auditory target
detection task, during which subjects were instructed to press a button when they heard a deviant tone
pattern. During each task, 90% of the auditory stimuli consisted of tone-patterns made of 5 pure tones
(standards), and a rare 10% ofthe auditory stimuli consisted of deviant tone patterns (deviants). ERPs
were recorded from 9 central and bilateral leads, and were analyzed for MMN and P3 (target
detection) components. fMRI data were also collected during 10 runs of 128 images on a 1.5 T Signa
scanner, with the same task parameters. The ERP results indicated that passive auditory deviance
processing produces reduced MMN components in schizophrenic patients. Attending to the auditory
channel to detect target novel stimuli produces large MMN and P3b components, with enhanced
amplitudes and shorter latencies in healthy subjects but not schizophrenic patients. Epochal fMRI
results revealed that passive auditory novelty discrimination yields significantly reduced superior
temporal and prefrontal activation in schizophrenic patients, consistent with a fronto-temporal
dysfunction in this illness.

INFLUENCE OF FACIAL EXPRESSION ON AUDITORY EVENT-RELATED
POTENTIAL IN NORMAL AND SCHIZOPHRENIC SUBJECTS.
H. Yamaguchi. K.,Morita*, M.Yamamoto, A.Mivahira, Y.Morita, H.Rvu and H.maeda,
Depart, of Psychiatry, Kurume Univ. Sch. of Med., Kurume 830-0011. Japan
Objective: Impairments of the recognition of facial emotional expression have been
reported in patients with schizophrenia. Present experiments were performed to
evaluate, (1) whether facial expression exerts any effect on auditory P300, and (2) are
there any differences in the effects between normal and schizophrenic subjects.
Subjects and Methods: Normal (n= 10) and schizophrenic [ n=15(paranoid 6, nonparanoid 10)] adults were subjected after obtaining informed consent. Auditory eventrelated potentials with a standard oddball paradigm were recorded from Fz, Cz, Pz, Oz,
C3 and C4 under the condition where subjects were asked to view a simple cartoon of
facial expression (i. e., smile, cry, angry, or neutral) displayed on a screen placed lm
ahead of the subject P300 amplitude and area were measured, and two-way ANOVA
and Fisher's Protected LSD were used for statistical analyses.
Results and Conclusions: P300 amplitude and area were significantly reduced by
viewing the facial expression cartoons in normals. The smile expression had the most
potent reducing effect, followed by the anger and the cry. In opposition, viewing the
smile expression had the smallest reducing effect at no task condition. The results
suggest that the potency to consume the information processing resources differs based
on the emotional nature of facial expression in normal subjects. In contrast, no
significant differences were observed in the effects of the facial expression in
schizophrenic patients, which suggest an impairment of the facial expression
recognition in them.
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COGNITION: LANGUAGE—LEXICAL PROCESSING AND PRODUCTION

143.1

143.2

RAPID EVENT-RELATED fMRI STUDIES OF LEXICAL DECISION.
L, Maccotta1. D.A, Balota1. S.E. Petersen123*. W.M Kelley1’3, and R.L. Buckner12.
'Dept. of Psychology; 2Depts. of Radiology and Anatomy & Neurobiology; 3Dept of
Neurology Washington University St. Louis, MO. 63130
A widely used task in cognitive psychology is the lexical decision task which
requires subjects to decide whether a letter string is a word or nonword. In two studies
involving 23 healthy young subjects, rapid event-related fMRI (trials presented 2.68 sec
apart, randomly intermixed with fixation trials) was used to examine the lexical
decision task with the focus of identifying brain regions associated with lexical and
post-lexical processes. Study 1: 12 subjects were presented with two different
conditions: the easy condition intermixed high-frequency words (force) and pseudowords
(crail); the difficult condition intermixed low-frequency words (taunt) and
pseudohomophones (elboe). Analyses averaging data across subjects revealed multiple
activations. For both the easy and difficult conditions, nonwords showed greater
activation than words in left inferior frontal gyrus at or near classically defined Broca’s
area and left extrastriate cortex. Of interest, within the easy condition where responses
were made most rapidly, high frequency words showed an increased activation over
pseudowords in temporoparietal cortex at or near classically defined Wernicke’s area.
This modulation occurred in the context of fixation control trials that yielded greater
activation than lexical decision trials. Study 2: 11 subjects Were presented with lowfrequency words (taunt) and pseudowords (crail). Left inferior frontal gyrus showed an
increase during nonwords over words. Temporoparietal cortex showed an increased
activation to low frequency words over nonwords, again in the context of even greater
activity during fixation trials. These results tentatively suggest that post-lexical
processes involve activation of left inferior frontal gyrus. Temporoparietal cortex
activation appears to modulate based on the lexical status of the strings, however, a
straightforward interpretation of this modulation is made difficult because of the finding
of greatest activity during the fixation trials. Supported by MH57506 and NS06833

RHYMING WORDS WITH REGULAR VS. IRREGULAR ORTHOGRAPHY:
ANATOMICALLY-CONSTRAINED MEG AVERAGED ON THE CORTICAL
SURFACE. R.P. Dhond,12 A.M. Dale,3 C.D. Rabbel,1’2 K.M. Paulson,1 K.
Marinkovic,1'4 B. Fischl,3 and E. Halgren1’24*. ’Radiology and 2Neuroscience, U.
Utah, SLC, UT84108; 3NMR-MGH, Harvard; 4INSERM E9926, Marseilles, FR.
Six normal right-handed male subjects were presented 400 words and asked to
lift their left finger if the word rhymed with a target. Half of the words had
irregular orthography. Presentations lasted 300ms; ISI was 2300ms. MEG signal
was acquired using a whole head 306 channel biomagnetometer. Brain cortical
surfaces were reconstructed from high resolution structural MRI. A minimum
norm inverse solution was constrained to this surface, and normalized by baseline
covariance (Dale & Sereno. J. Cog. Neurosci. 1993, 5:162-176). Inverse solutions
were averaged across individuals by aligning their cortical sulci (Fischl et al, Hum.
Brain Map. 1999, in press). Overall activation began at 75ms in the occipital pole
and spread by 170ms to occipitotemporal, anteroventral temporal and Wernicke’s
area (planum temporale, supramarginal and angular gyri). The activity was
strongly left-lateralized and it peaked in the temporal lobe at 270ms and prefrontal
and anterior temporal areas at 380ms. At 480ms there was widespread activity
involving prefrontal, left temporal and parietal areas. Though responses to regular
and irregular words were similar, the earliest differential activation occurred
focally in Broca’s and Wernicke’s areas at 185ms. Irregular words evoked greater
activation of the left anterior temporal and Broca’s area at 230ms and a sustained
activation in left prefrontal cortex 380-540ms. These preliminary results agree
with classical models of language processing. Orthographic to phonologic
translation using regular rules may involve Wernicke’s area. Broca’s area
activation to irregular words is consistent with data suggesting its involvement in
tasks requiring the selection of information from competing alternatives.
Supported by USPHS(NS 18741) and HFSPO(RG25/96). We thank J. Lewine.

143.3

143.4

AN fMRI STUDY OF OVERT AND COVERT STEM COMPLETION
E.D. Palmer, H.J. Rosen. J.G. Qjemann, J.M. Ollinger. A.Z. Snvder*M.
McAvoy, W.M. Kelley, R.L. Buckner, E.M, Brandling-Bennett , S.E, Petersen,
Washington Univ. Dept. of Psychology and Washington Univ. School of
Medicine Departments of Neurology, Radiology, Anatomy, and Neurobiology,
St. Louis, MO.
Recent studies have suggested that artifact-free fMRI images can be obtained
during overt verbal responses by using single-trial techniques. We wished to
explore this possibility using a task (stem completion) which has been well
studied in our laboratory. Ten subjects were scanned during twelve runs (6 overt,
6 covert) of a stem completion task. Minimum interstimulus intervals of 2.4,
4.8, and 16.8 sec. were used. Three-letter word stems (e.g., COU) were presented
visually (150 ms), and subjects were instructed to generate one word beginning
with those three letters (e.g., COUSIN). In covert runs, subjects were instructed
to say the word to themselves without moving their lips. In overt runs, subjects
said the word out loud.
Data were analyzed using an implementation of the general linear model in
which no assumptions were made about the shape of the hemodynamic response.
Areas activated in the covert condition included bilateral inferior frontal gyrus
(L>R), anterior cingulate, supplementary motor area, left inferior parietal lobe,
and right lateral cerebellum. These areas were also activated in the overt
condition, along with several motor-related areas (central sulcus, thalamus, and
midline cerebellum).
The overlap of responses between areas activated in the overt and covert
conditions suggests that single-trial fMRI can provide interpretable images of
activation during tasks in which overt verbal responses are made. Supported by
NS32979, NS06833, the McDonnell Center for Higher Brain Function, and the
Charles A. Dana Foundation.

_ _ r slipped
____________ _
r.___ v__________
produced 64 "irr -ity-suffixed and 64 reg" -ness-suffixed derivational forms (solemnsolemnity vs. sullen-sullenness), and performed the Boston Naming Test (BNT) and
the Wechsler-Bellevue Vocabulary subtest.
H.M.'s P?st-tense Production (88% correct irr vs. 98% reg) and plural production
vs) was similar to control subjects' (past tenses: 93% vs. 97%; plurals:
93% vs. 99%). ANOVAs yielded no interactions. He also showed rates of overregulanzation (sleeped, mouses) at or below control subjects'. Although his BNT
and Vocabulary scores were within one SD of the mean, he was significantly worse
at producing -ity- than -ness-suffixed forms (50% vs. 97%, p < .0001).
ELM. s ability to produce irr verbs and nouns and to obtain normal scores on the
BNT and the Vocabulary subtest contrasts with his impairments producing irr
derivational (-ity-suffixed) forms, and irr past tenses and plurals in tne previously
reported investigation The contrasting findings may stem from (a) ceiling effects in
the past tense and plural elicitation tasks or (b) requirements of the derivational
morphology and previously reported tasks that exceeded H.M.’s low educational
background. Further investigations of H.M. and other medial-temporal-lobe amnesic
subjects will determine whether these patients have deficits of lexical memory.
Supported by AG 06605, GM 07484, McDonnell-Pew, DOD.

143.5

143.6

VERBAL FLUENCY ACTIVATES THE LEFT MEDIAL TEMPORAL LOBE:
A FMRI STUDY. Maija Pihlaiamttki,1 Heikki Tanila,1 Tuomo Hanninen,1 Aame
Ylinen.1* Hannu Aronen2 and Hilkka Soininen1. ’Dept. of Neuroscience and
Neurology, Kuopio University, and 2Radiology, Kuopio University Hospital,
70211 Kuopio, Finland
Verbal fluency tests (VFT) have been suggested to assess frontal lobe function.
Functional imaging studies have supported this view by reporting left frontal
activations during VFT. The VFT on animal category is a clinically useful test
requiring retrieval of semantically associated words from the long-term memory.
It is unclear, why also patients with mild Alzheimer's disease, without major
frontal pathology, are impaired in VFT. We wanted to determine with functional
magnetic resonance imaging (fMRI) the brain regions activated during
performance of this task. 14 right-handed young subjects were imaged with 1.5 T
scanner using gradient-echo EPI sequence (16 AC-PC slices, 4x4x5mm voxel
size, TR=2550ms, TE=70ms). The activation paradigm was a block-designed
modification of the animal naming task. During the activation subjects produced
words within a category and during the baseline they listed numbers. Voxel-wise
unpaired t-tests were used in data analysis. Categorical VFT resulted in
activation of following brain regions (p<0.01, corrected for multiple
comparisons): 1) left medial temporal 2) bilateral frontal 3) bilateral retrosplenial
and 4) left superior parietal. The left-sided medial temporal lobe activation
extended from the posterior parahippocampal gyrus (BA 35/36) laterally to the
adjacent medial fusiform gyrus (BA 37). There was also an activation in the left
posterior hippocampal formation. These results suggest that not only the left
frontal, but also the left medial temporal lobe, is activated during the verbal
fluency task. (Supported by the Academy of Finland and EVO grant from
Kuopio University Hospital.)

SEPARABLE EFFECTS OF FAMILIARITY AND SEMANTIC CATEGORY ON
PICTURE NAMING: AN ,5O PET STUDY. C, Whatmoueh1,2, H, Chertkow1-2*,
S. Murtha1’3. V. Whitehead1’2, D, Fung1’2, D. Templeman1,2. ’Dept. of Neurology
and Neurosurgery, McGill Univ.; Tnst. Univ. de Geriatrie de Montreal; ’York
Univ.; Montreal, Canada, H3T 1E2.
Understanding the basis for category specific deficits in object naming may be
key to comprehending the cerebral organization of semantic representations. Level
of object familiarity is a factor which greatly influences success in object recognition
and can confound investigations into category specific deficits. A PET study using
the bolus Hj’sO intravenous injection technique was carried out to examine the
distinctive effects of familiarity and semantic category in picture naming. Fifteen
elderly subjects (mean age 74 years) viewed and named pictures of Hard (to name)
Animals, Easy Animals, Hard Artefacts and Easy Artefacts while being scanned.
Pictures were presented at a rate of one per two seconds. Naming accuracy was
64% and 94%, respectively, on Hard and Easy blocks. PET substruction results
showed that Animals and Artefacts preferentially activated different areas of die right
and left Fusiform Gyri. Namely, activation for animals was more posterior and
lateral within this gyrus compared to artefacts. Animals also strongly activated right
Inferior Temporal cortex, and artefacts activated left Middle Temporal gyrus. In
contrast, comparing naming of "Hard" vs "Easy" pictures within both categories
produced activation of left Brodmann Area 37/21, a recognized substrate for
semantic processing. These results demonstrate that different elements of semantic
processing are visualized by alternately comparing across semantic categories and
across difficulty levels.
Research supported by the Medical Research Council of Canada
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2GICCS, Georgetown Univ., Washington, DC 20d07.
The mental" lexicon is part of a temporal lobe declarative memory system
implicated in the acquisition and use of conceptual knowledge, whereas tne mental
grammar is subserved by a frontal/basal ganglia nondeclarative system implicated in
skill and habit learning (Ullman et al., 1997). Patients with temporal lobe lesions
and lexical-conceptual deficits have difficulty producing irregularly inflected
(memorized) forms (e.g., dig-dug), but not regularly inflected (rule-based) forms (e.g.,
walk-walked). Patients with frontal/basal ganglia lesions and motor skill deficits
show the opposite pattern. Within lexical memory, it was posited that medial
temporal lobe structures would be required for acquisition of new words while
neocortical structures would be necessaiy for the use of already memorized words.
Surprisingly, H.M., whose bilateral resection is limited to medial temporal-lobe
structures, was impaired at producing irregular (irr) but not regular (reg) past tense
and plural forms of real and pseudowords (Ullman & Corkin, 1997). The current
study follows up on this unexpected finding by shortening the sentences on the pasttense and plural tests and including only real words, and testing H.M. on other lexical
memory tests.
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143.8

THE ROLE OF LEFT AUDITORY CORTEX IN SPEECH PRODUCTION
B.Buchsbaum1. G. Hickok1*. N, M, Gage*. C, Humphries'. T, MuftuISC.‘Department of Cognitive Sciences, ’Department of Radiology, University of
California, Irvine, CA 92697
Several lines of evidence indicate that the left posterior superior temporal gyrus
(pSTG) participates not only in speech perception, but also in phonemic aspects of
speech production. This evidence includes (i) the observation that lesions to the left
pSTG are associated with phonemic errors in speech production, (ii) direct cortical
stimulation of left pSTG can yield speech production errors, and, (iii) an MEG study
of picture naming has identified left pSTG as the source for a signal that emerges in
a time frame consistent with the timecourse of the "phonological encoding" stage of
production as measure behaviorally. A previous 4T fMRI study of subvocal object
naming (Hickok et al. 1999, CNS Proceedings, p. 97) confirmed the general localization of these effects to pSTG and refined it by identifying activations in unimodal
auditory cortex in the supratemporal plane. Here we present a replication of that
fMRI study using different materials on a 1.5T system. Participants silently named
visually presented objects in 18 activation periods spread over 6 runs. Fixation on a
crosshair served as the baseline condition. Areas of significant signal change were
identified in left unimodal auditory cortex including Heschl's gyrus in some participants. We conclude that left unimodal auditory cortex participates in speech production.

RETRIEVING NAMES OF UNIQUE ENTITIES ACROSS CONCEPTUAL
CATEGORIES: A PET STUDY.
T.J, Grabowski.1* H. Damasio? D. Tranel?
L.L.B. Ponto.2 G.L. Watkins.2 and R.D. Hichwa2. 'Div. of Cognitive Neuroscience,
Dept. ofNeurology, 2PET Imaging Center, Univ. of Iowa; Iowa City, IA 52242.
We have previously reported that a sector of the left temporal pole (TP) is
associated with retrieving names for unique persons, but not with retrieving names
for nonunique entities, e.g., animals or manipulable objects at basic object level. We
have hypothesized that this anatomical effect is related to the level of operation, and
not to feces, per se. Here we use PET to test the hypothesis that left TP is engaged in
retrieving names at unique level across conceptual categories.
7 normal RH subjects performed 4 tasks during PET imaging with [1SO]H2 O: 1)
naming famous persons (PN), every 2.5s ; 2) naming famous landmarks (LN), every
2.5s; 3) judging the orientation of unknown persons (PO) or 4) unknown houses
(LO), every ls. Stimuli were photographs. Data were analyzed in Talairach space
with a pixelwise linear model, and thresholded by gaussian random field theory.
Response latencies and performance success for PN and LN were comparable.
Retrieval of names at unique level (persons or landmarks), relative to the controls
[(PN+LN)-(PO+LO)], activated the L inferior frontal gyrus (t=5.57), and the L TP
(t=4.96). Analysis of category by task interaction [(PN-PO)-(LN-LO)J showed that
LN produced more activation than PN relative to its control in the L middle frontal
gyrus (MFG)(t=3.54), and L anterior inferotemporal (IT) cortex (t=3.38), with trends
in the L middle temporal gyrus (MTG) (t=2.71), L posterior IT (t=3.0), and L TP
(t=2.21). Direct comparison of PN to LN disclosed activation of R>L lateral
occipital cortex and a trend in R TP (t=3.14). Comparison of the control tasks
showed more activity in PO than LO in several regions mentioned above: L MFG
(t=4.12), L post IT (t=3,9O), R TP (t=3.56), L TP (t=3.20), and L MTG (t=3.13).
The results support the hypothesis that naming of entities at unique level engages
sectors of left IT/TP independently of conceptual category, consistent with tlie
interpretation that the pattern of engagement is determined by the level of specificity
required, rather than the conceptual category. (Supported by NIDCD DC03189.)

143.9
NEURAL RESPONSES IN THE HUMAN SUBTHALAMIC NUCLEUS
DURING WORD PROCESSING. Yalchin G. Abdullaev* and Konstantin
V. Melnichuk. Department of Psychiatry & Behavioral Sciences,
University of Louisville School of Medicine, Louisville, KY 40292, USA;
Brain Center, St. Petersburg 197376, Russia
Subthalamic nucleus is one of the essential target structures for
stereotactic treatment of Parkinson’s disease with depth electrodes,
providing an opportunity to study activity of neurons in cognitive tasks.
We describe a case where neuronal activity of the right subthalamic
nucleus was studied in visual word processing tasks. Lexical decision task
presented visual words and pseudowords, and involved a word/nonword
discrimination. Semantic task required subjects to decide in each trial
whether a visually presented noun was concrete or abstract. Reading task
presented the same set of concrete and abstract nouns, but the task was to
read each word aloud after the response cue (control task). Recognition
memory task required old/new discrimination of remembered and new
concrete nouns. In the lexical decision task, the subthalamic neuronal
firing rate was stronger to words within 100-600 ms. Words elicited similar
increase of firing of the same neurons in the recognition memory task with
no difference between old and new words. In the semantic task, a similar
increase of firing was revealed only in response to concrete words, and
these responses differed significantly from those to abstract words. These
neuronal responses seemed to be specific for words as compared to
meaningless letter strings. The results of the semantic task seemed to
further clarify the specificity of these responses for concrete words as
compared to abstract words. It appears that the subthalamic nucleus may
be a part of the fronto-striatal anatomical loops serving various aspects of
language processing. This is consistent with recent anatomical data and
theories suggesting that the subthalamic nucleus is an important part of the
circuitry involving cortical, striatal and thalamic regions.

COGNITION: LANGUAGE—AUDITORY PROCESSING
144.1

144.2

SPEECH SEGMENTATION BY NATIVE AND NON-NATIVE SPEAKERS:
AN ERP STUDY
L, D, Sanders. Y, Yamada, & H, J. Neville* University of Oregon, Eugene, OR
97403
Speech segmentation, the process of breaking continuous speech into
meaningful units, is a necessary step in auditory language processing. Previous
behavioral studies have identified several cues employed in segmentation but
provide limited information about the online timing and neural basis of this
process.
In this study we recorded event-related potentials (ERPs) during the presentation
of continuous, natural speech to characterize the nature and timecourse of neural
activity elicited by lexical, syntactic, and stress-pattern segmentation cues in
monolingual native English speakers and native Japanese speakers who learned
English after 12 years of age. Subjects were asked to listen to continuous speech
which consisted of normal English sentences (semantic), sentences in which the
content words were replaced with pronounceable nonwords (syntactic), and
sentences in which all the words were replaced with pronounceable nonwords
(acoustic).
Word initial sounds elicited greater negativity at 100 msec (N100) than did word
medial sounds matched in identity, amplitude, and duration. However, this effect
was only observed in the native speakers of English. Moreover, in syntactic but
not acoustic sentences nonwords elicited a negativity most prominent over anterior
regions of the left hemisphere, but only in native speakers. By contrast, between
200 and 600 msec words elicited greater negativity than did nonwords, and this
effect was observed for both native and late learners. These results suggest that
information about word onset is present by at least by 100msec but only to early
learners. Syntactic and lexical cues to speech segmentation may be utilized in
different ways in native and non-native learners.
-Supported by NIH, NIDCD, DC00128.

FUNCTIONAL DIFFERENCE OF THE TWO HEMISPHERES IN THE
COMPREHENSION OF SPOKEN NARRATIVES.
K. Kansaku12, A.
Yamaura2, and S. Kitazawa1* 'Neuroscience Section, Electrotechnical Lab.,
Tsukuba, 305-8568; and 2t>ept. of Neurol. Surg., Chiba Univ. School of
Medicine, Chiba 260-8670, Japan
Several lines of evidence from neuropsychologic studies suggest that the
left hemisphere (LH) utilizes syntactic mechanisms in linguistic comprehension, while the right hemisphere employs nonsyntactic intra-lexical integration mechanisms. To test the validity of this hypothesis, we used a 3T
machine for functional magnetic resonance imaging while 8 males and 10
females listened attentively to a naturally-spoken narrative that reserved all
the syntactic structures (the syntactic condition). In addition, the subjects
listened to a nonsyntactic narrative (the nonsyntactic condition) that was
produced from the same syntactic narrative by fragmenting the syntactic
narrative into pieces of l-sec duration and permuting the pieces in a random order. In each condition, the subjects listened to the reverse replay of
the narrative as a control. We noted the volume of cortical activation that
was more strongly stimulated during each condition than during the control period. In men, differential activation was predominantly found in the
LH during the syntactic condition: the mean volume of activation was 2.2 x
104mm3in the LH while 1.0 x 104mm3 in the RH. During the nonsyntactic
condition, activated volumes in the LH decreased (1.6 x 104 mm5) compared to those of the syntactic condition, whereas those in the RH increased
(1.4 x 104mm3). In females, similar activated volumes were found in both
hemispheres during the syntactic condition (LH, 1.7 x 104mm3; RH, 1.5 x
104mm3) as well as during the non syntactic condition (LH, 1.3 x 104mm3;
RH, 1.3 x 104mm3). The results in men support the hypothesis that the LH
uses syntactic mechanisms and the RH uses nonsyntactic mechanisms in
linguistic comprehension; the results in women, however, do not. We conclude that difference between the two hemispheres is not evident in women,
but does exist in men. (Supported by Special Coordination Funds of STA)
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144.3

144.4

AUDITORY-VISUAL INTERACTIONS DURING SPEECH PROCESSING AS
REVEALED BY fMRI. B.A. Zielinski*, J.E. Van Lare, G. Liu, and J.P.
Rauschecker. Georgetown Institute for Cognitive and Computational Sciences,
Georgetown University Medical Center, Washington, DC 20007.
Crossmodal integration of sensory stimuli is a process crucial to various forms of
communication, including speech. Although a large body of behavioral work exists
investigating auditory-visual interactions during speech, relatively little is known
about the neural basis of these interactions. Previous functional neuroimaging
studies of speech perception have almost exclusively employed unimodal presentation
of word or sentence stimuli. In particular, it remains to be determined whether coextensive brain regions are engaged during bimodal and unimodal speech perception,
or whether additional regions are recruited as a result of auditory-visual interactions.
In order to examine the neural mechanisms underlying integration of visual and
auditory stimuli during speech processing, we utilized a perceptual phenomenon
known as the McGurk effect (McGurk and MacDonald, 1976): Combining the visual
presentation of the syllable /ga/ with the auditory presentation of the syllable /ba/
creates a robust illusory percept of /da/. In our study, the visual portion of the
speech stimulus consisted of the lower half of a speaker’s face shown on a video
screen; the auditory portion was presented via headphones permitting the presentation
of congruent (normal) and incongruent (McGurk-type) auditory-visual stimuli. Using
fMRI, we investigated brain activation by congruent and incongruent bimodal
processing of speech.
Statistical comparisons of the effects of bimodal vs. unimodal-auditory and -visual
stimuli using SPM96 demonstrated increased functional activation in respective
unimodal processing areas under both congruent and incongruent bimodal task
conditions. The comparison demonstrated additional activation in distinct regions of
association cortex; including medial inferior parietal areas. Furthermore, in the
incongruent-bimodal vs. unimodal-auditory contrast, highly significant de-activation
was apparent in a discrete region of ventromedial parieto-occipital cortex. These
results indicate that bimodal speech perception, besides activating areas used in
unimodal perception, engages additional regions of cortex and that distinct neuronal
populations in the cerebral cortex are involved during congruent vs. incongruent
auditory-visual interactions.
Supported by NIDCD grant R01-DC-03489 to J.P.R. and DAMD17-93-V-3018.

PROCESSING OF SPEECH-LIKE SOUNDS IN HUMAN AUDITORY CORTEX.
A-Morad, B.A Zielinski, J.E, Van hareJ5, IJU'.and.J.P. Rauschecker*, Georgetown
Institute for Cognitive and Computational Sciences, Georgetown University Medical
Center, Washington, DC 20007.
Single-unit studies in macaques have demonstrated the existence of a hierarchy of
tonotopically organized areas beyond primary auditory cortex (Al). Several areas in the
superior temporal gyrus (STG) have been identified on the basis of their responses to
complex sounds, such as band-passed noise bursts or frequency-modulated glides.
Neurons in the lateral belt also respond well to species-specific communication calls.
The question arises whether a similar organization exists in human auditory cortex and
how these higher auditory areas are utilized in the processing of speech sounds.
The following types of speech- and speech-like sounds were digitized for use in
psychophysical tasks and BOLD fMRI: vowels (V) and consonant-vowel (CV)
combinations produced by a human speaker; equivalent artificial speech sounds (KS)
produced by a software version of the Klatt synthesizer; and the formant pure-tone
(PT) frequencies of these sounds presented both separately and in combination.
Stimuli (500 ms duration; 75-80 dB SPL) were delivered binaurally via an airconduction sound system fitted with silicone-cushioned headphones.
Presentation of the simplest stimuli (PT and PT combinations) resulted in
activation of areas Al and surrounding core areas on the supratemporal plane. More
complex sounds activated a larger region, including the lateral belt of the STG. A clear
difference was found in the activation pattern resulting from speech sounds (V, CV)
versus their respective formant frequencies, which parallels the results of
psychophysical testing. Activation by the formant frequencies was restricted to
primary areas, whereas speech stimuli led to additional activation in immediately
adjacent higher, particularly more lateral areas. The activation pattern evoked by
artificial speech (KS) was similar to that evoked by real speech, again consistent with
the psychophysical data. By comparison with our previous results from human fMRI
and macaque electrophysiology, it appears that the early processing of speech sounds
involves activation of similar auditory pathways in the superior temporal cortex that
process various complex sounds.
Supported by NIDCD grant R01-DC-03489 to J.P.R. and DAMD17-93-V-3018.

144.5

144.6

AUDITORY CORTICAL ASYMMETRY TO PHONEMES
AND WORDS: AN FMRI STUDY

DIFFERENCES OF HUMAN BRAIN AREAS ACTIVATED DURING
THE
LINGUISTIC
AND
NONLINGUISTIC
SEMANTIC

M.D, Szymanski,* H.A. Rowley and T.P.L, Roberts
Dept. of Radiology, Biomagnetic Imaging Laboratory, Univ. of California
San Francisco, SF, CA 94143-0628
The functional organization of auditory cortex was examined
using fMRI in a blocked paradigm during passive listening and
selective attention. Vowels, vowel-consonant-vowels (VCVs), and
spoken words were presented binaurally in a stream of ongoing
speech. Phoneme and word stimuli evoked a reliable leftward
asymmetry in blood oxygenation level dependent (BOLD) response
that increased with attention to target phoneme or voice.
Contrary to expectations, the magnitude of asymmetry did not
differ between vowels and VCVs on the supratemporal plane and
adjacent auditory regions. In these areas, however, words evoked
the greatest asymmetry, during a sub-vocal repetition task. When
participants were asked to sub-vocally generate verbs and words to
spoken letter cues, a larger area of activation was obtained in both
hemispheres, but the response was not more asymmetrical than
during sub-vocal word repetition.
Consistent with recent results from event-related-potential (ERP)
and magnetoencephalographic (MEG) studies, asymmetrical
auditory cortical processing mechanisms are activated on the
supratemporal plane during passive listening to vowels, VCVs, and
words, an effect that is enhanced during selective attention.

DISCRIMINATION. M, Maekawa2*, J, Baton1-.and M, Namekata1.
Utsunomiya Central Clinic1; Dept. of Physiology. Dokkyo Univ. Sch. of

Med.2; Mibu, Tochigi 321-0293, Japan.
To investigate the human brain areas underlying the recognition of

phonemes of the language, the brain activation during semantic
discrimination of the linguistic or nonlinguistic sounds were measured

by using functional magnetic resonance imaging technique.
In the
discrimination task, similar semantic processing were required for both
the linguistic and nonlinguistic stimuli, since nonlinguistic sounds we
used in the task closely related to an object and were very familiar.

Therefore, the difference of active areas between the linguistic and
nonlinguistic stimulation may reflect the brain activity underlying the
phonetic processing of the language. Active areas in the posterior half
of the lower part of the left inferior frontal gyrus, in the upper part of the
left superior temporal gyrus and in the upper part of right superior
temporal sulcus during linguistic stimulation were larger than those
during nonlinguistic stimulation. We suggest that these areas in the

human brain participate in the recognition of the phonemes of the
language.

144.7

144.8

FUNCTIONAL MRI (FMRI) STUDY OF PHONEME-TO-GRAPHEME
CONVERSION IN JAPANESE. M. Sugishita^K, Yoshikawa2, T. Kaminaea3.
M. Makuuchi1, T. Paso1, K. Katanoda1 and K. Omtua1. *Dept of Cognitive
Neuroscience, Faculty of Medicine, Univ. of Tokyo; 2Dept of Radiology, Inst of
Medical Science, Univ. of Tokyo; 3Dept of Radiology, Teikyo Univ. Hospital
In most languages, writing requires the ability to convert speech to
letters. This conversion process is particularly easy in Japanese, since
one phoneme is represented by one grapheme (kana). In English, the
conversion is more complex. For example, the phoneme /f/ is represented
by the graphemes f, ph and gh. The simplicity ofphoneme-to-grapheme
conversion in Japanese may explain the relative rarity of developmental
dyslexia-dysgraphia in Japanese children.
In the present study, twenty-three young volunteers performed two
tasks: (1) silently reciting the fifty sounds in the Japanese syllabary and
(2) silently reciting one-by-one each of these sounds and then imaging the
corresponding grapheme. fMRI measurements were made using a 1.5 T
GE Signa HORIZON scanner. The fMRI signals generated during the
first task were subtracted fiom those during the second task to clarify
the activation related to phoneme-to-grapheme conversion. Activation
was observed bilaterally in the regions surrounding the anterior
intraparietal sulcus. Activation on the left side extended along the
posterior intraparietal sulcus. Interestingly, activation was also
observed in the posterior part of the right inferior frontal gyrus and the
left supramarginal gyrus. The posterior part of the middle* frontal gyri
was also bilaterally activated. (Supproted by a grant (L-2-12) from the
Japan Society for the Promotion of Science.)
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AN MEG STUDY OF HEMISPHERIC DIFFERENCES IN LATENCIES OF
EVOKED RESPONSES TO TONES AND VOWELS

N.hL-GagS.Lfl. Hickok'. and T.P.L, Roberts2*. ‘University of California, Irvine, CA

92697 and 2Biomagnetic Imaging Laboratory, UCSF, San Francisco, CA 94143
The auditory evoked neuromagnetic field, recorded by magnetoencephalography
(MEG) has been shown to encode information pertaining to stimulus attributes
(such as intensity, pitch and timbre) in the latencies of major evoked components,
particularly the Ml00. In this study we investigated hemispheric differences in such
encoding mechanisms for both non-speech and speech-like stimuli using binaural
stimulus presentation. Stimuli of 400ms duration consisted of sinusoidal tones (frequencies lOO-lOOOHz) and 3-formant vowels with parameters identical except for FI
(250Hz /u/, 750Hz /a/). Evoked responses were simultaneously sampled from both
hemispheres using a twin 37-channel biomagnetometer (MAGNES-II), recording
600ms epochs of data at a rate of 1042 Hz per channel. The M100 component of the
evoked responses was identified separately for each sensor array as that peak in
evoked activity occurring in the latency window 80* 150ms post-stimulus and satisfying a single equivalent dipole model with a correlation coefficient r of at least 0.95.
Four principal results are found: (1) for pure tone stimuli, the latency of the M100
component was longer in the left hemisphere compared to the right (p<0.001); (2)
despite this, a similar form of dependence of M100 latency on stimulus frequency
was observed, simply shifted in the left hemisphere compared to the right. The form
of the shift (being greater at low frequencies and less at high frequencies) suggests a
magnification of the dynamic range of the frequency-encoding mechanism in the left
compared to the right hemisphere; (3) For vowel stimuli, /u/ yielded longer Ml00 latencies than /a/, replicating previous observations suggesting an Ml00 latency determined primarily by the FI component of the vowel; and (4) as with tone stimuli,
vowels produced a trend towards a hemispheric latency asymmetry, with left hemisphere evoked responses on average 2.8ms later than corresponding right hemisphere
responses. We conclude that, for these presented sounds, stimulus attribute information is encoded analogously in the Ml00 latency of both cerebral hemispheres, but
suggest that the encoding precision (and thus frequency discrimination or resolution)
may be greater in the left hemisphere, as a function of the increased dynamic range of
the observed effect. Supported by NSF: SBR9720398
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144.10

ON THE PERCEPTION OF SERIES OF VOWELS BASED ON
THE DYNAMIC INFORMATION. M. Ito1. J. Tsuchida2, M.
Yano2 and H. Tsuiino1*. ‘Wako Res. Ctr., HONDA R&D Co.,
Ltd., Wako, Saitama, 351-0193 Japan. 2Dept. of Electoronics and
Communication, Tohoku Univ., Sendai, Miyagi, 980-0812 Japan.
"Target theory" is a most famous model of vowel perception, in
which vowels can be identified based on first two or three formant
frequencies. In this model, the steady state parts of speech signals
are important for perception. However, recent studies suggest that
dynamic parts have more information than steady state parts.
These studies concern about importance of dynamic information,
but it is not clear how the dynamic information is used. Here, we
designed psychoacoustic experiments on the dynamic stimuli to
make clear the mechanism of dynamic vowel perception. The
results suggest that not only formant frequencies but their peak
amplitudes can affect the perceptual vowels. This can not be
explained by simple target theory and supports the importance of
dynamic information in speech perception.

DO INFANTS PREFER SPEECH OVER SPECTRALLY SIMILAR NONSPEECH SOUNDS? A. Vouloumanos1, M.D. Bhatnagar1. D.E. Giaschi2*. J.F.
Werker1. ‘Dept. of Psychology, Univ. of British Columbia; 2Dept. of
Ophthalmology, Univ. of British Columbia; Vancouver, B.C. V6T 1Z4.
Language acquisition is a uniquely human cognitive ability. In their first year
of life, infants demonstrate remarkable perceptual acuity in speech
discrimination tasks, raising interesting questions about how speech is processed
and the nature of the information that is processed as speech. One view is that
speech is consolidated as more than the sum of its acoustic properties, and
processed differently than equally complex non-speech sounds. Alternatively,
speech may be processed as a simple function of its acoustic properties by more
general cognitive mechanisms.
In the current study, we addressed this question by assessing infants’
preference for speech over equally complex non-speech sounds. We tested
infants at three different ages, using age-appropriate infant-controlled
procedures: high amplitude sucking (HAS; for newborns), and a sequential
preference looking procedure (SPLP; for 4 month- and 6 month-old infants). All
infants were presented with alternating strings of nonsense words and their 5formant sine-wave analogues while either their high amplitude sucking rates
(HAS) or looking times (SPLP) were measured. Results indicate that both 4
month- and 6 month-old infants look significantly longer at a display screen
when it is paired with nonsense words compared to sine-wave analogues, while
newborns fail to show a consistent preference. The finding that infants as young
as 4- and 6-months listen selectively to nonsense words over comparable nonspeech sounds is consistent with the hypothesis that there is a special mechanism
for processing speech. However, the weaker results with the newborns suggest
that perhaps this ability is not immediately accessible at birth. Neuroimaging
studies will investigate the electrophysiological correlates of these behavioural
findings.
This research was supported by a Natural Sciences and Engineering Council of Canada Grant to J.F.W.

and an NSERC Scholarship to A. V..

ASSOCIATION CORTEX AND THALAMOCORTICAL RELATIONS

145.1

145.2

NEURONAL
ACTIVITY
IN
PREFRONTAL
CORTEX
REFLECTS
MISREPORTED DISPLACEMENTS OF VISUAL STIMULI. M.A. Lebedev*,
P.K, Douglass, S.L, Moody, and S.P, Wise. Laboratory of Systems Neuroscience,
NIMH, NIH, Poolesville, MD 20837.
Perception is affected both by attended stimuli and background. When a target
spot is displaced less than a background frame in a given direction, human subjects
report target movement in the direction opposite to the frame’s displacement,
regardless of the veridical change in target location (Wong E, Mack A, Acta Psychol
48, 1981, 123). We studied prefrontal (PF) neuronal activity as a rhesus monkey
performed three tasks. In REPORT, the monkey fixated a 0.13° target spot within a
2°xl0° frame consisting of 8 light spots (<0.2°). After a disappearance of 0.5 s, both
the target and frame reappeared simultaneously, shifted horizontally to different
extents (0-3°). The monkey reported the direction of target shift by making a saccade
to either a left or right report target, which was located at the corresponding edge of
the frame. As a control, saccade direction could be opposite to that of the report. In
SHIFT and TUNE, the monkey fixated the target. In SHIFT, the stimuli matched
those in REPORT, except that the frame lacked report targets. In TUNE, the target
and frame moved coherently in one of eight directions from center.
In REPORT, we found 26 PF neurons that reflected the reported targetdisplacement direction even when this conflicted with the target’s veridical change in
location (illusory reports). This population was 76% of the neurons that were
directional for both veridical and illusory reports. With one possible exception,
neither the origin, endpoint, amplitude nor direction of the reporting saccade
accounted for the activity of these neurons. The directional preference for reports
usually corresponded to that for fixating the target (71% of 14 cells tested in SHIFT,
78% of 9 in TUNE). The finding of PF neurons with activity corresponding to
reports, even of illusory events, supports the view that PF networks subserve visionfor-perception, as contrasted with vision-for-action.
(supported by DIRP, NIMH, NIH)

A MODEL THAT ACCOUNTS FOR ACTIVITY PRIOR TO SENSORY
INPUTS AND MATCH RESPONSES DURING MATCHING-TO-SAMPLE
TASKS. S.L. Moody and S.P. Wise*. Laboratory of Systems Neuroscience,
NIMH, NIH, Poolesville, MD 20837.
We examined neural network simulations of delayed matching-to-sample tasks
(DMS). In these models, various inputs follow a sample input and the network
produces an output when the input matches the sample. Previous versions of the
model have been restricted to spatial inputs, binary match responses, and variable
intervals between stimuli. Here, we generalized the model by training it to match
nonspatial inputs, direct its response to the location of the matching stimulus (a
spatial output), and master both fixed and variable intervals. We combined these
features into two principal trial types, which involved identical spatial responses
but different response contexts. In one, a pair of nonspatial stimuli appeared at a
variable interval after the sample; in the other, a series of single nonspatial stimuli
appeared at fixed intervals. We compared the model’s hidden units to prefrontal
cortex neurons of a monkey performing both trial types in alternating blocks. Our
analysis focused on activity prior to stimuli and responses, termed anticipatory and
response-related activity, respectively. Anticipatory activity occurred only when
the interstimulus intervals were fixed. In the model, this activity acted either like a
filter to suppress inappropriate responses or to enhance the network’s general
readiness to respond. Response-related activity showed directional selectivity and
depended on response context. In the model, this activity contributed both to the
suppression of inappropriate responses and to the generation of correct ones. No
hidden units had activity that simply subserved responses in a given direction.
Instead, response-related activity contributed to both the match decision and the
coding of response direction.
(supported by DIRP, NIMH, NIH)

145.3

145.4

MEMBRANE POTENTIAL FLUCTUATIONS LOWER THE DETECTION
THRESHOLD OF NEOCORTICAL PYRAMIDAL NEURONS IN VIVO.
Alain Destexhe* and Nicolas Ho, Departement de Physiologie, Universite Laval,
Quebec GIK 7P4, Canada.
Neocortical neurons in vivo experience high levels of background synaptic activity responsible for continuous membrane potential (Vm) fluctuations.
How such fluctuations affect the response of these neurons is however unknown.
The impact of Vm fluctuations was investigated using biophysical models of
morphologically-reconstructed pyramidal neurons, containing voltage-dependent
conductances in soma and dendrites, and GABAergic and glutamatergic synapses
whose densities were estimated from morphological data. The release conditions
at these synapses were estimated based on intracellular recordings in vivo, yielding a model of background synaptic activity consistent with experimental measurements. In these conditions, the response to constant synaptic stimuli showed
a high variability similar to in vivo recordings. The probability of synapticallyevoked spikes revealed significant differences with and without background activity: Vm fluctuations enabled pyramidal neurons to detect inputs that would
normally be subthreshold, and to discriminate between inputs normally indistinguishable. We show that this effect is not due to the tonically-active synaptic
conductances but is specifically attributable to Vm fluctuations. This finding
may have important implications at the network level: a population of “fluctuating” pyramidal neurons has a much lower detection threshold, which may be
important for implementing arousal mechanisms. Intracellularly-recorded neocortical neurons in awake animals indeed show continuous Vm fluctuations (Steriade et al., this meeting). In conclusion, contrary to the intuitive idea that
fluctuations would restrain information processing, we show here that Vm fluctuations similar to what is observed in vivo allows neocortical neurons to process
a considerably wider range of inputs, therefore enhancing their computational
efficiency. Supported by MRC of Canada (MT-13724).

NEURONS AS INTEGRATORS AND RESONATORS.
E.M. Izhikevich and F.C. Hoppensteadt*. Systems Science and
Engineering Research Center, Arizona State University, Tempe,
AZ, 85287-7606
We use methods of computational neuroscience to study
dynamical mechanisms involved in the generation of action
potentials. We distinguish two classes:
Hodgkin Class 1 excitable neurons can fire with an arbitrarily
low frequency, they have a well-defined threshold manifold, and
they act as integrators; i.e., the higher the frequency of incoming
spikes, the sooner they fire.
Hodgkin Class 2 excitable neurons fire in a certain frequency
range, they do not have a well-defined threshold manifold, and
they act as resonators; i.e., they respond preferentially to a
certain (resonant) frequency of the input. Increasing the input
frequency may actually delay or terminate their firing.
We use simple phase plane analysis to illustrate possible
sensitivity of resonators to a fine temporal structure of the input
spike train, and we discuss possible implications for the
thalamocortical and cortico-cortical interactions.
Funding: NSF grant “Canonical Models for Mathematical
Neuroscience", DMS-9805544.
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FRONTAL LOBOTOMY ENHANCES SOCIAL INTERACTION. G. Alba1. L
Gonzalez1. S. Tucci1, D. Paredes2. Q. Contreras1*, F, Guerrero1 and L. Hernandez1.
’Behav. Physiol. Lab., School of Medicine, Los Andes University, Merida 5101.
2Clinic. Res. Institute, Medical School, Zulia University, Fundacite-Zulia, Maracaibo
1151, Venezuela.
Using a simple device designed and developed to count and time specific behaviors,
an analysis of frontal lobotomy (LOB) was carried out in rats. A numeric keypad
was connected directly to the parallel port of a PC, thus avoiding the need for
complex interface circuitry. A software developed in C language, running under
MSDOS, generated a scanning function to examine the keypad and detect keys
pressed. By using one of the PC's motherboard timer/counter, time could be
measured with a precision of 1 ms for one key or various keys, if pressed
simultaneously. The data were stored in a text file, already formatted, to use by any
spreadsheet. Rats were subjected to frontal LOB (a knife cut between medial frontal
and parietal cortices) and exposed to the social interaction test of anxiety 7, 20, 30,
60 and 120 days after surgery. Lesioned rats spent more time in active social
investigation than control rats at 7 (LOB:99.3±2.61 sec vs VEH: 66.8 sec, p<0.01)
and 20 days after lobotomy (LOB: 52.6± 7.5 sec. vs VEH: 25.6±3,4, p<0.01). At 30
and 60 days after surgey this effect was not detected. In contrast, lesioned rats spent
less time (23.5±9.4 sec.) than control (64.2± 2.5 sec.) 120 days after surgery
(p<0.01). In any of these trials no difference in locomotion or rears after lobotomy
was detected.. These data indicate that frontal lobotomy induces a selective
anxiolytic effect for the first 20 days after lobotomy and an anxiogenic effect 120
days after. The behavioral results as well as the computing hardware and software
will be shown and discussed. Supported by Grant CONICIT G-97000820.

HIGHER PROPENSITY OF ASSOCIATION VS. PRIMARY VISUAL CORTICES
TO THE GENESIS OF SLOW SLEEP OSCILLATIONS. S.R. Pandi-Perumal*, F.
Amzica and M. Steriade, Lab. Neurophysiol., Sch. Med., Laval University, Quebec,
Canada G1K7P4.
A slow (<1 Hz) oscillation has been described in various cortical areas during resting sleep (Steriade et al., 1993) and its synchronization across various association and
sensory areas of the cortex has been investigated (Amzica and Steriade, 1995). Here we
report the state dependency of this oscillation in primary vs. association visual cortices.
(a) Experiments carried out in chronic cats revealed that, during the transition from
wakefulness to light sleep, the slow oscillation appeared first in association visual area
21, and later in primary visual area 17 (mean delay 11.4 s, range 3-25 s). The reverse
applied during the transition from deep sleep to waking or REM sleep: the slow oscillation was replaced by an activated pattern first in primary visual cortex, followed by
the activation of the association cortex (mean delay 10.7 s, range 5-20 s). In the case of
the transition towards REM sleep, the slow oscillation from area 17 was gradually replaced by ponto-geniculo-occipital waves, which were not related to the cycles of the
slow oscillation in area 21. During slow-wave sleep, the synchrony between primary
and association areas, quantified by cross-correlations between focal waves, was
modulated by the depth of sleep (higher synchrony was achieved during deeper sleep).
(b) Double intracellular recordings performed in cortical areas 17 and 21 of anesthetized cats showed that, during deep anesthesia, both depolarizing and hyperpolarizing
potentials contributing to the slow oscillation were synchronous. However, short epochs (<15 s) with less rhythmic and less ample slow oscillations in EEG focal waves
were associated with diminished synchrony between association and primary areas and
with increased synaptic noise in the neurons located in area 17. The synaptic noise,
probably of retinal origin, also appeared during the hyperpolarizing period of the slow
oscillation that is due to disfacilitation in intracortical networks. It is suggested that the
primary visual cortex has a lower threshold of activation than association areas.
Supported by the MRC of Canada, FRSQ and NSERC of Canada.

145.7

145.8

TERMINATION OF SPINDLE OSCILLATIONS BY SHORT-TERM SYNAPTIC PLASTICITY OF THALAMIC RETICULAR CONNECTIONS.
A.R. Houweling,1* F. Grenier? I. Timofeev.2 M. Steriade 2 and T.J. Sejnowski.1
xThe Salk Institute, La Jolla, CA 92037 and 2Lab. of Neurophysiology, School
of Medicine, Laval University, Quebec, Canada G1K 7P4.
Sleep spindles consist of waxing and waning 7-14 Hz oscillations that appear
in the EEG during the early stages of sleep. Spindle oscillations are generated
in the thalamus as a consequence of the intrinsic properties of thalamocortical
(TC) and thalamic reticular (RE) cells and their synaptic interactions. Once
initiated the waxing of spindles is thought to involve a progressive recruitment
of TC cells into the oscillation. In vitro studies suggest that the waning and
termination of spindles are caused by a progressive depolarization of TC cells
through a Ca2+-dependent upregulation of the H-current. In vivo intracellular recordings of TC cells, however, rarely display a progressive depolarization
during spindles. Recent studies have provided evidence for short-term synaptic
plasticity of RE-TC connections. In particular, repetitive burst discharges lead
to decreased inhibitory responses in TC cells in vitro (Ulrich & Huguenard, 1996;
Kim & McCormick, 1998), and repetitive thalamic stimulation in vivo results in
a reduction of IPSPs in TC cells (Grenier et al., this meeting). Here we show that
short-term synaptic plasticity can cause the termination of spindle oscillations
in computational models of the thalamus without any change of the H-current
in TC cells. The progressive reduction in RE-TC synaptic efficacy during the
spindle reduces the evoked hyperpolarization in TC cells and consequently their
low-threshold rebound responses. Thus, fewer RE cells are recruited into the
next cycle and the oscillation fades. Predictions of the model are being tested
in vivo. Research sponsored by NSERC and HHMI.

DYNAMICS OF SLEEP AND WAKING IN A LARGE-SCALE
MODEL
OF
THE
CAT
THALAMOCORTICAL
SYSTEM,
C.G. Habeck, G. M. Edelman and G. Tononi*, The Neurosciences Institute;
San Diego, CA 92121.
A large-scale, anatomically realistic model of the cat thalamocortical system (~60,000 neurons and 5 million connections), previously used to investigate
neural responses to visual stimuli (Cereb. Cortex,7:207,1997), was modified to
explore the dynamics of simulated activity patterns during conditions resembling
spontaneous waking and sleep. The cellular properties of the model neurons were
augmented by three additional ionic currents: a depolarizing cation current,
commonly called Ih , a depolarizing Ca2+ current, called It , and a hyperpolarizing K+ current, called Ik +. The interplay of Ih and It caused thalamocortical
cells to shift from a state of tonic firing (corresponding to waking) to a state of
burst-pause firing (corresponding to the spindles and slow waves of sleep). As
in physiological observations, this occurred when IK+ was increased, mimicking
the reduced depolarizing influence of modulatory diffuse ascending systems during sleep. These modifications at the single cell level resulted in global dynamics
that resembled those observed with electroencephalography during different behavioral states. Unlike unit recordings in vivo, these simulations allowed us to
examine the activity of thousands of units in different layers and structures simultaneously. The effects of selective modification of simulated anatomical and
physiological parameters on the synchronization of spindles and slow waves could
also be evaluated. Moreover, we investigated differences in the model’s response
to visual stimuli in different behavioral states. Finally, information-theoretic
measures are being applied to both ensemble activity data and to multiunit
spiking data in order to characterize states of waking and sleep in a rigorous
fashion. (Supported by Neurosciences Research Foundation.)

145.9

145.10

NEUROCHEMICAL ORGANIZATION OF PROJECTIONS FROM NUCLEI OF THE
PONTOMESENCEPHALIC TEGMENTUM TO THE RETROSPLENIAL
GRANULAR CORTEX OF THE RAT. A, Gonzalo-Ruiz* and J.M. Sanz. Laboratory of
Neuroanatomy. Institute of Neuroscience of Castilla and Leon, Valladolid University, 42003Soria, Spain.
Several studies have demonstrated that the anterior cingulate cortex receives input from the
mesopontine tegmental nuclei. However, the connections with the posterior cingulate cortex
(retrosplenial granular cortex, RSg) and the neurotransmitter-related characteristics of the
pontomesencephalic tegmentum neurons projecting to the RSg are poorly understood. Thus, the
aim of the present study was to examine the transmitter markers in these projections by
retrograde labelling with cholera toxin subunit B conjugated to horseradish peroxidase (CTHRP) combined with immunohistochemistry. Injections of CT-HRP were placed into different
parts of the RSg in rats (Wistar, 250-300g) anaesthetized with Nembutal (45mg/kg). The
animals were reanaesthetized 1-2 days later and perfused with fixative. Brains were sectioned
coronally at 50pm using a Vibratome. The sections were reacted sequentially for the
histochemical localization of CT-HRP (using DAB as chromogen) and the immunocytochemical
localization of serotonin (5-HT; 1:5000), dopamine-fi-hydroxylase (D^H; 1.500), choline
acetyltransferase (ChAT; 1:4), glutamate (Glu; 1:1000), enkephalin (Enk, 1:5000), neurotensin
(NT; 1: 2000) and substance P (SP, 1:2000). Moderate to large numbers of 5-HT+HRP
containing neurons were present in the dorsal (DR) and median raphe nuclei (MnR) and small
numbers (1-3 per section) of HRP-labelled neurons in the DR and MnR contained Glu, Enk, NT
and SP-like immunoreactivity. Moderate numbers of DfJH+HRP containing neurons were also
present in the locus coeruleus (LC), whereas a few retrogradely labelled neurons in LC also
contained NT and SP-immunoreactivity. fa addition, following injections into the RSg which
also involved ihe adjacent anterior cingulate cortex, small numbers of ChAT+HRP and SP+HRP
containing neurons (possibly overlapping populations) were present in the laterodorsal tegmental
nucleus. The present findings suggest that the ascending tegmental fibre system may be
heterogeneous with respect to transmitter content, fa addition, presumptively serotonergic and
noradrendergic fibres represent the main ascending projections from the midbrain tegmentum
to the RSg. (Supported by DGICYT PM97-0091 and Junta de Castilla y Leon, VA56/99).

DENSITY OF GABA-ERGIC NEURONS IN ANTERIOR ECTOSYLVIAN
SULCAL (AES) ’ASSOCIATION’ CORTEX OF THE CAT L.R. Dehner, M.A,
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Meredith, and H.R. Clemo*. Dept. Anatomy, VCU Sch. Med., Richmond, VA.
GABA-ergic neurons are critical to certain cortical receptive field properties and
contribute significantly to the circuitry of numerous cortical areas. Despite the
perceptual and physiological distinctions among different sensory modalities, the mean
density of GABA-ergic neurons remains fairly constant within the primary sensory
cortices (e.g., visual area 18=139 neurons/mm2 (Matsubara et al., 1987), auditory AI=
94.0 neurons/mm2 (Prieto et al., 1994), somatosensory 3b= 94.1 neurons/mm2 (Li and
Schwark, 1994)). However, variations in GABA-ergic density may occur among
higher level ’association’ areas of the different sensory modalities. The banks of the
AES contain such representations, including the anterior ectosylvian visual area
(AEV), somatosensory SIV, and auditory Field AES, and the present experiments
sought to determine the GABA content of each.
Coronal sections through the AES were derived from two adult cats. Sections were
reacted for GABA using standard immunocytochemical procedures with silver-gold
intensification. Tissue-outlines and GABA-positive neuron locations were plotted from
at least 5 sections per case using a Nikon Optiphot with a computer-controlled stage.
The software (Neurolucida) counted the number of identified neurons and calculated
tissue area. Measurements were taken from all laminae (I-VI) of the AEV, SIV, and
Field AES as well as from the adjacent gyral regions of AI/AII and SII.
The mean density (neurons/mm2) and standard deviation of GABA-positive neurons
were identified in each cortical field: AEV = 87.97 ± 37.6; SIV = 106.3 ± 27.9; Field
AES = 95.79 ± 54.35; AI/AII = 88.45 ± 27.99; SII = 88.43 ± 18.8. None of these
values differed significantly from the other (paired t-tests). These data indicate that the
overall concentration of GABA-ergic neurons within a sensory cortex does not seem
to vary according to (1) hierarchical level or (2) sensory modality. Further analysis will
focus on density differences known to occur among the different cortical laminae and
their possible relationship with sensory modality. Supported by the Human Frontiers
Science Program.
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SYNAPTIC INFLUENCE OF THE HIPPOCAMPAL INPUTS ON THE
PREFRONTAL CORTEX: AN INTRACELLULAR STUDY IN VIVO. Y. Gioanni,
E. Degenetais, J. Glowinski and A.M. Thierry*. INSERM U 114, Chaire de
Neuropharmacologie, College de France, Paris, France.
The hippocampal formation and the prefrontal cortex have been both implicated
in memory processes. Previously, we have shown that these two structures are
interconnected through a direct hippocampo-prefrontal pathway which originates
from the CAl/subiculum region and innervates the prelimbic and medial orbital
areas (PL/MO) of the prefrontal cortex. This pathway is excitatory and supports
long-term potentation. In this presentation, we describe the synaptic responses
evoked by hippocampal stimulation in rat prefrontal neurons. Intracellular
recordings were performed in nembutal anaesthetized rats. After
electrophysiological characterization of responding cells, neurobiotin was
intracellularly injected to determine their morphology. Most recorded cells (93%, n
= 88) located in layers II to VI of PL/MO areas responded to single pulse
stimulation of the hippocampus. The responses consisted of an early monosynaptic
EPSP (latency=15 ± 4.5 ms) followed by a prolonged IPSP (duration=150 to
300ms). Both the EPSPs and IPSPs presented two components in 38% and 50% of
the cases, respectively. After paired-pulse stimulation (n=29 cells), the early EPSP
was increased in 11 cells, decreased in 8 cells or not affected in 10 cells. Responses
to hippocampal stimulation were observed in the three main groups of cortical cells
characterized by their firing pattern in response to depolarising current pulses
(n=47): regular spiking (n=39), bursting (n=6) and fast spiking (n=2) cells.
Morphologically identified neurons were pyramidal cells, except for the fast spiking
cells, and were located in the PL/MO areas.
In conclusion, our data show that the hippocampo-prefrontal pathway exerts a
synaptic influence on a large proportion of neurons located in layers II to VI of
PL/MO areas of the prefrontal cortex. Thus, it can be suggested that the
hippocampus plays an important role in the functions of the prefrontal cortex.

AGE-RELATED CHANGES IN CORTICAL PROJECTION NEURONS IN MACAQUE
MONKEY: DENDRITE MORPHOLOGY, SPINE DENSITY, AND NEUROCHEMICAL
FEATURES. H, Duan*. Y, He. B. Wicinsky. G. Yeung. T.L. Page, W.G.M. Janssen.
J.H, Morrison, and P.R, Hof. Neurobiology of Aging Labs and Fishberg Research
Center for Neurobiology, Mount Sinai School of Medicine, New York, NY 10029.

Age-related changes in the morphology of dendritic arborizations of cortical neurons
are known to occur in primates and may vary according to the regional and laminar
location, and the connectivity of these neurons. In this study, we combined retrograde
transport of Fast Blue, intracellular injection of Lucifer Yellow in fixed sections, and
immunohistochemistry, to analyze age-related changes in three-dimensional branching
patterns and spine density of corticocortical projection neurons, as well as their
neurochemical characteristics, in 6 to 26 years old macaque monkeys. The
characteristics of corticocortical projection neurons forming short (e.g., within
prefrontal area 46) and long connections (e.g., projections from the superior temporal
cortex to area 46) were compared. For both apical and basal arbors of neurons forming
long projections, there were substantially shorter dendritic lengths (35 and 45%), and
fewer dendritic segments and lower spine densities (18 and 30%, and 29 and 27%.
respectively) in young compared to old animals. No changes were observed in short
projection neurons. In addition, long corticocortical pathways in old animals
demonstrated a considerable decrease in the proportion of projections neurons
containing the AMPA GluR2 and the NMDAR 1 glutamate receptor subunits (GluRs).
Preliminary data from the temporal cortex showed that only 25% of the neurons
projecting to area 46 have GluR2 labeling in old monkeys compared to 49% in young
animals. These values were 55% and 90% respectively, for NMDAR 1. Smaller agerelated shifts were seen in short projections. These data suggest that cortical neurons
furnishing long and short corticocortical projections display differential morphologic
changes during aging and that a decrease in cellular expression of key GluRs occurs.
The fact that in aging these neurons have low levels of GluR2 and comparatively high
levels of NMDAR1 may render them prone to calcium-mediated excitotoxicity, which
may be related to their vulnerability in Alzheimer’s disease.

145.13

145.14

INTRINSIC AXON TERMINALS OF LAYER 3 PYRAMIDAL NEURONS IN
MONKEY PREFRONTAL CORTEX: DIFFERENCES IN THE SYNAPTIC TARGETS
OF LOCAL AND LONG-RANGE COLLATERALS. D.A. Lewis1'2, D.S. Melchitzky1,
G. Gonzalez-Burgos2, S. R. Sesack1'2, and G. Barrionuevo2*. Depts. of Psychiatry1 and
Neuroscience2, University of Pittsburgh, Pittsburgh PA 15213
Horizontally-oriented axon collaterals of layer 3 pyramidal neurons in monkey
prefrontal cortex (PFC) give rise to stripe-like clusters of axon terminals. These
interconnected stripes are thought to form functional modules that may serve to
coordinate the activity of specific populations of PFC pyramidal cells. The present study
compared the synaptic targets of local (within-stripe) and long-range (between-stripe)
axon collaterals of these cells. Electron microscopic analyses of axon terminals arising
from the projections between stripes revealed that they formed exclusively Gray’s Type
I synapses, and that over 95% of the postsynaptic structures were dendritic spines,
presumably belonging to other pyramidal cells. In contrast, in the same animals, only
45% of the within-stripe axon terminals targeted dendritic spines. The remaining 55%
of the terminals synapsed with dendritic shafts, many of which had the characteristic
morphology of intemeuron dendrites. Dual-labeling studies confirmed that over 65%
of the shafts contacted by within-stripe terminals were GABA-immunoreactive. Wholecell patch clamp recordings in PFC slices revealed that responses observed in layer 3
pyramidal neurons during long-range stimulation were exclusively excitatory. In
contrast, local stimulation also evoked di/polysynaptic inhibitory responses. Thus, the
likelihood of eliciting inhibition by activation of long-range (between-stripe) connections
was low. These differences in the targets of the within- and between-stripe axon
collaterals of layer 3 pyramidal cells suggest that feedback (within-stripe) inhibition may
play a greater role in regulating the activity of a PFC module than feedforward (betweenstripe) inhibition. Supported by MH51234 and MH00519.

MEDIODORSAL THALAMUS PROJECTIONS TO MONKEY DORSOLATERAL PREFRONTAL CORTEX. S.L, Erickson* and D.A. Lewis. Depts.
of Neuroscience and Psychiatry, University of Pittsburgh, Pittsburgh, PA 15260.
Previous studies using both retrograde and anterograde tracers have shown
that the monkey dorsolateral prefrontal cortex (DLPFC) receives input from the
mediodorsal nucleus of the thalamus (MD). However, this projection has not
been examined with techniques suitable for visualizing individual
thalamocortical axons. In the present study, iontophoretic injections of
biotinylated dextran amine were made in adult monkey MD, and axons in the
DLPFC were visualized with peroxidase labeling. Very small injections in MD
resulted in clusters of labeled axons throughout a broad mediolateral and
rostrocaudal extent of DLPFC, including areas 9, 46 and 8. Injections in the
dorsal portion of MD were associated with labeled axons in the dorsomedial
portions of DLPFC, whereas the ventrally placed MD injections resulted in
labeled axons in the lateral portions of DLPFC. Axon clusters tended to be
found in groups covering a mediolateral expanse of several mm, and single
injections were often observed to result in two or more of these groups separated
by zones of sparse labeling > 5 mm in width. Within the regions of dense
labeling, small numbers of thick, nonvaricose axons were observed to ascend
through the deep layers to layer 4, where they branched profusely and gave rise
to numerous fine, varicose processes in layers 4 and 3. Within the zones of
sparse labeling, some thick, nonvaricose and unbranched axons were observed
traveling horizontally within the middle layers of the cortex. These findings
suggest that multiple, spatially segregated groups of cortical cells receive input
from a common source of subcortical afferents. This work was supported by
MH12282 and MH51234.

145.15

145.16

ARCHITECTONIC SUBDIVISION OF THE HUMAN ORBITAL AND MEDIAL
PREFRONTAL CORTEX. D. Ongur* and J.L.Price. Dept. Anat. & Neurobiol.,
Washington Univ. Sch. Med., 660 S. Euclid Ave., St. Louis, MO 63110.
The structure of the human orbital and medial prefrontal cortex (OMPFC)
was investigated on eight brains (five provided by Dr. D. Lewis at Univ. Pittsburgh)
using the Nissl, myelin and acetylcholinesterase stains and immunohistochemical
stains for parvalbumin and a nonphosphorylated neurofilament epitope (with the
SMI-32 antibody). A cortical area was recognized if it was distinct in two different
stains and had similar locations in different brains. Almost all of the more than 20
areas recognized here have counterparts in the macaque OMPFC map prepared by
Carmichael and Price [J.Comp.Neurol. (1994) 346:366-402]. For example, areas
11, 13 and 14 were subdivided into areas 11m, 111, 13a, 13b, 13m, 131, 14r and 14c.
On the lateral orbital cortex area 47/12, corresponding to monkey area 12, was
subdivided into areas 47/12r, 47/12m, 47/121 and 47/12s. Within area 10, a novel
rostral area lOr was recognized along with areas 10m and lOo. Areas lam, Iapm, Iai
and Ial were recognized in the agranular insula, which in humans extends from the
orbital surface rostrally to the horizontal ramus of the Sylvian fissure. On the
medial wall, area 25 and area 32m, which corresponds to monkey area 32, are found
posteriorly under the corpus callosum. Anterior cingulate areas 24a and 24b also
extend ventral to the genu of the corpus callosum. Area 32h, corresponding to area
32 in Brodmann’s human map, was recognized anterior and dorsal to area 24b.
Since the connections of these areas have been well characterized in
monkeys, predictions can be made about the OMPFC in humans. For example,
areas 25, 32m, 10m, 13a, 47/12s, Iai and others may form the equivalent of the
monkey medial prefrontal network. These areas project to the hypothalamus and
the midbrain periaqueductal gray in monkeys and can be termed visceromotor. In
contrast, most areas in the orbital cortex (e.g. areas Iapm, lam, 131, 13b, 47/12m,
47/121, 47/12r and 111) probably form the orbital prefrontal network which in
monkeys processes feeding related sensory inputs.
Supported by NIH Grant DC 00093.
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Supported by NIH grants AGO5138 and AG06647.

SERIAL PATHWAYS FROM ORBITAL AND MEDIAL PREFRONTAL
CORTICES REACH HYPOTHALAMIC, BRAINSTEM, AND SPINAL
AUTONOMIC CENTERS IN THE RHESUS MONKEY. N. L. Rcmpel-Clower*,
H Ghashghaei, and H. Barhas] Dept. of Health Sciences, Boston Univ., Boston, MA
02215
Previously, we reported that hypothalamic autonomic areas receive efferent fibers
from orbital and medial prefrontal areas (J. Comp. Neurol., 1998,398:393-419). In
the present study, we investigated whether the projections from prefrontal cortices
terminate in hypothalamic areas that, in turn, issue projections to spinal cord and
brainstem autonomic centers. To determine whether axons from prefrontal areas
terminate in hypothalamic areas that issue projections to the spinal cord, in the same
animal, we placed an injection of fluororuby, an anterograde tracer, in prefrontal area
12 and an injection of fast blue, a retrograde tracer, in the intermediolateral column
of the thoracic spinal cord. Fluororuby-labeled fibers and fast blue-labeled neurons
were observed in die dorsal hypothalamic area (DA), perifomical nucleus (Pef), and
tuberomammillary nucleus (TM). In another case, we injected biotinylated dextran
amine (BDA) in the lateral hypothalamic area (LA) and observed labeled fibers in
brainstem and spinal cord autonomic areas, including the nucleus of the solitary
tract, parabrachial nucleus, periaqueductal gray, reticular formation, raphe nuclei,
and intermediolateral spinal column. To study the origin of projections in prefrontal
areas, we placed three injections of retrograde tracers in autonomic hypothalamic
areas (LA, DA, and tiie posterior hypothalamic area). In all three cases, labeled
neurons were observed in caudal medial and orbital prefrontal areas (areas 25,24,
32, M14, PAU, OPro, 025, and 13). Fewer labeled neurons were detected in orbital
areas 11, 012, and 014. The above serial pathways from prefrontal orbital and
medial areas to hypothalamic, brainstem, and spinal autonomic centers may allow
for cortical control of autonomic function in response to complex emotional stimuli.
(Supported by grants F32 MH11151 and NS24760.)
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GENE EXPRESSION OF MYRISTOYLATED ALANINE-RICH C-KINASE
SUBSTRATE (MARCKS) IN THE BRAIN OF THE MACAQUE MONKEY.
Higo1*. T. Oishi1, A. Yamashita2, K. Matsuda1 and M. Hayashi3. 'Neuroscience
Sect., Information Science Div., Electrotechnical Lab., Tsukuba, Ibaraki 3058568, Japan, 2Dept. Anat., Nihon Univ. Sch. of Med., Itabashi, Tokyo 173-8610,
Japan, ’Dept. Cellular and Molecular Biol., Primate Res. Inst., Kyoto Univ.,
Inuyama, Aichi 484-8506, Japan.
Myristoylated alanine-rich C-kinase substrate (MARCKS) is one of major
presynaptic substrates for protein kinase C, and is related to the neuronal
plasticity. Using both Northern blot analysis and in situ hybridization
histochemistry, we investigated whether the expression of MARCKS is different
among various regions of the monkey brain. In the cerebral neocortex, the amount
of MARCKS mRNA was higher in the association areas (areas FD, TE and PG of
von Bonin and Bailey) than in the primary sensory and motor areas (areas PB, OC
and FA). In the association areas of the neocortex, prominent hybridization signals
for MARCKS mRNA were observed in layers II-VI. In the primary sensory and
motor areas, the signals were weak in layers I-III, and cells with prominent signals
were restricted to layers IV-VI. The amounts of MARCKS mRNA in the
hippocampus and the amygdala were as high as those in the association areas of
the neocortex. The amounts in the striatum and the thalamus were low, and were
the same level as those in the primary areas of the neocortex. The overall
expression pattern of MARCKS mRNA was similar to that of GAP-43 mRNA,
which we had previously reported. The region-specific expressions of these PKCsubstrates might reflect the functional specialization regarding PKC-mediated
synaptic plasticity in various regions of the monkey brain. (This work was
supported by the grants of AIST, MITI, Japan. We thank Dr. D. Stumpo for the
generous gift of MARCKS cDNA clone.)

IMMUNOHISTOCHEMISTRY OF NEURAL MARKERS FOR THE STUDY
OF THE LAMINAR ARCHITECTURE IN CELLOIDIN SECTIONS FROM
THE HUMAN PREFRONTAL CORTEX. J.J, Miquel-Hidalqo* and G.
Raikowska-Markow. Department of Psychiatry and Human Behavior,
University of Mississippi Medical Center; Jackson, MS 39216.
Morphometric studies of the cerebral cortex in celloidin sections have
provided reliable quantitative estimates of cytoarchitectural features in
individual areas of the brain. To increase our knowledge about the
morphology and distribution of neuronal and glial cells types using specific
cellular markers, we have compared two methods of celloidin
removal/antigen recovery, and subsequent immunohistochemical staining of
free floating sections from the human prefrontal cortex with antibodies
directed to specific neural markers. The method based on methanol and
NaOH for celloidin removal was the most adequate for optimal recovery of
immunoreactivity of the neural markers NF200, MAP2, GFAP, calretinin,
parvalbumin, calbindin D-28kD, and synaptophysin. The other method,
based on a mixture of ethanol/ether and subsequent treatment with formic
acid, gave good results in the immunostaining of NF200, GFAP and MAP2,
but not the other markers named above. The sections were compared with
adjacent or nearby sections stained with cresyl violet in order to assign the
immunoreactive structures to individual layers in the prefrontal cortex. The
present paper provides an antigen recovery technique for celloidin sections
of the brain that can be applied to optimize studies on the cytoarchitecture
and distribution of specific neuronal and glial elements in the human cerebral
cortex. This will allow for more precise and reliable studies of the cortical
cytoarchitecture in the normal and diseased human brain. Supported the
Dept. of Psychiatry, Univ. Mississippi Med. Ctr., and grant MH55872.
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DEVELOPMENT OF A
MICRO-ROBOT BASED ON
CRICKET
BIOMECHANICS. M.C. Birch1 S Laksanacharoen1, R.D. Quinn1*, A.J.
Pollack2 AND R E. Ritzmann^ 1Dept. of Mechanical and Aerospace
Engineering; and 2Dept. of Biology, Case Western Reserve Univ.; Cleveland,
OH 44106.
A 2-inch long “micro-robot” will be powered by compressed air and will
locomote by walking and jumping. Kinematic studies of cricket walking and
jumping using high-speed video were used to design the joint movements of
the robot. The motion of points on the animal’s legs and body were digitized
and tracked. These data were analyzed to determine the degrees of freedom
and motion of each joint during tripod walking and jumping. These joint
motions were then input to a dynamic model of the cricket that simulated the
animal’s motion. Comparisons with the original video were used to validate
the model. The model of the cricket was then scaled up to the size of the robot
and used for robot design. The degrees of freedom (DOF) in each of the legs
were reduced to simplify the robot design, but sufficient DOF were maintained
to permit the desired cricket-like locomotion. The dynamic simulation was
used to evaluate the adequacy of the reduced DOF kinematic design and to
predict joint torques and structural loads. A battery-powered micro-compressor
was developed to drive braided pneumatic actuators. Braided pneumatic
actuators have gross muscle-like properties. The robot is also expected to be
capable of moving longer distances efficiently by jumping. To that end we
have also begun a kinematic analysis of jumping movements and control of the
jump.
Supported by DARPA/ETO DAAN02-98-C-4027

MODELING OF STRAINS IN THE COCKROACH PROTHORACIC LEG
TROCHANTER AND ACTIVATION PATTERNS OF CAMPANIFORM
SENSILLA. S. Ramasubramanian1, S.N. Zill2*, G. M. Nelson1, R. D. Quinn1. ’Dept.
Meeh. & Aero. Engg., Case Western Reserve Univ., Cleveland, OH 44106, 2Dept.
Anat., Marshall Univ. Sch. Med., Huntington, WV 25755

Force detection is now considered an essential component in the regulation of
walking. We have examined how forces are encoded through foe exoskeleton of foe
cockroach leg using computational structural analysis. We generated an accurate,
three-dimensional model of the trochanteral segment of the front leg of Blaberus by
imaging foe cuticle via • ;;;focal microscopy.
This segment contains identified
groups of sense organs (campaniform sensilla) that encode forces in posture and
locomotion through strains in foe exoskeleton. We used surface extraction algorithms
to generate files in which foe locations of the cuticular specializations (caps) of
individual sensilla could be precisely determined. We evaluated strains at these
locations using Finite Element Analysis by 1) converting the graphic model to a set of
discrete elements that retained the positional and thickness values of the exoskeleton
and 2) coupling it to rigid structures emulating more distal leg segments. Forces
applied to the femoral segment in a 'peg-leg' paradigm produced similar distributions
of strains and patterns of activation of receptors previously found for foe cockroach
hindleg (Flannigan, et al., Proc. Fifth Cong. Neuroethol, 228, 1998). Forces were also
applied to foe end of the leg at magnitudes and orientations that occur during the
early, middle and late stages of the stance phase of walking, as derived from a
simulation based upon kinematic data. The trochanteral sensilla showed discrete
patterns of activation, consistent with the idea that the receptors as a whole indicate
strains as an array. These nattems could be used by the nervous system to detect the
direction and magnitm'o
forces acting upon the leg, as well as changes occurring
during walking over diverse terrain. We are currently testing the effects of simulated
muscle contractions upon strain distributions and have also generated a hardware
model of the trochanter for further analysis. Support: ONR Grant N00014-96-0694.

146.3

146.4

SURMOUNTING OBSTACLES ON SIX LEGS; BIOLOGICAL AND BIOROBOTIC
APPROACHES. J.T. Watson?* J.M, Saunders1, S, Laksanacharoen? R.E. Ritzmann1,
G.M. Nelson, and R.D. Quinn" Depts. of Biology1 and Mechanical Engineering2. Case
Western Reserve University, Cleveland OH 44106.
Arthropods have evolved efficient biomechanical, orientation, equilibrium and gait
strategies for traversing complex terrain. Thus, insects provide useful models for the
design of legged robots. Locomotory strategies have a remarkable effect on running
efficiency: cockroaches (Blaberus discoidalis) running over a series of hurdles
significantly increase speed after repeated trials. We examined alterations in postural
strategies, motor activity, and gait used by cockroaches to climb over obstacles with
heights 0.125X to 0.375X body length. Cockroaches used a strategy with three
characteristic phases that we have termed rearing up, climbing and leveling. As the
animal approached the step, it reared up by raising the front of the body using the front
and/or middle legs. For the low and medium obstacles, rearing was associated with
middle leg extension. To rear up to foe height of foe largest obstacle, foe animals
employed a two-phase strategy, first raising foe front of foe body as much as possible
with foe middle legs and then exhibiting a second rearing motion after foe front legs
contacted foe top of foe obstacle. After the head cleared foe top edge of foe obstacle,
foe center of mass (abdomen) was propelled upwards using foe hind legs. At foe top of
foe obstacle, the body was reoriented (leveling) to resume horizontal running.
Cockroaches also modified their gait as a function of obstacle height To surmount
low obstacles, foe cockroaches continued to use foe alternating tripod gait For foe
medium and high obstacles, foe middle and hind legs spent more time in dual stance
(i.e. left and right legs of each segment were simultaneously in stance for a greater
period of time).
A dynamic simulation of B. discoidalis with 5 degrees of freedom in each of its legs
has been developed. The model is initially being applied to simulate tripod gait
climbing over a series of low hurdles. ONR N00014-90-J-1545 and NSF/LIS DMI9720309.

IMPORTANCE OF LOAD SENSING IN ANIMAL CLIMBING AND ROBOTIC
DESIGN. G.M. Nelson1, J.T. Watson2, R.J. Bachmann1*, R.D. Quinn1, and R.E.
Ritzmann2. ‘Dept. of Mechanical and Aerospace Engineering; and 2Dept. of Biology,
Case Western Reserve Univ.; Cleveland, OH 44106.
Our work in controlling kinematically accurate legs in our robot has led to a
hypothesis that the swing phase of walking is controlled kinematically and the stance
phase is controlled dynamically. If this is true, position sensing is sufficient for foe
swing phase but load sensing is necessary for the stance phase. This conclusion is also
consistent with several animal studies.
To further test this hypothesis, we observed animals climbing over blocks, where
they had to generate extra muscular force to overcome gravity. We simultaneously
monitored muscle activity with electromyography and joint movements with high
speed video analysis. Motor neuron frequency patterns were modified during climbing
and foe extent of foe effect was a function of obstacle height. In running patterns, foe
slow depressor trochantaris motor neuron (Ds) typically produces a high frequency
burst followed by a lower frequency middle phase. As the cockroaches climbed, Ds
activity was increased in the middle of each burst. This modification of Ds frequency
occurred after foot set-down, suggesting that proprioceptive feedback from leg load
sensors may be used to tune Ds frequency during climbing.
We are taking advantage of this finding in a modification of our most recent robot,
Robot III. We have implemented strain gages on our robot at locations near where
campaniform sensilla are found in cockroach and are currently testing for predicted
improvements in locomotion. A positive result will have profound effects in our
thinking about load information and legged locomotion in general.
Supported by ONR Grant: N0014-99-1-0378
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146.5

146.6

TRANSFER FUNCTIONS AND INFORMATION RATE OF NONSPIKING
AND SPIKING PROPRIOCEPTORS IN THE CRAB. E.R. Gamble and R.A.
DiCaprio*. Dept. of Biological Sciences, Ohio Univ., Athens, OH 45701.
The position, velocity and acceleration of the first two joints of the crab leg
are monitored by both nonspikmg and spiking proprioceptors. The
nonspiking thoracic-coxal muscle receptor organ (TCMRO) spans the TC
joint, while the coxal-basal joint is monitored by the spiking CB chordotonal
organ (CBCTO) and by nonspiking afferents arising from levator and
depressor elastic strands. This system therefore allows a direct comparison of
these two distinct modes of information transmission in the nervous system,
since the physiological functions of the receptors are very similar as are the
motor reflexes that they mediate. Calculation of the coherence function
indicates that while both the spiking and nonspiking afferents are nonlinear,
the nonspiking neurons are more linear over a wider frequency range than the
spiking receptors. We characterized the linear and nonlinear transfer
functions of several of these receptors using white noise stimulation and
Wiener kernel analysis. The first-order transfer functions of the nonspiking
TCMRO afferents and the spiking CBCTO afferents are very similar, with
either lowpass or bandpass characteristics, while the second-order (nonlinear)
components are more complex for the CBCTO afferents. Second-order
Wiener models of the afferents produce good predictions of the afferent
response. Estimation of the information rate of the receptors was made with
repeated presentations of the same noise stimulus at a bandwidth of 200Hz;
the nonspiking TCMRO afferents sustain information transmission rates in
excess of 2100 bits/sec, while information rates for the spiking CBCTO
afferents range from 300-400 bits/sec. (Supported by the Whitehall
Foundation & OURC).

ADAPTIVE PLASTICITY IN THE PROLEG WITHDRAWAL REFLEX OF THE
CATERPILLAR MANDUCA SEXTA. JH Belanger? JJ Paton, and BA Trimmer. Dept of
Biology, Tufts University, Medford MA, 02155.
Manduca sexta caterpillars crawl by combining waves of segmental contractions with
grasping movements of the prolegs. Generally, the prolegs do not retract significantly
during crawling. Under some conditions, however, they exhibit a robust withdrawal reflex
in response to stimulation of sensory hairs (“planta hairs”) located near the tip ofthe proleg
(Weeks & Jacobs 1987). This reflex can be habituated (Weil & Weeks 1996), and
monosynaptic connections in the reflex pathway show facilitation, depression, and posttetanic potentiation (Trimmer & Weeks 1991). We wish to understand how these forms
of activity-dependent plasticity are incorporated into the animal’s normal behavior,
particularly locomotion.
Expression of the proleg withdrawal reflex is context-dependent. We evoked the
reflex in animals standing on, hanging from, or crawling on, a wooden dowel. Both the
duration ofproleg movement, and the electrical activity ofthe retractor muscles underlying
this movement, are significantly reduced in animals hanging from the dowel, as compared
to those standing on it. The reflex is strongly suppressed in a given proleg during the
stance phase of crawling.
To examine the interaction of the reflex with crawling, we have devised a method for
stimulating single planta hairs in freely-moving animals. A single planta hair was painted
with ferrous metal filings, and an electromagnet was used to deflect it in a controlled
manner. We tested the efficacy of the apparatus using a habituation paradigm with
isolated abdomens. In agreement with previous findings (Weil & Weeks 1996), the reflex
habituates in response to repeated deflections of a planta hair, and is dishabituated by
stimulating the body wall. In parallel with the behavioral changes, the duration and
intensity of activity in the principal planta retractor muscle also decline with repetitive
stimuli, and these changes are reversed by a dishabituating stimulus.
We are currently examining the central bases for these changes using intracellular
recordings from reduced preparations. Supported by NSF Grant IBN-9723506 to BAT

146.7

146.8

MECHANORECEPTORS SUPPORTING STIFFNESS
REGULATION IN HERMIT CRAB ABDOMEN. W.Chapple*.
Dept. of Physiology and Neurobiology, University of Connecticut,
Storrs, CT 06269-4156.
Reflex activation of the major muscle groups of the last three
segments of the abdomen of the hermit crab, Pagurus pollicarus, is
mediated by mechanoreceptors activated by muscle stress. Further
electrophysiological investigation of the properties of a subclass of
these receptors with axons in the first root of the 4th abdominal
ganglion, showed that: 1) these mechanoreceptors are at least as
sensitive to pressure on the epidermis as to longitudinal stretch of the
muscles, 3) they innervate dorsal as well as ventral regions of a
segment, 4) many low threshold afferents are located in the lateral
groove, which separates dorsal and ventral superficial muscles, 5)
Afferents may be divided into rapidly adapting (x « 20 ms) and
slowly adapting (x « 500 ms) populations, and 6) pressure on the
abdominal surface reflexly activates motoneurons with a brief phasic
burst, followed by a period of inhibition and a period of late
excitation. Thus, in addition to their role in stiffness regulation, these
receptors may also be important in the prehensile grasp of the
columella of the shell in which the hermit crab lives.

WHAT SENSORY INPUTS ARE NECESSARY FOR WALKING? EVIDENCE
FROM A NEW PEG-LEG PARADIGM. J. A. Noah*, S. F. Frazier and S. N. Zill.
Dept. Anat., Marshall Univ. Sch. Med., Huntington, WV 25755.
As part of a project to produce autonomous walking machines, we have
studied locomotion in cockroaches to characterize sensory inputs that provide
the minimum feedback needed for the generation of walking. We have
developed a surgical procedure that effectively converts the animal's own leg to
a 'prosthetic device' or 'peg-leg' with limited sensory feedback. Afferents inputs
from (and motor innervation to) the distal leg segments are eliminated by
severing all leg nerves (n5, n5r8 and their branches) in the femur. The
denervated limb retains a discrete array of afferents that monitor forces
(campaniform sensilla) and joint angles in the proximal segments, as well as
muscles that can generate movements at basal joints. Walking activities of
freely moving animals are recorded using high-speed video imaging (Redlake
camera, 250/frames sec) and myograms are taken of intrinsic leg muscles, both
before and after the surgical procedure. Accuracy of the surgery is confirmed by
subsequent morphological studies. These experiments have documented that
the denervated limb can show movements and muscle activities that follow the
patterns seen in intact legs. The leg repeatedly contacts the substrate in stance,
and swing movements regularly alternate with those of the intact contralateral
leg. Multiple protractions commonly seen during leg searching or in the
movements of fully ablated leg stumps do not occur. Furthermore, myographic
activities recorded from the tibial extensor muscle can show regular bursting,
although its activity only causes 'phantom' contractions, which produce no leg
movements due to the severing of the muscle tendon. These results confirm
that sensory inputs from the proximal joints alone are sufficient to generate
basic walking patterns. We plan to utilize this paradigm to evaluate the specific
contributions of different sensory modalities to the generation and coordination
of walking. Support: ONR N00014-96-1-0694.

146.9

146.10

SENSORY AND MOTOR ACTIVITIES DURING POSTURAL LOAD
COMPENSATORY REACTIONS IN THE COCKROACH. A.L. Ridgel*, S.F.
Frazier and S.N. Zill. Dept. Anat., Marshall Univ. Sch. Med., Huntington, WV
25755.
To stand upon and traverse irregular or unstable terrains, animals and walking
machines must be able to generate rapid adjustments in support and propulsion
provided by the legs. We are testing responses of cockroaches using a platform
perturbation paradigm to study the mechanisms of sensorimotor integration
underlying postural adjustments. Animals stand or walk freely in an arena that is
displaced at increasing and decreasing rates. Activities of leg muscles and sense
organs are recorded extracellularly during tests in which animals were stationary and
actively using the leg in support. We present evidence that: 1) cockroaches can
generate rapid reactions when perturbations are imposed lateral to the body long axis
or during climbing; 2) the rate of change of platform displacement is a critical
parameter in determining the occurrence and magnitude of active postural responses.
Cockroaches were remarkably stable and falling was rare, even during high rates of
displacement. In many tests, recordings of the single slow motoneuron to the hindleg
tibial extensor muscle showed that the threshold and the magnitude of increases in
motoneuron firing depended upon the rate of platform perturbation. For example,
increasing the rate of displacement from 14 to 26 mm/sec could produce a doubling
in the maximum rate of motoneuron discharge during perturbations that increased the
load borne by the hindleg. Recordings from sensory nerves to the tarsus and tibia
also show modulation of afferent activities coupled to the movement of the chamber.
We are currently pursuing these studies to identify individual afferents that provide
information about the rate of platform displacement, through the resultant changes in
forces and leg joint angles. Our studies support the idea that the integration of
information about the rate of change of perturbations may be fundamental to the
maintenance of stability in diverse environments. Support: ONR URISP N00014-961-0694.

NEURONAL CONTROL OF BEHAVIORAL CHOICE IN THE MEDICINAL
LEECH. T. Esch* and W.B. Kristan. Biology Dept. UCSD, La Jolla, CA,
92093-0357.
The leech offers an opportunity to study interactions between the
neural circuits that control different behaviors. Of particular interest
is the point in these circuits at which the choice between two
incompatible behaviors is made.
Previous studies from this
laboratory have shown that the choice between swimming and
shortening depends on differing inputs to identified interneurons; and
the shortening command is thought to be carried by large axons
descending from the head brain. To identify candidates for these
inputs, we used rhodamine dextran to retrogradely fill head brain
neurons that project past the second midbody ganglion. We limited
the diffusion time so that only a small number of head brain neurons
were filled, presumably those with the largest axons. Approximately
ten pairs of neurons were consistently labeled in this way.
Subsequent electrophysiological studies in reduced semi-intact and
isolated nerve cord preparations revealed that stimulating one of
these neurons activates motor neurons in midbody ganglia. Rather
than producing a shortening response, however, this neuron
produces a motor pattern resembling that seen during crawling.
Further characterization of this and other head brain neurons and
identification of their cellular targets will enable us to explore the
mechanisms involved in behavioral choice.
This work was supported by an individual NRSA to T. Esch (MH
12029) and an NIH research grant to W.B. Kristan (MH 43396)
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146.11

146.12

SPREAD OF
ELECTRICAL
EXCITATION
BETWEEN
NEIGHBOURING GANGLIA OF THE LEECH.
1. Arisi and V. Torre*. SISSA-ISAS and INFM, via Beirut 2-4,
34014 Trieste, Italy.
The input-output relations in a chain of neighbouring ganglia
isolated from the central nervous system of the leech Hirudo
medicinalis were
studied. Action potentials were elicited in
mechanosensory P cells by passing a depolarising current with
intracellular electrodes. The propagation of
evoked
action
potentials between neighbouring ganglia was monitored with eight
suction pipettes recording extracellular voltage signals originating
from the excitation of motorneurons and intemeurons innervating
the lateral roots and/or the longitudinal connectives. The spread of
electrical excitation, i.e. of recorded action potentials, between
neighbouring ganglia could be described by a low pass filter with a
time constant varying between 20 and 40 mseconds. The spread
of electrical excitation in the tail to head direction was more
attenuated than in the head to tail direction. The electrical activity of
neurons evoked by the stimulation of a P cell in the same
ganglion was very poorly correlated; a higher correlation was
observed when a P cell in a distant ganglion was stimulated. These
results are used to model the spread of information and parallel
processing along ganglia of the leech nervous system. (Supported
by: EC Project PARALLEL 960211).

PHYSIOLOGICAL AND HISTOLOGICAL ANALYSES OF THE SUPERIOR AND
INFERIOR TENTACLES IN THE TERRESTRIAL SLUG, Umax marginatus. 1, Ito.1,
T. Kimura3, H, Suzuki3. T. Sekieuchi3. K. Kawabata2 and E. Ito1*. Divs. of ‘Biol. Sci.
and 2Phys., Grad. Sch. of Sci., Hokkaido Univ., Sapporo 060-0810, Japan; 3Tsukuba
Research Center, SANYO Electric Co. Ltd., Tsukuba, 305-0074, Japan
Superior and inferior tentacles of slugs are olfactory organs.
Behavioral
experiments concerning the tentacular function in olfaction showed that superior and
inferior pairs of the tentacles have different roles. In the present study, the superior
and inferior tentacles in the terrestrial slug, Limax marginatus, were physiologically
and histologically studied. First, we examined the effects of electrical stimuli to the
digits of the tentacular ganglia on frequency of electrical oscillations in the procerebral
(PC) lobe in the central nervous system. The electrical stimuli to the middle and basal
regions of the digits of the inferior tentacle significantly decreased the frequency of the
oscillations, whereas those to the tip region of the digits of the inferior tentacle and all
regions of the digits of the superior tentacle increased it. These findings suggest that
the change in the frequency of electrical oscillations in the PC lobe depends on the
excited region in the digits. Second, we stained the tentacular neurons by backfilling
of the tentacular nerves with lucifer yellow. Six types of the stained neurons were
identified both in the superior and inferior tentacles. Two types of sensory neurons
were observed in the subepithelial regions. Two types of intemeurons were also found,
one of which was distributed in the digits, and the other one was located both in the
tentacular ganglia and the digits. Functional identities of the remaining two types
were unknown, one of which was located in the digits, and the other one lay in the
dermo-muscular sheaths of the tentacles. No differences were found in the
morphological features of these six types of the neurons between the superior and
inferior tentacles. These results showed that the physiological difference of the
olfactory information processing between the superior and inferior tentacles do not
depend on the differences in the neuronal components, but may depend on the synaptic
connections in the digits.

146.13

146.14

ORGANIZATION OF PERIPHERAL SYNAPTIC CONTACTS
AT MECHANOSENSORY NEURONS IN THE SPIDER LEG. R.
Fabian-Fine1*2, I.A. Meinertzhagen2 and E.-A. Seyfarth1 *. 1 Zool.
Institut, Universitat, D-60054 Frankfurt a. M., Germany; Neuroscience Institute, Dalhousie University, Halifax, NS, Canada B3H 4J1.
The mechanosensory organs of arachnids receive diverse synaptic
inputs in the periphery from efferent fibers arising in the CNS. Conventional EM of leg mechanoreceptors in sense organ VS-3 of the
spider Cupiennius salei reveals numerous pre-synaptic sites from
efferent fibers. These contain at least 4 different vesicle populations
comprising: (i) small round, electron-lucent vesicles (diameter: ~20
nm), (ii) large round, clear vesicles (-40 nm), (iii) mixed vesicle types,
and (iv) several very large, clear vesicles (-100 nm). Combined
immunocytochemical labeling at the light and EM level shows that
GABA is the transmitter candidate at the small vesicles and glutamate
at the large clear ones. Based on vesicle type and the geometry of
synaptic contact, various combinations of peripheral synaptic contacts
are distinguishable at the sensory neurons, at the surrounding glial
cells, and between the efferent fibers themselves. These include simple
unidirectional synapses, reciprocal as well as convergent contacts,
divergent dyads, and serial synapses. Our results reveal an astounding
complexity of synaptic microcircuits at spider sensilla and suggest
manifold possibilities for efferent control of sensoiy activity.
[Supported by the DFG (Se 367/2-3), DAAD (315), and NSERC
(QPG0000065)]

A MULTITARGET MOTOR NEURON IN THE FEEDING CIRCUIT OF
APLYSIA. J.-H. Park, E.C. Cropper, and K.R. Weiss*. Mt. Sinai Schl. Med. NY, NY
10029.
In nonspiking muscles the relationship between neural activity and the magnitude
of the resulting muscle contraction can be quite complex. Thus the term
neuromuscular transform (NMT) has been introduced (Brezina et al., 1999) to refer
to the complex nonlinear filter through which motor commans must pass before they
are translated into muscle contractions. Physiologically the NMT comprises multipe
steps, some of which occur postsynaptically, i.e., in the target muscle.
Consequently, the contractions of the muscles innervated by a multi-target neuron
might have different temporal characteristics. To determine whether this occurs in
the feeding system of Aplysia we identified a novel motor neuron, B67. B67 has the
following characteristics; it is on the caudal surface of the buccal ganglion, it has an
ipsilateral process in buccal nerve 1, it shows post inhibitory rebound, it fires
spontaneously in bursts, it receives biphasic input from the multi-function B4/B5
neurons, and it is active during the radula opening/protraction phase of ingestive
motor programs. Peripheral processes of B67 terminate on both the dorsal and
ventral sides of the buccal mass. Dorsally B67 terminates in two regions; (a) on a
mucle overlying the ipsilateral esophagus (we have designated 112), and (b) in the
vicinity of the salivary duct and surrounding muscle. On the ventral side of the
buccal mass B67 innervates a muscle we have designated Ill. When B67 is
stimulated spikes are one for one with excitatory junctional potentials (EJPs) in
ipsilateral Ill and 112 muscles. These EJPs are reduced in size in the presence of
lO^-lO'3 M hexamethonium. During ingestive motor programs the Ill muscle
appears to contract transiently at the beginning of B67 activity. In contrast,
contractions of the 112 muscle appear to last throughout the entire duration of the
B67 burst. Thus, the targets of B67 may have NMTs with different properties.
Supported by NIMH and an award from the Hirschl Foundation.

146.15

146.16

AN APLYSIA NEURON THAT ACTS AS AN EXTEROCEPTOR DURING ONE
PHASE OF A MOTOR PROGRAM ACTS AS A PROPRIOCEPTOR DURING
THE ANTAGONISTIC PHASE. D, Borovikov. C.G. Evans*, and E.C, Cropper.
Mt. Sinai Schl. Med. NY, NY 10029.
Previous studies have shown that the neuron B21 can function as an exterbceptor
during the radula closing/retraction phase of ingestive motor programs. Previous
studies have also shown that the tissue innervated by B21, the subradula tissue
(SRT), is a muscle and that the SRT motor neuron, B66, fires during radula
opening/protraction. In this study we sought to determine whether SRT contractions
that occur during feeding motor programs elicit centripetal activity in B21 that
could be transmitted to followers. We show that centripetal spikes are elicited in
B21 when SRT contractions are the same size, or are smaller than contractions
recorded during motor programs. Moreover, spikes in B21 that are recorded during
opening/protraction are eliminated when B61 (which is electrically coupled to B66)
is hyperpolarized. SRT contractions during opening/protraction are, therefore, likely
to elicit centripetal spikes in B21. Previous experiments have shown that centripetal
activity in B21 will not produce PSPs in one follower (B8) unless B21 is centrally
depolarized. B21 is centrally depolarized during closing/retraction but is not
centrally depolarized during opening/protraction. We show however that centripetal
activity in B21 will elicit coupling potentials in a second follower (B64) even when
B21 is at its resting membrane potential. In part this appears to result from the fact
that although B21 must be centrally depolarized to transmit centripetal activity to
cells like B8 that it contacts via its lateral process, B21 does not have to be centrally
depolarized to transmit centripetal activity to neurons like B64 that it contact more
medially. In summary, B21 appears to function as an exteroceptor that detects food
contact during radula closing/retraction. In addition it functions as a proprioceptor
that monitors the contractile state of the SRT during opening/protraction.
Supported by NIMH and an award from the Hirschl Foundation.

MULTI-JOINT COORDINATION OF TWO EXTENSOR MOTORNEURONS
DURING
SEARCHING FOR A FOOTHOLD AND WALKING IN THE
COCKROACH, Blaberus discoidalis. A.K, Tryba and R.E. Ritzmann* Department of
Biology, Case Western Reserve University, Cleveland OH 44106.
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Our laboratory collaborates in the design of legged robots based on the
neuromuscular and mechanical properties of arthropods. The current robot design is
intended to include agile movements that enable turning and climbing over complex
terrain. Observations made on freely behaving animals suggest that leg searching
movements are used to find footholds while walking over complex terrain. The design
of our robot is largely based on the neural control of treadmill walking in the
cockroach, Blaberus discoidalis (Watson and Ritzmann, 1997) and we have begun to
examine searching in the mesothoracic (T2) leg.
We have developed a robust tethered behavioral preparation that allows switching
from tripod walking to Tl and T2 leg searching movements (T3 legs stopped cycling)
and can demonstrate that the two behaviors are distinctly identifiable both
kinematically (i.e. joint movements) and electrically (EMG’s).
We recorded intracellularly from two leg extensor motor neurons during tethered
searching and walking and examined their cellular and synaptic properties and joint
coordination during these active states. During walking, both inhibitory and excitatory
synaptic drive patterns extensor activity. Inhibition is alternated with plateau-like
excitation. Combined high speed video and intracellular Ds records demonstrate a
decline from peak instantaneous frequency near foot setdown. This decrease appears
centrally patterned rather than due to feedback from substrate contact. Unlike walking,
during searching there is a delay in the onset of slow depressor trochanteris (Ds)
activity relative to that of the slow extensor tibia (SETi). This delay can be accounted
for by inhibition of Ds during search onset, rather than delayed excitation. The joint
kinematics reflect this change in motor neuron coordination.
Supported by Office of Naval Research Grant #: N0014-99-1-0378
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146.17
THE ROLE OF NERVE 4 INNERVATED MUSCLE IN ESCAPE AND WALKING
IN THL COCKROACH. P.L. Schaefer*, A.J. Pollack and R.E. Ritzmann. Dept. of
Biology. Case Western Reserve University, Cleveland, OH 44106.
The metathoracic legs in cockroaches are large and powerful, producing most of
the forward thrust in the animal during running, escape and wedging. The muscles
most responsible fcr this forward motion extend the eoxa-trochanter-femur joint
(CTF). Classic work by Pearson and lies (1970) concluded that only muscles
innervated by Df and Ds through nerve 5rl are necessary to control CTF extension in
walking roaches. In many cases, thinking has generalized this notion to other
behavio/s as well. However, recent work by Full and Ahn (1995) demonstrated that
muscle i 77C, a muscle involved in flight that also can act to extend the CTF joint,
produces greater force than any other coxal depressor and was utilized in behaviors
such as burrowing or wedging. We hypothesized that the rapid escape behavior of the
cockroach would also utilize such powerful muscles. We sought to test this notion by
comparing escape behavior before and after bilaterally lesioning metathoracic nerve
4, the nerve that contains motor axons to 177C but not Df and Ds. High speed video
of escapes showed a significant decrease (p<0.01) in the mean CTF joint angle
excursions after lesioning the nerve. The mean CTF excursion dropped from 52.2+/18.5 (mean-7-s.d. in degrees) 32.6+/-16.6 for the ipsilateral leg and from 54.1+/-22.1
to 32.0+/-15.8 for the contralateral leg. We also found direct excitatory connections
between TIAs, the thoracic locus of control of the escape response, and fast excitatory
motor neurons innervating 177C. This data indicates that 177C plays an important
role in producing escape behavior. We also examined running in the lesioned
animals. While the CTF kinematics appear normal, there was a characteristic wobble
in the lesioned animals’ gaits. This leaves open the possibility of 177C having a role
in stabilizing the bocly-coxa joint.
Supported by Whitehall Foundation Grant #J95-02 and ONR Grant #N001499-1-0378 to RF.R and PHS Grant #AG-00105-11 to PLS
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SACCADE GENERATION DURING FREE VIEWING IN A PATTERN
RECOGNITION PARADIGM. S.F.Kalik,N.D.Schifffc.S.Reich ,and K.P.Purpura.
Department ofNeurology and Neuroscience, Weill Medical College of Cornell
University; New York, NY 10021.
The eye movements of a monkey performing a pattern recognition task were
analyzed to study how the multiple sites and the recent history of a dynamic
stimulus array influences saccade generation. The monkey viewed an array of
polygons shaded and grouped into hexagons by "Y"-junctions in a manner
consistent with the appearance of 3D cubes, lighted and viewed from two directions.
The appearance of a hexagon as a cube lit and viewed from above, or lit and viewed
from below, was controlled by a multi-input (8 hexagons) binary m-sequence (6th
order, each slot 500 ms duration, standard and inverted repeat each presented 8
times). The animal was trained to identify a specific, "all-aligned" case of the array,
and received a reward for releasing the bar within 500 ms of the target’s appearance.
The target appeared after 4, 8,10, or 12 transitions in the sequence, interleaved at
random. The animal’s head was fixed, and the eyes were free to move during a trial.
A scleral search coil provided eye movements that were analyzed off-line for times
of saccade initiation (resolution: 5msec, threshold: 15-20 deg/s).
Reverse correlation between the times of saccades and the sequence controlling
the transitions in a given hexagon produced a measure of how that region and its
past history biased saccade generation. For this animal, changes of the hexagons in
the upper left of the array typically had a greater impact on the rate of saccade
generation than changes in the lower right. This was most apparent in the 500 ms
immediately following the updating of the stimulus. However, transitions that
occurred 500 to 1000 ms in the past also influenced the animal’s behavior. The
application of the multi-input m-sequence through this novel stimulus allows for a
study of the interaction of memory effects and spatial array in the saccade
generating system. Supported by:EY07138,NS36699(SFK), NS02014(NDS),
EY07138,GM07739(DSR), and NS36699(KPP).

THE ACTIVITY OF MONKEY PREFRONTAL CORTEX DURING AN
OCULOMOTOR SELF-ORDERED TASK. I. NEURONAL ACTIVITY IN THE
CURRENT TRIAL REFLECTS PERFORMANCE.DURING RECENT TRIALS.
Ari M. Blitz, Ryohei Hasegawa. and Michael E. Goldberg*. Laboratory of
Sensorimotor Research, National Eye Institute, Bethesda, MD 20892-4435
Patients and monkeys with mid-dorsolateral prefrontal cortex lesions have
difficulty performing a self-ordered task in which they must monitor their own
behavior. We trained two Rhesus monkeys to perform an oculomotor version of this
task. The monkeys fixated the center of an array of three different objects roughly 2°
in diameter and differing in shape and color. The objects were pseudorandomly
chosen from a set of 6 patterns and could appear at any of 6 positions. On the first
trial of a set the monkey had to make a saccade to any of the three objects. On the
second and third trials the same three objects reappeared at different spatial positions,
and the monkey had to choose objects as saccade targets that he had not yet chosen.
The monkey received small rewards for the first two saccades and a larger reward for
the third correct saccade. If the monkey made an error on the second or third trial the
set was terminated, a new set of objects appeared, and the task began again at the first
choice. After several months of training monkeys correctly completed the second step
during approximately 80% of trials, and about to complete all three steps
approximately 55% of the time. The monkeys’ performance on this difficult task was
not uniform throughout the day. Instead they tended to alternate epochs in which they
would do five to six consecutive sets correctly, and epochs with far fewer consecutive
sets. Activity of neurons in dorsolateral prefrontal cortex before and after stimulus
appearance was often correlated with the efficiency of the monkeys’ recent
performance, as if the baseline activity of prefrontal cortex correlated with the
monkeys’ level of arousal, attention, enthusiasm, or motivation. Supported by the
Howard Hughes Medical Institute-National Institutes of Health Research Scholars
Program (AMB) and the National Eye Institute.

147.3

147.4

THE ACTIVITY OF MONKEY PREFRONTAL CORTEX DURING AN
OCULOMOTOR SELF-ORDERED TASK. II. NEURONAL ACTIVITY
REFLECTS THE CURRENT AND PRECEDING CHOICES. Ryohei Hasegawa*.
Ari M. Blitz, and Michael E. Goldberg. Laboratory of Sensorimotor Research,
National Eye Institute, Bethesda, MD 20892-4435
Monkeys were trained on an oculomotor self-ordered task in which they had to
monitor their own behavior in order to choose appropriate saccade targets. We
recorded the extracellular activity of neurons in dorsolateral prefrontal cortex (areas 9
and 46, dorsomedial to the principal sulcus) while the monkeys performed this task.
We found a population of neurons whose activity correlated with the aspects of the
current trial: neurons selective for stimulus location regardless of target pattern,
neurons selective for target pattern regardless of saccade direction, and neurons that
predicted the direction of the current saccade. Two types of neurons were sensitive to
aspects of the trial in the context of previous trials. One type increased activity
according to the position of the current trial in the set. This could correlate with task
difficulty, or with memory load. A second type had activity that correlated with the
choice of a specific pattern on a previous trial in the current set, and was not at all
related to stimulus choice or saccade performance in the current trial. Instead, it
carried the memory of a previous pattern choice. This collection of neuronal types
could provide the components by which the prefrontal cortex creates a movement
decision by considering the current environment and monitoring the animal’s own
behavior on previous trials.
Supported by the National Eye Institute and Howard Hughes Medical InstituteNational Institutes of Health Research Scholars Program (AMB).
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EYE MOVEMENTS IN VISUAL SEARCH. C. Maioli*.12 I. Benaglio,1 S. Siri.1 S. F.
Cappa13. ’IRCCS S. Giovanni di Dio-FBF, Brescia; 2Dept.of Biomedical Sciences and
Biotechnology, Univ. of Brescia; 3Dept. of Medical and Surgical Sciences, Univ. of
Brescia; 25100 Italy.
It is a widely accepted view that simple feature detection in visual search is
performed pre-attentively, in a spatially parallel fashion (“pop out”). By contrast,
more complex visual search tasks would require an examination of each item in turn,
by means of a serial shift of visuospatial attention. This dichotomy between serial
and parallel search has recently received support by PET and TMS studies. The
analysis of eye movements is for sure a valuable tool to test theories on spatial
attention in visual search. However in most studies eye movements were prevented by
asking to the subjects to fixate a central target during the search time period.
We studied the pattern of eye movements in six normal subjects engaged in visual
search tasks, in which a target had to be detected, as rapidly as possible, among a
variable number of distractors (3 to 15 items). “Pop out” vs. “non-pop out” and small
(± 10 °) vs. large (± 20°) stimulus visual angle conditions were investigated
In both “pop out” and “non-pop out” visual searches subjects made a sequence of
saccadic movements to a variable number of distractors, until target was reached.
Thus, the search strategy appears to be qualitatively similar, the difference between
the two types of search being more in the mean number of saccades required for target
detection. Furthermore, when target detection was achieved by a single foveation
saccade, latency was extremely short (normally <200 ms) and was independent of the
number of distractors, in both so called “parallel" and “serial” visual searches.
Finally, the visual angle subtended by the display had a minor effect on the strategy of
visual search. Taken together, these findings are compatible with the hypothesis that
attentive mechanisms are engaged in both “pop out” and “non-pop out” trials. The
common search strategy would consist in attentional shifts guided by a spatially
parallel processing of the visual stimuli, taking place in the intersaccadic intervals.
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147.5

147.6

INFORMATION PROCESSING IN MACAQUE FRONTAL EYE FIELD
(FEF) DURING VISUAL SEARCH: CONTINUOUS OR DISCRETE?
N.P, Bichot*. S.C, Rao and J.D, Schall. Vanderbilt Vision Research Center,
Department of Psychology, Vanderbilt University, Nashville, TN 37240.
A central issue in mental chronometry is whether information is transferred
between processing stages such as stimulus evaluation and response
preparation in a continuous or discrete manner. We address whether partial
information about a stimulus influences the response stage before that
stimulus has been completely evaluated.
We have investigated saccade target selection in FEF during a visual search
in which monkeys made a saccade to a target defined by the conjunction of
color and shape (Bichot & Schall '99 Nature Neurosci.). We found that the
activity of many visually-responsive neurons not only discriminated target
from distractors, but also discriminated among the distractors based on their
visual similarity to the target and based on the history of target properties
used across sessions. To the extent that movement neurons in FEF represent a
processing stage closer to saccade production, discrete and continuous
processing models make different predictions regarding the activity of these
neurons. A strictly discrete processing scheme would predict that movement
neurons are only active for the saccade that is produced. On the other hand,
evidence that movement neurons are modulated by similarity and priming
would support a continuous processing model. Across the population,
movement neurons exhibited activity consistent with a continuous processing
scheme. The nature of information transmission between stages was also
tested in a modified popout search. (Supported by NEI grants RO1EY08890, P30-EY08126 and T32-EY07135 and the McKnight Endowment)

A GAP EFFECT FOR SACCADES EVOKED BY ELECTRICAL
MICROSTIMULATION OF FRONTAL EYE FIELD IN MONKEYS.
I. Opris* and V P. Ferrera, Center for Neurobiology & Behavior, Columbia
University New York, NY 10032.
It has been shown that attentive fixation modulates thresholds for saccades
evoked by electrical stimulation of Frontal Eye Field (FEF) in monkeys (Goldberg,
Bushnell and Bruce, Exp Brain Res 61:579-584, 1986). It has also been shown that
a‘gap’ paradigm reduces the latencies of visually evoked saccades (Pare & Munoz, J.
Neurophysiol. 76:3666-3681, 1996). We tested the idea that introducing a temporal
gap between fixation target offset and the onset of an electrical stimulus would
reduce thresholds for evoking saccades in FEF and also reduce the latency of evoked
saccades. We stimulated in FEF (70 ms trains of biphasic pulses, 0.2 ms/phase,
350 Hz) of two monkeys performing a fixation task with gaps of 0, 50, 100, 200
and 500 ms. The amplitude of the stimulation current at each site was adjusted to
be near or just above the threshold for evoking saccades (current range = 20-80
microamps, one-half peak-to-peak).
Each of the 8 electrically stimulated sites in FEF showed a robust effect on
the probability of evoked saccades with the highest probability occurring at a gap
duration of 200 ms. The overall probability of evoking a saccade with a 200 ms gap
was 0.68. This was more than double the saccade probability at 100 ms gaps (0.34)
or 500 ms gaps (0.24). There was also a highly significant effect of gap duration
on saccade latency (one-way ANOVA, p < 0.001) with the minumum latency at a
gap duration of 200 ms. The avarage latency for 200 ms gaps was 37 ms compared
to 58 and 40 ms for 100 and 500 ms gaps, respectively. The results are consistent
with the idea that attentive fixation reduces the efficacy of electrical stimulation in
FEF.
Supported by NIH grants MH59244, MH1574-22, Whitehall and
Klingenstein Foundations.

147.7

147.8

COMPARISON OF PRO- AND ANTI-SACCADES IN PRIMATES I.
BEHAVIOURAL CHARACTERISTICS. A, H. Bell'*. S. Everling', R. M. Klein2,
and D. P. Munoz1. 1 MRC Group in Sensory-Motor Neuroscience, Dept. Physiology,
Queen's University, Kingston, ON Canada; 2 Dept. Psychology, Dalhousie
University, Halifax, NS Canada.
We investigated the properties of pro- and anti-saccades in non-human primates by
training monkeys on a task with interleaved pro- and anti-saccade trials. We also
examined the effect of changing the nature of the required saccade (pro vs. anti) by
using a modified pro- and anti-saccade task in which the instruction cue was
switched in the middle of the trial. Each trial began with the appearance of a central
fixation point (FP), a red FP signifying a pro-saccade trial and a green FP signifying
an anti-saccade trial. In each block of trials, the stimulus appeared randomly at one
of two diametrically opposite locations. On half of the trials, the fixation point
disappeared 200 ms before stimulus presentation (gap condition) and on the
remaining trials, the fixation point remained visible (overlap condition). In a
separate experiment, the colour of the FP was changed 0-400 ms prior to the target
appearance in 25% of the trials, thus altering the instruction cue for the subsequent
saccade. The main findings were: 1) anti-saccades had longer latencies than prosaccades; 2) anti-saccades had lower velocities than pro-saccades; 3) pro- and antisaccades had faster reaction times in the gap than in the overlap condition; 4)
direction errors on anti-saccade trials were more frequent in the gap condition than in
the overlap condition; 5) amplitudes of pro-saccades increased in response to target
eccentricity whereas amplitudes of anti-saccades remained relatively constant
regardless of target eccentricity; 6) all of the above measures were influenced by
target location; 7) when the instruction cue was altered mid-trial, the latencies and
number of errors increased as the shift-time decreased; 8) latencies were faster
switching from an anti- to a pro-saccade as opposed to switching from a pro- to an
anti-saccade. Supported by MRC Canada and NSERC Canada.

COMPARISON OF PRO- AND ANTI-SACCADES IN PRIMATES. II. ACTIVITY
OF CORTICOTECTAL NEURONS IN THE FRONTAL EYE FIELD. S. Everling
and D.P, Munoz*. MRC Group in Sensory-Motor Neuroscience, Department of
Physiology, Queen's University, Kingston ON Canada. K7L 3N6
We have shown recently (Everling et al., 1999, J Neurosci 19: 2740-2754) that
saccade-related neurons in the superior colliculus (SC) of rhesus monkeys have a
reduced activity on anti-saccade trials compared with pro-saccade trials. To examine
the role of the frontal eye field (FEF) in modulating the excitability of SC neurons,
we recorded the activity of single saccade-related neurons in the FEF in monkeys
trained on a task with randomly interleaved pro- and anti-saccade trials (see Bell et
al., 1999, Neurosci. Abstr.). FEF neurons projecting to the SC were identified with
antidromic stimulation techniques. Like in the SC, we found lower prestimulus,
stimulus, presaccade and saccade activity in FEF neurons on anti-saccade compared
with pro-saccade trials. A high prestimulus activity of FEF neurons was associated
with errors in the anti-saccade task. These results provide compelling evidence that
the FEF provides important task specific input to the SC. The FEF seems to
participate in the suppression of reflexive visually-driven saccades by reducing the
excitatory drive to the SC. (Supported by the MRC of Canada and the Deutsche
Forschungsgemeinschaft Ev-32/2)

147.9

147.10

COMPARISON OF PRO- AND ANTI-SACCADES IN PRIMATES
III.
REVERSIBLE ACTIVATION/INACTIVATION OF FRONTAL EYE FIELD AND
SUPERIOR COLLICULUS. M, C, Davidson*. S. Everling. A. Lablans, D, P,
Munoz, MRC Group in Sensory-Motor Neuroscience, Department of Physiology,
Queen’s University, Kingston, ON Canada.
Both frontal eye field (FEF) and superior colliculus (SC) neurons participate in the
generation of pro- and anti-saccades. The objective of these experiments was to
investigate the relative contributions of neurons in the FEF and SC to the generation
of pro- and antisaccades. Rhesus monkeys were trained to perform a paradigm in
which antisaccades and prosaccades were pseudorandom ly interleaved (see Bell et
al., 1999, Neurosci. Abstr.). The colour of the initial fixation point (FP) instructed
the monkey to generate either a prosaccade (FP = red) to a visual stimulus or an
antisaccade (FP = green) to the opposite side. We temporarily inactivated cells in the
SC or FEF using the GABA-agonist muscimol. Saline injections were also made for
control purposes. When saccade-related neurons in either the FEF or SC were
inactivated with muscimol we observed increased reaction times, decreased saccadic
velocities, and dysmetria for both pro- and anti-saccades. When the fixation neurons
in the rostral SC were inactivated, monkeys failed to suppress reflexive pro-saccades,
especially in the gap condition. In a separate experiment we stimulated the FEF or
SC electrically (200ms train, 200Hz, 1.5 x threshold) while the monkey fixated either
the red or green fixation point in the mixed pro/antisaccade paradigm. The time to
initiate a saccade was increased during fixation of the green FP that the monkey
associated with anti-saccade trials. These results demonstrate that both the SC and
FEF play an important role in the generation of both pro- and anti-saccades.
Supported by MRC of Canada.

DOUBLE PULSE TRANSCRANIAL MAGNETIC STIMULATION (TMS) OF
THE FRONTAL EYE FIELD (FEF) FACILITATES MEMORY GUIDED
SACCADE TRIGGERING. R.M. Muri*, M, Wipfli, J. Felblinger, C.W.Hess, Eye
Movement Research Laboratory, Department of Neurology, University of Bern,
Inselspital; CH-3010 Bern, Switzerland.
Both parietal and frontal cortices are involved in the control of memory-guided
saccades. The FEF seems to be involved in the preparation and the triggering of
memory guided saccades. Single pulse TMS has been shown to mainly have an
inhibitory effect on saccade performance by increasing saccade latency or
influencing saccadic gain. Repetitive TMS seems to facilitate saccadic eye
movements under special conditions. The aim of this study was to examine the
effect of double pulse TMS on the performance of memory-guided saccades.
Subjects and Methods: 12 healthy subjects were tested by stimulating the right
FEF during different time intervals with 65% of the output of the machine (MagStim
SuperRapid). All subject gave their informed consent to participate, and the study
was approved by the local ethical committee. TMS was applied in relation to the gosignal, i.e. the extinction of the central fixation point.
Results: Double pulse stimulation of the FEF, starting at 0ms with an inter-stimulus
interval of 50 ms reduced the saccade latency for contralateral saccades significantly
(median: 194ms vs. 262ms without stimulation, p< 0.006, Mann-Whitney test).
Accuracy of the saccades was not significantly affected'by the stimulation. Double
pulse TMS over the occipital cortex with the same timing had no significant effect.
Furthermore, no significant effect was found with the following stimulation
intervals: 0ms-35ms, 0ms-65ms, 0ms-80ms, and Oms-lOOms.
Conclusion: These results suggest a specific effect of double pulse TMS on
contralateral memory-guided saccade triggering when applied with a distinct time
interval over the FEF, probably by interacting with the buildup activity of the
saccade-related neurons of the FEF.
Supported by Swiss National Foundation No: 31-50866.97
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147.12

ROUTES TO THRESHOLD: FRONTAL EYE FIELD ACTIVITY BEFORE EYE
MOVEMENTS. J.D. Schall*. D.P, Hanes & K.P, Ruch. Vision Research Center,
Department of Psychology, Vanderbilt University, Nashville TN 37240
We have reported that saccades are initiated when movement-related activity in
FEF reaches a fixed threshold (Hanes & Schall, ‘96, Science 274:427). Here we
report additional analyses including more neurons. Our original work calculated
spike density functions with a filter shaped like a post-synaptic potential. We have
determined that constant thresholds are observed before short and long latency
saccades when a gaussian (o = 10 ms) filter is used. Also, we examined whether the
threshold activation was the same for memory-guided as it was for visually-guided
saccades. For most of the neurons tested the threshold was the same for memoryguided saccades as for visually guided saccades during the countermanding task. A
fraction of neurons exhibited somewhat or much lower activity associated with
memory-guided saccades.
We have previously reported that the variability of saccade latency originates in
variability of the growth of activity to the threshold. We have now examined the
manner by which movement-related neural activity in FEF grows to the threshold.
Almost half of the neurons exhibit approximately linear growth of activity from a
constant starting time; these also generated a cancel signal when planned
movements were canceled (Hanes et al., ‘98, J Neurophysiol 79:817). Other
movement-related neurons exhibited two phases of growth of activity, a gradual
early phase followed by a rapid later phase. In trials with progressively longer
saccade latencies, the later phase began at later times and rose to the threshold with
a constant rate. A third class of movement-related neurons exhibited a rapid initial
growth followed by a decelerating growth toward the threshold. These results
indicate the diversity of movement-related activity in FEF. Supported by RO 1MH55806

PERFORMANCE MONITORING BY SUPPLEMENTARY EYE FIELD.
V.Stuphom*, T.L.Taylor & J.D, Schall, Vanderbilt Vision Research Center,
Department of Psychology, Vanderbilt University, Nashville TN 37240
The countermanding paradigm probes subjects' ability to control behavior by
requiring them to cancel a planned movement (Hanes & Schall, 1995 Visual
Neurosci 12:929). To perform this task, monkeys must monitor and control their
performance. By applying a race model to the performance data, it is possible to
estimate the time required to cancel planned movements. This laboratory has
reported general properties of supplementary eye field (SEF) neurons recorded
in one monkey performing the countermanding task (Patterson & Schall, 1997,
Soc. Neurosci. Abstr. 23:474). Here we describe results from two monkeys and
offer an interpretation in terms of executive processes.
In both monkeys neurons were recorded that exhibited significant modulation
when planned movements were successfully canceled. However, the modulation
occurred after the stop signal reaction time; therefore, the modulation could not
play a role in canceling the movement but may signal correct performance.
Neurons were also observed that discharged after saccades that were not
canceled; this modulation may signal erroneous performance. The patterns of
neural activity observed in SEF may correspond to signals arising from midline
cortical structures that have been observed in humans using event- related
potentials and neuroimaging. The new data suggest a function of the. SEF in
monitoring performance, registering whether the produced eye movements lead
to the desired consequences.
(Supported by R01-MH55806 and NSERC)

147.13

147.14

TEMPORAL PROFILE OF DELAY-PERIOD ACTIVITY IN MACAQUE SUPPLEMENTARY EYE FIELD. V. Ventura1, R. Carta1, R.E. Kass1*, C. Olson2,
and S.N. Gettner2, ’Department of Statistics and 2Center for the Neural Basis
of Cognition, Carnegie Mellon University, Pittsburgh, PA.
Neurons of the macaque supplementary eye field (SEF) are active during the
delay period of an oculomotor delayed response (ODR) task, firing at a ^ate that
depends both on the direction of the impending response and on the nature of
the instructional cue presented at the beginning of the trial. A given neuron
fires most strongly when the impending response is in its preferred direction.
Further, many neurons are more active following a ’pattern’ cue (a digitized image arbitrarily associated with the response direction) than following a ’spatial’
<sue (a white spot flashed at the location of the target). While changes in mean
firing rate are informative, they are not an exhaustive measure of a neuron’s activity. For example, neuronal activity might assume the same asymptotic level
on trials -requiring a response in a given direction, but approach this level at a
different rate. The aim of the present study was to develop an objective method
for analyzing task-dependent changes in the temporal profile of delay-period activity. We analyzed data from 247 neurons in two monkeys trained to perform a
variant of ODR in which, on interleaved trials, the response might be in any of
four directions, and the direction might be indicated by either a ’pattern’ or a
’spatial’ cue. We took the firing rate of each neuron to be a time-varying Poisson process governed by a small number of parameters. For each task condition
independently, we optimized the parameters to fit the neuron’s firing pattern.
We then determined whether the assigned parameters varied significantly across
task conditions. This approach revealed clear task-dependent variations in the
temporal profile of individual neurons’ delay-period activity. For example, in
many neurons, the peak firing rate occurred later on ’pattern’ than on ’spatial’
trials. This project was supported by grants MH45156 and EY11831.

REWARD-RELATED NEURONAL ACTIVITY IN THE MONKEY
SUPPLEMENTARY EYE FIELD (SEF). N. Amador. M.Schlag-Rev*&
J.Schlag. Dept. of Neurobiology and Brain Research Institute, UCLA,
Los Angeles, Ca. 90095-1763.
In addition to cells specifically active with visual stimuli, saccades or
fixation, the SEF contains cells that fire most intensively at the time of
reward delivery. We studied reward-related activity in 2 monkeys
performing a prosaccade/antisaccade task (Amador et al. '98, SchlagRey et al. '97) and in a monkey trained in memory prosaccades only.
Reward-related cells were classified in 3 types: Type I, found at the
caudal limit of the SEF territory, or behind, was overtly related to
drinking or licking (monitored by infra-red camera). Types II and III,
were found in the same tracks as or in close proximity to visual,
presaccadic or fixation SEF cells. Type II cells were activated in phase
with intermittent reward delivery but not synchronously with drinking.
Their discharges were little or not affected by the position of the visual
cue briefly anchoring the goal at the onset of reward. Importantly,
Type II cells often discharged more on antisaccade trials than on
prosaccade trials, in accord with the greater significance of reward for
correct antisaccade performance. Type III, in contrast to Types I and
II, was related to the expectancy of reward. These cells stopped firing
abruptly after reward onset and remained silent during the entire
reinforcement period. Type Ilia cells displayed a linear increase in
firing from ~ 150ms before saccade up to reward onset, whereas Type
Illb cells started their prelude to reward later, during the mandated
fixation period (2OO-5OOms) that followed a correct saccade. The
complementary firing patterns of Type II and III cells could provide a
feedback mechanism necessary for learning and performing the task.
(Supported by USPHS grants EY02305 and EY05879).

147.15

147.16

LEARNING-DEPENDENT MODULATION OF NEURONAL ACTIVITY IN THE
MACAQUE SUPPLEMENTARY EYE FIELD. N. Fujii*, J. Kojima, P. Blazquez and
A.M. Graybiel. Dept. of Brain & Cog. Sci., MIT, Cambridge, MA 02139
We recorded neuronal activity in the supplementary eye field (SEF) in two rhesus
monkeys trained to perform sequential saccade tasks under random sequence (RSQ)
and fixed sequence (FSQ) conditions. In both conditions, the monkey was required to
make successive saccades after 500-1000 ms of central fixation. Two to six targets
were presented consecutively at fixed intervals (250-500 ms) in 40-60 trial blocks.
Intervals and number of targets were altered by block. In each trial, reward was
delivered after correct performance of the required sequential saccades. In RSQ
blocks, target sequences were changed randomly trial by trial. In FSQ blocks, the
sequence of targets presented was the same for 40 to 60 trials. Switches between FSQ
and RSQ blocks occurred without any signal to the monkey.
Of the 452 SEF units isolated, classical task-related responses (i.e. saccade-, delayrelated activity) were found for 120 neurons. Among these task-related cells, 36
increased or decreased their firing rates during repeated performance of the same
sequence in FSQ blocks. Chen and Wise (1995) have reported such learningdependent modulation of task-related SEF units.
We also found a group of 62 SEF neurons that had little or no classical task-related
activity, but that did modulate their firing rates during the course of FSQ blocks. Early
modulation units fired in the initial several trials of FSQ blocks but had decreased
activity after that. Late modulation units gradually increased their tonic firing rates
during FSQ blocks. Strikingly, middle modulation units increased their firing
frequency after the monkey had repeated the same sequence 10-20 times, and then
decreased their firing rates after that. These neurons generally showed tonic activity
without modulation during RSQ blocks. We conclude that SEF neurons, whether
exhibiting classically-defined task-related activity or not, show modulation of
discharge rate related to task familiarity and/or performance routinization.
Supported by the Grayce B. Kerr Fund, the National Parkinson Foundation, NIH
Javits R01 NS25529 and the Scottish Rite Schizophrenia Research Foundation.

MEMORY-GUIDED SACCADE IMPROVEMENT AFTER
SUBTHALAMIC NUCLEUS STIMULATION IN
PARKINSONIAN PATIENTS. S. Rivaud-Pechoux* B.
Gaymard. P. Damier. C.J. Ploner. C. Pierrot-Deseilligny.
INSERM 289, Hopital de la Salpetriere, F-75651 Paris, France.
High frequency electrical stimulation of the subthalamic
nucleus (STN) improves clinical parkinsonian signs. Moreover,
monkey studies suggest that the STN is involved in eye
movement control. We studied the influence of bilateral STN
stimulation on visually guided saccades (VGS), inhibition of
VGS (antisaccades) and memory-guided saccades (MGS) in 8
parkinsonian patients. All the patients, with and without STN
stimulation, had no deficit in saccade accuracy in VGS and no
error in the antisaccades. However, in MGS, the first saccade
accuracy as well as the final eye position were significantly
decreased without STN stimulation, compared to a control group,
and significantly improved with STN stimulation. In all the
tasks, saccade latency was slightly shorter with STN stimulation
than without STN stimulation, without reaching significance.
These results show that, in contrast to L-DOPA, STN stimulation
improves MGS deficit. These data reveal that, in humans, the
STN is involved in the network that controls spatial short-term
memory and the triggering of internally-guided saccades.
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CONTINUOUS FUNCTIONAL IMAGING OF REFLEXIVE VISUALLYGUIDED SACCADES. T.S. Grethe*, M. Desmurget. G.S. Russo, M.D. Crutcher
and S.T, Grafton. Department of Neurology, Emory University School of Medicine,

THE FRONTOPARIETAL NETWORK FOR ANTIPOINTING INCLUDES
THE ANTISACCADE NETWORK AND “ANTIPOINTING-ONLY” FOCL I
D. Connolly1 . M. A. Goodale3, J. F. X. DeSouza1. R. S. Menon2, & T. Vilis4.*
‘Neuroscience Prog., 2Robarts Research Inst., 3Dept. of Psych., 4Dept. of Phys. &
Opth., Univ. of Western Ontario, London, ON, CANADA.
A saccade is directed toward a visual target. It is possible, however, to saccade
toward a mirror-symmetrical position in the opposite visual field.
Such an
antisaccade incorporates response suppression, coordinate transformation, covert
orienting of attention and working memory processes. The distinction between proand antirmovement can also be applied to pointing. We used 4-Tesla fMRI to
compare patterns of brain activation during antipointing and antisaccades, to
determine what cortical areas process “anti” operations and to examine whether
activity is dependent upon the effector used to perform the antimovement. Functional
maps (pc.Ol, corrected) for anti- and propointing were transformed to Talairach space,
averaged, and superimposed onto maps for anti- and prosaccades. In parietal cortex,
an inferior parietal network (IPN) was active during saccades and pointing and
included three foci along the intraparietal sulcus, 1) the caudomedial parietal area was
more active during the anti tasks; 2) the midlateral parietal area was only active during
the anti tasks; 3) the rostrolateral parietal area, in which there were no differences for
pro- and anti movement A superior parietal network (SPN) was active during
pointing but not saccades and included 1) the ventral parietal reach region, active
during anti- but not propointing; 2) the dorsal parietal reach region (PRRd), in which
voxels more active during antipointing were adjacent to voxels more active during
propointing; 3) a mediorostral intraparietal region, in which there were no differences.
In frontal cortex, areas active during anti- but not promovement were anterior to proand anti areas and included 1) the preSMA;. 2) the preFEF; 3) anterior cing. Areas
Ml, PMd, PMv, mPM and the anterior cing. were active during pointing but not
saccades. All areas more active during promovement, i.e. PRRd, SMA and mPM were
situated along the medial wall. In summary, antipointing with central gaze activates a
network that includes the antisaccade network and additional “antipointing-only” foci.

Woodruff Memorial Building, Suite 6000, Atlanta, GA 30322.

Functional magnetic resonance imaging (fMRI) was used to investigate the
neural systems involved in the production of human reflexive visuallyided saccades and.their relation to the amplitude of the reflexive saccade.
e stimuli for the visually guided saccades were presented using a fiberoptic light-emitting diode (LED) system positioned in the middle of the
subjects (n=4) field of view. The stimuli were located on a half-circle
(diameter 115 cm) centered on the subjects' cyclopean eye. They ranged from 7.5° (left) to 20.0° (right) with a 2.5° increment. Four fixation points were
defined at -7.5°, -5.0°, -2.5° and 0.0°. Subjects were presented two trials of
each of the following five conditions in a pseudorandom order (10 trials
total): fixation, 5°, 10°, 15° or 20° saccades, with no baseline "reference" task.
During the saccade trials the subjects were required to perform constant
amplitude saccades to the right from the fixation points. After each fixed
amplitude saccade the subject was required to saccade to a new pseudorandom
fixation point. Each functional scan (Philips 1.5T; EPI; TR = 1.5 sec; TE = 40
msec; Flip Angle = 90°; Slices = 15; Thickness = 6.0 mm; FOV = 240 mm; Matrix
= 64x64) lasted 127.5 seconds (85 dynamic scans) and consisted of 60 saccades
directed alternatively to the right (30 saccades) and to the left (30
saccades).
fMRI images were realigned and transformed into a standard streotaxic
space (Woods et al., 1996) and smoothed using a 3D Gaussian filter (FWHM
of 6 mm). To identify foci showing significant amplitude related effects SPM
(Friston et al., 1995) was used to assess pixel by pixel f-statistics. Results
indicate that the precentral sulcus (FEF), superior frontal gyrus (SEF),
intraparietal sulcus (PEF), and cerebellar vermis fMRI activation were
correlated with increased saccade amplitude. Whereas, the brainstem
saccade generators show fMRI activation correlated with decreased saccade
amplitude. These results establish the feasibility of studies using continuous
fMRI for other oculomotor experiments, such as saccadic adaptation.
Supported in part bp NS33504 to STG, and a Markey Fellowship to JSG.

CEREBELLUM: HUMAN STUDIES

148.1

148.2

3-D MRI ATLAS OF THE HUMAN CEREBELLUM: INCORPORATION OF THE
DEEP CEREBELLAR NUCLEI BY COMPARISON WITH DIGITIZED
POSTMORTEM CRYOSECTIONS. J.D. Schmahmann ‘* J, Dovon2. M, Petrides 3.
A. Evans3, A. Toga4. 1 Dept. ofNeurology, Massachusetts General Hospital, Harvard
Medical School, Boston, MA.;2 Department of Psychology, Lava University, Quebec;
3 McGill University, Montreal, Canada;4 Laboratory of Neuroimaging, UCLA.
The 3-D MRI atlas of the human cerebellum in proportional stereotaxic space
was developed utilizing the high-resolution brain and the Display co-ordinate system of
the Montreal Neurological Institute (Schmahmann JD, Doyon J, McDonald D, Holmes
C, Lavoie K, Hurwitz AS, Kabani N, Toga A, Evans A, Petrides M. Three-dimensional
MRI atlas of the human cerebellum in proportional stereotaxic space. Neuroimage.
1999. In press). This atlas demonstrates the cerebellar fissures, lobules, and folia with
greater precision than has previously been available, and presents a logical and usable
cerebellar nomenclature. The MRI technology however, does not permit sufficient
identification of the deep cerebellar nuclei. This limitation was compensated for by
comparison with postmortem cryosections of another cerebellum that was prepared,
digitized, and warped into Talairach space as described elsewhere (Toga et al., Comput
Med Imaging Graph 1997; 21: 131-41). Equivalent sections in the cardinal planes were
selected for comparison with the MRI atlas. The anatomy of the deep nuclei was well
defined in the cryosections. Their location, configuration, and extent could be compared
with the predicted location within foe cerebellar parenchyma on the MRI images. The
constituents of the nuclear group including the fastigial, the globose and emboliform,
and the large corrugated dentate nucleus were all apparent in the cryosections. By
comparison with the MRI data, their relative locations in proportional stereotaxic space
could also reliably be inferred. The incorporation of cryosection data from a
postmortem cerebellum into the MRI atlas of foe human cerebellum thus facilitates
greater precision in the identification of the deep cerebellar nuclear structures, and
should prove a useful compliment to the magnetic resonance images in this atlas
Supported in part by the National Library ofMedicine Small Book Award.

MOTOR RELATED IMPAIRMENT IN A CEREBELLAR PATIENT DURING
CLASSICAL CONDITIONING OF THREE DIFFERENT EFFECTOR
SYSTEMS. -F.P. Kolb*. ‘S. Lachauer, ]C. Baier. 2H.C. Diener. 2P. Timmann.
‘inst. of Physiol., Univ. of Munich; Pettenkoferstr. 12, 80336 Munich. 2Dept. of
Neurol., Univ. of Essen; Hufelandstr. 55,45122 Essen, Germany
Classical conditioning, presumably controlled by the cerebellum was tested in
three different reflex systems in a young cerebellar patient, suffering from an
unilateral lesion in the intermediate cerebellum with adjacent vermal parts.
Reflexes were evoked by unconditioned stimuli (US): i) an airpuff directed to the
periorbital region (eyeblink reflex), ii) an electrical pulse train applied to the
medial plantar nerve (limb withdrawal reflex) and iii) a tilting (rotatory
movement) platform (postural reflex). The conditioned stimulus, a 1000Hz sound,
preceded the US. The EMG was recorded from corresponding muscles. All
reflexes were tested on both sides. On the intact side conditioning was somewhat
deficient (eyeblink) or normal 0imb withdrawal reflex) but was impaired on the
lesioned side for both reflexes. Significantly increased unconditioned (UR)
withdrawal responses on the affected side suggest a primarily cortical lesion.
Eyeblink and withdrawal reflex were tested sequentially (affected and intact side)
whereas postural reflexes could be studied simultaneously.Onset and amplitude
of the conditioned responses (CR) and UR did not differ significantly between
both legs. The patient established only few postural CR on the affected side but
simultaneously was within the normal range on the intact side. These data provide
evidence that the cerebellum is critically involved in associative, motor-related
plastic processes independent of the effector system. Supported by W. Sander
Foundation (94.090.1,2) and DFG TI 239/2-1,2.

148.3

148.4

CEREBELLAR DAMAGE IMPAIRS TIMING OF COMBINED REACH
AND GRASP MOVEMENTS. KM Zackowski*. AJ Bastian. & WT Thach.
Dept of Anatomy and Neurobioiogy, Program in Physical Therapy, Dept of
Neurology, Washington University School of Medicine, St. Louis, MO 63110.
Natural movements require combinations of different types of movements,
such as a reach with a grasp. Cerebellar damage is known to cause deficits in
either reaching and grasping movements when each movement is performed
in isolation. It is not known whether cerebellar subjects show abnormalities
in the scaling and time of peak grip aperture (PGA) when reach and grasp
movements are combined. We hypothesized that the cerebellum may be
involved in coupling these two movements together.
We studied control and cerebellar subjects reaching and grasping 3 differentsized cylinders under 2 speed conditions: slow-accurate and fast. All subjects
had normal hand sensation and range of motion. Subjects were also asked to
estimate each cylinder’s diameter prior to any physical contact. Kinematics
were recorded and analyzed from markers placed on the tip of the index
finger, tip of the thumb, and wrist joint.
Preliminary data show that cerebellar subjects produce more variable
endpoint errors under both conditions. All subjects were able to perceive the
size of each cylinder similarly. PGA magnitude for cerebellar subjects was
significantly greater than that of controls during the slow-accurate movements.
PGA time, during the fast movements, occurred later and with significantly
more variability m the cerebellar group.
These results suggest that cerebellar subjects can accurately perceive object
sizes, but produce larger magnitude PGA’s when performance accuracy is
emphasized. We speculate that this may be a compensatory strategy due to
poor endpoint accuracy of the reach. When askea to move fast, PGA time
becomes delayed and more variable. These data indicate that the cerebellum
may be involved in the temporal coupling of the reach and grasp movements
in this task. (Supported by NIH grant #5 R01 NS12777-22, and NIH grant
HD01199-01)

EFFECTS OF ACCURACY CONSTRAINTS ON REACH-TO-GRASP
MOVEMENTS IN CEREBELLAR PATIENTS. M.K, Rand1*. Y. Shimanskv2,
G.E. Stelmach1. V. Bracha2. J.R Bloedel2. ‘Motor Control Lab. Arizona State
Univ.; Div. ofNeurobiology, Barrow Neurological Institute, Phoenix, AZ 85013.
Reach-to-grasp movements of patients with pathology restricted to the
cerebellum were compared with those of normal controls.Two types of paradigms
with different accuracy constraints were used to examine the hypothesis that
cerebellar impairment disrupts the stereotypic relationship between arm transport
and grip aperture and that the variability of this relationship is accentuated when
greater accuracy is required. The movements were made to either a dowel or to a
crossbar of a small cross placed at a distance in front of the start zone that was
proportional to the length of the subject’s forearm. After a tone signal, subjects
were asked to reach for either target at a fast but comfortable speed, grasp the
object between the index finger and thumb, and lift it a short distance off the table.
A block of forty trials was recorded for each of the two paradigms, and the blocks
were counterbalanced across subjects. The kinematics of the movements were
recorded using an Optotrak 3D motion analysis system.
As previously reported, the grip aperture and arm transport velocity profiles for
normal subjects were highly consistent from trial to trial for movements to both the
dowel and the cross. The time at which grip aperture was maximal during the
reach was highly consistent for each normal subject and ranged from 65-90 % of
arm transport duration across subjects. In contrast, the time of maximum grip
aperture of the cerebellar patients was significantly more variable and occurred
much earlier during the reach than was observed for controls. Furthermore, the
time from peak velocity of arm transport to maximum grip aperture was highly
variable. When the patients reached for the cross, the variability of these two
measurements as well as the onset of grip aperture increased substantially. These
data suggest that the cerebellum is involved in organizing the consistent temporal
relationship between grip aperture and arm transport during goal-directed reaches,
especially when a high degree of grip accuracy is required.
Supported by NIH Grants NS36752 and NS21958 and the Flinn Foundation.
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SCALING OF FINGER FORCE BY CEREBELLAR PATIENTS IN
AN OVERARM THROW J. Hore*. S, Watts. D. Timmann and R.
Citron Dept. of Physiology, Univ. of Western Ontario, London, ON
N6A5C1.
In an overarm throw, as the ball is released from the hand grip and rolls
along the fingers, it exerts a back force on the fingers that is proportional
to ball weight and hand acceleration. Recreational ball players can
predict this back force because they keep finger amplitude relatively
constant for balls of different weights. Can cerebellar patients scale
finger force (finger amplitude) appropriately in this skilled multijoint
task? Six cerebellar patients (4 with surgical lesions) and 6 matched
controls threw tennis-sized balls of different weights (14, 55, 196 gm) at
a medium speed while arm joint rotations were recorded with the searchcoil technique. Although back forces differed by up to a factor of 14,
both controls and patients had similar mean finger amplitudes for the
different balls (though in both cases finger amplitudes were slightly
greater for the heavy ball). Thus, on average, cerebellar patients adapted
finger force to the different back forces (loads). However, patients
showed greater variability in finger amplitude from throw to throw
especially with the heavy ball. Tiiese results are similar to those for
cerebellar patients performing the precision grip. It is concluded that in
the absence of normal cerebellar function the internal model that controls
finger opening in throwing can produce the approximate level of force,
but cannot do so accurately from throw to throw.
Supported by Canadian MRC MT6773

REACTIONS OF CEREBELLAR PATIENTS TO MASKED VISUAL
STIMULI. S.E. Grill*, S. Sridhara, M. Zaveri. Johns Hopkins University
Medical School and Neurology Specialists, PA. Columbia, MD 21044
In visual masking, a bright visual stimuli masks the effects of a short dim
stimuli presented close in time. Human subjects are able to react to masked
stimuli at latencies that indicate they are reacting to the unperceived stimulus
(Taylor and McCloskey 1990). We evaluated the ability of patients with
cerebellar degeneration to react to masked visual stimuli.
Nine patients with cerebellar degeneration and 9 control subjects sat in front of
a visual display with a four super bright LED’s surrounding a small red LED. In
% of the trials, the center dim LED was illuminated for 5 ms, in % of the trials,
the surrounding bright LED’s were illuminated for 50 ms, and in ’/z of the trials,
the dim led was illuminated before the bright stimulus at an interval which
varied according to a randomized sequential design. Subjects were instructed to
react as quickly as possible to any stimulus by depressing a switch with their
right thumb. They also indicated whether they saw either the dim, the bright or
both stimuli. Subjects were considered “masked” if they denied seeing the dim
stimulus even though it had occurred.
Cerebellar patients were masked for much greater intervals between the dim
and bright stimulus (111 +/- 30 ms) compared to control subjects (54 +/- 13 ms)
(p<0.0001). On the other hand even when subjects were masked and denied
seeing the dim stimulus, both control and cerebellar subjects reacted at latencies
indicating that they were reacting to the masked stimulus.
Masking may occur for auditory and tactile stimuli in addition to visual
stimuli. The cerebellum receives afferent input from all of these modalities and
may play a role in the phenomenon of masking. Since both control and
cerebellar subjects were able to react to masked stimuli in the present study,
masking would not explain the prolonged reaction times seen in cerebellar
subjects.

148.7

148.8

CEREBELLAR FUNCTION IMPAIRMENT IN TOOL-USE LEARNING:
DIFFERENT
INTERNAL
MODELS
FOR
ROTATIONAL
TRANSFORMATION AND VELOCITY CONTROL.
K.Fukuzawa*, H.Imamizu2. C.Nagai3. M, Iwata3’4 and M, Kawato2’5*.
Dept. of Psychology, Waseda Univ. Tokyo, Japan. 2Kawato Dynamic
Brain Project, Japan Science and Technology Corporation, Kyoto Japan.
3Dept. of Neurology, Neurological Institute, Tokyo Women’s Medical
College, Tokyo Japan. 4 Center for Brain Research, Tokyo Japan.
5Kawato Dynamic Brain Project, Japan Science and Technology
Corporation, Kyoto Japan, ATR Human Information Processing
Research Laboratories, Kyoto, Japan.
The present study investigated the function of the lateral portion of
the cerebellum in tool-use learning. A patient with the rignt lateral
portion of cerebellum involvement was required to learn two different
types of visually-guided tracking tasks using a computer mouse. In one
task, the patient, Y.T., was asked to track a randomly moving target on
CRT using a mouse where the angular relations between mouse and
cursor movement systematically changed (rotational transformation
task). In the other task, Y.T. was asked to manipulate a mouse where
the cursor velocity was determined by the mouse position (velocitycontrol task). Decrease in tracking error, the distance between the target
and cursor in the rotational transformation task, indicated that Y.T.
learned rotational transformation. On the other hand, tracking errors in
the velocity-control task did not decrease over the course of the trials
suggesting that he did not learn velocity control. These results suggest
that the lateral portion of the cerebellum is responsible for learning
velocity control of movement.
The present study also supports a
previous fMRI study of normal subjects (Imamizu et al. 1998) in which
the lateral portion of the cerebellum was activated during the velocity
control task. The patient’s ability to learn the rotational transformation
task but not the velocity control task coupled with fMRI evidence from
normal subjects further indicates that multiple internal models exit in
the cerebellum, and that each model learns a different transformation.

OCULOMOTOR ABNORMALITIES IN A UNIQUE PHENOTYPE OF

AUTOSOMAL DOMINANT SPINOCEREBELLAR ATAXIA. John H.
Anderson^, Jon Pryor^, Sally Frutiger^* and Christopher M. Gomez^T
Depts. of ! Otolaryngology, ^Urology, and ^Neurology, Univ. of Minnesota,
Minneapolis, MN 55455.
The dominantly inherited spinocerebellar ataxias (SCAs) are a
heterogeneous group of neurodenerative disorders characterized by
progressive imbalance, dysarthria, incoordination, and oculomotor
abnormalities. Recently, we have identified a kindred with a unique SCA
phenotype characterized by progressive ataxia in which all affected males are
infertile, and there is a broad range of onset in affected individuals.
We have characterized the oculomotor deficits in individuals of this kindred
by studying the eye movements during attempted fixation of a stationary or
moving target (saccades and pursuit) and during whole body rotation in the
light and in darkness (vestibulo-ocular reflex; VOR). The findings include:
(a) large amplitude saccadic intrusions and catch-up saccades during pursuit
tracking; (b) square wave jerks during attempted lateral gaze; (c) small
amplitude lateral gaze-dependent nystagmus with a predominantly horizontal
direction; (d) intact VOR with a normal gain, a slight reversal in direction of
the post-rotatory nystagmus, and increasing velocity of the nystagmic slow
phases; (e) mild to moderately impaired visual suppression of the VOR.
Further quantification of the eye movement and postural abnormalities in
this unique form of ataxia and genotype-phenotype correlations across the
genetic subtypes may give additional insight into the pathophysiology of the
dominantly inherited spinocerebellar ataxias. Supported by NIH grant, RO1
NS3721101.

148.9

148.10

EFFECTS OF CEREBELLAR LESIONS ON MOTOR IMAGERY.
V. Filippini1,2, M.G, Leqqio1,2, M. Capecci1,3, L. Petrosini1,2 and M, Molinari1,3*,
11RCCS S. Lucia, 2Dept. of Psychology, University of Rome “La Sapienza” and
3lnst. of Neurology, Catholic University, Rome, 00179 Italy.
Aim of the present study was to investigate the role of the cerebellum in
motor imagery by analyzing through chronometric techniques execution and
mental rehearsal times of motor acts in presence of cerebellar circuits
damage. Patients affected by degenerative or focal cerebellar pathologies and
age and education matched controls were tested. Patients’ motor impairment
was quantified by a cerebellar motor deficit scale. Four tasks, based on fine
hand and finger movements, addressing different aspects of motor control,
were performed: 1) a continuous thumb-fingers opposition sequence to the
sound of a metronome; 2) four pairs of hand postures; 3) movement of a
hand-held stylus; 4) a complex purposeful movement sequence. Subjects
were requested to repeat each task 3 times either mentally or actually. The
tasks were performed with right and left hand separately. All patients
presented longer times than controls both in actual execution and in mental
rehearsal. In all tasks, with exception of task 2, mental and execution times
were significantly different in degenerative lesion patients and in the affected
side of patients with focal lesions. The present data indicate that cerebellar
lesions can affect both actual and mental motor times and that executive and
mental times are not coupled in cerebellar lesioned patients. The present data
indicate that cerebellar lesions affect both actual and mental motor times
demonstrating thus that the cerebellum is among the cerebral structures
involved in execution as well as in mental rehearsal of movements. However,
since execution and mental times are differently delayed, time coupling is not
preserved in cerebellar lesioned patients. Supported by CNR and MURST
grants to MM and LP.

RHYTHMIC AUDITORY TRACKING: EVIDENCE FOR THREE DISTINCT
CEREBELLAR CIRCUITS K.M Stephan1, M.H Thaut3, G. Wunderlich1, W. Schicks2,
B. Tian3, L. Tellmann4, H. Herzog4, G.C McIntosh3, R.J. Seitz1* and V. Hbmberg2
’Dept. of Neurology and 2Neurological Therapy Center, University of Dtlsseldorf,
Germany; 3Center for Biomedical Research in Music, Colorado State University, Fort
Collins, USA; and institute of Medicine, Research Center JUlich, Germany
Adjustments of externally paced rhythmic finger tapping to varying interstimulus
intervals were studied in 9 subjects using PET. We compared the cerebellar activation
patterns of six conditions: (1) listening to regular tones, (2) regular isochronous
tapping, (3) tapping to a randomized sequence and (4-6) tapping to sine wave
modulations of the regular base interval with 3, 7 and 20 percent deviation.
Within the cerebellum, we observed three different patterns of change: a) in all five
motor conditions (2-6) a similar degree of rCBF increase was present within
cerebellar vermis and the anterior right hemisphere ipsilateral to the movement b)
within the right posterior cerebellar hemisphere the amount of rCBF change covaried
with the mean amplitude of temporal violation from the isochronous condition (3-6)
and c) in posterior parts of the left cerebellar hemisphere rCBF change occurred only
when subjects were consciously aware of their motor adaptations (3+6). The motor
related pattern of change (a) was also observed in a cerebral circuit of contralateral
primary sensorimotor cortex, cingulate and thalamus and bilateral insula. The second
cerebellar pattern (b) scaled to the amplitude of time pattern change, was present in a
right inferior parietal and thalamic activation loop. And the third, consciousness
related circuit (c) was embedded in a cerebral loop encompassing right prefrontal
cortex, right head of caudate, anterior cingulate, premotor and interparietal cortices.
Our results suggests a functional segregation within the cerebellum, encompassing
(a) sensorimotor control, (b) processes related to timing of the signal or of the
expected or perceived sensorimotor response and (c) conscious awareness of change.
The results further suggest, that all three aspects of cerebellar function are further
processed in distinct cerebral circuits.
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CEREBELLAR DAMAGE IMPAIRS ADAPTATION OF ANTICIPATORY EMG
DURING CATCHING. C.E. Lang* and A.J, Bastian, Program in P.T., Dept. of
Anat. and Neuro., Wash. U. Sch. Med., St. Louis, MO 63108.
Prior work predicts that the cerebellum may help modulate muscle activity
in anticipation of the mechanical demands of movement. We were interested in
whether cerebellar subjects could adjust anticipatory EMG to changing loads. To
test this, we studied controls and cerebellar subjects catching balls of different
weights while maintaining their hand within a vertical spatial ‘window’. In
Experiment 1, subjects caught a series of light balls (baseline phase), heavy balls
(adaptation phase), and then light balls again (post-adaptation phase). 3-D position
and EMG data were recorded from the catching arm. We modeled the adaptation
process using an exponential decay function, which allowed us to dissociate
adaptation rate from performance accuracy (trial-to-trial variability). Results showed
that cerebellar subjects did not adapt or adapted very slowly to the changed ball
when compared to controls. No difference in performance accuracy existed between
the two groups. EMG data showed that controls increased anticipatory muscle
activity in the 3 flexor muscles of the arm to control ball momentum. Cerebellar
subjects were unable to differentially increase anticipatory activity of the flexor
muscles. In Experiment 2, we tested to see if the adaptation rate changed when
adapting to a light vs. heavy ball. Results showed that the adaptation rate was
unchanged, regardless of whether they adapted to a light or heavy ball. In
Experiment 3, we tested to see if explicit information about ball weight and drop
height would improve adaptation rate. To do this, we had subjects drop the balls
onto their own hand. Results from Experiment 3 indicate that explicit information
about ball weight and drop height did not improve the adaptation rate in cerebellar
subjects. Given these results, we suggest that the cerebellum plays an important role
in predicting how external forces will affect the limb, generating appropriate
anticipatory muscle activity, and modifying that muscle activity in response to
changing demands. (Supported by NIH HD 07434-06 and HD 01199-01)

CEREBELLUM: PHYSIOLOGY AND BEHAVIOR
149.1

149.2

SIMULATION OF ACQUISITION AND ADAPTATION OF OCULAR
FOLLOWING RESPONSES BASED ON MST CELL FIRING AND
CEREBELLAR PLASTICITY K,Yamamoto*1, Y.Kobayashi2. A.Takemura3,
K.Kawano3 and M.Kawato ' ATR Human Info. Proc. Res. Labs., 2-2 Hikaridai Seika-

ANALYSIS OF THE DISCHARGE PATTERN OF CEREBELLAR PURKINJE
CELLS BEFORE AND DURING ADAPTATION OF THE VESTIBULO OCULAR
REFLEX IN THE SQUIRREL MONKEY. Y. Hirata. R Arikan, S.M. Highstein*. Dept
of Otolaryngology, Washington Univ. School ofMedicme, St Louis, MO 63110.
The firing pattern of cerebellar flocculus Puikinje (P) cells was analyzed to identify prefloccular (FL), post-FL and non-FL systems ih the vertical vestibulo-ocular reflex
(WOR) and optokinetic reflex (VOKR) circuitry at various WOR gains. The pre-FL
system includes the flocculus itself and is divided into vestibular, visual (retinal slip) and
efference copy subsystems while the non-FL system is divided into visual and vestibular.
subsystems. Each subsystem was identified by reconstructing P-cell firing pattern during
visual following or VOR in dark paradigm with multiple linear regression models which
consist of input and/or output signals of WOR/VOKR systems. Adequacy of the models
was checked by evaluating the residual and by predicting P-cell firing during visuovestibular mismatch paradigms. Parallel changes in system characteristics with WOR
adaptation were found in the pre-FL vestibular and visual subsystems and in the non-FL
vestibular subsystem, while changes in the post-FL system, non-FL visual subsystem and
pre-FL efference copy subsystem were minimal. The gain change in the non-FL
vestibular subsystem was in the correct direction to cause VOR gain adaptation while the
change in pre-FL vestibular subsystem was incorrect A possible adaptive site in the preFL vestibular subsystem is the floccular cortex, while those in the non-FL vestibular
subsystem are neurons in vestibular nuclei carrying vestibular signals including Y group
neurons. The apparent incorrect directional change in the pre-FL vestibular subsystem
might serve to prevent instability of the VOR control system caused by positive feedback
.via the efference copy pathway. Supported by NIH grant EY 05433. YH is supported by
JST overseas research fellowship.

cho Soraku-gun Kyoto 619-0288, 2Natl. Inst. Physiol. Sci., 3Electrotechnical Lab., Japan

We previously proposed a simulation model to reconstruct the temporal firing
pattern of simple and complex spikes of Purkinje cells (Yamamoto et al. 1998). Based
on the plasticity of the cerebellar cortex, this model reproduced the acquisition of
ocular following responses (OFR) during development as well as the gain and
direction adaptations of the OFR induced by speed-steps and direction-steps of large
field visual stimulus. We assumed mossy fiber inputs (12 types of preferred directions)
to the cerebellar cortex and it successfully represented the biased distribution of the
preferred direction of the simple spike (ipsilateral or downward). However, because the
inputs did not have various preferred velocities and temporal firing frequency patterns,
we could not discuss whether cerebellar plasticity can construct the preferred velocities
and temporal firing patterns of the simple spikes. It has been reported that during
OFR, optimum velocities and temporal firing patterns of MST neurons are distributed
over a wide range (Takemura et al. 1996). However, the simple spike activity of
Purkinje cells responds mostly to high-velocity stimulus, and their temporal firing
patterns exhibit little variability from cell to cell (Gomi et al. 1998). To account for
the data, in the present study, we constructed an MST model with the realistic
preferred velocity and temporal firing pattern, and used it as the input to the cerebellar
cortex of the original model. The MST-model has 1080 (=12*30*3) groups of MST
cells: 12 groups with different preferred directions, 30 groups with different preferred
velocities, and 3 groups with temporal firing frequency patterns created by differentlyweighted summation of the velocity and acceleration of the retinal slip during OFR.
After repetitive inputs of the velocity step stimulus, the model successfully reproduced
the acquisitions of both the preferred direction and the preferred velocity as well as the
temporal firing frequency pattern of the simple spikes. The model also succeeded in
simulating the adaptations of OFR. (Supported by HFSP and CREST-JST)

149.3

149.4

PARTIAL ABLATION OF FLOCCULAR COMPLEX CAUSES LINKED
DEFICITS IN MOTOR LEARNING IN THE VOR AND SMOOTH PURSUIT
EYE MOVEMENTS. *H. Rambold, *A. Churchland. *Y. Selig. 2L. Jasmin*.
‘S.G. Lisberger ’Howard Hughes Medical Institute, W.M. Keck Foundation
Center for Integrative Neuroscience, Dept. Physiology, UCSF, San Francisco,
CA 94143 and 2Dept. Neurosurgery, Georgetown University, Washington, DC
20007.
The vestibulo-ocular-reflex (VOR) generates compensatory eye movements
to stabilize visual images on the retina during head movements. The amplitude
of the reflex is calibrated continuously throughout life and will undergo
adaptation when head movements are persistently associated with image motion.
Although the floccular complex of the cerebellum has been implicated in VOR
adaptation, it is not known whether its rostral (ventral paraflocculus) or caudal
(flocculus) portion contribute differentially. We made incomplete bilateral
lesions of the floccular complex in four rhesus monkeys either surgically or with
stereotaxic injection of 3-nitropropionic acid (3-NP). In one monkey, a bilateral
lesion included the majority of the floccular complex but spared part of the most
caudal two folia. It caused severe deficits in VOR learning and smooth pursuit
along with a small reduction in baseline VOR gain. The deficits and histology
agreed well with those from 2 monkeys in a previous lesion study (J.
Neurophysiol. 52: 1140-1153,1984). In two monkeys, bilateral lesions restricted
to the flocculus did not cause any deficit. In one monkey, a small lesion
involving only the rostral border of flocculus and adjacent ventral paraflocculus
caused a small deficit in VOR adaptation, smooth pursuit and baseline VOR
gain. We conclude: (1) lesions that cause deficits in VOR learning also cause
deficits in pursuit, (2) the most caudal two folia of the flocculus are not
sufficient for either pursuit or VOR learning, and (3) the ventral paraflocculus is
sufficient for VOR learning. Supported by the Howard Hughes Medical
Institute.

VISUAL CLIMBING FIBERS OF THE CEREBELLAR FLOCCULUS SIGNAL
MORE THAN MEETS THE EYE. J, I, Simpson*, T, Belton, B, H. J. Winkelman,
M. P. Coesmans, M, M, Morpurgo. and C. I, De Zeeuw. Dept. Physiology and
Neuroscience, NYU School of Medicine, New York, NY 10016.
The visually responsive climbing fibers in the flocculus arise from the dorsal cap and
ventrolateral outgrowth, which like all other subdivisions of the inferior olive receive
one predominant excitatory input and one predominant inhibitory input. The excitatory
input originates from the nucleus of the optic tract and the accessory optic system, which
process signals of image slip. But what about signals arising from the inhibitory input?
In the case of the caudal dorsal cap, which signals horizontal image slip, the inhibitory
(GABAergic) input originates from the nucleus prepositus hypoglossi. This input might
underlie previous observations that sinusoidal rotation of the awake rabbit in darkness
can evoke modulation of the visual climbing fibers. To pursue this matter, we have
employed more robust vestibular stimuli than before, using greater amplitudes and
frequencies. We recorded in the awake rabbit from those floccular Purkinje cells whose
complex spikes were well-modulated by image slip produced by rotation about the
vertical axis. Their complex spike (CS) activity was often (16/24 cells) also modulated
when the rabbit was oscillated in the dark at 0.4-1.2 Hz at an amplitude of 2.5-5 deg,
(CS activity was considered modulated when the ratio of the two half-cycle firing rates
was at least 2:1.) The CS modulation was approximately in-phase with the concomitant
simple spike (SS) modulation, and the activity increase consistently occurred when the
head rotated contralaterally. This non-reciprocal relation between SS and CS modulation
stands in marked contrast to the reciprocal relation found when the rabbit was afforded
vision. We presume that the CS signals that arise with vestibular stimulation in the dark
reflect the inhibitory input to the caudal dorsal cap from the nucleus prepositus
hypoglossi. While horizontal eye movement signals are prevalent in that nucleus, a
straightforward relation between the CS modulation and eye movement is not clear.
What is clear is that visual climbing fibers convey signals to the flocculus about more
than meets the eye. (Supported by NS-13742).
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149.6

MULTI-ELECTRODE RECORDING IN RAT CEREBELLAR CORTEX
DURING A REACHING-GRASPING TASK.

CEREBELLAR PURKINJE CELL COMPLEX SPIKE DISCHARGE DURING
VISUOMOTOR ARM TRACKING IN PRIMATES: RELATIONSHIPS TO
MOVEMENT PARAMETERS AND COMPARISONS TO SIMPLE SPIKE
DISCHARGE. J.D. Coltz*, M.T.V. Johnson & T.J. Ebner. Depts. of Neuroscience and Neurosurgery, and Grad. Prog, in Neuroscience, Univ. of Minnesota, Minneapolis, MN 55455.
This study examined the relationship of cerebellar Purkinje cell complex
spike (CS) discharge in monkeys to the same movement parameters - direction, speed, and velocity - as in our study of simple spike (SS) activity
(Coltz et al., 1999). A significant problem in relating CS activity to these parameters is caused by the low discharge frequency. Single-trial poisson regression analyses, ideally suited to the quantal nature of CS activity, revealed that a large proportion of cells was modulated by direction (132/154;
mean F? = 0.34) and speed (123/154; mean ft2 = 0.42) during an 8-direction,
4-speed arm tracking task. Similar to the SS responses, most directionallytuned cells were modulated at one speed, and most cells with speed relations were modulated along one direction; therefore, a regression surface
was fitted to the data. Use of this surface approach showed that the CS activity of these cells, like that of the SS, was often best tuned to specific direction-speed combinations, or preferred velocities (104/154 ceils; mean F? 0.36). Comparison of the preferred velocities of the CS and SS activity, however, revealed a reciprocal relationship with regard to the direction and
speed components of the velocity vector. The directional component of the
CS response was roughly opposite that of the SS response (CS mean dir. =
187° when SS aligned to 0°; 95% Cl = 139-236°). In addition, when the
speed component of the CS preferred velocity was low, that of the SS discharge was higher, and vice versa (low mean = 3.2 cm/s, 95% Cl =■ 28-3.6
cm/s; high mean = 4.2 cm/s, 95% Cl = 3.8-4.6 cm/s). These findings suggest that cerebellar Purkinje cell CS and SS responses act in a reciprocal,
yet complementary manner to encode movement velocity. Supported by
NIH grants NS18338 and NS31530.

D.H.Heck1*, R.Clark1 and W.T.Thach’. 'Dept. of Biology III, Univ. of Freiburg,
Germany, Physical Therapy Program, Washington Univ. School of Medicine, ’Dept.
of Anatomy and Neurobiol., Washington Univ. School of Medicine. St.Louis, MO.

Sprague-Dawiey rats (2-4 month) were trained to perform a reaching-grasping task.
After successful training screws for head fixation and a recording chamber were
mounted on the skull using acrylic cement. The recording chamber was positioned
over the ipsilateral cerebellar hemisphere. Multi-unit activity was recorded
simultaneously with 2-3 linearly aligned electrodes placed in the Purkinje cell layer at
various depths (0.2-2.5 mm) from the cerebellar surface. The array of recording
electrodes was oriented either in parallel or perpendicular to the direction of parallel
fibers. The distance between neighboring electrodes was 305 pm. The animals reached
for small food pellets (45mg) while touching of the pellet was detected with a
capacitance switch and used as a trigger for data analysis. At a recording depth
between 1.5 and 2.5 mm changes in multi-unit activity were clearly related to the
reaching-grasping task. The most common observation was an increase in firing rate
on at least 2 electrodes which typically started 100-200 ms before the rat touched the
food pellet and ended 50-150 ms after the touch. In several instances the increase was
followed by a reduction in firing rate which started 100-200 ms after onset of firing
rate increase. These periods of reduced firing rate often lasted only about 100 ms and
appeared in the PSTH as a trough within a broader peak. Responses consisting of only
a reduction in firing rate could also be observed but never occurred on more than one
electrode during multi-electrode recordings. These findings were independent of the
orientation of the electrode array with respect to the parallel fibers. (Supported by NS
ROI-1777 and by Deutsche Forschungsgemeinschaft)

149.7

149.8

COMPLEX SPIKES IN POSTEROLATERAL CEREBELLUM ARE DIRECTIONALLY
TUNED DURING ADAPTATION, WITH COMPLEX AND SIMPLE SPIKES
ENCODING RETINOTOPIC COORDINATES. B. Greger*, W.T. Thach. Dept. of

Anat. & Neurobio., Washington Univ. Med. Sch., St. Louis, MO 63110.
Electrophysiological studies in the anteromedial cerebellar cortex have shown
correlation of spike firing with movement parameters of the ipsilateral limb. In this
study, I recorded in posterior lateral cerebellar cortex during naive performance and
adaptation of reaching for and touching a randomly placed visual target (Tl) using
either limb. In adaptation, the target disappears as the reach begins, covertly shifts
its position a fixed distance and direction, and then reappears (T2) after a delay.
»The touch location is displayed along with T2, indicating “hit” or “miss” error.
A complex spike (CS) peak that occurred in relation to Tl was coded in two
different coordinate systems depending on the task condition. During baseline
reaching; CS firing was highly correlated with touch location on the screen (spatial
coordinates). However, during the adaptation condition, CS firing correlated with a
reach direction relative to the initial target location, independent of absolute reach
direction, suggesting retinotopic coordinates. Also, during adaptations to targets
shifted in this direction, the Tl CSs did not fire on the first trial. Simple spikes (SS)
recorded in the posterolateral cerebellum did not correlate with absolute reach
direction. SSs were, however, modulated differently on correct vs incorrect trials,
indicating a visual discrimination of target-touch location (retinotopic coordinates).
The data support the CS functioning as a directionally tuned error corrector
during adaptation. That this directionally tuned CS peak was correlated with Tl,
not T2, and that the CS does not fire on the first adaptation trial indicate that the
previous trial’s performance is stored for comparison with the subsequent trial’s
motor plan. That SSs and CSs correlated with movement of either arm, and that the
CS Tl peak was correlated with a change in SS firing rate, support a role for this
area in the bilateral re-mapping of eye-hand coordination. (NIH Grant NS12777)

PRECISION SIGNALLING OF VISUAL EVENTS BY COMPLEX SPIKES
AND SIMPLE SPIKES IN HEMISPHERAL (CRUS I) PURKINJE CELLS.
O.E. Budanur. MA. Hollands and D.E. Marole-Horvat (SPON: British
Neuroscience Association*)
Department of Physiology, University of Bristol, U.K.
Two cats were trained to perform a visually guided reach-retrieval task, and to sit
quietly during presentation of flash, sweeping and looming visual stimuli. The
target for reach moved in 7 different ways: 1-3) at slow, medium or fast constant
velocity rightwards across the visual field; 4-5) with change in velocity from slow to
fast or vice versa triggered by paw lift at the start of the reach; 6-7) with reversal in
direction (fast and medium speeds) triggered by paw lift. 17 Purkinje cells (of 24
tested and analysed to date) yielded SS or CS responses to visual events in the task
and/or during passive visual stimulation; some cells exhibited both visually evoked
CS and SS modulations. CS responses were particularly striking, with high
probability of a sharply time-locked CS in individual trials against a much lower
background discharge level. CS response histograms had a single high, narrow peak
(typical response duration 25 ms and latency to peak 55 ms). SS response
histograms had similar onset and peak latencies, and longer duration. We conclude
that precision signalling of visual events is an important part of the activity of
hemispheral (DI zone, Crus I) Purkinje cells.

Supported by a Wellcome Trust Programme Grant

149.9

149.10

PURKINJE CELL SIMPLE- AND COMPLEX-SPIKE RESPONSES IN
CLASSICALLY CONDITIONED RABBITS. David A. T. King* and Richard F,
Thompson. Neurosciences Program, Univ. Southern Cal., Los Angeles, CA 900892520.
An extensive set of studies has argued that the cerebellum is the site of learning for
the classically conditioned eyeblink response. Lesions of a localized region of the
interpositus nucleus completely prevent learning (without impairing reflex
performance), and stimulation of pontine and olivary cerebellar afferents can serve as
highly effective conditioned(CS) and unconditioned(US) stimuli, respectively. Several
lines of evidence suggest that the loci of plasticity may be the mossy-fiber:
interpositus neuron synapse and the pafallel-fiber:Purkinje cell synapse. The neural
circuitry comprising cerebellar afferents, intemeurons, and efferents suggests 2 specific
hypotheses predicting Purkinje cell spike activity after conditioning:
1. A Purkinje cell with pericomeally-sensitive climbing-fiber afferents should show
evoked complex spikes to US-alone trials, but not during CR trials. Complex spikes
should still be apparent on paired trials if the animal fails to express the CR.
2. Purkinje cells receiving both US-responsive climbing fibers and CS-related
information via parallel fibers should undergo long-term depression, which predicts a
decrease in the simple-spike rate (an ‘off-response’) after conditioning, wnich is
detectable during the CS period and precedes the CR.
We have found various responses among cerebellar Purkinje cells, some of which
directly support both hypotheses. The first hypothesis is robustly supported. Spike
patterns that also fit the second prediction are less common but do exist. Since offresponses suffer from the ‘floor effect’ (firing rate decreases are rarely as profound as
increases) it is possible that some off-responses are statistically undetectable without a
pre-conditioning baseline for comparison. To this end we are pursing long-term
recordings with the goal of recording Purkinje cells over the entire course of
conditioning. Supported by NSF (IBN-92165069), NIMH (5P01-MH52194). and Sankyo Co., Ltd.

INVOLVEMENT OF THE MEDIAL CEREBELLUM IN LONG-TERM
HABITUATION OF THE ACOUSTIC BLINK REFLEX. M. Maschke1*. J.
Drepper1. K. Kindsvater*. F.P. Kolb2. H.C, Diener1. D. Timmann1, ‘Dept. cf
Neurology, Univ. of Essen, Germany, 2Dept. of Physiology, Univ. of Munich,
Germany.
The involvement of the cerebellum in associative and nonassociative motor
learning processes is well known for several years. Animal studies have shown
involvement of the cerebellar vermis in long-term habituation (LTH) of the startle
response, but not in short-term habituation (STH). In contrast, little is known
about the role of the human cerebellum in habituation of the startle response. The
aim of the present study was to investigate whether STH and LTH of the startle
response are impaired in patients with medial cerebellar lesions. Five patients with
midline cerebellar lesions due to surgery for astrocytoma and ten healthy age- and
sex matched subjects were enrolled. Subjects received 40 acoustic startle stimuli
(90 dB) each day on five successive days. Peak amplitudes of the startle response
recorded at the orbicularis oculi and the stemomastoid muscles were obtained.
Data were analyzed for response decrement within the training session of one day
(STH) and for decrease in the startle response across the five training days (LTH).
STH of the acoustic blink reflex recorded at the orbicularis oculi muscles could be
achieved in both groups, whereas LTH was significantly impaired in patients with
cerebellar lesions compared to control subjects. Quite the reverse, patients with
cerebellar lesions revealed an increase in the amplitude of the acoustic blink reflex
across the five days, reflecting possible long-term sensitization. In contrast to the
recordings of the orbicularis oculi muscles, LTH of the startle response recorded at
the stemomastoid muscles was not disturbed in patients with medial cerebellar
lesions. In summary, the present findings suggest that the medial cerebellum is at
least partly involved in LTH of the startle response (i.e., acoustic blink reflex) in
humans. Preserved LTH of the startle response of the stemomastoid muscles in
cerebellar patients might be due to incomplete removal of the critical parts within
(supported by a grant from the DFG (Ti 239/2-1, Ti 239/2-2))
the cerebellum.
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149.11

149.12

THE EFFECTS OF 3-ACETYLPYRIDINE ON TONGUE DYNAMICS
IN THE RAT. S.J.Moss and SC. Fowler*. Dept. of Human
Development, and Dept. of Pharmacology and Toxicology, University of
Kansas, Lawrence, KS 66045.
Data from other laboratories suggest that neurons in the inferior olivary
nucleus (IO) may play a role in the modulation of rhythmic tongue
movements in the rat. Because of its known toxic effects on neurons of
the IO, it was suspected that administration of 3-acetylpyridine (3-AP)
would affect tongue dynamics during licking. In the present study, the
task of licking water from a force-transducing disk was investigated in
water-deprived rats that received systemic 3-AP (12.5, 25, and 50 mg/kg,
ip.). An additional group was dosed with 75 mg/kg 3-AP, followed by
harmaline and nicotinamide. Tongue dynamics were assessed by
measuring lick force, lick rhythm, and number of licks per 2-min session.
High doses of 3-AP resulted in: 1) reduced lick force, 2) reduced number
of licks, and 3) slight disruption, but not abolition, of lick rhythm.
Compared to controls, rats receiving lower and mid-range doses of 3-AP
were unaffected, with one exception - when the lick task was made
incrementally more difficult by extending the distance required to make
contact with the lick-disk, rats receiving lower and mid-range does of 3AP persevered at the task more than controls. Overall, the results suggest
that the IO influences control of the tongue during licking in rats, but the
IO is probably not the exclusive generator of the lick rhythm. Supported
by MH43429

CHANGES OF TRANSMISSION WITHIN SPINO-OLIVOCEREBELLAR PATHS
DURING A CONDITIONING PARADIGM IN CAT. S. Lee. L. Donaldson* and R.
Apps. Dept. of Physiology, Univ. of Bristol, BS8 ITD UK.
Movement related changes in transmission within spino-olivocerebellar pathways
(SOCPs) that target the Cl and C3 zones of the cerebellar cortex have previously
been investigated in cats during well rehearsed behaviours such as locomotion. Past
experiments from this laboratory have shown that such pathways are gated-out in a
task dependent manner. The aim of the present study was to investigate the
possibility that changes in pathway transmission also occur during acquisition of a
classically conditioned limb reflex.
Four adult male cats underwent an aseptic operation in which an array of microwires
(n=20-24) was implanted into the paravermis of the ipsilateral cerebellar cortex Cl
and C3 zones of lobule V. Stimulating and recording cuff electrodes were also
implanted around the Superficial Radial (SR) nerve of the ipsilateral forelimb, while
EMG recording leads were implanted into extensor and flexor muscles of the same
limb. Following recovery from the operation each recording session (3 per day)
involved 45 presentations of a 500 ms, 1 kHz tone once every 30 seconds (±5 secs)
paired with a low intensity (non noxious) electrical stimulus to the SR nerve (0.1 ms,
delivered at tone offset). The latter evoked climbing fibre (CF) field potentials at
different cerebellar sites and changes in the size of these responses was used as a
measure in pathway excitability during the conditioning paradigm. Recording
sessions were repeated until at least 80% of tone alone presentation (5 per session)
produced EMG activity within the ipsilateral flexor limb muscles for three
consecutive sessions. Preliminary results show that at some sites there was no change
in CF response size whilst at other a reduction occurred, implying that gating can
occur as a result of the association between the tone and the electrical stimulus.
Supported by the MRC (R.A.) & the Wellcome Trust (S.L ).

149.13

149.14

Cerebro -cerebellar

and

intracerebellar

synchronization

of local

FIELD POTENTIAL OSCILLATIONS IN THE MONKEY PERFORMING A BEHAVIORAL

TASK. Richard Courtemanche*. Marie-Therese Parent, & Yves Lamarre. Dept de
Physiologie & CRSN, Universite de Montreal, C.P. 6128, Succ. Centre-Ville, Montreal (Qc)
Canada H3C 3J7.
Local field potentials (LFPs) in the paramedian lobule of the cerebellar cortex and in the
parietal cortex of the awake monkey can spontaneously display 14-22 Hz oscillations. The
LFP oscillations in the cerebellum have been shown to be modulated according to a motor
task, and from this arcae the question of cerebro-cerebellar synchrony. We performed
simultaneous recordings of LFP oscillations in the left paramedian lobule and right
somatosensory cortex (SI) of one Macaca mulatta, which pressed a button with either hand
within a 1-1.5 s window after a stimulus (tone or light) in order to be rewarded with juice.
Results show that LFP oscillations in both the cerebellum and SI were modulated at similar
periods during the task. Left- and right-handed blocks showed interruption of oscillations
after the stimulus, recovery of oscillations prior to movement, and interruption by the button
press. Cross-correlation analyses showed that the oscillations become more synchronized
just prior to the button press. This result was more potent for left-handed blocks, but also
present for right-handed ones. Recordings were also performed as the monkey was sitting
quietly and the stimulus was followed by juice given by the experimenter within the same 11.5 s window. In this case, oscillations were similarly modulated as in the motor task, but did
not become more synchronized at any point during the trial. Simultaneous recordings of
LFP oscillations were also performed with two electrodes in the cerebellum. These showed
high synchrony in the parasagittal plane, so much that increases could not be found in the
task; recordings in the coronal plane showed increased synchrony just prior to the button
press. We thus found cerebro-cerebellar synchronization of LFP oscillations during a
sensorimotor task and evidence for parasagittal zonation of LFP oscillations in the
cerebellum. Supported by MRC, FCAR and NAAR grants.

THE INHIBITORY PAUSE IN SIMPLE SPIKES FIRING OF CEREBELLAR
PURKINJE CELLS AND FORMATION OF SOME MOTOR REFLEXES IN
ONTOGENESIS. R.Grigorian*, E.Prigarina, T.Olejnick, T.Tchaban, V.Kireev.
Sechenov Institute of Evolutionary Physiology and Biochemistry, St. Petersburg,
Russia, 194223.
The inhibitory pause (IP) is important index both for identification of cerebellar
Purkinje cells (PC) and estimation of the synaptic action efficacy of climbing fibers
(CF) input to PC. The aim of this study was to asses the connection between duration
of IP and formation of some motor reflexes in Guinea Pigs and Kittens during
ontogenesis. It has been shown that there is dependence between duration of IP and
simple spikes (SS) discharge frequency of PC, namely with increasing of SS firing
frequency the duration of IP was decreased in course of postnatal ontogenesis. At the
age of the first 3-4 weeks of postnatal life the most prominent increasing of SS
frequency in PC discharge coincides with the noticeable reduction of IP duration
both in Guinea Pigs and Kittens. So, if in new-born Kittens and Guinea Pigs SS
frequency of PC discharge makes up 1.36+0.02 and 11.0+1.1 imp/s, respectively,
then duration of IP in these animals was over 1000 ms and 381+54 ms respectively.
The same indices in 4 weeks old Kittens and Guinea Pigs were as follows: SS
frequency of PC discharge was increased up to- 26.8+0.5 and 30.3+2.9 imp/s
respectively while duration of IP after climbing fiber activation was reduced about
four times as much (251+36 ms) in Kittens and about two and half times as much
(152+26 ms) in Guinea Pigs. These data suggest that the maturation of such motor
reflexes as standing reflex, walking, lift reaction, turnover reflex and running
depends from the discharge frequency of SS and duration of IP. This process goes on
faster in Guinea Pigs than in Kittens. As far as IP mechanism is concerned it may be
explained by potential-depended influx of Ca2+ in dendrite of PC which decrease
excitability of subsynaptic receptors and reduced synaptic excitatory action of the
parallel fibers on cerebellar Purkinje cells.

149.15

149.16

VOLUNTARY EXERCISE INCREASES AMPA (GluR 2) LABELING IN THE RAT
CEREBELLUM. S.K Powell*, JA.D. Smith, KJ, Thompson, and R.A Swain, Department of
Psychology, University of Wisconsin-Milwaukee, Milwaukee, WI 53201.
While exercise has been shown to lead to changes in vascularization of the adult rat brain,
recent research has suggested that specific types of motor experience may cause neuronal
alterations as well. For example, our lab has demonstrated that motor skiH learning leads to an
increase in the relative optical density (ROD) of immunolabeled AMPA receptors in the
cerebellum. As the cerebellum demonstrates rapid vascular plasticity following voluntary
exercise, it is hypothesized that it will also show neuronal plasticity following voluntary exercise.
We examined this hypothesis by immunostaining AMPA receptors in the paramedian lobule
(the forelimb representational area) of the cerebellum. During training, adult, female LongEvans rats were housed individually in standard stainless steel cages wth ad tibitum access to
food and water. Animals were divided into three timepoints for training: 0 days (control), 10
days, and 30 days. Experimental rats were allowed free access to running wheels attached to
their cages, while control rats were not Following training, animals were sacrificed and ihe
cerebellums were blocked and prepared for immunohistoiogy. Representative cerebellar
slices, spanning the entire extent of the paramedian lobule, were selected and a standard
immunohistochemical procedure using ai antibody against the AMPA glutamate receptor was
performed. Digitized cerebellar sections were then acquired and analyzed using a PC-based
MCID system. Relative optical density (ROD) of AMPA receptor labeling was sampled from
multipie points in the molecular and granular layers of the paramedian lobule, and signal to
noise ratios (SNR) were used to compute percent change in density from white matter (i.e.
{(SNRmoi - SNRwhite matter) / SNRwhite matter] * 100). Data were then analyzed on a
mainframe using SAS.
Our results indicate that motor exercise leads to an increase in the relative optical density of
AMPA receptors in the paramedian lobule of the cerebellum. The increase is evident by 10
days of training, and remains through 30 days. These results suggest that exercise prcxnotes
changes in neuronal morphology as wed as capillary innervation.
Supported by UWM Graduate School Research Committee Award.

GABAERGIC MODULATION OF INFERIOR OLIVARY OSCILLATIONS
A.Devor and Y.Yarom*, Dept. of Neurobiology, Life Sciences Institute, Hebrew

Society

for

Neuroscience

. Volume

25, 1999
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Electrotonic coupling has a central role in the generation of subthreshold
oscillations in the inferior olive (IO). It has been proposed by Llinas
(Physiologist 17:19-46, 1974) that the release of GABA from deep cerebellar
nuclei terminals uncouples IO neurons. The main goal of the present study was to
investigate the effect of local GABA application on the subthreshold oscillatory
activity of IO neurons.
Using brain stem slice preparations from 13-26 day old rats, whole-cell patch
recordings were made from 83 single IO neurons. Local pressure application of
GABA (50 - 200 JU.M, 20 - 500 msec) near the ceil body or in the dendritic area
reveled two types of GABAa receptors, which differed in their level of
inactivation. Whereas somatic application was characterized by a prolonged
response, the response to dendritic application was brief and almost independent
ot the duration of the stimulus. The fast desensitizing dendritic response had, as
expected, a more negative reversal potential.
In neurons that displayed continuous oscillations, GABA dramatically
decreased and even completely abolished the oscillations during the application.
In neurons, where epochs of oscillatory activity were followed by quiescent
periods, GABA suppressed ongoing oscillations during the application and,
alternatively, induced oscillations in quiescent networks at the end of the
application. The effectiveness of GABA depended on the location of the
application. The largest decrease in input impedance was always observed when
GABA was applied directly to the cell body. However, significant suppression of
oscillations was observed when GABA was applied at remote dendritic locations.
These results suggest that GABAergic inputs to the IO control the oscillatory
state of the IO network.
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149.17
INCREASED CALBINDEN-D27K mRNA IN CEREBELLAR FLOCCULUS OF
RABBITS FOLLOWING LONG-TERM OPTOKINETIC STIMULATION,
DETECTED BY "DIFFERENTIAL DISPLAY." Z.-Y. Qian* and N.H. Barmack.
Neurological Sciences Institute, Oregon Health Sciences Univ. Portland, OR 97201.
Long-term binocular optokinetic stimulation of rabbits causes a progressive decrease
in gain of the optokinetic reflex and the subsequent genesis of negative optokinetic
aftemystagmus during which the slow phase eye movements reach a velocity of
10-50 deg/sec and persist for 12 - 72 hours. Since the flocculus is thought to be
involved in adaptation to optokinetic stimulation, we used the technique of
"differential display" to explore possible transcriptional changes in the flocculus
following optokinetic stimulation. Four rabbits were placed at the center of an
optokinetic drum that rotated at 5 deg/sec and stimulated optokinetically for 48 hours.
The left eye of each rabbit was stimulated in the posterior-anterior ("on") direction
while the right eye was stimulated in the anterior-posterior ("off') direction. At the
conclusion of stimulation the rabbits were anesthetized, the left and right flocculi were
removed and total RNA was isolated from each flocculus for "differential display."
Several differentially transcribed gene products were re-amplified by PCR and
sequenced. One of these gene products, calbinden-D27K mRNA, was expressed in
greater abundance in the left flocculus that received increased optokinetic climbing
fiber-mediated optokinetic activity during optokinetic stimulation. The differential
transcription of calbinden-D27K mRNA was confirmed with a "differential display"
protocol in which mRNA was substituted for total RNA. It is likely that increased
transcription of calbinden-D27K mRNA will localize to Purkinje cells in the region of
the flocculus that receives horizontal, optokinetically-stimulated, directionallyselective climbing fiber afferents. Increased expression of calbinden-D27K could be
evoked by the large increase in intracellular calcium associated with the increased
climbing fiber depolarization of Purkinje cells. Whether this confers a "protective"
influence on Purkinje cells or contributes to longer term functional plasticity remains
to be determined. Supported by EY04778.
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CALCIUM CHANNEL

ACTIVATION WITH

BAY-K-8644

DYSTONIA in THE MOUSE. H,A,-IionabU,E,S^laityx JJHtt

CAUSES

EJ, .Hess,

and J.D. Rothstein. Department of Neurology, Johns Hopkins Hospital,
Baltimore MD 21287.
Calcium channels play an important role in stimulus-response coupling
in the nervous system. Several calcium channel subtypes have been
identified by their differing pharmacological and electrophysiological
properties. The L-type calcium channel is voltage-gated, and is expressed
in many regions of the brain, including cortex, striatum, and cerebellum.
Bay K 8644 is an L-type calcium channel activator that causes a
characteristic motor syndrome in mice. Subcutaneous injection of 2 mg/kg
hypokinesia and bradykinesia. Higher doses cause slow and asynchronous
twisting movements and postures that are sometimes sustained for several
minutes. The movements can be reproduced by injection of the drug into the
brain, demonstrating a central response rather than a direct effect of the
drug on muscle. The movements are not associated with any changes of the
EEG, indicating that they do not represent motor seizures. However, the
EMG of leg muscles demonstrates a marked increase in baseline motor unit
firing with a loss of normal phasic bursting associated with movements in
untreated mice. The motor syndrome and EMG abnormalities can be
blocked with L-type calcium channel antagonists such as nifedipine and
nimodipine.
The motor abnormalities and EMG changes are best characterized as
dystonia. The pharmacology of Bay K 8644 and the reversal of the motor
syndrome with nifedipine or nimodipine implicates calcium channels in
the mediation of dystonia in this model. These findings may provide a
new animal model for studying the neurobiology of dystonia. This work
was supported by NIH NS01985

150.3

150.4

HYPOXANTHINE INDUCES ULTRASTRUCTURAL CHANGES RESTRICTED
TO PATCHES OF THE RAT STRIATUM M. Burk e1. F.R.
Palmour'1'2. 'Departments of Biology and 2P sych fairy
■ i_:----- Montrea| Quebec H3A 1A1.
Under normal conditions the purine cycle is a highly regulated
system of synthesis, recycling and degradation. However in LeschNyhan Disease (LND), an X-linked inherited disorder of purine
metabolism, the enzyme responsible for recycling the purine
hypoxanthine (Hx) is absent. A direct result of this abnormality is
that there is an increase of Hx in the brain, but this does not
trivially explain the consistent reduction in dopamine and its
metabolites. The current study utilizes surgical and histological
techniques to explore the hypothesis that tnere is a direct
connection between elevated Hx and abnormalities within the
dopamine system. Hypoxanthine packed cannuli were surgically
implanted into the left striatum of Long-Evan rats; animals were
tested behaviorally over post-lesion. After this time the animals
underwent intercardial perfusion and the brains were sliced and
mounted on gelatin coated slides. These sections were then
stained with Fluoro-Jade, a stain reported to be specific for
neurodegeneration (Schmued et al. BrRes 751:37, 1997). Results
from this procedure shows that Hx treated animals have positive
staining specifically in the patch areas of the treated striatum (at
least 75% of patches positively stained) and a total lack of positive
staining in control animals. This pattern of staining existed from
the most anterior tip to the most posterior end ot the striatum
leaving the matrix without positive staining. The possibility that
dopamine concentrations are altered in these areas is under
investigation. These data demonstrate that exogenous Hx induces
ultrastructural changes characteristic of neurodegeneration. The
precise localization of Fluoro-Jade staining is consistent with the
hypothesis that excess Hx may be directly connected to the
observed reduction of dopamine function in LND. (Supported in part
by Medical Research Council of Canada and a McGirl Majors
Fellowship)
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A COMPUTATIONAL MODEL OF FOCAL DYSTONIA. T, D. Sanger1* and M. M,
Merzenich2. ‘Dept. Neurology, Boston Children's Hospital; Boston, MA 02115; 2Keck
Center for Integrative Neurosciences, UCSF, San Francisco, CA 94143.
We present a new computational model for the development of focal dystonia. The
model is based on an analysis of the control loop from motor cortex through muscles
and the mechanical environment, to sensory receptors and sensory cortex, and thereby
through intracortical connections back to motor cortex. In this model, dystonia occurs
when the gain through this loop exceeds 1, so that neural activity saturates at maximal
firing rates and becomes sustained and uncontrollable.
For a population of neurons, the loop gain may be greater than 1 only for certain control modes, which predict the occurrence of task-specific dystonia such as Writer's
Cramp or Musician's Cramp. In this case, a small change in the task or a "sensory
trick" may be able to ameliorate symptoms, as can occur in these patients.
We show simulations of four mechanisms whereby the loop gain can be pathologically increased:
1. The number of sensory neurons responding to a particular mode may increase.
2. Two normally unrelated modes may be linked through abnormal mechanical coupling in the environment.
3. Two normally independent movement components may be co-activated repeatedly.
4. Basal Ganglia positive feedback may be increased, or negative feedback may be
decreased.
The model predicts three different clinical stages of dystonia corresponding to different regimes of loop gain. For gain < 1, there may be subtle abnormalities of electrophysiological parameters that do not lead to overt symptoms. For gain = 1, there will
be one mode that only in very specific circumstances can lead to instability. For gain >
1, there may be many different modes that become unstable with action or at rest and
are difficult to inhibit.
Supported by Children's Hospital Dept. of Neurology, and by NIH Grant P01 NS
34835 and The Coleman Fund.
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EFFECT OF PRESSURE APPLICATION OF PENTYLENETETRAZOLE ON
SUBSTANTIA NIGRA PARS RETICULATA SINGLE UNIT ACTIVITY IN AN
ANIMAL MODEL OF PAROXYSMAL DYSTONIA. M. Fedrowitz, J.H. Rehders
A. Richter*, W. Ldscher, M. Gemert. Dept. of Pharmacology, Toxicology, and
Pharmacy, School of Vet. Med., Bunteweg 17, D-30559 Hannover, Germany.
GABAergic dysfunction could be critically involved in the pathophysiology of
primary paroxysmal dystonia. In mutant dystonic hamsters (df“), an animal
model of primary paroxysmal dystonia that displays attacks of generalized
dystonia, i.e. sustained twisting movements and abnormal postures in
response to mild stress, previous pharmacological studies demonstrated
antidystonic effects of GABA-potentiating drugs while the GABA-impairing drug
pentylenetetrazole (PTZ) aggravated dystonia at subconvulsant doses. A
recent electrophysiological study revealed that systemic application of PTZ in a
pro-dystonic subconvulsant dose (25 mg/kg i.p.) significantly increased the
discharge rate of GABAergic substantia nigra pars reticulata (SNr) neurons in
anesthetized dystonic but not in non-dystonic control hamsters.
The aim of our present study was to investigate if the findings from systemic
PTZ application were due to a mainly direct action on GABAergic SNr neurons,
i.e. an increased sensitivity of these basal ganglia output neurons to PTZ in
mutant hamsters, or were secondarily to an action on other basal ganglia
regions. Therefore, in the present experiments, PTZ (2, 3 and 5 mM) was
applied locally by pressure application through a pulled capillary tube glued to
the recording electrode to the SNr during standard extracellular single-unit
recordings in anesthetized dystonic hamsters. Age-matched non-dystonic
hamsters served as control, in agreement with previous findings, no changes
in spontaneous discharge rates were found in mutants compared to controls.
Pressure application of PTZ caused a dose-dependent increase in discharge
rates of SNr neurons in both animal groups, but failed to reveal significant
intergroup differences, although a trend towards increased sensitivity of SNr
neurons was obvious in mutants after application of 3 mM PTZ. The results
indicate that direct actions on the SNr contribute to the effects of systemic PTZ
application, but the SNr is likely not the only responsible structure for the
enhanced sensitivity of nigral neurons observed in mutant hamsters after
systemic application of PTZ.
Supported by the DFG.
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MUTATIONAL ANALYSIS OF THE ANION EXCHANGER 3 GENE
IN FAMILIAL PAROXYSMAL DYSTONIC CHOREOATHETOSIS
LINKED TO CHROMOSOME 2q. H.Matsuo1-2-3*, K.Kamakura2,
S.Matsushita1. T.Qhmori1, M.Okano2. Y.Tadano2, J.Fukuda3, S.Tsuji4.
and S.Higuchi1. division of Clinical Research, National Institute on
Alcoholism, Kurihama National Hospital, Kanagawa, 2Third Dept. of
Internal Medicine, 3First Dept. of Physiology, National Defense Medical
College, Saitama; and 4Dept. of Neurology, Brain Research Institute,
Niigata Univ., Niigata, Japan.
Familial paroxysmal dystonic choreoathetosis (PDC) is an
autosomal dominant neurological disorder characterized by episodes of
involuntary movement precipitated by caffeine, alcohol, or emotional
stress. The locus for PDC has recently been mapped to chromosome
2q32-36, but its causative gene has not yet been identified. PDC is most
likely a kind of channelopathy, however, no ion channel other than anion
exchanger 3 (AE3) is located in this candidate region, which has been
reported to be the most promising candidate gene of PDC. Therefore, we
determined the exon/intron boundaries of the coding region of the human
AE3 gene by intronic sequencing using rat AE3 gene information without
employing a cloning technique. Furthermore, we performed mutational
analysis in familial PDC linked to chromosome 2q32-36 (Matsuo et al.,
Arch Neurol, in press) by direct sequencing. However these analyses
revealed no pathogenic heterozygous mutations in the AE3 gene for
familial PDC. The exclusion of AE3 as the candidate gene for PDC will
facilitate the identification of the PDC gene by a standard approach using
positional cloning. The new set of primers for the mutational analysis of
AE3 will also be useful for the future analysis of familial neurological
disorders mapped to the same locus.

DISTRIBUTION OF TORSIN-A AND TORSIN-B mRNAs IN
THE ADULT HUMAN BRAIN. D.G. Standaert*, S.J, Auqood, D.M.

Martin, L.J.Ozelius, X.O. Breakefield and J.B. Penney, Jr. Neurology
Research and the Neurogenetics Unit, Massachusetts General
Hospital, Harvard Medical School, Boston MA 02114.
The most common and severe of the inherited dystonias is earlyonset generalized torsion dystonia, an autosomal dominant disease
associated with a GAG deletion in the 3'-coding region of the DYT1
gene. This gene codes for torsinA, a novel member of a family of heat
shock/ATPase/AAA proteins. To gain insight into the neural pathways
involved in the pathogenesis of this disorder, we have mapped the
cellular expression of the mRNAs encoding torsinA and the closely
related family member, torsinB, in 18 brain regions in the control adult
human brain. We observe an intense expression of torsinA mRNA in:
the substantia nigra pars compacta dopamine neurons; the locus
coeruleus; the cerebellar dentate nucleus; Purkinje cells; the basis
pontis; numerous thalamic nuclei; the pedunculopontine nucleus; the
oculomotor nucleus; the hippocampal formation, and the frontal cortex.
Within the caudate-putamen the cellular expression of torsinA mRNA
was heterogeneous; a moderate signal was found overlying large
cholinergic neurons, while the majority of striatal neurons were weakly
labeled. A moderate signal was detected in numerous midbrain and
hindbrain nuclei. A weak cellular signal was detected in neurons of the
globus pallidus and subthalamic nucleus. In marked contrast to
torsinA, no specific mRNA signal was detected for torsinB. That
torsinA mRNA is enriched in the dopamine neurons in the substantia
nigra is intriguing as it suggests that DYT1 dystonia may be
associated with a dysfunction in dopamine transmission.

150.7

150.8

FUNCTIONAL MAGNETIC RESONANCE IMAGING DURING SPEECH:
BILATERAL FLOW INCREASES IN INFERIOR FRONTAL REGIONS ARE
COUPLED WITH FLOW DECREASES IN THE CAUDATE AND PUTAMEN.
J.J. Sidtis? H. Liu,2 J.H. Anderson,3* C. Truwit2. ’Dept. Of Neurology,2 Dept. of
Radiology, 3Dept. of Otolaryngology, Univ. MN Med. Sch.; Minneapolis, MN 55455.
Compared to language, motor speech control has received relatively little
attention ih functional imaging studies. The functional anatomy of speech production
is important in itself, for understanding neurodegenerative diseases like the ataxias
and movement disorders, and for pre-neurosurgical planning. Using positron
emission tomography (PET) to study blood flow, we have described functional maps
for several motor speech tasks (Neuroimage 3: S93, 1996), and demonstrated
functional relationships between speech rate and activity in several regions in normal
(Neuroimage 7: S749, 1998) and dysarthric speakers (Brain Lang 65: 228-230, 1998).
In this study, we used functional magnetic resonance imaging (fMRI) to replicate the
PET results in normals. Two right-handed subjects were studied a total of 3 times
using a BOLD technique (TE=50ms) on a Philips 1.5 Tesla, EPI capable MR scanner.
Subjects repeated the syllable sequence lpa-ta-kal as quickly as possible for 24 sec.,
three times, each preceded by a silent control period (48 sec.). Image analysis using
Stimulate software revealed a pattern of flow change comparable to that observed
with PET. Significant increases were seen in the inferior frontal regions, bilaterally
(3% and 2.7% for left and right, respectively). In contrast, significant flow decreases
were found at the left (4%) and right (9%) head of the caudate, as well as the left
(3%) and right (10%) anterior putamen. These changes were similar to those found
with PET suggesting that with the appropriate methods, fMRI can be used to study
actual speech production. More importantly, they replicate the bilateral blood flow
increases in cortical motor areas and decreases in the basal ganglia previously
observed. These results suggest that (1) important cortical-subcortical functional
relationships can be studied during speech, and (2) “activation” patterns need to be
better understood for neurosurgical mapping. Supported by NS33718.

THE CRISES OF VON ECONOMO: A DYSTONIA OF THE
INTRALAMINAR-MIDLINE THALAMIC COMPLEX? N.D. Schiff *. S.
Frucht2. K.P, Purpura1 and D.A. Ruggiero3^ Department of Neurology and
Neuroscience1, Weill Medical College of Cornell University, New York, NY
10021. Department of Neurology2, Department of Psychiatry3, Columbia
University Medical College, New York, New York, 1
We review the clinical and pathological literature from 1920 to the present
pertaining to oculogyric and respiratory crises. These complex clinical events, first
described by von Economo, are characterized by paroxysmal episodes of fixed eye
deviation, thought disorder, and postural and autonomic disturbances. A
neuroanatomical model is proposed which explains these phenomena and
precipitation by structural lesions and pharmacologic manipulation. Leigh and
colleagues (1987) hypothesized that these crises represent an oculomotor and
thought dystonia, but did not suggest a specific localization. We propose that the
crises reflect a dystonia of the intralaminar-midline thalamic complex (ILN) and
present anatomical, physiological, and clinical-pathological data to support this
conclusion. The ILN are known to have a unique pattern of projection to both
basal ganglia and cortical regions. Their multiple targets position these nuclei to
selectively gate the parallel and segregated thalamo-cortico-striatal loops related to
cognitive, ocular, motor and autonomic function. Physiological studies of the ILN
(Schlag and Schlag-Rey, 1984) suggest a gating mechanism in the form of a
generalized efference copy including eye movements that may be affected in the
dystonia. Aberrant synchronization of the ILN-midline complex due to increased
cholinergic innervation in the setting of a dopamine deficiency is proposed as the
physiological mechanism underlying the crises. Experimental and clinical
predictions are made on the basis of this hypothesis. This model of specific
anatomical connectivity and clinical-pathologic correlation underlying the crises
has implications for related impairments of consciousness and possible therapeutic
approaches to these disorders.
Supported by NS02014 (NS) NS36699 (KP) NS36363(DAR).
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LOW INTERLIMB COHERENCE IN PARKINSON'S DISEASE REST TREMOR.
H. Ben Pazi2, N, Giladi1. A.D. Korczyn1, A, Reches3, D. Hansel2, J. Goldberg2, H.
Bergman2, E.S. Simon1*. ’Dept. of Neurology, Tel Aviv Med. Ctr., Tel-Aviv,
Israel;2Dept. of Physiology and 3Dept. of Neurology, Hebrew Univ. Med. School,
Jerusalem, Israel.
Several lines of evidence point to the involvement of central nervous system
oscillators in the generation of tremor in Parkinson's disease (PD). It remains
unknown whether the tremor, which often affects multiple limbs, is caused by one
dominant oscillator or by interactions of multiple oscillators. An approach to this
problem is to examine the relationships of frequency between tremor in different body
parts, as similarity in frequency is a necessary condition to infer a single oscillator.
Two prior studies which focused on frequency in multiple limbs found conflicting
results. We focused on coherence in tremor between different limbs, based on the
prediction that multiple CNS oscillators might cause low coherence even with similar
average frequency. We studied 20 PD patients using tri- or uniaxial accelerometers
affixed to multiple limbs, including arms, legs, and chin. Between 6-18 minutes of
rest tremor was recorded and digitized. Frequency-domain analysis was performed
using FFT and coherence fimctions, and results were averaged across trials. Peak
frequencies in the arms, legs, and chin were similar, indicating that biomechanical
factors do not determine the frequency. Most coherence calculations between tremor
signals varied over time in the same patient. Mean coherence between different axes
of motion in individual accelerometers and between different segments of the same
limb was high (>0.5). However, mean coherence between measured tremor in
different limbs was low (<0.4). Further, there was no difference in mean coherence
between ipsilateral (arm-leg) and between contralateral limbs (arms). There was no
consistent pattern across patients of ipsi- vs. contralateral predominance of
coherence. These data suggest that tremor in PD is generated by multiple oscillatory
circuits, which operate on similar frequencies, but are loosely coupled.

MOVEMENT KINEMATICS AND SPEED-ACCURACY CONSTRAINTS IN
PARKINSON’S DISEASE. C.J. Ketcham. A.W.A. Van Gemmert, R.D. Seidler,
G.E. Stelmach, and H.L. Teulings*. Motor Control Laboratory, Exercise Science,
Sport Research Institute, Arizona State University, Tempe, AZ 85287-0404.
This study assessed movement coordination in Parkinson’s disease (PD) patients
as influenced by Fitts’ Law manipulations to identify which movement
subcomponents are sensitive to speed and accuracy constraints. PD patients and
age-matched controls performed a graphical Fitts’ task with a ballpoint pen on a
Wacom digitizing tablet. Both amplitude and target size were varied to achieve
Indexes of difficulty (IDs) of2, 3, 4, 5, and 6. Two different pairs of target sizes
and movement amplitudes were used with IDs of 4 and 5, which allowed for the
separate analysis of the influence of either target size or movement amplitude.
These conditions allowed for the assessment of the microstructure of the movement,
namely the acceleration and deceleration components to better quantify
coordination impairments in PD. Accuracy constraints were manipulated by target
size to assess deficits in force regulation, while speed constraints were manipulated
by movement amplitude to assess fleficits in force development. The results
indicated movement time for PD patients were longer than age-matched controls for
all IDs. In the PD patients, the primary submovement was shorter than in the
elderly, thus requiring more and longer secondary, corrective movements to reach
the target. This was especially evident in the largest movement amplitude
conditions. Peak velocity and acceleration amplitudes were lower in PD patients
than age-matched controls. Relative time to peak velocity decreased as ID
increased in PD patients compared to age-matched controls noted by a longer
deceleration phase. Jerk scores for PD patients were higher than age-matched
controls. A striking aspect of the kinematic analysis was that PD patients have
force-development and maintenance deficits when movement amplitude increased.
Supported by NINDS NS 133173.
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LEVODOPA IMPROVES NON-CUED REACHING MORE THAN CUED
REACHING IN PARKINSON’S DISEASE. VE Kelly, AJ Hyngstrom. AJ Bastian*
Prog. inP.T., Dept. of Anat. and Neuro., Washington Univ. Sch. of Med., St. Louis,
MO 63108.
The bradykinesia associated with Parkinson’s disease (PD) is often worse
when patients make ‘self-initiated- movements (i.e. without external cueing). Both 1dopa and external cues can increase the speed of movements of PD patients. L-dopa
has also been found to improve postural adjustments during self-generated, but not
externally triggered, stepping. It is not known whether l-dopa causes similar
improvements in self-initiated vs. externally cued voluntary limb movements. To test
this, we studied 10 PD patients and 10 controls reaching to a ball target. PD patients
were studied after being ‘off l-dopa overnight and again ‘on’ their morning dose.
Kinematic data were collected as all subjects made both accurate and fast reaches
under two different cue conditions: non-cued (self-initiated) and cued (triggered by a
light). Kinematic measures included: peak velocity, movement time (MT), wrist path
curvature and endpoint error. Repeated measures ANOVAs were used to determine
the effects of the following factors: MED ("off' or "on" l-dopa), CUE (cued or noncued) and SPEED (accurate or fast). Results showed that both MED and SPEED
increased peak velocity and decreased MT in the PD patients. There was also a
significant CUE x MED interaction for PD patients, such that l-dopa improved die
non-cued reaches much more than the cued reaches. Specifically, l-dopa caused
greater increases in peak velocity and greater decreases in MT for reaches made in
the non-cued vs. cued conditions. PD patients did not move as quickly as controls
under any conditions. These data indicate that l-dopa and external cues can both
improve reaches, but the effects are not additive. Instead, l-dopa appears to improve
non-cued or self-initiated reaches to a much greater extent than externally cued
reaches. (Supported by NIH HD 07434-06 and HD 01199-01)

THE BASAL GANGLIA AND FUNCTIONAL NEUROSURGICAL
PROCEDURES IN MOTOR DISORDERS: PRACTICAL AND
THEORETICAL ASPECTS. K. V. Baev*, K, A. Greene,
A. N.
Lieberman. J-S. Lou, F. F. Marciano, A. G. Shetter, M. A. Stacy, R. F.
Spetzler. Barrow Neurological Institute, Phoenix, Arizona 85013.
Functional neurosurgical procedures such
as
pallidotomy,
thalamotomy, transplantation, deep brain stimulation are used to treat
various movement disorders by targeting different basal ganglia structures.
Despite their broad use underlying mechanisms and criteria for selecting
patients for corresponding procedures are still not very clear. These issues
are addressed in our research. Mechanisms of action of functional
neurosurgical procedures are explained based on the idea that a functional
meaning of the basal ganglia consists in predicting a behavior of the body
and an environment during motor control. This prediction becomes
incorrect in case of movement disorders when the basal ganglia starts
functioning improperly. Functional neurosurgical procedures decrease the
resolution of the predicting system so that an error of prediction becomes
less pronounced. Therefore, alleviation of symptoms of motor disorders
occurs at the expense of the decreased resolution power of the controlling
system. These ideas are also utilized to develop criteria for patient selection
for different procedures based on the results of 115 microelectrode guided
pallidotomies, thalamotomies, and deep brain stimulation.

150.13
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DISSOCIATION OF COGNITIVE AND MOTOR FRONTAL-SUBCORTICAL
CIRCUITS IN THE HUMAN. W.J.Lombardi*1, R.E.Gross1, L.Trepanier2,
A.E.Lang3, J.A.Saint-Cyr2, A.M.Lozano4. 1Dept. of Neurosurgery. University
of Utah, Salt Lake City, UT 84132,2Dept.of Psychology, 3Neurology,
and4Neurosurgery, University of Toronto, Toronto, Ontario, Canada.
Current models of basal ganglia organization propose the existence of
multiple anatomically and functionally segregated circuits connecting the
basal ganglia with other cortical and subcortical structures. Tract-tracing
studies and single cell recording experiments in nonhuman primates suggest
that regions of the basal ganglia subserving cognitive aspects of motor tasks
are anatomically distinct from those involved in motor aspects of such tasks.
Here we demonstrate that areas of the globus pallidus internus (GPi)
involved in cognitive and motor functions can be dissociated in the human.
We studied a group of patients with Parkinson’s disease undergoing surgical
lesioning of GPi (pallidotomy). Lesion location (determined using highresolution 3-D MRI) along an anteromedial (AM) to posterolateral (PL) axis
was found to be related to outcome on both cognitive and motor measures.
Performance on several cognitive measures sensitive to frontal lobe damage,
including tests of working memory and interference effects on recent
memory, was linearly related to distance along this axis, with AM lesions
leading to post-surgical impairment, intermediate lesions having little effect,
and PL lesions leading to improvement. In contrast, bradykinesia had a
nonlinear relationship to lesion location, with intermediate lesions leading to
greater post-surgical improve-ment than lesions in more extreme AM or PL
locations. This anatomical segregation within GPi is consistent with the
topographic projections of frontal regions subserving cognitive and motor
functions in nonhuman primates. These data support the segregation of
functionally distinct circuits in the human pallidum. Supported by Parkinson’s
Disease Foundation of Canada.

MICROSTIMULATION-INDUCED EFFECTS ON NEURONS IN HUMAN
GLOBUS PALLIDUS AND MOTOR THALAMUS. J.O.Dostrovsky1*, J.P. Wu1,
R. Levy1, W.D. Hutchison1,2, K.P. Davis2, R.R. Tasker2 and A.M. Lozano2. ’Depts. of
Physiology and 2Surgery, University of Toronto, Toronto, ON Canada M5S 1A8.
Neurosurgical treatment of movement disorders includes lesioning or chronic deep
brain stimulation (DBS) of the motor thalamus or globus pallidus (GP). The similarity
of effects of these two methods suggests that the mechanism of action of DBS is
inactivation of neuronal activity, commonly believed to result from depolarization. The
aim of the present study was to examine the effects of thalamic and GP microstimulation
on the firing pattern of neurons close to the stimulation site. Recordings were made from
the thalamus and GP using an array of 2 microelectrodes, with the electrode tips ~200gm
apart in patients undergoing stereotactic exploration for control of movement disorders.
The spontaneous activity of nearly all of the cells (54/55) recorded in GP in 3 patients
was inhibited by microstimulation at currents < 10pA (0.15ms pulses at 5 Hz). The
inhibition had a latency of ~5ms and a duration of 10-25ms at threshold. At a stimulation
frequency of 50Hz the firing was totally inhibited. In contrast, stimulation in motor
thalamus of 4 patients excited 10 of 16 neurons tested. The excitation occurred with a
5ms latency and usually consisted of a burst of action potentials lasting about 25ms. In
3 of the 10 cases, the excitation was followed by long lasting inhibition (100 to 200ms).
These findings suggest that stimulation within GP preferentially excites GABAergic axon
terminals of striatal and/or external pallidal neurons causing release of GABA and
inhibition of GP neurons. In contrast, despite the existence of substantial GABAergic
axon terminals in the thalamus, the predominant effect is likely activation of excitatory
afferents (e.g. glutamatergic corticothalamic terminals). Thus although stimulationevoked release of GABA within GP may explain the similar therapeutic effects of pallidal
DBS and pallidotomy, an alternate mechanism, likely more complex, is probably
responsible for the therapeutic effects of thalamic DBS.
Supported by Parkinson Foundation of Canada and NIH NS36824.
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THE EFFECT OF BILATERAL DEEP-BRAIN STIMULATION ON SPEECH

HOW THE BASAL GANGLIA USE PARALLEL EXCITATORY AND INHIBITORY
LEARNING PATHWAYS TO SELECTIVELY RESPOND TO UNEXPECTED
REWARDING CUES. J,_Brown, P, JEullock*, and S, Grossberg. Dept. of Cognitive
and Neural Systems, Boston University, 677 Beacon St., Boston, MA 02215.
After classically conditioned learning, dopaminergic cells in the substantia nigra pars
compacta (SNc) respond immediately to unexpected conditioned stimuli (CS) but omit
formerly seen responses to expected unconditioned stimuli, notably rewards. These cells
play a key role in reinforcement learning. A neural model explains the key neurophysiological properties of these cells before, during, and after conditioning, as well as anatomical and neurophysiological data about the pedunculo-pontine tegmental nucleus
(PPTN), lateral hypothalamus, ventral striatum, and striosomes. The model explains
how two parallel learning pathways from limbic cortex to the SNc, one devoted to excitatory conditioning (through the ventral striatum, ventral pallidum, and PPTN) and the
other to adaptively timed inhibitory conditioning (through the striosomes), control SNc
responses. The excitatory pathway generates CS-induced excitatory SNc dopamine
bursts. The inhibitory pathway prevents dopamine bursts in response to predictable
reward-related signals. When expected rewards are not received, striosomal inhibition
of SNc that is unopposed by excitation results in a phasic drop in dopamine cell activity.
The model explains substantially more data than alternative models. Supported in part
by DARPA/ONR N00014-95-1-0409, ONR N00014-92-J-1309, ONR N00014-95-10657, NSF IRI-97-20333.

MOVEMENTS IN PARKINSON’S DISEASE. M. Gentil*fD, P.J, Garcia Ruiz
(3), P, Ratd (,!)»P, Poliak (1), C- Feuerstein (t), AX, Bebabid (1). (l) inserm U
318, CHU, 38043 Grenoble cedex 9 (France), (2) Dept of Neurology, Fundacion
Jimenez Diaz, 28040 Madrid (Spain)
The stimulation of the ventral intermediate nucleus of the thalamus (VIM)
was proposed as a chronic treatment of tremor in 1987. Interest has focused recently
on the subthalamic nucleus (STN) as a target for implantation of electrodes for
Parkinson’s disease (PD) therapy. The favourable effect of these procedures on limb is
well known (Benabid et al, J Neurosurg 84, 1996) but their effects on speech
movements had to be evaluated. Ramp-and-hold force contractions of the upper lip,
lower lip and tongue were quantified in 14 patients who had been operated on, that is
4 patients with VIM surgery and 10 patients with STN surgery. Forces were measured
by means of force transducers (Neuro Logic, Bloomington, Indiana, USA) after an
overnight withdraw of medication under two conditions : 1) during bilateral
stimulation, 2) one hour after stopping bilateral stimulation. For each effector organ
10 contractions were obtained at 2 target levels, 1 and 2 newtons, as well as maximal
forces. Results indicated that the effect of the stimulation on the articulatory organs
was different according to the targets. Concerning the patients with VIM surgery, we
observed no change or a worsening in oral control with stimulation, so maximal force
and precision of the peak force decreased, force reaction time increased. On the other
hand, we noted an improvement in oral control for STN stimulated patients, mostly an
increasing in maximal strength, accuracy to reach the target, precision during the hold
phase, a decreasing in force reaction time and rise time. These preliminary results
show that according to the target the bilateral stimulation differently influences oral
system and differently modulates neuronal structures involved in speech. However, we
need to evaluate a larger number of patients for a better knowledge of the impact of
these surgical procedures on speech.
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SELECTIVE DOPAMINE RECEPTOR AGONISTS
DIFFERENTIALLY MODIFY GLUTAMATE-INDUCED RELEASE OF
SUBSTANCE P FROM STRIATAL NEURONS. V.H. Chan* and M.F.
Mazurek, Departments of Neurology, Psychiatry and Behavioural
Neurosciences. McMaster University Medical Centre, Hamilton, ON,
CANADA L8N 3Z5.
Substance P (SP) is selectively localized in striatal neurons of the direct
pathway. The major afferent projections to striatum are the glutamatergic
inputs from the cortex and thalamus, and the dopaminergic pathway from
the substantia nigra. We studied the glutamatergic control of SP release in
primary cultures of striatal neurons and its modulation by dopamine
receptor agonists. Glutamate (GLU) evoked a dose-dependent release of
SP, rising from under 10 pg/well at 10'6 M to 276+12 pg/well (mean
+SEM) at KF4 M and over 1000 pg/well at 10*3 M. The effect of GLU at
10"4 M was partially blocked by the NMDA receptor antagonist MK-801

CANNABINOIDS OPPOSE DOPAMINE ACTIONS ON MOVEMENT IN THE
SUBSTANTIA NIGRA RETICULATA OF INTACT ANIMALS BUT NOT IN A
RAT MODEL OF PARKINSON’S DISEASE. aM.C, Sanudo-Pena*. bR, deMiguel.
bJ. Romero, aS.M. Huang. bJ.J, Fernandez-Ruiz. bJ,A, Ramos. aK, Tsou. aJ.M,
Walker. aSchrier Res. Lab., Dept. Psychology, Brown Univ., Providence, RI02912,
USA.bDept. Biochemistry, Fac.Medicine,Univ. Complutense, Madrid 28040, SPAIN
In previous work cannabinoid agonists were unilaterally microinjected directly
into different basal ganglia nuclei, and turning behavior was recorded. These studies
revealed a major modulatory action of cannabinoids within each nucleus and in the
basal ganglia as a whole. Cannabinoids act upon both major excitatory and inhibitory
inputs to the basal ganglia output nuclei. The effect on motor function would thus depend upon which input is active at the time, and would serve to return the system to
basal levels of activity. Furthermore, cannabinoid agonists oppose the action of dopaminergic drugs acting on both main families of dopamine receptors in the SNr in intact
animals. The present work extended the study of cannabinoid role in movement mediated by the basal ganglia to the 6-OHDA rat model of Parkinson’s disease. The contralateral (CL) turning induced by the cannabinoid agonist increased over nine-fold
in the lesioned compared to the intact animals. This result is in accordance with a cannabinoid action at the subthalamonigral pathway, because after 6-OHDA lesions,
stimulation of the subthalamic nucleus leads to an exaggerated excitatory response
in the SNr, but not in other areas innervated by the subthalamic nucleus, such as the
globus pallidus. The CL turning induced by the dopamine DI agonist also increased
over nine-fold in the lesioned compared to the intact animals. The turning induced
by the dopamine D2 agonist was opposite in direction in lesioned (CL) compared to
intact (IL) animals and increased over seven-fold. Furthermore, and opposite to what
was observed in intact animals, cannabinoids did not oppose dopamine DI or D2 agonists effects on movement in animals with dopamine lesions. Therefore, we hypothesize that the inhibitory action of cannabinoids on subthalamonigral terminals may be
significant for movement disorders that stem from overactivity of the subthalamonigral pathway, which includes Parkinson’s disease and suggests the potential for a conjunctive treatment with cannabinoids and dopamine agonists. Pfizer provided
CP55.940. Work supported by K02MH01083.DA10043.DA10536.

(127±6 pg/well) and strongly inhibited by the non-NMDA antagonist
CNQX (60+27 pg/well). The SP release induced by GLU at 10"* M was
potentiated by co-administration of the dopamine D| receptor agonist SKF
38393 (575±22 pg/well) and was inhibited by the addition of the D2 agonist
quinpirole (202+7 pg/well).
These results indicate that the glutamatergic control of SP release from
striatal neurons is (1) mediated by both NMDA and non-NMDA receptors;
and (2) differentially regulated by D1 and D2 dopamine receptor
stimulation.
Supported by NSERC.

151.3

151.4

STRIATAL NEUROCHEMISTRY, DOPAMINE RECEPTORS AND
fMRI RESPONSIVENESS TO APOMORPHINE IN CHRONIC
DOPAMINE DENERVATION. M.J, Avison*, W.A. Cass, U, Hassclrot, M,
Zhang. Z. Zhang and R.M, Booze. Depts. of Neurology, Anatomy & Neurobiology,
Univ. of Kentucky College of Medicine, Lexington, KY 40536-0084.
The present study examined the effects of chronic striatal dopamine denervation on in
vivo striatal responsiveness to apomorphine measured by functional magnetic
resonance imaging (fMRI), and the relationship of these changes to chronic alterations
in neurochemistry, and DI, D2, D3 receptors. In anesthetized (1.0-1.5% isoflurane)
female rhesus monkeys (n=3) studied by fMRI 30 weeks following right intracarotid
infusion of MPTP (0.4 mg/kg), acute injection of apomorphine (0.1 mg/kg i.m.)
caused significant bilateral decreases in striatal activity, measured as the change in the
transverse relaxation rate of the MRI signal (AR2*). Deactivation was significantly
less in the right (lesioned) than the left putamen (AR2*(left) = +0.77+0.06, AR2*(right) =
+0.27±0.06; pcO.OOOl) and significantly greater in the right (lesioned) than the left
caudate (AR2*(left) = +0.29±0.05, AR2*(right) = +0.45±0.06; p<0.05). Following the
fMRI studies, the animals were sacrificed and striatal tissue slices corresponding to
those imaged in the fMRI studies were prepared for neurochemical and
autoradiographic analysis. [DA] and DA transporter levels in the right striatum were
<1% of those in the left (p<0.0001). Right striatal DA turnover was also
significantly increased ([HVA]/[DA] +3730%; pcO.OOOl). There were no significant
differences in DI between left and right striatum. D2 levels were increased in the right
hemisphere in both caudate (+26%; pcO.OOOl) and putamen (+52%; pcO.OOOl). D3
levels were decreased in the right hemisphere (caudate -21%, putamen -29%;
pcO.OOOl). Regression analysis suggests that the changes in striatal fMRI response
to apomorphine seen in the chronically dopamine denervated striatum may reflect
changes in D2 and/or D3 receptor levels. (Supported by NS35080, DAI 1337).

Developmental Expression of a Novel Dopamine Induced
Gene, Ania-5. I.T, Ugalde. S. Wrav. S.E, Hyman*. National
Institute of Neurological Disorders and Stroke, NIH, Bethesda, MD.
Multiple genes are induced in the adult dopamine depleted rat striatum
with dopamine stimulation and in the intact striatum with
psychostimulant drugs such as cocaine. This gene induction occurs
through activation of dopamine DI receptors and stimulation of the
cyclic AMP/ CREB signal transduction cascade, which has been
implicated in cellular and synaptic plasticity. Since it has been
hypothesized that genes involved in adult plasticity might also be
regulated during development, we have been investigating patterns of
developmental expression of a recently described, novel set of genes
(Berke et al., J. Neurosci 18:5301,1998). We used in situ
hybridization on embryonic (El2- El5, El7, and El9) and postnatal
(Pl, P4, P7, P14, and P22) days. Ania-5, a novel dopamine-regulated
gene, showed a distinct pattern of temporal and regional expression. At
El5, there was a peak in expression detected in a variety of tissues
including the CNS. By El9, mRNA levels had declined, although a
signal was still present within the CNS. Ania-5 expression was
apparent after birth in cerebral cortex, hippocampus and striatum.
However, at Pl4, there was a substantial increase in ania-5 expression
in the striatum, specifically in the dorsomedial aspect.
Our
characterization of the spatiotemporal patterns of expression of these
genes during development may provide important clues for elucidating
their functional roles at these ages and in response to dopaminergic
stimulation in the adult.
(Supported by NIH)

151.5

151.6

PROGRESSIVE DEGENERATION OF DOPAMINERGIC NIGRO-STRIATAL
NEURONS IN BRAINS OF ATM-DEFICIENT MICE R. Eitam. Y. Peter, Y.
Groner, T, Flash*, E. Ahissar and M. Segal. The Weizmann Institute, Rehovot
76100, ISRAEL
Ataxia-telangiectasia (AT) is a human disease caused by mutations in the
ATM gene. We compared brains from male Atm-deficient mice and
age-matched controls and found that adult (4 month old) Atm-deficient mice
exhibit severe loss of TH- positive, dopaminergic nigro-striatal neurons, down
to about 26% of age-matched controls. This was accompanied by a large
reduction in immunoreactivity for the dopamine transporter in the striatum. A
reduction in dopaminergic neurons was also evident in the ventral tegmental
area. The loss of TH-positive neurons was progressive; only a small reduction
of 17% in the number of TH-positive cells was seen in one-month old
Atm-deficient mice, compared to controls. At this age, the number of
TH-positive cells in the substantia nigra Of control mice was similar to the
number of cells (5964 cells) in the adult mice. This means that the TH-positive
cells are formed normally and disappear between one and four months of age
in the Atm-deficient mice. Behaviorally, Atm-deficient mice expressed
locomotor abnormalities manifested as stride length asymmetry, which could be
corrected by peripheral application of the dopaminergic precursor, l-DOPA.
When a running wheel is introduced in the animal cages, a dramatic reduction
in cycle activation by the Atm deficient mice as compared to a control group
was found. In addition, we compared the frequency of whisking in normal mice
with those of Atm deficient mice. The Atm deficient mice exhibited a
significantly lower whisking frequency (range of 10 - 16 Hz ; mean of modal
frequencies 11.9 ± 2.5 Hz, n = 5), than wild-type mice. Treatment with L-dopa
increased the whisking frequency in the Atm mice to 16 - 20 Hz (mean of
modal frequencies 17.3 ± 2.5 Hz; n = 5). These results indicate that ATM
deficiency can severely affect dopaminergic neurons in the brain and suggest
possible strategies for treating this aspect of the disease. Supported by a grant
from the AT-Children's Project.

THE SYNAPTIC ORGANIZATION OF THE STRIATUM IN RATS
CHRONICALLY TREATED WITH OLANZAPINE. R.C. Roberts* and M.M,
Force. Maryland Psychiatric Research Center, Dept. of Psychiatry, Univ. of MD
School of Medicine, Baltimore, MD 21228.
Typical neuroleptics given chronically to rats induce behavioral sequelae which
mimic tardive dyskinesia in several ways. Our previous work has shown that such
treatment decreases overall striatal synaptic density and that symmetric synapses are
lost only in the subset of rats with oral dyskinesias (vacuous chewing movements,
VCMs). Rats were divided into three treatment groups, olanzapine (2.0 mg/kg/rat,
n=12), haloperidol (1.5 mg/kg/rat, n=26) and water, as a control, n=10. After six
months of treatment, rats were tested and divided into low (<8 VCMs/5min) or high
G>8 VCMs/5 min) VCM groups. VCM scores for the olanzapine group (5.1+4.5)
were similar to controls (5.2±3.9), whereas rats in the haldol group had either low
(4.3+2.2) or high (16.9+6.7) VCM scores. The volume of the striatum (mm3),
calculated using Nissl stained sections and Stereologer Software, did not differ
amongst the groups: control, 37.5±4.7; olanzapine, 36.4±4.3; haldol low VCM
40.5±6.3; haldol high VCM, 36.6±5.9. Ultrastructural analysis, using the disector
stereological method was performed in the olanzapine and control groups. Overall
synaptic density per 100pm2/disectorxl0, determined with stereological methods, did
not differ between the olanzapine and control groups. Thus, total synaptic density in
the olanzapine group (60.1+9.9) was similar to that of controls (64.3+13.5). The
number of asymmetric synapses in the olanzapine group (50.6+8.3) was also similar
to that of controls (57.4+12.6). The number of symmetric synapses in the olanzapine
group (8.8+3.9) was not significantly different from that of controls (6.8±2.9). In
contrast to haldol, which produces VCMs and symmetric synapse loss in a subset of
rats, olanzapine neither produces high VCMs nor ultrastructural changes. These
results strengthen the correlation between VCMs and synaptic changes and suggest
that olanzapine has fewer behavioral and anatomical side effects than haldol.
Supported by MH53494.
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INTRAPALLIDAL APLICATION OF DOPAMINE RECOVERS, IN
PART, THE MOTOR DEFICIT PRODUCED BY 6-OHDA, AS
MEASURED IN THE STAIRCASE TEST. A Galvan*. B, FloranandJ.
Aceves. Physiology Dept., CINVESTAV-IPN. AP 14-740. 07000, Mexico
D.F., Mexico.

EXPRESSION OF CALBINDIN-D28K IMMUNOREACTIVITY IN THE DORSAL
STRIATUM OF MICE LACKING DOPAMINE D2, D3 AND D2/D3
RECEPTORS. M,rY, Jung12*, _P-R-.... Hof, ... and C- JSchmaussl. ‘Dept.
Psychiatry/Neuroscience, Columbia University, New York, NY 10032, Graduate
Program in Neurobiology and ’Neurobiology of Aging Laboratories, Mount Sinai
Sch. of Med., New York, NY 10029.
Immunocytochemical and histochemical experiments were performed on
dorsal striatal brain sections of mice deficient for the dopamine D2, D3,
and D2/D3 receptors to analyze the expression of tyrosine hydroxylase
(TH), calbindin-D28K (CB), and acetylcholine esterase (AchE). For all
mutants (postnatal age P60), the analysis of Nissl-stained sections did not
provide evidence for gross-morphological changes of the dorsal striatal
structure. Furthermore, the expression of TH-immunoreactivity and AChE
activity did not differ between wildtype and mutant mice. However,
differences were found for the expression of CB immunoreactivity. First, in
wildtype and D2 mutant mice, striatal CB staining intensity is higher
medially and ventrally than dorsolaterally. This is in contrast to the more
homogeneous distribution of CB immunoreactivity in D3 and D2/D3
mutants. Second, confocal microscopy revealed differences in the cellular
distribution. Whereas CB staining of wild type and D3 mutants is
distributed homogeneously throughout cell body, CB staining of D2 and
D2/D3 mutants is concentrated in the cytoplasmic rim, sparing nuclei and
perinuclear regions. These changes in the topography and cellular
distribution are not accompanied by quantitative differences in CB
expression levels. Western blots revealed similar levels of CB protein in the
striatum of wildtype and mutant mice at P7, Pl5, P30, P45, and P60. These
qualitative changes in CB expression may reflect different local changes in
the modulation of cytosolic calcium transients or specific calciumdependent processes in D2 and D3 mutants. Supported by NSF 9808567 (C.S.)

Dopaminergic innervation to the external globus pallidus (GP) may be of
importance in the control of motor behavior. The absence of it could contribute
to the severity of symptoms in motor diseases like Paririnson's. hi the present
work, we tested whether the administration of dopamine (D A) to the GP in the
6-hydroxydopamine (6-OHDA) treated rats restored the performance in a
complex motor task. Male rats were trained in the staircase test to retrieve food
pellets using both forepaws. Afterwards, a 6-OHDA injection was given
unilaterally in the middle forebrain bundle. Ten days later the animals were
tested again in the staircase: the lack of dopamine clearly diminished the
performance with the forelimb contralateral to the lesion. In animals that showed
such impairment, a guide cannula aimed to the ipsilateral GP was chronically
implanted and intrapallidal injections of DA (75 ng/pl) were made before each
test. The animals that received intrapallidal DA restored up to 50% of the use of
the contralateral forelimb, measured by the number of pellets retrieved. When
die DA injections were stopped, the animals gradually returned to their preinjection performance. These findings suggest that the dopaminergic innervation
to the GP plays a role in the execution of a complex motor behavior.
Supported by grant 3539P-N from CONACYT, Mexico.

151.9

151.10

INCREASED DYNORPHIN EXPRESSION IN THE STRIATUM AFTER
REPEATED COCAINE TREATMENT: STRIATAL REGIONS AFFECTED AND
BEHAVIORAL CORRELATES. W, W. Sun and H. Steiner*. Department of
Anatomy and Neurobiology, University of Tennessee, College of
Medicine, Memphis, TN 38163.
Dopamine agonists including psychostimulants such as cocaine alter
gene regulation in neurons of the “direct” striatal output pathway
(striatonigral neurons). Such molecular changes likely affect the
functional properties of this pathway and may be responsible for some
of the behavioral changes produced by such drugs, increased dynorphin
expression in striatonigral neurons is among the most consistently
found molecular changes after various dopamine agonist treatments. To
further investigate the functional significance of upregulated
dynorphin expression after repeated treatment with cocaine (25
mg/kg, 2x/day, 5 days), we described the regional selectivity of this
effect by assessing dynorphin mRNA levels in 21 striatal areas defined
by their cortical inputs, and examined correlated behavioral changes.
The cocaine-induced increase in dynorphin expression is most
pronounced in a rostrocaudal zone in the dorsal striatum that receives
inputs predominantly from the sensorimotor cortex, with a maximal
increase in the caudal striatum. Little or no changes were found in the
rostral striatum or nucleus accumbens. These alterations in gene
regulation were accompanied by a striking increase in repetitive,
stereotyped head movements (“head bobbing”), whereas locomotor
activity and rearing showed little changes. These results suggest that
repeated cocaine treatment produces functional alterations in specific
motor channels. (Supported by USPHS Grant DA11261).

BASAL GANGLIA - CORTEX INTERACTIONS: STIMULATION OF D1
DOPAMINE RECEPTORS IN THE STRIATUM FACILITATES CORTICAL
FUNCTION. H. Steiner and S. T. Kitai*. Department of Anatomy and
Neurobiology, University of Tennessee, College of Medicine, Memphis,
TN 38163.
Stimulation of striatal D1 receptors facilitates activity in “direct”
striatal output neurons, which is reflected by their increased
expression of immediate-early genes (IEGs). Systemic dopamine
agonists also produce a widespread increase in IEG expression
throughout the cerebral cortex. We investigated, with quantitative in
situ hybridization histochemistry, whether dopamine agonist-induced
IEG expression (c-fos, zif 268) in the cortex is dependent on
stimulation of D1 receptors located in the striatum, and whether such
IEG regulation in the cortex can reflect changes in cortical function.
Intrastriatal administration of the selective D1 receptor antagonist
SCH-23390 (0.5-10 pg) blocked, in a dose-dependent manner,
striatal IEG expression induced by the D1/D2 receptor agonist
apomorphine (3 mg/kg, s.c.). Moreover, blockade of striatal D1
receptors also inhibited apomorphine-induced IEG expression
throughout the cortex. To assess cortical function, we evaluated
sensory-evoked responses in the sensorimotor cortex, i.e., IEG
induction in the barrel cortex by stimulation of whiskers.
Intrastriatal infusion of the D1 antagonist also inhibited whisker
stimulation-evoked IEG expression in the barrel cortex in a dosedependent manner. These results indicate that D1 dopamine receptors
in the striatum exert a powerful facilitatory influence on cortical
function. (Supported by USPHS Grants DA11261,
NS26473,
NS20702).

151.11

151.12

EFFECTS OF UNILATERAL STIMULATION OF SELECTIVE STRIATAL
DOPAMINE RECEPTORS ON CEREBRAL METABOLISM IN THE RAT
F. Blandini*1. G. Conti2. A^Zogchi2
Nappi1. £■ Qrzi2:3

CHRONIC HALOPERIDOL TREATMENT LEADS TO REDUCED
TYROSINE HYDROXYLASE IMMUNOREACTIVITY IN THE RAT
STRIATUM. N.M. Dawson1*. l.E.J. De Souza23. R.C, Switzer III4. C. Baker4 and
G, Meredith2. Dept. Human Anatomy and Physiology1, University College Dublin;
Dept. of Anatomy2, Royal College of Surgeons in Ireland; Dept. of Zoology3,
Trinity College; Dublin 2, Ireland; Neuroscience Associates4, Knoxville, TN 37922.
Chronic treatment of experimental animals with haloperidol is known to change
the flow of dopamine to the striatum. In addition, the metabolic products of this/
drug which are structurally analogous to MPP+, are potent inhibitors of dopamine
uptake (Wright et al., Brain Res 788:215-222, 1998). Therefore, haloperidol and its
metabolites could potentially alter striatal tyrosine hydroxylase (TH) activity. In
order to understand how this drug might affect TH, male, Wistar rats were
administered either the depot drug haldo, decanoate (equivalent of Img/kg/day
active drug) or vehicle (sesame oil) for 27 weeks. Animals were subsequently
withdrawn from treatment for a further 15 weeks. Each rat was then deeply
anesthetized, perfused with fixative solutions and the brain removed and sectioned.
Every fifth section was immunoreacted with antibodies directed against TH (IncStar,
USA), diluted 1:5000 in Tris-buffered saline. Sections through the striatum were
photographed and a semi-quantitative analysis was conducted by comparing the
distribution and density of TH immunoreactivity in sections from control and
experimental animals. Haloperidol treated rats showed a marked reduction in the
intensity of TH immunopositive staining in the caudate/putamen.
The
patch/striosome compartment in particular, showed reduced immunoreactivity in
60% of the treated animals. The pattern and intensity of TH-positive staining in the
nucleus accumbens was unchanged. The changes described here were seen long
after the drug had been withdrawn. This means that alterations in TH levels could
be mediated by a neurotoxic effect of haloperidol or its metabolites on dopaminergic
fibers in the striatum.
This research was supported in part by a RCSI Research Committee Grant.

’Neurological Institute “C. Mondino”, Pavia; 2INM Neuromed, Pozzilli; ’University

of Rome 1, Rome, ITALY.

Patterns of changes of metabolic and biochemical parameters associated with
lesion of the nigrostriatal pathway have been encompassed into a model describing the
functional organization of the basal ganglia circuitry. The model outlines two
pathways connecting the striatum to the output nuclei of the circuit: a ’’direct”
pathway originating from neurons bearing dopamine Di receptors, and an “indirect”
one, originating from neurons expressing D2 receptors. The entity of the functional
segregation of the two pathways, however, is uncertain and has been recently
disputed. In this study, we sought to address this issue by evaluating the functional
changes associated with selective pharmacological manipulation of Di and/or D2
striatal receptors in freely-moving rats. The study was carried out in Sprague-Dawiey
rats by using the 14[C]-2-deoxyglucose method for measuring local cerebral metabolic
rates for glucose. Guide cannulas were implanted in the right striatum (stereotaxic
coordinates: AP=+0.7 mm; ML=+2.6 mm; DV=-4.5 mm). After a week, animals
received a unilateral, intrastriatal injection of a Dj agonist (SKF-38393, 50 nmoles) or
a D2 agonist (quinpirole, 39 nmoles) or amphetamine (41 nmoles) or vehicle. Drug or
vehicle solutions were infused 3 min before the beginning of the procedure for
measuring glucose, at a rate of 0.2 pl/min for 2.5 min. Both D! and D2 agonists caused
metabolic asymmetries in selected brain areas, including Globus Pallidus, Substantia
Nigra Reticulata and Entopeduncular Nucleus. Amphetamine - which activates both
Dj and D2 receptors by stimulating the release of endogenous dopamine - caused a
similar pattern of metabolic changes, but the effect was occasionally higher than
observed with the selective agonist drugs. These results show that stimulation of D, or
D2 striatal receptors causes functional changes in all the projection nuclei of the
striatum. Our findings are therefore consistent with the reports questioning the
functional segregation of the two pathways.
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DOPAMINE IN THE HUMAN SUBTHALAMIC NUCLEUS: THIMMUNOREACTIVITY, DOPAMINE DI AND D2 RECEPTOR
BINDING AND DI AND D2 RECEPTOR mRNA. S.J. Augood1,2*. Z.R,
Hollingsworth2. J.B, Penney. Jr2 and D.G, Standaert2. Dept. Neurobioiogy,
The Babraham Institute, Cambridge, UK. and 2Neurology Research,
Massachusetts General Hospital, Harvard Medical School, Boston MA
02114.
The role of dopamine (DA) within the subthalamic nucleus (STN) has
received considerable interest in recent years as numerous studies have
suggested that DA and DAergic agents may directly influence the firing
pattern of these tonically-active neurons. To investigate the potential role
of DA in the human STN, post-mortem tissue was processed for tyrosine
hydroxylase (TH) immunostaining, for DA DI and D2 receptor binding
using [3HJ-SCH-23390 and [3H]-YM-09151-2 as the respective ligands,
and for DA DI and D2 receptor gene expression using human specific
oligonucleotide probes. Immuno-staining of the human STN revealed a
fine network of TH-positive fibers traversing the nucleus; no
immunopositive cells were detected. Examination of film autoradiograms
and of emulsion-coated sections processed for DI and D2 receptor
mRNA revealed, as expected, an abundance of DI and D2 mRNA-positive
cells in the caudate-putamen, but no DI or D2 receptor mRNA positive
cells in the STN. Further, semi-quantitative analysis of DI-like and D2like ligand binding similarly revealed an enrichment of DI-like and D2like receptors in the caudate-putamen and globus pallidus but not within
the STN. Together, these data suggest that the effects of DA and DAergic
agents on the activity of human STN neurons are likely to be indirect and
not mediated via interaction with DA DI or D2 receptors.
Supported in part by the UK Parkinson’s Disease Society.

DOPAMIN E INHIBITS GABA REIJEIASE IN SUBSTANTIA NIGRA VIA
ACTIVATION OF PRESYNAPTIC 0,-LIKE RECEPTORS.
T. MjyamkjS*
andM.G. Iacey^ T)epaitmentofPhysiology Tokyo MedicalUniversity Tokyo 160-8402, Japan

and ’DepaitrnertcfPharmaoology, University ofBinningharn, BirminghamB15 2TT, UK
Inthe substantia nigap^ reticulata (SNfo neurons, we have reported thi a slower component cfthe
mono-synaptic GABA-exgic IPSC, with reversal potential negative to CTequflixium potential (Eq ), is
presynaptically inhibited by dopamine application1. This effort is mimicked by the D,-Jikerecepeoragonist
SKF 383931. Here wehaveirnesti^tedfortherfoepiianriao^ogical properties cfthe IPSC inhibition by
dopamine. Whole-cell patch damp recordings were made fromvisually identified SNR neurons in
parasagittal dices ofrat ventral mktxain IPSCs were evoked by stimulation ofthe cerebral pedundes in
foe presence ofglutamate receptorarlagcxiists CNQX(20 pM) and DL-AP5 (100 pM).
The IPSC intBb&on by dopamine was reduced by the non-selective dopamine receptor antagonist, (+>
butadamol(10 pM), which also shgftly increased the amplitude ofIPSC. The D^lfloe receptor antagonist
O-sulprride (1 pM) was without effect on the action ofdopamine, whereas theDj-fflre antagonist SCH
23390 (10 pJvf) acted as an agonist, depressing foe IPSC. The adenylyl cydase activator forskolin (10 pM),
oompktely abolished slow IPSC, ahhou^i foe amplitude offoe fast, dopamine-resistant IPSC (inward
goingatVH=-TOmV) was markedly increased fofoepresenceafforskalinfoisiastIPSCstillreversed
polarity at around Eq , but foe dow IPSC was not in evidence at this potential, indicating that its depression
by foRia^vrasindependertcffoefodaationcffoe tost IPSC. The IPSC inhflxticnby dopamine was
itsdfmimkkedtylYanphetaminewithlC^cfbJ pMand caused complete abolition cfthe IPSC at 100
pM Tins endogenousdopamine,presumabty released by amphetamine from dopaminergic neurons in
SN, can also depress foe IPSC. It therefore appears that dopamine can depress GABA release in SN,
presumably from striatonigral tmninaLthrou^activation ofpretynqticDj^eceptors (albeit with some
unconventional pharmacology) that are coupled to stimulator cfadenylyl cydase.
l.Kfiyazaki,T&Lacey,MG., J.HtysioL5113,805-817(1998).
Thiswarkwaspatdy^portedfythe Wellcome Trust Grant No. 046056.

151.15

151.16

ACTIVATION OF D2 AND GABAb RECEPTORS MEDIATE AN
INWARD CURRENT AND MEMBRANE DEPOLARIZATION OF
DOPAMINE NEURONS IN A GENETIC MODEL OF PARKINSON’S
DESEASE. E, Guatteo*. G. Bemardi and N, B, Mercuri. IRCCS Santa
Lucia, Via Ardeatina 306 1-00179, and Clinica Neurologica Tor Vergata,
Via O. Raimondo 8,1-00173 Rome, Italy.
Weaver (wv) mutation causes a progressive depletion of the
nigrostriatal dopaminergic neurons after birth and thus represent a unique
animal model of Parkinson’s desease which is genetically determined.
The (wv) mutation is localized in the gene encoding for an inward
rectifier potassium channel (GIRK) that becomes permable also to
sodium ions and is constitutively open, rather than G-protein operated.
Dopamine D2 and GABAb receptors couple to GIRK channels in
dopamine neurons and mediate a hyperpolarization of the membrane
potential. The physiopathological consequences of the GIRK-mediated
responses on (wv) dopamine neurons have not been investigated yet. Here
we present data obtained from homozygous weaver (wv/wv) mutant
mouse dopamine neurons versus the control strain ones. Whole-cell
patch-clamp recordings in (wv/wv) dopamine neurons showed a
depolarization in response to either dopamine or the GABAb agonist
baclofen. In voltage-clamp experiments this effect was accompanied to
activation of an inward current, probably due to a sodium influx through
the mutant GIRK channel. An abnormal depolarizing response to
dopamine and GABA might cause a sodium/calcium accumulation into
the cell and trigger sodium and/or calcium dependent excitotoxicity, thus
resulting in dopamine neuron degeneration.

DIFFERENTIAL DISTRIBUTION OF DOPAMINE D4 RECEPTORS IN THE
RAT STRIATUM.
A. Rivera1,2, B. Cuellar1, N, Hiroi3*, A. de la Calle2 and R. Moratalla1. ‘institute
Cajal, CSIC, 28002, Madrid, Spain; 2 Dept. Biol. Celular, Univ. Malaga, 29071,
Malaga, Spain; 3Dept. Psychiat., A. Einstein Coll. Med., NY 10461, USA.
Dopamine is implicated in motor control, learning and memory, as well as in
cognitive and emotional processes. Alterations in dopaminergic transmission are
thought to be associated with Parkinson's disease and schizophrenia. There are five
dopamine receptor subtypes, classified in two families: Dl-type (DI and D5)
stimulates adenylyl cyclase and D2-type (D2, D3 and D4) has no effect on or inhibits
adenylyl cyclase. In previous studies, we have shown the distribution of D4
dopamine receptors in the rat brain using a polyclonal antibody specific for this
receptor (Khan et al, 1998, J.Comp.Neurol., 402, 353-371). D4 receptors were
localised primarily in the cortex, striatum, hippocampus, and other associated
structures. We have now studied the regional and cellular distribution of this receptor
in the striatum of rats. The expression of this receptor was. higher in the dorsal
striatum, compared to the ventral striatum. There was a lateromedial density gradient
within the dorsal striatum. There was no detectable expression in the nucleus
accumbens or olfactory tubercle. Moreover, the distribution of the receptor in the
striatum was not homogeneous in that D4 receptor-like immunoreactivity was patchy
throughout the dorsal striatum. These patches were in good register with the
striosomes, identified in the same or adjacent sections by immunocytochemistry for
the mu opioid receptor. There were more heavily stained D4-positive cells and fibers
in striosomes than in the matrix. These results suggest that dopamine-regulated
signalling via D4 receptor is preferentially processed in the striosomal compartment
in the striatum. Supported by grants from FIS (98/1368), Accion Especial (CSIC),
DGCYT (PB98-0223), AR is supported by a fellowship from MEC.

Supported by Telethon grant E.747 to Dr. N.B. Mercuri.

151.17
PHENOTYPIC CHARACTERIZACION OF STRIATAL NEURONS THAT
EXPRESS D5 DOPAMINE RECEPTORS.
A. de la Calle1*, A. Rivera1,2, R. Martin1, B. Cuellar2 and R, Moratalla2. ’Dept. Biol.
Celular, Univ. Malaga, 29071, Malaga; 2Instituto Cajal, CSIC, 28002, Madrid, Spain.
The physiological effects of dopamine are mediated by its binding to G proteincoupled receptors. Five dopamine receptor subtypes have been cloned and analysed
in die CNS. Dl-type receptors (DI and D5) stimulate adenylyl cyclase, while D2type receptors (D2, D3 and D4) have no effect on or inhibit adenylyl cyclase. We
have previously shown the distribution of D5 dopamine receptors in the rat brain
using a polyclonal antibody specific for this dopamine receptor subtype. It was found
that D5 receptors were primarily localised in the cortex, hippocampus, thalamus,
striatum, and substantia nigra: the cortex and the hippocampus had the highest
densities and were in good agreement with the reported distribution of mRNA for
this receptor. We have now examined the distribution and phenotypic characteristics
of D5-positive cells in the rat brain by immunocytochemistry. In the cortex, D5positive neurons were detected in pyramidal and non-pyramidal neurons, in the
infragranular and supragranular layers. In the striatum, D5 receptor protein was
detected mainly in large neurons and in a very low density in medium spiny
projection neurons. Double labelling experiments using immunofluorescent
secondary antibodies showed that these large neurons were positive for choline acetyl
transferase (ChAT) and that about 84% of somatostatin-positive neurons in the
striatum expressed D5 receptors. In the cortex, all ChAT expressing neurons were
positive for D5 receptors and some parvalbumine neurons co-expressed D5 receptors.
Supported by grants from FIS (98/1368), Accion Especial (CSIC), DGCYT (PB980223), AR is supported by a fellowship from MEC.
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152.2

NEURAL ACTIVITY IN THE SUPPLEMENTARY AND PRESUPPLEMENTARY MOTOR AREAS OF A MONKEY ADAPTING TO A
VISCOUS FORCE FIELD C. Padoa Schioppa*, C.-S.R. U and E, Bizzi
Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.
We trained one monkey in a delayed visually guided reaching task, with the
same paradigm previously used in our Lab. Movements were planar, from a
central position toward one of eight peripheral targets. The monkey
performed in the three epochs baseline (no force), force field (where a curl
viscous force field was introduced) and washout (no force), each lasting
160-300 hits. Psychophysical evidences show that there is an adaptation
process during exposure to the force field.
Neural activity from over 100 cells in various locations in the medial
contralateral frontal wall was recorded and analyzed. We analyzed the firing
frequency in the time windows center hold time (cht, before the instruction, a
control window), delay time (dt), reaction and movement time (mt) and
target hold time (tht, where the monkey waits in the peripheral location for
the reward). Compared to what recorded in the primary motor cortex, more
cells showed a change in activity in the dt and the tht, compared to the cht.
Task related cells, with directional tuning were found in two distinct foci
along the rostrocaudal axis, identified as arm regions of the pre-SMA and
SMA respectively. We found cells that were directionally tuned in the time
windows dt, mt and tht. The exposure and adaptation to the force field was
accompanied by plastic changes in the tuning curves similar to the ones
observed in M1 (Soc Neurosci Abs 24:405, 1998). Some cells developed a
directional tuning as a consequence of the exposure to the force; other cells
changed their preferred direction according to the direction of the force field
when the force was introduced. Surprisingly, these effects were also found
in the delay time window. (Supported by NIH grant MN481185)

NEURONAL RESPONSES IN MEDIAL WALL CORTEX TO VISUALLYCUED REACHING IN HUMANS
W.D. Hutchison1,2,3*, K.D. Davis1,3, J.P. Wu2. A.M. Lozano1,3, J.O. Dostrovsky2.
’Departments of Surgery & 2Physiology, University of Toronto, and ’Division of
Neurosurgery, Toronto Western Hospital, Toronto, ON Canada MST 2S8
The medial wall of the monkey cortex has a topographical projection to Ml, direct
projections to ventral spinal cord, and neuronal activity preceding movements, evidence
implicating it in motor function (Picard & Strick, Cereb.Cort.6: 342, 1996). During
microelectrode mapping of caudal areas 24 and 32 (including the SMA and cingulate
motor cortex) prior to cingulotomy, patients were requested to press a variable
sequence of 3 of 5 buttons (P1-P3) over 4-6 trials in each of 2 tasks: an internally-cued
task with a memorized sequence (MEM) and an externally-cued task with the sequence
given during the task performance (FOLLOW). Reaching movements were monitored
with arm surface EMG and hand accelerometry, which was similar for both tasks.
Average firing rate histograms of neurons were constructed for each task and aligned
with respect to various phases of movement (Ready, Go, Pl, P2, P3). Locations of
neurons were determined from post-operative MRI’s and the recorded depth and
landmarks of microelectrode recordings. 58 neurons were tested and task-related
responses were found for 15 of these neurons: 11 were excited and 4 were inhibited.
During MEM trials, 4 neurons showed preferential responses preceding movement
during the delay period. 2 neurons responded phasically to visual cues, and 1 showed
prolonged tonic responses similar to an end-of-trial reward response. 1 ‘visual’ neuron
was inhibited during both sequence performance and imagination of the same task. It
was also modulated by another non-motor cognitive task (mental arithmetic). The
varied responses support an integrative role for the cingulate and medial wall motor
regions in executive, visual, and possibly mnemonic functions.
Supported by NIH NS36824 and Medical Research Council of Canada

152.3

152.4

SPATIAL DISTRIBUTION OF CINGULATE CORTICAL PROJECTION NEURONS
TO THE PRIMARY MOTOR CORTEX, THE SUPPLEMENTARY MOTOR AREA,
AND THE PRE-SUPPLEMENTARY MOTOR AREA.

KEISETSU SHIMA*, WANG YAN, HIROMASA SAWAMURA, JUN TANJI
Dept. of Physiolgy, Tohoku Univ., Sch. of Med., Sendai 980, Japan
We examined the location and spatial distribution of cingulate cortical
neurons projecting to the forelimb areas of the primary motor cortex (M1),
the supplementary motor area (SMA), and the pre-supplementary motor
area (pre-SMA) using a multiple retrograde labeling technique in individual
monkeys (Macaca Fuscata). The M1, SMA, pre-SMA, and cingulate motor
areas were physiologically identified by intracortical mictrostimulation and
single neuron recording. Three different dyes (diamidino yellow, fast blue
and WGA-HRP) were injected into the forelimb areas of the M1, SMA, and
pre-SMA, Retrogradely labeled neurons in the cingulate cortex were
plotted with an automated plotter.
The neurons projecting to the M1 were distributed in two separate foci in
the cingulate cortex corresponding to the physiologically identified rostral
and caudal cingulate motor areas situated in the dorsal and ventral banks
of the cingulate sulcus. The distribution of projection neurons to the SMA
largely overlapped with those to the M1. The projection neurons to the M1
and SMA were intermingled. The projection neurons of the cingulate
cortex to the pre-SMA showed only a small overlap with those to the M1
and SMA, and were distributed in more anterior part of the rostral cingulate
motor area and in the cingulate gyrus. These findings suggest that the M1
and SMA receive common information from the cingulate cortex, including
the rostral and caudal cingulate motor areas, but the pre-SMA receives a
different set of information from the cingulate cortex.
This work was supported by grants from Ministry of Education, Science
and Culture of Japan (08279101 and 09308032).

MOVEMENT-RELATED ACTIVITY IN THE CINGULATE- AND
SUPPLEMENTARY MOTOR AREAS OF THE MONKEY IS MODULATED BY
VISUOMOTOR CONTEXT. G.S. Russo*, D.A. Backus, S. Ye, and M.D. Crutcher,
Dept. Neurology, Emory Univ., Atlanta, GA 30322.
We investigated neural activity related to visuomotor transformations in the
Cingulate Motor Area (CMA) and Supplementary Motor Area (SMA) of monkeys by
manipulating the mapping between the arm movements required by the task and the
visual feedback used to guide them. Monkeys were trained to perform visuomotor tasks
using a joystick that controlled a cursor on a video screen. In each trial the monkey was
required to move the cursor from a central target to one of eight peripheral targets.
Neural activity related to target presentation, movement preparation and movement
execution was temporally dissociated by imposing variable delays between task events.
Movement-related neural activity was tested under conditions that dissociated the
direction of limb movement from the visual aspects of the task by rotating the spatial
mapping between joystick and cursor position 180° in separate blocks of trials.
Monkeys easily alternated between these two conditions, usually within one trial.
Over half of the CMA and SMA neurons with directionally selective movementrelated activity exhibited a significant difference in the magnitude of their response
when tested under the two visuomotor mapping conditions. In some cases, neurons that
exhibited robust directionally-related movement activity under one visuomotor
association ceased responding under the other. However, there was no overall
preference for either mapping condition across all the neurons studied. These
modulations could not be explained by changes in baseline activity or task performance
between the two conditions, and control experiments on a subset of neurons indicated
that differences in gaze angle were not a factor in the majority of cases.
Movement-related activity is traditionally viewed as encoding primarily kinematic
or dynamic variables. The modulation of movement-related activity in CMA and SMA
by visuomotor context suggests that neurons in these areas do not only encode
movement parameters, but also participate in high-level aspects of visuomotor mapping.
Supported by NINDS grant NS 30212.

152.5

152.6

ACTIVITY OF MACAQUE PYRAMIDAL TRACT NEURONS (PTNs) IN Ml
AND SMA DURING GRIPPING AND REACHING TASKS. K. Nakaiima*,
J.N. Davis, M.A. Maier, N.B. Philbin and R.N. Lemon. Sobell Department of
Neurophysiology, Institute of Neurology, UCL, London WC1N 3BG UK
In order to study any differences in the functional role of corticospinal output
from primary motor area (Ml) and supplementary motor area (SMA), the activity
of identified PTNs in the hand-arm area of Ml and SMA was recorded during
performance of a precision grip or reach task with either the left or right upper limb;
when the right limb was used, the left hand remained stationary at all times, and
vice-versa. The precision grip task required displacement of two spring-loaded
levers with thumb and index finger, and the reach task, a button press with one arm
fully extended. PTNs were antidromically identified from the ipsilateral pyramidal
tract via implanted electrodes. The activity of each PTN was recorded during 25-50
successive trials of each task. EMG recording was simultaneously made from up to
8 hand and forearm muscles, mainly using pairs of implanted EMG electrodes.
To date, the yield of fully documented neurons is 49 PTNs in Ml (total 86 neurons)
and 27 PTNs in SMA (43 neurons), recorded from an adult female M. mulatto
monkey. In Ml, all PTNs modulated their discharge during at least one of the tasks;
35% modulated their discharge only when the monkey used the contralateral limb.
In a further 41%, activity was more pronounced with the use of contralateral than
the ipsilateral limb. The converse (ipsi > contra activity) was found for only 10%.
In SMA, 8/27 (30%) PTNs did not modulate their discharge during the tasks and
just 5% of task-related PTNs modulated their discharge only when the monkey used
the contralateral limb. In 52%, contra > ipsi activity, and in 11% ipsi > contra
activity. No. PTNs modulated their activity only for ipsilateral limb movement.
Thus although Ml and SMA both contribute to the corticospinal projection, there
are some important differences in the functions of these outputs, with a more
pronounced involvement of Ml output in movements of the contralateral limb
(Supported by the Wellcome Trust).

INTERCEPTION OF CIRCULARLY MOVING TARGETS: NEURAL MECHANISMS IN
PARIETAL CORTEX. H. Merchant*, A. Battaglia-Mayer and A.P. Georgopoulos. Brain
Sciences Center, VAMC and Dept. of Neurosci., Univ. of Minnesota, Minneapolis, MN.
We recorded the impulse activity of 649 cells in the posterior parietal cortex of a monkey
while the animal intercepted a circularly moving target and performed various control
tasks. In the "interception" task the animal intercepted a target moving on a screen along
a circular low-contrast path at 5 speeds (from180 to 560°/s) either in real motion or in
apparent motion. The stimulus started from different initial locations, depending on the
speed and motion type. The monkey intercepted the target at 6 o’clock by exerting a force
on a semi-isometric handle which controlled a cursor on the screen. In the "no-go" task
the monkey maintained the cursor in the center while targets were moving in the same
fashion as in the interception task. In the "saccade" task the monkey saccaded from the
center to each of 8 peripheral targets. Finally, a "passive visual" task was used to map the
receptive fields during the presentation of an ensemble of random dots moving in 8
different conditions, namely translational motion in 4 perpendicular directions, circular
clockwise and counterclockwise motion, outflow and inflow motion. A square grid was
used consisting of 25 small squares of 5.5 deg of visual angle side, and the various types
of motion were presented in every small square.
A rich variety of neuronal response patterns was observed with respect to the different
tasks above, as assessed by analysis of variance, multiple linear regression, and
qualitative evaluation of plots of data, (a) In the passive visual task, many neurons
showed significant relations to the type of motion and/or the location of presentation within
the visual field. Most neurons were selective for translational motion, particularly in the
horizontal axis; by contrast, few neurons showed relations to the other kinds of motion,
(b) Relatively few neurons showed significant changes in activity in the saccade task, (c)
Many cells showed changes in activity during the no-go task, as well as differential
changes for the different speeds and motion types (i.e. real and apparent). Finally, (d)
many neurons showed differential activity between the interception and no-go tasks, even
within the same combination of stimulus speed and motion type. In general, there was a
stronger activation with the real motion condition. These results indicate that posterior
parietal cortex is involved in several aspects of predictive target interception. (Supported
by USPHS grant PSMH48185).
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152.8

INTERCEPTION OF CIRCULARLY MOVING TARGETS: NEURAL MECHANISMS IN
FRONTAL CORTEX. A. Battaglia-Mayer*, H. Merchant and A.P. Georgopoulos. Brain
Sciences Center, VAMC and Dept. of Neuroscience, Univ. of Minnesota, Minneapolis, MN
We recorded the impulse activity of 547 cells in the arm area of the premotor cortex of
a monkey while the animal intercepted a circularly moving target and performed various
control tasks. In the "interception" task the animal intercepted a target moving on a screen
along a circular low-contrast path at 5 speeds (from 180 to 560°/s) either in real motion
or in apparent motion. The stimulus started from different initial locations, depending on
the speed and motion type. The monkey intercepted the target at 6 o’clock by exerting a
force on a semi-isometric handle which controlled a cursor on the screen. In the "no-go"
task the monkey maintained the cursor in the center while targets moved in the same
fashion as in the interception task. In a "center-out" task, the monkey exerted force in 8
radial directions towards stationary targets. In the "saccade" task the monkey saccaded
from the center to each of 8 peripheral targets. Finally, a "passive visual" task was used
to map the receptive fields during the presentation of an ensemble of random dots moving
in 8 different conditions, namely translational motion in 4 perpendicular directions, circular
clockwise and counterclockwise motion, outflow and inflow motion. A square grid was
used consisting of 25 small squares of 5.5 deg of visual angle side, and the various types
of motion were presented in every small square.
Various neuronal response patterns, distinctive from those obtained in parietal
recordings (Merchant et al., this meeting) were observed with respect to the different tasks
above, as assessed by analysis of variance, multiple linear regression, and qualitative
evaluation of plots of data, (a) In the passive visual task, few neurons showed significant
changes in activity, (b) Many cells showed significant relations in the saccade task, (c)
Some cells showed clear changes in activity during the no-go task as well as strong
differential changes between the two stimulus motion types (i.e. real and apparent).
Finally, (d) many neurons showed differential activity between the interception and no-go
tasks, especially preceding the hand motor response. In general, there was a stronger
activation with the real motion condition. These results indicate that premotor cortex is
involved in several aspects of predictive target interception including both the period of
stimulus motion and the generation of motor response. (USPHS grant PSMH48185).

ACTIVATION OF CONTRALATERAL DORSAL PREMOTOR CORTEX AND
MEDIAL WALL MOTOR AREAS OF HUMANS
CONDITIONAL MOTOR TASK.

IN

AN

AUDITORY

Kiyoshi Kurata1*, Toshiaki Tsuji2. Satoshi

Naraki2. Morio Seino2, and Yoshinao Abe3. 'Dept. Physiology, University Hospital
Radiology Section, and 3Dept. Radiology, Hirosaki University School of Medicine,
Hirosaki 036-8562, Japan.
Using functional MRI (Siemens, 1.5T), we measured regional blood flow in the
cerebral cortex of human subjects performing an auditory conditional motor task.

In the task, either 330Hz or 660 Hz tone was randomly selected and presented to the
subjects every 1.0 s. The high and low tones indicated to initiate 3 successive
opposition movements by a thumb and an index finger and by a thumb and a little
finger of their right hand, respectively.

As a control task, the same subjects were

asked to alternate the two opposition movements in response to the tones that were

randomly selected and presented at the same interval.

Between the two tasks, MRI

images were also scanned in resting states, while the tones were presented in the
same way.

Using SPM96, it was found that the dorsal premotor cortex and medial

wall motor areas, possibly including supplementary motor area (SMA) and pre-SMA,

only in their left hemispheres were selectively activated during the conditional motor
task.

Our results suggest that these nonprimary motor areas play an important role

in transforming arbitrary auditory cues into appropriate motor responses.

Supported

by "Research for the Future" Program (96L00206) by the Japan Society for the

Promotion of Science.

152.9

152.10

HAND REPRESENTATION IN THE DORSAL PREMOTOR AREA F2 OF
THE MACAQUE MONKEY. V.Raos. M.A.Umilta, V.Gallese, L.Fogassi.
SPON: European Brain and Behaviour Society. Istituto di Fisiologia Umana,
Universita di Parma, via Voltumo 39,43100 Parma, Italy.
Area F2 is a cytoarchitectonically defined area that occupies the posterior
two thirds of the dorsal premotor cortex (PMd). Recent anatomical and
electrophysiological evidence suggest the existence of a functional segregation
between the dorsal and the ventral part of F2. In the former there is a hindlimb
and a forelimb field in which proximal movements and proprioceptive responses
predominate, in the latter there is a forelimb field in which hand movements and
visual responses predominate. In the present study we investigated the properties
of hand-related F2 neurons by using a behavioral paradigm that allowed to study
the neuron discharge during both presentation and grasping of several 3D-objects
differing in shape, size and axis orientation. The paradigm consisted of two
movement tasks (object grasping in light, object grasping in dark), and two
fixation tasks (object fixation, LED fixation). In the two movement tasks the
monkey had to reach for and grasp the object with or without visual guidance,
respectively. In the fixation tasks the monkey had either to fixate the object
without grasping it, or to fixate a LED in total darkness. All task-related neurons
discharged during hand movements. Most of them showed a specificity for a
type of prehension, for a wrist orientation, or for a combination of both. Two
classes of neurons can be distinguished: (1) neurons with purely motor responses
and (2) neurons responding also during object presentation. The response to
object presentation was also present in the object fixation task, in absence of any
grasping movement. A congruence was often observed between the neuron
response during the most effective type of prehension and the neuron response
during the presentation of the object requiring that particular prehension. These
results point to an important role of F2 in the control of goal-related hand
movements. (Supported by BIOME 2 and by Italian MURST.)

NEURAL CORRELATES OF MULTIPLE POTENTIAL MOTOR ACTIONS
IN PRIMATE PREMOTOR CORTEX. P. Cisek* and J. F. Kalaska. Dept. de
Physiologie, Universite de Montreal, Montreal, Quebec H3C 3J7 Canada.

152.11

152.12

PROJECTIONS TO THE VENTRAL PREMOTOR FINGER REGION FROM
THE MESIAL MOTOR AREAS SPECIFIED BY SMI-32 IN THE MONKEY.
L. Gabernet1'2, D. Boussaoud2, M.-C, Hepp-Revmond*1. ’institute of Neuroinformatics, University/ETH Zurich, 8056 Zurich, Switzerland; 2lnstitut des
Sciences Cognitives, CNRS UPR9075, 69500 Bron, France.
SMI-32, an antibody against a nonphosphorylated neurofilament protein
specific to pyramidal cells in cortical layers III and V, has previously enabled us
to set boundaries within the lateral premotor cortex. We asked whether SMI-32
could help to differentiate motor areas in the medial wall and to locate the sites
projecting to the finger region of the ventral premotor cortex.
We investigated the cytoarchitectonic organization of the medial wall in three
hemispheres (M. fascicularis and mulatta) with SMI-32 immunohistochemistry.
In all three, similar staining patterns could be identified. The border of the
primary motor cortex with the supplementary motor area (SMA) could be
clearly drawn. The boundary between SMA and the dorsal cingulate motor
area (CMAd) was not as clear: it seemed that SMA expanded into the dorsal
bank of the cingulate gyrus (CgS). In contrast, a region in the CgS ventral bank
had only a clear layer III and probably corresponds to CMAv. Rostrally to the
genu of the arcuate sulcus (ArS) the staining decreased dramatically and
draws the limit between SMA and pre-SMA. In one of the hemisphere the
retrograde tracer DY was injected into the physiologically defined finger region
of the ArS posterior bank (PMvr). Labeled neurons were found in three regions
of the medial wall: rostral SMA, CMAv and in a small site at the caudal end of
the pre-SMA, corresponding to parts of physiologically defined forelimb
regions. In conclusion SMI-32 staining helped defining borders which appear
to be in line with those described so far on the basis of other stains and of
intracortical microstimulation.
Supported by NRP38 if 40-52837/1

LOCAL INJECTION OF YOHIMBIN INTO THE PERIARCUATE REGION
CF INFANT RHESUS MCNKEYS INDUCES HYPERACTIVITY AND
SUPPRESSES PERFCRMANCE CF SYMMETRICALLY-REINFCRCED
CXYNO-GOTASKS (GNGs). K, Kubota 12 * andA, Hara2 'Dept. of
Behavior and Brain Sciences, Primate Research Institute,
Kyoto Univ., Inuyama, Aichi 484-8506, Japan, and Graduate
School of Management and Information Systems, Nihon
Fukushi Univ., Handa, Aichi 475-0012, Japan.
To understand role of a-2 adrenoreceptor in behavior
control in the prefrontal cortex in freely moving infant
monkeys (N=3), we injected a small amount of yohimbin, an a
-2 antagonist, directly into the periarcuate region. We
monitored behavioral changes and performance in a GNGs.
We noted a reduction in both the total number of performed
tasks and in the correctness of the tasks. Accordingly, both
omission and comission errors increased. During the Ills we
noted striking increase in the monkeys’ tendency to turn in
circles or to turn somersaults. In addition, the monkeys
tended to search around. Thus, a-2 adrenoreceptor appears to
be tonically suppressing hyperactivity and is involved in the
correct performance of the GNGs. Supported by Grants-in-Aid
from the Japanese Ministry of Education, Science, Sports, and
Culture (Nos. 09480243and 10114224for 1998).
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We recorded neural activity in the premotor cortex of a rhesus monkey performing
voluntary reaching movements, using a handle to control an on-screen cursor, in the
following paradigm: In “selection” trials, the monkey kept the cursor in a central
target circle during two successive delay periods. During an initial “cue A” period,
two circles (one red and one blue) appeared at different spatial locations and then
disappeared, specifying two potential future movements. During a subsequent “cue
B” period, the central circle changed color to either red or blue, selecting one of the
previously specified locations as the target for the upcoming movement. Finally, the
central circle turned off and all eight possible peripheral targets were presented in
green. This served as the “GO” signal for the monkey to move to the target selected
during cue B. Variations of the task included trials in which the unselected target was
at 180° to the selected target, or 90° clockwise or counter-clockwise to it. During
“control” trials, the same delay schedule was used with only a single target presented
during cue A (always matching the color during cue B).
Cells in premotor cortex frequently showed uni-modal tuning curves during both
delay periods in control trials. In selection trials with targets at 180°, many of these
cells showed bi-modal tuning curves during cue A. This implies that cells with
opposite preferred directions are simultaneously active during cue A, reflecting the
preparation of two different directional commands in the premotor population.
During cue B, when the ultimate target of the movement was no longer uncertain,
premotor tuning curves again became uni-modal. These results suggest that while the
monkey is unsure as to which of two potential motor actions will be required, neural
correlates of both are expressed in its premotor cortical activity.

Supported by the MRC Group Grant in Neurological Sciences. PC supported by NIH.

382

CEREBRAL CORTEX: PREMOTOR AREAS

SUNDAY PM
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152.14

VISUAL RESPONSE PROPERTIES OF VENTRAL PERIARCUATE
PREMOTOR CORTICAL NEURONS RELATED TO PREHENSION IN THE
MONKEY. M. J. Boudreau, T. Brochier, M. Pare, A.M. Smith*. Centre de Recherche
en Sciences Neurologiques, Universite de Montreal, QC, Canada, H3C 3 J7
A monkey was trained to use touch sensation to grasp, lift and hold an unseen
instrumented object stationary within a narrow position window for two seconds. Single
unit activity was recorded from the hand representation regions in the dorsal and ventral
periarcuate premotor cortex. A force-pulse perturbation was applied to the object after
1500 ms of static holding in some conditions. Task-related activity was recorded in
blocks in which different combinations of perturbed and unperturbed trials were given.
The activity of 160 cells was modulated during task performance. Of 104 neurons tested
with the perturbation, 78 were in the ventral premotor area (PMv) and 26 were in the
dorsal premotor area (PMd). Twenty PMv cells and 7 PMd cells responded to the
perturbation with a short latency reflex-like response and only 6 PMv neurons showed
weak anticipatory increases in discharge prior to the perturbation. Generally, these
anticipatory responses were not increased when a warning light flash was delivered 800
ms prior to the perturbation. Although 19/30 PMv neurons related to the precision grip
task did not respond to the light flash associated with the perturbation, they responded
strongly to moving visual stimuli unrelated to the task. The major properties of these
visually-responsive neurons were; (1) They did not respond when the animal observed
the task performed by the experimenter. (2) They responded vigorously to moving
stimuli in certain portions of die visual field. (3) The responses were retinal and not
oculomotor and more frequently involved limited portions of the contralateral peripheral
visual field although some cells responded to movement directly in front of the animal.
(4) When tested informally with a 75 cm x 5.5 cm dark bar displaced on a white
background these cells appeared to be selectively sensitive to both orientation and
velocity. Many of these movement-driven cells had additional proprioceptive responses
to stretch of various intrinsic and extrinsic hand muscles suggesting that these PMv
neurons provide a polysensory control of hand muscles in object manipulation. Research
was supported by the MRC of Canada and the FCAR of Quebec.

Temporal evolution of the neural correlates of direction and amplitude of
intended arm movements in dorsal premotor cortex (PMd). J. Messier * & J.F.
Kalaska CRSN, Dept. de Physiologie, U. Montreal, PQ Canada H3C 3J7.
Many psychophysical studies suggest that direction and amplitude of reaching
movements to visual targets are processed independently during early stages in the
planning of the movements. We evaluated how the two putative psychophysical
channels by which direction and distance of arm movement are planned are reflected
in the discharge of PMd cells. We examined reponses of 162 PMd cells from 2
hemispheres of one monkey (M. Mulatta) performing multiarticular reaching
movements to 24 targets in 8 different directions and 3 different distances in an
instructed-delay task. Visuospatial cues presented for 500 msec signaled the target
location for a reaching movement to be made after a further memorized-delay period.
Then, a go signal instructed the monkey to initiate an arm movement directed to the
memorized target location.
A two-way ANOVA was used to analyze mean cell activity during the 500 msec of
cue presentation, the end of the delay period (i.e., the 500 msec before the go signal),
the behavioral reaction time, and the movement time. The number of cells showing
main effects of direction remained constant during all 4 epochs (89% - 92%). In
contrast, the number of cells showing main effects of amplitude increased
systematically from cue presentation to movement time (34% - 56%). When the
ANOVA was performed at higher temporal resolution for the 5 successive 100-msec
intervals of the cue presentation epoch, the frequency of occurrence of main effects of
direction increased more rapidly than for main effects of amplitude. These findings
confirm that a representation of movement amplitude occurred in PMd activity well
before movement onset in an instructed-delay paradigm. Furthermore, the temporal
evolution of the neural correlates of intended arm movement direction and amplitude
support results of psychophysical studies that suggest different time courses for the
planning of direction and extent of reaching movements. Supported by the MRC Group
Grant in Neurological Sciences (J.F.K) and by the FCAR (J.M.).

152.15

152.16

ARM REPRESENTATIONS OF DORSAL AND VENTRAL PREMOTOR
CORTICES ARE RECIPROCALLY CONNECTED. M. Matelli*0. B. MarconiA.
R, CaminitiA and G. Luppino0.
°Istituto di Fisiologia Umana, Universita di Parma, Via Voltumo 39, 1-43100
Parma, Italy; AIstituto di Fisiologia Umana, Universita di Roma "La Sapienza",
Piazzale Aldo Moro 5,1-00185 Roma, Italy.
The agranular frontal cortex contains multiple arm movement representations. In
particular, the two areas forming the ventral premotor cortex (PMv), areas F4 and
F5, contain a proximal and a distal arm representation, respectively. The caudal
area of the dorsal premotor cortex (PMd), area F2, was generally thought to
contain mostly a proximal arm field. Recent data, however, showed that, in
addition, in the rostro-ventral part of F2, there are neurons related to hand and/or
wrist movements, whereas in the remaining part of the arm field of this area
(dimple region of F2), neurons are mostly related to reaching movements.
Although, anatomical connections between Fl (area 4) and premotor arm fields
have been already described, little is known about the existence of possible
interconnections between PMd and PMv areas.
Injections of fluorescent tracers (FB, DY) were made in three macaque monkeys
in different parts of F2 and in F7 (rostral part of PMd). The results showed that F5
(distal representation of PMv) is preferentially connected with the ventral and
rostral part of F2, while F4 (proximal representation) is preferentially connected
with the dimple region of F2. No connections were found between F7 and PMv.
Present data indicate that, similarly to other arm representations, PMd and PMv
arm fields are somatotopically interconnected. PMd and PMv proximal and distal
arm fields are involved in largely segregated parieto-frontal circuits, mediating
specific aspects of sensorimotor transformations for reaching and grasping. The
connections between PMd and PMv possibly mediate interactions among dorsal
and ventral parieto-frontal circuits.
(Supported by HFSP and Italian MURST)

NEURONAL MODULATION BY INSTRUCTIONS IN PREMOTOR CORTEX
OF MACAQUE MONKEY. C, Lucchetti 1 and L. Bon2’*
^ept. of
Biomedical Sciences and Advanced Therapies -Section of Human PhysiologyUniversity of Ferrara, 1-44100 Ferrara, Italy; 2Dept. of Biomedical Sciences Section of Physiology and Interdepartment Facilities Center - Section of
Polyclinic - University of Modena and Reggio Emilia, 1-41100 Modena, Italy.
When we plan and execute an action, the brain computes the temporal and
spatial features of the movements involved. Different experimental approaches
have been used to understand the temporal mechanisms involved in motor
performances. Previous electrophysiological investigations on premotor cortex of
Macaque monkey showed the presence of buildup neurons, considered setrelated neurons. Our question was: might these neurons be modulated by the
instruction duration? To this aim we used a visual fixation task. The animals
pressed a bar and oriented the gaze toward the target. The target at the start was
red, then became yellow and finally green. The monkeys maintained the fixation
and released the bar during the green instruction to receive the reward. Two
temporal conditions were used for the red instruction: 1) predictable (PC), the
duration of red instruction was 5 sec; 2) unpredictable (UC), the duration of red
instruction was randomized between 1-5 sec. In both PC and UC the yellow and
green instructions lasted 0.5 sec. We recorded 600 cells in three monkeys. Of
the total number of neurons recorded, 20% (120/600) were related to arm
movements, tested with both the task and the presentation of natural stimuli.
Thirty-three percent (40/120) were task related. Of these cells, 15 neurons
showed a buildup activity. The neurons discharged during red and yellow
instructions, reaching the maximum in the second one. The discharge onset
during the red period shifted toward the yellow period trial by trial in PC, while
in UC the discharge onset did not shift. The changes observed only in PC
suggest that set-related neurons may be modulated by temporal learning
phenomenon. Research approved by Italian Ministry of Health. Grants by
MURST and University of Modena and Reggio Emilia.

152.17

152.18

SPATIAL TUNING OF ARM-REACHING RELATED NEURONS IN
CORTICAL AREA V6A OF MACAQUE MONKEY, P. Fattori^*. M.
Gamberini^. D.F. Kutz^ and C. Galletti^. ^Dip. di Fisiologia umana e
generale, Univ. di Bologna, 40127 Bologna, Italy; ^Dept. of Zoology and
Neurobioiogy, Ruhr-University Bochum, D-44780 Bochum, Germany.
The cortical visual area V6A contains cells activated by arm movements
in darkness (Eur. J. Neurosci. 9: 410-413, 1997). The aim of this work was to
study the spatial tuning of this arm movement-related activity.
Extracellular recordings were carried out in one awake Macaca
fascicularis performing a reaching task in darkness with the head
restrained. It faced a panel with 9 LEDs on a 3x3 grid (56°x56°), 14 cm from
the animal's eye. The trial started when the monkey pushed a button located
outside its field of view, 5 cm in front of its chest. After 0,5-1 s, one of the 9
LEDs lit green. Within a variable time (0.5-2 s), the LED color became red
and this was the "go" signal for the monkey. It released the button and
performed an arm-reaching movement to the LED on the panel. After 1 s, the
LED was switched off. The monkey released it and performed a backward
movement to the button. It was now rewarded and another trial began.
Thirty-nine V6A cells with arm movement-related activity were tested.
Twenty-nine (74%) showed a modulation of their activity during forward’
arm movements and 29 (74%; partly the same) during backward arm
movements. Twenty-seven cells (69%) were affected by the position in space
of the arm. In 27 out of 28 tested cells the cell's activity changed according to
the direction of arm movement. The preferred direction of movement changed
from cell to cell. We suggest that these cells are part of the occipito-parietal
network engaged in visuo-motor matching occurring when reaching out for an
object.
Supported by Grants from MURST (Italy).

INVOLVEMENT OF THE PARIETOFRONTAL CORTICAL NETWORK IN
THE SENSORY GUIDANCE OF ARM AND EYE MOVEMENTS.
G.G, Gregoriou . A.K, Moschovakis and H.E. Savaki* Dept. Basic Sciences,
Faculty of Medicine, University of Crete and Institute of Applied and
Computational Mathematics, FORTH, GR-71110 Heraklion, Crete, Greece.
The quantitative [14C]-2-deoxyglucose method was used to map the metabolic
activity in the neocortex of Macaca mulatta monkeys performing either
saccades or unimanual reaching movements to visual targets. The local cortical
glucose consumption in the intraparietal and arcuate sulci was evaluated, and
high resolution 2-D metabolic maps were reconstructed. The medial bank of
the intraparietal sulcus was activated only in the monkey performing reaching
movements to a peripheral visual target while maintaining fixation of a central
target. This indicates that intraparietal area 5 does not encode the spatial
location of the target but is involved in the sensory guidance of the forelimb
movement. The lateral bank of the intraparietal sulcus was activated in
response to visual and oculomotor information. Its dorsal part (area 7DIP)
encodes primarily oculomotor information. The spatial distribution of metabolic
activity in 7DIP depended on the metrics of the saccades executed. The
activation of 7DIP induced by large, upward saccades was broader and more
caudally located than that induced by smaller, downward saccades. The FEF in
the anterior bank of the arcuate sulcus and in the prearcuate cortex was
strongly activated by visually guided eye movements, and moderately so by
visual targets. The representation of saccades in FEF was also topographically
organized. The activation induced by large, upward saccades was broader than
that induced by smaller, downward saccades. Visually guided forelimb
movements induced pronounced activations in specific subregions of areas F4
and F5 in the ventral premotor cortical area 6.
(Supported by the Greek Ministry of Development, GSRT, grant 95ED24 and
BIOTECH grant ERB BIO4 CT98-0546).
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TOWARD PROSTHETIC SYSTEMS CONTROLLED BY PARIETAL CORTEX
K.V. Shenoy1*, S.A. Kureshi2, D. Meeker1, B.L. Gillikin1, D.J. Dubowitz1, A.P.
Batista1, C.A. Buneo1, S. Cao3, J.W, Burdick3, and R.A. Andersen1 Divisions of
Biology1 & Engineering and Applied Science3, Caltech, Pasadena, CA 91125; Division
of Neurosurgery2, Duke University, Durham, NC 27707.
The prospect of helping paralyzed patients, by translating neural activity from cortex
into control signals for prosthetic systems, has grown in recent years. Primary motor
cortex (monkey Ml) recordings have been used to move robotic arms, though accurate
reaches may prove difficult since M1 encodes a complex mix of both kinematic and
dynamic variables and reorganizes substantially following limb amputation. To
potentially circumvent these limitations, we propose to use activity from the recently
discovered parietal reach region (PRR) as this cortical area encodes reach goals, and
does so in a simple eye-centered reference frame. Moreover, PRR dynamically
represents the plan for the impending reach, suggesting that mental rehearsal of arm
movements is sufficient to guide a prosthetic arm. We have taken two steps toward
demonstrating the potential role of PRR in prosthetic-arm systems. First, we analyzed
single-neuron data previously recorded from PRR of two rhesus monkeys trained to
reach to the remembered locations of flashed visual targets (center-out task; 8 targets on
a 36° square). On average, we could predict the correct reach for 77% and 71% of
Monte Carlo simulated trials for monkeys DNT (43 cells) and CKY (49 cells),
respectively (Bayesian decode using 700 ms delay-period activity). Performance was
considerably better in some directions (98%, down, DNT; 86%, contralateral-up, CKY)
due to uneven neural sampling. Second, with the estimate that activity from several tens
of neurons must be simultaneously decoded to estimate reaches, we developed a
surgical method for implanting a chronic, 25-electrode, silicon-micromachined array in
PRR, which is located on the medial bank of the intraparietal sulcus. Structural MRI
confirmed proper placement of an array in one rhesus monkey, and histological
evaluation revealed little tissue damage. Evaluating simultaneously recorded PRR
neural activity is the next step. Supported by Caltech NSF-ERC and NIH-NEI.

COMPARISON OF EFFERENT PROJECTIONS FROM THE PRELIMBIC AND
INFRALIMBIC PREFRONTAL CORTICES IN THE RAT. R.P. Vertes* and N.V.
Todorova. Center for Complex Systems and Brain Sciences, Florida Atlantic
University, Boca Raton, FL 33431
We previously examined the projections from the medial prefrontal cortex to
the thalamus in rats using PHA-L and showed that; (1) the prelimbic cortex (PL)
projects to the paratenial (PT), paraventricular (PV), mediodorsal (MD), central
medial, laterodorsal (LD) and nucleus reuniens (RE); and (2) the infralimbic
cortex (IL) projects to PT, interanteromedial, PV, MD and RE. In essence, PL
and IL project densely to restricted regions of the thalamus and there is a
significant overlap in their projections to the thalamus (i.e., to PT, PV, MD and
RE), suggesting that PL and IL may project to common sites in remaining
regions of the brain. As described below, this was not the case.
The present report examined efferent projections of PL and IL using PHA-L
anterograde tracing techniques. We found that with the exception of the
thalamus PL and IL largely distribute to separate sites throughout the brain. PL
distributes heavily to the anterior olfactory nucleus, ipsi and contralateral PL,
nucleus accumbens, claustrum, medial striatum, posterior cingulate and
retrosplenial cortices, thalamus (see above), the lateral and posterior nuclei of
the hypothalamus, the supramammillary nucleus and the central gray. The IL
distributes heavily to the ipsilateral IL and PL, the bed nucleus of the stria
terminalis, the lateral and medial preoptic areas, the magnocellular preoptic
nucleus, the amygdala, the thalamus (see above), the lateral, posterior and
perifornical nuclei/regions of the hypothalamus and the entorhinal cortex. The
findings indicate that, based on their respective patterns of projections, the PL
exerts primary influence on the striatum and associated structures, while the IL
mainly influences limbic structures including regions of the medial basal
forebrain.
Supported by NIH grant NS35883 and NIMH grant MH10476
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153.2

POSTNATAL MATURATION OF MOTOR REPRESENTATION IN
Ml. Samit Chakrabarty and John H. Martin*. Center for Neurobiology and
Behavior and NYS Psychiatric Institute, Columbia University, New York,
N.Y. 10032
In mature animals, acquisition of motor skills may be associated with
changes in the motor representation in primary motor cortex (Ml; e.g., Kleim
et al, 1998). In this study we investigated if representational changes occur in
Ml during postnatal development, as an animal's repertoire of skilled
movement is rapidly growing. The postnatal maturation of M1 was studied in
cats aged 57 postnatal days (PD57) to adult, using intracortical
microstimulation (ICMS; 45ms train, 0.02ms pulses, 330Hz, < 60pA), both in
acute preparations under Ketamine anaesthesia and in awake cats. We
characterised stimulus evoked changes in EMG activity and joint motion.
We observed age-dependent changes in the percent of sites from
which ICMS produced an effect (PD50-70; 11%; PD70-90: 41%; and adult:
71%). Older kittens (PD70-90) showed a progressive increase in incidence of
multijoint effects evoked from individual cortical sites. Separate experiments,
to control for the possible NMDA blocking and other effects of Ketamine
anaesthesia, were also conducted in awake cats (n=2). The percentage of
effective sites was higher but, the relationship with age was similar, to that in
age-matched anaesthetised animals. In these animals, selective NMDA receptor
blockade (MK801 - 0.04mg/kg i.m.) increased thresholds for ICMS.
These results suggest a significant postnatal maturation of the motor
representation in Ml, which may be due to increased efficacy of its projections
to the spinal cord. Our observations also point towards the possibility of the
cortical motor representation being dependent on NMDA receptor activation.
(Supported by NIH grant NS36835 and March of Dimes Foundation)

A functional MRI study of the segmental exclusion syndrome after orthopedic
traumatisms of the upper limb: a case of functional cerebral dysfunction of
peripheral origin ?
P.Giraux (1,5), R.peyron (2), P. Calmels (1), L. Garcia-Larrea , P.Convers, F.G.
Barral, B.Laurent*, V. Gautheron.
(l)Dept. of Physical Medicine and Rehabilitation, Hopital bellevue, CHU de SaintEtienne, F-42 055 Saint-Etienne, France.(2)Dept. of Neurology, Hopital bellevue,
CHU de Saint-Etienne, F-42 055 Saint-Etienne, France.(3)Dept of Neuroradiology,
Hopital bellevue, CHU de Saint-Etienne, F-42 055 Saint-Etienne, France.
(4)CERMEP, 59 Bd Pinel, Hdpital neurologique, F-69 675 Bron, France.(5)Institut
des Sciences Cognitives, 67 Bd Pinel, F-69 675 Bron, France.
The segmental exclusion syndrome (SES) has been defined as a motor deficit
following traumatic injuries of a limb, characterized by an under or non-utilization
of a limb segment (fingers or hand), reversible on verbal exhortation and arising in
subjects with no other neurologic or psychiatric disorder. Our hypothesis was that
the SES could result from abnormal reorganizations of the cerebral sensorimotor
system during the post-traumatic period. To test this hypothesis, we have compared
three subjects with SES and three normal volunteers in a functional MRI
experiment. The experiment consisted in a block paradigm of executed or imagined
sequential fingers-to-thumb oppositions movements tasks done with the right or the
left hand, with resting blocks taken as reference state. As compared to the normal
hand or results of the normal volunteers, executed movements of the SES hand, as
well as imagined movements, were associated to lower activations of the
controlateral primary sensorimotor area (SMI) and dorsal premotor cortex of the
hand, with preserved activations of the superior (BA 5 - 7) and inferior (BA 39-40)
controlateral parietal areas and bilateral prefrontal areas (BA 9-46). This results are
pleading for an acquired functional dysfunction of the controlateral dorsal premotor
and SMI during the SES.

153.3

153.4

SENSORY REPRESENTATION FOLLOWING STROKE: fMRI,
SOMATOSENSORY EVOKED POTENTIALS AND BEHAVIOUR.
S.E. Black,1* W.E. McIlroy,2 W.R. Staines1'2 and S.J. Graham3, ’Dept. of Cognitive
Neurology, 2Dept. of Rehabilitation Science, and 3Dept of Medical Biophysics, Univ.
of Toronto, and SWCHSC, Toronto, ON, CANADA.
Mapping sensory representation can be a useful technique to index brain
reorganization following CNS injury for the following reasons: 1) CNS state,
including the ability to modulate sensory inflow, can be explored in individuals who
are unable to produce movement, and 2) the status of sensory representation is an
important predictor of functional recovery. We are currently performing studies
involving somatosensory evoked potentials (SEPs) and functional magnetic resonance
imaging (fMRI) to investigate physiologic changes in sensory representation, the
capacity for the CNS to modulate this information, and to determine the relationship
of SEP and fMRI features to clinical measures of sensory and motor recovery after
stroke. Patients were evaluated within 2 weeks of the stroke and then 3 months later.
Perceptual thresholds to vibration of both left and right thumbs were obtained (1) at
rest, and (2) with vibration of the contralateral hand. SEPs were elicited by left and
right median nerve stimulation applied in separate blocks during (1) rest, and vibration
of the hand (2) ipsilateral, or (3) contralateral to stimulation. SEPs were also elfcited
while patients had to detect an infrequent stimulus to the attended limb. Left and right
stimulation were randomly presented (ISI: 500-1500ms) with 20% of the stimuli
delivered to the attended limb. SEPs obtained in one patient with a right temporalparietal lesion with tactile extinction showed facilitation of early SEPs associated with
detection of the infrequent stimulation to the affected side, despite the perceptual
extinction of this stimulus. In contrast, vibration of the affected limb did not attenuate
early SEPs. FMRI studies in a subset of patients featuring somatosensory activation
using analogous standardized stimulation were consistent with these observations.
These preliminary results from the acute phase of stroke suggest that normal taskrelated functional modulations of somatosensory inputs are compromised, and may
have important implications for recovery. (Supported by MRC and NSERC.)

CHARACTERISTICS OF SOMATOSENSORY STIMULATION INFLUENCE THE
AMPLITUDE AND SPATIAL PROPERTIES OF ASSOCIATED fMRI
ACTIVATION. W.E. McIlroy?* W.R. Staines,1'2 S.J. Graham3. S.E, Black1.
J.D.Brooke4 and M.E. Verriei^.’Dept. of Cognitive Neurology, 2Dept. of Rehabilitation
Science, *Dept of Medical Biophysics, Univ. of Toronto, SWCHSC, Toronto and
4Dept. Human Biol, and Nutr. Sciences, Guelph, ON, CANADA.
Different techniques have been used to evoke activation of the somatosensory cortex,
including various mechanical and electrical stimulation paradigms. While a range of
techniques is capable of producing measurable activation, the spatial characteristics
(location and magnitude) appear to be stimulus-dependent. With an increasing focus
on longitudinal studies and the need to compare across experiments it has become
increasingly important to understand stimulus/response characteristics in detail to
develop standanfized stimulation paradigms. The purpose of this work was to establish
the association between specific stimulation parameters and associated characteristics
of evoked activation using functional MRI (fMRI). In normal subjects, vibrotactile
inputs were delivered to specific regions of the hand with varied amplitudes and
frequencies. Activation resulting from these controlled stimuli was contrasted to that
arising from manual stroking of the fingers, and that concomitant to finger movement.
Each condition was presented in separate trial runs (on/off: 30s stim./30s rest) for 5
repeats during the acquisition of single-shot spiral fMRI images (1.5T GE scanner,
TE-40ms; TR-1500ms; acq. matrix-64*64; 9 slices; 7 mm thick; 20 cm FOV).
Functional maps were computed and superimposed on Tl-weighted anatomical scans
(acq. matrix-256*256; 124 slices; 1.2mm thick; 22cm FOV). Presentation of controlled
vibrotactile input activated focal regions within somatosensory cortex, including SI
and SD, comparable to manual contact but unique from motor evoked activation.
Results revealed that intensity of activation was tuned to specific frequency and
amplitude characteristics of the vibrotactile stimulus. These results are important for
standardizing sensoiy stimulation during imaging studies and for performing fMRI of
the somatosensory cortex with optimuih sensitivity. (Supported by MRC and NSERC.)
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153.5

153.6

ATTENTION TO TACTILE INFORMATION INCREASES NEURAL ACTIVITY
IN SOMATOSENSORY AND PREFRONTAL CORTICES MEASURED BY fMRI
AND EVOKED POTENTIALS. W.R. Staines.1’2* W.E. McIlroy,2 S.J. Graham3 and
S.E. Black1. 'Dept. of Cognitive Neurology, 2Dept. of Rehabilitation Sci., and 3Dept of
Medical Biophysics, Univ. of Toronto, and SWCHSC, Toronto, ON, CANADA.
Electrophysiological studies in humans have shown that tactile discrimination leads
to amplitude increases of somatosensory evoked potentials (SEPs.) generated in the
primary somatosensory cortex (SI). One potential mechanism for this enhancement,
supported by lesion studies, involves the anterior attentional system including the right
dorsolateral prefrontal cortex (DLPFC). We hypothesized that performance of a tactile
discrimination task would lead to both increased activation in SI and activation of
DLPFC measured by functional magnetic resonance imaging (fMRI). Further, these
changes in fMRI signal intensity would be paralleled by amplitude changes in median
nerve SEPs. Functional MRI of normal subjects was performed with a vibrotactile
stimulus presented to the right index finger (on/off: 30s stim./30s rest) for 5 repeats
during the acquisition of single-shot spiral fMRI images (1.5T GE scanner; TE-40 ms;
TR-1500 ms; acq. matrix-64*64; 9 slices; 7 mm thick; 20 cm field-of-view). Two
separate conditions were investigated: (1) passive vibrotactile input (50 Hz), and (2)
attention to detect small changes in frequency during vibration (5 Hz). Functional
maps were computed and superimposed on Tl-weighted anatomical scans (acq.
matrix-256*256; 124 slices; 1.2 mm thick field-of-view). Presentation of the
vibrotactile stimulus alone activated focal regions within left somatosensory cortex.
The requirement to detect infrequent alterations of the vibrotactile frequency
significantly increased the area and/or intensity of the activated region, accompanied
by focal activation within right DLPFC. Early components of the SEP to right median
nerve stimulation were significantly enhanced when subjects performed a similar
tactile discrimination task, with the requirement to detect infrequent somatosensory
stimuli. We conclude that the selective enhancement of responses in somatosensory
cortex is regulated, at least in part, by involvement of the directed attention network
including the right DLPFC. (Supported by MRC and NSERC (Canada).)

FUNCTIONAL REORGANIZATION WITHIN CORTICAL MOTOR AREAS
ASSOCIATED WITH RECOVERY OF MOTOR FUNCTION FOLLOWING
STROKE. S.M. Lewis1’2*. P. Dassonville1'2, X.-H. Zhu3. S.-G. Kim3, K, Ugurbil3,
and J. Ashe1,2. ’Brain Sciences Center, Veterans Affairs Medical Center,
department of Neurology, University of Minnesota; ’Center for Magnetic
Resonance Research, University of Minnesota; Minneapolis, MN 55455.
Tlie hypothesis of this study is tliat recovery from stroke is associated with
functional reorganization within the brain. Using functional MRI, we studied 7
right-handed patients, 51 to 69 years of age, who had substantially recovered from
a stroke affecting motor function of either tlie right (4 subjects) or left (3 subjects)
hand. Tlie results were compared with 4 age matched control subjects. Subjects
performed a sequential finger-thumb opposition movement task at 1 Hz while
images were obtained. Only the results from tlie affected hand are reported. Tlie
presence of mirror movements was assessed both visually and with surface EMG.
The resulting functional activation patterns were different in tlie stroke subjects
compared to tlie control subjects consistent with functional reorganization in tlie
cortical motor areas. There was decreased activity in the primary motor and
premotor areas contralateral to the affected hand and increased activity bilaterally
in medial motor areas. Overall the reorganization was greater in the contralateral
hemisphere compared to the ipsilateral hemisphere. The results also suggested that
tlie pattern of reorganization was dependent on whether tlie affected hand was
dominant or nondominant. This distinction was most apparent in the ipsilateral
hemisphere. There were also individual differences in the activity patterns
between patients that could be accounted for by stroke severity and location. (NIH
grant NS32437, the DANA Foundation, and tlie Dept. of Veterans Affairs)

153.7

153.8

FOCAL LESIONS OF THE MOTOR CORTEX IN HUMANS: CLINICAL AND
ELECTROPHYSIOLOGICAL OBSERVATIONS. G, PavesiA. M. Matelli0. U
ManciaA and G, Luppino0. SPON: European Brain and Behaviour Society.
AIstituto di Neurologia, Universita di Parma, Strada del Quartiere 4, 1-43100
Parma, Italy; “Istituto di Fisiologia Umana, Universita di Parma, Via Voltumo 39,
1-43100 Parma, Italy.
In the motor cortex of non-human primates there are several hand movement
representations, provided with an independent access to the spinal cord.
Functional imaging evidence showed that a similar functional organization exists
also in humans. Clinical effects of focal lesions affecting each of these areas,
however, have not been yet clearly defined.
* We are reporting clinical and transcranial magnetic stimulation (TMS)
observations made in patients with focal lesions of the anterior wall of the central
sulcus (n = 2), of the precentral convexity (n = 1) and of the SMA proper (n = 2).
Lesions restricted to the anterior wall of the central sulcus severely and
permanently impaired selectively the ability to execute independent finger
movements. This ability was not affected in the patient with a precentral convexity
lesion, rostral to area 4 hand representation. Patients with lesions involving SMA
proper were clumsy and slow in performing both proximal and distal movements
of the contralateral limbs. However, individual finger movements were easily
performed. In one of the two SMA proper patients (vascular lesion) hypertonia
and hemiplegia were present in the acute phase. Focal TMS mapping of the motor
cortex showed that in SMA proper patients the extent of arm field as well as the
central conduction time were not altered in both the acute and chronic phases.
Only lesions restricted to the central sulcus abolished motor evoked potentials in
distal arm muscles. Present data indicate that fractionation of movement and
MEPs of distal arm muscles rely on the integrity of the hand representation of area
4. Lesions of this field appear to reproduce symptoms of pyramidotomy observed
in non-human primates. (Supported by HFSP and Italian MURST)

Walking speed affects spatial-temporal characteristics, right-left symmetry and strideto-stride variability of hemiplegic gait; A preliminary report. P.-F. Tang‘*f H.-Y. Chen2.
W.-C, Lo2. Y.-H, Chu1. 'School of Physical Therapy, College of Medicine, National
Taiwan University, Taiwan, R.O.C. 100; department of Rehabilitation Medicine,
National Taiwan University Hospital, Taiwan, R.O.C. 100.
The purpose of this study was to investigate the effects of walking speed on the he
spatial-temporal gait characteristics, right-left symmetry and stride-to-stride variability
of gait in hemiplegic patients who are able to walk without any assistive device. Four
male patients with hemiplegia (age = 56.4±9.0 yrs; 3 ischemic, 1 hemorrhagic; mean
post-stroke onset duration =110 days) following single onset of a cerebral vascular
accident were tested. Their Fugl-Meyer lower extremity motor score were 32, 33, 30
and 28, respectively. Each subject walked across a 3.8-meter-long walkway (GaitMatH,
E.Q. Inc., USA) six times at each of his self-perceived comfortable, fastest and slowest
speeds. The gait characteristics and their stride-to-stride variability examined included
step length, stride width, step time, stance time, swing time and single support time.
The ratios of the right to left step length and step time were used to indicate the rightleft symmetry. The results showed that the average speeds were 0.68 m/s, 1.11 m/s,
and 0.5 m/s for the comfortable-, fastest-, and slowest-speed walking, respectively.
The slowest-speed walking showed the greatest right-left step length symmetry (ratio
=1.0) and smallest stride-width variability (coefficient of variance or CV = 7.5%)
compared to the other two walking conditions (ratio = 0.9, CV = 11.5%). Walking with
the slowest speed, however, also resulted in the greatest stride-to-stride variability in
step length, swing time, and single support time compared to walking with the other
two speeds. Walking at the fastest speed showed the narrowest stride width (17.5 cm)
but smallest step-length variability (CV= 6.5%), compared to walking at the other two
speeds (width = 21 cm and 22 cm; CV= 9.5% and 11.5%). Walking at the slowest
speed appears to result in better interlimb coordination, right-left symmetry and lateral
stability of hemiplegic gait at the expense of decreasing the intralimb stride-to-stride
consistency. (Supported by NSC 88-2314-B-002-279 to Dr. Tang)

153.9

153.10

CENTRAL FATIGUE FOLLOWING INTERMITTENT SUBMAXIMAL
VOLUNTARY CONTRACTIONS. M. Carmichael, J.M. Davis, J.R. Burke*, &
W. Brannon. Departments of Exercise Science & Neurology, University of South
Carolina, Columbia, SC 29208.
Post-exercise depression of motor evoked potentials (MEP) to transcranial
magnetic stimulation (TMS) is a consistent finding in the literature. However, the
contribution of various neurotransmitters to central nervous system fatigue still needs
to be addressed. The purpose of this research was to determine the effect of
pharmacologically induced modifications to the serotonergic system on post-exercise
MEP depression. In seven healthy subjects, MEP’s, silent periods, M-waves, and
MVC’s were recorded before and following intermittent submaximal voluntary
contractions with the right wrist extensors at 60% of MVC. The Caldwell MES-10
with a circular coil, centered over the vertex and oriented with a counterclockwise
current direction, was used to evoke MEP’s and silent periods. Stimulus intensity
was 10% above motor threshold. On different days, the subjects were tested five
hours after ingesting either a placebo or the serotonin re-uptake inhibitor, paroxetine
hydrochloride. Regardless of the drug treatment, post-exercise MEP depression was
29% (p < .05). Ten minutes after the completion of the fatiguing exercise, MEP
amplitudes recovered to within 10% of pre-exercise means for both drug treatments.
Silent periods were unaffected by either the fatiguing exercise or drug treatment.
There was a non-significant decrease in M-wave amplitude by 13% within the first
five minutes after the fatiguing exercise for both treatments. In addition, this
decrease in M-wave amplitude only accounted for 34% of the variance in the postexercise MEP depression. These data clearly demonstrate central nervous system
fatigue following intermittent submaximal voluntary contractions. However, the
contribution of the serotonergic system on post-exercise MEP depression under these
experimental conditions appears negligible.

MODULATION OF USE-DEPENDENT PLASTICITY IN HUMAN MOTOR
CORTEX C.M. Btttefisch. V. Khurana. B. Davis. L. Kopvlev and L.G, CohenA
Human Cortical Physiology Section, NINDS, NIH, Bethesda, MD, USA
Use-dependent plasticity in human motor cortex can be elicited by brief training
periods of voluntary, repetitive thumb movements (Classen et al. J Neurophysiol,
1998 79:1117-1123). A single oral dose of amphetamine (AMPH) (Boroojerdi et al,
Neurology 1999;52:A467) and repetitive transcranial magnetic stimulation (rTMS)
(Ziemann et al, J Neurosci 1998; 18:1115) enhance excitability in the motor cortex. In
this study, we tested the ability of AMPH and rTMS to enhance use-dependent
plasticity in 6 normal volunteers in 2 different experiments.
Isolated thumb movements were induced by the application of focal transcranial
magnetic stimulation (TMS) over the motor cortex. Subsequently, subjects trained
by performing repetitive voluntary thumb movements in a direction opposite to the
TMS-induced pre-training direction at 1 Hz for a total of 30 minutes fractionated in 6
blocks of 5 minutes each. TMS-evoked movement directions were determined after
each block of 5 minutes training and after completion of 30 min training. Magnitude
of use-dependent plasticity was determined by the number of TMS-evoked movements
that occurred in the training direction following each training period. In the first
experiment, AMPH (lOmg) and placebo were administered in a double blind
randomized design 2 hours before testing. In the second experiment, 0.1Hz rTMS to
the motor cortex was applied time-locked to the training movements.
Premedication with AMPH resulted in faster induction and in prolonged duration of
use-dependent plasticity. rTMS time-locked to the training movements resulted in
increased magnitude of use-dependent plasticity. .
Our results suggest that it is possible to enhance use-dependent plasticity in human
motor cortex using pharmacological and neurophysiological approaches. The
mechanisms responsible for these effects are presently under investigation.
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153.12

SPINAL CORD CONTRIBUTION TO REORGANIZATION OF PRIMATE
PRIMARY MOTOR CORTEX (Ml) FOLLOWING LONG-STANDING LIMB
AMPUTATION. Carolyn W-H. Wu*. Jon H. Kaas. Department of Psychology,
Vanderbilt Univ., Nashville, TN 37240
We previous reported that Ml reorganizes in both squirrel monkeys and galagos
following loss of a limb. The muscles proximal to the amputated stump can be
activated from significantly more sites in the deefferented Ml. Although cortical
changes could account for some of the reorganization in Ml, possible changes at
the level of the spinal cord have not been examined. In this study, 4 squirrel
monkeys (Saimiri sciureus) and prosimian galagos (Galago garnetti) with longstanding therapeutic amputation of a forelimb or hindlimb at 1-4 months of age
were used to investigate the possibility that deefferented motor nerves sprouted to
new muscle targets. Anatomical tracers cholera-toxin B subunit and fluorescent dyes
were injected into the stump and remaining muscles proximal to the amputation.
3-7 days later, Ml contralateral to the missing limb was mapped with intracortical
microstimulation. After perfusion, the spinal cord was cut at 60 pm thickness from
C3 to T3 levels for forelimb amputees or from L5 to S3 levels for hindlimb
amputees. Sets of sections were stained with Nissl substance, acetylcholinesterase,
SMI-32, CTB, or mounted and unstained for fluorescent dyes. Distributions of
labeled motoneurons were compared with those of the intact sides and of normal
animals. The results indicated that injections placed in the proximal limb muscles
of limb stumps labeled the motoneuron pools that would normally only project to
the distal limb muscles. Moreover, cytoarchitectonic changes in the ventral horn of
the spinal cord were also observed. Many cells in the distal limb motoneuron pools
of the amputated side were smaller in size and simpler in form than those on the
intact side. However, cell counts indicated that the number of distal limb
motoneurons was not significantly different between the two sides. Taken together,
these results suggest that the motoneurons of the missing limb retain function and
reinnervate new muscle targets after long-standing amputation. Such peripheral
sprouting may contribute to the reorganization in Ml (Supported by NIH grant NS
16446).

REORGANIZATION OF
MACAQUE AMPUTEES

H.-X. Qi*, I. Stepniewska and J.H. Kaas. Dept. of Psychology,
Vanderbilt University, Nashville, TN 37240
We used intracortical microstimulation (ICMS) to investigate the
organization of primary motor cortex in adult macaque monkeys years
after therapeutic amputations of a limb. Two monkeys lost their limbs
at 3-4 months of age; another three lost their limbs as adults. The major
issue we focused on in this study was the somatotopic organization
and distributions of threshold currents that evoked movements from
microelectrode stimulation sites in primary motor cortex of anesthetized
monkeys. The evoked movements were detected visually and by
muscle palpation. The minimal effective current for evoked stable
movements or muscle contraction was defined as the microstimulation
threshold current. Our results show that the primary motor area
generally remained somatotopically organized, and the remaining part
of the amputated limb usually occupied the cortical territory of the
missing part of the limb. The arm stump was represented throughout
forelimb territory in atm amputees, while the leg stump was
represented throughout distal hindlimb area in hindlimb amputees. In
most of the monkeys, there was almost no unresponsive zone within
a deefferented motor cortex. The excitability in the reorganized cortical
area was relatively low. Unlike the reorganization of somatosensory
cortex after peripheral nerve or dorsal column section, a representation
of the face in the deprived forelimb cortex was not obvious in the
present motor mapping studies. [Supported by NS 16446].

153.13

153.14

MOTOR RECOVERY AFTER STROKE IS ASSOCIATED WITH CHANGES IN
BRAIN ACTIVATION PATTERNS J.D. Schaechter1 < E, Kraft2, T, Hilliard1. B.R.
Rosen2. S.C. Cramer3. ‘Northeastern University, Dept. of Physical Therapy, Boston,
MA 02115; 2NMR Center of the Massachusetts General Hospital, Charlestown, MA
02139; ’University of Washington, Seattle, Dept. of Neurology, Seattle, WA 98195.
The neural mechanisms underlying motor recovery after stroke are poorly understood.
We have studied this process by serially monitoring brain activation, using fMRI, in
chronic stroke subjects during a baseline period and after undergoing constraint-induced
movement therapy (CIT), a physical therapy technique that has been shown to produce
robust gains in upper extremity (UE) motor function by markedly increasing use of the
paretic UE during a 2-week period. In the first subject evaluated, we found that UE
motor recovery occurred, as evidenced by improvements on several clinical assessment
tools (Fugl-Meyer Scale; Wolf Motor Function Test; Motor Activity Log; computerized hand dynamometry). Functional MRI (1.5 T, EPI gradient echo) was done while
the subject performed a motor activation task (simultaneous 4-finger flexion/extension
paced by an auditory cue at 0.5 Hz). Activation within brain regions of interest was
determined by the number of significantly activated pixels (p < 0.001). At the 2
baseline scans, activation within primary motor cortex (Ml) was markedly lateralized
during left finger movement (with only 10% of activated pixels residing ipsilaterally),
but not during paretic (right) finger movement (with 44% of activated pixels residing
ipsilaterally). This bilateral Ml activation during paretic hand movement occurred in the
absence of left hand mirror movements, as assessed using off-line surface electromyography. After CIT, activation of both ipsilateral and contralateral Ml decreased during
paretic hand movement, 45% and 38% respectively, whereas Ml activation during left
hand movement was unchanged. In addition, activation of contralateral supplementary
motor area decreased, by 42%, during paretic hand movement. These preliminary results
suggest that motor recovery induced by intensive physical therapy is associated with
consolidation of activity in brain motor areas contributing to paretic limb movement.

SENSORY/PERCEPTUAL DEFICITS AFTER FOCAL LESIONS
IN
PRIMARY MOTOR CORTEX OF PRIMATES K. M. Friel*1-2-3. S, Barbay1-23. E. J.
Plautz1’2,3,4. and R. I. Nudo1,2,3. ‘Department of Molecular and Integrative Physiology,
2Center on Aging, and 3Smith Mental Retardation Research Center, University of
Kansas Medical Center, Kansas City, KS 66160 and department of Neurobioiogy and
Anatomy, University of Texas Health Science Center, Houston, TX 77030.
Focal lesions confined to the hand area of primary' motor cortex (Ml) produce
mild, transient deficits in motor performance (Nudo et al., 1996; Friel and Nudo,
1998). Motor dexterity is typically regained within one to two months after the lesion.
Although these deficits were thought to be purely motor, the present study describes
sensory/perceptual deficits after focal lesion confined to the Ml hand area. After
neurophysiologic mapping procedures, adult squirrel monkeys received lesions to the
hand representation within caudal Ml. Motor skill was assessed periodically on a
pellet retrieval task for several weeks after the lesion. In this task, monkeys retrieved
food pellets from various sized wells. In addition to performance measures previously
documented with this task (finger flexions/retrieval, latency) two additional measures
were assessed. The precision of reach trajectories was assessed by tallying the number
of misplaced hand contacts on the pellet board (“aiming error”). In addition, “pellet
perception error” was measured by tallying the number of trials in which the animal
opened its hand and looked at its palm after a presumptive successful retrieval. For
several days to weeks after the lesion, monkeys exhibited increased pellet perception
error in addition to increased flexions/retrieval and latency. No change in aiming error
was found.
This sensory/perceptual deficit was correlated with long-lasting
suppression of activity in adjacent, undamaged Ml evoked from cutaneous and
muscle/joint stimulation. Evoked activity in primary somatosensory cortex was
normal. Sensory/perceptual deficits in the absence of deficits in tactile acuity (tactile
agnosia) typically are associated with posterior parietal lesions. The present results
suggest that sensory/perceptual deficits may occur after lesions restricted to motor
cortex. Thus, Ml may play an important role in processing sensory information and
integrating sensory and motor function.
This work was supported by NIH grants NS30853 (NINDS), AGI4635 (NIA
Pepper Center grant), HD02528 (NICHD center grant) and the American Heart
Association.

153.15

153.16

fMRI EVIDENCE FOR NEURAL PLASTICITY CHANGES ASSOCIATED
WITH CONSTRAINT INDUCED MOVEMENT THERAPY AFTER STROKE. D
Nichols*. C. Levv.P. Schmalbrock. Physical Therapy Division, The Ohio State
University, Columbus, OH 43210.
The purpose of this pilot study was to examine neural correlates associated with
functional recovery, as observed through fMRI, following a constraint induced
movement therapy (CIMT) protocol in subjects with hemiparesis secondary to
stroke.
Two subjects, who were more than 6 months status post stroke with secondary
hemiparesis, participated in a 2 week regimen of upper extremity training activities,
while keeping their nonparetic limb in a restrictive mitt. Training involved
supervised lifting, reaching and grasping activities with the paretic upper extremity
for 6 hours each day and encouraged use of the hand during the remainder of the day.
Subjects wore the restrictive mitt for 90% of the day.
Functional recovery was documented via the Wolf Motor Function Test, Motor
Activity Log, and Actual Amount of Use Test. Neural recovery was evaluated with
1.5 Tesla fMRI. Both subjects demonstrated significant functional recovery across
measures. fMRI changes included increased activation of the primary motor and
premotor cortices adjacent to the lesion as well as activation of the primary motor
cortex on the contralateral side (ipsilateral to the paretic limb).
The functional recovery findings support the use of CIMT during the subacute
stage of stroke recovery. The fMRI findings suggest that this functional recovery is
associated with increased activation of ipsilateral and contralateral motor centers
within the cerebral hemispheres.

MUSCLE AND MOVEMENT REPRESENTATION IN THE PRIMARY MOTOR
CORTEX (M1) S. Kakei1*, D. S. Hoffman1,3 and P, L. Strick1'3 ‘Research
Service (151S), VAMC, Depts. of 2Neurosurgery and 3Neuroscience &
Physiology, SUNY-HSC, Syracuse, NY 13210
What is represented in M1; relatively low level parameters like muscle
force or more abstract parameters like handpath? To address this question,
we developed a paradigm that dissociates several movement-related
parameters. We trained a monkey to perform step-tracking movements of
the wrist that required 8 different combinations of wrist flexion-extension and
radial-ulnar deviation. Movements were performed while the forearm was
held in three different postures: pronated, supinated and midway between
the two. We then recorded the activity of 128 neurons in M1 that displayed
movement-related activity. Of these, 91 had directionally-tuned activity in all
three wrist postures. Among the 91 directionally-tuned neurons, 28 (31%)
showed movement-related activity that appeared to encode commands for
single or groups of muscles. Surprisingly, an even larger number of neurons
(47 neurons, 52%) showed movement-related activity that appeared to
encode commands forthe direction of wrist movement in space, independent
of the pattern of muscle activity which generates the movement. These two
groups of neurons were recorded at similar surface and sulcus locations
within M1 and at comparable cortical depths. Thus, the answer to the
question of whether muscles or movements are represented in M1 is that, at
the single neuron level, both are strongly represented. We believe that
interactions between the two groups of neurons may be a neural correlate of
sensorimotor transformations between different coordinate frames. Support:
VA Medical Research Service.
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IPSILATERAL M1 IS NOT INVOLVED IN LONG-TERM RECOVERY OF
DISTAL ARM MOVEMENTS AFTER A CONTRALATERAL M1 LESION.
N, Picard*, D. S. Hoffman and P. L. Strick. VAMC, Dept. of Neuroscience &
Physiology and Dept. of Neurosurgery, SUNY HSC, Syracuse, NY 13210.
Primates can demonstrate remarkable recovery of motor function after a
lesion of the primary motor cortex (M1). One possible mechanism for such
recovery may involve M1 in the intact hemisphere, contralateral to the lesion
and ipsilateral to the affected limb. We examined this possibility with 2deoxyglucose (2DG) mapping in monkeys who had recovered performance of
wrist movements after an M1 lesion. Two macaques were first trained to
perform step-tracking movements of the wrist from a central hold position in 8
different directions (10-20° amplitude). Then, the arm area of M1 in the left
hemisphere was removed by subpial aspiration. The monkeys were initially
hemiparetic. However, after 3.5-5 months of retraining they were again able
to perform the task although changes in movement kinematics and EMG were
present (Hoffman & Strick, 1995). After a further 2-3 years of training, motor
deficits were reduced. We then used conventional 2DG procedures to map the
activity ofthe left and right hemispheres during performance ofthe task. In the
right hemisphere, ipsilateral to the working wrist, 2DG uptake in the arm area
of M1 was not greater than background cortical uptake (measured in the leg
area of M1). In fact, the pattern of activation in ipsilateral M1 of the lesioned
monkeys was indistinguishable from that of normal monkeys performing
unilateral arm movements. These results indicate that ipsilateral M1 is not
responsible for performance of distal arm movements that recover from an M1
lesion, at least in the long-term.
Supported by the VA Medical Research and Rehabilitation Research and
Development Services (PLS).
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154.1

154.2

STRUCTURE-ACTIVITY RELATION BETWEEN AGONISTS
AND THE MAMMALIAN OCTANAL RECEPTOR 17. RjC
Araneda*, A. Kini and S. Firestein. Department of Biological
Sciences, Columbia University, New York, NY 10027.
A critical step in olfactory perception is the activation of a
population of sensory neurons by a specific odorant; several
thousand odor molecules are specifically recognized by nearly
a thousand different receptors. To further understand the
structure-activity relation between odorant and receptor, we
have began to investigate the agonistic activity of different
aldehyde molecules at the I7 receptor.
We have shown
previously that the rat I7 receptor is activated by octanal (C8),
heptaldehyde (C7), nonyl aldehyde (C9) and decyl aldehyde
(C10), but not by the shorter or longer aliphatic aldehydes (C6
and C11). In the present study we show that I7 receptor also
can be activated by substituted aldehydes. Based on the
results obtained from all these new I7 agonists we estimate
the size of the binding site. The domains and residues of the
I7 receptor involved in ligand interaction are being investigated
by molecular modeling.
Supported by NIDCD

SPECIFICITY OF GLOMERULAR TARGETING BY AXONS OF OLFACTORY
SENSORY NEURONS THAT EXPRESS THE M72-IRES-tauGFP MUTATION.
H.B. Treloar?* P, Feinstein.2 C. Zheng.2 P, Mombaerts.2 and C.A, Greer1. ’Dept.
Neurosurg. and Sec. Neurobiol., Yale Univ. Sch. Med., New Haven CT 06520-8082;
2The Rockefeller Univ., New York, NY 10021.
Prior work has demonstrated that axons from olfactory sensory neurons expressing
a specific odorant receptor project to a stereotypical pair of glomeruli in the olfactory
bulb (reviewed in Mombaerts (1999) Ann. Rev. Neurosci. 22:487-509). The aim of
this study was to examine, in fine detail, the pathways that axons of olfactory
sensory neurons follow in the olfactory nerve and nerve fiber layer of adult mice that
concurrently express the M72 olfactory receptor gene and a green fluorescent protein
(GFP) reporter gene. Using confocal microscopy, serial reconstructions were
generated of M72-IRES-tauGFP expressing axons coursing within the nerve fiber
layer and into glomeruli. Within the nerve fiber layer axons were generally found to
be loosely aggregated in the outer nerve fiber layer. However, as axons approached
the glomerulus they projected deeper into the nerve fiber layer and fasciculated prior
to entering the neuropil. While the vast majority of axons entered the glomerulus
from the directly apposed nerve fiber layer, a very small subset of axons were
observed to project atypically through the glomerular layer. These axons entered the
glomerular layer in anomalous regions and then projected around and between
glomeruli before finally entering the correct glomerulus. These data are consistent
with the prior suggestion that olfactory receptor cell axons are highly precise in
targeting glomeruli. Importantly, because single axons could follow atypical paths to
the target glomerulus, it appears that fasciculation itself is not a prerequisite for
correct targeting. Whether die guidance cues used by those axons following atypical
paths differ from those used by the majority of axons remains to be established.
This work was supported in part by DC00210 to CAG, a Brown-Coxe Fellowship
to HBT, and by DC003452 to PM.

154.3

154.4

LYSINE RESIDUE 164 IN THE 17 OLFACTORY RECEPTOR MAY
INTERACT WITH ALDEHYDE GROUPS: MOLECULAR MODELLING
EVIDENCE. M. S, Singer* and G.M. Shepherd. Section of Neurobiology,
Yale University School of Medicine, New Haven, CT 06510.
We have previously reported that a histidine (site 430), present in TM4 of
several olfactory receptors such as OR5, may interact with aldehyde
determinants on odor molecules (Singer et al, 1995; Singer and Shepherd,
1997). The rat 17 olfactory receptor lacks this histidine but responds to the
aldehyde octanal. To identify potential sites of aldehyde interaction in this
receptor, we built a molecular model of 17 based on the 7.5 A resolution
density map of rhodopsin (Schertler, 1998). The model revealed a pocket,
accessible from outside the receptor, which extended 10 A deep. At the base
of this pocket, lysine 164 (TM4, site 430) and aspartate 204 (TM5, site 509)
formed an ion pair. These were the only charged residues accessible from
outside the receptor. The lysine occupies the same position in the sequence as
the histidine in OR5. Both sites 430 and 509 have been predicted to bind odor
molecules in previous computational studies (Singer et al, 1995). The lysine
may form a Schiff based with octanal, which could then be stabilized by the
nearby aspartate, similar to rhodopsin’s interaction with retinal. All other
residues in the pocket were hydrophobic. Two phenylalanine residues
surrounded the lysine-aspartate ion pair, where they could shield the ion pair
from the hydrophobic protein core. Other hydrophobic residues could confer
specificity for the aliphatic chain of octanal. The results provide leads for
site-directed mutagenesis and provide a framework for understanding
olfactory receptor specificity. Supported by grants to GMS from NIDCD and
NIDCD, NIA, NASA and NIMH (Human Brain Project). MSS is supported
by the Yale Univ. MSTP.

DEVELOPMENTAL EXPRESSION OF THE P2 OLFACTORY
RECEPTOR IN THE MOUSE. S.J.Roval1 and B.Key2.*'Department of
Anatomy and Cell Biology, University of Melbourne, Australia, 3052;
department of Anatomy, University of Queensland, Australia, 4067.
Primary olfactory neurons project their axons to the olfactory bulb
where they terminate in discrete loci called glomeruli. Each neuron probably
expresses only one olfactory receptor, and all neurons expressing die same
receptor terminate in one of two glomeruli in the olfactory bulb. In 1996
Mombaerts et al. created the P2-tau-IRES- LacZ line of transgenic mice. These
mice express P-galactosidase in die perikarya and axons of neurons that express
the P2 odorant receptor. The aims of this study were to examine first, the
developmental expression of the P2 receptor, second , the topographical
targeting of axons and third, the subsequent formation of specific glomeruli.
Serial coronal cryostat sections were stained by X-gal histochemistry and the
number of P2 neurons quantified at all ages from E12.5 to PN7.5, PN14.5 and
adult. The number of P2 neurons continued to increase throughout development
and into adulthood. The total number of P2 neurons in adult was higher that
previously reported for other receptors, indicating receptor specification may
not be stochastic. Olfactory bulb sections were stained for both P-galactosidase
and OMP and analysed via confocal microscopy. Although axons target specific
loci in the olfactory bulb as early as E15.5 we showed that discrete glomeruli
emerge slowly and that navigational errors occur for up to die next 10 days of
development. In addition to terminating in two topographically-fixed glomeruli
there were many instances where P2 axons also innervated extra glomeruli. The
positions of these glomeruli were not fixed in space.
Mombaerts P, Wang F, Dulac C, Chao SK, Nemes A, Mendelsohn M,
Edmondson J, Axel R (1996) Visualising an olfactory sensory map. Cell
87:675-686.
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154.6

Regulation of Gene Expression in rat olfactory receptor neurons.
Cheil Moon*? Joo-veon Yoo*. Young K. Sung1 and Gabriele V. Ronnetf . Dept. of
Neuroscience1 and Neurology*, Howard Hughes Medical Institute*, The Johns
Hopkins University School of Medicine, Baltimore, Maryland, 21205.
In olfaction, cAMP is a key second messenger during the detection phase. The
mechanism of odor detection in the sensory cilia of olfactory receptor neurons
(ORNs) is well established from patch clamp recordings and molecular cloning
studies. The immediate response is the generation of a graded receptor potential. All
these events occur under 500 msec at longest. In addition to the short term event
which is involved in immediate stimulus detection and generation of action
potential, a delayed response to odorants has been also reported. This relatively
slowly evoked response may influence neuronal survival, axon outgrowth, and
changes in synaptic strength in olfactory tissues. Especially, synaptic plasticity is
closely related to the processes of learning and memory. Our recent finding has
suggested that there is also a delayed cAMP response which may mediate long term
cellular events. To achieve the long term cellular response, gene expression should
be activated. CREB is a well characterized transcription factor regulated by cAMP.
To date, it is unknown whether the delayed cAMP response by odorant stimulation
is sufficient to activate CREB, and in turn, induce target gene expression in the
olfactory tissues.
To address this issue, we examine CREB activity in rat ORNs after
stimulation with odorants. Application of odorants increased phosphorylated CREB,
and the phosphorelated CREB is localized specifically in ORNs. Application of
activators of guanylyl cyclases also increased phosphorylated CREB in ORNs.
Therefore, cGMP also appeared to be involved in CREB activation in ORNs.

INTRACELLULAR DISTRIBUTION OF AN OLFACTORY RECEPTOR
EXPRESSED IN A CELL LINE DERIVED FROM RAT OLFACTORY
EPITHELIUM. A.A.Gimelbrant*. T.S.McClintock. Dept. of Physiology,
University of Kentucky College of Medicine, Lexington, KY 40536
Olfactory receptors (ORs) expressed in heterologous cells, including CNS neurons,
do not reach the plasma membrane but are retained in the ER and are virtually absent
from the Golgi apparatus and transferrin receptor (TR)-positive endosomes
(Gimelbrant et al., J. Neurochem., in press). However, rat OR U131 expressed in
odora cells, a large T-antigen transformed line from the olfactory epithelium, does
traffic to the plasma membrane and conveys odor sensitivity to differentiated odora
cells grown under nonpermissive conditions (D.D. Hunter, pers. communication).
Using U131-GFP and human foAR-GFP, we have investigated receptor trafficking
in odora cells in more detail. In odora cells grown under permissive conditions
(undifferentiated cells), we found that distribution of 32AR-GFP is similar to that of
other cell lines we have examined. For U131-GFP, however, we observed two
patterns of expression. A minority of transfected cells show retention of U131-GFP
in the ER and little overlap with Golgi apparatus or TR labeling, similar to nonolfactory cells. In the majority of transfected nondifferentiated odora cells,
immunoreactivity for U131-GFP overlaps significantly with staining for the Golgi
apparatus and TR positive endosomes, but is not apparent at the plasma membrane.
These results suggest the hypothesis that the regulation of OR trafficking in
olfactory receptor neurons (ORNs) is at least a two-step process, with one check
point at exit from the ER, which ORs cross only in cells of ORN lineage, and
another at a post-Golgi compartment, which ORs cross only in cells advanced along
the ORN lineage.

Supported by NIH grant #1R01DC02979 and NRSA grant #F32DC00243.

Supported by NIH Award DC02736 to T.S.McC.

154.7

154.8

ODORANT RECEPTOR GENE EXPRESSION AND REGULATION IN THE
OLFACTORY SYSTEM OF THE ZEBRAFISH, DAN1O RERIO.
S, Argo1. F. Weth2 and S.I, Korsching1*. 1 Institut fiir Genetik, Universitat zu
Koln, D-50674 Koln, ^Max-Planck-Institut fur Entwicklungsbiologie, D-72076
Tubingen, Germany, argo@uni-koeln.de
The differential gene regulation of a large family of highly diversified odorant
receptor (OR) genes is essential for the discriminatory power of the olfactory
system. Each olfactory sensory neuron expresses only one or very few OR genes.
Cells of the same receptor phenotype are sparsely scattered within restricted
expression domains on the sensory surface.
Investigating the developmental time course of expression by quantitative in
situ hybridization we show that expresssion of ten zebrafish OR genes begins
asynchronously within the first three days of embryonic development and follows
a stereotyped temporal pattern. From the earliest time intervals observed
individual OR genes are expressed in sparse subpopulations of cells. Penetrance
of expression varies dramatically between genes. A more detailed analysis of
onset kinetics suggests at least two levels of gene regulation: first, the onset of
competence for expression at different time points and second, a random selection
of the OR to be expressed from the pool of genes competent for expression.
To gain further insight into the actual mechanism of OR gene expression we
set out to search for regulatory elements. Screening of a zebrafish cosmid library
revealed zebrafish OR genes to be organized in clusters. Mapping of these
clusters is currently underway. Transgenic reporter gene expression (GFP) in
embryonic zebrafish will allow to analyse the intergenic regions of suitable
clusters for presence of regulatory elements. Reporter gene expression will be
compared with the temporal and spatial expression patterns described above for
zebrafish OR genes to identify cis elements governing OR gene expression.
Supported by a grant of the "Deutsche Forschungsgemeinschaft" (SFB 274).

CALICUM-ACTIVATED NEUTRAL PROTEASE (CALPAIN IS
ASSOCIATED WITH MEMBRANE FRACTIONS FROM
OLFACTORY TISSUES OF RAT AND CATFISH. S. Hiltni, S.
Herman, and D.L, Kalinoski* Monell Chemical Senses Center,
Philadelphia, PA 19104.
Calpain, a calcium-activated protease, is a regulator of many Ca2+‘
dependent cell functions. Studies have demonstrated that Ca2+-induced
degradation of the inositol 1,4,5-trisphosphate receptor (IP3R) is, at
least in part, due to activation of calpain and may play a role in
regulating IP3R activity. We have begun to examine the role of this
mechanism in olfactory function by determining the effects of calpain
inhibitors on molecular masses of IP3R as determined by SDS-PAGE
and Western blotting. Blots of olfactory ciba proteins prepared by Ca2+
shock technique +/- calpain inhibitors identified no high molecular
weight IP3Rs, but instead identified two major degradative fragments
of ~ 120 kD. Cilia prepared by sonication with selected calpain
inhibitors displayed reactive bands of ~260 kD. These results suggest
that the high Ca2+ concentrations employed to isolate olfactory cilia
may irreversibly activate certain Ca2+dependent processes. Results of
immunoblots with anti-calpain antibodies suggest that //-calpain is
present in olfactory tissues and is associated with all subcellular
membrane fractions.

154.9

154.10

BMP EXPRESSION IN THE DEVELOPING OLFACTORY SYSTEM. D.M.
Cummings1*, G, Venkatraman1, M, Behrens1, C. Modena1,2, and F.L.
Margolis1. Department of Anatomy & Neurobiology. University of Maryland
School of Medicine, Baltimore, MD 21201. zDepartment of Human and Animal
Biology, University of Torino, Torino, Italy.
Bone morphogenetic proteins (BMPs) are cytokines that play important roles
in the formation of the nervous system. Several BMPs are expressed by
olfactory receptor neurons (ORNs) (Murray et al., Soc. Neurosci. Abstr., 24,
1998) and BMP receptors are found in ORN targets, the mitral cells (Zhang et
al., J. Neurosci., 18, 1998). Recent evidence suggests that BMPs play a role
in neurogenesis within the olfactory epithelium (Shou et al., Nature Neurosci.,
2,1999). In the current study, we have investigated the expression patterns of
BMP2, 4, 6, and 7 and BMP receptor IA (BMPR-IA) in the embryonic and early
postnatal mouse olfactory epithelium and bulb. During the initial outgrowth of
ORN axons from the epithelium to the bulb anlage, e.g. at E12.5-E15.5,
BMP2/4-immunoreactivity (-ir) is associated with ORN axons as they extend
toward the anterior telencephalon. Later in development, at E17.5 and E19.5,
BMP2/4 expression appears reduced while BMP6 immunostaining is
associated with ORN processes. BMP7-ir is found in the granule and mitral
cell layers and within a subset of glomeruli by E19.5. BMPR-IA-ir is present in
mitral cells as early as E17.5. We are currently examining the localization of
BMP mRNAs in the developing olfactory system. This characterization of BMP
and BMP receptor expression patterns during embryonic and perinatal
development will facilitate an understanding of their roles in olfactory system
ontogeny. Supported by NIH grants DC-03112 (FLM), DC00054-01 (DMC)
and DC00055-01(GV), and Univ. of Torino Fellowship (CM).

BMPs IN THE NORMAL AND REGENERATING ADULT OLFACTORY
SYSTEM: EXPRESSION AND LOCALIZATION. C. Modena12, D.M,
Cummings1, M, Behrens1, J. W. Margolis1. and F.L Margolis1*. 1Dept. of
Anat. & Neurobiol., Univ. of Maryland, Baltimore, MD 21201. 2Dept. of
Human & Animal Biology, Univ. of Torino, Torino, ITALY.
The BMPs are the largest subclass of the TGF-beta superfamily. These
cytokines are implicated in early neural developmental events, including
neuronal survival and cellular differentiation. Recent data suggest that
BMPs play a role in neural plasticity of the olfactory system (Shou et at.,
Nature Neurosci., 2, 1999). Since the localization and activity of these
factors are still largely unknown, we explored the expression of BMPs and
BMP receptors (BMPR) in the olfactory system, a model that exhibits high
levels of plasticity in the adult. Using RT-PCR we demonstrated that
transcripts for BMP2 and 4, BMPR-IA, IB and II are present in the olfactory
bulb (OB) of adult mice. Analysis of the immunocytochemical distribution of
BMP2, 4, 6, 7, NODAL and BMP^-IA in the adult mouse OB, shows the
presence of BMP6 and BMPR-I A in mitral cells. Immunoreactivity (-ir) for
NODAL, in contrast, appears largely in the internal and external plexiform
layers, with no cell body staining. Interestingly, BMP7 immunostaining is
concentrated in the subependymal zone (SEZ) and preliminary data
indicate an increase in BMP7-ir after peripheral deafferentation. Double
immunostaining with antibodies for BMP7 and neuronal or glial markers
permits identification of the SEZ cells that express BMP7. These studies
and characterization of the responses of BMP expression to peripheral
olfactory deafferentation/reinnervation will provide insights into the role of
these agents in the olfactory system. Supported by NIH grant DC-03112
(FLM) and by Univ. of Torino fellowship (CM).
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154.12

ODOR RESPONSE SPECTRA OF INDIVIDUAL MOUSE
OLFACTORY RECEPTOR NEURONS FROM SPATIALLYDEFINED WHOLE-MOUNT OLFACTORY EPITHELIUM. M. Ma*
and G. M. Shepherd. Section of Neurobioiogy, Yale University
School of Medicine, New Haven, CT 06520.
In order to study the coding mechanisms underlying odor
discrimination and recognition at the epithelial level, we have
developed a whole-mount epithelial preparation, where odor responses
of hundreds of olfactory receptor neurons can be monitored
simultaneously by calcium imaging techniques. A piece of epithelium
from spatially-defined zones was peeled off and placed in the
recording chamber with mucus layer facing up.
Hundreds of
dendritic knobs of olfactory receptor neurons could be visualized
simultaneously from an enface view. The dendritic knobs appeared as
bright spots when loaded with calcium-sensitive dye, calcium green-1.
They responded to odor stimulation by showing increased
fluorescence intensities, which were measured for individual knobs.
We are currently investigating how individual olfactory receptor
neurons respond to odor molecules of similar size but with different
functional groups, if olfactory receptor neurons with similar response
spectra are clustered in the epithelium, and how they distribute
zonally. Our method offers an efficient way to map single neuron
responses in the epithelium in a spatially-defined manner under
approximately in vivo physiological conditions. It is potentially
suitable for characterization of genetically-tagged subsets of olfactory
receptor neurons.
Supported by grants from NIDCD, NIMH, NIA, NASA and
NIDCD (Human Brain Project) and PHS award training grant.

SINGLE UNIT RAT OLFACTORY RECEPTOR NEURON
RECORDINGS IN VIVO. S.S. Deshmukh, U.S. Bhalla* National Centre for
biological sciences, Bangalore, 560 065, India.
We have recorded activities of multiple single olfactory receptor neurons in
anaesthetized, normally breathing rats. Our objective was to use a preparation
closer to the natural situation for studying olfactory information encoding by
the receptor neurons. The stimulus sequence consisted of air-odor-purge
cycles delivered sequentially for multiple odors. Patterns of neuronal activity
in the consecutive air, odor and purge periods were compared to understand
odor encoding. Three kinds of analyses were used for quantifying responses.
1. Mean firing rate was compared between the three periods. 2. Peri-stimulusonset histograms were plotted to look for change in firing patterns in
response to odor onset. 3. Respiration phase coupling of neuronal firing was
compared between the three periods (for details of analyses, see Bhalla, U.S.
and Bower, J.M., J. Computational Neuroscience 1997, 4:221-256).
Changes were observed in the mean firing rates of neurons on odor
exposure, which were further analyzed by plotting peri-stimulus-onset
histograms. Bursts of firing, which subsided within few seconds, were seen in
some neurons on odor delivery. Inhibition of the activity during odor delivery
was observed in some. A large number of neurons showed respiration phase
tuning, i.e. fired preferentially at a specific phase of respiration. Some of
these showed change in the respiration phase tuning on odor delivery.
The observation of both elevation and depression in activity suggests the
possibility of two different signal transduction mechanisms operating in
olfactory epithelial neurons.

154.13

154.14

Chemical structure correlation with olfactory epithelium responses for a
series of hydrogen, carbon, oxygen compounds. J. W. Scott* and
T. Brierley. Department of Cell Biology, Emory University, Atlanta, GA
30322.
We recorded electroolfactograms (EOG) in 80 rats.
Odorants
(hydrocarbons, aldehydes, esters, ketones and ethers) were applied to the
exposed olfactory epithelium. Multiple electrode arrays were placed at
right angles to the long axis of the olfactory receptor expression zones
along the rostral border of endoturbinate IV. Electrode positions were
recorded photographically. Responses were normalized to the isoamyl
acetate response. The spatial distributions of normalized peak voltage
response were fit using polynomial regression. These curves were
subjected’to principal components analysis, with the first two components
accounting for more than 90% of the variance. Acyclic and monocyclic
compounds were arrayed along the first component. Curves for saturated
hydrocarbons had large ventral peaks and little inflection. Curves for
aromatic or terpene compounds with carbonyl groups close to the ring had
dorsal peaks with little inflection. Hydrocarbons with double bonds or
carbonyl groups not closely associated with a ring had intermediate curves.
It is proposed that this continuum may be one of several important
variables in odor space. Some more complex bicyclic ethers or ketones
had inflected curves and plotted away from this first component in the
principal components analysis.
Supported by NIH grant DC-00113 to J.W.S.

MOLECULAR MODELING OF MOUSE OLFACTORY RECEPTORS. Wely B,
Floriano.1 Vaidehi Nagaraian.1 Michael S. Singer.2 Bettina Malnic.3 Linda B. Buck3,
Gordon M, Shepherd2* and William A. Goddard III1. ‘Materials Simulation Center,
California Institute of Technology, Pasadena, CA 91125, Section of Neurobioiogy,
Yale Univ. School of Medicine, New Haven, CT 06510, Howard Hughes Medical
Institute and Dept. ofNeurobiology, Harvard Medical School, Boston, MA, 02115.
We (Malnic, Buck et al) recently reported odor response preferences for several
mouse olfactory receptors (ORs). To study the odor interactions in these ORs and to
explore potential uses of ORs as biosensors, we built OR molecular models by: (1)
prediction of transmembrane domains and helical rotations; (2) construction of
canonical helices and assembly based on the 7.5 A electrori density map for
rhodopsin; (3) optimization of the assembly with molecular dynamics (MD) and
explicit lipid bilayers to simulate the membrane; (4) construction of interhelical loops
by the Restricted Generic Protein Loop Builder (RGP) method; and (5) optimization
of the model using Hierarchical Newton-Euler Inverse Mass Operator (Neimo)
dynamics, followed by regular Neimo and All-atoms dynamics. The intra and
extracellular polar environments were represented by the Generalized Born (GB)
approach for solvation. The membrane was simulated using explicit lipid bilayers.
Bacteriorhodopsin was chosen as a control case for the above steps. The forcefield
(Dreiding) and charge equilibration scheme chosen for the lipid bilayer simulation
were tested by MD calculations carried out on DPE, GPO, GPC crystal structures and
successfully reproduced the experimental cell parameters. The models provide new
tools to study OR proteins and will eventually aid in the development of biosensors.
Supported by the DOD-ARO Multidisciplinary Univ. Research Initiative (WAG,
GMS, LBB); NIDCD (GMS); NIDCD, NIA, NASA, NIMH [HBP] (GMS); Yale
MSTP (MSS); HHMI (LBB); NIDCD (LBB) and FAPESP (BM).

154.15

154.16

AN ODOR-INDUCED, UBIQUITIN(+) ULTRASTRUCTURAL ARRAY IN THE
SUPRANUCLEAR REGION OF RAT OLFACTORY EPITHELIAL SUPPORTING
CELLS. V.McM. Carr*, A.I. Farbman, and B.Ph.M. Menco. Dept. ofNeurobiology and
Physiology, Northwestern University, Evanston, IL 60208.
We have previously described the appearance of immunoreactivity (IR) for the stress
proteins ubiquitin and HSP70 in the supranuclear region of olfactory epithelial (OE)
supporting cells (SCs) following exposure of rats to a variety of odorants
(Neurosci.Abstr. 23:738/97) and ketamine (NeuroReport 5:197/93). Similar IR
patterns also occurred following heat stress. To gain more insight into the
ultrastructural nature ofthis response, we examined nasal septal OE ofyoung male rats
using transmission electron microscopy (TEM) following a 6 hr exposure to lavender
essential oil extract, an odorant known to induce this response. Freeze-substitution/postembedding immunocytochemical and conventional tissue preparation were used to
examine, respectively, ubiquitin IR and classical ultrastucture of the SC supranuclear
region. Results showed that many SCs in exposed animals exhibited a supranuclear
electron-opaque array from which larger membranous organelles were mostly excluded.
This array was coextensive with the IRs of a panel of antibodies to ubiquitin, a protein
that targets proteins for proteolysis, suggesting that the array is at least partly
comprised of proteins being degraded. Conventional TEM showed that the electronopaque array was comprised of numerous densely packed vesicles with variable
membrane thicknesses. This array was not observed in SCs of unexposed animals ot in
ubiquitin(-) SCs of odor-exposed rats. Rather, the supranuclear regions of these cells
contained numerous mitochondria, smooth ER and Golgi apparatus. This suggests that
organelle-associated proteins may be targeted for ubiquitylation under physiologically
stressing conditions. The array was also not seen in olfactory receptor neurons or
respiratory cells of the main OE ot sensory or supporting cells of the vomeronasal
organ, indicating specificity in the site of such odorant-induced affects. Supported tty
NIDCD grants DC02774 (VMcMC), DC00347 (AIF), and DC02491 (BPhMM).

MODULATION OF A SODIUM-ACTIVATED NONSELECTIVE CATION
CHANNEL IN OLFACTORY RECEPTOR NEURONS BY PI 3,4-P2 AND PI
3.4.5- P3. A.B. Zhainazarov1* and B.W, Ache1,2, ’Whitney Laboratory, Univ. of
Florida, St. Augustine, FL 32086; 2Depts. of Zoology and Neuroscience, Univ. of
Florida, Gainesville, FL 32610.
Phosphatidylinositol (PI), PI 3-phosphate (PI 3-P), PI 4-phosphate (PI 4-P), and PI
4.5- bisphosphate (PI 4,5-P2) are generally assumed to be maintained in equilibrium
in the resting state of cells, whereas PI 3,4-bisphosphate (PI 3,4-P2) and PI 3,4,5trisphosphate (PI 3,4,5-P3) are formed in response to certain signals (Zhang and
Majerus, Sem. Cell Dev. Biol. 9:153, 1998). Recently, we showed that PI 4-P and PI
4.5-P2 can regulate a Na+-activated nonselective cation channel that has been
implicated in olfactory transduction in lobster olfactory receptor neurons
(Zhainazarov and Ache, J. Neurosci. 19:2929-2937,1999). Here, we describe the
effect of PI 3,4-P2, and PI 3,4,5-P3 on the lobster Na+-activated channel. When
applied to the cytoplasmic side of inside-out patches containing Na+-activated
channel activity, PI 3,4-P2 (1-4 pM) and PI 3,4,5-P3 (1-4 pM) reversibly activated
the channel in the absence of Na+. The effect of PI 3,4,5-P3 was immediate, and
reversed within 10-30 sec on washout. The effect of PI 3,4-P2 was also rapid,
although typically required about 1 min for the channel activity to reach a stable
level. On washout, the effect of PI 3,4-P2 reversed slowly over 20-30 min. Both PI
3,4-P2 and PI 3,4,5-P3 also enhanced channel activity in die presence of Na+ by
increasing the channel open probability without affecting the single-channel current
amplitude. PI 3-P, however, had no effect on the channel when applied in either the
presence or absence of Na+. These findings suggest that membrane phospholipids
thought to be formed in response to stimulation potentially also play a role in
transduction in lobster olfactory receptor neurons by regulating the activity of Na+ activated nonselective cation channels that are presumed to be the output channel of
the cells. Supported by the NIDCD (DC 01655).
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154.17

154.18

QUANTITATIVE CHARACTERIZATION OF DISTRIBUTED INFORMATION
IN CHEMOSENSOR ARRAYS. T.K, Alkasab. J.S, Kauer*. Dept of Neuroscience,
Tufts University, Boston, MA 02111.
The input layer of the vertebrate olfactory system consists of a large, diverse array
of receptors (sensors). Though individual sensors generally appear to be broadly
tuned, die system provides sufficient information for the organism to make fine discriminations, even among novel stimuli. We have developed a quantitative approach
for exploring the properties of the sensors and higher order circuits that underlie this
ability. Stimuli are represented as points in an ^-dimensional space while sensors are
represented as enclosed sub-regions in this space. The output of a sensor in response
to a stimulus depends on whether the stimulus is contained within the sub-region of
the sensor. The performance of an array of sensors is evaluated by calculating its
mutual information with a set of stimuli.
We defined arrays in which each sensor was identical in size and randomly positioned in the stimulus space and systematically varied both the total number of sensors and their size. As expected, increasing the number of sensors monotonically
improved performance. However, for each array size, we found an optimal sensor
breadth that resulted in maximum mutual information that varied systematically with
the number of sensors in the array. Further, we tested performance of heterogeneous
arrays having a range of sensor sizes. Such arrays were found to outperform homogeneous arrays in which sensor sizes were identical.
This computational approach can be used to examine how the tuning breadth of
biological olfactory neurons influences the information carrying ability of the system. The fact that the optimal tuning widths for sensors in hypothetical arrays are
rather large relative to distances between stimuli suggests that such an arrangement
may also be advantageous for arrays of olfactory cells. In addition, the demonstrable
advantage of ranges of sensor tuning breadths suggests that similar ranges of tuning
might enhance discrimination in the biological system. We plan to use this analytical
approach to develop methods for estimating the information encoding properties of
olfactory responses and for examining the evolution of olfactory systems.
Supported by NIH-NIDCD (R01-DC00228), ONR (MURI-N00014-95-1-1340),
and DARPA (contract #9636-A-065).

SPONTANEOUS AND STIMULUS-INDUCED ACTIVITY IMAGED IN
NEURONS OF MOUSE OLFACTORY EPITHELIUM AND VOMERONASAL
ORGAN. T. Leinders-Zufalf A.C. Puche, M.T, Shipley and F, Zufall. Dept.
Anatomy & Neurobiology, Univ. of Maryland Med. Sch., Baltimore, MD 21201.
We have developed methods by which stimulus-induced activity in individual
sensory neurons in the main olfactory epithelium and vomeronasal organ (VNO) can
be monitored both spatially and temporally. Our approach combines confocal
microscopy-based Ca2+ imaging with the use of tissue slices. We have achieved singlecell resolution, thus making it possible to analyze neuronal activity from individually
identifiable olfactory receptor neurons (ORNs) and VNO neurons. We tested whether
VNO neurons utilize similar signal transduction pathways for stimulus detection as
ORNs by analyzing the Ca2+ signals in response to direct activation of cyclic
nucleotide-gated cation channels. While ORNs showed robust Ca2+ elevations after
application of 8-br-cGMP or IBMX, such Ca2+ signals were absent in the VNO. When
we assessed the viability of each preparation by brief pulses of KCI, both ORNs and
VNO neurons responded with a robust Ca2+ transient. This suggests that the signal
transduction pathways in VNO neurons are fundamentally different compared with
ORNs. A second important difference between the two types of ehemosensory tissue
was that VNO neurons exhibited prominent spontaneous Ca2+ oscillations whereas
ORNs did not. The Ca2+ oscillations occurred in all regions of the VNO and showed
complex temporal patterns. They were insensitive to tetrodotoxin suggesting that they
did not depend on action potential activity. Tonic depolarization of the neurons by
high K+ solution altered the frequency and duration of the oscillations. This result
raises the question whether such a mechanism is involved in processing of sensory
information. When VNO neurons taken from a female PN 30 mouse were stimulated
with diluted male urine, a small subset of VNO neurons responded with a transient
Ca2+ rise. In control measurements from male PN 30 and female PN 15 mice no such
changes could be detected. We are currently using this preparation to test for the
effects of biologically active pheromone candidates. Supported by NIH grants
NS37748, DC003773, DC00347, NS36940.

154.19

154.20

CONCENTRATION TUNING MEDIATED BY SPARE RECEPTOR
CAPACITY AND INTRACELLULAR GAIN IN OLFACTORY SENSORY
NEURONS. T.A. Cleland* and C. Linster. Neuroscience Dept., Tufts University,
Boston, MA 02111 and Psychology Dept., Boston University, Boston, MA 02215.
Contemporary models of Olfactory signal transduction provide that odorants bind
to olfactory receptors with relatively low specificity and consequently low affinity,
making the detection of low-concentration odorants theoretically difficult to
understand. We employ a computational model to demonstrate how olfactory
sensory neuron (OSN) sensitivity can be tuned by modulation of receptor-effector
coupling and/or by other mechanisms regulating spare receptor capacity, resolving
this conundrum.
The ECio .90 intensity tuning ranges (ITRs) of whole olfactory glomeruli and
postsynaptic mitral cells are considerably broader than the commensurate ITRs of
individual OSNs. These data are difficult to reconcile with contemporary
hypotheses that convergent OSNs in mammals exhibit a homogenous population
of olfactory receptors and identical tuning for odor stimuli. We show that
heterogeneity in spare receptor capacities within a convergent OSN population can
increase the ITR (EC1(V<x)) of a convergent population of OSNs regardless of the
presence or absence of a diversity of receptor expression within the population.
The modulation of receptor-effector coupling has been observed in OSNs; other
mechanisms for cellular regulation of spare receptor capacity are also highly
plausible (e.g., quantitative regulation of the relative expression levels of receptor
and effector proteins). We present a model illustrating that these processes can
underlie both (1) how OSNs come to exhibit high sensitivity to odorant stimuli
without necessitating increased ligand-receptor binding affinities or specificities,
and (2) how a population of convergent OSNs could exhibit a broader
concentration sensitivity than its individual constituent neurons, even given a
population expressing identical odorant receptors.

RECORDINGS OF ODOR-INDUCED ACTIVITIES IN OLFACTORY CORTEX IN
IN VITRO PREPARATION OF ISOLATED WHOLE BRAIN WITH OLFACTORY
EPITHELIUM. T.Sato*, I.Takashima. R.Kaiiwara. K.Tsukada. and T.Iiiima.
Electrotechnical Laboratory, Tsukuba, 305-8568, Japan
The odor discrimination initiates at the olfactory receptor in the olfactory receptor
neuron and completes in CNS through sequential and parallel processing in the
olfactory bulb and the olfactory cortex. Several reports anatomically and
physiologically indicate that mitral/tufted cells in olfactory bulb have the odorant
tuning specificity similar to that of the olfactory receptor neuron. The piriform cortex
which receives direct inputs from the mitral/tufted ceils in the olfactory bulb is the
largest olfactory area. The investigation of the odorant information coding in the
piriform cortex has been critical to understand the odor discrimination processes. The
ventral surface of the anterior piriform cortex is approximately flat so that it seems to
be suitable to optical recordings of spatial/temporal activity. We developed an in vitro
preparation of isolated whole brain with olfactory epithelium of guinea-pig for
recordings of spatial/temporal activity. To examine the activity of the preparation, we
recorded the local field potentials in the piriform cortex evoked by the application of
odor solution to the olfactory epithelium of the isolated brain. The slow negative field
potentials were observed on the surface layer of the piriform cortex. The duration of
stimulus application ranged from 1 s to 5 s and the two kinds of odorant mixtures were
tested. For 5-s stimulation of an odor mixture, the response amplitude increased for
ca. 1 s and sustained for ca. 5 s and then slowly decreased. In the case of 1-s
stimulation, the plateau of the response was shorten into ca. 2 s. The different kinds
of odor mixtures evoked different response profiles even in the same recording
position, suggesting the activity in the piriform cortex may be dependent on odor
quality in a manner.
This work was supported by the grant of AIST of MITI of Japan.

CHEMICAL SENSES: PHEROMONES
155.1

155.2

NEURAL PATHWAYS TO GENERATE ODOR-EVOKED FLIP-FLOPPING ACTIVITIES
IN A BRAIN OF A MALE SILKWORM MOTH. A. Mori1, T, Kumagai1. R, Kanzaki1 ?.
11nst, of Biol. Sci., Univ. of Tsukuba, Tsukuba, Ibaraki 305-8572, Japan; 2PRESTO, JST,
Japan.
In a male silkworm moth odor-searching zigzagging behavior released by
pheromones is instructed by characteristic state-dependent activities, like a basic element
of the memory in electronic circuits, the Tlip-flop”. It has two distinct firing frequencies;
high and low, and switching back and forth between the two states occurs upon repetitive
stimulation. We revealed the morphology of the flip-flopping neuron, which has dendritic
arborization restricted to the lateral accessory lobe (LAL) and ventral protocerebrum
(VPC) in the protocerebrum (PC). In order to clarify the neural mechanisms to generate
the flip-flopping signals, constituent neurons of the LAL and the VPC were examined
morphologically and physiologically by intracellular recording. Three dimensional
structure of the cell was reconstructed by a laser scanning confocal microscope. We have
characterized a large number of pheromone-responsive local intemeurons which link the
LAL and the VPC, and bilateral PC neurons which link each LAL. These results showed
that the LAL and the VPC consist of functional sub-compartments. We demonstrate
olfactory information flow among these sub-compartments and suggest possible neural
pathways to generate the flip-flopping signal. Supported by grants from the PROBRAIN
and PRESTO, JST.

PHEROMONE BINDING PROTEIN GENE REGULATION IS CORRELATED
WITH BEHAVIOURAL SPECIALISATION IN THE HONEY BEE (APIS
MELLIFERA} N. Swasdipan and P. R, Ebert * Department of Biochemistry,
University of Queensland, St Lucia, QLD, 4072 Australia.
Odorant binding proteins of insects are presumed to transport volatile,
hydrophobic odorant molecules across the sensillar lymph to odorant receptors on
olfactory neurons. We have identified an antennal cDNA clone, Ame/PBP (Apis
mellifera pheromone binding protein), which encodes a small, soluble protein that
matches the N-terminal sequence of a recently described protein isolated from
honey bee antennae. Based on the abundance of this protein in male antennae, the
protein is proposed to be a queen pheromone binding protein. The encoded protein
is only weakly homologous to an antennal odorant binding protein in moth
(~30%) and a pheromone binding protein in beetles (24%). The deduced protein
does, however, exhibit a hydrophobicity profile and contain a diagnostic motif of
six conserved cysteine residues both of which are characteristics of insect odorant
binding proteins. The deduced protein contains a signal sequence resulting in a
predicted mature, secreted form of the protein of 13.2 kd.
Northern hybridization indicates that the transcript is nearly eight times more
abundant in male antennae than in female antennae which supports the presumed
role in queen pheromone perception and suggests that protein abundance is
regulated at the level of transcription. Bees of the worker caste exhibit age-related
variation in Ame/PBP gene expression which parallels the well-described agerelated task specialisation exhibited by worker bees. Differential expression of the
odorant binding protein gene between bees of different castes and ages suggests that
queen perception, which is a primary determinant of social cohesion in the honey
bee colony, is modulated by changes in sensitivity to pheromone in the peripheral
nervous system.
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155.3

155.4

DIFFERENT PATTERN OF VOMERONASAL NERVE
PROJECTIONS FROM RODENTS IN CAPRINE AND
FELINE ACCESSORY OLFACTORY BULB. S, Takigami1’2.

SEXUALLY DIMORPHIC PROFILE OF IMMEDIATE-EARLY GENE INDUCTION
BY MALE AND FEMALE PHEROMONES IN THE VOMERONASAL
NEUROEPITHELIUM OF MICE. H.A. Halem*, J.A. Cherry1 and M.J. Baum,
Departments of Biology and 'Psychology, Boston University, Boston, MA 02215.
We (Halem et al., J. Neurobiol. 39:249, 1999) have recently used the induction of
nuclear Fos immunoreactivity (Fos-IR) as a marker of activation in mouse vomeronasal
organ (VNO) sensory neurons after exposure to male pheromones. Several groups have
identified two zones in the VNO neuroepithelium that are defined by marker proteins, an
apical zone and a basal zone. In the present study we compared the ability of male versus
female pheromones to augment nuclear Fos-IR and Egr-1 -IR in the apical and basal zones
of the VNO neuroepithelium of male and female mice. Adult sexually naive Balb/c mice
of both sexes were gonadectomized and treated with estradiol benzoate (EB); a second
group of males received testosterone propionate (TP). Subjects were housed individually
for four days and then exposed to either soiled bedding from gonadally intact males or
estrous females, or to clean bedding (control) for 90 minutes prior to sacrifice. The
VNO’s were sectioned coronally and then processed for Fos-IR or Egr-l-IR. The EBtreated females exposed to male bedding had significantly more Fos-IR and Egr-l-IR
neurons and considerably lower responses to female bedding. EB-treated males showed
a slight, but significant increase in the number of Fos-IR and Egr-l-IR neurons in
response to male pheromones, but no response to female odors. By contrast, TP-treated
males showed a striking increase in Egr-l-IR neurons in the VNO neuroepithelium in
response to female bedding and a considerably smaller response to male bedding. Next,
VNO’s from groups of mice which had a maximal number of Egr-1 labeled neurons (EBtreated females exposed to male bedding; TP-treated males exposed to female bedding)
were processed for phosphodiesterase type 4A (PDE4-A)-IR in order label the apical
zone. The distribution of Egr-l-IR cells in TP-treated males exposed to female bedding
was equal over the apical and basal zones of the VNO. In female subjects exposed to
male bedding there were significantly more Egr-l-IR neurons in the basal as opposed to
the apical zone of the VNO. These results reveal a sexually dimorphic VNO response to
pheromones derived from male and female conspecifics coupled with a steroid-specific
activation of neuronal responsiveness to female pheromones in the VNO of male subjects
(Supported by MH59200, MH00392, T32 HD07387-07, and DC 03019)

155.5

155.6
PRIMER PHEROMONE IS PRODUCED ANDROGENDEPENDENTLY IN THE SEBACEOUS GLAND OF MALE GOAT
E. iwata, Y. Wakabayashi, S, Matsuse, T. Kikusui, Y.,.IakeuctoLaDd
Y. Mori*. Lab. of Veterinary Ethology, Dept. of Veterinary Medical
Science, The University of Tokyo; Yayoi, Bunkyo, Tokyo 113-8657,
Japan.
To investigate the mechanism of primer pheromone production
in the male goat, we examined the correlation between the
appearance of pheromone activity and morphological changes of
sebaceous glands in the skin samples taken from the head region of
castrated goats during the course of testosterone (T) replacement
(from Day 0 to Day 28). The pheromone activity was assessed by
monitoring the hypothalamic multiple unit activity (MUA) which
reflects the function of the GnRH pulse generator in estradiol-primed
ovariectomized
goats
as
we
described
previously
(Neuroendocrinology 64:313). The sebaceous gland enlarged
gradually during the T treatment and regressed rather rapidly after T
withdrawal. The pheromone activity was asessed by the MUA
appeared in parallel with the development and regression of the
sebaceous gland, which was detected in 2/5 goats on Day 7,5/5 on
Day 28 and 0/5 on Day 42 (2 weeks after T withdrawal). These
results suggest that the primer pheromone is produced androgen
dependently in the sebaceous gland of the male goat. (Supported
by CREST of JST and JSPS-RFTF 97L00904)

Y. Mori2. M Ichikawa*1'3. ’Tokyo Metoropoli. Inst for Neurosci.,
Tokyo 183-8526, 2Univ. of Tokyo, Tokyo 113-8657, 3CREST of Japan
Science and Technology Corporation, Kawaguchi 332-0012.
In rodents it has been reported that two types of vomeronasal neurons,
which express Gai2 and Gao, project their axons (vomeronasal nerve :
VNN) to the rostral and caudal regions of the accessory olfactory bulb
(AOB), respectively. In this study to examine whether this segregated
projection patterns of VNNs in rodents is a common feature in mammalian
AOB, we investigated caprine and feline AOB immunohistochemically by
using antibodies to Gai2 and Gao. In both species, Gai2immunoreactive (but no Gao-immunoreactive) vomeronasal nerves were
found in the VNN and glomerulus layer throughout the AOB. In contrast,
Gao-immunoreactivities (but no Gai2) were observed on the glomerulus,
mitral/tufted cell and granule cell layers. The results indicate that the
patterns of VNN projection in caprine and feline AOB are different from
those in rodents, which may be ascribed to differences of ecological as
well as behavioral background among these species.
Supported by CREST of JST.

EXPRESSION PATTERN OF TWO PUTATIVE PHEROMONE
RECEPTOR
GENE
FAMILIES
IN
THE
GOAT
VOMERONASAL ORGAN. Y, Wakabayashi1,2. Y, Mori1. K.
Yazaki2, K, Hagino-Yamagishi2*. ’Univ. of Tokyo, Tokyo 113-8657,

2Tokyo Metoropoli. Inst, of Med. Sci., Tokyo 113-8613
In mammals, pheromones are received by the vomeronasal organ
(VNO) which resides within the septum of the nose. In recent years,
two different putative pheromone receptor gene families (VIRs,
V2Rs) were identified in rodents. VIRs are expressed in G alpha i2positive neurons, whereas V2Rs are expressed in Go-positive neurons
in rodents VNO. In this study, we have identified homologs of VIRs
and V2Rs receptor genes, and examine the expression pattern of
those gene families in the goat. Deduced amino acid sequences of
V1R and V2R homologs reveal approximately 40-50% identity
within seven transmembrane domain of rodents homologs. By RTPCR analysis, the expression of V2Rs (but not of VIRs) was detected
in the goat VNO, implying that only V2Rs homologs are expressed in
the goat VNO. Based on these findings we suggest that the expression
pattern of pheromone receptor gene families in even-toed ungulates is
different from those in rodents. Supported by CREST of JST.

155.7

155.8

ACTIVITY AND DISTRIBUTION OF THE PDE4A CYCLIC AMP
PHOSPHODIESTERASE IN THE ACCESSORY OLFACTORY
SYSTEM. V. Pho*, Y. Lau and J.A, Cherry. Dept. of Psychology,
Boston University, Boston, MA 02215.
Accumulating evidence indicates that pheromone transduction in the
vomeronasal organ (VNO) may involve IP3 signaling. Using biochemical
and immunocytochemical analyses, however, we demonstrate in the
mouse VNO the presence of phosphodiesterases (PDEs), enzymes that
degrade cAMP. We immunolabeled alternate sections from mouse VNO
and accessory olfactory bulb (AOB) with antibodies against PDE4A, a
protein expressed in mature olfactory sensory neurons, or Go, a G-protein
subunit found exclusively in basal VNO neurons. After reconstructing
adjacent sections, little overlap was seen between Go and PDE4A staining
in the VNO, where PDE4A was restricted to neurons in the apical zone. In
the AOB, PDE4A and Go immunoreactivity was confined to the rostral
and caudal glomerular layers, respectively. Overlap in Go and PDE4A
labeling only occurred medially and at the dorsal region of the
rostral/caudal boundary. Next, overall PDE activity was assayed in tissue
homogenates using anion-exchange chromatography. In the VNO, PDE
activity was about 50% of the activity measured in olfactory epithelium
(OE) and olfactory bulb, a level similar to kidney but greater than activity
in heart and liver. Maximal enzyme velocity in the VNO was also about
half of that measured in OE (0.8 vs 1.6 nmol/mg/min), with a K^ of 1.6
pM. Addition of rolipram, a Type 4 PDE inhibitor, reduced activity in
both tissues by 40%, indicating that non-Type 4 PDEs are also present.
The presence of PDEs in the VNO and AOB suggests that cAMPdependent processes, as in the main olfactory system, play important roles
in pheromone transduction. Supported by DC03019.

FUNCTIONAL DICHOTOMY WITHIN THE VOMERONASAL SYSTEM:
DISTINCT ZONES OF NEURAL ACTIVITY IN ACCESSORY OLFACTORY BULB
(AOB) CORRELATES WITH SEX-SPECIFIC BEHAVIORS. A. Kumar. C.A. Dudley*
and R.L. Moss. Dept. of Physiology, Univ. of Texas Southwestern Medical Center,
Dallas, TX 75235-9040.
Vomeronasal receptor neurons (VNRNs) in the vomeronasal organ (VNO) detect
pheromones that elicit sociosexual behaviors in most mammals. Two populations of
VNRNs with distinct molecular and biochemical properties underlying signal detection
and transduction have been identified which innervate distinct zones of AOB. However,
the functional relevance ofthis chemoarchitectural dichotomy or of two distinct signaling
mechanisms in the vomeronasal system is unknown. Here we demonstrate that the two
populations are linked to detection of separate pheromones which act in different
physiological/behavioral contexts. Using cfos immuno-cytochemistry, we report
preferential activation of distinct AOB zones by physiologically different chemosensory
cues. Exposure of ICR male mice to BALB/c males resulted in immediate aggressive
attacks by ICR males. An increase in c-fos immunoreactivity in a cluster of cells located
almost exclusively in the caudal AOB was found in both strains. Compared to the ICR
aggressor, however, the caudal dominance in activated cells in the submissive BALB/c
males was diminished, especially in the mitral layer. VNO lesions attenuated the
aggressive behavior and eliminated the increased cellular activation in AOB of ICR males.
When the two males were separated by a double wire-mesh barrier the caudally localized
cfos activation changed to a diffuse pattern along the entire rostral-caudal axis, hi contrast,
in ICR males exposed to diestrous ICR females, cellular activation was observed in the
rostral AOB and even after physical separation the rostral pattern was the same. Our
results suggest that pheromones involved in male-male interactions (social context)
activate neurons located in caudal AOB where the basal zone VNRNs terminate, while
pheromones detected in a sexual context activate cells in rostral AOB where the apical
zone VNRNs synapse. Supported by NIH grant MH41784.
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BLOCKING GABAERGIC INHIBITION REVEALS NMDA-RECEPTOR
MEDIATED LEARNED RESPONSES IN THE INFERIOR COLLICULUS
OF PRISM-REARED BARN OWLS

School of Medicine, Stanford, CA 94305

Experience shapes the binaural tuning properties of neurons in the external
nucleus of the inferior colliculus (ICX), where a map of auditory space is
synthesized in barn owls (Tyto alba). In owls reared with prismatic spectacles, the
tuning of ICX neurons for interaural time difference (F.D) is shifted systematically
by an amount corresponding to the optical displacement of the visual field. The
shift of ITD tuning curves begins with an acquisition of responses to the visually
instructed values of ITD (learned responses) and a commensurate shift in the
tuning curve flank on the adaptive side (learned flank). Inhibition, mediated by Atype receptors for y-aminobutyric acid (GABA), is known to sharpen the ITD
tuning of ICX neurons in normal owls. How does this inhibition respond to the
experience-induced broadening of the ITD tuning curve? We addressed this issue
by applying bicuculline iontophoretically to ICX neurons that exhibited an initial,
prism-induced shift in the learned flank of their tuning curves. Blocking
GABAergic inhibition shifted the learned flank even further by differentially
increasing responses to the visually instructed values of ITD. This finding
demonstrates thal, in the early stage of learning in the ICX, GABAergic inhibition
tends to maintain sharp, normal ITD tuning by differentially suppressing learned
neuronal responses. Further studies show that the GABA-suppressed learned
responses are largely mediated by NMDA-receptors.
Supported by NIH ROI DCO155-17, NIH NRSA F32 DC00307-01, and Dean's
Postdoctoral Fellowships of the Stanford University School of Medicine.

156.3

JUVENILE EXPERIENCE EXPANDS THE CAPACITY FOR
ADULT AUDITORY PLASTICITY IN THE OPTIC TECTUM OF
THE BARN OWL E.l. Knudsen* Dept. of Neurobioiogy, Stanford
University School of Medicine, Stanford, CA 94305-5125.
The optic tectum (OT) in bam owls contains a map of
auditory space that is based on the tuning of neurons for interaural
differences in the timing (ITD) of sounds. The OT in juvenile (but
not adult) owls can acquire alternative ITD maps as a result of
experience. Once an alternative map is learned as a juvenile, it can be
re-learned as an adult when the owl is re-exposed to the same sensory
conditions to which it adapted as a juvenile. In this study, I tested
whether juvenile owls can learn more than one alternative ITD map
during the sensitive period, and the effect that age at initial learning
has on the ability to re-acquire maps as adults.
Alternative ITD maps were induced by exposing juvenile barn
owls to chronic, horizontal displacements of the visual field using
displacing prisms. After the owl experienced the prisms for about
60d, the ITD map in the OT was assessed electrophysiologically.
After another several weeks of normal vision to re-establish a normal
ITD map, the prisms were reversed for another 60-80d and the map
was remeasured. The owls were tested later as adults for their ability
to recover these previously learned, alternative ITD maps. During the
sensitive period, the OT could acquire several ITD maps. ITD maps
that were learned early in the sensitive period were re-acquired more
completely in the adult than were the maps that were learned later.
The capacity to re-express learned maps deteriorated gradually with
age in the adult.
Supported by a McKnight senior investigator award and the NIDCD:
NIH RP1 DC00155-19.

156.4

Order selective plasticity in primary auditory cortex

RESPONSES TO TIME-VARYING INTERAURAL PHASE DISPARITY IN THE
INFERIOR COLLICULUS AFTER TRANSECTION OF THE MIDBRAIN
COMMISSURES. I J, Mikffj.B. Kelly and M.N. Semple. Center for Neural Science,
New York University, New York, NY 10003.
Previous research in this laboratory has identified a form of neural conditioning
exhibited by single neurons in the inferior colliculus (IC) in response to dynamic binaural
stimuli. Tuning to interaural phase disparity (IPD) can be shifted considerably if the
recent history of stimulation encompasses a shift in IPD. If IPD is swept towards the
preferred IPD, discharge rates rise more rapidly than predicted by the static IPD tuning
curve (i.e., “conditioned enhancement”). Similarly, sweeping the IPD in the anti-preferred
direction often gives rise to “conditioned suppression”. These motion-potentiated effects
may persist for as long as several seconds. Dynamic conditioning is not seen in the
responses of neurons in the medial superior olive (MSO) or dorsal nucleus of the lateral
lemniscus (DNLL). The emergence of conditioning to dynamic IPD might arise in IC
from temporal integration of excitatory input from MSO and inhibitory input from the
contralateral DNLL and/or IC. To test this possibility we recorded responses to timevarying IPD in the IC of anesthetized adult Mongolian gerbils after surgical transection
of the commissures of the inferior colliculus (CIC) and Probst (CP). Stimuli were
presented via sealed systems calibrated for phase and amplitude. Histological examination
confirmed that transections of CP and CIC were complete, while other auditory pathways
were spared. IC responses in “transected” gerbils exhibited normal sensitivity to various
monaural contralateral stimuli, including amplitude-modulated tones, but responses to
dynamic IPD stimuli were affected by the transection. Compared with normal controls,
significantly fewer neurons in the transected sample exhibited dynamic conditioning.
Moreover, of those neurons displaying conditioning after transection, the effect was
typically reduced in magnitude and/or longevity. Nevertheless, clear instances of dynamic
enhancement and suppression were observed in several neurons after complete transection
of both midbrain commissures. Intrinsic properties of IC neurons may contribute to the
nonlinear integration of convergent excitatory and inhibitory inputs.
Supported by NIDCD grant DC01767 and a grant from NSERC of Canada.

M.P. Kilgard* (University of Texas at Dallas); M.M Merzenich (UC San Francisco)
Previous studies have shown that pairing electrical activation of nucleus basalis
(NB) with tonal stimuli results in plasticity that selectively enhances the cortical
representation of the paired stimulus. Both spectral and temporal plasticity effects
have been evoked with this paradigm. In this study we examined the
representation of acoustic sequences in rat primary auditory cortex before and after
pairing NB stimulation with a spectrally rich sequence. Chronically implanted
adult rats received electrical stimulation of NB paired with a tone-tone-noise
sequence 200-300 times per day for 5-20 days. The distributed cortical response
was reconstructed for each animal from 50-70 microelectrode penetrations.
Pairing a high-tone (HT) low-tone (LT) noise-burst sequence with NB
stimulation resulted in dramatic strengthening of the neural response to each of the
transitions present in the sequence. The improved cortical representation was
generated via 1) an increase in the temporal coherence of cortical neurons, 2) a
decrease in spontaneous activity, and 3) the development of combination sensitive
responses. For example, while one-forth of low frequency neurons recorded from
four experimental animals exhibited significantly facilitated responses to LT when
preceded by HT, this response class was not observed in any of the eight control
animals. The reverse selectivity (i.e. facilitation of HT when preceded by LT) did
not develop in any region of Al.
These results indicate that the dynamics that shape the responses of cortical
neurons to rapidly successive events are not immutable, but rather are remodeled
by experience and can combine to generate responses that are selective for
particular spatiotemporal patterns.
Supported by NIH grant NS-10414, HRI, and NSF predoctoral fellowship.

156.5

156.6

ACOUSTIC CONTRAST ENHANCES CORTICAL ENTRAINMENT TO
SOUND SEQUENCES. P. Bedenbaugh1*, S. W. Cheung2, C. E. Schreiner2, &
Nagarajan2, ‘Dept’s of Neuroscience and Otolaryngology and Univ. of Florida
Brain Institute, Univ. of Fl., Gainesville, FL, QDept. of Otolaryngology and
Keck Center for Integrative Neurosci., Univ. of California, San Francisco, CA
This study tests the hypothesis that entrainment of the auditory cortex to
click sequences is enhanced by adding an acoustically contrasting sound to the
interval between clicks.
Multiunit recordings were obtained from the primary auditory cortex of two
marmoset monkeys. Click sequences, tone sequences and interleaved click and
tone sequences were presented by a closed sound delivery system.
Often the response to click sequences was enhanced when the tone sequence
was interleaved, even when the tone did not evoke an excitatory response. Sometimes when the response to the tone was strong, the overall response rate to the
click and tone sequence was higher than the maximum response rate for either
the click sequences or the tone sequences alone. In these cases the high rate response involved a stable combination of short-latency onset responses and longer
latency rebound responses.
Auditory cortex rapidly adapts to ongoing sounds and to sequences comprised of'^a single repeated sound. These data suggest that a particular sound
drives each cell in the auditory cortex towards a specific state of adaptation.
Acoustically contrasting sounds drive the neuronal ensemble towards contrasting distributed states of adaptation. When acoustically contrasting sounds are
played in sequence, each successive sound partially relieves the adaptation to
the previous sound, permitting the cortex to respond at a higher overall rate.
We suggest that the same processes enhance the cortical processing of complex
sound sequences, such as marmoset twitter calls and human speech sounds.

PLASTICITY OF SPECTRAL PROCESSING IN SIMULATED PRIMARY
AUDITORY CORTEX. E. Mercado III, C.E. Myers*, & M.A. Gluck.
Center for Molecular & Behavioral Neuroscience, Rutgers, Newark, NJ
07102.
Neurophysiological studies have shown that the nucleus basalis plays a
prominent modulatory role in auditory cortical plasticity. In this study,
stimulation of the nucleus basalis paired with tonal acoustic stimuli was
simulated to investigate the possible effects of neuromodulation on plasticity
in primary auditory cortex. Self-organizing maps were first initialized such
that their time-frequency response characteristics paralleled empirically
observed sensitivities, and were then repeatedly exposed to either one or two
pure tones. The effects of neuromodulation were modeled using parameters
intrinsic to the self-organizing map algorithm such as the learning rate
function (controlling how quickly connections between nodes adapt), and the
neighborhood function (controlling.the region of influence of an active
node). Simulations examined how parameter modulation affected the
structure of representational maps, and whether reorganization in the model
was comparable to reorganization observed in auditory cortex. Exposure to a
single tone produced map reorganization similar to that observed
experimentally. In contrast, exposure to two tones led to bimodally
distributed response characteristics, whereas in empirical tests this treatment
resulted in unimodally distributed sensitivities. These results suggest that
stimulation-induced plasticity in the auditory cortex is constrained in ways
not accounted for by a standard competitive, Hebbian-like learning
algorithm.
Supported by APA/ANDP postdoctoral fellowship

Supported by NIH DC00144, DC02260 and NS10414, Hearing Research Inc.
University of Fkrida Brain Institute.
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156.8

MODULATION OF AUDITORY CORTICAL MAGNETIC FIELD RESPONSES
DURING SPEECH PRODUCTION Houde, J.F., Nagaraian S.S.*, Merzenich,
M.M, University of California, San Francisco and Scientific Learning Corporation,
Berkeley, CA.
Several behavioral studies have demonstrated a significant interaction between
speech reception and speech production. Recent PET studies have shown that
during speech production there is a suppression of activity in the superior temporal
gyrus and that this activity is enhanced during feedback alteration (Hirano et al.
1996-7). Here, we report the first of a series of experiments designed to examine
the dynamics of modulation of auditory cortical responses to speech during selfproduction and feedback alteration. Stimuli were presented binaurally to subjects
with normal hearing. Recordings were obtained from both hemispheres using two
37 channel biomagnetometer arrays. The sensor arrays were positioned to obtain
strong magnetic field responses that could be localized to auditory cortex with a
high degree of confidence (r>0.95 for a single dipole model for the Ml00
response). Subjects were instructed to produce speech sounds such as /da/, /ta/ and
/a/. The data collection was triggered from a microphone pickup of their speech
that was simultaneously recorded on tape. Magnetic field response data was first
collected while subjects produced each stimulus 100 times (once every 2-3
seconds), and then while subjects listened to the tape recording of their production.
The amplitude of the tape playback was adjusted to be equal to the amplitude of the
produced speech. We were able to successfully record averaged evoked responses
to both self-produced and tape-recorded speech, which were free of movementrelated artifacts. In all subjects, we observe a progressive differentiation in the
dynamics of the responses to self-produced speech and to recorded speech. In
several subjects, we observed a clear bilateral suppression of amplitude of the
Ml00 response. Currently, we are further investigating this auditory cortical
response modulation by examining responses to alterations of speech feedback in
form of continuous and gated noise. [Supported by: the McDonnell-Pew
Foundation, the Coleman Fund, HRI and Scientific Learning Corp.]

DIMINISHED CHANGE-RELATED AUDITORY CORTICAL RESPONSES
IN DYSLEXIC ADULTS. H. Koivikko. J.P, MSkela*. R, Hari. Brain Research
Unit, Low Temperature Laboratory, Helsinki University of Technology, FIN02015 HUT, Finland.
We studied whether auditory cortical processing of speech-like stimuli in
dyslexic adults deviates from that in normal-reading subjects. Whole-scalp
magnetoencephalographic (MEG) signals were recorded from 14 dyslexic adults
(32± 1 yrs; 7 females) and 14 normal-reading subjects (29±2 yrs; 7 females). The
dyslexics were significantly slower in their reading and word recognition speed
(p < 0.01). The stimuli, mimicking fricative consonant/vowel transitions, were
noise/square-wave sequences. The noise lasted for either 50, 100, or 200 ms, and
the 250-Hz square-wave for 400 ms. All stimuli were presented binaurally within
the same sequence in a random order, with a 1.1 s interstimulus interval. During
the measurement, the subject was reading a book.
The noise onset was followed by a NIOOm response peaking on average at
99±3 ms in controls and at 105±3 ms in dyslexics (N.S.). The noise/squarewave transitions triggered another response, NIOOm’, peaking at 117±4 ms in
controls and at 115±3 ms in dyslexics. In controls, the amplitude of NIOOm’
increased, in the right hemisphere, by 54% from 50- to 200-ms noise durations
whereas the increase was only 20% in dyslexics (p < 0.02). In the left
hemisphere, the responses were less prominent in both groups.
NIOOm’ response has been related to feature detection essential for speechsound processing which thus appears to be deficient in dyslexics. We propose
that the decreased sensitivity of dyslexic subjects to acoustic changes is due to a
defect in their auditory magnocellular system.
Supported by the Academy of Finland.

156.9

156.10

LONG TERM VARIATION OF FREQUENCY RESPONSE CURVES
RECORDED FROM NEURONAL POPULATIONS OF AUDITORY CORTEX:
RANDOM VARIABILITY OR PLASTICITY? M. A. Kislev* & G. L, Gerstein,
Department of Neuroscience, University of Pennsylvania, Philadelphia, PA 19104.
Long term modification of sensory receptive field maps has been shown to be
correlated with learning of sensory discriminations and conditioned associations,
especially in the auditory cortex. However, it is unclear how the magnitude of
learning-induced receptive field modifications compares with "spontaneously"occurring long term changes. To better understand this we are studying day-to-day
variation of frequency response curves (FRCs) recorded from neuronal populations
to auditory cortex of rats. Daily recordings, performed under very light Ketamine
anesthesia, are obtained from microwire electrodes chronically-implanted in the
inffa-granular layers of area Tel. FRCs are computed from the tone-evoked
activity of single units (when available and stable over multiple days), multiple unit
clusters, and local field potentials.
We observe quite dramatic changes of FRC-shapes across days, including
changes in best frequencies. These modifications are often sufficiently strong to
qualify as long term "plasticity" (e.g. according to the criterion of Weinberger et
al., PNAS, 90:2394-8, 1993). Because the average correlation coefficient between
FRCs recorded on different days decreases as the number of intervening days
increases, these spontaneous changes most likely represent systematic changes in
the cortical frequency map, rather than random daily variation around a basically
fixed FRC (for which the correlation would be expected to remain constant
regardless of the number of intervening days). We are currently attempting to
determine whether conditioned pairing of pure tones and medial forebrain bundle
stimulation produces long-term plasticity that is significantly stronger than these
spontaneous variations.
[NIH MH 46428, DC 01249]

MODULATION OF ACOUSTIC STARTLE BY BACKGROUND
SOUND IN C57BL/6J MICE, S. Carlson1 and J. F. Willott2*. 'Dept.
Psychol., Bethel College., Mishawaka, IN 46545; 2Dept. Psychol.,
Northern Illinois University, DeKalb, IL 60115.
The amplitude of the acoustic startle response was measured in
normal-hearing 1-month-old C57BL/6J mice and 5/6-month-olds with
high-frequency hearing loss. Broadband noise (BBN), 4 kHz tones,
and 12 kHz tones were used as background sound and startle stimuli.
When the frequency spectrum of the background was high relative to
that of the startle stimulus, suppression of startle amplitude resulted.
When the frequency spectrum of the background was low relative to
that of the startle stimulus, facilitation of startle resulted. Both effects
were augmented by increased background intensities. Some backgrounds became more salient in the older mice in conjunction with
central neural plasticity induced by hearing loss, known to occur in
this strain.
The mechanisms by which startle is facilitated by low-frequency
backgrounds and suppressed by high-frequency backgrounds might
involve facilitation due to arousal and suppression due to masking, but
these hypotheses are not well supported by our data. Another
hypothesis is that modulation of startle by background sound involves
excitation and inhibition of the startle pathway by descending circuits,
and these are differentially activated by high and low frequencies.
Supported by NIH grant R37 AG-007554

156.11

156.12

SPATIAL LOCALIZATION AFTER EXCISION OF HUMAN AUDITORY CORTEX. R.J. Zatorre* and V.B. Penhune. Montreal Neurological

WHAT AND WHERE IN AUDITION: NEUROPSYCHOLOGICAL AND
ANATOMICAL EVIDENCE FROM PATIENTS WITH ACUTE AND
CHRONIC CIRCUMSCRIBED HEMISPHERIC LESIONS. S. Clarke^*, M,

Institute, McGill Univ., Montreal, QC, Canada H3A2B4.
Both neurophysiological and animal ablation studies concur that primary
auditory cortex is necessary for computation of the spatial coordinates of a
sound source. Human studies have reported conflicting findings, but often
suffer from inadequate psychophysical measures and/or poor lesion localization. We tested patients with unilateral excisions of the temporal lobe
either encroaching upon or sparing Heschl’s gyrus (HG). Lesion quantification was determined by MRI measures using a probabilistic anatomical map
of HG. Subjects heard single clicks in a free-field spatial array subtending
180 degrees of azimuth, and pointed to the perceived location with a laser
pointer. Patients with resections sparing HG generally performed normally.
Some patients with HG damage demonstrated significant localization deficits, but not confined to the contralateral field; each individual displayed
unique patterns of impairment, in one or both hemifields. Furthermore, 5 of
8 patients with right HG damage showed obvious deficits, whereas only 1 of
7 subjects with left HG involvement showed any clear impairment. This
pattern stands in marked contrast to prior studies (Zatorre et al., Brain,
1995) showing significant preservation of localization in hemispherectomized patients. The findings suggest that (1) localization may rely more on
right than left auditory cortical areas, supporting an important role for the
right hemisphere in spatial processes; and (2) functional reorganization may
not take place with restricted focal damage, but only after extensive early
damage to an entire hemisphere. Supported by MRC of Canada.
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MaedeA, G, Assal1. *Div. de Neuropsychologie, CHUV, Lausanne; ^Service de
Neurologie, CHUV, Lausanne; Service de Neurologie, HCU Geneve; Service de
Radiodiagnostic, CHUV, Lausanne, Switzerland.
Auditory recognition and localization were evaluated in 60 normal subjects and
in 29 patients with chronic and 31 patients with acute circumscribed hemispheric
lesions (assessed by MRI or CT scan) using tests of semantic identification of real
object sounds and discrimination of the azimuthal positions of sound sources simulated by interaural time or intensity differences. Recognition and localization were
disrupted independently in 12 patients with chronic lesions: 3 patients with left
and 2 with right hemispheric lesion were deficient in recognition and normal in localization, whereas 2 patients with left and 7 with right lesion were normal in
recognition and deficient in localization. Similar dissociation was observed in 10
patients with acute lesions: 1 patient with bilateral, 1 with left and 2 with right
lesions were deficient in recognition and normal in localization, whereas 2 patients
with left and 4 with right lesions were normal in recognition and deficient in localization. Comparison of radiological data with auditory areas identified in histochemically stained sections of postmortem human brains indicated that lesions associated with selective localization deficit involved medial and anterior early stage
auditory areas and/or the parietal cortex. Lesions associated with selective recognition deficits involved lateral early stage auditory areas and/or the temporal convexity. Our results suggest separate cortical processing pathways for auditory recognition and localization.
This work was supported by Swiss National Science Foundation grants 3231041607.94, 31-52718.97 and 3138-51173.97.
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AN AUDITORY CONTINGENT AFTEREFFECT. C.J, Dong, N.V, Swindale
and M.S, Cvnader*. Dept. of Ophthalmology and Brain Research Centre, Univ. cf
British Columbia, Vancouver, B.C. V5Z 3N9, Canada
Pairs of stimulus attributes, such as colour and orientation, that are normally
uncorrelated in the real world, are generally perceived independently, i.e. the
perception of colour is usually uninfluenced by orientation and vice versa. Yet these
independences between different stimulus attributes can be altered by adaptation, as
was first shown in vision by McCollough in 1965. After a few minutes of alternately
viewing a grating with vertical black stripes on an orange background and a grating
with horizontal black stripes on a blue background, subjects reported negative color
aftereffects depending on the orientations of the grating stripes. Achromatic vertical
gratings appeared blue-green, and achromatic horizontal gratings appeared orange.
These contingent aftereffects can persist for up to two weeks in the visual system.
Here we report that an analogous phenomenon can be observed in the auditory
system. Our results were consistent for four subjects, three of them naive as to the
purposes of the experiment. After listening to a spatially rightward moving sound
with a falling pitch, alternating with a spatially leftward moving sound with a rising
pitch for about 10 minutes, subjects perceived that a spatially stationary sound source
moved to the right when it had a rising pitch and moved to the left when it had a
falling pitch. This auditory contingent aftereffect could still be elicited at least 1 hour
after the initial adaptation.
Supported by NSERC of Canada

DEVELOPMENT OF EEG RESPONSES TO TRAINS OF AUDITORY,
VISUAL, AND SOMATOSENSORY STIMULATION PRESENTED AT
STEADY STATE FREQUENCIES. D. Bosnyak*, A.P. Branscombe and L.E.
Roberts. Dept. of Psychology, McMaster Univ., Hamilton, Ont., Canada L8S 4K1.
Presentation of brief auditory stimuli at short interstimulus intervals such that
successive brain responses overlap yields a “steady state” response with an
amplitude maximum at repetition rates near 40 Hz. There is an ongoing debate
concerning the nature of auditory and other steady-state responses. Some authors
contend that the auditory steady-state response is generated by overlapping
responses identical to the “middle latency” component of the transient auditory
evoked response; others have found that simple linear summation of transient
responses cannot replicate the steady-state response at all stimulation frequencies.
If the auditory steady-state response is a summation of middle latency responses, it
should be essentially stationary after the duration of one transient response has
elapsed, and the onset of the steady state response should show how each
successive pulse contributes. Similarly, the response at the end of a train of
stimulation should show how each transient contributing to the response ceased to
influence the summated response. In this study, 6-sec trains of stimulation of 1.5
Hz, 4 Hz, and 13 Hz were presented to the subject in either the visual, auditory, or
somatosensory modalities (n=13 subjects per modality). The goal was to determine
whether the steady-state response in these modalities is stationary during the 6-sec
train, and whether the onset and offset portions of the response contain components
that are not present for stimuli during the middle of the train. The results showed
that (1) transient “on” responses evoked by commencement of the stimulus trains
changed with the stimulus repetition rate; (2) a transient “off” response appeared
following the cessation of stimulus trains at and above repetition rates of 4 Hz, and
(3) multivariate statistical analyses in the frequency domain revealed a pattern of
response desynchronization occurring some seconds after the onset of stimulation
that cannot be easily explained by a simple linear summation theory.
This research was supported by the MRC and NSERC of Canada.

156.15

156.16

EFFECT OF SPECTRAL FREQUENCY DISCRIMINATION ON
AUDITORY TRANSIENT AND STEADY STATE RESPONSES IN HUMANS
R.A. Eaton1 and L.E. Roberts2*. ’Dept. of Physics and 2Dept. of Psychology,
McMaster University, Hamilton, Ontario, Canada, L8S 4K1.
Animal research has shown that the frequency tuning of neurons in primary
auditory cortex can be modified by discriminative conditioning. The purpose of this
experiment is to determine (1) whether transient and steady-state responses
measured by whole-head (64 channel) EEG and evoked by 40-Hz amplitudemodulated pure tones are altered by discrimination training for spectral frequency in
humans (transient and steady-state responses reflecting different levels of cortical
processing), and (2) whether changes in transient and steady-state responses
correlate with discriminative performance on the trained stimuli as well as on stimuli
bordering the trained set. Subjects were trained for 15 sessions to make a
same/different judgment between a 1-sec 40-Hz amplitude-modulated pure tone of
2040 Hz (SI) and a comparison pure tone of either the same or a higher spectral
pitch (S2). Feedback for correctness was provided. Before and after training
psychophysical functions were measured without feedback for the trained set of
stimuli (SI 2040 Hz) and two additional sets of stimuli, one above (SI 1840 Hz) and
the other below (SI 2240 Hz) the trained set. Current findings (n=3) show that
frequency discrimination improved steadily over the 15 training sessions, reaching a
discrimination threshold near 5 Hz. Improvement of discrimination transferred to
the 1840 Hz set on the concluding test session, but not necessarily to the 2240 Hz
set. These findings correlated with the N1-P2 component of the transient response
in 2 subjects (frontal and central electrodes), and with the steady-state response in
one subject. Steady-state responses appeared to be upregulated early in training,
which may imply a role for neuromodulation in discriminative performance.
This research was supported by the MRC and NSERC of Canada.

TIME COURSE OF C-FOS EXPRESSION IN THE AUDITORY AND
LIMBIC SYSTEM AFTER NOISE TRAUMA AS A TINNITUS INDUCER.,
C. Mahlke & E. WallhSusser-Franke*, Technical University, Darmstadt, Germany
In previous studies, tinnitus was evoked in gerbils through salicylate or noise
trauma and brain activity was surveyed with the 2-deoxyglucose method and c-fos
immunocytochemistry (Wallhausser-Franke et al, 1996, 1997). Activity was high
in the auditory cortex (AC) and in some regions of the limbic system, but low in
the cochlear nucleus (CN) or inferior colliculus (IC). Now, the effects of noise
trauma inflicted by firing off a toy pistol on the auditory and limbic system were
investigated with c-fos immunocytochemistry. Experiments were conducted with 3
series of 4 gerbils each. Gerbils of one series were exposed to noise on the same
day and were sacrificed 1, 3, 5 resp. 7h thereafter. Vibratome sections were reacted
with a c-fos antibody from Santa-Cruz. 1 h after noise trauma, the number of
immunoreactive neurons (IRN) was elevated in fields Al and AAF of the AC, in
the amygdala and sometimes in dorsal CN when compared to an untreated control.
Immunoreactive neurons were never observed in ventral CN or medial geniculate.
The number of IRN decreased over time. In AAF and the central part of the
amygdala (CeA), however, the number of IRN was increased again 7h after noise
trauma. This increase was found in two series but not in the 7h animal of the third.
Interestingly, the number of IRN in AAF and CeA were always correlated. In the
DCN, a similar increase was observed in one 7h animal only. These preliminary
results are in line with the correlated activity seen in AAF and CeA after tinnitusinducing salicylate injections. We take the late increase of IRN in 2 out of 3 gerbils
in AAF and CeA as a correlate of plasticity, possibly associated with manifestation
of a central tinnitus. These results support our model of central tinnitus generation
(see accompanying abstract).
Supported by the Messer-Foundation.

156.17

156.18

THE TINNITUS INDUCING DRUG SALICYLATE IMPAIRS HEARING
BUT ACTIVATES THE AUDITORY CORTEX.
E. Wallhausser-Franke.
B. Weller, H. Biens. G. Wenz. S, Braun* & G.Langner TU-Darmstadt, Germany.
Systemic application of sodium salicylate to mongolian gerbils reduced activity
in auditory cochlear nucleus and inferior colliculus while auditory cortex (AC) and
die limbic system were very active (WallhSusser-Franke et al., 1996, 1997). This
lead to die hypothesis that tinnitus is caused by suppression of peripheral auditory
input which after excitatory-inhibitory processing in central structures may cause
local enhancements of spontaneous activity, feedbacks between AC and other
auditory nuclei, and between the limbic system and AC could enhance these local
maxima leading to a focused activation in the AC which may be interpreted as
sound. In the present study, effects of different salicylate doses (5 - 350 mg/kg
b.w.) on the auditory and limbic system were investigated with c-fos immunocytochemistry. 3 to 4 gerbils per dose were sacrificed 3h after a single i.p. injection.
As seen in previous experiments, AC was the only auditory area with an increased
number of immunoreactive neurons (IRN) after salicylate treatment The density of
IRN in AI and AAF of AC, and in the central amygdala correlated and depended
on the dose of salicylate. Up to 100 mg/kg bw yielded only slight increases as compared to 0 mg, whereas there was a significant increase between 100 and 200
mg/kg. Auditory brainstem responses were measured in a gerbil injected with 200
mg/kg salicylate. Hearing was suppressed by 10-20 dB SPL between 1-16 kHz
starting 1 h after the i.p. injection and lasting at least 8h. Salicylate obviously produces some hearing deficit at concentrations that yield high activation of the auditory cortex. As outlined above, we suppose that a hearing deficit, albeit slight, is a
prerequisite for tinnitus generation, but that the increased cortical activity
originates centrally (see also accompanying abstract).

TONE-EVOKED OSCILLATIONS IN THE THALAMO-CORTICAL
AUDITORY SYSTEM ARE NOT PRESENT IN UNDRUGGED ANIMALS.

Supported byBMBF-OIVJ9407/8 and the Messer-Foundation
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N, Cotillon* & J-M. Edeline NAMC UMR 8620, Univ. Paris-Sud,
91405 Orsay cedex, France.
We have previously described tone-evoked spindle-like (7-14Hz)
oscillations from multiunit activity (MUA) recorded in auditory cortex
(ACx), auditory thalamus (MGB) and auditory part of the RE (audRE)
in urethane anesthetized rats.
The goal of the present experiment was to determine if such
oscillations can be observed in undrugged animals. MUA was
simultaneously recorded from ACx, MGB and audRE while pure tone
frequencies were delivered to the contralateral ear of restrained rats.
The frequency tuning was first determined. A given frequency was
then presented at various inter-tone intervals (range 0.5-10sec) while
continuously monitoring the animal state of vigilance. We could never
detect tone-evoked oscillations whatever the state of vigilance and the
anatomical structures. In contrast, when the same recordings sites
were tested under Nembutal, Urethane or Valium (15mg/kg) toneevoked oscillations can be observed. Thus, the cerebral conditions
allowing the occurrence of tone-evoked oscillations under anesthesia do
not seem to exist in undrugged animals.
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ALTERED TEMPORAL PROCESSING IN THE IC OF AGED
RATS: RESPONSES TO TONE PAIRS. PG Finlayson*.
Dept. of Otolaryngology, Wayne State Univ., Detroit, MI 48201.
Temporal changes in excitability of inferior colliculus (IC)
neurons were explored using single unit recordings in Long-Evans
rats. Responses to the second (“probe”) tone in a tone pair were
examined as a function of intertone intervals (Finlayson, 1999,
Hear. Res. in press). Data from 4-6 (young) and 20 month (old)
siblings were compared. Responses to tones presented 2 ms after a
tone of equal intensity and frequency are suppressed by an average
of 79.5 ± 17.2% (n=23) in old animals, which is comparable to suppression in young animals. Suppression decreased exponentially as
intertone intervals increase, and lasts considerably longer (increased
time constants) in old animals (Wilcoxon/Kruskwallis test; p=0.01).
The shorter suppression to paired noise bursts is also longer in aged
mice (Walton, et al., 1998, J. Neurosci. 18:2764-2776).
The proportion of IC neurons with other temporal changes in
excitability (facilitation, delayed minimum and maximal responses)
also changes with age. Facilitation of responses to probe tones followed stimulation only in young animals in 8 “pauser-buildup”
neurons. Post-stimulatory delayed maximal response to probe tones,
associated with “long-latency” responses in young animals, was
observed in only 1 cell (with a short 8.8 ms latency) in old animals.
However, a greater portion of IC neurons exhibits a delayed minimal
response level in old (18.0%) than in young (11.4%) animals. Thus,
in the auditory midbrain of old animals, suppression of responses to
tonal and noise stimuli is prolonged, and encoding of complex
patterns in sounds may be affected. (Support: BC Health Res. Fnd.)

GLYCINE AND GABA RAISE [Ca2+]j IN DEVELOPING NEURONS OF
THE LATERAL SUPERIOR OLIVE. P.H.M. Kullmann* and K. Kandler.
Dept. of Neurobioiogy, Univ. of Pittsburgh, Pittsburgh, PA 15261
During development of the lateral superior olive (LSO), a nucleus
involved in sound localization, the inhibitory neurotransmitters Glycine (Gly)
and GABA act depolarizing. This depolarizing action has been implicated to
play an important role in activity-dependent refinement of inhibitory connections in the LSO. We used Ca2+-imaging in Fura-2 labeled slices from neonatal (Pl-5) rats and mice, to investigate the effects of Gly and GABA on intracellular Ca2+,the most important single molecule to induce synaptic plasticity.
In the presence of TTX, bath-applied Gly or GABA (1-2 mM) increased
intracellular Ca2+ in numerous neurons throughout the LSO (n=19 slices).
These responses were sensitive to Strychnine (Stry, 25 pM, n=3) and
Bicuculline (Bic, 100 pM, n=2), respectively. Responses to GABA were
always stronger than to Gly and encompassed a higher number of neurons
(n=5 slices). Ca2+-responses were mediated by influx of extracellular Ca2+
because they were reduced by blocking Ca2+ channels with Ni2+ (2 mM, n=7)
and were abolished in Ca2+-free medium (n=3). Ca2+-responses could also be
elicited by electrical stimulation of the MNTB, the major inhibitory input to
the LSO (34 neurons in 5 slices). In the presence of GluR antagonists,
synaptic Ca2+-responses were partially blocked by either Stry (9/11 cells in 2
slices) or Bic (17/23 cells in 4 slices) and completely abolished in the
presence of both antagonists.
Our data demonstrate that activation of glycinergic and GABAergic
synapses increases intracellular Ca2+ in developing LSO neurons. We suggest
that these Ca2+-responses contribute to activity-dependent establishment and
refinement of inhibitory connections in the LSO.

156.21
SODIUM
PENTOBARBITAL
ABOLISHES
BURSTING
SPONTANEOUS ACTIVITY OF DORSAL COCHLEAR NUCLEUS
IN RAT BRAIN SLICES. K, Chen* and D. A. Godfrey. Dept. of
Otolaryngology, Medical College of Ohio, Toledo, Ohio 43614.
Sodium pentobarbital has long been used as an anesthetic for in vivo
animal experiments. There is evidence that it can affect neuronal
activity, but its effects on particular neurons of the dorsal cochlear
nucleus (DCN) are not well known. Bursting (complex spiking)
spontaneous activity has been observed in the DCN in brain slice
preparations and in recordings from unanesthetized decerebrate
animals, but seldom in experiments with anesthetized animals. The
aim of this study was to investigate the effects of pentobarbital on
neuronal spontaneous activity in the DCN. Extracellular single unit
recordings were made from the DCN part of rat brain slices. Drugs
were applied through the incubation bath. Virtually all bursting
neurons changed their firing to simple spiking with irregular intervals
during pentobarbital and returned to bursting after washout. The rest
reversibly stopped firing during pentobarbital. Neurons with regular
spontaneous activity (simple spiking) showed decreased firing rates
and irregular intervals during pentobarbital. In an attempt to reveal the
underlying synaptic mechanisms, we tested antagonists for GABA and
glutamate receptors.
The results suggest some involvement of
GABAa receptors, but also other mechanisms.
Supported by NIDCD grant DC00172.
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STIMULUS RECONSTRUCTION AND INFORMATION THEORY IN
THE AUDITORY PATHWAY. J. Z. Simon. S. A, Shamma*. D, J, Klein.
D, A, Depireux. Institute for Systems Research, University of Maryland,
College Park, MD 20742.
We use information theoretic techniques to quantify which features of an
auditory stimulus are extracted by neurons in primary auditory cortex (AI),
using stimuli designed to elicit strong, reliable responses from these neurons.
The stimuli are specific combinations of moving ripples: elementary spectrotemporally dynamic sounds that are broadband and have spectral envelopes
which vary sinusoidally in both time and logarithmic frequency. Using
specific combinations of ripples as stimuli, we quantify the coding of stimulus
features within the cell’s receptive fields from the cells’ response. We discuss
implications for reconstructing features of natural sounds, since broadband
and spectrally dynamic natural sounds can be decomposed into superposition
of a small number of ripples with different spectral densities and velocities.
Most of the stimulus features can be reconstructed from just the linear
response properties of AI units. The contributions from non-linear response
properties, which are smaller in magnitude, have been characterized by
dynamic, frequency dependent, non-linear rate-level functions: Such functions
can account explicitly for both linear and non-linear aspects of the response,
improving reconstruction over the linear case. We discuss the implications of
these results, prediction procedures, and data analysis in ferret (Mustela
putorius).
Supported by grants from ONR, NIDCD, and NSF.
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PARALLEL PROCESSING IN RHESUS MONKEY AUDITORY CORTEX.

LP,. Rauschecksr. -A, Durham. A, Kustov, A, Lo.nL.and B....Tian*, Georgetown

Institute for Cognitive and Computational Sciences, Georgetown University Medical
Center, Washington, DC 20007.
Behavioral, anatomical, and physiological evidence suggests that the cortical visual
system of primates is organized into a ventral stream for the processing of object or
pattern information and a dorsal stream for the processing of spatial information.
Recently, evidence from imaging studies in humans and from anatomical and
physiological studies in macaques has indicated a similar division of labor for the
cortical auditory system. Human fMRI and PET studies suggest that speech sounds are
processed in the superior temporal region! Posterior parietal cortex, on the other hand,
is activated during sound localization tasks, involving the processing of virtual
auditory space. In rhesus monkeys, parallel processing starts with the projection from
the medial geniculate nucleus, whose principal ventral division projects to two
primary core areas in the auditory cortex, Al and R. These areas send feedforward
projections topographically to the lateral belt, which in turn projects to parabelt.
Parallel projections have been traced further from anterior and caudal regions in the
belt and parabelt to distinct regions in the prefrontal cortex.
We are now comparing the response selectivity of single neurons in the anterior and
caudal belt regions of rhesus monkeys to (a) species-specific vocalizations and (b)
spatially localized sounds, in order to see if these regions could form the origin for
two separate processing streams. In our recordings so far a significant trend is found
for neurons in AL to be more highly selective in their response to monkey calls than
neurons in CL. By contrast, neurons in the caudal region are often specific for the
spatial location of a broad-band sound presented in free-field, confirming earlier reports
of spatially tuned neurons in area Tpt of caudal superior temporal cortex. Tuning to
the rate of frequency-modulated (FM) sweeps was also different in areas AL and CL:
Neurons in AL prefer comparatively slow FM rates, as they are contained in monkey
calls, whereas CL neurons prefer fast FM rates which, due to their broader frequency
spectrum, are apt for sound localization.
Supported by NIDCD grant R01-DC-03489 to J.P.R. and DAMD17-93-V-3018.
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NEURAL CORRELATES OF AUDITORY STREAM SEGREGATION IN
PRIMARY AUDITORY CORTEX (Al) OF THE AWAKE MONKEY. Y. Fishman,
D. H. Reser, J. C. Arezzo* and M. Steinschneider. Dept. of Neuroscience, Albert
Einstein College of Medicine, Bronx, N. Y. 10461.
Auditory scene analysis entails segregating or grouping components of complex
sound mixtures to form representations of auditory objects, or “perceptual streams”.
A classic psychoacoustic demonstration of stream segregation involves presentation
of an alternating sequence of tones in a pattern ABAB. When the frequency
separation (AF) between the tones is small (<10%) or their presentation rate (PR ) is
slow (<10 Hz), a coherent alternating sequence ABAB is perceived. In contrast, at
large AFs or rapid PRs the tones are segregated into two distinct perceptual streams,
one consisting of a sequence of interrupted A tones, and the other, of interrupted B
tones. The neural basis of auditory stream segregation remains unknown. We
explored possible physiological mechanisms underlying stream segregation in Al of
awake macaques using neural ensemble recording techniques (auditory evoked
potentials, multiunit activity, and current source density). Stimuli consisted of
alternating tone patterns, ABAB, in which both the AF between the tones and their
PR were varied. One tone was always at the best frequency (BF) of the cortical site,
while the other was either also at the BF or away from the BF by an amount =AF, but
still capable of eliciting a large response. When AF=0, both tones evoked robust “on”
responses which diminished in amplitude with increasing PR. However, at AF>10%
and PR>10 Hz, non-BF tone responses were suppressed, producing a response
pattern resembling that generated by the BF tone when presented in isolation at half
the PR. These results correlate with psychoacoustic boundaries for auditory stream
segregation. We hypothesize that suppression of non-BF tone responses at high PRs
is due to a period of post-activation inhibition lasting about 50 msec following the
“on” response, which suppresses activity evoked by subsequent non-optimal stimuli.
This interval may be important for packaging acoustic elements into perceptual
objects. Supported by grant DC 00657.

NEURONAL RESPONSES TO THREE TONE SEQUENCES IN THE
AUDITORY CORTEX OF Macaca fascicularis
A. Schulz, M, Brosch*, H.Scheich, Leibniz-Institute for Neurobiology, Brenneckestr.
6,39118 Magdeburg, Germany
For the recognition of natural sounds and speech it is necessary to analyze temporal
acoustical patterns. The aim of a series of experiments conducted in our laboratory is
to investigate the neuronal processing in the auditory cortex underlying this ability. In
some of the previous studies we have approached this question by studying how
cortical neurons respond to sequences of three pure tones. The frequencies of the first
and second tone were varied. Tone duration and intertone intervals were 50 or 100 ms.
For neurons, recorded in the auditory cortex of lightly anesthetized macaque monkeys,
we found that the response to the last tone in a three-tone sequence was suppressed or
facilitated when it was compared with the corresponding response in a two-tone
sequence. To find out what mechanism are involved we conducted additional
analyses. This included not only comparisons between the three-tone and the two-tone
sequence but also comparisons between the three-tone with single-tone sequence as
well as between the two-tone with single-tone sequence.
This analysis revealed that all facilitatory three-tone-interactions can be identified as a
decrease of the inhibitory effect of the second tone on the response to the last tone by
the presence of the first tone. For suppressive three-tone interactions, it was observed
that the first tone caused in an increased inhibitory influence of the second tone on the
response to the last tone. Some suppressive three-tone interactions were only seen if
the last tone was preceded by the first and the second tone but not only by the first or
only by the second tone.
These results suggest that the responses to a tone cannot only be modulated by directly
preceding sound segments but also by other preceding segments. The different
neuronal mechanisms in the auditory cortex for the processing of tone sequences could
play a role for the recognition of temporal acoustical patterns.

157.5

157.6

PROPERTIES OF SEQUENCE-SELECTIVE CELLS IN CAT PRIMARY
AUDITORY CORTEX. M. Brosch1-2 and C, E. Schreiner*1. 1Keck Center for
Integrative Neuroscience, University of California, San Francisco, CA 941430732. 2Leibniz-lnstitut fur Neurobiologie, 39118 Magdeburg, Germany.
A few studies have suggested that temporal acoustic patterns are
represented by sequence-selective neurons in auditory cortex. While most of
these studies have been performed on bats, little is known regarding the
temporal 'combination-selectivity’ of cells in other mammals which are not
specialized for echolocation. In the present study we investigated 38 single
units and 46 multiunits recorded from the primary auditory cortex of 12
anesthetized cats. Stimuli were pairs of brief tone bursts, presented in
succession. Upon presentation of a tone pair, the frequency, intensity and the
temporal interval between the two tones was systematically varied over a wide
range. It was found that virtually ali neurons responded more strongly to a tone
sequence than to the individual tones of a sequence, when the appropriate
sequence was presented to the animal. The tone sequence was determined
for which the response to the second tone was maximal. This preferred tone
sequence had a temporal interval of about 100 ms, a frequency interval of
about one octave, and the first tone was mostly more intense than the second
tone. The sequence selectivity was considerably correlated with the singletone selectivity: Enhanced responses chiefly occurred when the second tone
was inside and the first tone outside the spectral receptive field of a neuron.
Results confirm and extend previous findings on the sequence selectivity of
cortical neurons and suggest that the auditory cortex plays an important role in
the detection, discrimination and identification of temporal acoustic patterns.
Funded by NIH DC 02260 (to C.E.S) and Deutsche Forschungsgemeinschaft
(to M.B.)

TEMPORAL PROCESSING OF RAPID SEQUENCES OF SUCCESSIVE
STIMULI IN THE AUDITORY CORTEX OF AWAKE MARMOSET
MONKEYS. T. Lu, L. Liang, R.K, Snider*, and X. Wang. Department of
Biomedical Engineering, The Johns Hopkins University, School of Medicine,
Baltimore, Maryland 21205.
While rapidly modulated sounds are clearly, perceived by both humans and
animals, the neural basis for representing such stimulus components in the awake
auditory cortex has not been well studied. The existing body of data, largely from
anesthetized auditory cortex, shows limited phase-locked responses by individual
cortical neurons. Some earlier studies suggested differences in temporal response
properties between anesthetized and unanesthetized auditory cortex. In the present
study, we systematically examined responses of single neurons in both primary and
lateral belt auditory areas of awake marmoset monkeys to rapid sequences of
successive stimuli. Both wide- and narrow-band click trains with inter-click
intervals (ICI) ranging from 3msec to 100msec were studied. Narrow-band clicks
were centered at each neuron’s characteristic frequency. In contrast to neurons
studied in anesthetized auditory cortex which responded strongly to both wide- and
narrow-band clicks (Lu and Wang, ARO Abs 21, 1998), the majority (>90%) of
neurons examined in awake auditory cortex responded strongly to narrow-band
clicks but were only weakly driven or, more often, unresponsive to wide-band
(rectangular) clicks. About 20% of sampled neurons exhibited significantly phaselocked responses to the click stimuli tested. Phase-locked responses typically
diminished at ~30msec, and in some cases, as low as -10msec. In a subset of
sampled neurons, average discharge rate was a monotonic function of ICIs shorter
than ~30msec. These data suggest that inter-stimulus intervals (ISI) longer than
~30msec can be encoded explicitly by cortical neurons’ phase-locked discharges.
However, neurons in the auditory cortex may implicitly represent ISIs shorter than
~30msec by a rate code.
Supported by Whitaker Foundation Grant RG-96-0268 (X. Wang)

157.7
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AUDITORY SPACE-TIME RECEPTIVE FIELDS DERIVED BY WHITE NOISE
ANALYSIS. R. L, Jenison1-2. J.W.H. Schnupp2. R. A. Reale23. J. F, Brugge23*. ’Dept.
of Psychology, 2Dept. of Physiology, and ’Waisman Center, University of Wisconsin;
Madison, WI 53706.
A reverse-correlation method was developed that allows for the construction of an
auditory space-time receptive field (ASTRF) from virtual auditory space (VAS) stimuli.
Reverse-correlation techniques have long been employed to estimate the linear transfer
function of peripheral auditory systems, and most recently, have been used successfully
in analyzing frequency-time receptive fields in auditory cortex (deCharms et al., Science,
280:1439-1443, 1998.) Reverse-correlation can be characterized as spike-triggered
averaging, where the signal has typically been defined by a continuous acoustic
waveform. We have expanded the definition of signal to the generating states of the
acoustic waveform on the directional sphere. VAS techniques can generate sound sources
at random positions in space and time, such that we are able to derive 3-dimensional
Wiener-like kernels (azimuth, elevation, and time) via white-noise analysis. The sampling
space consisted of 208 directions that were uniformly distributed on the sphere, and is
hence considered to be “spatially white.” A 10 ms Gaussian-noise burst served as the
acoustic source for each direction in the sample space. The onset times of the spatial
noise bursts were generated as a Poisson process with an expected value of 10 sound
source events per second. Cluster analysis of action-potential features was used to
distinguish single-units in the primary auditory (AI) cortical field of the halothaneanesthetizdd cat. Many of the ASTRFs derived by reverse-correlation were similar in
structure to virtual space receptive fields derived by standard forward-correlation
methods (Brugge et al., J. Neurosci., 16:4420-4437, 1996). However, many sampled
AI units revealed temporal evolutions of the ASTRFs that previously could not be
inferred by standard measures of response strength (rate and latency) alone. Spacetime separability was evaluated by calculating mutual information between the space
and time dimensions. Approximately 20% of the AI units showed evidence of spacetime inseparability. (Supported by NIH DC02804, Dunhill Medical Research Trust,
Defeating Deafness, NIH DC00116, and NIH HD03352.)

RECEPTIVE FIELD ORGANIZATION IN THE CORE AREA OF ALERT
MACAQUE AUDITORY CORTEX. M.J, Tramo* & P.A. Cariani.
Departments of Neurology and of Otology & Laryngology, Harvard Medical School,
Boston, MA 02115
We analyzed the spectral sensitivity and temporal response patterns of single
neurons and small neuron clusters in the core area of alert rhesus monkey auditory
cortex. Responses were systematically sampled across the frequency spectrum
using pure tones and one-third octave band noise presented binaurally at 70 - 90 dB
SPL. Discharge patterns were analyzed with respect to the frequency of the stimulus
and the time of the response using spectrotemporal rate maps, intertrial spike
probability maps, and response probability maps based on t tests comparing the
discharge rate at each frequency-time coordinate to the average background rate.
Four broad classes of receptive fields could be discerned on the basis of their
spectrotemporal response characteristics. The first class showed excitation at one
spectral location at one peri-stimulus time ("on" of "off). The second class showed
excitation at multiple spectral locations at one peri-stimulus time. The third class
showed on-excitation at one spectral location and off-excitation at a different
spectral location. The fourth class showed both on- and off-excitation at one
spectral location. For single-units, pealc discharge rates for on-excitation at best
frequency ranged from 18 to 109 spikes/s with a median of 52 spikes/s. Background
rates ranged from 1.5 to 26 spikes/s with a median of 6/1 spikes/s. The bandwidth
around BF over which singe-unit responses were significantly above background
ranged from 0.3 to 2.7 octaves with a median of 1.3 octaves. The bandwidth at half
the BF discharge rate ranged from 0.3 to 1.5 octaves with a median of 0.9 octaves.
These results suggest: 1) receptive field organization in macaque auditory cortex
is intrinsically a function of time as well as spectrum; 2) frequency selectivity for
core neurons manifesting on-excitation at moderate-to-high intensities in the alert
state is comparable to that in the anesthetized state; and 3) very high discharge
rates can be sustained by core neurons, even in response to simple stimuli such as
tones.
Supported by NIH DC03382, NIH DC03054, and the McDonnell-Pew Program in
Cognitive Neuroscience
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157.10

TEMPORAL ENCODING OF AMPLITUDE MODULATED SOUNDS WITH
NOISE CARRIER IN THE LATERAL BELT AREAS OF THE AUDITORY
CORTEX IN AWAKE MARMOSET MONKEYS. L. Liang, T, Lu, and X, Wang*.
Dept. of Biomedical Engineering, The Johns Hopkins University, School of Medicine,
Baltimore, MD 21205.
In the lateral belt areas of primate auditory cortex, most neurons are weakly
responsive or unresponsive to tones or tone-based stimuli. However, these neurons are
usually responsive to noise-based stimuli. In this study, we demonstrated that
responses in the lateral areas are not only affected by bandwidth, but also by temporal
characteristics of noise stimuli. In some cases, amplitude modulation (AM), in
addition to an appropriate noise carrier bandwidth, is necessary to evoke responses in
a neuron. In naturally occurring sounds such as primate vocalizations and human
speech, AM exists for both tonal and noise carriers. We also evaluated properties of
single neurons in lateral belt areas of awake, marmoset monkeys in response to
amplitude modulated noises. Carriers included band-pass or wide-band noises. Bandpass noises were centered near a neuron's characteristic frequency. Because most
neurons in these areas exhibited non-monotonic rate-level characteristics, stimuli were
delivered at the optimal sound level for these neurons, or at 10 dB above response
threshold if a neuron's rate-level curve was monotonic. Our results showed that most
neurons had best modulation frequencies (BMF) ranging from 16 to 128Hz. Changing
modulation depth significantly altered responsiveness of many neurons we studied.
BMF of a neuron typically remained unchanged with various noise bandwidths and
intensities tested. In neurons that responded to both tonal and noise stimuli, BMFs
were found to be nearly identical regardless of whether AM was applied to tone,
narrow-band or wide-band noise carriers. These findings showed that temporal
characteristics of a complex stimulus is an important aspect in determining response
properties of neurons in lateral belt areas. Combining the present study with findings
from our recent study of AM and FM encoding in marmoset auditory cortex (Liang et
al. ARO Abs 22, 1999), these data suggest that auditory cortical neurons have an
intrinsic temporal integration window for a wide range of time-varying stimuli.
Supported by Whitaker Foundation Grant RG-96-0268 (X. Wang)

PROPERTIES OF RESPONSES TO AMPLITUDE MODULATED (AM) TONES
IN THE INFERIOR COLLICULUS. B.S. Krishna* and M.N, Semple. Center for
Neural Science, New York University, New York, NY 10003.
We studied the extracellular responses of 115 single cells in the inferior colliculus (IC)
of the anesthetized Mongolian gerbil to 1-10 second long sinusoidally amplitude
modulated (SAM) tones presented via sealed calibrated earphones at a wide range of
modulation depths, sound pressure levels (SPLs) and carrier frequencies (CFs). The
modulation transfer function (MTF) based on average spike rate (rMTF) at the best
frequency of the cell often showed multiple regions of enhancement and suppression,
where the spike rates increased or decreased respectively as the modulation depth was
increased from 0 % (pure tone) to 100 %. We studied the effects of varying SPL in 64
cells. In the majority of cells displaying sustained or pauser patterns in their peri-stimulus
time histograms (PSTHs) in response to brief pure tones, both the shape and sign
(enhancement or suppression) of the rMTF at a given modulation frequency were
dependent on the SPL. Suppressive regions usually emerged at higher SPLs. In contrast,
most cells with onset or onset-sustained PSTHs showed only a single peaked region of
enhancement with a shape that depended on the SPL. The lowest modulation frequency
at which the spike rate reached a peak ("best modulation frequency" or BMF) was
measured. Almost all the BMFs lay between 0 and 100 Hz. 50 % of the 46 neurons
tested over at least a 20 dB SPL range showed a BMF variation larger than 80 % (or 10
Hz). More complex rMTFs that led to secondary peaks at higher modulation frequencies
were also found. MTFs based on vector strength (tMTFs) showed a variety of patterns;
most were similar to those reported from the cochlear nucleus. However, the IC showed
a higher mean peak vector strength and a lower mean cutoff frequency. Systematic phase
leads, and less commonly, phase lags frequently occurred as the SPL increased. We also
measured MTFs with many different CFs (spanning the pure tone frequency response
area) in 34 cells and did not find any systematic relationship between BMF and CF.
These findings show that MTFs in the IC are more complex than previously recognized.
They also strongly suggest that inhibitory inputs are involved in shaping the rMTF by
sharpening the regions of enhancement (especially the high frequency slopes) and
creating suppressive regions. Finally, it is unlikely that a labeled line or topographic
representation of amplitude modulation frequency will be independent of SPL.
Supported by NIH grant DC01767.

157.11

157.12

DIFFERENTIAL PHASE CODING OF CONCURRENT VOCAL SIGNALS
BY THE AUDITORY MIDBRAIN. D.A. Bodnar* and A.H. Bass.
Neurobiology and Behavior, Cornell Univ., Ithaca, NY 14853.
A11 vocal species are faced with the problem of segregating concurrent
vocal signals. During the breeding season, nesting plainfin midshipman fish
(Porichthys notatus) produce long duration mate calls known as "hums". The
overlapping hums of neighboring males produce acoustic beats with
amplitude and phase modulations at. the difference frequencies (dF) between
their frequency components. Auditory midbrain neurons exhibit significant
differences in their interspike intervals (ISIs) over specific interval ranges, in
response to beats with the same dF but that differ by one frequency
component, e.g. 84 Hz + 90 Hz or -6 Hz dF vs 90 Hz + 96 Hz or +6 Hz dF
(Bodnar and Bass, 1999, J. Neurophysiol 81: 552). In addition, they
synchronize spike bursts to the beat dF, thereby providing a combinatorial
code of the spectral and temporal features of concurrent signals. Here, we
examine how the frequency composition of beats is represented by ISIs. We
find that the majority of midbrain neurons do not show significant
differences in the ISIs of their responses to the primary tones comprising
beats over the same interval range. Thus, spike train ISIs do not encode
absolute frequency. Comparisons of the ISIs of ±dF beats and tone responses
show that in the majority of cases (60%), the ISIs of one beat are similar to
those of tones, while the ISIs of the other beat shift. To identify a frequency
encoding strategy that could give rise to such an ISI code, we simulated the
neurophysiological data by a computational model which implements
differential filtering of the beat waveform by two channels followed by
coincidence detection of their phase locked spikes. This now suggests that
midbrain ISIs encode the differential phase modulations of beat waveforns,
thereby providing the spectral information necessary to segregate the
concurrent hums of "singing" males. We further suggest that a comparable
mechanism may function in the segregation of concurrent signals for other
vertebrates, including mammals. Supported by NIH DC-00092.

ORIGIN OF COMBINATION-SENSITIVE NEURONS IN THE MUSTACHED
BAT: EVIDENCE FROM THE NUCLEI OF THE LATERAL LEMNISCUS. C.V.
Portfors1* and J.J. Wenstrup1.1Dept. of Neurobiology, Northeastern Ohio
Universities College of Medicine, Rootstown, OH 44272.
The analysis of biologically important sounds requires integration of
specific spectral and temporal elements of these sounds. One form of
integration is performed by combination-sensitive neurons, which respond
best to combinations of two or more elements of sounds. Combinationsensitive neurons are found in the forebrain of a variety of vertebrates, and
have been implicated in acoustic behaviors such as social communication and
biosonar. In the mustached bat, combination-sensitive neurons occyr in the
forebrain, but are also common in the central nucleus of the inferior colliculus
(ICC). To determine the origin of combination-sensitive responses, this study
examines whether combination-sensitive neurons occur in the nuclei of the
lateral lemniscus (NLL). We studied the NLL because the majority of
ascending input (over 50%) to the ICC comes from the NLL. We recorded and
histologically localized 90 single units in the monaural nuclei of the lateral
lemniscus. The majority (87%) displayed a single excitatory tuning curve; they
were not combination-sensitive. Eleven neurons were combination-sensitive;
four were facilitated and seven were inhibited by the combination of two
separate frequency bands. In contrast to the lack of combination-sensitive
responses in the NLL, in the higher frequency representations of the ICC over
50% of the responses are facilitatory and 25% are inhibitory combinationsensitive. This suggests that the majority of combination-sensitive responses
originate in the ICC, and that the monaural nuclei of the lateral lemniscus may
provide the inputs to create these responses.
(Supported by NIH 5 R01 DC00937)

157.13

157.14

RESPONSES OF INFERIOR COLLICULUS NEURONS TO TONES IN
COMODULATED AND UNCOMODULATED NOISE.
J.A. Henderson,
Hongzhe Li, and D.G, Sinex*. Department of Speech and Hearing Science,
Arizona State University, Tempe, AZ 85287.
Psychoacoustical studies have shown that detection of a pure tone signal masked
by a narrow band of noise can be improved by adding additional bands of noise,
provided the envelopes of the bands are correlated. This unexpected phenomenon
has been termed comodulation masking release (CMR) (Hall, et al., JASA, 76: SO56, 1984). The aim of the present experiment was to study neural responses to
CMR stimuli using standard extracellular recording techniques. Responses were
obtained from the central nucleus of the inferior colliculus (ICC) in the
anesthetized chinchiUa. Rate-level curves for characteristic frequency (CF) tones
embedded in a modulated narrow band of noise centered at CF were obtained.
Comodulated or uncomodulated flanking bands of noise were added, and the ratelevel curve was remeasured. Center frequencies of the flanking bands were varied
over a range of up to two octaves. Adding flanking bands could change the
temporal pattern of the neural response, even when the center frequency of the
flanking band was more than a critical bandwidth away from CF. Uncomodulated
flanking bands produced larger changes in the response pattern than comodulated
flanking bands. Often, the uncomodulated flanking band elicited responses during
previously-silent intervals in the discharge pattern. Approximately half the
neurons exhibited lower masked thresholds in comodulated noise than in
uncomodulated noise. For the remaining neurons, thresholds were generally
equal. Instances of lower thresholds in uncomodulated noise were observed, but
only for a few frequencies in a few neurons.

THREE-DIMENSIONAL RECONSTRUCTION OF PERIODOTOPY IN
INFERIOR COLLICULUS OF GERBIL: A 2-DEOXYGLUCOSE STUDY.
G. Langner*, S. Braun Inst, of Zoology, Techn. Univ. of Darmstadt, Germany.
Input from cochlear nucleus to the central inferior colliculus (ICC) provides
temporal information about the periodicity of acoustic signals. In the ICC the
temporal
information is transferred into a rate code and represented spatially
orthogonal to the well known tonotopic organization. A periodotopic organization
has been demonstrated in mid- and forebrain of various animals including man
(Langner, Hearing Res., 60, 1992; Langner et al., J. Comp. Physiol.A, 181, 1997).
Most recently we were able to obtain a direct visualization of the periodotopy and
its relation to the tonotopy in the ICC of the Mongolian Gerbil by the 14C-2-Deoxyglucose technique. Stimuli were pure tones and harmonic complexes with fundamental frequencies ranging from 40 to 800 Hz and cut-off frequencies at the low
(0.4 - 5 kHz) and the high frequency border (2 - 8 kHz) of their broad band
spectra. The stimuli were presented either separately or consecutively in the same
experiment. To avoid distortions an electrostatic headphone (STAX) and low
sound pressure levels (0-55 dB SPL) were used. Animals were placed singly in a
soundproofed chamber and were stimulated for 90 min. Afterwards their brain was
removed, frozen, and cut in a cryostat (Leica) into 20pm thick, transversal, serial
sections in order to expose X-ray-films (Kodak) for 2 weeks.
The results were analyzed in three dimensions and visualized by 3D-computer
reconstructions and show that periodicity is represented in the ICC approximately
orthogonal to the frequency representation. Orthogonality holds for the middle
third of the caudo-rotral extent of the ICC with periodicity labels extending from
dorso- lateral to ventro-medial. In the rostral part of the ICC these labels extend
dorso-ventrally blending with pure tone labeling.
Supported by DFG, SFB 269.
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NEURAL CALCULATIONS OF SOUND DURATION:
CONTROL BY EXCITATORY-INHIBITORY INTERACTIONS
IN THE INFERIOR COLLICULUS. D, Ehrlich?. E. Covey L2 and
J. H, Cassedav'.2^1 Dept. of Psychology, Univ. of Washington,
Seattle, WA 98195, 2Dept. Neurobioiogy, Duke Univ. Med Ctr.,
Durham, NC 27710.
In the inferior colliculus of the big brown bat, a subpopulation of
cells (~35%) are tuned to a narrow range of sound duration. This
duration tuning has not been seen at lower levels of the auditory
pathway, suggesting that it arises at the IC through the interaction of
sound-evoked, temporally-offset excitatory and inhibitory inputs. To
test this hypothesis we recorded from 25 duration tuned neurons in
the IC and examined duration tuning before and after iontophoretic
infusion of the antagonists to GABAa (bicuculline) or glycine
(strychnine). The criterion for duration tuning was that the neuron
responded to one sound duration with a response rate >50% than the
response rate to other durations. Out of 19 units tested with
biculculine, duration tuning was eliminated in 14, broadened in 2 and
had no effect on 3. Out of 9 units tested with strychine, duration
tuning was eliminated in 5, widened in 1 and had no effect in 2. For
units tested with both bicuculline and strychnine, bicuculline yielded
the greatest decrement in duration tuning. These findings support the
hypothesis that duration tuning is created in the IC by an interplay of
excitatory and inhibitory ascending inputs that arrive at the IC offset
in time from one another.
Research supported by NIH grants DC-00287 and DC-00607.

RESPONSE STRENGTH AND LATENCY ENCODE TWO-GLINT ECHOES IN
THE AUDITORY SYS TEM OF FHE BIG BROWN BAT, EPTES/CUS FUSCHS.
M.I. Sanderson and J.A. Simmons*. Dept. of Neuroscience, Brown Univ.
Providence, Rl 02912.
Behavioral experiments have shown that echolocating bats such as Eptesicns
fuscus collapse two features of complex objects, range and texture, onto a single
perceptual axis of distance. An object’s texture corresponds to its multiple
reflecting surfaces (termed “glints”) which, if spaced closely enough (< 7 cm),
return overlapping echoes when ensonified by a bat’s pulse. Interference in the
spectrum of the multiple-glint echo occurs at the cochlea due to its integral :on time.
Target range information is available from the latency differences between
responses to the emitted pulse and returning multiple-glint echo. Glint-separation,
if less than -400 ps, is carried by the broadband spectral profile available in the
relative response strength across neurons tuned to different frequencies. We
present both averaged local field potentials (LFP) from the brainstem and single
unit data from the inferior colliculus (IC) which suggest that latency, in addition to
response strength, encodes two-glint separation. In addition, a population of 116 IC
units was presented with a sequence of 54 pulse-echo pairs which simulated the
stereotypical acoustic signal from an echolocating bat pursuing a small insect. The
results clearly demonstrate that for stimulus duration and pulse repetition rates most
similar to those used for the discrimination of sonar targets, IC neurons discharge
one or fewer spikes per pulse or echo. Thus, during discrimination tasks, the timing
and discharge probability of single spikes feed forw ard to higher brain centers
where a large percentage of neurons are sensitive to pulse-echo delay. We
recorded single units and LFPs from auditory cortex to understand how pulse-echo
delay and inter-echo delay (using two-glint echoes) are represented in a new
format above the midbrain.
Supported by grants from ONR and NSF.

157.17

157.18

NATURALISTIC STIMULI REVEAL CONTRAST TUNING IN THE
CAT AUDITORY MIDBRAIN. M.A.Escabi1,2, L.M.Miller1,2. H.L.Read1*
C.E.Schreiner1,2, ’Keck Center for Integrative Neuroscience and
2UCSF/UCB Bioengineering Graduate Group, Univ. of Calif. 94143.
As with other sensory systems, the auditory system is faced with the challenge
of encoding information about sensory stimuli which vary dynamically about
their mean intensity. An analysis of a large collection of natural sounds reveals
that natural sounds have dynamic spectro-temporal envelopes with relative
amplitude fluctuations that span several orders of magnitude. Unlike traditional
definitions of contrast which define it by the maximum and the minimum
amplitude values or by the modulation depth, here we define contrast as the
relative distribution of amplitudes of the stimulus spectro-temporal envelope.
Spectro-temporal contrast distributions for all natural sounds tested are
gaussianly distributed on a decibel axis and have standard deviations on the order
of 6—20 dB. Given this observation, we tested the hypothesis that auditory
neurons in the cat auditory midbrain are adapted to analyze such spectrotemporal amplitude fluctuations. Using naturalistic ripple noise stimuli with
different contrast distributions it is shown that inferior colliculus neurons can be
tuned to a specific stimulus contrast in addition to the mean stimulus intensity.
The auditory system can therefore potentially use contrast information in natural
stimuli to distinguish between various classes of natural sounds. Additionally it is
shown that auditory neurons exploit the dynamic range and the relative spectrotemporal energy distribution observed in natural stimuli to accurately extract
spectral and temporal information at time scales comparable to the neuron’s
spectro-temporal receptive field. These findings therefore suggest that auditory
neurons are matched, by virtue of their operating range, to analyze acoustic
stimuli with naturalistic contrast properties. (Supported by DC02260 and
NSF9720398)

FUNCTIONAL CONNECTIVITY IN THE AUDITORY
THALAMOCORTICAL SYSTEM. L.M.Miller1,2*, C.E.Schreiner1,2.
M.A.Escabi1,2. H.L.Read1, 'Keck Center for Integrative Neuroscience and
2UCSF/UCB Bioengineering Graduate Group, Univ. of Calif. 94143.
The broad similarity of receptive fields in auditory thalamus and cortex
stands in marked contrast to the visual system, where a clear and abrupt
transformation takes place from center-surround in LGN to simple-cell in
V1. The question then arises, what transformation, besides the well-known
temporal slowing, occurs from the medial geniculate to auditory cortex. Or
more specifically, how are cortical cells’ response properties determined by
ascending activity? One extreme possibility is that cortical receptive fields
are completely inherited from individual thalamic inputs. In other words,
each cortical cell would have precisely the same spectral receptive field as
every one of its thalamic inputs. Another possibility is that cortical
receptive fields are constructed from convergent thalamic subcomponents.
In this case, an array of thalamic neurons with varying spectral properties
would converge onto a cortical cell, whose receptive field would then be a
composite of all the inputs. We record simultaneously single units in the
ventral medial geniculate (MGBv) and primary auditory cortex (AI) of the
ketamine-anesthetized cat. Cross-correlation analysis identified several
thalamocortical pairs of neurons that were functionally connected. The
receptive field properties are determined using reverse-correlation with
dynamic and spectrally complex sounds. We find that cortical spectrotemporal receptive fields generally do not inherit their properties as a
whole from individual thalamic inputs. Rather, they may be actively
constructed, piecemeal from relatively diverse thalamic contributions.
Supported by DC02260 and the Whitaker Foundation.

157.19

157.20

NONLINEARITIES IN THE ENCODING OF SPECTRAL INFORMATION BY
COCHLEAR NUCLEUS NEURONS OF THE DECEREBRATE CAT. J, J, Yu
and E. D, Young*. Department of Biomedical Engineering and Center for Hearing
Sciences, Johns Hopkins University School of Medicine; Baltimore, MD 21205.
The goal of this work is to understand how neuron classes in the ventral (VCN)
and dorsal (DCN) cochlear nuclei encode biologically-relevant spectral information.
In this study, each auditory neuron is modelled as a stationary nonlinear inputoutput system that transforms the spectral levels of a complex acoustic stimulus into
average discharge rate. The input-output behavior of this system is described by a
set of constant parameters or “weights” that represent plh-order correlations between
rate and the level of each frequency component of the spectrum. Weights are
computed from rate responses to uncorrelated noise spectra composed of frequency
bands with pseudo-random level values. The validity of the parameters is then
tested by the accuracy with which they can be used to predict responses to novel
noise stimuli, including realistic examples of spectrally-encoded information like
broad band noise filtered by head-related transfer functions.
Noise stimuli were presented to neurons in the DCN (33) and VCN (15) of the
decerebrate cat. Average rate responses to uncorrelated noise were used to compute
first- and second-order weights. The transformation of spectral level into average
rate appears to be dominated by first-order weights alone in VCN and some DCN
neuron (Type I/III and Type III) classes. These neurons may be involved in a rateplace representation of spectral information, for they exhibit peak linear weights at
BF with significant weight values only within 0.375 octaves around BF. The linear
model often overestimates near-threshold rates in these neurons, but this error can
be reduced in a second-order model. In contrast, neither the first- nor second-order
models predict responses of DCN Type II or Type IV neurons. The behavior of
these neurons appears to be level- and stimulus-dependent, indicating that the
responses are influenced by correlations between rate and level that are higher than
second-order. These neurons may be encoding information about more complex
spectral features. Supported by NIDCD grants DC00115 and DCOOO23.

NON-COINCIDENT INHIBITION MODIFIES THE DISCHARGE PATTERN
OF PYRAMIDAL CELLS IN THE DORSAL COCHLEAR NUCLEUS
P.O. Kanold*. P.B, Manis. Center for Hearing Sciences and Depts. of Biomedical
Engineering and Otolaryngology-HNS, The Johns Hopkins University School cf
Medicine, Baltimore, MD 21205.
Pyramidal cells in the dorsal cochlear nucleus (DCN) can show three distinct
temporal discharge properties: “regular firing”, “pauser” and “buildup”. The
“pauser”: and “buildup” patterns show, respectively, a long first spike interval
(FISI) or long first spike latency (FSL), and depend on prior hyperpolarization. We
recently showed that deinactivation of a fast transient potassium conductance (Ikif ) is
sufficient to account for the observed behavior. However the question remains
whether under physiological conditions IKif can be deinactivated sufficiently to
observe a change in discharge pattern. The potential sources for creating
hyperpolarization in DCN pyramidal cells include inhibitory synaptic inputs. To
test whether inhibitory inputs can change the discharge pattern we recorded from
DCN pyramidal cells in brain slices from adult guinea pig (N=4) and young rat
(N=9) and compared the discharge pattern evoked by depolarization with and
without preceding electrical stimulation of the superficial DCN at varying delays (5100 ms). Stimulation of the superficial DCN evoked IPSPs in DCN pyramidal cells
that are likely to be mediated by cartwheel cells. For cells discharging in the
“pauser” pattern the FISI was increased by up to 8 ms whereas cells firing in the
“buildup” pattern showed an increase in FSL by up to 15 ms. 6 cells showed a
transition from a ’’pauser” to ’’buildup” pattern. These changes in discharge pattern
were strongest for short delays, but also occurred for delays long enough for the
IPSP to almost completely decay. The observed changes in discharge pattern are
consistent with the deinactivation of Ikif during the inhibition.
These results suggest that inhibitory synaptic inputs that precede excitatory inputs
have the ability to profoundly change the temporal responses of DCN principal cells
without requiring temporal overlap between the excitatory and inhibitory inputs.
Supported by NIDCD grant ROI DC00425 to PBM.
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NEURAL ENCODING OF GAPS IN PRIMARY AUDITORY CORTEX (A1) OF
THE AWAKE MONKEY. M Steinschneider*, E Zotova, Y Fishman and J
Arezzo. Albert Einstein College of Medicine, Bronx NY, 10461.
Gap detection paradigms are standard methods for assessing temporal
acuity of auditory perception. Deficits in stroke patients, and lesion studies in
experimental animals, implicate auditory cortex in the detection of temporal
discontinuities within sounds. We are evaluating the hypothesis that
synchronized responses of A1 neuronal ensembles are important contributors
to the neural encoding of gaps.
Stimuli are two pure tones or noise bursts (5 msec rise-fall times, 60 dB
SPL). The first sound is either 15 or 100 msec in duration, and is followed by
gaps of 0-50 msec and subsequent presentation of the second sound for a
total stimulus duration of 175 msec. Neural ensemble measures include
analysis of current source density components, multiunit activity and cell
clusters. Ratios of transient responses evoked by the onset of the second
sound versus the first sound are examined.
Preliminary results indicate that: (1) A1 is capable of detecting the shortest
duration gaps, (2) the most marked improvement in gap detection occurs with
increases in gaps from 0 to 20 msec, (3) high best frequency (BF) regions of
A1 are more sensitive for gap detection than low BF regions, and (4) gaps
occurring after the longer duration first sound are more easily detected than
those occurring after the shorter duration first sound. These results mirror
multiple psychoacoustical findings.
We conclude that synchronized responses of neuronal populations in A1
evoked by stimulus onsets may represent a relevant physiological mechanism
for behavioral gap detection. This experimental paradigm appears to be a
useful model for assessing neural correlates of temporal resolution in the
auditory system. Supported by DC00657.

SENSORY SYSTEMS: VISUAL PSYCHOPHYSICS—MOTION
158.1

158.2

DEPTH SPECIFIED BY MOTION PARALLAX AND DISPARITY IN
MACAQUE MONKEYS. A.Cao and P.H. Schiller*. Dept. of Brain and
Cognitive Science, Massachusetts Institute of Technology, Cambridge, MA
02139
Human psychophysics experiments show that motion parallax and
binocular disparity cues produce similar depth percepts. Depth aftereffect
produced by prolonged viewing of stimuli specified by one of these cues
can cancel the percept specified by the other (Graham & Rogers, 1982).
We used dynamic random-dot stereograms with surface patches at different
depth level (1.68 -10.1 min arc). Depth was specified either by motion
parallax, or binocular disparity, or by a combination of the two. Two
macaque monkeys were tested with detection and discrimination tasks.
Consistent with human results, both monkeys detected parallax- and
disparity-defined surface patches equally well (percent correct > 85%).
However, in the discrimination task, monkeys preformed parallax trials less
accurately, and also with a 50-100 ms longer latency, compare to the
disparity trials. Performance on binocularly and monocularly viewed
motion parallax stimuli did not differ significantly. Furthermore, when
disparity and parallax cues conflict, disparity often has a dominant effect on
monkeys’ responses. Our result confirms the idea that motion parallax and
disparity are both effective depth cues, although motion parallax is less
reliable for accurate depth discrimination. Experiments using single unit
recording are in progress to determine if there is any interaction between
motion parallax and disparity at the cellular level. This work is supported
by EY00676.

INTER-HEMISPHERIC TRANSFER OF DIRECTIONAL MOTION
INFORMATION IN MACAQUE MONKEYS D, Zaksas. J.W. Bislev and
T. Pasternak*. Dept. Neurobiology & Anatomy and Center for Visual
Science, University of Rochester. Rochester, NY 14642.
We recently showed that while information about the direction of
coherent motion can be processed and stored without loss in the absence
of area MT, integration of local directional signals cannot. (Bisley and
Pasternak, 1999). In this study, we used a match-to-sample paradigm
consisting of two sequential stimuli separated by a temporal delay to
compare the ability of normal monkeys to transfer information about
motion direction between corresponding locations of opposite
hemispheres. We used two tasks, one requiring accurate direction
discrimination of coherently moving dots, the other involving
discrimination between opposite directions of non-coherently moving
dots. In the precise direction discrimination task, there was a loss in
performance when the stimuli were placed on either side of the vertical
meridian and no loss when the two stimuli were separated by the same
distance within a single hemifield. On the other hand, in the task
involving non-coherent motion and opposite direction discrimination,
there was no loss of performance regardless of spatial separation. The
interhemispheric loss of information about the precise direction of
coherently moving dots may be related to our previous finding that
coherent motion can be encoded outside of area MT, possibly at earlier
stages of cortical processing where the interconnections between the two
hemispheres are limited to a narrow strip near the vertical meridian. On
the other hand, the efficient transfer of non-coherent motion information
between the two hemispheres may be related to the involvement of MT in
processing of non-coherent motion and its strong interconnections with
MT in the other hemisphere.
Supported by EY11749 and P30 EY01319.

158.3

158.4

CHARACTERIZING ANTICIPATORY MOTOR RESPONSE IN THE
PARADIGM OF PAIRED VISUAL STIMULI. A.Z.Pfeiffer, R.Pereira-Silva,
R.F.Zepka, K.Sameshima*. School of Medicine, Univ. Sao Paulo, Brazil.
In this work, we sought to characterize the anticipatory responses in reaction time
(RT) protocol of paired visual stimuli. The protocol consisted in presenting a pair of
short-duration visual stimulus with inter-stimulus intervals (ISI) chosen randomly
from [50.0, 83.3, .... 516.7] ms. The subject performance was evaluated along 5 successive test sessions. Ten subjects were recruited in university environment. It was
considered as anticipation those responses with RT < 200 ms. This value
corresponds to the best average RT among our subjects for ISI in 350-500 ms range
obtained in a control protocol in which anticipatory responses were prevented by
presenting 20% of the trials with long ISIs. Six subjects presented anticipatory
response pattern characterized by the
occurrence of significant number of
trials with RT < 200 ms for ISI > 300
.
ms. As a consequence (see insert),
Y = -0.026x + 231.1 (1)
RT (o) for ISI > 200 ms can be nicely ?300
g,°goBt
fit by a line, Eq.(2). RT from control protocol (□) is practically constant * 200
for ISI > 350 ms, Eq.(l). Our results
1M
Y« - 0.241 x* 280.2 (2)
showed that six subjects learned to
elicit on average consistent and
o
0
100
206
predictable anticipatory motor responses in this protocol. The ISI
value at the regression lines intersection was interpreted as the moment at which one
can start anticipating the appearance of the second stimulus.

OCULAR FOLLOWING RESPONSES IN MONKEYS TRAINED TO FIXATE.
P.J. Benson. K, Guo and C, Blakemore. SPON: British Neuroscience Association.
University Laboratory of Physiology, Parks Road, Oxford OXI 3PT, UK.
Coherent stimulus motion normally induces ocular reflexes that tend to stabilise
the retinal image. We are interested in how such optokinetic reflexes interact with
active fixation of a stationary object. Two rhesus macaques were trained to fixate a
small spot on a computer display by rewarding them when the spot dimmed. Trials
were aborted if gaze (monitored by means of a scleral coil) deviated by more than
ldeg from the fixation point. During the fixation task, circular patches of drifting
grating were presented in the plane of fixation for periods of 500ms. Optokinetic
responses of ultra-short latency (as little as 60ms) occurred, but were usually
terminated by a corrective fast movement back toward the fixation point after about
225ms. The latency, velocity and acceleration of the following movement varied
with the temporal and spatial frequency, contrast, size and retinal eccentricity of the
grating. Tracking gain fell from about 1.0 at 0.5Hz temporal frequency (at lc/deg) to
about 0.1 at 10Hz. Interestingly, following movements in the correct direction also
occurred for drifting isoluminant chromatic gratings, although latency was longer
(minimum about 80ms) and gain lower. When a second drifting grating was
superimposed, to produce a perceptually fused ‘plaid’, apparently drifting along the
common vector (pattern motion), the tracking movement was in the pattern-motion
direction. At low temporal frequency, tracking was roughly matched in velocity to
the shared vector rather than the individual gratings, falling to 0.1 gain at MHz for
achromatic plaids and even lower for isoluminant patterns. Optokinetic responses are
not entirely suppressed during active fixation and are correlated with many attributes
of stimulus motion, even when the stimuli are thought to be analysed in high-level
visual cortical areas. Supported by the Medical Research Council, the US Air Force
and the Oxford McDonnell-Pew Centre for Cognitive Neuroscience.

Financial support: FAPESP fellowships to AZP, RPS and RFZ.
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A SUPPORT VECTOR APPROACH TO SACCADIC TARGET SELECTION IN
SYMMETRIC TILINGS. A. Assadr*H. Eghbalnia, Chunmei Lu, and J. Carew.. Dept.
of Mathematics, University of Wisconsin-Madison, WI 53706.
Human eye movement and its connection to visual perception has been well
studied. In previous work (Manske, et. al, 1999), we have hypothesized a dynamic
model of symmetry detection where adaptive saccades play an important role. In this
work we present a computational model of saccade target selection and use it to
simulate global symmetry detection of tilings from local (foveal) symmetry
approximations. The computational model is based on the theory of Support Vector
Machines (Vapnik, 1995) and support vector regression techniques (Smola and
Scholkopf, 1998) which are distinguished by minimization of generalization error
(compared to standard techniques that minimize the empirical error). In our model,
we also rely on the properties of the superior colliculus (Sparks 1986, Sparks and
Hartwich-Young, 1989) and the notion of attention in visual search (Wolfe, 1994).
As the information flows toward deeper layers of the superior colliculus, the size of
the visual field of the retinotopically mapped visual cells increase. The decision for a
saccade is made early. However, the magnitude and the direction are decided at a
later time. In the proposed model, and in a similar fashion to the above description,
contrast information is integrated over simulated visual fields using radial basis
functions. The result of integration provides the points for the support vector
regression. The shape of the regression curve indicates the presence of salience
features early. As the size of the simulated visual fields is increased, larger features
are captured by the support vector regression curves. The change in the shape of
regression curves is a "flow of regression curves" where high salience areas are
distinguished by the magnitude of change in the flow.

PERISACCADIC COMPRESSION OF VISUAL SPACE IS CONTINGENT ON
POSTSACCADIC VISUAL REFERENCES. M.Lappe*, H.Awater fc B.Krekelberg, Dept. Zoology k, Neurobiology, Ruhr University, Bochum, Germany
Transient visual stimuli presented shortly before or during a saccade are perceptually mislocated. The apparent shift of the location of a brief flash in the
direction of the saccade has long been known. More recently, Ross et al. (Nature,
1997) reported that targets beyond the saccade goal are mislocated against the
direction of the saccade, leading to a perceptual compression of space around the
saccade goal. But a comparable study at the same time found no such compression (Cai et al., Nature, 1997). Here we reconcile this discrepancy. We show that
the compression is contingent on the presence of visual references, absent in Cai
et al.’s but present in Ross et al.’s work. Moreover, we show that these visual
references are evaluated by the visual system only after the saccade.
Subjects made horizontal 12° saccades over a large screen in a darkened room.
Around the time of the saccade, a vertical bar was briefly (8ms) flashed at one
of 4 locations around the saccade goal. Subjects indicated the perceived location
of the bar with a pointer that became available 500ms later. At various times, a
ruler was shown on the screen as a visual reference. Fixation point and saccade
goal were extinguished well before the saccade and the flash.
We separately analysed shift and compression. Shift (mean perceived location
of the 4 bars) was similar in all conditions. Compression was quantified by the
standard deviation of the perceived locations. Strong compression occured when
the visual reference was present. In darkness, compression was much weaker.
Analysis of the timing revealed that the compression selectively depended on
visual references immediately after the flash and the termination of the saccade.
We suggest that the perisaccadic compression reflects a recalibration of perceptual space that uses visual information from during and after the saccade.
Different mechanisms must be responsible for the shift and the compression.
Supported by the Human Frontier Science Program.

158.7

158.8

SPATIAL ATTENTION DOES NOT INFLUENCE THE METRICS OF
SACCADES TO A NEARBY SPATIAL LOCATION V. M, Ciaramitaro* and P.
W. Glimcher Center for Neural Science, New York University; New York, NY
10003.
Several studies have suggested that the covert and overt orienting of attention share
common mechanisms. We developed a behavioral task in the monkey where the
allocation of attention to a spatial location (1) could be systematically re-directed and
quantified (covert orienting) and (2) was dissociated from the location to which a
saccadic eye movement was generated (overt orienting).
While the monkey fixated centrally, a brightness discrimination stimulus was
presented, in 800 trial blocks. The stimulus appeared at one of two locations: 6
degrees to the right and either 10 degrees above or below fixation. Across blocks, the
probability of stimulus occurrence at these two locations was parametrically varied.
Irrespective of where the discrimination stimulus appeared, the monkey indicated his
judgment on the discrimination task by generating a saccadic eye movement to one of
two separate locations: 12 degrees directly above or below fixation. The
discrimination stimulus location (the attended location) and the saccadic target
location were only 6 degrees apart on half of trials, but far removed on the other half
of trials.
At both stimulus locations, sensitivity (d') on the visual discrimination task
improved with increasing stimulus probability. Despite the systematic influence of
probability on sensitivity, we found no evidence of systematic changes in saccade
latency, amplitude, or direction, with probability, regardless of the proximity of the
attended location to the saccadic target location.
Thus, in a psychophysical paradigm where attention could be systematically
redirected, quantified, and spatially separated from the saccadic target location, we
found no systematic effects on saccade metrics as a function of the allocation of
attention. This finding suggests that if a covert saccade was planned to the attended
location, it did not influence the metrics of overt saccades in this task.
Supported by MH12154, EY07136 and The McKnight Foundation.

ILLUSORY MOTION PERCEPTION IMMEDIATELY AFTER SACCADIC
EYE MOVEMENTS. lunghyun Park* & Choongkil -Lee- Dept. of Psychology,
Seoul National Univ. Seoul 151-742, Korea.
It has been shown that execution of a saccadic eye movement temporarily
influences the subsequent performance of the perceptual and oculomotor systems.
In this study, we examined perceptual consequences of the residual signal of
saccadic eye movement in perceived direction of visual motion.
Six head-fixed human subjects were instructed to follow a visual target produced
by a laser on a rear-projection screen in an otherwise completely dark room. Eye
positions were monitored with an infra-red reflection method (IRIS, Skalar
Medical). The target first jumped from 15 deg to the right or left, to the screen
center. After a variable delay, between 0 and 100ms, immediately after the eye
entered a 4 deg-window centered about the central target, the target moved 10 deg
from the center at -800 deg/s along a randomly-determined direction between -45
and +45 deg (0 deg for straight up). Subjects, then, reported the perceived direction
of the target motion by adjusting with a jog/shuttle controller the orientation of a line
segment spanning 10 deg produced by the same laser. The interval from the offset
of centripetal saccade to the onset of target motion, the direction of centripetal
saccade (leftward or rightward), and the direction of target motion, were varied.
The perceived direction of the target motion, when compared with that of
control trials where no saccades were made, contained an error in the direction
opposite to that of preceding saccades, even though the site and motion vector of
the target's retinal image were the same. The magnitude of the error systematically
depended on the interval from the offset of preceding saccade to the onset of target
motion. These results indicate that the integration of the extraretinal signal, thought
to be necessary for successful interpretation of object motion, inappropriately
outlasts saccades and gives a rise to an illusory motion perception. (Supported by
the Korea Ministry of Science and Technology).

158.9

158.10

MERIDIONAL BIAS IN THE PERCEPTION OF TRANSPARENT MOTION
Denis Schluppeck, Timothy J. Andrews* and Colin Blakemore
University Laboratory Physiology, Oxford University, Parks Road, Oxford, UK

A FLASHED STIMULUS PERCEPTUALLY LAGS A MOVING ONE DUE TO
REWRITING OF THE PAST, NOT EXTRAPOLATION INTO THE FUTURE.
D. M. Egelman and T. J. Sejnowski*. The Salk Institute, La Jolla, CA, 92037.
To explain the flash-lag effect, wherein coinciding flashed and moving objects
appear to be displaced, it has been proposed that the visual system accounts for neural
delays by extrapolating the trajectory of moving stimuli. We here present evidence that
motion extrapolation cannot be the explanation underlying the flash-lag effect.
Subjects observed a ring moving in a circular trajectory on a computer screen (Fig 1),
and indicated whether a flashed disc appeared to be directly in the middle of that ring.
We assayed the perceived displacement between the flashed and moving objects by
varying their physical displacement. The initial trajectory of the ring was identical in
all cases; however, immediately after the flash, the ring either continued, stopped, or
reversed. If motion extrapolation were occurring, the extrapolated trajectory should be
the same in all cases, since the initial trajectory was identical. Contrary to that
hypothesis, for subjects to report spatial coincidence, the flash needed to be
differentially displaced depending on
the trajectory succeeding the flash
(see figure). We found identical
perceptual results when the ring did
not begin to move until after the flash
appeared, further demonstrating that
the flash-lag effect is independent of
initial trajectory. Moreover, only -50
msec of movement after the flash is
sufficient to determine the direction
of flash-lag. Our results are not
consistent with mption extrapolation.
Instead, the perception attributed to an event at time t=t„ seems to depend on what
happens in to < t < to+50 msec. Supported by NSF and Sloan Foundation.

Although the motion of a single grating moving behind a circular aperture is
ambiguous in direction and velocity, it is typically perceived as moving
orthogonal to the orientation of its contours. If a second drifting grating,
oriented roughly 90° to the first, is superimposed on it, the two appear to fuse
and to drift in a direction equal to their common vector of motion. The visual
system may resolve the ambiguity of each grating by tracking the unambiguous
movement of their intersections. In the present study, we determined the
apparent direction of motion of superimposed gratings forming an angle so large
that they did not fuse but appeared to drift transparently over each other.
Subjects viewed (10°) circular patches containing two superimposed drifting
square-wave gratings (both of 0.3 contrast, 0.5 c/deg spatial frequency, 1 Hz
temporal frequency of drift) that differed in directions of motion by 140°. The
gratings were arranged symmetrically about the horizontal and vertical axes
giving four possible stimulus geometries. During each presentation, the subject
fixated while the stimulus was briefly presented (2000 ms) and then indicated
the perceived direction of motion. During transparent motion, the gratings rarely
appeared to move in directions exactly orthogonal to their orientations. Rather,
each grating was perceived to move in a direction closer to the nearest cardinal
axis (by an average deviation of 13.2° + 0.27 SD). This perceptual bias for
cardinal directions of motion may result from anisotropies in the underlying
neural circuitry resulting from naturally occurring bias in the visual
environment. Supported by the MRC and the McDonnell-Pew Centre for
Cognitive Neuroscience.
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The restriction of inter-ocular and inter-locational transfer of
global motion discrimination during the course of learning:
The role of feedforward and feedback interactions.
T. Watanabe, I. Mukai, and J. Liederman*. Brain, Behavior and
Cognition Program, Boston University, Boston, MA, 02215

The degree of inter-ocular and inter-locational transfer was examined
at several stages of learning. The task was to discriminate two
successively presented stream of dots which differed in global motion
direction by 3 deg. In the bottom-up absent condition, a random-dot
cinematogram was used in which no single dot moved within 5 deg of
the global motion flow. In the bottom-up present condition, some
dots moved within 5 deg. of the global motion flow. In Experiment 1,
stimuli were presented monocularly; in Experiment 2, stimuli were
presented binocularly to either the upper or lower visual field. During
the bottom-up absent condition, as discrimination improved from 60
to 70% inter-ocular transfer diminished, but inter-locational transfer
remained quite extensive. In contrast, during the bottom-up present
condition, by 70% accuracy, inter-ocular transfer and inter-locational
transfer were both limited. We conclude that 1) improvements in
discrimination may be mediated by increased involvement of lower
visual areas and 2) bottom-up signals coding for the local motion
direction restrict the visual area in which perceptual learning of
discrimination of the global motion flow direction occurs.
Supported by NSF grant (SBR-9631573).

PAIN MODULATION: VISCERAL AFFERENTS
159.2

159.1
CHANGES IN BLADDER ACTIVITY AND FOS-PROTEIN INDUCTION
DURING NOXIOUS CHEMICAL STIMULATION OF THE RAT URINARY
BLADDER. M. Handa1*, G.V. Allen2, J.W. Downie1,3. ’Dept. of Pharmacology;
2Dept. of Anatomy and Neurobioiogy; 3Dept. of Urology, Dalhousie Univ.;
Halifax, NS B3H 4H7.
Bladder afferent information is conveyed from the sacral spinal cord to
both the ventrolateral periaqueductal gray (PAGvl) and Barrington's nucleus
(BN) (the pontine micturition center). The lateral parabrachial nucleus
(PBN-1) in the brainstem receives bladder nociceptive input from the spinal
Lord. We sought to determine the central sites that may be involved in the
mediation of bladder hyperactivity during noxious stimulation of the
bladder. Methods. Bladder cannulas (PE200) were implanted in female
Wistar rats under isoflurane anesthesia. Five days later, rats were divided
into sham (cannula only), distension control (0.9% saline) and noxious
distension (0.5% acetic acid (HOAc)) groups. Conscious cystometric infusions
of saline and HOAc lasted 2.5 hours at a rate of O.lmL/min. This was
followed by transcardial perfusion under deep anesthesia with 4% paraformaldehyde. Brainstem slices were processed for immunohistochemical
analysis of Fos protein expression using the ABC/DAB method. Results.
Infusion of HOAc induced bladder hyperactivity characterized by decreased
inter-micturition interval compared to saline infusion. Saline infused rats
showed moderate Fos expression in PAG and BN and very little staining in
PBN. Increased Fos expression was demonstrated in all three areas in the
HOAc group. The greatest difference from saline control was noted in PBN.
Conclusion. As previous studies in our lab have shown that both BN and PAG
are essential for micturition, we speculate here that PBN has an important
role in the response to bladder irritation. Future studies will investigate the
potential facilitatory role of PBN on micturition during noxious stimulation
of the bladder. Supported by MRC Canada.

RECURRING VISCERAL HYPERALGESIA IS MEDIATED BY A DYNAMIC
NEURAL EXCHANGE ALONG A DORSAL HORN - THALAMUS SENSITIZED
AXIS: A NEW MODEL OF IBS IN RATS. E. D. Al-Chaer* and P. J. Pasricha.
Departments of Internal Medicine and Anatomy and Neurosciences, University of
Texas Medical Branch, Galveston, TX 77555-0632.
This study shows that colon irritation in neonatal rats results in recurring colon
hyperalgesia, a characterisitic feature of the irritable bowel syndrome (IBS), and longlasting central neural sensitization. Colon irritation (CI) of 10-days-old male SpragueDawiey rats was made by repeated phasic colon distension (for 2 weeks) or injections
of Mustard oil. Sham group rats were handled by the investigator without any
intracolonic insertion. The rats were allowed to grow to adult age (4 weeks) before
blindly assessing their behavioral responses to graded CRD using a newly developed
behavioral scale. The tests were repeated once a week for 3 weeks. No significant
weight differences were observed between the groups. Few CI rats (10%) had
intermittent diarrhea. CRD of CI rats induced abdominal muscle contractions graded
with stimulus intensity and characterized by .lower thresholds and more pronounced
responses to CRD than those observed in sham or similarly treated adult rats.
Electrophysiological recordings of visceroceptive dorsal horn neuronal responses to
CRD were made in anesthetized sham and CI rats. CRD responsive neurons isolated in
CI rats exhibited a higher baseline firing rate and more dramatic responses to CRD
than did homologous neurons in sham rats. A lesion of the dorsal column made at T10
or conditioning electrical stimulation of the lateral thalamus altered the sensitized
neuronal activity in the dorsal horn suggesting that the sensitization is maintained in
part by a dynamic exchange between the spinal cord and higher supraspinal centers. In
conclusion, neonatal rats with transient colon irritation develop recurring colon
hyperalgesia that lasts into adulthood. It is often accompanied by intermittent transit
disturbances and usually associated with central neuronal sensitization. This animal
model is a first in mimicking most of the IBS symptoms and providing a useful tool to
study chronic visceral hyperalgesia. (UTMB Recruitment Fund #9-18311-488390-10).

159.3

159.4

CYCLOPHOSPHAMIDE CYSTITIS, A NEW MOUSE MODEL OF
VISCERONOCICEPTION. K, Bon1*, C.A. Lichtensteiger2 and J.S, Mogil1.

OVARIECTOMY CHANGES SPONTANEOUS PAIN
BEHAVIOR IN A RAT MODEL OF INFLAMMATORY
UTERINE PAIN. U, Wesselmannl2* and P. P. Czakanski13.

Departments of Psychology1 and Veterinary Pathobiology2, University of Illinois at
Urbana-Champaign, IL 61820, USA.
The mechanisms underlying visceral pain remain elusive, partially because very
few good animals models have been developed. The aim of this work was to
develop a model of cyclophosphamide (CP) cystitis in mice, to use for future
studies of genetic mediation. This model of visceral pain has only been used on
rats, but presents the major advantage of being a pure visceral stimulus which
induces mild and controllable bladder injury over a short period of time. Hepatic
activation of the CP forms inactive circulating metabolites whose renal cleavage
generate toxic byproducts, mostly acrolein. The prolonged contact of acrolein with
the bladder wall during urine accumulation and retention generates cystitis. Pilot
studies on CD-I inbred strain mice showed that, like for rats, 4 h post-injection
(PI) were sufficient to observe a complete inflammatory response without
hemorrhage. However, unlike in rats, we found that immobility appears to be the
exclusive behavioral response of CP-injected mice. A dose-response study
conducted during the fourth hour PI—when inflammation and presumably
nociception are maximal—showed significant decreases in activity and increases in
inflammation as a function of the dose of CP injected (0, 100, 200 and 300 mg/kg).
We also used von Frey fibers on different areas of the body to assess the existence
of referred visceronociception. We found CP-injected mice to be more sensitive to
stimulation of the base of the tail, a region described as being an area of referred
visceronociception from urological organs. These results describe a novel model of
visceronociception in mice with*a simple technique (intraperitoneal injection), a
straightforward way to confirm the lesion (histological observations), and two
convergent dependent measures. Supported by UPSA France (KB) and PHS grant
DE12735 (JSM).
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Depts. of Neurology, 2Biomedical Engineering and 3OB/GYN, Johns
Hopkins University School of Medicine, Baltimore, MD 21205, USA
Chronic pelvic pain in women presents a very difficult clinical
problem because existing treatment strategies are often unsuccessful.
There have been very few research efforts to elucidate the neural
mechanisms of this chronic pain problem. We have recently developed
a new model in the rat that resembles closely a state of inflammatory
uterine pain (Wesselmann etal., Neurosci. Lett., 246, 1998). The aim
of the present study was to assess the influence of ovariectomy on
pain behavior in this model. We have examined the behavioral
characteristics in ovariectomized rats (n=6) and sham-ovariectomized
rats (n=5) for a period of 7 days after chemical inflammation of the
uterus using non-stop-video-recording. Rats with uterine
inflammation showed abnormal behavior during the first 4 days postinflammation suggestive of visceral pain. Ovariectomy resulted in a
significant reduction of abnormal behavioral characteristics on days
2-4 post-inflammation (P<0.05; ovariectomized vs shamovariectomized rats: mean+SEM - number of pain episodes 14+6 vs
37+1, number of abnormal movements 92+43 vs 266+34). Our
results indicate that ovariectomy decreases visceral pain reactivity in
rats with uterine inflammation.
Support: UW is supported by NIH grant ROI NS36553 (NINDS/Office of
Research for Women’s Health)

PAIN MODULATION: VISCERAL AFFERENTS

SUNDAY PM

401

159.5

159.6

EFFECT OF CHRONIC SPINAL CORD INJURY ON CAPSAICIN-SENSITIVE
(CAP-S) AFFERENT INNERVATION OF THE URINARY BLADDER AND ON
NITRIC OXIDE (NO) RELEASE FROM THE UROTHELIUM.
L.A. Birder*. A.J. Kanai. S. Kiss. M, Yoshiyama, M. Caterina and W.C. de Groat.
University of Pittsburgh, Department of Pharmacology, Pittsburgh PA 15213.
Experiments were conducted in female Sprague Dawley rats to determine the
effects of spinal cord injury (SCI, level T8, 5 and 28 days) on: (1) CAP-S, peptidergic
afferent pathways to the urinary bladder (UB) and (2) afferent-urothelial cell
interactions mediated by NO. UB strips and sections of spinal cord (SC) or dorsal
root ganglia (DRG) were processed for various antigens (Fos; Jun; vanilloid receptor
type 1,VR1; CGRP; SP; nNOS) using specific antisera. UB DRG cells were
identified by axonal tracing (fluorogold) and NO release in UB strips was measured
with a Nafion-coated microsensor. In UB mucosal strips from normal rats and 5 day
SCI rats acetylcholine, norepinephrine and capsaicin evoked a transient NO release,
but basal release was not detected. In the SC, basal Fos levels were low (< 5
cells/section) and nNOS-immunoreactivity (IR) was detected in many cells. In 28
day SCI rats agonist-induced NO release from UB strips was reduced (50%) and a
Ca+2 independent basal release was detected (200 nM). Fos-IR was increased (80%)
and nNOS-IR was decreased (50%) in the L6-S! SC and Jun-IR was detected in 50%
of bladder DRG cells. Fos-IR was reduced by either pretreatment with capsaicin (100
mg/kg sc, 4 days; 75% reduction) or the NOS inhibitor, L-NAME (200 pmol/kg iv;
95% reduction). An intravesical NO donor (SNP, 0.1-0.5 mM, 2hr) increased Fos-IR
(60%). Peptidergic (CGRP and SP) and VR1-IR nerves located adjacent to bladder
epithelium were reduced (40%) in SCI rats. The small percentage (<5%) of bladder
DRG cells that exhibited VR1-IR was not changed after SCI. This suggests that these
neurons might have another type of VR. These data indicate that in chronic SCI rats
CAP-S afferent bladder nerves are activated by NO released from epithelial cells.
This NO-evoked afferent activity may contribute to neurogenic bladder dysfunction.
Supported by NIH grants #DK54824 and DK49430.

RESPONSES OF DEEP MEDIAL DORSAL HORN NEURONS TO
PAINFUL URETER DISTENTION IN RAT.
J. Palecek* and W. D. Willis. Dept. of Anatomy and Neurosciences and
MBI, University of Texas Medical Branch, Galveston, TX 77555 1069, USA.

159.7

It is a well established fact that ureter distention due to various
pathological processes leads to severe pain. However, there is only scarce
information about the neuronal structures and mechanisms involved. The
main aim of this study was to establish basic properties of spinal cord neurons
responsive to ureter stimulation located in the vicinity of the central canal.
These neurons were recently shown to play an important role in mediating
visceral pain.
Extracellular activity evoked by hydrostatic ureter distention (10-90
mm Hg) and graded mechanical cutaneous stimuli was recorded from spinal
cord neurons (Th12-L2, midline location, 900-1500pm deep) in male rats under
sodium pentobarbital anesthesia (60 mg/kg). Neurons responsive to ureter
stimulation had mostly low background activity (mean 4.2±1Hz) and
responded with increased activity to graded ureter distentions of 30, 50 and 70
mm Hg (3.5±0.6, 8.9±1.4 and 16.3±2.3 Hz). The higher intensity stimuli often
resulted in long lasting after-discharges. Approximately 90% of the neurons
had excitatory cutaneous receptive field located on the flank and lower
abdomen. The majority of the neurons had only minimal responses to
innocuous mechanical stimuli applied on the cutaneous RF (3.8±1.7 Hz) while
the responses to noxious stimulus were more vigorous (28.4±9.3 Hz). In
several experiments we tested if these neurons project to higher brain centers.
Some of the neurons could be activated from either thalamus or the rostral
dorsal column, supporting their role in the perception of visceral pain.
Supported by NIH grant NS 09743 and NS 11253.

159.8

COLON INFLAMMATION PRODUCES VISCERAL HYPERALGESIA,
BUT CUTANEOUS ANTINOCICEPTION. R.J. Traub* and C.Cordes,
Dept. OCBS, Univ. of Maryland Dental School, Baltimore, MD 21201
We previously reported that the visceromotor reflex to colorectal
distention (CRD) in normal rats is mediated by the L6-S2 spinal cord &
pelvic n. Activity is induced in the T13-L2 segments via the hypogastric
n. following colonic inflammation leading to visceral hyperalgesia. To
test the hypothesis that “activation” of the TL spinal cord by
inflammation partly results from a decrease in tonic descending
inhibition, behavioral and single unit studies examined the response to
noxious stimulation of the L4-S2 dermatomes before and after colonic
inflammation. A decrease in descending inhibition manifest throughout
the spinal cord as facilitation of nocifensive reflexes was hypothesized.
In contrast, the withdrawal latency of the hindpaw and forepaw to
noxious heat increased by 48% and 30% during colonic inflammation.
In single unit recordings from dorsal horn neurons that did not respond
to CRD, the response to cutaneous pinch or heat was attenuated
during colonic inflammation. Lesion of the pelvic n. (L6-S2 dorsal
roots) did not block this inflammation-induced antinociception of the
hindpaw. In contrast, acute noxious CRD did not affect the response to
pinch or heat. However, CRD did attenuate the response to pinch of
the receptive field of neurons with viscero-somatic convergence.
These data suggest that inflammmatory, but not acute, visceral pain
modulates activity throughout the spinal cord and a decrease in
descending inhibition may not account for the “activation” of the TL
segments by colonic inflammation.

CONVERGENCE OF AFFERENT INPUTS FROM CORTICAL
VASCULATURE AND VISCERAL ORGANS ONTO C1-C2 SPINAL
CELLS IN RATS. M.J. Chandler*, C. Qin, K.E. Miller, and R.D.
Foreman. Dept Physiology, Univ. Okla. HSC, Okla. City, OK 73190.
Some evidence suggests that referred visceral pain can occur as
headache in areas innervated by trigeminal afferent fibers. Since
vagal, sympathetic and spinal inputs activate C1-C2 spinal cells, we
hypothesized that C1-C2 cells can receive convergent input from
superior sagittal sinus (SSS) or transverse sinus (TS) and visceral
organs. Extracellular potentials of single C1-C2 cells were recorded in
pentobarbital anesthetized male rats. SSS or TS was stimulated with
a bipolar electrode (1-4 mA, 1-20 Hz, 0.1 ms). Cardiac noxious input
was produced by injecting 0.2 ml of “inflammatory soup” (a mixture of
adenosine IO'3 M, bradykinin, histamine, serotonin, prostaglandin E2
10'5 M) into the pericardial sac. Latex balloons were inflated with
water to distend cervical or thoracic esophagus (0.1-0.5 ml) and
urinary bladder (0.5-2.0 ml). Colorectal and gastric distension were
produced by air inflation of balloons (20-80 mmHg). SSS or TS
stimulation excited 45/223 (20%) C1-C2 cells; 6/11 cells were excited
by local pressure, and 2/11 by local application of inflammatory soup.
42/45 cells that responded to SSS or TS stimulation were tested for
effects of visceral inputs. 18/42 (43%) cells responded to stimulation
of one or more thoracic and pelvic organs in multiple patterns. 44/44
cells tested had somatic field on head, ears, neck, shoulder; 27 were
WDR, 16 HT and 1 LT. These results provide a neurophysiological
basis to explain how visceral dysfunctions might result in referred
headache. (HL52986)

159.9

159.10

RESPONSES AND AFFERENT PATHWAYS OF C1-C2
SPINAL NEURONS TO GASTRIC DISTENSION IN RATS. O
Qin*, M.J. Chandler, K.E. Miller, and R.D. Foreman. Dept.
Physiology, Univ. Okla. HSC, Okla. City, OK 73190.
Previous work showed that vagal and sympathetic afferent fibers
activate upper cervical spinal cells. The aims of this study were to
determine 1) responses of C1-C2 cells to gastric distension (GD), 2)
the relative contribution of vagal and sympathetic afferent pathways
for transmission of gastric input to upper cervical spinal cord.
Extracelluar potentials of single C1-C2 cells were recorded in
pentobarbital anesthetized male rats. Graded GD stimulation (20-80
mmHg) was produced by air inflation of a latex balloon surgically
placed in the stomach. 32/198(16%) cells responded to GD; 17 (53%)
cells were excited (E) and 15 (47%) cells were inhibited (I) by GD.
Spontaneous activity of I cells was higher than E cells (18.1+2.7 imp/s
vs 3.8±1.7 imp/s, P<0.001). 28/32 (87.5%) ceils received convergent
somatic input from head, neck, ears and shoulder. 6 cells were WDR;
22 cells were HT. Most lesion sites of E cells were found in laminae
V.VII, but I cells were in III,IV. Ipsilateral cervical vagotomy abolished
responses of 2/12 (1E, 11) cells tested; bilateral vagotomy abolished
responses of 2E/7 cells tested. Spinal transection at C6-C7 abolished
responses of 4/4 (2E, 21) cells tested that still responded to GD after
bilateral vagotomy. Results of these data supported the concept that a
group of C1-C2 spinal cells might play a role in processing sensory
information from the stomach that travels in vagal and sympathetic
afferent fibers. (HL52986)

THE PARATRIGEMINAL NUCLEUS;
THE INTERFACE BETWEEN
SOMATIC AND VISCERAL SENSORY SYSTEMS. W.M. Panneton1* and D.A.
Hopkins2. Depts. of Anatomy and Neurobiology, Saint Louis University School of
Medicine1, St. Louis MO, 63104, and Faculty of Medicine, Dalhousie University2,
Halifax, NS, B3H 4H7.
The paratrigeminal nucleus (ParaV), a collection of neurons interstitial to the
spinal trigeminal tract in the caudal medulla oblongata, has perplexed investigators
for many years as to its function. The ParaV has been impicated in
thermoreception, hibernation, nociception, and autonomic function. We present
neuroanatomical data which implicates the ParaV in two more roles.
In rats, the supraorbital, ethmoidal, cornea, masseteric, deep temporal, inferior
alveolar, lingual, hypoglossal, glossopharyngeal and superior laryngeal nerves
were injected with a mixture of WGA-HRP and HRP and the animals allowed to
survive between 62-70 hrs. Their brains and appropriate sensory ganglia were
removed and processed for TMB histochemistry. Our data first suggest the ParaV
is the rostral continuation of lamina I of the medullary dorsal hom. Second, we
provide evidence that ParaV serves as the link, which by necessity must exist,
between the rostral extension of the somatic sensory system, the dorsal hom, and
the primary visceral sensory nucleus, the nucleus tractus solitarii (NTS). The
primary contributors to the somatovisceral link are the lingual and
glossopharyngeal nerves. Both nerves have relatively dense projections to both the
ParaV and the NTS. These projections are linked just rostral to the obex. The
medullary dorsal hom also was organized somatotopically. These results are
consistent with the notion of the ParaV as a ‘link’ between somatic and visceral
sensory systems.
Research supported by the Picchione Visiting Scholar Trust of the Dalhousie
Medical Research Foundation awarded to WMP.
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160.2

COMPARISON OF PRIMARY AFFERENT PROJECTIONS PREDICTED
FROM CORD DORSUM POTENTIALS WITH HRP-FILLED AXONS.
J.
Lawson*’ R. Millecchia, S. Stephens, P. Harton, J. Culberson and P. Brown. Departments of Physiology and Anatomy, WV Univ. Health Sci. Ctr., Morgantown,
WV 26506.
The purpose of this study was to test a developmental model (Brown et al.,
1997) by predicting the somatotopic organization of primary afferent input to the
dorsal horn from cord dorsum potential (CDP) data. In chloralose anesthetized
cats, 32 standardized sites on the hindlimb were electrically stimulated, and N
waves, which reflect monosynaptic currents evoked by cutaneous afferent activity,
were recorded. The average RC distribution of CDP amplitudes evoked from each
of the 32 sites was then multiplied by the innervation density at each site to yield
an estimate of the RC distribution of inputs from all parts of the hindlimb. Simulation of presynaptic somatotopic gradients was accomplished by sorting the inputs at each RC level by D, the distance of the predicted afferent’s receptive field
(RF) from the tips of the toes. This ordering is based on an assumption of the developmental model of dorsal horn RF assembly from this lab2. The projections of
individual cutaneous afferents and whole cutaneous nerves were simulated on the
model of somatotopic gradients. The simulated projections were compared with
actual HRP-labeled projections3, and there was generally excellent agreement.
However, HRP studies reveal only part of the total projections predicted by the
model.
1. Brown etal. Somatosens. Mot. Res. 14(2): 93-106, 1997.
2. Brown et al. J. Neurophysiol. 79: 983 - 998, 1998.
3. Koerber and Brown J. Neurophysiol. 44:/ 259-269 1980.
Supported by a grant from the West Virginia University Health Sciences Center
and by USPHS grant NS 29997.

SPATIAL CONVERGENCE AND DIVERGENCE BETWEEN CUTANEOUS
AFFERENT AXONS AND DORSAL HORN CELLS ARE NOT CONSTANT. P.
B. Brown*, R. Millecchia, J. Lawson, J. Culberson, and P. Harton. Departments
of Physiology and Anatomy, WV Univ. Health Sci. Ctr., Morgantown, WV 26506.
Brown et al. (1) proposed that the correlations among innervation density, map
scale, and receptive field (RF) sizes of dorsal horn cells were a consequence of
constant convergence and divergence between skin touch fibers and dorsal horn
cells. Preliminary results supported this suggestion (2).
In chloralose-anesthetized cats, we counted axons in, and mapped innervation
fields of, peripheral nerves, and counted cells in laminae III and IV. The additional data, and a quantitative model of RF geometries (3), allowed us to compute
innervation density everywhere on the skin; and map scale and RF size everywhere in the dorsal horn. Spatial convergence was defined as total axons in each
cell’s RF and divergence was total cell RFs overlapping each axon’s RF. We
found that, although there are positive correlations among innervation density,
map scale, and the inverse of RF size, these relationships are not linear.
Spatial convergence in the dorsal horn ranged from 193 to 894, with a mean of
454 fibers/cell. Spatial divergence ranged from 936 to 5730, with a mean of 3540
cells/fiber. The ratio of convergence to divergence varied from 0.06 to 0.39 with a
mean of 0.14. We conclude that the RF assembly model proposed by Brown et al.
(1997) must be modified to account for these variations in spatial divergence and
convergence.
1. Brown et al. Somatosens. Motor Res. 14: 93 - 106, 1997.
2. Wang et al. J. Neurophysiol. 78: 689 - 702, 1997.
3. Brown et al. J. Neurophysiol. 79: 983 - 998, 1998.
Supported by USPHS grant 1 R01 NS 29997.

160.3

160.4

A SIGNAL DETECTION MODEL OF TWO POINT DISCRIMINATION. R.
Millecchia , J. Lawson, J. Culberson, P. Harton, I. Goodman, and P. B. Brown*
Departments of Physiology and Anatomy, WV Univ. Health Sci. Ctr.,
Morgantown, WV 26506.
We simulated the receptive fields (RFs) of a random sample of 5% of the dorsal
horn cell population, the approximate number of dorsal horn cells of origin of ascending tracts in the spinal cord. Simulations of dorsal horn cell RFs were performed using a previously developed descriptive model (1). These RFs were used
to simulate the referred representations (stacked RFs of responding cells) of twopoint stimuli (2). The decision variable used by the signal detection model was the
gap depth between the two peaks in referred representations. The standard deviation of the gap depth at each separation was obtained by using small perturbations
of stimulus location around the simulated test site. Signal detection theory predicts
that a stimulus separation at which the gap depth equals 1.3 times the standard
deviation of the gap depth should be the optimum separation for ideal observers to
respond with 75% “two point” responses, in terms of maximizing percent correct.
The predicted thresholds were plotted against observed 75% correct thresholds for
six different combinations of stimulus position and orientation obtained from cats
(3). A least squares linear fit had a slope of 0.95, indicating cat performance was
only slightly below that of an ideal observer, and a correlation of 0.99, indicating
a nearly perfect fit of the model to the observed discrimination performance.
1. Brown et al. J. Neurophysiol. 79: 983 - 998, 1998.
2. Brown and Millecchia. Soc. Neurosci. Abstr. 23: 2341, 1997.
3. Miller et al. Soc. Neurosci. Abstr. 24: 435, 1998.
Supported by a grant from the West Virginia University Health Sciences Center.

GABAERGIC FUNCTION OF IDENTIFIED INTERNEURONS IN SPINAL
LAMINAE lll-V AS DEMONSTRATED BY TWO-COLOR LASER
SCANNING CONFOCAL MICROSCOPY. S.P. Schneider* and M. Lopez.
Dept. of Physiology and Neuroscience Program, Michigan State University:
E. Lansing, Ml 48824.
y-Aminobutyric acid (GABA) is a major inhibitory transmitter in the spinal
cord.
Here, we describe studies of signaling properties and axon
organization of GABAergic dorsal horn neurons as part of ongoing
investigations of intrinsic circuits mediating integration and descending
modulation of spinal sensory inputs.
Neurons in laminae lll-V of isolated hamster spinal cord-skin patch
preparations (J. Neurophysiol. 68:1746-1759, 1992) were recorded in
whole-cell mode and stained intracellularly with biocytin. To obtain evidence
of GABAergic function, post hoc immunofluorescent labeling was performed
using the GAD-6 monoclonal antibody directed against an axon terminal
isoform (65kD) of brain glutamic acid decarboxylase (GAD).
Examination with laser scanning confocal microscopy detected punctate
accumulations of GAD immunoreactivity within axon enlargements (1-3pm)
in a subset of biocytin-labeled interneurons, as imaged in single optical
sections and confirmed by X-Z sectioning. The degree and uniformity of
GAD immunolabeling varied considerably amongst boutons belonging to the
same cell. GAD immunoreactive neurons gave rise to dense local
terminations or ventral stem axons that bifurcated into lengthy rostrocaudal
daughter branches. GAD-positive neurons had low-threshold cutaneous
receptive fields and were activated by Aap primary afferent fibers. These
results provide evidence that different populations of GABAergic
intemeurons are involved in local and intersegmental circuits mediating
integration of mechanosensory information in the deep spinal dorsal horn.
This work was supported by grant NS25771 from the NINDS ofthe NIH.

160.5

160.6

SEX DIFFERENCES AND ANDROGEN-SENSITIVITY OF GALANINAND CCK-8-LIKE IMMUNOREACTIVITY AND THE ELECTROPHYSIOLOGICAL RESPONSE TO GALANIN IN LUMBAR LAMINA X
NEURONS. K.D. Phelan, D.C. Phan, T.T, Sims* and B.W. Newton.
Department of Anatomy and the Arkansas Center for Neuroscience,
University of Arkansas for Medical Sciences, Little Rock, AR 72205.
We previously demonstrated a marked sexual dimorphism in the number of
galanin (GAL) containing fibers and neurons in lamina X of the adult rat
lumbar spinal cord (males (M) > females (F)). These GAL containing cells
represent spinothalamic tract (STT) neurons which co-express cholecystokinin (CCK). This study was designed to determine 1) if CCK-8 neurons
in lamina X exhibit the same sexual dimorphism, 2) if the lack of androgen
receptors in testicular feminization mutation (Tfm) rats alters GAL and/or
CCK-8 STT neuron number, and 3) if lamina X neurons exhibit a sex
difference in their response to GAL. The immunohistochemical data
revealed a similar sexual dimorphism in the number of GAL and CCK-8
containing neurons (M > F; GAL = 468 vs. 217; CCK-8 = 471 vs. 193) (n=24).
The Tfm rats had a significantly reduced number of STT neurons
immunostained for either GAL or CCK-8 (73 and 79, respectively, n=12)
suggesting that the establishment of sexual dimorphism for GAL and CCK-8
in STT neurons is androgen-dependent. Intracellular recordings from lamina
X neurons in a slice preparation (26-34 day old pups) revealed a significant
difference in the membrane hyperpolarization produced by exogenously
applied galanin 1-16 [1 uM] (5.25 ± 0.95 mV (M, n=4) vs. 2.0 ± 1.0 mV (F, n=5)
(p<0.03)). These findings raise the possibility that androgens may play a
role in producing a sexual dimorphism in the anatomical and functional
substrates for GAL in lamina X. Support: UAMS CAGSRF (DCP) and
Foundation Awards (BWN), and NS33959 (KDP).

FUNCTIONAL INTERACTIONS BETWEEN CUNEATE AND POST-SYNAPTIC
DORSAL COLUMN NEURONS. Dick S.H.*, French A.S. and Rasmusson DD.
Dept. Physiology & Biophysics, Dalhousie University, Halifax, Canada.
The dorsal column nuclei (DCN) receive sensory input via direct and indirect
pathways. The indirect pathway is characterized by a relay in the spinal cord dorsal
horn and is referred to as the post-synaptic dorsal column (PSDC) system. Little is
known about the role of the PSDC pathway in somatosensation. Dykes and Craig (J.
Neurophysiol. 80: 120-129, 1998) recently demonstrated that neurons in the spinal
cord dorsal horn participate in the control of mechanosensory receptive field size and
excitability in the DCN. Although they did not specifically identify the dorsal horn
neuron types responsible for their findings, it is likely that they include PSDC neurons.
To investigate possible interactions between PSDC and cuneate neurons, we recorded
simultaneously from cuneate and antidromically identified PSDC neurons in the adult
raccoon. Using cross-correlation and frequency response analyses, we identified a
functional interaction between PSDC and cuneate neurons that occurred only during
spontaneous discharge. In 36 of the 57 neuronal pairs examined, the PSDC neurons
appeared to exert a tonic facilitation of neurons in the cuneate nucleus. The interaction
between PSDC and cuneate neurons was primarily observed when the neuron pair had
an overlapping receptive field (26 of 29 cells) and was less frequent when there was no
RF overlap (only 10 of 28 cells; x2= 17.81, pO.OOl).
One interpretation of these results is that the PSDC system exerts a somatotopically
organized tonic facilitation of DCN neuronal activity. More specifically, our results
support the possibility, as suggested by Dykes and Craig (1998), that PSDC neurons
contribute to the control of DCN mechanosensory receptive field size and excitability.
Supported by the Medical Research Council of Canada.

Society

for

Neuroscience

, Volume

25, 1999

SPINAL AND SUBCORTICAL SOMATOSENSORY PATHWAYS

SUNDAY PM

160.7

160.8

FUNCTIONAL PROPERTIES OF POST-SYNAPTIC DORSAL COLUMN
NEURONS IN RACCOON. Rasmusson D.P* and Dick S.H,
Dept. Physiology & Biophysics, Dalhousie University, Halifax, Canada.
The dorsal column medial lemniscus system is a critical pathway for discriminative
aspects of light touch. The dorsal column nuclei receive sensory input via direct and
indirect pathways. The indirect pathway is characterized by a relay in the spinal cord
dorsal hom and is referred to as the post-synaptic dorsal column (PSDC) system. To
date, descriptions of PSDC neuronal properties have been limited to the rat and cat.
The raccoon is an excellent alternative model in which to study the PSDC system
because of its highly differentiated somatosensory system and the presence of large
glabrous skin areas on the forepaw digits and palm.
In this investigation we recorded from 102 antidromically identified PSDC neurons
in response to receptive field (RF) stimulation and during spontaneous discharge. The
PSDC neurons studied had RFs on glabrous skin of forepaw digits and/or palm. The
RFs were discrete and well defined (mean 10.5 mm2) but were significantly larger than
those observed for cuneate neurons in the same animals (mean 6.7 mm2, n=29,
p<0.001). The majority of PSDC RFs (99 of 102) were confined to a single digit;
however in 2 cases, the RF extended onto the palm and base of an adjacent digit and in
another case, the RF was split and included discrete distal regions of two adjacent
digits. In response to electrical stimulation of the RF (i.e. ON-focus digit), the PSDC
neurons fired at a mean latency of 9.9 ms (range 6.3 - 18.2 ms, n=102) compared to a
mean latency of 10.5 ms for the cuneate sample (range 7 - 16.6 ms, n=62). The PSDC
neurons also responded to electrical stimulation of the OFF-focus digit (i.e. adjacent to
the ON-focus digit) in 96% of the cases, compared to 75% of cuneate neurons tested.
The strong response of PSDC neurons to OFF-focus digit stimulation and their larger
RFs indicate that the PSDC system may be involved in reorganization of the cuneate
nucleus following digit amputation (Rasmusson and Northgrave, 1997).
Supported by the Medical Research Council of Canada.

APPARENTLY COMPLETE REORGANIZATION OF THE CUNEATE
NUCLEUS IN SQUIRREL MONKEYS FOLLOWING PERIPHERAL NERVE
TRANSECTIONS. J.D, Churchill*12. L.L, Arnold1’2. G.R, Smith1. P.-C, Fane1,
and P.E. Garraehty1,2. 'Prog. Neural Science, 2Dept. Psychology, Indiana Univ.,
Bloomington, IN 47405.
Injury-induced reorganization of central somatotopic maps has been used as a tool
to investigate plasticity in the mature brain. We have previously reported on the
effects of paired transection of the median and ulnar nerves in cortical area 3b and the
ventroposterior nucleus (VPL) of the thalamus. In both cases, neurons throughout
the deprived regions became responsive to stimulation of the dorsal surface of the
hand within two months. In the present study, we have extended our observations
to the level of the cuneate nucleus of the brainstem.
Adult squirrel monkeys were subjected to unilateral transections of the median
and ulnar nerves, deafferenting the glabrous surface of one hand. Following postsurgical survival durations of at least two months, the somatotopic representation of
the nerve-injured hand was physiologically assessed in the ipsilateral cuneate
nucleus using multi-unit recording techniques. We report that the organization of
receptive fields at the level of the brainstem are altered to a degree comparable to
that observed in primary somatosensory cortex and VPL at similar survival periods.
Specifically, the representation of the dorsal surface of the hand was dramatically
enlarged and we found no areas of the cuneate nucleus that were unresponsive to
cutaneous stimulation. These results leave open the question of whether there
exists a specific central point of initiation of the topographic changes that follow
median and ulnar nerve transection. Recent evidence suggests that reorganizational
changes occur simultaneously in the trigeminal nucleus, the ventroposterior medial
nucleus, and SI after lidocaine injections into the whisker pads of adult rats (Faggin
et al., 1997). It seems reasonable to suspect that the same would be found in
squirrel monkeys. In any event, the reorganizational changes previously reported for
VPL and area 3b are not simply amplifications of more limited changes in the
brainstem. (Supported in part by MH12118-01 to JDC).

160.9

160.10

IMMEDIATE REORGANIZATION IN THE VENTROPOSTERIOR LATERAL
THALAMUS OF SQUIRREL MONKEYS FOLLOWING PERIPHERAL NERVE
INJURY. P.E. Garraghtv*. J.D, Churchill and L.L. Arnold. Prog. Neural Science,
Dept. Psychology, Indiana Univ., Bloomington, IN 47405.
We have previously reported that paired median and ulnar nerve transections in
adult squirrel monkeys is followed, within two months, by complete reorganization
of the hand maps in area 3b of somatosensory cortex and in the ventroposterior
lateral nucleus (VPL) of the thalamus. It now seems that complete reorganization
occurs in the cuneate nucleus (CN) of the brainstem as well. In the cases of area 3b
and CN, some of the topographic reorganization occurs immediately. Interestingly,
the immediate reorganizational changes in the CN (Xu & Wall, 1997) are
apparently much more extensive than those in area 3b (Merzenich et al., 1983),
indicating that a large fraction of the CN changes are not expressed in the cortex. In
the present study, we have investigated whether and to what extent the VPL
reorganizes immediately after nerve injury. To accomplish this, the topography of
the contralateral hand representation in VPL of adult squirrel monkeys was mapped
using multi-unit recording techniques before and immediately after transections of
the median and ulnar nerves (deafferenting the glabrous surface of one hand). The
normal VPL hand map was dominated by inputs from the glabrous surface of the
hand. Following deafferentation, novel receptive fields on the dorsum of the hand
were immediately apparent in regions of the VPL that had previously represented
glabrous skin surfaces. There were also a number of recording sites where neurons
were unresponsive to cutaneous stimulation. We estimate that the extent of
reorganization in the VPL was less than that reported for CN and more than has
been reported for area 3b. This pattern of novel receptive fields observed in
brainstem, thalamic and cortical areas suggests that the reorganization observed in
the more peripheral structures cannot be due solely to the changes present in the
more central structures. Likewise, reorganizational changes in the more central
structures cannot be simple reflections of changes in the more peripheral structures.
(Supported in part by MH 12118-01 to JDC).

SOMATOSENSORY STIMULATION INDUCES RHYTHMIC
INTERACTIONS IN RAT DORSAL COLUMN NUCLEI CELLS.
F. Panetsos, A. Nunez and C. Avendano*. Dept. of Morphology,
Sch. of Medicine, Univ. Autonoma de Madrid, Madrid 28029 and
Dept. of Electrical, Electronic and Control Engineering, Sch. of Ind.
Engineering and Informatics, UNED, Madrid 28040, Spain.
Dorsal column nuclei (DCN) relay cells are characterized by an
oscillatory activity during sensory stimulation. To study DCN
neuronal interactions, we performed unit and multiunit recordings in
anesthetized rats by means of tungsten microelectrodes. Sensory
stimulation was performed with a mechanical or air-jet stimulator. In
most cases, peripheral stimulation transformed the non-rhythmic
discharge pattern displayed at rest into an oscillatory activity (4.8±0.3
Hz), which was independent of the stimulus onset. Simultaneous
recordings of pairs of DCN neurons with partially overlapping
receptive fields (RFs) showed a stable rhythmic phase-relationship
during stimulation of their common RFs. Recordings performed after
^aspiration of the sensorimotor cortex revealed an increased percentage
of units with oscillatory activity and a lower degree of synchronization
between DCN cells. Results suggest that oscillations contribute to
sensory information processing in the DCN by synchronizing the
firing patterns of thalamic-projecting cells with common RFs.
Corticofugal projections may also play an important role in enhancing
this process.
Supported by CICYT (SAF96-0031) and NATO (CRG970212).

160.11

160.12

THE EFFECT OF ESTROGEN REPLACEMENT FOLLOWING OVARIECTOMY
ON THE RESPONSIVENESS OF NEURONS IN THE GRACILE NUCLEUS TO
TACTILE STIMULATION OF THE HINDQUARTERS. H.B. Bradshaw* and K.J.
Berkley. Program in Neuroscience, Florida St. Univ., Tallahassee, FL 32306-1270.
In previous studies1,2, we reported that the response magnitude of multineurons in
one locus of gracile nucleus (NG) to gentle tactile (brush) stimulation of the perineum,
hip and tail are significantly greater during the proestrous stage (P) of the female rat’s
estrous cycle than during the other three stages (estrus, E; metestrus, M; diestrus, D).
Following ovariectomy (OVX), these response magnitudes reduce to levels
significantly less than during all four estrous stages. In contrast, response magnitudes
of this same group of neurons to brush stimulation of the foot and leg do not vary with
estrous, and increase following OVX. Here, using identical techniques, we examined
the influence of estradiol (E2) replacement following OVX on response magnitudes.
One to two weeks following OVX, a silastic
NG Responses to Brush or
Perineum, Hip and Tail
capsule containing an amount of 17p estradiol that
delivered a periovulatory (mid-proestrus) dose
level of 60-80 pg/ml was implanted subcutaneously into six rats. Two to three days later,
the rats were anesthetized with urethane
(1.25mg/kg IP) and multineuron responses to
brush stimulation of the hindquarters recorded
within NG (0.2 mm lateral and 0.2mm ventral to the obex). As shown in the figure,
response magnitudes (root mean square-RMS-assessment in pV) following E2
replacement to brushing the perineum, hip and tail increased significantly compared
with those after OVX, reaching values observed previously during estrus. However,
response magnitudes to brushing the foot and leg remained as elevated after E2
replacement as they had been after OVX (not shown). These data hdd to the growing
evidence that the hormonal milieu exerts a powerful and complex influence on the
responsiveness of NG neurons in the female rat to both cutaneous and visceral
stimulation. ’Bradshaw & Berkley, 1997; 2Berkley et al., 1998 Supported by NS 11982

TRANSNEURONAL ATROPHY IN THE DORSAL COLUMN NUCLEI AND
THALAMUS FOLLOWING LONG-TERM DORSAL RHIZOTOMIES IN
ADULT MONKEYS. T.M. Woods*. C. Ho and E.G. Jones. Center for
Neuroscience, Univ. of Cal., Davis, CA 95616.
Eight adult monkeys (M. fascicularis) received dorsal rhizotomies from C2-T4,
denervating the skin of the upper limb and part of the lower face. Somatosensory
cortex (SI) contralateral to the rhizotomies exhibited -12 mm of expansion of the
intact representation of the face into the silenced arm representation (Pons et al.,
Science, 1991, 252:1857). This massive cortical reorganization is due in large part
to changes in the ventral posterior lateral nucleus (VPL) secondary to transneuronal
atrophy in the dorsal column nuclei (Jones & Pons, Science, 1998, 282:1121).
The volume of the dorsal column nuclei (cuneate, external cuneate and gracile),
as well as the volume and number of neurons within these nuclei was measured 1220 years following dorsal rhizotomies using stereology with the optical disector
method (Gundersen et al., APMIS, 1988, 96:857) in the same monkeys which
exhibited cortical and thalamic reorganization. Despite extensive (-50%) decreases in
the overall volume of the cuneate and external cuneate nuclei ipsilateral to the
rhizotomies, there was surprisingly little neuron loss. The ipsilateral cuneate nuclei
on average showed -10% neuron loss and the ipsilateral external cuneate nuclei -6%
neuron loss. However, surviving neurons were markedly atrophic. In the ipsilateral
cuneate and external cuneate nuclei, neurons were shrunken by -25% compared to
the contralateral side. Greater degrees of neuron loss and atrophy, as well as gliosis,
were apparent in the case with the longest survival time. Neuron number and
volume were unchanged in the gracile nuclei.
These classic signs of primary transneuronal atrophy were also accompanied by
similar degrees of shrinkage with relatively little neuron loss in contralateral VPL, a
form of secondary transneuronal atrophy undoubtedly associated with the retraction
of brainstem afferents from the thalamus. The resulting reorganization of the body
representation in VPL may be of sufficient extent to explain the massive expansion
of the face representation into the silenced arm representation in SI.
Supported by NIH grant number NS21377
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160.13

160.14

THE EFFECTS OF ENDOGENOUS CUES ON TACTILE ATTENTION. J.C.
Cohen* and S.J. Bolanowski. Inst. Sensory Res., Syracuse Univ., Syracuse, N.Y.
13244
Inhibition of return (IOR) refers to the selective-attention phenomenon whereby a
stimulus cue inhibits the perception of a test presented to the same location. In
vision, endogenous-cueing tasks show an improvement in reaction time for the cued
location when compared to an uncued location. In order to determine if tactile
attention operates similarly, an endogenous attention task was used in which test
stimuli were presented to either the left or right thenar eminence of 5 observers in the
presence or absence of cues. The observers were instructed to pay attention to the cued
hand since there was an 80% probability that the test stimulus would occur at that
location. Cues and tests were identical (frequency, 100 Hz; duration, 50 msec;
amplitude, ~ 30 dB S.L.) Contactor size was 2.9 cm2. In each trial, the observer
depressed a footswitch after which the cue was randomly presented 1,2,3 or 4 sec later
to either of the two hands. Subsequent to the cue, the test stimulus was presented
randomly to either of the two hands at times ranging from 0.5 to 6 sec after the cue.
The observer’s task was to release the footswitch as quickly as possible after detecting
the test. This latency was the dependent.variable. Each condition was tested three
times on each observer and the results averaged. When the cue and test were located
on the same hand (cued condition), an improvement in reaction time for the cued hand
was observed when compared to the results obtained when the cue and test were
presented to different hands (uncued condition). Thus, as in vision, IOR was not
observed during endogenous cueing. In comparison to previously obtained tactile
exogenous-cueing experiments (Bolanowski, et al., S. N. Abst., 1998), cued reaction
times were faster for the endogenous than the exogenous conditions. Furthermore, for
the uncued conditions, reaction times were slower in the endogenous than in the
exogenous conditions. This suggests that increased attention to one location can only
occur by reducing attention to another location. Supported by NIH DC00098.

A
MICROELECTRODE POSITIONING
SYSTEM
FOR
SEM I AUTOMATICALLY
TRACKING
SINGLE-NEURON
SP IK ES. IE Kaneko1, S.S. Suzuki1, H. Tamura2 , M. Takita1, M.
Akairtatsu1. 'National Institute of Bioscience and Human-Technology,
AIST, MITE 1-1 Higashi, Tsukuba, Ibaraki 305-8566, 2Graduate
School of Engineering Science, Osaka University, Machikaneyama-cho.
Toyonaka Osaka, 560-8531
We proposed here a novel microelectrode positioning system for
tracking spikes of a target neuron by countermoving the microelectrode
manipulator against the uncontrollable movement of the microelectrode
and/or brain tissue. The position of a multisite microelectrode was
adjusted
semiautomat ically
by
a
computer-controlled
micromanipulator so that the spikes of a target neuron were observed
with similar-amplitude at two different-depth electrode sites. The
computer-controlled microelectrode holder was retracted (5, 27 and
78pm) or inserted (13 and 54 pm) manually by another
micromanipulator at a speed of about 5 pm/s. The result indicates
that the spikes of a target neuron firing at about 10Hz were
successfully tracked by the system with up to 54pm displacement of
the manual micromanipulator. Our system seems useful in long-term
recording of single-neuron activity, particularly in situations where
microelectrode-neuron distance is unstable.

160.15

160.16

CEREBRAL BLOOD FLOW CHANGES DURING SOMATOSENSORY
DEPRIVATION. M.G. Byas-Smith,1* J.R. Votaw2 and J.M. Hoffman.23
Department of Anesthesiology,1 Department of Neurology,2 and Emory University
PET Center,3 Emory University School of Medicine, Atlanta, Georgia 30322.
Background: Baseline global and regional brain metabolism is dependent upon
the quality and quantity of sensory input. This study was conducted to determine
the effect of acutely induced somatosensory deprivation on global and regional
brain blood flow (an indirect measure of metabolism) using PET.
Methods: Eight normal volunteers received epidural injections of 1% lidocaine
tojnduce somatosensory blockade of the lower half of the body. Three resting
scans per subject were obtained prior to initiation of the epidural block.
Hemodynamic parameters were measured using noninvasive monitors. Both
absolute (ABF) and relative change (RBF) analyses were performed. ANOVA
tests were used for statistical analysis.
Results: Somatosensory blockade was established from the T8 dermatone.
There were no significant changes in blood pressure or heart rate during the
procedure. Compared to rest conditions, epidural blockade with local anesthetic
induced a moderate global reduction in global and regional blood flow
measurements. The affect on regions of the brain primarily responsible for
processing somatosensory data was not different from other regions of the brain.
The global change in blood flow was not different from the regional changes.
Conclusions: Acute sensory deprivation of the lower body induces global and
regional reductions in blood flow. Because the effect was essentially equal
throughout the brain, we conclude that this is a generalized effect. Variation in
baseline cerebral metabolism is dependent upon ongoing somatosensory input.
Funded via NIH Grant # K20DA00274

VIBRISSA DEAFFERENTATION AND WHISKING KINEMATICS:
EVIDENCE FOR A WHISKING “PATTERN GENERATOR” P Gao*R

160.17

160.18

SPATIO-TEMPORAL PATTERNS OF NETWORK CO-ACTIVATION IN
ADULT NEOCORTICAL SLICES. J.-Y, Wu* and L. Guan. Inst, for Cognitive
and Computational Sciences, Georgetown University, Washington, DC 20007.
An evoked population co-activation in adult rat neocortical slices was
examined using voltage-sensitive dye imaging. This co-activation could be
evoked by a single electrical shock to the cortex or to thalamocortical
afferent projections in the slices bathed in normal artificial cerebral spinal
fluid. The activity was an all-or-none event; it emerged 20 to 50 ms
post-stimulus and was sustained for 200 to 800 ms. Voltage-sensitive dye
imaging showed that the active area was about 0.5 mm wide horizontally,
and it encompassed all cortical layers. Within the active area extracellular
electrodes detected low amplitude field potential signals with large
amplitude fluctuations and large trial-to-trial variations. Spike recordings
indicated that only a small portion (5 to 10%) of neurons in the active area
were simultaneously firing; these spikes had low temporal correlations in the
0.1-10 ms temporal domain. The active area propagated horizontally with a
large variance in its overall velocity (1-20 mm/sec). The variance in
velocity was partly due to "jumps" during the course of propagation where
the front contour of the active area quickly advances in a few milliseconds.
This co-activation can be distinguished from epileptiform events in the
density of active neurons, synchronicity and propagation velocity. The
activation can only be evoked with proper excitation to the cortical tissue.
The precise stimulation intensity and the excitability of the neurons were
crucial for evoking this co-activation. Our data suggest that intrinsic cortical
circuits might dynamically organize population co-activations in response to
proper input patterns (Supported by NIH NS 31425, DOD 17-93-V-3018).

ANESTHETIC BLOCK OF THE DORSAL PENILE NERVE INHIBITS
VIBRATORY EJACULATION IN MEN WITH SPINAL CORD INJURY (SCI).
N.L, Brackett*12, J.A, Wieder2, J.T. Green2, T.C. Aballa1, and C.M. Lynne21. ’The Miami
Project to Cure Paralysis and 2Dept. Urol., Univ. of Miami Sch. Med., Miami, FL 33136
Most men with SCI cannot ejaculate via sexual intercourse, however, ejaculation may
be achieved by electrical stimulation through a rectal probe (electroejaculation); or by
penile vibratory stimulation (PVS) via mechanical stimulation delivered to the penis. The
mechanisms by which these methods achieve ejaculation are not completely understood.
The purpose of this study was to determine if the dorsal penile nerves are necessary to
achieve ejaculation using PVS in SCI men.
We selected 7 men with SCI who had a bulbocavemosus reflex (BCR) and a history
of consistent antegrade (no retrograde) ejaculation with PVS (i.e., ejaculation within 3
minutes of stimulation on > 3 consecutive trials spaced 1 day-4 wks. apart). On the day
of the experiment, a BCR was first confirmed. Then, 8-12 ml of 1% plain lidocaine was
injected subcutaneously around the base of the penis, to achieve a penile block, which
was confirmed by absence of a BCR. PVS was then administered at the same amplitude
and frequency as prior successful trials. PVS was terminated if there was: antegrade
ejaculation, no antegrade ejaculation after 6 minutes of PVS, or a medical reason to stop.
Four-24 h after the lidocaine trial, a follow up ejaculation trial was performed in which
no liodocaine was given, BCR was tested, and PVS repeated.
The results showed that, following injection of lidocaine, ejaculation was abolished in
100% of subjects. None of the subjects exhibited their typical erectile or somatic
responses during PVS. The follow up PVS trial induced ejaculation in all subjects. If
subjects usually had erection or somatic responses, these also returned. We conclude that
the dorsal penile nerves are necessary for PVS induced ejaculation of men with SCI.
Funding was provided Ity The Miami Project to Cure Paralysis and the State of Florida
Specific Appropriations.
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Bermejo and H. P. Zeigler. Biopsychology Program, Hunter College, (CUNY)
Even in the absence of explicit whisker stimulation, rats emit patterns of
rhythmic whisking. Because of their stereotyped nature and their persistence
after sensory denervation and cortical ablation, whisking movements have
been assumed to reflect the output of a central pattern generator (CPG).
Identification of a movement pattern as the product of a CPG requires the
demonstration that its generation, patterning and coordination are
independent of sensory input.
However, systematic behavioral
measurements of whisking patterns have not been carried out in
deafferented animals. The present study used high-resolution, optoelectronic
recording procedures in head-fixed animals to measure the movement
trajectories of individual whiskers, before and after vibrissal deafferentation.
In four rats, movements of a pair of bilaterally homologous whiskers were
monitored “on-line”, with all others whiskers present. Whisking was
monitored over three 30 min sessions. Subsequently, these animals
sustained sequential section (unilateral, bilateral) of the Infraorbital Nerve
(ION), which conveys sensory input from the whiskers. Animals were retested under the same conditions, with each animal serving as its own
control. Neither unilateral nor bilateral ION section affected the amplitude
distributions, amplitude/velocity functions, or bilateral coordination of
whisking. These results are consistent with the existence of a Central Pattern
Generator for whisking. Moreover, the fact that “whisking" patterns share
modal frequencies with other orofacial behaviors (e.g., chewing, sucking,
licking) suggests that the whisking CPG, like these other rhythmically
patterned movements, is likely to involve brainstem reticular circuits
(Nakamura & Katakura, ‘95). Supported by NIH Grants MH-00320 and NS
37263 to HPZ.
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161.1

161.2

ELECTROPHYSIOLOGICAL CHARACTERISTICS OF PRIMARY AFFERENTS
IN THE KNEE JOINT OF THE RAT. R, F, Schmidt*, B. Heppelmann, M. Pawlak,
Physiologisches Institut der Universitat Wurzburg, Rontgenring 9, D-97070 Wurzburg,
Germany.
Articular afferents of mammals mainly consist of polymodal AS and C fibers with
“free” nerve endings. So far the response characteristics of such fibers have not been
studied in detail in the rat, a widely used experimental animal. To examine the
properties of articular afferents supplying the knee joint of the rat, extracellular single
unit recordings were made from filaments of the saphenous nerve in anesthetized rats.
The primary articular afferent fibers were characterized by their conduction velocity,
the responses to mechanical stimuli (passive, non-noxious and noxious movements of
the knee joint) and their reaction to algesic substances applied i.a. as a bolus close to
the knee joint.
The receptive fields of afferent units explored in normal and in inflamed knee joints
(inflammation induced by intraarticular injection of kaolin and carrageenan) were
generally single, small and sharply demarcated. The units had conduction velocities
ranging from 0.5 to 25 m/s and there were no significant differences between the
normal and inflamed units considering these 2 properties. Spontaneous activity was
found in only 4 % of units tested. A few other units developed resting activity after
noxious movements or application of substances such as bradykinin (BK) injected i.a.
close to the knee joint. About 50 % of the units from normal knee joints and 35 % from
inflamed knee joints could be classified as high threshold units.
Responses to close i.a. bolus injection of BK (0.2 ml, 10’4M - 10'3M) were evoked
within 20 s in 46 % of the units from normal joints and in 35 % of the units from
inflamed ones. Bradykinin also increased the sensitivity to subsequent movements. In
normal joints more units were sensitized by BK compared to units from inflamed joints
(48 % and 37 % respectively). Responses to close i.a. bolus injections of capsaicin (0.2
ml, 10 4M - 10'3M) evoked large responses in about 60 % of fibers in both groups.
In conclusion, the data indicate that the rat knee joint may serve as a good model to
study electrophysiologically the properties of primary articular afferents.
Supported by the Deutsche Forschungsgemeinschaft, SFB 353

ANATOMICAL AND FUNCTIONAL PROPERTIES OF CUTANEOUS
SENSORY NEURONS IN ADULT WILDTYPE MICE AND THOSE
OVEREXPRESSING NGF IN THE SKIN. C.J. Woodbury. F. Negoita, B.M.
Davis', K.A. Albers1, and H.R. Koerber*. Dept. of Neurobio., Univ. of
Pittsburgh, Sch. of Med., Pittsburgh PA, 15261. 1 Depts. of Anat., Neurbio.
and Path., Univ. of Kentucky, Sch. of Med., Lexington KY 40536.

161.3

161.4
IONIC BASIS OF COLD-SENSITIVE NEURONS CULTURED
PRIMARILY FROM DORSAL ROOT GANGLIA (DRG)
K.Takao. K.Matsumura. S.Kobayashi*, Div. of Biological
Information, Dept. of Intelligence Science and Technology, Grad.
Sch. of Informatics, Kyoto University, Kyoto, 606-8501, Japan
We investigated ionic basis of cultured DRG cold-sensitive neurons
of rats with whole-cell and single-channel recordings. For cold
stimulation, temperature was lowered from 24-26°C (room
temperature) to 14-16°C. In whole-cell current-clamp mode, cooling
reversibly induced depolarization (receptor potential), which evoked
repetitive spikes. We analyzed ionic mechanisms of the depolarization
with whole-cell voltage-clamp configuration. At -60mV, cooling
induced inward current with conductance increase. The current
increased, when Ca2+ or Mg2+ ions were removed from normal
extracellular solution. Reversal potential of the currents recorded under
Ca-free condition suggested that cooling activated non-selective cation
channels. In cell-free outside-out patch recordings, cooling-activated
non-selective cation channels were identified, implying that the
channels directly responded to temperature. Current-voltage
relationships of the single-channel currents were similar to those of the
whole-cell currents.
Supported by Ministry of Education, Science, Sports and Culture,
Japan.

CUTANEOUS NOCICEPTOR POPULATION REPRESENTATION
OF NOXIOUS INDENTATION. PS Khalsa1 and P Grigg2*. ’Dept. of Bioeng.,

S.U.N.Y. Stony Brook, NY; 2Dept. of Phys., Univ. Mass. Med. Sch., Worcester, MA.
Indentation of skin overlying a compliant substrate (e.g., muscle or fat) produces
tension as well as compression, and either or combinations of those mechanical states
can activate cutaneous nociceptors1. If, during indentation, the tensile threshold of
nociceptors distal to the site of indentation is exceeded, then those nociceptors should
respond. This hypothesis was tested in a rat model using an isolated skin - nerve
preparation. Skin and its intact innervation was harvested from the medial thigh of the
hindlimb and placed in dish containing synthetic interstitial fluid with the corium side
down. The margins of the skin were coupled to an apparatus that could stretch and
apply compression to the skin1. The neural responses of mechanically sensitive, single
AS and C neurons were calibrated by stimulating them with pure compression using
an indenter (flat cylinder, 3 mm diameter; skin rested on a hard platform) and,
subsequently, pure tension. Then, the hard platform was replaced with a deformable
substrate whose nonlinear, compressive compliance was similar to that measured invivo in the hindlimb. The skin was compressed at the most sensitive spot (MSS) of a
nociceptor’s receptive field and at spatial intervals of 1 mm radially up to 9 mm distal.
All trials lasted 10 s with an intertrial interval of 3 min. A spatial population response
(SPR) was estimated by normalizing and then combining the response of each.
The response of the nociceptors to compression at the MSS, overlying the
compliant substrate, was generally greater than their response to the same magnitude
compression overlying the hard substrate. This reflects the combined loading
(compression and tension) that developed during indentation of the skin overlying the
compliant substrate. Compressions that had the edge of the indenter positioned over
the MSS often produced the largest neural response implying a component of its
response was to out-of-plane shear loads. The extent of the SPR ranged from 2-9
mm away from the MSS. The SPR was largest surrounding the MSS and then
decreased as a function of increasing distance. Thus, the SPR reflected the total
mechanical load developed in the skin due to the noxious indentation. The isolated
preparation enabled examination of the SPR by eliminating the nonlinear geometry
present in-vivo while maintaining the nonlinear compressive compliance. 1. Khalsa et
al, J Neurophys 77(7);492-505, 1997. (Supported by Whitaker RG97-0175)

Adult mice anesthetized with a mixture of ketamine and xylazine (90 and lOmg/kg)
were transcardially perfused with cold (10-12°C), sucrose-substituted oxygenated
artificial CSF. During perfusion the spinal column, cord, right thoracic musculature
and skin were removed and placed in a circulating bath containing the same chilled
aCSF. The spinal cord with intact dorsal cutaneous nerves and skin was isolated and
transferred to a recording chamber containing circulating normal aCSF. The
preparation was slowly wanned to 30-31 °C. Single DRG somata were impaled
using microelectrodes filled with 10% Neurobiotin (NB) in 1M K-acetate. Somal
action potentials were recorded and the fibers’ receptive fields located. Mechanical
thresholds and response properties were determined using von Frey filaments and
one fiber per ganglion injected with NB. After allowing 3-9 hr. for diffusion the cord
was fixed in buffered 4 % paraformaldehyde. The central projections of individual
fibers were visualized in 25 pm thick sections using avidin-HRP and DAB. To date
we have recorded data from 20 cells in wildtype (WT) animals and 34 cells in mice
over expressing NGF in the skin. Both groups had overlapping CVs (WT = 0.4-13.6
m/s; NGF+ = 0.4-15.6 m/s) and mechanical thresholds (0.6-5.6 mN). The one clear
difference between the two groups was the increased incidence of cells with broad
inflected spikes in NGF+ mice (WT 45% inflected; NGF+ 91% inflected) this
difference was seen across all CV groups but was most pronounced for fibers
conducting in the AS range (1-10 m/s). Single fiber projections revealed no clear
differences between those from WT or NGF+ animals. In summary, while
differences in spike characteristics seen in NGF+ neonates is apparently maintained
in the adult the profuse spinal projections are lost. (NS23725 HRK; NS31826 BMD)

161.5

161.6

ENCAPSULATED CORPUSCLES AND UNMYELINATED AXONS
IN THE LOWER LEVEL OF THE CAT VIBRISSAE. K. Kumamoto*,
S. Ebara, Y. Kobayashi H. Ohtake and T. Matsuura. Dept. ofAnatomy,
Meiji University of Oriental Medicine, Kyoto 629-0392, Japan.
Distribution and structure of Merkel cell neurite complexes,
lanceolate and reticular and Ruffine endings in the upper level of vibrissae
have been reported well. However, the distinct distribution and structures
of neuronal profiles in low level of vibrissae are still unknown. We
studied encapsulated corpuscles (EC) and unmyelinated axons (UMA)
distributing around the hair bulb of the cat vibrissae. Cat vibrissae
embedded in Epon 812 were cut into serial semi-thin sections for light
microscopy. Ultrathin sections were stained with uranyl acetate and
lead citrate, and observed on a JEOL 1220 electron microscope.
At the level of the hair bulb, UMA containing many mitochondria
covered with thick Schwann cell run parallel to the hair shaft and a
few small EC were found in the mesenchymal sheath. The loose array
of lamellae enveloped central axons in these EC. The glassy membrane
(GM) begins at the level of above the hair bulb, where myelinated
axons and UMA (about 2 pm) circumfused GM. Some UMA penetrated
the GM. Some EC were located in the mesenchymal sheath and also in
the trabeculae of the carvemous sinus. In this level, expanded central
axons of the EC contained a lot of mitochondria in the periphery like
as those of Pacinian corpuscles. Some UMA with oval profiles in
cross-section were found near the GM. Collagen fibrils were contacted
with Schwann cell basal lamina.

MORPHOLOGICAL CHARACTERIZATION OF THE LANCEOLATE
AND RETICULAR ENDINGS IN THE CAT VIBRISSAL FOLLICLES.
S. Ebara*, K. Kumamoto, Y. Kobayashi, H, Ohtake, T. Matsuura
Dept. of Anatomy, Meiji Univ. of Oriental Med., Kyoto 629-0392, Japan
In the last meeting, we demonstrated that a plenty of and various types
of hiechanosensory nerve endings indicating PGP9.5-like
immunoreactivities (-LIR) were distributed in the mystacial vibrissae of the
cat. The PGP9.5-LIR lanceolate endings at the level of the ring sinus (RS)
and the reticular endings at the level of the cavernous sinus appeared
especially unique profiles. However, distinct morphological
characterizations of them were still unknown owing to their distributional
complexity or to the peculiarity of their 3-demensional structures.
In this study, we investigated the detailed characterization of these two
endings by confocal laser scanning microscopy using immunocytochemistry for PGP9.5, S-100 protein, neurofilament 200kD, and myelin basic
protein, and by immuno-electron microscopy. Among the longitudinal
lanceolate endings at the level of the upper part of the RS, some of
expanded unmyelinated nerve terminals derived from ascending myelinated
fibers bent downwards and terminated adjacent to the glassy membrane
(GM). Others descended in the same way and terminated as the Merkel
endings after penetrating the GM. The reticular endings were formed by
extensively branched neuronal profiles that arose from a myelinated fiber,
and the collective terminal profiles spread longitudinally and were
distributed in close proximity to the GM. The reticular endings of the cat
were in perpendicular to the GM, whereas those of the rat simply spreads
in flat and parallel to the GM (Rice et al., 1993). It is supposed that these
morphological peculiarities of the lanceolate and reticular endings of the
cat may contribute to certain mechanoreceptive function.
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161.8

LACK OF EVIDENCE FOR FUNCTIONAL COUPLING BETWEEN
ODONTOBLASTS AND NERVES IN THE CAT. B. Matthews*, J. Ushivama.
and S. Wanachantararak, Department of Physiology, University, of Bristol,
Bristol BS8 1TD, U.K
The innervation of dentin is less dense than one might expect for such a
sensitive tissue. One explanation that has been proposed to account for this
is that odontoblasts, which have processes extending into the dentinal
tubules from the pulp, act as the sensory transducers and are coupled to
nerves. There is some histological evidence for gap junctions between
odontoblasts and nerves and, consistent with this, Ushiyama (unpublished
observations) obtained preliminary evidence that small depolarisations
could be recorded from cells in the odontoblast layer of cats when the
nerves supplying the teeth were stimulated electrically. The present
experiments were carried out to investigate further these responses.
Intracellular recordings were made from cells in or close to the odontoblast
layer in cats. The animals were anesthetized throughout with sodium
pentobarbitone. The tip (3-4 mm) of a lower canine tooth was cut off to
expose the pulp and stimulating electrodes were implanted around the
peripheral cut end of the ipsilateral inferior alveolar nerve (IAN). In a small
proportion of cells encountered, stimulation ofthe IAN produced small (up to
12 mV), short-latency, all-or-none depolarisations that followed stimulation
at 300 Hz. Attempts were made to mark these cells and recover them in
frozen sections of the decalcified teeth but this proved very difficult. Seven
cells have so far been recovered that were labelled with either lucifer yellow
of a conjugate of dextran and lucifer yellow. In each case the cell had one or
more long (up to 1 mm) process extending into the pulp that resembled a
thin myelinated or non-myelinated axon. We conclude that the responses
were action potentials recorded under less than ideal conditions from the
very fine terminals of intradental nerves. In the odontoblast layer, nerve
terminals have diameters of less than 1 pm. There was no evidence that
odontoblasts were coupled to nerves. Supported by the U.K. M.R.C.

STRUCTURE-ACTIVITY RELATIONSHIPS OF TRIGEMINAL IRRITANTS
THAT CAUSE TINGLING SENSATIONS ON THE TONGUE
Bruce Bryant* and Igor Mezine. Monell Chemical Senses Center, 3500 Market
Street, Philadelphia, PA 19104
Recently we reported the isolation and electrophysiological
characterization of several plant-derived sensory irritants which unsaturated
alkylamides. Those compounds, when applied to the human tongue, give rise to
a sensation described as tingling or buzzing. Prior studies have identified the
type of trigeminal neurons are activated by these compounds. In order to
investigate the molecular features of the compounds that are required for specific
activity, we have synthesized and confirmed the structure of a number of analogs.
The structure of the natural parent compounds, unsaturated alkylamides, can be
divided into three regions: an alkyl region (A), an amide region (B) and a
hydrophobic chain (C). Activity of the analogs was assessed by measuring
intracellular Ca2+ by cultured trigeminal neurons as well with human sensoiy
tests. We found that O-alkyl analogs, the corresponding acids (Regions A, B),
and analogs in the C region lacking die 2,3-double bond did not evoke tingling
sensations nor did they cause increases in intracellular calcium in trigeminal
neurons. This result implies that the conjugated alkylamide moiety is necessary
for specific neural and sensory activity. The C regions of other synthetic analogs
were synthesized to be different in chain length, as well as in number, position
and configuration of double bonds. The activity of analogs with a shorter
hydrophobic chain was less than parent compounds. Moreover, the activity of the
analogs was very sensitive to the level of unsaturation of the hydrophobic chain
and the conformations of the double bonds. Several ion homeostatic mechanisms
are candidate targets for this class of irritant. Funded by NIH Grant 03DC03639

161.9

FREE NERVE ENDINGS OF THE INFRARED RECEPTORS
OF THE SNAKE TRIMERESURUS FLAVOVIRIDIS:
SCANNING ELECTRON MICROSCOPY. S. Terashima**. H.
Hashizume2, and T. Ushiki2. *Dept. of Physiology, Univ. of the
Ryukyus Sch. of Med., Okinawa 903-0215; 2Dept. of Anatomy,
Niigata Univ. Sch. of Med., Niigata-shi, 951-8150 Japan
Free nerve endings of warm nerve fibers are most easily
observable in the pit membrane of crotaline snakes. The
present work was done to clarify by scanning electron
microscopy (SEM) the three-dimensional structure of the free
nerve endings previously reported by transmission electron
microscopy (Terashima et al., 1970). Five adult Trimeresurus
Gavoviridis(T. f) were prepared for SEM by the method used
by Amemiya et al. for Agkistrodon blomhoffii (A.b.\ Anat. Rec.,
246: 135-146, 1996). Nerves entering the pit membrane were
unbranched myelinated fibers. The fibers lost their myelin
sheath just before reaching the terminal nerve masses (TNMs),
dividing into two or three branches ensheathed by terminal
Schwann cells. Individual TNMs exhibited a network of
furrows or trenches, which demarcated the TNM surface into
many incomplete compartments. In conclusion, free nerve
endings in the pit membrane of T. f. were similar to those of A.
b.
SOMATIC AFFERENTS: INNOCUOUS MECHANORECEPTORS

162.1

162.2

RECEPTIVE FIELD PROPERTIES OF UNMYELINATED LOW-THRESHOLD
MECHANORECEPTIVE AFFERENTS IN THE HUMAN HAIRY SKIN
K. Wiklund FernstrOm*. J. Wessberg. H. Olausson and A.B. Vallbo. Department of
Physiology, Goteborg University, Box 432, SE 405 30 Goteborg, Sweden.
It has been demonstrated that the hairy skin of the human forearm has a dual
innervation of low-threshold mechanoreceptive afferents so that light touch stimuli
are conveyed not only by myelinated afferents, but by unmyelinated afferents as
well (Vallbo et al, J Neurophysiol 1999:81, in press). The aim of this study was to
investigate, in detail, the receptive fields of such low-threshold, unmyelinated
afferents. Using the microneurographic technique, we recorded from 9 afferents in
the lateral antebrachial cutaneous nerves. The units responded with high impulse
rate to light touch, their von Frey hair thresholds were 0.3-2.5 mN, n=7, and their
conduction velocities were 0.8 -1.2 m/s. Receptive fields were explored using a
lightweight probe with a small rounded tip, connected to a modified XY-plotter
which was programmed to scan the receptive fields in closely adjacent tracks. It
was found that the receptive field of the individual units consisted of 1-9 small and
highly sensitive spots, separated by less sensitive regions. The total area ranged
from 1 to 35 mm2 when explored with an indentation force of 5 mN. The fields
were roughly round or oval with no preferred orientation. The size of the receptive
field area increased with indentation force, while the basic structure was preserved.
When low forces were used, the size of a single sensitive spot within a receptive
field was in some cases very small, down to 0.1 mm2 at 2.2 mN indentation force.

INNERVATION DENSITY AND VARIATION IN SENSITIVITY LIMIT
RESOLUTION OF EDGES IN THE SAI POPULATION. A.W. Goodwin* and
H.E. Wheat. Dept. of Anatomy & Cell Biology, Univ. of Melbourne; Parkville,
Australia 3052.
There are two properties of peripheral nerve fiber populations that play a crucial
role in limiting the resolution of the tactile system; the variation in sensitivity from
fiber to fiber and the innervation density. These factors are, of course, not evident in
the responses of single units considered in isolation and require some sort of model
or simulation to study them; they are therefore not usually addressed. We have used
such an approach to characterize the representation of edges in populations of slowly
adapting type I afferents (SAIs) as edges are key features of tactile stimuli.
Many edges are not straight (such as the edge of a dime grasped on the flat
surfaces between index finger and thumb) and vary in curvature. Stimuli consisting
of annular segments, 1.5 mm wide, with an outer radius ranging from 10.2 mm
(curvature 98 m'1 ) to oo (straight edge, curvature 0 m"1), were applied passively to
fingerpads. The scaling function for curvature of these segments in human subjects
was monotonic. Forced-choice discrimination of curvature in humans showed that
acuity was greater for a standard curvature of 60 m"1 (difference limen 12.5 nr1,
Weber fraction 0.21) than for a standard curvature of 25 m’1 (difference limen 17.9
m*1, Weber fraction 0.72).
In matching neural experiments, responses were recorded from SAIs innervating
the fingerpad in anesthetized monkeys. The position of the stimulus in the receptive
field was systematically varied in a fine grid, allowing a description of the ‘receptive
field profile’ which was an approximately isomorphic image of the stimulus. We
simulated realistic population responses in which these images were (a) distorted by
the variation in afferent sensitivities and (b) sampled by a relatively small number of
fibers, and characterized the limitations imposed by these two factors.
[Supported by a grant from the National Health and Medical Research Council]

The variation between units with regard to structure and geography of the receptive
field suggests a highly non-uniform terminal organisation of the sensoiy endings of
human tactile C-afferents.

Supported tty the Swedish Medical Research Council (Grant 14X-3548).
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TACTILE RECEPTOR RESPONSES TO VIBRATORY STIMULI PLACED ON
AND AROUND THEIR RECEPTIVE-FIELD CENTERS. S.J. Bolanowski. L.
Pawson and R. Verrillo* Inst. Sens. Res. and Dept. Bioeng. and Neurosci. Syracuse
University, Syracuse, NY 13244.
Ongoing anatomical studies in our laboratory are indicating that the
mechanoreceptors in glabrous skin of cat, monkey and human may not be randomly
distributed. For example, Meissner corpuscles innervated by RA fibers seem to be
arranged in rows that are unequally spaced. This observation impacts on the
interpretation of reconstructed neural-population responses, a technique commonly
used in tactile physiology. To obtain this “reciprocal interpretation”, fiber responses
are obtained with the stimuli placed in various positions relative to the fiber’s
receptive field. It is reasoned that, given a dense linear or even random array of
receptors, the reconstructed activity using a single fiber reflects the entire population
of receptors within the activated skin area. To further investigate how anatomical
organization and physiological responses impact on reconstructed population
responses, we have been recording activity from RA and SA fibers innervating cat
hindpaws in response to vibratory stimuli placed at various positions relative to the
center of their receptive fields. After characterizing the receptive field with punctate
stimuli (average size - RA, 23.5 mm2; SAI, 15.9 mm2; SAII, 22.9 mm2), intensity
characteristics were obtained with a 40-Hz stimulus at each location relative to the
receptive-field center. The intensity characteristics all display high rates-of-rise at low
and moderate intensities, and entrainment plateaus at the higher intensities. Typically,
when the stimuli are moved away from the center of the receptive-field, the intensity
characteristics retain their same shape, but with reduced sensitivity. Regardless of
whether the stimuli were moved medially, laterally, distally or proximally, the
diminishing sensitivity follow an exponential function. Exponent values do not seem
to correlate with the direction of movement. NIH DC00098 and NS36816

POPULATION RESPONSES OF RA MECHANORECEPTORS WITH
HYPOTHETICAL SPATIAL DISTRIBUTIONS. B, Guclu and S.J. Bolanowski*.
Inst, for Sens. Res. and Dept. Bioeng. and Neurosci., Syracuse Univ., Syr, NY 13244
Reconstructing neural-population responses of activity obtained from single
mechanoreceptive fibers has become a routine practice in tactile physiology. To obtain
this “reciprocal interpretation”, fiber responses are recorded with the stimuli placed in
various positions relative to the fiber’s receptive field. It is reasoned that, given a
dense linear or even random array of receptors, the reconstructed activity using a single
fiber reflects the instantaneous activity of the entire population of receptors within the
activated skin area. During reconstruction, skin mechanics and nerve-fiber branching
are typically ignored, and it is assumed that the receptors are densely organized,
homogenously and isotropically. In anatomical investigations we have found that the
latter assumption may not always be valid. Meissner corpuscles innervated by RA
fibers are arranged in rows that are unequally spaced. To help determine how
anatomical variation in the RA receptor distribution affects the reconstructed
population response, a computer-simulation program was developed based on a model
by Johnson (J. Neurophysiol. 37: 1974) and implemented with MATLAB. A 20-30
mm patch of skin was modeled in which innervation density, receptor distribution,
vibratory-stimulus coordinates and size, and stimulus amplitude were the input
variables was modeled. The stimulus frequency was 40 Hz. The model did not include
skin mechanics nor branching of nerve fibers within the skin. It was found that
stochastic variables such as intensity-characteristic parameters and receptor
distributions result in distinct population-response profiles. Specifically,
homogenous, random uniform and row-like distributions were simulated and the
population responses among them differed. Contactor size and coordinates were also
found to shape the response profiles, especially with the row configuration. Thus, care
must be taken when interpreting reconstructed population responses, especially
during attempts to link physiology to psychophysics. NIH DC00098 and NS 36816

162.5

162.6

DEVELOPING MYSTACIAL PAD INNERVATION IN THE HAIRLESS MUTANT
MOUSE. T Mo_scQni*x.Western University, of Health Sciences, Pomona, CA, 91766.,
The pattern of cutaneous innervation in the adult hairless (hr) mutant mouse
demonstrates a number of significant departures from that of normal (Swiss-Webster)
mice resulting in hyperinnervation of several “secondary targets” in the skin and
vibrissa (Mosconi, SNS Abs., 24:289, 1998). Using antibodies against PGP 9.5 and
CGRP, the present study was aimed at detailing the sequence of development of
mystacial pad innervation to determine when the differences appear. At birth, hr pups
are indistinguishable from normals, possessing a fine, fuzzy pelage that soon matures
into grossly typical fur. By the end of the 2nd postnatal week, the hair around the eyes
and on the mystacial pad is lost. The dermal plexus is present neonatally as a fine,
undifferentiated meshwork that rapidly matures into endings in the skin and the piloneural complexes of the intervibrissal fiir, and in superficial sites within the vibrissae.
At the end of the 2nd week, coinciding with notable mystacial pad hair loss, the dermal
plexus begins to elaborate with more, thicker fascicles and less precise oiganization. A
few fine profiles, some CGRP-immunoreactive (IR), begin to penetrate the epidermis.
During the 3rd postnatal week, hyperinnervated pilo-neural complexes on some
remaining hair follicles can be seen. At this same time, a dense epidermal innervation
rich in CGRP-IR fibers is conspicuous. This innervation subsequently increases to
form the massive abnormal array seen in the adult. In the vibrissal follicle, rete ridge
innervation is already present in the 1st week, however the inner conical body (ICB) is
empty until ~P10, when some fibers can be observed ascending from below, preceding
the infiltration of the normal set of ICB endings. Hyperinnervation of the rete ridge,
the superficial vibrissal follicle (outer conical body), and the ICB, including a
substantial ectopic contingent ascending from below, is present and increases from the
end of the 2nd week into adulthood. The trend toward hyperinnervation apparently
proceeds more gradually in the deep vibrissal targets and is not readily apparent until
after the 3rd week. Hyperinnervation of secondaiy targets corresponds with the loss of
primary hair targets and suggests that cutaneous innervation possesses a significant
capacity for plastic reorganization. The function of the new endings is still uncertain.

INVOLVEMENT OF AN EXTRACELLULAR GPI-ANCHORED PROTEIN IN
SENSORY NEURON MECHANOTRANSDUCTION Gary R. Lewin* Max
Delbriick Center for Molecular Medicine, D-13122 Berlin, Germany.
ln the nematode worm C. elegans, two extracellular matrix proteins appear to be
necessary for mechanotransduction in sensory neurons. I have tested whether an
extracellular protein linked to the membrane via a glycosylphosphotidylinositol
anchor might be required for normal sensory mechanotransduction in vertebrates. To
do this, I used an in vitro skin nerve preparation from embryonic chick where the
mechanical sensitivity of single sensory neurons can be measured using
electrophysiological methods (Koltzenburg & Lewin, 1997 J. Neurophysiology
78:2560-8). The skin-hindlimb nerve preparation was dissected free and incubated for
50 min in PBS containing phosphotidylinositol specific phospholipase C (PIPLC), an
enzyme that specifically releases GPI-anchored proteins from cell membranes by
cleaving the GPI link. Control preparations were incubated with heat-inactivated
PIPLC and experiments were carried out with the experimenter blind to the treatment.
Interestingly, the median von Frey threshold of A-fiber sensory neurons was
significantly elevated after treatment with active PIPLC, median 2.0 mN (n=80)
compared to 1.4 mN in controls (n=61) p<0.005, Mann-Whitney U-test. The
mechanical thresholds of C-fiber nociceptive sensory neurons recorded in the same
preparations were unaffected by PIPLC treatment. Treatment of the nerve alone with
active PIPLC was ineffective (median threshold 1.4 mN, n=70). This indicates that
the GPI-anchored protein was required at the receptor terminal in the skin.
Furthermore, many faster-conducting A-fiber sensory neurons (conduction velocities
>4.0 m/sec) completely lost their mechanical sensitivity after PIPLC treatment as they
were not found with intense mechanical search stimuli but were observed with
electrical stimulation of the nerve (n=253). These experiments demonstrate that an
extracellular protein that is GPI-anchored is required for normal mechanosensitivity
eflow-threshold, vertebrate sensory receptors. Supported by DFG.

162.7

162.8

MOLECULAR CLONING AND CHARACTERIZATION OF NSTOM1 AND 2:
TWO NOVEL MAMMALIAN HOMOLOGUES OF C. ELEGANS MEC-2.
P.A. Heppenstall , A.G. Mannsfeldt and G.R, Lewin (SPON: European Neuroscience
Association) Dept. of Neuroscience, Max-Delbrilck Center for Molecular Medicine,
13122-Berlin, Germany
The molecular basis of mechanotransduction in mammals remains unknown. In C.
elegans, a model of mechanotransduction has been proposed in which a membrane
protein, called MEC-2, is thought to anchor an ion channel to the cytoskeleton. In
mammals, the stomatin family of proteins contains the closest homologues to MEC-2.
This family currently consists of stomatin and the recently cloned hSLP-1 (Seidel &
Prohaska, 1998 Gene 225(1-2): 23-9). Here we present data on two novel stomatin
family members that we have called neuronal stomatin 1 (nstoml) and nstom2 due to
their selective expression by neurons of the peripheral and central nervous system.
EST-clones for nstom 1 and nstom2 were identified and full-length cDNA clones were
isolated using 5’-RACE and RT-PCR. The nstoml cDNA codes for a protein of 287
aa that shares a high homology with stomatin and with MEC-2 (62% and 60%,
respectively). The nstom2 cDNA codes for a 354 aa protein that is 21% identical to
stomatin and 20% identical to MEC-2. Using non-radioactive in situ hybridisation, we
have shown that nstoml and 2 have overlapping and complementary expression
patterns in the nervous system. In the cerebellum, for example, nstom2 mRNA is
exclusively expressed by Purkinje cells, whereas nstoml is only expressed by cells in
the granular cell layer and in the outer plexiform layer. Both nstoml and 2 are
expressed by all neurons of the DRG. Northern blot analysis shows a single transcript
of 1.4kb for nstom2 expressed at high levels in the DRG and brain. Low levels of
expression are found in some non-neuronal tissues. Since MEC-2 functions as a
component of a putative mechanotransduction complex in C. elegans and both
nstoml and nstom2 are expressed by primary sensory neurons these novel proteins
could play a role in mammalian mechanotransduction. Supported by EU and DFG.

EFFECTS OF LOWERING BODY TEMPERATURE ON THE
ACTIVITY-DEPENDENT
CONDUCTION
VELOCITY
CHANGES O.B. Kwan2-. S.C. lung2 LH. Kim3 D.M Shunt HC. Shin2
& YR Choi1 ’Dept of Anesthesia, Pyung-Chon Hospital, Ttept Physiol,
Coll Med, Hallym Univ., 3Dept Physiol. ColL Med Kangwon National
Univ,, Chunchon, 4Dept of Orthopedic surgery, Wonkwang University
Hospital, Iksan, Kcrea
Although it has long been known that hypothermia reduces
conduction velocity (CV) and causes conduction block in peripheral
nerve, the effects of hypothermia on the activity-dependent CV
changes have not been systematically tested. In this study, the
profiles of activity-dependent CV changes of AP fibers were
examined in sciatic nerve of anesthetized rats while lowering body
temperature (BT, from 37 to 25°C). Fibers were dissected and teased
for recording in an oil pool, whose temperature (OT) was lower
than BT (BT/OT: 37.0/28.0, 35^27.4, 33/26.1, 31.0/26.0, 29.0/25.4,
27.0/23.2, 25.0/23.0). Resting CV was measured at 37°C by electrical
stimulation (0.5 Hz) of the * hind-paw. Activity-dependent CV
changes were calculated right after ceasing 1 min of stimulation at
different frequencies (1, 5, 10, 50, 100, 200 Hz). CV at 1 Hz was
BT-dependently decreased (compared to at 37°C, 35°C: -5.79 ±1.9%,
33°C: -6.27 ±2.2%, 31°C: -14.96 ±1.4%, 29°C -19.19 ±4.3%, 27°C:
-25.22 ±4.6%, 25°C: -31.59 ± 3.0%). Activity-dependent CV changes
were observed at all BTs tested. Significant decreases of CV,
compared to BT 37°C, were observed only at activity rates lower
than 50 Hz, especially at BT range from 33-31°C. These results
suggest that activity-dependence of Ap fibers may he prominently
influenced at specific hypothermic BT range and during certain
activity states (Supported by '98 KRF grant to YRChoi).
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ACTIVATION ENERGY OF MECHANOTRANSDUCTION AND
CONDUCTION VELOCITY IN A SPIDER MECHANORECEPTOR.
Ulli Hogcr* and Andrew S. French, Department of Physiology and
Biophysics, Dalhousie University, Halifax, Canada.
In vertebrates and invertebrates the mechanotransduction process
itself, and action potential conduction to the central nervous system, are
both affected by temperature. We used the single-electrode voltage
clamp technique to study the receptor current (i.e. mechanotransduction) in the lyriform organ VS-3 of the spider Cupiennius salei
at different temperatures. The mechanically-induced receptor current
decreased at lower temperatures, but was still detectable at 5°C. The
conduction velocity of action potentials from the mechanoreceptor
organ, measured with extracellular electrodes, increased from ~3.2 m/s
at 10°C to ~7.5 m/s at 32°C. The activation energies for the
transduction and conduction processes were obtained by fitting the
experimental data with the Arrhenius equation. Activation energy for
transduction was 96.6 kJ/mol ±31.3 SD, and activation energy for
action potential conduction was 26.46 kJ/mol ± 1.84 SD. Our results
provide the first direct measurements of the activation energy of
mechanically-activated currents and support the suggestion that a high
thermal energy barrier is present in mechano-electrical transduction.
(Supported by the Medical Research Council of Canada)

SOMATIC AND VISCERAL AFFERENTS

163.1

163.2

EFFECTS OF SPINAL GANGLION COMPRESSION ON C-NOCICEPTOR
RESPONSES TO TENSILE AND COMPRESSIONAL LOADS APPLIED TO
RAT SKIN. Z. Zheng? P. Grigg,2 and R. H. LaMotte '*. ’Dept. of Anesthesiology,
Yale Univ. Med. Sch.; New Haven, CT 06522;2 Dept. of Physiology, University of
Mass. Med. Sch.; Worcester, MA 01655.
We investigated whether nociceptor sensitization contributes to the cutaneous
mechanical hyperalgesia that occurs after compression of the ipsilateral dorsal root
ganglion in the rat (e.g. Zhang et al., Soc. Neurosci. Abstr. 24:629, 1998). L2 and
L3 ganglia on one side were compressed by implanting a steel rod (0.6 mm diam.)
into each intervertebral foramen. Two to three days later, a 15 x 15 mm patch of
skin on the inner thigh, innervated by axons from the compressed ganglia (vs.
ganglia of unoperated controls), was removed along with the attached nerve and
placed in»a recording chamber. Evoked responses in 57 mechanically sensitive
nociceptors with unmyelinated (C) axons were recorded electrophysiologically
from teased filaments in response to a) tensile loads applied by skin stretching via
linear actuators attached to the edges of the skin, and b) compressional loads
applied to each receptive field with a force controlled indenter (3 mm diam.).
Discharge rates of most C-nociceptors increased with increasing tensile or
compressional loads. Ten nociceptive fibers were sensitive to compression but not
to tension, 1 to the reverse and 46 to both. Fibers responsive to both did not differ
in their response thresholds and sensitivities to tension and compression. There
were no significant differences in thresholds or sensitivities of nociceptive fibers
from compressed as opposed to control ganglia. We conclude that the cutaneous
hyperalgesia resulting from experimental compression of the dorsal root ganglion
is not due to an abnormal enhancement or sensitization of peripheral nociceptors
to mechanical stimulation of the skin. (Supported by NINDS grants NS-14624 and
NS-10783)

ABNORMAL SPONTANEOUS ACTIVITY FROM DORSAL ROOT GANGLION
CELLS WITH INJURED AND UNINJURED DORSAL ROOTLETS. Y, -K. Xie1, J. -L.
Zhou1 and J. -M. ZHANG2*, ’Dept. of Physiology, Chinese Academy of Med. Sci.,
Beijing 100005, China; 2Anesthesiology, Univ. of Arkansas for Med. Sci., Little Rock,
AR 72205.
We aimed to investigate whether partial injury of the dorsal root (dorsal rhizotomy) will
induce neuropathic pain in the rat. Forty male Sprague-Dawiey rats weighing between
200-400gm were used in all experiments. After a partial laminectomy at L, and L2, the L5
dorsal root was identified, and its rootlets were carefully isolated from each other. The
caudal half of the rootlets (normally 2 of 4 rootlets) was tightly ligated and cut whereas
the rostral half was kept intact. Behavioral measures with mechanical stimulation were
performed 3 days before and every other day after surgery until the day of
electrophysiological study. 7 to 10 days later, single fiber activity was recorded from
injured and intact L5 dorsal rootlets in vivo. Norepinephrine (NE) was either applied
locally (0.5mM) to the dorsal root ganglion (DRG) or administrated systemically (0.55pg) to the rat once the recorded fibers were identified.
All rats with partial dorsal rhizotomy developed spontaneous pain-like behaviors and
mechanical hypersensitivity as early as day 1 after surgery, and lasted for more than three
weeks. Spontaneous activity (SA) was recorded in 162 of 746 (21.7%) AP-fibers from the
injured rootlets, and 75 of 394 (19%) AP-fibers from the intact rootlets. SA was also
recorded in 4.2% AP-fibers from the uninjured neighboring dorsal roots (L4 or L6). The
main pattern of SA in the injured DRG was bursting discharge. SA from normal DRG,
however, exhibited tonic or irregular firings. Twenty-two of 28 fibers from the injured
rootlets and 9 of 11 from the intact rootlets responded to NE, of which 10 injured and 4
intact fibers were inhibited and 12 injured and 5 intact fibers were excited. The excitatory
effects of NE were blocked by pretreatment with yohimbine (10 pM), an a2 adrenoceptor
antagonist, but not prazosin, an a, antagonist. The results suggest that partial dorsal
rhizotomy induced functional changes in both injured and uninjured neurons in the same
DRG, which may contribute to the development of painful behaviors in the rat. Supported
by Chinese National Natural Science Foundation.

163.3

163.4

EFFECT OF AXOTOMY ON VOLTAGE-GATED BARIUM CURRENTS IN
ADULT RAT CUTANEOUS AFFERENT NEURONS. M.L, Baccei and J.D,
Kocsis*: Dept. ofNeurology, Yale Univ. Sch. of Med.; West Haven, CT 06516.
Previous studies have demonstrated that axotomy of the sciatic nerve can alter the
expression of ion channels and neurotransmitter receptors in adult rat cutaneous
afferent dorsal root ganglion (DRG) neurons. The effect of sciatic nerve injury on the
somatic expression of voltage-gated calcium currents in cutaneous afferents identified
via retrograde labeling was studied using whole-cell patch clamp. Two weeks after a
unilateral ligation and transection of the sciatic nerve, the L4-L5 DRG were
dissociated and barium currents were recorded from cells 3-10 hours later. Cutaneous
afferents (35-50 pm) were classified as Type 'I (possessing only high voltageactivated currents) or Type 2 (having both high- and low-threshold currents).
Axotomy did not change the percentage of neurons exhibiting a Type 2 phenotype or
the density of low-threshold T-type current found in Type 2 neurons. However, in
Type 1 neurons the peak density of high voltage-activated (HVA) current available at
a holding potential of -60 mV was reduced in axotomized neurons (83.9 ±5.6 pA/pF,
n=53) as compared to control cells (108.7 ± 6.9 pA/pF, n=58, p<.01, impaired t-test).
A similar reduction was observed at more negative holding potentials, suggesting
differences in steady-state inactivation are not responsible for the effect. Separation
of the Type 1 cells into different size classes suggests that the downregulation of
barium current occurs selectively in the larger (>80 pF) cutaneous afferents (control:
112.4 ± 10.6 pA/pF, n=30; ligated: 72.6 ± 5.0 pA/pF, n=36; p<.001). The HVA
barium current of larger cutaneous afferents also demonstrates a depolarizing shift in
the voltage-dependence of inactivation after axotomy. Injured Type 1 cells had faster
inactivation kinetics than control neurons; the rate of recovery from inactivation was
similar in the two groups. The present results suggest that nerve injury leads to a
reorganization of the HVA calcium current properties in a subset of sensory neurons.
Funded by the VA and NIH.

CHANGES IN MEMBRANE AND FIRING PROPERTIES OF MICE
TRIGEMINAL GANGLION NEURONS DURING DEVELOPMENT.
C. Cabanes*, M. Lopez de Armentia, C. de Felipe, F. Viana and C.
Belmonte,. Instituto de Neurociencias, Universidad Miguel Hernandez,
San Juan de Alicante, Spain.
We studied the electrophysiological properties of trigeminal ganglion
(TG) neurons from mice at two postnatal ages: neonatal (P1-P7) and
adult (>P21). TG were excised and superfused in vitro and neurons
recorded in current clamp conditions with 3M KCI filled microelectrodes.
The maxillary and central branch of TG neurons were stimulated
electrically. In adults, two populations were clearly distinguished based
on their c.v.: C-type (<1.5 m/s) and AD-type (1.5-12 m/s). In contrast,
all neonatal neurons conducted slowly. Based on AP shape and degree
of inward rectification (IR), adult neurons could be classified into 4
classes. The same subgroups were already evident at neonatal stages,
suggesting an early specification of membrane properties. The
percentage of neurons without a hump in the AP was not different in
adults (45%) and neonates (52%). However, the percentage of neurons
lacking both, hump and IR was significantly larger in neonates. Other
differences between adult and neonates included: larger Rin, more
frequent tonic responses to depolarizing steps and some AP
parameters. Postnatal development of primary sensory neurons is
accompanied by changes in membrane and firing properties and
neuropeptides may contribute to their normal development.
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NEUROPHYSIOLOGICAL PROPERTIES OF CULTURED TRIGEMINAL
GANGLION CELLS FROM EMBRYONIC RAT. A. Grigaliunas1, R.M. Bradley1 *,
D.K. MacCallum2, and C.M. Mistretta1. ’School of Dentistry and 2Medical School,
University of Michigan, Ann Arbor, MI 48109.
Nerve processes from the trigeminal ganglion (TG) innervate the lingual
epithelium of the anterior tongue and fungiform papillae, but not taste buds. Thus,
the TG is essential for tongue and gustatory organ sensation, but not taste sensation
per se. We are investigating fiinctional differentiation of TG cells during the period
when neurites extend to target organs on the anterior tongue in embryonic rat.
Embryos were removed from anesthetized, pregnant rats at gestational day 16, when
neurites have reached the papilla and lingual epithelia. TG were dissected, explanted
onto matrix - coated coverslips and maintained in medium supplemented with NGF.
After 3 to 9 days, whole cell recordings were made from 125 trigeminal neurons in
current and voltage clamp mode. Mean resting membrane potential was -61 mV (±
5.4 S.D.), input resistance was 420 MOhm (± 163) and membrane time constant was
30 ms (± 12). During hyperpolarization, all cells demonstrated inward rectifying
currents that could be blocked by 1-3 mM Cs+. With depolarizing current, TG cells
were able to produce just a single action potential at threshold level (-36 mV, ± 5.5).
Average action potential amplitude was 105 mV (± 7.2) with a half-duration of 3.1
ms (± 0.7). All neurons showed inflections on the falling phase of the action
potential and these could be eliminated or altered .by adding Co2+ and/or reducing
Ca2+ concentration in the bathing solution. Neurons remained able to generate action
potentials after adding 3 pM TTX; however, the threshold of excitation was
increased. Generation of action potentials was abolished in Na+-free bathing
solution. Data indicate that calcium channels and at least two types of sodium
channel participate in generation of the action potential for embryonic TG neurons.
Supported by NIDCD, NIH Grant DC00456 to CMM.

LOCALIZATION AND REGULATION OF THE SOMATOSTATIN SST2(a)
RECEPTOR IN SUBPOPULATIONS OF PRIMARY SENSORY NEURONS.
GJ.Michael*, I.Tabrizi, R.Saggu. Neuroscience Section, Biomedical Sciences,
Queen Mary and Westfield College, Mile End Road, London, El 4NS.
The somatostatin SST2(a) receptor has been localized to regions of the brain and
spinal cord involved in nociception and in small dorsal root ganglion (DRG)
neurons. Analgesic effects of intrathecally administered somatostatin may be
mediated at the level of the spinal cord and/or by direct action on primary afferents.
The present study uses immunocytochemical methods to identify the neurons in the
lumbar DRG which possess SST2(a) receptors and localize it in other ganglia. The
effects of sciatic nerve section on SST2(a) receptor immunoreactivity in the DRG
were also examined.
In lumbar dorsal root ganglia, SST2(a) receptor was restricted to a subpopulation
of Griffonia simplicifolia isolectin B4 (IB4) binding cells. Labeling was
cytoplasmic as well as at the cell surface. Few positive cells were dual labelled for
trkA, CGRP or NF200, and none contained somatostatin. Axotomy caused a loss of
SST2(a) receptor in L4 and L5 ganglia by two weeks. Superior cervical ganglia and
nodose ganglia had no or very low levels of labeling. In the petrosal ganglion, some
cells were intensely immunoreactive with characteristics similar to those in the
DRG. In the jugular ganglion, a population of SST2(a) receptor positive cells had
only distinct cell membrane labeling. Again, colocalization with IB4 binding was
observed, but many of these cells also labeled for CGRP.
These findings provide an anatomical substrate for the analgesic actions of
somatostatin suggesting that it might act to modulate nociceptive transmission in
the IB4 population of DRG afferents via the SST2(a) receptor. Presence of this
receptor on visceral afferents may indicaie functional similarity between these cells
and certain somatic afferents. Regulation of the receptor following axotomy may
indicate the requirement of trophic support to maintain this phenotype.
Supported by a program grant from the MRC, UK.

163.7

163.8

PEPTIDE 19 IN THE TRIGEMINAL GANGLION OF THE
ADULT RAT.

Action Potential
Features
of Immnunocytochemical
ly Identified
DRG
Cells Sensitive to Capsaicin , Protons , or ATP. B. Cooper*, J.C. Petruska
and R.D. Johnson. Depts. of Oral Surgery, Neuroscience and Physiological Sciences,
Univ. of Florida, Gainesville, FL, USA, 32610.
Long action potential base duration (APb) and afterhyperpolarization (AHP) are
associated with nociceptors, in vivo (Lawson et al 1996). We examined the APb and
AHP of cells with nociceptive properties (ATP, H+ capsaicin reactive) that were
histochemically identified (IB4, SP, CGRP) or subclassified by current signature, in
vitro. (Cardenas et al., 1995). Whole cell patch records were obtained from cells (1640 um) that were acutely dissociated from adult rats. Substances were applied by
sewer pipe (ATP, 10 uM; Protons, pH 5.0; CAP, 0.5-1 uM). Following tests, the cell
was marked and fixed for GS-I-B4 binding and SP, and CGRP immunoreactivity.
CAP sensitive cells had greater APb (6.2 +/-0.3 msec; p=.002) and AHP (51.4 +/6.2 msec; p=.002, n=10,11) than CAP insensitive cells (APb; 3.4+/-0.19 msec; AHP
23.7 +/-3.3 msec). Groups were non-uniform with respect to both CAP and ATP
current amplitude and kinetics. AP features were also longer in IB4 positive vs
negative cells (APb: 5.2 +/-0.4 msec vs 3.5 +/-0.4 msec, p=.002, n=14,4; AHP: 43.1
+/- 5.0 msec vs 19.7 +/-2.6 msec, p= 02; n=14,4;) despite the fact that 6 of 17 IB4
expressing cells were capsaicin insensitive. There was considerable variation in H+
and ATP activated currents when grouped by IB4. Peptide content was not a
predictor of APd or AHP, CAP, ATP, or H+ response amplitude or kinetics.
Separation of cells by current signature into 5 subtypes revealed cells with uniform
ATP, H\ CAP reactivity and kinetics. The AHP was longer in type 1 (38.4 +/-1.9
msec) and type 2 (54.6 +/-20.0 msec; p=.004; n=8), vs. type 3 (19.67 +/-2.58 msec;
p=.012; n=4) or vs type 4 (36.9 +/-3.2 msec; p=.O48; n=3) or type 8 (15.7 +/-2.8;
n=3); APb was greater in types 1 (7.55 +/-1.1 msec) and 2 (5.91 +/-0.12 msec; p
=.002) relative to types 3 (3.5 +/-0.4), 4 (3.4 +/-0.18) and 8 (3.3 +/-0.24). While CAP,
ATP or IB4 label reliably identified cells with long APb and AHP, these cells were
not uniform with respect to other properties. Current signatures identified cells with
uniform APb, AHP and uniform responses to algesics. Supported by UFBI.

H, Icfiikayva*, T--Susimoto.

2nd Dept. Oral Anat. Okayama Univ. Dent. Sch., Okayama
700-8525, Japan
Peptide 19-immunoreactivity (PEP 19-ir) was examined
in the trigeminal ganglion (TG) of the adult rat. 52.3% of
TG neurons were immunoreactive (ir) for PEP 19. Most PEP
19-ir TG neurons were medium-sized or large (range = 1332171pm2, mean ± SJD. = 883 ± 389 pm2,88.9%>400pm2).
The double immunofluorescence study revealed the
coexpression of PEP 19 and calcium-binding proteins.
91.2% of SlOO-ir TG neurons showed PEP 19-ir and 79.6% of
PEP 19-ir ones exhibited SlOO-ir. 30.6% and 15.5 % of PEP
19-ir TG neurons were immunoreactive for parvalbumin
and calbindin D-28k, respectively. Conversely, a half of
parvalbumin- and calbindin D-28k-ir TG neurons
coexpressed PEP 19-ir. High incidence of the calciumbinding protein coexpression may suggest that the PEP 19ir TG neurons include low-threshold mechanoceptors.
(Supported by Grant-in-Aid for Scientific Research from
the Ministry of Education, Science and Culture, Japan)

163.9

163.10

COLLATERAL SPROUTING OF GS-I-B4 ISOLECTIN REACTIVE NONPEPTIDERGIC DRG NEURONS INTO DENERVATED RAT SKIN J.C.
Petruska* and R.D. Johnson University of Florida, Depts. of Neuroscience and
Physiological Sciences and UF Brain Institute. Gainesville, FL 32610-0244.
In adult rats, as well as humans, denervation of target tissues such as skin and
muscle is known to induce the neighboring uninjured axons to sprout collaterals
into the denervated tissue. This process may represent a mechanism for rapid
restoration of certain functions. In skin, collateral sprouting is limited to sensoiy
Ad and C-fibers, as well as sympathetic axons. Previous work has shown that this
process is dependent on NGF (Diamond et al., 1992). However, some small DRG
neurons are sensitive to GDNF, and not NGF, raising the question of whether there
is another population of C-fibers involved in primary afferent collateral sprouting
(PACS). The GDNF sensitive small diameter DRG neurons are those that bind the
isolectin GS-I-B4 and generally lack expression of the known neuropeptides. We
therefore examined skin that had been denervated and collaterally reinnervated to
determine the types of axons that had grown into the area. We found that GS-I-B4
reactive sensoiy axons were present in collaterally reinnervated areas of skin.
These axons co-expressed GAP-43, and many were devoid of immunoreactivity for
the neuropeptides CGRP or Substance P. Further, many of these axons were not
associated with vasculature and some displayed unique morphologies that were not
found in normal skin. The patterns of GAP-43/GS-I-B4-positive, CGRP-negative
innervation in reinnervated skin was clearly different from both normal and acutely
denervated (3-4 days) skin. Based on these findings, it is likely that the GS-I-B4
reactive, non-peptidergic small diameter DRG neurons are involved in PACS.
Therefore, possible therapeutic approaches utilizing both NGF and GDNF may be
usefiil for enhancing recoveiy of function after peripheral nerve injury.
Supported by NIH MH15737 and the Florida Brain and Spinal Cord Injuiy and
Rehabilitation Trust Fund.

ACID-INDUCED RELEASE OF CGRP FROM CULTURED DORSAL
ROOT GANGLION NEURONS. Michael A. Reutter* and Virginia S.
Sevbold. Dept. of Neuroscience, University of Minnesota, Minneapolis, MN
55455.
Solutions of low pH have been shown to elicit pain in humans and excite rat
primary afferent nociceptors in vivo and in vitro. This response is thought to
be mediated by activation of proton and/or capsaicin receptors because acidsensing channels and capsaicin receptors have been localized to primary
afferent neurons. We investigated the mechanisms of pH-induced excita'ion
of primary afferent neurons by measuring release of CGRP from primary
cultures of neonatal rat dorsal root ganglion (DRG) neurons. Release of
CGRP was dependent on proton concentration (pH 4.5-7) and had an EC50 of
5.9. Treatment of DRG cultures with low pH solutions (pH 5.0) was less
efficacious than treatment with a maximally effective concentration of
capsaicin (1 pM). CGRP release returned to basal levels in subsequent
incubations in buffer adjusted to pH 7.0. The proton-induced release of
CGRP was not dependent on Na+ and was inhibited when Ca2+ was remo/ed
from the incubation solution. The capsaicin receptor antagonist capsazepine
partially inhibited the release of CGRP while ruthenium red (10 pM) blocked
the release of CGRP induced by pH 5.8 buffer. These data demonstrate that
acidic solutions increase the release of CGRP from cultured DRG neurons,
and suggest that the response is partially mediated by receptors that also
respond to capsaicin. The difference in response of these cultures to protons
and capsaicin provides further evidence that there are unique receptors for
these two chemical stimuli. Supported by grants from NINDS (NS 17702) and
NIDA (T32DA07234).
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THE RELATIVE CONTRIBUTION OF FEMORAL AND SCIATIC NERVE
BRANCHES TO THE SENSORY INNERVATION OF THE HINDLIMB DIGITS IN
THE RAT. A.Puigdelllvol Sanchez1, P. Forcada-Calvet1, A.Prats Galino1, and C.
Molander2*. ’Dept. of Morphological Sciences, Faculty of Medicine, Univ. Barcelona,
08036 Barcelona, Spain; 2Dept. of Neuroscience, and Dept. of Surgical Sciences,
Karolinska Institutet S-171 77 Stockholm, Sweden.
The contribution of different sensory nerves to the innervation of the hindlimb
digits was quantified after cutaneous injection of fluorescent tracers, transection of
nerves to restrict afferent routes, and counting retrogradly labelled neurons in lumbar
dorsal root ganglia (DRGs). We needed this information in our ongoing studies of
rearrangements in the innervation of the digits as a result of sprouting following nerve
injury. Sciatic nerve transection and injection in digits 1 and 2 resulted in labelling in
DRGs L3-4 (and some in L5). The contribution of the femoral nerve to the innervation
of digits 1 and 2 was assessed by injecting fluorescent tracers in digits 1 and 2, and then
labelling the femoral nerve four days later by a different tracer. About 90% of the
afferents labelled from digits 1 and 2 in DRG L3 and about 10% of the afferents
labelled from digits 1 and 2 in L4, respectively, were found to travel in the femoral
nerve. Combined sciatic (tibial, peroneal and sural) and femoral nerve transection, and
injection in all digits at the same time resulted in 10-40 labelled neurons in L5-6. This
figure was reduced to 0-7 after transection also of a proximal sciatic branch which
sends multiple branches to the hamstring muscles and anastomoses with the cutaneous
posterior nerve of the thigh and finally joins the saphenous vessels, here called the
musculocutaneous branch of the sciatic nerve. The contribution of this nerve to the
innervation of the toes was assessed by injecting fluorescent tracers in all five digits,
and by labelling the musculocutaneous five days later by a different tracer. Two to 26%
of the afferents in DRGs L5-6 were found to be derived from the musculocutaneous
branch, and hence did not travel via the femoral, tibial, peroneal and sural nerves as
expected. Supported by Fundacid Maratd TV3 (project 003/97) and the Swedish MRC.

MECHANOSENSITIVE CURRENTS IN CULTURED DORSAL
ROOT GANGLION NEURONS. H, GmohAand A. Takahashi,
Dept. Bioengin., Faculty of Engineering, Soka University, 1236 Tangicho, Hachioji, Tokyo, 192-0003 Japan

Whole-cell patch clamp experiments were performed to
analyze mechanosensitive currents in cultured rat dorsal
root ganglion (DRG) cells. When a positive pressure was
applied through a patch electrode, inward currents were
observed in a subpopulation of DRG neurons. This
indicates that the mechanosensitive response is probably a
kind of ionotropic process, not a metabotropic one. The
pressure evoked inward currents, especially in those cells
larger than 20 um in diameter. The proportion of
mechanosensitive cells was approximately 80% in cells
larger than 20 um in diameter. The mechanosensitive
current was dependent on a pressure strength. A
threshold pressure for the current induction was
approximately 5 cm H2O and the response monotonically
increased through 20 cm H2O; approximately 1.5 nA at 20
cm H2O. Inward currents were analyzed using external
Ca2+-free and Na+-free solutions. We found two types of
inward currents. One is Ca^+ dependent, and the other is
dependent both on Ca^+ and Na+.

163.13

163.14

RAT COLON SENSORY NEURONS CONTAIN MECHANOSENSITIVE
CHANNELS. X. Su*, R. E. Wachtel1 and G. F. Gebhart. Depts. Pharmacology
and ‘Anesthesia, College of Medicine, University of Iowa, Iowa City, IA 52242;
‘Dept of Veterans Affairs Med Ctr, Iowa City, IA 52246
Mechanosensitive pelvic nerve afferent fibers innervating the colon are
activated during colorectal distension and likely play a significant role in
nociception. However, little is known about the effects of mechanical
stimulation on the activity of membrane ionic channels. In the present study,
we describe mechanosensitive channels in identified (Di-I) pelvic nerve
sensory neurons dissociated from adult S1 dorsal root ganglion. Single
channel recording techniques were used to record single mechanosensitive
channels. Channels were activated by applying negative pressure through the
recording pipette, and were found in 41% of patches (9/22) in a cell-attached
configuration and 45% of patches (54/120) in an inside-out configuration.
Channel openings became more frequent as the negative pressure was
increased. Agreement between the reversal potential measured at different
concentrations of cations and the prediction of the Nernst equation suggests
that the channel is selective to K+, with a slope conductance of 54 pS in
symmetrical solutions. Channels were also seen under Ca2+-free conditions.
Gadolinium (IO-4 M), a known blocker of mechanosensitive ion channels,
failed to block these channels, but tetraethylammonium (10-3 M) greatly
reduced single channel conductance. Colchicine (500 pM) and cytochalasin D
(1 pg/ml), which disrupt cytoskeletal elements, reduced channel open
probability. We conclude that K+-selective mechanosensitive channels in rat
colon sensory neurons may modulate the membrane excitability induced by
colon distension.
Supported by NIH NS-19912.

STRETCH-ACTIVATED CALCIUM SIGNALS IN CULTURED MOUSE
PRIMARY SENSORY NEURONS. Elvira de la Pefta, Brian Pecson, Robert F.
Schmidt, Carlos Belmonte & F61ix Vi ana* Instituto de Neurociencias, Universidad
Miguel Hem&ndez, San Juan - Alicante - Spain.
Cellular and molecular mechanisms underlying sensory transduction in primary
sensory neurons remain poorly understood. We have investigated the effects of
membrane stretch on intracellular Ca2+ levels ([Ca2+]j) of cultured mouse (age P3-P5)
trigeminal ganglion (TG) neurons (a mixed sensory population with nerve terminals
that respond to physical and/or chemical stimuli). Fluorometric digital imaging (Fura2) and whole-cell patch clamp recordings were performed. Membrane stretch was
accomplished with the application of extracellular hypotonic solutions. Hypotonic
(30%) cell swelling led to reversible [Ca2+], elevations in 77% TG neurons tested
(n=102). The amplitude of these responses varied with the degree of hypotonicity (1545%). Responses could not be evoked by hypertonic solutions. The [Ca2+]j responses
were variable in amplitude and time course, allowing the classification of neurons into
distinct subgroups. In 22% of the neurons [Ca2+]j increases had a fast time course
(mean time to peak 34 ± 12 s), while in the remaining cells, responses were much
slower (mean time to peak 167 ± 55 s). The amplitude of responses in both groups was
significantly different (201 ± 193 nM vs 54 ± 33 nM respectively). [Ca2+]j responses
were evoked in capsaicin-sensitive and capsaicin-insensitive neurons.
[Ca2+]j
elevations were completely abolished in the absence of external Ca2+. Further, they
were blocked by Gd3+ (20 pM) and Ni2+ (ImM).
We conclude that mechanical stretch increases [Ca2+]j in a large subpopulation of
mouse TG neurons in culture. Both, the rapid and slow [Ca2+]j responses are triggered
by Ca2+ entry and are sensitive to blockers of voltage-activated and stretch-activated
ion channels.
Supported by a grantfrom Biomatrix, Inc., Ridgefield, New Jersey, USA.

163.15

163.16

DIFFERENTIAL EXPRESSION OF NADPH-DIAPHORASE IN THE
DORSAL ROOT GANGLIA AND SYMPATHETIC GANGLIA IN
STREPTOZOTOCIN-INDUCED DIABETIC RATS

HYPERPOLARIZATION-ACTIVATED CURRENT (Ih) IN PRIMARY
VAGAL AFFERENTS OF THE RAT IS ALTERED FOLLOWING
VAGOTOMY. E. Lancaster1 *and D. Weinreich1,2. 'Neuroscience Program,
2Dept. Parmacology and Exp Theraputics, Univ. of Maryland Med. Sch.,
Baltimore, MD. 21201.
Ih influences membrane oscillatory behavior and resting membrane
potential in some central and peripheral neurons. Nodose ganglia neurons
(NGNs), which are primaiy vagal afferents, express Ih, but its physiological
significance in these neurons is poorly understood. We have employed the
patch-clamp recording technique to study acutely dissociated NGNs, Ih was
characterized by reversible block with external CsCl (SmM), slow activation
following a step hyperpolarization, and a characteristic reversal potential
(-39.5 ± 2.9 mV, n=12). To quantify the voltage-dependent activation
kinetics of Ih, a Boltzman fit was determined for Ih conductance as a function
of membrane potential. In NGNs from adult (200-400g) male rats, the
voltage at which Ih conductance is half-maximum, V1/2 (-100 ± 1.2 mV,
n=31), was significantly hyperpolarized relative to that reported for the
NGNs of 1-3 day old rats (-87 ± 2.4 mV) (Doan and Kunze (1999) J Physiol
(London) 514.1, 125-138).
NGNs isolated from the axotomized ganglia of adult rats 5-6 days
following unilateral vagotomy showed a 7 mV shift in Ih activation kinetics,
V1/2 (-93 ±1.2 mV, n=24). NGNs from the contralateral, non-axotomized
ganglia, were indistinguishable from control NGNs, Ih V1/2 (-102 ± 1.3 mV,
n=15). The voltage-dependent activation of Ih in NGNs therefore shifts to a
physiologically more relevant voltage-range following axotomy, and may
increase excitability in injured neurons. This work was supported by NIH
grant #NS2209 to DW and Neuroscience Training Grant #NS07375 to EL.

Ryu1, S, J. Park1. E. J, Yaag’.-B. HUsQi£-ChM..Hur3t M-G.

Kim4. K. J. Kim2 'Department of Anatomy, ’Department of Physiology,
’Department of Pharmacology, College of Medicine, Chungnam National
University, Taejon, Korea; department of Anatomy, College of Veterinaiy
Medicine, Chungnam National University, Taejon, Korea
Sensory neuropathy including neuropathic pain occurs in streptozotocin
(STZ)-induced diabetic rats. To investigate the role of nitric oxide (NO) in the
pathogenesis of diabetic neuropathy, histochemistry for NADPH-diaphorase, a
cofactor of nitric oxide synthase, was conducted in the dorsal root ganglia
(DRG) and sympathetic ganglia (SG) in STZ-induced diabetic rats.
NADPH-diaphorase positive neurons ih the L4 and L5 DRG decreased in the
STZ-induced diabetic rats. However, the number of the NADPH-diaphorase
positive neurons increased in the L6 DRG in the diabetic rats. There were dense
NADPH-diaphorase positive varicose nerve fibers in the lumbar SG in agematched controls. NADPH-diaphorase positive varicose nerve fibers in the
lumbar SG decreased significantly contrast to those of the control rats.
These data suggest that downregulation of NO in the L4 and L5 DRG or SG
in the diabetic rats may be related to general diabetic sensory neuropathy or
autonomic dysfunction respectively. Upregulation of NO in the L6 DRG may
be related to neuropathic pain behaviors in the hind paw of the diabetic rats.
Supported by Korean Ministry of Health and Welfare
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GENDER-RELATED DIFFERENCE IN NK-1 RESPONSES IN VAGAL
PRIMARY AFFERENTS OF THE GUINEA PIG. E.J, Oh1*, L.P. Thompson2,
and D. Weinreich1. ’Dept. of Pharmacology and Exp. Therapeutics, 2Dept. of
Obstetrics and Gynecology, Univ. of Maryland Med. Sch., Baltimore, MD
21201
Neurons can display sexual dimorphism in important characteristics such as
receptor expression, neurotransmitter secretion and synaptic plasticity. We have
examined sexual dimorphism in tachykinin sensitivity in isolated vagal afferents
(Nodose Ganglia Neurons, NGNs) using conventional “sharp” microelectrode
recording. To consider the effects of hormonal variation in females, males were
compared to 1) pregnant females, 2) ovariectomized females (OVX), and 3)
OVX females treated with 17P-estradiol pellets (OVX+E2). Serum estradiol
levels were similar in groups 1) and 3). Thirteen percent of male NGNs (11/83)
were depolarized (13±2.0 mV) by lOOnM Substance P (SP) acting through NK1 receptors. Depending upon various manipulations, 21-41% female NGNs were
depolarized (17+1.6 mV) by SP (also acting via NK-1 receptors). The NGNs of
pregnant females were significantly more likely to respond to SP (41%, 28/68;
16±2.0 mV) than those of males (p<0.001). The percentage of SP sensitive
NGNs from OVX females (21%, 9/43; 19±9.3 mV) was not significantly
different (p=0.389) from tliat of males. There was no statistically significant
difference (p=0.789) between OVX+E2 females and pregnant females.
These data suggest that there is a gender difference in NK-1 receptor
expression in guinea pig nodose neurons, and sex steroid hormone may modulate
SP responsiveness in these neurons. This work was supported by NIH grant
NS22069.

ARE SILENT NK-2 TACHYKININ RECEPTORS ON PRIMARY VAGAL
AFFERENTS REALLY SILENT? R. Cordoba-Rodriguez. T.D. Gover and D,
Weinreich*. Deptof Pharmacology and Experimental Therapeutics, University of
Maryland School of Medicine, Baltimore, MD 21201.
Electrically silent tachykinin receptors are found in the somata of guinea pig
vagal primary afferent neurons (nodose ganglion neurons, NGNs) as no
measurable membrane potential (>2 mV) changes are evoked by exogenous
application of Substance P (SP; 0.1 to 10 gM; n = 156). However, following in
vitro or in vivo allergic inflammation, >80% of NGNs express functional NK-2
tachykinin receptors (JNeurosci 17:7683, 1997; Soc Neurosci Abst 24:638.6,
1998). SP (100 nM) evokes an NK-2 receptor-mediated membrane depolarization
(11 ± 0.7 mV, n = 122) that is accompanied by a transient elevation of [Ca2+],
(ACat; 183 ±47 nM,n = ll).
Here, we report that 100 nM SP elicits a ACat (143 ± 37 nM, n = 17) in
28% of NGNs from control guinea pigs or immunized guinea pigs whose ganglia
were not challenged. SP-evoked ACa, in control NGNs were not significantly
different from those recorded in antigen challenged ganglia (p = 0.55). Using
intracellular recording techniques in conjunction with fura-2/AM to monitor
[Ca2+]; we observed an 83 ± 15 nM ACat in response to SP (n = 7). Thus, though
NK-2 tachykinin receptors are electrophysiologically silent, they are nonetheless
functional. The lack of electrical activity in response to SP indicates uncoupling
between the NK-2 tachykinin receptor and its activatable membrane channel. We
are presently investigating how ACat1S coupled to channel activity. (Supported
by NS22069, DW and 5 T32 DC00054-02, RC).
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CHARACTERIZATION OF MECHANOSENSITIVE SPLANCHNIC NERVE
AFFERENT FIBERS INNERVATING THE STOMACH OF THE RAT.
N.Ozaki*, J.N. Senaupta and G.F. Gebhart. Dept. of Pharmacology, Univ. of
Iowa; Iowa City, IA 52242.
The stomach is dually innervated by the vagus and spinal nerves (primarily
the splanchnic nerve). Clinical and behavioral studies suggests that gastric
pain is normally mediated by afferent fibers in spinal nerves. This study was
undertaken to characterize mechanosensitive splanchnic afferent fibers
innervating the rat stomach and compare their characteristics with those of
vagal afferents described in an earlier study. Single fiber recordings were
made from the T9 or T10 dorsal root. To date, a total of 252 afferent fibers
have been identified by electrical stimulation of the splanchnic nerve. Fortythree percent (109) of the fibers were unmyelinated C-fibers and 57% (143)
were thinly myelinated A8-fibers. Twenty of 252 fibers (8%) responded to
gastric distension (GD, 40 mmHg), 4 (20%) were C-fibers (mean: 1.07 m/s)
and 16 (80%) were A8-fibers (mean: 7.4 m/s). Responses to graded GD were
studied in 15 fibers. One fiber had no resting activity, whereas 14 fibers
exhibited some resting activity (mean: 0.27 imp/s). All fibers gave monotonic
increases in firing with increasing distending pressure (5-80 mmHg).
Thresholds for response of the 15 fibers varied between 0 and 26 mmHg.
Thirteen fibers responded to low-intensity mechanical stimuli (£20 mmHg) and
two fibers responded to high-intensity stimuli (>20). Reproducibility of
responses to repeated GD (60 mmHg, 30s, 10 trials at 4-min intervals) was
tested in 4 fibers. Responses to repeated distension were reproducible without
evidence of facilitation or attenuation of subsequent responses. The results
suggest that low threshold (LT) and high threshold (HT) afferent fibers exist in
the splanchnic nerve innervating the stomach, whereas 104 vagal afferent
fibers were previously characterized as LT fibers in an earlier study. HT
afferent fibers in splanchnic nerve may serve primarily as nociceptors in the
stomach. Supported by NS35790 and NS19912.

THE ROLE OF THE MUCOSA LAYER ON THE CHEMOSENSITIVITY OF
POLYMODAL GASTRIC VAGAL AFFERENTS IN VITRO. Y.H. Wang , C. Ngai,
M. Miampamba. Y.Tache and Jen Yu Wei* Dept. of Med., Division of Digest. Dis.,
CURE Digest. Dis. Res. Ctr. and BRI, UCLA Sch. of Med., Los Angeles, CA 90095.
In rats a large number of gastric vagal afferents (GVAs) are polymodal with
mechano- and cholecystokinin (CCK)-sensitivities. Little is known whether the
polymodality is mediated by one or two different endings. Camera lucida tracing [J
Com Neurol 319:261, 1992] and immunocytochemistry [Gastroenterology,
112:A1191,1997] studies suggest that intramuscular arrays in the muscle layer and
CCK-A receptor immunoreactive gastric vagal nerve fibers in the mucosa layer may be
the neuroanatomical substrates of the polymodality. It remains unknown whether a
single GVA innervating the muscle layer may send additional long collateral to the
mucosa layer. In this experiment, isolated rat corpus in vitro preparation and a
peeling technique were used. The isolated corpus was placed so that the mucosa layer
was faced up. Unit action potential was recorded from GVA nerve strands. The
responses to mechanical and intra-arterial injection of CCK-8 (5, pmol), before vs after
peeling the mucosa layer, were studied. The removed layers were further examined
histologically. Eight units have been analyzed so far. Six of them were polymodal,
after mucosa layer including the muscularis mucosa was removed, the CCKresponsiveness of 3/6 was abolished while the mechanosensitivity was preserved.
These 3 units have only one mechanosensitive receptive field. The two of the other
three units still responded to CCK due to having additional mechanoreceptive field
close to cardia region, where the mucosa layer was spared. The other one unit was lost
during the peeling. Two units responded to mechanical stimulus, before and after
removing the mucosa layer, but their CCK-sensitivity were not tested. There results
suggest that a single GVA may innervate both muscle and mucosa layers. The mucosa
layer is important for the CCK-sensitivity but not for the mechanosensitivity of
polymodal GVAs. (Supported by NIH Grant DK48476 & DK30110)

164.3

164.4

THE EFFECT OF THE NK2 RECEPTOR ANTAGONIST, MEN 11420, ON
PROTO-ONCOGENE EXPRESSION FOLLOWING EXPERIMENTAL COLITIS.
5.-Kiss. A. Lecci. W.C, de Groat. C.A, Maggi* and L.A, Birder. University of
Pittsburgh Department of Pharmacology, Pittsburgh PA 15213.
Tachykinins have been implicated in inflammatory responses such as those
occurring in inflammatory bowel disease. We investigated the effect of the
nonpeptide NK2 antagonist, MEN 11420, on proto-oncogene expression in spinal
cord (SC) and dorsal root ganglion (DRG) neurons following trinitrobenzene sulfonic
acid (TNBS) induced irritation of the rat colon. Experiments were done in
anesthetized Sprague Dawley rats in which either saline, TNBS (30 mg in 50%
ethanol, Sigma) or ethanol vehicle was instilled via a cannula (6 cm proximal to the
anus) into the colon. Rats were sacrificed (2 hr later) via intracardiac perfusion of
fixative and sections of SC and DRG were processed for either Fos or Jun (markers
for cellular activation) using specific antisera. Half of TNBS-treated rats received
repetitive (2 min on/2min off) constant pressure inflation (50 mmHg) of a balloon
catheter for 2hr to produce noxious distension (ND). In control rats or following
saline instillation, low levels of Fos-immunoreactivity (IR) (<10 cells/SC section) or
Jun-IR (~5% of DRG neurons) were detected. Instillation of ethanol vehicle slightly
increased (ave. 10%) the number of Fos/Jun cells. TNBS instillation significantly
increased Fos-IR (ave. 95+11 cells/section) in four L6-S! SC regions: medial and
lateral dorsal horn, dorsal commissure and the region including the sacral
parasympathetic nucleus (SPN). In DRG, TNBS produced a 3 fold increase in Jun-IR
whereas TNBS+ND produced a 5 fold increase in the number of Fos/Jun-IR cells.
MEN 11420 (150 nmol/kg i.v.) administered 30 min prior to TNBS or TNBS+ND
significantly decreased Fos-IR in the dorsal horn (45-70%) and SPN (35-50%) and
decreased Jun-IR in DRG by 50-60%. These findings indicate that MEN 11420
suppresses the responses of colonic afferent neurons to nociceptive stimuli and that
NK2 receptor antagonists may be beneficial in the treatment of colitis. This study
was supported by a grant from Menarini Ricerche Italy (LAB).

N-DESMETHYL-TRIMEBUTINE PREVENTS SPINAL FOS EXPRESSION
INDUCED BY AN EXPERIMENTAL COLITIS V. Sinnieer.1 M. Chovet.2
Lamy.1 J. Fournet1 and B, Bonaz1’3*. 'Dept of Gastroenterology, CHU de
Grenoble, France, 2Jouveinal Research Institute/Parke-Davis, France, 3Laboratory of
Neurophysiology, INSERM U318, Grenoble, France.
Trimebutine (TMB) is used to treat patients with irritable bowel syndrome
(IBS), characterized by a visceral hypersensitivity. As for IBS, inflammation is
known to increase hypersensitivity. Aim : to study the effect of a major metabolite
of TMB, N-desmethyl trimebutine (NDTMB), on spinal Fos expression induced in an
experimental model of visceral inflammation in the rat. Methods: colitis was induced
by intracolonic injection of trinitrobenzene sulfonic acid (TNBS, 30 mg in 50%
Ethanol) in conscious freely moving male Sprague-dawley rats fitted with a chronic
colonic catheter. Rats were treated 30 minutes before colitis with saline (controls) or
NDTMB (30 mg/kg), either by subcutaneous (sc) or intracolonic routes. Animals
were perfused with 4% paraformaldehyde 2h after colitis and frozen sections of the
spinal cord were processed for Fos immunoreactivity (Fos-IR). Results: no Fos-IR
was observed in rats treated with sc jot intracolonic injections of NDTMB alone.
Colitis induced Fos expression (Fos positive cell count; mean±SEM) in 1) laminae I
(4.1±1) and X (11.2±2.4) of the lumbar spinal cord (L3-L6) 2) laminae I (9.6±1.2)
and X (9.4±1.8) of the sacral spinal cord (S1-S4) 3) sacral parasympathetic nucleus
(SPN) (12.6±1.6). Animals pretreated with NDTMB, respectively via sc or
intracolonic routes, presented a decreased Fos expression 1) in the lumbar segment;
8% (p>0.05) and 47 % (p=0.02) in lamina I, 78% (p=0.004) and 68% (p=0.001) in
lamina X 2) in the sacral segment: 15 % (p>0.05) and 40% (p=0.044) in lamina I,
87% (p=0.009) and 50% (p>0.05) in lamina X. 3) No significant decrease of Fos-IR
was observed in the SPN. Conclusion: NDTMB prevents colitis-induced Fos-IR in
the spinal cord essentially in laminae I and X receiving primary afferent projections.
This inhibitory effect is mainly observed in the intracolonic route and is greater in
lamina X. NDTMB could be of interest in the treatment of visceral sensitivity during
COlitis.This research was supported by Institut de Recherche Jouveinal, Parke-Davis, France,
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EFFECTS OF VAGAL COOLING ON ESOPHAGEAL CARDIOVASCULAR
REFLEX (ECVR) RESPONSES. Haiheng Dong. C.W.Loomis and D.Bieger*.
Division of Basic Medical Sciences, Faculty of Medicine and School of
Pharmacy, Memorial University of Newfoundland, St. John’s, Canada, A1B 3V6.
Distention of the distal part of the rat esophagus causes volume-dependent
vagally mediated arterial pressor and cardioaccelerator responses that may
represent viscero-autonomic correlates of esophageal nociception. The present
study sought to determine the nature of vagal afferent input. In 12 urethane
anaesthetized Sprague-Dawley rats, both cervical vagal trunks were placed on
glass capillary loops that were perfused with water by a refrigerated circulator
pump. A high compliance water-filled PE balloon was inserted in the distal
esophagus for luminal distension and recording of intraluminal pressure. Vagal
cooling caused a progressive reduction in both arterial pressor and
cardioaccelerator ECVR components. At 20 °C and 11 °C, arterial pressor
responses evoked by 300 p.1 distension were reduced to 71.2% and 54.8%, and
cardioaccelerator responses to 87.2% and 49.0%, respectively, of control
responses obtained at 37 °C (P<0.05). The sympathoexcitatory responses were
blocked at 9 °C and replaced by a depressor response that was abolished at 4.5 °C
(the lowest temperature tested) and eliminated by bi-vagotomy (n=6). Our results
demonstrate that the ECVR comprises sympathoexcitatory and -inhibitory
components. Both components are blocked above the temperature needed to block
C-fibers, suggesting that the relevant vagal afferent input is carried by thinly
myelinated fibers.
(Supported by the Medical Research Council of Canada)

DO VAGAL AFFERENT FIBRES IN THE DORSAL VAGAL NUCLEUS
PREFERENTIALLY TERMINATE ON NITRIC OXIDE SYNTHASE CONTAINING NEURONES? Lucy Atkinson1, Trevor F.C. Batten2 and Jim Deuchars1.
‘School of Biomedical Sciences and 2Institute for Cardiovascular Studies, University of
Leeds, Leeds, U.K. (SPON: British Neuroscience Association).
Sensory vagal afferents project to the dorsal vagal nucleus (DVN) and the nucleus
tractus solitarius (NTS). The projection to die DVN has previously thought to be fairly
limited. We re-examined this projection by injecting 5-10ml of 10% biotinylated
dextran amine (BDA) or 1% cholera-toxin B chain (CTB) into the right nodose
ganglion of 150-200g female wistar rats. After 3-10 days rats were anaesthetised and
perfused transcardially with 4% paraform-aldehyde/ 0.1-0.5% glutaraldehyde.
Brainstems were removed and sectioned at 40pm on a vibrating microtome.
Anterograde tracer was localised by incubating sections for 12-48 hours in Vector ABC
kit (for BDA), or goat anti-CTB antibody followed by peroxidase conjugated secondary
antibody. Tracers were visualised with DAB as chromogen. Sections were then
incubated overnight in an anti-NOS antibody followed by a lnm gold-conjugated
secondary antibody, which was enhanced using a silver intensification procedure.
Sections were then osmicated, dehydrated and embedded in Durcupan resin. As
expected, light microscopic examination revealed the densest labelling was in the
ipislateral NTS, where vagal afferents were observed in close apposition with NOSimmunoreactive neurones. Dense afferent labelling was also observed in the ipsilateral
DVN where vagal afferent varicosities closely apposed NOS immunoreactive neurones.
Although DAB containing retrogradely labelled vagal neurones were observed, few
were NOS immunoreactive. Few anterogradely labelled terminals were observed in
close apposition to the retrogradely labelled vagal neurones. These data suggest that
vagal afferents have a heavy projection within the DVN, where they may preferentially
terminate on NOS immunoreactive neurones. Ultrastructural studies are currently
investigating the nature and extent of this putative relationship.
Funded by the Wellcome Trust and the British Heart Foundation.
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Leptin Alters Neuropeptide Y mRNA Expression and Serum Growth Hormone in
Undernourished Ewe Lambs. C.D. Morrison1, J.A. Daniel1, N, Raver2, A. Gertler2, and
P.H. Keisler1*. ’Univ. MO, Columbia, MO 65211; 2The Hebrew Univ. of Jerusalem,
Rehovot, Israel. In livestock, growth and reproduction are affected by nutritional
status, with undernourished animals exhibiting low serum luteinizing hormone (LH),
elevated serum growth hormone (GH) and elevated hypothalamic neuropeptide Y
(NPY) mRNA. It has been hypothesized that leptin serves as the lipostatic signal that
informs the brain of body fat mass. Our objective was to determine the effects of
laterocerebro-ventricular (LCV) infusion of leptin, on serum LH, GH and
hypothalamic NPY mRNA in undernourished lambs. Eighteen ovariectomized lambs
were fed 100% (FED) or 38% (RES) of NRC requirements for 90 d. Recombinant
ovine leptin or an equal volume of vehicle was LCV infused, increasing linearly for 8
d (max dose 1.25 ug/kg/hr leptin). Blood was collected via jugular cannula every 10
min for 4 h on d 0, 2, 4, 6, and 8 for determination of serum LH and GH. On d 8
hypothalami were collected and NPY and B-actin mRNA expression were later
determined via ribonuclease protection assay. NPY expression is reported as a
percentage of B-actin mRNA. As expected, serum GH was greater in RES vs FED
lambs (P < .001). In RES lambs treated with leptin vs saline, serum GH did not differ
on d 0 (41.4 vs. 40.9 ng/ml), but increased (all P < .005) in response to leptin on d 2
(50.7 vs. 37 ng/ml), d 4 (63.8 vs. 43.7 ng/ml), d 6 (70.2 vs. 35 ng/ml) and d 8 (66.3 vs.
41.6; respectively). Treatment of FED lambs with leptin did not effect serum GH (P >
.32). Neither nutritional status nor leptin infusion influenced LH secretion (P > .40).
Hypothalamic NPY mRNA expression did not differ between FED lambs treated with
leptin vs saline (1.98 vs. 2.02 OD units), but was greater in RES vs FED lambs treated
with saline (12.77 vs. 1.98 OD units; P = .0002). Of great interest, treatment of RES
iambs with leptin tended to reduce hypothalamic expression of NPY mRNA (7.58 vs.
12.77 OD units; P = . 12). We conclude that LCV infusion of leptin into
undernourished lambs diminished expression of NPY mRNA, approaching that
observed in well nourished lambs, but unexpectedly exaggerates serum GH, and
without effect on serum LH. USDA 96-35203-3290

ISOLATION OF NOVEL GENES INDUCED BY LEPTIN IN THE BRAIN OF
OB/OB MICE. Y. Morikawa2, T. Komori2, E. Ueyama2, M.

Ohno2, H. Wakao1, E. Senba2*. 1Helix Research Institute,
2Dept. of Anatomy and Neurobiology, Wakayama Medical
School, Wakayama, Japan 641-0012
Leptin is a hormone secreted by adipocytes and exerts
its effects on satiety and energy metabolism. However,
precise genetic mechanisms of its action on the nervous
system is still obscure. Mice that are genetically
deficient in leptin (ob/ob mice) show hyperphagia,obesity
and infertility, all of which are reversed by the
administration of leptin.
To identify novel genes induced by leptin in the murine
brain, especially hypothalamus, we performed PCR-Select
cDNA subtraction. About one hundred individual clones
were randomly picked up from the subtracted ob/ob brain
cDNA library and their partial DNA sequences were
obtained. Then we checked if in vivo administration of
leptin induces these genes in the brain. Northern
hybridization analysis revealed that mRNA levels of 9
clones out of 20 clones checked were increased in the
brain of leptin-injected (i.v.) ob/ob mice We are
analysing these candidate clones further by in situ
hybridization and sequencing.

165.3

165.4

NEITHER FASTING NOR LEPTIN ALTERS THE EXPRESSION OF EITHER
ESTROGEN RECEPTOR a OR p mRNA IN THE BRAIN OF THE FEMALE RAT.
M.J. Cunningham1*. D.K. Clifton2 and R.A. Steiner2'3. ‘Graduate Program in
Neurobiology & Behavior; Depts of ’Obstetrics & Gynecology and ’Physiology &
Biophysics, University of Washington; Seattle, WA 98195.
Secretion of luteinizing hormone (LH) is suppressed by short-term food restriction or
fasting in numerous species. The fasting-induced suppression of LH secretion may be
due, in part, to an increase in sensitivity to the negative feedback effect of gonadal
steroids, which is mediated by the increase in concentration of estrogen receptor (ER)
in the hypothalamus that occurs in association with dietary restriction. Since leptin has
been shown to prevent the fasting-induced suppression of LH secretion in several
species, we postulated that leptin exerts its effect on LH by inhibiting hypothalamic ER
expression, which would theoretically diminish the responsiveness of the negative
feedback effects of estradiol. To test these hypotheses, we measured levels of both
ERa and ERJ3 mRNA using semiquantitative in situ hybridization in three groups of
ovariectomized female rats, which were treated as follows: 1) ad lib fed; 2) fasted 48 h
with saline injections; and 3) fasted 48 h with leptin injections (5 |ig/g; twice daily, sc).
Regions of the brain containing ER mRNA known to be important in regulating LH
secretion and female reproductive behavior were examined, including the anteroventral
periventricular nucleus (a,(3), preoptic periventricular nucleus (a»P), medial preoptic
nucleus (a), paraventricular nucleus (p), arcuate and ventromedial nuclei (a) of the
hypothalamus, and the amygdala (a,P). Densitometric analysis revealed no significant
effects of either fasting or leptin treatment on levels of either ERa or ERp mRNA in
any anatomical region examined. Thus, changes in the expression of ER mRNA are
unlikely to be responsible for suppression of LH secretion with fasting. However, it is
conceivable that changes in sensitivity to sex steroid-dependent feedback control of LH
secretion that occur with fasting are mediated by alterations in ER stability or through
some other unknown mechanism.
(Supported by NICHHD grant 2R01HD27142-05A2)

LEPTIN’S EFFECT ON PROOPIOMELANOCORTIN (POMC) GENE EXPRESSION IS
INDEPENDENT OF TESTOSTERONE. C.C, Cheung1, TK W, D.K.CljW,,RA
Steiner1. Depts ‘Physiol & Biophys and 2Ob-Gyn, Univ. Washington, Seattle WA 98195
Leptin, a peptide hormone derived principally from adipocytes, acts on the hypothalamus to
modulate food intake, metabolism, and reproduction. Several populations of hypothalamic
neurons, including POMC-containing cells, have been implicated to mediate leptin’s central
effects. We have previously demonstrated that leptin increases hypothalamic POMC gene
expression in the leptin-deficient (ob/ob) mouse. In addition, our observation of leptin receptor
mRNA in POMC neurons suggests a direct effect of leptin on POMC gene expression.
However, leptin may also exert an indirect effect on POMC gene through sex steroids, which are
known to induce POMC gene expression and whose plasma levels increase in response to leptin
treatment in the ob/ob mouse. We postulated that increased plasma levels of testosterone (I)
induced by leptin treatment in toe ob/ob mouse mediate leptin’s upregulation of POMC gene
expression in toe hypothalamus. To test this hypothesis, we used in situ hybridization to compare
POMC mRNA levels in 8-week-old male ob/ob mice that were castrated and treated with 9
daily Lp. injections of saline (Cxt+S), lOOpg leptin (Cxt+L), or saline plus lOmg T implant
(Cxt+T). As controls, leptin injections were given to sham-operated ob/ob mice (Sham+L) while
saline injections were given to sham-operated ob/ob mice (Sham+S) and wild-type mice (WT).
Food intake and body weight of Cxt+L and Sham+L mice decreased significantly (pO.OOOl).
Seminal vesicle weight, a sensitive indicator for T activity, was severely reduced in Cxt+S and
Cxt+L relative to Sham+S mice (pO.OOOl), but was significantly heavier in Cxt+T and
Sham+L mice (pO.OOOl). Semi-quantitative grain-counting analyses revealed no difference in
grain density and cell number between Cxt+T and Cxt+S mice, suggesting that T alone, in toe
absence of leptin, does not affect POMC gene expression appreciably. Furthermore, relative to
Cxt+S, Cxt+L mice showed a significant increase in grain density and cell number
(pO.001)—achieving levels that were indistinguishable from WT. These results argue for
rejection of toe hypothesis that leptin’s inductive effects on POMC mRNA is sex steroiddependent and strengthen toe assertion that leptin exerts a direct effect on POMC gene
expression. (Supported by NIH grant 2R01HD27142)
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GROWTH HORMONE-RELEASING HORMONE (GHRH) NEURONS IN THE
HYPOTHALAMUS ARE A PROBABLE TARGET FOR LEPTIN’S ACTIONS ON
GROWTH HORMONE SECRETION. G.S. Tannenbaum1*. W. Gurd1, B. Moreau1,
M.-T, Bluet-Paiot2 and J. Epelbaum2. ’Departments of Pediatrics, and Neurology
and Neurosurgery, McGill University, Montreal, Quebec H3H 1P3, Canada; and
2INSERM U159, Centre Paul Broca, Paris 75014, France.
Recent evidence suggests that leptin may play an important role in the
neuroendocrine regulation of growth hormone (GH) secretion. Indeed, leptin
receptor mRNA is abundant in several hypothalamic nuclei, although the signaling
pathways mediating leptin’s actions on GH are unknown. In the present study, we
investigated the possible roles of GHRH and somatostatin (SRIF) by examining the
effects of intracerebroventricular infusion of recombinant murine leptin (at a dose of
1.2 gg/day for 7 days) on hypothalamic GHRH and SRIF gene expression using in
situ hybridization and image analysis; hypothalamic immunoreactive GHRH and
SRIF stores, as well as pituitary GH reserve, were also measured in adult male rats.
Concomitant with suppressive effects on food intake and body weight gain, central
infusion of leptin resulted in a 2- to 3- fold decrease in pituitary GH content and GH
concentration compared with those of vehicle-infused controls (P < 0.005). Leptintreated rats exhibited a reduction in both the number and labeling density of GHRH
mRNA-expressing cells in the arcuate (P < 0.05) and ventromedial (P < 0.01)
hypothalamic nuclei, and a decrease in hypothalamic immunoreactive GHRH stores
compared to controls. There were no significant changes in periventricular SRIF
mRNA content or hypothalamic immunoreactive SRIF stores after 7 days of leptin
infusion. These results demonstrate that centrally administered leptin can markedly
influence the GH neuroendocrine axis. We infer that at least some of the effects of
leptin on GH may be mediated by GHRH neurons in the hypothalamus.
Supported by: MRC (Canada); FRSQ (Quebec); INSERM (France)

EFFECTS OF LEPTIN ON HYPOTHALAMIC NOREPINEPHRINE
RELEASE. Joseph Francis, Sheba M, J. MohanKumar and P.S.
MohanKumar*, Neuroendocrine Research Laboratory, Department of
Diagnostic Medicine and Pathobiology, College of Veterinary Medicine,
Kansas State University, Manhattan, KS 66506.
Leptin is believed to regulate several central effects but the
mechanisms involved are not clear. Since neurotransmitters such as
norepinephrine (NE) are known to regulate these central effects, we
hypothesized that leptin could act on the hypothalamus to affect NE release.
To test this hypothesis, we incubated the mediobasal hypothalamus from
adult male rats in an in vitro incubation system for 4 consecutive incubation
periods of 60 min each at 37°C. During the first incubation period, the
hypothalami were incubated in Krebs Ringers Henseleit (KRH) solution. In
the next incubation period, they were incubated with KRH containing 0,
0.001,0.1 or 10 nM leptin. In the third incubation period, the hypothalami
were incubated with KRH alone. In the fourth incubation period, the
hypothalami were stimulated with high K+KRH. Incubation with KRH alone
did not produce any change in NE release. In contrast, the 0.001 nM dose
of leptin produced a significant increase in NE release (271 ±52) when
compared to pretreatment levels (115.4 ± 4.4; p<0.05). NE release in the
0.1 nM leptin-treated group was not different from the control group. In
contrast, incubation with 10 nM of leptin produced a significant decrease in
NE release (30.6±8) when compared to pretreatment levels (149.6±10;
p<0.05). NE release returned to basal levels when leptin was removed from
the incubation medium indicating that these effects are specific to leptin.
The results from this study demonstrate for the first time that leptin affects
NE release from the hypothalamus in vitro and that this effect is dependent
on the dose of leptin. Supported by NIH AG 05980.
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SIGNALING IN RESPONSE TO LEPTIN OR AXOKINE® IN BRAIN AREAS
THAT REGULATE ENERGY BALANCE. K.P. Anderson*, P.D. Lambert,
T.L. Corcoran, J.D. Murray, K.E, Sitler, G.D. Yancopoulos and S.J.
Wiegand. Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591
Treatment with leptin or ciliary neurotrophic factor (CNTF) can
induce weight loss characterized by a preferential loss of body fat.
The leptin receptor and the CNTFRa have an overlapping distribution
in the basal hypothalamus, and signal through the JAK/STAT pathway
following receptor interaction, suggesting that leptin and CNTF may
induce weight loss through shared central actions. To investigate
whether leptin and AXOKINE, a modified CNTF, initiate comparable
signaling patterns in the brain, we evaluated their effects on the
phosphorylation of STAT3, and on expression of c-fos and egr-1.
Injection of leptin (1.0 mg/kg, i.v.) or AXOKINE (0.1 mg/kg, i.v.) in
leptin-deficient (ob/ob) mice stimulated activation of STAT3 in the
median eminence and neurons of the arcuate nucleus. No increase i n
Fos or Egr-1 was detected in the arcuate nucleus after injection of
leptin (1.0 mg/kg, i.p.) or AXOKINE (0.3 mg/kg, i.p.) in normal
mice or in ob/ob mice, the latter of which had elevated constitutive
expression of Fos and Egr-1 in the arcuate nucleus and elsewhere.
AXOKINE differed from leptin in that AXOKINE induced upregulation of
Fos and Egr-1 in the area postrema, the subfornical organ, the
preoptic area adjacent to the vascular organ of the lamina terminalis,
the median eminence, and tanycytes in the ventral part of the third
ventricle. These differences may account for the more robust weightloss effect of AXOKINE compared to leptin in most models of obesity.
(Supported by Regeneron Pharmaceuticals, Inc. and in part by
Proctor & Gamble Pharmaceuticals)

AXOKINE ® REDUCES FOOD INTAKE AND BODY WEIGHT IN THE
ABSENCE OF SPECIFIC HYPOTHALAMIC NEUROPEPTIDE CHANGES
CHARACTERISTIC OF HUNGER. P. D, Lambert*. K. D. Anderson. T. L,
Corcoran, J, H Murray. K. E. Sitler. G, D, Yancopoulos and S. J, Wiegand.
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591.
Treatment with ciliary neurotrophic factor (CNTF) can induce weight loss in
obese animals characterised by a preferential loss of body fat. The mechanism of
this effect is little understood but is thought to be via an action on the basal
hypothalamus. An elevation in the orexigenic peptide, neuropeptide Y (NPY), and
the transcription factor, pCREB, in the paraventricular nucleus of the hypothalamus
(PVN) are positively correlated with an increase in hunger. However, brains from
rodents treated with CNTF at doses which cause a marked decrease in food intake
do not show elevated hypothalamic NPY mRNA. To further investigate the central
mechanism of action of AXOKINE, modified ciliary neurotrophic factor, to induce
weight loss, we injected C57BL6 mice with AXOKINE (0.3 mg/kg/day sc.) and
compared them to ad lib and pairfed controls injected with phosphate buffered
saline. After 3 days, during which food intake and body weight declined in
AXOKINE-treated and pairfed controls, mice were perfused with paraformaldehyde
and brains were removed and processed for immunohistochemistry. Mice pairfed to
the AXOKINE-treated group showed a dramatic increase in the number of pCREBpositive cells and density of NPY staining in the PVN compared to controls fed ad
lib. In contrast, the number of pCREB-positive cells in the PVN of AXOKINEtreated mice was not increased and the density of NPY staining was significantly
lower than in the pairfed group. These data suggest that central mechanisms which
result in feelings of hunger and a desire to feed are inhibited in AXOKINE treated
animals. AXOKINE may reduce food intake and body weight by actions on specific
central satiety mechanisms (This work was supported by Regeneron
Pharmaceuticals, Inc. and in part by Procter & Gamble Pharmaceuticals).

165.9

165.10

INCREASED RESPONSIVENESS TO LEPTIN IN GALANIN KNOCKOUT AND
GALANIN/NPY KNOCKOUT MICE. J.G-Hohmann*. SJMKrasnow. D.Wvnick.
RjAStdner and DKCliftnn. Neurobiology & Behavior. Pbio. and OM3vn. University of

THE ROLE OF GROWTH HORMONE AND CORTICOSTERONE IN MEDIATING
LEPTIN’S ACTIVATIONAL EFFECTS ON THE REPRODUCTIVE AXIS IN THE
ob/ob MOUSE ULJflhnSQIl1, J.G. Hohmann2. DK. Clifton3. RA. Steiner*1-3. Depts. of
’PBio, Neurobiol and Behav, and 3Ob/Gyn, U. Wash, Seattle WA 98195
Leptin is a hormone derived from adipose tissue that has been implicated in the regulation
of body weight and reproduction. Ob/ob mice, which have a point mutation in the leptin
(ob) gene, develop obesity and infertility. These defects can be corrected with leptin
administration; however, the mechanisms of leptin’s action remain poorly understood.
Ob/ob mice also have diminished serum levels of growth hormone (GH) and elevated
corticosterone (CORT), both conditions that are themselves linked to reproductive failure
and obesity under various circumstances and are reversible with leptin treatment To test the
hypothesis that leptin’s effects on reproduction and body weight in the ob/ob mouse are
attributable to either its activation of the GH axis or its inhibition of the adrenal axis, we
examined the effects of GH (without leptin) and CORT (with leptin) in the ob/ob mouse.
We measured food intake, body weight, and reproductive parameters in ob/ob mice treated
with ip injections of either vehicle (n=8; .5ml/2x daily, saline/boric acid); GH (n=8;
lmg/kg/2x daily); leptin (n=7; 50 pg/2x daily); or CORT (0.5mg pellet) plus leptin (n=8; 50
yg/2x daily) for 14 days, after which the animals woe sacrificed and their reproductive
organs and blood were collected. The leptin-, GH- and leptin + CORT-treated groups ate
and weighed significantly less than die vehicle group (p < .0001). There were no significant
differences in either food intake or % change in body weight between the leptin and leptin +
CORT treated groups. Utoi of die leptin and leptin + CORT treated groups weighed
significandy more than those of the GH and vehicle groups (p < .0001). These results argue
for rejection of the hypothesis that either the induction of GH or inhibition of glucocorticoid
secretion by leptin explains leptin’s activational effects on the reproductive system.
However, the reduction in food intake and body weight seen in the GH-treated group
suggest that some of leptin’s effects on ingestive behaviors may he mediated indirectly by
GH. Supported by NIH grant 2R01HD27142.

Washington. SeattfaWA. 98195. and Bristol Uaiygsily. Bristol. UK.

The adipocyte-derived hormone leptin provides important feedback information to
hypothalamic control systems that maintain metabolic and body weight homeostasis in
mammals. Many neuropeptides are thought to mediate the effects of leptin, including galanin
and NPY. While early evidence suggested that these 2 peptides are critical links in neuronal
pathways that relay infomation about circulating leptin levels to the brain, more recent
observations that mice lacking functional galanin or NPY genes maintain normal body weight
indicates that these peptides may primarily be modulators of leptin’s actions. We tested the
hypothesis that galanin modulates sensitivity of the body-weight control system to leptin by
comparing leptin responsiveness of wild-type (WT) mice with that of 3 groups of transgenic
mice: 1) those overexpressing galanin in noradrenergic neurons (galOX); 2) galanin-defitient
mice (galKO); and 3) mice with ablation of both NPY and galanin (galyNPYKO)Mice were
given either 100 ug leptin or saline once daily for several weeks. We found that both galKO
and gal/NPYKO mice showed significantly greater reductions in body weight than their
respective WT controls (p<0.05 vs WT), whereas galOX animals were not different from WT.
Leptin treatment did not cause significant reductions in food intake in any of the transgenic
models compared to WT controls, suggesting that leptin’s effects on body weight in these
animals are primarily metabolic. Comparing combined fat pad weights (as a percentage of
total body mass), we found that in response to leptin, both the galKO and gal/NPYKO mice
showed significantly greater reductions in fat pad weight than WT controls (p<0.05 vs WT),
whereas the galOX group was not different from WT. These results indicate that galanin (and
perhaps NPY) modulates the sensitivity of the body-weight control system’s response to
leptin. Rnlhermore, since overexpression of galanin that originates from noradrenergic
neurons did not alter the responsiveness to leptin, it appears that this population of neurons is
not the primary source of galanin that regulates leptin sensitivity. GalOX and gal/NPYKO
mice produced with support from NIH grant R01HD27142 and NSF grant IBN9720143.
NPYKO mice were kindly provided by Richard Palmiter.
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ESTROUS CYCLICITY CAN BE DISSOCIATED FROM PLASMA LEPTIN
CONCENTRATIONS, BUT NOT FROM CIRCULATING METABOLIC FUELS. R
M, Blum1*, H, Ji2, M, I, Friedman2, P. Little1 and J.E. Schneider1. 'Dept. of Biological
Sciences, Lehigh Univ., Bethlehem, PA 18015. 2 Monell Chemical Senses Center,
Philadelphia, PA 19104
The present experiment was designed to examine whether estrous cycles can persist in
the presence of decreased plasma leptin concentrations when the availability of
metabolic fuels is elevated. In previous studies, a 48-h fast induced anestrus, while a
24-h fast had no effect on estrous cyclicity. In this study, thirty lean Syrian hamsters
were divided into three groups that did not differ in body weight. During the first 24 h,
one group was fed ad libitum while the other two groups were fasted. After the 24-h
fasting period, one of the fasted groups was refed (estrous cycling), the other fasted
group continued to fast (anestrous), and the fed group continued to be fed ad libitum
(estrous cycling). Blood samples were taken from all three groups at 1.5, 3, 6,12 and
24 h after the start of refeeding. Plasma leptin levels were dissociated from estrous
cyclicity. Fasting significantly decreased plasma leptin levels relative to fed controls.
At all time points after refeeding, leptin levels in refed hamsters were not significantly
higher than those of fasted hamsters. In contrast to leptin levels, plasma ketone bodies,
glycerol and free fatty acids were closely associated with estrous cyclicity. As early as
1.5 h after refeeding, the effects of fasting on the disposition of these fuels was reversed
in refed hamsters. The rapid restoration of fed levels of circulating metabolic fuels in
refed hamsters dovetails with the rapid return of pulsatile luteinizing hormone secretion
known to occur after refeeding in a variety of species. Supported by lBN9723938from
NSF, DK53402, DK53109, DK36339from NIH, and MH01096from NIMH.

RETURN OF LORDOSIS AFTER FOOD DEPRIVATION AND
REFEEDING IN SYRIAN HAMSTERS
J. E. Jones*, G. N. Wade, L. S. Lubbers, C. D. Carpenter and S. L.
Petersen. Neuroscience and Behavior Program, Univ. of Massachusetts;
Amherst, MA 01003.
Reproduction is one of the most energetically demanding processes that
female mammals undertake. The ability to reproduce is regulated by the
availability of oxidizable metabolic fuels, and insufficient amounts of
available energy will inhibit reproductive function. Forty-eight hours of
food deprivation substantially reduces sexually receptive behaviors
(measured as the duration of the lordosis reflex) in both intact and
ovariectomized female Syrian hamsters (Mesocricetus auratus) given
exogenous hormones. Along with the reduction in lordosis duration,
insulin and leptin levels also decline in response to food deprivation. In
addition, food deprivation decreases estrogen receptor immunoreactivity
(ERIR) in the VMH and increases estrogen receptor immunoreactivity
(ERIR) in the mPOA. In the current study we determined the rate at which
sexual receptivity, insulin, leptin and estrogen receptor abundance return to
baseline levels when animals are refed after a fast. Ovariectomized
hamsters were food deprived for 48 hours, and food was returned 0, 3, 6,
12 or 24 hours prior to behavioral testing. Hamsters were given 2.5pg of
estradiol benzoate 48 hours prior to testing followed by 500pg of
progesterone 6 hours prior to testing. Following behavioral testing animals
were sacrificed and circulating leptin and insulin and neural estrogen
receptor message were measured. Recovery of lordosis after refeeding was
substantially more rapid than previously reported. Complete recovery of
lordosis was seen after 24 hours of refeeding and intermediate levels were
seen after 6 and 12 hours. (Supported by NS 10873 and MH00321)

165.13

165.14

FOURTH VENTRICULAR LEPTIN PREVENTS FASTING-INDUCED ANESTRUS
IN SYRIAN HAMSTERS. D, Zhou* and J.E. Schneider, Dept. of Biological Sciences,
Lehigh Univ., Bethlehem, PA 18015.
The caudal brain stem has long been thought to be important for detection and/or
integration of metabolic signals that control food intake, energy balance and
reproduction. The present experiment was designed to examine the effects of leptin
infused slowly into the fourth cerebral ventricle on estrous cyclicity in Syrian hamsters.
Groups of estrous cycling hamsters (n = 7-10 per group) 85-95 g in body weight were
either fasted for 48 h and treated with fourth ventricular leptin, or fasted and treated
with vehicle (artificial cerebral spinal fluid). Leptin was infused at 1 pg/day and 1 pl/h
by 3-day minipump (Alza) through indwelling cannulae aimed at the fourth cerebral
ventricle. Cannulae and pumps were implanted on the morning of day 4 of the cycle.
Fasting began on the evening of estrous cycle day 4 and continued for days 1 and 2 of
the cycle, and food was returned on the morning of estrous cycle day 3. Hamsters were
tested for indices of estrous cyclicity on estrous cycle day 4, and the following estrous
cycle day 1.
In the group that received fourth ventricular leptin, 70% showed normal estrous
cycles, while in the vehicle group, only 29% showed normal estrous cycles, a
significant difference (p < 0.05). Evidence of histological staining infused through the
cannulae was confined to the fourth ventricle. Thus, exogenous leptin may affect
estrous cycles by action in the caudal brain stem. Neurons in the brainstem that are
affected by leptin may project to hypothalamic areas, other brain stem areas, and/or
peripheral sites involved in metabolic control of reproduction. Supported by IBN
9723938from NS, DK53402from NIDDK and MH01096from NIMH.

CHRONIC INTRACEREBROVENTRICULAR LEPTIN AND DAILY CCK
ACT SYNERGISTICALLY TO REDUCE BODY WEIGHT. C.A. Matson*
and R.C. Ritter. Dept. of VCAPP, Washington State University, Pullman,
WA, 99164-6520, USA.
Previously we reported that the reduction of body weight associated with
daily intracerebroventricular (ICV) leptin injections is significantly enhanced
when rats also receive daily intraperitoneal (IP) cholecystokinin. CCK is
released in response to intestinal nutrients during meals and intermeal plasma
concentrations are extremely low. Leptin, on the other hand, circulates in
the blood in direct proportion to body adiposity. Therefore, in the present
experiment we tested the hypothesis that a single daily CCK injection, together with chronic leptin infusion, would produce significantly greater loss
of body weight than leptin-alone. We observed a significant synergy between
1 pg/day leptin infused continuously by osmotic minipump into the lateral
ventricle and a single daily IP injection of CCK-8 (0.5 pg/kg) to enhance
body weight loss over 14 days of treatment. However, we observed no synergy on either daily chow intake or daily 30-min. sucrose intake. These
results 1) confirm our previous reports of synergy between leptin and CCK
to reduce body weight, 2) demonstrate that enhancement of leptin-induced
weight loss does not require bolus administration of leptin and 3) suggests
that synergy between leptin and CCK might not depend on enhancement of
CCK’s well described effects on meal size. Potential neurochemical mediators of this leptin-CCK synergy will also be discussed. Supported NS-20561.

165.15

165.16

DIETARY FAT REDUCES EXPRESSION OF THE LEPTIN RECEPTOR, Ob-R, IN
HYPOTHALAMIC PARAVENTRICULAR (PVN) AND ARCUATE (ARC) NUCLEI.
G-Q. Chang*, I. Benyaminova and S.F. Leibowitz, The Rockefeller University, New Yak,
N.Y. 10021.
Leptin, a hormone secreted by adipose tissue, regulates body weight through a reduction in
food intake and fat deposition and an increase in energy expenditure. This hormone functions, in
part, through the ob receptor (Ob-R) in the hypothalamus. Previous studies have demonstrated
that chronic consumption of a fat-rich diet, similar to a rise in body fat, increases circulating
levels of leptin. The present experiment investigated whether changes also occur in the
hypothalamic Ob-R, as well as the long isofam of this receptor, Ob-Rb. Male, albino Sprague
Dawley rats were maintained on a tow-fet (10%), moderate-fat (30%), or high-fet (60%) diet,
and their brains were examined using techiniques of RT-PCR, in situ hybridization and
immunohistochemistry. These analyses reveal, for both Ob-R and Ob-Rb, a significant
reduction (10-20%) in mRNA and receptor immunoreactivity as dietary fat rises from 10% to
30%, with a similar suppression evident on a 60% fat diet This effect is seen in two
hypothalamic nuclei, the ARC and PVN, and specifically in the lateral part of fhe PVN. This is
in contrast to other hypothalamic areas, e.g., the dorsomedial, supraoptic and ventromedial
nuclei, which show little change. The possibility that leptin itself may contribute to a downregulation of its receptor is supported by the finding that a 30% fat diet, compared to 10% fat,
produces both the greatest rise in serum leptin levels and the strongest suppression of Ob-R and
Ob-Rb expression. Moreover, correlational analyses within each group consistently reveal an
inverse relation between leptin levels and the expression of its receptors, with strongest
correlations obtained fbr Ob-Rb in the ARC across all diets (r= -0.70 to r= -0.78, pO.Ol). The
expression of Ob-R and Ob-Rb in the PVN and ARC may also be affected by signals related to
insulin resistance, as reflected by strong, negative correlations (r= -0.71 to r= -0.90, pO.Ol)
between receptor mRNA and either circulating glucose levels a* insulin/glucose ratio. The
down-regulation of Ob-R and Ob-Rb by diet may contribute to the hyperphagia and increased
adiposity that occur on moderate- or high-fet diets.

VOLUNTARY EXCERCISE DECREASES SERUM LEPTIN LEVELS IN RATS.
P, S, MohanKumar1. Sheba M. J, MohanKumar1, Joseph Francis1, Shawn A, Taylor1
and Louis Foster2*. ’Neuroendocrine Research Laboratory, Department of Diagnostic
Medicine and Pathobiology and department of Anatomy and Physiology, College of
Veterinary Medicine, Kansas State University, Manhattan, KS 66506.
Chronic exercise is known to produce many central and neuroendocrine
effects. While all the mechanisms are not clear, metabolic changes could be one of
the reasons. Leptin, a recently identified protein hormone, a known mediator of
metabolic alterations, is known to produce several central and neuroendocrine effects.
Hence, we hypothesized that changes in the levels of leptin during exercise could be
an important signal in mediating exercise-induced changes in central and
neuroendocrine functions. To test this hypothesis, adult male Sprague-Dawiey rats
were given an opportunity to exercise voluntarily by providing a wheel that was
connected to a counter to measure the distance ran. Control rats were housed in cages
that did not have wheels to exercise (Sedantary). Feed intake and water intake were
monitored periodically. After 10 months of exercise, rats were sacrificed, trunk blood
was collected and the serum was separated to measure hormones. The brains were
removed quickly and frozen immediately to measure neurotransmitter activity.
Concentrations of leptin and corticosterone were measured using radioimmunoassays.
Leptin concentration (ng/ml) in the sedantary animals was 50.9±l 1 (n=6). In
contrast, leptin levels decreased signficantly (p<0.05) by about 50 % in exercised rats.
Similarly, %crude fat in exercised animals (11.4±1.5) was significantly less (p<0.05)
compared to sedantary rats (18.0±2.2). In contrast, chronic exercise did not produce
any change in serum corticosterone (ng/ml) levels (Exercised rats: 105.7±26 vs
Sedantary rats: 84.2±18.9). These results indicate that voluntary exercise for a long
period does not increase the stress hormone levels but decreased leptin concentrations.
The changes in neurotransmitter concentrations in these animals are being
investigated. Supported by NIH grant AG 05980 and Dean’s fund.
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DECREASED SERUM LEPTIN AFTER
LIPOPOLYSACCHARIDE INDUCED STRESS IN
HUMANS Z-ZiffiokL GLIL J>£Uap,t_Q.,Rf tfeninggrT, Department of

Psychiatry, School of Medicine, Yale University 34 Park St., New
Haven, CT 06519.
Leptin, a protein involved in multiple neuroendocrine functions: food
intake, energy expenditure, and metabolism has been shown to inhibit
the activity of the HPA axis. It inhibits the corticosterone and ACTH
response to restraint stress in rats and inhibits hypoglycemia induced
CRH release in isolated, perfused rat hypothalami. Diurnal changes in
plasma cortisol and leptin demonstrate an inverse relationship in healthy
humans. We have previously shown that surgical stress decreases
leptin and increases cortisol in humans during the first 2 hours of
surgery that is followed by gradual leptin increase over baseline 2 days
after surgery. In the following study we induced a stress response in
healthy human volunteers with intravenous (i.v.) lipopolysaccharide
(LPS) and monitored serum leptin changes. Methods: All procedures
were performed in the morning. 2 or 4 ng/kg LPS was administered to
human volunteers as a 5 minute i.v. infusion. Repeated serum
samplings were made at baseline, 60, 90, 120, 150, and 240 minutes
and 24 and 48 hours after LPS infusion. Serum leptin levels were
measured using an ELISA assay. Results: Baseline AM leptin levels
averaged 14.9 ng/ml. Intravenous LPS produced a rapid leptin decrease
that was most prominent 2 hours after the onset of LPS infusion. At
that time-point the decrease averaged 26.8 % with maximal decrease up
to 38 % from baseline. Conclusion: These data further suggest that
leptin has a role in stress response. Its early decrease during the LPS
induced stress might further contribute to the disinhibiton of the HPA
axis during stress. Supported by NARSAD.
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NEUROCHEMICAL
CHARACTERISATION
OF
POLYSYNAPTIC
PATHWAYS TO BROWN ADIPOSE TISSUE IN THE RAT. BJ Oldfield, L.M.
Colvill, C. Anderson and M.J. McKinley*, Howard Florey Institute, University of
Melbourne, Parkville 3052, Australia
The identification of the protein product of the ob gene, leptin as well as the
isolation of a number of other anorectic peptides including CART and orexin has
revitalised interest in the control of appetite and thermogenesis. Recently we have
used the neurotropic virus pseudorabies (PRV) to map polysynaptic projections to
brown adipose tissue, a thermogenic end point. In the present study we have
concentrated on the neurochemical characterisation of these pathways with attention
to the hypothalamus.but also with a focus on the chemical phenotype of neurons in
the stellate ganglion which project to interscapular brown fat (ISBAT). Given that
the “neurotransmitter” profile of the latter is known, this information can be used to
determine the extent to which virus is taken into neural inputs to adipocytes and not
other end points such as blood vessels. Sprague Dawley rats were anaesthetised
with sodium pentobarbitone (60 mg/kg) and 3x1 pi of PRV were made into the
ISBAT. Rats were allowed to survive for periods between 48 and 96 hours and then
perfused with aldehydes. Neural tissue was processed for the immunocytochemical
identification of virus and a range of neuropeptides. Virus infected neurons in the
stellate ganglion were calbindin positive and neuropeptide Y negative, a profile
consistent with input to adipocytes. Second order, sympathetic preganglionic
neurons in the spinal cord were also calbindin positive in about 30% of cases. Virus
infected neurons in the paraventricular nucleus (3rd order) were, in many cases,
oxytocin positive and to a lesser extent CART positive but were not colocalised
with vasopresin, CRF or gaianin. Other 3rd order neurons in the retrochiasmatic
nucleus were strongly CART positive whereas neurons of the same order in the
lateral hypothalamus contained melanin concentrating hormone. Fouth order
neurons in the arcuate nucleus in some cases contained CART but not NPY. These
results show a central pathway with definable chemical content that may be
involved in the control of thermogenesis or food intake. Supported by a block grant
to the Howard Florey Institute from the NHMRC Australia.

OBESITY: FATTY ACID SUBTYPE INFLUENCES IN NEUROPEPTIDE
GENE AND PROTEIN EXPRESSION. X.F. Huang*, H.O, Wang, S. Lin,
X.G. Xin, L. Storiien. Department of Biomedical Science, University of
Wollongong, NSW2500 Australia.

The aim of this study was to examine hypothalamice neurons in
response to different types of fat diets. C57B1/6J mice were fed a high
saturated, n-3 polyunsaturated, n-6 polyunsaturated, or low fat diet for
1, 7 and 16 weeks, respectively. Using immunohistochemical and in
situ hybridisation techniques, this study examined c-Fos, alpha
melanocortin stimulating hormone, neuropeptide Y protein and mRNA
expressions of hypothalamus. This study shows that the key areas
responsible to high saturated fat diet-induced obesity are lateral
hypothalamic (LH), paraventricular (PVN), arcuate, dorsomedial,
ventromedial, and perifomical nuclei. This study showed that saturated
fat diet can selectively and may directly activate the LH neurons
leading to the development of diet-induced obesity. After diet-induced
obesity developed, PVN neurons are then activated to prevent fat
storage. Further, changing the diets from a high saturated fat into n-3
polyunsaturated fat significantly corrected alteration of c-Fos and MSH
expression in the diet-induced obese mice. However, substituting the
diet from a high saturated fat into low fat has neither anti-obesogenic
effects nor reversibility of altered c-Fos, MSH and NPY expression in
diet-induced obese mice. Supported by NH&MRC of Australia.

166.3

166.4

TARGETED DELETION OF THE VGF GENE INDICATES THAT THE
ENCODED SECRETORY PEPTIDE PRECURSOR PLAYS A NOVEL
ROLE IN THE REGULATION OF ENERGY BALANCE. S. Hahm, T.M.
Mizuno, T.J. Wu, K.A. Kelley, J.E. Pintar, J. L. Roberts, C.V. Mobbs, and
S.RJ. Salton*. Fishberg Research Center for Neurobiology, Mount Sinai
School of Medicine, New York, NY 10029.
Obesity and anorexia are common disturbances of energy homeostasis that
result from imbalances between energy intake and expenditure. Within the
brain, the hypothalamus plays a pivotal role in the regulation of food intake and
energy output. To determine the function of VGF, a secreted polypeptide that is
synthesized by neurons, abundantly in the hypothalamus, and regulated in the
brain by electrical activity, injury and the circadian clock, we generated
knockout mice lacking Vgf. Homozygous mutants are small, hypermetabolic,
hyperactive, and relatively infertile with markedly reduced leptin levels and fat
stores, and altered hypothalamic POMC, NPY, and AGRP mRNA levels,
suggesting that ad lib fed VGF mutant mice have the neuroendocrine profile of
gene expression that is seen in normal mice fasted for 48 h. We also find that
VGF mRNA synthesis is induced in the hypothalamic arcuate nuclei of fasted
normal mice. VGF mutant mice are resistant to diet and GTG induced obesity,
and studies are underway to examine mutant mice that are VGF deficient and
also have defects in leptin or aMSH signaling. VGF therefore plays a critical
role in the regulation of energy homeostasis, suggesting that study of lean VGF
mutant mice may provide insight into energy homeostasis and, moreover, that
pharmacological antagonism of VGF action(s) might constitute the basis for a
treatment of obesity. Supported by AG10676, AG05667, and the *
Dysautonomia and Pew Foundations (S.R.J.S.), and DK50110 (C.V.M).

TREATMENT WITH SHU9119 INCREASES FOOD INTAKE BUT DOES NOT
INDUCE ANESTRUS IN SYRIAN HAMSTERS FED AD LIBITUM. J. Schneider*
and D, Zhou, Dept. of Biological Sciences, Lehigh Univ., Bethlehem, PA 18015.
Melanocortins and their receptors have been implicated in control of food intake,
either directly or indirectly by their effects on other hormones or on metabolic fuel
availability and oxidation. The present experiment examined the effects of
intracerebroventricular (icv) treatment with SHU9119, a melanocortin receptor
antagonist, on food intake and estrous cyclicity in Syrian hamsters. Syrian hamsters
differ from other mammals in that they fail to increase food intake after fasting or in
response to many treatments that inhibit the oxidation of metabolic fuels, with the
exception of insulin treatment. Fasting induces anestrus in lean hamsters; treatment
with inhibitors of glucose oxidation induces anestrus in hamsters fed ad libitum; and
insulin treatment induces anestrus in food-limited, but not in ad libitum-fed hamsters.
SHU9119 (Phoenix Pharmaceuticals) was dissolved in artificial cerebrospinal fluid
(csf) and delivered at 1, 2 or 5 pg/day, at 1 pl/h, by 3-day minipumps (Alza) attached
to cannulae implanted in the lateral ventricle of estrous cycling hamsters. A control
group received artificial csf. Pumps were implanted on the morning of day 4 of the
estrous cycle. Food intake was measured every 12 h and indices of estrous cyclicity
were measured on the evening of the subsequent estrous cycle days 4 and 1. All doses
of SHU9119 increased food intake, but none induced anestrus in Syrian hamsters fed
ad libitum. It is possible that these effects are mediated directly or indirectly by
insulin, other hormones, and/or by effects on fuel availability and oxidation. Supported
by IBN 9723938from NSF, DK53402from NIDDK and MHO1096from NIMH.
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EFFECTS OF FOOD RESTRICTION ON HYPOTHALAMIC PREPRO-OREXIN
GENE EXPRESSION IN GENETICALLY OBESE MICE. Y. Yamamoto1, Y. Uetal,
Y Date2, M. Nakazato2, Y. Hara1, R. Serino1, M. Nomura1, I. Shibuya1, S.
Matsukuia2, K. Koizumi3* and H. Yamashita1. *Dept. of Physiol., Sch. of Med,

CARDIOVASCULAR AND SYMPATHETIC ACTIONS OF OREXINS IN

Univ. of Occup. and Environ. Health, Kitakyushu 807-8555, Japan; ^hird Dept. of
Intern. Med, Miyazaki Medical College, Miyazaki 889-1692, Japan; 3Dept. of
Physiol., SUNY Health Sci. Ctr. at Brooklyn, NY 11203.
Orexins (orexin-A and orexin-B) are novel hypothalamic peptides that are thought
to be involved in regulating teed ng behavior. Orexin-containing neurons and the
prepro-orexin gene expressing cells were exclusively distributed in the lateral

CONSCIOUS RATS.
T, Shirasaka. T. Kunitake. Q-H, Jin, K. Nose. K, Kato. M, Saita* and H,

Kannan. Dept. of Physiol., Miyazaki med. college, Miyazaki 889-1692, Japan

The novel hypothalamic peptides, orexins (A and B) are known to induce
feeding behavior when centrally administered, but little is known about another

physiological function. We examined the effects of intracerebroventricular
(i.c.v.)-administration of orexins on the mean arterial pressure (MAP), heart

hypothalamic area We examined the effects of food restriction on the expression of
prepro-orexin gene in control (C57B1/6J) and genetically obese mice (ob/ob and db/db)
using in situ hybridization histochemistry. During feeding ad libitum, the expression
of the prepro-orexin gene was significantly decreased in ob/ob and db/db mice aim pared
with control mice. FTxxl restriction for 2 weeks caused a significant increase of the
expression of prepro-orexin gene in ob/ob and db/db mice. Though the gene expression
dd not reached the control level. On the other hand the gene expression of
neuropeptide Y (NPY), a potent feedng stimulant, was increased remarkably in the
arcuate nucleus of ob/ob and dfr/dh mice compared to that of control mice during
feedng ad libitum. Food restriction for 2 weeks also caused a significant increase of
the expression of NPY gene in all groups. These results indcate that down regulation
of the hypothalamic prepro-orexin gene in genetically obese mice may be associated
with hyperphagia and related symptom.

rate (HR), renal sympathetic nerve activity (RSNA), and plasma epinephrine

166.7

166.8

PERIPHERAL INSULIN-RESISTANCE IN LEAN MC4-R KNOCKOUT MICE.
A A .Butler, MA-Cowlsv, D.L, Marks, J, Zhou . R.H. Goodman*. R.D, Cone and W.
Fan, The Vollum Institute, Oregon Health Sciences University, Portland, OR 97201.

BIPHASIC RESPONSE OF VENTROMEDIAL HYPOTHALAMIC (VMN)
NEURONS IN BRAIN SLICES TO CHANGES IN EXTRACELLULAR
GLUCOSE. V.H.RoutlV* J.J.McArdle1 and B.E. Levin2. Depts. of ’Pharmacol, and
Physiol., and 2Neurosci., NJ Medical School, Newark, NJ 07103; 2Neurol. Service,
V.A. Medical Center, E. Orange, NJ 07018.
The VMN is a key site for regulating autonomic activity. Decreased extracellular
glucose hyperpolarizes 10-40 percent of VMN neurons. These glucose-responsive
(GR) neurons may play a role in the central regulation of glucose homeostasis.
Electrophysiologic characterization of GR neurons has been evaluated by reducing
glucose from 10 mM to 0 mM. In contrast, brain glucose ranges from 4.5 mM during
hyperglycemia (plasma levels = 15.2 mM) to 0.16 mM during hypoglycemia (plasma
levels = 2.8 mM)[Silver and Ercinska J. Neurosci. 14(6):5068-74, 94], Therefore, this
study was performed to determine whether GR neurons respond to physiologic
changes in extracellular glucose. Slices 350 microns thick were sectioned through the
VMN of brains of 10 - 14 day old inbred diet-resistant Sprague-Dawiey rats. Slices
were then perfused with artificial CSF containing 5 mM glucose. Current clamp
recordings were made using conventional whole cell patch clamp with ATP (2 mM)
included in the patch pipette. Decreasing glucose from 5 to 0.1 mM reversibly
hyperpolarized 44% of VMN neurons by 6-10 mV; input resistance decreased 20%
(n = 3). This effect was reversed by 200 pM tolbutamide, suggesting that the ATPsensitive K+ (K-ATP) channel is involved. Moreover 200 pM tolbutamide with 5 mM
glucose further depolarized GR neurons by 6 - 8 mV, indicating that K-ATP channels
are not completely inactivated under physiologic conditions. Interestingly, when
glucose was elevated from 5 to 10 mM, a subset of these neurons hyperpolarized by
5-10 mV (n = 2), indicating that high extracellular glucose levels may actually
inhibit VMN GR neurons. These data indicate that VMN GR neurons respond to
physiologically relevant changes in extracellular glucose, and provide further support
for a possible role in glucose homeostasis. Supported in part by an American Diabetic
Association Career Development Award NIDDK grant DK RO 1DK53181.

Obesity is the most significant risk factor for non-insulin-dependent diabetes mellitus
(NIDDM) and is highly associated with insulin resistance, and hyperinsulinemia.
Despite extensive studies, the pathogenesis of these defects, particularly the cause and
effect relationships among them have not yet been well clarified. It has been
demonstrated that the central melanocortin pathway plays a pivotal role in energy
homeostasis. Central pharmacological administration of agonists and antagonists of
the melanocortin MC4 and MC3 receptors (MC4-R/MC3-R) can alter food intake.
The melanocortin agonist MTII can also acutely suppress insulin levels, suggesting a
role for melanocortinergic neurons in regulating peripheral glucose metabolism.
Consistent with its role in suppressing appetite and weight gain, mice deficient for the
MC4-R develop obesity, hyperphagia, and hyperinsulinemia. To further examine the
role of the MC4-R in regulating glucose metabolism, we maintained MC4-R -/- and
+/+ littermates on a low-fat rodent chow (4%) so that a significant increase in weight
in the MC4-RKO mice did not begin to appear until 9 weeks of age. Metabolic rate
(VO2) and locomotory behaviour, along with food intake and weight, were not
significantly different in 6-8 wk old male MC4-R-/- and +/+ animals. However, at the
age of 8-9 wks, the male KO mice had already exhibited significant peripheral insulin
resistance (P<0.0002) and hyperinsulinaemia (0.47ng/ml vs 0.18ng/ml, p<0.05) as
well as mild impaired glucose tolerance, while the fasting (4 hr) blood glucose levels
remained normal. These preliminary data seem to support the notion that insulin
resistance and hyperinsulinaemia are at least coincident with and not secondary to the
development of obesity in this model, and may even play a causative role. This work
is supported by the NIH (RO1DK51730).

(Epi) and norepinephrine (NE) in conscious rats. I.c.v.-administered orexin-A
(0.3, 3.0 nmol) increased MAP, HR, RSNA, plasma Epi and NE. I.c.v. adminstered orexin-B (0.3, 3.0 nmol) increased MAP, HR, and plasma NE. In

contrast to the orexin-A, RSNA did not increase significantly in any doses of
orexin-B. The increases in MAP and RSNA induced by central orexin-A was
larger than that of -B. The increases in plasma Epi and NE induced by central

orexin-A was significantly larger at a 3.0 nmol dose than a 0.3 nmol dose.

These results indicate that central orexins regulate the sympathetic nerve
activity and affect the cardiovascular functions.

166.9

166.10

VAGAL COOLING DOES NOT BLUNT THE COUNTERREGULATORY
RESPONSE TO HYPOGLYCEMIA INDUCED BY MILD HYPERINSULINEMIA. S.Cardin*, D.S.Edaerton P.A.Jackson, M.C.Salvino,
M.F.Scott, D.W.Neal and A.D.Cherrinaton. Dept. of Molecular Physiology and
Biophysics, Vanderbilt University School of Medicine, Nashville TN, 37232.
We previously demonstrated that the hepatic glucose sensors are not
essential for the conterregulatory response to hypoglycemia cause by high
levels of insulin. Since high insulin levels per se augment the CNS response
to hypoglycemia, the question arises as to whether hepatic glucose sensors
would play a role in the defense of hypoglycemia in the presence of a low
insulin level. We studied two groups of conscious 18h fasted dogs with
cooling coils previously placed on both vagus nerves. Each study consisted
of a 100 min equilibration period, a 40 min basal period and a 150 min
hypoglycemic test period. Glucose was lowered using a glycogen
phosphorylase inhibitor and low dose insulin infusion (0.7 mU/kg/min). The
plasma insulin level increased to 15±2 pU/ml and the plasma glucose level
fell to a plateau of 57±3 mg/dl in both groups. The cooling coils were
perfused with a 37°C (Cont n=7) or a -20°C (Cool n=7)ethanol solution for
the last 90 min of the test period. Vagal cooling cause a marked increase in
the heart rate (79±12 vs 18±10 beats/min in Cont) and blocked the
hypoglycemia induced increase in arterial pancreatic polypeptide (-22±29 vs
250±39 pg/ml in Cont). The average increments in glucagon (pg/ml),
epinephrine (pg/ml), norepinephrine (pg/ml), cortisol (pg/dl), glucose
production (mg/kg/min), and glycerol (pmol/l) in the control group were 53±9,
625±186, 131 ±48, 4.63±1.05, -0.79±0.24, 101 ±18, and in the Cool group
were 39±7, 837±235, 93±39, 6.28±1'.O3*, -0.80±0.20, and 73±29
respectively. Based on these data, we conclude that, even in absence of
high insulin concentrations, afferent signalling via the vagus nerves is not
required for a normal counterregulatory response to hypoglycemia. *p<0.05
Supported by DK-18243, DK-20593 and JDFI 397008

GLUCOSE CONCENTRATION AS A MODULATOR OF VAGAL BRAINSTEM
NEUROCIRCUITRY R.A. Gillis1, K.N. Browning, N. Sahibzada1* & R.A.
Travaqli, Neurogastroenterology Research, Henry Ford Health Sciences
Center, Detroit, Ml 48202 and ’Department of Pharmacology, Georgetown
University School of Medicine, Washington DC 20007.
There is evidence to indicate that blood glucose concentration affects
gastric motility. There is also evidence that alterations of the vago-vagal reflex
occurs following variations of blood glucose concentrations. The purpose of
this study was to investigate the effects of acute hyperglycemia on the
membrane properties of identified gastric projecting dorsal motor nucleus of
the vagus (DMV) neurons as well as on jtheir synaptic inputs from the nucleus
of the tractus solitarius (NTS).
Whole cell recordings were made from identified gastric projecting
DMV neurons in thin brainstem slices as described previously (Browning et al.,
J. Physiol. 1999). Increasing the extracellular glucose concentration from
10mM to 30mM induced a potassium-mediated outward current in 2 out of 6
DMV neurons (32 ± 9pA at -50mV). Electrical stimulation of the NTS
subnucleus medialis induced GABA-mediated currents whose amplitude was
increased during perfusion with 30mM glucose in all neurons tested (24 ± 6%
increase, n=5). Pretreatment with tolbutamide (100pM) prevented tlie glucose
mediated effects suggesting the involvement of Katp currents.
Our data suggest that alterations of the physiological characteristics
and synaptic transmission in the dorsal vagal complex (DMV and NTS) might
piay a role the gastroparesis associated with diabetes.
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DOES GLUCOPRIVATION EXTEND ESTROUS CYCLES IN THE ADULT
FEMALE RAT BY INCREASING BRAIN HISTAMINE LEVELS? C, A, Starer and
H. I’Anson*. Biology Dept., Washington & Lee Univ., Lexington, Va. 24450
Previous research has shown that chronic 2-deoxy-D-glucose (2-DG; 72h) will
extend estrous cycle length similar to food deprivation in female rats (Biol. Reprod.
58(suppl. 1 ):209; 1998). Such treatment also suppresses food intake, but can be
reversed if brain histamine levels are reduced prior to 2-DG (Am. J. Physiol. 267;
R616-R618, 1994). We determined if 2-DG acts to extend estrous cycles by elevating
brain histamine levels. Our approach was to determine estrous cycle length during 2DG-induced glucoprivation in female rats whose brain histamine levels were reduced
by prior treatment with a-fluoromethylhistidine (a-FMH), an inhibitor of a histamine
-synthesizing enzyme. Adult rats were fed ad libitum, and daily vaginal cytology
determined reproductive status. After 3 consecutive estrous cycles (4-5 days each), rats
were treated for 72h with either saline (sc. ev. 6h, n=8), 2-DG (sc. ev. 6h, 200mg/kg;
n=9) or a-FMH (ip, lOOmg/kg) + 2-DG (sc., 200mg/kg; n=7). a-FMH was injected
daily, one hour prior to the noon 2-DG injection. In addition, to determine if 2-DG
extends estrous cycles due to glucoprivation or to a decrease in food intake, a fourth
group of rats received a restricted diet equal to the mean daily amount of food
consumed by the rats receiving 2-DG alone. 2-DG induced long estrous cycles (6.66 ±
.55 days; n=9) compared to the rats receiving saline (4.63 ± .26 days; n=8). In the rats
treated with a-FMH + 2-DG, there was a higher percentage of 4-5 cycles compared to
those rats receiving 2-DG alone (57% vs. 11% normal cycles). This suggests that 2DG may suppress estrous cycles by increasing brain histamine levels. Rats receiving
the restricted diet alone had an even higher percentage of 4-5 day cycles (71%) which
suggests that 2-DG does not suppress estrous cycles merely by inhibiting food intake.
In conclusion, our study suggests that 2-DG-induced glucoprivation extends estrous
cycles in the rat, at least in part, by increasing brain histamine levels and not by
decreasing food intake. (Supported by Washington & Lee University)

THE AREA POSTREMA MEDIATES THE INHIBITORY EFFECT OF
HYPOGLYCAEMIC STRESS ON PULSATILE LH SECRETION IN THE RAT
P.S. Cates* and K.T. O’Bvme. Division of Anatomy, Cell and Human Biology,
King’s College London, Strand, London. WC2R 2LS. UK.
The hypothalamic-pituitary-gonadal axis is profoundly disrupted by glucose
deprivation following administration of insulin or 2-deoxyglucose.
The
brainstem has been implicated as a glucosensitive area involved in signalling
peripheral metabolic status of the body to central systems regulating
reproduction. The aim of this study was to test the hypothesis that the area
postrema (AP) mediates the suppressive effect of insulin-induced hypoglycaemic
stress (IIH) on pulsatile LH secretion in the female rat. Adult Wistar rats were
ovariectomised and implanted with oestradiol (E2) capsules. Half were AP
lesioned (APX) while half were sham lesioned (SHAM). All animals were fitted
with two indwelling cardiac catheters. Blood samples (25pl) were taken by an
automated blood sampling system for LH measurement every 5 min for 6.5 hrs.
Glucose levels were measured throughout the experiment. After 2.5 hrs of blood
sampling, insulin (0.5U/kg in 0.2ml saline) was injected intravenously. Control
animals received 0.2ml saline. Administration of insulin resulted in a decrease
in blood glucose of 62 ± 4% and 62 ± 2% in APX and SHAM animals (mean
± sem; p<0.02; respectively). Despite comparable degrees of hypoglycaemia, the
expected prolongation of the LH pulse interval following insulin was only
evident in SHAM rats (113 ± 16% prolonged; mean ± sem; p<0.02; n=5;
compared to pre-treatment control). There was no prolongation of the LH pulse
interval in APX rats in response to IIH (36 ± 16%; mean ± sem; p=0.57; n=7) or
APX and SHAM animals controls (6.7 ± 11% and 12 ± 5%; mean + sem;
p=0.57 and 0.11; n=7 and 6, respectively). These results support the hypothesis
that the AP is involved in mediating IIH suppression of pulsatile LH release.
This study was supported by the Medical Research Council.

166.13
HINDBRAIN GLUCOSE-SENSING MECHANISM MEDIATES GLUCOPRIVIC
INHIBITION OF PULSATILE LUTEINIZING HORMONE SECRETION IN
SHEEP. S, Ohkura1*, T. Tanaka2, S. Nagatani3. D.B. Bucholtz3, H. Tsukamura4, K.-I.
Maeda4 and D.L. Foster3. 'Primate Res. Inst., Kyoto Univ., Aichi 484-8506, Japan;
2Lab. Vet. Reprod., Tokyo Univ. Agri. & Tech., Tokyo 183-0054, Japan;
’Reproductive Sciences Program, Univ. Michigan, Ann Arbor, MI 48109-0404;
4Gradu. School Bioagri. Sci., Nagoya Univ., Nagoya 464-8601, Japan.
Pulsatile gonadotropin-releasing hormone (GnRH) secretion is proposed to be
modulated by changes in glucose availability via glucose sensors. The present study
determined the importance of the putative glucose-sensing mechanism in the hindbrain
in regulating pulsatile luteinizing hormone (LH) secretion in ovariectomized sheep.
Our approach was to administer the antimetabolic glucose analog, 2-deoxyglucose
(2DG) into the 4th ventricle (4V) through a cannula placed stereotaxically toward 4V.
2DG (5 mg/kg) was infused (50 /d/min) into 4V for 30 min after 4 h of blood
collection (10-min intervals). The same dose of 2DG was infused into the lateral
ventricle (LV) for 30 min. During the sub ;equent 4h sampling period, pulsatile LH
secretion was suppressed transiently, but there was no significant difference in LH
pulse frequency in sites of infusion. Plasma 2DG concentrations were not detectable
after either 4V or LV infusion, indicating that 2DG acted centrally to suppress LH
pulses. Plasma cortisol concentrations increased greater in animals infused with 2DG
into 4V than those into LV, suggesting that glucose-sensing mechanisms around the
4V activated the hypothalamo-pituitary-adrenal axis more vigorously than those in
other central sites did. These findings suggest that glucose-sensing mechanisms
locating around the 4V in the hindbrain plays an important role in detecting
glucoprivic action of 2DG to suppress pulsatile LH secretion in sheep. [Supported by a
Grant-in-Aid for International Scientific Research from the Ministry of Education,
Science, Sports and Culture, Japan (09044215); the U.S.-Japan Cooperative Science
Program from NSF (INT-9603310); NIH-HD-18258 and 18394].
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LOCALIZATION OF i25I-ESTROGEN BINDING SITES IN THE RAT CEREBRAL
CORTEX AND HIPPOCAMPUS: AN IN VIVO AUTORADIOGRAPHIC STUDY.
P.J. Shughrue*, M.V, Lane and I. Merchenthaler. Women's Health Research Institute,
Wyeth-Ayerst Research, Radnor, PA 19087.
Estrogen replacement therapy attenuates the incidence of Alzheimer’s disease in
women and enhances cognitive functions. In rodents, estrogen modulates enzyme
activity, neurotransmitter production, membrane potentials, dendritic arborization and
synaptogenesis in cortex and/or hippocampus; brain regions associated with learning
and memory. Since ER-a and ER-p mRNA have been detected in rat cortex and/or
hippocampus, the present study used in vivo autoradiography to evaluate the binding of
17a-iodovinyl-lip-methoxyestradiol (125I-estrogen), a compound with a similar affinity
for both ERs, to ascertain whether ER mRNAs are translated into biologically active
receptors. Ovariectomized Sprague-Dawiey rats were injected with 0.2 pg/lOOg BW of
12SI-estrogen in 50% DMSO/ saline. Five hours after 125I-estrogen injection, brains were
frozen and 20pm sections collected on gelatin-coated slides. The sections were then
opposed to X-ray film before processing and coating with emulsion. After exposure,
cells with a nuclear uptake and retention of ,23I-estrogen were detected throughout the
neocortex and piriform cortex, with a concentration in laminae III-V. Labeled cells
were also seen in Ammon’s horn and the dentate gyrus. In Ammon’s horn, 125I-estrogen
labeled cells were seen in the pyramidal cells of CAI-3, with the majority of cells in
the ventral portion of CA2 and CA3 being labeled. In addition, a few labeled cells
were scattered throughout the stratum oriens and radiatum as well as the deep granular
layer of the dentate gyrus. Competition studies with excess 17P-estradiol prevented the
binding of ,25I-estrogen and demonstrated the specificity of the radiolabeled ligand for
ER. The results demonstrate that i) ER-p mRNA, the only ER expressed in adult rat
cortex, is translated into biologically active protein and ii) the distribution of estrogen
binding sites (ER-a and/or ER-p) in the hippocampus is much more extensive than
reported earlier. Together these data suggest that estrogen may directly modulate the
function of both cortical and hippocampal neurons and thereby improve cognitive
functions and memory via mechanisms different than those proposed earlier.

ULTRASTRUCTURAL EVIDENCE THAT HIPPOCAMPAL ALPHA
ESTROGEN RECEPTORS ARE LOCATED AT EXTRANUCLEAR SITES.
T.A. Milner1', B.S, McEwen2, S. Hayashi3, S.E. Alves2. "Weill Med. Coll. Of
Cornell Univ., and Rockefeller Univ., New York NY 10021; 3Tokyo Metropolitan
Institute for Neurosci., Tokyo 183, Japan
Estrogen may mediate some of its effects on hippocampal function through
the alpha isoform of the estrogen receptor (ERa). A previous light microscopic
study (Weiland et al. JCN 388:603,1997) showed that ERa-immunoreactivity
(-I) is located in nuclei of scattered interneurons predominantly in the hilus of
the dentate gyrus. However, electophysiological and behavioral studies have
indicated that estrogen may also exert some of its effects through rapid nongenomic mechanisms, possibly by binding to neuronal membranes. Thus, to
determine if ERa is found in extranuclear sites, an antibody to rat ERa was
localized by immunoelectron microscopy in proestrus rats. This antibody has
been well-characterized and recognizes both the bound and unbound ERa.
Ultrastructural analysis revealed that ERa-l also was found at several
extranuclear sites; tissue incubated in preimmune serum alone did not exhibit
this labeling. In both the CA1 region of the hippocampus and the hilus of the
dentate gyrus, ERa-l was prominent in unmyelinated axons and axon
terminals (0.3 - 0.6 pm in diameter) which contained numerous small, synaptic
vesicles. These terminals formed both asymmetric and symmetric synapses
primarily on dendrtic shafts suggesting that ERa’s arise from sources in
addition to inhibitory interneurons. In the CA1 and CA3 regions, ERa-l was
found in the spines of the apical dendrites of pyramidal cells associated with
spine apparati; this result suggests that estrogen might act locally through the
ERa to Influence protein synthesis during synaptic remodeling. Collectively,
these results suggest that ERa may serve as both a genomic and non-genomic
transducer of estrogen action in the hippocampal formation. [Support:
MH42834 & DA08259 (TAM); NS07080 (BSM)]
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167.3

167.4

POTENTIATION OF KAINATE4NDUCED CURRENTS BY 17pESTRADIOL IN RAT HIPPOCAMPAL NEURONS INVOLVES
MODULATION OF AMPA RECEPTORS. Q.Gu, R.L.Moss*. Dept. of
Physiology, Univ. of Texas Southwestern Medical Center, Dallas, TX 75235.
Previous studies have shown that 17|3-estradiol (E2) potentiates kainateinduced currents in hippocampal CA1 neurons. The potentiation is not due
to direct interaction of E2 with AMPA/kainate receptors but involves a Gprotein coupled, cAMP-dependent phosphorylation process (Gu & Moss,
1996, 1998). Both AMPA and kainate receptors are functionally expressed
In hippocampal CA1 neurons and subject to be activated by kainate at high
concentrations. The present study was designed to investigate the individual
involvement of AMPA or kainate receptors in the potentiation of kainateinduced currents. Experiments using standard whole-cell voltage-clamp
techniques were performed on acutely dissociated hippocampal CA1
neurons from Sprague-Dawley rats. At the concentration of 100 pM, kainate
elicited an inward current which could be potentiated by E2 (100 nM, 3 min).
In the presence of LY303070 (10 pM), an AMPA receptor antagonist
belonging to the 2,3-benzodiazepine compounds, the amplitude of the
kainate-induced current dramatically decreased. There was no observable
effect of E2 on the residual responses. LY303071, an inactive isomer of the
antagonist, did not affect the amplitude of the current or the potentiation. In
another set of experiments, kainate receptors were selectively activated by
kainate at low concentrations (3 pM, 5 pM). Application of E2 to this group of
cells did not change the amplitude of the kainate-induced current. The
results suggest that the potentiation of kainate-induced currents by E2 in
CA1 neurons is mediated by modulation of AMPA receptors rather than
kainate receptors. This study was supported by NIH grant MH 47418.

CHRONIC GONADAL HORMONE MANIPULATION IN FEMALE
RATS DIFFERENTLY INFLUENCES HIPPOCAMPAL mRNA
EXPRESSION OF 5HT1A AND GLUCOCORTICOID RECEPTORS.
I-M, Johansson1'2*, V. Birzniece 12. M-D. Wang1. T. Backstrom1. T.
Olsson2. 'Dept. of Clinical Science, 2Dept. of Public Health and Clinical
Medicine, Umea University Hospital, Sweden
The activity of the hypothalamic-pituitary-adrenal (HPA) axis is
influenced by gonadal hormones. Important for HPA axis activity are
the hippocampal glucocorticoid receptors, MR and GR. Furthermore an
important interaction between the glucocorticoid and the serotonin
systems take place in the hippocampus.
Adult female Sprague-Dawley rats (200-235g, n=37) were
ovariectomized and supplemented with subcutaneous pellets containing;
17 (3-estradiol (0.25 or 0.5 mg); 17[3-estradiol (0.5 mg) + progesterone
(50 or 200 mg); or placebo. Two weeks later animals were decapitated
and in situ hybridisation was used to study MR, GR, and 5HT1A
receptor mRNA expression at the level of the dorsal hippocampus.
MR mRNA expression was significantly increased (all hippocampal
subregions, 45-76%) in rats receiving 0.25 mg 17(3-estradiol, versus the
placebo group, while GR mRNA levels were unchanged. 5HTiA
receptor mRNA expression was decreased by 17(3-estradiol in CA2 (0.5
mg) and in the dentate gyrus (0.25 mg). 17(3-estradiol + progesterone
increased 5HT1A gene expression in CAI and CA2 (18-23%), compared
with the placebo group.
Long term estradiol/progesterone manipulation have profound and
specific effects on MR and 5HT1A mRNA expression in the
hippocampus. This may be important mediators of gonadal hormone
effects on cognition and mood.

167.5

167.6

ESTROGEN MODULATION OF THE CYCLIC AMP RESPONSE
ELEMENT- BINDING PROTEIN (CREB) PATHWAY: EFFECTS OF LONGTERM AND ACUTE TREATMENTS. L. Carlstrom1, R. S. Cohen1* and S. C.
Pandey123. ‘Dept. of Anatomy and Cell Biology, 2Dept of Psychiatry, University of
Illinois at Chicago and 3V. A. Chicago Health Care System (West Side Division),
Chicago, IL 60612.
Recent work from our laboratory has shown that long-term estradiol benzoate (EB)
treatment of ovariectomized (OVX) rats altered behavior in the Forced Swim Test in a
manner similar to that of antidepressants (Rachman et al., 1998). The gene
transcription factor, cyclic AMP response element-binding protein (CREB), appears
to be a target for several antidepressants (Duman et al., 1997). We, therefore,
investigated the effect of acute and long-term EB treatment on phosphorylated CREB
(pCREB) levels and CRE-DNA binding in forebrain areas of OVX rats using
Western blot analysis and the gel-mobility shift assay, respectively. Acute EB (lOOpg
for 1 hour, s. c.) resulted in a significant increase in CRE-DNA binding in the frontal
cortex (221.4%±21.4 vs 100.0%±17.4, p<0.001), but not in the amygdala,
hippocampus or cerebellum. Long-term EB treatment (lOpg for 14 days, s. c.)
significantly increased CRE-DNA binding in the amygdala of OVX rats compared to
OVX/controls (263.0%±41.5 vs 100.0%±22.7, p<0.01); such changes were not were
observed in the hippocampus, frontal cortex or cerebellum. The protein levels of
pCREB were significantly increased in the amygdala following long-term EB
treatment (209.0%±33.8 vs 100.0%±29.4, p<0.05). The long-term effect of EB
treatment on CRE-DNA binding suggests that this hormone may act via genomic
mechanisms in the amygdala. On the other hand, the rapid effect of acute EB in the
frontal cortex suggests that these changes may be mediated by nongenomic estrogen
mechanism(s). Our results indicate that CREB may be a molecular target for acute and
long-term effects of estrogen treatment in forebrain areas key to emotional processing.
Supported by funds from the UIC Center for Research on Women and Gender to R. S.
C. and NIAAA grant AA 10005 to S. C. P.

THE SELECTIVE EFFECTS OF LONG-TERM GONADECTOMY IN
ADULT MALE RATS ON THE CATECHOLAMINE INNERVATION OF
THE PREFRONTAL CORTEX INVOLVE DOPAMINE FIBERS AND
ARE INSENSITIVE TO OVARIAN HORMONE REPLACEMENT. A.
Adler, W.F. Collins III*, and M.F, Kritzer, Dept. Neurobiology &
Behavior, SUNY at Stony Brook, Stony Brook, NY.
Previous studies have shown that long term gonadectomy in adult
male rats increases the density of tyrosine hydroxylase-immunopositive
axons in prefrontal but not sensorimotor cortices, and that these
increases are attenuated by supplementing rats with testosterone
proprionate (Kritzer et al, Cerebral Cortex, in press). These studies,
however, leave two questions; i) whether the axons affected are
dopaminergic and/or noradrenergic, and ii) whether androgen- or
estrogen-mediated signaling underlies attenuation via testosterone
proprionate. The data presented here clarify these points.
Axons were labeled in cingulate and motor cortex using
immunocytochemistry for tyrosine hydroxylase (TH) and for dopamine-B
hydroxylase (DBH); their density was compared in the left and right
hemifields of rats that were gonadectomized (GDX), GDX and
implanted with testosterone proprionate (GDX-TP), GDX and implanted
with estradiol benzoate (GDX-EB) or sham operated 28 days prior to
sacrifice. These comparisons revealed that the expected small but
significant depletions of TH axon density in layers II/III, and much larger,
increases in innervation in layer V in the cingulate cortex of GDX
animals was also present in GDX-EB rats. However, there were no
significant group differences in DBH immunoreactivity-a selective
marker for noradrenergic axons, in either cingulate or motor cortex.
These findings thus suggest that the effects of long-term gonadectomy
on prefrontal catecholamine innervation principally involve dopamine
axons, and that androgenic rather than estrogenic stimulation is likely to
underlie their attentuation via TP. R29NS3542201.

167.7

167.8

LONG-TERM GONADECTOMY IMPAIRS SPATIAL LEARNING BUT
NOT SENSORIMOTOR FUNCTIONS IN RATS. P McLaughlin1, T.
Smirlis2, J.K. Robinson1 and M.F. Kritzer2*, Depts. of Psychol.1 and
Neurobiol. & Behav/, SUNY Stony Brook, Stony Brook, NY.
Previous studies show that chronic gonadectomy in adult male rats
produces catecholamine overinnervation in prefrontal, but not
sensorimotor cortices (Kritzer et al, Cerebral Cortex, in press); data
presented at this meeting identify the fibers involved as dopaminergic.
Other studies have shown that excess dopamine stimulation of
prefrontal cortex impairs rats’ T-maze performance (Zahrt et al, J.
Neurosci; 17, ‘97). Together, these findings predict that gonadectomyinduced changes in cortical dopamine should impair T-maze
performance but leave sensorimotor functions intact. This was explored
by pairing behavioral testing with hormone depriviation/replacement.
Rats were either gonadectomized (GDX), GDX and implanted with
estradiol benzoate (GDX-EB), GDX and implanted with testosterone
proprionate (GDX-TP), or sham operated. 28 days after surgery,
behavioral testing commenced. First, sensorimotor function was
assessed using a rotorod test. Next, animals were tested for acquisiton
of a T-maze alternation paradigm with a minimal intertrial interval.
Finally, rats were retested on the rotorod. The GDX and GDX-EB rats
took significantly longer to acquire the T-maze alternation rule than did
controls. GDX-TP rats, on the other hand, acquired this task within the
same timeframe as controls. No significant group differences were
detected in rotorod testing. In addition to pinpointing androgens as
potential hormone stimulants of prefrontal cortical function, these data
also provide a good match for previous anatomical findings; chronic
gonadectomy induces dopamine hyperinnervation in prefrontal cortex
as well as acquisition deficits in a prefrontal task, but has seemingly
little effect on either the dopamine innervation or the functional capacity
of sensorimotor areas. R29NS3542201.

ISOLATION OF TARGET GENES FOR ESTROGEN RECEPTOR IN BRAIN.
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T. Watanabe1,2, S, Inoue1. H. Hiroi1. A. Orimo1, S. Kawabata2* and M.

Muramatsu1. ‘Dept. of Biochemistry, Saitama Medical School, 38 Moro-Hongo,
Moroyama-machi, Iruma-gun, Saitama 350-0451,2Molecular Medicine Research I,

Institute for Drug Discovery Research, Yamanouchi Pharmaceutical Co., Ltd., 21

Miyukigaoka, Tsukuba, Ibaraki 305-0841, JAPAN
It is getting increasingly important to understand the function of estrogen in the

brain. However, the direct target genes transcriptionally regulated by estrogen or
rather estrogen receptor (ER) in the brain are almost unknown. To identify the
estrogen responsive genes efficiently, we have developed the genomic binding-site

cloning (GBS) method, and a series of ER-binding fragments was isolated from
human CpG island library. We found that one of the genomic DNA fragments

corresponds to the putative 3’-untranslated region of human NMDA receptor
subunit 2D (NR2D) gene. NR2D mRNA is up-regulated in rat hypothalamus by

estrogen possibly via half palindromic estrogen responsive elements identified here.

Moreover, some ER-binding fragments correspond to the exons of novel cDNA or
EST genes that are expressed in the brain. Thus, we report here some direct targets
of estrogen receptors which are involved in reproductive as well as nonreproductive actions in the brain.

SUNDAY PM

NEUROENDOCRINE REGULATION: ESTROGEN

167.9

167.10

MODULATION OF ESTROGEN RECEPTOR p (ERp) mRNA EXPRESSION
IN THE RAT SUPRAOPTIC NUCLEUS (SON) BY ADRENOCORTICOID
AND SEX STEROID HORMONES. S J Somponpun? M C Holmes? S P
Rossiter? J A Russell,2* J R Seckl1. ’Molecular Endocrinology, MMC, Western
General Hospital EH4 2XU; laboratory for Neuroendocrinology, Department of
Biomedical Sciences, University Medical School, Edinburgh EH8 9AG United
Kingdom.
Hypothalamic magnocellular SON neurones are regulated by estrogen. This
may be mediated by the recently discovered ERP expressed in this nucleus, since
ERa is not expressed here. We have examined the possible regulation of ERp in
the SON by steroid hormones. Quantitative in situ hybridisation (ISH)
histochemistry was carried out to determine the level of ERP mRNA transcript in
the SON. In the first experiment male and female Hooded-Lister rats (n=5 per
group) were either sham-operated or gonadectomised. In the second experiment
male rats (n=5 per group) were treated as follows: 1) control 2) sham-operated +
vehicle 3) adrenalectomy (ADX) + vehicle 4) ADX + 10 mg/kg s.c.
corticosterone daily 5) stress (cold, halothane, restraint cycle) exposure. 72h later
the rats were decapitated and brains removed, frozen on dry ice, cryostatsectioned and processed for ISH. A specific antisense riboprobe complementary
to ERP mRNA sequences was generated by in vitro transcription with 35S-UTP.
Emulsion autoradiographs were quantified with a computer-aided image analyser.
ERP mRNA content in the SON was greater in females than males (by 41%,
p<0.01, ANOVA) and this difference was abolished by gonadectomy. In the other
experiment the expression of ERP mRNA in the ADX group was greater than in
the other respective groups (by 149% vs sham, p<0.01, ANOVA). These results
suggest that ERp mRNA can be regulated by sex steroids, and by adrenocortico
steroids. The functional significance of this cross-talk between the HPA and HPG
axis at the level of the SON remains to be seen.
Supported by BBSRC

ERa AND ERp-MEDIATED MAPK ACTIVATION IN TRANSFECTED
RAT-2 FIBROBLASTS. CB Wade2. RA_ Shapiro1. HA Iverson2. DM
Dorsa1-2*. ’Dept. of Psychiatry and Behavioral Sciences and 2Dept. of
Pharmacology, University of Washington, Seattle, WA 98195.
The rapid, non-genomic effects of estrogen are increasingly recognized as
playing a role in several aspects of estrogen action. We have previously
reported that estrogen receptor (ER)-mediated activation of the mitogen
activate protein kinase (MAPK) pathway protects primary cortical neurons
from glutamate excitotoxicity. In order to explore the role of estrogen
receptors in mediating these rapid effects, we have transfected Rat-2
fibroblasts, which lack endogenous estrogen receptors, with cDNA clones
encoding either human ERa or rat ERP and examined their ability to activate
MAPK in response to 17P-estradiol (E2). We have previously shown that
ERa-transfected Rat-2 cells respond to E2 in a dose-dependent manner with a
rapid and sustained phosphorylation of MAPK, and this activation was
partially and completely blocked by the antiestrogens tamoxifen and ICI
182,780, respectively. Estrogen treatment of cells transfected with ERP also
activates MAPK, and the effects of ihese antagonists differed from those
observed with ERa. Estrogen receptor mutants that are transcriptionally
inactive are still able to activate MAPK in a manner similar to wild-type
receptors.
Supported by NIH NINDS 2RO1NS20311-12 and NIH P50AG05136
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167.12

DIFFERENTIAL TRANSCRIPTIONAL REGULATION OF
RAT VASOPRESSIN GENE EXPRESSION BY ESTROGEN
RECEPTOR a AND p. Robert A. Shapiro1*. Cong Xu1 and Daniel M.
Dorsa12. Departments of Psychiatry and Behavioral Sciences’ and
Pharmacology2, University of Washington, Seattle, WA 98195
Neuronal expression of the vasopressin gene has been shown to be
estrogen-dependent. A 5.5 kb genomic DNA fragment, 5’ of the AVP
coding region, was used in luciferase reporter assays to measure
transcriptional activation by either estrogen receptor alpha or beta in
response to various treatments. ERa and ERp displayed differential
regulation of the AVP promoter. SK-N-SH cells transfected with ERa
exhibited inci eased luciferase activity in response to estrogen,
tamoxifen, and ICI 164,384. Cells transfected with ERp exhibited a
high basal activity, and failed to demonstrate significant increases
when exposed to these same ligands. Mutation of a single estrogen
response element (ERE)-like sequence resulted in loss of estrogendependent induction through ERa and estrogen inhibition of basal
transcription associated with ERp. The distal ERE-containing 1.5 kb
fragment, when coupled to luciferase, is able to support both ERa and
ERP mediated activation of transcription by estrogen. These results
suggest that a single ERE in the distal 1.5 kb portion of the 5.5 kb
fragment contains the primary estrogen responsive sequences for ERa
and ERp. These data also suggest that sequences proximal to this
element serve to inhibit transcription mediated by ERp.
Supported by NIH NINDS 2R01 NS20311-12

OVARIAN STEROID-INDUCED INCREASES IN HYPOTHALAMIC OXYTOCIN
[OT] ARE ACCOMPANIED BY CHANGES IN [3H] MUSCIMOL BINDING AND
MODULATED BY ALLOPREGNANOLONE J.A. Amico,3 M.M. McCarthy?
R.L.Hauger,2 R.H. Purdy,2 A.M. Davis? B.J. Blyth,3 D.J. Hollingshead 3*. ’Dept of
Physiol, U of Maryland Schl of Med; 2Dept of Psychiatry, UCSD and San Diego VA
Med Ctr; 3Div of Endocrinol, U of Pittsburgh Schl of Med and VA Med Ctr;
Pittsburgh, PA 15261
Administration of sequential estradiol (E2) and progesterone (P) for 2 wks followed
by withdrawal of P will increase OT mRNA and peptide in the hypothalamic
paraventricular and supraoptic nuclei (PVN and SON) of the ovariectomized (ovx)
rat. This increase is prevented if either P is sustained or if diazepam, an allosteric
modulator of the gamma aminobutyric acid (GABA) A receptor, is administered when
P is withdrawn. P is metabolized into the neurosteroid allopregnanolone (A), which
is a positive allosteric modulator of GABAa receptor/Cl channel complexes. E2 and
P are also known to modulate the binding of the GABAa agonist, muscimol, in certain
brain regions. To understand the mechanisms by which ovarian steroids regulate
PVN and SON OT expression, 2 experiments were performed. l)ovx rats were
treated with various steroid regimens, including one which is known to increase OT
mRNA, and [3H] muscimol binding was measured in the brains of the animals; and
2)ovx rats that received sequential E2 and P for 2 wks were administered A at the
time of P withdrawal and the hypothalamic P' N OT mRNA levels were measured at
sacrifice. We report that the steroid sequence that is known to increase SON OT
mRNA selectively decreased [3H] muscimol rinding in the SON. Steroid-induced
increases in PVN OT mRNA were attenuate ! <n rats administered A at the time of P
withdrawal. The results highlight the importance of both the GABAa receptor and
allopregnanolone in the steroid-induced regulation of hypothalamic OT expression.
Supported by VA Merit Review Program, Howard Hughes Medical Institute, and
NIH-MH52716.

167.13

167.14

PARAVENTRICULAR AROMATIZATION OF TESTOSTERONE INFLUENCE
AXONAL TRANSPORT IN LUMBOSACRAL MOTONEURONS SUPPLYING
THE PUBOCOCCYGEUS MUSCLE IN MALE RATS. ME. Hernandez1*. L.
Nicolas1. MR, Cruz1, H, Merchant2, P, Pacheco1,2 and J. Manzo1, ’instituto de
Neuroetologia, Universidad Veracruzana, Xalapa, Ver., 91001, Mexico, 2Instituto de
Invest. Biomedicas, UNAM, Mexico, D.F. Mexico.
The pubococcygeus muscle (Pcm) in the pelvic floor of the rat plays an important
role in micturition and reproduction. Its motoneurons are arranged in a pool located in
the ventral nucleus of lamina IX at L6-S1 spinal cord segments. Previously we showed
the sensitivity of these motoneurons to the fluctuation of steroid hormones in males
(Manzo et al, J. Comp. Neurol., In Press, 1999). They highly depend on estradiol, but
do not have receptors to it nor aromatases to convert it from testosterone. Thus, we
hypothesized that steroid metabolism is carried out in paraventricular neurons (PVN)
that project to and perhaps synapse on Pcm motoneurons. Present results constitute the
first approach to test such hypothesis. Intact (I) and castrated (C) male Wistar rats
were used. I males were cannulated in the PVN and two treatment groups were
obtained, experimental (PVNe) and control (Sh). PVNe were treated once a day for
two weeks to block androgen (AR), or estrogen receptors (ER), or aromatases (Aro).
Then, Pcm motoneurons were retrograde labeled with horseradish peroxidase, and the
stain in the cells were measured with a computarized image analysis system.
Data showed that blocking AR, ER, or Aro in the PVN produce the same results, i.e.,
the stain-related morphometry of Pcm motoneurons is decreased as compared to Sh
(p<0.01)? The reduction makes these motoneurons to resemble those from C subjects.
These results suggest the existence of an endocrine central circuit, independent of
blood supply, where the aromatization of testosterone is carried out in paraventricular
neurons projecting directly to the lumbosacral spinal cord. PVN descent axons seems
to influence via synaptic contacts the rate of intracellular transport in Pcm
motoneurons, perhaps after the local release of oxytocin and/or vasopressin.
PATRIMONIAL CONACYT NO. EXP. SC-980019 (H.M. and J.M.)

TRANSECTION OF THE SPINAL CORD REDUCE RETROGRADE AXONAL
TRANSPORT OF DISTAL STEROID-SENSITIVE MOTONEURONS IN MALE
RATS. J. Manzo1*, C.A Perez1, M.E. Hernandez1, L. Nicolas’, H. Merchant2 and P.
Pacheco1,2, ’instituto de Neuroetologia, Universidad Veracruzana, Xalapa, Ver.,
91001, Mexico; 2Instituto de Invest. Biomedicas, UNAM, Mexico, D.F. Mexico.
Motoneurons supplying the pubococcygeus muscle (Pcm) are sensitive to the
fluctuation of steroids in males. We have shown that these lumbosacral motoneurons
are mainly sensitive to estrogen. However, they do not have receptors to bind it nor
aromatases to convert it from testosterone. Then, our hypothesis (see Hernandez, ME
et al in this meeting) propose an endocrine central circuit (ECC), independent of blood
supply, where paraventricular neurons metabolize testosterone, project to the cord, and
descent axons release oxytocin and/or vasopressin on motoneurons to indicate the
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androgen status of the subject. If so, transection of the spinal cord will isolate distal
located motoneurons from the whole circuit of endocrine communication in the central
nervous system, an effect that will produce modifications similar to that observed in
spinal-intact castrated subjects. To test it, five groups of Long-Evans male rats were
used, thoracic cord lesioned for two (Tx2), four (Tx4), and six (Tx6) weeks, intact (I),
and castrated (C). Pcm motoneurons were labeled with the horseradish peroxidase
technique, and computer measurments of the stain in the cells were obtained.
Data showed that Tx2, Tx4, and Tx6 males showed significant decrements in their
stain-related morphometric parameters as compared to I (p<0.01). Similar decreased
values were observed in C subjects. These results suggest that the metabolism of
testosterone, to influence the rate of intracellular transport in Pcm motoneurons, is
carried out in paraventricular neurons that project directly to the lumbosacral cord.
Thus, in addition to the effects produced by the lesion itself, transection of the spinal
cord produce a secondary endocrine effect due to the cut of descent axons in the ECC.
It is suggested that exogenous treatment of distal motoneurons with oxytocin and/or
vasopressin in lesioned subjects, could relief the endocrine effect produced by the
transection.
PATRIMONIAL CONACYT NO. EXP. SC-980019 (H.M. and J.M.)
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167.15

167.16

EFFERENT PROJECTIONS OF HYPOTHALAMIC NEURONS

FURTHER STUDY OF THE ENZYMATIC ACTIVITY OF GLYCERALDEHYDE3-PHOSPHATE-DEHYDROGENASE IN SUBCELLULAR FRACTIONS OF RAT
BRAINS I.Joe, G. Jackson* and V.D.Ramirez. Dept.Mol.&Integrative Physiol,Univ.
of Illinois,Urbana, IL 61801
Previously, we reported the effects of estrogen and progesterone on Glyceraldehyde-3phosphate-dehydrogenase (GAPDH) activity by measuring enzyme kinetics under
steady-state conditions. We tested six different concentrations of 17B-estradiol ( 1 pM,
5 pM, 0.5 nM, 1 nM, 10 nM). There was no significant changes in maximal velocity
(Vmax ) and Km with 1 pM, 5 pM, 50 pM, 0.5 nM and 1 nM of 17B-estradiol.
However, the enzyme activity (Vmax) of GAPDH was increased about 45% and Km
was increased by two folds with 10 nM 17B-estradiol. Interestingly, 100 nM
progesterone decreased the Vmax about 18% but the Km was not altered. These effects
were confirmed using a single dose of 30 mM substrate. The enzymatic activity was
increased about 22% by 10 nM of 17B-estradiol and 100 nM progesterone decreased it
by 21 %. 10 nM progesterone did not change the enzymatic activity at 30 mM substrate concentration. The data suggested a novel effect of these steroids in the regulation
of cellular oxidative phosphorylation. In this report we studied the enzyme activity of
GAPDH in a subcellular fraction of rat brains. The microsomal-plasma membrane
fraction ( P3 ) of rat brains was prepared hy ultracentrifugation and solubulized with
ionic detergent ( Triton X). The enzymatic activity of GAPDH of the P3 fraction of
male rat brains prepared either in P2-tris buffer or in 0.25 M sucrose-tris buffer were
similar, 53 ^mole and 59 /<mole NADH/min/liter, respectively. This showed the
presence of GAPDH activity in this membrane fraction. Interestingly, the enzyme
activity of GAPDH in the membrane fraction of female rat brains was variable. The
brains of nine month old female rats had an enzyme activity of 64 ^mole
NADH/min/liter whereas that of two month old female rats had 0.0024 /xmole
NADH/min/liter. The 2 month old rats were in estrus. This result suggests that the
activity of GAPDH in the plasma membrane fraction of female rat brain could be
dependent upon the estrous cycle. Further studies are in progress. This study was
supported by a NIH grant to Dr. V.D.Ramirez.

CONTAINING ESTROGEN RECEPTORS ALPHA TO MIDBRAIN
PERIAQUEDUCTAL GRAY: A RETROGRADE TRACING STUDY
USING CHOLERA TOXIN B SUBUNIT IN RATS. M. Satou and K.
Yamanouchi*. Lab. of Neuroendocrinology, Dept. of Basic Human Sciences,

Sch. of Human Sciences, Waseda Univ. Saitama, Japan.

The distribution of neural inputs to the midbrain periaqueductal gray (PAG)

from hypothalamic neurons containing estrogen receptors alpha (ERalpha)

was studied by using cholera toxin B subunit (CTb) as a retrogradely
transported tracer in combination with ERalpha immunohistochemistry in

female and male rats. CTb injections gave rise to labeled cell bodies in the
medial preoptic nucleus (mPOA), the arcuate nucleus, anterior hypothalamus

and the ventromedial and dorsomedial hypothalamic nucleus. ERalpha like-

immunoreactivities (ER-IRs) were also found in these areas. However,

double-labeled neurons were limited to the mPOA and the ventrolateral

portion of the ventromedial hypothalamic nucleus in this experiment.
This study was financially supported by Sasakawa Scientific Research Grant
from The Japan Science Society and The Japan Society for the Promotion of
Science.

167.17

167.18

TYROSINE HYDROXYLASE (TH) mRNA LEVELS IN
NEUROANATOMICAL SUBSETS OF Al AND A2 CELLS IN
RESPONSE TO ESTRADIOL (E2) IN OVARIECTOMIZED RATS.

AN ELISA METHOD FOR TISSUE LEVELS OF a-ESTROGEN RECEPTOR IN
THE RAT: QUANTIFICATION WITH SYNTHETIC RECOMBINANT-DNAPRODUCED STANDARDS. JM Meredith*, AC Scallet. Division of
Neurotoxicology, NCTR/USFDA, Jefferson, AR 72079
Ligands acting through the a-estrogen receptor (a-ER), a 66-kDa cytoplasmic
and nuclear protein, play a crucial role in influencing development, modulating
physiological responses, and initiating fixed behavioral action patterns during preand post-natal periods. To rapidly assess and quantitate a-estrogen receptor levels
in rat tissues, we developed an a-ER enzyme-linked immunosorbent assay (ELISA)
using 96-well plates. Samples or serially-diluted standards made with synthetic aER were incubated with 1) several different commercially- available primary
antibodies directed against the estrogen receptor, 2) biotinylated secondary
antibodies made against the host species of the primary antibody, and 3) ophenylenediamine dihydrochloride, which produces a reaction product readable at
485 nm. Incubation of the primary antibody with a neutralizing peptide eliminated
formation of colored reaction product by either the a-ER standards or uterine tissue
cytosol. Stripping of estrogen receptors from uterine cytosol by
immunoprecipitation decreased estrogen receptor levels by 2.4 fold, while spiking of
uterine cytosol with differing doses of recombinant a-ER resulted in commensurate
increases in concentrations of a-ER. Estrogen receptor levels in the uterus, ovary,
pituitary and ventral hypothalamic region of the brain were region-specific with
uterus » pituitary > ovary » hypothalamus. Ten days following ovariectomy,
uterine estrogen receptor levels had increased 4.3 times over intact animals. Based
on these studies, the a-ER ELISA developed represents a rapid, quantitative and
flexible means of detecting cytosolic and nuclear estrogen receptor levels. Support
was provided by an Interagency Agreement between FDA and NIEHS.

M, A. Curran* and S. L. Petersen. Center for Neuroendocrine Studies,
Neuroscience and Behavior Program and Dept of Biology, University of
Massachusetts, Amherst, MA 01003
Noradrenaline (NA) is known to play an important role in regulating
luteinizing hormone-releasing hormone (LHRH) synthesis and release on the
day of the luteinizing hormone (LH) surge. The majority of NA input to the
preoptic area and hypothalamus, regions that contain LHRH neurons,
originates from brainstem Al and A2 cell groups. Both these cell groups
express estrogen receptor-alpha (ERa). Interestingly, the extent to which
these neurons contain ERa varies through the rostral-caudal extent of the cell
groups. Although previous work has demonstrated changes in TH (ratelimiting enzyme for NA synthesis) mRNA levels in Al neurons, little
information exists concerning a rostral-caudal difference in TH mRNA levels
in response to E2. Furthermore, it is unclear as to when these mRNA changes
begin. Therefore, we used in situ hybridization histochemistry to determine
the temporal and neuroanatomical effects of E2 on TH mRNA in Al and A2
cell groups. Preliminary results indicate no effect of E2 on TH mRNA at
2100 h on the day before the LH surge, or at 600 h or 800 h on the day of the
LH surge in the A2 cell group. Work in progress includes the examination of
TH mRNA levels at 0200 h, 1000 h and 2000 h in the A2 group on the day of
the surge and at all time points mentioned in the Al cell group.
Supported by NIH grant HD27305 to SLP and NIH grant
1F31MH12347-01 to MAC.
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168.1

168.2

INCREASED
PHOSPHORYLATION
OF
cAMP-RESPONSIVE
ELEMENT-BINDING PROTEIN (CREB) FOLLOWING NITRIC OXIDE
RELEASE IN RAT SPINAL CORD
J. Wu , Q. Lin, W.D. Willis, Dept. of Anatomy & Neurosciences, University
of Texas Medical Branch, Galveston, TX 77550-1069, USA
Nitric oxide (NO) is a messenger molecule that has important functions in
the central nervous system. This study investigated the involvement of NO in
activating the cAMP-responsive element-binding protein (CREB) in the
spinal cord. Sprague-Dawiey rats were given 3-morpholino-sydnonimine
(SIN-1), a NO donor, or artificial cerebrospinal fluid (ACSF) through a
microdialysis fiber, which was previously implanted in the spinal cord dorsal
horn in the L5 segment. SIN-1 or ACSF was administered for 30 min.
Animals were sacrificed by an overdose of anesthetic at 20 and 60 min after
drug or vehicle administration, and the lumbosacral segments of the spinal
cord were removed. The expression of CREB and phosphorylated CREB (pCREB) were evaluated by the Western blotting method. Results showed that
expression of p-CREB increased at 20 minutes and increased more at 60
minutes following SIN-1 infusion, while ACSF infusion did not change the
expression of p-CREB. By contrast, the expression of CREB itself did not
show an obvious change at any time point after SIN-1 treatment. This result
suggests that CREB is phosphorylated following SIN-1 administration and
that CREB is involved in the intracellular signal transduction pathways
activated by enhanced NO release. NO may participate in central sensitization
of nociceptive neurons and may also cause long term changes in neuronal
function by inducing expression of genes. (Supported by NIH grant
NS09743.)

CREB AND ATF-2 ARE THE MAJOR CRE-BINDING PROTEINS IN
NEURONS. S.-Ahn? J, Blendv2 and D, D. Gintv* . ‘Dept. of Neuroscience, The
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205; 2Dept. of Pharmacology,
Univ. of Penn. Sch. of Med., Philadelphia, PA 19194.
In neurons, extracellular stimuli lead to activation of signaling pathways that are
relayed to the nucleus to activate transcription factors and gene expression. The
cAMP-responsive element (CRE) is a cis-regulatory element found in many activityinduced genes, which are critical for some forms of neuronal long-term adaptive
responses such as long-term facilitation in Aplysia and LTP in the hippocampus of
mice. Therefore, we investigated the identity of proteins that bind to the CRE and
are responsible for activity-regulated gene expression in neurons. CRE-binding
activity was analyzed by electric mobility shift assay (EMSA) using perfect
consensus CRE oligonucleotides and cell extracts obtained from various parts of
brain, including cortex, hippocampus, hypothalamus, thalamus, striatum, and
cerebellum. Also, extracts from primary sympathetic, hippocampal and cortical
neurons were analyzed. In all neurons and neuronal tissues examined, two major
CRE binding complexes were observed. EMSA using specific antibodies against
CREB, ATF-2, ATF-1, and CREM established that these complexes contain CREB
and ATF-2. This result was confirmed with protein samples obtained from mice
lacking intact genes encoding CREB, CREM, and ATF-2. To address the
importance of CREB and ATF-2 in mediating CRE-dependent gene expression, we
have developed ways to perturb the CRE-binding activity of these proteins. First,
cells that express a dominant negative form of CREB (A-CREB), which inhibits
DNA binding activity of CREB, but not ATF-2, are being used to establish the
requirement of CREB following exposure of neurons to a variety of extracellular
stimuli. Also, CREB mutant mice (a/8 -/- and null) as well as ATF-2 -/- mutant
mice are being used to study the role of these transcription factors in the control of
neuronal gene expression. Supported by NIH grant NS534814.
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168.3

168.4

EFFICIENT TRANSFER OF A DOMINANT NEGATIVE INHIBITOR OF
CREB BY RECOMBINANT SINDBIS VIRUS INFECTION OF CELLS. T.-P.
Yu*, D. Ju, H. A. Lester and N. Davidson. Division of Biology, California Institute
of Technology, Pasadena, CA 91125.
cAMP response element-binding protein (CREB), an important transcription
factor that binds to cAMP response elements (CRE sites) in promoters, has been
implicated in the formation of memory in many species. CREB can be
phosphorylated by either cAMP- or calcium-dependent protein kinases. A dominant
negative inhibitor of CREB (A-CREB) has been shown to completely inhibit cAMPmediated transcription of c-fos expression in PC 12 cells (Ahn et al., Mol. Cell. Biol.,
1998). In the present study, we intend to use gene transfer techniques to study the role
of CREB in cAMP-mediated synaptic plasticity in neurons.
A cDNA encoding an A-CREB insert was derived by polymerase chain
reaction from a plasmid kindly provided by Drs. J. Moll and C. Vinson. The coding
segment of A-CREB and a DNA segment encoding an IRES-GFP fragment were
inserted into the Sindbis virus vector, pSinRep5 of the Sindbis vector kit provided by
Invitrogen. In vitro capped RNA transcripts of pSin-ACREB-IRES-GFP and helper
DNA (DH-26S) were synthesized and transfected into BHK cells. Viral particles were
harvested 66 hours after transfection. Different dilutions of viral solution were bath
applied to BHK cells. Cells were examined 18 hours after infection. About 90% of
cells were infected and revealed strong fluorescence when the virus was applied with
a dilution of 1:20. With dilution of 1:200, approximately 50% of cells were infected.
We are currently testing pSin-ACREB-IRES-GFP using different functional assays
for CREB function. (Supported by NIMH, MH-49176)

TRANSGENIC
ICER
MICE
SHOW
DECREASED
CORNEAL NOCICEPTION
C.R. Brodie1’2*. C.A. Fairbanks2’3.
L.M. Boland2. G.L. Wilcox2’3. H.T. Orr1’4. ’institute of Human Genetics and
Dept. of Genetics, Cell Biology, and Development, 2Dept. of Neuroscience,
3Dept. of Pharmacology, 4Dept. of Laboratory Medicine & Pathology.
University of Minnesota, Minneapolis, MN 55455
The cAMP/calcium response element binding protein (CREB) and other
transcription factors within the CREB/ATF family are able to integrate the activity
of diverse cellular signals. These include receptor tyrosine kinases, calcium influx,
and G protein-coupled receptors. We have generated transgenic mice which express
the inducible cAMP early repressor (ICER), a dominant-negative inhibitor of
CREB, under the control of the Pcp2 promoter. ICER mice do not show transgene
expression in the cerebellum, but this promoter has been demonstrated to specify
transgene expression in the trigeminal and dorsal root ganglia during and after the
second embryonic week of development. Neurons from the trigeminal ganglia
innervate the cornea of the eye and are activated by noxious chemicals, such as
capsaicin. To test for altered nociceptive responses in the ICER line of mice, we
used the capsaicin eye wipe test. ICER transgenic mice show a significant decrease
(P<0.05) in their behavioral response to 90 pM and 900 (lM capsaicin applied to
the cornea. However, a higher concentration (9 mM) yielded no significant
difference between transgenic and wild type littermates. Thus the corneal
sensitivity to milder noxious stimuli appears altered in ICER animals with respect
to normal. This suggests that disruption of CRE binding transcription factors may
impair the function of capsaicin-sensitive sensory neurons. Supported by HHMI
(C.R.B.) and NIH.

168.5

168.6

DISSECTING THE ROLE OF CREB IN DOPAMINERGIC
NEUROTRANSMISSION BY CRE/LOXP RECOMBINATION IN MICE.
Umberggr, T.Mantamadiotis, D. GawR Tronche and G. Schutz.
Division Molecular Biology of the Cell 1, German Cancer Research Centre,
A0200, 69120Heidelberg,Germany. (SPON: IBANGS)

CREB PHOSPHORYLATION MEDIATED BY DOPAMINE DI RECEPTOR IN
MOUSE HIPPOCAMPUS AND CAUDATE NUCLEUS.
I. Nijholt *. T. Blank . J, Ahi and J. Spiess.
Department of Molecular Neuroendocrinology, Max Planck Institute for Experimental
Medicine, Hermann-Rein-Str. 3, 37075 Goettingen, Germany.
The cyclic AMP response element binding protein (CREB) is a phosphorylationdependent transcription factor which can enhance the transcription of immediate early
genes (IEG) such as c-fos. Earlier in vivo experiments of our laboratory showed that
the coupling of dopamine DI receptors to FOS production is region-specific in the
mouse brain. The DI receptor agonist SKF-38393 hydrobromide (7.5 mg/kg, i.p.)
causes an increase of FOS levels in the caudate nucleus and the dentate gyrus of
C57BL/6J mice. However, after the same treatment, no FOS production is detectable
in the CAI-3 regions of the mouse hippocampus. Our present objective is to evaluate
whether the observed regional differences of FOS production can be correlated with
changes in the levels of phosphorylated CREB (pCREB). Therefore, we measured the
pattern of dopamine-mediated pCREB immunoreactivity in the caudate nucleus and
the hippocampus 10 min (transient phosphorylation) and 3 hrs (sustained
phosphorylation) after application of SKF-38393 hydrobromide. Eight-week-old male
C57BL/6J mice were injected with SKF-38393 hydrobromide (7.5 mg/kg, i.p.) or
saline as controls. After 10 min, pCREB immunoreactivity was significantly
increased in all parts of the caudate nucleus but not in the hippocampal regions CAI-3
and the dentate gyrus. However, 3 hrs after the injection of SKF-38393, pCREB
levels in the caudate nucleus did not differ anymore significantly from pCREB levels
in control animals.
These observations suggest that the cAMP-dependent phosphorylation of CREB
induced by DI receptor agonists precedes the production of FOS in the caudate
nucleus. Further studies will have to address the question why the activation of DI
receptors does not elevate pCREB and FOS levels in the CAI-3 region and whether
the phosphorylation of CREB and the appearance of FOS are causally linked.
(Supported by the Max Planck Society)

CREB (cAMP regulatory element (CRE) binding protein) belongs to the
bZIP transcription factor superfamily. CREB is phosphorylated by cAMP-,
calcium- or growth factor-dependent protein kinases. Upon phosphorylation
on Ser-133, CREB associates with the CREB-binding protein (CBP) or the
related p300 and activates the transcription of genes harbouring CREs in
their promoters. CREs are found in many genes including c-fos,
somatostatin and dynorphin. Two mutant mice previously generated in our
laboratory have shown that CREB is an important factor in a number of
paradigms. CREBalpha/delta mice which maintain about 20% of normal
CREB activity, have a long-term memory deficit and a reduction in
withdrawal symptoms following chronic morphine administration.
CREBnull mice which completely lack functional CREB die at birth and
exhibit atelectasis of the lungs, a reduction in the corpus callosum and
anterior commisures of the brain, and impaired fetal T-cell development. In
order to study the effects of the absence of CREB in adult mice we
incorporated loxP sites into the CREB gene and have crossed these mice
with a number of different Cre-recombinase transgenic mice including mice
expressing the recombinase under the control of the dopamine DI receptor
gene promoter. To exactly reproduce the pattern of expression of the
endogenous DI gene a 145 kb YAC DI-cre transgene was used. These
Dl/CREB mutant mice are used to analyze the contribution of CREB in
dopaminergic neurotransmission.

168.7

168.8

CLONING AND FUNCTIONAL ANALYSIS OF NOVEL CREB
SPLICE VARIANTS. N, SAKALMALTQlbgrt, R,S, Puman .
Laboratory of Molecular Psychiatry, Yale University School of
Medicine, 34 Park St. New Haven, CT 06508
Two novel CREB (cyclic AMP responsive element binding
protein) splice variants were found by RT-PCR cloning using mouse
brain RNA as a template. One splice variant, named delta minus 14 (A14), lacks 14 nucleotides at the beginning of exon 9 of the CREBA
isoform. The other, named delta minus 35 (A-35), lacks 35 nucleotides
at the beginning of exon 8 of CREBA. These nucleotide deletions
would cause frame shifts for codon usage, producing proteins which
conserve the major phosphorylation site (Serl33) but lack the
basic/leucine zipper (bZIP) domain, which is essential for binding to
DNA and to othertranscription factors. Both variants are widely
expressed in peripheral tissues, but were enriched in brain, thymus and
testis. CREBA-14 and A-35variant proteins were expressed using an in
vitro translation system and by cell transfection into HEK293 cells.
Both variants were detected by a CREB antibody which recognizes the
CREBA amino terminus, but not by an antibody which recognizes the
CREBA carboxy terminus, as would be predicted based on the frame
shift. Activation of the cAMP pathway increased phospho-CREB
immunoreactivity, indicating that these variants are substrates of PKA.
In addition, immunocytochemical analysis demonstrated that Flagtagged CREBA-14 and A-35 are primarily cytosolic, whereas CREBa
is predominantly in the nucleus. Finally, expression of CREBA-14 or
A-35 decreased CRE-CAT reporter activity, demonstrating that both
can function as repressors of endogenous CREB.

CRE-MEDIATED GENE TRANSCRIPTION IN STRESS AND DEPRESSION.
JJlhomeL'2*v_Y,-J, Zhang1, C, Steffen1, S. Impev3, D.R, Storm3. F.A, Henn2 and
R.S. Duman1. 'Div. of Molecular Psychiatry, Yale Univ. School of Med.; New Haven, CT 06508; 2Zentralinstitut fur Seelische Gesundheit, Mannheim; 3Dept. of
Pharmacology, Univ. of Washington, Seattle.
The neuropathology of stress and depression involves changes in neuroplasticity
reflected by alterations in the level of neurotrophic factors and other neuroactive molecules. Since the expression of such factors is in part regulated by the cAMP-signal
transduction pathway, modifications of CRE-mediated gene transcription could play an
important role in the molecular basis of these neuroplastic changes. In order to investigate the influence of different depression-related stimuli on CRE activity, transgenic
mice with a CRE-regulated reporter gene construct (LacZ) were subjected to immobilization or foot-shock stress according to the learned helplessness paradigm. Immobilization stress led to typical behavioural changes including a significant reduction of
locomotor activity. Acute immobilization induced a strong LacZ expression in the
amygdala, hypothalamus, septum and cerebral cortex. This effect was less pronounced
in chronically stressed animals. In the learned helplessness paradigm precedent inescapable foot shocks resulted in a significant reduction of escape behaviour on the test
day. This group showed no, or only moderate, induction of CRE reporter gene expression, whereas animals without prior inescapable foot shocks, exhibited an elevated
LacZ immunostaining in cortex, septum and amygdala after the test day with escapable foot shocks. These preliminary results suggest that an induction of CRE-mediated
gene transcription could represent a physiological acute stress response, which is
compromised under conditions typical for depression, such as chronic and uncontrollable stress. Interestingly, antidepressants which are able to block the behavioural responses to stress in different models of depression, have been shown to increase CRE
activity. Possible deficits in the cAMP pathway including CRE-mediated gene transcription in depression could, thus, be counteracted by antidepressant treatment. Ongoing studies focus on further elucidating this molecular hypothesis of the pathophysiology of depression and its psychopharmacological implications.
Supported by MH 25624 & DFG Th698/1-1.
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168.9

168.10

REGULATION OF cAMP-SPECIFIC PHOSPHODIESTERASE 4A AND 4B
SPLICE VARIANTS:IN VIVO AND IN VITRO STUDIES.C.M.D'Sa*. L.M.Tolbert
and R.S. Duman Molecular Psychiatry, Yale University, New Haven, CT 06508
Four different genes (A, B, C and D) encode the cAMP-specific, rolipram-sensitive
phosphodiesterase (PDE4) isozymes, with multiple splice variants generated from
each gene. Selective PDE4 inhibitors exhibit antidepressant efficacy both in animal
models of depression and human trials. However, their clinical use has been limited
due to their undesired side effects, such as nausea. These side effects could be
circumvented by creating an isozyme/ splice variant-specific inhibitor. Previously,
our laboratory demonstrated that chronic, not acute, antidepressant treatment
increased PDE4A and 4B mRNA and immunoreactivity in rat frontal cortex
(Takahashi et al., J. Neuroscience 19: 610, 1999). We are now identifying a relevant
splice variant(s) involved in antidepressant action. Using RT-PCR, we generated
riboprobes selective for rat PDE4A1, 4A5, 4B1, 4B2 and 4B3 variants, respectively.
Chronic administration (14 days) of fluoxetine (5mg/kg) or reboxetine (20 mg/kg)
increased PDE4A1 and 4A5 mRNAs in rat frontal cortex, as determined by RNAse
protection assays. We are currently analyzing the regulation of PDE4B1, 4B2 and
4B3 mRNAs by several classes of antidepressants. Based on previous findings that
PDE4 isozymes are induced by activating the cAMP system and that antidepressant
treatment upregulates the cAMP cascade, we are also studying the regulation of
PDE4A and 4B splice variants by the cAMP system in neuronal cultures. We have
found that treatment of cortical cultures with 500 pM dibutryl cAMP for three hours,
increased the expression of PDE4B2 mRNA. PDE4B1 mRNA levels were
unchanged. Currently, we are examining the regulation of PDE4A and 4B splice
variants by stimulating serotonergic and noradrenergic receptors in cultures. One
functional consequence of an increase in PDE4A or 4B mRNA within neurons is an
attenuation of the antidepressant response. Therefore, a PDE4 splice variant-selective
inhibitor may have antidepressant efficacy and could enhance the response to other
classes of antidepressants. (Supported by MH50384)

REGULATION OF CREB PHOSPHORYLATION BY STIMULATION
OF SEROTONINERGIC AND ADRENERGIC RECEPTORS. L.M,
Tolbert* and R.S. Duman. Division of Molecular Psychiatry, Yale
University, New Haven, CT 06508.
A potential common target of the various antidepressant drugs is the
cAMP second messenger pathway. Previous work has demonstrated
that two components of the cAMP pathway, adenylyl cyclase and PKA,
are regulated by several types of antidepressant drugs. Additionally,
our lab has shown that chronic treatment with several classes of
antidepressants induces a significant increase in the expression of the
cAMP response element-binding protein CREB in rat hippocampus,
with a time course consistent with that of the onset of action of
antidepressant drugs. Since the function of CREB is regulated by
phosphorylation, a critical question is how antidepressants regulate the
phosphorylation state of CREB. To this end, we are investigating the
effect of stimulation of the adrenergic and serotonergic receptor
systems on the phosphorylation state of CREB in primary cortical
neurons. We have found that both serotonin and norepinephrine
induce CREB phosphorylation within 15 minutes after exposure, as
revealed by Western blotting and immunocytochemistry using
phospho-specific CREB antibodies. Parallel studies indicate that total
CREB levels remain constant during these acute treatments. To more
fully characterize the pathways leading to CREB phosphorylation, we
are investigating the subtypes of adrenergic and serotonergic receptors
responsible for this effect and elucidating the downstream signal
transduction components involved. Furthermore, we are studying the
possible transcriptional regulation of BDNF, a likely downstream target
of CREB, following treatments that enhance CREB phosphorylation.
Supported by NIMH.

168.11

168.12

DEVELOPMENT OF INDUCIBLE, TISSUE-SPECIFIC DOMINANT
NEGATIVE CREB TRANSGENIC MICE. R.S. Duman*, N, Sakai, J.S.
Chen. Y.J, Zhang. C, Stephen, and E.J, Nestler, Laboratory of Molecular
Psychiatry, Yale Univ. Sch. of Med., 34 Park St., New Haven, CT 06508.
Previous work indicates that CREB and its target genes contribute to
the neural adaptations underlying the actions of psychotropic drugs. To
test this hypothesis, we have developed inducible transgenic mice that
express dominant negative mutant CREB (mCREB, Ser133 mutation). The
mCREB transgene was FLAG-tagged to distinguish its expression from
endogenous CREB. TetOp-FLAG-mCREB mice were crossed with neuronspecific enolase-tTA mice, and several lines of bigenic mice that display
different patterns of FLAG-mCREB immunoreactivity have been identified.
Two of the lines express high levels of FLAG-mCREB in the dorsal
striatum, nucleus accumbens, deep layers of cerebral cortex, and the CA1
and dentate gyrus, but not CA3, cell layers of hippocampus. Another line
expresses FLAG-mCREB in these regions plus the amygdala and CA3
pyramidal cell layer of hippocampus. In a fourth line, FLAG-mCREB is
expressed selectively in striatum and septum, although at low levels.
Preliminary studies also indicate that in mice expressing FLAG-mCREB
there are certain putative target genes of CREB that are decreased,
including BDNF in hippocampus. We are currently testing the FLAG-mCREB
transgenic mice in behavioral models of depression and drug abuse. The
phenotype of the FLAG-mCREB mice in these models will be compared with
inducible CREB transgenic mice that we have developed (Chen et al., Mol.
Pharmacol. 54:495, 1998). These studies will further characterize the
role of CREB in specific brain regions in the behavioral and neurochemical
responses to psychotropic drugs. Supported by NIMH and NIDA.

UP-REGULATION OF CRE-MEDIATED TRANSCRIPTION DURING
NALTREXONE-PRECIPITATED OPIATE WITHDRAWAL. T.Z. Shaw1. J.
Thome1. L.A, Marotti1*, S. Impev2, D.R. Storm2, E.J. Nestler1. 'Div. of
Molecular Psychiatry, Yale Univ. School of Medicine, New Haven CT 06508.
2Dept. of Pharmacology, Univ. of Washington School of Medicine, Seattle WA
98195.
Opiate withdrawal is characterized by profound changes in behavior that arise from
neuroadaptations during chronic drug administration. When the expression of the
transcription factor CREB is reduced by antisense oligonucleotide injection (LaneLadd et al., J. Neuroscience 17:890, 1997) or as in CREB-knockout mice (Maldonado
et al., Science 273:657, 1996), there is an attenuation of the withdrawal syndrome,
suggesting that CREB activity is important for the acquisition or expression of
withdrawal behavior. This work sought to identify brain regions in which there is a
physiologic change in CRE-mediated transcription during the withdrawal state. Male
and female mice transgenic for a CRE-reporter gene construct received either two
morphine (25 mg/kg) or two sham pellets s.c. over five days, followed by naltrexone
(100 mg/kg) or saline injection i.p. Four hours after naltrexone injection, mice
treated with morphine showed an increase in B-gal immunoreactivity in several brain
regions relative to controls receiving chronic morphine with saline injection as well
as controls receiving sham pellets with saline or naltrexone injection. Regions with
increased B-gal immunoreactivity included the locus coeruleus, periaqueductal gray,
central nucleus of the amygdala, hippocampus, lateral septum, nucleus accumbens,
and mediodorsal striatum. An increase in B-gal immunoreactivity was also observed
in the lateral hypothalamic area of female mice. These results suggest that there is a
withdrawal-induced up-regulation of CRE-mediated transcription on a network level.
We propose that this up-regulation is due to changes in opioid receptor-associated
signaling pathways, particularly the cAMP pathway, during chronic morphine
exposure. Further work will elucidate the time-course of CRE-activation and its
modulation by synaptic inputs in specific brain regions. Supported by NIDA.

168.13

168.14

UPREGULATION OF CRE-MEDIATED GENE TRANSCRIPTION DURING
EXPERIENCE-DEPENDENT PLASTICITY IN ADULT SOMATOSENSORY
CORTEX. A.L. Barth*1, S, Glazewski2, M. McKenna2, P.R. Hill2, S. Impev3. D.
Storm3, and K.P. Fox2. 1 Dept. of Psychiatry, UCSF, San Francisco, CA 94143 2Dept.
of Physiology, Cardiff Univ., Cardiff, Wales CFI 3US 3 Dept. of Pharmacology,
Univ. Washington, Seattle WA 98195
Gene transcription has been shown to be essential for memory consolidation and
long-lasting changes in synaptic function. In particular, the signal transduction
pathways that activate the transcription factor CREB have been strongly implicated in
the process of synaptic potentiation. In order to study the involvement of this pathway
in neocortical plasticity within the barrel cortex, we have employed a strain of mice
carrying a LacZ reporter gene with several CRE elements within the promoter.
Deprivation of all but one facial whisker has been shown to result in the expansion
of the spared whisker’s functional representation within somatosensory cortex. Under
the same conditions of whisker deprivation, we observe a strong (as great as 20-fold
compared to the spared hemisphere) and highly place specific upregulation of CREmediated gene transcription, most substantially in layer IV of the spared whisker
barrel. LacZ expression is accompanied by an increase in responsiveness of a subpopulation of layer II/III cells to spared whisker stimulation as determined by in vivo
single-unit recording. Reporter gene upregulation can be observed in very short
deprivation periods (16 hrs) and in some cases can persist for up to a week.
Electrophysiological analysis shows that this pathway is activated presynaptically to
the cells that exhibit changes in their receptive field properties.
These data provide evidence that CRE-mediated gene expression may be a common
pathway leading to synaptic potentiation in the CNS, and will help elucidate the
mechanisms by which specific circuits in adult neocortex are strengthened in response
to changes in sensory input. Supported by NIH NS27759, the Burroughs Wellcome
Fund, and the MRC (UK).

CLONING AND CHARACTERIZATION OF THE MOUSE
GALANIN RECEPTOR 1 (GALR1) PROMOTER.V. Zachariou* and
M.R. Picciotto. Department of Psychiatry, Yale University School of
Medicine, New Haven, CT, 06508.
Galanin receptors mediate the diverse functions of the neuropeptide
galanin including analgesia and regulation of hormone and
neurotransmitter release. The three galanin receptors identified to date
(GalRl, GalR2 and GalR3) are G-protein coupled receptors and have
been shown to activate several second messenger pathways and ion
channels. Although GalR3 appears to be restricted to the periphery,
GalRl and GalR2 are present in different areas of the CNS, and their
signal is transmitted via Gi and Gi/Go respectively.
We cloned and sequenced a 4kb fragment upstream of the GalRl
gene from the mouse. Transient transfections were used to investigate
GalRl promoter activity and its regulation by the cAMP signaling
pathway as well as by other pharmacological treatments known to
induce GalRl expression. The cloned fragment, as well as fragments
with progressive 5' deletions, driving luciferase gene expression were
transfected into 3 different cell lines: A locus coeruleus-like cell line
(CATH.a), a cell line of adrenal chromaffin origin (PC 12), and a human
neuroblastoma cell line (SH SY5Y). Promoter activity was increased
threefold by treatments that activate cAMP. Previous studies in our
laboratory have shown that in some brain areas, such as the locus
coeruleus, treatments that have been shown to upregulate cAMP levels
lead to increased GalRl mRNA levels. This is in agreement with the
finding in the present study, where GalRl promoter activity is increased
by cAMP activation. Supported by NIDA (DA08227 and
T32DA07290)
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PHOSPHORYLATION OF BOTH cAMP RESPONSE ELEMENT-BINDING
PROTEIN AND EXTRACELLULAR LIGAND - REGULATED KINASES IN K+
DEPOLARIZED RAT MYOTUBES. M.A, Carrasco1, D. Austin1, J. Rios1, R.
Iturriaga 2* and E, Jaimovich 1,3
'instituto de Ciencias Biomedicas, Fac. de
Medicina. Univ. de Chile, Casilla 70005, Santiago, 2 Fac. Ciencias Biologicas, P.
Univ. Catolica de Chile,3 CECS, Chile.
Depolarization induced by increasing the external K+ concentration, elicits a
transient elevation in intracellular calcium in cultured rat myotubes. This increase
can be modelled into two spatially, kinetically and pharmacologically distinct
processes. The early component is cytoplasmic and associated to muscular
contraction, while the slow component is associated to cell nuclei and to IP3
receptors present in the nuclear envelope. (Cell Calcium, 15:356, 1994, Muscle &
Nerve, 21: 902, 1998). Our general objective is to determine wheu.er these calcium
signals, may result in changes in gene expression.
As a first approach, we have investigated the effect of depolarizing rat myotubes
by high K+, on the extracellular signal-regulated kinases 1/2 (ERKs 1/ 2), on the Jun
kinases (JNKs) and on the Ca2+/cAMP responsive element-binding protein (CREB).
Western blots were performed with antibodies detecting phosphorylated p44 and
p42 ERKs, phosphorylated p54 and p46 JNKs (New England Biolabs, Beverly,
MA), or the phosphorylated and non-phosphorylated forms of CREB (UBI, Lake
Placid, NY). Incubation of myotubes in a medium containing 84 mM K for 30 s to
60 min. resulted in a transient increase in ERKs phosphorylation with maximal
stimulation around 4-8 min. No JNKs phosphorylation was detected. CREB
phosphory lation attained a maximum at about 8 min. decreasing afterwards. These
results will allow us to further investigate on the mechanisms of excitationtranscription coupling in skeletal muscle. Supported by FONDECYT 8980010.

BASAL AND cAMP-DEPENDENT TRANSCRIPTION OF THE RAT GTP
CYCLOHYDROLASE I (GTPCH) GENE REQUIRES A CRE AND
OVERLAPPING CCAAT-BOX. G. Kapatos* and K. Hirayama. Cellular and
Clinical Neurobioiogy Program, Dept. of Psychiatry and Behavioral
Neurosciences. Wayne State Univ. School of Medicine, Detroit Ml 48201.
GTPCH is the first and rate-limiting enzyme in the biosynthesis of
tetrahydrobiopterin, the required cofactor for the synthesis of monoamine
and nitric oxide signaling molecules. As we reported last year, progressive
deletion analysis showed that transcription from a luciferase-based gene
reporter construct containing the rat GTPCH core promoter region was
enhanced by incubation with 8Br-cAMP in PC12 cells but not in C6 or Rat2
cells. DNase I footprint and oligonucleotide competition analysis of the core
promoter region using PC 12 nuclear extracts and recombinant CREB
detected four protein binding domains that corresponded to an Sp1/GCbox, a non-canonical CRE and overlapping CCAAT-box and an E-box.
EMSA showed that nuclear extracts from untreated PC12 but not C6 or
Rat2 cells contain a protein(s) that binds to this CRE. EMSA also showed
that nuclear extracts from these cells each contain proteins that bind to the
CCAAT-box element. EMSA supershift studies demonstrated that the CRE
binding complex includes ATF-1/CREB but not ATF-2, 3, or 4 and that the
CCAAT-box binding complex contains NF-Ya but not NF-1. Site-directed
mutagenesis within the context of the core promoter indicated that both the
CRE and the CCAAT-box are required for basal promoter activity and for
maximal enhancement of transcription by cAMP. Activation of GTPCH
transcription by cAMP therefore appears to involve novel cis- and transacting elements, (supported by NS26081)

168.17

168.18

WHICH TRANSCRIPTION FACTORS FUNCTION AT THE CRE
SITE IN TYROSINE HYDROXYLASE? D.M.Chikaraishil* and J.
Schinnmel2 1 Department of Neurobioiogy, Duke University Medical Center,
Durham NC 27710 and department of Microbiology, Tufts University
Medical School, Boston MA 02111

ROLE OF PROTEIN KINASE A IN NEURONAL CALCIUM
SIGNALLING. F. Silvagno. W. Wisdcn* and H, Bading. MRC-LMB,
Neurobioiogy Division, Cambridge CB2 2QH, UK.

The CRE site at -45 in the rat tyrosine hydroxylase (TH) promoter mediates
basal and cAMP-induced TH transcription in PC12 cells. A dominant
negative CREB, (A-CREB), which sequesters members of the CREB
subfamily (CREB, ATF1 and CREMt ), blocked half of the basal and all of
forskolin-induced expression of a TH-lacZ reporter. Dominant negative Fos
and C/EBP had no effect.
A chimeric CREB-Gal4 construct composed of an amino terminal CREB
activation domain fused to a carboxy terminal Gal4 DNA binding domain,
rescued basal expression of 4.5TH-lacZ in which the TH CRE was mutated to
Gat4 DNA binding sites. Mutation of serine133, the phosphorylation site
required for cAMP induction in CREB, did not reduce basal transcription,
suggesting that basal and forskolin/cAMP induction are mediated by
different mechanisms. Inversion of the CREB transactivation domain relative
to the Gal4 DNA binding domain reduced expression by 10 fold, suggesting
that the native configuration of CREB was essential. In the inverted
configuration, Cr?mx was as active as CREB, but ATF1 was inactive.
Surprisingly, none of the Gal4 fusion constructs supported forskolin
induction.
These data suggest that CREB family members partially mediate basal and
fully mediate cAMP-induced TH expression, that CREB can mediate basal
but not forskolin-induced transcription and that uninduced TH expression
does not require phosphorylation of CREB at serine 133.
Supported by NIH grant NS 22675.

168.19
EXPRESSION OF NEURONAL NITIRIC OXIDE SYNTHASE IS REGULATED
THROUGH A CALCIUM/CYCLIC AMP RESPONSE ELEMENT. M. Sasaki*, M,
Gonzalez-Zuleta, H, Huang, S. Ahn, D.P, Gintv, W.J, Herring, V.L. Dawson & T,M,
Dawson. Department of Neurology and Neuroscience, Johns Hopkins University
School of Medicine, Baltimore, MD 21287.
Expression of neuronal nitric oxide synthase (nNOS) is dynamically controlled during neuronal development, plasticity and in response to neuronal injury. To elucidate
the mechanism underlying this dynamic regulation, we have studied the mouse
nNOS promoter. Previously, we showed that nNOS expression in neuroblastoma
cells is regulated, in part through a CREB-family transcription factor dependent mechanism.
To further study the importance of the CREB family transcription factors in the control of nNOS gene expression under physiologic conditions, we examined the regulation of nNOS expression in rat primary cortical cultures. KCI depolarization remarkably increases the proximal promoter activity resulting in an increase of nNOS mRNA
and protein. Deletion or mutation of the downstream CRE sites contained within the
exon 2 promoter decreases basal promoter activity and eliminates KCI depolarization
induced increases in nNOS exon 2 promoter activity. Overexpression of several dominant negative forms of CREB also decrease the basal activity and prevent the promoter from responding to KCi depolarization. The critical role of the intracellular calciumCREB pathway in regulating nNOS gene expression was further supported by investigations employing the GAL4/LexA system where the downstream CRE sites were
substituted with GAL4 and LexA binding sequences.
These findings demonstrate that nNOS gene expression is regulated by increases
in intracellular calcium through a CREB-family member transcription-factor dependent mechanism. These results may have considerable biological importance and provide evidence for activity dependent regulation of nNOS which may play a key role in
regulating synaptic plasticity through nitric oxide. Supported by NIH, AFAR&AHA
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Changes in gene expression are important mechanisms by which
neurons transform short-lasting electrical events into long-lasting
functional and morphological alterations that may be responsible for
memory formation in the brain. Calcium is the principal second
messenger in the control of gene expression by neuronal activity. It acts
both in the cytoplasm and in the nucleus, to regulate transcription by
distinct mechanisms. Nuclear calcium can activate gene expression via
the cAMP response element (CRE) binding protein, CREB. CREBmediated, calcium-activated transcription is a two-step process involving
CREB phosphorylation on serine 133 leading to recruitment of the
transcriptional co-activator CREB binding protein, CBP to the promoter
and stimulation of CBP activity. The calcium/calmodulin dependent
protein kinase IV is a key regulator of this process. Calcium-activated
CREB-mediated transcription also appears to require activity of the
cAMP-dependent protein kinase (PKA). However, the mechanism
through which PKA contributes to calcium-activated transcription is
unclear. Here we investigated using a microinjection approach the role
of PKA in the control on two calcium regulated transcriptional activator
complexes, CREB/CBP and c-Jun/CBP. The activity of PKA was blocked
using pharmacological and genetic means and the effects on calciuminduced transcription factor phosphorylation and on the stimulation of
the transcription-activating function of CBP was studied. Our results are
consistent with a role for PKA in calcium-induced recruitment of CBP.
(Supported by the MRC and the European Community TMR program)
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169.1

169.2

CHRONIC CARBAMAZEPINE DOWN REGULATED CALCINBJRIN AND INCREASED
PHOSPHORYLATION OF GAP-43 AND MARCKS. H. Hasegawa3 , K. Osaka3’, M.
Ino3, H. Matui3, M. Asakura3, Y. Tomono1, H. Yamamoto2, H. Miyamoto2
1Shigei Med. Research Institute 2Dept. of Pharmacology, Kumamoto
University Medical School, 3Dept.of Neuropsychiatry, St. Marianna Univ. Sch.
of Medicine, Kawasaki, Kanagawa, Japan, 216-8511.
Carbamazepine is an antiepileptic drug, which is the mood stabilizer used
for the treatment of bipolar disorder such as lithium. We do not know the
common mechanism of mood stabilizers. We investigated the effects of
carbamazepine on alterations in the amount and distribution of calcineurin by
using immunoblotting. Carbamazepine caused calcineurin down regulation
after 5 weeks. GAP-43 and MARCKS were phosphorylated by protein kinase
Cand dephosphorylated by calcineurin. We investigated the phosphorylation
of GAP-43 used immunoprecipitation after phosphorylation by [y -32P] ATP.
The immunodensity of phosphorylated MARCKS antibody immunoblot was
increased after 5 weeks. The change of GAP- 43 and MARCKS
phosphorylation were paralleled with the change of calcineurin. There were
no significant differences in a, p,y, e, 8- PKC on the membrane.
Carbamazepine caused calcineurin down regulation and decreased GAP- 43
and MARCKS dephosphorylation in vivo, finally, carbamazepine was
increased GAP- 43 and MARCKS phosphorylation in vivo. GAP- 43 has an
important role to release the neurotransmitters (Ach, HT, and DA).
Therefor the phosphorylation of GAP-43 is the common mechanism between
lithium and carbamazepine, and this mechanism is an important role for mood
stabilizers.

Immunolocalization of Ser/Thr Protein Phosphatase 5 in Rat Brain.
S. Rossie1’3, K.C. Bradley3, K.J. Thompson4, R. Swain4, and R.L.
Meisel2,3*. Department of Biochemistry1, Department of Psychological
Sciences2, and Graduate Neuroscience Program3, Purdue University, West
Lafayette, IN 47907; Department of Psychology4, University of
Wisconsin-Milwaukee, Milwaukee, WI 53201.
Protein Ser/Thr phosphatase 5 (PP5) contains a catalytic domain related
to those of PPI, PP2A and calcineurin, and an N-terminal domain
consisting of three tetratricopeptide repeats. Northern blot analyses and in
situ hybridization studies have shown that mRNA encoding PP5 is highly
expressed in brain, particularly in the cerebellum. To begin understanding
the role of PP5 in brain, we performed immunohistochemical studies to
determine its regional and subcellular distribution. Specific staining for
PP5 was most intense in the cell bodies of cerebellar Purkinje cells. More
limited neuronal staining was observed in other regions of the brain.
Neuronal staining is cytoplasmic in all positive cells, with the nucleus
(where visible) of positive cells clearly unstained. This finding is in
contrast to others’ observations with cultured fibroblasts in which PP5 is
predominantly nuclear. These results suggest that PP-5 may have celltype specific functions. In addition, they suggest that PP5 may play an
important role in signal transduction in cerebellar Purkinje cells.
Supported by NIH grant NS31221 (SR) and NSF grant IBN-9723876
(RLM)

169.3

169.4

STIMULATORY AND INHIBITORY EFFECTS OF INORGANIC
LEAD ON CALCINEURIN. G. Audesirk* and M. Kern, Biology
Department, University of Colorado at Denver, Denver, CO 80217-3364.
Calcineurin is a phosphatase with activity dependent on both
Ca2+/calmodulin binding to the catalytic A subunit and Ca2+ binding to
the regulatory B subunit. We have previously shown that Pb2+ activates
calmodulin with a threshold of about 100 pM free Pb2+, and that Pb2+ and
Ca2+ are roughly additive in calmodulin activation. In the present study,
we evaluated the effects of Pb2+, with and without Ca2+ and calmodulin,
bn calcineurin activity. (1) In calmodulin-containing, Ca2+-free solutions,
Pb2+ activated calcineurin with a threshold of about 100 pM free Pb2+.

SIGNAL TRANSDUCTION IN ASTROCYTES: THE ROLE OF
PROTEIN PHOSPHATASES T. L. Assart1* M. R. Munday,2 and B.

Maximujn calcineurin activity (comparable to that induced by 10 pM
free Ca2+) was reached at about 200 pM free Pb2+. Higher free Pb2+
concentrations reduced activity, although some remained even at 2000
pM free Pb2+. (2) Combined with subsaturating free Ca2+ concentrations,
as little as 20 pM free Pb2+ enhanced calcineurin activity, but >200 pM
free Pb2+ still reduced activity below maximum. (3) High free Ca2+
concentrations completely reversed the inhibition of activity by 2000 pM
free Pb2+. (4) In the absence of calmodulin, Ca2+ slightly stimulated
calcineurin activity. Pb2+ did not substitute for Ca2+ in calmodulin-free
activation; in fact, high concentrations of Pb2+ blocked Ca2+-mediated
activation. We hypothesize that low concentrations of free Pb2+ activate
calcineurin by activating calmodulin. Higher concentrations reduce
calcineurin activity, perhaps by binding to the B subunit.

Pearce.1 Departments of Pharmacology,1 and Pharmaceutical and Biological
Chemistry,2 The School of Pharmacy, 29/39 Brunswick Square, London,
WClN 1AX, UK.
It is well established that reversible protein phosphorylation is a key event
in regulating a wide variety of cellular functions. This process relies on the
integrated actions of both protein kinases (PKs) and protein phosphatases
(PPs). This present study attempts to identify the PPs involved and
investigate their role in astrocytic cell signalling, particularly receptor mediated phosphoinositide breakdown, using specific activators and
inhibitors on astrocytes derived from newborn rat cerebral cortex and
maintained in culture. The PP inhibitor, okadaic acid (OA) inhibited
noradrenaline (NA) - evoked [3H] inositol phosphate (IP) accumulation in
a time - (ti/2 5min) and concentration - (IC50 0.3pM) dependent manner; an
effect which was reversed by the non-selective PK inhibitor staurosporine.
This suggests that PP inhibition in these cells allows a kinase - mediated
down regulation of receptor activity. The protein kinase C activator phorbol
12-myristate 13-acetate (PMA), also elicited a concentration dependent (IC50
3nM) inhibition of NA - stimulated [3H] IP accumulation, however, the
effects of PMA and OA were found not to be additive. The identity of the
particular PPs and PKs involved in this aspect of glial cell function are
currently under investigation.
T. L. As sari is in receipt of a studentship from the Biotechnology and
Biological Sciences Research Council, UK.

169.5

169.6

Calcium-dependent cleavage and activation of striatal
enriched tyrosine phosphatase (STEP) Tri-Hung Nguyen1*.
Youhan Xu1, Jim Gurd2, and Paul J, Lombroso1: iChild Study Center,
Yale University School of Medicine, 230 South Frontage Rd, New
Haven, CT 06520; 2Division of Life Sciences, University of Toronto at
Scarborough, Ontario, M1C1 A4

REGULATION OF STEP: A STRIATAL ENRICHED PROTEIN
TYROSINE PHOSPHATASE BY THE NEUROTRANSMITTERS
DOPAMINE AND GLUTAMATE

Sfriatal enriched phosphatase (STEP) is a family of protein tyrosine
phosphatases enriched within the CNS. A member of this family,
STEP61, is a membrane-associated protein located in post-synaptic
densities of striatal neurons. In this study, we demonstrate that STEP61
is cleaved into smaller and more active isoforms. To clarify the
mechanism of cleavage, STEP61 was transiently expressed in NT2/D1
neuronal precursor cells. Exposure of transfected cells to the calcium
ionophore, A23187, or to thapsigargin resulted in the rapid cleavage of
STEP61. Pretreatment with the calpain inhibitor, calpeptin, or EGTA,
prevented proteolysis. One of the cleavage products has a relative
molecular weight of 33 kD (STEP33). A protein with the identical
mobility is detected following calpain treatment of STEP61 fusion protein
or postsynaptic densities purified from rat striatum. A two-fold increase
in phosphatase activity is observed after calpain cleavage. These results
suggest that STEP61 is cleaved by calpain after calcium influx and that
proteolysis releases more active STEP isoforms.

Supported by NIMH Training Grant Fellowship (T-HN), NIH (PJL),
and The Heart and Stroke Foundation of Ontario and NSERC (JWG).
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S. Paul1, G.L.Snyder2, A.C. Naim2, M. Picciotto3- and P.
Lombroso1*. 1 Child Study Center, 3Yale Psychiatric Institute, Yale
University, New Haven, CT and 2Rockefeller University, New York,
NY.
The STEP family of protein tyrosine phosphatases (PTPs) are highly
enriched in a subset of neurons within the striatum that receive both
dopamine and glutamate synapses. Some members of the STEP family
are derived through alternative splicing of a single STEP gene including
the cytosolic variant, STEP46 and die membrane associated variant,
STEP61- In the present study we investigated the regulatory effects on
STEP of the neurotransmitters, dopamine and glutamate. In vitro
studies were performed on striatal homogenates and in vivo studies
were performed on striatal slices and primary cultures of neuronal cells.
Our result demonstrates that activation of protein kinase A by the
neurotransmitter dopamine leads to the phosphorylation of both the
cytosolic and the membrane associated isoforms of STEP. Two
different sites of phosphorylation has been identified by site-directed
mutagenesis, phosphopeptide mapping and phosphoamino acid
analysis. The first site (ser-160) is present in STEP61 and not STEP46,
while the second site (ser-221) resides in both variants in a motif that is
important for protein-protein interactions. Stimulation of glutamate
receptors in primary neuronal cultures lead to a significant increase in
the appearance of a lower molecular weight isoform of STEP.
(Supported by NIH)
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Serine/threonine phosphatase activity of calcineurin is inhibited
by sodium orthovanadate and dithiothreitol reverses the inhibitory
effect. T, Kawano1*. M. Morioka1, K, Fukunaga2. S, Hasegawa.1 K.
Korematsu1. Y. Kai1. T, Hamada1. E, Miyamoto2. Y, Ushio1. Dept. of
'Neurosurgery and Pharmacology, Kumamoto Univ. Med. Sch.;
Kumamoto 860-8556, Japan
Orthovanadate is known to be an inhibitor of protein tyrosine
phosphatases. However, we found that it inhibited calcineurin
which has the activity of a serine/threonine protein phosphatase,
using casein phosphorylated by cyclic AMP-dependent protein
kinase as a substrate. Orthovanadate inhibits the Mn2+-activated
activity of purified calcineurin to 20 % , this is not the case without
Mn2+. Furthermore, 10 mM dithiothreitol (DTT) reversed the
inhibitory effects of orthovanadate. Orthovanadate showed the
same inhibitory effect for calcineurin activity in hippocampal
homogenates as for the purified enzyme; the inhibitory effect was
reversed by DTT. These results indicate that orthovanadate inhibits
not only protein tyrosine phosphatases as reported, but also serine/
threonine phosphatase activity of calcineurin.

CHARACTERIZATION OF A SPINOPHILIN/p70 rsk COMPLEX.
P, B, Allen*1, P. E. Burnett2, S, H, Snyder2, and P. Greengard1. ‘Laboratory of
Molecular and Cellular Neuroscience, The Rockefeller University, New York,
NY 10021. department of Neuroscience, The Johns Hopkins School of
Medicine, Baltimore, MD 21025.
The postsynaptic density contains many of the enzymes known to be
involved in the regulation of synaptic transmission. Protein phosphatase 1 is
required for the regulation of long-term changes in synaptic strength, and is
thought to be targeted to dendritic spines through its interaction with the
cytoskeletal protein spinophilin. Structurally, spinophilin is closely related to
neurabin, a neuronal F-actin binding protein. Neurabin has also been
characterized as a binding partner for p70 rsk. This interaction, mediated by
the COOH-terminus of p70 rsk and the neurabin PDZ domain, results in the
modulation of p70 rsk activity. We have examined the ability of p70 rsk to
interact with spinophilin; we detect binding by both yeast 2-hybrid and coprecipitation assays. In addition, a synthetic peptide that mimics the COOHterminus of p70 rsk reduces the spinophilin-mediated modulation of protein
phosphatase 1 activity. These results suggest that phosphatase regulation is
dependent upon the macromolecular context. This may reflect a requirement
for dynamic regulation of these enzyme-cytoskeleton interactions at the
synapse.
This work was supported by U.S. Public Health Service Grant
#MH40899.

169.9
IDENTIFICATION AND STRUCTURAL ANALYSIS OF A
NEURABIN AND SPINOPHILIN COMPLEX. P.E. Burnett*1, M.M.
Lai1, P.B. Allen2, P. Greengard2 and S.H. Snyder1. lDept. of
Neuroscience, Johns Hopkins University School of Medicine, Baltimore,
MD 21205; laboratory of Molecular and Cellular Neuroscience, The
Rockefeller University, New York, NY 10021.
Neurabin and spinophilin are homologous F-actin binding
proteins found in neurons. Spinophilin has been localized to spines by
electron microscopy and has been implicated in the modulation of
neostriatal AMPA channel activity by specifically binding to protein
phosphatase-1 (PP-1). Neurabin, a neuron specific protein, is required
for neurite outgrowth in cultures of rat hippocampal neurons. Via its
PDZ domain, neurabin binds and stimulates the mitogen activated
protein kinase p70. Spinophilin and neurabin are both capable of
binding and bundling F-actin.
Unlike the neuronally restricted neurabin, spinophilin is
expressed in many different tissue types and is found at cadherin-based
cell-cell adhesion sites. However, these two proteins have a significant
overlap of subcellular localization in neurons. Here we demonstrate a
complex of neurabin and spinophilin using both in vivo and in vitro
methods. Deletional analyses of neurabin and spinophilin are consistent
with the carboxy-terminal regions mediating the formation of this
complex. This region is rich in coiled-coil domains in both proteins and
has been hypothesized to mediate the previously observed homotypic
(neurabin-neurabin or spinophilin-spinophilin) interactions.
Preliminary results suggest that the coiled-coil domain is
required for both homotypic and heterotypic (neurabin-spinophilin)
complex formation as well as actin bundling.

TRANSPORTERS: EAA I

170.1

170.2

THE NEUROIMMUNOPHILIN LIGAND GPI-1046 INDUCES THE
EXPRESSION OF GLUTAMATE TRANSPORTER OF EAAT2 (GLT-1)

GDNF INDUCES AN INCREASE IN EAAT2 (GLT-1)
EXPRESSION. C. Coccia*, R. Ganel and J.D. Rothstein, Johns Hopkins

SUBTYPE. R. Ganet*, C. Coccia, J. Steiner,

J.D. Rothstein, Johns Hopkins
University, Department of Neurology and Neuroscience, Baltimore MD, 21287,
Guilford Pharmaceuticals Inc., Baltimore MD, 21224.
Excessive accumulation of extracellular glutamate results in neuronal death.
Termination of synaptic glutamate transmission and the prevention of
excitotoxicity depend on rapid removal of glutamate by high affinity transporters.
Of the 5 transporters expressed in the mammalian brain, EAAT2 (GLT-1) is the
most abundant and responsible for the bulk of all glutamate transport, accounting
for -90% of all transport activity. EAAT2 (GLT-1) plays a crucial role in the
prevention of chronic glutamate neurotoxicity, and is markedly decreased in
amyotrophic lateral sclerosis (ALS). Recent studied have shown that GLT-1
expression can be induced in-vitro by various factors.
The immunophilin ligand GPI-1046 (3-(3pyridyl)-1-propyl (2S)-1-(3,3-dimethyl1,2-dioxopentyl)-2-pyrrolidinecarboxylate) is a synthetic, nonimmunosuppressive
derivative of FK506. It was found to delay the onset of neuronal deficits in SOD-1
transgenic mice (ALS model). In the spinal cord organotypic culture model of
chronic excitotoxicity GPI-1046 exerts a potent neuroprotective effect on motor
neuron survival.
We found that in the same organotypic model GPI-1046 induces the expression
of GLT-1 by over 100%. We further demonstrated induction of GLT-1 expression
in-vivo, by both, oral-dosing, and intraventricular infusion of rodents with this
immunophilin ligand.
We hypothesize that the neuroprotective properties of this agent may be due,
in part, to stimulation of glutamate transporter activity, and that induction of GLT-1
expression and/or activity may become a valuable therapeutic approach against
excitotoxicity. [Supported by NIH (NS33958, NS36465) and MDA].
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University, Department of Neurology and Neuroscience, Baltimore MD,
21287.
Termination of synaptic glutamate transmission and the prevention of
excitotoxicity depend on rapid removal of glutamate by high affinity
transporters. The astroglial transporter EAAT2 (GLT-1) is the most abundant
subtype expressed in the mammalian brain. This transporter is responsible
for the bulk of all glutamate transport, accounting for -90% of all transport
activity, and was shown to play a crucial role in the prevention of chronic
excitotoxicity. Recent studied have shown that GLT-1 expression is regulated
by neurons, probably, via
diffusible factors. Subsequent studies
demonstrated that GLT-1 expression can be induced in cultured astrocytes
by various factors.
The organotypic spinal cord culture model was developed in our lab to
study chronic excitotoxicity in an environment where spinal synaptic
connectivity is maintained and normal astroglia-neuron interactions are
preserved. Previously, we showed in this system that factors of the GDNF
family produce a potent neuroprotective effect on motor neuron survival under
chronic excitotoxicity. We now show that in the same system, factors of the
GDNF family induce GLT-1 expression by over 100%. We further
demonstrate specific inductions in GLT-1 levels in several brain regions of
male, Sprague Dawley rats following intraventricular infusion with GDNF.
We hypothesize that the neuroprotective properties of theses factors may
be due, in part, tp stimulation of glutamate transporter activity, and that
induction of GLT-1 expression and/or activity may become a valuable
therapeutic approach against excitotoxicity.
[Supported by NIH (NS33958, NS36465) and MDA.]
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ACTIVATION OF EXCITATORY AMINO ACID TRANSPORTER 4 (EAAT4)
BY TWO NOVEL INTERACTING PROTEINS. M. Jackson,1 L. Jin,1 M. DykesHoberg,1 C.L.G. Lin,11. Orlov,1 M-Y Liu,2 P Sternweis2 and J.D. Rothstein1.
‘Department of Neurology and Neuroscience, Johns Hopkins University, Baltimore
MD, 21287. department of Pharmacology, University of Texas Southwestern
Medical Center, Dallas, TX 75235.
EAAT4 is one member of the high affinity, Na+-dependent glutamate transporter
family and has been shown to have properties of a ligand-gated chloride channel. It is
largely expressed in cerebellum, with a somatodendritic localization in the Purkinje
cells. We identified, using a yeast two-hybrid screen, two novel proteins (GTRAP441 and GTRAP4-48 for Glutamate Transporter Associated Protein) that interact with
the carboxyl terminus of the rat EAAT4 protein. Several experimental results have
confirmed the specificity of the interaction including in vitro binding to a GSTEAAT4 column, co-immunoprecipitation from transiently transfected heterologous
cells, co-immunoprecipitation from rat cerebellar preparations, co-localization at the
cell membrane in heterologous cells and somatodendritic co-localization in Purkinje
cells. GTRAP4-41 is a new P-spectrin and is also likely to interact with the actin
cytoskeleton, due to its amino terminus possessing homology to the actin-binding
domains of a-actinin. GTRAP4-48 possesses domains homologous to pi 15, a
RhoGEF and preliminary data indicates that GTRAP4-48 does cause exchange of
guanine nucleotides on Rho but not Racl or cdc42.
Stable cell lines expressing rat EAAT4, GTRAP4-41 and GTRAP4-48 have been
constructed and used to study the role of both interacting proteins in regulating
EAAT4. Preliminary data indicates that both GTRAP4-41 and GTRAP4-48 can
activate EAAT4-mediated glutamate transport 10-fold. Full kinetic studies are
underway. These studies provide the first example of proteins that interact and
regulate glutamate transporters, and implicate a possible role of G-protein signaling
and the actin cytoskeleton in modulating glutamate transport. Supported by NIH
(NS33958).

Allosteric Modulation of Neuronal Glutamate Transporter

C. G. Lin*, I. Orlov, M. Dykes-Hoberg, L. Jin, J. D. Rothstein. Departments of
Neurology and Neuroscience, Johns Hopkins University, Baltimore, MD 21287
EAAC1 is the predominant neuronal high affinity, Na+-dependent
glutamate transporter in the central nervous system. It functions in the
maintenance of extracelluar glutamate and may also regulate GABA
metabolism through precursor supply of glutamate. Early studies suggest that
dysfunction of this transport subtype can be associated with experimental
models of absence epilepsy and other forms of human epilepsy. We previously
reported the identification and characterization of an EAAC1-associated
protein, GTRAP-18, by means of a yeast two-hybrid system using the
C-terminal segment (intracellular domain) as bait. Additional studies,
confirming the biological relevance of GTRAP1-18 to glutamate transport
include the interaction of EAAC1 with GTRAP-18 by (1) GST-binding assay,
(2) co-immunoprecipitation from co-transfected HEK293 cells and from rat
brain extract, and (3) co-localization in vivo to EAAC1 containing neurons.
Importantly, we observe that GTRAP-18 significantly decreases
EAAC1-mediated glutamate transport when both proteins are co-expressed in
HEK293 cells or in COS7 cells. Kinetic analyses indicate that this inhibition
effect is due to a large increase of Km (approximately 6 fold) by GTRAP-18.
Investigations are underway to examine this observation in neuronal cells.
These studies demonstrate that glutamate transport proteins can be potently
regulate and could act to modulate the transport and metabolic functions
ascribed to EAAC1. (Supported by NIH NS33958)

170.5

170.6

PROTEIN KINASE C MODULATION OF THE HUMAN EXCITATORY AMINO
ACID TRANSPORTER 2 SUBTYPE OF GLUTAMATE TRANSPORTER.
T. Carrick and J. Dunlop*. Wveth Neuroscience. 865 Ridse Road. Princeton. NJ
08543.
The family of Na+-dependent L-glutamate transporters, also termed excitatory
amino acid transporters (EAATs), represent an important family of proteins which
regulate extracellular L-glutamate levels and participate in the termination of
glutamatergic neurotransmission. Within this family it is recognised that the EAAT2
subtype accounts for the bulk of the transport activity measured in adult brain. Recent
studies on the regulation of several transporters from different transporter families has
provided evidence that phosphorylation by protein kinase C (PKC) and phosphatidylinositol 3-kinase (PI3K) is important in the regulation of transporter activity. In this
study, we have examined the regulation of EAAT2 activity using an MDCK cell line
which is stably transfected with the human EAAT2 transporter subtype. A brief (30
min) pre-exposure to 100 nM phorbol 12-myristate 13-acetate (PMA) produced a
dramatic decrease (85% reduction) in the EAAT2 Na*-dependent L-glutamate uptake
activity, whilst the inactive phorbol ester 4a-phorbol had no effect. The half-maximal
effective concentration of PMA was in a range (10-15 nM) which has been shown to
be highly selective for PKC activation in vitro. The effect of PMA was rapid with a
20-40 % reduction in uptake activity being observed after 10 min exposure to PMA.
Addition of the PKC inhibitor bisindolylmaleimide I (Bis I) had no effect on the
EAAT2 uptake activity when applied alone (1 pM) but was able to reverse the effect
of PMA thereby suggesting that the effect observed with PMA was attributable to its
activation of PKC. These results indicate that, at least when expressed in MDCK
cells, the activity of the predominant EAAT2 subtype of L-glutamate transporter is
subject to regulation by PKC.

ECDYSONE-INDUCIBLE EXPRESSION OF THE HUMAN EXCITATORY
AMINO ACID TRANSPORTER 2
Z. Lou, Y, Zhang, H. B. Mcllvain. P. McGonigle* and J. Dunloe, Wyeth
Neuroscience, 865 Ridge Road, Princeton, NJ 08543.
The high-affinity L-glutamate transporter EAAT2/GLT-1 accounts for the majority of
the L-glutamate transport activity present in adult forebrain. In this study we describe
the establishment of ecdysone-inducible expression of the human EAAT2 subtype in
HEK 293 cells. EAAT2 cDNA was subcloned from pBluescript into the pEND vector
from Invitrogen and the pIND/EAAT2 construct was transfected into HEK 293 cells
which were stably transformed with the regulatory vector pVgRXR (EcR-239 cells,
Invitrogen) using the lipofectamine reagent. Several clonal cell lines selected using
G418 and Zeocin resistance were assayed for inducible expression of L-glutamate
transport activity and the cell line with the highest level of expression, termed
HEK/EAAT2, was selected for characterization. Non-EAAT2 transfected EcR-293
cells exhibited a small Na*-dependent L-glutamate uptake activity (3.2 pmol/min/mg
protein in presence of 1 pM L-glutamate) indicating a low level expression of
endogenous EAAT(s). Na*-dependent L-glutamate uptake in the non-induced
HEK/EAAT2 cells was increased approximately 2-fold relative to EcR-293 cells,
indicating' a low level of basal activity in the absence of exogenous inducing agent.
Exposure of HEK/EAAT2 cells to the ecdysone analog ponasterone A (10 pM for 24
hr) resulted in a > 10-fold increase in the Na*-dependent L-glutamate uptake capacity.
L-glutamate uptake in the induced HEK/EAAT2 cells was (i) saturable with kinetic
parameters of 52.7 pM for Km and 3.8 nmol/min/mg protein for Vmax, (ii) inhibited
by the selective EAAT2 blockers kainate (IC50 44.1 pM) and dihydrokainate (IC50
40.9 pM), (iii) enhanced in the presence of the EAAT2 modulator arachidonic acid.
This study demonstrates that the expression of EAAT2 can be regulated in a
mammalian cell line using the ecdysone-inducible expression system, and that the
expression is relatively tightly controlled.

170.7

170.8

INHIBITORY PROFILE OF CIS-1-AMINOCYCLOBUTANE-TRANS-1,3DICARBOXYLIC ACID ON L-GLUTAMATE TRANSPORT ACTIVITY BY
HUMAN CELL LINES AND CLONED HUMAN TRANSPORTERS.
D.R. Bramlett, H.B, Mcllvain, T, Carrick, M.M. Zaleska* and I-Dunlop Wyeth
Neuroscience, 865 Ridge Road, Princeton, NJ 08543.
High affinity Na*-dependent L-glutamate transporters localised to both astroglial
and neuronal plasma membranes represent an important family of proteins which
regulate extracellular L-glutamate levels and participate in the termination of
glutamatergic neurotransmission. Five members of this family have been identified in
humans and the subtypes are designated excitatory amino acid transporter (EAAT) 15. Cis-1-aminocyclobutane-trans-1,3-dicarboxylic acid (ACBD, also trans-2,4methanoglutamic acid) has been described .as a potent inhibitor of L-glutamate uptake
into rat synaptosomal fractions, however, the profile of activity of ACBD on the
human EAATs has not been determined. In this study we describe the inhibitory
profile of ACBD on L-glutamate uptake by human NT-2 neurones and U373
astrocytoma cells which are preparations expressing predominantly EAAT2 and
EAAT3, respectively. In addition, we have examined the effect of ACBD on each of
the cloned human EAATs 1-3 transiently expressed in COS1 cells. The estimated
IC50 values determined for the NT-2 and U373 cells were 234.3 ± 22.0 pM and 165.6
± 13.1 pM, respectively. Of the cloned transporters, ACBD displayed a preference for
EAAT3 with an inhibitory potency of 182 pM, an observation in good agreement
with its activity observed in the U373 cells. For both EAAT1 and EAAT2 ACBD
displayed weaker activity with IC50 values of approximately 500 pM. The profile of
activity determined for ACBD on the human EAATs does not account for the potency
described for ACBD in rat synaptosomal preparations as described by others (30 pM
IC50) and as estimated in this study (56 pM IC50).

EFFECTS OF SUBSTRATE AND NON-SUBSTRATE GLUTAMATE
TRANSPORT INHIBITORS ON GLUTAMATE UPTAKE AND UPTAKE
REVERSAL IN MURINE PRIMARY ASTROCYTES. C.M. Anderson3*, R.J.
Bridges1, K. Shimamoto2, Y. Yasuda-Kamatani2, K. Farrell3, V. Simma3 and R.A.
Swanson. 'DeDt. of Pharmaceutical Sciences, University of Montana: 2Suntorv
Institute for Bioorganic Research, Osaka, Japan; 3Dept. of Neurology, University of
California, San Francisco and Dept. of Veterans Affairs; San Francisco, CA 94121.
The use of selective inhibitors of glutamate transport could aid in determining the
relative importance of EAAT1 (GLAST) versus EAAT2 (GLT-1) in glial glutamate
uptake, and in glutamate release by uptake ieversal intitiated with 5 mM azide +. 10
mM 2-deoxyglucose. Using cAMP-differentiated murine primary cortical astrocytes
displaying immunoreactivity for both EAAT1 and EAAT2, we tested several
glutamate transport inhibitors to determine their ability to a) inhibit [14C]glutamate
uptake, b) act as a substrate of glutamate transporters, and c) inhibit [3H]D-aspartate
release through transporter reversal. In the presence of 100 pM glutamate, the nonselective inhibitors TBHA, DL-threo-P-benzyloxyaspartate (TBOA), (+/-)4-cismethy-trans-2,4-PDC (cis-PDC) and L-anti-endo-3,4-methanoPDC (anti-endo-PDC)
inhibited [14C]glutamate uptake with IC50 values ranging from 38 (TBOA)-111 pM
(cis-PDC). EAAT2-selective inhibitors dihydrokainate (DHK) and L-trans-2,3-PDC
(2,3-PDC) had no effect up to 500 pM, suggesting that EAAT1 is the predominant
transporter in our preparation. Of the effective inhibitors, TBOA, cis-PDC and antiendo-PDC maintained their efficacy after 135 min preincubation in uptake medium
and did not induce heteroexchange in [3H]D-aspartate release studies, suggesting that
they were not transported into astrocytes. TBHA and PDC were unable to inhibit
[14C]glutamate uptake after 135 min preincubaison, caused heteroexchange in [3H]Daspartate release studies, and are therefore concluded to be substrates. The substrate
inhibitor PDC (50 pM), pre-loaded into astrocytes, inhibited uptake reversal by 70%,
however, following 15, 30 or 60 min of chemical ischemia in the present system, all
compounds investigated failed to inhibit uptake reversal at the extracellular
membrane surface. Supported by ROI NS31914 (RAS) and NS30570 (RJB).
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170.10

EAAC1-MEDIATED GLUTAMATE TRANSPORT ACTIVITY
AND CELL SURFACE EXPRESSION IN C6 GLIOMA IS
REGULATED BY TWO DISTINCT KINASE PATHWAYS. L
D. Sims* and M. B. Robinson. Children’s Hospital of Philadelphia,
Depts. of Neuroscience, Pediatrics and Pharmacology, University of
Pennsylvania, Philadelphia, PA 19104.
The activity and cell surface expression of the EAAC1 subtype of
glutamate transporter can be rapidly stimulated by the protein kinase C
(PKC) activator phorbol 12-myristate 13-actetate (PMA) in C6 glioma.
These effects are blocked by the PKC inhibitor bisindolylmaleimide II (bis
II). The activity and trafficking of EAAC1 is also stimulated by plateletderived growth factor (PDGF) but not by other growth factors. PDGF
increases EAAC1-mediated glutamate uptake activity and EAAC1 cell
surface expression to approximately 150% of control. The goal of the
present study was to identify the signaling pathways involved in the
effects of PDGF and to determine if they converge with the effects of
PKC. The effects of PDGF on transport activity and cell surface
expression were not blocked by the PKC inhibitor bis II, but the effects of
PMA and PDGF were not additive. In the absence of PDGF, the PI3K
inhibitor, wortmannin, decreased glutamate uptake and EAAC1 cell
surface expression, and also inhibited PDGF-stimulated effects to levels
below control. In contrast, another PI3K inhibitor, LY 294002 (LY), did
not reduce uptake or cell surface expression in the absence of PDGF, but
blocked PDGF-induced increases to control levels. These data suggest
that PDGF and PMA both converge to activate a single cytoplasmic pool
of transporter that can be rapidly recruited to the plasma membrane. The
effects of PDGF are dependent on activation of a wortmannin- and LYsensitive PI3K isoform. The wortmannin inhibition of activity and cell
surface expression to below control levels may suggest that an LYinsensitive signaling molecule regulates constitutive recycling of EAAC1.
(supported by NIH NS29868, NS39011 & MH11977)

THE CARBOXY-TERMINAL DOMAINS
OF THE GLT1/EAAC1 SUBTYPES OF GLUTAMATE TRANSPORTERS
ARE CRITICAL FOR REGULATED CELL SURFACE
TARGETING. A, Kalandadze*. D.M. Correale and M.B. Robinson.
Children’s Hospital of Philadelphia, Depts. of Pharmacology and
Pediatrics, University of Pennsylvania, Philadelphia, PA 19104.
In C6 glioma, the cell surface expression and activity of the
endogenously expressed EAAC1 subtype of glutamate transporter can be
altered within min (J. Neurosci., 18(1998)2475). Activation of protein
kinase C (PKC) with phorbol ester (PMA) increases transporter activity
and cell surface expression, while the phosphatidylinositol 3-kinase
(PI3K) inhibitor, wortmannin, has the opposite effect. In these same
cells, the cell surface expression of GLT-1 (introduced by stable
transfection) is decreased by activation of PKC. The goal of the present
study is to define the signal targeting determinants of these two highly
related subtypes of glutamate transporters. To accomplish this goal, C6
glioma were transiently transfected with chimeric transporters.
Reciprocal chimeric molecules were designed by taking advantage of
results from previous structure-function studies of glutamate transporters
and the high degree of structural similarity between the two transporters.
The functional evaluation of these chimeras was accomplished through
measurement of Na+-dependent transport activity.
Cell surface
expression was studied by using a membrane-imperment biotin reagent
followed by batch extraction and Western blotting. PMA decreased cell
surface expression of a EAAC1-GLT1 chimeric transporter, which
carries 127 amino acids of the carboxy-terminal tail of GLT-1. Transient
transfection of this chimera had no effect on the PMA-regulated
trafficking of wild type EAAC1 in these cells. These results provide
evidence that the carboxy-terminal cytoplasmic tails of these transporters
contain primary determinants responsible for differential regulation of cell
surface expression these transporters, (supported by NS39011)

170.11

170.12

PHARMACOLOGY OF CHLORIDE-DEPENDENT L-[3H]GLUTAMATE (Glu) TRANSPORT IN dbcAMP-TREATED
ASTROCYTE-ENRICHED CULTURES. G.E, Gochenauer. D.E,
Pleasure*, and M.B. Robinson. Children’s Hospital of Phila., Depts. of
Peds. and Pharm., Univ. of Penn., Phila., PA 19104.
We have demonstrated that cAMP analogs (Mol. Pharm. 55
(1998)355) and epidermal growth factor (NS Abstract 826.15 (1998))
increase Na+-dependent Glu transport activity in astrocyte-enriched
cultures. This effect is correlated with an increase in steady state levels
of GLT-1 and GLAST immunoreactivity. In these studies, we also
observed an increase in Na+-independent accumulation of L-[3H]-Glu.
The goal of the present study was to characterize this Na+-independent
process in astrocyte-enriched cultures obtained from the cerebral cortices
of 1-3 day old rats. After being grown to confluency, the cultures were
treated with dbcAMP, epidermal growth factor (EGF) or vehicle for 10
days. The replacement of chloride salts with gluconate salts in the buffer
used to measure transport activity greatly reduced the transport activity in
untreated and treated cultures. In dbcAMP treated cultures, the Na+independent activity was blocked by the anion transport inhibitors SITS,
DIDS, and DNDS. dbcAMP treatment increased the Vnux for the Cldependent transport from 69 ± 16 to 608 ± 70 pmol/mg protein per min
ana did not affect the K™ for this transport process. EGF increased this
transport process up to 5-fold. The sensitivity of the Cl-dependent
transport process to inhibition by a number of Glu analogs was examined
in dbcAMP treated cultures. Quisqualate, cystine, L-a-aminoadipate,
serine-O-sulfate, and L-ODAP tested with an approximate IC50 of 10
pM; homocysteate and homocysteine sulfinate, 20 pM and L-2-amino-4phosphonobutanoate, 200 pM. These pharmacological results coincide
to those previously observed in the uptake of cystine into neurons and
the quisqualate-induced increase in depolarization in neurons,
(supported by NIH NS36465)

TWO
GLAST
IMMUNOREACTIVE
PROTEINS
IN
CULTURED
ASTROCYTES
ARE
DIFFERENTIALLY
REGULATED BY TUMOR NECROSIS FACTOR a (TNFa)
AND PROTEIN KINASE C (PKC). M.B. Robinson1*. G. E.
Gochenauer1, J.D. Rothstein2. O. A. Zelenaia1. 'Depts. of Pharm. and
Peds., Univ. of Penn., Philadelphia, PA 19104 and 2Dept. of Neurol.,
The John’s Hopkins Univ., Balt., MD 21287
GLAST is thought to mediate most of the Na+-dependent glutamate
transport in primaiy cortical astrocytes. Previous studies have shown
that GLAST-mediated transport activity is acutely and chronically
regulated by the inflammatory cytokine TNFa and/or PKC, but these
studies are not consistent and the mechanism of this regulation remains
unclear. In the present study, we analyzed GLAST protein and mRNA
levels in primary cortical astrocytes treated with TNFa and an activator
of PKC (PMA) using polyclonal antibodies directed against either the
carboxy (C-) or amino (N-) terminus of GLAST. In cortical and
cerebellar homogenates, both antibodies recognize a single band with a
molecular weight of ~50 kDa. A protein with the same molecular weight
is recognized by the C-terminal antibody in lysates prepared from
cultured astrocytes. In these same lysates, N-terminal antibody
recognized the predominant band of -65 kDa. Treatment of astrocytes
with PMA or TNFa for 24 or 48 h, decreased the intensity of the higher
molecular weight immunoreactive band (65 kDa) to -10% of control.
In contrast, these treatments either had no affect (TNFa) or slightly
increased (PMA) Na+-dependent transport activity and had parallel
effects on expression of the protein recognized by the C-terminal
antibody. Northern blot analysis revealed a single mRNA species
which was not affected by these treatments. These observations suggest
that the higher molecular weight GLAST-immunoreactive band may
represent an inactive splice variant of the protein present in cultured
cells, (supported by NS36465 and 29868)

170.13

170.14

GLUTAMATE TRANSPORTER mRNA STABILITY IN
CULTURED ASTROCYTES IS REGULATED BY A
FACTOR(S) DEPENDENT ON RNA AND PROTEIN
SYNTHESIS. O. A. Zelenaia*. G. E. Gochenauer. and M. B.
Robinson. Children’s Hospital of Philadelphia, Depts. of Pharmacology
and Pediatrics, University of Pennsylvania, Philadelphia, PA 19104.
Two high-affinity Na+-dependent glutamate transporters, GLT-1 and
GLAST are differentially expressed by astrocytes in various brain regions.
Primary cortical astrocytes constitutively express high levels of GLAST
but do not express GLT-1. Expression of GLT-1 in these cultures is
induced by chronic treatment with cAMP analogs, growth factors, and coculturing with neurons. These treatments are also accompanied by
accumulation of GLT-1 mRNA. dbcAMP also increases GLAST mRNA
and protein expression. In an attempt to understand if this regulation is
related to increased transcription or mRNA stability, astrocytes were
grown in the presence of dbcAMP for 3 days and the kinetics of mRNA
degradation were examined in the presence and absence of actinomycin D
by Northern hybridization. Upon withdrawal of dbcAMP, expression of
GLT-1 and GLAST mRNAs decreased to control levels within 12 hours.
In contrast, essentially no transporter mRNA degradation was observed
when withdrawal of inducer (dbcAMP) was accompanied by addition of
actinomycin (10 pg/ml). This indicates that degradation of both mRNAs
is dependent on RNA synthesis. Similarly, the half-lives of GLT-1 and
GLAST mRNAs after withdrawal of inducer were significantly prolonged
by the protein synthesis inhibitor, cycloheximide (10 pg/ml). The effects
of actinomycin were specific for transporter mRNAs since degradation
rate of c-fos mRNA was not decreased by this treatment. The fact that
degradation of transporter RNAs is dependent on de novo synthesis of
protein and RNA suggests that protein factor(s) (RNases) with a rapid
turnover are involved in the regulation of GLT-1 and GLAST expression
(supported by NIH NS36465).

STRUCTURE ACTIVITY RELATIONSHIPS OF SUBSTITUTED
QUINOLINE 2,4-DICARBOXYLIC ACIDS AS INHIBITORS OF
THE VESICULAR GLUTAMATE TRANSPORTER. R.J. Bridges*,
C.N. Carrigan, C.S. Esslinger, RD. Bartlett, and C.M. Thompson.
Departments, of Pharmaceutical Sciences and Chemistry, University of
Montana, Missoula, MT 59812.
The transport protein responsible for packaging glutamate into
synaptic vesicles exhibits a pharmacology clearly distinct from that of
the sodium-dependent cellular systems. Previous work in our laboratory
identified a number of quinoline 2,4-dicarboxylate-based (QDC)
analogues that exhibited marked inhibitory activity against the uptake of
3H-L-glutamate into synaptic vesicles isolated from rat forebrain. Owing
to the rotational constraints imposed by the planar QDC ring system,
these novel glutamate analogues are particularly useful for determining
the functional group positioning required for binding to the transport
protein. In the present work a series QDC derivatives were prepared in
which the 5, 6, 7 and 8 positions of the carbocyclic ring wore
systematically substituted with halogen, phenyl and napthyl groups. A
second group of analogues examined the consequences of tethering the.
phenyl and napthyl moieties to the carbocyclic ring with linker groups
varying in length and composition. A third set included analogues
containing fused benzo and naptho ring systems. While the majority of
these QDC derivatives exhibited inhibitory activity, the phenyl and
napthyl-containing analogues proved to be especially potent.
Conformational, steric and electronic analyses carried out with these
analogues support the hypothesis that the glutamate vesicular
transporters contains a lipophilic pocket closely associated with the
substrate binding site. This work was supported in part by NIH NS30570
and NS10156.
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ENDOTHELIN-INDUCED
DECREASE
OF
HIGH-AFFINITY
GLUTAMATE UPTAKE IN ASTROCYTES IN PRIMARY CULTURE.
J. Leonova. T. Thorlin, L. Ronnback* and E. Hansson, Institute of
Neurobioiogy and Institute of Clinical Neuroscience, Goteborg University,
Box 420, SE-405 30, Goteborg, Sweden.
Elevated extracellular levels of the excitatory amino acid glutamate are
currently considered to be the main cause of neuronal death in ischemia and has
been implicated as a mechanism of neuronal death in several other acute and
chronic neuropathological states. A factor that might contribute to the raised
glutamate concentration in the extracellular space is endothelin (ET), a potent
vasoconstrictor peptide, which also has neuromodulatory functions. ET
production by epithelial tissue has been previously shown to increase in hypoxic
and anoxic conditions, the states where extracellular glutamate concentration is
known to be elevated, and we have studied the effect of ET on high-affinity
glutamate uptake. ET robustly decreased glutamate uptake in cultured astrocytes
in a dose-dependent manner. This effect was most pronounced when ET (10'7
M) was applied to the cultures 15 s before glutamate. It gradually diminished
when the time between ET and glutamate application to the astrocytes was
prolonged up to 15 min. The ET-induced decrease in glutamate uptake was
independent of extracellular [Ca2+]. Incubation of the cultures with pertussis
toxin (PTX) abolished the effect of ET on the uptake, suggesting the
involvement of G/Go protein in the signal transduction cascade. Application of
ETA and ETB receptor antagonists (BQ-123 and BQ-788 respectively) inhibited
the ET-evoked decrease in glutamate uptake. These results suggest that ETreceptor stimulation impairs high-affinity glutamate uptake in cultured
astrocytes through a G protein-coupled mechanism.

GLUTAMATE TRANSPORTERS INCREASE IN A MODEL OF SPINAL
CORD INJURY L. Vera-Portocarrero*, Z. Ye, G.Y. Xu, C.E. Hulsebosch, D.J.
McAdoo and K.N. Westlund. Department of Anatomy and Neurosciences,
University of Texas Medical Branch, Galveston, TX 77555-1069.
Glutamate is the major excitatory neurotransmitter in the mammalian
central nervous system. Specific transporter proteins in the synaptic cleft
provide the main route by which glutamate is cleared and thus, normally,
glutamatergic transmission is terminated. In this manner clearance of excessive
glutamate that may reach neurotoxic concentrations of glutamate is ensured.
The purpose of this study was to determine if changes in density and
distribution of glial glutamate transporters GLAST (EAAT1) and GLT-1
(EAAT2) and the neuronal transporter EAAC1 (EAAT3) immunoreactivity
(IR) occur in the spinal cord gray matter after spinal cord injury (SCI). The SCI
model was produced using the NYU impactor at the T8 spinal cord level. Fresh
frozen tissue sections from T6 and T10 were taken 1-hour post contusion,
processed for immunocytochemistry and compared to sections from normal
cords using NIH image analysis software. In sections from normal cords
GLAST and EAAC 1 IR are present in all laminae in the dorsal horn with a
greater density in laminae I and II (p<0.05). In sections from post contusion
cords EAAT 1 and EAAT 3 IR were increased in laminae I to V in the dorsal
horn and laminae X around the central canal (p<0.05). Experiments to
determine density changes in GLT-1 are in progress. In conclusion, the stain
density of glutamate transporters GLAST and EAAC1 increased after SCI and
no changes in distribution were noted. These results suggest an important role
for these high affinity transporters in the spinal events occurring after SCI.
(Supported by Spinal Cord Research Foundation, Mission Connect of TIRR
and NIH grant NS11255).

170.17

170.18

GLAST,
THE
GLIAL
GLUTAMATE
TRANSPORTER
IS
DOWNREGULATED IN HUMAN GLAUCOMATOUS RETINA. R. Naskar? *
C.K. Vorwerk?2 K.M. Ouinto1 and E.B. Dreyer*. ’Scheie-Eye-Institute, Univ. of
Penn., Phila., PA 19104 USA; 2Dept. of Ophthalmology, Otto-von-Guericke-Univ.
Magdeburg, D-39112 Germany.
Glaucoma is a disease characterized by the death of retinal ganglion cells (RGC),
and subsequent visual dysfunction. Increased levels of the excitatory amino acid
glutamate have been found in the vitreous body of glaucomatous eyes at
concentrations that are potentially toxic to RGCs. This excess of glutamate may be
due to either increased release or decreased re-uptake. Uptake is the primary
mechanism responsible for the inactivation of synaptically released glutamate. The
two high-affinity sodium dependent glial transporters [glutamate transporter (GLT1) and glutamate aspartate transporter (GLAST)] mediate the bulk of glutamate
transport and are necessary for maintaining extracellular glutamate concentrations
below neurotoxic levels.
The immunocytochemical distribution of GLAST, was studied in the retinas of
glaucomatous and control eyes. GLAST immunoreactivity was seen in Muller cells
and their processes, and in the inner and outer plexiform layers. Photoreceptors
were faintly labeled. GLAST immunoreactivity was no longer evident in any of the
layers in glaucomatous eyes. Studies on GLT-1 immunocytochemistry are currently
being carried out.
This downregulation of GLAST may account for the elevated levels of glutamate
seen in glaucoma eyes. Knockout studies have established that neuronal damage can
be caused by dysfunction of glial transporters GLT-1 and GLAST, leading to
extracellular glutamate levels, increased neuronal excitability and consequent
excitotoxicity. Thus understanding the mechanisms involved in excitotoxic injury
and modulation of glutamate uptake may be useful in the management of glaucoma.
Supported by NIH Grant R 01-10009

ACUTE FAILURE OF GLUTAMATE UPTAKE DURING OXYGENGLUCOSE DEPRIVATION IN HIPPOCAMPUS
D. Jabaudon, B. H. Gahwiler, and U. Gerber*
Brain Research Institute, University of Zurich, CH-8057 Zurich, Switzerland

170.19

170.20

ANION MODULATION OF SUBSTRATE TRANSPORT BY THE
E A ATI-3 SUBTYPES OF THE EXCITATORY AMINO ACID
TRANSPORTERS. K. Poth*, W- Fairman. and g, Amara. The Vollum
Institute for Avanced Biomedical Research, Oregon Health Sciences
University, Portland, OR.97201
Exitatory Amino Acid Transporters (EAATs) in the central
nervous system are involved in removing extracellular glutamate from
synapses and serve to keep levels of the neurotransmitter from reaching
excitotoxic levels. Ions tnat are co-transported include Na+, K+, ana
H+ . Several of the carriers also exhbit a ligand-gated anion flux. The
uptake of glutamate through these carriers is accepted to be Na+dependent, but evidence of a CT-dependent component to transport
among the cloned EAATs has remained elusive. Insight into the Cl"
dependence of substrate transport could be gained by substituting
different anions for chloride and examining the relative influence of
these anions on the amount of substrate transport by various EAATs.
We examined the effects of a series of extracellularly applied
anion substitutions on the modulation of glutamate transport by the
human EAAT1-3 transporters when expressed in Xenopus oocytes. We
found different effects of anions on each specific EAAT subtype. For
example, nitrate, a permeant anion, reduced the amount of
radiolabeled glutamate uptake by EAAT1 but increased the amount of
uptake by EAAT3. The impermeant anion, gluconate, had no effect on
glutamate transport by EAAT1 but decreased transport by EAAT3. This
modulation suggests that while Cl" may not be an absolute requirement
for substrate translocation, anion modulation may have profound effects
on the function of each EAAT subtype and hence on the neurophysiology
of excitatoiy synapses.
Supported by Howard Hughes Medical Institute and NS33272.

EFFECTS OF DIHYDROKAINATE AND L-nw/V.S-PYRROLIDINE-2,4DICARBOXYLATE ON EXCITATORY SYNAPTIC CURRENTS IN RAT
ENTORHINAL CORTEX IN VITRO. C. Iserhot1, T. Gloveli1, H. Fink*2 and U,
Heinemann1. ‘inst. f. Physiology at the Charitd, Dept. Neurophysiology, Tucholskystr.
2, 10117 Berlin, Germany; 2School of Veterinary Medicine, Koserstr. 20, 14195
Berlin, Germany
L-glutamic acid is a key chemical transmitter of excitatory signals in the central
nervous system. The termination of glutamatergic transmission occurs in part via
uptake of glutamate by a family of high-affinity glutamate transporters such as the
recently cloned transporters GLAST, GLT1 and EAAC1 which are sodium dependent
as well as the chloride dependent transporters EAAT4 and EAAT5. Sodium dependent
transporters are sensitive to a number of uptake blockers such as dihydrokainate
(DHK) and L-/rans-pyrrolidine-2,4-dicarboxylate (PDC).
In this study we isolated different excitatory synaptic components in the entorhinal
cortex and tested the effect of 400 pM PDC or DHK on these events. Three
glutamatergic synaptic components can be identified: An AMPA-mediated, a kainate
receptor-mediated and a NMDA-mediated component. We report here that the
amplitudes of the AMPA- and NMDA-mediated EPSCs were significantly reduced by
bodi PDC and DHK. To test whether the effect is mediated via reduction of
presynaptic glutamate release we also studied the effects of 400 pM PDC in the
presence of 500 pM MCPG, a non-selective antagonist of metabotropic glutamate
receptors. We found that PDC had no longer any effect in the presence of MCPG.
With respect to these data we suggest that the effect of PDC is related to activation
of presynaptic metabotropic autoreceptors.

Sponsored by the Swedish Medical Research Council, N°33X-006812.

The mechanisms underlying the increase in glutamate during ischemia
have been difficult to establish because of methodological complications. In
this study we used the NMDA receptors on patched hippocampal CA3
pyramidal cells as a real-time, on-site glutamate sensor to examine this
process. An increase in extracellular glutamate concentration, assessed by
measuring NMDA current, was detected within 2-3 minutes of energy
deprivation (2 mM 2-deoxyglucose and 3 mM NaN3). The glutamate
accumulation depends, in part, on an increase in action potential-independent
vesicular release. Enhanced vesicular release alone, did not, however,
increase glutamate levels except when associated with impaired glutamate
uptake. Energy deprivation induced a rapid decrease in glutamate uptake
capacity, as determined pharmacologically using TBOA, a non-transported,
competitive inhibitor of glutamate transporters. Furthermore, we present
evidence for increased counterflow of glutamate through the transporter.
These results show, that well before the induction of anoxic depolarization,
the combined effects of reduced uptake and increased release of glutamate
can account for a rise in extracellular glutamate concentrations during
energy deprivation sufficient to activate NMDA receptors.

Supported by the Swiss National Science Foundation (31-45547.95) and the
Prof. Dr. Max Cloetta Foundation.

This study was supported by DFG grant He 1128/11-1 and 11-2.
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CHARACTERIZATION OF NETWORK EXCITABILITY IN A TRANSGENIC
MODEL OF GLUTAMATE TRANSPORTER (EAAT2) OVEREXPRESSION. T.L.
Yao1*, S.H. Williams2. M.L. Sutherland1. 'Department of Pharmacology, department
of Psychiatry, Vanderbilt University, Nashville TN 37032.
Excitatory amino acid transporters remove glutamate from the synaptic cleft thereby
regulating the duration of synaptic response at selected synapses as well as maintaining
extracellular glutamate concentrations below neurotoxic levels. EAAT2 is the
predominant glial subtype of glutamate transporter in the adult CNS. We have
previously demonstrated that a subtype-specific decrease in EAAT2 gene expression
occurs in three convulsant-induced models of temporal lobe epilepsy. In the kainic acid
seizure model decreased EAAT2 gene expression is accompanied 24 hours later by
reduction in EAAT2 immunoreactivity, as well as decreases in the Vmax and Kni for
hippocampal synaptosomal uptake of [3H] D-asparate. Five days post intraperitoneal
injection of kainic acid there is also significant excitotoxic cell death in the CAI-3
pyramidal cell region of the hippocampus.
Recently, a transgenic model of EAAT2 overexpression has been developed that
utilizes the astrocyte-specific GFAP promoter to drive transgene expression. In this
model, apoptotic cell death is inhibited through attenuation of c-jun induction
presumably leading to decreased AP-1 transcriptional activity. To determine if decreased
apoptotic cell death correlates with alterations in epileptiform discharges, we implanted
age-matched EAAT2 transgenic and C57B1/6 mice with surface electrodes and measured
the duration and frequency of epiletiform discharges following systemic administration
of 25 mg/kg kainic acid. Behavioral and EEG recordings demonstrated seizure activity
in both the wildtype and EAAT2 transgenic lines, although the EAAT2 transgenic lines
exhibit a significantly higher survival rate at concentrations of kainic acid between 30
and 45 mg/kg. We are continuing to characterize the EEG recordings both before and
after the onset of excitotoxic cell death to determine if inhibition of cell death alters the
frequency of seizure activity. Supported by Methodist Foundation grant and MH57981.

CHARACTERIZATION OF GLUTAMATE TRANSPORT IN ASTROCYTES
CULTURED FROM EAAT2 TRANSGENIC MICE. M.J. Maguire1, T.A.
Glencorse2*. M.L. Sutherland3. ‘Institute for Developmental Neuroscience, 3Department
of Pharmacology, Vanderbilt University, Nashville TN 37032,2Neuropa Ltd.,
Glasgow, UK GI 1 6NU.
Transport of glutamate into astrocytes in the CNS is governed by two subtypes of
excitatory amino acid transporter, EAAT1 (GLAST) and EAAT2 (GLT-1) which
exhibit differences in both temporal and cellular patterns of mRNA and protein
expression. In the embryonic and early postnatal CNS, EAAT1 is the predominant
subtype of glutamate transporter, while in later stages of postnatal development and in
the adult, EAAT2 becomes the major component of glial-associated glutamate uptake.
Several investigators have demonstrated that in undifferentiated rat cortical
astrocytes EAAT1 is the only glutamate transporter subtype present and
correspondingly these cultures are insensitive to millimolar concentrations of
dihydrokainate (DHK). We have recently developed a transgenic model of EAAT2
overexpression where the Vmax for cortical and hippocampal synaptosomal uptake in the
adult animal is increased 3 to 5 fold above that of age-matched wildtype control
animals. To determine if glutamate uptake is similarly increased in cortical astrocyte
cultures prepared from EAAT2 transgenic 1 day old pups, we determined the Km and
Vmax for [3H] D-aspartate transport and the Kt for DHK inhibition and found there were
no differences in these values between transgenic and wildtype cultures. Expression of
the transgene is regulated by the GFAP promoter and the transgene protein can be
visualized by its GFP tag and appears to have a predominantly intracellular localization.
Western blot analysis also indicates that the EAAT2 protein present maybe in an
unglycosylated form. Currently we are culturing EAAT2 transgenic astrocytes with
neurons as well as in the presence of dibutyrl cyclic AMP (dBcAMP) to study
trafficking of the transgene protein under these conditions. This work was funded by
the ALS Association, Methodist Foundation, P30HD15052 and MH57981.

171.3

171.4

HYPERNORADRENERGIC INNERVATION IN A TRANSGENIC MODEL OF
EAAT2 GLUTAMATE TRANSPORTER OVEREXPRESSION. M.L. Sutherland and
R.D. Blakely*. Department of Pharmacology, Center for Molecular Neuroscience,
Vanderbilt University, Nashville TN 37232-6420.
Hypemoradrenergic innervation has been associated with epileptic spike and wave
discharges, mild ataxia and parosysmal episodes of involuntary spasms of the limbs,
trunk and face in the murine autosomal recessive mutation, tottering. The tottering
mutation is in the P/Q-type Ca2+ channel alA subunit gene which is predominantly
expressed in cerebellar granule and Purkinje neurons with moderate expression in the
hippocampus and inferior colliculus. Selective neonatal denervation of the hypertrophic
locus ceruleus axonal aborization by subcutaneous injection of 6-hydroxydopamine
blocks absence seizure development in the adult animal, suggesting that
hypemoradrenergic innervation may play a neuromodulatory role in excitability and
synchrony of CNS neurons.
In a new transgenic model of EAAT2 glutamate transporter overexpression, where
expression of the transgene is driven by the astrocyte-specific promoter GFAP, we
observe a 2 to 4 fold increase in the tissue level of norepinephrine in the cortex,
hippocampus and cerebellum of adult transgenic mice.
This increase in
neurotransmitter level is accompanied by an increase in norepinephrine transporter
(NET) immunoreactivity as well as an increase in the Vmax for [3H] norepinephrine
uptake in cerebellar synaptosomal preparations from transgenic animals. In contrast to
the totterer mice, electroencephalographic (EEG) analysis of the EAAT2 transgenic
animals demonstrates no abnormal spike and wave type discharges. Our findings
suggest that increased glutamate transport affects noradrenergic innervation and may
dampen the excitability changes resulting from neuromodulation by noradrenergic
hyperinnervation. This work was supported by the ALS Association, Methodist
Foundation Grant and MH57981 to MLS and MH58921 to RDB.

ANTISENSE KNOCKOUT OF RETINAL GLUTAMATE TRANSPORTERS
LEADS TO RGC DEATH AND ELEVATED INTRAVITREAL
GLUTAMATE LEVELS IN RATS. C.K.Vorwerk?2-* S.A.Mackler,3 R.Naskar?
G.E.Gochenauer,4 W.Pethe,1 M.B.Robinson,4 andE.B.Dreyer1,3.
'Scheie-Eye-Institute, Univ. of Penn., Phila., PA 19104 USA; 2Dept. of
Ophthalmology, Otto-von-Guericke-University Magdeburg, D-39112 Germany;
3VA Medical Center, Philadelphia, USA; 4 Children’s Hospital of Philadelphia,
Dept. Peds. Univ. of Penn., Phila., PA 19104, USA.
Elevated glutamate levels are extremely toxic to retinal ganglion cells (RGCs) of
the mammalian retina. In the normal eye, extracellular glutamate concentrations are
tightly regulated in part through glutamate transporters. We investigated if blockade
or knockout of retinal glutamate transporters would lead to extracellular
accumulation of glutamate and consequent excitotoxic RGC death. In cultures of
dissociated retinal cells (containing neurons and glia), the glutamate transporter
blockers dihydrokainic acid (DHK) and trans-4-carboxy-l-proline (PDC) revealed
dose dependent RGC toxicity. This was confirmed in vivo with intraocular (i.o.)
injections and subsequent RGC loss. Intravitreal DHK injections were accompanied
by elevated i.o. glutamate levels. We have furthermore demonstrated that i.o.
application of subtype specific antisense oligonucleotides (ODN) against either
GLT-1 or GLAST led to substantial RGC loss compared to sense and random ODN
injections. Immunohistochemistry against these transporters revealed clear
downregulation of each specific protein; this was also confirmed by western blots.
Rhodamine-labeled ODN indicated that Muller glial cells were the main target of
the antisense ODN and showed penetration of the applied ODN in deeper retinal
layers. In addition i.o. glutamate concentrations were elevated after antisense ODN
treatment compared to sense ODN. This results clearly demonstrate that
interference with the function of either GLT-1 or GLAST can be toxic to RGCs.
Further studies will help to explore glutamate transporter pathology in retinal
diseases.
Supported by NIH R01-10009

171.5

171.6

5'-VARIABILITY OF THE GLUTAMATE TRANSPORTER EAAT2-A
CANDIDATE GENE OF CHRONIC NEURODEGENERATION.
B. Schwalenstoecker. K. Busse*. A.C. Ludolph and T. Mever, Dept. of Neurology,
Univ. of Ulm, Albert-Einstein-Allee 11, D-89081 Ulm, Germany
The amino acid glutamate is considered to be the major mediator of excitatory
signals in the mammalian central nervous system. Defective glutamate uptake leads
to postsynaptic neuronal death via excitotoxic mechanisms. Abnormal synaptic
accumulation of the neurotransmitter and potential excitotoxin glutamate was
reported to be a contributory factor in the pathogenesis of neurodegenerative
disorders such as amyotrophic lateral sclerosis (ALS), Alzheimer's disease (AD)
and epilepsy. For AD and ALS a reduced expression of the glutamate transport
protein EAAT2 has been reported. In this study we investigated the 5'-regulatory
regions of the EAAT2-RNA playing an important role in posttranscriptional gene
regulation and describe extensive splicing of the EAAT2 transcript. We studied the
5'-untranslated sequences of the EAAT2 transcript using rapid amplification of
cDNA ends (5'-RACE) and PCR-cloning techniques. RACE-product analysis
revealed amplification products of different sizes between 200 and 600 bp. We
cloned eight novel EAAT2 isoforms that are characterized by a high variability of
the 5'-untranslated region. Comparative sequence analysis lead to the definition of
18 putative 5'-untranslated exons of the EAAT2 gene that are combined in a
variable manner. The usage of alternative splice sites is a likely mechanism for the
complexity of the described isoforms. It is known from other genes that 5'untranslated sequences are involved in posttranscriptional gene regulation such as
protein localization, protein activity, RNA stability and inhibition of translation.
We hypothesize that the EAAT2 isoforms may reflect differential expression of the
EAAT2 protein in the central nervous system and may play a role in the selective
vulnerability of neuronal populations.
Supported by a grant from the University of Ulm to T. Meyer.

INHIBITION OF GLUTAMATE UPTAKE REDUCES SENSORY AFFERENTEVOKED C-FOS EXPRESSION IN THE YOUNG RAT SPINAL CORD IN VITRO.
G.C. Bird, A.U.R. Asehar and A.E. King.* School of Biomedical Sciences, University of
Leeds, Leeds, LS2 9NQ, U.K.
Transporter proteins localised in glial and neuronal cell membranes regulate the
glutamate concentration at central synapses. This study assessed the effects of a raised
aynaptie glutamate concentration, induced by the glutamate uptake inhibitor, L-transpyrrolidine-2,4-dicarboxylic acid (L-PDC), on synaptically-evoked expression of c-fos.
It is proposed that a rise in synaptic glutamate activates inhibitory pre-synaptic
metabotropic glutamate receptors (mGluRs). We tested this hypothesis by determining
whether the selective pre-synaptic mGluR antagonist (RS)-(-cyclopropyl-4phosphonophenylglycine (CPPG) could modify responses to L-PDC.
Expression of Fos protein in dorsal hom neurones in vitro (determined using an
immunohistochemical technique) was evoked by repetitive electrical stimulation (2 Hz
for 1 hour) of dorsal roots (L3-L6) at an intensity that activated A- and C-fibres.
Superfusion of L-PDC (1000 pM) or the mGluR pre-synaptic agonist L-2-ammo-4phosphonobutyrate (L-AP4) (30 pM) caused a significant (P < 0.05) reduction of the
number of stimulus-evoked Fos positive cells in the superficial (layers I-II) and deep
laminae (layers III-VI) of the dorsal hom compared to control (n—5-6). Fos counts in
hemicords pre-treated with the antagonist CPPG (100 pM) showed a significant (P <
0.05) increase in the number of superficial laminae stained cells in the presence of LPDC compared to control, while deep laminae cell counts were not significantly different
from control (n=6). L-AP4 caused no significant change in the superficial and deep
laminae cell counts in hemicords pre-treated with CPPG compared to control (n=5).
These data show that glutamate uptake inhibition influences afferent-induced c-fos
expression in spinal neurones is in a manner consistent with the involvement of
inhibitoiy mGluRs. Pre-synaptic receptors of this type may have an important function
in the spinal processing of sensoiy afferent inputs. (Fos antibody supplied by Prof. S.
Hunt, UCL, UK. Funded by the MRC. Technical support from J. Daniel.).
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IDENTIFICATION OF A NOVEL LIM PROTEIN THAT
INTERACTS WITH THE GLUTAMATE TRANSPORTER GLT-1.
H. Marie12, F, K. Bedford2, S. J. Moss2 and D. Attwell1*.
Depts. of Physiology1 and Pharmacology2, University College London,
Gower Street, London WCIE 6BT, UK.
Little is known about the proteins that target glutamate transporters to
the plasma membrane or modulate their activity. Such interacting proteins
have been identified for other proteins involved in synaptic transmission,
such as the NMDA, AMPA, metabotropic and GABA receptors. In an
effort to identify proteins that interact with the astroglial glutamate
transporter GLT-1, we screened a rat brain cDNA library by means of the
yeast two-hybrid screen using carboxy- and amino-terminal domains of
GLT-1 as bait. We have identified a novel protein of the LIM family that
interacts with GLT-1.
To validate the interaction between the isolated protein and GLT-1,
we performed in vitro affinity pull-down’assays and overlay assays, and
studied the localisation of both proteins in COS-7 cells. The pull-down’
assay showed that GLT-1 interacted with the LIM protein specifically,
while the overlay assay suggested that the interaction was direct. The
protein was predominantly cytoplasmic when expressed alone in COS
cells, but when co-expressed with GLT-1 it co-localised with GLT-1
mainly at the surface membrane. Studies are under way to determine if the
proteins interact in vivo and if the interaction modulates the activity or
distribution of the transporter.
Supported by the Wellcome Trust.

GLUTAMATE TRANSPORTERS FUNCTION AS HOMOMULTIMERS.
J.M, Hubbard & M.P.Kavanaugh*. Vollum Institute, Oregon Health Sciences
University, Portland, OR, 97201
Reuptake of glutamate is mediated by a family of membrane transporters with
distinct but overlapping expression patterns in the brain. Recent structural studies of
the transporters suggests a model with 8-10 transmembrane domains and a reentrant loop that is involved in substrate recognition, but the number of subunits
constituting a functional transporter is unknown. Glutamate uptake is competitively
blocked by the structurally constrained glutamate analog kainate, which is itself not
transported. Three human glutamate transporters, EAAT1-3, exhibit large
differences in kainate sensitivity: affinity constants for EAAT1 (KD = 3.9 mM) and
EAAT3 (Kd = 4.5 mM) are nearly 3 orders of magnitude higher than for EAAT2
(Kd = 14 pM). Coexpression of EAAT1 or EAAT3 with EAAT2 in Xenopus
oocytes resulted in glutamate transport currents with kainate sensitivities well
described by a model with independent populations of transporters, indicating that
these different subtypes do not heteropolymerize in cells where they are
coexpressed. In order to test the ability of transporter subunits to homopolymerize,
wild-type EAAT3 subunits were co-expressed with subunits containing a single
point mutation in the putative pore region (EAAT3 E375C). When expressed alone,
the mutant subunit mediated uptake that was sensitive to the thiol reagent MTSEA
and exhibited a thirty-fold increase in apparent affinity for glutamate. Analysis of
the properties of the transport currents in cells co-expressing wild-type and mutant
subunits were inconsistent with the independent population model, indicating that
multiple subunits contribute to the glutamate binding site of the functional
transporter. Furthermore, the results indicate that subunit association is selective,
and that different transporter subtypes do not heteropolymerize.
Supported by NS33270.

171.9

171.10

KINETIC ANALYSIS OF EAAT2 GLUTAMATE TRANSPORTERS. T.S.
Otis1* & M.P.Kavanaugh2, ’Dept. of Neurobiology, UCLA, Los Angeles, CA and
2Vollum Institute, Oregon Health Sciences University, Portland, OR.
Plasma membrane glutamate transporters give rise to ionic currents consisting of
two components: 1) a current which is stoichiometrically linked to substrate transport
and 2) a current which flows through an anion-selective channel. Electrophysiological
assays of glutamate transport measure the sum of these components. In principle, this
summed current could be used to establish important quantities such as the precise
amount of substrate flux, the cycle time of a transporter, the occupancy of transporters,
and the probability of transport given binding. However, to make sueh predictions, the
precise relationship between the current components must be understood.
The predominant glial glutamate transporter EAAT2 was stably transfected in HEK
293 cells under control of an ecdysone-inducible promoter. Outside-out patches from
these cells exhibited large transporter currents upon application of agonists or
antagonists using a rapid piezo switch. Glutamate-activated patch currents were
recorded with various gradients of the highly permeable anion SCN’ and with the
impermeable anion gluconate', allowing comparison of the kinetics of the
stoichiometric and anion components of the current. These data demonstrate that anion
permeable conformations of the transporter and stoichiometric charge translocations
occur at correlated discrete points during a cycle of transport. In separate experiments,
transporter-mediated anion currents were recorded using ionic and substrate gradients
most favorable for either inward transport or homoexchange. An analysis of
deactivation and recovery kinetics in these two conditions indicates that, following
binding, transport is much more likely than unbinding under physiological conditions.
Finally, EAAT2 parameters were compared to those previously observed in patches
from hippocampal astrocytes and found to be indistinguishable, suggesting that
EAAT2 may be the dominant glutamate transporter in these cells.
Supported by NS33270 (MPK).

ON-LINE MONITORING OF HIPPOCAMPAL EXTRACELLULAR
GLUTAMATE CONCENTRATION DURING KAINIC ACID-INDUCED
SEIZURE. Y, UEDA1*. H, YOKOYAMA2. T. DPI1. J. TOKUMARU1.
Y, MITSUYAMA1
’Dept. of Psychiatry, Miyazaki Med. College, 5200 Kihara, Kiyotake, Miyazaki 889
-1692; Div. of ESR tech., Inst, for Life Support Tech., Yamagata Tech. Foundation.

To investigate the sequential changes of the hippocampal extracellular glutamate
(Glu) level during kainic acid (KA)-induced seizure, in vivo microdialysis combined
with on-line enzymatic fluometric detection of Glu was used. In addition, to monitor
the lipid radical(L • ), which is the marker of cell damage, spin trap agent was
perfused in the ventral hippocampus during KA-induced seizure followed by
detection of L • using X-band ESR spectrometer. There were two kinds of phases
of Glu increase during seizure: seizure-, Ca ++- dependent increase (SCaDI) at limbic
seizure status (LSS) and seizure-, Ca ++-independent increase (SCall) at generalized
seizure status (GSS). SCaDI and SCall have a decreasing phase of Glu at early
period respectively. From the reason that these decrease phases were completely
disappeared by co-perfusion of trans-PCD, the function of glutamate transporter
might be accelerated just before secondary generalized seizure. SCall was Ca ++independent increase shown with increase of L • during GSS. Glu at SCall is
supposed to be leaked from the lipid peroxidized membrane cell pooling Glu. SCaDI
activating Glu receptor, such as NMDA receptor, might cause a large Ca ++ influx
resulting in lipid peroxidation. The result in this study supports in vitro hypothesis
that Glu neurotoxicity is derived from lipid peroxidation of cell membrane, that is
the mechanism of necrosis. (This study was supported by a Grant-in-Aid for
Scientific Research (10770490) from the Ministry of Education, Science, Sport and
Culture, Japan (to Y.U.))

171.11

171.12

DIFFERENTIATION OF TWO NA+-INDEPENDENT GLUTAMATE
TRANSPORT SUBTYPES IN RAT HIPPOCAMPAL SLICES. L.A.
Chase*. P.C. Dunlop and J.F. Koerner. Dept. of Biochemistry, Molecular
Biology and Biophysics; University of Minnesota; Minneapolis, MN 55455.
The lack of a cloned Na+-independent glutamate transporter has impeded our
understanding of this process. Both L-AP4 and L-cystine are inhibitors of
Na+-independent glutamate transport, therefore we have examined [3H]-L-AP4
and [35S]-L-cystine transport in rat hippocampal slices to determine whether
subclasses of this transporter exist. Hippocampal slices accumulate both
[3H]-L-AP4 and [35S]-L-cystine in a time and concentration dependent manner.
The characteristics of [35S]-L-cystine transport are similar to those previously
published for the glutamate-cystine antiporter, System Xc". The characteristics
of [3H]-L-AP4 transport in slices, however, differs from previous studies done
in synaptosomes. Specifically, the slice system 1) is not inhibited by Na+ and
2) has a lower affinity for L-AP4. Simultaneous analysis of [3H]-L-AP4 and
[35S]-L-cystine transport revealed that the L-cystine-sensitive transporter has
4-fold greater capacity than the L-AP4-sensitive system. We also demonstrated
that [35S]-L-cystine transport is unaffected by [3H]-L-AP4, whereas
[3H]-L-AP4 transport is inhibited 2-fold by [35S]-L-cystine. Further analysis
showed that [3H]-L-AP4 is inhibited 72% by 100 pm L-cystine, but 1 mM
L-AP4 does not inhibit [35S]-L-cystine transport (107% control). Finally,
transport of [3H]-L-AP4 is reduced 8.5-fold in hypoxic conditions, while
[35S]-L-cystine is unaffected. Cumulatively, these results suggest that the
L-AP4-sensitive system is a subset of the L-cystine-sensitive system and that
multiple Na+-independent glutamate transporters may exist.
(Supported by NIH NS 35073).

PHOSPHONATE SENSITIZATION OF RAT HIPPOCAMPAL SLICES
BY ANALOGUES OF p-N-OXALYL-L-a,p-DIAMINOPROPIONIC ACID
(P-L-ODAP). L.E. Sherpetis. D.L. Hoskins. L.A. Chase. R.J. Roon and J.F.
Koerner*. Dept. of Biochemistry, Molecular Biology and Biophysics,
University of Minnesota, Minneapolis, MN 55455.
Quisqualic acid sensitizes CAI pyramidal neurons to depolarization by a
variety of glutamate analogues. It is concentrated in intemeurons by the
Na+-independent glutamate-cystine antiporter, System xf, and is released
when intemeurons are exposed to phosphonate analogues of glutamate such as
L-2-amino-6-phosphonohexanoic acid (L-AP6). Tlie released quisqualate
depolarizes postsynaptic ionotropic receptors. Few known compounds mimic
its action. We recently reported that the lathyritic agent P-L-ODAP induces
phosphonate sensitivity. In the present study we tested analogues of
p-L-ODAP including p-D-ODAP; 8-7V-oxalyl-D- and 8-JV-oxalyl-La,8-diaminopentanoic acid; and g-7V-oxalyl-L-a,e-diaminohexanoic acid.
Exposure to P-L-ODAP (100 pM/10 min.) increased the sensitivity of CAI
pyramidal neurons to depolarization by L-AP6 (IC50 > 5 mM before exposure
to p-L-ODAP; 240 pM after exposure). Thus p-L-ODAP is 60-fold less
potent than L-QUIS in inducing sensitization. None of the other compounds
(4 mM/10 min) produced sensitization. The p-L-ODAP exhibits an IC50 of
130 pM for non-NMDA receptors; 1.3 pM for the Ca2+/CI'-dependent, L-AP4sensitive glutamate transporter; and 2.6 pM for the Na+-independent
glutamate-cystine antiporter xj. These three systems have been implicated in
QUIS-sensitization, and the affinity of p-L-ODAP for them correlates with its
ability to induce sensitization.
(Supported by NIH NS 35073).
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GLIAL
GLUTAMATE
TRANSPORTERS
ARE
TRANSIENTLY
EXPRESSED IN HIPPOCAMPAL NEURONAL CULTURES. C. Plachez1. S.
Gaillet1. N.C. Danbolt2. F. Malavat1 and M. Recasens1*. ’CNRS EP 628,
Univ. Montpellier, France; 2 Anatomical Institute, Univ. of Oslo, Norway.
Extracellular glutamate concentration in the brain is mainly regulated by
astrocytic transporters despite the presence of neuronal transporters. Among
the five identified glutamate transporters, two are primarily astrocytic, GLAST
and GLT-1, the three others neuronal EAAC-1, EAAT4 and EAAT5.
However, recently, GLT-1 has also been found in neurons and EAAC-1 in
astrocytes. Consequently, environmental factors could strongly influence the
cell specific expression of both glial and neuronal glutamate transporters.
During in vitro development of embryonic hippocampal neurons cultured in a
defined (serum flee) medium, double and triple immunolabelling demonstrated
the restricted presence of EAAC-1 on neurons. However, GLAST and GLT-1,
present on glial cells, were also detected on a subpopulation of neurons at the
first stages of the culture. This expression desappeared with the maturation of
the culture. Immunoblots demonstrated the validity of GLT-1 and GLAST
antibodies used in this study. Moreover [3H]-glutamate uptake was maximal at
2-3 days of culture, at concentrations (from 2 to 5 gm) favouring GLT-1
activity. These results provide the first evidence of GLAST on neurons and
indicate that the two known "glial'’ glutamate transporters GLT-1 and GLAST
could also be transiently expressed on neurons. These transporters appear to be
functional. These data indicates that specific culture condition not only
influence the level of GLT-1 and GLAST expression but also their cellular
localization.

GLT1 IS THE DOMINANT FUNCTIONAL GLUTAMATE TRANSPORTER IN
RAT FOREBRAIN NEURONS IN CULTURE. W. Chen1* R. Hadley2. C. Gruber3.
N. Irwin3 and P. A. Rosenberg1, Depts. of ’Neurology and ’Neurosurgery, Children’s
Hospital, Harvard Medical School, Boston, MA 02115; 2Life Technologies Inc.,
Rockville, MD 20849
We previously reported the cloning of a GLT1 variant form from a rat forebrain
neuronal library and demonstrated the expression of both the originally described
GLT1 form (GLTla) and the variant form (GLTlb) in cultured forebrain neurons
[Soc. Neurosc. Abstr. 24: 2066], In this study, we characterized the pharmacology of
these transporter isoforms in transfected COS-7 cells. Using [3H]-L-glutamate as the
tracer, we found that both of the GLT1 isoforms exhibited sodium-dependent
glutamate transport activity [Km = 37 pM for GLTla; Km = 25 pM for GLTlb].
Inhibition experiments were performed using 0.5 pM total L-glutamate. L-trans-2,4pyrrolidine dicarboxylate (PDC) potently inhibited the uptake with Kj values of 9.0
pM for GLTla and 6.9 pM for GLTlb. The Kj values of serine-o-sulfate (SOS) were
55 pM for GLTla and 84 pM for GLTlb. Dihydrokainate (DHK) blocked glutamate
uptake mediated by GLTla and GLTlb with Kj values of 84 pM and 66 pM,
respectively. These results are comparable to the pharmacology of glutamate transport
in forebrain neuronal cultures [K; = 5 ± 0.3 pM for PDC, Kj = 56 ± 6 pM for SOS and
Kj = 65 ± 7 pM for DHK; Mol. Pharm., 53: 88-96 (1998)]. It appears that GLT1
isoforms account for glutamate uptake in cultured forebrain neurons because: 1) both
GLTla and GLTlb are expressed in forebrain neurons in culture; 2) the
pharmacological properties of these two transporters match those of the neuronal
cultures; 3) the glutamate transporter EAAC1, although known to be present in
forebrain neurons both in vivo and in vitro, has a distinct pharmacology from that of
glutamate uptake into the neuronal cultures; and 4) we have been able to clone no
additional glutamate transporter from a cDNA library made from these cultures. We
are currently investigating the expression of the two GLT1 isoforms in neurons in the
brain. Funded by grants from the Muscular Dystrophy Association, the United
Cerebral Palsy Foundation, the Ron Shapiro Charitable Foundation and NIH
(NS3 J353 and HD18655).
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EXPRESSION OF EXCITATORY AMINO ACID TRANSPORTERS
IN RAT CEREBELLAR GRANULE NEURON CULTURES.
H, B. Mcllvain*, Z. Lou, and J. Dunlop. Wyeth Neuroscience, 865 Ridge
Rd., Princeton, NJ 08543.

DISTRIBUTION OF SODIUM- AND CHLORIDE-DEPENDENT
GLUTAMATE TRANSPORTERS IN RAT SPINAL CORD. S.A. Queen*1,
R. J. Bridges, Departments of 'Physical Therapy and Pharmaceutical
Sciences, The University of Montana, Missoula, MT 59812.
Glutamate transporters contribute to the regulation of extracellular
glutamate concentrations in the synaptic cleft, providing important function
in normal physiology and in pathological conditions, such as excitotoxicity.
Pharmacologically distinct Na+- and Cl-dependent glutamate transporters
have been identified in brain and spinal cord. Although the distribution of
these glutamate transporters and subtypes has been delineated in the rat
brain, knowledge of their localization within the spinal cord is limited. In
this study we report the specific distribution of Na+- and Cl"-dependent
glutamate transporters throughout the cervical, thoracic and lumbar rat
spinal cord of female Sprague-Dawiey rats. The densities of the Na+- and
Cf-dependent transporters was determined by radioligand autoradiography
with either [3H]-D-aspartate or [3H]-L-glutamate, respectively. Further
characterization of the Na+-dependent subtypes were evaluated by
immunocytochemistry using monoclonal antibodies to the GLT-1, GLAST
and EAAC1. The Na+-dependent transporters appear uniformly distributed
throughout spinal gray matter, while Cf-dependent transporters appear
more concentrated in the dorsal than ventral horn. Data from these studies
will provide a baseline from which to study the effects of pathologies, such
as spinal cord injury, on the glutamate transport system. This work was
supported in part by The Paralysis Project of America, NIH/NINDS
NS38703 (SAQ), and NS30570 (RJB).

171.17

171.18

EXPRESSION OF GLIAL GLUTAMATE TRANSPORTERS IN
CIRCUMVENTRICULAR ORGANS IN ADULT RAT. U.V. Bergerand
M.A. Hediger. Membrane Biology Program, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA 02115.
GLT1 and GLAST are widely distributed glial glutamate transporters in the
brain. Both of these proteins contribute to the removal of glutamate from the
extracellular space and the termination of glutamatergic neuro-transmission.
An increasing amount of evidence shows that the expression of GLT1 and
GLAST is regulated by different mechanisms, suggesting different functional
roles. Previous studies have shown that the relative expression levels of
GLT1 versus GLAST can vary dramatically in a particular region; yet these
proteins appear to be co-expressed in all astro-cytes at least to some extent.
Here we report that this co-localization does not apply to the
circumventricular organs (CVOs) in the brain. Using in situ hybridization and
immunocytochemical analysis, we show that in the three sensory CVOs that
contain neurons, i.e. the subfornical organ, the organum vasculosum of
lamina terminalis, and the area postrema, GLAST mRNA and protein levels
are relatively high, whereas those of GLT1 are very low or absent. In the
pineal gland, GLAST is expressed by a subpopulation of astrocytes near the
pineal stalk whereas GLT1 is expressed by pinealocytes throughout the
gland. In pituitary gland, GLAST is expressed in both anterior and posterior
portions, whereas GLT1 is only expressed in the posterior portion. Both
GLAST and-GLTl are neither expressed in the subcommissural organ nor the
choroid plexus. These data indicate that GLT1 expression in astrocytes is
limited to the central nervous system, whereas GLAST is also expressed in
astrocytes outside the blood-brain barrier. The functions of GLAST
expressed in astrocytes in sensory CVOs may include the removal of
glutamate released from glutamatergic input projections, and uptake of
glutamate from blood for metabolic purposes or for acid-base homeostasis.
Supported by NINDS grant NS 32001.

MECHANISMS OF GLUTAMATE-EVOKED SODIUM ENTRY IN MOUSE
CORTICAL ASTROCYTES
PJ- Magistretti- Institute of Physiology and
Laboratory of Neurological Research, Department ofNeurology, University of
Lausanne, CH-1005 Lausanne, Switzerland
Changes in intracellular Na+ concentration ([Na+];) following exposure to the
excitatory neurotransmitter glutamate were investigated in primary cultures of mouse
cortical astrocytes. The fluorescent probe sodium-binding benzofuran isophthalate
(SBFI) was used to measure [Na+], by epifluorescence microscopy imaging. In situ
calibration of the fluorescent signals was obtained for each experiment and each cell
under study by equilibrating [Na+]; with external Na+ after treatment with the cation
ionophores monensin and gramicidin in the presence of ouabain, a specific inhibitor of
the Na+/K+ ATPase. Cells were studied in 25mM bicarbonate/5%CO2-buffered
solutions. Baseline [Na+]j was 9.4±0.2mM (n=305). Sequential bath application of
glutamate in the range O.lpM-lOOOpM led to a rapid and reversible [Na+]i increase up
to ~40mM. The [Na+]i response followed a Michaelis-Menten kinetics and showed an
apparent Km of 8.3+2.8pM as measured by the amplitude of Na+ increase.
D-aspartate, a selective substrate for the Na+/glutamate cotransporter not acting at
glutamate receptors also increased (Na+]j with a Km of 133.7±26.0pM and a maximal
effect ~30% inferior to that observed with glutamate. Whereas the non-transported
ionotropic receptor agonist kainate produced a |Na+]j response comparable to that
observed with glutamate, indicating the presence non-NMDA receptors, the
ionotropic receptor blocker CNQX produced only a ~10% reduction of the
glutamate-induced Na+ increase. This lack of effect of CNQX is due to a strong
receptor desensitization, induced by glutamate, masking the ionotropic response.
When cyclothiazide was used to prevent desensitization of ionotropic glutamate
receptor the Na+ response to glutamate was >3-fold increased, up to >lOOmM. The
marked [Na+]i elevation evoked by glutamate is attributable mostly to Na+-dependent
glutamate transport, the ionotropic response being largely repressed by desensitization.
(Supported by FNRS grant#31-55786.98 to JYC).

Primary cultures of rat cerebellar granule neurons (CGNs) are wellestablished as representative of model glutamatergic neurons. In particular,
these cells show a high affinity sodium dependent transport activity for
excitatory amino acids such as D-aspartate and L-glutamate. In this study we
present a pharmacological and expression analysis of the transporter activity in
these cells. Sodium dependent L-glutamate uptake was measured by ten
minute exposure at room temperature using a HEPES buffered Krebs-Ringer
solution. Uptake kinetic analysis resulted in a KM value of 13.1 pM and VMAX of
360.4 pmol/min/mg protein (n=3). Blockade of uptake of 1 pM L-glutamate
was evaluated with a panel of inhibitors. The resulting sensitivity profile was
similar to that seen previously with rat cortical synaptosomes, human Ntera-2
neurons, and in cells stably expressing the EAAT2 subtype of transporter,
strongly indicating that the predominant astroglial EAAT2 accounts for the
bulk of the uptake activity in CGNs. Consistent with this statement, uptake
was sensitive to both kainic acid and DHK with ICJ0 values of 57.1 and 70 pM
respectively. These two selective EAAT2 inhibitors showed 90% maximal
inhibition, again indicating that EAAT2 may represent the predominant, but
not exclusive, EAAT subtype expressed in these cultures. Analysis of EAAT
expression by immunoblot has confirmed the expression of EAAT2 and in
addition the neuron specific EAAT3 subtype is also detected in CGN cultures.
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EXPRESSION OF GLUTAMATE TRANSPORTER GENES IN
HUMAN ALCOHOLIC CEREBELLAR DEGENERATION
Doula Gregoratos1. Paul Desjardins2. Roger F Butterworth1’2* and
Peter R Dodd1 1 Neuroscience Unit, Department of Biochemistry,
University of Queensland, Q4072, Australia and 2Neuroscience Research
Unit, Hopital Saint-Luc, Montreal, Quebec, Canada H2X 3J4
A proportion of human long-term chronic alcoholics develop a
cerebellar degeneration (CD) characterized by the selective destruction of
Purkinje cells and Bergmann gliosis. One possible mechanism which
could give rise to this would be a localized loss of glutamate transport
function from the surrounding milieu leading to a failure to maintain low
extracellular glutamate concentration and in consequence to glutamate
receptor-mediated excitotoxicity. We extracted mRNA and protein from
samples of alcoholic CD (mean daily consumption > 80 g ethanol) and
control (< 20 g ethanol/day) cerebellar tissue obtained at autopsy. CD or
its absence were confirmed histopathologically. Expression of mRNA
for the transporters EAAT 1-4 was measured by RT-PCR using primers
designed to produce distinctive amplimers and normalized to GAPDH
expression assayed in parallel. Transporter proteins were assessed from
Western blots using selective antibodies kindly provided by Dr David
Pow. The expression of EAAT 4 mRNA was markedly and significantly
reduced in the CD cases cf controls, consistent with its localization in
Purkinje cells. Expression of the other mRNA and protein moieties was
more variable. Glutamate-mediated excitotoxicity may play a role in
human alcoholic CD. Supported by NHMRC and AAB.

GLUTAMATE RELEASE FROM HUMAN GLIOMA CELLS IS A
CONSEQUENCE OF MISLOCALIZATION OF SODIUM-DEPENDENT
GLUTAMATE TRANSPORTER AND UPREGULATION OF CYSTINEGLUTAMATE EXCHANGE. Z-C. Ye* and H. Sontheimer. Department of
Neurobiology, Univ. of Alabama at Birmingham, Birmingham. AL 35294.
We previously reported (SFN abst 24:179.5) that glutamate transport in
glioma cells is profoundly impaired leading to a release of glutamate,
sufficient to induce widespread neuronal death in cell culture. Here, we report
that glioma cells including STTG-1, D-54MG, D-65MG, U-373MG, U138MG, and CH-235MG essentially lack GLT-1 expression but express
GLAST at levels comparable to cultured rat astrocytes. However,
immunohistochemistry and subcellular fractionation revealed that most of the
GLAST protein was located in the cell nucleus instead of the plasma
membrane. Interestingly, Na+-independent glutamate transport mediated by
cystine-glutamate exchanger (system xc) is upregulated in glioma cells.
Extracellular L-cystine dose-dependently induced the release of glutamate
(EC50 ~15 |iM). This release was enhanced by the presence of glutamate
precursors, such as glutamine. We also identified a group of carboxyphenylglycine derivatives (e.g. S-4CPG) that are able to potently inhibit
glutamate release from glioma cells (IC50 - 2 pM in STTG-1 cells) by
selectively blocking cystine-glutamate exchange. As a consequent, S-4CPG
effectively protected neurons from excitotoxicity in glioma-neuronal cocultures. Our data suggest that the loss of an appropriate balance between
glutamate uptake and glutamate release may contribute to seizure and
necrosis associated with brain tumors (Supported by R01-NS-31234 and NS36692. We thank Dr. J. D. Rothstein for the GLT-1 and GLAST antibodies).

OTHER NEUROTRANSMITTERS: OTHER
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COX INHIBITORS INCREASE MORPHINE EFFECTS ON MESOLIMBIC
DOPAMINE NEURONS. M. Melis*, M. Diana1, and G.L. Gessa Dept. Neurosci.
Univ. Cagliari, ‘Dept. Drug Sci., Univ. Sassari, Italy.
Cyclooxygenase (COX) inhibitors, such as indomethacin and acetylsalicylic
acid, potentiate the suppressing effects of opioids on presynaptic GABA
neurotransmission in periaqueductal grey (PAG) neurons. Similarly, morphine in
vitro hyperpolarizes GABA intemeurons in the pars reticulata of the substantia
nigra and reduces their spontaneous electrical activity in vivo. Such decreased
synaptic input to mesolimbic dopamine (DA) cells leads to their disinhibition, a
V-receptor mediated effect, which appears to be important for the euphorigenic
properties of morphine. In order to verify whether the actions of i.v. morphine on
mesolimbic DA neurons were modified by COX inhibitors, we studied the effects
of nimesulide and indomethacin, using standard extracellular recording
techniques coupled with antidromic identification in unanesthetized rats. The i.v.
administration of either nimesulide (3 mg/kg) or indomethacin (3.5 mg/kg) per se
did not affect the firing rate of mesolimbic DA cells. In contrast, the subsequent
administration of morphine (0.25-2 mg/kg i.v.) potently increased the firing rate
of mesolimbic DA neurons in COX inhibitors-pretreated rats as compared with
saline-pretreated rats. The maximal enhancement of basal firing rate at the
highest dose of morphine tested was 92, 80 and 47%, for nimesulide-,
indomethacin-, and saline-treated rats, respectively. Furthermore, pretreatment
with nimesulide and indomethacin produced a four- and two-fold increase in the
potency of morphine, shifting the lowest effective dose of morphine to 0.25 and 1
mg/kg, respectively. Our results indicate that the effect of morphine on
mesolimbic DA cells is potentiated by blocking COX activity and suggest that the
modulation of COX pathway in DA cells might be involved in the cellular
mechanisms of the rewarding actions of morphine as well as of opiate analgesia
in the PAG.

NADPH DIAPHORASE REACTIVE NEURONS IN RAT MESENCEPHALON.
JJ. Lopez-Costa*, P. Tagliaferro, J. Ramos, J. Goldstein, A. Brusco and J.
Pecci Saavedra. Inst Biol Cel y Neurociencia "Dr E. De Robertis", Med. Sch.,
UBA, Buenos Aires, ARGENTINA.
Distribution of NO producing neurons has been performed at the light
microscope (LM) by using the NADPH diaphorase technique. The introduction
of a different tetrazolium salt (BSPT) enabled to carry out ultrastructural
studies about the distribution of NOS (G. Wolf et al, 1994). The aims of this
work were to compare the distribution of NO containing neurons in the rat
mesencephalon with both diaphorase techniques at the LM, and to make a
detailed ultrastructural description of reactive neurons in the region. Rats
were anesthetized and perfused with a fixative solution containing 4 %
paraformaldehyde and 0.25 % glutaraldehyde. Vibratome mesencephalic
sections were incubated in a solution containing either 1.2 mM (3-NADPH and
0.8 mM BSPT in 0.1 M phosphate buffer (PB) (pH :8) or 0.1 % (3-NADPH and
0.02 % NBT in 0.1 PB (pH :7.4). Sections were observed at the LM. Only
BSPT stained sections were osmicated, flat embedded and ultrathin sections
were observed at a Zeiss 109 electron microscope (EM). Sections stained
using either NBT or BSPT tetrazolium salts showed in both cases small
reactive bipolar neurons in central gray matter (CG), medium bipolar neurons
in dorsal raphe (DR), weakly reactive neurons in medial raphe and strong
reactive bipolar and multipolar neurons in the pedunculopontine tegmental
nucleus (PPTg). EM of DR and PPTg neurons showed deposits on
membranes of the endoplasmic reticulum. Reactivity is also seen in some
vesicles as well as in pre and post-synaptic membranes. Both histochemical
techniques demonstrate the same ceil populations in the rat mesencephalon.
The ultrastructural localization of deposits on endoplasmic membranes is in
agreement with previous studies. The presence of reactivity on postsynaptic
membranes may due to the attachment of NOS to the ceil membrane.
Supported with grants from UBA and CONICET.
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BRAIN ARGININE DECARBOXYLASE, THE BIOSYNTHETIC ENZYME
FOR AGMATINE, IS NOT ORNITHINE DECARBOXYLASE. S. Regunathan*
and D.J. Reis. Weill Medical Coll, of Cornell Univ. New York, NY 10021
Agmatine, an amine and organic cation is synthesized in brain from Iarginine by arginine decarboxylase (ADC). Agmatine, which is a precursor of
putrescine and thereby polyamines, is also a neurotransmitter candidate and
an endogenous neuroprotective molecule. It has been suggested that ADC
is a form of ornithine decarboxylase (ODC) the principal pathway for
polyamine biosynthesis in mammals. We compared properties of ADC and
ODC in rat liver and brain in order to establish that ADC is not ODC. The
enzymes differed in many ways: (a) In adult rat ADC is labile and expressed
in mitochondrial membranes of liver and brain and much lower activity in
brain synaptosomes. In contrast ODC, which is expressed at higher levels in
liver compared to brain, is cytosolic, (b) While mitochondrial membranes
(inner membrane) associated ADC also decarboxylate ornithine, this activity
was not inhibited by the selective irreversible ODC inhibitor, difluromethyl
ornithine indicating ADC may also use ornithine as substrate, (c) Among
various cations, calcium markedly inhibited ADC but not ODC. (d) A specific
monoclonal antibody to ODC recognized a protein in cytosol but not
mitochondrial membranes, (e) Cultured C6 rat glioma cells expressed highest
ODC activity during proliferation and decreased at confluent cells. In contrast
ADC activity was highest in confluence; (f) In developing rat brain ODC
activity was maximal during embryogenesis and in early post-natal life (E16,
E19 and P 1) declining thereafter. In contrast, ADC was undetectable until
late post-natal life (P14 and P36). (g) In cells cultured from neonatal rat brain,
ADC activity was expressed largely in astrocytes but not in neurons We
conclude: ADC is a mitochondrial enzyme distinct form soluble ODC and
that agmatine, formed by the action of ADC, has a different biological role
(neurotransmitter/neuromodulator) than polyamines (mitogens) formed by
ODC. Supported by NIH grant HL 18974.
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Y202F MUTATION IN THE HUMAN GLYCINE al HOMOMERIC
RECEPTOR ALTERS GLYCINE UNBINDING KINETICS.
A. M. L. McClellan1?!3. R. Schofield2 & R. E. Twyman3,

Departments of Pharmacology1 and Neurolog/, University of Utah, Salt
Lake City, Utah, USA, 2Garvan Institute of Medical Research, Sydney,
Australia, 3PRI, Johnson & Johnson, Raritan, New Jersey

Agonist binding at the glycine receptor likely involves three
extracellular loop domains of the a subunit. A single Y202F mutation in the
third loop of a1 causes a rightward shift in glycine EC50 thus decreasing the
apparent binding affinity for the receptor (Rajendra et al., EMBO, 1995).
The kinetic basis for this alteration in GlyR function is not known. Rapid
ligand exchange techniques (100 ps exchange time) were used to resolve
binding and gating transitions of recombinant wild type (WT) and mutant
(Y202F) homomeric human GlyR a1 receptors. Excised outside-out single
and multi-channel patches from acutely transfected HEK 293 cells were
voltage clamped at -75 mV and rapidly exposed to glycine (brief <1 ms or
sustained >50 ms applications; 0.01-100 mM). Chloride currents were
measured at high resolution (100 kHz sampling, 10 kHz filtering).
Maximal activation rates for GlyR a1 were similar for WT and Y202F
receptors (10-90% rise times of ~0.3 ms).
However, sub-maximal
activation rates during sustained agonist exposure differed between WT
and mutant receptors (twice maximal 10-90% rise times at concentrations
-0.3 mM and -30 mM respectively). Current decay following brief glycine
exposure, was best fit by a single exponential time constant for both WT
(-20 ms) and Y202F (-1 ms) receptors. Results indicate alterations in
activation and deactivation rates for Y202F receptors are likely due to
increased unbinding rates for glycine. Thus, the native tyrosine in position
202 may be involved in stabilizing the bound glycine molecule.
Supported by NIH NS31519.
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ORPHANIN FQ-INDUCED INHIBITION OF INHIBITORY TRANSMISSION
TO RAT DISTAL COLON CIRCULAR SMOOTH MUSCLE. D.A, Schneider.1
J.J, Galligan? T. Takahashi, P, CoBbeit*. Dept. Pharmacol. & Tox.,
Neuroscience Program, Michigan State University, E. Lansing, MI; University of
Michigan, Ann Arbor, MI.
The objective of this study was to determine if the mechanism of prokinetic
action of orphanin FQ (OFQ), a peptide found in the central and enteric nervous
systems, is mediated by an opioid receptor. It has been previously demonstrated
that OFQ stimulates rat colonic contractions by inhibiting an inhibitory enteric
neural pathway. Therefore, the effect of OFQ on inhibitory neuromuscular
transmission to colonic circular muscle was investigated. Circular
muscle/myenteric plexus preparations were isolated from the distal colon of rats
and were maintained in a recording chamber continuously superfused with Krebs’
solution (95% O2/5% CO2, 37° C) containing 1 pM of nifedipine and scopolamine.
Conventional intracellular electrophysiological methods were used to monitor
circular muscle membrane potential. A bipolar stimulating electrode was placed
over myenteric ganglia and electric field stimulation elicited a biphasic inhibitory
junction potential (IJP) which was abolished by TTX (300 nM). The first phase of
the IJP was mediated by ATP as suramin (100 pM), reactive blue-2 (30 pM), but
not by PPADS (30 pM) inhibited this component. The second phase of the IJP was
mediated by nitric oxide as nitro-L-arginine (100 pM) inhibited this component.
OFQ inhibited the IJP (1-100 nM; max. inhibition = 70%, -logEC50 ~ 8.7) but
inhibition by OFQ was not affected by naloxone (1 pM). Inhibition of the IJP by
the 5 and p opiate receptor agonists [D-pen2,D-pen5]-enkephalin and DAGO were
concentration-dependent (maximum inhibition of 54% and 64%, respectively) and
naloxone-sensitive; dynorphin A (1 pM) inhibited the IJP by <30%. In summary,
OFQ inhibits enteric inhibitory nerves to circular muscle of the rat distal colon by
a non-opioid receptor mechanism. (Supported by NS33289 & T32 NS07279)

DIFFERENT ACTIONS OF ORLi AGONISTS ON K+-EVOKED [3H]-5HT RELEASE FROM RAT CORTICAL SLICES.
Y.P. Maneuf, J.Hughes, A.T. McKnight4
Parke-Davis Neuroscience Research Centre, Cambridge University Forvie
Site, Robinson Way, Cambridge CBI 8DT, UK.
The ORLi receptor agonist nociceptin has been shown to affect
neurotransmission in the CNS, and recent studies have reported an
inhibitoiy effect on glutamatergic and noradrenergic transmission in slice
preparations from rat brain. In the present study we have investigated the
effects of the ORLi-receptor agonists nociceptin, nociceptin(l-13)-NH2 and
Ac-RYYRWK-NH2 on K+-evoked release of [3H]-5-HT from rat brain
cortical slices.
Slices from frontal cortex were dissected out and incubated for 30 minutes
in aerated artificial cerebro-spinal fluid supplemented with captopril,
bestatin and phosphoramidon (10pM), and containing 0.5pM [3H]-5-HT.
Slices were then placed into individual chambers of a superfusion system
and after a wash period, perfusates were collected every 5 minutes. 50mM
KCI was applied for 5 minutes to evoke the release of [3H]-5-HT with drugs
or vehicle (containing 0.045% BSA) added 5 minutes prior to and during the
high potassium pulse. Nociceptin caused a concentration-dependent
decrease in K+-evoked [3H]-5-HT release (ICso=57.3+3nM) with a
maximum inhibition 49.32% obtained at 0.3-lpM; the effect with
nociceptin(l-13)-NH? was the same (IC5Q=59.27±10nM, maximum 52.38%
inhibition). Ac -RYy RWK-NH^ by itself failed to affect 5-HT release, but
acted as an antagonist, inhibiting the response to 300nM nociceptin
(IC50=493nM). A similar inhibitory effect was found with the ORLj
antagonist [Phe1y(CH2-NH)Gly2]nociceptin(l-13)-NH7 (IC50=771nM).
These results suggest a modulatory role for ORLi agonists on
serotoninergic transmission in the rat cortex.
The heptadecapeptide
nociceptin and the tridecapeptide nociceptin(l-13)-NH2 had a similar effect,
resulting in an inhibition of 5-HT release. The hexapeptide Ac-RYYRWKNH£ failed to affect 5-HT release and displayed an antagonistic profile
against nociceptin.

172.7
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AN ORPHAN G PROTEIN-COUPLED RECEPTOR FOUND IN THE
HUMAN GASTROINTESTINAL SYSTEM IS IDENTIFIED AS A MOTILIN
RECEPTOR. D, Hreniuk1, A. Howard1, C. Tan1, K. McKee1, O. Palvha1, S.S.
Pong1, C. Austin3, D. Figureoa3, R. Nargund2, R. Bakshi2, O. Hong2 M.
Abramovitz4, R. Stocco4, S. Kargman4, G. O’Neill4, L.H.T. Van Der Pleog1, J.
Evans3, A. Patchett2, R. Smith5 and S. Feighner*1. Dept. of Metabolic
Disorders1, Dept. of Medicinal Chemistry2, Dept. of Human Genetics3, Dept. of
Biochemistry and Molecular Biology4, Merck Research Laboratories, Rahway,
N.J. 07065; Huffington Center on Aging5, Houston, TX 77030.
Motilin is a 22 amino acid polypeptide expressed throughout the
gastrointestinal (GI) tract of humans and other species which is involved in
stimulating the contraction of the gastrointestinal smooth muscle.
An orphan G protein-coupled receptor (GPR38), previously reported to be
related to the growth hormone secretagogue and neurotensin receptors, has been
identified as a high affinity receptor for motilin. This protein was isolated from
human stomach and shares a 52% homology to the growth hormone
secretagogue receptor. Motilin receptor is expressed in human duodenum and
colon, where it is resides on both smooth muscle and enteric neurons. These
results suggest that motilin may regulate motility broadly within the GI tract,
and that its identification may provide an explanation to its function in
mammalian physiology.

POINT MUTATION ANALYSIS OF MELATONIN RECEPTOR
CYTOPLASMIC DOMAIN II SIGNAL TRANSDUCTION MOTIFS
REGULATING CALCIUM AND POTASSIUM CHANNELS IN ATT-20
PITUITARY CELLS C.S. Nelson1*, M. Ikeda3, H.S. Gomph1»2, N.K.
Fuchs1, J.L. Marino1. T. Yoshioka3 and C.N. Allen1’2, !Cntr Res Occup &
Environ Toxicol, 2Dept of Physiol and Pharm, OR Hlth Sci Univ, 3181 S.W. Sam
Jackson Park Road, Portland, OR 97201. -^Department of Molecular Neurobiology,
School of Human Sciences, Waseda University, Tokorozawa 359, Japan.
CHO and 3T3 cells have been used to characterize the binding of
agonists to cloned melatonin receptors; however, these cells lack ion
channels found in excitable cells. . Saturation binding studies were
performed on AtT20 cell lines expressing human melatonin receptors and
point mutation variants. Kd and Bmax values for 125I-melatonin binding
were determined using nonlinear regression analysis. AtT-20 cells express
G-protein activated inward rectifier potassium channels consisting of
Kir3.1 (GIRK1) and Kir3.2 (GIRK2) subunits but not Kir3.4 (GIRK4)
subunits as determined using RT-PCR and southern blot. The same pattern
of subunit expression has been found in the SCN where melatonin
receptors are endogenously expressed. Whole cell recordings determined
that application of melatonin and somatostatin in a dose dependent manner
reversibly activated a K+ current and inhibited endogenous Ca++ channels as
measured using both whole cell patch clamp recordings and Fura2 ratio
imaging of potassium induced Ca++ fluxes. Application of melatonin
inhibited intracellular Ca++ oscillations. Point mutations in cytoplasmic
domain II signal transduction motifs involved in coupling to ionic
conductances via G-proteins were also examined for coupling to potassium
and calcium channels. Point mutants that did not alter 125I-melatonin
binding but affected intracellular signal transduction were identified. The
work was supported by grant NS036607.

172.9

172.10

CELLULAR AND MOLECULAR CHARACTERIZATION OF
STRYCHNINE-SENSITIVE GLYCINE RECEPTORS IN ADULT
RAT BASOLATERAL AMYGDALA NEURONS. B.A. McCool*. J.S.
Farroni. S.K. Botting. Dept. of Med. Pharmacol. & Toxicol., Texas
A&M Univ. System H.S.C.; College Station, TX 77843.
With few exceptions, it is generally believed that strychninesensitive glycine receptors are found primarily in the spinal cords of
adult animals. However, we show here that significant strychninesensitive glycine-gated currents can be found in isolated neurons from
the basolateral amygdala (BLA) of adult rats, a portion of the limbic
forebrain involved with fear/anxiety. Characterization using wholecell patch-clamp electrophysiological approaches indicate that BLA
glycine receptors are similar to ‘classic’ glycine receptors. That is,
glycine and taurine act as an agonist and partial agonist, respectively;
and, glycine responses are blocked by low (nM) amounts of
strychnine. We are currently using reverse-transcription/polymerase
chain reaction-based methodologies to identify the glycine receptor
subunit mRNAs expressed by BLA neurons. This will provide some
insight into the possible subunit composition of BLA glycine
receptors. We are also using whole-cell recordings with in vitro brain
slice preparations to determine the role of these strychnine-sensitive
glycine receptors in the neurophysiology of the basolateral amygdala.
Supported in part by a PhRMA Foundation Research Starter Grant and
the Texas A&M Univ. System H.S.C./College of Medicine.

INTERACTION BETWEEN 2-BFI AND OPIOID SYSTEM ON THE
LOCUS COERULEUS OF THE RAT L. Ugedo*, E. Ruiz-Durantez and J.
Pineda. Department of Pharmacology, University of the Basque Country, E48940 Leioa, Bizkaia, Spain.
The aim of this study was to evaluate the interaction between
imidazoline receptors and opioid system on locus coeruleus (LC) neurons as
assessed by single-unit extracellular recordings in anesthetized rats. Systemic
and intracerebroventricular administrations of the selective imidazoline
receptor ligand 2-BFI (40 mg/kg and 100 (ig, respectively) shifted to the right
the dose-effect curves for morphine-induced inhibition of LC cell firing rate,
and increased the ED50 values by 2.9 (n=5) and 3.1 fold (n=4) respectively. In
chronically morphine-treated rats (10-100 mg/kg, i.p. 5 days), naloxone (5
mg/kg, i.p.) induced hyperactivity of LC neurons (mean firing rate values,
before naloxone: 1.21 ± 0.23 Hz and after naloxone: 4.45 ± 0.8 Hz, P<0.001,
n=5). Chronic treatment with 2-BFI (10 mg/kg, i.p. 30 minutes before every
morphine administration) diminished the naloxone-induced hyperactivity of
LC cells (the increase of firing rate was reduced by -50%, n=5). However,
acute treatments with 2-BFI (10-40 mg/kg, i.p. and 100 (ig, i.c.v.) or
valdemossine (10 mg/kg, i.p.), another selective imidazoline receptor ligand,
did not modify naloxone-induced hyperactivity of LC neurons in morphinedependent rats. The present data suggest that opiate withdrawal in the LC can
be attenuated by 2-BFI, which may be due to the acute interaction betwen 2BFI and morphine on LC neurons. Supported by CICYT (SAF 96/ 0071) and
UPV 0269327-G13/98. E. R.-D. is a fellow from GV and J. P. by a research
program from the MEC.
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SPINAL CORD ASTROCYTE P2U RECEPTORS COUPLE TO A NOVEL CALCIUM
INFLUX PATHWAY. C.J. Gallagher and M.W. Salter*. Brain and Behaviour Program,
Hospital for Sick Children, 555 University Ave., Toronto, M5G 1X8 Canada.
Varying the temporal pattern of Ca2* elevation in non-excitable cells, such as
astrocytes, regulates a variety of cellular functions. In spinal cord astrocytes, brief
application of extracellular ATP causes release of Ca2* from intracellular stores by
activating two pharmacologically distinct subtypes of nucleotide receptor, P2Y and P2U.
In the present study we investigated the Ca2* responses to prolonged stimulation of P2Y
and P2U receptors. Primary cultures of rat spinal cord dorsal hom were used at days 1014 in culture. [Ca2*]; was measured in single astrocytes with the fluorophore Fura-2. Cells
were bathed in extracellular medium containing (in mM) NaCl 140, KCI 5.4, CaCl21.3,
HEPES 25, glucose 33. Agonists were applied by pressure ejection from a micropipette
located close to the cell while other pharmacological agents were bath applied. Prolonged
application of the P2Y agonist, 2-methylthioATP (2meSATP) (1-50 pM), produced a
rapid elevation in [Ca2*]; which, in the continued presence of agonist, returned to baseline
by 170±137s (mean±SEM, n=l 1 cells). Responses to 2meSATP were unaffected by the
removal of extracellular Ca2* indicating that they were mediated by the release of Ca2*
from intracellular stores. Prolonged application of UTP (10-100 pM), activating the P2U
receptor, also produced a rapid elevation of [Ca2*]; but the Ca2*; then decayed to a plateau
level 164±19 nM above baseline (n=15 cells) This level was maintained for as long as
UTP was applied. Removing extracellular Ca2* did not affect the rapid rise in Ca2* evoked
by UTP, however the sustained response was abolished. This indicates that the UTP
response is composed of Ca2* release from stores followed by an influx of extracellular
Ca2*. The Ca2* influx was found to be blocked by extracellular La3* (100 pM), Mn2* (1
mM), Gd3* (10 pM) or SKF96365 (50 pM). The pharmacological profile of this influx
differs from that of Ca2* influx pathways stimulated by stores depletion or other G-protein
activated Ca2* influx pathways. Our results suggest that UTP stimulation of spinal cord
astrocytes triggers Ca2* influx through a novel pathway. (Supported by MRC Canada,
Ontario Neurotrauma Fdn. and Physiotherapy Fdn. of Canada)

TRANSIENT TEMPERATURE INCREASE CAUSES PERSISTENT
POTENTIATION IN HIPPOCAMPAL SLICES. S.A. Masino* and T.V. Dunwiddie.
Dept of Pharmacology and Neuroscience Program, Univ. of Colorado Health Sciences
Ctr. and VA Medical Center, Denver, CO 80262.
Several experimental paradigms can result in both an immediate and a long term
potentiation of synaptic transmission in hippocampal slices. Most of these paradigms
require either robust synaptic activity (tetanic stimulation) or a specific pattern of
synaptic activity (primed burst or theta burst stimulation). Here we report a similar
long term potentiation after a transient temperature increase. Hippocampal slices
(400pm) from adult male Sprague-Dawiey rats (5-8wks) were prepared according to
standard procedures. Slices were incubated and initial recordings made at 32.5°C. After
establishing a baseline fEPSP in stratum radiatum in response to Schaffer collateral
stimulation (every 30 seconds) the temperature was increased from 32.5-38.5°C within
2-3 minutes. Similar to previous findings (Masino & Dunwiddie, 1999, J. Neurosci.,
19(6), 1932-39), this temperature increase resulted in a profound (>60%) decrease in
the fEPSP mediated by an increase in extracellular adenosine. The increased
temperature was maintained for 15 minutes, and returned to the baseline recording
temperature. In all slices, the fEPSP recovered upon decreasing the temperature.
However, in a majority of slices (26/35) this transient temperature increase resulted in a
prolonged potentiation of the fEPSP when compared to the baseline value. Overall the
fEPSP recovered to 34 ± 8.3 % above the initial baseline (n = 35). On average, the
magnitude of the inhibition during the temperature increase was significantly greater in
the slices which exhibited subsequent potentiation versus those that did not (71.7 ±
2.6% decrease, n = 26 vs. 55.0 ± 8.8% decrease n = 9; p<0.05). The potentiated
response was maintained for as long as the recording was continued, in some cases
more than an hour. These experiments demonstrate a phenomenon of synaptic
plasticity in the hippocampus that does not depend on a specific pattern of stimulation.
Supported by ROI NS 29173 and the Veterans Administration Medical Research
Service.

172.13

172.14

GLYCINE-TRIGGERED INTRACELLULAR CALCIUM INFLUX IN
OLIGODENDROCYTE PROGENITOR CELLS IS MEDIATED BY THE
ACTIVATION OF BOTH GLYCINE RECEPTOR AND TRANSPORTERS.
S. Betachew12*, B. Malgrange1, J.-M, Rigo1, B, Rogister12*, G, Hans1, L, Nguyen1 and
G. Moonen12. ’Dept. of Human Physiology and Pathophysiology, Univ. of Liege,
Belgium; 2Dept. of Neurology, University Hospital of Lidge, Belgium.
Using fluo-3 calcium imaging, we show that glycine induces an increase of intracellular
calcium concentration ([Ca2*];) in oligodendrocyte progenitor (OP) cells cultured from
newborn rat cerebral cortex. This effect results from a calcium entry through voltagegated calcium channels (VGCC) as it is observed only in VGCC-expressing OP cells and
it is abolished by removal of calcium from the extracellular medium. The glycine-induced
calcium influx in OP cells is mediated by the depolarization due to simultaneous
activation of the ionotropic glycine receptor (GlyR) and the glycine transporters (GLYT)
since : i) we demonstrate by immunostaining the presence of GLYT1 and GLYT2 in the
majority of OP cells and these transporters (2Na*/C17glycine) are known to be
electrogenic and putatively depolarizing; ii) we have shown in a previous work the
presence of GlyR in OP cells, the activation of which should induce a depolarization as
it is the case after GABAa receptor activation in such cells; iii) glycine-evoked [Ca2*];
increase is significantly but only partly inhibited either by application of strychnine or by
choline substitution of extracellular Na*, which are conditions that block respectively the
GlyR and GLYTs as the latters are Na*-dependent; iv) glycine-evoked [Ca2*]; increase is
totally abolished by the simultaneous blockade of oligodendroglial GlyR and GLYTs,
therefore demonstrating that both these two types of membrane proteins transduce the
effect of glycine leading to an increased OP [Ca2*];. Through this GlyR- and GLYTsmediated effect on OP [Ca2*];, glycine released by neurons might, as most likely other
neurotransmitters as well, serve as a signal between neurons and OP during development.
Supported by the F.N.RS-Belgium, the Charcot Fondation and the Belgian League for
the study of MS.

CALCIUM-BINDING PROTEINS IN THE MIDBRAIN TEGMENTUM
AND SUBSTANTIA NIGRA OF THE RHESUS MONKEY. J.R. Augustine*
and S, Rivas. Department of Cell Biology and Neuroscience, University of
South Carolina School of Medicine, Columbia, SC 29208.
Calbindin-D28k (CB), parvalbumin (PV), and calretinin (CR) are three
calcium-binding proteins (CBPs) of the EF-hand family known to occur in
neurons and neuronal processes of the central nervous system. In this study,
tyrosine hydroxylase (TH) immunocytochemistry was used to identify
dopamine-containing neurons in the midbrain tegmentum and substantia
nigra (SN) of the rhesus monkey. We then examined the distribution of
CBP-immunoreactivity in these midbrain regions. Midbrains from five
rhesus monkeys, perfused with 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M phosphate buffer, were removed, cryoprotected, frozen,
and sectioned in a plane perpendicular to the long axis of the brain stem.
Free-floating sections were processed using rabbit anti-TH antiserum
(Eugene Tech at 1:500), mouse monoclonal anti-CB-D28k (Swant antibody
at 1:10,000), rabbit anti-PV 28 antiserum (SWant at 1:10,000), and rabbit
anti-CR antiserum (SWant at 1:10,000). Many CB-immunostained (CBi)
neurons and fibers were evident in the lateral reticular formation at caudal
oculomotor and trochlear levels of the midbrain. CR-immunostaining (CRi)
was not as intense at these levels while PV-immunostaining (PVi) was even
weaker. In the dopaminergic pars compacta of the substantia nigra (SNc)
both CBi and CRi neurons and fibers were observed. CRi and PVi neurons
were present in the nondopaminergic pars reticularis of the substantia nigra
(SNr). PVi was also found in the nondopaminergic pars lateralis (SN1). CBi
neurons and fibers were clearly evident in the ventromedial midbrain
tegmentum partially encircling the circumference of the red nucleus. CRi
and PVi were also evident in the these ventromedial locations but their
staining was quantitatively and qualitatively less. The distribution of CBPimmunoreactivity in the midbrain of the rhesus monkey correlates well with
that shown previously in other nonhuman primates and in humans.

172.15

172.16

PET and phMRI studies of dopamine receptor modulation in PD models.
A-L. Brownell*1,2, T. van Nguyen1, C-Y..J. Chen1, E, Livni1, F. Cavagna1,
B.R. Rosen1, O, Isacson2, B.G. Jenkins1. ’Department of Radiology,
Massachusetts GeneralHospital, Boston, MA 02114.2Neuroregeneration
Laboratory, McLean Hospital, Belmont, MA 02178.
In PD, degeneration of dopamine synapses and associated loss of reuptake
sites and dopamine could be the reason for enhanced binding to dopamine D2
receptors. To examine the coupling between dopamine receptors and
transmitters we conducted PET and phMRI studies in 6-OHDA lesioned rats.
The binding ratio of ”C-CFT reduced in the lesioned striatum 65-85%
compared to the intact side indicating depletion of dopamine reuptake sites. In
the same area the binding ratio of ’’C-raclopride was increased 19-25%
indicating upregulated binding of dopamine D2 receptors. The same area
showed 3-6% decrease in ”C-SCH binding indicating light decrease in
dopamine D, receptor binding.
The concept of supersensitivity has been thoroughly investigated in the
dopamine system in PD and related animal models. It has been shown in 6OHDA rat model that the cerebral blood flow and striatal D2 receptor binding are
increased on the lesioned side after apomorphine stimulation. We used
functional MRI with pharmacological stimulation with amphetamine (3mg/kg
i.v.) and apomorphine (2mg/kg i.v.) and observed significantly increased signal
change indicating increased regional blood volume in striatum, frontal cortex and
thalamus in lesioned side after apomorphine stimulation. With amphetamine
stimulation these same brain areas showed enhanced signal in the. intact side.

EXCITOTOXIC ACTIONS OF GLUTAHIONE IN RAT CORTICAL
SLICES. J.S.Bains1* B.A. Pasqualotto2, and C.A. Shaw12.. Depts. of
10phthalmology and 2Physiology, Univ. of British Columbia,
Vancouver, BC Canada V6T1Z3.
The tripeptide glutathione (GSH) has multiple roles in CNS. In addition to
antioxidant and redox modulator actions, its role in signal transduction has
been proposed (J&naky et al., J. Neurochem 1999- in press). A recent study
has reported that extracellular GSH increases neuronal vulnerability to
combined chemical hypoxia and glucose deprivation (Regan & Guo Brain Res
817:145-150,1999). To study the potential direct excitotoxic actions of GSH
we measured lactate dehydrogenase (LDH) activity in rat cortical slices in
relation to dose and incubation time of GSH treatment. Cortical slices were
prepared from adult male Sprague Dawley rats using Krebs-Heinsleight buffer
in an oxygen (O2=95%, CO2=5%) environment. Different concentrations of
GSH (0 to 1mM were applied to the slices for 1 h at 37°C. In separate
experiments, slices were incubated with 100 pM GSH for various times (0-90
min). Significant LDH release (taken as index of cell death) was noticed with
>20 pM to 1mM concentrations of GSH. Maximum cell death was observed
with 300 pM GSH. The time course studies showed that a 1 h incubation time
was sufficient to achieve the maximum LDH release. The NMDA antagonists
MK-801 (2pM) and AP5 (10pM) and the AMPA antagonist DNQX (10 pM) did
not block the action of GSH. Similarly, antioxidant ascorbic acid (100 pM) was
also ineffective in reducing the toxic action of GSH. However, GSH action
could be blocked using a new GSH antagonist. These results suggest that
extracellular GSH may mediate neuronal ceil death by over-stimulating
neurons directly via activation of a population of GSH receptors (Supported by
ALS Association grant to CAS).
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AUTORADIOGRAPHIC DISTRIBUTION OF GAMMA-HYDROXY-BUTYRIC

Identification of an inhibitory Zn24 binding site on the human glycine receptor a1 subunit
Thomas, P„ Harvey, R.J., James1, C.H. & SmarfT.G, Departments of Pharmacology and
'Pharmaceutical Chemistry, The School of Pharmacy, 29-39 Brunswick Square, London,
WC1N 1AX, UK.

ACID AND LIGAND BINDING SITES IN THE HUMAN POST-MORTEM BRAIN.

M.P. Castelli1, I. Mocci1, A. Porcella*2, X. Langlois4,W. Gommeren4, W. Luyten4 G.L.
Gessa’andJ Leysen4 'Neuroscience S.c.a.r.l., Cagliari, 2Center for Neuropharmacology
CNR,3Dept. Neuroscience, Univ. Cagliari, Italy and 4Depts. Biochem. Pharmacology and
Functional Genomics, Janssen Res. Foundation, B-2340 Beerse, Belgium.
Gamma-hydroxybutyric acid (GHB), a metabolite of GABA, is present in micromolar
concentrations in various mammalian cerebral areas. Specific high affinity binding sites,
uptake system and metabolising enzymes for GHB have been identified in CNS. In this
study, we examined the anatomical distribution of GHB in sections of post-mortem human
brain by radioligand receptor autoradiography. The highest densities of binding sites were
found in hippocampus and neocortical areas (frontal, parietal and temporal). Moderate to
low densities of receptor binding sites were also found in the striatum. No binding sites
were detected in the cerebellum. To compare densities of GHB receptor binding sites,
concentration binding curves with [3H]GHB were performed on membranes from human
cortex homogenate. Scatchard analysis revealed a high-affinity site (Kdt: 150 nM; Bmax(:
1.2 pmoles/mg protein), whereas saturation curves generated by varying [3H]GHB (SA
4Ci/mmoles) concentrations in incubation mixture from 10 to 5000 nM showed a lowaffinity binding site (Kd2: 1.2 pM; Bmax2: 8 pmoles/mg protein). In order to investigate a
possible role of G-protein in mediating GHB responses some saturation experiments
containing 100 pM of (Gpp[NH]p) were performed. In the presence of (Gpp[NH]p) no
modifications were observed in GHB binding activity. Although previous data supported
the hypothesis that central GHB receptors are of G-protein linked receptor type, our data
could not confirm this hypothesis , suggesting that [3H]GHB binding in human cortex is
not sensitive to Gpp[NH]p. To date the present study constitutes the first report on the
distribution of GHB receptor in human brain. In general, the distribution of high affinity
binding sites for GHB studied by autoradiography is in good agreement with the
distribution of receptor binding sites from studies of density and regional distribution in
rat brain. (Supported by Janssen Research Foundation)

Zinc is a physiologically important cation in the CNS released into selected synaptic clefts
along with neurotransmitters following nerve stimulation. Ensuing interactions with post-synaptic
inhibitory GABAa , GABAc , glutamate and glycine (GlyR) receptors results in modulation of
neuronal excitability through inhibitory and potentiating effects on these receptors. The inhibitory
effects of Zn2+ on GABAa and GABAc receptors occur through interactions at distinct molecular
sites incorporating histidine residues. However, a molecular description of the interaction of Zn2+
with the strychnine-sensitive GlyR remains unresolved.
Whole-cell glycine-activated currents were recorded from human embryonic kidney (HEK) cells
expressing wild-type and histidine (H) mutant recombinant homomeric GlyRs to locate the
inhibitory binding site for Zn2- ions on the human a1 GlyR subunit. Glycine-activated currents
(control Ipeak(p) = 100 %) were potentiated by low concentrations (10 pM: lp, 139 ± 8 %), and
inhibited by higher concentrations (100 pM: lsteady-state(ss), 16 ± 3 %), of Zn2- on wild-type
receptors. Lowering the external pH from 7.4 to 5.4 reduced control glycine responses (lp) to 12
± 4 %. Direct involvement of histidine residues in the inhibitory effect of Zn2- was suggested by
low pH (5.4) conditions when Zn2* inhibition was abolished leaving overt potentiation with 10 pM
Zn2*(lp = 325 ± 25 %), and 100 pM Zn2*(lp = 732 ± 176 %). The histidine modifying reagent
diethylpyrocarbonate (DEPC: 1 mM) also abolished Zn2*-induced inhibition, and potentiation, of
glycine-activated currents. Systematic mutation of extracellular histidine residues in the human
GlyR a1 subunit revealed that mutations H107A or H109A abolished inhibition of glycine-gated
currents by 100 pM Zn2- (lss, 79 ± 2 % (H107A) and 75 ± 2% (H109A). Mutation of the other
available external histidines, H210, H215 and H419, failed to prevent inhibition by Zn2*. Thus,
extracellular residues H107 and H109 are major determinants of the inhibitory Zn2* binding site
on the GlyR a1 subunit.
We are grateful to the Medical Research Council for funding this work.

172.19

172.20

GDNF, RET and GFRal are Co-localized in Rat Dorsal Root Ganglia
(DRG) Neurons.

CERAMIC-BASED MULTISITE ELECTRODES FOR ELECTROCHEMICAL
RECORDINGS. P. Huettl*, J.J. Burmeister, K. Moxon1 and G.A, Gerhardt,
Depts. of Psychiatry and Pharmacology, Neuroscience Training Program, and
Rocky Mountain Center for Sensor Technology, Univ. of Colorado Health
Sciences Center, Denver, CO 80262, ’Dept. of Neurobioiogy and Anatomy, MCP
Hahnemann University School of Medicine, Philadelphia, PA 19129.
We have recently focused on the development and characterization of
ceramic-based multisite electrode arrays for electrochemical recordings in
biological systems. These electrodes represent a parallel technology to the design
of microsensors using silicon substrates. The current designs are based on
formation of 4-site (50p X 50g with 250p spacing) electrodes on ceramic wafers
using photolithography. The recording sites and connecting lines are made of Pt
with a polyimide coating to insulate the connecting lines. The resulting sensors
are cut from the wafers producing a 1 cm length probe that tapers to a ~5p tip.
Preliminary studies support that the microelectrodes have lifetimes of 96 hours (4
days) when immersed in saline, with individual recording sites remaining
independent and isolated. The potential advantages of these electrodes for
neuroscientists include: 1) reproducible recording sites, 2) the ability to record
from 4 sites simultaneously in layered brain structures, 3) potential for recording
chemical or neuronal single-unit activity from the recording sites, and 4)
production of a strong and potentially affordable multisite electrode array that
would give all laboratories similar neurochemical and electrophysiological
recording capabilities. Possible future applications include but are not limited to
the detection of dopamine and glutamate in vivo. The design, methodology and
initial testing of the ceramic-based microarrays for electrochemical recordings
will be presented. Supported by NSF grant DBI-9730899.

172.21

172.22

Alexander Kalvuzhny*, Greg Fransen, Cheng Tsai, John Humphrey,
Monica Tsang,
R&D Systems, Inc., 614 McKinley Place N.E., Minneapolis, MN 55413.
It appears that glial cell line-derived neurotrophic factor (GDNF) has a
trophic action on primary sensory neurons. However, relationship of GDNFsynthesizing neurons to neurons that express ligand binding (GFRal) and
signal transducing (RET) subunits of the GDNF receptor complex within DRG
is not clearly understood. Anti-rat GDNF antibody was produced in goats
immunized with purified Sf21 -derived recombinant rat GDNF (rrGDNF).
Anti-murine RET and anti-rat GFRal antibodies were produced in goats
immunized with purified NSO-derived recombinant extracellualr domains of
murine RET (rmRet) orratGFRcd (rrGFRal) respectively. GDNF, RET
and GFRal specific IgG were purified by affinity chromatography. To study
co-localization of GDNF and RET, GDNF and GFRcd, RET and GFRcd, we
employed the double-staining sequential immunohistochemical protocol on
cryostat sections of rat DRG by combining biotinylated primary antibodies with
non-labeled ones. GDNF-immunoreactive neurons appeared to be intermingled
with neurons expressing either GFRal or RET. GDNF-immunoreactive
neurons were also found labeled for RET but not for GFRcd. In tissues that
were double-stained for RET and GFRal, a moderate number of neurons
appeared to express both receptor subunits. We conclude that: (i) DRG
neurons may respond differently to trophic action of GDNF due to mismatch
in distribution of RET and GFRal receptor subunits: (ii) co-expression of
RET and GDNF is indicative of autocrine regulation of GDNF release.
Supported by R&D Systems, Inc.

COMPARISON OF NUCLEOSIDE TRANSPORT IN RAT PRIMARY CORTICAL
ASTROCYTES AND C6 GLIOMA CELLS. C.J, Sinclair1*. N.J, Haughev1. P.N.
Shecel1, J.D, Geiger1. D, Janigro2. and F.E. Parkinson1. Department of Pharmacology
and Therapeutics, University of Manitoba; Winnipeg, Canada R3E 0T6. Department of
Neurological Surgery, University of Washington; Seattle, Washington 98104.
Adenosine, through activation of membrane bound receptors, has been reported to
have neuroprotective properties during strokes or seizures due to decreased excitotoxic
damage and reactive gliosis and increased cerebral blood flow. The role of astrocytes,
in regulating brain interstitial adenosine levels has been poorly defined. We have
determined the nucleoside transporters present in rat primary cortical astrocytes and
C6 glioma cells. rtPCR indicated C6 cells contained mRNA for each of the four cloned
nucleoside transporters, ENT1.ENT2, CNT1, and CNT2, while the primary astrocytes
contained ENT1 and ENT2. Adenosine uptake experiments indicated the primary
functional nucleoside transporter in each cell type was ENT2 since k; values for
conventional transport inhibitors were in the micromolar range. Adenosine release was
performed by first loading cells with [3H]adenine to label adenine nucleotide pools.
Tritium release was initiated by inhibiting glycolysis and oxidative phosphorylation.
Suprisingly, release induced by this hypoxia-like state was unaffected by nucleoside
transport inhibitors. HPLC analysis of the effluent indicated hypoxanthine was the
tritium-labeled compound released. Treatment of these cells with an inhibitor of AMP
deaminase and adenosine deaminase in combination with the nucleoside transport
inhibitor dipyridamole inhibited the metabolic inhibition-induced tritium release by
75%. This indicates that rat astrocytes possess ENT2 nucleoside transporters but that
metabolism maybe more important in regulating the fate of adenosine in these cells.
This work was supported by die Medical Research Council of Canada, die Natural
Sciences and Engineering Council of Canada, and Manitoba Health Research Council.
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DIFFERENT ATP CURRENT DESENSITIZATION KINETICS IN RAT SENSORY NEURONS
CULTURED UNDER DIFFERENT CONDITIONS. C. Labrakakis* and A.B. MacDermott. Dept.
of Physiology and Cellular Biophysics, Columbia Univ.; New York NY 10032
Dorsal root ganglion neurons have been shown to express almost all known P2X receptor
subunits. These subunits can be divided into two categories depending on current
desensitization kinetics during ATP application. ATP currents from homomeric P2X1 and P2X3
receptors are transient (rapidly desensitizing), whereas P2X2 and P2X4-7 are persistent or
very slowly desensitizing. P2X subunits have been shown to heterooligomerize in different
combinations, resulting in a range of P2XR desensitization phenotypes. We have found that
different ATP-evoked current properties are observed when embryonic rat DRG neurons are
cultured under different conditions suggesting, different subunit expression and/or multimer
configuration. In defined medium (neurobasal+B27), all cells (n=26) responded to an 8 s
application of 30pM ATP with a transient, fast desensitizing current. Hast was 128± 12 ms, and

contributed 71 ±2% of the total current (OTC; average±SEM, n=26) and tsi™ was 945±137 ms,
27±2% OTC. A persistent or very slowly desensitizing component contributed 0.8±0.3% OTC.
When the DRG neurons were cultured in MEM with 5% horse serum (HS), 17 out of 19
neurons responded to ATP with a transient current. For all 17 cells, Hast was 121±17 ms,
63±3% OTC, tstow was 1935±276 ms, 28±3% OTC while the persistent current contributed
7±1% OTC. Two of foe 19 cells had only a persistent/ very slowly desensitizing current. In
experiments where 5% horse serum was added to the defined medium, 13 of foe 14 cells
tested responded with a transient current. In the 13 cells, average Hast was 102± 16 ms, 65±5%
OTC, Tsiow was 1125±177 ms, 32±5% OTC and 2.5±0.7% OTC was persistent or very slowly
desensitizing during ATP application. One of the 14 cells responded with a very slowly
desensitizing current. In summary, tstow was significantly (p<0.05) faster and the persistent
current much less prominent in cells grown in defined medium ± HS compared to those grown
in MEM, suggesting that P2X receptor subunit composition expressed by embryonic DRG
neurons in culture may be sensitive to unidentified components in the culture medium or B27
supplement.
Funding: NIH NS37549
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DAA1106, A POTENT AND SELECTIVE AGONIST FOR PERIPHERAL
BENZODIAZEPINE RECEPTORS. S. Chaki*8, T, Fimakoshi8 R. Yoshikawa8. S.
Qgawa8. Y. Suzuki8, T. Okubo\ A. Nakazato8, M. Nagamineb and S. Okuvama8.
“Medicinal Research Laboratories, Taisho Pharmaceutical Co., Ltd., 1-403, Yoshinocho, Ohmiya, Saitama 330-8530, Japan. bResearch Center, Nihon Nohyaku Co., Ltd.,

Kawachi-Nagano, Osaka 586-0094, Japan.
Pharmacological profiles of DAA1106, a potent and selective agonist for
peripheral benzodiazepine receptors (PBR) was investigated. DAA1106 inhibited
[3H]PK11195 with IC50 value of 0.28 nM, while it had no effect on [3H]flunitrazepam

binding.

DAA1106 showed anxiolytic effects in the mouse light/dark exploration

test and in the rat elevated plus-maze test without affecting locomotor activity.
DAA1106 dose-dependently occupied PBR in rat brain in ex vivo binding assay when

administered intraperitoneally.

[3H]DAA1106 bound to the mitochondrial fraction of

the rat brain in a saturable manner.

The Kd and Bmax values obtained from Scatchard

plot analysis were 0.12+0.03 nM and 161.03 ±5.80 fmol/mg protein, respectively.

[3H]DAA1106 binding was inhibited by several PBR ligands, while the binding of
[3H]DAA1106 was not affected by several neurotransmitter-related compounds. In
the cerebral cortex of rhesus monkeys, DAA1106 and PK11195 potently inhibited
[3H]DAA1106 binding, while Ro5-4864 did not. In autoradiographic studies, the

highest [3H]DAA1106 binding was observed in the olfactory bulb and choroid plexus,

followed by the cerebellum.

Thus, DAA1106 is a potent and selective agonist for

PBR, and DAA1106 could be used as a tool for elucidating physiological functions
mediated through PBR.
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SEROTONIN LEVELS IN RAT DIENCEPHALON DURING THE PRE AND
POSTPARTUM PERIODS. T.M. Felton* and S.B. Auerbach. Dept. of Cell
Biology and Neuroscience, Rutgers University, Piscataway, N.J. 08855.
Serotonin (5-HT) neurotransmission may change across the estrus cycle and
early in the postpartum period (Gundlah et al., 1998; Mistry et al., 1991).
Moreover, estrogen (E) and progesterone (P) receptors are present in the raphe of
rats and monkeys where they may influence 5-HT neurotransmission (Alves et al.,
1998; Bethea et al., 1998). At the end of pregnancy in the rat, P levels decrease
dramatically and E levels increase significantly, while after birth E levels also fall.
Similarly, during proestrus, E and P levels increase significantly and then undergo
rapid decreases during estrus. It is possible that decreases in 5-HT release due to
these dramatic reductions in E and/or P levels may be a factor underlying
postpartum and premenstrual related mood disorders. The present experiment
examined changes in 5-HT release during the pre- and postpartum periods. In
vivo microdialysis was used to measure extracellular 5-HT in the diencephalon of
female Sprague Dawley rats on day 20 of gestation and day 4 postpartum. The
effect of 5-HT uptake blockade on extracellular 5-HT was also examined to
determine if there are any differences in 5-HT response to SSRIs on these days.
Four baseline samples were collected before and six samples after SSRI injection.
Samples were analyzed by HPLC-EC. The data demonstrate no significant
differences in 5-HT during these time periods. Mean baseline levels of 5-HT were
2.4+0.1 pg/sample in the prepartum rats and 2.3+0.1 pg/sample in the postpartum
rats. After citalopram injection, the mean maximal levels of 5-HT were 7.1+1.0
pg/sample in the prepartum rats and 6.4+0.7 pg/sample in the postpartum rats. It is
possible that there is genetic variability in susceptibility to the effects of steroids
on behavior. Therefore, we will examine Wistar-Kyoto rats which exhibit poor
performance in the Porsolt forced-swim test. Supported by NIH grant MH 51080.

ESTROGEN ATTENUATES THE INHIBITION OF LORDOSIS
PRODUCED BY THE 5-HT2 RECEPTOR ANTAGONISTS,
KETANSERIN TARTRATE AND SB206553. L. Sinclair-Worley*.
M, DeLashaw, M, Caldarola-Pastuszka. K. Brown, and L. Uphouse.
Department of Biology, Texas Woman’s University, Denton, TX
76204.
Estrogen reduces the effectiveness of the 5-HTlA receptor agonist,
8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT), in inhibiting
lordosis behavior in ovariectomized, hormone-primed female rats. In
earlier studies, we reported that the 5-HT2A/2C receptor antagonist,
ketanserin tartrate, was less effective in proestrous rats than in estrogen
and progesterone-primed rats and considered that estrogen might also
modulate the function of 5-HT2A/2C receptors. In the current study, the
effect of priming ovariectomized rats (CDF-344) with 25 pg or 0.5 pg
estradiol benzoate (EB) plus 500 pg progesterone on the ability of the
5-HT2A/2C receptor antagonist, ketanserin tartrate, or the 5-HT2C
receptor antagonist, SB206553, to inhibit lordosis was examined.
Bilateral infusion of 3000 ng ketanserin tartrate or SB206553 into the
VMN was less effective in inhibiting lordosis behavior in females
primed with 25 pg EB than in females primed with 0.5 pg EB. These
findings support previous speculations that VMN 5-HT2A/2C receptors
play a positive role in modulation of female rat reproductive behavior.
Research supported by HD28419, GM55380 and HD08413 to L.S-W.

173.3

173.4

PROGESTERONE’S MODULATION OF THE LORDOSISINHIBITING EFFECTS OF 8-OH-DPAT. W, Truitt, L, SinclairWorley, J, Hines* and L. Uphouse. Department of Biology, Texas
Woman’s University, Denton, TX 76204.
Studies were performed to investigate the effect of progesterone on the
ability of the serotonin IA (5-HTlA) receptor agonist, 8-hydroxy-2-(din-propylamino) tetralin (8-OH-DPAT), to inhibit the lordosis reflex of
estrogen-primed ovariectomized rats. In the first experiment,
ovariectomized rats (CDF-344) were primed with either 10 pg estradiol
benzoate (EB) or 10 pg EB and 500 pg progesterone. The ability of
intraperitoneal treatment with 8-OH-DPAT (0.10, 0.075, or 0.05
mg/kg) to inhibit lordosis behavior was examined. All three doses of
8-OH-DPAT inhibited lordosis in the rats primed only with EB. In
contrast, there was a dose-dependent effect of 8-OH-DPAT in rats
primed with EB and progesterone. In the second experiment, rats were
implanted with guide cannulae directed toward the ventromedial nuclei
of the hypothalamus (VMN) and were ovariectomized two weeks later.
The rats were then primed with 10 pg EB or 10 pg EB and 500 pg
progesterone and the ability of a bilateral VMN infusion with 8-OHDPAT (100 ng or 50 ng) to inhibit lordosis behavior was examined.
Progesterone’s attenuation of the lordosis-inhibiting effect of 8-OHDPAT appeared to be less robust when 8-OH-DPAT was infused into
the VMN.
Research supported by HD 28419, MH51568 and by HD08413
to L.S-W.

NOREPINEPHRINE AND PHENYLEPHRINE ATTENUATE THE
LORDOSIS-INHIBITING EFFECTS OF 8-OH-DPAT.
S. Maswood*, N, Maswood and L. Uphouse. Department of Biology,
Texas Woman’s University, Denton, TX 76204.
Functional interactions between the noradrenergic (NE) and the
serotonergic (5-HT) system are well documented. Previously, we
reported that the lordosis-inhibiting effects of 5-HT were attenuated
when NE was coinfused with 5-HT into the ventromedial nucleus of the
hypothalamus (VMN) of sexually receptive female rats. The present
studies were designed to determine if 5-HTlA and al-NE receptors
were involved in this interaction. Proestrous rats (CDF-344) were
pretested with sexually active males. Females then received a bilateral
VMN infusion with (a) 200 ng of the 5-HTlA receptor agonist,
8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT), (b) 200 ng
8-OH-DPAT and 2000 ng NE or (c) 200 ng 8-OH-DPAT and 500,
1000, or 2000 ng of the al-NE receptor agonist, phenylephrine. 8-OHDPAT inhibited lordosis behavior and coinfusion with NE attenuated the
inhibition. Rats that were coinfused with 200 ng 8-OH-DPAT and
2000 ng phenylephrine showed a decline in lordosis behavior but 1000
or 500 ng phenylephrine partially attenuated effects of the 5-HTlA
receptor agonist. These findings are consistent with suggestions that
functional interactions are present between 5-HTlA and al-NE
receptors within the VMN and that these interactions are relevant to the
modulation of female rat lordosis behavior.
Research supported by HD 28419 and MH51568.
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ESTRADIOL ATTENUATES Gi COUPLED NEUROTRANSMITTER
RECEPTOR FUNCTION IN THE FEMALE RAT BRAIN. A.L. Mize* and
R.H. Alper. Department of Pharmacology, Toxicology and Therapeutics,
University of Kansas School of Medicine, Kansas City, KS 66160.
17|3-estradiol (E2) modulates the binding characteristics and function of
multiple G protein-coupled receptors in the brain of ovariectomized (OVX)
rats.
Studies were designed to investigate the effect of acute E2
administration on agonist-stimulated [35S]GTPyS binding in membranes to
assess the first step in the signal transduction cascade following receptor
activation. Fourteen days after OVX, rats were treated subcutaneously with
either vehicle or E2 (10 or 30 pg), decapitated two hours later and brains
dissected. In rats treated with E2, the maximal response produced by
activation of serotonin)A (5-HTiA) receptors was decreased -25% in a dosedependent manner in hippocampus, cortex, and amygdala. Similarly, E2
desensitized 5-HT]B and GABAb receptors in hypothalamus and cerebellum,
respectively, and cannabinoid receptors in hippocampus and cortex.
Although the maximal responses were decreased, E2 treatment did not alter
the affinity of any of the receptors. By contrast, the in vitro incubation of E2
(1 pM) with membranes prepared from the cortex of OVX rats did not alter
5-HT)a or cannabinoid receptor-mediated GTPyS binding. Thus, it is
concluded that acute E2 administration in vivo modulates multiple Gj
coupled receptors in various regions of the female rat brain. Because these
effects are observed only in vivo, we conclude that cytosolic, nuclear and/or
extraneuronal factors are required. [Supported by a grant from the Lilly
Center for Women's Health, Eli Lilly and Company.]

EFFECT OF FORCED SWIMMING ON HIPPOCAMPAL SEROTONERGIC
NEUROTRANSMISSION IN THE RAT: ROLE OF CORTICOTROPIN-RELEASING
HORMONE. A.C.E, Linthorst, R.G, Pefialva, C. Flachskamm and J.M.H.M, Reul*.
Max Planck Institute of Psychiatry, Section Neuropsychopharmacology, D-80804
Munich, Germany.
Corticotropin-releasing hormone (CRH) in the brain plays a key role in the regulation
of neuroendocrine, autonomic and behavioral responses to stress. Although CRH may
initiate these responses directly, indirect effects via distinct neurotransmitter systems
may also be involved. Recently, we have demonstrated that intracerebroventricular
(i.c.v.) administration of CRH and urocortin (Ucn) increases hippocampal extracellular
levels of serotonin (5-HT) and its metabolite 5-hydroxyindoIeacetic acid (5-HIAA).
Ucn seemed to be more potent than CRH, pointing to a putative involvement of CRH
type 2 receptors. These observations triggered our interest in the role of CRH/Ucn in
stress-induced changes in serotonergic neurotransmission. Hence, we designed a series
of in vivo microdialysis experiments to study hippocampal extracellular levels of 5-HT
and 5-HIAA during a forced swimming procedure. After establishing baseline values
during 2 hours, rats were i.c.v. injected with the non-selective CRH receptor antagonist
D-Phe-CRH|2.4) (5 pg) or with saline. Then, rats had to swim for 15 min in water
(25°C) after which post-stress levels were assessed for 2.5 hours. During the forced
swimming procedure, a dramatic increase in hippocampal levels of 5-HT, but not of 5HIAA, was observed. In animals pretreated with D-Phe-CRH12_4I, the 5-HT response
was markedly attenuated. Immediately after the forced swimming procedure, 5-HT
levels dropped considerably but remained elevated for more than 1 hour when
compared to non-stressed animals. Hippocampal 5-HIAA levels started to increase
about 15-30 min after completion of the swim procedure. We conclude that stressful
events increase hippocampal serotonergic neurotransmission by a CRH- and/or Ucndependent pathway. Moreover, the observed interaction between CRH/Ucn and 5-HT
may increase our insight into the development of stress-related psychiatric disorders
because disturbances at the level of CRH as well as 5-HT have been reported to be
involved in the etiology of these diseases.

173.7

173.8

LONG-TERM FLUOXETINE DECREASES STRESS-INDUCED
BEHAVIORS, WITHOUT INHIBITING NEUROENDOCRINE RESPONSES
TO CONDITIONED STRESS IN RATS. Y. Zhang*, P.K, Raap, F. Garcia, F,
Serres, O. Ma, N.A. Muma, G. Battaglia and L.P. Van de Kar, Pharmacology,
Loyola Univ. Chicago, Stritch Sch. Med., Maywood IL, 60153.
Selective serotonin reuptake inhibitors (SSRIs), such as fluoxetine, are
used to treat anxiety and panic disorders. SSRIs require 2-3 weeks of
daily administration to produce anxiolytic effects in humans. The aim of
the present study was to investigate the effects of long-term treatment
with fluoxetine on behavioral and neuroendocrine manifestations of
stress. Rats were treated daily with fluoxetine (10 mg/kg/day, ip, 14
days) and the anxiolytic effects of fluoxetine were examined using a
conditioned stress procedure. This stress procedure increases the
secretion of several hormones and also induces behavioral changes such
as reduced grooming, increased freezing behavior and increased
defecation. Long-term fluoxetine decreased stress-induced defecation
(by 60%), shortened the duration of stress-induced freezing behavior (by
23%) and partially reversed the stress-induced suppression of exploring
behavior (by 40%). However, the stress-induced increase in plasma
levels of oxytocin, ACTH, corticosterone, prolactin and renin was not
inhibited by fluoxetine treatment. Therefore, long-term fluoxetine
produced some behavioral anxiolytic effects, but did not attenuate
neuroendocrine responses to conditioned stress. It is not surprising that
chronic fluoxetine did not reduce the neuroendocrine manifestations of
stress. These stress hormones are important for survival and are
regulated by multiple neurotransmitter systems. (Supported in part by
USPHS 34153)

IMMOBILIZATION
STRESS
ELEVATES
TRYPTOPHAN
HYDROXYLASE mRNA LEVELS IN RAPHE NUCLEI. F, Chamas, L.
Serova*, E.L. Sabban. Dept. Biochem. & Mol. Bio. New York Med.
Coll., Valhalla, NY 10959.
Stress triggers a wide range of adaptive changes in the CNS including
elevation of serotonin metabolism and increased susceptibility to affective
disorders. We examined whether immobilization stress (IMO) alters gene
expression of tryptophan hydroxylase (TPH) the rate limiting enzyme in
serotonin biosynthesis, and of GTP cyclohydrolase I (GTPCH), the rate
limiting enzyme in synthesis of the tetrahydrobiopterin (BH4), the cofactor
for TPH in brain and pineal gland. Rats were subjected to single (2h) or
repeated stress (2 hr, 7 days) IMO. TPH mRNA levels were analyzed by
competitive RT-PCR and GTPCH by northern blots. Repeated IMO
elicited a 6 - or 10- fold rise in TPH mRNA in median raphe nucleus
(MRN) and dorsal raphe nucleus (DRN) respectively. No significant
alteration in TPH mRNA levels was observed in the pineal gland. The
increase in TPH mRNA in Raphe nuclei was not accompanied by a
parallel rise in GTPCH mRNA levels, in contrast to the rise in GTPCH
mRNA with catecholamine biosynthetic enzymes in locus coeruleus in
response to stress. Two different 5’ untranslated regions in rat TPH
mRNA have been reported. The two isoforms are expressed in both the
brain stem and the pineal. Consequently, it is attractive to speculate that
they may be involved in the tissue specific differential activation of TPH
reported in this study. This is the first study to reveal stress-triggered
elevation of TPH mRNA levels (Supported by NIH grant NS32166).

173.9

173.10

SEROTONIN IS INVOLVED IN THE AGGRESSIVE BEHAVIOR
OF MALE nNOS NULL MICE. S. Chiavegatto12, T. Dawson13, V.L.

THE EFFECT OF NEUROPEPTIDE Y ON CATECHOLAMINE AND
INDOLAMINE OVERFLOW IN THE HYPOTHALAMUS. S.K. Yeung
and T.W. Castonguay.*Dept of Nutrition and Food Science, Univ. of
Maryland; College Park, MD 20742.
Intracerebroventricular (ICV) injections of Neuropeptide Y (NPY)
stimulate orexigenic behaviors in satiated animals. Several studies have
shown that the ventromedial (VMH), paraventricular, and other specific
hypothalamic sites mediate the action of NPY to stimulate feeding. We had
previously reported that NPY promoted an increase in serotonin in the VMH
when tissue punches taken from rats 15 minutes post NPY injection.
Different dialysate collection techniques have been used to investigate the
dynamics of NPY action. As a sequel to our work, we used in vivo
microdialysis to describe the time course of the changes in VMH serotonin
subsequent to NPY administration. Our investigation of NPY measured the
effects of a single ICV NPY injection on the release of serotonin, as well as
dopamine, norepinephrine, epinephrine, and their metabolites in the VMH.
Dialysates were collected before and after NPY injection using a 1 mm
CMA 12 microdialysis probe placed in the VMH and were analyzed with a
HPLC equipped with an ESA electrochemical detector. Significant animalto-animal variation in response to NPY has been observed.

Dawson1,3,4 and R.J. Nelson2,3*. Depts. of ’Neurology, Psychology, 3Neuroscience,
Physiology, The Johns Hopkins University, Baltimore, MD 21205.
We previously demonstrated that male mice with targeted disruption of the
neuronal isoform of nitric oxide synthase (nNOS) display a marked increase in
aggressive behavior with no neuroanatomical or physiological disturbances. This
phenotype can also be induced with the selective nNOS inhibitor 7-NI in wild-type
(WT) mice. Blood plasma testosterone levels do not differ between WT and
nNOS-/- male mice. Several lines of research have established that reduced brain
serotonin (5-HT) levels result in increased aggression in a variety of species. To
investigate the neurochemical profile of these mice, adult male nNOS-/- and WT
were decapitated and the monoamines and. their metabolites were determined by
HPLC with electrochemical detection in the hypothalamus, cerebellum, midbrain,
hippocampus, amygdala, cerebral cortex, accumbens and striatum. Reduced
serotonin turnover (5HIAA/5-HT) was observed in the hypothalamus, cerebellum
and cortex, while a decrease in dopamine (DA) turnover (DOPAC/DA) was found in
striatum in nNOS-/- mice. In order to study the involvement of 5-HT in the
behavioral phenotype, the resident-intruder test was assessed after > 60% inhibition
of 5-HT and 5HIAA levels using p-chlorophenylalanine (pCPA) or 300% increase
with 5-hydroxytryptophan (5-HTP), the 5-HT precursor, in both WT and nNOS-/mice. The aggressive behavior of WT mice with pCPA was increased to the same
magnitude as the nNOS-/- animals while the precursor of 5-HT completely
abolished this behavior in both genotypes. These data suggest that reduced
activation of the serotonergic system might be responsible for the aggressive
phenotype of nNOS-/- mice.
Supported by FAPESP (Brazil), NIH, National Alliance for Schizophrenia and
Depression.
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ACUTE FOOD INTAKE AND BODY WEIGHT LOSS EFFECTS OF
DEXFENFLURAMINE AND SIBUTRAMINE IN RATS. J. Shu*, J.N. Stair, R.
Camacho, G.J. Hickey, D.E. MacIntyre, A.M. Strack. Department of Animal
Pharmacology, Merck Research Laboratories, Rahway, NJ 07065.
Dexfenfluramine and sibutramine decrease food intake in rats by increasing satiety.
Dexfenfluramine releases serotonin and inhibits serotonin uptake, while sibutramine is
a 5-HT and a norepinephrine reuptake inhibitor. In this study, we compared food
intake and body weight effects of dexfenfluramine and sibutramine. Charles River
Sprague-Dawiey rats were placed on a medium high fat diet (Research Diets
D12266B, 32% fat) at 4 weeks of age and used for our study at 8 weeks.
Dexfenfluramine (DEX, 0.3-10 mg/kg, po) or sibutramine (SIB, 2-20 mg/kg, po) were
administered 1 hour before the start of the dark cycle. Food intake measurements were
taken at 5 minute intervals from the time of treatment to 18 hours post treatment.
Body weights were recorded prior to the start of the experiment and at 18 hours post
treatment. Food intake was inhibited dose-dependently by DEX (lmg/kg, 52±21%
inhibition, p=0.06; 3mg/kg, 89±8% inhibition, p<0.001; 10 mg/kg, 96±2% inhibition,
p<0.001) and by SIB (2 mg/kg, 45±4% inhibition, p<0.001; 6 mg/kg, 66±8%
inhibition, p<0.001; 20 mg/kg, 74 ±6% inhibition, p<0.001). Body weight loss was
significant (p<0.001) at the 2 higher doses of DEX and with SIB. Paradoxically, SIB
at 20 mg/kg caused a short burst of feeding (2 hours in duration) within an hour of
treatment but suppressed feeding for the rest of the 18 hour period. Although the
extent of food intake inhibition was greater with DEX than with SIB, SIB was more
effective in promoting weight loss. This suggests that the effectiveness of SIB over
DEX in promoting negative energy balance in rats may relate to enhanced
thermogenesis consequent upon modulation of noradrenergic pathways by SIB.
This work was supported by Merck Research Laboratories.

EFFECTS OF NICOTINE ON PRESUMPTIVE SEROTONERGIC NEURONS IN
THE RAT DORSAL RAPHE NUCLEUS R, Guzman-Marin2, Md- Noor Alam1,
R, Szymusiak1. M.N. Shouse'*R. Drucker-Colin2 and D. McGinty1. 1 Research
Service, V.A. Greater Los Angeles Healthcare System, North Hills, CA, 91343 and
2Departamento de Fisiologia, Facultad de Medicina, UNAM, 04510 Mexico D.F.
Systemic nicotine induces both improvement of mood in patients with major
depression and suppresses the PGO waves of REM sleep in cats. Since the
stimulation of the DRN produces similar effects, DRN neuronal activity ceases
before the appearance of PGO waves and nicotine increases the firing rate as well
serotonin release of DRN in vitro, we studied the effects of nicotine on the firing
rate of presumed DRN serotonergic neurons in freely moving rats. Neurons were
recorded through 2-3 baseline sleep-waking cycles and after nicotine administration
(0.1 mg/kg . .
DRN neurons were classified as presumptive serotonergic by the
presence of: 1) A NREM/Wake discharge ratio < 0.8.; 2) action potentials of
relatively long duration (> 2 ms); 3) marked suppression of activity during REM
sleep, and 4) histological localization of recording sites to the region of the DRN.
Sixteen DRN neurons recorded met these criteria. The firing rate of these neurons
is summarized below (Mean ± S.D. Hz):
Waking
NREM
REM
Action Potential
Baseline
1.28 ±0.78 0.45 ±0.24 0.13 ±0.12
2.88 ±0.36
Nicotine
1.31 ±0.49 0.38±0.16 0.21 ±0.21* 2.88±0.36
These finding confirm in the rat the sleep-wake pattern of discharge of DRN
neurons described previously in the cat (McGinty and Harper, 1976). Nicotine
administration increased discharge (*p < 0.05 Wilcoxon) during REM sleep
(baseline vs nicotine) but no significant changes were observed during Waking or
NREM sleep. The finding that nicotine stimulates the firing rate of presumptive
serotonergic cells during REM sleep could explain the suppression of PGO spikes
by nicotine. Supported by the VA Medical Research Service, HL 60296, MH 47480,
CONACYT and DGEP-UNAM
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Serotonin2A receptor-induced EPSCs in layer V
pyramidal cells of prefrontal cortex: block by lesions
of the medial thalamus. G.J. Marek* and J.C. Gewirtz.
Dept. of Psychiatry', Yale School of Medicine, New Haven, CT
06508.
Serotonin (5-HT), via 5-HT2A receptors, markedly increases
spontaneous excitatory postsynaptic currents (EPSCs) in the apical
dendrites of neocortical layer V pyramidal cells, in pail, by
increasing glutamate release from a subset of presynaptic terminals
(Aghajanian & Marek, 1997). p-Opiate agonists produce a potent
and complete suppression of 5-HT-induced EPSCs in the medial
prefrontal cortex (mPFC; Marek & Aghajanian, 1998). In light of
the paucity of p-receptor mRNA within intrinsic cortical
glutamatergic cells, this suggests that 5-HT induces glutamate
release by acting upon subcortical afferents (Mansour et al.,
1994). Therefore, we made radiofrequency lesions in two areas
that send widespread projections throughout the neocortex: the
thalamus and amygdala. We recorded from layer V pyramidal
cells of the rat mPFC using an in vitro slice preparation.
Unilateral and bilateral radiofreqency lesions of the medial
thalamus decreased 5-HT-induced EPSCs by ~50 and 70%,
respectively. In contrast, bilateral lesions of the basolateral nuc.
of the amygdala did not alter 5-HT-induced EPSCs. The present
data will be compared with previous studies suggesting that the
midline and intralaminar thalamic nuclei provide the afferents from
which 5-HT releases glutamate in the mPFC. Supported by NiMH
and NARSAD

SEROTONIN INDUCES LAMINA-SPECIFIC EFFECTS ON
GLUTAMATE TRANSMISSION IN THE FRONTAL CORTEX.
E.K, Lambe*. P.S, Goldman-Rakic and G.K. Aghajanian, Section of
Neurobiology and Department of Psychiatry, Yale University School
of Medicine, New Haven CT 06520.
Evidence suggests that serotonin, via 5HT2A receptors, modulates
excitatory transmission in cortical circuits which may account for
fluctuations in mood, attentional state, and capacity for information
processing. Preliminary findings suggest that there may be profound
laminar differences in this modulation. Intracellular recording in
pyramidal cells of rat frontal cortex was used to examine the effect of
serotonin on the release of glutamate across the cortical width, as
indicated by changes in the frequency of excitatory postsynaptic
currents (EPSCs). The recording electrode was filled with 1%
biocytin, so the neurons could be visualized with an ABC/ DAB
reaction and their laminar position determined by comparison with
adjacent Nissl-stained sections. Initial results show that bathapplication of a near-maximal concentration of serotonin (100 pM)
increased the EPSC frequency to 500% of background levels in
pyramidal neurons in layer V, but only 200% in layer 2/3 neurons;
serotonin did not alter the mean frequency of EPSCs in neurons in
layer VI. The physiological response to serotonin mirrors the laminar
specificity of 5HT2A receptor density in the cortex.
Funding provided by NIMH and the Bayer Foundation.

174.3
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5-HT CELL FIRING IN VITRO
H.J.BenqtssonC2*. L.Lanfumey2 & S.Hiorthi Wept. Pharmacology,
Goteborg Univ., SE 405 30 Gdteborg, SWEDEN & 2|NSERM U288, CHU
Piti6 Salpdtridre, 91 Bd de I’Hopital, F-75634 Paris Cedex 13,

CONTRIBUTIONS OF PROTEIN KINASE A AND PROTEIN
KINASE
C
TO
SEROTONERGIC
INHIBITION
OF
HYPERPOLARIZING SPIKE AFTERPOTENTIAL IN RAT JAWCLOSING MOTONEURONS.
T. Inoue1*. S, Itoh2. Y, Kang4^
Ogawa3. M. Saito1. T. Morimoto1.
Depts of ’Oral Physiology,
2Orthodontics and 3Prosthodointics, Osaka Univ. Fac. Dent.; Suita,
Osaka 565-0871; and 4Dept of Physiology, Faculty of Medicine, Kyoto
University, Kyoto 606-8315, Japan
Intracellular recordings were obtained from rat jaw-closing
motoneurons in slice preparations to examine the contributions of protein
kinase A and protein kinase C to the effects of serotonin (5-HT) on the
post-spike afterhyperpolarization (AHP). Application of 50-200 pM 5HT inhibits the AHP dose-dependently and the effects of 5-HT on AHP
was enhanced under raised [Ca2+]o. The 5-HT-induced attenuation of
the AHP could be mimicked by application of 8-Bromo-cAMP, a
membrane-permeable cAMP analog, potentiated by Ro 20-1724, a
cAMP-specific phosphodiesterase inhibitor, and antagonized by H89, a
protein kinase A (PKA) inhibitor. The enhancement of 5-HT-induced
attenuation of the AHP under raised |Ca2+Jo was blocked by
chelerythrine, a protein kinase C (PKC) inhibitor. On the other hand, the
attenuation of the AHP induced by phorbol 12-myristate 13-acetate, a
PKC activator, was almost completely blocked by H89, suggesting that
PKC-induced attenuation of the mAHP is mediated by PKA activation.
We conclude that 5-HT induces attenuation of the AHP through cAMPdependent activation of PKA, and that PKC-dependent PKA activation is
likely to be responsible for the enhancement of 5-HT-induced attenuation
of the AHP under raised [Ca2+]o. (Supported by Ministry of Education,
Science and Culture; Japan)

CLONIDINE INHIBITS DORSAL RAPHE

FRANCE

The a2-adrenoceptor agonist clonidine (CLO) is known to decrease
5-HT cell firing in the dorsal raphe nucleus (DRN), and forebrain 5HT release in vivo. This has been suggested due to i) decrease in the NA
a-i-adrenoceptor mediated facilitatory drive on the 5-HT cells, and ii)
activation of release-modulating a2-heteroreceptors on forebrain 5HT terminals. However, many a2-adrenoceptor active drugs, including
CLO, possess significant affinity for 5-HT!a receptors, which could in
part explain the effect of the drug on central 5-HT neurotransmission.
To further elucidate the action of CLO on 5-HT neuronal activity in DRN,
we performed in vitro single-unit extracellular recording from 5-HT
neurones in brain slices of male Sprague-Dawiey rats. CLO (100nM30pM) dose-dependently inhibited firing in the DRN 5-HT neurones in
vitro with an EC50 of 4.32. This response may involve 5-HTia receptor
activation by CLO, since in preliminary experiments pre-perfusion
with the 5-HTia receptor blocker WAY 100635 (30nM) partly
attenuated the effect, whereas the a2-adrenoceptor antagonist
mirtazapine (10-30pM) was ineffective. We therefore suggest that CLO
may behave as an agonist at somatodendritic 5-HT! a autoreceptors, but
that also other properties of the compound may contribute to its effect
on 5-HT neuronal firing in the DRN. Further studies on this issue are
warranted in order to assess the involvement of 5-HTia autoreceptors,
ar and/ or a2-adrenoceptors in the response of DRN 5-HT neurones to
CLO.
Supported by the Sw. MRC, EC Biotech (BlO4CT96-0752)/STINT &
the Lars Hierta foundation.
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SEROTONERGIC MODULATION OF INTERNEURONAL FUNCTIONS IN RAT
VISUAL CORTEX. Z. Xiang*, J, R. Huguenard, and D. A. Prince, Department of
Neurology & Neurological Sciences, Stanford University, Stanford, CA 94305.
Neocortical intemeurons are major targets for ascending serotonergic
innervation, however, the effects of serotonin (5-HT) on the inhibitory network have
not been completely assessed. We examined the actions of 5-HT on excitability of
two subgroups of layer V intemeurons in visual cortex, low threshold spike (LTS)
cells and fast spiking (FS) intemeurons, to test the hypothesis that 5-HT might
differentially affect specific intemeuronal subtypes. Experiments were done on slices
(Pl4 -17), using standard whole-cell recording techniques, local “puff” application
of 5-HT, together with biocytin-containing electrodes to allow subsequent
reconstruction of cell morphology.
Local application of 5-HT evoked an outward current in all responsive LTS cells
(17/22) and in 9 of 26 FS cells, an inward current in 10 of 26 FS cells, and an inward
followed by an outward current in another FS cell. The outward current in LTS and
FS cells was associated with an increase in membrane potassium conductance, and
was blocked by the 5-HTIA receptor antagonist NAN-190 (2 pM). The 5-HTinduced inward current in FS cells was blocked by 3 pM tropisetron, suggesting that
it was mediated by 5-HT3 receptors. The time-to-peak was much shorter for the 5HT induced inward current (< 0.5 s) than the outward current (> 5 sec). Local
application in layer V of the 5-HT3 receptor agonist mCPBG (30-50 pM) increased
the frequency of fast, large amplitude spontaneous IPSCs in layer V pyramidal cells,
presumably due to depolarization of FS intemeurons in that layer.
Results show that 5-HT has a differential modulatory action on excitability of
two intemeuronal subtypes. Serotonergic activation could generate a time-dependent
modulation of cortical network activity. The fast excitation in FS cells would first
cause a shunting inhibition in the pyramidal cells followed by a disinhibition due to
hyperpolarization of both FS and LTS cells. In addition, as previously reported, 5-HT
can directly excite pyramidal neurons. Thus, serotonergic activation could gate
cortical information processing in a time-dependent manner. It is remarkable that the
effects of 5-HT on LTS cells and some FS neurons are opposite those of another
modulator, acetylcholine. (Supported by NIH grants NS10474, NS12151 and 06477,
and Morris and Pimley research funds).

EFFECTS OF 5-HT ON NEURONAL ACTIVITY IN THE MEDIAL
PREFRONTAL CORTEX. M. Hajos*. S.E. Gartside and T. Sharp.
Department of Clinical Pharmacology, University of Oxford, Radcliffe
Infirmary, Woodstock Road, Oxford, UK.
Recently we have described a direct pathway from the medial prefrontal
cortex (mPFC) to the midbrain raphe nuclei, and showed that the mPFC can
modulate the activity of the majority of raphe 5-HT neurones (Hajos et al.,
Neuroscience, 87:95, 1998). In order to reveal a possible reciprocal
interaction between the mPFC and 5-HT neurones, in the present
experiments, we analysed the influence of endogenous 5-HT on the activity
of mPFC neurones.
Extracellular single unit recordings were performed of mPFC neurones
from chloral hydrate anaesthetised rats and their responses to electrical
stimulation of the dorsal raphe nucleus (DRN) were analysed by
peristimulus time histograms. The effects of DRN stimulation (1 Hz, 0.2
ms, 1 mA) were determined on 122 neurones recorded in the ventral (105) or
dorsal (17) subregions of the mPFC. The majority of cortical neurones (89
of 122) were inhibited with a peristimulus inhibition of 185 ±17 ms.
Inhibition was followed by a (rebound) activation in approximately one third
of the neurones. The poststimulus inhibition of mPFC neurones was
attenuated by the 5-HTja receptor antagonist WAY 100635 (0.1 mg/kg,
n=7) or NAD-299 (2 mg/kg, n=4) but not the 5-HT2 receptor antagonist
ketanserin (4 mg/kg,, n=6). Facilitation was evoked only in a small
proportion of neurones recorded (8 of 122). Some mPFC neurones (10 of
122) were activated antidromically. Stimulation of the DRN with currents
subthreshold to antidromic activation evoked inhibition in 8 of 10 tested
neurones.
In summary, our findings indicate the possibility of a reciprocal
interaction between 5-HT neurones and mPFC pyramidal neurones.
(Supported by the Medical Research Council, U.K.)

174.7

174.8

ENDOGENOUS 5-HT TONICALLY SUPPRESSES FIRING ACTIVITY OF
DORSAL HIPPOCAMPUS CAI PYRAMIDAL NEURONS IN QUIET AWAKE
RATS: IN VIVO ELECTROPHYSIOLOGICAL EVIDENCE. T. Suzuki, K. Kasamo,
N. Ueda, K. Tada*r T. Kojima. Dept. of Neuropsychiatry, Nihon Univ. Sch. of Med.,
Tokyo, 173-8610 Japan.
The aim of the present study was to examine effects of endogenous 5-HT on
spontaneous firing activity of dorsal hippocampus CAI pyramidal neuons in quiet
awake rats. Male adult Wistar rats were anesthetized with pentobarbital. Two
tungsten electrodes fixed to a microdrive were inserted to the dorsal hippocampus.
One week after the surgery, the animals were subjected to drug administrations and
the firing event recording under a free-moving condition. A selective 5-HTI A
antagonist WAY-100635 (0.03-0.2 mg/kg, s.c.) significantly increased the firing
frequency. A 5-HT2A antagonist ritanserin (1 mg/kg, s.c.) and a 5-HT3/4 antagonist
SDZ-205557 did not modify the increasing effect of WAY-100635, thereby ruling out
the involvement of 5-HT2 A and 5-HT4 receptors in the increasing effect of WAY100635. A selective depletion of endogenous 5-HT with PCPA (500 mg/kg/d, i.p. x
3 d) abolished the increasing effect of WAY-100635, indicating the involvement of
endogenous 5-HT. Furthermore, the baseline firing frequencies of the pyramidal
neurons recorded from the 5-HT depleted rats were significantly higher than those
from the naive rats. These data indicate that endogenous 5-HT exerts tonic
inhibition on the spontaneous firing activity of dorsal hippocampus CAI pyramidal
neurons of quiet awake rats through stimulating 5-HTI A receptors. This work was
supported by grants from the Japanese Ministry of Education and the
Pharmacopsychiatry Research Foundation.

SEROTONIN REDUCES TIME-DEPENDENT INWARD RECTIFICATION (Ih) IN
VENTRAL TEGMENTAL AREA DOPAMINE NEURONS. Z. P. Liu. S, B. Appel and
M. S. Brodie*. Department of Physiology and Biophysics, University of Illinois at
Chicago, College of Medicine, Chicago, IL 60612.
The ventral tegmental area (VTA) receives serotonergic innervation from the Raphe
nuclei and our previous studies have shown that serotonin can potentiate both ethanol
excitation and dopamine inhibition of dopaminergic (DA) VTA neurons. In the present
study, coronal brain slices containing the VTA were prepared from male, Fischer 344 rats
(90 -150 g) and whole cell patch clamp recordings were made from VTA DA neurons.
In current clamp mode (Axoclamp 2A amplifier) VTA DA neurons were identified by
their characteristic action potential waveform and slow, regular spontaneous firing rate
(0.9 - 1.6 Hz) and inhibition by dopamine (10-20 pM). VTA DA neurons showed the
characteristic time-dependent inward relaxation (“sag") on voltage responses negative to
about -70 mV which is due to the hyperpolarization-activated cationic current Ih. Ih could
be blocked by external application of cesium (5 mM, n = 8). The magnitude of Ih was
estimated as the difference between the peak and steady-state voltage response (sag
amplitude) evoked by hyperpolarizing current pulses, and was plotted as a function of the
peak voltage attained. V/I curves for peak and steady-state responses were also
constructed. Bath application of serotonin (50 - 500 pM) reduced the sag amplitude in
6 of 6 VTA DA neurons tested. In cells receiving multiple serotonin concentrations (50,
100, 300 and 500 pM) the reduction in sag amplitude was concentration-dependent
(n=3). The mean percent reduction in sag amplitude was 30.7 ± 4.7% (n=3) for 100 pM,
51.5 ± 9.8% (n=4) for 300 pM and 61.2 ± 9.0% (n=5) for 500 pM serotonin. In voltage
clamp studies, others have reported serotonin-induced enhancement of Ih in some VTA
DA neurons. Whole cell voltage clamp studies will be performed to further characterize
the serotonin-induced reduction in Ih, observed under the conditions of our present study.
PHS Grant Support: AA05846 (S.B.A.) and AA09125 (M.S.B).

174.9

174.10

SEROTONIN, VIA 5-HT2 RECEPTORS, INDUCES AN INCREASE
IN SPONTANEOUS IPSCs IN 5-HT CELLS OF THE DORSAL
RAPHE NUCLEUS (DRN) R.J. Liu. T. Jolas. G.K. Aghajanian* Dept.
of Psychiatry, Yale School of Medicine, New Haven, CT 06508.
Serotonin (5-HT) can induce an increase in spontaneous postsynaptic
currents (PSCs) in 5-HT neurons of the DRN. By intracellular voltageclamp recordings in rat brain slices, three response patterns were
observed: no effect, an increase in excitatory PSCs (EPSCs), and/or an
increase in inhibitory PSCs (IPSCs). In 53 of 130 serotonergic neurons
(in the presence of CNQX to block EPSCs), 5-HT increased both IPSC
frequency (+165%, p<0.0001) and amplitude (+20%, p<0.05). These
effects were blocked by the GABAa receptor antagonist bicuculline
(lOpM) and by the fast sodium channel blocker TTX. The selective 5HT2A antagonist MDL100907 (30nM, 25min) substantially reduced the
5-HT-induced increase in IPSCs (-61%; n=ll, p<0.01) while the
selective 5-HT2C antagonist SB242084 (30 nM, 25min) was less
effective (-23±3.2%); the effects of combined drug application were
additive, suggesting involvement of both 5-HT2A and 5-HT2c receptors.
The phenethylamine hallucinogen DOI, a partial agonist at 5-HT2A/2c
receptors, also induced an increase in IPSCs. These results indicate that
5-HT, via 5-HT2A/2C receptors, excites GAB Aergic intemeurons in the
DRN. Increased GABA tone may explain the indirect suppression of
firing of a subpopulation of 5-HT cells in the DRN induced by
phenethylamine hallucinogens in vivo.
Supported by NIMH.

SEROTONIN RECEPTOR MODULATION OF Ca 2+ DYNAMICS IN
MOUSE NEONATAL HYPOGLOSSAL MOTONEURONS IN VITRO
P. M. Lalley .*,. T. Ladewig. and B.U. Keller Univ. Goettingen, FRG.
5HT-mediated calcium signaling was investigated in hypoglossal
motoneurons (HGMNs) in brain stem slices of 2-5 day-old mice.
Electrophysiological activity and associated calcium changes evoked by
bath-applied 5HT receptor agonists were measured by simultaneous
patch clamp recordings and microfluorimetric calcium (fura-2) imaging.
5HT (5-50 uM) evoked action potentials (APs) and calcium elevations in
somatic and dendritic compartments with similar spatiotemporal profiles,
suggesting that AP-induced calcium influx is critical for the evolution of
HGMN responses to 5HT. In voltage clamp mode (HP, -65 mV), bath
application of 5HT produced a steady inward current without any change
in basal dendritic or somatic [Ca]i. However, depolarisation-induced Ca
responses in soma and dendrites were notably reduced after 5HT
application. Application of the 5HT-2A receptor agonist alpha-Me-5HT
(25,56 uM) evoked current and calcium responses that were comparable
to those produced by 5HT. In contrast, the 5HT-1A receptor agonist 8OHDPAT (25, 50 uM) had no effect on resting MP or basal [Ca]i, but
still depressed evoked Ca responses in current- and voltage-clamp
modes. Block of voltage-dependent Na-channels by TTX abolished basal
Ca responses to 5HT and alpha-Me5HT, confirming that AP-induced
calcium influx is essential. Results of this study support tthe following
conclusions: (1) 5HT receptor activation represents a critical determinant
of global Ca dynamics in mouse HGMNs (2) the spatiotemporal profile
of 5HT-mediated Ca responses is strongly shaped by AP-induced
calcium influx, (3) 5HT-1A and -2A receptor subtypes modulate calcium
responses in neonatal HGMNs. Supported by DFG, SFB.
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SEROTONIN INHIBITS THE H-CURRENT OF GABA
NEURONS IN THE VENTRAL PALLIDUM.

REGULATION OF Ih BY SEROTONIN IN THE ANTERODORSAL
THALAMUS. E. Chapin , R. Andrade*Wavne State University,
Detroit, MI 48201.

C.P. Bengtson. J.R. Keast*. P.B. Osborne. Dept of Physiology and
Pharmacology, Univ. of Queensland, Saint Lucia 4072, AUSTRALIA.
The Ventral Pallidum is a basal forebrain nucleus involved in
motivation, reward and addiction. The area receives dense afferent
innervation from the midbrain raphe nucleii and contains spiny
projection neurons which immunolabel for either choline acetyl
transferase or GABA. Patch clamp recordings were made from the
GABA neurons in brain slices from 8 to 18 day old Wistar rats. In
current clamp, 5-HT caused membrane depolarisation. In voltage
clamp, over 80% of cells showed two conductance changes. (1) An
inward current which reversed at potentials positive to -30mV and was
not blocked by extracellular Cs+ or Ba**. (2) A reduction in the h
current which was blocked by Cs* but not by Ba**. Augmentation of
the h current by 5-HT has previously been shown in several other
neuronal preparations.
Similar conductance changes were seen in response to 5-CT and
5-methoxytryptamine but not to DOI, mCPP or TMFPP. 5-HT
responses were not blocked by pindolol or MPPI and partially blocked
by clozapine, indicating that both conductance changes are most likely
mediated by a 5-HT7 receptor.
(Supported by NHMRC project grant no. 9711263)

Previous studies have found that serotonin can modulate the
hyperpolarization activated non-selective cation current Ih in
many regions of the brain including the thalamus. This effect
was found to be signaled by increases in cAMP. However, the
serotonin receptor subtype that mediates the activation of Ih has
not been found. Among the three families of serotonin receptor
subtypes that can positively regulate cAMP, the 5-HT7 subtype's
mRNA is in high concentrations in the anterodorsal thalamus
(AD). Therefore, we are examining the 5-HT7 subtype's
potential role in modifying Ih in the AD. Whole cell recordings
were obtained from the AD in in vitro brain slices. We have
found that serotonin as well as 5-CT can shift the voltage
activation curve of Ih to more depolarized potentials. We have
previously found that serotonin can induce a slow membrane
depolarization and inward current in the AD and that this effect
has a similar pharmacological profile to the 5-HT7 receptor.
Therefore we are continuing to characterize the receptor subtype
modulating Ih in the AD as well as examining the role of Ih in
activating the inward current.
Supported by NIH grant MH43983.

174.13
COMPARATIVE ANALYSIS OF SEROTONIN’S ACTION IN CAT, FERRET
AND MONKEY PULVINAR. J.E. Monckton* and D.A, McCormick, Section of
Neurobiology, Yale Univ. School of Medicine, New Haven, CT 06510.

The pulvinar is the most posterior of the thalamic nuclei and it receives strong
serotonergic innervation from the raphe. Serotonin release is increased during waking
and increased attentional states and thus may influence the function of the pulvinar, a
nucleus thought to be involved in attention. In order to better understand the role of
serotonin in this nucleus we have examined its action on neuronal biophysical
properties in the in vitro slice preparation in ferret, cat and primate.
Examination of electrophysiological properties of thalamocortical neurons in the
three species studied demonstrated similarities as well as differences. In all three
species, hyperpolarization resulted in the activation of a time-dependent depolarizing
"sag", presumably resulting from the activation of the h-current (Ih). In addition,
removal of this hyperpolarization generated a rebound low threshold Ca2+ spike.
Interestingly, in primate (but not ferret or cat) pulvinar neurons, this low threshold
Ca2* spike was followed by a prominent afterhyperpolarization of 70-100 msec
duration, and therefore the primate cells tended to oscillate at around 10 Hz.
Studies in the ferret pulvinar have revealed a hyperpolarizing action of 5-HT. In
order to determine the generalizability of these findings we extended our examination
to the cat and monkey. Local application of 5-HT in both species caused an increase
in the amplitude and frequency of the background IPSPs, but in contrast to the ferret
the predominant action is a depolarizing one. The depolarization is accompanied by a
decrease in Rin and voltage clamp analysis showed a marked increase in Ih. These
findings are consistent with the ability of 5-HT to enhance Ih in the ferret lateral
geniculate nucleus. These results show that there are species specific differences in
thalamic physiology, and pharmacology that might effect attentional processes
differentially. Supported by NIH grant RO1-NS-26413.

PEPTIDE RECEPTOR STRUCTURE AND FUNCTION: GENETICS AND OTHERS
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DEFICIENT IN GALANIN SY. Ma1*, D. Wynick2, E.J Mufson1, ’Dept. of
Neurological Sciences, Rush-Presbyterian St. Luke’s Medical Center, IL
60612 and 2Dept. of Medicine, Bristol University, UK
Galanin (GAL), is a 29 amino acid neuropeptide that co-localizes with
choline acetyltransferase (ChAT), in the rodent cholinergic basal forebrain
(CBD. Recent data from behavioral, neurobiologie, and neuropathologie
studies have suggested that GAL plays an important role in the modulation
of CBF neurons; a population of neurons critical to normal cognitive and
attentional processes. In an attempt to better understand the means by
which GAL-interacts with the CBF system, we used unbiased stereological
procedures to count the total number of ChAT and p75NTR CBF
immunoreactive (ir) neurons and measure the volume of these neurons in
GAL knockout mice. GAL knockout mice (n=6) displayed a significant
reduction of ChAT-ir neurons in the medial septum (34%) and vertical
limb of the diagonal band (36%) as compared to wild type mice (n=6).
GAL knockout mice also displayed a significant reduction of ChAT-ir
neuronal volume (pm3) only in nucleus basalis (21%) as compared to wild
type mice. In contrast, there was no significant changes neither in total
number of p75NTR-ir neurons nor in perikaryal volume in mice lacking
GAL (n=5) relative to wild type mice (n=5). These results indicate that
deletion of GAL from the mouse genome has selective effects on the
expression of ChAT, but not the low affinity p75NTR receptor. These data
support the concept that GAL plays a neuromodulatory role in CBF
function. Supported by AG 10688 and AG09466.
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DIFFERENTIAL REGULATION OF BRAIN NPY RECEPTORS IN
NPY KNOCK-OUT MICE. P. Trivedi, H. Yu, M. Trumbauer, H, Chen,
L.H.T. Van der Ploeg and X.-M. Guan*. Dept. of Obesity Research,
Merck Research Laboratories, Rahway, NJ 07065
The NPY knock-out (NPY KO) mice display normal feeding behavior
and body weight control, but are more susceptible to spontaneous and
pharmacologically induced seizures. In search for potential
compensatory mechanism in these mice, the expression and binding of
various NPY receptors in the brain were examined by in situ
hybridization and receptor autoradiography. While significant changes of
mRNA encoding NPY Yl, Y4, Y5 and Y6 receptors could not be
detected in the NPY KO mice, a marked up-regulation of NPY Y2
receptor mRNA expression was observed in several brain regions, most
noticeably in the CAI region of the hippocampus. Receptor
autoradiography revealed a marked increase (approximately 2-5 fold) in
I25I-PYY3-36 binding, which was displaced by Y2 selective agonists
NPY 13-36 and C2-NPY, throughout the brain. Most significant increases
were observed in the hypothalamus, striatum, nucleus of accumbens,
cerebral cortex and hippocampus. In addition, a slight increase of NPY
Yl receptor binding was observed in the NPY KO brain. The results
suggest that NPY may exert an inhibitory regulation on Y2 receptor
expression levels. Whether increased Y2 receptor expression affects
feeding behavior of the NPY KO mice and/or modulates seizure activity
as seen in this animal model requires further investigation.
Supported by Merck & Co., Inc.
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PRELIMINARY OBSERVATIONS OF PHENOTYPIC ALTERATIONS IN

BRAIN SOMATOSTATIN RECEPTORS (SSTRs) ARE UP-REGULATED IN
THE SOMATOSTATIN (SST) DEFICIENT MOUSE. J.L, Ramirez.1 R, Sasi1, U.
Kumar1, R. Mouchantaf. V. Otero2, M. Rubinstein2. M.J Low3, and Y.C, Patel1*.
’Fraser Labs, McGill Univ, Montreal, Canada; 2INGEBI-CONICET, Buenos Aires,
Argentina;3Vollum Institute, Oregon Health Sci. Univ., Portland OR.
We have previously reported that SSTR1-5 expressed in CHO-K1 cells are
differentially regulated by SST. SSTR2,3,4,5 undergo rapid endocytosis whereas
SSTR1 is not internalized but is instead upregulated at the membrane during
continuous (24 h) SST treatment. In Alzheimer’s (AD) brain cortex, however, there
is generalized loss of both SST and SST binding sites. To determine the relationship
between SST loss and endogenous SSTRs, here we have investigated the regulation
of brain SSTR1-5 in the SST knockout (SST -/-) mouse. These mice showed 97%
reduction in brain SST immunoreactivity compared to control +/+ mice. The small
residual immunoreactivity was due to cortistatin whose mRNA was unaltered in the
-/- mice. Analysis of total brain membrane SSTRs with [l25I-LTT] SST-28
radioligand showed 82% increase in Bmax in -/- mice (25.6 fmol/mg protein) vs
SSTR mRNA (pixel density ratio SSTR/actin) * p < 0.05
SSTR1
SSTR2
SSTR3
SSTR4
SSTR5
SST+/+
1.6 ±0.1
1.2 ±0.2
0.42 ±0.03 0.24 ±0.03 0.14±0.02
SST-/1.8 ±0.6
2.6 ±0.5* 0.29 ±0.04* 0.25 ±0.07 0.26±0.02*
+/+ mice (14.03 finol/mg protein). Analysis of SSTR1-5 mRNA by semiquantitative
RT-PCR showed in - /- mice significant 116% and 83% increases for SSTR2 and 5,
a 30% decrease in SSTR3 mRNA and no change in SSTR1 or 4 mRNA. These
results demonstrate that unlike human AD cortex, endogenous SST deficiency in the
SST -/- mouse induces brain membrane SSTRs. This increase is due to selective
upregulation of the SSTR2 and 5 subtypes. (Supported by NS32160 and Medical
Research Foundation of Oregon).

THE PACi RECEPTOR KNOCK-OUT MOUSE. F. Sundler1 , H. Jongsma1,
N. Danielsen1, M. Reimer2, M. Kanie2, J. Bockaert3. N. Rodrieuez-Henche3,
F. Jamen3 and P. Brabet3. Depts of Physiological Sciences and 2Animal
Physiology, Lund Univ, Lund, Sweden, 3UPR 9023 CNRS, Montpellier, France.
Pituitary adenylate cyclase activating peptide (PACAP) is widely expressed in the
nervous system, eg PACAP containing pre-ganglionic nerve fibers are found in the
superior cervical ganglion (SCG) and in the adrenal medulla. The peptide has been
invoked in nerve regeneration, neuron survival and nociception. Three different
receptors have so far been identified, PACi with high affinity for PACAP, and
VPACi and VPAC2 which also bind VIP. PACi is highly expressed in the adrenal
medulla and SCG. In the present study we investigated phenotypic alterations of a
PACi receptor knock-out mouse. These mice have a decreased fertility and about
two thirds of their litter die of unknown causes within the first 3-4 week period after
birth. Adult PACi receptor knock-out mice showed no 125I-PACAP binding in SCG
and no PACi mRNA was detectable in SCG or in adrenal medulla by in situ
hybridization. Further, in situ hybridization studies revealed that the mRNA levels
for NPY and tyrosine hydroxylase were markedly reduced in the adrenal medulla.
The PACAP content was not overtly changed. Nerve regeneration studies
demonstrated no differences in axonal outgrowth length both in vivo and in DRG
and SCG explant cultures as compared to control experiments in wild type mice.
The data indicate a reduced sympatho-adrenal activity and it is not inconceivable
that this reduction may be of relevance for the increased pup mortality in PAC]
deficient mice.

Supported by grants from Swedish MRC and NFR, and EU (Biotech, PL 970517).
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GENERATION AND ANALYSIS OF NEUROTENSIN 1 RECEPTOR DEFICIENT
MICE. H. Maeno 1,2,*Y-J. Sun 1'2, M. Yamano3, H. Qgura4 , H. Kiyama 5

AGONIST INDUCED ENDOCYTOSIS OF SOMATOSTATIN RECEPTOR SST2A
IN THE RAT BRAIN IN VIVO. Z, Csaba. M.T, Bluet-Paiot. J. Eoelbaum* and P.
Doumaud. INSERM U159, 75014 Paris, France
So far, most of the evidence that G protein-coupled receptors undergo agonist induced
internalization comes from cellular expression systems. Recently, we have shown that
the subcellular localization of the sst2A receptor in the rat brain appeared dependent
upon endogenous somatostatin (SRIF) innervation. In regions displaying low densities
of SRIF terminals, sst2A receptors were diffusely distributed in the neuropil and
predominantly associated with the plasma membrane. Withm regions rich in SRIF
axon terminals, sst2A receptors were predominantly intracellular. Taken together, these
results suggest that endogenous SRIF may induce internalization of cell surface
receptors. To test this hypothesis we stereotaxically injected SRIF-14 and octreotide (a
sst2-preferring ligand) (1 nmol each) in 3 regions previously found to display
membrane-associated receptors (cortical layers V-VI, endopiriform and basolateral
amydaloid nuclei). Sst2A receptor immunoreactivity (IR) was followed using a Cterminally directed antibody (segment 339-356) at different times after injection (5, 10,
15, 30, 60 min and 6, 12, 24 hr). Exogenous agonist injection induced a rapid (<10
min) and massive redistribution of sst2A-IR in all three regions studied. At the
regional level, the diffuse distribution pattern was no longer observed, immunolabeled
receptors being confined to neuronal perikarya and dendrites. At the cellular level, an
intense immunoreactive signal was found associated with intracytoplasmic granules
both in soma and proximal dendrites, presumably corresponding to subcellular
compartments involved in intracellular trafficking of the receptor. Interestingly, agonist
induced change in sst2A-IR pattern was reversible. Diffuse immunostaining was again
apparent 24 hr after injection, suggesting recovery of the receptors to the cell surface.
These results suggest that membrane-associated sst2A receptors undergo rapid
endocytosis after agonist stimulation in vivo and are cycled back to the cell membrane
due to probable clearance of the agonist.
Supported by INSERM.

and K.Wada1 . 1Div. of Digen. Neurol. Dis, National Institute of
Neuroscience, NCNP. , Tokyo, Japan 187-8502.; 2Japan Science and
Technology Corporation.; 3 Osaka Pref. College of Health Sci.;4 Dep.
Anatomy Asahikawa Medical College.; 5Tsukuba Research laboratories,
Eisai Co. ltd.

Neurotensin (NT) consists of 13 amino acids and plays as a
neurotransmitter or a neuromodulator in the central nervous system
and the peripheral organs. Exogenous application of NT evokes wide
range of biological activities. For instance, hypothermia ,
hyperglycemia, muscle relaxation, antinociception and catalepsy are
mediated through neurotensin receptors. Recent molecular cloning
revealed high affinity receptor for NT ( NT1R ) and low affinity
receptor NT ( NT2R ) in human, rat and mouse. However which NT
receptor mediates different NT activities in vivo is controversial. In an
attempt to know NT function in vivo directly, we decided to generate
NT1R knock out mouse. Targeting vector with a cassette expressing the
neomycin-resistance gene was constructed to replace the genomic
sequence encoding a part of the putative the 5th and 6th transmembane. Embryonic stem cell clones with homologous recombination
at the NT1R locus was verified by Southern blot analysis of genomic
DNA, and injected into blastocysts. Homozygous mutant mice were
generated through standard procedures and analyzed.

175.7

175.8

PERSISTENT DOWNREGULATION OF CORTICOTROPIN-RELEASING
FACTOR, (CRF) RECEPTORS FOLLOWING ACUTE CRF TREATMENT OF
THE HUMAN NEUROBLASTOMA CELL LINE (IMR-32). P.H. Roseboom*, C.M.
Urben, and N.H. Kalin Dept. of Psychiatry, Univ. of Wisconsin, Madison, WI 53719.
Brain CRF systems integrate a variety of responses to stress. Stressful events early
in life may affect the sensitivity of CRF systems into adulthood. For example, rat
pups exposed to the stress of maternal deprivation maintain a downregulation of
anterior pituitary CRF receptors into adulthood, which may result from exposure to
high levels of released CRF during the initial stress. Similarly, we report here that
acute treatment of IMR-32 cells with CRF induces a CRF, receptor downregulation
and desensitization that persists indefinitely following removal of the agonist.
We have reported that CRF treatment of IMR-32 cells results in downregulation of
CRF, receptors and desensitization of CRF, receptor-coupled adenylate cyclase.
Treatment of cells with 100 nM CRF for 10 min, 1 hr or 6 hr resulted in a
downregulation of CRF, receptor number. Following the 10 min treatment, recovery
of CRF, receptors was complete within 1 hour of agonist removal. In contrast,
following the 1 or 6 hour treatments, CRF, receptors failed to return to control levels.
Treatment of cells for 6 hr decreased CRF, receptors to 16 ± 2% of control values.
Twelve hours after removal of CRF from the media, CRF, receptors had returned to
60 ± 9% of control values. However, even after 3/4 days of recovery, CRF, receptors
were still at 59 ± 11% of control values. In addition, after 24 hours of recovery, 10
nM CRF-stimulated cAMP production in CRF-pretreated cells was only 59% of that
seen with control cells, indicating CRF, receptor-coupled adenylate cyclase was still
desensitized. These data suggest that exposure of IMR-32 cells to CRF for 1 or 6
hours produced a long-term change in the sensitivity of the CRF receptor-coupled
adenylate cyclase system. Further studies examining the mechanisms underlying this
persistent downregulation may provide insights into in vivo mechanisms underlying
persistent changes in the sensitivity of CRF systems following exposure to stress early
in life (Supported by NIH Grant MH40855 and UW HealthEmotions Research Inst.).

Vasopressin
sensitization
process
in A7r 5 cells : involvement
of the AVP
V,A receptors
? M-S Clerget-Froidevaux, A. Mouihate, Y, Takahashi and Q.J.
Pittman*. Neuroscience Research Group, Dept. of Physiol & Biophysics, University
of Calgary, Calgary, AB, Canada T2N 4N1
The in vivo effect of exogenous vasopressin (AVP) on the brain can be sensitized
by a previous injection of AVP. To explore the mechanism of this sensitization, we
have asked if the phenomenon could be elicited in vitro, using a smooth muscle cell
line (A7r5) well known for its high AVP Vla receptor (VlaR) expression. We used
phosphatidyl-inositol (PI) hydrolysis (measure of inositol-monophosphate (IP 1) and
inositol-triphosphate (IP3) levels) as an indicator of AVP action. During a preincubation step, A7r5 cells were exposed to either vehicle or AVP (10'11 M - 10"’M)
for various periods of time. After different latencies, the cells were submitted to a
subsequent stimulation by AVP (10"9 M or 10'7 M) and IP levels were determined.
Cells showed a significant IPI increase and a trend toward moderate IP3
augmentation mainly in these conditions: pre-incubation with AVP 10” M for 5 min,
followed by a latency of 6h before the second AVP application. In order to see if the
ViaR characteristics change during these sensitization conditions, we carried out
saturation binding experiments. Six hours after the 5 min pre-incubation step, [3H]
AVP (2. 10"’° M - 2.5 10"8 M) was applied to the cells for 30 min. Non-specific
binding was determined in presence of an excess of cold AVP. Binding characteristics
of VlaR on cells pre-incubated with AVP 10"11 M were as followed: Bmax = 99.20 ±
10.33 fmol/mg of proteins; Kd = 1.53 ± 0.15 nM. These values were not significantly
different of those obtained from vehicle pre-incubated cells (Bmax = 103.88 ± 14.68
fmol/mg of proteins; Kd = 1.82 ± 0.37 nM). We conclude that the sensitization
observed on A7r5 cells cannot be attributed to a variation in the number nor the
affinity of V|aR, but is most likely due to a change in the transduction mechanisms.
These results are in accordance with the in vivo results in brain.
This work was supported by MRC, Heart and Stroke Foundation of Canada,
Canadian Society of Hypertension and Fondation Del Duca, France.
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Mechanistic Analysis of Vasopressin-induced Neurotrophism in Cultured
Neurons of the Cerebral Cortex: Dependency on Calcium Signaling and Protein
Kinase Activation. Q. Chen*, R. Patel, A. Sales, G. Oji, J. Kim, and R.D. Brinton.

REGULATION OF Via VASOPRESSIN RECEPTOR mRNA AND
FUNCTION BY PROTEIN KINASE C IN CULTURED CORTICAL
NEURONS. M.C. Son*, S. Doulatov, and R.D. Brinton. Dept. of Molecular
Pharmacology & Toxicology, University of Southern California, Los Angeles, CA.
90033.
Our recent studies have demonstrated that Via vasopressin receptor (VlaR)
activation leads to induction of the phosphoinositide signaling pathway and a rise in
intracellular calcium in cortical neurons (Son et al. Brain Res., 1998). Protein kinase
C (PKC) was found to be a principal regulator of vasopressin (AVP)-induced
calcium signaling. We have pursued the regulatory role of PKC by investigating
AVP activation of PKC and the impact of PKC on VlaR mRNA expression in
cortical neurons. Cultured cortical neurons (Son and Brinton, 1998) were exposed to
Via receptor agonist for 2, 4, and 6 hrs followed by analysis of phosphoinositide
signaling pathway activation, PKC activation and semiquantitative RT-PCR of Via
receptor mRNA. Time course analysis of V, agonist-induced accumulation of
[3H]IPi showed that phosphoinositide signaling was desensitized within 2 hours of
pre-exposure to 250 nM Vi agonist (94.0% ± 2.4; p=0.77) compared to non-preexposed (136.5% ± 5.7; p<0.001). Preliminary results show that Via receptor
activation lead to peak activation of PKC in 1 min. RT-PCR analysis of VlaR
mRNA regulation indicated a gradual down regulation of VlaR mRNA expression
from 2 to 6 hours of exposure to 250 nM V, agonist. These results provide evidence
for a PKC dependent regulatory pathway that leads to short term and long-term
desensitization of the VlaR. Further analyses to determine the sites of PKC action
that lead to the desensitization effect. Supported by grants from the NSF (IBN9601248) and the Norris Foundation to RDB.

175.11

175.12

FUNCTIONAL CHARACTERIZATION OF CLONED CRF
RECEPTORS FROM A TELEOST FISH
S. Pohl*. M.G. Parlison and D. Richter. Institut fur Zellbiochemie und
klinische Neurobiologie, Universitat Hamburg, 20246 Hamburg,
Germany.
Corticotropin-releasing factor (CRF) and structurally-related peptides
such as urocortin interact with two distinct receptor types, named CRFRI and CRF-R2. Urocortin is a more potent activator of mammalian
CRF receptors than CRLF, and has been suggested to be the endogenous
ligand for CRF-R2. Interestingly, urocortin, which has to date only been
characterized in rat and man, exhibits 63% identity to the fish peptide
urotensin I, which is also a CRF receptor ligand. We have cloned and
functionally expressed two different CRF receptors from the chum
salmon Oncorhynchus keta (fCRF-Rl and fCRF-R2), which appear to
be the species homologues of the mammalian CRF receptors. However,
the general tissue distribution of the fCRF-Rl and fCRF-R2 mRNAs, as
determined by RT-PCR, is different from that seen in mammals. While
die fCRF-Rl mRNA is found in a variety of tissues, the fCRF-R2
transcript is restricted to brain and heart Pharmacological analysis of the
two salmon CRF receptors, stably transfected in HEK293 cells, has
revealed positive coupling to adenylate cyclase. CRF and urotensin I
have similar EC50 values for activation of both fCRF-Rl (7.0 ± 0.9 and
12.4 ± 1.9 nM, respectively) and fCRF-R2 (9.2 ± 0.4 and 24.4 ± 2.4
nM, respectively). Thus, the piscine CRF receptors do not seem able to
discriminate between CRF and urotensin I. Our data question the idea
that the CRF receptor ligands discussed above are selective in vivo for
either CRF-R1 orCRF-R2.
(S.P. was supported by a Stipendium from the DFG)

A PROTOCOL FOR LIGAND IDENTIFICATION FOR CORTICOTROPIN RELEASING FACTOR BINDING PROTEIN (CRF-BP)
USING WHOLE CELLS. J. J, Cordon*. H, C. Akunne. L, Liang. F.
Z. Chung. T. G, Heffner and T. A. Pugslev. Neuroscience
Therapeutics, Parke-Davis Pharmaceutical Research, Division of
Warner-Lambert Company, Ann Arbor, MI 48105

Department of Molecular Pharmacology and Toxicology, John Stauffer
Pharmaceutical Sciences, University of Southern California, 1985 Zonal Avenue, Los
Angeles, CA90033
Our previous studies have demonstrated X^a vasopressin (AVP) receptor expression
in the cerebral cortex, AVP-induced calcium signaling in the cerebral cortex and
AVP-induced neurotrophism in cultured cortical neurons (Yamazaki et al., 1997; Son
& Brinton, 1998 and Chen et al., 1996). Based on these findings, we investigated the
biochemical mechanism underlying AVP-induced neurotrophism in the cerebral
cortex. Occipital neurons derived from El8 rats were exposed to specific calcium
signaling inhibitors in the presence of a V] agonist (lOOnM) and neuronal outgrowth
quantitatively assessed. Results of these studies demonstrated that AVP-induced
neurotrophism was blocked in the presence of a selective Vi receptor antagonist
indicating that AVP-induced neurotrophism required Vi receptor activation. In
addition, inhibitors of calcium signaling were found to block AVP-induced
neurotrophism. Specifically, L-type calcium channel blockade, inhibition of IP3mediated Ca2+ release or inhibition of protein kinase C inhibitor effectively blocked
Vi-agonist-induced neurotrophism. In contrast inhibition of the protein kinase A
inhibitor Rp-8-Br-cAMPs had no effect on Vi-agonist-induced neurotrophism. Results
of these experiments indicate that vasopressin-induced neurotrophism requires
activation of the V, receptor, L-type calcium channels and both pathways of the
phosphatidylinositol signaling cascade, IP3 and protein kinase C. These studies
provide the first mechanistic analysis of AVP-induced neurotrophism and indicate
that a complex series of calcium signaling events are required for expression of the
neurotrophic effects of this mnemonic peptide. Supported by grants from the NSF
(IBN-9601248) and the Norris Foundation to RDB.

VISAS

175.14

PHARMACOLOGICAL CHARACTERIZATION OF VASOPRESSIN METABOLITE AVP4-9 RECEPTORS IN RAT HIPPOCAMPUS.
Y.Nakayama1*, Y.Takano2, Y.Shimohigashi3, S.Tanabe4, H.Kamiya2
and G.Tsuiimoto1
'Div. of Mol. and Cellular Pharmacol., Nat'l. Child. Med. Res. Ctr.,
Tokyo 154-8509, Japan; 2Fac. Pharmacol., Fukuoka Univ.; 3Fac. Sci.
Kyushu Univ.; 4Yakult Central Ins.
Arginine8-vasopressin (AVP)4-9, a major metabolite of AVP, has a
potent improvement effect of the learning and memory impairment in
rats. In the present study, we examined the effects of AVP4-9 on signal
transduction in the rat hippocampus. In analysis of competition studies,
[35S]AVP4-9 binding was inhibited by non labeled AVP4-9. Arginine8vasopressin and Vl antagonist did not inhibit the [35S]AVP4-9 binding
completely. In addition, we can not detected the specific [35S]AVP4-9
binding of the cloned receptor expressed cells. In dispersed cells of rat
hippocampus, AVP4-9 caused increases in cytosolic calcium concentration ((Ca2+]i). Under the extracellular Ca2+-free condition, AVP4-9
caused a slight elevation of [Ca2+]i. AVP4-9 also promoted inositol
1,4,5-trisphosphate (IP3) accumulation in hippocampal cells. These results suggest that AVP4-9 causes an increase in [Ca2+]i via a new type
of vasopressin receptor like V4, and this receptor may be Vl-like but
not traditional V1 vasopressin receptor.

Society

Although the exact physiological role of CRF-BP is not known, identification of
high affinity ligands for CRF-BP continues to be of interest. Using human CRFBP clone, we sought to develop a protocol for ligand identification. The assay is an
indirect displacement radioligand binding technique using cells with cloned CRF-1
receptors but in the presence of CRF-BP. High affinity ligands to CRF-BP will
generate increases in binding. Briefly, cloned human CRF-1 receptor transfected
in CHO cells were grown to confluency in an appropriate media. Confluent cells
were then washed extensively with a PBS buffer. Human cloned CRF-BP and test
agents were then added to each well, along with the radioligand (125I-CRF(h,r)).
Following 1 hr incubation, cells were washed again, 2% SDS was added and
counts determined. The increases in counts range from the highest total binding
counts expected (control) indicating high affinity binding to CRF-BP, to low
counts (non-specific), such as Tyr°-CRF(h,r). Data from reference agents showed
increases in binding (binding to CRF-BP) in the following order (increase in
affinity): a-helical CRF > r/h CRF > CRF 6-33 > astressin > urocortin > sauvagine
> Tyr°-CRF(h,r). This is a high throughput assay for identifying potential high
affinity ligands to CRF-BP. CRF-BP ligands identified by this method can then be
confirmed for specificity using another method, such as cross-linking assay with
antibodies to CRF-BP. (Supported by Warner-Lambert Co.).
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PROTEIN CHEMICAL CHARACTERIZATION OF THE N-TERMINAL DOMAIN
OF THE RAT CRF RECEPTOR 1. B.A, Hofmann*. K, Eckart, S, Sydow. T.
Liepold. and J, Spiess. Dept. of Mol. Neuroendocrinology, MPI Exp. Med., Hermann
Rein Str. 3, 37075 Goettingen, Germany
The neuropeptide CRF acting through its receptor (CRFR) plays a significant role
in the body's responses to stress. For ligand binding, the N-terminal domain of the rat
CRFR subtype 1 (rCRFRl-NT) and the third extracellular loop are important. Thus,
rCRFRl-NT was overexpressed in human embryonic kidney (HEK) 293 cells and used
to determine the location of disulfide bonds, the glycosylation sites, and to find
suggestive evidence for the signal peptidase (SP) cleavage site. HEK 293 cells were
stably transfected with a pcDNAIU vector construct coding for rCRFRl-NT Cterminally extended by a His-tag. The protein was secreted from transfected cells into
the culture medium and detected as a soluble protein by SDS PAGE and western blot.
By Edman degradation, the N-terminal sequence was determined. On the basis of the
sequence data, two forms of rCRFRl-NT were identified. The main form (2/3)
probably representing the SP cleavage product started with residue 24, the minor form
(1/3) with residue 25. Both forms were purified by Ni affinity chromatography and
RP-HPLC under nonreducing conditions. The molecular masses were measured by
electrospray mass spectrometry (ES-MS). For the glycosylated forms, masses in the
range of 18,400 - 19,200 D were found. After deglycosylation with endoH, masses of
12,686 and 12,774 D, respectively, were determined for the two forms. These values
were in agreement with the values (12,687.1 and 12,774.2 D) expected on the basis of
the cDNA data and under the assumption of the presence of five N-acetylglucosaminyl
residues. The ES mass spectrum of the nonreduced forms of rCRFRl-NT indicated the
presence of disulfide bridges, because the reduced protein showed a shift of the charge
envelope and an increased number of charge states in the spectrum as a result of
diminished constraints. Upon reduction the mean charge state of the protein shifted
from +10 to +13. Using purified rCRFRl-NT and combining ES-MS with Edman
degradation we found, that the first potential glycosylation site at Asn-32 was not
glycosylated, whereas the remaining five potential glycosylation sites were
glycosylated to an extent of 80 to 100%. (Supported by the Max Planck Society)
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175.15

175.16

DEVELOPMENT OF A NEW PHOTOACTIVATABLE LIGAND FOR
PHOTOAFFINITY LABELING OF THE CRF-BINDING PROTEIN.
Q-Jahn’L-K. Eckart, Q. Brauns, S. Sydow, and J. Spiess. Dept. of Mol.
Neuroendocrinol., MPI Exp. Med., Hermann Rein Str. 3, 37075 Goettingen, Germany
Corticotropin-releasing factor-binding protein (CRF-BP) prevents the actions of
corticotropin-releasing factor (CRF) in vitro (E. Potter et al., Nature 349 (1991), 423426). The high affinity interaction between CRF-BP and its natural peptide ligands
human/rat CRF and urocortin (Ucn) is characterized by an extremely slow off-rate.
Thus, CRF-BP may function as a "sink" reducing the bioavailability of the ligands for
the CRF receptor (A.V. Turnbull & C. Rivier, Proc. Soc. Exp. Biol. Med. 215
(1997), 1-10; for review see: K. Eckart et al., Current Med. Chem. (1999), in press).
For the structural investigation of the interaction between CRF-BP and its ligands
the N-terminally modified Ucn analog para-benzoyl(benzoyl) rat Ucn (pBB-rUcn) was
developed as a new photoactivatable peptide containing a benzophenone photoprobe.
Functional analysis revealed high affinity (K, = 2 nM) of the pBB-rUcn for
recombinant rat CRF-BP. By SDS PAGE combined with immunoblotting of the
photoreaction products, a photoadduct of 42 kD and a 37 kD species representing nonreacted CRF-BP were identified. In the presence of an excess of rUcn, but not of a low
affinity ligand such as ovine CRF, the formation of the photoadduct was specifically
suppressed. Under optimized irradiation conditions, the estimated photoreaction yields
were 10%. The photoreaction products were purified by Ni affinity chromatography
utilizing the C-terminal (His)6-sequence fused to recombinant CRF-BP. Covalently
photolabeled CRF-BP was identified by SDS PAGE of the photoadduct which was
detected by silver staining.
The relatively high photoreaction efficiency of the new ligand pBB-rUcn
specifically to CRF-BP is probably explained by the chemical advantages of the
utilized photoprobe. The benzophenone group is chemically more stable than other
photoactivatable groups such as diazo esters, aryl azides or diazirines. Furthermore it
reacts even in the presence of solvent water preferentially with unreactive C-H-bonds
leading to stable covalent photoadducts. (Supported by the Max Planck Society)

BINDING SPECIFICITY OF SAUVAGINE ANALOGS TO THE CRF
BINDING PROTEIN
K. Eckart*, O. Jahn, S. Sydow, Olaf Brauns, and J. Spiess. Dept. of Mol.
Neuroendocrinol., MPI Exp. Med., Hermann Rein Str. 3, 37075 Goettingen,
Germany
Corticotropin-releasing factor-binding protein (CRF-BP) and CRF
receptor 1 (CRFR1) differ in their structural requirements for high affinity
binding of their ligands (S. Sutton et al., Endocrinology 136 (1995), 10971102). hCRF binds with high affinity to CRF-BP (Ki < InM), whereas oCRF
is bound only with low affinity. It has been demonstrated that exchange of
the amino acid residues 22, 23, and 25 of hCRF by the corresponding
residues of oCRF changes the affinity of hCRF to that of oCRF and vice
versa. In contrast, sauvagine which exhibits only moderate affinity to CRFBP is more similar to hCRF than oCRF in the stretch of residues 21 to 24.
However, sauvagine differs with the sequence of residues 10 to 12 from the
corresponding stretch of hCRF. Thus, this stretch may be responsible for the
low affinity binding of sauvagine.
Therefore, we synthesized the sauvagine analogs [Ala21,23Arg22]sauvagine
and [Thr'°Phe11His12Ala21'23Arg22]sauvagine. In addition, the introduced
residues Thr10, Phe11, and His12 which are the corresponding residues of
hCRF were selectively replaced by the corresponding residues of sauvagine.
Furthermore, rat urocortin (rUcn) with Phe11 replaced by p-benzoyl-Phe
(pBF“rUcn) was synthesized. All peptides were purified by RP-HPLC and
characterized with mass spectrometry. The affinity towards CRF-BP was
measured using a binding assay based on charcoal separation of the bound
and free ligand. CRF-BP was expressed in HEK 293 cells utilizing a serum
free medium and was used for the assay without further purification.
Preliminary data favor the importance of residues 10 to 12 of sauvagine for
high affinity binding to CRF-BP. (Supported by the Max Planck Society)

175.17

175.18

DIFFERENT REARING CONDITIONS AFFECT THE DEVELOPMENT OF
CORTICOTROPIN RELEASING FACTOR (CRF) AND VASOPRESSIN
(AVP) SYSTEMS IN NON-HUMAN PRIMATES. M.M. Sanchez12*, L.J.
Young1, P.M, Plotskv1 and T.R, Insel1,2. 1 Dept. of Psychiatry & Behav. Sciences
and2 Yerkes Regional Primate Res. Center, Emory University, Atlanta, GA 30322.
We have previously characterized the localization of CRF, and CRF2 receptor
subtypes and of AVP receptors within the neocortex, amygdala, hippocampal
formation and pituitary of rhesus monkey (M. mulatto), suggesting that, in primates,
these receptors influence cognition, behavior, and pituitary-adrenal function. In the
present study we have focused on the effects of different rearing conditions on the
development of CRF, AVP and their respective receptors, as well as of pituitary
proopiomelanocortin (POMC), by means of receptor binding autoradiography and
in situ hybridization techniques already validated in primate tissue. Animals raised
individually in a nursery (NURS, n=4) from 2-12 months of age were compared to
age-matched subjects raised in a semi-naturalistic, social environment (CONTROL,
n=4). We have previously found alterations in behavior, hypothalamic-pituitaryadrenal (HPA) function, cognition, as well as in cross-hemispheric projections and
cortical white matter in the NURS group. The nursery-reared animals exhibited
increased CRF, receptor binding sites in the dentate gyrus of the hippocampus and
in the orbital prefrontal cortex, whereas no differences were detected in other
structures, such as pituitary, amygdala or hypothalamus. Interestingly, no
differences were found in the expression of either POMC mRNA in pituitary gland
or of CRF mRNA in the PVN. These results, indicate that CRF changes occur in
structures regulating cognitive and emotional processes rather than HPA function.
Preliminary results using a [125I] AVP V,A receptor ligand detected increased V,A
receptor binding sites in the prefrontal cortex of NURS animals, in parallel to the
increase found in CRF, receptor binding sites. We are currently analyzing the
effects on CRF2 receptor binding sites and on AVP (and its receptors), as well as on
CRF, and CRF2 receptor gene expression. [Supported by NIH RR 00165).

A NOVEL STRATEGY OF CONSTRUCTING RANDOM-PRIMED
DIRECTIONAL cDNA LIBRARIES H. Chen and R. Kamboi* Discovery
Biology Dept. Allelix, Mississauga, Ontario, Canada L4V1V7

175.19
FUNCTIONAL ANALYSIS OF THE SYNTHESIS AND MEMBRANE
INSERTION, OF A TRANSMITTER RECEPTOR IN ISOLATED AXONS.
&E,gp$pce$ N.J. Syed x E. van Kesteren „ W.PM Qeraerts , K, Lukowiak? J.
van Minnen . University of Calgary, 3330 Hospital Drive N.W.Calgaiy, Alberta,
Canada. T2N 4N1. 2Facuity of Biology, Vrije Universiteit, De Boelelaan 1087, ’081
HV Amsterdam, The Netherlands.
Neuritic protein synthesis plays a role in synaptic plasticity (Martin et al., Cell
91:927, (1997)), as does the sub-unit complement of post-synaptic transmitter
receptors following sensory experience (Quinlan et al, Nature Neuroscience
2(4):352 (1999)). Despite evidence that various receptor sub-unit mRNAs are
targeted to extra-somal compartments, studies demonstrating the local synthesis of
receptor proteins are lacking. We have previously shown that Lymnaea VF neurons
can synthesize and functionally express a foreign G-protein-coupled conopressin
receptor (CPR-2), and provided preliminary evidence to suggest that this is also true
of isolated axons. In tnis study, axons of fee VF cells were mechanically isolated
and cultured alongside their corresponding somata (controls) and injected with
CPR-2 mRNA. Intracellular electrophysiological recordings showed that the
mRNA-injected axons produced large and prolonged depolarizing responses to
exogenously applied conopressin (10 T4; 13.2 ± 2.4 mV, 43.3 ± 5.5s, n = 7),
whereas fee control, non-injected somata did not produce a detectable response.
Furthermore, we demonstrated feat this response was significantly reduced or
completely abolished by fee G-protein inhibitor, GDP-B-S (10 mM; n = 3; p <
0.01). Immunocytochemistry (wife an antibody directed to fee third extracellular
loop), on these five, unfixed axons demonstrated the membrane localization of the
receptors. The axonal signal was found to be restricted to the vicinity of the
injection site, indicating feat fee injected mRNA remained localized, ana that the
newly synthesized CPR-2 receptor was routed directly towards fee membrane and
not distributed throughout fee whole axon. No signal was observed on the
membrane of fee non-injected, control somata. This study provides conclusive
evidence that extra-somal neuronal compartments can locally synthesize and
functionally integrate a membrane-bound transmitter receptor. This work was
supported by the Alberta Heritage Foundation for Medical Research (AHFMR),
Canada and NATO (Belgium).
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Constructing a high-quality directional cDNA library is essential for the
success of cloning novel genes, especially, expression cloning of novel genes.
Normally, a directional cDNA library is made by converting mRNA population
into cDNAs using either oligo(dT) or random hexamer as a primer and then
directionally inserting the product into a cloning vector. Oligo(dT) primed cDNA
library contains cDNAs wife poly(A)+ at fee 3’ terminus but those cDNAs may not
be full length due to strong secondary structure or very long mRNA. The random
priming method eliminates 3' bias, and is more likely to contain full-length cDNA
clones because the random hexamers are capable of binding and priming
throughout RNA templates. Many commercially available directional cDNA
libraries have been successfully made using an Oligo(dT) primer adapter strategy
yet the same method seldom works wife a random primer adapter. We have
developed a novel strategy in which only two nucleotides, GC, are added to the
random hexamers to initiate the first strand cDNA synthesis. Subsequently, an
adapter containing a Hindlll and a partial Notl restriction sites is ligated to the
cDNA after it is made double stranded. After digestion with Notl, the DNA will
possess a Hindlll at the 5' end and a Notl at the 3' end and thus it can be cloned into
a vector in a specific orientation. Combining this strategy and GibcoBRL’s
Superscript Choice System, we have successfully made many high-quality cDNA
libraries. Several full-length genes, including GLP-2 receptor, were cloned from
those libraries.
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176.2

Identification of Proteins that Interact with Presynaptic
Metabotropic Glutamate Receptors. J.A. Saugstad* and P.J. Conn,

A SEARCH FOR PROTEINS INTERACTING WITH GROUP III
METABOTROPIC GLUTAMATE RECEPTORS. J.M. Airas, O. El
Far, H. Betz*
Max-Planck-Institute for Brain Research, Neurochemistry Department,
Deutschordenstrasse 46, 60528 Frankfurt, Germany.
Glutamate receptors have been identified as important regulators of
synaptic plasticity, such as long-term potentiation and long-term
depression. These mechanisms are believed to constitute the cellular
basis of at least some forms of learning and memory. Recently,
glutamate dependent G-protein-coupled receptors (metabotropic
glutamate receptors, mGluRs) have been shown to act via second
messengers including cAMP and inositol phosphate.
Molecular cloning of the mGluRs has revealed eight isoforms which
have been divided into three sub-groups based on sequence similarities
and pharmacology. Immunolocalisation studies have demonstrated a
predominantly presynaptic localisation of the mGluRs group III
(mGluR 4, 7, 8 and splice-variants). In particular, mGluR7b is
selectively localised at the active zones of presynaptic nerve terminals.
In order to investigate the molecular basis of this selective distribution
and to probe for potential functional interactions implicated in receptor
signalling, we have generated the C-terminal domains of mGluR 4, 7
and 8 and their spl ice-variants and used them for identifying potential
binding partners by both the Yeast-Two-Hybrid-System and GSTfusion protein affinity chromatography. This led to the identification of
interacting proteins in rat brain that may be important for mGluR
localization and/or the regulation of neurotransmitter release.
Supp. by Max-Planck Society and DFG.

Department of Pharmacology, Emory University, Atlanta, Georgia, 30322.
Several studies have shown that synaptic receptors and ion channels
interact a family of proteins containing modular PDZ domains that are
necessary for normal synaptic organization. For example, the AMPA receptor
subunits interact with the PDZ-containing protein GRIP, while Kainate and
NMDA receptor subunits, as well as the Shaker-type voltage-gated potassium
channels, interact with the PDZ-containing protein PSD-95/SAP90. In
addition, the group I metabotropic glutamate receptors (mGluRs) physically
interact with the EVH-containing protein HOMER. Interestingly, synaptic
activation results in the expression of an immediate early gene form of
HOMER that uncouples the mGluRs from the inositol trisphosphate receptor
leading to the regulation of intracellular calcium release. These studies
provide evidence that localization of synaptic receptors and ion channels is
not random and instead suggests that synaptic responses may in part be
regulated by the close physical association of receptors and effectors. While
many studies have been directed at the organization of receptors and effectors
at the post-synaptic density, little is known about the proteins responsible for
the organization of the presynaptic receptors and effectors. Thus we are
carrying out studies to identify, isolate and characterize proteins that
associate with the presynaptic mGluRs, specifically mGluRs 2 and 7 and that
contribute to the organization of the presynaptic terminal. Supported by
grants from NIH and The Alzheimer's Association.
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CHARACTERIZATION OF HOMER (VESL) EXPRESSION IN
TRANSFECTED ORGANOTYPIC STRIATAL-CORTICAL SLICES.
P.J. Voulalas*, J.T. Wolstenholme and S.E, Hyman, Molecular Plasticity Section,
NINDS, Bethesda, MD 20892.

TARGETING OF mGluR5 BY HOMER 1 IN NEURONS. L. Fagni8. F. Angoa,
J.P, Pina. P.F. Worleyh and J, Bockaert** . “CNRS, UPR 9023, Montpellier, 34094
France. bJohns Hopkins University, Baltimore, MD 21205.
Homer 1 proteins bind to the group I mGluRs. We investigated whether this
family of proteins control the targeting of these recepors in cultured cerebellar
granule cells. We show that these neurons naturally express neither Homer 1 nor
mGluR5. One day after plating, neurons were transfected with plasmids expressing
N-HA-tagged mGluR5a and/or C-myc-tagged Homer la, and one week after
transfection neurons were permeabilized and labeled with the anti-tag antibodies.
When Homer la or mGluR5a were transfected alone, Homer la was expressed in
neurites and cell body, whereas mGluRSa was expressed in the cell body only. When
mGluR5a and Homer la were cotransfected, both Homer la and mGluR5a proteins
were uniformly co-expressed in the cell body and neurites. Similar results were
obtained with transfected Homer lb, but with punctate colocalization of mGluR5a
and Homer lb in neurites. Deletion or point mutations in the C-terminus of
mGluR5a, both suppressing interaction of mGluR5a with Homer la, allowed
expression of mGluR5a in cell body but no longer in neurites, even in the presence
of transfected Homer la. Transfected Homer la was still targeted to cell body and
neurites in these neurons. The early gene, Homer la, was induced in N-HA-tagged
mGluR5a transfected cerebellar granule cells, by depolarizing these cells with the K
channel blockers, TEA and 4-AP, or the ionotropic glutamate receptor agonists, Nmethyl-D-aspartate and kainate. These neurons, permeabilized and immunolabeled
with anti-Homer 1 and anti-HA antibodies, displayed colocalization of labeled
mGluR5a and induced Homer 1, in both cell body and neurites. These results suggest
that Homer 1 proteins play a key role in the targeting of mGluR5 to neuritic
processes. (Supported by Biotech, Bayer, Synthelabo and AFM).
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INDUCTION OF HOMER IA IN NUCLEUS ACCUMBENS BY
COCAINE IS MEDIATED THROUGH DI DOPAMINE RECEPTORS.

CHRONIC COCAINE ALTERS FUNCTION AND REGULATION OF GROUP I
METABOTROPIC GLUTAMATE RECEPTORS AND ASSOCIATED HOMER
PROTEINS. Chad J. Swanson1.* Paul F. Worley2 and Peter W. Kalivas!,
'Department of Physiology and Neuroscience, Medical University of South Carolina,
Charleston, SC 29425, departments of Neuroscience and Neurology, The Johns
Hopkins University of Medicine, Baltimore, Maryland, 21205. Glutamate is the
major excitatory neurotransmitter in the CNS acting at both ionotropic and
metabotropic receptors (mGLUR). Group I mGLURs consist of subtypes 1 and 5
which are unique in that they positively couple to phospholipase C and interact with a
family of group I-associated proteins (Homers la, lb/c, 3). Previous work from this
laboratory has indicated that group I-selective agonist (R,S)-3,5dihydroxyphenylglycine (DHPG; 1,3,5,10 nmol) produces a biphasic (5 nmol peak
response), dose-dependent increase in motor activity in drug-naive rats when infused
into the nucleus accumbens (NA). Recent evidence points to a role for mGLURs in
sensitization to cocaine and Homer la is regulated during acute cocaine exposure. In
accordance with this, the present study suggests that chronic cocaine exposure causes
a shift in the dose-response to DHPG as animals treated with chronic saline show a
biphasic motor response identical to naive rats while those treated with cocaine
display a blunted but steady dose-dependent increase in motor activity over the entire
dose range tested (0, 1, 5, 10, 20 nmol DHPG). Western blot analysis was performed
for NA, prefrontal cortex (Pfc), ventral tegmental area (VTA) and striatum (Str) in
order to determine whether this altered sensitivity may be due to changes in
mGLURl, mGLUR5 or Homer protein levels in brain regions associated with motor
circuitry. mGLURS levels were reduced in the NA while an increase was found in Str
following 3 weeks withdrawal from cocaine. mGLUR 1 was decreased in Pfc and Str
while Homer 1 b/c levels decreased in NA, VTA, and Pfc. These results suggest that
changes in the regulation of group I mGLURs and their associated proteins may
contribute to behavioral alterations observed in animals chronically treated with
cocaine. Supported by USPHS grants MH-40817 and DA-03906.

The striatum plays a critical role in motor control, and is a target for
anti-Parkinsonian drugs. Homer (Vesl), a PDZ domain protein, is
induced by DI dopamine receptor agonists in a rat model of
Parkinson’s disease. Homer and related proteins have been shown to
bind to metabotropic glutamate receptors (mGluR), hypothetically
modulating mGluR function. We have established a transfectable
organotypic slice culture system to facilitate single cell functional
analyses of Homer-mGluR interactions. Coronal sections (400jim)
were prepared from P6-P10 rats; hemispheres containing striatum and
cortex were cultured on Millicell inserts. After 4DIV, slices were
transfected using biolistics. A single vector expresses both Green
Fluorescent Protein (GFP) and Homer as distinct gene products.
Double-label immunofluorescence assessed expression and
colocalization of GFP and FLAG-tagged Homer. GFP was detected 6
to 8h after transfection and was sustained through 72h. Homer 1 a and
Homer lb expression peaked 12 to 20h after transfection but declined
within 36 to 48h. GFP expression was present throughout the cell;
FLAG immunoreactivity appeared predominantly in processes.
Coexpression of GFP and FLAG immunoreactivity within cells was
nearly 100%. These data support the use of transfected striatal slices
for single-cell electrophysiological studies. Supported by NINDS.

M.B. Ghasemzadeh . M. Urbina. P.W. Kalivas, Dept. of Physiology and Neuroscience,
Medical University of South Carolina. Charleston SC 29425.
Metabotropic glutamate receptors play a significant role in modulating
synaptic activity and neuronal function. Group 1 metabotropic glutamate
receptors mediate PI turnover and release of intracellular calcium and
selectively bind Homer proteins, a new PDZ protein family, which is shown to
regulate signal transduction through group 1 receptors. Homer la, an IEG
member of the Homer family, is dynamically regulated by synaptic activity.
We provide evidence for rapid regulation of Homer la expression in nucleus
accumbens by cocaine. Homer la mRNA in nucleus accumbens is significantly
increased after 1 hour by an acute cocaine (30 mg/kg, i.p.) administration and
returns to basal level by 6 hours. SCH23390 (1 mg/kg, i.p.), a DI dopamine
receptor antagonist, prevents induction of Homer la mRNA by cocaine while
sulpiride (20 mg/kg, i.p.), a D2 dopamine receptor antagonist, did not modulate
the cocaine effect. The NMDA receptor blockade by MK801 (1 mg/kg. i.p.)
also significantly induced Homer la mRNA while blocking the AMPA
receptors (GYKI52466, 15 mg/kg i.p.) did not have any effect. These
observations suggest that dopamine and glutamate neurotransmission in
nucleus accumbens can regulate signal transduction through the group 1
metabotropic glutamate receptors by modulating the expression of a novel IEG
protein. Given the significant role of group 1 metabotropic glutamate receptors
in motor activity and cocaine sensitization, this mechanism provides a unique
pathway for regulation of synaptic activity by these receptors. Supported by
DA03906, MH40817, DA00158.
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EFFECTS OF MICROINJECTION OF HOMER ANTISENSE
OLIGONUCLEOTIDES INTO THE NUCLEUS ACCUMBENS ON
NOVELTY-INDUCED MOTOR ACTIVITY.T.Abekawa*,
M.B.Ghasemzadeh. and P.W.Kalivas.
Dept. of Physiology and Neuroscience, Medical University of South
Carolina.
Homer is a novel dendritic protein, that contains a PDZ-like domain
and binds to the carboxy terminus of phosphoinositide-linked group 1
metabotropic glutamate receptors(mGluR1 and R5) and regulate mGluR
signalling. When exposed to an environment for the first time, rats
expressgreate behavioral activation. To evaluate a functional role for
Homer expression in novelty-induced motor activity, rats were
microinjected into bilateral nucleus accumbens(NAC) with a 25 mer
phosphorothioate modified antisense or sense oligonucleotide(100
pmol/side) positioned at the ihitiation codon of Homer twice a day for
three or four days. One hour after the last microinjection, rats were
placed into a novel environment and motor activity was measured for
three hours, after which microinjections of DHPG(5 nmol/side; group 1
mGluR agonist), dopamine(30 pmol/side), DAMGO(0.1 nmol/side),
AMPA(0.1 pmol/side) and intraperitoneal cocaine(15 mg/kg) injection
were performed, or behavioral changes were measured for two hours.
Seven days after that injection, behavioral measurements were also
performed. One hour after the last Homer antisense microinjection, rats
revealed excessive motor activity to novelty and hypersensitivity to
DHPG, but not to dopamine, DAMGO, AMPA and cocaine.Seven days
after the last antisense microinjection, rats revealed normal habituation
and response to DHPG, but hypersensitivity to cocaine.These results
suggest that excessive hyperactivity to novelty induced by Homer
antisense microinjection may result from hypersensitivity of NAC to
DHPG and that suppressing Homer synthesis for 3 days elicits enduring
behavioral sensitization to cocaine.

NMDA AND METABOTROPIC RECEPTORS REGULATE TYROSINE
PHOSPHORYLATION OF STRIATAL GLUTAMATE RECEPTORS
L.R, Orlando*. A.W, Dunah. D.G, Standaert. John B, Penney Jr., and A.B.
Young. Program in Neuroscience, Harvard University and Dept. of Neurology,
Massachusetts General Hospital, Boston, MA 02114.
NMDA and metabotropic glutamate receptors (mGluRs) are responsible for
long-term alterations in neural function, including synaptic plasticity and
excitotoxicity. An important mechanism for such adaptations is protein
phosphorylation. We have used an immunoprecipitation approach to examine the
effect of NMDA and mGluR receptor activation on tyrosine phosphorylation cf
glutamate receptor proteins in the rat striatum, using acutely dissected tissue as
well as cells grown in culture.
Under control conditions, we observed tyrosine phosphorylation of the NR2A,
NR2B, GluRl, GluR2/3, and mGluR5 proteins, but not of NR1, mGluRl, or
mGluR2/3. Treatment of striatal cells and tissue slices with the non-specific
phosphatase inhibitor pervanadate (200 pM) produced a striking increase in
tyrosine phosphorylation of NR2A, NR2B, GluRl, GluR2/3 and mGluR5, while
NR1 was unaffected. Stimulation with NMDA (100 pM) caused a modest
reduction in the phosphorylation of GluR2/3 and mGluR5. Blockade of NMDA
receptors with MK-801 (10 pM) increased phosphorylation of these receptors as
well as of NR2A and GluRl. The mGluR agonist t-ACPD (100 pM) reduced
tyrosine phosphorylation of mGluR5 while the Group I mGluR antagonist AIDA
(100 pM), increased tyrosine phosphorylation of GluRl, GluR2/3, and mGluR5.
These results show that NMDA and metabotropic glutamate receptors regulate
a dynamic process of tyrosine phosphorylation of glutamate receptor proteins in
striatal cells.
Supported by USPHS grants NS31579, NS34361, AG 13617, and a NRSA
predoctoral fellowship from the NIMH to L.R.O.
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SUBCELLULAR AND SUBSYNAPTIC DISTRIBUTION OF METABOTROPIC
GLUTAMATE RECEPTORS IN THE MONKEY STRIATUM. M. Paouet1 S.R. Bradley2.
J. Cam2 and Y. Smith13. ’Yokes Reg. Primate Res. Ctr, 2Dept Pharmacology, 3Dept Nosology,
Emory Univ., Atlanta, GA 30322
The metabotropic glutamate receptors (mGluRs) are subdivided into three groups based on their
amino add sequence homologies, second messenger systems, and agonist selectivities. To better
understand the rde of mGluRs in the control of the striatal neuronal activity, we analysed the
subcellular and subsynaptic distribution of group I (mGluRla & mGluR5), group II (mCftuR2/3)
and group HI (mGhiR4a & mGluR7a) mGluRs in the monkey striatum by means of
immunoperoxidase and immunogold staining at the electron microscope level.
The group I mGluRs were principally encountered in post-synaptic dements where the
mGluRla and mGluR5 receptors immunoreactivity (IR) was localized.' 1) perisynaptically to
axo-spinous asymmetric synapses, 2) directly at the post-synaptic specialization of axo-dendritic
symmetric synapses and 3) extrasynaptically along the plasma membrane. The mGluR5 receptors
were also localized at the edges of symmetric synaptic contacts formed by TH-immunopositive
terminals on spines and dendrites. A small population of axon terminals forming asymmetric
synapses displayed light mGluRla immunostaining. The IR for mGluR2/3 receptors (group II
mGluRs) was associated with thin glial processes as well as pre- and post-synaptic neuronal
structures. Several immunogold particles were localized in the pre-synaptic grid or
perisynaptically to the post-synaptic density of axo-spinous asymmetric synapses. Moreover,
peroxidase IR was also seen in axon terminals forming asymmetric synapses on dendrites. On the
other hand, the group DI mGhiRs IR was preferentially associated with pre-synaptic dements.
Numerous axon terminals forming asymmetric synapses and small unmyelinated axons were
immunolabeled for mGluR4a or mGluR7a receptors, hi addition, immunogold localization of
mGluR4a receptors showed that those receptors are expressed in the pre-synaptic grid of axodendrtic symmetric synapses.
In conclusion, these findings demonstrate that the different groups of mGluRs display a specific
pattern of spatial distribution which influences both pre- and post-synaptic mechanisms to control
striatal neuronal activity in monkeys. (Supported by NIH Grants NS37423-01 and RR00165)

CHARACTERISATION OF THE CURRENT ACTIVATED BY GROUP I
METABOTROPIC GLUTAMATE RECEPTORS IN RAT STRIATAL
CHOLINERGIC INTERNEURONES. M.I.Bell1'2. R.D.Pinnock*2 K.Lee2 'MRC
Cambridge Centre For Brain Repair; 2Parke Davis Neuroscience Research Centre;
Cambridge, CB2 2QB, UK.
We have recently reported that group I metabotropic glutamate receptor
(mGluR) agonists depolarise cholinergic intemeurones in the rat striatum by
activation of an inward current (Bell et al. Br. J. Pharmacol 125:47P, 1998). In the
present study we have continued to investigate the nature of this current.
300pm striatal slices were prepared from 13-21 day-old Wistar rats in ACSF.
Cholinergic intemeurones were visually identified and targeted for whole-cell
voltage-clamp recordings. In cells voltage clamped at -60mV, bath application of
the group I mGluR agonist 3,5-dihydroxyphenylglycme (DHPG, 25pM) induced a
TTX-insensitive inward current of 92.4 + 8.3pA (n=46; Mean ± S.E.M.). The
magnitude of this current could be reduced by replacement of the external NaCI
with Tris-HCl and by blockade of potassium channels with 2mM BaCl2 suggesting
two conductances. After replacement of NaCI with Tris HC1 the residual current
reversed at -88.1 + 8.9mV, approximately equal to the K+ equilibrium potential.
In 2mM BaCl2-containing solution the current reversed at -8.7 ± 1 l.OmV.
The action of DHPG was potentiated by UV photolysis of 500pM caged
GTPyS within the cell and was inhibited by bath application of the phospholipase
C (PLC) inhibitor U-73122 (lOpM) and the reversible protein kinase C (PKC)
inhibitor chelerythrine (5pM).
In conclusion, we have demonstrated that the DHPG-induced current in
cholinergic intemeurones is mediated by two conductances and furthermore, we
have shown that PLC and PKC inhibitors modulate this current.
Supported by The Medical Research Council and Parke Davis Neuroscience
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METABOTROPIC PATHWAYS INVOLVED IN THE GENERATION OF AN AFTERDEPOLARIZATION IN LAYER V PYRAMIDAL NEURONS. S.M, Linton*, P.C,
Schwindt, and W.E. Crill. Physiology & Biophysics, University of Washington
School of Medicine, Seattle, WA 98195.
A previous study from our laboratory found that evoked spikes were followed by a
long lasting afterdepolarization (ADP) in neocortical pyramidal neurons when metabotropic glutamate receptor (mGluR) agonists were present in the bathing solution. The Na+ and K+ currents involved in ADP generation depended on Ca2* influx
through voltage-gated channels and a rise in intracellular Ca2+ concentration. The
present experiments were aimed at determining the mGluR subtype and the intracellular events leading to the ADP. Layer 5 neurons in neocortical slices from Sprague-Dawiey rats (aged 15-25 days) were visualized with IR/DIC optics and recorded
using somatic whole-cell patch techniques. Drugs were introduced intracellularly via
the patch pipette and in the bath. The ADP followed a spike train evoked in the
presence of the specific Group I agonist DHPG, indicating that Group I mGluR
stimulation is necessary for ADP generation. Experiments employing GTPpS and
GTPyS confirmed that the mGluR-mediated ADP is dependent upon the activation of
a G-protein. Both heparin and ryanodine significantly reduced ADP amplitude, indicating it is dependent on the release of intracellular Ca2+ from both IP3-sensitive and
Ca2+-sensitive stores. Biochemical studies have shown that intracellular IP3 levels
evoked by activation of Group I mGluRs are significantly elevated by concurrent
activation of Group II mGluRs. We found that stimulation of Group II receptors using
the specific agonist DCG-IV caused neither an ADP nor measurable changes in
membrane potential or input resistance, but the amplitude of the Group I (DHPG)mediated ADP was significantly potentiated by the concurrent activation of the
Group II receptors. These neurons also generate a spike-dependent, heparinsensitive ADP when exposed to carbachol. However, no amplification of the carbachol-evoked ADP was observed with concurrent Group II activation, indicating that a
specific interaction between Group I and Group II mGluRs is required for the amplification of the mGluR-dependent ADP. These experiments revealed the electrophysiological correlates in layer 5 pyramidal neurons of several mGluR-mediated events
reported in biochemical studies. Supported by NIH Grant NS16792.

THE EFFECT OF ACPD ON NEOCORTICAL SYNAPTIC RESPONSES
ELICITED BY BRIEF TRAINS DEPENDS ON THE INTERPULSE INTERVAL.
A.E. Bandrowski*. S.L. Moore. D.R. Hage. and T.H. Ashe. Depts. of
Neuroscience and Psychology, Univ. of California, Riverside, CA 92521.
In vitro, whole cell recordings from layer II/III pyramidal neurons of rat
auditory cortex were used to study the effect of frans-(lS,3R)-ACPD, a
metabotropic glutamate receptor (mGluR) agonist, on depolarizing responses
elicited by 5 stimulus pulses delivered at interpulse intervals of either 10-20 ms
or 100-500 ms.
Depolarizing synaptic responses elicited by stimuli delivered with interpulse
intervals of 100-500 ms were not constant in amplitude. Responses elicited by
stimulus pulses 2-5 were smaller than the response elicited by the first pulse.
In the presence of ACPD (50-100 pM) the amplitude of responses elicited by all
5 pulses was smaller (p<.05). APV (50 pM) or CNQX (10-20 pM) did not
change this effect of ACPD. MCPG (100 pM; mGluR antagonist) in and of
itself, had no effect on these responses but did block the effect of ACPD.
In contrast to responses elicited by stimulus pulses with an interpulse
interval of 100-500 ms, interpulse intervals of 10-20 ms typically elicited
depolarizing responses which were smaller with each successive stimulus. In
the presence of ACPD the first response was smaller, responses 2-3 did not
change, and responses 4-5 were larger. MCPG alone increased responses 4-5,
but when applied in the presence of MCPG no further increase was produced
by ACPD. The ACPD-induced increase of responses 4-5 was blocked by
CNQX, but not APV. Reduction of the first response was blocked by MCPG,
but not CNQX or APV.
These results indicate that activation of mGluRs can differentially effect /
synaptic responses generated by brief trains of stimuli depending on the
frequency of afferent input.
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7RA/VS-(1S,3R)-ACPD MODIFIES SYNAPTIC RESPONSES AND PROTEIN
PHOSPHORYLATION IN RAT AUDITORY CORTEX. J.H, Ashe1*. A.E,
Bandrowski1. L Enriquez2, and C. A. Crawford2. ‘Depts. of Neuroscience and
Psychology, Univ. of California, Riverside, CA 92521,2Dept. of Psychology,
California State University, San Bernardino, CA 92407.
We investigated whether modification of neocortical synaptic potentials by
trans-ACPD (metabotropic glutamate receptor agonist) was accompanied by changes
in protein phosphorylation. Whole cell recordings were made from layer II/III
pyramidal neurons and synaptic potentials were elicited by stimulation to layer VI or
underlying white matter. Four synaptic potentials could be elicited; the fast-EPSP,
fast-IPSP, slow-EPSP, and slow-IPSP. Superfusion of ACPD (50 pM, 5-15 min),
reduced the amplitude of all synaptic potentials (p<05). Following wash-out of
ACPD, all responses returned to baseline. However, the slow-EPSP continued to
increase until reaching an amplitude significantly greater than its pre-ACPD
amplitude.
Slices exposed, or not exposed, to ACPD (15 min) were homogenized, centrifuged
and the protein content of die soluble fraction was determined. Endogenous protein
phosphorylation was determined by incubating 12-15 pg of homogenate widi
y32P-ATP and separating the homogenate by SDS-gel electrophoresis (15% gel).
y32P-ATP labeled bands were visualized by autoradiography, and quantified by
densitometry. Phosphorylation was increased by 43% with ACPD treatment (pc.05),
particularly at 77 and 43 kDa bands.
PKA and PKC activity was measured by incubating 2-4 pg of cortical homogenates
with kinase substrates and y32P-ATP, and then radioactivity was counted and kinase
activity calculated. PKA activity showed little modification after the ACPD treatment
while results of PKC activity are pending. AU assays were replicated at least 4 times.
These results indicate that ACPD can modify neocortical synaptic potentials and
that tiiese changes can be associated with increased levels of protein phosphorylation.

METABOTROPIC GLUTAMATE RECEPTOR AGONISTS MODIFY SYNAPTIC
POTENTIALS IN AUDITORY NEOCORTEX. S.L. Moore*. A.E. Bandrowski.
and J.H. Ashe. Depts. of Neuroscience and Psychology, Univ. of California,
Riverside, CA 92521.
This study examined the effect of several metabotropic glutamate receptor (mGluR)
agonists on postsynaptic potentials recorded intracellularly and extracellularly.
Stimulation of deep gray or white matter results in at least four postsynaptic
potentials recorded in layer II/III of auditory neocortex, two are excitatory and two
are inhibitory. The excitatory postsynaptic potentials (fast- and slow-EPSPs) are
mediated via glutamate acting at AMPA/Kainate and NMDA receptors, respectively.
The inhibitory postsynaptic potentials (fast- and slow-IPSPs) are mediated via GABA
acting at GABAa and GABAB receptors, respectively. In the presence of 50 |±M
(±)-l-aminocyclopentane-trans-l,3-dicarboxylic acid (ACPD), a general mGluR
agonist, the amplitude of the EPSPs was reduced by approximately 40%, and the
amplitude of the IPSPs was reduced by approximately 70%. Following wash-out of
ACPD the NMDA-mediated potential was enhanced by approximately 20% of its
pre-ACPD amplitude.
Both quisqualate (5 pM), a mGluR group I agonist, and 2S,1’R, 3’R-2,2-3dicarboxy-cyclopropyl glycine (DCG-IV) (100 nM -200 nM), a mGluR group II
agonist, increased the amplitude of the NMDA-mediated potential and decreased the
amplitude of the GABAA-mediated potential. In contrast, the group III mGluR
agonist, L-amino-4-phosphonobutanoate (L-AP4) (50 pM or 100 pM) decreased tiie
amplitude of the AMPA/Kainate-mediated potential and the GAB AB-mediated
potential.
These data suggest that the decrease in the AMPA/Kainate-mediated potential
occurs via group III mGluRs, and tliat group I and II mGluRs may mediate the
increase in the NMDA-mediated potential. The decrease in the GABAA-mediated
potential may occur by way of group I and II mGluRs, whereas group III mGluRs
mediate the decrease in the GABAB-mediated potential.

176.15
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REGULATION OF NEURONS OF THE SUBTHALAMIC NUCLEUS BY
METABOTROPIC GLUTAMATE RECEPTORS. H, Awad*, P.J. Conn.
Department of Pharmacology, Emory University School of Medicine and Graduate
Program in Molecular Therapeutics and Toxicology, Graduate Division of
Biological and Biomedical Sciences, Atlanta, GA 30322.
Hyperactivity of neurons of the subthalamic nucleus (STN) is involved in the
pathophysiology of various movement disorders, including Parkinson’s disease.
Agents that reduce excitation of the STN could have a therapeutic effect in the
treatment of these disorders. Here we investigate the role of metabotropic glutamate
receptors (mGluRs) in the regulation of STN neuron activity.
Electrophysiological recordings were made from STN neurons in horizontal rat
brain slices. The group I selective mGluR agonist dihydroxyphenylglycine (DHPG
lOOpM), but not the group IP agonist (+)-2-aminobicyclo[3.1.0]hexane-2,6dicarboxylate (LY354740 lOOnM) or the group III agonist L-2-amino-4phosphonobutyrate (L-AP4 ImM), caused a direct depolarization of STN neurons
(17.1 ±1.1 mV). This group I-mediated depolarization was accompanied by a
marked increase in cell firing and an increase in input resistance. The I-V curve
shows a reversal potential of -80mV, consistent with a group I-mediated inhibition
of a potassium channel. DHPG-mediated depolarization is significantly attenuated
by the mGluR5 selective antagonist methylphenylethynylpyridine (MPEP lOpM;
4.2±0.3mV) but not the mGluRl selective antagonist 7-hydroxyiminocyclopropan[bjchromen-la-carboxylic acid ethyl ester (CPCCOEt lOOpM; 18.8±3mV). The
mGluR5 selective agonist, (S)(+)-2-(3 '-carboxybicyclof 1.1.1 ]-penty I)-glycine
(CBPG lOOpM) mimicks the depolarizing effect of DHPG and is also blocked by
MPEP but not CPCCOEt. These data suggest that mGluR5 mediates depolarization
of STN neurons. We are currently investigating the effect of mGluR activation on
ionotropic glutamate and GABA receptors in STN neurons and the role of mGluRs
in modulation of transmission at excitatory and inhibitory synapses onto STN
neurons. (Supported by grants from NIH NINDS, and the U.S. Army).

PHYSIOLOGICAL ROLES OF PRESYNAPTICALLY LOCALIZED
TYPE 2,3 AND 7 METABOTROPIC GLUTAMATE RECEPTORS IN
RAT BASAL GANGLIA S. Risso Bradley*1, M.J. Marino1, M. Wittmann2, S.

176.17

176.18

DIRECT EXCITATION OF GABAERGIC PROJECTION NEURONS OF THE
RAT SUBSTANTIA NIGRA PARS RETICULATA BY ACTIVATION OF
THE MGLUR1 METABOTROPIC GLUTAMATE RECEPTOR. M.J. Marino*,
S. Risso Bradley, M, Wittmann1, and P.J, Conn. Dept. of Pharmacology, Emory
University, Atlanta, GA 30322 and,1 Tierphysiologie, University of Tuebingen, D72076 Tuebingen, Germany.
Behavioral and physiological studies have shown that metabotropic glutamate
receptors (mGluRs) play important roles in regulation of basal ganglia (BG)
function. Furthermore, specific mGluR subtypes are differentially localized
throughout the BG. The predominant postsynaptic mGluRs are a group I
mGluRs, while group II and III mGluRs are often localized presynaptically. This
would indicate that group I receptors are localized in a manner consistent with
direct modulation of the excitability of projection neurons. However, little is
known about the physiological roles mGluRs play in regulating the function of
BG structures. Here we demonstrate that activation of mGluRs by the group 1
mGluR selective agonist DHPG (30 pM - 1 mM) produces a direct
depolarization of GABAergic projection neurons in the substantia nigra pars
reticulata (SNr) along with a concomitant increase in input resistance. This
effect is not mimicked by application of the group II - selective mGluR agonist
LY354740 (100 nM) or by the group Ill-selective mGluR agonist L-AP4 (500
pM). Furthermore, the DHPG-induced depolarization is blocked by the mGluRl
subtype selective antagonist CPPCCOEt (100 pM), but is not blocked by the
mGluR5 subtype selective antagonist MPEP (10 pM), and is not mimicked by
the mGluR5 subtype selective agonist CBPG (100 pM)? This provides strong
evidence that the direct excitation of SNr projection neurons is mediated by
mGluRl. Since the over excitation of SNr GABAergic neurons is believed to
play a major role in the pathophysiology of Parkinson’s disease, mGluRl may
provide an important target for new therapeutic agents that could be useful for
treatment of this disorder. [Supported by NIH NINDS and the U.S. Army]

GABAERGIC INHIBITION OF RAT SUBSTANTIA NIGRA PARS
RETICULATA PROJECTION NEURONS IS MODULATED BY
METABOTROPIC GLUTAMATE RECEPTORS. M, Wittmann1, M.J. Marino, S.
Risso Bradley, and P.J, Conn*, Depts of Pharmacology, Emory University, Atlanta, GA
30322 and.f Tierphysiologie, University of Tuebingen, D-72076 Tuebingen, Germany.
The predominant inputs to the substantia nigra pars reticulata (SNr) are
GABAergic projections from the striatum and the globus pallidus. Since over
excitation of SNr output neurons is believed to play an important role in the
pathophysiology of Parkinson’s disease, the modulation of these GABAergic
inputs may provide a crucial target for drug development.
Behavioral and physiological studies have shown that metabotropic glutamate
receptors (mGluRs) play important roles in regulation of basal ganglia (BG)
function. Furthermore, specific mGluR subtypes are differentially localized
throughout the BG. The predominant postsynaptic mGluRs are a group I
mGluRs, while group II and III mGluRs are often localized presynaptically. This
would indicate that group II and III mGluRs are likely to play a role in
presynaptic modulation of transmitter release. Here we examine the role of
mGluRs in regulation of inhibitory synaptic transmission in the SNr. Application
of the group I-selective agonist DHPG (100 pM) and the group Ill-selective
agonist L-AP4 (500 pM) inhibit evoked IPSCs obtained by whole cell patch
clamp recording from SNr GABAergic projection neurons. The group IIselective mGluR agonist LY3 54740 (100 nM) had no effect on the amplitude of
the IPSCs. Interestingly, in other studies we have found that activation of group
I mGluRs directly depolarize SNr GABAergic neurons. These findings suggest
that activation of group I mGluRs can excite GABAergic projection neurons
both by direct stimulation, and by disinhibition. Thus, group I mGluR
antagonists could provide novel therapeutic targets for treatment of Parkinson’s
disease. Current work is aimed at more fully characterizing the pharmacology
of this effect, and at determining the pre- or post-synaptic locus of this synaptic
inhibition.fSwpporterf by NIH NINDS and the U.S. Army]

Society

for

Neuroscience

, Volume

25, 1999

Rouse1, A.I. Levey3, and P. J. Conn1, Depts of Pharmacology1 and Neurology3, Emory
Univ. Sch. of Med. Atlanta, GA 30322, and Tierphysiologie2, Univ. Tuebingen, D-72076
Tuebingen, Germany.
Metabotropic glutamate receptors (mGluRs) play a significant role in
regulating basal ganglia (BG) function. BG are a set of interconnected
subcortical nuclei that play a major role in the control of movement and
pathophysiology of movement disorders. The input nucleus of the BG is the
striatum, which receives innervation from the cortex. The primary output nuclei
are the substantia nigra pars reticulata (SNpr) and the entopeduncular nucleus,
which send inhibitory projections to the thalamus. The SNpr receives
glutamatergic excitation from the subthalamic nucleus (STN). Hypokinetic
movement disorders, such as Parkinson’s disease (PD), in part result from an
increased excitation of SNpr. Our immunocytochemistry studies at the electron
microscopic level reveal that mGluR2/3 and mGluR7 are presynaptically
localized in the SNpr on glutamatergic synapses. Therefore, we investigated the
physiological roles of mGluR2/3 and 7 in rat slices of SNpr using the patch
clamp technique in whole cell configuration. Our experiments suggest that
activation of mGluR2/3 and mGluR7 inhibits excitatory transmission at the
STN-SNpr synapse by a presynaptic mechanism. These data support the
hypothesis that mGluR2/3 and mGluR7 may act as presynaptic receptors in the
SNpr, where they play an important role in regulating glutamate release from
STN-SNpr terminals. This provides a strong basis for development of novel
therapeutic agents that target specific mGluR subtypes and could be used for
treatment of PD and other disorders involving pathological changes in BG
function. Supported by grants from NIH NINDS and U.S. Army.
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SUBCELLULAR DISTRIBUTION OF THE METABOTROPIC GLUTAMATE
RECEPTOR lb IN THE MOLECULAR LAYER OF THE RAT CEREBELLUM
P. Grandes1 *; J.M. Mateos1; R. Benitez1; I. Elezgarai1; J. Azkue1; E. Lazaro1; A,
Osorio1: A, Bilbao1: R. Sarria1: F. Conquet2: F. Ferraguti3: R, Kuhn4: T. Knopfel5
'Dept. of Neurosciences, Fac. of Medicine and Dentistry, Basque Country Univ.,
699-48080 Bilbao, Spain; 2IBCM-Glaxo, Rue du Bugnon 9, CH-1005 Lausanne,
Switzerland; Cambridge Brain Bank Lab, Dept. Pathology, Univ. of Cambridge,
MRC Centre Hills Road, Cambridge CB2 2QH, United Kingdom; 4Nervous
System, Novartis Pharma Inc., CH-4002 Basel, Switzerland; 5Lab. for Neuronal
Circuit Dynamics, Riken Brain Science Institute, 2-1 Hirosawa, Wako-Shi, Saitama
351-0198,Japan.
We used a specific mGluR lb antiserum to investigate immunocytochemically the
subcellular distribution of mGluR lb in the rat cerebellar cortex. A pre-embedding
immunoperoxidase method showed mGluR lb immunoreaction product in dendritic
spines of Purkinje cells receiving parallel fiber boutons. With a pre-embedding
immunogold method, immunoparticles were revealed in perisynaptic (25%) and
extrasynaptic positions along intracellular sites of dendritic spine membranes of
Purkinje cells. The density of extrasynaptic immunoparticles was relatively high for
over a long distance from the edge of the synapse, in contrast with the distribution
of mGluRla. Parallel fiber synaptic terminals were mGluRlb immunonegative.
As conclusion, mGluRla and mGluRlb are targeted to the same subcellular
compartments in Purkinje cells, but the density of the perisynaptic pool and the
values and gradient of decrease of the extrasynaptic localization are different for the
two mGluRl isoforms, as assessed by quantitative analysis. The
compartmentalization of mGluRlb and mGluRla might serve distinct cerebellar
functions.
Supported by DGICYT (PB95-0347); Basque Country Government (PI-1997-41,
BFI 95.154, BFI98.109, BFI98.18) and The Basque Country University.

CEREBELLAR
ATAXIA
CAUSED
BY
AUTOANTIBODIES IN HODGKIN'S DISEASE

R.

mGluRl-BLOCKING
Shigemoto h2*. A.

Kinoshita^2,

* Morphological Brain Sci. and ^Biological Sci., Kyoto Univ., Kyoto 606-S501,

Japan, 2Lab. of Cerebral Structure, National. Inst, for Physiological Sci., Okazaki
444-8585, Japan, Dept. of -^Neuro-oncology and ^Pathology, Daniel den Hoed
Cancer Centre, Univ. Hosp. Rotterdam; ^Dept. of Anatomy, Erasmus Univ.

Rotterdam, The Netherlands
Paraneoplastic cerebellar ataxia (PCA) is associated with autoantibodies
recognizing neuronal antigens. In 2 patients with Hodgkin's disease and PCA, we
found antibodies that react specifically with the metabotropic glutamate receptor
mGluRl in the brain. Purified IgG from both patients blocked glutamate-stimulated
formation of inositol phosphates in mGluRl-expressing CHO cells. Passive transfer

of the patients' IgG into the cerebellar subarachnoid space of mice caused severe
but reversible ataxia and this effect was totally abolished by preabsorption of the
antibodies with the mGluRl-expressing CHO cells. These results provide the first

evidence that autoantibodies can cause central nervous system disease by functional
blocking of neuronal receptors.
Supported by the Ministry of Education, Science and Culture of Japan, CREST of
Japan Science and Technology Corporation, the Life Sciences Foundation and
NWO.

177.3

177.4

ABSENCE OF 1S,3R-ACPD-INDUCED INWARD CURRENT IN PURKINJE
CELLS IN ROSTRAL CEREBELLUM OF PLC04 MUTANT MICE. T. Sugiyama1.

INSP3-MEDIATED RESCUE OF CEREBELLAR LONG-TERM DEPRESSION IN
MGLUR 1 DEFICIENT MICE. H. Daniel1. C. Levenes1. L. Fagni2. F. Conauet3. J,
Bnckaert2 and F. Crepel1*. ‘Institut des Neurosciences, CNRS Univ. Paris VI, 75005
Paris, France; 2 CNRS UPR 9023, 34094 Montpellier, France; 3 Glaxo welcome,
experimental research, IBMC univ.de Lausanne,1005 Lausanne, Switzerland.
Long-term depression (LTD) at parallel fibre (PF)/Purkinje cell (PC) synapse
requires activation of functional typel glutamate metabotropic receptors (mGluRl) as
confirmed by impairment of this form of plasticity in mGluRl deficient transgenic
mice. In the present study, photolytic release of 25 pM caged InsP3 in PC of mGluRl
deficient mice induced a transient increase in free calcium concentration that was
similar to that observed in wild-type mice in the same conditions. In the transgenic
mice, when this uncaging of InsP3 was combined with a conventional pairing
protocol, a clear-cut LTD of synaptic transmission between PF and PC occurred, while
the same pairing protocol alone remained ineffective in inducing any change in
synaptic strength. Moreover, this phenomenon, that we call rescue of LTD, was no
longer observed when PCs were loaded with peptide 19-36, a specific inhibitor ol
protein kinase C. Our results demonstrate that the InsP3-dependant control of internal
calcium release seems to be normal in mGluRl transgenic mice. Moreover, the
stimulation of the InsP3 pathway, that normally occurs downstream the activation ol
the receptor itself, is able to bypass the absence of mGluRl. This LTD is, as the one
obtained with classical pairing protocol in wild-type mice, sensitive to PKC
inhibitors. These results underline the fact that impairment of LTD observed in
mGluRl transgenic mice is not due to major abnormalities of the cellular enzymatic
pathways implicated in LTD induction but directly to the inactivation of mGluRl.
Supported by BIOTECH (CT96-0049)

M. Hiionol K. Suzuki2. Y. Nakamura1, K. Nakamura3, M. Katsuki3 and T.Yoshioka’J

*. lDept. of Molecular Neurobiology, Sch. of Human sciences, Waseda Univ.,
Saitama 359-1192; 2Advanced Research Center for Science and Engineering, Waseda
Univ., Tokyo 169-8555; 3Dept. of DNA biol. and Embryo Engineering, Inst, of Med.
Sci., Univ. of Tokyo, Tokyo 108-8639.
It is well known that mGluRl is enriched in cerebellar Purkinje cells (PCs) and
activation of mGluRl by application of a non-selective mGluR agonist 1S,3R-ACPD
induced excitatory inward currents. However, it has not been determined yet whether
the inward current is evoked by hydrolysis of phospholipase C (PLC) or not. To
investigate the mechanism of the generation of the lS,3R-ACPD-induced inward
current, we made mutant mice which defects PLCf34 expressed abundantly in PCs.
And both electrophysiological study by whole-cell patch clamp and Ca2+ imaging
analyses methods were performed.
The PLC{34 mutant mice displayed locomotor ataxia, walked trailing their hind
feet and had low viability after the third postnatal week. However, the anatomy of the
cerebellum was found to be normal. These results were no so different from those
reported previously.
Immunohistochemical analysis of wild-type mice showed that PLCJ34 was highly
expressed in the rostral cerebellum, whereas PLC£3 was predominantly in the caudal
cerebellum.
Actually, the lS,3R-ACPD-induced inward current did not appear at all in PCs of
the rostral cerebellum (lobe 1-6), whereas the current were evoked normally in PCs of
the caudal cerebellum (lobe 7-10) in PLC|34 mutant mice. Interestingly, the larger the
lobe number, the larger amplitude of the lS,3R-ACPD-induced inward current. The
Ca2+ imaging experiments were performed by using a more specific agonist for
mGluRl, DHPG and we found that Ca2+ elevations was observed in all PCs in
cerebellum, while Ca2+ was elevated selectively in the rostral parts, which agree well
with the results obtained by the patch clamp experiment.
These results suggest that PLC plays an important role for the induction of 1S,3RACPD currents. However, it is likely that mGluRl could not interact with G-proteins
in normal way due to lacking of PLCf34. To examine this possibility we will try to use
caged GTP or caged IP3 to PCs of PLC{54 mutant mice.

177.5

177.6

SUBCELLULAR REDISTRIBUTION OF METABOTROPIC GLUTAMATE
RECEPTOR SUBTYPE mGluRla DURING POSTNATAL DEVELOPMENT
OF CEREBELLAR PURKINJE CELLS. G. Ldpez?’2 R, Shigemoto,3 C. De
Cabo? J.M. Juiz?'2* and R. Lui^n.1.‘instituto de Neurociencias, Universidad Miguel
Hem&ndez, Campus de San Juan, 03550 Alicante, Spain; 2Facultad de Medicina,
Universidad Castilla-La Mancha, Campus de Albacete, 02071 Albacete, Spain;
laboratory of Cerebral Structure, National Institute for Physiological Sciences,
Myodaiji, Okazaki 444-8585, Japan
Glutamatergic neurotransmission is a crucial element in brain function and plays
an essential role during development of the nervous system. Metabotropic glutamate
receptors mediate slow actions of glutamate through their coupling to G-proteins.
The metabotropic receptor subtype mGluRla is highly expressed in the cerebellum,
and in particular shows high compartmentalization in the dendritic spines of
Purkinje cells (Luj&n et al., J. Chem. Neuroanat. 13, 219-241, 1997). In the present
study, we have investigated the subcellular localization pattern of mGluRla during
postnatal development (from postnatal day 0, P0, to P60) of cerebellar Purkinje
cells. Immunoreactivity for mGluRla was detected from birth (P0) in Puikinje cells,
but showed significant changes in subcellular localization with age. In the first
postnatal week, mGluRla immunoreactivity was mainly found in somata and
proximal dendrites. From the second postnatal week, it also became concentrated in
distal dendrites and dendritic spines, whereas at the beginning of the third postnatal
week, mGluRla immunoreactivity was progressively concentrated in dendritic
spines. During this third week, the pattern of immunoreactivity already resembled
that of the adult rat (P60), being localized preferentially in dendritic spines. The
reported data show that mGluRla is present in Puikinje cells before their
innervation by parallel fibers. The differential pattern of mGluRla localization in
subcellular Puikinje cell domains also suggests thait the receptor becomes
redistributed in parallel with the development of excitatory inputs.
Supported by grants ofthe University ofCastilla-La Mancha and FIS 95/1672.

mGluRl IN CEREBELLAR PURKINJE CELLS IS REQUIRED FOR LONG-TERM
DEPRESSION, REGRESSION OF MULTIPLE CLIMBING FIBERS AND MOTOR
COORDINATION T. Ichise1, M. Kano2*, K. Hashimoto2, D, Yanagihara3, K. Nakao1, R.
Shigemoto4, M. Katsuki1, A. Aiba1 ‘Ctr. for Exp. Med., Inst, of Med. Sci., Univ. of
Tokyo, Tokyo 108-8639, 2Dept. Physiol., Sch. Med., Kanazawa Univ., Kanazawa
920-8640, 3Toyohashi Univ. of Technology, Toyohashi 441-8580, 4Nat. Inst for
Physiol. Sci., Okazaki Nat. Res. Inst., Okazaki 444-8585
Our previous results on null mutant mice deficient in mGluRl (mGluRl (-/-))
suggest the importance of mGluRl-mediated signaling in cerebellar Purkinje cells
in long-term depression, climbing fiber (CF) synapse elimination and motor
coordination. However, because mGluRl is present in various brain regions, the
question remains whether absence of mGluRl in Purkinje cells is the primary
cause of these phenotypes in mGluRl (-/-) mice. To address this question, we
generated transgenic mice that expressed a rat mGluRl a cDNA under the
control of the promoter of Purkinje cell-specific L7 protein gene. We crossed this
transgenic mice and mGluRl (-/-) mice to produce mice that expressed mGluRl
Ot in Purkinje cells, but not elsewhere (mGluRl-rescue mice). In mGluRl-rescue
mice, the developmental elimination of multiple CF innervation was normal.
Moreover, LTD was induced normally at parallel fiber (PF)-Purkinje cell synapses
by pairing PF and CF stimulation. There was no significant difference between the
wild-type and mGluRl-rescue mice in spontaneous locomotion activity. Motor
coordination examined by rotating rod task was restored in mGluRl-rescue
(Tg/Tg) mice, homozygous for the transgene. To examine the ability of motor
coordination more quantitatively, we placed the mice on treadmill and measured
temporal dynamics during locomotion. mGluRl (-/-) mice had severe impairment
of interlimb coordination and could not achieve smooth locomotion. In marked
contrast, mGluRl-rescue mice exhibited entirely normal interlimb coordination.
These results indicate that mGluRl in Purkinje cells is essential for the regression
of multiple CFs, cerebellar LTD and motor coordination. Supported by CREST and
Ministry of Education, Science, Sports and Culture, Japan.
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CHARACTERIZATION OF THE METABOTROPIC GLUTAMATE RECEPTOR
ACTIVATION OF PHOSPHOLIPASE C IN CEREBELLAR GRANULE CELLS. FL
Masgrau1, J.-M. Servitia*. E. Sam*, K.W. Young2. S.R. Nahorski2 and F, Picatoste**.
’Dep. Bioquimica i Biologia Molecular, Facultat de Medicina, Universitat Autdnoma
de Barcelona, Catalonia, Spain. 2Dep. Cell Physiology and Pharmacology, Medical
Science Building, University of Leicester, U.K.
We have characterized the metabotropic glutamate receptors (mGluRs) involved in
die glutamate (Glu) activation of phospholipase C (PLC) and intracellular Ca2+
mobilization in cultured cerebellar granule cells as well as the calcium-dependency of
the PLC response. Immunoblot experiments showed the expression of both
mGluRlalpha and mGluR5 receptor subtypes. However, in [3H]-inositol labelled
cells, the mGluR5-selective agonist CHPG did not induce accumulation of 3H-inositol
phosphates under conditions in which Glu, quisqualate, t-ACPD and the group I
mGluR-selective agonist DHPG were able to elicit activation of PLC. The response to
Glu was reduced by the group I mGluR antagonist CPCCOEt. Similar results were
obtained measuring intracellular Ca2+ mobilization by single cell imaging in fura2/AM loaded cells that had been transiently depolarized for 1 min before agonist
stimulation. On the other hand, the PLC response to 1 min stimulation with Glu was
decreased by chelation of cytosolic Ca2+ with BAPTA/AM, whereas treatments that
change the Ca2+ content of the internal stores also modulated the response but to a
lower extent. Partial depletion of the Ca2+ stores by thapsigargin or their filling by a
previous transient depolarization resulted in reduction or potentiation of the Glu
activation of PLC, respectively. These results indicate that in cerebellar granule cells
the mGluR mediating PLC activation and Ca2+ mobilization is the mGluRl alpha
subtype although the mGluR5 subtype is also expressed. Moreover, the mGluRmediated activation of PLC may be modulated by changes in both cytosolic Ca2+
concentration and the filling state of the intracellular Ca2+ stores. This work was
supported by grants PB/97-0168 (MEC, Spain) and Wellcome Trust 048460Z/96.

PHARMACOLOGICAL PROPERTIES OF METABOTROPIC GLUTAMATE
RECEPTORS EXPRESSED IN GOLGI CELLS OF THE RAT CEREBELLUM.
F. Knoflach*, G. Adam, T. Woltering, V. Mutel and J. A. Kemp.
F. Hoffmann-La Roche Ltd., Preclinical CNS Research, 4070 Basel, Switzerland.
Group II metabotropic glutamate receptors (mGluR2 and mGluR3) are negatively
coupled to cAMP formation and presynaptically modulate excitatory neurotransmitter release. We investigated the pharmacology of native group II mGluRs expressed in freshly dissociated Golgi cells of the rat cerebellum. For this, we recorded mGluR agonist-mediated inhibition of voltage-gated calcium channels
(VGCCs) using the whole-cell configuration of the patch-clamp technique. Group II
mGluR agonists inhibited VGCC currents in a reversible and concentration-dependent manner. The rank order of potency was LY354740 > DCG-IV > L-CCG-I >
glutamate » 1S-3R ACPD > NAAG. The maximum degrees of inhibition obtained
were similar for all drugs tested, saturating to about 33-41%, except for NAAG
which had a bigger, not saturating effect amounting to 50% at the highest concentration tested (ImM). Two novel group II mGluR antagonists were tested for reversal of VGCC current inhibition obtained with LY354740. These compounds shifted
the LY354740 inhibition curve to the right in a parallel fashion yielding pKB values
of 7.0 and 6.3 for LY341495 and Ro 65-3479, respectively. In the majority of Golgi
cells tested, LY341495 completely antagonized the effect of the non-selective group
I and II mGluRs agonist 1S-3R ACPD. However, in a smaller population, the antagonistic effect of LY341495 was only partial, suggesting a remaining effect of
group I mGluRs. This was confirmed by experiments with S-DHPG, a selective
group I mGluR agonist. These experiments suggest that the majority of Golgi cells
of the cerebellum express group II mGluRs that couple to the inhibition of VGCCs
and that a restricted population of these cells also expresses group I mGluRs, which
can also inhibit VGCCs. Therefore, inhibition of VGCCs in cerebellar Golgi cells is
a useful system for the functional evaluation of novel group II mGluR ligands.

177.9

177.10

EXPRESSION OF METABOTROPIC GLUTAMATE RECEPTOR MESSENGER
RNAs IN THE HUMAN BRAIN: HIPPOCAMPUS AND CEREBELLUM M.
Tomiyama1*. T. Kimura1. T.Maeda1. K, Kannari1. M, Matsunaga1. J.M. Palacios2. G.
Mengod3. 1 Department of Neurological Science, Institute of Brain Science,
Hirosaki University School of Medicine, Hirosaki, 0368216, JAPAN3 Department
of Neurochemistry, UBB, CSIC, Barcelona, 08034, SPAIN.
Evidence is accumulating that glutamate-mediated excitotoxicity plays an
important role in degenerative neurological disorders. To elucidate the relevance of
metabotropic glutamate receptors (mGluRs) to neuronal degeneration, we have
investigated the distribution of mGluR 1-5 mRNAs in the human hippocampus and
cerebellum using in situ hybridization histochemistry with 33P-labeled
oligonucleotide probes. The hippocampus expressed mGluRl, 2 and 5 mRNAs, but
it was devoid of signals for mGluR3 and 4. The mGluRl mRNA was expressed
more strongly in the granule cell layer of the dentate gyrus than in CA1-4, whereas
the signal for mGluR5 was denser in CAI than in CA2-4 and the granule cell layer.
The mGluR2 mRNA was observed only in the granular cell layer. In the cerebellum,
mRNAs coding mGluRl-5 were differentially distributed. The mGluRl mRNA was
displayed moderately by Purkinje cells, but weakly by granule cells. Granule cells
and Purkinje cells expressed strongly the signal for mGluR2. In addition, neuronal
labeling by the mGluR2 probe was occasionally observed in the molecular layer. A
continuous band of the signal for mGluR3 was found in the Purkinje cell layer, but
no specific labeling for mGluR3 was observed in the granular layer. The granular
layer showed very strong labeling for mGluR4. Granule cells and Purkinje cells
weakly expressed the mGluR5 mRNA. Additionally, high signal spots for mGluR5
were occasionally found in the granular layer, that correspond to putative Golgi cells.
These differential distribution of mGluRs may underiie selective vulnerability of
hippocampal and cerebellar neurons in degenerative neurological disorders.
Supported by Japan ALS association grant 98.2 Permanent address: Research Center,
Almirall Prodesfarma S.A., Barcelona.

ADENOSINE Al AND METABOTROPIC GLUTAMATE RECEPTORS
(mGluRS) SHARE G-PROTEIN LINKAGE IN RETINOTECTAL
PRESYNAPTIC INHIBITION. C, Zhang and J. Schmidt*. Dept. Biol. Sci.,
Univ at Albany SUNY, Albany NY 12222
We previously showed that adenosine Al receptors mediate presynaptic
inhibition at the retinotectal synapse of goldfish (J.Neurophys.79:501,1998). Here
we extend this to class II mGluRs and show that both occur via G-protein mediated
inhibition of N-type calcium channels underlying synaptic vesicle release.
Adenosine and the Al (but not A2) agonist CHA reduce calcium current (Ica2+) by
16-19% in cultured retinal ganglion cells, consistent with their effects on
transmission. The general mGluR agonist ACPD (50pM) and the selective group
II mGluR agonist DCG-IV (300nM) inhibited both synaptic transmission and
ICa2+, while the group III mGluR agonist L-AP4 inhibited neither. When the Ntype calcium channels were blocked with a)-Conotoxin GVIA, neither adenosine
nor DCG-IV had a significant effect on the residual 20% of ICa2+, suggesting that
their inhibitory effects are mainly on the N-type calcium channels. The inhibitory
effects of Al adenosine receptors and mGluRs were both blocked by pertusis toxin,
indicating that they are mediated by either Gj or Go. They were also inhibited by
TPA or lactam-activation of protein kinase C, which is known to phosphorylate
and inhibit Gj. Finally, when they were applied sequentially, inhibitions by
adenosine and DCG-IV were not additive but occluded each other. Together, these
results suggest that adenosine Al receptors and group II mGluRs mediate
presynaptic inhibition of retinotectal synaptic transmission by sharing a PTXsensitive, PKC-regulated G protein coupled to N-type calcium channels. Since both
adenosine and glutamate are released by retinal terminals, this furnishes
autoinhibiton of release that can shape visual responses and visual plasticity and
may underlie the inconstant responses in immature synapses during development.
Supported by NIH grant EY-03736 to JTS.

177.11

177.12

AMBIENT GLUTAMATE LEVELS REGULATE EXCITATORY NEUROTRANSMISSION VIA
PRESYNAPTIC METABOTROPIC RECEPTORS IN HYPOTHALAMIC NEURONS. D.M,
Linn* and J.G. Tasker. Neuroscience Program, Department of Cell and Molecular Biology,
Tulane University, New Orleans, LA 70118.
Glutamate is one of the most prevalent neurotransmitters in the hypothalamic supraoptic
nucleus (SON), and glutamate release is involved in burst generation in hypothalamic
neuroendocrine cells. Metabotropic glutamate receptors (mGluRs) are expressed in the
hypothalamus at levels that are comparable to those of the ionotropic glutamate receptors.
Previous work from our lab has demonstrated the presence of group III mGluRs on
presynaptic glutamate terminals in the SON (Schrader and Tasker, J. Neurophysiol. 77:527536,1997). The current study was undertaken to test the hypothesis that ambient glutamate
levels regulate the synaptic release of glutamate through activation of presynaptic group III
mGluRs. SON magnocellular neurons were recorded with whole-cell patch-damp in coronal
slices (400 pm) of rat hypothalamus. L-AP4 (100 pM, a group III mGluR agonist) decreased
significantly the frequency of excitatory postsynaptic currents recorded in the presence of
TTX and bicuculline (mini-EPSC’s).
Dihydrokainate (DHK, 500 pM), a competitive
antagonist of the GLT-1 subtype of glutamate transporter, also caused a decrease in the
frequency of mini-EPSC’s. Prior exposure of the slices to L-AP4 blqcked any addtional
effects of subsequent DHK application on mini-EPSC frequency. The group III mGluR

GROUP
1
METABOTROPIC
GLUTAMATE
RECEPTOR
ACTIVATION MOBILIZES Ca2+ FROM STORES IN CULTURED
DRG NEURONES. J, Pollock. D.J. Martin & R H. Scott*. Dept
Biomedical Sciences, IMS, Aberdeen University, AB25 2ZD, U.K.

antagonists, M-AP4 (250 pM) and MSOP (200 pM), had the opposite effect on mini-EPSC’s,
causing a significant increase in their frequency. When DHK was applied following the
MSOP application, no effect on the MSOP-induced increase in mini-EPSC frequency was
observed. Taken together, these results incficate that ambient glutamate levels activate
group III mGluRs located on presynaptic glutamate terminals, and that blockade of the GLT-1
transporter leads to increased synaptic glutamate levels and activation of presynaptic group
III mGluRs. This suggests the existence of a negative feecback loop in which basal
glutamate release regulates the overall signal-to-noise ratio of the excitatory synapse.
Supported by grants from the NIH (NS34926) and the American Heart Association
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Fura-2 was used to monitor changes in intracellular Ca2+ evoked by activation
of metabotropic glutamate receptors (mGluRs) in neonatal rat cultured dorsal
root ganglion (DRG) neurones. mGluR agonists, 1S3R-ACPD (20pM) and
CHPG (500pM) mobilised Ca2+ from intracellular stores in -25% (n=52) and
-70% (n=l 1) of DRG neurones respectively. Single transient or oscillatory
changes in intracellular Ca2+ were observed. Extracellular Ca2+ free conditions
evoked Ca2+ transients but mGluR responses also persisted under these
conditions. mGluR responses were abolished by extracellular application of
ryanodine (lOOpM) or by dantrolene (lOpM). When applied alone ryanodine
but not dantrolene evoked an increase in intracellular Ca2+. The group II
receptor agonist, DCG IV (100pM) alone produced no effect on [Ca2+]j. AIDA
(lOOpM) inhibited the responses to CHPG suggesting that these responses were
mediated by mGluR5. Whole cell recording electrophysiology showed that
inward Ca2+-activated currents could be activated in 21 out of 28 neurones by
1S3R-ACPD. The mean mGluR-induced inward current from populations of
DRG neurones appeared to be attenuated by intracellular application of the
cyclic ADP-ribose antagonist, 8-amino cyclic ADP-ribose (lOpM). We suggest
that mGluRs-mediated responses involve Ca2+ mobilisation from DRG neurone
Ca2+ stores sensitive to cyclic ADP-ribose and ryanodine receptor ion channel
complex ligands. Part of the mGluR response may involve a metabotropic
mechanism linked to biosynthesis of cyclic ADP-ribose. Supported by the MRC
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KNOCKDOWN OF SPINAL mGluR, REVERSES NMDA HYPERSENSITIVITY
IN NEUROPATHIC RATS. M.E. Fundytus*, K, Yashpal, A, Dray, T.J, Codgrre,
J.L, Henry. Depts. of Physiology & Psychiatry, McGill Univ.; Pain Mechanisms
Lab. Clinical Research Institute of Montreal; ASTRA Research Centre of Montreal;
Montreal, PQ, H3G 1Y6.
It has been shown that glutamate release is increased in spinal cord of neuropathic
rats. We have previously shown that knockdown of spinal mGluR, alleviates
hyperalgesia/allodynia and restores opioid efficacy in neuropathic rats. We have
also shown that knockdown of mGluR, attenuates elevated protein kinase C (PKC)
activity in spinal cord dorsal hom of neuropathic rats. From these results, as well as
those of other investigators showing that NMDA antagonists reduce neuropathic
pain, we hypothesized that neuropathic rats would be hypersensitive to intrathecal
(i.t.) NMDA. Neuropathy was induced by placing a 2 mm length of PE90
polyethylene tubing around one sciatic nerve. Rats were infused chronically i.t. with
either artificial CSF, or 50 pg/day missense (MS) or antisense (AS)
oligonucleotides targeting mGluR|. Eight days after nerve injury, rats were injected
i.t. with 1.67 or 2.5 nmol of NMDA, and the time they spent exhibiting nociceptive
behaviours was recorded. Here we show that neuropathic rats exhibit increased
nociceptive behaviour, compared to sham-operated rats, in response to intrathecal
NMDA, and that this increased sensitivity is reversed by AS oligonucleotide
knockdown of spinal mGluR,. We hypothesize that increased release of glutamate
in the spinal cord of neuropathic rats results in increased activation of mGluR, as
well as NMDA receptors. Because mGluR, is positively coupled to
phosphatidylinositol (PI) hydrolysis, activation of these receptors leads to activation
of PKC. PKC phosphorylates the NMDA receptor-associated ion channel, resulting
in increased sensitivity of NMDA receptors. Knockdown of mGluR, reduces PI
hydrolysis, and thus the phosphorylation of NMDA ion channels by PKC, reducing
NMDA receptor sensitivity. This work was supported by the MRC/PMAC and
ASTRA Research Centre Montreal, and MRC Canada grants to T.J.C. andJ.L.H.

PERIPHERAL METABOTROPIC GLUTAMATE RECEPTOR SUBTYPE
5-MEDIATED ACTIVATION OF RAT DORSAL HORN WIDEDYNAMIC RANGE NEURONS IN VIVO: SELECTIVE INHIBITION BY
2-METHYL-6-(PHENYLETHYNYL)-PYRIDINE (MPEP) A. J. Reeve1,
K Walker1, R. Kuhn and L. Urban1*. Novartis Pharma AG, Nervous System
TA, CH-4002 Basle ’Novartis Institute for Medical Sciences, 5 Gower Place,
London WC1E6BN,UK
Previous studies have indicated that ionotropic glutamate receptors are
expressed at the peripheral terminals of primary afferent neurons (Carlton et
al., Neurosci.Lett. 197:25-28, 1995). In this study, the responses of rat dorsal
horn wide-dynamic range (WDR) neurons were measured following the
application of the metabotropic glutamate subtype 5 (mGlu5) receptor
agonist, RS-2-chloro-5-hydroxyphenlyglycine (CHPG), to their peripheral
receptive fields, in vivo. Activation of peripheral mGlu5 receptors was
confirmed using the selective mGlu5 receptor antagonist, MPEP. Male
Sprague Dawley rats (200-220g) were anaesthetised with enflurane, and a
laminectomy performed over the lumbar segments to expose the spinal cord.
Dorsal horn neurons were first characterised using transcutaneous electrical
stimulation into the peripheral receptive field to evoke AP-, A8-, C-fibre,
post-discharge and wind-up responses in WDR-neurones. Recordings of
WDR neuronal responses were measured following microinjection (10 p.1) of
CHPG or co-microinjection of CHPG + MPEP into the peripheral receptive
field. CHPG (100 nmole) gave rise to spontaneous activation of WDR
neurones at a frequency and duration that was significantly greater than that
observed following vehicle injections. Co-administration of CHPG (100
nmole) + MPEP (up to 500 nmole) inhibited the spontaneous activation of
WDR neurons produced by CHPG alone. These results are consistent with
the expression of mGlu5 receptors on sensory neurons in rat skin, and
supports their role in nociceptive processes (Walker et al., this meeting).

177.15

177.16

METABOTROPIC GLUTAMATE RECEPTORS, SUBTYPE 5, EXPRESSED ON
SENSORY NEURONS IN RAT SKIN MEDIATE INFLAMMATORY
HYPERALGESIA. K. Walker1*, M Bowes1, J. Winter1, F. Gasparini, P. Schmid, R. Kuhn and
L Urban1. Novartis Pharma AG, Nervous System TA, CH-4002 Basle ’Novartis Institute for
Medical Sciences, 5 Gower Place, London WCIE 6BN, UK
The effects of a novel, selective antagonist of tiie human and rat metabotropic glutamate
receptor subtype 5 (mGluR5), 2-methyl-6-(phenylethynyl)-pyridine (MPEP) has been
examined in models of inflammatory pain. Hind paw withdrawal thresholds (PWT) to a
mechanical stimulus were measured in adult male Sprague-Dawley rats (n=6/group) using
an Analgesymeter (Ugo Basile, Italy). The effects of glutamate receptor agonists and
antagonists were examined 5-60 min. after intraplantar (i.pl.) injection into the hind paw of
naive rats. The effects of MPEP were tested against tiie mechanical hyperalgesia produced
24 h following a 25 pi i.pl. injection of Freund’s complete adjuvant (FCA) or 1 and 3 h after
a 25 pi i.pl. injection of carrageenan into a rat hind paw. The effects of MPEP were
compared following oral (p.o.), i.pl. or intrathecal (i.t.) routes. MPEP was suspended in 10%
DMSO/tragacanth (1%) for p.o. administration and 10% ethanol, 10% Tween 80, 80%
saline for i.pl. or i.t. injections. Other compounds were administered in 0.9 % saline. Results
indicate that the rank order of potency for the mechanical hyperalgesia produced by i.pl.
injection of glutamate receptor agonists was glutamate> CHPG= DHPG> NMDA=
AMPA> LY354740> L-AP4. Mechanical hyperalgesia induced by DHPG and CHPG (1100 nmole) was inhibited by i.pl., but not i.t. administration of MPEP (10-300 nmole).
MPEP (10-100 mg/kg, p.o.) produced up to 74 ± 6 % reversal of mechanical hyperalgesia in
the FCA-inflamed hind paw 1-5 h following administration, and 71 ± 7 % inhibition of
canageenin-induced mechanical hyperalgesia 1 h following administration. An affinity
purified rabbit anti-mGluR5 antibody was used to stain 20 pm frozen sections of glaborous
rat skin from inflamed or naive hind paws. Sections were post-fixed with 4 %
paraformaldehyde and the primary antibody was applied at a concentration of 1:1000 for 1 h
at 25 °C. Staining was visualised using a fluorescently labelled anti-rabbit secodary antibody.
Immunoreactivity was detectable in peripheral axons in skin from both naive and inflamed
rat hind paws.

EVIDENCE FOR THE EXPRESSION OF METABOTROPIC
GLUTAMATE RECEPTORS IN THYMIC CELLS. U. de Grazia1 M.
StortoL G. Battaglia**, M.P, Felli2, M, Maroder2 A. Gulino^, F. Nicoletti
G. RagonaL2, I. Screpanti^ and A. CalogeroL 'i.N.M. Neuromed, Pozzilli;
2Dept. of Exp. Med., Univ. "La Sapienza , Roma; 3Dept. of Pharm. Sciences,
Univ. of Catania, Italy.
While it is generally believed that specific intrathymic lympho-stromal
interactions play a key role in T cell development, the mechanisms underlying
these interactions are not fully clarified. We have examined the possibility that
glutamate behaves as an intercellular signalling molecule and that its action is
mediated through specific membrane receptors. More specifically, we have
searched for G-protein coupled metabotropic glutamate receptors (mGluRs) in
the TC1S thymic stromal cell line, as well as in thymocytes. Of the eight
known mGluR subtypes, TC1S cells expressed mGluR2, -3 and -5, as shown by
RT-PCR and Western blot analysis. In addition, these cells spontaneously
released large amounts of glutamate into the extracellular environment.
Thymocytes instead predominantly expressed mGluRl, -3 and -5. FACS
analysis showed that the majority of unfractionated thymocytes (70%)
expressed mGluR5, whereas 50% of the cells expressed mGluR3 and only 15%
expressed mGluRl. In contrast, isolated CD4‘CD8“ double negative thymocyte
precursors expressed only mGluR3 (45%) and mGluRl (40%), whereas
mGluR5 was barely detectable. We conclude that thymic cells express specific
glutamate receptors, and that changes in the expression of individual mGluR
subtypes are associated with T cell maturation stages.

177.17

177.18

SEVERE DISRUPTION OF PREPULSE INHIBITION (PPI) IN MICE
LACKING MGLUR5. S. A. Henry, S.C. Dulawa, F. Conquet*, and M.
A. Geyer* Dept. of Neuroscience, University of California - San Diego,
La Jolla, CA 92037; AGlaxoWellcome Experimental Research, IBCM,
1005 Lausanne, Switzerland
The glutamate hypothesis of schizophrenia is in part on the
suggestion that administration of PCP, an NMDA antagonist, mimics
both the positive and the negative symptoms of schizophrenia in healthy
adults. Additionally, administration of NMDA antagonists to both
humans and rodents disrupts PP, which refers to the normal inhibition
of the startle response that occurs when a weak stimulus (the prepulse)
immediately precedes the startling stimulus (the pulse).
PPI is a
multimodal phenomenon that provides an operational measure of
sensorimotor gating, a process by which an organism screens or filters
the large flow of information from its surroundings. PPI deficits are
observed in patients with schizophrenia. The NMDA receptor is known
to work in conjunction with the group 1 metabotropic glutamate
receptors (mGluRs). We hypothesized that one of the group 1
metabotropic glutamate receptors, specifically mGluR5 due to its
localization, is involved in PPI. mGluR5 knockout mice of two different
background strains were tested in a startle paradigm: prepulses of 4, 8,
and 12 dB above background preceded the 120 dB pulse by 100 ms in
a semi-randomized order. PPI of the mGluR5 knockout mice was
disrupted significantly in both strains. The startle response of the
knockout mice was unaffected in the 129Sv background strain but was
increased significantly in the C57B1 knockouts. These results indicate
that mGluR5 contributes to the regulation of PPI. Further studies should
test whether this mGluR5-related PPI deficit is reversed by antipsychotic
treatments.
(Funding provided by DA02925 and GlaxoWellcome
R&D.)

THE GROUP II METABOTROPIC GLUTAMATE RECEPTOR AGONIST,
LY354740, SUPPRESSES BEHAVIORAL AND MOLECULAR EFFECTS OF
5HT2A RECEPTOR ACTIVATION: HEAD SHAKES AND NEOCORTICAL
NEUROTROPHIN EXPRESSION. J, C, Gewirtz*. A.C.-H. Chen. R.S. Duman
& G.J, Marek. Dept. of Psychiatry, Yale University School of Medicine, New
Haven, CT 06508.
5-HT2A receptor stimulation increases the frequency of spontaneous excitatory
postsynaptic currents (EPSCs) in medial prefrontal cortex (mPFC) by increasing
glutamate release from a subset of presynaptic terminals. These 5-HT-induced
EPSCs are suppressed by the potent and selective, metabotropic glutamate 2/3
(mGlu2/3) receptor agonist, LY354740 (Marek & Aghajanian, 1998). Here, we
looked at the effects of LY354740 on both behavioral and molecular sequelae to
administration of the mescaline analog, DOI, a 5-HT2A/2C receptor agonist.
As shown previously, DOI (5 mg/kg) increased expression of brain-derived
neurotrophic factor (BDNF) mRNA in cortex, including mPFC, measured by in
situ hybridization. Pretreatment with LY354740 (0.1-10 mg/kg) suppressed this
increase in a dose-dependent manner. Consistent with previous reports, DOI (1.25
mg/kg) induced head shakes, a distinctive behavioral marker of 5HT2A receptor
activation. LY354740 (10 mg/kg) suppressed DOI-induced head shakes. To
investigate the contribution of neurons in mPFC to this interaction, we are
currently examining the extent to which systemic LY354740 also reduces head
shakes induced by acute intracranial microinfusion of DOI into the mPFC.
Given that both mPFC and 5HT2A receptors are involved in the
pathophysiology and treatment of schizophrenia and depression, these results
provide further support for the therapeutic potential of metabotropic agonists in the
treatment of psychiatric disorders. (Supported by NIMH and NARSAD).
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IN VIVO PHARMACOLOGY OF THE SELECTIVE METABOTROPIC
GLUTAMATE RECEPTOR ANTAGONIST LY341495.
D.R. Helton*. Biological Test Center, B. Braun Medical Incorporated, Irvine,
CA 92623, USA.
LY341495 is a nanomolar potent and selective antagonist at group II
metabotropic glutamate (mGlu) receptors. At higher concentrations, LY341495
acts as an antagonist at other group I and group III receptor subtypes. The
present series of experiments studied the dose-related effects of LY341495 alone,
and in combination with the selective group II agonist LY354740, in models of
anxiety [elevated plus maze (EPM)], psychosis [MK-801-induced disruption of
prepulse inhibition (PPI)] and withdrawal (nicotine). At lower doses (0.3 and 1
mg/kg, ip), LY341495 acted as an antagonist, blocking the anxiolytic effects of
LY354740 (10 mg/kg, ip) on the EPM and reversing the ability of LY354740 (10
mg/kg, ip) to block MK-801-induced disruption of PPI. Furthermore, LY341495
(0.1 and 1 mg/kg, ip) blocked LY354740-induced attenuation of nicotine
withdrawal. Doses of LY341495 which blocked the pharmacological effects of
LY354740 in these models, did not produce sedation, cause deficits in
neuromuscular coordination, alter sensorimotor reactivity, modify seizure
thresholds, or interact with the central nervous system depressant, hexobarbital.
When administered alone at higher doses (3 and 10 mg/kg, ip), LY341495
produced an anxiogenic effect on the EPM by decreasing open arm activity.
However, like LY354740, when given alone at higher doses (10 and 30 mg/kg,
ip) LY341495 also reversed MK-801-induced disruption of PPI indicating
differential pharmacology as doses increase. LY341495 is a novel group II
receptor antagonist which is a useful tool for elucidating the function of mGlu
receptors in vivo.

ACETYLCHOLINE II

178.1

178.2

CIRCULATING ACETYLCHOLINESTERASE OF APLYSIAPUREFICATION AND PROPERTIES. C Fite. D. F. Speck* and M.
Srivatsan. Dept. of Physiology, Univ. of Kentucky College of Medicine,
Lexington, KY 40536-0298
Acetylcholinesterase (AChE) present in hemolymph(HML) of
Aplysia (Bevelaqua et al., 1975) promotes neurite growth. To understand
AChE’s structure-function relationship in promoting neurite growth, we
purified AChE to its homogeneity for analysis. AChE was isolated from
HML by edrophonium chloride coupled epoxy-activated sepharose
affinity column. 94% of HML AChE bound to the affinity gel and 58%
was eluted with 4,800 fold enrichment. Protein and histochemical staining
for AChE revealed that purified AChE migrated as a single band in nondenaturing gel and SDS-PAGE analysis revealed two bands, at 300,000
and at 70,000 MW. HML AChE before and after purification exhibited
same substrate and inhibitors specificities. However the substrate
inhibition profile of purified AChE differed from that of the unpurified
enzyme. Also difference in the density gradient sedimentation profile
between AChE before and after purification was observed. While the salt
concentration influenced the sedimentation of unpurified AChE, the
presence of detergent altered the sedimentation profile of purified AChE.
These diferences suggest interaction of AChE with other proteins in
circulation.
Supported by NS35864(NINDS) to M S.

The anchor chain of human brain acetylcholinesterase: cDNA and amino
acid sequences and chromosomal localization D. S. Navaratnam, F. S.

Fernando, J D. Priddle, Kurt Giles, Ian Craig, A. David Smith*.Department of
Pharmacology, and Division of Genetics, Dept. of Biochemistry, University of
Oxford, Oxford, UK; Department of Neurology and Pathology, University of
Pennsylvania School of Medicine, Philadelphia, PA
The localization of acetylcholinesterase (AChE) to the synaptic cleft is important
because it limits the duration of action of acetylcholine. While AChE is localized
at the synaptic cleft of neuromuscular junctions by a collagen-like protein, the
mechanism of its attachment to neuronal membranes in inter-neuronal synapses
has remained poorly understood. We have isolated, sequenced and cloned a
membrane protein from human caudate nucleus that is attached to AChE, which
we propose anchors AChE to neuronal membranes. It is a short protein of 136
amino acids that contains two cysteine residues, that would, in its unmodified
form, be predicted to have a molecular weight of 14 kD. The sequence contains
stretches of both hydrophobic and hydrophilic amino acids in keeping with its
putative role as a membrane anchor. Analysis of the genomic sequence of this
protein revealed that its coding region is divided between five short exons, with
alternative splicing of its 5’ untranslated region. We also report preliminary data
on its localization to chromosome 6p21.32-p21.1.. Supported by a grant from
BMS.

178.3

178.4

EEG STUDIES ON HUPERZINE A, A REVERSIBLE CHOLINESTERASE
INHIBITOR, IN RATS. S. Hale1, A. Williams2, H. Ved3, G. Kant2*, B, Doctor3 and F,
Tortella2. Divisions of 'Pathology, Neuroscience and ’Biochemistry, Walter Reed
Army Institute Research, Washington, D.C. 20307.
Huperzine A (HupA), a novel reversible cholinesterase inhibitor that crosses the blood
brain barrier, is under investigation as a potential pre- and post-exposure treatment for
organophosphate nerve agent toxicity. Nerve agents are a significant military and
civilian threat because of their ability to induce intractable seizures and death, among
other symptoms. Because of HupA’s potential as an anti-seizure and neuroprotective
drug, identification of potentially serious CNS side effects is a necessary part of it’s
evaluation. HupA (0.5-2.0 mg/kg, n=5/dose) was administered as a single i.v. bolus to
male Sprague-Dawley rats (300-400 gm) implanted with cortical EEG electrodes and
jugular vein and femoral artery catheters. Immediately following an injection of HupA
dose-dependent symptoms emerged which were marked by generalized muscle
fasciculation, intense sedation and a significant delay in the onset to normal EEG slowwave sleep (maximum = 167 ± 10 min/n=10). However, there was no evidence of
seizure activity or marked cortical slowing. Importantly, computer-assisted spectral
analysis revealed significant shifts in the EEG frequency patterns relative to baseline
controls that were not correlated with circulating cholinesterase blood levels. For
example, EEG power increased in the 4-8 Hz frequency band with concomitant
decreases in power in the 8-30 Hz frequency range and a dose-dependent consolidation
of the EEG waveform centered about a peak frequency of 5.35 ± 0.13 Hz was
measured. HupA-induced lethality (LD50 =1.91 mg/kg) occurred within 5-15 min and
was typically associated with dyspnea and cyanosis. Light microscopic evaluation
(H&E stains) of HupA treated brains removed 24 h postinjection failed to reveal
histological evidence of lesions. Hence, in rats acute, non-lethal injections of the
putative anti-seizure and neuroprotective drug HupA appear to be devoid of functional
or pathological CNS toxicity. Government Funding

EXPRESSION OF BUTYRYLCHOLINESTERASE IN HUMAN THALAMUS.
S. Darvesh.1,2 T. Hagg.2 * and D. A, Hopkins.2 Department of ’ Medicine,
Division of Neurology and Geriatrics and2 Department of Anatomy and
Neurobiology, Dalhousie University, Halifax, NS, Canada B3H 4H7.
It has been hypothesized that BuChE and AChE are co-regulators of the
duration of action of acetylcholine in cholinergic neurotransmission. This suggests
that BuChE has a more important role in the brain than commonly recognized. In
keeping with this, in the human amygdala and hippocampal formation, the
distributions of BuChE- and AChE- positive neurons differ. In order to compare
the expression of these cholinesterases in the human thalamus, their distributions
were studied using a modified Karnovsky-Roots method.
There was intensive staining for both BuChE and AChE in neurons and
neuropil throughout the thalamus with some nuclei expressing only one or the
other cholinesterase. BuChE was expressed strongly in neurons in the anterior,
mediodorsal, ventral anterior, and lateral groups. AChE was expressed most
heavily in neurons of the anterior dorsal nucleus, the intralaminar nuclei, the
reticular nucleus, certain midline nuclei and the entire lateral and posterior groups
of nuclei. Considered as a whole, there were both complementary and overlapping
patterns of BuChE and AChE expression, with few nuclei devoid of both enzymes.
The distinct distribution of BuChE in the human thalamus emphasizes the
importance of BuChE in neurotransmission in the human nervous system.
Furthermore, like AChE, BuChE is found in certain thalamic nuclei related to
cognitive function, thus modification of the enzymatic activity of BuChE could
have impact on cognitive functions in certain neurodegenerative diseases.
Supported by the Scottish Rite Charitable Foundation of Canada, QEII
Health Science Centre and Dalhousie University UIMRF.

Society

for

Neuroscience

, Volume

25, 1999

SUNDAY PM

ACETYLCHOLINE II

451

178.5

178.6

EXPRESSION, PURIFICATION, CRYSTALLIZATION AND
PRELIMINARY CHARACTERIZATION OF RECOMBINANT
CARNITINE ACETYLTRANSFERASE. W. Lian, Y. Gu, Y. Kim,
G. Finocchiarro and D. Wu* Department of Med. Chem., College of
Pharmacy And UFBI, University of Florida, Gainesville, FL-32610
Carnitine acetyltransferase (CAT, E.C. 2.3.1.7) catalyzes the
reversible transfer of an acetyl group between CoA and carnitine and
plays an important role in cellular energy metabolism and cellular
detoxification. This enzyme appears to employ a similar reaction
mechanism with and shares approximately 45% identity at the amino
acid level with choline acetyltransferase, the biosynthetic enzyme for
the neurotransmitter acetylcholine. To this date, there is no known
three dimensional structure available for this unique family of
choline/camitine acyltransferases which also include the carnitine
octanoyltransferase and palmitoyltransferases that are essential for
beta oxidation in the peroxisomal and mitochondrial compartments.
In order to gain more insights into the catalytic mechanism of these
acyltransferases and the structural basis for substrate specificity, we
have chosen carnitine acetyltransferase as a model and have initiated
studies to examine the structural and fiinctional relationship of this
molecule. Here we report the heterologous expression, affinity
purification, protein crystallization and preliminary characterization
of the recombinant human carnitine acetyltransferase.
This study is supported in part by a NIH grant GM58197.

CHARACTERIZATION AND PHOSPHORYLATION OF RECOMBINANT
HUMAN CHOLINE ACETYLTRANSFERASE PRODUCED IN HIGH-5
INSECT CELLS. T, Dohransky1*, W, Davis1. G, H, Xiao1 andR. J. Rvlett1,2
’Department of Physiology, The University of Western Ontario;
^he John P. Robarts Research Institute, London, Ontario, Canada, N6A 5C1
Two forms of human choline acetyltransferase (ChAT)-82kDa and 69 kDa-were
produced in High-5 cells with and without hexa-histidine (His6) epitope tag. His6 tagprotein was purified >95% using a two step purification procedure, DEAE-Sepharose
and Talon affinity column. Pure proteins were visualized on two-dimensional SDSPAGE as one continuous band between pH 6.7-9.8 for both forms of the enzyme.
Fractionation of crude extract of both ChAT forms expressed without His6 tag using
stepwise elution from DEAE-Sepharose column with a NaCl gradient concentration
shows different patterns of protein isoforms eluted in two fractions for 82 kDa form
and four fractions for 69 kDa form. 69 kDa ChAT is presented by at least 9 separated
isoforms (pi 4.9-8.3) and 82 kDa ChAT is presented by at least 6 separated isoforms
(pi 5.2-9.0). Immunofluorescent labeling of both enzyme forms showed different
cellular localization following 24 hours after infection in comparison with 64 hours.
Twenty-four hours after infection, 69 kDa form was present only around cytoplasmic
membrane and 82 kDa ChAT form was strictly cytoplasmic. Sixty-four hours after
infection, 69 kDa form was distributed in cytoplasma and 82 kDa form was only
present in nucleus. Polyclonal anti C-terminal (CEKATRPSQGHQP) and N-terminal
ChAT (CAEAAEPRRAGPH) peptide antisera were immunoaffinity purified on
corresponding peptide-Sepharose column (peptide attached to sepharose via NHS
spacer). C-terminal antisera recognize both forms of ChAT, while N-terminal antibody
recognize specifically only long form (82 kDa) ChAT. In vivo phosphorylation studies
in High-5 cells demonstrated that both forms of human ChAT are phosphoproteins. In
vitro phosphorylation studies showed that 69 kDa His6 ChAT is a substrate for protein
kinase C (PKC), casein kinase II (CKII) and calcium-calmodulin dependent protein
kinase (CaM), but not for cAMP dependent protein kinase (PKA).
(Supported by a grant from MRC Canada)

178.7

178.8

THE MAPK KINASE (MEK) INHIBITOR, PD98059,
UPREGULATES ACETYLCHOLINE (ACh) SYNTHESIS IN A
MURINE SEPTAL CELL LINE. T.J, Mellott. B. Berse*. I. Lopez-

ACTIVATION OF PHOSPHOLIPASE D INCREASES ACETYLCHOLINE SYNTHESIS IN A MURINE SEPTAL CELL LINE.
D, Zhao*, T.J. Mellott, and J.K. Blusztain. Department of Pathology
and Laboratory Medicine, Boston Univ. Sch. of Med.; Boston MA,
02118.
Mammalian cells express two isoforms of phospholipase D (PLD),
PLD1 and PLD2. Both PLDs hydrolyze phosphatidylcholine (PC) to
produce phosphatidic acid and choline. Previous studies in human cells
suggested that choline liberated by a PLD-like enzyme remained in the
cytoplasm and was converted into acetylcholine (ACh). Here we tested
the role of PLD in ACh synthesis in a murine cholinergic septal cell line
(SN56). In vivo assay showed that basal PLD activity in SN56 cells was
low and was stimulated by incubation with 100 nM of the phorbol ester,
phorbol 12-myristate 13-acetate (PMA). When cells were incubated with
PMA in a buffer free of exogenous choline, ACh synthesis was increased
by 30% compared to that of untreated cells. To further confirm the effect
of PMA, we transiently transfected SN56 cells with the mouse PLD2
gene. Transfected cells showed 50% more PLD activity and 37% more
ACh production. PMA treatment of the transfectants further increased
PLD activity by 2.5-fold and ACh synthesis by 15%. These data suggest
that in SN56 cells, choline generated from PC by PLD was utilized to
synthesize ACh. The data indicate that, in addition to being involved in
signal transduction and/or vesicle trafficking pathways, PLD may play a
unique role in cholinergic neurons in providing the choline precursor for
ACh synthesis. (Supported by a NIH grant AG09525)

Medicine, Boston Univ. Sch. of Med.; Boston, MA 02118.
Upregulation of ACh synthesis by growth factors and
neurotransmitters is thought to involve activation of protein kinases
including protein kinase A and MAPK. We used PD98059, a
noncompetitive MEK inhibitor, to prevent the activation of MAPK by
MEK in a mouse septal cell line (SN56T17). Surprisingly, PD98059
alone upregulated ACh synthesis in a concentration- and time-dependent
manner. PD98059 (10 pM) elicited a 2-fold increase in ACh levels and
was most effective after a 48h treatment. The EC50 of PD98059 on the
upregulation of ACh synthesis was 3.7 jli M which is comparable to its
reported IC50 of 4 pM on MEK1 activity in vitro. Following a 48h
treatment with PD98059, a 50% decrease in the level of MAPK
phosphorylation, as determined by immunoblotting, was observed. A
tyrosine kinase inhibitor, tyrphostin A25, also increased ACh levels. The
combination of tyrphostin A25 (50 pM) and PD98059 (10 pM) produced
a 3-fold increase in ACh and the most significant decrease in MAPK
phosphorylation (75%). Thus, an inverse correlation between the
magnitude of MAPK phosphorylation and ACh production was observed
in cells treated with PD98059 and/or tyrphostin A25. The data suggest a
heretofore unappreciated possibility that MAPK may inhibit ACh
synthesis. Studies now in progress are designed to determine if this
action of MAPK may be mediated by changes in the expression of choline
acetyltransferase or changes in ACh turnover. (Supported by NIH grant
AG09525)

178.9

178.10

DENDRITIC AND AXONAL TARGETING OF THE VESICULAR
ACETYLCHOLINE TRANSPORTER IN THE RAT MESOPONTINE
TEGMENTUM. M. Garzon* and V.M. Pickel. Department of Neurology

IDENTIFICATION OF FOUR SINGLE NUCLEOTIDE POLYMORPHISMS
(SNPS) IN THE MUSCARINIC-CHOLINERGIC CHRM1 GENE UTILIZING
dHPLC LARGE SCALE DNA SCREENING. J.G Rudolph*, C.M. Mazzanti, M.
Radel, R. Lipsky, A. Ellini, D. Bozak, G. Vyas, and D. Goldman. Laboratory of
Neurogenetics, National Institute on Alcohol Abuse and Alcoholism, National
Institutes of Health, Rockville, MD 20852.
The central nervous system has an extensive network of muscariniccholinergic neurons, whose axons are distributed widely throughout the brain and
spinal cord. These pathways are involved in many processes including learning and
memory, control of extrapyramidal, and vestibular function, as well as analgesia.
Muscarinic M, receptors are G-protein coupled, which when activated by the
neurotransmitter acetylcholine, results in the formation of IP3 and DAG, followed by
increases in intracellular calcium levels. Since various muscarinic agonists and
antagonists have been used to treat a variety of clinical disorders of the nervous
system including Alzheimer’s type of senile dementia, Parkinson’s syndrome, and
Huntington’s chorea, we hypothesized that genetic variants within the CHRM1 gene
may alter receptor mediated signal transduction and play a role in CNS diseases.
Our approach used denaturing high performance liquid chromatography (dHPLC) to
screen PCR amplified products derived from a clinically and ethnically diverse
panel of 500 individuals. PCR products were no longer than 350 base pairs in
length. Possible DNA variant candidates identified with dHPLC were reconfirmed
using both DNA sequencing and RFLP analysis. Using this method, we identified
four CHRM1 gene variants: 367C>A, 1144G>A, 1321C>T, and 1453C>T. Of these
variants, all four were previously unidentified. These variants are being evaluated
for their effects in a variety of mental disorders including schizophrenia, obsessivecompulsive disorder, and bipolar disorder. These results indicate that dHPLC is a
rapid and sensitive method for detecting genetic variants.

and Neuroscience, Weill Medical College of Cornell University, New York,
NY 10021.
The output from cholinergic neurons of the laterodorsal tegmental
(LDT) and pedunculopontine (PPT) nuclei is markedly influenced by
acetylcholine. We examined the potential sources of the acetylcholine in
this region by using electron microscopy immunocytochemistry for the
localization of the vesicular acetylcholine transporter (VAchT), the protein
responsible for sequestering acetylcholine in storage organelles. In both
PPT and LDT, VAchT immunoreactivity was seen on membranes of
smooth endoplasmic reticulum and tubulo-vesicles in dendrites, which
comprised almost 50% of the labeled profiles. The VAchT-labeled tubulovesicles were more often seen in medium-small dendrites, and were
occasionally located near the plasma membranes within these dendrites. In
contrast, VAchT immunoreactivity in large dendrites and somata had a
more diffuse distribution. In addition to dendrites, axon terminals and
small unmyelinated axons often contained VAchT. In these profiles,
VAchT was densely localized to membranes of small synaptic vesicles.
VAchT-containing terminals formed both symmetric and asymmetric
synapses with labeled and unlabeled dendrites. Our results suggest that
dendrites, as well as axon terminals, store and release acetylcholine in the
mesopontine tegmentum. They also provide the first ultrastructural
evidence for monosynaptic cholinergic input to cholinergic neurons in this
region.
This work was supported with Grants from NIMH (MH 48776) and
NIDA (DA04600) to V.M.P. M.G. is recipient of a Postdoctoral Fellowship
of the Spanish Education and Culture Ministry.
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ATYPICAL ANTIPSYCHOTIC DRUGS (APD) BUT NOT TYPICAL
APD INCREASED EXTRACELLULAR ACETYLCHOLINE (ACh-1
ext) LEVELS IN RAT MEDIAL PREFRONTAL CORTEX (mPFC) IN
THE ABSENCE OF AChESTERASE (AChE) INHIBITION. H£
Meltzer*. I.A, O’Laughlin. J. Dai, W.L. Fowler and J, Ichikawa. Dep. Psychiatry,
Vanderbilt Univ. Sch. Med., Nashville, TN 37212
There is evidence that atypical APD, e.g. clozapine, olanzapine, risperidone,
quetiapine and ziprasidone, are more effective than typical APD, e.g. haloperidol, to
improve some domains of cognition, especially working memory, in schizophrenia.
The ability of the atypical APD to increase extracellular DA (DA-ext) levels in the
mPFC compared to the nucleus accumbens (NAC) (Kuroki et al., this laboratory,
1999) may contribute to this difference. However, ACh also has a major effect on
memory, and clozapine has been shown to increase ACh-ext levels in rat mPFC (see
Ichikawa et al., this meeting). Thus, we examined the effect of other atypical APD
on ACh-ext levels in the mPFC, NAC and striatum (STR) of awake rats (N=4-7) in
the absence of AChE inhibition, in comparison with typical APD. Olanzapine (3, 10
but not 1 mg/kg SC)(%net-AUC for 180 min: 40±9*, 124±24* but not 4±16,
respectively) and risperidone (0.3, 1 but not 0.1 mg/kg SC) (41±10*, 72±22* but not
27±5, respectively), but not haloperidol (1 mg/kg) or S(-)-sulpiride (25 mg/kg),
significantly increased ACh-ext levels in the mPFC compared to vehicle controls
(14±8) (*p<0.05). By comparison, clozapine (5 mg/kg SC, 112±12*) increased
ACh-ext levels in the mPFC (see Ichikawa et al., this meeting). None of the APD
tested had any effect on ACh-ext levels in the NAC or STR. The ability of the
atypical APD to increase ACh-ext and DA-ext levels in the mPFC may be important
to their ability to improve cognition, and possibly other clinical measures including
negative and positive symptoms, mood and extrapyramidal function via cortical
influences on other brain regions. Supported, in part, by grants from Eli Lilly and
the Warren Foundation.

CLOZAPINE INCREASED EXTRACELLULAR ACETYLCHOLINE
(ACh-ext) LEVELS IN RAT MEDIAL PREFRONTAL CORTEX
(mPFC) BUT NOT STRIATUM (STR) OR NUCLEUS ACCUMBENS
(NAC) IN THE ABSENCE OF AChESTERASE (AChE) INHIBITION.
J. Ichikawa*. I.A, O’Laughlin, J. Dai. W.L. Fowler and H.Y. Meltzer. Dep.
Psychiatry, Vanderbilt Univ. Sch. Med., Nashville, TN 37212
Clozapine, an atypical antipsychotic drug (APD), but not the typical APD
haloperidol has been reported to improve various types of memory and attention in
schizophrenia. In view of substantial evidence for cholinergic involvement in
cognitive function, as well as clozapine-induced increases in ACh-ext levels in the
mPFC, NAC and STR (Parada et al. 1997), it was hypothesized that clozapineinduced improvement in cognition may be related to increased ACh-ext levels in the
mPFC. Since the AChE inhibitor neostigmine employed by Parada et al. (1997)
may itself alter cholinergic transmission, we examined the effect of clozapine on
ACh-ext levels in the mPFC, NAC and STR of awake rats (N=4-7) without AChE
inhibitors. Basal ACh-ext levels were reliably and consistently detected and
eliminated by TTX in all three regions. Clozapine (1.25, 2.5, 5 and 20 mg/kg, SC)
significantly increased ACh-ext levels in the mPFC (%net-AUC for 180 min: 35±9*,
71±12*, 111±12* and 112±15*, respectively) compared to vehicle controls (14±8)
(*p<0.05), but increases were not found in the NAC or STR. In the presence of
neostigmine (300 nM), clozapine (20 mg/kg SC) increased ACh-ext levels in the
mPFC (345±19*), NAC (64±10*) and STR (64±11*) with greater cortical effects, as
reported by Parada et al. (1997). These results indicate that clozapine increases AChext levels in the mPFC, but not the NAC or STR, unless AChE inhibition is
present. The ability of clozapine to improve cognitive symptoms of schizophrenia
may be related, in part, to facilitation of ACh transmission in the mPFC. Caution
should be taken into interpreting ACh-ext levels determined in the presence of
AChE inhibition. Supported, in part, by Eli Lilly.

178.13

178.14

INFLUENCE OF NITROARGININE ON ACETYLCHOLINE RELEASE
IN THE NUCLEUS ACCUMBENS AND CEREBRAL NITRIC OXIDE
GENERATION
DURING
AMPHETAMINE
NEUROTOXICITY.
V.Bashkatoyal*, H.Prast2, M.Kraus2, V.Mikoyan1, K. Rayevsky1,
A. Philippu^. iDept. ofNeurochem. Pharmacol., Inst, of Pharmacol. RAMS,
Moscow, Russia; 2Dept. of Pharmacol, and Toxicol.,
University of
Innsbruck, Austria
Nitric oxide (NO) has been proposed as a key pathophysiological factor
in neurological disorders in which the neurotoxic effect of dopamine is
involved. We studied the possible role of neurotoxicity in the d,l-amphetamine (AMPH)-induced release of acetylcholine (ACH) in the nucleus
accumbens (Nac) as well as the involvement of NO in this process. NO content in the cerebral cortex of rats was determined using the direct method of
EPR spectroscopy, lipid peroxidation intensity by measuring thiobarbituric
acid reactive species (TBARS). Male Sprague-Dawiey rats were treated with
AMPH, 5 mg/kg, i.p., four times every 2 hours. Repeated injections of
AMPH led to a pronounced and permanent increase of ACH release in the
Nac. NO synthase inhibition by N-nitro-L-arginine (L-NNA, 100 mg/kg i.p.
injected 30 min prior to the first dose of AMPH) nearly abolished the
AMPH-induced increase in ACH release. More than 2-fold elevation of NO
and TBARS contents in the cerebral cortex was found 30 min after the last
injection of AMPH. Pretreatment with L-NNA partially prevented NO increase induced by AMPH. However, L-NNA failed to affect the increased
TBARS level in rats treated with AMPH. Supported by INTAS grant 961502

FURTHER EXPERIMENT REGARDING THE ROLE OF 5-HT,A
RECEPTORS
IN
CORTICAL
ACETYLCHOLINE
RELEASE:
MUTUAL INTERACTION BETWEEN 5-HT2A RECEPTORS AND
5-HTi A RECEPTORS.
H. Hirano*. Y. Matsuda. Y. Watanabe and M. Hirata.
Department of
Neuropsychiatry,
Yamaguchi University
School of Medicine,
Ube City,
Yamaguchi 755-8505, Japan.
The role of 5-HT1A receptors in the serotonergic regulation of cortically projecting
cholinergic neurons was studied using in vivo microdialysis to measure extracellular
ACh concentrations in the frontal cortex of freely moving rats. Systemically
administered selective 5-HT]A receptor agonist 8-OH-DPAT (1.0 mg/kg, s.c.)
significantly increased cortical ACh output. WAY 100-635 (0.1 mg/kg, s.c.), a
selective 5-HTi A receptor antagonist, however, did not influence the ACh output. In
addition, local application of WAY 100-635 (0.1, 10 pM for 60 min) in the frontal
cortex had no effect on the basal ACh output. Locally applied WAY 100-635 (10
pM for 60 min) 30 min after injection of fenfluramine (10 mg/kg, i.p.) or DOI (2.5
mg/kg, i.p.) did not affect the ACh output. Nevertheless, 8-OH-DPAT (10 pM for
60 min) applied after injection of DOI (2.5 mg/kg) significantly potentiated DOI’s
ability to increase cortical ACh release. The same concentration of 8-OH-DPAT
injected after the 5-HT2A receptor antagonist ketanserin (5 mg/kg, i.p.) tended to
increase ACh output. However, there was no significant difference in ACh output
between the (ketanserin + 8-OH-DPAT) treatment and the ketanserin alone. These
results suggest three possibilities. First, 5-HT may not tonically stimulate ACh
release via the postsynaptic 5-HT]A receptors.
Second, fenfluramine-induced
increase of ACh release may be mediated mainly via the 5-HT2A receptors. Third,
the stimulatory effect of 5-HT on ACh release via the postsynaptic 5-HT)A receptors
may be increased when the 5-HT2A receptors are activated.
(supported by the Ministry of Education, Science and Culture of Japan.)

178.15

178.16

POTASSIUM-EVOKED ACETYLCHOLINE RELEASE FROM RAT SPINAL

PRESYNAPTIC INHIBITION OF SYNAPTICALLY EVOKED CORTICAL
ACETYLCHOLINE RELEASE BY GLUTAMATE AS DETERMINED BY IN
VIVO MICRODIALYSIS IN URETHANE ANESTHETIZED RATS.
L. M. Mated* and K. Semba. Dept. of Anatomy & Neurobioiogy, Dalhousie
University; Halifax, Nova Scotia, Canada B3H 4H7
Cortical acetylcholine (ACh) is released from the intracortical axonal terminals of
cholinergic neurons located in the basal forebrain. There is evidence to suggest that
sensory input can selectively enhance ACh efflux in appropriate cortical regions
compared to other cortical regions. How this selective increase in release occurs is
still unknown. One possible mechanism is regulation by activation of presynaptic
glutamatergic heteroreceptors that might be located on cholinergic terminals. To test
this hypothesis, urethane anesthetized rats were implanted with a microdialysis probe
in the somatosensory cortex and both basal and evoked ACh release elicited by
electrical stimulation of the pedunculopontine tegmental nucleus were measured.
Following the establishment of baseline cortical ACh levels, one train stimulation (El;
lsec/min for 20 min) was delivered. Following recovery, an identical second train
(E2) was delivered with or without a drug added to the perfusate through the
microdialysis probe. Results show that the mean E2/E1 ratio for control animals was
1.15. This ratio was significantly reduced when L-glutamate was added to the
perfusate (0.72 at ImM and 0.37 at lOmM). The effect of 1 mM L-glutamate was
antagonized by the NMDA receptor antagonist CPP (100 gM) but not by the
kainate/AMPA receptor antagonist DNQX (lOOpM), the non-selective adenosine
receptor antagonist caffeine (500 f±M), or the GAB AB antagonist phaclofen (50 pM).
Addition of NMDA (1 mM) to the perfusate significantly reduced evoked cortical ACh
release. The inhibition of evoked ACh release by glutamate was unexpected.
However, these results strongly suggest that glutamate inhibits synaptically evoked
cortical ACh efflux by acting at presynaptic NMDA receptors but not kainate/AMPA,
adenosine, or GABAb receptors. This work was funded by MRC and NSERC.

Departments of ‘Pharmacology, 2Anesthesiology and ’Endodontics, The University of
Texas Health Science Center, San Antonio, TX 78284.
Acetylcholine (ACh) release in the spinal cord is thought to play a role in the
modulation of ascending nociceptive information as well as in the initiation of
mono/multi-synaptic pain reflexes. The purpose of the present studies was to validate
a method for measuring ACh release from rat spinal cord slices and also to evaluate
potential regional differences in this release, utilizing the method of in vitro
superfusion of spinal cord slices pre-loaded with [3H]-choline. The spinal cord was
removed from adult, male, Sprague-Dawiey rats, chopped with a tissue chopper and
incubated in oxygenated buffer containing [3H]-choline. The slices were then washed
and placed into tissue chambers and perfused with oxygenated Kreb’s buffer alone for
several fractions followed by potassium (K+) stimulation and a washout period.
Fractions were evaluated for [3H] content by liquid scintillation spectrometry. Based
on the concentration response curve for K+ (5-60 mM), the optimal stimulating
concentration was determined to be 30 mM. [3H]-ACh release was found to be Ca2+dependent and blocked by hemicholinium-3 or bromoacetylcholine. These results
indicate that [3H]-choline is taken up by spinal neurons, synthesized into ACh and
released in a Ca2+-dependent manner. Subsequent experiments showed that the ventral
horn of cervical, thoracic and lumbar regions of spinal cord exhibited significantly
higher levels of K+-stimulated ACh release than that of the dorsal horn, with the
thoracic region exhibiting the greatest difference. In addition, rats treated neonatally
with capsaicin to destroy nociceptors exhibited significantly lower ACh release
compared to vehicle treated animals. These studies demonstrate that this method is
valid for the study of neurotransmitter release from spinal cord slices, that there are
anatomical differences in ACh containing neurons with respect to dorsal and ventral
horns of the spinal cord and that some of these neurons are nociceptive. These data
may provide clues about cholinergic pathways involved in pain transmission.
This work was supported by grants from the IUCRC and NIDA.
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178.17
ON THE PRESYNAPTIC EFFECTS OF ATP AT THE RAT
NEUROMUSCULAR JUNCTION R.A.Cunha^1, A.I.Salgado2 and J.A.
Ribeiro. Lab. Neurosciences, Fac. Medicine, 1Dept. Chem. & Biochem.,
Univ. Lisbon, Portugal and 2Dept. Physiol. & Biophys., UFMG, Brasil.
Both ATP and adenosine are released in a frequency dependent manner
from motor nerve terminals (Cunha & Sebastiao, 1993, Pfluger's Arch. 424,
503). It is known for more than 25 years that adenosine is a presynaptic
modulator at the neuromuscular junction (Ginsborg & Hirst, 1972, J.Physiol.
224, 629). But so far no presynaptic effects of ATP as such have been
described (Ribeiro & Walker, 1975, Br.J.Pharmacol. 54, 213), probably due
to its fast hydrolysis by ecto-nucleotidases. We now tested the ability of a
stable ATP analogue on acetylcholine release from motor nerve terminals.
Extracellular ATP (30pM) was sequentially metabolised into ADP and AMP,
with a later appearance of IMP, adenosine and inosine. In contrast, p,yimido ATP (30pM) was basically resistant to catabolism, with only a
maximal 8% change in its extracellular concentration during a 45 min
incubation period. B,y-lmido ATP (30 pM) caused a 115±23% (n=4)
facilitation of acetylcholine release from phrenic nerve endings, an effect
prevented by the P2 antagonist, suramin (100 pM, n=4). The effect of B,yImido ATP (30 pM) was potentiated (216±21%, n=4) by the adenosine A3
receptor antagonist, 1,3-dipropyl-8-cyclopentylxanthine (DPCPX, 50nM), but
not by the adenosine A2A antagonist, ZM241385 (50nM, n=6). By
themselves, suramin (100pM, n=4) was devoid of effects on acetylcholine
release, whereas DPCPX (50nM) caused a 74±13% facilitation (n=7) and
ZM241385 (50nM) caused a 77±9% inhibition (n=5) of acetylcholine release.
These results indicate the presence of facilitatory P2 receptors in phrenic
motor nerve endings. Supported by Praxis XXI and EU, AIS supported by
CAPES and FAPEMIG.

POTASSIUM CHANNELS: PHYSIOLOGY II
179.1

179.2

POTASSIUM CURRENTS DURING SINGLE ACTION POTENTIALS IN
HIPPOCAMPAL PYRAMIDAL CELLS. J, Mitterdorfer and B.P, Bean*. Dept. of
Neurobiology, Harvard Medical School; Boston, MA 02115.
Hippocampal pyramidal neurons possess multiple potassium conductances
that regulate action potential (AP) shape and firing patterns. These have previously
been characterized under voltage clamp on a much slower time-scale (steps of 10's to
100's of msec) than that of an AP (1 to 5 msec). Taking advantage of the rapid
voltage clamp possible with isolated neurons, we studied the potassium currents
underlying AP repolarization in CA3 pyramidal neurons by using previouslyrecorded AP waveforms to evoke the currents. The freshly isolated neurons produced
APs (recorded with a voltage-follower amplifier) with peaks at +20 to +50 mV, a
maximal upstroke of 150 to 500 V/s, a maximal downstroke of 40 to 90 V/s, and a
spike width of 1 to 2 msec at 0 mV. A typical AP was then used as command
waveform in whole-cell voltage clamp experiments using a patch clamp amplifier
and low-resistance (0.9-1.5 MQ) electrodes. The AP-elicited outward current was
typically ~3 nA, only --40% of the outward current that was elicited by a 50 msec
step to +20 mV. Blocking Ca entry by cobalt (Co) substitution gave a -30%
reduction of AP-elicited outward current. 4-Aminopyridine (4-AP) at 30 gM
blocked an additional -30% of the remaining current, and 4-AP at 2.5 mM blocked
nearly all of the remaining current. These results support previous conclusions that
lc, Id , and IA all contribute substantially to AP repolarization in pyramidal neurons
(Storm, Prog.Brain.Res. 83,161-187,1990). Effects of Co substitution and 4-AP on
AP shape in isolated neurons were also consistent with this picture. Manipulations
producing significant block of AP-elicited current in voltage-clamp (Co substitution,
low 4-AP) gave only modest broadening of the AP in current-clamp. This reflects a
powerful dependence of the magnitude of AP-elicited current on AP width. In
addition, the participation of multiple channel types means that any one component
can be substantially reduced with only moderate effects on AP width.
Supported by NIH (NS 383120) and Austrian Science Fund (J1590).

COUPLING OF Ca2* CHANNELS TO BK- AND SK-TYPE K* CHANNEL
ACTIVATION IN RAT CA1 HIPPOCAMPAL PYRAMIDAL CELLS. H- Hu.

179.3

179.4

EVIDENCE THAT
BK-TYPE
Ca^-DEPENDENT
IC CHANNELS
CONTRIBUTE TO FREQUENCY-DEPENDENT ACTION POTENTIAL
BROADENING IN RAT CA1 HIPPOCAMPAL PYRAMIDAL CELLS

CONTRIBUTIONS OF FOUR IONIC CURRENTS (SK, BK, M- AND H) TO
THE MEDIUM AFTERHYPERPOLARIZATION (mAHP) AND EARLY SPIKE
FREQUENCY ADAPTATION, AND M- AND H- CURRENTS TO THE
RESTING POTENTIAL, IN CA1 HIPPOCAMPAL NEURONS L.-R. Shao*, H.

R, Halvorsrud*, L.-R. Shao, Y. Bouskila, G. M. J. Ramakers, L. Borq-Graham
and J, F. Storm, Inst, of Physiology, PB 1103 Blindem, 0317 Oslo, Norway.
The role of BK-type Ca2’-dependent IC channels in spike broadening
during repetitive firing in CA1 pyramidal cells was studied in rat hippocampal
slices and by computer simulations. During a train of 4-5 action potentials
elicited by a 50 ms depolarizing current pulse the fast after-hyperpolarization
(fAHP) was reduced and there was a progressive reduction in the rate of
repolarization. The spike duration increased by 63.6±3.4% from the 1st to the
3rd spike. The BK channel blockers iberiotoxin (IbTx, 60 nM) and paxilline
(10 pM) reduced this spike broadening to 25.4±2.7 % (n=16) and 21.7±5.6
% (n=7), respectively. Ca-free medium reduced the spike broadening to
22.5±5.9 % (n=8). Depolarizing voltage steps with either whole-cell patch
clamp (n=14) or discontinuous single electrode voltage-clamp (dSEVC) with
sharp electrodes (n=4), elicited a fast transient outward current (half width in
patch clamp, 5.0±0.7 ms, n=9) and a smaller sustained outward current.
Both current components were blocked by IbTx, Ca-free medium with Mn2*
or by 1 mM tetraethylammonium (TEA). During trains of brief depolarizing
voltage steps, roughly mimicking a spike train, the IbTx-sensitive outward
current amplitude decreased sharply from the 1” to the 2nd step (n=15).
Computer simulations using a reduced compartmental model with 11 active
conductances reproduced most of the firing features. Incorporating a
transient BK-channel produced spike broadening qualtitatively similar to the
experimental observations. We conclude that inactivation of a transient BK
channel current (“/CT"), substantially contributes to the frequency-dependent
spike broadening in these cells. [Supported by EC/BIOMED-2 and the
Norwegian Research Council NFR ]

Society

for

Neuroscience

, Volume

25, 1999

and J.F.Storm*. Inst, of Physiology, PB 1103 Blindern, 0317 Oslo, Norway.
BK- and SK- type Ca-activated K channels are important for spike
repolarization, fast, medium and slow afterhyperpolarisations (f, m, sAHPs)
and spike fequency adaptation in pyramidal neurons. In CA1 cells, it has
been proposed that N- and L-type Ca channels are selectively co-localized
and coupled to BK and SK channels, respectively, and that Ca-induced Ca
release from internal stores (CICR) also contribute to activation of SK
channels underlying the sAHP. We have tested some of these hypothesis by
sharp-electrode recording in rat hippocampal slices.
The N-channel blocker to-CgTX GVIA (1 gM; n= 5) and the P/Q- and Nchannel blocker o-CgTX MVIIC (1 gM, n=2) did not affect the spike
repolarization or the fAHP, which were both strongly inhibited by the
selective BK channel blockers iberiotoxin (IbTX, 120 nM) or Ca-free medium.
In contrast, each of to-CgTX GVIA and MVIIC suppressed excitatory
synaptic transmission (EPSPs elicited by stimulation in str.radiatum}. This
strongly suggests that the BK channels causing spike repolarization and the
fAHP are not activated by N-type Ca channels.
The L channel blocker isradipine (5-10 gM, n=9) partly suppressed the
sAHP following evoked spike bursts or Ca spikes (in 1 gM TTX + 5mM TEA),
but failed to affect the spikes or fAHP. This suggests that SK channels are
coupled to L channels. In most cells, 10-20% of the sAHP persisted in the
presence of L-channel blockers, suggesting that other Ca sources can also
contribute to SK channel activation.
Caffeine (3 mM, n=3) enhanced the sAHP amplitude by about 35 %, and
dantrolene reduced the sAHP in 4 out of 8 cells, supporting a role for CICR
in SK channel activation. [Supported by EC/BIOMED-2]

Hu and J.F, Storm. Inst, of Physiology, PB 1103 Blindern, 0317 Oslo, Norway.
The medium afterhyperpolarization (mAHP) contributes to excitability control in
CAI and other cortical pyramidal neurons. Previous results have suggested that at
least 3 ionic currents contribute to the mAHP: Ij^, Iq and Ih have reexamined
this issue with new specific channel blockers in rat hippocampal slices. The mAHP
was elicited by 50 ms long depolarizing current pulses evoking 4-5 spikes. XE991
(lOgM), a specific M- and KCNQ channel blocker, reduced the mAHP (by 45±3%)
and the spike frequency adaptation but not the sAHP (n=19). It also depolarised the
resting membrance potential (RMP) by 5.7±0.58 mV (n=10), suggesting that Ij ^j
contributes to both the mAHP and RMP. The specific BK channel blocker IbTX
(60nM) also reduced the mAHP, and increased the cell excitability (n=l4). The SK2/3
channel blocker apamin (50 nM) also reduced the mAHP, but not the sAHP, and
increased the cell excitability (n=6). Ca free medium had similar effects on the mAHP
as IbTX and apamin. Following Ca-spikes in whole cell voltage clamp (1 gM TTX),
an apamin-sensitive Ca-activated K+ current UaAHP) was f°und to precede the peak
of Is a HP> ancl decayed with a time constant of 100-200 ms (n=7). IaAHP was a^so
blocked by d-tubocurarine (100 gM; n=4). Finally, the Ih blocker ZD7288 (10 gM)
reduced the mAHP, hyperpolarized the cell, increased the input resistance, and
abolished the hyperpolarization-induced ’’sag” due to Ih (n=7). This suggests that Ih
is tonically activated at RMP and deactivates when the cell is depolarized. We
conclude that at least four currents, Ijvl, k> IaAHP an^ Ih contribute to the mAHP
and early spike frequency adaptation, and that Ij^ and Ih are active at rest in these
cells. [We thank B.S.Brown and M.Schnee for XE991. Supported by EC/BIOMED-2.]
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PROPERTIES OF THE SPIKE AFTERHYPERPOLARIZATION (AHP) OF RAT
HYPOGLOSSAL MOTONEURONS. R. Lape, R, Donato, M. Canepari, and A,
Nistri*. Biophysics Sector, International School for Advanced Studies (SISSA), 34014
Trieste, Italy
On whole-cell patch-clamped hypoglossal motoneurons (HMs) in thin slices from
neonatal rat brainstem we characterized the pharmacological properties, current
kinetics and role of internal Ca2+ in the slow AHP which follows a single action
potential (AP) evoked by an intracellular current pulse. The AHP was blocked by
external Co2+, apamin (50-100 nM) or carbachol (50 pM), and reversed at EK+ (-95
mV). Under voltage clamp the analysis of outward tail currents (from +20 to -50 mV)
after 50 ms depolarizing steps showed two components resolved by applying apamin,
carbachol or Co2+: a slow (154±9 ms T) Ca2+-dependent one (presumably
corresponding to Iahp ), and a fast (24±3 ms x) Ca2+-independent one due to
deactivation of a previously described slow outward K* current. In apamin solution
only the fast Ca2+-independent component (which decayed with 19±3 ms x) was left.
Ca2+-dependent outward tail currents were activated at potentials positive to -40 mV,
grew monotonically with depolarization and reversed around -95 mV, demonstrating
that they were predominantly K+ currents activated by Ca2+ influx. With combined fast
Ca2+ imaging (Oregon Green; 50-100 pM) and current clamp records we next explored
the role of internal Ca2+ stores in controlling the AHP. [Ca2*]; transients followed each
AP, decayed over 1-2 s and were increased, especially in amplitude, by 5 mM TEA
(which prolonged the AP) with a parallel rise in AHP peak size. Caffeine (10 mM)
largely enhanced the amplitude and duration of the [Ca2*], rise and of the AHP.
Similar but less pronounced increases in AHP amplitude and duration were produced
by dantrolene (30 pM). The present data indicate that Ca2+ influx during an AP
activated K+ efflux through SK channels to generate the AHP, a process apparently
limited by intracellular Ca2+ sequestration into Ca2+ stores. Supported by grants from
MURST (co-finanziamento) and INFM.

MULTIPLE CALCIUM-ACTIVATED POTASSIUM CHANNELS ARE
INVOLVED IN THE PROLONGED AHP IN A SUBGROUP OF GUINEA-PIG
SYMPATHETIC NEURONES.
P.J. Davies. J. Martfnez-Pinna1. E.M,
McLachlan.* Prince of Wales Medical Research Institute, N.S.W., Australia;
’Instituto de Neurociencias, Universidad Miguel HemAndez, Alicante, Spain.
One class of sympathetic neurone is characterized by a long AHP lasting several
seconds. In these neurones, a prolonged K+ conductance, termed gKCa2, is activated
following Ca2* influx and consequent release of Ca2* from intracellular stores
(CICR). In this study, we have used specific pharmacological antagonists to
determine the types of K* channels underlying gKCa2 and to identify the different
types of Ca2* channels through which Ca2* enters to activate CICR. Intracellular
recordings were made from coeliac ganglion cells isolated from guinea-pigs deeply
anaesthetized with pentobarbitone (80 mg/kg) i.p. On average, less than half of
gKCa2 was reduced by 100 nM apamin, an antagonist of SK-type Ca2*-dependent K*
channels, and a similar degree of block was produced by 20 nM iberiotoxin, an
antagonist of BK-type Ca2*-dependent K* channels. Addition of apamin and
iberiotoxin together produced a greater block, but still failed to abolish gKCa2. The
remaining Ca2*-dependent outward tail current was resistant to blockers of other K*
channels, including 10 mM TEA. Blockade of Ca2* entry through L-, N- and P-type
Ca2* channels each also reduced the amplitude of gKCa2. Thus, unlike the similar
duration slow conductance in hippocampal neurones, multiple Ca2*-activated K*
channels underlie the conductance mediating the prolonged AHP, which is triggered
by influx through different types of Ca2* channels.
Supported by the NH & MRC of Australia (970852) and funds from the
Direction General de Ensenanza Superior, Spain.
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MARGATOXIN-SENSITIVE, BUT NOT IBERIOTOXIN-SENSITIVE
POTASSIUM CHANNELS MODULATE ACETYLCHOLINE RELEASE
IN RAT STRIATAL SLICES. Alois Saria* and Fischer Hanspeter S.
University Hospital, Department of Psychiatry, Division of Neurochemistry;
A-6020 Innsbruck, Austria.
The functional role of high-conductance Ca^-activated K+-channels (or
Slo-channels) in the mammalian brain is not well understood. Their putative
colocalization with voltage-gated Ca^-channels suggests that they function
as feedback regulators of intracellular Ca^-concentration, and so allows Slochannels to regulate the amount of neurotransmitter released from
presynaptic nerve terminals by modulating the duration of the presynaptic
action potential. We evaluated the effects of iberiotoxin, an inhibitor of Slotype Ca**-activated potassium channels and two inhibitors of Shaker-type
voltage-gated potassium channels margatoxin and dendrotoxin on
acetylcholine outflow in rat striatal slices. An in vitro perfusion with 100 nM
margatoxin or dendrotoxin induced a concentration-dependent and
tetrodotoxin-sensitive enhancement in spontaneous acetylcholine release. In
contrast, a perfusion with iberiotoxin did neither modulate basal, nor
electrically- or N-methyl-D-aspartate-induced transmitter release. Therefore,
Slo-type Ca^-activated K*-channels do not seem to contribute significantly
to cholinergic neurotransmission within rat striatal slices. As the Kvl.2
subtype represents the only common high affinity binding site of margatoxin
and dendrotoxin and the effects of these toxins are not additive, this subtype
is suggested to be the channel utilized by margatoxin and dendrotoxin to
release acetylcholine in this model.
Supported by the Austrian Science Fund (SFB F00206) and the Austrian
National Bank Funds

BLOCKADE OF HERG K+ CHANNELS BY SECOND-GENERATION H, RECEPTORANTAGONISTS MAY REGULATE [Ca2*]; OSCILLATIONS IN GH3 CELLS. A
Secondo1. M. Cataldi1. M. Taglialatela1, L. Formisano1, G. Giorgio1, G.F. Di Renzo2 and L.
Annunziato1*.1Dept. of Neuroscience, School of Medicine, Univ. of Naples “Federico II”,
Italy; 2School of Pharmacy, Univ. of Catanzaro, Italy.
The oscillation of intracellular Ca2* ([Ca2*];) in endocrine cells are tightly coupled to
hormonal release. Therefore, the comprehension of the biochemical and electrophysiological
mechanisms controlling [Ca2*]; oscillations has a crucial impact on endocrine cell function.
Recently, the K* channels encoded by the human ether-a-gogo releated gene (HERG) have
been described in GH3 cells, a rat tumor cell line secreting both GH and PRL. The aim of the
present study has been to investigate the effects of second-generation H; receptor antagonists
provided of (terfenadine and astemizole), or devoid of (cetirizine) HERG blocking ability on
[Ca2*]; oscillations in GH3 cells. [Ca2*]; oscillations and the activity of HERG K* channels
were studied by means of single-cell FURA-2 microfluorimetry and the whole-cell mode of
the patch-clamp technique, respectively. In GH3 cells, astemizole and terfenadine (0.03-10
pM), two compounds which potently blocked with nanomolar affinities HERG K+ channels
also caused a dose-dependent reduction in frequency of [Ca2+]; oscillations. Lower
concentrations of astemizole and terfenadine (30-100 nM) caused a transient increase in
resting [Ca2*];, with a subsequent moderate suppression of oscillatory pattern of [Ca2*]; On
the other hand, cetirizine (up to 10 pM), which did not display any inhibitory properties on
HERG K+ channels, did not interfere with the oscillatory pattern of [Ca2*];. Blockers of Ca2*dependent K* channels, such as apamine (500 nM) and charibdotoxin (200 nM) and the
blocker of ATP-dependent K* channels glibenclamide (10 pM) failed to interfere with [Ca2*];
oscillations. These results seem to suggest that HERG K* channels play a crucial role in
controlling the oscillatory pattern of [Ca2*]; in GH3 cells, possibly by modulating the
membrane potential variations which are crucial for the opening of voltage-dependent Ca2*
channels underlying the oscillatory behavior.

179.9

179.10

HETEROGENEITY IN INTRINSIC PROPERTIES OF THALAMOCORTICAL CELLS IN VITRO. A. LOthi* and D.A. McCormick. Section of
Neurobiology, Yale University School of Medicine, New Haven, CT 06510.
Retinal input is transmitted to the cortex via at least three parallel
retinogeniculate pathways, each including functionally and morphologically
distinct thalamocortical (TC) cells. These undergo rapid elevations in
cytosolic [Ca2*]; following activation of voltage-gated Ca2+ currents during
synaptic transmission and participation in synchronized thalamocortical
oscillations. The response properties of ferret visual TC cells to rapid global
increases in [Ca2*]; - induced via flash photolysis of caged Ca2+ in whole-cell
patch-clamp recordings - display differential sensitivities that are correlated
with cellular morphology. TC cells displaying large cell bodies (30-45 pm in
diam., monitored in videomicroscopy), low input resistance (30-100 MQ,
measured at resting membrane potential) and slow capacitive transients
responded most sensitively with a slow persistent (tens of sec) enhancement
of the cation current lh at hyperpolarized membrane potentials, while showing
no response at depolarized holding potentials (-50 to -30 mV). Some of these
cells were morphologically identified as putative Y-cells via staining with
biocytin. In contrast, TC cells displaying small cell bodies (15-30 pm in diam.),
high input resistance (100-150 MO) and fast capacitive transients as well as
neighboring perigeniculate neurons preferentially responded to increases in
[Ca2*], with a rapid (hundreds of msec) transient outward (K+) current at
depolarized potentials, while lh was relatively insensitive to [Ca2*];. This
differential responsiveness correlated with the consequences of activation of
intrinsic Ca2+ channels and suggests that there is a structural/functional
relationship between cellular morphology, expression levels of ionic currents
and sensitivity to increases in [Ca2*];. Work is in progress to investigate the
role of these properties in thalamic function. Supported by the American
Epilepsy Foundation and NIH.

MODULATION OF MEMBRANE POTENTIALS BY THE VOLTAGE-GATED
POTASSIUM AND SODIUM CHANNELS. J.L. Sui, J.B. Fischer*. Cambridge
NeuroScience Inc., One Kendall Square, Building 700. Cambridge, MA 02139
It is important to understand the regulatory roles of potassium and sodium
channels in the excitability of neuronal cells and the biophysical basis of highthroughput screening assays that use the membrane potential measurement techniques.
We conducted studies on the contributions of voltage-gated potassium and sodium
channels to the resting membrane potential of native cells and mammalian cells
expressing recombinant ion channels.
Perforated whole-cell current-clamp or voltage-clamp recording methods were
used in this study on cultured cell lines or on acutely dissociated cells. Control CHO
cells had a resting membrane potential (RMP) of -19+3.1 mV in physiological
medium. CHO cells expressing mKvl.l channels had a RMP of -37±3.0 mV, and
CHO cells expressing CNa type-II sodium channels or hHl cardiac type sodium
channels had RMPs of -9 mV and -9.8 mV respectively. Acutely dissociated cortex
astrocytes had a RMP of -51+5.4 mV in the same medium.
Changing cation
composition of the bathing medium proved that the differences in RMP among these
cells are due to the constant low-level activation of the expressed ion channels in the
membrane, and blocking these channels with known blockers diminished the
differences in RMP.
These results suggest substantial amounts of constant activity of both potassium
and sodium channels that contribute to the generation of RMP, even though the RMP
levels are far from the optimal activation potentials for the particular channels. Our
data also provide information about the relationships between membrane current block
and RMP block for specific ion-channel blocking molecules. Such relationships may
be essential for assay development and interpreting the results of experiments on ion
channel modulators in high-throughput screening assays that use RMP measurement.
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CO-REGULATION OF K+ AND Na+ CURRENT KINETICS, M. L, McAnellv*
and H. H. Zakon. Section of Neurobioiogy, School of Life Sciences, University of
Texas, Austin, TX 78712

BACKPROPAGATING SPIKES REGULATE OSCILLATORY SPIKE BURSTS

The electric organ of the weakly electric fish Stemopygus is a good model
system for study of the regulation of membrane excitability, especially the action
potential (AP). Electrocyte AP duration varies over a fourfold range (3-12 msec)
among individuals, correlates inversely with frequency of the electric organ
discharge (EOD), and thus contributes to individual variation in the species'
electric communication signal We have previously found that inactivation
kinetics of the electrocyte Na+ current also correlate inversely with the individual's
EOD frequency. Here we examine the voltage-dependent activation and
deactivation kinetics of a delayed rectifying K+ current and the relationship of K+
current kinetics to Na+ current kinetics.
In voltage-clamped electrocytes, pharmacologically isolated K+currents
activated at-38 mV (sd 5.96). Activation time constants measured at 25 mV
above threshold varied from 4.19 to 10.93 msec and were highly correlated with
EOD frequency (r = -.83, p<.0001). Deactivation time constants of the K+current
at -40 mV following a depolarizing step to 0 mV ranged from 4.80 to 8.77 msec
and were also highly correlated with EOD frequency (r = -.90, p<.001) and with
each current's activation time constant (r= .84, p< 001). K+current activation and
Na+ inactivation at peak current were both measured in a subset of cells and were
highly correlated (r - .96, p<.0001). Thus the K+ and Na+ currents producing the
electrocyte AP are co-regulated with faster kinetics in fish with higher frequency
EODs and slower kinetics in those with low frequency EODs.
Such precise co-regulation of the kinetics of two or more currents in a cell may
be of general importance in controlling action potential duration and membrane
excitability.
NIH Grant ROI NS 25513
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N. Lemon* and R.W. Turner. Neurosci. Res. Group, Univ. Calgary, AB T2N 4N1
Oscillatory spike bursts in pyramidal cells of the electrosensory lobe (ELL) of
weakly electric fish incorporate backpropagating dendritic Na+ spikes to generate a
DAP at the soma. During repetitive spike discharge an increase in the DAP and decrease in AHPs allows the DAP to trigger a spike doublet, which subsequently terminates a burst with a burst AHP. This study identifies somatic and dendritic factors
which control the generation, frequency, and termination of oscillatory spike bursts.
Sequential analysis of burst parameters revealed that the rate of change of the
DAP and AHPs during repetitive discharge was the primary factor controlling burst
generation and frequency, with no contribution by the burst AHP. We isolated somatic AHPs by blocking spike backpropagation with focal dendritic ejection of 10
pM TTX, and found no actual change in AHP amplitudes during repetitive discharge. Paired antidromic condition-test (C-T) pulses between -3.3-10.0 ms evoked
a frequency-dependent potentiation of both the somatic DAP and dendritic spike duration. C-T intervals of -2.9-3.2 ms were within the dendritic spike refractory period and inhibited the somatic DAP. During current-evoked burst discharge the ISI
ranged between 4-10 ms, eliciting a selective and gradual increase in dendritic spike
duration. Spike doublets at the soma consisted of two full-blown action potentials.
The dendritic spike doublet consisted of a full spike and a small pre-potential reflected from the soma, indicating backpropagation failure on the second spike of the
pair. We propose that successive backpropagating spikes steadily increase dendritic
spike duration and the DAP, thereby augmenting the dendritic contribution to a
burst depolarization. A failure of backpropagation on the second spike of a doublet
terminates the dendritic depolarization, DAP, and the spike burst. Backpropagating
spikes thus underlie both the generation and termination of oscillatory spike bursts
in a central output neuron.
Supported by the MRC and AHFMR.
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THE EFFECT OF A-TYPE K+ CURRENT MODULATION BY ARACHIDONIC
ACID ON SYNAPTIC INTEGRATION IN HIPPOCAMPAL CA1 PYRAMIDAL
CELLS

OVEREXPRESSION BY HERPES VIRUS GENE TRANSFER OF A VOLTAGEGATED POTASSIUM CHANNEL IN PRIMARY CULTURED HIPPOCAMPAL
NEURONS T. Falk1*, R. Kilani3, R.S. Borders3, A.J, Yool1’2 and S.J. Sherman3.
’Department of Physiology, ’Department of Pharmacology and ’Department of
Neurology, College of Medicine, University of Arizona, Tucson, AZ 85724, USA.
A major determinate of neuronal firing rate is the expression of different types of
voltage-gated potassium channels. It is hypothesized that overexpression of voltagegated potassium channels will limit the maximum firing rate of a given neuron. This
would be of potential interest for treatment of neurological disorders characterized
by increased neuronal excitability such as epilepsy. We have produced a viral vector
capable of expressing a functional potassium channel-green fluorescent protein
(EGFP) fusion gene. The Herpes simplex HSV-Amplicon system was used to
produce our expression vector. The Kvl.4-EGFP gene was a gift of E.S. Levitan,
University of Pittsburgh, and has been previously shown to produce a functional ion
channel in non-neuronal cultured cells (Burke et al, 1999). The expression of EGFP
as a marker allows the identification of infected neurons by fluorescence
microscopy. Preliminary electrophysiological data from single cell patch clamp
recordings of cultured primary hippocampal pyramidal neurons suggest a depression
of the firing rate in infected cells. Infection with pHSVKvl.4-EGFP leads to
inhibition of action potential firing under current clamp conditions (n=2). Neurons
infected with our control vector pHSVEGFP did not show any change in their firing
pattern (n=8) when compared to untreated controls (n=10). Whole-cell voltage clamp
recordings are underway to determine the expression of an additional potassium
current and show the specificity of the effect by blocking the Kvl.4 based current.
Further studies will involve injection of pHSVKvl ,4-EGFP in vivo in a rodent model
of temporal lobe epilepsy.

Geert M.J. Ramakers' and Johan F. Storm. Department of Physiology, PO
Box 1103, 0317 Oslo, Norway.
Fast-inactivating voltage-gated (A-type) K channels are important for the
electrical properties and diversity of neurons. A-channels may be involved in
i) regulating the firing rate, ii) action potential repolarization, and iii) controlling
the amplitude of a back-propagating action potential. Here we studied the role
of A-channels in synaptic integration. Whole-cell voltage-clamp recordings in
hippocampal slices from young, male Wistar rats were performed at room
temperature. IA was isolated, in Ca2+-free medium with TTX (0.5 pM) and TEA
(10-30 mM), by substracting records with and without a depolarizing prepulse.
Arachidonic acid (AA; 0.5-20 pM), reported to suppress specifically Kv4
channels, reduced lA to 26.7 ± 1.4%. This effect was also seen with 5,8,11,14eicosatetraynoic acid (ETYA; 0.25-25 pM), a nonhydrolyzable AA analogue.
AMPA receptor-mediated excitatory synaptic currents (EPSCs) were evoked
by stimulating afferent fibres in stratum radiatum with 5 pulses at 100 Hz in
normal medium (2 mM Ca2") with 50 pM AP5 and 10 pM bicuculline, AA
increased the total charge transfer (QT) during the train of EPSCs in a dosedependent manner (maximal increase 39.7 ± 0.09% with 20 pM AA). ETYA
also increased the QT during a train of EPSCs. In contrast, the AA-induced
increase in QT was not observed when experiments were performed with Csgluconate-based intracellular medium, indicating that the increase in QT
requires modulation of postsynaptic K channels. In conclusion, these results
suggest i) that AA modulates synaptic integration, by down-regulating
postsynaptic A-type K channels (probably in the dendrites) and ii) that A-type
K channels are, in addition to the above mentioned functions, also involved in
the integration of synaptic signals.
Supported by: EU Grant BIO4CT975106 (GMJR), the EU (BIOMED-2) and
the Norwegian Research Council (NRF).

Whitehall Foundation Research Grant W95-27
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DEVELOPMENTAL ROLE OF THE KV4 K+ CHANNELS IN DEVELOPING
CEREBELLAR GRANULE CELLS.
IL Shibata1. K, Shibasaki1. Y, Wakazono1. K. Nakahira1*. K, Ikenaka1,
Laboratory of Neural Information, National Institute for Physiological Sciences,
Myodaiji-chou, Okazaki, 444-8585, Japan.b
To know the molecular mechanisms of membrane excitability and their role in
neuronal development, we focused on the developmental expression of voltagegated K+ channels in mouse cerebellar granule cells. We reported previously
that only delayed-rectifier K+ currents were observed and no action potential was
generated in immature bipolar granule cells using microexplant culture system.
On the other hand, A-type K+ and Na+ currents appeared in mature T-shaped cells,
in which repetitive firing of action potential was generated.
By
immunohistochemical staining using specific antibody against K+ channels, it was
suggested that Kv3.1 and Kv4.2 carried the delayed-rectifier currents and A-type
currents, respectively. In order to identify the molecules responsible for the Atype currents, we constructed dominant-negative mutant of Kv4.2 (Kv4.2dn), in
which C-terminal region was truncated at the second transmembrane segment,
and transfected the cDNA into the culture cells by LipofectAMINE reagent. We
measured K+ currents and action potential using whole-cell patch clamp method.
In the Kv4.2dn-transfected cells, the A-type current was eliminated without
affecting other current components, indicating that Kv4 channel complex is
responsible for this current component. Furthermore, latency of the generation
of first action potential after the injection of currents was greatly shortened
compared with control cells. This indicates that appearance of A-type current is
critically required to suppress the excitability of granule cells during maturation.
Supported by Ministry of Education, Science, Supports and Culure of Japan,
Grant in Aid #07458207 and #09780748.

PKA PHOSPHORYLATION OF Kv3.2 MODULATES HIGH FREQUENCY
FIRING IN HIPPOCAMPAL INTERNEURONS M. Atzori’, E. Phillips-Tansey’,
D. Lau2, A. Ozaita2, A. Chow2, B. Rudy2 and C.J. McBain’*. ’Lab. Cellular and
Molecular Neurophysiology, NICHD-NIH, Bethesda, MD 20892 and 2Dept. Physiol.
& Biophys. NYU, New York, NY, 10016.
Currents through the high threshold voltage-gated potassium channel Kv3.2
activate and deactivate rapidly, and demonstrate little inactivation, suggesting that
they play a role in determining the action potential firing pattern.
Immunohistochemical analysis of the hippocampus revealed high expression of
Kv3.2 in all parvalbumin-positive and -35% of somatostatin-positive intemeurons
(Ins) but was absent in calbindin- and calretinin-containing cells. Kv3.2 expression
commenced at ~P7 and was maximal by P20 as determined by Western blot analysis.
To study the role Kv3.2 plays in determining action potential firing frequency,
whole-cell recordings were made from visually- and morphologically-identified
dentate-gyrus (1X3) Ins from wildtype (WT) and homozygous Kv3.2 knockout (KO)
mouse hippocampal slices. Under current clamp conditions, a 500ms duration train of
current pulses (0.5-1.0 ms, 0.5-2.0 nA, 10Hz) was delivered to elicit a spike on every
pulse. The same pulse train was repeated at 10s intervals at increasing frequencies,
until action potential initiation was not supported by every pulse; this was defined as
the “cut frequency”, fc. The fc of WT DG Ins was 138.2 ± 13.2Hz (n=9) compared to
59.7+3.3 Hz (n=23) in CAI pyramidal neurons. PKA phosphorylation inhibits
current through Kv3.2 channels. Application of db-cAMP resulted in a 28.4±2.0%
decrease in the fc in 6/9 WT DG Ins. In Kv3.2 KO mice the maximal fc of EX3 Ins
was unaltered presumably due to residual Kv3.1b activity. However the fc was now
insensitive to PKA modulation (n=10) In addition, db-cAMP decreased the sustained
whole-cell K+ current (¥„ = +40mV) by 23.1±1.6% in 10/16 WT DG Ins. In
contrast 0/10 DG Ins in Kv3.2 KO mice were modulated by db-cAMP. These data
suggest that PKA phosphorylation of Kv3.2 channels sets an upper upper- limit to the
dynamic range of 1X3 Ins action potential firing. This work was supported by NIH.
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Kv3.4 K+ CHANNELS MAYBE RESPONSIBLE FOR SPIKE BROADENING DURING BURST FIRING IN GLOBUS PALLIDUS NEURONS. T. Tkatch, G.
Baranauskas* D.J. Surmeier. Department of Physiology/NUIN, Northwestern University Medical School, Chicago, II 60611.
Globus pallidus (GP) neurons produce high frequency (-50 Hz) action potential bursts in vivo. This bursting is increased in Parkinson’s disease (PD) patients
and in animal models of PD. During these bursts, action potentials can broaden.
Such broadening could significantly increase activity dependent calcium entry.
To better understand the mechanisms governing spike broading in GP neurons,
whole cell voltage clamp and scRT-PCR studies were undertaken.
Potassium currents were studied in acutely isolated globus pallidus neurons
from 3-6 weeks old rats. Standard whole-cell voltage clamp techniques was
employed. Voltage steps to +40 mV revealed a rapidly decaying component of
outward current which was not abolished by 1 second pre-pulse to -40 mV. This
component was blocked by TEA (1 mM) and only was detected at voltages above
0 mV. This component of the K+ current activated within -1-2 msec at +20 mV
and deactivated within 3-5 msec at -50 mV. Spike-like voltage commands efficiently activated this current, suggesting it participated in spike repolarization.
Nevertheless, roughly half of the current was inactivated by a train of spike-like
commands (50 Hz/15 steps). These properties are similar to those of current
carried by Kv3.4 channels. ScRT-PCR profiling of GP neurons detected Kv3.4
mRNA in addition to other members of the Kv3 family (Kv3.1, 3.2, 3.3). In contrast, Kv3.4 mRNA was not found in basal forebrain or striatal cholinergic neurons. Voltage-clamp studies of these non-GP neurons confirmed this result, showing that Kv3.4-like currents were not present.
These results suggest that progressive inactivation of Kv3.4 channels contributes to spike broadening in GP neurons during burst firing.
This work was supported by NIH NINDS Grants NS 26473 and 34696.

INWARDLY RECTIFYING K+ CURRENTS AS A POSSIBLE MECHANISM
FOR GnRH NEURON SYNCHRONIZATION. M. M. Bosma*. Department of
Zoology, University of Washington, Seattle, WA. 98195.
Gonadotropin-releasing hormone (GnRH) cells of the hypothalamus display the
ability to secrete GnRH in a synchronized, episodic manner. The physiological
mechanisms underlying episodic secretory activity and synchronization between
GnRH neurons are poorly understood. In previous experiments using the
immortalized hypothalamic neuronal cell line, GT1-7, we showed that GnRH
blocked the inwardly rectifying potassium channel, raising the possibility that
GnRH could increase excitability and synchronize activity in the population. In the
present series of experiments, using the dye fluo-4 as an indicator of internal Ca
levels, we are testing this hypothesis. GT1 -7 cells were loaded with the ester
(membrane-permeant) form of fluo-4 for 20-30 minutes. Under control conditions
with constant perfusion, individual GnRH neurons displayed spontaneous [Ca2+]j
fluctuations. Upon application of GnRH (10-100 nM), cells showed a large
transient increase in [Ca2+]; that was synchronous over the population. This was
followed by a series of large [Ca2+]i oscillations that persisted until GnRH washout.
Direct block of the,, inward rectifier with 200 pM Ba2+ caused similar oscillations of
[Ca2+]j. Addition of GnRH to the Ba2+-containing solution produced no additional
activity. These results are consistent with the suggestion that GnRH-induced [Ca2+]j
oscillations may result from GnRH modulation of the inward rectifier, and suggest
that this mechanism could be involved in synchronization of hypothalamic GnRH
neurons. Supported by UW RRF 1606.
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ROMKl (KIRI .1) SILENCES CENTRAL NEURONS IN VITRO AND IN VIVO
H. Nadeau, G, Greif,* B, S. Khakh, D. Crotty, H. A. Lester and D, J. Anderson,
Division of Biology, California Institute of Technology; Pasadena, CA 91125.
Lentiviral vectors were constructed to express the weakly rectifying kidney
K+ channel ROMKl, either fused to green fluorescent protein or as a bicistronic
message (RomKl-IRES-GFP). The channel was stably expressed in rat hippocampal
neurons. The level of functional expression, quantified as the inward current at -130
mV in 5.4 mM external K+ blockable by 500 pM Ba+2, followed approximately a
Gaussian distribution. Infected cells showed an average membrane hyperpolarization
of 5 mV relative to uninfected cells and a halving of whole-cell input resistance; this
led to an increased injected current threshold for spikes, without change in spike
shape, size, or timing. The relation between injected current and spike frequency
shifted linearly with the amount of R0MK1 expressed. Infected cells were
maintained in culture for up to four weeks without evidence of viral toxicity or
change in the levels of functional expression. The same viral vectors were also
introduced into animals, leading to similar long-term stable expression (“localized
transgenics”). Delivery of the channel to neural progenitor cells, in either embryonic
or Pl mice , led to hypoexcitable phenotypes . Adult cells were also infected and
investigated electrophysiologically. Support: Burroughs-Wellcome, MH-490176.

GENE TARGETING INACTIVATION OF A GLIAL INWARDLY
RECTIFYING K* CHANNEL IN MICE. P. Kofuii1*, L. Surbeck' P.
’Dept. of Neuroscience,
Univ. of Minnesota Med. Sch, Minneapolis MN 55455 ; 2Div. Biology, California
Institute of Technology, Pasadena CA 91125

Deshpande2, C. Labored2, C. Neuscti2 and H. Lester2

Among the chief functions attributed to glial cells are the uptake of
excess neurotransmitter and the removal of excess K+ ions generated from
neuronal activity. Buffering of the extracellular K+ concentration in brain
is accomplished, at least in part, by glial redistribution of K+ ions via the
inwardly rectifying K+ (Kir) channels. The channel Kir4.1 (BIR10) has
been recently identified as the major Kir channel subtype expressed in
glia. We have initiated gene targeting experiments to eliminate the
expression of the Kir4.1 subunit in mice. A lambda genomic library
derived from 129/SveTac mice was screened using a Kir4.1 cDNA probe
and several individual genomic clones were isolated. Restriction mapping
and sequencing analysis indicated that the Kir4.1 polypeptide is encoded
by a single exon. A genomic fragment of 5.8 kb was used to construct a
replacement type targeting vector, followed by homologous recombination
in ES cells and blastocyst injection. Heterozygous animals for the targeted
gene were mated with each other to produce mice homozygous for the
targeted gene Kir4.1. There are no marked phenotypic differences between
the heterozygous and wild type animals. In contrast, the homozygous null
mice are smaller and display tremors and other deficiencies in motor
control. These animals provide an opportunity to investigate several
questions related to glial function in physiological and pathophysiological
states. Support: GM-29836, MH-49176.
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THE K+ CHANNEL BLOCKER, IBERIOTOXIN, INHIBITS
PROLIFERATION OF GLIAL AND GLIOMA CELLS IN VITRO.
X-J Liu* and H. Sontheimer. Department of Neurobiology, Univ. of

REDUCTION OF K+ UPTAKE IN ASTROCYTES TRIGGERS SPONTANEOUS,
SYNCHRONOUS [CA2+], INCREASE IN HIPPOCAMPAL NEURONS. D.
Janigro'*,L. Pasti2, T. Pozzan2, and G. Carmignoto2 ’Neurosurgery, U. of
Washington Seattle, WAand 2Exp Biomed Sci, Univ. of Padova, Italy.
Afferent stimulation of hippocampal neurons in the presence of 3 mM extracellular
Cs+ causes epileptiform activity characterized by synchronous burst discharges.
Blockade of K+ uptake by astrocytes and the consequent increase in extracellular
potassium is, most likely, a key event in the mechanism of induction of Cs+-induced
synchronization. To further investigate this phenomenon and possibly clarify the role
of astrocytes, we analyzed [Ca2+]j changes in CA1-CA3 hippocampal neurons and
astrocytes during and after 1 Hz stimulation of Schaffer collaterals paired to Cs+
applications. A confocal fluorescence microscope in conjunction with the calcium
indicator Indo-1 was used to monitor [Ca2+], changes at the single cell level in acute
brain slices from young rats at post-natal day 7-15. Spontaneous, highly periodic
(frequency 0.05 Hz), [Ca2+]j oscillations in CA3 neurons developed either
immediately or within 1-2 min after cessation of 1 Hz stimulation applied in 3 mM
extracellular Cs+. They were observed in almost all pyramidal neurons and during the
whole period of recording (up to 90 min). No [Ca2+], changes were observed in
astrocytes in the CA3 region. [Ca2+]f oscillations were initially absent in CAI
neurons, but spontaneous activity developed 5-15 min after CA3 bursting. CAI
neurons bursting was not always synchronized with CA3, but the frequency of
individual CAI oscillations was quite similar to that in CA3. Since no significant
spontaneous activity was observed in the dentate gyrus, the initiators of Cs+-induced
synchronicity are, therefore, localized in the CA3 region, wherefrom activity spreads
to CAI. We are at present performing additional experiments utilizing glutamate
receptor blockers and various experimental manipulations to clarify whether [Ca2+Jj
oscillations in CAI neurons are mediated by pulsating glutamate release [NIH-NS
51614, ES 07033, NS 18895].

Alabama at Birmingham, Birmingham, AL 35294.
Mammalian high-conductance voltage- and Ca2+- sensitive K+ channels (BK,
also known as MaxiK as well as Bkca) are characterized by their high
sensitivity to iberiotoxin (IbTx) and charybdotoxin (ChTX). They are
expressed in a wide variety of tissues, and have been shown to be involved in
the regulation of several important cellular functions. For instance, BK
channels have been implicated in the growth control of lymphocytes and
retinal Muller glial cells. BK currents have recently been identified in human
glioma cells through electrophysiological studies in our laboratory (Ransom
and Sontheimer, SFN abstract, 1999). We used IbTx to further characterize the
role of BK channels in the growth control of glial and glioma cells.
IbTx inhibited cell proliferation in a dose-dependent manner in both
astrocytes and glioma cells. In astrocytes, maximal IbTx inhibition was 70%
with an estimated IC5o of less than 5 nM. In the glioma cell line STTG-1, IbTx
inhibited proliferation by 50% at a concentration of 30 nM. These results
suggest a role of BK channels in the growth control of glial and glioma cells.
To characterize the cellular localization and the functional roles of BK
channels among different grade glioma cells as well as between neoplastic and
normal glial cells, we have constructed a recombinant His-tag-IbTx and are in
the process of identifying BK distribution in patient samples. This work was
supported by RO1 NS36692.
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REGULATION OF GLYCINE RECEPTOR CHANNEL GATING BY A
MUTATION (P250T) IN THE M1-M2 INTRACELLULAR LOOP. H.-G.
Breitinger, C, Villmann and C.-M. Becker. (SPON: German Neuroscience
Society) Institut fur Biochemie, Universitat Erlangen-Nurnberg, Fahrstrasse
17, D-91054 Erlangen, Germany.
Mutations in the glycine receptor gene GLRA1 underly the congenital
motor disorder hyperekplexia. The mutant allele, a1(P250T), was identified in
dominant hyperekplexia. In recombinant systems, the mutant showed
expression levels and ligand affinity similar to wildtype receptors, while
maximum currents and channel gating were dramatically affected. Upon
expression in HEK-293 cells, wildtype receptors showed negligible
desensitization, while the P250T mutant desensitized completely with a time
constant of ~ 110 ms at saturating glycine concentration. Recovery from
desensitization displayed a time constant of = 44 s, compared to < 10 s in the
wildtype. An EC50 of 192 ± 14 pM was found for a1(P250T) homomeric
receptors (EC50 « 7.9 ± 1.2 pM for wildtype). Whole-cell current responses of
P250T mutant receptors were not affected by the absence or presence of p
subunits (EC50 219 ± 22 pM for a/p heteromers). Coexpression of varying
ratios of a1(P250T) and a1(wt) cDNA in HEK cells and investigation of
whole-cell- and single-channel currents indicated that these subunits
coassemble into heteromultimers.
Our results indicate that the M1-M2 intracellular loop is an important
regulatory domain for ion channel function. Structural considerations suggest
that proline 250, although highly conserved in inhibitory ligand-gated ion
channels (e.g. GlyR a123,4; GABAa R a4 2 3 5; ¥2! e), does not define the
wildtype. Instead, subtle structural changes in position 250 determine glycine
receptor channel gating. Supported by European Union and DFG.

NMR-GUIDED MD/SA PREDICTION OF HOMOPENTAMERIC TM2
CHANNEL OF HUMAN GLYCINE RECEPTOR IN POPC BILAYERS.

457

I. Z. Zubrzvcki, P, Tang, J. Hu. Y, Xu*. Dept of Anesthesiology/CCM and
Pharmacology, University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.
Segments of transmembrane domain II (TM2) of human glycine receptor (GlyR)
al subunit form functional pentameric channel with characteristics similar to those
found in an authentic receptor [1], We recently determined the structures of GlyR
TM2 in DPC and SDS micelles by NMR. In this study, we predicted the
homopentameric channel structure in palmitoyloleoylphosphatidylcholine (POPC)
bilayers, using molecular dynamics and simulated annealing (MD/SA).
NMR-derived TM2 segments were docked into a pentameric channel with a well
defined hydrophilic passage lining the pore. The narrowest pore diameter was set to
~10 A. The channel was immersed into the POPC bilayer, which was created
following the published procedure [2], The resultant system consisted of 42,735
atoms, including 178 lipid molecules, 258 TIP3 water molecules inside the channel,
and 5,483 water molecules solvating the bilayer. MD/SA calculation, using the
CHARMM-22 all-atom force field parameters, was performed on a Cray T3E using
the NAMD2 program [3]. After initial energy minimization, a 20-ps MD run
without restraints was performed from 310 K to 510 K in 0.5-fs timesteps, with full
electrostatic interaction taking into account. Thereafter, 80-ps MD/SA was
performed from 510 K to 310 K using NMR-derived backbone distance and
dihedral angle restraints. The final structure was simulated for additional 50 ps at
310 K and then energy-minimized without restraints.
This study demonstrates that a membrane-associated channel system as large as
ours is now within the realm of MD/SA investigation. The results will be discussed
in the context of structure-function relationship of the receptor.
Supported by PSC (MCB990015P) and by NIH (GM49202 and GM56257).
Reference: 1. Schroder S, et al. Biochemistry 30: 42, 1991. 2. Heller H, et al. J Phys
Chem 97: 8343, 1993. 3. Nelson W et al. JSupercomput Appl 10: 251, 1996.

180.3

180.4

THE GLYCINE RECEPTOR BETA SUBUNIT IS REQUIRED FOR THE
POTENTIATION OF GLYCINE RESPONSES BY LOW CONCENTRATIONS
OF ICS 205,930. D. Chesnov-Marchais* and S. Supplisson. Laboratoire de
Neurobiologie, Ecole Normale Superieure, 46 rue d'Ulm; Paris, 75005.
The sensitivity of various types of recombinant glycine receptors to the 5-HT3
antagonist ICS 205,930 was studied by fast perfusion in Xenopus oocytes. This
compound potentiates responses to low concentrations of glycine in rat spinal
neurones, independently of its 5-HT3 antagonist properties (Chesnoy-Marchais,
1996, Br. J. Pharmacol. 118, 2115-2125).
In contrast to the situation observed in neurones, low concentrations of ICS
205,930 (0.1-1 pM) did not potentiate the responses of homomeric human al or a2
receptors. Higher concentrations (4 to 20 pM) potentiated the responses to glycine
(10-20 pM) of al receptors (the potentiation decreasing with increasing glycine
concentrations) whereas on the contrary they reduced the responses of a2 receptors.
This pronounced difference in sensitivity between al and a2 receptors cannot be
explained by the difference between their M2 segments, since mutated alG254A
receptors (having the a2 M2 segment) had the same sensitivity to ICS 205,930 as
al receptors.
The modulations of heteromeric receptors (containing rat p subunits and either
al or a2 subunits) were very different from those of homomeric receptors, and
more similar to those observed in spinal neurones: between 20 nM and 1 pM, ICS
205,930 induced a concentration-dependent potentiation, whereas for higher
concentrations the potentiation tended to be replaced by an inhibition (stronger for
a2-containing receptors). Thus, the potentiation of glycine responses by ICS
205,930 clearly involves P subunits.
This work was supported by the European Commission (BMH4-CT97-2374).
We thank H. Betz's laboratory for all the cDNAs

VOLUME AND HYDROPATHY OF THE AMINO ACID RESIDUE IN
TM3 DETERMINE GLYCINE AND ANESTHETIC SENSITIVITY OF
GLYCINE RECEPTORS. T. Yamakura1. S. J. Mihic2. R. A. Harris1*.
‘Institute for Cellular and Molecular Biology, Univ. of Texas at Austin,
Austin, TX 78712; 2Dept. of Physiology and Pharmacology, Wake Forest
Univ. Sch. Med., Winston-Salem, NC 27157
Two specific amino acid residues in transmembrane (TM) segments 2 and
3 are critical for enhancement of glycine receptor (GlyR) function by volatile
anesthetics. To determine which physicochemical characteristics of these sites
determine their roles in anesthetic actions, an extensive series of single amino
acid mutations at amino acid residue 288 (Ala-288) in TM3 of the al GlyR
subunit was examined for modulation by volatile anesthetics and
nonanesthetics. The apparent affinity of receptors for glycine was changed by
the mutations. Amino acids with larger volumes and less hydropathy at
position 288 exhibited higher affinities for glycine. Anesthetic potentiation
was reduced by specific mutations at Ala-288. The molecular volume of the
substituents was negatively correlated with the extent of potentiation by
volatile anesthetics, isoflurane, enflurane and F3 (1-chloro-1,2,2trifluorocyclobutane), whereas there was no correlation between anesthetic
enhancement and polarity, hydropathy, or hydrophilicity of substituents. In
contrast to anesthetics, no correlation was found between the effects of the
nonanesthetics F6 (1,2-dichlorohexafluorocyclobutane) or F8 (2,3dichlorooctafluorobutane) and any physicochemical property of the
substituent. These results suggest that the molecular volume and hydropathy
of the amino acid at position 288 in TM3 regulate glycine and anesthetic
sensitivity of the GlyR, and that this residue might represent one determinant
of an anesthetic binding site. Supported by NIGMS and NIAAA.

180.5

180.6

TAURINE-ACTION AT GLYCINE-RECEPTORS IN ISOLATED
STRIATAL NEURONS FROM RATS AND MICE.
O.A. Sergeeva, H.J. Luhmann* and H.L. Haas Department of
Neurophysiology, Heinrich-Heine-University, POB 101007, D40001 Dusseldorf, Germany
We compared responses to taurine in two rodent species displaying high (mouse) and low (rat) taurine concentrations in the brain.
We combined single cell RT-PCR for GlyR al-3- and p-subunits
with whole-cell clamp and fast ligand application in acutely isolated
cells. Taurine activated GABAaR and GlyR in medium spiny
neurons but only GlyR in giant aspiny neurons (GAN). The EC50
for taurine in GAN was significantly lower in rats than in mice: 1.5
versus 2.3mM, the EC50 for glycine was identical for both
(110/xM). RT-PCR revealed that GAN from rats and mice expressed
the a2 but not the al subunit. 95% of rat- and 60% of mouse-GAN
expressed the p-subunit. The EC50 for taurine was 1.5 and 4.7 mM
in cells expressing and lacking the p-subunit respectively. None of
rat-, but 67% of mouse-cells expressed the a3 subunit. Taurine
crossdesensitized the glycine response with an IC50 of 2mM versus
300/xM in cells containing or lacking the a3 subunit respectively.
We conclude that taurine is a potent agonist at striatal GlyRs,
containing the p subunit; mouse-GlyRs are protected from desensitization by high taurine levels through the a3 subunit expression.

ASSOCIATION OF NEWLY SYTHESIZED GLYCINE RECEPTORS WITH
POSTSYNAPTIC LOCI IN CULTURED SPINAL NEURONS.
J. Meier, C. Meunier-Durmort, C, Bechade*, A, Triller and C, Vannier, INSERM
U497, ENS, 75005 Paris, France.
The glycine receptor (GlyR) mediates fast inhibition in spinal cord and higher
brain regions. It is stabilized and clustered at postsynaptic sites by its interaction
with the cytoplasmic protein gephyrin. In order to investigate the formation of these
microdomains, we have transfected COS-7 cells and neurons with c-myc- or HAtagged GlyR a subunits, or a mutant chimeric GlyR al subunit containing the
gephyrin binding motif (Pgb) of the GlyR P subunit. COS-7 cells were cotransfected
with GFP-tagged gephyrin. In the latter, functional GlyR had a diffuse cell surface
distribution unless containing the Pgb motif. The fate of newly synthesized and
inserted GlyR was analyzed in 8-10 DIV cultured spinal neurons using an adenoviral
mediated transfection procedure (PEI-Adenofection). After various expression times
(4 to 24 h), the epitope-tagged GlyR a subunits were found in the somatodendritic
plasma membrane at both, synaptic and non-synaptic loci. In contrast to what was
observed in COS-7 cells, they formed clusters independently of the presence of the
Pgb motif. The proportion of tagged GlyR clusters associated with postsynaptic
gephyrin increased as a function of expression time and this association process was
accelerated by the presence of the Pgb motif. This indicates that in spinal neurons,
GlyR cell surface clusters can form independently of their association with gephyrin
and suggests the contribution of neuron specific protein(s) other than gephyrin
and/or receptor modifications. Thus, although dispensable for cluster formation in
neurons, the presence of the gephyrin binding motif increases the rate of association
of GlyR with postsynaptic densities. (Supported by grants from IRME, AFM, FCI
and DAAD).
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180.8

VISUALIZING GLYCINE RECEPTOR INSERTION SITES AT THE
CELL SURFACE OF CULTURED RAT SPINAL CORD NEURONS.
M. Rosenberg*, J. Meier, A. Triller, C. Vannier. INSERM U497, ENS, 46
rue d’Ulm, 75005 Paris, France.
Glycine receptors (GlyRs) are ligand-gated ion channels that mediate fast
synaptic inhibition in the spinal cord. Closely associated with GlyRs is
gephyrin, a peripheral membrane protein involved in stabilizing GlyRs at
synapses. We have previously shown that GlyRs form aggregates at
postsynaptic sites. Very little is known about the mechanisms that
orchestrate the intracellular trafficking or the cell surface insertion and
subsequent localization of GlyRs to synapses. To follow where GlyRs are
inserted in the plasma membrane, we are using a proteolytic cleavage
approach to remove extracellular tags (c-myc or GFP) on GlyR al subunits
expressed at cell surface. By combining temperature induced block of
trans-Golgi-network exit and proteolytic cleavage, we show that enzymatic
treatment removes all tags from GlyRs found at the cell surface in both
transfected COS-7 cells and in PEI-adenofected cultured spinal neurons.
Tagged-GlyR expression reappears at the cell surface within minutes after
removal of the enzyme and shift to 37°C. In transfected spinal neurons,
GlyRs are inserted in the plasma membrane in discrete clusters.
Immunostaining with MAP-2 reveals that these new clusters are inserted on
the soma and the proximal dendrites. Preliminary experiments with a
marker for presynaptic inhibitory boutons (VIAAT) indicate that these
insertion events occur at non-synaptic loci. Our results suggest that GlyRs
are stabilized as clusters prior to their arrival at the cell surface where
individual GlyRs are not free to disperse in the plane of the membrane.
(Supported by INSERM and the MRC of Canada.)

STRYCHNINE SELECTIVELY DESTABILIZES GlyR FROM
POSTSYNAPTIC GlyR-GABAAR MOSAICS, S, Levi. H, Rasmussen, C, Vannier
and A, Triller*. INSERM. U-497, ENS, 75005, Paris, France.
In the spinal cord, the glycine receptor (GlyR) and gephyrin are clustered at
postsynaptic membrane facing glycine or mixed glycine and GABA containing
terminals. The two inhibitory transmitters are present in single vesicle and their
corelease activate postsynaptic GlyR and GABAa R (Jonas et al., 1998). Gephyrin is
involved in the clustering of both GlyR and GABAa R (Kirsch et al., 1993; Essrich et
al., 1998). The postsynaptic GlyRa/Pclusters stabilization depends on functional
GlyR activity (Kirsch et Betz, 1998; Levi et al., 1998). We have investigated here the
effect of antagonists on the stabilization of GlyR and GABAa R present within the
same postsynaptic differentiation.
The subcellular distribution of GlyRa/(3, GABAa R|33 subunits and gephyrin were
analyzed with immunofluorescence on embryonic rat spinal neurons cultured in
glycine deprived medium. Gephyrin, GlyRa/p and GABAa RP3 formed clusters in
front of inhibitory synaptic terminals immunoreactive for the vesicular inhibitory
amino acid transporter (VIAAT). Double-labelling experiments indicated that almost
all (98%) GABAa RP3 clusters colocalized with gephyrin and GlyRa/p clusters. Only
-20% of gephyrin and GlyRa/pclusters did not colocalize with GABAa RP3. Thus,
most inhibitory synapses are composed of mosaics of GlyRa/p, GABAa RP3 and
gephyrin clusters. A daily exposure to 1 pM strychnine of spinal neurons maintained
in glycine deprived medium for 7 days induced the internalization of GlyRa/P with no
change on the postsynaptic localization of gephyrin and GABAa RP3. The number of
postsynaptic GlyRa/P clusters dropped significatively on cells which had internalized
the GlyR. In contrast, the number of gephyrin and GABAa RP3 clusters remained
unchanged after strychnine treatment. More precisely, following strychnine 96% of
GABAa RP3 clusters colocalized with gephyrin clusters, only 46% of GABAa RP3
clusters remained associated with GlyRa/pclusters. Chronic gabazine-induced
GABAa R activity blockade for 7 days did not affect postsynaptic GABAa RP3,
gephyrin and GlyRa/P mosaic formation.
These results suggest that 1) in the absence of GlyR, gephyrin clusters remain at
postsynaptic sites by interacting with GABAa R and 2) that GlyR but not GABAa R
postsynaptic stabilization involves receptor activation. Supported by FRM grants and
IRME.

180.9

180.10

ESTIMATES OF EFFICACY FOR GLYCINE AND TAURINE FROM SINGLE
CHANNEL ANALYSIS OF RECOMBINANT HOMOMERIC Al GLYCINE
RECEPTORS. Trevor M. Lewis and Peter R. Schofield*Garvan Institute of
Medical Research, 384 Victoria Street, Sydney, Australia NSW 2010.
To understand the behaviour of the glycine receptor (GlyR), we have
investigated the efficacy of the agonists glycine and taurine in homomeric al
subunit GlyRs. GlyR al cDNA was transiently transfected, along with cDNA for
the marker protein CD4, into exponentially dividing HEK-293 cells using a
modified calcium-phosphate precipitation method. Single-channel recordings were
made from outside-out patches pulled from transfected cells identified by labelling
with micro-beads coated with anti-CD4 antibodies. Recordings were made at a
bandwidth of 10 kHz and stored on digital audio tape for analysis offline. The
agonists glycine (1 mM) and taurine (10 mM) were applied directly to the bath in
the bathing solution. Data was prefiltered at 2.5 kHz before being digitized at
25 kHz and analyzed by the method of time-course fitting using SCAN (D.
Colquhoun, UCL). Burst analysis assumed that the shortest shut time was within
the burst, and so critical shut times of 0.15 ± 0.03 ms for glycine and 0.18 ±
0.08 ms for taurine were used to define bursts. The mean burst duration for taurine
evoked events tended to be a little shorter (1.06 ± 0.42 ms, n=5) compared with
glycine events (1.51 ± 0.52ms, n=5). Efficacy, given as the ratio of the closing rate
3 and the opening rate a (E=p/a) in a simple linear kinetic scheme, was estimated
from these burst parameters including a correction for missed events. Glycine had an
efficacy of 5.4 ± 3.2 (range 8.7 to 1.2) whereas taurine tended to be towards the
lower end of this range with an efficacy of 3.2 ± 1.7 (range 5.4 to 1.2). These values
for both glycine and taurine are significantly smaller than the previously determined
estimate of efficacy for recombinant heteromeric alp GlyRs (range 53 to 10; Lewis
et al. 1998, J.Physiol. 507:25-40).
Supported by the NH&MRC of Australia.

ECTOPIC EXPRESSION OF HUMAN GLYCINE RECEPTORS IN RAT
CEREBELLAR GRANULE NEURONS. C.E. Rick*1, H. Chen2, N.L. Harrison’ and
N.A. Lambert2. ’University of Chicago, Chicago IL 60637. /Medical College of
Georgia and VAMC, Augusta GA 30912.
To date, the study of mutant receptors has been limited to non-neuronal
expression systems. Recent advances in transfection techniques have allowed the
transient expression of recombinant receptors in neurons.
Cerebellar granule (CBG) cells were cultured from 5-8 day old rat pups. Neurons
were transfected with cDNA encoding Green Fluorescent Protein (GFP) + human
glycine receptor al subunit (GlyR al), 24-48 hours post culturing: cells were
washed in MEM and then incubated in MEM containing 20pM PEI (polyethyline
imine) and 0.65pg/ml cDNA for 1 hour. The medium was then replaced by a high
potassium (20mM) MEM. Whole cell patch clamp recordings were made 24-48
hours post transfection from CBG cells that expressed GFP.
Responses to exogenously applied glycine were seen in all CBG cells (21 cells)
transfected with cDNA for GlyR al and GFP, and in 36.8 % (7/19 cells) of CBG
cells transfected with cDNA for GFP alone. The maximum glycine induced currents
recorded were 1981.5 + 234.9 pA in neurons expressing GlyR al (n = 21) and GFP,
and 178.6 + 76.4 pA in neurons expressing GFP alone (n = 7).
These data demonstrate that CBG cells will express significant levels of functional
recombinant human glycine receptors. We believe that this will be a useful system
for studying expression of mutant glycine receptors in neurons.

180.11

180.12

GLYCINE-GATED CHLORIDE CHANNELS CONTROL PYRAMIDAL
CELL AND INTERNEURON EXCITABILITY IN RAT HIPPOCAMPAL
SLICES. D.M. White. S.C. Chattipakom and L.L. McMahon* Department, of
Physiology and Biophysics, University of Alabama, Birmingham, Birmingham,
AL 35294
Whole-cell patch clamp recordings were obtained from visually identified
pyramidal cells and intemeurons in the CAI region of rat hippocampal slices
(Pl6-30). Application of glycine (100-300pM) via a picospritzer to recorded cells
elicits robust, slowly desensitizing inward currents ranging from 50-800 pA that
reverse near 0 mV with 120 mM CsCl pipet solution. These responses were
observed in all recorded intemeurons (n=15) and the majority of pyramidal cells
(n=6/8). Glycine responses were not reduced by DNQX, APV and bicuculline or
blockers of voltage-dependent Na+ and Ca2+ channels, but were potently inhibited
by 100 nM-lpM strychnine (n=5/5), a glycine receptor antagonist. The GABAa
receptor antagonist, picrotoxin, (25-50 pM) partially blocked (50-70%) the
glycine response, suggesting that a portion of the functional receptors are
composed solely of a2 subunits (Pribilla et al., 1992). Single channel recordings
obtained from outside-out patches reveals that at least two glycine receptor
subtypes based upon different single channel conductance are expressed by an
individual neuron, consistent with a report from cultured hippocampal neurons
(Yoon et al., 1998). To demonstrate that activation of these receptors contributes
to the excitatory control of hippocampal neurons, we examined the effects of
glycine on CAI and CA3 pyramidal cell popspikes and found that bath perfusion
of 1 mM glycine (in 100 pM d,l APV) depressed (mean:32%±6%) the popspike
amplitude recorded in both regions (n=9/l 1). Furthermore, 30-100 nM strychnine
enhanced basal pyramidal cell excitation observed as an increase in popspike
amplitude, indicating that background activation of glycine receptors contributes
to the ambient level of pyramidal cell excitability. Supported by the Epilepsy

EXPRESSION OF GLYCINE RECEPTOR aZl-GFP ALTERS
ENDOGENOUS GEPHYRIN IMMUNOREACTIVITY IN 293 CELLS. B,
David-Watine, R. Miles* and S.L.Shorte. INSERM U261, Institut Pasteur,
Paris, France.
Visualization of the co-localization and dynamics of neuronal receptors
and associated proteins in living cells facilitates the evaluation of the
mechanisms underlying formation of and proper targeting to specialized
membrane domains. Our model is the inhibitory GlyR which is localized at
postsynaptic membranes of glycinergic synapses. To visualize the GlyR in
living cells, we have generated a N-terminus fusion protein between a
zebrafish GlyRa subunit and GFP, aZl-GFP, which has been shown to
retain its functional properties (David-Watine et al., Neuropharmacology,
1999). Using digital-confocal microscope imaging, we found that plasma
membrane associated aZl-GFP fluorescence was organized in distinct "hot
spots which colocalized with fluorescent lipophilic markers for membrane
turnover (e.g. TMA-DPH). aZl-GFP was also distributed across
intracellular membranes, particularly in the Golgi apparatus. These results
most likely reflect the role of a sorting process in the assembly and
presentation of receptor subunits in the form of functional GlyR's at the
plasma membrane. In neurons, the 93kDa protein gephyrin is associated
with GlyRs at the post-synaptic membrane where it is thought to serve as a
receptor anchor to the cytoskeleton. Here we report that in transfected 293
cells expressing aZl-GFP the expression of endogenous gephyrin detected
using specific antibodies was enhanced. This enhancement of gephyrin
expression was also observed in a 293 stable cell line for aZl-GFP.

Foundation and UAB Intramural Funding.
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180.13

180.14

CALCIUM-INDUCED POTENTIATION OF GLYCINE RECEPTOR
CURRENTS IN NEURONS AND TRANSFECTED CELLS.
P, Bregestovski*, D, De Saint Jan and S. Fucile. INSERM U-261, Institut Pasteur,
25 Rue du Dr. Roux, 75724 Paris, Cedex 15, FRANCE.
Activity of receptor-operated channels (for acetylcholine, GABAA or NMDA) is
modulated by external ([Ca]o) or internal ([Ca]i) calcium. Here we studied the effects
of [Ca]i on glycine receptor (GlyR) channel properties in two preparations: cultured
spinal cord neurons and the human cell line (HEK293-AMPA) expressing both: Capermeable AMPA receptors (permanently) and a subunit of human or zebrafish GlyR
(transiently). Ionic currents and [Ca]i were recorded using patch-clamp and imaging
techniques. Glycine (Gly) and glutamate (Glu) were applied using either a fast
perfusion system or pressure injection from micropipettes. In neurones and
transfected cells, conditioning application of 1-2 mM Glu (with 10 pM cyclothiazide)
caused transient 3-6-folds potentiation of Gly-induced currents at 2 mM [Ca]o.
Elevation of [Ca]o to 12 mM increased the degree of potentiation, particularly in
HEK-AMPA cells (up to 20-fold). The phenomenon developed quickly (in less that
500 ms) and was suppressed by intracellular BAPTA (10-30 mM). The time of the
recovery from potentiation was in the range 10-60 s. Simultaneous recording of
currents and Ca-fluorescence revealed that this recovery was faster than the decrease of
[Ca]i to control values, suggesting that the observed potentiation needs high [Ca]i.
Potentiation was not prevented by KN-62 (CaMKH inhibitor), okadaic acid,
calmidazolium, staurosporin or pretreatment cells by pertussis and cholera toxins,
indicating that calmodulin, phosphorylation and main G-protein pathways are not
involved in the phenomenon. Single-channel analysis (in cell-attached patches)
showed that [Ca]i causes elevation of open probability due to decrease in the mean
closed time and prolongation of bursts. In inside-out patches, application of Ca (101000 pM) to cytosolic part of the membrane was non-effective, suggesting that
diffusible Ca-dependent factor(s) mediate(s) the GlyR channel potentiation. Our
results suggest that [Ca]i can be an important postsynaptic modulator of
neurotransmission in glycinergic synapses.
Supported by INSERM and ministere de la Recherche.

ACTIVATION OF HUMAN HOMOMERIC al AND a2 GLYCINE
RECEPTORS BY TAURINE AND GABA.
D, De Saint Jan. B, David-Watine, H, Korn* and P. Bregestovski.
INSERM U261, Pasteur Institut, 25, rue du Dr Roux, 75724 Paris, France.
Four agonist-binding a subunits of the mammalian glycine receptor (GlyR) have
been identified. Their respective amino acid sequence can contribute to different
selectivity and affinity for agonists. Two N-terminus amino acids have been suggested
to be the key functional discriminants between alh and a2h with respect to their
activation by taurine. Substitution of one of these residues (1-111 and A-212) in alh
by the corresponding amino acid of the a2h subunit led to a decrease of taurine efficacy
(Schmieden et al, 1992, EMBO Journal, 11, 2025-2032). Unexpectedly, GlyRs formed
by al subunit from zebrafish (aZl) display a relatively high sensitivity to taurine
despite a valine at position 111 (David-Watine et al, 1999, Neurosciences 90, 303-317)
and contrary to mammalian GlyR (Schmieden et al, 1993, Science, 262, 256-258),
aZl can be fully activated by GABA. These observations prompted us to reexamine
the electrophysiological properties of alh and a2h expressed in Xenopus oocytes.
Two electrode voltage clamp recording revealed that both alh and a2h are effectively
activated by taurine and GABA. Their apparent affinity (EC50) was directly
proportional to EC50gly, which varied 10 fold among cells (from 28 to 277 pM for
alh, n=41, and from 46 to 541 pM for a2h, n=51). The relative sensitivity of alh to
agonist was only 1.3-2 fold higher than that of a2h. For alh:
EC50tau/EC50gly=7.7±2.5 (n=41) and EC50GABA/EC50gly=560±144 (n=32) while
for a2h corresponding values were 10.4+3.1 (n=50) and 1173±339 (n=19). Taurine and
GABA efficacy were also related to EC50gly and as a result, they could act as either a
full or a weak agonist. For EC50gly<90 pM, Imaxtau/Imaxgly was 80-100% but
decreased to less than 20% for EC50gly>230 pM. Similarly, GABA efficacy reached
80% in oocytes highly sensitive to glycine whereas it was undetectable for
EC50gly>200 pM. Our results demonstrate that (i) alh and a2h can be activated by
GABA, (ii) the role of 1-111 and A-212 for their activation by taurine has been
overestimated. They also suggest that a powerful mechanism modulates the apparent
affinity of GlyR for its ligands. (Supported by INSERM and ministere de la recherche).

180.15
MAPPING THE AGONIST BINDING SITE OF THE GABAA
RECEPTOR: EVIDENCE FOR A BETA-STRAND. J.H. Holden*, AJ.
Boileau. J.A. Teissere. D.A. Wagner, and C. Czajkowski. Dept. of
Physiology, University of Wisconsin, Madison, WI 53706.
GAB A A receptors, along with the receptors for acetylcholine, glycine

and serotonin, are members of a ligand-gated ion channel superfamily.
Due to the paucity of crystallographic information for these ligand-gated
channels, little is known about the structure of their binding sites. We

used the substituted cysteine accessibility method to obtain secondary

structural information about the GABA binding site and to systematically
identify residues which line its surface. Each residue from 04 Y59 to K70
was mutated to cysteine and expressed with wild-type JJ2 subunits in
Xenopus oocytes or HEK 293 cells. Derivatives of the sulfhydryl-specific
reagent methanethiosulfonate (MTSEA-Biotin, MTSEA, MTSET, and
MTSES) were used to covalently modify the cysteine-substituted residues.

Receptors with cysteines substituted at positions oq T60, D62, F64, R66
and S68 reacted with the MTS reagents, and 04 F64C, R66C and S68C
were protected from reaction by agonist. We conclude that <4 F64, R66
and S68 line part of the GABA binding site. The alternating pattern of

accessibility of consecutive engineered cysteines to reaction with the
reagents indicates that the region from 04 Y59 to S68 is a P-strand.
Funded by NINDS grant NS34727 to C.C.
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P2X RECEPTOR-MEDIATED SYNAPTIC CURRENTS IN RAT PURKINJE
CELLS. Susan J. Robertson*, Gareth D Price & Frances A. Edwards,
Dept Physiology, UCL, Gower St, London,WCIE 6BT, UK.
To date there are only four areas in the CNS (habenula, locus coeruleus, dorsal
hom, hippocampus) where P2X receptor-mediated fast synaptic currents have been
identified (for review Robertson Drug Dev. Research 45, 336-341, 1998, and
Pankratov, Y., et al. Eur. J.Neurosci. 10, 3898-3902, 1998). We have now
identified P2X receptor-mediated synaptic currents in Purkinje cells. Purkinje cells
show the highest level of mRNA expression for P2X receptors in the brain. Light
microscopy studies showed that an antibody against P2X2 (Kanjhan, R et al.
Neuroreport 7, 2665-2669,1996) or P2X4 (Le, K.T et al Neurosci. 83, 177-190,
1998) heavily label Purkinje cells. In addition immunoreactivity to the P2X( subunit
was detected in sub-populations of synapses on Purkinje cells (Loesch, A. &
Bumstock, G. Cell Tissue Res. 294, 253-260, 1998).
Whole-cell patch recordings were made in acute cerebellar slices from Pl4 rats
with a caesuim based intracellular solution. At a holding potential of -70mV, in the
presence of NBQX (20 pM), 7- chlorokynurenate (10 pM) and Bicuculline (20 pM),
we have identified both evoked and miniature EPSCs which were inhibited by
suramin (30 pM) or PPADS (30 pM). The evoked currents have a short latency and
fast rise time consistent with activation of a ligand-gated ion-channel, thus these
currents appear to be mediated by a receptor of the P2X subtype. Antagonists for
5-HT3 (BRL 43694, 100 nM), nicotinic (Hexamethonium, 100 pM), and glycine
(strychnine, 5 pM) receptors did not block the evoked currents. To rule out direct
stimulation of the Purkinje cell, currents were also recorded at ± 40 mV and in
addition some experiments were performed with QX-314 (lOmM) in the intracelluar
solution to block Na channel activation in the Purkinje cells. TTX (lpM) abolished
these currents. We conclude that in acute cerebellar slices there is a P2X synaptic
input to the Purkinje cells. This work was supported by the Wellcome trust.

PERIPHERAL
INFLAMMATION
POTENTIATES
P2X-RECEPTOR
MEDIATED RESPONSES IN RAT DORSAL ROOT GANGLION NEURONS.
Guang-Yin Xu1 and L.-Y. M. Huang12*. Marine Biomedical Institute1 and Dept.
of Physiology and Biophysics2, Univ. TX Med. Br., Galveston, TX 77555-1069.
The effects of ATP on the excitability and conductances of dorsal root
ganglion (DRG) neurons were studied in inflamed rats. Complete Freund’s
adjuvant (CFA) was injected into the paw and the ankle of 27-37 days old
rats. Two to eight days later, neurons from L4-6 DRG were acutely
dissociated and their electrical activities were examined under current- and
voltage-clamped conditions. In normal animals, DRG neurons did not fire
spontaneously and current injections evoked no more than one action
potential. In inflamed animals, 6.9% of neurons tested fired spontaneously
and current stimuli evoked repetitive action potentials in 46.3% of cells. The
durations of action potentials were also prolonged. Rapid application of ATP
(20 pM) depolarized membrane potentials in neurons from both normal and
inflamed rats. ATP evoked no more than a single action potential in control
cells, but it induced multiple firings in 34.8% of the cells dissociated from
inflamed rats. Under voltage-clamped conditions, ATP induced fast and slow
inactivated currents in 87% of DRG neurons tested. Both currents were
sensitive to the non-selective ATP receptor antagonists, suramin (30 pM) and
PPADS (50 pM) and the P2X2 receptor insensitive antagonist, TNP-ATP (30
nM), suggesting the participation of P2X3 receptor subunits in the responses.
The most noticeable changes after inflammation was a 3-fold-increase in the
peak ATP responses. The increase in the excitability and the large
enhancement of ATP receptor expression may contribute to peripheral
hyperalgesia following inflammatory injuries. Supported by NIH grant
NS30045 and a Sealy Research Development grant.
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181.4

Pharmacological Characterisation of P2Z Purinoceptors in Human SH-SY5Y
Neuroblastoma Cells.

ZINC MODULATION OF P2X RECEPTOR MEDIATED RESPONSE

TC. P, Larsson*. ’A. J. Hansen, and S, Dissing.
Dept. of Med. Phys. Panum Institute, Blegdamsvej 3, DK-2200 Copenhagen N,
Denmark. 1 Dept. of General Pharmacology, Novo Nordisk A/S, Novo Nordisk
Park, DK-2760 Maaloev, Denmark.
The P2Z, also referred to as the P2X7 purinoceptor, is activated by ATP4' and
belongs to a class of ligand gated ion-channels, so far only found in microglia,
macrophages mast cells, parotid glands and Schwann cells. However, using the
fluorescent probe, fura-2, we pharmacologically characterised a response likely to
be mediated by the P2Z purinoceptor in the human neuroblastoma cell-line
SH-SY5Y. ATP4' induced an increase in the intracellular free Ca2+ concentration
( [Ca2*] ) in a dose-dependent manner with an EC50 of 186 pM and a Hill
coefficient of 1.93. The average maximal rise in [Ca2*] was 260 nM. The P22
agonist 2 ’-3 ’-D-(4-benzoylbenzoyl)-adenosine 5’-triphosphate (BzATP) was more
potent than ATP4' with an EC50 of 32 pM and a Hill coefficient of 1.97. The
response induced by 200 pM BzATP (saturating concentration) was completely
abolished when cells were pre-incubated with 100 pM suramin or after removal of
extracellular calcium. The order of agonist effectiveness was tested using
concentrations of 200 pM: BzATP > ATP4' »> ADP = 2-(methylthio) adenosine
5’-triphosphate > UTP > a.P-methylene adenosine 5’-triphosphate. These data
are consistent with a response mediated by the P2Z purinoceptor. The human
SH-SY5Y neuroblastoma cell-line therefore offers a model in studying the P2Z
purinoceptor and its interaction(s) with cellular signalling systems in neural like
tissue.
Funding: Novo Nordisk A/S & ATV 0648

ON DORSAL VAGAL MOTONEURON.
T. Ueno*, N, Akaike and J. Nabekura, Depart ment of Physiology, Faculty
of Medicine, Kyushu University, Fukuoka 812-8582, Japan.

Zinc is enriched at various regions in the central nervous system

and especially stored in axons and nerve terminals.

Zinc has been

reported to be released into the synaptic cleft from the nerve terminals

with ATP. Recent reports demonstrated that Zinc modulates the
neuronal response to extracellular ATP

in various peripheral

ganglionic neurons. To elucidate the modulation of P2X receptor

mediated response by Zinc in the central neuron, we employed the

nystatin-perforated patch clamp recording on acutely dissociated rat

dorsal vagal motoneurons. Zinc at a concentration <10 5M potentiated
ATP response, while a higher concentration (>10 5M) of Zinc inhibited

this response. In addition, a higher concentration Zinc prolonged the

time to the peak of ATP response. Copper mimicked Zinc regarding the
biphasic modulation of ATP response. It is concluded that Zinc
modulates

P2X

receptor

mediated

response

in

dorsal

vagal

motoneurons biphasically and dose dependently. These results suggest

that Zinc plays a crucial role for controlling neuronal excitability in
the central nervous system.

181.5

181.6

CO-EXPRESSION
OF
DISTINCT
FUNCTIONAL
P2X
RECEPTORS IN RAT PRIMARY AFFERENTS WITH THE
PREDOMINANCE OF FAST KINETICS IN A SUBPOPULATION
OF NOCICEPTORS J.G.Gu,
J.C.Petruska,13 B.Y.Cooper,1’2 and
R.D.Johnson134. 1 University of Florida Brain Institute and die
Departments of: 2Oral Surgery, Division of Neuroscience, 3
Physiological Sciences, 4Neuroscience, University of Florida,
Gainesville, Florida, 32610 (jgu@dental.ufl.edu)
Detection of ATP released from damaged tissue by sensory
neuron P2x receptors may be extremely important during injury.
Using patch-clamp and pharmacological methods on DRG neurons
acutely dissociated from adult rats, we show that distinct subtypes of
P2x receptors are differentially expressed in sensory neurons. Most
isolectin B4 (I-B4)-binding, potentially nociceptive, dorsal root
ganglion neurons expressed the fast kinetic types of P2x receptors, or
co-expressed more than one type of P2x receptor, with a
predominance of fast types.
In contrast, I-B4-negative neurons
expressed predominantly P2x receptors with slow kinetics. Thus, IB4-positive DRG neurons may use the fast kinetic types of P2x
receptors to rapidly detect tissue damage. Co-expression of different
types of P2x receptors may provide a dynamic range for ATP
detection and sensory signaling. (Supported by UF Brain Institute
funding to JGG and RDJ.)

INHIBTION OF P2X4 RECEPTOR FUNCTION BY ZINC.

Kerning
Xiong. Randall R. Stewart. Forrest F. Weight and Chaoving Li*. Laboratory
of Molecular and Cellular Neurobiology, National Institute on Alcohol
Abuse & Alcoholism, National Institutes of Health, Bethesda, MD 208928115.
P2X receptors are ligand-gated cation channels that are opened by the
neurotransmitter ATP.
Synaptic activation of P2X receptors elicits
excitatory postsynaptic potentials in both central and peripheral neurons. Of
the seven P2X receptor subunits cloned to date, one subunit, P2X4, is
prevalent in the brain. Zn2* has been reported to produce two different
effects on P2X receptor-mediated responses. At less than 50 pM, Zn2* can
potentiate ATP-activated current by increasing the apparent agonist affinity.
By contrast, at concentrations greater than 100 pM, Zn2* can inhibit ATPactivated current. The mechanism of the inhibition produced by Zn2* is not
known. In the present study, we investigated the inhibitory effect of Zn2* on
P2X4 receptors expressed in Xenopus oocytes and HEK 293 cells using
voltage-clamp recording. Zn2*, at 100 to 800 pM, inhibited current activated
by 5 pM ATP in a concentration-dependent manner, with an IC50 of 250 pM.
Zn2* at 500 pM decreased the maximal response to ATP by 49%, and
increased the EC50 for ATP from 6.8 to 9.4 pM. The inhibition produced by
Zn2* was independent of membrane potential, and did not involve a shift in
the reversal potential of the current. These results suggest that Zn2* can
inhibit P2X4 receptor function by decreasing both agonist affinity and
efficacy. This work was supported by the intramural program of NIAAA,

NIH.

181.7

181.8

SC-RT-PCR STUDY ON P2-RECEPTOR EXPRESSION IN THE RAT
RETINA. R. Jabs1*. K. Marquordt2, J. Fries2. K. Kohler3, E. Guenther2 and
T. H. Wheeler-Schilling2. Clinic for Neurosurgery, Department of
Experimental Neurobiology, University of Bonn, Germany; Experimental
Ophthalmology, University Eye Hospital Tuebingen, Germany.
Nucleotides play a significant role as neurotransmitters in the mammalian
nervous system. Despite the considerable evidence for signaling by ATP in
other sensory systems, only few studies have been undertaken in the retina.
Here we demonstrate the expression of purinergic P2X receptors on neuronal
and glial cells of the rat retina. Individual identified retinal ganglion cells
(RGCs, n=44) and Muller cells (MCs, n=36) were analyzed by single-cell
RT-PCR. In RGCs a positive amplification signal was shown for P2X3
(5/19), P2X4 (12/14), P2X5 (3/13), and P2X7 (2/19) mRNA. The expression
of functional P2X receptors in RGCs was proved by whole cell patch clamp
recordings from retinal slices. Semi-fast local application of 1 mM ATP
evoked desensitizing inward currents of 195 pA (n=9). In glial MCs was the
presence of fee corresponding mRNA for the P2X3 (11/14), P2X4 (5/10),
P2X5 (3/10) but not for the P2X7 (0/8) subunits verified.
Additionally, we screened retinal tissue and retinal pigment epithelium
successfully for occurrence of metabotropic purinergic receptors. mRNA for
four P2Y receptor subtypes, P2Yb P2Y2, P2Y4, and P2Y6 was demonstrated
via RT-PCR.
In conclusion, our data strongly suggest the -expression of a broad
spectrum of purinergic receptors within the retina. Therefore, it is to suspect
that extracellular nucleotides play complex roles as autocrine or paracrine
mediators and also may have neuromodulatory influences in the rat retina.

MUTAGENESIS OF A SINGLE HISTIDINE LEADS TO LOSS OF pH
SENSITIVITY OF ATP-ACTIVATED CURRENTS OF THE HUMAN P2X4
RECEPTOR C.E. Clarke1. H.J. Meadows1. A. Bridges2. A.R. George3 and
C.D.Benham1*.
’Neuroscience, 2Biopharmaceuticals and 3Medicinal Chemistry
Research, SmithKline Beecham Pharmaceuticals, New Frontiers Science Park, Third
Avenue, Harlow, Essex CM 19 5AW, UK.
ATP-induced currents of the hP2X<t receptor expressed in Xenopus oocytes are
sensitive to extracellular pH over a range that correlates with protonation of histidines.
Relative to pH 7.4, acidification of external solution decreased, whilst alkalinisation
increased, current amplitude over fee entire ATP concentration-response range
(0.1 pM - 3 mM). The structural basis of this pH sensitivity was investigated by sitedirected mutagenesis of each of the four extracellular histidines in hP2X4 to alanines.
All four mutants generated responded to ATP. pH sensitivity was tested at a
maximal concentration (300 pM) of ATP by acidification of external solution.
Whereas mutants H140A H172A and H241A retained wild-type pH sensitivity,
mutant H286A showed no decreased current amplitude at extracellular pH 6.5.
Concentration-response curves to ATP were obtained at pH 6.5, 7.4 and 8.0 for
mutant H286A, and showed no significant difference in ATP EC50, indicating pH
sensitivity of fee receptor was completely abolished. However, ATP EC50 was shifted
to the right approximately five-fold for mutant H286A compared with wild type at
pH 7.4.
We conclude that protonation of histidine 286 is a key feature of pH sensitivity of
fee hP2X4 receptor.
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MOUSE P2X1 RECEPTOR GENE STRUCTURE AND FUNCTION X-M. Yu*
and A. J. Connolly. Dept. of Pathology, Brigham and Women’s Hospital and Harvard
Medical School, Boston, MA02115.
P2X receptors are a family of 7 proteins sharing overall sequence identity from 2750%, which all bind ATP as a ligand and then open a cation-selective ion channel.
They belong to a superfamily of the transmitter-gated ion-channels. Like AChR and
NMDA functionally, P2X receptors also mediate neurotransmission in excitatory
synapses in the nervous system and unlike the members of the superfamily
structurally, P2X receptors only contain two transmembrane domains separated by a
long extracellular loop with intracellular N- and C-termini. C-terminal tails control
desensitization of the channel and interaction with intracellular signaling and
cytoskeletal proteins. P2X1 expresses in many different tissues including platelets,
spleen, smooth and skeletal muscle, spinal cord and neonatal brain. It is highly
sensitive to ATP and desensitizes rapidly. Very little is known about the functions of
P2X1 in vivo. We have chosen to study P2X1 function by disrupting its gene in mice.
Using PCR, we cloned mouse P2X1 receptor from embryo day 11 cDNA library.
Sequencing the entire clone confirmed that this cDNA for mP2Xl is identical to that
previously reported. With help of the primers against mP2Xl cDNA, we isolated the
mP2Xl gene from liver genomic DNA and sequenced it in both strands. The entire
mP2Xl gene is spread over a 17kb genomic DNA fragment. Twelve exons and 11
introns were physically localized with the exon size being varied from 6lbp to 369bp
and the intron from 135bp to lOkb. The splicing acceptors and donors fit well to the
rule of ag and gt, respectively. Several members of the P2X family share similar
positioning of introns within their coding sequences. We are currently in a process of
generating knockout mice and studying the C-terminal function by identifying
interacting factors with the yeast two-hybrid system. This work was supported by
pathology training grant 5T32 HL07627.

THE INTRACELLULAR RESIDUE Thrl8 IS ESSENTIAL FOR
THE NON-DESENSITIZING KINETICS OF P2X2 RECEPTOR
E, Boue-Grabot. V, Archambault, L. Wolfe* and P. Seguela.

Cell Biology of Excitable Tissue Group, Montreal Neurological
Institute, McGill University, Montreal, Quebec, H3A 2B4 Canada.
P2X receptors are non-selective cation channels gated by
extracellular ATP. Six of the 7 cloned mammalian P2X subunits can
form homomeric ionotropic ATP receptors that differ with respect to
their ligand selectivity and desensitization rates in heterologous
expression systems. Based on differences in desensitization kinetics,
homomeric P2X channels can be classified in three groups: strongly
desensitizing including P2X1 and P2X3, moderately desensitizing with
P2X4 and non-desensitizing including P2X2, P2X5 and P2X7. In this
study, using site-directed mutagenesis, oocyte expression and voltage
clamp recordings, we identified amino acids of crucial importance for
non-desensitization kinetics located in the intracellular N-terminus of
P2X2 subunit. Substitution of the Threonine residue at position 18 to
Alanine or Asparagine conferred to P2X2-mediated currents a rapid and
complete desensitization. The desensitization rate of P2X2 T18A/N
mutant channels is similar to the one of P2X1 wild-type and is not
significantly affected by the agonist concentration or by membrane
potential. Furthermore, Thrl8 is conserved among all members of the
P2X family as a potential acceptor in a protein kinase C
phosphorylation site. P2X2 K20T mutant channels devoid of this PKC
site also exhibited an enhanced rate of desensitization. We are currently
investigating the possibility of constitutive Thrl8 phosphorylation and
its implications for P2X channels activity. Supported by the Medical
Research Council of Canada and the Heart and Stroke Foundation of Canada.

181.11
PROPERTIES OF CHANNELS FORMED BY COEXPRESSION OF
NICOTINIC AND P2X SUBUNITS. BS Khakh*, J Sydes, P Deshpande, C
Labarca and HA Lester. California Institute of Technology, Pasadena, CA
91125.

In the nervous system P2X and nicotinic channels underlie
purinergic and cholinergic transmission. Studies from neurons that express
these channels indicate that they may not operate independently. We have
used a null cell type to express and study the function of nicotinic and P2X
channels. We find that ACH and ATP evoke robust a3p4 nicotinic and P2X2
channel mediated currents when both channel types are expressed
separately, or in the same cell. If the a3p4 nicotinic and P2X2 channels
acted independantly then the simultaneous addition of ACH and ATP would
evoke a current that is the linear sum of the two-individual currents.
However, we find that the current evoked by co-application of ATP and ACH
is always smaller than the expected sum of the two currents alone,
suggesting an interaction between these two structurally distinct cation
channels. The mechanistic basis of this is under further investigation.

SYNAPTIC PLASTICITY: LONG-TERM POTENTIATION I
182.1

182.2

SYNERGY BETWEEN BI-DIRECTIONAL CHANGES IN EXCITABILITY AND
SYNAPTIC PLASTICITY IN THE AREA CAI OF THE RAT HIPPOCAMPUS IN
VITRO. G. Daoudal1. Y. Hanada2*. N. Ferrand1. and D. Debanne1. ’Unite de
Neurocybemetique Cellulaire, CNRS UPR 9041, Marseille, France. 2Meiji Gakuin
University, Yokohama, Japan.
In the area CAI of the rat hippocampus, changes in synaptic transmission follow a
two-threshold plasticity rule, i.e. LID is induced by low frequency presynaptic
stimulation (1-3 Hz) whereas LTP results from high frequency stimulation. We
addressed the question whether EPSP-to-Spike plasticity, induced by similar
protocols, also follows such a two-threshold rule in synergy with the changes in
synaptic strength. Hippocampal slices were prepared from 3 to 5 week-old Wistar
rats. Field EPSPs evoked by stimulation of the stratum radiatum were recorded in the
pyramidal cell layer. LTD was induced by a 3 Hz or 1 Hz tetanus applied during 3 or
15 minutes, respectively. LTP and E/S potentiation was induced by 100 Hz tetani. To
test EPSP/spike relation, an input/output curve was plotted before and 30 minutes
after tetanus. In previously potentiated slices, 1 or 3 Hz tetanus produced LTD and
E/S depression (fig. 1). By contrast, in naive slices, 1 Hz tetanus produced neither
significant LTD nw E/S depression whereas 3 Hz tetanus produced LTD and E/S
depression (fig. 1). E/S plasticity was also induced in single cells: after 100 Hz
tetanus, action potentials evoked by the intracellular EPSP appeared with a shorter
latency for a fixed EPSP slope, whereas after 3 Hz tetanus, the latency was longer.
In the presence of the GABAa receptor
antagonist, picrotoxin, E/S depression
was still induced in most cases (6 out of
8 slices), supporting that die expression
of E/S depression does not involve
inhibitory network, but rather ionic
conductances in the postsynaptic
membrane. We conclude that low
frequency stimulation induces E/S
depression. Thus, excitability and
synaptic strength change in parallel.

Long-term potentiation in the intrinsic ascending pathways of the
entorhinal cortex. Li Ma, Clayton Dickson* and Angel Alonso. Montreal
Neurological institute, McGill University, Montreal, PQ, Canada, H3A 2B4.
The entorhinal cortex (EC) participates actively in the encoding of
memories by the temporal lobe. Similarly to the hippocampus, an important
aspect of the local EC circuits is that they are organized unidirectionally in that
each EC layer projects to those situated superficially, but not deeper, to it. We
took advantage of this synaptic arrangement to investigate the synaptic
mechanisms and the potential presence of synaptic plasticity in the ascending
layer III to layer II pathway, as well as in the associational layer I to layer II
fibers, by recording from layer II neurons under whole-cell patch conditions in
an adult rat EC horizontal slice preparation in which the deep layers (V-VI) had
been dissected out. During GABAa receptor block, electrical stimulation of
both deep layer III and lateral layer I evoked in layer II neurons an EPSC
composed of both a fast and slow decaying components that were respectively
identified as AMPA- and NMDA-receptor mediated from their current/voltage
relations and pharmacological profiles. Independent tetanic stimulation of both
the layer III-II and the layer I-II pathways typically evoked a robust and
homosynaptic enhancement of the respective EPSCs (50-100% increase) that
lasted for the duration of the recording sessions (at least 30 min) (homosynaptic
LTP). Interestingly, while the NMDA receptor antagonist APV abolished the
induction of LTP in the layer I-II input, the induction of LTP in the layer II-II
pathway persisted in the presence of APV and thus was not NMDA dependent.
Intriguingly, however, the induction and expression of LTP in the layer III-II
pathway appeared dependent on post-synaptic mechanisms since it could be
abolished by post-synaptic dialysis with the Ca chelator BAPTA and was not
associated with changes in the paired pulse facilitation ratio. This work was
was supported by the MRC of Canada and the HFSPO.
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182.3

182.4

THE SYNAPTIC LOCUS OF INTERMEDIATE-TERM POTENTIATION.
Michael R. Kasten*’1, Adeka D. McIntosh2, and Paul E. Schulz1,2. Div of
Neuroscience1 and Dept. of Neurology2, Baylor College of Medicine, Houston, TX
77030.
High-frequency stimulation (HFS) of Schaffer Collateral synapses in area
CAI of the hippocampus can induce NMDA receptor-dependent synaptic
potentiation. This potentiation is thought to consist of two components: a
decremental short-term potentiation (STP) and a sustained long-term potentiation
(LTP). We recently suggested that HFS also induces a third, independently
expressed form of synaptic potentiation with a duration of 2-4 hours. We refer to it
as intermediate-term potentiation (ITP) (Wierzbicki, Fitzgibbons, & Schulz, Soc
Neurosci Abstr 1998). The evidence for its existence includes the findings that (1)
it can be expressed in isolation from STP and LTP and that (2) it has no effect on
paired-pulse facilitation (PPF) whereas we and others have shown that LTP alters
PPF in a predictable way.
The lack of effect of ITP on PPF (Wierzbicki, Fitzgibbons, & Schulz, Soc
Neurosci Abstr 1998) suggests a postsynaptic locus for ITP expression. We are
retesting that possibility using the whole-cell patch clamp technique in area CAI
pyramidal neurons in the hippocampal slice. Specifically, we are testing the
hypothesis that ITP expression involves the activation of “silent” synapses as has
been observed with LTP (Liao et al., Nature 375:400-404, 1995, Isaac et al.,
Neuron, 15:427-434,1995).
We are able to induce ITP in isolation from LTP by giving HFS in the
presence of staurosporin. Staurosporin is a broad-spectrum, protein kinase inhibitor
that blocks hippocampal CAI LTP in both extracellular and whole-cell recordings.
Thus, we are now blocking LTP and testing whether isolated ITP converts silent
synapses to active synapses.
Supported by NIDA (MRK) and NINDS (PES).

DECREASED INTERMEDIATE-TERM POTENTIATION (ITP) IN DMPK
KNOCKOUT MICE. Adeka D. McIntosh1, Henrietta X. Rajdurai1, Henry F.
Epstein1’2, & Paul E. Schulz*’1,2. Dept. of Neurology1 & Div of Neuroscience2,
Baylor College of Medicine, Houston, TX 77030.
High-frequency stimulation (HFS) of Schaffer Collateral synapses in
hippocampal area CAI can induce synaptic potentiation that consists of two
components: a decremental short-term potentiation (STP) and a sustained long-term
potentiation (LTP). We recently suggested that HFS also induces a third,
independently expressed form of synaptic potentiation with duration of 2-4 hours,
which we refer to as ITP. Its existence is suggested by the finding that it can be
expressed in isolation from STP & LTP and the finding that it does not alter pairedpulse facilitation (PPF) as LTP does. This lack of effect of ITP on PPF suggests a
postsynaptic locus for ITP expression.
We hypothesized that ITP expression is mediated by a postsynaptic protein
kinase. Thus, we tested the effects of inhibitors of PKC, CaMKII, and PKA such as
staurosporine, KT5720, and KN93; however, they had no effects on ITP expression.
We then considered that ITP might be mediated by an alternate kinase.
The myotonic dystrophy protein kinase (DMPK) is also present in
hippocampus. We recently obtained DMPK knockout mice and have been studying
whether synaptic transmission or plasticity is altered in these animals.
We performed experiments in area CAI in 8-12 wk old mice. 3 measures
of synaptic transmission were made: fiber volley-to-fEPSP ratio, input-output
curves, and PPF. All 3 were similar in knockout animals & littermate controls.
HFS was then given to induce synaptic potentiation. In the DMPK
knockout animals LTP was normal, but the magnitude of ITP was decreased by
50%. These results suggest a role for DMPK in ITP expression. They also support
the independence of ITP and LTP expression.
Support: HHMI (ADM), MDA, NASA (NSBRI), & NINDS (HFS), & NIH (PES).

182.5

182.6

EVIDENCE FOR PLASTICITY AT THE SINGLE NEURON LEVEL IN FREELY
BEHAVING RATS. A.J. Uzwiak* and I.B. Black. Dept. of Neuroscience and Cell
Biology, UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854.
It is unclear whether plasticity is exhibited by single neurons in freely behaving
animals. To begin characterizing potential plasticity of individual neurons in vivo, we
employed extracellular recording and specific analytic approaches to detect mutable
patterns of activity in single neurons. We initially defined baseline neuron-specific
patterns in CAI and then examined whether patterns changed in a reproducible,
systematic manner following experience. Male Long Evans rats (n = 16) were chronically
implanted with a microwire array positioned in CAI and a bipolar stimulator in the Schaffer
collateral. In recording sessions, stimulation at varying physiological frequencies and
intensities were used to elicit basal responses. These responses were compared to those after
exposure to high or low frequency stimulation (experience). Altered responses after experience
were used as indices of single unit plasticity. Of 69 units satisfying criteria as single neurons,
41 exhibited monosynaptic activation of complex spikes and/or population spikes. For most
neurons, the immediate response to test experiences was characterized by a frequency
dependent period of inhibition followed by a graded return to pre-stimulation spontaneous
firing rates. Consequently, interpulse interval and post-stimulation firing rate varied
inversely: increased stimulation frequency decreased post-stimulation firing rate. At
particular frequencies, the period of inhibition lengthened and firing rate decreased with
each subsequent pulse.
Plastic responses to baseline stimuli after prior stimulation (experience) fell into two broad
categories, including altered a) firing rate and b) post-stimulation inhibition. Prior high
frequency stimulation depressed subsequent basal firing rate for most activated neurons.
In addition, experience systematically changed both subsequent basal post-evoked
potential inhibition and firing rates. These plastic responses were a function of neuron
type and the nature of the specific experience. In all instances, neuronal responses
returned to control, spontaneous basal levels after stimulation. We tentatively conclude
that reversible plasticity after experience is detectable in awake, freely behaving rats and
may contribute to plasticity of single neurons in normal physiological states. Research
supported by NICHD POHD23315.

NMDA-RECEPTOR DEPENDENT SYNAPTIC PLASTICITY IN RAT
HIPPOCAMPAL STRATUM RADIATUM INTERNEURONS AND
GIANT CELLS.
B.R. Christie* and T.J. Sejnowski. Computational Neurobiology
Laboratory, The Salk Institute, La Jolla, CA 92037.

182.7

182.8

EVIDENCE FOR METAPLASTICITY AND SAVINGS IN
LONG-TERM POTENTIATION OF PERFORANT PATH
TO DENTATE GYRUS AND CA3. D.M. Villarreal. * B.E, Derrick,

FREQUENCY-DEPENDENT CHANGES IN HOMOSYNAPTIC
LONG-TERM DEPRESSION IN THE ANESTHETIZED RAT
LATERAL PERFORANT PATH/DENTATE GYRUS SYNAPSE. IH.

Div, OfLife Sciences. University of Texas. San Antonio, TX 78239,
Activity-dependent modification of synaptic efficacy has long been thought
of as the basis of memory storage in the brain. LTP (long-term potentiation)
in perforant path projections to the dentate gyrus (DG) and CA3 regions in
awake rats decays on the order of days following a single stimulation session,
based upon measures of fEPSP and population spikes (PS). Here we report
that prior induction of LTP leads to alterations in the magnitude of responses
with subsequent equivalent stimulation ("savings") up to several weeks
following the initial stimulation. In male rats with permanent electrodes in
DG and CA3 regions, we observed successive sessions of LTP induction
produced progressively smaller LTP of fEPSPs and larger PS magnitude in
dentate. By contrast, repeated induction of LTP at PP-CA3 synapses
produced a larger fEPSPs and smaller PS magnitude in CA3. The effects of
prior LTP induction gradually diminished over a period of weeks, up until 1
month. Thus, an apparent sliding of the modification threshold (0m), either
left or right, depending on previous stimulation, produces an alteration in
response to subsequent stimulation. These data suggest that (1) long-term
changes in synaptic responses are revealed with repeated stimulation and are
dependent on the history of synaptic activity; (2) PP-DG and -CA3 display a
differential shift, either potentiation or depression, of threshold modification
is a function of prior stimulation history; and (3) changes in processes that
are not apparent in single evoked responses may contribute to sustained
information storage in the hippocampus. Supported by GM08194 (BED) and
MBRS.

We examined the ability of hippocampal stratum radiatum intemeurons and
giant cells, located in the CAI subfield, to exhibit long-lasting synaptic
plasticity using whole-cell recording techniques and differential
interference contrast optics in Sprague-Dawiey rats (14-35 days old). All
cells were biocytin filled and later histologically verified. Giant cells and
intemeurons both showed significantly more LTP at 34 °C than at 23 °C
when administered tetanic stimulation at 200 Hz (50 pulses x 4). No LTP
was observed in either cell type in the presence of the NMDA-receptor
antagonist APV (50 pM). The potentiation appeared to be dependent upon
postsynaptic Ca2+ entry, as addition of the Ca2+ chelator EGTA (10 mM)
to the patch pipette prevented the induction of LTP. The activity of voltage
dependent channels in the postsynaptic neuron also seemed essential, as the
addition of QX314 (5 mM) to the internal solution also prevented the
induction of LTP in both cell types. These results indicate that both SR
intemeurons and giant cells differ from hippocampal CAI pyramidal cells
in that they exhibit a temperature sensitive form of LTP that is dependent
upon NMDA-receptor activation in response to 200 Hz stimulation.
Supported by HHMI grant #528012.

Blaise1* and J.D. Bronzino12,. ‘Biomedical Engineering Graduate Program, University
of Connecticut, U-157, Storrs, CT 06269; 2Dept. of Engineering, Trinity College,
Hartford, CT 06106.
The phenomenon of long-term potentiation (LTP), defined as the enduring enhancement
of synaptic efficacy resulting from activation of afferent pathways, has been extensively
examined in the hippocampal formation. The counterpart to this activity-induced
enhancement of synaptic transmission, i.e., long-term depression (LTD), is a lasting
diminishment of synaptic efficacy resulting from particular types of electrical stimulation
of these same afferent pathways. Both LTP and LTD are forms of synaptic plasticity
which significantly alter the efficacy of neuronal transmission across the affected
synapses, and therefore, may affect learning and memory, and a host of behaviors
associated with an animal's interaction with its changing environment. Since it has been
demonstrated that repetitive stimulation of the Schaffer collaterals input to CAI at
frequencies below threshold for inducing LTP leads to LTD, the present study was
undertaken to quantify the frequency dependent responses in the perforant path/dentate
gyrus synapse in the anesthetized adult rat. Population spike amplitude (PSA) and EPSP
slope measures of homosynaptic LTD were recorded in the dentate gyrus as a result of
constant stimulation of the lateral perforant pathway for 15 min at various frequencies (1,
3, 5, 7, 11, 30 and 50 Hz) during experiments conducted on anesthetized adult rats.
Preliminary results indicate that 1 to 11 Hz stimulation frequencies show the presence of
LTD of both PSA and EPSP slope measures. These findings are consistent with previous
studies examining homosynaptic LTD in hippocampal Area CAI and present data
regarding LTD values obtained as a result of low-frequency stimulation of LPP from the
dentate gyrus in vivo. Supported by NSF Grants # BES-9509117, 9618935, NIH
NICHHD Grant # 22539, and NEBHE Doctoral Fellowship.
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CONSOLIDATION KINETICS FOR BOTH HIPPOCAMPAL AND
NEOCORTICAL LONG-TERM POTENTIATION IN VIVO ARE CONSISTENT
WITH THEIR PUTATIVE ROLES IN MEMORY. Robert A. Hodgson1*, Christopher
Trepel1’2 and Ronald J. Racine1. ’Department of Psychology, McMaster University,
Hamilton, Ontario, Canada, L8S-4K1 and 2W. M. Keck Foundation Center for
Integrative Neuroscience and Department of Physiology, University of California,
San Francisco, CA 94143.
The hippocampal and neocortical learning systems are believed to play
complementary roles in the acquisition and storage of information. While the
hippocampal system learns quickly and with few repetitions, the neocortical system is
believed to acquire information best through repeated presentations. The
hippocampus also requires fewer stimulations sessions to reach asymptotic levels of
LTP than does the neocortex in vivo. In this experiment, we attempted to assess the
importance of the spacing of repeated stimulations for induction of LTP in the
hippocampus and neocortex. Animals were chronically implanted with
stimulating/recording electrodes in either the perforant path/dentate gyrus or corpus
callosum/sensorimotor cortex. According to group assignment, experimental animals
then received high-frequency trains over various inter-session intervals (ISI) to induce
LTP. For both the hippocampal and neocortical groups, each stimulation session
consisted of 60 high-frequency trains (300 Hz). These sessions were delivered over a
10-day period and were spaced at one of the following intervals: 6h, 12h, 24h or 48h.
Two additional groups received either massed stimulation (tetani each hour for 10
hours, for 10 days) or no tetani (controls). EPSP and population spike measures, for
both the hippocampus and neocortex, were used for inter-group comparisons.
Consistent with previous in vitro work, analysis of the monosynaptic components
revealed a striking similarity between optimal induction parameters, with respect to
train spacing, in the hippocampus and neocortex. Our data reveal that at both sites in
vivo, shorter ISIs produced greater monosynaptic potentiation effects. By contrast,
different rules appear to govern potentiation effects in polysynaptic components in the
neocortex where spaced stimulation resulted in the largest potentiation effects.
Supported by NSERC Canada.

PRESYNAPTIC TERMINAL MORPHOLOGY AS IT RELATES TO FUNCTION:
A MATHEMATICAL MODELING STUDY. T. Ghaffari-Farazi*. J.-S. Liaw. and
T.W, Barger. Department of Biomedical Engineering and Program in Neuroscience,

182.11

University of Southern California, Los Angeles CA 90089-1451.

Alterations in synaptic morphology, such as changes in the size of a synapse or
restructuring of a synapse into partitioned compartments, consistently have been
observed as a consequence of a variety of environmental and experimental
manipulations. These various forms of experience-dependent morphological
plasticity are frequently interpreted in terms of an anatomical substrate for
representational and memory capacity, premotor regulation of skilled behaviors,
and stimulation-induced enhancement of synaptic excitation, for example, longterm potentiation. Although compelling arguments can be made to support these
hypotheses, the functional relevance of differences in synaptic terminal
morphology has not been directly shown due to the technical barriers to
conducting both morphological and physiological analyses at the subcellular level.
Mathematical modeling has also been limited to symmetric representation of the
synapse (e.g., rectangle, cylinder, sphere, etc.) due to the computational
complexity involved in solving the diffusion equation over irregular boundaries. A
new approach that utilizes the finite element methodology was developed to
create a morphologically realistic model of the synapse. The present study
supports the hypothesis that complex functional dynamics in neurotransmitter
release can emerge from morphological restructuring. Simulation results revealed
that a slight modification in terminal morphology of the release zone <25 nm to
the release site can significantly alter neurotransmitter release (micro geometry).
Furthermore, it was shown that spatial features characteristic of the terminal
morphology surrounding the release zone also significantly modified release
dynamics (local geometry). Systematic study of temporal dynamics revealed that
different local geometries were differentially effected by input frequency. Thus
the complexity of release dynamics is shown to derive from multiple factors,
namely micro geometry, local geometry, and input frequency. Supported by
NIMH, NCRR, and ONR.

182.12

CONTRIBUTION OF NMDA RECEPTORS TO FREQUENCY
FACILITATION AND LTP EXPRESSION. Z. Wang*, X. Xie, and T. W.

Berger. Department of Biomedical Engineering, Program in Neuroscience, Center
for Neural Engineering, Univ. ofSouthern California, Los Angeles, CA 90089.
It has long been recognized that NMDA receptors (NMDARs) play an important,
regulatory role in processes involving the induction of long-term synaptic plasticity,
neurotoxicity, and neuronal development. However, the contribution of NMDARs to
synaptic transmission and to the expression of long-term potentiation remains less
clear. This is mainly because it is difficult to estimate NMDAR-mediated
component of synaptic response, defined as the d -APV sensitive component, due to
its voltage-dependent blockade by extracellular magnesium. We tried to overcome
this problem by using patterned input (40Hz trains composed of 5 pulses each)
instead of traditional test stimuli at low frequencies (<0.1Hz). Using this protocol,
NMDAR-mediated synaptic response could be reliably revealed by subtracting
evoked EPSPs in response to the 40Hz train in the presence of d -APV from that in
the absence of d -APV. Intracellular recordings were obtained from dentate granule
cells of rabbit hippocampal slices bathed in media including physiological
concentrations of [Mg2+]0(lmM). Synaptic responses were measured in terms of the
area of the EPSP profile. Results showed that the NMDAR contribution to the
compound EPSP gradually increased during the five-pulse train (1st: 13%,
2nd: 28%, 3rd: 32%, 4th: 35%, and 5th: 41%), and frequency facilitation ofthe evoked
EPSPs would be significantly reduced without the NMDAR contribution. We also
tested whether or not this frequency facilitation was modified by LTP induction.
Preliminary results showed an increase in frequency facilitation in the LTP-induced
pathway. When normalized according to the 1st EPSP response in each train, the
NMDAR-mediated component also showed an increase in the potentiated pathway.
That LTP modulates frequency facilitation may have implications for temporal
processing and for the induction of additional LTP/LTD at already-potentiated
synapses. Supported by ONR, NCRR, and NIMH.

COMPARISON OF TWO FORMS OF LTP BETWEEN HIPPOCAMPAL CAI

AND DENTATE GYRUS. X.Xie , Z.Wang, and T.W.Berger. Department of
Biomedical Engineering, Program in Neuroscience, Center for Neural Engineering,
Univ. ofSouthern Califon da, Los Angeles, CA 90089.
Tetraethylammonium (TEA), a K+ channel blocker, has been previously reported
to induce LTP (TEA-LTP) in CAI via activation of voltage-dependent calcium
channels, while high frequency stimulation (HFS, 100Hz, 40 pulses) induces LTP
(HFS-LTP) in an NMDA receptor-dependent manner. In this study, we compared the
effectiveness of TEA and HFS in inducing LTP in both dentate gyrus (DG) and CAI of
the in vitro hippocampal slice. HFS induced robust LTP of field EPSPs at both
perforant path-dentate granule cell and Schaffer collateral-CAlpyramidal cell
synapse^. In contrast, TEA (25 mM, 10 min bath application) could induce only
short-term potentiation (<20 min) (12 out of 22) or long-term depression (10 out of 22)
in DG. The same application of TEA induced robust LTP in CAI in the same slices.
TEA-LTP could not be blocked by D-APV (25 pM) and was not as robust as HFS-LTP
in CAL Potentiation from TEA-LTP was smaller in magnitude than that from
HFS-LTP (18±3.4% vs. 26±3.4% one hour after induction), and TEA-LTP did not
significantly occlude HFS-LTP. In another series of experiments in which intracellular
EPSPs were recorded, we observed that TEA had no significant effect on the resting
membrane potential (RMP) of either CAI pyramidal or DG granule cells. With RMP
of approximately -70 mV in both cell types, TEA resulted in a late EPSP component
associated with bursts of spikes, an effect which was much larger in CAI pyramidal
cells than in DG granule cells. Thus, it seems unlikely that the difference in TEA effect
on CAI and DG was due to a differential effect on RMP. Our results also revealed that
TEA could induce LTP of evoked field EPSPs at the perforant path-CAI pyramidal
cell pathway. In summary, our study indicates that while DG and CAI share a similar
underlying mechanism for the induction and expression of HSF-generated NMDA
receptor-dependent LTP, DG lacks the underlying mechanism through which TEA
could induce NMDA receptor-independent LTP. Supported by ONR, NIMH.

SYNAPTIC PLASTICITY: LONG-TERM POTENTIATION II
183.1

183.2

LONG-TERM POTENTIATION IS ASSOCIATED WITH SYNAPTOGENESIS IN
THE CAI HIPPOCAMPAL FORMATION.
N.Toni1, P.A.Buchs', I.Nikonenko1,4. P.Povilaitite3, M.Schorderet1*. C.Bron2 and
D.Mulier1 'Neuropharmacology, Univ. of Geneva 1205, 2Anatomy, Univ. of Bern;
Switzerland, 3Pathomorphology, Univ. of Rostov, Russia. 4Bogomoletz inst. of
Physiology, Kiev, Ukraine.
Structural remodelling of synapses has been postulated as one possible
mechanism underlying the late phase of long-term potentiation (LTP), a form of
plasticity believed to be involved in learning and memory.
Taking advantage of a method allowing us to visualise N-methyl-Daspartate(NMDA)-dependent accumulation of calcium in dendritic spines, we
analysed the ultrastructural changes of synapses associated with the induction of longterm potentiation in hippocampal organotypic cultures.
We report that synaptic potentiation resulted, up to 30 min after stimulation, in a
progressive but transient increase in the proportion of synapses with a partitioned
transmission zone (perforated synapses), that was followed 1-2 hours after induction
by a 3-fold increase in the proportion of multiple-synapse boutons (MSB). Threedimensional reconstruction revealed that for 77% of these MSB, the dendritic spines
arose from the same dendrite, a situation found only rarely (10%) under control
conditions. Furthermore, morphometric analyses indicated that the spines contacting
MSB were significantly smaller than other types of spines and that these
morphological modifications were correlated with a redistribution of the pool of
synaptic vesicles.
As these changes were prevented by pharmacological blockade of LTP, our results
support the interpretation that the stabilisation of long-term potentiation is associated
with synaptogenesis through a mechanism that may involve perforated synapses as a
transitory step.
(This work was supported by the FNRS and HFSP.)

INCREASE IN SYNAPTIC DENSITY IN RAT DENTATE GYRUS, 24h
AFTER INDUCTION OF LONG-TERM POTENTIATION. E. Harrison1. M.G.
Stewart!. G. Richter-Levitt.and T.V.P. Bliss3. Dent, of Biology. Open University.
Milton KevnesJJK,1-, Dept, of Psychology. Univ, of Haifa. Israel2: Division of
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Neurophysiology. NIMR. Mill Hill. UK3, (SPON: British Neuroscience Association)
We have previously reported that there is no change in synaptic density in the
dentate gyrus 45min after the induction of LTP. Is there a change at later times? LTP
was induced unilaterally in the dentate gyrus of anaesthetised rats, using one of two
tetanus protocols - either 200 Hz for 15ms, or theta burst stimulation. Responses
were monitored for an hour after the tetanus. The unstimulated contralateral side
was used as a control. Electrodes were cemented in place, and the animals allowed
to recover. Twenty four hours later, animals were re-anaesthetised, and responses
monitored for a further hour. Tissue was prepared for electron microscopy from five
animals in the theta group, and three animals in the 200Hz group. LTP of the
population EPSP ranged from 26-60%. Images for analysis were captured from the
middle (MML) and inner molecular layer (IML) of the dentate gyrus and unbiased
counting methods were used to determine measures of synaptic morphology, and
neuronal density was calculated in the granule cell layer. Synapses were classified as
symmetrical or asymmetric and whether they occurred on dendritic shafts or spines.
There were no significant differences in morphometric measures between tetanised
and control hemispheres in the IML.
. However, similar significant changes were observed in the MML whether
potentiation was induced by theta or 200Hz stimulation, and data from both types of
stimulation were pooled. There was a 37% increase in both the density of axospinous synapses (p< 0.01), and in total synaptic density (p<0.01) in the potentiated
compared to control hemispheres. Similar differences were also observed when
these data were expressed as total number of synapses per neuron (>36.7%; p<0.02)
and the number of axospinous synapses per neuron (37.7%; p<0.02). There was also
a significant increase in the total area of the synaptic active zone (> 35%) in the
potentiated hemisphere. Supported by BBSRC grant 108/S08513 & Wellcome Trust
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CHANGES IN SIZE AND NUMBER OF N-CADHERIN PUNCTA ASSOCIATED
WITH cAMP-INDUCED LTP IN HIPPOCAMPAL CAI NEURONS. O.Bozdagi1*,
H, Tanaka2, D.R.Colman2. D.L.Benson1 and G.W.Huntley* ‘Fishberg Research Center
for Neurobioiogy and2Brookdale Centerfor Molecular Biology, Mount Sinai, New
York, NY 10029.
Long-term changes in synaptic efficacy are thought to underlie functional
plasticity associated with learning and memory. In hippocampal area CAI, a longlasting form of long-term potentiation (L-LTP) requires gene transcription and protein
synthesis, and may be based partly on morphological changes at existing synapses
and/or formation of new synapses. The cadherins, a family of synapse-adhesion
molecules, have been implicated in synapse formation, targeting and specificity during
development, and recent data indicate a role for these and other adhesion molecules in
modulating synaptic plasticity. To examine a role for Neural (N)-cadherin in the
regulation of synapse number or morphology associated with L-LTP, we used
hippocampal slices from 2-5 wk-old rats for conventional electrophysiological
recording, immunostaining and confocal microscopy. Bath application of Sp-cAMPS
(50 pm; 15 min), a membrane-permeable cAMP analog, resulted in a persistent
potentiation of the extracellular field EPSP initial slope recorded from stratum radiatum
which was maximal within 60-90 mins. Slices were fixed and immunostained for Ncadherin. Quantitative analysis of confocal microscope images through CAI showed a
significantly greater number of N-cadherin immunolabeled puncta in comparison with
control slices; such puncta in the slices exhibiting L-LTP were also significantly larger
in cross-sectional area.
Many of these cadherin puncta co-distributed with
synaptophysin, suggesting synaptic labeling. It is likely that the time-course of the
immunocytochemical changes parallels that of the emergence of synaptic potentiation,
insofar as immunolabeling of slices fixed immediately following application of SpcAMPS was indistinguishable from control slices. Further, N-cadherin labeling in
slices bathed in both Sp-cAMPS and ionotropic glutamate receptor antagonists was also
indistinguishable from control slices, implying that ongoing synaptic activity is a
component of the mechanism leading to changes in cadherin labeling. Taken together,
the data suggest that long-term changes in synaptic efficacy involve dynamic regulation
of cadherin-mediated adhesion leading to new synapse morphology or number.
Supported by NIH (NS34659, NS37731, NS20147) and NSF (IBN9728003).

SHORT-TERM MECHANISMS OF PLASTICITY AT MOSSY FIBER
SYNAPSES ONTO HIPPOCAMPAL INTERNEURONS. K.Toth* E. PhillipsTansey and C.J. McBain Lab of Cellular & Molecular Neurophysiology, NICHD,
NIH, Bethesda MD 20892
Previously we have shown that mossy fiber transmission onto stratum lucidum
intemeurons of the CA3 hippocampus occurs at synapses containing either Ca2+permeable or -impermeable AMPA receptors (Toth and McBain, Nature
Neuroscience 1998). The physiological roles played by these distinct mossy fiber
synapses, however, are poorly understood. Here we have studied both short- and
long-term mechanisms of plasticity at both types of synapse and compared them to
mossy fiber transmission onto CA3 pyramidal cells. Mossy fibers activated Ca2+impermeable AMPA receptors on pyramidal cells, which demonstrated strong
frequency-dependent facilitation in response to 20Hz stimulation (5 pulses, repeated
at 0.03Hz). Following expression of presynaptic mossy fiber LTP (induced by 3x
100Hz, lsec stimulation) the degree of frequency-dependent facilitation was greatly
reduced, as described previously. In contrast, the vast majority of mossy fiber
synapses onto intemeuron Ca2+ -impermeable AMPA receptors demonstrated
frequency dependent depression in response to the same 20Hz stimulation.
Furthermore 100Hz stimulation failed to induce either short- or long-term plastic
changes at these synapses. Previously we have shown that a subpopulation of
intemeurons respond to high frequency stimulation of mossy fibers with a novel
form of long-term depression (iLTD) (Maccaferri et al., Science 1998). We now
show that iLTD occurs only at synapses containing Ca2+ -permeable AMPA
receptors. Furthermore iLTD also occurs in response to 20Hz stimulation (10 x 5
pulses, repeated 0.03Hz). Expression of iLTD converts the initially frequencydependent depression of synaptic responses to frequency-dependent facilitation,
consistent with a change in the probability of transmitter release from presynaptic
mossy fiber terminals. These data suggest that distinct mechanisms of short-term
plasticity exist at mossy fiber synapses, and are only dictated in part by the
molecular identity of the postsynaptic receptor. This work was supported by NIH.

183.5

183.6

SYNAPTIC STRUCTURE DURING THE INDUCTION/EARLY MAINTENANCE
OF LTP; SPECIFIC MORPHOLOGICAL CHANGES 1 HOUR POST-LTP
INDUCTION. A.C.W. Weeks
T.L. Ivanco2, J.C. LeBoutillier1, A. Luthra', R.
Loneo*. R.J. Racine2 and T.L. Petit1. 'Dept. of Psychology and Prog, in Neuroscience,
Univ. of Toronto, 1265 Military Trail, Scarborough, Ontario, CANADA, MIC 1A4;
2Dept. of Psychology, McMaster Univ.
Long-term potentiation (LTP) has been associated with changes in synaptic
morphology. Synapses in the middle third of the molecular layer (MML) of the rat
dentate gyrus were examined 1 h following repeated high frequency tetanization of the
perforant path. Synapses from the MML of implanted only animals served as controls.
Ultrastructural quantification included the total number of synapses per neuron,
synaptic curvature, the presence of synaptic perforations, and the maximum length of
the post-synaptic density. The results indicated that the overall number of synapses per
neuron does not change 1 h post-LTP induction. LTP was, however, associated with
a significant increase in the number of irregular shaped and perforated synapses. The
increase in perforated synapses was largest for concave shaped synapses. Nonperforated concave shaped synapses were found to be significantly larger in the LTP
tissue. The total synaptic length per neuron of synapses in the concave configuration
was also significantly increased following LTP. These results suggest that the specific
structural profile associated with 1 h post-LTP induction (induction/early
maintenance), may represent a unique phase of synaptic remodeling which precedes
later changes during the intermediate maintenance, maintenance, and decay of LTP.
Research Supported by grants from the Natural Sciences and Engineering Research
Council of Canada to T.L.P. and R.J.R.

A DECREASE IN DENDRITIC SPINE DENSITY AND SIZE ON
INHIBITION OF NEURONAL ACTIVITY IS CAUSED BY DOWNREGULATION OF SYNAPTIC PROTEINS. R. K. Sihag* and K.
Miyaguchi. Laboratory of Neurobioiogy, NINDS/NIH, Bethesda, MD
20892.
The structure of dendritic spines is believed to be related to neuronal
activity. To understand the biochemical basis of this relationship, we
compared spine size as well as density to the expression levels of proteins
involved in synaptic structure and function during spontaneous activity or
when such activity was inhibited. One-week-old rat hippocampal slice
cultures were treated with 50 pM tetrodotoxin (TTX) for three weeks or 3week-old slices were treated with TTX for one week to inhibit spontaneous
activity and produce differing degrees of rest. Electron microscopy
analyses showed that 3-week TTX treatment caused a 35% decrease in
spine density, 30-35% decrease in spine size, and ~25% decrease in the
length of the active zone. Immunoblot analyses showed that PSD-95,
synanpsin 1, syntaxin, synaptophysin and Glu-Rl levels decreased 5070%. By comparison, MAP-2, GluR2/3 and spectrin levels were decreased
by -15%, and gilial fibrillary acidic protein levels were not affected.
Treatment of 3-week-old slices with TTX for one week did not cause
significant decrease in the levels of PSD-95, synaptophysin, Glu-R2/3,
syntaxin, Glu-Rl and MAP-2 but synapsin 1 was decreased 30-40%.
Thus, there appears to be a correlation of both dendritic spine density and
size with the expression of proteins involved in the organization and
function of the synapse. We propose that, al least in cultured synapse,
neuronal activity controls the dendritic spine density and size by
regulating the expression of proteins involved in synaptic structure and
function.

183.7

183.8

DYNAMICS OF ZIP-CODE BINDING PROTEIN 1 LOCALIZATION
INTO DENDRITES, SPINES AND FILOPODIA OF CULTURED
NEURONS. T.M.Dhanraian1. Y, Oleynikov2. M.M. Martinez1. RH. Singer2
and G.J. Bassell1*. ’Dept. Of Neuroscience, Albert Einstein College of
Medicine, Bronx, New York, 10461.2 Dept. of Anatomy

DENDRITIC LOCALIZATION OF TRANSLIN AND TRAX,
COMPONENTS OF A NUCLEIC ACID BINDING COMPLEX
ENRICHED IN BRAIN.
P. M, Finkenstadt*. W, S. Kang, and ,T. M. Baraban, Department of
Neuroscience, The Johns Hopkins University School of Medicine;
Baltimore, MD 21205.
Recent studies have highlighted the role of dendritic mRNA in
neuronal plasticity. However, relatively little is known about the
molecular machinery that controls targeting and translation of
dendritic mRNA. In previous studies, we purified the two major
protein components of a complex that binds to single-stranded nucleic
acid and is highly enriched in brain. Microsequencing data
indicated that this complex contains Translin, as well as its partner
protein Trax, implicated in suppressing translation of mRNAs. In
recent studies, we have generated antibodies to these proteins and
used them in supershift studies to confirm that Translin and Trax are
present in this complex and co-precipitate from brain homogenates,
as expected. Initial immunostaining studies indicate that both
Translin and Trax are expressed in neurons, with prominent staining
in the cell body and dendritic processes. In ongoing studies, several
complementary approaches are being used to evaluate the
hypothesis that the Translin/Trax complex participates in
processing dendritic RNA.

One striking feature of the neuron is the extraordinary functional plasticity
of dendritic spines and filopodia, a modulation that may promote the long-term
storage of information for synaptic memory. The active transport of specific
mRNAs into dendrites and spines may be a basic mechanism to target regulatory
proteins to postsynaptic locations and influence synaptic strength. The
mechanism for mRNA localization to dendritic filopodia and spines is unknown
and we have sought to identify RNA binding proteins involved in the
cytoskeletal based active transport of dendritically localized mRNAs. Zip code
binding protein-1 (ZBP-1) has been shown to bind a 54 nt zip code within the
3’UTR of P-actin mRNA and promote its localization to the leading edge of
fibroblasts. Here we show that ZBP-1 form particles in cultured hippocampal
neurons which localize to dendrites. Using high-resolution microscopy methods
for immmunofluorescence, ZBP-1 particles were present within actin rich
filopodia and spine heads and were localized beneath presynaptic boutons. To
investigate the dynamics of ZBP-1 particle localization, a ZBP-l/GFP fusion
protein was made and expressed in hippocampal neurons. Time lapse analysis of
living cells revealed both anterograde and retrograde movements of particles
within filopodia and spines. The localization of ZBP-1 was dependent on both
microfilaments and microtubules. These results implicate ZBP-1 as a probable
candidate for the sequence specific localization of mRNAs into dendritic spines
and provide a dynamic means to influence synaptic plasticity.

Sponsored by the National Science Foundation to G.J. Bassett.
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INVESTIGATING ESTROGEN’S EFFECT ON DENDRITIC SPINE
DENSITY IN MOUSE HIPPOCAMPUS. C.J.Li*. A.M.Magarinos. S.
Alves and B.S, McEwen. Laboratory of Neuroendocrinology, The Rockefeller
University, New York, NY 10021.
Estrogen increases dendritic spine density of CAI hippocampal pyramidal
neurons in Sprague-Dawley female rats. It is proposed that estrogen induced
synaptogenesis may be a critical part of its neuronal protective role and its
beneficial effect on learning and memory.
In order to use the powerful
molecular genetic tools to dissect the pathways of estrogen induced
synaptogenesis, we first attempt to establish a mouse model as a counterpart of
the rat. Female mice were overiectomized. After 10 days of recovery, mice were
either sacrificed for immunocytochemistry to determine the localization of
estrogen receptor, or injected with 1.0 jug of 17-6-estradiol or oil for 6 days and
then sacrificed for Golgi impregnation to examine dendritic spine density. Here
we report: a) Initial observation indicated that estrogen receptor (alpha subtype)
immunoreactivity in female mouse hippocampus is localized within scattered
interneurons, particularly in dentate gyrus, CA2 and CA3 region. There is no
strain difference among C57BL/6J, 129/J and BALB/c. b) Different from rats,
C57BL mice did not show an estrogen induced dendritic spine increase in CAI
pyramidal neurons (estradial treated: 21.4±0.6spines/10gm; non-estradial treated;
21.5±0.8spines/10gm). We are currently testing other subregions of
hippocampus, different strains of mice, as well as different estrogen treatment
regimens. Supported by NIH grant: NS10492(CL), NS07080 (SA, BSM),
MH41256(BSM, AMM).

DYNAMICS OF PROTEIN SYNTHESIS VISUALIZED IN THE DENDRITES
OF LIVING HIPPOCAMPAL NEURONS.

465

J.Q. McNamara1 *. H.M.A. VanDongen and A.M.J. VanDongen2.
Depts. of Neurobiology1, and Pharmacology and Cancer Biology2, Duke
Univ. Med. Center, Durham, NC 27710.
Dendritic protein synthesis is a potential mechanism whereby
synaptic activation might be transformed into long term changes in
synaptic function. That dendritic protein synthesis plays such a role is
suggested by the fact that polyribosomes are preferentially localized to
the bases of dendritic spines. Subsequent to this discovery, other
components of the protein synthesis machinery have been found in
dendrites, including tRNAs, protein synthesis initiation and elongation
factors and a select group of messenger RNAs. Additionally, rough
endoplasmic reticulum and Golgi complex have been detected in
proximal dendrites, suggesting that membrane and/or secretory proteins
may be synthesized in dendrites. Most of the studies of the protein
synthesis machinery in dendrites have utilized fixed neurons. The ability
to examine components of the protein synthesis machinery in living
neurons would greatly facilitate the study of dynamic changes in their
subcellular localization. We are therefore using fluorescent probes (GFP
fusion proteins) in living hippocampal neurons to study the subcellular
localization and dynamics of components of the protein synthesis
machinery.

183.11

183.12

IONOTROPIC GLUTAMATE RECEPTOR PROTEIN SYNTHESIS AND MEMBRANE
INSERTION WITHIN ISOLATED NEURONAL DENDRITES. J. Estee Kacharmina1, W.
Janssen3. P. Crino2*. J. Morrison3 and J, Eberwine1. ‘Departments of Pharmacology and
2Neurology, University of Pennsylvania Medical Center; Philadelphia, PA 19104 and
’Fishberg Research Center for Neurobiology, Mt. Sinai School of Medicine; NY, NY 10029.
A subpopulation of mRNAs are present in neuronal dendrites and may undergo local
translation. We tested the hypothesis that mRNAs encoding integral membrane proteins such
as neurotransmitter receptors, can be translated in dendrites and integrated into the cell
membrane. Dendrites of primary cultured rat hippocampal neurons were transected and
separated from the cell bodies. A c-myc fusion construct mRNA encoding the GluR2
receptor was transfected into the isolated dendrites. Protein synthesis was stimulated by
incubation of the cultured dendrites with the neurotrophic factor, BDNF or the metabotrophic
glutamate receptor agonist, DHPG. Double-labeling immunogold localization of c-myc in
combination with GluR2 was used both to validate the light microscopic evidence that
translation occurred in the transfected dendrites, and to determine whether or not locally
synthesized glutamate receptor molecules are present at the plasma membrane. We show for
the first time that a GluR2 fusion construct can be translated in neuronal dendrites and that
this fusion protein is integrated into the plasma membrane with a distribution which is
indistinguishable from the endogenous receptor subunits. Synaptic stimulation of local
protein synthesis by neurotransmitters such as glutamate or neurotrophic factors such as
BDNF, can alter the composition of receptor subunits in dendrites and modulation of the
receptor repetoire expressed at specific synapses. Supported by NIH grants AG06647 to
JHM and MH 58561 and AG9900 to JE.

SYNAPTIC PLASTICITY AND SYNAPTIC PROTEINS IN MICE KNOCK-OUT FOR FMRI
GENE DURING THE DEVELOPMENT.
D. Aggoun, D. Dlabira, M.-L. Kernel*, Y. Ben-Arl & H. Gozlan- INSERM U29, 123, BU de PortRoyal, 75014 PARIS (France).

Fragile X syndrome is the most commun cause of mental retardation
in humans.
The fragile X gene (FMRI) has been cloned and
inactivated in knock-out mice . In orderto determine a marker of the
fragile-X-syndrome, we have examined the expression of a newly
discovered protein Testican. This protein is expressed higher in the
hippocampus of adult mice knock-out (FMRI) than in the control
animals. Therefore, we have analyzed the maturation of this protein
in the hippocampus from birth (P0) to 6 months . We have identified
this protein by immunocytochemistry and quantified its expression
by quantitative in situ hybridization. We find that the expression of
Testican is higher in control than in KO mice during early phases of
development (Post natal day 15). The structure of Testican is similar
to proteins involved in the induction of Long-term potentiation
(LTP) in the hippocampus and in synapses stabilisation. We
therefore compared the proprieties of LTP, LTD of AMPAR
responses or LTD in CAI area under respectively high (2x100 Hz) or
low (1Hz, 15mn) frequency stimulation, of Schaffer collateral fibers.
Whereas, LTP is similar in control (+131±14%, n=7) and KO
(+109±17%, n=7) adult mice, between P15 and P21 when the
expression of testican is reduced in KO mice: LTP was significantly
reduced (control : +83 ±15, n=ll) (KO :+24±5, n=10) (p=0.0026
VS). This period corresponds to the synaptogenesis period.
Therefore, we propose that the low expression of testican at a critical
developmental stage may play a role on the phenotype of FMRI KO.
Supported by a grant from the EG

183.13

183.14

CATALOGUE OF NEURAL PLASTICITY-REGULATED GENES.
R. Matsuo1, 2. A. Muravama1, Y. Sakaki2, and K. Inokuchi1*.

ENHANCEMENT OF GENE EXPRESSION INDUCED BY LATE-PHASE
LTP AT RAT SCHAFFER-CA1 SYNAPSES in vivo H.Pensz . B.E.Derrick and
J.L.MartinezJr. Div. of Life Sciences, Univ. of Texas, San Antonio, TX 78249
Long-term potentiation (LTP), an activity-dependent form of synaptic plasticity,
appears to be critical for learning and memory. Late-phase LTP shares with long-term
memory a requirement for translation and transcription. In the rat Schaffer-CAl
pathway we found altered gene expression 3 hours after LTP induction in vivo. Adult
male Fischer344 rats (300-350g) were anesthetized with pentobarbital. A unipolar
stimulating electrode was placed in the Schaffer collaterals, and field EPSPs were
recorded by a single recording electrode in stratum radiatum of the dorsal hippocampal
CAI region. Following 15min collection of baseline responses, LTP was induced by
three 100Hz, lsec trains (5min inter-train interval). Control animals received only low
frequency (0.066Hz) test pulses. Enhanced field EPSPs persisted for at least one hour
after tetanus. Three hours following LTP induction, the ipsilateral hippocampus was
removed and snap frozen at -80°C. mRNAs were isolated and pooled. To identify the
differentially expressed genes, a PCR-based cDNA subtraction method was used. First,
the tester and driver cDNAs synthesized from mRNAs of tetanized and control
animals, respectively, were digested with a restriction enzyme. The tester cDNA was
then subdivided into two portions, and each was ligated with a different adaptor and
hybridized with an excess of driver cDNA (without any adaptors). During the second
hybridization, the two primary hybridization samples were combined without
denaturing. Thus, the double strand molecules containing both adaptors at the ends
were significantly enriched for differentially expressed tester sequences. The entire
population of molecules was then subjected to two successive rounds of PCR with
primers homologous to the two adaptor sequences. Due to the suppression PCR effect,
only differentially expressed sequences were amplified exponentially. The cDNAs
were then directly cloned to construct subtraction library. Northern blot analysis of
potentiated and non-potentiated hippocampi confirmed that at least one cDNA insert
isolated from the subtracted cDNA library was up-regulated in the LTP animals. This
enhanced mRNA expression level in tetanized animals suggests that transcriptional
regulation of certain genes may be important for the maintenance of late-phase LTP.
We are sequencing this cDNA fragment and identifying related gene(s) in order to
characterizing the role that this gene may play in the late-phase LTP expression.
Support: DA04195, The Ewing Halsell Endowment (JLM), and GM08194 (BED)

Mitsubishi Kasei Inst. Life Sci., Tokyo 194-8511, Japan, 2Inst. Med. Sci.,

Univ. of Tokyo.
Gene expression in brain is required for the maintenance of memory. Longterm potentiation (LTP) also requires gene expression for its maintenance.
Here we screened genes whose expression level was altered after the induction
of long-lasting LTP in hippocampus of freely-moving rats by means of PCRdifferential display. Differential display was performed using 480 distinct
primer combinations whose GC contents has well-designed distribution so as
to display as various genes as possible. Seventeen bands out of
approximately 72000 exhibited reproducible changes in the expression levels.
All of seventeen bands showed early-onset upregulation and die induction
returned to the basal levels before 24 h after die LTP induction. Fifteen bands
were excised, cloned, and sequenced. They proved to consist of 11 different
genes, which were categorized into 3 groups; Group 1. unknown ESTs (3
genes). Group 2. known genes, but their upregulation by LTP has not been
reported previously (3 genes). Group 3. known genes whose upregulation by
LTP has already been reported (5 genes).
We also investigated the expression profiles, such as tissue-specificity and
developmental stages of expression, of genes in the groups 1 and 2, and
constructed a catalogue of neural plasticity-regulated genes. Our work
suggests an existance of many more unknown genes that are induced by LTP,
and shows a potential of differential display as a tool for the scanning of gene
expression. Supported in part by Japan Society for the Promotion of Science,
and by Special Coordination Funds for Promoting Science and Technology of
STA Japan.
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183.15

183.16

SOMATIC ACTION POTENTIALS ARE SUFFICIENT FOR CREB
PHOSPHORYLATION AND ZIF268 EXPRESSION IN HIPPOCAMPAL CAI
NEURONS. S.M. Dudek* and R.D. Fields. Laboratory of Developmental
Neurobiology, National Institute of Child Health and Human Development, NIH;
Bethesda, MD 20892.

MOLECULAR EVIDENCE FOR SYNAPTIC TAGGING
-VESL-1S AS A MOLECULAR PROBEY. Fukazawa*. Y. Saitoh, M. Sato. R. Matsuo. E Qzawa_and K. Iookuchi.
Mitsubishi Kasei Inst. Life Sci., Tokyo 194-8511, Japan.
A synaptic tag hypothesis has been proposed to explain a discrepancy that L-LTP is
an input-specific synaptic event while protein synthesis, required for its maintenance,
occurs at soma (Frey and Morris, 1997). It predicts that synapses are selectively tagged
by synaptic activity and the tag incorporates newly synthesized proteins, those
distribute cell-widely, resulting in a prolonged alteration of synaptic efficacy in an
input-specific manner. Vesl-lS/Homer-la is a group I mGluR-binding protein whose
expression is up-regulated during L-LTP, indicating Vesl-lS being a good molecular
tool to test the hypothesis. We took advantage of LTP in the dentate gyrus of the
hippocampus in vivo in which each granule cell receives two distinct synaptic inputs
from medial (MPP) and lateral (LPP) perforant pathways in the middle (MML) and the
outer (OML) molecular layer, respectively. When a strong tetanus (ST) was delivered
to MPP to elicit L-LTP at synapses of MML, the vesl-lS mRNA was postsynaptically
induced and translated somatically and the Vesl-lS immunoreactivity (IR) was
selectively observed in MML. Similarly, LPP L-LTP was accompanied by a selective
localization of the IR in OML. Immunoelectron microscopic observation demonstrated
a postsynaptic localization of the IR at the synaptic junction. Thus, ST caused the Vesl1S protein to localize selectively at the synaptic layer in an input-specific manner. A
weak tetanus given to LPP, which elicited E-LTP but failed to induce the expression of
Vesl-lS, did not cause a significant localization of the IR in OML. However, this
tetanus now resulted in a precise localization of the IR in OML as well as MML when
followed by ST to MPP. This indicates that Vesl-lS induced by ST could be captured
at the synapses that has been marked (tagged) by a weak tetanus. These results provide
a molecular evidence that synaptic input generates a tag at the activated synapses and
the tagging threshold is lower than that for the gene induction. Analyses of Vesl-1S
may open up a study for molecular mechanisms of "synaptic memory" that depends on
the history of individual synapses. Supported in part by Yamada Science Foundation.

The maintenance of LTP (>4 hours) has been proposed to require new RNA and
protein synthesis; abundant evidence supports this view. It remains unclear, however,
how new RNA/protein synthesis is induced by LTP-producing synaptic activity. One
hypothesis is that synaptic activation produces a sub-synaptic signal, which would
then be translocated to the nucleus. An alternative scenario would involve activation
of signal transduction cascades by somatic action potentials, which in vivo, would
only occur under conditions where sufficient coincident synaptic activity had
occurred. Most of the data supporting the existence of a synapse-to-nucleus signal in
LTP were obtained from dissociated hippocampal neurons. Since fee extent to which
network activity is activated or inhibited in culture systems is unknown, we turned to
hippocampal slices to directly test whether antidromic stimulation of CAI pyramidal
cells, in fee absence of synaptic activity, is sufficient to induce signaling cascades
purported to be involved in late-phase LTP.
Back-firing of rat CAI neurons was accomplished by stimulating fee alveus, wife
fee location of fee stimulation site marked wife a deposit of Dil crystals. All electrode
placements and stimulation were performed wife fee slices bathed in 2 mM kynurenic
acid to block all excitatory synaptic transmission. Slices were given feeta-burst
stimulation and fixed either immediately (for PCREB) or after 1-2 hours (for Zif268).
After being resectioned at 30g, slices were stained wife antibodies to either CREB
phosphorylated at Ser-133, or Zif268 (Krox-24, Egr-1, NGFI-A). We found that
antidromic stimulation of hippocampal CAI neurons in fee absence of synaptic
activity resulted in an increase in staining for both PCREB and Zif268. These results
rule out fee necessity for a synapse-to-nucleus signal in certain signaling pathways
feat have been linked to late-phase LTP. Supported by fee NICHD.

183.17
PHORBOLESTER PROMOTES SYNAPTIC DISTRIBUTION OF Vesl-lS/Homerla PROTEIN
WHICH IS
UPREGULATED DURING LONG-TERM
POTENTIATION.
AKIHIKO KATO1*. YUGO FUKAZAWA2, KAZUKO FUJITANI2, KAORU
INOKUCHI2, HIROYUKI SUGIYAMA1

^ept. Biol., Fac. Sci, Kyushu Univ.,

Fukuoka 812-8581, ^Mitsubishi Kasei Inst. Life Sci., Tokyo 194-8511
Vesl-lS is a protein interacting with group I metabotropic glutamate
receptors whose expression was augmented during in vivo LTP. A strong tetanus
caused the Vesl-lS protein to localize selectively at the activated synapses of
postsynaptic cells (Fukazawa et al., this meeting). Here we have investigated whether
the subcellular distribution of Vesl-lS is regulated by extracellular stimuli using
dissociated hippocampal culture. Major Vesl-lS immunoreactivity (IR) was detected
throughout neuronal somata under the control condition. Bath application of PMA, a
PKC activator, to hippocampal cultures promoted a dotty distribution of Vesl-lS IR at
the cortical region of the neuronal somata. In contrast, subcellular distribution of Vesl1L, a constitutively expressed splicing isoform of Vesl-lS, was not altered by PMA
treatment. An inactive isoform of PMA, 4 a -PMA, had no effect on the distribution
of Vesl-lS IR. Furthermore, the alteration of the subcellular localization of Vesl-lS
IR was not affected by inhibition of de novo protein synthesis. Finally, double
staining with anti-synaptophysin and anti-Vesl-lS antibodies revealed that Vesl-lS
accumulated at synaptic region following the PMA application. These results indicate
that protein(s) activated by phorbolester, such as PKC, plays critical roles in recruiting
Vesl-lS at synapses without requirement of de novo protein synthesis. PKC may
function as a component of the hypothetical "synaptic tag", which is set by synaptic
input and captures proteins that are synthesized somatically and distributed cell-widely.

183.18
THE PLASTICITY-RELATED SERINE PROTEASE
NEUROPSIN IS PRESENT AT THE SYNAPTIC REGION
AND INDUCES THE CLEAVAGE OF PROTEINS
INVOLVED IN NEURAL PLASTICITY. Kazumasa Matsumoto,
Avako Ninomiva. Shigetaka Yoshida*. and Sadao Shiosaka. Div. of
Structural Cell Biology, NAIST, Nara 630-0101, Japan.
Neuropsin (NP) is a serine protease abundant in the limbic sytstem
including hippocampus and amygdala. We have shown that NP is
involved in neural plasticity; (1) the expression of NP mRNA was
regulated in an activity-dependent manner, (2) the blockade of NP
ameliorated kindling epilepsy, and (3) NP affected long-term
potentiation (LTP) in the early phase. Judging from these data, NP
might act at synapse and regulate the efficacy of neural transmission via
the cleavage of synaptic proteins, therefore we investigated the function
of NP at synapse using synaptoneurosomes, a subcellular fraction of
resealed presynaptic plus postsynaptic entities, prepared from the mouse
hippocampi. First, we confirmed the presence of NP protein in the
synaptoneurosomal fraction by the measurement of amidolytic activity of
immunoprecipitant with monoclonal anti-NP antibody against the
synthetic substrate. NP in synaptoneurosome was mainly the precursor
form without proteolytic activity. Second, we examined whether
recombinat NP (r-NP) cleaves proteins in the synaptoneurosomal
fraction. Application of the active form of r-NP to synaptoneurosome
resulted in the proteolysis of cell adhesion molecules LI and cadherins,
but neural cell adhesion molecule (NCAM) was not cleaved. Taken
together, NP is present at the synaptic region, then activated by some
stimulus such as neural activity, and induces the cleavage of adhesion
molecules involved in neural plasticity.

183.19

183.20

THE F2 COMPONENT OF SYNAPTIC FACILITATION IS
ASSOCIATED WITH AN ACCELERATION IN THE KINETICS OF
TRANSMITTER RELEASE: DEMONSTRATION WITH AN ACTION
POTENTIAL BASED PROTOCOL. A, Vyshedskiv* and Jen-Wei Lin.
Dept. Biology, Boston Univ., Boston, MA 02215.
We have previously demonstrated, with a presynaptic voltage control
technique, that the F2 component of synaptic facilitation is associated
with an acceleration in the kinetics of transmitter release at the
inhibitory synapse of the crayfish neuromuscular junction.
The
mechanism underlying this acceleration in facilitated transmitter release
could be an acceleration in presynaptic calcium influx or an
acceleration in the release process itself. To resolve this question we
combined our voltage control method with photometric measurement
of presynaptic calcium influx. The technique revealed that control and
facilitated calcium transients have identical time courses, ruling out an
acceleration in presynaptic calcium influx during facilitation. Thus, the
mechanism underlying F2 facilitation must involve an acceleration in
the release process itself. We sought to generalize this conclusion by
demonstrating the acceleration of facilitated release with action
potential-based protocols.
Action potentials were broadened by
application of K+-channel blockers, and facilitation was tested by a
paired action potential protocol. The comparison of control and
facilitated IPSCs with identical presynaptic Ca2* transients showed that
the release process exhibits an accelerated rising phase during
facilitation. In addition, a deconvolution procedure was used to
calculate the time course of quantal release from IPSC. This procedure
demonstrated that facilitated release rises to its maximum in less then
200ps, while it takes over 2ms for the control release to reach its
maximum. (Supported by NIH NS-31707 to JWL)

HIPOCAMPAL SYNAPTOGENESIS IN THE PILOCARPINE MODEL M. Mori3* M.Sc.;

Society

for

Neuroscience

, Volume

25, 1999

R.C.R.S. Lapa2 Ph.D;, E.A. Cavalheiro3 Ph.D.: M.G. Naffah-MazzacorattP Ph.D.
’Disciplinas de Bioqui'mica, 2Histologia e 3Neurologia Experimental; Universidade Federal
de Sao Paulo - UNIFESP, Sao Paulo, SP, 04023-900 - Brazil.
Pilocarpine (PILO) administered to rats induces limbic seizures and status epilepticus
(SE), that lasts until 12 hours (acute period). A progressive return to normal EEG and
behavior is observed, lasting 4-44 days (silent period), which is followed by spontaneous
and recurrent seizures (chronic period), resembling the pattern of human temporal lobe
epilepsy. Hippocampal damage, mossy fiber sprouting and neurochemical changes were
observed during all phases of this model. Synaptophysin (p38), the major synaptic vesicle
protein, is associated to neurotransmitter release and synaptogenesis but its function in
epileptic phenomena is unknown. The present work was undertaken to study the p38
expression in sinaptosomal fractions obtained from hippocampus during acute, silent and
chronic periods of PILO model. Male Wistar rats received PILO (350 mg/kg) and were killed
at 1 hour, 5 days and 90 days after SE induction. A group of rats, which received PILO and
did not evolve to SE, was also studied. The hippocampi were removed and submitted to
subcellular fractionating to purify synaptosomes. The synaptosomal samples were
submitted to Western blotting technique, (anti-p38). Immunohistochemistry was also
employed to determine p38 distribution in the hippocampus of these rats. The experimental
protocols were approved by the UNIFESP Ethics Committee. The measured optical density
showed that hippocampal p38 content is increased in all phases of this epilepsy model.
These increased levels were predominant in CA3, dentate gyrus and hilus of the
hippocampal formation. Our findings may contribute to additional understanding of
neurotransmitter release mechanisms after cerebral injury, suggesting that a reactive
sinaptogenesis can be important in the hippocampal reorganization and could be part of the
abnormal neurotransmission process, observed during epileptogenesis.

Supported by CNPq, CAPES, FINEP, FAPESP and PRONEX.
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SIGNALING MECHANISMS MEDIATING BDNF MODULATION OF SYNAPTIC
PLASTICITY IN THE HIPPOCAMPUS. W. GOTTSCHALK**, H. JIANG%. N.
TARTAGLIA#+, L. FENG*. A. FIGURQV*. B. LU* USDP/NICHD*; SGF/NICHD%;
HHMI+; NIH, Bethesda, MD 20892.

FULL EXPRESSION OF cAMP-MEDIATED LONG-LASTING SYNAPTIC
POTENTIATION REQUIRES ACTIVATION OF TRKB RECEPTORS AND
MAPK. S. L, Patterson.1*. K, C, Martin1. A, Morozov1 and E, R, Kandel1-2. 'Ctr.
Neurobiol. & Behav., Columbia Univ.; 2HHMI, New York, NY 10032.
Recent studies have provided evidence that BDNF is an important modulator of
the early stages of activity-dependent plasticity at the Schaffer collateral-CAl synapse in hippocampus. However, the role of BDNF in the later stages of LTP
(L-LTP) remains unclear.
In addition to transcription and translation, L-LTP requires the activation of
cAMP-dependent protein kinase (PKA). Both PKA and neurotrophins can initiate
activation of MAP kinase, and MAP kinase plays a role in long-lasting synaptic
plasticity. The mechanisms by which MAPK is activated by stimuli which induce
long-lasting potentiation are unknown. One possibility is that activation of
cAMP/PKA leads to release of BDNF and other TrkB-ligands, which then act on
TrkB signal transduction systems to activate MAPK. To examine the role of BDNF
in cAMP-mediated long-lasting synaptic potentiation, we induced potentiation
pharmacologically with forskolin, which activates adenylate cyclase, leading to elevated cAMP levels and activation of PKA. We have found that pretreating hippocampal slices with TrkB-Fc receptor body proteins (which scavenge unbound TrkB
ligands) greatly reduces both the magnitude and the duration of forskolin-induced
potentiation, suggesting that BDNF (and possibly other TrkB-ligands) play a role in
long-lasting potentiation associated with increased levels of cAMP. Consistent with
the idea that forskolin could trigger an acute release of TrkB ligands, phosphorylation of TrkB was rapidly increased in forskolin-treated slices.
Is the neurotrophin-dependent component of forskolin-induced potentiation acting, at least in part, via MAP? We have found that treating slices with the MAPKK
inhibitor U0126 reduces the magnitude of the forskolin-induced potentiation. Experiments are currently in progress to determine if the forskolin-induced activation
of MAPK, like the forskolin-induced potentiation, can be reduced by removing free
BDNF/TrkB ligands from the slice using the TrkB-Fc proteins. [Supported by
HHMI, NARSAD and NIH.]

While recent studies indicate that brain-derived neurotrophic factor (BDNF)
plays an important role in hippocampal synaptic plasticity, the underlying signaling
mechanisms remain largely unknown. We have characterized signaling events that
mediate the BDNF modulation of high-frequency synaptic transmission. Mitogen
associated protein kinase (MAPK), phosphotidylinositol-3 kinase (PI3K) and
phospholipase C-y (PLC-y) are the three signaling pathways known to mediate
neurotrophin signaling in other systems. In the neonatal hippocampal slices,
application of BDNF rapidly activated MAPK and PI3K, but not PLC-y. BDNF
greatly attenuated synaptic fatigue at CAI synapses induced by a train of high
frequency, tetanic stimulation (HFS). Inhibition of MAPK and PI3K, but not PLC-y,
prevented the BDNF modulation of high frequency synaptic transmission.
Neurotrophin-3 (NT-3), a close relative of BDNF, did not activate MAPK or PI3K,
and had no effect on synaptic fatigue in the hippocampal slices. Neither forskolin,
which activated MAPK but not PI3K, nor ciliary neurotrophic factor (CNTF), which
activated PI3K but not MAPK, affected the HFS-induced synaptic fatigue. Treatment
of the slices with forskolin together with CNTF still had no effect on synaptic fatigue.
Thus, activation of MAPK and PI3K is required but the two together are not sufficient
to mediate the BDNF effect. In addition, inhibition of new protein synthesis by
anisomycin did not prevent the BDNF effect. These data suggest that the BDNF
modulation of high frequency transmission is independent of protein synthesis, but
requires MAPK and PI3K and yet another signaling pathway to act concertedly in the
hippocampus.
This work was supported by funding from the National Institutes of Health.

184.3

184.4

P75 KO MICE SHOW AN IMPAIRMENT IN HIPPOCAMPAL LONG-TERM
DEPRESSION M, Korte*. H, Rdsch. G. Dechant Y.-A, Barde and T. Bonhoeffer.

BDNF-INDUCED LTP IS ASSOCIATED WITH ENHANCED
ZIF/268 PROTEIN EXPRESSION IN RAT DENTATE GYRUS
IN VIVO.

MPI ofNeurobioiogy, Am Klopferspitz 18A, 82152 Munich-Martinsried, Germany.

While the neurotrophin trk receptors have been implicated in neuronal
survival and differentiation the role of the other type of neurotrophin receptor
jong remajne(j controversial. Recently, however the pVS14™ receptor
has been implicated in processes leading to neuronal cell death - showing the
neurotrophins can be “Janus”-faced having opposite effects on cell survival.
Since we and others had previously shown that the BDNF/trkB-system is important
for activity-dependent plasticity by controlling synaptic enhancement (e.g. long-term
potentiation, LTP) we set out to see if the pl5v™ receptor might be involved in the
opposite process of synaptic plasticity, long-term depression (LTD). To address this
question, we used two strains of pVS15™ receptor knock-out mice: an incomplete KO
mouse, where only the neurotrophin binding site of the 075^™ receptor was deleted,
and another strain of mice, where the complete p75K™ receptor was deleted. We
prepared hippocampal slices from these animals and tried to induce LTD with a 15
min 1 Hz stimulation (LFS) in the hippocampal CA3-CA1 pathway. All experiments
were performed blind, on the same day a KO mouse and its wildtype sibling were
used. EPSPs were recorded extracellularly and the EPSP slope was calculated. Both
types of pTS14111 receptor KO mice showed an impairment in hippocampal CA3-CA1
LTD. Wildtype animals showed 21±8% reduction (22 slices) compared to baseline
values 55-60 min after the LFS was applied, whereas p75 KO siblings showed a
6±3% reduction in the partial KO mice (11 slices); and 4±4% reduction in the p75
complete KO mice (n=6 mice, 26 slices).
Since controls show that normal synaptic transmission (e.g. PPF) is normal this
indicates that the pVS1™ receptor system might indeed be important in controlling
LTD in the CAI region of the hippocampus.

C.R. Bramham*1, E. Messaoudi1, M. Webber2 and S. Hunt2.
‘Dept Physiol, University of Bergen, 5009 Bergen, Norway, 2Dept Anat and Dev
Biol, University College, London WOE 6BT, England.
Acute intrahippocampal infusion of BDNF induces a long-lasting potentiation
of synaptic transmission in the rat dentate gyrus in vivo. Tetanus-induced LTP is
coupled to a rapid and transient expression of mRNA and protein for the
transcription factor zif/268 and phosphorylation of the constitutively expressed
transcription factor CREB. Here the effect of BDNF-induced LTP on the
expression of these and other transcription factors was assessed by
immunohistochemistry Medial perforant path-evoked field potentials were
recorded in the dentate hilus of urethane anesthetized rats, and BDNF (2 pg in 2
pi, 25 min) was infused into CAI stratum lacunosum-moleculare, -'300 pm above
the stimulated synapses. BDNF infusion led to a slowly developing increase in the
fEPSP slope and population spike amplitude At 2 h after BDNF infusion (~1 h
after potentiation onset) rats were transcardially perfused with NaF-containmg
fixative. A robust increase in zif/268 immunostaining was observed in dentate
granule cells on the treated side. P-CREB immunostaining, however, was not
elevated at this time point. The results support a role for transcriptional regulation
by zif/268 in BDNF-induced LTP in tlie adult brain in vivo, bunded by (he
Norwegian Foundation for Public Health and the EU-Biolechnology Program.
RDNF was provided by Amgen-Regeneron Partners.

184.5

184.6

NMDA RECEPTOR ACTIVATION IS NOT REQUIRED
FOR BDNF-INDUCED LTP IN THE RAT DENTATE
GYRUS IN VIVO

Neurotrophin-induced Increase in Local Protein
Synthesis in Cultured Hippocampal Neurons. W.B.
Smith? G.N. Aakalu1 , M.L Tsung1, G.F. Reis1, E.M.
Schuman2.
’Division of Biology, 2HHMI/Division of
Biology, Caltech; Pasadena, CA 91125.

E. Messaoudi* and C.R. Bramham. Department of Physiology, University of
Bergen, Arstadveien 19, N-5009 Bergen, Norway.
The effect of the competitive NMDA receptor antagonist CPP on BDNF-

induced LTP was investigated in the dentate gyrus of urethane anesthetized rats.

Medial perforant path-evoked field potentials were recorded in the dentate hilus
and human recombinant BDNF was infused (2 pg in 2 pi, 25 min) into CAI
stratum lacunosum-moleculare, 300 pm above the perforant path synapses.

BDNF induced a robust potentiation; mean increases of the field EPSP slope and
population spike amplitude were 48% and 108% respectively, 2 h after BDNF

infusion. CPP (10 mg/kg) injected i.p. 2 h prior to the end of BDNF infusion
had no effect on the development or magnitude of potentiation as recorded up
to 6 h post-infusion. CPP given under identical conditions blocked tetanus-LTP.

We conclude that NMDA receptor activation is not required for BDNF-induced
LTP of synaptic transmission in the dentate gyrus of intact adult rats, b unded

by the Norwegian Foundation for Public Health .
Amgen-Regeneron Partners.
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Many forms of long-lasting synaptic plasticity require new protein
synthesis. In particular, neurotrophin-induced potentiation in the CAI region of
the hippocampus has been shown to require protein synthesis (Kang & Schuman,
1996). The production of these proteins occurs locally within the synaptic
neuropil, rather than in the principal neuron somata. We are interested in
visualizing protein synthesis that occurs in dendrites during synaptic plasticity.
CamKIIa mRNA is found in the dendrites of hippocampal pyramidal neurons; the
3'UTR of the CAMKIIa mRNA is responsible for localizing the message to the
dendrites. In order to visualize protein synthesis in dendrites, we have created a
GFP reporter construct containing the 3' untranslated region (UTR) and/or the 5'
UTR of the CamKIIa transcript, the elements putatively responsible for its
dendritic localization and translational regulation, respectively. We have
transfected these constructs into cultured hippocampal neurons and visualized
local changes in fluorescence intensity due to GFP synthesis in response to
treatment with BDNF. Preliminary data indicate that application of BDNF yields
an increase in fluorescence signal throughout the length of neuronal processes as
compared with controls.
(Support: HHMI)
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Evidence for Local Protein Synthesis in Cultured Hippocampal
Neurons. G. N. Aakalu1* W. B. Smith1 and E. M. Schuman2.
'Division of Biology, 2HHMI/Division of Biology, Caltech;
Pasadena, CA 91125.

THE ROLE OF A RAT STAUFEN-LIKE PROTEIN IN DENDRITIC RNA
TARGETING OF HIPPOCAMPAL NEURONS.
S. J. Tang*, D.
Meulemans, L. Vazquez, and E. M. Schuman. HHMI, Division of Biology
216-76, Caltech, Pasadena, CA 91125, USA.
Messenger RNAs are present in the dendrites of hippocampal neurons, and
are probably used for local protein synthesis in response to synaptic activity
during long-term plasticity. To begin to understand the mechanisms
underlying dendritic mRNA targeting, we have cloned a gene from a rat
hippocampal cDNA library that is related to Drosophila staufen, a gene
critical for the asymmetric targeting of specific mRNAs in oocytes and
neuroblasts. In situ hybridization experiments indicate that the rat staufen is
expressed in the hippocampus, including the CA1-CA3 and dentate gyrus
regions. Preliminary results of in vitro RNA binding assays suggest that the
recombinant rat Staufen protein can bind to multiple mRNAs present in the
dendrites of hippocampal neurons, including CamKII, TrkB and Arc.
Transfection of hippocampal neurons with a GFP-Staufen fusion construct
resulted in a punctate GFP pattern in dendrites, suggesting a dendritic
distribution for rat Staufen. RNA staining experiments on GFP-Staufen
expressing neurons revealed that signals for GFP and RNA co-localize. These
results are consistent with the hypothesis that the rat Staufen is associated with
dendritic RNAs in vivo and is likely involved in their targeting to dendritic
domains. (Support: HHMI).

Many studies have suggested that protein synthesis may occur in
dendrites, endowing synapses with a local control mechanism to modulate their
strength. We are interested in visualizing, directly, the synthesis of proteins in
dendrites. Various groups have shown that a subset of mRNAs, including
CamKIIa, are found in the dendrites of mature hippocampal neurons. It appears
that the 3’ untranslated region (3’UTR) of some localized mRNAs contains a
signal that allows for the mRNA’s selective transport to the dendrite. To this end,
we have constructed a cDNA construct encoding a destabilized variant of EGFP
flanked by the 5’ and 3’ UTR regulatory regions of the CamKIIa gene.
The
cDNA constructs were transfected into cultured hippocampal neurons using
Biolistics. Our preliminary results demonstrate a different fluorescence distribution
between neurons transfected with un-targeted vs. targeted GFP (e.g. +/- the
3’UTR). Cells expressing the GFP-3’UTR construct exhibit a punctate GFP
distribution within the processes as compared to an apparently diffusion-limited
distribution seen in cells expressing the control GFP construct, suggesting local
synthesis of GFP. In addition, neurons transfected with a construct containing the
5’ UTR exhibit lower integrated levels of fluorescence suggesting a translational
regulatory role of the 5’UTR. We are currently examining the effects of synaptic
activity and plasticity on translation of the localized GFP message.
(Support: HHMI and James Irvine Foundation)

184.9

184.10

ACTIVITY-INDUCED AND CALCIUM-DEPENDENT REDISTRIBUTION OF
BETA-CATENIN IN CULTURED HIPPOCAMPAL NEURONS. S. Murase*
and E. M. Schuman. HHMI and Division of Biology 216-76, Caltech, Pasadena,
CA91125.
P-catenin is a cytoplasmic protein which binds to cadherin, a calcium-dependent
cell-cell adhesion molecule, and mediates the association of cadherin with the
cytoskeleton. P-catenin is also known as a signaling molecule for Wnt/wingless
pathway during development. Howevef, the role of P-catenin signaling in the
adult nervous system is still largely unexplored. Our previous studies (Tang et
al., 1998) demonstrated that application of function-blocking antibodies against
N- or E-cadherin, or a peptide containing the His-Ala-Val (HAV) consensus
sequence, inhibit long-term potentiation (LTP) in a calcium-dependent manner.
Because blocking cadherin function had no effect on basal synaptic properties,
cadherins may play a signaling, rather than merely structural, role in plasticity.
To examine this possibility, we have visualized P-catenin dynamics by
introducing the cDNA for a P-catenin-GFP fusion protein into hippocampal
culture neurons using Biolistics. When the Ca2+ concentration in the medium
was lowered (from 2.5 to 0.2 mM), the fluorescent signal distribution of Pcatenin-GFP was changed (within 30 min) from a diffuse to a punctate
localization pattern. The same effect was observed when the neurons were
stimulated in normal medium ([Ca2+j: 2.5 mM) either by 60 mM KCI or by
electrical stimulation (360 stimuli delivered at 0.2 Hz). Interestingly, application
of 5 mM HAV peptide inhibited the redistribution induced by electric stimulation,
whereas a control peptide was without effect. No redistribution was observed
when the stimulation was given in an elevated Ca2+ medium (5.0 mM), indicating
that this effect is calcium-dependent. These results suggest that P-catenin is a
potential mediator of cadherin signaling; together these molecules may induce
activity-dependent changes in synaptic structure and function.

ENHANCED GABAERGIC TRANSMISSION UNDERLIES THE REDUCED
SENSITIVITY TO KAINIC ACID (KA) SEIZURES AND EXPRESSION OF
LONG-TERM- POTENTIATION (LTP) IN TRANSGENIC CU/Zn-SOD MICE . Y.
Levkovitz, E. Avignone, Y. Groner, and M. Segal* Dept.
Neurobiology, The weizmann institute, Rehovot 76100, Israel.
Cu/Zn superoxide dismutase (Cu/zn-S0D) is a key enzyme in the
metabolism of reactive oxygen species. Transgenic (Tg) mice,
overexpressing Cu/Zn sod
were used to determine the
involvement of this enzyme in neuronal plasticity.
we found that Tg SOD mice are more resistant to KA-induced
seizure than control mice. An injection of KA in a dose of 20-30
mg/kg induced seizure in nearly all control mice but not in Tg SOD
mice, intraperitonal (i.p.) injection of KA or direct application of
bicuculline dmM) via the recording pipette into the dentate gyrus
of anesthetized mice, produced epileptic activity in control, but
not in Tg SOD mice. No difference in input/output relations in
dentate gyrus response to perforant path stimulation was found.
However, Tg sod mice showed a significant increase in paired pulse
inhibition compared to control, in addition, Tg sod mice were
impaired in ability to express LTP, but this effect was abrogated by
local application of bicuculline through the recording pipette. We
now compare the biophysical properties of synaptic CABAergic
currents in patch-clamped granular neurons in slices of normal and
Tg mice, it is proposed that elevated Cu/Zn SOD causes changes in
CABAergic transmission in dentate granule cells that may have
fundamental implication for physiological excitability and plasticity
Supported by grants from the Israel Ministry of Science
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ADENOSINE AS A NEUROTRANSMITTER FOR THE INDUCTION OF
LONG-TERM

DEPRESSION

IN

THE

RAT

CAI

PYRAMIDAL

NEURONS

Kunio Kato*
Section of Physiology, Exploratory Research for Advanced Technology
(ERATO), Japan Science and Technology Cooperation (JST), Tbkyo 1130021, JAPAN

Previously we reported that adenosine Al receptor activity is critical

in the induction of long-term depression (LTD) in the rat CAI
hippocampal pyramidal neurons, since application of selective Al

receptor blocker, such as 2 pM 8-CPT, 0.1 gM DPCPX and adenosine
deaminase blocked the induction of LTD. We found that application of
selective Al receptor agonist, CHA 50 nM, induced persistent depression
of field EPSPs, which was completely occluded with low frequency

electrical stimulation (1 Hz, 900 pulses)-induced LTD. Since activation of

Al receptor showed variable effects including a decrease in cAMP
activity, we investigated whether the modified cAMP activity by

adenosine is critical in CHA-induced LTD.

Administration of 20 pM

forskolin and 500 pM 8-bromo cAMP reversed 50 nM CHA-induced LTD.
100 pM Ro-20-1724, a blocker of phosdiesterase 4, also reversed the CHA

induced LTD, suggesting that the decrease of cAMP .activity thorough Al

receptor activation is essential for CHA-induced LTD.

Further we

examined the possibility that adenosine could be a major transmitter in
LTD induction.
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CHOLINERGIC
MODULTION
OF
SYNAPTIC
PLASTICITY
IN
ENTORHINAL CORTEX AND HIPPOCAMPUS. S.H. Yun', M.Y, Cheong1. S.B.
Lee5*. I. Mook-Jung2 and M.W. Jung1 Neuroscience Laboratory1, Institute for Medical
Sciences and Brain Disease Research Center2, Ajou University, Suwon 442-721;
Department of Pharmacology3, School of Medicine. Catholic University. Seoul 137701. Korea.
Acetylcholine (ACh) is known to modulate physiology of hippocampal formation
and play a role in learning and memory. We tested effects of cholinergic agents on
synaptic plasticity in entorhinal cortex (EC) and hippocampus. Field potential
responses were recorded in CAI and layer III of hippocampal and medial EC slices
respectively. A low dose of carbachol (0.25-0.75 pM) induced transient depression in
all cases tested (17/17 in hippocampus and 22/22 in EC; 15.7±2.1% and 12.3±5.6%
depression respectively) and long-lasting potentiation in some cases (8/17 in
hippocampus and 4/22 in EC, 49.5±12.8% and 33.7±3.7% potentiation respectively in
successful cases). At a high dose (5 pM) carbachol induced transient depression only
(43.8+7.6% in hippocampus and 68.5±4.1% in EC). Paired-pulse facilitation was
increased during the depression, suggesting the presynaptic locus of action, but not
during the potentiation. The depression induced by carbachol (5 pM) was blocked by
atropine, a muscarinic antagonist, indicating that the effect is mediated by muscarinic
receptors. A low dose (0.5 pM) of carbachol induced transient depression, but not
long-lasting potentiation, of NMDA responses in EC, showing different effects of
carbachol on NMDA vs. non-NMDA responses. When theta burst stimulation was
delivered in the presence of 10 pM atropine in EC, significantly lower magnitude of
LTP was obtained (115.2 ±5.2%) compared to control (137.2+6.1%, p<0.02). These
results demonstrate cholinergic modulation of synaptic plasticity in hippocampus and
EC and suggest that the observed effects of cholinergic agents may be one mechanism
by which ACh modulates learning and memory.
Supported by the KOSEF grant 971-0708-068-2 and Brain Disease Research
Center at Ajou University.
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PHARMACOLOGICAL ACTIVATION OF D,-LEKE DOPAMINE
RECEPTORS INHIBITS DEPOTENTIATION IN THE DENTATE GYRUS
OF FREELY MOVING RATS.
A. Kulla and D. Manahan- Vaughan*. Institute for Physiology of the Charite,
Humboldt University, Tucholskystr. 2, 10117 Berlin, Germany.
Repeated low-frequency stimulation (LFS) at 5 Hz gives rise to depotentiation: a
reversal of tetanisation (200 Hz) -induced long-term potentiation (LTP), when
applied within 5 min of the tetanus. The role of Di-like dopamine receptors during
depotentiation in the dentate gyrus (DG) of freely moving rats was examined using
the selective agonist (±)-6-Chloro-7,8-dihydroxy-l -phenyl-2,3,4,5-tetrahydro-1 H-3 benzazepine hydrobromid (Chloro-PB) and the selective antagonist R-(+)-7Chloro-8-hydroxy-3-methyl-l-phenyl-2,3,4,5-tetrahydro-lH-3-benzazepine (SCH
23390). Male Wistar rats (7-8 weeks old) underwent chronic implantation of
recording and stimulating electrodes in the DG granule cell layer and medial
perforant path respectively. The field excitatory post-synaptic potential slope
function (fEPSP) and the population spike amplitude (PS) of evoked potentials were
measured after 10 days of recovery from surgery. Chloro-PB (20pM) or SCH 23390
(15gM) were injected in a 5pi volume into the lateral cerebral ventricle via a
chronically implanted cannula. LFS significantly depotentiated tetanisationinduced LTP. This effect was evident at t=5 min post-LFS, and still present after 24
hours (n=8, P<0.05 ). Administration of Chloro-PB 30 min prior to tetanisation
significantly inhibited depotentiation by 2h post-LFS, and effects were still evident
at 24h (n=8, P<0.05). This effect could be blocked by application of SCH 23390 30
min before Chloro-PB injection (n=10, P<0.05). Application of SCH 23390 alone
had no influence on depotentiation and none of the drugs had an effect on baseline
or LTP at these concentrations compared to vehicle injected controls. These results
support a role for Drlike receptors in depotentiation in vivo and suggest the
involvement of the cyclic adenosine monophosphate-dependent signal transduction
system in this form of synaptic plasticity.

Intracerebroventricular injection of vasopressin potentiates the perforant
path evoked potential in the dentate gyros. C.N. Dove and C.W. Harley*.

Previous studies indicate that vasopressin is involved in the modulation
of memory- processes in rats and, specifically, that such effects can be
mediated by local infusion in the dentate gyros. The reported effects
appear to require intact noradrenergic input. Using urethane anesthetized
(1.5gm/kg) Sprague Dawley male rats, the present study characterized the
effects of intracerebroventricular vasopressin on the perforant path
evoked potential in the dentate gyrus. The lowest effective dose was 1 ng
vasopressin. Fifteen of 20 rats showed long-lasting increases
(potentiation) of both the EPSP slope and population spike amplitude in
response to 1 ng vasopressin icv. Latency measures were variable. A
second experiment tested the hypothesis that local noradrenergic beta
receptors are involved in the vasopressin potentiation. Preliminary- results
suggest propranolol diffusion attenuates vasopressin potentiation. These
outcomes are consistent with a role for vasopressin in memory- enhancement
via an interaction w ith noradrenergic input to the dentate gyros.
Supported by NSERC Grant A9791 (to C. W. H.)

184.15

184.16

SCHAFFER-COLLATERAL LONG-TERM POTENTIATION WAS
REGULATED BY A SERINE PROTEASE, NEUROPSIN. S. Komai, K.
Matsumoto, T. Suemoto, S. Yoshida, K, Kato and S. Shiosaka*. Dept. of
Structural Cell Biology, NAIST, Nara, Japan.
Increasing evidences have shown that dendritic morphological changes are
involved in LTP (Hosokawa et al., 1994; Maletic-Savatic et al., 1999). Some
brain proteases may contribute to these structural changes (Chen et al.,
1995; Qian et al., 1993). In the present study, we checked the effects of a
limbic system specific protease, neuropsin, and other proteases on the
Schaffer collateral LTP.
We found that tissue plasminogen activator (tPA) and neuropsin modified
LTP with different manner. tPA has effects on the LTP at relatively late phase.
Neuropsin, however, showed the effective modification of LTP within the early
time window. Additionally, supplementation of recombinant neuropsin protein
increased potentiated level of LTP at lower concentration (1-5 nM), and
decreased it at higher concentration (20-170 nM). Inhibition of neuropsin
amidolytic activity and protein synthesis resulted in reduction of the level of
LTP in Schaffer-collateral pathway. From these results, taken together with
previous data, neuropsin secretes to extracellular space and cleaves some
extracellular proteins following in electrical stimulation within a suitable
concentration range at early phase of LTP. Thus we conclude that neuropsin
induce mechanical changes of spines through reorganization of environment
around synapse at the induction phase of LTP.

CALCINEURIN AND GSK-3P REGULATE NF-ATc4-DEPENDENT GENE
TRANSCRIPTION IN HIPPOCAMPAL NEURONS. P.G, Mermelstein1*. I.A,
Graef2, G.S, Pitt1, D.B. Wheeler1, N, Dasgupta1, T, Mukai1, G.R, Crabtree2 and
R.W. Tsien1. ’Dept. of Molecular and Cellular Physiology and 2H.H.M.I.,
Stanford University; Stanford, CA 94305.
The Ca2+-sensitive NF-ATc class of transcription factors, originally
characterized in lymphocytes, plays a critical role in immune cells and a
variety of other non-neuronal tissues. We have found that at least one NFATc gene, NF-ATc4, is expressed in hippocampus, and have studied NF-ATdependent gene transcription in cultured hippocampal neurons. Electrical
activity was able to drive the expression of an NF-AT-luciferase reporter,
working through synaptic activation of Ca2+ entry. NF-ATc4-dependent
transcription was supported by NMDA receptors and L-type Ca2+ channels,
as judged by block with either AP-5 or nifedipine. Block of other Ca2+ entry
pathways (N- and P/Q-type Ca2+ channels) failed to reduce reporter activity.
Activation of L-type Ca2+ channels by direct K+ depolarization caused a
rapid translocation of EGFP-labelled NF-ATc4 from the cytosol into the
nucleus resulting in NF-AT-dependent transcription. Activation of NF-ATc4
was dependent upon dephosphorylation by calcineurin, inasmuch as FK506
blocked K+-induced NF-ATc4 translocation and NF-AT dependent gene
transcription. Export of nuclear NF-ATc4 back into the cytoplasm was
regulated by glycogen synthase kinase 3(3 (GSK-3P). Overexpression of GSK3f3 blocked K+-induced NF-AT-dependent transcription and hastened the
decay of NF-ATc4 levels in the nucleus; dominant negative GSK-3p enhanced
NF-AT-dependent transcription. The opposing actions of calcineurin and
GSK-3P represent a novel mechanism by which Ca2+ entry into hippocampal
neurons may regulate long term changes in cellular function.
Supported by NIH grants CA39612, GM68327, MH48108 and GM58234.

184.17

184.18

INVOLVEMENT OF NEUROPLASTIN (GP65) IN THE MAINTENANCE OF HIPPOCAMPAL LTP. E. Gundelfinger1*, K.-H.
Smalla1’*, H. Matthies2, K. Langnase1, T. Bockers1, U. Wyneken1,
S. Staak1, M. Krug2 and P, Beesley3. Leibniz Inst. Neuropiol..
Magdeburg, FRG; 2 Inst. Pharmacol. Toxicol, OvGU, Magdeburg,
FRG; 3Royal Holloway University of London, Egham, UK.
Neuroplastins (i.e. gp65 and gp55) are glycoproteins of rat brain
synaptic membrane preparations. They are members of the
immunoglobulin (Ig) super-family of cell adhesion molecules. The
two-Ig domain isoform neuroplastin-55 is present in many rat tissues,
the three-Ig domain isoform neuroplatin-65 is brain-specific and copurifies with the post-synaptic density (PSD) fraction of synaptic
proteins. Antibodies specific for the 65 kDa isoform of neuroplastin
differentially stain distinct synaptic neuropil regions of the rat
hippocampus with most prominent immunoreactivity in the CAI
region. We have studied the function of neuroplastin in processes of
synaptic plasticity. Kainate-induced seizures cause a significant
enhancement of gp65 association with PSDs. Similarly, LTP of CAI
synapses in hippocampal slices enhanced the association gp65 with
PSD-enriched protein fractions. Several different antibodies against
neuroplastin including gp65-specific antibodies inhibited the
maintenance of LTP in hippocampal slices. A similar effect was
observed when recombinant fusion protein containing all three
Ig domains of neuroplastin was applied to hippocampal slices before
LTP induction. These data suggest that neuroplastin is implicated in
processes regulatin long-term changes of synaptic activity. Supported
by the DFG, the VW-Foundation, the Wellcome Trust and a NATO
travel grant.

INTERFERON-a INHIBITS LONG-TERM POTENTIATION AND
UNMASKS A LONG-TERM DEPRESSION IN THE RAT
HIPPOCAMPUS. Baraias-Ldnez C * and Mendoza-Fernandez V.
Department of Anatomy & Cell Biology, Queen’s University,
Kingston, Ontario, K7L3N6, Canada.
The actions of IFN-a on die electrophysiological properties of the
CAI pyramidal neurons were characterized using intracellular
recordings. Superfusion of this cytokine did not modify the membrane
potential, the input membrane resistance, the action potentials, nor
GABAA-mediated synaptic transmission. IFN-a inhibited glutamatemediated excitatory postsynaptic potentials (gEPSPs) and reversed the
long-term potentiation (LTP) induced by electrical stimulation (ES).
Only a short term potentiation (STP) was observed when IFN-a was
applied during the ES. IFN-a reduced the gEPSPs amplitude below
the control values when it was applied before or after ES. No IFN-a
effect was observed if the NMDA channels were blocked by APV.
IFN-a effects on LTP were prevented by pretreatment of the slices
with genistein or by heat-inactivation of the IFN-a solution. IFN-a
also reversed the potentiation of membrane depolarizations induced by
the local application of external glutamate. Only a STP was observed
when APV was present during the ES, effect that was reversed after
removing / PV. Similar IFN-a effect was observed but it was not
-FN-a did not modify the depolarization induced by
NMDA. (>ur results indicate the occurrence of a LTD concomitantly
with the LTP, are consistent with a specific neuromodulatory role for
IFN-a in hippocampus, and suggest that IFN-a effects on gFPSPs
are presynaptic whereas those on LTP are, at least in part,
postsynaptic. Supported by CCFC and OMH.
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BIDIRECTIONAL ACTIONS OF DOCOSAHEXAENOIC ACID (DHA) ON
HIPPOCAMPAL NEUROTRANSMISSIONS IN VIVO. V. Ikegaya*. N, Itokazu and N. Matsuki. Laboratory of Chemical Pharmacology, Graduate School of
Pharmaceutical Sciences, The University of Tokyo, Bunkyo-ku, Tokyo 113-0033,
Japan.
Docosahexaenoic acid (DHA), a 22-carbon fatty acid with 6 double bonds, is
one of the major polyunsaturated fatty acids in fish oils or in mammalian central
nervous system. Although recent several reports revealed that DHA promotes cognitive ability of experimental animals, the mechanism underlying this action of DHA
remains unclear. Here, we evaluated the effect of DHA on hippocampal neurotransmissions using anesthetized rats. First, the field excitatory postsynaptic potential (fEPSP) evoked by stimulation of the Schaffer collaterals was recorded in the
CAI stratum radiatum. Following an intracerebroventricular injection of 25 nmol
DHA, CAI fEPSP slope decreased gradually in 30 min and was eventually suppressed by about 30 %. On the other hand, when the fEPSP evoked by stimulation
of the dentate gyrus (DG) was recorded in the dentate molecular layer, DHA increased fEPSP slope in a similar time course. These effects of DHA were not cancelled by intraperitoneal pretreatment with N-methyl-D-aspartate receptor (NMDA)
channel inhibitor MK-801, which completely blocked long-term potentiation (LTP)
induced by tetanic stimulation. This suggests that the modulation of synaptic
transmission by DHA is not mediated by NMDA receptor activation. Finally, we
investigated the effect of DHA on hippocampal synaptic plasticity. DHA did not
affect synaptic response profiles elicited by paired-pulse stimulation neither in the
CAI area nor in the DG. However, DHA hindered the induction of CAI LTP
whereas it had no effect on DG LTP. Thus, DHA has regionally different effects on
hippocampal neurotransmission and may thereby be a good tool for clarifying
physiological functions of the hippocampus.

NADPH OXIDASE: A POSSIBLE SOURCE FOR THE PRODUCTION OF
SUPEROXIDE IN THE HIPPOCAMPUS. B.L Kanterewicz. F.B, Wienties. R.E.
Poage*. A.W. Segal, and E. Klann. Department of Neuroscience and the Center for
the Neural Basis of Cognition, University of Pittsburgh, Pittsburgh, PA 15260;
Department of Medicine, University College London, London, WC1E 6JJ, UK.
Production of superoxide may be necessary for the induction of hippocampal
long-term potentiation (LTP; J. Neurophys. 80: 452). However, it is not clear how
superoxide is produced during LTP. One possibility is NADPH oxidase, a multiprotein complex that produces large quantities of superoxide in neutrophils and
consists of cytosolic (p40pAox, p47ptel, Racl), cytoskeletal (p67ph"j, and integral
membrane proteins (gp91p/'“ and p2lphox). We have begun studies to determine
whether a functional NADPH oxidase is present in the hippocampus. Western blot
analysis of fractionated hippocampal homogenates indicated the presence of the
p40p',ox, P47p',ox,p67p'"’x, Racl, and gp91p',ox in cellular fractions analogous to that
observed in neutrophils. To determine whether these proteins comprise a functional
NADPH oxidase, we have begun to investigate the activation of this protein
complex by phorbol esters in hippocampal slices. In neutrophils, the activation of
NADPH oxidase results in the translocation of the cytosolic/cytoskeletal proteins to
the membrane (Cell Biol. 6: 357). Therefore, we treated hippocampal slices with the
phorbol ester 4P-phorbol 12-myristate 13-acetate (PMA) and measured the
redistribution of p41phox. Incubation of hippocampal slices with 300 nM PMA for 10
min resulted in an increase in p41phox in the particulate fraction and a corresponding
decrease in p47phox in the soluble fraction. PMA also caused a decrease in p40p',ox,
p67/’'rox5 and Racl in the soluble fraction. Furthermore, treatment of hippocampal
slices with PMA caused an increase in the production of superoxide (measured with
nitroblue tetrazolium) and an increase in the release of superoxide (measured with
superoxide dismutase-inhibitable reduction of cytochrome c). Taken together, these
findings suggest that a functional NADPH oxidase is present in the hippocampus and
thus may be a source for the production of superoxide during LTP. Supported by
NINDS 34007 (E.K.).

EXCITATORY POSTSYNAPTIC MECHANISMS: PROTEIN DYNAMICS
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Mobile NMDA receptors contribute to the NMDA receptormediated EPSC. K.R. Tovar* and G.L. Westbrook. The Vollum Institute,

SLOW DEACTIVATION OF NATIVE NR2D-CONTAINING NMDA
RECEPTORS SUPPORTS THEIR EXTRASYNAPTIC LOCATION IN
CEREBELLAR GOLGI CELLS
C. Misra, S. G. Brickley, M. Farrant, D.J.A. Wyllie, and S.G. Cull-Candy*
Dept. Pharmacology, University College London, London WC1E 6BT U.K.
NMDA receptors (NMDARs) are heteromultimeric assemblies formed from NR1
subunits and at least one type of NR2 subunit (2A, 2B, 2C, and 2D). Cerebellar Golgi
cells contain mRNA for the NR2D subunit and express NR1/NR2D- and NR1/NR2Btype NMDARs in their somatic membrane (Misra et al., J. Physiol. 507P, 1998). To
test the possible contribution of these two receptor types to synaptic transmission, we
examined spontaneous EPSCs (sEPSCs) and parallel fibre evoked EPSCs (eEPSCs)
in coronal cerebellar slices prepared from 14 day-old rats. The NR2B-selective
antagonist ifenprodil (10pM) inhibited the NMDAR-mediated component of both
sEPSCs and eEPSCs by -65%. In theory, at least some of the residual synaptic
current could arise from NR2D-containing receptors. However, this synaptic current
decayed rapidly (Tdecay of 65ms and 125ms for sEPSCs and eEPSCs, respectively),
compared with the slow deactivation of recombinant NRla/NR2D receptors (Wyllie
et al., J. Physiol. 510, 1-18, 1998). To confirm the slow kinetics of native NR2Dcontaining NMDARs we performed ‘concentration jump’ experiments on outside-out
patches from neonatal Purkinje cells, known to express a pure population of NR2Dcontaining receptors (Momiyama et al., J. Physiol. 494, 479-492, 1996). Following a
brief (1ms) pulse of ImM glutamate, NMDAR-channel activity decayed extremely
slowly. Results from individual jumps gave a Tjeactivation of ~4000-5000ms. We
conclude that native NR2D-containing NMDA receptors decay with a
characteristically slow time constant, which should allow these receptors to be readily
identified if present at synapses. The fast decay of the NMDAR-EPSC in Golgi cells
suggests that NR2D-containing NMDARs are not activated during normal
transmission in these cells, but are present at the soma. (Supported by the Wellcome
Trust and the Royal Society.)
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NMDAR1-GFP TRAFFICKING IN CULTURED NEURONS

ENTRY SITES FOR PROTEINS TO THE SECRETORY PATHWAY
LOCALIZED TO DENDRITES AND SPINES. J.P Pierce1. K.van Leyen2. and J.B.
McCarthy3*. 'Dept. Neurology and Neuroscience, Weill Med. Coll, of Cornell Univ.,
New York, NY 10021; 2Cellular Biochemistry and Biophysics Program, Memorial
Sloan-Kettering Cancer Center, New York, NY 10021; 3Dept. Cellular and Molecular
Physiology, Yale Univ. School of Med., New Haven, CT 06520
Neurons are morphologically specialized to enable the reception and integration of
information. Within this morphology, protein synthesis at somal rough endoplasmic
reticulum (RER) requires vesicular transport over long distances to distal synaptic sites.
However, targeting of specific mRNAs to distal sites has recently been reported:
selective cytosolic, secretory, and transmembrane receptor encoded mRNA species have
been localized to vertebrate dendrites. This implies that proteins destined for entry to the
secretory pathway must either be targeted back to the cell body, or a localized secretory
pathway must exist at distal sites. This is of particular interest with regard to theories
that local translation may underlie cases of long-lasting synapse specific synaptic
plasticity. We investigated whether the translocon, as the entry site to the secretory
pathway, is present distal to the neuronal cell body in vivo. In mammals, the main
constituent of the translocon is the sec6la protein. Antibodies directed against either
the amino- or carboxy- termini were used to immunohistochemically localize sec61a at
the ultrastructural level, with either silver enhanced gold particles or the
diaminobenzidine (DAB) reaction product. The rat hippocampal formation was examined,
focusing on both dentate gyrus granule cells and CAI pyramidal cells. Data obtained
using both antibodies demonstrate comparable patterns of labeling in all cellular regions.
Gold particles and accumulations of the DAB reaction product were localized to: 1)
portions of somal RER, 2) vesiculotubular structures within dendrites and 3) small
vesiculotubular structures within select dendritic spines. Therefore, Sec61a, and thus
potential sites of translocation, appears to be localized ultrastructurally to specific sites
within the neuronal endomembrane system of dendrites and dendritic spines in these
regions in vivo. Our data are consistent with a model in which localized protein
secretion, or transmembrane receptor insertion, can occur via translocation of locally
synthesized proteins into a secretory apparatus near sites of synaptic transmission.

Oregon Health Sciences University, Portland, OR 97201. The ratio of extrasynaptic
(ES) to synaptic (S) NMDA receptors is initially high during early synapse
formation. To examine whether ES and S NMDA receptor populations are fixed, we
used mouse hippocampal neurons cultured on glial microislands and the open-channel
NMDA receptor blocker MK-801. When ES and S NMDA receptors were blocked by
whole-cell applications ofMK-801 (20 pM) with NMDA (1 mM), NMDA receptormediated EPSCs did not recover during the course of the experiment (>10 minutes;
0.1-0.125 Hz), consistent with the slow off-rate of MK-801. Repeated synaptic
stimulation in the presence of MK-801 (5-10 pM) also resulted in block of the
EPSC. However, after MK-801 removal, there was an immediate increase in the
EPSC amplitude (from receptors not previously blocked by MK-801) followed by an
unexpected, time-dependent recovery of the EPSC. On subsequent exposure to MK801 and NMDA (to block ES and unblocked S receptors), the EPSC did not recover,
confirming that ES and S receptors are irreversibly blocked by MK-801. Recovery
was not dependent on agonist rebinding and channel opening (and thus relief from
MK-801 block) because it occurred in the presence of AP5 (200 pM). The recovery
also could not be accounted for by formation of new synapses because there was no
accompanying increase in EPSC amplitude in control conditions. To examine if
exchange between ES and S. receptors accounts for the recovery, we used the low
affinity open-channel blocker ketamine which blocked EPSCs in a fully reversible
manner. Ketamine-bound receptors could not bind MK-801. We blocked the EPSC
with ketamine (>90% amplitude reduction), followed by an MK-801 and NMDA coapplication to block all receptors not blocked by ketamine (ES and S). With
continued stimulation, the EPSC returned to a lower steady-state level, consistent
with the idea that receptors bound by MK-801 were now in the synaptic population.
Our data indicate that during the early period of synapse formation, 15-40% of the
NMDA receptors that give rise to the EPSC are mobile and dynamic with respect to
the range of synaptically-released glutamate. Supported by the Scottish Rite
Schizophrenia Research Program (KRT) and MH46613 (GLW).

R.P. Molloy*1 ’2, R.L. Neve3, and T.E. Hughes1
1Dept Ophthalmology, 2Section of Neurobioiogy, Yale Medical School,
New Haven, CT 06520; 3Dept Genetics, Harvard Medical School, and
McLean Hospital, Belmont, MA
We used a herpes virus amplicon vector to express the NMDA receptor
NR1 subunit with the green fluorescent protein fused at the c-terminus.
This fusion has been shown previously to form functional channels when
co-expressed with other NMDA receptor subunits in HEK cells (Marshall et
al., 1995). Here we show that the protein can be readily viewed in the
dendrites of living neurons (mouse cortical or hippocampal cultures grown in
serum-free medium). On the first day after infection, fluorescence is
diffusely distributed in the soma and dendrites. Fluoresence recovery after
photobleaching indicates that this a mobile (minutes) pool of receptor
protein. Fluorescent clusters of the protein in the dendrites become
apparent after two days of expression, and a subset of these clusters are
adjacent to the presynatpic marker synaptophysin (svp38). The clusters are
therefore likely to be constituents of functional synapses. Preliminary
photobleaching analysis shows that these clusters are relatively immobile
(>1 hour).
Our results are most consistent with a model in which the NR1 subunit is
incorporated into synapses slowly in unstimulated neurons. It appears that
the addition of GFP to the C-terminus of the NR1 subunit does not destroy
the trafficking of this protein to the synapse. In addition, this construct
reveals that the 3' UTR of the NR1 mRNA is not necessary for the targeting
of this subunit to distal dendrites.
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FACTORS UNDERLYING RAPID DENDRITIC SPINE AND FILOPODIAL
DYNAMICS IN HIPPOCAMPAL SLICES. E.A. Nimchinsky* and K. Svoboda. Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY 11724.
Dendritic spines and filopodia undergo morphological changes on time scales
ranging from seconds to days. Recent work has shown that synaptic activity can
rapidly influence the density and shape of spiny protrusions. Specifically, tetanic
stimulation was shown to induce the formation of filopodia in CAI neurons in
developing hippocampal slice cultures. However, factors influencing rapid changes in
spine morphology are largely unknown. In an effort to characterize baseline levels of
spine motility in hippocampal slice cultures, and to investigate the role of synaptic
activity on these movements, CAI pyramidal neurons were transfected with plasmids
containing the EGFP gene using biolistic gene transfer. After 1 - 3 days of expression
individual 25-35 pm dendritic segments were imaged at high spatial and temporal
(0.5 s) resolution using a custom-made 2-photon laser scanning microscope for
periods ranging from 5 minutes to several hours. In normal ACSF, spines were
observed to change shape rapidly within seconds as previously described in lowdensity cell cultures. In addition, some spines lengthened or shortened over minutes.
In nominally calcium-free ACSF, the baseline movements were largely unaffected.
However, after > 15 minutes long (>5 gm) filopodia-like structures appeared, which
usually regressed in regular ACSF. These structures either sprouted from preexisting
spines or appeared de novo. They were evident in approximately 1/3 of dendritic
segments, and several protrusions often occurred in close proximity to one another. In
the presence of 1 gM TTX, baseline motility of existing spines was also unaffected,
but new spines and filopodia appeared. These new protrusions showed increased
dynamics. Similar changes in dendritic morphogenesis were not observed when
AMPA receptors were blocked with 20 gM NBQX. Thus rapid dynamic motility is
apparently unaffected by changes in network activity, while reduction of activity by
TTX or low [Ca2+] might act as a signal to the dendrite to extend new spines in order
to maintain a preferred level of afferent activity. (Supported by NIH, HFSP and Pew,
Mathers and Whitaker Foundations)

ACTIVITY-DEPENDENT RELOCATION OF ACTIN VISUALIZED IN
SYNAPTICALLY CONNECTED HIPPOCAMPAL NEURONS.
Tomoyuki Furuyashiki.1* Shuh Narumiya1 and Haruhiko Bito1. ‘Dept. of
Pharmacology, Kyoto Univ. Fac. of Med., Sakyo-ku, Kyoto 606-8315, Japan.
Actin filaments are essential components of the synaptic structure and are thought
to be involved in modulating and fine-tuning synaptic signaling via regulation of
synaptic protein assembly and local synaptic morphology. However, very little is
known about the exact distribution and the dynamic relocation of actin molecules in
live neurons. Another key question is whether such movement of actin is regulated
by synaptic activity. In order to examine these issues, we visualized actin in live
CA1/CA3 hippocampal neurons in culture, by use of an adenovirus vector
expressing a GFP-fused p-actin molecule downstream of a neuron-specific promoter.
Following synaptogenesis, in non-stimulated neurons, dendritic spines were heavily
decorated with GFP signals, and spontaneously occuring filopodia were constantly
detectable throughout the duration of the culture. Several types of clusters of GFP
signal, most likely representing distinct classes of actin-enriched structures, were
identified in the spineheads and on the dendritic shafts, while a less dense, diffuse
distribution of GFP signals were present in the cell soma and along the dendritic
processes. Activity-dependence of such GFP-actin distribution was tested by
increasing the extracellular potassium concentration to 90 mM. A rapid and
reversible relocation of GFP-actin was induced in a stimulus-dependent manner.
Using time-lapse confocal microscopy, an increase in membrane-associated actin was
detected both in the soma and the dendrites, while the cytoplasmic pool of actin
(presumably free G-actin) diminished extensively. Pharmacological experiments
indicated that influx of extracellular calcium and actin polymerization were both
necessary for the stimulus-induced shift in GFP-actin localization. Our data suggest
the possibility that actin-based mechanisms, in conjunction with synaptic calcium
influx, may underlie certain forms of morphological plasticity that are rapidly
induced by neuronal activity. Supported by Grants-in Aid from the Ministry of
Education of Japan (SN, HB) and by a JPSP Predoctoral Fellowship (TF).

185.7
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MODULATION
OF
CaMKH
TARGETING
TO
NMDA
RECEPTOR COMPLEX IN POSTSYNAPTIC DENSITY.
Gardoni, 2L,H, Schrama, 2W,H. Gispen. ‘F. Cattabeni* and *M. Di Luca. 1 Inst.
of Pharmacological Sciences, Univ. of Milano, via Balzaretti 9, 20133 Milano,
Italy, 2Rudolf Magnus Inst, of Neuroscience, Univ. of Utrecht, Universiteitsweg
100, 3584 CG Utrecht, NL.
Ca2+/calmodulin-dependent protein kinase II (CaMKH) is a multifunctional,
widely distributed kinase which is particularly enriched in the Post-Synaptic
Density (PSD), where it phosphorylates glutamate ionotropic receptors providing
a mechanism for modulating synaptic strength. We have previously demonstrated
that aCaMKII co-precipitates in PSD with NMDA receptor complex.
Nevertheless, the exact nature of aCaMKII association to NRs subunits in PSD
is not yet fully understood. In order to study the specific association of aCaMKII
to NR2A, GST-NR2A fusion proteins were used in ‘pull-out’ and in overlay
experiments with hippocampal PSD. aCaMKII and PSD-95 associated with
GST-NR2A fusion proteins, and the sequence NR2A(S1349-V1464) was
sufficient to guarantee the association of both the kinase and PSD-95 to the
receptor subunit. Purified aCaMKII( 1-325) competes with the native PSDassociated aCaMKII for the binding to NR2A( 1349-1464) fusion protein.
Furthermore, CaMKH and PKC dependent phosphorylation of NR2A C-tail was
evaluated; a CaMKH dependent phosphosite was found in the region comprised
between 1244 and 1348, while a PKC dependent phosphorylation was present in
the NR2A C-tail 1349-1464. Moreover, the interaction observed between
aCaMKII and NR2A was found to be strongly enhanced by autophosphorylation
of native PSD-associated aCaMKII and inhibited by PKC-dependent
phosphorylation of NR2A C-terminal domain.
Supported by CNR #96.02075.PS04 to FC and TELETHON #946 to MDL.

PRESENCE OF HSC70s IN THE POSTSYNAPTIC DENSITY

471

FRACTION. LS. Moon.'* IS. Paik? Y.W. Jung.' B.H. Ko.' J.T. Kim1
and M.B. Kennedy' Dept. of Anatomy, 'College of Medicine, 3College

of Oriental Medicine, Dongguk Univ., Kyongju 780-714, Korea; Dept.

Biology, California Institute of Technology, CA91125.
Partial amino acid sequences of 73 and 75 kDa proteins in the rat
postsynaptic density (PSD) fraction indicated that they are heat shock

cognate 70 (Hsc70) proteins. Treatment with various detergents followed
by immunoblot analyses showed that they are not specifically enriched
in, but associated with, PSD. Confocal microscopic observation of
cultured hippocampal neurons indicated that Hsc70 was distributed

throughout the soma and dendrites. However, most of the spine-like

punctate structures were co-labeled with a postsynaptic marker PSD-95.

Immunoelectron microscopic studies of rat hippocampal sections

revealed that Hsc70 was present in asymmetric synapses. Our data
indicate that there are at least two Hsc70s with apparently different

molecular sizes, and suggest presence of posttranslational machinery in
the postsynaptic site. [Supported by the Academic Research Fund

(GE97-220) of the Ministry of Education, Republic of Korea to I.S.M.]
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A ROLE OF A MICROTUBULE MOTOR IN SYNAPTIC TRANSMISSION
AND LONG-TERM POTENTIATION (LTP) IN THE CAI REGION OF THE
RAT HIPPOCAMPAL SLICE. C.-H. Kim* and J. E. Lisman. Dept. of Biology,
Volen Center for Complex Systems, Brandeis University, Waltham, MA 02254.
The mechanism of regulating the pool of synaptic glutamate receptors in the
central nervous system is not known. An emerging hypothesis is that postsynaptic
vesicles containing glutamate receptors are involved in the regulation of the pool of
synaptic glutamate receptors via vesicle fusion and retrieval. One possible
mechanism of vesicle delivery is by cytoskeletal motor proteins. In postsynaptic
spines actin filaments are abundant whereas in dendrites microtubules are the
major cytoskeletal proteins. Our previous study showed that the inhibition of
postsynaptic actin filament function inhibited AMPA receptor-mediated EPSCs
while having little effect on NMDA receptor-mediated EPSCs. Here we test the
hypothesis that the microtubule motor proteins, kinesin and dynein, are involved in
the maintenance of glutamate-mediated synaptic transmission. Inhibitory
monoclonal antibodies (Abs, 1:25 dilution) against these proteins were applied
postsynaptically after 20 min of baseline whole-cell recording from pyramidal
neurons. The preliminary results show that the AMPA receptor-mediated EPSC
decreased by 43% after an 85 min application of anti-kinesin Ab (n=7) compared
with the control using heat-inactivated Ab (n=4). The anti-dynein Ab produced a
similar inhibitory effect (45%, n=4) compared with its control (n=4) after a 55 min
application. The anti-dynein Ab had little effect on the NMDA receptor-mediated
EPSC after a 100 min application (n=4). Together with the results of our previous
actin study, these results suggest that actin filaments and microtubules play a
dynamic role in maintaining AMPA receptor-mediated synaptic transmission. A
role of microtubule motors in the maintenance of LTP is underway.
NIH grant #5RO1 NS27337

CYTOSKELETAL DYNAMICS IN DENDRITIC SPINES FOLLOWING
EXCITATORY NEUROTRANSMISSION: A HYPOTHESIS
D. van Rossum1* and U.-K. Hanisch2. Departments of Drug Targeting1 and
Cellular Neurosciences2, MDC Berlin, Germany, D-13092.
Ultrastructural changes can be induced in dendritic spines of neurons by
various experimental stimulations. The wide variety in the morphology of
dendritic spines may thus reflect their current state or history of activity. These
changes could conceivably result from rearrangements of the cytoskeleton
subjacent to excitatory synapses. Indeed, since more than 90% of excitatory
synapses are located on dendritic spines, excitatory neurotransmission is likely
to control the molecular events that modulate spine structure'. This notion is in
agreement with the recent description of biochemical and/or functional
interactions between glutamate receptors and PDZ-containing proteins, the
microfilament network as well as tubulin, all of which are highly enriched
within the post-synaptic density. In fact, the constant balancing between the
monomeric, dimeric and polymeric forms of actin and tubulin is ideal to
underlie the fast changes in spine shape following synaptic activity. Moreover,
the highly labile population of microtubular structures within a dendritic spine
may not only influence its shape but also allow for the transport of newly
synthesized proteins, such as those required during sustained synaptic activity.
These temporary microtubules could thus act as a “flag” to the underlying
dendrite that this particular spine is in need of additional supply. Finally, the
continuous molecular and morphological adaptations of dendritic spines may be
most relevant in physiological events such as learning.
Supported by the MRC of Canada (DvR) and the DFG (SFB 507, UKH).
1 van Rossum and Hanisch (1999), Trends Neurosci., in press.
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SAP97 CONCENTRATES AT THE POSTSYNAPTIC DENSITY IN RAT

REGULATION OF THE INTERACTION BETWEEN THE AMPA
RECEPTOR AND ITS BINDING PROTEINS BY
PROTEIN
PHOSPHORYLATION. H.J. Chung, C. Zhang, and R.L. Huganir.* Department
of Neuroscience, Howard Hughes Medical Institute, Johns Hopkins University
School of Medicine, Baltimore MD 21205
AMPA receptors constitute a major class of glutamate-gated ion channels and
play a crucial role in rapid excitatory synaptic transmission and synaptic plasticity
in the central nervous system. The C-termini of GluR2 subunits of AMPA
receptors bind to the PDZ domains of GRIP and PICK1, and this interaction may
be involved in proper synaptic targeting and organization of the receptors.
However, the regulation of this interaction remains unclear. In this study, we
investigated whether the C-terminus of the GluR2 subunit was phosphorylated in
vivo, and whether such phosphorylation regulated GRIP and PICK1 binding to
GluR2. Phosphorylation of the GluR2 subunit was examined by generating an
antibody against the GluR2 C terminal peptide in which the -3 serine residue was
phosphorylated. The phosphospecific antibody recognized a single specific 100 kD
band in a phosphorylation dependent manner both in rat brain and the HEK293T
cells transiently expressing GluR2 subunits. Immunolocalization in rat
hippocampal neurons demonstrated a high concentration of phosphorylated GluR2
in dendritic processes and a low level of staining in spines. In vitro binding studies
and yeast two hybrid interaction studies showed that GRIP bound only to nonphosphorylated GluR2 whereas PICK1 bound to both phosphorylated and nonphosphorylated GluR2 C-termini. These results suggest that phosphorylation of the
GluR2 C-terminus differentially regulates its binding to GRIP and PICK1, and
may regulate subcellular targeting of GluR2 subunits. Supported by HHMI and
NIH.

NEOCORTEX. R.J, Weinberg.1* J.G, Valtschanoff.1 A. Burette.1 M, Davare.2

and J, Heli2. 'Dept. of Cell Biology & Anatomy, UNC, Chapel Hill, NC 27599;

^Dept. of Pharmacology, University of Madison, Madison, WI 53706.
Synaptic clustering of the AMPA receptor subunit GluR implies a GluRl-

anchoring protein. SAP97 can bind GluRl, but was previously reported to be presynaptic. Using immunogold EM, we here report evidence that SAP97 in cerebral

cortex concentrates mainly at the postsynaptic density (PSD). Antibodies were
raised against a fusion protein encompassing the first 105 N-terminal amino acids of
SAP97. Immunoblotting with this antibody yielded a doublet migrating at

~118/120 kDa (as expected for SAP97), with no other immunoreactivity detectable.

LM revealed staining for SAP97 in perikarya and proximal dendrites of neurons
throughout neocortex. A fraction of strongly GluRl-positive neurons (likely on the

basis of other evidence to express homomeric GluRl AMPA channels) were double-

labeled for SAP-97. With immunogold EM, SAP97 labeling was mainly over
PSDs of ~50% of asymmetric synapses. Labeling was densest at the inner face of

the postsynaptic membrane. Tangentially, labeling was coextensive with the PSD.
These data support a role for SAP97 in clustering GluRl at the PSD. Supported by

NIH grants # NS50044 (RJW) and NS35563 (JWH).

186.3
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INVESTIGATION OF THE EFFECTS OF INTERACTING PROTEINS ON
THE DISTRIBUTION OF GLUR2 IN HETEROLOGOUS EXPRESSION
SYSTEMS.
S.A. De La Rue, G. Mever, K.K. Dev#, E. Molnar. S. Nakanishi# and J.M.
Henley*. MRC Centre for Synaptic Plasticity, Department of Anatomy, Univ. of
Bristol, Bristol, BS8 ITD, UK; #Department of Biological Sciences, Kyoto
University; Kyoto 606-8501, JAPAN
AMPA receptors mediate the vast majority of rapid synaptic transmission and may
play a role in synaptic plasticity and CNS development. High expression levels as
well as the electrophysiological properties of receptors indicate that the majority of
AMPA-receptor channels in the CAI region of the hippocampus contain GluR2.
Subunits must be trafficked from their site of synthesis to the PSD, which is
probably mediated by interacting proteins. NSF and PICK1 have previously been
identified as interactors, using the yeast-2-hybrid system, for GluR2. NSF is an
ATPase that has previously been shown to be involved in vesicular fusion events
and was subsequently shown to be involved in GluR2 surface expression at the
postsynaptic membrane. PICK1, a PDZ-domain containing protein, has been shown
to be capable of aggregating GluR2 and may act to link GluR2 to other proteins. We
have used confocal fluorescence microscopy along with immunocytochemistry to
investigate surface expression of the GluR2 subunit in transiently transfected HEK
293 cells. We detected surface expression and therefore have used this to
investigate effects of the interacting proteins. First we generated EGFP-tagged
constructs of the interacting protein which we could visualise using fluorescence
microscopy. We then co-transfected these constructs with GluR2 to investigate their
effects on the distribution of GluR2. The effects of peptides, which inhibit the
binding of the interacting proteins to GluR2, were also investigated. We aim to
quantify the effects of these AMPA-binding proteins on surface expression of
GluR2.
(This work is supported by the Medical Research Council and the Wellcome Trust.)

IDENTIFICATION OF SPANGAP, A NOVEL RAPGAP ASSOCIATED
WITH PSD-95 AND NMDA RECEPTORS. D.T. Pak and M. Sheng*.
Howard Hughes Medical Institute and Dept. of Neurobiology, Mass.
General Hospital and Harvard Medical School, Boston, MA 02114.
The N-methyl-D-aspartate receptor (NMDAR) plays a critical role in
activity-dependent synaptic plasticity and excitotoxicity. Defining the
signaling cascades regulated by the NMDAR is essential for a mechanistic
understanding of NMDAR function, but the intracellular signals initiated by
NMDARs are not well characterized. The cytoplasmic tails of specific
NMDAR subunits interact with the multidomain protein PSD-95. Proteins
that bind to PSD-95 are excellent candidates to play a role in the
transduction of calcium influx through the NMDAR channel to downstream
signaling pathways. We have found that the guanylate kinase-like (GK)
domain of PSD-95 interacts with a novel protein, SpanGAP, that is highly
homologous to GTPase activating proteins specific for the Rap family of
small GTPases. The PSD-95-SpanGAP interaction was demonstrated by
yeast two hybrid analysis and co-localization studies in heterologous cells.
Furthermore, SpanGAP can be co-immunoprecipitated from rat brain
extracts with PSD-95 and with NMDA receptor subunits. Functionally, the
association of SpanGAP with NMDARs may position SpanGAP to relay or
to modulate Rap signals from NMDARs to intracellular kinase cascades and
to transcriptional induction in the nucleus. Because the Ras GTPase has
also been implicated in NMDAR signaling, Ras and Rap may carry out
distinct subsets of downstream NMDAR functions.
(M.S. is an Assistant Investigator of the Howard Hughes Medical Institute.)

186.5

186.6

THE SHANK FAMILY OF SYNAPTIC PROTEINS: MULTIPLE GENES,
ALTERNATIVE SPLICING, AND DIFFERENTIAL EXPRESSION IN BRAIN
AND DEVELOPMENT. S. Lim1, S. Naisbitt2, J. Yoon1, J.I. Hwang3, P.G. Suh3,
M. Sheng2 and E. Kim1*. Dept. of Pharmacol., Pusan Natl. Univ., Pusan 609-735,
Korea, 2Howard Hughes Med. Inst, and Dept. of Neurobiol., Massachusetts Gen.
Hospital and Harvard Med. School, Boston, Massachusetts 02114 and 3Dept. of
Life Science, Pohang Univ. of Sci. and Technol., Pohang, 790-784, Korea.
Shankl, Shank2 and Shank3 constitute a family of proteins that may
function as molecular scaffolds in the postsynaptic density (PSD). Shank directly
interacts with GKAP and Homer, thus potentially bridging the NMDA
receptor/PSD-95/GKAP complex and the mGluR/Homer complex in synapses.
Shank contains multiple domains for protein-protein interaction including ankyrin
repeats, an SH3 domain, a PDZ domain, a SAM domain and a proline-rich region.
By characterizing Shank cDNA clones and RT-PCR products, we found that there
are four splice sites in Shankl and another four sites in Shank2 in rat brain, some
of which result in deletion of specific domains of the Shank protein. In addition,
the expression of the splice variants is differentially regulated in different regions
of rat brain during development. Immunoblot analysis of Shank proteins in rat
brain using five different Shank antibodies reveals marked heterogeneity in size
(120-240 kDa), differential spatiotemporal expression, and differential enrichment
in the PSD. Shankl immunoreactivity is concentrated at excitatory synaptic sites
in adult brain, and the punctate staining of Shankl is seen in developing rat brains
as early as postnatal day (P) 7. Extensive alternative splicing of Shank genes may
regulate the domain composition and the functions of Shank proteins at excitatory
synapses in adult and developing brain. This work was supported by the Brain
Science Research Program of the Korean Ministry of Science and Technology (to
E. K.) and a grant from the KOSEF 981-0713-099-2 (to E. K.) and USPHS NIH
grant NS35O5O (to M.S.). Morgan Sheng is Assistant Investigator of the Howard
Hughes Medical Institute.

ASSOCIATION
OF
PSD95
WITH
A
POSTSYNAPTIC
DENSITY
ANCHORING
PROTEIN. M. Colledge*, G.K. Scott, L.K. Langeberg
and J.D. Scott. HHMi, Vollum Institute. Oregon Health
Sciences University, Portland, OR 97201.
At the postsynaptic density (PSD), neurotransmitter
receptors and signaling molecules are clustered together to facilitate
proper synaptic function. Members of the PSD95 family of proteins
appear to mediate clustering of ion channels such as NMDA-type
glutamate receptors at the PSD, through PDZ domain-mediated
interactions. Other protein domains in PSD95 recruit additional
signaling molecules to the synapse. The activity of NMDA- and
AMPA-type glutamate receptors is modulated, in part, by protein
kinases and phosphatases. Targeting of these enzymes to their
appropriate substrates is achieved through association with
anchoring and scaffolding proteins. The anchoring protein AKAP79
is localized at the PSD, where it maintains a signaling complex of
protein kinase A, protein kinase C and protein phosphatase 2B
(calcineurin).
Recently, we have found that AKAP79 directly
associates with PSD95. The two proteins are colocalized at
synaptic sites in cultured hippocampal neurons and can be
copurified from brain extracts. These data suggest that PSD95 and
AKAP79 may be linked into a macromolecular signaling complex,
thereby providing a mechanism by which specific synaptic
substrates are physicially associated with their own pool of
anchored kinases and phosphatases.
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PSD-95 INCREASES THE SURFACE EXPRESSION OF 1-1A/2A
NMDA RECEPTORS C.G. Thomas and G.L, Westbrook*. Vollum Institute,

mGLUR/HOMER AND PSD-95 COMPLEXES ARE LINKED BY
THE SHANK FAMILY OF POSTSYNAPTIC DENSITY PROTEINS.
Tian Cheng Tu’jBo Xiao’S Scott Naisbitt2, Joseph P. Yuan1, Ronald S.
Petralia3, Paul Brakeman1, Vinay K. A.akalu’, Anthony A. Lanahan1,
Morgan Sheng2, and Paul F. Worley \ ’Department of Neuroscience,
Johns Hopkins University School of Medicine, Baltimore, Maryland
21205; 2Howard Hughes Medical Institute and Department of
Neurobioiogy, Massachusetts General Hospital and Harvard Medical
School, Boston, MA 02114; ’Laboratory of Neurochemistry,
NIDCD/NIH, Bethesda, MD 20892.
Shank is a recently described component of the NMDA glutamate
receptor clustering network (Naisbitt et al., 1999). Here, we report
that Shank proteins act as binding partners with Homer. Homer
proteins bind proline rich sequences in group 1 metabotropic
glutamate receptors and inositol trisphosphate receptors, and couple
these receptors in a signaling complex (Tu et al., 1998). A Homer
binding site is identified in Shank, and Shank-Homer complexes are
demonstrated to coimmunoprecipitate from brain and colocalize at
post synaptic densities. Shank is capable of clustering mGluR5 when
coexpressed in heterologous cells with Homer. Since Shank also
clusters with PSD95/GKAP, these studies indicate a role for
Shank/Homer as a bridge linking NMDA and mGluR in
synaptogenesis and signaling. Activity-dependent regulation of the
immediate early gene form of Homer may modulate coupling of these
glutamate receptors to each other, and to intracellular calcium pools.

Oregon Health Sciences University, Portland, OR.
Because PSD-95 binds to and is colocalized with NR2A and NR2B subunits
of the NMDA receptor at synapses, it has been suggested that PSD-95 is an anchoring
and/or scaffolding protein that clusters the NMDA receptor with both itself, other
receptors and regulatory proteins. The inwardly rectifying potassium channel Kir4.1,
which also binds to PSD-95, shows enhanced surface expression when coexpressed
with PSD-95 (Horio, Y. et al; 1997; JBC 272,12885-12888). We used whole-cell
patch clamp methods to determine whether PSD-95 could enhance NMDA responses.
Recombinant NMDA subunits were transiently co-transfected with and without PSD95 into HEK293 cells. Responses to saturating concentrations of agonist (ImM
glutamate, lOOuM glycine) were recorded in whole-cell mode. In order to correct for
surface area, the total capacitance of each cell was measured. Co-transfection of PSD95 increased the peak amplitude of the current generated by l-la/2A NMDA receptors
(57± 11 pA/pF for l-la/2A and 172±37pA/pF for l-la/2A/PSD-95). The current
generated by a NR2A C-terminal truncation mutant, which does bind to PSD-95, was
not increased by PSD-95 (52±32pA/pF). PSD-95 did not change the macroscopic
kinetics suggesting that it does not influence channel gating. PSD-95 also did not
enhance the short term insertion of functional NMDA receptors into the membrane as
measured by recovery after complete block of the channels with MK801. Cells cotransfected with PSD-95 had no detectable response 40 minutes after MK801 block,
indicating that PSD-95 does not markedly accelerate the rate of channel insertion into
the membrane. We suggest that PSD-95 increases the surface expression of the
NMDA by slowing receptor turnover as has been observed for the rapsynacetylcholine receptor interaction (Wang, Z.Z. et al; 1999; J Neurosci 19(6), 19982007). Whether PSD-95 directs receptor clustering or merely serves to ‘trap’ receptors
in the membrane remains to be determined. Supported by MH46613 (GLW).

First authors contributed equally to this work.
This work was supported by grant to P.W. from NIDA

186.9

186.10

CRYSTAL STRUCTURE OF THE HOMER EVH1 DOMAIN: A
VERSATILE
BINDING
MODULE
WITH
UNEXPECTED
HOMOLOGY TO PH DOMAINS. Jutta Beneken1, Jian Cheng Tu2L Bo
Xiao2, Joseph Yuan2, Paul F. Worley2, and Daniel J. Leahy1,3.
Department of Biophysics and Biophysical Chemistry, Department
of Neuroscience, ’Howard Hughes Medical Institute, Johns Hopkins
University School of Medicine, Baltimore, MD 21205.

SOLUBLE GUANYLYL CYCLASE IS PRESYNAPTIC TO nNOS-POSITIVE
SYNAPSES IN HIPPOCAMPAL CAI. J.G, Valtschanoff.1* A. Burette1. U.
Zabel.2 H.H.H.W, Schmidt.2 and.RJ, Weinberg1. Dept. of Cell Biology &
Anatomy, UNC, Chapel Hill, NC 27599, U.S.A.; 2Medizinische
Universitatsklinik, Klinishe Biochemie und Pathobiochemie, D-97078 Wurzburg,
Germany.
A major functional target of NO is soluble guanylyl cyclase (sGC). NO triggers
its production of cGMP by binding to the heme iron of sGC; this cGMP may then
activate a variety of biochemical cascades. NO has been proposed to act as retrograde
messenger involved in mediation of LTP at the axospinous synapses of CAI, but
anatomical studies have questioned its role. We have re-investigated this issue,
using antibodies against NOS-1 (nNOS) and sGC to perform immunocytochemistry
on sections from perfusion-fixed Sprague-Dawiey rats. We find: 1. nNOS and sGC
are in different cells, supporting the evidence that NO must go through the
extracellular space before it can act on its receptor. 2. Immunoreactivity for nNOS
in CA-1 pyramidal neurons is limited to postsynaptic sites, and is virtually
undetectable in somata of these neurons. This may explain controversies regarding
nNOS in hippocampus, and suggests that neurons can maintain strictly local pools
of signaling molecules at the synapse. 3. nNOS is in the same postsynaptic
densities with PSD-95, further supporting the involvement of NMDA receptors in
the production of nitric oxide. 4. nNOS is preferentially postsynaptic and sGC is
preferentially presynaptic in the same synapse. Taken together, these results support
a role for NO as a retrograde messenger in CA-1. Supported by NIH award #30174
(RJW).

EVH1 (Ena/VASP Homology 1) domains are homologous regions of
-110 amino acids that are found in proteins including Homer, Ena,
Vasodilator-stimulated Phosphoprotein (VASP), and WiskottAldrich Syndrome Protein (WASP). The Homer EVH1 domain
recognizes a proline-rich motif at the C-terminus of metabotropic
glutamate receptors (mGluRs), while the EVH1 domain of Ena/VASP
interacts with a similar motif found in vinculin, zyxin, and the Listeria
ActA protein. We have determined the crystal structure of the Homer
EVH1 domain and found that it is structurally homologous to
pleckstrin homology (PH) domains. We present possible modes of
peptide recognition based on a comparison with phosphotyrosinebinding (PTB) and Src-homology 3 (SH3) domains and provide a
molecular basis for understanding disease-causing mutations in the
WASP EVH1 domain.
This work was supported by grant to P.W. from NIDA
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187.2

SYNCHRONOUS AND ASYNCHROUNOUS SECRETORY COMPONENTS IN
MOUSE CHROMAFFIN CELLS IN SITU
Thomas Voets, Tobias Moser and Erwin Neher*. Dept. Membrane Biophysics,
MPI for Biophysical Chemistry, Gottingen, Germany
Many neurosecretory cells display two components of depolarization-induced
exocytosis: a rapid phase, highly synchronized with Ca2+ channel opening, followed
by a slower, more desynchronized phase. We investigated possible mechanisms
underlying this biphasic secretory behavior in chromaffin cells from mouse adrenal
slices. Changes in membrane capacitance and in [Ca2+]j were monitored while
exocytosis was triggered by a combination of two Ca2+ stimuli: flash photolysis of
caged Ca2+ and the voltage-dependent opening of Ca2+ channels. Short
depolarizations trigger the synchronous release of an immediately releasable pool
(IRP) of -35 vesicles, whereas longer depolarizations draw vesicles from a larger,
readily releasable pool (RRP) of -140 vesicles. Activation of protein kinase C
augmented the size of both RRP and IRP to 150% of their respective control values.
Flash-induced changes in [Ca2+]j to -20 pM evoked a rapid, biphasic increase in
membrane capacitance, termed the exocytic burst, followed by a much slower, but
ongoing secretory component. When a flash was preceded by long depolarizations
to fully deplete the RRP, the fast kinetic component of the exocytic burst was
selectively abolished, whereas shorter depolarizations, sufficient to deplete the IRP
only, caused a -25% reduction of this fast component. These results strongly
suggest that the IRP represents a subpool of the RRP, containing equally fusioncompetent vesicles that reside in the close vicinity of Ca2+ channels. Experiments
designed to track the recovery of the RRP further indicated that the slow kinetic
component of the exocytic burst represents fusion of a slowly releasable pool of
vesicles that are in dynamic equilibrium with the RRP. These findings are
incorporated in a refined model for secretion of chromaffin vesicles.

RECENTLY ENDOCYTOSED VESICLES CLUSTER AT DISCRETE
HOT SPOTS IN SNAKE NEUROMUSCULAR BOUTONS. H. Teng and
R. S. Wilkinson*. Department of Cell Biology & Physiology, Washington
University School of Medicine, St. Louis, MO 63110.
When stimulated at reduced temperature, motor boutons in the thin
transversus abdominis muscle of the garter snake take up activitydependent probes at specific hot spots which we have called “endocytic
active zones”. Viewed at light level, the hot spots grow in size and
brightness, but not in number, with increased stimulation. We have
characterized these hot spots at the EM level using two electron-dense
endocytic markers: the reaction product of HRP (46 sections, 1 animal),
and the photoconversion product of FM1-43 (method of Harata et al.,
Soc. Neurosci. Abstr., 1998; 298 sections, 2 animals).
Both markers gave the same results. With brief neural stimulation (5
Hz, 30 s) label was found predominantly within individual clathrin-coated
vesicles, not endosomes. The distribution of labeled vesicles was
markedly non-random: they appeared exclusively adjacent to the
presynaptic membrane (174 ± 100 nm; N=213; mean ± SD) and were
often in tight clusters (diameter, 203 ± 90 nm; N=176). Spacing of
adjacent clusters along the presynaptic membrane (651 ± 332 nm;
N=114) was consistent with results seen previously at the light level.
Often, clathrin-coated endocytic profiles were seen in the presynaptic
membrane; they appeared randomly spaced, in contrast to the clustered
location of internalized vesicles. Our results indicate that endocytic
active zones seen with light microscopy comprise vesicle clusters, and
that the clusters form via mobilization of vesicles from their sites of
internalization. Supported by NIH grant NS24752.
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187.3

187.4

PREDICTIVE CODING USING SPIKE ADAPTATION MINIMIZES
SYNAPTIC DEPRESSION. Adam Kepecs* Volen Center for Complex Systems,

EVALUATION OF QUANTAL NEUROSECRETION FROM
EVOKED AND MINIATURE POSTSYNAPTIC RESPONSES BY
DECONVOLUTION METHOD. O. N. Vorobieva \ J. T. Hackett \
M.K. Worden2*, and M. Bykhovskaia \ 1 Dept. of Molecular
Physiology and Biological Physics, UVa;2 Dept. of Neuroscience,
UVa; Charlottesville VA 22906-0011
A new deconvolution algorithm is developed for evaluation of
quantal content and its variability at high-output synapses. The
algorithm derives the distribution of the number of neurosecretory
quanta released in a trial (quantal content, m) from the measured sizes
of evoked postsynaptic responses. The deconvolution employs the
distribution of quantal sizes obtained by measuring sizes of miniature
postsynaptic responses. The distribution of m is derived by ridge
regression method from sizes of the responses and from quantal sizes.
This method was applied to postsynaptic responses from the excitory
innervation of lobster dactyl opener muscle obtained by focal
extracellular recordings. The method was tested by the analysis of
simulated multiquantal responses and succeeded to reproduce the
imposed distribution of m within the calculated confidence intervals.
To further test the algorithm, the distribution of m at a low-output
synapse was obtained both by deconvolution method and by the
method of direct quantal counts. The results of these two methods
were found to be in a very good agreement. Supported by NSF Grant
IBN-9634400, NIH Grant TW00893-01, and by Jeffress Trust.

187.5

187.6

HYPEROSMOLARITY SUPRESSES PRESYNAPTIC FACILITATION
BUT ENHANCES STIMULUS UNCOUPLED NEUROSECRETION.
M.Bykhovskaia*, E.Polagaeva, O. N. Vorobieva, and J. T. Hackett. Dept. of
Molecular Physiology and Biol. Physics, UVa; Charlottesville VA 22906.
A limited number of presynaptic vesicles (“releasable pool”) is available
for neurosecretion. Hypertonic solutions (HS) accelerate secretion of these
releasable vesicles and thus can be used to measure the releasable pool of
quanta. We investigated the effect of the HS on neurotransmitter release
evoked by repetitive electrical stimulation of the motoneuron innervating the
lobster dactyl opener muscle. Quantal release was detected by focal extracellular recordings with saline filled patch electrodes. Osmotic pressure was
increased locally at the synapses by application of 500 mM sucrose solution to
the tip of the recording electrode. Quantal events were detected in postsynaptic responses by two methods: 1) direct counts and 2) deconvolution of
response sizes. HS elicits marked increase in spontaneous releases but does
not enhance synchronous action potential evoked release. However, during
repetitive electrical stimulation, HS elicits an asynchronous (stimulus
uncoupled) release component, which significantly exceeds the rate of spontaneous neurosecretion. Under control conditions, repetitive stimulation of a
motoneuron at different frequencies (from 1 to 10 Hz) elicits very pronounced
facilitation (5 fold or larger as stimulation frequency increases from 1 to 10
Hz), which is supressed by HS applications. Our results support the hypothesis that action potential coupled and uncoupled release components are
associated with different pools of vesicles or with different mechanisms, and
that osmotic pressure enhances stimulus uncoupled release. Supported by
NSF Grant IBN-9634400, NIH Grant TW00893-01, and by Jeffress Trust.

RELATIONSHIP BETWEEN QUANTAL SIZE AND PROBABILITY OF
RELEASE IN BOVINE CHROMAFFIN CELLS. B. Esplin1’\ M.L
Glavinovic1 and J.-M. Trifaro3 Departments of Pharmacology & Experimental
Therapeutics’, Anaesthesia Research2 & Physiology2 McGill University, Montreal
P.Q. H3G 1Y6 and Department of Molecular & Cellular Medicine3 University of
Ottawa, Ottawa Ont. KIH 8M5 Canada.
Previous studies have revealed at least two distinct phases of release in
chromaffin cells, and it has been suggested that they correspond to different
vesicular pools reflecting different levels of release competence. A fast and a slow
kinetic component have been attributed to a release of ‘docked’, and closely
positioned but not docked vesicles respectively. On the basis of the changes of
Ca2+ dynamics owing to the vesicular presence, not only the distance between the
vesicles and the plasma membrane but also the vesicular size could lead to
different levels of release competence, especially given the large and the variable
vesicular size in chromaffin cells. We examined amperometrically how: a)
quantal size, and b) release parameters change following an entiy of Ca2+ due to:
a) a repeated application (eveiy 30sec) of lOOmV 2s depolarizing pulses, or b) a
‘stressfiil stimulus’ - massive entry of Ca2* produced by a rupture of the
membrane. Time course of all parameters was determined recursively. Quantal
size does not remain constant following depolarizing pulses, and both its mean
and its variability increase (100-150%). A massive entry of Ca2+ leads to a
dramatic rise in quantal size (>10 times), and to a less pronounced, but still large
increase in their variability (200-300%); the change is followed by a progressive
though not monotonous decrease to the control level. Large initial increase in the
quantal size is well correlated with the greater probability of release. It is
concluded that: a) the entry of Ca2* determines both the probability of
release and the quantal size, and b) the probability of release is higher for
larger vesicles. Supported by the Medical Research Council of Canada.

187.7

187.8

MONTE CARLO SIMULATION OF Ca2* DYNAMICS IN PRESENCE
AND IN ABSENCE OF SECRETORY VESICLES IN NEUROENDOCRINE CELLS. A.T. Tan1'*, M.L Glavinovic1’2 and H.R. Rabie3
Departments of Anaesthesia Research1, Physiology2 and Chemical Engineering3.
McGill University, Montreal, P.Q., Canada.
Time interval between membrane depolarization and vesicular secretion of
catecholamines is long and variable (Chow et al., Nature, 356,60,1992). On the
basis of such stimulus-secretion delays and the evaluation of buffered Ca2+
diffusion near the membrane the degree of co-localization of Ca2+ channels and
vesicular release sites was assessed (Klingauf and Neher, Biophys. J.
72,674,1997). However, the size of catecholamine containing vesicles is
comparable with the putative separation between Ca2+ channels and the vesicular
release loci (Coupland, Nature, 217,384,1968). When positioned for secretion the
vesicles are expected to be important barriers for Ca2*diffusion. To determine the
extent of change caused by the vesicular presence we re-evaluated the Ca2*
dynamics near the membrane using Monte Carlo simulation methods (Glavinovic
& Rabie, Pflugers Arch. 435,193,1998). Following the entry the individual Ca2+
molecules were followed as they diffused in the cell, were extruded or sequestered
by the fixed or mobile buffers and internal uptake processes. Vesicles were
represented as barriers varying in size (50-400nm) and were positioned at different
distances from the membrane (15-50nm). The time necessary for Ca2* to reach a
chosen concentration was strongly influenced not only by the fixed and mobile
buffers but also by the properties of Ca2* channels and especially by the vesicular
presence (the vesicular size and the vesicle-membrane separation -‘docking’).
Since the vesicular presence critically alters the Ca2+ dynamics during secretion it
is likely to strongly influence stimulus secretion delays. It is thus an important
factor to be included in evaluation of co-localization of Ca2+ channels and the
vesicular release sites. Supported by the loan from the Faculty ofMedicine.

MONTE CARLO EVALUATION OF QUANTAL RELEASE AND
ANALYSIS. MX Glavinovic1’* & H.R. Rabie2. Departments of Anaesthesia
Research1, Physiology1 & Chemical Engineering2, McGill University, Montreal,
P.Q., Canada.
The evidence that secretion occurs in multi-molecular quantal packets has been
presented long ago. Nevertheless the applicability of the widely used methodology
of quantal analysis is still questionable. Specifically, a direct experimental
evidence for the correspondence between the quantal size of evoked and
spontaneously released quanta is available only for very restricted experimental
conditions. Our earlier studies in adult neuromuscular synapse at physiological
levels of release suggest that such a correspondence does not hold (Glavinovic, J.
Neurophysiol. 58,230,1987; Glavinovic, Neuroscience 69,271,1995). We now
examine this problem ‘theoretically’ using Monte Carlo simulation methods to
gain some insight into what rules should govern quantal release on the basis of
Ca2* dynamics and the geometiy of secretion. Ca2+ entered through one or several
channels. Ca2* molecules were followed as they diffused in the cell and were
extruded or ‘sequestered’ by the fixed or mobile buffers and internal uptake
processes. Vesicles represented as barriers varied in size (20-400nm) and were
positioned near the membrane (15-50nm). Presence of such barriers altered
markedly the spatio-temporal distribution of Ca2* in their proximity with the effect
being more pronounced the greater their size. This has important implications
for release in general as it shows that larger vesicles should have higher
probability of release and that thus the quantal size of evoked and
spontaneously released quanta is generally different Finally it suggests a
change of the quantal size with a change in Ca2* entry and/or its metabolism.

Brandeis University, Waltham MA, 02454
Spike frequency adaptation and short-term synaptic depression are
ubiquitous cellular phenomena in the central nervous system. While each has been
investigated on its own, the ways in which they work together have not yet been
studied. Here we explore two particular aspects of how adapting neurons produce
spike trains that are predictive of the depressing synapse dynamics.
We modeled adaptation by adding an IAHP current to a leaky integrate-andfire neuron, and depression after Abbott et al., 1997. Spikes were generated by
injecting random synaptic input into adapting and non-adapting neurons and were
transmitted to a target cell by a depressing synapse. For the same input, adapting
cells had lower mean firing rates but resulted in similar amounts postsynaptic
depolarization. Under various parameter settings, spikes from adapting neurons
always resulted in more depolarization per spike than from non-adapting cells. This
suggests that the spikes produced by adapting neurons will have greater influence on
postsynaptic cells when their synapses depress. Synaptic depression has been shown
to act as a gain control mechanism at high frequencies, greatly reducing frequency
sensitivity. However, we show that in this regime, spike adaptation can partially
restore frequency selectivity.
We argue that the cellular mechanisms underlying adaptation implement a
predictive coding scheme by effectively raising spike threshold at times when
depression is severe. Thus spike frequency adaptation is an optimal strategy in terms
of mean response per spike, when transmitting via a depressing synapse.
Supported by the Alfred P. Sloan Foundation.
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187.9

187.10

CAN SYNAPTIC RESPONSE RATE DECREASE WITH INCREASING STIMULATION FREQUENCY? V. Matveev* and X.-J. Wang. Volen Center for Complex Systems, Brandeis University, Waltham, MA 02454.
Previous studies demonstrated that short-term depression may lead to saturation .of the steady-state synaptic response rate /2gs(r) at high stimulation rates
(r), so that the synapse becomes independent of the frequency of sustained presynaptic firing, but sensitive to its temporal changes (Abbott et al, 1997; Tsodyks
& Markram, 1997). More recently, at some cortical synapses Raa(r) was found
to decrease with increasing r (Galarreta & Hestrin, 1998); it was suggested that
this effect is important for stabilizing the activity of neuronal populations.
We have examined vesicle-release mechanisms at the presynaptic terminal that
determine the behavior of the synaptic response, using computational approach.
We investigated a vesicle turn-over model that includes two (docked and reserve)
pools of vesicles. We found that the saturation behavior of Raa(r) at high r holds
quite generally, and is not influenced by the specifics of the vesicle refill process.
We find that the quantity which determines the dependence of Raa(r) on r is
the conditional vesicle release probability, p(r,N), given a fixed number N of
available vesicles. Depending on the properties of p(r, N), two different behaviors
are possible: (i) Raa(r) reaches a non-zero stationary level at high r, if p(r, N)
does not depend on r, increases with increasing r, or decreases more slowly than
1/r. (ii) if p(r,N) decays faster than 1/r due to presynaptic processes other than
vesicle depletion, Raa(r) decreases to zero at high r.
Our analysis indicates that neither vesicle depletion nor postsynaptic effects
can explain the decay of Raa(r) at high r. We propose that inactivation of presynaptic Ca2+ channels provides a candidate mechanism for the Raa(r) decay: inactivation causes the p(r, N) to decrease as an inverse power of rate, with the power
roughly equal to the Ca2+-cooperativity of neurotransmitter release.
(Supported by the NIH grant MH53717 and A. P. Sloan Foundation)

EFFECT OF REDUCED VESICULAR FILLING ON SYNAPTIC
TRANSMISSION. Q. Zhou*, C.C.H, Petersen and R.A. Nicoll, Dept.
of Cellular & Molecular Pharmacology, University of California, San
Francisco, CA 94143
Vesicular filling with .neurotransmitter is an important step in
preparing synaptic vesicles for exocytosis. We examined the effect of
vesicular filling on synaptic transmission in hippocampal slices and
hippocampal neuronal culture. Bafilomycin Al (Baf), a potent and
specific blocker of the V-type ATPase, dissipates the pH and electrical
gradients across the vesicular membrane and thereby eliminates the
driving force for the vesicular uptake of both glutamate and GABA.
After incubation with Baf, the amplitude of glutamatergic and
GABAergic miniature post-synaptic currents (mPSCs) from cultured
neurons was significantly reduced. A similar effect was seen for
GABAergic mIPSCs in the slice. This result indicates that vesicular
content is reduced by Baf. Surprisingly, the frequency of mPSCs was
also severely reduced by Baf. The dramatic reduction in the frequency
of mPSCs cannot be entirely accounted for by the inability to detect
events that have fallen below threshold, since it was not mimicked by
pure post-synaptic manipulations that reduce the amplitude of the
mPSCs to a similar magnitude. This indicates that in the presence of Baf,
there is a reduction in the probability of vesicle release, or alternatively,
that some of the vesicles exocytosed in Baf are devoid of
neurotransmitter molecules. Supported by grants from NIH

187.11

187.12

DETERMINANTS OF QUANTAL SIZE AT DROSOPHILA SYNAPSES:
BOUTON TYPE, VESICLE SIZE AND SIZE OF THE POSTSYNAPTIC
RECEPTOR PATCH. H.L. Atwood*1, S, Karunanifei1, K. Wong2. L, Marin1, and

THE NUCLEOTIDE AND CALCIUM DEPENDENCE OF ENDOCYTOSIS
IN SYNAPTIC TERMINALS. R. Heidelbergefi*The W.M. Keck Center for
the Neurobiology of Learning and Memory, Dept. of Neurobiology and
Anatomy, Univ. of Texas Health Science Center, Houston, TX 77030.
After exocytosis in synaptic terminals of retinal bipolar neurons, membrane
surface area is restored to baseline by rapid endocytosis that requires ATP
hydrolysis. To test whether hydrolysis of GTP is also required, synaptic
terminals were dialyzed with internal solution in which an excess of nonhydrolyzable GTP-y-S replaced GTP. Membrane capacitance measurements
showed that endocytosis followed exocytosis normally in the presence of GTPy-S, suggesting that GTP hydrolysis is not essential for endocytosis (n=4).
Because MgATP is required for endocytosis and [MgATP] and [Ca2+]j are
interrelated, ATP depletion might explain Ca2+-dependent inhibition of
endocytosis previously reported in bipolar-cell terminals. However, when
internal [MgATP] was increased from 2 mM to 10 mM to reduce ATP
depletion during Ca2+ influx, the time course of endocytosis was still typically
predicted from the time course of [Ca2+]j recovery (n=4), assuming a fourthorder dependence of endocytic rate on [Ca2+]j (von Gersdorff and Matthews,
1994). With even greater [Ca2+]j influx, membrane retrieval lagged behind the
predicted retrieval time course, implying that factors other than [MgATP] and
[Ca2+]j may also influence the rate of endocytosis. The data suggest that for
mild to moderate stimulations in synaptic terminals, endocytosis has an
absolute requirement for ATP hydrolysis, and provided this requirement is
met, the rate of endocytosis follows a fourth-order dependence upon the bulk
cytosolic [Ca2+].
Supported by NIH grant R29EY12128 and fellowships from the Sloan
Foundation and Klingenstein Fund.

187.13

187.14

POTENTIATION OF SYNAPTIC EXOCYTOSIS WITHOUT CHANGING

INHIBITORY SYNAPSES IN HIGH DENSITY CULTURES: COMPARISON OF
EVOKED AND SPONTANEOUS RESPONSES. Y. Cao* and P.S. Faber. Dept of
Neurobiology and Anatomy, MCP Hahnemann Sch. of Med., Phila., PA 19129
We previously reported that miniature IPSCs recorded from single synapses
on cultured embiyonic rat spinal cord and medullary neurons had broadly distributed amplitudes and decay times, with multiple underlying components
(Lewis and Faber, J. Neurophysiol. '96). The heterogeneity of decay times
might reflect different states of the postsynaptic receptor clusters or variations
in tne kinetics of release. Here we report results of experiments using paired
pre- and postsynaptic recordings. Cells are cultured in high density on embryonic day 17, and synaptic activity has been recorded from pairs 9 to 15 days in
vitro, in presence of CNQX and APV, to block excitatory synapses. Evoked IPSCs
generally have 2 amplitude components, which are in the range of 0.23 and
0.45 nS at 9 to 10 days in vitro and increase in size at longer times. In contrast
to the kinetic properties of spontaneous or miniature (m) IPSCs, the decay time
distributions are all fit by a single guassian, with the mean decay time increasing from 19 msec at 9-10 days to 27 msec at 13 -15 days.
Recordings have also been obtained from unconnected cell pairs that have a
common input. We treated all responses common to both as evoked and the
others as spontaneous. In the one pair fully analyzed thus far (15 days in vitro),
the evoked IPSCs have quite different features in the two neurons. Those in cell
1 have two amplitude components (0.30 ± 0.08 and 0.78 ± 0.15 nS) and decay rapidly (t = 7.15 ± 3.5 msec), while those in cell 2 are apparently monoquantal and large, averaging 1.74 ± 0.59 nS with t = 23.49 ± 5.3 msec. Cell 1
had an insignificant number of spontaneous IPSCs while those in cell 2 were a
mixture of the larger slow events noted above and a second class which were
small (0.28 ± 0.06 ns) and fast (t = 6.14 ± 3.0 msec).
Our results suggest the broad range of decay times and amplitudes found
previously in mIPSCs is not characteristic of the evoked ones. Thus, asynchronous spontaneous and synchronous evoked release may be subjected to different constraints, with the latter presumably being more highly regulated. This
would in turn suggest that the properties of miniature IPSCs mignt not necessarily be reliable indicators of the corresponding properties of evoked quanta.
Supported by NIH grant #NS21848.

B.A. Stewart3. Dept. of Physiology1, Statistics2 and Molecular and Medical Genetics3,
University of Toronto, Toronto, ON Canada.
It is thought that transmitter content in synaptic vesicles, and the number of
receptors activated postsynaptically, influence quantal size. We tested this directly at
the Drosophila larval neuromuscular junction, where two different glutamatergic
bouton types contain vesicle populations differing in vesicle diameter, and in
genetically altered synapses that are unusually large. Muscle 6 receives innervation
from both lb (’big’) and Is (’small’) boutons. Spontaneous excitatory junctional
currents (sEJCs) were recorded over individual boutons using a macropatch electrode.
Serial reconstructions of individual boutons were made from electron micrographs and
synaptic structures were measured to obtain morphological correlates to the
electrophysiological data. In control (CS) specimens, Is boutons contain vesicles
which on average are approximately twice the volume of those found in lb boutons.
We found that Is boutons (n=7) generated sEJCs that were significantly larger than
those of lb boutons (n=6); the average synaptic area was the same for lb and Is
boutons. Thus, bigger vesicles, thought to contain more transmitter, generate a larger
quantal size. Serial reconstructions of boutons from dig”52 mutants showed that
synaptic areas were considerably larger than for controls, but vesicle size differences
between the two bouton types were preserved. Mean quantal size was significantly
larger in dig*52 Is boutons (n=9) than in control Is boutons. The increase in quantal
size in dig”52 Is boutons is likely due to an increase in the number of postsynaptic
receptors. Thus, both the transmitter content of a vesicle and the number of available
postsynaptic receptors contribute to quantal size. Supported by NSERC, Canada.

RELEASE PROBABILITY BY PKA ACTIVATION IN AUTAPSE OF CULTURED

RAT DENTATE NEURON. K. Yamaguchi 1A4*and M Qsanai2-3’4. ‘Lab. for Memoiy
and Learning, BSI, RIKEN; ’CREST, JST; ’Dept.Pharmacol., School of Medicine,

Tokyo Medical and Dental University; 4Dept. Physiol. Kyorin Univ. Medical School
Long-term potentiation of mossy fiber EPSP at hippocampal CA3 region is

attributable to fee enhancement of presynaptic exocytosis mediated through an

activation of cAMP-PKA cascade, however, underlying mechanism remains unclear.
To investigate fee mechanism for enhancement of synaptic exocytosis by cAMP-PKA

cascade, effects of forskolin (FSK) on Ca2+-sensitivity of synaptic exocytosis was
analyzed in autapse of rat dentate neuron cultured on a glial micro-island. Autaptic

EPSC was recorded by means of whole-cell patch-clamp methods.
FSK enhanced autaptic EPSC amplitude (210 ± 30 %, n= 15) without changing

amplitude-distribution of spontaneous EPSC. FSK did not affect fee relationship

between external Ca2+ concentration and EPSC amplitude nor paired pulse

modification. Results suggested that enhancement of synaptic exocytosis by FSK was
not caused by increase in Ca2+-dependent release probability. Quantitative analysis

using a model suggested feat activation of cAMP-PKA cascade caused increase in a
size of readily releasable pool of fee synaptic vesicle at the presynaptic site.
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ALTERED KINETICS OF TRANSMITTER RELEASE DURING SYNAPTIC DEPRESSION. D.S. Faber* and R.F. Waldeck. Dept. of Neurobioiogy and Anatomy,
MCP Hahnemann Sch. of Med., Philadelphia, PA 19129
Simultaneous pre- and postsynaptic intracellular recordings at the connection
between the goldfish Mauthner (M-) axon and its target, tne cranial relay neuron (CRN), have been used to test the hypothesis that synaptic depression is
due to a "refractoriness" of the exocytotic machinery rather than depletion of
the releasable vesicle store. Depression is evoked by paired presynaptic stimuli,
typically separated by 40-150 msec. In contrast to the predictions of the depletion model, the amplitude of the second EPSP (EPSP2) is independent of the
size of the conditioning one (EPSP1). In addition, the synaptic delay increases
significantly during depression, from 0.35±0.05 msec for EPSP1 to 0.43±0.05
msec for EPSP2 (n=7, interstimulus interval, ISI, =150 msec). The increased latency could be as great as 200 psec for shorter ISIs (10 msec).
The M-axon to CRN connection has multiple release sites, in the range of
10-20. Thus, the distribution of response latencies represents the probability of
a first quantal release as a function of time. This distribution can be used to derive the probability of release function, a(t) or quantal release rate, following an
action potential (Stevens, C.F., Proc. IEEE, 1968). Calculations of a(t) confirmed
the shift in latency, with a shift in its peak of 100-150 psec. Surprisingly, a(t)
typically was biphasic with 2 peaks separated by the interval above ana depression being characterized by tne dominance of the second, later peak. This observation suggests that there are at least two states in which docked vesicles are
primed for release, with exocytosis from one being slightly slower than from
the other. If the faster process triggers release at an active zone, the "slower"
exocytosis of this reserve is presumably blocked, in accord with the hypothesis
that following an action potential at most one vesicle undergoes exocytosis per
active zone (Korn, et. al., Science, '81). This transient blocking mechanism
guarantees that depression is not 100% following a conditioning stimulus, and
the time course of recovery determines the dynamic properties of these synapses. Such results suggest that EPSP1 and EPSP2 could be subjected to independent modulatory controls, and our experiments confirm this prediction, as
presynaptic injections of GTPyS or Ca++preferentially increase the size of EPSP1
or EPSP2, respectively. Supported by NIH #NS21848 and NS24707.

TEMPORAL REGULARITY OF EVOKED MULTIQUANTAL
GABA RELEASE IN SYNAPSES OF CULTURED HIPPOCAMPAL
NEURONS. Nickolay S. Veselovsky1, Svetlana A. Fedulova1, Dmitry
V. Vasilyev1 and Craig E. Jahr2?1 'Bogomoletz Institute of Physiology,
National Academy of Science Bogomoletz str., 4, Kiev -24, Ukraine;
2Vollum Institute OHSU, Portland, Oregon.
Asynchronous evoked inhibitory postsynaptic currents (elPSC)
were studied by patch-clamp technique in synaptically connected
cultured hippocampal neurons. In the presence of TTX, 10-20 ms
depolarizing pulses applied to a single presynaptic bouton evoked
asynchronous elPSCs which were reversibly inhibited by bicuculine.
During each depolarizing pulse several isolated elPSCs were observed.
The latency distributions for these events revealed clear multiple peaks.
The amplitude distributions of asynchronous elPSCs had also multiple
peaks that were equally spaced. In the latency histograms, the interval
between peaks was constant for a given duration of stimulating pulse
and independent of the pulse amplitude. In the amplitude histograms,
the distance between peaks was constant for a given postsynaptic
potential, and independent of the quantal content of elPSC or its
consecutive number in realization. Such a pattern of neurotransmitter
release implicates two independent mechanisms acting at active zones
with multiple releasing sites and stochastic quantal release. Supported
by Ukrainian Academy of Science and by grant UB2-232 from the
Civilian Research and Development Foundation.
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MULTIVESICULAR RELEASE AND ITS MODULATION IN CULTURED INHIBITORY
HIPPOCAMPAL NEURONS. M.P. Kaplan3, K.S. Wilcox^and M.A. Dichter1-2-3,
Depts. of Neurology1, Pharmacology2, and the David Mahoney Institute of
Neurological Sciences3, University of Pennsylvania, Phila. PA 19104, and Dept.
Pharmacology SToxicology4 , University of Utah, Salt Lake City, UT 84112

PRESSURE AND TEMPERATURE EFFECTS
ON
SYNAPTIC
FREQUENCY
RESPONSE
AT
THE
CORTICO-HIPPOCAMPAL
CONNECTION. A. E. Talpalar and Y. Grossman* Dept. Physiology, Fac.
Health Sciences, Zlotowski Center for Neuroscience, Ben-Gurion University
of the Negev, Beer-Sheva 84105, Israel.
High pressure and low temperatures are comparable thermodynamic conditions that
affect neuronal activity. The effects of high pressure and low temperature were studied
in rat cortico-hippocampal slices. High pressure of helium, at a constant temperature
of 30° C, significantly slowed the kinetics of perforant path’s single population EPSPs
(pEPSPs) recorded at the dentate gyrus. Single pEPSP’s slope was depressed by 41 ±
6 % at 5.1 MPa (mean ± SEM) and by 55 ± 4 % at 10.1 MPa (n= 9). The slope of the
2nd pEPSP in a paired-pulse (20 ms interval) was depressed by 13 ± 6 % at control, by
only 3 ± 8 % at 5.1 MPa, and potentiated by 11 ± 12 % at 10.1 MPa (n= 7). However,
the linearized depression slope of 5 pEPSP’s maximal slopes at 50 Hz was accelerated
from 13 % per response at control, to 15.2 % at 5.1 MPa, and to 19.4 % at 10.1 MPa (n=
8). Decreasing temperature from 30° C to 25.5° C at normal pressure, significantly
reduced pEPSP’s maximal slope by 52 ± 3 % (n= 6, Qio= 4.24 ± 0.6). The time
constant of decay of slopes of 5 pEPSPs at 50 Hz was 70.2 ± 12.39 ms at 30 - 33° C
(2 mM [Ca2+]0) and was shorten to 36.98 ± 6.22 ms at 25° C (n= 5). However at 4 mM
[Ca2+]o the time constants of decay was 22.66 + 6.26 ms at 30 - 33° C and was not
affected by cooling (n= 5). Cooling depressed the slope of ionophoretically induced
pEPSPs with a smaller Q10= 2.87. The pEPSPs were not depressed when evoked at 50
Hz at normal and low temperature. These results suggests that synaptic frequency
response depends on presynaptic factors such as previous release and refilling of
release sites. Pressure and low temperature seem to modulate analogously single
pEPSPs, and frequency response.

Based on studies of the release process at the neuromuscular junction and at central
synapses, it has been suggested that individual synapses release a maximum of one
vesicle at a time. In this view, modulation of transmitter release is a function of
changes in the number of active synapses, each releasing a single vesicle.
Alternately, if synapses are capable of multivesicular release, modulation of
transmitter release may involve changes not only in the number of active synapses,
but also in the number of vesicles released at each synapse. Paired pulse
depression (PPD) of inhibitory hippocampal neurons in culture has been shown to
result from a presynaptic reduction in the probability of release, and thus provides an
ideal opportunity to study this question. PPD refers to the reduction in transmitter
release that is often observed following the second of two closely spaced action
potentials. If each synapse can release only one vesicle at a time, PPD will involve a
reduction in the number of synapses which each release a single vesicle, so that the
average transmitter concentration in the synaptic cleft at active synapses would
remain the same from the first IPSC to the second IPSC. Alternately, if these
synapses release more than one vesicle when release probability is high, then PPD
would involve not only a reduction in the number of active synapses, but also in the
number of vesicles released at some synapses, leading to a reduction in transmitter
concentration for the second IPSC at these sites. Such changes in transmitter
concentration can be detected using competitive antagonists at low concentrations,
as the effectiveness of such agents will be dependent on the relative concentrations
of transmitter and antagonist. When PPD was elicited in inhibitory pairs of hippocampal neurons, application of the GABA-A antagonist bicuculline at 0.25-0.5 pM was
found to have a greater effect on the second IPSC than on the first IPSC, resulting in
an increase in PPD from an average of 0.67 in control to 0.58 in bicuculline (n=8 pairs,
p < 0.002). This implies that transmitter concentration per cleft vyas reduced during
PPD, and thus that these synapses are capable of multivesicular release. (tti2'42£o)

188.3

188.4

RELEASE PROBABILITY AND QUANTAL SIZE AT THE CALYX
OF HELD SYNAPSE ESTIMATED FROM EPSC-FLUCTUATION
ANALYSIS A.C. Meyer, R. Schneggenburger* and E, Neher. Max-Planck-Institut

QUANTAL ANALYSIS AT A RAT CENTRAL SYNAPSE FORMED
BY THE CALYX OF HELD. Y. Sahara1’2* andT. Takahashi1.1 Dept.
Neurophysiol., Univ. Tokyo Schl. Med.; 2Dept. Physiol., Schl. Dent.,
Tokyo Med. & Dent. Univ., Tokyo 113, Japan.
Problems in the quantal analysis of central synaptic transmission
include the uncertain origin of miniature (quantal) synaptic events and
difficulties in distinguishing failures of transmitter release from
conduction block. To overcome these problems, we made simultaneous
whole-cell recordings from the giant presynaptic nerve terminal, the
calyx of Held, and the postsynaptic target cell in rat brain stem slices.
Sustained depolarization of the presynaptic nerve terminal in the presence
of tetrodotoxin (TTX) evoked asynchronous release of quantal EPSCs.
As the magnitude of depolarization was increased, the frequency of
quantal EPSCs increased but their mean amplitude and coefficient of
variation remained unchanged. Presynaptic action potentials evoked
EPSCs without a failure in normal artificial cerebrospinal fluid (aCSF),
but failures appeared when the Ca2+ /Mg2+ ratio of aCSF was reduced.
The mean quantal content estimated from the ratio of evoked EPSCs and
quantal EPSCs approximately coincided with that estimated from the
logarithmic ratio of failures, suggesting that Poisson's law applies in this
situation. We conclude that the quantal analysis of synaptic transmission
originally developed at the neuromuscular junction by del Castillo and
Katz (1954) can be applied to this glutamatergic central synapse.
Supported by the "Research for the Future" Program of the Japan
Society for the Promotion of Sciences (to TT) and Japan Science and
Technology Foundation (to YS).

fiir biophysikalische Chemie, Gottingen, Germany.
In binomial models of synaptic transmission, peak-EPSC amplitudes (Iepsc ) are
determined by the product of release probability (p), quantal size (q) and total number

of releasable units (N), and the variance of Iepsc should go through a maximum with
increasing values ofp. To test this prediction, we have made whole-cell recordings of

EPSCs at the calyx of Held synapse located in brainstem slices of 8-10 days old rats.
p

was decreased by trains of stimuli at 10 Hz, which depressed synaptic transmission

through a reduction of quantal content (v. Gersdorff et al., 1997, J. Neurosci. 17).
Ensemble averages and variances of Iepsc were analyzed for the lrf, 2nd, ...nth
responses in 10 Hz trains applied at fixed time intervals, to construct variance vs
mean plots. At 2 mM extracellular [Ca2+], variance had a linear dependence on mean
Jepsc , with a slope of 33.3 ± 10.2 pA (n=6 cells). This value, as expected, is
jsomewhat larger than the mean quantal size obtained from amplitude distributions of
mini-EPSCs (27.2 ± 8.9 pA; n=9 cells). At 10 or 15 mM [CaJ+], 5 out of 10 cells
showed a maximum in the variance at about 30% depressed EPSC-amplitude. In

these cells, the maximal Iepsc for p=l was extrapolated by fitting a parabola to the

variance vs mean plot. From this estimate and the measured Iepsc amplitudes at 2 mM
[Ca2+],p was calculated with 0.26 ±0.16 (n=5), showing that release probability is far
from maximal during synaptic transmission at 2 mM [CaJ+].

Supported by Deutsche Forschungsgemeinschaft (SFB-406)
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188.5

188.6

NON-SATURATION OF BOTH AMPA AND NMDA RECEPTORS BY A
SINGLE QUANTUM OF GLUTAMATE AT HIPPOCAMPAL SYNAPSES IN
CULTURE
C.F, Stevens* and A.K. McAllister HHMI, The Salk Institute, La Jolla, CA 92037.
One of the most fundamental issues in synaptic physiology is whether receptors
at a single synapse are saturated by a single quantum of glutamate. Although most
studies have concluded that receptors are saturated, especially NMDA receptors,
recent work (Mainen et al., 1998; Liu and Tsien, 1999) has questioned this
conclusion for AMPA receptors at hippocampal synapses.
Consistent with non-saturation, the response to a single quantum of glutamate
at hippocampal synapses in culture was found to be quite variable in previous
experiments from our laboratory (Bekkers et al., 1990). We confirmed these
results at single synapses between cultured rat hippocampal neurons. Single
synaptic sites (as defined by FM1-43 labeling and later confirmed with EM) were
stimulated with focal application of hypertonic solution. Postsynaptic responses to
the resulting quantal release, miniature excitatory postsynaptic currents (mEPSCs),
were recorded from the soma with whole-cell patch clamp techniques exclusively
from sites of focal stimulation, as all other glutamate receptors on the neuron were
blocked with bath application of CNQX (luM). CNQX was omitted from the
hypertonic solution.
Our results indicate a clear and statistically significant linear correlation
between the AMPA and NMDA receptor-mediated components of each mEPSC (n
= 750 mEPSCs from 5 cells). This strong linear correlation between the AMPA
and NMDA receptor-mediated responses to a single quantum of glutamate
suggests that variations in the amount of glutamate in the synaptic cleft contribute
significantly to variability in quantal size. These results indicate that both AMPA
and NMDA receptors are not saturated by a single quantum of glutamate in
cultured hippocampal neurons.
This work was supported by HHMI.

LONG LATENCY MONOSYNAPTIC CURRENTS IN RAT PERIRHINAL
CORTEX. J. R. Moyer. Jr.* and T. H. Brown. Departments of Psychology and
Cellular & Molecular Physiology, Yale University, New Haven, CT 06520.
Despite its involvement in learning, memory, and dementia, relatively
little is known about how neurons in perirhinal cortex process incoming
information. Our laboratory has been studying the intrinsic, synaptic, and
morphological properties of neurons throughout perirhinal cortex (Moyer &
Brown, 1996; Beggs et al., 1997; Faulkner & Brown, 1999), with an emphasis
on temporal aspects of information processing (Tieu etal, 1999). Here we
report a novel feature of perirhinal cortex that is pertinent to this emphasis.
Horizontal rat brain slices were prepared as previously described (Moyer
& Brown, 1998). Whole-cell recordings were made from visually identified
neurons of perirhinal cortex using an AxoPatch ID amplifier. An upright
microscope equipped with a 40X water immersion objective, infrared DIC
optics and a video enhancement device was used for visualizing the cell and
patch electrode. Whole-cell recordings were obtained from over 90 perirhinal
neurons in slices from rats of various ages (range: 10 days to 24 months). A
bipolar concentric electrode was used for synaptic stimulation from layer I.
Data are presented from 30 recordings in which synaptic currents were
evoked in distal dendrites of layer 5 neurons. Under voltage-clamp conditions,
attempts to evoke unitary currents from layer 1 stimulation yielded slow
currents with amplitudes in the 8 to 35 pA range (10/90 rise ~1.6 ms).
Although these currents seemed to be monosynaptic inputs, based on the usual
criteria, their onset latency was extremely long (5 to 12 ms). This unusually
long latency might reflect an exceptionally slow action-potential propagation
velocity in the afferents. The remarkably low myelin content throughout
perirhinal cortex is consistent with its presumed computational role as a
polysensory association cortex specialized for complex integration rather than
processing speed. Supported by grants from the NIH (THB & JRM).

188.7

188.8

SYNAPTIC PHYSIOLOGY AND PLASTICITY REVEALED AT
DIFFERENT CLASSES OF INTERNEURON-PYRAMIDAL CELL
PAIRS IN HIPPOCAMPAL SLICE CULTURES. G.B. Aaron 1*,
K.S.Wilcox 2, and M.A, Dichter 1,2,3. David Mahoney Institute for
Neurological Sciences 1, and Depts. Of Neurology 2 and Pharmacology
University of Pennsylvania, Philadelphia, PA 19104

EGTA-AM BLOCKS SPONTANEOUS EPILEPTIFORM ACTIVITY IN RAT
HIPPOCAMPUS IN VITRO. B.N.Johnson 1 and M.A. Dichter 1’2,3* David Mahoney
Institute for Neurological Sciences *, and Depts. of Neurology2 and Pharmacology ,
University of Pennsylvania, Philadelphia, PA 19104
EGTA-AM was used to test the possible contribution of short term plasticity
to the development and spread of epileptiform activity in hippocampal organotypic
slice cultures. EGTA-AM is the membrane permeant acetoxymethyl ester derivative
of EGTA, and in certain other preparations it had been shown that cells could be
loaded with EGTA by adding EGTA-AM to the bath and allowing it to diffuse into
the cells, at which point intracellular esterases cleave off the acetoxymethyl moiety,
producing the parent molecule EGTA, which is membrane impermeant and hence
trapped inside the cells. EGTA is a slowly acting calcium chelator, and it had been
shown in other preparations that application of EGTA-AM can significantly reduce
paired pulse facilitation (PPF), which has comparatively slow calcium dynamics,
while leaving many other aspects of neurotransmission largely unaffected. In
preliminary experiments with pathway stimulation of the Schaeffer collaterals and
field potential recording from the CAI stratum radiatum, we found that treatment
with 100 pM EGTA-AM for 10 minutes had little effect on the first response to a pair
of stimuli (3+6 % average decrease), but significantly reduced PPF of the second
response, from 1.38 + 0.08 before application, to 1.05 + 0.06 after application (t-test,
P < 0.05, n = 3). Such EGTA-AM treatment also blocked the spontaneous
epileptiform activity produced by the GABA-A antagonist bicuculline. Before
EGTA-AM application, 50 pM bicuculline produced spontaneous epileptiform events
every 1.20 + 0.40 minutes, while after EGTA-AM application only 3 epileptiform
events were observed in 332 minutes of recording in bicuculline. These results lend
support to the hypothesis that short term plasticity may be important in the transition
to seizure in epilepsy. [Supported by NS24260 (M.A.D.)]

Paired whole-cell patch-clamp recordings were made between
monosynaptically connected CA3 pyramidal cells (PYR) and stratum
lucidum (SL) or stratum oriens (SO) intemeurons. A difference was found
in the connectivity of these intemeuron groups: 16 of 25 recorded SO-PYR
pairs were monosynaptically connected while only 5 of 13 SL-PYR pairs
were connected. In the connected pairs, stimulation of the SO
intemeurons resulted in detectable IPSCs on all trials (11 of 11 cell pairs),
while stimulation of SL intemeurons resulted in a lower probability
(<60%) of IPSC detection (3 of 4 connected cell pairs). At high frequency
stimulation (>10 Hz), synaptic transmission was facilitated between SLpyramidal (SL-PYR) cell pairs, while transmission was unaffected or
slightly depressed in SO-PYR cell pairs. Interestingly, in the one SL-PYR
pair analyzed in a culture with an intact dentate gyms, the probability of
IPSC detection was 100% at low frequency stimulation, raising the
possibility that synaptic input to SL from the dentate gyms modifies SLPYR synapses. In two cell pairs tested, GABAB receptors appeared to play
a role in depressing some of the synaptic transmission during higher
frequency (20 Hz or greater) activity. NS 24260

188.9

188.10

CA3

SPATIO-TEMPORAL PROPERTIES OF SCHAFFER COLLATERALS
ALLOW ACTIVATION OF LONGITUDINAL STRIPS OF CAI CELLS
A. F. Soleng. M. Raastad and P, Andersen.* Inst, for Basic Medical Sciences, Univ.
of Oslo, Norway.
Effective summation of CAI pyramidal EPSPs depends upon the spatial and
temporal distribution of CA3 action potentials. We have estimated these factors by
using a horizontally split hippocampus with str. oriens of CAI and the adjacent CA3
intact.
During synaptic block (10 pM CNQX, 50 pM AP5), compound action potentials
elicited by CA3 stimulation were recorded in a band across the CAI all the way to
the subicular border. The largest amplitudes, indicating the preferred direction of the
axons, were found along a line rotated temporally 30° to the transverse plane. Plots
of action potential latency against recording position showed that die impulse
wavefront, moving in the subicular direction, was nearly linear, as if the temporally
oriented fibres conducted faster than the rest. Measuring potentials on either side of
a transverse line from the stimulation site, the mean conduction velocity was
0.2810.04 ms'1 on the temporal side against 0.2210.03 ms1 on the septal side (n =
12, p < 0.001, paired t-test). These values assume straight fibres. Alternatively, the
fibres in the temporal division could run more straight than fibres in the septal
division. The volley duration increased with recording distance, suggesting a spread
of conduction velocities. This was confirmed at low stimulation intensities, when the
volley could be resolved into individual Schaffer collateral action potentials, and by
antidromically activated CA3 units. This spread in conduction time may influence
synaptic summation.
The skewed latencies in temporal direction allow a CA3 neurone to deliver its
excitatory effect simultaneously to a longitudinally oriented strip of CAI pyramids.
Parallel strips will be sequentially activated in a CA3-to-subiculum order. Because
of the higher conduction velocity in the most temporally directed fibres, the greatest
convergence effect from two separately activated CA3 cells will be found somewhat
temporal to the central part of the overlapping areas of the two axonal trees.

AXONS CAN CONDUCT ACTION POTENTIALS AT HIGH
FREQUENCIES OVER LONG DISTANCES WITHOUT FAILING

M. Raastad*. A ,F, Soleng, and P. Andersen.
Inst, for Basic Medical Sciences, Univ. of Oslo, Norway.

The CA3 cells have an extensive axonal arbor of several hundred mm total
length per cell. An important question for the function of these cells is whether the
action potential is faithfully conducted to the end of all branches, or if it sometimes
fails to pass e.g. branch points.
We have investigated this question by using a horizontally split hippocampal
preparation with str. oriens of CAI and the adjacent CA3 intact. In this preparation
we can activate the terminal branches of the Schaffer collateral tree, close to
subiculum, and all parts of its septo-temporal extension. Excitatory synaptic
activity was blocked with 10 pm CNQX and 50 pm AP-5, and experiments were
performed using a submerged preparation at 22-24 °C.
We recorded extracellularly from individual CA3 neurons, while using a range
of stimulation strengths around the threshold for activation of a single unit. For
each of 12 CA3 units, 500 activations above threshold at 2 Hz gave no failures.
The conduction velocity was highly stable, with variability < 1%. Stimulation at 510 Hz also gave no failures, but decreased the conduction velocity by 5-10%
compared to 2 Hz stimulation. When 3 stimuli were separated by 5 ms or less there
were occasional failures. Some of these may, however, have been failures to invade
the soma because in some cells a small deflection was observed at the position of
the expected spike.
We conclude that under the described conditions the Schaffer axonal tree
conduct action potentials faithfully at frequencies below 10 Hz.
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DEFINITION OF TWO TYPES OF SHORT TERM
DEPRESSION. J.F, Wesseline^and C.F, Stevens.2*3 1 Sloan Kettering

TRANSMEMBRANE
CURRENTS
DURING
REPETITIVE
ANTIDROMIC ACTIVATION OF PYRAMIDAL CELLS IN SITU:
EVIDENCE FOR AXONAL CROSS-TALK. O. Herreras*, J.M. Ibarz. and
L. Lopez. Dept. Invest., H. Ramon y Cajal, Madrid 28034, SPAIN.
We studied the modulation of transmembrane currents in rat CAI
pyramidal cells during repetitive antidromic action potentials (a-APs) by
intracellular recordings and current-source density (CSD) analysis of the
population spike (PS) profiles in vivo. Alvear trains of stimuli were 150 ms
long and up to 300 Hz. Unitary a-APs followed 100 Hz, and failed seldom at
200 Hz. Spikes of ~25 and ~10 mV were observed at 300 Hz, attributed to
the initial segment (IS) and first-node spikes. After ~60 ms of stimulation,
failures, partial spikes and full APs alternated in an on-off manner,
indicating failure of invasion at different points, due to a slight increase of
the refractory period that outlasted the interstimulus interval. CSD analysis
showed that basal AP invasion ceased after only 3-4 APs (at 300 Hz), and
apical invasion was reduced from 150-200 to 50 pm. The a-PS at the st.
pyramidale decreased up to 25 % of control, while the corresponding sink
was only reduced to ~80 %. This discrepancy is caused by the reduced
dendritic current contribution to the interstitium. Strikingly, after 60-80 ms
the a-PS sequentially increased-decreased in successive volleys. Altogether,
these results demonstrate that partial or complete invasion failures are
synchronized amongst pyramidal cells, and indicate some kind of axonal
cross-talk as the locus and mechanism for synchronization. Spanish DGCYT
PB97/1448, CAM 15.

Institute, New York, NY ^The Salk Institute, La Jolla, CA, ^HHMI.
Recently, we have characterized the relationship between the readily
releasable pool of synaptic vesicles and several elements of short term plasticity
(Neuron, 16:1197-1207; Neuron, 21:415-424; Neuron, 22:139-146, in review).
In those experiments, the pool was primarily monitored by measuring the
postsynaptic responses to osmotic shocks of presynaptic terminals in cell
culture—a non physiological manipulation that causes exocytosis of readily
releasable vesicles. We have now verified the earlier conclusions by instead
using high frequency bursts of action potentials to empty and monitor the
readily releasable pools of terminals in the hippocampal brain slice preparation.
Since hypertonic solution takes seconds to act, the previous work was not able
to rule out the possibility that action potentials have quickly dissipating,
enhancing or depressive effects upon the size and capacity of the readily
releasable pool. The current work avoids these limitations. We show that the
two simple kinetic processes that control the recovery of the pool alone limit the
rate of exocytosis during high frequency activity. The two processes thus define
two types of short term depression.
The two processes can be thought of as the only effective limits on the rate of
exocytosis during periods of synaptic activity that are in*“nse enough to keep
the readily releasable pool completely empty. These processes, then, combined
with the normal barrier to spontaneous fusion that allows the readily releasable
pool to refill during periods of rest, must represent the fundamental rate limiting
steps in the exo/endocytic cycle.
Supported by NS10827-01 to J.F.W. and NS12961 to C.F.S. and HHMI

188.13

188.14

RELEASE-INDEPENDENT SHORT-TERM SYNAPTIC DEPRESSION IN
CULTURED NEURONS: EVIDENCE FOR AXON BRANCH-POINT FAILURES
David T. Yue* and David L. Brody. Dept of Biomedical Engineering, Johns Hopkins
University, Baltimore, MD 21205.
In autapses (self-synapses) formed by microcultured hippocampal neurons,
short-term synaptic depression (STD) had several unusual features: 1)
Reduction of neurotransmitter release probability with Cd2+, a blocker of
presynaptic calcium channels, did not change depression. 2) Lowering [Ca2+]0
and/or raising [Mg2+]0 had little effect on STD in cells with strong baseline
depression, but in cells with more modest baseline depression, it reduced the
depression. 3) Random variations in the size of initial excitatory postsynaptic
current (EPSC) did not influence successive EPSC sizes. These findings are
inconsistent with release-dependent mechanisms, such as vesicle depletion.
By contrast, other results suggested that changes in the action potentials (APs)
contributed to the depression. The somatic APs declined in amplitude with
repetitive stimulation, and, notably, low doses of tetrodotoxin increased
depression. Similar changes in presynaptic APs could produce STD in two
ways: decreasing amplitude spikes could
reduce calcium entry and release probability,
or alternatively APs could fail to propagate
through some axonal branches, reducing the
number of active synapses. We derived the
expected variance of EPSCs for the two
scenarios. Experimentally, the variance
increased and then decreased on average
during depression, confirming a unique
prediction from the propagation failure
EPSC integral (normalized)
scenario (see Figure). Supported by a NSF PFF
grant to DTY and a NIH MSTP fellowship to DLB.

SYNAPTIC DETERMINANTS OF CA3 NETWORK ACTIVATION. K.J. Staley*
M.A. Longacher J.S. Bains A. Shrestha and A Yee Neurology and Pediatrics,
UCHSC, Denver, CO 80262. The patterns of activity in neural networks are
difficult to study because of their complexity. We therefore investigated the
relationship between network activity and synaptic properties in hippocampal area
CA3, where the high degree of positive feedback mediated by recurrent collateral
synapses results in a simpler pattern in which all neurons in the network discharge
periodically and in synchrony. This synchronous discharge stops abruptly when
exhaustion of the supply of releasable glutamate at the recurrent collateral synapses
decreases the degree of positive feedback. We investigated the hypothesis that in
vitro, spontaneous transmitter release begins a regenerative feedback process that is
amplified by action-potential dependent glutamate release to produce the next
discharge (burst). This hypothesis predicts 1) the random pattern of spontaneous
transmitter release should be reflected in the pattern of burst initiation. If instead the
probability of a burst was dominated by either the decay of an inhibitory process or
the development of a rebound excitatory current such as IH, then burst timing should
reflect the time course of that process. The hypothesis was supported by the Poisson
distribution of interburst intervals. 2) changing the rate of spontaneous transmitter
release should produce a corresponding change in the probability of burst initiation;
this was supported by the effects of Ca2+0 K+o, baclofen, adenosine and forskolin 3)
altering the number of EPSPs needed to generate action potentials should change
burst probability nonlinearly; this was supported by effects of competitive
antagonists, LTP, and LTD on burst interval distribution 4) the probability of
evoking a burst by activating recurrent collaterals should correspond to effects on
spontaneous burst probability from experimental manipulation of EPSP size, but not
for manipulations of mini EPSP frequency; this was supported by binomial analysis
of the success/failure rate of burst initiation by small stimuli at various times after
termination of the last burst. Support: NS34360, NS34700, the EFA, and the HFSP.

188.15
RELEASED GLUTAMATE MUST BE RECYCLED IN ORDER TO MAINTAIN
HIGH RATES OF SYNAPTIC ACTIVITY. J.S. Bains* and K.J. Staley. Dept. of
Neurology and Pediatrics, U.C.H.S.C., Denver, CO 80262
The simultaneous discharge of hippocampal CA3 pyramidal cells is a widely studied
in vitro model of physiological and pathological network synchronization. The rapid
activation of this network is made possible by extensive positive feedback mediated
by recurrent axon collaterals. We have demonstrated that the depletion of glutamate at
the presynaptic terminal is the primary determinant of burst termination. What
regulates the availability of glutamate in the presynaptic terminal?
We investigated the role of the re-uptake of released glutamate on the availability of
releasable glutamate. Whole-cell and extracellular recordings were obtained from
CA3 neurons of the adult rat hippocampus in 400 pm thick hemibrain slices at 35 °C.
Bath application of the glutamate re-uptake inhibitor, dihj/drokainaite (DHK) to
bursting slices immediately increased the probability of bursting, measured as a
change in the interburst interval (IBI). At doses ranging from 25-500pM, a decrease in
IBI to 16±4% of control was observed (n=9). The fall in IBI was not accompanied by
an immediate decrease in burst length, as is observed when IBI is decreased by
increasing extracellular potassium. Once IBI had stabilized, however, a sharp
decrease in burst length was observed (35±6% of control; n=9). DHK application to
quiescent slices depolarized CA3 neurons by 5.5±1.3 mV(n=5), suggesting that the
increase in probability of bursting is due to a postsynaptic effect of increased
glutamate concentration in the synaptic cleft. The secondary decrease in burst length
likely is due to a presynaptic decrease in the amount of transmitter available for
release. The amplitude of EPSCs evoked by stimulation of the pyramidal cell layer
was decreased to 57±16% in the presence of DHK(n=3). These findings suggest that
during high frequency synaptic transmission, the recycling of released glutamate is
necessary for maintaining the supply releasable transmitter available at the
presynaptic terminal. Support:NS344360, NS34700, Epilepsy Foundation of America.
JSB is supported by a fellowship from the Human Frontiers Science Program.
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189.1

189.2

PROPERTIES OF VESICULAR TURNOVER INDUCED BY HYPERTONIC
STIMULATION AT HIPPOCAMPAL SYNAPSES.

RANDOM MIXING OF ENDOCYTOSED SYNAPTIC VESICLES IN
HIPPOCAMPAL NEURONS. N. Harata*, J. Buchanan and R, W. Tsien, Dept. Mol.
Cell. Physiol., Stanford Univ., Stanford, CA 94305, USA.
Synaptic vesicles (SVs) in presynaptic boutons can be divided into distinct pools. It
was reported that at neuromuscular junction of Drosophila mutant, Shibire, a
peripherally located pool was involved in exocytosis/endocytosis cycles, whereas a
centrally located pool was not, even after high K+ stimulation for 5 min (Kuromi &
Kidokoro, 1998). To test the possibility that there are corresponding pools in central
neurons of mammals, we photoconverted cultured hippocampal neurons loaded with a
styryl dye, FM1-43, for visualizing endocytosed SVs. Cultured CA3-CA1
hippocampal neurons of rats were loaded with 10-15 nM FM1-43 for 90 sec in 70 mM
K+ solution. After washing for 10-20 min, neurons were fixed in 2% glutaraldehyde
and photoconverted. By electron microscopy, photoconversion (PC)-positive and PCnegative SVs were found both close to the periphery of the bouton and at more central
locations. Furthermore, we failed to detect any large domain in the center of boutons
inaccessible to FMl-43-loaded SVs. For quantitative analysis, we obtained the center
of individual SVs in a given bouton by fitting a circle to a vesicular membrane. The
center of gravity of these points was spatially overlapping between positive and
negative SVs (p > 0.1; 3 boutons, n = 51 and 71 for positive and negative vesicles,
respectively). Distances from positive SVs to the center of gravity of positive pool did
not differ from those of negative SVs to that of negative pool (median, 151 and 161
nm, respectively, p > 0.1). Also, the distances to the nearest neighbor SVs showed
similar distributions (median, 46 and 57 nm, respectively, p > 0.1; percentage of
positive SVs in the total vesicular population was 55,46 and 31 %). These results
indicate that PC-positive SVs are uniformly distributed within the total vesicular
population, and thus support the idea of random mixing of endocytosed SVs within
hippocampal boutons under the present protocol, as found in frog neuromuscular
junctions (Heuser & Reese, 1973; Betz & Bewick, 1992). Supported by NIMH.

189.3

189.4

SYNAPTIC VESICLES IN THE RESERVE POOL ARE RECRUITED
ONLY DURING HIGH FREQUENCY STIMULATION IN DROSOPHILA
NEUROMUSCULAR JUNCTIONS
H, Kuromi and Y, Kidokoro*. Institute for Behavioral Sciences,
Gunma University School of Medicine; 3-39-22, Showa-machi,
Maebashi, 371-8511 Japan.
We have shown that there are two distinct pools of synaptic
vesicles, namely the exo/endo cycling and reserve pools, in
single presynaptic boutons of larval Drosophila nerve
terminals (Neuron 20, 1998). In this study, we were able to
distinguish synaptic potentials generated by release of transmitter from vesicles in each pool using a drug, bafilomycin Al
(an inhibitor of vacuolar ATPase). When synaptic vesicles
were labeled with FM1-43, low rate nerve stimulation (3 Hz)
unloaded FM1-43 only from the exo/endo cycling pool, but at
high rate stimulation (30 Hz) the dye was unloaded from both
pools. In bafilomycin pretreated-preparations, evoked
synaptic potentials decreased and finally disappeared after
prolonged low rate stimulation, but synaptic potentials
reappeared at high rate stimulation. Bafilomycin does not
affect vesicle recycling, but once the transmitter is released
the vesicles do not seem to be refilled with transmitter in
bafilomycin-treated preparations. These results suggest that
at low rate transmitter release, only the exo/endo cycling pool
participates in synaptic transmission and all vesicles in this
pool became empty of transmitter after prolonged low rate
stimulation, but at high rate stimulation vesicles in the
reserve pool, filled with transmitter, are recruited.

Model Analysis of Action Potential Initiation by Synaptic Stimulation of the Mitral Cell. Shen, G.Y.1, Shepherd, G. M.2, and Hine^M. L.3
1 Dept. of Biological Science, Zhejiang University, P.R.C. 2 Section of Neurobioiogy, 3 Dept. of Computer Science, Yale University, New Haven, CT 06510
Strong distal tuft synaptic stimulation of the olfactory bulb mitral cell
causes spike initiation to shift from soma to dendrites (Chen, et. al, Science
278:463, 1997). There is occasionally even a double spike in the distal primary
dendrite, the second of which has been postulated to be due to back propagation of the somatic spike. With weak synaptic stimulation, the dendritic action
potential follows the soma.
A model presented at last year’s meeting demonstrated that impulse initiation site as a function of electrode current stimulation strength could be
quantitatively explained by: 1) lower spike threshold in the axon initial segment, and 2) voltage gradient along the primary dendrite.
We have tested whether the double spikes and greater shifts in AP timing
with synaptic stimulation are consistent with the earlier quantitative model or
whether this data necessitates a focus, on other mechanisms.
The model structure, channel kinetics, and general channel distribution
were were not changed. However channel density and dendrite diameter parameters were allowed to vary for different cells in order to obtain simultaneous
fits of dual recordings for three synaptic stimulation protocols.
We also discuss our parameter search and sensitivity analysis methods which
have been packaged into a graphical tool that is usable by others within the
NEURON simulation environment.
This work was supported by PAO YU-KONG Scholarship for Overseas
Chinese (GYS), NIDCD, NIMH, NASA, and NIDCD (Human Brain Project)
(GMS), and NINDS (MLH)

189.5

189.6

PROPERTIES OF PRESYNAPTIC BOUTONS AT SILENT SYNAPSES IN
CULTURED HIPPOCAMPAL NEURONS. S. Choi*, N. Harata and R. W. Tsien
Dept of Mol. Cell. Physiol., Stanford Univ. Sch. Med. Stanford CA 94305
“Silent synapses” exhibit NMDA receptor-mediated synaptic responses without
AMPA receptor-mediated responses. One proposal to account for silent synapses is
that release of transmitter from synaptic vesicles generates a peak [glu]cieft low
enough to activate high-affinity NMDARs, but not AMPARs. This could occur if
the fusion pore were non-expanding, as found for certain fusion events in nonneuronal cells. At nerve terminals, such fusion pore openings would be much less
efficient than full-blown fusion in allowing uptake of the styryl dye FM1-43. To
test this prediction, we recorded mEPSCs induced by local application of 0.5 M
sucrose in CA3-CAI hippocampal neurons in culture at a stage when silent
synapses were prevalent. Sucrose-induced mEPSCs (0 Mg2+) were detected in 2 of
5 6-8 day-old cells, and 3 of 3 9 day-old cells and were completely blocked by prior
coapplication of NMDA and MK-801 (3/3 9-day old cells), even though AMPAR
blockers were not present. In parallel experiments, we assayed the activitydependent uptake of FM 1-43. Under fluorescence confocal microscopy, cultures
were exposed for 90 s to 90 mM K+ and 15 pM FM1-43, then destained by
application of 90 mM K+ solution for 2 min. Afterwards, immunocytochemistry
was done with anti-synapsin and anti-GAD antibodies to identify glutamatergic
presynaptic boutons. 9 day-old hippocampal neurons failed to show significant
activity-dependent FM1-43 uptake and release, even though synapsin-positive,
GAD-negative puncta were abundant. In contrast, 17 day-old cells displayed
prominent uptake and release of FM1-43 with the same protocols. These findings
are consistent with the idea that release of glutamate in 9 day-old cultures involves
fusion pore openings insufficient to support significant FM1-43 uptake. Further
tests are needed to exclude the possibility that the lack of staining reflects a paucity
of vesicles in the young presynaptic boutons.

DELAYED RELEASE AND SPILLOVER OF GLUTAMATE AT THE
CEREBELLAR GRANULE CELL TO STELLATE CELL SYNAPSE. A. G.
Carter. M, A. Xu-Friedman*. W. G. Regehr. Dept. of Neurobioiogy, Harvard
Medical School, Boston, MA 02115.
We used whole-cell voltage- and current-clamp recordings at 24°C and 34°C to
study the synapse between granule and stellate cells in the rat cerebellar slice.
Synaptic currents at this synapse are mediated by a combination of AMPA and
NMDA receptors. Following a single stimulus, most neurotransmitter release
occurs within several milliseconds (phasic release), and is followed by a small,
prolonged phase of release that can last for hundreds of milliseconds (delayed
release). Following brief trains of stimuli, phasic release increases due to
facilitation, delayed release becomes more pronounced, and a slow current
develops which can last for hundreds of milliseconds. These effects are enhanced
by increasing the number of stimuli and the frequency of the train, such that the
delayed release and slow current can account for a higher fraction of the total
evoked postsynaptic charge than does phasic release. In addition, the slow current
is enhanced by increasing the stimulus intensity, lowering the temperature, and by
blocking glutamate uptake. The AMPA-receptor-mediated component of the slow
current is amplified by cyclothiazide block of AMPA receptor desensitization. We
hypothesize that this slow current is due to spillover and the prolonged presence of
glutamate in the synaptic cleft. We also used cell-attached patch and whole-cell
current-clamp recordings to study the functional consequences of delayed release
and the slow current on the firing properties of stellate cells. We found that the
complex synaptic response resulting from brief trains of stimuli profoundly affects
the firing properties of these cells. Research supported by NSF graduate
fellowship for A. G. Carter and NIH grant R01-NS32405-01.

Jason L, Pyle, Ege T. Kavalali*and Richard W, Tsien. Dept of Mol. and Cell. Phys.,
Stanford University School of Medicine, Stanford, CA 94305.
Hypertonic solutions have been shown to be potent stimulators of neurotransmitter
release in several preparations. This mode of synaptic stimulation does not require
Ca2+, although it mobilizes the same pool of vesicles (readily releasable pool) as Ca2+dependent release induced by brief stimulation (Rosenmund and Stevens, 1996). We
studied the action of hypertonic stimulation on hippocampal synapses using the styryl
dye FM1-43 and its analog FM2-10 as fluorescent markers of synaptic vesicular turnover. While these dyes share the same
spectral properties, they differ in their
rates of departitioning from membranes
(2.5 s for FM1-43,0.6 s for FM2-10).
This difference makes them useful tools
in tracking the kinetics of fast endocytosis (Klingauf et al., 1998). Following
a loading protocol that ensured maximum uptake of styryl dyes into synaptic
boutons, the application of hypertonic
solution (800 mOsm, 0 Ca2+) caused a
small amount of destaining compared to
the total amount of destaining achievable by hyperkalemic stimulation with 90 K+, 2 Ca2+ (Figure). There was a significantly larger degree of destaining of FM2-10 loaded boutons (25%) than of FM 1-43
loaded boutons (13%), supporting that a fast endocytic mechanism operates during
hypertonic stimulation. Interestingly, hypertonic stimulation abolished any further
difference between FM1-43 and FM2-10 destaining in response to subsequent
hyperkalemic stimulation (Figure). Supported by NIMH MH48108
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MODELLING SYNAPTIC DYNAMICS DURING REALISTIC
STIMULI. J.S. Pittman*, A.C. Kreitzer, and W.G. Regehr.
Department of Neurobiology, Harvard Medical School. Boston,
MA 02115.
Central synapses can display remarkable alterations in synaptic
strength during repetitive use. In this study we develop a
quantitative model to account for the dynamics of transmitter
release on the time scale of milliseconds to seconds during regular
and Poisson stimulus trains. Two synapses onto Purkinje cells
with highly contrasting presynaptic properties were examined in
rat cerebellar brain slices. We measured parallel fiber and climbing
fiber synaptic currents in voltage-clamped Purkinje cells, as well
as presynaptic residual calcium in parallel fibers, during trains of
stimuli at 34 °C. Repetitive stimuli markedly enhance parallel fiber
synapses but depress climbing fiber synapses. A simple
biophysical model was developed to account for these changes in
synaptic strength, where facilitation results from increased release
probability and depression from a depletion of available release
sites. Consistent with our experimental studies, both of these
processes are strongly dependent on presynaptic residual calcium,
which dictates the time course and magnitude of facilitation as well
as the kinetics of recovery from depression. We find that the time
course of presynaptic calcium decay, as well as the coupling of
facilitation and depression, give rise to particular temporal filtering
characteristics that shape synaptic strength at these synapses
during realistic synaptic activity.
This research is supported by NIH grant R01-NS32405-01.

CONTROL OF SYNAPTIC STRENGTH BY CALCIUMDEPENDENT PRESYNAPTIC PROCESSES DURING
SUSTAINED STIMULATION. A.C. Kreitzer and W.G.
Regehr*. Dept. of Neurobiology, Harvard Medical School;
Boston, MA 02115
On the time scale of milliseconds to seconds, synapses
dynamically regulate their strength in ways that are vital to normal
brain function. We are now beginning to understand the individual
mechanisms that impact synaptic transmission on these time
scales: facilitation, depression, and chemical messenger mediated
modulation. Interactions between these different forms of
plasticity were examined at the parallel fiber to Purkinje cell
synapse in cerebellar brain slices at 34 °C. This synapse displayed
marked paired-pulse facilitation and significant short-term
enhancement during stimulus trains in control conditions. By
combining optical measurements of presynaptic residual calcium
transients in the parallel fibers, field recordings of presynaptic
fiber volleys, and voltage-clamp recordings from Purkinje cells,
we localized changes in synaptic strength to the presynaptic
terminal. The manner in which the dynamics of transmitter release
is controlled by the initial release probability and presynaptic
calcium signalling was examined by altering external calcium
concentration and by using a variety of neuromodulators.
Research supported by NIH grants MH/NS 20017-02 and R01NS32405-01

189.9

189.10

CONTRIBUTIONS OF RESIDUAL CALCIUM TO FAST SYNAPTIC
TRANSMISSION. C. Chen* and W.G. Regehr. Dept. of Neurobiology,
Harvard Medical School, Boston, MA 02115.
Neurotransmitter release is driven by high calcium (10-100 (iM) near open
channels (Calocal), followed by a much smaller (<1 pM), longer-lasting residual
calcium (Ca,.es). The most prominent component of release, phasic release,
lasts several milliseconds and is triggered by Ca,^. A transient tail of release
then continues over the next 20 ms at 1 % to 10% of peak rates. There is
conflicting evidence regarding the roles of Ca)ocal and Carcs in driving this
transient component of release (TR). Although it has been postulated that
Ca^ may act on release at these early time scales, there is little direct evidence
to support this idea. Here, we used optical methods to monitor Ca,^ and whole
cell voltage clamp recordings to resolve the evoked quantal events underlying
TRat synapses between granule cells and stellate cells in rat cerebellar slices.
Following stimulation, the probability of release is greatly elevated, peaking at
500 ps and then slowly declining to pre-stimulus levels after tens of
milliseconds. After speeding the decay of CareS levels with EGTA, release is
confined to a 3 ms interval, and TR is eliminated. Thus, we demonstrate that
both CalocaI and Cares contribute to fast neurotransmitter release. Cares drives a
persistent tail of release on the millisecond time scale that helps to shape the
average synaptic current and accounts for at least 20% of the synaptic charge
in the 20 ms interval following stimulation. Ca„.s -dependent TR is likely to
contribute significantly to fast synaptic transmission under physiological
conditions, particularly during high frequency bursts that elevate CareS.
This work was funded by NIH R01-NS32405-01, NIH K08 NS02056-01 and the
HHMI Physician Postdoctoral Fellowship.

HETERORECEPTOR MEDIATED PRESYNAPTIC INHIBITION AT THE
GLOMERULUS OF THE RAT CEREBELLUM
Simon J. Mitchell* and R. Angus Silver Department of Physiology, University
College London, London WC1E 6BT, UK.
Excitatory mossy fibres and inhibitory Golgi axons innervate cerebellar
granule cells via axo-dendritic synapses within a glia-encapsulated structure
called the glomerulus. We have investigated the involvement of presynaptic
heteroreceptors in transmitter release at this synaptic structure. Application
ofthe GABAb receptor agonist, baclofen (100 pM), reversibly depressed the
non-NMDA component of the granule cell EPSC by 60 ± 4.8 % (n = 4). The
coefficient of variation (CV) of the EPSC increased and the amplitude of
miniature EPSCs were unchanged in the presence baclofen, indicating that
baclofen inhibits glutamate release from mossy fibres. The GABAb receptor
antagonist, CGP 35348 increased the EPSC by 15 ± 2.5 % (n = 4),
indicating the presence of tonic heterosynaptic inhibition. This is consistent
with cell-attached recordings that show Golgi cells are spontaneously active
at 4.8 ± 1.0 Hz (n=4).
We then investigated whether heteroreceptors also modulate transmitter
release at inhibitory Golgi cell terminals within the glomerulus. Application of
the selective mGluR agonist trans-ACPD (100 pM) reversibly inhibited
evoked IPSCs by 75 ± 5.5 % (n = 6), and increased their CV indicating that
presynaptic mGluRs inhibit GABA release at Golgi cell terminals.
Our results indicate that presynaptic heteroreceptors can modulate
glutamate release from mossy fibres and GABA release from Golgi cell
terminals. It appears likely that this presynaptic depression is mediated via
bi-directional “spillover” of transmitter within the glomerulus.
Supported by The Wellcome Trust, the MRC and the European Union
(BIO4-CT98-0182). We thank Novartis Pharma for the gift ofCGP35348.

189.11

189.12

TWO PHOTON ANALYSIS OF FM1-43 UPTAKE IN RAT
PURKINJE CELLS IN CULTURED CEREBELLAR SLICES. NL
Sugimori1, D, Hillman2,1* and R. Llin&s1. 1 Department of
2
Physiology & Neuroscience and Department of Otolaryngology New
York University School of Medicine, NYC, NY 10016.
Cerebellar slices from 6-12 day old rats were cultured for 1-6
days and loaded with FM1-43 for 10 to 20 hours. Two photon
analysis revealed internalization of this supra vital dye (Betz &
Bewick, Science 255, 200-203, 1992) by the soma and dendrites of
Purkinje cells. The most likely localization of this vital dye was in
the endoplasmic reticulum. The images suggest continuity between
the plasmalemma and the endoplasmic reticulum compartments such
that the dye moves from the cell surface into confined intracellular
compartment. These results are in agreement with previous findings
concerning release of AcChoEase (acetylcholinesterase) from
dendrites of nigral neurons (Llin£s & Greenfield, Proc. Natl. Acad,
Sci. USA 84:3047-3050, 1987) and glutamate from Purkinje cell
somata (Glistch et al., J. Physiol. 497:531-537,1996) and with results
demonstrating internalization of dye and its release by hippocampal
dendrites (Malefic-Savatic & Malinow, J. Neurosci. 18:6803-6813,
1998). Support NINDS-NIH NS13742.

FM1-43 UPTAKE IS BLOCKED AT THE MAMMALIAN NEUROMUSCULAR
JUNCTION BY THE NEUROPROTECTIVE AGENT T-588: A TWO PHOTON
MICROSCOPY STUDY. K, Hirata1’2, F.J, Urbano3, M, Nakagawa 1,2 O.D.
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Uchitel3, M, Sugimori2* and R. Llin&s2

]Dept. Physiology & Neuroscience,

NYU School Medicine, NYC 10016; 2Toyama Chemical Co. Ltd. Toyama, Japan;
3Laboratorio de Fisiologia y Biologia Molecular, Fac. Cs. Exactas y Naturales, U.
de Buenos Aires, 1428-Buenos Aires, Argentina.
A two photon microscopy study of vesicular uptake at mouse neuromuscular
junction using FM1-43 (Betz.WJ & Bewick, GS Science 255 , 200-203, 1992) was
used to study vesicular uptake and release from mouse neuromuscular junction
(levator auris longus muscle) using two photon laser microscopy to determine FM143 fluorescent images. The loading protocol consisted of 15 mins, of tetanization at
20 Hz followed by a loading time of 30 mins. FM was washed out which removed
most of the fluorescent probe from the extracellular space. Following this
procedure, the image of the presynaptic terminal was attained and a threedimensional reconstruction implemented. The release of FM1-43 (which occurred
in 5 to 10 mins.) followed tetanic stimulation at 20 Hz and could be directly
observed during the tetanization. The terminal was then loaded a second time with
FM dye in the presence of T-588 and the procedure repeated demonstrating a total
lack of FM dye loading. After a wash period, the same procedure was repeated a
third time in the absence of T-588 in which case the terminal could be loaded and
unloaded once again. The results indicate that T-588 blocks vesicular uptake and
that this uptake block is reversible after washing. This finding indicates that this
drug prevents vesicular uptake without blocking synaptic transmission as synaptic
release continues to occur in the presence of T-588. Possible mechanism for the
effect of T-588 on the vesicular cycle will be discussed. Support: NINDS-NIH
NS 13742, Muscular Dystrophy Assoc., U. de Buenos Aires TW29, CONICET PIP
4631/96, SCYT-ANPCYT PICT 97/05-00000-01848, Toyama Chemical Co., Ltd.
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T-588, A NEUROPROTECTIVE AGENT, REDUCES SYNAPTIC
FACILITATION IN CRAYFISH NEUROMUSCULAR JUNCTION.
M, Nakagawa1,2, K. Hirata1'2, F.I. Urbano3, O.D. Uchitel3, M. Sugimori1
and R, Llinas1* ’Dept. Physiology & Neuroscience, New York
University School of Medicine, NYC 10016; 2Toyama Chemical Co.
Ltd., Toyama, Japan; ’Laboratorio de Fisiologia y Biologia Molecular,
Fac. Cs. Exactas y Naturales, Universidad de Buenos Aires, 1428Buenos Aires, Argentina.
Direct intracellular stimulation of neuromuscular presynaptic
terminals of the crayfish walking leg claw under sodium and
potassium ionic block, evokes release of synaptic transmitter
recorded postsynaptically. The pulses (6 to 10 msecs durations)
generated postsynaptic currents of increasing amplitudes depending
on the level of presynaptic depolarization. Double pulse stimulation
revealed synaptic facilitation at intervals between 50-100 msecs. in
agreement with similar findings (Wright et al., /. Physiol. 496.2, 363378,1996). Addition of T-588 to the bath produced a decrease in the
degree of facilitation observed with the above paradigm. The effect
was reversible after 30 mins of wash. In a second set of experiments,
calcium current was measured directly using Fura 2 determination.
Under these conditions, it was noted that calcium conductance was
only slightly decreased while the facilitation was markedly reduced.
This result indicates that factors other than the reduction of calcium
input are responsible for the facilitation decrement. Support: Toyama
Chemical Co., Ltd.; NINDS-NIH NS13742; Muscular Dystrophy
Assoc.; U. Buenos Aires TW29, CONICET PIP 4631/96; SCYTANPCYT PICT 97/0500000-01848.

SELECTIVE LABELING OF FAST AND SLOW RECYCLING VESICLE POOLS
AT THE FROG NEUROMUSCULAR JUNCTION. D. A. Richards and W. J. Betz*
Dept. of Physiology and Biophysics, University of Colorado Health Sciences Center,
Denver CO. 80262.
In frog motor nerve terminals, recycling synaptic vesicles can be stained with FM
dyes (Betz et al. (1993) J. Physiol. 87 193-202). In this and other studies it was
assumed that all such dyes would mark the same fraction of vesicles. However, in
experiments where different dyes were applied during stimulation and subsequently
washed, we have found that a substantial fraction of the FM2-10 staining a nerve
terminal can slowly be washed away (70.8 ± 3.4%), whereas almost all of the FM143 or FM1-84 was retained (82.7 ± 6.3% and 87.8 ± 2.1% respectively). These
data suggest the formation of an endocytotic intermediate consisting of large
infoldings of the terminal membrane. Due to the smaller size and faster washout of
FM2-10 versus the other two dyes, it might escape such a structure, whereas the
other dyes are trapped. Further evidence suggesting that FM2-10 was selectively
labeling a rapidly recycling pool of vesicles, came from experiments looking at the
ability of dye to be released at various time points following staining. At 2 minutes
after staining with FM1-43 only 19.0 ± 6.2% of the dye taken up by the terminal
could be released by a 1 min, 30Hz train. In contrast, a terminal stained in the
same way, but using FM2-10, could release 90.1 ± 7.3% of the endocytosed dye.
We next performed double-labeling experiments to look for a morphological
correlate to these functional measurements. Using FM2-10 (green) and FM4-64
(red), we were able to label overall vesicle uptake with FM4-64, and a much
smaller subset of vesicles were labeled with FM2-10. When superimposed, clear
regions of non-overlap were observed, suggesting distinct pools of vesicles were
indeed being labeled. Additionally we found that when the double-stained
terminals were destained, the two dyes were released at different rates. Supported
by grant NIH/NINDS R01 NS23466-10

189.15
MITOCHONDRIAL UNCOUPLING POTENTIATES FREQUENCY-DEPENDENT
DEPRESSION AT GABAERGIC STRIATAL SYNAPSES.
E, Rumpel and J, C, Behrends*. Dept. of Physiology, University of Munich, 80336
Miinchen, Germany
Sequestration of Ca2+ by mitochondria has only recently been implicated in the
regulation of presynaptic Ca2+-signals which govern transmitter release. Using the
mitochondrial uncoupler carbonyl cyanide p-(trifluoromethoxy) phenylhydrazone
(FCCP), we investigated a possible role of mitochondria in neurotransmitter release at
GABAergic synapses. In paired recordings of cultured rat striatal cells, 5 pM FCCP
strongly enhanced synaptic depression in a 33 Hz train of 5 presynaptic action
potentials. The ratio of the sum of all response amplitudes to that of the first response in
a train was divided by the number of stimuli to obtain a depression index (DI)
indicating depression when <1 and facilitation when >1. Under control conditions (2
mM Ca2+e), these synapses showed strong frequency-dependent depression (DI=0.32+/0.02). Upon application of FCCP (5 pM) the mean DI of the first 3 trains decreased to
0.23+/-0.01 (n=6, p<0.005). Preincubation with the membrane-permeant Ca2+-chelator
BAPTA-AM had a protective effect: with BAPTA-AM pretreatment, the DI increased
to 1.02+/-0.16, while amplitudes were reduced by 81%+/-5%. Exposing these synapses
to FCCP reduced the DI to 0.65+/-0.07, i.e. tetanic depression was still significantly less
than in control. Preincubation with EGTA-AM or dialysis of the neurons with high
intracellular ATP concentrations (20 mM) had no protective effect. However, the effect
of BAPTA-AM could be completely mimicked by reducing extracellular calcium
concentration to 0.5 or 0.8 mM. In reduced extracellular calcium, application of FCCP
resulted in a transient increase in peak amplitudes by 72+/-33% (n=4), an effect
observed after BAPTA-AM application as well (84+/-47%).
Thus, at these synapses, the integrity of the inner membrane potential of presynaptically
located mitochondria appears to be required for sustained availability of releasable
vesicles. Whether this can be solely explained by effects on Ca2+-homeostasis must
await further analysis.
Supported by the DFG (Be-1739/2)
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CD44 ASSOCIATES WITH ErbB2 AND ErbB3 AND IS REQUIRED FOR
SCHWANN CELL SURVIVAL. Nancy Ratner*. Tilat Rizvi. Saikumar Karvala and
Larry S, Sherman Department of Cell Biology, Neurobiology & Anatomy, University
of Cincinnati College of Medicine, 231 Bethesda Ave., Cincinnati, OH 45267-0521.
The CD44 family of transmembrane glycoproteins has been implicated in cell-cell
and cell-substrate adhesion, growth factor presentation, and tumor progression. CD44
was recently shown to interact with the erbB2 receptor. In Schwann cells, erbB2
activation is crucial for cell survival and proliferation. We show using
immunocytochemistry that erbB2 and erbB3 each co-localize at the cell membrane
with CD44 in cultured rat Schwann cells. Treatment of the cultured cells with glial
growth factor 2 (GGF2, an erbB3 ligand) induced CD44, erbB2 and erbB3 to colocalize in large patches, consistent with interaction between receptors and CD44.
Immunoprecipitation from cultured Schwann cells showed erbB2-CD44 and erbB3CD44 complexes in the absence of GGF2; exposure to ligand induced complexes
containing all three. Complexes were not disrupted by tyrphostin AG 825, which
blocks receptor phosphorylation. CD44 expression was also analyzed in sciatic nerve
tissue sections. CD44 expression was highest during early postnatal nerve
development, and was much lower in adult nerves, as reported for erbB2/erbB3
expression.
To test CD44 function we treated rat Schwann cell cultures with antisense
oligonucleotides. Schwann cells expressing 60% of normal levels of total CD44
became rounded, detached from the culture substrata or from axons, and died by
apoptosis within 48h; cultures treated with related sense or scrambled antisense
oligonucleotides were unaffected. Antisense CD44-treated cells failed to show erbB2
phosphorylation normally stimulated by GGF. Thus, changes in ErbB2 signaling
could mediate effects of lowered CD44, and CD44 may play a role in maintaining
Schwann cell survival and interaction with axons. Supported by NRSA-NS10297
(L.S.) and NIH NS28840 (N.R.).

IS THE CATALYTIC ACTIVITY OF 2',3’-CYCLIC NUCLEOTIDE 3’PHOSPHODIESTERASE RELEVANT FOR MYELIN FORMATION IN
OLIGODENDROCYTES? J. Lee, M. Gravel, and P.E. Braun*. Dept. of
Biochemistry, McGill University, Montreal, Quebec, Canada. H3G 1Y6.
2’,3’-cyclic nucleotide 3’-phosphodiesterase (CNP) is a major myelin
protein that is expressed early in oligodendrocytes during the onset of
myelinogenesis. Although the in vivo function of CNP remains an enigma,
this enzyme specifically catalyses the hydrolysis in vitro of 2’,3’-cyclic
nucleotides to the corresponding 2’-nucleotides. Such compounds have yet
to be identified as physiological substrates, apart from oligonucleotides
generated from tRNA ligase within the nucleus. However, recent studies
have shown that transfection of CNP in naive cells results in the formation
of filopodia and large processes, suggesting that CNP is associated with
the cytoskeletal network. Alternatively, the fact that CNP is isoprenylated
and contains conserved nucleotide binding motifs, indicates that CNP
might be a signal-transducing protein and that a novel signaling molecule
might exist in oligodendrocytes. In order to address whether its in vitro
activity might have physiological relevance in vivo, we identified catalytic
residues that contribute to its activity using chemical modification and site
directed mutagenesis. Mutations at two conserved histidine residues
resulted in complete loss of activity. Structural studies will be presented to
confirm that the loss of activity is due to the absence of an essential
catalytic residue and not due to gross conformational changes within the
protein. These mutants will be used for dominant negative mutant studies
in transfected oligodendrocytes to explore further the role for CNP in
process extension and the assembly of myelin membranes.
(Supported by the Medical Research Council of Canada.)
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SCHWANN
CELL
PROLIFERATION
AND
SURVIVAL
PROMOTED BY AXONAL CONTACT AND GGF/NEUREGULIN
REQUIRE PI3-KINASE
ACTIVATION.
P. Maurel1 and TL

ACTIVITY-DEPENDENT RELEASE OF ATP FROM DRG AXONS
REGULATES GENE EXPRESSION IN SCHWANN CELLS B. Stevens
and R.D. Fields*. Laboratory of Developmental Neurobioiogy, NICHD,
National Institutes of Health, Bethesda, MD 20892.
Axon-derived signals regulate Schwann cell survival, proliferation, and
differentiation into myelinating or non-myelinating phenotypes, but the nature
of these signals is not clear. Confocal microscopy was used to measure
calcium transients in Schwann cell/DRG co-cultures loaded with the calcium
indicator fluo-3 following stimulation of DRG axons at different frequencies
(l-10Hz). Schwann cell Ca;2+ levels increased 15-150 sec after DRG cell
bodies and axons, in a frequency-dependent manner with respect to
fluorescence intensity and latency. Bath application of ATP (lOnM-lmM)
also induced calcium fluxes in Schwann cells, and measurements of
conditioned medium showed that ATP was released from DRG axons
following electrical stimulation. In addition, the activity-evoked calcium
fluxes in Schwann cells were blocked by the ATP-degradative enzyme,
apyrase. This activity-dependent release of ATP also induced the
phosphorylation of CREB through the activation of the CaMKIl and MAPK
pathways, and this was blocked by pre-incubation with apyrase and with the
purinergic receptor antagonist suramin. Schwann cells on axons stimulated at
10 Hz for 30 minutes also induced the expression of the genes c-fos, and
Krox-24. Taken together, these data identify ATP, which is released from
DRG axons following neural impulse activity as one signal regulating gene
expression in Schwann cells. This type-of activity-dependent communication
could play a role in regulating important Schwann cell functions during
development. Funded by the NICHD.

Salzer1’23*. Departments of 1Cell Biology, 2Neurology, and the 3Kaplan
Cancer Center, N.Y.U. Medical Center, New York, NY10016.

The neuregulins are mitogenic and trophic signals involved in the
stimulation of Schwann cell proliferation and survival by nerve fibers. We
have investigated the signaling pathways that are activated by
neuregulins and axonal contact, that may mediate these effects. GGF, a
soluble neuregulin, strongly activates the PI3-kinase and MAP kinase
pathways in Schwann cells. The PI3-kinase pathway is also activated
when Schwann cells are cultured in presence of DRG neurons. Specific,
reversible inhibition of PI3 kinase resulted in the reversible inhibition of
GGF-, as well as, neurite-induced Schwann cell proliferation. In contrast,
inhibition of the MAP kinase pathway did not. Cultured Schwann cells
undergo apoptosis upon serum deprivation and can be rescued by the
addition of GGF or contact with neurites. This survival effect of GGF and
neurites was also blocked with inhibition of PI3-kinase. PI3-kinase
inhibition also resulted in decreased levels of phosphorylated Akt kinase
which is known to mediate the survival effect of several growth factors.
These results suggest that the PI3-kinase pathway is the major signaling
pathway required for axon-dependent Schwann cell proliferation and
survival. rtiGGF2 was kindly provided by M. Marchionni (Cambridge
NeuroScience). Supported by NIH grant NS26001 to JLS and NMSS
grant FA 1302-A-1 to PM.

190.5

190.6

FOCAL ADHESION KINASE AND PAXILLIN MEDIATE SIGNALING FROM
BETA-1 INTEGRIN DURING SCHWANN CELL DIFFERENTATION.
J, Ricard. L.-M, Chen and C, Femandez-Valle*. Dept of Molecular Biology and
Microbiology, University of Central Florida, Orlando, FL 32826
Extracellular matrix regulates Schwann cell (SC) expression of the myelinating
phenotype. We are interested in studying BI integrin-dependent signaling leading to
myelination. Focal adhesion kinase (FAK) is a cytoplasmic non-receptor tyrosine
kinase believed to mediate signaling from BI integrin. Paxillin is an adaptor protein
believed to regulate FAK targeting to the membrane and downstream signaling from
FAK. We have used immunocytochemistry, western blotting, and coimmunoprecipitation to study expression, tyrosine phosphorylation, and protein
interactions of FAK and paxillin with BI integrins during SC differentiation in
vitro. We report that FAK is constitutively expressed by SCs, localizes to the
membrane and associates with BI integrin in increasing amounts from extracts of 4,
7, and 14 day-old differentiating SC/N cultures. FAK tyrosine phosphorylation is
very low in undifferentiated SC/N cultures, increases with time of differentiation,
reaching a maximum at 14-21 days of differentiation. Paxillin is also constitutively
expressed by SCs and interacts with BI integrin and FAK. Tyrosine phosphorylated
paxillin is not detected in undifferentiated SC/N cultures, but appears within 4 days
of differentiation and increases with time. Cytochalasin D inhibits BI integrin
interaction with FAK and paxillin, decreases FAK and paxillin tyrosine
phosphorylation and results in the formation of FAK-paxillin insoluble complexes.
These findings suggest that SC binding to basal lamina results in formation of BI
integrin-FAK-paxillin complexes and tyrosine phosphorylation of FAK and
paxillin. These downstream signaling events are likely involved in regulating SC
differentiation into myelin-forming cells.
Supported by NINDS grant ROI-34499-05

TRANSGENE-RESTRICTED EXPRESSION OF CONNEXIN32 TO
MYELINATING SCHWANN CELLS PREVENTS DEMYELINATION IN
CONNEXIN32-NULL MICE.
S.S, Scherer1* L.J. Bone1. A, Messing2, K, Willecke3, K. Fischbeck1 ,_anU
X.-T. Xu1

Dept. Neurology1, Univ. Pennsylvania, Philadelphia, PA 19104,

2Dept. Pathobiol. Sci., Sch. Vet. Med., Univ. Wisconsin, Madison, Wl 53706,
3lnstit. Genet., Univ. Bonn, Bonn, Germany .

Mutations in the gene encoding the gap junction connexin32 (Cx32) cause the
X-linked form of Charcot-Marie-Tooth disease (CMTX). One unsettled issue is
whether CMTX is an “axonal” or a “demyelinating" neuropathy. The findings
that Cx32 is expressed by myelinating Schwann cells, and that demyelination
is the first pathological change found in the peripheral nerves of cx32-null mice
favor the latter catagory. Cx32 has also been reported to be expressed by
neurons, however, raising the possibility that the neuronal expression of Cx32
is involved in the pathogenesis of CMTX. To evaluate this possibility, we
generated transgenic (TG) mice that express the human Cx32 gene from a 1.1
kB rat Po promoter, which has been shown to be active only in myelinating
Schwann cells. Male TG+ mice were bred with cx32-null female mice. All of the
male offspring were null for the endogenous cx32 gene; half were TG+ and half
were TG-. Immunostaining and immunoblot analysis confirmed that Cx32
expression was restricted to myelinating Schwann cells in TG+ mice. The
roots, sciatic and femoral nerves were examined at 3, 5, 8, and 12 months of
age by light and electron microscopy. At every age, male TG+ mice had fewer
demyelinated and remyelinated fibers than their TG- littermates, demonstrating
that the expression of Cx32 transgene in the myelinating Schwann cells of
cx32-null mice prevents the development of demyelination.
Supported by the NIH (NS08075), the MDA, and the MSTP.

190.7

190.8

EXPRESSION OF A MEMBRANE-SKELETAL PROTEIN (CNPase) IN
OLIGODENDROCYTES AND MYELIN OF THE DEVELOPING AND MATURE
OLFACTORY BULB. S.S. Gomes2, P.C. Barradas1 and L.A. Cavalcante2*. ’instituto
de Biologia - UERJ, 2Programa de Neurobiologia, Instituto de Biofisica, CCS, UFRJ,
21941-590 Rio de Janeiro, Brazil.
The olfactory bulb (OB) presents a unique pattern of acquisition of primary
afferents and intemeurons throughout an animal’s entire life. Thus, there is much
interest in the source and routes taken by OB glia. To approach this question, we
have studied the expression of CNPase, a protein related to axonal ensheathment, in
the OB of maturing and adult rats. We used rats aged from postnatal days 3 to 60 (P3
to P60) and adults. CNPase expression was tested in perfusion-fixed, frozen sections
with a monoclonal antibody (MAb) against embryonic and adult isoforms (Sigma).
Ab binding was detected by the biotin/avidin/peroxidase method or with a Cy3tagged secondary antibody. In mature animals, CNPase immunoreactivity showed
cells with typical morphology of oligodendrocytes. In contrast with other regions
such as the neocortex (cf. Barradas, P.C. et al., J. Neurocytol. 27: 15, 1998), OB
satellite oligodendrocytes were strongly reactive. In developing animals, the first
CNPase+ cells were found in the caudal portion of the lateral olfactory tract (lot) in
P6-P7. However, their number was small in comparison with other brain regions.
Several cells with CNPase+ somata and processes were observed in all OB regions
except for the glomerular (GLL) and granular (GrL) layers in P12. Thick reactive
profiles (myelinated dendrites?) appeared in GLL in P18 and staining of all regions
appeared adult-like from P37. The results show that CNPase expression is more
precocious than that of other oligodendroglial markers in OB and confirm the
regional heterogeneity of oligodendrocytes. The caudo-rostral gradient of CNPase
expression may be due to migration of oligodendroglial precursors from unidentified
caudal sources.
[Support: PRONEX 052-97, FAPERJ, CNPq and CEPG / UFRJ]

DIFFERENTIAL MYELINATION OF DEVELOPING AVIAN CILIARY
GANGLION NEURONS REGULATED BY ACTIVIN A. A,T, Ho* and R.
Nishi, Dept. of Cell & Developmental Biology, Oregon Health Sciences Univ.,
Portland, OR 97201.
The maturation of neurons in the peripheral nervous system is often dependent
on factors released from the neuronal targets. Composed of only choroid and
ciliary neurons, the simplicity and the well characterized biology of the chicken
ciliary ganglion (CG) has been an ideal system for studying such neuron/target
interactions. The choroid neurons which are not myelinated innervate the vascular
smooth muscles of the choroid layer and express somatostatin as the neuropeptide
modulator of ACh release. On the other hand, the ciliary neurons which are
myelinated innervate the striated muscles of the iris/ciliary body and do not
synthesize somatostatin. Previous studies in our lab have shown that the
preferential expression of somatostatin by the choroid neurons was regulated by the
action of activin A (AA) released from the choroid target. Though the ciliary target
synthesized AA, the expression of the inhibitor follistatin in the same tissue
prevented the AA from acting on the ciliary neurons. Our current studies indicate
that the preferential expression of the myelin marker, P0, around the somata of
ciliary neurons coincides with the developmental expression of somatostatin in the
CG. Furthermore, our in vitro experiments suggest that AA inhibits the initial
association of Schwann cells to the CG neurons. Thus, we are presently testing
the hypothesis that AA from the choroid target preferentially inhibits the
myelination of choroid neurons in vivo. By using replication competent retroviral
delivery system (RCAS-BP), we have overexpressed either AA or follistatin in the
CG target tissues of the developing chicken embryos to determine whether changes
in AA activity can alter the preferential myelination of the ciliary versus choroid
neurons. (Supported by NS25767)
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EXPRESSION PATTERN OF OLIGODENDROGLIAL-ASSOCIATED
REGULATORY FACTORS DURING CNS REMYELINATION
F.J. Sim1,2, S.A. Shields2, G.L. Hinks2, R.J.M. Franklin2. (SPON: British
Neuroscience Association) ’Dept. of Anatomy, Univ. of Cambridge; 2Dept. of
Clinical Veterinary Medicine, Univ. of Cambridge, Madingley Road, Cambridge,

COMPARISON OF THE EXPRESSION LEVELS OF GROWTH FACTORS
KNOWN TO INFLUENCE THE OLIGODENDROCYTE LINEAGE, DURING
REMYELINATION OF DEMYLINATING LESIONS IN YOUNG AND AGED
RATS SPINAL CORD. G.L. Hinks* AND R.J.M. Franklin. Dept. of Clinical
Veterinary Medicine, Univ. of Cambridge, Cambridge CB3 OES, UK.
The rate of remyelination following gliotoxin-induced demyelination is much
slower in old than young adult rats. The reason for this age-related decrease in
remyelination rate is not known. One possibility is that changes in the pattern of
growth factor expression can influence the behaviour of adult oligodendrocyte
progenitors, and may therefore be important for orchestrating remyelination. To test
this hypothesis we have compared the expression of Platelet-Derived Growth
Factor-A (PDGF-A), Fibroblast Growth Factor (FGF-2), Insulin Growth Factor
(IGF-I) and Transforming Growth F actor-31 (TGF-p 1) mRNAs during
remyelination of lysolecithin-induced demyelination in young (<6 months) and old
rats (>12 months) by quantitative in situ hybridisation using 35S-labelled
oligonucleotide probes. In young rats, both IGF-I and TGF-P 1 show increased levels
of mRNA expression that peak at 10 days, when new myelin sheaths appear, and
then decline to control levels by 21 days when remyelination is complete. By
contrast, expression levels in old rats increase more gradually and at 21 days, when
the lesions are poorly remyelinated, are still below the peak mean levels of young
rats. PDGF-A mRNA levels increase more rapidly in young animals, with
considerably elevated levels compared with those in young animals at 5 days,
although thereafter the levels of expression are similar. The levels of expression of
FGF-2 have a similar pattern in both groups. These results suggest that differences
in IGF-I, TGF-p 1 and PDGF-A expression may account for age-related differences
in remyelination, further suggesting a role for growth factors in orchestrating this
important repair process in the CNS. This work was funded by The Wellcome Trust.

CB3 OES. UK

Although morphological phenomena associated with remyelination are now well
characterised, the molecular mechanisms that underlie these processes remain
unclear. A number of regulatory nucleic acid-binding proteins have been implicated
in the control of myelination and the differentiation of cells in the oligodendroglial
lineage. In this study we have compared the mRNA expression of regulatory factors
using a model of CNS remyelination that undergoes either rapid or delayed
remyelination depending on the animals age. Demyelinated lesions, which undergo
spontaneous remyelination, were induced by stereotaxic injection of ethidium
bromide into the caudal cerebellar peduncle of adult rats. Previous analysis of these
lesions revealed an age-related decrease in the tempo of spontaneous remyelination.
This observation enables a molecular and morpholgical correlation between
expression of mRNAs and stage of the remyelination process. Oligonucleotides
specific for myelin basic protein (MBP) and a number of oligodendroglial regulatory
factors were used for in situ hybridisation analysis Using film autoradiography,
optical density measurements were taken from the lesion area for semi-quantitative
analysis. MBP expression was found to have distinct expression patterns between
young (8-10 weeks) and old (8+ months) animals and this correlated well with the
difference in extent of remyelination as determined by histological analysis. The
expression pattern of regulatory protein mRNAs from the POU III class of
homeodomain proteins, quaking I and glial- and testis-specific homeobox gene were
examined and found to have distinct patterns of expression
during rapid and
delayed remyelination. These data suggest key roles for these regulatory proteins
during myelin repair in the CNS. This work was funded by the Wellcome Trust and
the MRC.
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RAPID DOWN-REGULATION OF MYELIN PROTEIN MESSAGES IN
MATURE BRAIN OLIGODENDROCYTES BY INTERFERON-y USING
DIRECT MEASUREMENT WITH QUANTITATIVE COMPETITIVE RT-PCR.
D. Chen1, N.D. Borson2, R. Courtney1. M. Rodriguez2 and S.F. Hunter*1. Dept.
Neurology, Vanderbilt Univ.1, 2201 Capers Ave., Nashville, TN 37212, and
Mayo Clinic2, 200 1st St. SW, Rochester, MN 55905.
BACKGROUND: Immune cytokines have been suspected of regulating
development of myelinating oligodendrocyte (ODC) in pathological states such
as multiple sclerosis. Prior studies have not addressed this issue in ODC
derived from mature brains, which behave differently from neonatal ODC.
HYPOTHESIS: Interferon-y (IFNy), a key T-lymphocyte-derived, initiating
cytokine in the inflammatory cascade, can regulate transcripts of the proteolipid
protein/DM20 (PLP) and myelin basic protein (MBP) genes.
METHOD: A sensitive quantitation system for mRNA transcripts has been
developed based upon quantitative competitive reverse transcription
polymerase chain reaction (QCRT-PCR). The primers were tested for human,
rhesus, rat, rabbit, and mouse over a range of 102~109 mRNA transcripts per
reaction. Coefficient of variation was < 10.0%. Glyceradehyde-3-phosphate
dehydrogenase (GAPDH) was used as a control message. ODC-enriched
cultures from mature rat and human brain were treated with 0-300 U/ml IFNy for
24 h and total RNA extracted. mRNA was quantitated using 1-4 ng total RNA.
RESULTS: IFNy decreased MBP and PLP transcripts by 20-80% in a dosedependent fashion compared to GAPDH transcripts, both in the presence and
absence of platelet-derived growth factor-AA.
Paired cultures examined
immunocytochemically showed viable galactocerebroside+ ODC.
CONCLUSION: Key cytokines may regulate not only the immune response,
but also ODC lineage behavior in CNS inflammation. IFNy may be part of the
early pathology of demyelination, and its chronic presence could interfere with
the process of myelin repair. QCRT-PCR is sensitive and reproducible, making
it suitable for studying mature brain ODC from humans in vitro.
Intramural funding

DIFFERENTIAL REGULATION OF MBP-PROMOTED TRANSGENES
IN MYELINATING AND REMYELINATING SCHWANN CELLS. H. F.
Farhadi, R. Forghani, P. Valera, and A. Peterson*. Molecular Oncology,
RVH/ McGill, Montreal. 687 Pine Ave W. H3A 1 Al.
To investigate the regulation of MBP in Schwann cells, transgenic mice
were derived bearing a Lac Z reporter gene ligated to MBP 5' flanking
sequences. Typical of the endogenous MBP gene, some constructs expressed
to high levels in myelin forming Schwann cells and maintained readily
detectable B-galactosidase activity into advanced age. In striking contrast,
certain transgenes were totally silenced in nerves remyelinating after a crush
lesion. Lysolecithin-mediated demyelination revealed that Schwann cells
remyelinating intact axons also exhibit abrupt attenuation of transgene
expression. Similarly, when crossed with Tr-J mice, a mouse model of
human CMT disease in which Schwann cells continue to divide, transgenes
that expressed robustly during the initial stage of myelination were fully
silenced post-weaning. Comparisons between constructs that silence and
those that re-express suggest that elements mapping to the proximal MBP
promoter suppress transgene expression. To determine if this expression
program results from a change experienced by the Schwann cell during
primary myelination or from changes in axon signals or other physiological
parameters in young and mature hosts, heterochronic and heterotopic
transplantation studies have been initiated. Our observation raises the
possibility that different signaling pathways converge on myelin gene
promoters during primary development and regeneration thus contributing to
the protracted recovery from demyelinating lesions seen in the PNS and CNS
of mature animals.

190.13

190.14

DIFFERENT MOLECULAR MECHANISMS LEAD TO TREMBLER
AND TREMBLER-J PHENOTYPES IN MICE

MULTIPLE PATHWAYS ARE INVOLVED IN THE TURNOVER OF PMP22. L
Notterpek1*’ MX..Ry,aa1, A,,R,, Tohter1, LMJGabiisl2 and EMJtosr1- lDept.
of Neurobio., Stanford Univ. School of Med., Stanford, CA94305 and ^Dept. of
Medical Biochem., Centre Med. Univ., Geneva, Switzerland.
Peripheral myelin protein 22 (PMP22) is a 22kD glycoprotein expressed by
Schwann cells. Duplications or deletions of the PMP22 gene locus are associated with
heritable peripheral neuropathies. We have shown that in non-myelinating and
myelinating Schwann cells the majority (80%) of the newly synthesized PMP22 is
rapidly degraded with a half life of ~30 min. These pulse-chase studies and the dosage
sensitivity of PMP22 in peripheral neuropathies suggest that the correct level of
PMP22 protein is critical for Schwann cell functioning. We extended our initial
protein turnover studies to investigate the mechanism by which PMP22 is degraded in
Schwann cells. Incubation for 16h with N-acetyl-L-leucyl-L-leucinyl-norleucinal
(ALLN), an inhibitor of the proteasome pathway, resulted in dramatic accumulation of
PMP22 in the perinuclear cytoplasm, implicating the proteasome pathway in PMP22
degradation. Double immunolabeling with an anti-ubiquitin antibody suggest that a
fraction of the accumulated PMP22 is ubiquitinated. Indeed, after immunoprecipitation
with anti-PMP22 antibodies and subsequent anti-ubiquitin Western analysis we were
able to detect mono-ubiquitinated PMP22 molecules in both untreated and ALLN
treated samples. Similarly, a 16h treatment with chloroquine, an inhibitor of the
lysosomal pathway, led to the accumulation of PMP22 in anti-iysosome antibody
immunoreactive intracellular vesicles. However, inclusion of chloroquine, or ALLN,
or lactacystin during the lh chase period in the pulse-chase studies had only a small
effect on the half life of PMP22. In comparison, when brefeldin A, an agent that is
known to block the export of proteins from the ER, was included in the chase
medium essentially all of the labeled PMP22 was retained. Together these studies
suggest that various intracellular degradative pathways are involved in the regulation
of PMP22 protein levels. Supported by funds from the American Philosophical
Society, the NIH (NS04270) and the Muscular Dystrophy Association.

A.R, Tobler^ L.A. Mueller2. M.C, Ryan1. L, Notterpek1, E.M- Shooter1 . 1 Dept.
of Neurobiology, 2 Dept. of Biological Sciences, Stanford University, Stanford, CA
94305
Peripheral myelin protein 22 (PMP22) is a hydrophobic 22 kDa integral membrane
protein expressed in Schwann cells. Mutations in the PMP22 gene account for a
minor set of dominantly inherited peripheral neuropathies in humans (CMT1A) and in
mice (Trembler (Tr) and Trembler-J (TrJ)). The most prominent difference between the
Tr and TrJ phenotypes is that the homozygous Tr mice are long-lived, whereas the
homozygous TrJ mice die around postnatal day 18. The Tr and TrJ mutations are
located in the fourth and first putative transmembrane domains of PMP22. The
transport of both mutant proteins to the membrane is blocked intracellularly. We
recently showed that wild-type and TrJ-mutant PMP22 proteins form homo- as well
as heteromeric complexes. Our current goal was to determine the stoichiometry of the
PMP22 oligomers and the influence of mutations on oligomer formation. Crosslinking studies in COS7 cells expressing PMP22 indicate that PMP22 forms
homodimers. This was confirmed by gel filtration chromatography of lysates in RIPA
buffer from transfected COS7 cells showing that wild-type PMP22 elutes as both
monomers and dimers. Analysis under the same conditions of lysates from COS7
cells expressing TrJ-mutant PMP22 showed that most of the TrJ-PMP22 elutes as a
monomer, indicating that the ability of PMP22 to dimerize is affected by the TrJ
mutation. In contrast, Tr-PMP22 eluted over a wide range of fractions with molecular
weights up to 500 kDa, suggesting that non-specific aggregation of PMP22 may be
induced by the Tr mutation. These results demonstrate different molecular
consequences induced by the Tr and TrJ mutations in the PMP22 gene. They offer a
potential explanation for the differences between the Tr and TrJ phenotypes in mice.
Supported by NIH (NS04270) and the Muscular Dystrophy Association
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IN VITRO ANALYSIS OF THE PMP22 N-LINKED CARBOHYDRATE
MOIETY. M.C. Ryan. L, Notterpek. A.R. Tobler and E.M, _Shooter*, Dept. of
Neurobiol., Stanford Univ. Sch. of Med., Stanford, CA 94305-5125.
Peripheral myelin protein 22 (PMP22) is a 22kDa glycoprotein expressed in
compact myelin of the peripheral nervous system and found to be integral to the
pathogenesis of certain demyelinating neuropathies. This tetra-span protein is posttranslationally modified from an 18kDa protein by N-linked glycosylation. The
function of the oligosaccharide moiety is not understood although there is speciesspecific expression of the adhesion-related L2/HNK-1 epitope within the
carbohydrate. To examine possible functions of the PMP22 oligosaccharide, Myctagged mouse PMP22 cDNA was subjected to PCR site-directed mutagenesis to alter
the N-linked glycosylation consensus sequence. The resulting mutant cDNA was
transiently transfected into cultured rat Schwann cells (RSCs) for Western analysis,
immunofluorescence and pulse chase studies. Western analysis using an anti-Myc
antibody revealed an 18kDa protein which was not affected by PNGase F treatment
confirming the lack of N-linked carbohydrate. Double immunolabeling studies
showed identical compartmentalization of both mutant and wild-type proteins with
both proteins observed on the Schwann cell membrane, suggesting that the
carbohydrate is not involved in membrane targeting. The effect of the mutant protein
on oligomerization was also investigated. In these studies, Myc- and hemaglutinin
(HA)-tagged wild-type and/or mutant proteins were co-transfected into RSCs and
immunoprecipitated with the anti-Myc antibody.
Western analysis of these
precipitates showed the presence of the HA-tagged proteins suggesting that the
mutant protein is able to form oligomers with the wild-type protein and with itself,
thus implying that the carbohydrate is not required for oligomerization. Finally,
pulse chase analysis revealed that the Myc-tagged mutant protein was degraded at a
similar rate to the Myc-tagged wild-type protein. These studies suggest that the
carbohydrate moiety does not affect a number of intracellular properties of PMP22 in
vitro. Further studies are required to determine the effect on other possible functions
of PMP22, such as adhesion.
Supported by funds from the NHMRC
(Australia) to MCR, the NIH (NS04270) and the Muscular Dystrophy Association.

PMP22 AND Po GENE EXPRESSION: INFLUENCE OF PROGESTERONE
DERIVATIVES. V. Magnaghi1, I. Cavarretta1. I. Zucchi2. P. Bovolin3, D. D’Urso4,
L. Martini1 and R.C. Melcangi1*. ‘Dept. of Endocrinology, Univ. of Milan, Milan,
Italy;2CNR-ITBA, Milan, Italy; ’Dept. of Human and Animal Biology, Univ. of
Turin, Turin, Italy; 4PH-R CNS Research, Bayer, Wuppertal, Germany.
Recently the effects of progesterone (P) and of its physiological metabolites,
dihydroprogesterone (DHP) and tetrahydroprogesterone (THP) have been analyzed
on the gene expression of two important peripheral myelin proteins, the peripheral
myelin protein 22 (PMP22) and protein Po (Po). The data indicate that only THP,
given in vivo, is able to stimulate the gene expression of PMP22 in the sciatic nerve
of adult male rats. THP is also effective in cultures of rat Schwann cells. The effect
of this steroid, which interacts with the GABAa receptor, is not surprising, since we
have shown the presence in the sciatic nerve and in Schwann cells, of the
messengers for several subunits (a2, a3, $1, p2 and 33) of this receptor. THP is also
able to stimulate the gene expression of Po, both in the sciatic nerve after in vivo
treatments, and in Schwann cells in culture. Contrary to what happens for PMP22, in
the case of Po, also P and DHP stimulate the messenger levels of this myelin
protein. Since we have shown that, the sciatic nerve of adult male rats and Schwann
cells express the messenger for the progesterone receptor (PR), we propose that the
effect of P and DHP on Po are due to the direct interaction with the PR. In this case,
also the effect of THP can be explained by an interaction with the PR after its retroconversion to DHP. In conclusion, the present data show that the gene expression of
two important peripheral myelin proteins can be influenced by P derivatives possibly
via the interaction with different type of receptors (GABAa and PR). These data
open multiple possibilities for new therapeutic approaches to demyelinating
diseases, in which PMP22 and Po levels are modified: (The financial support of
Telethon Italy, grant n° E.765, is gratefully acknowledged).

190.17

190.18

EXPRESSION OF A NOVEL PLP/DM20-RELATED PRODUCT IN THE
DEVELOPING NERVOUS SYSTEM OF THE MOUSE. E.C. Jacobs*, E.R.
Bongarzone. C.W. Campagnoni, K. Kampf, and A.T. Campagnoni.
Neuropsychiatric Institute and Brain Research Institute, UCLA Medical School,
760 Westwood Plaza, Los Angeles, CA 90024.
We have recently identified a new exon, located between exons 1 and 2, in the
mouse PLP/DM20 gene. Exon 1.1 is spliced in frame to create a new translation
initiation site that generates PLP and DM20 proteins with a novel 12 amino
acid sequence at their N-termini. These new products are designated
srPLP/DM20, for somal restricted PLP/DM20. Unlike the classical (c) PLP and
DM20 proteins, the srPLP/DM20 products are located in the cell bodies of
oligodendrocytes as well as in a number of neuronal populations including the
cerebellum, hippocampus and olfactory system. In situ hybridization with
riboprobes specific for either cPLP/DM20 or exon 1.1 was used to compare the
expression of srPLP/DM20 with cPLP/DM20 in the developing mouse brain.
Expression of srPLP/DM20 was detected as early as Pl with maximum
expression occurring at Pl4. Although expressed at much lower levels, the sr
products, like the cPLP/DM20, were detected primarily in white matter tracts
and followed a caudal to rostral progressive pattern of expression paralleling
that ofmyelination. By P14, labeled neurons were detected in the hippocampus
and within the internal granule cell layer and purkinje cells of the cerebellum.
Thus, these new products of the PLP/DM20 gene appear to be expressed in
selected neurons as well as oligodendrocytes in the developing mouse brain.
(Supported by NIH grant NS23022 and MS Society grant PP0556).

AXONOPATHY AND PROGRESSIVE LOSS OF WHITE MATTER
IN MICE LACKING MYELIN PROTEINS PLP/DM20 AND MAG
M.Klugmann*, LR, Griffiths, T, Anderson, and K.-A, Nave
ZMBH, University of Heidelberg, D-69120 Heidelberg, Germany and
University of Glasgow, UK.
Proteolipid protein (PLP) and its isoform DM20 are major membrane
proteins of CNS myelin. Whereas point mutations of the X-linked
PLP/DM20 gene cause dysmyelination in mouse and man (PelizaeusMerzbacher Disease), transgenic mice which completely lack PLP and
DM20 assemble compacted myelin sheaths. However, aged PLPdeficient mice develop axonal swellings and degenerations throughout the
CNS. As these swellings do not occur in normally unmyelinated axons
we have hypothezised that glial signal(s) make myelinated axons
dependant on a supportive glial function(s) which involves PLP. With its
adaxonal localization, myelin associated glycoprotein (MAG) is a glial
candidate molecule to mediate signals. As previously reported, mouse
mutants lacking MAG are well myelinated, but as shown here
PLP*MAG double mutants are quite severely affected: they develop
much earlier signs of CNS demyelination as either parental singlemutant, including a strong astrocytosis and some microglia activation.
Double mutants are atactic from 2 weeks of age (yet viable and fertile)
and a hydrocephalus becomes visible at 4 months, presumably secondary
to the progressive white matter loss. The overall pattern of axonal
changes is similar to that seen in PLP-deficient mice but with earlier onset
and more CNS regions involved. This unexpected cooperation of PLP
and MAG suggests that both membrane proteins are involved in the
maintenance of myelinated fibers and long-term glial-axonal
communication (Supported by grants from Action Research and DFG).

190.19

190.20

CHARACTERIZATION OF MYELIN PROTEINS DURING LIGATION OF THE
SCIATIC NERVE IN THE RAT C.P. Setton-Avrui1, C. Goedelmann1, J.M. Pasquini1,
E.F. Soto1*, and M.J. Villar2. ’Department of Biochemistry, Faculty of Pharmacy and
Biochemistry, University of Buenos Aires - IQUIFIB-CONICET, Junta 956, 1113,
faculty of Biomedical Sciences, Austral University, Buenos Aires, Argentina.
Myelin basic proteins (MBPs) and Po, are major proteins which account for about 6070% of total myelin protein content in peripheral nervous system. In several reports
some MBPs have been related to mechanisms of nerve regeneration. In this work we
have analyzed using immunohistochemistry possible variations in the expression of
MBPs and Po in the sciatic nerve after ligation. Young (17 d) and adult (70 d) rats were
subjected to sciatic nerve ligation during 3, 7 or 14 days. The animals were perfused
and the contralateral as well as the proximal and distal regions of the ligated sciatic
nerve were processed with antibodies against MBPs and Po. Electrophoretic studies
using SDS-PAGE gels of isolated myelin were also performed. Immunostaining for
MBPs showed a normal pattern of myelin organization in contralateral sciatic nerves
both, in young and adult animals. After ligation accumulation of the marker was seen
distally. At three days of survival, clusters of MBP-like immunoreactivity (LI)
appeared, which progressively increased with longer postligation times. In the
proximal part of the ligated sciatic nerve immunoreactions indicated a decrease in the
expression of MBP-LI after 7 days of survival with restoration to a normal pattern at
14 days. Po immunostainings followed the same variations in expression as described
for MBPs-LI. However, in sciatic nerve ligated young rats, clusters with P0-LI reached
a peak at 3 days in the distal part of the nerve. Afterwards, the number of clusters
diminished with a progressive decrease in the intensity of Po immunostaining at 7 and
14 days qf survival. These results show a differential .response between MBPs and Po
to peripheral nerve ligation in young rats. The decrease in P0-LI denotes that in these
rats, its rate of degradation is faster than the one observed for MBPs. SDS-PAGE gels
of isolated myelin indicated the appearance of a distinctive band in the low molecular
weight zone in the distal ligated nerve. Further research will be necessary to elucidate
fee identity of this band. Supported by CONICET, UBA and Austral University.
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INCREASED PROLIFERATION OF NG2+ GLIAL CELLS IN JIMPY SPINAL
CORD IS ACCOMPANIED BY ELEVATED LEVELS OF CHEMOKINE KC.
Qian Wy1, Robert H. MiltedJfohffldM BansQhQff1, Shenandoah Robingon2, and
AkikQ.Ni&hiyama1,3*

’Dept. of Neurosciences, Cleveland Clinic Foundation, Dept. of Neurosciences,
Cleveland, OH, 2Case Western Reserve University, 3Dept. of Physiology &
Neurobiology, Univ. of Connecticut, Storrs, CT.
The dysmyelinating mutant jimpy (jp) arises from a point mutation in the
mouse gene encoding proteolipid protein and results in oligodendrocyte death and severe
dysmyelination. We used this mutant mouse model to investigate how proliferation of
oligodendrocyte progenitor cells is regulated in fee postnatal spinal cord.
Oligodendrocyte progenitor cells were identified by fee expression of fee NG2
proteoglycan and the alpha receptor for platelet-derived growth factor (PDGF aR). At
postnatal day 18, jp spinal contained a three- to six-fold greater number of proliferating
oligodendrocyte progenitor cells than wild type (wf) spinal cord. Increased proliferation
in jp spinal cord was accompanied by a two-fold increase in fee number of progenitor
cells. Semi-quantitative reverse transcriptase-polymerase chain reaction revealed no
change in fee level of mRNA encoding PDGF A, transforming growth factor 3, or
insulin-like growth factor-I, all of which have been implicated as regulators of
proliferation and differentiation of oligodendrocyte progenitor cells. However, there was
a 17-fold increase in fee level of mRNA encoding fee chemokine KC in fee jp spinal
cord. Double immunofluorescence labeling revealed elevated levels of KC in reactive
astrocytes in jp spinal cord white matter. Furthermore, low molecular weight extracts
from jp spinal cord supported proliferation of oligodendrocyte progenitor cells in culture.
These findings suggest a novel mechanism by which proliferation of oligodendrocyte
progenitor cells is regulated in fee postnatal spinal cord.
Supported by grants from NIH (NS35136) and NMSS (RG2826) to A.N.
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ARE THE MORPHOLOGICAL ABNORMALITIES IN OLIGODENDROCYTES
OF THE LONG EVANS SHAKER RAT DUE TO INTERACTIONS WITH
MICROGLIA ? J.L, Carre. S.C, Zhang. I.P. Duncan *. School of Veterinary
Medicine, Dept of Medical Science, University of Wisconsin, Madison, 53706.
The Long Evans shaker (les) rat mutation has been characterized as the insertion of
a retrotransposon within the myelin basic protein (MBP) gene that results in a total
lack of MBP and severe dysmyelination of the central nervous system (CNS).
Previous ultrastructural observations showed that oligodendrocytes (Ols) of the les
rats develop an accumulation of vesicles and membranous bodies without abnormal
cell death. To determine whether these morphological changes also develop in vitro
and study the potential mechanisms of their development, we have used two different
systems of cultures of the OLs : a density gradient separation of the cells followed by
a monolayer culture that produces a mixed culture predominating in OL progenitors
(>85%), and the floating “oligosphere” preparation that contains pure OL progenitors
(Zhang et al., 1998). When extracted from les CNS using the gradient technique and
cultured in differentiating medium, OL progenitors exhibit striking abnormalities
after 1 to 2 weeks in culture. Vesicles appear in the cytoplasm that increase in size
until the cytoplasmic membrane is swollen in a “bubble” shape; however les OL
progenitors survive as long as control cells. In addition to these morphological
changes, a significant microglia proliferation was observed in these cultures of OL
progenitors either by counting or by BrdU incorporation. In contrast to the mixed
cultures, oligosphere cultures that represent a pure population of progenitors, when
plated in the same conditions, never develop this type of morphological changes.
However when conditioned medium from les microglia is added to les oligospheres,
abnormalities develop in les OLs.
It appears therefore that the interaction between soluble factors produced by
microglia and les OLs are required for the in vitro abnormalities to occur, although
the mechanism is not yet understood. (Supported by NMSS grant RG2927)

DEVELOPMENTAL DISORDERS: ENVIRONMENTAL AND GENETIC MODELS

191.1

191.2

INTRA- AND INTER-HEMISPHERIC CHANGES IN WHISKER
BARREL FIELDS ASSOCIATED WITH NEONATAL FREEZING
LESIONS OF THE CORTICAL PLATE. G.P, Rosen.* H, Windzio.
id A.M, Galaburda. Beth Israel Deaconess Medical Center and
arvard Medical School, Boston, MA 02215.
Freezing lesions of the developing cortical plate lead to a
malformation resembling human 4-layered microgyria. This
malformation has been snown to disrupt corticocortical connectivity as
well as thalamocortical and corticothalamic connectivity (Rosen &
Galaburda Soc. Neurosci. Abstr., 1998;24:561). Induced
malformations in the barrel field have been shown to disrupt barrel
formation (Jacobs et al. Soc. Neurosci. Abstr., 1997; 23: 811). We
examined barrel formation in induced malformations, and because the
latter are associated with abnormal callosal connections, we examined
the barrels in the opposite hemisphere.
We induced microgyria in the presumptive whisker barrel field pf
rats by placing a freezing probe on their skulls on the first day of life
for 5s. In adulthood, we narvested the brains from these animals,
flattened the cortex, tangentially sectioned the brain, and stained the
sections with cytochrome oxidase for visualization of the barrels.
Barrels were traced in both the lesioned and unlesioned hemispheres.
As described previously, freezing lesions to the presumptive barrel
fields caused massive distortion, if not outright destruction, of the
barrel field in the adult. In the opposite hemisphere, we noted an
increase in the size of the barrel field of approximately 11% when
compared to controls (4.77 ± 0.22.mm2 vs.4.27 ± 0.10 mm2; P <
.05). In addition, there were occasional barrels missing in the
unlesioned hemisphere, whereas in every control, all primary whisker
barrels could be located. These results support the notion that there are
widespread changes throughout the brain following focal
developmental injury. (Supported, in part, by HD20806).

CALCIUM-ACTIVATED PROTEOLYSIS IN WHITE MATTER
OF RATS WITH HYDROCEPHALUS.
M. R. Del Bigio* Dept. of Pathology, University of Manitoba,
Winnipeg, Canada R3E 0W3
Hydrocephalus is a pathological dilatation of the cerebral
ventricles that results in damage to white matter. Because both
ischemic and traumatic brain injury are associated with
calcium-dependent-activation of proteolytic enzymes, we
hypothesized that acute hydrocephalus would have similar
changes. Hydrocephalus was induced in 3 week old and adult
rats by injection of kaolin into the cisterna magna. Perfusion
magnetic resonance imaging 1 week after kaolin injection
showed that blood flow was reduced 41% in white matter of
adult rats. Free calcium ion was detected focally by
histochemical means in white matter of young and adult rats.
Proteolytic cleavage of fluorogenic calpain substrate was
demonstrated more diffusely in white matter. Western blots
showed increased //-calpain (I) in white matter of young (355%)
and adult (128%) rats. Cleavage products of spectrin were also
detected. In cerebrum of young rats, m-calpain (II) was
diminished, perhaps related to a nutritional deficit. These data
suggest that Ca++ - activated proteolysis might contribute to
axon injury in periventricular white matter of hydrocephalic
brains. (Funded by Manitoba Health Research Council)

191.3

191.4

INTRAUTERINE INFLAMMATORY RESPONSE CAUSES HEMORRHAGES IN
THE BRAINS OF DEVELOPING RATS. M.J. Bell *'2*, K.B. Nelson3, J.M.
Hallenbeck2. ’Children’s National Medical Center, Washington, DC, 20010, 2Stroke
Branch and 3Neuroepidemiology Branch, NINDS, NIH, Bethesda, MD 20892.
Cerebral palsy is a life-limiting disability that affects thousands of children each
year and is frequently associated with periventricular hemorrhages and periventricular
leukomalacia’. An association between the maternally derived inflammatory response
to intrauterine infection and neonatal brain damage to white matter has been
suggested2’3. The development of clinically relevant animal models of intrauterine
inflammation may lead to the determination of the pathophysiologic mechanisms
responsible. We injected LPS into the cervix of rats at 15 days gestation (El5) under
direct visualization to create an intrauterine inflammatory response. A dose-response
study was performed and 0.1 mg/kg was found to have minimal fetal mortality (4%).
Lewis and Fischer-344 (F344) rats were chosen due to their differing immune
responses to inflammatory stimuli4. F344 and Lewis rats (n = 6/strain) were
randomized to receive intracervical injection of 0.1 mg/kg LPS or saline control. On
E20, the fetuses (n = 48/strain) were harvested, brains were immersion fixed in
paraformaldehyde and mounted in paraffin.
Sections (7pm) were cut at 5
predetermined regions within the brains, stained with hematoxylin and eosin and
periventricular hemorrhages (extravascular collections of >10 RBC’s) per brain were
determined by a blinded observer. Treated F344 rats had significantly more
hemorrhages vs. control (mean ± SEM; 3.56 ± 0.45 vs. 0.44 ± 0.12, p < 0.0001, t-test).
Treated Lewis rats did not differ vs. control (0.63 ±0.10 vs. 0.53 ± 0.10, p = ns).
These data suggest that the intrauterine response to LPS elicits damage in the
periventricular region of rats. This preliminary data suggests a role for the
neuroendocrine axis in the development of white matter lesions in developing brain
though further study is needed. References: ’j Child Neurol 4:291-298, 1989; 2JAMA
278:207-211,1997; 3Ped Res 42:1-8, 1997; 4J Neuroimmunol 74:95-101, 1997.

PREVENTIVE EFFECT OF 8-OH-DPAT, A 5-HT,A RECEPTOR
AGONIST, ON THE PRENATAL ISCHEMIA-INDUCED LONG-TERM
CHANGES IN BEHAVIOR AND NEUROCHEMISTRY IN RATS.
S. Lee*, J.W. Jahng, G.T. Kim and D.G. Kim. Dept. of Pharmacology and
Yonsei Brain Research Institute, Yonsei Univ. Coll, of Med. Seoul 120-752,
Korea
We have previously found that neonatal hypoxia resulted in altered behavior
and neurochemistry at adulthood, and treatment with NAN-190, a 5-HTIA
receptor antagonist, prior to the hypoxic insult aggravates the effects of
neonatal hypoxia. This study aimed to determine whether activation of 5-HT(A
receptors during ischemic period prevents the long-term effects of transient
intrauterine ischemic stress. Uterine vessels were ligated for 30 min on
gestation day 17. 8-OH-DPAT (50 //g/kg, i.p.) was injected to dam 30 min
prior to the ligation. Pups were delivered normally and fostered to non-handled
mothers. The prenatal ischemia did not change developmental indices of the
pups. When they reached 2 months of age, decreased motor coordination was
found by the Rota-rod test in the ischemia-experienced group, and 8-OH-DPAT
prevented this behavioral alteration. Prenatal ischemia resulted in changed
concentrations of 5-HT and 5-HIAA in various brain regions of 3 month-old
rats. 8-OH-DPAT ameliorated these neurochemical changes in various brain
regions. Moreover, prenatal ischemia increased Bmax value of [3H]8-OH-DPAT
binding, and again, 8-OH-DPAT attenuated this change in receptor density.
These data indicate that transient intrauterine ischemia results in long-term
behavioral and neurochemical alterations, and suggest that an activation of
5-HTiA receptors during ischemic period prevents the long-term effects of
transient intrauterine ischemic stress. Supported by the KOSEF for 95-0403-07-01-3.
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191.6

SEROTONIN DEFICIENCY AFFECTS DEVELOPMENT OF
MAMMALIAN NEOCORTEX. V.A. Otellin* and L.I.Khozhay.
Dept. of Morphology, Institute of Experimental Medicine, Russian
Acad. Med. Sci., St. Petersburg, 197376, Russia.
Development of fetal neocortex in mice during serotonin-deficient
pregnancy was studied. p-Chlorophenylalanine (PCPA) was used to
cause a prolonged depletion in serotonin level by 60-80%. PCPA
was administered to females on gestational day 8, during the initial
period of intensive formation of the nervous system. The neocortex
was
investigated
using
complex
of histological
and
immunohistochemical methods in gestational and postnatal periods
(E 18, P 1, P 5, P 8, P 17, P 20).
Deficiency of serotonin was shown to affect proliferation and,
possibly, migration of neuroblasts. An underdevelopment of all the
cortical layers of the brain was found following serotonin-deficient
gestation. Deep layers (V-VI) were most affected with sharply
decreased density of distribution, disturbed orientation and delayed
differentiation of majority of neural cells, including pyramidal
neurons. Differentiation of glial cells was delayed also as results of
GFAP-immunohistochemistry shows. Results obtained suggest that
serotonin is needed for a complete realization of the neural tissue
developmental program during period of intensive formation of the
nervous
system.

BRIEF ETHANOL EXPOSURE DURING SYNAPTOGENESIS LEADS TO
INCREASED PAIN SENSITIVITY IN ADULT MALE RATS. R.E, Hartman *,
A. Nardi1, V. Jevtovic-Todorovic12. C. Ikonomidou3. J.W. Olney1, and D.F.
Wozniak1 Depts. Psychiatry and 2Anesthesiol. Washington Univ. Sch.
Med., St. Louis, MO 63110, 3Ped. Neurol., Charite, Humboldt Univ.,
Berlin, Germany.
Brief pharmacological blockade of the N-methyl-D-aspartate (NMDA)
subtype of glutamate receptor during synaptogenesis by drugs of abuse
such as phencyclidine and ethanol induces widespread apoptotic
neuronal death in the rodent brain (Wozniak et al., 1998, Soc. Neurosci.
Abst., 24: 2168). In the present work we studied the behavioral effects of
briefly exposing rat pups to moderate levels of ethanol on postnatal day
7. Pups of both sexes received subcutaneous injections of either ethanol
(ETOH; n = 23) or saline (CON; n = 22) so that a blood ethanol level of
200 mg% was maintained for at least 4 hours. Although ETOH rats of
both sexes displayed sensorimotor changes and hypoactivity during
development, and altered emotionality in adulthood as measured by a
test of neophobia, the most striking deficit observed was a hypersensitivity
to painful thermal and mechanical stimuli exhibited by ETOH males.
Specifically, ETOH males showed significantly decreased latencies in
hindpaw removal times (p = .003) when evaluated on the thermal paw
test at 5 and 5 1/2 months of age. ETOH males were also hypersensitive
to mechanical stimuli compared to CON males (p = .008) when
evaluated on a series of von Frey hairs at 9 months. No such differences
were found in thermal or mechanical sensitivity between ETOH and CON
females. Since synaptogenesis occurs during the last trimester of
gestation in humans when fetuses may be exposed to ethanol, our
research may provide a useful animal model for studying the fetal
alcohol syndrome. It may also provide information on the developmental
role of NMDA receptors in nociception. Supported by NIH grant
DA05072, DA00406.

191.7

191.8

PRENATAL EXPOSURE MODEL SIMULATING THE CO EXPOSURE IN
HUMAN CIGARETTE SMOKERS: COGNITIVE ALTERATIONS IN RAT
OFFSPRING. A. Giustino. R. Cagiano. T. Cassano. M. Tattoli, L. Steardo and V,
Cuomo*. Dept. of Pharmacology and Human Physiology, University of Bari, Italy
Prenatal exposure to cigarette smoke has been associated with long-lasting cognitive
impairments in children (Fried et al., Neurotoxicol. Teratol., 20(3), 293-306, 1998).
Since carbon monoxide (CO) is a constituent of cigarette smoke, the aim of the
present study was to investigate in rat offspring the influence of prenatal exposure to
this gas (75 and 150 ppm from day 0 to day 20 of gestation), resulting in maternal
HbCO levels equivalent to those found in the blood of cigarette smokers (Cagiano et
al., Br. J. Pharmacol. 125(4), 909-915, 1998), on novel object recognition task, a
relatively pure measure of working memory (Ennaceur et al., Exp. Brain Res., 113,
509-519, 1997). 10 Wistar dams per treatment group were used. 10 male pups per
group were subjected to the behavioral test. Results were expressed as median values
(M) and interquartiles (I) and statistical analysis was based on Kruskal-Wallis
ANOVA followed by Mann-Whitney U test or Wilcoxon-Paired Signed Rank test for
individual comparisons. Rats exposed to CO (75 and 150 ppm) during development
spent less time exploring two novel objects with respect to controls: H=14.1; df=2;
p<0.001. CTRL (M=41 sec; 1=29.5-46.5 sec); 75 ppm (M=19 sec; 1=11-26.5 sec); 150
ppm(M=17 sec; 1=7-27.5 sec). Lack of habituation upon the second presentation of
the objects was also found in CO (150 ppm) exposed offspring: H=17.3; df=2;
p<0.001. CTRL (M=5.5 sec; 1=3.2-10 sec); 75 ppm (M=2 sec; I=l-4.2'sec); 150 ppm
(M=8.5 sec; 1=2-18.2 sec). Moreover, CO (75 and 150 ppm) exposed rats did not
show any significant difference in the exploration time of the novel with respect to the
familiar object. Habituation and discrimination failure exhibited by CO exposed rats
could be due to altered mechanisms involved in attention and/or working memory
processes. Since these alterations have been produced by a prenatal exposure model
simulating CO exposure in human cigarettes smokers, the present data further point
out the large risk that the smoking mother poses for her offspring.
Supported by Cofinanziamento MURST 1997.

CEREBELLAR GRANULE CELL DEATH INDUCED BY LCM VIRUS IN
NEONATAL RATS IS LOBULE-DEPENDENT AND APOPTOTIC. DA
Bonthius*, J. Mahoney, G.W. Van Hoesen. S. Perlman. Departments
of Pediatrics and Neurology, Univ. of Iowa, Iowa City, IA 52242.
Lymphocytic choriomeningitis virus (LCMV) can severely damage
the developing human brain. LCMV infection of the neonatal rat
models the human condition and induces an acute destruction of the
cerebellum. These studies explored the patterns of infection,
pathology and behavioral deficits induced by the cerebellar
infection. Lewis rats were injected intracerebrally with 1000 pfu
of LCMV on postnatal day (PD) 4. Immunohistochemistry using an
anti-LCMV antibody revealed that Bergmann glia cells are the first
cells of the cerebellum to be infected and are labelled by PD6. The
infection then spreads to Purkinje cells, granule cells and
astrocytes so that virtually all cerebellar cells are infected by PD8.
Cerebellar destruction begins on PD14 and is accompanied by ataxia.
The cell loss begins in and is most severe in the dorsal cerebellar
lobules. TUNEL staining and DNA electrophoresis demonstrate that
the granule cell death is apoptotic. The cerebellar infection is
largely cleared by PD34. Rotorod testing revealed that infected
animals are completely unable to perform the task over PD16-22.
Performance is improved, but still severely impaired, over PD4551, demonstrating that the ataxia induced by the cerebellar
pathology is permanent. (Supported by NIH P30 HD27748, the
Iowa Child Health Research Center and the John Martin Fund.)

191.9

191.10

BEHAVIORAL AND NEUROCHEMICAL ABNORMALITIES IN
NEONATALLY BDV-INFECTED RATS. M.PIetnikov13, T.Moran1, S.

ALTERED BDNF mRNA DURING DEVELOPMENT MAY
UNDERLIE DELAYED RESPONSES TO DEVELOPMENTAL
INSULTS. C.K, Kellogg* and G.L. Pleger. Dept. Brain and
Cognitive Sciences, Univ. of Rochester, Rochester, NY, 14627.

Rubin3, B. Wilcox4* and K.Carbone1'23 ?Depts. of Psychiatry and
^Medicine, Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205,
3LPRVD/DVP,4DCB, CBER, FDA, Bethesda, MD 20892.
Peri- and neonatal insults to the maturing brain are implicated in the
pathogenesis of a number of developmental disorders (e.g., autism,
ADHD, schizophrenia). Neonatal rat brain infection with Borna disease
virus (BDV) as an experimental teratogen produces developmental
damage to the cerebellum and hippocampus and results in behavioral
abnormalities such as hyperactivity, increased anxiety, social deficits.
Here, we undertake a neurochemical and a further behavioral analysis of
neonatal BDV infection in Lewis rats. We assessed regional levels of
monoamines and their metabolites and startle responsiveness,
habituation and prepulse inhibition of the startle response at various
timepoints after infection. Compared to control animals, neonatally BDVinfected rats exhibited similar startle amplitude when tested at postnatal
day (PND) 18, but significantly lower startle amplitude at PND 30 and 90.
However, habituation and prepulse inhibition of the startle response was
not significantly affected by the BDV in any of the age groups. Neonatal
BDV infection produced increased levels of norepinephrine and serotonin
in the cerebellum, frontal cortex and hippocampus but not in striatum and
hypothalamus at PND 21 and onwards. Notably, DA regional content was
unaffected by the viral infection and no virus-associated changes in
monoamines turnover were found. These data suggest selectivity in both
the neurochemical and behavioral alterations caused by BDV.
(Supported by MH 48948).
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Exposure to diazepam (DZ) during the last week of in utero development in rats induces neurobehavioral effects that do not become
apparent in exposed animals until young adult ages. This study
evaluated the hypothesis that late gestational exposure to DZ, a positive
modulator of GABAa receptors, affects the developmental appearance
of brain derived neurotrophic factor (BDNF), an effect that could lead
to the later consequences of the exposure. Pregnant Long Evans rats
were injected with DZ (2.5 mg/kg) over gestation days 14-20, and
their offspring were evaluated for levels of BDNF mRNA in the
cerebral cortex and hypothalamus at fetal day 20 and at postnatal ages
spanning birth to young adulthood. BDNF was measured using
ribonuclease protection assays and quantified against a standard curve
generated by the addition of known amounts of a BDNF sense probe to
individual samples. The exposure induced a significant decrease in
BDNF mRNA in the hypothalamus of male rats at fetal day 20, and the
decrease was prevented by concurrent exposure to an antagonist. No
effect was observed in the hypothalamus of fetal females nor in the fetal
cortex of either sex. In utero exposure to DZ led to enhanced levels of
BDNF mRNA in the hypothalamus over the first three weeks of
postnatal development and to a reduction in mature levels in the cortex
of male rats. Initial results indicate that postnatal development in
females is unaffected by the early exposure.
Supported by Grant No. DA 07080.
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NO-SYNTHASE EXPRESSION BY HUMAN NEURONS: EFFECT OF
DYSTROPHIN ANTISENSE OLIGONUCLEOTIDES. F.Gremo*. C.Reali,
M.Curto. S.Angioni. V.Sogos
Dent of Cytomorphology, Medical School,
CAGLIARI (Italy)

Interest in nitric oxide (NO) as an intracellular messenger is intense and its
putative role in myriad CNS functions is continually being updated. Among the
three different isoforms which have been isolated and sequenced in human tissues,
the constitutive form of NO synthase, also called neuronal, (nNOS) occurs at higher
levels in brain than in any other tissue. Patients with Duchenne muscular dystrophy
(DMD) and mdx mice that lack dystrophin evidence a loss of nNOS from the
sarcolemma. In brain, nNOS appears to be associated to postsynaptic densities
where also dystrophin is localized Since cognitive impairment in DMD patients has
been frequently found, we addressed the question of whether or not lack/decrease of
dystrophin expression would induce a lack/decrease of nNOS expression. We
consequently treated in vitro human fetal neurons with anti-dystrophin antisense
oligonucleotides (3.3 pM final concentration) which have been previously shown to
induce a significant decrease in dystrophin expression. nNOS expression was
measured both with RT-PCR and with immunocytochemistry at different times after
treatment. Results showed that: 1) nNOS was expressed by human fetal neurons
since week 9 of gestation; 2) nNOS and dystrophin were co-localized in neuronal
processes; 3) expression and localization of nNOS were significantly altered in
treated neurons versus controls or versus cultures treated with mismatch or irrelevant
antisense oligonucleotides. These results suggest a co-expression of dystrophin and
nNOS during the development of the human brain. They help in enlightening the
pathological bases of mental retardation in DMD and BMD patients.
The use of the human tissue lias been approved by the Ethical Committee.
Supported by CNR, MURST, Regione autonoma Sardegna Grants to F.G.

PURKINJE CELL PROTEIN 2 INTERACTS WITH GUANINE
NUCLEOTIDE BINDING PROTEIN Goto AND STIMULATES GDP
RELEASE. Y. Luo1*, B. M. Denker2. 1Dept. of Biology, Univ. of Southern
Mississippi; 2Dept. of Medicine, Brigham and Women's Hospital, Harvard,
Medical School; Boston, MA 02115.
Cerebellar Purkinje cells are essential for integrating sensory and motor
input. They are found degenerated in a variety of neurologic disorders.
Purkinje cell protein 2 (Pcp2) was first identified by subtraction cloning
from pcd mice (a strain that spontaneously develops Purkinje cell
degeneration at postnatal day 15-18). Pcp2 is only expressed in Purkinje
cells and retinal bipolar neurons, and is thought to play a role in Purkinje
cell development. However, mice lacking Pcp2 are anatomically and
behaviorally normal, and its function remains unknown. The heterotrimeric
G protein Gao is highly expressed in the central nervous system and is
found both in Purkinje cells and retina. Although Goto couples to several
well characterized receptors and modulates N-type Ca*2 channels, its role in
the central nervous system is not well defined. In Gao knockout mice, a
spectrum of neurologic abnormalities develop but central nervous system
anatomy is normaL We utilized the yeast two hybrid interaction system to
search for proteins expressed in the central nervous system that interact
with Ga<,. We found that Gcq, and Pcp2 interact in the yeast system, and
confirmed that the two proteins interact in vitro and in transfected cells,
using glutathione s-transferase (GST)-Pcp2 fusion protein binding assay and
coimmunoprecipitation, respectively. Our data suggest that PCP2 can
function as a nucleotide exchange factor for Goto by stimulating GDP release
and the interaction between Pcp2 and Goto is important to Purkinje cell
function (Supported by NIH/NRSA)

191.13

191.14

CLINICAL MUTATIONS IN THE LI NEURAL CELL ADHESION
MOLECULE AFFECT CELL-SURFACE EXPRESSION
H.D. MouldingLl and S.D, Rabkin-Ll; Interdisciplinary Program for
Neuroscience1, and Department of Neurosurgery2, Georgetown University
Medical Center, Washington DC 20007 USA
The LI neural cell adhesion molecule has an important role in the correct
formation of CNS structures and connections during development. In vitro, LI
induces cell adhesion, neurite outgrowth, and neuronal migration. LI mutations
in humans have been linked to CNS malformations responsible for a spectrum of
neurologic syndromes, such as hydrocephalus and mental retardation. LI
knockout mice exhibit similar defects. Studies of LI function have
predominantly used antibody blocking, peptide fragments or domain deletions.
Clinical LI mutations, however, mostly involve single base substitutions. Our
approach is to express full length wild-type or mutant human LI in cells of the
CNS using defective herpes simplex virus vectors. We have generated vectors
encoding the single amino acid substitutions R184Q, D598N, and S1194L. Rat
astrocyte cultures infected with these vectors express full length LI protein.
However, only the normal or S1194L forms of LI are detectable using live cellsurface immunofluorescence. The LI proteins with mutations in the extracellular
Ig-like domains (R184Q and D598N) are not expressed on the cell surface, but
rather have a punctuate cytoplasmic distribution after fixation and
permeabilization. These two mutant LI proteins also have altered mobility on
SDS-PAGE. Studies underway will characterize the processing of these mutant
LI proteins and determine whether this altered cellular distribution occurs in
neurons. Expression of wild-type LI in astrocytes enhances neurite outgrowth of
cerebellar granule cells in vitro. Among the mutants, only the cell-surface
expressed mutant, SI194L, is able to promote neurite outgrowth over
background. These data suggest that some mutants of LI may not be expressed
on the cell surface, which could be the mechanism by which they induce
neurologic syndromes in patients. Partially supported by T32 HD07459.

DISTURBED DISTRIBUTIONS OF INTERNEURON SUBTYPES IN A RAT
(TISH) WITH SUBCORTICAL BAND HETEROTOPIA. M. Anzivino, M.
Denslow, O. Steward, K.S. Lee*. Dept. of Neuroscience, University of
Virginia Health Sciences Center, Charlottesville, VA 22908
Collections of misplaced cortical neurons (cortical heterotopia) are
commonly observed in the brains of intractable epileptics. It is generally
assumed that heterotopic neurons contribute to epilepsy by disturbing the
normal function of cortical circuits. This study examined the distribution of
neocortical interneurons in the tish rat, which is a seizure-prone neurological
mutant displaying bilateral band heterotopia in the neocortex. Interneuron
subpopulations were detected using immunohistochemical labeling of
GAD67, calbindin, calretinin and parvalbumin. The overall number of
GABAergic neurons, as indicated by GAD67 labeling, was greater in the
heterotopic area of the tish neocortex than in the normotopic area.
Parvalbumin-positive cells showed a similar distribution. In contrast, the
relative number of calretinin-positive cells was similar in the normotopic and
heterotopic areas, while the number of calbindin-positive cells was greater in
the normotopic area. These findings indicate that the neocortical distribution
of interneurons is fundamentally altered in the tish rat, and that subtypes of
interneurons are affected differentially. Selective disturbances in the
distribution of intemeuronal subtypes could contribute to aberrant neuronal
activity in the seizure-prone tish rat. Moreover, the striking differences in
interneuronal patterns suggest that the developmental events responsible
for generating and positioning individual classes of interneurons differ
substantially in the neocortex. Supported by NS34124.

191.15

191.16

COGNITIVE ASSESSMENT OF A RAT (TISH) WITH SUBCORTICAL BAND
HETEROTOPIA. K. S. Lee, M. D. Temple, F. Schottler*, and O, Steward.
Dept. of Neuroscience, Univ. of Virginia, Charlottesville, VA 22908.
Malformations of the human neocortex are commonly associated with
neurological disorders, including epilepsy and cognitive dysfunction.
Recently, a seizure-prone mutant rat (tish) has been identified that exhibits a
cortical malformation similar to that observed in epileptic patients with
subcortical band heterotopia (or double cortex). The functional
consequences of the cortical malformation in the tish rat are unknown, and
the purpose of the present study was to determine whether behavioral and
cellular functions are disrupted in animals exhibiting this phenotype.
Sprague-Dawiey rats with a normal cortical phenotype (n=6) and tish rats
(n=6) were tested in the Morris water maze (MWM) for 4 trials per day for 4
consecutive days, assessing: a) latency to locate the hidden platform, b)
distance traveled, and c) swim speed. Latencies to find the platform
decreased across testing days for both groups, indicating successful
acquisition of the task. And, performance of tish animals was
indistinguishable from controls on all measures. To define the neuronal
populations that were activated during the task, the expression of the
immediate early gene Arc was evaluated by in situ hybridization. Arc mRNA
was induced in a cell-specific manner in the neocortex and hippocampus of
control animals following training on the MWM. In tish rats, Arc was induced
in both the normotopic and heterotopic areas of the cortex, as well as in the
hippocampus. These findings indicate that both properly and improperly
positioned cortical neurons are activated during the training of tish rats on the
MWM. Taken together, these data suggest that despite having a profound
cortical malformation and an increased proclivity for seizures, the tish rat
does not display significant cognitive, sensory or motor deficits, within the
sensitivities of the functional and cellular assays used in the present study.
Support: NS34124 (KSL), NS12333 (OS), HD07323 (MDT).

BASAL LEVELS OF FREE RADICALS ARE ELEVATED IN BASAL
GANGLIA AND CEREBELLUM, BUT NOT CORTEX, IN ATAXIATELANGIECTASIA (ATM) TRANSGENIC MICE. Kevin L. Quick, Robert D,
Bart. Laura L. Dugan*. Dept. of Neurology, Washington Univ. School of Med., St.
Louis, MO 63110.
Ataxia-telangiectasia (AT) is an autosomal recessive disorder which presents in
early childhood as enhanced susceptibility to ionizing radiation, an increased risk of
hematological malignancies, dilation of blood vessels (telangiectasias), and
progressive neurological deficits including ataxia. Although the A-T gene product is
known to be involved in DNA repair, the mechanism which links loss of the A-T
protein with degeneration of cerebellar Purkinje cells and the observed neurological
deficits is not known. Recent studies have shown increased activity of nuclear factor
kappa B (NF-k B) in fibroblasts taken from AT patients. NF-k B, a transcription
factor, can be activated by a variety of stimuli, including reactive oxygen species
(ROS). Because of the possibility that a link might exist between NF-k B activation by
ROS and increased NF-k B levels in AT, we compared basal levels of ROS in cortex,
cerebellum, and basal ganglia in wild type and homozygote AT transgenic mice.
Three-month-old ATM mice were injected with lOOmg/kg of salicylate i.p., and
sacrificed 16 h later. Mice were perfused with coid saline and the brains were
dissected into cortex, cerebellum, and basal ganglia. Brain regions were weighed,
homogenized, and extracted for salicylate and its oxidation products. The
nonenzymatic salicylate hydroxylation product, 2,3-dihydroxybenzoic acid (2,3DHBA) was separated and quantified using HPLC coupled to electrochemical
detection. Basal levels of ROS were increased 7.5-fold in cerebellum and 3.5-fold in
basal ganglia in AT mice, but levels were similar in cortex. Region-specific
elevations in basal ROS levels in AT homozygote mice supports further investigation
into the role of ROS in the pathogenesis of AT. Supported by a grant from the A-T
Children’s Project (LLD).
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THE FLATHEAD MUTATION CAUSES NEURONAL LOSS BY
AFFECTING A DEVELOPMENTAL STEP BETWEEN DNA SYNTHESIS
AND CELL MIGRATION. B.D.Mitchell1*, L.J.Caulier1, W.Li2, J.J.LoTurco2 and
S.R. D'Mello3. Depts. of ’Cognition & Neuroscience and ’Molecular & Cell
Biology, Univ. of Texas at Dallas, Richardson, TX 75083, and 2Dept. of Physiology
& Neurobioiogy, Univ. of Connecticut, Storrs, CT 06269.
Rats homozygous for the autosomal recessive mutation, Flathead (fh), are bom
with brains approximately half the size of normal littermates, are ataxic, have
frequent seizures and die within 4 weeks. The reduced brain size in fh is not due to a
reduced generation of cells (as judged by normal BrdU-labeling) but due to massive
apoptotic cell death occurring between El 7 and Pl. The purpose of this study was to
examine whether neurons are the primary target of the fh mutation and whether cell
death results from the failure of neuroblasts to exit from the cell cycle, or a
consequence of aberrant differentiation, migration or maturation. Using acutely
dissociated cerebellar cultures from P14 fh and normal littermates, we find that the
proportion of fully differentiated neurons (MAP-2 positive) are greatly reduced in fh
cerebellum. Reduced MAP-2 staining is also seen in the P14 jTz cerebellar sections.
In contrast, staining with the astroglial marker GFAP, and the radial glial marker
Nestin was present in qualitatively comparable amounts, although in the jh
cerebellum glia were not radially organized. Finally, the number of cells expressing
TAG-1, a marker expressed transiently by postmitotic neurons in the inner portion of
the external granule layer just prior to their migration to the inner granule layer is
markedly reduced in fh. Taken together with the normal number of BrdU-positive
cells, the reduced number of TAG-1 and MAP-2 cells indicates that neurons are the
primary target of the mutation and places the effect of the fh mutation between
proliferation-associated DNA synthesis and the termination of differentiation
/initiation of migration.
This study was supported by grants from the NSF and NIH to S.R.D and J.J.T.,
respectively.

ACCUMULATION OF AUTOPHAGOSOMES AND AUTOLYSOSOMES IN CNS
NEURONS OF CATHEPSIN D DEFICIENT MICE. M. Koike1, K. Isahara1, Y.
Ohsawa1, H. Nakanishi2, K. Yamamoto2, E. Kominami3, P. Saftig4, C.
Peters3, K. von Figura4, and Y. Uchiyama1*. 1Dept. of Cell Biology &
Anatomy, Osaka Univ. Medical Sch.; 2Dept. of Biochemistry, Kyushu Univ.
Sch. of Dentistry; 3Dept. of Biochemistry, Juntendo Univ. Sch. of Medicine;
4Centerfor Biochemistry & Molecular Cell Biology, Goetingen Univ.; 3Dept. of
Internal Medicine, Freiburg Univ.; Suita, Osaka 565-0871, Japan
Cathepsin D has been suggested to be involved in limited proteolysis rather
than bulk proteolysis from the study on the cathepsin D deficient (D-/-) mice
(Saftig et al., 1996). To further examine roles of cathepsin D in the CNS,
morphological as well as immunocytochemical approaches were applied to the
tissue of the D-/- mice. By electron microscopy, autophagosome-like bodies
containing part of the cytoplasm or heterogeneously dense materials appeared
in the neuronal perikarya at postnatal day 0 (PO), but were few in number. The
number of these bodies increased in nerve cells with days after birth and some
large-sized neuronal cells in the CNS tissues, especially in the thalamic region
and cerebral cortex, which were occupied with autophagosomes and/or
autolysosomes in the perikarya appeared on P17. These lysosomal bodies
occupied the perikarya of almost all the nerve cells of D-/- mice obtained from
P23 untill the terminal stage (ca. P26). Nerve cells in these stages were often
shrunken and possessed irregular nuclei through which small dense chromatin
masses were scattered. TUNEL-positive cells appeared in these stages. By
immunohistochemistry, nerve cells of the D-/- mice near the terminal stage
contained numerous large granules immunopositive for cathepsin B, various
cytoskeletal proteins, and subunits b and c of mitochondrial FOF1 ATPase.
These results suggest that cathepsin D plays a key role in the protein
degradation of lysosomes in CNS tissue. Moreover, CNS neurons in the D-/mice show a new form of lysosomal accumulation disease.

191.19
ALTERATION OF NEURONAL ENDOSOMAL-LYSOSOMAL SYSTEM
AND ACTIVATION OF MICROGLIA IN CATHEPSIN D-DEFICIENT
MICE. H, Nakanishi1*, M, Koike2, P. Saftig3. K. von Figura3. C. Peters4. E,
Kominami5. Y, Uchiyama2 and K, Yamamoto1, ‘Dept. of Pharmacol., Kyushu
Univ. Fac. Dent., Fukuoka 812-8582, Japan., 2Dept. of Cell Biol, and Anat. I,
Osaka Univ. Med. Sch., Yamadaoka, Suita, Osaka 565-0871, Japan, 3Zentrum
Biochem. and Mol. Zellbiol., Abt. Biochem. II, Univ. Gottingen,
Glosslerstrassel2D, 37073 Gottingen, Germany and “Arbeitsgruppe Med.
Molecularbiol., Abt. Innere Med. I, Uniklinik Freiburg Hugstetterstra DFe55,
79106 Freiburg, Germany, sDept. of Biochem., Juntendo Univ. Sch. of Med.,
Hongo, Bunkyo-ku, Tokyo 113-0033, Japan.
Recently mice deficient for cathepsin D (CD), a major lysosomal aspartic
proteinase, has been shown to have short life span (about 26 days) and
atrophy of the ileal mucosa, while little information is available about their
neuropathological changes. In CD-deficient mice with age of 16 days,
autofluorescent granules were first found to accumulate especially in the
thalamus and the cerebral cortex. Intense immunoreactivities for both
cathepsins B and E were also found in activated microglia accumulated in
these regions. Increased levels of these enzymes were also substantiated by
their enzymatic activities and protein levels. At electron microscopic level,
thalamic and cortical neurons of CD-deficient mice were characterized by the
presence of a number of autolysosomes. These observations indicate that
CD-deficiency in the central nervous system induced an accumulation of
autolysosomes containing lipofuscin in neurons and an activation of
microglia which appeared to surround these residual body-laden neurons.
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RETT SYNDROME: MORPHOLOGICAL STUDY OF THE NEOCORTEX,
ENTORHINAL CORTEX, HIPPOCAMPAL FORMATION, BASAL GANGLIA,
THALAMUS AND BRAIN STEM. P.V. Belichenko *, A.L Khrenov. S.V. Selin.
Yu.K. Mukhina, L.A, Berezhnaya and T.A, Leontovich. Laboratory of Neuronal
Structure, Brain Research Institute, Moscow, 103064, Russia.
Neuronal and glia alterations were studied in neocortex, entorhinal cortex (EC),
fascia dentata (FD), hippocampus (HP), basal ganglia (BG), thalamus, and brain stem
in 15 Rett syndrome (RS) compared with 8 control brains. Kluver-Barrera-Nissl and
Golgi methods were used. Mild abnormalities of neurons in neocortex, thalamus and
brain stem were found in RS compared to control cases. Mild losses of pyramidal
neurons in the neocortex were evident, but no microdysgenesis was found. In RS most
of the areas of EC, HP and FD showed severe cell hypochromia. All layer II cells in
the EC and most of them in layer III were iri the state of total chromatolysis or "ghost"
cells; the cells of layers V, VI were preserved and moderately hyperchromic. In FD
and HP severely hypochromic was the majority of the granular cells and cells of CA3
and CA4 fields; whereas in the CAI field most cells were normal or slightly
hypercaryochromic. In BG of some RS cases mild aberration was observed: in striatum
- mild hypercaryochromia of small neurons and more expressive hyperchromia of
large neurons; in pallidum - mild or moderate hypercaryochromia, till severe
hyperchromia in pallidum internum. In some cases severe perineuronal gliosis were
found in neocortex, BG, thalamus and brain stem. Severity of neuronal pathology was
related to duration of RS. These data allow to guess the cause of the main symptoms of
the RS. The motor disorders, including specific stereotyped movements, could be
related to the enhanced activity of BG cells due to their deafferentation from the side
of the neocortex and due to supposed hyperactivity of the E<i-striatal pathway; the
mental retardation and epileptic seizures - due to FD-HP involvement. . Hyperactivity
of motor cortex can produce both stereotypic hand movement and be the cause of
speech alteration. Supported by the Russian Foundation for Basic Research (98-0449550), INTAS grant #1916, and IRSA grant.

BRAIN MRI CHANGES IN RETT SYNDROME: CROSS-SECTIONAL AND SERIAL
DATA. MX Abrams., P, Mazur-Hopkins. G.P, Pearlson. W.E. Kaufinann. S,
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Naidu*. Depts. of Psychiatry, Pathology, Neurology, and Pediatrics, Johns Hopkins
Univ. and Kennedy Krieger Inst., Baltimore, Maryland 21205.
Rett syndrome (RS) is a neurodevelopmental disorder of unknown etiology that
occurs almost exclusively in females. Symptoms first appear during early
development (1-3 years) and include mental retardation, stereotypies, seizures, and
microcephaly. Decades of insidious decline follow an initial period of rapid
deterioration. This study aims to describe maturational changes in the RS brain by
comparing a cross-sectional cohort of RS subjects to gender- and age-matched
controls, and to a subset of the RS subjects who received serial (repeat) MRI scans.
High resolution MRI data was used to measure gross brain development in 54 RS
and 37 normal children (mean age= 10.7 yrs). Additionally, sixteen of the RS
subjects received serial MRIs (mean interscan interval 3.6 ± 1.2 yrs). Using
validated Talairach parcellation and "fuzzy" segmentation techniques, all MRIs were
subdivided into gray (GM) and white matter (WM), and CSF volumes by cortical
lobe. Hand tracings of the caudate nucleus (CN) and putamen were also performed.
Cross-sectional analysis confirmed that whole brain volume was reduced in the RS
patients by an average of 304 cc (p<0.0001). The reduction in volume appeared to be
proportional across all structures including the CN. By contrast, changes with age,
mainly decreases in GM and increases in WM, were similar between groups. For
example, the combined sample showed subtle increases in frontal lobe WM
averaging 1.4 cc/yr (p<0.0011), however, there was no age by diagnosis effect.

Analysis of the serial scan data showed no significant correlations between age and
neuroanatomical volume changes. Nonparametric statistics, however, indicated that a
majority of the RS patients showed frontal and parietal WM increases (p<0.011) and
left CN decreases (p<0.039) with age. The WM changes were like those seen in the
cross-sectional data, and in other studies of normal children. The CN changes, seen
only in the serial RS comparisons, may reflect neuroanatomic variability unique to
the disorder. This latter inference, however, requires confirmation with serial data
from normal controls. (Supported by: HD24448, RR-00052).
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Abnormal
Glial Gene Expression
in Human Rett Syndrome
Brain Revealed
by High Density
cDNA Microarra ys . C, Colantuoni1 J, Yu2, wf Kaufman23, K. Hyder4, A.

a[C-ll]METHYL-L-TRYPTOPHAN
PET
PATTERNS
IN
TUBEROUS SCLEROSIS PATIENTS WITH AUTISM AND
EPILEPSY. D.C. Chugani.1,2* O. Muzik? M. Behen? R. Rothermel?
H.T. Chugani.1,2,4
Depts. Pediatrics,1 Radiology,2 Psychiatry,3 Neurology,4 Wayne State
Univ., Children’s Hosp of Michigan, Detroit, MI 48201.
Estimates of the incidence of autism in patients with tuberous sclerosis
complex (TSC) vary from 17% to 61%, establishing autism as a major
concern in TSC. We have studied 18 children with TSC and epilepsy
using the tracer a[C-ll]methyl-L-tryptophan ([C-11]AMT) with
positron emission tomography (PET). Three of the 18 children (all
boys) met the Autism Diagnostic Interview (ADI) criteria for autism. In
two of the three boys, a pattern of focal abnormalities similar to that we
have described in autistic boys without TSC (Chugani et al., 1997) was
present. Specifically, there was decreased uptake in left frontal cortex
and in left thalamus, and high [C-11] AMT uptake in the region of the
dentate nucleus of the cerebellum on the right. While abnormalities of
[C-11]AMT uptake were associated with structural abnormalities in the
frontal cortex and cerebellum, there were no structural abnormalities in
the thalamus in either child. In the third child, there was decreased [C11] AMT uptake in numerous cortical tubers, including in left prefrontal
cortex. However, there were no thalamic or cerebellar abnormalities.
These results suggest that there is a common underlying abnormality of
the dentato-thalamo-cortical pathway in autistic children with differing
etiologies.
This study was supported by NIH grant NS38324 and a grant from the
National Tuberous Sclerosis Association.

Chenchik . J. Killian5, A, Khimani5, R, Garlicky S. Naidu2. and J. Pevsner12*.
Neuroscience, and Dept. Pathology, Johns Hopkins University, Baltimore, MD 21205;
zDept. Neurology, Kennedy Krieger Institute; 4CLONTECH Laboratories Inc., Palo Alto,
CA.; SNEN Life Science Products, Inc., Boston, MA.

It is possible that the mutation of a single gene, such as the defect occurring in many
human genetic disorders, leads to the disruption of the function and expression of multiple
related genes. In order to gain insight into the regulation of gene expression in Rett
Syndrome (RS), we have studied RNA extracted from postmortem brain samples using
multiple high-density cDNA microarray technologies. RS is a childhood neurological
disorder which affects females exclusively. RS is characterized by normal pre- and
perinatal development followed by a period of neuro-cognitive regression in eariy
childhood. This regression entails the loss of speech skills, purposeful hand movements,
and much of higher cognitive function. Acquired during this period are truncal ataxia, many
autistic-like features, and pronounced microcephaly. Using the Human Atlas Neurobiology
Array from Clontech Laboratories, a radioactivity-based microarray technology, we
identified glial fibrilary acidic protein (GFAP) and a-B crystallin as two glial genes
consistently upregulated in RS. The expression of several other glial genes was abnormal
in a subset of RS patients. We validated these findings with two other microarray
technologies: Human GeneFilters from Research Genetics (another radioactivity-based
technology) and MicroMax™ from NEN Life Science Products, Inc. (a fluorescence
detection-based glass microarray technology). In addition, we used conventional RT-PCR,
immunoblotting, and immunohistochemistry to further validate these findings. While some
findings are consistent across multiple technologies, others are not. Nevertheless, it is clear
that the expression of multiple glial genes is disrupted in a subset of RS cases. These
findings demonstrate the usefulness of cDNA microarray technologies in the investigation
of human brain disease using postmortem tissue, and furthermore their eventual
application to the identification of diagnostic and therapeutic targets in human disease.
This work was supported by grants and gifts from Research for Rett Foundation, the
International Rett Syndrome Association, and Mr. John Manley.

192.5
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NEUROTRANSMITTER RECEPTOR DENSITY IN THE
HIPPOCAMPAL FORMATION IN HUMAN AUTISTIC AND
NORMAL BRAINS. G.J, Blatt*. C.M, Fitzgerald, R.J, Killianv, T.L,
Kemper and M.L. Bauman. Dept. of Anatomy and Neurobiology,
Boston Univ. Sch. Med., Boston MA 02118.
As part of a pilot study in human autistic brains, a survey of
the density and distribution of specific neurotransmitter receptor types
in human hippocampus in 3 control and 4 autistic males aged 16-22,
were compared using in vitro on-the-slide ligand binding. Selected
sections from the main body of the hippocampus were assayed for
either 3H-flunitrazepam (benzodiazepine [BZD] receptors), 3Hpirenzepine (cholinergic Ml receptors), 3H-OH-DPAT (5HT1A
receptors), or 3H-ketanserin (5HT2 receptors). A two-way nested
ANOVA demonstrated in the autistic cases, statistically significant
decreases of 15-30% in density of BZD binding sites in stratum
pyramidale of CA2, presubiculum and subiculum and in stratum
moleculare in the subiculum. No statistically significant differences
were found in any of the other three receptor types. These results
suggest that there are alterations in the GABAergic system in at least
one key limbic structure that pathologically shows increased pyramidal
cell packing density and decreased pyramidal cell size. The present
findings add to a recent report by Schroer et al. (1998) in autistic
cases that there are aberrations in chromosome 15q and genes for
three GABAa receptor subunits. Continuing studies in our laboratory
are focusing on whether alterations in the GABAergic system are
widespread in autism since it provides a link between the limbic system
and the cerebellum, another site of neuropathologic changes in this
disorder. Supported by The Autism Research Foundation.

DIFFERENTIAL BEHAVIORAL RESPONSES IN AUTISTIC CHILDREN:
ANIMAL-ASSISTED THERAPY VERSUS CONVENTIONAL THERAPY. M.J.
Sams. A.A.,Gardner, J.M. Sides, H,S. Smith. M.W. Street C, Reed. K.L. Havnie and
S. Willenbring* Dept. of Occupational Therapy, Rehabilitation Services of Roanoke,
Roanoke, VA, 24016.
The primary objective of this study is to evaluate long-term benefits of animalassisted therapy (AAT) with autistic children. AAT employs the care, feeding and
training of animals as a means of facilitating communication and engagement in activity
with non-communicative and withdrawn individuals. Hallmark behaviors of autism
include deficient communication, failure to engage in interpersonal interaction, and
inability to engage in sustained activity other than non-productive self-stimulation
behaviors. Methods: Twenty-four autistic children in a school-based occupational
therapy/AAT program were observed over 15 weeks in conventional and animalassisted therapy sessions, using a data gathering instrument devised to quantify specific
behaviors: therapist-prompted and spontaneous occurrences of language use (single
words, sentences and sign language), task-oriented activities, interactions (either with
therapists or animals), and duration of involvement in sustained activity lasting more
than one minute. All sessions were timed and the averages of cumulative data for each
subject in each category was expressed as individual per minute frequencies.
Differences between conventional and AAT settings were compared using paired twotailed T tests. Results: Interaction behaviors were significantly more frequent (p<0.005)
in 18 of 24 subjects during AAT, demonstrating a 93% average increase for the entire
study group over the rate in conventional therapy sessions. Likewise, there was a 76%
overall increase in duration of sustained activity (p<0.005) with 21/24 subjects showing
improved response. Use of language showed an overall 35% improvement (p<0.05),
with 19/24 subjects having increased frequency of communication. Conclusions: The
results support the hypothesis that AAT is a valuable adjunct therapeutic approach for
improving the interpersonal and task-oriented behaviors of autistic children.

192.7

192.8

VENTRICULAR MORPHOMETRY IN CHILDHOOD ONSET
SCHIZOPHRENIA. J.D. Levitt1, R.E. Blanton2, R. Asamow, R. Caplan1, L.F.
Capetillo-Cunliffe2, A.W. Toga2, J.T, McCracken1*. 'Division of Child Psychiatry,
UCLA; laboratory of Neuro Imaging, UCLA, Los Angeles, CA 90024.
Ventricular enlargement is a consistent finding in studies of adult subjects with
schizophrenia and has been found as a trend in one study of subjects with childhoodonset schizophrenia. In the present study we used morphometric techniques to
compare ventricular volumes and shape in subjects with early-onset schizophrenia
(symptom onset prior to 13 years of age) and a group of normal children.
METHODS: Fourteen children meeting DSM-IV criteria for schizophrenia (mean
age 14.2 years, mean IQ 91.3) and twenty-two normal children (mean age 11.8
years, mean IQ 113) completed brain MRI scans. We assessed regions of interest by
dividing the ventricles into atria, superior and inferior regions and manually tracing
these areas bilaterally. RESULTS: Volumes of the left and right atria and superior
ventricular hom were significantly (p < .03) increased in the schizophrenic children
as compared to the normal children. There were no significant differences between
the groups in the volume of the inferior hom of the ventricles or in the total brain
volume. Shape analysis demonstrated a significantly smaller extent of the total left
side of the ventricle in the schizophrenic subjects compared to the normal children
(p < .001). ANCOVAs demonstrated no effect of either age of IQ upon these results.
CONCLUSIONS: These preliminary data of increased ventricular volumes in
children with schizophrenia compared to normal children are in accordance with
previous studies of subjects with both adult and childhood-onset schizophrenia.
Moreover, these findings demonstrate clear differences in the two groups in shape of
the ventricles as well as volume. We are currently trying to replicate these findings
in an independent series of children with schizophrenia.

POSTURAL STABILITY
COMPARISONS
WITH
MOVEMENT DISORDERS

Supported in part by Stanley and NARSAD Foundation Grants.
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AND STEREOTYPED BEHAVIOR:
DRUG
INDUCED
REPETITIVE

J.W. Bodfish1, D.E. Parker1. R.L. Sprague2, K.M. Newell3, and M.H. Lewis4*
'Western Carolina Center, Morganton, NC, 28680; 2Dept. of Kinesiology,
University of Illnois, Urbana-Champaign; IL, 3Dept. of Kinesiology,
Pennsylvania State University, State College, PA; and 4Dept. of Psychiatry,
University of Florida, Gainesville, FL, 32610
This study examined whether adults with mental retardation who exhibit
stereotyped behavior display motor control deficits. Postural stability was
measured in subjects (n=10) who exhibit stereotypy (i.e. body rocking),
subjects (n=10) with drug-induced stereotypic movements (i.e. orofacial
dyskinesia) and non-stereotypic matched controls (n=10). All individuals
were given a goal-oriented postural stability task and performance was
measured using a force platform and computerized posturographic
techniques. The stereotypy subjects and dyskinesia subjects performed
significantly differently from control subjects on amount, variability, and
directional bias in sway movement patterns. Subjects with idiopathic
stereotypies displayed significantly greater amounts of postural movement
and variability (postural instability), characterized by a pattern of increased
variability in the anterior-posterior domain. In contrast, subjects with druginduced dyskinesias displayed significantly less postural movement
variability than controls, characterized by decreased variability in the lateral
domain. These findings suggest that stereotypy may reflect a motor control
deficit and decreased complexity in motor output. Moreover, different
patterns of motor control dynamics characterize idiopathic and drug-induced
stereotypy. (Supported, in part by HD30615).
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192.10

THE ADENYLYL CYCLASE SIGNALING PATHWAY IN THE BRAIN OF
CHILDREN WITH DOWN SYNDROME AND IN THE MOUSE MODEL TS65DN.
M.A. Lumbreras1. C. Baamonde1. C. Marti'nez-Cue1. M. Dierssen2. J. Salles3 and J.
Fldrez1*. ‘Lab. Developmental Neurobiology, Dep. Physiology & Pharmacology, Univ.
Cantabria, 39011 Santander; 2Cent. Medical Molecular Genetics, Barcelona; 3Dept.
Pharmacology, Univ. Pais Vasco, Vitoria, Spain.
Previous studies showed that cAMP formation and the responses to isoprenaline and
forskolin were reduced in isolated slices of the cortex and hippocampus of Ts65Dn
mice (TS), a model for Down syndrome (Dierssen et al., Brain Res 749, 238-44, 1997).
The present study was undertaken to assess the adenylyl cyclase signaling by
determining cAMP formation in isolated membranes of the cerebral cortex of TS mice
and children with Down syndrome (DS) under basal conditions and after stimulation
with GTP (10 pM), isoprenaline (100 pM), norepinephrine (100 pM), xamoterol (Pi
agonist, 100 pM), procaterol (P2 agonist, 100 pM), SKF38393 (D, agonist, 100 pM)
and forskolin (10 pM). Basal production of cAMP was similar in cortical membranes
of TS mice and their control littermates. However, statistically significant lower
productions of cAMP were obtained in TS compared to control after stimulation by
GTP, isoprenaline, norepinephrine, xamoterol, procaterol, SKF38393 and forskolin
(p<.05-.001). The brains of two children with DS (3- and 5-year-old) and of two
controls of similar ages were analyzed. Basal and GTP-stimulated production of cAMP
showed much wider variability in the cortex of DS brains than in controls. Responses
of cAMP to all p-adrenergic and dopaminergic agonists were comparable in control
and DS brains. However, the response to forskolin was significantly reduced by 58 %
(p<.01) in the DS cortex compared to control. It is concluded that the adenylyl cyclase
pathway is disturbed in the cerebral cortex of DS at early ages and in one of the mice
models, and may result in decremental responses to different signals. (Supported by
Grants PM95-0106-C02-02 and SAF99-0092-C02-02, and Foundation ‘Marcelino
Botin’).

CORTICAL
ECTOPIA
EFFECTS
ON
RAPID
AUDITORY
PROCESSING IN MALE BXSB MICE. M.G. Clark*1, H.A. Bimonte2,
G.F. Sherman3, and R.H. Fitch2. ’Center for Molecular and Behavioral
Neuroscience, Rutgers University, Newark, NJ 07102; 2Biobehavioral
Sciences Graduate Degree Program, University of Connecticut, Storrs, CT
06269; 3Dyslexia Research Laboratory, Beth Israel Deaconess Medical
Center and Harvard Medical School, Boston, MA 02215.
The brains of dyslexic individuals are characterized by focal cortical
malformations, including ectopic collections of neurons and microgyric
lesions (Galaburda et al., Ann. Neurol., 18:222-233, 1985). We previously
showed that induced (Pl) microgyric lesions led to rapid auditory
processing deficits in adult male rats, as measured in both an operant and
classical conditioning apparatus (Fitch et al., Cerebral Cortex, 4:260-270,
1994; Clark et al., submitted). This effect was strikingly similar to auditory
processing deficits seen in language impaired individuals, and provided a
critical link between neurophysiology and behavior associated with
developmental language disability. In the current study, we used reflex
modification to examine gap detection thresholds on adult male BXSB
mice, 40 - 60% of whom spontaneously develop cortical ectopias like
those seen in dyslexic brains (Sherman et al., Brain Res.,532:25-33,1990).
Results showed a significant group difference in detecting short duration (5
ms) silent gaps embedded in white noise. This result can be interpreted in
light of evidence that early gap detection thresholds significantly predict
language outcome in young children, again supporting an association
between focal malformations seen in dyslexic brains and auditory
processing deficits as seen in language impaired individuals.
This research was supported by a March of Dimes Grant to RHF and
NIH Grant HD20806 GFS.

192.11

192.12

IMPAIRED VIBROTACTILE SENSITIVITY IN DEVELOPMENTAL DYSLEXIA
E. Carter. J, Talcott, C, Witton and J. Stein*. University Laboratory of Physiology,
Parks Rd., Oxford, OXI 3PT UK.
Previous studies have shown that developmental dyslexics are less sensitive
than controls to the temporal properties of sensory stimuli. These differences are
already well described for their processing of auditory and visual stimuli but here we
examine whether dyslexics are similarly less sensitive to particular frequencies of
vibrotactile sensation. Detection thresholds for fourteen age-matched dyslexic and
control subjects were collected for each of three vibration frequencies (2, 30 and 100
Hz). Sinusoidal vibration pulses were applied to fingerpad of the dominant hand by a
probe attached to an electromagnetic vibration generator. Vibration detection
thresholds were obtained by using an ascending method of limits procedure that
varied the amplitude of the vibration from sub-threshold to supra-threshold. Our
results showed that the dyslexic group was significantly less sensitive than controls (p
< 0.05) to 3 Hz vibration, whereas the groups' thresholds did not significantly differ at
30 or 100 Hz. Vibration detection thresholds at 3 Hz also correlated strongly with
subjects reading ability (r = -0.56, p = 0.004), but this pattern of relationship was not
found for the higher vibration frequencies. These results suggest that impaired
vibrotactile perception in dyslexia is limited to frequencies that require complex
temporal analysis for detection because 3 Hz detection is likely to be mediated by
temporal firing codes rather than from the detection of flutter apparent at our higher
vibration rates. These results also provide further evidence for the existence of a pansensory temporal processing deficit, perhaps of magnocellular origin, associated with
developmental dyslexia.
Supported by the Wellcome Trust and the Rodin Remediation Foundation. u

EVENT RELATED BRAIN POTENTIALS IN DYSLEXIA A. Shankardass ,
R. I. Nicolson, A. Fawcett, O, Pascalis»Dept. Psychology, University of Sheffield,
SheffieldS 10 2TP, U.K.
It is well established that dyslexic children show performance deficits in a
wide range of tasks at the behavioural level as well as neurophysiological deficits at
the systems level. The purpose of the present study was to use new event related
brain potential (ERP) techniques to assess the nature, extent and loci of the deficit
in the speed of processing for visual stimuli in a selective choice reaction task in
dyslexic children by replicating and extending the results of a previous study
(Fawcett et al., 1992) that used established ERP techniques and auditory stimuli.
The first cohort of six 16 year old dyslexic children and their age and IQ matched
controls were tested on a visual target detection task using the oddball paradigm
while tlieir EEGs were recorded using a high density electrode geodesic sensor net.
The latency to peak and amplitude of the P300 wave (representing termination of
stimulus classification) from the central midline (Cz) location on the scalp, referred
to the linked mastoids, was compared. It was found that the P300 latency for the
rare target stimuli was significantly longer for the dyslexic children than for the
controls (mean difference 34.67 msec, z=-1.92, p=0.05). Hence the study
successfully replicated, with novel techniques in the visual domain, results from the
established 10-20 electrode system ERP technique used in the previous study in the
auditory domain and provided further evidence that this rapid processing deficit in
dyslexic children is evident even for non linguistic stimuli and appears to be linked
to stimulus categorisation.
Analysis will be presented of the morphology and scalp distribution of
various components of the ERP waveform, for the above and further cohort of
subjects. It is expected that the greater spatial resolution of the high density
electrode array will facilitate novel interpretation of the data in terms of brain
structures contributing to this deficit in speed of processing in dyslexics.
(Supported by the University ofSheffield).

192.13

192.14

BIOCHEMICAL AND IMMUNOHISTOCHEMICAL STUDY ON LIM
KINASES. H, Yokokura, F. Vaccarino*, and P, Lombroso, Child Study
Center, Yale University School of Medicine, 230 South Frontage Road, New
Haven, CT, 06520.

HETEROGENEITY OF ANTINUCLEAR ANTIBODIES IN PATIENTS
WITH TOURETTE SYNDROME (TS), OBSESSIVE-COMPULSIVE
DISORDER (OCD), AND ATTENTION DEFICIT HYPERACTIVITY
DISORDER (ADHD). S. A. Morshed. S. Parveen. S. Paul. T, Karasawa. J,
Leckman*. P, Lombroso. Yale Child Study Center, Yale University School of
Medicine, New Haven, CT 06520.
Several groups have suggested that a certain percentage of vulnerable children
with neuropsychiatric disorders have their illnesses as a result of an autoimmune
process. The objective of this study was to determine whether sera from individuals
with Tourette's disorder (TS), obsessive-compulsive disorder (OCD) and attention
deficit hyperactivity disorder (ADHD) contain autoantibodies to nuclear antigens. We
investigated the incidence of antinuclear antibodies (ANAs) and correlated them with
indicators of group A p-hemolytic streptococci (GABHS) infection. A total of 107
patients with TS (n=58), OCD (n=40), ADHD (n=32), and normal controls (NC,
n=30) were analyzed for autoantibodies to various nuclear antigens by
immunofluorescence, ELISA and immunoblots. GABHS infection was determined
by ASO and anti-DNase B titers. The frequency of ANA was elevated in TS, ADHD
and OCD patient groups compared to the NC subjects (p<0.05). A number of
fluorescent patterns were present with the most common being nucleolar and
homogenous. The characterization of these proteins by ELISAs and immunoblots
revealed that ANAs recognized several species of nuclear antigens including single
and double-stranded DNA, histones, small nuclear ribonuclear proteins (snRNPs),
and Scl-70 proteins. The frequencies of these antibodies were not significantly
different among the different diseases. Although a higher frequency of GABHS
infection was present in each disease category compared to the control group, they
did not distinguish particular disease phenotypes or ANA subtypes. The conclusion
from this study is that multiple species of ANA are found in sera of patients with TS,
OCD and ADHD. Additional investigations are needed to determine whether primary
(autoreactivity) or secondary (infection) immunological responses are etiologically
relevant in these disorders.

Williams syndrome (WS) is a developmental disorder characterized by
distinct facial features, a variable degree of mental retardation,
cardiovascular disease and, most distinctively, a particular cognitive profile.
The presence of cognitive strengths in some areas with striking deficits in
others raises the possibility that the gene(s) responsible for WS infiuences the
development of specific cortical regions and specific cognitive abilities. In
patients with this disorder, there is a contiguous gene deletion of 1.0-2.5 cM
that maps onto chromosome 7q23.11. At least ten genes are known to lie in
this critical deleted region. One of the candidate genes present encodes the
brain-enriched protein, LIM kinase 1. We have generated antibodies against
this protein in order to characterize its localization within different cortical
regions and subcellular distribution within neurons. Secondly, we
constructed a series of cDNAs corresponding to several putative functional
domains in LIM kinase 1. These include a LIM domain, a PDZ domain, the
protein kinase domain, as well as the full-length polypeptide. Recombinant
fusion proteins have been purified and used in overlay assays as well as in
vitro phosphorylation experiments to identify and characterize proteins that
interact with LIM kinase 1. These and similar studies under progress may
contribute to our understanding of the underlying molecular basis for
specific cognitive abilities.
Supported by the NIMH and NINDS (PJL), and the NSF (FV).

Supported by the NIMH.
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STRIATAL INVOLVEMENT IN INHIBITORY CONTROL;
EVIDENCE FROM MRI STUDIES OF CHILDREN WITH IVH
AND ADHD. B.J. Casey*. C. Eccard. R. Livnat. and K. Thomas.
Sackler Institute for Human Brain Development, Department of
Psychiatry, Weill Medical College of Cornell University, New
York, NY 10021.
Eighty-eight children were scanned and performed computer tasks
requiring inhibition of salient stimulus information or prepotent
responses. The subjects included 39 healthy children (mean age =
8.58 years), 36 children with medical histories of intraventricular
hemorrhage (IVH) (mean age = 8.01 years), and 13 children
diagnosed with Attention Deficit-Hyperactivity Disorder (ADHD)
(mean age = 8.58 years). MRI-based volumetric measures of the
basal ganglia showed a significant decrease in caudate volume for
the children with IVH relative to healthy controls (12.8 ml and 13.6
ml, p < .02). Caudate volume did not differ between children with
IVH and ADHD (13.2, p < 28). Both children with ADHD and
IVH differed significantly from healthy controls (p < .05) on tasks
requiring inhibition of a salient stimulus or competing response, but
not on control tasks. These data suggest that disruption at the level
of the striatum may be sufficient to disrupt inhibitory control.
Supported in part by the Charles A. Dana Foundation, John D. and
Catherine T. MacArthur Foundation, and John Merck Fund.
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192.16
DEVELOPMENTAL ALTERNATION IN THE MONOAMINERGIC
SYSTEM IN AN ANIMAL MODEL OF ADHD. T.N, Kelly1. J.A,
King1. Y, Delville1. J.C.S. Fray2? ’Dept. of Psychiatry, Behavioral
Neuroscience Program and 2Dept of Physiology, University of
Massachusetts Medical School, Worcester, MA 01655.
Previous research suggested that the dopamine system is impaired in
attention deficit hyperactivity disorder (ADHD). The spontaneously
hypertensive rat (SHR) has been utilized extensively as an animal model
of ADHD. The purpose of this study was to compare developmental
changes in tyrosine hydroxylase (TH) levels in SHR and Wistar-Kyoto
control rats (WKY). Animals were sacrificed at postnatal days 7, 14, 21,
45, and 60 and the brains were sectioned and immuno-stained for TH
reactivity. The following differences were observed in the frontal cortex
of these animals. On days 7 and 14, there were no significant differences
between the two strains. However, by day 14, there was a slight decrease
in the level of TH in WKY and a corresponding increase in SHR
compared to day 7. This differential trend in TH immunoreactivity
continued into adulthood, such that by day 21 the decrease in TH in
WKY and the increase in TH in SHR were significant. These differences
were maximized by postnatal day 60. These unexpected results may be
an effort by the SHR animals to compensate for lower levels of
dopamine that were reported by other investigators.
This work was supported by NSF-DBI-9604937 to JK.

192.17
DEVELOPMENTAL STUDY OF CYTOCHROME OXIDASE ACTIVITY
IN BRAINSTEM RESPIRATORY NUCLEI OF POSTNATAL RATS. Y.Y.
Liu, J. Wertsch* and M.T.T. Wong-Riley. Dept. Cell Biol., Neurobiol., and
Anat., Medical College of Wisconsin. WI., Milwaukee, WI 53226.
Sudden infant death syndrome (SIDS) is a common cause of death in
infants between 1 month and 1 year of age. The cause of SIDS is not well
understood, but a developmental defect involving the brainstem respiratory
centers has been implicated. In order to understand the mechanisms of
respiratory control during postnatal development, we utilized cytochrome
oxidase (CO) as a marker of neuronal functional activity to examine
metabolic changes in brainstem respiratory nuclei of postnatal rats.
Ventralateral nucleus of solitary tract (NTSvl ), nucleus ambiguus (NA) and
medial and lateral parabrachial nuclei (PBm , PBl ) were examined in rats of
postnatal days P0, Pl, P2, P3, P4, P5, P7, Pl4, P21 (n = 6 at each age). CO
histochemistry was performed, and the intensity of CO reaction product was
quantitatively analyzed by optical densitometry. The level of CO activity
generally increased between PO and P21 in all of the nuclei examined. The
highest level of CO activity was found in NA, and the lowest in PBM.
However, there was a plateau of CO activity between P2 and P4 in NTSvl ,
PBm and PBl , and a significant decrease in NA at P3 (P <0.001). The plateau
or transient decrease in CO activity in the brainstem respiratory nuclei
implies an unstable period during development, when the animals may be
more vulnerable to respiratory insult. This may bear some relevance to our
understanding of pathological events during postnatal development, such as
occurs in SIDS. (Supported by Children’s Hospital Foundation, WI)

REGENERATION: TROPHIC FACTORS, GRAFTS AND FUNCTION
193.1

193.2

A GRADIENT OF CELLULARLY DELIVERED NEUROTROPHIN-3
ELICITS
LONG
DISTANCE
REGENERATION
OF
CORTICOSPINAL AXONS AFTER SPINAL CORD INJURY
N, Weidner1’*, L, Lombardi1. K, Loew1 and M.H. Tuszvnski1’2. ’Dept. Neurosci.,
Univ. Calif.-San Diego, La Jolla, CA; 2VA Med. Ctr., San Diego, CA
Previously we reported that cellular delivery of neurotrophin-3 (NT-3) to sites of
spinal cord injury elicited corticospinal tract (CST) axon growth up to 8 mm distal to
the lesion site, resulting in partial functional recovery. To achieve axonal growth over
greater distances, gradients of neurotrophic factors distal to injury sites may be
required. Thus, in the present experiment growth responses of injured CST axons were
compared when NT-3 was delivered to the injury site alone versus NT-3 delivery to
and distal to the injury site.
7 adult Fischer 344 rats received grafts of fibroblasts transduced to express NT-3
both at the site of an acute T7 spinal cord dorsal hemisection lesion, plus suspension
grafts of NT-3 producing cells two spinal segments distal to the injury site (at T9)
during the same surgical session. 8 control animals received grafts of fibroblasts
transduced to express Green Fluorescent Protein to identical sites. Animals were
sacrificed after 1 month. Growth of CST axons was quantified among lesioned groups
using NIH Image densitometry of biotinylated dextran amine (BDA)-labeled axons in
coronal sections located 5, 11 and 14 mm caudal to the lesion site. Measurements
were corrected for efficiency of labeling between subjects. Animals with NT-3secreting grafts at and distal to the injury site showed significantly more BDA-labeled
CST axons (28.9±11.6 vs. 3.4±1.7) within spinal gray matter up to 14 mm caudal to
the injury. This substantially exceeds results observed in our previous studies wherein
grafts of NT-3-secreting cells were placed in the lesion site only. Thus, these findings
support the hypothesis that axons appear to respond to chemotropic gradients of
growth factors in the injured spinal cord, and that grafts of NT-3-producing cells
"downstream" to an injury site enhance axonal growth.

GRAFTS OF BDNF-PRODUCING FIBROBLASTS THAT PROMOTE
REGENERATION OF AXOTOMIZED RUBROSPINAL NEURONS RESCUE
MOST NEURONS FROM DEATH AND PREVENT THEIR ATROPHY Y, Liu? B.

Supported by Canadian Spinal Research Organization, Swiss Institut International <fe
Recherche en Paraplegie, and the NIH.
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T, Himes,12 P- Kim.1 S, Y, Chpw,1 T, Connors,1 M- Murray.? A- Tes?ier,!.2.....and I.

Fischer1 ‘Deptartment of Neurobioiogy and Anatomy, MCP/Hahnemann Univiversity
Philadelphia, PA 19129 and Philadelphia VA Hospital.
We have reported that transplants of fibroblasts expressing BDNF (Fb/BDNF)
promote axon regeneration from 7% of red nucleus (RN) neurons. The axons regenerate
through and around the transplant, continue for long distances in caudal white matter
and project terminal bouton-like structures to the appropriate target regions. Behavioral
testing showed significant recovery of forelimb and hindlimb usage, which was at least
partially attributable to the regenerated axons (Liu et al, J. Neurosci., 1999; Kim et al.,
Soc. Neurosci. Abstr., 1999). In the present study we examined whether these
transplants also prevented axotomy-induced cell death and atrophy of RN neurons. Adult
rats received a right spinal cord (SC) partial Hx at C4. Gelfoam alone, un-modified Fb
or Fb/BDNF were then grafted into the lesion cavity. At 1 or 2 months, fluorogold
(FG) was injected bilaterally several segments caudal to the transplant to retrogradely
label regenerating RN neurons. Stereological counts of neurons and measurement of
soma size in Nissl stained preparations showed a 45% neuron loss and > 40% atrophy
of surviving neurons in the injured RN. Grafts of Fb/BDNF reduced neuron loss to <
15% and surviving neurons showed a < 20% decrease in mean soma size. Un-modified
Fb failed to protect against either neuron death or atrophy. Soma size analysis of FGlabeled RN neurons that had regenerated axons caudal to the transplant showed no
statistical difference from that of normal RN neurons, indicating that regenerated RN
neurons did not atrophy. These results suggest that providing neurotrophins by ex vivo
gene therapy can be a valuable treatment for SC injury by promoting axon regeneration
and reducing neuron loss and atrophy. (Supported by NIH grants NS24707, NS 10090
and HD07467; EPVA, APA, ISRT, and VA).
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193.3

193.4

TRANSPLANTS OF FIBROBLASTS GENETICALLY MODIFIED TO EXPRESS
BDNF PROMOTE RECOVERY OF FORELIMB AND HINDLIMB FUNCTIONS IN
THE ADULT RAT. D. Kim1, Y. Liu.1 T, Browarek1, A. Naveri1. S, Y. Chow1*, T.
Schallert’, A. Tessler12,1. Fischer1, and M, Murray1. ‘Dept. of Neurobiol.& Anatomy,
MCP/Hahnemann, Phila, PA 19129,2Phila.VA Hospital, Phila, PA 19104, and ’Dept.
of Psych, and Institute for Neurosci., U. Texas at Austin, Austin, TX 78712.
We have recently shown that grafting BDNF-producing fibroblasts (Fb) into a partial
cervical hemisection (HX) promotes regeneration of rubrospinal (RS) axonsand growth
of other axons (Liu et al., J. Neursci.,’99) and prevents death and atrophy of red nucleus
neurons (Liu et al., Soc. Neurosci., Abstr.’99). In this study, we show that these rats
recovered function. A subtotal right HX was made at C3/4 by aspirating the lateral
funiculus and part of the ventral white matter, sparing most gray matter. There were 3
groups: HX + Fb/BDNF, HX+Fb, and HX alone. Rats were tested preoperatively and
weekly starting 1 wk post-surgery for 8 wks. The behavioral tests included: 1) Cylinder
test that measures forelimb usage, 2) Horizontal rope walking measuring posture and
balance, and 3) Swim task that measures limb functions independent of weight support.
The performance of Fb/BDNF rats exceeded that of either the unmodified Fb or HX
alone group. In the cylinder test, FB/BDNF rats’ forelimb usage improved starting the
first wk post-surgery and reached a plateau between 3-4 wks. Neither the Fb nor the HX
alone group showed the same pattern of recovery. The Fb/BDNF rats walking on the
rope made fewer errors (slips and falls) than either of the control groups. Limb use
during swimming showed a similar pattern of results. Both open-field and narrow beam
walking tasks revealed no functional deficits, demonstrating the limitations of these
tests for partial lesions. A second partial HX rostral to the original lesion at the end of
the 8-wk-period nearly completely abolished the recovered function for all tasks in the
FB/BDNF group. These results show that animals receiving BDNF-producing Fb
recovered both forelimb and hindlimb functions, and suggest that regenerating RS
axons contribute to the recovery. Supported by NIH, EPVA, ISRT.VA.

BDNF APPLIED TO THE MOTOR CORTEX PROMOTES SPROUTING OF
CORTICOSPINAL AXONS BUT NOT REGENERATION INTO A
PERIPHERAL NERVE TRANSPLANT. G.W. Hiebert*, J. McGraw, J.D.
Steeves, and W. Tetzlaff. CORD (Collaboration On Repair Discoveries) Depts.
of Zoology, Anatomy & Surgery, UBC, Vancouver, Canada, V6T 1Z4.
Previous experiments from our lab have shown that brainstem-spinal neurons
injured at a cervical level increase expression of regeneration associated genes
(RAG), and that RAG expression is correlated with axonal regeneration into a
peripheral nerve (PN) transplant. Conversely, axotomy at a thoracic level fails to
induce RAG expression and correspondingly there is no regeneration into a PN
graft. However, application of BDNF to the Red nucleus stimulates RAG
expression and subsequently regeneration of rubrospinal axons into a peripheral
nerve graft after a thoracic injury. Currently, we are investigating, whether a
similar induction of RAG expression in corticospinal (CS) neurons will induce
growth into PN graft after thoracic axotomy.
The dorsal column including the CS tract was removed by suction ablation
between T9 and T10, and 5 mm long segment of predegenerated (lOd) tibial
nerve implanted into the lesion. This PN transplant was held in place with fibrin
glue containing FGF-1 (as in Cheng et al., Science 273: 510-513, 1996) and the
spinal column was stabilized. Micro-Ruby was injected into the motor cortex to
label the CS axons. BDNF was infused (0.5 pl/hr, 14d) intraparenchymally into
the motor cortex..
At 21 days, none of the animals showed CS axons growing into the PN graft.
Animals treated with BDNF exhibited increased sprouting of the CS fibers at the
lesion site. In some cases the CS fibers extended 1 -2 mm within the gray matter
either underneath or around the transplant region. The data supports the concept
that treatment at the cell body enhances the growth capacity of axons within the
spinal cord, however a tibial nerve transplant may not be a suitable environment
for CS regeneration.
Supported by Medical Research Council of Canada, Canadian Neurotrauma
Fund, and the Spinal Cord Research Foundation (Paralyzed Veterans Assoc.)
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THE TRANSDUCTION OF GDNF GENE BY CONTINUOUS INJECTION OF
PLASMID DNA-LIPOSOME COMPLEX PREVENTS 6-OHDA-INDUCED
DEGENERATION. T. Shingo12*, I. Date1*, H. Yoshida1*, K. Fujiwara1, K,
Kobayashi1. T. Ohmoto1: ‘Dept. of Neurol. Surgery, Okayama Univ. Med. Sch.;
Okayama 700-8558, Japan.; 2Neuroscience Research Group, Univ. of Calgary;
Calgary, AB, T2N 4N1, Canada
Glial cell line-derived neurotrophic factor (GDNF) has been shown to possess potent
neurotrophic effects on dopaminergic (DA) neurons. However repeated administrations
of GDNF are necessary to obtain sufficient effects in the CNS since GDNF is
metabolized in about one month. Therefore, we have developed the efficient cationic
liposome-mediated gene transfer. In this study, we attempted direct gene transfer into
the striatum by continuous injection of plasmids-cationic liposome complex in
Parkinson's disease model. We constructed a expression vector which express human
GDNF gene (pcDL-hGDNF). Plasmids and cationic liposome were mixed in the ratio
1:3, then the complex were continuously injected into the right striatum of rats for 7
days using osmotic pumps. Eight days after implantation, the pumps were removed and
6-hydroxydopamine was injected into the same coordination. Protective effect of GDNF
on DA neurons was investigated. The rats receiving GDNF expressing vector showed a
significant 60% reduction of amphetamine-induced rotational behavior compared with
the rats receiving mock vector. A large number of GDNF-positive cells were observed
around the injection site, and a majority of those cells presented similar morphology as
reactive astrocytes. The number of DA neurons in the right substantia nigra and the
density of DA fibers in the right striatum were greater in the animals receiving GDNF
gene than those receiving mock gene. These results indicate that continuous injection
of a plasmid DNA-liposome complex is effective to induce the ectopic GDNF
expression in glial cells. The complex can supply GDNF into the brain in a stable
fashion for 2 months and show protective effect on host DA neurons. This technique is
expected to be applied for the treatment of Parkinson's disease.

COMBINING METHYLPREDNISOLONE, PERIPHERAL NERVES, FGF 1, FIBRIN,
AND VERTEBRAL WIRING FOR SPINAL CORD REPAIR. S.M. Onifer2*, K.E. Loor,
A.B. Cannon, J.L. Walsh, D.I, Santiago, M.B. Bunge1. The Miami Project, Depts. of'Cell
Biology & Anatomy, and 2Neurological Surgery, Univ. of Miami, Miami, FL 33136.
Cheng and colleagues (Science, 273:510-513,1996) reported a new spinal cord
repair strategy for adult rats with completely transected thoracic spinal cords. Our goal
was to extend these observations. Adult female Sprague Dawley rats were prepared with
2-5 mm gaps in the T8-9 spinal cord. Seven “Lesion” rats also had 12 intercostal nerve
segments removed, Twelve “Repair” rats received 18 intercostal nerve autografts across
the gap between supraspinal, spinal, and sensory axonal pathways and gray matter,
FGF 1-containing fibrin, and compressive vertebral wiring. Seven “Repair+M” rats also
underwent these procedures and received intravenous methylprednisolone (M) 5 min, 2
h, and 4 h post-injury. In contrast to the report by Cheng et al., there were no differences
at 4 mo post-injury in the Open-Field Walking Tarlov Scores, Placing Scores, or
Functional Deficits of Lesion rats (1.6+0.1,1.6+0.2,58.6+2.9) and Repair rats (1.7+0.8,
1.6+0.1, 59.2+3.9). Repair+M rats had slightly better Walking Scores (2+0) and
Functional Deficit (52.1+1.8), but not Placing Scores (1.5+0.2). The Open Field
Locomotor BBB Scores of Repair rats (4.3+0.8) and Repair+M rats (5.3+0.6) were
higher than those of Lesion rats (2.6+0.4). When the graft sites of a Repair rat and a
Repair+M rat were completely transected at 5 mo post-injury, the improvement attained
was not lost during 1 mo of testing. At 4-6 mo post-injury, large cavities were seen in the
rostral stumps of all rats. In contrast to Cheng et al., no evidence was found for
supraspinal axonal regeneration into the thoracolumbar cord. Descending coeruleospinal
and spinal axons, but not corticospinal, vestibulospinal, or raphespinal axons, regenerated
into, but not out of, the grafts of all Repair and Repair+M rats. These results suggest that
this strategy led to changes in the distal cord which could influence the central pattern
generator. [We appreciate the input by R.P. Bunge, L. Olson, & H. Cheng, the help of J.
Widenfalk, M. Oudega, G.W. Plant, & J.P. Brunschwig, & support from the American
Paralysis Association (OA2-9601), State of Florida, & The Miami Project.]
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CELL ADHESION MOLECULE LI THERAPY OF SPINAL CORD INJURY
IN RATS. W Huang*, C Roonprapunt, R Grill, M Grumet and W Young.
Neuroscience Center, Rutgers, The State University of New Jersey, 604 Allison
Rd, Piscataway, New Jersey 08854
The neural cell adhesion molecule LI is a potent stimulator of axonal
growth during development and therefore may facilitate spinal cord regeneration
and recovery after injury. We made soluble recombinant Ll-Fc by fusing the
extracellular portion of mouse LI to human immunoglobulin Fc, confirmed that
the chimeric molecule facilitates neuronal adhesion and growth on adult rat spinal
cord cryosections, and applied the Ll-Fc to rat spinal cords for two weeks after
severe contusion injuries. We studied 42 female Long-Evans Hooded rats aged
77+5 days in a double blind, randomized fashion. The spinal cords (T9-10) were
injured at 25.0mm by NYU standard weight drop impactor. Twenty animals
received Ll-Fc intrathecally (200 pg/ml) by Alzet mini pump at 0.5 pl/hour for
two weeks, while 22 rats received saline. Ll-Fc treatment significantly restored
weight-supported locomotion (p<0.001, repeated measures ANOVA), improved
hindlimb placing responses, and increased corticospinal tract (CST) regrowth in
the rats by 3 months after injury. Ll-Fc treated rats showed frequent to consistent
plantar stepping (BBB scores 10.4±0.27) while saline treated rats only showed
sweeping movements or in stance only (BBB scores 8.6+0.19). At 12 weeks after
injury, we injected biotin dextran amine (BDA) into motor cortices bilaterally to
assess the morphological changes. The mean length of the longest regrowing CST
axons in LI-treated rats was 3.57+0.44 mm (+SEM), significantly longer (p<0.02,
ANOVA) than 2.37+0.22 mm in control rats. The results suggest that Ll-Fc
improves functional recovery and increases the axonal growth after severe spinal
cord injury. (Supported by Acorda Therapeutics).

AXONAL REGENERATION AND FUNCTIONAL RECOVERY IN ADULT
RATS AFTER CHRONIC CERVICAL SPINAL CORD INJURY. J Lynskey1, FA
Sandhu ,HN Dai1, M McAtee1, BS Bregman1. Depts of Cell Biology1 and
Neurosurgery2, Georgetown University Medical Center, Washington, DC 20007
Transplants (TP) of fetal spinal cord tissue improve skilled forelimb function
following acute cervical spinal cord injury in neonatal rats. Neurotrophic factors
increase axonal growth in adult rats after immediate or delayed injury and TP. We
examined here the effect of delayed TP and neurotrophin administration on recovery
of skilled forelimb function in adult rats following cervical overhemisection (HX).
Adult rats were pre-trained to a reaching task and then underwent HX at the C4 level,
transecting the entire right side of the spinal cord and the dorsal columns bilaterally.
Two weeks later, E14 cervical spinal cord tissue was placed in the lesion site. Rats
received NT-3 (n=l 1), BDNF (n=9), or saline (SAL) (n=9) via osmotic minipumps
for an additional two weeks. Four weeks after TP, animals were filmed during a
forelimb reaching task and locomotion. All behavioral analysis was done blind with
regards to the neurotrophin treatment. Qualitative and quantitative assessment of
reaching, posture and locomotion were performed. Neuroanatomical tracing and ICC
were used to examine the growth of axonal pathways within the transplant. Cervical
HX disrupts forelimb use bilaterally in reaching and locomotion. Neurotrophin
treated rats performed better on the reaching task than HX+SAL animals. There was
improved reaching with the left forelimb and more attempts to use the right forelimb.
PEAK analysis revealed HX+SAL rats had impaired forelimb and digit extension
during locomotion compared with animals receiving neurotrophins. We observed
increased length and density of both supraspinal and segmental axons within TP of
rats given NT-3 or BDNF than in the SAL treated animals. These results indicate
that transplants and neurotrophins can enhance axonal regeneration and recovery of
skilled forelimb function as well as patterned locomotion in adult rats after chronic
cervical hemisection. Supported by NIH grants NS 27054 and HD 07459.
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SPONTANEOUS AXONAL REGENERATION IN RODENT SPINAL CORD
AFTER ISCHEMIC INJURY. M. von Euler1*, A. M. Janson2. J. O. Larsen3, A.
Seiger1. M, B, Bunge4, andE. Sundstrom1
1) Dept. of Clinical Neuroscience HS, Karolinska Institutet, Sweden 2) Dept. of
Neuroscience, Karolinska Institutet, Sweden 3) Stereological Research Laboratory,
University of Aarhus, Denmark 4) The Miami Project to Cure Paralysis and the
Department of Neurological Surgery, University of Miami School of Medicine,
Miami, Florida.
We have recently described the presence of neurofilament (NF)-positive fibers
within the liquefied lesion cavities after photochemically induced thrombosis in the
rodent spinal cord. To investigate whether length of these fibers increase or decrease
with time, the total length of 200kD NF immunoreactive fibers inside lesion cavities
at 1, 5, 10, and 15 weeks post-surgery were quantified. The total length of the NFimmunolabeled axons within the lesion cavity was 0.83 m at 1 week post-lesion and
peaked with a ten-fold increase 4 weeks later.
In ultrastructural studies we found some of the regrowing axons within the lesion
to be associated with oligodendrocytes or Schwann cells, while other fibers were
unmyelinated. Immunohistochemical staining with an oligodendrocyte marker, MAB
328, also showed a subpopulation of 200 kD NF-fibers associated with
oligodendrocytes. These results indicate that part of the regrowing fibers are of a
central origin.
Growth cones were observed at both 5 and 10 weeks post lesion and there were
GAP 43 immunoreactive fibers present within the cavity at 5 weeks post-lesion.
Also, TH immunoreactive fibers were found within the lesion cavity. Taken together
these results may contribute to a better understanding of spontaneous regeneration and
the temporal development of this in animal models of spinal cord injury.
Funded by the Swedish MRC (06555 and 10816) and the Miami Project to Cure
Paralysis

CLENBUTEROL IMPROVES BEHAVIORAL RECOVERY FOLLOWING
CHRONIC SPINAL CORD INJURY. S. Sayers'*. Y, Lucero2. R, Mrkvika1, N.
Khan1, V, Chhangani1, N, Chauhan1 and T. Khan1 ’Research Service and 2Spinal
Cord Injury Service, Hines VA Hospital, Hines, IL 60141.
Clenbuterol, a P2-adrenergic agonist, has been shown to increase protein content and
mass in muscles of all fiber types, whether they are innervated or denervated.
Clenbuterol has also been found to have a direct effect on spinal cord neurons,
promoting neuron survival after injury. Previously, we reported that clenbuterol
improved behavioral recovery after acute spinal cord injury. In the present study, we
report that clenbuterol also improved behavioral recovery after chronic spinal coid
injury.
Rats sustained a severe spinal cord contusion injury at the T8 level. After ten
weeks post-trauma, one group of animals received clenbuterol treatment orally
through liquid food at a dose of 10 mg/kg/day for an additional ten weeks. A second
group of animals did not receive any clenbuterol. Behavioral recovery was determined
using the following tests: placing response, where upon contact with a surface, a
normal animal lifts it’s hindlimb and places it on the surface; open field, where the
animal is scored for spontaneous activity of the hindlimbs using a modified Tarlov
scale; and toe spread response, where a normal animal spreads it’s toes when held
upside down by the tail.
Following spinal cord injury, the placing response was completely abolished.
However, the placing response returned in animals which received clenbuterol
treatment. In addition, the animals which received clenbuterol treatment also scored
better on the open field test and exhibited a better toe spread response.
These results indicate that the administration of clenbuterol at a dose of 10
mg/kg/day aided in behavioral recovery following chronic spinal cord injury.
(Supported by the American Paraplegia Society Seed Grant Program)
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FUNCTIONAL RECOVERY OF RATS WHOSE SPINAL CORD IS
TRANSECTED IN INFANCY IS ATTRIBUTED TO AXONAL
REGENERATION

IN VIVO IMAGING (MRI) OF THE NATURAL AND THE X-IRRADIATION
FACILITATED REPAIR OF THE LESION IN SEVERED ADULT RAT
SPINAL CORD. S. XU. J.A. KOUTCHER. Z. FUKS AND N. KALPERON*.
Sloan -Kettering
institute
for
Cancer
Res ., New York , NY 1OO21.
An intrinsic
repertoire
of repair
mechanisms
exists
in the
adult

Y. Wakabayashi^ T. Kawa-uchi1. K, Mochida1. M. Takahashi1. M. Oil, k . Otake2.
K, Shinomiya1. ’Dept. of Orthopaedic Surgery, Tokyo Medical and Dental Univ.,
2Sect. of Neuroanatomy, Tokyo Medical and Dental Univ.; Tokyo 113-8519, Japan

It is widely accepted that a newborn rat (within three weeks of age)
recovers its hind limb function after spinal cord transection even without
any specific treatments. This functional recovery might be attributed to
possible regeneration of some descending pathways, although direct
evidence is still lacking so far. In the present study, we sought to utilize
electrophysiological methods to re-evaluate functional recovery of hind
limbs of rats whose thoracic spinal cord was transected at two weeks of
age. Muscle-evoked potentials of hind limbs after electrical stimulation to
the brain (Br(E)-MsEPs) were recorded from recovered rats. Moreover,
Br(E)-MsEPs of recovered rats disappeared after spinal cord re-transection
that caused complete paralysis. According to this finding, we speculated
that regeneration of some descending pathways might play a pivotal role in
functional recovery. In order to determine possible pathways involved in
the functional recovery, we conducted tract-tracing studies using Fast Blue
as a retrograde tracer and WGA-HRP as an anterograde tracer. These
morphological studies provided evidence of continuous reconnection of
rubrospinal, vestibulospinal and reticulospinal tracts, while regeneration of
corticospinal tract was not detected. Taken together, we conclude that
recovery of rat hind limb function after spinal cord transection in infancy is
attributed to axonal regeneration of these tracts.
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IN VIVO VIEW OF THE DESTRUCTIVE AND THE REPAIR EVENTS THAT TAKE

PLACE AT THE LESION SITE OF SEVERED ADULT RAT SPINAL CORD.
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THE DISTRIBUTION OF REGROWING AXONS IN RELATION TO THE
RESTORATION OF LOCOMOTORY PERFORMANCE AFTER COMPLETE
SPINAL CORD TRANSECTION IN THE EEL. L.M.F.Dovle. P.P.Stafford and
B.L.Roberts*. Dept. of Zoology, Trinity College, Univ. of Dublin, Dublin 2, Ireland.
Measurements of tail beat frequency and amplitude of the body wave were made
from video recordings of eels (AnguiUa anguilla) trained to swim in a water tunnel at
several speeds between 0.5 and 2.7 body lengths per second. The spinal cord of each
eel (anaesthesia: 0.1ml alphaxalone ijn.) was then cut ten segments caudal to the anus
using fine microscissors. In some animals the resulting gap (~lmm) was filled with a
rubber block. All animals were kept at 24’C for various recovery periods (7 - 126
days), during which their swimming performance was monitored at set intervals. Each
fish was then reanaesthetised and' perfused with fixative and regrowing axons were
labelled with Dil.
For all speeds after injury, tail beat frequency increased, while amplitude decreased,
to compensate for the loss in power from the caudal portion of the body. This was
most marked from 8 to 12 days following transection, after which an improvement
emerged in non-blocked animals. Tail beat frequency returned to normal after 35 to 45
days, while amplitude remained consistently below baseline even at 125 days.
Functional recovery was never observed in blocked animals. In non-blocked animals
regenerating material bridged the gap as early as 7 days, although no axons had crossed
by this time. By 15 days, however, axonal growth cones had travelled as much as
3mm and many had progressed as far as 6mm between 25 and 40 days, while by 77
days they had extended up to 9mm. Contralateral crossing was never observed.
We conclude that reinnervation of only 1-2 segments is necessary for the
restoration of normal tail beat frequency, while recovery of other locomotory
parameters requires more extensive axonal reconnection.
Supported by Enterprise Ireland (SC/1998/121)

CHANGES IN DESCENDING BRAIN-SPINAL CORD PROJECTIONS WITH AGE
IN LARVAL LAMPREY. L, Zhang* and A.P, McClellan. Div. of Biological
Sciences, University of Missouri, Columbia, MO 65211
Following complete transection of the rostral spinal cord in larval lamprey, there
is a gradual restoration of descending brain-spinal cord projections with gradual
recovery of locomotion (reviewed in McClellan, 1998). Double labeling experiments
indicate that the majority of descending brain neurons, including unidentified
reticulospinal neurons, regenerate their axons following spinal cord transection
(Zhang and McClellan, in press). However, does restoration of brain-spinal cord
projections also depend, in part, on late-arriving descending axons? This issue was
examined by applying HRP to one of two levels of the spinal cord in larval lamprey in
two different age groups [ 72-80 mm (“young”) and 120-130 mm (“old”) j that are at
least one year difference in age (B. Swink, personal communication).
First, in “young” lamprey, application of HRP to the spinal cord at 10% body
length (BL, measured from the head) and 20% BL resulted in retrograde labeling of
1222 ± 142 (n = 6) and 935 ± 73 (n = 6) descending brain neurons, respectively.
Second, similar experiments in “old” lamprey resulted in retrograde labeling of 1598
± 177 (n = 5) and 1149 ± 57 (n = 4) descending brain neurons, respectively.
In “young” or “old” lamprey, the numbers of descending brain neurons that
projected to 10% were significantly greater than those that projected to 20% BL (p <
0.005). In addition, in “young” lamprey, the numbers of brain neurons that projected
to 10% BL were similar (p > 0.20) to the numbers in “old” animals that projected to
20% BL. Therefore, in larval lamprey, there appears to be a modest increase in
descending brain-spinal cord projections with age that, at relatively long recovery
times following spinal cord injury, might make a limited contribution to restoration of
descending projections. However, axonal regeneration remains the main mechanism
for restoration of descending brain-spinal cord projections.
Supported by NIH Grant NS29043 and APA Grant MAI-9605 awarded to A.D.M.
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A NEUROMUSCULAR IMPLANT PLATFORM AS A MECHANISM TO
ACHIEVE A STABLE INTERFACE WITH LESIONED PERIPHERAL NERVE
M.R. Wellsl*. J.L. Ricci2. and U. Vaidval. ’Dept. of Biomechanics and Bioengineering, N. Y. College of Osteopathic Medicine of the New York institute of
Technology, Old Westbury, N.Y. 11568-8000. 2Section of Orthopedic Surgery,
UMDNJ, Newark, N.J.
The volitional control of prosthetic devices is limited in part by the inaccessibility of the information supplied by peripheral nerves to the amputated limb, ln
an effort to gain practical access to this information, methods were examined to
establish a stable biological interface in which an electrode surface is seeded with
autologous muscle satellite cells or explants of muscle which are innervated by a
severed nerve fascicle. Muscle satellite cells or explants were obtained from
biopsies of foot muscles in rats and cultured into the bottom of implantable cupshaped tissue culture polystyrene pellets for approximately 1 week. Autologous
culture pellets were then implanted at the mid-thigh level of the donor rat and the
peroneal branch of the sciatic nerve attached near the culture implant. Pellets and
nerve fascicles were also sutured directly to isolated strips of intact muscles. Pellets
were examined after 3 weeks for the establishment of electrical responses from
nerve stimulation and for myotubes and myelinated axons near the pellet interface.
Both cultured myotubes and explants survived in some explants with the
establishment associated nerve conduction signals within the implant. The
contraction of the cultured elements and later fibrosis in the implant tended to
isolate the connection from the pellet surface. The most stable interfaces appear to
be obtained from isolated slips of muscle retained in vivo. These or similar
interface techniques may supply electrophysio-logical signals of sufficient amplitude
and reliability to provide peripheral nerve based guidance information for prosthetic
devices. Supported by the National Science Foundation (BES-9632962).

FUNCTIONAL RECOVERY AFTER REPAIR OF AVULSED CERVICAL
L.-S. Lee',1—Olson4 and H. Cheng1*. 'Dept. of Neural Regeneration Lab.,
Neurological Institute and ’Physical Medicine and Rehabilitation, VGH-Taipei,
Taiwan; institute of Anatomy, National Yang-Ming University, Taiwan;
department of Neuroscience, Karolinska Institute, Sweden
No successful treatment for avulsion of cervical roots at their junction with the
spinal cord has been reported. The treatment has not been successful because the
survival of motor neurons following axotomy depends on the length of the
remaining axons. We have conducted an experiment for the repair of avulsed
cervical roots on six rats. The left 6th and 7th cervical roots were exposed and
cut at their junction with the spinal cord. Intercostal nerves were used to bridge
the lesion with one end anastomosed to the severed roots and the other end
inserted into the cord. Fibrin glue mixed with acidic fibroblast growth factor
(aFGF) was applied thereafter. Two other groups were used for control (C1&C2).
In Cl, only the roots were severed. In C2, the same repair was done without
adding aFGF. Initially, all groups showed marked paralysis of the left biceps,
triceps and hand intrinsic muscles with the claw fixed in a flexed position. All
rats lost grooming reflex and weight bearing of the left forelimb. Two months
later, the experimental group showed excellent recovery. All could move the left
elbow freely and could extend and open the claws. In gait analysis, they all
regained weight bearing on the left forelimb. They also recovered the grooming
reflex to at least grade 4 in the affected limb. The Cl group showed no recovery
at all. The C2 group had some recovery in elbow motion and weight bearing but
most of them failed the grooming test. These results were further confirmed by
electrophysiological study and HRP tracing.
(supported by NIDA, NSC and NHRI)
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FAILURE OF RAT FEMORAL MOTOR AXONS TO REGENERATE IN SENSORY
SAPHENOUS DISTAL NERVE STUMPS. O.A.R. Sulaiman1*, R. Midha2 ,C.A, Munro2,
T. Matsuyama2 & T. Gordon1. -Div. of Neuroscience and Dept. of Pharmacology, Univ.
of Alberta, Edmonton, AB, Canada; 2Div. of Neurosurgery, and Trauma Research
Program, Sunnybrook & WCHSC, Univ. of Toronto, Toronto, ON, Canada.
Regeneration of femoral motor axons in sensory pathways of the saphenous (S) nerve
was investigated after axotomy and suture under conditions in which the S distal nerve
stump was cross-reinnervated with the femoral motor nerve branch, 1) immediately after
denervation, 2) 2 months after prior reinnervation of the S distal nerve stump by the
contralateral S axons and 3) 2 months after chronic denervation of the distal S nerve
stump. The 15 mm distal S nerve remained in continuity with denervated sensory targets.
The questions we asked was whether prior pre-degeneration or reinnervation of sensory
pathways will promote motor axon regeneration into such pathways. Motoneurons which
regenerated their axons into the distal stump of the S nerve were backlabelled (with dye
applied to the distal saphenous nerve just above ankle level) 3 months after cross-suture,
using fluorogold or fluororuby and counted. Motoneurons were backlabeled only when
distal S stump was pre-degenerated for a 2 month period, under which condition, 31 ±
2.73 (mean ± SEM) motoneurons regenerated their axons. Even then, this number
constitutes a small percentage of the total number of 320 motoneurons, i.e. 10%.
Interestingly motor axons failed to regenerate in the distal sensory pathway when crosssuture was carried out immediately without pre-degeneration and when the pathways were
reinnervated prior to cross-suture. The very low regeneration success of motor axonal
reinnervation of distal sensory S nerve contrasts with regeneration ofhalfthe motoneurons
into the sensory S nerve under conditions in which the S nerve did not direct regenerating
axons to sensory targets (i.e. a sensory nerve graft; see poster by Midha etal. at this
meeting). Supported by the physician of Ontario through the Physicians Services
Incorporated Foundation and MRC (Canada).

PRESENCE OF SENSORY AXONS WITHIN ENDONEURIAL PATHWAYS DECREASES
MOTONEURON AXONAL REGENERATION R Midha1*, O.AR. Sulaiman2, C.A Munro1, T
Matsuyama1, T Gordon2 Division of Neurosurgery, and Trauma Research Program,
Sunnybrook & WCHSC, University of Toronto, Toronto, Ontario1, Division of Neuroscience and
Department of Pharmacology, Faculty of Medicine, University of Alberta, Edmonton, Alberta2
Functional recovery after nerve injuries which sever nerves far from their targets may be very
poor, possibly related to poor preservation of endoneurial pathways. We tested the hypothesis
that simultaneous regeneration of motor and sensory nerves into both ends of a nerve graft
maintains the growth environment and improves motor axon regeneration. We evaluated the
capacity of motor axons to regenerate across a long autograft when sensory axons
regenerated into one end of the graft (sensory protection of the pathway) at the same time as
regeneration of motor axons at the other end (motor axonal regeneration) vs regeneration of
motor axons at one end alone.
Method; In a rat model, a 4 cm saphenous autograft was interposed and sutured to the
proximal stumps of cut sensory and motor branches of the left and right femoral nerves,
respectively (Experimental, n=6) or the stump of the cut motor branch of the femoral nerve
alone (Control, n=7) and ligated at the other end. Three months later, the graft was exposed,
sectioned in the centre for of retrograde axonal tracer application. Rats were perfused 5 day
later and the T11-L2 spinal segment removed, 50 pm longitudinal sections cut and
motoneurons counted using fluorescent microscopy.
Results: In the experimental group, 99 ± 2.4 (mean ± SEM) motoneurons regenerated into
the graft in comparison with a significantly (t = 9.42, p< 0.001) higher number of 151 ± 4.62
motoneurons in the control group.
Conclusion: Regeneration of sensory axons into endoneurial pathways reduces desired motor
axonal regeneration. This may be the result of either competition by sensory axons for the
endoneurial pathways or an inhibitory influence by the preserved distal sensory pathway on
motor neuron regeneration.
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SCIATIC NERVE TRANSECTION IN THE ADULT RAT: EMG PATTERNS
DURING LOCOMOTION AND ABERRANT INNERVATION OF HINDLEG
MUSCLES. A, Gramsbergen1* J. Ukema-Paassen1. M, Meek2. 'Medical Physiology
and 2Plastic Surgery. University of Groningen, The Netherlands.
Severe traumas in the human often lead to lesions of peripheral nerves. Functional recovery after such lesions at adult age usually is poor even after reconstruction
with nerve grafts or artificial nerve guides. It has repeatedly been demonstrated after
nerve transections that motoneuronal axons at adult age aselectively reinnervate
muscle tissue. The problem of the present study is whether this leads to abnormal
activation patterns in muscles.
The effects of sciatic nerve lesions were studied in adult rats. In the left hindleg,
a segment of 12 nun, before the bifurcation into the peroneal and tibial nerves was
resected and this segment in a reversed orientation was used as a nerve graft. EMG
patterns in the tibialis anterior and the gastrocnemius muscles at both sides were
recorded during locomotion in 6 rats after recovery periods varying from 15-21
weeks. The specificity of axonal outgrowth was studied in 9 rats by retrogradely
labelling the motoneurons with unconjugated Cholera Toxin subunit B (CTB) after
injections into the gastrocnemius, the soleus and the tibialis anterior muscles.
EMG patterns at the operated side were abnormal and irregular, coactivation of
the gastrocnemius and tibialis anterior muscle was often observed. Moreover, burst
activities were badly adjusted to the phases of the stepcycle. Retrogradely labelling
indicated that the pools of motoneurons innervating the respective muscles at the left
side had increased in volume but no consistent trends in neuronal numbers were
detected Neuronal diameters were slightly decreased and dendritic branching patterns had decreased dramatically. Dendrite bundles in the pools of the soleus and
gastrocnemius muscles were absent. We conclude that axons, sprouting from the
proximal stump of the sciatic nerve innervate the muscles aselectively and that the
motoneurons of origin maintain their original activation pattern.

SORTING OF REGENERATING RAT SCIATIC NERVE FIBRES
Helena Jerregard1*, Tobias Nyberg2, Claes Hildebrand1. ‘Division of Cell Biology,
Department of Biomedicine and Surgery, and 2Division of Applied physics,
Department of Physics and Measurements, Linkopings universitet, S- 58185
Linkoping, Sweden.
Target derived neurotropic factors can attract regenerating nerve fibers in vivo over
distances of several mm. The aim of the present study is to see if muscle related and
skin related axons from the divided rat sciatic nerve can be sorted into separate
bundles with the aid of extracts of their respective target tissues. Target derived
extracts were prepared from skin and muscle samples collected from the individual rat
later to be subjected to a sorting experiment. The sciatic nerve was divided in the thigh
and the proximal stump was inserted and sutured into the single inlet of a 10 mm long
specially designed silicon Y-tube. The two branches of the Y-tube were filled with 1%
agarose containing skin or muscle homogenate. In addition the tibial (muscle
homogenate) and sural (skin homogenate) nerves were inserted in the branches and
fixed with sutures. The sciatic nerve axons showed vigorous regeneration into both
branches. Six weeks after surgery the two regenerated nerve bundles were labeled
through retrograde tracing with the fluorescent tracers Fast Blue and Fluoro-Ruby,
respectively. Labeled neurons occurred in the ventral horn and dorsal root ganglia at
segmental levels relevant for the sciatic nerve. Counts of labeled neurons in sections
from the spinal cord segments L4 and L5 and the corresponding dorsal root ganglia
showed that motor axons had regenerated preferentially to the Y-tube branch with
muscle extract. Dorsal root ganglion cells were labeled from both branches. Some
neurons of both types contained both tracers. We conclude that regenerating motor
axons show preferential growth into a muscle extract-primed agarose gel.
Regenerating sensory axons grow into muscle- primed as well as skin-primed gel.
Supported by the Foundation for Strategic Research, the Swedish Technical Research
Council and the Swedish Medical Research Council.
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193.21
EXPERIENCE WITH END-TO-SIDE NEURORHAPHY
JK Terzis* Microsurgery Research Center, Eastern Virginia Medical School,
Norfolk, Va 23501.
End-to-side coaptation was reported as early as 1903 by Ballance for tlie treatment
of facial palsy. There were few papers published on end-to-side neurorrliaphy after
Ballance until 1992 when Viterbo reported his work. In 1994, Lundborg was able
to demonstrate both sensory and motor sprouts in tlie end-to-side graft. Both of
tiiese studies, however, used proximal injury models. In 1996 we introduced a noninjury model which used a fresh ipsilateral saphenous nerve graft coapted end-toside to an intact sciatic donor nerve at tlie perineurial window (Noah 1997). Axonal
sprouting from an uninjured peripheral nerve is clinically useful because it would
drastically increase tlie availability of donor nerves. Histologically, no one has been
able to demonstrate collateral sprouting into a nerve graft through a perineurial
window of an intact donor nerve. In our lab we have been able to demonstrate
histologically that collateral sprouting does indeed occur (Noah 1997), and through
tlie use of a double labeling fluorescent technique using Fluoro-gold and bisBenzimide, Andreopoulos (1998) showed tliat collateral sprouting did indeed take
place. Furthermore, tlirough tlie use of IGF-II, there was an increase in tlie function
of biceps reinnervated tlirough end-to-side coaptation (Caplan, 99). Clinically, we
have used end-to-side coaptation in two specific situations: a) to obtain motor
axons and enhance a denervated target without loss of the donor nerve function, and
b) to deliver additional motor fibers to a partially innervated muscle target.
International Institute of Reconstructive Microsurgery
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194.2

RETINAL GANGLION CELL (RGC) REGENERATION INTO PERIPHERAL
NERVE (PN) GRAFTS: POSSIBLE ROLE OF NETRINS. B. Ellezam,1 C.
Manitt? I. Selles-Navarro? T.E. Kennedy2 and L. McKerracher1*. ‘Departement
de pathologie et de biologie cellulaire, Universite de Montreal; Montreal, QC,
Canada, H3C 3J7; 2Montreal Neurological Institute, McGill University.
Netrins are chemotropic factors for developing axons of the CNS. However, the
expression of netrins in the adult nervous system is not well characterized and
their role in axon regeneration is unknown. PN grafts have been used extensively
to study regeneration in the adult CNS. To study a possible role for netrins in the
regeneration of adult rat RGC axons into a PN graft, we have examined the expression of netrins in adult sciatic and optic nerve, and the expression of netrin
receptors in adult retina. First, using Western blot analysis, we have detected the
expression of netrins in both sciatic and optic nerve. Following axotomy of sciatic
nerve, netrin expression decreased in the distal stump, but remained detectable for
at least 19 days after injury. Conversely, in axotomized optic nerve, netrin expression did not decrease. Second, by in situ hybridization, we have detected constitutive expression of netrin receptors Deleted in Colorectal Cancer (dec), unc-5hl
and unc-5h2 in adult rat RGCs. The expression of DCC protein in RGCs was confirmed by immunohistochemistry. Injured RGCs as well as RGCs regenerating
into a peripheral nerve graft and identified by retrograde labeling with Dil also
express unc-5h and dec types of netrin receptors. We are currently quantifying the
changes in netrin receptor expression in RGCs following axotomy and during
regeneration. Whether netrins act as chemoattractive or chemorepulsive factors
for injured adult RGCs remains to be determined. Supported by the GRSNC and
the MRC.

NETRIN AND ITS POTENTIAL ROLE IN THE INJURED ADULT SPINAL
CORD. D.R.Howland* * 3, C. Manitt4. T.E. Kennedy4. M, Tessier-Lavigne56 andN.
Muzyczka2. Depts of ’Neuroscience and 2Molecular Genetics and Microbiology, Univ
of Florida College of Medicine and ’Brain Institute, Gainesville, FL 32610,4Montreal
Neurological Institute, McGill Univ, Montreal, QC H3A 2B4 and ’Howard Hughes
Medical Institute, 6Dept of Anatomy, Univ of California, San Francisco, CA 94143.
Using western blots and immunocytochemistry, we are studying the expression of
netrin and its receptor (dec) following injury in the adult rat spinal cord. Both netrin
and dec are present in the normal adult spinal cord. Western analysis of netrin protein
shows that full length netrin (~78kD) as well as an ~30 kD immuno-reactive band are
present. Three days following injury, there is a dramatic drop in full length netrin as
well as the ~30 kD band. At this same time, a clear triplet of bands appears between
50-65 kD. At 12 days, full length netrin may increase slightly, the triplet bands are
gone and the ~30 kD band appears similar to normal controls. By 40 days, full length
netrin has recovered to approximately normal levels. Immunocytochemical results
show that cells may express both netrin and dec in the normal and injured spinal cord.
These cells may include oligodendrocytes based upon their morphology.
Using ex vivo gene delivery, we are studying the effects of netrin on regeneration in
the adult rat spinal cord. We have made recombinant adeno-associated virus vectors
(rAAV) incorporating either the netrin-1 or green fluorescent protein (GFP) cDNA.
Transgene netrin expression in vitro was verified by western analysis and its ability to
produce outgrowth by a dorsal spinal cord bioassay. Schwann cells are infected in
vitro with rAAV vectors, selected using G418, expanded, grown in matrigel for 3
days and transplanted into hemisection lesion cavities. Preliminary results show that
by 2 weeks post transplantation, neurofilament immunoreactivity is greater
throughout the rAAV-netrin infected Schwann cell grafts compared to rAAV-GFP
infected grafts. Studies to determine whether this is due to netrin expression by
grafted cells in vivo are in progress. Supported by the State of Florida Brain & Spinal
Cord Research Trust Fund, the American Paralysis Association and MRC Canada.

194.3

194.4

NETRIN-1 IS EXPRESSED BY NEURONS AND OLIGODENDROCYTES IN
THE POST-NATAL AND ADULT MAMMALIAN SPINAL CORD. C. ManittL

Repair and regeneration of the post-natal chick retina. A.J. Fischer1,
W.K, Stell2 and T.A. Reh*1. 'Dept. of Biological Structure, Univ. of
Washington, Box 347420, Seattle, WA 98195.2Dept. of Cell Biology and
Anatomy, Univ. of Calgary. Calgary, Alberta, T2N 4N1.
The retina of post-natal chicks is believed to be incapable of
repair or regeneration. However, we have found that this long-standing
dogma may not be true. We exposed the retinas of hatched chicks to
colchicine, N-methyl-D-aspartate or kainic acid, and identified
proliferating cells and neuronal progenitors by immunocytochemistry in
frozen sections. At various times after treament, large numbers of retinal
cells were identified as proliferating by their BrdU-, PCNA-, and
phospho-histone H3-immunoreactive nuclei.
BrdU-labelling was
detected in a few cells immunoreactive for GFAP (indicating reactive
Muller cells), and many cells immunoreactive for LEP-100 (indicating
activated microglia).
However, most BrdU-positive cells were not
labelled with either of these markers. To identify putative retinal
progenitor cells we probed for Pax6 and Chx-10, homeodomain proteins
which are co-expressed in embryonic retinal progenitors and are
required for normal retinal development. In control retinas, Pax6 is
confined to the nuclei of amacrine cells and Chx-10 is in the nuclei of
bipolar cells. Following toxin-treatment, numerous cells other than
amacrine and bipolar cells colocalized immunoreactivity for Pax6 and
Chx-10. Several days after application, BrdU was localized in cells that
expressed Hu, a neuronal RNA-binding protein expressed only in
ganglion and amacrine cells in the chick retina. We conclude that acute
damage of the retina by neurotoxins induces many cells to acquire the
phenotypes of neural progenitors, and some of these cells replace
destroyed neurons.
This work was supported by NSF IBN 960 484 3, AHMFR and MRC of
Canada.

Montreal Neurological Institute, 2Molecular Oncology Group, Royal Victoria Hospital,
McGill University, Montreal, Quebec, Canada.H3A 2B4

Netrins are a family of secreted proteins that function as chemotropic guidance cues
for developing axons. Because of their essential role in establishing appropriate
neuronal connections during development, we are investigating the possibility that
netrins may also play a role in directing plastic changes and regenerative responses in
the adult CNS. Consistent with this hypothesis, we show here that netrin-1 is
constitutively expressed in the mature CNS of rats and mice. Netrin expressing cells
were detected in the adult spinal cord grey matter and white matter using in situ
hybridization in the rat and immunohistochemical analysis of a transgenic mouse line
in which the netrin-1 promoter drives the expression of lacZ. Double label
immunohistochemical analysis using antibodies against the neuronal marker NeuN
revealed netrin immunoreactivity in neuronal cell bodies, processes, and neuropil in
all spinal lamina. Double labeling for netrin and the oligodendroglial marker 2',3'cyclic nucleotide 3'-phosphodiesterase in the rat or the Bgal product of a MBP Lac Z
transgene in mouse revealed that the unexpected white matter signal arises from
mature oligodendrocytes. Prominent netrin immunoreactivity was associated with
both oligodendrocyte cell bodies and their processes. Based on these observations, we
are investigating the potential contribution of netrins and netrin receptors to
oligodendrocyte development and myelination, and to the promotion and/or inhibition
of neurite outgrowth following injury. Supported by the MRC Canada, the Paralyzed
Veterans of America Spinal Cord Research Foundation, and the Multiple Sclerosis Society
ofCanada.

Society

for

Neuroscience

. Volume

25, 1999

496

REGENERATION: NEURONS, GAP-43 AND OTHER FACTORS

SUNDAY PM

194.5

194.6

EXPRESSION PATTERNS OF INSULIN-LIKE GROWTH FACTOR I AND
ITS RECEPTOR mRNA SUGGEST AN AUTOCRINE/PARACRINE ROLE
FOR IGF-I DURING RETINAL GROWTH AND REGENERATION IN
GOLDFISH. Deborah C, Otteson‘*Paul F, Cirenza2 and Peter F. Hitchcock1
Depts. of Anatomy and Cell Biology1 and Ophthalmology2 University of
Michigan, Ann Arbor, MI 48105.
In goldfish, neurogenesis continues in the retina throughout the life of the
animal. Furthermore, death of retinal neurons stimulates additional neurogenesis,
leading to retinal regeneration (see Raymond and Hitchcock (1997) Advances in
Neurol. 72: 171). To better understand the molecular mechanisms regulating
neurogenesis in the goldfish retina, we have focused on the insulin-like growth
factor-I (IGF-I) signaling pathway. Previous studies in our lab have shown that
in goldfish, there are specific binding sites for IGF-I on retinal progenitors and
that in vitro, exogenous IGF-I stimulates their proliferation (Boucher and
Hitchcock, 1998. J. Comp. Neurol. 394: 386; J. Comp. Neurol. 394: 395).
We have isolated and characterized partial cDNAs encoding goldfish IGF-I
receptor (IGF-IR) and IGF-I from the goldfish central nervous system. In situ
hybridization to normal retinas shows broad expression of IGF-IR mRNA
throughout all nuclear layers and in the retinal progenitors. In regenerating
retinas, this pattern of IGF-IR expression persists and IGF-IR mRNA is also
detected in proliferating, injury-induced retinal progenitors. Northern analysis
reveals constitutive expression of both IGF-IR and IGF-I in the normal retina. In
regenerating retinas, IGF-IR mRNA levels remain unchanged. Preliminary
results suggest that IGF-I mRNA levels are modulated by retinal injury. These
results suggest that autocrine/paracrine signaling by IGF-I through the IGF-I
receptor regulates proliferation of retinal progenitors during both growth and
regeneration.
Supported by NIH grants EY07060, EY07003 (CORE) to PFH.

BCL-2 DOES NOT ENHANCE THE ABILITY OF RETINAL
GANGLION CELLS TO EXTEND AXONS IN VITRO. Jeffrey L.
Goldberg*1, Youfeng Xu2, Norman Davidson2, and Ben A, Barres1. ‘Department of
Neurobiology, Stanford University, Stanford, CA 94305; and 2Division of Biology,
Caltech, Pasadena, CA 91125.
Retinal ganglion cells (RGCs) lose the ability to regenerate their axons during
early postnatal development. Their ability to regenerate is enhanced by bcl-2
overexpression, leading Chen et al. (1997; Nature 385:434-9) to propose that bcl-2
acts as an intrinsic genetic switch that controls axon growth. As axotomized RGCs
quickly die, however, an alternative hypothesis is that bcl-2 promotes RGC
regeneration by enhancing survival. To distinguish between these possibilities, we
purified and cultured El8 and P8 RGCs in serum-free medium that promoted the
survival of the majority of cells at both ages. While both El8 and P8 RGCs were
capable of axon extension in response to BDNF and CNTF, the El 8 RGCs extended
axons at about 0.6 mm per day, a rate up to 10 times higher than the P8 RGCs.
When bcl-2 was overexpressed in the purified RGCs using an adenoviral vector,
the majority of cells survived but did not extend axons or dendrites in medium
lacking neurotrophins. The P8 bcl-2-expressing RGCs continued to extend axons up
to 10 times more slowly than El8 RGCs in response to BDNF and CNTF. These
results show that surviving RGCs do not extend axons by default, and that bcl-2 is
not sufficient either to induce axon growth or to enhance neurotrophin-stimulated
axon growth in vitro. Remarkably, despite equivalent survival in vitro, P8 RGCs
have drastically less regenerative ability than do El8 RGCs. Experiments in progress
should distinguish whether this decrease is the result of an intrinsic aging program or
is signaled by target innervation. Taken together, these results raise the question of
whether bcl-2 expression enhances RGC regeneration in vivo by enhancing survival.
This work was possible thanks to the support of the National Eye Institute
(ROI EYl 1030).

194.7

194.8

BCL-Xl SUPPORTS THE SURVIVAL BUT
REGENERATION OF CNS NEURONS X.A.

NOT

NERVE

Huang1*, A.Sh,
Parsadanian2, W.D. Snider2, and D.F. Chen1. 'Schepens Eye Research
Institute and Dept. of Ophthalmology, Harvard Medical School, Boston,
MA 02114; 2Center for the Study of Nervous System Injury, Dept. of
Neurology, Washington Univ. Med. Sch., St. Louis, Missouri 63110.
We have shown previously that the anti-apoptotic molecule, Bcl-2, played a
key role in promoting the regeneration of nerve fibers in the mammalian
central nervous system (CNS). An intriguing question yet to be addressed is
whether the growth-promoting effect of bcl-2 is a consequence of bcl-2 to
protect neurons from injury-induced apoptotic cell death, which in turn,
permits neurons to proceed for nerve regeneration. To test this, we studied
mice that overexpressed the Bcl-xL gene, an anti-apoptotic member of Bcl-2
family. Like Bcl-2, Bcl-xL protects neurons from axotomy and other deathstimulating-signal induced apoptosis when overexpressed in transgenic
mouse models. Developmental cell death of retinal ganglion cells was
abolished in mice overexpressing Bcl-xL or Bcl-2.
However, when
examined in vitro using a retinotectal co-culture system, retinal explants of
wild-type animals and mice overexpressing Bcl-xL did not have the ability to
grow axons into tectal slices if cultures were prepared from animals at the
age of postnatal day 2 to 5.
In contrast, retinal explants of mice
overexpressing Bcl-2 readily projected their axons into brain slices. Our
results suggest that nerve regeneration and neuronal survival following
injury are two independent activities of neurons, and bcl-2, but not Bcl-xL,
supports both functions. (Supported by Minda DeGunzghurg Research
Center for Retinal Transplantation and Charles Hood Foundation Grant.)

194.9
DIFFERENTIAL EXPRESSION OF CHL1, LI, GAP-43 AND C-JUN IN ADULT
RAT CEREBELLUM FOLLOWING PERIPHERAL NERVE GRAFT
IMPLANTATION. V. Chaisuksunt1*, Y. Zhang1, G. Campbell1, M. Schachner2,
P.N. Anderson1 and A.R. Lieberman1. ’Department of Anatomy and
Developmental Biology, University College London, London WC1E 6BT, UK,
2Centre for Molecular Neurobiology, University of Hamburg.
The patterns of gene expression of the cell recognition molecules, CHL1 and LI,
the growth-associated protein, GAP-43, and the transcription factor, c-jun, were
investigated by in situ hybridization in adult rat cerebellum following peripheral
nerve graft implantation. Adult female Sprague-Dawiey rats (180-280g) were
deeply anaesthetized with halothane and a segment of tibial nerve autografted to
the deep nuclei (DN) of the cerebellum. Three days to 16 weeks later, animals were
reanaesthetized and killed by decapitation. In some animals at survival periods
between 2 and 7 weeks, CT-HRP was injected into the distal end of the graft to
retrogradely label regenerating neurons. All four molecules were strongly
upregulated in many neurons of the DN ipsilateral to living grafts and the
expression was detectable at all survival times investigated. Strong expression of
all four molecules was also present in retrogradely HRP-labelled DN neurons
whose axons had regenerated along the graft. Individual DN neurons were found
to co-express CHL land LI, CHL land GAP-43, CHLland c-jun, c-jun and GAP-43
and Lland c-jun. When grafts impinged on the brainstem, neurons in several
nuclei, predominantly of the vestibular complex, also upregulated all four
molecules and regenerated axons into the graft. In contrast, Purkinje cells and
other cerebellar neurons did not regenerate their axons into the graft and expressed
none of these molecules, with the exception that some Purkinje cells close to the
graft expressed c-jun mRNA. These findings suggest that expression of this group
of genes may be required for successful axonal regrowth in injured CNS neurons.
Supported by the Royal Thai Government and the Wellcome Trust.
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OVEREXPRESSION OF

GAP-43

IN THALAMIC PROJECTION NEURONS OF TRANSGENIC

MICE DOES NOT ENABLE THEM TO REGENERATE INTO A PERIPHERAL NERVE GRAFT.

M. Mason,1 G. Campbell,1 P. N Anderson,1 P. Caroni2and A. R. Lieberman1. Dept. of
Anat. and Dev. Biol., University College London, London WC1E 6BT, UK.
2Friedrich Miescher Institute, Basel, Switzerland.
Some populations of neurons of the adult rat CNS will regenerate into a peripheral
nerve (PN) implant, but others do not. The expression of GAP-43 correlates with
axon growth during development and with competence to regenerate. We have tested
the importance of GAP-43 expression for CNS axonal regeneration in a strain of
transgenic mice which over- express GAP-43 in some CNS neurons. Transgene
expression was mapped by in situ hybridisation with a digoxigenin labelled RNA
probe. Neurons found to express the transgene included thalamic projection neurons
of the mediodorsal and ventromedial nuclei, which normally regenerate very poorly
into PN grafts, but there was no expression in thalamic reticular nucleus (TRN)
neurons which do regenerate well. Mice were deeply anaesthetised with Halothane
and a segment of tibial nerve autografted into the medial thalamus. After survival
periods of 18-53 days mice were reanaesthetised and CT-HRP injected into the distal
tip of the graft. Two days later mice were killed and brain sections were reacted with
TMB. Retrogradely labelled neurons were found in the TRN of transgenic animals
but none were found in fee medial thalamic nuclei, although neurons expressing the
transgene were still present. Thus GAP-43 expression alone is insufficient to ensure
the regeneration of injured thalamic neurons into a peripheral nerve graft.
Supported by the Internationales Forschungsinstitutfiir Paraplegiologie.

194.10
EXPRESSION OF GAP 43 DOES NOT PROMOTE AXONAL
REGENERATION OF PURKINJE CELLS IN ORGANOTYPIC
SLICE CULTURES. Ira Odenettel and Josef P, Kapfhammer*.
Anatomisches Institut I, AG Neuronale Plastizitat, Universitat
Freiburg, Hansastr. 9A, 79104 Freiburg, Germany.
Regeneration of CNS axons may depend on the appropriate
expression of growth-associated proteins. Cerebellar Purkinje
cells (PCs) fail to regenerate their axons after lesions made at
postnatal day 7 (P 7) or later and do not upregulate either GAP43 or c-jun after axotomy. We have studied a transgenic mouse
line that expresses chick GAP-43 under the control of a neuronspecific Thy-1 expression cassette (Aigner et al. 1995). In situ
hybridisation experiments show an onset of GAP-43 transgene
expression in the PCs after postnatal day 10. Interestingly, in
GAP-43 expressing PCs we could also detect mRNA for c-jun. Cjun expression was consistently absent in PCs of wild-type mice.
Organotypical slice cultures of P10 GAP-43 transgenic mice were
used to study fiber regeneration. After 7 days in culture, the
projection from the PCs to the deep cerebellar nuclei was
transected and the slices were maintained in culture for
additional 6 days. In cultures derived from GAP-43 transgenic
mice we could not find an improvement of axonal regeneration
compared to control cultures. Our results suggest that
overexpression of GAP-43 may be able to induce c-jun
expression in PCs. However, it does not appear to be suficient to
induce long distance regeneration of PC axons.

Supported by the Forderprogramm Neurobiologie des Landes Baden-Wurttemberg.
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194.11

194.12

SUSTAINED EFFECTS OF NEUROTROPHIC FACTORS AFTER CNS INJURY:
DNA DELIVERY THROUGH GENE-ACITVATED MATRICES. A.M, Gonzalez1.
A, Logan2, L.Greenlees1, M. Berry3, A, Baird1*. 'Selective Genetics, San Diego, CA
92121; 2Dept. of Medicine, Univ. of Birmingham, B15 2TH, UK; 3Dept. of Anatomy
and Cell Biol., Guy’s Hospital, London SE1 9RT, UK.
Previous studies from our laboratory showed that delivery of condensed DNA
encoding basic fibroblast growth factor (FGF2) in a gene activated matrix (GAM)
promotes sustained survival of retinal ganglion cells after optic nerve injury. Based on
these results, GAMs containing 2.5-1.5 gg of DNA encoding FGF2, a combination
of FGF2 with NT3 and BDNF or reporter genes like green fluorescent protein (GFP)
and thymidine kinase (TK) were placed between the nerve stumps at the time of
injury. Some animals received recombinant human FGF2 (2.5 gg). Six, forty and
one hundred days after implantation of the GAMs, PCR analyses showed that the
DNA present in the GAMs was retrogradely transported to the retina. Western blot
analyses of these tissues revealed the presence of the transgene products. The
biological response to FGF2, NT-3 and BDNF was evaluated at 40 and 100 days after
injury by measuring the number of retinal ganglion cells that transported dextranrhodamine from the proximal stump. The number of retrogradely labeled neurons
detected in treated retinas increased 6 to 30 fold over the number of cells measured in
animals that received reporter genes or simply recombinant FGF2 protein. The
combination of DNAs encoding NTFs was more effective than plasmids encoding
FGF2 alone. Moreover, the implanted GAM graft delivering NTF genes had a greater
number of regenerating nerve fibers invading the GAM implant at 100 days
suggesting that active regeneration is taking place.
Taken together, these results show that gene delivery using GAMs can result in
sustained NTF action and suggest that GAM approaches may provide an alternative
strategy to promote nerve survival and regeneration after CNS injury. Supported by
the International Spinal Research Trust and the Wellcome Trust.

INNERVATION OF CAUDAL VENTRAL ROOTS BY ROSTRAL SPINAL
NEURONS THROUGH A COLLAGEN TUBE AFTER SPINAL CORD INJURY
IN ADULT RATS S. Liu1, M. El-Ett3*, A.S. Bonnard1, G. Said2 & M. Tadte1. 'Lab.
of Experimental Neurosurgery; 2Lab. of Neurobioiogy, Hospital of Bicetre, 94275 Le
Kremlin Bicetre, Fiance. 3INSERM U488, 94276 Le Kremlin Bicetre, France.
Axonal repair from rostral spinal cord to caudal ventral roots using a collagen tube
to guide regrowth was investigated in adult rats after spinal cord injury. Fifteen male
rats (Sprague-Dawiey, 350-400 g) underwent a left hemisection of spinal cord at the
T12 level and an intradural section of all ipsilateral lumbar ventral roots. In the repair
group (n = 9), all sectioned ventral roots were inserted into a collagen tube (collagen
type IV/IVOX; Imedex, France) that was then implanted into the left rostral cord about
2 mm through the hemisection site. The gap between the cord and the roots, in the
tube, was 7 mm. In the control group (n = 6), no repair procedure was performed.
Following surgery, all rats immediately suffered from complete paralysis of their left
hindlimb. Six months later, unlike the controls, some tension and resistance appeared
in the paralyzedlimb of all treated animals during passive mobilization. Nine months
after surgery, perfect tissue continuity was seen between the rostral cord and the
repaired ventral roots within the tube. Electrically stimulating this continuity, muscle
action potential was recorded from the paralyzed quadriceps of all treated rats with a
mean amplitude of 357 ±213 pV. HRP retrograde labeling from the repaired ventral
roots traced 45 ± 39 labeled neurons in the rostral cord near the implantation site.
Histological examination showed numerous regenerating fibers in the collagen tube
and a decreased number in the denervated/repaired ventral roots. These data indicate
that the collagen tube can guide rostral spinal neuron regrowth to caudal ventral roots
across a 7 mm gap, therefore innervating the distal target in adult rats after spinal cord
injury. This repair model also provides a good means for testing the use of trophic
factors and/or cultured Schwann cells that probably may further promote axonal
regeneration. Supported by 1RME and Fondation d’Avenir (ET8-088), Paris, France.

194.13

194.14

INDUCTION OF ADULT NEOCORTICAL NEUROGENESIS BY
ENDOGENOUS PRECURSORS IN MICE UNDERGOING
TARGETED NEURONAL APOPTOSIS. S.S. Magavi* and J.D, Macklis.

by HD28478, MRRC HD18655, Alzheimer’s Assoc., HFSP, & T32NS07112 for SSM.

TRANSPLANTATION OF NEURONAL CELLS INTO THE RAT
NEOCORTEX FOLLOWING ADENOVIRALLY MEDIATED
GENE TRANSFER OF BRAIN DERIVED NEUROTROPHIC
FACTOR, GLIAL DERIVED NEUROTROPHIC FACTOR, AND
CILIARY NEUROTROPHIC FACTOR. L.J. Cauller1*, B.D. Mitchell1’
and S.R. D’Mello2. ’Neuroscience Program and 2Dept. of Molecular
Biology, University of Texas at Dallas, Richardson, TX, 75083.
The degeneration of the central nervous system in diseases such as
Parkinson’s disease, traumatic brain injury, multiple sclerosis and stroke
has brought about several therapeutic strategies for achieving the
regeneration of damaged areas in both the brain and spinal cord. Some of
these regenerative strategies currently used include the transplantation of
cells and the use of trophic and tropic factors in the CNS and frequently
involve the genetic transduction of cells to act as neurochemical “pumps”,
but do not attempt to reform functional neuronal connections. The longterm, stable production of trophic factors using minimally invasive
procedures is of optimal importance in the central nervous system. In this
study, we have employed the use of neuronal cell transplantation
(dissociated neurons and glia) in to the neocortex of adult and juvenile
male Sprague-Dawiey rats. In addition, we have examined the efficacy of
transplanting adenovirally transduced (RSV-AdV) neuronal cells to
produce brain derived neurotrophic factor (BDNF), glial derived
neurotrophic factor (GDNF), and ciliary neurotrophic factor (CNTF). The
factors examined here for evaluation of short term and long-term graft
efficacy include survival of the graft cells and the extent of neural fiber
outgrowth from the transplanted neurons. Supported by an NSF grant to S.R.D.
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ADENO-ASSOCIATED VIRAL VECTOR-MEDIATED GENE TRANSFER OF
BRAIN-DERIVED NEUROTROPHIC FACTOR REVERSES ATROPHY OF
LESIONED RUBROSPINAL NEURONS. MJ Ruitenberg*, PA Diikhuizen, WTJMC
Hermens, B Blits, N Schoenmakers, JJ van Heerikhuize, CW Pool and J Verhaaeen.
Graduate School forNeurosciences, Neth. Inst. Brain Res, Amsterdam, The Netherlands.
Lesions of the rat rubrospinal tract (RST), one of the major descending motor pathways
in the spinal cord, result in severe atrophy of the affected rubrospinal neurons and hardly
any regenerative response is observed at the site of injury. To stimulate regeneration of
lesioned rubrospinal neurons, it is essential to reverse the atrophic state of these neurons
to one which allows regeneration. Intraparenchymal brain-derived neurotrophic factor
(BDNF) peptide infusion close to the red nucleus (RN) using an osmotic minipump has
been used successfully to prevent atrophy of lesioned rubrospinal neurons (Kobayashi
et al., J Neurosci 17:9583-9595). Here, we examined the efficacy of an in vivo gene
transfer approach based on the use of a recombinant adeno-associated viral vector
encoding BDNF (rAAV-BDNF). One advantage of using viral vector-mediated gene
transfer is that this would ensure local and continuous BDNF production following a
single injection of the viral vector into the RN. The RST was lesioned at the level of the
fourth cervical vertebra and at the same time the rats received an injection with either
rAAV-BDNF or rAAV-LacZ (control virus) into the RN. Animals were sacrified 2 and
5 weeks post lesion and the size of neuronal cell profiles in the RN were analyzed by
computerized image analysis. Two weeks after RST lesion, neuronal atrophy was
observed in both rAAV-BDNF and rAAV-LacZ treated rats as compared to non-lesioned
contralateral RN. At 5 weeks post lesion, however, neuronal atrophy was fully reversed
in rAAV-BDNF treated rats. The lack of an effect of BDNF on cell size at two weeks
is probably due to the fact that rAAV-mediated transgenic BDNF production increased
substantially between two weeks and one month after injection of the viral vector. Taken
together this work demonstrates that the problem of lesion induced neuronal atrophy is
amenable to direct in vivo gene transfer with rAAV vectors encoding a neurotrophin.
Funded by NWO-GMW

CELLULARLY DELIVERED NT-4/5 HAS AXONAL GROWTH
PROMOTING EFFECTS IN THE INJURED ADULT RAT SPINAL
CORD. A, Blesch*. N, Diergardt. H.S, Uy and M.H. Tuszvnski,
Dept. of Neurosciences-0626, Univ. of California, San Diego, La Jolla, CA 92093
and VA Medical Center, San Diego, CA 92165.
Several neurotrophic factors induce axonal growth from injured neuronal systems
after spinal cord injury, in some cases promoting partial functional recovery. The
present study focused on examining the growth-promoting effects of NT-4/5, since
this neurotrophic factor has previously been shown to support the phenotype of
diverse spinal and supraspinal neuronal systems.
Primary rat fibroblasts were genetically modified to produce human NT-4/5 or green
fluorescent protein (GFP) as a control. In vitro, transgene expression was verified by
Northern-blot. Approximately 40-80 ng/106cells/24h NT-4/5 was produced in vitro
(estimated by Western Blot) by NT-4/5 transduced cells, whereas levels were
undetectable in GFP-expressing cells. Conditioned medium from NT-4/5 producing
cells significantly increased proliferation of trkB-expressing NIH3T3 cells (p<0.05).
NT-4/5-secreting or GFP-producing cells were then embedded into collagen matrices
and grafted to the dorsally hemisected spinal cord (NT-4/5, n=21; GFP, n=22). The
growth and phenotype of axons penetrating grafts were determined by
immunohistochemistry and anterograde corticospinal and rubrospinal tract labeling.
NT-4/5 grafts were densely penetrated by neurofilament labelled axons, whereas
controls showed few axons. Axonal penetration into cellular grafts persisted for 3
months, the longest time point investigated. Axons in grafts also immunolabeled for
ChAT, CGRP, substance P and tyrosine hydroxylase, indicating their origin from
local motor and sensory neurons, and from supraspinal coeruleospinal axons,
respectively. No growth of serotonergic axons into grafts was observed. Responses
of corticospinal and rubrospinal axons are under investigation.
These results indicate that cellular delivery of NT-4/5 has robust tropic effects on
motor, sensory and coeruleospinal axons in the adult rat spinal cord and potential
therapeutic applications after spinal cord injury.
Supported by grants from Veterans Affairs, American Paralysis Association and NIH.

Division of Neuroscience, Children’s Hospital; Department of Neurology & Program
in Neuroscience, Harvard Medical School, Boston MA 02115
Previous results from our lab show that in regions of adult mouse cortex
undergoing synchronous apoptotic degeneration of pyramidal neurons,
surrounding cells, including intemeurons, upregulate the expression of
developmental signaling molecules. Many immature neurons or multipotent
neural precursors transplanted into these regions specifically migrate to
degenerating layers of cortex, differentiate into pyramidal neurons, accept
afferent input, and re-form specific projections to the original targets of the
degenerating neurons. Induction of such neuronal death to projection neurons
in the avian forebrain upregulates neurogenesis, circuit re-formation, and
behavioral recovery. Here, we examine the fate of endogenous neural precursors
exposed to such intercellular signals in the adult mouse. We induced synchronous
apoptotic degeneration of layer 5 and 6 corticothalamic neurons via chromophore
targeted photolysis, gave mice twice daily BrdU injections for 2 weeks and, at
9 weeks, examined the fate of BrdU positive cells. Laser scanning confocal
microscopy and 3-D digital reconstructions of individual cells demonstrate that
a limited number of BrdU positive cells within these regions express NeuN, a
mature neuronal marker. We were unable to find any such cells in control cortex,
confirming prior findings by others. Analysis of the developmental progression
of these newborn neurons and their potential projections are ongoing. These
results demonstrate that endogenous neural precursors can be induced to occupy
positions in cortex and differentiate into neurons in the adult brain. Further
understanding of the potential of such precursors and the molecular signals
that alter their proliferation and fate may allow development of neuronal
replacement therapies that do not require exogenous sources of cells. Supported

Society

for

Neuroscience

, Volume

25, 1999

498

REGENERATION: NEURONS, GAP-43 AND OTHER FACTORS

SUNDAY PM

194.17

194.18

CELLULAR DELIVERY OF BDNF PROMOTES BOTH MOTOR AND
SENSORY AXONAL GROWTH AFTER SPINAL CORD INJURY
B.kSClk.K,,LQw*. and.M.,H...Iyszynski, Dept. of Neurosciences-0626, Univ.
of California at San Diego, La Jolla, CA 92093 and VA Medical Center, San Diego,
CA 92165
BDNF has previously been reported to support motor and sensory neuronal
development, and to protect the motor neuronal phenotype after lesions. In the
present study, we examined whether cellular delivery of human BDNF influences
axonal growth after adult spinal cord injury. Fischer 344 primary rat fibroblasts were
genetically modified to produce human BDNF or, in control subjects, green
fluorescent protein (GFP). BDNF mRNA was only detected in BDNF transduced
cells by Northern blot; these cells produced 78 ng/106 cells/24h BDNF by ELISA;
and conditioned medium from the cells supported proliferation of trk B-transduced
NIH 3T3 cells.
BDNF-secreting (n=l 1 animals) or GFP-producing (n=l 1 animals) primary
fibroblasts were embedded in collagen matrices and grafted to the spinal cords of
adult rats that underwent T7 dorsal hemisection lesions. One month post-operatively,
BDNF-secreting cell grafts contained significantly greater numbers of neurofilament
labeled axons than control grafts. Axons penetrating BDNF-secreting grafts also
labeled for both ChAT and CGRP, reflecting their origin from motor and sensory
neurons, respectively. Additional analysis is underway to examine effects of grafts
on corticospinal, supraspinal systems, glial cells and neural progenitor cells 3 mo
post-injury. Overall, the cellular delivery of BDNF can promote extensive axonal
growth from both local motor and sensory axons, suggesting a potential role in
promoting cell rescue and axonal regrowth in the lesioned adult rat spinal cord.
Supported by Veterans Affairs, NIH R01-37083, and The Daniel Heumann Fund
For Spinal Cord Research.

TROPIC AND TROPHIC EFFECTS OF FGF-1 AND PERIPHERAL NERVE
GRAFTS ON INJURED CST FIBERS WITH AND WITHOUT GREY MATTER
SPARING LESIONS.
V.K.H, Sonntag. A, Gibson*. J.D. Guest. Barrow Neurologic Institute, Phoenix, AZ,
85013
Introduction- We studied the response of injured corticospinal tract (CST) axons to
locally delivered FGF-1 or peripheral nerve grafts (PNGs) following CST lesions in
which the grey matter was either incompletely or completely interrupted.
Experimental Objectives- Detailed neuroanatomic tracing was employed to determine
if the effect of FGF-1 or PNGs on CST regeneration is influenced by the presence or
absence of intact grey matter. Methods- Adult Lewis rats underwent partial dorsal
sectioning of the thoracic spinal cord at T9. The lesion extended either above the central
canal (n=l 1) or throughout the entire grey matter (n=l 1). Biotinylated dextran amine
was injected into the left motor cortex. The injury site was filled with either 1) fibrin glue
(FG)- only (n=5), 2) nothing (n=4), 3) FG + FGF-l(n=8), 4) FG + FGF-1 + autologous
PNG (n=8). PNGs were inserted into the proximal but not the distal grey matter. CST
axons were studied in long sagittal sections including the lesion area 18d post-lesioning.
Distal sprouting, collateral sprouting into rostral grey matter and distal fiber regeneration
was determined for each animal. Results- Lesion-only and glue-only animals displayed
modest terminal sprouting. In animals implanted with FGF-1 FG some regenerating
fibers extended at least 10mm distally into residual grey matter. Several of these fibers
appeared to originate from collaterals above the lesion site. No distal regeneration was
observed in the absence of intact grey matter. FGF-1 FG animals also had increased
terminal and collateral sprouting. All animals implanted with PNGs displayed terminal
sprouts which were clearly oriented toward the PNG. PNGs did not influence the distal
regeneration into the grey matter seen with FGF-1 FG. Conclusion- Regenerating CST
terminals exhibit directional tropism for PNGs suggestive of the effect of a secreted
factor. In the presence of spared grey matter, locally delivered FGF-1 supports some
distal regeneration of the CST. The efficacy of some regenerative strategies may depend
on intact grey matter. Studies of the mRNA response of cortical neurons to these
conditions are in progress. Supported by the Barrow Neurologic Institute.
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REGENERATION OF RAT RETINAL GANGLION CELL AXONS
IN VIVO: STIMULATION BY LENS-DERIVED FACTORS. L. I.

Regeneration

of retinal
ganglion
cell axons through
the lesioned
optic
NERVE OF ADULT RATS - AN LM AND EM STUDY. G. Campbell*, J.K.L. Holt, H.

Be nowitz^S. Leon, Y. Yin, J. Nguyen and N. Irwin. Dept. Neurosurgery, Children’s Hospital; Harvard Med. School, Boston MA 02115.
Following intraorbital injury of the optic nerve, retinal ganglion cells
(RGCs) of mature mammals show a transitory, abortive sprouting reaction and then undergo delayed cell death. Here we show that if the
lens is injured after optic nerve injury, there is a dramatic increase in
RGC survival and extensive axon regeneration into the distal optic
nerve. Whereas only 3% of RGCs were viable after 3 weeks in animals with optic nerve injury alone, injury to the lens increased cell survival to 24%. Furthermore, whereas no axons grew past the crush site
in animals with optic nerve injury alone, or with intravitreal injections
that did not touch the lens, most viable RGCs extended axons up to
the crush site in animals with lens injury, and c. 10% of these extended
axons > 500 pm beyond it; some were > 4 mm. Axon growth in these
cases was greater than that obtained by implanting viable sciatic
nerve fragments intravitreally (Berry et al., 1996). Neither CNTF nor
FGF-2, growth factors that are upregulated by injury to the posterior
chamber of the eye (Cai et al., 1997), enhanced regeneration beyond
the level seen with lens injury alone, nor did antibodies to these growth
factors diminish it. Lens injury led to GAP-43 upregulation in RGCs,
GFAP upregulation in Muller cells, and a proliferation of ED-1+ macrophages across the entire retina, all peaking at 7-14 days. The specific
factors released by lens injury, and the possible role of macrophages
or Muller cells in stimulating RGC survival and axon outgrowth, are
being investigated. Support: National Eye Institute (R01 EY 05690),
Boston Neurosurgical Foundation; Boston Life Sciences, Inc.

Shotton, S. Bavetta, P.N, Anderson and A.R. Lieberman. Department of Anatomy
and Dev. Biol., University College London, London, WCIE 6BT, UK.
It is generally thought that retinal ganglion cell (RGC) axons are unable to
regenerate within the optic nerve. We have reexamined this question. Adult SpragueDawley rats were given no treatment (n=8) or subcutaneous injections of FK506
(n=9), GPI-1046 (n=13) or vehicle alone (n=4) at a variety of doses and injection
frequencies (eg 1-2 times per day for 10-30 days) following unilateral intraorbital
optic nerve crush under Halothane anaesthesia. After survival times of 10 days to 16
months, RGC axons were anterogradely labelled using cholera toxin subunit B. Small
numbers of labelled, regenerating RGC axons were observed in longitudinal sections
of the optic nerve beyond the crush site. The labelled axons were generally thin,
beaded and ran in a longitudinal direction, often close to the pia. In all animals there
was a gradual reduction, to zero, in the number of axons with increasing distance
from the crush site. With increasing survival times, labelled axons were identified
further distally in the optic nerve. In control animals 10-32 days post operation, 1-6
axons per section were found 200-500pm into the distal nerve; by 2 months post
operation (mpo) 1-2 axons per section were present at 1.5-2.0mm; by 3-4 mpo single
axons were found in a few sections at 4-6mm and at 16 mpo 1 axon grew 8.0mm
from the crush site to the optic chiasm. There was no difference in the length of the
longest regenerating axons in drug-treated and control animals. Labelled axons were
never found in the lateral geniculate nucleus or superior colliculus. At 2 and 4 mpo (n
= 6) electron microscopy revealed that the axonal sprouts were generally very small
(~0.1-0.2pm in diameter), unmyelinated, contained few organelles and were usually
in clusters of ~6 surrounded by astrocyte processes. Some sprouts were apposed to
degenerate myelin or oligodendrocytes. We conclude that, after optic nerve crush, a
small population of RGC axons undergoes slow regenerative growth, which is not
accelerated by immunophilin ligands, along the degenerate optic nerve, reaching as
far as the optic chiasm.

194.21
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EPHRIN A2 IS RE-EXPRESSED IN A ROSTRO-CAUDAL GRADIENT ACROSS
THE OPTIC TECTUM DURING OPTIC NERVE REGENERATION IN THE LIZARD C. ORNATUS. J. Rodger*. C. Bartlett. L.D.Beazley and S.A. Dunlop. Dept. of
Zoology, The University of Western Australia, Nedlands, Australia, 6907.
Eph receptors and their ligands are cell-surface bound molecules that have been implicated in topographic map formation. During development, two Eph receptor ligands,
Ephrin A2 and A5, are expressed as an increasing rostro-caudal gradient in the optic
tectum of embryonic rodents, chicks and fish at a time coincident with retino-tectal map
formation. We have examined Ephrin A2 and A5 expression immunohistochemically in
the optic tectum ofthe lizard Ctenophorus omatus for normal embryos and adults. Adults
were also studied during optic nerve regeneration following unilateral optic neive crush;
surgery was performed under halothane anaesthesia with cooling to minimise bleeding.
Axons regrow to both tecta by 1-2 months but favour the contralateral side. A transient
low-fidelity electrophysiological map forms to the contralateral tectum between 5-7 months
but order is subsequently lost; moreover, animals are functionally blind throughout via
the regenerate side (1-3). Ephrin A2 and A5 were seen as gradients in the optic tectum at
embiyonic stages but were absent from normal adults. At 1-2 months after optic nerve
regeneration, Ephrin A2 was consistently re-expressed bilaterally as gradients in both
optic tecta but more strongly on the contralateral side. Between 5-7 months, Ephrin A2
was expressed as gradients bilaterally in some animals; in others expression was weak or
absent. The variability in expression at this stage may reflect the fleeting nature of the
electrophysiological map (3). Ephrin A5 was not detected in the adult at any stage of
regeneration. We suggest that Ephrin A2 may be involved in organising the low-fidelity
electrophysiological map. However, additional map making molecules, perhaps Ephrin
A5, and possibly synaptic strengthening molecules, must also be necessary to drive the
re-formation of a stable and functional retino-tectal map.
1. Beazley, L.D. et al., (1997). J. Comp. Neurol. 377:105-120.
2. Dunlop, S.A. et al., (1999). J. Comp. Neurol, (in press).
3. Stirling, R.V. (1998) J. Neurosci. Methods 81.85-89.
Funded by NH&MRC (Australia) Program Grants 953204 and 993219.

FAILURE OF OPTIC NERVE REGENERATION IN THE GECKO NEPHRURUS
STELLA TUS. L.D Beazley*. A. Barber. P. Runham . R.V. Stirling and S.A, Dunlop,
Dept. of Zoology, The University of Western Australia, Nedlands, Australia, 6907.
The success of optic nerve regeneration in the order Squamata, the dominant living
reptile group, appears to be variable. In the lizard Ctenophorus omatus (family:
Agamidae), axons regenerate past the lesion site and reach the primary visual centres
within 1-2 months. However, from the outset, axons fail to re-establish an anatomical
retinotopic map and animals remain functionally blind via the regenerate side (1,2). Optic
nerve regeneration also occurs in the snake Viper aspis (family: Serpentes) but is protracted with axons reaching the optic tectum only by 6 months (3); however, it is unknown whether a retinotopic map and thus functional vision is restored. To explore
further whether the outcome of optic nerve regeneration varies between families of reptiles, we have examined the gecko Nephmrus stellatus (family: Gekkonidae). Unilateral
optic nerve crush was performed under halothane anaesthesia with cooling to minimise
bleeding. Visual fields were measured using perimetry and binocular overlap in the horizontal plane estimated to be 50°. Animals were assessed behaviourally between 1-6
montiis in an open-field arena and their responses to moving prey such as cockroaches
monitored by low light level video. Within tiie monocular field (110°) of the unoperated
eye, animals consistently tracked, struck and captured prey but, via the regenerate side,
appeared unable even to track. At 6 months, intact brains with eyes attached were
prepared for in vitro multi-unit electrophysiological recording ofthe retino-tectal projection (4). We were consistently unable to record visually elicited responses from the
regenerate side. Tracing the regenerate projection with Dil applied to the optic disk
showed that, in all cases, axons failed even to penetrate the lesion site. The abortive
response of the optic nerve in N. stellatus is thus mammalian-like and provides a model
in which to determine the molecular basis for the failure of axons to penetrate the lesion
site.
1. Beazley, L.D. et al., (1997). J. Comp. Neurol. 377:105-120.
2. Dunlop, S.A. et al., (1999). J. Comp. Neurol, (inpress).
3. Rio, L.P. et al., (1989) Brain Res. 479:151-156.
4. Stirling, R.V. et al., (1998) J. Neurosci. Methods 81:85-89.
953204 d993219> ^ea^1 & Medical Research Council ofAustralia Program Grants
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MODULATION OF CELL DEATH IN THE NEUROBLAST LAYER AND INNER
NUCLEAR LAYER FOLLOWING EARLY ELIMINATION OF THE GANGLION

DEVELOPMENTAL PLASTICITY OF THE INNER RETINA FOLLOWING EARLY
ELIMINATION OF THE GANGLION CELL POPULATION R.R, Williams.
K. Cusato and B.E, Reese*. Neuroscience Research Institute and Department of
Psychology, University of California at Santa Barbara, CA 93106-5060.
The first retinal neurons to become postmitotic are ganglion cells. Immediately after
their birth, ganglion cells migrate to the inner margin of the retina, differentiating
processes to establish a cell-sparse inner plexiform layer (IPL), where these cells will
receive synaptic inputs from amacrine and bipolar cell classes. Retinal ganglion cells
compete with one another for afferent input, and these interactions contribute to their
dendritic organization and survival or death. The present study has examined the effect
of removing this population upon the other cells contributing processes to the IPL, the
bipolar and amacrine cells. Ganglion cells in the left retina were eliminated by optic
nerve transection on P-2 via an intracranial approach. Surgical transections were
confirmed to have been complete following dissection at eight weeks of age. Radial
retinal sections from both eyes were examined in four animals, in which individual cell
types and stratification patterns in the IPL were identified immunohistochemically using
antibodies to synaptophysin, SNAP-25, calbindin, parvalbumin, recoverin, protein
kinase C, y-aminobutyric acid, glutamic acid decarboxylase, choline acetyltransferase,
tyrosine hydroxylase, vimentin and glial fibrillary acidic protein.
Four different markers for amacrine cell subclasses within the INL revealed significant
decreases in these populations (PARV, CALB, GAD-65 and GABA), while one
population of amacrine cell in the GCL (CALB) showed a conspicuous increase (all
paired comparison t-tests, p<0.05). The overall thickness of the IPL decreased by 35%
following elimination of the RGC population, yet within this synaptic layer, the major
stratification patterns of the different cell types were preserved. Conspicuous reductions
in density were detected for specific substrata within the PARV, GAD-65 and GABA
stratification patterns. No observable changes were detected in the Mtlller glial
architecture, although astrocytic processes were reduced. These results demonstrate the
specificity of amacrine cell dependency on the retinal ganglion cell population. Some
types may be directly dependent on ganglion cells for their survival, while others may
compete with ganglion cells for afferent input or be instructed to differentiate into a
particular type by the balance of other cells in the inner retina. Supported by the NIH

Institute and Department of Psychology, University of California at Santa Barbara, CA
93106-5060.
Previous studies in mammalian retina have shown that, while retinal ganglion cell
survival is dependent on target availability, the populations of cells innervating the
ganglion cells do not appear to require those RGCs for their own survival (Beazley et al.,
Develop. Brain Res. 33: 169,1987). Recent studies in the chick retina, by contrast, have
shown a greater frequency of dying cells in the INL following elimination of the RGCs
(Cook et al., J. Comp. Neurol. 396:12, 1998). Further, we have recently found
reductions in specific classes of amacrine cells following early elimination of the RGC
population in the ferret’s retina. The present study has examined changes in the
frequency of apoptotic cells following transection of the left optic nerve on P-2. We
have used the TUNEL technique for identifying dying cells during two distinct stages:
during the period of axotomy-induced RGC death (P-3 to P-5), and during the period of
naturally-occurring cell death in the INL (P-8 to P-22). Nerve-transected retinas were
compared with the opposite, right, retina, as well as with normal control retinas from
unoperated animals.
Naturally-occurring cell death in the GCL peaks shortly after birth, and declines
steadily during the first three postnatal weeks. Following axotomy of this population at
P-2, the frequency of TUNEL+ cells in the GCL is increased five-fold 24 hours later,
declining rapidly thereafter. During this same period, the frequency of TUNEL+ cells in
the NBL is increased by approximately 38% on P-3, and by 12% on P-5. Naturally
occurring cell death in the INL climbs steadily from P-8 to reach a peak at P-22.
Following axotomy of the ganglion cells on P-2, TUNEL+ cells were increased by
roughly 15% at both P-18 and P-22. The identities of the affected cell types remains to
be determined, but the present results suggest that the reduction in amacrine cell
numbers we have observed in the adult following early nerve transection is a result of
increased cell death.
Supported by the NIH

195.3

195.4

VISUAL CORTEX REMOVAL INCREASES THE PLASTICITY OF THE
IPSILATERAL RETINAL PROJECTION TO THE RAT SUPERIOR
COLLICULUS M.T. Colonnese*1. M. Constantine-Paton12. 'Interdepartmental
Neuroscience Program; 2MCDB, Yale University; New Haven, CT 06520
Recent in vitro studies have revealed that blockade of the N-methyl-D-aspartate
receptor (NMDAR) increases synaptic sprouting, complicating the traditional picture
that the NMDAR acts solely as a coinci-dence detector. We have been exploring this
issue in vivo by studying the developing rat superior colliculus (SC) where
projections from the contralateral retinal ganglion cells (cRGC), ipsilateral (i)RGC,
and visual cortex (VC) compete for space during the first three weeks of life. To this
end we have developed a quantitative assay which uses simultaneous imaging of both
retinal projections on a confocal microscope to measure axon density. Small lesions
of the contralateral retina made at post-natal day 6 (P6) and assayed at P14 allow iRGC
arbors to sprout into the scotoma. Chronic NMDAR blockade from birth increases
this sprouting. Because NMDAR activation reduces sprouting we wanted to examine
it’s role in an age-related reduction in plasticity, which for the iRGC arbors has been
shown to occur by P10. We hypothesized that an age-related reduction in sprouting
could be due to competition with the VC projection, possibly mediated through
NMDARs.
To test these hypotheses we have combined P10 cRGC lesions with simultaneous
VC lesions and assayed the effects on iRGC sprouting at P18. Surpris-ingly with no
VC lesion and no NMDAR blockade we found similar iRGC sprouting in response to
a cRGC lesion made at P6 or P10. However, when a P10 cRGC lesion is combined
with VC removal there is a three-fold increase in iRGC sprouting within the retinal
scotoma, but no increase in sprouting in the rest of the colliculus. Most of the
additional sprouting occurs within the center of the lesion. These results suggest that
the iRGC projection maintains a potential to sprout well into the second post-natal
week, but that the VC projection is a potent competitor for synaptic space. Ongoing
studies will examine if NMDAR activation is responsible for mediating the VC’s
sprouting suppressive effect. This work was supported by NIH EY #06039 to MCP.

FORMATION OF THE RETINOTOPIC MAP IN SUPERIOR COLLICULUS
AFTER EARLY TRANSECTION OF RETINAL AXONS.
A.L. Upton, P, Corderv, A. Karne and I.P. Thompson*. Dept. Physiology,
Oxford University, Oxford OXI 3PT, UK.
We have previously shown that transection of retinal ganglion cell (RGC) axons
as they invade the superior colliculus (SC) on P2 in hamsters does not prevent
the subsequent formation of an accurate retinotopic map in the SC caudal to the
cut, as asessed by injection of retrograde tracers in the SC at Pl 2. However it
was unclear whether this was due to regeneration of cut axons or whether the
map was formed by axons that had not yet arrived in the caudal SC at the time of
transection. Although the area of retina labelled by a single injection of tracer in
caudal SC at Pl2 matches that in normal animals, the density of RGCs
retrogradely labelled by the injection is reduced. The SC cut itself does not itself
appear to constitute a barrier for axonal invasion since tracer injections made in
the SC in front of the medio-lateral cut reveal that map formation in front of the
cut is also normal, i.e. no labelling of nasal retina, which normally projects to
caudal SC, was observed. Further investigation has revealed that a substantial
proportion of cells whose axons are cut by a mediolateral cut to the SC die, in
addition to the numbers normally expected to undergo apoptosis in the retina:
very few surviving labelled RGCs are seen in Pl 2 retinae if caudal SC is injected
on Pl, 24 hours before making the cut at P2. This is in contrast with the large
numbers of RGCs labelled if the retinae are removed at P2. These experiments
suggest that the ability of RGC axons to reinnervate SC in bcl-2-overexpressing
mice (Chen et al., Nature (1997) 385: 434-9.) may reflect protection against
axotomy-induced apoptosis.
(Supported by the European Community (BIO4 CT960649), the Wellcome Trust
and the Fulbright Foundation.)

195.5
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FUNCTIONAL ARCHITECTURE OF Vl AND V2 IN FETALLY X-IRRADIATED
MONKEYS.
A.W.Roe, B.M.Ramsden, O. Algan, P. Rakic*.
Section of
Neurobiology, Yale University School of Medicine, New Haven, CT 06520.
To study the early determinants of cortical functional architecture, specific neuronal
classes of visual thalamic (lateral geniculate nucleus, LGN) neurons were deleted by
fetal X-irradiation in Macaque monkeys (Algan and Rakic, J Comp Neurol 381:335,
1997). It is proposed that early X-irradiation (E35-38) results in preferential
magnocellular deletion, while late X-irradiation (E39-43) results in greater
parvocellular deletion in the LGN. Monkeys irradiated at these two age groups were
delivered at term and reared to adulthood. Optical imaging of intrinsic cortical
activity was subsequently used to discern the fiinctional organization of visual areas
Vl and V2. Luminance and color gratings were presented at spatial and temporal
frequencies chosen to bias activation either towards magnocellular or parvocellular
activation.
Consistent with loss of parvocellular neurons, in late irradiated monkeys, robust
ocular dominance patterns were obtained with low spatial frequency stimulation but
not at high spatial frequencies. In these animals, ocular dominance patterns were
irregular and, in some cases, appeared oriented obliquely or even close to parallel to
the V1/V2 border. Low spatial frequency color isoluminant stimuli produced
unusually focal (100-200um) blob-like activation patterns, perhaps due to decreased
parvocellular input to the blobs. Furthermore, in contrast to normal animals in which
blobs align along the centers of ocular dominance columns, blobs were seen in left
eye-right eye pairs near the borders of ocular dominance columns. In magno-depleted
monkeys, color vs luminance imaging failed to reveal any blob-like patterns.
These findings suggest that the functional architecture of ocular dominance,
orientation, and color may be influenced by the relative numbers of parvocellular and
magnocellular neurons present during development.

ENHANCED VISUAL ODDBALL EFFECT IN THE INTACT SIDE OF A
BRAIN INJURED CHILD. A. Lahaie1, M. Lavoie1, L. Mottron 1'2, N,
Gosselin1 and F. Lepore1* Psychology Dept., Univ. de Montreal;
2Psychiatry Dept., Univ. de Montreal; Montreal, Quebec, H3C 3J7.

Support: NIH-EYl1744 (AWR), Brown-Coxe Foundation (BMR), EY02593 (PR).
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Behaviorally, functional compensation was demonstrated in blind
subjects, as they displayed better sound localization than sighted subjects
(Lessard et al., 1998). Such compensations appear to be corroborated at
the physiological level (Rauschecker, 1995). This investigation aims at
physiologically assessing cerebral plasticity in a young boy (I.E.), with
visual aperceptive agnosia resulting from bilateral, but predominantly right
temporo-occipital lesions suffered in the first month after birth. I.E. was of
average intelligence and had a normal peripheral vision. Event-related
potential (ERP) activity during a visual oddball task was recorded from 64
scalp electrodes. I.E's ERP was compared to that of 10 gender and agematched children, using Z-test brain cartography. I.E. showed a greater
amplitude and larger topography than the controls at the left temporal
electrodes for the P300 or "oddball effect" (rare-frequent amplitude
difference). Conversely, the right visual oddball effect was normal,
indicating that the intact areas of a brain-injured child process information
in the same manner as they do in normal control subjects. In conclusion,
an early lateralized brain lesion is likely to result in an increased functional
activity of the unimpaired hemisphere, compatible with a brain plasticity
phenomenon.
Supported by FCAR (Quebec) and MRC (Canada).
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AGE-DEPENDENT SPARING OF SPATIAL VISION FOLLOWING
REMOVAL OF IMMATURE CAT PRIMARY VISUAL CORTEX.
B.R. Payne*. C.D. Gelston and S.G. Lomber, Laboratory for Visual
Perception and Cognition, Department of Anatomy and Neurobioiogy, Boston
University School of Medicine, Boston, MA 02118.
The purpose of the present study was to examine the specificity and age
dependence of behavioral sparing of spatial vision following removal of
primary visual cortex in infancy. Primary visual cortical areas 17 & 18 were
removed from cats on the day of birth (Pl) or one-month of age (P28) and
comparison data were collected from intact and P180-ablation adult cats.
Behavioral training began 6M post-lesion. Three spatial tasks were examined:
1) a standard visual detection and orienting task which required the animal to
respond to a visual stimulus/reward which moved into the animal's visual field,
2) a similar task which required the animal to detect and orient to an LED
illuminated in the visual field, and 3) an auditory detection and orienting task.
On both visual detection tasks (#1 & #2), Pl80 cats were significantly
impaired. In contrast, the Pl group could perform the standard visual
perimetry task very well, and the P28 group performed at close to normal
levels. On the LED task (#2), both the Pl80 and Pl groups were severely
impaired, whereas the P28 group performed at close to normal levels. None of
the ablation groups were impaired on the auditory task. Therefore, relative to
the severely impaired Pl80 group, the Pl group showed specific behavioral
sparing on the standard visual detection task, and the P28 group showed
sparing on both the standard and LED detection tasks. Moreover, the sparing
exhibited by the P28 group was close to complete. Based on previous
anatomical studies, it is proposed that rewired visual projections to extrastriate
cortex mediated by the superior colliculus or lateral geniculate nucleus underlie
these spared behaviors in the Pl and P28 ablation cats, respectively.
Supported by NINDS and NIMH.

EXTRASTRIATE CORTICAL LOCI CONTRIBUTING TO SPARING
OF SPATIAL VISION FOLLOWING REMOVAL OF IMMATURE
CAT PRIMARY VISUAL CORTEX. S.G. Lomber* and B.R. Payne.
Laboratory for Visual Perception and Cognition, Department of Anatomy and
Neurobioiogy, Boston University School of Medicine, Boston, MA 02118.
The purpose of the present study was to examine the contributions made
by regions of extrastriate visual cortex to the sparing of visual detection and
orienting behavior following removal of areas 17 & 18 on the day of birth (Pl).
Pl ablation cats exhibit behavioral sparing on a standard visual detection and
orienting task, but not on an LED variation of the detection task. Following
training on both visual tasks and an auditory detection task, four Pl ablation
cats were bilaterally implanted with pairs of cryoloops: 1) within the posteriormiddle suprasylvian sulcus (pMS cortex) and, 2) in contact with the ventralposterior suprasylvian gyrus (vPS cortex). Temporary unilateral cooling
deactivation of pMS cortex reduced performance in the contracooled hemifield
by about 30%, whereas unilateral deactivation of both pMS and vPS cortices
virtually abolished orienting into the contracooled hemifield, as occurs during
unilateral cooling of pMS cortex alone in intact cats. In all instances, orienting
into the ipsicooled hemifield was unaffected. On the LED version of the task,
unilateral deactivation of pMS cortex resulted in a complete loss of orienting
responses into the contracooled hemifield, as occurs in intact cats. Regardless
of the task, no deficits were detected during unilateral deactivation of vPS
cortex alone. Finally, regardless of the deactivation locus, no deficits were
identified on the auditory detection and orienting task. We conclude that the
sparing of functions underlying the high performance levels of the Pl ablation
cats on the standard detection and orienting task are distributed across larger
regions of cortex than normal. The two foci (pMS & vPS cortices) implicated
in the sparing are compatible with known pathway expansions induced by
ablations of primary visual cortex (areas 17 & 18) on Pl.
Supported by NINDS and NIMH.

195.9

195.10

Visual System Stimulation Ln The Blind By Repititive Transcranial Magnetic
Stimulation (rTMS)

MODERATE RETINAL GANGLION CELL SWELLING CORRELATES HIGHLY
WITH RECOVERY OF VISION AFTER ADULT RAT OPTIC NERVE CRUSH. V
Rousseau1, R. Engelmann2 and B.A, Sabel1*. ’Inst. Med. Psychology Otto-vGuericke University, 2Inst. Neurobioiogy, Magdeburg D39120, Germany

J. Got he1* B.-U, Meyer2, S, Brandt2, E. Kasten’ & B.A. Sabel1. 1 Institut of
Medical Psychology, University of Magdeburg and 2 Department of Neurology,
Charite. Humboldt University in Berlin/Germany
Repetitive transcranial magnetic stimulation (rTMS) of the occipital lobe in
normal subjects reveals contrallateral foveal or peripheral phosphenes. To address
the question if rTMS produces similar perceptions during stimulation of visual
cortex in the blind, we investigated 24 blind subjects in which there was no or very
minor residual vision. After basic neuropsychological examination the motor
thresholds (hand area) for TMS were measured. All subjects were then blindfolded
and seated in a darkened room. Here, they were asked to describe their perceptions
following rTMS stimulation of visual cortex with a figure eight coil (MAGPRO) at
15 Hz and 0,5 s. Initially, we stimulated with 50% of stimulator outputalong a lxl
cm coordinate system. If phosphenes were seen, the subjective threshold_for those
phosphenes was determined. Thereafter, short stimulations were mack at 55% at 10
different positions of the coordinate system. Phosphenes of different qualities
occured in 11 blind subjects. Factors such as age, gender and time since lesion did
not have an apparent influence on the probability of phosphene perception.
However, whether patients had any visual experience earlier in their life greatly
influenced outcome. Thus, despite a complete deafferentation, visual cortex can still
be activated by rTMS in many blind subjects producing phosphenes which are a
sign of spared visual capacities in higher cortical regions.

After optic nerve crush (onc ) about half of the surviving retinal ganglion
cells (rgcs ) which remain connected with their target increase their soma
diameter to about 69% above baseline. To understand if this cell swelling
relates to recovery of vision, we measured RGC diameter repeatedly in vivo
with the ICON method (Sabel et al. Nature medicine 3:244 1997) and correlated
this soma swelling with recovery of contrast sensitivity.
After rats had learned the visual task, rgcs were retrogradely labelled
with a fluorescent tracer and either no ONC (n=5) or a bilateral ONC at three
different severity levels (n=10 each) was made. Thereafter, rgcs were
imaged every five days while simultaneously, recovery of vision was
measured in the same rats.
RGC swelling correlated highly (r=0.97) with the recovery of contrast
sensitivity. After severe ONC, most RGCs died with no visual recovery.
After intermediate ONC, only 15% of the surviving RGCs showed a
moderate swelling, and their visual performance was still poor. After mild
crush, in contrast, about 66% of the surviving rgcs swelled and the time
course of this soma swelling closely mirrored that of contrast sensitivity
recovery. Thus, the moderate RGC soma increase is adaptive, contributing
to the within-systems plasticity of surviving fibers and recovery of vision.
(Supported by BMBF-Neurotraumaverbund and DGF)

195.11

195.12

DENSITY OF CEILS IN THE GANGLION CELL LAYER OF RATS
FOLLOWING OPTIC NERVE INJURY. B. A. van Adel*. V. Phokeo, A. M.
Wright and A K. Ball Department of Pathology and Molecular Medicine, McMaster

SLICE-PATCH STUDY OF CELL-TO-CELL COUPLING IN EARLY
REGENERATING RETINAS OF THE ADULT NEWT. C. Chiba* and T. Saito.
Inst, of Biological Sciences, Univ. of Tsukuba, Tsukuba, Ibaraki 305-8572 Japan.
Cell-to-cell coupling in early regenerating retinas of the adult newt (Cytiops
pyrrhogaster) was examined by a slice-patch technique. Slice retinas at the eariy
regeneration stage comprised 1-2 layers of progenitor cells with mitotic activity. These
cells were voltage-clamped to either hyperpolarizing or depolarizing test potentials from
a holding potential of -80 mV under suppression of voltage-gated membrane currents.
Cells showed passively flowing currents which reversed polarity around their resting
potentials. The current often exhibited voltage- and time-dependent decline at the steadystate level, as the difference between the test potential and the resting potential was
increased to some extent (s: ±15mV). The overall current profile was almost symmetric
about the current at the resting potential. Input resistance estimated from the initial
peak of the currents was significantly smaller than that expected in isolated progenitor
cells. The symmetric current profile was also obtained in the high potassium solution
which decreased the resting potential to around 0 mV, only when the membrane
potential was held at 0 mV before the voltage steps. These observations suggest that
the current was driven and modulated by the junctional potential difference between the
clamping cell and its neighbours. In addition, a gap junction channel blocker,
halothane, suppressed the currents almost completely, indicating that the currents are
predominantly gap junctional currents. Furthermore, injection of biocytin into the
current-recorded cells revealed a tracer coupling. These results demonstrate that
progenitor cells of regenerating retina strongly couple with each other via gap
junctions, and suggest the presence of their cytoplasmic communications during early
retinal regeneration.
This work was supported by grants from the University of Tsukuba Research Project
and the Ministry of Education, Science, and Culture of Japan, and by Special
Coordination Funds for Promoting Science and Technology (SCF).

University; Hamilton, Ontario, L8N 3Z5.
Approximately 50-60% of neurons in the ganglion cell layer (GCL) of the rat retina
are retinal ganglion cells (RGCs), while the remainder are amacrine cells (dACs).
Two weeks after intraorbital transection of the optic nerve(ON) 85% of retrogradely
labeled RGCs die by apoptosis. In the present study we compare the density of RGCs
and ACs by retrogradely labeling RGCs with fluorescent tracers, staining all nuclei in
the GCL with ethidium bromide (EtBr), and selectively labeling GCL neuronal
subtypes with antisera directed against ubiquitin hydrolase (PGP9.5), glutamic acid
decarboxylase (GAD), or choline acetyl transferase (ChAT) in both normal and
axotomized retinas.
Fluorescent nuclei, retrogradely labeled neurons, and
immunoreactive (IR) neurons were visualized by confocal microscopy and counted.
EtBr staining of nuclei revealed that there were 4200 cells/mm2 (100%) in the normal
GCL; 2400 cells/mm2 cells (57%) were labeled after tracer injection into the SC or
ON; 2800 cells/mm2 (67%) were labeled by PGP9.5; 1200 cells/mm2 (29%) were
labeled with GAD; and 600 cells/mm2 (14%) were labeled with ChAT. Double-label
studies indicated that PGP9.5 labeled RGCs and GAD-IR ACs, but not ChAT-IR ACs
in the GCL. At 2 wks postaxotomy, the density of retrogradely labeled RGCs was
decreased, while the densities of ChAT- and GAD-IR ACs remained unchanged.
PGP9.5-IR cells were decreased by (67%) after axotomy (950 cells/mm2), compared
to 85% of retrogradely labeled RGCs (400 cells/mm2). The difference between the
densities of PGP9.5-IR and retrogradely labeled cells at 2 wks postaxotomy was
similar to the density of GAD-IR ACs, consistent with the finding that PGP9.5
antisera labels both RGCs and GAD-IR ACs. These studies indicate that PGP9.5
immunolabeling can be used as a marker for RGCs as an alternative to retrograde
labeling.
Supported by NSERC of Canada.
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LONG-LASTING, SELECTIVE VISUAL DEFICITS FROM SHORTTERM EXPOSURE TO HIGH NEONATAL PHENYLALANINE
LEVELS IN HUMANS A. Diamond*, M. Davidson, L. Cruess, & S.
Badali
Center for Developmental Cognitive Neuroscience, Eunice
Kennedy Shriver Center, 200 Trapelo Road, Waltham, MA 02452 USA
Sibling pairs were tested. Both children had severely elevated blood
phenylalanine (Phe) levels immediately after birth due to a genetic disorder
(phenylketonuria [PKU]). For the older sibling of each pair, treatment to lower
Phe levels began at 14 days of age (range = 10-21); for younger siblings, the
average age of treatment onset was 3 days (range = 1-6). When the older
siblings were 13 years of age on average (range = 12-16 yrs) and younger
siblings were 11 years old (range = 8-14 yrs) they were tested on contrast
sensitivity as well as several other visual psychophysical tests.
We found that the older siblings performed significantly worse at lower
levels of contrast than their younger siblings. This is especially striking
because contrast sensitivity usually improves with age; however we found the
younger children performing better. Our lab has previously reported selective
impairments in cognitive functions dependent on prefrontal cortex (Diamond
et al., 1997) and in contrast sensitivity (Diamond & Herzberg, 1996) in
children treated early and continuously for PKU. However, the prefrontal
cognitive deficits were related to current plasma Phe levels whereas the
contrast sensitivity deficit was related to Phe levels during the first month of
life, not to current Phe levels.
These results suggest that Phe levels >20 mg/dl during the first weeks of
life, even if subsequently lowered and maintained at lower levels, may cause
irreparable damage to the visual system. It may be wise to alter the current
practice of allowing 1-2 weeks to pass before beginning treatment for an
infant born with PKU.
This research was supported by NICHD R01 #HD35453 & the Arc Foundation.

SURVIVAL OF RETINAL GANGLION CELLS IN ORGAN
CULTURE OF PRENATAL MOUSE RETINA. E.V. Famiglietti1*, S.J.

Sharpe1, T. Wakabayashi2, Y. Fukuda3, J. Kosaka4, and J.H. Nathans*.
!Depts. of Neuroscience and Pathology, Brown Univ. Med Sch., 2Dept.
of Ophthalmology, Tsukuba Univ. Med. Sch., 3Dept. of Physiology,
Osaka Univ. Med. Sch., 4Dept. of Anatomy, Okayama Univ. Med. Sch.,
5Dept. of Molecular Biology and Genetics, Johns Hopkins Med. Sch.,
Baltimore, MD 21205.
During normal development of mouse retina and other mammalian
retinas, about 50% of the retinal ganglion cells (RGCs) undergo apoptosis
and are eliminated in the perinatal period. If RGC axons are transected
near the eye, nearly all RGCs eventually die in adult retina, and they die
more rapidly in early postnatal life. Some RGCs can be induced to
survive axonal transection, if an opportunity is provided for axonal
regrowth or if growth factors are induced or supplied in retina. Organ
culture of retina affords the opportunity to study post-transection and
developmentally regulated RGC apoptosis and survival under more welldefined conditions than afforded in vivo. Accordingly, growth factors,
including BDNF, formulated for survival of cultured rat RGCs (MeyerFranke et al., 1995), were applied in Neurobasal™ medium to whole,
C57BL6, El7.5 to P0.5 mouse retinas in culture. Survival of RGCs was
demonstrated up to 17 days in culture with a monoclonal antibody that
recognizes cat and rat RGCs (Wakabayashi et al., 1996). Labeling of the
same retinas with antibodies to choline acetyltransferase (ChAT)
suggests that starburst amacrine cells play a role in RGC survival.
(Supported in part by the H.H.M.I., and AG 10682)

195.15

195.16

VISUAL SENSITIVITY IN RCS RATS PRESERVED BY SUBRETINAL
TRANSPLANTATION OF IMMORTALIZED HUMAN RPE CELLS. Y. Sauvd1, S.V.
Girman2, C. Varela-Rodrieuez3. A. Kwan1, J. Greenwood1, and R.D. Lund1*. Institute
of Ophthalmology, UCL, London EC1V 9EL, U.K1, Institute of Developmental
Biology, 117808 Moscow, Russia2; University of Alcala, 28871 Madrid, Spain3.
The Royal College of Surgeons (RCS) rat has a retinal pigment epithelial (RPE) cell
defect which causes a progressive loss of rods and central visual responsiveness
occurring primarily over the first several months of life, and being most advanced closer
to the optic disc. This loss can be partially prevented by the subretinal transplantation
of healthy RPE cells (Exp. Neurol. 152:243-250, 1998). The functional benefits of
subretinal transplantation of a well characterized human RPE cell line (SV40Timmortalized RPE cells, Neurotech, S.A. France) were examined by measuring visual
threshold sensitivity (over a 0.02 cd/m2 background, to minimize rod saturation) across
the retina using receptive field mapping onto the superior colliculus (SC). In untreated
RCS rats, there was a progressive central to peripheral elevation in threshold across the
visual field with age. Three months following transplantation, thresholds were much
lower across the human RPE injected retina (over 60% area with less than 2 log
elevation): age matched sham injected retinae showed no more than 10% area with less
than 2 log elevation, restricted to the area around the injection site. We conclude that
immortalized human RPE cells can preserve vision in an animal wife a disease feat has
some commonality wife age related macular degeneration. The measure of SC visual
thresholds provides a reliable point to point assessment of retinal function comparable
to visual perimetry testing in humans. Supported by grants from Wellcome Trust, MRC,
E.C. (Biomed II and INTAS), Foundation Fighting Blindness, and British Council.

MECHANISMS OF TRAINING-INDUCED IMPROVEMENTS IN COMPLEX
MOTION PERCEPTION AFTER PMLS LESIONS IN THE CAT. K.R. Huxlin1*
and T, Pasternak2. Dept of Ophthalmology and Center for Visual Science1; Dept. of
Neurobiology & Anatomy and Center for Visual Science2, University of Rochester,
Rochester, NY 14642.
Lesions to extrastriate cortex of cats and monkeys often result in perceptual deficits
which recover either partially or completely with behavioral training. Such recoveiy
may result from reorganization of the connectivity of cortical regions associated with
the damaged areas. In the present study, we aimed to characterize the mechanisms
underlying the recovery of motion perception in cats with unilateral ibotenic acid
lesions of the extrastriate cortical area PMLS. The animals, whose fixation was
monitored with scleral search coils, were trained to discriminate between opposite
directions of motion of random-dot stimuli placed in selected locations within the
peripheral visual field. Stimuli consisted of dots moving in directions chosen from a
distribution of varying widths, and thresholds were measured for the maximal width
or the direction distribution which allowed reliable discrimination of opposite
directions (range thresholds). When post-operative testing began two weeks after the
lesion, performance in the affected visual hemifield was severely degraded compared
with that in the intact hemifield. The animals barely reached 75% correct performance
with coherently moving dots. With daily training, performance gradually improved
and range thresholds showed partial recovery.
Previously, we found that untrained cats with unilateral PMLS lesions showed
significant decreases in the expression of Calbindin but not Parvalbumin or GABA in
retinotopically corresponding sites of ispilateral cortical areas 17 and 18 (Huxlin et
al., 1998). This downregulation occured in the layers of origin of projections to
PMLS and suggested a lesion-induced change in intracellular calcium regulation in
the afferent neuronal circuitry. We are now examining the possibility that post-lesion
behavioral training with stimuli placed in the affected visual hemifield is associated
with further changes in neurochemistry. One possible outcome could be a return
towards normal Calbindin levels in visual cortical areas previously connected with
PMLS. Support: NEI grants EY06175, EY01319.
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EMX2 IMPARTS AREA IDENTITY TO MAMMALIAN NEOCORTEX.
K,M, Bishop t*, A, Leingartoert, JRichards#, and
D-Lgmx
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA.
The mammalian neocortex is organized into distinct areas that serve
specialized functions. It is widely believed that the regulatory genes that
control neocortical area identity are expressed in graded or restricted patterns
in embryonic cortex. The homeodomain transcription factor Emx2 is
expressed in a low rostral to high caudal gradient in developing cortex
(Gulisano et al.‘96). We predict that Emx2 may act to "caudalize" neocortex,
and have used loss of function and gain of function analyses to test this
hypothesis. Examination of thalamocortical relationships and gene expression
patterns suggests that all cortical areas are shifted caudally in Emx2 null mice.
Cadherin-8 and cadherin-11 expression, which marks motor cortex, is shifted
and expanded caudally. Thalamocortical axon tracing indicates that visual
cortex is shifted caudally and only a small remnant remains. Somatosensory
and auditory cortex are shifted caudally and medially, as shown by cadherin-6
expression and thalamocortical axon tracing. Findings obtained by adenoviral
overexpression of Emx2 are consistent with the mutant analyses. For example,
thalamocortical axons projecting from dLG rarely reach visual cortex and
often grow into ectopic domains of Emx2 overexpression rostrolateral to
visual cortex. These results implicate Emx2 in the genetic regulation of area
identity in the developing neocortex, and suggest that it imparts caudal area
identities normally associated with visual cortex. We thank P. Grass for the
gift of Emx2 mice.
these authors contributed equally. #Present address:
Dept of Anat and Neurobiology, Univ Maryland, Baltimore, MD. Supported
by a NSERC Fellowship (KB) and NIH grant NS31558 (DOL).

IDENTIFICATION OF GENES DIFFERENTIALLY EXPRESSED IN
DEVELOPING NEOCORTEX BY DIFFERENTIAL DISPLAY PCR.
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O. Liu. N. Dwyer. M. Gesemann. H, Simon* and DJELM, O’Leary,
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA,
The mammalian neocortex is subdivided tangentially into functionally
distinct areas differing in cytoarchitecture and connectivity. Differences
among cortical areas seem to be apparent during early stages of
development. For example, at E16 in rat, thalamocortical axons have
already reached the subplate region of the developing cortex. Axons
from different thalamic nuclei project to their target regions with good
precision. The area-specific targeting of thalamocortical axons, and
other aspects of areal differentiation, are thought to be regulated in part
by molecules differentially expressed tangentially across the cortex. To
identify genes that are differentially expressed in the developing
neocortex, and therefore potentially involved in the specification and
differentiation of cortical areas, we undertook a PCR based differential
display screen using RNAs derived from the putative motor and visual
cortex of E16 rat brain. Thus far, we have screened 400 different primer
combinations and over 10,000 mRNAs. Of these 90 were differentially
expressed from the initial screen and characterized in more detail.
Initial sequence analysis of 46 of these clones has revealed that 3 are
transcription factors, 6 are membrane associated proteins, 11 are
intracellular molecules, and remainder appear to be novel. In situ
hybridization analysis on some of these clones has confirmed that they
are differentially expressed. Sequence data on the remainder, as well as
more detailed expression analyses using in situ hybridization and
RNase protection assay, are currently being carried out. Supported by
NIH grant NS31558.
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SUBCLASSES OF LAYER 5 PYRAMIDAL CELLS EXPRESS
DIFFERENT LEVELS OF NR-1 IMMUNOREACTIVITY IN ADULT

DIFFERENTIAL ORIGINS OF NEOCORTICAL AND OLFACTORY BULB
INTERNEURONS WITHIN THE MEDIAL AND LATERAL GANGLIONIC
EMINENCES.

RAT. A. Scheuber1»2. t . Doubell1. C. Blakemore1. B. Ahmed1*. B.
Gahwiler^ and Z. Molnar^University Laboratory of Physiology, Parks

3 IBCM, Universite de Lausanne, Rue du Bugnon 9, Switzerland
Pyramidal cells in layer 5 of the adult rodent cortex fall into two major
classes that can be distinguished on the basis of their projection site,
morphology and physiological properties (Larkman and Mason, 1990). Our
previous work suggested that the morphological differentiation of these layer 5
subclasses is influenced by signals acting on NMDA receptors (Molnar et al.,
1997). We, therefore, examined whether the two subclasses express different
numbers of NMDA receptors. To identify specific populations through their
projections, fluorescent latex microspheres (Lumaflor) were injected into the
primary somatosensory cortex or to the superior colliculus of adult rats. After
transport, the brains were processed for immunohistochemistry (antibody from
Pharmingen). Bead injections into the superior colliculus labeled cells in layer
5, 76.1% of these (n=255 examined) were heavily immunoreactive for the NR1 subunit. Injections into the contralateral hemisphere labeled cells in layers 23 and 5. Out of 260 labeled layer 5 cells, none were double-labeled. Our study
demonstrates that subclasses of layer 5 cells not only have specific projections
and somatodendritic morphology, but also express different levels of NR-1
receptors, which might be developmentally regulated and involved in the
morphological and physiological differentiation. Supported by MRC, Gertrud
Riiegg Stiftung Zurich, Swiss NSF3100-56032.98.

SA Anderson*. O Marin. K Jennings and JLR Rubenstein, Ireland Laboratory of
Developmental Neurobiology, Dept. of Psychiatry, UCSF, San Francisco, Ca.,
94143.
There are two general classes of neocortical neurons, the excitatory pyramidal
neurons, which typically send their axons to distant targets, and the inhibitory
intemeurons which form only local synaptic connections. Recent evidence suggests
that cortical projection neurons and intemeurons are generally derived from distinct
proliferative zones. Neocortical projection neurons originate in the neocortical
ventricular zone (VZ) then migrate radially into the neocortical mantle, whereas
most neocortical intemeurons originate in the ventral telencephalon and migrate
tangentially into the developing neocortex. The purpose of this paper is to identify
the potential origin(s) of neocortical intemeurons within the ventral telencephalon.
By transplanting BrdU labeled neuroepithilium into unlabeled slice cultures, we
have determined that early in neurogenesis cells from the medial ganglionic
eminence (MGE) migrate into the neocortex, whereas cells from the lateral
ganglionic eminence (LGE) do not. Later in neurogenesis it appears that some
LGE-derived cells also migrate into the neocortex. Comparison of two mouse
mutants, Dlx 1/2 mice which have abnormal development of both the MGE and the
LGE, and Nkx2.1 mice in which the proliferative zone abnormality is restricted to
the MGE, also suggests that most of the migration from ventral telencephalon into
the neocortex (and paleocortex) originates in the MGE. The LGE, on the other
hand, appears to provide intemeuron precursors to the olfactory bulb. Since many
regulatory genes have restricted patterns of expression within the telencephalon,
these results have important implications for determining the genetic regulation of
cortical intemeuronogenesis.
Support: SA —NIMH-K08, OM—Spanish Ministry of Education and Culture,
JLRR-NIMH and NARSAD.

196.5

196.6

CORTICAL PHENOTYPE OF TBR-1 MUTANT MICE: LAMINAR INVERSION
AND DECREASED EXPRESSION OF REELIN. R, F. Hevner*. L. Shi. R,
LeWinter. and J. L. R. Rubenstein. Dept. of Psychiatry, Nina Ireland Lab.,
UCSF, San Francisco, CA 94143-0984.
The Tbr-1 gene encodes a putative transcription factor expressed almost
exclusively in postmitotic neurons of the cerebral cortex and olfactory bulb
(Bulfone et al., Neuron 15:63-78). Tbr-1 protein co-localizes with reelin in
layer 1 Cajal-Retzius cells, and with the golli-lacZ transgene expression in
subplate neurons (Landry et al., J. Neurosci. 18:7315-7327). Mice
homozygous for a mutant allele of Tbr-1 have disorganized cortical histology;
heterozygotes are normal. Expression of reelin and calretinin is severely
reduced in mutants, indicating a defect of Cajal-Retzius neurons, and
suggesting a molecular basis for the cortical phenotype. As in reeler mice,
cortical expression of mDabl protein is increased. Other genes involved in
cortical cell migration (p35, p39, cdk5, and doublecortin) are expressed at
normal levels. BrdU birthdating at E10.5, E11.5, E13.5, and E16.5 with
survival to E18.5 or P0.5 suggests a reeler-like "inversion" of the cortex,
except in posterior isocortex where cells with similar birthdates form clusters,
also visible by Nissl staining. Expression of a layer VI marker gene, Wnt-7b, is
down-regulated, suggesting an abnormality in this layer. Other genes such as
Id-2 show more complicated changes in the mutant cortex.
Our findings suggest that Tbr-1 is critical for normal survival and/or
differentiation of early-born cortical cell populations, specifically Cajal-Retzius
neurons, subplate neurons, and layer VI neurons. Abnormalities of these
cells can account for the cortical malformation, and failure to form connections
with thalamus that we reported previously. Continuing studies are directed
towards determining whether the clustering of cells in posterior cortex might
be related to partial expression of reelin.
Supported by grants from the March of Dimes, NARSAD, and NIH.

THE ROLE OF PAX6 IN CELL MIGRATION BETWEEN CORTEX AND
GANGLIONIC EMINENCE DURING DEVELOPMENT. P. Chapouton*, A.Gartner
and M. Gotz. MPI of Neurobiology, D-82152 Martinsried, Germany. E-mail: mgoetz@neuro.mpg.de.
Distinct regions of the brain are delineated during development by restricted cell
migration across specialized boundary structures. However, the molecular mechanisms responsible for the separation of cells from adjacent brain regions are still
poorly understood. To elucidate this we analyzed cell migration between the cerebral
cortex and the adjacent lateral ganglionic eminence (LGE) in the Pax6-mutant Small
Eye (Sey). The transcription factor Pax6 is expressed in the developing cortex, but not
the LGE. Functional inactivation of Pax6 leads to a loss of cortex-specific R-cadherin
expression and the boundary structures between the cortex and LGE (Stoykova et al.,
1997). To assess the relevance of these changes for the delineation of LGE and cortex
we analyzed the cell migration between these regions in wild type (WT) andSey/Sey
mice. Focal injections of GFP-adenovirus in telencephalic slices allowed to follow
the migration of infected cells over a time course of two days. In slices of WT telencephalon at embryonic day 14 (E14) about 10% of cells labeled in the LGE migrated
into the cortex. In contrast, less than 0.1% of cells labeled by injections in the cortex
migrated into the LGE. In telencephalic slices of Sey/Sey littermates, we noted an
increase of cell migration from the LGE into the cortex, but no changes in the opposite direction. Almost twice as many cells migrated from the LGE into the cortex in
slices from SeytSey mice compared to WT littermates. To correlate this observation
from telencephalic slices to the in vivo situation, we used calbindin-antiserum to detect cells migrating from the LGE into the cortex (Anderson et al., 1997). Sections of
E15-17 telecephalon showed a significant increase of calbindin-positive cells in the
lateral cortex of Sey mutants compared to WT. These results suggest a crucial role of
Pax6 expression in the cerebral cortex for the restriction of cell migration from the
adjacent LGE. (Supported by DFG, G6640)

196.7

196.8

A ZEBRAFISH DLX ENHANCER TRANSGENE TO ANALYZE THE
GENERATION AND FATE OF MOUSE NEOCORTICAL INTERNEURONS. T. Stuhmer,1 T. Zerucha,2 M. Ekker.2 and J.L.R, Rubenstein*1.
'Dept. of Psychiatry, UCSF, San Francisco, CA 94143; 2Loeb Inst, and Dept. of
Cell. & Molec. Medicine, Univ. of Ottawa, Canada.
Members of the distal-less (Dlx) class of homeodomain transcription factor
genes are implicated in the development of the basal forebrain and in the
generation of intemeurons, that migrate from the ganglionic eminences to the
cortex. We have generated a transgenic mouse that expresses lacZ under the
control of a zebrafish dlx4/6 forebrain enhancer. Within the early telencephalon (up to ~E15), the spatiotemporal pattern of |3-galactosidase
faithfully reflects that of Dlx5 (the mouse ortholog of zfdlx4) mRNA, i.e.
strongest expression in the subventricular zones of the lateral and medial
ganglionic eminences and the septum, and weaker expression in the respective mantle zones. Furthermore, Dlx5 and P-galactosidase are expressed in
the marginal and intermediate zones of the developing cortex. The latter
expression can be abolished by removing, or blocking access from, the basal
telencephalon in organotypic slice culture, and it is absent in mice that
contain a deletion of the Dlxl and 2 genes, which affects Dlx-gene dependent
migration (Anderson et al., 1997). In contrast to Dlx5 expression, the activity
of P-galactosidase is retained at later developmental stages, and can still be
found in neonatal, adolescent, and, to some extent, adult animals. Thus, the
enzyme may be employed to analyze the distribution and development of
certain classes of neurons that originate from the ganglionic eminences. For
example, in adult mice P-galactosidase activity is preserved in a large number of cortical GABA-, parvalbumin-, calbindin- and/or calretinin-immunoreactive cells. Supported by NARSAD, NIMH grants RO1 MH49428-01,
RO1 MH51561-01A1, K02 MH01046-01, and a DAAD fellowship to TST.

ALTERED INTERNEURON DEVELOPMENT IN THE FLATHEAD (fh/fh)
MUTANT. M.R. Sarkisian*, L.A. Gabel, J. A. Oborski, S.R. D’Mello, and J.J.
LoTurco. Dept. of Physiology and Neurobiology, University of Connecticut,
Storrs, CT 06269.
The Hathead (fh/fh) rat has a dramatically reduced cerebral cortex and displays
frequent spontaneous seizures throughout early postnatal development. To
examine whether this phenotype is associated widi changes in specific neuronal
cell types, we compared the percentage of neurons that were parvalbumin- and
calbindin-positive in either entorhinal cortex(EC) or hippocampus of unaffected
littermates and mutants. We found that in upper layers of EC, approximately 17%
of neurons were immunoreactive for parvalbumin in littermates while only 3% of
neurons were positive in fh/fh (p<0.005). In upper layers of EC, 12% of neurons
were calbindm-positive in littermates and 2% were positive in fh/fh (p<0.005).
Hippocampal CA3 and CAI pyramidal cell layers also displayed a reduction in
intemeuron number. Approximately 4% of neurons in CA3 were parvalbuminpositive in littermates compared to 2% in fh/fh (pcO.005), and 5% of neurons in
CAI were parvalbumin-positive in littermate and only 1% in fh/fh (p<0.005).
Similarly, the dendritic field region of CAI andCA3, which contains primarily
intemeurons, contained significandy fewer neurons in fh/fh. The percentage of
calbindin-positive neurons in the dendritic fields of CAI and CA3 was
significandy higher in fh/fh (p<0.005) suggesting a disproportionate change in
intemeuron subtypes. We used whole-cell patch clamp in slices to determine if the
decrease in intemeuron number corresponded to a decrease in spontaneous
GABAergic synaptic function. While no significant change in the amplitude of
GABAergic events was found, there was a significant decrease in the frequency of
GABAergic events between littermate (1.09 ± 0.31 events/sec) and fh/fh (0.52 ±
0.12 events/sec) (p<0.05). These results indicate that the Fh gene is essential to
the generation of the appropriate number of intemeurons relative to pyramidal
neurons in the cerebral Cortex.
Supported by NIH grant MH56524 to J.J.L., the Klingenstein fund to J.J.L., a
March of Dimes grant 0307 to J.J.L., and, in part, by research grant HD20806,
NIH.

Road, Oxford, UK., ^Brain Research Institute, University of Zurich and
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196.10

FORMATION OF THE HUMAN TELENCEPHALIC PREPLATE.
G. Ferres’. A.M.Goffinet 2 and G.Meyer1 * ’Dept. Anatomy, Univ. La Laguna,
Spain, 2Neurobiol.Unit, Univ.Namur, Belgium.
Distinct sectors of the human telencephalic neuroepithelium give rise to specific
neuronal populations which display characteristic neurochemical profiles and
appear in the preplate (PP), the predecessor of the cerebral cortex, according to a
precise time table. At the earliest age studied, 5 gestational weeks (Carnegie stage
16), the first neurons of the PP appeared in the medial neuroepithelium, adjacent to
the lamina terminalis, as well as laterally, at the level of the ganglionic eminence.
The medial cells were calbindin (CB)- immunoreactive (ir), while the lateral cells
expressed reelin and CB. At stage 17, the PP contained a single row of reelin-ir
neurons. The presence of radial columns extending through the ventricular zone
indicated a focal origin. In addition, the basal regions of both medial and lateral
ganglionic eminences gave rise to a reelin-ir migration stream spreading into the
lateral PP. Reelin-ir cell columns in the prospective neocortex increased in number
at stage 19. Prior to the appearance of the cortical plate, reelin-ir neurons were
found at all levels of the PP; during the condensation of the cortical plate at stage
21, they assumed an immediate subpial location. From stages 16 to 23, the medial
PP sector produced CB-ir, reelin-negative neurons which invaded first the PP, and
later on the marginal zone of the medial cortex. In addition, a large reelin-ir cell
group occupied the rostroventral telencephalon; it may be the forerunner of the
retrobulbar fountainhead of the subpial granular layer. Thus, several migration
streams converge in the preplate. The developmental role of these different
contributions remains to be studied further.
Supported by grant PB 97-0582-CO2-02 (G.M ).

NEUROPILIN EXPRESSION AND
EARLY
NEOCORTICAL
CONNECTIVITY IN SEMA III KNOCKOUT MICE. A, Datwani* and R. S.
Erzurumlu. Dept. of Cell Biology & Anatomy, and Neuroscience Center of
Excellence, LSU Medical Center, New Orleans, LA 70112.
Semaphorin-neuropilin interactions have been implicated in early patterning
of afferent/efferent connections in hippocampus and neocortex (Chedotal et
al.,1998; Polleux et al., 1998). We examined early development of corticofugal
and thalamocortical projections in the parietal cortex of wild type (wt) and sema
III knockout (ko) mice using Dil labeling, bisbenzimide staining, and
immunohistochemistry for neuropilin-1 (sema III receptor). At E14, preplate
(PP) is formed and laterally, cortical plate (CP) has just begun splitting the PP
into the marginal (MZ) and subplate (SP) zones. In both wt and ko mice, dense
neuropilin (NP) immunoreactivity was observed subjacent to the PP in the
intermediate zone (IZ) where PP axons accumulate. Laterally, as the PP split,
NP immunoreactivity in the IZ diminished. PP cells and PP-derivative MZ and
SP cells were also NP positive, but CP showed no staining. Similar NP
expression patterns were seen in E15 wt and ko embryos when thalamocortical
axons first arrive. In E16 wt and ko embryos, thalamocortical axons traveled in
the upper IZ, with occassional short branches exploring the lower CP. NP
immunoreactivity was restricted to the lower IZ where corticofugal axons are
concentrated. Retrograde labeling of corticofugal projection cells showed that
they are radially oriented pyramidal neurons within the PP and CP. Between
E17 and PO, NP immunoreactivity was seen in the MZ and subplate/layer Vlb in
both the wt and ko mice. At PO, some immunoreactivity was also present in
layer V. These results show that NP expression is limited to PP, SP, MZ cells
and corticofugal pathway during early development. Furthermore, there are no
distinct abnormalities in the developing parietal cortex of sema III ko mice.

Neuropilin antibody gift of H. Fujisawa and sema III ko mice were provided by O.
Behar. Research supported by NIH

196.11

196.12

DRAMATIC REDUCTIONS IN SEROTONERGIC INGROWTH INTO
NEOCORTEX AND HIPPOCAMPUS IN GAP-43 KNOCKOUT MICE.

ANALYSIS OF THE ROLE OF CELL LINEAGE IN ESTABLISHING NEURAL
DOMAINS IN THE HIPPOCAMPAL FORMATION USING EXPERIMENTAL
MOUSE CHIMERAS. L.A. Martin1*, S.S. Tan2. D. Goldowitz1. ’Department of
Anatomy and Neurobioiogy, University of Tennessee College of Medicine,
Memphis, TN 38163; 2Department of Cell Biology, University of Melbourne,
Parkville, Victoria 3052, Australia.
While there is much known about the development of the hippocampal formation,
very little analysis of the clonal basis of this structure has been published. From
studies on neocortex using mouse chimeras, it has been established that separate
progenitors give rise to neurons of different phenotypes and with different patterns of
migration. In this study, we made and analyzed aggregation and stem cell mouse
chimeras to determine patterns of clonal expansion in the hippocampal formation.
Targeted fi-galactosidase expression was used to distinguish cells of different
lineages. Our results indicate that separate progenitors give rise to the pool of cells
from which the left and right sides of the hippocampal formation originate. In
addition, the cells that form the hippocampus proper and the fascia dentata have
different clonal origins. For the hippocampus proper, cells of the same lineage form
radial arrays, matching the migratory pathway of these cells. These present findings
confirm and extend an earlier study using retroviral cell labeling (Grove et al.,
Neuron 8(2):217-29,1992). Based on previous birthdating studies, labeled cohorts of
granule cells in the fascia dentata are aligned with the gradients of neurogenesis: that
is, like-genotype cohorts are composed of cells bom around the same time. We are
also double-labeling chimeric brain sections with immunocytochemistry to
determine if cellular phenotype is related to the clonal origin of a cell. Through the
use of experimental mouse chimeras, we plan to establish the lineage restrictions
that may govern the allotment and phenotype of cells in the hippocampal formation.

S.L. Donovan1* D.L, Maier2. L.A. Mamounas3, W,E, Lyons4, K.F. Mein5, M.E.

Blue36 and J.S, McCasland1 . Depts. of Anatomy1 and Pharmacology5, SUNY HSC at
Syracuse, Syracuse, NY 13210, Astra Arcus USA, Rochester, NY2 , Johns Hopkins
Univ. School, of Med.3 and Kennedy Krieger Inst., Baltimore, MD6, Neural
Development Group, National Cancer Institute, Frederick, MD4.
We have previously shown that mice lacking expression of GAP-43 fail to
develop normal cortical lamination as well as normal topographic
representations in cortex (Soc. Neurosci. Abstr. 24:631). We show here that
immunostaining for serotonin is drastically reduced in the neocortex and
hippocampus of GAP-43 knockout mice. A distinct cortical pattern of
serotonergic (5-HT) axon denervation is present, with apparently normal
innervation of entorhinal and perirhinal cortex and a defined dorsal to
lateral border where 5-HT axon density is dramatically reduced. Despite the
severe 5-HT denervation, a normal rostro-caudal gradient is maintained in
the GAP-43 knockout mice in which frontal and temporal areas have higher
densities of 5-HT axons than in parietal and occipital cortex. 5-HT axon
density also is greatly diminished throughout hippocampus. In contrast, the
5-HT innervation of subcortical structures appears normal. Our data
demonstrate a near absence of 5-HT innervation in neocortex and
hippocampus in GAP-43 knockout mice. The defective lamination in
knockout cortex and perhaps even the disrupted topography could result
from the absence of 5-HT innervation to these areas. The GAP-43 knockout
mouse thus creates an experimental model fQr brain development and
function under severe serotonin deprivation. This model system may have
relevance to autism, schizophrenia, and other serotonin-related mental
disorders. Supported by NIH grants NS31829 (JSM) and NS33118 (KFM)
and NSF grant IBN-9724102 (JSM),

196.13

196.14

TRANSLATING TIME ACROSS SPECIES: WHAT IS THAT
IN RAT DAYS? B. Clancy, B.L. Finlay and R.B. Darlington*
Psychology Department, Cornell University, Ithaca, New York,
14853.
Is it possible to equate the timing of neurodevelopment across
species ? Can we relate, for example, the extensive rodent
developmental literature to neural events in the developing human
given the great variability in gestation times? A recent model of the
timing in which neural developmental events occur in a variety of
mammals has shown high predictability of the order and duration of
these events across species when appropriately computed (Finlay
and Darlington, 1995, Sci, 268:1578-1584). The model, originally
derived to study the developmental mechanisms of evolutionary
change in the nervous system, is adapted here to generate a
comparative timetable of neural events such as neurogenesis and
axonal outgrowth in nine eutherian mammals. Because the
common laboratory rat Rattus norvegicus is used extensively in
neural research, event dates in mouse Mus musculus, hamster
Mesocricetus auratus, spiny mouse Acomys cahirinus, rabbit
Oryctolagus cuniculus, ferret Mustela putorius furo, cat Felis
domestica, monkey Macaca mulatta and human Homo Sapiens are
translated into rat days. We tested dates generated by our model
statistically, and comparatively—using raw data not included in the
original model and predictive data inferred by other methods. A bidirectional variability in the original model allowed us to determine
that limbic and cortical neural events in primates are significantly
deviant from the general mammalian norm, but predictable
following modification. Our data continue to support a theory of
developmental conservation across evolution.
Supported by ROI NS 19245.

A COMPARISON OF VISUAL CORTICOPONTINE CIRCUITRY DURING
DEVELOPMENT AND AFTER NEONATAL THALAMIC ABLATION IN THE
HAMSTER. E, Graf. M. A, Kingsbury and B. L, Finlay*. Psychology
Department, Cornell University, Ithaca, New York, 14853.
The functional specificity of mammalian isocortex requires that precise
connections are established between cortical areas and their targets. These
connections develop through a series of stages characterized by pathfinding, target
recognition and address selection. This last stage involves the fine-tuning of
projections to a more defined region within the target. Since thalamic afferents
begin to innervate cortex before these latter stages, they may be important for the
establishment of precise cortical connectivity. Previously, we have found that
unilateral electrolytic ablations of visual thalamic nuclei on the day of birth in
hamsters cause a dramatic change in visual corticopontine connections.
Specifically, lesioned animals showed a significant increase in the length and
spread of axonal arbor within the pontine nucleus relative to controls.
To determine whether removal of thalamic input stabilizes an exuberant
developmental projection, we examined the normal development of visual
corticopontine projections. Hamster pups ranging in age from postnatal day 5 to
postnatal day 17 received an injection of biocytin into visual cortex. After recoveiy
and processing of tissue, anterograde label in the pontine nucleus was charted. The
growth of visual cortical axons into the pons is specific to their adult projection
zones with targeted growth and slight refinement occurring within these zones as
development proceeds. At no time during normal development does a projection
exist which is equivalent to that found after thalamic ablation. Rather than
stabilizing an exuberant developmental projection, we propose that removal of
thalamic input may interfere with the transition between different modes of growth
in the target (ie innervation versus directed growth). The altered connectivity
observed in the lesioned animals demonstrates the plasticity of connections and is
likely to have profound effects on the functional capabilities of the affected areas.
Supported by ROI NS 19245.
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DEVELOPMENT OF CALLOSAL AND CORTICOCORTICAL
PROJECTIONS IN NEONATAL HAMSTER ISOCORTEX. D.
Is there a common organizational scheme serving to direct the
outgrowth of developing projections across different cortical
modalities? Using 24 hour transport of biocytin at a series of ages
(PO, P2, P4, P6, P8) we followed the initial callosal and
corticocortical projections from various cortical locations: presumptive
motor (anterior), somatosensory (middle), and visual (posterior). In
vivo injections, visualized using an enhanced DAB protocol, were
limited to the gray matter of ipsilateral cortex. Discrete injections
allowed assessment of similarities and differences in the patterns of
axonal growth, including projection pathways, axonal extension, and
innervation of the cortical plate. Our callosal data corroborate ongoing
ipsilateral cortical studies in that projections from all areas show adultlike specificity at the earliest ages. However, callosal projections in the
anterior/posterior plane are more limited in extent at both early and late
ages. Unlike corticortical projections at these ages, callosal extension
and innervation follow the neurogenic gradients of cortex with
anterior cortex innervating prior to posterior, and lateral areas
innervating prior to more medial areas. Developing projections in
ispilateral cortex course through deep cortical layers and white matter
while callosal travel primarily in white matter. Continuing studies will
help determine if mammalian isocortex utilizes common organizational
schemes—with cortex originating as a mosaic of specified local
regions, or as an unspecified structure which differentiates following
extrinsic instructions.
Supported by ROI NS 19245.

A UNIQUE PATTERN OF CONNEXIN 32 EXPRESSION UNDERLIES LATE
NEURONAL MIGRATION IN THE EMBRYONIC MOUSE NEOCORTEX.
James L. Eubanks. William J. Moody, and James W. Truman*. Program in
Neurobiology and Behavior and Department of Zoology.
University of
Washington Seattle, WA 98195
Cell-cell interactions via gap junctions are important in mediating developmental
events such as cell proliferation, migration, and differentiation. The diversity of
roles served by gap junctional communication can be attributed to the variety of
connexin isoforms that form gap junction channels. We examined the expression
patterns of two connexin isoforms, Connexin 26 (Cx26) and Connexin 32 (Cx32)
in the developing mouse neocortex between embryonic days 11 and 18 (El 1-El8),
the period of cortical neuronogenesis. Throughout the first half of neuronogenesis
(El TEM), Cx26 and Cx32 show nearly identical patterns of punctate expression
in cells of the ventricular zone and pre-plate/cortical plate. However, Cx26 and
Cx32 expression patterns diverge considerably between E15 and El8. While
Cx26 continues to display punctate immunoreactivity in cells of the ventricular
zone and cortical plate, Cx32 appears to be heavily concentrated within the
cytoplasm of a subpopulation of cells in the cortical plate and intermediate zone.
The location of these Cx32 expressing cells, along with their morphology, time of
appearance, and close association with radial glial fibers imply they may be late
generated neurons migrating to form cortical layers II and III. Furthermore, the
non-punctate cytoplasmic Cx32 immunostaining at later stages suggests that Cx32
is not incorporated into membrane gap junctions in these cells, a possibility
consistent with earlier reports of reduced gap junctional coupling in migrating
neurons. Collectively, these observations add to the evidence that the precise
patterns of gap junctional communication, mediated by connexin expression and
assembly, are important in controlling neuronal migration and differentiation in
the neocortex. This work was supported by NIH Grant NS38116 and by an NSFSGER grant to WJM.

196.17

196.18

SOMAL TRANSLOCATION DURING EARLY LAYER
FORMATION IN DEVELOPING NEOCORTEX. B. Nadaraiah.1*
J.E.Brunstrom.2,3 R.O.L. Wong1 and A.L. Pearlman2,4. ’Depts. of
Anatomy and Neurobiology, 2Neurology, 3Pediatrics, and 4Cell
Biology. Washington Univ. Sch. of Med., St. Louis, MO 63110

SELECTIVE EXPRESSION OF A NOVEL NUCLEOTIDE SEQUENCE
IN THE CEREBRAL CORTEX OF THE RAT BRAIN. F. Liang*, Q. Jia
and T. Hashikawa. Lab for Neural Architecture, Brain Science Institute,
RIKEN, Wako, Saitama 351-0198, Japan
The cerebral cortex is highly specialized and structurally distinct from
other parts of the central nervous system. It consists of heterogeneous
subregions and serves diverse important functions. Molecular mechanisms
for the development and maintenance of cerebral cortical structure, function, connectivity as well as topographic organization remain largely unknown. A novel cDNA fragment derived from the rat brain was cloned
into pBluescript II vector. Non-radioactive in situ hybridization histochemistry with digoxigenin-labeled riboprobes demonstrated selective expression of this hitherto unidentified gene in the cerebral cortex in adult
rat central nervous system. Among different alio- and neocortical areas,
strongest expression was detected in the granule cell layer of dentate gyrus
followed by pyramidal cell layer of CAI-3 and layer H of piriform cortex.
With the exception of the olfactory tubercle which showed little hybridization signal, other areas of the cerebral cortex expressed the gene at moderate to medium levels. In the neocortex, many neurons in layers II-VI were
positive for the mRNA, but little hybridization was detected in layer I or in
the white matter. Most GABA immunoreactive neurons, as revealed by
double-labeling, were devoid of significant expression of the gene. Subcortical structures, including the caudate putamen, gave no or very weak
hybridization signal. The expression profile of the present nucleotide sequence differs from those of such genes as cortexin and telencephalin that
also show preferential expression in the forebrain. Although the identity
of this potential gene remains unclear, the unique expression pattern in the
cerebral cortex suggests its roles for cortical plasticity, connectivity and/or
for the establishment and maintenance of structural and functional properties specific to the cerebral cortex. Supported by Riken BSI grant
57911.

Prasad, E. Graf, M. A, Kingsbury, B. Clancy* and B. L. Finlay.
Psychology Department, Cornell University, Ithaca, NY, 14&53.

Layer formation in the developing cerebral cortex commences when
the first postmitotic neurons leave their site of origin in the ventricular
zone (VZ) to form the preplate zone (PPZ) and then the cortical plate
(CP). Although it is well established that radial glial fibers provide a
scaffold for migrating neurons, prior anatomical studies have suggested
that movement by translocation of the cell body may also take place. To
visualize the migratory behavior of cells in early corticogenesis directly,
we obtained acute cortical slices from embryonic (E13.5-E15) mice
and followed the movement of cells labeled with calcium indicator dyes
by time-lapse confocal and multiphoton microscopy. We observed cells
in the VZ with leading processes that are branched distally and attached
to the pial surface. The soma of these cells translocates rapidly (50-100
pm/hour) along the leading process. At all times, the leading process
remains attached to the pial surface, becoming shorter as the soma
advances towards the PPZ or early CP. In slightly more mature cortex,
by contrast, cells with leading processes that terminate in growth cones
migrate more slowly (20-40 jim/hour), with no significant reduction in
the length of the leading process. In addition, this latter population
exhibits a saltatory pattern of advance characteristic of glial-guided
migration and distinct from the steady movement of the translocating
cells. Our preliminary data thus indicates that a population of early
cortical neurons achieves its final laminar position by somal
translocation. (Supported by NEI, NINDS, the Wellcome Trust and the
McDonnell Foundation).

196.19
THALAMIC AND CORTICOFUGAL AXONS FOLLOW SEPARATE
ROUTES WITHIN THE CORTICAL WHITE MATTER OF
DEVELOPING AND ADULT FERRETS. J.I. Garcia-Sdnchez, V. Martfnez-

Cerdeno, J.J. Men€ndez-Suso, F. Cambronero, V. Llorente and F Clascd*. Dept. of
Morphology, Sch. of Medicine, Autdnoma Univ., Madrid, SPAIN 28029.
Studies in rodents have reached conflicting conclusions regarding whether
development of precise connections between thalamus and neocortex involves
reciprocal fasciculation of cortical and thalamic axons along the cerebral white matter
or not. Taking advantage of the greater relative thickness of the cerebral white matter
in carnivores, we have examined the spatial relationships between thalamic and
corticofugal axons in developing (E25-P19), and adult ferrets. Implants of carbocyanine
dyes ot injections of anterograde axonal tracers were made in the thalamus and/or cortex
(visual and auditory). Labeling was analyzed with conventional and confocal
microscopy.
Results show that, by E25, thalamic axons have traversed the nascent internal
capsule (IC), and begin growing dorsally along the subplate zone (SPZ). By E31, they
have reached the SPZ of visual cortical areas. From the earliest age examined,
corticofugal axons selectively extend towards IC in the intermediate zone (IZ).
Physical separation of thalamocortical and corticothalamic pathways remains patent in
postnatal and adult animals. Double-labeling experiments show that thalamic axons
directed to auditory cortex are always more superficial in SPZ than those directed to
visual cortex. Likewise, corticofugal axons originating in auditory cortex travel
superficially in IZ, while axons from visual cortex travel deep in IZ. Our results also
indicate that, for a long period, axons originating in visual cortex do not reach IC, and
that the first visual axons that enter IC correspond to layer V pyramidal neurons. Thus,
our data are at odds with the possibility of a reciprocal fasciculation of thalamic and
corticofugal axons along the cortical white matter. Rather, they suggest that both sets
of axons may follow largely independent guidance cues as they develop in the cerebral
white matter.
Support: FIS (Spain) 98-0296 and DGES (Spain) PB97-0015.
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DISTRIBUTION OF AROMATASE GENE EXPRESSION IN THE MALE

MOUSE BRAIN AT EARLY POSTNATAL STAGE: A CELLULAR-LEVEL
ANALYSIS USING IN SITU HYBRIDIZATION. W. Cai*L. Xiao. Department
of Histoloy & Embryology, The Third Military Medical University, Chongqing
400038, P. R. China
Aromatase cytochrome P450(P450arom) enzyme activity catalyzes the
conversion of androgens to estrogens in specific brain areas. During central
nervous system development, local estrogen formation influences the sexual
differentiation of neural structures and modulates nuroendocrine and reproductive
functions as well as sexual behavior. Brain aromatase activity is developmentally
regulated and expressed only in specific areas according to its gene expression.
To determine the distribution of aromatase mRNA in mouse brains at the early
postnatal stage. We have employed the in situ hybridization(ISH) technique to
detect the male mouse at postnatal P5-P15 This method was performed using a
digoxingenin-labelled cRNA prob., transcribed in vitro from the human placental
aromatase cDNA. Many heavily labeled cells are found in the pyramidal cell layer
of the cigulate cortex , piriform cortex and hippocampus, the encapsulated bed
nucleus of the stria terminals (BNST), the medial amygdala (mAMY) and the
cortical amygdala(CoAMY). The less dense signal is also present in the medial
preoptic area, the nucleus accumbens and several hypothalamic nuclei (
e.g.,ventromedial and paraventricular nuclei).These data demonstrate that
aromatase-mRNA are present in most regions of mouse brain. The physiological
significance need further study. * This work is supported by National Chinese
Nature Science Fund 1999

ANALYSIS OF HORMONAL REGULATION OF AROMATASE
EXPRESSION IN NERVE CELLS, RAT BRAIN, AND MALE GENITAL
TRACT
M. Obendorf, J. Schroeder. Y.A. Mitev, C. Steinhauser*1, Jenapharm, 07745
Jena and 'Exp, Neurobioiogy. University of Bonn, 53105 Bonn. Germany
Sex steroids in mammals are synthesized not only in the gonads, but also in
non-steroidogenic organs such as fee brain. In situ aromatization of androgens
in the brain apparently accounts for several of their neurotropic effects.
Androgens are major inducers of aromatase (ARO) expression and activity in
nerve tissue, however, the contribution of other steroid hormones to this
process is controversial. Here we present a comparison of the responsiveness
of ARO expression in nerve cells (SH-SY5Y), prostate cells (LnCAP) and rat
brain to hormonal influences. Gonadectomy decreased ARO activity in the
BNST, POA and VMN of male rats, and chronic testosterone administration
increased this parameter in a dose-dependent mode. Induction of ARO by
androgens was also found in vitro in SH-SY5Y cells, as measured by RT-PCR
of the coding region of aromatase mRNA. However, unlike in prostate cancer
cells, ARO transcripts were not induced by the glucocorticoid dexamethasone.
These observations indicate that ARO induction in SH-SY5Y does not follow
fee pattern of hormonal responsiveness seen in the genital tract, and thus, in
vivo studies appear to be necessary for the verification of hormonal effects on
ARO transcription in vitro.

197.3

197.4

ESTROGEN SUPPRESSES NEUROGLIA PROLIFERATION IN THE
HIPPOCAMPUS OF AGED FEMALE MICE. P.R. Mouton1,2?* J.M. Lone1-2. A.E.
Stocks'. D. Pocius1, and D, K, Ingram2, ‘Pathology Dept., The Johns Hopkins School
of Medicine; Gerontology Research Center, NIA, NIH, Baltimore, MD, 21205-2196.
Epidemiological studies support a possible neuroprotective effect of estrogen (EST)
against the onset of Alzheimer’s Disease (AD) in postmenopausal women. In-vitro
studies implicate several mechanisms for this effect, including EST-mediated activation
of neuroglia and loss of synaptic connectivity. Our previous studies in aged female
C57B1/6JNIA mice show that experimental elevation of plasma EST levels improves
spatial memory performance compared with vehicle-treated aged female mice.
Immunohistochemical studies of the hippocampus in these mice revealed
morphological evidence of EST-mediated suppression of neuroglia activation. To test
whether experimental elevation of plasma EST levels suppressed proliferation of
neuroglial cells in brain, we used the unbiased optical fractionator method to quantify
total numbers of MAC-1 positive microglia and GFAP-positive astrocytes in dentate
gyrus and CAI regions. We report that long-term EST treatment in aged female mice
significantly reduced the total number of microglia and astrocytes in hippocampus
compared with long-term vehicle treatment.
Furthermore, we find significant
differences in the total number of hippocampal neuroglial cells in untreated aged female
mice compared with untreated, age-matched male controls.
This data provide
quantitative evidence for significant EST- and gender-mediated effects on proliferation of
microglia and astrocytes in the brains of aged mice. These findings support a role for
suppression of neuroglial proliferation as contributing to the neuroprotective effects of
EST against the onset of AD. Further tests of these effects will include stereological
quantification of the total numbers of synapses in hippocampal molecular layers. PRM
was supported by grants from the American Health Assistance Foundation and the NIH
(AG05146, NS 07179, AGO8325).

EVIDENCE FOR mGLUR5 INVOLVEMENT IN THE DEVELOPMENT OF THE
SDN-POA OF THE RAT BRAIN M.J. Sickel* and M.M. McCarthy. Dept. of
Physiology, Univ. of MD, Baltimore School of Medicine; Baltimore, MD 21201
The volume of the sexually dimorphic nucleus (SDN) of the preoptic area (POA)
is the gold standard marker of sexual differentiation of the rat brain. Exposure to
gonadal steroids during a sensitive period from embryonic day 18 to postnatal day 4
(PN4) results in a larger SDN volume. Testosterone from the testes is aromatized
in the brain to estrogen where it acts at the estrogen receptor to decrease cell death in
the SDN, thus resulting in an increased SDN volume in the male. The mechanism
of estrogen’s actions are currently unknown, though modulation through
neurotransmitter actions is one possibility.
Neurotransmitter regulation of SDN development has been explored and one
candidate is glutamate. In fact, the metabotropic glutamate receptor subtype 5
(mGluR5) has been localized to the SDN (JCN, 1995,362:134-50). When activated
by glutamate, this G-protein linked receptor stimulates the formation of
diacylglycerol and inositol triphosphate, the latter activating release of internal
calcium stores. Although untested, there may be a connection between mGluR5 and
the calcium-binding protein calbindin, whose immunoreactivity defines the SDN
(Calb+SDN), the volume of which we have shown to be sexually dimorphic
beginning on PN8 (SFN poster, 1998,#220.14).
We have administered mGluR5 antisense oligonucleotides (ODN) and appropriate
controls to testosterone-treated females (TP-Fem), oil-treated females (O-Fem) and
males from PNO-2. On PN12, TP-Fem Calb+SDN volume was significantly
increased in the antisense-treated animals (n=2) compared to both scrambled ODN
(n=3) and saline-treated groups (n=3) (26% and 21% respectively), while there was
no effect in the O-Fem groups (n=2 for all groups) (p<.05, 2-way ANOVA). Also,
there was no significant effect in males (n=3 for all groups) (1-way ANOVA).
Future experiments will expand these findings by increasing the number of animals
treated as well as attempt to elucidate the mechanism(s) underlying this finding.
Supported by NIH grant MH52716 to MMM.

197.5
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GONADAL STEROID-INDUCED ASTROCYTE DIFFERENTIATION IN THE
NEONATAL RAT ARCUATE NUCLEUS IS MEDIATED BY GABA. J.A.
Mong1* and M.M, McCarthy2,
Depts. of Pharmacology1 and Physiology2
University of Maryland, School of Medicine, Baltimore, MD 21201.
Astrocytes in the developing arcuate nucleus (ARC) of the rat hypothalamus
exhibit a sexually dimorphic morphology as a result of differential exposure to
gonadal steroids (J Neurosci: 19:1464). Evidence from other studies suggests that
the inhibitory neurotransmitter GABA may be a differentiating factor for astrocytes
because they express high levels of GABAa receptors and administration of GABA
or GABAa agonist to purified astrocyte cultures induces astrocyte differentiation.
GABAa antagonists block GABA induced differentiation (Glia:2Q: 1). We have
previously reported that GABA levels and mRNA for glutamic acid decarboxylase
(GAD) which synthesizes GABA are sexually dimorphic in the neonatal ARC;
males have substantially higher GABA and GAD mRNA levels than females around
birth (Neuroscience: 90:147\\Horm Behav:30:53&). Based on these observations,
we hypothesize that the greater degree of astrocyte differentiation in the ARC of
neonatal males may be mediated by the higher levels of GABA in males.
Here, we have manipulated GABAergic neurotransmission in the neonatal brain
by administration of antisense oligonucleotides (oligos) to mRNA for GAD and
have begun to assess its impact on ARC astrocyte morphology using glial fibrillary
acidic protein immunoreactivity (GFAP-ir). In animals with high levels of
circulating gonadal steroids, administration of GAD antisense oligos on the day of
birth and again on postnatal day 1 (PN1) decreased both GFAP-ir process length
(n=5/group, ANOVA; p<05) and frequency of fully differentiated GFAP-ir
astrocytes (Kruskal-Wallis; p<.05) compared to scrambled oligo and vehicle control.
In females, there was no significant effect of GAD antisense oligo treatment versus
scrambled oligo and vehicle control (n=2/group). Based on the lack of published
evidence for estrogen receptors in neonatal ARC astrocytes, we hypothesize that
steroid modulated ARC astrocyte differentiation is mediated by a neuronal factor, and
GABA appears to be this factor. Supported by NSF grant 9511328 to MMM.

ESTRADIOL INCREASES EXCITATORY GABA-MEDIATED
CALCIUM FLUX IN NEONATAL HYPOTHALAMIC NEURONS
M.M. McCarthy*1. A.M. Davis1. M.L. Mroziak1. T.H.V, Moreira2. K.A.
Gregerson1 and J.P.Y, Kao1,1 ‘Department of Physiology, Medical
biotechnology Center, University of Maryland School of Medicine,
Baltimore MD 21201
In the developing brain GABA can be excitatory due to a reversal in fee
chloride gradient from that normally maintained in mature neurons.
Activation of the GABA-A receptor in these cells can be sufficiently
depolarizing to open L-type voltage-gated calcium channels (J Neurosci
15:5065). We have previously found that males have significantly higher
GABA levels than females on the first few days of life (Neuroscience
90:1471), a time at which GABA is excitatory. This sex difference is
mediated by gonadal steroids and likely the result of increased estradiol
(E2) in male brains by aromatization of testicularly-derived testosterone.
Currently, hypothalamic cultures were generated from E15 mixed-sex
embryos and treated with a single dose of 1 x IO'10 M E2 or vehicle. After
4 days in culture, cells were loaded with fura 2/AM at room temperature
and intracellular free Ca+2 measured after exposure to 10 p.M muscimol.
There was no difference in the peak level of free Ca+2 induced by
muscimol between E2-treated and control, but in cases of robust responses
to muscimol, the duration was almost twice as long in E2-treated neurons
compared to controls. Furthermore, significantly more cells responded to
muscimol as excitatory in the E2-treated (65%) versus vehicle-treated
(52%) cultures (%2; pc.001), suggesting E2 lowers the threshold for an
excitatory effect of GABA. E2 may enhance the excitatory nature of
GABA by affecting the sensitivity of Ca+2 channels or regulating
intracellular Cl levels. These data support our hypothesis feat excitatory
GABA is a major mediator of steroid-induced sexual differentiation of the
brain. Supported by NIH grant MH52716 to MMM and GM-56481 to JPYK.
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DEVELOPMENTAL EXPRESSION OF CHLORIDE CHANNELS AND
COTRANSPORTERS IN THE RAT HYPOTHALAMUS AND
HIPPOCAMPUS
A.M. Davis* and M.M. McCarthy, Dept. of
Physiology, University of Maryland School of Medicine, Baltimore MD,
21201.
Though it acts as the major inhibitory neurotransmitter in the adult
brain, in the developing brain GABA is depolarizing. Activation of the
GABA-A receptor perinatally increases cytosolic calcium via activation
of L-type voltage gated calcium channels (J Physiol 416:303; J Neurosci
15:5065). This excitatory action of GABA exists in several brain
regions, including the hypothalamus and hippocampus. GABA acts as
an excitatory neurotransmitter due to a reversal of the chloride gradient,
which is regulated by several different mechanisms including the inward
rectifying chloride channel CLC-2, the Na+/K+/Cl‘ cotransporter BSC2
and the K+/CV cotransporter KCC2.
Based on in situ hybridization, the expression of KCC2 is low
throughout the brain at postnatal day zero (PNO), but is abundant at
PN10, especially in the hippocampus, amygdala and ventromedial
nucleus (VMN). Based on immunocytochemistry, CLC-2 is abundant
throughout the brain at all ages examined (PNO, 2, 5 and 10). However,
at PNO and PN2 there is a high level of CLC-2 in the CA3 region of the
hippocampus, but none in CAI or the dentate gyrus (DG). By PN5,
levels remain high in CA3, but begin to increase in CAI and DG. At
PN10 there is high expression in CAI, CA3, and DG.
A similar
developmental pattern exists for CLC-2 in the VMN, where signal is
localized in the dorsomedial region at PN2, but by PN5 and 10
immunoreactivity is found throughout the entire nucleus.
We will
examine brain regions for sex differences in the expression of these
proteins as they may participate in excitatory GABA-mediated sexual
differentiation of the brain. Supported by NIH grant MH52716 toMMM.

DEVELOPMENTAL SEX DIFFERENCES IN GLUTAMIC ACID
DECARBOXYLASE
(GAD)
PROTEIN
IN
THE
HYPOTHALAMUS AND LIMBIC SYSTEM OF THE RAT T.S.
Perrot-Sinal*, A.M. Davis and M.M. McCarthy
Dept. of
Physiology, University of Maryland School of Medicine, Baltimore
MD, 21201.
GABA
(y-aminobutyric
acid),
the
major
inhibitory
neurotransmitter in the adult rat brain, is synthesized from
glutamate via the rate limiting enzyme glutamic acid decarboxylase
(GAD). Previously, we reported that males had higher levels of
GABA and both forms of GAD mRNA (GAD65 and GAD67) in
the hippocampus and the mediobasal hypothalamus when
compared to females on postnatal day one (PN1; Horm Behav
(1996) 30:538-52; Neuroscience (1999) 90:1471-82). These sex
differences were not present at PN5, 10, 15 or 20. Other studies
have reported that adult female rats have a greater number of
GABA immunoreactive cells in the amygdala relative to males, and
that this sex difference is altered by neonatal castration (Neurosci
Lett (1998) 255:175-7). We have examined GAD65 protein levels
in tissue micropunches using Western blot analysis. Preliminary
data indicate a tendency for higher levels in males relative to
females at PN25 in the bed nucleus of stria terminalis (BNST),
basolateral and medial amygdala, but not the central amygdala or
arcuate nucleus. In general, GAD65 protein levels were higher in
the central and medial amygdala and lower in the basolateral
amygdala. We are currently examining these and other brain
regions at PN1, 5, and 15. This work supported by NIH grant
MH52716 to MMM and an NSERC Postdoctoral Fellowship to
TSP-S.
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EFFECT OF GONAD HORMONES ON BRAIN TUBULIN SYNTHESIS.
Yumin SUN *. Deren TIAN \ Yunsheng LI \ Shouxiang GUO3. Tianjin
Institute of Traditional Chinese Medicine, Tianjin 300193, P.R.China; Dept. of 2
Anatomy and Biochemistry, Tianjin Medical University, Tianjin 300070,
P.RChna.
In 1992, we reported there is significant difference ( P <0.001) in the contents
of brain tubulin between male and female mice just during breeding period.
Maybe, this is die first report about sex difference of brain tubulin in the world.
In order to confirm a new action of gonad hormones, we conducted this research.
One-month-old mice were gonadectomized under etherisation, or left intact The
gonadectomized mice received a replacement therapy of gonad hormones
respectively by intramuscular injection. Experiment shows that estrogen can
stimulate brain tubulin synthesis in both female and male mice. However,
androgen can stimulate tubulin synthesis only in male mice, not in female mice.
It is a very important role for estrogen to stimulate tubulin synthesis after the
critical period of brain development. Thyroid hormone can not do that at this
time. We suspect that maybe the action of estrogen can be applied in both
aspects. First, to be used to treat the defect of brain development. Second, to be
used to postpone senescence phase and to prolong average life or maximum life
span potential of animal. Senescence begins with nervous system aging. The
senility is due to some meurons death, decreases of synaptic terminals and
contacts or axon and dendrite atrophy. Estrogen might be a modulatory
substance for neurite outgrowth in adult. Under this hypotheses, we have done
some research in this way, and obtained some exiting, supportive evidence for
such speculation.

ONTOGENY OF CYP7B mRNA IN THE FETAL MOUSE BRAIN.
R. Sinclair, C. Martin and J. R. Seckl*. Molecular Endocrinology,
Molecular Medicine Centre, W.G.H., Edinburgh EH4 2XU, U.K.
Dehydroepiandrosterone (DHEA) has been postulated to act as an
antiglucocorticoid and exert neuroprotective effects, notably in the
hippocampus. However, DHEA does not itself affect glucocorticoid
receptor function, and some evidence suggests that these effects are
mediated by a DHEA metabolite. We recently described a novel, brainenriched cytochrome P450, cyp7b, which catalyses the 7alphahydroxylation of DHEA. In the adult rat and mouse brain, cyp 7b
expression is largely restricted to the hippocampus, where 7alphahydroxylation is the major path of DHEA metabolism. 7-hydroxy
metabolites of DHEA show antiglucocorticoid activity in vitro. The fetal
brain is particularly sensitive to glucocorticoids. We used in situ
hybridisation to map the ontogeny of cyp 7b in the developing mouse
brain. Cyp 7b mRNA is expressed throughout the mouse brain from
embryonal (E) day 12; highest expression is in the neopallidal cortex,
midbrain and cerebellum. This widespread cyp 7b mRNA expression
decreases dramaically at El5. In contrast, low cyp7b mRNA expression
is detected in the neuroepithelium of the hippocampus at El2, but this
increases markedly from E13 to birth (E19). At birth, Cyp 7b mRNA is
restricted to the hippocampus at levels close to adult. The strikingly
regulated patterns of cyp 7b gene expression during development
suggests a role for the enzyme in protecting specific regions of the
developing CNS from glucocorticoid action.
Supported by the Wellcome Trust and the EU.

197.11
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THE ENDOGENOUS BIOSYNTHESIS AND FUNCTION OF DHEA IN THE
DEVELOPING SPINAL CORD. N.A. Compagnons* and S.H. Mellon- Dept. of
OB&GYN University of California, San Francisco, SF, CA 94143-0556.
Biosynthesis of dehydroepiandrosterone (DHEA) results from conversion of
cholesterol by die sequential action of the steroidogenic enzymes, P450scc and
P450cl7. We previously identified the distribution of the expression of both enzymes
in the developing nervous system and showed thatP450cl7 expression was regionally
and developmentally regulated in neurons of the central nervous system, including
motor neurons in the spinal cord. However, the biosynthesis of DHEA in tissues that
express P450scc and P450cl7 was not documented. P450cl7 is a microsomal enzyme
that has two activities: a 17-hydroxylase activity and a cl7-c20 lyase activity
producing successively 17-OH pregnenolone and DHEA from pregnenolone. We
studied the enzymatic activity of P450cl7 in the mouse developing spinal cod. We
identified a regionally and developmentally regulated pattern of production of DHEA in
the ventral/dorsal axis and antero-posterior (A/P) axis of the spinal cord. In the
developing spinal cord, the production of DHEA was more abundant dorsally than
ventrally at all ages and all A/P levels. DHEA was synthesized from E10.5, peaked at
El 1.5, and declined from E14.6 to the adult stages. However, production of 17-OH
pregnenolone and 17-OH progesterone was still observed in late embryogenesis and
neonates consistent with immunocytochemical detection of P450cl7 in the spinal
cord. The absence of metabolism of 17-OH pregnenolone into DHEA could be
explained by a down regulation of the co-factor necessary for this particular activity of
P450cl7 or by the further conversion of DHEA into androgens. We also identified an
antero-posterior gradient of production of DHEA in the developing spinal cord. In
addition, we showed that DHEA caused guided axonal growth from explants of
embryonic spinal cords. Since the biosynthesis of DHEA occurs with a timing and a
regional localization similar to that of developing motor neurons, we postulate that
DHEA may participate in modulating the differentiation of motor neurons.
Supported by grants from the UCSF/REAC and the Alzheimer’s Association.
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THE EFFECT OF ESTROGEN AND PROGESTIN ON POLYRIBOSOMES
IN THE VENTROMEDIAL HYPOTHALAMIC NUCLEUS NEURONS
Li Yunsheng1, Guo Shouxiang2, Tian Derun1, Ma Liyun2*Zhang Dianming1 Dept.

of Anatomy1 and Biochemistry2,Tianjin Medical University, Tianjin 300070, P. R.
China
The effects of estradioli benzoatis (EB) and hydroxyprogesteroni caproatis
(HPC) on polyrbosomes in the ventromedial hypothalamic nucleus neurons in female Kunming mice (Chinese laboratory animals) were investigated with electron
microscope. Ovariectomized young mice (OVX) were treated (i. m. ) with (l)8pg
EB,(2) 2mg HPC,(3) 8ptg EB and 2mg HPC, (4) vehicle every other five days,
in a course of two months. The results indicated that (1) there is not significant differences among free polyribosomes content/pn2 in the cytoplasm on of OVX group,
intact(INT) group, OVX + EB group, OVX + HPC group and OVX + EB + HPC
group (P > 0.05) ; (2)the bound polyribosomes content/pun, presented on the surface of the rough endoplasmic reticulum of OVX gtroup was reduced by 29.8 %, 26.
2% ,35.2%and 33.7% respectively as compared with that of INT group, OVX +
EB group, OVX + HPC group and OVX + EB + HPC group (P<0.005). In addition the progestin had strong effect on unit membrane in the ventromedial hypothalamic nucleus neurons, as example, it enlarged and changed the rER’s tubules and
the nuclear envelope. These results demonstrates that progestin is of great significance on ultrastracrture of the brain neurons, because these are closely in relation to
the brain protein synthesis, brain function, aging and postponing aging.
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ORALLY-DOSED XENOBIOTIC ESTROGENS MASCULINIZE
BRAIN AND BEHAVIOR IN THE FEMALE ZEBRA FINCH A
Quaglino, A.L. Erichsen C.B, Craig-Veit, M R. Viant, D M. Fry, J R.
Millam*. Department of Animal Science, University of California Davis,
One Shields Ave., Davis, CA 95616, USA.
Disruption of normal sexual differentiation of brain and behavior is one
threat posed by oral exposure of passerine birds to such xenobiotic
estrogens as dicofol, methoxychlor and octyl phenol
Neonatal
administration of estradiol benzoate (EB) masculinizes female zebra finch
(Taeniopygia guttata) song control nuclei. We dosed zebra finch chicks
orally from 5 through 11 days of age with 1 ul/g body weight of 0, 1, 10,
100 and 1000 mM EB or putative xenobiotic estrogens dissolved in canola
oil to determine their estrogenic potency in this system. Masculinization of
behavior was observed in response to both EB and xenobiotics. After
somatic maturation, birds were perfused and volumes of brain song control
nuclei Area X, LMAN, HVC and RA were measured as delineated by Nissl
staining. Oral administration of EB produced dose-response changes in all
song control nuclei. Neuroanatomic changes due to xenobiotics were
always evident in RA but variable in other brain areas. Thus, like EB,
xenobiotic estrogens can partially masculinize both brain and behavior of
zebra finch, which suggests that reproductive performance of wild
passerines could be impaired by neonatal exposure to xenobiotic estrogens
in the environment.
Funded by EPA #R-825294-01 to DMF and JRM.

THE EFFECT OF DEVELOPMENT AND ANTENATAL STEROID
TREATMENT ON NA+,K*-ATPASE PROTEIN EXPRESSION IN THE
CEREBRAL CORTEX OF FETAL SHEEP. K. H. Petersson2. A. M,

197.15

197.16

TISSUE DISTRIBUTION OF CO-ACTIVATORS P3Q0 AND
SRC-1 IN THE RAT BRAIN, FL Qgawa. M.. Nishi.. M. Kawala.*
Dept. Anatomy and Neurobiology, Kyoto Prefectural University of
Medicine; Kyoto 602-8566, Japan

of steroid receptors on neuronal cells.

REPEATED MATERNAL ADMINISTRATION OF CORTICOSTEROIDS DISRUPTS THE DEVELOPING CORPUS CALLOSUM IN SHEEP. W.L, Huang1, J P.
Newnham2. CG. Harper3, S.A, Dunlop1*, ’Dept. of Zoology, Univ. of Western Australia, Perth, WA 6907; -Women & Infants Res. Found., King Edward Memorial Hospital;
3Dept. of Pathology, Univ. of Sydney, Aust.
Maternal administration of a single course of corticosteroids to women at risk of
preterm labour reduces infant mortality by enhancing lung maturation. However the
current trend is to use repeated injections despite an absence of safety data. Studies in
sheep have shown that such repeated injections delay myelination of optic axons in
preterm sheep but with a catch-up by term. The present study examined the effects of
repeated injections of corticosteroids on the developing corpus callosum, a region less
mature than the optic nerve at the time of drug administration. Pregnant ewes were
given saline or betamethasone (0.5mg/kg, I.M.) at 104, 111, 118 and 124 days gestation. Lambs were delivered at 145 days (term) by caesarean section (12mL ketamine,
lOOmg/mL, I.M., followed by spinal block with 3mL 1% lidocaine), terminally
anaesthetised with ketamine (I-3mL, lOOmg/mL, I.V.) and perfused with saline followed by Kamovsky’s fixative. Transverse ultrathin sections of the corpus callosum
were prepared for electron microscopy and photographed at a final magnification of
24,000x. Transverse semithin sections were immuno-stained with antibody against glial
fibrillary acidic protein (GFAP). In the repeated-corticosteroid group, the percentages
of myelinated and unmyelinated axons were 6% and 93% of the total compared to
controls (11% and 86%, P<0.05). A reduction in the percentage area of GFAP staining
(5.23%) indicated a delayed maturation of the blood-brain barrier in experimental animals compared to controls (8.69%, P<0.05). Regional oedema was also seen in the
repeated-corticosteroid group. Our data suggest that corticosteroids have protracted
effects on white matter tracts that are immature at the time of administration.
This study is funded by an Australian NH&MRC Program Grant (953204).
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LABOR CONTRACTIONS ELEVATE NOREPINEPHRINE AND
EPINEPHRINE IN POSTPARTUM OFFSPRING AND AUGMENT
NEONATAL ADAPTATION A.E. Ronca1*. R.A. Abel2. K.J. Renner3. P.J.
Ronan3 & J.R. Alberts2, ’Life Sciences Division, NASA Ames Research
Center, Moffett Field, CA 94035, 2Dept. of Psychology, Indiana University,
Bloomington, IN 47405, 3, Dept. of Biology, University of South Dakota,
Vermillion, SD 57069
Labor contractions augment the expression of adaptive responses, such as
postpartum breathing and suckling onset, in newborn rats. We systematically
presented elements of the vaginal birth process to near-term rat fetuses, and
showed that contractions facilitate these postpartum adaptations. We now
report systematic alterations in neonatal adrenal and/or extra-adrenal
catecholamines, (i.e., norepinephrine [NE] and epinephrine [EPI]) following
either vaginal birth (VG), exposure to compressions simulating labor
contractions (C), or no compressions (NC). Dams in the VG condition
delivered their young naturally, while those in the C and NC conditions
sustained a chemical transection of the spinal cord to eliminate movement
and sensation below the ribcage for prenatal manipulations. Neonatal blood
was collected immediately at birth, or at 5, 30, 60, 90, or 120 min
postpartum. At birth, plasma NE and EPI (pg/lOOul) were similarly elevated
in the VG condition (NE, 5.2 +/- 1.5; EPI, 6.1 +/- 2.6) and in the C condition
(NE, 5.7 +/- 2.0; 8.0 +/- 2.5) relative to the NC condition (NE: 3.6 +/- 1.5;
EPI: 3.7+/- 2.2, p< 0.01). In all birth conditions, NE and EPI titers showed a
rapid, significant decline over the 2hr postpartum period. These results
suggest that adaptive neonatal effects of labor contractions may be mediated
by catecholamines. Supported by MH46485 and MH28355.

Maternal separation and neonatal handling have differential effects on pain thresholds
and morphine-induced analgesia in female diestrous rats. S.A. Weaver* . J.Diorio. L
Rochford. M.J. Meaney.Douglas Hosp. Res. Ctr., Depts. of Neurology &
Neurosurgery, and Psychiatry, McGill Univ., Montreal, PQ, Canada H4H 1R3.
Postnatal handling and maternal separation permanently alter numerous neural
systems and resultant behaviours. The current experiment examined whether pain
sensitivity and morphine induced analgesia would be effected by these neonatal
treatments. Thirty litters of Long-Evans Hooded rats were randomly assigned to either
neonatal handling (H) (litters removed from dam for 15 minutes per day) maternal
separation (MS) (3 hours per day) or nonhandled (NH) (undisturbed) and treated for the
first 14 days of life. At 4 months of age female offspring were habituated for a
minimum of 8 days to a nonfunctioning hot-plate apparatus and vaginal smears were
obtained starting on day 6. Rats were tested for paw-lick latency (PLL) on a 50°C hotplate during diestrous. One hour after measurement of PLL rats were given 1 of 4
doses of morphine sulphate (1, 2, 5, 10, mg/kg) s.c.and subjected to the 50°C hotplate 30 minutes after injection. Prior to morphine treatment MS rats had
significantly higher PLL compared to H or NH rats. H rats had significantly higher
PLL after 2, 5, and 10 mg/kg morphine compared to pre-morphine PLL, whilst NH
rats did not show a significant morphine-induced analgesia until 5 and 10 mg/kg
morphine. The MS rats had significantly higher PLL only with 10 mg/kg morphine
compared to pre-morphine PLL. When the post-morphine PLLs were expressed as a
percentage of baseline responses (pre-morphine PLL) MS rats had significantly lower
% baseline PLL compared to H and NH rats. In conclusion, MS female diestrous rats
had higher pain thresholds and reduced sensitivity to morphine compared to H or NH
rats. PLL in H rats were distinguishable from NH controls under low-dose morphine
induced analgesia. (Supported by MRCC).

Steroid hormone receptors are DNA binding transcription factors that are

regulated by ligands. Recent studies have identified and cloned several genes
of co-activator molecules which interact with steroid hormone receptors. In
order to elucidate the distribution of co-activators, p300 and steroid hormone

co-activator l(SRC-l), in the rat brain, immunohistochemical mapping of

these co-activators using specific antibodies was performed. Double

immunohistochemical staining was also conducted for the purpose of
investigation of co-localization of p300 and SRC-1 in the same cells and cell
types (neuron or glia). P300 and SRC-1 were widely distributed throughout
the brain from the olfactory bulb to the medulla oblongata. In particular, the
highest expression of co-activators was noted in the hippocampus and the

cortex. Almost all immunoreactive cells contained both p300 and SRC-1.
Population of immunoreactive cells of the co-activators was higher in
neuronal cells than in glial cells. These results suggest that throughout the

brain p300 and SRC-1 play an important role in diverse modulatory effects
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McDonough1, J. F. Padbury2.. SL B, Sadowska2.G, D. -Sysyn ,2 B, S.

Stonestreet2*.1 Physiology and Biophysics, University of Southern California,
2 Dept. of Pediatrics, Women & Infants’ Hospital of Rhode Island and Brown
University School of Medicine, Providence, RI 02905.
Na+-K+-ATPase is essential for the generation of the electrochemical gradients
that control the ionic environment necessary for neuronal activity and normal
nervous system development. Antenatal corticosteroid therapy has been
demonstrated to influence water and electrolyte homeostasis. We have
previously demonstrated (Ped. Res. 43:61 A & 189A, 1998) a 1.8 fold increase
in the activity of Na+-K+-ATPase in the cerebral cortex of fetal sheep from 60 to
90% of gestation which was not affected by antenatal steroids. We have now
examined ontogenic changes and the influence of antenatal steroid treatment
on Na*-K+-ATPase a,- and ft-subunit expression in the cerebral cortex of
fetuses at 60% or 87 days (n=3), 80% or 120 days (n=3), and 90% or 136 days
(n=3) of gestation. Intramuscular injections of either dexamethasone or placebo
were given to the pregnant ewes as four 6 mg doses every 12 hr starting 48 hr
before harvest of cerebral cortex. Crude total membrane preparations were
resolved by SDS-PAGE, blotted and probed with subunit-specific antisera. The
a, subunit expression did not exhibit ontogenic changes. The expression of the
ft subunit increased 1.6 fold from 60% to 90% of gestation. Antenatal steroid
treatment did not affect a4 or ft subunit expression. We speculate that an
increase in ft synthesis alone during development may increase the a-,/p,
heterodimer formation and thus explain our previously observed ontogenic
increase in Na*-K+-ATPase activity. NIH HD34618.
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197.19
POSTNATAL
MATERNAL
DEPRIVATION
RETARDS
HIPPOCAMPAL MOSSY FIBER DEVELOPMENT. D. F. Dinaes1*.
R,_K^ McNamara1, R_„ L.-Huot2, PJVLPIotsky2, & R„ H. Lenox1. 1Dept.
Psychiatry, University of Pennsylvania, Philadelphia, PA, 19104. 2Dept.
Psychiatry and Behavioral Sciences, Emory University, Atlanta, GA, 30322.
The majority (85%) of hippocampal granule cells are generated
between postnatal days (PND)1-21 in a manner negatively regulated by
glucocorticoids. During this period, new granule cells extend their axons
(the mossy fibers) to innervate hilar cells and CA3 pyramidal neurons. Mossy
fiber outgrowth is correlated with elevations in GAP-43 expression, which is
also negatively regulated by glucocorticoids. Based on these data, it was
hypothesized that stressful perturbations during granule cell development
would impair mossy fiber axon outgrowth. We therefore examined mossy
fiber distribution by Timm’s stain in adult, Long-Evans rats: (1) reared under
normal animal facility (AFR) conditions (n=4), (2) subjected to brief (15 min/d,
n=14), or (3) extended (180 min/d) maternal separation (MS180, n=13) on
PND2-14. Consistent with previous reports, adult MS180 rats demonstrated
significantly longer defensive withdrawal latencies (elevated anxiety) and
significantly elevated stress-induced ACTH release relative to AFR and
MS15 rats. Rats from AFR, MS15, and MS180 groups all exhibited
extensive mossy fiber innervation of the stratum oriens region of area CA3a
in the septal aspect of the hippocampus, consistent with previous reports
for this strain. However, beginning in the mid-septotemporal region of the
hippocampus, MS180 rats exhibited marked mossy fiber hypoplasia in the
stratum oriens region of area CA3a relative to AFR and MS15 rats. These
data suggest that repeated and prolonged maternal deprivation during
hippocampal granule cell development can retard mossy fiber outgrowth,
which may in turn contribute to the HPA axis dysregulation and elevated
anxiety observed in the adult MS180 rat. (Supported in part by a NARSAD
YIA to R.K.M. and MH50113to P.M.P. and R.L.H.)

NEUROTROPHIC FACTORS: RECEPTORS AND CELLULAR MECHANISMS II
198.1

198.2

GM1 GANGLIOSIDE ACTIVATES PI-3 KINASE IN THE BRAIN
0. Ren1, N.H. Neff and M, Hadjiconstantinou1’2*. Departments of
Pharmacology1 and Psychiatry2, The Ohio State University College of
Medicine and Public Health, Columbus, OH, 43210.
GM1 ganglioside promotes neuronal growth and differentiation, and
prevents neuronal death of central and peripheral neurons. The molecular
mechanisms underlying the actions of GM1 are not generally well
understood. It has been suggested that gangliosides and GM1 interact
with the tyrosine kinase receptors for trophic factors and trigger trophic
signaling cascades. We have shown that GM1 stimulates the MAP kinase
pathway in brain slices in situ in a concentration- and time-dependent
manner. The activation of Erk2 by GM1 is prevented by preincubation
with the PI-3 kinase inhibitors wortmannin and LY 294002, suggesting
involvement of the PI-3 kinase signaling cascade. Indeed, brief
incubation of brain slices with GM1 increases PI-3 kinase activity.
Ongoing studies are investigating the molecular mechanism(s) of the
GM1-induced activation of PI-3 kinase. The activation of PI-3 kinase by
GM1 might be related to the reported neuroprotective action of GM1 in
vivo and in cultures.

SYNERGISTIC EFFECT OF TYROSINE KINASE (TYR-K) AND MITOGEN
ACTIVATED PROTEIN KINASE (MAP- K) IN GANGLIOSIDE (GM1)
STIMULATED NEURITOGENESIS IN NEUROBLASTOMA (NEURO 2A)
CELLS. V.V. Parekh, D.W. Singleton, C. Lu, K. Klueber*, and F.J. Roisen.
University of Louisville, Department of Anatomical Sciences and Neurobioiogy.
Louisville, KY 40202.
The monosialoganglioside, GM1, located in the outer leaflet of the neuronal
membrane, may influence receptor mediated neuritogenesis by stimulating signal
transduction pathways. MAP-K, located in the cytoplasm and nucleus, is responsible
for regulating the cell cycle. Tyr-K plays a crucial role in many cell regulatory
processes; it has been shown that Tyr-K and small G protein Ras can activate
MAP-K. Protein Kinase C (PKC) is a family of enzymes that precedes Ras and is
involved in cell proliferation and differentiation. We hypothesize that there is
increased phosphorylation of MAP-K and activity of Tyr K in GM1 induced
neuritogenesis in the murine neuroblastoma Neuro 2a cell line in vitro. We measured
phosphorylation of MAP-K and activity of tyrosine kinase in Neuro 2a cells which
were pre-treated with GM1 and bisindolymalemide (BIM, a PKC inhibitor). Methods
associated with cell culture were similar to those previously used in our laboratory.
MAP-K phosphorylation was measured by immunoprecipitation and using myelin
basic protein (substrate). Tyr-K was measured by using radioactive y32P ATP and
Glu-Tyr 1:4 (substrate). There was an increase in phosphorylation of MAP-K (44
and 42 kDa) (p<0.01) and activity of Tyr-K (p< 0.05) in GM1 pre-treated compared
to control, control + serum and BIM treated cells. In BIM pre-treated cells,
phosphorylation of MAP-K and activity of Tyr-K decreased. These studies suggest a
synergistic relationship between these two kinases in the GM1 induced
neuritogenesis in Neuro 2a cells. Research funded by the KY Spinal Cord and Head
Injury Research Trust.

Supported, in part by, grants AG10530 and T32-MH19936.

198.3

198.4

THE CORTICAL ESTROGEN RECEPTOR AS PART OF A CAVEOLAR
COMPLEX. X. Guan*. M. Singh, G. S&£16, Jr. and C.D. Toran-Allerand.
Departments of Anatomy & Cell Biology, Neurology and Obstetrics & Gynecology,
and Centers for Neurobioiogy & Behavior and Reproductive Science. Columbia
University, College Of Physicians & Surgeons, New York, NY 10032.
We have shown previously that the estrogen receptor (ER) exists as a component of a
multimeric complex consisting of at least hsp90 and B-Raf, which we suggested may
provide an anatomical substrate by which estradiol elicits the rapid and sustained
activation of B-Raf and MAP Kinase (or ERK). Here we document the association of
additional members of the MAP Kinase cascade with the ER. Co-immunoprecipitation
experiments in lysates from postnatal day (P) 8 cerebral cortex revealed that the ER
was also associated with src and ERK, but not C-Raf (Raf-1) or trk. The lack of
association with trk and C-Raf was correlated with the inability of estradiol to activate
either of these proteins. In contrast, src, ERK and B-Raf, which do exist complexed
with the ER, have all been shown to become rapidly activated by estradiol, providing
functional correlates to their association. In addition, the ER also coimmunoprecipitated with flotillin, the neuronal counterpart to caveolin, a protein that
forms a scaffold onto which signaling proteins can assemble and which characterizes
plasma membrane microdomains called caveolae. Since several components of the
MAP Kinase cascade appear to be associated with caveolae, association of the ER with
flotillin supports the hypothesis that a membrane ER may mediate the rapid effects of
estrogen on the MAP Kinase cascade. Furthermore, these data could also provide a
mechanism and location at which the convergence between estrogen and growth factor
signaling occurs. (Supported in part by grants from NIH (NIA), NIMH, NSF, the
Alzheimer’s Association/Burks B. Lapham grant and an ADAMHA Research
Scientist Award to C. D. T-A).

EVIDENCE OF A NOVEL ESTROGEN RECEPTOR IN THE DEVELOPING
CEREBRAL CORTEX. M. Singh*, X. Guan, G. S£taI6, Jr. and C.D. Toran-Allerand.
Departments of Anatomy & Cell Biology, Neurology and Obstetrics & Gynecology,
and Centers for Neurobioiogy & Behavior and Reproductive Science. Columbia
University, College Of Physicians & Surgeons, New York, NY 10032.
We have shown that estradiol is capable of rapidly activating the Ras/Raf/MAP
Kinase pathway. In view of the recent identification of a second estrogen receptor (ERP), we sought to identify which estrogen receptor (ER-a or ER-p) was involved in
estradiol’s actions on this pathway. Using the ER-a knockout (ERKO) mouse, we
previously documented that estradiol was still capable of eliciting MAP Kinase (ERK)
phosphorylation in the absence of ER-a. Here we present pharmacological evidence
that ER-P may not be involved either. Using the ER-a selective ligand, 16a-iodo-17Pestradiol (0.1-10 nM), no increase in ERK phosphorylation was observed, supporting
our observations in the ERKO model. To evaluate the role of ER-p, we used the
phytoestrogen, genistein, which acts as an ER-P selective ligand at the nanomolar
range. Surprisingly, genistein was equally ineffective in eliciting ERK phosphorylation.
In contrast, 17P-estradiol, at the same range of concentrations, was still capable of
eliciting ERK phosphorylation, suggesting the activation of another receptor. This
hypothesis of a novel ER is further strengthened by experiments using an ER
antagonist, ICI 182,780 in the ERKO cerebral cortex. ICI 182,780, which binds to both
ER-a and ER-P with approximately equal affinity, did not influence 17p-estradiol’s
ability to elicit ERK phosphorylation in the ERKO cerebral cortex. Taken together, our
data support the existence of a novel (non - ER-a, non - ER-p), ICI-insensitive ER,
designated ER-X, in the cerebral cortex that may mediate estradiol’s effect on the
Ras/Raf/MAP Kinase pathway. (Supported in part by grants from NIH (NIA),
NIMH, NSF, the Alzheimer’s Association/Burks B. Lapham grant and an
ADAMHA Research Scientist Award to C. D. T-A)
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198.5

198.6

REGIONAL AND INTRACELLULAR DISTRIBUTION OF PHOSPHORYLATED
ERKs FOLLOWING ESTRADIOL AND NEUROTROPHIN TREATMENT IN THE
CEREBRAL CORTEX. G. Sthald Jr.*, M. Singh. X. Guan and C.D. Toran-Allerand.
Departments of Anatomy & Cell Biology, Neurology and Obstetrics & Gynecology,
Centers for Neurobiology & Behavior and Reproductive Sciences, Columbia
University, College of Physicians & Surgeons, New York, NY 10032.
We recently reported the convergence of estradiol (E2) and neurotrophin (NT)
signaling, leading to sustained activation of ERK 1/2 in cerebral cortical explants. In
the rat PC 12 cell line, this prolonged activation pattern elicits nuclear translocation of
these kinases and is required for the induction of neuronal differentiation. To determine
which cell population in our organotypic cultures of the cerebral cortex actually
responds to E2 and NTs, we combined immunohistochemistry, using an antibody
specific to phosphorylated ERK 1/2, with nuclear DNA staining and confocal
fluorescence microscopy. Cortical regions highest in estrogen binding, such as the
cingulate cortex, contained the most cells responding to E2 treatment. These cells
displayed a neuronal phenotype, exhibiting large nuclei, ample cytoplasm and
prominent processes. The cells stimulated by NTs showed a similar morphology and a
more widespread distribution throughout the entire cortex. As for the intracellular
localization of the signal, baseline phospho-ERKl/2 was weak and confined to the
cytoplasm. E2 and NT treatments resulted in a clear development of nuclear signal
indicating nuclear translocation of phospho-ERK, although cytoplasmic signal
intensity was also dramatically increased in response to both treatments, often
appearing in the neuronal processes as well. These observations provide further insight
into the mechanism by which estrogen may exert its trophic actions in the CNS. It may
include novel connections to growth factor signaling, thus affecting important
cytoplasmic events and regulating a broad array of genes without a canonical estrogen
response element. (Supported in part by grants from NIH (NIA), NIMH, NSF,
The Alzheimer’s Association/Burks B. Lapham grant, the Bader Foundation
and an ADAMHA Research Scientist Award to C.D.T-A.)

6-THIOGUANINE INHIBITS NGF DIFFERENTIATION OF PC 12
CELLS BUT DOES NOT INHIBIT ERK. R. W. Burry*. Division of
Neuroscience, College of Medicine and Public Health, The Ohio State
University, Columbus Ohio, 43210
NGF induces differentiation of PC12 cells into a sympathetic
neuron phenotype, by activation of a signaling pathway that requires
p21ras and downstream ERKs. The purine analogue 6-thioguanine (6TG) has been shown to inhibit NGF induced neurite outgrowth of PC12
cells and an identified N-kinase, but not to inhibit the expression of the
transcription factor c-fos (Volonte et al., 1989, J Cell Biol, 109:2395).
Activation of ERKs has been reported to be both inhibited and
unaffected by 6-TG (Tsao et al., 1990, J Biol Chem, 265:15471; Qiu &
Green, 1992, Neuron, 9:705). To determine if 6-TG inhibited ERK
dependent signaling, several aspects of ERK activation were evaluated.
The effective concentration of 6-TG was first determined by evaluation
of neurite outgrowth and increases in GAP-43 levels. 6-TG did not
inhibit the NGF or phorbol ester (PMA) stimulation of ERK tyrosine
phosphorylation, and ERK dual serine and tyrosine phosphorylation.
ERK kinase activity was stimulated by NGF or PMA as measured by
serine phosphorylation of Elk-1, an ERK substrate. 6-TG did not inhibit
activation ERK by either NGF or PMA. Finally, the downstream
expression of c-fos stimulated by NGF or PMA was not inhibited by 6TG. These results show that 6-TG inhibition of neurite outgrowth in
PC12 cells is either downstream of ERK or on an alternate pathway
from ERK.
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Support: The DiMarco Foundation for Spinal Cord Research

198.7

198.8

NERVE GROWTH FACTOR (NGF) INDUCES EXPRESSION OF THE
IMMEDIATE-EARLY GENE ZIF268 (EGR-1) VIA MAPK-DEPENDENT AND
-INDEPENDENT PATHWAYS IN PCI 2D CELLS. D. Saffen*. E. Kumahara,
and T. Ebihara. Department of Neurochemistry, Faculty of Medicine, Tokyo
University; Hongo 7-3-1, Tokyo 113-0033, Japan
The contribution of MAPK-1 and -2 (also designated ERK-1 and -2) to the
induction of zif268 gene expression by NGF was examined by pretreating PCI 2D
cells with PD098059, an inhibitor of the upstream activator of these kinases (MEK),
or by exogenously expressing a dominant-negative form of Ras (N17Ras).
Although each of these treatments nearly completely inhibited MAPK activation by
NGF, activation of zif268 gene expression was only partially blocked. The residual
zif268 gene expression was largely blocked, however, by pretreatment with low
concentrations of wortmannin, an inhibitor of PI 3-kinase. Surprisingly, wortmannin had little effect on zif268 gene induction in the absence of blocking MAPK
activation, suggesting that the PI 3-kinase contribution to the induction of this gene
is "latent." The downstream target of PI 3-kinase has not yet been identified, but one
potential target, Jun N-terminal kinase (JNK), has been ruled out, since wortmannin
failed to block the weak activation of JNK by NGF. Although these results suggest
that JNK does not function downstream of PI 3-kinase in the induction of zif268
gene expression by NGF, a role for JNK in this induction is suggested by the fact
that exogenous expression of a JIP-1, a JNK kinase binding protein that dominantnegatively blocks JNK, partially blocks activation of the zif268 promoter by NGF.
Together, these results suggest that MAPK, PI 3-kinase and JNK each plays a role
in the activation of zif268 gene expression by NGF in PCI 2D cells. [Supported by
grants from the Japan Society for the Promotion of Science (Research for Future
Program) and the Japan Science and Technology Corporation (CREST).]

PROTEIN TYROSINE PHOSPHATASE PCPTP1 ACTS AS A NEGATIVE
REGULATOR OF PC 12 CELLS’ RESPONSE TO GROWTH FACTORS.
S.R, Neves and T.M. Pernev*, Center for Molecular and Behavioral
Neurosciences, Rutgers University; Newark, NJ 07102.
Recently, the tyrosine phosphatase PCPTP1 and related phosphatases
were found to associate with and inactivate the mitogen activated kinases
ERKl and ERK2 (Pulido et al., EMBO J. 17: 7337-7350, 1998).
PCPTPl expression is induced by both epidermal growth factor (EGF)
and nerve growth factor (NGF) in PC 12 cells and is developmentally
regulated in rat brain. To begin to elucidate the role of PCPTPl in the
mitogen activated cascade, we have examined the effects of transient
expression of green fluorescent protein (GFP) tagged PCPTPl on NGF or
EGF treated cells. Exogenously expressed PCPTP1-GFP was found
predominately in the cytosol with exclusion from the nucleus. Expression
of PCPTP1-GFP significantly decreased the rate of neurite appearance as
well as the extent of neurite elongation after NGF treatment without
affecting the total number of neurites. We also found that 8-20% of
PCPTPl-transfected cells were multinucleated. Transient expression of
phosphatase minus mutants of PCPTPl-GFP produced a more
remarkable decrease in neurite length. However, many of the
phosphatase minus PCPTPl transfected cells, showed clear nuclear
condensation without concomitant propidium iodide staining suggesting
that they were apoptotic. The differential effects of wildtype and
phosphatase minus mutants of PCPTPl may be due to cytoplasmic
retention of activated ERK (bound to catalytically inactive PCPTPl) or
inactivated ERK (dephosphorylated by PCPTPl). Supported by Busch
Biological Research Grant to TMP.

198.9

198.10

NGF-MEDIATED SIGNALING PATHWAYS IN RAT PC12 CELLS
JS Valletta. C Wu. WC Mobley*, Department of Neurology and Neurological
Sciences, Stanford University Medical Center, Stanford, CA 94305
NGF induced neuronal cell differentiation depends on the activation of the NGF
receptor TrkA. We have hypothesized that the NGF/activated TrkA complex is
internalized and associates with other intracellular signaling proteins in a signaling
endosome that is retrogradely transported to the cell body. We have tested this
hypothesis using PC 12 cells, a model system in which NGF treatment leads to
neuron-like differentiation. To investigate NGF signaling, we analyzed the activation
and down-regulation of the Ras signaling cascade through Sosl, a member of the
guanine nucleotide exchange factors. Our results demonstrated that while both EGF
and NGF treatment induced phosphorylation of Sosl at serine and threonine residues,
EGF treatment also caused tyrosine phosphorylation of Sosl. Pretreatment of cells
with the Mekl inhibitor, PD98059, eliminated serine and threonine phosphorylation,
but enhanced tyrosine phosphorylation in Sosl. The tyrosine phosphorylation of Sosl
may contribute to the greater activation of Ras by EGF, as assayed by quantitative
binding of Ras to a C-RafRBD/GST fusion protein. We have isolated and
characterized a set of internalized vesicles from NGF-treated cells that contain the
NGF/activated TrkA complex. Known intermediates in the NGF signaling cascade,
are also present in these vesicles including PLC-}£ Ras, Rap, B-Raf, C-Raf, and
ERK1/2. Furthermore, NGF treatment resulted in an increase in C-Raf, in Erk kinase
activity and in CREB phosphorylation. The presence in these same fractions of the
clathrin heavy chain suggests that they derive, at least in part, from clathrin-coated
membranes. Taken together, these finding provide additional evidence that NGF
signaling does lead to the creation of signaling endosomes and that these may be
capable of robustly and specifically delivering the NGF signal generated at axon
terminals retrogradely to neuron cell bodies. These studies are funded by NS24054,
the McGowan Charitable Trust, and the Adler Foundation.

THE ROLE OF DYNAMIN MEDIATED ENDOCYCTOSIS IN NGF SIGNALING.
Y-Z, Zhang1-2*. D. Moheban2. B. Conwayl1, A, Bhattacharyya3, C.D, Stiles3. R.A,
Segal1,2, 'Department of Neurobiology, Harvard Medical School; Departments of
2Pediatric Oncology and ’Cancer Biology, Dana-Farber Cancer Institute and Harvard
Medical School, 44 Binney Street, Boston, MA 02115.
Neurotrophin binding to the Trk receptor initiates rapid endocytosis of ligand and
receptor. Following endocytosis, the receptors can remain in a phosphorylated state.
Therefore, the functions of receptor mediated endocytosis are not yet clear. Endocytosis
could function to terminate neurotrophin initiated signaling, or, alternatively, could be
required for biological responses. To address the function of receptor mediated
neurotrophin endocytosis, we have used a temperature sensitive mutant of dynamin
(G273D). Dynamin is a lOOkD GTP-ase whose activity has been shown to be critical
for endocytosis into coated vesicles and into caveolae. In the present study, we isolated
clonal PC 12 cell lines expressing the temperature sensitive dynamin, or wild type
dynamin. Using biotinylated NGF, we found that NGF internalization was reduced at
the non-permissive temperature in the TS-dynamin cell lines, but not in control PC 12
cells. This indicates that dynamin is required for receptor mediated endocytosis of
NGF. We found that inhibition of receptor endocytosis altered the biological response
to NGF. NGF dependent survival was increased at the non-permissive temperature as
compared to the survival response at the permissive temperature. Furthermore,
activation of the PI3 kinase and Ras-MAP kinase signaling pathways were prolonged
at the non-permissive temperature. Taken together these data indicate that dynamin
mediated endocytosis functions to terminate the NGF-dependent signaling pathways
critical for cell survival.
Supported by a grant from the N.I.H. (NS35148) and a fellowship from the Swedish
Medical Research Council (Y-Z. Z.).
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198.11

198.12

SPATIAL ASPECTS OF NGF-INDUCED PI-3KINASE SIGNALING IN
SYMPATHETIC NEURONS. R, Kuruvilla and D, D, Gintv*. Dept. of
Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MD
21205-2085.
Nerve growth factor (NGF) functions as a critical target-derived survival
factor for sympathetic neurons. However, the biochemical mechanisms
underlying the propagation of the NGF signal from axon terminals to cell
bodies, which can be millimeters or centimeters away, remain unknown. The PI3 kinase (PI-3K) signaling pathway has been shown to mediate NGF-dependent
survival of sympathetic neurons and internalization of activated receptor
tyrosine kinases. Hence, we decided to address the issue of whether PI-3K plays
multiple roles in mediating retrograde NGF signaling, depending on its
subcellular distribution in sympathetic neurons. In compartmentalized cultures
of sympathetic neurons maintained by NGF only in media bathing distal axons,
the specific activity of PI-3K (in p85 immunoprecipitates) is similar in both cell
bodies and terminals. However, the total PI-3K activity (normalized to total
protein levels) is 2-fold higher in distal axons as compared to cell bodies. The
PI-3K activity associated with phosphotyrosine immunoprecipitates was also
enhanced by 3-fold in distal axons as compared to cell bodies. The
serine/threonine protein kinase Akt is one of the key effectors of PI-3K,
previously shown to be necessary for the survival of NGF-dependent
sympathetic neurons. Using an antibody specific for phosphorylated Akt (PAkt), we found that P-Akt levels were elevated in distal axons as compared to
cell bodies.
Moreover, stimulation of distal axons of NGF-starved
compartmentalized neurons with NGF for 15 min increased phosphotyrosineassociated PI-3K activity and P-Akt levels in the terminals but not in cell bodies.
These results indicate that components of the PI-3K signaling cascade are
present in the distal axons of sympathetic neurons and that they are activated
upon stimulation of distal axons with NGF. We are currently assessing the role
of cell body- and distal axon-associated PI-3K in mediating retrograde NGF
signals that support growth and survival of sympathetic neurons.
Supported by NIH grant NS34814

FES ACCELERATES NGF-INDUCED NEURONAL DIFFERENTIATION
THROUGH A PI3K-DEPENDENT INTRACELLULAR SIGNALING PATHWAY.
A. Shibata*'and T.E. Smithgall1,2, ‘Eppley Institute for Cancer Research, University of
Nebraska Medical Center, Omaha, NE 68198-6805; department of Molecular Genetics
and Biochemistry, University of Pittsburgh School of Medicine, Pittsburgh, PA.
The c-fes locus encodes a cytoplasmic tyrosine kinase (Fes) expressed in
hematopoietic, vascular endothelial and neuronal cell types. Previous studies have
established a role for Fes in hematopoietic development. To examine the potential role
of Fes in neuronal differentiation, we investigated the effect of Fes expression on neurite
outgrowth in PC 12 cells in response to nerve growth factor (NGF). PC 12 cells were
infected with retroviruses carrying wild-type or mutant forms of Fes or with a drug
selection marker as a negative control. Following verification of Fes protein expression,
PC 12 cells were stimulated with NGF and differentiation was determined by counting
the number of cells extending neurite-like processes twice the length of the soma. PC 12
cells expressing wild-type and activated mutants of Fes extended neurites significantly
faster than those infected with the control virus. In contrast, PC 12 cells expressing
kinase-dead Fes did not differentiate faster than control cells, indicating that
acceleration of NGF-induced neurite outgrowth requires Fes kinase activity. Short-term
treatment of PC12/Fes cells with NGF enhanced tyrosine phosphorylation of Fes,
suggesting a possible connection to the NGF receptor. The NGF-induced increase in
Fes phosphorylation did not correlate with increased MAPK activity. Consistent with
this finding, the MAPK inhibitor PD098509 did not affect NGF-induced neurite
outgrowth in the PC12/Fes cells. However, similar experiments using the specific PI3K
inhibitor LY294002 completely blocked acceleration of neurite outgrowth in PC 12 cells
expressing both wild-type and activated forms of Fes. Taken together, these data
suggest that Fes may couple the NGF to neurite outgrowth via a PI3K-dependent
pathway, and suggest a novel role for Fes in neuronal differentiation.
Supported by NRSA 1 F32 CA 79194-01 from the National Cancer Institute.

198.13

198.14

BDNF RAPIDLY ENHANCES PHOSPHORYLATION OF 80-kDa
POSTSYNAPTIC DENSITY PROTEINS THAT CROSS-REACT
WITH ANTIBODIES TO PHOSPHORYLATED CREB.
S.Y. Lin,*
K. Wu and I.B. Black. Dept. of Neuroscience and Cell Biology,
UMDNJ / Robert Wood Johnson Medical School, Piscataway, NJ 08854
Brain-derived neurotrophin factor (BDNF) rapidly enhances
synaptic transmission in cultured hippocampal neurons through
postsynaptic, phosphorylation-dependent mechanisms.
Our recent
studies revealed that BDNF acutely increased phosphorylation of
NMDA receptor subunits 1 and 2B
(NR1 and NR2B) in the
functionally critical postsynaptic density (PSD), suggesting that
phosphorylation of these subunits regulates synaptic plasticity.
In
addition, we found that several PSD proteins were associated with NRs
after BDNF exposure and may play roles in BDNF signaling cascades.
Treatment of the PSD with BDNF for 5 min increased phosphorylation
of an 80-kDa protein doublet 3-fold, detected by antibodies against
phospho-Ser-133 of CREB (cyclic AMP responsive element-binding
protein). NGF had no effect on phosphorylation, suggesting the
specificity of BDNF actions. Based on molecular size, the 80-kDa
proteins are distinct from CREB. Definitive identity and function of the
80-kDa proteins are currently under investigation. Cross reactivity with
anti-pCREB suggests that the proteins and CREB share common
phosphorylation sites. The 80-kDa proteins may play roles in BDNFmediated signaling cascades at the postsynaptic site.

BDNF ACTIVATES PRIMARY EFFECTOR PROTEINS IN THE
ADULT RAT CORTICAL POSTSYNAPTIC DENSITY (PSD).

(Supported by NICHD 23315)

198.15

PSA-NCAM modulates the responsiveness of cultured cortical neurons to
BDNF. L. Vutkits1. J-P. Paccaud1. Z, Diebbara-Hannas1. P. Durbec2.
G, Roueon2 and J.Z. Kiss1*. ’Dept of Morphology, University of Geneva,
Geneva Switzerland, 2LGPD, CNRS 9943, Luminy, 13288 Marseille,
France.
We have examined the role of PSA-NCAM in survival and differentiation of
cultured cortical neurons from newborn rats. We demonstrate that
endogenous BDNF is necessaiy and sufficient to support the survival of
developing neurons in chemically defined-medium. Removing PSA from the
cell surface with Endo N or blocking PSA functions with an antibody
dramatically diminished the survival of BDNF-dependent neurons. The cell
loss was correlated with a reduced neurite outgrowth from the remaining
neurons. Added exogenous BDNF was able to rescue cortical neurons from
Endo N-induced cell death in a concentration-dependent manner. This effect
was specific as adding other growth factors to Cultures, such as NGF, NT3,
NT4, did not rescue neurons. We also show that induction of c-fos by
BDNF, an established downstream element of the BDNF-Trk B signaling
cascade, is significantly reduced in Endo N-treated cultures relative to
controls. A significant inhibition of BDNF-induced survival and c-fos
induction was also observed in the presence of the soluble PSA analog,
colominic acid or PSA-NCAM-FC. Gel filtration assay showed that soluble
PSA could interact directly with BDNF. Together, these findings .support the
conclusion that PSA-NCAM may enhance BDNF signaling and modulate
the responsiveness of cells towards limiting concentration of this
neurotrophic factor.
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K. Wu^G.W. Len and I.B. Black. Dept. of Neuroscience and Cell
Biology, UMDNJ I Robert Wood Johnson Medical School, Piscataway,
NJ 08854
While proteins that bind to activated trk have been well
characterized in PC 12 cells, those operating at the level of brain
synapses are largely undefined.
Trk autophosphorylation triggers
activation of several downstream signaling molecules, including
primary effectors that bind the activated receptor. Our recent studies
revealed that brain-derived neurotrophic factor (BDNF) acutely
enhanced phosphorylation of the N-methyl-D-aspartate receptor
subunits 1 and 2B (NR1 and NR2B) in the PSD, potentially linking
receptor phosphorylation to synaptic plasticity. To begin defining the
signaling cascades leading to NR phosphorylation, we examined the
effects of BDNF on the activation of the primary effector molecules.
Treatment of purified PSDs with BDNF for 5 min resulted in a 3.0-fold
increase in tyrosine phosphorylation of ERK1. BDNF also elicited
increases in tyrosine phosphorylation of PI-3K and PLC-yl by 2.0and 1.6-fold, respectively. However, BDNF had no effects on SOS
phosphorylation. These results suggest that ERK1, PLC-yl and PI-3K
are downstream signaling molecules in the BDNF signaling cascades
involved in synaptic plasticity at the postsynaptic site. We are currently
investigating the specific pathway(s) involved in BDNF-mediated NR
phosphorylation, potentially leading to increased synaptic activity.

(Supported by NICHD 23315)
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ALTERATIONS IN NEUROTROPHIN RECEPTOR EXPRESSION IN RAT
DIAPHRAGM NEUROMUSCULAR JUNCTIONS FOLLOWING SPINAL
CORD HEMISECTION. C.B, Mantilla*, Y. Yimam, W.Z. Zhan, Y.S. Prakash,
and G.C. Sieck. Depts. of Anesthesiology, Physiology and Biophysics. Mayo Clinic
and Foundation, Rochester, MN 55905.
Spinal hemisection (SH) at the C2 level does not significantly alter the number
or structure of diaphragm muscle (DIAm) fibers; however, a significant expansion
of the neuromuscular junctions (NMJ) innervating myosin heavy chain (MHC) type
IIx and lib fibers is seen. To gain insight into how phrenic motoneurons and DIAm
fibers interact in the remodeling associated with spinal hemisection, we triplelabeled sections of rat DIAm to detect changes in the expression of neurotrophic
factor receptors (Trk B) in the NMJ.
Adult male Sprague-Dawiey rats were assigned to control and surgery groups. In
the SH rats, following anesthesia and dorsal laminectomy, the right one-half of the
spinal cord at C2 was sectioned from the dorsal to the ventral root. After 2 weeks,
animals were anesthetized and the midcostal region of the right DIAm was removed
from both groups. Serial transverse sections were stained with rhodamineconjugated bungarotoxin, and reacted with primary antibodies against Trk B, and
MHC isoforms. Confocal laser microscopy was used to image the sections. No
differences in Trk B expression between MHC fiber types were observed in control
animals. Following SH, there was no difference in the expression of TrkB in MHC
type Ila or slow fibers. However, a significant increase in Trk B immunofluorescence in the NMJs of MHC lib or IIx bearing DIAm fibers was noted. A
similar increase in the amount of Trk B protein was found by immunoblotting.
These results suggest that changes in expression of neurotrophin receptors (Trk
B) may play a role in the associated morphological changes in DIAm NMJs
resulting from spinal hemisection.
Supported by the NIH grants HL37680, HL34817 and the Mayo Foundation.

THE SURVIVAL OF AXOTOMIZED CORTICOSPINAL NEURONS IS
DECREASED IN ADULT HETEROCYGOUS BDNF-KNOCKOUT MICE IN
VIVO.
H. Bonatz1*, P, Mestres1. M. Meyer2, and KM. Giehl1. 'Department of Anatomy,
Univ. of Saarland, Homburg, Germany; 2Max-Planck-Institute of Neurobiology,
Martinsried, Germany.
Neurotrophic factors are important for the regulation of neuronal development,
maintenance, plasticity and synaptic transmission. We have shown recently that
endogenous cortical BDNF is crucial for the trophic support of axotomized adult rat
corticospinal neurons (CSN) in vivo (Giehl et al., 1998, J. Neurosci. 15; 7351-7360).
In order to examine the physiological role of BDNF for developing and adult CSN, we
analysed the corticospinal system and its reaction to axotomy in heterocygous BDNF
knockout mice (+/-) in vivo. CSN of 4-5 weeks old BDNF (+/-) and BDNF (+/+) mice
have been traced retrogradely with Fast blue injections into the corticospinal tract of
the cervical spinal cord. Total cell counts of unlesioned CSN did not reveal
statistically significant differences between BDNF (+/-) and BDNF (+/+) mice. Also
the gross anatomical distribution of CSN did not differ in these experimental groups.
Both groups displayed a very constant anterior and posterior peak of accumulation of
CSN and an additional posterior latero-basal area of CSN localization. To evaluate
the physiological significance of BDNF for lesioned adult mouse CSN, CSN have
been axotomized at internal capsule levels in 5-6 weeks old animals. The axotomy
lias been confirmed by a second tracer (rhodamine dextran) injected into the
corticospinal tract of the cervical spinal cord immediately after axotomy. By day 7
after axotomy, significant death of CSN was observed in the posterior peak of the
CSN distribution area (=cell death area). Within this cell death area, survival of
axotomized CSN was significantly lower in BDNF (+/-)-mice (49 + 5 % survival;
mean + s.e.m., n=9) than in BDNF (+/+)-control mice (65 + 2 %, n=9). These data
show that endogenous BDNF plays an important role for the trophic support of
lesioned adult mouse CSN in vivo.
Supported by the Deutsche
Forschungsgemeinschaft (DFG).

199.3

199.4

ANALYSIS OF THE CORTICOSPINAL SYSTEM AND ITS RESPONSE TO
AXOTOMY IN NT-3 KNOCKOUT MICE IN VIVO.
S. Rohrig1*, P. Mestres1, M. Meyer2, and K.M. Giehl1, ‘Dept. of Anatomy, Univ. of
Saarland, Germany; 2Max-Planck-Institute of Neurobiology, Martinsried, Germany.
The development and maintenance of neurons is strongly influenced by
neurotrophic factors. We have reported earlier that intracortical infusion of members
of the neurotrophin family and the GDNF-familiy of neurotrophic factors protect adult
rat corticospinal neurons (CSN) from axotomy-induced death. These factors might
also play a physiological role for the trophic support and/or development of these
neurons since neutralization of endogenous cortical BDNF severely increases
axotomy induced death of adult rat CSN in vivo. We have now examined the
physiological role of NT-3 for CSN in NT-3 knockout mice. CSN of 4-5 weeks old
NT-3 (+/+) and NT-3 (+/-) mice have been labelled by Fast Blue (FB) injections into
the corticospinal tract at cervical spinal cord level C5 2 weeks before perfusion. The
total number and gross anatomical distribution of CSN did not differ between NT-3
(+/-) and NT-3 (+/+) mice. Both experimental groups display a very constant anterior
and posterior peak of accumulation of CSN in the main CSN-area and an additional
circumscribed poserior latero-basal area of CSN localization. For the analysis of the
reaction of CSN to axonal lesions, CSN have been axotomized at internal capsule
levels and the animals have been allowed to survive for 7 days after the lesion. The
completness of axotomy in the two experimental groups has been confirmed by
incection of a rhodamine dextrane tracer into the corticospinal tract at cervical spinal
cord level C4 immediately after the internal capsule lesion. This axotomy resulted in
significant death of CSN (66+3 % survival; mean+s.e.m., n=12) in the posterior peak
of the CSN-distribution area in NT-3 (+/+) mice. In contrast, NT-3 (+/-) animals
displayed much improved survival (89+2 %, N=10) suggesting that endogenous NT-3
promotes death of lesioned CSN. It is not likely that this effect is based on
developmental changes in NT-3 knockout mice since neutralization of endogenous
cortical NT-3 in adult rats leads to equivalent effects (see Giehl et al., this meeting).
Supported by the Deutsche Forschungsgemeinschaft (DFG).

A RABBIT POLYCLONAL ANTIBODY RAISED AGAINST THE
EXTRACELLULAR DOMAIN OF TRKC RESCUES RAT CORTICOSPINAL
NEURONS FROM AXOTOMY INDUCED DEATH TV VIVO.
M. Gutiahr1*, Q. Yan2, A. Welcher2, P. Mestres1, M. Meyer3, and K.M, Giehl1.
'Department of Anatomy, Univ. of Saarland, Homburg, Germany; 2Amgen Inc.,
Thousand Oaks, USA; 3Max-Planck-Institute of Neurobiology, Martinsried, Germany.
The promotion of neuronal survival is a well established function of
neurotrophic factors. The finding that the neurotrophin NGF can also induce
apoptosis via the neurotrophin low affinity receptor p75 shows, however, that the
physiological basis for the regulation of neuronal survival by the neurotrophins might
be much more complex than expected originally. We report at this meeting that
endogenous NT-3 promotes death of axotomized rat and mouse corticospinal neurons
(CSN) in vivo (Giehl et al., this meeting). This finding is surprising since rat CSN are
completely rescued from axotomy induced death by infusions of high doses of NT-3.
Because endogenous BDNF is a crucial survival factor for axotomized CSN and CSN
express both trkB and trkC, the NT-3 rescue effects in these experiments might be
induced by an activation of trkB or a downregulation of trkC by the high doses of NT3 used. To approach the latter possibility, we analyzed trkC mRNA expression in
vehicle and NT-3 treated CSN with semi-quantitative in situ hybridization. The levels
of full-length trkC mRNA without insertion into the tyrosine kinase domain are
significantly downregulated in CSN treated with high doses of NT-3. To examine
whether trkC plays a functional role in this context, we treated axotomized adult rat
CSN with a rabbit polycolonal antibody TC-89 that was raised against the
extracellular domain of trkC and does not cross react with trkA and trkB in Western
Blot analysis. TC-89 treatment resulted in a complete rescue of CSN from axotomy
induced death. Together with the death promoting effects of endogenous NT-3 on
lesioned CSN, these data suggest that TC-89 blocks trkC function and the endogenous
NT-3 death signal for axotomized CSN is mediated via tikC receptor in vivo.
Supported by the Deutsche Forschungsgemeinschaft (DFG).

199.5

199.6

ENDOGENOUS NT-3 AND BDNF ANTAGONISTICALLY REGULATE
SURVIVAL OF AXOTOMIZED CORTICOSPINAL NEURONS IN VIVO.
K.M. Giehl1*, M. Gutiahr1, S. Rohrig1. P. Mestres1, O. Yan2, I. Bartke3, and M.
Mever4, ‘Department of Anatomy, Univ. of Saarland, Homburg, Germany; 2Amgen
Inc., Thousand Oaks, USA; 3Phanria Research Penzberg, Roche Diagnostics GmbH,
Germany; 4Max-Planck-Institute of Neurobiology, Martinsried, Germany.
Neurotrophins exert strong trophic effects on developing and mature neurons.
However, the precise physiological mechanisms underlying the trophic support of
central neurons are not well understood. We examined the physiological role of NT-3
for adult corticospinal neurons (CSN) in NT-3 knockout mice in vivo and found that
axotomy induced death of CSN was greatly decreased in heterozygous NT-3 knockout
mice (+/-) (89+2 % survival; mean+s.e.m., n=10) as compared to the respective NT-3
(+/+) control animals (66+3 %, n=12). The axotomy was confirmed by retrograde
tracing with rhodamine dextrane after axotomy. To show whether this unexpected
finding is the result of developmental changes in the NT-3 (+/-) animals, endogenous
cortical NT-3 was neutralized with the monoclonal NT-3 antibody MAB# 12 in adult
rats. MAB# 12-treatinent completely prevented axotomy induced death of adult rat
CSN in vivo (93+2 %, n=7) as compared to control (65+3 %, n=8). Using the BDNFneutralizing antibody RAB, we have shown earlier that endogenous cortical BDNF is
crucial for the survival of lesioned adult rat CSN in vivo (Giehl et al., 1998, J.
Neurosci. 15; 7351-7360). When both endogenous cortical BDNF and NT-3 were
neutralized by infusing MAB# 12 together with RAB, Axotomy induced death of CSN
was also completely prevented (94+4 %, n=4) while RAB treated axotomized CSN
display only 39+4 % (n=9) survival. These findings reveal a new physiological role
of NT-3 as a promotor of death of lesioned adult mice and rat CSN in vivo. The data
further show that adult rat CSN survive their axotomy without endogenous BDNF
support when the endogenous NT-3-mediated death signal is eliminated. This
Suggests an antagonistic regulation of the survival of lesioned CSN by endogenous
cortical BDNF and NT-3 in vivo. Supported by the Deutsche Forschungsgemeinschaft
(DFG).

ATTENUATION OF SYMPATHETIC SPROUTING AND
NEUROPATHIC PAIN BY TREATMENT OF NEUROTROPHIN
ANTISERA FOLLOWING PERIPHERAL NERVE INJURY IN
RATS Y-S Deng J-H Zhong W-P Gai* and X-F Zhou Dept of Human
Physiology and Centre for Neuroscience, Flinders University, GPO
Box 2100, Adelaide 5001, Australia
Peripheral nerve injuiy induces sprouting of sympathetic terminals in
the dorsal root ganglia (DRG) following nerve injury. This pathological
change may be involved in the induction of neuropathic pain. The
mechanisms underlying sympathetic sprouting and neuropathic pain are
not known. In the present study, we have investigated whether
neurotrophins play any role in the induction of sympathetic sprouting
and neuropathic pain. After the left L5 spinal nerve was transected,
antisera specific to neurotrophins were injected i.p. twice a week. The
foot withdrawal response to von Frey hairs was examined in day 1,3,
7, 10 and 14 post-lesion and sympathetic sprouting in DRG examined
by tyrosine hydroxylase (TH) immunohistochemistry. The results
snowed that the numbers of TH-ir fibers and baskets around lame
neurons within the lesioned DRG were dramatically increased in tne
rats treated with control normal sheep serum. Antisera specific to nerve
growth factor (NGF), neurotropnin-3 (NT3) ana brain-derived
neurotrophic factor (BDNF) significantly reduced the sympathetic
sprouting and the formation of baskets. In addition, the foot withdrawal
responses to von Frey hair stimuli were significantly attenuated by the
antisera treatment on day 10 post-lesion. Tne effect of BDNF antisera
on allodynia occurred earlier and longer than that of NGF and NT3
antisera. These results implicate that neurotrophins are involved in the
induction of sympathetic sprouting and neuropathic pain following
peripheral nerve injury. Supported by an ARC grant (#A9702348)
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Distal cutaneous innervation in a streptozotocin-diabetic mouse model: effect of

Neurotrophin-producing transplants stimulate oligodendrocyte
progenitor proliferation and Schwann cell myelination in the
contused rat spinal cord. D.M. McTigue*. L.B. Jakeman, P.J. Homer, P.

rhNGF. N.Dvbdal1*. A.Poon2: J.Charleston3. P.Tobin1, N.Pelletier1. E.Escandon1.
D. Sinicropi1, KM Hargreaves2. J .Clarke1. Pharm. Sci., Genentech, SSF, CA 940801;
Endodontics, Univ.Texas Health Sci. Ctr., SA, TX2; SNBL/USA, Redmond, WA3
Pathological manifestation of diabetic neuropathy includes degeneration of
epidermal sensory fibers extending from nociceptor sensory neurons that are
reported to respond to NGF with axonal sprouting and peripheral regeneration. The
ability of rhNGF (1 mg/kg SC, 3X/wk, 12 wks) to restore epidermal innervation in
the hind footpad of streptozotocin-induced (stz) diabetic male Swiss-Webster mice
was investigated. Hyperglycemic (>400 mg/dl) and stz-vehicle treated non-diabetic
mice were randomized into one of 4 groups 8 wks post-stz or stz-vehicle: 1. Nondiabetic control (NDC) 2. NDC + rhNGF 3. Diabetic control (D) and 4. D + rhNGF.
Sensory nerve function was assessed by determining mechanical (vonFrey hair)
and/or thermal (radiant heat) thresholds. At the conclusion of treatment and
following behavioral testing animals were humanely killed and tissues collected for
gene expression analysis and stereologic evaluation. PGP 9.5 IHC stained 50p
sections were evaluated using unbiased stereological techniques to estimate total
epidermal nerve fiber (ENF) length in the footpad. At week 12, paw withdrawal
latencies were significantly increased in diabetic groups relative to non-diabetic
groups, while no groups were found to have significantly different mechanical
thresholds from one another. No significant treatment related effects were detected
in thermal or mechanical thresholds when non-diabetic groups (1&2) or diabetic
groups (3&4) were compared. Total length of ENF was significantly reduced in both
diabetic groups relative to group 1. The length density of group 1 was significantly
different from 3, barely missing significance from group 4 (p=0.053). No other
groups were found to have significantly different length or length density from one
another. In summary, in this study utilizing a chemically-induced mouse model of
diabetes with distal neuropathy rhNGF therapy did not result in restoration or
improvement of sensory function or epidermal nerve length when compared with
non-rhNGF treated diabetics or non-diabetic controls. Funding - Genentech, Inc.

Wei, A. Shah, F.H. Gage/ & B.T. Stokes Dept. of Physiology, The Ohio State

University College of Medicine and Public Health, Columbus OH 43210; 'Salk Institute
La Jolla CA, 92037

Grafts of neurotrophin-producing fibroblasts in the injured spinal cord
stimulate myelination by oligodendrocytes. In the current study,
proliferation of oligodendrocyte (OL) progenitors and invasion of
Schwann cells was examined after spinal contusion injury and
transplantation of NT-3- and BDNF-producing fibroblasts. Total cellular
proliferation in injury controls was highest during the first week postinjury (pi) and declined thereafter. Proliferation of OL progenitor cells
was stimulated by spinal cord injury, but did not peak until four weeks
pi. Schwann cell myelin was detectable within the injured spinal cord by
A 4 days pi and increased continuously up to 5 months pi (latest time
examined).
NT-3- and BDNF-producing grafts stimulated OL progenitor
proliferation compared to control p-galactosidase grafts. These new
progenitor cells were located both in the grafts and white matter. The
neurotrophins also enhanced Schwann cell myelination of white matter
axons and new axons inside the grafts. These findings demonstrate
that NT-3 and BDNF alter the proliferation and migration of myelinating
cells. Supported by the American Paralysis Association and NS37321.

199.9

199.10

MODULATION OF BDNF AND GDNF-IMMUNOREACTIVITY
IN RAT PITUITARY AFTER 6-HYDROXYDOPAMINEINDUCED DENERVATION. L.C, Saland*, M. Morales and J.
Gaddy. Dept.of Neurosciences, Univ.of New Mexico Sch. Med.,
Albuquerque, NM.
Neurotrophins, including brain-derived neurotrophic factor
(BDNF) and glial cell line-derived neurotrophic factor (GDNF), have
been demonstrated in various regions of the adult rat pituitary. The
possible role of neurotrophins in support of innervation to pituitary
lobes was addressed by inducing chemical denervation of the tissue
via peripheral injections of 6-hydroxydopamine (6-OHDA) to adult
male Sprague-Dawley rats as previously described (Saland et al, ’91,
Mol. Cell. Neurosci. 2:418-426). At 1 and 3 weeks after injections,
rats were halothane anesthetized, perfused with PBS followed by 4%
buffered paraformaldehyde, and tissue processed for paraffin
sectioning. Sections of pituitaries were immunostained with primary
antibodies to BDNF (Chemicon, dilution 1:20) or GDNF (Promega,
dilution 1:250), followed by secondary antibodies, treatment with
Vector elite ABC reagents, and visualization of peroxidase reaction
product. BDNF-immunoreactivity (IR) appeared reduced in the
intermediate lobe (IL) of rats one week after 6-OHDA, when nerve
terminals in the neurointermediate lobe are degenerated. GDNF-IR,
not usually observed in control ILs, was present in some areas at one
week after 6-OHDA. Three weeks after 6-OHDA, when nerves are
regenerating, immunostaining for both molecules was partially
recovered. The neurotrophins may therefore play diverse roles
relative to stability of pituitary innervation. Support: NIH GM52576
RAC-UNM (LCS).

Exogenous NT-3 & NGF Differentially Modulate PACAP Expression in Adult
Sensory Neurons, Suggesting Distinct Roles in Injury and Inflammation
H Jongsma*2. N Danielsen2. KAGratto1. LA Karchewski1, F Sundler2. MKanje3&
VMK Verge1. 1 CMS NRC & Dept of Anat & Cell Biol, U of Saskatchewan, Canada
S7N 5E5, Depts of 2Physiol Sci & 3 Animal Physiol, Lund Univ, Lund, Sweden
Pituitary adenylate cyclase activating peptide (PACAP) is expressed to differing
degrees in sensory neurons associated with various pathological states. Under normal
and infiammed conditions PACAP is detected in primarily small DRG neurons and
believed to subserve a role in nociception. We have shown injury triggers a drama tic
upregulation of PACAP expression in primarily medium to large size DRG neurons,
coinciding with novel appearance of PACAP fibres in the gracile nuclei and in deeper
laminas of the dorsal horn. The injury also results in a PACAP decrease in small
neurons suggesting an altered function for PACAP after injury. As NGF and NT-3
modulate peptide expression in intact (NGF&NT-3), infiammed (NGF) and injured
(NGF& NT-3) sensory neurons, we hypothesize that they positively or negatively
modulate PACAP expression in intact and injured neurons respectively. Sections of
adult rat intact and injured (4d, 2Id) DRG with or without intrathecal infusion of NT 3 or NGF (immediately or 14 d post lesion for 4d or 7d respectively), were processed
for in situ hybridization to detect mRNA encoding PACAP, trkC or trkA. Preliminary
results indicate that the dramatic elevations in PACAP mRNA expression observed
after injiuy can be mitigated in many of the medium to large size injured neurons by
NT-3, with the effect being most dramatic if NT-3 is infused immediately. This
supports a role for NT-3 in return toward normal PACAP phenotype in these neurons.
While it is difficult to qualitatively assess the effects of infused NGF on the injuryinduced PACAP expression, NGF dramatically upregulated PACAP mRNA levels in
primarily small to medium size neurons in both intact and injured DRGs, suggesting
NGF may be a principal positive regulator of PACAP expression in these presumed
nociceptive neurons. Computer-assisted image analysis is being performed to
determine the degree of modulation of PACAP expression by die neurotrophins and
the colocalization with their respective trk receptor mRNAs. NT-3 supplied by
Regeneron Pharmaceuticals, Tarrytown N.Y. Canadian & Swedish MRC supported.

199.11

199.12

REGULATION OF INJURED PROPRIOCEPTIVE AXONS AND MUSCLE
SPINDLES BY MUSCLE-DERIVED NEUROTROPHIN-3 J.T, McDonald*, C.L.
Patterson, M, D- Taylor and D.E, Wright Dept. Anatomy and Cell Biology, Univ.
Kansas Med. Ctr, Kansas City, KS 66160.
Neurotrophin-3 (NT-3) is a target-derived survival factor for sensory neurons that
innervate muscle spindles and convey proprioception. Although NT-3 is expressed by
muscle spindles postnatally, removal of sensory input to spindles results in a general
degradation of proprioceptive endorgans. To understand the role of NT-3 in the
maintenance and reinnervation of spindles following injury, we followed NT-3 gene
expression in hindlimb muscles after nerve crush in WT and transgenic mice that
overexpress NT-3 in skeletal muscle (myo/NT-3 mice, Wright et al., 1997, Neuron
19:503-517). Changes in NT-3 mRNA expression in muscle were measured by RPA
and then correlated with muscle spindle reinnervation. In newborn WT mice, sciatic
nerve crush results in a slight decrease in NT-3 mRNA levels 3 days post injury (PI).
In contrast, newborn myo/NT-3 mice have much higher baseline levels of NT-3
mRNA which then significantly increases 3 days PI. Analogous changes in NT-3
mRNA levels were observed three days PI in WT and myo/NT-3 adult mice.
Examination of muscle spindles in the medial gastrocnemius three weeks PI reveals
that muscle spindles in WT mice are restored to near normal numbers (control WT:
9.6 ± 0.2; n=7 vs. injured WT: 9.0± 2.5 n=4) but 29% of these spindles have a
reduced number of intrafusal fibers. In contrast, myo/NT-3 mice have slightly reduced
number of surviving spindles (control myo/NT-3: 31.5 ± 1.6, n=6 vs. injured
myo/NT-3: 24.3 ± 2.8; n=4); however, 42% of these surviving spindles have an
abnormally high complement of intrafusal fibers. A more severe effect on spindle
morphology was observed in NT-3 transgenic mice that overexpress NT-3 in muscle
using the myosin light chain promoter (Taylor and Wright, 1998). Results from our
study 1) confirm that NT-3 mRNA expression by postnatal muscle spindles requires
sensory innervation, 2) demonstrate that appropriate levels of available NT-3 in
muscle are required for the normal restoration of intrafusal fibers following injury, and
3) reveal that these NT-3 transgenic mice provide a means to assess the therapeutic
actions of NT-3 in muscle following injury. Supported by NINDS NS 37910-01.

EFFECTS OF CERVICAL SPINAL CORD INJURY AND LESION
SITE BDNF APPLICATION ON ADULT MOUSE RUBROSPINAL
NEURONS. K.J.L. Fernandes*, J.L, Vanderluit, D.-P, Fan, and W,
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Tetzlaff. CORD and Dept. of Zoology, Univ. of British Columbia,
Vancouver, Canada V6T 1Z4.
We studied the effects of cervical spinal cord injury and BDNF on
mouse rubrospinal (RS) neurons. Double retrograde . labelling
demonstrated that thoracically-projecting RS neurons were situated
ventrally throughout the 750 pm rostro-caudal extent cf the mouse red
nucleus, showing little overlap with the cervically-projecting subpopulation. Following a lateral hemi-section of the C3/4 spinal cord, the
thoracically-projecting sub-population (i) showed a progressive reduction
in size and apparent number between days 7 to 21, (ii) contained many
Fast Blue-negative RS neurons, suggesting variations in Fast Blue
uptake/transport, and (iii) contained many neurons expressing elevated
GAP-43 and Ma1-tubulin mRNAs (PNS regeneration-associated genes).
The cervically-projecting sub-population displayed only minor changes in
these parameters. To examine how these injury responses were affected
by BDNF, gelfoam soaked in 2.5 pi of 2.5% Fast Blue ± 10 pg/pl BDNF
was inserted into the lesion site at the time of injury. After 2 weeks BDNF
had (i) reduced the atrophy, and (ii) increased the number of RS neurons
displaying elevated levels of regeneration-associated genes. Interestingly,
Fast Blue-negative RS neurons were still present. Using Ta1-lacZ and
GAP43-lacZ transgenic mice, current work is focused on the
transcriptional versus post-transcriptional regulation of injury and BDNFinduced changes in gene expression. Supported by the Rick Hansen
Institute, NSERC and MRC of Canada.
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BDNF - REGULATION, EXPRESSION AND ROLE IN PAIN
HYPERSENSITIVITY
I, Decosterd. M, Costigan. F, Amaya. R, J, Mannion. R-R, Ji. and C. J- Woolf*
Neural Plasticity Research Group, Department of Anesthesia & Critical Care,
Massachusetts General Hospital and Harvard Medical School, Boston MA 02129.

BDNF INHIBITS CASPASE-3 ACTIVITY IN AXOTOMIZED
RAT RETINAL GANGLION CELLS IN VIVO.
N. Klocker *. P. Kermer, M. Labes. R. Ankerhold. S. Thomsen, and M.
Bahr. Dept. of Neurology, University of Tubingen, Tubingen, Germany
Optic nerve (ON) transection in the adult rat leads to delayed
apoptotic death of 85 % retinal ganglion cells (RGCs) within 14 days.
We have recently shown that activation of caspase-3 significantly
contributes to the pathophysiology of lesion-induced RGC degeneration.
The neurotrophin brain-derived neurotrophic factor (BDNF)
substantially promotes the survival of axotomized RGCs, but far less is
known about the mechanism underlying its neuroprotective action. The
present in vivo study demonstrates that BDNF reduces caspase-3 activity
in lesioned retinae down to control levels via a post-transcriptional
mechanism. These results are in good agreement with our observation
that the specific caspase-3 inhibitor z-DEVD-cmk and BDNF do not
show additive neuroprotection. Western blot analysis revealed increased
levels of phosphorylated PKB after intraocular BDNF treatment known
to inhibit caspase-3 via phosphorylation of the initiator protease caspase9. Thus, we hypothesize that the neuroprotective action of BDNF on
axotomized RGCs is based on a PKB-dependent inhibition of caspase-3
activity. (This work was supported by the DFG, SFB 430, B4).

Brain-derived neurotrophic factor (BDNF) is expressed in trkA positive
nociceptive sensory neurons and transported anterogradely to the dorsal hom of the
spinal cord where it is located in dense core vesicles in presynaptic terminals. This
indicates that it may have a role as a synaptic neuromodulator involved in pain.
Sequestration of endogenous BDNF by intraspinal TrkB-Fc fusion protein
administration did not, however, change basal pain sensitivity nor the mechanical
hypersensitivity induced by peripheral capsaicin administration, a model of Cfiber-mediated central sensitization. Peripheral inflammation substantially
upregulated BDNF mRNA and protein in the dorsal root ganglion (DRG) in a
nerve growth factor (NGF)-dependent fashion. Inflammation also resulted in a
phenotypic switch with novel expression of BDNF by large DRG neurons with
myelinated axons. C-fiber electrical activity also increases BDNF expression in the
DRG, and both inflammation and activity increased full-length TrkB receptor
levels in the dorsal hom. Although sequestration of BDNF with TrkB-Fc did not
modify basal inflammatory pain hypersensitivity, the changes in the amount and
distribution of BDNF in the DRG and of its receptor in the dorsal hom resulted in
low intensity tactile stimulation of inflamed tissue producing a BDNF-mediated
progressive pain hypersensitivity. BDNF, by virtue of its regulation, release and
action has, therefore, a role as a central modulator of tactile stimulus-induced
inflammatory pain hypersensitivity.

EXPRESSION AND REGULATION OF NEUROTROPHIC FACTORS: NEUROTROPHINS I
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200.2

ESTROGEN REGULATES RETROGRADE TRANSPORT OF
BDNF FROM THE OLFACTORY BULB TO THE BASAL
FOREBRAIN. M.K. Jezierski* and F. Sohrabji. Dept. of Human

ESTRADIOL INCREASES TRANSCRIPTION OF NMDA RI, BDNF,
AND ChAT IN NEURONAL CELL CULTURES. S.Araki, T.Hashimoto,
T.Fukushima, H.Ogura, Y.Nishizawa*. Eisai Tsukuba Research
Laboratories, 5-1-3 Tokodai, Tsukuba, Ibaraki, 300-2635, Japan
Estrogen replacement therapy has been reported to be effective in
preventing the progress of Alzheimer’s disease. Although there have been
many reports showing a variety of effects of estrogens on neurons, little is
known about the genomic effects of estrogens in these cells. The present
study examined the effect of estrogen on the expression of several kinds of
mRNAs (BDNF, NMDA RI, ChAT, proenkephalin, Bcl-2, and Bcl-xl) in
neurons. Neuronal cells were prepared from brains of rat embryos (E17),
and cultured for 1 week. 17-beta-estradiol (E2) was added, and neurons
were cultured for another 24 hrs in serum-free medium. mRNAs were
extracted from the cells, amplified by RT-PCR, and measured by HPLC.
BDNF content was measured by ELISA. E2 (3-30 nM) increased NMDA
mRNA level in cortical neuron cultures. In hippocampal neuron cultures, 3100 nM and 10-30 nM of E2 increased the mRNA levels of BDNF and ChAT,
respectively. Moreover, 1-100 nM of E2 increased BDNF content in
hippocampal neurons. However, neuronal mRNA levels of proenkephalin,
Bcl-2, and Bcl-xl were not altered by estrogen. The present results
demonstrate that estrogen increases the transcription of NMDA RI, BDNF
and ChAT in neurons. It has been reported that the promotors of the BDNF
and ChAT genes, but not the NMDA RI gene, contain sequences
corresponding to the estrogen responsive element (ERE). Thus, our results
suggest that estrogen exerts its genomic effect in neuronal cells through
ERE and/or other unknown mechanisms.

Anatomy and Medical Neurobiology. Texas A&M University System
Health Science Center, College Station, TX 77843-1114.
Estrogen replacement therapy at menopause decreases the incidence of
Alzheimer’s disease (AD). While the mechanism of hormone action is
not clear, estrogen interacts with the neurotrophin family of growth
factors, which are reduced in AD. We utilized the septobulbar circuit, a
typical site of AD-related cell loss, as a model to study the effects of
estrogen depletion on vulnerable forebrain circuits.
Here we report that estrogen increases BDNF levels in the olfactory
bulb and the horizontal limb of the diagonal band of Broca. In the bulb,
estrogen also increases the expression of trkB, the cognate receptor that
mediates BDNF transport and signal transduction, and concomitantly
reduces levels of p75, a receptor that binds all neurotrophins.
Recombinant rhodamine-labeled BDNF injected into the bulb is rapidly
transported to the diagonal band and we found that estrogen enhances the
rate of BDNF transport to the basal forebrain. Moreover, antibodies to
trkB injected into the bulb attenuate peptide transport in a dosedependent manner. Collectively, our data indicate that hormone-induced
increases in trkB expression may underlie modulation of neurotrophin
transport. By increasing neurotrophin availability to forebrain neurons,
estrogen is uniquely positioned to sustain normal neuronal function.
Supported by NINDS NS36297 to FS.

200.3

200.4

HORMONAL MODULATION OF BDNF PROTEIN LEVELS IN THE ADULT
RODENT BRAIN M.M. Blurton-Jones,1* M.H. Tuszynski1,2 ’Dept. of Neuroscience,
UC San Diego, La Jolla, CA 92093; 2V.A. Medical Center, San Diego, CA 92161.
In the last few years estrogen has been implicated in both the prevention and
treatment of Alzheimer’s disease. Studies have suggested that the beneficial effects of
estrogen therapy may be mediated via regulation of trophic factor systems. The role
of estrogen in the regulation of brain derived neurotrophic factor (BDNF) in particular
has been examined by several groups. We have demonstrated both autocrine and
paracrine relationships between BDNF protein and estrogen receptors in the adult
rodent brain. Other groups have further shown that ovariectomy results in decreased
BDNF mRNA within the hippocampus and cortex of the adult rodent brain. Despite
this, no studies to date have confirmed that levels of BDNF protein change in response
to estrogen mediated alterations in BDNF mRNA.
In the present experiment BDNF immunohistochemistry was performed on intact
and ovariectomized Fischer 344 rats to examine the effects of estrogen deprivation on
BDNF protein levels. Four adult female rats were bilaterally ovariectomized five
weeks prior to examination. Two days prior to sacrifice, ovariectomized rats and age
matched intact controls were treated with colchicine via stereotactic intraventricular
delivery. BDNF immunolabeling was performed and sections were analyzed for
optical density.
Initial results have confirmed that BDNF immunoreactivity is indeed altered in
response to ovariectomy. Optical density measurements reveal that within the
hippocampus, mean BDNF fiber labeling of the polymorph layer of the dentate gyrus
of ovariectomized rats is 165.5units ± 11.1 SE versus 214.9units ± 7.5 SE for intact
subjects. Therefore, BDNF optical density is reduced by an average of 23 percent
(p=.01) within 5 weeks of ovariectomy. Changes in BDNF immunoreactive cell
numbers in this and other brain regions are also under investigation.

DEVELOPMENTAL AND STRESS-INDUCED CHANGES OF NEUROTROPHIC
FACTOR EXPRESSION IN AN ANIMAL MODEL OF SCHIZOPHRENIA.
R. Molteni1. B.K. Lipska2. A. Figini1. Z.Z, Khaing2, D R, Weinberger^ .CL
Racagni1 and M.A, Riva1*. Center for Neuropharmacology, Univ. of Milan, Italy;
2Clinical Brain Disorder Branch, IRP, NIMH, NIH, Bethesda, USA.
Various aspects of neuronal differentiation and maturation are implicated in
neurodevelopmental models of schizophrenia. Events taking place during the last
period ofgestation and in early postnatal life can interfere with proliferation, migration
and differentiation of neurons and this can set the stage for secondary synaptic
disorganization. On this basis, we investigated the effect of a neonatal (PD-7) lesion cf
the ventral hippocampus with ibotenic acid (VHL) on the expression for FGF-2 and
BDNF, two neurotrophic factors that play a critical role in the maturation and survival
of neurons as well as in synaptic plasticity. According to this model, rats develop
behavioral abnormalities (locomotor hyperactivity and social withdrawal) thought to
resemble symptoms of schizophrenia. We used RNase protection assay and in situ
hybridization in order to investigate the expression profile of BDNF and FGF-2 in
several brain areas at different times from the neonatal lesion. The expression of BDNF
in prefrontal (PFC) and frontal cortex (FC) was not altered in response to VHL when
determined at postnatal day (PD) 14, 25, 35 or 56. However, we found that an acute
restrain stress at PD-35 produced a larger increase of BDNF expression in PFC cf
lesioned vs. sham animals, the effect being reversed at PD-56. The mRNA levels fcr
FGF-2 were similarly unchanged after VHL at PD-35 or 56. Nonetheless we observed
a reduction of its PFC expression at PD-14 suggesting that this lesion paradigm can
reduce, at an early stage, the levels of FGF-2, which is important in the maturation cf
the cerebral cortex. Acute restrain stress produced a significant increase of FGF-2
mRNA levels in PFC of sham and lesion rats both at PD 35 and PD 56, but no
significant differences were detected between the two groups.
We suggest that events taking place during brain maturation can modulate the
expression of neurotrophic factors thus contributing to permanent structural and
functional alterations leading to an increased susceptibility for psychiatric diseases.

Supported by the NIA-AGO5131 (MHT) and NIH 2 T32 AG00216 (MMB-J),
Veterans Affairs, and the American Academy of Neurology Research Foundation.
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200.5

200.6

ANTIPSYCHOTICS DOWNREGULATE BDNF mRNA EXPRESSION IN THE RAT
HIPPOCAMPUS. Z.Z. Khaing, R. Molteni, M.G. Valentine, C. Shannon Weickert,
D.R. Weinberger, B.K. Lipska*, Clinical Brain Disorders Branch, IRP, NIMH, Bethesda
MD 20892.
BDNF (brain derived neurotrophic factor) promotes a variety of neuromodulatory
processes in the brain including neuronal survival, neurite outgrowth and synapse
efficacy. BDNF mRNA is abundantly expressed in the hippocampus (Hip), (dentate
gyrus (DG) and CA1-4 regions) and the prefrontal cortex (PFC) of rats and humans.
Recent postmortem anatomical and molecular studies suggest that the Hip and PFC
are sites of synaptic pathology in schizophrenia, and that BDNF mRNA is reduced in
Hip and PFC of patients with schizophrenia. The impact of a long-term antipsychotic
drug exposure on BDNF mRNA is unclear. We studied the effects of an acute and
chronic (28 days) i.p. treatment with haloperidol (0.5 and 1 mg/kg), sertindole (1.25
mg/kg) and clozapine (10 mg/kg) on BDNF mRNA expression in control rats and in
rats with neonatal excitotoxic lesions of the ventral hippocampus who display in
adulthood behavioral abnormalities reminiscent of schizophrenia. Rats were killed 7
hrs after the last injection, brains were frozen, sectioned and used in in situ
hybridization study. In the PFC, treatment with antipsychotic drugs had no effect on
the levels of BDNF mRNA expression in control or lesioned rats. The lesion itself did
not significantly alter BDNF expression in PFC. In the CA1/2 region and DG of the
Hip, both acute and chronic treatment markedly reduced BDNF mRNA expression in
both groups of rats. These data demonstrate that antipsychotic drugs downregulate
expression of BDNF mRNA in brain regions implicated as sites of synaptic pathology
in schizophrenia. The results raise the possibility that a reduction in BDNF mRNA
observed in the Hip of patients with schizophrenia may be related to antipsychotic
drug exposure.

COMBINED PHYSICAL ACTIVITY AND ANTIDEPRESSANT TREATMENT
MAY ACCELERATE, AS WELL AS ENHANCE, THE EXPERESSION OF
BDNF TRANSCRIPTS AND PROTEIN IN THE RAT HIPPOCAMPUS. Ax
Russo-Neustadt*. R.C. Beard, Y.M. Huang and C.W, Cotman. Institute for Brain
Aging and Dementia, University of California, Irvine, CA 92697
Physical activity and antidepressant treatment have each separately been of
significant interest for the management of behavioral disorders. Previous work from
our laboratory has shown that combined antidepressant treatment and physical
activity, applied chronically, have an additive, potentiating effect on total BDNF
mRNA expression within the rat hippocampus. BDNF mRNA enhancement have
been shown to require at least 2 weeks of antidepressant treatment in previous studies
(Nibuya et al, J Neurosci 15: 7539). We have found that the level of several specific
BDNF transcripts, as well as the expression of hippocampal BDNF protein, could be
rapidly up-regulated by antidepressant treatment (in 2 days to 1 week) when treated
rats were concomitantly given access to running wheels during the study. During the
experimental period, animals were treated daily with tranylcypromine (7.5 mg/kg) by
intraperitoneal injection. BDNF mRNA levels were assessed in several cell groups of
the hippocampus by in situ hybridization, using 35s labelled riboprobes
complementary to the full-length BDNF sequence, as well as exons I-IV (kindly
provided by P. Isackson), and computer-assisted densitometry. Hippocampal BDNF
protein was measured by Western blot using a polyclonal anti-BDNF antibody (Santa
Cruz Biotech.). In addition to the increases in hippocampal BDNF mRNA levels, the
combined interventions also led to a significant increase in total hippocampal BDNF
protein after one week (175% of control), which was significantly greater than that
achieved with either intervention alone (125% with activity alone, and a trace increase
with antidepressant alone). BDNF is suggested to have important roles in brain
systems involved in behavioral control, and is diminished in Alzheimer's disease. Our
results predict that patients on antidepressant treatment may gain additional benefits
from regular physical activity.
Supported by USPHS-NIH Grant MH-01266

200.7

200.8

Behavior

BDNF m RNA in aged F344/BN
RATS.
J. P, Kesslak^^*. K. Chuang * and F. Gomez-Pinilla, 3.
Institute for Brain Aging and Dementia 1, Department of Neurology^,
University of California, Irvine, CA 92697-4540. and Department of
Physiological Sciences^, UCLA, Los Angeles, CA, 90095-1527.
and

expression

of

Brain-derived neurotrophic factor (BDNF) promotes neuron survival,
enhances sprouting, protects against insult, and may be involved in
several aspects of learning and memory. Young, middle age and old
rats were behaviorally assessed and the levels of BDNF mRNA
determined. There do not appear to be any significant behavioral
differences between Fisher 344/BN rats at 3 or 12 months of age,
however, behavioral deficits appear in rats 34 months of age. Spatial
memory in the 8-arm maze and Water maze show deficits in the aged
group (p < .001), which suggests hippocampal function may be
compromised. An odor preference task showed no differences betweeri
groups in the rate of acquisition or recall after a 48-hour delay (p > .10);
however, after a 28 day delay the aged group had more difficulty in
making the correct odor choice than the young or middle age groups (p
< .001). The analysis of neurotrophin levels with in situ hybridization
indicate a marked increase in hippocampal BDNF mRNA for the 34
month old group, and no differences between the 3 and 12 month old
group (p < .01). Thus, behavioral differences associated with age occur
with significant changes in BDNF mRNA levels, which is elevated in
the oldest group. This elevation may be a compensatory mechanism to
sustain neural connectivity and maintain the general health of the
nervous system.

NEUROMUSCULAR ACTIVITY INDUCES THE EXPRESSION OF
BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) IN THE
SPINAL CORD AND MUSCLE. F. Gomez-Pinilla*. L. Ying. R.R,

Roy, and V.R. Edgerton. Dept. of Physiological Science and Brain
Research Institute, UCLA, Los Angeles, CA 90095.
Physical activity has a recognized value for promoting functional
restoration following spinal cord injury. However, the molecular basis
for how exercise impacts the structure and function of the CNS are
poorly understood. Here we investigate the possibility that
neuromuscular activity elicited by treadmill exercise can lead to changes
in the expression of BDNF in the rat soleus muscle and associated
regions of the spinal cord. We used nuclease protection assays to
determine the levels of BDNF mRNA in rats receiving a single bout of
treadmill training (30 min, 3% incline) for 1 or 5 days. Compared to
unexercised control values, the expression of BDNF mRNA was
elevated in the soleus muscle and in the spinal cord lumbar region after
1 day of training. In rats that exercised for 5 consecutive days, levels
of BDNF mRNA reached higher values and the response was more
stable. These results suggest that BDNF has a role in the molecular
events elicited by training leading to functional restoration after spinal
cord injury. These results raise the possibility that activation of those
neural circuits associated with the generation of locomotion could
modulate a use-dependent access to trophic factors which might be
delivered in a gradual manner with both spatial and temporal precision.
(Supported by the Spinal Cord Society).

Supported by NIA AG13880-02

200.9

200.10

INTERACTIONS BETWEEN BRAIN-DERIVED NEUROTROPHIC FACTOR
(BDNF) EXPRESSION, BEHAVIORAL STRESS, DIET AND SPATIAL
LEARNING IN THE WATER MAZE

BRAIN-DERIVED NEUROTROPHIC FACTOR PROTEIN
LEVELS DISPLAY A DIFFERENTIAL PATTERN OF
EXPRESSION FOLLOWING SEIZURE AND WHISKER
STIMULATION. S. A, Nanda. K, J, Mack*, Waisman Center,
Univ. of Wisconsin, Madison; Madison, WI 53705
Expression of brain-derived neurotrophic factor(BDNF)
protein was examined using a quantitative ELISA following
pentylenetetrazol(PTZ) induced seizure, kainic acid induced
seizure, and unilateral whisker stimulation in the adult rat. The
amount of BDNF protein was determined for the somatosensory
cortex and hippocampus at several time points post treatment.
Preliminary results show a significant increase in protein
expression following whisker stimulation and kainic acid induced
seizure. PTZ induced seizure had no effect on protein expression.
Previous results from our lab demonstrated a significant increase in
BDNF mRNA following whisker stimulation and PTZ seizure.
These results suggest a discordance between mRNA and protein
expression following PTZ induced seizure. The marked difference
between PTZ and kainic acid seizures has significant implications.
Therefore, we conclude that BDNF protein expression is
differentially regulated by specific neuronal stimulation within the
somatosensory cortex and hippocampus.

KENDRA SHAWL.MARTINA GOQNEY2, MARINA A, LYNCH*2 AND SHANE

M, O’MARA1. DEPTS OF 'PSYCHOLOGY, & 'BIOCHEMISTRY, TRINITY
COLLEGE, DUBLIN 2, IRELAND
We compared BDNF release in the dentate gyrus of rats who were trained (n=6) in the
water maze and motor controls who also experienced the water maze without a hidden
platform (n=6). Rats were trained on the water maze for 8 days: 5 days learning with 3
days retention testing after a 3 day gap. The trained rats received 5 trials/day for 5 days
where they had to search for a platform hidden in the NW quadrant of the water maze.
Escape latency was recorded for each trial. Motor controls swam each trial for the same
average length of time as did the experimental group. The rat was placed on the
platform if it had not found it after 60 seconds of searching. For each trial the rat
remained on the platform for 15 seconds. The inter-trial interval was 5 seconds.
Acquisition training was followed by a 3 day non-training period. After the nontraining period, task retention was tested for 3 days following the protocol outlined
above. BDNF release was significantly greater in the trained rats compared to the
untrained (motor control) rats. We have subsequently examined the effects of mild
stress (social isolation) on water maze performance and BDNF release in trained (n=12)
and motor controls (n=12); 6 animals in each group were given an antioxidantenriched diet. Preliminary results suggest that a transient enhancement of escape
latencies occured in the stress group, compared to all the other groups. Diet appears to
have had a modulatory effect on performance in all groups.
Supported by: European Commission

This research supported by NIH grant NS33913 to KJM
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LARGE INDIVIDUAL VARIATIONS IN BDNF CONTENT IN HUMAN BRAIN
AND SERUM K. ToyookaLSo^Shfrakawa3, N. Kitamura3,T. Hashimoto3, K.
Maeda3,_K, Wakabayashi!. H. TakahashLU-Someya? and H. Nawa1. 1) Dept.
Mol. Neurobiol., Brain Res. Inst. & 2) Dept. Psy., Niigata Univ. Sch. Med.,
Niigata 951, Japan; 3) Dept. Psy. & Neurol., Kobe Univ. Sch. Med., Kobe 650,
Japan
Neurotrophic factors such as BDNF exert various trophic activities on brain
neurons and are studied with respect to their potential contribution to agedependent neurological diseases. To examine the effect of age on BDNF
expression in human, we measured BDNF protein levels in fresh sera (n=32) as
well as in postmortem brains (n=40) from various ages of human subjects using a
two-site enzyme immunoassay. BDNF levels in the frontal cortex largely varied
among individuals: 8.4±6.2pg/g tissue. These exhibited a decreasing tendency
with age (p=0.09) but failed to reach a statistical significant level: p<0.05. To test
the possibility that the individual variation in BDNF content might be derived from
serum contamination in the postmortem samples or an artificial difference in
postmortem intervals or clinical histories of the subjects, we determined BDNF
levels in sera prepared from healthy control volunteers. BDNF levels in human
sera were surprisingly high as reported previously: 18.2±25.8pg/ml. However,
this amount of BDNF still negates the contribution of serum BDNF to the above
value in the postmortem brain: An average ratio of serum contamination was
determined as <1 % vol. of the tissue (eq. <0.2pg/g tissue), which was estimated
from serum albumin content as an indicator. Moreover, a statistical analysis
showed a larger standard deviation in serum BDNF content (SD=140% of the
mean). The latter observation indicates that BDNF expression indeed varies
among individuals, and the variation of BDNF levels in the brain and serum might
be implicated in the susceptibility to neurodegenerative diseases. Supported by
RFTF-96L00203.

DECREASED LEVELS OF BDNF mRNA IN THE PARIETAL CORTEX OF
ALZHEIMER’S DISEASE PATIENTS. R.M.D. Holsinger1*. J. Schnarr1. P,
Henry1 and M, Fahnestock 1,2 Depts. of ‘Biology and 2Psychiatry and
Behavioural Neurosciences, McMaster University, Hamilton, Ontario, L8N 3Z5,
Canada.
Brain-Derived Neurotrophic Factor (BDNF), a member of the neurotrophin
family of neurotrophic factors, is synthesized in the hippocampus and cortex and
is retrogradely transported to the basal forebrain where it supports the survival
and function of the basal forebrain cholinergic neurons (BFCNs). BDNF’s
effects on the BFCNs are of particular interest, as these cells are the first and
some of the most severely affected neurons in Alzheimer’s disease (AD).
Studies on the relative levels of BDNF mRNA and protein in AD have provided
conflicting results. Decreased BDNF mRNA levels have been observed in the
AD hippocampus and entorhinal cortex whereas other cortical structures,
including parietal, have shown no deficit when compared to control tissue
samples. In ordef to examine whether the decreases in BDNF mRNA are more
widespread or confined to particular areas of the diseased brain, we examined
parietal cortical samples from AD patients and age- and gender-matched,
neurologically normal subjects. We used quantitative competitive Reverse
Transcription-Polymerase Chain Reaction (cRT-PCR), a more quantitative
technique than those used previously to measure BDNF mRNA. We
demonstrate an approximately 3.4-fold decrease in BDNF mRNA levels in the
parietal cortex of patients with AD compared to controls (p<0.01). A decrease
in BDNF synthesis could have detrimental effects on hippocampal, cortical and
BFCNs and may account for their selective vulnerability in AD.
Supported by grant #MT-13463 from the Medical Research Council of Canada.

200.13

200.14

ASTROCYTES AND MICROGLIA/MACROPHAGES IN ADULT SPINAL
CORD EXHIBIT ALTERED LOCALIZATION OF BDNF
IMMUNOREACTIVITY FOLLOWING COMPRESSION INJURY. K.D,
Dougherty* C.F. Dreyfus, I.B, Black. Dept. of Neurosci. & Cell Biol., Robert
Wood Johnson Med. Sch./UMDNJ, Piscataway, NJ 08854
The presence of brain derived neurotrophic factor (BDNF) in astrocytes,
oligodendrocytes and microglia/macrophages was examined at the light microscopic
level in normal adult and injured spinal coni at one, seven and 42 days post-injury.
Single sections of the spinal cord of female rats were labeled with antibodies to
BDNF (a gift from David Kaplan) and glial fibrillary acidic protein (GFAP) for
astrocytes, APC for oligodendrocytes or 0X42 for microglia/macrophages. In the
normal cord most oligodendrocytes exhibited BDNF immunolabeling, whereas few
astrocytes and microglia/macrophages exhibited BDNF localization. One day after
sustaining a moderate contusion injury to the mid-thoracic spinal cord (LI mm
displacement, Stokes et al., 1992) most oligodendrocytes and increased numbers of
astrocytes and microglia/macrophages located at the injury site exhibited BDNF
immunolabeled protein. At one week post-injury many oligodendrocytes at the injury
site exhibited BDNF immunolabeling. Dramatically increased proportions of GFAPand OX42-labeled profiles at the injury site displayed BDNF immunolabeling. At
six weeks post-injury, APC-labeled oligodendrocytes were absent at the site of injury
while the majority of astrocytes and microglia/macrophages in this same region
displayed robust BDNF immunolabeling. Our findings demonstrate that after a
lesion increased numbers of astrocytes and microglia/macrophages exhibit robust
labeling for BDNF. These data suggest that spinal cord injury leads to cell-specific
alterations in BDNF content among glial subpopulations. These changes persist at
least six weeks post-injury. (Supported by the Christopher Reeve Paralysis
Foundation).

BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) SECRETION BY
HUMAN SCHWANN CELLS AFTER EXTENDED GROWTH IN VITRO. A.M.
QoipgzLR^MJjrumbles2*UQl§.Qrf.and.FM^W^_ocL The Miami Project to Cure
Paralysis and the Department of Neurological Surgery1, and the Organ Procurement
Team2,University of Miami School of Medicine, Miami FL 33136.
The potential of Schwann cells (SCs) to promote axonal regeneration and to
remyelinate axons in the central nervous system (CNS) suggests the future clinical use
of SCs as autologous transplants after injury or in disease. Procedures for the rapid
growth in vitro of human SCs from peripheral nerve biopsies allow the generation of
adequate numbers of cells for clinical use. As a first step toward better understanding
how the properties of SCs change with growth in culture, the secretion of nerve
growth factor (NGF), brain-derived growth factor (BDNF) and neurotrophin 3 (NT-3)
by cells obtained from dissociation of adult human nerve fragments (three donors) was
determined at the first and fifth passage. Cells were grown on collagen-coated 100mm
dishes in Dulbecco’s Modified Eagle’s Medium/ 10% heat-inactivated fetal bovine
serum supplemented with heregulin (lOnM) and forskolin (2pM). To assay secretion
of neurotrophins cells were replated at high density into 35mm dishes in the same
medium; after 24h the medium was collected and subjected to ELISA assay (in
triplicate). First passage cells produced BDNF (27,36,12 pg/106 cells), but not NT-3;
fifth passage cells produced relatively higher amounts of BDNF (51, 175, 50 pg/106
cells), but no NT-3. Since BDNF secretion was not observed in cultures of human
peripheral nerve fibroblasts this data is evidence that human SCs secrete BDNF in
increased amounts after extended culture. The dissociated nerve cultures produced
low levels of NGF at first passage and even less at fifth passage. Surprisingly,
peripheral nerve fibroblasts secreted much higher amounts of NGF ( 259 pg/106 cells)
than did the dissociated nerve cultures which were > 90% SCs (av. 25 pg/106 cells),
suggesting that the NGF signal observed in dissociated cell cultures was due to the
fibroblasts in those cultures. The secretion of BDNF by human SCs might explain
some of their trophic effects on CNS neurons. (Supported by the Miami Project to
Cure Paralysis and the Daniel Heumann Foundation for Spinal Cord Research, Inc.)

NEUROTRANSMITTER AND CHANNELS I

201.1

201.2

TRANSIENT EXPRESSION OF SEROTONIN TRANSPORTER IN EXTRA-5-HT
SYSTEM IN THE RODENT BRAIN F.C. Zhou*. Y, Sari, J.K, Zhang. Dept. of
Anatomy, Indiana Univ. Sch. Med., Indianapolis, IN 46202
We have previously shown in adult brain that serotonin (5-HT) transporter (5-HTT),
a "synaptic uptake protein", to be distributed not only on synaptic terminals but, to a
greater extent, on axons as well. Our recent ontogenic study revealed that the majority
of the 5-HTT is associated with 5-HT neurons. Meanwhile, reports indicated that 5HTT mRNA was present in a wide variety of non-5 HT producing brain cells. The
current study used antibodies against the first 71-amino acids of 5 HTT and against 5HT to investigate 5-HTT protein expression in non-5-HT producing cells in the brain.
We have found significant 5-HTT-immunostaining (im) in two major areas: in
cortex early prenatally and in sensory thalamic pathways during first week postnatally.
5-HTT expression in non-5-HT producing cells representing both 5-HTT- and 5-HT
immunostaining (-im) appears in 5-HT neurons at embryonic day 12-13 (El 2) in broad
cortical areas such as frontal and parietal cortices. This expression is transient and is
not observed in third trimester. The prominent non-5-HT 5-HTT-im fibers were seen
in sensory thalamic projections in the perinatal stage with a peak at P5-P7. The 5HTT-im fine fiber bundles, which lack the typical 5 HT varicosities, were seen originating from medial and lateral ventroposterior thalamus (VPM/VPL) and medial and
lateral geniculate bodies. However, these cells lack 5-HTT-im somas. They funnel
through reticular thalamus with extremely dense fiber particles around the cells in
reticular thalamus. 5-HTT-im fibers were gathered in bundles, joined the internal
capsule bundle coursing through corpus callosum and reached SI and S2 somatosensory cortices where 5-HTT-im barrels were formed in layer I, IV and VI with the
greatest concentration in layer IV. This 5-HTT-im disappears in P10 and after. In
addition to neuronal elements, light 5-HTT-im is also found in fibroblasts in the
meningeal layer and the ependymal cells lining ventricles. In all prenatal stages, no 5HTT-im cell bodies or efferent fibers were seen in nigra, locus ceruleus, or hypothalamus. These observations indicate that 5-HTT of the extra-5-HT system (a) is transiently expressed in cortical and thalamic areas during development, (b) is concentrated
on axons but not on soma, (c) may be involved in organizing developmental architecture formation, and (d) may endow vulnerability beyond the 5-HT system to drugs that
target 5-HTT in a specific time window. Supported by MH 50602 and P50AA076U

ONTOGENY OF THE TETRAHYDROBIOPTERIN BIOSYNTHETIC
ENZYME GTP CYCLOHYDROLASE I IN RAT BRAIN. S. TanakaNakadate1.
K-Nakadate1.
K.Muguruma1.
K,
Imamura1.
K.
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Matsumura1’2. K.Hravama3*. G.Kapatos3. and Y.Watanabe1 iPept.

Neurosci., Osaka Bioscience Inst., Osaka Japan 565-0874, 2Grad. School
of Informatics, Kyoto Univ., Japan, and 3 Wayne State Univ. School of
Medicine, Detroit, MI, USA.
Monoaminergic systems are known to play an important role in
guiding early development of the nervous system. Tetrahydrobiopterin
(R-BH4) is a common cofactor for monoamine biosynthetic enzymes.
Moreover, R-BH4 has a release-promoting action on nerve terminals that
is independent of monoamine synthesis, indicating a dual role for R-BH4
in the determination of monoamine tone. Recently, we reported that
levels of R-BH4 are decreased in the CSF of patients with infantile
autism and that ocular dominance plasticity is promoted by acute and
sub-acute treatment with R-BH1. We have therefore hypothesized a
crucial role for R-BH4 in the development of the functional architecture of
neural networks necessary for communication and adaptation to
novelty.
Here, an ontogenetic study of the rate-limiting R-BH4
biosynthetic enzyme, GTP cyclohydrolase I (GTP-CH), was performed in
the rat using immunohistochemistry. GTP-CHir first appeared in brain
stem neurons on embryonic day 11.5, which is in parallel with the first
appearance of tyrosine hydroxylase-ir and 5-HT-ir. During development
and into adulthood GTP-CH-ir was found to be mainly localized to
monoaminergic cell bodies and processes in the brain stem. 5-HT
neurons were also consistently found to contain larger amounts of GTPCH-ir than DA and NA neurons. Ultrastructural studies indicate that
GTP-CH ir is localized to the synapse. This work was supported in part
by JSPS-RFTF 98L00201 and NS26081 (G.K.).
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201.3

201.4

DEVELOPMENTAL REGULATION OF TPH mRNA EXPRESSION
AND ENZYME ACTIVITY IN THE RAPHE AND ITS TARGET
FIELDS: EVIDENCE FOR POSTNATAL RAPHE NEURONAL DEATH?

AGE- AND REGION-DEPENDENCE IN THE DEVELOPMENT OF
CULTURED SEROTONERGIC NEURONS FROM RAT RAPHE
M. Lautenschlaeer1, M, Holtic2. B. von Jaeow2, R. Veh2, C.Harms1, A.
Bergk3, U. Dimagl3. G. Ahnert-Hilger2, H. Hortnagl1*. ’inst. of Pharmacol,
and Toxicol., 2Inst. of Anatomy, 3Dept. of Neurology, Charite, HumboldtUniversity Berlin, D-10098, Germany.
The development of the rat serotonergic system begins as early as
gestational day Ell with the generation of various cell groups in the
mesencephalon. Recent studies indicate different developmental properties of
various subgroups of serotonergic cells. In this study we examined differences
concerning uptake, storage and release of serotonin (5-HT) related to
gestational age and subregion. We devided the raphe region in a rostral,
intermediate and caudal portion, using the rhombencephalic isthmus and the
point of cranial nerve emersion as boundaries, and compared cells from El3
with those from El4. In E13-neurons of all three subregions the capability for
specific, reserpine-, tetrabenacine- and fluoxetine-sensitive uptake and release
of 5-HT was not present during the first week in culture, in spite of the
presence of 5-HT-immunoreactive cells, but then developed to a larger extent
in the caudal and intermediate portion. In contrast, E14-neurons showed
specific 5-HT-uptake and -release already at day 2 in vitro, the rostral portion
hereby being more efficient than the other parts. This regional difference was
equalized during the fiirther development up to day 20 in vitro. These data
indicate El3-14 to be a critical time window in generation and functional
equipment of different serotonergic cell groups, (supported by DFG: INK
21/A1-1; AH 67/2-2)

H.B. Rind1,2. A.F. Russo4 & S.R. Whittemore13’*. ’Neuroscience Program, 2The
Miami Project, and Dept ’Neurological Surgery, Univ Miami, Miami, FL 33036
and 4Dept Physiology & Biophysics, Univ Iowa, Iowa City IA 52242
Tryptophan hydroxylase (TPH) mRNA levels were measured on El4, El8,
P8, P22, and P61 rats in the rat dorsal raphe nucleus (DRN) and nucleus raphe
obscuris (NRO) using quantitative in situ hybridization and compared to TPH
enzyme activities in raphe and cortical, hippocampal, and spinal cord targets.
TPH mRNA levels in the DRN increased 35-fold between El8 and P22, then
decreased by 40% at P61. These changes correlated with TPH enzyme
activities in the raphe but not in cortex or hippocampus, which increased only
after P22. TPH mRNA levels in the NRO increased 2.5-fold between P8 and
P22, following which no changes were observed; a pattern that did not correlate
with enzyme activity in the spinal cord. Comparison of total TPH mRNA levels
and that in individual cells of the DRN and NRO suggest that between P22 and
P61 40% of serotonergic neurons either die or no longer express detectable
levels of TPH mRNA. Decreased TPH enzyme activity between P22-P61 in the
raphe and spinal cord supports this interpretation. During development, TPH
enzyme activity in the neuronal soma is controlled at least in part, by regulation
of TPH mRNA levels while that in the targets is post-translational. Studies with
a TPH promoter-luciferase reporter construct in a serotonergic raphe cell line
indicate enhanced transcriptional activation of the TPH gene with maturation.
Supported by The Miami Project to Cure Paralysis, NS26887 (SRW), and
HD25969 (AFR).

201.5

201.6

ONTOGENY OF CATECHOLAMINERGIC SYSTEMS IN THE
ZEBRAFISH BRAIN. J. R. Loehner and P. M. Ma*. Department of
Biology, Queens College, The City University of New York, Flushing,
New York 11367.
The zebrafish brain contains about 20 groups of well-defined
catecholamine-containing neurons. Many of these neuronal groups
consist of a low-number of large cells. For example, the noradrenergic
locus coeruleus (LC) contains an average of 6 neurons (range 3 - 10).
Due to this relatively low cell number, each neuron may be individually
identifiable. This makes the LC and several other nuclei useful models
for studying the functional organization, development, and plasticity of
catecholaminergic systems in vertebrates, as well as for investigating
factors that regulate neuron numbers in the brain. In the present study,
the ontogeny of catecholaminergic systems is examined in embryos and
juveniles using immunocytochemical staining of tyrosine hydroxylase
and dopamine-|3-hydroxylase. All catecholaminergic cell groups found
in the adult brain are already present at the time of hatching. However,
the time-course of development and degree of maturation of the nuclei
are not synchronous.
The LC appears to have gained its full
complement of neurons, whereas only a few cells are seen in the area
postrema, which contains hundreds of dopaminergic neurons in the adult
brain. The functional implications of the disparities in the development
and maturation of various cell groups are not known. (Supported by
NIMH and the Whitehall Foundation.)

CHARACTERIZATION OF AGONIST-STIMULATED [35S]GTPyS BINDING FOR
AUTORADIOGRAPHIC STUDIES OF RECEPTOR COUPLING TO
HETEROTRIMERIC G PROTEINS DURING DEVELOPMENT. H.K. Happe*,
D.B. Bvlund and L.C. Murrin. Dept. of Pharmacology, Univ. of Nebraska Med.
Ctr.; Omaha, NE 68198-6260.
Autoradiographic analysis of agonist-stimulated [35S]GTPyS binding has been
used for neurotransmitter receptor systems coupled to Gi/0 proteins. We
describe assay conditions that improve autoradiographic determination of
[35S]GTPyS binding in tissue sections when levels of receptor-stimulated binding
are low, such as for alpha-2 adrenergic receptors in adults and during early
postnatal development for several neurotransmitter systems. We examined
[35S]GTPyS binding using the agonists epinephrine for alpha-2 adrenergic
receptors, morphine for p opiate receptors and 5-carboxamido- tryptamine (5CT)
for 5HT receptors, in addition to basal (no agonist) and non-specific (10 pM
unlabeled GTPyS) binding. Changes in the standard assay conditions that
contributed to improved detection of agonist-stimulated [35S]GTPyS are as
follows: use of glycyl-glycine buffer, inclusion of 0.2 mM dithiothreitol in the
incubation and wash buffers, incubation times of 2-4 hours, the use of fresh
[35S]GTPyS at 0.1 nM and the increase in the time of preincubation in 2 mM
GDP to 30 minutes. The increase in incubation time led to more rapid increase
in the level of agonist-stimulated binding than basal binding. The other changes
in assay conditions reduced levels of basal binding. The improved signal to
noise ratio was not selective among different receptors. Each agonist-stimulated
[35S]GTPyS binding at lower levels in neonatal rat brain than in adult animals
under our optimized conditions with little change in regional localization. There
was a notable increase in basal binding and epinephrine- and 5CT-stimulated
binding in the neonatal brainstem but not in adult. Supported by NS33194
(LCM).

201.7

201.8

LOCALIZATION OF ALPHA-2 ADRENERGIC RECEPTORS IN ADULT
AND NEONATAL FRONTAL BRAIN REGIONS. L.C. Murrin*, Y. Yang.
H.K. Happe, M.E. Geretv and D.B. Bvlund. Dept. of Pharmacology, Univ.
Nebraska Medical Center, Omaha, NE 68198-6260.
Alpha-2 adrenergic receptors (A2AR) are a major site of action for
norepinephrine and are widely distributed throughout the brain. Recent
evidence points to an important role for these receptors in prefrontal and
frontal cortex, and to a potential role in disease processes, such as
schizophrenia, which is thought to be a developmental disorder. In this
study we analyzed the localization of A2AR in rat frontal brain regions
using quantitative autoradiography to measure receptor density in detail
in this region. Initially we characterized the binding of [125l]-p-iodoclonidine
(PIC) to tissue sections. We used this ligand because of its high specific
activity and the low receptor density in some regions of interest. We found
that PIC had very slow association and dissociation rates, consistent with
its high affinity for A2AR.
Pharmacologically, PIC binding was
characteristic of A2AR determined in other studies, being inhibited by
norepinephrine, epinephrine and A2AR antagonists, but not by antagonists
at other receptors. A2AR were most dense in the anterior olfactory
nucleus, especially the posterior portion. They were also very dense in the
outer layers of the limbic and cingulate cortices and in the orbital cortex.
In frontal and parietal cortex receptor density was highest in layers lll/IV.
Finally a high density of A2AR was found just external to the fimbria on the
medial side. These findings were confirmed by parallel studies using
[3H]RX 821002. Neonatal tissue displayed a generally similar pattern with
a much lower density of receptors. Supported by NS 33194.

EFFECTS OF POSTNATAL TREATMENT WITH THE DEPLETING AGENT
RESERPINE ON THE FUNCTIONAL SENSITIVITY OF DOPAMINE
RECEPTORS IN ADULTHOOD. B.S. Neal-Beliveau1’2*. E.K.A. Garrett1 and
R.N. Sahr2. department of Psychology, IUPUI; 2Program in Medical
Neurobiology, Indiana University School of Medicine, Indianapolis, IN 46202.
Lesions of the dopamine (DA) system, as well as chronic antagonist treatment,
during postnatal development have been shown to alter DI receptor sensitivity. These
findings suggest that the interaction of DA with DI receptors is necessary for their
proper maturation. The purpose of this experiment was to determine if treatment with
the DA depleting agent reserpine during the postnatal period (a time of rapid DI
receptor proliferation) would cause a change in receptor sensitivity. Rat pups were to
receive injections of reserpine (0 or 0.2 mg/kg/day) from day of birth (FK))-P8 or P9P16; however, the early treatment group could not survive the treatment regimen. In
adulthood, the P9-P16 rats were tested for their response to the mixed D1/D2 receptor
agonist apomorphine (0 - 3.2 mg/kg). Rats treated with reserpine during development
were more active following apomorphine treatment, and exhibited significantly less
rearing during 60 min sessions. Reserpine-treated rats also exhibited more of the DI
receptor-mediated behaviors, grooming and oral dyskinesias. Intense stereotypies were
differentially affected, with reserpine-treated rats exhibiting more gnawing and salineexposed rats exhibiting more licking behavior with high doses of apomorphine (1.0
and 3.2 mg/kg). The DI antagonist SCH23390 and the D2 antagonist eticlopride
blocked gnawing and licking in both treatment groups. Eticlopride plus apomorphine
(3.2 mg/kg) allowed for the emergence of oral dyskinesias in both groups, whereas
SCH23390 plus apomorphine caused jumping behavior. There were no differences
between groups in the incidence of either behavior. These results are similar to effects
observed when the synthesis inhibitor alpha-methyl-p-tyrosine was given over the
same time period. Thus, depletion of DA during development appears to alter the
sensitivity of DA receptors, but we cannot yet determine if both DI and D2 receptors
are altered. Receptor autoradiography experiments are planned to study changes in DA
receptor binding after postnatal exposure to reserpine. Supported by MH51413.
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201.10

DI RECEPTOR AGONIST EFFECTS ON ADULT BASAL GANGLIA LCGU
AS A CONSEQUENCE OF NEONATAL STRIATAL DENERVATION. R.N.
Sahr1*. E.K.A. Garrett2 and B.S. Neal-Beliveau1’2.1 Program in Medical Neurobiology, Indiana University School of Medicine; department of Psychology,
Indiana University-Purdue University Indianapolis, Indianapolis, IN 46202.
It is known that both timing and degree of striatal dopamine (DA) depletion are
critical factors determining the long-term consequences of neonatal 6-hydroxydopamine (6-OHDA) lesions on basal ganglia function, as evidenced by
responsitivity to DA receptor agonists. For example, adult animals depleted of DA
on day of birth/ postnatal day 1 (P0/P1) exhibit hyperactivity and stereotypy
following DI receptor agonist administration, while animals depleted of DA on P7
exhibit increases in grooming behavior, with no hyperactivity. Furthermore, partial
P0/P1 lesions result in increases in oral dyskinesias with DI receptor agonist
treatment, without the hyperactivity and stereotypy seen with near-total lesions. It is
our goal to elucidate the neural mechanisms underlying these age- and degree of
depletion-related differences. In pursuit of this goal, we examined local cerebral
glucose utilization (LCGU) in rats with neonatal 6-OHDA lesions. LCGU, in
response to a DI receptor challenge (SKF38393, 10 mg/kg), was examined in adult
rats that received intrastriatal injections of 6-OHDA (20 fig per striatum) on P7.
Behavioral indices were scored in a subset of the animals concurrent with the LCGU
experiment. Compared to controls, lesioned rats showed increases in grooming
behavior after DI receptor activation. LCGU analysis revealed an overall increase in
metabolic activity for the lesioned animals, with notable increases in the caudateputamen, particularly the rostral portion, and the nucleus accumbens. These results
demonstrate that P7 lesions cause permanent metabolic changes within the rat basal
ganglia in response to a DI receptor agonist. Analyses of DI receptor binding with
quantitative receptor autoradiography and c-fos immunoreactivity are in progress.
Also, comparative studies are currently underway in rats lesioned with 6-OHDA on
P0/P1. Supported by MH51413.

DOPAMINE DEPRESSES SYNAPTIC INPUTS INTO THE
OLFACTORY BULB. Albert Y. Hsia, Jean-Didier Vincent and PierreMarie Lledo*. C.N.R.S., Institut Alfred Fessard, Avenue de la Terrasse,
91198 Gif-sur-Yvette Cedex, France.

Both behavioral and molecular studies point to a potentially
important role for dopamine in olfaction. Parkinson’s patients, for
instance, have been found to have impaired odor recognition. In
addition, systemic injection of dopamine analogues has been shown to
result in impaired odor detection. On the molecular level, dopamine
receptor expression has been found to be high in the main olfactory
bulb, as are levels of the rate-limiting synthetic enzyme of dopamine,
tyrosine hydroxylase. Together these observations motivated us to
study at the cellular level a possible modulatory role of dopamine in
the mammalian olfactory bulb.
In this study we found that dopamine receptor activation in the
olfactory bulb causes a significant depression of synaptic transmission
at the first relay between olfactory receptor neurons and mitral cells.
This depression was found to be caused by activation of the D2
subtype of dopamine receptor, and was reversible by a specific D2
receptor antagonist. A change in paired-pulse modulation during the
depression suggests a presynaptic locus of dopamine action. The
depression was found to occur independent of synaptic activity.
These results provide the first evidence for dopaminergic control
of inputs to the main olfactory bulb. The magnitude and locus of
dopamine’s modulatory capabilities in the olfactory bulb suggest
important roles for dopamine in odorant processing and memory.

Supported by the CNRS and a Chateaubriand grant to A. Y. Hsia.

201.11

201.12

BONE MORPHOGENETIC PROTEINS (BMPs) AS CHOLINERGIC
DIFFERENTIATING FACTORS FOR BASAL FOREBRAIN NEU- }

QUICK-FIT ACCURATE PREDICTION OF SYNAPTIC CURRENT
FROM PUTATIVE FAST TRANSMITTER RELEASE
D. M.
Easton?' Dept.
Biological Science and
Program in Neuroscience, Florida State University,
Tallahassee FL 32306
Complete time course (onset, peak, termination)
of
macroscopic
EPSC
or
IPSC
is
accurately
predicted by Gompertz kinetics model.
Fit is
accomplished "by hand": constants are adjusted in
transparent
image
of
MATHCAD
prediction
successively superimposed on original scan in
WINDOWS PAINT. In the model, rate of appearance of
putative transmitter is single exponential decay,
r=roexp (-k-t) , triggering initial intense current,
y(t), where (dy/dt)=r-y.
Restoration of current
to
initial
level,
Io,
is
due
to
y' (t) :
(-dy'/dt)=r'y', where r'=r'o.exp (-k't) , surrogate
for transmitter disappearance. Solution showing
growth of macroscopic current from Io is I=y-y' ,
where y=Ioexp( (ro-r/k) ,
decelerated growth,
and
y'=exp (-(r'o-r')/k') , decelerated
decay, both
Gompertz functions. Independent rate constants for
single macroscopic transmitter current are ro, k,
r'o.
Model is validated by excellent visual fit
to published records from other authors. Support:
FSU Biol. Dept. and Program in Neuroscience

’Department of Pathology & Laboratory Medicine, Boston Univ. Sch. of
Med.; Boston, MA 02118; 2Genetics Institute Inc., Cambridge MA
02140.
The molecular nature of the factors involved in the development of the
cholinergic phenotype in neurons of the basal forebrain remains
unknown. We have studied the effects of BMP9 and other BMPs on the
maturation and differentiation of dissociated cells in culture obtained from
the basal forebrain of embryonic day 14 mice by incubating the cells in
the presence or absence of various human recombinant BMPs or TGF-p 1
(20 ng/ml), and measuring ACh content, and vesicular acetylcholine
transporter (VAChT) and choline acetyltransferase (ChAT) mRNA. In the
absence of added factors and after three days in culture, ACh levels were
low (6.4 ±1.3 pmol/plate). The addition of certain BMPs increased the
levels of this neurotransmitter as follows: BMP6, BMP7 and BMP 12
caused a 5-fold increase in cellular ACh levels, BMP2 and BMP4
increased ACh levels 13 and 14 fold, respectively, and BMP9 increased
the cellular ACh content 20 fold. TGF-pl was inactive. The response to
BMP9 was time- and concentration-dependent, with a maximum at 72 h
(EC50 of 4.0 ng/ml). BMP9 also significantly increased the expression of
ChAT and VAChT mRNA. The upregulation of ACh synthesis by BMP9
in these cultures depended on gestational age and on brain region. These
data show that BMP9 and other BMPs can dramatically upregulate the
expression of the cholinergic phenotype making them good candidates for
in vivo cholinergic differentiating factors. (Supported by NIH grant
AG09525)

201.13
TEMPORAL CHANGES IN ELECTROPHYSIOLOGICAL CHARACTERISTICS
OF RAT SPINAL NEURONS AFTER ISOLATION FROM EMBRYO. F.

Nakamura, M. Kuno*, K. Okamoto, S, Matsuura. Dept. of Physiology, Osaka City
Univ. Med. Sch.; Asahi-machi, Abeno-ku, Osaka 545-8585, Japan.
Cultured spinal neurons derived from rat embryo (El4) greatly change
electrophysiological and morphological features in the serum-deficient medum. Here

we analyzed the various electrophysiological parameters of spinal neurons along the
culture days in vitro (DIV) for over 2 weeks. Membrane potential was -16.1±8.8 mV

at s2DIV (n=24, mean ± S.D.), -25.7+12.8 mV at 3-5DIV (n-38) and -42.6+ 8.5

mV at 6-8 DIV (n=15). Membrane capacitance increased from 6.0+2.1 pF (s2 DIV,
n=24) to 26.7+12.5 pF (fc9 DIV, n=15), in association with increment of the
membrane conductance from 0.6+0.3 nS (n=8) to 1.52+0.64 nS (n=5). Major
portion of the voltage dependent outward IC currents consisted of two components,

such as, a low-threshold, transient current and a high-threshold, sustained current.
The transient current at +100 mV increased from 83.6+ 105 pA (S2DIV, n=ll) to

822.7± 336.4 pA (^9 DIV, n=12), and the sustained peak current, from 79.1+68.5
pA (S2DIV, n=ll) to 384.4+191.3 pA (^9 DIV, n=ll). Voltage dependent
TTX-sensitive inward Na+ currents also increased from 0.23+ 0.21 nA (s2 DIV,

n=17) to 1.26+0.55 nA (a9 DIV, n=8). These results suggest that acutely-isolated
spinal neurons of the rat embryo recovered from the initial deterioration due to the
isolation proeedne within a few to several cbys and continue to develop the
electrophysiological properties.
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202.2

QUANTAL PROPERTIES OF GLUTAMATERGIC SYNAPTIC
TRANSMISSION DURING HIGH-FREQUENCY BURSTS IN AREA CA1
OF THE NEONATAL HIPPOCAMPUS. E, Hanse* and B, Gustafsson.
Dept. of Physiology and Pharmacology, Goteborg University, Box 432, S405 30 Goteborg, Sweden.

DUAL ROLE OF GLUTAMATERGIC ACTIVITY DURING SYNAPSE FORMATION
AND MATURATION IN CULTURED HIPPOCAMPAL NEURONS. Christophe Egles,
Jeffrey R, Cottrell. Kathleen N. Riley and Guosong Liu*, Center for Learning and
Memory, Dept of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.
To study the cellular and molecular mechanisms of synaptogenesis, we used a
combination of two different presynaptic markers: an antibody against synapsin I to
identify all synaptic terminals and the dye FM1-43 as a marker of the functional status
of the developing synapses. As previously described, there is a marked increase in
synapse formation in cultures between 6 and 9 days in vitro (DIV) as shown by an
increase in the number of synapsin I-positive dots per dendritic segment. However,
the appearance of FM1-43 labeled presynaptic terminals is delayed by 48 hours,
indicating a delay in synapse maturation.
We assessed the role of glutamate receptor activation during synapse formation and
synapse maturation using specific glutamate receptor antagonists. NMDA receptor
blockade significantly delayed the appearance of FM 1-43 labeled terminals but did
not affect synaptic terminal formation as indicated by anti-synapsin labeling. These
data suggest that NMDA receptor activation plays a role in synapse maturation but not
formation. Furthermore, NMDA receptor blockade significantly reduced the amount
of FM 1-43 dye per synaptic bouton, suggesting that NMDA receptor activation may
be involved in the regulation of the synaptic vesicle pool size during synapse
maturation. In contrast, metabotropic glutamate receptor (mGluR) blockade inhibited
synapse formation, as indicated by a decrease in the number of FM 1-43 and synapsin
I positive presynaptic terminals per dendritic segment. To separate the possible role of
mGluRs during early stages of synapse formation or late stages, such as consolidation,
we applied the mGluR antagonists at various times during culture development.
Treatment of the culture only from 2-7DIV was sufficient to reproduce the reduction
in synapse number, indicating the importance of metabotropic receptor activation
during the early phase of synapse formation. Taken together, these results show that,
in cultured hippocampal neurons, glutamatergic activity plays an important role in
both synapse formation and maturation through two different receptor pathways.

Neurons in the neonatal hippocampus fire spontaneous bursts of 3-20
impulses at 20-100 Hz. The synaptic response to such impulse pattern
(10 impulses @ 50 Hz) was characterized at putative single
glutamatergic synaptic sites using minimal stimulation and whole-cell
as well as perforated patch-clamp recordings from immature (postnatal
day 1-6) CAI pyramidal neurons. The average number of quanta
released per burst varied between 0.7-3.4 and the pattern of release
varied greatly between different synaptic sites. At one extreme, the
synapses only responded towards the end of the burst and they did not
respond at all to single stimulation, that is, they were “silent”, or
“mute” at low-frequency. At the other extreme, synapses exhibited high
initial release probability and pronounced frequency depression.
Different synapses had different average quantal size (5-35 pA, Vh=-80
mV) and, the quantal variability (CV) itself varied between 10 and 75%.
These results indicate that immature glutamatergic synapses in
the CAI region of the hippocampus have a small releasable pool of
vesicles, very different release probability, and different
facilitation/depression characteristics. The large difference in quantal
variability among the synapses suggests that the average degree of
receptor saturation by released glutamate is another source of
heterogeneity in this immature population of synapses.
Supported by the Swedish Medical Research Council (12600 and 05180).

202.3

202.4

BIDIRECTIONAL SIGNALING VIA GAP JUNCTIONS BETWEEN
MAMMALIAN HIPPOCAMPAL NEURONS AND ASTROCYTES. A.F.
Andrade-Rozental*, X. Zheng, M. Urban, F.-C. Chiu, D.C. Spray and R.
Rozental. Depts. Neurosci. & Anesthesiol., A. Einstein Coll. Med., Bronx,
NY 10461; Dept. Int. Med. & IPTESP, Fed. Univ. Goi&s, Goi&nia, Brazil.
Neural cells within the hippocampus are coupled into clusters by gap
junction channels (Cxs). At least 9 (Cx26, Cx32, Cx33, Cx36, Cx37, Cx40,
Cx43, Cx45 and Cx46) of the 14 Cx-types so far identified are expressed in
the CNS; the same Cx-type can be expressed in different cells and more than
one Cx-type can be expressed by the same cell. We previously showed that
gap junctions can mediate bidirectional signaling between hippocampal
neurons and astrocytes. Now, we have identified and characterized the types
of Cxs expressed by these cells obtained at the 2nd trimester of human
pregnancy using double whole cell patch clamp assays, dye spread (Lucifer
yellow; LY), argon-ion laser confocal imaging (dual emission ratiometric
Ca2+ indicator Indo-1), molecular biological (RT-PCR after FACS sorting;
single cell RT-PCR) and immunocytochemical techniques. Bidirectional
coupling between neurons (NF66+) and astrocytes (GFAP+) were
confirmed by electrophysiological assays, by LY spread and by Ca2+ waves
initiated by focal mechanical stimulation of either neural cell-type; 3 mM
heptanol blocked such responses and 0.1 mM Suramin, 1 pM TTX or 1 pM
PCP did not. Neurons were found to express Cx36, Cx40, Cx43 and Cx45;
astrocytes express Cx40, Cx43 and Cx45. The ability to form homotypic and
heterotypic channels between neurons and astrocytes adds even greater
versatility to the functional signaling between these cell-types. (Supported by
NIH grants; Training Grant 2T32HL07675).

DEVELOPMENT OF AMPA AND NMDA CURRENTS IN NEONATAL
HIPPOCAMPAL DENTATE GYRUS GRANULE CELLS Gui-lan Ye*Xuesong
Liu, Joseph F. Pasternak, Barbara L. Trommer Division of Pediatric Neurology,
Evanston Hospital, Evanston, IL 60201 and Dept. of Pediatrics and Neurology,
Northwestern University Medical School, Chicago, IL 60611
NMDA and AMPA receptors are the two major types of glutamatergic receptors
in dentate gyrus granule cells (DGGCs). To determine if the development and the
relationship of AMPA and NMDA transmission at medial perforate path-granule
cell synapses depend on maturation of postsynaptic neurons, whole-cell patch
clamp recording were used to measure evoked postsynaptic currents from DGGCs
in postnatal day 6-12 rat hippocampal slices. AMPA and NMDA currents were
recorded at Vholding = -70mV in the presence of picrotoxin (PTX), and +40mV in
PTX + CNQX, respectively. Thirty-seven cells with both AMPA and NMDA
currents were classified into two maturity groups by IR: Group 1 (N=21) were
immature cells with IR>1.0GQ; Group 2 (N=16) were more mature cells with
IR<1.0G£X The results showed that: 1) the absolute values of both AMPA and
NMDA currents were smaller (p<0.01 and 0.05, respectively) in group 1 (-111.5
±30 and 118.6±24pA) than those in group 2 (-300.5±62 and 226.1±43pA); 2) the
ratio of NMDA to AMPA current from each cell was higher (p<0.01) in group 1
(1.38±0.1) than that in group 2 (0.87±0.1); 3) NMDA current rise time was slower
(p<0.05) in group 1 (17.0±2.9msec) than that in group 2 (9.0±0.9 msec). NMDA
decay time, and AMPA rise and decay times did not differ between the two
groups. These data indicate that: 1) development of both AMPA and NMDA
mediated neurotransmission depends on maturation of postsynaptic GCs; 2)
NMDA currents dominate glutamatergic transmission early in GC development,
and may be partiallyl mediated by extrasynaptic receptors; 3) AMPA activity
develops more rapidly and accounts for a larger proportion of glutamatergic
transmission in the more mature GCs.
Supported by the E. Carton and R.L. Ruggles Research Funds, Evanston Hospital.

202.5

202.6

POST-TRANSLATIONAL MODIFICATION CONTRIBUTES
TO ACTIVITY-REGULATED SYNAPTIC LOCALIZATION OF
NMDA RECEPTORS IN HIPPOCAMPAL CULTURES. F.T.
Crump. D. Fong. A. Rao, and A.M. Craig*. Dept. of Cell and Structural
Biology, Univ. of Illinois, Urbana, IL 61801.
We nave previously reported that NMDA receptor antagonists cause an
increase in synaptic localization of NMDA receptors in low density
hippocampal cultures. Western blot analysis showed that while NR1
protein levels remained constant, NR2A and NR2B protein levels
increased about 2-fold. To further analyze the underlying regulatory
mechanisms for synaptic targeting of NMDA receptors, cultures were
treated with APV in the presence of inhibitors of protein synthesis or
protein phosphorylation. Treatment with APV plus cycloheximide
induced a synaptic localization for NR1 (34.5 +/- 6.4 synaptic NR1
clusters/100 pm dendrite after 24 hr versus 3.6 +/- 2.9 for control cells,
n=20 neurons each, P <0.0005). Treatment of neurons with APV plus
staurosporine, a general kinase inhibitor, resulted in a non-synaptic
localization of NMDA receptors similar to control cells (3.5 +/- 0.5
synaptic NR1 clusters/100 pm dendrite after 48 hr compared with 31.2
+/- 2.4 for APV alone, n=20 each). These results indicate that APVinduced synaptic clustering of NMDA receptors does not require new
protein synthesis, and that NMDA receptor subcellular localization is
regulated by post-translational modification. In addition, we report the
visualization of NMDA receptors in living neurons by expression of
NR1 tagged at the C-terminus with GFP(S65A). Upon coexpression in
heterologous cells, NR 1-GFP associated with NR2A/PSD-95 coclusters.
In neurons transfected with NR 1-GFP and NR2, moderately expressing
3-week APV-treated neurons exhibited synaptic clustering of NR1-GFP,
as for endogenous NR1. These results open the possibility of dynamic
imaging of synaptic NMDA receptor targeting under different activity
conditions.
Supported by NIH, Pew, and Markey Charitable Trusts.

ACTION POTENTIAL-EVOKED Ca2+ SIGNALS IN AXONS OF
CEREBELLAR INTERNEURONS AND THE IDENTIFICATION OF
PRESYNAPTIC TERMINALS.
L. Forti, C. Pouzat1* and I. Llano. Arbeitsgruppe Zellulare
Neurobiologie, MPI for biophysikalische Chemie, 37073 Gottingen,
Germany, and 1 Caltech, Biology Division, 139-74, Pasadena, CA
91125
Propagation of single or short trains of action potentials (APs) was evoked
in the axons of cerebellar intemeurons from the molecular layer of young rats
(P12-P16), while axonal Ca^+ transients were imaged using the high affinity
Ca^+-sensitive fluorescent dye Oregon Green BAPTA 1 (200 pM). Calcium
signals were analysed along 10-60 pm axon stretches in terms of the
percentage fluorescence change after stimulus (AF/F0). AP-evoked transients
were heterogeneously distributed along axons, with "hot spots" spaced on
average by 4.7 pm. Hot spots were found in axonal enlargements as well as in
sites located in thin axon segments. They were nearly absent in P7 axons. We
also examined the morphology of neurobiotin-filled axons from P12-P16
animals. Well-defined varicosities were rare (11-29 boutons in axonal1 trees of
230-1540 pm overall length, 5 axons), while in adult intemeurons they are
clearly detectable, with an average spacing of 6.8 pm (Pouzat & Kondo,
Soc.Neurosci.Abstr, 22:1632). The latter value is only slightly larger than the
average immature inter-hot spot distance given above. This, together with the
nearly absence of hot spots in P7 axons, suggests that most spots represent
developing presynaptic terminals, and that appearance of functional clusters
of Ca^+ channels or other axonal [Ca^+] sources precedes the formation of
mature synapses. [Supported by the Max-Planck Gesellschaft, and EC Marie
Curie Research Training Grant].
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DEVELOPMENT OF SPONTANEOUS GLUTAMATE-MEDIATED SYNAPTIC
ACTIVITY IN CULTURED SPINAL NEURONS.

STUDIES ON FIRING RATES OF MOTOR UNITS IN NEWBORN RATS.
M, Bufielli, G, Busetto, F, Bellico and A, Cangiano*. Dip. Scienze Neurologiche e
Visione, Sez. Fisiologia Umana, Strada le Grazie 8, 37134 Verona, Italy.
We have recently shown that replacement of the natural activity pattern of
motomeurons with synchronous firing evoked by nerve electrical stimulation,
promotes the retention of polyneuronal innervation in newly innervated adult rat
muscle fibers (Busetto et al., Soc. Neurosci. Abstr., Vol. 24, Part 1, p. 273, 1998).
This implies that the physiological elimination process is at least in part dependent
upon asynchronous firing of synaptic inputs. It further suggests, on the other
hand, that motomeurons exhibit a transient synchronous firing during
development and regeneration, thereby helping to establish the initial
polyneuronal innervation. Also in favor of the latter possibility is the reported
transient presence early in development of gap-junctional proteins at
motorneuron somatas, as well as some electrical coupling (Chang et al., Soc.
Neurosci. Abstr., Vol. 24, Part 1, p. 1040, 1998). In order to observe whether a
transient cross correlation exists among developing motomeurons in their firing,
we have recorded motor unit spike activity using fine platinum wires inserted in
hindlimb muscles of newborn rats, between P1 and P30. Our preliminary results
indicate 1) that units of different muscles exhibit very different overall spike rates
and amplitudes at P1-P7, very low in soleus but easier detectable in tibialis
anterior, 2) that in the latter some correlation exists between the spike discharges
of different units at P1-P4, but not at P19-30. Thus, we did find some support to
the working hypothesis of transient correlated firing of developing motomeurons,
but the results suggest to look earlier in time, i.e. in the late embryonic stage, in
search of more robust correlations.
The financial support of TELETHON-ltaly is gratefully aknowledged.

A. Robert1. J.R. Howe2* and S.G, Waxman1. lDept. of Neurology, Yale
University, and PVA/EPVA Neuroscience Research Center, VA Medical Center, West
Haven, CT 06516. 2Dept. of Pharmacology, Yale University, New Haven, CT
06510.
Patch-clamp recordings of spontaneous glutamatergic synaptic currents were used
to study the development of glutamate synapses in cultured spinal neurons. Ongoing
NMDAR activity was present after 2 days in vitro (DIV2). Sustained NMDAR
activity was also evident in DIV5 and DIV8 neurons and appeared to result from the
overlapping activity of glutamate synapses endowed with a low density of synaptic
NMDARs. Large AMPAR-mediated EPSCs were first observed in DIV5 neurons,
indicating that extensive AMPAR clustering had already occurred at this stage. The
NMDAR component of synaptic currents increased markedly between DIV8 and
DIV14. This increase was not paralleled by a significant increase in the density
(pA/pF) of the NMDAR-mediated current activated by exogenous glutamate. Thus it
appears that the subcellular distribution of functional NMDARs changes with time in
culture, with increased receptor targeting to synapses during the second week in vitro.
While Mg2+-free solutions were necessary to reveal intense spontaneous synaptic
activity in DIV5 neurons, spontaneous synaptic currents occurred with high frequency
in the presence of Mg2+ in DIV8 and DIV14 neurons. At each stage examined,
synaptic activity was markedly reduced after blocking NMDA receptors with APV.
Our results suggest that NMDAR activity is likely to drive-sustained synaptic activity
when the neurons are maintained under normal culture conditions.
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Supported by the PVA/EPVA and the Swiss National Research Foundation

202.9

202.10

GLIA ENHANCE PRESYNAPTIC MATURATION AND FUNCTION.
E. M. Ullian^S. K. Sapperstein, and B. A. Barres, Dept. of Neurobiology,
Stanford University School of Medicine, Stanford, CA 94305.
Developing neurons in culture form inefficient synapses that require
signals from glial cells to become fully functional (Pfrieger and Barres,
1997). To determine whether glia enhance synaptic transmission by
acting at a pre- or post-synaptic locus, we performed FM1-43 imaging
on serum-free cultures of highly purified retinal ganglion cells (RGCs)
grown in the presence or absence of glial cells. FM1-43 selectively labels
presynaptic vesicles in termini that are actively engaged in vesicle
cycling. In the presence of glia, the number of synapses that label with
FM1-43 upon K+ depolarization increased by approximately three-fold.
Furthermore, the fluorescence difference of synapses before and after
FM1-43 unloading was increased by approximately five-fold. The
higher vesicular turnover in response to K+ depolarization in the presence
of glia indicate that glia significantly increase presynaptic efficacy.
Given that previous EM experiments indicated that glia do not
significantly alter the number of synapses that form, there are two simple
ways that glia could be enhancing presynaptic efficacy. Glia could either
enhance presynaptic calcium influx or they could increase the readily
releasable pool of vesicles. Our preliminary experiments show that in the
presence of glial cells high threshold voltage-dependent calcium currents
are increased by two-fold. In addition, in the absence of glia only small
presynaptic puncta are visible by immunostaining with a synaptotagmin
antiserum, but in the presence of glia the puncta are much larger. We are
presently examining other pre- and postsynaptic markers and their
colocalization. Taken together, these data indicate that glial cells increase
the number of functional synapses by promoting presynaptic maturation
and efficacy. This work was supported by a McKnight Investigator
Award.

GLIAL CELLS PROMOTE AUTAPSE FORMATION IN CNS NEURONS.
F. W. Pfrieger*, K. Naegler, D. Mauch. Synapse Group, Max-Delbrueck-Center for
Molecular Medicine, 13092 Berlin, Germany.
The signals that control the formation and maturation of synaptic connections in the
mammalian central nervous system (CNS) are not known. Previously, we presented
evidence (Pfrieger & Barres, Science, 277: 1684-1687) that glial signals may play a
role in synapse formation, as glial cells increased both the number and the efficacy
of synaptic connections in cultured rat retinal ganglion cells (RGCs) without
affecting neuronal survival, electrical excitability or neurite outgrowth. Aiming to
elucidate how glial cells influence synapse development, we started with the
hypothesis that glial cells increase only the number of synapses and that synaptic
connections are strengthened indirectly by the ensuing increase in electrical activity.
In order to test this hypothesis, we have established microcultures of purified RGCs
where glial cells are dispensable for neuronal survival and outgrowth allowing us to
study the glial influence on the formation and function of autapses in single neurons.
Single RGCs growing on microdots of substrate survived for up to two weeks and
formed TAU-positive axons and MAP2-positive dendrites. Whole-cell patch-clamp
recordings showed that glial cells from optic nerve doubled the percentage of
neurons with spontaneous synaptic activity from 27% (n=55) to 59% (n = 22; >3
cultures) and increased the frequency of spontaneous excitatory autaptic currents by
five-fold from 4 ± 1 (n = 15) to 23 ± 11 events per min (n=13). Similarly,
preliminary results from perforated-patch recordings indicate that glial cells also
increase the number of neurons showing evoked excitatory autaptic currents by at
least three-fold. So far, our results suggest that signals from glial cells promote the
formation of autapses in single CNS neurons leaving their efficacy unaffected.
This work is supported by the DFG’s special research program (SFB515)
"Mechanisms of developmental and experience-dependent neural plasticity".

202.11

202.12

A quantitative analysis of neurobiotin coupling demonstrates that leech neurons
form transient electrical synapses during development F. James Eisenhart*1 and
William B. Kristan. Jr. 1,2 Group in Neurosciences1 and Department of Biology2,
UCSD.
Before neurons form chemical synapses during development, they often form
transient electrical synapses. Previous electrophysiological recordings from leech
embryos suggested that the dorsal motor neurons of the leech form non-specific
electrical synapses that disappear at about 55% of embryonic development (ED),
which is the same time that chemical synapses first appear. To investigate this
process fiirther we have filled identified leech neurons with neurobiotin, a low
molecular weight tracer that readily crosses gap junctions. Neurobiotin staining was
visualized using a fluorescent avidin probe under confocal microscopy. The resulting
images were quantified by measuring the relative fluorescence in each stained neuron
and using a genetic algorithm to generate a maximum-likelihood estimate of the
staining pattern for each developmental stage.
In mature embryos (> 60% ED) and adults, each presynaptic cell (VE-4, DI-1
and DE-3) had a consistent pattern of postsynaptic staining that was well correlated
with the pattern electrical connections that were previously known from physiology.
However, immature embryos (50-60% ED) had inconsistent patterns of staining in
which many cells that are not electrically coupled in adults were dye coupled. These
transient electrical synapses were not found between cells in consistent soma
positions, suggesting that they are formed at random, and they often passed a 3000
MW rhodamine-dextran that is too large to pass through mature electrical synapses.
Also, in some cases it was possible to determine that transient electrical synapses
were formed on filopodia. This suggests that central filopodia may use transient
electrical synapses to navigate through the ganglionic neuropil, much as growth cone
filopodia do during axon pathfinding.
Supported by NIH grants NS 25916 (WBK) and T32 AG00216 (FJE).

PREFERENTIAL FORMATION OF STRONG SYNAPSES FOLLOWING
PARTIAL DENERVATION OF LUMBAR SYMPATHETIC GANGLIA IN
GUINEA-PIGS. D.R. Ireland. V.G. Macefield* and E.M, McLachlan. Prince of
Wales Medical Research Institute, Sydney, NSW 2031.
Multiple preganglionic inputs converge on postganglionic sympathetic neurones;
in general each neurone receives one suprathreshold or “strong" input and several
subthreshold or “weak” inputs. Postganglionic neurones are driven primarily by the
strong inputs. In this study we have examined the effects on ganglion synapses of
removing all preganglionic inputs except those from L4. Guinea-pigs were deeply
anaesthetised with pentobarbitone (80 mg/kg i.p.) and intracellular recordings woe
made from L5 ganglia isolated in vitro at 35° C. Synaptic responses were evoked by
stimulation of preganglionic nerves via suction electrodes. Neurones in control L5
ganglia received, on average, one strong input accompanied by three weak inputs.
Transmission at strong synapses was found to depend on N- and R (resistant)-type
presynaptic Ca2+channels, whereas transmission at weak synapses is mediated by
channels of the N-, P- and R-types. A partial denervation which spared only L4
inputs eliminated two-thirds of weak synapses and virtually all strong synapses.
During reinnervation by surviving L4 axons, preferential formation of strong
synapses resulted in the restoration of a suprathreshold input to more than half of the
postganglionic neurones, and these new strong synapses exhibited the same
characteristic types of presynaptic Ca2+ channel as those in control ganglia. These
results explain the observation that functional transmission across a ganglion can be
fully restored following partial denervation, despite very limited numbers of
surviving preganglionic axons.
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Supported by grants to Elspeth McLachlan and Phil Davies from the National Health
and Medical Research Council of Australia and the Motor Accidents Authority of
New South Wales.
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202.13
ELECTRICAL AUTOSYNAPSE. Y, V. Panchin*& 1, V. Kelmanson. Institute of
Problems of Information Transmission, Russian Acad. Sc., Bolshoi Karetny pereulok
19, Moscow 101447, Russia and A. N. Belozersky Institute, Moscow State University.
Can individual neuron make electrical connections (EC) to itself? Gap
junctions (GJ) provide the substrate for EC. GJ between the different parts of the same
cell (reflexive GJ) were reported in several tissues l,2’J. The formation of the reflexive
GJ in the nervous system has been studied by Kater and colleagues on isolated
molluscan neurons 4. In their experiments GJ plaques were not detected between
overlapping neurites from a single neuron. Due to the small size of the growing
neurites the use of microelectrode technique was restricted in these conditions and the
above conclusion was based mainly on the morphological data (absence of GJ
plaques). Here we demonstrate in the direct electrophysiological experiment that
neuron can form EC to itself. Identified neurons of the pteropod mollusc Clione
limacina are electrically coupled in situ and form EC when cultured in pairs in vitro.
After isolation of the neuron with a long axon it was plated for culture and axon was
looped so that its distal end contacted cell body. After two days in culture
microelectrodes were impaled into the cell body and into the axon. Then the axon
segment between the recording electrodes was cut by the sharp glass fiber and the
presence of reflexive EC was tested. In four experiments membrane potential and
spike generation were restored in both separated cell compartments several seconds
after axon transection. In all these cases electrotonic coupling was revealed between
the cell body and the isolated axon segment by electric current pulse injections. Thus
neurons can form reflexive EC like some other cell types. Reflexive EC may strongly
affect the basic properties of the neuron and their presence should be taken into
account in electrophysiological experimental and model studies.
l.Iwyama, T. J. Cell Biol. 49, 521-525 (1971); 2.Herr, J.C. J. Cell Biol. 69, 495-501
(1976); 3. Majack, R.A., Larsen, W.J. Am. J. Anat. 157, 181-189 (1980); 3. Guthrie,
P.B., Lee, R.E., Rehder, V., Schmidt, M.F., & Kater, S.B. J. Neurosci. 14, 1477-1485
(1994). Supported by RFBR grant No. 99-04-49835

GLIA AND OTHER NON-NEURONAL CELL SPECIFICATION AND DIFFERENTIATION: MICROGLIA
203.2

203.1
FUNCTIONAL EVIDENCE FOR CYCLOOXYGENASE ISOFORMS IN
CULTURED GLIA. J.B, Phillips* and B. Pearce. Department of
Pharmacology, The School of Pharmacy, 29-39 Brunswick Square, London
WC1N 1AX, U.K.
In vitro studies have suggested that glia are likely to be a major source of
prostanoids in the CNS. However, there is speculation as to whether it is
astrocytes or microglia which are responsible for their generation, and
furthermore whether it is the constitutive and/or inducible isoforms of
cyclooxygenase (COX) which are involved in this event. The aim of this study
was to investigate the effects of selective inhibitors for each COX isoform on
stimulated prostanoid production in cultures containing either a mixed glial
population or enriched in either astrocytes or microglia.
Cultures were treated with inhibitors for 10 min prior to a 30 min incubation
with A23187. The level of prostanoid production in response to this stimulus
was measured by radioimmunoassay for thromboxane B2 (TXB2) the stable
metabolite of TXA2. Concentration-response relationships were constructed for
each inhibitor and approximate IC50 values determined.
The results showed that the COX 1 selective inhibitors (piroxicam and
indomethacin) were effective in mixed glia (IC50 = 0.1 and 0.06 pM
respectively), microglia (IC50 = 0.03 and 0.02 pM respectively) and astrocytes
(ICjo = 0.17 and 0.03 pM respectively) suggesting the presence of COX 1 in
both astrocytes and microglia. The COX 2 selective inhibitors (NS398 and
nimesulide) were more potent in the microglia-enriched cultures (IC50 = 0.52
and 0.28 pM respectively) compared to the astrocyte-enriched cultures (IC50 =
2.0 and 3.4 pM respectively), suggesting that COX-2 is expressed
predominantly, but perhaps not exclusively, by microglia in glial cell cultures.

Microglia

/macrophages

express

Golli

proteins

in the

human

DEVELOPING TELENCEPHALON. N. Zecevic* and S. Rakic. Dept. of

Neurology, Univ. of Connecticut Medical School; Farmington, CT 06030.

J. P. is in receipt of a Biotechnology and Biological Sciences Research
Council (UK) studentship.

Golli-mbp gene complex is responsible for two families of proteins: Golli
and the myelin basic proteins (MBP). MBP has been found in ameboid cells
labeled by lectins and antibody to CD68, two markers of microglia,
suggesting a possible link between the nervous and immune system at early
human development (Zecevic et al.,98). To further characterize
microglia/macrophages in embryonic CNS, the distribution of Golli proteins
was studied in the human telencephalon from 6 to 22 gestational weeks (g.w.)
using Golli-specific antibodies (gift from Dr.T.Campagnoni). At early stages
(6-9g.w.) only cells in layer I expressed Golli proteins. At midgestation (1722 g.w.) a cell population in the subventricular zone was labeled with Gollispecific antibody. Morphologically these cells resembled ameboid microglia,
and were labeled with lectins and antibodies to CD68 and MBP. In addition,
these cells were not labeled with either GFAP or 04 antibodies, characteristic
markers for astrocytes or oligoprogenitors, respectively: Similar ameboid
Golli (+) cells were far less prominent in the cortical plate. In contrast,
ramified microglia-like cells were labeled only with lectins, but not with either
Golli or MBP antibodies. Consistent with a microglia role as phagocytes and
antigen presenting cells in multiple sclerosis, the expression of both Golli and
MBP proteins in ameboid microglia-like cells during development may be
relevant for an autoimmune response to myelin later in life.
Supported by RG 3083-A-l from the National MS Society.

203.3

203.4

EXPRESSION OF MICROGLIAL RESPONSE FACTOR-1 (MRF-1)
IN THE HUMAN FETAL TELENCEPHALON. S. Rakiclnd N, Zecevic.
Dept. of Neurology, Univ. of Connecticut School of Medicine, Farmington, CT
06030-1840

INHIBITION OF ESCHERICHIA COLI LPS-PRIMED RAT MICROGLIA
SUPEROXIDE AND THROMBOXANE B2
GENERATION BY THE
MARINE ANTI-INFLAMMATORY PSEUDOPTEROSINS. A.M.S. Mayer*
S. Oh1. W. Fenical2 and R.S. Jacobs3 . ’Dept. of Pharmacology, Midwestern
Univ., Downers Grove, IL 60515; 2 Scripps Inst, of Oceanography, Univ. of
California San Diego; 3Dept. Biological Sciences and Marine Science Inst.,
Univ. of California Santa Barbara.
We have recently reviewed the role of brain microglia (BM<t>) mediators in
septic shock and meningitis (MEDICINA, B. Aires) 58:377,1998). Furthermore,
LPS-primed rat BMO release superoxide (O2') and thromboxane B2 (TXB2) in a
time- and concentration-dependent manner and thus constitute a convenient in
vitro model to investigate antiinflammatory agents (SHOCK 11: 180,1999). The
diterpenoid glycoside marine Pseudopterosins (PS) potently inhibit leukocyte
eicosanoid production by an unknown mechanism (Life Sciences 62:401,1998).
The purpose of this investigation was to study the effect of 4 PS analogs: PSA,
PSE, PSA methyl-ether (PSAM) and PSC on agonist-stimulated TXB2 and O2'
generation from E. coli LPS-activated rat BMO. O2' was determined by SODinhibitable reduction of ferricytochrome C and TXB2 by ELA. The results were
the following: PSA, PSAM, PSC and PSE inhibited O2‘ ( IC50=2-2.5 pM) as
well as TXB2 (IC5O=1-1.8 pM) release but did not affect cell-free hypoxanthinexanthine oxidase-generated O2\ Concomitant inhibition of BM<E> O2' and TXB2
supports the hypothesis that PS inhibit eicosanoid generation by a
cyclooxygenase (COX)-independent mechanism, possibly distal to arachidonic
acid release, because we have recently reported that BM<X> O2' generation is
unaffected by COX inhibitors (Soc. Neurosci. Abstr. 23:1223,1997). Supported
by NOAA, U.S. Dept Commerce Grant NA66RG0477 (Project R/MP-73).

Microglial response factor-1 (MRF-1) is expressed in ramified/resting and
ameboid/activated microglia in response to programmed cell death (PCD) and
neurodegeneration in the rat brain during postnatal development (Tanaka et al.,98).
To investigate the involvement of MRF-1 and its relation to PCD in the human fetal
telencephalon we used immunohistochemistry and terminal deoxynucleotidyl
transferase (TdT)-mediated deoxyuridine triphosphate (dUTP) nick end-labeling
(TUNEL). To confirm microglia/macrophage expression of MRF-1, double labeling
experiments were performed on fetal brain tissue using a polyclonal antibody against
MRF-1 (a gift from Dr. T. Koike) in conjunction with a monoclonal antibody against
human microglial/macrophage antigen CD 68 (EBM 11). During early fetal
development (11 gestational weeks-g.w.), cells undergoing PCD [(TUNEL (+)]
were found in ventricular (VZ) and subventricular (SVZ) zones, and subplate layer.
Many CD68 (+) cells were also localized to these areas and a fraction of these cells
were MRF-1 (+). At midgestation (17,21 g.w.), TUNEL (+) nuclei and CD68 (+)
cell populations were localized at “hot spots” of intense cell proliferation and
migration including the SVZ, ganglionic eminence, and internal capsule, and again a
portion of the CD68 (+) cells were also MRF-1 (+). The majority of MRF-1 (+) cells
in areas of PCD possessed the characteristic morphology of amoeboid/activated
microglia. In conclusion, we describe herein the localization of MRF-1 to a spedfic
subpopulation of CD 68 (+) cells, which may indicate that these cells are microglia
specifically activated during PCD in the human fetal telencephalon. Supported by
Grant RG 308-A-1 from the National MS Sodety and Grant MH53945.
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203.5

203.6

INVOLVEMENT OF RHO FAMILY SMALL GTP-BINDING PROTEINS IN
MICROGLIAL CELL MORPHOLOGY
S. Samer? F.L. Heppner1, F.Kirchhoff,2* and R, Nitsch1.
’Dept. of Cell and Neurobioiogy, Humboldt University Hospital, Charite,
Berlin 10098, Germany; 2Cellular Neurosciences, Max-Delbrueck-Center for
Molecular Medecine, Berlin 13092, Germany.
Microglial cells are often regarded as brain derived macrophages, and thus as the
intrinsic immune system of the CNS. During neurotoxic lesions, degenerative, and
inflammatory diseases they switch from a resting, ‘ramified’, to an ‘amoeboid’
morphology, with increased motility and chemotaxis, indicating a functional
activation. Initiation of shape changes and migration in motile cells generally
involve cytoskeletal rearrangements, usually triggered by activation of cell surface
receptors and subsequent intracellular signalling. The actin cytoskeleton is believed
to provide much of the force required for such diverse occurrences as motility,
migration, polarity, phagocytosis, and chemotaxis. Regulation of these activities in
many cell types, in particular in the Bad macrophage cell line, has been shown to
depend upon the Rho family of small GTPases In this study, we show that injection
of C3 botulinum toxin, which specifically blocks Rho activity, into primary rat
microglial cells, increased peripheral filopodia and ruffle formation, activities
which often precede migration and chemotaxis. Dominant-negative Cdc42Hs and
Racl protein microinjection inhibited both C3 - and C5a-induced peripheral
activity. In addition, C3 toxin microinjection inhibited the ramification normally
induced by astrocytes, instead giving amoeboid morphology. These data suggest
that Rho family small GTPases are specifically involved in changes in microglial
morphology and thus possibly their state of activation .
This study was supported by Schering A.G. & SFB 507

HERBIMYCIN-A SUPPRESSES TYROSINE PHOSPHORYLATION IN
REACTIVE MICROGLIA IN VIVO. J. Wood* and R W, Griffith, Dept. of Cell
Biology, Emory University School of Medicine, Atlanta, GA 30322

The microglial response to motor neuron degeneration was examined
using immunocytochemistry and immunoblot analysis with a
monoclonal antibody against phosphotyrosine (p-tyr). Motor neuron
degeneration was induced by the injection of the cytotoxic lectin from
ricinus communis (ricin) into the sciatic nerve of Sprague-Dawiey
rats. Microglial p-tyr staining was significantly increased in areas of
spinal cord motor neuron degeneration as assessed by p-tyr optical
density (O.D.) measurements from immunostained tissue sections.
Phosphotyrosine O.D. was increased approximately 18% when
compared with the uninjured contralateral spinal cord ventral horn, 7
days after ricin treatment. To test the hypothesis that inhibition of
tyrosine kinase(s) reduces the tyrosine phosphorylation component of
the microglial response to injury, we assayed p-tyr immunostaining in
areas of motor neuron degeneration in animals which received infusion
of the tyrosine kinase inhibitor Herbimycin-A. An osmotic pump was
used to continuously infuse Herbimycin-A for the 7 day survival
period. When compared with the uninjured contralateral ventral horn,
p-tyr O.D. was increased approximately 11%.
This reflects an
attenuation of the microglial response by 45%. The signals which
regulate reactive gliosis must be better understood if we are to develop
strategies which improve CNS regeneration. These studies show that
inhibition of tyrosine kinase(s) is one way to alter the microglial
response to CNS injury. Supported by NIH AG11123 (JW).

203.7

203.8

CHARACTERIZATION OF
NOVEL BRAIN-DERIVED
MICROGLIAL CELL LINE ISOLATED FROM NEONATAL
RAT BRAIN. P. Cheepsunthom*. S.O. Hevliger and J.R. Connor
Dept. of Neuroscience & Anatomy, Penn State Univ., College of
Medicine, Hershey, PA 17033.
Recently, we observed highly proliferating cells from primary
mixed glial cultures prepared from neonatal rat brain according to
McCarthy and De Vellis (1980). To generate microglia-enriched
cultures, the flasks were rotated on an environmental shaker. The
cells under investigation are obtained from the first shake off.
These cells are round and are non-process bearing. They
proliferate on top of an astrocyte bed layer and eventually become
the only surviving cell type after long term culture in standard
media. Immunohistochemical analysis reveals that these cells do
not express the astrocytic marker glial fibrillary acidic protein
(GFAP) nor the oligodendrocytic lineage marker A2B5. These
cells are recognized by the microglial marker Lectin GSA-IB4.
These cells have been passaged 20 times without changes in
morphology or loss of lectin staining. Upon stimulation with
interferon-gamma and lipopolysaccharide (LPS), these cells release
copious amounts of nitre oxide but do not change morphology.
Stimulation with phorbol 12-myristate 13-acetate (PMA) results in
an increase in production of reactive oxygen species (ROS). These
results indicate that these cells possess charateristics of microglia or
brain macrophages. Supported by NS 22671.

Mechanisms of cAMP-mediated potentiation
amyloid- induced microglial activation

of

beta-

Hankyoung Pyo*, Ilo Jou, Eunhye Joe. Dept. of Pharmacol.,
AjouUniv. Sch. of Med., Suwon, Kyunggi-do, 442-749, Korea.
Microglia, brain macrophages, are activated by betaamyloid (AP) peptide. Previously we reported that cAMP
elevated NO release from AP-treated microglia (Pyo et al.,
NeuroReport, 10, 37-40) . In this study, we investigated the
mechanisms involved in cAMP-mediated upregulation of NO
release in AP-treated microglia. For this, we cultured rat
cortical microglia and used cholera toxin A subunit (CTX),
dibutylic cAMP (dbcAMP), and prostaglandin E2 (PGE2) to
increase intracellular cAMP. All of CTX, dbcAMP, and PGE2
upregulated NO release via expression of inducible nitric
oxide synthase (iNOS) in AP-treated microglia. This effect
of cAMP was inhibited by a protein kinase A (PKA) inhibitor,
KT5720. Since extracellular signal regulated protein
kinase (ERK) mediates Ap-induced microglial activation
(Pyo et al., NeuroReport, 9, 871-874), we tested the effect
of cAMP on ERK activation. dbcAMP itself induced ERK
activation and it also enhanced ERK activation induced by
Ap. And this was inhibited by KT5720. These results suggest
that
cAMP
could potentiate Ap-induced microglial
activation via PKA and ERK pathway.
This work is supported by KOSEF through BDRC at A jou Univ.
to Eunhye Joe.

NEURONAL SPECIFICATION AND DIFFERENTIATION: SPECIFIC CELL TYPES
204.1

204.2

ASTROCYTES CULTURED FROM DIFFERENT CNS REGIONS DETERMINE
THE NEURONAL PHENOTYPE DEVELOPING FROM CULTURED
EMBRYONIC STEM CELLS. Y. Qu? S, Liu, K. Fox, J. Clark and J.W, McDonald.
Dept. ofNeurology, and Center for the Study of Nervous System Injury, Washington
University School of Medicine; St. Louis, MO 63110.
We examined the effect of astroglial origin on the phenotype of embryonic stem
(ES) cell-derived neurons grown in co-culture with astrocytes. Murine ES cells (D3
line) were induced to differentiate along a neural pathway using a 4-/4+ retinoic acid
protocol (Bain et al., Dev. Biol. 168;342, 1995). 4-/4+ Embryoid bodies were plated
onto monolayers of astrocytes harvested from 6 PND 2 mouse CNS regions (cortex,
striatum, hippocampus, forebrain, cerebellum, and spinal cord) and feed media stock
containing 5% FBS and 5% NCS. After 2 weeks in co-culture, large numbers of
structurally identified neurons were present with extensive axonal and dendritic
processes. 17 different neuronal immunomarkers were assessed quantitatively.
Neuronal counts of NeuN immunoreactivity indicated that spinal cord and
hippocampal astrocyte cultures supported 3-6 fold more neurons than astrocyte
cultures from other regions. All astrocyte types supported large numbers of GABApositive and ChAT-positive neurons. However, tyrosine hydroxylase, parvalbumin or
somatostatin-positive neurons were rarely observed in any of the co-cultures.
Calcitonin gene related peptide (CGRP), calbindin-D and substance P- positive
neurons developed mainly in hippocampal and spinal cord astrocyte cultures. Only
spinal cord and cortex astrocytes supported large numbers of dopamine Phydroxylase and calretin- positive neurons. Neuropeptide Y and met-enkephalin
immunoreactive neurons were mainly restricted to spinal cord, hippocampus, and
cortex astrocyte cultures. In many cases, these neuronal phenotypes were
preferentially present in co-cultures of astrocytes from CNS regions where they are
normal found in vivo. These studies demonstrate that features of astrocytes from
different CNS regions preferentially support or restrict the development of neuronal
phenotypes. Supported by NIH grants NS01931 and NS37927 (JWM).

THE PROGENY OF RADIAL GLIA CELLS IN THE CEREBRAL CORTEX
ANALYZED BY FLUORESCENT-ACTIVATED CELL SORTINGP. Malatesta,
E. Hartfuss and M. Gotz*. Max-Planck-Institute of Neurobioiogy, D-82152 PlaneggMartinsried, Germany. E-mail: mgoetz@neuro.mpg.de.
Radial glia is a ubiquitous cell type throughout the developing CNS. They guide
migrating neurons and are also mitotically active. In the cerebral cortex, they transform into astrocytes after neurogenesis, but their progeny during neurogenesis is not
known. Since we found that radial glia cells constitute the majority of precursor cells
in the cerebral cortex (see poster by Hartfuss), we analysed their progeny using a
fluorescent-activated cell sorter (FACS). The sorted cells and their progeny were
analysed after different times in vitro by the use of antiserum against Bill-Tubulin to
detect postmitotic neurons, anti-Nestin for precursor cells and anti-GFAP for astrocytes. First, we sorted radial glia cells expressing the green fluorescent protein (GFP)
driven by the human-GFAP promoter (line 94-4; gift of A.Messing; Zhou et al.,
1997). The GFP-fluorescent radial glia cells co-express the astrocyte-specific glutamate transporter (GLAST) and constitute about 2/3 of all radial glia cells (see poster
by Hartfuss). After sorting, GFP-positive cells were enriched from 30% of the total
population in the cortex of embryonic day 14 mice to more than 70% in the sorted
population. Most of the sorted GFP-positive precursor cells continued to divide for
some time in vitro and gave rise to 70% neurons and 30% astrocytes after 7 days in
vitro. These results suggest that GLAST-positive radial glia cells generate neurons
and astrocytes. Since the GFP-expressing cells might also include precursor cells
with shorter processes, i.e. non-radial glia cells, we next sorted radial glia cells by
their morphology using Dil-labeling from the pial surface. Preliminary results suggest that sorted Dil-positive cells generate a similar progeny as the GFP-positive
cells described above. Taken together, these results suggest that radial glia cells have
a broader potential during neurogenesis’ than at later stages. (Supported by MPG and
EC grants)
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XENOPUS LAEVIS PERIPHERIN (XIF3) IS EXPRESSED IN NEURONS
AND RADIAL GLIA. C, Gervasi* and B.G. Szaro, Biology Dept., Univ.
at Albany, S.U.N.Y., Albany, NY 12222.
The amphibian nervous system retains into adulthood a high capacity for
plasticity and regeneration, which in mammals is lost soon after birth. This
is reflected by the persistence in adult amphibians of features more
characteristic of mammalian embryos than adults. For example, radial glia,
which are phylogenetically primitive and the precursors of astrocytes and
oligodendrocytes, remain abundant in adult Xenopus brains. Peripherin is a
neuronal intermediate filament (nIF) protein that emerges early in
mammalian development and persists in adults mainly in phylogenetically
older neurons. As a type III nIF protein, peripherin is distinct from all other
nIF proteins, which are type IV and believed to originate from an ancestral
type III intermediate filament (IF) protein. We examined the expression of
the Xenopus peripherin homologue (XIF3) during development by in situ
hybridization and immunocytochemistry. Embryonic neurons expressed
XIF3 mRNA coincidentally with the differentiation of the first neurons,
which are also the oldest phylogenetically. XIF3 mRNA expression preceded
that of all other nIF proteins, remaining the most abundant and widely
expressed nIF mRNA throughout early embryonic development. After metamorphosis, XIF3 expression in neurons was restricted to peripherally
projecting neurons. However, XIF3 was also expressed at high levels in
radial glia, unlike any other known nIF. These results demonstrate that XIF3
is an important IF protein of phylogenetically older neural cells, and suggest
that it may represent the modem form of an ancestral IF protein originally
expressed in both neurons and glia. Supported by NIH grant NS30682.

GLIAL
REGULATION OF
STRIATAL
NEURON
DIFFERENTIATION: REGIONAL DIFFERENCES AND THE
ROLE OF RETINOIDS. C. Fagerstrom and K. Campbell*.
Wallenberg Neuroscience Center, Lund University, Sblvegatan 17, S223 62 Lund, Sweden.
The neurons of the striatum derive from the telencephalic lateral
(LGE) and medial (MGE) ganglionic eminences, two transient
embryonic structures. Recent studies have indicated that the striatal
projection neurons (which are marked by the expression of DARPP-32)
derive exclusively from the LGE. We have recently demonstrated that
glia in the LGE but not the MGE produce high levels of retinoids and
that retinoic acid can enhance tne number of DARPP-32 positive
neurons in LGE cultures (Development 1999, 126:1317).
To study the role of glia in the differentiation of striatal neurons, we
made glial cultures from El3.5 LGE and MGE. These cultures were
passaged 5 times (P5) to deplete the neurons and enrich for glial
markers. Dissected neural progenitors from the El3.5 LGE were cocultured on a confluent layer of P5 glia cells from either the LGE or the
MGE. A clear difference is seen both in (3-III-tubulin and in DARPP-32
expression between these two conditions. When grown on P5 LGE glia,
the LGE precursors exhibit high levels of DARPP-32 and possess long
processes. Conversely, the cells grown on P5 MGE glia exhibit little, if
any, DARPP-32 expression and display very short processes. We are
currently examining the role of retinoids in the positive effect on striatal
differentiation exhibited by the LGE glia through blockade of retinoid
synthesis and signalling in these cultures.
These results indicate that LGE glia positively regulate the
differentiation of striatal projection neurons possibly via retinoid
signalling. Furthermore, these results suggest that regional
differentiation within the developing brain may be regulated by local
radial glial populations. Supported by the Swedish MRC.

204.5

204.6

REGULATION OF CNS NEUROGLIAL LINEAGE CELLS
BY SONIC HEDGEHOG SIGNALING. B. Ji, J, Reilly. R.
Ranciato, K, Allendoerfer*, H, Dudek. Ontogeny Inc., 45
Moulton Street, Cambridge, MA 02138.
Sonic Hedgehog (Shh) plays a critical role in the induction
of specific cell fates during neural development. Recently, in
addition to this role as a patterning molecule, Shh has been
reported to regulate proliferation of neuroglial precursors, in
particular in the retina and cerebellum. We are studying the
roles and mechanisms of Shh signaling in the CNS, focusing
on proliferation and differentiation of neuroglial precursors,
astrocytes, and oligodendrocytes. We find that Shh has
multiple functions on multiple lineages. Early lineage cells
(e.g., nestin-expressing) strongly express ptc-1, a Shh
receptor. This is consistent with Shh having effects on the
proliferation and fate of progenitor cells, and, in fact, we find
that Shh acts as a precursor mitogen in various regions of the
CNS, including the striatum.
(Supported by Ontogeny, Inc.)

MOLECULAR CHARACTERIZATION OF CNS PRECURSOR CELLS AND
RADIAL GLIA E. Hartfuss1*, M. Watanab^ and M. Gotz1. ‘Max-Planck-lnstitute of
Neurobiology, D-82152 Planegg-Martinsried, Germany; 2Hokkaido University
School of Medicine, Sapporo, 060-8638, Japan; e-mail: mgoetz@neuro.mpg.de
In the developing cortex, different cell types are generated by distinct sets of precursor cells. However, no molecular markers correlate to these functional subtypes.
To address potential molecular heterogeneity amongst precursor cells we examined
the co-localisation of precursor and radial glia markers by tripleimmunocytochemistry in the cortex of mice from embryonic day 12 to postnatal day
5. Antibodies against Nestin and Ki67 that label all dividing cells were combined
with the radial glia markers RC2 (gift of P.Leprince), anti-GLAST (astrocytespecific glutamate transporter) and anti-BLBP (brain lipid binding protein, gift of
N.Heintz). Interestingly, radial glia markers label the majority of precursor cells
during neurogenesis and gliogenesis, and just a small population is stained only by
the Nestin antiserum. The radial glia population is composed of 4 distinct subtypes:
cells expressing only RC2, RC2/GLAST, RC2/GLAST/BLBP and GLAST/BLBP.
Whereas the first two populations are present only during neurogenesis, the
GLAST/BLBP-positive population appears first at the onset of gliogenesis. The
same populations were found in other brain regions with a comparable developmental profile. Analysis of cell cycle properties by BrdU-pulse labelling showed that
some populations divide much slower than others but they maintain their respective
cell cycle length throughout development. The GLAST/BLBP-positive cells have a
multipolar morphology reminiscent of astrocyte precursors. Radial glia cells with
long processes are composed of three populations (RC2, RC2/GLAST and
RC2/GLAST/BLBP). Thus, precursor cells labelled only by anti-Nestin have short
processes. Taken together, we have characterised functional subtypes of CNS precursor cells as judged by their cell cycle differences. Moreover, our results demonstrate
heterogeneity amongst radial glia cells. (Supported by DFG and EC grants)

204.7

204.8

DIFFERENTIAL EXPRESSION OF NEURONAL MARKERS IN ADULTGENERATED GRANULE NEURONS, N. Kee. M.L. Smith*1. J, M, Woitowicz.
Departments of Physiology and Psychology *, University of Toronto, Medical
Sciences Building, Toronto, ON, M5S 1A8, Canada.
In the dentate gyrus, neurons are continuously produced in adult animals.
Neuronal markers have been used in characterizing cell properties of adult generated
neurons. Turned-on after division 64 kD protein (TOAD-64) and calbindin (CaBP)
have been used as markers of immature and mature neurons respectively. However,
the exact developmental profile of these markers in the adult-generated neurons is
known. To determine the expression profile of these proteins we injected young adult
(35 days) male Wistar rats with a mitotic marker BrdU. Three IP injections, 50
mg/kg each, every 4 hours were applied on day 0. Animals were killed 1 day, or
1,2,3,4 weeks following the injections and their brains processed for
immunohistochemistry. BrdU-positive nuclei were counted in transverse sections of
the dentate gyrus using a physical dissector method. The locations ofthe BrdU cells
were noted with respect to the Hilus/Granule Cell Layer (GCL) border. In 1 day and
1 week samples <10% whereas in 2-4 week samples >30% of cells were located on
the GCL side of the border. The TOAD-64 positive cells were found scattered on the
Hilar side of the border and strictly localized to'a single cell layer on the GCL side.
The percentage of the BrdU-positive cells which were also double-labelled for
TOAD-64 peaked at 20% in 1-2 week samples and declined to about 6 %by week 4.
CaBP-positive cells were found only in the GCL. The percentage ofthe cells doublelabelled for CaBP increased from day 1 (10%) to week 4 (70%). These preliminary
data suggest that: (1) the granule neurons located in the GCL and double-labelled for
TOAD-64 are likely to be older than 1 week but younger than 4 weeks. (2) The
expression of CaBP is progressive from week 1. (3) BrdU-positive cells which express
CaBP but not TOAD-64 are likely to be at least 4 week old adult generated neurons.
Supported Ity MRC of Canada.

DENDRITOGENESIS OF CEREBELLAR BASKET AND STELLATE
CELLS IS REGULATED BY LOCAL CUES AND GROWTH FACTORS
K. Schilling*. K.P. Mertz and T. Koscheck. Anatomy & Cell Biology, Univ.
of Bonn, D-53115 Bonn, FRG.
The dendritic morphology of cerebellar basket and stellate neurons varies
predictably with the position of these cells within the molecular layer. Since
both cellular phenotypes apparently arise from a common pool of precursors,
this suggests that their morphogenesis should be critically dependent on local
cues. We compared dendritogenesis of basket/stellate cells in primary
dissociated cultures and in microexplant cultures derived from murine
cerebellar anlagen. In microexplants, granule cell axons formed a patterned
array of lined up fibers, reminiscent of the arrangment of parallel fibers in
vivo. Relative to granule cell axons, basket/stellate cells, molecularly
identified by their expression of parvalbumin, oriented their dendrites
preferentially in a perpendicular direction. In dissociated cultures, neuronal
processes formed a profuse network without any recognizable alignment of
granule cell axons. Within this topographic context, no preferential
orientation of basket/stellate cell dendrites occurred, and these neurons
adopted a stellate shape. Both BDNF, which is expressed in the early
postnatal cerebellar cortex, and electrical/synaptic stimulation increased the
complexity of dendritic morphology of cultured basket/stellate cells. These
findings suggest that local topographic cues and functional activity cooperate
to bring about the precise morphology of cerebellar molecular layer
intemeurons.
Supported by the DFG and NATO.
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ULTRASTRUCTURAL FEATURES OF UNIPOLAR BRUSH
CELLS IN VITRO
R. Anellf and E. Mugnaini. Northwestern Univ. Inst. Neuroscience, Chicago, IL,
60611.
Dissociated cerebellar neurons represent a powerful means to analyze
morphological and biochemical cell class-specific phenotypes. The purpose of this
study is to extend this approach to explore fee differentiation of a novel interneuron
from fee granular layer of fee mammalian cerebellum, fee unipolar brush cell
(UBC). In situ, fee UBC receives an extensive synapse from an individual mossy
fiber rosette and emits an axon feat ramifies in fee granular layer where it synapses
wife granule cells and other UBCs, feus amplifying fee mossy fiber input. As
previously shown by light microscopy immunocytochemistry, calretinin, a calcium
binding protein strongly expressed by UBCs in situ., densely marks UBC-like
neurons also in vitro. We show here feat primary embryonic and postnatal
cerebellar cultures contain sharply polarized, small, UBC-like neurons feat can be
distinguished from fee other cerebella neuronal type.s. They have a clear nucleus
and a special cytoplasmatic array of ringlet subunits, an organelle specifically found
in mature UBCs. Moreover, in fee embryonic cultures fee cells emit mitochondriarich dendrites which are provided wife clusters of non-synaptic appendages and
engage into glomerulus-like neuropil islands together wife large axon terminals.
These large terminals contain round synaptic vesicles and form extensive,
asymmetric synapses wife fee cell bodies and fee dendrites of fee UBC-like
neurons. Small Golgi axon-like boutons containing pleomorphic vesicles and
forming symmetric synaptic junctions also partecipate in these synaptic array. The
data suggest that dissociated UBC-like neurons receive both excitatory and
inhibitory imputs..

INTRACELLULAR CALCIUM BUFFERS, BAPTA-DEXTRAN OR
CALBINDIN-D28K, ALTER INTRACELLULAR CALCIUM SIGNALING AND
SUBSEQUENT DEVELOPMENT IN CEREBELLAR GRANULE NEURONS. L
R. Mhvre* and J. Holliday. Dept. of Neurobiology and Anatomy, University of
Rochester School of Medicine and Dentistry, Rochester, NY 14642.
Intracellular calcium transients are likely to play important roles in signaling
during neuronal differentiation. Thus, one would predict that alterations in the
amplitudes of calcium transients are likely to produce changes in neuronal
maturation. In these experiments, we utilized two different methods to buffer
intracellular calcium and investigated how these buffers altered calcium transients
and subsequent neuronal differentiation in cerebellar granule neurons in both
dissociated and slice cultures.
Granule neurons were exposed to increasing concentrations of dextranconjugated BAPTA or were co-transfected with an expression plasmid encoding the
calcium-binding protein, calbindin-D28K, and a plasmid with the enhanced yellow
fluorescent protein (EYFP) marker. BAPTA-dextran treatment significantly reduced
peak calcium responses to either a standardized, transient depolarization (150 mM
KCI) or glutamate (100-250 |iM) stimulus. However, there was no simple dose
response effect between BAPTA concentration and either stimulus at the time points
studied. Similarly, calbindin-D28K expression reduced intracellular calcium
responses to either depolarization or glutamate. On average, neither calcium buffer
appeared to alter baseline calcium values nor the apparent kinetics of the two
responses. In cultured cerebellar slices, calbindin expression also significantly
reduced spontaneous peak amplitudes in granule neurons. We also found that
exposure to BAPTA-dextran or calbindin-D28K expression in granule neurons can
affect subsequent maturation within these cells, including altering survival and
changing the length of process outgrowth.
This work was supported by NSF Grant IBN-9728728.

204.11

204.12

ATH3: A SUB-LINEAGE SPECIFYING bHLH PROTEIN IN THE
MAMMALIAN RETINA? I, Ahmad* and C.M. Dooley, Dept. of Cell
Biology and Anatomy, University of Nebraska Medical Center,
Omaha, NE 68198.
bHLH proteins play critical roles in the regulation of cellular
differentiation. Expression of multiple bHLH proteins has been
identified in the developing brain and their complimentary and
overlapping expression patterns together with the targeted inactivation
of expression of some of these proteins indicate that they are key
regulators of neurogenesis. These proteins are also expressed in the
developing retina. However, questions regarding the role of multiple
bHLH proteins in specification of different sublineages in the retina
remain largely unanswered. To address these questions we have
identified the expression of multiple bHLH proteins in the developing
retina (Ahmad et al., 1999, J. Mol. Neurosci. 11, 165-177) including
Ath3 which may be a candidate sublineage-specific bHLH protein. We
have cloned full length Ath3 cDNA from embryonic day 18 (El8) rat
retina. Temporal analysis of Ath3 transcripts in the developing retina
suggests that Ath3 is expressed predominantly during late histogenesis
(E18-PN3) when rod photoreceptors and bipolar cells are born.
Transcripts corresponding to Ath3 are not detected in E14 (early
histogenesis) retina as analyzed by in situ hybridization. However,
Ath3 transcripts are easily detected in E18 retina and are confined to
cells in the outemeuroblastic layer. The temporal and spatial patterns of
Ath3 expression strongly suggest that Ath3 may specify the lineage of
neurons bom during late histogenesis. Supported by UNMC Seed
Grant and NIH EY10313

THE ROLE OF NUMB IN RETINAL DEVELOPMENT

C.M, Dooley1* and I, Ahmad1,2. 'Dept of Cell Biology and Anatomy and
Ophthalmology, University of Nebraska Medical Center; Omaha, NE 68198
The Notch receptor transmits a lateral inhibitory signal that serves to select
a committed cell from a population of equivalent uncommitted progenitors.
Signaling through the Notch receptor has been shown to regulate ganglion cell fate
in the vertebrate retina in terms of temporal and spatial differentiation (Development
121, 3637-3650; Dev. Biol. 185, 92-103; Development, 125, 1059-1066; Current
Biol. 7, 661-670). We have previously shown that numb, a negative regulator of
Notch signaling, is detected in all stages of rat retinal development. In addition,
Numb is co-expressed with the ganglion cell transcription factor RPF1 suggesting
that numb may regulate ganglion cell differentiation by inhibiting Notch signaling
(Invest. Ophthal. Vis. Sci. 39S, 514). These findings prompted us to study the
effects of altering numb expression on retinal ganglion cell fate. A 240 bp partial
chick numb clone was isolated from embryonic day 4 (E4) retinal cDNA using
degenerate primers designed based on the sequence of mouse numb. Sequence
analysis revealed that fee partial clone was 82% identical to mouse numb at the
nucleotide level and 98% identical at the amino acid level, indicating that chick
numb is highly homologous to mouse numb and is expressed during a stage of
development when retinal ganglion cells are differentiating. In an attempt to alter
numb expression we have used a modified technique for high efficiency retrovirusmediated gene transfer in chick retinal explant cultures (J. Mol. Neurosci. 11, 165177). E3 retinal explants were infected with numb retrovirus followed by an
additional 48 hours of culture. Ganglion cell distribution was evaluated using RA4
immunofluorescence on frozen sections of infected or uninfected explants.
Preliminary results indicate that more cells express RA4 in explants infected with
numb retrovirus than in uninfected controls, supporting our hypothesis feat numb is
a regulator of retinal ganglion cell fate. Supported by NIH EY1O313.

204.13

204.14

ABNORMAL PATTERN OF RETINAL GANGLION CELL
GENESIS IN THE ALBINO RETINA R.A. Rachel*. G. Dolen. L.
Erskine, and C.A, Mason, Center for Neurobiology & Behavior,
Columbia University, New York, NY 10032
The mechanisms leading to bilateral divergence of retinal axons at the
mammalian optic chiasm are not well understood. One approach to
dissecting these mechanisms has been to study the albino, in which
lack of melanin production in the retinal pigment epithelium leads to
greater numbers of retinal axons crossing the midline and fewer
remaining uncrossed. Previous work has suggested that 1) the primary
defect lies in the retina rather than at the optic chiasm (Chan et al, 1993;
Marcus et al, 1996), and 2) the defect involves a temporal disruption or
delay in the birth or maturation of retinal cells (Webster and Rowe,
1993; Ilia and Jeffery, 1996). To better understand how such defects
could lead to the aberrant patterns of crossing, we are using BrdU and
cell-specific markers to measure the numbers and patterns of cells
generated in the retina of pigmented and albino littermates during the
course of retinal ganglion cell genesis. Preliminary evidence indicates
that relative numbers of ganglion cells born on sequential days may be
altered in the albino. We also find a disordered pattern of cell packing
in the ganglion cell layer during embryonic development. Similar
irregularities in cellular organization are associated with dysplastic
changes in other tissues, which may indicate a comparable disruption
in cell cycle regulation in the albino retina. These results suggest that,
rather than simply a delayed or prolonged recapitulation of the normal
pattern, ganglion cell generation and positioning are aberrant in the
albino, potentially causing mis-specification of the crossing phenotype
in retinal ganglion cells. Supported by NS27615 (CAM).

FGF-2 PLAYS A ROLE IN PHOTORECEPTOR CELL DETERMINATION IN
THE DEVELOPING RETINA OF XENOPUS LAEVIS. A, Patel* and S.
McFarlane, Neuroscience Research Group, Univ. Calgary, Calgary AB, T2N 4N1.
The developing vertebrate retina faces fee task of producing the appropriate ratios
of seven different cell types that differ phenotypically and functionally. Studies
have shown that retinal progenitors are multipotent and can produce clones of 1-6
different cell types up to fee last cell division. This favors the role of extrinsic cues
in directing cell fate in fee developing retina. We have previously demonstrated
that fibroblast growth factors (FGFs) and their receptors (FGFRs) are expressed in
the developing retina of the South African clawed-toed frog, Xenopus laevis.
Additionally, we have shown that the FGFRs transduce a signal that biases cell fate
decisions made by retinal precursors. However, the identity of this cue remains
unknown. In this study, we investigated whether FGF-2 acts as a determination
signal in fee developing Xenopus retina to bias retinal progenitors towards a
particular cell fate. FGF-2 was overexpressed in retinal neuroepithelial cells by
injecting a cDNA plasmid encoding FGF-2 into cells fated to form the retina at the
16-cell blastomere stage. Alternatively, a cDNA plasmid encoding GFP was
injected into these cells as a control. The retina were analyzed for the relative
distribution of cell types at stage 40 when fee fully differentiated layered retina is
formed. We found feat overexpression of FGF-2 in retinal neuroepithelial
precursors biases transgene-expressing photoreceptors towards a rod rather than a
cone cell fate. In these retina fee proportion of retinal precursors that become
photoreceptors remains unchanged. However, there is a 2-fold increase in the
number of rod photoreceptors at fee expense of cone photoreceptors suggesting that
FGF-2 promotes a rod photoreceptor cell fate in the developing Xenopus retina.
(Supported by AHFMR of Alberta and MRC of Canada)

Supported by PHS grant NS-09904.
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204.16

REGIONAL DIFFERENTIATION OF DORSAL AND VENTRAL FETAL SPINAL
CORD (FSC) TRANSPLANTS INTO ADULT RAT SPINAL CORD. M.J. Velardo*;
B.E. O'Stcen; and P.J. Reier. Department of Neuroscience, University of Florida Brain
Institute, Gainesville, Florida, 32610-0244.
Our recent transplantation studies have demonstrated that matured FSC transplants
arise from small islands of immature/progenitor cells that remain after the originally
grafted cells die. Developmental data suggest that motorneurons and oligodendrocytes
may arise from a single group of progenitor cells in the floor plate region. The fate
specification of these cells is then determined by dorsal-ventral patterning cues
mediated by temporo-spatial activation of multiple transcriptional factors. The present
study examines whether regional grafting of dorsally- or ventrally-biased compartments of E14 rat FSC tissue and/or local environmental factors could alter the
resulting cytoarchitecture, myelination state and cell fates of FSC grafts. Transplants
were made into acute hemisection cavities created at spinal C4-5 in adult SpragueDawiey rats. At 1,2 and 5 months, 2pm plastic sections revealed dorsal-derived grafts
with modest myelination and enriched substantia gelatinosa (SG)-like regions
characteristic of the normal superficial dorsal horn. In contrast, ventral-derived
transplants lacked SG-like regions, were more heavily myelinated and densely
populated by intermediate-sized neuronal profiles. Immunocytochemistry of host fiber
ingrowth showed dense projections of CGRP+ fibers into dorsal grafts with modest
ingrowth into ventral-derived transplants. 5-HT immunostained fibers displayed
regional ingrowth into dorsal grafts, whereas a more diffuse projection pattern was
seen with ventral grafts. The relative degree of host 5-HT ingrowth into both the
dorsally- and ventrally derived tissues appeared to be more robust than previously
seen with whole grafts placed at lower spinal levels. No obvious differences were
seen, however, in relation to CGRP. These findings raise the possibility that regional
manipulation of FSC tissue can result in grafts with dorsal or ventral neural
enrichment and altered patterns of host fiber ingrowth. Differential degrees of donor
tissue myelination also can be obtained. Supported by 1PO1 NS 35702, State of
BSCIRTF Grant.

COMPARISON OF IN VIVO AND IN VITRO STUDIES OF
GAD65 AND GABA EXPRESSION IN DEVELOPING RAT
SPINAL CORD. T.S. Tran. A. Aliiani. and P.E, Phelps*. Dept. of
Physiological Science, UCLA, Los Angeles, CA 90095-1527.

204.17

204.18
CONVERGENT GENETIC PROGRAMS AND SYNOPTIC SPECIFICITY
AMONG MOTOR NEURON CLASSES IN CAENORHABDITIS
ELEGANS. W. W. Walthall* and H. Mimi Zhou. Department of Biology,
Georgia State University, Atlanta, GA 30303
Collectively, developing neurons establish diverse but specific synaptic
patterns with their targets. We are investigating interactions among two
transcription factors feat are involved in fee establishment of synaptic
patterns for two related classes of motor neurons (mns) in C. elegans. The
VD and DD mns together form a cross-inhibitory network that maintains
fee proper phase relationship between waves of dorsal and ventral muscular
contraction feat produce sinuous locomotion. The VD mns release the
inhibitory neurotransmitter GABA onto ventral muscle as a result of dorsal
cholinergic input from excitatory mns. Conversely, the DD mns inhibit
dorsal muscle in response to input from ventral excitatory mns. The
transcription factor uncoordinated (Unc)-30 is expressed in both the VD
and DD mns and is necessary for proper structural and functional features
including synaptic specificity, unc-55 also encodes a transcription factor
and it is expressed in VD but not DD mns. In unc-55 mutants fee VD mns
are homeotically transformed into functional DD mns. Thus Unc-55 acts
to switch fee synaptic pattern of fee VD mns from that of the DD mns. An
unc-55: :gfp reporter was used to to determine whether transcriptional
interactions occur between unc-55 and Unc-30. The appearance of unc55:: gjp in fee VD mns of unc-30 mutants indicates that unc-55 represents
a separate genetic program that acts to modify fee Unc-30 genetic
program and create fee synaptic pattern feat distinguishes these two
functionally related nm classes. Efforts are now underway to identify genes
that initiate the expression of unc-55. This work was supported by the
NSF and the Georgia State University Research Foundation.

SELECTIVE DEFECTS IN MUSCLE SENSORY AFFERENT NEURONS IN MICE
LACKING ER81 ETS GENE FUNCTION. D.R. Ladle1*. J. Lin2, E. Frank1. T.M.
Jessell^, S, Arber^. IDept. of Neurobiol.,U. Pittsburgh, Pittsburgh, PA 15261;
2HHMI, Dept. Biochem. Mol. Biophys., Columbia U., New York, NY 10032.
ETS transcription factors define sets of muscle sensory afferents and functionally
related motor neuron pools (Lin et al. Cell 95, 393, 1998), raising the possibility that
their expression contributes to the formation of connections between sensory and motor
neurons in the developing spinal cord. One of these genes, ER81, is initially expressed
by many or all muscle afferents and only subsequently becomes restricted to musclespecific subclasses of sensory neurons. To begin to examine the function of ETS genes
in sensory-motor connectivity, we generated ER81 mutant mice. Mice lacking ER81
function are bom in normal numbers but then become uncoordinated and die after 2-3
weeks.
In ER81 mutant mice, sensory and motor neurons are generated and the peripheral
projection of motor axons appears unaffected. Similarly, sensory neurons project axons
into the periphery, and appear able to induce the differentiation of both muscle spindles,
supplied by la afferents, and Golgi tendon organs, supplied by lb afferents. There is,
however, an early and marked defect in the organization of the central terminals of
muscle sensory afferents. In wild type and heterozygote embryos, muscle sensory
afferents project into the ventral spinal cord between E15 and El7.5, and la afferents
establish direct connections with motor neurons. In ER81 mutants, muscle afferents
appear to establish a normal trajectory in the dorsal spinal cord but fail to project
further ventrally, into the region occupied by motor neuron dendrites. This central
afferent projection phenotype is accompanied by a marked defect in the functional
connections of muscle sensory afferents, detected electrophysiologically. The
monosynaptic la input to motor neurons is almost completely eliminated in ER81
mutants, whereas lb afferents maintain significant polysynaptic input. There is also
pronounced degeneration of muscle spindles and consistent with this, stimuli selective
for la activation became markedly less effective in activating sensory afferents. These
results reveal an essential role for ER81 in the development of sensory-motor
connections, and suggest a preferential defect in the differentiation of la muscle sensory
afferents. Supported by grants from NIH.

204.19
LOSS OF A SPECIFIC CLASS OF SPINAL CORD INTERNEURONS IN
SEY MICE. J. D, Burrill*1. A, L. Eide2 L, Moran-Rivard1, J, C- Glover2,
and M. Goulding1. ^NL-G, Salk Institute, La Jolla, CA. 92037;
department of Anatomy, University of Oslo, Oslo, Norway.

Previously we have shown feat the spinal cords of Sey (Pax6 mutant)
mice lack a class of ipsilaterally projecting intemeurons (ilNs) feat
coexpress the transcription factors Pax2 and Enl and that project
rostrally for short distances in fee ventral spinal cord. Thus we expected
that in Sey mice there would be a decrease in the number of rostrally
projecting ilNs. To test this we used fluorescent dextrans to
retrogradely label INs in wildtype and Sey mice at el2.5. In the spinal
cord of wildtype or heterozygous embryos we identified 2 distinct
groups of ilNs with rostral axons. One group was located
ventrolaterally (vilN), fee other mid-dorsoventrally (dvilN). In addition
there were ventrally located commissural intemeurons (vcIN) with
rostral axons. In the spinal cords of the Sey mice fee vilNs were
essentially lacking, whereas the other two groups were present. We are
now characterizing the gene expression pattern of fee vilNs to determine
whether they are exclusively Pax2/Enl+. We have also found feat
Evxl+ INs increase in number in Sey mice. In wildtype embryos most
Evxl+ INs have commissural rostral axons feat project short distances.
We are now characterizing fee projection pattern of fee Evxl+ INs in fee
Sey spinal cord. These results suggest that mutations in Pax6 affect fee
development of specific classes of spinal INs.
♦Supported by NS-37075 to M.G., Anders Jahre Fund to J.C.G., and a
NATO collaborative grant.
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The development of GABAergic neurons in cervical spinal cord was
visualized with GAD65- and GABA-immunocytochemistry in El2 to
P28 specimens, and computer animations were constructed. A dramatic
developmental change was observed between the embryonic marginal
zone that contained intensely GAD65- or GABA-labeled axons and the
postnatal funiculi that showed gradually decreasing immunoreactivity
within the axons. By P28 axonal labeling was detected primarily in
punctate terminal-like structures as previously seen in the adult. As early
as El3, populations of GABAergic spinal neurons were seen to extend
axons both ipsi- and contralaterally into the marginal zone, suggesting
that interneurons contribute to the intensely immunoreactive marginal
zones. To determine the contributions of intrinsically derived GABAergic
neurons to the labeled axons in the marginal zone, embryonic
organotypic cultures were grown in defined media for 1-4 days, and then
processed for GAD65 or GABA immunocytochemistry. Results
demonstrated numerous local GABAergic somata within the cultures
with axons projecting both ipsi- and contralaterally into the marginal zone
lying directly adjacent to the intermediate zone. Comparisons between the
in vivo results and the in vitro model suggest that axons derived from
GABAergic intemeurons within slice cultures contribute to the labeled
axons of the developing marginal zone, but many more GABAergic
axons are likely to originate from propriospinal and supraspinal levels.
Support: Jennifer Jones Simon Foundation and NSF IBN-9734550.
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CO-REGULATION OF SEROTONIN AND RETINOID SIGNALING IN
EMBRYOGENESIS N, Bhasin1.1, M. Lauder1*, and A-S. LaMantia2 'Dept.of

USE OF AN ADENOVIRAL VECTOR TO MISEXPRESS A RETINOIC ACID
CATABOLIC ENZYME IN EMBRYONIC BRAIN

Cell Biology and Anatomy, 2Dept. of Molecular and Cellular Physiology;
University of North Carolina School of Medicine Chapel Hill, NC 27599
The neurotransmitter serotonin (5-HT) and the inductive signaling molecule
retinoic acid (RA) are both involved in CNS, craniofacial, and cardiovascular
morphogenesis in the mouse. Teratogenic insult by serotonergic antagonists or
RA results in overlapping phenotypes. These include forebrain ana olfactory
placode anomalies, malformations of the eye and lens, as well as posterior
neural tube and cardiac defects. Since these similarities suggest a relationship
between 5-HT and RA signaling during normal embiyogenesis, we first
examined the expression patterns of the 5-HT 2B receptor (5-HT 2B-R), whose
antagonists elicit the most similar phenotype to RA teratogenesis. We then
compared these patterns with the local availability of RA ana the expression of
retinoid receptors, co-factors, and metabolic enzymes. In whole embryos as well
as histological sections at mid-gestation (9-10 dpc), the 5-HT 2B-R is localized
to neural crest-associated mesenchymal cells. These mesenchymal populations
coincide precisely with sites of RA-mediated mesenchymal/epithelial induction.
Thus, 5-HT 2B-Rs are seen in the frontonasal and optic mesenchyme, branchial
arches, and heart. In each of these regions, a subset of RARs, RXRs, RA binding
proteins, or the metabolic enzyme RALDH2 can be seen in the mesenchyme or
adjacent epithelium. Therefore, it is possible that RA and 5-HT can act on
identical or adjacent populations. The number of 5-HT 2B-R expressing cells
apparently exceeds the number of RA producing cells. This indicates that either
RA producing cells are a subset of 5-HT 2B-R expressing cells or that they are a
distinct population. There may also be concerted regulation of several target
genes in the mesenchyme and adjacent epithelium by 5-HT and RA. To address
this, we are examining changes of pattern and levels of expression of a number
of candidate genes. These include 5-HT 2B-R, several RA receptors, and
patterning genes such as FGF-8 and Shh. Together, our preliminary results
indicate that there may be a synergy between endogenous 5-HT and RA
signaling during mesenchymal/epithelial induction of the forebrain,
craniofacial structures, and the heart. This work is supported by NIH HD29178
and a HHMI Pilot Studies grant to UNC-CH Medical School to A-S.L., and NIH
HD22052 to J.M.L.

D. Smith. E. Wagner*. F, Smith. U, C. Drager and P. McCaffery
E. K. Shriver Center and Harvard Medical School, Boston, MA, 02452
The transcriptional activator retinoic acid (RA) is essential for the
normal development of the central nervous system. RA is not
homogeneously distributed throughout the embryo, but is instead
localized to specific territories, resulting in regionalized gene
regulation. The enzymes which catalyse RA synthesis and catabolism
establish these local levels of RA and thus determine where and when
RA regulation occurs. In order to investigate the in-vitro effects of
each enzyme, it will be useful to develop a technique in which the
enzyme can be inappropriately expressed in the developing brain. RA
catabolism is catalyzed by the cytochrome P450 dependent enzyme
CYP26 (P450RAI). We have employed an adenoviral construct
capable of expressing the catabolic enzyme in cell lines and tissues.
We infected a RA reporter cell line in which the RARbeta gene drives
expression of beta-galactosidase. The normal, strong, response of this
cell line to 1 nM RA could be completely inhibited after two days viral
exposure and expression of CYP26. In-vitro explant cultures of
mouse cerebella could also be infected with the adenovirus vector
resulting in high expression of CYP26 transcript within two days of
exposure. Expression was preferentially in the meningeal cells
surrounding the cerebellum. Since this is also the region of localized
RA synthesis for the cerebellum, we hope that coexpression of the
catabolic enzyme will neutralize RA mediated signaling.
Supported by grants EY01938 and H05515.

205.3

205.4

MISEXPRESSION OF SONIC HEDGEHOG DISRUPTS MIDBRAIN ARC
PATTERN FORMATION. $. Asupvulu*, T.A- Sander?
,QW....
Committee on Neurobiology, University of Chicago, Chicago, IL 60637.
During development, the ventral midbrain (tegmentum) is organized into regularly
spaced longitudinal territories (called arcs) arrayed bilateral to the ventral midline. The
arcs arc distinguished by the expression of specific developmental regulatory genes
and appear to serve as a patterning mechanism for assigning ventral midbrain celll'atcs. The signaling molecule sonic hedgehog (SHH) is expressed along the ventral
midline of much of the CNS and is thought to specify neuronal cell-type in spinal
cord through a morphogen gradient mechanism. In this study, wc employed in vivo
electroporation of chick embryos to alter the normal expression profile of SHH in
ventral midbrain. The effects of SHH misexpression on midbrain arc patterning and
cell specification were assessed by wholemount in situ hybridization.
A chick SHH expression construct, engineered with the Xenopus elongation factor
I promoter, was electroporated in ovo into E2-E3 chick embryos. Embryos were
harv ested at E4-E6 and the gene expression patterns of the electroporated and control
hemi-tegmenta compared. Overexpression of SHH led to a severe disruption of the
tegmental arc pattern on the electroporated side. This included a massive expansion of
expression-territories for genes that identify ventral midline and first arc cell-types
(HNF3JS, NKX2.2, TH, PHOX2A and /SI.J) and a lateral displacement of a marker of
a more lateral arcuate territory, PAX6. Interestingly, the expanded ISIJ territory
frequently included caudal midbrain tissue adjoining the isthmus. SHH delivery’ is
known to affect the proliferation of neuronal precursors so we looked for changes in
BrdU incorporation kinetics following SHH misexpression. One to four days
following SHH electroporation, embryos were pulse-labeled with BrdU and harvested
an hour later. No differences in labeling were evident between the electroporated and
control sides. Thus, the changes in gene expression seen following SHH
electroporation may be due not to increased cell proliferation, but to shifts in cell-fate
among midbrain neuronal precursors (Supported by NIH award R01 NS35680).

N-TERMINAL FATTY ACYLATION OF SHH SELECTIVELY
ENHANCES ITS ABILITY TO INDUCE VENTRAL FOREBRAIN
NEURONS. Jhumku D. Kohtz1-2 Nicholas Gaiano2. Ellen Garber3, Darren P,
Baker3, Kevin P, Williams3, Dan Turnbull2, Gord Fishell2*. 1,2Neurobiology
Program, Children’s Memorial Institute for Education and Research,
Northwestern University Medical School, Chicago, Illinois 60614, department of
Developmental Genetics, Skirball Institute, NYU Medical School, NY, NY
10016,3Biogen, Inc., 14 Cambridge Center, Cambridge, MA 02142.
The sonic hedgehog (Shh) protein exhibits ventralizing activity along the anteriorposterior extent of the neuraxis. Shh(-/-) mice lack ventral structures throughout
the nervous system, including the brain. However, the mechanisms underlying the
generation of diverse ventral phenotypes by this single molecule are just
beginning to be understood. In the posterior neuraxis, ventral neuronal subtypes
are produced in a concentration-dependent manner. High level exposure to Shh
results in the formation of floor-plate cells, whereas lower levels result in motor
neurons. In more anterior regions of the neuraxis, Shh has recently been shown to
cooperate with BMP-7 and FGF-8 to produce ventral forebrain and midbrain
neurons, respectively. We provide evidence for an additional mechanism that
enables Shh to generate diverse ventral phenotypes along the anterior-posterior
axis. We show that N-terminal fatty acylation of Shh specifically enhances its
ability to induce ventral forebrain neurons, without enhancing its ability to induce
spinal cord motor neurons. These data support the idea that anterior and posterior
aspects of the neuraxis differ in how they interpret Shh signaling, and raise the
possibility that fatty-acid modifications may be one basis for this
difference.(supported by NIH grant RO 132993-02).

205.5

205.6

INVESTIGATION OF THE ROLE OF BMP’S IN MAMMALIAN
FOREBRAIN DEVELOPMENT. Joshua G, Corbin. Daniel H. Turnbull.
Alex Joyner* and Gord Fishell. Program in Developmental Genetics,
Skirball Institute for Biomolecular Medicine, New York University School of
Medicine, New York, NY 10016.
Bone morphogenetic proteins (BMP’s), which are members of the
TGF-|3 superfamily of signaling molecules, play multiple roles in mammalian
development. In chick spinal cord explants, BMP’s have been shown to be
sufficient to induce markers of dorsal cell fate. Furthermore, recent in vitro
studies have also suggested that these molecules may play a role in the
establishment of dorsal cell identity in the mouse forebrain. Consistent with a
role for these molecules in dorsal forebrain patterning, our studies confirm
that members of the BMP subfamily are expressed in dorsomedial regions of
the developing telencephalon. To further investigate how these molecules are
involved in the patterning of the mammalian telencephalon, we are utilizing a
retroviral approach to ectopically express the BMP ligands as well as both
dominant active and dominant negative forms of the BMP receptors. To gain
access to the forebrain at a time in development when patterning events are
most likely occurring, we are utilizing high resolution ultrasound imaging to
guide microinjection of engineered retrovirus into the forebrain ventricles.
As a result of these studies, we hope to gain a greater understanding the role
that the BMP molecules and BMP signaling plays in patterning of the
mammalian forebrain. (Supported by NIH grants NS532993 and NS38461).

ECTOPIC EXPRESSION OF NOGGIN IN TRANSGENIC
MICE. XxEx GiatSCh, A, Prcmp, AJ. Thornton, Kt
McDonough. T, Saunders. K.S, O’Shea*. University of
Michigan, Ann Arbor, MI.
During the very early development of the nervous system,
molecules secreted from the primitive node induce the surface
ectoderm to adopt a neural phenotype. In addition, expression
of the secreted signaling molecule, noggin, in mouse embryonic
stem cells results in rapid, robust neuronal differentiation. In
order to test the in vivo effects of ectopic noggin expression, the
keratin -14 promoter which is active in embryonic epithelia,
was used to drive noggin expression to developing surface
ectoderm in transgenic mice. The mouse noggin cDNA was
cloned into the keratin -14 / beta-globin promoter cassette, then
purified and microinjected into fertilized (C57B1/6 x SJL)F2
oocytes. Transgenic embryos and neonates were identified
using PCR to detect the transgene. Embryos were examined at
midgestation (E9) and neonates at term. To date, three
phenotypes have been observed: severe developmental delay at
the very early neural plate stage, early neonatal lethality, and a
less severe phenotype characterized by digital anomalies.
Carriers of the transgene are currently being bred for additional
studies to examine the role of noggin signaling in the early
induction and patterning of the nervous system.
Supported by die NIH.
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205.7

205.8

NEURAL FATE OF XENOPUS CLEAVAGE-STAGE BLASTOMERES
INVOLVES NOGGIN SIGNALING FROM NEIGHBORING CELLS. S. Huang*
and S. A. Moody. Dept. of Anatomy and Cell Biology, The George Washington
University, Washington, D.C. 20037
An animal-to-vegetal, contact-dependent signal passes from B-tier to Ctier blastomeres during Xenopus cleavage stage that is required for C-tier
blastomeres to contribute to the CNS (Bauer et al., 1996; Dev. Biol. 178:217). We
studied whether noggin/BMP-4 signaling can account for the specification of C-tier
blastomere neural fate. At the 32-cell stage, lineage tracer was injected into a lateral
C-tier blastomere and either noggin mRNA (50 pg) was injected into its
neighboring B-tier blastomere or BMP-4 mRNA (400 pg) was injected into its
neighboring D-tier blastomere. At stage 37/38 the fate of fee C-tier blastomere was
mapped and its contributions to the primary motor neurons (PMN) and primary
sensory Rohon-Beard neurons (RBN) were quantitatively assessed. Noggin
overexpression in B-tier blastomere greatly increased and expanded C-tier
blastomere contributions to CNS. Labeled clones extended far more rostral than
normal. In addition, the contribution to PMN significantly increased by about 10fold. BMP-4 overexpression in D-tier blastomeres greatly reduced the neural fate of
C-tier blastomeres. In many cases their production of PMN and RBN was
completely eliminated. Furthermore, when C-tier blastomeres experimentally loose
contact with their neighbors, their neural fate is suppressed (Bauer et al., 1996).
Overexpression of noggin in dissociated C-tier blastomeres rescues their neural fate.
The numbers of PMN were 3-9 fold higher. These results indicate that the neural
fate of C-tier blastomeres is regulated by. the noggin/BMP-4 signaling field
produced by their neighbors. Supported by NIH grant NS23158.

CLONING, EXPRESSION, AND REGULATION OF THE CHICK HOMOLOGUE
OF DROSOPHILA ODD OZ. EJMcElwee1, K, Adams2, R, Riddle2. J.A. Golden1*
‘Department of Pathology, Children’s Hospital of Philadelphia and the University of
Pennsylvania School of Medicine, and the department of Cell and Developmental
Biology, University of Pennsylvania School of Medicine, Philadelphia, PA 19104
The vertebrate homologues of multiple drosophila pair-rule genes play essential
roles in vertebrate development. Unlike other pair-rule genes that are transcription
factors, DrosophilaOJd oz is a transmembrane protein with putative roles in
signaling pathways. Four mammalian homologues of the drosophila Odd oz gene
have recently been identified, although expression in the developing embryo has not
been completely described. We have cloned a region of a chick homologue
(designated cOdz4 based on homology to the mouse and human gene) of Odd Oz and
determined its expression during chick development. In situ hybridization revealed
cOdz4 to first be expressed at stage 17 in the mesencephalon. Expression was
highest in the dorsal tectum and was found in a gradient where the lowest level of
expression was seen lateral-ventrally. This gradient of tectal expression persisted
through embryonic day 15 (the latest time point studied). Expression was
simultaneously observed in the ventral retina in a gradient from ventral to dorsal.
Dynamic patterns of expression were also observed for cOdz4 in the diencephalon,
telencephalon, rhombencephalon, spinal cord, dorsal root ganglia and cranial
ganglia. Based on expression patterns in the tectum, Wnt-1 and BMP7 appeared as
possible candidates for regulating cOdz4 expression. Using a retroviral vector to
ectopically express Wnt-1, and recombinant BMP7 protein, we have determined that
cOdz4 is up-regulated by BMP7 but not affected by Wnt-1. In conclusion, this
recently described homologue of the drosophila odz gene shows dynamic patterns of
expression during development and its expression appears to be regulated by BMP7.
Supported by the NIH and the March of Dimes.

205.9

205.10

NEUROBLAST PATTERN FORMATION: REGULATION OF THE vnd/NK-2
HOMEOBOX GENE OF DROSOPHILA. X, Shao1. K. Koizumi2, D. Tan1, W.
Qdenwald2, and M.Nirenberg1*. 'Lab. of Biochemical Genetics, NHLBI; and 2Lab. of
Neurochemistry, NINDS; NIH, Bethesda, MD 20892.
Expression of the vnd/NK-2 homeobox gene initiates the neural pathway of
development in medial neuroectoderm that' gives rise to part of the ventral nerve cord
of embryos. Previously we showed that -8.4 to +0.35 kb of DNA from the
5'-flanking region of the vnd/NK-2 gene, ligated to a B-galactosidase (B-gal) reporter
gene in a P-element results in a pattern of B-gal in transgenic embryos similar to the
wild-type pattern of vnd/NK-2. In embryos from transgenic lines of Drosophila
generated with a P-element containing -5.3 to +0.35 kb of vnd/NK-2 DNA, B-gal was
expressed in the normal vnd/NK-2 pattern in the ventral nerve cord, but not in part of
the cephalic region (Saunders et al, Proc. Natl. Acad. Sci. 95, 8316,1998). We now
report that embryos from two transgenic lines of Drosophila with -5.3 to -2.9 kb of
DNA from the 5'-flanking region of the vnd/NK-2 gene inserted in the P-element,
pCaSpeR-hs43-LacZ, express B-gal in a pattern similar to that of vnd/NK-2. Four
additional transgenic fly lines were generated that contained -5.3 to -2.2 kb of DNA
from the 5 '-flanking region of the vnd/NK-2 gene inserted in pCaSpeR-hs43-LacZ that
express B-gal in the wild-type vnd/NK-2 pattern and ectopically in histoblasts. These
results show that -5.3 to -2.9 kb of DNA from the 5'-regulatory region of the vnd/NK-2
gene contains the nucleotide sequences necessary to generate the normal pattern of
vnd/NK-2 gene expression in embryos.
Fragments of DNA from the 5 '-upstream region of the vnd/NK-2 gene were subcloned
in a vector that contains an enhancerless chloramphenicol acetyltransferase (CAT)
reporter gene. Transfection of Schneider 2 cells with constructs containing -0.75 to
-0.41 kb from the 5'-flanking region of the vnd/NK-2 gene activated expression of the
CAT gene 190-fold; whereas, coexpression with either constitutively expressed
vnd/NK-2, or snail cDNA markedly repressed CAT gene expression.

EXPRESSION AND REGULATION OF THE NKX-6.2 (GTX) HOMEOBOX
GENE IN THE DEVELOPING NEURAL TUBE. Jun Cai, Hulaing Yin, Manisha
Agrawal and Mengsheng Qiu* Department of Anatomical Sciences and
Neurobiology, School of Medicine, University of Louisville, Louisville, KY
40202.
An increasing number of Nkx homeobox genes have been implicated in
controlling ventral patterning and differentiation of the developing neural tube. In
this study, we report the expression and regulation of the chicken Nkx-6.2
homeobox gene in the developing CNS. The earliest expression of Nkx-6.2 was
detected at the neural plate stage in the prospective midbrain and hindbrain
regions. As the neural development proceeded, Nkx-6.2 expression extended
caudally into the spinal cord region and was restricted to the ventral half of the
neural tube including the floor plate. At later stages of development, Nkx-6.2
expression was downregulated in the ventricular neuroepithelial cells, but
upregulated in a subpopulation of intemeurons and in the white matter. The
dynamic pattern of Nkx-6.2 expression in the spinal cord was further confirmed by
Northern analysis which revealed a single transcript of about 2 Kb. Furthermore,
tissue recombination and explant culture experiments have demonstrated that
expression of Nkx-6.2 can be induced by the notochord signal and purified SHH
protein, and repressed by BMP-7, suggesting that the Nkx-6.2 expression can be
influenced by both ventral and dorsal midline signals. These studies have
suggested two different roles for the Nkx-6.2 transcription factor: participating in
the SM-mediated ventral patterning during early CNS development and controlling
cell fate specification and differentiation during late development. Supported by
Kentucky EPSCORE, Kentucky Spinal Cord and Head Injury Trust and National
Sciences Foundation.

205.11

205.12

XENOPUS ZIC FAMILY AND ITS ROLE IN NEURAL AND
NEURAL CREST DEVELOPMENT Katsunori Nakata*. Takeharu
Nagai, Yoshio Kovabu, Tetsuva Kitaguchi, Jun Aruga. and Katsuhiko
Mikoshiba- Mol. Neurobiol. Lab. RIKEN, Tsukuba, Ibaraki 305-0074,
Japan
The Zic family was originally identified as a group of genes
encoding zinc finger proteins expressed in adult mouse cerebella. In mice,
at least four kinds of Zic genes have been identified. These zinc finger
proteins share a highly conserved domain consisting of five tandemly
repeated C2H2-type zinc finger motifs. The motifs are highly conserved
among various species including their Drosophila homologue odd-paired,
which plays important roles in parasegmental subdivision development of
the Drosophila embryo.
We characterized three new members of the Zic family, Xenopus
Zicl, Zic2 and Zic5. Xenopus Zicl and Zic2 are very similar to mouse
Zicl and Zic2 in the protein coding region including the zinc finger
domain. However, Xenopus Zic5 is not so similar to any of mouse Zic.
Thus, Xenopus Zic5 seemed to be a novel type of Zic gene in the mouse
and Xenopus. In early gastrula, Zicl expression was restricted to the
prospective neural plate region whereas Zic2 and Zic5 were expressed
widely in the ectoderm. At neural plate stage, all of them were expressed
in neural fold. We observed enhanced neural and neural crest-derived
tissue formation in the Zicl, Zic2 or Zic5 overexpressed embryos and
neural and neural crest marker induction in the Zicl, Zic2 or Zic5
overexpressed animal cap explants. Our findings suggest that Zicl, Zic2
and Zic5 have essentially the same properties as Zic3 and that the
Xenopus Zic family may act cooperatively in the initial phase of neural
and neural crest development. (Supported by JME, CREST, JST.)

ZIC1 REGULATES PROLIFERATION OF THE DORSAL
NEURAL PROGENITORS IN THE MOUSE AND
CHICK SPINAL CORD J. Aruga*, T. Toumonda and K.
Mikoshiba . Dev. Neurobiol. Lab., Brain Science Institute, RIKEN,
Wako, Saitama 351-0198, Japan
The role of the Zic gene in the spinal cord development was
investigated by over and under expression. Zic genes encode zinc
finger proteins which are homologous to Drosophila odd-paired. The
impairment of their functions results in cerebellar dysgenesis or
holoprosencephaly. In the vertebrate development, they are
expressed in the dorsal neural tube. We identified and characterized
CZicl and CZic3, avian homologues of Zic genes, which were also
expressed in the dorsal neural tubes. When the CZicl was overexpressed in the spinal cord by in ovo electroporation, the
undifferentiated neural tissue showed a marked hyperplasia while
further neuronal differentiation was inhibited. This change was
observed both in the dorsal and ventral spinal cord. Furthermore, the
dorsoventral patterns as revealed by molecular markers were not
significantly affected. Conversely, we found significant cell number
reduction in the dorsal spinal cord of Zicl -deficient mice. These
findings suggest that Zicl controls the expansion of neuronal
precursors in undifferentiated neural tissue, but not the determination
of dorsal property of the limited neuronal subtypes.
Supported by Japanese STA and MESC.
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205.13

205.14

ESTABLISHMENT OF DORSAL/VENTRAL FATE DURING NEUROGENESIS.
K.S. Moghadam. A. Chen* and R.D, Heathcote. Dept. of Biol. Sci., University of
Wisconsin-Milwaukee, Box 413, Milwaukee, WI 53201.
During embryogenesis unique cell types differentiate in the dorsal and ventral
spinal cord. In the frog Xenopus laevis, primary neurons differentiate in three
longitudinal columns on each side of the developing neural plate. In addition, the
notochord provides a diffusible signal (sonic hedgehog) that can induce ventral spinal
cord cells. We tested the time and location of determination in a specific ventral cell
type by reversing the polarity of the spinal cord at different times during
development. Reversal is accomplished by inserting a small inert barrier (Nalgene
filter) into the center of the neural plate region. Neural folds form on either side of the
barrier resulting in a split spinal cord. The folds next to the barrier develop from cells
that would become ventral spinal cord, but are now in dorsal positions. Frozen
sections showed that a population of catecholaminergic intemeurons whose normal
location is a restricted region of the ventral neural tube, differentiate in ectopic
dorsal/ventral locations in both spinal cords. Ectopic neurons make up 62% of the
cells in the experimental region. The two cords are not equivalent because insertion
of the barrier forces the notochord to associate with only one of the branches. Both
branches contain differentiated catecholaminergic neurons indicating that this cell
type can differentiate even if they are separated from the notochord as early as
gastrulation (st. 12). The notochordless branch has more neurons in dorsal locations
(90%) than the branch with the notochord (53%). These results are consistent with the
idea that the fate of some ventral neurons is determined during gastrulation and later
(secondary) neuron differentiation can be influenced by the notochord.
Support from NIEHS Center grant ES-04184 and the University of WisconsinMilwaukee.

DEFECTIVE FOREBRAIN AND HEAD DEVELOPMENT IN
MICE LACKING DICKKOPF-l GENE FUNCTION. S. Shtrom1*,
L. Gomer1, C. Niehrs2, H. Westphal1. 'Laboratory of Mammalian
Genes and Development, National Institute of Child Health and
Human Development, National Institutes of Health, Bethesda, MD
20892, USA; 2Division of Molecular Embryology, Deutsches
Krebsforschungszentrum, Im Neuenheimer Feld 280, D-69120
Heidelberg, Germany.
Establishment of the embryonic pattern relies on inductive
interactions between adjacent tissues and is presumed to be mediated
by secretory signaling molecules. A novel secretory factor isolated in
Xenopus, called dickkopf-l(dkk-l), was shown to function as a Wnt
antagonist and was demonstrated to be essential for head induction.
In the mouse, dkk-1 is expressed in the head mesoderm cells at the
onset of gastrulation, at a time when head formation is thought to be
specified. To study the function of dkk-1 in mice, this gene was
inactivated by targeted disruption. Embryos deficient in dkk-1
signaling are stillborn and exhibit deletions of rostral brain as well as
the anterior-most craniofacial structures including the nose, the eyes,
and the jaws. Along with defective head development, the dkk-1
mutation results in limb malformation. We are currently investigating
which signaling events that underlie specification of the forebrain,
organization of the craniofacial region and proper limb development
are affected by the absence of the dkk-1 function.

527

205.15

205.16

EARLY STEPS IN PATTERNING OF THE EMBRYONIC MAMMALIAN
HIPPOCAMPUS. 5usana_NeryL.Nicholas _Gaiano,.Paniel. H._Tumbull
Michael P. Matise* and Gord Fishell. The Skirball Institute of
Biomolecular Medicine, NYU Medical Center, 540 1st Ave, New York,
NY, 10016.
During the period just subsequent to anterior neuropore closure, the
mammalian telencephalon is subdivided into a series of regional
territories. One of the most prominent of these is the hippocampus,
which arises from the posterior medial hem of the cerebral cortex
(Grove et al. 1998, Development 125, 2315-2325). At present, neither the
tissues nor the molecular factors responsible for induction of the
hippocampus have been identified. To address these questions we have
taken a combined approach of using in vitro explants of embryonic
telencephalic neuroepithelium and in vivo gain of function. In the in
vitro studies, E9.5 telencephalic explants are apposed to adjacent neural
tissues or by culturing explants in the presence of candidate signaling
molecules, such as Shh, BMPs and BMPs antagonists.
The in vivo
studies utilize the combination of ultrasound backscatter microscopy
(UBM) and replication-defective retrovirus to generate ectopic gene
expression in the E9.5 mouse forebrain. As this represents a time prior to
the earliest expression of regional markers within the telencephalon,
these studies permit us to investigate the affects of signaling molecules
and transcription factors in early hippocampal development, during the
period in which normal hippocampal patterning is occuring.

EXPRESSION AND FUNCTION OF VOLTAGE SENSITIVE CALCIUM
CHANNELS DURING THE NEURAL INDUCTION IN X. laevis. V. Palma, R.
Mayor and M. Kukuljan*. Prog. Fisiologia y Biofisica, ICBM, Facultad de
Medicina, and Depto. Biologia, Facultad de Ciencias, Universidad de Chile,
Casilla 70005, Santiago 7 CHILE.
Voltage sensitive calcium channels (VSCC) are one of the first classes of ion
channels expressed during the development of a variey of neurons. Transient
elevations of the cytosolic calcium concentration participate in the modulation of
early neuronal differentation and connectivity. Recent data suggest that VSCC
may also participate in the neural induction in amphibian embryos. We explored
the expression and functional role of L-type calcium channels during this process
in X. laevis embryos. We cloned a partial cDNA encoding a X. laevis homologue
to the alC of VSCC (xalC) from adult brain and tadpoles. RT-PCR analysis of
the expression of xalC in whole embryos shows the presence of the transcript
from st. 9 (early gastrula). Western analysis confirms the expression of the protein
in membrane fractions purified from st. 10 (midgastrula) embryos. At this stage
xalC transcripts expression is restricted to the animal cap. A similar expression
pattern is observed for the transcripts encoding x(33 subunit of VSCC.
Overexpression of heterologous VSCC mRNA (subunits a 1C, p and a252)
through injection into one cell stage embryos results in a dorsalized phenotype. In
situ hybridisation analysis of the expression pattern of markers for neural plate
and neural crest (xSox and xSlug respectively) at st. 14-17 embryos injected with
the VSCC mRNA, reveals an expansion of both territories. Incubation of embryos
with nitrendipine leads to a loss of anterior structures and a decrease in the
territory of expression of NeuroD, a neural marker. These results are compatible
with a role for VSCC in the vertebrate neural induction process. Supported by
FONDECYT 2980019.

205.17

205.18

NEURAL DETERMINATION GENES REVEALED BY EXPRESSION
TRAPPING IN EMBRYONIC STEM CELLS. R M. Seaberg*1, V. Tronene1.
W.L. Stanford2. A. Bernstein2 and D. vander Koov1. 'u. of Toronto, Toronto ON
M5S 1A8.2Samuel Lunenfeld Research Inst., Mount Sinai Hospital, Toronto,ON.

AUTONOMOUS NEURAL CELL FATE SPECIFICATION IN MOUSE EMBRYONIC STEM
CELLS. V, Tropepe*1. C, Sirard2 and D. van der Koov1.1Anat. & Cell Biol., Univ. of Toronto,
Toronto, Canada M5S 1A8; 2Amgen Inst., Toronto, Canada M5G 2C1.
Recent evidence from both invertebrate and vertebrate studies suggests that neural
specification of ectoderm may be actively inhibited by BMP proteins in regions that are
destined to become non-neural, while permissive signals (e.g. the BMP antagonist noggin)
expose the default neural cell phenotype of ectodermal cells in restricted regions of the
developing nervous system. We sought to test the default model of neural cell fate
specification in mouse. By utilizing an in vitro assay for neural stem cell proliferation, we
asked whether BMP signaling had a role in limiting the extent in which embryonic stem (ES)
cells default to a neural stem cell phenotype. When cultured in serum-free low-density
conditions, a small percentage (<1 %) of ES cells proliferate in the presence of LIF to form
sphere colonies of cells that express the neuroepithelial marker nestin. Many of the cells
within the sphere colonies subsequently differentiate into neurons and glia. A small
proportion of cells derived from primary sphere colonies can generate secondary colonies
when subcloned (i.e. self-renew), which appear to be independent of LIF, but dependent
on FGF2. We demonstrate that blocking BMP signaling with either the adcfition of noggin
protein or culturing ES cells with a null mutation in the Smad4 gene (an intracellular BMP
signal transducer) results in a 1-4 fold increase in the number of single ES cells that default
to a neural stem cell phenotype and generate sphere colonies. On the other hand, the
addition of BMP4 protein suppresses sphere colony formation by -50%, indicating that BMP
signaling inhibits the ability of ES cells to default into neural stem cells. Surprisingly, 6070% of single viable ES cells cultured for 24 hours in serum-free media alone (adherent,
non-colony-forming assay) express nestin, some of which are also immunoreactive for the
early neuronal marker pill-tubulin. To determine-if the non-nestin expressing cells at 24 hrs
retain their ES cell fate, we assayed for Oct4 protein (ES-specific transcription factor)
expression. Virtually all of the non-nestin expressing cells (up to 30%) are immunoreactive
for Oct4, suggesting that ES cells may directly differentiate into neural cells as early as 24
hrs in vitro. Together these results provide evidence for a default mechanism of neural fate
specification in mouse that can be partially modulated by BMP signaling.
Supported by MRC Canada.

(Supported by NIH grant ROI32993-02 and a scholarship from the foundation
for Science and Technology (FCT) and Gulbenkian PhD Program in Biology and
Medicine (PGDBM), Portugal)

Expression trapping is a novel technique in which heterozygous mutations are made
in the ES cell genome by the random insertion of a promotorless lacZ reporter gene
construct which is transcriptionally regulated by the trapped gene. We have developed
an assay to test the ability of ES cells to become neural stem cells (NSCs) in serum
free media in the presence of leukemia inhibitory factor (LIF). Under these conditions a
small proportion (<1%) of single control ES cells proliferate to from floating cell
colonies which can passage in culture and differentiate into neurons and glia. Thus,
some single ES cells alter their identity to become cells which have the properties that
are definitive for neural stem cells: self-renewal and multipotentiality. We have
analysed a number of expression trapped ES cell lines for genes involved in neural
determination based on two criteria: a dominant genetic effect on the frequency of ESto-NSC change of fate and a pattern of lacZ expression that changes during ES-to-NSC
differentiation. We have identified two transgenic ES cell lines that contain random
heterozygous insertions in genes which appear to be important for inhibiting the ES-toNSC transition. These two cell lines generate ten-fold greater numbers of neurospheres
in our assay. Notably, when the neurospheres from these two ES cell lines are passaged
they produce similar numbers of secondary neurospheres compared to control ES lines,
indicating that the mutations affect neural determination but not symmetrical division
of neural stem cells. Additionally, this assay enables us to identify cell lines containing
insertions in genes which may be positive regulators of neural determination; a number
of such lines have been identified which generate decreases in neurosphere numbers.
Determination of lacZ expression has revealed cell lines in which gene expression is
high in ES cells, and is downregulated in neurospheres, possibly representing
disruption of genes that are important for maintaining the undifferentiated state of the
ES cell or for inhibiting the switch to an NSC state. Conversely, we have identified
several clones in which the lacZ fusion gene is not active in undifferentiated ES cells
but is transcriptionally upregulated upon NSC commitment. In addition, two of these
cell lines generate reduced numbers of neurospheres compared to control cell lines
suggesting that the endogenous genes regulate the ES-to-NSC transition. Supported by
MRC Canada.
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205.19

205.20

EMBRYONIC STEM CELL DERIVED NEUROEPITHELIAL.
PROGENITOR CELLS. K.S. O'Shea. S, Aton. C.J. D'Amato *
and T.E. Gratsch. University of Michigan, Ann Arbor, MI.
Neural differentiation of mouse embryonic stem (ES) cells can
be achieved by both genetic (noggin, NeuroD expression) and
epigenetic (growth factor exposure) means. In order to develop a
neuroepithelial progenitor cell line, we transfected ES cells with a
construct in which the nestin promoter drives expression of the
neomycin phosphotransferase gene. Nestin is expressed in both
CNS and PNS progenitors and in the primitive neuroepithelium,
and it is often used as a marker of progenitor cells. A 1.8 kb
cDNA of the second intron of the nestin gene (which has been
shown to target gene expression to the CNS) was amplified in PCR
with gene specific primers. Additionally, the neomycin
phosphotransferase gene, including the SV40 polyA signal was
amplified in PCR using pcDNA3 (Ttavitrogen) as a template.
Unique restriction enzyme sites were included on the ends of the
cDNAs to insure proper orientation upon ligation into the pBS
SK+ vector. Positive clones vere verified by restriction enzyme
and sequence analyses. D3 and R5 ES cells were transfected with
the nestin/neo construct, then cells grown for 24h in complete
medium, followed by selection in N2 medium containing 300U/ml
G418 to select for nestin expressing progenitors. These cell lines
will form an important resource for studies of gene expression,
lineage segregation, growth factor responsiveness, and ultimately
for transplantation. Supported by the NIH.

ROLES OF WNT8B AND GLI3 IN DEVELOPMENT OF THE
TELENCEPHALON. DMcLaughlin1, DCaric2*. R.Hill2. D.J Price1 & J.O

Mason1. 1 Department of Biomedical Sciences, University of Edinburgh, UK;
2MRC Human Genetics Unit, Western General Hospital, Edinburgh, UK.
The Wnt8B gene encodes a member of a large family of secreted
glycoproteins which act as signalling molecules for a variety of processes
during embryogenesis. Previous evidence has suggested a role for Wnt factors
in proliferation. Commonly, Wnt genes are expressed in areas of active
mitogenesis and are downregulated coincident with a fell in proliferation.
Ectopic expression of Wntl in the dorsal neural tube leads to an increase in
proliferation, and in compound mutants of Wntl and Wnt3A there is a
decrease of dorsolateral neuronal precursors. Using in situ hybridisation (ISH)
we have characterised the earliest expression of this gene in the medial wall of
the murine telencephalon and hypothalamus. By conducting BrdU
incorporation assays in a Wnt8B knockout mouse and wild type littermates we
show that Wnt8B is involved in the regulation of proliferative rates of neuronal
precursors in the ventricular zone of the neuroepithelium. Using ISH we have
found a reduction in expression of Wnt8B in the anterior midline at El0.5 in
the homozygous Gli3 mutant mouse (XU). This is consistent with previous
findings for the expression of other Wnt genes in this mutant mouse. Gli3 is the
mammalian homologue of cubitus interuptus which encodes a transcription
factor regulating wingless the Drosophila homologue of Wntl, a pathway
which may be conserved in mammals. Funded by the Biotechnology and
Biological sciences research council.

SYMPOSIA

MONDAY AM

208

209

SYMPOSIUM. SYNAPSE ELIMINATION: A MOLECULAR PERSPECTIVE. E
Frank. Univ. of Pittsburgh (Chairperson); J, Lichtman. Washington Univ. Sch. of
Med., W, Thompson. Univ. of Texas. Austin. L. Landmesser. Case Western Res.
Univ. Sch. of Med., J. Mariani, Univ P. & M. Curie, Paris.

SYMPOSIUM; BASAL GANGLIA, CEREBELLUM, AND
MOTOR CONTROL. M.Glickstein, University College London
(Chairperson); P.L.Strick. VA Med. Ctr. at Syracuse, M.Crutcher, Emory
Univ. School of Med., J.Stein, Oxford University, A. Gibson, Barrow
Neur. Inst.

Synapse elimination plays an important role in shaping the final pattern
of connections throughout the nervous system. This symposium presents
new results that explore the cellular and molecular events leading to
synapse elimination and provide insights into its functional significance.
Lichtman will present studies of synapse elimination at the mammalian
nmj where synapses can be followed in vivo and studied with high
resolution light and electron microscopy. This work argues that the
postsynaptic cell is the mediator of synaptic competition via intramuscular,
activity-based signals that cause inputs to gradually segregate from each
other. Thompson will present results suggesting that neuregulin, a trophic
factor supplied by motoneurons, stimulates the division and migration of
Schwann cells covering the developing nerve-muscle synapse. This leads
to loss of synaptic contacts by motoneurons, suggesting that the stability
of developing nmj's may depend upon interactions between nerve
terminals and their associated glial cells. Landmesser will discuss a new
study of the role of NCAM in synapse elimination. In NCAM knock-out
mice, most muscle fibers remain multiply innervated 11 days after birth,
and synaptic vesicle antigens remain distributed along the motor axon.
This cell adhesion molecule thus plays a critical role in the transition from
multiple to single innervation. Mariani will describe the process of
synapse elimination in the cerebellum, where the multiple innervation of
single Purkinje cells at birth is pared to a single climbing fiber input by 3
weeks. Different knock-out mice illustrate the importance of electrical
activity and specific glutamate receptor subunits m this process. The
symposium will conclude with a discussion of the functional significance
of synaptic regression in the CNS.

The basal ganglia and cerebellum are both essential for normal movement.
The symposium will consider recent evidence on the cortical connections
and sites of convergence of these two great systems and their role in
normal movement, motor learning, and the pathogenesis of rigidity in
Parkinson's disease. Dr. Strick will compare cerebellar and basal ganglia
inputs to specific areas of the cerebral cortex. Dr. Crutcher will discuss the
involvement of tonically active neurons in the striatum during learning. Dr.
Stein will discuss the possible role of descending projections of the basal
ganglia in the pathogenesis of akinesia in Parkinson patients. Dr. Gibson
will consider points of convergence within the brainstem of inputs from the
basal ganglia and the cerebellar nuclei. The symposium will emphasize the
integration of the two systems in motor control.

VISUAL CORTEX: EXTRASTRIATE—VENTRAL STREAM

212.1

212.2

INFORMATION ABOUT OBJECTS AND FACES IN THE RESPONSES OF
SIMULTANEOUSLY RECORDED INFERIOR TEMPORAL CORTEX NEURONS.
E.T.Rolls*, M.C.A.Booth, S.Panzeri, S.R.Schultz and A.Treves. Univ. Oxford, Dept.
Exptl. Psychol., Oxford OXI 3UD, England.
We have recently developed a method for measuring the information available in the
firing rates and in fee relative time of firing of simultaneously recorded neurons (Panzeri
et al, 1999). We now apply this to fee responses of neurons in fee inferior temporal
visual cortex. We extend earlier results by showing feat for simultaneously recorded
neurons fee information from fee firing rates about which object or face was shown
increases approximately linearly wife fee number of neurons in fee ensemble. Thus fee
number of stimuli feat can be encoded in this way increases approximately exponentially
wife fee number of neurons in fee ensemble, and a great deal of information is encoded
in this way, in fee firing rates. Typically fee average information about a set of 5-20
stimuli is in fee order of 0.2 bits in a 500 ms period. Correlations between fee firing of
fee different cells feat were independent of which stimulus was shown did not introduce
much redundancy; nor did correlations between fee firing of different cells feat depended
on which stimulus was shown add much information relative to feat already available
just from fee firing rates. The results indicate feat most of fee information available from
inferior temporal cortex neurons about which objec or face was shown is available from
fee firing rates, feat this increases approximately linearly wife fee number of neurons in
fee ensemble, and feat correlations between fee firing of different cells have little
influence relative to this on fee total information available.
Panzeri,S., Schultz,S.R., Treves,A. and Rolls,E.T. (1999) Correlations and fee encoding
of information in fee nervous system. Proceedings of fee Roval Society B 266: 10011012.
Research supported by fee MRC Oxford IRC and PG8513790, and by fee HFSP.

CORTICAL REGIONS INVOLVED IN THE ANALYSIS OF OBJECT
STRUCTURE. Z. Kourtzi*.1’2 and N. Kanwisher.1’2 !MIT, Cambridge, MA;
2MGH-NMR Center, Charlestown, MA, 02128.
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Grayscale photographs of objects and line drawings of the
same objects are defined by different shape cues (i.e. shading versus
contours). Yet, both these shape descriptions convey information
about the object structure. Are same or different cognitive/neural
mechanisms involved in extracting object structure from shading cues
than from contours? We tested this question by asking whether
viewing grayscale novel objects would activate the same cortical
regions within individual subjects as viewing line drawing versions
of the same objects. Functional MRI images were obtained with
echo-planar surface coil imaging at 3T. Eight out of eight subjects
performing a passive viewing task or a" 1-back" matching task to
ensure attention to all stimulus types showed overlapping activations
in lateral occipital cortex for i) 3-D grayscale objects and ii) line
drawings of the same objects versus their scrambled controls. These
results suggest that regions in the lateral occipital cortex (presumably
within area "LO" described by Malach et al., 1995) are involved in
extracting and/or representing shape structure independent of the
image properties used to define that shape (i.e. shading versus
contours). Further experiments showed that activation in these
regions is no stronger for shapes defined by 3-D contours or
monocular depth cues (e.g. occlusion), than for 2-D shapes. Finally,
activation in these regions is modulated by the complexity of the
shape (e.g. number of shape parts) rather than by the number of the
observed objects.
Supported by NIH MH56037 to Kanwisher

VISUAL CORTEX: EXTRASTRIATE—VENTRAL STREAM

MONDAY AM

212.3

212.4

LEFT-RIGHT MIRROR IMAGE CONFUSION IN MACAQUE
INFEROTEMPORAL CORTEX
J.E. Rollenhagen* and C.R, Olson. Neuroscience Department,
University of Pittsburgh, PA 15260 and Center for the Neural Basis of
Cognition, Carnegie Mellon University, Pittsburgh, PA 15213.

WHERE IN THE CORTEX DO WE ASSOCIATE VISUAL SHAPE WITH
OBJECT IDENTITY?

529

Left-right mirror images (e.g., ‘b’ and ‘d’) are confused more often
than up-down mirror images (e.g., ‘b’ and ‘p’) by many species,
including pigeon, octopus, monkey and human. One possible
explanation for this phenomenon is that neurons in the visual system
differentiate less effectively between a pattern and its left-right mirror
image than between a pattern and its up-down mirror image. We tested
this hypothesis by recording from single neurons in the inferotemporal
cortex (IT) of macaque monkeys trained to maintain fixation during
passive visual stimulation. For each neuron, we first selected, from a
library of monochromatic chiral shapes, one shape to which that
neuron responded strongly. We then measured the neuron’s responses
to eight visual stimuli presented foveally on separate trials. These
stimuli were the selected shape and its enantiomorph at orientations
within the viewing plane of 0°, 90°, 180° and 270°. Within this set,
four pairs of stimuli were left-right reversals of each other and four
pairs were up-down reversals. We assessed whether the firing rate of
each neuron was most affected by left-right or up-down reversal.
Neurons most affected by up-down reversal (n = 86) outnumbered
those most affected by left-right reversal (n = 37). We conclude that
neurons in monkey IT exhibit left-right mirror image confusion. This
property of IT neurons is analogous to and may be a neural correlate of
the perceptual confusion documented in behavioral studies.
EYl 1831

M. Bar*-13. R.B.H. Tootell1. D.L. Schacter2. D.N. Greve1. J.D. Mendola1 and A.M. Dale1.
’MGH-NMR Center, Charlestown, MA 02129; 2Dept. of Psychology, Harvard
University, Cambridge, MA 02138.
Seeing a picture of a familiar object automatically invokes at least the following three
processes: 1. analysis of the visual features in the image, 2. association of these features
with an object name, and 3. activation of semantic knowledge regarding the specific
object. While imaging studies have already revealed many of the cortical regions
involved in both analyzing visual properties and the processing of semantic information,
it is not clear where explicit object naming takes place. Answering this question is a
prerequisite for most future studies aimed at understanding the mechanisms involved in
object recognition. Six subjects were required to recognize line drawings of familiar
objects that were presented very briefly (average 39ms), and were sandwiched between
two masks. Each picture appeared five times under these conditions (in a random
presentation order throughout the experiment), and one more time without the mask and
for a longer duration (300ms). Subjects responded by pressing one of four buttons,
indicating their confidence as to what the identity of the object might be. It is assumed
that when subjects pressed the button that corresponds to maximum confidence they were
indeed able to name the object. Response to the unmasked pictures (which were readily
recognizable) later supported this assumption. We used an echo-planer 3T fMRI
machine (3.125 x 3.125 x 4mm voxel size; TR = 3s; TE = 20ms) to scan the whole brain
of the subjects while they performed this task. An event-related design allowed a
post-hoc comparison between specific trials depending on whether the images presented
on those trials were recognized or not.
A ventro-temporal visual region was identified that is modulated by object recognition.
For the same visual input, this region was activated differently as a function of subjects’
ability to name the pictures. Therefore, while previous studies mapped object-specific
regions based on their sensitivity to the stimulus, here we identified a region that is
sensitive to the explicit recognition of those objects. Future studies in which object
recognition is obtained by cues other than shape (e.g., texture), and within different
experimental designs (e.g., low contrast rather than brief exposure duration) are required
before a generalization of the role of this region will be possible.
Supported by the McDonnell-Pew Program in Cognitive Neuroscience (to MB), NIH,
and Whitaker Foundation.

212.5

212.6

THE fMRI RESPONSE IN OCCIPITOTEMPORAL AND PARIETAL
CORTEX DURING OBJECT RECOGNITION. T.W. James2, G.K. Humphrey2,
J.S. Gati1, R.S. Menon1, & M.A. Goodale2*. 'Robarts Research Institute; 2Dept. of
Psychology, the University of Western Ontario, London, Ontario, Canada, N6A 5C2.
We conducted an experiment to investigate the time course of activation during
object recognition in several cortical visual areas of the human brain. To accomplish
this, we had participants complete an object recognition task while we measured
blood oxygen level dependent (bold) signal using functional MRI. To overcome the
low temporal resolution of fMRI, the objects were gradually revealed to the
participants through a vertically oriented virtual grating. This increased the time that
it took participants to recognize the objects and allowed us to record activation time
courses. Subjects were exposed to half of the object stimuli (primed) before the
recognition task to test for effects of priming across the time course of recognition.
Signal intensity in regions within occipitotemporal (Op and intraparietal (IP) cortex
showed a sharp rise at stimulus onset, with a plateau just prior to recognition and a
drop immediately after recognition. Primed objects produced less activation than nonprimed objects in both the OT and IP regions. Pre-recognition activity in the OT
region increased at a faster rate for primed objects than for non-primed objects, but
this was not true for the IP region. Both the OT and IP regions showed more
activation with non-primed stimuli than primed stimuli during post-recognition. The
fact that non-primed stimuli produced greater activation than primed stimuli in the IP
region during post-recognition could have been due to the increased recruitment of
spatial reconstruction processes. In a second experiment, it was found that limiting the
need for spatial reconstruction during the post-recognition phase decreased the
activation produced by non-primed stimuli. This lends support the hypothesis that
some areas within intraparietal cortex are involved in the spatial analysis of object
geometry. Early visual areas (Vl) showed only modest changes in activation under
any of the conditions described and there were no significant differences between
conditions. These results suggest that prior experience with a stimulus effects neural
activity in several different brain regions, but that the nature of the effect is specific to
the function of the target region.
Supported by MRC grant no. mt-7269 to MAG.

FEATURE-BASED ATTENTION MODULATES ACTIVITY IN OBJECTRELATED AREAS OF HUMAN VISUAL CORTEX. G. Avidan-Carmel,1 K.
Grill-Spector.2 T, Kushnir? Y. Itzchak? E. Zoharv,1 and R. Malach.2*. 1 Hebrew
Univ. of Jerusalem, Jerusalem 91904, Israel; 2Weizmann Inst, of Science, 76100
Rehovot, Israel; ’The Chaim Sheba medical center, Tel-Hashomer 52621, Israel.
It is still unclear to what extent activity in object-related areas of the human visual
cortex can be modulated by shifts’of visual attention. To address this question we
conducted fMRI experiments in which subjects viewed pictures of complex, natural
objects. A small central arrow was superimposed on each picture, with its direction
changing randomly from picture to picture. Subjects were instructed to attend and
covertly name either the objects or the direction of the arrow. Three regions of
preferential activation for objects were identified: area V4/V8, the Lateral Occipital
Complex (LOC), and dorsal foci that consisted of area V3a and a region slightly
anterior to it. Within LOC we were able to distinguish fimctionally between 2 foci: a
ventral one, termed LOv was activated by objects but not by the arrows when they
were presented alone. The second, dorsal focus, termed LOp was activated by the
objects but also by arrows although to a lesser extent. In all four regions attending the
complex objects yielded stronger activation than attending the central arrow, while
an opposite effect was observed in the motion sensitive area MT/V5 (attention index:
V4/V8=16.0%±3.6 (SEM); LOv=12.9%±4.9; LOD=5.8%fc2.5; V3a+=24.0%t4.5;
MT/V5=-34.5%±6.5; N=9). For each of these areas, we calculated a stimulus
selectivity index, which measures the differential activation by the objects vs. the
arrows alone. A striking correlation was observed between stimulus selectivity and
the level of attentional modulation across ail areas including the fimctionally distinct
LO regions (r=0.81). Control experiments excluded either eye movements or
attention to specific retinotopic locations as the source of the attentional effect. These
results suggest that feature-based attention plays a role in modulating the activity in
the LO complex. This work was funded by ISF 131/97.

212.7

212.8

RAPID EVOLVEMENT OF OBJECT SELECTIVITY IN THE LATERAL
OCCIPITAL COMPLEX CORRELATES TO CONSCIOUS RECOGNITION RATE.
K, Grill-Spector1*, T, Kushnir2, Y, Itzchak2 and R, Malach1,
’Weizmann Inst, of Science, Rehovot 76100, Israel, ^e Chaim Sheba Med. Center,
Tel Hashomer 52621, Israel.
The relationship between conscious perception and brain activity is a central issue in
neuroscience. We investigated this relationship in high-level object areas (Lateral
Occipital Complex - LOC) by using a backward masking paradigm. Eight subjects
were scanned’on a 2T MRI system (Elscint, Ltd.) using a multi-slice EPI gradient echo
pulse sequence. Visual images were presented in 14s blocks of 28 objects (man-made,
animals, faces) or noise. The objects were either presented briefly (40 or 120ms)
followed by a visual mask or for 500ms. Object selective activation was detected in the
LOC, extending ventrally, and in the intra-parietal sulcus (IPS). Presenting the images
for 120ms slightly reduced the object-selective signal compared to 500ms epochs
(8912% SEM), but shortening the presentation to 40ms resulted in a substantial
decrement (37±3%). These changes were correlated to the recognition rate (500ms:
99±0.3%, 120ms: 92±3%, 40ms: 23±5%). In order to directly explore the relationship
between activation and recognition we manipulated the recognition rate while
maintaining identical visual stimuli. This was accomplished by training subjects to
increase their recognition rate on the same set of briefly (40ms) presented images.
Following training, subjects were scanned again, and were shown two sets of picturesthe trained set (AT) and an untrained set (U) for 40ms. LOC signal increased for the
trained set both relative to the same set before training (BT) as well as to the untrained
set, and this signal increase was correlated to the increase in recognition rate (after vs.
before training- recognition: AT/BT=2.4±0.3 SEM; signal: AT/BT= 1.9810.4; trained
vs. untrained- recognition: AT/U=1.97±0.1 signal: AT/U=2.12±0.3). In comparison,
the IPS showed a smaller training effect (signal: AT/BT=1.26±0.3; AT/U= 1.3710.3).
These results indicate that selective object activation in the LOC is directly related to
object recognition. This study was funded by ISF 131/97.

INFERIOR TEMPORAL NEURONS ARE SELECTIVE FOR SMALL
DIFFERENCES IN 3D STRUCTURE. P. Janssen, R. Vogels, P.X. Joris",
G.A. Orban. Lab. Neuro- en Psychofysiologie,KUL,B-3000 Leuven, Belgium.
A sizeable proportion of inferior temporal (IT) neurons respond selectively
to disparity-defined 3D shapes (Janssen et al. 1998, IOVS, 39, 4164). In the
present study, we investigated whether IT neurons remain selective for small
differences in 3D structure, as present in real world objects. We recorded the
responses of IT neurons to curved 3D shapes, derived from a single pair of
monocular images. The amplitude of the disparity change along the vertical
axis was reduced by a factor of 2 (0.65 deg) compared to our previous
study. The stimuii were presented foveally during passive fixation. We
replicated our findings by showing that 46% of the neurons tested (N=138)
showed significant differences between the responses to two 3D shapes,
which were not reflected in the pattern of the monocular responses.
Moreover, 85% of the neurons tested (34/40) were selective for the global
variation of disparity, as demonstrated by presenting 3D shapes at 5
different positions in depth. We tested the selectivity of twenty-one 3D-shape
selective neurons by presenting preferred and nonpreferred 3D shapes with
decreasing amplitudes of the disparity change. The smallest amplitudes
employed equaled 0.06 or 0.03 deg, depending on the 3D shape. On
average, the smallest amplitude to which the neurons responded selectively
was 0.06 deg. Finally, preliminary results from one monkey suggest a
distinction between different subdivisions within IT. In the ventral bank of the
Superior Temporal Sulcus, 67% of the responsive neurons (58/87) were
selective for 3D shape, compared to only 13% (6/48) in the lateral part of
area TE (x2=36.4, p<0.0001). We conclude that a large proportion of IT
neurons exhibit a remarkable selectivity for small differences in 3D structure.
The coding of disparity-defined 3D shapes may, however, be localized in
specific subdivisions of IT. (Supported by the FWO Vlaanderen, GOA 9599/06 and Geneeskundige Stichting Koningin Elizabeth.)
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EXPERTISE FOR CARS AND BIRDS RECRUITS MIDDLE FUSIFORM FACESELECTIVE AREAS. I. Gauthier1,2*, N, Kanwisher’■ A. W, Anderson2, P.
Skudlarski,2 and J.C. Gore2, ‘Dept. of Brain and Cognitive Sciences, MIT; 2Dept. of
Diagnostic Radiology, Yale School of Medicine, New Haven, CT 6520.
The fusiform ‘face area’ (FFA) is defined as a region of the temporal lobe which
responds more to faces than objects. Prior findings suggest that this specialization
may arise in part because faces are processed at a more subordinate -or specificlevel than other objects and because of our remarkable face recognition expertise.
Whether expertise for any object category (e.g., birds and cars) can recruit the FFA
is unknown. Two groups of male experts (seven bird experts and 9 car experts) with
comparable experience (mean = 19 years) were first tested behaviorally to measure
expertise in subordinate matching judgments at the model or species level (with
upright and inverted cars and birds). Second, using fMRI, face-selective areas were
localized during passive viewing runs of faces and objects. Finally, in experimental
runs experts performed 1-back judgments on the identity or the location of faces,
objects, cars and birds. We found a categorization-level effect as novices showed
more activation in the FFA bilaterally for birds and cars compared to familiar
objects. In addition, the right FFA showed a significant effect of expertise, as
subjects showed more activation in this area for the object category for which they
were experts. Both of these effects were found regardless of whether subjects
attended to location or identity. However, during location judgments only,
behavioral expertise showed a strong correlation within each expert group with the
% signal change for birds vs cars in the right FFA. The results confirm a role for
categorization level bilaterally in the FFA while expertise seems to contribute only
to the specialization of the right FFA. Moreover, the results suggest that expertise
with any object category may be mediated by a common neural substrate in the
middle fusiform gyrus.
(Supported by NIND, NSERC and NIH)

EXTRASTRIATE ACTIVITY DURING READING IS CATEGORYSPECIFIC

L.L-Ch&o* and A. Martin

Laboratory of Brain and Cognition, NIMH, Bethesda, MD 20892
Last year we reported category-related activity in the posterior temporal lobe
associated with viewing and naming pictures of objects from different semantic
categories such as animals and tools (Soc. Neurosci. Abst. 24:594.6, 1999).
Here, we examine whether these activations reflect processes associated with the
perception and identification of pictures or more abstract semantic processes.
Functional MRI images were collected using gradient echo echoplanar imaging
(TR = 3 sec; TE = 40 msec; FOV = 20 cm; 18, 5-mm coronal slices) while
subjects (N=8) read the written names of, and named pictures of, animals and
tools. To ensure that subjects read the words, each block was preceded by a
general question about the objects. Subjects responded with button presses. Data
were analyzed with multiple regression to identify regions that responded
differently to each object category.
Reading and answering questions about animals activated the lateral aspect of
the fusiform gyrus, bilaterally, and the left superior temporal sulcus. In contrast,
reading and answering questions about tools activated the medial aspect of the
fusiform gyrus, bilaterally, and the left middle temporal gyrus. A direct
comparison of the activations associated with reading and naming revealed
common regions of category-related activity. Specifically, reading the names of
animals and naming pictures of animals activated a common set of voxels in the
right lateral fusiform region (p < 0.05), whereas reading the names of tools and
naming pictures of tools activated a common set of voxels in the right medial
fusiform region (p < 0.05), possibly reflecting stored information about categoryrelated differences in object form. In addition, reading and naming tools activated
the same voxels in the left middle temporal gyrus (p < 0.0001), possibly
reflecting stored information about object use-associated motion. Taken together,
these data suggest a single, object-attribute based semantic system for objects and
words.
Supported by NIMH-IRP

212.11

212.12

SINGLE-UNIT STUDY IN PRIMATE TEMPORAL CORTEX DURING PAIRASSOCIATION TASK: COMPARISON BETWEEN AREA TE AND AREA 36.
Y^Naya1, NL Yoshida2. T. Ihara3. Y. Sakurai1’4* and Y. Miyashita1’2’3. ’Lab. of
Cognitive Neuroscience, Nat’l Inst. Physiol. Sci., Okazaki; 2Mind Articulation
Project, ICORP, JST, Yushima; 3Dept. of Physiology, Sch. of Medicine, Univ. of
Tokyo, Hongo; 4Dept. of Behavioral and Brain Sciences, Primate Res. Inst., Kyoto
Univ., Inuyama JAPAN;
Recent ablation studies have shown that within the medial temporal lobe, it is the
perirhinal cortex (PRh) which is critical for stimulus-stimulus association memory.
PRh, more specifically area 36 (A36) in PRh, receives projections from area TE
which is the final processing stage of visual object perception. In order to compare
visual memory representation between TE and A36, we recorded the neuronal
responses from both areas in two monkeys performing the pair-association (PA) task.
In the PA task, one of 24 pictures (12 pairs of paired associates) was presented as the
cue stimulus, and after a delay period, the animals chose the paired associate of that
picture. First, a correlation coefficient was calculated for each picture-selective
neuron between the cue response to a picture and the cue response to the paired
associate of that picture. This coefficient, Pair-Coding Index (PCI), evaluates the
degree of linkage between paired associates on neuronal representation. The mean
PCI value was significantly positive in both areas, furthermore that in A36 (0.32;
n=48) was significantly greater than that in TE (0.14; n=95). Second, a correlation
coefficient was calculated between the cue response to a picture and the delay
response to the paired associate of that picture. This coefficient, Pair-Recall Index
(PRI), evaluates the neuronal correlates of memory retrieval. The mean PRI value
was significantly positive in both areas, furthermore that in A36 (0.33; n=48) was
significantly greater than that in TE (0.19; n=95). These results confirmed our
previous findings1 and furthermore, revealed functional dissociation between these
two areas. Supported by a Grant-in-Aid (07102006 and 09780744) from the
Japanese Ministry of Education, Science and Culture.
1. Y. Naya, K. Sakai & Y. Miyashita (1996) PNAS 93: 2664-2669

A TRIPLE-INJECTION STUDY OF THE PATHWAY FROM AREA TE TO AREA
36 IN THE TEMPORAL LOBE OF MACAQUE MONKEY M. Yoehida.1* Y.
Nava.2 A. Ito.2 S. Shibata.1 Y. Miyashita1*3. 1Mind Articulation Project, ICORP,
Japan Science and Technology Corporation, Yushima, Tbkyo 113-0034, Japan;
’’Laboratory of Cognitive Neuroscience, National Institute for Physiological Sciences,
Okazaki 444-8585, Japan; 3Dept of Physiology, The Univ. of Tbkyo School of
Medicine, Hongo, Tbkyo 113-0033, Japan.
In order to investigate the organization of the pathway from area TE to area 36 in
the temporal lobe of the Macaque monkey, three kinds of retrograde tracers were
tojected into three different locations in area 36 and the distribution of the labeled
cells in area TE was examined. The retrograde tracers, fast blue (3%, 150-180 nl),
diamidino yellow (2%, 280-450 nl) and cholera toxin B subunit (10%, 100 nl) were
injected along the anteroposterior axis in area 36. Each injection site was separated
by 2-3 mm so that the site of tracer-uptake did not overlap. Injections were made
through a glass micropipette containing a tungsten electrode. By recording the
extracellular neuronal activity, the location of the injection core could be restricted
within the gray matter. , The distribution of the labeled cells was reconstructed into
a two-dimensional unfolded map. The labeled cells for each tracer were distributed
in 2-3 dusters in area TE, regardless of the location of the injection site. The
locations of the dusters were compared between different tracers and we
found "duster triplet’ structures, each of which was composed of the partially
overlapping dusters for three different tracers. These results suggest that neurons
in area TE project divergently to area 36 along the anteroposterior axis. They also
imply that inputs from subdivisions of area TE converge onto area 36. Both the
divergent and convergent nature of the pathway may determina the response
characteristics of the neurons in area 36. Supported by Grant-in-Aid for Specially
Promoted Research (07102006) from the Japanese Ministry of Education, Science
and Culture.

212.13

212.14

ACTIVITY OF TEMPORAL CORTICAL NEURONS DURING VISUAL EXPLORATION IN THE MONKEY. D. L. Sheinberg* and N. K, Logothetis. Max Planck Institute for Biological Cybernetics, Spemannstrasse 38, Tubingen, Germany, 72076.
In the real world, it is necessary to locate and identify objects of interest in their
natural setting. The ease with which the primate visual system handles this problem
indicates that it is specifically tuned to deal with such complexity. To better understand
how the brain solves this problem, we trained rhesus monkeys to look for and identify various natural objects that are randomly embedded in real world scenes. Behavioral performance was monitored by carefully recording eye position and by requiring
differential responses to the learned objects. The monkeys easily mastered this task,
quickly generalizing from the task of recognizing isolated objects to the task of finding
any of these objects placed within the scenes.
Physiological recordings using both single and multiple electrodes were carried out
in the visual areas of the temporal lobe, including both the lower bank of the superior
temporal sulcus and the inferior temporal gyrus. We found a significant number of
neurons whose spontaneous firing rate was almost zero, but whose activity bursted
around the time that particular objects were found. This burst was often stimulus
selective, sometimes to the point of predicting with high probability not only that a
target was located, but also which target was located. Interestingly, optimal alignment
of these bursts could not be achieved by triggering burst onset by either the saccade
that brought the eye onto the target or by the manual lever response, indicating that
they are neither strictly sensory nor strictly motor related. Instead, we suggest that
as a group these neurons can effectively signal the presence of known objects in the
environment, and that this signal can in turn be used to guide subsequent behavior
In this way, these visual areas may provide a critical bridge connecting perception to
action.

AREA V4 IS FUNCTIONALLY HOMOLOGOUS IN HUMANS AND MACAQUES
J. A, Mazer*, R. E. Shoup and J. L. Gallant, Dept. of Psychology, U.C. Berkeley,
Berkeley, CA 94720-1650
Lesion and single neuron electrophysiological studies in macaques suggest extrastriate cortical area V4 is involved in both high-level form vision and visual attention. In
order to examine V4 function in humans we have tested visual processing in a human
subject, AR, with unilateral V4 damage. AR exhibits hemiachromotopsia associated
with an ischaemic event leading to damage of the putative human V4.
We have tested AR’s performance on a battery of psychophysical tasks comparing form and attentional processing in the lesioned and non-lesioned hemifields. We
used a staircase procedure to measure discrimination thresholds independently in the
two hemifields. Our results indicate that AR has normal luminance, contrast and orientation thresholds throughout the visual field, consistent with intact early-vision (VI
and V2). On tasks involving high-level form processing, specifically discrimination
of curvature, Glass patterns and non-Cartesian patterns, AR shows substantial deficits
restricted to the damaged hemifield.
We have also examined AR’s performance on a visual attention task previously
reported to require normal V4 function in macaques (Schiller and Lee, 1991). Using
circular arrays of identical stimuli we measured detection thresholds when one stimulus in the array was either perceptually more- or less-salient. Salience was varied
by changing either luminance, spatial frequency or size. The lesion does not affect
thresholds for more-salient stimuli in either hemifield, but thresholds for less-salient
stimuli are higher in the lesioned field. This is consistent with an attentional deficit in
the affected hemisphere.
These results suggest that human and macaque area V4 are functionally homologous. Furthermore, they demonstrate that area V4 is crucial for both high-level form
vision and visual attentional in humans.
Supported by the Whitehall Foundation and NIMH.

Supported by the Max Planck Society.
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The N-terminal and C-terminal Domain of Voltage Dependent Potassium
Channels Are Processed and May Act as Signaling Molecules, Y, Qian*, D.
DeRubies and P. J. Pfaffinqer. Division of Neuroscience, Baylor College of
Medicine, One Baylor Plaza, Houston, TX 77030

Functional Properties of the Voltage-Gated Potassium Channel Tl Domain
Isolated from the Transmembrane Domains. P.J. Pfaffinger*, D.DeRubeis, and
¥. Qian. Div. of Neuroscience, BCM, One Baylor Plaza, Houston, TX 77030
Western blot experiments in cells expressing Kv channels indicate that the cytoplasmic domains can be proteolytically released intact from the remainder of the
channel. We therefore examined the biochemical and cell biological properties of
the cytoplasmic Tl domain isolated from the remainder of the channel. Both Shaker
(AKvl.l) and Shaw (AKv3.1) type Tl domain proteins were found to exist in a
monomer-tetramer equilibrium. The off rate of Shaker subunits from the tetramer
was found to be >20 hrs at 4 C, and not sensitive to reducing agents. However, the
fraction of Shaker Tl domain protein in the tetrameric form, but not Shaw, was
greatly enhanced by treatment of lysates with NEM. This effect persisted even for
constructs lacking Cys residues, indicating the possible involvement of an NEM
activatable factor in Shaker Tl tetramerization. The fraction of tetrameric Shaw Tl
domain, but not Shaker, was found to be extremely sensitive to the Zn2+ levels. The
Shaw Tl domain was almost completely tetrameric in the presence of 100 (iM Zn2+,
and almost completely monomeric in 100 pM phenanthroline, a Zn2+ chelator. A
Zn2+ site has been identified in the Shaw Tl domain at the assembly interface.
Mutagenesis of this site disrupts Shaw Tl tetramerization and Zn2+ dependence.
Possible cellular roles for the Tl domain were examined by expression of a GFPAKvl.l Tl domain fusion (GFP-1T1) in CHO cells, and by yeast 2-hybrid analysis.
The GFP-1T1 domain was localized in the cytoplasm in a non-uniform manner.
The pattern was suggestive of an interaction between the Tl domain and the
cytoskeleton. Yeast 2 hybrid identifies a large number of potential interacting
proteins including several transcription factors. Thestructural identification of the
Tl domain as a member of the BTB/POZ domain family, and its potential
interaction with cytoskeletal elements and transcription factors indicates a larger
potential role for this domain following proteolytic release from the channel. This
work is supported by NINDS and the AHA .

213.3

213.4

AFFECT OF T1 DOMAIN MUTATIONS ON K CHANNEL GATING AND T1 DOMAIN

DIFFERENT KV SUBFAMILIES UNDERLIE DISTINCT TYPES OF VOLTAGEGATED POTASSIUM CURRENTS IN MAMMALIAN NEURONS. S.A, Malin and
J.M. Nerbonne*. Dept. of Molecular Biology and Pharmacology, Washington
University; St. Louis, MO 63110.
Most mammalian neurons express multiple types of voltage-gated K+ currents with
distinct time- and voltage-dependent properties and fiinctional roles. Recently, we
have initiated experiments aimed at defining the molecular correlates of the
electrophysiologically and functionally distinct voltage-gated K+ currents in superior
cervical ganglion (SCG) neurons. The goal of the experiments described here was to
test the specific hypothesis that members of the Kv4 subfamily of voltage-gated K+
channel a-subunits underlie the rapidly activating and inactivating K+ current, IA. A
mutant Kv4.2 a-subunit (Kv4.2W362F) that functions as a dominant negative was
introduced into isolated SCG neurons with the Biolostics Gene Gun, and the functional
consequences of expression of Kv4.2W362F were determined. Cells were cotransfected with cDNA encoding green fluorescent protein (GFP) and identified prior
to electrophysiological recording. Analysis of the decay phases of the currents
evoked during 6s depolarizing voltage steps in 17 of 25 GFP-expressing SCG cells
revealed the presence of two inactivating currents with mean ± SD decay time
constants (tjecay) of 187 ± 97ms and 2.9 ± 1.8s and a steady-state non-inactivating
current component. The properties of these currents are similar to those of IA(fast), IK
and Iss described previously by others in these (SCG) and other mammalian neurons.
In 6 of 25 cells, an additional current component, IA(S|0W)> with a mean ± SD xdccay of
461 ± 124ms was also detected. Similar analysis of outward K+ currents in SCG
neurons expressing Kv4.2W362F revealed that IA(fast) was undetectable in 15 of 21 of
these cells; in the remaining 6 (of 21) cells, IA(fast) density was significantly reduced.
The densities of IK, Iss and, when present, IA(Si0W)> were unaffected by Kv4.2W362F
expression. The simplest interpretation of these results is that Kv4 a-subunits
contribute only to IA(fast), demonstrating that the molecular correlates of IA(fast) and
IA(siow) (fls well as IK and Iss) are distinct.
NIH NS30676

Voltage gated potassium channels (Kv channels) are complex muitisubunit proteins with
large cytoplasmic N- and C- termini. We have been examining the proteolytic processing
of Kv subunit proteins expressed in heterologous cells. The Aplysia Kv1.1 Shaker type
channel was expressed in CHO cells with a C-terminal GFP tag. By fluorescence, the
protein is found on both intracellular and extracellular membranes, with an average cellular
current of several nA. Western blotting with either a T1 domain antibody, or anti-GFP,
reveals several bands. Whereas the largest band is reactive to both antibodies, smaller
bands are only reactive to one or the other antibody. In addition, the T1 domain antibody
recognizes a specific band of around 20 Kd, the expected size for the intact T1 domain.
We next examined rat Kv4.2 with an N-terminal GFP tag transfected into COS7 cells. The
cells were examined by western blot with antibodies to GFP, and 4.2 C-terminus. Similar
to the results obtained above, the rKv4.2 protein was found to be extensively proteolytically
processed. Again, antibody reactivity indicates the proteolytic release of intact cytoplasmic
fragments of the channel. To determine the potential importance of such proteolytic
processing in native cells, we performed western blotting of rat brain proteins with our anti4.2Cterm antibody. In addition to identifying the full length Kv4.2 protein, the antibody
specifically recognizes a 28 Kd fragment that is identical in size to a C-terminal fragment
produced in transiently transfected COS7 cells. In order to determine a potential functional
role for this fragment, the C-terminus of Kv4.2 was fused to GFP and expressed in cells.
By green fluorescence the C-terminus was found to be specifically targeted to the nucleus
in ail cells tested, including COS7, CHO, HEK293, primary neurons, and glia. These
results indicate that cytoplasmic domains may have additional functional activities following
proteolytic release from the Kv channel. This work is supported by NINDS and AHA grants.

STRUCTURE. S. J. Cushman1*, M. H. Nanao2, A, Jahnq2, S, Choe2 and P.J. Pfaffinqer1.

’Baylor College of Medicine Houston, TX, 77030 and The Salk Institute, La Jolla, CA, 92037

The assembly of functional voltage-gated K channels (Kv) is primarily governed by the
association of highly conserved N-terminal cytoplasmic tetramerization domains
(T1 domain), the crystal structure of the Aplysia Shaker T1 domain reveals a rotationally

symmetric tetrameric structure. A water-filled cavity down the center of the tetramer likely lies
coaxially with the transmembrane pore of the channel. Based on this structural analysis, we
have utilized a mutational approach to test whether the T1 domain is an important
determinant of channel function. Here we report the identification of a set of mutations in the
T1 domain that alter the gating properties of Kv channels by shifting the activation curve and
changing the rate of channel closing. We have focused our analysis on three mutations that
have the most dramatic effects on gating. Mutating residue V135 to R results in a rightward
shift of the activation curve and an increased rate of channel closing compared to controls.
Conversely, mutating the neighboring residue, N136, to either A or D results in a leftward
shift of the activation curve and a slowing in the rate of channel closing. We have
determined the crystal structures of T1 domains containing either the N136D or N136A
mutation. Both mutations show a consistent structural change that likely underlies their
effects on gating. For both mutations, the peptide backbone in the region of residue N136
has retracted away from the central axis resulting in a widening of the aqueous channel at
the level of the mutation, and a change in the configuration of the upper surface of the T1
domain. This upper surface is proposed to be the putative membrane-facing side of the T1
tetramer and lie adjacent to the transmembrane domains of the channel. Currently, we are
undertaking a structural analysis of the V135R mutant T1 domain to understand how this
mutation produces opposite changes in gating. This work was supported by NINDS grant
NS31583

213.5

213.6

XENOPUS SPINAL NEURONS EXPRESS FUNCTIONAL Kv2 CHANNELS.
J.T. Blaine* and A.B, Ribera. Department of Physiology & Biophysics, UCHSC;
Denver, CO 80262.
Electrical excitability has been extensively studied in Xenopus spinal neurons, a
mixed population of sensory, motor and interneurons. Despite their heterogeneity,
spinal neurons undergo a synchronized developmental regulation of excitability which
is principally due to maturation of delayed-rectifier potassium current (iKv). Initially
iKv is small in all spinal neurons. Subsequently, it is synchronously modified in
spinal neurons and acquires large amplitude and rapid activation. Previous work has
shown that members of the Kvl subfamily contribute to the functional endogenous
channel population in only a subset of developing spinal neurons (Ribera, 1996).
The molecular identity of other potassium channel species contributing to the
endogenous IKv is not yet known, but Kv2.2 transcripts have been detected in
developing spinal neurons (Burger and Ribera, 1996; Gurantz et al., 1996). In order
to determine whether members of the Kv2 subfamily contribute to functional
endogenous potassium channels, we created a dominant-negative Kv2.2 subunit to act
as a molecular poison of native Kv2-containing channels. Overexpression of the
dominant-negative Kv2.2 subunit reduces the average IKv of mature spinal neurons by
25% (p=0.0002; +60 mV) suggesting that Kv2 channels contribute to the functional
endogenous potassium channel population. The dominant-negative subunit's actions
are specific to IKv since cell size and calcium current are unaffected. Action potentials
recorded from neurons containing exogenous mutant Kv2.2 subunits are on average
four-fold longer in duration than controls (3.9 ± 1.2 msec vs. 1.0 ± 0.1 msec,
p=0.0011) indicating that Kv2 channels participate in shaping the impulse waveform.
Further, 30% of neurons containing the mutant Kv2.2 subunit have durations that
exceed the control range, suggesting a high level of Kv2 channel expression in this
neuronal subpopulation. Cell-specific patterns of potassium channel gene expression
may provide molecular substrates for fine-tuning neuronal function and differentiation.
Supported by NIH 5T32NSO7O83 and'NRSA F30 MH11349 grants to J.T.B. and
NIH grant R01-NS25217 to A.B.R.

DOMINANT-NEGATIVE GIRK2 MUTANTS IDENTIFY A ROLE FOR GIRK
CHANNELS IN MODULATING SECRETORY ACTIVITY. E.V, Kuzhikandathil*,
R. Khan and G.S. Oxford. Dept. of Cell & Molecular Physiology. Univ. of North
Carolina, Chapel Hill, NC 27599.
The absence of selective blockers for G-protein coupled inward rectifier potassium
channels (GIRK) has precluded a direct test of the hypothesis that GIRKs play an
important role in inhibiting secretory activity. The tetrameric structure of these
channels provides a means of disrupting endogenous GIRK function using the
dominant negative approach. To develop a dominant negative mutant, the K+
selectivity amino acid sequence -GYG- in the putative pore domain of the human
GIRK2 channel was mutated to -AAA-, -GLG- or -GFG- using site-directed
mutagenesis. Electrophysiological characterization of CHO-K1 cells transfected with
the GIRK2 mutants showed that mutation of -GYG- to -GFG- did not affect channel
function, whereas both -AAA- and -GLG- mutants were non-functional. To evaluate
the dominant negative property of these mutants we used AtT-20 mouse pituitary cells
which express endogenous GIRK channels, including GIRK2, as well as somatostatin
receptors. In our particular AtT-20 clonal line we have also stably expressed the
human D3 dopamine receptor. Both of these receptors activate GIRK channels and
inhibit voltage-dependent calcium channels present in AtT-20 cells. Transfection of
GIRK2-AAA and GIRK2-GLG into AtT-20 cells significantly decreased endogenous
GIRK currents. We have previously shown that the secretory activity of AtT-20 cells
(FM1-43 fluorescence assay) can be inhibited by activating either somatostatin or D3
receptors. To evaluate the role of GIRK channels in inhibiting secretion in these cells,
we transfected the non-functional GIRK2-AAA mutant and compared secretory
activity to that in cells transfected with the functional GIRK2-GFG mutant. Our
results indicate that GIRK2 channels play an important role in modulating basal
secretory activity in AtT-20 cells and suggest that dominant-negative GIRK mutants
can be used to study the role of GIRK channels in modulating secretory activity in
vivo. [Supported by an HHMI Pilot Studies grant and by NIH grant NS 18788.]
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ROLE OF MIRP1 SUBUNITS IN IKr POTASSIUM CHANNELS AND
CARDIAC ARRHYTHMIA
Geoffrey W. Abbott?* Federico Sesti? Igor Splawski? Marianne E.
Buck,1 Michael H. Lehmann? Katherine W. Timothy,2 Mark T,
Keating2 and Steve A. N. Goldstein1. 'Departments of Pediatrics and
Cellular and Molecular Physiology, Boyer Center for Molecular
Medicine, Yale University School of Medicine, New Haven, Connecticut
06536; 2Department of Human Genetics, Howard Hughes Medical
Institute, University of Utah, Salt Lake City, Utah 84112; ^Department of
Internal Medicine and VA Medical Center, Ann Arbor, Michigan 48109.
The cloning and characterization of the gene encoding MiRPl (MinKRelated Peptide 1), the second member of the KCNE superfamily, has
revealed its role in cardiac physiology and pathophysiology. The singletransmembrane domain subunit co-assembles with HERG to form
heteromeric channel complexes which function like cardiac IKr channels
in their gating kinetics, single-channel conductance, regulation by
external potassium and distinctive biphasic inhibition by the class III
antiarrhythmic E-4031. Missense mutations in MiRPl associated with
inherited and acquired long QT syndrome and ventricular fibrillation are
identified and their function characterized. Mutant subunits reduce
potassium currents through IK, channels. One mutation, associated with
clarithromycin-induced arrhythmia, increases sensitivity of IKr channels
to blockade by macrolide antibiotics. Genes for MiRP2 and MiRP3 have
also been cloned and are under study. Emergence of the KCNE
superfamily suggests a broad role for incorporation of these small ion
channel subunits in native ion channel complexes.

This work was funded by a N.I.H. grant to S.A.N.G.; G.W .A. was
supported by a Wellcome Trust Prize Travelling Fellowship.

EFFECTS OF TWO NOVEL KCNA1 MUTATIONS IN FAMILIES WITH
EPISODIC ATAXIA TYPE 1. A. Spauschus*, L. Eunson, R.Rea, M.G. Hanna.
N.W. Wood and D.M. Kullmann. University Dept. of Clinical Neurology, Institute of
Neuroiogy/UCL, Queen Square, London WClN 3BG, UK.
Episodic ataxia type 1 (EA1) is a rare autosomal dominant disorder caused by
mutations in KCNA1, the gene encoding human Kvl .1. We have recently reported an
EA1 kindred with a high prevalence of epilepsy, associated with T226R in the S2
domain (Zuberi et al., 1999, Brain in press). In two unrelated families with EA1 we
found novel point mutations (A242P and P244H) that should disrupt secondary
structure within the intracellular S2-S3 loop. In A242P complex partial seizures
occurred in some ofthe affected EA1 members. In each family, all cases were
heterozygous for the mutation, which was not found in any of the unaffected family
members nor in 100 control individuals.
We injected Xenopus oocytes with cRNA encoding mutant only, or with equal
amounts of mutant and wild type (wt) cRNA. We assessed whole cell currents with
two-electrode voltage clamp. We further investigated the interaction of mutant and wt
subunits by linking them with ten glutamine residues. Both mutants resulted in a
reduction in current amplitude, as compared to wt. Activation and deactivation rates
were reduced, and these changes persisted in co-expression studies, as well as in the
concatamer experiments. We are currently studying the unitary properties of channels
consisting of mutant-wt concatamers.
Based on our analysis of these and three other EA1 mutants, the results fell into
two groups: in the first, there was a major current reduction and an increase in
characteristic time constants together with a shift ofthe activation threshold towards
more positive potentials. In the second group some of the investigated parameters
were unaffected, or affected to a lesser degree. We speculate that the physiological
changes on a molecular level might correspond to the severity of the clinical
phenotype and, in particular, the occurrence of seizures in addition to episodic ataxia
and myokymia. Supported by the Wellcome Trust, the Brain Research Trust and the MRC.

213.9

213.10

CHARGED AMINO ACIDS IN THE EXTRACELLULAR LINKERS
CONTRIBUTE TO VOLTAGE-SENSING OF POTASSIUM CHANNELS

M. Madeja*. Institute for Physiology, Robert-Koch-Str. 27a, D-48149 Munster,
Germany
A large number of charged amino acids is located in the extracellular linkers
connecting the transmembraneous segments of the potassium channel subunit. It is
unclear if these charges have a physiological role for the function of the channel.
Wildtype and mutant voltage-operated potassium channels were expressed in
oocytes of Xenopus laevis. Potassium currents were studied with the two-electrode
voltage-clamp technique.
(i) Open probability curves of 11 wildtype potassium channels were measured.
The net charge of the extracellular linkers of the subunits was estimated by summing the positively (R, K, H) and negatively charged (E, D) amino acids. The potentials of the half-maximal open probabilities (VI/2max) were correlated with the
total net charge of the linkers (correlation coefficient (R) = 0.83, p = 0.002). Assuming a different contribution of the linkers, the correlation was further improved
(R = 0.87, p < 0.001; contribution of linker S3-S4 > S5-S6 > S1-S2) (ii) Chimeras
of the Kvl.2 channel (net charge -8, V]/2max -13 mV) and the Kv2.1 channel (net
charge -1, V]/2max +4 mV) were tested. The strongest effect with a shift of the
Vi/2max value of -11 mV was found after transferring the linker S3-S4 from the
Kvl.2 into the Kv2.1 channel (additional net charge -5). (iii) The extracellular pH
was changed to alter the charge of the linkers by protonation of the histidine residues in 8 potassium channels. Changes of the pH from 8.0 to 6.0 shifted Vi/2max into
positive direction. The smallest shift with 3 mV was found for the Kv2.1 channel
(no histidine in the extracellular linkers). The pH-induced shifts of V1/2max were
correlated with the number of histidine residues (R = 0.91, p = 0.002; contribution
of linker S3-S4 > S5-S6 > S1-S2).
The results suggest that the extracellularly located charged amino acids
(especially in the linker S3-S4) play a significant role in voltage-sensing and in
determining the operating range of the potassium channels. (Supported by DFG)

EXP-2 IS A K+ CHANNEL INVOLVED IN REPOLARIZATION OF
PHARYNGEAL MUSCLE IN C. ELEGANS. M’W. Davis1, fr. Fleischhauer2.
J. Dent1. R.H. Joho2 and L. Averv1*. ’Department of Molecular Biology and
Oncology, and 2The Center for Basic Neuroscience, The University of Texas
Southwestern Medical Center, Dallas, TX 75235.
The exp-2 gene of C. elegans encodes a protein involved in action-potential
(AP) repolarization of pharyngeal muscle. The EXP-2 protein shows obvious
sequence similarity to the Kv family of voltage-gated K+ channels. An exp-2 gainof-function mutation leads to short APs in heterozygous pharyngeal muscle; in
contrast, a homozygous loss-of-function mutation results in long APs with very
slow repolarization. We expected that exp-2 might encode a subunit of the C.
elegans negative spike channel (NSC), a K+ channel in Ascaris pharyngeal muscle
involved in fast repolarization at the end of the AP (Byerly & Masuda, 1979, J.
Physiol. 288, 263). Indeed, the EXP-2 channel expressed in Xenopus oocytes
closely resembles the NSC. Upon depolarization, EXP-2 channels activate slowly
and inactivate very rapidly. Both, inactivation and recovery from inactivation are
strongly voltage dependent. During the muscle AP, EXP-2 channels sustain K+
currents only when the voltage approaches a “threshold” after the ~150 ms plateau
phase. Then, EXP-2 channels begin to recover from inactivation and accelerate
repolarization by increasing K+ currents. Hence, EXP-2 is well suited to repolarize
the muscle quickly at the end of the AP. The exp-2 gain-of-function mutation is
a cys-to-tyr mutation (C479Y) in the sixth transmembrane segment of the K+
channel protein. Homomeric C479Y channels are open even at -160 mV,
explaining the lethality of the homozygous mutant. Heteromeric EXP-2 channels,
consisting of wild type and mutant subunits, activate at ~ -70 mV (~ 30 mV more
negative than wild type), explaining the narrow AP of the heterozygous gain-offunction mutant (supported by NS28407 [RHJ] and HL46154 [LA]).

213.11

213.12

MODULATION OF hERGl K+ CHANNELS BY NITRIC OXIDE. M. Taglialatela*,
Anna Pannaccione, Silvana Iossa, Pasqualina Castaldo, and Lucio Annunziato. Sect, of
Pharmacology, Dept of Neurosciences, University of Naples Federico II, Naples, Italy.
In the present study, the possible modulation exerted by constitutive or
exogenous nitric oxide (NO) on cloned voltage-gated K+ channels expressed in
Xenopus oocytes has been investigated. Inhibition of NOS by L-NAME (0.03-3 mM)
dose dependently reduced NO levels and suppressed the outward currents carried by
hERGl K+ channels, whereas the increase in NO levels achieved by Xenopus oocytes
exposure to L-arginine (0.03-10 mM) inhibited these currents. Furthermore, four NOdonors belonging to different chemical classes, such as Sodium Nitroprussiate (SNP)
(1-1000 pM), 3-Morpholino-sydnonimine (SIN-1) (100-1000 pM), DETA NONOate
(NOC-18) (1-300 pM), and S-Nitroso N-acetylpenicillamine (SNAP) (1-300 pM),
dose-dependently inhibited hERGl outward K+ currents. By contrast, NOC-18
(0.3mM) failed to affect rNGK2, rDRKl, bEAG, rERG2, and rERG3 K+ channels.
Furthermore, ImM 8-Br-cGMP, a membrane permeable analogue of cGMP, failed to
reproduce the inhibitory action of NO-donors on hERGl outward currents, and \H[l,2,4]oxadiazolo[4,3-a]quinoxalin-l-one (ODQ) (50 pM), a specific inhibitor ofthe
NO-dependent guanylyl cyclase, failed to affect resting outward hERGl K+ currents
and did not prevent their inhibition by 0.3 mM NOC-18. On the other hand, both Larginine and NOC-18 (0.3 mM) counteracted the stimulatory effect on hERGl outward
currents induced by incubation with the radical oxygen species (ROS)-generating
system FeSO4 (25 pM)/ascorbic acid (50 pM) (Fe/Asc). Finally, L-arginine (10 mM)
and NOC 18 (0.3 mM) inhibited both basal and Fe/Asc (0.1 mM/0.2 mM)-stimulated
malondialdehyde levels, an index of lipid peroxidation in Xenopus oocytes. These
results suggest that NO, both endogenously produced or pharmacologically delivered,
may exert an inhibitory effect on hERGl outward K+ currents via an interaction with
ROS species generated in either resting conditions or triggered by Fe/Asc.

NEW CHANNEL BLOCKER BHA 0388 BLOCKS DELAYED RECTIFIER, BUT NOT
A-TYPE POTASSIUM CURRENT IN CENTRAL NEURONS. KrishtaL O1*. Kirichok..
Yu1. TsintsadzeT1.. Lozovaya. N1.. Loset W2 and ArodtsD2 ’Bogomoletz Inst, of
PhysiologyRiev,Ukraine.2Boehringer Ingelheim Pharma AG.
The de novo synthesized substance (R,S)-(3,4-Dihydro-6,7 -dimethoxyisoquinoline2-yl)-2-cyclohexcyl-N-(3,3’diphenylpropyl)-acetamide methanesulfonate (BHA 0388), which
demonstrates neuroprotective properties in animal models, was examined for its action on K
currents in acutely isolated rat CAI and CA3 hippocampal neurons using patchclamp/concentration damp techniques and also field potentials measurements in the
hippocampal slices. Delayed rectifier K4 current (Idr ) was strongly inhibited by externally
applied BIIA 0388, while the transient A-current (Ia ) remained virtually unaffected. Block of
Idr by the pre-applied BHA 0388 was revealed as a decay of the current, which was much
more rapid than the rate of inactivation indicating direct interaction of the drug with the open
state of the channel. Using concentration clamp we produced a rapid application of the
substance on top of the depolarising pulse. These experiments revealed much slower kinetics
of Idr inhibition. It can be suggested that the interaction of BHA 0388 with the Idr channels
occur in two stages: slow penetration of the substance into the membrane is followed by a
subsequent rapid voltag&^ependent binding to the open channel. The dose-response
relationship for the blocking action of BHA 0388 revealed the IC50 value of300 nM for the
peak Idr , whereas IC50 value for the Idr measured in 210 ms is 120 nM. The blocking action
of this substance on IA is at least 200 times less potent; in the concentration of 40 pM IA was
inhibited for 47%. These data allow to conclude that BHA 0388 is an effective and selective
blocker of the delayed rectifier K+ channels in hippocampal neurons. Leaving IA unaffected,
this substance does not increase the duration of the field action potential in the hippocampal
slices. The Idr channels comprise the main pathway for the loss of intracellular potassium by
the depolarised neurons undo* spreading depression. The selective obstruction ofthis pathway
may well account for the neuroprotective action of BHA 0388. The work was partially
supported by HHMI grant 75195-548001.

(Supported by the CNR, Target Project on Biotechnology)
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214.1

214.2

REVERSAL OF OBESITY IN LEPTIN-RESISTANT MICE BY FETAL
GRAFTS OF THE MEDIOBASAL HYPOTHALAMUS. M.N. Lehman1'2. M. D.
Wortman1. J.L, Nelms'. S, Woods1,3 and R, J, Seeley*1,3. 'Neuroscience Program,
2Dept. Cell Biol., Neurobiol. & Anat., and 3Dept. Psychiatry, Univ. Cincinnati Coll.
Med., Cincinnati, OH 45267.
There is intense interest in understanding the neural control of body weight, and
specifically in determining neural targets and pathways by which leptin and other
peripheral signals act to regulate food intake and energy homeostasis. We have
developed a new transplant model to investigate leptin signaling pathways using
genetically obese db/db mice as hosts and wild type C57BL6 mice as donors.
Homozygous db/db mice express a truncated leptin receptor (LR) that is incapable cf
normal signaling; they are therefore leptin-resistant and grossly obese. In our pilot
work, adult male db/db mice received whole tissue grafts of either medial basal
hypothalamus (MBH; n=9) or frontal cortex (CTX; n=9) derived from wild type
fetuses (El7) and implanted into the third ventricle. Body weight was recorded daily
and animals were perfused 10 weeks following grafting. Alternate brain sections were
immunostained for either a-MSH or NPY, neuropeptides implicated as mediators cf
leptin action. MBH grafted mice showed a significant reduction in mean body weight
(g) at 10 weeks (34.2 ± 1.4 vs. 30.2 ±2.1, pre vs. post, p<.05) whereas the body
weight of CTX grafted animals did not change (35.2 ± 1.0 vs. 35.5 ± 1.9, pre vs.
post). Histological assessment revealed healthy, viable grafts in both groups cf
recipients. Each type of graft contained neuropeptide cells with morphological
features characteristic of the donor region: MBH grafts had clusters of a-MSH and
NPY cells, whereas CTX grafts had scattered NPY cells but no a-MSH cells or
fibers. Since the MBH contains a high density of LR, the results suggest that
receptors expressed by MBH grafts are able to respond to circulating host leptin and
restore normal energy balance. The inability of CTX grafts to reverse obesity in
db/db mice may reflect either the relative lower abundance of LR in this brain region
and/or the absence of appropriate neuropeptide cells required to convey the leptin
signal to the host brain. Supported by NIH DK54080 to R.J.S.

HYPOTHALAMIC LEPTIN RECEPTOR (Ob-R) IS DOWN-REGULATED IN
OBESE RATS WITH ELEVATED LEVELS OF LEPTIN AND GLUCOSE. S.F.
Leibowitz*. I, Benyaminova. N. Levenkova and G-Q, Chang. The Rockefeller
University, New York, N.Y. 10021.
Individual subjects from an outbred strain of rats can be readily subgrouped based on
their differential propensity to accumulate body fat on a high-fat diet. After 4 weeks on
this diet, male Sprague-Dawiey rats, of similar body weight before diet exposure, can
become obese, with 27-36g body fat (dissected from 4 fat depots) and leptin levels of 1834 ng/ml, or remain relatively lean, with 18-24g body fat and 3-15 ng/ml leptin. The
present study utilized RT-PCR, in situ hybridization and immunohistochemistry to
examine differences between these subgroups in the expression and density of the leptin
receptor, Ob-R, or its long isoform, Ob-Rb, in the hypothalamus. Using biotin-labeled
cRNA probes, the analyses with in situ hybridization reveal the greatest density of both
Ob-R and Ob-Rb in the paraventricular (PVN) and supraoptic (SON) nuclei, with
moderate levels in the arcuate nucleus (ARC), and low-to-moderate levels in the
dorsomedial and ventromedial nuclei. Direct comparisons between the lean and obese
groups demonstrate a reduced expression and immunoreactivity for both Ob-R and Ob-Rb
in the obese subjects (-15% to -30%). This change is seen in only two hypothalamic
nuclei, the ARC and PVN, and specifically the lateral portion of the PVN which shows the
strongest effect. A close relationship between Ob-R or Ob-Rb expression in these nuclei
and level of adiposity is reflected by consistent, inverse correlations between these
measures in the different groups examined (r= -0.76 to r= -0.88, pO.Ol). Levels of leptin
are also negatively correlated with Ob-R and Ob-Rb mRNA (r= -0.62 to r= -0.89, pO.Ol)
in normal-weight rats, suggesting that it may contribute to the down-regulation of its
receptor. Other variables involved in this relationship, either as a cause or consequence of
increased adiposity, are circulating levels of glucose or insulin/glucose ratio. These
measures rise with and are positively correlated with body fat, while inversely related to
receptor expression in the ARC and PVN.

214.3

214.4

SEXUAL DIMORPHISM IN THE RESPONSE TO LEPTIN GENE THERAPY VIA A
RECOMBINANT ADENO-ASSOClATED VIRUS (rAAV) VECTOR. H.Dhillon*1,S. Zolotukhin3

THE BRATTLEBORO RAT SENSITIVITY TO THE ANOREXIGENIC EFFECT OF LEPTIN. A. Burlet*. F. Fournier. M. Odorizzi.
J.P. Max. B, Femctte. C. Burlet. INSERM U308, MRCA, 54000Nancy, France.
Brattleboro rat shows a spontaneous preference for fat diet which
covers 60 per cent of the daily energy intake in a diet choice paradigm.
It also exhibits an over-expression of galanin (GAL) in the
hypothalamus, especially in the paraventricular neurons. This GAL
over-expression does not depend on the consumption of the fat diet but
the central injection of GAL antagonists acutely reverses the fat
preference. Because the Brattleboro rat does not develop obesity despite
the over-consumption of lipids, we proposed that this could be due to
an increased sensitivity to leptin. For testing this hypothesis, leptin was
firstly injected at the periphery ; then the injection was performed in
different brain sites of the free moving Brattleboro rat through bilateral
canulae chronically implanted into the ventricles, or dorsal to the
hypothalamic paraventricular nuclei (PVN). The food intake was thus
measured 2,4, 6 and 24hrs after the injection.
Ten micrograms of leptin did not decreased food intake when injected at
the periphery but 5/<g significantly decreased food intake when injected
into the ventricles. The leptin effect did not increase when the peptide
was directly injected above the hypothalamic PVN. Theleptin effect
was highly enhanced by thedisappearance ofthecirculating glucocorticoids. In addition, the leptin injection did not affect the fat content
of the Brattleboro carcasses.
We concluded that the Brattleboro rat does not exhibit an increased
sensitivity to the anorexigenic effect of leptin. The resistance to develop
obesity remains to be determined in the Brattleboro rat.

S.P. Kalra2 and P.S. Kalra1, Depts. of'Physiol. and2Neurosci, 3Univ. of Fla Gene therapy center.,

Univ. of Fla. Col. of Med., Gainesville, FL 32610.
We have compared the efficacy of gene therapy with rAAV carrying rat leptin cDNA (rAAVLeptin) in reducing body weight of male and female Sprague Dawley rats. The construct consists
of rat leptin cDNA driven by a hybrid promoter containing the chicken B-actin promoter and CMV
enhancer in a rAAV vector. Adult male and female rats (250-300 g body weight [BW]) were
implantedwith a permanent injection cannula in the third cerebroventricle. Following post surgical
recovery, 8 male and 8 female rats were injected with 5 ul of rAAV-leptin (1013particles/ml). Control
rats (n=6 each) were injected icv with 5 ul of rAAV control vims. BW and 24-hourfood intake were
monitored weekly. At two weeks post injection there was a significant decrease in BW in female
rats vs their initial B W (232.4 ± 5.8 vs 250.8 ± 4.6 g, p<0.05) and also vs controls (264.3 ± 4.5 g,
p< 0.01). This decrease was maintained for the 12 week duration of the study. In contrast,
whereas control male rats steadily gained BW, rAAV-leptin injected rats maintained their initial BW.
A significantly lower B W first apparent at 4 weeks (330 ± 7 g vs 368± 11 g, p<0.05) was maintained
for 9 weeks. Interestingly, there was no decrease in the daily food intake of either males or
females vs control rats. Serum leptin levels in female rats were significantly reduced in rAAV-leptin
treated vs. control rats (0.8 ± 0.05 vs 2.3 ± 0.3 ng/ml, p<0.05). Because leptin is believed to
regulate BW by central action, we examined NPY and AGRP gene expression in the hypothalami
of female rats by in-situ hybridization. Results showed no deferences in the relative expression of
these orexigenic signals in rAAV-injected rats vs control rats. In summary, central administration
of leptin cDNA in a high titer rAAV vector has a sex specific effect on the pattern of decrease of BW
concomitant with normal food intake. Although the long term mechanism of leptin action is not
clear, these studies demonstrate the viability of leptin gene therapy in the treatment of obesity and
maintenance of lowered body weight over an extended period of time via a one-time injection.
(Supported by NIH DK 37273).

214.5

214.6

LEPTIN IN BULIMIA NERVOSA. S. Beaulieu*, F. Ng, N. Koermer, J-S.
Austin and H. Steiger, Douglas Hospital Research Center, Eating Disorders
Clinic and Dept. of Psychiatry, McGill Univ., Montreal, Qc, Canada, H4H 1R3.
Leptin has been implicated in obesity and a variety of physiological
processes. However, there is still a paucity of knowledge concerning its
possible role in psychiatric disorders involving somatic symptoms and
physiological functions such as appetite and eating. Bulimia nervosa is
characterized by a pattern of impulsive and uncontrolled binge eating. We
have attempted to characterize the leptin “system” in such patients
compared to normal volunteers. Bulimic patients fulfilling the DSM-IV criteria
were recruited into the study from our Eating Disorders Clinic. A series of
psychological and metabolic profiles were obtained. We measured baseline
plasma leptin levels at 2 time points (30 min apart) in the morning before a
cortisol stimulatory test. Leptin and cortisol plasma levels were measured
with specific radioimmunoassays. We observed no difference between the
baseline leptin plasma levels of bulimic patients(n=17) and normal
volunteers (n=18). We found the expected positive correlation between
Body Mass Index (BMI) and leptin levels in normal volunteers (p<0.01, n=18)
but not in the bulimic group (p=0.1, n=17). Within the bulimic group but not
among controls, the baseline leptin levels correlated positively with the
score of the Barrat Impulsivity Scale (BIS) on the non-planning dimension
(p<0.05, n=17 for bulimics). Preliminary results indicate the possibility of a
positive correlation between the baseline plasma leptin levels of bulimics
and the time to peak of plasma cortisol levels in the stimulatory challenge
(p<0.05, n=9). A similar trend was observed in the controls but needs to be
confirmed. These results point to a dysregulation of leptin secretion in
bulimia and substantiate the possibility of a modulatory role of leptin on the
hypothalamic-pituitary-adrenal axis. (Support: FRSQ)

LEPTIN AND INSULIN LEVELS DURING BODY WEIGHT GAIN
INDUCED BY ANTIPSYCHOTIC DRUGS IN HUMANS AND RATS. T.
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Baptista1 . A. Lacruz1, F. Angeles2, R. Silvera2, M.T. Mendoza3 and L.
Hernandez1, department of Physiology, Medical School, Los Andes
University ; department of Psychiatry, Merida 5101-A, Venezuela ; 3San
Marcos de Leon Clinic, Carabobo, Venezuela.
Leptin (LEP) levels correlate with body fat size, glucose and lipid
metabolism. LEP interacts with insulin (INS) and reproductive hormones to
regulate body weight (BW). During chronic treatment with typical
antipsychotic drugs (AP), it is observed BW gain, hyperprolactinemia,
hypogonadism and, in female rats, enhanced INS sensitivity. Obesity and
this endocrine profile might modify leptin levels. We assessed LEP, INS
and glucose levels in adult female rats undergoing acute or prolonged (10,
20 and 30 days) treatment with the AP sulpiride (SUL) or vehicle; in
healthy men and women during 1-month SUL administration ; and in obese
and lean psychotic women under chronic treatment with typical AP. Acute
SUL administration did not modify LEP or INS levels in rats. In spite of
significant BW gain, chronically-treated rats did not display increased levels
of LEP or INS either. A significant BW gain was observed in men but not in
women during SUL administration. LEP and INS levels were significantly
increased after SUL treatment in men, and were unaffected in these
healthy women. Obese psychotic women displayed significantly higher
levels of LEP and INS than lean women. Thus, healthy people and
psychiatric patients who significantly gained BW during AP administration
show an expected pattern of LEP and INS serum levels increase. By
contrast, female rats rendered obese by AP treatment display normal LEP
and INS levels. This suggest profound species related differences in BW
regulation during psychotropic drug administration.
Supported by CONICIT, Grants S196000775, and 97003895024.
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CENTRAL ADMINISTRATION OF THE MELANOCORTIN AGONIST MTII
FAILS TO AMPLIFY THE FEEDING INHIBITORY ACTIONS OF
PERIPHERAL CCK. T.H. Moran*, P.K, Lee, E.E. Ladenheim and G.J.
Schwartz. Department of Psychiatry and Behavioral Sciences, Johns
Hopkins University School of Medicine, Baltimore, MD 21205.
Within the arcuate nucleus, leptin receptors and POMC are
colocalized and the feeding inhibitory actions of leptin have been
suggested to be mediated through a central melanocortin action.
Leptin amplifies the feeding inhibitory actions of CCK in short term
tests and leptin/CCK combinations produce significant food intake
decreases and weight loss over 24 hours. As a way of assessing a
melanocortin action in these leptin/CCK effects, we evaluated the
ability of lateral ventricular administration of the melanocortin
MC3/4 agonist MTII (0.032 nmoles) to amplify the short term
inhibition of food intake produced by a dose range (0.1, 0.32 and 1.0
nmoles/kg) of CCK. We also measured food intake and body weight
over the subsequent 48 hours to assess whether CCK amplified the
longer term feeding inhibitory actions of MTII. MTII was given 60
min prior to 30 min access to Ensure. CCK was administered
immediately prior to 30 min Ensure access. MT-II alone produced a
23% inhibition of 30 min Ensure intake and reduced 24 hour chow
intake by 14 % relative to vehicle injection. CCK inhibited 30 min
Ensure intake at all doses and had no effect on 24 hour chow intake.
MTII failed to magnify the CCK inhibitory action in short term tests
and the MTII/CCK combination had no effect on 24 hour chow intake
beyond the effect of MTII alone. These data suggest that the synergistic
actions of leptin in combination with CCK are not mediated through the
actions of central melanocortins (supported by DK19302).

A FUNCTIONAL AND ANATOMICAL STUDY OF OREXIN RECEPTORS IN
THE RAT BRAIN AND BRAINSTEM. D Sunter, I Gunn, CMB Edwards, S
Abusnana, J Gardiner, C Dakin, D O’Shea*!and S R Bloom. Endocrine Unit,
Imperial College School of Medicine, Hammersmith Hospital, London, W12 ONN.
The orexins are recently discovered peptides, which are present in neuronal cells
of the lateral and dorsal hypothalamus. This laboratory has shown that
intracerebroventricular (ICV) and intranuclear injection into the paraventricular
nucleus of the hypothalamus (iPVN) of orexin-A, increases food intake in rats.
Moreover, we have found that ICV injection of orexin-A increases levels of c-fos, a
marker of neuronal activation, in the PVN, arcuate (arc) and ventromedial (VMH)
nuclei of the hypothalamus. We have found orexin-B has little or no effect on food
intake when injected ICV.
In the present study, using riboprobes and in-situ hybridisation, we mapped the
mRNA distribution in the brain and brainstem of the two orexin receptors (OXiR
and OX2R). OXi R has affinity for orexin-A while OX2R binds both orexin-A and B
to a similar degree. OXtR mRNA was not found in the brainstem but was detected
in many brain areas with densest expression in the VMH. OX2R was detected in
both brain and brainstem areas, with high levels in the PVN and VMH.
We then injected orexin-A at a range of doses (0.01 to lnmol) and orexin-B
(lnmol) into the VMH of conscious male Wistar rats and measured 1, 2, 4 and 8hour food intake. Plasma glucose levels 15 and 30 minutes post injection were also
measured. Orexin-A, at a dose of lnmol, increased food intake at 4 and 8-hours post
injection, p<0.05. Orexin-A and B both failed to alter plasma glucose levels. These
data reveal that orexin receptors are widely distributed throughout the brain, with
only OX2R present in the brainstem. Orexin-A increases food intake when injected
into the VMH while orexin-B has no effect. Our data also indicate that the orexin
peptides are not involved in the regulation of plasma glucose levels when injected
into the VMH.
This work was funded by the MRC and BDA U.K.

214.9

214.10

Regulation of hypocretins/orexins and neuropeptide Y during
leptin treatment, energy restriction and hyperphagia in rodents.
B. Beck*, S. Richy and A. Stricker-Krongrad. INSERM U.308 - 38,
rue Lionnois
54000 NANCY- (France) and MILLENIUM
Pharmaceuticals, Cambridge (USA)
Orexins belong to a new family of peptides that as neuropeptide
Y (NPY) stimulate food intake when centrally injected. They are
synthetized in a unique brain area, the lateral hypothalamus (LH)
whereas NPY is one of the most abundant brain peptide. The aim
of the present study was to characterize their variations in
different feeding conditions and to compare them to NPY. We
therefore measured them with specific RIAs in the microdissected
LH, arcuate (ARC) and paraventricular (PVN) nuclei of leptintreated rats and hyperphagic ob/ob mice. Chronic leptin injections
(lmg/kg I.P.) for 7 days induced a slight (8%) diminution in food
intake. Orexin A (OA) content in the LH decreased by 68% (p<0.01)
in the leptin-treated rats. A large part of this decrease was related
to the lower food intake as OA decreased by 46% (p<0.03) in pairfed rats injected with saline. In ob/ob mice, OA levels were
significantly lower than in lean mice in the LH (-34%; p<0.02) and
in the PVN (-72%; p<0.005). NPY was not modified in any areas
either in the ob/ob mice or in the leptin-treated rats. Therefore,
the fact that NPY and orexins do no react similarly to changes in
food intake suggests that they play different roles in the regulation
of feeding behavior and in the development of obesity.
Supported in part by Institut B. Delessert (Paris, France).

EVIDENCE THAT THE RAT ARCUATE NUCLEUS HAS TWO SUBSETS OF NPY NEURONS
THAT ARE ACTIVATED BY FASTING AND REGULATED BY INSULIN AND LEPTIN.
D.G, Baskin1,2,3*, M.W. Schwartz2,3, B.E.Levin*,s and A.A. Dunn-Meynell4,5,
’VA Med. Center; Seattle, WA 98108; Depts. ^Medicine and ^Biological
Structure, Univ. Washington, Seattle, WA 98195; 4VA Med. Center, E.
Orange, NJ 07018; ^ept. Neuroscience, NJ Med. School, Newark, NJ
07103.
Arcuate nucleus (ARC) neuropeptide Y (NPY) neurons that project to
the paraventricular nucleus (PVN) are hypothesized to be targets of
insulin and leptin for the regulation of food intake. To investigate
this hypothesis, cholera toxin (CT) was injected into the PVN of fed
(N=9) and 48-hr fasted (N=9) male rats to identify ARC neurons that
project to the PVN by retrograde labeling. Double immunofluorescence
detection of CT with insulin receptors (IR) or leptin receptors (LR)
showed that IR+ and LR+ neurons comprised 58±2% and 57±4%, respectively, of total CT+ neurons in the ARC (and was unchanged by fasting) . Thus, some of the ARC neurons that project to the PVN could mediate the anorexic effects of insulin and leptin on food intake.
While the total number of NPY mRNA+ neurons detected by fluorescence
in situ hybridization increased by 92±12% (p<0.001) during fasting,
consistent with previous data, a smaller proportion of them were CT+
in the fasted state in comparison to the fed state (47±2% in fed vs
36±4% in fasted, p<0.05). Therefore, NPY mRNA expression was increased during fasting in some neurons that did not have CT. This
suggests that not all ARC NPY neurons that were activated by fasting
projected to PVN, although it is possible that some NPY neurons that
projected to the PVN were not labeled. Furthermore, among the total
population of ARC neurons that were detected as projecting to the PVN
(i.e., that were CT+), NPY mRNA was detected in 48±3% of them in the
fed state and 72±3% in the fasted state (p<0.001), suggesting that
NPY gene transcription in this pathway was increased in at least 24%
(or more) additional neurons during fasting. Therefore, these studies
suggest that the ARC may have two subsets of neurons that respond to
fasting by increasing NPY gene activity, one that projects to the PVN
and a separate subset that projects to other brain regions. Moreover,
the results support the hypothesis that reduced leptin and insulin
signaling regulate expression of NPY in ARC neurons that project to
the PVN and participate in the adaptive response to fasting.

214.11

214.12

NEUROPEPTIDE
Y
ENHANCES
ACTIVITY-BASED
ANOREXIA IN FEMALE RATS. P. Sodersten*. A.A. Ammar.

BEHAVIORAL AND AUTONOMIC EFFECTS OF UROCORTIN
ELICITED BY CAUDAL BRAINSTEM APPLICATION. H.J, GrillTS
Markison, R Sakai, and J.M Kaplan. Dept. of Psychology and Animal
Biology, Univ. Pennsylvania, Philadelphia, PA 19104
Attention has focused almost exclusively on ventral forebrain substrates
for mediating central CRH effects on food intake and body weight despite
the widespread distribution of CRH cell bodies and receptors. Here we
explore the relevance of caudal brainstem CRH receptors to the effects of
urocortin treatments. 4th icv application of the CRF receptor ligand
suppressed food intake in both the short (2-4 h) and the longer (24-72 h)
term. 4th icv dose-response profiles for intake suppression were identical
to those for lateral icv application assessed in the same rats. By contrast,
the body weight loss associated with comparable intake reductions differed
for the two icv sites. Significantly less weight lost was observed following
4th icv than after lateral icv delivery. A control experiment showed that the
weight loss associated with increasing levels of food restriction was
comparable to that seen across doses when urocortin was delivered lateral
icv but was of greater magnitude than that observed with 4“’ icv injection. In
other experiments, we found that 4th icv urocortin elevated plasma glucose
and CORT. Urocortin delivered unilaterally to the dorsal vagal complex
reduced food intake for 24 h at a dose level that was subthreshold for an
effect with 4"’ icv application. We demonstrate that intake suppression,
CORT release and sympathetically mediated hyperglycemia follow
stimulation of caudal brainstem CRH receptors. We argue on the basis of
these results that the anatomical perspective on CRH contributions to
intake and body weight control should be expanded to include the CRH
systems within the caudal brainstem. Support by DK21397

R-—Neigar.dh,__ E__ Sederholm.__ A.E. Johnson__ and__ A.LW.
Scheurink.
Karolinska Institutet, Sect, of Applied
Neuroendocrinology, Novum, S-141 57 Huddinge, Sweden.
When rats are allowed to run in running wheels, they
increase their food intake and maintain their body weight. If
the availability of food is restricted, running increases and
with food present for only 1 h/day the rats run excessively
and loose control of body weight (activity-based anorexia).
After 7 days, wheel running is maximal (700 revolutions/30
min) before and after the presentation of food.
Running
before feeding is referred to as food anticipatory activity
(FAA). Neuropeptide Y (NPY) is considered a potent
stimulator of food intake.
However, NPY stimulates food
anticipatory
activities selectively and
inhibits
the
consumption of food.
To test the hypothesis that FAA is
controlled
by
NPY, female
rats
were
injected
intracerebroventricularly with 10 pg NPY 3 hours before the
onset of darkness
(12/12
light'.darkness) and
the
presentation of food for 2 hours.
Wheel running was
increased (500 revolutions/30 min vs 200 for rats injected
with artificial cerebrospinal fluid, aCSF) and food intake
reduced (6.6 ± 0.5 vs 10.6 ± 0.3 g for rats treated with aCSF)
after 5 daily injections of NPY. It is suggested that access to
a device which allows for the display of physical activity
might prevent NPY from increasing body weight. (Supported
by the Karolinska Institutet and the Swedish MRC.)
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GLIBENCLAMIDE ENHANCES BLOOD FLOW RESPONSES DURING
CORTICAL SPREADING DEPRESSION (CSD) IN RATS. K. Shimizu1. F.
Bari2*. P.W. Busiia1. Dept. of Physiology/Pharmacology, Wake Forest Univ.
Sch. of Med., Winston-Salem, NC 27157; 2Dept. of Physiology, Albert SzentGyorgyi Med. Univ., Szeged, H-6720
CSD is a well-known phenomenon accompanied by the marked increase in
cortical blood flow(CBF). However, the mediators of increases in CBF are
unclear. We investigated the role of ATP sensitive potassium channels (KATP) in
mediating changes of CBF during CSD. CBF was measured through a closed
cranial window on the frontoparietal cortex of male Wistar rats using laser
Doppler flowmeter. CSDs were induced three times in the same rat by the
topical application of 2M KCL to the dura. Artificial cerebrospinal fluid or
glibenclamide (Glib), a KATP antagonist, at 1 O'5 mol/L and at IO"4 mol/L, was
perfused under the window. The peak increase in CBF from baseline was
241+20% (mean±SE, n=7) during control CSD. Glibenclamide significantly
enhanced the maximum increase of CBF in a dose dependent manner; 274+27
% at 10'5 mol/L and 313+37% at 10'4 mol/L (p<0.05, n=7). We calculated the
total increase in CBF during CSD by determining the area under the flow signal
curve. The total hyperemia was also significantly increased compared to controls
after the application of Glib; 72+31% at 10'5 mol/L, and 88+21% at 1 O'4 mol/L
(p<0.05, n=7). There were no differences in the CBF change or area under the
curve during repeated CSDs among time control animals (n=6). The speed and
extent of CSD was not affected by Glib. These data suggest that
Katp play an inhibitory role on CBF responses during CSD.
Supported by HL-30260, HL-46558, HL-50587

THE EFFECT OF SHEAR STRESS IN CEREBRAL ARTERIES AND
ARTERIOLES OF THE RAT. RM. Bryan, Jr,*. M.S. Steenberg. L.A. Schildmever,
S.P. Marrelli. T.D. Johnson. Department of Anesthesiology, Baylor College of
Medicine, Houston, Texas, USA 77030
The present study determined the effect of altered shear stress on cerebral vessels.
Middle cerebral arteries (MCAs) and penetrating arterioles (PAs) from male Long
Evans rats were isolated, mounted in a tissue bath (37° C), and pressurized. For
comparison to peripheral vessels, cremaster muscle arterioles (CMAs) were also
isolated, mounted in a bath (33° C) and pressurized.
After the development of spontaneous tone, inside diameters were 186±5 pm (n=28)
for MCAs, 65±3 pm (n=37) for PAs, and 82±5 pm (n=8) for CMAs. Increasing
luminal flow constricted both the MCAs and PAs in a flow dependent manner. The
flow induced constrictions persisted over a range of transmural pressures ranging
from 40 to 80 mm Hg for PAs (n=7) and 40 to 100 mm Hg for MCAs (n=7). The
constrictions were maximal (15 to 20% decrease in diameter) at a shear stress of
approximatelyl50 dyne/cm2 for MCAs and PAs. Alternatively, the CMAs dilated
40% when luminal flow was increased from 0 to 40 pL/min (transmural pressure 60
mm Hg). The dilations of CMAs with increasing flow maintained a shear stress on the
luminal wall at 20 dyne/cm2 or less. In MCAs and PAs, removal of the endothelium
had little effect on the flow-induced constrictions (n=7 for each). Increasing the shear
stress by altering the viscosity (2, 4, and 6% dextran) at a constant flow produced
constriction in the cerebral vessels similar to the flow-induced response. We conclude
that isolated cerebral arteries and arterioles from the rat constrict to increased shear
stress. The shear stress-induced constriction involves an endothelial independent
mechanism (NS37250).

215.3

215.4

3-ADRENERGIC AND nNOS-DERIVED NO INTERACTIONS MEDIATE HYPOGLYCEMIA-INDUCED PIAL ARTERIOLAR DILATIONS IN RATS. R.A. Santizo
and D.A, Pelligrino*, Dept. of Anesthesiol., U. of Illinois-Chicago, Chicago, IL 60612.

In adult rats, ^-adrenoceptors ((3-ARs) appear to play a major and regionally
selective role in the CBF increases accompanying insulin-induced moderate (i.e.,
pre-coma) hypoglycemia (HG). However, there is virtually no information regarding whether NO, in adults, contributes in any way to HG-induced cerebrovasodilation (CVD). Moreover, NO may influence P-AR activity via modulating
norepinephrine (NE) release. In the present study, we examined the effects of pAR blockade, with propranolol (PRO, 1.5 mg/kg, iv), nNOS inhibition, with 7nitro-indazole (7-NI, 40 mg/kg, ip), or combined PRO + 7-NI, on pial arteriolar
diameter changes in rats subjected to HG (plasma glucose=1.3-1.4 mM). Studies
were performed on anesthetized male S-D rats equipped with closed cranial windows. In addition to the 3 drug-treatment groups, given above, a 4th vehicletreated control (C) group was included. At the start of all experiments, the reactivities of 25-50 pm arterioles to hypercapnia (PaCO2=60-65 mmHg) were assessed. Only rats where CO2 reactivity (% diameter change/mmHg CO2 increase)
exceeded 1.5 were used for further study. A 2nd CO2 response was performed 30
min following 7-NI (in the 7-NI and 7-NI + PRO groups) or vehicle (in the PRO
or C groups). The efficacy of 7-NI blockade of nNOS was demonstrated by its
ability to reduce CO2 reactivity by 60-80%. No change in CO2 reactivity was seen
in vehicle-treated rats. Separately, PRO and 7-NI, elicited modest, but statistically
insignificant, 10-20% reductions in the HG response. However, combined PRO/7NI was accompanied by a >80% reduction in the HG-induced dilation. These results suggest that P-ARs and nNOS-derived NO contribute to HG-induced pial
arteriolar dilation in a complex and interactive manner. Supported by HL52594.

D2 CYCLIN NULL MICE LACK CEREBELLAR STELLATE
NEURONS AND HAVE REDUCED CEREBROVASCULAR
RESPONSE TO FUNCTIONAL ACTIVATION IN CEREBELLUM.
G. Yang*, J, Huard, M.E. Ross, and C. Iadecola, Dept. of Neurology,
University of Minnesota, Minneapolis, MN 55455.
Activation of crus II, a region of the cerebellar cortex that receives
somatosensory inputs from the face, increases local cerebellar blood flow
(BFcrb). The vasodilation is blocked by inhibition of neuronal NO synthase
(nNOS) (Stroke 30:273, 1999). Because in the cerebellar molecular layer
nNOS is present in stellate neurons, it is conceivable that these cells are
involved in the vasodilatation evoked by cerebellar activation. D2 cyclin-null
mice lack stellate neurons (Development 126:1927, 1999). In this study,
therefore, we used D2 null mice to study the contribution of stellate neurons
to the increase in BFcrb produced by crus II activation. Homozygous (-/-) and
heterozygous (+/-) D2 cyclin-null mice and wild-type littermates (+/+) were
anesthetized. BFcrb or field potentials were recorded in crus II using a laserDoppler probe or microelectrodes, respectively. Crus II was activated by
electrical stimulation of the upper lip (30V; 10Hz). In wild-type mice (n=6), crus
II activation increased local BFcrb by 32±2%. The increase in BFcrb was
reduced by 31% in D2 +/- mice (n=6) and by 97% in D2 -/- mice (n=6; p<0.05
from +/+). In contrast, the increase in BFcrb produced by hypercapnia
(pC02=50-60 mmHg) was not different in D2 +/+ (77±9%), +/- (81±10%), and
-/- mice (80±16%)(n=5/group; p>0.05). The field potentials evoked by crus II
activation did not differ among D2 +/+, +/- and -/- mice (n=3/group). We
conclude that D2 null mice have a reduced BFcrb response to cerebellar
activation. The attenuation in the vasodilation cannot be attributed to a nonspecific reduction in vascular reactivity because the response to hypercapnia
is preserved. Similarly, the effect cannot be attributed to decreased neural
activity because crus II field potentials were comparable in D2 +/+ and -/- mice.
Thus, stellate neurons are a critical link between neural activity and blood flow
in cerebellum. (Supported by NS31318 and NS38252)

215.5

215.6

NOCICEPTIVE AFFERENT DRIVEN AND NITRIC OXIDE DEPENDENT
RISES IN DORSAL HORN SPINAL CORD BLOOD FLOW: INTRINSIC
OPIOID ANTAGONISM. P.W. Zochodne* and H. Sun Dept. of Clinical
Neurosciences, Univ. of Calgary, Calgary, Alta. T2N 4N1.
It might be expected that dorsal hom spinal cord blood flow would
depend on local metabolic activity alone. We encountered a surprising
relationship between local dorsal hom spinal cord flow, the type of
peripheral sensory fiber afferent barrage it receives and what pathways
within it are activated. Using microelectrode hydrogen clearance
polarography and laser doppier flowmetry in the lumbar dorsal hom of
adult male rats, we generated dramatic rises in local blood flow with
sciatic nerve trunk stimulation at low rates designed to recruit small
myelinated and unmyelinated afferent fibers. Higher stimulation rates that
recruited larger myelinated afferents had no influence on dorsal hom
blood flow. The "nociceptive" fiber driven rises in blood flow were
mediated by nitric oxide (NO), blocked in a dose dependent fashion by
inhibitors of neuronal nitric oxide synthase (nNOS). The inhibitors of
nNOS had no influence on resting blood flow, but uncovered a contrary
rapid and dramatic reduction in blood flow when nociceptive fiber
stimulation was carried out in their presence. This vasoconstrictive action,
only observed during NOS inhibition, moreover was itself blocked in a
dose dependent fashion by naloxone, but not by adrenergic antagonists.
Our findings indicate that there is an important relationship between
nociceptive fiber activation, local NO release and rises in blood flow in the
dorsal hom of the spinal cord. Intrinsic opioids, similarly recruited, have
an opposite and direct action that reduces local flow. [Supported by MRC,
AHFMRJ
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MU-OPIOID TEMPORAL LOBE ACTIVATION IN HUMAN AND
SUBHUMAN PRIMATES

W, A. Kofke*, N. Gupta. E. Sinz. M, Mintun, J. Barbaccia, D. Boyd. E. Nemoto, R.
Garman. Dept’s of Anesth and Radiology, WV Univ.; Dept’s Anesth, Neurosurg,
Pathology and Radiology, Univ. Of Pgh.
Introduction. In rats, fentanyl, sufentanil, and alfentanil produce limbic system
hypermetabolism and neuropathologic changes. The purpose of this investigation
was to determine whether high-dose mu-opioid administration increases temporal
lobe metabolic rate in subhuman and human primates.
Methods. Three monkeys underwent a 2-hour administration of high-dose
fentanyl. Qualitative positron emission tomogaphy (PET) for cerebral metabolic rate
for glucose (CMRG) was performed, followed a week later by sacrifice and histologic
evaluation. Four human volunteers underwent anesthesia and intubation with
propofol and rocuronium, followed by remifentanil infusion at l-3jxg/kg/mm.
Quantitative PET for CMRG was performed. Students T-test was used for evaluation
of temporal lobe changes. Animal Care Committee approval was obtained for
monkey studies and IRB approval for human studies.
Results. Qualitative images from all three monkeys indicated an increase in
temporal lobe CMRG. No brain damage was observed in any of the monkeys. In
humans, temporal lobe CMRG increased from 6.29 ± 0.32 to 7.68 ±
1.05mg/100gm/min (± SD) (P=0.05).
Conclusions. Unlike most anesthetics, which depress CRMG, and similar to opioid
studies in rats, anesthetizing doses of remifentanil can modestly increase brain
metabolic rate in monkeys and humans, with effects most pronounced in the temporal
lobe.
References. (1) Anesth Analg, 83:141-146, 1996. (2) Anesth Analg 83:1298-1306,
1996. (3) Electroencephogr Clin Neurophys 87:374-9,1993.
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EFFECTS OF RECOVERY FROM ANESTHESIA WITH KETAMINE
RACEMIC MIXTURE AND STEREOISOMERS ON LOCAL CEREBRAL
GLUCOSE UTILIZATION (LCGU) IN THE RAT. C. Ori2. U. Freo. A. Merico.
A. Bertazzon*, and M. Dam, Department of Neurology and Psychiatry and
Anesthesiology2, Padova University, ITALY.
The use of racemic ketamine ((±)Ket) as general anesthetic is limited by its
psychomimetic effects during the recovery phase. In recent years, however, there has
been an increasing interest in ketamine anesthesia because of the hypothesis that
desired and undesired effects could be separated and attributed io each of the two
enantiomers of ketamine ((S+)Ket and (R-)Ket)). To this hypothesis, we examined
the cerebral metabolic effects in the phase of recovery from anesthesia induced by
(±)Ket or by its enantiomers. LCGU was measured according to the 14C2-deoxy-D-glucose method in 36 brain regions of 3-mo old Fischer-344 rats at the
end of a 10 min anesthesia induced by i.v. administration of equipotent doses of the
three agents (±)Ket 20 mg/kg, (S+)Ket 10 mg/kg or (R-)Ket 30 mg/kg. After (±)Ket
and (R-)Ket anesthesia rats exhibited agitation and increased spontaneous motor
activity, while after (S+)Ket they did not present abnormal behavior and appeared
more sedated. (±)Ket, (S+)Ket, and (R-)Ket increased LCGU in 75%, 47%, and 53%
of brain regions and decreased in 2%, 17%, and 14%, respectively. (S+)Ket and
(R-)Ket shared the property to markedly increase LCGU in limbic areas, which
however might be the result of action upon different receptor types, PCP-NMDA for
(S+)Ket and sigma for (R-)Ket. After (±)Ket anesthesia there was a striking
metabolic activation that could be attributed to a combined action on the two
receptors, to an influence on other receptor and neurotransmitters, or represents a
“rebound phenomenon” after the metabolic depression that, in previous experiments,
we observed to be much deeper during (±)Ket than (S+) or (R-) Ket anesthesia.

INTRA-/EXTRACELLULAR COMPARTMENTATION OF GLUCOSE NONINVASIVELY DETECTED IN RAT BRAIN IN VIVO.
J. Pfeuffer, I. Tkac,
K. Ugurbil*, and R. Gruetter. University of Minnesota Medical School, Center for
Magnetic Resonance Research, 2021 Sixth Street S.E., Minneapolis, MN 55455.
It is generally assumed that the distribution volume of glucose in the brain is similar
to that of water. However, recent results suggested that glucose from blood enters a
substantial compartment fast (Knudsen, Microvasc. Res. 39:28-49, 1990) and that brain
glucose is a linear function of plasma glucose (Gruetter, J. Neurochem. 70:397-408,
1998), consistent with a major fraction of the brain glucose being extracellular.
Diffusion-weighted 'H NMR spectroscopy can separate intracellular from extracellular
signal due to the different diffusion properties in the compartments. The purpose of this
study was to determine the intracellular volume fraction of glucose in rat brain in vivo
on the basis of a comparison with the intracellular metabolites.
Localized water-suppressed *H NMR spectra were acquired at 9.4 Tesla from 60lOOpL volumes placed across the midline. The cerebral glucose concentration was
increased to 8 mM by i.v. infusion at 16 mg/min. The NMR signals were highly
diffusion-weighted (b = 0-50 ms/pm2) and were fitted to E piapp-exp(-/?-Z)lapp). The
diffusion characteristic of 12 cerebral metabolites was assessed simultaneously using a
frequency-domain analysis.' Intracellular metabolites showed two components with
D,app = 0.3 and Df™ = 0.03 pm2/ms, both of which were much smaller than the
corresponding free diffusion constant. The volume fraction p2app was (50 ± 1)%.
In contrast, p2app was significantly lower for glucose (40%) and lactate (42%),
whereas D2app was comparable for all metabolites. The reduced p2app reflected the
extracellular contribution of glucose to the NMR signal, from which the extracellular
fraction of (19 + 5)% was calculated. A diffusion behavior at large b values similar to
that of known intracellular metabolites suggests that glucose has a similar restricted
diffusion characteristic. Observation of glucose in vivo &tb = 50 ms/pm2 during hyperglycemia is consistent with a substantial fraction of glucose signal being intracellular.
Supported by NIH Grants RR08079, CA64338, and the W.M Keck Foundation.

215.9

215.10

CHOLINERGIC MODIFICATION OF
CEREBRAL
GLUCOSE
METABOLIC RATE USING [18F]-2-FLUORO-2-DEOXY-D-GLUCOSE
TRACER IN 24 HOUR-FASTED RATS. i.Hatip1*, K.Takahashi 2 and

REGULATION OF MONOCARBOXYLATE TRANSPORTERS MCT1-4
DURING KETOGENIC DIET IN RAT BRAIN
R. Duelli*, B.E. Enerson, D.Z, Gerhart, R.L, Leino, M.G. Sneve and L.R. Drewes.
Department of Biochemistry and Molecular Biology, University of Minnesota,
Duluth, MN 55812, USA, e-mail: ldrewes@d.umn.edu
In mammalian cells, the transport of monocarboxylates across plasma
membranes is facilitated by a family of monocarboxylate transporters (MCTs).
Little is known about conditions under which changes in MCT protein expression
can occur in the brain. Since a higher level of MCT 1 is expressed in suckling rats
compared to adult rats, the question arose whether a nutritional change in the adult
rat can alter the density of MCTs. Therefore, the protein levels of MCT1-4 were
investigated by quantitative Western blot analysis during a high fat ketogenic diet
over 3, 7, 14 and 28 days. 20 rats received a ketogenic diet, while 5 control rats
received normal lab chow. The frontoparietal cortex was prepared for membrane
protein examination. The density of monocarboxylate transporters MCT 1-4 was
quantified by immunostaining (chemiluminescent detection method) and
compared to the pool of 5 control cortex preparations. The antibodies against the
C-terminal ends of rat MCT1-4 were raised in chickens. MCT1 protein level
increased slightly, although significantly, after 7 and 14 days of ketogenic diet
compared to the pool of 5 control rats. Electron microscopy showed, that during
the ketogenic diet MCT1 increased about 6-fold in endothelial luminal and
abluminal membranes. MCT2 showed no change during the ketogenic diet,
whereas MCT3 increased by 13% and MCT4 decreased by 8%. These results
indicate a distinct nutritional regulation of the 4 different monocarboxylate
transport proteins investigated during chronic ketogenic diet. They suggest that the
4 different MCTs may play different roles in the transport and metabolism of
monocarboxylates in the brain.
Supported by the Alexander von Humboldt-Foundation within the Feodor-Lynen
Programme, Bonn, Germany (RD) and by NIH grant NS 32754 (LRD)

I.Kanno2lDept. of Pharmacology, Pamukkale Univ. Med. Fac.; Denzili,
Turkey;2 Akita Research Institute of Brain and Blood Vessels;Akita, japan.
2-Fluoro-2-deoxy-D-glucose (FDG) has been used to measure the
metabolic rate of glucose as an indication of activity of various organs
including brain. Cholinergic system in basal forebrain regulates cerebral
cortex glucose metabolism via direct excitation of cortical neurons. In this
presentation we investigated the effect of 24 hour-fasting and scopolamine
(1 mg/kg iv) on distribution of FDG in brain using autoradiographic
methods. Starvation increased FDG activity especially in frontal cortex,
striatum, diagonal band, thalamus and temporal cortex. Scopolamine
reduced FDG activity in normal-nonstarved and starved rats. These results
suggest increased activity in brain regions from which cholinergic nerves
project to hippocampus and cortical areas. Supported by JST-Japan and
PA.U.-Turkey.

215.11

COMPARTMENTATION OF ADENOSINE DURING RECOVERY FROM
TRANSIENT CEREBRAL ISCHEMIA H Chen. F Hospod. CS Patiak, G
Newman*. Depts. of Neurology, Radiology, Pharmacology and Surgery,
SUNY at Stony Brook, Stony Brook, NY 11794.
BACKGROUND: Loss of tissue adenylates during ischemia contribute to
poor recovery after reperfusion. Adenine, adenosine and AMP can stimulate
recovery of adenylates in brain slices after transient ischemia. In the present
study, we use 14C-labelling to follow the metabolic pathways involved during
the stimulated recovery. METHODS: Rat hippocampal slices were exposed
to 20% O2 and 1 mM glucose for 30 min and then returned to normal
conditions in the presence of 14C-labelled adenine, adenosine or AMP.
Slices were incubated for up to 60 min and then removed, frozen and
extracted. The extract fractionated by HPLC into nucleotides, nucleosides
and purines. Peaks were collected for analysis of radioactivity. Buffer
samples were analyzed similarly. RESULTS: 1) 14C-Adenine selectively
labels ATP, ADP and AMP, with minimal labelling of other compounds. 2)
14C-Adenosine labels tissue adenylates along with inosine, ITP, IDP, IMP
and hypoxanthine, as well as adenine released into the bath. 3) 14C-AMP is
converted to adenosine so rapidly that the volume of distribution for 14C-AMP
is less than the slice ECS, that is the conversion is foster than diffusion.
Although AMP stimulates synthesis of adenylates to the same extent as
adenosine, AMP labels adenylates by less than 50% of that of adenosine
Unlike adenosine or adenineJ 4C-AMP causes extensive release of 14Cxanthine into the bath. CONCLUSIONS: AMP is rapidly converted to
adenosine extracellularly and then avidly taken up. The AMP-derived
adenosine is in a different metabolic compartment than adenosine taken up
directly from ECS. HYPOTHESIS: AMP is taken up by glial cells
simultaneous with 5'-nucleotidase activity and then provides neurons with
adenosine for re-synthesis of adenylates.
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DELAYED 45-CALCIUM ACCUMULATION FOLLOWING TRAUMATIC
BRAIN INJURY IS AGE-DEPENDENT AND REFLECTS SECONDARY CELL
DEATH IN THE THALAMUS C.L. Osteen*, A.H. Moore, M.L. Prins and P.A.
Hovda. Departs, of Surg., Med. & Molec. Pharm., Phys. Sci.; Div. of Neurosurg.;
UCLA School of Medicine, Los Angeles, CA 90095-7039
Calcium flux is considered an important factor in the pathophysiology of traumatic
brain injury. Our previous work has shown diffuse 45calcium (45Ca++) accumulation
in the cortex immediately after lateral fluid percussion (LFP) injury lasting at least 2
days in P17, P28, and adult rats. In addition to this first, acute period of isotope
accumulation these studies suggested a second, delayed period of 45Ca++
accumulation in the thalamus. To determine the developmental profile of this
delayed 45Ca++accumulation 36 Pl7, 34 P28, and 17 adult rats were anesthetized and
subjected to a moderate-severe (-2.75 atm) LFP. Immediately, 6 hours, 1 day, 2
days, 4 days, 7 days, and 14 days after injury the rats were injected with ^Ca**
(1 p.g/g, i.v.) and processed for autoradiography. Optical densities were measured in
16 regions of interest, including 6 thalamic nuclei. 45Ca++ accumulation was evident
within the ipsilateral cerebral cortex immediately after injury (-40% increase),
returning to sham levels within 4 days in all three age groups (p<0.03). In contrast,
differences existed between the age groups for delayed 45Ca++ accumulation in the
thalamus. While P17s showed no delayed 45Ca++ accumulation, P28 and adult rats
showed significant accumulation in the thalamus starting at 2 days and increasing out
to 14 days (-50% increase, p<0.03). Since histological analysis indicated cell death
at the time of the delayed 45Ca++ accumulation, this delayed accumulation could
represent retrograde degeneration due to diffuse axonal injury and/or Ca^-induced
apoptosis. The age-dependency of delayed 45Ca'H' accumulation in the thalamus may
be attributed to differential biomechanical consequences of the LFP and/or greater
calcium buffering capacities of younger animals. The results suggest that two
temporal patterns of 45Ca++ accumulation exist following LFP: acute calcium flux
associated with the injury-induced ionic cascade and delayed calcium accumulation
associated with secondary cell death. Supported by NS30308, NS27544.

NMDA antagonists enhance delayed neurodegeneration in the hippocampus
following traumatic brain injury. C. Ikonomidou’* and L. Turski2. ’Dept. Ped.
Neurology, Humboldt Univ., Berlin, Germany; ’Eisai London Res.
Laboratories, UK.
Traumatic cortical injury in adult rats causes two types of lesions, an acute
local lesion within the cortex and a distant lesion in the ipsilateral CA3
hippocampus which evolves in a delayed fashion. The effect of pre- and
posttreatment with the NMDA antagonist CPP on delayed neurodegeneration in
the hippocampus was analysed by means of stereological morphometry. Male
Fisher 344 rats were anesthetized with tribromoethanol, placed in a stereotaxic
apparatus and a craniotomy was performed over the right sensorimotor cortex.
A force of 380gxcm produced by a 20g falling weight was selected to produce
brain contusion. Rats were sacrificed by perfusion fixation at 3 days after
trauma. Pretreatment with CPP (30 mg/kg i.p. at 2,1 and 0 hrs prior to trauma)
resulted in amelioration of hippocampal neuronal loss within the ipsilateral CA3
subfield. When treatment wife the same dose-regimen was initiated at 1 hr after
trauma no effect on numbers of hippocampal CA3 pyramids was evident,
whereas treatment with CPP that was initiated at 4 or 7 hrs after trauma
resulted in significantly greater neuronal cell loss compared to vehicle treated
rats. CPP demonstrated no effect on neuronal densities and total cell numbers
within the ipsilateral CA3 subfield when treatment was initiated at 10 hrs after
trauma. These observations reveal that during a critical period following
traumatic brain injury, NMDA antagonists enhance slow neurodegeneration and
can therefore have neurodestructive properties. Supported by BMBF grant
01KO95151TPA3.
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IS GUANOSINE BEING MISTAKEN FOR THE PEROXYNITRITE MARKER
3-NITROTYROSINE IN MODELS OF CNS INJURY? J.S. Althaus, R.L. Roof,
A.P. Acharva, S.T. Fountain, W.F, Pool, M.D. Reily, R.T. Carroll*. M.D. Davis
and E.D. Hall. Parke-Davis Pharm. Research, Ann Arbor, Michigan 48105.
A marker used to identify peroxynitrite activity following CNS injury is the 3nitrotyrosyl residue of proteins. Recently, a number of studies have purported
measurement of 3-nitrotyrosine (3-NT) in brain protein digest by HPLC.
These assays vary substantially in processing, chromatographic and
detection methodologies. Halliweil and collaborators (J. Neurochem. 70:22202223, 1998) reported measurement of an artifactual substance in brain tissue
which exhibited chromatographic, electrochemical and chemical properties
nearly identical to 3-NT. It was suggested that this artifact might confound the
detection of 3-NT in brain tissue. We have developed an HPLC assay for the
measurement of 3-NT that circumvents the problem of artifact detection. This
was accomplished by using gradient elution, ion pairing and multi-channel
electrochemical detection. Using this technology, we were able to measure,
in injured brain protein digests, 3-NT as a percentage of tyrosine (3-NT/TYR)
at levels much lower (0.004%) than purported (J. Cereb. Blood Flow Metab.
18:123-129, 1998). In fact, at 24 hrs, after impact-acceleration head injury in
rat, hippocampal 3-NT/TYR was small did not differ from sham animals.
However, in the same model, another peak that eluted very close to 3-NT
increased significantly after injury. This same peak was found to increase in
microdialysate with rat head injury as well, with no apparent change in 3-NT.
The former response was blocked by L-NAME, the non-selective inhibitor of
nitric oxide synthase. We suggest that this may be the same artifact reported
by Halliweil and collaborators. Isolation of this peak material followed by LCMS, LC-NMR, LC-EC and LC-UV confirms the identity as guanosine. We
recommend including guanosine as an HPLC standard to avoid
misidentification with 3-NT. (Supported by Warner-Lambert/Parke-Davis)

CHANGES IN CORTICAL ENERGY METABOLISM AFTER
CLOSED HEAD INJURY IN THE MOUSE. A.E.M.
Comely. W.-I, Steudel. Y. Yang’f E. Shohami1. Neurosurg. Res. Lab.
Saarland Univ., Homburg, FRG, Dept. of Pharmacol. Hebrew University, School of Pharmacy, Jerusalem, Israel1.
The induction of cytokines had been demonstrated after acute stroke
and trauma. Temporal pattern of changes in energy balance has been
closely linked to cytokine expression. To investigate a possible correlation between cytokine production and energy metabolism after closed
head injury (CHI), the present study was designed in a mouse model of
CHI. Injury was performed using a weight drop device (Chen et al.,
1996) and brains were frozen 4-24h after sham surgery and at 5 min, 4,
12 and 24h (n=4/group) following CHI. ATP, glucose and lactate
contents were determined by computer-assisted bioluminescence imaging
in serial tissue sections. Results: i) ATP content was significantly decreased at 4, 12 and 24h on the injured hemisphere as compared to
sham. On the contralateral side ATP did not change in comparison to
sham, ii) glucose content ipsilaterally significantly decreased at 5min,
and remained lower up to 24h. Contralateral glucose content did not
change significantly as compared to sham, iii) no changes in lactate
could be discerned. Conclusions: CHI in the mouse lead to ipsilateral
cortical energy depression. This may be related to the early production
of harmful mediators such as cytokines, reactive oxygen species or
vasoactive neurotransmitters that locally impair the blood supply.

216.5

216.6

ADENOVIRUS-MEDIATED TRANSFER AND EXPRESSION OF (3-GAL IN
INJURED HIPPOCAMPUS IS NOT INHIBITED AFTER TRAUMATIC
BRAIN INJURY IN MICE. P.M. Kochanek*, K.L. Janesko, L.W. Jenkins, P.
Robichaud, H.Q. Yan, R.S.B. Clark, C.E. Dixon, D.W. Marion, M.R. Kibbe, T.R.
Billiar. Safar Center for Resuscitation Research and Depts. of Anesthesiology/CCM,
Pediatrics, Neurosurgery, Surgery, Univ. of Pittsburgh, Pittsburgh, PA, 15260.
In models of focal cerebral ischemia, adenoviral (Ad) gene transfer is attenuated or
markedly delayed vs naive1. After controlled cortical impact (CCI)-induced traumatic
brain injury (TBI) in mice, CAI and CA3 hippocampus both exhibit delayed neuronal
death, with DNA damage at 24h, morphological loss of CA3 by 72h, and complete
loss of hippocampal parenchyma by 2Id/ We hypothesized that Ad-mediated
expression of P-Gal in hippocampus would be attenuated after CCI in mice.
Isoflurane anesthetized C57BL6 mice (n=16) were subjected to either CCI to left
parietal cortex or sham injury (burr hole). Ad-CMV-P-Gal (109 PFU/ml) was then
immediately injected into left dorsal hippocampus. At 24 or 72h, mice were saline
perfused and P-Gal expression was quantified (mU/mg protein). Separate mice (n=8)
were used to examine the distribution of p-Gal staining in vibratome sections.
Robust p-Gal expression in left hippocampus was detected in sham and was similar
at 24h (48.4±4.1) vs 72h (68.8±8.8, NS). CCI did not reduce P-Gal expression in
ipsilateral hippocampus (68.8±8.8 vs 88.1±7.0 at 72h, sham vs CCI, NS); but, CCI
reduced p-Gal expression in contralateral hippocampus (14.2±3.9 vs 2.5±0.2 at 72hp
< 0.05 sham vs CCI). P-Gal was seen in many cell types in ipsilateral hippocampus.
Contralateral expression was restricted to periventricular cells and CA3 neurons.
Despite the eventual nearly complete loss of ipsilateral hippocampus by 21 d in this
model, Ad-mediated gene transfer is robust in this structure early after TBI. This
supports the use of this approach to test novel genes targeting hippocampal neuronal
death in this model. Inhibition of gene expression in contralateral hippocampus by
injury may reflect reduced CSF circulation or failure of axonal transfer of Ad after
CCI. 'Abe etal, 1997.2Whalen etal, 1999. Support: NS30318 and GM44I00

FENTANYL VERSUS ISOFLURANE ANESTHESIA: EFFECT ON
OUTCOME AFTER TRAUMATIC BRAIN INJURY IN RATS. K.D. Statler,
P.M. Kochanek, C.E. Dixon, H. Alexander, D.S. Warner, R.S.B. Clark, S.
Wisniewski, S.H. Graham, L.W. Jenkins, X. Ma,* D.W. Marion, P. Safar. Safar
Center for Resuscitation Research, Univ. of Pittsburgh, Pgh, PA, 15260 and Duke
Univ., Raleigh Durham, NC, 27710.
Despite the routine use of fentanyl for initial sedation of patients after severe
traumatic brain injury (TBI), it remains to be determined if it is the optimal sedative
agent. Isoflurane is the most commonly used anesthetic in experimental models of
TBI. Recent studies in experimental cerebral ischemia suggest that isoflurane is
neuroprotective (vs fentanyl) in part by increasing cerebral blood flow (CBF) and
reducing metabolic demands. To our knowledge, fentanyl has not been directly
compared to isoflurane in experimental TBI. We hypothesized that isoflurane would
be neuroprotective vs fentanyl when administered early after TBI in rats.
Male Sprague-Dawiey rats (n=9/group) were subjected to controlled cortical impact
to the left pariental cortex and randomized to receive either fentanyl (10 mcg/kg bolus
followed by a 25 mcg/kg/h iv infusion) or isoflurane (1% by inhalation) for 4 h.
Motor (beam balance, beam walking, d 1-5) and cognitive (Morris water maze
performance, d 14-20) function were used to assess functional outcome and rats were
perfused for the assessment of lesion and hippocampal volumes on d 21.
Rats treated with isoflurane had markedly better motor and cognitive function vs
those treated with fentanyl (both p < 0.05 on multiple days); although, there were no
differences in either contusion or hippocampal volumes between treatment groups.
We speculate that the increase in CBF in concert with metabolic suppression
produced by isoflurane may be neuroprotective after TBI. Therefore the use of
isoflurane may mask the beneficial effects of novel treatments tested in experimental
models of TBI. In addition, fentanyl may not represent the optimal sedative agent,
and may even be detrimental in the acute phase after severe TBI. Support:
USArmy#DAMD17-97-l-7009
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CREATINE
PROTECTS
AGAINST
CORTICAL
DAMAGE
FOLLOWING TRAUMATIC BRAIN INJURY IN RATS. J.D. Geiger1,
P.G. Sullivan2, M.P. Mattson2, F.A. Schmitt2* and S.W. Scheff2. 1 Dept.
Pharmacology, Univ. Manitoba, Winnipeg, Manitoba, Canada, R3E 0T6,
and 2Sanders-Brown Research Centre on Aging and Dept. Anatomy &
Neurobioiogy, Univ. Kentucky, Lexington, KY 40536.
Creatine is a food supplement widely ingested by athletes in an attempt to
enhance athletic performance. Ethical and health-related concerns with longterm ingestion of high doses of creatine have led some sports organizations
to restrict its use. Recent evidence has shown that creatine protects against
neurodegenerative diseases including Alzheimer’s, Huntington’s, and
amyotrophic lateral sclerosis. Here we tested the hypothesis that creatine
protects against experimental traumatic brain injury (TBI). In this model,
mice were injected i.p. with creatine (3 mg/g body weight) for 1, 3 and 5
days prior to application of a controlled cortical impact (1 mm depth,
velocity 3.5 mm/sec) - animals were killed 7 days later and brain lesions
were quantitated using an unbiased stereological protocol. Mice treated with
creatine for 5 days prior to TBI showed a significant (P=0.006) 35%
reduction in lesion volume. Mice treated with creatine for 3 days showed a
non-significant 21% (P=0.129) trend towards reduction in lesion volume,
and brain lesions in mice receiving creatine for 1 day prior to TBI were
equivalent to vehicle-treated controls. Creatine appears to be a relatively
safe compound capable of protecting against acute and chronic
neurodegenerative diseases.(Supported by NS31220 and the Medical
Research Council of Canada).

THE EFFECTS OF ETHANOL AND DRUGS OF ABUSE ON IMMEDIATE
EARLY GENE EXPRESSION FOLLOWING TRAUMATIC BRAIN INJURY.
J. Pilitsis. M.D., P.D, Walker, Ph.D., and D.B. Michael, M.D,, Ph.D.*
Departments of Neurological Surgery and Anatomy & Cell Biology, Wayne
State University School of Medicine (WSU-SOM), Detroit, Ml 48201.
The Traumatic Brain Injury (TBI) National Database Management Cer- r
reports that 52% of TBI victims have have positive blood ethanol
(ETOH)levels at injury. ETOH and drugs of abuse (DAB) influence
immediate gene expression (Grzanna & Brown; NIDA Res. Mono. 125
1993).Our group has previously reported changes in expression of
immediate early genes (IEG:c jun, zif 268, and c fos) following TBI in human
tissue and animal models (Dutcher et al.; J Neurotrauma 15:6 1998).
Hypothesis: The presence of ETOH or DAB effects IEG expression
following TBI. Methods: Human brain tissue was collected during
craniotomy.in accordance with hospital and federal regulations (45CFR45)
and processed by Western analysis for IEG expression using non TBI tissue
for comparison. Blood ETOH and urine DAB levels were determined a’ -he
time of hospitalization by standard methods. Statistical analysis used Cm
Square and multivariate analysis. Results: Seven of 16 patients had
positive ETOH levels and 4 of 16 had DAB detected. ETOH appeared to
increase c fos expression (p> 0.05). Both FTOH and DAB appeared to
affect zif 268 expression (p>0.05). Conclusion: These results support tne
hypothesis that ETOH and DAB influence gene expression following TBI.
Study of post TBI and ischemic gene alteration has led to molecular
treatment strategies (e.g. bFGF therapy). This study suggests the effect of
ETOH and DAB intoxication on post TBI gene expression should be
considered in the design of such treatment Supported by WSU-SOM, The
L.M.Thomas, M.D. Fund, and NIH Grant NS30550 (P.D.W.)
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RECOVERY OF NEUROLOGIC FUNCTION WITH CM101 TREATMENT
AFTER SURGICAL REMOVAL OF GLIOSIS IN CHRONIC SPINAL CORD
INJURY. Carl G. Hellerqvist. Artur W. Wamil*, Barbara D. Wamit Fenglei
Sun, and Ping Chi. Vanderbilt University, Nashville, TN 37232.
We recently reported on i.v. treatment with picomole amounts of CM101 in an
experimental model of spinal cord injury (SCI) on the cellular, tissue and whole
animal level (PNAS 95(22): 13188-13193; 1998). We demonstrated that 25 of
26 paralyzed mice treated with CM101 recovered walking ability with 2-12 days
versus none in the vehicle group. MRI and histological analysis of SC sections
corroborated the whole animal observations and established that CM101
prevented gliosis in the damaged spinal cord.
Electrophysiological
measurements on CNS and neurons in culture demonstrated a remarkable
neuroprotective effect of CM101. Our objective was to investigate if surgical
removal of gliosis from crushed SC in chronically paraplegic mice combined
with treatment with CM101 would facilitate axonal regrowth and neuronal
connectivity. Groups of mice were treated lh and 3h post-surgery and every
other day for six weeks. Both treatment groups showed improvement over
control in which the rear legs and paws became dystrophic and remained
completely immobile. Treatment groups were able, in a coordinated way, to
grab objects with their rear paws but used their rear legs uncoordinatedly
resulting in a very limpy walk. Immunohistochemical analysis of SC sections
established that CM101 treatment prevented gliosis and allowed for axonal
regeneration and neuronal reconnections. Based on these observations, we
postulate that the uncoordinated limpy walk is due to unmatched neuronal
reconnections which could be improved with physical therapy. Sponsored by
CarboMed, Inc. in which all authors have a financial interest.

NEURONAL AND GLIAL RESPONSE IN JNK KNOCK OUT MICE
FOLLOWING KAINIC ACID EPILEPSIE, AXOTOMY AND CEREBRAL
ISCHEMI A. S. Brecht*1, A. Chromik1, J. Wessig1, K. Mielke1, CY. Kuan2, R. Davis3,
R. Flavell3, R. Lucius4, T. Herdegen1. (l)Institute of Pharmacology, University of Kiel,
Germany, (2)Section Neurobioiogy, Yale Medical School, New Haven, CT, (3)Howard
Hughes Medical Institute, Worcester, MA, (4)Institute of Anatomy, University of Kiel,
Germany *Sponsored by the European Neuroscience Association

216.11
DEVELOPMENT OF AN ENTRAPMENT NEUROPATHY (CARPAL TUNNEL
SYNDROME) IS A TWO-STAGE PROCESS. A. Weerasuriva* S.L. Nelson and
N. R. Crowley. Mercer University School of Medicine, Macon, GA 31207.
The objective of this study was to investigate the causative factors of entrapment
neuropathies. In the first series of experiments (Soc. Neurosci. Abstr., 22, 772,
1996), the endoneurial hydrostatic pressure (EHP) was measured as a function of
age in rat sciatic nerves. It demonstrated that EHP, after reaching a plateau (-3.0
mm Hg) in the sub-adult to young adult stage, rises to another plateau (-4.8 mm
Hg) in the mature adult to later stages. From these data, we concluded that older
sciatic nerves were more susceptible to injury arising from increases in EHP
induced from inside as well as outside the endoneurium. In the second series,
consistent with this conclusion, the compliance of the perineurium of older nerves
was found to be about 30% less than that of young adult nerves. In the third series
(Soc. Neurosci. Abstr., 24, 267, 1998), to understand the contribution of convective
endoneurial fluid flow (EFF) to EHP, we measured EHP in two sets of rats with
either ligated or crushed sciatic nerves. The largest increases in EHP (22-28 mm
Hg) were within 4 days of ligation, and a significant proximo-distal EHP gradient
was observed across the site of ligation. In crushed nerves, EHP peaked at 15 mm
Hg one day after crush. It was concluded that obstruction of EFF by the ligatures
contributes to the significantly higher proximal EHPs in ligated nerves and the
proximo-distal EHP gradient seen only in ligated and not crushed nerves. This was
confirmed in the fourth series, where proximal EHP in crushed nerves increased
further when the nerve was ligated at the site of crush. Based on these conclusions,
it is hypothesized that the initial event in the evolution of an entrapment neuropathy
is the limitation and reduction of EFF due to externally applied mechanical forces.
Secondly, elevation of EHP due to obstruction of EFF and continued application of
these external forces leads to endoneurial ischemia and its attendant pathology.
This hypothesis is consistent with (1) the paucity of CTS in arcade-game-playing
teenagers, and (2) higher incidence of CTS in conditions with increased tissue
water content or edema, such as pregnancy and diabetes (MedCen # 23750).
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C75 BL6 mice with functional knock out (ko) of either isoform 1,2
or 3 of the Jun N-terminal kinase (JNK) from a SV129 library underwent
treatment wife kainic acid epilepsie, transection of the medial forebrain
bundle (MFB) or transient focal cerebral ischemia. c-Jun expression and
phosphorylation and glial response to injury have been investigated by
immunohistochemistry. Following kainic acid treatment, c-Jun
expression and phosphorylation was reduced in all three isoforms by 40 60%. Differences of c-Jun expression and phosphorylation between JNK
ko mice and wildtype controls were less prominent following cerebral
ischemia and axotomy. Axtomized nigral neurons of JNK1 ko but not
JNk2 and 3 ko were rescued from cell death. In contrast to
neuroprotection the infarct sice of JNK2 and 3 ko mice was increased
compared to wildtype controls. Similar, mechanical stab injuiy results in
enlargmenent of the lesion site in JNK2 and 3 ko mice. In vitro
experiments showed a higher acitivity of microglial cells from untreated
JNK3 knock out animals. The putative harmful effect due to enhanced
glia activation stands against the neuroprotective effect of JNK3 knock
(Nature 1997, Vol. 389).
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GALANIN CONTROL OF SEIZURE ACTIVITY. EVIDENCE FROM
TRANSGENIC ANIMALS. AM. Mazarativ*. J.G. Hohmann 3, D, Shin D.
Wynick \ R, Sankar u. H. Liu C.G.Wasterlain 1’5. and R.A.Steiner 3, Dept. of
1 Neurology, and 2 Pediatrics, UCLA School of Medicine, Los Angeles, CA,3 Dept.
OB/GYN, Univ. of Washington, Seattle, WA, 4 Dept. of Med., Bristol Univ, UK,
’Neurology Service, VAGLAHC, Sepulveda, CA 91343.
We recently reported that hippocampal gaianin (GAL) acts as an endogenous
anticonvulsant, which is depleted by status epilepticus. Here we examined seizure
responses in mice with different levels of gaianin expression: over-expressing
gaianin under the dopamine P-hydroxylase promoter (OEs) and knock-outs (KOs).
GAL OEs showed, in response to pentylenetetrazole (PTZ, 50 mg/kg i.p.), longer
seizure latency [351+65 s vs 145+27 s in wild type (WT)] and lower seizure severity
(2.2+0.7 vs 3.7+0.6 in WT, p<0.05). Kainic acid (KA), 30 mg/kg induced lethal
convulsions in 5 out of 6 WTs and only in 1 out of 6 OEs (p<0.05). In GAL KO
mice, PTZ (40 mg/kg) seizures showed shorter latency (122+13.5 s vs 331+90 s in
WT) and higher severity (3.3+0.6 vs 1.33+0.8 in WT, p<0.05). Bilateral
administration of 2.5 nmol GAL/side into the lateral ventricles (i.c.v ), attenuated
PTZ seizures in KO animals (latency 265+11 s, seizure severity 1.0+0.4, p>0.05 vs
sham-treated KOs). I.c.v. injection of the GAL receptor antagonist M35 (2.5
nmol/side) increased seizure severity in WT mice (latency 86+23 s, severity 3.3+0.6,
p<0.05 vs sham-injected controls), but did not affect seizures in GAL KO animals.
KA, 20 mg/kg i.p. induced 4-6 discrete stage 4-5 seizures in WT mice, while GAL
KO mice showed continuous stage 4-5 seizures for the 3 hr observation.
We suggest that endogenous gaianin is a powerful modulator of seizure activity
and that genetic or pathologically induced alterations in gaianin expression may
contribute to certain forms of epilepsy.
Supported by the VHA Research Service, Research Grant NS 13515 from NINDS,
and NSF grant 9720143.

BDNF DIMINISHES NMDA-INDUCED NEURONAL SWELLING IN
DENTATE GRANULE CELLS IN EPILEPTIC HIPPOCAMPUS IN SLICES.
Masako Isokawa*. Brain Research Institute, UCLA, Los Angeles, CA 90095.
Rationale: It is well accepted that NMDA receptor-mediated synaptic
excitation is increased in epileptic hippocampus (Isokawa et al., 1997, J.
Neurophysiol. 77:3355-69). However, little is known for the effect of increased
NMDA currents on the metabolism of epileptic neurons. The objective of this
study is to examine neuronal volume changes in the epileptic hippocampus in
response to activation of the NMDA receptor and die effect of BDNF on the
NMDA-induced neuronal swelling.
Methods:
Neuronal swelling was
monitored in dentate granule cells (DGCs) by recording Light Transmittance (LT)
from epileptic hippocampus in slices. LT changes were imaged with the use of a
cooled CCD camera. Results and Conclusions: With dia-illumination, the
DGC layer was visualized as an axial band with moderate light transmission.
Application of hypo-osmotic ACSF (-75mmol) reversibly increased LT by 29.3%
in DGC layer in the epileptic hippocampus. This increase was similar to those
observed in control hippocampus, suggesting the mechanisms of osmotic
regulation is well preserved in epileptic hippocampal slices.
Synaptic
depolarization is known to induce'neuronal swelling, and it can be detected by LT
changes. Application of NMDA (30 pM) increased LT by 40% in both epileptic
and control DGCs. Although the removal of the agonist resulted in the
subsequent reduction of LT in control DGCs in 30 min, elevated LT was
sustained for 2 hours in epileptic DGCs. Co-application of BDNF (2 ng/ml)
significantly reduced die duration of elevated LT in epileptic DGCs, thus
protecting epileptic DGCs from NMDA-induced prolonged swelling.
Preincubation of slices with thapsigargin (2 pM) was found to have a similar
effect on DGC-swelling induced by NMDA in epileptic hippocampus. The
present findings suggest that BDNF may exert its effect on DGC swelling via the
regulation of intracellular calcium release. (Supported by NIH grant: NS31180).
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ABNORMAL CORTICAL BURST FIRING MAY CAUSE SPIKE-AND-WAVE
SEIZURES THROUGH THALAMIC GABA„ RECEPTORS
H. Blumenfeld1,2* and D.A. McCormick1 Sect. Neurobiology1 and Dept. Neurology2,
Yale University School of Medicine, New Haven, CT 06510
Absence seizures (3-4 Hz) and sleep spindles (10-15 Hz) occur mostly during slow
wave sleep and have been hypothesized to involve the same corticothalamic network.
Here we examined how the same corticothalamic network may generate either spindle
waves or spike-and-wave seizures.
Slices of ferret LGN preserve the circuitry needed to generate ~10 Hz spindle
oscillations, or 3-4 Hz paroxysmal activity. Here we stimulated corticothalamic inputs
with either single shocks (0.1 ms, 30-100pA) to mimic the firing of "single" action
potentials by cortical neurons, or with high frequency bursts (6 shocks at 200 Hz) to
simulate cortical "burst" firing. Single shocks elicited fast IPSPs in thalamocortical
cells, followed by rebound bursts at 80-100 ms, while a burst of 6 shocks elicited
slower IPSPs, with rebound bursts at ~300 ms. Next we triggered the stimulation of
the corticothalamic fibers by spontaneous burst firing in extracellularly recorded
thalamocortical cells. If the corticothalamic fibers were stimulated once per burst of
thalamocortical activity, then ~10 Hz oscillations resembling spindle waves were seen.
However, if the stimulation was a burst, then the network immediately transformed
into a 3-4 Hz paroxysmal oscillation. This transition was associated with a strong
increase in burst firing in GABAergic perigeniculate neurons and the activation of
GABAB receptors in thalamocortical cells. Bath application of the GABAB receptor
antagonist CGP 35348 blocked the slow IPSPs and converted the 3-4 Hz paroxysmal
oscillations back to ~10 Hz spindle waves. We suggest that the transition from normal
to abnormal rhythms in thalamocortical systems depends critically upon the manner in
which cortical and thalamic networks interact.
Supported by a Pfizer Postdoctoral Fellowship and NIH NS02060.

ALTERED GABAa RECEPTOR KINETICS IN THE PERIRIHINAL CORTEX OF SEIZURE
prone AND RESISTANT RATS. D.C.McIntryre,2 B.Hutcheon? and M.O.Poulter'*.
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Laboratory of Molecular Pharmacology, NRC of Canada, Ottawa, Canada K1A
0R6; 2 Neuroscience Research Institute, Carleton University, Ottawa, Canada
K1S5B6.
Our recent report showed that seizure prone and resistant (FAST and SLOW
kindling) rats have different GABAa receptor mRNA and protein expression in
the amygdala and adjacent cortex. In FAST rats, a subunits which predominate
at birth (a2, a3 and as) were over expressed in comparison to out-bred controls
while SLOW rats over-expressed the ai subunit. The purpose of this study was
to examine the electrophysiological behaviour, both voltage activated and
synaptic, of neurons in adult brain slices of the perirhinal cortex. A comparison
of the voltage activated membrane properties showed no obvious differences.
Both strains had fast accommodating and non-accommodating spiking cells
whose behaviour correlated to the magnitude and kinetics of a fast activating and
slowly inactivating potassium current. A comparison of GABAa mediated
synaptic transmission in these rats strains revealed that the magnitude of GABA
mediated spontaneous post synaptic currents (PSCs; recorded in the presence of
TTX) were greater in the SLOW than in FAST kindling rats (38 ± 5 pA versus
23 ± 3 pA). Furthermore, the PSCs decayed more quickly in the SLOW than in
the FAST kindling strains having time constants of 1.8 and 24 ms versus 8.8 and
44 ms respectively. The consequence of these changes may result in the
inappropriate timing of output from limbic circuits leading towards hypersynchrony.
Supported by NRC, NSERC and MRC of Canada
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LONG TERM MONITORING OF IN VITRO EPILEPTOGENESIS:
STUDY OF E/S-POTENTIATION IN ORGANOTYPIC HIPPOCAMPAL
SLICES USING A MICRO-ELECTRODE-ARRAY
T.Knott, M.Fejtl*r B.Schlofihauer. U.Egert2, A.Aertsen2, H.Hammerle
NMIatthe Univ. of Tubingen, D-72770 Reutlingen,2 Univ. Freiburg
Partial epilepsies, especially temporal lobe epilepsy (TLE), are still a
major health problem. TLE is a progressive disorder and long-term aspects
of epileptogenesis have been studied in organotypic hippocampal slices.
The aim of this work was to establish the long-term stability of parameters
which serve as a measure for hyperexcitability. Organotypic hippocampal
slices were cultured on a micro-electrode array (MEA, 60 substrate
integrated electrodes, 8x8 grid, 200pm electrode distance) and repeated,
non-invasive electrophysiological measurements were done on the very
same slice. E/S-potentiation and bicuculline-induced epileptiform discharges were chosen as parameters to measure hyperexcitability.
We found that tiie bicuculline concentration necessary to induce
epileptiform activity ranges from 2-4 pM and was stable over 2 weeks in
the same slice (n=4). No epileptiform activity could be induced with
electrical stimulation alone, despite the occurrence of prominent population spikes (0.5-2 mV) on several electrodes along the cell layer.
Epileptiform afterbursts could be elicited with electrical stimulation in the
presence of bicuculline (0.2 to 0.4 pM; 0.1 pM was not effective), if
sufficient high stimulus intensities (90-150pA, 150ps) were used (n=3).
Bicuculline higher than 0.1 pM affected the size of the population spike in
a concentration-dependent manner. Also, the ratio of pop-spike to
amplitude field EPSP was increased (E/S potentiation). This can be
explained by the reduction of somatic inhibition in pyramidal cells in the
presence of bicuculline. In conclusion, we could show that
hyperexcitability by itself does not occur in long-term hippocampal
cultures. Parameters of hyperexcitability will now be investigated during
lesion-induced epileptogenesis.

STATUS EPILEPTICUS-INDUCED BASAL DENDRITES ON RODENT
GRANULE CELLS CONTRIBUTE TO RECURRENT EXCITATORY
CIRCUITRY. C-E. Ribak*, p. Tran, L Spigdman^M.M. Qkazaki and J,y.
Nadler. Dept. of Anatomy & Neurobiology, UC Irvine, Irvine, CA; UCLA
School of Dentistry, Los Angeles, CA; Dept. of Pharmacology, Duke
University, Durham, NC.
Mossy fiber sprouting into the inner molecular layer of the dentate gyrus is
an important neuroplastic change found in animal models of temporal lobe
epilepsy and in humans with this type of epilepsy. Recently, we reported
another neuroplastic change for granule cells following seizures: basal
dendrites. Data from three models of temporal lobe epilepsy (perforant path
stimulation, kainate-induced and pilocarpine-induced) show that they are
commonly found for about 10% of granule cells. Retrograde transport of
biocytin following its injection into stratum lucidum of CA3 was used to show
that basal dendrites of dentate granule cells branched and extended into the
hilus of the dentate gyrus. Electron microscopy was used to determine
whether these dendrites were postsynaptic to axon terminals in the hilus, a site
where mossy fiber collaterals are prevalent in normal rats. Labeled granule
cell axon terminals were found to form asymmetric synapses with basal
dendrites. Also, a few unlabeled, large mossy fiber boutons were presynaptic
to basal dendrites. Many somal spines were also found for granule cells with
basal dendrites. These results indicate that axons Uf granule cells synapse with
the basal dendrites of granule cells following status epilepticus. These new
synapses contribute to recurrent excitatory circuitry for granule cells.
Supported by NIH grant NS 17771.
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THE LONG-LASTING EFFECTS OF PERIRHINAL CORTEX KINDLING
ON BEHAVIOR IN RATS. P, K. Hannesson*, P. Mohapel. A. E. Wallace. J.
Howland. M, Pollock. X. Zhang. & M. E. Corcoran. Dept. of Psychology &
Neuropsychiatry Res. Unit, Univ. of Saskatchewan, Saskatoon, Canada, S7N 5E4.
The perirhinal cortex (PRH) is a critical node that links both the hippocampus and
amygdala with widespread regions of the neocortex. Thus, behavioral studies have
demonstrated that the PRH plays an important role in the propagation and elaboration
of seizure activity originating in limbic structures as well as in a subset of normal
functions that involve neocortical-hippocampal or neocortical-amygdalar interaction,
such as certain types of learning and memory and the control of emotional behavior.
Given this role of the PRH in both seizure generalization and the types of functions
that are frequently altered in temporal lobe epilepsy, we were interested in investigating
the long-lasting effects of electrical kindling of the PRH on subsequent learning,
memory, and emotional behavior in rats. In a series of studies, we have investigated
PRH kindling’s effects on a variety of functions, including object associative memory
in a modified water maze, object recognition memory in an open field task, anxiety in
the elevated plus maze and an open field task, and spatial cognition in two versions of
the Morris water maze. We found that PRH kindling impairs long-term object
associative memory and intermediate-term object recognition memory, enhances
anxiety-related behavior in both the elevated plus maze and the open field, but does not
affect spatial cognition. These findings indicate that PRH kindling modifies
neocortical-limbic and/or local PRH circuitry in a manner that compromises objectrelated memory processing and enhances anxiety while sparing hippocampo-cortical
interactions necessary for normal spatial cognition. Moreover, they implicate PRHrelated circuit changes in at least some of the memory and emotional disturbances that
frequently accompany temporal lobe epilepsy.
(Supported by a research grant from NSERC to MEC.)

ARE THE PROPERTIES OF PERIRHINAL KINDLING UNIQUE TO THE
PERIRHINAL CORTEX?

P, Mohapel*. D. K. Hannesson. & M. E. Corcoran. Dept. of Psychology &
Neuropsychiatry Research Unit, University of Saskatchewan, Saskatoon, Canada, S7N
5E4.
Accumulating evidence suggests that the perirhinal cortex may play a critical
role in the amplification and propagation of limbic generalized seizures during
kindling. Some of the strongest evidence for this notion is found in the rapid
progression to motor seizure generalization and the almost instantaneous onset of
forelimb clonus with perirhinal cortex stimulation. We decided to assess whether these
kindling properties are unique to the perirhinal cortex by comparing its kindling
profiles with those of the neighbouring insular cortex and claustrum. We performed
detailed analysis of the electroencephalographic and convulsive attributes associated
with kindling from these sites. Some rats were tested while suspended in a harness, so
that subtle differences in limb convulsive activity could be detected. We found that
both the insular cortex and the claustrum shared many kindling characteristics with
perirhinal cortex For example, both the insular cortex and the claustrum demonstrated
veiy rapid rates of kindling to generalized motor seizures and short latencies to the
onset of forelimb and hindlimb clonus. However, notable differences were detected
between groups with respect to limb convulsive profiles. In particular, the claustrum
exhibited much more vigorous and sustained driving of forelimb and hindlimb clonus
during generalized seizures than perirhinal cortex. These results suggest that the
perirhinal cortex is not unique in its kindling properties. Furthermore, we propose that
some of the epileptogenic properties of the perirhinal cortex may in fact be mediated
by neighbouring structures.
(Supported by a research grant from NSERC awarded to MEC).

217.9

217.10

DELAYED HIPPOCAMPAL NF-kB INDUCTION DURING EXPERIMENTAL
EPILEPTOGENESIS. Walter J. LukiW* Bin Tu, Victor L. Marcheselli and Nicolas
G. Bazan. Louisiana State University Medical Center, Neuroscience Center
New Orleans, LA 70112-2272.
Epileptogenesis involves hippocampal synaptic circuit rearrangements often
resulting from neuronal damage. We have tested the hypothesis that synaptic
signaling dysfunction induces long term alterations in the responsiveness of
transcription factors (TFs) that regulate the expression of genes involved in
neuronal plasticity and survival. The c-FOS and COX-2 gene products, encoding
TF AP-1 and prostaglandin PGE2, respectively, may participate in these long term
changes. We have studied the DNA-binding activities of several TFs (AP1-, AP2-,
Egrl (zif268)-, GAS(STATI)-, NF-kB-, NFIL6-, SP1-andTFIID) by electrophoretic
mobility shift assay (EMSA) in hippocampal nuclear protein extracts (hNPXTs) at
various times (0,1, 3, 6 hr, 1, 3, 7 da and 2, 4, 8 wk) after a single intraperitoneal
injection of kainic acid (KA) in a kindling model of epileptogenesis and have
correlated this DNA- binding activity with c-FOS and COX-2 RNA message
generation in the same hippocampal sample. c-FOS and COX-2 RNA message
abundance were assayed in parallel samples by integrated RT-PCR [iRT-PCR;
Lukiw et al., PNAS 95:3914 (1998)]. As analyzed by EMSA using 5' end-labelled
TF-containing DNA consensus sequences, TF-DNA binding activities for AP2 ,
NFIL-6, NF-kB and GAS (STAT1) showed strong increases over the short term
(~1 hr). These correlated to rapid elevations in both c-FOS and COX-2 RNA
messenger RNA (—1-3 hr). The proinflammatory TFs AP-1 and NF-kB each
displayed phasic DNA-binding profiles over the short term (0-3 hr), medium term
(3-6 hr) and also after long term (4-8 wk) time periods. In addition, sustained
increases in TFIID-DNA binding suggested long term de novo induction of brain
gene expression during epileptogenesis. Long term modulation of AP-1- and NFkB- DNA binding to target gene promoters may play an ongoing role during
epileptogenesis in the hippocampus long after the initial KA insult or the kindlinginduced triggering of events. This delayed NF-kB-DNA binding responsiveness
and COX-2 expression may reflect rearrangements in neuronal circuits and
aberrant synaptic activity in epileptogenesis. (NIH NS23002)

CALBINDIN AND PARVALBUMIN IMMUNOREACTIVITY IN THE PIRIFORM
CORTEX OF AMYGDALA-KINDLED RATS. U, Ebert*. M, Halves. M. Gemert
and W, Ldscher. Dept. Pharmacology, Toxicology & Pharmacy, School of Veterinary
Medicine, D-30559 Hannover, Germany.
The primary olfactory or piriform cortex (PC) is thought to be critically involved in
the epileptogenesis induced by amygdala kindling in rats. Recently, we found a longterm reduction of GABA-immunoreactive neurons in the transition zone between
anterior and posterior PC of amygdala-kindled rats. Since many GABAergic neurons
in the PC also contain the calcium-binding proteins calbindin-D(28k) or parvalbumin,
we were interested whether the decrease of GABA immunoreactivity was
accompanied by a similar reduction in neurons stained for calbindin or parvalbumin.
The PC of four groups of rats were immunohistochemically labeled with monoclonal
antibodies to calbindin and parvalbumin and visualized by a biotin/streptavidin
method using the fluorochrome Cy3. Two groups of rats were fully kindled via a
bipolar electrode in the basolateral amygdala according to a conventional protocol
and sacrificed after about 100 days either without or one day after another generalized
seizure. The third group consisted of rats that were electrode-implanted but not
kindled (sham). Naive rats served as control group.
Neurons and fibers labeled for calbindin and parvalbumin were mainly observed in
layer 3 of the posterior PC and in the ventral endopiriform nucleus of the anterior PC,
while only few neurons in layer 2 and in the dorsal endopiriform nucleus were
immunoreactive for the calcium binding proteins. Kindling led to a reduction of
calbindin-labeled neurons and fibers in the anterior and posterior part of the deep PC.
This decrease of calbindin staining was probably not due to GABAergic cell loss,
since one day after a generalized seizure in these fully kindled rats calbindin staining
was not different from sham rats. In contrast, parvalbumin immunoreactivity was not
permanently reduced by amygdala kindling, but showed a tendency to decrease one
day after the last generalized seizure. These data suggest that the neuronal content of
calcium binding proteins in the piriform cortex is differentially regulated by kindling
and kindled seizures.
Supported by Deutsche Forschungsgemeinschaft (DFG).

217.11

217.12

KINDLING-INDUCED MODULATION OF BRAIN IL-1p SYSTEM, TNF-a,
TGF-p1, AND NEUROPEPTIDE mRNAs. < M.C. Flynn,, * S.E. llyinJ..._D,
Gavle? N.P. Turrin.1 C.R. Plata-Salaman.1 M.E. Kelly,2 Y. Bureau.2 H
Anisman? and D.C. McIntyre? ‘Div. Mol. Biology. SLHS. Univ. of Delaware,
Newark, DE 19716 USA; ‘Carleton University, Ottawa, Ontario, K1S 5B6
Canada.
Cytokines and cytokine-neuropeptide interactions may be involved in
seizure- associated processes. Following amygdala kindling in rats, we
determined alterations of the IL-1p system (ligand, signaling receptor and
receptor accessory proteins), TNF-a, TGF-p1, NPY, gp 130 and POMC
mRNA levels in the parietal, prefrontal and piriform cortices, amygdala,
hippocampus and hypothalamus. The same brain region was used to assay
for changes in all mRNA components. All RNA samples were analyzed
individually.
Messenger RNAs expression in all brain regions was
determined 2 h or 3 wks following the last generalized convulsive seizure
triggered from the ipsilateral kindled amygdala. The results show that the 2-h
group (n = 7) exhibited a significant up-regulation (p< 0.01) of IL-1p, IL-1 RI,
TNF-a and TGF-p1 mRNAs in all three cortical brain regions, amygdala and
hippocampus 2 h after kindling relative to controls (n = 7). The largest upregulation was in the prefrontal cortex (about 30-fold induction for IL-1 p and
TNF-a mRNAs). IL-1 R AcP I and II mRNA levels were also up-regulated in
the cortical regions. No changes in IL-ip, IL-1RI or TNF-a mRNA levels
occurred in the 3-wk group (n = 7). NPY mRNA levels decreased in the
parietal cortex 3-wk post-kindling, but increased in the hippocampus,
prefrontal and piriform cortices in the 2-h group. Gp 130 and POMC mRNA
levels did not change in any group. The overall profile of mRNA changes
shows specificity of transcriptional modulation induced by kindling. The data
support a role of cytokines and NPY in the adaptive mechanisms associated
with generalized seizure activity. Thus, the data have implications for
neuroprotection and neuronal dysfunction, vulnerability and survival
associated with epileptic insults. Supported by the NIH (CRP-S), MRC and
NSERC (HA and DCM).

VERY LOW GAT-1 EXPRESSION IN THE AREA TEMPESTAS REGION OF DEEP
PIRIFORM CORTEX SUGGESTS HYPOTHESES FOR ITS UNIQUE PROPENSITY FOR
EPILEPTOGENESIS. M.E, Domroese1•2,. J.J. Ekstrand12. S. Knodel3, and L.B, Haberly13.
‘Neuro.Train. Prog.; 2MD-PhD Prog.; and 3Dept. Anat., U.W. Madison; Madison WI 53706.
Picomolar quantities of convulsants elicit generalized seizures when injected into a
restricted region at the deep border of rostral-most piriform cortex (PC), termed “area
tempestas” (Piredda & Gale, ‘85). The morphological substrate for this physiologically
defined area remains unidentified. Speculation has focused on the endopiriform nucleus
(En) based on its highly epileptogenic nature in slices; however, seizures can be evoked
only from the vicinity of its rostral tip (~1 mm out of its ~1 cm rostro-caudal extent).
Previous studies have failed to reveal unique features of the rostral pole region.
Staining with an antiserum for the neuronal GABA transporter, GAT-1, has revealed a
morphological correlate of the area tempestas: a very low level of expression in a region
with a striking correspondence to the distribution of sites from which seizures have been
elicited. The density of GAT-1 positive boutons was low throughout the newlydistinguished pre-endopiriform nucleus (pre-En) (Behan & Haberly, JCN, in press), and in
an adjoining rostro-ventral portion of the En. Expression was also low in a subregion of PC
that overlies these deep cell groups (see J.J. Ekstrand et al, this volume). In the PC and over
much of the extent of the En, GAT-1 immunoreactivity was prominent in axo-axonic
“cartridge” endings on axon initial segments, and in individual boutons adjoining cell
bodies and at unidentified sites throughout the neuropil. In contrast, in the pre-En and
adjoining portion of the En, stained cartridges were virtually absent, and the density of
individual boutons was much lower than in other portions of the En and in the PC.
The results suggest 3 alternative hypotheses: 1) The lack of GAT-1 stained cartridges
reflects an absence of inhibitory endings on axon initial segments. Since cartridge endings
mediate strong feedback inhibition, such absence would promote epileptogenesis. This
interpretation is supported by the lack of cartridge visualization with a GAD-67 antiserum
that also stains large numbers in the PC. 2) A low level of GAT-1 prolongs certain GABAa
IPSCs in the deep PC region as demonstrated elsewhere (Engel et al, ‘98; Kubova et al,
‘98), thereby making this region more susceptible to convulsants and procedures that
suppress inhibition. The rationale is that blockade of inhibition in regions where it is strong
would have a greater impact than in regions where strong inhibition is unnecessary. 3) A
low level of GAT-1 increases susceptibility to epileptogenic “frequency-reduction” of
feedback inhibition by increasing extracellular GABA accumulation and the resulting
presynaptic GABAb block of GABA release. Supported by NIH grant NS19865.
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MAPK, PKA, PKC, AND CaMKII MODULATION AND SUBSTRATE
PHOSPHORYLATION IN STATUS EPILEPTICUS. A.E. Anderson’*. J.P. Adams.
J.C, Selcher. E.D. Roberson. P.J, Pfaffinger. and J.D, Sweatt, 'Dept. of Pediatrics and Div. of
Neurosci., Baylor Coll, of Med., Houston, TX 77030.

We are interested in understanding the signal transduction cascades involved in
epilepsy. MAPK, PKA, PKC, and CaMKII are involved in the regulation of
hippocampal excitability, but the downstream effectors of these kinases are unknown.
In hippocampal dendrites the activity of A channels, thought to be composed of
Kv4.2 subunits, is influenced by activation of MAPK, PKA, and PKC, and we have
demonstrated that Kv4.2 is a substrate for MAPK, PKA, PKC, and CaMKII.
Furthermore, phosphorylation of the transcriptional factor, CREB, is regulated by
MAPK, PKA, and PKC. Using the kainate model we evaluated activation of these
kinases and phosphorylation of Kv4.2 and CREB. Status epilepticus (SE) was induced
by intraperitoneal kainate injection in adult rats. Activation of MAPK, PKC, and
CaMKII and Kv4.2 and CREB phosphorylation were evaluated in hippocampus with
phospho-selective antisera. PKA activation in CAI of kainate-treated hippocampal
slices was evaluated by in vitro phosphorylation assays. There is an increase in
MAPK phosphorylation in CAI, CA3, and dentate (DEN) in SE (p<0.05), while
autophosphorylated PKC demonstrated no significant change. Autophosphorylated
CaMKIl decreased in areas CA3 and DEN (p<0.05) and showed no change in CAI
with SE. Kainate treatment resulted in an increase in PKA activity in CAI in vitro
(p<0.05). Kainate-induced SE elicited an increase in MAPK phosphorylation of
Kv4.2 in all subfields (p<0.05), while an increase for the PKA phosphorylation sites
was seen only in CAI (p<0.05). Finally, preliminary data suggest that hippocampal
CREB phosphorylation is modulated during SE. These results demonstrate
modulation of protein kinases in status epilepticus and suggest that Kv4.2 and CREB
are substrates for these kinases. These data provide insight into the molecular
mechanisms contributing to epileptogenesis. Supported by ninds and nimh .

DEGENERATIVE DISEASE: OTHER III

218.1

218.2

DEVELOPMENTAL EXPRESSION AND ENVIRONMENTAL REGULATION OF
NEURODEGENERATIVE DISEASE PROTEINS. M.F. Mehler* and S, Gokhan. Depts.
ofNeurology and Neuroscience, Albert Einstein Coll. Med., Bronx, N.Y. 10461
Cellular genes that are mutated in many neurodegenerative diseases code for proteins that
exhibit complex neurodevelopmental expression patterns and interactions with signaling
pathways that mediate seminal neural fate decisions. These and other genetic studies
suggest that disease pathogenesis may involve alterations in fundamental developmental
mechanisms. We have examined the distinctive patterns and environmental regulation of
several neurodegenerative disease proteins within regional neural progenitor populations
during normal CNS development in vitro. Presenilin(PS)l,2 and huntingtin(Hh) are
expressed in distinct multipotent progenitor (MPP) pools within the embryonic forebrain
and the neonatal neocortex and subventricular zone; each protein exhibits differential,
region-specific modulation by cytokines that regulate progenitor cell cycle exit and
progressive lineage commitment and differentiation. Hh is also expressed in distinct
embiyonic striatal MPPs, and displays additional cell type-specific cytokine regulation
during distinct stages of neuronal lineage elaboration. In the postnatal neocortex, asynuclein (Syn) exhibits positive feedback regulation during neuronal lineage elaboration.
Frataxin (Fra), ataxin-l(Atx) and atrophin-1 (Atr) are also present in regional neonatal
forebrain MPPs, but display further variations in their profiles of cytokine responsiveness.
During lineage commitment, Atx and Atr segregate exclusively to the neuronal lineage,
whereas PSI, Syn, Hh and Fra are also expressed within oligodendrocyte progenitors.
These observations are the first to describe the presence and environmental regulation of
neurodegenerative disease proteins within neural progenitor populations. They provide
a mechanism to explain discrepancies between patterns of protein expression and regional
neurodegeneration. Further, they support a developmental model of disease pathogenesis
and suggest a rationale for targeting vulnerable regional neural progenitor species in
specific neurodegenerative diseases prior to the onset of irrevocable cellular injury/ death
using innovative neuroregenerative strategies. Supported by NINDS/NIH.

TRANSCRIPTIONAL PROFILE OF HUNTINGTON DISEASE BRAIN WITH
GENE MICROARRAYS M.V. Karpui and L. Steinman*. Dept. of
Neurological Sciences, Stanford University, Stanford, CA 94305
Labeled mRNA samples from four brains with Huntington’s Disease (HD), were
compared to two normal controls, and to brain samples from three subjects with
multiple sclerosis (MS). The samples were hybridized to an array containing 6800
human genes with 20 probe pairs per gene. HD brains showed increases in several
genes related to ubiquitination, including ubiquitin, ubiquitin carboxyl extension
protein, ubiquitin fusion protein and PGP 9.5. Changes were seen in various
transcription factors including elevations in RNA encoding c-myc binding protein,
jun B, and btf3b, while transcripts for btf3 and MEF2C, which were present in
control brain were absent from HD brain. Cytoskeletal proteins, known to act as
transcription factors like beta actin, and related molecules like actin bundling
protein and profilin II, were increased in HD brain. Various neuron specific genes
including neurogranin, enolase, amyloid precursor protein, S-100, and growth
inhibitory factor were elevated. Genes related to mitochondrial function including
members of the cytochrome oxidase complex were elevated. Many transcripts
related to ribosomal function were elevated. Immune related gene transcripts,
prominent in MS brain, were absent from transcripts detected in HD brain.
Neuroendocrine factors, like CRF, present in control brain, were absent from HD
brain. These studies, combined with immunohistochemistry, elucidate molecules
that may play prominent roles in the pathogenesis of HD. For example, since
proteins like huntingtin containing polyglutamine domains, may act as
transcription factors, the interaction of htt with c-myc binding protein, junB, and
btf3b may be relevant to destruction of neurons in HD. Likewise, ubiquitin related
transcripts, shown to be altered in these gene microarrays, encode proteins that are
involved in the removal and sequestration of aggregated fragments of huntingtin.
This work was funded by unrestricted gifts and donations to the investigators

218.3

218.4

MICROARRAY ANALYSIS OF DIFFERENTIAL GENE EXPRESSION IN
A MOUSE MODEL OF HUNTINGTON’S DISEASE. R. Luthi-Carter (1). A.
Strand (2). N.L. Peters (1). S.M. Solano (11. Z.R. Hollingsworth (1), J, J, Cha

MOLECULAR MISREADING OF THE UBIQUITIN GENE: A NEW MECHANISM
IN HUNTINGTON’S DISEASE. F.W, van Leeuwen'*. M. Maat2, M.T. Tonk*. D.F.
Fischer1, P.F. Swaab1, E.M, Hoi1 and R.A.C. Roos2.1 Netherlands Inst. Brain Research,
Amsterdam; 2Dept. Neurology, Leiden Univ. Med. Ctr, Leiden, The Netherlands.
Recently a novel type of mutation was reported in transcripts, which is the result of
molecular misreading (Van Leeuwen et al., Science 279, 242, 1998). This process is
defined as the inaccurate conversion of correct genomic information from DNA into
nonsense transcripts and the subsequent translation into mutant proteins. Molecular misreading takes place during or shortly after transcription and is correlated to transcriptional activity. The exact mechanism, however, is still not clear. As a result of dinucleotide deletions (AGA, AGU, ACU) in GAGAG and CTCT motifs in mRNA, a +1
reading frameshift occurs and + 1 proteins with a wild-type N-terminus and an aberrant
C-terminus are synthetized. +1 Proteins have a partial or total loss of functional domains
since they are in most cases truncated. Molecular misreading was found in genes associated with Alzheimer’s disease (AD), i.e. P amyloid precursor protein (PAPP) and
ubiquitin-B (UBB). PAPP*1 and UBB+I proteins accumulate in the neuropathological
hallmarks of AD, Down syndrome and elderly non-demented control patients, but not
in young ones. One of the key questions is whether molecular misreading is restricted to
AD or also occurs in other neurodegenerative diseases with UBB inclusions, such as
Huntington’s disease (HD). Although the CAG expansion in the huntingtin gene is a
primary cause in HD, other factors (such as molecular misreading of the UBB gene) may
contribute to the phenomenon of selective neuronal vulnerability. Therefore we studied
the frontal cortex of a large number of HD patients between 20 and 76 years of age and
with varying CAG expansions (43-86), and found that all contain UBB+1 protein in a
subpopulation of the UBB-wildtype intranuclear inclusions. PAPP*1 was not detected.
Consequently, molecular misreading of the UBB gene is not restricted to AD and may
be an important factor contributing to the selective neuronal vulnerability of HD.

flLAB, Young (I)* aodJJd, Olson (2).

(1) Department ofNeurology, Massachusetts General Hospital, Boston, MA
02114; (2) Fred Hutchinson Cancer Research Center, Seattle, WA 98109.
In the present study, we have used Affymetrix Mu6500 microarrays to
examine the expression of over 6000 genes in mice expressing exon 1 of the
Huntington's Disease gene (R6/2 line, Mangiarini et al., Cell 1996; 87:493506). Recent studies of mutant huntingtin transgenic mice and human
Huntington's disease (HD) cases show that expression of a consistent subset of
striatal and cortical genes is altered before the onset of disease symptoms,
suggesting that dysregulation of gene expression may be an important
pathogenic mechanism in HD. The present study focuses on the differential
expression of 71 genes in the striata of 12-week-old R6/2 mice versus wild-type
controls. This set of genes highlights changes in cellular pathways previously
implicated in HD. In addition, novel mechanisms are suggested by
representation of pathways previously uncharacterized in this disorder.
Differential expression of genes encoding the D2 dopamine receptor, the
neuropeptide proenkephalin and other striatal proteins known to be decreased in
human HD is detected by this method. No corresponding changes in levels of
preprotackykinin or P-actin mRNAs were observed in the R6/2 animals, a
finding consistent with previous in situ hybridization studies of this line. We
anticipate that this approach will be helpful in identifying important
mechanisms of gene dysregulation and offer insight into new HD therapeutic
strategies.
This work was supported by grants from the Hereditary Disease Foundation,
Huntington's Disease Society of America, NINDS and Burroughs Wellcome.
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GENETIC ANALYSIS OF POLYGLUTAMINE NEUROTOXICITY IN
CAENORHABDITIS ELEGANS. A, C, Hart*, and P.W. Faber. Cancer
Center, Mass. General Hospital, Charlestown, MA 02129, Dept. of
Pathology, Harvard Medical School, Boston, MA 02115
Huntington's and seven other dominant diseases are caused by an
expanded polyglutamine (polyQ) tract. Expression of mutant, but not wild
type, N-terminal huntingtin fragments in C. elegans ASH neurons causes
neurodegeneration in 8 day old animals. Expression of mutant huntingtin
fragments in nonapoptotically, sensitized ASH neurons results in
apoptotic cell death. Mutant huntingtin fragments have little effect in 3 day
old animals, consistent with the progressive nature of polyQ diseases. A
common polyQ neuropathological mechanism in C. elegans and human
neurons is likely. We are screening for C. elegans mutations which
accelerate polyQ mediated neurodegeneration/death. The
corresponding genes should encode proteins which act to protect
neurons from polyQ mediated toxicity. We are characterizing a mutation in
the polyQ enhancer-1(pqe-1) gene which specifically enhances the
neurotoxic effects of mutant N-terminal huntingtin fragments. Up to 85%
of C. elegans ASH neurons degenerate in 3 day old pqe-1 animals
expressing mutant polyQ fragments (versus <1% in wild type animals). Yet
expression of wild type huntingtin fragments in pqe-1 animals does not
cause degeneration nor cell death, pqe-1 is not a previously
characterized cell death gene and analysis of pqe-1 may shed light on the
molecular basis of human polyQ mediated neurotoxicity.
Supported by the Hereditary Disease and Searle Scholar Foundations.

DIFFERENT MECHANISMS
OF NEURONAL DEATH
MEDIATED BY FULL-LENGTH AND TRUNCATED FORMS OF
POLYGLUTAMINE-EXPANDED HUNTINGTIN Ya Fang Liu1*
Hemachandra Reddv2. and John Marshall1 'Dept. of
Mol.
Pharmacology, Brown Univ.; 2Lab of Neurogenetics, NHGRI, NIH
We previously reported that expression of full-length polyglutamineexpanded huntingtin activates JNKs and induces apoptosis in
hippocampal neuronal cells (Y.F. Liu, JBC, 273:28873, 1998).
Further studies suggest that MLK2 or MLK3, which directly binds
and activates MKK7 and SEKI, the immediately upstream activators
of JNK may significantly contribute to JNK activation and neuronal
toxicity
induced
by
polyglutamine-expanded
huntingtin.
Surprisingly, although expression of the N-terminal truncated forms
of polyglutamine-expanded huntingtin in hippocampal neuronal cells
also induced apoptosis, MLK activation only plays a small role in the
induction of neuronal toxicity. We will discuss different molecular
mechanisms underlying neuronal death induced by different forms of
polyglutamine-expanded huntingtin. (This work is dedicated to Dr.
R.Y. Zhong and is supported by a private trust fund provided by Drs.
Y. R. Liu and R.Y. Zhong)

218.7

218.8

CASPASE-1 INHIBHON DELAYS RECEPTOR CHANGES AND NEURONAL
INTRANUCLEAR
INCLUSIONS,
AND
CORRECTS
ABERRANT
HUNTINGTIN CLEAVAGE IN TRANSGENIC HUNTINGTON’S DISEASE
MICE. J.-H,J, Cha*1, W.M. Chung1, A.S, Frey1. A.S, Menon1. J.P.G, Vonsattel2,
Xx-J.-Li3, V.Q- Qna4, M.Li4, L.L Andrews4, S.O, Khan4, P.E, Stieg4, J, Yuan5,
J-B- .Psiwy1._ R.M, Friedlander4 & A.B, Young1. ‘Depts. Neurology &
2Neuropathology, Massachusetts General Hospital, Boston MA 02114, 3Dept.
Genet., Emory Univ., Atlanta GA, 4Neurosurgical Svc., Brigham & Women’s
Hospital, Boston MA, ’Dept. Cell Biology, Harvard Medical School, Boston, MA.
Transgenic Huntington’s disease (HD) mice (R6/2 line) develop symptoms
reminiscent of human HD and abnormal neuronal intranuclear inclusions (Nil). We
have previously found that R6/2 mice demonstrate specific alterations of
neurotransmitter receptors both at the protein and mRNA levels.
R6/2 mice, when crossed with transgenic mice expressing a dominant negative
form of the apoptotic protease caspase-1 (NSE M17Z), demonstrate delayed
symptom onset and prolonged survival. R6/2 and R6/2-NSE M17Z mice express
the exon 1 HD transgene at similar levels. At 9 weeks of age, R6/2 mice had
decreased binding for adenosine A2a, dopamine DI and dopamine D2 receptors,
while R6/2-NSE M17Z mice had normal receptor levels. 9 week-old R6/2 mice
demonstrated ubiquitin- and huntingtin-positive Nil, which were not present in 9
week-old R6/2-NSE M17Z mice. Small Nil were detectable in the 12 week-old
R6/2-NSE M17Z mice. Reactive astrogliosis, assessed with GFAP staining, was
present in R6/2 mice but not R6/2-NSE M17Z mice. Using huntingtin antibodies
which do not recognize the transgene protein, Western blots revealed that
endogenous huntingtin was abnormally cleaved in R6/2 mice but not R6/2-NSE
M17Z mice.
Caspase-1 activation may thus be an important pathogenetic mechanism in HD.
Supported by USPHS grants NS01916, AG1133, Hereditary Disease Foundation,
Huntington's Disease Society ofAmerica, and Glendom Foundation.

INHIBITION OF CASPASE-1 SLOWS DISEASE PROGRESSION IN A MOUSE
MODEL OF HUNTINGTON’S DISEASE. V.Q, Ona1, M, Li1. J.P.G, Vonsattel2,
L,J, . Andrews1, S,Q, Khani XR, Madsen*1. W.M. Chung3, A.S, Frev3, A.S,
MenonL.EE, StiegL J.Yuan4.1^, Pennev’.A.B, Young3. J.-H.J. Cha3, and R.M,
Friedlander1. ‘Neurosurgical Service, Brigham & Women’s Hospital, Boston MA
02115, 2Depts. Neuropathology & ’Neurology, Massachusetts General Hospital,
4Dept. Cell Biology, Harvard Medical School, Boston, MA.
To evaluate a possible role of caspases in HD, we crossbred transgenic HD mice
(R6/2) with a transgenic mouse expressing a dominant negative mutant caspase-1
(NSE M17Z). R6/2 and R6/2-NSE M17Z mice develop normally until 7 weeks of
age. R6/2-NSE M17Z mice performed significantly better on RotaRod than R6/2
mice, and lose weight more slowly than R6/2 mice. Mature IL-lfJ levels, which
represent caspase-1 activity, were elevated in 12 week-old R6/2 mice to 268% of
wild-type level. 12 week old R6/2-NSE M17Z had normal levels of mature IL-1(3.
Elevation of mature IL-1(3 levels in symptomatic R6/2 mice suggests that caspase-1
plays a critical role in disease progression of these mice. Mature IL-1(3 was also
significantly elevated in human grade 3-4 HD cortex (213%).
Disease onset and mortality were delayed in the R6/2-NSE M17Z mice by 7.3
days and 20.4 days, respectively, when compared to R6/2 littermates, a 55%
extension of disease duration and 20% prolongation of life. In addition, R6/2 mice
that received i.c.v. infusions of the caspase inhibitor zVAD-fmk for 4 weeks mice
performed better on RotaRod, and lived 25% longer than controls.
Thus, therapeutic manipulations targeted at caspase-1 inhibition are effective for
delaying onset and prolonging survival in a mouse model of HD, and are potentially
applicable to the human disease.
Supported by USPHS grants NS01916, AG] 133, Hereditary Disease Foundation,
Huntington’s Disease Society of America, and Glendom Foundation.

218.9

218.10

ENVIRONMENTAL ENRICHMENT DELAYS DISEASE ONSET IN A MOUSE
MODEL OF HUNTINGTON’S DISEASE. A, van Dellen1. A.J. Hannan1*. R.
Deacon2. D. York3. C, Blakemore1, ‘University Laboratory of Physiology and
department of Experimental Psychology, Oxford University, Oxford, UK,
department of Virology, University of Natal Medical School, Durban, South Africa.
Transgenic mice in which exon 1 of the human Huntington’s disease (HD) gene
with an expanded CAG repeat is expressed (Mangiarini et al., 1996 Cell 87, 493-506)
develop a phenotype which can be used to model HD. A group of these mice had
repeated exposure to a novel environment from 4 weeks of age onwards resulting in a
delayed onset of HD-like phenotype. The mice used were the R6/1 strain with 112120 CAG repeats; since disease onset is delayed compared to the R6/2 mice with a
longer CAG repeat, this may provide a good model of adult-onset HD. Genotyping
and immunohistochemisty for ubiquitin-positive neuronal intranuclear inclusions were
used to identify the mice carrying die HD transgene. When onset was defined by the
mice consistendy falling off a horizontal rod during behavioural testing of motor
abilities, non-enriched R6/1 mice had a postnatal onset of 90.4±17.3 days which was
significandy shorter compared to enriched mice, which had an onset of 161±24.9 days
(p<0.0001). Another measure of phenotype onset is sustained rear paw clasping; again
non-ennched R6/1 mice had an earlier onset of 81±13.1 days compared to enriched
mice, which had an onset of 136±37.1 days (p<0.001). A proportion of striatal
neurons that die in HD are immunoreactive for calbindin. The number of striatal cells
staining for calbindin in a standard block (300pm x 300pm x 40pm) was significantly
lower in mice who had been exposed to an non-enriched environment (133±31)
compared to mice in an enriched environment (170±29; p<0.05). We propose
environmental enrichment may provide a neuroprotective effect, possibly via the
enhancement of plasticity in specific areas of the brain, delaying the onset of
neurodegeneration and associated motor deficits.
Funding: MRC, Rhodes Trust, Nuffield Medical Trust, Wellcome Trust.

AMYLOID IDENTIFICATION, AND PURIFICATION OF INSOLUBLE
PROTEIN FROM POST-MORTEM HUNTINGTON DISEASE BRAINS.
D.P. McGowan1’4. R.G. Snell1’2, G J S. Cooper3 4 and R.L.M, Faull’* ’Dept.
of Anatomy with Radiology, 2Dept. of Molecular Medicine, 3Dept. of
Medicine, School of Medicine, and 4SchooI of Biological Sciences,
University of Auckland, Private Bag 92019, Auckland, New Zealand.
Huntington disease (HD) is a progressive, autosomal dominant inherited,
neurodegenerative disease. Neuronal intranuclear inclusions (Nils)
containing huntingtin (the HD gene product) and ubiquitin have previously
been observed by immunohistochemistry and electron microscopy, in
cortical and striatal neurons of HD brains. We report here the observation of
neuronal inclusions that stain with Congo red showing amyloid-like staining
characteristics. These are likely to be either a subset of the Nils previously
observed or a new class. This places HD in a group of amyloid diseases
including Alzheimers disease, type II diabetes and prion disorders such as
Creutzfeldt-Jacob disease. We also describe the purification of insoluble
protein from HD brain tissue, including a novel fragment of the intermediate
filament protein glial fibrillary acidic protein (GFAP). The work described is
ongoing and is directed towards purifying and characterising the HD
amyloid monomer.
Funding sources for this work include: The Auckland Medical Research
Foundation; The Health Research Council (NZ); The University of
Auckland; The Wellcome Trust (UK).
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DOSE-DEPENDENT ALTERATIONS IN LOCAL CEREBRAL GLUCOSE
USE ASSOCIATED WITH THE HUNTINGTIN MUTATION IN Hdh CAG
“KNOCK-IN” TRANSGENIC MICE. S.E, Browne1*, V. Wheeler2. J.K, White2.
S.W,. FullerLM. MacDonald2 and M.F. Beal1. 'Department of Neurology, Cornell
University Medical School, New York, NY 10021; 2Neurogenetics Department,
Massachusetts General Hospital, Charlestown, MA 02129.
The pathogenetic mechanism in Huntington’s disease (HD) is still unclear,
although the involvement of bioenergetic defects is implicated. To gain insight
into the disease process, a set of precise genetic HD mouse models which
accurately express mutant huntingtin protein - Hdh CAG knock-in mice - have
been developed by inserting CAG repeats into exon 1 of the murine homologue
(Hdh). In this study we used [14C]-2-deoxyglucose in vivo autoradiography in
four month-old Hdh knock-in mice to determine (i) if energy metabolism is
altered; (ii) the influence of increasing CAG repeat length; (iii) the effect of gene
dosage on glucose use. We measured cerebral metabolic rates for glucose in 23
brain regions in Hdh mice both homozygous and heterozygous for the transgene,
expressing 50 (HdhQS0) and 92 (Hdh1292 ) glutamines, and in normal wild-type
littermates (HdhQ7). We found that glucose use rates did not differ between
HdhQ5° and HdhQ7 mice, but were significantly increased, relative to HdhQ7 levels,
in 15 of the 23 regions examined in homozygous HdhQ92 mice, including basal
ganglia (p < 0.05). Furthermore, glucose use in homozygous HdhQ92 mice was
significantly increased over levels in heterozygous mice in 3 brain regions.
Results suggest that glucose metabolism is abnormal in HdhQ92 mice, in the
absence of any pathological or behavioural changes, and that the metabolic change
is CAG repeat length-dependent, and shows evidence of a gene dosage effect.
Studies are presently being extended to mice expressing longer CAG repeats, and
to mitochondrial enzyme assays. (Supported by USAMRMC grant 98092066, and
NIH grants NS32765 and NS 16367).

DYSREGULATION OF CEREBELLAR NF-k B IN A MOUSE
MODEL OF ATAXIA-TELANGIECTASIA.
Y.J. Wu, O.N, Bi and H.T.J. Mount*. Centre for Research in Neurodegenerative
Diseases & Dept. Medicine, Faculty of Medicine, University of Toronto, Canada.
Ataxia-telangiectasia (A-T) is a fatal disease, associated with cerebellar degeneration and caused by deficiency of the protein, ATM. Hypersensitivity to ionizing
radiation is a characteristic feature of A-T patient fibroblasts. This radiosensitivity
can be corrected by a truncated IxBa cDNA that restores normal NF-k B activity in
these cells (Jung et al., 1995 Science 268:463-6). Whether aberrant NF-k B activity
might contribute to A-T cerebellar pathology remains unknown.
Animals homozygous for a targeted disruption of the murine Atm locus display a
phenotype that recapitulates major features of A-T, including the neurologic
impairment. Thus, to examine whether Atm might be required for normal cerebellar
NF-k B activity, we compared k B binding activity in nuclear extracts from cerebella
of developing Atm-/- and Atm+/+ littermates. In Atm+/+ mice, constitutive NFk B activity was detectable at postnatal day (pnd) 1 and was maximal on pnd 7. NFk B activity declined over the second postnatal week to a low level in adulthood. In
Atm-/- neurons, appearance of constitutive k B binding activity was delayed to pnd 7
and persisted through the third postnatal week, before declining to adult levels.
To determine whether NF-k B signaling was affected by Atm-deficiency, cultured
granule neurons from Atm-/- and Atm+/+ mice were exposed to the radiomimetic
drug, bleomycin. Rapid down-regulation of constitutive NF-k B activity was
observed in Atm+/+ neurons, but not in Atm-/- cells. The absence of down-regulation in Atm-/- cultures could not be attributed simply to delayed ontogeny of constitutive activity, as no effect of bleomycin was seen in Atm-/- neurons maintained in
vitro, until constitutive activity levels were equal to those of Atm+/+ neurons.
Our observations indicate that Atm-deficiency is associated with delayed ontogeny
and dysregulation of constitutive cerebellar NF-k B activity. These findings are consistent with observations in patient fibroblasts and suggest that anomalies in k B
signaling may contribute to the cerebellar phenotype in A-T. (supported by grants
from the MRCC and the A-T Children's Project, Boca Raton, FL).
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NOTCH AND APP PROTEOLYTIC PROCESSING CONTROLLED BY
PRESENILIN 1 AND 2
B.De Strooper*1. W.Annaert1. P.Cupers1. D.Hartmann2. P.Saftig3 and R.Kopan4

THE PRESENILIN-1-NOTCH 1 COMPLEX FORMS IN THE SECRETORY
PATHWAY AND IS TRANSPORTED TO THE CELL SURFACE.W.J. Ray1. M.

YaoLL-MummlE^SchroeierLM.-Wolfe3.!). Selkoe. P3. Saftig. B4. De Strapper5. R.

'Flanders Institutefor Biotechnology, CME, K.U. Leuven, Belgium.2Anat. Institut der CAU Kiel
and3Mol. Zellbiologie, G&ttingen, Germany.4Div. ofDermatology, Washington university, USA.

Kopan2. and A. Goate1*. 1-Dept. of Psychiatry, 2-Dept. of Dermatology, Washington
Univ. Med. School, St. Louis MO 63110; 3-Ctr. Neurological Diseases, Harvard Med.
Sch.; 4- Zentrum Biochemie und Molekulare Zellbiologie, Universitat Gottingen,
Germany; 5-Neuronal Cell Biology and Gene Transfer Laboratory, KU Leuven,
Belgium.
Presenilin-1 (PSI) is a membrane protein of the secretory pathway that forms
complexes with and regulates the intramembraneous (IM) cleavage of the P-amyloid
precursor protein (APP) and the Notchl receptor. Both cleavages are sensitive to ysecretase inhibitors, suggesting an identical or related activity is responsible. PSI may
itself have an aspartyl protease/y-secretase-like activity, based in part on the
requirement of two conserved aspartates within transmembrane domains 6 and 7 for the
IM cleavage of APP. To understand the role of PSI in Notchl cleavage, we are
characterizing the PSI-Notchl complex in transfected mammalian HEK 293 cells.
Pulse-chase/co-immunoprecipitation assays indicate that PSI binds a constituitively
cleaved form of Notch, AE, rapidly after Notch synthesis, indicating that these proteins
initially associate in the endoplasmic reticulum. PSI remains bound to AE during time
points when AE undergoes IM cleavage by the y-secretase-like protease. This result
suggests PSI binds Notch at or near the cell surface, where Notch cleavage probably
occurs. In support of this conclusion, biotinylation/co-immunoprecipitation experiments
indicate that cell-surface Notch is complexed with PSI. The transmembrane aspartate
residues required for APP cleavage also are required for Notchl cleavage, since the PSI
D257A mutant is unable to rescue AE cleavage in PSI -/- cells, whereas wild-type PSI
rescues. These results suggest that the PSl-Notch complex is trafficked through the
secretory pathway to the cell surface, and that the aspartates in PSI required for APP
cleavage are also required for Notchl cleavage. Alzheimer’s Disease Research Council
Grant GM55479-01 to R.K. and A.G.

219.3

219.4

PROTEOLYTIC RELEASE AND NUCLEAR TRANSLOCATION
OF NOTCH-1 ARE INDUCED BY PRESENILIN-1 AND
IMPAIRED BY PATHOGENIC PRESENILIN-1 MUTATIONS.
W' Song1? P. Nadeau1, M. Yuan1. X, Yang2. J. Shen2 and B.A,
Yankner. ’Dept. of Neurology, Harvard Med. Sch. and Div. of
Neuroscience, The Children’s Hospital; 2Center for Neurologic
Diseases, Brigham and Women’s Hospital, Boston, MA 02115.
The Notch family of proteins are transmembrane receptors that play
a critical role in the determination of cell fate. Genetic studies in C.
elegans suggest that the presenilin proteins, which are associated with
familial Alzheimer’s disease, regulate Notch signaling. We examined
the proteolytic release of the Notch-1 intracellular domain (NICD), an
essential step in the activation of Notch signaling, in cells from PS1wildtype and PSI-knockout mice. Proteolytic release of the NICD was
markedly reduced in PSI-deficient cells and restored by PSI
expression. Nuclear translocation of the NICD was also markedly
reduced in PSI-deficient cells, resulting in reduced transcriptional
activation. Mutations in PSI that are associated with familial
Alzheimer’s disease impaired the ability of PSI to induce proteolytic
release of the NICD and nuclear translocation of the cleaved protein.
These results suggest that PSI plays a central role in the proteolytic
activation of the Notch-1 signaling pathway, and that this function is
impaired by pathogenic PSI mutations. Thus, dysregulation of
proteolytic function may underlie the mechanism by which presenilin
mutations cause Alzheimer’s disease. (Supported by NIH grants
NS33325 and NS30352, a grant from Novartis Ltd, and by NIH
MRRC Core Grant P30-HD18655).

DIFFERENTIAL EFFECTS OF THE PRESENILIN-1AEXON 8 SPLICE
VARIANT ON AMYLOIDOGENISIS AND NOTCH SIGNALLING. A. Capell 1?
H .Steiner1. S, Keck1. H .Romig2. B .Pesold1 and C .Haass1 'Adolf-ButenandtInstitute, Dept of Biochemistry, LMU, Munich, Germany. 2 Boehringer Ingelheim
KG, CNS Research, 55216 Ingelheim, Germany
Presenilin-1 (PSI) facilitates g-secrctase cleavage of the B-amyloid precursor
protein (BAPP), a critical event in the pathogenesis of Alzheimer’s disease (AD).
Furthermore, PSI mediates the cleavage of Notch in the predicted transmembrane
domain (TM). This cleavage is known to be required for Notch signalling. As
previously reported, two conserved aspartate residues in TM6 and TM7 of PSI, Asp
257 and Asp 385, are required for Amyloid B-peptide (AB) generation. Here we
demonstrate that the aspartate residue 257 is also essential for the proteolytic release
of the Notch intracellular domain (NICD). In pulse chase experiment stable
expression of PSI D257A completely inhibits the proteolytic generation of the
NICD. Altemativley spliced transcripts of PSI, lacking exon 8 have been detected
in human brain tissue and leukocytes. Due to the deletion of exon 8 a point
mutation at amino acid 257 (Asp->Ala) is created. This indicates that such a PSI
variant might act as dominant negative regulator of AB generation. In order to
investigate the effect of PSlAexon8 on amyloidogenesis as well as Notch signaling
we expressed the Aexon8 cDNA in HEK 293 cells, doubly expressing BAPP airi
Notch-1. Surprisingly, the PSlAexon8 splice variant still allowed efficient
proteolytic cleavage of BAPP by y-secretase. In conditioned media we even detect
slightly elevated levels of AB. In contrast the cytoplasmic cleavage of Notch-1 is
completely inhibited as monitored in pulse chase experiments. This suggests that
the lack of Asp 257 can be compensated for AB production probably by another Asp
residue nearby. However, this is not sufficient to reconstitute the facilitation of the
proteolytic generation of NICD. These data will be discussed in the context of the
recently proposed hypothesis that PSI is identical with the y-secretase acticity.

Presenilin land 2 (PS1&2) are multitransmembrane proteins located in the ER,
the intermediate compartment and the cis-Golgi. Missense mutations of PS1&2
are important causes of familial Alzheimer's disease (AD). In contrast,
homozygote PSI-/- mice die late in embryogenesis and display a severe growth
retardation, which is most outspoken in the caudal region. In the brain a collapse
of the subventricular zone, hemorrhages and cortical dysplasia featuring
leptomeningeal fibrosis and overmigration of cortical plate neurons into the
marginal zone is observed, resembling human type 2 lissencephaly. This
neuronal migration disorder is associated with the disappearance of the majority
of Cajal-Retzius pioneer neurons from the developing cortical anlage. The
deficient somitogenesis together with aberrant Notch immunostaining in the
brain, suggest that PS 1 modulates the Notch signaling pathway in agreement
with documented genetic interactions between Notch and PSI homologues in C.
elegans. The Notch pathway requires ligand-induced cleavage of the Notch
receptor for signal transduction. We identify this cleavage step as the specific
biochemical deficit caused by the absence of PSI. Since y-secretase inhibitors
block also Notch processing, we suggest that a related protease activity is
responsible for cleavage within the predicted transmembrane domains of Notch
and APP. We would like to propose that the primordial function of PSI is the
(control of) proteolytic processing of a subset of integral membrane proteins.
Disturbance of this function could explain the multiple effects of PSI deficiency
or PSI overexpression in cell cultures. Targeting PSI function to lower amyloid
peptide production in the brain may therefore cause severe side effects. The
question whether PS2 has similar fimctions as PSI will be addressed.
Funding: FWO-Flanders, HFSP, K.U.Leuven and V.I.B.
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219.6

A FUNCTIONAL ROLE OF PRESENILIN-2 IN AMYLOIDOGENESIS AND
NOTCH SIGNALING. C. Haass*1, A, Capell1, J. Walter1, H, Romig2, M.
Citron3, K. Fechteler2, U, LeimerL j. Hardy4, R. BaumeisterL K, Duff6,. andJL
Steiner1. 'Adolf-Butenandt Institute, University of Munich, Germany; 2Boehringer
Ingelheim KG, CNS Research, 55216 Ingelheim, Germany; 3Amgen Inc.,
Thousand Oaks, CA, USA; 4Mayo Clinic Jacksonville, Florida 32224, USA;
5Genzentrum, University of Munich; 6Nathan Kline Institute, Orangeburg, New
York, 10962, USA.
The Presenilin-1 (PSI) protein facilitates y-secretase cleavage of the 8-Amyloid
precursor protein (8APP) and the cleavage of Notch 1. Although Alzheimer’s
disease (AD) associated mutations in the homologous PS2 gene elevate A842
production like PSI mutations, we demonstrate that a gene ablation of PS2 in
mice does not result in a severe phenotype like a deletion of the PS 1 gene. To
investigate the amyloidogenic function of PS2 more directly, we mutagenized a
conserved aspartate at amino acid 366 to alanine, since the corresponding residue of
PSI is known to be required for its amyloidogenic function. Cells expressing the
PS2 D366A mutation exhibit significant deficits in proteolytic processing of
8APP indicating a defect in y-secretase activity. The lack of y-secretase activity
results in the almost complete inhibition of A8 and p3 production in cells stably
expressing PS2 D366A but not in cells overexpressing the wt PS2 cDNA. Using
a highly sensitive in vivo assay, we demonstrate that the PS2 D366A mutation
not only blocks y-secretase activity but also completely inactivates PS2 activity
in Notch signaling. From these data we conclude that PS2 is functionally
involved in A8 production and Notch signaling. Finally data will be presented
regarding the requirement of PS endoproteolysis for AB generation and Notch
signaling.

EVIDENCE THAT PRESENILINS 1 AND 2 MEDIATE INTRAMEMBRANOUS CLEAVAGE OF AMYLOID PRECURSOR PROTEIN RATHER THAN
ACTING VIA A PROTEIN TRAFFICKING ROLE. D.J, Selkoe*. W.T. Kimberly,
B.L. Ostaszewski. T. Rahmati, and W. Xia. Center for Neurologic Diseases,
Brigham and Women’s Hospital, Harvard Medical School, Boston, MA 02115.
We previously reported that mutation of either of the 2 transmembrane (TM)
aspartates of presenilin 1 (PSI) to alanine induces a dominant negative suppression
of amyloid beta protein (AP) generation in cell culture. We have extended these
findings to show that replacing one of the aspartate residues with the structurally
similar glutamate causes the same suppression of Ap. To determine in which
organelle the PSI aspartyl mutants are exerting their effect, we have used an
Iodixanol gradient to fractionate stable transfectants to enrich for ER and golgi
vesicles. Using an. AP-specific ELISA, golgi-rich vesicles from wildtype PS1transfected CHO cells contained the majority of detectable intracellular Ap,
whereas vesicles from asp-mutant PSI cells contained significantly less. We also
studied the role of the equivalent aspartates in PS2 and found that mutagenesis of
these residues similarly suppressed y-secretase function. We then generated stable
cell lines that express both PSI and PS2 asp-mutants. Combined expression
synergistically increased the accumulation of the C83/C99 APP C-terminal
fragments, as compared to a cell line expressing only the PSI asp-mutant. In our
highest asp-mutant PSI and PS2 co-expressing cells, the AP,otal ELISA
measurements of conditioned media were below the level of detection (<60 pg/ml).
Finally, we found that the endoproteolysis of both the PSI and PS2 asp-mutant
proteins did not occur. Our data suggest that the function of the PS proteins is to
mediate y-secretase cleavage and that introducing mutations into either of the two
transmembrane aspartates in both PSI and PS2 inhibits this cleavage in a
synergistic manner. (Supported by NIH AG 12749)

219.7

219.8

CELL-FREE GENERATION OF AMYLOID B-PEPTIDE IN PURIFIED
MAMMALIAN MICROSOMES. W, Xia*, M, Wolfe, B.L. Ostaszewski,
T, Rahmati, J, Zhang and D.J. Selkoe, Center for Neurologic Diseases,
Brigham & Women's Hospital and Harvard Med. Sch., Boston, MA 02115.
Regulation of the final proteolytic cleavage of B-amyloid precursor protein
(APP) by y-secretase to release the amyloid 6-peptide (A8) plays a critical
role in determining the levels of A6 in the brains of Alzheimer's disease
patients. Recent findings indicate that presenilins may be the long-sought ysecretase: 1) deleting PSI in mice sharply reduces AB production; and 2) two
unusual aspartates in transmembrane (TM) domains 6 and 7 of PSI are
essential for AB generation. Notch processing is also PSI-dependent. To
further explore the putative proteolytic activity of PSI, we used cell-free,
purified microsomes to examine AB generation in vitro. Microsomes
purified from CHO and HEK293 cells stably overexpressing wild-type APP
were able to generate de novo AB at 37°C in vitro, and this production was
blocked by a reported peptidomimetic difluoroketone y-secretase inhibitor.
ER- and Golgi-enriched vesicles were isolated by subcellular fractionation of
wt and aspartate-mutant cells on Iodixanol gradients, and each fraction was
incubated at 37°C to allow de novo AB generation. The compartment
containing the most PSI NTF/CTF, i.e., Golgi-enriched fractions, showed the
strongest y-secretase activity. This activity was dependent on the two TM
asp residues; mutating either one markedly diminished y-secretase activity
and inhibited in vitro AB generation by the microsomes. We conclude that
purified, washed microsomes of APP-expressing cells provide a simple,
dynamic system to examine the molecular requirements for AB generation
and to characterize pharmacological and biochemical modifiers. (Supported
by NIH AG06173.)

EVALUATION OF A ROLE OF PRESENILIN-1 IN THE
PROTEOLYTIC PROCESSING OF AMYLOID PRECURSOR
PROTEIN. S. H. Kim*1, Y. Zhang1, H. H. Slunt2 and S. S. Sisodia1.
‘Department of Neurobioiogy, Pharmacology and Physiology, University
of Chicago, Chicago, IL60637. ^Neuropathology Laboratory, Johns
Hopkins University, Baltimore, MD21205
Mutations in genes encoding presenilin-1 (PSI) and presenilin-2 (PS2)
are causative in the majority of pedigrees with early-onset familial
Alzheimer disease (FAD). PSI and PS2 are ubiquitously expressed,
polytopic membrane proteins that accumulate as ~30kDa N- and ~20kDa
C-terminal derivatives in vivo. Expression of FAD-linked presenilin
variants alter the y-secretase processing of amyloid precursor protein
(APP) in a manner that elevates the level of highly amyloidogenic, A|342
species. Moreover, PSI-deficient neurons fail to secrete AP peptides and
accumulate C terminal fragments (CTFs) of APP. In this regard, a recent
report demonstrated that CHO cells expressing mutant PSI harboring
substitutions of two transmembrane aspartate residues at position 257 and
385 of PSI resulted in diminished Ap secretion and increased levels of
intracellular CTFs. We have reexamined the role of PSI in the proteolytic
cleavage of APP, and are currently extending this analysis to include
studies of the influence of mutant PSI on processing of Notch 1, and the
APP homologue, APLP1. We stably expressed PSI harboring aspartatealanine substitutions at codons 257 or 385, singly, or in combination, in
mouse neuroblastoma, N2a cells. These mutant PSI molecules are stable,
but not subject to endoproteolysis. However, and in sharp contrast to the
earlier report, we failed to observe any decrease in levels of secreted
Ap peptides, or elevation in intracellular CTFs in any of these mutant cell
lines compared to cells expressing wild type human PSI. These results
argue against the suggestion that the transmembrane aspartate residues of
PSI are required for y -secretase activity.
Supported by NIH and NIA

219.9

219.10

DOES PS-1 MEDIATE APP TRAFFICKING ? N.Tezapsidis1 *, P.Merz2 G.
Merz2. H, Hong3. ’Unit of Biochem. Neurosci, Dep. Mol. Biology,
2Dep. Cell Biology, 3Dep. Virology, NYS Institute for Basic Research;
Staten Island, NY 10314.
We have previously shown that PS-1 interacts with CLIP-170
(cytoplasmic linker protein). CLIP-170 is attached to the plus end of
interface microtubules where it is thought to mediate the docking
of membrane vesicles prior to their transport. It is also found in the
mitotic spindle of dividing cells, suggesting a role in mitosis. As it is
well established that PS-1 is pivotal for the production of Abeta from
APP, we investigated whether PS-J ’s interaction with CLIP-170 is
linked to APP processing. By immunofluorescent confocal
microscopy we show that both PS-1 and APP are colocalized with
tubulin in SY5Y and D912 cells. These observations were further
supported by biochemical data. Subcellular fractions containing PS1 and APP were prepared from SY5Y and HeLa cells. Microtubules,
formed by taxol-polymerized tubulin from the cytoplasmic fraction,
co-sediments with these subcellular fractions when added during
polymerization under conditions known to favor CUP-170 binding
to microtubules. Although not excluding the possibility of a direct
involvement of PS-1 in gamma-secretase activity, its association with
cytoskeletal components and the aberrations of this association
when mutated (previous results) suggests a significant contribution
of mechanisms governing cellular trafficking in neurodegenerative
pathways leading to Alzheimer's disease.
[Funded by the Alzheimer's Association, NIH and OMRDD].

FAD-LINKED PRESENILIN: EFFECTS ON PEPSTATIN SENSITIVE AND
INSENSITIVE y-SECRETASE ACTIVITIES. M. P. Murphy?* R. Wang.2 S. N.
Ulion.2 T. E. Smith? H. A. Lookingbill?. K. Findlay1 and T. E. Golde1. ‘Dept. of
Pharmacology, Mayo Clinic Jacksonville, Jacksonville, FL 32224.2 Lab. for Mass
Spectrometry, The Rockefeller University, 1230 York Ave., New York, NY 10021
Recent work from our group has shown that the y-secretase activity that cleaves
APP at the carboxyl terminus of the AP sequence exhibits both a pepstatinsensitive and a pepstatin-insensitive activity (Murphy et al., JBC 274:11914). This
work also identified several transmembrane domain (TMD) APP mutants, 1637P
(Ap41 I to P), T639K (Ap43 T to K), ins625-628, and del 625-628, that alter ysecretase activity by shifting cleavage to alternative sites and increasing cleavage
by pepstatin insensitive y-secretase(s). To gain insight into the mechanism by
which FAD-linked mutant PS increase AP 42, we transfected these APP TMD
mutants into stable cell lines expressing either PSI wt, PSM139V, E280G, or
A285V. AP production was analyzed from these transfected lines by ELISA. As
expected transfection of APPNL resulted in increased Ap42 production from the
mutant PS cell lines. However, FAD-linked mutant PS did not alter Ap42
production from the T639K mutant. In this APP mutant, Ap42 production is not
inhibited by pepstatin treatment, indicating that it is cleaved at this site by different
Y-secretase activity than wild type APP. The lack of an FAD-linked mutant PS
effect on this cleavage suggests that PS mutants alter cleavage by altering activity
of the pepstatin sensitive y-secretases. To gain further insight into the mechanisms
through which AP42 production is increased by FAD-linked mutations, we are i)
currently analyzing the Ap peptides produced from these various co-transfection
experiments by IP/Mass spectrometry and ii) analyzing the effects of various ysecretase inhibitors on AP produced by cells expressing FAD-linked mutant PS.
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219.12

PRESENILINS FUNCTION AS REGULATORS OF MULTIPLE y-SECRETASE
ACTIVITIES. T. E. Golde,1* R. Wang,2 S. N. Ulion,2 T. E. Smith? H. A.
Lookingbill,1 K. Findlay1 and M. P. Murphy1. ‘Department of Pharmacology,
Mayo Clinic Jacksonville, Jacksonville, FL 32224. 2 Lab. for Mass Spectrometry,
The Rockefeller University,, 1230 York Ave., New York, NY 10021
Recent work from our group has shown that the y-secretase activity that cleaves
at the carboxyl terminus of the Aj3 sequence exhibits both a pepstatin-sensitive and
a pepstatin-insensitive activity (Murphy et al., JBC 274:11914). This work also
identified several APP mutants, 1637P (AP41 I to P) and T639K (A043 T to K),
that alter y-secretase activity by shifting cleavage to alternative sites and increasing
cleavage by pepstatin insensitive y-secretase(s). To determine whether PS regulate
both pepstatin-sensitive and insensitive y-secretases, these APP mutants were
transfected into lines stably expressing PSI wt or the PS aspartate mutants (D257A
or E, D385A or E) that have recently been shown to inhibit y-secretase activity
(Wolfe et al., Nature 398:513). Ap production was analyzed from these transfected
lines by ELISA and IP/Mass Spectrometry. In all cases PS aspartate mutants
dramatically decreased Ap production and increased APP CTF regardless of
whether the substrate was susceptible to cleavage by pepstatin sensitive ysecretases. These data strongly suggest that PS function as regulators of multiple ysecretase activities, and are therefore unlikely to be y-secretase themselves. We are
currently extending these findings by examining Ap production from both PSI and
PS2 knockout fibroblast lines transfected with these mutants as well as examining
other membrane associated proteolytic events in cell lines exhibiting deficient PS
function. Based on these data we propose that PS function as regulators of multiple
y-secretases either by chaperoning multiple proteases or by interacting directly with
APP CTF.

INTRACELLULAR ACCUMULATION OF P-APP PROTEOLYTIC
FRAGMENTS IN PRESENILIN-1 DEFICIENT MICE. A Tandon*1, F Chen’,
DS Yang1, G Yu, R Rozmahel, J Mills, DM Zhang, G Levesque, M Nishimura, YQ
Song, E Rogaeva, D Westaway, H Mount, S Gandy, P Fraser, P St George-Hyslop.
CRND, University of Toronto, Toronto, Ontario, Canada.
Presenilin-1 (PSI) is a
polytopic transmembrane protein localized to the
nuclear envelope, endoplasmic reticulum (ER), and the Golgi apparatus
Although the role of PSI is unclear, PSI-deficient neurons accumulate Cterminal stubs derived from a- and P-secretase cleavage, indicating reduced or
absent y-secretase activity. This study examines the intracellular distribution of
the PAPP C-terminal stubs and the early trafficking events that precede their
formation in PS1'Z‘ mice. Primary cultures of cerebellar neurons were
processed by subcellular fractionation and the fractions verified by western
blotting and electron microscopy. The ER and Golgi containing fractions
revealed significant accumulation of the a- and P-secretase C-terminal stubs.
The P-stubs were the predominant species in the Golgi fractions. Lysosomal
fractions contained substantial amounts of the stubs, but very little was
detected in the late endosomes. Pulse-chase analysis using PS1'A and PS1+/+
neurons did not uncover any obvious abnormality in the glycosylation rate of
PAPP, but PSI-deficient cells accumulated P-stubs in the Golgi fractions, and
both a and P-stubs in the ER fractions. Only a small portion of the total PAPP
appeared as a and p-stubs, and this occured only after an 80-120 min delay.
Treatment with brefeldin A or incubation at 16°C reversibly blocked the
appearance of the a and P-stubs, suggesting PAPP is exposed to a and psecretases downstream to its arrival at the Golgi compartment.
’Contributed equally to these studies. Supported by the MRC of Canada.
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MICROGLIAL INTERACTIONS WITH COMPLEMENT COMPONENT C1Q.
S.D, Webster’*, T.T. Rohn2, M.D. Galvan1 and A.J. Tenner’. ’Department of
Molecular Biology and Biochemistry, and 2Institute for Brain Aging and Dementia,
University of California, Irvine, CA 92697.
Microglia have been implicated in the progression of Alzheimer’s disease (AD)
based on their ability to release inflammatory substances and engage in phagocytosis.
Previous work from this laboratory has demonstrated that complement protein Clq,
which is found associated with amyloid plaques and neurofibrillary tangles in the AD
brain, modulates the phagocytic behavior of neonatal rat microglia. In the present
study we present evidence using flow cytometry and western blot analysis indicating
the presence in microglia of ClqRp, a receptor previously shown to enhance
phagocytosis in myeloid and endothelial cells. This finding provides biochemical
support for the previously observed enhancement of microglial phagocytosis of
suboptimally opsonized erythrocytes following interaction with Clq.
We also extend our studies of the interaction of microglia and Clq to generation of
the free radical species superoxide (CV) and nitric oxide (NO). Incubation of
microglia with LPS resulted in 4-10 fold enhancement of NO production. Inclusion
of IFN-y increased both basal and LPS-stimulated levels of NO. We found no
evidence for induction of NO by AB 1-42; however, inclusion of Clq resulted in
decreases of NO levels to approximately 50% for both stimulated and basal NO
production. Generation of O2' by microglia was enhanced 2-3 fold by AB 1-42, and
release was further increased by the presence of IFN-y. As observed for NO,
production of Ch' was also inhibited by Clq.
These results suggest that interaction of microglia with Clq may lead to
enhancement of phagocytosis without a concomitant activation of other aspects of the
microglial inflammatory response, and may have implications for the role of
microglia in neurodegenerative diseases such as AD.
Supported by research (NS35144, A.J.T.) and training (AG00096) grants from NIH.

CD45 ISOFORM ALTERATION IN CD4+ T CELLS AS A POTENTIAL
DIAGNOSTIC MARKER OF ALZHEIMER’S DISEASE. A. Placzek *, J. Tan, D.
Richards. Y. Wu, L. Abdullah, A. Kundtz, J. Humphrey. F. Crawford and M.
Mullan. Roskamp Institute, Univ. of South Florida, Tampa, FI 33613.
Alzheimer’s disease (AD) is a progressive dementing illness that affects
approximately 10 percent of those over the age of 65. Identification of those in the
earliest stages of the disease would be invaluable both in the recruitment of
participants for clinical trials, and in the eventual application of treatments
identified in such trials. Current diagnostic method would greatly benefit from the
development of a supplemental biological marker of the disease, since
approximately 10 to 20 percent of AD cases are inaccurately diagnosed. It is well
known that the ratio of CD45RO/CD45RA increases as a function of age, and that
age is the single greatest risk factor contributing to AD. In addition, because
chronic inflammatory processes are known to be at work in the brains of those
afflicted with AD, it is possible that evidence of these central inflammatory events
may be observed in the periphery.
Here we report that the ratio of
CD4+CD45RA+/CD4+ on the surface of peripheral blood leukocytes (measured
by flow cytometry) is significantly reduced in AD patients compared to nondemented controls and demented stroke patients (p < 0.001). The percentage of
CD45RA expression was also significantly correlated with cognitive state as
indicated by MMSE (p < 0.05). While further work is required to establish both
positive and negative predictive value, we conclude that this biomarker has the
potential to be useful in enhancing current diagnostic technique and possibly in the
identification of those in the early stages of AD, when treatment would be most
effective.

220.3

220.4

NEUROTOXICITY OF MONOCYTE/MACROPHAGE-DERIVED
SECRETORY PRODUCTS FROM INDIVIDUALS WITH
ALZHEIMER’S DEMENTIA.
L Pulliam*,L, Kusdra and H. Rempel. Dept. of Lab Medicine.
Univ. of Calif., San Francisco. San Francisco, CA 94121.
There is some evidence linking activated macrophage(M0)
inflammatory response with the neurodegenerative process that is
characteristic of Alzheimer’s disease (AD). In this study, we showed
that brain cell aggregates treated with supernatants from M(j> cultures
of individuals with Alzheimer’s dementia caused apoptosis as
determined by DNA fragmentation (ELISA). Under comparable
experimental conditions, supernatants obtained from aged matched
controls also induced apoptosis; however, the response was
significantly less than that for supernatants from AD patients. The
degree of neurotoxicity associated with cultured M0 supernatants
correlated with an increase of the monocyte subset, CD147CD69*.
TYanslocation of nuclear factor-kappaB (NF-k B), a transcription
factor associated with an inflammatory response, was observed in
brain cell aggregates irrespective of the M<J> source, demented or agematched control. Supernatants from younger individuals without
dementia did not activate NF-kB translocation. Structural and
synaptic proteins, including tau, MAP-2, GFAP, synaptophysin and
SNAP-25, were evaluated as markers for neural cell dysfunction in
brain cell aggregates treated with M<|> supernatants. This study
identifies an interesting link between peripheral blood mononuclear
cells obtained from AD patients and their production of rieurotoxic
factor(s). (Supported by L.P. discretionary research funds.)

ANTI-MICROGLIAL ANTIBODIES IN CEREBROSPINAL FLUID OF
PATIENTS WITH NEUROPATHOLOGICALLY CONFIRMED
ALZHEIMER’S DISEASE A McRae* Univ of the West Indies Anatomy
and Cell Biology EWMSC Champs Fleurs Trinidad and Tobago West
Indies
Cellular and molecular components of the immune system are associated
with Alzheimer's disease (AD). Serum and cerebrospinal fluid (CSF) from
some AD patients contain an antibody that specifically recognizes
microglial cells. Though the antibody appears specific AD no studies have
been carried out which correlate the presence of this antibody with
neuropathological findings. Using a semiquantitative analysis of plaques
and tangles, 41 cases were divided into four groups: There were 7 cases with
severe,10 with moderate and 14 with discrete cortical AD-type changes.
There were 10 control without any AD-pathology. The 7 cases with severe
cortical pathology fit the definite diagnosis of AD following the guidlines
of CERAD. Paraformaldehyde fixed cultures containing cholinergic neurons
and microglia dissected from the brains of E18 rats were incubated with the
CSF of 41 patients. The cultures were processed for immunocytochemistry
using the avidin biotin peroxidase complex method. Results revealed that
19 samples contained microglial antibodies (MGab). The CSF of 5 of the 7
AD cases with severe, 8 of the 10 with moderate and 4 of the 14 cases with
discrete AD-type cortical changes contained MGab. In the control population
only 2 cases had MGab. In view of the intimate relationship of microglia
with events leading to AD pathology it appears that MGab. may be
indicative of an ongoing degenerative process. These present results suggest
that CSF MGab. have diagnostic potential even in preclinical stages of AD.
Supported by Sandoz Gerontology grant.
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220.6

PERFORIN, AN INFLAMMATION- AND CYTOTOXICITY-ASSOCIATED
PROTEIN IS PRESENT IN PLAQUES, TANGLES AND DYSTROPHIC
NEURITES IN AD BRAIN. W.T. McGraw1? R. Carroll3*, C.R. Abraham1 &
C.A. Lemere4. 'Department of Biochemistry, department of Anatomy, Boston
University School of Medicine, Boston, MA 02118; department of Surgery,
4Center for Neurologic Diseases, Brigham & Women’s Hospital, Harvard Medical
School, Boston, MA 02115.
The brain is an immunoprivileged organ that is essentially free of cytotoxic T
lymphocytes except when these “killer” cells are recruited to the brain. Cell-mediated
immunity from activated CD8+ T-cells destroy affected cells via a contact-dependent
lysis primarily through the induction of the apoptosis cascade in the target cell. The
inflammation that occurs in chronic neurodegenerative diseases does not bring about
the infiltration of T-cells, but it appears that it causes a number of innate immune
molecules to be focally expressed by non-lymphocytic cells in affected brains. We
examined the hippocampus and temporal cortex of AD, DS and aged human control
brains by immunostaining for the production of proteins normally associated with
the cytotoxicity machinery of T-cells. We found perforin (cytolysin)
immunostaining of a subset of compacted plaques, cores and some dystrophic
neurites, in brains from all AD (n=6; mean age 82.7 yrs) and Down syndrome (n=4;
mean age 51.8 yrs) patients. There was no staining of subpial, diffuse or
perivascular amyloid. In aged controls (n=7; mean age 70.6 yrs), there was no
staining in the absence of plaques (4 cases); when plaques were present there was a
paucity of staining relative to the number of plaques. Preliminary studies have
shown distinct staining patterns for two serine proteinases, granzyme M and B, that
are part of the perforin-mediated cytotoxic machinery; further characterization is
underway. Interestingly, one of these granzymes has beta-secretase activity in vitro.
Supported by NIH AG09905, NIH 5T32NS07152 and the Alzheimer's Association.

PROTEIN OXIDATION ADDUCTS AND AUTOXIDATION INDUCED BY AB
INTERACTION WITH COPPER C.S. Atwood*, R.C. Scarpa, X. Huang. Y.W.
Farrag, R.D. Moir, M.P. Cuaiungco, R.E. Tanzi & A.I. Bush. Lab. for Oxidation
Biology, Genetics & Aging Unit, Mass. Gen. Hosp., Boston, MA, 02129.
Recently we reported that AB binds and reduces Cu, and that this
interaction promotes the generation of reactive oxygen species (ROS). We
also have shown that AB possesses Cu,Zn-SOD-like activity. We now report
that at pH 7.4, AB binds equal amounts of Cu(ll) and Zn(ll) (-1.8 atoms/AB)
when incubated with an equimolar mixture of both metals. However, when
the pH was lowered to pH 6.6, Cu(ll) (-3.0) almost completely displaced Zn(ll)
from AB1-40. The binding affinity of Cu for AB1-42 (Kd = 2 x 10’17) was found
to be much greater than that of AB1-40 (Kd = 2 x 10'1°), while the binding
affinity of Zn(lI) for both peptides (4 x 10'9) was lower. High-affinity metal ion
chelators both prevented and reversed AB1-42 aggregation, indicating AB
does not aggregate in the absence of metal ions. Thus, the attomolar affinity
of AB1-42 for Cu(ll) explains why this peptide so readily self-aggregates in
solutions where trace Cu contamination has not been removed.
We have identified three oxidative modifications to AB that are induced
when AB is incubated with Cu in vitro, that also are present in AB extracted
from amyloid plaques of Alzheimer’s disease (AD) brain. These include the
formation of apparent SDS-resistant polymers, peptide carbonylation and
alterations in AB amino acid content, particularly the loss of histidine residues
in the presence of H2O2. Our current results suggest that the abnormal
loading of metals onto AB, such as when AB is incubated with Cu alone, may
promote redox chemistry that damages the peptide. Since AB is a potential
source of ROS in the AD brain, we also tested whether AB-Cu interactions
could induce oxidative damage of other proteins. Incubation of AB-Cu with
ApoE3 resulted in increased carbonylation of ApoE3 compared to ApoE3
incubated with Cu alone. These results suggest one mechanism of oxidative
adduct formation in the AD-affected brain.
Supported by: NIH (1R29AG1268601) and PRANA Corporation.

220.7

220.8

EXPRESSION OF ABAD HAS CYTOPROTECTIVE PROPERTIES IN
RESPONSE TO NUTRITIONAL AND ISCHEMIC STRESS. D, Stern, 1 R.A.
Mc.Tflggart,1 A,.Zhy, 1 * P.J, Pinskv,1 E.S, Connolly Jr.1 T.F, Choudhri 1 _A
Roher.2 S, Clarke,3 and S.D Yan1. Columbia University, New York, NY; 2Sun
Health Research Institute, Sun City AZ; 3UCLA, Los Angeles CA.
Alzheimer’s disease (AD) is associated with decreased glucose transporter activity,
suggesting that maintenance of neuronal energy homeostasis might be accomplished
through upregulation of other metabolic pathways, such as those utilizing ketone
bodies. Amyloid B-peptide Binding Alcohol Dehydrogenase (ABAD; previously
termed ERAB) is a member of the superfamily of oxido-reductases, binds A8, and
promotes AB-induced cell stress. ABAD catalyzes the oxidation of L-3-hydroxyacylCoenzyme A in the fatty acid B-oxidation pathway, but can also function as a
nonspecific alcohol dehydrogenase that utilizes the ketone body B-hydroxybutyrate to
generate NADH as a cellular energy source. COS cells stably transfected to
overexpress ABAD (COS/ABAD) were subjected to nutritional deprivation by 4 day
incubation in glucose- and serum-free medium with B-hydroxybutyrate. COS/ABAD
cells better maintained MTT reduction and intracellular ATP levels compared with
vector-transfected cells. Overexpression of a mutant form of ABAD which was
enzymatically crippled (Y168G, K172G) in COS cells failed to confer a
cytoprotective effect. Transgenic (Tg) mice with targeted neuronal overexpression of
ABAD were made using the PDGF B-chain promoter (Tg PD-ABAD). These mice
developed normally and demonstrated increased ABAD in cortical neurons compared
with nontransgenic (nonTg) littermates. Using transient middle cerebral artery
occlusion to induce ischemic stress, Tg PD-ABAD mice displayed a 40% reduction in
cerebral infarct volumes vs nonTg controls (p<0.03; N=34 for each case) and reduced
neurological deficit scores (p=0.031). These data indicate that in the absence of AB,
expression of ABAD confers cytoprotective properties enhancing the cellular response
to ischemic and metabolic stress. (Supported by AG00690, AG14103,HL59488)

EXPRESSION OF SELADIN-1, A NOVEL NEUROPROTECTIVE GENE WITH
HOMOLOGIES TO OXIDO-REDUCTASES IS ASSOCIATED WITH
SELECTIVE VULNERABILITY IN ALZHEIMER'S DISEASE I. Greeve1. I.
Hermans-Borgmever,1* S. Fehr1, H. v. d. Kammer1, C. Brellinger1, T, Schmitz1, T,
Gomez-Isla3 and R. M, Nitsch*2. 'Center for Molecular Neurobiology, University of
Hamburg, MartinistraBe 52, 20246 Hamburg, Germany,’Department of Psychiatry
Research, University of Zurich, Switzerland and UMNC, Minneapolis, MN3.
Seladin-1 was one of thirty differentially expressed cDNAs in a differential screen
designed to identify genes that are associated with the pathology of Alzheimer's
disease (AD). Seladin-1 has an open reading frame of 516 amino acids, and has high
homologies with a family of oxido-reductases. Seladin-1 mRNA levels in selectively
vulnerable areas including the inferior temporal lobe were substantially lower as
compared to areas in the sensory-motor cortex that were spared from degeneration.
In contrast, message levels were identical in these areas in normal control brains. In
normal tissues, seladin-1 was ubiquitiously expressed with high levels in the adrenal
gland; within the nervous system high expression was detected in cortex, substantia
nigra, hippocampus and subthalamic nuclei. In situ hybridization of rat brain
revealed a neuronal expression pattern; initial experiments point to reduced
hybridization signals in neurons of AD brains. Stable expression of a Seladin-1 EGFP fusion protein in H4 neuroglioma cells showed that it was localized in the
endoplasmic reticulum and the Golgi apparatus. Preliminary data resulting from
live/dead counts, nuclei staining with Hoechst dye and FACS analysis using an
Annexin V-antibody suggest that clones overexpressing Seladin-1-EGFP are more
resistant to oxidative stress and apoptotic stimuli than EGFP-overexpressing control
clones. Functional in vitro assays, immunohistochemistry of AD brains and analysis
of protein expression levels in cell lines under different conditions will help to
further characterize its function, and its potential role in neuroprotection.

220.9

220.10

HUMAN, BUT NOT BOVINE, OXIDIZED CSF LIPOPROTEINS
DISRUPT NEURONAL MICROTUBULES. M.D. Neely*. L.L.
Swift, P.G. Graham and T.J. Montine. Dept. of Pathology, Vanderbilt
University, Nashville, TN, 37232
Evidence that oxidative stress, and lipid peroxidation in particular,
play a role in the pathogenesis of AD is accumulating. Our laboratory
has observed features of increased CSF lipoprotein oxidation in patients
with AD. A characteristic of the Alzheimer’s disease brain is disturbance
of the neuronal microtubule organization. We therefore tested the effect
of native (non-oxidized) and oxidized CSF lipoproteins (d<1.21) on
neuronal microtubules. Neuro 2A cells were exposed to human CSF
lipoproteins for 1 hour at concentrations present in CSF and the
microtubule organization was analyzed by immunofluorescence. While
native CSF lipoproteins from control or AD patients had no effect,
oxidized human CSF lipoproteins caused disruption of microtubules.
There was no significant difference between the microtubule disruption
induced by oxidized CSF lipoproteins from AD and control patients.
However, oxidized adult bovine CSF lipoproteins did not have a
comparable effect on microtubules. SDS PAGE and Western blots
revealed similar oxidation-induced modifications of the two major CSF
apolipoproteins, apoE and apoA-I, in human and bovine CSF
lipoproteins. The reason for the different effects of human and bovine
oxidized CSF lipoproteins on microtubules is under investigation.
Supported by NIH grants to Dr. T.J. Montine (AG00774, AG 16835)
and to Dr. D.G. Graham (ES02611) and grants from the Alzheimer’s
Disease and Related Disorders Association and the American Foundation
for Aging Research to Dr. T.J. Montine.

DYSFUNCTIONAL REGULATION OF THE P38 PATHWAY IN
ALZHEIMER DISEASE (AD): A COMPENSATION TO OXIDATIVE
STRESS. X, Zhu, A, K. Raina. A. Takeda, G. Perry* and M. A, Smith.
Institute of Pathology, Case Western Reserve Univ.; Cleveland, Ohio 44106
Multiple lines of evidence show an association between oxidative stress
and the pathology in AD and also that oxidative stress is one of the earliest
pathological events in the disease. Nonetheless, the mechanism of oxidative
damage in the pathogenesis of AD is, as yet, not clear. Given the
importance of p38 pathway in mediating the cellular stress response, we
investigated components of the p38 pathway in hippocampus in AD brain.
Specifically, we found that the staining pattern of TAK1,. Mek6 (MKK6)
and p38/HOGl were altered in AD cases (n=6) compared with control cases
(n=7). Namely, TAK1 and Mek6 were localized to vesicular structures
consistent with lysosome and/or neurofibrillary tangles (NFTs) in AD, by
marked contrast, there were very little staining in the same neuronal
population in control; p38 was exclusively localized to NFTs and senile
plaques in AD, but showed a diffused and much lower cytoplasm staining in
control. Taken together, our finding suggests that 1) p38 may be one of the
major kinases which phosphorylate x in vivo, 2) the p38 pathway is
activated in AD which may be an extremely proximal event in the
pathogenesis of the disease.
Supported by NIH AG09287, NS38648 and the Alzheimer’s Association
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ACROLEIN, A PRODUCT OF LIPID PEROXIDATION, IS INCREASED IN
THE BRAIN IN ALZHEIMER’S DISEASE AND IS A POTENT
NEUROTOXIN IN PRIMARY NEURONAL CULTURES. M.A, Lovell1-2.
C.S, Xie2, and W.R. Markesberv*2,3, 'Department of Chemistry; SandersBrown Center on Aging; departments ofNeurology and Pathology, University
of Kentucky; Lexington, KY 40536.
Accumulating evidence has implicated oxidative stress in the pathogenesis of
Alzheimer’s disease (AD). Increased lipid peroxidation, decreased levels of
polyunsaturated fatty acids and increased levels of 4-hydroxynonenal (HNE), a
neurotoxic marker of lipid peroxidation, have all been demonstrated in AD
brain. Acrolein, an a,6 unsaturated aldehydic product of lipid peroxidation is
100 times as reactive as HNE and has been demonstrated in neurofibrillary
tangles in the AD brain. However, there have been no reports of levels of free
acrolein in AD brain or the effect of acrolein on neuronal cultures. We report
here an increase in mean free acrolein in multiple AD brain regions at
concentrations -2-10 times those of HNE. These elevations reached statistical
significance (p < 0.05) in the amygdala and hippocampus/parahippocampal
gyrus and marginal significance (p < 0.1) in the superior and middle temporal
gyri. Exposure of rat hippocampal and cortical cells to acrolein led to time- and
concentration-dependent decreases in cell survival and Na+/K+ ATPase activity
as well as an increase in intracellular calcium. Primary cortical neurons also
demonstrated significant impairment of glucose transport at acrolein
concentrations as low as 25 nM. Collectively, these data suggest that acrolein
may be an important substance in the pathogenesis of neurodegeneration in AD.
Funding for this work was provided by NIH grants 1-PO1-AGO5119, 5-P50AGO5144 and by a grant from the Abercrombie Foundation.

220.12
HETEROZYGOUS SEROTONIN RECEPTOR 2A GENOTYPE
CORRELATES WITH DECREASED SUPEROXIDE
DISMUTASE ACTIVITY IN ALZHEIMER’S DISEASE. M.M.M.
Grazina1,2*, F.M.P, Silva1, M.T, Proenca1,3, L.M, Oliveira1,1. Santana3,
B, Santiago3. L. Cunha3 C.R. Oliveira1,2,3. ’Center for Neurosciences of
Coimbra; 2Faculty of Medicine; 3University Hospital, University of
Coimbra; 3000 Coimbra, Portugal.
Serotoninergic system is altered in neurofibrillary tangles and senile
plaques in Alzheimer's disease (AD) and amyloid precursor protein
secretion is stimulated by serotonin receptors 2A (5HTR2A). Oxidative
stress is also involved in the etiology of AD: in vitro studies show the
involvement of free radical mediated neuron death. We have analysed
5HTR2A genotype in 78 AD patients and 36 age matched controls.
Redox status was also evaluated in 49 AD patients and 23 controls by
investigation of plasma (PL) and erythrocyte (ER) oxidative stress
parameters including superoxide dismutase- SOD (ER). 5HTR2A gene
was found to be associated to AD (p= 0.0195). The frequency of 1-2
genotype is significantly increased in AD patients (0.58) compared to
age matched controls (0,24). A significant decrease (p=0.0205) in SOD
(ER) of AD patients was observed, compared to controls. Correlation
between both parameters shows a significant decrease in SOD (ER)
(p=O.O331) of heterozygous AD patients, compared to controls. We have
found a new genetic factor involved in AD, which correlates with the
significant decrease in SOD (ER) of AD patients.
Supported by Ministry of Science and Technology.

OCULOMOTOR SYSTEM: CORTEX AND BEHAVIOR
221.1

221.2

AN EVENT-RELATED FUNCTIONAL MRI STUDY OF SACCADES AND
COVERT SHIFTS IN SPATIAL ATTENTION R.J, Perry & S, Zeki, Wellcome
Dept. of Cognitive Neurology, London. SPON: British Neuroscience Association
Seven normal right-handed subjects (3 male) were trained on a task in which they
made saccades only to targets fulfilling certain visual criteria. For each trial, the
subject fixated a central cross which, after 4.5 sec, was replaced by a small circular or
triangular 'cue'. A test stimulus appeared at 2.5° or 10° to the right or left. In ‘target’
trials its shape was the same as the cue, and the subject made a saccade to it. In all
other trials subjects maintained central fixation: in ‘non-target’ trials the test’s shape
was different to the cue, and in ‘null’ trials there was no test stimulus. The group data
was subjected to an event-related analysis using SPM97 (www.fil.ion.ucl.ac.uk/spm).
A contrast comparing non-targets with null trials, which would be expected to
show, among others, areas involved in covert shifts of spatial attention, revealed
highly significant bilateral activation (p<0.001 corrected) in: striate/prestriate cortex,
superior parietal lobules (SPLs), frontal eye fields (FEFs), supplementary motor
cortex., anterior insulae, and putamina. When non-targets in the right and left visual
fields were analyzed separately, activations in the SPLs, FEFs and putamina remained
bilateral, but with a trend towards greater activation in the hemisphere contralateral to
the stimulus. Activation in the insula, however, was only significant ipsilaterally.
A highly significant cluster in the right inferior parietal lobule (IPL) gave equal
responses to right- and left-sided non-targets. No response was seen at an equivalent
site in the left hemisphere. Thus, whilst SPL and FEF are mainly concerned with the
contralateral visual hemifield, the right IPL may be capable of mediating shifts of
spatial attention into either hemifield. These observations may help to explain why
contralateral neglect is common after right, but not left, parietal lesions.
A comparison of target trials (ie. saccades) with null trials yielded a similar pattern,
but with less significant results in FEFs and SPLs. Only in the occipital lobes were
we able to show larger responses to targets than to non-targets. Surprisingly the
FEFs, thought to have a diiect role in triggering saccades, gave a significantly greater
response (pcO.OOJ uncorrected) during a covert attention shift (to a non-target) than
during a saccade (to a target). [Supported by the Wellcome Trust, London].

CORRELATIONS BETWEEN FRONTAL LOBE MEDIATED COGNITIVE
MEASURES AND ENDOGENOUS SACCADIC FUNCTION IN YOUNG AND
OLD NORMAL SUBJECTS. L. Abel1* and J Douglas2, Schools of 'Orthoptics and
2Human Communication Sciences, La Trobe Uni., Bundoora, Vic. 3083 Australia
We previously described (Abel and Douglas, ARVO, 1999) age-related
performance differences on a battery of saccadic tasks involving internally mediated
response initiation and suppression of externally triggered reflexive responses.
Subjects: 13 young (mean age, 22.2) and 12 old (mean age, 72.8). Tasksremembered, predictable, self-paced saccade and antisaccade—were selected
because they depend upon a number of frontal lobe structures. We have examined
correlations (below) between these saccadic measures (# errors and latencies on
antisaccade and remembered tasks, latency on predictable task and # self-paced
saccades) and performance on three neuropsychological tests used to assess frontal
function: Stroop Test, Trail-making Test Part B and Wisconsin Card Sorting Test.
Antisaccade and remembered errors and latencies and #self-paced saccades
correlated in the expected directions
Stroop,# Trails B, WCST
(better frontal scores => fewer errors,
corr
time
errors
shorter latencies, more self-paced
0.270
anterr -0.426
0.393
saccades). All these measures were
antlat -0.348
0.302
0.619
age-dependent. Failure to internalise

predictive target motion (not found to
be age-dependent) was positively
correlated with better Stroop
performance. Hence, several of these
tasks may be useful tools for assessing
frontal functions in subjects at risk of
or suffering from cognitive disorders.
Support: Australian Research Council

remerr -0.297

0.464

0.377
remlat -0.765
-0.168
prelat 0.667
-0.614
0.465
#self
Better? Higher Lower
NS, p < .05, p <.01

0.523

0.412
-0.243
-0.581
Lower

221.3

221.4

TRANSCRANIAL MAGNETIC STIMULATION (TMS) OF THE PARIETAL
CORTEX: EFFECT ON THE LATENCY OF SACCADES, VERGENCE
AND COMBINED EYE MOVEMENTS Z. K^poula1*. E.Isotalo1. M.P,
Bucci1. S. Rivaud-P6choux2. R, Muri3. B, Gaymard* P, Leboucher1 C, PierrofDesseilliynv2. ^LPPA, CNRS-Colldge de France, Paris; 2Dept. of Neurology,
INSERM U289; 3Dept. of Neurology, Univ. of Bern, Switzerland.
TMS of the posterior parietal cortex increases the latency of memory-guided
saccades (e.g. Muri et al., 1996). This study examines the effect of TMS on
saccades, vergence and combined movements.
Single-pulse magnetic stimulation (MegaStim 200) was applied on the right
posterior parietal cortex of nine healthy subjects; the stimulator output was set
at 80% of the motor threshold. The targets of visually-guided eye movements
were 6 LEDs, one lit at a time. The LEDs were placed at two isovergence
surfaces, one at 20 cm from the subject, and the other at 150 cm. For any trial,
the target LED was switched on (either on the same or on the other isovergence
surface) 200 ms after extinction of the fixation LED (the gap aimed to obtain
short latency). The TMS was applied 80 ms after the target LED. Blocks with
no TMS were also done. Binocular recordings were made with the IRIS derice.
For pure saccades the latency with TMS increased by 35 ms (the mean of 9
subj). For pure vergence, the increase of the latency due to TMS was 25 ms for
convergence and 45 ms for divergence. For saccades combined with convergence,
the increase was 25 ms. For saccades with divergence, no increase was observed.
These findings indicate that the parietal area is involved in the computation of
all these types of movements in 3D space. The absence of group effect for the
saccades combined with divergence could be due to the TMS being delivered
outside a critical time window during the latency period of such movements.
E. Isotalo was supported by the Fondation pour la Recherche Medicale

FUNCTIONAL ANATOMY OF SMOOTH PURSUIT INITIATION IN HUMAN
CEREBRAL AND CEREBELLAR CORTEX. W. Heide1 , M.F, Nitschke1. F, Binkofski2, G. Buccino3, S, Posse4, D. Kompf1, H.-J. Freund2. R.J, Seitz2 (SPON: European Brain and Behaviour Society). 1,2Depts. of Neurol., Univ. of ‘Lubeck and 2Dusseldorf, Germany; 3Dept. of Physiol., Parma, Italy; 4Inst. of Medicine, Jiilich, Germany.
There is experimental and clinical evidence that the initiation of smooth pursuit
(SP) eye movements is controlled not only by the extrastriate V5 complex and the
frontal eye fields, but also by the cerebellum. To assess the functional anatomy of this
cerebro-cerebellar network, we performed fMRI of the whole brain in 7 healthy righthanders at 1.5-T (echoplanar sequences, TR/TE/flip angle = 3s/66 ms/90°, voxel size
3x3x4 mm), during 6 cycles a 25s, alternating between task and control conditions.
After realignment, spatial normalization and smoothing, individual and group analysis
was performed using SPM 96 (p<0.05). SP was initiated in response to horizontal stepramp stimuli of a projected laser point moving from the left into the right hemifield at
16°/s. Central fixation served as control. Additionally, subjects performed sinusoidal
SP (0.5 Hz, +10°) and a speed discrimination task, where the laser moved for 200 ms
in each hemifield with different speed. Both SP tasks activated the striate and peristriate visual cortex and the paravermal cerebellar hemispheres bilaterally. Compared to
sinusoidal SP, step-ramps produced stronger activation of the posterior cerebellar
vermis and the frontal and supplementary eye fields, possibly due to catch-up saccades.
A right hemispheric preponderance of activity in V5, the precuneus, and the intraparietal sulcus (IPS) might reflect the direction of SP. Speed discrimination activated
only VI and the lateral cerebellar hemispheres. In conclusion, SP initiation activated a
cortico-cerebellar network involved in the common control of SP and saccades. It includes the posterior cerebellar vermis and the paravermal hemispheres, whereas the
lateral hemispheres are more involved in the discrimination of target velocity. Activity
in V5, the precuneus, and the IPS was more related to SP itself, with ipsiversive directional preponderance, than to the perception of visual motion.
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COGNITIVE INFLUENCES ON SMOOTH PURSUIT INITIATION IN MONKEYS.
S.J. Heinen* and M. Chaipat. The Smith-Kettlewell Eye Research Institute; San
Francisco, CA 94115
There is a wealth of literature on anticipatory eye movements during smooth
pursuit in humans. However, the ability of monkeys to generate anticipatory pursuit is
not well established. In this study, we present evidence that monkeys can in fact produce
smooth eye movements to anticipate upcoming target motion.
Each of two rhesus monkeys (Macaca mulatto} was implanted with a coil to
measure eye movements. The monkeys pursued a small (.25 deg) spot of light that first
appeared stationary in the center of the screen. After a short (100-1000ms) duration, the
target either moved, or stepped and then moved, at a constant velocity in one of four
cardinal directions to a final position in the peripheral field. The direction of target
motion was either constant in a block of trials or was varied randomly. In some blocks
of trials, the target was extinguished briefly (50-300 msec) before it began to move (gap
paradigm). Anticipatory eye movements were quantified by measuring eye velocity at
the time that the target started to move.
We found that monkeys reliably produced anticipatoiy smooth pursuit.
However, randomizing the direction of target motion reduced anticipatory eye velocity
substantially. In the gap paradigm, anticipatory velocity was over 200% greater than in
the no-gap condition. When the animal tracked 10 deg/sec target motion after previous
exposure to a block of 70 deg/sec trials, anticipatory eye velocity actually exceeded the
velocity of the upcoming target, and eye velocity could remain elevated above target
velocity for even 250 msec after the target started to move.
The results suggest that, as in humans, anticipatory mechanisms exert a powerful
influence over oculomotor control, and can even override visual motion signals.
Furthermore, they support the idea that the monkey smooth pursuit system can be used
to explore cognitive aspects of oculomotor control.
(Supported by NIH grant EYl 1720)

WHEN A MOVING TARGET BOUNCES OFF A STATIONARY SURFACE,
AUDITORY CUES CAN SPEED THE TURNAROUND OF ANY ASSOCIATED
TRACKING EYE MOVEMENTS. B.M. Sheliga* and F.A. Miles, Laboratory of
Sensorimotor Research, National Eye Institute, Bethesda, MD 20892
Uncertainty about the exact trajectory of a moving object relative to a stationary
obstacle can result in an observer being unsure whether the object will collide with or,
for example, pass behind the obstacle. If a collision occurs, the object often bounces
off the obstacle and, if the observer was tracking the object before impact and wishes
to continue to do so afterwards then he/she must redirect his/her tracking. We here
report the effect of adding auditory cues, which often accompany collisions (cf.,
Sekuler et al, 1997), on the redirection of ocular tracking after impact.
Subjects were required to track a target (white square, 0.4 deg on a side) that was
presented on a video screen and started to move at constant speed towards the center
of the screen along one of four 45-deg trajectories (left/up, right/up, right/down,
left/down). A stationary thin vertical line was positioned at the center of the screen
and hence in the path of the target. On reaching the center, the target continued on its
path in 1/3 of the trials, and changed direction by 90 deg as though bouncing off the
line (reversal of horizontal velocity) in all other trials. In half of the "bouncing" trials
a loudspeaker delivered a click at the time that the target reached the line. Movements
of the right eye were monitored with a video-camera system. Data were obtained from
4 human subjects (minimum of 40 trials per condition).
On all trials the horizontal component of tracking showed slowing well before the
target reached the central line, and on "bouncing" trials this persisted, eventually
giving way to reversal. The rate of this reversal of tracking was greater on the
"bouncing" trials that were accompanied by a click, an effect that was examined by
subtracting the mean profiles for the "bouncing" trials without a click from those for
the "bouncing" trials with a click ("difference profiles"). The latency of the effect of
the click (based on the time when these difference profiles first exceeded twice the
standard deviation of the noise for a minimum of 40 ms) ranged from 50 to 107 ms
(median, 70 ms). We conclude that auditory cues can speed the redirection of ocular
tracking of targets that are deviated by collisions. Supported by the NEI.

221.7

221.8

ID AND 2D MOTION SIGNALS INTEGRATION FOR THE
INTIATION OF SHORT-LATENCY OCULAR FOLLOWING IN
HUMANS. Guillaume S. Masson^ Yves Rybarczyk. Eric Castet & Daniel

SALIENCE EFFECTS ON PERCEPTUAL AND SACCADIC TARGET
LOCALIZATION DURING VISUAL SEARCH. L.S. Stone1*, B.R. Beutter1,
and M.P, Eckstein2. 'NASA Ames Research Center, Moffett Field CA 940351000; 2Cedars Sinai Medical Center, Los Angeles, CA 90048-1865.
To compare visual spatial information processing for saccades and
perception, we measured the accuracy of Is' saccades and of perceptual
decisions under matched conditions over a range of saliencies. Three human
observers (2 naive) performed 5 runs (100 trials each) of a 10 AFC search for
a target disk (21’) in spatially uncorrelated gaussian noise at 5 levels of
signal-to-noise (SNR). The possible target locations were indicated by 2.4°
squares equidistant along a circle 5.9° eccentric from the initial central
fixation cross. The search was performed under two conditions: 1) long
duration (up to 6s, response terminated) with eye movements allowed, and 2)
short duration (100ms) without eye movements. The decision accuracy for 1”
saccades was computed from the long-duration data using a direction
criterion (no penalty for hypometria). The decision accuracy for perception
(for a duration approximating that of saccadic programming) was computed
from the short-duration data. Eye position was recorded using a 240Hz video
tracker. All observers generated well behaved psychometric and oculometric
curves: plots of detectability (d’) vs SNR were linear for both perception and
saccades (mean r2: 0.997 & 0.992, respectively). The average slopes (0.64 &
0.57) and intercepts (-0.90 & -0.96) were similar, although our results
suggest slightly poorer performance, on average, for saccades. We conclude
that saccadic and perceptual decisions during search for a target in noise are
similarly related to SNR. Furthermore, measuring performance using d’ will
foster quantitative comparisons across tasks between behavioral performance
and neural responses within cortical (FEF, LIP) or subcortical (SC) areas.
NASA RTOPs 548-51-12 & 131-20-30 to LS and NASA NCC 2-1027 to ME.

R. Mestre, Center for Research in Cognitive Neuroscience, CNRS,
Marseille, France.
The perceived motion direction of a drifting grating seen behind an
elongated aperture is biased towards the aperture’s long axis. This
baiberpole illusion is a consequence of integrating ambiguous ID (bars)
and non-ambiguous 2D (line-endings) motion signals over the visual
field. In humans, we probed the temporal dynamic of such motion
integration by recording with tlie scleral search coil technique, tracking
eye movements driven by large (50deg2) barberpole stimuli (grating :
0.3cpd/10Hz, speed : 30 deg/sec).
Ocular following responses were always first initiated at short-latency
(«85ms) in the direction orthogonal to the grating orientation (ID motion
signals). 2D motion signals generated at the intersects between grating
and aperture started to bias the tracking direction only 15-20 ms later.
Such delay was not affected by adding an elongated mask in the foveal
part of the stimulus. The magnitude of the late, 2D-driven response
component was a function of the aperture’s aspect ratio and was
dramatically reduced by either reducing the contrast of line-endings or
indenting the aperture’s edges. These results suggest that parallel
processing of ID and 2D patterns in the moving image have different
temporal dynamics but converge onto a single integrative stage. They
support a hierarchical view of retinal image motion processing for the
initiation of tracking eye movements.

Supported by Centre National de la Recherche Scientifique

221.9
CONTROL OF THE VISUAL GRASP REFLEX IN PATIENTS
WITH FRONTAL OR PARIETAL CORTEX LESIONS
Liana Machado* and Robert RafaL Department of Psychology,
University of Wales at Bangor, Gwynedd LL57 2DG, UK

We tested patients with chronic, unilateral lesions in frontal or parietal
cortex on an anti-saccade task, which demands eye movements away
from suddenly appearing peripheral visual targets. Patients with
chronic, unilateral lesions of superior dorsolateral prefrontal cortex
involving the frontal eye field (FEF) displayed impaired ability to
inhibit reflexive glances specifically toward contralesional targets,
' supporting neurophysiological evidence that the FEF plays a critical
role in inhibiting the visual grasp reflex towards the contralesional
field. In contrast, patients with chronic, unilateral parietal lesions,
especially those with temporal parietal junction involvement, made
fewer reflexive glances toward contralesional than ipsilesional targets.
These results are consistent with evidence that chronic FEF lesions
result in hyperactivity of the ipsilesional colliculus and that parietal
lesions result in hypoactivity of the ipsilesional colliculus. The current
observations extend our understanding of cortico-collicular
interactions as a model system for the control of automaticity.
This research was supported by US PHS grants MH41544 and MH51400.
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ESTROGEN
ATTENUATES
THE
SUBFORNICAL
ORGAN
ANGIOTENSIN II INDUCED PRESSOR RESPONSE IN MALE RATS.

EFFECT OF ESTROGEN ON THE ARTERIAL PRESSURE RESPONSE
TO SALINE LOAD IN RENOVASCULAR HYPERTENSION. M. P. Rosas-

V.A. Campanucci'*M-P. Rosas-Arellano, L.P. Solano-Flores, C V R. de Oliveira2
and J. Ciriello. Department of Physiology, University of Western Ontario,
London, ON, Canada, N6A 5C1.
It has recently been shown that 17 p-estradiol (E2) attenuates the angiotensin
II (All) induced pressor response from the subfornical organ (SFO) in the female
rat. This study was done to investigate whether E2 also altered the pressor
response to All from SFO in the male and whether this E2 mediated effect
involved a GABAergic system within SFO. Experiments were done in Inactin
(100 mg/kg) anesthetized male Wistar rats instrumented for the recording of
arterial pressure (AP) and heart rate. In the first series of experiments,
microinjections (20 nl) of All (10, 25 or 50 ng) were made at 2-80 min after an
injection of E2 (20 nl; 1 pg) was made into SFO. . The magnitude of the pressor
response at all three doses of All was reduced by 80.0±12.9 %, 60.8+18.0% and
40.8+15.1 % of control, respectively, at 2 min, and returned to control values by
80 min after the E2 injection. Neither injections (20 nl) of low doses of E2 (0.1
pg), nor 17 a-estradiol (1 pg) into SFO altered the All pressor response. In the
second series, microinjection (20 nl; 20 pmol) of the GABAa receptor blocker
bicuculline into SFO before the injection of E2 did not alter the ability of E2 to
attenuate the SFO All pressor response. These data suggest that E2 acts in SFO
to attenuate the pressor response to All likely through a non-genomic mechanism
which does not involve the activation of GABAa receptors. (Supported by Heart
and Stroke Fnd. of Ontario, Ministerio de Cultura y Education [Argentina]1,
FAPESP [Brazil]2).

Arelland*L. P. Solano-Flores, C. V. R. de Oliveira1 and J. Ciriello. Department
of Physiology, University of Western Ontario, London, ON, Canada N6A 5CL
Estrogen (17-p estradiol; E2) has been shown to play an important role in the
control of arterial pressure (AP) and body fluid homeostasis. This study was done
to investigate the effect of chronic administration of E2 (5-7 months) in
ovariectomized (OVX) female rats on the development of two-kidney, one-clip
(2K-1C) hypertension, and on the AP response of these hypertensive animals to
a saline load. Rats were instrumented with a silver clip on the renal artery and
given either water or saline (0.9%) to drink, and later placed on a low Na+ (0.03
%) diet. AP and heart rate, were measured in the conscious animal using the
indirect tail cuff method. Measurements of metabolic variables were also made
throughout the study. Resting levels of AP in OVX (13O±3.1 mmHg) and
OVX+E2 (128+2.9 mmHg) animals were similar prior to the renal artery clip.
Sixteen days after the clip, AP increased in both groups (OVX, 182±4.4 mmHg;
OVX+E2, 176+4 mmHg). Saline ingestion further increased AP in OVX rats
(257+3.6 mmHg) to levels higher than those in the E2 treated rats (218±7.2
mmHg). Replacement of the saline with water did not alter the level of AP in
either group. Placing the animals on a low Na+ diet resulted in rapid reduction of
AP in OVX+E2 rats compared to OVX rats, although after about 2 weeks, AP in
both groups returned to pre-saline ingestion levels (OVX, 183+2.4 mmHg and
OVX+E, 181+6.8 mmHg). These data suggest that E2 treatment delays and
prevents the full expression of renovascular hypertension during Na+ loading.
(Supported by Heart and Stroke Fdn. of Ontario and FAPESP [Brazil]1).

222.3

222.4

ESTROGEN ALTERS THE DIPSOGENIC ACTIONS OF NEUROTENSIN
IN THE SUBFORNICAL ORGAN. L. P. So1ano-F1ores*M. P. Rosas-Arellano,

ANTISENSE OLIGONUCLEOTIDE TO AT, RECEPTOR mRNA IN THE
SUBFORNICAL ORGAN ALTERS RENOVASCULAR HYPERTENSION.

C. V. R. de Oliveira1 and J. Ciriello. Department of Physiology, University of
Western Ontario, London, ON, Canada, N6A 5C1.
It is known that estrogen (17-P estradiol; E2) plays an important role in body
fluid homeostasis. Recently, we have shown neurotensin (NT) immunoreactive
fibers in the subfornical organ (SFO). However, it is not known whether NT
exerts a dipsogenic effect in SFO nor if E2 influences the response to NT. This
study was done to investigate the effects of circulating levels of E2 on the
drinking responses to microinjections of NT into SFO. Experiments were done
in ovariectomized (OVX) female Wistar rats treated (OVX+E2) or not treated
(OVX) with E2 (60 pg/ml plasma) that had previously been implanted with a
chronic cannula into SFO. As expected, microinjections of angiotensin II (All;
10 ng) into SFO elicited a robust drinking response that was similar in both
groups of rats. Injection of NT (100 or 1000 ng) into SFO evoked a dose
dependent increase in drinking. However, injection of NT (100 ng) in OVX+E2
rats elicited an approximate six fold increase in drinking compared to OVX rats.
The drinking response to NT was attenuated by the injection of the specific NTreceptor antagonist SR-48692. The simultaneous injection of All and NT into
SFO induced a drinking response that was similar to that observed when All
alone was injected, but larger than the response to NT alone. Blockade of either
AT, (Losartan) or AT2 (DP 123319) All receptors in SFO did not alter the NT
induced drinking response. These data suggest that NT activates neuronal circuits
within SFO similar to those activated by All that are involved in drinking
behaviour, and that the dipsogenic actions of NT in SFO are influenced by
circulating levels of E2. (Supported by Heart and Stroke Foundation of Ontario
and FAPESP [Brazil]1).

Ciriello. Dept. of Physiology, Univ. of Western Ontario, London, ON, Canada.
N6A 5C1.
Angiotensin II (All) acting at the subfornical organ (SFO) is known to
contribute to the development of the elevated arterial pressure (AP) in the twokidney, one-clip (2K-1C) hypertension. The study was done to investigate the
effect of injection of antisense-oligonucleotide (AS-ODN) to All AT, receptor
mRNA into SFO on the maintenance of 2K-1C hypertension. Male Wistar rats
were instrumented with a silver clip on the left renal artery and 16 days later
received a single injection of either 20 ng or 200 ng of AS-ODN in 200 nl of
artificial cerebrospinal fluid into SFO via a chronic cannula. AP and heart rate
(HR), measured in conscious animals using the indirect tail cuff method, and
measurements of metabolic variables were made throughout the course of the
study. AP (181+ 5 mmHg) and HR (442+ 7 bpm) were significantly reduced (AP,
155+ 4 mmHg; HR, 396 ± 5 bpm) in the group that received the lower dosage of
AS-ODN. Injection of the higher dosage elicited similar effects, but the reduction
in AP occurred earlier and remained longer. In contrast, injection of sense-ODN
into SFO did not alter the level of AP or HR in these hypertensive animals. No
differences were observed in urinary output, osmolality or Na+ and K+ excretion,
water or food intake, or body weight among the groups. Immunocytochemical
studies done at the peak decrease in AP on the animals that received AS-ODN
showed that the density of the AT, receptor protein in SFO was lower compared
to that in animals which received the sense-ODN. These data suggest that an upregulation of AT, receptors in SFO may contribute to the increased AP in the 2K1C hypertension. (Supported by Heart and Stroke Fdn. of Ontario).

222.5

222.6

CHRONIC
ESTROGEN TREATMENT ATTENUATES THE
HYPERTENSION INDUCED BY Na+INGESTION OR INHIBITION OF
NITRIC OXIDE SYNTHASE ACTIVITY. C. V. R. de Oliveira^M. P. Rosas-

SALT-INDUCED CHANGES IN HYPOTHALAMIC NITRIC OXIDE SYNTHASE
IN DAHL RATS Shereeni J. Veerasingham* and Frans H.H. Leenen. University of

University of Western Ontario, London, ON, Canada, N6A 5C1.
The effect of 17 p-estradiol (E2) on the rise of arterial pressure (AP) induced
by ingestion of 0.9% saline and/or by nitric oxide synthase (NOS) inhibition
following the ingestion of L-NAME (50mg/kg body weight/day) in water, was
investigated in ovariectomized (OVX) female Wistar rats treated (OVX+E2) or
not treated (OVX) with E2 for a period of 4-6 months. Resting levels of AP,
measured using the indirect tail cuff method were found to be similar between
OVX+E2 (122+3.1 mmHg) and OVX (122+3.5 mmHg) animals. However, after
ingestion of saline (10 days) AP was elevated in OVX (192+1.3 mmHg)
compared to OVX+E2 (170+2.3 mmHg) animals. The addition of L-NAME to the
saline (10 days) produced a further increase in AP in both groups. Removal of the
saline did not alter the rise in AP during L-NAME treatment, however AP was
higher in OVX (291+2.2 mmHg) compared to OVX+ E2 (266+1.5 mmHg) rats.
Placing the rats on a low Na+ diet (0.03%) during L-NAME treatment resulted
in a greater decrease of the AP in OVX+E2 (180+3 mmHg) compared to OVX
(209+2.4 mmHg) rats. Finally, removal of L-NAME in the animals on the low
Na+ diet decreased AP further in both groups to control, pretreatment levels.
Taken together, these data suggest that E2 attenuates the increase in AP induced
by Na+ ingestion or during inhibition of NOS activity by exerting an effect on a
Na+ sensitive mechanism possibly linked to a nitric oxide system. (Supported by
Heart and Stroke Fdn. of Ontario and FAPESP [BRAZIL]1).
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Ottawa Heart Institute, Ottawa, Ontario, Canada.
High salt intake exacerbates hypertension in Dahl salt-sensitive (S) rats.
Mechanisms involved may include a defect in nitric oxide (NO) production as Dahl
S rats produce less NO than their normotensive controls, Dahl salt-resistant (R) rats,
on a high salt intake. To assess the role of central NO in Dahl r?ts, we assessed NO
synthase (NOS) histochemically. Dahl S and R rats of 4 weeks of age were fed either
regular (0.4%) or high (8.0%) NaCl diet for 2 weeks. At the end of the dietary
period, resting mean arterial pressure (MAP) and NOS distribution were assessed.
NOS distribution was determined by the NADPH-diaphorase reaction in serial
sections through the hypothalamus and quantified in cardiovascular and osmoregulatory nuclei/areas. Resting MAP in Dahl S rats on high salt diet was
significantly higher compared to Dahl S rats on regular salt diet or Dahl R rats on
either high or regular salt diet (123+2 vs 105+3,101+3,103+3 mmHg respectively,
p<0.05, n=6). The distribution of NOS did not differ markedly between strains on
0.4% NaCl diet. In both Dahl S and R rats, the number of NADPH-diaphorase
positive neurons within the median preoptic nucleus, the magnocellular division of
the paraventricular nucleus (PVN) and the supraoptic nucleus was significantly
increased when fed 8.0% NaCl. Within the ventral division of the PVN, 8.0% NaCl
diet induced a significant increase in the number of NADPH-diaphorase positive
neurons in Dahl R but not Dahl S rats compared to Dahl R and S rats on 0.4% NaCl
diet (33+3 vs 24+2,20+2 and 19+3 neurons/area respectively, p<0.05, n=4). Our
results indicate that on high salt intake, an increase in NOS, and therefore NO
production, within the median preoptic area and magnocellular neurons may be
involved in osmoregulatory mechanisms. In addition, this study suggests that an
inability to increase NO production within the ventral PVN may contribute to saltinduced sympathetic hyperactivity and hypertension. Supported by MRC, Canada.
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SYMPATHETIC NERVOUS SYSTEM OVERACTIVITY CONTRIBUTES TO
NaCl-SENSITIVE HYPERTENSION IN ESTROGEN DEPLETED FEMALE
SPONTANEOUSLY HYPERTENSIVE RATS (SHR). Z. Fang*, YF Chen, S Oparil
and JM Wyss. Department of Cell Biology, University of Alabama at Birmingham,
Birmingham, AL 35216.
Excess dietary NaCI much more frequently causes an increase in arterial pressure in
postmenopausal compared to normal estrogen cycling women, but animal models have
not reliably mimicked this phenomenon. Previous studies demonstrate that, in contrast
to male SHR, intact female SHR do not respond to a high NaCI diet with a large
increase in arterial pressure, suggesting that estrogen blunts the hypertensive effect of a
high NaCI diet. In the present study, we tested the hypotheses that elimination of
estrogen unmasks NaCl-sensitive hypertension in female SHR and that this
hypertensive response is due to sympathetic nervous system (SNS) overactivity.
Female SHR were ovariectomized at 3 weeks of age and placed on one of four diets:
0.6% or 8.0% NaCI in the presence or absence of normal dietary phytoestrogens. Eight
weeks later, arterial pressure and heart rate were monitored via radiotelemetry. In the
SHR on the phytoestrogen free diet, the 8% (vs. to 0.6%) NaCI caused a 68 mmHg
increase in arterial pressure. In contrast, in the phytoestrogen replete diet, the 8% NaCI
caused only a 25 mmHg increase in arterial pressure. Elimination of dietary
phytoestrogen did not significantly increase arterial pressure in SHR on the 1% NaCI
diet. To test the role of the SNS in this salt-sensitive hypertension, another 2 groups of
ovariectomized SHR were placed on high or basal NaCI, phytoestrogen free diets at 3
weeks of age and were catheterized 4 weeks later. The high (vs. basal) NaCI diet
increased nighttime (wake period) arterial pressure by 62 mmHg (daytime 23 mmHg).
Hexamethonium blockade of the SNS during the nighttime by i.v. infusion of induced
a 2X greater fall in arterial pressure in the high (vs. basal) NaCI diet SHR. These data
indicate that the SNS contributes importantly to NaCl-sensitive hypertension in female,
estrogen deplete SHR. Supported by NHLBI HL-37722.

EFFECTS OF 17-P-ESTRADIOL IN NUCLEUS TRACTUS SOLITARIUS
ON BAROREFLEX ACTIVITY IN THE MALE. A. L. Fawkes*M. P. Rosas-

Arellano, C. V. R. de Oliveira1, L. P. Solano-Flores and J. Cirieilo. Department
of Physiology, University of Western Ontario, London, ON, Canada, N6A 5C1.
Estrogen (17-p-estradiol; E2) has been shown to alter the sensitivity of the
baroreflex. However, it is not known whether E2 alters the baroreflex by exerting
an effect in the peripheral circulation and/or at central sites to influence neuronal
transmission. In this study, two series of experiments were done in a-chloralose
(80mg/kg) anesthetized, paralyzed and artificially ventilated, male Wistar rats
to investigate the effect of E2 on the baroreflex at the level of the nucleus tractus
solitarius (NTS). The animals were instrumented for the recording of arterial
pressure (AP) and heart rate (HR) and for drug administration. In the first series,
microinjection (20 nl) of E2 (0.1, 1, or 10 pg) into NTS produced a dose-related
potentiation of the bradycardic (-60.0+7.8, -61.5+7.0, -96.3+20.8 bpm,
respectively) and depressor (-36.3+5.6, -53.3+2.7, -65.0+4.0 mmHg,
respectively) responses elicited by microinjection of L-glutamate (10 nl; 0.25 M)
into NTS. Intravenous administration of atropine methyl bromide blocked the
potentiated HR response, but not the potentiated AP response. Neither injections
of 17-a-estradiol (1 pg), nor the vehicle, propylene glycol-saline into NTS
altered the HR or AP response induced by glutamate stimulation of NTS. In the
second series, injection of E2 (20 nl; 1 pg) into sites in NTS at which glutamate
injections elicited cardiovascular responses, were found to potentiate the reflex
bradycardia to systemic increases in AP. These data suggest that E2 enhances
baroreflex sensitivity by exerting an effect on neuronal pathways in NTS that
increase vagal cardiomotor and decrease sympathetic premotor neuronal activity.
(Supported by Heart and Stroke Foundation of Ontario and FAPESP [Brazil]1).

NEURONAL DEATH: GROWTH FACTORS AND APOPTOSIS
223.1

223.2

DELTA OPIOID PEPTIDE DADLE ATTENUATES NEURONAL DEATH
CAUSED BY SERUM OR TROPHIC FACTOR DEPRIVATION IN
PHEOCHROMOCYTOMA (PC12) CELLS VIA AN OPIOID RECEPTOR
DEPENDENT MECHANISM. T.-P. Su* and T. Hayashi. Cellular Pathobiology
Unit Molecular Neuropsychiatry Section, IRP, NIDA/NIH, Baltimore, MD 21224.
We have recently shown that delta opioid agonist [D-Ala2-D-Leu5]enkephalin
(DADLE) blocks the methamphetamine-induced dopamine transporter loss (Tsao
et al., 1998) and increases in c-fos mRNA in mice (Hayashi et al., 1999). We have
also demonstrated that DADLE per se enhances the tissue survival in isolated
lungs and hearts (Oeltgen et al., 1996; Bolling et al., 1998). These results suggest
that one of the physiological roles of delta opioid peptide is to attenuate cell death.
We examined in this study the effect of DADLE on the survival of PC 12 cells in
culture. Specifically, we examined the effect of DADLE on the cell death caused
by deprivation of serum from culture medium. Deprivation of serum or trophic
factor from culture medium is known to be able to induce apoptotic cell death in
PC12 cells. PC12 cells were cultured on collagen-coated dishes in RPMI 1640
medium containing 10% horse serum and 5% fetal calf serum at 37° C. Serum
was removed by 5 washings with serum-free medium and cells cultured with or
without DADLE. PC12 cells were stained with nigrosin and living cells counted
under microscope. Serum deprivation induced cell death in a time-dependent
manner and two days after the deprivation, about 70% of cells died. DADLE
inhibited cell death in a dose dependent manner with 1 pM DADLE significantly
increasing the percentage of cell survival. This protective effect exerted by 100
pM DADLE was equivalent to that exerted by 100 ng/ml of nerve growth factor
and the effect of DADLE was completed blocked by 10 nM naltrexone. Our
results indicate that DADLE can attenuate neuronal cell death caused by serum or
trophic factor deprivation and that this action of DADLE is via an opioid receptordependent mechanism. [Supported by IRP & DBR, NIDA/NIH]

ADENOSINE RESCUES CHICK EMBRYO SYMPATHETIC NEURONS
FROM
NGF-WITHDRAWAL
APOPTOSIS
BY
INHIBITING
CASPASES. Arun R. Wakade*, Dennis A. Przywara and Taruna D.
Wakade: Dept. Of Pharmacology, School of Med. Wayne State Univ,.
Detroit, MI 48201.
When sympathetic neurons (SN) grown in culture are deprived of NGF
they undergo programmed cell death. This type of cell death (apoptosis)
is known to be temporarily inhibited by protein and mRNA synthesis
inhibitors, such as cycloheximide and actinomycin D, respectively. We
show here for the first time that adenosine (Ado) completely prevents
NGF-withdrawal apoptosis in chick embryo SN in culture. Ado rescuedSN were functionally similar (took up and released 3H-norepinephrine)
to those maintained in NGF throughout. Antiapoptotic action of Ado
was not mediated by membrane receptors (aminophylline did not block
Ado effects) but was completely prevented by nucleoside transport
inhibitor (dilazep) or Ado kinase inhibitor (iodotubercidin). These results
imply that Ado must be transported by nuleoside transporter and
subsequently phosphorylated in order to be an effective antiapoptotic
agent. Ado maximally inhibited mRNA and protein synthesis in SN by
20 - 30 % . This effect was observed after 12 hrs of treatment with Ado.
Upon removal of NGF, there was 5-10 fold increase in caspase2 and
caspase3 activities. Addition of Ado at the time of NGF removal
completely blocked this increased activity as well as rescued SN from
apoptosis. These results provide new evidence for anticaspase and
antiapoptotic actions of an endogenous nucleoside.
(Supported by NIH grant, NS33389)

223.3

223.4

ETHANOL INDUCES WIDESPREAD APOPTOTIC NEURODEGENERATION IN THE INFANT MOUSE BRAIN J.W. Olney*. D.F.

ETHANOL INDUCES WIDESPREAD APOPTOTIC NEURODEGENERATION IN THE FETAL GUINEA PIG BRAIN M.T. Price*,

Synaptogenesis occurs in the developing human brain both pre and
postnatally, whereas in guinea pigs it is entirely a prenatal phenomenon
and in rats and mice a postnatal phenomenon. We have recently shown
that transient blockade of NMDA glutamate receptors or hyperactivation
of GABAa receptors for several hours during synaptogenesis triggers
widespread apoptotic neurodegeneration in the brain of infant rats or fetal
guinea pigs. This neurodegenerative response is elicited by various drugs
of abuse, including benzodiazepines, barbiturates, phencyclidine, ketamine
and ethanol. This observation has practical implications in that the human
fetus is sometimes exposed prenatally (drug abusing mother) or
postnatally (pediatric anesthesia) to such drugs. The ethanol findings are
of particular importance in that ethanol is the most widely abused drug in
the world, and intrauterine exposure to ethanol accounts for more cases of
mental impairment than any other agent in the human environment
[termed fetal alcohol syndrome (FAS) or fetal alcohol effects (FAE)]. In
order to develop an animal model optimally suited for studying genetic
mechanisms relevant to the effects of ethanol on the developing brain, we
administered NMDA antagonists, including ethanol, to 7 day old infant
mice of the C57BL/6 strain (a strain frequently used in transgenic
research). This resulted in widespread apoptotic neurodegeneration
similar to the response in postnatal rats or prenatal guinea pigs, thus
demonstrating the feasibility of using this mouse strain to explore genetic
mechanisms contributing to the neurodegenerative process in human
fetuses exposed to ethanol. Supported by DA 05072, EY 08089, AG 11355.

Synaptogenesis occurs in the developing human brain both pre and
postnatally, whereas in guinea pigs it is entirely a prenatal phenomenon
and in rats and mice a postnatal phenomenon. We have recently shown
that transient blockade of NMDA glutamate receptors or hyperactivation
of GABAa receptors for several hours during synaptogenesis triggers
widespread apoptotic neurodegeneration in fee infant rat and mouse
brain. This neurodegenerative response is elicited by various drugs of
abuse, including benzodiazepines, barbiturates, phencyclidine, ketamine
and ethanol. This observation has practical implications in feat fee
developing human brain is sometimes exposed prenatally (drug abusing
mother) or postnatally (pediatric anesthesia) to such drugs. The ethanol
findings are of particular importance in that ethanol is the most widely
abused drug in fee world, and intrauterine exposure to ethanol accounts
for more cases of mental impairment than any other agent in the human
environment [termed fetal alcohol syndrome (FAS) or fetal alcohol
effects (FAE)]. In order to maximize fee relevance of our findings to fee
human situation in which fee in utero fetus is exposed to drugs
transplacentally, we administered NMDA antagonists, including ethanol,
to pregnant guinea pigs in mid gestation (E 35-50) when the fetal brain of
this species is undergoing synaptogenesis. This resulted in widespread
apoptotic neurodegeneration similar to the response in the postnatal rat or
mouse brain, thus corroborating feat transplacental exposure of the in
utero fetus to NMDA antagonists, including ethanol, can severely damage
fee fetal brain. Supported by NIH grant DA 05072, EY 08089, AG 11355.

Wozniak. M.T. Price, T. Tenkova, K. Dikranian, C. Ikonomidou.
Washington Univ., St. Louis, MO and Humboldt University, Berlin,
Germany.
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223.5

223.6

ACTION OF ETHANOL AT GABAa RECEPTORS BLOCKS
NEUROTOXICITY IN THE ADULT BRAIN, BUT AUGMENTS
NEUROTOXICITY IN THE DEVELOPING BRAIN. N.B. Farber*. M.T.
Price. C. Ikonomidou, J.W. Olney. Washington Univ., St. Louis, MO;
Humboldt Univ., Berlin, Germany.
During synaptogenesis, exposure of the rat brain to ethanol (EtOH) triggers
widespread apoptotic neurodegeneration by a compound mechanism in
which the NMDA antagonist action of EtOH adds to its GABAa agonist
action to delete tens of millions of neurons from the developing brain (See
Bittigau et al., Olney et al., Price et al. and Dikranian et al., this meeting).
This provides a likely explanation for the reduced brain mass and lifelong
neurobehavioral disturbances associated with intrauterine exposure of the
human fetus to EtOH (fetal alcohol syndrome, FAS). In the adult rat brain,
NMDA antagonist drugs trigger a neurodegenerative reaction by a totally
different mechanism. The cell death process is excitotoxic (non-apoptotic)
and GABAa agonists protect against - instead of adding to - the toxic
process. To explore the hypothesis that, in the adult brain, the GABAa
agonist activity of EtOH might protect against its NMDA antagonist
neurotoxic potential, we administered EtOH to adult rats and found that it did
not produce the NMDA antagonist type of toxic reaction. Moreover, when
EtOH was co-administered with MK801, a powerful NMDA antagonist, it
prevented MK801’s neurotoxic action. Thus, in the adult brain, the GABAa
agonist activity of EtOH counteracts the neurotoxic potential inherent in its
NMDA antagonist activity, whereas in the developing brain, the GABAa
agonist activity acts in concert with the NMDA antagonist activity to
substantially worsen the neurotoxic outcome. Because of these differences
between the developing and adult brain in the way the NMDA and GABA
receptor systems interact, ethanol is relatively non hazardous for the adult
brain but, as the FAS teaches us, can be very hazardous for the developing
brain. Supported by DA05072, AG11355, SDAC DA00290 (NBF).

Barbiturates and benzodiazepines cause apoptotic neurodegeneration in the
developing rat brain. P. Bittigau1, K. Genz1, F. Bosch-Hdrster’*, J. Vockler1,
K. Dikranian2, T. Tenkova2, J.W. Olney2 and C. Ikonomidou’. ’Dept. Pediatric
Neurology, Children's Hospital, Humboldt Univ., Berlin, Germany; 2 Dept.
Psychiatry, Wash. Univ., St. Louis, USA.
In the first two weeks of neonatal life, blockade of NMDA receptors causes
apoptotic neurodegeneration in the rat brain (Ikonomidou et al., Science 283,
70-74,1999). Ethanol, an NMDA antagonist and GABA agonist, also causes
apoptotic neurodegeneration in brain regions sensitive to NMDA antagonists,
but in addition severely affects brain regions that are relatively resistant to
NMDA antagonists, such as midline thalamic nuclei. This discrepancy
prompted us to test whether facilitation of GABAergic neurotransmission within
the developing rat brain also causes apoptotic neurodegeneration. For this
purpose we administered the benzodiazepine diazepam (10-30 mg/kg), or the
barbiturate phenobarbital (50-100 mg/kg) to 7 day old rats and examined the
brains by silver and TUNEL staining and electron microscopy to detect
neurodegeneration We report that pharmacological enhancement of GABAergic
neurotransmission triggers a wave of apoptotic neurodegeneration deleting large
numbers of neurons from the developing rat CNS. GABA agonists, like NMDA
antagonists, are most effective in producing apoptotic neurodegeneration during
the brain growth spurt period. The doses used and the drug levels achieved are
comparable to those in clinical settings. Thus, treatment of pregnant mothers,
infants and young children with GABA agonists in the context of anesthesia or
epilepsy will need to be carefully reevaluated. Supported by DFG grant Ik 2/21 and NIH grant DA05072.

223.7

223.8

PREFERENTIAL ROLES OF CASPASE-3 IN APOPTOSIS OF NEURONAL
FOUNDER CELLS. C.-Y. Kuan*1. T.F. Havdar1. R.A. Flavell2, K.A. Roth3, and P.
Rakic1, ’Section of Neurobiol., 2Section of Immunobiol., Yale Univ. School of
Medicine, New Haven, CT 06510;3 Division of Neuropathol., Washington Univ., St.
Louis, MO 63110.
Programmed cell death (apoptosis) is a prominent feature during neural
development and occurs in both proliferative founder cell and postmitotic
neuron populations. Gene-targeting studies indicate that Bax, caspase-9 gnd
-3 all promote neuronal apoptosis whereas BclxL is an anti-apoptotic protein.
Most importantly, both Bax- and caspase-3 deficiencies abrogate the
increased neuronal apoptosis caused by BclxL null-mutation, indicating an
epistatic relationship of these three genes. However, only caspase-9 or -3
deficiencies but not Bax or BclxL mutations cause brain malformations,
suggesting a unique function of caspases in development.
To explore this possibility, we performed comparative studies of caspase3, Bax and BclxL null-mutant mice during development. Intense caspase-3
activation was found in restricted locations of the early neuroepithelial wall
and correlated with pyknotic clusters. Accordingly, caspase-3 deficient
embryos exhibited an absence of brain region-specific pyknosis and
hyperplasia of the neuroepithelium as early as E10.5. In contrast, these
region-specific pyknotic deaths were preserved in Bax-deficient embryos. In
addition, the increased apoptosis caused by BcIxL-deficiency occurred after
postmitotic neurons were generated. Furthermore, quantitative analysis of
E12.5 to E14.5 caspase-3 deficient embryos revealed a moderate reduction of
TUNEL-positive cells in the cortical plate. Therefore, although Bax, BclxL, and
caspases form an epistatic apoptotic pathway in postmitotic neurons, the early
morphological malformations in caspase-3 deficiency suggest that caspases
have a preferential effect on apoptosis of neuronal founder cells.
Supported by grants from the U.S. Public Health Service.

BCL-Xl AND CASPASE-3 INTERACTION IN THE DEVELOPING
NERVOUS SYSTEM. K.A. Roth’* C.D’Sa-Eipper1, K.S. Shindler1, C-Y.
Kuan2, R.A. Flavell3, and P. Rakic2. 'Division of Neuropathology, Washington
Univ. School of Medicine, St. Louis, MO 63110; 2Section of Neurobiology and
’Section of Immunobiology, Yale Univ. School of Medicine, New Haven, CT
06510.
Programmed cell death (apoptosis) is critical for normal brain development.
Two gene families have been identified that play key roles in regulating
neuronal apoptosis, the bcl-2 and caspase families. The targeted disruption of
bcl-x, an anti-apoptotic bcl-2 gene family member, caused massively increased
neuronal programmed cell death and embryonic lethality; in contrast, caspase-3
gene disruption decreased programmed cell death and produced gross brain
malformations. We generated mice deficient in both Bcl-XL and caspase-3 to
examine the potential interaction between these molecules during nervous
system development.
Caspase-3 deficiency reduced neuronal apoptosis in Bcl-XL-deficient
embryos but it did not prevent embryonic lethality. Bc 1-Xl deficiency had no
effect on the neuronal hyperplasia and disorganized brain development caused
by caspase-3 deficiency. In situ immunodetection of Bc 1-Xl and activated
caspase-3 in embryonic brain showed Bc 1-Xl expression in post-mitotic neurons
while activated caspase-3 immunoreactive cells were found both within and
outside the mitotically active ventricular zone. Bcl-XL deficiency markedly
increased the number of activated caspase-3 immunoreactive cells in the
intermediate and marginal zones of the developing brain but had no effect on
caspase-3 activation within the ventricular zone. These results indicate that
caspase-3 acts downstream of Bc 1-Xl in post-mitotic neurons but that caspase-3
has Bcl-XL-independent actions on neural progenitor cells.
Supported by NIH Grants NS35107 and NS35484.

223.9

223.10

APOPTOSIS REPRESSOR WITH CASPASE RECRUITMENT
DOMAIN (ARC), A NUCLEAR PROTEIN IN PC 12 CELLS,
INCREASES
WITH
APOPTOSIS
DURING
SERUM
WITHDRAWAL. Theresa A, Dowds and Esther L. Sabban*. Dept.
Biochem. and Mol. Biol., New York Med. Coll., Valhalla, NY 10595.
The novel protein hARC [human apoptosis repressor with caspase
recruitment domain (CARD)], a homologue of our previously cloned
protein containing an extensive C-terminal glutamic acid-proline
dipeptide repeat (rARC) (BBA, 1996, 1306, 147-152), appears to
prevent apoptosis (PNAS, 1998, 95, 5156-60). Expressed in cardiac
and skeletal muscle, we show that the 24.6 kDa rARC is also
expressed in PC 12 cells and is localized to the nucleus. During
apoptosis initiated by serum withdrawal there was a progressive and
robust increase in rARC expression (200-fold above basal levels
after 48 h) that accompanied the activation of caspase-2 and apoptotic
cell death. However, in the serum-deprived PC 12 cells, rARC mRNA
levels were not significantly different from control levels, suggesting
possible changes in translation rates or protein stability. The addition
of nerve growth factor at the time of serum withdrawal inhibited
apoptosis and prevented the increase in rARC protein levels. We
propose that the dramatic increase in the expression level of rARC
protein that correlated with apoptosis may allow rARC to interact
with CARD containing caspases in the nucleus, e.g. as pro-caspase-2,
to serve as a molecular adaptor. (NS 28869)

CASPASE-3 IS REQUIRED FOR APOPTOSIS-ASSOCIATED DNA
FRAGMENTATION BUT NOT FOR CELL DEATH IN NEURONS
DEPRIVED OF POTASSIUM. S.R. D’Mello’*,C-Y Kuan2, R„ Flavell3 ,
P. Rakic2. ’Dept. of Molecular and Cell Biology, Univ. of Texas at Dallas,
Richardson, TX 75083, 2Sects. of Neurobiology and ’immunobiology,
Yale Univ. School of Medicine, New Haven, CT06510.
Caspases are crucial effectors of the cell death pathway activated by
virtually all apoptosis-inducing stimuli. Among the caspases, Caspase-3
(Cpp32) appears to play a pivotol role and is necessary for developmentallyregulated neuronal death in the brain. We have used mice lacking Caspase3 (,/.c pp 32 ) to examine its involvement in cultured cerebellar granule
neurons induced to undergo apoptosis by potassium deprivation (K+). We
find that following K+ deprivation, neurons from -/- Cpp32 mice die to the
same extent as those from normal (+/+) mice. Although a small delay in the
induction of cell-death is observed in -I-Cpp32 neurons, the rate of cell death
is generally comparable to that of +/+ cultures. While not being critical for
neuronal death, caspase-3 is required for DNA fragmentation and chromatin
condensation as judged by the absence of these apoptotic features in -/.Cpp32
neurons. Boc.Asp.fmk (BAF), a pan caspase inhibitor, partially protects +/+
neurons from low Remediated cell death and does so to the same extent in /- Cpp32cultures suggesting the involvement of a caspase other than Caspase-3
in cell death. However, the protective effect of BAF is not seen beyond 24 h
suggesting that the effect of caspase inhibition is one of delaying rather than
preventing apoptosis. The more selective caspase inhibitors DEVD.fmk,
IETD. fmk and VEID.fmk fail to affect cell death indicating that members
inhibited by these agents are not involved in low Remediated apoptosis.
Supported by grant NSF grant IBN-98963 to SRD.
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223.12

BAX TRANSLOCATION IS A CRITICAL EVENT IN NEURONAL
APOPTOSIS: REGULATION BY NEUROPROTECTANTS, BCL-2, AND
CASPASES. G.V. Putcha,* M. Deshmukh, and E.M. Johnson, Jr. Washington

Gene dosage-dependent cell death promoting effect of
regulated frcZ-2-expression
B.Evert.M.Schaupp.J.Seyfried.M.Heneka.T.Klockgether.U.Wullner*
Dept. of Neurology, Rheinische Friedrich-Wilhelms-University,
Sigmund Freud Str. 25, 53105 Bonn, Germany
Bcl-2 plays a pivotal role in the regulation of apoptosis. In a number of
paradigms, expression of bcl-2 has been shown to exert potent antioxidative effects and to inhibit apoptotic and accidental cell death. Bcl-2
contains large untranslated 5‘-and 3‘-regions. Uhlmann et al., using
mutational analysis, identified the untranslated regions as negative
regulators of bcl-2 mRNA and protein expression. Transient expression
of a cDNA clone lacking the untranslated 5‘- and 3‘-region of human
(and murine) bcl-2 revealed an intrinsic cell death promoting activity. To
further investigate the mechanisms involved in the cell death promoting
activity of bcl-2 we used a regulated tetracycline-inducible (Tet-on,
Clontech) stable expression system in PC 12 cells to examine cellular
oxidative defense mechanisms. After stable transfection (electroporation,
Biorad gene pulser 250V, 950 pF) with 25pg of the human bcl-2
construct and the mock control together with a selection marker
(pBABEpuro) puromycin-resistent single cell colonies were isolated.
Individual stable cell clones were characterized for transgene expression
in the absence and presence of doxycycline (0.002 - 20 pg/ml for 0 102 h) by Western blot analysis. Induction of Z?c/-2-expression resulted
in increased numbers of dead cells measured by trypan blue inclusion
after 48 h and decreased dehydrogenase activity by MTT reduction assay.
While basal cellular glutathione levels were not significantly altered a
pronounced decrease of mitochondrial glutathione occurred, suggesting
initial oxidative stress after induction of fcc/-2-expression.

University School of Medicine, Departments of Neurology and Molecular
Biology & Pharmacology, St. Louis, MO 63110.
Members of the BCL-2 family of proteins either promote or repress
programmed cell death. Here we report that NGF deprivation in sympathetic
neurons induced a protein synthesis-dependent, caspase-independent subcellular
redistribution of BAX from the cytosol to mitochondria, followed by loss of
mitochondrial cytochrome c, caspase activation, and cell death. Elevated
concentrations of KCI or cAMP administered at the time of NGF withorawal
prevented BAX translocation and cytochrome c release. However, rescue with
KCI or cAMP after 12 hr of trophic factor deprivation acutely prevented loss of
mitochondrial cytochrome c, but not redistribution of BAX; rescue with NGF
acutely prevented both events. Overexpression of Bcl-2 neither altered the
normal subcellular localization of BAX nor prevented its redistribution with
deprivation, but did inhibit the subsequent release of cytochrome c, caspase
activation, and cell death. Moreover, Bcl-2 overexpression did not prevent cell
death induced by cytoplasmic microinjection of cytochrome c into NGFdeprived, competent-to-die neurons. These observations suggest that the
subcellular redistribution of BAX is a critical event in neuronal apoptosis
induced by trophic factor deprivation. BCL-2 acts primarily, if not exclusively,
at the level of mitochondria to prevent BAX-mediated cytochrome c release; in
contrast, NGF, KCI, or cAMP may abort the apoptotic program at multiple
checkpoints. [This work was supported by NIH grant AG 12947 (E.M.J.).]

Supported by the VERUM Foundation and the Bonfor-program, Univ. Bonn (UW).

223.13
INTERACTION OF CALCINEURIN WITH BCL-2 AND IP3-RECEPT0RS
IN BRAIN
N Erin? R.A.W. Lehman2 and M.L. Billingsley1*. Dept. of Pharmacology
and zNeurosurgery; Pennsylvania State Univ. Med. Sch.; Hershey, PA
17033.
Calcineurin, a calmodulin dependent phosphatase, may play a role
in neural injury following ischemia. Calcineurin forms complexes with Bcl2, a neuroprotective, anti-apoptotic protein. Formation of Bd-2-calcineurin
complexes increases following in vitro hypoxemia/aglycemia in rat and
human brain slices. The putative neurotoxic effect of calcineurin has been
attributed to dephosphorylation of cytosolic nitric oxide synthase, which in
turn leads to activation and production of NO and free radicals. Calcineurin
also negatively regulates Ca*2 channels, inhibits calcium-dependent
release of glutamate from presynaptic vesicles and desensitizes NMDA
and inositol-3-phosphate receptors (IP3-R). Bd-2 sequestered a small
pool of caldneurin to membrane structures (especially endoplasmic
reticulum) after in vitro hypoxemia/aglycemia, which may desensitize IP3R. Using co-immunoprecipitation techniques, we showed that caldneurin
interacted directly with IP3-R and that this interaction increased following 3
and 6 hours of in vitro hypoxemia/aglycemia. During ischemia, increased
intracellular caldum following stimulation of NMDA receptors activates
caldneurin. In cortical and hippocampal slices stimulation of NMDA
receptors with NMDA (lOOpM) for 15 min potentiated the interaction of
caldneurin with Bd-2 and IP3-R. These data suggest that in vitro
hypoxemia/aglycemia-induced increases in Bci-2-caidneurin and
caldneurin-IP3-R complex formation may result from enhanced stimulation
of NMDA receptors and activation of caldneurin.
Supported by ES-07312 (MLB)

NEURAL PATTERNING, SPECIFICATION, PROLIFERATION AND DIFFERENTIATION
224.1

224.2

P. McCaffery*. E.Wagner and U, C. Drager E. K. Shriver Center
and Harvard Medical School, Boston, MA, 02452
Retinoic acid (RA), which regulates transcription via specific nuclear
receptors, is likely to play a role in determining pattern development in
the embryonic cerebellum. We have previously shown that RA
synthesis and catabolism are developmentally regulated in the
cerebellum. One feature of cerebellar RA signaling is its orientation
along parasagittal domains. RA teratogenesis of the mouse cerebellum
disrupts cell migration and viability along these parasagittal stripes.
The RA response in Purkinje cell is likely modulated by the orphan
nuclear receptor COUP TFII along these parasagittal domains. We
now show that in-vivo RA signaling is orientated along parasagittal
stripes, as shown by the lacZ distribution of a mouse transgenic for a
RA response element (RARE) driving a lacZ reporter gene. RARE
activation begins in the lateral edge of the cerebellum. At embryonic
day 16, expression commences in the posterior midline of the
cerebellum in the form of seven stripes of lacZ labeling in the Purkinje
cells. As development proceeds, these subdivide to form a complex
striped pattern whose intensity peaks between postnatal day 4-8.
Expression remains localized to die posterior region of the vermis,
eventually declining to be almost imperceptible in the adult The
development of these stripes can also be followed briefly in-vitro in
embryonic cerebellum explants grown in a collagen matrix. This invitro system will provide a technique allowing cerebellar RA signaling
to be manipulated.
Supported by grant H05515 and EY01938

ASYMMETRIC GENE EXPRESSION IN THE DEVELOPING
ZEBRAFISH BRAIN M.E Halpern.1* S. J. Nowak.1 J.-C. IspizuaBelmonte.2 and J.Q. Liang1 1 Carnegie Inst, of Washington, Dept. of
Embryology, Baltimore, MD 21210; ^Salk Institute, La Jolla, CA 92037
Analyses of zebrafish mutations are providing insight into
molecular mechanisms that may underlie left-right differences in the
vertebrate brain. Zebrafish cyclops (eye) mutants lack the ventral brain and
floor plate. The eye gene encodes a nodal-related TGF-P family member
that is expressed in midline mesendoderm and the prechordal plate during
gastrulation but down regulated by early somite stages. However, a new
wave of asymmetric expression appears in the left lateral plate mesoderm
and in the dorsal diencephalon during mid-somitogenesis. Expression in
the dorsal brain may correlate with the left habenular nucleus. The
epiphysis (pineal organ) also derives from this approximate dorsal region.
To better characterize the patterning of the dorsal diencephalon and the
role of eye signaling, we are examining the relationship of eye expression
with other developmental (floating head, one-eyed pinhead) and pinealspecific (visual pigments) genes expressed in this brain region. Zebrafish
antivin (similar to mouse lefty) also exhibits left-sided expression in the
dorsal diencephalon, as does the bicoid homeobox gene Pitx2. Together
with eye, these genes are expressed bilaterally in the brains of zebrafish
mutants that exhibit midline or other gastrulation defects, consistent with
an early specification of asymmetry that later manifests in the dorsal brain.
We are further exploring how asymmetric gene expression is regulated in
the diencephalon through RNA misexpression studies and by restoration
of left-sided brain expression in zebrafish mutants.
Supported by the NSF (MEH), NIH (J-C I-P and JOL) and the Pew
Scholars Program (MEH and J-C I-P).

RETINOIC ACID SIGNALING PATTERNED AS PARASAGITTAL STRIPES
IN THE EMBRYONIC MOUSE CEREBELLUM
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224.4

224.3
THE MOUSE NEUROLOGICAL MUTATION, DREHER, ALTERS
DORSAL CNS PATTERNING. K.J. Millen, J.H, Millonig , M. Hofer* and
M.E, Hatten. Laboratory of Developmental Neurobioiogy, The Rockefeller
University, New York, NY 10021
We are studying the spontaneous mouse neurological mutation, dreher
(dr), to understand mechanisms of dorsal patterning in the spinal cord and
developing cerebellum. Postnatal homozygous mutant animals can be
identified by a variety of morphological and behavioral defects. To follow
the mutant phenotype during development, we have used the powerful
tools of mouse genetics to identify closely linked polymorphic markers cn
either side of the dr locus. We are thus able to unequivocally identify
dr,/dr mutants at any embryonic stage, independent of any knowledge of the
molecular lesion at the dr locus. We have shown that the roof plate of the
spinal cord is absent or greatly reduced from an early embryonic stage in dJ
homozygotes. Abnormalities in the number and position of dorsal sensory
neurons in the developing spinal cord are consistent with reduced roof plate
signaling. Dorsal midline structures at other axial levels of the CNS are
also perturbed, including the cerebellum. This suggests an important role
for the roof plate in cerebellar development. We have initiated a
positional cloning approach to identify the dr gene. From an intercross of
1700 F2 animals, we have identified marker^ within 0.5cM of either side of
the dr locus. YAC and BAC contigs covering the dr critical region have been
established and we have identified a genomic deletion in core allele of dr.
A candidate transcript within the deletion has been cloned. Identification
of the molecular pathway affected by the dr mutation will yield new
insights into the mechanism of dorsal CNS patterning. Supported by NIH
grant NS30532.

PATTERNING EPITHELIAL AND MESENCHYMAL GENE EXPRESSION
DURING EARLY OLFACTORY PATHWAY DEVELOPMENT

A-g, L^antis1*, £. Gttrtter1, K. Rhodes', & N,.,Bhasin'Dept. of Cellular and
Molecular Physiology, 2Dept. of Cell Biology and Anatomy; University of North
Carolina School of Medicine, Chapel Hill. NC 27599
We evaluated the role of mesenchymal/epithelial induction in patterning gene
expression that precedes or accompanies differentiation of the olfactory
epithelium, nerve and bulb. The patterning gene Pax-7 is first expressed around
tne olfactory pit when morphogenesis begins, and it becomes restricted to the
mesenchyme of the lateral nasal process as the pit invaginates. This pattern of
Pax- 7 expression relies upon mesenchymal/ epithelial interactions. A restricted
zone of mesenchymal Pax-7 expression is induced in recombined frontonasal
mesenchymal/epithelial explants;Pax- 7 is not seen in isolated mesenchyme or
epithelium. It is unlikely that single local inductive signals like retinoic acid
(RA) account for patterning and morphogenesis in the olfactory pathway. Pax- 7
expression is coincident with RA-producing mesenchymal cells, but is not RAregulated. The patterned expression of p-tubulin, which is seen in a restricted
region of the surface epithelium prior to invagination of the olfactory pit, also
relies upon mesenchymal/epithelial interaction, p-tubulin is expressed in the
presumptive olfactory epithelium of mesenchymal/epithelial recombinants, but
not in isolated epithelium or mesenchyme. Since p-tubulin is considered a
marker for early neuroblasts, the initial determination of neuroblasts in the
presumptive olfactory epithelium may require mesenchymal/epithelial induction.
Finally, we are examining induction of Pax-6 and FGFS in the neural and nonneural portions of the presumptive olfactory epithelium. Our preliminary results
indicate that patterning or maintenance of gene expression in the developing
olfactory pathway relies upon interactions between the frontonasal mesenchyme
and adjacent epithelia. Supported by HD 29178 to ASL.

224.5

224.6

VSX-1, A PAIRED-LIKE:CVC HOMEOBOX PROTEIN IS EXPRESSED IN THE RETINA
AND IS REGULATED BY THE UBIQUITIN PATHWAY. A.L., KurtzmanL M.A. Passim1 and

GENETIC ANALYSIS OF PHOTORECEPTOR DEVELOPMENT IN ZEBRAFISH
G, Doerre. J. Malicki*, Dept. of Ophthalmology; Harvard Medical School, Boston, MA 02114.
A recent mutagenesis screen in zebrafish has produced a number of mutants defective
in retinal development, mikre oko, niezerka, elipsa, and brudas all exhibit a severe
loss, and in some cases even a complete absence, of morphologically distinguishable
photoreceptors by 5 days postfertilization (dpf).
Using in situ hybridization and antibody staining, we have established that, while
some 0/M7rt-expressing photoreceptors are present at 3 dpf in mok retinae, the integrity
of the photoreceptor cell layer already appears compromised and many photoreceptors
display an abnormal, shortened morphology. By 7 dpf, virtually no trace cf
differentiation markers is detected, suggesting that photoreceptors are initially bom but
do not survive. Electron microscopy of 3 dpf mok retinae has revealed that presumptive
photoreceptors form almost no outer segments. Additionally, they exhibit aberrant
nuclear orientation, a disorganized outer limiting membrane, as well as increased cell
death. While’ nie, eli, and bru photoreceptors develop to a more advanced stage, they
too only very infrequently develop outer segments. Apoptotic cells are significantly
increased in all mutant retinae.
In order to test whether photoreceptor survival in mok and nie depends on intrinsic
growth and maintenance functions, or on extrinsic cell-cell interactions, genetically
mosaic embryos were generated. We observed that mutant donor cells ean form
morphologically distinct photoreceptors at least until 7 dpf when transplanted into a
wild type host retina, while neither mutant nor wild type donor cells adopt such a fete
in a mutant host retina. Thus it appears that the mok and nie phenotypes are
nonautonomous.
We are currently investigating the potential involvement of other cell types
(pigmented epithelium; Mueller glia) in producing the mutant photoreceptor
phenotypes. Elucidation of the mechanisms of photoreceptor differentiation through
analysis of these four mutants will contribute to our understanding of the complex
relationships between cells during development and growth of the retina, and may shed
light on the pathology of human retinal neurodegenerative disorders.

N. Schechter12* 1Depts. of Biochemistry and Psychiatry, SUNY, Stony Brook, NY, 11794
Paired-like:CVC genes are expressed in the vertebrate retina during embryogenesis.
During retinogenesis, Vsx-1 expression begins in a small ventral patch of cells and develops
into a broad band of expression throughout the nascent inner nuclear layer (INL), whereas at
later stages, at a time coincident with the completion of lamination, Vsx-1 expression is
restricted to cells of the outer tier of the INL. Furthermore, Vsx-1 expression is higher in the
presumptive growth zone of the INL, a region undergoing cellular differentiation which is
located at the periphery of the laminated retina, than in cells of the mature INL. These
results suggest that Vsx-1 may have an important role in the differentiation of neurons of the
INL.
We hypothesized that during retinogenesis, the dynamic expression of Vsx-1
necessitates a rapid turn over of this protein. One mechanism by which this might occur is
via the ubiquitin/ proteasome pathway.
We show that Vsx-1 is ubiquitinated and
subsequently degraded by the 26S proteasome in a cell free system and in tissue culture. In
addition, we show that expression of Vsx-1 retards the growth of a yeast mutant lacking a
functional proteasome.
Zebrafish Vsx-1 was transcribed and translated from either
mammalian or yeast expression vectors. In rabbit reticulocyte lysate, Vsx-1 is rapidly
ubiquitinated and then degraded by the 26S proteasome. Ubiquitin conjugates of Vsx-1
accumulate over time in the presence of specific proteasome inhibitors and degradation of
Vsx-1 is retarded. Ubiquitination was confirmed by labeling with 1251-ubiquitin and by
immunoblotting with an anti-ubiquitin antibody. In COS7 cells, Vsx-1 is also rapidly
ubiquitinated. Pulse-chase experiments show that the kinetics of Vsx-1 degradation in COS7
cells is similar to that in reticulocyte lysis. In a yeast mutant lacking a functional proteasome,
pre1-1, Vsx-1 is toxic. However, Vsx-1 is not toxic to PRE1 , the corresponding wild type
strain which have a functional proteasome. We demonstrate that Vsx-1 is turned over in vitro
and in vivo via the ubiquitin/proteasome pathway and suggest that Vsx-1 is regulated by this
mechanism during retinogenesis. (supported by EY05212 to N.S.)

[Funding: G. Doerre, NIH T32 AG00222-07; J. Malicki, EY11882-01A1 ].

224.7

224.8

FGFS
REGULATE
TRE
ONSET
OF
GANGLION
CELL
DIFFERENTIATION IN THE DEVELOPING CHICK RETINA. KX

TRANSIENT MODULATION OF THE CELL CYCLE DURING VERTEBRATE
EYE MORPHOGENESIS. S, S, Easter. Jr.*,.Z,LL M, J. Ochocinska, and M, Hu
Dept. Biology, U. Michigan, Ann Arbor, MI 48109
We have investigated the program of cellular proliferation and death in the
embryonic zebrafish eye during 16-36 hours post fertilization (hpf). Dying cells were
identified in live embryos with acridine orange (AO) labeling and by morphological
criteria. Proliferating cells were identified by labeling with 2-bromodeoxyuridine
(BrdU). Progress through the cell cycle was assessed with the “labeled mitotic
figures” paradigm.
When tiie optic vesicle transforms into the eye cup (16-24 hpf), the principal event
is a rearrangement of cells from the presumptive pigment epithelium to the
presumptive neural retina, and the total number of cells in the eye increases by only
about 12% (Li and Easter, Soc. Neurosci. Abstr. 22,1966,1997). This is much
smaller than expected on the basis of a 10 hour cell cycle which Nawrocki (PhD
thesis, U. Oregon, 1985) had shown to apply at 24-28 hpf. We have evaluated the
possibility that the expected substantial proliferation was masked by cell death. We
monitored directly the appearance and disappearance of individual cells and found
that cell death accounts for only 1-2% of the total. Therefore, proliferation was much
less than expected during 16-24 hpf. The possibility that cells transiently withdrew
from the mitotic cycle was evaluated by injecting BrdU at 17 hpf and examining the
eyes after a 5 hour survival. The vast majority of nuclei were labeled, therefore they
had not withdrawn from, but may have only slowed their advance through, the cell
cycle. This was confirmed by injecting BrdU at 15,19.5, 22.5, and 27 hpf, allowing a
1 hour survival, and then scoring the sections for BrdU+ mitotic figures, to measure
the speed of advance from S phase to Gl. Over 15-16 and 27-28 hpf, nearly 100% of
the mitotic figures were labeled, but during 19.5-20.5 and 22.5-23.5 hpf, about 20%
were labeled, direct evidence for a transiently slower advance from S phase to Gl and
a longer cell cycle. (Supported by NIH EY00168.)

McCabe* and T.A. Reh. Neurobioiogy and Behavior Program, Dept. of Biological
Structure. Univ. of Washington. Box 357420 Seattle, WA 98195.
The patterning of retinal cell types has been most thoroughly studied in the
developing eye disc in Drosophila. Are similar molecular and cellular signaling
mechanisms utilized in the developing chick eye? The first cell type bom in the fly
eye is the R8 photoreceptor which arises from the morphogenetic furrow (MF). The
first cell type in the vertebrate retina is the ganglion cell (RGC). Using an antibody
that labels newly generated RGCs, we found they develop as a patterned array that
spreads from the center to the periphery as a front of differentiation (FOD).
The movement of the MF in the fly is dependent on the previously differentiated
R8 cells. Are RGCs required for the movement of the FOD? To test this
hypothesis, peripheral retina explants from various distances away from the FOD
were cultured for 24 hours. In each instance, RGCs differentiated even though they
had been isolated from previously differentiated RGCs.
The propagation of the MF in the fly has been shown to be dependent on the
activation of a receptor tyrosine kinase (RTK), EGFR. Another RTK family
member, FGFR and some of its ligands are expressed in embryonic chick retina. The
FGFR inhibitor, SU5402 inhibited the movement of the FOD, with the maximal
inhibition of 60% at 100 pM compared to its sister matched control. Addition of
FGF1 (but not FGF8) promoted FOD progression. Therefore the data is consistent
with the activation of the FGFR to be both necessary and sufficient for the
movement of the FOD. In conclusion, we have shown that the RGCs are bom in a
patterned array, the FOD moves in a regulated manner, and the movement of the
FOD is a FGF mediated process.
This work was supported in part by NSF IBN 960 484 3 and NIH 5 T32 GM07108.
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ANTI-MITOGENIC FUNCTION AND DIFFERENTIAL EXPRESSION OF THE
PACAP LIGAND/RECEPTOR SYSTEM DURING CEREBRAL CORTEX
DEVELOPMENT J. Suh*. A. Nicot & E, DiCicco-Bloom. Grad. Prog, in Physiol.
& Neurobiol., Rutgers Univ. & UMDNJ/Robert Wood Johnson Med. Sch.,
Piscataway, NJ 08854.
Regulation of precursor proliferation is critical for controlling neuronal population
size. In developing cortex, mitogens stimulating proliferation have been identified,
though little is known about inhibitory signals. Previously, we found that pituitary
adenylate cyclase activating polypeptide (PACAP) was an autocrine inhibitor of
precursor proliferation in culture (Lu & DiCicco-Bloom, 1997). We now define the
expression and anti-mitogenic function of the PACAP system in vivo. Northern
analysis, using antisense oligomers, demonstrated that PACAP receptor (PAC1)
splice variants exhibit isoform-specific expression patterns. The short isoform
increased acutely from El5.5 to El8.5, decreasing thereafter. In contrast, the hop
isoform increased gradually from El3.5 to P7, whereas the hip isoform was
uniformly expressed at a low level. In situ hybridization revealed predominant
expression of all isoforms in the proliferative ventricular zone. Thus, PACAP
signaling may differentially regulate proliferation, migration and differentiation in
stage-specific fashion. To examine proliferative effects in vivo, we performed
transuterine intracerebroventricular injections of peptides in El 5.5 rat fetuses, and
assessed DNA synthesis and labeling index (LI) using [3H]thymidine ([3H]dT)
incorporation and BrdU immunostaining, respectively. PACAP treatment elicited a
23+4% decrease in [3H]dT incorporation (P<0.0003) and a 26±3% decrease in LI
(PO.OOOl), suggesting that the peptide inhibits precursor entry into mitotic Sphase. While PACAP inhibition potentially reflected enhanced cell death, TUNEL
assay did not detect changes in apoptotic cell number. Since PAC1 activates the
cAMP pathway, we examined cAMP agonist: a similar, though more robust 30±6%
inhibition of mitosis was observed after 8-Br-cAMP treatment. In contrast, blockade
of PAC 1, using a specific antagonist PACAP6-3g, increased [3H]dT incorporation by
10+2% (P0.0007). These in vivo studies suggest that the PACAP ligand/receptor
system functions via the cAMP pathway as an anti-mitogenic signal. Consequently,
generation of the cortical neuron population may depend on a balance between
positive and negative signals to regulate precursor proliferation, (supported by
Children's Brain Tumor Fdn, NS32401)

Proliferati
on of Postnatal
Neurons in Mice Lacking Cyclin -Dependent
Kinase Inhibitors , p 1 9INK4d and p 27k ,pi
Cunningham J.J
F. Zindy2, C.J. Sherr2,3, M.F. Roussel2, and R.J. Smeyne1.
Departments of ‘Developmental Neurobiology, ’Tumor Cell Biology, and ’the
Howard Hughes Medical Institute at St. Jude Children’s Research Hospital.
Development of the central nervous system requires proliferation of both neuron
and glial cell precursors and the subsequent differentiation of these cells in a highly
coordinated manner. The signals that trigger cells to leave the cell cycle and
differentiate at the appropriate time are mediated in part by cyclin-dependent kinase
(CDK) inhibitors. The patterns of expression of two CDK inhibitors, pl9,NK4d and
p27KIP1 in post-mitotic adult brain cells, suggested that they may be important in
maintaining the quiescent state of these cells. We hypothesized that loss of both
gene functions might alter brain development due to continued cell proliferation.
Animals derived from crosses of pl9INK4d -null with p27KIPI-null mice exhibited
bradykinesia, proprioceptive abnormalities, and seizure-like activity, and died 14-24
days after birth. Postnatal day 18 double-null mice, pulse labeled with
bromodeoxyuridine (BrdU), showed incorporation of BrdU in subpopulations of
neurons in all parts of the brain, including the normally-dormant pyramidal cells of
the hippocampus, cortex, pons, and hypothalamus. These neurons also expressed
phosphorylated Histone H3, a marker of late G2 and M-phase but did not show
apoptosis as determined by TUNEL assay. Thus, functional elimination of both
pigiNK-w an(j p27K,P1 results in proliferation of neurons throughout the brain. These
data suggests that pl9,NK4d and p27iapl may be important for withdrawal from the cell
cycle, differentiation and/or maintaining brain cells in their post-mitotic state.
The authors are supported in part by NIH Grant CA-71907 (MFR) and Cancer
Centre CORE Grant (CA21765) and by the American Lebanese Syrian Associated
Charities (ALSAC) of St. Jude Children’s Research Hospital.

224.11

224.12

REGULATION OF TYROSINE HYDROXYLASE EXPRESSION IN
MIGRATING OLFACTORY BULB DOPAMINE PROGENITOR CELLS IN
ADULT MICE. N, Liu*. R.A, Berlin. LH, Son and H, Baker. Weill Med.
Coll. Cornell Univ. at Burke Med. Res. Inst.; White Plains, NY 10605.
Olfactory bulb (OB) dopamine (DA) neurons continue to migrate from the
anterior subventricular zone (aSVZ) through the rostral migratory stream
(RMS) to the periglomerular (PG) region of the OB even in adult mice.
Tyrosine hydroxylase (TH) mRNA was found in both the glomerular (GL)
and mitral cell layers (MCL), but TH protein only in the GL, suggesting
transcriptional and post-transcriptional regulation of TH in the migratory
pathway. To further investigate regulation of TH expression, we used
transgenic mice that express a lacZ reporter gene driven by 9.0 kb of TH
upstream promoter. Adult heterozygous transgenic mice were perfused and
processed for immunostaining of TH, P-galactosidase (p-gal) and CaM
kinase IV (CaMKIV) as well as in situ hybridization of TH mRNA.
Neither P-gal nor TH message or protein were found in either the aSVZ or
RMS. A few P-gal immunoreactive cells occurred in the granule cell layer.
CaMKIV stained the nuclei of granule cells that did not express any of the
TH markers, p-gal stained cells, with a granule cell-like morphology, were
numerous in the MCL and appeared to colocalize with TH message. In the
GL, PG cells that expressed TH protein and mRNA also displayed P-gal
immunoreactivity. The data show that P-gal-containing cells represented a
subpopulation of OB cells that expressed TH protein only upon reaching the
PG region. Thus, the dopamine phenotypic marker, TH, displays both
transcriptional and post-transcriptional regulation in adult mice and full
differentiation occurs only in the PG region. Supported by AG09686.

LOW OXYGEN CULTURING INCREASES PROLIFERATION AND
FAVORS DOPAMINERGIC DIFFERENTIATION OF BFGF EXPANDED
CNS PRECURSORS. Lorenz Studer1*, Marie Csete2, Nadine Kabbani1, Sang-Hun
Lee , Barbara Wold~ and Ron McKay1, Laboratory of Molecular Biology, NINDS,
NIH, Bethesda, MD 20892, ^California Institute of Technology, Biology Division,
Pasadena, CA 91125.
Standard culture systems impose environmental O2-levels of 21%, while actual
adult human brain tissue O2-levels are an order of magnitude lower (~3%)1. Brain
tissue oxygenation in adult rats is ~ 1.5% with considerable regional variation2. O2levels in the developing brain are even lower because embryonic blood supply is of
mixed venous origin.
To address whether proliferation and differentiation of CNS precursors is
influenced by conditions reflecting physiological O2 precursors derived from the E12
mesencephalon and E14 lateral ganglionic eminence were grown under standard CNS
stem cell conditions3'4 either at 21 % O2 or at 1 % O2. Low oxygen culturing yielded a 2
to 3-fold increase in the total cell number, and cultures grown at clonal density
yielded a higher number of proliferating clusters when grown at 1% O2.
Upon mitogen withdrawal mesencephalic precursors maintained at low O2 revealed a
dramatically increased number of neurons immunoreactive for TH (52% +/- 12% at
1% O2 vs. 12% +/- 3%, N=12) with a concomitant reduction in GABAergic neurons.
The dopaminergic identity and the in vitro function of the TH+ neurons was
confirmed by rp-HPLC with electrochemical detection and by double
immunohistochemistry. No co-labeling of TH and GABA was detected. DA levels in
the supernatant of differentiated precursors maintained at low O2 were increased
proportionally to the higher number of TH+ cells in this condition.
Low oxygen culturing improves conditions for both proliferation and
differentiation of CNS precursors and may provide a more physiologic assay system
for these cells. The dramatically increased yield of DA-neurons from mesencephalic
precursors grown at low 02 might facilitate the use of CNS precursors for cell therapy
in Parkinson S disease.//. Dings, J., Meixenxberger, J., Jager, A. & Roosen, K. Neurosurgery 43,

224.13

224.14

EVIDENCE THAT CULTURED ASTROCYTES FROM DIVERSE CNS
AREAS OF THE MOUSE PRODUCE NEUROSPHERES IN VITRO. EricD.
Laywell1, Valery G. Kukekov1’2, and Dennis A. Steindler1 *. 1 Dept. of
Anatomy & Neurobiology, Univ. of Tenn., Memphis, 38163; and 2Brain
Marrow Project, Methodist Hospitals Memphis, TN 38104.
Stem/progenitor cells that exist in the developing and adult CNS can form
multipotent clones~or neurospheres—when cultured in the presence of EGF
and bFGF (Reynolds and Weiss, Science 255, 1992; Richards et al., PNAS 89,
1992), and they can be isolated and cultivated from even adult human brain
specimens, and following protracted postmortem intervals (Kukekov et al.,
Exp Neurol 156,1999; Laywell et al., Exp Neurol 156, 1999). However, the
precise location and identification of these cells in vivo are still unknown.
Recent studies have suggested the possibility that an astrocyte-like cell within
the subependymal zone may be an in vivo source of neural progenitors
(Doetsch et al., J Neurosci 17, 1997; Neurosci Abs 24, 1998). The present
study was designed to further examine astrocytes as stem/progenitor cells.
Astrocytes cultured as monolayers generated neurospheres when replated as
suspension cultures containing EGF and bFGF. The ability of astrocytes to
form neurospheres was apparent in cultures derived from many different CNS
regions, including cerebral cortex, subependymal zone, and cerebellar cortex;
furthermore, astrocytes possessed this ability even after multiple passages.
Several cell phenotype immunomarkers, including A2B5, nestin, GFAP, beta
HI tubulin, and LI as markers of stem/progentior cells, astrocytes and neurons,
were studied to determine the level of pluripotency of spheres derived from
astrocyte cultures. It was found that neurospheres generated from astrocyte
cultures contained cells that were immunoreactive for these markers. Thus,
astrocytes appear capable of generating neurospheres in culture, supporting the
notion that these cells may have attributes of stem/progenitor cells under
particular tissue culture conditions. Supported by NIH/NINDS NS29225; the
Spinal Cord Injury Foundation of the Paralyzed Veterans of America, and the
Methodist/LeBonheur Healthcare Foundation.

TEMPORAL EXPRESSION OF CONNEXINS DURING NEURONAL
DIFFERENTIATION. R. Rozentaf, M.F. Mehler, M. Srinivas, M. Urban,
J.A. Kessler and D.C. Spray. Depts. of Neurosci. & Neurol., Albert Einstein
College of Medicine, Bronx, NY 10461 and Dept. Internal Medicine and
IPTESP, Fed. Univ. Goias, Goiania, Brazil.
We have previously shown that treatment of immortalized hippocampal
progenitor cells (MK31) with a specific profile of cytokines regulates
progressive neuronal differentiation in vitro, and that the onset of neuronal
membrane excitability coincides with a decrease in strength of coupling via
gap junction channels (Dev. Biol. 167: 95; J. Neurosci 18:98). We have now
identified and characterized the types of gap junction proteins (connexins;
Cxs) that are expressed by these cells when treated with either interleukin
(IL)-7 alone or in combination with basic fibroblast growth factor (bFGF) and
transforming growth factor (TGF)a, and compared these Cx patterns to those
expressed by El8 primary cultured neurons using immunocytochemical,
molecular biological and electrophysiological techniques. Proliferative
neuroblasts are flat, nestin-immunoreactive, inexcitable and strongly coupled
by Cx43 and Cx36 (a novel and specific neuronal Cx-type). Coupling
strength progressively declines during cytokine-mediated differentiation of
the neuronal precursor cells in association with morphological and functional
maturation. Neuronal precursor cells undergoing differentiation express
Cx26, Cx33, Cx36, Cx40, Cx43 and Cx45; primary cultured hippocampal
cells express a complement of these connexins. These findings suggest that
the process of neuronal differentiation from uncommitted neural progenitor
cells is modulated by the temporal patterns and relative levels of expression
of specific Cx-types during ontogeny. (Supported by N.I.H. grants).
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FMRFAMIDES EXERT A UNIQUE MODULATION OF RODENT
PANCREATIC POLYPEPTIDE - SENSITIVE NEUROPEPTIDE Y (NPY)

THE RAT NEUROTENSIN RECEPTOR NTR1: TRIDIMENSIONAL
STRUCTURE OF THE AGONIST BINDING SITE, CONFORMATIONAL
EQUILIBRIUM AND TRANSCONFORMATIONAL ACTIVATION. P,
Kitabgi* *. S. Barroso1. F. Richard1. J.L, Reversat2. J.M.
Bernassau2 and C, Labbe-Jullie1. *IPMC CNRS, 06560 Valbonne;
2Sanofi Recherche, 34184 Montpellier Cedex 04; France.
The neurotensin (NT) receptor NTR1 subtype belongs to the
family of G protein-coupled
receptors (GPCRs). Combining
mutagenesis,
reverse pharmacology
and computer-assisted
modeling, we identified residues in the rat NTR1 that interact
with the NT(8-13) sequence.
We propose a tridimensional
model of the NT(8-13) binding site in which the N-terminal
tetrapeptide of NT(8-13) fits in the third extracellular (E3)
loop while the C-terminal dipeptide binds to residues that are
at the junction between the E3 loop and transmembrane
domains (TMs) 6 and 7. Interestingly, the agonist binding site
lies on top of the previously described NTR1 binding site for
the nonpeptide NT antagonist SR 48692 (Labbe-Jullie et al.,
1998, J. Biol. Chem. 273: 16351-16357). Mutating residues in the
E3 loop affected the conformational equilibrium of the NTR1
while
mutating
Phe358
in
TM7 rendered
the
NTR1
constitutively
active.
Our
data provide
a
basis
for
understanding
at the molecular
level
the
agonist
and
antagonist binding modes and the transconformation events
that lead to NTR1 activation.
They may help
designing
nonpeptide agonist mimetics of the NTR1 that might be useful
for the treatment of Parkinson's disease and schizophrenia.
Supported by CNRS and Sanofi Recherche

RECEPTORS S. L. Parker , M. S. Parker27 and W. R. Crowley11 Dept of
Pharmacology, Univ. Tennessee College of Medicine, Memphis, TN 38163 17 and
Dept. of Microbiology, Univ. Memphis, Memphis, TN 3815227
FMRFamide-related peptides inhibited the association binding of iodinated
human pancreatic polypeptide (['^IJhPP) to Ys - like neuropeptide Y (NPY) receptor
in rodent kidney and brain. The Y, - selective binding of [1®I](Leu31,Pro3*)hPYY (at 2
nM hPP) was 5-10 times less sensitive than that of f'^IlhPP, while the binding of the
Yj - selective agonist [,25I]hPYY(3-36) was quite insensitive to FMRFamides. An
allosteric regulation of the activity of the rodent Yj-like NPY receptor by
FMRFamides was evident from comparisons of association and dissociation profiles,
as well as from studies of affinity vs. particle or ligand concentration. Thus, inhibition
of the binding of [l2SI]human pancreatic polypeptide (hPP) by FMRFamides decreased
by an order of magnitude with increase in particle concentration at constant ligand
molarity. Competition by C-terminal NPY peptides NPY(22-36) or NPY(26-36), or
by C-terminal hexapeptide of hPP, did not present significant affinity variation vs.
particle input. The steady-state binding of hPP was essentially insensitive to
FMRFamides. Uniqueness of the inhibition of hPP binding by FMRFamides was
further indicated by the lack of cooperation of the most potent FMRFamide congener,
NRNFLRF.NH,, with phospholipase C, G-protein or N5-substituted amiloride
inhibitors. FMRFamides also did not cooperate with C-terminal peptides of NPY or
hPP in the inhibition of hPP binding. Change erf the durality of the C-terminal Phe
residue to D-form greatly reduced die potency against hPP binding, while penultimate
D-Arg, or C[-3] D-Met, or C[-4] D-Phe, did not induce a significant potency
difference relative to ‘natural’ FMRF.NH,. Substitution of L-Leu for L-Met at C[-3]
greatly increased the inhibitory potency of FMRFamides at the same peptide length.
FMRFamides might act both on Y} receptor-associating ion transporters and on
receptor's domains accomodating C-terminal epitope(s) of agonist peptides. (Supported
by NIH 13703].

225.3

225.4

STRUCTURE-ACTIVITY STUDIES OF THE AGOUTI-RELATED PROTEIN
(AGRP). EilfifinJL Monck1*,. Anzeela Schentrup1. Y.-P. Wan2, Carrie HaskellLuevano1, 1 Dept. of Medicinal Chemistry, University of Florida; Gainesville, FL
32610. 2 NEN Life Sciences, North Billerica, MA 01862.
Agouti related protein, AGRP, is one of two naturally occurring G-protein coupled
receptor antagonists. Pharmacologically, AGRP antagonizes the brain melanocortin
receptors MC3R and MC4R. The MC4R has been identified as playing a role in
energy homeostasis in rodents and humans. The physiological role of the MC3R
remains to be identified. It is hypothesized that AGRP expression in the
hypothalamus is involved in the regulation of the brain melanocortin receptors.
To test the hypothesis that the AGRP Arg-Phe-Phe residues (111-113) mimic the
a-melano<?yte stimulating hormone (a-MSH) agonist Phe-Arg-Trp (7-9) amino acidmelanocortin receptor interactions, we have pharmacologically characterized the Cterminal AGRP domain (83-132) for its ability to competitively displace radiolabeled
AGRP (83-132) and functional antagonistic activity at 10 mouse MC4R mutant
receptors. These mutant MC4 receptors have been identified as modifying synthetic
agonist (NDP-MSH, MTII) and antagonist (SHU9119, SHU9005) pharmacological
activity. We have identified one mutant MC4 receptor which binds AGRP (IC50 =
3.69±2.77 nM) but AGRP does not antagonize, whereas SHU9119 possesses
antagonist activity (pA2 = 8.8±0.4). This difference in response to AGRP compared
with the response to the synthetic antagonist implicates that there are AGRP-MC4R
molecular interactions which differ from the synthetic antagonists. (Supported by
Burroughs Wellcome Career Award in the Biomedical Sciences.)

RECEPTOR ACTIVITY MODIFYING PROTEINS (RAMP) DEFINE THE SPECIFICITY
OF CALCITONIN (CT) AND CT RECEPTOR-LIKE RECEPTORS. W. Bom, A. Aldecoa,

225.5

225.6
MOLECULAR CLONING AND PHARMACOLOGICAL CHARACTERIZATION
OF A SOMATOSTATIN RECEPTOR SUBTYPE IN THE GYMNOTIFORM FISH
APTERONOTUS ALBIFRONS. G.K.H. Zupanc12-3? S. Siehler4. E.M.C. Jones1, K.
Seuwen4, H. Furuta1, D, Hover4, H. Yano1. ’Howard Hughes Medical Inst., Univ.
Chicago, Chicago IL 60637; 2Dept. Physical Biology, Max Planck Inst. Dev. Biol., D72011 Tubingen, Germany; ’School Biol. Sci., Univ. Manchester, Manchester Ml3
9PT, UK; 4Nervous System Research, Novartis Pharma, CH-4002 Basel, Switzerland.
The actions of somatostatin (SRIF) are mediated by specific receptors of which
five subtypes, termed sst,.5, have been cloned in mammals. Using a combination of
reverse transcriptase polymerase chain reaction and genomic library screening in the
fish Apteronotus albifrons, a gene encoding the first-known non-mammalian SRIF
receptor has been isolated. The deduced amino acid sequence displays 59 % identity
with the human sst3 receptor protein; hence, the gene is termed ‘Apteronotus sst3’. The
predicted protein consists of 494 amino-acid residues exhibiting a putative seventransmembrane domain topology typical of G protein-coupled receptors. A signal
corresponding to fae Apteronotus sst3 receptor was detected in brain after amplification
of poly(A)+-RNA by reverse transcriptase-polymerase chain reaction, but not by
Northern blot analysis or in situ hybridization, suggesting a low level of expression.
Membranes prepared from CCL39 cells stably expressing the Apteronotus sst3 receptor
gene bound [’25I][Leug,D-Trp22,125I-Tyr25]SRIF2g with high affinity and in a saturable
manner (B^ = 4470 fmol/mg protein; pKD = 10.5). SRIF14 and various synthetic SRIF
receptor agonists produced a dose-dependent inhibition ofradioligand binding, with the
following rank order of potency: SRIF,4 « SRIF2g > BIM 23052 > octreotide > BIM
23056. Under low stringency conditions, an Apteronotus sstj probe hybridized to
multiple DNA fragments in H/wdlll or £coRI digests, indicating that the Apteronotus
sst3 receptor is a member of a larger family of Apteronotus SRIF receptors.
Funded by Howard Hughes Med. Inst., Max Planck Society, BMFT, NIH, Royal
Society, Leverhulme Trust, Biotechnology and Biological Sciences Research Council.
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N. Buhlmann, K. Leuthauser, R, Gujer, J.A. Fischer* and R. Muff. Research
Laboratory for Calcium Metabolism, University of Zurich, Zurich, Switzerland.
Human RAMP1 and -3 alter the interaction of the coexpressed seven
transmembrane domain human calcitonin (CT) receptor (R) isotype 2 (hCTR2) with
CT, amylin and CGRP. RAMP-defmed ligand specificity also applies to rat and
human CT-R-like receptors (CRLR). Cotransfection of Drosophila Schneider 2 (S2)
cells and mammalian cell lines with CRLR and RAMP1 or -2 revealed CGRP- or
ADM-R, respectively. Glycosylated CGRP- and ADM-R in S2 cells had a uniform
size like that of core-glycosylated ADM-R in mammalian cells. The CGRP-R was,
furthermore, terminally glycosylated in mammalian cells alone when coexpressed
with RAMP 1.
Rabbit aortic endothelial cells, cotransfected with hCTR2 and RAMP1 or -3,
expressed CT- and amylin-R. [125I]amylin binding was inhibited with ID50 of 3.1+0.5
nM and 4.0+0.8 nM. [125I]hCT binding inhibition in the absence and presence of
RAMP1 and -3 occured with similar ID50 of between 6 nM and 11 nM hCT.
Cotransfection of COS-7 and S2 cells with CRLR and RAMP1 revealed a CGRP-R.
[I25I]CGRP binding was inhibited by CGRP with ID50 of 4.8+3.2 nM in COS-7 and of
6.5+2.2 nM in S2 cells and by ADM at >10’7 M. The same cells cotransfected with
CRLR and RAMP2 expressed an ADM-R. [125I]ADM binding was inhibited by ADM
with IDso of 1.6+1.5 nM in COS-7 and 0.8+0.5 nM in S2 cells and by CGRP at 200fold higher concentrations. All the described receptors were linked to cAMP
accumulation.
In conclusion, distinct glycosylation of CRLR-derived CGRP- or ADM-R
observed in mammalian cells is not recognized in insect cells. RAMP1, -2 and -3
determine the specificity of CT-R and CRLR for the homologous peptides CT,
amylin, CGRP and ADM.
Swiss National Science Foundation
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ORPHAN
G
PROTEIN-COUPLED
RECEPTORS
IN
NEUROSCIENCE. Q. Civelli*1,2, Y. Saito1, Z.Wang1. S.H.S. lin1.
and H.P. Nothacker1 ’Dept.Pharmacology, 2 Dept. Developmental
and Cell Biology, Univ. California, Irvine, CA92697-4625.
Orphan G protein-coupled receptor (GPCRs) are cloned receptors
that bind undescribed ligands. Orphan GPCRs expressed in the CNS
are therefore expected to recognize novel transmitter molecules and
can be used to identify these novel tranmitters. This search however
butts against two unknowns: the physical nature of the ligand and
the type of intracellular response that it will induce. We have focused
on orphan GPCRs that are expected to bind peptides and have
developed a strategy that can monitor many G protein-linked
intracellular responses. Using this strategy, we have identified two
(neuro)peptides which bind and activate two distinct orphan GPCRs
distantly related to the somatostatin receptors. We show that these
peptides recognize the orphan GPCRs with high affinity and with
pharmacological profiles underscoring their specificities. We further
study several aspects of the expression of these novel peptidereceptor systems and discuss the impact and potential of the orphan
receptor strategy in neuroscience.
Supported by a grant from F.Hoffmann-La Roche and by the Eric
and Lila Nelson endowed chair in neuropharmacology.

CHRONIC MODULATION OF GABAa RECEPTORS REGULATES Y,
RECEPTOR GENE EXPRESSION IN THE AMYGDALA OF TRANSGENIC
MICE. Alg^feLQteflQ1., Fiorella Alffuda2' GiancarlQ J^zi^gargla Ey?L*.
'Section Pharmacology, 3Section Anatomy, DepL of Anatomy, Pharmacology and
For. Med.; 2DepL of Genetics, Biology and Biochemistry, University of Torino, Italy.
NPY exerts anxiolytic effects, which are mediated by activation of Y, receptors
in the amygdala. It has been shown that diazepam counteracts the anxiogenic effect
of Y, receptor antagonists, suggesting that NPYergic and GABAergic systems are
coupled in the regulation of anxiety. We used a transgenic mouse model,
expressing a mouse Yj receptor (3-galactosidase fusion gene (Y,R/LacZ), to study
the effect of positive or negative modulators of GABAa receptors on Yj receptor
gene expression. Mice were treated for 14 days with diazepam (4 or 20 mg/Kg),
the anxiolytic {J-carboline-derivative abecamil (0.3 or 6 mg/Kg) and the anxiogenic
(3-carboline FG7142 (20 mg/Kg). Transgene expression was determined by
quantitative analysis of {3-galactosidase histochemical staining in the medial
amygdala and in the medial habenula as a control region. Chronic treatment with
20 mg/Kg diazepam or 6 mg/Kg abecamil significantly increased, whereas FG
7142 decreased, transgene expression in the medial amygdala. A transient decrease
in transgene expression was observed in the medial amygdala 6 hours after the
acute treatment with 20 mg/Kg FG 7142 but not with diazepam or abecamil. No
significant changes were observed in the habenula. These data suggest that chronic
modulation of GABAa receptor function may affect Y} receptor gene expression in
medial amygdala. By using double histochemical and immunohistochemical
staining (rf brain sections from the YjR/LacZ transgenic mice we also demonstrated
that GABA-immunoreacdve neurons are scattered within the medial amygdala and
that in several cases they bear also the histochemical staining for Yj/LacZ. Further
studies are now in progress to elucidate the mechanisms underlying the functional
interactions between NPY and GABA systems within this brain region.
This work was supported by MURST to C.E and Telethon to F.A.

225.9
REGULATION OF VASOACTIVE INTESTINAL PEPTIDE RECEPTOR
EXPRESSION IN DEVELOPING NERVOUS SYSTEM
B. Karacav, M.S. O’Dorisid? M. Summers. N. McAllister, and J, Bruce
Department ofPediatrics and Comprehensive Cancer Center
The Ohio State University, College ofMedicine and Public Health
Vasoactive intestinal peptide (VIP) is a 28 amino acid peptide which has several
functions as both a neurotransmitter and a hormone. VIP effects are mediated
through specific G-protein coupled receptors. Three distinct receptor subtypes with
differing affinity for VIP have been cloned and characterized as VPACI and VPAC2
and PAC1. Our laboratory has demonstrated that upregulation of VPACI in SKNSH
neuroblastoma ceils results in a marked shift in cell type to the glial lineage with a
corresponding loss of neuronal lineage and suppression of xenograft tumor growth.
To understand the molecular mechanisms responsible for regulation of the VPACI
gene, we have cloned and sequenced the human VPACI gene as well as 2.8-kb of the
5’-flanking sequences. Under the control of this 2.8-kb human VPACI promoter,
expression of the luciferase reporter gene is induced 36 fold in human neuroblastoma
SKNSH cells. Analysis of 5’-unidirectional deletion derivatives of the 2.8-kb
fragment showed that the 339-bp sequence immediately upstream of the VPACI
coding region retains 89% activity of the 2.8-kb promoter, suggesting that it contains
core promoter region. Sequence analysis demonstrated that the 339-bp promoter
sequence contains putative binding sites for known transcription factors including
Spl, NFkB, cETS-1. We have generated transgenic mice lines expressing bacterial figalactosidase gene under the control of human VPACI gene promoter to study the
temporal and spatial expression pattern of both 2.8-kb and 339-bp fragments.
Transgene expression was detected in brain, spinal cord, and adrenal medulla in 14day-old animals. Studies are now in progress to examine the expression pattern of
transgenes during embryonic development of mice. Taken together, these results
demonstrate VPACI expression very early in neuronal development and suggest a
role for VIP in neuronal differentiation. Supported by grant NIH R01CA64177
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DORSAL RAPHE NUCLEUS LESION BLOCKS STRESSORPOTENTIATED MORPHINE PLACE PREFERENCE.
MJ. Will*, IL. Pepin, SELHammask, RE Qrabn, LR Walking. & §_E
Maier. Dept. of Psychology, University of Colorado, Boulder, CO
80309.

Exposure To An Uncontrollable Stressor Differentially
Potentiates The Release Of Dopamine In The Accumbens In
Response To Morphine. P. D. Sparks, M. Will, E. Fifkova*, L. R. Watkins,

The dorsal raphe nucleus (DRN) has been implicated as a critical mediator underlying
learned helplessness effects, behaviors which are produced by inescapable shock (IS),
but not equivalent escapable shock (ES). The current investigation explored the role of
the DRN in mediating the potentiated morphine place preference which follows IS, but
not equivalent ES. Male Sprague-Dawiey rats were either given electrolytic lesions
(10 s, 1 mA) of the DRN or sham electrode placement. Following 10 days of postoperative recovery, all subjects were given a 30 min pre-exposure to the conditioned
place preference box. 24 hrs later, half of the subjects in each group were given 100
inescapable tailshocks (IS) (1mA, 60s ITI, 5s duration) in a novel environment, while
the other half remained in their home cages (HCC). Conditioning occurred 24 and 48
hours after stressor treatment with 3mg/kg-ml s.c. morphine given in one context &,
4 hours later, lml/kg s.c. saline vehicle given in the other context. Conditioning
assignment was counter-balanced randomly. Testing of preference shift was conducted
over a 30 min period approximately 24 hours following the last conditioning pairing.
Difference in time spent, entries, and activity in each compartment before & after
conditioning with drugs was determined. In sham operated subjects, a significant
potentiation of morphine conditioned place preference was observed in the IS treated
group compared to HCC treated subjects. Lesions of the DRN blocked this
potentiation, as no difference between IS and HCC treated subjects was observed.
Also, morphine induced a significantly greater psychomotor response in IS treated
subjects, compared to HCC subjects. This increase was significantly attenuated in
lesioned animals. Supported by Grant NIH MH50479.
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and S. F. Maier. Dept of Psychology, Univ. of Colorado, Boulder, Colorado.
Exposure to uncontrollable stressors leads to a number of behavioral changes
that are not observed in rats exposed to a controllable stressor. In addition, it has
been shown recently that exposure to an uncontrollable stressor, but not a
controllable stressor, potentiates the rewarding properties of morphine (Will et al.,
1998). Since the rewarding properties of addictive drugs have been associated
with the release of dopamine (DA) into the accumbens, the purpose of the present
study was to examine the morphine induced release of dopamine in the accumbens
in rats exposed to controllable or uncontrollable stress. Sprague-Dawiey male rats
were each implanted with a guide cannula ending just dorsal to the shell region of
the accumbens. Microdialysis occurred one week later. On Day One, after 4
baseline samples were taken, animals were exposed to either escapable (ES) or
inescapable shock (IS; 100 1mA tailshocks) in a yoked control fashion. Dialysis
samples were taken throughout the shock procedure (5 samples) as well as during
a period after shock (5 samples). On Day Two, after 4 baseline samples were
taken, all rats received a subcutaneous injection of morphine (3.0 mg/kg) and 10
more dialysis samples were taken. Dialysis samples were immediately frozen at 70° C until analyzed with high performance liquid chromatography. Rats exposed
to ES exhibited a moderate increase in the release of DA in response to morphine
as compared to baseline (approximately 175-190%). This increase was much
greater in rats previously exposed to IS (approximately 400-435%). These data
indicate that controllability over a stressor is an important component in the
determination of the subsequent DA response produced by morphine. Support
provided by MH50479 and MH00514.
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EFFECTS OF KETANSERIN ON DOI- AND LSD-INDUCED
SUPPRESSION OF RELEASE OF 5-HT FROM THE PREFRONTAL
CORTEX (PFC) AND THE DORSAL HIPPOCAMPUS (DH) OF THE
CONSCIOUS RAT. J.A. Paddock. G.D. Johnston and D.J. Mokler*, Dept.
Physiol PharmacoL, Univ. New England, College Osteopathic Medicine.,
Biddeford ME 04005
The hallucinogen lysergic acid diethylamide (LSD) has mixed effects on
5-HT receptor subtypes, whereas 2-5-dimethoxy-4-iodoamphetamine (DOI)
is the prototypic agonist at 5-HT^ receptors. We have previously reported
the effects of systemic DOI and LSD on the release of 5-HT from the dorsal
hippocampus (DH), part of the median raphe system, and prefrontal cortex
(PFC), part of the dorsal raphd system, using in vivo microdialysis in
conscious rats. DOI produced a significant reduction in the release of 5-HT
in the PFC and DH. LSD also suppressed 5-HT release in both brain areas
to approximately 40% of control levels. These findings suggest that the
ability of the hallucinogens to decrease the release of 5-HT in nerve terminal
regions may be a common mechanism of hallucinogen drug action. In order
to establish the possible receptor mechanisms involved in the suppression of
release of 5-HT by the hallucinogens, animals were pre-treated with the
5-HT^ antagonist ketanserin 10 min prior to injection of the hallucinogen.
Ketanserin suppressed the ability of DOI to decrease 5-HT release in the PFC
and DH, but did not completely suppress the effects of LSD. This agrees
with the effects of DOI on 5-HT2 receptors and the effects of LSD on
multiple 5-HT receptors (Sponsored by grant DA-07316)

IS CAFFEINE ADDICTIVE? EFFECT OF INTRAVENOUS CAFFEINE ON
DOPAMINE AND ACETYLCHOLINE TRANSMISSION
E. Acquas*. G. Tanda. P. Loddo, and G. Di Chiara
Department of Toxicology. University of Cagliari, V.le A. Diaz. 182, 09126
Cagliari - Italy
A common neurochemical trait of addictive substances is their property of
stimulating dopamine (DA) transmission preferentially in the shell subdivision of
the nucleus accumbens (nAc) as compared to other DA terminal areas such as
the nAc core, the dorsal caudate and the medial prefrontal cortex (PFCx).
Caffeine is the most used drug in the world as the active ingredient of coffee, tea
and soft drinks; however, it is debated whether this substance is addictive.
Although physical signs of dependence have been reported after long term
administration of caffeine, it is not included among addictive substances by
DMS IV. To investigate the relationship between the reinforcing properties of
caffeine and changes in DA and acetylcholine (ACh) transmission, we studied
the effects of intravenous caffeine in the nAc shell and core and in the PFCx.
Caffeine (0.0625 - 5 mg/kg) dose-dependently stimulated prefrontal cortical DA
and ACh release; in contrast caffeine at doses of 1, 2.5 and 5 mg/kg failed to
affect DA release in the nAC shell and nAC core. We also studied the effects of
the selective adenosine antagonists for Aj and A2A receptors, DPCPX and SCH
58261, respectively. Both DPCPX (0.0625 - 1 mg/kg) and SCH 58261 (0.0625
- 1 mg/kg) dose-dependently stimulated DA and ACh transmission in the PFCx
while failing to change basal DA output in the nAc shell and core. Furthermore
caffeine, DPCPX and SCH 58261 at all doses tested elicited a behavioural
activation (sniffing, locomotion, wet dog shakes) with a pattern that was also
dose-dependent. These results suggest that the lack of stimulant effects of
caffeine on DA transmission in the mesolimbic system might relate to its lack of
addictive liability, on the other hand caffeine’s ability to increase DA and ACh
transmission in the PFCx might be related to its reinforcing and psychostimulant
properties.
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CHRONIC
MORPHINE
INDUCES
LONG-LASTING
CHANGES
IN
ACETYLCHOLINE RELEASE IN RAT AND MICE NUCLEUS ACCUMBENS CORE
AND SHELL (IN VIVO MICRODIALYSIS). M FiSerov*1. S Consolo2. M Kr§iak'*.M
Votava1. ’Department of Pharmacology, 3rd Medical Faculty Charles University, Prague,
Czech Republic; 2Instutite of Pharmacology “Mario Negri”, Milan, Italy
Previously only in vitro studies have shown that chronic morphine provokes longlasting enhanced activity of accumbal cholinergic neurons, which may contribute to
behavioural sensitization, positive reinforcement and aversive effects. The present study
was aimed at supporting these adaptive changes also by in vivo microdialysis
measurements in freely moving rats and mice (4-7 in a group), distinguishing the accumbal
substructures shell and core (in rats) and observing behavioural changes simultaneity. In
rats acute administration of morphine dose-dependently decreased acetylcholine (ACh)
release in nucleus accumbens (NAc shell also core), with 10 mg/kg s.c. being maximally
effective. On the 5th day of spontaneous abstinence from chronic morphine treatment,
when withdrawal symptoms were still present, even a lower morphine dose (5 mg/kg) was
effective in decreasing ACh release in NAc. During the later phase of abstinence, when
no withdrawal symptomes were detectable, the opposite effect - i.e. an increase of ACh
release was found (more expressed in NAc shell). Similar but less unequivocal results were
obtained by microdialysis in mice NAc in a complementary study. Concurrent with
changes in ACh release, morphine challenges produced marked stereotypies, possibly
indicating behavioural sensitization. These findings may represent a long-lasting
neuroadaptive effect of morphine.
Supported by grants GAUK No. 78/96, GAUKNo. 193/98, GACRNo.
305/99/1481, IGA NF No. 5513-3.

DIFFERENTIAL EFFECTS OF HALLUCINOGENIC DRUGS ON IN VIVO
ACETYLCHOLINE AND DOPAMINE RELEASE IN RAT FRONTAL CORTEX
Christopher Verrico, J. David Jentsch, Laura Dazzi and Robert Roth*
Neuropsychopharmacology Research Unit, Yale University School of Medicine, New
Haven, Connecticut 06510.
The cortical acetylcholine innervation may be involved in arousal processes, as
well as, stimulus processing and perception. Thus, the effects of acute exposure to
hallucinogenic or perception-altering drugs on cortical acetylcholinergic transmission
were studied using in vivo microdialysis in the freely moving rat. The influence of dtysergic acid diethylamide (LSD), mescaline and the entactogen 3,4methylenedioxymethamphetamine (MDMA) were found to differentially effect
cholinergic and dopaminergic transmission in the rat frontal cortex.
LSD (0.05-0.1 mg/kg) and MDMA (0.5-2.5 mg/kg) produced a similar dosedependent stimulation of cholinergic transmission while mescaline (10-20 mg/kg)
failed to effect cholinergic efflux. Likewise, LSD and MDMA, but not mescaline,
increased cortical dopamine release. Not supporting the notion that activation of 5HT2a receptors subserved the effects of MDMA, MDL100,907 (0.5-1.0 mg/kg) fettled
to block MDMA (5 mg/kg) induced increases in dopamine or acetylcholine release in
the prefrontal cortex. In contrast pre-treatment with haloperidol (0.1-0.5 mg/kg), a
dopamine receptor antagonist dose-dependently attenuated the MDMA-induced
increase in cholinergic transmission.
These data may indicate that an important neural substrate of LSD- and MDMAinduced behavioral reactions is stimulation of brain acetylcholine transmission.
Moreover, these data are supportive of a state-dependent, stimulatory role of dopamine
receptors in the regulation of cortical acetylcholine release. These studies are the first
to provide evidence for a direct relationship between hallucinogenic drugs and
cholinergic function in the frontal cortex of rats and the first evidence of the role cf
dopamine in the regulation of MDMA-induced alterations in cholinergic transmission.
Supported by grant MH14092 andMH57483 to RHR.

226.7

226.8

OPPOSING EFFECTS OF DI AND D2 RECEPTOR STIMULATION ON
BEHAVIORAL ACTIVITY DURING OPIATE WITHDRAWAL. C.L, Walters. G.
Aston-Jones and J.P, Druhan*. Department of Psychiatry, University of
Pennsylvania, Philadelphia, PA 19104.
We have recently shown that rats become supersensitive to the behavioral activating
effects of D2 agonists during periods of opiate withdrawal (OW). This behavioral
supersensitivity to D2 receptor stimulation may be important for facilitating
aversively motivated opiate-seeking induced by OW. The present experiments sought
to characterize the dopaminergic receptor mechanisms underlying this phenomenon, to
gain a better understanding of the CNS processes regulating OW-motivated drugseeking behavior. Initial experiments confirmed the ability of OW to potentiate the
behavioral activating effects produced by systemic injections of the D2 agonists NPA
(.05, .1, .2, or .4 mg/kg) or quinpirole (.2 or .4 mg/kg). We also demonstrated that
the locomotor activation produced by NPA during OW could be reversed by the D2
antagonists raclopride (.4 or .8 mg/kg) or eticlopride (.1 or .2 mg/kg). A subsequent
experiment revealed that the supersensitive response to D2 agonists during OW
depended on D2 and opioid receptor interactions within the nucleus accumbens (NAc).
The locomotor effects of NPA were potentiated when it was infused into the NAc (1
or 3 nmol/. 5 pl/side) along with systemic naltrexone, or when NPA was administered
systemically along with intra-NAc infusions of naloxone methiodide (1 or 3 nmol/.5
pl/side). Additional studies revealed an opposing influence of DI receptors on the
behavioral activating effects of NPA during OW. Low doses of the DI receptor
agonist SKF 38393 (2 or 4 mg/kg) that had no effect on activity when administered
alone, completely reversed the behavioral activation produced by NPA (.2 mg/kg)
during OW. In contrast, the behavioral activating effects of a low dose of NPA (.05
mg/kg) were potentiated during OW when it was given in combination with either
systemic (.05 or .1 mg/kg) or intra-NAc (1 & 3 nmol/0.5 pl/side) injections of the
DI antagonist SCH 23390. These findings indicate that OW potentiates the
behavioral activating effects produced by stimulating NAc D2 receptors, and that DI
receptor stimulation exerts an inhibitory influence on this potentiating effect.
Supported by NIDA grant DA1OO88.

TIME-DEPENDENT CHANGES IN D2/D3 RECEPTOR-MEDIATED HEROINSEEKING BEHAVIOUR ARE ASSOCIATED WITH EXPRESSION OF
BEHAVIOURAL SENSITIZATION. T.J. De Vries*, A.N.M. Schoffelmeer, A.H.
Mulder and L.J.M.J. Vanderschuren. Research Institute Neurosciences Vrije
Universiteit Amsterdam, Medical Faculty, Department of Pharmacology, Van der
Boechorststraat 7,1081 BT Amsterdam, The Netherlands.
Repeated exposure to drugs of abuse results in both transient and long-lasting
neurochemical and behavioural changes in laboratory animals. In particular, the
sensitizing properties of addictive drugs are thought to play an important role in the
development and persistence of drug-seeking behaviour. We have shown previously
that morphine-preexposed rats displayed a transient hyperresponsiveness to the
dopamine D2/D3 receptor agonist quinpirole, which was apparent during the first
week of withdrawal but not at later stages. To investigate the significance of D2/D3
receptor-mediated hyperresponsiveness to opiate-seeking behaviour, we evaluated 1)
the priming effects of quinpirole (0.05-1.0 mg/kg) on previously extinguished
responding for heroin and 2) the locomotor effects of 0.5 mg/kg quinpirole, during 2
time-frames following discontinuation of heroin or saline self-administration. Within
the first week of withdrawal, priming effects of 0.2 and 0.5 mg/kg quinpirole resulted
in reinstatement of non-reinforced nose poking in the previously heroin-associated
hole. In addition, the locomotor stimulating effects of quinpirole were strongly
enhanced 3/4 days after discontinuation of heroin self-administration. In contrast, 3-4
weeks after the last self-administration session, quinpirole did no longer reinstate
heroin-seeking behaviour and did no longer induce behavioural hyperresponsiveness.
Currently, we are investigating whether such a strong association between drug
hyperresponsiveness and drug-seeking behaviour also exists following withdrawal of
cocaine self-administration. The present data give further support to the idea that drug
sensitization may play an important role in drug-induced relapse behaviour.
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BENZODIAZEPINE FACILITATION OF OPIATE REWARD.
B. M. Walker*. A. McCollum, G. Bovd, C. Shcrril & A. Ettenberg.
Behavioral Pharmacology Laboratory, Dept. of Psychology,
University of California, Santa Barbara, CA 93106.
Case studies reveal that opiate addicts often premedicate
themselves with benzodiazepine (BDZ) tranquilizers prior to
taking their opiate. Such actions have been hypothesized to occur
because the BDZ enhances the euphoria produced by the opiate.
Sprague-Dawley rats were used in the present study to . examine
this putative opiate/BDZ interaction by assessing whether the
magnitude of conditioned preferences for a distinctive environment
associated with intravenous heroin (0.025, 0.05, or 0.1 mg/kg)
delivery was augmented by intraperitoneal alprazolam (Xanax®, a
BDZ) pretreatment (0.125 or 0.5 mg/kg). Results demonstrated that
the low dose of alprazolam produced an apparent leftward shift of
the heroin dose-response curve in the conditioned place preference
test. Conversely, the high dose of alprazolam attenuated the
preferences established by all the heroin doses. The data obtained
with the 0.125 mg/kg alprazolam dose are, therefore, consistent
with the view that BDZs can augment the affective response to
heroin in laboratory animals.
This work was supported by a National Institute of Drug Abuse
grant (DA 05041) awarded to AE.

EFFECTS OF GABA-TRANSAMINASE INHIBITORS & GABA UPTAKE
INHIBITORS ON HEROIN SELF ADMINISTRATION BEHAVIOR. Z.-X Xi?
Gg.rsl.ing\ ). Tang*.and E-A, Stein? Departments of Cell Biology,
Neurobiology and Anatomy* and Psychiatry*, Medical College of Wisconsin,
Milwaukee, WI 53226.
Opiate reinforcement is hypothesized to be mediated by initially inhibiting
GABAerg intemeurons to disinhibit ventral tegmental area (VTA) dopamine
neurons. In support of this hypothesis, we previously reported that the GABAB
agonist baclofen but not the GABAA agonist muscimol selectively blocked heroin
reinforcement. To further test this hypothesis, elevation of synaptic GABA within
the mesolimbic system was achieved either by inhibiting the GABA degradation
enzyme GABA-transaminase (GABA-T) or inhibiting GABA uptake, y-vinylGABA (GVG, an irreversible GABA-T inhibitor) significantly increased heroin
SA behavior when co-administered IV (4 mg/kg) or microinjected into the VTA
or the nucleus accumbens (NAcc, 100 gg). Similarly, co-administration of
aminooxy-acetic acid (AOAA, a reversible GABA-T inhibitor, 1-4 mg/kg) or
ethanolamine-O-sulfate (EOS, another reversible GABA-T inhibitor, 50-100
mg/kg) dose-dependently reduced heroin reinforcement, as indicated by a
compensatory increase in SA behavior at a low dose and complete SA blockade at
high doses. Bilateral intra-VTA or intra-NAcc administration of AOAA (2 pg)
also increased heroin SA. Additionally, IV co-administration of (±)-nipecotic acid
(NPA, a GABA uptake inhibitor, 0.1-5 mg/kg), or NPA or NO-711 (another
specific GABA uptake inhibitor) pretreatment into the VTA or NAcc also
increased heroin SA behavior. In contrast, high doses of AOAA, EOS or NPA did
not significantly effect food SA behavior. Taken together, these experiments for
the first time demonstrate that pharmacological elevation of mesolimic synaptic
GABA concentration reduces heroin reinforcement, supporting the GABAergic
mediation hypothesis, and support a role for GABA modulation in opiate abuse
treatment. (Supported by DA 09465).

226.11

226.12

THE GABA TRANSAMINASE INHIBITOR, VIGABATRIN,
REDUCES RESPONDING FOR HEROIN SELFADMINISTRATION C, M, Knapp1,2. N, Cottam1. S, L, Dewev3. C,
Kornetskv1*. ^epts. Psychiatry and Pharmacology, Boston Univ.
School of Med. and 2Boston NIDA/VA MDRU, Boston, MA 02118
and 3Dept. of Chemistry, Brookhaven National Lab., Upton, NY 11973
Vigabatrin (y-vinyl GABA) increases brain y-aminobutyric acid
(GABA) concentrations by inhibiting the enzyme GABA transaminase in
an irreversible manner. Brain stimulation reward, conditioned place
preference and self-administration studies indicate that the
administration of vigabatrin may reduce cocaine’s rewarding actions and
there is evidence that vigabatrin will reduce the voluntary consumption
of ethanol as well as morphine. In the present experiment the effects of
vigabatrin (200-400 mg/kg IP) on heroin self-administration were
determined. Male Wistar rats with venous catheter implants were
allowed to self-administer heroin (18 pg/kg/infusion) on a progressive
ratio reinforcement schedule. Vigabatrin administered 3 hours prior to
testing significantly decreased the mean number of heroin infusions
obtained in a dose dependent manner, although, the within animal
response was highly variable. These results suggest that vigabatrin may
reduce the rewarding actions of heroin and that increasing brain GABA
levels might be a useful approach to reducing heroin intake in dependent
individuals. (This work was supported by grants DA-02326 and KO5DA-00099 to C.K.)

WITHDRAWAL FROM BUTORPHANOL DEPENDENCE INCREASES THE
AMPA RECEPTOR IN THE RAT BRAIN. C.-G. lang*, Y. Park, R.W. Rockhold,
and I.K. Ho. Department of Pharmacology and Toxicology, University of
Mississippi Medical Center, 2500 North State St., Jackson, MS 39216, USA.
An autoradiographic study of [3H]AMPA receptor binding and an
assessment of in situ hybridization of AMPA subunits in the rat brain were
performed at 7h after withdrawal from butorphanol infusion. Animals were
rendered dependent by intracerebroventricular (i.c.v.) infusion of butorphanol
(26 nmol/gl/h) via osmotic minipumps for 3 days. Brain sections of 14 gm
thickness for binding of [3H]AMPA were incubated with 15 nM [3H]AMPA. The
probe for in situ hybridization was labeled at its 3' end using terminal
deoxynucleotidyl transferase and [35S]dATP. The highest degree of [3H]AMPA
binding was shown in the hippocampus. The extent of [3H]AMPA binding was
increased significantly in each of the brain areas examined: the cortex areas
(45-69%), septum (33%), caudate-putamen (52%), and hippocampus (33-43%)
of rats following withdrawal from butorphanol. The highest level of mRNA for
AMPA receptor, flop and flip subunits, was found in the granular layer of
cerebellum and in the CA3 region of the hippocampus, respectively. The
amounts of mRNA for flop form of AMPA receptor were increased in the
cortex areas (11-15%) and the dentate gyrus of hippocampus (17%) of the rat
brain. The amounts of mRNA for flip form of AMPA receptor were increased in
the entorhinal cortex (8%), the dentate gyrus of hippocampus (11 %), thalamus
(9%), and the granular layer of cerebellum (16%). These findings suggest that
increases in expression of mRNA for the AMPA receptor and in the binding of
AMPA to its receptor may play an important role during withdrawal from
butorphanol dependence. (Supported by grant NIDA 05828)

226.13

226.14

MORPHINE TOLERANCE ALTERS THE CHOLECYSTOKININ
SYSTEM IN THE RAT PERIAQUEDUCTAL GRAY. K.A. Seta, H. Liu and
M.M. Behbehani* Dept of Mol.and Cell. Physiology, University of
Cincinnati, Cincinnati, OH 45267-0576.
The neuropeptide cholecystokinin (CCK) has been shown to act as an
endogenous anti-opioid and it is believed that an increase in the sensitivity of
the CCK-ergic system may play a role in the development of opioid
tolerance. Indeed, behavioral studies have shown that CCK antagonists
potentiate the analgesic effect of morphine and prevent the development of
opioid tolerance. In this study, we examined the effects of opioids and
cholecystokinin in the rat periaqueductal gray (PAG), a region that has been
shown to be important in pain processing. Using whole-cell patch clamping
in a PAG slice preparation in the presence of tetrodotoxin, we found that 84%
of PAG cells that were excited by CCK were also inhibited by enkephalin.
This indicates that receptors for both CCK and enkephalin are found on the
same cells, and provides a molecular rationale for the anti-opioid effect of
CCK. We then treated animals with increasing doses of morphine for four
days to induce tolerance. Tolerance to the analgesic effect of morphine was
verified using the hot plate latency test. Recording from PAG slices showed
that the dose-response curve to CCK was significantly shifted in cells from
morphine-addicted animals compared to cells from control animals. In
addition, there was a shift to a faster baseline firing rate in cells from
morphine-addicted animals. These results indicate that there is an interaction
between the CCK-ergic and opioid systems in the rat PAG, and that morphine
tolerance alters the signaling ability of the CCK-ergic system. Supported by
NIH grant NS20643.

NOCICEPTIN/ORPHANIN FC INDUCES A QUASI-MORPHINE ABSTINENCE
SYNDROME. P.H. Malin*? J.R. Lake? W.D. Moon? D, Moy? D. Bryant? E.
Mov? A.L. Montellano? N. Banasik? M. Bell? L.M. Harrison^and D.K, Grandv2.
’Univ. of Houston-Clear Lake; Houston, TX. 77058, Oregon Health Sciences
Univ., Portland, OR 97201.
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Nociceptin/orphanin FQ (N/OFQ) exerts multiple biological actions including
functional antagonism of opiate analgesia. This raised the question, might it contribute
to opiate dependence and abstinence syndrome? To test this hypothesis, 19 male
Sprague-Dawley rats, 408-482g, were cannulated in the third ventricle. Placements
were subsequently confirmed by injection of methylene blue dye. Seven days later, they
were challenged by third ventricle injection of either 0,50,200 or 1,000 ng N/OFQ in
20 ul saline. Each rat was placed in a square plastic observation chamber and observed
under “blind” conditions for 45 minutes commencing with the onset of injection. A
standard opiate abstinence checklist was used to record occurrences of teeth
chatter/vacuous chewing, writhes/gasps, shakes/tremors, ptosis (counted no more than
once per minute) and miscellaneous less frequent signs (seminal ejaculation, scratches,
yawns etc.). Since ventricular infusion of N/OFQ sometimes rapidly induces 10-15
minutes of catatonia, statistical analysis was performed on data obtained from 15 to 45
minutes after the onset of injection. Table 1 presents data on overall abstinence-like
signs cumulated across all categories.________________________________________
Table 1. Overall Abstinence-Like Signs (M ± SEM)
N/OFQ dose (ng)
0
50
200
1,000
Signs
18.0 ±2.0
29.7 + 2.2
49.4 + 3.2’
63.5 ±9.7’”
*p<0.02 vs. 0 ng, ”*p<0.00I vs. 0 ng, p<0.05 vs. 50 ng_________________________
One-way ANOVA revealed significant differences among dose groups, p<0.001. The
N/OFQ effect was dose-related since there was a significant, p<0.001, positive linear
trend of abstinence-like signs as a function of dose. All categories of signs were
elevated at the two higher doses. These results are consistent with the hypothesis that
N/OFQ may contribute to opiate dependence and abstinence. Supported by NIDA
DA1O7O3 (DKM) and UH-CL Faculty Research Support Fund (DHM).
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226.16

RELIABLE INDIVIDUAL DIFFERENCES IN HYPOTHERMIA
CAUSED BY NITROUS OXIDE. D S. Ramsay?* B.G. Leroux.1’2
K.J. Kaiyala? C.H. Watson,1 C.W. Prall’ T.M, Braun/ S.E Coldwell?
and S.C. Woods/. ’School of Dentistry. Dept. of Biostatistics. Univ.
of Wa.; Seattle, WA 98195; and 3Dept. of Psychiatry, Univ. of
Cincinnati Med. Cntr.; Cincinnati, OH 45267.
We previously demonstrated that rats receiving an initial
administration of 60% nitrous oxide (N2O) become hypothermic, and
that their temperature returns toward baseline levels despite the
continued administration of the drug (i.e., acute tolerance develops).
However, large individual differences occur in both the magnitude of
hypothermia achieved and the degree of acute tolerance that develops.
To investigate the hypothesis that the temperature profile during N2O
administration is a reliable characteristic of an individual, we measured
intraperitoneal temperature via telemetry in 67 male Long-Evans rats
who each received 60% N2O for 5 hours during two sessions separated
by two weeks. A permutation test was used to evaluate whether an
association exists between the temperature profiles from the same
animals across the two sessions. For the analysis, each animal's initial
temperature profile was compared to all animals' second profiles
(including its own). The results indicated that an individual rat's
temperature profiles during both N2O exposure sessions were strongly
associated (p<0.001). We conclude that the temperature profile
observed during a rat's initial exposure to 60% N2O reflects a
reproducible characteristic response pattern for that animal.
Supported by the UW Alcohol and Drug Abuse Institute and NIH
grants: DA10611, DE00379, DE07132.

PLASMA NITRITE AND NITRATE
TOLERANT AND DEPENDENT MICE.

LEVELS

IN

OPIOID

Poluru L. Reddy’f Shyam S. Sharma2 and Hemendra N.
Bhargava2
’Dept.
Path.
and
Lab
Medicine,
Evanston
Northwestern Healthcare,
2650 Ridge Avenue,
Evanston,
IL-60201.2Dept.
Pharmaceutics
and
Pharmacodynamics, The University of Illinois at
Chicago, Chicago, IL-60612.
Since nitric oxide (NO) has been implicated in
the acute and chronic actions of opiates, it is
of interest to know the levels of nitric oxide
during the opioid tolerance and dependence
processes. We determined the plasma nitrite and
nitrate levels (as indicators of NO production)in
mice made
tolerant
and
dependent
to Mu
(morphine),
delta
[D-pen2,
D-pen5] enkephalin
(DPDPE) and kappa (U-50,488H) opiates. Plasma
nitrite and nitrate were measured using the
nitrite and nitrate assay kit (Cayman Chemical
Co., Annarbour, MI). There were no significant
differences in plasma nitrite levels in any
treatment groups. However, there was significant
increase in plasma nitrate levels in morphine
tolerant and dependent (F=4.86,3,20, P=0.0137)
and U-50,488H abstinent
(F=6.1,3,19,P=0.006)
groups. These results suggests that there is an
increased production of NO during Mu and kappa
opioid tolerance and dependence processes.

226.17

226.18

EFFECTS OF 18-METHOXYCORONARIDINE (18-MC) ON MORPHINEINDUCED LOCOMOTION DEPEND ON THE SENSITIZED STATE OF THE
ANIMAL: RELATIONSHIP WITH ACCUMBAL DOPAMINE. Stanley D. Glick*,
Isabelle M. Maisonneuve and Karen K. Szumlinski. Dept. Pharmacology and
Neuroscience, Albany Med. Coll., Albany, NY 12208
18-MC, a synthetic iboga alkaloid congener, was developed with the goal of
making available a safer ibogaine-like agent. To further investigate the basis for 18MC’s potential anti-addictive actions, the present study determined the effects of 18MC (40 mg/kg, IP, 19 hr pretreatment) or vehicle (VEH) on the expression of
locomotion induced by morphine (MOR) (0, 1.25, 5, 10, 20, 30 mg/kg, IP) in rats
treated either acutely or chronically (5 daily injections of 20 mg/kg, IP) with MOR.
In addition, the effects of 18-MC (40 mg/kg) were also assessed on the dopaminergic
response in the nucleus accumbens to MOR (20 mg/kg) in chronic MOR-treated rats.
Compared to VEH controls, 18-MC potentiated MOR-induced locomotion in both
acute MOR rats and chronic MOR rats that did not sensitize during chronic MOR
treatment. Interestingly, in rats that did sensitize during chronic treatment, 18-MC had
little effect or attenuated MOR-induced locomotion. In addition, 18-MC attenuated
MOR-induced dopamine release in the accumbens in chronic MOR-treated rats, an
effect that may be related to the extent of sensitization induced by chronic MOR
treatment. The present findings demonstrate that the effects of 18-MC on MORinduced locomotion depend on the sensitized state of the animal following chronic
MOR treatment. It is proposed that these behavioural effects are related to 18-MC’s
ability to block the expression of MOR-induced sensitization of accumbal dopamine
release implicated in the development and maintenance of drug addiction. (Supported
by NIDA grant DA 03817).

COMPARATIVE EFFECTS OF THE ENANTIOMERS OF 18-METHOXYCORONARIDINE (18-MC) ON MORPHINE SELF-ADMINISTRATION,
DOPAMINE RELEASE, AND RECEPTOR BINDING. I.M. Maisonneuve*,
H.E. Dickinson, L.M. Warner and S.D. Glick. Dept. of Pharmacology and
Neuroscience, Albany Medical College, Albany, NY 12208.
(±)-18-MC is a novel iboga alkaloid congener that may be an effective and
safe treatment for multiple forms of drug abuse. In rats, (±)-18-MC has
been reported to decrease the self-administration of morphine, cocaine,
ethanol, and nicotine without affecting responding for water. (±)-18-MC has
also been found to decrease extracellular levels of dopamine (DA) in the
nucleus accumbens (NAC). In the present study, the contributions of the (+)
and (-) enantiomers to the effects of the racemic compound on morphine
self-administration and dopamine release and to the binding profile of (±)18-MC were assessed. Both (+)- and (-)-18-MC (40 mg/kg, p.o.) decreased
i.v. morphine self-administration; the effects were similar to each other and
similar to the effect of the racemate. Like the racemate, (+)-18-MC
decreased dopamine release in the NAC; (-)-18-MC had no effect. While
the three compounds had similar low (<5) pM affinities for k opioid
receptors, (±)-18-MC and (+)-18-MC, but not (-)-18-MC, had comparable
affinities at p and 8 opioid receptors. (+)- and (±)-18-MC also had low pM
affinities at 5HT3 receptors whereas only (-)-18-MC had a low pM affinity for
norepinephrine uptake sites. The results suggest that, with respect to
dopamine terminals in the NAC, the (+) and (-) enantiomers of 18-MC may
have pre- and post-synaptic actions, respectively, that equally contribute to
the efficacy of the racemic compound as a putative anti-addictive agent.
(Supported by NIDA grant DA 03817 and Albany Molecular Research, Inc.)
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EFFECTS OF INTRA-VENTRAL STRIATUM INJECTIONS OF COCAINE
AND DOPAMINE AGONISTS ON LOCOMOTOR ACTIVITY IN RATS.
S. Ikemoto* and R. A. Wise. Behavioral Neuroscience Branch, Intramural
Research Program, National Institute on Drug Abuse, Baltimore, MD 21224.
The ventral striatum appears to play a critical role in mediating motoric
effects (i.e., ambulatory activity and rearing) of psychostimulants such as
cocaine. The aim of the present study was to examine whether such motoric
effects of cocaine are mediated differently among the sub-regions of the ventral
striatum; the nucleus accumbens core, shell and olfactory tubercle (OT). Our
preliminary data suggest statistically significant differences in effects of cocaine
among the three sub-regions. Five different doses of cocaine (3, 10, 30, 100, 300
nmol) plus vehicle were unilaterally microinjected into respective sub-regions.
Particularly, the 100-nmol (~30 pg) dose produced most clear differential effects:

ELECTRICAL STIMULATION OF THE BASOLATERAL NUCLEUS OF THE
AMYGDALA REINSTATES COCAINE-SEEKING BEHAVIOR. R.J. Haves?
S.R. Vorel? X. Liu.2 J. Spector? H, Lachman.*2 E.L, Gardner.12 Depts of
’Neuroscience and 2Psychiatry, Albert Einstein College of Medicine, New York,
NY10461
Recently, our lab reported reinstatement of cocaine seeking behavior elicited by
brief electrical stimulation of the ventral subiculum, an area which sends
glutamatergic axons to the nucleus accumbens (Acb). This raises the possibility
that stimulation of other areas with glutamatergic projections to the Acb, such as the
basolateral nucleus of the amygdala (BLA) and medial prefrontal cortex (mPFC),
may also reinstate cocaine-seeking behavior. Indeed, other researchers have shown
that stimulation of these areas in anesthetized rats increases dopamine (DA) levels
in the Acb, an effect central in mediating drug-seeking behavior. Because the
amygdala is involved in the development of stimulus-reward associations, it is
likely to play an important role in reinstatement behavior. Furthermore, others have
shown that lesions of the BLA impair the ability of conditioned cues to reinstate
cocaine seeking behavior. We now report, for the first time, that brief electrical
stimulation of the BLA produces reinstatement of lever-pressing previously
associated with cocaine self-administration. Briefly, rats were catheterized and
trained to respond for cocaine on an FR-1 schedule of reinforcement. Once
baseline criteria for self-administration were met, lever-pressing behavior was
extinguished by substitution of cocaine with saline. Upon extinction animals were
subjected to brief electrical stimulation of the BLA via an electrode implanted at the
time of catheterization, and lever pressing behavior was monitored. BLA
stimulation reinstated cocaine-seeking behavior. These results are congruent with
the hypothesis that the amygdala is part of a neural system mediating drug-seeking
behavior. This work was supported by the NY State Office of Alcoholism and
Substance Abuse Services.

Rats traveled 45±3.8, 35±4.5, and 57±7.3 m (mean±SEM) and reared 51±6.1,

50±l 1.5, and 92+14.8 times (mean ± SEM) for a 30-min period after intra-core,
-shell and -OT injections of 100 nmol cocaine, respectively. Thus, intra-OT
injections had most robust effects on locomotion and rearing, while intra-shell
injections were only as effective as intra-core injections producing such effects.
On the other hand, both intra-shell and -OT injections of direct dopamine
agonists (mixtures of the Dl-type agonist SKF38393 and the D2-type agonist
quinpirole) produced robust effects on ambulatory activity and rearing compared
to intra-core injections; differential effects were not apparent between the shell
and OT. In sum, this study raises a possibility that the shell may not play an
important role in initiating such motoric effects of cocaine unlike other dopamine
agonists. Additional experiments are in progress to further elucidate such effects.
(Supported by the Intramural Research Program of NIDA)
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Systemically Administered Cocaine and Signal Transfer through Somatosensory
Cortical Circuits: Multineuron Recording Studies. J.J. Rutter1*, D.M. Devilbiss2, B.D.

EFFECTS OF INACTIVATING DISCRETE CNS REGIONS ON THE
EXPRESSION OF COCAINE-INDUCED CONDITIONED HYPERACTIVITY
T.R. Franklin*, and J.P, Druhan. Dept Psych., University of Pennsylvania, Phila.,
PA 19104.
Several lines of evidence indicate that the nucleus accumbens (NAc) may be
involved in the generation of conditioned responses to drug-related stimuli. Regions
that project to the NAc have also been implicated in mediating such conditioned
responses. The present study examined the role of the NAc and related afferent nuclei
in the expression of conditioned hyperactivity responses to a cocaine paired
environment by pharmacologically inactivating these regions prior to the test for
conditioning. Separate experiments were conducted in which discrete bilateral
intracranial infusions of a GABA agonist were made into the NAc, ventral prefrontal
cortex, basolateral amygdala or ventral subiculum prior to a drug-free test for
conditioned hyperactivity in an environment previously paired with lOmg/kg
cocaine. The expression of conditioned hyperactivity responses was prevented when
the GABA B agonist, baclofen (0.2 nmol/side) was infused into the NAc and also
when the GABA A agonist, muscimol (0.1 and 0.2 nmol/side) was infused into the
prefrontal cortex. Muscimol (0.1 and 0.2 nmol/side) infused into the basolateral
amygdala or ventral subiculum of the hippocampus prior to the test for conditioning,
did not interfere with the expression of conditioned hyperactivity responses. These
studies confirm that the NAc and the prefrontal cortex are crucial elements of the
neural circuitry underlying the expression of conditioned responses to cocaine-related
stimuli. Supported by PHS grant # DAO8381 and #DA05878.

227.5

227.6

EVIDENCE THAT SEPARATE NEURAL CIRCUITS IN THE ACCUMBENS
ENCODE
COCAINE
AND
‘NATURAL’
(FOOD/WATER)

ACCUMBENS NEURONS EXHIBIT SIMILAR, OVERLAPPING PATTERNS
OF ACTIVITY DURING RESPONDING ON A MULTIPLE SCHEDULE FOR
FOOD AND WATER REINFORCEMENT IN RATS. A, Crumling*. S. Iiames.
and R.M, Carelli. Dept. of Psychology, Univ. of North Carolina at Chapel Hill,
Chapel Hill, NC 27599.
We have previously reported that nucleus accumbens (NA) neurons exhibit 3
types of patterned discharges relative to the lever press response for water
reinforcement in rats (J. Neurosci. 14(12):7735, 1994; PBB, 57(2): 1,1997). NA
patterned discharges were categorized by cells that showed an increase in firing
rate immediately before the response (type PR), and by cells that were excited
(type RFe) or inhibited (type RFi) immediately following response completion.
Here, rats (n=13) were trained on a multiple schedule (FR1, FR1) for water and
food reinforcement to examine: 1) whether the same 3 types of patterned
discharges are observed relative to responding for a second ‘natural’ reinforcer,
food, and 2) whether the same NA neurons exhibit similar types of neuronal firing
patterns across the two ‘natural’ reinforcer conditions. Of 181 NA neurons, 77
cells were classified as phasically active, exhibiting one of the 3 types of
patterned discharges relative to reinforced responding for water, and importantly,
relative to the food-reinforced response. A second major finding was that of the
77 phasically active neurons, 52 cells (68%) exhibited similar, overlapping
patterned discharges across the two ‘natural’ reinforcer conditions (PR=13cells;
RFe=18cells, RFi=21cells). The additional 25 phasically active NA cells (32%)
exhibited one of the 3 aforementioned types of patterned discharges relative to the
food or water reinforced response, but not both. These findings indicate that the
majority of phasically active NA neurons similarly encode information about two
distinct ‘natural’ reinforcers, food and water. Supported by NIDA DA 10006 to RMC.

Waterhouse2, K. Moxon2, 1Dept. Biol., Truman State Univ. Kirksville, MO, 63501; 2Dept.
Neurobiology and Anatomy, MCP Hahnemann University, Philadelphia, PA 19129.
Previous single unit extracellular recording studies from our laboratory have shown that
systemically administered cocaine can potentiate long latency excitatory responses of barrel
field cortical neurons to suprathreshold displacement of contralateral mystacial vibrissae. Short
latency excitatory (SLE) responses to the same stimuli were less likely to be altered following
cocaine administration. In more recent work we have observed inconsistent effects of cocaine
on these same SLE responses to perithreshold stimulation of contralateral whiskers, i.e.
enhancement as well as suppression of whisker-related excitatory discharges. Such variability
of drug action could be due to the heterogeneous population of cells in the neocortex or
differences between experimental preparations. In the present study we used new techniques
which permit simultaneous extracellular recording from multiple whisker-responsive neurons in
a single halothane-anesthetized rat both before and after incremental systemic administrations
of cocaine (0.5, 1.0 mg/kg i.v.). During an initial surgery adult male rats were implanted in
barrel field cortex with bundles of recording microwires which were then soldered to
connector and fixed to the skull with dental acrylic. After a suitable recovery period, the
animals were anesthetized with halothane (0.75% in O2), intubated and placed in a sling so that
individual whiskers could be mechanically stimulated with a computer-controlled piezoelectric
device. In one such animal, 28 barrel field cortical neurons were isolated. Of these, 10 cells
exhibited SLE responses to brief displacement (100 ms, 100-1000 gm) of the contralateral C4
whisker. After cocaine administration these neuronal responses were increased (n=5),
decreased (n=4) or unchanged (n=1) from control levels. Following drug injection, SLE
discharges were revealed in six additional neurons within the sample population. Despite the
observed cell to cell variability of drug actions, the response of the ensemble of neurons to
whisker displacement as measured by population histograms was markedly enhanced following
cocaine injection. These data indicate complex interactions of cocaine at the cellular level but a
net facilitating influence of the drug on network responses to afferent sensory volleys.
Supported by NIDA DA-05117 to BDW.

REINFORCEMENT. RM- CareHi^.S.,. frames.. and A, Crumling, Dept. of

Psych, Univ. of North Carolina, Chapel Hill, NC 27599.
We have reported that nucleus accumbens (NA) neurons exhibit 4 types of
patterned discharges relative to the cocaine-reinforced response during selfadministration sessions in rats (J. Neurosci,14(12):7735,1994). Three of the same
types of activity were also observed during water reinforcement sessions. In order
to examine whether the same NA neurons exhibit similar types of patterned
discharges across both reinforcer conditions, NA cell firing was recorded during
lever pressing behavior on a multiple schedule (FR1, FR1) for water (0.05 mis)
and intravenous self-administration of cocaine (0.33 mg/inf). Of 127 NA cells
(n=8 rats), 57 (45%) exhibited one of the well-documented patterned discharges
relative to the water or cocaine reinforced response. A major finding however,
was the lack of overlapping neuronal firing patterns across the two reinforcer
conditions. Specifically, of the 57 cells, only 5 (9%) exhibited similar types of
patterned discharges relative to the water and cocaine reinforced response. The
remaining 52 cells (91%) exhibited one of the 4 types of patterned discharges
relative to the cocaine-reinforced response (n=24 cells), or one of the 3 types of
firing patterns relative to the water-reinforced response (n=28 cells), but not both.
For some rats (n=3), food was substituted for water in the task. Similar to the
water-cocaine multiple schedule, the majority of phasically active neurons (94%)
exhibited differential, nonoverlapping firing patterns across the two reinforcer
conditions. These findings indicate that in well-trained rats, cocaine activates a
neural circuit in the NA that is largely separate from the circuit that processes
information about food and water reward. Supported by NIDA DA10006 to RMC.

227.7

227.8

FIRING PATTERNS OF ACCUMBAL NEURONS DURING CUE- AND
DRUG-INDUCED REINSTATEMENT OF COCAINE SEEKING IN THE RAT.

NUCLEUS ACCUMBENS NEURONS THAT EXHIBIT COMPARABLE
FIRING PATTERNS DURING COCAINE SELF-ADMINISTRATION
SESSIONS
DO
NOT
NECESSARILY
MAKE
COMPARABLE
CONTRIBUTIONS TO DRUG-TAKING BEHAVIOR B. Mohta. A.J, Uzwiak.
A.T. Fabbricatore. F, Gee. M.O, West*, and L.L. Peoples. Dept. of Psychology,
Rutgers, The State University of New Jersey, New Brunswick, NJ 08903.
Neuropharmacological studies indicate that the shell and core subterritories of the
nucleus accumbens (NAcc) may contribute differentially to drug-taking behavior.
In efforts to delineate neurophysiological mechanisms that may mediate the roles
of the NAcc subterritories in drug taking, our laboratory, is conducting
extracellular recordings of the activity of NAcc neurons in rats engaged in
intravenous cocaine self-administration. In our previous studies, the majority of
NAcc neurons showed a change in tonic firing rate during the self-administration
session. Some neurons additionally showed phasic changes in firing during the
minutes and seconds before and after, individual cocaine self-infusion. The
temporal and directional characteristics of these changes in firing were relatively
homogenous between the core and shell. Additional studies tested the effects of
various behavioral probes (e.g., response-independent drug infusions) on neurons
that exhibited particular firing patterns. These studies showed that some neurons
exhibiting identical types of firing patterns during a cocaine self-administration
session exhibit distinct responses to the same behavioral manipulations. The data
indicate that functionally, and probably physiologically, distinct types of accumbal
neurons can exhibit comparable firing patterns during the cocaine selfadministration session. These similar firing patterns probably reflect the highly
synchronized nature of various behavioral and pharmacological events during the
cocaine self-administration session. The present observations suggest that more
sophisticated characterizations of the functional correlates of individual neurons
may provide greater resolution in differentiating the neurophysiological
mechanisms that underlie distinct subterritorial contributions to drug taking
behavior. Research supported by NIDA DA 06886.

MJyL Giampoala. A,J, Uzwiak, A.T, Fabbricatore. M,Q, West, and L.L,Peoples*.

Dept. of Psychology, Rutgers University, New Brunswick, NJ, 08903.
Exposure to stimuli previously paired with self-administered drug leads to the
reinstatement of extinguished dnig-seeking behavior in rats. It has been proposed
that drug-associated stimuli may produce a drug-like conditioned neural response
that facilitates the reinitiation of drug seeking. In the present study, chronic
extracellular recording techniques were used to record die response of single
nucleus accumbens (NAcc) neurons to stimuli that reinstated cocaine-seeking.
Subjects were 15 male Long-Evans rats with a 4-6 week history of intravenous
cocaine self-administration (0.7 mg/kg/infusion, daily 6 hour sessions). During
the recording session, subjects were allowed to self-administer cocaine. Each
press of a response lever was followed by a drug infusion that was paired with a
compound light + tone cue (i.e., drug-associated cues). Following the selfadministration session, reinforcement of lever pressing was discontinued and lever
pressing extinguished. Drug seeking was then reinstated by exposing animals to
either: 1) saline infusion(s) paired with the drug-associated cues or 2) a drug
infusion paired with the cues. One-third to one-half of 32 neurons showed a
robust change in firing rate within the several minutes that elapsed between the
onset of the reinstating infusion + stimulus event and the reinstatement of lever
pressing. In response to both types of reinstating events, the majority of neurons
showed an increase in firing rate. This change in firing was opposite the typical
neural response to the drug + cue presentations that reinforced lever presses
during the cocaine self-administration session. The present data are consistent
with a potential contribution of NAcc neurons to the reinstatement of drug seeking
during early periods of withdrawal. However, the data show that the neural
activity associated with the reinitiation of drug seeking may not be comparable to
the neural response to drug administration during an ongoing drug selfadministration session. Research supported by NIDA DA 06886
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CHARACTERIZATION OF PHASIC FIRING PATTERNS OF NEURONS IN
THE SHELL OF THE RAT NUCLEUS ACCUMBENS DURING
INTRAVENOUS COCAINE SELF-ADMINISTRATION. A.T. Fabbricatore*K.J.
Muccino, F. Gee, M.O. West, and L.L. Peoples. Dept. of Psychology, Rutgers, The
State University of New Jersey, New Brunswick, NJ 08903.
Recent evidence supports a differential contribution of the shell and core
subterritories of the nucleus accumbens (NAcc) to drug taking behavior. Potential
neurophysiological differences between subterritories are currently being investigated
in our laboratory by undertaking recordings of single NAcc neurons in rats engaged
in intravenous cocaine self-administration. We have previously characterized the
firing patterns of neurons in the core and medial shell. The present study examined
the firing patterns of neurons in the ventral shell. Male Long Evans rats were
implanted with a catheter in the jugular vein and a microwire array positioned in the
ventral shell. Recording sessions were conducted typically during the twelfth cocaine
self-administration session (0.7mg/kg/0.2ml infusion, fixed-ratio 1 schedule of
reinforcement, 6 hour session). Each microwire was used to record neural activity
during a single session. The recording session consisted of three phases: 1) 40 min
predrug baseline recording period; 2) 6 hour self-administration session; and 3) a 60
min postdrug recording period. Similar to the previously characterized neurons in the
more dorsal regions of the NAcc, ventral shell neurons showed phasic changes in
neural firing during the minutes and seconds before and after individual selfinfusions. Ventral shell neurons also demonstrated tonic changes in firing across the
self-administration session that were similar to those observed in more dorsal NAcc
regions (see companion poster of K.J. Muccino et al.). The present data are
consistent with previous data in showing that core and shell neurons do not differ in
an absolute (i.e., all or none) manner with respect to patterns of firing exhibited in
relation to cocaine self-administration. Additional* studies are being conducted to
determine whether there may be percent differences in the prevalence of the various
firing patterns across accumbal regions. Research supported by NIDA DA 06886.

CHANGES IN THE TONIC FIRING RATE OF NEURONS IN THE SHELL OF
THE NUCLEUS ACCUMBENS DURING INTRAVENOUS COCAINE SELFADMINISTRATION SESSIONS. K.J. Muccino*A.T. Fabbricatore, F. Gee, M.O.
West, and L.L. Peoples. Dept. of Psychology, Rutgers, The State University of New
Jersey, New Brunswick, NJ 08903.
Neuropharmacological studies indicate that the shell and core subterritories of the
nucleus accumbens (NAcc) may differentially contribute to drug taking behavior. In
efforts to delineate neurophysiological mechanisms that may mediate the roles of the
subterritories, our laboratory has been conducting extracellular recordings of the
activity of NAcc neurons in rats engaged in intravenous cocaine self-administration.
Our previous recording studies characterized neural firing patterns in the core and
dorsal medial shell. The present study documented the activity of ventral shell
neurons. Male Long Evans rats were implanted with a catheter in the jugular vein
and a microwire array positioned in the ventral shell. Recording sessions were
conducted during the twelfth cocaine self-administration session (0.7mg/kg/0.2ml
infusion, fixed-ratio 1 schedule of reinforcement, 6 hour session). The recording
session consisted of three phases: 1) 40 min predrug baseline recording period; 2) 6
hour self-administration session; and 3) a 60 min postdrug recording period. The
majority of neurons showed a change in tonic firing rate during the selfadministration session, relative to the predrug baseline and postdrug recording
periods. Both increases and decreases in tonic firing rate were observed. Neurons
additionally showed phasic changes in firing during the minutes and seconds before
and after individual cocaine-reinforced lever presses (see A.T. Fabbricatore et al.).
The types of firing patterns observed in the present experiment were comparable to
those observed in previous studies of the activity of dorsal shell and core neurons.
Further work may show percent differences in the prevalence of certain types of
firing patterns between the subterritories of the NAcc. It is also possible that distinct
subterritorial contributions to drug taking are mediated not by the nature of the firing
pattern but rather by the impact of shared firing patterns on distinct target structures.
Research supported by NIDA DA 06886.

227.11
Dopamine Antagonists
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Nucleus

To Cocaine
Self -Administration
. S. M.
Nicola* and S. A. Deadwyler. Department of Physiology & Pharmacology,
Wake Forest University School of Medicine, Winston-Salem, NC 27157.
Rats trained on a progressive ratio (PR) schedule to self-administer cocaine
were implanted with multiple chronic microwire electrodes to record from cells
in the nucleus accumbens (NAc). During each session, the number of
responses required for the animal to receive a reward was increased until a
breakpoint (PR-BP) was acheived and the animal no longer pressed to receive cocaine. NAc cells typically fired at steady rates (1-10 Hz) prior to the
start of each session. After receiving 1-2 cocaine rewards, the spontaneous
firing rate was dramatically (75%) reduced from its pre-session rate. Superimposed on this new low rate of firing, however, were increases in firing rate in
the period (1-8 min) prior to the start of each episode of responding; the firing rate remained elevated throughout responding and was again dramatically
reduced after receipt of cocaine. Pre-responding firing tended to be higher towards the end of each session, when the PR requirement was greatest. Upon
reaching PR-BP spontaneous firing rates returned to their elevated presession values. The dopamine (DA) receptor antagonists SCH23390 (D1) and
eticlopride (D2) dose-dependently reduced the number of responses to PRBP and accelerated the increase in pre-responding firing as the session
progressed. The DA antagonists also reduced the difference between the firing rate before commencement of each barpressing episode and after receipt
of the reward, as well as differences between pre-session, mid-session and
post-PR-BP firing. We conclude that DA released by cocaine is responsible,
at least in part, for reducing baseline firing rates and maintaining them at a
low rate. Increases in DA may thus drive pre-responding increases in firing,
particularly at high PR’s when the animal is less able to regulate cocaine
intake to short intervals. The high firing rate at PR-BP may contribute to the
animal's decision to cease responding. Supported, nida grants DA05832 & DA11486.
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228.1

228.2

ATTENUATION OF THE LOCOMOTOR STIMULANT AND
DISCRIMINATIVE STIMULUS EFFECTS OF COCAINE IN RATS
BY THE 5-HT2A ANTAGONIST MDL 100,907. L. R. McMahon* and K.
A. Cunningham. Dept. Pharmacol. Univ. Texas Medical Branch, Galveston,
TX, 77555-1031.
Serotonin 5-HT2a receptors have been shown to facilitate DA function in
mesocorticolimbic circuits. The present study investigated the effect of
administration of the 5-HT2A receptor antagonist MDL 100,907 on the
behavioral effects of cocaine. In experiment 1, locomotor activity was
measured in male rats (n=8) following injection of saline (1.0 ml/kg, IP) or
MDL 100,907 (0.02-2.0 mg/kg, IP) 45 min prior to administration of saline
(1.0 ml/kg, IP) or cocaine (10 mg/kg, IP); monitoring of activity in photobeam
chambers began at once and proceeded for 1 hr. MDL 100,907 at doses of 0.2
and 2.0 mg/kg did not significantly alter basal locomotor activity, but did
significantly attenuate cocaine-induced hyperactivity to 45% and 66% of
baseline levels, respectively (p < 0.05). In experiment 2, male rats (n=6) were
trained to discriminate cocaine (10 mg/kg, IP) from saline (1 ml/kg, IP) in a
two-lever, water-reinforced drug discrimination task and were tested with
combinations of cocaine and MDL 100,907 (0.05-0.4 mg/kg, IP). MDL
100,907 in combination with a 5 mg/kg dose of cocaine produced a dosedependent blockade of the cocaine stimulus (approximately a 70% reduction
in cocaine- lever responding). These results suggest that 5-HT2a receptors
play an important role in the behavioral effects of cocaine. .Supported by
NIDA DA05879 (LRM) and NIDA DA06511 & DA00260 (KAC):

[,23I]P-CIT SPECT IMAGING IN COCAINE DEPENDENCE WITH AND
WITHOUT ATTENTION DEFICIT-HYPERACTIVITY DISORDER.
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L.K. Jacobsen*. J.K. Staley. R.T. Malison. R.M. Baldwin. J.P. Seibvl. T.R.
Kosten. and R.B. Innis. Yale University, New Haven, CT 06511
Attention Deficit-Hyperactivity Disorder (ADHD) is a syndrome consisting
of severe inattention and/or locomotor hyperactivity with impulsivity. Knockout
of the dopamine transporter (DAT) in mice produces spontaneous locomotor
hyperactivity and a decreased locomotor response to psychostimulants which is
mediated by serotonergic neurotransmission (Gainetidinov et al, 1999). Recent
work has also underscored the role of serotonergic mechanisms in modulating
the reinforcing properties of cocaine (Walsh & Cunningham, 1997; Sora et al,
1998). In this study, [’23I]P-CIT binding was assessed in acutely abstinent
adults with cocaine dependence with and without ADHD and healthy controls
using single photon emission computed tomography (SPECT). Subjects were
scanned 24 hours after injection with p-CIT under equilibrium conditions. MR
coregistration was used to more accurately define brainstem and reference
regions. Group comparisons were performed using a ratio of specific to
nonspecific brain uptake (eg: V3” = (striatum-cerebeHum)/cerebellum), a
measure proportional to the binding potential (Bmax/Kd). To date, 10 healthy
controls, 9 cocaine dependent subjects without ADHD, and 5 cocaine dependent
subjects with ADHD have been studied. At this point, brainstem p-CIT binding,
chiefly reflecting serotonin transporter availability, is significantly increased in
both cocaine dependent groups (brainstem V3” for healthy controls=1.39±0.31,
for cocaine addicts without ADHD=1.71±0.18, and for cocaine addicts with
ADHD=1.78±0.30). These data suggest that brainstem serotonin transporter
availability may be increased in acutely abstinent cocaine dependent humans.
Supported in part by DA00167 and DA09250
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SEROTONIN TRANSPORTER REGULATION IN HUMAN
COCAINE ABUSERS. M.J. Basile*. S, Izenwasser. J.K. Staley, and
D.C. Mash. Dept. Neurol., Univ. Miami Sch. Med., Miami, FL 33136.
Recent studies have suggested a role for the serotonin (5-HT) system in
mediating cocaine reinforcement. Cocaine potently inhibits 5 HT reuptake
in cell bodies and at nerve terminals and 5 HT has been implicated as a
modulator of dopaminergic neurotransmission. Chronic use of cocaine
may lead to a "serotonin-deficit" form of 5-HT dysregulation. We have
examined the status of the 5-HT transporter (SERT) using ligand binding
and autoradiographic methods in subgroups of cocaine overdose deaths.
Particular emphasis has been placed on defining the regulatory effects of
chronic use in cocaine fatalities with seizures and psychosis as recorded
preterminal events. We report here the effect of chronic cocaine abuse on
SERT densities in the striatum, thalamus, and cerebral cortex of cocaine
overdose (CO) victims with and without preterminal excited delirium
(ED) and age-matched and drug-free control subjects (CTRL). SERT
densities labeled with [12SI]RTI-55 in the presence of benztropine to
occlude binding to dopamine transporters were elevated in the nucleus
accumbens and throughout the anterior and posterior sectors of caudate
and putamen in CO victims compared to CTRL. In the ED subgroup,
SERT densities were increased only in the anterior striatal regions.
Significant elevations in SERT were seen also in the orbitofrontal gyrus,
the anterior portion of the insular cortex and the cingulate gyrus
(Brodmann area 24) in CO and ED cases. In contrast to these results, the
number of [I25I]RTI-55 binding sites were decreased significantly in
certain thalamic nuclei from CO and ED victims. Neuroadaptive changes
in SERT function may contribute to depressed mood and drug craving
during acute cocaine abstinence. (Supported by DA06227).

INCREASED SENSITIVITY TO THE RATE DISRUPTING EFFECTS OF
COCAINE ON FOOD-MAINTAINED RESPONDING IN MICE LACKING
5-HT2C SEROTONIN RECEPTORS. C.J. Heyser*!, L. Tecott^ and L.H.
Gold^. 1 Dept. of Psychology, Franklin & Marshall College; 2Dept. of
Psychiatry, University of California, San Francisco; 3Dept. of
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
There is increasing evidence implicating the role of serotonin in the
behavioral effects of cocaine. The current study was conducted to
characterize operant responding for food and to examine the effect of acute
administration of cocaine on this behavior in 5-HT2C receptor knockout mice
and wild-type mice. All mice were tested for the acquisition of a discriminated
operant (nosepoke) task for food (20 mg pellets). Initially the mice were
trained to nosepoke on a fixed ratio 1 (FR-1) schedule of reinforcement. The
schedule of reinforcement was increased every 5 days until animals were
responding on an FR-15 schedule of reinforcement. No differences were
observed during acquisition, with all mice exhibiting an increase in responding
as a function of the FR component. Once stable responding was obtained on
FR-15, all animals received intraperitoneal (i.p.) injections of saline or cocaine
(1.0 - 30 mg/kg) 15 min prior to testing. Doses were given at weekly intervals
in ascending order. Operant responding was suppressed in a dose-dependent
manner, however significant differences were observed between the groups. In
wild-type mice, a dose of 15 mg/kg reduced operant responding for food, with
a complete suppression in responding observed after the 30 mg/kg dose. In 5HT2C knockout mice by contrast, a lower dose of cocaine (10 mg/kg)
significantly reduced responding with a dose of 15 mg/kg of cocaine resulting
in complete suppression of responding. Thus, serotonin 5-HT2C receptor
mutant mice appear to be more sensitive to the rate disruptive effects of
cocaine suggesting that these receptors are critically involved in the behavioral
response to cocaine.
This research was supported by NIDA grant DA00282 to L.T.

228.5

228.6

NON-DOPAMINE ACTION OF COCAINE ON STRIATAL AND ACCUMBAL
NEURONS. E.A.Kiyatkin* and G.V.Rebec. Program in Neural Science and Dept.
Psychology, Indiana University, Bloomington, IN 47405
Although it is generally believed that inhibition of dopamine (DA) uptake via
an interaction with the DA transporter is the primary mechanism by which cocaine
acts on striatal and accumbal neurons, this drug also may act directly on these
neurons and/or change their afferent input due to inhibition of Na+ transport. In the
present study, we investigated the effects of iontophoretically applied cocaine in
striatum and nucleus accumbens in awake, unrestrained rats and compared these
effects with those induced by procaine, a short-acting local anesthetic with minimal
DA uptake inhibition. Cocaine effects also were studied after systemic DI receptor
blockade (SCH 23390, 0.2 mg/kg), which strongly attenuates the inhibitory effects
of iontophoretic DA. We found that cocaine potently inhibited both spontaneously
active and silent cells stimulated by continuous GLU application. The inhibition
occurred at low currents (thresholds of 7.3 and 5.0 nA, respectively), was dosedependent, and typically was not accompanied by noticeable changes in spike
amplitude. In addition, the response, which was similar in striatum and nucleus
accumbens, was strong at high and weak or absent at low discharge rates. The
inhibiting effects of cocaine, which were mimicked by procaine, were highly
resistant to DI receptor blockade; a weak attenuating effect was seen only at low
cocaine ejection currents (0-10 nA) and only on slow-firing spontaneously active
cells. Our results suggest that cocaine at low iontophoretic doses has a powerful
"direct" inhibiting action on striatal and accumbal neurons in awake, unrestrained
rats. Although the mechanism of this action remains unclear, it seems unlikely that
a hypothetical accumulation of DA due to uptake inhibition plays a critical role.
Because serotonin may potentially contribute to the effects of local cocaine,
experiments are underway to assess the role of serotoninergic mechanisms.
Supported by NIDA (DAOO335 and DA02451).

AUGMENTED ACCUMBAL SEROTONIN ATTENUATES DESIRE FOR
COCAINE DURING WITHDRAWAL. G. Aston-Tones* and G. C. Harris.
Dept. Psychiatry, University of Pennsylvania, Philadelphia, PA 19104.
Withdrawal from chronic cocaine has been described as a mixture of
anxiety, dysphoria and drug craving. The desire for cocaine during
withdrawal can be overwhelming, and is a primary obstacle to successful
treatment of dependence. Recent studies have found decreased serotonin
(5-HT) transmission following withdrawal from chronic cocaine within the
nucleus accumbens. We show that pharmacological agents that increase
brain 5-HT levels (sertraline, 10 mg/kg or 5-hydroxytryptophan, 5-HTP, 20
mg/kg) abolish the preference of cocaine-withdrawn rats for a cocaineassociated environment. Similar results were seen when sertraline was
microinjected (30 pM) into the nucleus accumbens. Conversely, drug-naive
rats showed an enhanced preference for a cocaine-associated environment
when pretreated with these agents. Sertraline also decreased heightened
anxiety in cocaine-withdrawing rats. A link has been proposed between
depression, compulsive behavior and addiction, and reduced 5-HT levels
are a common denominator in all these disorders. Results from our study
indicate that drugs which augment 5-HT levels may reduce the desire for
cocaine during withdrawal, and facilitate cocaine abstinence in dependent
subjects. This work was supported by PHS grant DA-06214.

228.7

228.8

EFFECTS OF SEROTONIN-1B (5-HTIB) AND DOPAMINE D2 RECEPTOR
AGONISTS AND ANTAGONISTS ON COCAINE-INDUCED LOWERING OF
BRAIN-STIMULATION REWARD (BSR) THRESHOLDS. C.J. Malanea1*.
C.M. Knapp2, B.E. Kosofsky1 and C, Kometsky2. ‘Lab of Molecular and
Developmental
Neuroscience,
Massachusetts
General
Hospital-East,
Charlestown, MA 02129; 2Laboratory of Behavioral Pharmacology, Boston
Univ. School of Medicine, Boston, MA 02118.
Both dopaminergic and serotonergic mechanisms contribute to the reinforcing
properties of electrical stimulation in brain-stimulation reward (BSR)
paradigms. The 5-HTIB receptor has recently been identified as contributing to
the development and maintenance of neuronal adaptations that underlie the
actions of drugs of abuse. The relevance of D2-like receptor-mediated pre- and
postsynaptic mechanisms on brain reward circuitry remains unclear. We
determined the effects of selective 5-HT IB and D2 agonists and antagonists on
reward thresholds using medial forebrain bundle (MFB) stimulation in rats. In
our hands, neither the 5-HTIB receptor agonist CGS-12066 nor the 5-HTIB
receptor antagonist cyanopindolol alone alter BSR thresholds significantly.
Likewise, we observe no significant effect of either compound on cocainemediated lowering of BSR thresholds. At lower doses (0.1, 0.3 mg/kg i.p.) we
observe no significant changes in threshold to either the D2 agonist quinpirole
or the D2 antagonist eticlopride; however, at higher doses of each (1.0 mg/kg
i.p.) we observe blocking of response in the BSR paradigm. When administered
concurrently with cocaine, eticlopride (0.1 mg/kg) has no effect on the cocaine
dose-response relationship, while quinpirole (0.3 mg/kg i.p.) blocks the
threshold-lowering effect at higher doses (10 mg/kg i.p.) of cocaine. We
conclude that the rewarding effect of MFB stimulation is mediated, at least in
part, by dopamine D2 receptor activity, and is not significantly impacted upon
by activity at 5-HTIB receptors in our testing paradigm. Supported in part by
grants DA09467 (BEK), DA 00354 (BEK), DA02326 (CK) and DA00099 (CK).

SEROTONIN FACILITATION OF EXTRACELLUAR DOPAMINE AFTER
ACUTE PHARMACOLGICAL BLOCKADE OF THE DOPAMINE
TRANSPORTER (DAT): IMPLICATIONS FOR THE ACTIONS OF
COCAINE. Nicole Aratari, Partha Mukhopadhyav, Robyn Sackeyfio, Mary Ann
Chapman, Camille Norton Suchowski and Matthew P. GaHowav^Rvyc/na/ry &
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Behavioral Neurosciences, Wayne State Univ Sch Med, Detroit, MI 48202

The observation that DAT knock-out mice continue to self-administer cocaine has
challenged the concept that the DAT is the molecular target responsible for cocaine’s
addictive properties. If increased extracellular (EC) DA is a critical factor in the
acquisition of cocaine self-administration, actions distal to the DAT may contribute
to the behavioral effects of cocaine in DAT deficient subjects. Since cocaine also
increases EC- serotonin (5HT) via inhibition of the 5HT transporter and 5HT
facilitates DA release, we hypothesized that cocaine would retain its ability to
increase EC-DA after pharmacological inactivation of the DAT. Cocaine (100 uM)
perfused through the microdialysis probe (for two 10 min fractions) increased striatal
EC-DA 12 fold and EC-5HT 8 fold over baseline. Perfusion of the selective DAT
inhibitor nomifensine (luM) and the D2 antagonist sulpiride (lOOuM, to block DA
autoreceptors) increased striatal EC-DA 4 fold. In these same subjects, subsequent
perfusion of 5HT (lOuM) increased EC-DA 11 fold over the drug free baseline, an
effect not different from that of 5HT alone (ANCOVA). DAT inhibition was
apparent as the ability of amphetamine (0.5 uM) to increase EC-DA was blocked
under similar conditions. The potential role of increased EC-5HT was demonstrated
by the attenuation of both the 5HT and cocaine effect on EC-DA after co-perfusion
with the 5HT-4 anatagonist GR-113808A (lOuM). The results support the hypothesis
that cocaine-induced increases in DA transmission are partially mediated by cocaineinduced increases in 5HT transmission. Such a model would accommodate the
observation that animals self-administer cocaine in the absence of a DAT.

Support; NIDA-04120 (MPG)
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TIOSPIRONE DECREASES THE REINFORCING EFFECTS OF
COCAINE IN THE CONDITIONED PLACE PREFERENCE
PARADIGM IN RATS. M.P. Arolfo and B.A. McMillen*. Dept. of
Pharmacol., Sch. of Med., East Carolina Univ., Greenville, NC 27858.
Tiospirone (TSP) is an atypical antipsychotic drug. TSP has 5HT-2
antagonistic properties as well as affinities for D2, 5HT-la and -7, and sigma
receptors. Behavioral studies in our laboratory, which used a 24 hr free access
to food and fluids paradigm, showed a decreased alcohol and increased food
intake after twice daily administration of TSP; the maximal effect was
obtained at a dose of 0.48 mg/kg (McMillen et al., 1996). The present study
used the conditioned place preference paradigm to determine the effect of TSP
on the reinforcing properties of cocaine. Intraperitoneal administration of 5.0
mg/kg cocaine, but not saline, increased the time rats spent in the drug-paired
compartment of a three compartment shuttle box by 104.9%. Two doses of
TSP, 0.143 and 0.48 mg/kg were tested subcutaneously 1 h before saline or
cocaine administration, during the conditioning phase only. A dose response
effect was observed with a significant reduction in the time the rats spent in
the cocaine-paired compartment on the drug-free test day, produced by the
dose of 0.48 mg/kg (an increase of only 38% when postconditioned times
were compared to preconditioned times). These findings suggest that TSP
reduces die reinforcing properties of cocaine exhibited in the conditioned place
preference paradigm. (Supp. by NC Gov. Inst, for Alcohol and Drug Abuse
awarded to M.P. Arolfo).

EFFECTS OF SEROTONERGIC LESIONS ON COCAINE- AND
FOOD-SEEKING BEHAVIOR. L.T.L, Tran-Nguyen*. T.B, Virden. S.J,
Del Sordi. K.A. Grote. J.L. Neisewander. Department of Psychology,
Arizona State University, Tempe, AZ 85287-1104.
Our previous research suggests that 5-HT depletion induced by
systemic injections of the tryptophan hydroxylase inhibitor parachlorophenylalanine attenuate cocaine-seeking behavior in rats. The
present study examined the effects of serotonergic lesions using the
neurotoxin 5,7-dihydroxytryptamine (5,7-DHT) on cocaine- and foodseeking behavior. Separate groups of rats were trained to press a lever
for cocaine infusions (0.33 mg/kg/0.1 ml) or for sucrose pellets (45 mg
Noyes) on an FR 1 schedule of reinforcement during 14 daily 2-hr
sessions. Half of each group then received an intraventricular infusion of
5,7-DHT (150pg/6pl) or vehicle 1-4 days post-training. Rats were
placed into the operant chambers 10-14 days after their infusion and
cocaine- and food-seeking behavior were measured for 3 h as lever
presses in the absence of reinforcement. Reinstatement of extinguished
cocaine- and food-seeking behavior was also measured for 1 h following
a saline injection and an additional 2 h following a cocaine priming
injection (10 mg/kg, IP). Thus far, testing has been completed for half of
the animals in each group (N=4-5). As expected, the cocaine priming
injection reinstated lever pressing behavior in cocaine-, but not foodtrained animals. However, the preliminary findings suggest that the 5,7DHT lesion failed to alter either cocaine- or food-seeking behavior.
(Supported by DAI 1064 and DA05816).

228.11

228.12

INFLUENCE OF INDIVIDUAL DIFFERENCES AND CHRONIC
FLUOXETINE TREATMENT ON COCAINE-SEEKING BEHAVIOR IN
RATS. D, A, Baker*. L.T.L, Tran-Nguyen. R.A, Fuchs, and . IT,
Neisewander. Dept. Psychology, Arizona State Univ., Tempe, AZ, 85287.
Cocaine and cocaine-paired stimuli produce incentive motivational effects
that elicit craving in humans and cocaine-seeking behavior in rats. The
present study examined the effects of chronic fluoxetine treatment on
cocaine-seeking behavior elicited by exposure to a cocaine self-administration
environment or a cocaine priming injection. Rats were trained to press a lever
for a cocaine reinforcer (0.5 mg/kg/0.1 ml, IV) or received yoked
administration of saline. They were then withdrawn from this, regimen and
received 20 daily treatments of fluoxetine (3 mg/kg, IP) or saline (N=1619/group). The day after the last treatment, rats were placed into the selfadministration environment and cocaine-seeking behavior (nonreinforced
lever pressing) was measured for 90 min. Reinstatement of extinguished
cocaine-seeking behavior was also measured for 90 min following a cocaine
priming injection (15 mg/kg, IP). Fluoxetine treatment attenuated cocaineseeking behavior following exposure to the self-administration environment,
but not following the cocaine priming injection. The amount of cocaine
intake during self-administration training correlated with cocaine-seeking
behavior following the cocaine priming injection. In fact, the priming
injection reinstated cocaine-seeking behavior only in rats with high cocaine
intake (above median), and not in rats with low cocaine intake (below
median). The results suggest that chronic fluoxetine treatment decreases the
incentive motivational effects of cocaine-paired environmental stimuli and
that individual differences in cocaine use are related to individual differences
in the incentive motivational effects of cocaine (DAI 1064 & DA05816).

ATYPICAL NEUROLEPTICS ANTAGONIZE THE DISCRIMINATIVE
STIMULUS EFFECTS OF LOW-DOSE COCAINE. W.M. Meil,’*M.D.
Schechter2 . ’Dept. of Psychology, Indiana University of Pennsylvania;
2Dept. of Pharmacology, Northeastern Ohio Univ. College of Medicine;
Rootstown, OH 44272.
The ability of three atypical neuroleptics: clozapine, olanzapine, and
seroquel, to block the discriminartive stimuls effects of low dose
intraperitoneal cocaine was investigated. Male N/NIH rats were trained to
discriminate a relatively low-dose of cocaine (5 mg/kg) from vehicle and
demonstrated a dose-responsive decrease in cocaine-appropriate
discrimination as lower doses were tested (0.31, 1.25, 2.50 mg/kg).
Pretreatment with clozapine (6, 12, or 18 mg/kg), olanzapine (1.5, 3 or 6
mg/kg), or seroquel (10, 15, 20, or 30 mg/kg) prior to the cocaine training
dose produced a dose-responsive decrease in discrimination. The highest
dose of each neuroleptic attenuated cocaine discrimination to chance levels
with a concurrent increase in the time required to reach the fixed-ratio 10
response criterion. The results suggest that the discriminative stimulus
effects of low-dose cocaine may be mediated by both dopaminergic and
serotonergic mechanisms. Moreover, these neuroleptics were capable of
antagonizing the interoceptive cues produced by cocaine in approximately
the same dose ratios used to produce palliation of schizophrenic
symptoms. (Supported by The Ohio Board of Regents Academic
Challenge #3594)

228.13

228.14

ALAPROCLATE, A SEROTONIN UPTAKE INHIBITOR, ATTENUATES COCAINE-INDUCED DOPAMINE OVERFLOW IN THE
CAUDATE NUCLEUS OF AWAKE SQUIRREL MONKEYS. B.C.
Gjnsburg*, P.W. Czotv, J.M, Radke and L.L. Howell. Yerkes Regional
Primate Research Center, Emory University, Atlanta, GA 30322.
Extensive research has implicated inhibition of neuronal uptake of
dopamine (DA) as the primary mediator of the behavioral effects of cocaine.
Recent evidence suggests that brain serotonin (5-HT) systems can modulate
the behavioral pharmacology of cocaine. In the present study, microdialysis
techniques were employed in awake squirrel monkeys to determine the
effects of alaproclate, a selective serotonin uptake inhibitor, on cocaineinduced DA overflow in the caudate nucleus. During test sessions,
analytical probes were inserted into guide cannulae and perfused with aCSF
at a flow rate of 2.0 pl/min. Samples were collected at 10-minute intervals
and analyzed using small bore HPLC with electrochemical detection.
Dialysate dopamine concentrations (2-7 nM) stabilized during a 2-hour
equilibrium period. Subsequent administration of cocaine (1.0 mg/kg, i.m.)
increased DA levels to approximately 350% of control values within 10
minutes, and levels returned to baseline within 40-50 minutes. In separate
experiments, administration of alaproclate (10.0 mg/kg, i.m.) as a 30-minute
pretreatment attenuated cocaine-induced increases in extracellular DA by
approximately 40%, and DA returned to baseline within 20 minutes after
cocaine injection. These results suggest that pretreatment with 5-HT uptake
inhibitors may modulate the behavioral pharmacology of cocaine by
attenuating the magnitude and duration of cocaine-induced DA overflow.
Supported by USPHS grants DA01162, DA10344 and RR00165.

NON-DOPAMINERGIC COMPONENTS OF COCAINE
REWARD C, W, Bradberrv* Dept. Psychiatry, Yale University School of
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Medicine and VA Connecticut, West Haven, CT 06516
The question of whether cocaine-induced reward is mediated solely by enhanced
dopamine neurotransmission was addressed in the present study. Cocaethylene is a
psychoactive metabolite resulting from concurrent cocaine and ethanol
consumption. It is equipotent to cocaine at the dopamine transporter, but is less
potent at the noradrenergic and serotonergic uptake sites. Because cocaethylene is
produced naturally, it has been possible to obtain permission to investigate its
subjective effects in human laboratory studies, permitting a structure activity
comparison with cocaine. In those studies, cocaethylene was less potent than
cocaine at producing euphoria. Using microdialysis in a rhesus monkey selfadministration model, we have compared the ability of cocaine and cocaethylene to
elevate extracellular dopamine and serotonin. A dose (0.5 mg/kg intravenous
cocaine-HCl or the molar equivalent of cocaethylene) shown in human laboratory
studies to produce significantly less euphoria was used for the comparison. Two
minute sampling was employed for striatal dopamine, while serotonin was sampled
at 10 min intervals. Our results indicate that at the dose examined, the dynamic
effects of cocaine and cocaethylene on extracellular striatal dopamine do not differ,
while their effects on extracellular serotonin display the selectivity indicated above.
These results are consistent with other recent findings suggesting that while
enhanced dopamine neurotransmission is an important mediator of reward, other
neurotransmitter compounds are also involved. The pharmacological differences
between cocaine and cocaethylene suggest that serotonin, norepinephrine, or both
also contribute to the subjective rewarding effects of cocaine.
Supported by DA 10331, DA04060, and the VA-Yale Alcoholism Research Center
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SELF-ADMINISTRATION OF DOPAMINE INDIRECT AGONISTS IS
MODULATED BY SEROTONIN IN SQUIRREL MONKEYS. P.W.
Czoty* and L.L. Howell. Yerkes Regional Primate Research Center, Emory
University, Atlanta, GA 30322.
Although abuse of cocaine and methamphetamine persists as a major
public health problem, no pharmacotherapy has proven suitable for clinical
use. While inhibition of neuronal uptake of dopamine (DA) has been
implicated as a primary mediator of cocaine’s reinforcing effects, evidence
indicates that brain serotonin (5-HT) systems can modulate the behavioral
pharmacology of cocaine. The present study used a self-administration paradigm to assess the ability of alaproclate, a selective 5-HT uptake inhibitor, to
attenuate the reinforcing effects of DA indirect agonists. Squirrel monkeys
were surgically prepared with an indwelling venous catheter. Using a
second-order, fixed-interval 15-min schedule of reinforcement, subjects were
trained to self-administer cocaine (0.1-1.0 mg/injection), the selective DA
uptake inhibitor GBR 12909 (0.10-1.0 mg/injection) or methamphetamine
(0.1 mg/injection). Following characterization of drug self-administration,
the effects of pretreatment with alaproclate were assessed. Alaproclate (3.0
and 10.0 mg/kg) reduced response rates for self-administration of all three
DA indirect agonists in a dose-dependent manner, suggesting an attenuation
of the reinforcing effects of the drugs. The observed interactions complement published data reporting that the 5-HT antagonist, ritanserin, increased
response rate for cocaine and GBR 12909 self-administration. The results
demonstrate that pharmacological modulation of brain 5-HT activity can
reliably alter self-administration of DA indirect agonists in monkeys.
Supported by USPHS grants DA05804, DA 10344 and RR00165.
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229.1

229.2

NMDA RECEPTOR-DEPENDENT LONG-TERM DEPRESSION IN THE
NUCLEUS ACCUMBENS. M.J, Thomas* and R.C. Malenka Depts. of
Psychiatry and Physiology, UCSF, San Francisco, CA 94143.
Evidence suggests that NMDA receptor (NMDAR) dependent processes in the
nucleus accumbens (NAc) are involved in neural changes due to chronic intake of
psychostimulants as well as to response-reinforcement learning. Because NMDARdependent synaptic plasticity such as long-term depression (LTD) is a likely
mechanism for experience-dependent changes in neural circuitry, we examined
whether glutamatergic synapses in the NAc exhibit this property. Using whole-cell
recording in a slice preparation of the rat NAc, we find that LTD was induced by
repetitive synaptic stimulation (400 pulses @ 1 Hz) while holding the cell at
modestly depolarized potentials (-40 to -50 mV; EPSC amplitude was 62.4% ±
5.8% of baseline 40 min. after induction, n=9). Because in other brain regions there
are two mechanistically distinct forms of LTD, an NMDAR-dependent and an
mGluR-dependent form, we examined whether the NMDAR antagonist D-APV
(50pM) and/or the mGluR antagonist (S)-MCPG (500pM) block LTD induction.
While pairing in the presence of MCPG alone resulted in LTD (67.9% ± 10.2% of
baseline, n=5), pairing in the presence of APV and MCPG together resulted in an
insignificant amount of depression (86.8% ± 8.8% of baseline, n=5). We also found
that the magnitude of paired pulse facilitation, a measure of transmitter release
probability, was not altered following LTD induction (ratio was 103.1% ± 4.6 of
baseline, n=5). Finally, in contrast to LTD in the dorsal striatum, LTD in the NAc
was not dependent on the activation of dopamine receptors (EPSCs were 61.6% ±
8.6% following pairing in 20pM SCH-23390 and 2pM haloperidol, n=3). These
results indicate that an NMDAR-dependent, mGluR-independent form of LTD can
be elicited at excitatory synapses in the NAc. This form of LTD does not require
DA receptor activation and may involve a postsynaptic expression mechanism.
(Supported by grants from NIMH and NIDA).

ACTIVATION OF NMDA RECEPTORS IN THE RAT VENTRAL
TEGMENTAL AREA IS NECESSARY FOR INDUCTION OF
LOCOMOTOR SENSITIZATION BY AMPHETAMINE. A.L. Queen*
and P. Vezina. Committee on Neurobiology and Dept. of Psychiatry,
University of Chicago, Chicago, IL 60637.
Prior exposure to amphetamine (AMPH) leads to enhanced
locomotor responding to subsequent injections of the drug. This study
examined the ability of the competitive NMDA receptor antagonist, AP5,
to block the induction of this effect when infused into the ventral
tegmental area (VTA) or the nucleus accumbens (NAcc). Rats in different
groups received 4 pairs of injections (one i.e. and one i.p.), one pair given
every third day. Hie i.e. injection (0, 0.2 or 1.0 pg/0.5pl/side AP5) was
administered immediately before the i.p. injection (saline or AMPH, LO
mg/kg). Two weeks following the last injection, all rats were challenged
with AMPH (1.0 mg/kg, i.p.) and their locomotor response measured. As
expected, rats exposed to AMPH alone showed higher levels of
locomotion on this test when compared to saline pre-exposed rats.
Interestingly, preceding the amphetamine pre-exposure injections with
intra-VTA, but not intra-NAcc, AP5 dose dependently blocked the
development of this effect. Previous studies have suggested a role for
NMDA receptor activation in the induction of locomotor sensitization and
have pointed to the VTA, and not the NAcc, as a critical site of
amphetamine action in the production of this effect. The present results
indicate that NMDA receptor activation in the VTA, but not the NAcc, is
necessary for the induction of locomotor sensitization by amphetamine.
Supported by USPHS grant # DA-9860 to P.V.

229.3

229.4

DOES ACUTE OR REPEATED AMPHETAMINE ADMINISTRATION ALTER
THE EXPRESSION OF GLUTAMATE TRANSPORTER SUBTYPES? K.
Sidiropoulou, S.Z. Chao. W.X. Lu and M.E. Wolf*. Department of Neuroscience,
The Chicago Medical School, North Chicago, IL 60064.
Our laboratory and others have shown that glutamate transmission is required for
chronic amphetamine-induced neuroadaptations, and that glutamate transmission
itself is altered by repeated amphetamine administration. For example, NMDA and
AMPA receptor subunit expression is altered in a region- and withdrawal-specific
manner. The goal of this study was to determine if acute or repeated amphetamine
influences the expression of two glutamate transporter subtypes, the astroglial
transporter GLT-1 and the neuronal transporter EAAC1. Rats were treated with
saline or 5 mg/kg amphetamine for 5 days (chronic groups), or saline for 4 days and
5 mg/kg amphetamine on day 5 (acute amphetamine group). Twenty-four hours
after the last injection, the rats were decapitated and tissue was dissected from brain
regions important in behavioral sensitization to amphetamine (nucleus accumbens,
striatum, prefrontal cortex, ventral tegmental area, and substantia nigra). GLT-1
was detected by Western blotting using rabbit antisera to GLT-1 (Oncogene
Research Products, Inc.) and visualized by ECL. Results were analyzed with
Molecular Analyst software (BioRad). Data obtained for GLT-1 were normalized
to actin levels. Statistical analysis of the results for each of the five brain regions
showed no significant changes in levels of the GLT-1 glutamate transporter subtype
in response to either acute or repeated amphetamine treatment. Studies of EAAC1
are in progress. However, results obtained for GLT-1 suggest that the transporter
component of the glutamate system might not play a significant role in the
alterations in glutamate transmission observed following repeated amphetamine
administration. Supported by DA 09621.

MAPPING OF BRAIN REGIONS ACTIVATED BY PSYCHOSTIMULANTINDUCED CONDITIONED LOCOMOTION. G. Hotsenpiller*, B.T. Horak, W.X.
Lu and M.E. Wolf. Department of Neuroscience, The Chicago Medical School,
North Chicago, IL 60064.
If psychostimulant administration is paired repeatedly with particular
environmental stimuli, subsequent exposure to the stimuli alone will elicit
conditioned locomotor activity. This may provide an animal model for studying the
role of environmental cues in eliciting drug craving and relapse in humans. Our
ultimate goal is to test the hypothesis that increased activity of glutamatergic
projections from cortical or limbic regions (perhaps to NAc) conveys reward-related
information signaled by the conditioned stimulus. Towards that end, we are
evaluating paradigms for eliciting conditioned locomotion and identifying brain
regions activated during conditioned locomotion using c-fos immunocytochemistry.
First, we examined a paradigm in which a discrete visual cue was paired repeatedly
with cocaine (Panlilio and Schindler, Behav. Pharmacol. 8, 691-698, 1997). Rats in
the paired group exhibited significant conditioned locomotion when tested with the
cue. Interestingly, however, we were unable to detect increases in c-fos expression
in the paired group, even in brain regions found to exhibit robust c-fos expression in
a previous study of stimulant-conditioned locomotion (Brown et al., J. Neurosci. 12,
4112-4121, 1992). A potentially important difference is that rats in the latter study
were conditioned to the test environment as a whole, not a discrete cue. In a
subsequent study, repeated amphetamine was paired repeatedly with the test
environment. Rats in the paired group demonstrated robust conditioned locomotion.
Evaluation of c-fos immunocytochemistry is underway. Supported by DA09621.
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229.5

229.6

GLUTAMATE UPTAKE INHIBITORS: EFFECTS ON BASAL AND
AMPHETAMINE-INDUCED
GLUTAMATE
EFFLUX
IN
THE
VENTRAL TEGMENTAL AREA. C.D. Stine*, C.-J. Xue and M.E. Wolf.
Department of Neuroscience, The Chicago Medical School, North Chicago,
IL 60064.
The induction of behavioral sensitization to amphetamine requires
glutamate transmission in the ventral tegmental area (VTA). We have shown
previously that systemic or intra-VTA administration of amphetamine
results in a delayed (2-3 hrs) increase in VTA glutamate efflux. The
purpose of the present study was to determine if more rapid effects on
glutamate efflux might be revealed in the presence of glutamate reuptake
inhibitors. Glutamate efflux was monitored by in vivo microdialysis in
freely moving rats. To date, our studies have used dihydrokainate (DHK).
DHK is a nontransportable inhibitor selective for GLT-1, an astroglial
transporter thought to play a major role in glutamate clearance. Reverse
dialysis application of DHK produced a concentration-dependent increase in
extracellular glutamate levels in the VTA. This was accompanied by
behavioral activation, perhaps mediated via glutamate-dependent activation
of ascending dopaminergic pathways.
Concentrations of DHK that
increased basal glutamate efflux also enhanced high potassium-stimulated
glutamate efflux. Preliminary experiments have examined the effect of
systemic amphetamine injection in the presence of concentrations of DHK
that elevate basal glutamate efflux. So far, these studies have failed to
reveal immediate effects of amphetamine on glutamate efflux in the VTA.
Supported by DA09621.

PHOSPHORYLATION OF THE AMPA RECEPTOR SUBUNIT GLUR1 AND
CALCIUM/CALMODULIN-DEPENDENT
PROTEIN
KINASE
II
(CaMKII):
RELATIONSHIP TO AMPHETAMINE SENSITIZATION? W.X. Lu>*, S.Z. Chaob H.-K.
Lee2, R.L. Huganir2 and M.E. Wolf1. ]Dept. Neuroscience, Chicago Med. Sch., N. Chicago,
IL 60064; 2Dept. Neuroscience, Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205.
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Induction of behavioral sensitization by repeated administration of amphetamine
(AMPH) is related to alterations in glutamate transmission via AMPA receptors in
the ventral tegmental area (VTA) and prefrontal cortex (PFC). Phosphorylation of
the AMPA receptor subunit GluRl potentiates agonist-induced currents. Activation
of CaMKII by autophosphorylation and resultant phosphorylation of GluRl on ser
831 may be critical steps in LTP induction (Barria et al., Science 276:2042,1997). It
is possible that common mechanisms are involved in the induction of LTP and
behavioral sensitization. Thus, phosphorylation of GluRl and CaMKII in rat VTA
and PFC was examined after repeated AMPH administration. Rats were injected
daily with 5 mg/kg AMPH sulphate or vehicle for 5 days. The VTA and PFC were
dissected on ice after 3 days of withdrawal. Membrane preparations were used for
the GluRl study, and crude homogenates for the CaMKII study. Specific antibodies
against phosphorylated GluRl (serine 831) and phosphorylated CaMKII (threonine
286; Promega) or against non-phosphorylated GluRl and CaMKII (Chemicon) were
employed with Western blotting to determine protein levels. Actin was used as a
loading control. In preliminary studies, levels of phosphorylated GluRl and total
GluRl and the ratio of phosphorylated GluRl/actin in VTA were not significantly
altered after 3 days of withdrawal from repeated AMPH administration. In AMPHtreated rats, there was a slight decrease in the levels of phosphorylated CaMKII
(13.5-25.9%) and the ratio of phosphorylated CaMKII/actin (12.5-27%) in VTA, but
these changes were not statistically significant. No marked changes were found in
levels of phosphorylated CaMKII in PFC and non-phosphorylated CaMKII in both
VTA and PFC after repeated AMPH treatment. Further studies are in progress.
Supported by DA09621 (MEW) and the Howard Hughes Medical Institute (RLH).

229.7

229.8

THE GABA TRANSAMINASE INHIBITOR GAMMA-VINYL
GABA ATTENUATES MDMA-INDUCED NEUROTOXICITY IN
RATS. A. Kanthasamv and D. E. Nichols* Dept. of Medicinal
Chemistry and Molecular Pharmacology, Purdue University, West
Lafayette, IN 47907.
Repeated administration of high doses of MDMA to rats has been
shown to produce pronounced deficits in forebrain serotonergic
markers, presumably due to selective degeneration of serotonergic axon
terminals.
The present studies were designed to evaluate the
modulatory role of increased transynaptic levels of GABA using an
irreversible suicide inhibitor of GABA transaminase, gamma-vinyl
GABA (GVG). Seven days after subacute MDMA administration (20
mg/kg s.c. twice daily for 4 consecutive days) marked deficits (4060%) were observed in the density of 5-HT uptake sites and levels of 5HT and 5-HIAA in the rat hippocampus, striatum, and cortex.
Pretreatment with GVG (500 mg/kg given i.p every 48 hours x 2) prior
to MDMA however, produced partial but significant protection (6575%) in the cortex and the striatum, but not in the hippocampus. The
same effects were observed on the forebrain 5-HT and 5-HIAA levels.
Hence, it is likely that the extent of dopaminergic innervation might
reflect the differences in the vulnerability of different brain regions to
MDMA-induced neurotoxicity. In addition, these data are supportive
of the hypothesis that an increase in transynaptic levels of GABA via
pharmacological modulation might facilitate the blockade of increased
levels of DA in distinct regions of the brain, namely the striatum and
the cortex, thereby affording protection from the neurotoxic effects of
MDMA. Supported by NIDA grant DA 04758.

INHIBITION OF ACUTE AMPHETAMINE-STIMULATED BEHAVIOR BY
INJECTION OF A GROUP II METABOTROPIC GLUTAMATE RECEPTOR
AGONIST INTO THE DORSAL STRIATUM OF RATS. J.Q. Wang* and L. Mao.
Department of Pharmacology, University of Missouri-Kansas City, School of Pharmacy,
2411 Holmes Street, Kansas City, MO 64108.
Group II metabotropic glutamate receptors (mGluRs), mGluR2 and mGluR3, are
negatively coupled to adenylate cyclase through Gi-protein. In the striatum, mGluR3 is
densely distributed on medium spiny projection neurons whereas mGluR2 is expressed
only by cholinergic intemeurons. In addition, presynatpic mGluR2/3 autoreceptors are
also seen on the corticostriatal terminals. By bilaterally administering a subgroupselective agonist or antagonist into the dorsal striatum (caudoputamen) of chronically
cannulated rats, this study examined the role of striatal group II mGluRs in the
regulation of basal and dopamine-stimulated motor behavior. Intrastriatal injection of a
group II mGluR agonist, (2S,2'R,3'R)-2-(2',3'-dicarboxycyclopropyl)glycine (DCG-IV,
0.005, 0.01, 0.1 and 1 nmol), dose-dependently reduced basal levels of motor activity.
Pretreatment of rats with intrastriatal DCG-IV at a higher dose (1 nmol), but not a lower
dose (0.01 nmol), completely prevented hyperlocomotion induced by acute injection of
psychostimulant amphetamine (2.5 mg/kg, i.p.). DCG-IV at a dose of 1 nmol also
partially blocked behavioral responses to direct D,/D2 receptor stimulation by systemic
administration of a mixed D,/D2 receptor agonist apomorphine (0.5 to 1 mg/kg, s.c.).
Blockade of group II mGluRs with intrastriatal injection of a group II antagonist, (RS)a-methylserine-O-phosphate monophenyl ester (10 nmol), was found to 1) induce a
moderate locomotion by itself, 2) augmented amphetamine-stimulated behaviors and 3)
attenuated DCG-IV-induced reduction of basal and amphetamine-stimulated motor
activity. These data demonstrate a profound depressive group II mGluR tone in the
dorsal striatum in the regulation of tonic and phasic motor behavior, which is mediated
through both pre- and postsynaptic mechanisms. Studies with in vivo microdialysis are
presently being conducted to evaluate presynaptic inhibition of basal and stimulated
dopamine/glutamate release in the rat striatum by the group II agonists. (Supported by a
grant DA 10355-04 from NIDA/NIH and a research grant from Latham Trust).

229.9

229.10

BILATERAL INTRACAUDATE INJECTION OF A GROUP I METABOTROPIC
GLUTAMATE RECEPTOR AGONIST STIMULATES MOTOR ACTIVITY IN
RATS. L, Mao* and J.Q, Wang. Dept. of Pharmacology, University of MissouriKansas City, School of Pharmacy, 2411 Holmes Street, Kansas City, MO 64108.
Group I metabotropic glutamate receptors (mGluR), mGluRl and mGluR5, are
densely expressed by medium-sized spiny projection neurons in the striatum. Activation
of this group of the mGluRs modifies neuronal physiology through stimulation of
phosphoinositide hydrolysis and intracellular Ca2+ release. Unlike ionotropic glutamate
receptors which mediate rapid synaptic transmission, activation of mGluRs produces
long-lasting actions brought about by the modulation of activity of intracellular
effectors. In this study, the role of the group I mGluRs in the modulation of
extrapyramidal motor function was examined using a selective group I agonist, 3,5dihydroxyphenylglycine (DHPG), in chronically cannulated rats. Bilateral injections of
DHPG at a series of subtoxic doses (20, 40, 80 and 160 nmol) into the dorsal striatum
(caudoputamen) produced hyperlocomotion and a unique stereotypical behavior
(spontaneous and repetitive twitching movement of the head and forepaws) in a dosedependent manner. The characteristic twitchy behavior usually commenced 30 min to 1
h, and could last as long as 10 to 12 h, after a single injection of DHPG. The behavioral
responses to 80 nmol DHPG administration were markedly antagonized by intrastriatal
injection of a group I antagonist PHCCC (10 nmol), but not a group II/III antagonist
MSOPPE (10 nmol). Intrastriatal administration of dantrolene, an inhibitor of
intracellular Ca2+ mobilization, also prevented the DHPG-stimulated motor activities.
However, blockade of dopamine D, receptors with systemic administration of a D,
receptor antagonist SCH-23390 (0.1 mg/kg, s.c.) did not alter ability of DHPG to
provoke behavioral activities. These data indicate that selective activation of the group I
mGluRs can produce a sustained potentiation of striatal glutamatergic transmission
controlling extrapyramidal motor activity. DHPG-induced motor stimulation involves
the mobilization of intracellular Ca2+ stores, but appears to be independent of D,
dopaminergic transmission. (Supported by a grant DA 10355-04 from NIDA/NIH and a
research grant from Latham Trust).

EFFECTS OF MEDIAL PREFRONTAL CORLEX SUBAREA-SPECIFIC
LESIONS ON AMPHETAMINE- AND COCAINE-INDUCED BEHAVIORAL
SENSITIZATION IN RATS. T.M. Tzschentke1* and W.J. Schmidt Dept.
Neuropharmacology, Univ. of Tubingen, Germany; ’present address: GrOnenthal
GmbH, Postfach 500444, D-52088 Aachen; e-mail: rincewind8@hotmail.com.
Recent evidence suggests that the medial prefrontal cortex (mPFC) of the rat is
involved in the initiation of behavioral sensitization. Since the mPFC is not a homogenous structure, we systematically examined the contribution of the different
subareas of the mPFC (infralimbic [il], prelimbic [pi], anterior cingulate [eg]) to the
induction of sensitization by selectively lesioning these areas or the whole mPFC
with quinolinic acid (QuinA) (45 nmol in 0.5 pi).. Spontaneous activity in an open
field and in an experimental chamber was reduced by ii and whole mPFC lesions.
Sham- and QuinA-lesioned animals were then treated every other day with either
saline, DL-amphetamine (AMPH) (3 mg/kg), or cocaine (COC) (20 mg/kg) for two
weeks and were then challenged with either AMPH (1.5 mg/kg) or COC (10 mg/kg)
after one day and two weeks of withdrawal. The development of AMPH-induced
sensitization was not affected by any of the lesions in any way, as assessed in several
behavioural parameters including locomotion and sniffing. Even lesions of the
whole mPFC were without effect on AMPH-induced sensitization. In contrast,
COC-induced sensitization was significantly attenuated by pi and whole mPFC
lesions while il and eg lesions were without effect. These results show a double
dissociation of the role of the mPFC in behavioral sensitization. The mPFC seems to
be important for COC- but not for AMPH-induced sensitization, and of the different
subareas only the pi area appears to be of relevance for COC-induced sensitization.
It is suggested that the differences between COC and AMPH are due to differential
pharmacological interactions of the two drugs with the mesocortical dopamine
system, and that the differences between the different mPFC subareas are due to the
particular anatomical connections of each of these regions. Supported by the bmbf .
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229.11

229.12

REGULATION OF KYNURENIC ACID SYNTHESIS AND NEURONAL
VULNERABILITY TO NMDA BY ACUTE ADMINISTRATION OF
METHYLPHENIDATE. A. Rassoulpour*. B, Poeggeler. C, Kiss and R,
Schwarcz, Maryland Psych. Res. Ctr., Baltimore, MD 21228.
d-Amphetamine (d-Amph) has been shown to acutely reduce the brain level
of the preferential glycine/NMDA receptor antagonist kynurenic acid (KYNA)
in immature (PND 14) rats. This effects was linked to an enhanced vulnerability to striatal NMDA toxicity (Soc. Neurosci. Abstr. 24: 179.8, 1998). We
now examined the acute effects of other amphetamine-like compounds, methylphenidate (Ritalin) and methamphetamine (Meth). Both drugs, as well as dAmph, were given to PND 14 rats at 5 mg/kg (i.p.), and animals were sacrificed after 1 h. d-Amph and Ritalin, but not Meth, reduced brain KYNA content to 65 ± 5% and 59 ± 6% of control levels, respectively. The possible significance of these decreases was tested by treating separate pups with d-Amph,
Ritalin or Meth 1 h prior to an intrastriatal injection of NMDA (2 /zg//zl). dAmph and Ritalin (but not Meth) administration resulted in a significant increase in both apomorphine-induced turning (a behavioral test for lesion size)
and striatal lesion volume. To determine the mechanism(s) underlying the effects of Ritalin, animals received additional injections of dopamine receptor
antagonists (SCH 23390 or raclopride) or the kynurenine 3-hydroxylase inhibitor, Ro 61-6048. All three pretreatments reversed the Ritalin-induced decrease
in KYNA and blocked the potentiation of NMDA toxicity. Thus, Ritalin probbably regulates KYNA levels acutely in vivo in a manner similar to d-Amph,
and these decreases in KYNA are sufficient to potentiate NMDA toxicity.
Supported by USPHS grants NS 28236 and HD 16596.

EFFECTS OF EXCITOTOXIC LESIONS OF THE AMYGADALA
AND MEDIAL PREFRONTAL CORTEX ON CONDITIONED
PLACE PREFERENCE INDUCED BY INTRA-ACCUMBENS
INJECTION OF AMPHETAMINE. Y.-H. Chang1. R.-M. Liao1 &
K.-C. Liang2*. Dept. of Psychology, Natl. Cheng-Chi Univ.1 &
Dept. of Psychology, Natl. Taiwan Univ.2, Taipei, Taiwan, R.O.C.
This study investigated the neural substrates involved in the
acquisition of a conditioned place preference (CPP) to amphetamine
locally infused into the nucleus accumbens (NAcc), by testing whether
lesions of NAcc subareas, the amygdala (AMG) and the medial
prefrontal cortex (mPFC) block that amphetamine induced CPP. To
establish CPP, each rat was conducted in 12 conditioning sessions
including 6 pairings of d-amphetamien (10 ug / site in the NAcc core)
and 6 parings of vehicle to two distinct compartments (Chang & Liao,
1998). Bilateral lesions of each site were provided by ibotenic acid
before conditioning. Excitotoxic lesions of NAcc core and AMG
significantly inhibited the acquisition of intra-core amphetamine CPP.
In contrast, this CPP was not blocked by lesioning the NAcc shell.
Lesions of mPFC tended to attenuate the CPP. These data confirm
our previous finding of the NAcc core as a specific location for
amphetamine to produce CPP. Also, the glutamatergic projections
from the AMG and the mPFC to the NAcc can be involved in the
acquisition of CPP induced by intra-core amphetamine injection,
(supported by National Science Council, Taiwan, R.O.C.)

229.13
THE EFFECTS OF REPEATED SYSTEMIC AMPHETAMINE
ADMINISTRATION
ON
CORTICAL
ACETYLCHOLINE
RELEASE. C, L. Nelson*. H, M. Arnold, M. Sarter and J. P. Bruno. Dept.
of Psychology and Division of Neuroscience, Ohio State University,
Columbus, OH 43210.
Repeated administration of psychostimulants may sensitize attentional
processing in addition to augmenting stimulant-induced locomotor activity.
For example, repeated systemic amphetamine (AMPH) was found to impair
sustained attention performance, reflecting hyperattentional processing. As
the basal forebrain cholinergic system participates in the mediation of
attentional processes, sensitized attentional processing following repeated
psychostimulant administration may be mediated via changes in cortical
acetylcholine (ACh) efflux. Using a dual probe microdialysis procedure to
simultaneously assess prefrontal ACh and nucleus accumbens (NAC)
dopamine (DA) efflux in awake rats, the effects of repeated intermittent
administration of AMPH (2.0 mg/kg i.p.; every other day for a total of 5
drug injections) or saline on the efficacy of subsequent injections of AMPH
(2.0 mg/kg i.p.; 10 and 19 days post-regimen) to stimulate cortical ACh
efflux were tested. As previously demonstrated, repeated AMPH
administration augmented the efficacy of subsequent AMPH administration
to stimulate motor activity and NAC DA efflux. Preliminary data also
suggest that cortical ACh release may be sensitized after the second postregimen administration of AMPH. Repeated psychostimulant-induced
sensitization of cortical ACh efflux may mediate the attribution of incentive
salience to drug-associated stimuli and mental representations, thus
contributing to compulsive addictive drug use.
(Supported by NIH Grants MH 57436 and NS32938).
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GLUTAMATERGIC
MECHANISMS
IN
ETHANOL’S
BLOCKADE OF gpl20 NEUROTOXICITY IN VITRO.

SELECTIVE

M.A. Collins*1, E.J. Neafsey2 and J.Y. Zou1. ‘Dept. of Molecular and Cellular
Biochemistry; and 2Dept. of Cell Biology, Neurobiology & Anatomy, Loyola
University Medical Center, Maywood IL 60153 USA
We previously demonstrated that organotypic brain slice cultures pretreated
with modest amounts of ethanol (E; 20-30 mM; 6d) are resistant to the "indirect” neurotoxicity of HIV-1 neurotoxin gp120 (release of excitotoxins from
glia), but not the direct excitotoxic actions of NMDA (Abst. Neurosci. 1998).
We considered that E may protect via suppression of astroglial content; in
fact, GFAP assays indicated that E alone did not suppress astroglia, but it
enabled gp120 to increase their proliferation and reactivity. To determine if
these increases perturbed glutamate dynamics, we used nonmetabolizable
D-[3H]-aspartate (Asp) to estimate glutamate release & reuptake stimulated
by gp120 (1 nM) in E-pretreated (30 mM, 6d) and non-pretreated slice cultures; reduction of gp120’s 24 hr neurotoxicity by E also was reconfirmed.
Percent of Control
Group Asp release Asp uptake Neurotoxicity (LDH)
E + vehicle
106
98
109
C + gp120
*133
*162
*83
E + gp120
116
93
108
The results above (*p < 0.005 vs. resp. control) show that both glutamate
release and inhibition of its uptake due to gp120 were abrogated by E pretreatment. Amplification of astroglial content/reactivity combined with possible
suppression of microglial release in E + gp120-treated cultures may thwart extracellular glutamate elevations, thus explaining blockade of gp120-dependent
neurotoxicity. Supported by NIAAA.
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NEUROTOXIC MECHANISMS INDUCED BY THE CYSTEINE
RESIDUES OF HIV-1 PROTEASE S.Y, Lee. S.P, Arango, V,

Hawkins, Q, Shen, D, Davis and C,C. Chiueh*. Unit on Neurodegeneration & Neuroprotection, LCS, NIMH, and NCI, NIH,
Bethesda, MD 20892-1264.
The underlying mechanisms for HIV-1-induced brain atrophy and
dementia complex are not currently known. We, thus, investigated
possible cyto- and neuro-toxicity caused by HIV-1 protease in
human neuroblastoma and astroglioma cells. We have proposed that
cysteine residues of HIV-1 protease, especially Cys95 and Cys95',
may cause oxidative stress and neurotoxicity (Chiueh, Lee and
Krishna, Ann. N.Y. Acad. Sci., in press). We have confirmed in both
human neuroblastoma (SH-SY5Y) and astroglioma (U-87MG) cells
that HIV-1 protease (0-20nM) induces oef death. KNI-272, a
selective HIV-1 protease inhibitor, blocked the cell death caused by
HIV-1 protease. Double mutation of Cys67 and Cys95 of the HIV-1
protease almost completely reduced the HIV-1 protease-induced
neurotoxicity. Since the iron chelator deferoxamine prevented
protease’s neurotoxicity, it is postulated that nanomolar ferrous ions
may form pro-oxidative thio-ferrous complexes with the cysteine
residues, resulting in oxidative stress and injury. Furthermore,
neurotoxic effects of HIV-1 protease were completely blocked by
antioxidants, such as S-nitrosoglutathione, melatonin, and /V-acetylL-cysteine. In conclusion, the cysteine residues and its putative
cysteinyl thio-ferrous complexes may be critical in the HIV-1
protease-induced neurotoxicity, (supported by NIMH IRP Z0102648-06 LCS and by NIH/Howard Hughes Medical Institute/
Montgomery County School System)
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GLUCOCORTICOID MODULATION OF CALCIUM MOBILIZATION IN RAT BRAIN
SLICES IN RESPONSE TO THE HIV PROTEIN GP120. L. R. Franklin, S. M. Brooke,
B. F. O'hara*, and R. M. Sapolsky. Department of Biological Sciences, Stanford
University, Stanford, CA, 94305.
The HIV glycoprotein gp120 has been shown to cause calcium mobilization
and neurotoxicity in cultured hippocampal and cortical neurons, making it a
possible contributor to AIDS Dementia Complex. In addition, glucocorticoids
(GCs), the adrenal hormones secreted during stress, worsen gp120
neurotoxicity and calcium mobilization in cultured neurons. We tested whether
GCs also augment calcium mobilization in the more physiological brain slice
setting after gp120 exposure. Free cytosolic calcium concentrations were
measured with FURA-2AM dye in the cellfields of hippocampal slices, as well as
in cortical slices derived from rats that had either been a) adrenalectomized, b)
left intact, or c) were administered GCs to mimic levels acheived during major
stressors. In all areas of the hippocampus, gp120 failed to cause calcium
mobilization both in the absence of GCs and in the presence of basal GC levels.
In rats exposed to stress levels of GCs, gp120 caused significant calcium
mobilization in all hippocampal areas measured; mobilization was significantly
higher in CA1 and CA3 than in dentate gyrus. In contrast, gp120 caused
significant and equivalent amounts of calcium increases in cortex regardless of
GC state. The observation that GCs accentuate calcium mobilization in
hippocampi treated with gp120 may have clinical implications since synthetic
GCs are used to treat some AIDS-related diseases. Funded by NIH grant
MH53814.

HIVgpno AND FIV
CAUSES MOTOR CONTROL ALTERATIONS WICH
ARE PREVENTED BY MK-801.
F. Sanchez-Narvaez,1 M. Sanchez-Alavez,1 M. Mendez-Diaz.1 O. Diaz-Ruiz, 1 L.
Navarro.1 J.H, Elder3 Rene Drucker-Colin2* and O. Prospero-Garcia.1 'Grupo de
Neurociencias. Depto, de Fisiologia. Facultad de Medicina, 2Laboratorio de
Neurociencias EFC, UNAM, Mexico D.F, 3 Dept. Molecular Biology, La Jolla, CA,
USA
The HIV envelope glycoprotein 120 (gpl20) has been associated to neurotoxicity,
yet the mechanism of action is not clear. A potential explanation involves the
glutamate receptor, the A-metil-D-aspartato (NMDAR). This mechanism considers
an excessive activation of the NMDAR, resultanting in a massive influx of Ca w and
the generation of free radicals, leading to neuronal damage. The aim of our study was
to determine the effects of the semichronic (5 days) intracerebroventricular (ICV)
administration of HIVsj 12o or FIV ^120 on a motor control task and the effect of MK801 an NMDAR inhibitor on this alteration. Thirty-six rats were implanted under
pentobarbital anesthesia with a cannula aimed to lateral ventricle. Two groups
received 140ng/ 5ul/day ICV of HIV^o or FIVgp,20 during 5 days (total dose 700
ng), two other groups received saline or MK-801 and two additional groups received
MK-801 15 min before of received HIV 3,120 or FIVg,i20 (n = 6 rats in each group).
After the treatment all the rats were tested on the Drucker's beam, which evaluates
locomotor activity and equilibrium. Results showed a significant deterioration in the
performance in this task of all gpl20 treated rats. These alterations were partially
prevented by MK-801. These findings support the notion that gpl20 may be causing
neurotoxicity by activation NMDA receptors.
Grant IN209797 from DGAPA & Grant 25488N & 25128N from CONACyT to
OPG&LN
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PROTECTION FROM GP120 NEUROTOXICITY IN HIPPOCAMPAL CULTURES BY A

CHEMOKINE RELEASE FROM ASTROCYTES: REGULATION BY
VASOACTIVE INTESTINAL PEPTIDE & PITUITARY ADENYLATE
CYCLASE ACTIVATING PEPTIDE. D.E. Brenneman1 *. J. Hausef
and T.M. Phillips. ’Section on Developmental & Molecular
Pharmacology, NICHD, NIH, Bethesda, Maryland 20892; Lab. of
Immunology, George Washington University, Washington, D.C. 20037
Vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase
activating peptide have neuroprotective actions in central nervous system x
cultures. Both peptides prevent neuronal cell death produced by gpl20,
the external envelope protein from the human immunodeficiency virus.
Chemokines can block gpl20 interactions with microglial chemokine
receptors. In the present study, VIP and PACAP were compared for their
ability to release chemokines from astrocytes during 90 min incubations.
RANTES, MIP-la and MIP-lp were released into the medium after
treatment with PACAP-38. Bell-shaped concentration-effect curves were
observed for peptide-induced release of chemokines. The EC50 for
PACAP-38 differed greatly for each chemokine. The concentrations of
PACAP-38 that produced die greatest release of RANTES (1013 M) and
MIP-ip (10'10 M) corresponded with two peaks of neuroprotective
activity elicited by PACAP in gpl20-treated cultures. In contrast, VIP
increased the release of MIP-la from astrocytes (EC50 10-11M) and was
a poor secretagogue for RANTES. VIP also prevented gpl20-associated
neuronal cell death, although at 100-fold less potency than PACAP-38.
Antiserum to MIP-la attenuated the protective action of VIP against
gpl20. These data suggest that chemokines released by VIP and PACAP
contribute to their mechanism of neuroprotection against gpl20-induced
neuronal cell death. Supported by Intramural Research Program of
NICHD

HERPES SIMPLEX VECTOR EXPRESSING EITHER THE SOLUBLE OR MEMBRANE
BOUND CHEMOKINE, FRACTALKINE.

Sheila M, Brooke 1* , Masabumi Minami2 and Robert M, Sapolskv1, 'Department of
Biological Sciences, Stanford University, Stanford CA., 94305. 2Dept of Molecular
Pharmacology, Kyoto University, Kyoto, Japan.
AIDS -related dementia (ADC) which can occur in up to 50% of AIDS patients is caused
by a loss of neurons most likely initiated in part by gp120, part of the HIV virus coat. We
have previously shown that gp120 plus glucocorticoids (GC) are toxic to primary
hippocampal neurons, causing a loss of 30-50% of neurons. In the search to understand
the mechanisms of gp120 neurotoxicity some recent investigation has turned to studying
the chemokine receptors which occur on neurons and glia. It appears that gp120 may
interact with these receptors and the resulting disruption in calcium homeostasis or other
signaling mechanisms within the cell may lead to neuron death. It has been reported that
soluble forms of chemokines such as RANTES and fractalkines may protect neurons from
gp120 neurotoxicity perhaps by competing for receptor sites. In this study we test whether
over expression of both the soluble and membrane bound form of fractalkine was also
protective. cDNAs for rat fractalkine was cloned from whole brains of Sprague-Dawiey rats.
cDNAs for wild type(membrane bound form) and truncated type(soluble form) fractalkine
were inserted into a pa22pgal backbone and incorporated into herpes virus using standard
amplicon vector techniques. Twenty-four hour pretreatment with both forms of the
chemokine vectors was protective against gp120 plus GC neurotoxidty-completely
reversing the neuron loss in primary hippocampal cultures. Further more it would appear
that this chemokine protection is somewhat spedfic for gp120. We did not obtain the same
reversal of neurotoxidty with the chemokines with EAA toxiaty. Therefore we confirm that
chemokines may be involved in gp120 neurotoxidty and speculate that this may pdnt to a
treatment for the initial neuron loss in ADC.
This work was supported by Cite NIH Grant AG00563 and Grant-in-Aid from the Ministry of
Education, Science, Sports and Culture, Japan.

230.7

230.8

A SEX DIFFERENCE IN BINGE ETHANOL-INDUCED BRAIN DAMAGE?

MORPHOMETRIC GENDER DIFFERENCES AND CHANGES IN
NEURONS OF THE RAT SUPRACHIASMIC NUCLEUS (SCN)
INDUCED BY CHRONIC ETHANOL INTAKE, W.H, Woods.r A
Andrews.2 S. Randle.3 and Richard Kennedy 4. Department of
Biology,
Philander
Smith
College1,2,3
Department
of
Pharmacology/Toxicology, Univ. of Ar. Med. Sciences; Little Rock,
AR 72202.
Circadian rhythms have been shown to be mainly controlled by the
SCN. This study attempted to determine if morphometric differences
between genders exist in neurons of the SCN and if the neurons are
altered ultrastructurally by chronic ethanol intake. Twenty-eight
Sprague-Dawiey rats of both sexes were given, intragastrically, 3.0
g/kg of ethanol in two separate daily dosages from day seven post
partum until 3 and 12 mos. old. Similarly, age matched controls
were given equal caloric amounts of sustacal. At the end of
treatment (3 and 12 mos.) brains of all animals were prepared for
study of SCN cells using standard microscopic procedures. Areal
measurement of cell soma, cytoplasm, nucleus and nucleolus were
made using a Cal Comp digitizing pad connected to a computerized
image analysis system. Counts were also made of mitochondria,
iysosomes and nuclear folds. Each region measured, was larger in
the 3 mo. treated group compared to the controls with soma,
nucleus, and nucleolus being most pronounced. Less pronounced
changes occurred between the 12 mo. alcohol group and agematched controls as well as between the 12 mo. and 3 mo. alcohol
group. Areal differences noted above, and mitochondria and
lysosome number are, in general, greater in female than in male rats.
(NIH Grant # S14 GM 02716)

E.J. Neafsey*1, S. Kumar2, and M.A. Collins2. Depts. of ’Cell Biology, Neurobiology & Anatomy; and 2 Molecular and Cellular Biochemistry; Loyola University Medical Center, Maywood, IL 60153.
We tested the hypothesis that females are more susceptible than males
to ethanol-induced brain damage. Adult male and female rats were intubated
once daily with 30-40% ethanol/water (4.7-7.3 g/kg/day) for a 10 day period.
Begun in the estrous stage, ethanol disrupted the estrous cycle in the female
rats, as expected. As seen in the table, mean blood alcohol levels (BAC) two
hours after ethanol administration did not differ significantly. Following sacrifice on day 11 and staining of fixed brain sections with the de Olmos cupric
silver method, we counted degenerating (argyrophilic) neurons in the entorhinal cortex (ERC), as described previously (Collins etal., FASEB J. 12: 221230, 1998). Counts in females were not significantly greater than in males
Group
Female
Male

BAC (mg/dl) ± SEM
222 ± 14
208 ± 16
t = 0.67, p = 0.52

ERC-Max ± SEM
16.3 ±7.7
25.7 ± 8.9
t = -0.80, p = 0.78

ERC-Mean ± SEM
9.5 ± 5.8
10.3 ± 3.5
t = -0.12, p = 0.55

for either the maximum (ERC-Max) or mean (ERC-Mean) counts of degenerating neurons per side per section. Lastly, although the proportion of females
without any neurodegeneration was higher than that seen in males (5/10,55%
vs. 1/7,14%), this difference, which is in the wrong direction for our hypothesis,
also did not reach statistical significance as analyzed by x2» p = 129. Thus,
in this binge ethanol-induced neurodegeneration model, the hypothesis that
females are more susceptible to brain damage is not supported. (Supported
by NIAAA.)
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REDUCTION OF ADENOSINE A, RECEPTOR mRNA IN RAT
CEREBELLUM FOLLOWING IN UTERO ETHANOL
EXPOSURE. T.Othman, W.W, Lautt. F.E. Parkinson^ Department
of Pharmacology and Therapeutics, University of Manitoba,
Winnipeg R3E OT6.
Behavioral and mental abnormalities observed in fetal
alcohol syndrome (FAS) are reported to be due, in part, to altered
function of the NMDA glutamate receptor in the CNS. Through its
receptors, adenosine can counteract the excitotoxic effects of
glutamate. We therefore proposed that part of the pathogenesis of
FAS involves a reduction in the number of adenosine A, receptors
in the cerebellum. Adult female rats were continually provided
with 15% ethanol or tap water prior to breeding, throughout
pregnancy and during lactation. After weaning, all rat pups were
provided with tap water. Control and ethanol-exposed rats were
sacrificed at 7 to 8 weeks of age. Adenosine A! receptor mRNA
expression in the cerebellum was studied using semi-quantitative
RT-PCR. Chronic ethanol consumption was associated with
reduced adenosine At receptor mRNA levels, relative to GAPDH.
This alteration may be partly responsible for the pathogenesis of
FAS.
Supported by the Medical Research Council of Canada and the
Manitoba Health Research Council.

ALTERATION OF CORTICAL DOPAMINE CONCENTRATION BY A SUBCLINICAL DOSE OF THE ANTICHOLINESTERASE INSECTICIDE
CHLORPYRIFOS IN RAT. M.C, Lewis, M, Levin and B.G. Klein*. Dept. of
Biomedical Sciences and Pathobiology, Virginia-Maryland Regional College of
Veterinary Medicine, Virginia Tech, Blacksburg, VA 24061.
Depression and other mood disorders have been linked to changes in monoamine
levels in the brain. Environmental acetylcholinesterase (AChE) inhibitors can
also induce depression, as well as cognitive dysfunction and motor disorders. Such
symptoms have been linked with Gulf War Illness. As part of a study of
synergistic toxicity underlying Gulf War Illness, we have begun to investigate
whether insecticide-induced acetylcholinesterase (AChE) inhibition may contribute
to the types of forebrain monoaminergic alterations associated with psychiatric
dysfunction. Nine adult male Sprague-Dawiey rats were given a single subcutaneous injection of the organophosphate insecticide chlorpyrifos, in a corn oil
vehicle, at 60 mg/kg of body weight. Similar doses have been reported to not
result in obvious clinical signs. Eight control rats were given the corn oil vehicle
alone. Rats were sacrificed 7 days after injection. Brains were removed on ice and
the striatum, hippocampus and frontal cortex were dissected from each side . The
three regions from one side were assayed for AChE while those from the opposite
side were processed for HPLC analysis of monoamines. Chlorpyrifos injection
produced significant 46%, 44% and 67% reductions in brain AChE, respectively,
in striatum, hippocampus and frontal cortex compared to controls. No significant
changes in monoamines were observed between groups for either the striatum or
hippocampus. However, in the frontal cortex of the chlorpyrifos-injected rats,
where AChE depletion was the highest, there was a significant 25% reduction in
dopamine concentration. These data suggest that significant alteration of forebrain
cholinergic systems by environmental neurotoxins may induce changes in cortical
monoaminergic systems that have been associated with psychiatric dysfunction.
Thanks to M. Ehrich, D. Jones, L. Correll and K. Furman. Support: Toxicology
and Environ. Medicine Focus Unit, VA-MD College of Veterinary Medicine.

230.11

230.12
STRESS REDUCES BRAIN PENETRATION OF PYRIDOSTIGMINE IN THE
RAT. C.M. Sinton*, T.E. Fitch, F, Petty and R.W. Haley1, Depts. of Psychiatry
and ’Internal Medicine, UT Southwestern Medical Center, Dallas, TX.
Pyridostigmine bromide (PB), a reversible inhibitor of acetylcholinesterase
(AChE), was provided to military personnel during the 1991 Gulf War for preexposure protection against potential threat of soman release. Under normal
circumstances the entry of PB into the brain is minimal. Recently published data
in mice, however, suggest that stress increases the permeability of the blood-brain
barrier (BBB) to PB, resulting in decreased central AChE activity. Extrapolating
from these previous results, it has been proposed that PB administered under
stressful conditions could induce long-lasting central cholinergic deficits, potentially
explaining the neurological and neuropsychological symptoms presented by some
Gulf War veterans. In undertaking to replicate these results in the rat we used a
similar protocol and exposed rats (Long-Evans and Wistar; 250-300 gms) to
restraint and/or swim stress followed by systemic administration of PB (0.5 - 5.0
mg/kg i.p.). Thirty minutes later, whole brain AChE was measured
spectroflurometrically. No evidence of increased BBB penetration of PB was
detected in the stressed rats. In fact, stress significantly reduced the entry of PB
into the brain, as measured by less inhibition of whole brain AChE activity.
Additional rats were treated with physostigmine, which readily crosses the BBB, to
demonstrate the validity of our methodology and assay techniques; the
effectiveness of the stressors used was demonstrated by assays of plasma
corticosterone. From these results it is apparent that the interaction between
stress and PB requires further study. Previous data concerning stress and PB
should therefore be reassessed before they are used as a basis for interpreting
symptoms presented by some Gulf War veterans.
Supported by the Perot Foundation

WITHDRAWN

230.13

230.14

RAPID DETERMINATION OF TOXIC EFFECTS OF TRIMETHYLOL
PROPANE PHOSPHATE (TMPP) USING NEURONAL NETWORKS ON
MICROELECTRODE ARRAYS.
G.W, Gross1*, E.W, Keefer1, J.J.
Pancrazio2, P.A. Stenger2. ’Dept. of Biological Sciences and Center for
Network Neuroscience, Univ. of North Texas, Denton, Tx 76203 and
2Naval Research Laboratory, Washington, DC.
We have used spontaneously active neuronal networks grown on
substrate-integrated thin-film microelectrodes to characterize the effects of
TMPP, with emphasis on rapid recognition of changes in electrophysiological dynamics that may signal toxic effects. Networks, derived from
embryonic murine frontal cortex tissue, were monitored extracellularly
with 64 analog channels and 16 digital signal processors (Plexon, Dallas).
Networks exposed to 2 pM TMPP responded as follows: (1) Within 10-20
min after TMPP application to the medium, complex temporal burst
patterns of greatly varying burst durations and spike frequencies, changed
to regularized patterns with similar maximum spike frequencies, almost
identical burst durations, and 100% synchronization among channels. (2)
Maximum spike frequencies in bursts increased an average of 30% (range
25% to 45%, n=5 with 15 to 24 channels each). (3) The total spike
production underwent only minor fluctuations. (4) Spike amplitude and
shape were unaffected. At 100 pM, burst rates decreased by 70% and
spike production by 45%; integrated burst amplitude, however, increased
further by up to 120% over reference. Changes were reversible and no
overt cytotoxicity was seen after 24h at 1 mM TMPP. Most changes
closely match network responses to bicuculline and strychnine, known
epileptogenic compounds. The five experiments were conducted blind
(compound unknown) over a 6-day period and confirmed physiological
data. With parallel recording approaches, functional toxicity and likely
physiological impact could be determined in 4-6 hrs.
Supported by DARPA via Naval Health Research Center/Toxicol. Division.

EFFECT OF TRIMETHYLOLPROPANE PHOSPHATE ON SPONTANEOUS
GABAERGIC TRANSMISSION. J.J. Pancrazio,1* W.Y. Kao? O. Y. Liu2, W,
Ma.1 G.P. Ritchie3. J. Lin4. A.F. Nordholm5. J. Rossi III5. J.L. Barker2. P.A.
Stenger1. ’CBMSE, Code 6910, Naval Research Laboratory, Washington, DC
20375. laboratory of Neurophysiology, NINDS, NIH, Bethesda, MD. 3GeoCenters, Inc. 4ManTech Environmental Technology, Inc. 5NHRC/TD, WPAFB,
OH.
Trimethylolpropane phosphate (TMPP) is a neuroactive organophosphate
generated during partial pyrolysis of a synthetic ester turbine engine lubricant.
Using the whole-cell patch clamp method, spontaneous inhibitory postsynaptic
currents (sIPSCs) mediated by bicuculline-sensitive GABAa receptors were
measured in neurons cultured from the rat embryonic hippocamapus.
Experiments were conducted in the presence of TTX and CNQX to inhibit
spontaneous presynaptic action potentials and glutamate transmission,
respectively, thus isolating GABAergic sIPSCs. TMPP induced a concentrationdependent inhibition of sIPSC amplitude and frequency suggesting both
postsynaptic and presynaptic actions. TMPP (5 pM) reversibly diminished sIPSC
amplitude by 23 ± 8% (mean ± SEM, n=5) while markedly decreasing the mean
sIPSC frequency by 40 ± 2%. The mean time constant of sIPSC decay was
reversibly decreased by 20 ± 4% (n=3) in the presence of 20 pM TMPP,
suggesting an increase in the rate of inactivation. Administration of TMPP (5
pM) depressed peak whole-cell GABA-induced currents to 27 ± 1% (n=4) of
control levels, consistent with the results on sIPSC amplitude. Our data directly
demonstrate that TMPP directly inhibits GABAa receptor function and exerts a
presynaptic effect on GABAergic transmission.
Work supported by Office of Naval Research, the Defense Advanced
Research Projects Agency and the Naval Research and Development Command.
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EFFECTS OF EARLY POST-NATAL EXPOSURES TO THE ORGANOPHOSPHORUS
INSECTICIDE CHLORPYRIFOS ON BRAIN CHOLINESTERASE AND
MUSCARINIC RECEPTOR LEVELS AND ON OPEN FIELD BEHAVIOR IN THE
RAT. R.L. Carr. J. Tang and J.E. Chambers*. Center for Environmental Health Sciences,
College of Veterinary Medicine, Mississippi State Univ., Mississippi State, MS 39762.
Chlorpyrifos displays a moderate acute toxicity level, and is widely used agriculturally
and residentially. It is metabolically activated to a potent anticholinesterase. There is
concern that exposures to anticholinesterases can cause developmental neurotoxicity.
Sprague Dawley rats were exposed by oral gavage to chlorpyrifos every second day until
post-natal day (PND) 21 to determine the degree of brain cholinesterase (ChE) inhibition,
possible muscarinic receptor (mAChR) down-regulation, and changes in open field
behavior. Dose levels were 3 mg/kg for 11 treatments (low dose), 3 treatments at 3mg/kg
and 8 at 6mg/kg (medium dose), and 3 treatments at 3mg/kg, 4 at 6mg/kg, and 4 at
12mg/kg (high dose). Brain ChE activities and mAChR Bmax’s and Kd’s were studied at
PND 6, 14, 22, 25, 30 and 40, and behavior was assessed at PND 10, 12, 14, 16, 18, 20,
25 and 30. Developmental increases in ChE activities, mAChR Bmax’s and open field
activity were observed in control and treated animals. Brain ChE was inhibited 29-63%
on PND 22 and about 15% on PND 40 in the two higher dose groups. Reductions of 2530% in 3H-jV-methylscopolamine (NMS) binding were observed on PND 6, 14, 22 and 25,
while reductions of 15-20% in 3H-quinuclidinyl benzilate (QNB) were observed on only
PND 22; there were no changes in Kd’s. Decreases in open field activity occurred in the
medium and high dose groups on PND 25 and 30. Exposures to high levels of chlorpyrifos
can result in persistent reductions in brain ChE activity, even about 20 days after the last
exposure. Greater reductions in the binding of the hydrophilic NMS than the lipophilic
QNB suggest internalization of surface receptors but very transient effects on total receptor
numbers. Developmental exposures to chlorpyrifos appear to cause more persistent
decreases in brain ChE activity and open field activity than in mAChR densities.
Supported by NIH ES08531 and the Burroughs Wellcome Fund.

SEMI-QUANTITATIVE
MORPHOLOGIC
TECHNIQUES
FOR
EVALUATION OF ORGANOPHOSPHORUS ESTER-INDUCED DELAYED
NEUROPATHY (OPIDN) IN HENS. C, Massicotte. M, Ehrich. B.S. Jortner*.
Laboratory for Neurotoxicity Studies, Virginia Tech, Blacksburg, VA 24061.
There is a need for rapid, accurate correlation of pathologic and clinical events
in experimental and regulatory neurotoxicology. Peripheral nerve provides an
accessible and amenable source of specimens for many of these studies. This
study compares light microscopic evaluation of teased fibers with cross sections
of epoxy resin embedded nerves for semi-quantitative morphology and clinical
correlation. The model used is OPIDN with phenylmethylsulfonyl fluoride
(PMSF)-induced promotion of and protection from the neuropathic effects
(Massicotte et al., Neurotoxicology, in press). Hens were given a single dose of
the OP neurotoxicant phenyl saligenin phosphate (PSP), and this was modified
by PMSF given either prior to (protection) or after (promotion) PSP. Clinical
signs were graded on a 0-8 scale (Cavanagh, Br. J. Pharmacol. 17: 21), and
lesions at 15 days were histopathologically assessed on a 0-4 scale of increasing
severity. Lesion scores obtained with cross sections and teased fibers
respectively were as follows: PSP 2.5 mg/kg positive controls - 2.7 ± 0.3 and
2.3 ± 0.6; promoted group - 3.5 ± 0.3 and 2.0 ± 0.3. No lesions were noted in
the negative control or protected groups of hens. There was a linear relationship
between the neuropathologic scores observed with cross section and teased fiber
techniques (r = 0.87; p<0.0001). The linear relationships between the terminal
clinical signs and neuropathological changes obtained with cross sections (r =
0.76) and nerve teased fibers (r = 0.88) were strong (p<0.0001) and not
significantly different. This work demonstrates that histopathologic evaluation
of cross-sectioned resin-embedded and teased fiber peripheral nerve preparations
give similar results, and data from both techniques correlate with clinical signs
of OPIDN, including protection and promotion of this neuropathy.
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POLY(ADP-RIBOSE) POLYMERASE MEDIATES NECROTIC CELL
DEATH BY DEPLETION OF ATP.
H.C. Ha* and S.H. Snyder.
Department of Neuroscience, Johns Hopkins University School of
Medicine, Baltimore, MD 21205.
Poly(ADP-ribose) polymerase (PARP) (EC 2.4.2.30) is a nuclear
enzyme activated by DNA strand breaks. The activation of PARP
catalyzes the poly(ADP-ribosyl)ation of various nuclear proteins
including PARP itself with NAD+ as substrate. The extreme activation
of PARP may lead to the depletion of NAD+ and ATP, thus leading to
cell death. Here, we demonstrate that the extreme activation of PARP by
treatment of immortalized PARP+/+ mouse embryonic fibroblasts (MEFs)
with A-methyl-V'-nitro-V-nitrosoguanidine (MNNG) induces the
depletion of NAD+ and ATP and loss of mitochondrial membrane
potential, leading to necrotic cell death. By contrast, PARP' MEFs are
protected from necrotic cell death, loss of mitochondrial membrane
potential, and ATP depletion with partial protection of NAD+ depletion.
Unlike necrosis, apoptotic cell death in the same MEFs elicited by Fas
activation is similar in PARP 7' as in wild type cells, and Fas activation
does not deplete ATP. These data, together with other studies of PARP
and cell death, suggest that PARP activation and ATP depletion mediate
necrotic but not apoptotic cell death.

RAPID UPTAKE AND RELEASE OF CALCIUM BY MITOCHONDRIA IN
RAT BASAL FOREBRAIN NEURONS. D. Murchison* and W.H. Griffith.
Medical Pharmacology and Toxicology, Texas A&M System Health Science
Center, College Station, TX 77843-1114.
Not only do mitochondria (Mitos) hold a preeminent position in cellular metabolism, but also they maintain Ca2+ homeostasis in neurons and apparently mediate
cell death. Cell death is thought to be triggered by toxic elevations of the intracellular Ca2+ concentration ([Ca2+];) which lead to saturating accumulations of Ca2+ in
Mitos and subsequent irreversible opening of the permeability transition pore (PTP)
in a large conductance state, initiating the cell death cascade. The PTP can also
open in a transient low conductance mode to release non-toxic Ca2+ accumulations
from Mitos. Additionally, Mitos can release Ca2+ via a Na+/Ca2+ exchanger. Our
lab has previously described neuronal Ca2+ homeostasis in the acutely dissociated
F344 rat basal forebrain preparation. Here, we show that Mitos rapidly buffer
nontoxic Ca2+ transients (A[Ca2+]j) arising from extracellular influx induced by
50mM K+ or from intracellular release stimulated by 20mM caffeine applications.
Neurons from adult (2-26 mo) rats were loaded with the ratiometric [Ca2+] indicator
fura-2 AM. Control A[Ca2+]j were compared to responses obtained during brief
(25-60s) applications of the mitochondrial inhibitor, CCCP (5 pM). The alteration
of the response in CCCP was interpreted as evidence of uptake and subsequent release of Ca2+ from the Mitos. This release could be reversibly blocked by inhibitors
of the PTP (2 pM Cyclosporin A) and of mitochondrial Na+/Ca2+ exchange (20 pM
clonazepam). Cyclosporin A blocked mitochondrial Ca2+ release only partially in
most neurons, while clonazepam blocked release almost completely. These results
indicate that neuronal Mitos are able to buffer and release Ca2+ under nontoxic
‘physiological’ conditions during aging. (Supported NIH grant AG07805)

231.3

231.4

Neuronal Apoptosis Induced by Mitochondrial Complex I Inhibition: the Role of
Cytochrome C release and Caspase activation W Pei* and J Chen, Department of
Neurology, Univ. of Pittsburgh Sch. of Med., Pittsburgh, PA 15213
Mitochondrial complex I inhibitors, including rotenone, are known to induce
apoptosis in neuronal cells. The molecular pathway involved in this process, however,
is poorly understood. In this study, we have investigated the role of mitochondrial
potential transition (MPT), cytochrome c release, and caspase activation in rotenoneinduced cell death in neuron-enriched primary cortical cultures.
At low concentrations (0.05-0.5 pM), rotenone induced, within 24 h, a dosedependent cell death that showed morphological and biochemical features of apoptosis.
Starting at 2 h and thereafter, mitochondrial production of reactive oxygen species
(ROS) was markedly increased; significant amount of cytochrome c was released into
the cytosol. Proteolytic cleavage of the caspase-3 precursor and increased caspase-3/-7
protease activity were detected at 4 h and thereafter, followed by an increase in
caspase-1, -6 and -8 activities at 24 h. MPT, measured using JC-1 florescent
cytometry, did not occur until at least 6 h after rotenone treatment. Rotenone-induced
cell death was inhibited by the antioxidants N-acetylcysteine and PBN, the caspase-3/7
inhibitor z-DEVD-fink, and, to a lesser extend, by the caspase-1/4/5 inhibitor z-YVAD.
Moreover, cytochrome c release and caspase-3 activation at earlier stages of rotenone
neurotoxicity (2-6 h) were inhibited by N-acetylcysteine but not by the MPT inhibitor
cyclosporin A.
These data suggest that rotenone-induced neuronal apoptosis involves
sequential activation of the oxidative stress-cytochrome c release-caspase activation
(mainly caspase-3) pathway and that these changes may not be dependent on the
induction of MPT. Tliis observation may allow the development of. novel strategies for
the treatment of neurological disorders that involve mitochondrial damage, oxidative
stress and neuronal apoptosis.
(Supported by NIH grants NS 35965, NS 36736, and NS 38560)

LIMITATIONS ON NEUROPROTECTIVE EFFECTS OF
OVEREXPRESSION OF BCL-2
S.A, Howard. R.G. Phillips. O.A. Ajilore*. R.M. Sapolsky
Dept. of Biological Sciences, Stanford University, Stanford CA 94305
Gene therapy strategies using herpes simplex virus to deliver anti-apoptotic
genes, including Bcl-2, to post mitotic neurons are well underway. Such gene
transfer was used here to evaluate the breadth of Bcl-2 protection by examining
protection against the antimetabolite 3-acetyl pyridine (3AP) and against the
excitotoxins kainic acid and glutamate, both in vitro and in vivo, and to
explore the mechanism of protection. Primary hippocampal cultures were
simultaneously exposed to the neurotoxin and infected with HSV carrying
either the Bcl-2 plasmid with (3gal reporter gene or a control plasmid carrying
only Pgal. As previously reported, the Bcl-2 plasmid protected against kainic
acid damage. No difference in the amount of 3AP-induced damage was seen
with Bci-2 compared to control vector. These results were confirmed in vivo.
Rats were stereotaxically injected bilaterally with vector, unilaterally injected
with neurotoxin, and sacrificed after 48 hours. Bcl-2 significantly reduced the
amount of damage caused by the excitotoxin kainic acid, as reported
previously, but did not reduce the amount of 3AP-induced damage. The
mechanism of Bcl-2 protection is not clear, although an antioxidant role has
been suggested, and may explain preferential protection against certain
neurotoxins. When overexpressed in cytosine arabinoside-treated hippocampal
cultures, Bcl-2 nearly doubled the LD 50 of glutamate. However, Bcl-2 did
not decrease glutamate-induced lipid peroxidation as measured by oxidation of
cis-parinaric acid during three hours of glutamate treatment. This implies that
Bcl-2 functions downstream of lipid peroxidation, and therefore, of generation
of reactive oxygen species. Our results demonstrate that Bcl-2, while highly
protective against excitotoxic insults, fails to protect against an energetic one,
and that the protection in the former case does not appear to be antioxidant.
Supported by RO1 NS32848
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ACTIVATED MICROGLIA-INDUCED DEATH OF NEURONAL PCI 2
CELLS IS TRANSITIONED FROM APOPTOSIS TO NON-APOPTOTIC
DEATH BY BLOCKAGE OF CASPACE-3-DEPENDENT CASCADE.
K, Tanabe'.H, Nakanishi1, K, ghibaftt3* , A. Akamine2 and K, Yamamoto
’Dep. of Pharmacology, 2Dept. Conservative Dentistry II, Kyushu Univ. Fac.
of Dentistry, Fukuoka 812-8582, Japan and Res. Lab. of Biodynam., Dept. of
Pharmacology, Sch. of Med., Fukuoka Univ., Fukuoka 814-0180, Japan.
Activated microglia have been implicated in the regulation of neuronal
cell death. However, the biochemical mechanism for neuronal death triggered
by activated microglia is still unclear. When treated with activated microglia,
neuronal PCI2 cells undergo apoptosis accompanied by caspase-3-like
protease activation and DNA fragmentation. Apoptotic bodies formed were
subsequently phagocytosed by neighboring activated microglia.
Pretreatment of the cells with the caspase-3-like protease inhibitor V-acetylAsp-Glu-Val-Asp-aldehyde did not reverse this cell death. Although Bcl-2
overexpression in the cells caused the inhibition of caspase-3-like protease
activity and DNA fragmentation, it could not suppress the activated
microglia-induced neuronal death. At the electronmicroscopic level,
degenerating cells with high levels of Bcl-2 were characterized by slightly
condensed chromatins forming irregular shaped masses, severely
disintegrated perikarya and marked vacuolation. Various protease inhibitors
tested did not inhibit this cell death, whereas the radical oxygen species
scavenger?/-acetyl-L-cysteine significantly suppressed this death. Altogether,
our study provides an alternative death pathway for the activated microgliainduced neuronal death by blockage of the caspase-3 protease cascade.

THE NCAM AND GFAP LEVEL OF RATS BRAIN AFTER HEMIC HYPOXIC
INJURY. T.l.Duka, I.A. Leshchins’ka, V.I. Chornaya. Dept. Biochemistry, State
University, 72 Gagarin ave., 320625, Dniepropetrovsk, Ukraine. ( SPON: IBANGS )
The hypoxic brain injury is a common problem of neurology and may to accompany
the same disease of different genesis. Furthermore, the hypoxic injury may be a reason
of same mental dysfunction observable as result negative ecological factor influences.
The cellular and molecular mechanisms that initiate these pathologic processes are
largely unknown. The aim of this study was investigate the neuronal cell adhesion
molecule (NCAM) and glial fibrillary acidic protein (GFAP) in different rats normal
and hypoxic brains. Adult Wistar rats were injected by NaNOi (12 mkg/kg of body
weight on physiological solution intraperitoneally) during 15 days. The control Wistar
rats were injected by physiological solution in equivalents volumes. The NCAM and
GFAP were studied in different brain areas of control and hypoxic rats at 3, 9 and 15
days after last injection. The concentrations of NCAM and GFAP were measurement
in neocortex, hippocampus, striatum, cerebellum, middle brain and pons by ELISA.
The results show the changes of NCAM and GFAP levels in hypoxic rat brain compare
to control. The changes of NCAM were significant at 3 and 15 days after last injection
that indicates on bimodal peak in events. At 3 days the elevated at 1,2-fold in
neocortex, hippocampus, cerebellum, middle brain, pons and 1,6-fold in striatum was
observed. At 15 day the NCAM level in all investigated brain areas was increasing at
1.2- fold except the neocortex. In this brain region the changes of NCAM level was not
observed. We found elevated of GFAP level in all investigated brain areas exception
hippocampus. At 3 post-injection days the increasing of GFAP content was slightly, in
particular 1,2-fold in middle brain, 1,7-fold in neocortex and cerebellum, 1,4-fold in
striatum and hippocampus. The maximum elevated of GFAP level was found at 15
days. We found the 2-fold increasing of GFAP level in neocortex, cerebellum, striatum
and middle brain. The most changes were observed in pons when amount of GFAP was
4.2- fold higher compare to control. Thus, we suggest that NCAM and GFAP take part
in molecular mechanisms that initiate a hypoxic injury.

231.7

231.8

P53 MODULATE CERAMIDE INDUCED APOPTOSIS IN SK-N-SH CELL.

mechanisms involving the alternation of p53 expression followed by bcl2 and bax.

EFFECTS OF ESTROGEN DISRUPTORS ON THE PROLIFERATION AND
THE
DEVELOPMENT
OF
IMMORTALIZED
HYPOTHALAMIC
NEURONS. M. KAWAHARA*, and Y. KURODA- Department of Molecular &
Cellular Neurobiology, Tokyo Metropolitan Institute for Neuroscience, Fuchu-shi,
Tokyo 183-8526, Japan.
Many environmental chemicals have been reported to have estrogenic
activities and to interrupt functions of endocrine systems in the early
developmental stages. The neuroendocrine system also plays important roles in
the development of brain. Thus, it is feasible that these chemicals called
estrogen disruptors may also interact with the central nervous system and may
affect its functions including emotion, behavior, learning and memory. To
develop a model system to investigate the effects of estrogen disruptors on
neuronal systems in vitro, we applied bisphenol A (BPA), nonylphenol (NP),
diethylstylbesterol (DES), and 17B-estradiol on immortalized hypothalamic
neurons (GT 1-7 cells), which hold the GnRH-releasing activity and possess
estrogen receptors, and observed the cell viability and morphological changes.
After 2 days, 1713-estradiol (5 to 1000 ppb) showed a remarkable increase of
the viability of GT 1-7 cells. While DES and NP caused the increase at low
concentration, the neurotoxicity was observed at the high concentration up to
250 ppb. Similar tendency was also observed in BPA-intoxicated cells.
Furthermore, tamoxifen, an antagonist of estradiol, caused neurodegeneration
of GT 1-7 cells in a dose-dependent manner, and the pre-treatment of BPA or
DES inhibited the tamoxifen-induced toxicity. The immunohistochemical
observation of GT 1-7 cells stained by antibody to neurofilament and antibody
to MAP2 using laser confocal microscopy revealed that BPA, DES and 17Bestradiol caused the extension of neuronal processes as well as the increase of
cell numbers. Our results indicate that estrogen disruptors play complicated
roles in the proliferation of GT 1-7 neurons and suggest that these chemicals
may cause the imbalanced development of brain.

231.9

231.10

STRESS-INDUCED NEURONAL-GLIAL INTERACTIONS ENHANCE
ACETYL CHOLINESTERASE (AChE) ACTIVITY AND mRNA
EXPRESSION IN NEURONAL CELL CULTURES. Y. Li,* L. Liu, J.G.
Sheng. J. Kang. S.W, Barger, R.E. Mrak. and W.S.T, Griffin. VAMC &
Univ Ark Med Sci, Little Rock, AR 72205.
Acute stress reactions are accompanied by increases in expression and
activity of AChE in brain, and interleukin-1 (IL-1) is known to induce stressrelated changes in cerebral function. Here, IL-1 (10 ng/ml) induced increases
in AChE activity, but not choline acetyltransferase activity, in PC 12 cells and
in primary neuronal cultures derived from cerebral cortex, basal forebrain and
hippocampus, but not cerebellum. IL-1 also elevated AChE mRNA in vivo.
Stressing PC 12 cells with high doses of glutamate induced release of secreted
amyloid precursor protein (sAPP). Purified sAPP elevated the synthesis and
release of IL-1 in a microglial cell line (N9), as did conditioned medium from
the stressed PC 12 cells. Finally, coculture of these activated N9 cells with
naive PC 12 cells increased AChE activity. These effects could be blocked
either by preincubatirtg the PC 12 supernatants with anti-sAPP antibodies or
by pre-incubating PC 12 cells with IL-1 receptor antagonist before exposing
them to N9-derived media. Our results suggest that stress can induce
increases in neuronal AChE activity through the following order of events:
/) stressed neurons synthesize pAPP and release sAPP, ii) sAPP induces
microglial IL-1 overexpression, and iii) IL-1 induces neuronal increases in
the expression and activity of AChE. Ihese findings may explain in part the
early and progressive cholinergic dysfunction of Alzheimer’s disease.
Supported in part by NIH AG 12411.

DEGENERATION IN THE MEDIAL HABENULA AND FASCICULUS
RETROFLEXUS INDUCED BY NICOTINE. Janice Carlson* and Gaylord
Ellison. Dept. Psychology, UCLA, 405 Hilgard Ave, Los Angeles, CA
90024.
This laboratory has previously shown that dopaminergic stimulants, such as
cocaine, amphetamine, and cathinone, produce damage in the habenular
nucleus and its major efferent tract, the fasciculus retroflexus. This occurs in
the mantle of the tract which projects from lateral habenula to substantia
nigra, ventral tegmental area, and raphe nuclei. We now report that high
doses of nicotine also produce damage in the habenula and fasciculus
retroflexus, but in the medial habenula and the core of the tract, which
projects to interpeduncular nucleus.
1-nicotine base was administered continually via osmotic minipump for
three, four, and five days in dose of 0.555 mg or 5 mg per day to rats
weighing 250 - 280 g. Nicotine tartrate was also administered continually for
two and five days in doses of 1.6 mg and 14.3 mg per day. After two days of
withdrawal, animals were sacrificed and the tissue was stained by R. Switzer
of NeuroScience Associates.
At the highest dose, the degeneration in the fasciculus retroflexus was too
dense to be quantified. The lowest dose also produced similar degeneration,
although to a lesser extent. Although other regions in the brain showed
degeneration, this was clearly the predominantly affected structure. We
conclude that fasciculus retroflexus is a “weak link” for many drugs of abuse.
(Supported by NIDA DA07344).

Y.-H. Suh2. H.-S, Chae1, H.S. Kirn2, J.H. Seo^C.H, Park2. S.-J. Jeong2. S.S. Kim1- .
’Dept. of Anatomy, Coll, of Med. Chung-Ang Univ.; 2Dept. of Pharmacol.,Coll, of

Med.

Seoul Nat'l. Univ.; Seoul, Korea

In this study we demonstrate that ceramide was able to induce apoptosis in a dose
and time dependent manner in neuroblastoma SK-N-SH cell, while glioblastoma
U251 showed necrotic cell death with high concentration of C2-ceramide, suggesting

that their ceramide effect is cell type dependent. The apoptosis in SK-N-SH cell was
dependent on mRNA and protein synthesis, which might turn on at early stage, as it
was not inhibited by actinomycin D and cycloheximide treated 3 hr later than

ceramide. The apoptosis is accompanied by accumulation of p53, followed by
increase of bax and decrease of bcl2. Furthermore, block of p53 expression by p53
antisense oligonucleotide inhibited apoptosis effectively, preceded with prohibiting

of the bax increase and bcl2 decrease. However, application of caspase inhibitors

block the cell death, showing that a set of caspase including caspase 1, as well as
caspase 3, are involved in the apoptosis. In contrast to antisense p53 oligonucleotides,

pan caspase inhibitor z-VAD did not alter the expression of p53, bcl2 and bax. Taken

together, we propose that ceramide induces neuronal cell death through the
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NEURONAL FRACTALKINE EXPRESSION IN HIV-1 ENCEPHALITIS: ROLES
FOR MACROPHAGE RECRUITMENT & NEUROPROTECTION IN THE CNS
Sandra A. Kinnear1. Harold J. James1, Nine Tong1. Huang Guo’.Qin&ZhangL Seth
Perry1. Lerov R. Sharer2. Thomas J. Schall3 and Harris A. Gelbard1*. ’Dept. of
Neurology, Univ. of Rochester Med. Center, Rochester, NY 14642,2Dept. of
Laboratory Medicine and Pathology, Univ. of Medicine and Dentistry of New Jersey,
Newark, NJ 07103; 3Chemocentryx, San Carlos, CA 94 074.
HIV-1 infection of the brain results in chronic inflammation and neuropathogenesis
of HIV-l associated neurologic disease. HIV-1-infected brain-resident macrophages
and microglia in inflammatory infiltrates produce neurotoxins that mediate
inflammation, dysfunction and neuronal apoptosis. Neurologic disease is correlated
with the relative number of macrophages and microglia in inflammatory infiltrates
and not viral burden. It is unclear whether these cells also play a neuroprotective role.
We show that the chemokine fractalkine is markedly up-regulated in neurons and
neuropil in brain tissue from pediatric patients with HIV-1 encephalitis (HIVE)
compared to those without HIVE, or that are HIV-1 seronegative. Fractalkine is
localized to cytoplasmic structures with a vesicular appearance in neurons, which may
be in cell-to-cell contact with brain-resident macrophages and microglia. Fractalkine
co-localizes with glutamate in these neurons. Similar findings are observed in brain
tissue from adult patients with HIVE. Fractalkine is able to potently induce the
migration of primary human monocytes across an endothelial cell/primary human
fetal astrocyte trans-well bilayer. Lastly, fractalkine is neuroprotective to cultured
neurons when co-administered with either the HIV-1 neurotoxin platelet-activating
factor (PAF) or the regulatory HIV-1 gene product Tat. Focal inflammation in brain
tissue with HIVE may up-regulate neuronal fractalkine levels, which, in turn, may be
a neuroimmune modulator recruiting peripheral macrophages into the brain, and in a
paracrine fashion protecting glutamatergic neurons.
This study was funded in part by NIH grants ROI MH56838 to H. A.G.; PO1
MH57556 to H.A G.; ROI NS35738 to H.A.G.

NEUROPSYCHIATRIC DISORDERS: SCHIZOPHRENIA—FUNCTIONAL STUDIES
232.1

232.2

ASSOCIATION BETWEEN SCHIZOPHRENIA AND THE
UFD1L PROMOTER POLYMORPHISM-277A/G A. Pasini1*,

AUDITORY AND VISUAL RECOGNITION IN HEALTHY VOLUNTEERS AND
PATIENTS WTH SCHIZOPHRENIA DIFFERENCES IN TASK
PERFORMANCE DYNAMICS. C.A. Tamminga , A. Parwani, H. H.
Holcomb^ A. C. Lahti, D. R. Medoff, and M. Weiler. Maryland Psychiatric
Research Center, Univ. Maryland, Baltimore, Maryland 21228.
When confronted with ambiguous sounds and images patients with
schizophrenia (SZ) are often unable to quickly recognize or categorize
the percepts correctly. In these two studies the accuracy (ACC) and
response times (RT) of healthy volunteers (NV) and SZ were
assessed during blocks of perceptual recognition trials. Our goal was to
ascertain whether these two groups responded with similar changes in
ACC and RT across multiple levels of recognition difficulty. Tone
recognition trials were presented to 12 NV and 18 SZ, in 8 blocks of 100
trials, randomized with respect to difficulty; size recognition trials were
also provided in 8 randomized blocks of 100, to 23 NV and 16 SZ
volunteers. Results indicate that NV and SZ exhibit similar declines in
ACC in association with increasing levels of difficulty. RT, however,
changed linearly with difficulty in NV (harder trials elicited longer RT) but
not in SZ (group interaction, p< 0.05). SZ are apparently unable to allot
appropriate time specific processing to resolve an ambiguous
recognition. Brain imaging data suggest this defect may arise from this
group’s inability to sustain associative matching in the frontal lobe.

A. De Luca3. G, Spalletta1, F. Amati3, F. Caccamo1. S. Alimenti1, R
Romeo2. B, Dalla Piccola3. G. Novelli3. ^ept. of Psychiatry, Tor
Vergata Univ., Rome, 2Dept. of Neuroscience, Tor Vergata Univ.,
Rome, I.R.C.C.S. S. Lucia, Rome, 3Dept. of Human Genetic, Tor
Vergata Univ., Rome, Italy, 00133
Haploinsufficiency due to a deletion for a gene or genes at 22ql 1 has
been associated with a variety of clinical disorders, including Di George
syndrome, velocardiofacial syndrome, and less severe but related
dysmorphologies including familiar congenital heart diseases.
Hemizygosity of 22qll.2 has been also associated with schizophrenia
or schizoaffective disorder. To identify the schizophrenia susceptibility
gene(s) in this region, we evaluated a novel single nucleotide
polymorphism in the promoter region of the Ubiquitin Fusion
Degradation Protein-1 (UFD1L) gene. UFD1L gene is considered a
good candidate for schizophrenia since it is expressed during
development in the medial telencephalon that forms hippocampus. Fiftytwo individuals with DSM-IV—SCID-P schizophrenia and 43 ethnically
matched controls were genotyped for the -277A/G UFD1L promoter
polymorphism. There was a significant increase in the frequency of the
-277A variant allele of the UFD1L promoter polymorphism in the
schizophrenic patients (0.33) compared to matched controls (0.16)
(P<0.03). These data confirm the presence of a susceptibility locus for
schizophrenia on chromosome 22 and support a putative role of UFD1L
gene-product in the pathogenesis of the disorder.

232.3

232.4

Altered performance of schizophrenic patients in auditory and visual
signal detection tasks C.-S.R Li.* C.-C. Chen,A M, Chen. Y.-Y, Yang
Department of Psychiatry, Chang Gung Memorial Hospital, Tao-yuan 333,
TAIWAN, ASmith-Kettlewell Eye Research Institute, San Francisco, U.S.A.
We investigate whether perceptual sensitivity and decision bias in a signal
detection task are altered in schizophrenics. Five subjects diagnosed with
schizophrenia (Sch), two with Bipolar I disorder (Bi) and seven normal
controls (N) participated in the experiments, in which they judged the
presence or absence of a visual or auditory signal. In the visual detection task,
the signal consisted of a group of random dots moving coherently in one
direction, among other dots moving in random directions. In the auditory task,
the subjects detected the presence of a tone amid white noise. The signal noise
ratio (snr) was varied systematically in both tasks. We derived the sensitivity
and decision criterion for each snr using signal detection theory. We fit the
probability of correct responses at all snr’s to a probit psychometric function
and computed the threshold and the slope of the function for each subject. The
results demonstrated that the decision bias of Sch but not the Bi patients
increased, compared with N. Furthermore, the perceptual sensitivity of both
Sch and Bi patients decreased, compared to N. The threshold was twice and
1.5 times as high in the visual and auditory task, respectively. The slopes of
the psychometric functions of Sch but not Bi patients were also shallower.
The latter result suggested that, according to the uncertainty model of signal
detection, the Sch patients monitored a smaller number of perceptual channels
than Bi and N. In sum, consistent with previous experiments, the present study
demonstrated that the Sch showed a higher decision bias than N. Moreover,
the Sch patients appeared to monitor less input channels in perceptual signal
detection. These results might have interesting implications for understanding
the neural mechanisms of perceptual hallucination. Supported by the Chang
Gung Medical Research Grant CMRP 792.

ASSESSING NEUROCOGNITIVE DEFICITS IN SCHIZOPHRENIA
L.M. Maron, J.M. Kuldau*, N. Riccuiti, R.M. Bauer &C.M. Leonard.
VA Medical Research Senice and University of Florida Brain Institute,
Gainesville, FL, 32611.
Controversy surrounds the nature of neurocognitive deficits in schizophrenia.
Empirical evidence supports both the selective deficit hypothesis, in which
memory and executive abilities are thought to be selectively impaired, as well
as the hypothesis of a more global cognitive impairment. Factors such as the
heterogeneity of schizophrenia and the varying psychometric properties of
neuropsychological tests have complicated the study of these deficits and their
relationship to psychiatric symptoms (Heinrichs & Zakzanis, 1998). Using the
Woodcock-Johnson Test of Cognitive Abilities (WJ-R), a test battery sensitive
to differential cognitive deficits due to its emphasis on factor purity and conorming, we investigated the relationship between symptomatology and
cognitive abilities in a sample of 9 well studied schizophrenics (mean age =
48.6; BCA range = 68-115; 8 males, 1 female). Preliminary results suggest that
the WJ-R provides a stable and valid assessment of cognitive functioning based
upon its strong correlation with IQ as measured by the WAIS-R administered 2
years before (n=.94, p<.005). Results also support Binks & Gold’s (1998)
suggestion that performance on WJ-R subtests predicts individual symptoms
with greater specificity than do the WAIS-R subtests. We found that delusions,
unusual thought content and abstract reasoning were positively associated with
a number of subtests comprising an oral language factor. These findings
suggest new directions in the search to identify the neurobiological substrate of
disordered cognition and behavior in schizophrenia.
(Supported by a Department of Veterans Affairs Merit Review Grant.)
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232.5

232.6

HIPPOCAMPAL AND NMDA DYSFUNCTION AS A SUBSTRATE FOR
DISRUPTED
HABITUATION AND
PREPULSE
INHIBITION
IN
S CHIZ OPHRENIA.
K.S.
Seybold*,
T.L.
Finamore,
M.M.
Noble
and
R.L.
Port.
Department
of
Psychology,
Slippery Rock University, Slippery Rock, PA 16057.
Diminished habituation and prepulse inhibition are
reliable
behavioral
phenomena
associated
with
schizophrenic populations.
The present study examined
the effects of hippocampal cellular neuropathy and

VISUAL INFORMATION PROCESSING AND VISUOSPATIAL WORKING
MEMORY IN PATIENTS WITH SCHIZOPHRENIA. C. Tek, J.M, Gold, T.A.
Blaxton. W.T. Carpenter Jr.*, R.W.Buchanan. Maryland Psychiatric Research
Center, University of Maryland, Baltimore MD 21228
Impairments in working memory (WM) have been proposed to underlie a broad
range of cognitive deficits seen in schizophrenia. Several studies reported spatial
WM deficits in schizophrenia. Investigations of WM generally assumes intact information processing (IP). However, there is some evidence of early visual information processing deficits in schizophrenia. Therefore, we conducted the current
study to address the following questions: l)do schizophrenics exhibit visuospatial

NMDA agonism and

antagonism on

these behaviors.

Aduit

male HSD rats were randomly assigned to hippocampal
damaged (icv kainic acid (KA): 1.5 nM) , D-cycloserine
(DCS, 3 mg/kg), MK801 (i.p.: 0.1 mg/kg), or Control
groups (n=6).
Training consisted of 45 trials in a
startle chamber;
a 20-sec intertrial interval was
employed.
Fifteen startle (115 dB) , 15 prepulse (85
dB), and 15 nonstimulated trials were presented in
random order.
Analyses of variance revealed that the KA damaged
group failed to habituate over blocks of startle
trials (F=3.53).
The amplitude of the response for
the second two blocks of trials was normalized by the
initial value (first block), and the KA group average
was 101.7%,
significantly greater than the Control
(70.8%),
MK801
(72.4%)
or
DCS
(77.2%)
groups.
Examination of the prepulse data (F=38.9)
revealed
diminished inhibition in the MK801 group (60.8%) in
contrast to KA
(18.2%),
Control
(18.7%),
or DCS
(15.3%) groups.
Supported by SRU.

IP deficits, 2)vrhether schizophrenics -would exhibit WM impairments -when initial

IP impairments were controlled, and 3)are IP and WM impairments specific.
As a test of visuospatial information processing, the subjects were given a visual
delayed response test with minimum delay. Well-practiced subjects viewed two abstract targets that appeared for a preset duration for each 40 trial block (between 15
and 2500 msec, 8 blocks in Latin square design) on a computer screen. Then, after
a 250-msec delay, they judged whether a third stimulus matched the targets in either shape or location. Two conditions differed only in the instructions. A preliminary analysis of the subjects studied to date (12 schizophrenics and 6 normal controls) revealed that, in the object condition, there were significant main effects for
diagnosis (f= 11.44, p=0.004) and target exposure duration (TED) (f=7.42,
p=0.000) but no interaction between these. In the spatial condition, only TED had
a significant main effect (f=3.93, p=0.001).
In the WM experiment, subjects were tested with the same test, with TED varied,
until the shortest TED that they perform at a criterion level of 80-90% correct is
found. Then, using each individual’s threshold TED, they were given the same test,
in four forty trial blocks, with a 3-sec delay. Complementing the findings in the IP
experiment, schizophrenics had significantly longer threshold TED in the object
condition (t=3.48, p=0.004), but not in the spatial condition. On the other hand,
schizophrenics performed significantly worse in the spatial WM condition
(t= 12.71, p=0.01), but not in the object WM condition.
These preliminary results suggest that schizophrenics may have deficits in the
object but not spatial visual IP, as opposed to a spatial but not object WM deficit.

232.7

232.8

P50 AND MEMORY PERFORMANCE IN SCHIZOPHRENIA. Ax
Summerfelt. J. Gold, and R.W, Buchanan*. Maryland Psychiatric
Research Center, Dept. of Psychiatry, Univ. of Maryland, Baltimore,
MD 21228.
P50 event-related potential (erp) abnormalities and cognitive deficits
have been reported to characterize patients with schizophrenia, although
it is not known whether these abnormalities reflect multiple processes.
In this study, erp, WAIS III and Wechsler Memory Scale III measures
were obtained from 12 clinically-stable outpatients with schizophrenia.
P50 amplitude, latency, and CT ratios were measured at CZ during a
paired-click paradigm. Memory measures were not related to SI or S2
amplitude and latency measures. The P50 CT ratio was significantly
related to WAIS III Processing Speed Index (r=-.63), PIQ (r=.66), and
Working Memory Index (-.55). These preliminary data suggest that
psychophysiological and cognitive abnormalities in schizophrenia are
multidimensional.
Supported in part by NIMH MH40279.

SPATIAL LONG-TERM BUT NOT WORKING MEMORY DECREASES
OVER TIME IN SCHIZOPHRENIA. THershev*. G. Selke. R. Fucetola.
J.W. Newcomer. Depts. of Psychiatry and Neurology. Washington University
School of Medicine, St. Louis, MO 63110.

232.9
Cognitive

232.10
and eye movement
indices of frontal
lobe function
in a large sample
subjects . N. Smymis1*, N. Stefanis1, I. Evdokimidis2, E. Katoulas1,

of

T.S.
Constantinids1, D. Avramopoulos1 and C.N. Stefanis1. 1.University Mental Health
Research Institute, Vas. Sofias 72, Athens Gr-11528. 2. Neurology Clinic of Athens
National University.
For the purposes of an ongoing perspective study on vulnerability indices for the
development of psychiatric disorders (mainly schizophrenic spectrum dsorders) we
performed among other tests: 1) A spatial and a verbal version of the N-back test (we
used a two back condition for both tests), 2) The Continuous Performance IP test (CPT)
and 3) The antisaccade eye movement test, in a sample of 200 Greek Airforce recruits
(18-24 years). A battery of test and questionnaires was administered such as the RAVEN
progressive matrices, the PAS and SPQ (schizotypy), the TCI (personality traits) and the
SCL-90 (current psychopathology). The d-prime of the verbal N-back test was
significantly higher than the d-prime of the spatial N-back test There was a highly
significant correlation of d-prime between the CPT and the spatial N-back test (R = 0.5)
as well as between the CPT and the verbal N-back test (R = 0.55). There was a
significant but weak correlation of hit rate, d-prime for the N-back and CPT tests and the
Distractibility Factor (DF) of the anti-saccade test (all R's below 0.3). The correlation of
the d-prime in both N-back tests and the CPT test with the RAVEN score were strongly
positive (all R's above 0.4). The same strong positive correlation was observed between
these indces and the educational level of the individuals. In contrast the DF factor dd not
show a significant correlation with level of education and the RAVEN score. Finally the
schizotypy and personality indces were not correlated with the cognitive and eye
movement tests. Significant but weak positive correlations (R below 0.3) were observed
between the DF and the d-prime for the cognitive tasks and some factors of the SCL-90
questionnaire (anxiety, depression). These results indicate the importance of DF as a
dstinct factor of frontal functioning. The lack of correlation of the psychometric indices
and the cognitive tests warrants further investigation.
normal

Working and long-term memory are reported to be impaired in schizophrenia at all
ages. Typically, qualitatively different memory tasks are used to assess these
functions, making comparisons difficult. However, delayed response tasks can
assess both types of memory. Short-delays (<15 sec) are more sensitive to the
prefrontally-mediated working memory system whereas longer delays (>30 sec) are
more sensitive to medial temporally-mediated long-term memory. We gave a
spatial delayed response task to schizophrenics (n=20) and normal controls (n=20)
between 20 and 70 yrs old. A repeated measures general linear model analysis was
performed on subjects’ scores (no delay, 5 sec and 120 sec delay conditions) with
diagnosis and age as independent variables. A significant 3-way interaction was
obtained (F(2,72)= 18.98, p<.001). Subjects were divided into young (<50 yrs old)
and old in order to perform post-hoc comparisons. Both young and old
schizophrenics were impaired relative to their control groups qn the short delay
condition, consistent with other reports of impaired working memory. However,
only old schizophrenics were impaired on the long delay. Further, a strong
correlation was obtained between age and performance on the long delay condition
for schizophrenics (r=.79, pc.001), but not for controls (r=.18, p=.44). No
correlation was obtained between age and BPRS symptom severity. In conclusion,
aging or duration of illness appears to present an increased risk for long-term but
not working memory impairment in schizophrenia. Support: McDonnell Center for
Higher Brain Function, NINDS F32 NS10787-01, NARSAD, MH 01510.
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DEHYDROEPIANDROSTERONE (DHEA) IS SELECTIVELY INCREASED IN
THE CEREBROSPINAL FLUID (CSF) OF SCHIZOPHRENIA PATIENTS
TREATED WITH TYPICAL ANTIPSYCHOTICS (APs)
V. Uzunova, R. Sharma, J. Davis*, E. Costa and A, Guidotti. Psychiatric Institute,
Dept. of Psychiatry, UIC College of Medicine, Chicago IL 60612
Psychotic symptoms in patients with schizoaffective, or bipolar disorders are
believed to be associated with decreases in GABA and/or glutamate receptor function.
GABAa and N-methyl aspartate (NMDA) glutamate receptors contain allosteric
modulatory binding sites for neurosteroids, among them, allopregnanolone (ALLO),
which binds to GABAa receptors and potently amplifies the intensity of GABA-gated
Cl' currents, and DHEA, which positively modulates the action of glutamate at
NMDA receptors. We have measured DHEA, ALLO, and their respective precursors,
pregnenolone (PREG) and progesterone (PROG), in the CSF and plasma of 17
acutely exacerbated patients (12 schizophrenia and 5 schizoaffective). After
completing a drug-free period (mean=15.5 days, SD=6 days) patients received a 4week treatment with typical APs (chlorpromazine equiv. = 986±468 mg/day). The
treatment resulted in a significant improvement of the psychotic symptoms (total
Brief Psychiatric Rating Scale scores ranged from 45±3 to 25±2.8), and in a 5- to 6fold selective increase in CSF DHEA content while plasma levels of DHEA remained
unchanged. The increase in CSF DHEA was not associated with changes in CSF
PREG, which strongly suggests that the increase may reflect an action of APs on the
rate of PREG conversion to DHEA in the brain. Both plasma and CSF PROG and
ALLO as well as DHEA-S (sulfate) were unchanged. Since DHEA positively
modulates the action of glutamate at NMDA receptors, and since psychotic symptoms
in patients with schizophrenia have been correlated with the downregulation of
NMDA receptor function, we postulate that the increase of DHEA levels in the CSF
of schizophrenia patients treated with APs may represent a mechanism operative the
amelioration of psychotic symptoms following treatment with APs.
Supported by Grants: MH49486 and MH56890 to A.G. & Stanley Foundation to J.D.
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LACK OF EFFECT OF CHRONIC HALOPERIDOL ON
ENTORHINAL CORTICAL GLYTIa mRNA. M, Wittie1. S.E. BachusL

THALAMIC GLYTIa mRNA IN SCHIZOPHRENIA.
S.E, Bachus*1, A, de Bartolomeis2. T, M, Hyde1. V.R, Albert3, Y, Zheng3.

Brain Disorders Branch, NIMH, NIH, Bldg. 10 Rm. 4N 308, Bethesda, MD
20892-1385. 2Allelix Neuroscience, Inc., Cranbury, NJ 08512.
We have found increased expression of mRNA for the GLYTIa glycine
transporter in entorhinal cortex of schizophrenic patients relative to controls1.
In orcier to evaluate the possibility that this elevation was a secondary
response to ante-mortem neuroleptic treatment, we have measured
expression of GLYTIa mRNA in the entorhinal cortex of rats treated
chronically with haloperidol decanoate.
Adult male Sprague-Dawiey rats were treated with i.m. injections of
haloperidol decanoate (n=20) or vehicle (n=16) every 3 weeks over a 24
week period, followed by 9 weeks of withdrawal. Levels of GLYTIa mRNA
were assayed by in situ hybridization with a ribonucleotide probe and
quantitated from autoradiograms, in superficial and deep layers of entorhinal
cortex.
In contrast to the elevated levels of entorhinal cortical GLYT1 a mRNA found
in schizophrenia, chronic haloperidol treatment in rats was associated with
slight but not significant reductions in the expression of GLYTIa mRNA, in
both superficial and deep layers of entorhinal cortex. These results suggest
that the abnormality in the level of expression of entorhinal cortical GLYTIa
mRNA in schizophrenia is not caused by neuroleptic exposure but, rather,
may be intrinsic to the neuropathology involved in schizophrenia.
1 Bachus et al., ACNP, 1997.
SEB supported by NARSAD.
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M.M, Herman1 & J.E, Kleinman1.1 Clinical Brain Disorders Branch, IRP, NiMH,
NIH, Bethesda, MD, 20892-1385; 2Neuroscience Dept. Univ. Federico II,
Naples, Italy; 3Allelix Neuroscience, Inc., Cranbury, NJ, 08512.
We have previously reported elevated levels of glycine transporter (GLYT)
1a mRNA expression in the mesial temporal lobe1, but not in dorsolateral
prefrontal cortex2 or amygdala3, in schizophrenia. We have extended our
exploration of the expression pattern of GLYTIa mRNA in psychiatric
disorders to the thalamus.
In situ hybridization with an [35-S]-labeled ribonucleotide probe for human
GLYTIa mRNA was applied to duplicate postmortem 14 p thick frozen coronal
thalamic sections containing dorsomedial and ventrolateral nuclei from normal
controls (n=8), schizophrenics (n=7), and suicide victims (n=7). NIH Image
(Rasband, NIH) was used to quantitate GLYTIa mRNA levels from the
dorsomedial and ventrolateral thalamic nuclei, and data were standardized
and averaged for the duplicates. Statistics were by ANCOVA with region as a
within subjects factor. Age, but not postmortem interval or brain pH, was
correlated with GLYTIa mRNA among the normals, hence age was used as a
covariate.
The groups did not differ statistically significantly for GLYT 1a mRNA
expression, either by ANCOVA or for either thalamic nuclear group or for
comparisons between any 2 diagnostic groups examined separately. These
results suggest that elevated GLYTIa mRNA levels in schizophrenia may be
specific to temporal cortical regions.
1 Bachus et al., ACNP, 1997; Bachus et al., WCBR, 1999; 2 Bachus et al,
ACNP, 1998; 3Bachus et al., Biol. Psychiat., 1999. SEB funded by NARSAD.

233.3

233.4

REDUCED STRIATAL PREPROSOMATOSTATIN mRNA EXPRESSION IN
RATS WITH CHRONIC HALOPERIDOL-INDUCED VACUOUS CHEWING
MOVEMENTS. SA. Bowman, S.E, Bachus. T.M. Hyde. L.B. Bigelow*, J. E.
Kleinman & M.F. Egan. CBDB, NIMH, NIH, Bethesda, MD 20892-1385.
Enkephalin1 and substance P2, colocalized with GABA in both striatal patch
and matrix neurons3, are downregulated in animals that respond to chronic
neuroleptic treatment with oral dyskinesias relative to those that do not. We
measured the expression of striatal preprosomatostatin (ppSS) mRNA, a
more specific marker of striatal matrix GABA neurons4, in rats treated
chronically with haloperidol.
Adult male Sprague-Dawiey rats were injected with i.m. haloperidol
decanoate (n=28) or vehicle (n=15) every 3 weeks over a 24 week period,
followed by 9 weeks of withdrawal, and monitored for vacuous chewing
movements (VCM). Levels of ppSS mRNA were assayed by in situ
hybridization and quantitated from autoradiograms, in dorsomedial (DM),
dorsolateral (DL), ventromedial (VM) and ventrolateral (VL) rostral striatum.
Haloperidol-treated rats did not differ from vehicle controls for ppSS mRNA
in any region. However, rats with high VCM (>10/min, n=11) had lower ppSS
mRNA than those without VCM (<4/min, n=8), reaching significance (p<.05)
in DM, VM, and VL striatum, and nearing significance (p=.O6) in DL striatum.
Moreover, VCMs were negatively correlated (p< .05) with ppSS mRNA
expression in DL and DM striatum across all haloperidol-treated rats. These
data add to evidence that alterations in striatal GABA neurons may play a role
in tardive dyskinesia, and specifically implicate the striatal matrix.
1 Andreassen et al., Neurosci. 88:27, 1999.2Johansson et al., Neurosci.
37:563,1990.3 Gerfen & Young, Brain Res. 460:161,1988. 4 Gerfen, sL
Comp. Neuroi. 236:454,1985.
SEB supported by NARSAD.

REDUCED ChAT mRNA POSITIVE NEURONAL DENSITY IN STRIATUM IN
SCHIZOPHRENIA. D.J. Holt1, S.E. Bachus2, Y. Agrawal1, T.M. Hyde2, M.M.
Herman*2, C.B. Saper1 & J.E. Kleinman2. 1 Dept. Neurol., Beth Israel Hosp.,
Boston, MA 02215; 2CBDB, NIMH, NIH, Bethesda, MD 20892-1385.
We previously reported a reduction in the density of ChAT immunoreactive
neurons in the striatum of schizophrenic patients, relative to normal controls1.
To confirm and extend this finding in a different cohort, we used in situ
hybridization to measure the density of neurons positive for ChAT mRNA.
An [35-SJ-labeled oligonucleotide probe complementary to human
ChAT mRNA was applied to14 p thick frozen coronal striatal sections
containing caudate nucleus, ventral striatum, and putamen, from normal
controls (n=10) and schizophrenics (n=7). Emulsion-dipped slides were
examined for density of positively labelled neurons/mm2 in these brain
regions. Statistics were performed using 1-tailed t-tests on the means
corrected for postmortem interval and brain pH, both of which were
significantly correlated with the data among the normal controls.
Consistent with our immunohistochemical study, the density of ChAT
mRNA-positive neurons was significantly reduced (p= .01), to 30% of normal,
in schizophrenics in the ventral striatum, while there was a trend toward a
reduction (p=.O7, to 56% of normal) in the caudate nucleus, but no
difference between groups in the putamen. This replication, with a different
method and in a new cohort of subjects, strengthens the evidence that
striatal cholinergic function may be affected in schizophrenia. We are
currently investigating the effects of chronic neuroleptic treatment in rats on
striatal ChAT expression to attempt to elucidate whether this finding could be
secondary to neuroleptic treatment.
(1) Holt et al., Neuroscience, in press. S.E. Bachus supported by NARSAD.

233.5

233.6

NUMBER AND DISTRIBUTION OF MICROTUBULE ASSOCIATED PROTEIN 2IMMUNOREACTIVE INTERSTITIAL NEURONS IN THE PARAHIPPOCAMPAL WHITE
MATTER IN SCHIZOPHRENIA. L. Rioux*, L.-Y. Han and S.E, Arnold. Center for
Neurobiology and Behavior, Department of Psychiatry, University of Pennsylvania,
Philadelphia, PA 19104
Previous studies reporting an abnormal distribution of interstitial white matter neurons
(IWMN) in prefrontal and temporal neocortices have suggested that schizophrenia may be
related to prenatal disturbances in the cortical subplate, a transitory structure involved in the
formation of connections in the developing cortex. These neurons, normally present in
subcortical white matter of the adult brain, have escaped the programmed cell death that
eliminates most subplate neurons. Selective change in the number or distribution of IWMNs
in schizophrenia may indicate an alteration in the migration of subplate neurons or in the
pattern of programmed cell death that could lead to defective cortical circuitry.
The parahippocampal gyrus is a structure in which a variety of cytoarchitectural, neuronal
morphometric, and innervation abnormalities in schizophrenia have been reported. We used
a monoclonal antibody against a high molecular weight isoform of microtubule-associated
protein 2 (MAP2) to quantify the number and distribution of IWMNs in the parahippocampal
gyrus from 17 individuals with schizophrenia and 12 matched controls. In both samples, the
number of IWMNs decreased with increasing white matter depth. Overall, the number of
MAP2 IWMNs did not significantly differ between groups for total parahippocampal gyrus
IWMNs or for IWMN numbers in superficial or deep white matter compartments. However, a
bimodal distribution of total IWMN number in the schizophrenia group was observed with a
subsample of 7 cases which had total IWMN counts more than two standard deviations
greater than the mean for the normal group. This was due to an increase in the number of
deep compartment IWMNs in these cases. These findings suggest an abnormality in the
cortical subplate in at least some cases of schizophrenia. Supported by NIH grants
MH00978, MH55199, MH43880.

IMMUNOREACTIVITY OF BDNF
(BRAIN-DERIVED
NEUROTROPHIC FACTOR) IN THE HIPPOCAMPUS OF
SCHIZOPHRENIC BRAIN
S. Iritani*1, N. Kuroki1, K. Niizato1, R, Nakamura!, K. Iked, H, Naw c?
&
H. Kaz.amatsuri‘. ‘Dept.of Psy. Tokyo Metropolitan Matsuzawa Hosp. Tokyo
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156-0057 Japan; 2 Dept.of Neuropathology, Tokyo Institute of Psychiatry, Tokyo
156-8585 Japan; 3 Divi.of Molecular Neurobiology. Brain Res. Ins. Niigata Univ.
Niigata 951-8585 Japan.

BDNF is a member of the family of neural differentiation and
survival-promoting molecules, also concerning to the plasticity of
synapse and the regulation of neurotransmitter such as neuropeptide
Y(NPY), somatostatin, GABA. We had presented the morphological
change NPY-containig fibers in the hippocampus at SFN of 1998. In
this study, we observed the distribution of BDNF in hippocampus of 6
schizophrenic brains , and compared to those of 4 normal controls and
non-human primates (Japanese monkey(macaca fuscata)). In all the
materials, BDNF-like immunoreactivity was detected in the granule cell
layer and pyramidal cell layer of CAI, CA2, CA3 of hippocampus and
parahippocampus gyres. In some schizophrenic brains, BDNF-like
immunoreactivity appeared to be more intense in these structures
compared to those of control subjects or/and monkeys. These observation
suggests that the neurotrophic change and its resultant peptidergic
abnormality might be associated with schizophrenia and could support the
hypothesis on the neurodevelopmental disorder of schizophrenia.
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233.7

233.8

CORTICAL AND SUBCORTICAL ASYMMETRIES: SEX EFFECTS IN
SCHIZOPHRENIC AND NORMAL POPULATIONS. K.L. Narr, P.M.
Thompson, T, Sharma1*, J. Moussai, C.I. Zoumalan, W. Wang, J. Rayman and
A.W. Toga. Laboratory of Neuro Imaging, Dept. of Neurology, UCLA School
of Medicine, Los Angeles, CA 90024, ’institute of Psychiatry, London, UK.
Alterations in normal cerebral asymmetries and abnormalities in sulco-gyral
patterns have been reported in schizophrenic populations. To investigate
cortical and subcortical asymmetries in schizophrenic patients (n=25) and
normal controls (n=28), 3D cortical surface extractions were rendered from MR
images using a parametric surface modeling approach.
Specific sulcal
asymmetries, intra-group variability and inter-group displacements in sulcal
anatomy were examined for effects of sex and diagnosis. 3D renderings of the
lateral ventricles and the midsagittal corpus callosum were similarly modeled to
assess asymmetry measures and their correlations with discrete callosal areas.
Robust asymmetries were found for the Sylvian fissures, superior and inferior
temporal sulci and postcentral sulci (p < 0.0001 respectively). Superior
temporal suclal measures revealed a significant sex effect and sex by diagnosis
interaction such that regardless of hemisphere, male controls had steeper
negative sulcal slopes than female controls (p < 0.01), a sex difference not found
among patients. Significant sex effects were also found for inferior temporal
sulci with sulcal slopes greater in males. Finally, there were significant main
effects of sex (p<0.001) and diagnosis (p<0.02) in the curvature of the post
central sulcus, with increased curvature in patients and in females. Although
there were significant asymmetries in lateral ventricle length and volume (left
longer and larger than right), asymmetries did not differ across diagnosis or sex.
A bilateral enlargement in superior horn volumes was however observed in
patients (p < 0.005). While these methods are able to detect even subtle cerebral
asymmetries, results imply that standard cortical and subcortical asymmetries
are more similar across diagnosis than sex.

POSTMORTEM GLUTAMATE RECEPTOR BINDING IN LATERAL
AMYGDALA NUCLEUS IN SCHIZOPHRENICS AND CONTROLS
JT Noga and H Wang, Dept. of Psychiatry, Emory University, Atlanta,
GA 30329
A common feature of schizophrenia is delusional fear, or paranoia,
often accompanied by violent or reclusive behavior. Conditioned fear in
animal experiments has consistently shown involvement of glutamatergic
systems in the lateral nucleus of die amygdala, comprising multisensory
cortical afferents as well as thalamic afferents. Since the amygdala has also
been previously implicated in schizophrenia we measured AMPA and kainic
acid receptor binding density in the lateral amygdala using thin tissue sections
from 15 schizophrenics, 15 depressed, 15 bipolars (all by DSM-IV), and 15
normal controls matched for age, sex, race, hemisphere, postmortem interval,
and mRNA. Preliminary data analysis using quantitative autoradiographic
methods revealed no group differences in AMPA receptor density (using
antagonist [3HJCNQX). Therefore, an abnormality in AMPA receptor density
in the lateral nucleus of amygdala in schizophrenia is not supported. Not docs
there appear to be an abnormality in AMPA receptor binding density in the
lateral nucleus of the amygdala of those with depression or bipolar disorder.
Data will also be presented for kainic acid receptor binding in the
same brain region and sample.

(We are grateful to the Stanley Foundation for providing the brain tissue tor
these experiments)

233.9

233.10

FURTHER CHARACTERIZATION OF THALAMIC NEUROPATHOLOGY IN
SCHIZOPHRENICS. L.A. Holcomb1*, K.F. Manaye2, D.C. German2, P.B. Hicks1
and K.A, Young1. ’Neuropsychiatry Research Program, Texas A&M University
System Health Science Center and the Central Texas Veterans Health Care
System Temple, TX 76504; ^Department of Psychiatry, Univ. of Texas
Southwestern Medical School, Dallas, TX 75235.
We have previously reported a selective 25-35% reduction in the number of
neurons in the left mediodorsal (MD) nucleus and anterior thalamus of
schizophrenics. Another group has reported a > 50% decrease in the concentration
of Rab3a in the left thalamus of schizophrenics using quantitative Western blot
analysis (Blennow et al., 1996). To investigate whether changes suggestive of
synaptic neuropathology and reactive gliosis are present in the MD of
schizophrenics, sections from the left thalamus of 8 schizophrenics and 7 controls
were immunostained for synaptic vesicle-associated Rab3a and the astrocyte
marker glial fibrillary acidic protein (GFAP). Despite reduced neuron numbers in
left mediodorsal thalamus in the present schizophrenic cases, a significant
decrease in Rab3a immunoreactivity was not observed in the MD. Reactive
astrocytes, indicative of recent neurodegenerative changes, were not elevated in
incidence in the MD of schizophrenics. In the paraventricular region of the
thalamus, a particularly dense meshwork of GFAP positive processes, was
prominent in about half of each group. The present data do not support extensive
changes in synaptic contacts or ongoing neurodegenerative processes in the
thalamus of schizophrenics. Supported by NIMH MH55879, Veterans
Administration and the Stanley Foundation.

NEUROCHEMICAL CHARACTERISATION OF THE HUMAN
ANTEROVENTRAL THALAMIC NUCLEUS
G, Dixon1,2. S, Dissanaike1,2. C, G, Harper2 and P.B. Ward1 *
Neuroscience Institute for Schizophrenia and Allied Disorders (NISAD)1 and
Department of Pathology2, The University of Sydney, NSW, 2006 Australia.

233.11

233.12

SELECTIVE NEUROPIL DEFICIT IN PREFRONTAL AREA 9,
NOT BROCA’S AREA 44,
IN A NEW COHORT OF
SCHIZOPHRENIC BRAINS. L.P. Selemon*. J. Mrzliak. J.E.
Kleinman. M.M. Herman. P.S. Goldman-Rakic. Section of
Neurobioiogy, Yale University School of Medicine, New Haven, CT
06510.
Disturbances in thought processing, coherency of speech and
expression are prominent features of the schizophrenic syndrome.
Previous morphometric analyses of prefrontal areas involved in higher
cognitive functioning have shown that neuronal density is elevated in
brains from schizophrenic patients (Selemon et al., 1995,1998);
however, whether increased neuronal density, which is the
morphometric expression of a deficit in cortical neuropil, is present in
cortical areas devoted to language is not known. Accordingly, neuronal
density was measured using a stereologic method in Broca's area 44 in
14 schizophrenic and 16 normal control brains. Neuronal density in the
schizophrenic sample (44.47 + 4.44 neurons/ (mm3 x 10 -3)) was not
different from the normal mean (45.14 + 5.02). In a subset of these
same brains (9 normal, 9 schizophrenic), neuronal density in area 9 in
the schizophrenic cohort (51.89 + 2.16) was significantly higher (12%)
than normal (46.40 + 5.55). These findings confirm our previous
report of increased neuronal density in the dorsolateral prefrontal
cortex. That a similar increase was not found in area 44 suggests that
verbal dysfunction in schizophrenia is not associated with a neuropil
deficit in motoric regions of Broca's area but instead may be mediated
by disturbances in upstream, associative prefrontal areas that mediate
planning and organization of speech. Supported by CNS grant #44866

IMMUNOHISTOCHEMICAL LOCALIZATION OF GABAB RECEPTOR
IN THE HIPPOCAMPUS OF SUBJECTS WITH SCHIZOPHRENIA.
K, Mizukami,*1 M. Iwakiri? S. Hidaka? M. Ishikawa? N. Kato.1 H. Shiraisht!
S. lritani2. ’Dep. of Psychiatry, Univ. of Tsukuba, Ibaraki 305 Japan, 2Dep. of
Psychiatry, Tokyo Metropolitan Matsuzawa Hosp., Tokyo 156 Japan.
Recent studies demonstrated involvements of GABA neurotransmitter
systems in schizophrenic brain. In order to further elucidate the alterations of
this system in schizophrenia, we employed immunohistochemical techniques
and examined the expression and anatomical distribution of the GABAB
receptor in the hippocampus of five subjects with schizophrenia and agematched controls. In control hippocampus, the most intense immunoreactivity
was observed in the soma and process of multipolar interneurons. Pyramidal
cells too were intensely labeled in their soma and proximal portion of the
apical dendrite, although the labeling intensity was varied in each subregion.
For example, the most intensely labeling was observed in the CA2 region while
in the CAI region the labeling was relatively weak. In the subjects with
schizophrenia GABAB immunoreactivity was markedly reduced in the
pyramidal cell throughout the hippocampus, especially within the CAI. In
addition, in many subjects, we observed a reduction of GABAB labeling on the
mossy cell in the CA4. In contrast, the intensity of GABAB labeled
interneuron was relatively well preserved throughout the hippocampus. These
findings suggest that in schizophrenia the expression of GABAB receptor is
reduced in the hippocampus and support the idea that GABA neurotransmitter
system is involved in the pathophysiology of schizophrenia.
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There is increasing evidence that abnormalities in higher order thalamic nuclei
contribute to the pathophysiology of schizophrenia. The basic neuronal composition of
thalamic nuclei in the human brain requires further investigation. The aim of this
study was to analyse the cytochemical profile of the principal nucleus of the anterior
thalamic group, the anteroventral thalamic nucleus (AV). 50pm coronal sections of
thalamus from 5 normal brains of patients with no history of psychiatric illness were
processed using standard immunohistochemical techniques. Antibodies directed
against calcium-binding proteins (parvalbumin, calretinin) and tyrosine hydroxylase
(TH) were used. Two distinct groups of parvalbumin immuno-reactive (PV+) neurons
were observed. Firstly, a large group of pale-staining cells (average somal diameter
22.9pm, range 18-29pm) were noted which were consistent with previously described
thalamic relay neurons. Secondly, a smaller population of intensely-staining cells
(average somal diameter 13.1pm, range 10-17pm) were found scattered throughout
the nucleus. This neuronal sub-type does not appear to have been described
previously. Further, the population of small, intensely stained PV+ cells as a
percentage of total PV+ cells varied considerably between cases. Calretinin and TH
immunoreactivity within the AV neuropil exhibited a uniform, punctate appearance,
consistent with the AV nucleus receiving afferent innervation from a population of
calretinin-containing neurons and ascending dopaminergic afferents, respectively.
These results further characterise the neurochemical profile of higher-order thalamic
nuclei in human brain. We are currently examining the distribution of calcium-binding
proteins within the AV nucleus of brains obtained from patients with schizophrenia.
Supported by NISAD.
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ABNORMAL MAP2 NEURON REPRESENTATION IN SUBICULUM
AND ENTORHINAL CORTEX IN POOR-OUTCOME SCHIZOPHRENIA
S.E. Arnold*, L.-Y. Han, L. Rioux, E. Falke Ctr. Neurobiology and Behavior,
Dept. of Psychiatry, University of Pennsylvania, Philadelphia, PA 19104
A variety of abnormalities in neuron morphology, size, and dendrites have
been reported in schizophrenia, which at least in part could be related to
disturbances in the neuronal cytoskeleton. Previous reports have described
abnormalities in the expression of the microtubule-associated protein MAP2 in
the hippocampal region in schizophrenia. In this study, we examined the
number and distribution of MAP2-immunoreactive (-ir) neurons in the
subiculum, layers II-III and V of the entorhinal cortex (EC), layers III and V of
the mid-frontal cortex and layer V of calcarine. Subjects included 21 wellcharacterized elderly individuals with "poor-outcome" schizophrenia who were
participants in a prospective clinicopathological studies program and 14
matched non-psychiatric controls. Using a stereological fractionation method,
we quantified the density of MAP2-ir and cresyl violet stained neurons in the
above regions of interest. There were no between group differences in cresylviolet stained neuron density in any region. The density of MAP2 neurons as a
proportion of total neurons was significantly decreased in the subiculum in
schizophrenia compared to controls (0.17 vs. 0.31, p=.O2) and to a lesser, nonsignificant degree in layers II-III of the EC (.04 vs. .07), while the MAP2-ir
neuron density was slightly higher in layer V of EC (.04 vs. .02). This raises
the possibility of maldistribution of MAP2-ir neurons in the parahippocampal
region. No differences in any measure were observed in the non-hippocampal
cortices. Additional studies will describe the relationship of MAP2 expression
to neuron morphology, dendritic arborization and other neuronal
subpopulations. Supported by NIH grants MH00978, MH55199, MH43880
and the Stanley Foundation.

THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS (PVN) IS A
COMMON SITE OF NEUROPATHOLOGY IN AFFECTIVE DISORDERS
AND SCHIZOPHRENIA H.-G. Bernstein? M. Wolter? K. G. Revmann? * D.
Krell? S. Diekmann? B. Baumann,1 P, Danos? H. M. Emrich.3 P. Falkai4 and B.
Bogerts1 1 Dept. Psychiatry, Univ. of Magdeburg, Leipziger Str. 44, D-39120
Magdeburg,2 Leibniz Institute for Neurobiology and ZENIT Magdeburg, 3 Dept.
Psychiatry, Univ. Hanover and4 Dept. Psychiatry. Univ. Bonn, Germany.
Profound functional disturbances of the hypothalamo-pituitary-adrenal axis
(HPAA) are well-known from patients with affective disorders. HPAA-related
hormonal dysbalances, although milder than in major depression, have also been
reported in schizophrenics. The PVN seems to play a central role in triggering
pathologic changes in the hormonal HPAA cascade. So, a sharp rise in the
expression of corticotropin releasing hormone and vasopressin have been found
in PVN neurons of patients suffering from major depression.
We have
investigated the cellular distribution in the PVN of nitric oxide synthase, NOS
(producing NO, an inhibitor of CRH release), P-endorphin (innervating and
thereby inhibiting NO-producing PVN neurons) and the cell marker calretinin
in schizophrenics, depressive patients and controls. It was found that the number
of NOS-expressing and of p-endorphinoceptive PVN neurons was significantly
reduced in depressives and schizophrenics compared to controls. The density of
calretinin-expressing PVN neurons was unchanged in schizophrenics and
controls but reduced in patients suffering from bipolar disorder. No differences
were found between the groups with regard to the total number of PVN neurons.
Our data demonstrate that subtle cell pathological changes are present in PVN
neurons of neuropsychiatric patients, and that these alterations are similar but
not identical in affective disorder and schizophrenia.
Supported by Krupp-Stiftung, Stanley-Foundation, DFG and BMBF of Germany
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FAMILY HISTORY AND DENDRITIC ABNORMALITIES IN
MOOD DISORDERS AND SCHIZOPHRENIA. G. Rosokliia. G.
Toomayan and A.J, Dwork* New York State Psychiatric Institute and
Columbia University; New York, NY 10032
In a previous report of abnormal arborization of apical dendrites of
subicular internal pyramidal cells in schizophrenia, we noted that similar
abnormalities were present in the brains of institutionalized patients witb
mood disorders. We now report that a profound loss of apical dendritic
spines, observed in all cases of schizophrenia, was associated with family
history among a small group of subjects with mood disorders. Rapid Golgi
impregnation of archival brain specimens was used to compare the
morphology of left-sided subicular internal pyramidal cell dendrites in
schizophrenia (n=13), mood disorders (n=6), and cases without
psychiatric disease (n=8). Apical dendritic spine density and arborization
of apical dendrites were significantly lower in both the schizophrenia and
mood disorder groups than in the nonpsychiatric group. Extent of
arborization was not associated with family history. Among schizophrenia
cases, spine density was not associated with family history. Among the
mood disorder cases, spine density was bimodally distributed. Three cases
with markedly reduced values each had at least two relatives with definite
or probable schizophrenia or mood disorder. The other three mood
disorder cases had normal or nearly normal numbers of apical dendritic
spines; two had negative family histories, and the third had a single
relative with a post-partum psychosis. Supported by NARSAD, the

Theodore and Vada Stanley Foundation,
MH50727, and MH60877.

AG10638,

MH46745,
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AN ALPHA-2 ADRENERGIC RECEPTOR AGONIST INHIBITS THE
ACCUMULATION OF VITREAL GLUTAMATE IN A RAT RETINAL TRANSIENT
ISCHEMIA MODEL. J.E. Donello1*E. Padillo1. D, Dong2. R. Lai, J. Ling2. C
Madhu2, and D.W. Gil1*. Depts. of Biological Sciences1 and Pharmacokinetics and
Drug Metabolism2, Allergan, Inc., Irvine, CA 92612
Recent studies have suggested that alpha-2 adrenergic agonists prevent neuronal
celt death in a number of animal models, although the mechanism of alpha-2
neuroprotection remains unclear. To address the mechanism of alpha-2
neuroprotection, retinal ischemia was induced by cannulating the anterior chamber
of the eye and increasing the pressure to 110 mmHg for 50 minutes. In this model,
the alpha-2 specific agonist brimonidine (UK14304-tartrate salt) (1 mg/kg I.P.)
preserves approximately 80% of the ERG b-wave. The protective effect of
brimonidine is completely blocked by co-injection of the alpha-2 antagonist
rauwolscine. Brimonidine treatment protects the ERG b-wave if animals are treated
1 or 3 hours prior to ischemia, but will not protect if it is injected during ischemia.
The 3 hour pre-treatment protection is blocked by I.V. injection of rauwolscine 2
hours later (1 hour prior to ischemia). Hence, the protective mechanism in this
model is immediate and requires activation of the alpha-2 adrenergic receptors
immediately prior to and during ischemia. A comparison of vitreous humour
glutamate levels between untreated and brimonidine-treated ischemic eyes
demonstrates that: 1) following ischemia glutamate levels rise 3-4 fold in the
untreated animals 2) glutamate levels in the brimonidine treated animals are
comparable to the non-ischemic controls. These results suggest that activation of
alpha-2 adrenergic receptors reduce ischemic retinal injury, at least in part, by
preventing accumulation of extracellular glutamate.
Funded by: Allergan, Inc.

PROTECTIVE EFFECT OF THEANINE ON ISCHEMIC NEURONAL
DEATH IN TRANSIENT FOREBRAIN ISCHEMIA MODEL. T. Kakuda.1 *
A-Nozawa? T. Unno? K, Utsunomiya.2 H. Yanase.2 J. Luo2 and K. Kataoka2.
'Central Research Institute, Itoen Ltd., Shizuoka 421-0516, Japan; 2Dept. of
Physiology, Sch. of Med., Ehime Univ., Ehime 791-0204, Japan.
With the gradual graying of society, more attention is paid to neuronal
death due to ischemic glutamate neurotoxicity, which is thought to be
involved in the mechanism underlying vascular dementia. In our previous
report, theanine ( 7-glutamylethylamide), a natural glutamate analog and
fiavorous constituent of green tea (Camellia sinensis), had protective effects
on cultured neurons against damage by glutamate. In this study, we described
the protective effects of theanine on neurons against ischemic delayed
neuronal death in the gerbil brain.
Under anesthesia with halothane, 1 pi of 50 - 500 pM theanine was given
through the lateral ventricle in the gerbil. Thirty min later, transient
forebrain ischemia was induced by bilateral occlusion of the common carotid
arteries for 3 min under careful control of the intracerebral temperature
within 37±0.3*0. After the survival period of 7 days, the brains were removed
and embedded in paraffin, and hippocampal slices were made coronally into
serial sections of 4 pm thickness. The sections were then stained with cresylviolet and the neurons in field CAI of the hippocampi of postischemic animals
were counted.
The administration of 125 and 500 pM of theanine significantly prevented
the CAI neurons from ischemic death.

Society

for

Neuroscience

. Volume

25, 1999

ISCHEMIA: NEUROPROTECTION I

576

MONDAY AM

234.3

234.4

LITHIUM PROTECTS AGAINST OXYGEN/GLUCOSE DEPRIVATION
MEDIATED NEURONAL INJURY. A.W. Probert* P.A. Boxer. T.G. Heffner
and F.W. Marcoux. Parke-Davis Pharmaceutical Research. Division of WarnerLambert Co.. Ann Arbor, MI 48105.
Lithium which has been used for years in the treatment of bipolar disorders, has
recently been reported to provide neuroprotection against focal cerebral ischemia
(Nonaka and Chuang, Neuroreport. 1998) and glutamate-mediated excitotoxicity
(Nonaka, et al.. PNAS, 1998). Under all three conditions, chronic lithium
administration was required for activity. While a definitive mode of action has yet
to be identified, research suggests that lithium may exert its activity via several
mechanisms including modulation of signal transduction pathways, down
regulation of phospholipase A2 activity/arachidonic acid turnover, concomitant
suppression of proapoptotic (Bax. p53) genes and upregulation of antiapoptotic
(Bcl2) genes, increased glutamate uptake, and inhibition of glutamate-mediated
calcium influx. In tlie current study we report that chronic but not acute treatment
with lithium protects cerebrocortical neuronal cultures against oxygen/glucose
deprivation (OGD)-mediated neuronal injury. Following chronic (7 day) treatment
with 2 mM LiCl a graded degree of injury was produced in controls by deprivation
of glucose (2.0-1.1 mM) at 1% O2. Chronic lithium treatment significantly
inhibited OGD-induced 45Ca2+ influx and neuronal injury to comparable levels.
Lithium had no effect on 10 pM (10% of maximal response) glutamate-mediated
45Ca2+ influx and suppressed 30, 100 and 300 pM challenges by a maximum of
20%. Acute 30 minute pretreatment with 2 mM LiCl affected neither OGD or
glutamate-mediated 45Ca2+ influx nor neuronal injury. Present data indicate
clironic lithium treatment provides neuroprotection against OGD, that protection is
closely associated with comparative reductions in OGD-mediated calcium influx,
and tliat protection and reductions in calcium influx are only partially mediated by
direct modulation of postsynaptic glutamate receptors.

PHENYLPROPANOIDS
FROM
SCROPHULARIA
BUERGERIANA
PROTECT CULTURED RAT CORTICAL NEURONS FROM GLUTAMATEINDUCED NEURODEGENERATION. S.R. Kim1, M.K. Lee? Y.C. Kim1*,
G.J. Markelonis2 and T.H. Oh2. ‘College of Pharmacy, Seoul National Univ.,
Seoul, Korea & 2Dept. Anatomy & Neurobiology, Univ. Maryland, Sch.
Medicine, Baltimore, MD.
We employ primary cultures of rat cortical neurons exposed to L-glutamate
to screen for neuroprotective compounds isolated from natural products. A
methanolic extract from the dried roots of Scrophularia buergeriana Miguel.
(Scrophulariaceae) significantly mitigated glutamate neurotoxicity in this
system.
Activity-guided fractionation using several chromatographic
techniques resulted in the isolation of several neuroprotective phenylpropanoids.
These include a newly-reported phenylpropanoid glycoside, p-methoxy-Zrazwcinnamoyl-4'-a-L-rhamnopyranoside ester (1), as well as six known
phenylpropanoids: /?-methoxy-/ra/?.s-cinnamoyl methyl ester (2); trans-cinnamic
acid (3); p-methoxy-Zra/w-cinnamic acid (4); p-coumaic acid (5); ferulic acid
(6); and caffeic acid (7). All seven compounds, including the newly-reported
glycoside (1), attenuated glutamate-induced neurotoxicity in primary cultures of
rat cortical cells at concentrations ranging from 0.1 - 10.0 pM. Compounds 1
- 7 diminished the calcium influx that routinely follows glutamate
neurotoxicity, and inhibited subsequent overproduction of NO in glutamatetreated cells. The neuroprotective compounds were more potent against the
toxicity induced by N-methyl-D-aspartate than that mediated by kainate. These
results demonstrate that phenylpropanoids isolated from S. buergeriana: (1)
exerted significant neuroprotective effects on cultured cortical neurons; and (2)
may be efficacious in protecting neurons from oxidative damage produced by
exposure to L-glutamate.

234.5

234.6

BLOCKADE OF mGluR ATTENUATES ISCHEMIA-INDUCED ARACHIDONIC
ACID RELEASE AND NEURONAL DEATH. A. M. Rao*, J. F. Hatcher and R. J.
Dempsev. Dept. of Neurological Surgery, Univ. of Wisconsin, Madison, WI 53792.
Stimulation of group I metabotropic glutamate receptors (mGluR 1 and 5)
activates G-protein coupled-phospholipase C (PLC) to release inositol
trisphosphate, diacylglycerol and arachidonic acid (AA). AA is one ofthe risk
factors directly acting on neurons and its accumulation is greatest in brain
regions vulnerable to ischemia-reperfusion injury. MCPG completely blocked
the glutamate stimulated phosphatidylinositol hydrolysis and showed
neuroprotection in CNS trauma. Recent studies suggest that PLC-coupled
mGtuR 5 might be more involved than mGluR 1 in CNS trauma. It has also
been shown that mGluR 5 is expressed more than mGluR 1 in CA! neurons.
To elucidate the role of group I mGluR, we tested the effects of MCPG (a
mGluR 1 & 5 antagonist) and AIDA (a mGluR 1a specific antagonist) on AA
release, edema and neuronal survival after transient ischemia in gerbils (n=46 per group). Results: A significant release of AA (99±10 nmol/g tissue
compared to sham 25±12, p<0.05) occurred after 10-min ischemia and 1-d
reperfusion. Significant edema was observed at 3-d reperfusion (82.39±1.65
compared to sham 78.7±0.3 as % water content). Ischemia resulted in 88±7%
neuronal loss in the hippocampal CA! subfield after 6-d reperfusion. In our
studies blockade of mGluR 1 and 5 by MCPG (25mg/kg i.p.) attenuated AA
release and edema (16±2, 79.82± 0.31 respectively, not significant compared
to shams), and hippocampal CAi neuronal death. Blockade of mGluR 1a by
AIDA (25mg/kg i.p.) was less effective in reducing AA release, edema and
neuronal death. Conclusions: These results suggest that activation of mGluR
5 may be an important pathway leading to AA release and neuronal death
after transient ischemia.
Funded by University of Wisconsin, NIH and Department of Veterans Affairs.

CO-ADMINISTRATION OF PROBENECID WITH LICOSTINEL INCREASES
THE STEADY STATE PLASMA LEVEL AND REDUCES THE MINIMUM
EFFECTIVE DOSE OF NEUROPROTECTION IN A RAT MODEL OF
TRANSIENT FOCAL ISCHEMIA D. Xue*, B. K. Miyazaki, G. Daniell, X. Cheng,
and R. M. Woodward. CoCensys, Inc., 201 Technology Drive, Irvine, CA 92618
Licostinel (ACEA 1021) is a potent NMDA receptor glycine site antagonist. Previous
study has shown that licostinel is efficacious in reducing brain infarction following
transient focal cerebral ischemia in rats, with a minimum effective dose (MED) of
0.625 mg/kg + 0.438 mg/kg/hr (i.v., bolus + infusion). The steady-state plasma level
(SSPL) associated with the MED is approximately 2 pg/ml. Probenecid non-selectively
inhibits renal excretion of anionic compounds, including licostinel. The current
experiment was designed to test whether probenecid could maintain higher plasma
level and consequently enhance the neuroprotective potency of licostinel. Transient
focal ischemia was induced by middle cerebral artery occlusion with micro-clip,
followed by reperfusion. Treatment with 50% of the MED of licostinel or its vehicle
(Vl) was given intravenously immediately after the onset of ischemia, while
probenecid or its vehicle (V2) was administered intraperitoneally 15 minutes before
arterial occlusion, followed by three additional injections every 2 hours thereafter.
Male Fischer rats were randomly assigned into four groups as presented in the table
below. SSPL of licostinel were analyzed by mass spectrometry. Cortical infarction was
assessed 24 hours after the onset of ischemia. Outcomes of the study were as follows:
Treatment
Infarct Volume (mm3)
Plasma Cone, (pg/ml)
Group 1
Vl +V2
145 + 71
NA
Group 2
Vl + Prob.
141+111
NA
Licostinel + V2
Group 3
112 + 78
1.2+ 0.5
Licostinel + Prob.
Group 4
58 + 70 *
3.1 +0.5 ***
♦p<0.05, group 1 and group 2 vs group 4; ***p<0.001, group 3 vs group 4

We conclude that probenecid increases the neuroprotective potential of licostinel by
maintaining higher plasma level of the drug.
(Supported by CoCensys, Inc.)

234.7

234.8

NEUROPROTECTIVE EFFECTS
OF
EAA-090, A
NOVEL
COMPETITIVE NMDA RECEPTOR ANTAGONIST IN FOCAL
CEREBRAL ISCHEMIA MODELS. J.W. Heyburn, M.A. Vinegra. C.
Gonzales, T.L. Miller. D.R. Bramlett. Y. Xiao*. J.A. Mover and M.M. Zaleska.
Wyeth Neuroscience, CN8000, Princeton, NJ 08543-8000.
The pharmacological blockade of the NMDA receptor has been
consistently shown to provide neuroprotection against ischemic injury in
preclinical models of cerebral ischemia. EAA-090 (WAY-126090), a potent
and selective NMDA receptor antagonist, is a structurally novel achiral
phosphonic acid squaric amide (Kinney et al., J. Med. Chem. 41:236, 1998).
We have shown previously that in the permanent middle cerebral artery
occlusion (pMCAO), induced by the electrocoagulation of the MCA through a
craniotomy in Fisher 344 rats,, a single i.v. bolus of 10 mg/kg of EAA-090
administered 5 min post-occlusion, resulted in a 57% reduction of infarct size
(Zaleska et al., Stroke 29:330, 1998). In present studies, efficacy of EAA-090
was assessed in two additional focal ischemia models. In spontaneously
hypertensive rats (SHR) subjected to the pMCAO for 24 hrs by an intraluminal
suture approach, treatment with EAA-090 (10 mg/kg i.v.) resulted in a
significant reduction in infarct volume while Selfotel (10 mg/kg i.v.) was
inactive. In a transient paradigm of the latter model, rats were subjected to
MCAO varying in duration from 5 to 180 min. Ischemic injury was evaluated
following a 24 hr reperfusion period using an “injury dose-response curve”.
EAA-090 (10 mg/kg i.v.) treatment significantly prolonged the ETW (duration
of MCAO resulting in half maximal infarct), while Selfotel, administered at the
same dose was not active. Motor function assessment indicated that EAA-090
significantly improved performance on the vertical screen and balance beam
test, and reduced the severity of forelimb flexion. These results suggest that
EAA-090 is a promising agent for the treatment of ischemic brain damage.

NEUROLOGICAL AND MORPHOLOGICAL CONSEQUENCES
OF MIDDLE CEREBRAL ARTERY OCCLUSION (MCAO) IN
THE RAT. EFFECTS OF CERESTAT AND NBOX. N, Pitsikas*,
A, Brambilla, C. Besozzi. P. Bonali. F. Fodritto. N. Grippa, A.
Scandroqlio. F. Borsini. Technological Centre of Research
Boehringer Ingelheim Italia S.p.A., 20139 Milan, Italy.
This study investigated the effects of NBOX, an AMPA receptor
antagonist, and cerestat, a NMDA receptor antagonist, on
counteracting neurological deficits and morphological damage
induced by permanent occlusion of the left middle cerebral artery
(MCAO model) in the rat. NBOX (3,10, and 30 mg/Kg, injected at
10, 60 and 120 min, post occlusion, via i.p., n = 11-13 each
group) did not reduce the infarct volume in this model of cerebral
ischemia and produced poor effects on sensory dysfunctions
(vibrissae stimulation, and body proprioception).
No effects were observed on motor dysfunctions (forelimb
flexion and footfault test).
Conversely, cerestat (0.3, 1, and 3 mg/Kg, injected at 10 and
120 min, post occlusion, via s.c., n = 8-13 each group)
significantly reduced the ischemic volume at the dose of 1 mg/Kg
and, at the same dose, significantly attenuated behavioral deficits
in the body proprioception and in the forelimb flexion test.
The results of this study suggested that there might be a certain
correlation between brain damage and neurological outcome
after MCAO in rats.
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INVESTIGATING AMPA RECEPTOR-MEDIATED
TOXICITY
BY
MODULATION OF THE GLUR2-NSF INTERACTION
G.S. Ralph . J. Noel1. J, Williams. T.C. Harding. J, Henley1, and J. Uney*
Department of Medicine, University of Bristol, BRI, Marlborough Street. Bristol
BS2 8HW; ‘Department of Anatomy, University, of Bristol, University Walk,
Bristol.

OXYGEN GLUCOSE DEPRIVATION CAUSES AMPA RECEPTORMEDIATED OLIGODENDROCYTE DEATH IN MOUSE BRAIN SLICES. S_
Baltan Tekkok*, M.P. Goldberg, Dept. of Neurology, Washington Univ., St.
Louis, MO. 63110.
White matter injury in the CNS is an important consequence of stroke. We
have shown that cultured oligodendrocytes are vulnerable to hypoxic injury
mediated by activation of AMPA-receptors (AMPARs) (Nat. Med.
4:291,1998). In this study, we have investigated whether glial cells in their
native cellular matrix located within the corpus collosum area of brain
showed similar vulnerability to oxygen-glucose deprivation (OGD)-induced
glutamate receptor activation.
Transverse brain slices were cut from the brains of adult SW mice after
transcardial perfusion with artificial cerebrospinal fluid (ASCF). Slices (400
pm thick) in two separate compartments were superfused with 95/5%
O2/CO2 ASCF at 33 °C. OGD (30 min) was induced by switching to glucosefree ACSF saturated with 95/5 % N2/C02. Slices were fixed, sectioned (16
pm thick) and labeled with antibodies for oligodendrocytes (anti-APC) and
astrocytes (anti-GFAP). Total cell numbers and nuclear morphology were
assessed by Hoecsht staining. The ratio of white matter cells was similar in
perfusion fixed and acutely fixed slices. Slices tolerated normoxic perfusion
for up to 12 hours with little cell death. OGD significantly reduced APC (+)
cells by 9 hours after the end of OGD (67 % vs 8 %). Oligodendrocyte loss
was accompanied by a parallel increase in pyknotic nuclei (5% vs 44%).
GFAP (+) cells were not affected. Treatment of slices with MK-801 (10 pM)
alone did not prevent OGD-induced APC (+) cell loss. However, addition of
NBQX (30 pM) fully blocked OGD-induced loss of APC (+) cells.
These results show that OGD causes a preferential loss of white matter
oligodendrocytes in brain slices, that is mediated by AMPAR activation,
extending our previous in vitro findings. NIH grants NS32636 and NS36265.

It has previously been hypothesised that downregulation of GluR2 expression
leads to the formation of Ca2+ permeable AMPA receptors in the brain following a
neurological insult. Furthermore, stimulation of these GluR2- lacking receptors by
abnormal levels of glutamate such as those observed following ischaemia,
contributes to the delayed neurodegeneration observed in certain brain regions,
particularly the CAI region of the hippocampus.
A novel interaction between NSF and a ten amino acid region of the C-terminal
intracellular domain of GluR2 was identified by yeast-2-hybrid screening of a rat
brain cDNA library. To investigate the role this interaction plays in AMPA receptor
trafficking, we constructed tetracycline-regulatable adenoviral (Ad) vectors encoding
a peptide corresponding to this ten amino acid region (GluR2m). It was observed
that overexpression of GluR2m lead to the elimination of GluR2 surface expression
and was also found to cause a significant decrease in total AMPA receptor surface
expression. Ad expression of a control peptide corresponding to the analogous
region of a GluR4 splice variant (GluR4c) did not affect AMPA receptor surface
expression.
We hypothesise that since most of the AMPA receptors are prevented from being
surface expressed when GluR2m is present, the possible toxic effects mediated by
stimulation will be diminished. To test this hypothesis we have exploited this
novel interaction and have investigated AMPA receptor-mediated neurotoxicty in
primary hippocampal cultures using the Ad-GluR2m and Ad-GluR4c constructs.
Work supported by Bristol University Scholarship and the Wellcome Trust
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EFFECTS OF OXYGEN-GLUCOSE DEPRIVATION ON CORTICAL
AXONS. M.P. Goldberg*, M.J. Hasbani, S. Baltan Tekkdk, Dept. of
Neurology, Washington Univ. School of Medicine, St. Louis, MO 63110.
Axonal injury is an important consequence of stroke. Electrophysiological
studies in isolated optic nerve preparations have suggested a role of
voltage-gated Na+ channels in hypoxic-ischemic axonal injury (eg Stys et al,
J Neurosci 12:430,1992). We have assessed mechanisms of axonal injury
in dissociated cortical cultures and acute brain slices exposed to oxygenglucose deprivation (OGD), models which allow observation of axonal
structural changes in intact cortical neurons. Axons were labeled with
antibodies SMI31 or SMI32 against axonal neurofilaments (NF).
In cortical cultures, prolonged OGD (70 min) caused axonal beading and
loss of axonal NF staining. Blockade of NMDA and AMPA/kainate glutamate
receptors with 10 pM MK-801 and 30 pM NBQX did not prevent loss of
axonal NF staining. Further addition of 10 pM tetrodotoxin (TTX) blocked
acute axon swelling and preserved NF staining 24 hours after OGD. In
acute brain slices following OGD (30 min), axons showed discontinuities
accompanied by an increase in NF staining intensity. Axonal retraction balls
and axonal bulbs were observed, and axonal NF labeling was lost 9 hours
after the end of OGD. MK-801 alone did not prevent OGD-induced injury.
Addition of NBQX, which prevented loss of oligodendrocytes (S. Baltan
Tekkok, this meeting), largely protected axons from OGD-induced damage.
Addition of TTX reduced axonal damage to a lesser extent than NBQX.
These results support the hypothesis that activation of voltage-gated Na+
channels leads to structural changes in cortical axons. Our studies in intact
brain slices further suggest that AMPA receptor-dependent oligodendrocyte
injury may contribute to axonal loss in ischemic white matter. Supported by
NIH grants NS32636 and NS36265.

AMPA RECEPTOR ANTAGONISTS REDUCE ISCHEMIC BRAIN
DAMAGE IDENTIFIED BY THE NOVEL, NEURON-SPECIFIC,
FLUOROCHROME FLUORO-JADE. J.Rutkauskaite*, A.Wagner3, and
S.Liliequist Dept Clinical Neuroscience, Div Drug Dependence Res, Div of
Neurology3, Karolinska Institutet, Karolinska Hospital, S-17176 Stockholm,
Sweden.
Brain ischemia was induced by 30 min lasting compression of a welldefined brain area of the sensorimotor cortex in Sprague-Dawiey rats (weight
300g). Starting on day 1 after the surgery, the animals were subjected to a
daily beam walking test for the assesment of neurological deficit (hindleg
paresis). The motor perfomance was recovered 5-7 days after surgery. The
brain damage was analysed using randomised slicing, a novel fluorescence
histological marker, Fluoro-Jade, in combination with the well established
TUNEL technique, and fluorescence microscopy. Administration of the
AMPA receptor antagonist LY326325 (30 mg/kg, ip) significantly improved
the functional recovery of animals and also decreased the number of
apoptotic cells. The development of the cortical compression-induced brain
lesion was histologically analysed and quantified on day 1, 3 and 5. The
number of apoptotic cells was markedly increased from day 1 to day 3, and
from day 3 to day 5 was a slow, but significant reduction in the number of
apoptotic cells. Taken together, our date sugests that a novel fluorochrome
Fluoro-Jade used for detection of apoptotic cells showed identical results as
the well established TUNEL staining.
This research project (No. 7688) was supported by the Swedish Medical
Research Council.
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EGIS-9637, A NOVEL ANTIISCHAEMIC DRUG EXERTS COMPLEX
NEUROPROTECTIVE PROPERTIES. G Levav*, A. Simo, J. Barkoczy,
K, Tihanyi. M Vegh and G. Gigler. Dept. CNS Pharmacol, and Div. Chem.
Res., EGIS Pharmaceuticals Ltd., Budapest, Hungary, H-1475
Excitatory amino acid neurotransmitters play a key role in a number of
pathological processes such as neuronal loss following anoxic/hypoxic state
of the central nervous system. It is thought that antagonists of the various
glutamate receptors might protect against massive cellular damage due to
excitotoxicity. The 2,3-benzodiazepine, ([+-]-l-[4-aminophenyl]-3-[Ncyclopropyl-carbamoil]-4-methyl-7,8-methylenedioxy-5H-3,4-dihydro-2,3benzo-diazepine) EGIS-9637 is one of the outstanding representatives of a
series of non-competitive AMPA/kainate antagonist 2,3-benzodiazepines
developed for the treatment of various neurological disorders such as
ischaemia, stroke, epilepsy, etc. The aim of the present study was to evaluate
the antiischaemic, neuroprotective properties of EGIS-9637. The compound
inhibited kainate evoked currents (IC50: 2.1 jiM) and AMPA/kainate mediated
toxicity (IC50: 13 pM) in cultured neurons as well as population spikes in rat
hippocampal slices (ICS0 :3.8 pM). EGIS-9637 was found to remarkably
protect against CAI neuronal death (56%; 20 mg/kg ip), and reduced
ischaemia induced behavioral impairment (4*15 mg/kg ip) in Y-maze in the
gerbil bilateral carotid occlusion (BCO) model of global cerebral ischaemia.
The compound exerted significant protective effect in the mouse middle
cerebral artery occlusion model and displayed profound anticonvulsive
activity in various seizure models. These results indicate advantageous
perspectives for EGIS-9637 in the acute treatment of ischaemic brain
diseases. (Supported by EGIS Preclin. Res)

KNOCKDOWN OF TRANSMTTER RELEASE RELATED-PROTEIN BY
HVJ-LTI OSOME MEDIATED GENE TRANSFER
REGULATES
ISCHEMIC BRAIN DAMAGE. K, Noda,1 M. Iwakuma12 , T. Shirao *3, Y.
Kaneda4 andM.Saji1, ‘Dept. Physiol.. Sch. Allied Health Sci., Kitasato Univ.,
Sagamihara 228; 2Dept. Neurosci., Sch. Life Sci., Fac. Med. Tottori Univ.,
Yonago 383; 3Dept. Neurobiol. & Behav., Gunma Univ. Sch. Med., Maebashi
371; 4Div. Gene Therapy, Grad. Sch.,Osaka Univ. Fac. Med, Suita 565,
Japan.
Hippocampal CAI neurons are most vulnerable to ischemia. Both
postischemic treatment with glutamate receptor antagonist and surgical
exclusion of the afferent inputs to CAI region in rats prevents the ischemic
damage of hippocampal CAI neurons, suggesting that postischemic
mechanism for neuron damage may involve a potentiated process of
glutan.r e neurotransmission. To examine whether ischemic neuron damage
can be regulated by modulating the efficacy of transmitter release, delivery
of synapsin I oligo deoxynucleotides (AS-ODNs) or stnaptotagmin I ASODNs b\ HVJ-liposome gene transfer in brain was performed to induce a
chronical change (over 2 weeks) in the efficacy of transmitter release in the
entire biain prior to trasient forebrain ischemia in rats. Synaptotagmin
knockdo vn resulted in complete protection of hippocampal CAI neuron
from ismemic damage, while synapsin I knockdown caused severe
deterioration of the. ischemic damage of hippocampal neurons. We suggest
that a lcr g-lasting modification inthe efficacy of synaptic transmission by
knockdo v i of transmitter release-related protein is a better way to prevent
the isch raic neuron damage as a gene therapy. Supported by Research Grant
(9A-1 2 )) for Nervous and Mental Disorder from Kouseisho Japan to MS.
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ENHANCEMENT OF GABA LEVELS CAN BIDIRECTIONALLY ALTER HYPOXIC NEURONAL DEATH.
M.C. Grabb,* and D.W. Choi. Center for the Study of Nervous
System Injury and Dept. of Neurology, Washington Univ. School
of Medicine, St. Louis, MO 63110.
GABA-A receptor activation has been used as a strategy to
attenuate ischemic brain damage in animal models. However,
experiments in vitro suggest that high levels of GABA-A receptor
stimulation can potentiate oxygen-glucose deprivation (OGD)induced neuronal death (JCBFM 16:1211, 1996). Here we
examined the effect of graded enhancement of endogenous GABA
levels upon cortical neuronal vulnerability to OGD. Mixed
cultures containing neurons and glia were exposed to the GABA
transaminase inhibitor, (+)y-vinyl GABA (IpM-l mM), 24 h prior
to OGD. Low concentrations of (+)y-vinyl GABA (1-10 pM) as
well as the agonists chlormethiazole (1 pM) or GABA (0.1-1.0
pM) decreased OGD-induced neuronal death. However, high
concentrations of (+)y-vinyl GABA (1 mM) or these agonists
enhanced OGD-induced death. These data suggest that the effect
of GABA-A receptor activation upon neuronal vulnerability to
hypoxic-ischemic injury may depend critically upon receptor
activation level. Supported by NIH grant NS 32636 (DWC)

N0711, A GABA TRANSPORT BLOCKER, PROTECTS PRIMARY
MESENCEPHALIC CULTURES FROM MALONATE TOXICITY. A.H, Stokes,
G.D. Zeevalk. L.B, Bernard. W.J. Nicklas’. Dept. of Neurology, RWJMS-UMDNJ;
Piscataway, NJ 08854.
This study utilizes the rat mesencephalic tissue culture model to assess neuronal
toxicity associated with administration of malonate, a reversible and competitive
succinate dehydrogenase inhibitor. Previous studies showed that this is a good model for
dopamine (DA) toxicity caused by energy dysfunction. In isolated chick retina, GABA
release is one of the first consequences of acute energy impairment and GABA transport
blockers attenuate acute toxicity. The present results demonstrate that the non-substrate
GABA transport blocker, NO711 (1 nM-10 pM), dose-dependently protected cultured
mesencephalic DA and GABA neurons from malonate toxicity (50 mM; 24 hrs with a
3 day recovery period). Similar protection was demonstrated with nipecotic acid (1 mM)
and SKF89976A (100 pM-1 pM), substrate and non-substrate GABA transport blockers
respectively. These compounds by themselves produced no signs of toxicity although
nipecotic acid caused a long-term decrease in GABA uptake not associated with toxicity.
Compounds which decrease intracellular reactive oxygen species (ROS) have been shown
to be protective in this model; however, N0711 did not prevent the rise in intracellular
ROS induced by malonate indicating its effects were downstream of ROS production.
Supplementation of malonate treated cultures with 5 pM GABA did not alter toxicity
toward the dopaminergic or GABAergic populations. However, inhibitors ofGABAA and
glycine receptors provided some protection to both the GABA and DA neurons. These
findings suggest that chloride flux through the GABA transporter, GABAa , and/or
glycine channels contribute to cell damage associated with energy impairment.
This work was supported by PHS grant: NS 36175 and NS 17360

234.17

234.18

DIAZEPAM BUYS TIME FOR ISCHEMIC NEURONS. D. Corbett* J.
ppwjen. p. PQQley, C.
$.
K, Mtitay, Basic Med. Sci., Fac.
Med., Memorial Univ., St. John’s, NF, Canada, A IB 3V6.
There is a need to expand the therapeutic time window for neuroprotective
agents as well as for t-PA (<3 hr) since most stroke patients reach hospital
outside this time frame. Diazepam provides limited long term protection and
might be useful for expanding this time window. However it is not known to
what extent diazepam maintains normal cellular structure and function in the first
few days after ischemia. We used histological, immunocytochemical and
electrophysiological endpoints to address this question.
Gerbils underwent 5 min of global ischemia followed by 10 mg/kg diazepam
(D) given 30 and 90 min later. Other animals were subjected to sham surgery
(S), normothermic ischemia (I) or ischemia at 32°C (H). Postischemic brain
temperature was regulated at ~37°C for 24 hr. Gerbils in the D and I groups
were sacrificed 1,2 and 3 days after ischemia. S and H gerbils were sacrificed on
day 3. CAI cell counts, MAP2 staining and CAI field potentials (FPs) were
performed at each survival time.
H prevented CAI necrosis, preserved MAP2 integrity and maintained CAI FP
amplitude. I gerbils showed a significant reduction in these 3 outcome measures
by day 3 (p<0.001). Relative to day 3 I gerbils, D gerbils had more CAI
neurons (p=0.0044), near normal levels of MAP2 (p=0.0017) and CAI FP
amplitude in D gerbils was ~ to S values (p=0.0006 vs. I gerbils).
Diazepam maintains near normal structural (MAP2) and functional (FPs)
integrity up to 3 days after a severe global ischemic insult. As such, this drug
may be useful for extending the therapeutic time window of t-PA and
neuroprotective treatments.
Supported by the Heart & Stroke Foundation of NF

ANTIMYOCLONIC EFFECT OF PIRACETAM IN ANIMAL MODEL OF
POSTHYPOXIC MYOCLONUS B.Q, Nguyen* A.G Kanthasamv, M. Aiao and
P.D. Truong. Parkinson’s and Movement Disorder Institute, Long Beach
Memorial Medical Center, Long Beach, CA 90801
Posthypoxic myoclonus is characterized by sudden, brief, shock-like
involuntary movements caused by active muscle contractions or inhibitions.
Until recently, when we developed a rodent model of posthypoxic myoclonus
by performing cardiac arrest procedure in rats, the lack of a suitable animal
model hampered our efforts in understanding the disease process and in the
development of novel antimyoclonic agents. Clinical studies indicate that
serotonergic agents and anticonvulsants can suppress posthypoxic
myoclonus, in addition, recent reports show that Piracetam (2-oxo-1pyrroiidine acetamide), a cyclic derivative of GABA, attenuates myoclonus in
humans. In the present study, we tested antimyoclonic effect of piracetam
(300, 500 or 1000 mg/kg, i.p.) in the animal model of cardiac arrest-induced
posthypoxic myoclonus to further validate the model. The 300 mg/kg dose
did not have any antimyoclonic effect and the 500 mg/kg dose produced an
inconsistent effect. However, at 1g/kg dose the drug had a remarkable
antimyoclonic effect in our animal model. In addition to the antimyoclonic
action of piracetam, the drug also abolished the posthypoxic seizure. The
administration of the drug itself did not cause any side effects, even at the
1g/kg dose. Histological examination hippocampus and cerebellum brain
revealed that piracetam is a remarkable neuroprotective agent in this model.
These results suggest that piracetam and its analogs may offer a therapeutic
benefit in posthypoxic myoclonus. [Supported by Myoclonus Research
Foundation]

234.19

234.20

CLOMETHIAZOLE-INDUCED NEUROPROTECTION AGAINST ISCHEMIC
INSULT MAY PERMENENTLY ALTER INHIBITORY TONE IN
HIPPOCAMPAL-BASED CIRCUITS KL. Gilby,* ME. Kelly and HA.
Robertson. Lab. of Molecular Neurobiology, Dept. Pharmacology, Dalhousie
Univ.; Halifax, Canada, B3H 4H7.
Ligation of the left common carotid artery followed by a 60 min episode
of 8% oxygen causes a unilateral global ischemic insult that results in profound
cell death in both the hippocampus and cortex of the left hemisphere. A posthypoxic injection of 200 mg/kg clomethiazole (CMZ) administered 3 hours
following hypoxia-ischemia (H-I) provides complete histological neuroprotection
against this insult in post-natal day 25 male rats. However, while these cells
appear to be morphologically intact it can not be assumed that circuits driven
though these cell layers are unaffected.
In order to determine whether
hippocampal-based circuits are functionally intact in H-I animals treated with
CMZ we implanted bilateral electrodes in the hippocampii of rats 2 months
following H-I treatment. Bilateral electrodes were also implanted in several
control groups 2 months following treatment. Control treatments included vehicle
injection following H-I, ligation only, hypoxia only, CMZ-injection only and naive
animals. Two weeks after surgical implantation the after-discharge threshold
(ADT) for both the right and left hippocampus was determined. H-I animals that
received 200 mg/kg CMZ at 3 hours post-hypoxia required a stimulus intensity
that was three-fold higher than controls to elicit an ADT in the ipsilateral
hippocampus. However, the ADT in the right hippocampus of these animals was
not significantly higher than controls. Results of this experiment suggest that
while CMZ treatment following ischemia is protective, it may permanently alter
the inhibitory tone of the protected cell layers. This alteration may be of some
clinical advantage in stroke patients as it may decrease the probability of a
subsequent excitotoxic event. (Supported by Astra Pharmaceuticals Inc. and the
MRC of Canada).

CLOMETHIAZOLE (CMZ) TREATMENT AMELIORATES ISCHAEMIAINDUCED HEMINEGLECT ASSESSED BY A NOVEL SIX TUBE SEARCH
TASK, IN A PRIMATE MODEL OF STROKE. J.W.B. Marshall1, A.J.
Cross2, D.M. Jackson3’, A.R. Green4, H.F. Baker1 and R.M. Ridley1. *MRC
Comparative Cognition Team, Department of Experimental Psychology,
University of Cambridge, Cambridge, CB2 3EB, UK.; Astra Arcus 2USA,
’Sweden and 4UK.
Stroke-induced spatial hemineglect is debilitating, interferes with the patient's
rehabilitation and is indicative of poor functional outcome. We examined the effect
of CMZ (Zendra®), a drug which enhances GABA-A receptor activity, on the
spatial hemineglect produced by permanent occlusion of the Ml segment of the
middle cerebral artery (pMCAO) in the marmoset, a New World species cf
monkey. CMZ was administered 1 h after the onset of ischaemia, by an i.p.
injection (40mg/kg) and by s.c. implanted minipumps, which provided a
sustained release of the drug for 48 h. All monkeys had been familiarised with and
tested on a novel Six Tube Search Task, in which they were required to search and
find a food reward hidden in one of six locations across their lateral space, preoperatively, and were re-tested three and ten weeks after surgery. Three weeks after
pMCAO, all the monkeys had difficulty finding rewards concealed in the contralesional positions within the time allotted, but had no difficulty finding rewards
hidden in the most ipsilesional position. CMZ treated monkeys were, however,
significantly better at finding rewards hidden on their contralesional side than woe
monkeys who were not drug-treated (F(l,8)=5.41, p=0.05). By ten weeks, CMZ
treated monkeys had recovered to their pre-operative performance. However, nontreated pMCAO monkeys still had a residual impairment on this task. CMZ
treatment also reduced the amount of ischaemic damage, assessed histologically,
particularly at AP 6.5, the region of the parietal cortex. Our data suggest that this
drug could protect against the neglect that can follow a stroke in man.
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ACTIVATION OF 5-OPIOID RECEPTORS PROTECTS CORTICAL
NEURONS FROM GLUTAMATE EXCITOTOXIC INJURY

J.H. Zhang>l*, Y. Xia* and G.G. Haddad
Departments Of Pediatrics 1 and Cellular & Molecular Physiology^,
Yale University School of Medicine, New Haven, CT 06520
We have recently found that 5-opioid receptor density and binding
affinity are much higher in turtle than rat brain. We therefore hypothesized that
these receptors play a role in neuronal protection against hypoxic/ischemic
injury since previous data have shown that turtle neurons, as compared to rat
neurons, are much more resistant to hypoxic or neuroexcitoxic injury. To test
our hypothesis, we prepared neuronal cultures from rat cerebral cortex at
embryonic 16-17d and studied whether 1) glutamate-induced neuronal injury
occurs; 2) there is 5-opioid receptor in our neurons; and 3) activation of such 5opioid receptors protect neurons from glutamate-induced injury. Our results
show that 5-opioid receptor density was low in the first few days and increased
4- fold by 12d in culture (n=6, PO.Ol). Glutamate induced neuronal injury and
eventually death, which is concentration-, time- and age-dependent. At 4d, up
to 2 mM glutamate did not cause apparent injury. In 4 cultures with 500 pM
glutamate for 5 hours, 80% of 8-1 Id neurons were seriously damaged or dead,
while DADLE (10 pM) reduced this damage by 25% (PO.05). In 6
experiments from 2 cultures with a lower dose of glutamate (100 pM), more
than 65% of neurons were damaged but less than 45% of neurons were injured
after adding 10 pM DADLE with glutamate (P<0.01). Our results suggest that
5- opioid receptors protect cortical neurons from glutamate excitoxic injuiy.
This study was supported by March of Dimes and NIH (HD-34852,
HL-39924 and HD-32573).

MAJOR DIFFERENCES IN 5-OPIOID RECEPTOR DENSITY AND
BINDING AFFINITY BETWEEN TURTLE AND RAT BRAINS
Y. Xia1* and G.G. Haddad1^.
Departments of Pediatrics 1 and Cellular & Molecular Physiology^,
Yale University School of Medicine, New Haven, CT 06520

We have previously shown that the reptilian turtle brain has a remarkably higher
endurance for anoxia than the mammalian rat brain. Since response to O2 deprivation is
greatly dependent on expression of membrane proteins, especially those linked to
inhibitory neurotransmitter systems, difference in protein expression may play a role in
the species-related differences in hypoxic responses. Therefore, we have compared the
expression of specific membrane proteins between turtle ana rat brain. Brains from adult
freshwater turtles and rats were simultaneously studied with receptor binding and
autoradiography to 5- and p-opioid receptors. The results show that 1) Kd for 5-receptor
binding was about 4-times lower and Bmax was more than double in the turtle brain
homogenates than in rat ones; 2) 5-receptor binding density was heterogeneously
distributed in the turtle brain and generally high in all brain regions from cortex to spinal
cord; the receptor density was extremely low, except for the cortex, caudate putamen
and some amygdaloid areas, in whole rat brain (especially in hippocampus and most
caudal regions); 3) in sharp contrast to 5-receptors, p-opioid receptor density was low in
the turtle brain as compared to rat brains. Our results indicate that 5-opioid receptors in
the turtle brains have a high density and affinity with its ligand as compared to rat brain.
Since we have recently found that activation of 5-receptor receptors displays a protective
effect against neuronal injury, we believe that high density and affinity of 5-receptor
receptors may play a critical role in neuronal protection during hypoxia.
This study was supported by March of Dimes and NIH (HD-34852, HL-39924
and HD-32573).

234.23
CHRONIC HYPOXIA DIFFERENTIALLY REGULATES 5-OPIOID
RECEPTOR EXPRESSION IN ADULT AND IMMATURE BRAINS

G.G. Haddad 1A j ,h . Zhang,I A.R. Bazzyl* and Y. Xia*
Departments Of Pediatrics 1 and Cellular & Molecular Physiology^,
Yale University School of Medicine, New Haven, CT 06520
Since we have previously shown that 1) 5-opioid receptor may have a protective
effect against neuronal injuiy and 2) prolonged hypoxia renders immature cortical
neurons more vulnerable to subsequent stress in immature brains, we asked in this
work whether prolonged hypoxia regulates 5-opioid receptor expression. Experiments
were performed in newborn (P3) and adult (P90) rats exposed to hypoxia (inspired O2
= 9.5±0.5%) for 30 days. After this hypoxic period, brains were rapidly removed for
delta-receptor autoradiography. Each tissue from exposed rats was paired with a
matched control and processing was done in the exact same condition. Because we
have observed that 5-opioid receptors are mostly distributed in the rostral brain
(especially in the cortex), our studies focused on this region. Autoradiographic data
show that 1) 5-opioid receptor density was homogeneously low in newborn forebrain
and increased with age; it reached peak density in adulthood with a very heterogeneous
distribution (e.g., much lower density in layers III-IV than in other cortical layers; 2)
after 30 days in hypoxia, 5-opioid receptor density was lower by 20 to 60% in the
cortex, hippocampus and other major regions as compared to age-matched controls; 3)
adult rats exposed to the same hypoxic stress had no appreciable changes in 5-opioid
receptor density in major brain regions including the cortex. These results demonstrate
a down-regulation of 5-opioid receptor expression in exposed immature forebrain. We
speculate that this down-regulation contributes to the enhanced neuronal vulnerability
with prolonged hypoxia.
This study was supported by March of Dimes and NIH (HD-34852, HL-39924
and HD-32573).
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ATj receptor blockade normalizes cerebrovascular autoregulation and reduces
cerebral ischemia in spontaneously hypertensive rats. Yasuaki Nishimura.
Takeshi Ito and Juan M. Saavedra* Section on Pharmacology, National
Institute of Mental Health, NIH
For the purpose of clarifying the effects of the angiotensin ATj receptor
antagonist, CV-11974 (CANDESARTAN), on cerebral blood flow in
spontaneously (genetically) hypertensive rats (SHR), we studied 1) Cerebral
blood flow autoregulation by laser Doppler flowmetry, 2) expression of
angiotensin II AT! receptors in the nucleus of the solitary tract and area
postrema by quantitative autoradiography and 3) prevention from cerebral
ischemia, using a rat stroke model with an intraluminal thread technique, the
temporary middle cerebral artery (MCA) occlusion with reperfusion. In SHR,
both the upper and lower limits of autoregulation were shifted towards higher
blood pressures, when compared with those of WKY. CV-11974 (0.5
mg/kg/day) was administered to normotensive Wistar Kyoto rats (WKY) and
SHR via subcutaneously implanted osmotic minipumps for 14 days. We
found; 1) A shift of the autoregulatory curve towards lower blood pressures in
both WKY and SHR with a partial normalization of the autoregulatory curve
in SHR. 2) A mark decrease of ATi receptor binding in SHR, in areas inside
the blood brain barrier (nucleus of the solitary tract) and outside the blood
brain barrier (area postrema). 3) After lh occlusion of the MCA, the treatment
completely restored cerebral blood flow on the vicinity of ischemic core and
reduced significantly the total and cortical injuries by 58 and 64% relative to
SHR without treatment. Our results demonstrate that peripheral treatment with
CV11974 blocks brain AT] receptors, tends to normalize cerebral blood flow
autoregulation, and protects the brain from cerebral ischemia.

TOPICAL BRIMONIDINE PROTECTS RETINAL FUNCTION IN A RAT
MODEL OF PRESSURE-INDUCED RETINAL ISCHEMIA. T. Chun. R. Lai*
and L. Wheeler. Dept. of Biological Sciences, Allergan, Inc., Irvine, CA 92612
Brimonidine is a selective a2-adrenoceptor agonist indicated for the treatment
of glaucoma. We previously have shown that systemically administrated
brimonidine can protect the retina from ischemic injury in a pressure-induced
retinal ischemia model. Since brimonidine is indicated for topical application,
we investigated if topically applied brimonidine can also protect the retina from
ischemic injury. We assessed the effect of topical brimonidine on retinal function
after retinal ischemia using electroretinography (ERG). Male Brown Norway
rats were pretreated with various topical doses (0.1% to 1%) of brimonidine
tartrate one hour prior to experiments. Rats were anesthetized with isoflurane.
One eye was cannulated and connected to a saline reservoir with adjustable
pressure. Ischemia was induced by raising IOP to 110 mm Hg and maintained for
50 minutes followed by reperfusion. After seven days of recovery, ERG
responses were measured from both the ischemic and contralateral non-ischemic
eye. By expressing the functional assessment as the percent recovery of ERG-b/
a wave ratio, we found that topical brimonidine protects retinal ftinction from
ischemic injury in a dose related manner (recovery= 22% in 0.1%, 49% in 0.15%,
55% in 0.2%, 68% in 0.5% and 70% in 1% vs 20% in controls). These protective
effects are mediated by the activation of the a2-adrenoceptor as they can be
inhibited by pretreatment with a2-adrenoceptor antagonist. These results suggest
that topically applied brimonidine is bioavailable lb the retina and that protection
against retinal ischemic injury can be achieved by topical brimonidine.
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HYPERTHERMIA
INDUCED
POSTISCHEMICALLY
LEADS
TO
HISTOPATOLOGICAL
CHANGES
SUGGESTIVE
OF
CHRONIC
ENCEPHALOPATIC PROCESSES IN RATS. R, Sinigaglia-Coimhra*. E.A.
Cavalheiro and C, Coimbra, Laboratory for Experimental Neuropathology and
Neuroimmunology, Federal University of Sao Paulo, UNIFESP - EPM, R.
Botucatu, 862, 04023-900 Sao Paulo, SP-Brazil.
Chronic neuronal death associated to inflammation occur in the forebrain of rats that
develop spontaneous hyperthermia between 1- and 3-day recovery from transient
global ischemia. Moderate hypothermia followed by antipyresis completely prevented
these changes at 2 months of recovery (Coimbra et al, 1996). This study evaluates
the effects of induced hyperthermia on the evolution of ischemic neuropathological
features in a rat strain that do not present spontaneous postischemic hyperthermia.
Wistar rats raised at the Federal University of Sao Paulo (UNIFESP) were subjected
to 10-min forebrain ischemia (2-vessel occlusion + hypotension to 50 mmHg), and
randomly allocated into 3 groups: (A) control group, subjected to no additional
treatment; (B) early hyperthermia group, subjected to enviromental temperature
within 34-35’C for 48 hr from 4 hr-recirculation; (C) late hyperthermia group,
subjected to similar warming from 4-day recovery.
The highest temperature levels were: Group A, 37.9 ± 0.7 °C at 120-hr survival;
Group B, 38.8 ± 0.5 °C at 32-hr recovery; Group C, 37.8 ± 0.4 °C at 112-hr
survival. Histopathological evaluation (celestine blue associated with acid fuchsin) at
2-month survival demonstrated the following changes most evident in CAI region of
hippocampus in group B: (1) persistent necrotic neuronal bodies; (2) numerous
‘gemistocytic’ astrocites, (3) incresed number of cells with small nuclei and dense
chromatin; (4) significantly reduced number of surviving neurons as compared to
group A. These findings were rarely seen in Group C. Neuronal loss was the only
conspicuous finding observed in Group A.
These results suggest that hyperthermia induced early after recirculation leads to
encephalopatic processes that persist for months after a transient ischemic insult.
Supported by FAPESP, FINEP, CAPES, CNPq, and PRONEX (Brazil).

COMPARISON OF NEURAL DAMAGE EVOKED BY GLOBAL
ISCHEMIA IN RATS PREVIOUSLY GIVEN ACUTE VS CHRONIC LPS
and Sask. Stroke Research Centre, Univ. of Saskatchewan, Saskatoon, SK, Canada,
S7N5E5.
Bacterial infection pwrior to or succeeding a cerebral ischemic attack is a
significant, independent risk factor in the neural damage and outcome of stroke
patients. This study compared the neural damage fiom global hemispheric hypoxic
ischemia (GHHL ligation of right common carotid artery (RCCA) plus 35 min of
12% O2, balance N2) in groups of male, anesthetized Long Evans rats, maintained at
37°C during surgery and GHHI, induced 4 hours afier single (acute) or last of
repeated (chronic) ip injections of 60 pg/kg LPS E.coli (phenol extract, serotype
055:B5) or sterile saline (SS). Chronic groups were given SS or LPS E.coli (a)
twice daily for 5 days or 2 injections (b) one week apart or (c) 4 weeks apart prior to
GHHI. Core temperatures (Tc) were taken afier the first and last injections of LPS
or SS and before, during and afier GHHI. Acute and chronic LPS groups were
divided into febrile (Tc^38°C after 1* injection) and non-febrile (Tc<38°C after 1*
injection) subgroups. Necrotic neural damage was assessed 7 days post GHHI
insult and scored from 0 (no ipsilateral hemispheric or regional [cortical,
hippocampal, striatal, thalamic] damage) to 8 (>50% of each of the 4 regions
damaged). Acute LPS E.coli administration that evoked febrile responses also
caused significant increases in ipsilateral hemispheric damage compared to nonfebrile, acute LPS or SS injected groups. None of the 3 chronic LPS injection
groups showed significant increases in hemispheric or regional damage to GHHI
compared to chronic SS-injected groups given the same GHHI insult; moreover Tcs
of chronic LPS-injected groups afier the last injection were similar to saline
controls. Results demonstrate that febrile temperatures due to prior acute bacterial
infection are deleterious in escalating the neural damage evoked by global ischemia.
Supported by the Heart and Stroke Foundation of Saskatchewan.

235.5

235.6

ELECTROPHYSIOLOGICAL PROPERTIES OF CAI NEURONS
PROTECTED BY POSTISCHEMIC HYPOTHERMIA. F. Moody-Corbett'?
H. Done? O. Pittman? F, Colbourne3 and D, Corbett? ‘Basic Med. Sci., Fac.
Med., Memorial Univ., St. John’s, NF, A1B 3V6;2 Dept. Physiol. &
Biophysics and3 Dept. of Pathol., Univ. of Calgary, Calgary, AB, T2N 4N1,
Canada.
Postischemic hypothermia (PHYPO) provides lasting histological and
behavioural protection. However, it is unclear if behavioural protection is due to
functional preservation or compensation by undamaged neuronal systems. To
address this question we compared membrane and synaptic properties of gerbil
CAI neurons after PHYPO with those of sham animals.
After a 1 h delay, sham operated and ischemic gerbils were cooled (32-34’C)
for 48 h. Patch clamp recordings from hippocampal slices were obtained ~30 d
after ischemia/sham surgery. Resting membrane potential (RMP), action
potential amplitude (APA) and duration, input resistance and minimum evoked
synaptic current amplitudes (EPSC) by Schaeffer collateral stimulation were
similar (PX).O5) between groups.
RMP (mV)
APA (mV)
EPSC (pA)
PHYPO
-64.1 ±4.5
78.4±9.4
30.6±34.4
Sham
-64.4±4.3
80.5±10.0
32.2±20.7

Prolonged moderate hypothermia suppresses the extension of cerebral
infarction for 48 hours following severe permanent focal ischemia H

These data show that the functional properties of CAI neurons are preserved
by postischemic hypothermia and provide further support for the use of
hypothermia as a treatment for stroke.
Supported by : NSERC/NRC/Astra partnership and Heart & Stroke Foundation
of AB.

Yanamoto?! Nagata, I Nakahara. A Inoue, N Tohnai, H Kikuchi Laboratory
for Cerebrovascular Disorders, Department of Cerebrovascular Surgery,
National Cardio-Vascular Center ana NCVC Research Institute, Suita, 5658565 Japan
Although the neuroprotective effects of hypothermia against temporary
focal ischemia have been characterized in many experimental protocols, the
feasibility of the intervention to permanent focal ischemia has not yet been
clarified. This study was conducted to investigate the effect of prolonged
moderate hypothermia against severe permanent focal ischemia in rats. The
three-vessel occlusion technique, using cauterization of the middle cerebral
artery at the point of the rhinal fissure, was used in 32 Sprague-Dawley male
rats. In the hypothermia group (n=16), moderate (30 °C) hypothermia was
achieved at the time of the induction of focal ischemia by alconol application
to the body, and was maintained for 3 h under systemic anesthesia. After
surgery, the hypothermic condition was further maintained using a cold room
regulated between 6-8 °C for 24 h. In the normothermia group (n=16),
ischemia was induced using the systemic anesthesia and maintained under
normothermic conditions. The infarct volume was analyzed in both groups
24 h or 48h after ischemia using TTC stain. The rectal temperature was
monitored in each rat for 24 ana at 48 h after ischemia. The core-rectal
temperature was 5.8 °C lower in the hypothermic group compared to that of
the normothermic group for 24 h following ischemia on average. The total
infarct volume in the normothermic group was 303 ± 25 mm at 24 h, and 312
± 29 mnr at 48 h, respectively. In contrast, the total infarct volume in the
hypothermic group was 143 ± 15 mnr at 24 h or 191 ± 38 mnr at 48 h (mean
± SEM), which was significantly smaller compared to that of normothermic
group at each time point. Prolonged moderate hypothermia for 24 h
suppressed the development of cerebral infarction following permanent focal
ischemia up to 48 h after the induction of ischemia. Prolonged moderate
hypothermia therapy may become a new therapeutic intervention against
permanent focal ischemia develops in most cases of severe brain attack in
humans. (Funds from Japan Health Sciences, STA and ESSC Min. of Japan)

235.7
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DECREASED TEMPERATURE PROTECTS AGAINST DAMAGE IN A
MODEL OF TRANSIENT UNILATERAL FOCAL ISCHEMIA IN THE
NEONATAL RAT PUP.
N.G. Pabello1, S.J. Tracy1, K. Osuka2, P.J.

COMPARISON OF THE PROTECTIVE EFFECTS OF PROLONGED
MODERATE INTRAISCHEMIC AND POSTISCHEMIC HYPOTHERMIA IN
FOCAL CEREBRAL ISCHEMIA. P.W. Huh, L. Belayev, W. Zhao, S, Koch, R. Busto
and M.D. Ginsberg*. Cerebral Vascular Disease Research Center, Dept. of Neurology,
University of Miami School of Medicine, Miami, FL 33101, USA.
The purpose of this study was to compare the effects of prolonged hypothermia on
ischemic injury in a highly reproducible model of middle cerebral artery occlusion
(MCAo) in rats.
Male Sprague-Dawley rats were anesthetized with halothane and subjected to 120 min
of temporary MCAo by retrograde insertion of an intraluminal nylon suture coated with
poly-L-lysine through the external carotid artery into the internal carotid artery and
MCA.1 Two levels of prolonged postischemic cranial hypothermia (32°C and 27°C), and
one level of intraischemic cranial hypothermia (32°C) were compared to the
normothermic-ischemic condition. Target cranial temperatures were maintained for 3h
and then gradually restored to 35°C over an additional 2 hours. Animals were assessed on
a quantitative neurobehavioral battery before MCAo, during occlusion (at 60 min) and at
24, 48 and 72h after reperfusion. Brains were perfusion-fixed at 72h after ischemia, and
infarct volumes and brain edema were determined. Both intraischemic and postischemic
cooling to 32°C led to similar significant reductions of cortical infarct volume (by 89%
and 88%, respectively), total infarct volume (by 54% and 69%, respectively), while
postischemic cooling to 27°C produced lesser reductions (of 64% and 49%, respectively),
which were not statistically significant. All three hypothermic regimens significantly
lessened hemispheric swelling and improved the neurological score at 24h.
Our data confirm that a high degree of histological neuroprotection is conferred by
postischemic cooling to 32°C, virtually equivalent to that observed with intraischemic
cooling to the same level. Supported by NIH Grant NS05820.
‘Belayev et al. (1996) Stroke 27:1616-1623.

Feustel2, H.K. Kimelberg2 and R.W. Keller. Jr.1* Dept. of Pharmacol, and
Neuroscience1 and Dept of Surgery2, Albany Medical College, Albany, NY
A transient unilateral focal ischemia was created in 7-day old rat pups
as describe by Renolleau, et al., Stroke 29 1454-1461 (1998). Briefly,
under chloral hydrate anesthesia, a portion ofthe skull between the eye
and the ear was removed exposing the middle cerebral artery (MCA) on
the left side of the head. A permanent occlusion of the MCA was
produced by electrocoagulation just above the inferior cerebral vein.
The neck area was opened exposing the left carotid artery which was
dissected from its sheath. This permanent occlusion of the MCA was
coupled with a 60-min occlusion ofthe left carotid by placing a piece of
suture material under carotid and lifting until the flow was terminated.
60 min later the suture was released and the artery was examined to
verify that blood flow through the vessel had resumed. Both surgical
sites were sutured and the pup was placed on a heating pad at 37°C
and permitted to recover prior to being returned to the mother. Seventytwo hrs after the ischemic period the pup’s brain was removed and
stained for ischemic damage with 2% TTC. In some pups the body
temperature was lowered by cooling the pup with ice for 15 min prior to
and during the one hr carotid occlusion period. Control lesions involved
damage to 33% of the frontoparietal cortex, while those lesions
produced during cooling with ice involved damage to only 7%- of the
frontoparietal cortex. Hence, cooling the pups body temperature
significantly decreased the size of the infarct. [Support - DA06199]
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SPONTANEOUS BRAIN COOLING REDUCES INFARCT VOLUME OF PHOTOTHROMBOTIC MCA TERRITORY STROKE IN THE RAT
B.D.
Watson,* R.
Prado,
Cerebral Vascular Disease
Research Center, Department of Neurology, University of
Miami School of Medicine, Miami, FL 33101
Moderate brain cooling reduces infarct volume in cerebral ischemia, but this is not yet known in experimental
thrombotic stroke. We thus subjected male Sprague-Dawiey
rats to photothrombotic distal MCA/ligature bilateral CCA
occlusion, followed by contralateral release (COR) after 1
or 2 hr;
cortical cerebral blood flow
(cCBF)
by
laser-Doppler was also monitored during the 1 and 2 hr
ischemic intervals, plus 2 and 1 hr more,
respectively.
Until COR release, head temperature (T) was allowed to
decrease spontaneously to ~34-35°C (unregulated; U) in two
groups
(n=6
each)
and
was maintained at 36-37°C
(regulated; R) in another two groups (n=6 each); body T
was kept at 37.0°C in all groups.
Sacrifice at three days
revealed characteristic pan-necrosis in the dMCA territory
on
hematoxylin
and eosin-stained sections.
Infarct
volumes (mm3) in the R groups were significantly (p<0.05)
larger and more consistent than in the U groups at both
COR times (93+12 vs.
36+12 at 1 hr;
111+8 vs.
56+19 at
2 hr). Average cCBF for the U group (28+5) significantly
exceeded that for the R group (14+5) during 1 hr ischemia
plus 2 hr after COR release (55+13 vs.
34+9), but not
during 2 hr ischemia (R = 13+1, U = 15+2) plus 1 hr after
COR release (R « 25+4;
U = 36 +6).
The protective effect
of increased cCBF on infarct reduction can thus be explained for U vs. R in the first case (COR at 1 hr) but
not the second (COR at 2 hr).
Supported by NINDS grant ROI 23244.

HYPOTHERMIA PREVENTS STRIATAL OVEREXPRESSION OF GFAP AND
NEUROFILAMENTS INDUCED BY PERINATAL ASPHYXIA IN RATS.
C.F. Loidl. F, Capani, A. Selvin-Testa and J. Pecci Saavedra*. Instituto de Biologia
Celular y Neurociencias “Prof. E. De Robertis” and LANAIS-MIE. Facultad de
Medicina. Universidad de Buenos Aires. Argentina.
Previous studies have demonstrated that perinatal asphyxia (PA) produces long-term
biochemical and morphological alterations in the neostriatum and that these changes
could be prevented by hypothermia treatment. The present work was performed to
study the pattern of expression of the gliofibriiar acidic protein (GFAP) and
neurofilaments (NF) of60,160 and 200 kDa in the rat striatum as markers of astroglial
response and neurodegeneration respectively.
Newborn Wistar pups were exposed to severe PA by immersing uteri containing
foetuses during 20 min in water at 37°C. Two additional groups were subjected to PA
(20 and 100 min) under hypothermic conditions (15°C waterbath). Vaginally and
caesarean delivered rats were used as controls. 1.5 months after PA the animals were
sacrificed to perform immunocytochemistry and brain sections were observed by using
light and electron microscopy. Quantitative image analysis was performed to compare
the pattern of staining between the different groups.
Results showed that severe PA induces hypertrophy of the striatal GFAP+ glial cells.
Neurofilaments of 200 kDa were strongly stained in the patches of the entire striatum.
Cytoplasmic accumulation of this NF type was determined by electron microscopy.
Changes were not observed using NF of 60 and 160 kDa. Both groups of hypothermic
treated animals did show neither astroglial nor neuronal changes when compared to
controls.
Our data support the hypothesis that hypothermia could be an important therapeutic
agent to use for severely asphyxiated neonates.
Supported with grants from UBA and CONICET.

235.11

235.12

ARTERIAL HYPOXIA (63 H) ELICITS SUBDURAL HEMATOMAS IN
RATS AT 29° C. JA Krasnev1. G Farkas2, DW Shucard3. AC Salloum2, G Silva1,
A, Roberts1, D Riflrin3, B Bishop1*, A Rubio4. Depts Physiol.1 Exer. Sci,2
Neurology3, SUNY/Buffalo, NY 14214, Pathology4, Uof R, Rochester, NY 14642

Rats drop body temperature during hypoxia. A high ambient temperature
(Ta), by limiting hypothermia, should induce more hypoxic-induced
cerebral damage than a lower Ta. To test this hypothesis we maintained 3
groups of rats at either 29° (n = 17), 25° (n = 12), or 21° C (n = 12) for 63
hours. Controls at each Ta breathed room air, and Hypoxic rats breathed
10% O2 in N2 at each Ta. To assess cerebral damage rats were sacrificed,
perfused and their brains removed for pathological examination 48 hrs after
the hypoxic exposure. An additional nine 29° C rats were perfused 2 hrs
post-hypoxia. No Control brains had detectable pathology after either 2 or
48 hrs. At two hrs post-hypoxia none of the 29° C brains displayed any
detectable pathology. In 21° C brains perfused 48 hrs post-hypoxia 2 of 7
exhibited only congested transverse sinuses. In 25° C brains no pathology
was detected. In 29° C rats 6 of 9 brains exhibited severe and diffuse
subdural hematomas in the occipital cortex, cerebellum and spinal cord,
with noticeable infiltration of mast cells in the dura and hypothalamus. One
brain had intraventricular hemorrhage. We conclude that a 63-hr exposure to
10% O2 in N2 at the thermoneutral temperature of 29° C did not protect the
cerebrum. Results are suggestive of extra-parenchymal bleeding seen in
association with high-altitude cerebral edema. (UB Multidisciplinary Pilot
Project Grant)

HYPOTHERMIA DURING REPERFUSION ALTERS REGIONAL EXPRESSION
OF HEAT SHOCK PROTEINS. CW Callaway* SD Hicks, DB DeFranco.
Depts. of Emergency Medicine and Neurosciences, Univ. of
Pittsburgh, Pittsburgh, PA 15213.
Expression of both 70 kDa (Hsp70) and 40 kDa (Hsp40)
heat shock proteins increases after cerebral ischemia. Mild
hypothermia during reperfusion reduces functional and histological signs of neuronal injury. This study examined
the effect of hypothermia on expression of Hsp70 and Hsp40
in hippocampus and cerebellum.
Normothermic (36.8°C) cerebral ischemia was induced in
halothane-anesthetized rats by discontinuing ventilation
for 8 minutes. The resulting circulatory arrest was reversed by mechanicl ventilation, chest compressions and
adminstration of epinephrine and bicarbonate. After reperfusion, rats were maintained either normothermic (36.8°C)
or hypothermic (33°C, beginning 60 minutes after reperfusion). At 6,12 or 24 hours after reperfusion, brains were
collected for assay by immunoblotting and histochemistry.
Asphyxia robustly increased Hsp70 in both hippocampus
and cerebellum compared to shams, with the greatest expression in the CAI region. Hypothermia attenuated Hsp70
expression in hippocampus, but did not alter levels in
cerebellum. Hsp40 was increased by asphyxia, but was not
affected by hypothermia at either site. These data indicate that hypothermic reperfusion alters expression of
specific stress-related proteins in particular regions.
Supported by American Heart Association Grant-in-Aid.

235.13

235.14

DETECTION OF SUPEROXIDE RADICAL PRODUCTION
FOLLOWING EXPERIMENTAL FOCAL CEREBRAL ISCHEMIA: EFFECTS
OF HYPOTHERMIA. CM Maier *1,3, MA Yenari2-3, GK Steinberg1’3 Depts. of
Neurosurgery1 and Neurology2, and Stanford Stroke Center3, Stanford University
Medical Center, Stanford, CA
Reactive oxygen species (ROS) have been implicated in the pathogenesis of
cerebral infarction following both global and focal ischemia. Superoxide (O2),
which is directly toxic to neurons, appears to be a key player. Hypothermia has
been reported to decrease lipid peroxidation following global ischemia, suggesting
that decreased production of ROS may be partly responsible for its neuroprotective
effect. In this study, the regional distribution of O2‘ radicals was determined using
the method of selective hydroethidine (HEt) oxidation by O2' to form ethidium (Et),
a red fluorescent dye, which is cationic in charge and binds irreversibly to cellular
RNA and DNA. HEt solution was administered i.v. 15 min prior to 2 hours of
middle cerebral artery occlusion by the intraluminal suture method. Animals were
randomized into 2 different groups: 1 )’N’ normothermic controls (37°C, n=3) and
2)'H’ 2h hypothermia applied at ischemic onset (33°C, n=2). At the end of the
experiment animals were returned to normothermia, allowed to reperfuse for 1 h,
and then transcardially perfused with normal saline followed by 3% formaldehyde.
After brains were post-fixed for 24 hours, 50 pm coronal sections were placed on
glass slides, observed under fluorescent light, and photomicrographs were taken of
representative areas. All animals showed intense, punctate HEt signals in the
ischemic cortex compared to the contralateral side, however, normothermic animals
displayed more intense and widespread HEt signals than hypothermic animals. The
vast majority of the cells displaying these signals (small particles in the cytosol,
suggestive of mitochondrial production of O2) appeared to be neurons, although
endothelial cells also showed very strong signals. Occasional cells in the corpus
callosum, possibly oligodendrocytes, also displayed HEt signals,, but the signals
appeared more diffuse. This indicates that the protective effect of intraischemic
hypothermia may be due, in part, to a reduction in O2" production.

PROTECTION AGAINST REDUCED MITOCHONDRIAL GENE EXPRESSION
AND NEURONAL DEATH BY BILOBALIDE, A COMPONENT OF GINKGO
BILOBA EXTRACT (EGb 761) IN GERBIL GLOBAL BRAIN ISCHEMIA. K.
Chandrasekaran1*, G. Fiskum1, S.I. Rapoport2, B. Spinnewyn3 and K. Drieu3.
’Dept. Anesthesiology, Univ. Maryland, Baltimore, MD 21201; 2Lab.
Neurosciences, NIA, Bethesda, MD 20892; 3IHB-IPSEN Institute, 75781 Paris
Cedex 16, France.
Levels of mitochondrial DNA (mtDNA)-encoded cytochrome oxidase (COX)
subunit mRNA decrease within hours in hippocampal CAI neurons of gerbils
after a transient forebrain ischemia, and neuronal death follows several days
later. A Ginkgo biloba extract (EGb 761) protects against delayed neuronal death
in gerbils. Preservation of energy metabolism is a suggested mechanism for the
neuroprotective effect of EGb 761. In this study, we investigated the effect of
pretreatment with increasing doses of EGb 761 or one of its constituents,
bilobalide, on neuronal death, COX enzyme activity and mtDNA-encoded COX
III subunit mRNA level in gerbils subjected to 5 min global cerebral ischemia
followed by 7 days of reperfusion. Hippocampal sections (20 pm) were cut and
adjacent sections were stained either with cresyl violet or subjected to COX
enzyme histochemistry or COX III mRNA in situ hybridization. Significant
neuronal death, decreased COX activity and COX subunit mRNA levels were
observed in hippocampal CAI neurons in vehicle treated ischemic animals
compared to non-ischemic controls. Pretreatment with EGb 761 (lOOmg/kg/day
for 7 days) or bilobalide (6 mg/kg/day for 7 days) provided maximal reduction in
hippocampal CAI neuronal death and protection against decreased COX enzyme
activity and COX III mRNA levels. We hypothesize that preservation of
mitochondrial gene expression by bilobalide may protect vulnerable neurons
from metabolic and molecular insults. Supported by a grant from IPSEN.
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NXY-059: NEUROPROTECTIVE EFFECTS IN RAT FOCAL STROKE
MODELS K. Maples1, W. Cao1*, M. Cheng1, S. Kuroda23, R.
Tsuchidate*’4, M.-L. Smith2, B.K. Siesio2'5. 1Centaur Pharmaceuticals,
Inc., Sunnyvale, CA 95131; 2Univ. of Lund, Lund, Sweden; 3Hokkaido
Univ. School of Medicine, Sapporo, Japan; 4Tokyo Medical College,
Tokyo, Japan; sQueen’s Medical Center, Honolulu, HA 96813.
NXY-059 is a nitrone with free radical trapping properties currently
undergoing evaluation in stroke clinical trials. The present studies
report NXY-059 efficacy results in. tMCAO and pMCAO models.
Transient MCAO was induced in Wistar rats by an intraluminal
filament. At 1 h post reperfusion, an iv bolus (0.30, 3.0 or 30 mg/kg)
and iv infusion of vehicle or NXY-059 (0.30, 3.0 or 30 mg/kg/h) was
given for 24 h. In another tMCAO study with 2 h occlusion, 30 mg/kg/h
NXY-059 plus bonus was given 5 or 8 h post onset of occlusion.
Permanent MCAO was induced in Sprague-Dawley rats by
cauterization. Rats received an ip bolus of vehicle or 100 mg/kg
NXY-059 30 min post pMCAO followed by iv infusion at 1 h of vehicle
or 4.17 mg/kg/h NXY-059 for 23 h. Infarct volume was assessed after
2 or 3 days for tMCAO and pMCAO studies, respectively. NXY-059
improved neurological score at 3.0 and 30 mg/kg in the tMCAO model.
Mean infarct volumes were reduced by 50% after all doses.
Histological protection occurred when treatment began at 5 h but not
8 h post onset of tMCAO. In the pMCAO study, NXY-059 decreased
median infarct volume by 76%. In conclusion, NXY-059 was
efficacious in both tMCAO and pMCAO models. Research was funded

235.16

235.17

235.18

EBSELEN PROTECTS STRIATAL CELLS AGAINST APOPTOSIS
INDUCED BY MILD FOCAL CEREBRAL ISCHEMIA. S, Namura1*.
I. Naeata1. H. Masavasu2 and H, Kikuchi1. Stroke and Brain
Protection Lab, and Neurosurgery, National Cardiovascular Center,
Suita, Osaka 565-8565, and 2Daiichi Pharmaceutical Co. Ltd., Edogawaku, Tokyo 134-8630, Japan.
The seleno-organic compound, ebselen has glutathion peroxidase-like
activity and reportedly protects brain in stroke patients. Recently, its antiapoptotic effect was shown in liver injury. We tested ebselen in a model
of mild focal cerebral ischemia (30 min) in which apoptosis is enhanced.
Ischemia was induced by filamentous middle cerebral artery occlusion in
ICR mice under halothane anesthesia. Ebselen was given orally twice,
30 min before ischemia and 12 h after reperfusion. To evaluate brain
damage, the mice were killed 3 d after ischemia, and the brain sections
were treated for TUNEL and Nissl staining. Ebselen treated mice had
significant smaller brain damage determined by Nissl staining compared
with vehicle treated mice [by 27% (p < 0.01) and 22% (p < 0.05) for 10
and 30 mg/kg, respectively; n = 7]. Moreover, ebselen decreased
TUNEL positive volume (by 40% and 55% for 10 and 30 mg/kg,
respectively; n = 7) as well as the density of TUNEL positive cells in the
striatum (by 55% and 70% for 10 and 30 mg/kg, respectively; n = 7).
These results suggest that ebselen has a neuroprotective effect via antiapoptotic mechanism and a potential therapeutic window in stroke.
Supported by Special Coordination Funds for Promoting Science and
Technology, STA, Japan.

NEUROPROTECTIVE ACTION OF S33113-1, A NEW
DIHYDROQUINOLINE DERIVATIVE WITH ANTIOXIDANT
PROPERTIES.

SELEGILINE ENHANCES NEUROPROTECTIVE EFFECTS MEDIATED
BY GINKGO BILOBA IN GLOBAL ISCHEMIA IN GERBILS
H.S. Ann1, J.M, Lee? Y.M, Lee1. K.J. Jang? W,K Jhoo? E.J. Shin?_M.A, Chefln?
S.H. Lee2. T. Y. Lee? D.K, Lim^hnd H.C. Kim2. ’Dept. of Pharmacy. College of
Pharmacy, Dongduk Women’s University, Seoul 136-714, KOREA; 2Dept. of
Pharmacy, College of Pharmacy, Kangwon National University, Chunchon 200701, KOREA; 3Dept. of Pharmacy, College of Pharmacy, Chonnam National
University, Kwangju 500-757, KOREA
The extract of Ginkgo Biloba (GBE) has been shown to reduce ischemic brain
damage as evaluated by neurological and biochemical parameters.
The
neuroprotective effect produced by GBE is, at least in part, mediated via
antioxidant mechanism.
Selegiline, a classic type B monoamine oxidase
inhibitor, has been recognized as an antioxidant component. Pretreatments with
GBE (30 mg/kg, po/day x 4 weeks) attenuated neuronal losses of the CAI sector
of the hippocampus in a global ischemia model in the Mongolian Gerbil. More
pronounced neuroprotective effects were noted in the combined treated group; Coadministration of GBE with selegiline (2 mg/kg, po/day x 4 weeks) significantly
blocked the CAI pyramidal neurons from ischemic insults.
However,
pretreatments with selegiline alone did not show significant neuroprotective
effects. These histological findings support biochemical data (as measured by
malondialdehyde- and protein carbonyl-level) in the early stage following an
ischemic insult. These results suggest that the enhanced antioxidant effects by
co-administration of GBE with selegiline play a positive role in exerting
neuroprotective action.

by Astra and by Centaur Pharmaceuticals, Inc.

B. Lockhart, D. Favale, N, Villain. A. Roger. M-H. Gandon. G. Dorev. P. Casara and
P. Lestage*, IdR Servier, 125, Chemin de Ronde, 78290 Croissy-sur-Seine, France.
In the present report, we investigated the ability of Ethoxyquin and a newly
synthesised dihydroquinoline (S33113-1) to abrogate oxidative stress-induced
neurotoxicity in rat neuronal cultures based on depletion of intracelullar glutathione
levels with A-homocysteic acid (L-HCA), an inhibitor of cystine uptake. Both
Ethoxyquin and S33113-1 protected neurons (PC50 values of 0.41 and 0.18pM,
respectively) against the neurotoxic action of I-HCA based on MTT reduction assays.
In addition, both Ethoxyquin and S33113-1 prevented Fe2/H2O2/ascorbate-mediated
lipid peroxidation in mouse cortical membranes with IC50 values of0.48pM
and0.03pM, respectively. Furthermore, Ethoxyquin or S33113-1 (150mg/kg ip or
600 mg/kg po) significantly reduced (100% survival) the lethality for up to 2hr
induced Ity intracerebroventricular injection of t-butylhvdroperoxide in NMRI mice.
Interestingly, treatment of NMRI mice with Ethoxyquin (150mg/kg ip) induced a
reduction (- 1.8°C) in rectal temperature compared to control animals, whereas
S33113-1 at the same dose induced no significant reduction in rectal temperature
(0°C). Moreover, both Ethoxyquin and S33113-1 injected (150mg/kg ip) 30mins
before the induction of a global cerebral ischemia (4 vessel-occlusion model)
produced a significant reduction of neuronal damage in CAI area (40% and 55%,
respectively) at 7 days post-ischemia. These results demonstrate a superior
antioxidant activity of S33113-1 and neuroprotective capacity of S33113-1, in the
absence of hypothermia, compared to Ethoxyquin, in several paradigms involving
free radical-mediated cell death, and opens potental therapeutic applications for
S33113-1 in pathologies implicating oxidative stress.

235.19

235.20

DIHYDROLIPOIC ACID PROTECTS AGAINST DYNORPHIN A- INDUCED
ISCHEMIC SPINAL CORD INJURY IN RATS. J.B. Long*. D.L. Yourick, M.L.
Koenig, and J.L. Meveriioff. Div. Neurosci., Walter Reed Army Inst, of Res., Wash.,
D.C. 20307-5100.
Dihydrolipoic acid (DHL) is the reduced form of a-lipoic acid (aL), which is a low
molecular weight metabolic antioxidant/free radical scavenger that is a cofactor in
mitochondrial multienzyme complexes. <xL and DHL have been shown to be potent
antioxidants, to raise intracellular glutathione concentrations, and to regenerate through
redox cycles other antioxidants such as vitamins C and E. In addition to being used
clinically to treat diabetic neuropathy, aL has been shown to protect against cerebral
ischemia-reperfusion injury, and to attenuate NMDA- and malonic acid-induced
lesions ofthe striatum. Lumbar subarachnoid injections of dynorphin A (DYN) in rats
cause dose-dependent ischemic spinal cord injury resulting in neuronal degeneration
and persistent hindlimb paralysis. We therefore used this injury model to evaluate the
neuroprotective efficacy of DHL in injured spinal cord, specifically examining its
effect on recovery from the persistent hindlimb motor deficits elicited by L4-L5
subarachnoid injection of 20 nmoles of DYN. DHL (5 pmoles) or DMSO vehicle was
administered intrathecally as a 2 hr pretreatment as well as a cotreatment with DYN.
Flaccid paralysis was acutely evident 10 min after DYN injection with either the
vehicle or DHL cotreatments. DHL caused significant improvements in motor scores
by 2 hr postinjection (p<0.05, Kruskal-Wallis comparison). Further significant
improvement was evident at 24 hrs postinjection, at which time 78% ofDHL-cotreated
rats were ambulatory in contrast to 0% of the vehicle-cotreated group. These data
suggest that DHL may have potential as a neuroprotective agent for spinal cord injury,
and might also have prophylactic utility in individuals, such as underwater divers, who
are at risk for spinal cord injury. Supported by the US Army Medical Research and
Materiel Command

TRIFLUSAL PREVENTS NEURONAL CELL DEATH IN COCULTURES OF
NEURONS AND ASTROCYTES INDUCED BY OXYGEN AND GLUCOSE
DEPRIVATION. L, Hamidi-Asl-Duvillid, R, Siushansian? S, Sitar, D.F.
Cechetto. Department of Anatomy and Cell Biology, The University of
Western Ontario, London, Ontario, Canada N6A5C1
Triflusal, an antiplatelet agent related to the salicylate group of
compounds and HTB (3-hydroxy-4-trifluoromethyl benzoic acid), the
main active metabolite of Triflusal, were used to investigate the
survival of neurons in conditions of ischemia. An in vitro model of
cerebral ischemia was used to investigate the effects of these drugs
on neuronal survival. Cortical neurons of E17-E18 rats were plated
onto confluent primary cultures of rat astrocytes. After 10 days,
cultures were exposed to 4 hours of standard oxygen/glucose
deprivation (OGD) and allowed to recover for 24 hours. At the start of
OGD, Triflusal (10, 30 or 100 [g/ml), HTB (20, 100 or 200 [g/ml),
Aspirin (10, 30 or 100 [g/ml) or vehicle was added to the cultures.
Cellular degeneration (medium LDH levels), apoptotic ceils (TUNEL)
and total neuron and astrocyte (Hoescht) were examined. OGD
resulted in a 10-fold increase in medium LDH levels compared to sham
OGO. All three concentrations of Triflusal and HTB and the two lowest
doses of Aspirin markedly inhibited this increase in LDH. The number
of apoptotic neurons (expressed as a % of the total) was increased
following OGD. The two lowest doses of Triflusal, Aspirin and HTB
appear to inhibit this increase in apoptotic neurons. These results
suggest that Triflusal and its active metabolite HTB, as well as Aspirin
can prevent neuronal degeneration, including apoptosis, in an in vitro
model of cerebral ischemia. Supported by URIACH Inc.
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NEUROPROTECTION WITH TICLOPIDIN AND OTHER INHIBITORS
OF PLATELET AGGREGATION
M.Schlieter1, H,Li? B.K.Muller2*, M.W.Riepe1. ‘Dept. ofNeurology, University of
Ulm, D-89075 Ulm, Germany, 2Max-Planck-Institut fiir Entwicklungsbiologie,
D-72011 Tubingen, Germany
Treatment with inhibitors of platelet aggregation is established for secondary stroke
prevention. Inhibition of energy metabolism was suggested as a possible
mechanism for inhibition of platelet aggregation. Mild inhibition of energy
metabolism can increase tolerance against hypoxia .The goal of the present study
was to investigate whether pretreatment with inhibitors of platelet aggregation 1
increases cellular tolerance against hypoxia.
Hippocampal slices were prepared from male CD-I mice. Pretreatment
was achieved by a single i.p. injection (20 mg/kg body weight) of ticlopidin or
clopidogrel 6 hours before slice preparation. Population spikes were recorded in
hippocampal region CA-1 upon stimulation of Schaffer collaterals. Upon 15 min of
baseline recording with oxygenated Ringer's solution the recording chamber was
perfused with hypoxic Ringer's solution bubbled with 95%N 2 and 5% CO2. After
15 min of hypoxia slices were superfused with oxygenated Ringer's solution until
end of experiment.
Posthypoxic recovery of population spike amplitude in control slices was
33±23%. After pretreatment with acetysalicyclic acid posthypoxic population spike
amplitude (PSAP) was increased to 75±36% PSAP after pretreatment with
ticlopidin was 61+48% .In slices pretreated with clopidogrel PSAP was 68 ±38%
.We conclude that pretreatment with inhibitors of platelet aggregation
acetylsalicylic acid, ticlopidin and clopidogrel increases cellular tolerance against
hypoxia.
Supported by a grant of the University of Ulm to M.W.Riepe.

EFFECTS OF TTC-909 ON CEREBRAL INFARCTION FOLLOWING PERMANENT

OCCLUSION AND

PHOTOCHEMICALLY-INDUCED THROMBOSIS

OF

MIDDLE

CEREBRAL ARTERY IN STROKE-PRONE SPONTANEOUSLY HYPERTENSIVE RATS.
Y. Karasawa1. H. Komiyama1. T. Hitomi1. S. Yoshida1. N. Hino1. Y. Isobe1. H, Araki2' aratK.

Fukushima1. ‘Pharmacol. Lab., Taisho Pharmaceutical Co., Ltd. Saitama 330-8530, 2Dept. of
hospital pharm., Okayama Univ. Med. Sch., Okayama 700-8558, Japan.
It was previously shown that TTC-909, a chemically stable prostacyclin analogue referred

to as clinprost incorporated into lipid microspheres, improved changes in microcirculation and
glucose

utilization

following focal

cerebral

ischemia in

stroke-prone spontaneously

hypertensive rats (SHRSP). In this study, we examined the effects of TTC-909 on the infarct

size after permanent occlusion and photochemically-induced thrombosis (PIT) of middle
cerebral artery (MCA) in SHRSP. In the permanent MCA occlusion model, the schedule of
treatment with TTC-909 was as follows; (1) bolus injection once daily over 7 days starting
immediately after MCA occlusion, (2) infusion for 3 hours starting immediately after MCA
occlusion, (3) infusion for 3 hours starting immediately after MCA occlusion followed by bolus
injection once daily over 6 days. The cerebral infarction was limited to cerebral cortex at 7 days

after permanent MCA occlusion. When TTC-909 was infused for 3 hours starting immediately
after MCA occlusion followed by bolus injection, the infarct volume was reduced dosedependently. In the other groups treated with TTC-909 ((1)(2)), the infarct volume was not
reduced. In the PIT-MCA occlusion model, the cerebral infarction was recognized from cerebral

cortex to striatum 24 hours after thrombotic MCA occlusion. When TTC-909 in doses of 100,
300 and 900 ng/kg/hr was intravenously infused for 3 hours starting immediately after

thrombotic MCA occlusion, the infarct volume was reduced dose-dependently. These results
suggest that cerebral infarction induced by MCA occlusion in SHRSP is progressive, and that

TTC-909 is effective in both permanent and thrombotic focal ischemia models in SHRSP. TTC909 may have the efficacy in the acute phase of cerebral infarction.
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POTENT o,-RECEPTOR LIGAND, PPBP [4-PHENYL-l-(4-PHENYLBUTYL)
PIPERIDINE] AFFORDS NEUROPROTECTION FROM FOCAL ISCHEMIA AND
PROLONGED REPERFUSION I. Harukuni? A. Bhardwai. u A. B, Shaivitz1, A.
C. DeVries*? E. D. London? P. D. Hum? R. J. Traystman? J. R. Kirsch1, Depts.
of1 Anesthesiology/Critical Care Medicine and Neurology, Johns Hopkins University
School of Medicine, Baltimore, MD 21287;’NIDA, Baltimore, MD 21224.
We have previously shown that intravenous administration ofthe potent sigma (o,)
receptor ligand 4-phenyl-l-(4-phenylbutyl)piperidine (PPBP) provides
neuroprotection against transient focal cerebral ischemia which is dependent on
treatment duration.
We tested die hypothesis that PPBP would provide
neuroprotection in a model of transient focal ischemia and 7 days of reperfusion in
the rat as assessed by neurobehavioral outcome and infarction volume. Under
controlled conditions of normoxia, normocarbia and normothermia, halothaneanesthetized male Wistar rats were subjected to 2 hours of middle cerebral artery
occlusion (MCAO) by the intraluminal occlusion using laser Doppler flowmetry.
Sixty minutes following the onset of ischemia, rats were randomly assigned to 4
treatment groups in a blinded fashion to receive continuous intravenous infusion of
control saline or 0.1, 1 or 10 pmol/Kg/hr PPBP for 24 hours. Neurobehavioral
evaluation was performed at baseline (3-4 days prior to MCAO), 3 and 7 days of
reperfusion. Infarction volume was assessed by triphenyltetrazolium chloride (TTC)
staining on day 7 of reperfusion in all rats. TTC-determined infarction volume
(corrected for edema) of ipsilateral hemisphere was smaller in rats treated with 10
pmol/Kg/hr PPBP (123+20 mm3; 17+3% of ipsilateral hemisphere; p<0.05)
(mean+SEM) as compared to corresponding rats treated with saline. Although
MCAO was associated with several alterations in neurobehavior, treatment with
PPBP did not have an effect on behavioral outcomes. These data demonstrate that
the potent o, receptor ligand PPBP decreases infarction volume without altering
neurobehavior following transient focal ischemia and prolonged reperfusion in the
rat. Supported by USPHS NIH Grant NS20020 and AHA

PREVENTION OF SELECTIVE NEURONAL DEATH BY MAGNESIUM
SULPHATE FOLLOWING TRANSIENT CEREBRAL ISCHEMIA IN THE
RAT. A.N Miles. B.T. Maida. B.P. Meloni and N.W. Knuckev*. Department
of Neurosurgery, Sir Charles Gairdner Hospital (SCGH) and Australian
Neuromuscular Research Institute (ANRI), QEII Medical Centre, Nedlands,
Western Australia, 6009.
Rats were exposed to 8 minutes of transient cerebral ischemia, an insult
resulting in the selective death of hippocampal CAI neurons. Initial
experiments determined the pre-ischemic dose of an intravenous (IV) infusion
of magnesium sulphate 7-hydrate (MgSOU which provided maximal
neuroprotection. Animals (n=5/group) received either a 90 mg/kg IV loading
dose (LD) of MgSO4 alone or an IV LD of 90 mg/kg followed by a 48 hour IV
infusion of MgSC>4 at either 15, 30, 60 or 120 mg/kg/hr. Animals which
received the LD alone, showed 30% neuronal preservation at 7 days postischemia as compared to the control groups; non-ischaemic (100%), sham
operated (100%), untreated ischaemic (<5%), vehicle-treated (<5%; normal
saline) ischemic rats. Animals which received the LD followed by a
continuous IV infusion of MgSC>4 at either 15, 30, 60 or 120 mg/kg/hr showed
30%, 80%, 15% and <5% neuronal preservation, respectively. The 90 mg/kg
LD and 30 mg/kg/hr IV infusion was then administered 4, 8, 12 or 24 hours
after ischemia and resulted in 80%, 70%, 55% and 35% neuronal preservation,
respectively.
These results highlight: (i) a previously undocumented MgSO4 dose
response, with higher doses being ineffective; and (ii) the neuroprotective
potential for pre- and post-ischemic IV administration of MgSCfy.
Supported by ANRI/SCGH and RACS.

236.3
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INTRAVENTRICULAR INFUSION OF APOLIPOPROTEIN E (APOE) REDUCES
NEURONAL DAMAGE IN APOE DEFICIENT MICE FOLLOWING GLOBAL
ISCHEMIA. K. Horsburgh1,2*, J, McCulloch1. M. Nilsen1. C, Large3. A.D. Roses4.
J, A.R. Nicoll2. Dept. of Neuropathology1 and Wellcome Surgical Institute, University
of Glasgow, UK; Glaxo Wellcome Research and Development, UK3 and USA4.

Apolipoprotein E (apoE) plays a role in brain injury. We have shown that apoE
deficient mice have significantly increased neuronal damage following global
ischemia. The objective of this study was to test our hypothesis that intraventricular
infusion of apoE would reduce neuronal damage following global ischemic injuiy.
ApoE-deficient and wild-type mice (16 week old males, n-12 per treatment group)
were anesthetised with halothane. A cannula was placed stereotactically into the right
lateral ventricle via which apoE 5mg/ml or vehicle was infused (lml/hr, for 72hr).
Transient global ischemia was induced by bilateral carotid artery occlusion for
17min. 72hr later, the brains were perfusion fixed and sections cut and stained with
H&E. The percentage of ischemic neurons in the caudate nucleus of the vehicle
infiised group was compared to the apoE infused group using Students t-test. There
was statistically less ischemic neuronal damage in the apoE-deficient mice infused
with apoE compared to vehicle. In the wild-type group there was a trend towards a
reduction in neuronal damage in the apoE infiised group compared to vehicle.
=j V chicle
■"A p o E (S|ig/a I)

W ild-typc

ApoE-deficient

The study supports the contention that apoE plays a primary role in the response to
acute brain injury and may be used as a potential therapy in treating brain injuiy.

This work was supported by The Wellcome Trust (K. Horsburgh, J.A.R. Nicoll).
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ISCHEMIC SEVERITY AND NEUROPROTECTION BY CDP-CHOLINE.

J. F. Hatcher. R. J. Dempsey* and A. M. Rao. Dept. of Neurological Surgery,
Univ. of Wisconsin, Madison, Wl 53792.
CDP-choline (CDPC) is a rate-limiting intermediate in the biosynthesis of
phosphatidylcholine (PC), an important component of the neuronal
membrane. The ability of CDPC to alter phospholipid metabolism has been
shown to be an important function in experimental ischemia. Exogenous
treatment with CDPC stimulates PC synthesis and prevents release of free
fatty acids (FFA) especially arachidonic acid (AA) after ischemia/reperfusion.
AA is one of the risk factors directly acting on neurons and its accumulation is
greatest in vulnerable brain regions in ischemic injury. Here we report the
neuroprotective effect of CDPC in hippocampal CAi region after transient
ischemia of gerbils. Results: Ischemia-reperfusion resulted in AA and
leukotriene C4 accumulation, blood-brain barrier dysfunction, and edema;
CDPC significantly attenuated all of these parameters. 5- or 10-min global
ischemia followed by 6-d reperfusion resulted in 88±7% neuronal loss in the
CAi subfield of the hippocampus. CDPC (500mg/kg i.p.) administered just
after 5-min ischemia and thereafter daily for 5 d significantly attenuated
neuronal death to 12±4% (p<0.05 compared to untreated ischemic group).
When ischemic duration was increased to 10-min, CDPC also significantly
decreased neuronal death to 31 ±6% (p<0.05 compared to untreated ischemic
group). CDPC administered as one dose (immediately after ischemia) did not
provide significant protection, whereas two doses (at 0 and 1-d) provided
slight neuroprotection. Conclusions: Accumulated AA after transient
ischemia is converted to oxygenated metabolites through cyclooxygenase/
lipoxygenase pathways, which are involved in BBB dysfunction, edema and
neuronal loss. CDPC may protect neurons by preventing the membrane PC
breakdown into AA and subsequent free radical-generating metabolites.
Funded by University of Wisconsin, NIH and Department of Veterans Affairs.
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TACROLIMUS IMPROVES BEHAVIORAL RECOVERY
FOLLOWING INTRACEREBRAL HEMORRHAGE IN RAT.

H.J. Yan1, T.Hiebert1, M.C.Xue2, K.E.Jones3*, M.R.Del Bigio2, andJTeeling'J.
Dept. Radiology1, Pathology2, Physiology3 and Pharmacology & Therapeutics4,
University of Manitoba, Winnipeg, Manitoba, Canada, R3E 0W3
The immunosuppressant tacrolimus (FK-506) reduces leukocyte infiltration
and tissue injury following experimental cerebral ischemia. We examined its
effect in a rat model of intracerebral hemorrhage (ICH) induced by intrastriatal
administration of collagenase. Rats (n=10) were treated with FK-506, 1 mg/kg
i.m. beginning 15 min after induction of ICH and repeated daily for 7 days.
Control rats (n=10) received vehicle. Hematoma size and resolution were
measured with MRI. Sensorimotor function was assessed over 21 days. Nine
weeks post-ICH skilled forelimb use (staircase test) and somatosensory
reactivity (tape test) were evaluated, and an amphetamine rotation test was
performed at 10 weeks. MRI results showed that the size difference between the
ipsilateral and contralateral hemispheres 24 hrs after ICH was significantly
smaller in the FK-506 group (p<0.01), which might be due to less edema in the
FK-506 group. Sensorimotor function was significantly better for the FK-506
group from 1-21 days post-ICH. The staircase test and tape test showed
improved use of the ipsilateral limbs, suggesting enhanced compensation for
injury in the FK-506 treated rats. No difference between groups was observed in
the rotation test. An additional 5 control and treated rats were killed 48 hrs post
ICH. There was a 37% reduction in tissue neutrophil infiltrate (p=0.02) in the
treated group. These results suggest that FK-506 enhances behavioral recovery
following ICH through an antiinflamatory effect. Supported by the Heart and
Stroke Foundation of Manitoba.

POSITRON EMISSION TOMOGRAPHIC STUDY OF THE NEUROPROTECTIVE
EFFECTS OF FK506 IN A MONKEY MODEL OF STROKE. H. Takamatsu/ 3 A.
Noda/ H. Tsukada.2 S. Nishimura,' and K. Umemura5*. 'The Medical and
Pharmacological Research Center Foundation; 2Central Research Laboratory,
Hamamatsu Photonics; 3Dept. of Pharmacology, Hamamatsu Univ. School of Med.;
3600 Handa-chou, Hamamatsu City, 431-3192, JAPAN.
In the present study, our purpose was to evaluate the neuroprotective effects of
FK506 with PET on a monkey model of stroke. Eleven cynomolgus monkeys
(control: 6; FK506: 5) were subjected to three-hour-long temporary occlusion of the
right middle cerebral artery (MCA) by a transorbital approach. A single bolus
intravenous FK506 (0.1 mg/kg) treatment was performed immediately after MCA
occlusion. The steady-state 15O continuous inhalation method was used for the
assessment of local cerebral blood flow (CBF), cerebral metabolic rate of oxygen
(CMRO2), and oxygen extraction fraction (OEF). Four consecutive PET scans (before
and during MCA occlusion, immediately and 3 hours after reperfusion) were
performed on each monkey. Eight hours after MCA occlusion the brain damage in
each animal was examined. In the control group, MCA occlusion decreased CBF and
CMRO2, and increased OEF. After reperfusion, post-ischemic hyperperfiision was
observed. Although the decrease of CMRO2 and the increase of OEF were transiently
recovered by reperfusion, three hours after reperfusion, they were decreased further.
FK506 did not affect CBF during this experiment. In the FK506 treated group, the
CMRO2 and OEF decreases after reperfusion were significantly attenuated. FK506
significantly (P<0.05) reduced the cortical brain damage (82% reduction). The
present study demonstrated that FK506 attenuated cortical brain damage induced by
reperfusion injuiy.

236.7

236.8

ACTIVITIES OF CALCINEURIN AND PHOSPHATASE 2A IN
THE HIPPOCAMPUS AFTER TRANSIENT FOREBRAIN
ISCHEMIA M. Morioka*. K. FukunagaX S. Hasegawa,
A. Okamura, K. Korematsu, Y. Kai, J. Hamada, E. Mivamotot,
Y. Ushio. Departments of Neurosurgery and tpharmacology,
Kumamoto University School of Medicine, Honjo 1-1-1, Kumamoto,
Japan.
Calcineurin (CaN) is a Ca2+/calmodulin-dependent protein
phosphatase and known to play a role in apoptotic mechanism in nonneuronal cells. We investigated the change of CaN in the hippocampal
neuronal injury after transient forebrain ischemia. Immediately after
20-min tischemia, CaN activity decreased to about 40% of the control in
the CAI region and to about 55% in other regions. By 12 hr after
ischemia, CaN activity recovered, more in the CAI region than in other
regions. At 24 hr it was decreased again, but only in the CAI region.
However, Immunohistochemical- and immunoblot analyses showed
that the activity of CaN is dissociated from its immunoreactivity and
quantity. Several studies have suggested that unknown inhibitory
factor(s) and/or reversible changes in CaN act to modify enzyme
activity after ischemia. Furthermore, the intravenous injection of FK506
(3mg/kg) had no inhibitory effect on the activity of CaN, although
FK506 inhibited CaN in neuronal culture system. Then, we considered
that intravenously injected FK506 could not inhibit neuronal CaN. In
contrast, another phosphatse, phosphatase 2A activity underwent no
obvious change during the post-ischemia period. This unique time
course of CaN activity may contribute to the mechanism of ischemic
neuronal injury.

THE EFFICACY AND THERAPEUTIC WINDOW OF CYCLOSPORIN
A, GIVEN IN THE REPERFUSION PERIOD FOLLOWING FOCAL
ISCHEMIA
T. Yoshimoto. Y-B. Ouvang and B.K. Siesjo,* A Center for the Study of
Neurological Disease, Queen’s Medical Center, Honolulu, HI, 96813

236.9

236.10

NEUROPROTECTION IN A RAT MODEL OF FOCAL CEREBRAL
ISCHEMIA BY A NOVEL FAMILY OF NITRATE ESTERS.
J.N, Reynolds1*, B.M, Bennett1, KJhamandas1, R.J. Boegman1 and G.R.J.
Thatcher. Departments of Pharmacology & Toxicology1, and Chemistry2.
Queen’s University, Kingston, Ontario, Canada, K7L 3N6.
Cerebral ischemia induces pathophysiological changes best described
by a network of interacting mechanisms of tissue damage that ultimately
lead to death of neurons. Given the complexity of the ischemic cascade,
future therapeutic approaches to treating stroke will most probably utilize
drug mixtures acting through multiple mechanisms. In this study we
investigated the neuroprotective properties of a family of novel nitrate esters
in a model of transient focal cerebral ischemia. Male, Sprague-Dawiey rats
(290-320 g) were subjected to 2 hours of middle cerebral artery occlusion by
the intraluminal filament technique. Spontaneous rotational behaviour was
used as an index of successful placement of the filament. The novel
compound, GT-015, was administered as five subcutaneous injections over
a 6-hour period at doses of 200 pmoi/kg beginning 4 hours after the onset of
cerebral ischemia. Animals were sacrificed 24 hours after the ischemic
episode, and the volume of the cerebral infarct was quantified by image
analysis after 2,3,5-triphenyitetrazoiium staining of serial 2-mm thick coronal
sections of the brain. Delayed administration of GT-015 reduced the volume
of the total infarct by 60%, and produced greater than 70% reduction in
damage to the cerebral cortex. GT-015 had no effect on systemic blood
pressure at the doses used for neuroprotection, indicating that the vascular
and neuroprotective effects of nitrate esters can be dissociated.
(Funded by GoBang Therapeutics and University Medical Discoveries, inc.)

N-TOSYL-L-PHENYLALANYL
CHLOROMETHYL
KETONE
(TPCK)
PRETREATMENT REDUCES DNA
FRAGMENTATION AND NOX
PRODUCTION AFTER HYPOXIC-ISCHEMIC BRAIN INJURY IN THE
NEWBORN RAT. Y.Z. Feng*. M.H. LeBlanc. Dept. of Pediatrics, Univ of
Mississippi Medical Center, Jackson, MS 39216
TPCK in cell culture prevents DNA fragmentation by interrupting the apoptotic
cascade. We have demonstrated that TPCK reduces brain injury measured 22 days
after injury in the rat pup focal ischemia model. We wished to determine if this was
accompanied by a decrease in DNA fragmentation and NOX production. Seven day
old rat pups had the right carotid artery ligated. They were then randomly assigned to
receive either 20 mg/kg of TPCK or vehicle (castor oil) IP. After treatment, they
were subjected to 8% oxygen for 2.5 hours. 3 days after injury the pups were killed
and the right and left cerebral cortex removed and frozen at -70°C. DNA was isolated
and gel electrophoresis performed. Ethidium Bromide florescence was measured for
the 150, 350 and 500 base pair fragments. For all three fragments the right cortex of
the vehicle treated animals showed increased fragmentation relative to the left cortex
(p<.05 right vehicle vs. left vehicle) that was not present in the treated animals (p=ns
right treated vs. left treated, p<.05 right treated vs. right vehicle). NOX production was
measured at various times after injuiy using the Griess reaction with enzymatic
conversion of NO3 to NO2. Hypoxic ischemic injury caused an increase in NOX at !4
and 3 hr after injuiy and a decrease in NOX at 24 hr in the right cortex both of which
were prevented by TPCK (p<.05, TPCK vs vehicle). TPCK prevents DNA
fragmentation and NO production caused by hypoxic ischemic brain injury in the
newborn rat focal ischemia model. We speculate that prevention of DNA
fragmentation results in the brain preservation seen in this model. Funding:
Burroughs Wellcome
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Early treatment with cyclosporin A (CsA) ameliorates ischemic brain damage
caused by transient middle cerebral artery (MCA) occlusion. The objective of
the present study is to assess the efficacy and the therapeutic window of CsA,
when given in the reperfusion period following 2 h of MCA occlusion in the rat.
Three methods were used to enhance CsA translocation across the blood-brain
barrier (BBB): (1) an intracerebral needle lesion was performed to achieve BBB
opening, (2) the i.v. CsA dose was increased to 50 mg/kg, or (3) CsA was
administered by the intracarotid route (i.e.). Infarct size was assessed by TTC
staining after 48 h of recovery. In addition, mitochondrial respiratory activities
were measured in vitro after 2 h of ischemia, and after 1 and 4 h of recirculation.
A prior needle lesion, and an increase in the i.v. CsA dose to 50 mg/kg, reduced
infarct volume to about 50 % of control. Intracarotid infusion of CsA was
equally effective when given 1 and 3 h after reperfusion. When infused after 5
min of reperfusion, it reduced infarct volume to less than 10 % of control. At
that time, CsA was clearly more efficacious than FK506. The mitochondrial
respiratory activities of ipsilateral focal and penumbral areas decreased during
ischemia, was partially restored after 1 h of recovery, but deteriorated again
after 4 h. This deterioration was prevented by CsA. The results thus
demonstrate that CsA markedly reduces infarct volume when given up to 3 h
following reperfusion, and that the effect is even more pronounced when given
during the first 5 min. The mitochondria may represent an important target.
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N-TOSYL-L-PHENYLALANYL
CHLOROMETHYL
KETONE
(TPCK) PRETREATMENT REDUCES HYPOXIC ISCHEMIC
BRAIN INJURY IN THE NEWBORN RAT. M.H. LeBlanc*, Y.Z.
Feng. Dept. of Pediatrics, Univ. of Mississippi Medical Center,
Jackson, MS 39216.
TPCK is a serine protease inhibitor that reduces DNA
fragmentation after cell injury by inhibiting apoptotic events
occurring after caspase activation. TPCK reduces brain injury
measured 4 days after ischemia in the adult gerbil global
ischemia model. We tested TPCK in the neonatal rat focal
ischemia model. 102, 7-day-old rat pups had the right carotid
artery ligated and were randomly assigned to receive 5, 10, 20,
50, or 100 mg/kg of TPCK or vehicle (castor oil) IP. The pups
were then subjected to 2.25 hrs. of 8% oxygen in a 38°C water
bath. 22 days later they were killed and their brains were scored
for damage by a blinded observer, and their cerebral
hemispheres were weighed to determine the reduction in size in
the right hemisphere. TPCK increased the number of brains with
no damage from 45% to 89% (p<01,) peak effect 10 mg/kg.
TPCK decreased the reduction in right hemisphere weight from
13% to 3% (p<.01, maximum effect 10 mg/kg). Doses of 50
mg/kg or greater increased the pups mortality rate (p<01).
TPCK pretreatment reduces brain injury in the newborn rat focal
ischemia model. Funding: Burroughs Wellcome

A SYNTHETIC CERAMIDE ANALOG AMELIORATES MEMORY DEFICITS
AND STIMULATES BRAIN GANGLIOSIDES BIOSYNTHESIS IN ISCHEMIC
RATS J. Inokuchi1*, K. Yamagishr, Y, Ohgami’, K. Iwasaki2, M. Fujiwara2,
Y. IgarashiM. Jimbo4 and H. Masuda4. 1 Dept. of Biomembrane and Biofunctional
Chemistry, Graduate School of Pharmaceutical Sci., Hokkaido Univ. Sapporo;2
Dept. of Physiology and Pharmacology, Faculty of Pharmaceutical Sci., Fukuoka
Univ., Fukuoka; ’Dept. of School-nursing, Kyushu Women's Junior College,
Fukuoka; 4Seikagaku Corporation, Tokyo Research Institute, Tokyo, Japan.
Since up-regulation of ganglioside biosynthesis by a synthetic ceramide analog,
L-Zhreo-PDMP, was found in several cell lines, the neurotrophic effects of L-PDMP
on neurite outgrowth and synaptic activity have been demonstrated in
cultured cortical neurons. Moreover, i.p. treatment of ischemic rats with
L-PDMP starting 24 hours after transient 4 vessel occlusion ameliorated the
deficits of well-learned spatial memory, demonstrating the potential
therapeutic intervention of the ceramide analog for neurodegenerative disorders.
To elucidate the mechanism of L-PDMP, we studied here the effects of this drug
on ganglioside biosynthesis in the ischemic rat brain. Rats were treated with
L-PDMP injecting 40mg/kg i.p. twice a day for starting 24 hours after transient
ischemia. At 12 hours after the final administration, the sialic acid precursor
[’H]N-acetyl-D-mannosamine(12pCi/l2pl) was infused to the leftlateral ventricle for
metabolic labeling of brain gangliosides. Four hours later, the cortex was dissected
and cortical gangliosides were purified. Individual gangliosides
were separated using the HPTLC, and radioactivities of gangliosides were
measured by radioluminescences. L-PDMP facilitated the de novo synthesis
of a- and b-series gangliosides in the ischemic rat cortex at 5 days after
transient ischemia (GM1 204%, GDla 199%, GDlb 161%, GTlb 252%,
GQlb 165% vs vehicle). These results strongly support our working hypothesis
that L-PDMP ameliorates the deficits of spacial memory and neuronal
function by up-regulating de novo synthesis of gangliosides in ischemic brain.

236.13
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BTS 72 664 - NEUROPROTECTANT PROPERTIES DEMONSTRATED
IN A RAT MODEL OF PERMANENT FOCAL ISCHAEMIA. S.L.
Smith1, I.C. Kilpatrick, K.F. Martin* and D.J. Heal. ’School of Biological
Sciences, University of Manchester, Manchester M13 9BT, UK; Knoll
Pharmaceuticals R&D, Nottingham NG1 IGF, UK.
BTS 72 664
((R)-7-[l-(4-chlorophenoxy)ethyl-l ,2,4-triazol[l,5-a]
pyrimidine) is a novel, broad spectrum anticonvulsant. Its neuroprotectant
properties have now been evaluated using male rats subjected to permanent
occlusion of the distal middle cerebral artery (MCAo); control rats were
subjected to identical surgical procedures except that they were given
vehicle. In the first study, BTS 72 664 (50mg/kg) was given orally
suspended in 0.5% carboxymethylcellulose 15 min after MCAo followed by
50mg/kg po x 3 at 12h intervals. The resulting cortical lesion was reduced
by 31% by BTS 72 664 treatment (82.6±6.5mm3, n=ll versus
56.9±6.1mm3, n=12; p<0.005). In the second study, BTS 72 664 (35mg/kg)
was
given
intraperitoneally
dissolved
in
35%
2-hydroxypropyl-|3-cyclodextrin 60 min after MCAo followed 20mg/kg ip x
3 at 12h intervals. In this case, BTS 72 664 reduced the lesion volume by
40% (72.0±7.9mm3, n=12 versus 43.6±4.9mm3, n=ll; p<0.01). Both
investigations reveal that BTS 72 664 has powerful neuroprotectant
properties and, importantly, this drug is effective when given a considerable
period after MCAo. Furthermore, dissolution of BTS 72 664 in
2-hydroxypropyl-J3- cyclodextrin increased both the drug’s potency and
efficacy and, in this formulation, BTS 72 664 is suitable for intravenous
administration which is the route of choice for stroke treatment.
(Funded by Knoll Pharmaceuticals R&D, Nottingham, UK)

RSI00642, A NOVEL SODIUM CHANNEL BLOCKER, REDUCES INFARCT
VOLUME AND IMPROVES FUNCTIONAL RECOVERY FOLLOWING MCAo
AND REPERFUSION IN RATS. A.J. Williams1, J. Phillips1*, J.C. Hunter2 and F.C.
Tortella1. 'Div. Neurosci., Walter Reed Army Inst. Res., Washington DC 20307 and
2Roche Biosciences, Palo Alto, CA 94303.
Previously, we (Dave et al., Neurosci. Abst., 1998) described the protective effects
of various use-dependent sodium channel blockers, including RSI00642, in in vitro
neuronal culture models of neuronal injury caused by glutamate release via
presynaptic voltage-dependent Na+ channels. In this study the neuroprotective effects
of RS100642 (l-(2’,6’-dimethyl-phenoxy)-2-ethylamino-propane-hydrochloride), a
novel lipophilic use-dependent sodium channel blocker), were investigated in a rat
model of ischemic stroke (middle cerebral artery occlusion (MCAo) and reperfusion.
Using the intraluminal filament method of MCAo, male S.D. rats were subjected to 2
h ischemia followed by 22 h of reperfusion/recovery. Neuropathology was assessed
using TTC staining of the infarcted tissue. In vehicle treated rats (n=6), MCAo
produced a volume of core infarction in the ipsilateral hemisphere measuring 220 ± 16
mm3 which was associated with severe brain EEG dysfunction (% EEG recovery = 20
± 8 %) and neurological deficits (NS = 7.8 ± 1.1). In rats treated post-MCAo with
RSI00642 (1 and 5 mg/kg, i.v. beginning 30 min post-MCAo and again at 2, 4, and 6
h post injury) there was a significant reduction in core infarction to 75 + 33 mm3
(n=5) and 86 ± 26 mm3 (n=7) respectively^ representing 60-65% neuroprotection.
Likewise, clinical examinations revealed significant improvements in EEG brain
function (37 ± 11% and 60 ± 16 % recovery) and neurological scores (NS = 1.6 ± 0.6
and 3.4 + 1.4). These results demonstrate potent neuroprotective actions of RS Na+
100642 as a post injury therapy in a rat model of focal ischemia/reperfusion injury
(i.e. stroke). We propose that die development of selective use-dependent blockers of
brain Na+ channels may prove to be therapeutic against pathological conditions
promoting presynaptic glutamate release and excitotoxicity. Government Funding
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INTRAVENOUS INFUSION OF Bill 890 CL REDUCES LESION SIZE IN
MODELS OF PERMANENT AND TRANSIENT FOCAL CEREBRAL
ISCHAEMIA IN THE RAT. U. Pschom1, M. Chopp3, A. Goussev3, Z. G. Zhang3,
H. Ladinsky1*, M. Grauert2, T. Weiser1 and A. J. Carter*. Depts. of ‘CNS Research
and ’Medicinal Chemistry, Boehringer Ingelheim KG, 55216 Ingelheim, Germany
and 3Dept ofNeurology, Henry Ford Health Sciences Center, Detroit, Michigan.
Bill 890 CL is a benzomorphan derivative which potently and selectively blocks
voltage-dependent Na* channels in a use-dependent manner. It also reduces lesion
size in rodent models of permanent focal cerebral ischaemia when administered
subcutaneously. We therefore investigated the effects of intravenous infusion of
Bill 890 CL in two models of focal cerebral ischaemia in the rat, namely
permanent and transient. In the first experiment, rats were subjected to cerebral
ischaemia by unilateral occlusion of the middle cerebral artery. They were
subsequently treated with different infusions of Bill 890 CL: 1 mg/kg bolus +
1 mg/kg/h for 6 h, 2 mg/kg bolus + 3 mg/kg/h for 6 h, 2 mg/kg bolus + 3 mg/kg/h
for 1 h or a simple 2 mg/kg bolus injection. The infarct volume was measured
histologically 48 h later. Bin 890 CL dose-dependently and significantly reduced
infarct volume in bodi cortical and subcortical regions. Bill 890 CL was most
effective when infused at 2 mg/kg + 3 mg/kg/h for 6 h and least effective when
administered as a single bolus injection. In a second experiment, we compared the
effects of intravenous infusion of Bill 890 CL (1 mg/kg bolus + 1 mg/kg/h or
2 mg/kg bolus + 2 mg/kg/h for 5 h) with those of cerestat (0.5 mg/kg bolus +
0.25 mg/kg/h for 5 h) in a suture model of 3 h transient focal ischaemia. Infarct
volume was measured histologically 48 h later. Bill 890 CL dose-dependently and
significantly reduced lesion size in this model. The effects of Bin 890 CL were
greater than those of cerestat. In summary, the results of this study indicate that
intravenous infusion of Bill 890 CL reduces the deleterious effects of both
permanent and transient cerebral ischaemia in rats.

Bffl 890 CL, A USE-DEPENDENT BLOCKER OF VOLTAGE-DEPENDENT
NA+ CHANNELS, REDUCES LESION SIZE IN MODELS OF PERMANENT
FOCAL CEREBRAL ISCHAEMIA IN THE MOUSE AND RAT. A. J. Carter1*,
U. Pschom1, T. Weiser1 and M. Grauert2. Depts. of ‘CNS Research and 2Medicinal
Chemistry, Boehringer Ingelheim Pharma KG, 55216 Ingelheim, Germany.
Bill 890 CL is a benzomorphan derivative which potently and selectively blocks
voltage-dependent Na+ channels in a use-dependent manner. We therefore
investigated the effects of subcutaneous administration of Bill 890 CL in models
of permanent focal cerebral ischaemia in the mouse and rat. Mice were subjected
to ischaemia by unilateral occlusion of the middle cerebral artery. They were
subsequently treated with Bill 890 CL (2 x 3 - 30 mg/kg s.c.) and the cortical
infarct area determined 48 h later by staining with a tetrazolium dye. Bill 890 CL
dose-dependently and significantly reduced infarct size at all doses tested. Rats
were also subjected to cerebral ischaemia by unilateral occlusion of the middle
cerebral artery. They were subsequently treated with Bill 890 CL
(2 x 3 - 30 mg/kg s.c.) and the infarct volume determined 48 h later by standard
histological techniques. In these experiments, Bill 890 CL dose-dependently and
significantly reduced infarct volume in both cortical and subcortical regions.
Because the time between onset of ischaemia and starting therapy is very
important, we also delayed treating rats with Bill 890 CL (2 x 30 mg/kg s.c.) for
different times (1 - 3 h) after commencing cerebral ischaemia. Bill 890 CL timedependently reduced infarct volume, and the neuroprotective effects were
statistically significant even when Bill 890 CL was administered 2 h after
ischaemia had begun. Interestingly, the neuroprotective effects of Bin 890 CL in
the subcortical regions were no longer significant at this time. In summary, the
results of this study indicate that Bill 890 CL protects brain tissue from die
deleterious effects of permanent focal cerebral ischaemia in the mouse and rat.
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236.17

236.18

EFFECTS OF Bill 890 CL ON CLONED RAT BRAIN NA+ CHANNEL
a SUBUNITS T. Weiser*, M. Grauert, A. J. Carter, Y. Qu§, W. A. CatterallS,
T. ScheuerS Boehringer Ingelheim Pharma KG, D-55218 Ingelheim, Germany;
University of Washington, Dept. of Pharmacology, Seattle, WA 98195-7280§
Whole-cell patch clamp experiments were performed to investigate the effects of
the Na+ channel blocker Bill 890 CL on cloned rat Na+ channel a subunits. The
following effects were noted: Bill 890 CL reversibly inhibited resting Na+ channels
with an IC50 of 18 pM. The inhibition was use-dependent: when cells were
repetitively stimulated with trains of 100 pulses (from -100 to 0 mV, 5 Hz), the IC*,
for inhibition of the last pulse was 0.9 pM. Bill 890 CL shifted steady-state
inactivation curves to more negative values (-5.8 and -27.0 mV for 1 and 10 pM,
respectively; 1 s prepulses), suggesting that the compound preferrently bound to
inactivated channels. When cells were depolarized to -40 mV prior to the test pulse,
the IC50 was 77 nM. Thus, the compound discriminates by a factor of about 230
between resting and inactivated states of the channel. A reference compound, the
anti-arrhythmic R-mexiletine, inhibited resting and inactivated Na+ channels with
IC50s of 305 and 20.7 pM, respectively. Thus, this compound discriminated only by
a factor of 15 between the channels' states.
Mutations in the IVS6 region affect the affinities of various local anaesthetics and
anti-anhythmics to depolarized Na+ channels. We therefore tested whether
mutations F1764A and Y1771A influenced the effects of Bill 890 CL on
depolarized Na+ channels. This was, indeed, the case: the IC50 values for the
blockade of depolarized F1764A and Y1771A mutants were 350 and 620 nM,
respectively, reducing the affinities 4.5- and 8-fold, compared to WT channels.
This study demonstrates that Bill 890 CL is a highly use-dq>endent Na+ channel
blocker. A compound with this profile should have promising properties for the
treatment of neurological disorders like ischaemic stroke or epilepsy.

Bill 890 CL is a new benzomorphan derivative which acts as a potent and
specific use-dependent sodium channel blocker. M. Grauert2*, C. BartmannLindholm1, W. D. Bechtel1, W. Stransky2, T. Weiser1, A. J. Carter1. ‘Departments
of CNS Research and 2Medicinal Chemistry, Boehringer Ingelheim Pharma KG,
55216 Ingelheim am Rhein, Germany.
Bill 890 CL
{2R-[2a,3(S*),6a]-l,2,3,4,5,6-Hexahydro-6,l 1,11-trimethyl3-[2-(phenylmethoxy)propyl]-2,6-methano-3-benzazocin-10-ol hydrochloride} is a
potent and specific blocker of the voltage-dependent Na+ channel which is
currently under clinical evaluation as a treatment for acute thrombotic stroke.
Bill 890 CL displaced [3H]batrachotoxin (BTX) from site 2 of the Na+ channel in a
concentration-dependent fashion with a Kj of 40 nmol/L but has no affinity for the
tetrodotoxin (TTX) binding site. On the basis of more than 65 binding assays we
observed additional weak affinity of Bill 890 CL for the verapamil and diltiazem
site of the L-type Ca2+ channel (Kj 449 and 660 nmol/L, respectively) and for the
sigma, kappa and mu opiate receptors (ICJ0 about 1,000 to 3,000 nmol/L). For
comparison we also examined the affinities of lubeluzole, lifarizine and
BW619C89 for the Na+ and Ca2+ binding sites. All three compounds possess
substantial lower affinity for the Na+ channel and an inverse specificity for the Ltype Ca2+ channel. In brain slices prepared from cortex and striatum of rat brain
Bill 890 CL inhibited veratridine (3 pmol/L)-induced glutamate release with an
IC50 of 285 and 326 nmol/L, respectively. Furthermore, Bill 890 CL
concentration-dependently prevented veratridine (10 pmol/L)-induced glutamate
release and neurotoxicity in serum-free cultures of cortical neurons. The IC50 value
was around 1 pmol/L. The results of these studies indicate that Bill 890 CL
functionally blocks the consequences of opening voltage-dependent Na+ channels
in vitro.

236.19

236.20

BIIR 561 CL IS NEUROPROTECTIVE IN PERMANENT MODELS OF
ISCHAEMIA WITH 7 DAYS SURVIVAL T. Christensen*1, NJL Diemer1, M.
Brenner. R. Palluk, A.B.M. Mauz, T. Weiser, M, Wienrich Boehringer Ingelheim,
D-55218 Ingelheim, Germany; ‘Laboratory of Neuropathology, University of
Copenhagen, Denmark
BIIR 561 CL showed robust neuroprotection in mouse- and rat models of
permanent and transient ischaemia. In this study we investigated the neuroprotective
effects of BIIR 561 CL after 7 days survival time. BIIR 561 CL was tested in Wistar
rat models of permanent MCAO (Middle Cerebral Artery Occlusion). Body
temperature was held constant at 37 ± 0.5°C for 24 h.
BIIR 561 CL showed dose-dependent, significant neuroprotection when given s.c.
5, 30, 60 and 120 min post occlusion at doses of 4 x 5 (47 % reduction in cortical
infarct volume), 4 x 10 (45 % reduction) and 4 x 30 mg/kg (59 % reduction).
Robust and significant neuroprotection was also observed following continuous
infusion over 24 h at doses of 1 (not significant), 2, 4, and 8 mg/kg/h starting
immediately after occlusion. The animals were allowed to survive for 7 days
following all ischaemic events.
In a time window study, the drug still showed a significant neuroprotective effect
when given 60 - 90min post occlusion at a dose of 10 mg/kg s.c. (39 % reduction in
cortical infarct volume when given 60min post occlusion; 19 % reduction after 90
min which just failed to show statistical significance).
BIIR 561 CL is a novel combined blocker of non-competitive AMPA receptors and
voltage-dependent Na+ channels. It showed neuroprotection in several animal
models of acute ischaemic stroke even when the onset of treatment onset was
delayed. The present data indicate BIIR 561 CL to be a promising candidate for the
treatment of acute ischaemic stroke in man. BIIR 561 CL is in phase I of clinical
development.

BIIR 561 CL IS NEUROPROTECTIVE IN MODELS OF PERMANENT AND
TRANSIENT ISCHAEMIA M. Wienrich*, N H. Diemer1, A. Sagrada2, U. Pschom,
A. Carter, M. Brenner, R. Palluk, A.B.M. Mauz, T. Weiser Boehringer Ingelheim,
D-55218 Ingelheim, Germany; ‘Laboratory of Neuropathology, University of
Copenhagen, Denmark,2 Boehringer Ingelheim, Milan, Italy
BIIR 561 CL was protective against maximal electroshock stimulation and AMPAinduced lethality in mice; it induced EEG changes in rabbits indicative of sedation
and protected rats against 10 min of global ischaemia.
BIIR 561 was tested in rodent models of permanent and transient focal ischaemia.
In two mouse models of permanent MCAO (Middle Cerebral Artery Occlusion), the
drug showed significant, dose-dependent reduction by maximally 60 % of infarcted
cortical area when given two times post occlusion in doses up to 60 mg/kg s.c. (48 h
survival time).
In a model of permanent MCAO, BIIR 561 CL showed dose-dependent
neuroprotection in Fischer rats when given i.p. 5, 30, 60 and 120 min post occlusion
in doses of 4 x 5 (15 % reduction in cortical infarct volume, not significant), 4 x 10
(47 % reduction) and 4 x 30 mg/kg (44 % reduction). Infarct volume was measured
after 48 h survival. The competitive AMPA antagonist NBQX and the NMDA
receptor blocker aptiganel were used as positive controls, giving 60 % and 31 %
reduction in cortical (NBQX) and total lesion volume (aptiganel), with doses of 3 x
30 mg/kg i.p. (5, 15 and 30 min post occlusion) and 3 mg/kg i.v. (5 min post
occlusion), respectively.
In a temperature-controlled Wistar rat model of transient focal ischaemia with 60
min occlusion, the drug reduced the cortical infarct volume by 55 % when given i.v.
for 24 h (dose 7.16 mg/kg/h). Infarct volume was measured after 7 days survival.
The present data indicate BIIR 561 CL to be a promising candidate for the
treatment of acute ischaemic stroke.

236.21

236.22

ELECTROPHYSIOLOGICAL CHARACTERIZATION OF THE EFFECTS OF
BIIR 561 CL ON AMPA-GATED ION CHANNELS M. Brenner. T, Weiser.
R. Palluk. A.B.M. Mauz, M. IizukaS, S. NishimuraS, I. AkibaS, E, BarsoumianS.
K. Mendld?M. Wienrich Boehringer Ingelheim, D-55218 Ingelheim, Germany;
Boehringer Ingelheim Co. Ltd., Kawanishi, Nippon
BIIR 561 CL (dimethyl-{2-[2-(3-phenyl-[l,2,4] oxadiazol-5-yl)-phenoxy]ethyl}-amine hydrochloride) is a novel compound for the treatment of cerebral
ischaemia which inhibits glutamate receptors of the AMPA subtype and voltagegated sodium channels. In this study we performed patch-clamp experiments to
investigate the effects of BIIR 561 CL on AMPA receptors in cultured cortical
neurons from embryonic rats, as well as on recombinant human GluR 1/2
receptors.
BIIR 561 CL inhibited kainate-induced membrane currents in cortical neurons
with an IC50 of 8.5 pmol/L. The effect was independent fiom the applied
membrane potential (tested in the range from -120 to -30 mV) and from the agonist
concentration (ranging from 30 to 3000 pm/L). The block was not use-dependent.
To further characterize the effects of BIIR 561 CL under more physiological
conditions, membrane currents induced by the application of glutamate to cells
expressing human GluR 1/2 receptors were investigated. Currents in response to
the application of 1 mM glutamate were inhibited with an IC50 of 16.8 pmol/L.
Thus, the potency was comparable to the one obtained with kainate on rat cortical
neurons. In contrast to the competitive antagonist NBQX, BIIR 561 CL did not
alter the receptor kinetics of glutamate-induced current responses.
We therefore conclude that BIIR 561 CL inhibits AMPA receptors in a noncompetitive manner without changing the kinetics of agonist responses. These
properties can explain the beneficial effects of the compound observed in models
of brain ischaemia in vivo.

EFFECTS OF BIIR 561 CL IN RODENT MODELS OF NEUROPROTECTION
R. Palluk, W. Gaida*, T. Weiser, M. Brenner, A.B.M. Mauz, M. Wienrich
Boehringer Ingelheim, D-55218 Ingelheim, Germany
BIIR 561 CL, shown by patch clamp techniques to non-competitively block
AMPA receptor-gated ion channels and voltage-gated Na+ -channels, was tested in
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vivo in models considered predictive of neuroprotection and of CNS side effects:
In mice, BIIR 561 CL inhibited maximal electroshock-induced tonic seizures and
impaired motor function in a traction test (ED50S after 15 min: 3.4 and 38.6 mg/kg
s.c., respectively). BIIR 561 CL completely (ED50: 5 mg/kg s.c.) prevented the
lethal toxicity of AMPA (60 mg/kg i.v.) in mice. GYKI 52466, a non-competitive
AMPA antagonist, likewise protected the mice (ED50: 10 mg/kg s.c). NBQX, a
competitive AMPA antagonist, afforded a maximum protection of only 50% at 30
mg/kg s.c. Severe transient global cerebral ischaemia was induced for 10 min in rats
by combined 2 vessel occlusion and hypobaric hypotension (lower body suction). At
a dosage of 4 x 30 mg/kg s.c. (10, 40,70 and 130 min after start of ischaemia, body
temperature controlled at 37 °C), BIIR 561 CL significantly reduced the mortality
during the first week fiom 34 to 14%. In the surviving animals, the median
hippocampal lesion score was reduced by 42% in the verum group.
In the EEG of conscious rabbits BIIR 561 CL (30 mg/kg s.c.) induced an increase
in delta and a decrease in theta power, and accordingly a reduction in the dominant
frequency, indicating central deactivation or sedation. After 64 mg/kg s.c., similar
effects for 30 min (not significant), lateral and abdominal position, and severe ataxia
were observed. In conclusion, signs of sedation, but no pathologigal EEG changes
were observed even at doses causing considerable general effects.
We conclude that BIIR 561 CL is active in surrogate models of neuroprotection
and may have a therapeutic index sufficient for the treatment of acute stroke in man.
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MEXILETINE AND NICOTINAMIDE, INDEPENDENTLY AND
COMBINED, REDUCE INFARCTION DUE TO PERMANENT
FOCAL CEREBRAL ISCHEMIA IN RATS C, S, Ogilvy*, E.-J,
Lee. I. A. Ayoub. K. I. Maynard Neurophysiology Laboratory, Neurosurgical
Service, Massachusetts General Hospital and Harvard Medical School, Boston,
Massachusetts, USA
The Na+ channel blocker, mexiletine (Mex) and the poly(ADP-ribose)
polymerase inhibitor, nicotinamide (NAm) are each neuroprotective agents
with different mechanisms of action. We therefore examined whether there
combination would result in a possible additive effect against cerebral ischemia
induced by permanent middle cerebral artery occlusion (MCAO).
Wistar rats were subjected to permanent MCAO according to the method of
Belayev et al. (1996) and infarct volumes were determined by quantitative
image analysis of triphenyltetrazolium-stained brain sections.
Mex (60 mg/kg, i.p.), NAm (500 mg/kg, i.p.), or the combination therapy
given 1 h before MCAO significantly (P<0.05) reduced infarction volumes
25.7±4.8%, 24.1±3.0% and 19.8±4.2% infarction respectively, compared with
control animals (39.5±1.5%), but the combination therapy was not
significantly improved compared with each monotherapy.
Pretreatment with a combination of Mex plus Nam, therefore, provides
better, although not significantly improved neuroprotection against cerebral
ischemia than does either agent alone. In contrast to many experimental
agents, however, both Mex and NAm offer the advantage of being already used
clinically, although not in the treatment of stroke. These drugs should be
investigated for their potential benefit in patients who can be treated before
undergoing planned cerebrovascular occlusion during surgery.
KIM is a Minority Scientist Development Awardee of the American Heart
Association and CSO is funded by NIH # NS01732.

DEGENERATIVE DISEASE: OTHER IV

237.1

237.2

ULTRASTRUCTURAL LOCALIZATION AND PROGRESSIVE
FORMATION OF NEUROPIL AGGREGATES IN HUNTINGTON
DISEASE TRANSGENIC MICE. HLL1 S-H Li1. A.L, Cheng1 JL
Mangiarini2 G.B. Bates2 and X-J, Li1*. ^Dept. of Genetics, Emory
University School of Medicine, Atlanta, GA 30322; 2Division of
Medical and Molecular Genetics, Guy's Hospital, London SE1 9RT.
How aggregates of polyglutamine proteins are involved in the
neurological symptoms of glutamine repeat diseases is unknown. We
show that huntingtin aggregates are present in the neuronal processes
of transgenic mice that express exonl of the Huntington's disease
(HD) gene. Unlike aggregates in the nucleus, these neuropil
aggregates are usually smaller and are not ubiquitinated. Electron
microscopy reveals many neuropil aggregates in axons and axon
terminals. Huntingtin aggregates in the axon terminal are colocalized
with some synaptic vesicles, implying that they may affect synaptic
transmission and neuronal communication. The formation of neuropil
aggregates is highly correlated with the development of neurological
symptoms. The present study raises the possibility that neuropil
aggregates may cause a dysfunction in neuronal communication and
contribute to the neurological symptoms of HD. (Supported by NIH,
HDF, The Wills Foundation, and the Wellcome Trust).

LOCALIZATION OF NEURONAL INTRANUCLEAR INCLUSIONS (Nils) IN THE
STRIATUM AND CORTEX OF THE BATES R6/2 TRANSGENIC MOUSE C. A.
Mgade*. F. R. Fusco. N. Del Mar. D. Goldowitz & A. Rainer. Dept Anat &
Neurobiol, UT-Memphis, TN 38163.
The localization of Nils in striatum and cortex was studied to determine if the neurons
that develop Nils are those that preferentially die in Huntington’s disease (HD). The
cortex and striatum of R6/2 transgenic mice, which express exon 1 of the human
huntingtin gene with a CAG repeat of ~150, were analyzed in tissue double-labeled
with ubiquitin and either calbindin (CALB), parvalbumin (PARV), choline
acetyltransferase (ChAT) or somatostatin (SS). The tissue was antigen retrieved using
sodium citrate buffer at 80°C for 30 min. Ubiquitinated Nils were first observed in
cortex and striatum at four weeks of age, 1-2 weeks earlier than previously reported.
We classified ubiquitinated Nils as either small (<2 um) or large (>2 um) and the

Age of
ChAT
PARV
SS
CALB
Mice Large Small Large Small Large Small Large Small
o.oe 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 wk
4 wk
0.00 0.00 0.00 1.00 0.00 0.00 0.00 21.50
6 wk
0.00 2.10 0.00 73.73 0.00 2.27 10.52 59.72
9 wk
0.00 8.46 82.90 0.00 0.00 0.87 61.74 8.57
12 wk
0.00 71.58 98.27 0.00 0.00 1.81 79.98 10.23
At four weeks, Nils in cortex were already twice as large as striatal Nils. At four weeks
Nils were in 95% of neurons in each cortical layer except layer four, where Nils were
found in only 5% of neurons. By six weeks nearly all neurons in all cortical layers
possessed Nils. Generally, cortical projection neurons developed Nils more rapidly
than did cortical intemeurons that contained CALB, PARV, ChAT and SS.
That Nils develop more quickly and are larger in the cortex is inconsistent with the
notion that Nils directly account for the preferential loss of striatal neurons in HD.
Nonetheless our finding that CALB and PARV striatal neurons both develop large Nils
is consistent with their preferential loss in HD. Supported by a Cure HD contract from the
Hereditary disease foundation (DG/AR), and NIH grants NS 19620 (AR) and NS28721 (AR).

237.3

237.4

INTRANUCLEAR INCLUSIONS IN SUBTYPES OF STRIATAL
NEURONS IN MICE TRANSGENIC FOR THE
HUNTINGTON’S DISEASE MUTATION
C. M. KosinskiT J -H, Cha2. A.B. Young2. S. Davies3. G. Bates3, M,
Schwarz1; 1Department of Neurology, Technical Univ. RWTH Aachen, D52074 Aachen, Germany; 2Department of Neurology, Mass. General
Hospital, Boston, USA; 3Division of Medical and Molecular Genetics, United
Medical and Dental Schools, Guy’s Hospital London, UK
R6/2 transgenic mice express exon 1 of an abnormal human Huntington’s
disease (HD) gene and develop a neurological phenotype similar to HD. These
mice develop ubiquitinated neuronal intranuclear inclusions (Nil) which might
play a central role in the pathophysiology of HD. We studied the distribution
of ND in subpopulations of striatal neurons in 12-week-old R6/2 transgenic
mice using fluorescent double label immunohistochemistry. We observed that
most of the calbindin-D^K positive projection neurons (89%) and the
parvalbumin positive intemeurons (86%) showed ubiquitinated Nil. In
intemeurons, however, which contain either choline acetyltransferase,
neuronal nitric oxide synthase, or calretinin, the frequency of Nil was
significant^ lower (22%, 8%, 7%, respectively). Our data suggest that
subpopulations of striatal neurons differ remarkably in their capability of
framing ubiquitinated NH. Intemeurons which are known to resist
neurodegeneration in HD show Nil less frequently.

OVEREXPRESSION OF A NOVEL PROTEIN CONTAINING 40
CONSECUTIVE GLUTAMINES RESULTS IN EXTRANUCLEAR
AGGREGATES. J, K, Cooper*. H, Bruce. M. F, Peters, F. C.
Nucifora Jr, D. Gorelick-Feldman. J. K. Kleiderlein, C. A. Ross. R.
L. Margolis. Division of Neurobiology, Department of Psychiatry,
Johns Hopkins University School of Medicine, Baltimore, MD 21287
In an effort to identify candidate genes for neurological and
psychiatric disorders, we have recently cloned a series of cDNAs
encoding long stretches of polyglutamine. One of these, initially
termed CAGH44, is a novel cDNA that encodes 40 consecutive
glutamines and maps to 6q 14-15. We have now cloned the complete
open reading frame, performed preliminary sequence and expression
analyses, and overexpressed the protein in several cell lines. The
sequence consists of an open reading frame encoding 431 aa, with at
least one region of alternative splicing. The predicted protein is
hydrophilic, contains a near perfect C2H2 zinc finger motif.
Preliminary Northern analysis suggests diffuse but low level
expression throughout the brain. Overexpression of cDNAs containing
the complete open reading frame in COS7, HEK293, or N2a cell lines
resulted in moderately large cytoplasmic aggregates of the protein.
Overexpression of a construct containing 79 consecutive glutamines
resulted in very large extranuclear aggregates. Comparison of the
functional and structural characteristics of this normal protein may help
elucidate some of the pathogenic properties of the expanded glutamine
repeats that lead to disease. This work was supported by the HDF,
NS 16375, MHO1275 and MH50763.

Supported by grant START 67/97from the RWTH Aachen and DFG Grant
Ko1696/2-1.
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237.5

237.6

IDENTIFICATION OF DIFFERENTIALLY EXPRESSED GENES IN THE
STRIATUM OF MICE EXPRESSING THE HUMAN HUNTINGTON'S DISEASE
GENE. E. M. Denovan-Wright*1, C, Harraher*. G. MacGibbon2. R. L. M. Faull2. M.
Dragunow2 and H.A, Robertson1. ’Lab. of Molecular Neurobioiogy, Dept.
Pharmacology, Dalhousie Univ., Halifax, Canada, B3H 4H7; 2Depts. Pharmacology
and Anatomy, University of Auckland, Auckland, New Zealand, 92019.
A transgenic mouse model of Huntington’s disease (HD) has been created by the
integration of the promoter sequences and exon 1 of the human HD gene carrying an
expansion of the CAG repeat into the mouse genome. In addition to expressing the
mRNA and protein corresponding to the integrated human transgene, these mice
exhibit a progressive neurological phenotype with many of the features of HD. We
have used RT-PCR differential display to determine downstream changes in gene
expression specifically in the striatum of the HD mice. Total RNA from the striatal
and cortical tissues of 3 control and 3 HD mice was used as the substrate for reversetranscriptase differential display (DD) PCR reactions. We have screened -20,000
cDNA fragments using 85 primer combinations. Two cDNA fragments
corresponded to mRNAs expressed exclusively in the striatum that were less
abundant in striatal tissue from HD mice compared to the wild-type. The first
hybridized with an mRNA of approximately 7.5 kb. We have isolated a full-length
cDNA of this transcript from a mouse striatal cDNA library. This cDNA does not
have sequence similarity to any previously characterized genes. In situ hybridization
analysis of mice and human HD brain sections demonstrated that this mRNA had a
reduced steady-state level in the striatum of HD mice and in humans with HD. The
second cDNA has sequence similarity to DARPP-32 which is also expressed
specifically in the caudate-putamen and whose expression is down-regulated in HD
mice. The indentification of striatal-specific changes in gene expression will allow
us to investigate which changes in gene expression lead to the dysfunction and
ultimately death of cells within the striatum in HD. (Supported by the MRC, Health
Research Council of New Zealand and the Hereditary Disease Foundation).

PROTEIN KINASE C p II ISOFORM mRNA IS REDUCED IN STRIATUM
AND CORTEX OF TRANSGENIC HUNTINGTON’S DISEASE MICE.
A.S. Harris1*. H.A. Robertson2and E.M. Denovan-Wright2. Departments of
’Psychiatry and 2Pharmacology, Dalhousie University, Halifax, NS. B3H 4H7
Canada.
The characteristic movement disorder of Huntington’s disease (HD) is often a late
presentation of this progressive neurodegenerative disorder. The earlier cognitive
and psychiatric symptoms present severe difficulties for patients and often appear
prior to the selective neuronal loss and concomitant gliosis in striatal structures. We
hypothesize that mutant huntingtin protein may alter gene expression of selected
transcripts leading to psychiatric symptoms. Using RT PCR differential display, we
have isolated transcripts that are differentially expressed in the striatum of
transgenic (R6/2) HD mice. We show that protein kinase C beta II (PKC pH) is
decreased in both the striatum and cortex of transgenic HD mice. Previous
immunohistochemical studies have shown a reduction in PKC PII immunoreactivity
in the caudate/putamen of human HD brains. The present finding of downregulation in cortical structures is novel. The protein kinase C family is putatively
involved in other neurodegenerative disorders such a Alzheimer’s disease and
Parkinson’s Disease. It has also been suggested that protein kinase C plays a role in
apoptotic cell death and in neuronal plasticity and memory. The etiology of the
cognitive, behavioral and psychiatric symptoms of HD remain unclear. However,
this study shows that alterations in a second messenger system involved in
numerous cellular processes, occur before histological changes are evident in the
striatum in this mouse model for Huntington’s disease. (Supported by the
Hereditary Disease Foundation, MRC and Dalhousie University, Dept. of
Psychiatry)

237.7

237.8

PHENOTYPIC
AND
NEUROPATHOLOGICAL
ANALYSIS OF HD AND DRPLA TRANSGENIC
MICE. G, Schilling2. J.D. Wood2. Y. Kim2. V.
Gonazales*? K. Duan1, J.C. Troncoso1, A.E. Stocks1, P.R,
Mouton1. D.L. Price1, C. A. Ross2, D.R. Borchelt__ L
’Dept. of Neuropathology, 2Dept. of Psychiatry, Johns
Hopkins School of Medicine, Baltimore, MD 21205.

CHARACTERIZATION OF AGGREGATES COMPOSED OF THE HUNTINGTIN
N-TERMINAL FRAGMENT CARRYING AN EXPANDED POLYGLUTAMINE
TRACT. N. Hazeki1-2, K. Nakamura2, J. Goto12, T. Masaki’*, and I. Kanazawa12.
‘CREST, Japan Sci. and Tech. Corp., Tokyo, Japan; 2Dept. of Neurology, Grad. Sch.
of Med., Univ. of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan; ’Third
Dept. of Internal Medicine, National Defense Med. Col.
Expansion of CAG repeats within the coding regions of the HD gene has been
found in patients associated with Huntington’s disease (HD). Several studies showed
that the expansion of polyglutamine tract leads to formation of cytoplasmic and/or
intranuclear aggregates in vivo and in vitro. To study the molecular mechanism of the
aggregate formation, we used the transient expression of HD exon 1-GFP fusion
proteins in COS-7 cells. The huntingtin N-terminal fragments carrying 77 glutamine
tracts aggregated in a time-dependent manner, while the fragments carrying 25
glutamine tracts remained to be distributed diffusely in cytoplasm even 72 hours after
transfection. The fixed-point observation showed that the fluorescence labeling in
COS-7 cells that expressed huntingtin N-terminal fragment carrying 77 glutamine
tracts initially were distributed diffusely throughout the cytoplasm, approximately 40
hours later after the transfection, a small aggregate appeared, but very rapidly grew up
larger, and the diffuse cytoplasmic fluorescence faded out. This process was completed
within only 40 minutes from the appearance of a small aggregate in the perinuclear
region. The treatment with cycloheximide reduced the frequencies of aggregate
formation. The focal concentration of mutated protein in neurons may trigger the
aggregate formation. This work was supported by CREST, JST.

237.9

237.10

MITOCHONDRIAL ENERGY METABOLISM IN A FULL-LENGTH
cDNA TRANSGENIC MODEL OF HUNTINGTON’S DISEASE. R
Guidetti*. V. Charles1. P.H. Reddv1. J. Avoub1. W.O. Whetsell Jr.2. R.
Schwarcz and D.A. Taglc1. Maryland Psych. Res. Ctr., Baltimore, MD,
21228, ’NHGRJ, NIH, Bethesda, MD 20892,2Dept. Pathol. & Ctr. Molec.
Neurosci., Vanderbilt University, Nashville, TN 37232.
Huntington’s disease (HD) is an autosomal dominant, progressive neurodegenerative disease caused by an unstable CAG trinucleotide repeat expansion
of the huntingtin protein. Impaired energy metabolism has been implicated in
HD pathophysiology since mitochondrial complexes n, III and IV have been
shown to be decreased in striatum and cerebral cortex of end stage (grade 3
and 4) HD. In order to understand the possible involvement of abnormal energy
metabolism in HD, full-length human cDNA transgenic mice heterozygote for
either 48 or 89 CAG repeats were analyzed for changes in mitochondrial complexes. These animals presented behavioral manifestations consisting of overall
slowing of movements. Using quantitative histochemical techniques, the striatal
activities of complexes I, II and IV were found to be unchanged (89 CAG repeats: 92.7, 96.3 and 103.7% of controls for complex I, II and IV, respectively). Golgi-impregnation studies in similarly staged mice demonstrated a thickening of proximal portions of dendrites and a readily apparent decrease in synaptic spines along dendritic branches of striatal and cerebral cortical neurons
in mice with both 48 CAG repeats (N=6) and 89 CAG repeats (N=4) compared to wild type (N=4). In these transgenic animals, morphological alterations may contribute to phenotypic changes without altering overall mitochondrial energy metabolism.
Supported by USPHS grant NS 28236.

PROCESSING OF NORMAL AND MUTATED HUNTINGTIN IN HUMAN
AND MOUSE TISSUES. Y. Wu1*. S. Zetlin. L2. Thompson3 and M-F Chesselct1,
‘Dept. Neurology and Brain Res. Inst. UCLA, LA, CA90095, ’Columbia
University, NY, NY10032 and 3Dept. of Chemistry, UCI, Irivne, CA92697
Evidence indicates that huntingtin (htt) normally undergoes proteolytic processing
to smaller fragments. To investigate whether the expanded polyglutamine repeat
causing Huntington's disease (HD) alters htt processing, we used immunoblotting
with monoclonal antisera against htt aa 181-812 (Chemicon) to examine the
cleavage of htt in human brain and lymphoblasts, as well as in knock-in mice
expressing the htt gene with expanded CAG repeats. Htt undergoes extensive
cleavage to multiple smaller fragments in cerebral cortex of control and HD brain.
A striking difference, however, was the presence of additional lower molecular
weight fragments in controls. Similar results were found in brain, but not liver or
muscle, of knock-in mice compared to wild type. Transformed human
lymphoblasts had similar patterns of htt processing as human brain. The inhibitor
E64d blocked much of the fragmentation of htt in control and HD lymphoblasts,
implicating a cysteine protease in htt processing. Stimulation of caspase 3 caused
cleavage of htt to 60-70 kDa fragments. We found no difference in cleavage of
htt in the lysates of lymphoblasts from HD and control siblings after caspase 3
activation, nor was there any difference in cell viability of lymphoblasts
expressing up to 65 glutamine repeats. Our results indicate that differences occur
in the processing of normal versus the mutant form htt in brain and lymphoblasts.
The more extensive processing of htt in control tissue may generate less toxic
smaller fragments than in cells expressing htt with an expanded polyglutamine
repeat. Lymphoblasts are a good model system to investigate htt processing and
may be useful in developing drugs to treat this disease. Support in part by the
Hereditary Disease Foundation.

Huntington’s disease (HD) and Dentato-rubral and pallidoluysian atrophy (DRPLA) are autosomal dominant, progressive,
neurodegenerative disorders caused by the expansion of
polyglutamines in their respective proteins, huntingin and
atrophin-1. We generated transgenic mouse models for HD and
DRPLA under the control of the prion protein promotor. The
HD transgenic mice were created using an N-terminal
truncation (N-171) of huntingtin with 18Q or 82Q, while the
DRPLA mice were created with a full length cDNA including
26Q or 65Q. The phenotype of the transgenic models differs
dramatically, but the pathology in endstage mice shows similar
distribution of intranuclear inclusions in several areas of brain.
Intranuclear inclusions were discovered in HD exon-1
transgenic mice and found in the several polyglutamine repeat
diseases including postmortem HD and DRPLA tissues. By
comparing the distribution of inclusions in the HD and DRPLA
mice, we are addressing the question of how specific the
inclusions are in transgenic models. In addition, we would like
to determine wether there is a correlation between the
intranuclear inclusions and cell death. This study should clarify
the role of intranuclear inclusions in the pathology of
polyglutamine repeat diseases.

Society

for

Neuroscience

. Volume

25, 1999

DEGENERATIVE DISEASE: OTHER IV

MONDAY AM
237.11

237.12

AMINO TERMINAL HUNTINGTIN PRODUCTS ASSOCIATE WITH
MEMBRANES. KB, Kegel*1, M. Kim1, C. McIntyre1, E. Sapp1, N. Aronin2,
and M. DiFiglia1. ’Dept of Neurology, Mass. Gen. Hosp., Boston MA 02114,
2Depts of Medicine and Cell Biology, Univ. Mass. Med. Ctr., Worcester, MA
01655
Overexpression of normal or mutant huntingtin in clonal striatal cells (gift of
A. Heller) with FLAG-tagged cDNAs resulted in the accumulation of a longlived N-terminal proteolytic product within cytoplasmic vacuoles which
correlated with cell death. The N-terminal fragment and cell death were reduced
by treatment with a broad spectrum caspase inhibitor (Kim et al., J.
Neuroscience, 1999). We used differential and density gradient centrifugation to
determine where N-terminal huntingtin products form and accumulate. Nterminal products cofractionated with a transferrin-positive dense organelle
consistent with a recycling/sorting compartment. Immunogold electron
microscopy confirmed the presence of FLAG-huntingtin on membranes.
Treatment of cell extracts with chymotrypsin revealed that most of the expressed
huntingtin and its N-terminal breakdown products were accessible to proteolytic
degradation.
The small percentage of expressed huntingtin that was
inaccessible, succumbed to proteolysis with the addition of mild detergent.
These results indicate that most of the expressed protein and its products are on
the cytosolic surface of a membrane bound compartment, but that some of the
protein has been translocated across the membrane or autophagocytosed. This
membrane bound compartment may partly correspond to the dispersed and
perinuclear vacuoles seen in the transfected striatal cells and the mutant
huntingtin-enriched endosomal/lysosomal structures previously identified in the
HD brain. Supported by NIH Grants NS 16763 and NS35711, the HDF and the
HDSA.

PROTEOLYTIC PROCESSING OF HUNTINGTIN PROTEIN IN
HUNTINGTON’S DISEASE BRAIN. L. Mende-Mueller, T. Toneff, V.Y.H.
Hook*. Dept. of Medicine and Neuroscience, Univ. of Calif. San Diego, La
Jolla, CA 92037-0822.

589

Huntington’s disease (HD) is a neurodegenerative disorder characterized by
expansion of a variable stretch of glutamine residues into the Huntingtin
protein. Nuclear inclusions of mutant huntingtin protein are primarily found in
cortical and striatal neurons of HD brains. These inclusions consist of
peptide-aggregates from the N-terminal region of the 385 kDa Huntingtin and
are implicated in the pathogenesis of the disease. Proteolysis of the
Huntingtin protein was studied in cortical and cerebellar brain areas of
normal and HD brains. Antibodies were directed against N-terminal and Cterminal domains of Huntingtin protein; N- and C- terminal domains
correspond to residues #181-810 and #2146-2541, respectively. The Nterminal domain antibody detected bands of 60-80 kDa, as well as a 350 kDa
band that presumably represents full-length huntingtin protein. The Cterminal domain antibody, on the other hand, shows bands of overall higher
molecular weight of 120 to 350 kDa, compared to those detected with the Nterminal antibody. The sum of the molecular weight of N- and C-terminal
fragments appear to represent the size of the intact huntingtin protein. These
results suggest that a particular region of the huntingtin protein between
these N- and C-terminal domains may be particularly susceptible to
proteolysis. Similar bands were found in normal and HD brain tissue
samples. These data provide evidence for multiple proteolyic processing
sites of the huntingtin protein in vivo. (Supported by the HDF)

237.13

237.14

SELECTIVE IMPAIRMENT OF ENKEPHALINERGIC STRIATAL
NEURONS IN TWO MOUSE MODELS OF HUNTINGTON’S DISEASE. L.B.
Menalkd1*, L, MacKenzie1, H. Zanjani1. S. Zeitlin2. M-F. Chesselet1,
‘Dept.Neurology, UCLA, LA, CA 90095, Dept.Pathol., Columbia Univ., NY, NY
10032.
In-situ hybridization histochemistry and immunohistochemistry were used to
examine the striatum of two mouse models of Huntington’s Disease (HD). The first
model was a transgenic mouse that expresses exon 1 of the human HD gene with
141-157 CAG repeats (Mangiarini et al., Cell, 87:493-506, 1996). These mice
display widespread neuronal nuclear inclusions and a progressive motor deficits
similar to some of the symptoms of HD. The second model was a knock-in mouse
that contains 94 CAG repeats in the mouse HD gene. These mice do not develop
neuronal nuclear inclusions. Although these mice do not display a behavioral
phenotype, they exhibit an increased sensitivity of striatal neurons to NMDA
receptor activation similar to that observed in the transgenic mice (Levine et al., Soc.
Neurosci. Abstr., 24:972, 1998).
Enkephalin mRNA was drastically decreased in the striatum of transgenic (84%
decrease) and 94 CAG repeat mice (48-56% decrease) compared to wildtype mice.
In both models the decrease in enkephalin mRNA occurred in the absence of a
parallel loss of calbindin immunoreactivity in striatal neurons or enkephalin
immunoreactivity in striatopallidal axons. Furthermore, no changes in the levels of
substance P, GAD67 and GAD65 mRNAs were observed in the transgenic and 94
CAG repeat mice.
The data show that decreases in enkephalin mRNA occur in the striatum of diverse
mice models of HD and futher demostrate that mice with knock-in expanded CAG
repeats exhibit marked cellular abnormalities similar to those of transgenic mice, but
in the absence of detectable nuclear inclusions or behavioral phenotype.
Supported by PHS grant MH-44894 (MFC).

HYPERGLYCEMIA IN A TRANSGENIC ANIMAL MODEL OF
HUNTINGTON’S DISEASE. D.B, Hughes1. M. Thomas2, A, Dedeoglu1*, S.E.
Browne1, R.J, Ferrante3, O.A, Andreassen1 and M.F. Beal1,4.. ‘Neurology Service
and 2Molecular Endocrinology Lab., Massachusetts General Hospital, Boston, MA
02114,3GRECC, VA Medical Center, Bedford, MA 02173 and “Neurology Dept.,
New York Hospital-Cornell Medical Center, New York, NY 10021.
Huntington’s disease (HD) is caused by the expansion of a CAG repeat in the Nterminus of the huntingtin protein, but the mechanism by which the
neurodegeneration occurs is still unknown. Transgenic mice (R6/2) that express a
portion of the human HD gene together with 145-150 CAG repeats, exhibit a
rapidly progressive neurological phenotype and survive for 14 weeks. Previous
studies showed an increased prevalence of diabetes in HD patients, and in the
present study we examined if the same is true in the R6/2 mice. Random blood
glucose levels were measured weekly from 4 weeks of age and became significantly
higher than in littermate wildtypes from 10 weeks of age, reaching a 2-3 fold
increase at 12-13 weeks of age. At 7 weeks of age, the blood glucose level was
significantly higher in transgenic mice compared to wildtypes 30 and 60 min after
injecting glucose 1.5 g/kg IP. At 12 weeks of age, the glycosylated hemoglobin was
significantly increased and the serum levels of insulin were significantly decreased
in transgenic mice. Morphologically the pancreatic islets appeared almost normal
even in 12 weeks old transgenic mice with no sign of lymphocytic infiltration.
Immunocytochemical staining showed a decrease in glucagon, insulin and
somatostatin in the islets of transgenic mice at 12 weeks and intranuclear inclusion
bodies at both 7 and 12 weeks. The present results show that the transgenic R6/2
mice have a diabetic profile similar to that which is found in HD patients, although
the phenotype is more exacerbated in the mice. Furthermore, the mechanism of
diabetes development in the R6/2 mice seems not to be due to destruction of the
pancreatic islets or decreased insulin sensitivity in the peripheral tissue. (Supported
by NIH, the Huntington Disease Soc. of America, the Hereditary Disease
Foundation, the Norwegian Research Counsel and the Veterans Administration).

237.15

237.16

Quantification of chorea in transgenic Huntington's disease mice: Effects of
apomorphine. KS Eagle, E Kogosov, DB Jacques, and OV Kopyov*.
The Neurosciences Institute, Good Samaritan Hospital, Los Angeles, CA 90017

PROLONGED SURVIVAL OF R6/2 NEURONS IN CHIMERIC MICE.
A. Reiner, N. Del Mar, C.A. Meade & D. Goldowitz* Dept. Anatomy &
Neurobiology, UT - Memphis, TN 38163.
The R6/2 mouse has been engineered to express exon 1 of human huntingtin with
150 CAG repeats under the human huntingtin promoter. Hemizygous R6/2 mice show
neurological signs by about 10 weeks of age and do not survive much past 12 weeks of
age. The only obvious neuropathology that has been found in these mice is the
widespread presence ol ubiquitinated neuronal intranuclear inclusions (Nils). We
constructed hemizygous R6/2 <—> +/+ chimeric mice to prolong the survival of R6/2
cells and determine if the transgene would produce neuronal death at longer survival
times. As a prelude to these studies, we examined the hemizygous R6/2 mouse for the
expression of several immunocytochemical markers that are reduced in the striatum and
striatal target areas in Huntington’s Disease (HD). In contrast to expectations, several
of these markers (substance P, enkephalin, parvalbumin, and calbindin) had enhanced
expression in the striatum and cortex of R6/2 mice.
R6/2 chimeric mice live longer than hemizygous R6/2 mice. Their length of
survival appears proportional to the contribution of genetically R6/2 cells to the
chimeric embryo. Genotypically R6/2 cells form Nils in a chimeric environment, and
these Nils do not grow larger than those in the 12 week hemizygous R6/2 mice
irrespective of survival time. Nonetheless, ubiquitinated aggregates form in proximity
to R6/2 cell bodies in chimeric mice older than 12 weeks. Regions of cortex and
striatum tend to show an upregulation of GFAP immunoreactivity, and for cortex these
sites are also rich in Nils and aggregates. Notwithstanding, striatal markers of HD
pathogenesis are not diminished. These results suggest that R6/2 Nils are not
pathogenic to striatum even after the lifespan of the R6/2 neurons has been more than
doubled and the Nils have been in existence for over 6 months. Supported by a Cure HD

The R6/2 transgenic model of Huntington's disease (HD) carries over 150
copies of the CAG repeat found in human HD. Recent studies have investigated
morphological changes in this model, however, the motor deficits have not been
quantified. Behavioral characterization of transgenic HD mice will provide a
valuable model for investigation of potential treatments for HD. The present study
investigates spontaneous locomotor and stereotypic activity in symptomatic R6/2
HD mice and wildtype controls. Mice were tested with no drug administration, and
with the dopaminergic agonist apomorphine (0.1 and 1.0 mg/kg).
Mice were placed in an open chamber and allowed to explore freely for one
hour. The animals’ motions were tracked by a digital camera and analyzed by
computer in 5-minute bins. For each second, the animal was classified as traveling,
resting, or engaged small-amplitude movement which can be interpreted as
stereotypic movement or chorea. At 12 weeks of age, transgenic R6/2 (HD) mice
spent a significantly greater amount of time engaged in stereotypic movement, and
significantly less time traveling, than wildtype (wt) control mice. Administration of
0.1 mg/kg apomorphine (Apo) increased the stereotypic behavior of wt mice while
decreasing their travel, so that there was no longer any difference between the
groups. HD mice showed no effect of 0.1 mg/kg Apo. A 1.0 mg/kg dosage of Apo
sharply decreased the stereotypic movements of HD mice, and increased their travel.
This effect was strongest in the first 30 minutes after administration; during this
time, the stereotypic movements were reduced to the level of the wt mice under
normal conditions. These results indicate that the R6/2 transgenic model of HD
shows quantifiable motor deficits, and that these deficits respond to treatment with a
dopaminergic agonist. Further studies are necessary to determine the dopaminergic
receptors underlying this response, as well as whether pharmacological response can
be elicited in presymptomatic mice.

Contract from the Hereditary Disease Foundation (DG/AR), and NIH grants NS19620 (AR),
NS28721 (AR).
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237.17

237.18

NEURONS LACKING HUNTINGTIN SURVIVE AND APPEAR TO FUNCTION NORMALLY IN THE
BRAINS OF CHIMERIC MICE D. Goldowitz? N. Del Mar? CA. Meade? I.Dragatsis2, S. Zeitlin3 &
A. Reiner1* 1Dept. Anatomy & Neurobiology, UT - Memphis, TN 38163.2Dept. Genetics &
Development, 3Dept. Pathology, Columbia Univ., New York, NY 10032
Two approaches were used in an effort to create chimeric mice consisting of mixed
populations of wild-type cells and huntingtin-deficient cells. In one approach, chimeras were
generated by aggregation of wild-type embryos with embryos harvested from matings of mice
hemizygous for a deletion of the huntingtin gene (huntingtin-KO). No chimeric offspring that
possessed homozygous huntingtin-KO cells were obtained from this approach, although
statistical considerations suggest that such chimeras should have been created. By contrast,
ES ceils with a homozygous huntingtin deletion directly injected into the inner cell mass of
embryonic blastocysts yielded offspring that were bom, grew into adulthood, and upon
histological assessment were shown to have numerous homozygous KO ceils throughout the
brain. No sign of brain abnormality, pathology, or neuronal loss was revealed within striatum
or any other region upon examination of the brain for immunohistochemical and cytological
markers of normal or degenerating neurons or glia.
The successful birth of chimeras created by inner ceil mass injection and the failure
of aggregation chimeras to survive to birth further emphasizes the important role of huntingtin
in the functioning of the extraembryonic membranes. The survival of cells that lack huntingtin
in the chimeric adult mouse brain created by inner cell mass injection and the absence of any
sign of pathology in these brains suggest that huntingtin does not have a cell autonomous
function that is critical for neuronal development and survival. These latter results further
affirm that HD is likely to involve a gain of function mutation, and argue against the notion that
the HD mutation acts as a late onset loss of function in which the mutated huntingtin somehow
inactivates the normal and mutated huntingtin gene products (such as by promoting binding
with each other). Supported by a Cure HD Contract from the Hereditary Disease Foundation
(DG/AR), and NIH grants NS19620 (AR), NS28721 (AR).

MICE TRANSGENIC FOR EXON 1 OF THE HUNTINGTON’S DISEASE GENE
ARE RESISTANT TO STRIATAL EXCITOTOXIC INJURY
P. Brundin*, Q. Hans.S-Qn,,.A,-Eetersen, M- Feist, P, Nicptera and R,F, ,Castilho
Section for Neuronal Survival, Wallenberg Neuroscience Center, Lund University,
Sblvegatan 17, S-223 62 Lund, Sweden.
Huntington’s disease (HD) is an hereditary neurodegenerative disorder presenting
with chorea, dementia and extensive striatal neuronal death. The mechanism through
which the widely expressed mutant HD gene mediates a slowly progressing striatal
neurotoxicity is unknown. Glutamate receptor-mediated excitotoxicity has been
hypothesized to contribute to the pathogenesis of HD. We have examined
excitotoxicity in a transgenic mouse (line R6/1) which expresses an expanded number
CAG repeats in exon 1 of the human HD gene. Intrastriatal infusions of the Nmethyl-D-aspartate (NMDA) receptor agonist quinolinic acid did not cause neuronal
death in the R6/1 HD mice. In contrast, wildtype littermates subjected to identical
stereotactic injections of excitotoxin exhibited massive loss of striatal projection
neurons identified immunohistochemically with an antibody against DARPP-32, and
extensive staining of striatal neurons by the cell death markers Fluoro-Jade and
TUNEL. The remarkable neuroprotection in transgenic HD mice occurred at a stage
when they had not developed any neurological symptoms due to the mutant HD gene.
At this stage there was no change in the number of striatal neurons and astrocytes in
untreated R6/1 mice, although the striatal volume was decreased by 17%. The
underlying mechanisms for the reduced sensitivity to excitotoxin in R6/1 HD mice
remain unclear, and we found no changes in the transgenic mice regarding levels of
NMDA receptors; Calbindin-D-28k (calcium-binding protein), Bcl-2 (anti-apoptotic
protein), Heat shock protein 70 (Hsp70; stress-induced anti-apoptotic protein) and
citrate synthase (marker for mitochondrial activity). We propose that the HD
transgene has induced chronic changes in striatal neuronal physiology that render these
neurons insensitive to excitotoxic damage. Future studies will examine whether the
reduced sensitivity to neuronal damage in HD mice is limited to lesions induced by
NMDA receptor agaonists and whether it is regionally specific for the striatum.
(Supported by The Hereditary Disease Foundation).

237.19

237.20

CREATINE ATTENUATES SPATIAL LEARNING IMPAIRMENT AND MOTOR
ABNORMAUITES IN A RODENT MODEL OF HUNTINGTON’S DISEASE. DA.

ENVIRONMENTAL ENRICHMENT INCREASES SURVIVAL IN MICE
TRANSGENIC FOR THE HUNTINGTON’S DISEASE GENE. R. J. Carter. M.
JL, Hunt and A- J, Morton- (SPQN: British Neuroscience Association). Department
of Pharmacology, University of Cambridge, CB2 1QJ, United Kingdom.
R6/2 mice transgenic for the first exon of the Huntington’s disease (HD) gene
carrying a CAG repeat expansion, develop a progressive neurological phenotype
with symptoms resembling those seen in HD. We have reported previously that in
R6/2 mice, cognitive and motor impairments are measurable from 3.5 and 5 weeks
of age respectively. In addition, R6/2 mice develop a characteristic overt
phenotype, including hind-limb clasping, stereotypic hind-limb grooming, weight
loss and diabetes, which can be observed from 8-10 weeks of age. However, the
onset and progression of this phenotype has not been well characterised. The
symptoms of R6/2 mice worsen with age, ultimately resulting in a rapid decline in
health and sudden death between 13-16 weeks of age. In this study we have
characterised the onset and progression of the overt phenotype in R6/2 mice and
have examined factors which affect the phenotype and survival of these mice.
The effect of altering several aspects of home cage environment (feeding regimes,
housing conditions, involvement in breeding and behavioural testing) on a number
of parameters were investigated. We found that changes in feeding regimes
significantly improve the general well-being and life expectancy of R6/2 mice.
However, environmental enrichment, such as regular behavioural testing, causes a
significant additional improvement in the behaviour and survival of these mice.
Thus, environmental enrichment improves health and life expectancy in R6/2
mice. These improvements not only make the mice a more useful research tool,
but may also provide insight into the importance of environment on the
progression of the disease in HD patients.
This work was supported by grants from the Hereditary Disease Foundation and
the Medical Research Council.

Shear1-2. K. L, Haik-Creguer? and G. L. Dunbar*? lBrainRes. Lab., Dept. Psych; Central
Michigan. University, ML Pleasant, MI 48859,2Dept Psych; Emory University, Atlanta,
GA 30322.
Systemic administration ofthe mitochondrial toxin, 3-nitropropionic acid (3NP), provides a
useftil model ofthe neuropathological and behavioral abnormalities observed in Huntington’s
disease (HD). Recent evidence has indicated that creatine can provide significant neuronal
protection against 3NP-induced lesions by indirectly supplementing energy to the cell. The
purpose of thia study was to assess whether a creatine-enriched diet could also protect against
3NP-induced cognitive and motor deficits in rats. Male Sprague-Dawley rats were assigned
to one of three groups. (1) 3NP-control; (2) 3NP-creatine; and (3) saline-control, and were
fed a diet containing either 1% creatine or normal rat chow for 2 weeks prior to 3NP and for
the duration of the study. 3NP was administered in gradually increasing concentrations over
an 8-week testing period. Beginning 4 weeks after 3NP administrating spatial working and
reference memory were assessed in a radial-arm-water-maze (RAWM) task. At 2-, 4-, and
8-weeks, motor abilities were assessed
Creatine
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balance-beam, grip-strength, and

gait-test tasks, and measures of activity
levels were taken in an open-field.
Results showed that creatine attenuated
3NP-induced working and reference
memoiy deficits, motor abnormalities
on the balance-beam and grip-strength
tasks, and 3NP-induced hypoactivity in
the open-field maze. Collectively, these
results suggest creatine does provide
significant protection against 3NPinduced behavioral abnormalities in rats
may be useful for delaving the onset

ofHD.

This project was supported by NSF Graduate Research Fellowship (to DAS) and NIH grant
1-R15-NS30694-01A3 (to GLD).
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THE MONOCARBOXYLATE TRANSPORTER MCT1 IS INCREASED IN
BRAINS OF ALZHEIMER’S PATIENTS
D.Z. Gerhart? B.E. Enerson? R, Duelli? M.K. Frobere.2 R.L. Leino3 and L.R,
Drewes1*, Depts. of ’Biochemistry and Molecular Biology, 2Pathology and
Laboratory Medicine, and ’Anatomy and Cell Biology, Univ. of Minnesota, Sch. of
Med., Duluth, MN 55812
In Alzheimer’s disease (AD) PET studies have demonstrated a decrease in cerebral
glucose metabolism, and this observation has been related to decreases in both the
neuronal glucose transporter GLUT3 and the blood-brain glucose transporter
GLUT1. In addition to glucose, lactate is also believed to be an important energy
substrate for brain metabolism. Transport of monocarboxylates such as lactate and
pyruvate across plasma membranes is facilitated by a family of monocarboxylate
transporters (MCTs). However, little is known about how MCTs may respond or be
regulated in neuropathological conditions. To assess changes in MCTs in AD, we
prepared polyclonal antibodies to MCT1, 2, and 4 and used these antibodies to
examine, by immunocytochemistry and immunoblots, AD and control brains
collected at autopsy. The immunoblot results indicated that although MCT2 and
MCT4 were less abundant in AD brains than in controls, MCT1 was present in
much higher amounts in most, but not all, AD brains. This result was confirmed by
immunocytochemical staining of 7 control and 20 AD cases which showed that both
neuropil and blood-brain barrier MCT1 were significantly higher in AD brains than
in age-matched controls. MCT1 is a lactate transporter found in brain endothelial
cells as well as in neurons and glia. Higher MCT1 levels in AD brains suggest
increased lactate flux and perhaps increased glycolysis. This observation is
consistent with previous reports of decreased cytochrome oxidase and elevated CSF
lactate and pyruvate in AD and the hypothesis that AD brains experience decreased
glucose utilization but increased glycolysis relative to oxidative metabolism.
Supported by Minnesota Medical Foundation, Whiteside Foundation, Alexander von
Humboldt-Foundation, and National Institutes of Health (NS 32754).

DISSOCIATION BETWEEN REGION SPECIFIC CORPUS CALLOSUM
ATROPHY AND WHITE MATTER PATHOLOGY IN ALZHEIMER'S
DISEASE
H, Hampel1’2? S. J. Teipel1’2, G. E. Alexander2, M. B, Schapiro?
Y Zebuhr1. B, Horwitz? H. Hjppius? H.-J. Mdller? and S. I. Rapoport2
’Department of Psychiatry, Geriatric Psychiatry Branch, Dementia Research and
Neuroimaging Section, Ludwig-Maximilian University, NuBbaumstr. 7, 80336
Munich, Germany, laboratory of Neurosciences, National Institute on Aging
(NIA), National Institutes of Health (NIH), 9000 Rockville Pike, Bethesda, MD
20892, USA.
Objective: The present study was designed to determine if the size of the corpus
callosum (CC) is related to the extent of white matter pathology in a region
specific way in patients with Alzheimer's disease (AD) and age-matched healthy
controls.
Methods: White matter hyperintensity (WMH) load and CC size were compared
between 20 clinically diagnosed AD patients and 21 age-matched healthy controls.
We investigated the effect of age and disease severity on CC size and WMH, as
well as the correlation between CC areas and WMH load.
Results: We found significant regional atrophy of the CC in AD compared to
controls. Both groups did not differ in their WMH load. We further showed a
region specific correlation between rostral CC size and frontal lobe WMH load in
the control group, but not in AD patients. In the AD group, CC size correlated
with age and dementia severity, whereas WMH correlated only with age.
Conclusion: CC atrophy in AD can occur independently of white matter
degeneration, indicating specific AD pathology in projecting neurons.
Ref.: Hampel, H. et al. Arch. Neurol. 55 (1998) 193-198
Teipel, S.J. et al. Neurology 51 (1998) 1381-1385
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238.4

DIFFERENTIAL ALTERATION OF CALRETICUUN AND IMMUNOGLOBULIN
BINDING PROTEINS (BIP) IN CEREBRAL CORTEX OF ALZHEIMER’S
DISEASE BRAIN. J. Taguchi1. Y. Fujino1. Y. Tsujioka1. Y. Tsuboi1. A. Fujii2. M.
Takahashi1, I, Wada’and T. Yamada1*. 1Dept of Internal Medicine and Health
Care, Fukuoka Univ., Fukuoka 814-0180, Japan; 2Research Labo., Toyama
Chemical Co. Ltd., Toyama 930-8508, Japan; 3Dept. of Biochemistry, Sapporo
Medical Univ. School of Medicine, Sapporo 060-8556, Japan.
Calreticulin (CRT), a high-affinity calcium-binding protein, has been
recognized as a molecular chaperon having C-terminal KDEL endoplasmic
reticulum (ER) retention sequence concerning folding of secretory proteins and
its protective roles against apoptosis and oxidant damage in some cells have
been reported. Furthermore, amyloidogenic p-protein (Ap) 1-42 inducing the
seeding and aggregation in senile plaques of Alzheimer’s disease (AD) brain is
generated in the ER. Therefore, we examined the alteration of CRT and BiP
(immunoglobulin binding proteins), another typical KDEL chaperon, in cerebral
cortex of neuropathologically normal and AD brains. Immunohistochemical
examination showed the decreased number of CRT-, but not BiP-, positive
neurons in AD brains. In situ hybridization histochemistry showed the decrease of
neuronal CRT-positive signals in AD brains. Decrease in CRT-positive band, but
not in BiP-, in Western blotting was detected in AD brains. RT-PCR showed
decrease of CRT- and BiP-mRNAs in AD brains. These differential alteration of
CRT and BiP in AD brain suggests that the decrease of CRT and its mRNA
levels may be drived from not only neuronal loss but also some other fundamental
changes related to AD pathogenesis such as misfolding of Ap in ER concerning
to the seeding and/or aggregation of Ap in AD brain.

MELANOTRANSFERRIN (p97) AS A BIOCHEMICAL MARKER OF
ALZHEIMER’S DISEASE. D. K. Kim1’, M. Y. Seo1, S.-W. Lim2, S. Kim2, J.-W.
Kim3, D. Y.JKwon4, T. Kown4, S. S. Kang4. Department of ’Psychiatry and
’Clinical Pathology, Samsung Medical Center, Sungkyunkwan University College
of Medicine ; Clinical Research Center, Samsung Biomedical Research Institute,
Seoul 135-230, Korea ; Shin Dong Bang R&D Center, Seoul 137-132, Korea.
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Melanotransferrin (p97) is a novel molecule for iron uptake in mammalian
cells, which is detected in capillary endothelium and a subset of reactive microglia
associated with senile plaques in the brain tissues from Alzheimer’s disease (AD).
Here we provide evidence that the soluble form of the iron binding protein p97
could be used as a biochemical marker of AD.
We measured the soluble form of the iron binding protein p97 with the
immunoblotting analysis method in 71 patients with AD, 56 with non-Alzheimer’
type dementia (32 with vascular dementia and 24 with Parkinson’s dementia), and
84 normal control subjects. Serum p97 levels were significantly and specifically
higher in patients with AD than other subjects (13.69 ± 4.16, 4.54 ± 3.99, 3.58 ±
2.00 ; p<0.0001 ; diagnositic accuracy > 0.91). Serum levels of p97 were
significantly elevated even in the early stage of AD, whereas there was no definite
relationship between serum levels of p97 and the degree of dementia. Therefore,
p97 could be used as a biochemical marker for AD.

Supported by the Center Grant C-98-006 from Samsung Biomedical Research
Institute, Seoul, Korea.
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PRIMARY CORTICAL NEURON CULTURES FROM RAPID AUTOPSIES
OF ALZHEIMER’S DISEASE AND NONDEMENTED ELDERLY
PATIENTS. Y. Konishi*, J. Rogers and Y. Shen. Sun Health Research
Institute, Sun City, AZ 85351.
Neuronal degeneration is one of the most important characteristics of many
neurologic disorders, including Alzheimer’s disease (AD). However, in vitro
survival of cortical neurons from AD and nondemented elderly (ND) patients,
which would facilitate studies of AD neurodegeneration, has not been
accomplished. To address this problem, we have developed highly-enriched,
dissociated neuronal cultures from rapid (1-3 hours) autopsies of AD and ND
superior frontal gyrus. The cells have been maintained in primary culture for
more than three weeks. They are immunoreactive for the neuronal markers
MAP-2, neuron specific enolase, neurofilament proteins, and calbindin, and are
not immunoreactive for the astrocyte marker GFAP or the microglial marker LN3. Most of the cells exhibit morphologic characteristics of pyramidal neurons of
various sizes, as visualized with Nissl and silver stains. In a few instances,
limited elaboration of cell processes could be observed. Evaluation using trypan
blue exclusion and the fluorogenic probes calcein AM and SYTO 10 dye suggests
that the cells are alive.
To our knowledge this is the first study to demonstrate that neurons from adult
human cortex can survive in vitro given appropriate culture conditions. With
further optimization of the methods, these cultures could become an important in
vitro model for physiologic, pharmacologic, and pathologic investigations of AD
and other neurologic disorders. (Supported by NIA AGO7367 (JR), a Zenith
Award from the Alzheimer’s Association (JR), and the Arizona Alzheimer’s
Center (YS).

THE NUMBER OF NEURONS IN THE INFERIOR OLIVARY NUCLEUS
IN ALZHEIMER’S DISEASE. H.Lasn, B.Winblad and N Bogdanovic*. Dept
of Geriatric Medicine, NEUROTEC, Karolinska Institute, Huddinge Hospital,
Huddinge, Sweden, e-mail: brainbank@kfc.hs.sll.se.
The nuclei of olivary complex are involved in motor function in the brain
and regulate the synchronization and timing of the motor movements and the
motor learning. The aging is characterized by progressive accumulation of
lipofuscin while the number of olivary neurons is unchanged. In Adzheimer’s
disease (AD), neurofibrillary changes and amyloid plaques could not be found
in oliva. The aim of this study is to estimate the total number of neuronal cells
in the principal olivary nucleus (PO) in AD and control brains using unbiased
stereological method called optical fractionator. The study was based on 14
control (mean age, 57y, range 17-95y) and 16 AD (mean age 86 y, range 6793y) post-mortem formalin-fixed, Nissl stained human brains obtained from
Huddinge Brain Bank. We found a significant difference between the mean
values (mean±SD) of AD group vs. aged-matched controls (4,3 xl05±l,09 vs.
6,53xl05±l,39 p<0,003). Furthermore, there was no significant difference
between younger controls 65- vs. older controls 65+ (7,1 xl05±l,5 vs. 6,5
xl05±l,4 p=0,76). While there is no neuronal loss in normal aging, in AD PO
is characterized by significant neuronal loss up to 35%. It is not clear what is a
mechanism of neurodegeneration in olivary nucleus whether primary or
secondary to the neuropathological events. It is likely that neuronal loss may
happened in the absence of classical hallmarks of AD neurofibrillary tangles
and senile plaques. We suggested that neuronal loss in PO might contribute to
the impairment of olivo-cerebellar system, which might contribute in
appearance of dysmetric movements, the feature that could be found in AD
patients.
This work is supported by Gun and Bertil Stohne Foundation
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IMAGE ANALYSIS OF FRONTAL BETA-AMYLOID & TAU BURDEN
IN THE RELIGIOUS ORDERS STUDY: EVIDENCE THAT MILD
COGNITIVE IMPAIRMENT IS A TRANSITIONAL STATE. T.V, Le1.
E. Cochran2. D. Bennett2. E. Mufson2. P. Davies3 and D.W. Dickson1*. 2Pepts.
of Pathology, Neurology & Neuroscience, Rush Medical Center, Chicago, IL;
3Dept. of Pathology, Albert Einstein College of Medicine, Bronx, NY; and
’Neuropathology, Mayo Clinic Jacksonville, Jacksonville, FL 32224.
Mild cognitive impairment (MCI) is increasingly thought of as a precursor
of Alzheimer’s dementia (AD), but its pathologic substrate is unknown. The
present quantitative analysis evaluated postmortem frontal lobe brain sections
of 10 normal (N), 10 MCI and 8 AD subjects enrolled in a prospective, longitudinal clinicopathologic study - The Religious Orders Study. Burden, as
defined by proportion of cortical area occupied by plaques or neurites, for Ap
(6E10 and 4G8) and phospho-tau (CPI3) was determined with image analysis
of immunostained sections. The CP 13 and 4G8 burdens were not significantly
different (Mann-Whitney Rank Sum) between N and MCI or between MCI
and AD, but were for N and AD. In contrast, there were significant differences
for 6E10 burden between N and MCI and between MCI and AD. Since 6E10
recognizes an epitope in dense amyloid, whereas 4G8 recognizes an epitope in
both diffuse and dense amyloid deposits, the present results suggests that type
of amyloid correlates with the clinical categories better than total amyloid
burden. There was no significant difference in the last Mini-Mental State
Exam (MMSE) scores for MCI and N, but AD cases had lower scores. MMSE
correlated (Spearman Rank Order Correlation) highly with tau, but not
amyloid burden. The results suggest that MCI may be a transitional state, with
amyloid and tau burdens intermediate between those of normal aging and AD.

OPTIMIZATION OF TECHNIQUES FOR THE QUANTIFICATION
OF ALZHEIMER’S-RELATED NEUROPATHOLOGY WITH DIGITAL
IMAGING. Amy J, L, Mason and Brian J, Cummings*. Institute for Brain Aging
and Dementia, University of California - Irvine, CA 92697-4540.
Many Alzheimer’s studies require the precise quantification of amyloid plaques and
neurofibrillary tangles. Prior to undertaking such studies, the methods for detecting
each pathological element to be measured must be optimized. While antibodies have
been developed to detect these lesions with greater sensitivity, specificity, and
reliability than older histochemical protocols, there is no standard pre-treatment
protocol for key AD-related antibodies. For example, it is well known that formic acid
pretreatment enhances the detection of amyloid, but are there similar methods to
enhance the detection of tau-related pathologies? What concentration of formic acid is
best? The aim of this study was to compare multiple antigen retrieval techniques, such
as boiling in citrate or glycine buffers, exposure to hot versus cold microwaves, and
incubating in various concentrations of formic acid, to find an optimal and standardized
protocol for antibodies commonly used in quantitative AD research. Free-floating
(40pm) and paraffin-embedded (6pm) sections of frontal cortex from mild, moderate,
and severe cases of AD (n=l 8) were pretreated with fourteen different protocols and then
simultaneously stained for each of the following antibodies: AB(l-42), PHF-1, MC-1
and AT8. Using NIH Image, random fields were digitally captured and each image was
thresholded at a predetermined value to select for positively stained areas versus
background. As reported previously, high concentrations of formic acid were most
effective in enhancing the detection of B-amyloid (a 2-fold increase in total area was
observed). Surprisingly, tangle intensity and neuropil thread density increased
significantly for both MC-1 and PHF-1 staining following pretreatment. A 3-fold
increase in staining area for MC-1 was obtained after boiling in citrate buffer (pH 6.0,
10 minutes) while the best results (6-fold enhancement) for PHF-1 occurred after 7 min
in 99% formic acid followed by boiling in citrate buffer. Similar results were found in
paraffin-embedded sections, although the harsher treatments were not as essential to
enhance detection. Supported by an Alzheimer’s Association grant [RG2-96-096].
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EXPRESSION OF THE NF-KAPPA-B FAMILIY AND ITS INHIBITOR IKAPPA-B IN THE BRAIN OF ALZHEIMER'S DISEASE. Y. Yoshiyama*.
K. Arai, J. Takama and T, Hattori. Department of Neurology, School of
Medicine, Chiba University, Chiba 260-8670, JAPAN
An inflammatory process is involved in the pathogenesis of
Alzheimer's disease (AD). The transcription factor NF-kappaB plays a
central role in the immune and inflammatory response, and its
cytoplasmic inhibitor, I-kappaB (IkB), regulates their activation. IkB
binds NF-kappaB and masks its nuclear localization signal, though
retaining it in the cytoplasm. IkB is degraded by proteosomes after
phosphorylation and ubiquitination, then NF-kappaB translocates into
the nucleus to modulate gene transcription.
We examined by immunohistochemistry the expression of p50, p65,
and cRel, which are the members of the NF-kappaB/Rel family, and their
inhibitor IkB-alpha (IkBa) in the brains of 4 cases of Alzheimer's disease
(AD) and 4 neurologically normal controls. Many neurofibrillary tangles
(NFTs), neuropil threads (NTs), and neurotic plaques (NPs) were strongly
stained with the antibody to IkBa, though a small number of NFTs were
stained with the antibody to p50, p65, and cRel. In the AD brains, some
neurons were stained for IkBa, p50, p65, and cRel.
We speculate that IkB expression of NFTs, NTs, and NPs might be
associated with the excessive phosphorylation and ubiquitination of IkB,
followed by activation of NF-kappaB, followed by increase in the amyloid
beta-protein precursor and release of 4kD amyloid beta-peptide (Yan SD,
Nature Med., 1995). Our results indicate that the NF-kappaB/Rel
family may play an important role in the pathomechanism of AD.

EXPRESSION OF a-SYNUCLEIN AND A(3 AMYLOID IN
ALZHEIMER’S AND OTHER NEURODEGENERATIVE DISEASES.

Q-X. Li? C.A. McLean, B.C.V. Campbell, P. Jakaia*, T. Hartmann? K.
Bevreuther? C.L. Masters and J.G. Culvenor. Department of Pathology, The
University of Melbourne, Parkville 3052, Australia, and ‘ZMBH, University of
Heidelberg, D-69120, Heidelberg, Germany
a-Synuclein is a major component of Lewy bodies and Lewy neurites
pathognomonic of Parkinson’s disease (PD) and Dementia with Lewy bodies
(DLB). A fragment of a-synuclein termed the non-Ap component of Alzheimer’s
disease (AD) amyloid (NAC) has previously been identified as a constituent of
AD amyloid plaques.'To clarify the relationship of NAC and a-synuclein with
AP plaques, antibodies were raised to three domains of a-synuclein. All
antibodies produce punctate labelling of human cortex and strong labelling of
Lewy bodies. Using antibodies to a-synuclein (75-91) to label cortical and
hippocampal sections of pathologically proven AD cases, we find no evidence
for NAC in AP amyloid plaques. Double-labelling of tissue sections in mixed
DLB/AD cases revealed a-synuclein in dystrophic neuritic processes, some of
which are in close association with Ap plaques restricted to the CAI
hippocampal region. In brain homogenates a-synuclein is predominantly
recovered in the cytosolic fraction as a 16 kDa protein on Western analysis,
however significant amounts of aggregated and a-synuclein fragments are also
found in urea extracts of SDS-insoluble material from DLB and PD cases. NAC
antibodies identify an endogenous fragment of 6 kDa in the cytosolic and ureasoluble brain fractions. This fragment may be produced as a consequence of asynuclein aggregation or alternatively may accelerate aggregation of the fulllength a-synuclein.
This work was supported by the Australian NHMRC.

238.11

238.12

MINI-SYNAPTONEUROSOMES FROM HUMAN FRONTAL CORTEX
OF CONTROL AND ALZHEIMER’S DISEASE. J.W, Chang1*. H.V.
Vinters2. and J.B, Watson1 .‘Mental Retardation Research Center,
Department of Psychiatry & Biobehavioral Sciences, department of
Pathology and Laboratory Medicine. UCLA School of Medicine, Los
Angeles, CA 90024-1759.
The major correlate of dementia in Alzheimer’s disease (AD) is early
synapse loss in the entorhinal cortex, proceeding to parietal and frontal
cortex areas as the disease progresses. Coincident with this temporal and
spatial pattern of synapse loss, there is also profound disruption of the
neuronal cytoskeleton, reflected in the assembly of tau protein into PairedHelical Filaments (PHFs) in Neurofibrillary Tangles (NFTs) and Neuropil
Threads (NTs). We wish to examine the hypothesis that different tau
isoforms are selectively localized at synapses where they may be
preferentially assembled into PHF-tau in AD. To enrich for synapses, we
have isolated synaptoneurosomes from small, frozen autopsy samples of
frontal cortex from control and AD brain, using a mini-protocol we
previously developed for rodent brain (M Johnson et al, 1997, J Neurosci
Methods 77:157-162). Western immunoblotting for synaptic proteins
(CaMKH, MAP2, tau) suggest that human synaptoneurosome fractions are
neurochemically similar to mouse fractions. We are now examining the
nature of tau isoforms in control and AD synaptoneurosome fractions.
Support: Turken and MRRC NICHD Training Fellowships (JWC), NIH
NS32521 and UCLA Bridge Grant (JBW), UCLA ADRC (HVV).

CHANGES IN SYNAPTIC EXPRESSION OF CLATHRIN ASSEMBLY
PROTEIN API80 IN ALZHEIMER’S DISEASE ANALYZED BY
IMMIJNOHISTO-CHEMISTRY. P.D, Coleman*. J.M, Weimer. R, Morsch,
L.M, Callahan and P.J, Yao. Department of Neurobiology & Anatomy,
University of Rochester Medical Center, Rochester, NY 14642.
Clathrin assembly protein API80 plays a regulatory role in clathrin-mediated
synaptic vesicle recycling in synapses. Previously, by immunoblot analysis,
we observed a significant reduction of API 80 protein in Alzheimer’s disease
(AD) neocortex. In this study, we examined immunohistochemically the
expression of API 80 in postmortem brains of AD (n = 5) in comparison with
neurologically normal controls (n = 5). Overall, API80 was revealed as
immunoreactive punctate granules located in the neuropil, and around
neuronal cell bodies and their processes, consistent with the typical expression
of synaptic proteins. Reduced density of API 80 immunoreactive puncta was
seen throughout all layers of the superior frontal gyrus in AD but the loss of
API80 immunoreactivity was not as prominent in the cerebellum. This
regional difference is in agreement with our previous results from immunoblot
analyses. In the hippocampus, cell body API80 immunoreactivity normally
seen in the hilus and the CA3 regions of control brains was completely lost in
AD. In addition, API 80 immunoreactivity in the molecular layer of the
dentate gyrus showed several changes in AD. These appeared to be expansion
of the inner molecular layer and relative changes in immunoreactivity that
resulted in clearer delineation of the inner and outer molecular layers. These
results provide anatomical and spatial information on API80 expression in
AD brains. The variations in altered API80 immunoreactivity in different
brain regions of AD may underly the dysfunction of the correspondent
synapses. Work was supported in part by NIH grants AG 14441, AG09016,
AG 08665 and a Lucille Markey Charitable Trust award.

238.13
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SYNAPTIC LOSS IN SUPERIOR PARIETAL LOBULE IN ALZHEIMER’S
DISEASE. A.K.Wiglesworth*. J.K, Hamrick-King. D.A. Price, and S.W, Scheff.
Sanders-Brown Center on Aging, University of Kentucky, Lexington, KY 40536.
Neurofibrillary tangles and neuropil threads are neuropathologic changes in
Alzheimer’s disease (AD) which appear to correlate with the staging of the disease.
These pathologies accumulate first in the entorhinal cortex and area CAl/subiculum
of the hippocampus. Involvement then begins in layers III and V of the temporal lobe
and eventually spreads to all association isocortical areas. The manifestations of these
pathologies in AD signal the onset of dementia. Primary sensory and motor areas
appear to be spared. The highest correlate of dementia is synapse loss, and the
corticocortical connectivity theory of AD suggests that regional synapse loss is the
most appropriate indicator of AD progression. AD-related synapse loss has been
studied in limbic structures and several different regions of tiie cortex: entorhinal,
cingulate, hippocampal, frontal, temporal, inferior parietal, and occipital. In almost
every region investigated, a significant decline in synapse numbers has been reported.
Recent ultrastructural observations of inferior temporal and inferior parietal from this
laboratory are showing 27-30% loss of synapses in laminae IH and V. Until now,
density of synapses in superior parietal lobule (SPL), a primary sensory association
area, has not been investigated for synapse loss in AD. This study tested the
hypothesis that alteration in the density of synapses in AD affects all association
areas, and that changes in the SPL parallel the staging of AD pathology. Randomly
selected samples of SPL postmortem tissues from each of 13 AD subjects and 13 age
and sex matched control subjects were compared for synaptic density. Modem
stereological methodology was utilized employing the physical disector method. The
results demonstrate a significant decline in synaptic density in the AD subjects
compared to age-matched controls. These findings support the hypothesis that
alteration in the density of synapses parallels the staging of AD pathology.
Supported by Glenn/AFAR Scholarship and NIH AG12986

VULNERABLE NEURONS IN THE HIPPOCAMPUS IN
ALZHEIMER'S DISEASE, SCHIZOPHRENIA, AND DOWN
SYNDROME. D, W, Zaidel *. Dept. of Psychology, Univ. of
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California, Los Angeles (UCLA), CA 90095-1563.
Neurological diseases have selective effects on the brain’s neurons. In
order to determine which neurons are preserved and which are lost, the
frequency distribution of neuronal somata was determined according to
cell size in hippocampal subfield CA2, the “resistant” zone, and
compared in post-mortem tissue from healthy adults (HA) and patients
with Alzheimer Disease (AD), Down Syndrome (DS), and
schizophrenia (S). Nissl-stained, post-mortem hippocampal tissue (10
pm) mounted on microscope slides was digitized, and profiles of
neuronal somata were measured on a Macintosh computer with NIHImage. There were 17 HA, 11 AD, 6 DS, and 15 S cases. A frequency
distribution was determined for every group, and the width of each bin
size in the distributions was the standard deviation of cell size in HA. A
substantial loss of large cells in AD compared to HA, DS, and S was
revealed as well as a significant increase in small to medium cells in AD.
The DS and AD distributions differed markedly. DS compared to HA
showed loss of a few large cells. In S, the distribution was subtly
different from HA, with a mild increase of small to medium cells, and a
mild loss of the large cells. The frequency distributions suggest
vulnerability profiles (1) that are disease-specific, (2) different between
AD and DS, (3) subtly different between HA and S, and (4) most
sensitivity of the largest neurons.
Supported by tiie Wellcome Trust and NIH NS-20187
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EARLY NEURODEGENERATIVE ALTERATIONS IN THE CEREBRAL CORTEX
DURING NORMAL AGING AND ALZHEIMER’S DISEASE. T. Bussiere’ *, B.

NEUROFILAMENT PROTEINS IDENTIFY VULNERABLE NEOCORTICAL NEURONS:
STEREOLOGIC ANALYSIS IN NORMAL AGING AND ALZHEIMER’S DISEASE. PJL

Hof1. ■Neurobioiogy of Aging Labs, and 2Dept of Pathology, Mount Sinai Sch. Med.,
New York, NY 10029, 3Dept of Pathology, Albert Einstein College Med., Bronx, NY
10461,4Nathan Kline Institute, NYU Med. Center, Orangeburg, NY 10962.
Several studies have demonstrated a significant neurofibrillary pathology in brains
from nondemented elderly individuals, particularly in the hippocampus and entorhinal
cortex (ERC), while similar changes spread to the neocortex in the early stages of
Alzheimer’s disease (AD). We have used stereology and immunohistochemistry to
quantify the amount of early changes in ERC and superior frontal cortex (area 9) of
patients with progressive cognitive impairment. The earliest stages of neurofibrillary
degeneration were visualized with antibodies to tau proteins (MC-1) and mcalpain (C18-3). The pathological conformation of tau recognized by MC-1 may precede the
aggregation of tau into PHF, and the calpain system is involved early in the
cytoskeletal disorganization and neuron degeneration of AD. The distribution of these
markers was compared to that of hyperphosphorylated tau (hptau) in a quantitative
double labeling paradigm using antibodies against Ser396/404 (AD2) and Ser422
(988) sites. Preliminary data showed 1.6 million MC-1-immunoreactive (ir) neurites
and 109,000 MC-1 -ir neurons in layer II of ERC (out of 450,000 on average) in cases
with very mild dementia (CDR 0.5). No MC-l-ir neurons showed hptau in these
cases. The number of MC-l-ir lesions was higher in CDR 1-2 cases (2.4 millions and
250,000, respectively), with ca. 50% of the neurites and all of the affected neurons
also hptau-ir. In CDR 3-5 cases, all of the lesions in layers III and V of area 9 were
double labeled. mCalpain and MC-1 staining patterns in ERC were comparable in the
CDR 0.5 cases, but the CDR2-5 cases showed much higher C-18-3- than MC-l-ir
neurites (ca. 8 millions) and neurons (ca. 350,000), all hptau-ir. These data suggest
that rigorous quantitative analysis of neurofibrillary degeneration can differentiate
reliably transitional, early pathology from end-stage changes in vulnerable regions in
a manner that may be correlated with the neuropsychological profile of each case.

Perl2, and J.H, Morrison1. 1 Neurobioiogy of Aging Laboratories and 2Dept of
Pathology, Mount Sinai School of Medicine, New York, NY 10029, ^Dept of
Psychiatry, University of Geneva School of Medicine, Geneva, Switzerland.
High levels of neurofilament proteins (NF) are observed in subpopulations of pyramidal cells with striking region- and layer-specific distribution in the primate
neocortex. They are numerous in polymodal association regions of the neocortex,
where they preferentially occur in the deep portion of layer III and in layer V. These
neurons are highly vulnerable to the degenerative process of Alzheimer’s disease
(AD), and previous studies have shown that they form neurofibrillary tangles (NFT)
and that up to 90% of the largest NF-containing neurons are lost in the course of AD,
whereas the smaller ones are less affected. In this study, we analyzed the degeneration
pattern of NF-enriched neurons in the superior frontal cortex (area 9) from individuals
with different degree of AD severity using antibodies to NF (SMI-32) and PHF-tau
proteins (AD2). Stereologic analyses showed that in CDR 0-0.5 cases with few NFT
in area 9 (ca. 1 million), NF-containing neurons accounted for 20% of the total
number of pyramidal cells in layer III (7.4 out of 37 million) and 10% in layer V (2.6
out of 26 million). In CDR 1-2 cases, NFT were frequent in these layers (11 and 8
million, respectively), but the numbers of NF-containing neurons did not differ
significantly from those in CDR 0.5 cases, suggesting the presence of transitional
pathology not incurring cell loss. In CDR 3-5 cases, the total number of NFP-enriched
neurons were 2.2 million in layer III and 0.8 million in layer V, representing an
overall loss of 70%. However, NF-containing cells represented 10-13% of the total
number of pyramidal cells in these layers, indicating that other types of pyramidal
neurons are lost in AD, which also parallels the much higher numbers of NFT (up to
20 million). These preliminary data suggest that the degenerative process of AD
affects identifiable subsets of pyramidal cells and that rigourous quantitative analyses
permit to establish correlations between progression of cytoskeletal alterations and
neuropsychological evaluation in AD. Supported by NIH grants AG02219 and AG05138.

Supported by NIH grants AG02219. AG05138. AG05604. and AG 10916.
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ALTERATIONS OF TYROSINE KINASE A, B AND C RECEPTOR
IMMUNOREACTIVITIES IN THE PARIETAL CORTEX OF PATIENTS WIH
ALZHEIMER'S DISEASE. E.Savaskan1*, F.Muller-Spahn1, C.Hulette2,
C.Rosenberg2, C.Hock1'3.1 Department of Psychiatry, University of Basel,
Wilhelm Klein-Str.27, CH-4025 Basel, Switzerland.2 Duke University Medical
Center, NC, USA.3 Department of Psychiatry Research, University of Zurich.
Lenggstr.31, CH-8029 Zurich, Switzerland.
In addition to genetic and environmental factors a lack of neurotrophic
support may contribute to neurodegeneration in Alzheimer's disease (AD). The
neurotrophins transduct their specific actions mainly by interacting with the
tyrosine kinase (Trk) family of transmembrane receptors including the
subtypes Trk A, B and C. Alterations in Trk receptors may reflect specific
neurotrophin deficiencies in AD. The aims of the present study were: i) to
compare the localizations of all three Trk receptors in parietal cortex (PC) and
ii) to show their possible alterations in AD. To reveal their
immunohistochemical localizations in PC brain sections of 10 patients with AD
and 8 control cases were labeled with primary antibodies against Trk A, B and
C. In a second step the sections were incubated with biotinylated secondary
antibodies. After coupling with an avidin-biotin-horseradish peroxidase
complex they were visualised with a peroxidase reaction. Neuronal cell bodies
and primary dendrites of large and middle-sized neurons in PC were stained for
Trk A, B and C. Whereas Trk C immunoreactive neurons were mainly
localized in layers 3 and 5 of the PC, Trk A immunoreactive cells were
observed in all cortical layers. The staining-intensity for Trk A and C
immunoreactivities showed a obvious decrease in AD. Trk B
immunoreactivity, on the other hand, revealed a distinct increase in AD. We
conclude that the Trk receptor subtypes may be differentially involved in the
neurodegenerative process of the AD.

AUTORADIOGRAPHY OF [3H]FORSKOLIN BINDING SITES IN POSTMORTEM BRAIN STAGED FOR ALZHEIMER’S DISEASE PATHOLOGY

238.19
REGION SPECIFIC CORPUS CALLOSUM ATROPHY CORRELATES WITH
REGIONAL PATTERN OF CORTICAL GLUCOSE METABOLISM IN
ALZHEIMER’S DISEASE S. J, Teipel*, M.D, H, Hampel, M.D., P, Pietrini, M.D.1,
G.E. Alexander, Ph.D.1, B, Horwitz, Ph.D! H.-J, Mftller, M.D., M. B. Schapiro,
M.D.1 and S.I, Rapoport, M.D.1 Department of Psychiatry, Geriatric Psychiatry
Branch, Ludwig Maximilian University, School of Medicine, 80336 Munich,
Germany and ’National Institutes of Health, National Institute on Aging, Laboratory
of Neurosciences, Bethesda 20892, MD, USA
Positron emission tomography (PET) studies on patients with Alzheimer’s disease
(AD) suggest loss of metabolic functional interactions between different cortical
regions. Atrophy of the corpus callosum (CC) as the major tract of intracortical
connective fibers may reflect decrease of cortical functional integration in AD.
We asked whether regional atrophy of the CC is correlated with regional
reductions of cortical glucose metabolism as shown by PET. In addition, we
investigated whether primary white matter degeneration is a possible co-factor of CC
atrophy in AD.
Total and regional cross-sectional areas of the CC were measured on midsagittal
magnetic resonance imaging (MRI) scans from 12 AD patients and 15 healthy agematched control subjects. Regional cerebral metabolic rates for glucose in cortical
lobes were measured using l8FDG-PET. White matter hyperintensities were rated in
T2-weighted MRI scans.
Total cross-sectional CC area was significantly reduced in AD patients, with most
prominent changes in the rostrum and splenium and relative sparing of the CC body.
Frontal and parietal lobe metabolism was correlated with the truncal area of the CC
in AD. The ratios of frontal to parietal and of frontal to occipital metabolism were
correlated with the ratio of anterior to posterior CC area in the AD group. White
matter hyperintensities did not correlate with CC atrophy in AD.
The regional pattern of CC atrophy correlated with reduced regional glucose
metabolism independently of primary white matter degeneration in AD
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J, Fastbom1. ’Karolinska Institutet, NEUROTEC, KFC, Novum, S-141 86 Huddinge,
Sweden. 2Inst. fur Anatomie, Univ. Klinikum Charite, D-10098 Berlin, Germany.
Adenylyl cyclase (AC) signal transduction is affected in Alzheimer’s disease
(AD). Deficits have been described in different components of the system, from the
receptor to the effector level. We studied AC by autoradiography using
[3H]forskolin, in sections of entorhinal cortex and hippocampus from 23 cases staged
for AD pathology. The effects of the GTP-analogue Gpp[NH]p the binding were also
studied, in order to detect changes in G-protein-AC coupling. We used two different
concentrations of Gpp[NH]p, that were reported in a previous work to inhibit and
stimulate [3H]forskolin binding via Gj and Gs respectively. Results showed that the
[3H]forskolin binding declined significantly with staging for neurofibrillary changes
only in the entorhinal region (P<0.05, ANOVA). In addition, the decrease in
[3H]forskolin binding in the presence of 1 pM Gpp[NH]p diminished significantly
with staging in the entorhinal region (P<0.05, ANOVA). No significant changes
were seen with amyloid staging, with the exception of the CAI subfield of the
hippocampus, where [3H]forskolin binding in the absence of Gpp[NH]p was
significantly decreased in stage B compared with all the other stages (P<0.05,
ANOVA). In conclusion, our results do not show a widespread decrease in
[3H]forskolin binding with the progression of AD pathology, suggesting that the AC
levels may be largely preserved in the disease. The specific change in the effect of a
low concentration of Gpp[NH]p on the binding could indicate the loss of certain AC
isoforms in AD. We acknowledge the financial support from the Swedish Medical
Council, Swedish Alzheimer’s disease fund and The Swedish Society of Medicine,
as well as The Sandoz Foundation for Gerontological Research, the Gamla
Tjanarinnor and the Karolinska Institute Research Fund.
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THE SELECTIVE ACETYL- AND BUTYRYLCHOLINESTERASE
INHIBITORS PHENSERINE AND CYMSERINE REDUCE THE
SECRETION
OF ALZHEIMER’S
B-AMYLOID
PRECURSOR
PROTEIN (BAPP) IN VITRO. T. Utsuki1. D.K. Lahiri2. K, Sambamurti3,
K.T, Shaw1, Q-S. Yu.1 H.W. Holloway1, T.T, Soncrant4*, N.H. Greig1. ‘Drug
Design & Development, NIA, NIH, Baltimore, MD 21224; 2Inst. Psychiatric Res.,
Indiana Univ. Sch. Med., Indianapolis, IN 46202, 3Dept. Pharmacology, Mayo
Clinic, Jacksonville, FL 32224,4Cure L.L.C., Silver Spring, MD 20906.
The beta-amyloid peptide (AB) that aggregates to form the core of senile plaques in
Alzheimer’s disease (AD) derives from a family of large integral membrane
glycoproteins, BAPP. Secreted derivatives of BAPP are the proteolytic cleavage
products of the full length protein. Cultured cells also secrete AB during normal
metabolism. We previously reported that our novel selective acetyl- and
butyrylcholinesterase inhibitors (AChEI and BChEI), phenserine and cymserine
significantly reduced in vivo levels of BAPPy (BAPP attached to AB) in rat CSF
without changing total levels of BAPP, altering the processing of BAPP to favor a
nonamyloidogenic route. Herein, we investigated the effects of phenserine,
cymserine, and novel analogues, as well as classical ChEIs on intra- and extracellular
BAPP and AB production in human neuroblastoma cell lines. Cells were cultured in
DMEM containing 10% FBS until reaching 70% confluence. Drugs (2.5-20 |lM)
were added for 4-16 hr in DMEM containing 2.5% FBS. Dose and time-dependent
media and cell lysate samples were collected, and levels of BAPP and AB were
quantified. Drugs were well tolerated, as monitored by cell morphology and
extracellular lactate dehydrogenase levels. Phenserine, cymserine and particularly
cymserine analogues dramatically reduced secreted and cellular BAPP levels, as
determined by Western Blot using mAb 22C11 (epitope: BAPP66-81) that recognizes
all mature forms of BAPP. Different forms of AB peptide were quantified by ELISA.
Hence, phenserine, cymserine and related novel BChEIs are capable of altering the
production of BAPP, the source of neurotoxic AB, in vitro and in vivo, and improve
cognitive performance in animals. Selected compounds are being developed as
therapeutics for AD. Supported by intramural NIA and NIH-ROls (D.K.L. and K.S).

AMYLOID P PROTEIN (Ap) SPECIES IN PLATELETS FROM PATIENTS
WITH ALZHEIMER'S DISEASE (AD) AND CONTROLS. S.Matsuno*,
A.Tamaoka, S.Shoji. Department of Neurology, Institute of Clinical Medicine,
University of Tsukuba, 1-1-1 Tennoudai, Tsukuba, Ibaraki 305-0006, Japan.
Amyloid deposition in the form of senile plaques and amyloid angiopathy is one
of the neuropathologie characteristics identified in AD cases, and the main
component of these amyloid deposits is Ap. The cellular source of Ap is unknown,
but a possible circulatory origin has been postulated. Among whole blood cells,
platelets have been reported to contain most of the anti-Ap immunoreactivity. The
principal AP species are classified into AP40, with the C-terminus ending at residue
40 and AP42/43, with the C-terminus ending at residues 42/43. AP42/43 has been
known to play an extremely important role in AP deposition by forming seeds for
amyloid growth. In this study, we employed highly sensitive sandwich enzymelinked immunosorbent assays (ELISAs) that discriminate Ap40 from AP42/43 to
quantitate the different Ap species contained in platelets from patients with sporadic
AD and age-matched controls.
We purified platelet fractions from blood samples of AD patients and age-matched
controls by sequential centrifugations, and extracted them with RIPA buffer or 5M
guanidine-HCl. Using the ELISA systems, we measured AP peptides in extracted
platelet fractions from the two groups. In the samples extracted with guanidineHCl, we found that there were no differences in the levels of Ap40 and AP42/43
between the AD and control groups. In the samples extracted with RIPA buffer,
there were no differences in the levels of AP40 between the two groups, and AP42/
43 was virtually undetectable in both groups.
Although previous studies have indicated that platelets from AD patients exhibit
certain alterations such as increased membrane fluidity and abnormal accumulation
of serotonin, the measurement of Ap peptide levels by the ELISA systems used in
the present study does not seem to offer good potential as a systemic diagnostic
maikerfor AD.

239.3

239.4

TREATMENT OF mAPP/mPS1 TRANSGENIC MICE WITH HIGH
CHOLESTEROL DIETS OR RIFAMPICIN. P.T. Jantzerf M.N. Gordon,
and D.G. Morgan. Alzheimer’s Research Laboratory, Department of
Pharmacology, University of South Florida, Tampa, FL, 33612.
The aggregation of soluble beta amyloid protein (Ap) into insoluble fibrils
is considered a crucial step in the pathogenesis of Alzheimer’s disease
(AD). In vitro aggregation studies using soluble Ap have illuminated several
potential in vivo mediators of Ap fibrillogenesis. Two of these hyperlipidemic blockade of apolipoprotein E (apoE), and the free-radical
scavenger/antibiotic rifampicin were tested in mAPP (Tg2576;
K670N/M671L; K. Hsiao) + mPS1 (line 5.1; M146L; K. Duff) doubly
transgenic mice (mAPP/mPS1 mice.)
mAPP mice fail to deposit AP when bred onto an apoE null background.
ApoE null mice also clear injected AP more rapidly. One hypothesis is that
high amounts of lipid bound to apoE may reduce the capacity of apoE to
bind Ap and cause a phenotype similar to that of a null genotype with
respect to Ap metabolism. To test this prediction, 6 month old mAPP/mPS1
mice and their non-transgenic littermates were fed a diet enriched in
cholesterol (2% added cholesterol) for twelve weeks.
Studies using the antibiotic rifampicin and related naphthoquinones have
demonstrated a concentration-dependent ability to inhibit AP fibrillogenesis
in vitro. The capacity of these compounds to scavenge hydroxy radicals
correlates well with inhibition of fibrillogenesis. Three month old
mAPP/mPS1 mice and their non-transgenic littermates were treated with
i.p. rifampicin at 25mg/kg on alternate days for twelve weeks.
Deposition of fibrillar Ap into congophilic deposits was unaffected by
these treatments. Cholesterol treatment: 25±5 deposits/section, cholesterol
control:33±1; rifampicin treatment: 22±8, rifampicin control: 18±2 deposits
per section. Supported by P01 AG14633.

PUTRESCINE-MODIFIED AMYLOID-p
1-40
WITH
INCREASED
PERMEABILITY AT
THE
BLOOD-BRAIN
BARRIER LABELS
ALZHEIMER’S AMYLOID PLAQUES IN VITRO. Joseph F. Poduslo,*
Geoffrv L, Curran, and Thomas M. Wengenack. Molecular Neurobiology
Laboratory, Mayo Clinic and Foundation, Rochester, MN 55905.
Currently, the only definitive diagnosis for Alzheimer’s disease (AD) is the postmortem observation of neuritic plaques and neurofibrillary tangles in brain sections.
Neuritic plaques consist largely of amyloid-p (AP) peptide, a hydrophobic peptide
that aggregates in vitro to form p-pleated sheets. It has been observed that 125I-Ap
1-40 binds to Ap aggregates and also labels amyloid deposits in tissue sections in
vitro. Theoretically, 125I-Ap 1-40 injected i.v. should label amyloid deposits in vivo
with the potential to be used as a pre-mortem, diagnostic probe. One experiment
using aged squirrel monkeys reported labeling of cerebrovascular amyloid following
i.a. injection. Parenchymal amyloid deposits, labeled or unlabeled, however, were
not observed in these animals. This hypothesis merits retesting in an animal model,
such as a transgenic mouse, known to exhibit extensive neuritic plaques like those
present in AD. Furthermore, techniques have been developed in this laboratoiy to
increase the permeability of proteins at the BBB through covalent modification with
the naturally occurring polyamines. Modification with putrescine increased the
permeability of Ap 1-40 1.8-2.3-fold in different brain regions. 125I-labeled,
putrescine-modified Ap (125I-PUT-AP) labeled amyloid deposits in AD cortex in
vitro with greater affinity than native Ap, following incubation with equal amounts
of HPLC-purified protein or radioactivity. A ten-fold excess of free, unlabeled
putrescine had no effect on the binding of 125I-Ap or 125I-PUT-Ap. Future studies
will be performed in APP/PS1 transgenic mice to determine if 125I-PUT-Ap will
label amyloid deposits in vivo following i.v. injection. This technique might then
enable earlier diagnosis of AD and initiation of therapeutic intervention, before
cognitive decline occurs. (Support provided by Mayo Foundation.)

239.5

239.6

QUANTITATIVE HISTOLOGICAL ANALYSIS OF ALZHEIMER’S
AMYLOID DEPOSITION IN APP, PSI TRANSGENIC MOUSE BRAIN.
T.M. Wengenack,* S. Whelan, G.L. Curran, and J.F. Poduslo. Molecular
Neurobiology Laboratoiy, Mayo Clinic and Foundation, Rochester, MN, 55905.
The development of transgenic mice has created new opportunities for the
generation of animal models of human neurodegenerative diseases where previously
there was no animal counterpart. The first successful transgenic mouse model of
Alzheimer’s disease (AD) expressed increased levels of mutant human amyloid
precursor protein (APP). These mice exhibit neuritic-type amyloid deposits as well
as behavioral deficits at 6-9 months of age. More recently, it was shown that
transgenic mice expressing both mutant human APP and presenilin 1 (PSI) exhibit
neuritic-type amyloid deposits and behavioral deficits in as little as 12 weeks. This
accelerated Alzheimer phenotype greatly reduces the time necessary to conduct
preclinical drug trials as well as animal housing costs. The purpose of this study was
to quantify the deposition of amyloid in five regions of cortex and the hippocampus
of homozygous APP, PSI mice expressing APP (K670N, M671L) and PSI (M146L)
mutations at various ages, using quantitative methods of confocal laser scanning
microscopy and image analysis. Amyloid burden, expressed as the percent area
covered by thioflavin S-positive amyloid deposits, increased an average of 23 fold
from 12 to 24 weeks of age (0.03% ± 0.01% to 0.69% ± 0.13%, x ± SEM,
respectively) in five regions of cortex and the hippocampus. This was a function of
increases in both deposit number and size. The average number of deposits per
section increased from 4.3 ± 0.4 at 12 weeks to 36.8 ± 6.2 at 24 weeks. The average
deposit size increased from 54.7 pm2 ± 7.5 pm2 at 12 weeks to 173.0 pm2 ± 12.4
pm2 at 24 weeks. This transgenic mouse may provide an ideal animal model for

ASSESSMENT OF AD BRAIN WITH "“Tc-MAMA-CHRYSAMINE G, A
POTENTIAL IN VIVO PROBE FOR p-AMYLOID. N, Dezutter1, T, de Groot1, G.
Bormans1. W. Landman4, R. Meeusen3*, E. Grays4, R. Pom2, A. Verbruggen1.
‘Lab Radiopharm. Chem. and 2Dept. Neuropathol., Leuven Univ., 3Hum. Phys.,
VUB, Belgium and 4Dept. Vet. Pathol., Utrecht Univ., The Netherlands.
A 99mTc labeled chrysamine G (CG) derivative with preserved affinity for betaamyloid, would enable the in vivo visualization of brain amyloid with SPECT.
We have synthesized a conjugate of CG with a bis-S-trityl protected monoamidemonoaminedithiol tetraligand (MAMA-Tr2), a chelating system used to incorporate
99mTc. After deprotection, the conjugate was labeled with 99mTc yielding 99mTcMAMA-CG (""Tc-l) and its biological behavior was determined in mice. In vitro
autoradiography was performed on brain sections of an Alzheimer patient and a
control. In vivo binding was assessed in a chicken with AA amyloid arthropathy.
In mice, 99mTc-l was rapidly cleared by the hepatobiliary system but brain uptake
was low (0.3 % ID/g, 2’ p.i.). Coinjection with the blood pool tracer 125I-HSA
demonstrated a brain/blood ratio of ""Tc-l significantly higher than that of 125IHSA (p<0.02), indicating that 99mTc-l crosses the blood-brain barrier. In vitro
autoradiography studies demonstrated pronounced binding of 99roTc-l to betaamyloid deposits in sections of AD parieto-occipital cortex compared to control.
The binding of ""Tc-l was displaced by adding 10 pM Congo red during
incubation. Congo red staining and autoradiography images identified the same
lesions. In chicken, amyloid deposits in the joints were visualized in vivo using
"“Tc-l and a SPECT camera and by ex vivo autoradiography. The amyloid
deposits were histologically confirmed.
"“Tc-l binds selectively to beta-amyloid deposition in human brain parenchyma
and blood vessels in vitro and to AA amyloid deposits in vivo.
With Support of the Fund for Scientific Research-Flanders (Belgium)

evaluating the efficacy of potential therapeutic agents aimed at reducing amyloid
deposition, such as inhibitors of amyloid fibril formation or secretase inhibitors.
(Support provided by Mayo Foundation.)
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AMYLOID p PROTEIN (AP) SPECIES IN CEREBROSPINAL FLUID AND
BRAINS FROM PATIENTS WITH DOWN'S SYNDROME(DS). A.Tamaoka*(l),
Y.Sekijima(2), S.Matsuno(l), T.Tokuda(2), S.Shoji(l), S.Ikeda(2). Department of
Neurology, Institute of Clinical Medicine, University of Tsukuba, 1-1-1 Tennoudai,
Tsukuba, Ibaraki 305-0006, Japan(l); Department of Medicine, Shinshu University
School of Medicine (Neurology), Matsumoto 390, Japan(2).
To investigate the pathomechanism of AP deposition in brains of patients with
DS, we measured amounts of Ap species in the cerebrospinal fluid (CSF) and in the
brains from patients with DS using enzyme-linked immunosorbent assays (ELISAs)
and immunocytochemical analyses.
The mean concentrations of CSF API-40 and APx-40 showed no statistically
significant differences among the DS, sporadic Alzheimer's disease (AD) and
control groups. On the other hand, A Pl-42 and APx-42 in the patients with AD as
previously reported and APl-42 in the patients with DS were significantly
decreased as compared to the controls. In regard to the brains, API-40, Apx-40 and
APx-42 in the extractions from brains measured by ELISAs were remarkably
increased in the DS patients than those in the AD cases, whereas APl-42 revealed
no statistical differences as compared to the AD group. Immunocytochimically,
although there were no differences in the densities and percentage of area (% area)
ofAP42in senile plaques and the numbers of A P42-bearing vessels between the DS
and AD groups, the densities and % area of AP40 in senile plaques and the numbers
of AP40-bearing vessels were found to be significantly increased in the DS cases
than in sporadic AD patients.
Taking these findings into consideration together with increased plasma AP
species in DS patients, in patients with DS increased secretion of AP species into
CSF might be masked by enhanced adsorption of A P species from CSF to brains. In
addition, overproduction of AP species and saturation of AP clearance pathway

LEVELS OF DIFFERENTIALLY CLEAVED
BETA-AMYLOID
PROTEIN PRECURSOR IN THE CEREBROSPINAL FLUID OF
ALZHEIMER PATIENTS AND HEALTHY CONTROLS
K. Sennvik*L-O. Wahlund B, Winblad J. Fastbom and E. Benedikz
Karolinska Institutet, NEUROTEC, Division of Geriatric Medicine, KFC
NOVUM , S-141 86 Huddinge, SWEDEN
Alzheimer's amyloid precursor protein (APP) is a substrate for alternative
cleavage events resulting in both the generation and secretion of soluble APP
(APPs), as well as the P-amyloid peptide (AB), the major component of the
amyloid deposited in the brains of Alzheimer's disease patients. Aberrant
APP processing in Alzheimer’s disease is considered a key event in the
pathological cascade leading to disease. In non-neuronal cells the majority of
the APP molecules are cleaved as to preclude the formation of AB, through
a-secretase cleavage. AB is generated from APP by the consecutive actions
of proteases termed B- and y-secretase. The amyloidogenic p-secretase
cleavage appears to be favoured to the a-secretase cleavage in post-mitotic
neuronal cells, and secretion of the resulting N-terminal fragment (PAPPs) is
an event that may be unique to neurons. We have used Western blot to study
the amounts of aAPPs and PAPPs in cerebrospinal fluid from Alzheimer’s
disease patients and healthy controls to determine whether the differentially
cleaved soluble APPs would be useful as biochemical markers for
Alzheimer's disease. We have found substantial amounts of pAPPs in CSF;
however, the levels of PAPPs do not, at present, seem to be correlated to
Alzheimer’s disease.
Supported by Stiftelsen for Gamla Tjanarinnor.

from the brain could also lead to accelerated AP deposition in brains with DS.

239.9
IN VIVO REDUCTION OF Ap DEPOSITION IN THE TG2576 ALZHEIMER'S
DISEASE MODEL BY AN ORALLY ADMINISTERED COMPOUND. B. Zenk*,
S. J. Haugabook, C-M. Prada, D. Yager, M. P. Murphy, T.E. Golde, S.G. Younkin,
E. A. Eckman, and C.B. Eckman. Department of Pharmacology, Mayo Clinic
Jacksonville, Jacksonville, FL 32224.
Evidence gathered over the last several years strongly indicates that alterations in
AP that are likely to foster aggregation and deposition play an early and critical role
in the pathogenesis of Alzheimer's disease. Reducing Ap concentration is thus a
rational therapeutic strategy. To identify compounds that may be of therapeutic
value, we have developed a 96 well cell culture based assay system in which
Ap40 and AP42 accumulate to readily detectable levels in as little as three hours.
Utilizing sensitive and selective sandwich ELISAs we have screened for compounds
that significantly reduce AP concentration in this system. Through these screens, we
have identified several compounds capable of altering extracellular Ap
concentration in a dose dependent fashion. To determine the effectiveness of AP
lowering drugs on the deposition of AP in vivo we analyzed the effect of one of
these compounds in the Tg2576 mouse model of Alzheimer's disease. Twice daily
oral administration of our test compound, over a period of 4-5 months, resulted in a
significant 40-50% reduction in Ap deposition in the brain as assessed
biochemically after formic acid extraction. This reduction could be observed in as
few as 3 vs. 3 animals indicating the power of this model system to examine effects
on AP deposition. Thus, we provide evidence that compounds capable of reducing
AP concentration in vitro can be extended in vivo to reduce AP accumulation.
Supported by the Mayo Foundation for Medical Education and Research

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: APP PROCESSING II
240.1

240.2

IDENTIFICATION OF THE INTRACELLULAR SITE OF
AB42 GENERATION THAT IS INFLUENCED BY MUTANT
PRESENILINS. H. Iwata? T. Tomita? A. Iwai1*, K, Maruyama2. T,
Iwatsubo1 1 Dept. of Neuropathology & Neuroscience, Univ. of Tokyo,
2 Lab. of Molecular Biology, Tokyo Metropolit. Inst. Psychiatr., Japan
The deposition of amyloid B peptides (AB), especially of those ending
at position 42 (AB42) that most readily form amyloid, is one of the most
important features of Alzheimer’s disease (AD). It has been shown that
AB42 is detectable in ER of cultured cells overexpressing BAPP; however,
it was not clear if early compartments in protein trafficking (i.e., ER) is
the major site for the production of secreted species of AB42. To resolve
this problem, we expressed C-terminal 100 a. a. fragment of BAPP
(APPC100) harboring retention signal motifs to specific membranous
compartments in N2a cells and examined the levels of intracellular and
secreted AB. Cells transfected with APPC100 with retention signal to ER
did not produce detectable amount of intracellular nor secreted AB. In
contrast, cells transfected with APPC100 with retention signal to transGolgi network (TGN) produced abundant intracellular and secreted AB42
as well as AB40, at similar levels to those with wild-type APPC100. To
identify the intracellular site where mutant presenilins (PS) interact with
BAPP and increase the production of AB42, we next co-transfected
N141I AD mutant PS2 and APPC100, and analysed the intracellular and
secreted AB. Marked increase in intracellular as well as secreted AB42
was observed when APPC100 was targeted to TGN. These results
suggest that trans-Golgi network is the major site of production of
secreted AB42 that is upregulated by the influence of mutant PS.
(Supported by JSPS Research Fellowships for Young Scientists)

COMPETITION FOR APP CLEAVAGE BY REGULATED a-SECRETASE
AND P-SECRETASE D. B. Moore*, D. M. Skovronsky, R. W. Dorns and V.
M.-Y. Lee Center for Neurodegenerative Disease Research, University of
Pennsylvania School of Medicine; Philadelphia, PA, 19104.
While post-translational processing of APP by p-secretase leads to the
formation of Ap, a-secretase cleaves within the AP domain and precludes
formation of Ap. Regulated and unregulated a-secretases cleave APP with
different sub-cellular localizations. Although unregulated a-secretase may act
largely at the cell surface, we have recently demonstrated cleavage of APP by
regulated a-secretase in the TGN. Since P-secretase cleavage of APP also
occurs predominantly in this organelle, we hypothesized that regulated asecretase and P-secretase may compete for cleavage of APP. Indeed, we found
that PKC stimulation increased a-dependent cleavage of APP by three-fold
while this stimulation decreased P-cleavage of APP and Ap generation by
approximately 40%. Similarly, production of AP-containing carboxyl-terminal
fragments of APP were decreased by activation of regulated a-secretase.
Using inhibitors of ADAM mediated a-cleavage in the presence of PMA, we
show that this reduction in P-processing is not due to PKC-mediated alterations
in APP trafficking. Since regulated a-cleavage of APP directly resulted in
decreased p-cleavage of APP in the same organelle, these two proteases
compete for APP cleavage. The competition between TACE/ADAM-10 and
p-secretase for intracellular cleavage of APP has potential therapeutic
implications for the treatment of Alzheimer's disease.
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REGULATED a-SECRETASE CLEAVAGE OF APP IN THE TGN
D. M. Skovronsky*, D. B. Moore, M. E. Milla, R. W. Poms and V. M.-Y. Lee
Center for Neurodegenerative Disease Research, University of Pennsylvania
School of Medicine; Philadelphia, PA, 19104.
The formation of Ap from APP requires cleavage by P- and ysecretases. Cleavage of APP by a-secretase precludes Ap production and is
thus non-amyloidogenic. Regulated and unregulated a-secretase activities
have been reported and the PKC-regulated cleavage of APP has been attributed
to the ADAM family members TACE and ADAM10. While unregulated acleavage of APP has been shown to occur at the cell surface, we sought to
localize the site of regulated a-cleavage of APP. First we confirmed the
presence of proteolytically mature TACE intracellularly by demonstrating that
mature TACE is not sensitive to trypsinization. We further showed that that
regulated a-cleavage of APP occurred in the TGN using an APP mutant
construct targeted specifically to the TGN (APPtgn )- In the absence of PMA,
APPtgn expressing cells released 51% less sAPPa than APPWT expressing
cells, confirming that most unregulated a-cleavage occurred post-TGN. In
contrast, in the presence of PMA, secretion of sAPPa was similar in both
APPtgn and APPWT expressing cells. We further documented regulated acleavage of APP in this organelle by analysis of APP C-terminal fragments and
secreted AP levels. The intracellular proteolysis of APP by TACE/ADAM10,
described here, demonstrates a novel location for ADAM activity.

MODULATION OF y-SECRETASE ACTIVITY AND (3-AMYLOID
PEPTIDE PRODUCTION BY PHORBOL ESTER ACTIVATION
OF PROTEIN KINASE C. Lixin Song. Giuseppe Terracina, Eric
Parker and Lili Zhang*. CNS Department, Schering-Plough Research
Institute, Kenilworth, NJ 07033.
The processing of p-amyloid precursor protein (APP) plays an
important role in the pathogenesis of Alzheimer’s disease. It is now
well established that the activation of protein kinase C (PKC) by
phorbol ester stimulates a-secretase processing of APP. In addition,
phorbol ester has also been shown to inhibit P-amyloid peptide (Ap)
production and activation of PKC is therefore implicated as
therapeutic target to reduce brain Ap levels. We further investigated
the mechanism involved in the PKC regulation of Ap production. The
effect of PKC activation was studied in 293 cells expressing the Cterminal fragment of APP (C100) using a construct containing the
signal peptide derived from APP and the C-terminal 99 residues of
APP. In C100 expression cells, treatment with phorbol 12-myristate
13-acetate (PMA) led to increased secretion of both AP40 and Ap42.
The cellular Cl00 level was also elevated following PMA treatment,
suggesting that stablization of y-secretase substrate was responsible
for the increased Ap production. These data suggest that the reported
inhibition of Ap production by phorbol esters in cells expressing fulllength APP is likely to involve modulating p-secretase activity as the
major target.

This research was supported by grants from the NIA.

240.5

240.6

MODULATION
OF
P-SECRETASE
BY
HMG-CoA
REDUCTASE INHIBITORS. T. Haske*, L.M. Evans, H. LeVine,
and M.R. Emmerling. Neuroscience Therapeutics, Parke-Davis
Pharmaceutical Research, Division of Warner Lambert Co., Ann
Arbor, MI 48105.
In this study, the role of cholesterol synthesis in amyloid precursor
protein (APP) processing has been investigated. CHO-APPsw cells
were treated with mevastatin, an HMG-CoA reductase inhibitor, to
characterize the effect on AP secretion, cellular APP and secreted APP.
Treatment with 10 pM mevastatin resulted in a 30% decrease in
cellular cholesterol levels as well as a 3-fold decrease in secreted Ap.
Ap secretion in mevastatin-treated cultures was restored by addition of
10 mM mevalonate, the product of HMG-CoA reductase, but not by
cholesterol in the form of LDL. Immunoblots showed that mevastatin
decreases the P-cleaved (14 kD) C-terminal fragment of APP while
increasing the amount of y-secretase cleaved C-terminal fragment.
Addition of mevalonate or LDL to culture media reversed these effects
of mevastatin. Cellular pAPP was also reduced by mevastatin
treatment and this decrease was reversed by mevalonate treatment.
Other HMG-CoA reductase inhibitors, such as simvastatin, lovastatin,
pravastatin, and atorvastatin, also generated similar results to
mevastatin in a dose-dependent manner. Our results imply a link
between the cholesterol synthesis pathway and the amyloidogenic
processing of pAPP. (Supported by Wamer-Lambert/Parke-Davis)

RELATIONSHIP BETWEEN PKC ACTIVITY AND APP PROCESSING IN
HUMAN APP-TRANSFECTED B103 CELLS. S.W. Yeon. K. Huh, H.L
Hvuri.* I, Mook-Iung, Brain Disease Research Center, Ajou University
School of Medicine, Suwon, Korea, 442-721.
In order to examine conditions under which a - and fi -secretases are
activated to generate different APP fragments, human wild type and
Swedish mutant type of APP cDNAs were transfected on B103 cells, a rat
CNS originated neuronal cell line. Retinoic acid (RA) treatment induced a
marked enhancement of neurite extension and increase of MAP-2c
expression, which are typical phenotypes of differentiated neurons. When
wild type APP-overexpressed B103 cells were differentiated with RA, 3-5
fold increases of sAPPa were observed. Swedish type APP-overexpressed
BI03 cells produced enhanced sAPP# in response to RA treatment.
Interestingly, PKC e and PKC z expressions were markedly increased with
RA-induced neuronal differentiation in both cases. These results show that
differentiation of APP-transfected B103 cells are accompanied by elevation
of PKC expression and sAPP secretion. As a next step, we examined
effects of PKC activation on sAPP secretion from already differentiated
APP-transfected B103 cells. Activation of PKC by PDBu not only increased
sAPPa secretion but also decreased sAPP# level. On the contrary,
treatment of GF109203X, a PKC inhibitor, on differentiated APP-transfected
B103 cells reduced sAPPa secretion and enahnced sAPP# secretion. These
results raise the possibility that activation of PKC e and PKC z shifts APP
processing toward the a-secretase pathway by activating a-secretase. We
cannot clearly rule out the possibility, however, that the observed increase
of sAPP is due to other factors than enhanced secretase activity, such as
increase of the total hoIo-APP level. These possibilities are under
investigation.
This work was supported by the Korea Science and
Engineering Foundation through the Brain Disease Research Center at Ajou
University to I. M-J.

240.7

240.8

APP NORMAL PROCESSING IS REGULATED BY Ca2+
SIGNALING. H.L. Fernandez* and M. Chen. Neurosci. Res. Lab.,

IMMUNOLOCALIZATION AND PROTEOLYTIC PROCESSING OF
SPA4CT(I45F) MUTANT IN STABLY TRANSFECTED CELLS
G. Evin, F. Sernee, J. G. Culvenor, S.F. Lichthenthaler1. R. Hitt.
K. Bailey2*, A. Weidemann1, K. Bevreuther1, and C. L. Masters. Dept of
Pathology, The University of Melbourne, Parkville 3052, Australia, ’ZMBH,
University of Heidelberg, D-69120 Heidelberg, Germany, and 2Dept of
Biological Sciences, Monash University, Clayton, Australia
The proteolytic processing of APP is central to AD molecular pathogenesis.
All familial mutations which cause early-onset AD result in an increase of the AB
ratio 1-42/1-40, and therefore interfere with gamma-secretase cleavage or/and
pathway. Phenylalanine-scanning of APP trasmembrane domain has shown sitedirected mutagenesis of APP residue He 716 (I45F mutation) to result in a 34fold increase of the 1-42/1-40 ratio of AB species released from transfected cells
(Lichthenthaler et al, Proc Natl Acad Sci USA, 96, 3053-3058, 1999). We have
stably transfected COS-7 cells by expressing either SP-A4CT(I45F) or the
coresponding wild-type SP-A4CT. By immunoprecipitation of the culture media
with anti-AB mAblE8, we found that the mutant cell line produced similar, or
slightly lesser, amounts of total Afi as compared to the cells expressing SPA4CT. Immunoprecipitation with AB C-terminal specific mAb G2-10 and G2-11
showed remarkable increased secretion of AB 1-42 and reduction in 1-40
secretion from the cells expressing the mutated form. Immunofluorescence study
with anti-AB mAb WO2 and with anti-APP C-terminal antiserum 93/2 indicated
that the cell population was heterogenous with regard to expression levels. The
cells with higher expression, as estimated from overall immunofluorescence
staining, contained perinuclear structures which may represent accumulation of
SP-A4CT(I45F) in die ER/Golgi compartments. These cells are now being used
to characterize the AB42 generating protease activity.
(Supported by NH&MRC grant 970315)

Research Service (151), Bay Pines VA Medical Center, Bay Pines, FL
33744; and University of South Florida College of Medicine.
Normal, a-processing of B-amyloid precursor protein (APP) is known
to be “regulated” by protein kinase C, a mediator in Ca2+-related signal
pathways. In agreement with this notion, we now report that APP in lysed
platelets is cleaved by an endogenous protease yielding a truncated APP
identical to the a-secretase-cleaved APP (APPS).
This protease is
activated by Ca2+ and inhibited by EGTA, suggesting that a-secretase is a
Ca2+-regulated protease. This possibility is strongly supported by 22
reports showing that APPS secretion is enhanced by various agents that all
activate Ca2+ signal. We also show that this protease can be inhibited by
many calpain inhibitors, and the APP fragments generated by this protease
are identical to those generated by calpain, raising the possibility that
calpain might act as a-secretase in vivo. Our findings point to a-secretase
as the rate-limiting enzyme over 6- and y-secretases in determining the
outcomes of APP processing and Ca2+ signaling as the initial defect in
Alzheimer’s disease. Our model also predicts; (i) presenilins most likely
act as Ca2+/cation channels in vivo; and (ii) their gene mutations increase
A640/42 by reducing Ca2+ required for a-secretase and by modifying the
y-secretase cleavage specificity by steric effects (supported by the Medical
Research Service of the U.S. Department of the Veterans Affairs).
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APP SEQUENCE REQUIREMENTS FOR y-SECRETASE RECOGNITION AND CLEAVAGE. J. Zhang*. D. Watson. D, J, Selkoe. Center for
Neurologic Diseases, Brigham and Women's Hospital and Harvard Medical
School, Boston, MA 02115.
The processing of P-amyloid precursor protein (APP) to the 4 kDa amyloid
P-peptide (AP) is a central feature in the pathogenesis of Alzheimer’s disease.
Two proteolytic cleavages produce the amino and carboxyl termini of Ap by
proteases called p- and y-secretase, with the latter cleavage site located
within the APP transmembrane (TM) domain. Proper y-secretase cleavage
has been reported not to depend on the specific sequence of the APP TM
domain. To determine whether the primary structure of the TM domain of
APP plays any role in y-secretase cleavage, and whether there may be a
separate recognition site for y-secretase in the region of APP just before the
TM domain, we expressed APP cDNAs encoding chimeric APP or C99
molecules in COS cells. APP, sw-APP, and C99 each bearing the APLP-2
TM domain instead of that of APP released similar amounts of AP as fully
wt APP molecules. However, insertion of the TM domains of HER-3 or
SREBP-1 TM sharply inhibited AJ3 generation. Replacement of residues. 1029 of the Ap region of APP just before the TM domain with the
corresponding region of SREBP-1 significantly increased Ap generation,
whereas replacement with the corresponding sequence of HER-3 or APLP-2
inhibited the AP generation. These results suggest that y-secretase cleavage
may depend on the relative conformation of the peri-TM region rather than
the specific amino acid sequence. Moreover, the sequence just before the TM
domain may play a role in the recognition or binding of substrate by ysecretase. Further studies of the minimum sequence requirements for ysecretase recognition will be presented. (Supported by NIH grant AG 12749)

Y-SECRETASE INHIBITORS PRODUCE A CHARACTERISTIC
FINGERPRINT OF AMYLOID PRECURSOR PROTEIN PROCESSING
M. S. Shearman1, D. Beher1, A. Nadin2, T. Harrison2, H. D. Lewis', E.
Clarke', S.J. Pollack1*, J.L. Castro', C.I. Ragan*. ‘Department of
Biochemistry & Molecular Biology, Merck Sharp & Dohme Research
Laboratories, Terlings Park, Essex CM20 2QR, U.K.; department of
Medicinal Chemistry, Merck Sharp & Dohme Research Laboratories,
Terlings Park, Essex CM20 2QR, U.K.
Cell culture-based assays of amyloid precursor protein (APP) processing
allow the identification of inhibitors of amyloid-p (AP) peptide formation
with a spectrum of activities. To determine definitively which among this
population of compounds constitute direct inhibitors of APP y-secretase
activity (as defined by the generation of Ap peptides ending at Val-40 or
Ala-42), we have developed a panel of specific secondary assays of APP
processing. These assays utilise transfected cell lines over-expressing full
length and truncated APP constructs in combination with homogeneous
time-resolved fluorescence, radio-labelling/immunoprecipitation, and
SELDI-TOF (Ciphergen™) mass spectrometric analysis of AP peptides, to
generate a proteolytic fingerprint that is characteristic of inhibition of ysecretase activity.
In addition, SELDI-TOF mass spectrometry studies with proto-typical ysecretase inhibitors have revealed novel insights into the mechanism of
APP processing. Notably, that inhibition of y-secretase activity results in
the increased generation of AP(1-16) and AP(1-15) peptide species. Both
of these fragments are abolished by the co-addition of the matrix
metalloprotease/a-secretase inhibitor batimastat, confirming that they are
generated by the sequential action of P- and a-secretase on the APP
molecule.

240.11

240.12

EVALUATION OF A NOVEL ASPARTYL PROTEASE AS A
CANDIDATE P-SECRETASE. Ishrut Hussain1, David Powell2, Carol
Gray1, David Howlett1* and Gary Christie1, SmithKline Beecham
Pharmaceuticals, New Frontiers Science Park, Harlow, Essex CM 19
5AW, U.K. 2SmithKline Beecham Pharmaceuticals, 709 Swedeland
Road, King of Prussia, PA 19406, U.S.A.
The P-amyloid peptide (AP) is excised from the P-amyloid precursor
protein (APP) by the sequential action of p- and y-secretases, which
liberate the N-terminus and the C-terminus of AP respectively. Inhibition
of the proteolytic activity of these secretases represents a possible
therapeutic target for the treatment of AD. Despite intensive efforts over
the past 10 years the exact identity of these secretases remains to be
elucidated. Here we describe the evaluation of a novel aspartyl protease
as a candidate P-secretase.
A human neuroblastoma cell line, SHSY5Y overexpressing APP695 was
used to follow APP processing events. In cells transiently expressing the
novel aspartyl protease there was an increase in the release of soluble
APP cleaved at the P-secretase cleavage site, as determined using a anti
neo-epitope antibody that recognises p-secretase cleaved soluble APP.
There was no effect on the level of full length APP or on the level of
secreted soluble APP cleaved at the a-secretase site.
In conclusion, this specific cleavage activity indicates that this enzyme
represents a strong p-secretase candidate

CASPASE-MEDIATED CLEAVAGE OF AMYLOID-P PRECURSOR PROTEIN
OCCURS IN NEURONAL APOPTOSIS AND ALZHEIMER’ S DISEASE. D.G, Xu*,
F.G. Gervais, Y. Zhu, S. Xanthoudakis, S. Roy, D.W. Nicholson and G.S. Robertson.
Dept. of Pharmacology, Biochemistry and Molecular Biology, Merck Frosst Centre for
Therapeutic Research, 16711 Trans Canada Highway, Kirkland, PQ, Canada H9H 3L1.
Neuronal apoptosis have been implicated in Alzheimer’s disease (AD). Recently we
have demonstrated that caspase-3 cleaves amyloid-P precursor protein (APP) during
apoptosis in cultured neurons. In this study, we examined whether cleavage of APP by
caspase-3 also occurs in neurons undergoing apoptosis in rodent models of global
ischemia (12 min of 4-VO, rats) and kainate-induced status epilepticus (25 mg/kg, ip,
mice).
The proteolytic product designated aAC^-APP, was detected
immunohistochemically using an antibody which recognizes the caspase-generated APP
neoepitope. Immunoreactivity for aAC^-APP (AC-ir) was elevated in hippocampal
neurons 24 hr after the onset of ischemia (CAI) and status epilepticus (CA3). Further
increases in AC-ir were observed in these regions at 48 and 72 hr following the insults.
The time course for the generation of AC correlated with that for caspas-3 activation
and DNA fragmentation, suggesting that AC formation is associated with
ischemic/excitoxic-induced neuronal apoptosis. The relevance of caspase-mediated
APP cleavage for senile plaque formation was also assessed in AD brains. aAC“p-APPimmunoreactive deposits were frequently observed in senile plaques. Together, these
findings suggest that AC may participate in neuronal loss and plaque formation in AD.

240.13

240.14

AMYLOID-p PEPTIDE PROFILES IN HUMAN ALZHEIMER’S
BRAIN AND CONDITIONED MEDIA OF TRANSFECTED CELL
LINES DETERMINED BY SELDI-TOF MASS SPECTROMETRY
D. Beher1, H.P. Lewis1, E. Clarke1, R.M. McKernan1*, N. Thomas2, R.
Kalaria2, M. S. Shearman1. ‘Department of Biochemistry & Molecular
Biology, Merck Sharp & Dohme Research Laboratories, Terlings Park,
Essex CM20 2QR, UK; 2MRC Neurochemical Pathology Unit, Newcastle
General Hospital, Newcastle Upon Tyne, NE4 6BE, UK.
To investigate the mechanisms of amyloid-P (AP) generation and
clearance a novel assay has been developed for the analysis of distinct
AP peptide species using surface enhanced laser desorption/ionisation
time-of-flight mass spectrometry (SELDI-TOF MS; Ciphergen™). This
technique utilises purified antibodies immobilised covalently to a solidphase chip and mass spectrometric analysis of captured peptides. By
coupling a panel of antibodies directed against epitopes throughout the
AP peptide, several distinct profiles of AP species can be obtained from
a single sample.
Using conditioned media from SPApCT transfected SHSY5Y
neuroblastoma cell lines we were able to unambiguously identify
Ap(l-40), Ap(l-42), and numerous C-terminally truncated AP peptides.
Most interestingly, treatment of the cells with y-secretase inhibitors
abolished completely the generation of all AP peptide species. An
initial examination of guanidinium-HCl extracts of human Alzheimer’s
brain revealed a complex AP profile mainly due to the presence of Nand C-terminally truncated species. A more detailed SELDI-TOF MS
analysis of AP profiles in human control and AD brains is now
underway in order to get a better understanding of the mechanisms of
AP generation and clearance.

REGULATION OF AMYLOID PRECURSOR PROTEIN METABOLISM
BY PROTEIN KINASE C IN GUINEA PIGS IN VIVO
S. Rossner1*, T. Stahl1, K, Mendla2, R, Schliebs1. and V, Bigl1

1) Paul Flechsig Institute for Brain Research, Dept. Neurochemistry, Jahnallee 59,
04109 Leipzig, Germany; 2) Boehringer Ingelheim Pharma KG, CNS Research,
55216 Ingelheim am Rhein, Germany.
While it is generally accepted that the activation of protein kinase C (PKC)
increases amyloid precursor protein (APP) secretion in vitro, the role of PKC in
the regulation of APP processing and p-amyloid generation in vivo is not well
understood. In order to address this issue, we established an animal model of
neocortical microencephalopathy in guinea pigs, by in utero treatment with
methylazoxymethanol acetate, a DNA methylating substance that eliminates
proliferating cells of neuroepithelial origin. Resulting neocortical malformation
of the offsprings is accompanied by constitutive overactivation of PKC in this
brain region. In the neocortical tissues of juvenile microencephalic guinea pigs
(postnatal day 30) we observed significant increases in basal and phorbolesterstimulated PKC enzyme activity (by 53% and 48%, respectively) as compared to
age-matched control animals. In the same cortical tissues there was increased asecretion of APP by 38% as measured by Western blot analysis using the
antibody 6E10, whereas total secretory APP levels remained unaltered.
Interestingly, increased a-secretase cleavage of APP within the p-amyloid
sequence did not lead to reduced P-amyloid 1-40 or 1-42 generation as measured
by ELISA. Our data imply, that overactivation of PKC and increased a-secretion
of the APP do not reduce P-amyloid formation, suggesting independent
mechanisms of APP a-secretion and 6-amyloid formation under in vivo
Supported by University of Leipzig, IZKF grant to S.R.

Society

for

Neuroscience

. Volume

25, 1999

597

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: APP PROCESSING II

598

MONDAY AM

240.15

240.16

REPRESSOR RELEASE; A USEFUL TOOL FOR MONITORING AMYLOID
PRECURSOR PROTEIN (APP) PROTEOLYSIS IN MAMMALIAN CELLS
David J. Shuey? Paul Sheiffele,2 Danielle Jones? Mark I. Cockett1* and Elaine M.
Quinet2. Wyeth Neuroscience1 and Women’s Health2 Divisions; Wyeth-Ayerst
Research; CN 8000, Princeton, NJ 08543.
Sequential cleavage of the amyloid precursor protein by the (3- and y-secretases
leads to the generation of the AP peptide(s) associated with neurotoxic plaque
deposition in the brains of Alzheimer’s disease patients. In the absence of
identified secretase targets we sought to develop a cell-based assay that could
bypass the enzyme cloning phase and proceed directly to pharmacological
screening regimens designed to isolate small molecule inhibitors of these proteases.
Repressor release is a novel assay that monitors both intrinsic membrane and
lumenal proteolytic cleavage events in mammalian cells. This technology couples
the endogenous secretase activities residing in CHO-K1 cells to a reporter gene
readout. In this assay the lac repressor (lacl) was tethered to the cytosolic face of
cellular membranes via its recombinant fusion to a truncated APP construct. This
fusion expression plasmid and a repressor-responsive luciferase reporter were
transiently co-transfected into CHO KI cells. Analysis of sub-cellular fractions
indicate that the APP-lacI fusion is expressed and localized predominantly to
cellular membranes. Subsequent substrate-specific processing events release the
lacl domain from the membrane allowing its relocalization to the nucleus, resulting
in a dramatic proteolytic-dependent repression of luciferase transcription. Several
benchmark compounds that specifically block the APP maturation process and lead
to a derepression of luciferase expression are presented. Technical advantages and
applications of this assay for drug development are discussed.

THE EFFECTS OF PROLYLENDOPEPTIDASE AND PROTEASOME INHIBITORS
ON y -secretase
activity
LlAUpJinstoii*L,2M. Jejisen-M-HartmaniL 2L

Lannfelt. ’B, Walker. ’J.E Lynas and lCJH. Williams.
’School of Biology & Biochemistry, Queen’s University Belfast, N. Ireland; 2Geriatric
Medicine, Karolinska Institute, Sweden; ’ZMBH, University of Heidelberg, Germany.
Inhibition of prolylendopeptidase (PEP) and proteasome was reported to alter
production of the Alzheimer-related peptide, AJ3, from APP. These inhibitors may
modulate protease activitiy(ies), known as y-secretase(s), that generate Ap C-termini.
Human SH-SY5Y neuroblastoma cells expressing the APP C-terminal 100 residues
and signal peptide were maintained in media with 10% FB serum. Only y-secretase is
required to produce AP in this cell line (SPA4CT). Cells were exposed to a nitrile PEP
inhibitor, Fmoc-AP-CN (generous gift of S. Wilk, Mt. Sinai Sch. of Medicine); an aketo aldehyde inhibitor of the chymotrypsin-like activity of the proteasome, Bz-LLLCOCHO; or lactacystin, a specific proteasome inhibitor. Target protease activities in
cell lysates were assayed using fluorogenic substrates. Specific ELISAs enabled Ap^
and Ap42 quantification in media. Neutral red assay was used to monitor cytotoxicity.
Fmoc-AP-CN produced dose-dependent PEP inhibition in SPA4CT lysates. AMC
generation from Z-GP-AMC was reduced by -90% (10 pM inhibitor for 5 to 48 h), in
the absence of cytotoxicity. However, Ap levels in conditioned media were unaltered.
In contrast, Bz-LLL-COCHO (5 pM for 5 h) increased AP40 and Ap42 levels in
conditioned media by ~2-fold and ~5-fold respectively, returning to near-control levels
by 24 h. Incubation of SPA4CT with lactacystin (5 pM) also increased Ap^ levels in
conditioned media, by -2-fold at 5 h and ~6-fold at 24 h. Dose-dependent decreases in
AMC generation from Suc-LLVY-AMC by lysates of treated cells confirmed
inhibition of the proteasome chymotrypsin-like activity.
Inhibition of PEP did not affect y-secretase APP processing in SPA4CT cells. The
increased Ap levels with Bz-LLL-COCHO and lactacystin may reflect increased availability of y-secretase substrate in SPA4CT when proteasome activity is reduced. (JAJ is
an Alzheimer’s Disease Society Research Fellow. Partly supported by The Wellcome Trust).

240.17

240.18

INSULIN-MEDIATED SECRETORY PROCESSING OF THE AMYLOID
PRECURSOR PROTEIN IS INDEPENDENT FROM GLUCOSE.

CO-LOCALIZATION OF NEUROPEPTIDES AND PROCESSED
AMYLOID PRECURSOR PROTEIN IN VESICLES ISOLATED FROM
THE RABBIT VISUAL SYSTEM. E.A. Berg? R.J. Johnson*2, W.T. McGraw2,
C.R. Abraham2, and R.E. Fine2? Boston University School of Medicine,
Departments of Pathology1 and Biochemistry2, 80 East Concord Street, Boston
MA 02018 and GRECC, Bedford VAMC’, Bedford MA 01730?

M. Racchi1 P, Solano Lm . Sironi,2. SxB^-Solgrts3, and S, Govoni1’4*.

1 Institute of Pharmacology University of Pavia, 2 Institute of Pharmacological
Sciences, University of Milano, 3 Dept. Internal Medicine, Geriatrics and
Gerontology Clinic, University of Pavia and 4 IRCCS “Centro S. Giovanni di
Dio - FBF” Brescia.
A number of intracellular signalling pathways are involved in the
regulated “a secretase” dependent release of soluble amyloid precursor protein
(sAPPa) from virtually all cell types. Among others, receptors that possess an
intrinsic tyrosine kinase activity, such as EGF and NGF receptors, can stimulate
sAPPa release. These pathways often include activation of protein kinase C (PKC)
dependent mechanisms as well as the mitogen activated kinases cascade
(MAPK/ERK). The literature provides evidences that energy metabolic defects and
increased oxidative stress may be correlated to the process of brain aging or in
neurodegenerative diseases such as Alzheimer’s Disease (AD). Impaired glucose
metabolism has been observed in parietal and temporal cortex of AD patients and
absence of glucose in the culture medium reduces sAPPa release. We studied the
effect of insulin on APP metabolism in neuroblastoma SH-SY5Y, endogenously
expressing insulin receptors. Insulin produced a significant increase in the release
of sAPPa. The release was concentration-dependent reaching a maximum (2,5 fold
of basal release) at lgM. Insulin-mediated sAPPa release was independent from
the presence of glucose in the medium and was abolished by genistein (20 gM), a
specific inhibitor of tyrosine protein kinase. Using a set of pharmacological tools
we show that the effect of insulin is not dependent from the activation of PKC or
MAPK signalling pathways instead it appears to be solely related to the activation
of phosphatidyl inositol 3 kinase (PI3-K) since wortmannin or LY294002, specific
inhibitors of PI3-K, blocked the insulin-mediated sAPPa release.

Secreted neuronal constituents including amyloid precursor protein (APP) and
neuropeptides such as substance P are synthesized in the neuronal cell body,
packaged in secretory vesicles, and transported to the synapse for exocytosis. We
are using the rabbit visual system to study the nature of these secretory vesicles.
Microsomes are isolated from rabbit optic nerve (ON) and ON terminals and then
fractionated by size and density on a series of sucrose gradients. Fractions are
collected and protein concentration as well as neurokinin concentration are
determined. Further analysis of these fractions using SDS-PAGE and Western blot
techniques demonstrate that fractions of medium density contain synaptic vesicles
while fractions of high density contain both neurokinins and APP. APP species
detected include the full length mature form of APP as well as several
proteolytically cleaved fragments. Most notably, C-terminal fragments indicative
of secretase activity are also detected. A potential secretase candidate, bleomycin
hydrolase, is detected both by Western blot and enzyme activity assay. The
peptide-containing peak also contains synaptic vesicle proteins as well as secretory
proteins such as secretogranin II. Supported by grants from the NIH, the
Alzheimer’s Association, and the Department of Veterans Affairs.

240.19

240.20

BIOCHEMICAL DETERMINATION OF THE LENGTH OF THE
TRANSMEMBRANE DOMAIN OF APP IN MICROSOMAL MEMBRANES &
F. Lichtenthaler*!. B, Grziwal. C, L, Masters2 and K. Bevreutherl.
1ZMBH, Univ. Heidelberg, INF 282, D-69120 Heidelberg,Germany, 2Dept. of
Pathology, Univ. Melbourne, Parkville, Australia.
Proteolytic processing of Alzheimer’s disease amyloid precursor protein (APP)
by fi-secretase leads to C99, which is further cleaved by tiie as yet unknown
protease called y-secretase. The y-cleavage is necessaty to generate the C-terminus
of the AB-peptide and occurs within the transmembrane domain (TMD) of C99.
Previous studies suggested that the length of the TMD influences tiie .cleavage site
of y-secretase. However, as the length of the TMD of C99 is unclear and has has
only been predicted by hydropathy algorithms, it is important to determine tiie
length of the TMD experimentally in order to better understand the mechanism of
y-cleavage.
To determine biochemically the length of the TMD of C99, we replaced
individual amino acids within or outside of the putative TMD of C99 by cysteine.
Using an in vitro translation, the mutated C99 proteins were inserted into
microsomal membranes and afterwards treated with a cysteine-specific labeling
reagent. This membrane impermeable reagent labels only those cysteine mutants of
C99, in which the cysteine is outside of tiie membrane, and thus allows to
determine which residues of C99 are buried in the membrane.
We found that all cysteines were labelled that are C-terminal of residue 50 (in
C99 numbering) or N-terminal of residue 32, and therefore are not buried within
the membrane. These results show, that in microsomal membranes the TMD of
C99 is on both sides at least two amino acids shorter than predicted by the
hydropathy plot. This finding is in good agreement with the average length of the
TMD of proteins typically residing in the ER. As TMD's in cholesterol-rich
membranes are larger than in the ER, it is possible that at the plasma membrane all
amino acids of the TMD of C99 are buried within the membrane. We suggest that
the cholesterol content of membranes could vary tiie length and position of the
TMD and that this might be one mechanism of altering y-secretase cleavage
specifity.
This work was supported by the Deutsche Forschungsgemeinschaft (through
SFB 317) and the Fonds der Chemischen Industrie of Germany.

THE REGULATION OF AMYLOID PRECURSOR PROTEIN PROCESSING
BY NICOTINIC CHOLINERGIC MECHANISMS. J.W. Kusiak,1* D.D.
Norton,1 S.S. Sisodia2 and B. Zhao3. 1 Gerontology Res. Center, National
Institute on Aging, Baltimore, MD 21224; 2Univ. of Chicago, Chicago, IL
60637.3RWJ Pharmaceutical Res. Institute, Spring House, PA 19477
We previously reported that abnormal processing of amyloid precursor
protein (APP) is causally associated with Alzheimer's Disease (AD). In the
present study, we investigated possible links between altered APP
processing and cholinergic deficits, both characteristic of the disease, in
stably transfected PC12 cells expressing human wild-type or FAD-linked
mutant APP. Nicotinic acetylcholine receptors (nAChR) containing a7
subunit, one of the predominant forms of nAChR in the CNS, were
expressed in these cell lines as measured by receptor binding assay using
3H-methyllycaconitine (MLA). Increased amounts of secreted APP (APPs)
were detected by Western blotting using 22C11 antibody in conditioned
medium after 3h treatment of cells with nicotine (50uM). This increase of
APPs was inhibited by co-treatment with MLA (50uM), an a7 nicotinic
antagonist, or EGTA (2.5mM), a calcium chelator. To examine the role of
calcium in nicotine-induced APP secretion, we measured calcium influx
induced by nicotine using Fluorometric Imaging Plate Reader in a parallel
experiment. A dose-dependent increase of calcium influx was detected in
nicotine treated cells, which was blocked by MLA or EDTA. The intracellular
calcium levels did not increase when nicotine was applied to the cells
cultured in a calcium-free medium. The increased calcium influx induced by
nicotine correlated with the increases in APP secretion. These data suggest
that calcium influx through nAchRs is sufficient to enhance the secretion of
APPs, which is known to be neurotrophic and neuroprotective both in vitro
and in vivo. Thus, cortical cholinergic hypoactivity may alter APP processing,
leading to diminished APP secretion, which may contribute to the clinical
expression of AD. (Supported by the Intramural Research Program, NIA)
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Zn2* PERMEATION THROUGH Ca2* PERMEABLE AMPA/KAINATE (Ca-A/K) CHANNELS
TRIGGERS PROLONGED MITOCHONDRIAL DYSFUNCTION. S.L, Sensi1*, H.Z, Yin1,
S.G, Carriedo3 and J.H, Weiss'23. Depts of 'Neurology; 2Anatomy and Neurobiology;
’Neurobiology and Behavior, U.C. Irvine, Irvine CA 92697-4292, USA.
Synaptic release of Zn2* and its translocation into postsynaptic neurons may contribute to
selective degeneration in epilepsy or ischemia. We have recently shown (PNAS 96(5):
2414-9; 1999) that of the three major routes of divalent cation entry (NMDA, voltage
sensitive Ca2*, and Ca-A/K channels), Ca-A/K channels exhibit the highest Zn2*
permeability. Moreover, as with Ca2*, we found that rapid Zn2* entry through Ca-A/K
channels triggers preferential loss of mitochondrial membrane potential (ATm) and reactive
oxygen species (ROS) generation in neurons on which these channels are highly
expressed (Ca-A/K(+) neurons). Thus, in light of the high toxic potency of Zn2*, we set out
to compare Ca2* versus Zn2* dependent changes in AT and ROS generation in Ca-A/K(+)

INTRACELLULAR RELEASE OF ZINC: PUTATIVE ROLE IN
OXIDATIVE NEURONAL INJURY. E. Aizenman1*, K.A. Hartnett1,
B.A. McLaughlin1, K.E. Dineley2, I.J. Reynolds2, and A.K. Stout2.

neurons. Cortical neurons, loaded with the ATm sensitive dye TMRE, were exposed for 10
min to kainate (100 pM) with either 1.8 mM Ca2* or with 300 pM Zn2* (causing A[Cation], of

20-40 or 2-3 pM respectively) and monitored for 60 more min. Loss of ATm was selectively
observed in Ca-A/K(+) neurons with either exposure. However, while Ca2* dependent loss

of ATm had largely recovered within 30-40 min, with Zn2* exposure, little (<20-30%)
recovery occurred. We next used the superoxide sensitive dye hydroethidine (HEt) to
assess ROS generation after 5 min kainate exposures in the presence of Ca2* or Zn2* as
above. Sixty min after agonist washout, the cultures were re-challenged with an identical
second exposure. With Ca2*, a sharp increase in HEt fluorescence was observed which
reached a plateau shortly after the end of the initial exposure, whereas with Zn2*, the
fluorescence steadily increased throughout the interexposure interval. Additionally, while
the re-challenge with kainate + Ca2* caused a further abrupt increase in fluorescence, with
Zn2* re-challenge, no change in the rate of fluorescence increase occurred. Thus, while
entry of either Ca2* or Zn2* into neurons triggers mitochondrial dysfunction, the Zn2*-

Departments of Neurobiology1 and Pharmacology2, University of
Pittsburgh School of Medicine, Pittsburgh, PA 15261.
The sulfhydryl oxidizing agent 2,2'-dithiodipyridine (DTDP) can release
Zn2+ from metalloproteins in cell-free systems. In this study, we observed
that DTDP caused increases in the fluorescence ratio of Fura-2 and
Magfura-2 loaded cultured forebrain neurons.
Fluorescence signals
following DTDP treatment were also observed to increase in cells loaded
with Fluo-3 and with the selective, low affinity zinc indicator Newport
Green. These responses were completely reversed by the heavy metal
chelator N,N,N',N'-tetrakis (2-pyridylmethyl) ethylenediamine (TPEN),
consistent with a DTDP-mediated increase in intracellular free Zn2+
concentrations. DTDP-induced Zn2+ release also triggered apoptotic cell
death in cultured neurons. The toxicity was effectively blocked by either
TPEN, increased extracellular potassium, or by the broad-spectrum caspase
inhibitor Boc-aspartate-fluoromethylketone (BAF). In contrast, DTDPinduced cell death was not abolished by MK-801, dantrolene or ryanodine.
These results suggest that intracellular Zn2+ release may be a previously
unrecognized mechanism which contributes to neurodegenerative
processes in vivo in conditions of oxidative stress. Supported by NS29365,
NS34138, USAMRMC 98292027 and the AHA.

Supported by grants from the NIH
(NS30884 and AG00836 to JHW; AG00919 to SLS), and the Biotechnology Research and
Education Program of the University of California (HZY).

dependent effects appear to be more persistent.

241.3

241.4

ZINC-SENSITIVE DYES OVERESTIMATE THE DURATION OF [Zn2+]f
INCREASES IN CULTURED FOREBRAIN NEURONS. I.J. Reynolds*. G.J.
Kress, and K.E, Dineley. Department of Pharmacology, University of Pittsburgh,
Pittsburgh PA 15261.
Experiments in neurons using traditional fluorescent Ca2+ and Mg2+ indicators
such as Magfura-2 have shown that these dyes are also useful for reporting
increases in intracellular free zinc, or [Zn2+]j (Cheng & Reynolds, J. Neurochem.
71:2401, 1998; Sensi et al., J. Neurosci. 17:9554, 1997). In such studies however
these dyes fail to recover to prestimulus values, indicating that once increased,
[Zn2+]j remains at high levels for extended periods. Among other possibilities, this
suggests that either neurons have a poor capacity for handling [Zn2+]j, or perhaps
that fluorescent indicators impede processes that normally serve to reduce [Zir ]j.
To investigate this problem we exposed neurons to 3 pM zinc in combination
with the zinc-specific ionophore, pyrithione. In experiments where Magfura-2
loading preceded exposure to Zn2* and pyrithione, the zinc-induced-Magfura-2 ratio
increase showed no signs of recovery even after two hours, but was restored to
prestimulus values after application of the membrane-permeant zinc chelator
V,/V,/V’,7V’-tetrakis(2-pyridalmethyl)ethylenediamine (TPEN). We then loaded the
neurons with Magfiira-2 at varying times following termination of the zincpyrithione stimulus. Neurons loaded immediately after the stimulus exhibited
markedly increased Magfura-2 ratios. Neurons loaded with Magfura -30 min after
termination of the stimulus showed reduced ratios that were relatively unaffected
by TPEN. These results suggest that a period of 30 min is sufficient for neurons to
greatly reduce [Zn2+]j introduced by application of zinc-pyrithione. Experiments
using the zinc-selective, low affinity dye Newport Green yielded similar results.
Our findings suggest that zinc-sensitive dyes interfere with normal cellular
handling of free zinc; and while probes such as Magfura-2 and Newport Green are
useful tools for studying zinc homeostasis, they clearly overestimate the duration of
increases in [Zn2+];. Neurons are clearly able to buffer increased [Zn2+]j when these
dyes are not present, but the mechanisms have not yet been identified. (Supported
by NS34138, USAMRMC and the American Heart Association.)

INCREASES IN [Zn2+]j LEAD TO INTRACELLULAR ACIDIFICATION IN
CULTURED FOREBRAIN NEURONS AND ASTROCYTES. J.B. Brocard*.
K.E, Dineley. G.J, Kress and I.J. Reynolds. Department of Pharmacology,
University of Pittsburgh, Pittsburgh PA 15261.
Increases in intracellular free zinc ([Zn2’];) have been shown to be toxic to
neurons. Although the potent neurotoxicity of zinc has been documented, we know
little else concerning the impact of increased [Zn2+]j on normal neuronal fhnction.
Here we describe data suggesting that increased [Zn2+]; promotes intracellular
acidification in primary cultures of cortical neurons and astrocytes.
Using the pH-sensitive fluorophore 2’,7’-bis-(2-carboxyethyl)-5-(and-6)carboxyfluorescein (BCECF) and microfluorimetry, we exposed neurons to a
stimulus of 3 pM ZnCl2 in combination with the ionophore pyrithione (20 pM).
This stimulus selectively and reliably increases [Zn2+]j in both neurons and
astrocytes. While the BCECF ratio was not substantially altered during the zincpyrithione stimulus, a steady drop in the ratio value was observed upon washout
with normal buffer. The depressed BCECF value persisted for >15 minutes
following termination of the stimulus, suggesting a long-lasting acidification of the
neurons. Interestingly, the BCECF ratio returned to prestimulus values upon
addition of the membrane-permeant heavy metal chelator, Ar,W,/Y’,A^-tetrakis(2pyridalmethyl)ethylenediamine (TPEN). Zinc treatment in the absence of
ionophore produced no change in the BCECF ratio, indicating that the phenomenon
was not attributable to increased extracellular zinc. These results suggest that
increased [Zn2+]; promotes acidification in neurons, and that zinc-induced
acidification can be reversed by agents that chelate [Zn2+]j. Furtheimore, zinc and
pyrithione exposure of primary cultures of astrocytes also elevates [Zn2+]; and
results in TPEN-reversible acidification.
Presently our studies are aimed at investigating the mechanism by which zinc
causes intracellular acidification. Among other possibilities, our findings could be
explained by Zn2+/H+ antiport acitivity (R. Colvin, Neurosci. Lett. 247:147, 1998);
alternatively zinc might be interfering with mechanisms that regulate pH„ e.g.
Na+/H+exchange. (Supported by EMBO, NS34138, USAMRMC and the American
Heart Association.)

241.5

241.6

[Zn2+]j TOXICITY IN PRIMARY CULTURES OF NEURONS AND
ASTROCYTES. KELDineky*, A,K, Stout, G,J, Kress, J,M, Scanlon and LJ,
Reynolds. Dept. of Pharmacology, University of Pittsburgh, Pittsburgh PA 15261.
We investigated the phenomenon of intracellular free Zn2+ ([Zn2+]j)-mediated
injury in primary cultures of neurons and astrocytes. We examined the relative
sensitivities to increased [Zn2+];, the magnitude of [Zn2+]j necessary for cell death,
and the possible mechanisms involved in zinc-mediated death in these cell types.
We used the ionophore pyrithione together with varying concentrations of
extracellular Zn2+ ([Zn2+]e) to selectively increase [Zn2+]j in both neurons and
astrocytes. A 5 minute treatment of primary forebrain neurons with 1 pM zinc and
20 pM pyrithione resulted in significant neurotoxicity 24 hours later (viability
reduced by -70% compared to controls). Neurons treated with zinc or pyrithione
alone were unaffected. The observation of condensed chromatin and somatic
shrinkage were consistent with an apoptotic mechanism of injury. Astrocytes were
also exposed for 5 minutes to 3 pM zinc in the presence of pyrithione. This was
insufficient to cause toxicity, although much higher [Zn2+]e (300 pM) in the
presence of pyrithione resulted in substantial cell injury.
We then used the membrane potential-sensitive dye JC-1 to determine if a lethal
zinc-pyrithione stimulus produced acute alterations in mitochondrial membrane
potential (Avy^). JC-1 ratios were unaffected by treatment of neurons with 3 pM
zinc and 20 pM pyrithione for 10 minutes. Treatment of astrocytes with 3 pM zinc
and pyrithione for 10 minutes produced no alteration in the JC-1 signal. However,
application of 300 pM [Zn2+]e and pyrithione resulted in a rapid drop of At|/m.
Our observations suggest that neurons are more sensitive to acute, small increases
in [Zn2+]j compared to astrocytes. Also, it appears that loss of Atpm is not an early
event in zinc-mediated neurotoxicity, although loss of Avpm does occur with higher
levels of [Zn2+]j in both cell types.
(Supported by NS34138, USAMRMC and the American Heart Association.)

CHRONIC LITHIUM TREATMENT ANTAGONIZES
GLUTAMATE-INDUCED DECREASE OF PHOSPHORYLATED
CREB IN BRAIN NEURONS. K.L. Kopniskv* and D.-M, Chuang.
Section of Molecular Neurobiology, National Institute of Mental
Health; Bethesda, MD 20892-1272.
Lithium is a clinically efficacious agent used in the treatment of
manic-depressive illness. Recently, we reported that lithium robustly
protects CNS neurons against glutamate excitotoxicity mediated by
NMDA receptors. Here, we examined the effects of glutamate and
lithium on the levels of phosphorylated CREB (p-CREB), a major
transcription factor involved in gene expression and cell survival.
Treatment of cultured cerebellar granule cells with 50 uM glutamate
induced a rapid and time-dependent decrease in p-CREB levels which
were 53% (15 min), 49% (30 min) and 27% (1 day) of the untreated
control. In contrast, total CREB protein remained unchanged.
Treatment of cells with 3 mM LiCl induced a slight time-dependent
increase in p-CREB levels following 25 min to 7 days of incubation.
Pretreatment of cells with LiCl for 7 days significantly attenuated the
loss of p-CREB induced by glutamate, while acute (10 min) lithium
pretreatment was ineffective. These results suggest that lithium’s
suppression of glutamate-induced loss of p-CREB may contribute to
its neuroprotective effects and possibly be involved in its therapeutic
efficacy.
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LITHIUM INHIBITS STRIATAL DAMAGE IN AN ANIMAL
MODEL OF HUNTINGTON DISEASE. D.-M. Chuang1, H. Wei1*, Z.

LITHIUM ACTIVATES AKT AND SUPPRESSES GLUTAMATE
-INDUCED INHIBITION OF AKT IN CEREBELLAR
GRANULE NEURONS.
E, Chalecka-Franaszek* and D.-M. Chuang. Section on Molecular
Neurobioiogy, Biol. Psych. Branch, NIMH, NIH, Bethesda, MD
20892-1272.

Qin2, W. Wei1, Y. Wang2 and Y. Qian7 ‘Section on Molecular
Neurobioiogy, Biol. Psych. Br., NiMH, 2Exp. Therap. Br., NINDS, NIH,
Bethesda, MD 20892
Neuroprotective effects of lithium on an excitotoxic animal model of
Huntington Disease (HD) in rats were investigated. Injection of
quinolinic acid (QA) into unilateral striatum caused a marked cell loss
in striatum determined 7 days later by either DI dopamine receptor
autoradiography or glutamic acid decarboxylase (GAD) mRNA in situ
hybridization histochemistry. Pretreatment with lithium chloride for
16 days before QA injection significantly reduced lesion areas from
approximately 75% to less than 50% of the contralateral control at all
lesion levels examined.
Lithium pretreatment also significantly
inhibited the appearance of apoptotic cells showing nuclear
condensation and fragmentation detected by TUNEL. Moreover, 16day lithium pretreatment almost doubled the Bcl-2 protein levels
determined by Western Blot in the damaged striatum compared to
vehicle control. Immunohistological studies in brain sections also
showed that lithium robustly increased Bcl-2 protein levels in both
striatum and cortex as compared to vehicle-treated animals.
Interestingly, one-day lithium pretreatment together with one dose of
lithium treatment after QA injection also significantly inhibited QAinduced striatal damage with simultaneous increase in Bcl-2 protein
levels. Our results raise the possibility that lithium may be used to
reduce neurodegeneration associated with HD. (Supported by NIMH,
NIH).

Our report describes a novel modulatory action of lithium and
glutamate on Akt-1 activity. We have recently demonstrated that
lithium protects against glutamate-induced excitotoxicity in cultured
brain neurons and in an animal model of cerebral ischemia. This
study was undertaken to investigate the role of Akt, a kinase activated
by phosphatidylinositol 3-kinase (PI 3-K) pathway in response to
growth factor stimulation, in mediating glutamate excitotoxicity and
lithium neuroprotection. High levels of phosphorylation and activity
of Akt-1 were detected in cerebellar neurons. Protracted treatment
with the PI 3-K inhibitors, wortmannin and LY294002, abolished Akt1 activity and induced neuronal death that could be reduced by longterm lithium pretreatment. Exposure of cells to glutamate induced a
rapid and reversible loss of Akt-1 phosphorylation and kinase
activity. The,se effects were closely correlated with excitotoxicity and
caspase 3 activation and could be prevented by phosphatase
inhibitors, okadaic acid and caliculin A. Long-term lithium
pretreatment inhibited glutamate-induced loss of Akt-1 activity and
accelerated its recovery toward the control levels. Lithium treatment
alone induced rapid increase in PI 3-K activity as well as Akt-1
phosphorylation and activation. Lithium also increased the
phosphorylation of GSK-3, a downstream target of Akt. Thus,
modulation of Akt-1 activity appears to play a key role in the
mechanism of glutamate excitotoxicity and lithium neuroprotection.
(Supported by NIMH, NIH).

241.9

241.10

EXPRESSION OF NMDA RECEPTOR SUBUNITS IS ALTERED AFTER
CONTUSIVE SPINAL CORD INJURY IN THE RAT. S.D. Grossman **, B.B.
Wolfe 2, R.P. Yasuda 2, and J.R. Wrathall *. Departments of Cell Biology1 and
Pharmacology2, Georgetown Medical Center, Washington, DC 20007.
Subunit compositions of N-methyl-D-aspartate (NMDA) receptors determine
their functional characteristics and change during development and in response to
brain ischemia. We investigated changes in NMDA subunits NR1, NR2A, and
NR2B following a standardized, contusive spinal cord injury (SCI) (lOg x 2.5cm
weight drop) at T8 in the rat. Four groups of rats (n=8-9 per group) were
compared: 1) Acute SCI at 24 hours post-injury (p.i.); 2) Chronic SCI at 4 weeks
p.i.; 3) Acute, and 4) Chronic laminectomy controls. For protein analysis, we
used quantitative Western blots of cervical, thoracic, and lumbar spinal cord
tissue. In situ hybridization was used to examine mRNA changes at a cellular
level. We found no change in NR1, NR2A, or NR2B protein levels 24 hours
after SCI. At one month, however, NR2A protein was decreased to 50% of
control levels in tissue surrounding and including the epicenter, while NR1 and
NR2B remained unchanged. At a cellular level, NR1 and NR2A mRNAs were
upregulated to 211% and 157% of control levels, respectively, in ventral motor
neurons (VMN) caudal to the epicenter. This was seen at both 24 hours and one
month p.i. Interestingly, NR1 and NR2A mRNA in rostral VMN were similar to
control at both times. NR2B mRNA was also unchanged.
The differential response of VMN rostral and caudal to the spinal cord injury
site suggests that the loss of descending innervation may play a role in regulating
NMDA receptor subunit expression. Previously we found that AMPA receptor
subunit expression was decreased in VMN at one month after SCI. Together,
these results suggest that there may be an altered ratio of NMDA: AMPA
receptors in VMN caudal to the injury site. This could affect the cellular
response to glutamate in these neurons after SCI. [Supported by NIMH NRSA
1F31MH12038-01 and NIH P01 NS28130 and NIH R01 NS 37733]

METABOTROPIC GLUTAMATE RECEPTORS IN RAT AND HUMAN
SPINAL
CORD:
A NOVEL
TARGET FOR MOTONEURON
PROTECTION. A. Valerio1* M. Paterlini1, F. Gofli1, G, Ferrari Toninelli1, M.
Benarese1, R. Kuhn2, N.J. Cairns3, M. Pizzi1. P.F. Spano1. zDiv. Pharmacol., Dept.
Biomed. Sci. & Biotechnol., Brescia University, 25123 Brescia, Italy; ^Novartis
Pharma AG, Basel, Switzerland; *Brain Bank, Inst. Psychiatry, London, UK.
We studied the expression of the different receptors belonging to the
mGluR family in the spinal cord from adult rats. RT-PCR experiments showed
high levels of mGluRla, mGluR5a and 5b mRNAs. mGluRs 2, 3, 4, and 7
mRNAs were expressed al lower levels, while mGluRs 6 and 8 were not detectable
at all. Specific antibodies were used to immunolocalize mGluRs in rat and human
spinal cord. In both species, motoneurons appeared to be labeled with antimGluRla and anti-mGluR3 but not with anti-mGluR5 antiserum. Exposure of
spinal cord slices from adult rats to 300 pM kainate for 30 min induced
motoneuron death. Lesioned motoneurons underwent morphological changes
typical of apoptosis and were positive to TUNEL staining. Kainate toxicity was
prevented by the non-NMDA receptor antagonist CNQX (5 pM) and by the nonselective mGluR agonist (1S,3R)-ACPD. Application of group I mGluR agonist 3HPG (100 pM), group II mGluR agonists 4C3HPG (50 pM) or L-CCG-1 (1 pM)
or group III mGluR agonist L-AP4 (100 pM) prevented kainate toxicity,
suggesting that, even by different mechanisms, members of all three mGluR
groups exert a protective role in motoneurons. The analysis of spinal cord autoptic
specimens from amyotrophic lateral sclerosis (ALS) patients still revealed the
presence of mGluRs in surviving motoneurons. Since excitotoxicity is relevant to
ALS pathogenesis, mGluRs may act as safety devices by which motoneurons
decrease their sensitivity to excitotoxic stimuli and suitable targets for novel
therapies.

241.11

241.12

OPIOID PEPTIDE EXPRESSION FOLLOWING EXCITOTOXIC SPINAL CORD
INJURY. K, Abraham*, K. Brewer, and J. McGinty
Dept. of Anatomy and Cell Biology, East Carolina University School of Medicine,
Greenville, NC 27858
Ischemic or traumatic spinal cord injury (SCI) in rats is known to cause anatomical,
physiological, and molecular changes within the cord. These changes may account
for behavioral syndromes that appear following injury, syndromes believed to be
related to the clinical condition of chronic pain following SCI. Previous studies have
shown that intraspinal injection of quisqualic acid (QUIS) produces an excitotoxic
injury with pathological characteristics similar to those associated with ischemic and
traumatic spinal cord injury. In addition, changes in opioid peptide expression at the
spinal level have been demonstrated in models of traumatic SCI and chronic pain.
However, because recent studies have demonstraed changes in blood flow,
excitability of neurons, and gene expression in the thalamus and cortex indicating that
behavioral changes may result from modification of neuronal substrates at supraspinal
levels of the neuraxis, we have investigated changes in mRNA expresssion of the
opioid peptides, enkephalin and dynorphin, at spinal and supraspinal levels by
quantitative in situ hybridization (ISH) following excitotoxic SCI. Male Long-Evans
rats received an intraspinal microinjection of QUIS (1.2 gL, 125 mM) at T12-L2.
After 1, 3, 5, 7, or 10 days animals were sacrificed and brain and spinal cord tissue
were removed and processed for ISH. Behavioral observation of spontaneous pain
responses post injury was also completed. PPE and PPD expression is increased in
both spinal cord and cortical areas ipsilateral and contralateral to the site of QUIS
injection at various time points post injuiy. Future studies will attempt to correlate
changes in gene expression with the onset of pain-related behaviors.
Sponsored by DA03982.

DOWNREGULATION OF GLUR2 SUBUNIT IN SPINAL MOTONEURONS
FOLLOWING VENTRAL ROOT AVULSION IN ADULT RATS.
I. Nagano13 *, K, Abe2, Y, Itoyama1, 1Dept. of Neurology, Tohoku Univ.;
2Dept. of Neurology, Okayama Univ.; ’Neurology Service, National
Yonezawa Hosp.; Sendai, Miyagi 980-8574 Japan.
Ventral root avulsion which involves pulling the root out of the spinal
cord induces the death of motor neurons in the adult rat. Since motor
neurons are reported to be selectively vulnerable to AMPA receptormediated injury in vitro, we investigated the changes in the expression of
AMPA-receptor subunits in rat spinal motoneurons after ventral root
avulsions. The L4-L5 ventral roots of adult Sprague-Dawiey rats were
avulsed by an extravertebral extraction procedure. After the appropriate
survival time AMPA-receptor subunits were detected in the L4-L5
segments using immunocytochemistry. Ventral root avulsion resulted in
a60%lossof motoneurons by 14 days following surgery. GluR2 labeling
in motoneurons was markedly decreased after avulsion but before the
onset of motoneuron death, while the GluRl and GluR4 labeling of
motoneurons remained unchanged. Intrathecal administration of CNQX
and NBQX rescued a significant number of injured motoneurons from cell
death. In contrast, MK801 and AP-5 did not prevent motoneuron death.
Because the presence of GluR2 subunit renders heteromeric AMPA
receptors Ca2+ impermeable, the downregulation of GluR2 may result in
increased formation of GluR2-lacking, Ca2+ -permeable AMPA receptors in
motoneurons and could contribute to motoneuron death after ventral root
avulsion.
Supported by Ministry of Health and Welfare of Japan, and Japan ALS
Association.
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DIFFERENT CASCADE OF CALCIUM-MEDIATING NEURONAL DEATH OF
SPINAL CORD BETWEEN CHRONIC AND ACUTE EXPOSURE TO

MECHANISMS OF GLUTAMATE EXCITOTOXICITY IN ISOLATED RAT
SPINALCORD WHITE MATTER. S. Li* and P.K, Stys. Loeb Health Research
Institute, University of Ottawa, Ontario, Canada KI Y 4K9.
Traumatic spinal cord injury frequently causes severe disability, yet treatment is
very limited, stemming from a poor understanding of the underlying mechanisms,
particularly pertaining to injured white matter tracts. Recent reports suggest that
excitotoxic mechanisms may play a direct role in damaging white matter elements.
We examined in greater detail the mechanisms of excitotoxicity using an in vitro
isolated dorsal column model of spinal cord white matter. Compound action
potentials (CAPs) were reduced after 90 min in 1 mM glutamate, and were
irreversibly diminished to 43% of control after 3 h glutamate exposure at 37°C.
AMPA (100 pM) and kainate (500 pM) had similar effects. Broad spectrum
inhibitors (1 mM kynurenic acid, 10 pM NBQX) were as protective as the specific
AMPA antagonist GYKI52466 (30 pM), reducing injury to a mean CAP amplitude
of «80% vs. «40% without antagonist. Removal of perfusate Ca was also highly
protective («90% vs. «40% in 2 mM Ca). MK-801 (10 pM) had no effect. Confocal
microscopy and immunohistochemistry were used to localize areas of damage
induced by glutamate. Staining for spectrin breakdown products was significantly
increased in astrocytes and oligodendrocytes, but not axon cylinders. In addition,
staining for degenerated (but not intact) myelin showed marked changes in
glutamate-treated tissue. Conclusion: White matter in spinal dorsal columns is
directly injured by excitotoxins in a Ca-dependent manner largely via activation of
AMPA receptors. Susceptible elements include oligodendrocyte cell bodies, myelin
and astrocytes, but not axon cylinders.
Supported in part by Ontario Neurotrauma Foundation, Natural Sciences and
Engineering Research Council of Canada, and Heart and Stroke Foundation of
Ontario.

Sawada? and S. Shimohama1* ’Dept. of Neurology, Graduate Sch. of Med. and 2Dept.
of Pharmacology, Graduate Sch. of Pharmaceutical Science., Kyoto Univ.; Kyoto,
Japan, 606-8507
Excitatory stimulation by glutamate (Glu) is implicated in many neurologic
disorders, including ischemia, trauma, and neurodegenerative disorders such as
amyotrophic lateral sclerosis (ALS). However, the mechanism of Glu-induced
neurotoxicity (GNT) might be different by the length of insult.
When cultured neurons of rat embryonic spinal cord were exposed to Glu with its
transporter inhibitor (L-trans-pyrrolidine-2, 4-decarboxylate) for 24hr, SMI32(antinonphosphorylated neurofilament-H antibod y)-positive large neurons, regarded as
motor neurons, were selectively injured through both NMDA and AMPA/kainate
receptors. This toxicity was calcium (Ca2+)/calmodulin(CaM)-dependent and nitric
oxide synthase (NOS) inhibitors attenuated this toxicity. Superoxide dismutase
(SOD) reduced this toxicity.
On the other hand, 10-min exposure to Glu produced the same survival curve in
both motor and nonmotor neurons. Ca2+ influx mainly through NMDA receptors
triggered acute GNT, but CaM-, NOS-inhibitors, or hemoglobin , a NO-scavenger
was not protective. Mn(III)tetrakis (4-benzoic acid) porphyrin, a membrane
permeable SOD mimic, significantly reduced the acute GNT. In addition, carbonyl
cyanide p-(trifiuoromethoxy) phenyl-hydrazone and dinitrophenol, protonophores
which inhibit mitochondrial Ca2+ uptake rescued spinal neurons from acute GNT.
Cyclosporin A, a mitochondrial transition pore inhibitor showed no effect.
These results indicate that Ca2+-mediating pathways differ from acute and chronic
GNT. The former includes mitochondrial Ca2+ uptake and subsequent , reactive
oxygen species production, while the latter activates cytosolic Ca2+/CaM-dependent
NOS, resulting in nitric oxide and peroxynitrite generation.
Supported by Grants-in-Aid from Ministry of Education, Science, Sports and
Culture of Japan, and grants from Ministry of Welfare of Japan

241.15
A MODEL OF EXCITOTOXIC SPINAL CORD INJURY IN THE
MOUSE: MORPHOLOGICAL AND BEHAVIORAL
CHARACTERISTICS AL Gorman, GL Ruenes, DD Sanchez and RP

Yezierski* The Miami Project and Dept. of Neurological Surgery, Univ. of
Miami School of Medicine, Miami, FL, 33136.
Previously, we reported that intraspinal injection of the AMPA-metabotropic
receptor agonist quisqualic acid (QUIS) in rats results in pathological changes
similar to those associated with traumatic and ischemic spinal cord injury
(SCI), including neuronal loss, demyelination, cavity formation, and a
prominent inflammatory reaction. The excitotoxic model of SCI also results
in the onset of spontaneous and evoked pain-related behaviors, including
excessive grooming in dermatomes associated with the spinal level of injury.
We now report similar morphological and behavioral changes in male
C57BL/6 mice following intraspinal injection of 125mM QUIS at depths
ranging from 200-600pm below the surface of the cord. Neuronal loss and
cavity formation were detected 3 days subsequent to injury, and the extent of
damage was dependent on the volume of QUIS injected (0.2-0.4 pi) and
survival time. Little or no neuronal loss was observed in vehicle injected
animals. Survival times of 10-30 days resulted in more severe neuronal loss
and cavity formation, as well as the onset of excessive grooming behavior. In
conclusion, we have developed a mouse model of excitotoxic SCI with
morphological and behavioral characteristics similar to our previously
described rat model (Yezierski et al., 1998). The results support the use of this
model in future studies related to the biochemical basis of secondary tissue
damage following SCI as well as injury induced pain behaviors in mice with
specific gene modifications. Supported by the State of Florida.

EPILEPSY: HUMAN STUDIES AND ANIMAL MODELS I

242.1

242.2

A MULTIMODALITY NEUROIMAGING METHOD TO LOCALIZE
INTERICTAL EPILEPTOGENIC FOCI. M.A. Pozo1*. A.G. Caicova? P.
Roio2, A. Maldonado3, J.A. Linera? M. Descob & R G. De Sola2. 1 Brain
Mapping Unit, Instituto Pluridisciplinar de la Universidad Complutense de
Madrid. 2Unidad de Cirugia de la Epilepsia, Hospital de la Princesa.
3Centro PET Complutense. 4Hospital Ruber International & 5Unidad de
Medicina Experimental, Hospital Gregorio Maraftdn. Madrid. Spain.
A multimodality brain image method was applied for source location of
interictal epileptogenic foci. This program allows importing images from
MRI, 18FDG-PET and EEG-dipole, providing the necessary tools for the
registration, fusion, quantification and visualisation of results.
Twelve patients with intractable temporal lobe epilepsy were studied.
Interictal EEG-dipole source, 18FDG-PET scans and morphological images
(MRI) were projected into the same three-dimensional co-ordinates
system. In eleven out twelve patients (92%), the dipolar source was
included within the 18FDG-PET hypometabolic area. Quantitative analysis
of 1SFDG-PET within hipometabolic areas showed no significant correlation
between decrease interictal 18FDG uptake and EEG-dipole source. Eight
patients were operated on the side of the focus identification and had a
post-surgery outcome of Engel I (5/8) and Engel II (3/8).
Combining the spatial accuracy of 18FDG-PET and MRI data with the
temporal accuracy of EEG-dipole source aids in the exact localization of
the epileptogenic focus. This information is quite useful in surgical
candidates for intractable temporal lobe epilepsy.

ISOFLUORANE-INDUCED EPILEPTIFORM ACTIVITY IN THE DENTATE
GYRUS OF THE KAINATE-TREATED RAT: A MODEL OF DRUGREFRACTORY SEIZURE ACTIVITY. C.H.Large, K.Brackenborough, E.Southam
and R.M.Hagan*, Dept. of Neuroscience, GlaxoWellcome, Stevenage, SGI 2NY, UK.
Temporal lobe seizures arising from foci in the hippocampus and entorhinal cortex
account for a large proportion of seizures that are refractory to current drug treatment.
Rats treated with kainic acid (KA) develop spontaneous seizures with pathology similar
to human temporal lobe epilepsy. However, the effects of anticonvulsant drugs can
only be studied in this model with complex video-EEG monitoring of the behavioural
seizures. Isofluorane (ISF) at low anaesthetic concentrations (l.6% MAC) can induce
epileptiform EEG spiking in the hippocampus of normal rats; rats previously treated
with KA show increased severity of ISF-induced spiking (>3-fold increase in activity,
n=47, p<0.001). We have investigated the effects of three anti-convulsant drugs on
EEG spiking in rats treated with KA (I2mg/kg, i.p.) 2-5 months previously. Field
recordings were made from the dentate gyrus of rats anaesthetised with l.6% ISF.
Epileptiform spiking was characterised by short, regular bursts (0.5-1 second duration,
18 bursts per minute) of high-amplitude (2-5mV) field potentials. Sodium valproate
(300-1000 mg/kg i.p., n=10) and pentobarbital (12-40mg/kg i.v., n=8) blocked the
activity in a dose-dependent manner. However, carbemazepine (lOOmg/kg i.p., n=4)
had no effect. These results suggest that epileptiform spiking induced by ISF in
kainate-treated rats may be reduced only by high doses of drugs acting primarily
through GABA, and not at all to drugs acting primarily at sodium channels. Feedback
inhibition in the dentate gyrus, measured using a paired-pulse protocol, suggests that
inhibitory processes are already enhanced in kainate-treated rats, perhaps leaving little
room for further enhancement except by high doses of the GABAergic drugs. The
inability of carbemazepine to block epileptiform spiking could suggest that the activity
is not dependent on sodium channel activation; however, further studies with other
sodium channel inhibitors will be required to support this. This model may provide a
simple means to investigate the efficacy of novel drugs to treat temporal lobe epilepsy.

Supported by grant from Comunidad Autdnoma de Madrid (08.5/0014)
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242.4

ATYPICAL ABSENCE EPILEPSY: EEG, BEHAVIORAL,
PHARMACOLOGICAL, AND DEVELOPMENTAL ASPECTS OF AN ANIMAL
1.2
11
MODEL O, C, Snead III *, and M, A, Cortez Div. Neurol., Hosp. for Sick
2
Children, Dept. Pediatr., Univ. Toronto, Toronto, Ontario, Canada M5G 1X8
Atypical absence seizures are a common component of malignant Pediatric
epilepsy syndromes. We have characterized absence-like seizures in rat
induced by administration of a cholesterol synthesis inhibitor during
development (Smith and Bierkamper, Eur J Pharmacol 1990; 176: 45-55).
Neonatal Long Evans hooded rats were treated chronically from postnatal
day (PD) 2 - 50 with AY-9944 (AY) or vehicle. On PD 50 bipolar EEG
recordings were made from thalamus, hippocampus and cortex in
unrestrained animals to characterize and quantify the resultant AY-induced
spike-and-wave discharges (SWD). The effect of a number of anti- and proabsence drugs on AY-induced SWD also was determined. Finally, EEG was
recorded from epidural electrodes in AY- treated and control animals from
PD12to PD33.
AY treatment resulted in spontaneous, bilaterally synchronous SWD, which
were recorded from thalamus, cortex, and hippocampus. The SWD were
associated with behavioral arrest, facial myoclonus, and vibrissal twitching.
These absence-like seizures were attenuated by ethosuximide, and a
GABAb receptor antagonist, and exacerbated by (-) baclofen,
carbamazepine, and y-hydroxybutyric acid. The developmental studies
showed the initial appearance of SWD after 3 injections of AY in 52 % of
animals at PD12. SWD occurred in 100% of animals > PD 21 treated with AY.
Since the SWD emanate from hippocampus as well as from thalamus and
cortex, the AY-9944 treated animal is a model of atypical absence epilepsy.
This model may have particular utility in the investigation of malignant
Pediatric epilepsy syndromes, which have an atypical absence seizure
component, e.g. Lennox Gastaut syndrome.
Support: MRC Canada; The Bloorview Children's Hospital Foundation

CEREBRAL GABA IN CHILDHOOD GENERALIZED EPILEPSY. E J
Novotny, Jr.1,2* F Hyder3, G Mason4, and D L Rothman3. Dept. of 'Pediatrics,
2Neurology, 3Diagnostic Radiology and, 4Psychiatry, Yale Univ.; New Haven, CT
06510.
The etiology of generalized epilepsies is unknown in greater than 80% of cases.
The majority of generalized epilepsies has onset in childhood and likely has a genetic
basis. Alterations in GABA physiology may play an important role in these types of
epilepsies. Cerebral GABA levels were measured in 14 subjects with generalized
epilepsy and 11 control subjects (5 -16 years) using proton NMR spectroscopy.
Proton spectra were acquired on a 2.1 Tesla, 1 meter bore magnet equipped with an
extensively modified Bruker spectrometer. The NMRS measurement of GABA was
obtained from a 12-18 cc volume in the occipital lobe. Usually two independent
measurements were obtained during each study.
As a group the subjects with
generalized epilepsy had a significantly lower GABA concentration in the occipital
lobe than controls (0.92 + 0.3 vs. 1.5 + 0.1 mM, p < 0.01). There was a trend for
subjects with cryptogenic (symptomatic) generalized epilepsies (0.8 + 0.3 mM, n=8)
to have lower GABA levels than subjects with idiopathic epilepsies (1.1 +0.3 mM,
n=6). These results are the first to identify changes in steady-state concentrations of
cerebral GABA in human generalized epilepsies. Further in vivo NMRS studies
measuring the turnover of GABA and glutamate can be performed to elucidate the
mechanisms by which these changes occur. These NMRS studies can be combined
with molecular genetic techniques to help identify the molecular basis of generalized
epilepsies and guide pharmacological therapies.
Supported by NS-38175, NS-37203, NS-32126, and RR-06022

242.5

242.6

MOTOR
IMPAIRMENTS
AND
DISABILITY
OUTCOMES
POST
HEMIDECORTICECTOMY IN CHILDREN WITH EPILEPSY: A FOLLOW UP
STUDY. C. Graveline13*, T. Fitzpatrick1, G. Bone13, C. Shikolka1, P.A. Hwang2,
Departments of 'Rehabilitation Services and 2Neurology, The Hospital for Sick
Children, ’Department of Physical Therapy, University of Toronto, Toronto, Ontario,
Canada, M5G 1X8.
Gross motor, fine motor, disability and neuroimaging evaluations of children post
hemidecorticectomy have provided insight into the predictive factors and impact of
this surgery (1,2,3,4). The influence of development after surgery has not been
assessed. This study includes 6 post op children assessed according to a standardized
protocol using the Gross Motor Function Measure (GMFM), the Quality of Upper
Extremity Skills Test (QUEST), the Activity Scale for Kids (ASK) and the Pediatric
Evaluation of Disability Inventory (PEDI) (1,2). All the children have improved their
gross motor abilities: GMFM global change scores (GCS): 1.4% to 30.2%. The fine
motor function of the upper extremities (U/E) has declined in 2 children: QUEST:
hemiparetic U/E GCS: - 8.0% to -9.8%; healthier U/E GCS: - 17.6% to - 43.9%; and
marginally increased in 3 children: QUEST: hemiparetic U/E GCS: 4.7% to 12.7%;
healthier U/E GCS: 0.8% to 11.1%. The disability levels of the children over 5 years
of age show variable results on the ASK. The disability levels of the children under 5
years of age have increased for all domains of the PEDI. These results indicate that
development plays a key role in the acquisition of gross motor skills but seems
limited in the refinement of fine motor function after surgery. Over time the
children’s abilities have improved, however, the gap with their norm reference group
continues to grow. Supported by the Bloorview Children’s Hospital Foundation. 1.
Graveline C, Hwang PA, Bone G et al: J. Child Neurology, in Press, 1999. 2.
Graveline C, Young N, Hwang PA: J. Child Neurology, in Press, 1999. 3. Graveline
C, Hwang PA, Mikulis D et al: Pediat. Neurology, 19: 337-342, 1998. 4. Muller, RA, Rothermel RD, Behen M, et al: Neuroreport, 8:3103-3108, 1997.

NEUROCHEMICAL FACTORS IN BLOOD OF CHILDREN WITH
SEIZURES. O.V. Globa*, E G. Sorokina, O.I.Maslova, V.G.Pinelis . Departments
of Neurological Diseases and Membranology, Inst, of Pediatrics, Scientific
Center of Children Health, RAMS, Moscow 117963, Russia
There are indications, that damage of central glutamatergic neurons in seizures
results in the appearance of autoantibodies (aAB) to glutamate (Glu) receptors
which can be detected in blood serum (SFN abstracts 1996,1997).
Overstimulation of these receptors by Glu activates intraneuronal NO-syntase
and increases the release of nitric oxide (NO). NO trough soluble guanylate
cyclase activation increases the cGMP synthesis. In the present work the
diagnostic significance of aAB to GluRl receptors and the cGMP levels was
estimated using ELISA kits. In children with seizures the significant (p<0,05)
increases of the aAB level (more than 1,5-2 times vs. control group) was
revealed. The aAB content was correlated witii the severity of seizures. The aAB
level was higher than control level in 92% when the epileptiform activity on
EEG was revealed. Tlie high level of cGMP (in 4-7 times vs. control group)
(p<0,001) was observed in children with seizures. The positive correlation
between tlie aAB level and cGMP content was revealed. In dynamic examination
( 6 months - 3 years) of children with different forms of epilepsies and seizures
we obtained the following results: in children with remission of epilepsy more
than 6 months the level of aAB was lower than in children with active epilepsy,
in 66% was decreased even to control level. But the cGMP content was
unexpectedly very high. We suppose the protective role of cGMP in these cases.
In children with severe epilepsy without remission (tuberous sclerosis) having
very high level of aAB (3,5-7,5 ng/ml) the concentration of cGMP was very low
and decreased to control level. We suggested that data obtained by us indicate
the massive damage of neurons induced by the glutamate receptors
overstimulation.

242.7

242.8

MORPHOLOGICAL AND ELECTROPHYSIOLOGICAL ABNORMALITIES IN
CORTICAL NEURONS REVEALED BY INFRARED VIDEOMICROSCOPY AND
WHOLE-CELL PATCH CLAMP RECORDINGS IN PEDIATRIC CORTICAL
DYSPLASIA. C, Cepeda*, R.S. Hurst, J. Flores-Hernandez, G.J. Klapstein, G.W.
Mathem' and M.S. Levine. MRRC and 'Division of Neurosurgery, University of
California, LA, CA 90024, USA.
Cortical dysplasia (CD) is characterized by anatomical malformations of the cerebral
cortex and the presence of cytomegalic, dysmorphic neurons. These cells may provide
the morphological and electrophysiological substrate for the generation of epileptic
discharges. We used Nomarski optics and infrared videomicroscopy to visualize
neurons from neocortical slices (350-400/un) obtained from children undergoing
epilepsy surgery. Slices were perfused with artificial cerebrospinal fluid and constantly
oxygenated. Voltage clamp recordings were made with patch micropipettes containing
Cs-methanesulfonate solution. Drugs (N-methyl-D-aspartate, kainate and y-amino
butyric acid) were applied iontophoretically. Slices from patients with pathologies
other than CD (e.g. Rasmussen’s encephalitis) did not contain dysmorphic neurons as
judged by histopathologic criteria. Recordings demonstrated normal voltage- or ligandgated currents. Biocytin staining showed that non-CD neurons were normal-appearing
pyramidal cells. In contrast, in cases of severe CD, unusually large cells (somatic area
>2Q0/zm2) were present and these displayed abnormal voltage- and ligand-gated
currents. Several cells lacked a complement of voltage-gated currents and did not
respond to glutamate receptor agonists. The morphology of biocytin-filled cells was
also abnormal. Many dysplastic cells showed patterns of dendritic elaboration more
like immature or undifferentiated neurons, although they immunostained for neuron
specific proteins. These results indicate that there is a good correlation between
abnormal neuronal morphology and electrophysiological alterations in neocortical
tissue obtained from pediatric cases of CD. These abnormal properties could play a
role in the generation of seizures. Supported by USPHS NS 28383,38992 and 36536.

A SPECIFIC INCREASE IN BRAIN-DERIVED
NEUROTROPHIC FACTOR LEVELS AND
ITS CORRELATION WITH NEUROPEPTIDE Y IN PATIENTS
WITH TEMPORAL LOBE EPILEPSY.
M.Takahashi!4*. S. HayashLLA, Kakital, M, Fukuda2, S. Kameyama2.
H, Takahashil. T. Someya3, and H, Nawal, 1) Brain Res. Inst., Niigata
Univ., Niigata 951-8510, 2) Natl. Nishi-Niigata Chuo Hosp., Niigata 9502085, 3) Dept. Psychiatry, Niigata Univ. Sch. Med., Niigata 951-8510, 4)
Natl. SaigataHosp., Niigata949-3193, JAPAN.
Seizures and kindling in laboratory animals have served as an
experimental model for human epilepsy.
However, the biological
correlation between human epilepsy and its models has not yet been
fully characterized. Seizures in rodents have been shown to increase the
expression of brain-derived neurotrophic factor (BDNF) and nerve growth
factor (NGF), both of which neurotrophins have been implicated in
epileptogenesis or its pathology. In the present study, we measured
levels of BDNF, NGF and neurotrophin-3 (NT-3) in the temporal
neocortical tissues obtained at surgery from patients with intractable
temporal lobe epilepsy (TLE). A two site enzyme immunoassay revealed
that levels of BDNF protein were increased in patients by 2.6-fold (p <
0.01) compared to the controls. In contrast, no change was observed in
those of NGF and NT-3 proteins, which differs from the result in the*
animal models. Further, neuropeptide Y (NPY) contents in the same
tissue samples showed significant correlation with levels of BDNF (r =
0.80, p < 0.001). These data provide strong evidence for the activitydependent regulation of BDNF in human subjects, and suggest a
pathophysiological contribution of BDNF to human epilepsy via NPY.
Supported by RFTF-96L00203.
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IMPLICATIONS FOR THE DYNAMICS OF TEMPORAL LOBE SEIZURES
DERIVED FROM MULTIVARIATE AUTOREGRESSIVE ANALYSIS OF
ELECTROENCEPHALOGRAMS. M.A. Repucci. N.D. Schiff, and J.D. Victor*.
Department of Neurology and Neuroscience, Weill Graduate School of Medical
Sciences of Cornell University; New York, NY 10021.

STEREOLOGICAL ESTIMATE OF NEURONAL DENSITY IN THE

In order to characterize disturbances in neural circuitry associated with
epileptic seizures, physiologically meaningful and numerically robust methods of
evaluating the electroencephalogram (EEG) are required. Principal components
analysis (PCA) is commonly employed to resolve the spatiotemporal aspects of the
EEG into components. However, this resolution is only unique to the extent that
EEG components may be assumed to be orthogonal. Linear autoregression (LAR) is
a technique for describing the dynamics of a single EEG time series by creating a
linear model based on its prior behavior, and can be extended to include nonlinear
contributions (NLAR). We describe here a novel combination of these methods
based on the physiologically inspired idea that the EEG may be decomposed into
autonomous and hierarchically dependent generators.
To surmount the ambiguity of PCA, we created multichannel linear
autoregressive (MLAR) models for the first few principal components (PCs) of
EEG recordings. We then considered rotations of these components that were
consistent with a hierarchical interrelationship of the autoregressive coefficients
across channels, and submitted the rotated components to NLAR. We applied this
approach to electrocorticographic records of temporal lobe seizures in two patients.
As previously reported (Schiff et al. 1999), dynamical analysis of the standard
principal components revealed nonlinear terms, but only in components that
accounted for a small fraction of the variance. Here, we transform these principal
components in a manner that is determined by a hierarchical decomposition. In the
two data sets analyzed, this reorganization shifts the nonlinear terms into the more
autonomous components of the hierarchy. These results suggest that this mode of
combining PCA and autoregressive modeling may help to understand the
underlying dynamics of neural circuitry.

603

NEOCORTEX OF PATIENTS WITH TEMPORAL LOBE EPILEPSY.

S. Both well l'2J. C. NowlanJ. M. Farrell2. J. Phillips2. H. Staunton2. C. Doherty2, and
G. Meredith*l-2. Depts. of Anatomy1 and Clinical Neurological Sciences2, Royal
College of Surgeons in Ireland; Dept. of Zoology3, Trinity College, Dublin 2, Ireland.
The contribution of the neocortex to seizure genesis in Temporal Lobe Epilepsy
(TLE) is significant, yet little is known of the type or extent of changes that occur. A
significant reduction in temporal lobe volume in TLE using unbiased, quantitative
MRI scans has been reported. The reason for this volume reduction is unknown.
Immunocytochemical studies have suggested a loss of inhibitory intemeurons
expressing calcium-binding proteins in TLE neocortex, but these findings have not
been quantified. The purpose of this study was to determine, using unbiased,
stereological techniques, if there is a loss of neurons in the TLE neocortex.
Brain tissue was obtained from patients undergoing surgery for the treatment of
intractable TLE, and at autopsy, from age-matched, neurologically normal individuals.
The temporal lobes were immersion-fixed in paraformaldehyde. Uniform sampling of
the neocortex was performed on sections stained with cresyl violet. Estimates of
neuronal densities were assessed using the optical disector technique assisted by a
computer-based system. From each lobe, 9-16 sections were sampled and the
coeffecient of error was less than 10%. Adjacent sections were immunoreacted for
Calbindin D28« (CB). Results demonstrate a decrease in neuronal density in the TLE
neocortex (mean: 6.6x107 neurons/cm3) compared to the autopsied neocortex (mean:
8.1xl07 neurons/cm3). Further results reveal an increase in CB immunoreactivity and
in the types of neurons expressing this protein in TLE lobes as compared to controls.
An elevation in CB expression may be a neuroprotective response to seizure activity.
Clearly, the phenotype associated with the loss of cells in the TLE neocortex needs
further elucidation, since CB does not seem to be a contributing factor.
This research was supported by the Health Research Board, Ireland.

242.11

242.12

REORGANIZATION OF GABAa -RECEPTOR SUBTYPE EXPRESSION
IN THE CA2 AREA OF THE HIPPOCAMPUS IN HUMAN TEMPORAL
LOBE EPILEPSY. F. Loup1*. H.G. Wieser2, A, Aguzzi4, Y. Yonekawa3and
J.-M. Fritschy1, ’institute of Pharmacology, Departments of 2Neurology,
3Neurosurgery and 4Neuropathology, University of Zurich, CH-8057
Zurich, Switzerland.
In temporal lobe epilepsy (TLE) associated with hippocampal sclerosis
(HS), CA2 is the most resistant to neuronal cell loss in the hippocampus.
Previous results indicate that CA2 pyramidal cells have unique Ca2+
buffering and electrophysiological properties. In this study, the distribution
of the major GABAA-receptor subunits al, a2, a3, {32,3, and y2 was
investigated immunohistochemically in the CA2 area of resected
hippocampi from TLE patients with HS, using autopsy and TLE specimens
without HS as controls. In all specimens, a laminar distribution was
observed with distinct patterns of a-subunit immunoreactivity (IR) and
comparable [32,3- and y2-subunit IR. In TLE with HS, marked changes were
observed for each subunit. a2-subunit IR was upregulated in all layers
despite pyramidal cell loss. In contrast, a3-subunit IR disappeared from the
pyramidal cell somata while being intense on apical dendrites. Staining for
the a 1-subunit was virtually unaltered in pyramidal neurons from TLE
specimens with HS. The most striking layer-specific changes were seen in
the numerous intemeurons selectively positive for the al-, [32,3-, and y2subunits. In stratum moleculare, the density of these intemeurons was
increased, while in stratum pyramidale almost all had disappeared. These
results demonstrate considerable reorganization in GABAA-receptor subunit
expression and GABAergic neurons in CA2 of TLE specimens with HS,
which may account for the resistance of pyramidal cells in this field.
Support: OTT Foundation and Swiss National Science Foundation.

LOSS OF DYNORPHIN-MEDIATED INHIBITION OF VOLTAGEDEPENDENT CA2+ CURRENTS IN HIPPOCAMPAL GRANULE CELLS
ISOLATED FROM EPILEPSY PATIENTS IS ASSOCIATED WITH MOSSY
FIBRE SPROUTING M, Jeub1, A, Lie1*. I. Bliimcke2 C.E, Eiger1 and H, Beck1.
‘Dept. of Epileptology, 2Dept. of Neuropathology, University of Bonn Medical
Center, D-53105 Bonn, FRG
The endogenous k receptor selective opioid peptide dynorphin is activitydependently released from hippocampal dentate granule cells (DGCs) and inhibits
glutamate receptor-mediated neurotransmission and voltage-dependent Ca2+ channels.
Since dynorphin may be important in limiting excitability in human epilepsy, we have
investigated its effects on voltage-dependent Ca2+ channels in DGCs isolated from
hippocampi removed during epilepsy surgery.
One group of patients showed classical Ammon’s hom sclerosis characterized by
segmental neuronal cell loss and astrogliosis (AHS). Prominent dynorphin
immunoreactive recurrent mossy fiber terminals were present in the inner molecular
layer of the dentate gyrus. A second group displayed lesions in the temporal lobe that
did not involve the hipppocampus proper. All except one of these specimens showed
a normal pattern of dynorphin immunoreactivity without mossy fiber sprouting. In
these specimens, the application of the k receptor selective opioid agonist dynorphin
A ([D-Arg6] 1-13, luM) caused a reversible and dose-dependent depression of
voltage-dependent Ca2+ channels in most DGCs. These effects could be antagonized
by the non-selective opioid antagonist naloxone (lpM). In contrast, significantly less
DGCs displayed inhibition of Ca2+ channels by dynorphin A in patients with mossy
fiber sprouting (Chi-square test, p<0.0005).
The lack of dynorphin A effects in patients showing mossy fiber sprouting
compares well to the loss of k receptors on DGCs in AHS but not lesion-associated
epilepsy. Our data suggest that a protective mechanism exerted by dynorphin release
and activation of k receptors may be lost in hippocampi with recurrent mossy fiber
sprouting. Supported by DFG EL 122/7-1, BONFOR and the SFB400

242.13

242.14

COMPARISON OF LINEAR AND NONLINEAR ANALYSIS OF EEG FOR

ALTERED EXPRESSION OF NPY-Yi AND -Y2 RECEPTORS IN THE
HIPPOCAMPUS OF PATIENTS WITH MESIAL TEMPORAL LOBE EPILEPSY.
CL Sperk1*, s, Kandlhofer13. S, Furtinqer1, T, Czech2, and
Baumgartner3.1Dept. of Pharmacol, 6020-lnnsbruck, and University
Clinics of 2Neurosurgery and 3Neurology, 1090-Wien, Austria.
Strong increases in the expression of neuropeptide Y (NPY) and of
NPY-Y2 receptors in granule cells/mossy fibers, and down-regulation
of NPY-Y1 receptors in the molecular layer of the dentate gyrus have
been found after kainic acid-induced limbic seizures in the rat. To asses
the relevance of these findings for human temporal lobe epilepsy, we
now investigated changes in NPY-immunoreaetivity and Yi and Y2
receptor binding in surgically removed hippocampi of mesial temporal
lobe epilepsy patients (n=12) as compared with post-mortem
specimens from non-neurologically diceased patients (n=9). In
accordance with previous findings by DeLanerolle et al., we observed
marked increases in NPY-positive fiber staining in the dentate gyrus.
In the hippocampus of post mortem controls, Yi receptor binding was
mainly observed in the dentate molecular layer. Y2 receptor binding
was high in the dentate hilus and the strata radiatum and oriens of CA1
to CA3. In the hippocampi of epilepsy patients, Yi receptor binding was
significantly reduced. In contrast, a strong increase in Y2 receptor
binding was observed in the dentate hilus. It has been previously
suggested that NPY may exert proconvulsive effects through Yi
receptors and an anticonvulsive action, mediated by presynaptic
inhibition of glutamate release, by Y2 receptors. The neurochemical
changes therefore may represent protective mechanisms in epilepsy.
Supp. by the Austrian Ministery of Sci. and Austr. Sci. Found.

SEIZURE ONSET PREDICTION. TI Netoff*l, K Jerger 2, S Weinstein 3, T Sauer
2, L Pecora 4, E Barreto 2, J Francis 1, P So 2, BJ Gluckman 2, SJ Schiff 2. 1 George
Washington University, Washington D.C.. 2 Kransow Inst, and depts of psychology
and physics, George Mason University, Fairfax, VA. 3 Children’s National Medical
Center, Washington DC. 4 Naval Research Laboratory, Washington DC
Electroencephalogram (EEG) recordings have long been used in an attempt to
predict epileptic seizures. Several groups have recently applied nonlinear analysis
techniques to predict seizure onset The results of these techniques have implied that
there are subtle changes in the dynamics of the EEG prior to seizures.
We compared linear and nonlinear analysis techniques for predicting seizure
onsets. The analyses were performed on EEG recordings from 64 subdural electrodes
in humans with intractable epilepsy prior to resection. We looked at several
measures of the dynamics interictally, pre-ictally and during, a seizure. All 64
channels were analyzed in ten second windows using two linear techniques and two
nonlinear techniques. The first linear technique, principal component analysis,
counted the number of principal components of all 64 channels necessary to explain
95% of the total variance in the window. The second linear technique integrates the
correlation matrix and is equivalent to summing the crosscorrelation between all
channels. The first nonlinear technique, the correlation integral, is used to extract the
fractal dimension of the EEG. Lastly, a nonlinear technique that measures continuity
was used which measured how closely the relation between EEG channels resembled
a function. AU four techniques were used to predict the onset of a seizure.
Linear analysis revealed significant changes in the correlation between channels
prior to tlie seizure. The nonlinear techniques revealed changes at the same times. It
is not clear that the results observed from nonlinear techniques provide information
beyond u hat is observable from these linear techniques
Supported by: NIH grants: 1F3MH12421,7K02MH01493,2R01MH5006 and
NSF grant IBN97-27739
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A NOVEL METHOD FOR BI- OR TRIDIMENSIONAL EEG MAPPING BY
BIHARMONIC SPLINES INTERPOLATION FROM CONVENTIONAL
PAPER/INK RECORDINGS. I. Gonzalez1 and A. Eblen-Zaiiur2* 1Dpto.

QUANTIFICATION OF CELL LOSS AND MOSSY FIBER SPROUTING IN
PATIENTS WITH TEMPORAL LOBE EPILEPSY.
E.A. Proper G.H. Jansen3, C.W.M. van Veelen2, P.C. van Riien2, W.H. Gispen’
and P.N.E. de Graan’* ’Rudolf Magnus Institute for Neurosciences, Utrecht
University, Utrecht. Depts of 2Neurosurgery and ’Pathology, Academic Hospital
Utrecht, Utrecht, the Netherlands.

Matematicas, Facultad de Ciencias y Tecnologia; 2Laboratorio de
Neurofisiologia, Dpto. Ciencias Fisioldgicas, Facultad de Ciencias de la
Salud, Universidad de Carabobo, P.O. Box 3798, El Trigal, Valencia,
Venezuela.
EEG imaging is a modem and useful technique for functional evaluation
of the electrical brain activity but its cost is a limitation for a wide clinical
uses. In the present study a low cost technique to obtain not only contour
and 3D maps but also continuous movie map display from conventional
EEG recordings was implemented. Amplitude wave was measured with a
standard template from conventional 8 to 16 channel EEG paper
recordings performed with 10-20 monopolar montage in one or both
hemispheres. The skull was idealized to an ellipsoid with classical
anatomical landmarks. A user friendly interface allows the selection of
montage, the input of amplitude values and the beginning of the
interpolation, display and analysis process. Brain field potential was
reconstructed from amplitude measurements by a biharmonic splines
interpolation algorithm on a conventional Pentium® based computer. The
interpolated surface was represented on a skull with a triangular grid. The
field potential was displayed as a pseudocolor or gray scales with user
defined number of levels. These 3D maps can be rotated, zoomin or
zoomout and printed for clinical reports. Movie animating voltage change
over time is obtained by processing sequential amplitude measurements.
Off-line statistical analysis of map differences is also available. Supported
by CDCH - Universidad de Carabobo -N° 2236, Venezuela.

Hippocampal sclerosis (HS) is a common derangement in many patients with
temporal lobe epilepsy (TLE). Neuronal cell loss in the hilus is accompanied by
mossy fiber sprouting. These new sprouts may form synapses onto granule cells
and may thus cause recurrent excitation that may contribute to the generation of
seizures. To characterize this sprouting process we determined neuronal density,
and synaptophysin-, GFAP- and B-50 (GAP-43)-immunoreactivity (ir) in human
hippocampal specimen from patients with pharmaco-resistant TLE. Patients were
classified into two groups: with and without HS. Non-epileptic autopsy tissue served
as controls. Mossy fiber sprouting was investigated using the Timm’s staining in
three groups of TLE patients: non-HS, moderate HS and severe HS. All stainings
were quantified by image analysis.
Our results show that: 1) In non-HS patients all hippocampal subareas have cell
loss compared to controls. In the HS group further cell loss was observed, which
was accompanied by increased GFAP-ir and reduced synaptophysin-ir (-40%). 2)
In the HS group, mossy fiber sprouting was found in the supragranular layer (SGL)
of the dentate gyrus, concomitant with increased synaptophysin- and B-50-ir.
(+25%). 3) Sprouting showed a positive correlation with the degree of sclerosis.
Our data confirm that the sclerotic hippocampus displays severe cell loss,
astrogliosis and mossy fiber sprouting into the SGL. The hippocampal cell loss in
non-HS patients indicates that these patients have dual pathology. The high levels
of synaptophysin- and B-50-ir in the SGL indicates that functional synapses are
formed and that mossy fiber sprouting is ongoing. Our data show that quantification
of sprouting is a valuable tool in the neuropathological diagnosis. (This study is
supported by The Epilepsy Fund of The Netherlands, grant nr. 96-04)

242.17

242.18

FOCAL DELTA AND INTERICTAL EPILEPTIFORM EEG ACTIVITY
LOCALIZED BY ELECTRIC SOURCE RECONSTRUCTION IN PATIENTS
WITH SYMPTOMATIC EPILEPSY AND FOCAL EPILEPTOGENIC LESIONS.
H.-J. Huppertz1, E. Hof1 and R. Kristeva-Feige1*. ’Dept. Neurology, AlbertLudwigs-University, BreisacherstraBe 64, D-79106 Freiburg.
The present study was aimed at investigating the accuracy of electric source
reconstruction in a series of 14 epilepsy patients with focal intracerebral
epileptogenic lesions. Two approaches were used: equivalent dipole modeling
applied to (1) focal delta EEG activity, suggested to be a marker of regional cortical
dysfunction associated with epileptogenic lesions, and (2) interictal epileptiform
activity suggested to be generated in the irritative zone.
Spontaneous EEG activity was recorded over 15 minutes using a 64-channel EEG
system. Source reconstruction based on a single equivalent moving dipole model
and a boundary element head model (CURRY®, software) was applied to the peak
of averaged epileptiform potentials. For the analysis of delta activity, the EEG was
band-pass filtered (1 - 3.5 Hz) and then subjected to a principle component analysis
to select periods of time showing one predominant component in the filtered EEG.
To integrate the localization results over time, a dipole density was calculated in a
voxel-based manner.
In 6 out of 9 patients showing focal delta EEG activity, the maximum of dipole
density was found closer than 10 mm to the nearest margin of the lesion, mostly at
the immediate border or within pathologically altered cortical tissue. In all 11
patients with interictal epileptiform EEG activity, the localization results were found
in the same lobe as the MRI-verified lesion, in almost half of them closer than 10
mm to the nearest lesion margin.
The method of electric source reconstruction applied to both abnormal slow and
interictal epileptiform EEG activity seems to be a valuable additional non-invasive
component in the multimodal presurgical evaluation of epilepsy patients.

LAMINAR ANALYSIS OF HUMAN INTERICTAL SPIKES. I, Ulbert1’2*,
G. Heit1, E. Halgren3, L. Shuer1, G. Karmos2. ’Dept. of Neurosurgery, Stanford
Univ. Med. Center, Stanford, CA 94305; 2Institute for Psychology of the
Hungarian Academy of Sciences; 3Dept. of Radiology, Univ. of Utah.
The synaptic mechanisms of human interictal spike generation were studied
using intracortical Field Potentials (FP) in patients undergoing temporal lobe
resection because of intractable epilepsy. Synaptic activity was localized using
Current Source Density analysis (CSD) from high-resolution maps of FPs.
Simultaneous Multiple-Unit Activity (MUA) lends convergent information to
the definition of sources of synaptic activation.
In vivo recordings were performed acutely, during surgery, or during
subacute intracranial recordings for seizure focus localization. Recordings were
made using a 24 contact linear array multielectrode with an inter-contact
distance of 200pm. The spatial FP gradient was amplified, filtered and digitized.
CSD and MUA profiles were calculated off-line.
To date, successful recordings have been done in five patients from
neocortex and hippocampus in the intraoperative setting, and in one patient
during subacute subdural electrode implantation.
The neocortical interictal spike complex was found to have a tri-phasic FP
gradient shape. An initial large brief negative spike occurs in laminae II-III
followed by a slower positive wave in the upper layers. This complex complex
ends with a small slow negative deflection in layer II. CSD and MUA reveals a
brief lamina II-III source accompanied by MUA increase in layer II together
with a large superficial sink. A delayed sink-source oscillation occurs in layer V
together with an MUA increase. These results correspond well to animal models
suggesting that the primary generator of epileptic spikes is in lamina II and m,
followed by a deeper delayed activation.
Supported by HFSPO-RG26/96, USPHS-NS1841, and ONR.

242.19

242.20

PERSISTENT SODIUM CURRENTS IN SUBICULAR NEURONS FROM
TEMPORAL LOBE EPILEPSY PATIENTS R.M. Etnpson1*, M.
Vreugdenhil1,2 and W.J. Wadman2. 'Dept. of Neurophysiology, University of
Birmingham, Edgbaston, BI5 2TT, Birmingham, United Kingdom. 2Inst. for
Neurobiology, University of Amsterdam, Kruislaan 320, 1098 SM,
Amsterdam, The Netherlands.
Intrinsic burst-firing neurons of the subiculum are involved in the spread
and amplification of epileptic activity. The burst firing capability is thought
to depend on a persistent sodium current. We measured whole-cell sodium
currents in pyramidal neurons acutely isolated from the subiculum resected
in drug-resistant epileptic patients and in rats.
In half of the cells from both patients and rats the contribution of a TTXsensitive persistent sodium current was > 5% of the peak current amplitude
at -30 mV s. This persistent sodium current activated with normal kinetics
but the voltage dependence of activation was 7 mV more hyperpolarised
compared to the transient sodium current. The slope parameter of the voltage
dependence of steady-state inactivation of the persistent current was
increased compared to the transient sodium current. The voltage dependence
and kinetics of the persistent sodium current in cells from patients was not
different from that of control rats but its current density and the relative
contribution was 3 times larger in drug-resistant epilepsy patients.
The persistent sodium current exist in half of the subicular neurons and
may account for the intrinsic burst firing. The extraordinary big persistent
sodium current in a subset of subicular cells from patients may contribute to
the intractability of seizures in these patients.
Supported by the Dutch Organisation for Scientific Research.

COMPOSITION OF POSTSYNAPTIC DENSITIES (PSD) ISOLATED FROM
THE HUMAN EPILEPTIC BRAIN. J.S. Madden1, M.L. Savoy1, M. Bose1, R.
Hernandez’’1, and N.S. Nadi1,2.’Nav. Med. Res. Ctr., Bethesda MD, 20899; G.
Washington Univ., Washington, DC 20037.
The occurrence of synaptic modification and rearrangement in the epileptic
region has been documented for several animal models of epilepsy as well as the
human brain. Based on this knowledge we wanted to determine whether the
structural composition of the PSD isolated from the epileptic brains would present
differences when compared to control brains. We modified the method of Carlin et
al. (J. Cell Biol. 96:443,1983) to isolate PSD from very small regions of human
epileptic brain removed at surgery for the treatment of intractable seizures. The
spiking temporal lobe or the hippocampus was used to prepare the PSD. Control
tissues were autopsied brains. Western blots of die PSD were analyzed. The
coomassie blue stain of the Western blots revealed a profile of proteins very
similar to that described in the rat We determined by immunoblots that all PSD
isolated contained CAMKII, the glutamate receptors GluRl and NMDAR1, PSD95 and TrKB receptors. Based on an equal amount of protein per lane the epileptic
brain tissue had a higher amount of NMDAR1 and GluRl when compared to the
control tissues (n=4 and n=3, respectively). The levels of PSD-95 staining in the
epileptic brain PSD were not significantly different from the controls. There was a
detectable but very low amount of TrKB protein staining in the PSD preparations.
During the subcellular fractionation, we isolated a portion of synaptosomes and
studied the mRNA pool using RT-PCR techniques. The mRNA for BDNF and
NPY were increased in the pools from the epileptic brain 34% and 24%
respectively, when compared to controls. These results suggest that the synaptic
reorganization in the epileptic brain is accompanied by changes in synaptosomal
mRNA pools as well as PSD proteins. Supported by ONR 601153 MR04101.0011904
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243.1

243.2

DECREASED DOMINANT BEHAVIOR AND PHEROMONAL
SIGNALING IN MELANOCORTIN TYPE-5 RECEPTOR-DEFICIENT
MICE. C. Morgan1. R.E. Thomas1. W. Ma2. D, Cepoi1*, M. Novotny2, and
R.D. Cone1. ’Vollum Inst., Oregon Health Sci. Univ.; Portland, OR 97201.;
2Dept. of Chemistry, Indiana Univ.
We investigated the role of the melanocortin type-5 receptor (MC
5R) in
pheromone-mediated behavior. Male MCsR-deficient (MCsR'7") mice
displayed low levels of dominant and aggressive behaviors toward weightmatched wild-type (MC5R+/+) mice, but displayed normal behavioral
responses toward each other. In addition, nonaggressive behaviors were
similar during interactions between MC5R+/+ and MCsR7', mice. Differences
in auditory cues were not detected prior to aggressive encounters, and visual
cues were eliminated as a potential factor in one experiment where the
encounters were videotaped in complete darkness, with an infared light
source. Moreover, injections of the melanocortin agonist, NDP-MSH,
stimulated dominant behavior and preputial gland weights in MC5R+/+ mice,
but not in MCsR'7' mice. Gas chromatography/mass spectrometric analysis
revealed that preputial gland levels of several volatile compounds, including
famesenes, which are implicated in pheromonal signaling and dominant
behavior, were reduced in MC5R'A mice. The results suggest that: 1) the
MC5R is critical for pheromone-mediated dominant behavior; 2) reduced
dominant behavior in MC5R‘Z' mice is neither due to a nonselective deficit in
responses to aggression, nor a nonspecific behavioral deficit; and 3) preputial
glands may mediate melanocortin-induced excretion of a dominance
pheromone. NIH AR42415

OXYTOCIN RECEPTORS AND SOCIAL ATTACHMENT:
INDIVIDUAL DIFFERENCES IN NEUROANATOMIC EXPRESSION
AND FUNCTION. L.J, Young*. B. Gingrich. K.A. Murphy. L.J. Pitkow
and T.R. Insel. Dept. of Psychiatry and Behavioral. Sciences, Emory
University, Atlanta GA 30322.
Oxytocin (OT) is involved in the formation of long lasting pairbonds
in monogamous voles. OT receptors are abundant in the nucleus
accumbens (NAcc) of monogamous prairie voles, but not of nonmonogamous species. The NAcc is an important component of the
mesolimbie dopamine reward pathway and is a candidate site of action of
OT in pairbond formation. Bilateral injections of 100 ng of the OT
antagonist, OVTA, into the NAcc blocked partner preference formation
in mated female prairie voles, suggesting that these receptors are involved
in the pairbonding process. There is significant individual variation in
OT receptor densities in the NAcc, with densities being very high in some
individuals, while just above background in others. OT induces
preproenkephalin mRNA expression in the NAcc of prairie voles. We
found a significant relationship between OT receptor density in the NAcc
and preproenkephalin mRNA induction after an i.c.v. OT infusion,
suggesting that these individual differences in OT receptor densities are
physiologically relevant. Given the involvement of these receptors in
partner preference formation, we are investigating the relationship
between NAcc OT receptor densities and behavior. Preliminary studies
suggest that individual differences in gonadal steroids or social
experience do not cause these differences in OT receptor densities since
similar variability is found in ovariectomized and estrogen treated
individuals, as well as in group housed and individually housed animals.
This individual variation may represent natural genetic variability within
the population of voles which may have important social behavioral
implications. (Supported by MH56897 and MH56539)

243.3

243.4

VASOTOCIN MODULATION OF FICTIVE VOCALIZATION IN THE
TELEOST PORICHTHYS NOTATUSi ANATOMICAL AND
PHYSIOLOGICAL EVIDENCE. James L, Goodson* & Andrew H, Bass.
Department of Neurobioiogy & Behavior, Cornell University. Ithaca. NY 14853,

THE OXYTOCIN ANTAGONIST d(CH2)JTYR(Me)2-ORN8-VASOTOCIN
REDUCES NON-CONTACT PENILE ERECTIONS IN MALE RATS. A.
Argiolas*, S. Murgia, S.Succu, M.S. Spano & M.R. Melis. Bernard B. Brodie Dept.
Neurosci, Cagliari Univ., Via Porcell 4, 09124 Cagliari, Italy.
Male rats show 4-6 penile erection episodes when put for 80 min in the presence
of an inaccessible receptive female. These non-contact penile erections were
reduced dose-dependently by d(CH2)3Tyr(Me)2-Om8-vasotocin, a potent and
selective oxytocin receptor antagonist, when given into the lateral ventricles (0.1,
0.5 and 1 /xg), but not when given into the paraventricular nucleus of the
hypothalamus (0.1 and 1 /xg). In contrast, non-contact erections were reduced by
NG-nitro-L-arginine methyl ester, a competitive inhibitor of nitric oxide synthase,
given into the lateral ventricles (50, 100 and 200 /xg), or into the paraventricular
nucleus (10 and 20 /xg). Together with previous findings showing that
d(CH2)5Tyr(Me)2-Om8-vasotocin given into the lateral ventricles at the same doses
used in this study impairs copulation in sexually expert male rats (Argiolas et al.,
Eur. J. Pharmacol.l49:389-392,1988), the present results show that central oxytocin
is involved in the expression of penile erection induced not only by drugs but also
by sexual physiological stimuli, as those that occur during copulatio (when in copula
penile erection occurs) or those sent by an inaccessible receptive female.
Supported by Murst and RAS grants to A.A.

243.5

243.6

OXYTOCIN INJECTIONS INTO THE MEDIAL PREOPTIC AREA-ANTERIOR
HYPOTHALAMUS INHIBIT OFFENSIVE AGGRESSION IN FEMALE SYRIAN
HAMSTERS. A.C. Hannon*, K.L. Huhman. T.O. Moore, and H.E. Albers. Lab. of
Neuroendocrinology & Behav., Depts of Biol. & Psychol., Georgia State Univ.,
Atlanta, GA 30303; Dept. of Psychol, Clark Atlanta University, Atlanta, GA 30314.
OXT(OXT) within the central nervous system is involved in the regulation
of a variety of social behaviors. Aggression has been shown to be regulated by OXT
in several species, yet the brain area in which OXT acts to regulate aggression are
not well understood. The medial preoptic area-anterior hypothalamus (MPOA-AH)
is one area in the brain that contains binding sites for OXT and that is involved in
mediating a variety of social behaviors. The purpose of the present study was to test
the hypothesis that OXT released in the MPOA-AH inhibits offensive aggression in
female Syrian hamsters. Guide cannula was stereotaxically implanted and aimed at
the MPOA-AH. After recovery from surgery, OXT and/or vehicle control were
injected, and animals were tested in a neutral-arena or a resident-intruder paradigm.
Aggression was operationally defined as the duration of attacks, bites and pursuits.
Using the resident-intruder paradigm, resident hamsters(n=5) injected with OXT
(90/xm in 200nl saline) displayed a significant reduction in the duration of
aggression, as compared to resident hamsters(n=5) injected with saline
(OXT=149.880+30.92;SaI=260.720 ±28.02; psO.05). Using the neutral-arena
paradigm, OXT injections (9/zm in 200nl saline) in dominant hamsters(n=I 1) tested
with their subordinate partner resulted in a significant decrease in the duration of
aggression (OXT=17.35±5.80; SAL=57.63± 16.84; ps0.05). Collectively, these data
support the hypothesis that OXT release in the MPOA-AH inhibits offensive
aggression in female Syrian hamsters. (Supported by NS37232 )

ENDOGENOUS MU AND KAPPA OPIOID SYSTEMS AND THE
FIRST SUCKLING EPISODE IN THE RAT Evgeniy S. Petrov*,
Elena,.! Varlinskava and William P. Smotherman Department of
Psychology, Binghamton University - SUNY, Binghamton, NY
13902-6000.
The objective of the present study was to examine the role of mu
and kappa opioid receptors in the control of suckling behavior.
Attachment and ingestive behaviors in Cesarean-delivered newborn
rat pups exposed to a surrogate nipple providing milk were
investigated following pharmacological blockade of opioid receptors.
Blockade of endogenous activity at mu opioid receptors by
administration of a selective antagonist drug CTOP into the cisterna
magna (IC), but not into the cerebral ventricles (ICV), markedly
reduced attachment to and ingestion of milk from the surrogate
nipple. In contrast, IC injection of a selective kappa antagonist norBNI did not alter any parameters of suckling behavior toward the
surrogate nipple providing milk. However, administration of the
same drug via the ICV route markedly reduced nipple attachment and
milk intake. These data suggest that mu and kappa opioid systems in
the neonatal rat brain are not functionally homogenous with regard to
the control of suckling behavior. Further, different populations of
mu and kappa opioid receptor-containing neurons in different brain
regions may control the initial expression of suckling behavior.
Supported by grants HD36782 to E.S.Petrov and HD16102 to
W.P.Smotherman.

Arginine vasotocin (AVT) and its mammalian homologue, arginine vasopressin
(AVP), modulate a variety of male-typical social behaviors and influence behavior
differently in species which vary in aspects of social organization. In addition, AVT is
well-known to modulate vocalization in anuran amphibians and birds. We now provide
the first evidence that 1) AVT exerts differential behavioral effects between conspecifics
which exhibit intrasexual divergence in social strategies and 2) AVT modulates vocal
activity by site-specific action in the midbrain tegmentum and preoptic area-anterior
hypothalamus (POA-AH). Immunocytochemical results demonstrate that AVTimmunoreactive fibers innervate vocally-active regions of the brain (POA-AH,
midbrain tegmentum, hindbrain vocal pacemaker) in the plainfin midshipman
(Porichthys notatus), a vocalizing teleost fish. AVT and its antagonist (an AVP Vja
receptor antagonist) modulate fictive vocal behavior differently in type I males (which
defend nest sites and exhibit paternal care) and type II males (which sneak spawn and do
not exhibit nest defense or paternal care). Only type I male midshipman acoustically
court females with a long duration call ("hum") whereas both morphs emit agonistic
vocalizations ("grunts"). Vocal-motor output from the hindbrain vocal pattern
generator was recorded in a neurophysiological preparation in conjuction with electrical
stimulation of the brain and local administration of peptides or vehicle volume control.
In type I males, fictive vocalization produced by POA-AH stimulation (characterized
by rhythmic bursts of the vocal-motor volley) was significantly inhibited by
administration of AVT and significantly facilitated by the AVP antagonist. Both
effects were dose-dependent and significant correlations were obtained for dose and vocal
burst duration. Similar findings were obtained for the midbrain tegmentum; AVT
action in the vocal pacemaker region is a focus of present investigation. In sharp
contrast to the type I males, no observable effects were produced by AVT in the POAAH of type II sneaker males. Support provided by NSF grant IBN 9421319 to A.H.B.
and NIH postdoctoral fellowship F32 NS-0443 to J.L.G.
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243.8

COLOCALIZATION OF p-OPIOID RECEPTORS AND FOS B IN
THE RAT MEDIAL PREOPTIC AREA. C. C. Gulledge* andR P.

Hammer. Jr. Depts. of Pharmacology & Experimental Therapeutics, and
Psychiatry, Tufts University/New England Medical Center; Boston, MA 02111.
Previous studies indicate that opioids acting at p-opioid receptors
(p-receptors) in the medial preoptic area (MPOA) inhibit maternal
behavior and that the immediate early gene product Fos B may be
necessary for expression of maternal behavior. This suggested the
hypothesis that p-receptors might inhibit maternal behavior by suppressing
the activity of Fos B neurons in the MPOA. As an initial step in testing this
hypothesis, we used double-labeling immunohistochemistry to determine
whether p-receptors and Fos B are colocalized in the MPOA. Rats were
perfused with 4% paraformaldehyde, brains sectioned at 30 pm on a
vibratome, and free-floating sections were processed with antisera directed
against Fos B (1:10,000, generous gift of B. Hope, NIDA) and p-receptors
(1:35,000, DiaSorin), using Vecta ABC development with DAB (Fos B)
and Ni-intensified DAB (p-receptors). Staining for p-receptors was
localized mostly in neuropil, although some cell body membranes were
also labeled. Fos B staining was limited to nuclei. Neurons double-labeled
for Fos B (nuclear staining) and p-receptors (membrane staining) were
detected in various regions of the MPOA. This result indicates that
endogenous opioids could act directly on neurons expressing Fos B to
regulate maternal behavior. (Supported by PHS Grants F32 HD08390, R01
MH56590 and R01 DA09822)

ACTIVATION OF NK-1 RECEPTORS IN HYPOTHALAMUS BY THE
AGONIST
[Sar’Met(02)11]-SUBSTANCE
P
FACILITATES
HYPOTHALAMICALLY-INDUCED DEFENSIVE RAGE BEHAVIOR
IN THE CAT. T R. Gregg* and A. Siegel. Departments of Neurosciences and
Psychiatry, Univ. of Med. and Dentistry of NJ, NJ Med. School and Grad.
School of Biomed. Sci., Newark, NJ 07103.
The present study tested the hypothesis that activation of Substance P (SP)
receptors (NK-1 receptors) in the anterior medial hypothalamus (AMH)
potentiates defensive rage behavior (DR) elicited by electrical stimulation of the
ventromedial hypothalamus (VMH) in the cat. Cats were implanted with a
cannula-electrode in AMH and a stimulating electrode in the ipsilateral VMH,
which is known to project to AMH. Stimulation parameters applied to VMH
to elicit DR were as follows: biphasic pulses of 1 ms duration per half cycle,
300-700 pA, 60 Hz. Microinjection of 10 pmol of the SP agonist
[Sar9Met(02)n]-Substance P (in 0.25 pL of water, adjusted with NaOH to
pH=7.4) resulted in a 48% decrease in response latency 5-25 min after
microinjection; latency returned to baseline levels 180-260 min after
microinjection,. This fhcilitatory effect was blocked by pretreatment of AMH
with 1.0 nmol of the SP antagonist CP-096,345 (in 0.25 pL DMSO) 5 min
before microinjection of the agonist. In contrast, microinjection of vehicle (0.25
pL ofwater, pH=7.4) into AMH did not alter the latency for elicitation of DR
5-25 min after microinjection (relative to pre-injection baseline latency). The
results provide evidence that activation of NK-1 receptors in the AMH
potentiates DR and aggression in the cat.
[Supported by NIH NS07941-27 and the Foundation of UMDNJ. CP-96,345
was a gift from the Pfizer Corporation].

243.9

243.10

ALTERED BASAL LOCOMOTOR ACTIVITY AND IMPROVED MOTOR
COORDINATION IN CORTICOTROPIN-RELEASING FACTOR RECEPTOR 1DEFICIENT MICE. A, Contarino** F, Dellu. G, F. Koob, K.-F, Lee1. W, Vale1
and L. H. Gold. The Scripps Research Institute, Dept. of Neuropharmacology, and
Clayton Foundation Laboratories for Peptide Biology, The Salk Institute, La Jolla,
CA 92037.
Daily locomotor rhythmicity is a common feature among rodents, although the
neural bases underlying ambulatory rhythms in mammals are not yet fully
understood. Evidence supports a role for the corticotropin-releasing factor (CRF)
system in locomotor activity. Two receptor subtypes, CRFR1 and CRFR2, are
thought to mediate CRF biological actions. Using CRFR1 -deficient mice (CRFR1
-/-), the present study examined the functional role of CRFR1 in CRF-induced and
basal locomotor activity. In addition, motor coordination of wild-type (WT) and
CRFR1 -/- mice was evaluated in the rotorod test both during the light and dark
phases of the light-dark (LD) cycle. CRF treatment of WT mice produced increased
levels of ambulation whereas no sign of activation was observed in CRFR1 -I- mice.
Basal locomotor activity was recorded for 48 h in activity cages with food and water
available. Both WT and CRFR1 -/- mice showed higher levels of locomotion during
the dark phase as compared to the light phase of the LD cycle. However, CRFR1
mice displayed higher and lower levels of activity than WT during the light and dark
phases of the LD cycle, respectively, suggesting a blunted locomotor rhythmicity in
the mutant mice. In the rotorod test, CRFR1 -/- mice were shown to outperform WT
mice both during the light and dark phases of the LD cycle. CRFR1 -/- mice
displayed longer latencies to fall from an accelerating rotating rod as compared to WT
mice. These results suggest that brain CRF pathways, through CRFR1, may
influence the regulation of locomotor rhythms. Moreover, they argue in favor of a
crucial role for CRFR1 in the locomotor activating effects of CRF and indicate an
inhibitory role for this receptor in brain areas underlying coordinate movements, such
as the cerebellum. Supported in part by DK 26741. ^Partially supported by a Grant
"Attivita’ di Perfezionamento all'Estero" from the University of Padova, Italy.

MICE LACKING A FUNCTIONAL CRH RECEPTOR 1 ARE
IMPAIRED ON A 5-CHOICE SERIAL REACTION TIME TASK.
T, Steckler1*, F. Holsboer1 and W. Wurst12 1Max Planck Institute of
Psychiatry, Kraepelinstr. 2-10, D-80804 Munich, Germany; 2GSF
Research Centre, Institute for Mammalian Genetics, Ingolstatter
Landstr. 1, D-85764 Munich, Germany.
Corticotropin-releasing hormone (CRH) has been suggested to be a
mediator of arousal and attention. Two CRH receptors, Crhrl and
Crhr2, have been identified in the mouse. Recently, mice lacking
Crhrl have been generated. Here we show that homozygous mutants
exhibit a discriminative accuracy deficit in an operant five choice serial
reaction time task. CrhrT'" mice were impaired during initial acquisition
of the task, but eventually reached level of performance comparable
to wild-type mice, and both groups maintained accurate responding
well above chance levels with stimuli as short as 0.5 s. When the
temporal predictability of the stimulus was reduced, accurate
responding decreased in CrhrT7' mice more than in wild-type animals.
In line with this finding, response latency was increased in CrhrT7'
mice during this late stage but not during earlier stages of the
experiment. Errors of omission did not differ during initial acquisition
or altered stimulus predictability, but there was a gradual and
transient increase in wild-type animals when training with shortest
stimuli was initiated, suggesting a possibly more conservative
response strategy. It is suggested that Crhrl mediates the effects of
CRH on attentional processes.

243.11

243.12

BEHAVIOURAL EFFECTS OF OREXIN-A IN RATS. D.N.C. Jones*, J. P. Hatcher,
P.D. Hatcher. F. Parker and J.J. Haean. Neuroscience Research, SmithKline Beecham
pic, Harlow, Essex, CM 19 5AW, UK.
Orexin-A binds with high affinity to G-protein coupled receptors, Orexini and Orexin2
(Sakurai etal., Cell 92: 573-585,1998), which show widespread distribution throughout
the rat brain (Trivedi et al., FEBS Letter, 438:71-75,1998). In vivo studies with orexinA suggest a role in feeding and energy homeostasis (Sakurai et al., 1998). The present
study investigated the effects of centrally administered orexin-A upon a variety of
behaviours in male Sprague-Dawiey rats (250g at surgery). In motor activity studies,
orexin-A increased total activity over a 90 min recording period (F=7.O7;df=4,32;
P<0.001) at all doses (1-30 pg ICV p<0.05 e.g., from 1207 ± 355 beam breaks [Veh] to
3216 ± 514 [3 pg ICV]). In observation studies, orexin-A dose dependently increased
time spent grooming during a 60 min period (F=19.75; df=3,12; p<0.001), which
reached significance at 3 and 10 pg ICV (e.g., from 161 ± 31s [Veh] to 857 ± 117s [3
pg]), and increased total grooming bouts (F=13.66: df=3,12; p<0.001) which was
significant at 1, 3 and 10 pg (e.g., from 6.8 ± 0.9 [Veh] to 18.3 ± 1.6 [3 pg]). A
microanalysis of videotaped behaviour showed that orexin-A (3 pg ) increased number
of rears (from 36 ± 12 to 76 ± 11), increased bouts of body grooming (from 13 ± 2.8 to
31 ± 3.1) and head grooming (from 14 ± 3.9 to 40 ± 5.2), but not genital grooming, and
decreased time spent immobile (from 1952 ± 318s to 358 ± 162s). However, orexin-A
did not affect body temperature (10 or 30 pg ICV), the behavioural response to the
elevated X-maze (10 or 30 pg ICV) or the startle response to a burst of white noise
(100 dB, 1-30 pg). Thus, orexin-A (ICV) caused motor activation and grooming
behaviour, which is consistent with an orexin-A induced increased firing rate of the
locus coeruleus demonstrated by Evans et al (Br J Physiol., in press) and increased
arousal and reduced paradoxical sleep measured using EEG/EMG recording (Piper et
ai, submitted).

UNEXPECTED DOWNSTREAM INVOLVEMENT OF 5-HT2c RECEPTORS IN
OREXIN-A-INDUCED GROOMING. M.S.Duxon*, J. Stretton, K.Starr, J. Jerman, S,
Brough, D.N.C, Jones, ^A. Johns, *W, Chan, ’R. Porter and N. Upton. Neuroscience
Research, ’Medicinal Chemistry, SmithKline Beecham pic, Harlow, CM19 5AW, UK.
The novel peptide, orexin-A, potently increases rat grooming behaviour in a 1 hour test
period after central (icv) administration (Jones et al., this meeting). Experiments were
conducted to assess the ability of SB-284422 (l-(4-methylsulfanylphenyl)-3-quinolin-4ylurea), an orexin receptor antagonist with additional affinity for both 5-HT2b and 5HT2c receptors (see Table 1), to inhibit orexin-A-induced grooming in the rat.

Funded by SmithKline Beecham Pharmaceuticals pic.
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Receptor
Subtype
orexin-A
SB-284422
SB-215505
SB-242084

orexin-1
<pK„)/
*Pec 50

orexin-2
(pKB)

5-HT2B
(pKi)

5-HT2c
(pKi)

*8.03
7.64
<5.15
<5.15

*8.17
not determined
not determined
not determined

<5
7.5
8.58
6.99

<5
7.5
7.79
8.95

/
X
/

SB-284422 (4.6-22.0mg/kg ip, 60min pretest) blocked orexin-A (3pg icv)-induced
grooming. In contrast, SB-215505 (3mg/kg po, 60 min pretest), a selective 5-HT2g
antagonist in vivo (Kennett et al., 1998, Neuropharmacol. 37 (12): 1603-10), had no
effect on this orexin-A response. However, pretreatment of rats with the selective 5HT2c receptor antagonist SB-242084 (lmg/kg ip, 30min pretest) also blocked the
grooming evoked by orexin-A. In conclusion, orexin-A-induced grooming is blocked by
the non-selective orexin receptor antagonist SB-284422. Although orexin-A has no
affinity for 5-HT2c receptors, SB-242084 blocked the grooming response to this
peptide, suggesting, that downstream 5-HT2c receptors are involved in this behavioural
action of orexin-A. Development of tool compounds with improved selectivity, will
allow affirmation that orexin receptors primarily mediate orexin-A evoked grooming.

This work was funded by SmithKline Beecham Pharmaceuticals pic.
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BOMBESIN HAS A DUAL EFFECT ON GROOMING AND
SCRATCHING IN HIGH (HY)- AND LOW-YAWNING (LY)
RATS. J.R. Eguibar*, M Diaz, M. Barajas and A, Moyaho. Institute of
Physiology, BUAP. Puebla, Pue. C.P. 72000. Mexico.
We obtained by endogamic filial crossing two sublines of SpragueDawley rats which differ in their frequency of yawning. HYs groom
more than LYs in a novel environment, and water immersion induces
predominantly caudal grooming in HY rats. In several rodent species,
both yawning and grooming are affected by a variety of
neuropeptides.
In the present study we tested whether HY rats are more sensitive to
central administration of bombesin than LY rats. Stainless steel
cannulae (Plastic one) was implanted in the left lateral ventricle of HY
and LY rats. After one week the rats received bombesin or saline
solution, and the number of yawns, penile erections, grooms and
scratches were recorded continuously for two hours.
Our results show that low doses of bombesin (1 and 10 ng) reduce
grooming in both groups of rats. However, higher doses (100 and
1000 ng) increase this behavior, as well as scratching (ANOVA
p<0.001). Bombesin decreases in a dose dependent manner yawning
in HY, yet penile erections increase. These results suggest that
bombesin has opposite effects on HY yawning and grooming; the
same does not occur in the case of LY rats. Supported by CONACYT,
Mexico grant 5221P-N and VPPII-BUAPG0PROMEP001 to JRE.

OVERT BEHAVIORAL CHANGES IN GASTRIN-RELEASING
PEPTIDE RECEPTOR-DEFICIENT MICE A Cowan?* M. Pietras.1
D.J. Stone? L.L. Hampton2 and J.F. Battev2 Temple Univ. Sch. of
Med., Philadelphia, PA 191401 and National Institutes of Health,
Bethesda, MD208922
The bombesin (BN)-induced syndrome of excessive grooming and
scratching in mice and rats is one of the most compelling, consistent
and reproducible sights in psychopharmacology. In adult mice the
mammalian BN-like peptide, gastrin-releasing peptide, and associated
receptors (GRP-R), are present in the CNS and gastrointestinal tract.
We now describe the effects of BN on overt behavior and colonic
transit in mice lacking a functional GRP-R gene (Hampton et al, PNAS
95:3188, 1998). Nine GRP-R-targeted (-/Y) male mice and wild-type
(+/Y) male littermates (C57BL/6J; 38-48 g) received BN (0.1 pg in 5
pi) intrathecally and a glass bead (3 mm diameter) was inserted 2 cm
retrograde into the rectum of each mouse. Groups of 4 mice were
replaced in individual observation boxes and spontaneous behavior was
monitored for 5 sec out of every 20 sec for 30 min.The time for bead
expulsion was also noted, using 30 min as the cut-off. The bead was
not expelled by any mouse (>30 min) after 0.1 pg of BN. At this dose,
BN had a marked effect on the type of behavior displayed. Wild-type
mice groomed predominantly (76.8±6.2 versus 26.0±7.1 percent of
the maximum possible number of behavioral episodes) whereas the
GRP-R-deficient mice scratched predominantly (40.1 ±5.1 versus
16.0±5.3 percent). This study has shown that mice lacking a functional
GRP-R gene display differential behavioral effects in response to BN.
Furthermore, BN-like peptides seem to be involved in initiating and
maintaining the itch -scratch cycle.

243.15

243.16

LOCAL MICROINJECTION OF NEUROTENSIN IN BASAL FOREBRAIN
INDUCES RHYTHMIC DISCHARGE OF IDENTIFIED CHOLINERGIC NEURONS
IN ASSOCIATION WITH RHYTHMIC EEG ACTIVITY E.G. Cape*. I. Manns. A
Alonso and B. E. Jones. Montreal Neurol. Inst., McGill Univ., Montreal, Quebec
Canada H3A 2B4
Considerable evidence has shown that basal forebrain cholinergic neurons play
a major role in the modulation of cortical activity in association with behavioral
state. Cholinergic neurons are in turn modulated by multiple neurotransmitters,
including neurotensin (NT) which selectively excites and induces rhythmic bursting
discharge in these cells in vitro. We have previously reported that microinjections of
NT into the basal forebrain elicit an increase in theta EEG activity in association
with gamma activity and an alternation of waking and paradoxical sleep states in
naturally sleeping-waking rats. In the present study, we investigated whether this
EEG effect was associated with and thus potentially evoked by rhythmic discharge
of the cholinergic neurons in urethane-anesthetized rats. Single units were
recorded in the magnocellular preoptic area (MCPO) and substantia innominata
(SI) and selected for discharge characteristics that are distinctive for cholinergic
neurons in association with EEG activity recorded from limbic cortex (Manns,
Alonso and Jones, SNA 1999). Units and EEG were recorded prior to, during, and
following unilateral microinjection of 500 pmoles of NT. Following successful
recordings, the cells were subsequently labeled with neurobiotin according to the
juxtacellular labelling technique and processed by dual staining for neurobiotin and
choline acetyl transferase (ChAT) for the immunohistochemical identification of
cholinergic cells. NT elicited a change in EEG activity in the anesthetized rat from
slow irregular activity to slow rhythmic activity resembling theta.
Identified
cholinergic cells showed increases in discharge and a shift to rhythmic discharge
in bursts or trains of spikes with the appearance of slow rhythmic activity on the
EEG following NT. The rhythmic unit discharge was correlated with the rhythmic
EEG activity. These results suggest that NT has the capacity to induce rhythmic
bursting in cholinergic basal forebrain neurons which in turn modulate cortical
activity in a rhythmic manner evident as theta in limbic cortex and normally
associated with the states of waking and PS. (Supported by the Canadian MRC).

INTERLEUKIN-1(1 MICROINJECTED INTO THE LOCUS COERULEUS
DECREASES SPONTANEOUS MOTOR ACTIVITY OF MALE RATS.
K. A. Boss-Williams*, J. M, Weiss. Laboratory of Behavioral Neuroscience,
Georgia State Univ. & Emory Univ. School of Med., Atlanta, GA 30306.
Interleukin-1 (IL-1) is a cytokine that responds to infections and is found both in
the periphery and in the brain. Lipopolysaccharide (LPS, a bacterial endotoxin) has
been found to cause the induction of IL-l in microglia. In addition, intraperitoneal
(i.p.) LPS (lOgg/kg) decreases dark cycle spontaneous motor activity of male
Sprague Dawley rats. It has recently been shown that i.p. LPS increases the firing
rate of locus coeruleus (LC) neurons via the induction of (IL-1) in the twain
(Borsody, M.K. dissertation, 1996). The purpose of the present experiment was to
begin to test whether the decrease in spontaneous motor activity seen after i.p. LPS is
mediated by the induction of IL-1 in the LC region.
Male Sprague Dawley rats were implanted with bilateral cannulae aimed at the
LC. After surgery, they were individually housed in a 12/12h light-dark cycle (lights
on at 0700h) in cages where their motor activity could be continuously recorded.
Animals were then left undisturbed for at least 10 days. Thirty minutes prior to
lights out (18:30h), each rat was infused bilaterally with one of six doses of IL-1(1
(vehicle, 0.1, 0.2, 0.4, 4.0, and 40ng/rat). Dark cycle spontaneous motor activity was
measured 12 hours post infusion.
IL-lp microinjected into the LC at doses of 0.1, 0.2, 0.4, 4.0, and 40ng/rat showed
a trend for decreasing spontaneous motor activity in a dose-dependent manner. The
largest dose (40ng/rat) significantly decreased motor activity beginning 3 hours post
lights-out and continuing for 5 hours. The lowest dose of IL-1(1 (0.1 ng/rat)
significantly decreased spontaneous motor activity for only 2 hours.
In summary, IL-1(1 microinjected into the LC reproduced similar decreases in
spontaneous motor activity as produced by lOgg/kg of i.p. LPS. This indicates that
the decrease in dark cycle spontaneous motor activity seen after i.p. LPS may be
mediated by the induction of IL-1 in the LC region.

243.17

NEUROBEHAVIORAL IMPORTANCE OF THE FIRST AMINO
ACID RESIDUE OF CALCITONIN GENE RELATED PEPTIDE.
F.B. Jolicoeur, D. Menard, A.K. Gilbert, A. FournierU R. DAY *.
Departments of Psychiatry and Pharmacology, Faculty of Medicine,
University of Sherbrooke, Sherbrooke, Quebec, Canada, J1H 5N4
and 1INRS -Santd, Pointe claire, Quebec, Canada, H3R 1G6Neurobehavioral effects of both human and rat forms of Calcitonin
Gene Related Peptide (hCGRP and rCGRP).were examined. Several
doses (0.15-20 pg) were injected into lateral ventricle and effects on
motor activity, muscular tone, body temperature, nociception, food
intake as well as their ability to induce catalepsy were examined in
rats. Results indicated that both forms of CGRP significantly
decreased motor activity of animals, lowered food intake in 22hr
deprived rats and produced significant cataleptogenic effects.
Contrary to hCGRP which produced significant anti nociception in
rats, rCGRP did not affect nociception. Furthermore, rCGRP
significantly enhanced muscle tone of animals while hCGRP did not.
The two forms of CGRP differ at a few amino acid positions,
including at position 1 where the alanine of the human form is
replaced by a serine in the rat form. An analog of hCGRP, SerlhCGRP, was synthesized and tested for its neurobehavioral effects.
This analog of hCGRP produced a profile of effects identical to that of
rCGRP.These results reveal the critical importance of the first amino
acid residue of CGRP for delineating the neurobehavioral actions of
the peptide.
Supported by the Medical Research Council of Canada.
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SELEGILINE COMBINED WITH ENRICHED ENVIRONMENT HOUSING
ATTENUATES SPATIAL LEARNING DEFICIT AND REDUCES THALAMIC
ATROPHY AFTER FOCAL CEREBRAL ISCHEMIA IN RATS. K. Puurunen1’2, J.
Jolkkonen1,2, J. Sirvio2, A. Haapalinna3, and J. Sivenius1*. ’Department of Neuroscience and Neurology; 2A.I.Virtanen Institute, University of Kuopio, Kuopio; 3Orion
Corporation, Orion Pharma, Turku, Finland.
Selegiline (1-deprenyl) is an irreversible monoamine oxidase B (MAO-B) inhibitor
with neuroprotective effects in a variety of experimental models. We investigated
whether the systemic administration of selegiline facilitates recovery after focal
cerebral ischemia in rats. The right middle cerebral artery of rats was occluded for 120
min using the intraluminal filament model. Selegiline (0.5 mg/kg, SC) or 0.9% NaCI
was administered daily, beginning on the second day after ischemia and continuing for
30 days. The drug was administered 30 min before rats housed in enriched
environment had their daily exercise in a labyrinth containing traversable objects,
providing both sensorimotor stimulation and spatial exercise. The limb placing test, a
running wheel test and modified versions of a staircase test by Montoya et al. (1991)
and the Morris water-maze were used for evaluation of the behavioral deficits. The rats
were sacrificed 33 days after ischemia and the infarct volume and the thalamic atrophy
were determined. When water-maze data were analysed using analysis of variance
(ANOVA) for repeated measures, the selegiline-treated rats housed in enriched
environment (SEL+ENR) had significantly shorter escape latencies (P<0.001) and path
lengths (P<0.005) than did the ischemic group (ISC). The SEL+ENR group made more
attempts to obtain the food pellets than did the ISC group in the staircase test. There
was no significant beneficial effect of selegiline treatment combined with enriched
environment housing in the limb placement test or in the running wheel test. Selegiline
treatment without the enriched environment was not beneficial in any of the behavioral
tests. The infarct volumes between experimental groups were not different. Thalamic
atrophy ipsilateral to lesion was less severe in the SEL+ENR group compared to the
group without selegiline treatment. The present study showed that selegiline treatment
combined with training and housing in an enriched environment diminished a spatial
learning disability and reduced thalamic atrophy.

NISOXETINE, A HIGHLY SELECTIVE NOREPINEPHRINE
UPTAKE INHIBITOR, PRODUCES DISCRIMINATIVE STIMULUS
EFFECTS IN RATS. M.M, Makhav* and J.M. O'Donnell. Dept. of
Pharmacology, LSUMC, 1501 Kings Hwy., Shreveport, LA 71130.
Nisoxetine is a potent and selective inhibitor of norepinephrine uptake
into noradrenergic neurons. Norepinephrine uptake inhibitors are
purported to indirectly stimulate beta adrenergic receptors, particularly
the beta-1 subtype. This study wanted to determine if nisoxetine could
be established as a discriminative stimulus and if the mechanism of
action was indirect stimulation of beta-1 adrenergic receptors. Rats were
trained to discriminate 3.2 mg/kg nisoxetine from water (vehicle) in a
two-choice, fixed-ratio (FR) 10 schedule of water-reinforcement.
Nisoxetine produced a dose-related increase in drug-appropriate
responding (EDso= 1.06 mg/kg; 95% C.L = 1.034 - 1.085 mg/kg) and
increase in latency to completion of the fixed ratio. The average number
of sessions to criteria were 99.6 (range: 67-183 sessions). Dobutamine,
a direct-acting beta-1 adrenergic agonist, substituted for nisoxetine at the
highest dose tested (17.8 mg/kg) and clenbuterol, a direct-acting beta-2
adrenergic agonist, gave only partial substitution for nisoxetine. The
tricylic antidepressants desipramine and amitriptyline both substituted for
nisoxetine at the highest doses tested (10 mg/kg). The SRI fluoxetine
produced partial drug-appropriate responding in rats, but more testing is
warranted. Antagonism studies demonstrate that betaxolol, a selective
beta-1 adrenergic antagonist, was weakly more potent in antagonizing
nisoxetine than the nonselective beta adrenergic antagonist propranolol.
Experiments are ongoing to determine nisoxetine's selectivity for either
the beta-1 or beta-2 adrenergic receptor. Funded by the National
Institute of Mental Heath (ROI MH40694-08).

244.3

244.4

THE ROLE OF a-1 ADRENORECEPTOR AND PKC ACTIVATION
MEDIATING STRESS-INDUCED COGNITIVE DEFICITS. S.G.Bimbaum1*,
K.T.Gobeske1, J.Auerbach1, J.R.Tayor2 and A.F.T.Arnsten'. ’Section of
Neurobioiogy, 2Dept. of Psychiatry, Yale University, New Haven, CT. 06510.
Stress exacerbates many neuropsychiatric disorders associated with prefrontal
cortical (PFC) dysfunction. Stress also impairs the working memory functions of the
PFC. Although stress research has focused on dopaminergic mechanisms, stress also
increases norepinephrine (NE) release in PFC. Recent studies have shown that intraPIC infusions of a NE a-1-adrenoceptor agonist impairs working memory. The
current studies examined whether NE a-1-adrenoceptor actions in PFC contribute to
stress-induced deficits in working memory performance and whether this effect is
mediated by the protein kinase C (PKC) intracellular signaling pathway.
Both the pharmacological stressor, FG7142 (30 mg/kg), and intra-PFC infusion of
an al-adrenoceptor agonist, phenylephrine (0.1pg/0.5pl), significantly impair
delayed alternation performance in rats. Intra-PFC infusion of the a 1-adrenoceptor
antagonist, urapidil (0.1|lg/0.5gl), completely reverses both the stress-induced and the
phenylephrine-induced impairment in working memory. In preliminary studies
examining the role of PKC in the a-1-adrenoceptor mediated cognitive deficit, the
PKC inhibitor, chelerythrine (O.3pg/O.5gl) reverses the phenylephrine-induce 1
impairment, consistent with PKC actions. Further studies examining the role of PKC
in prefrontal cognitive function are currently being conducted.
These findings indicate that a-1-adrenoceptor stimulation in the PFC contributes
to stress-induced impairments in PFC cognitive functions and that this effect is
mediated by activation of PKC. These neurochemical actions may contribute to
symptoms of working memory impairment, poor attention regulation, or disinhibited
behaviors in neuropsychiatric disorders sensitive to stress exposure.
Supported by R37 AG06036.

MOTOR RECOVERY FOLLOWING AN a2-RECEPTOR ANTAGONIST IN A RAT
MODEL OF FOCAL CEREBRAL ISCHEMIA. J. Jolkkonen1,2*, K, Puurunen1,2, S.
Rantakomi2, A. Harkonen2, A. Haapalinna3, and J. Sivenius2. 'A.I.Virtanen Institute;
department of Neuroscience and Neurology, University of Kuopio, Kuopio; 3Orion
Corporation, Orion Pharma, Turku, Finland.
The a2-adrenergic receptor antagonist, atipamezole, increases release of synaptic
noradrenaline, which is suggested to facilitate recovery following cerebral insults. The
present study further characterized the mechanism by which atipamezole enhances
recovery in a rat model of focal cerebral ischemia.
The right middle cerebral artery of rats was occluded for 120 min using the
intraluminal filament model. Two days later, atipamezole treatment was started (1
mg/kg, s.c., daily for 10 d). Thereafter, animals were housed in an enriched
environment. Limb placing, beam walking, and running wheel tests were used to study
the effects of the first injection of atipamezole (30, 60, and 90 min) and the chronic
effects of atipamezole administered either 30 min or 18 h before behavioral
assessment. The results obtained were compared to those of desipramine (5 mg/kg,
i.p.), a noradrenaline uptake blocker.
There was no difference between experimental groups in the limb placing or the
beam walking tests when assessed 30 to 90 min after the first atipamezole injection or
when drug treatment was given 18 h before behavioral tests. Atipamezole given 30 min
before behavioral tests improved recovery in the limb placing (days 5, 7, 9, and 11)
and runnning wheel (days 3 and 7) tests. Desipramine did not facilitate recovery in any
of the behavioral tests.
Atipamezole did not significantly increase motor performance of ischemic rats in the
acute stage following focal cerebral ischemia. Improved behavioral performance was
observed on days 3 to 11 following ischemia, but only when the rats were under the
influence of the drug. The increased synaptic noradrenaline induced by desipramine
did not improve performance in any of the tests. These results suggest that usedependent release of noradrenaline might have an important role in late recovery
process following focal cerebral ischemia in rats.

244.5

244.6

EVIDENCE THAT CENTRAL ALPHA IB-ADRENERGIC RECEPTOR
FUNCTION IS NECESSARY FOR BEHAVIORAL ACTIVATION IN
THE MOUSE. E.A, Stone* and D. Quartermain, Depts. Psychiatry and
Neurology, New York University School of Medicine, New York, NY
10016.
We have recently established that neurotransmission at brain alpha 1
adrenergic receptors is necessary for behavioral activation to
environmental change in the mouse. The alpha 1 receptor subtype that
mediates this function, however, is not presently known. The present
experiment was undertaken to investigate this question by examining the
effect of intraventricular injection of selective antagonists of alpha 1 A, IB
and ID receptors on active behavior induced by a environmental change
(cage change). Mice implanted with intraventricular cannulas were
administered doses of either the alpha IA antagonists, RSI7053 or 5methylurapidil, the alpha IB antagonist, cyclazosin, or the alpha ID
antagonist, BMY7378, and were immediately placed in fresh cages and
where they were videotaped for 30-45 min. Active behavior was
measured either as quadrants of the cage entered or total movements per
30 min. It was found that cyclazosin markedly inhibited all behavioral
activity whereas RSI7053 and 5-methylurapidil were only moderately
inhibitory, and BMY7378 was without apparent effect. The results
support the view that activity of the central alpha IB receptor, which is the
most populous alpha 1 adrenergic receptor in the mouse forebrain, is
required for die expression of behavioral activation to environmental
change in the mouse. Supported by MH45265 and NYU Bridging Fund
Grant

EFFECTS OF ELECTROLYTIC LESIONS OF THE MEDIAN RAPHE
NUCLEUS ON FIXED INTERVAL RESPONDING. C, Jones* and D.
Wirtshafter. Department of Psychology, University of Illinois at Chicago, 1007
W. Harrison St., Chicago, IL 60607-7137.
Electrolytic lesions of the median raphe nucleus (MR) have been shown to
produce hyperactivity and to result in over responding in a variety of situations
which require response suppression, such as differential reinforcement of low
rates of responding (DRL) schedules. In the current experiment we examined the
generality of MR lesion induced impairments in response suppression by studying
the effects of these lesions on performance on fixed interval schedules of food
reinforcement. On the fixed interval (FI) schedule, normal rats develop a
“scalloped” pattern of responding in which the rate of lever pressing is low
immediately following reinforcement and than gradually increases until the next
reinforcer is earned. Rats were given daily 30 min. sessions on a FI 40 sec
schedule of food reinforcement, and then switched to a FI 80 schedule. Overall
rates of lever pressing did not differ significantly between groups and the
scalloped response pattern developed significantly more rapidly in the
experimental then in the control animals. Treatment with amphetamine (0.5
mg/kg) produced a larger disruption in disrupt the pattern of responding in the
control than in the the experimental group. These results indicate that MR lesions
facilitate the acquisition of the scalloped pattern of responding on FI schedules,
and thus demonstrate that MR lesions do not always produce impairments in
response suppression or in timing behavior. Research supported by NIH Grant
NS-33992.
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MK-801 REVERSES IMPAIRMENTS IN LEARNING AND
PERFORMANCE PRODUCED BY DOPAMINE (DA) IN CORE BUT
NOT SHELL OF NUCLEUS ACCUMBENS. D.A, Corv-Slechta*.
M.R. Bauter. D.E, Pankevich and B.J, Brocket Department of
Environmental Medicine, University of Rochester School of Medicine
and Dentistry, Rochester, NY 14642.

D-AMPHETAMINE ATTENUATES HYPERACTIVITY BUT NOT
PERFORMANCE DEFICITS ON A SUSTAINED-ATTENTION TEST IN RATS
NEONATALLY DEPLETED OF DOPAMINE. Karin M. Korth*1'3 and Paul J.
Fletcher1,2,3 Departments of ’Psychology and 2Psychiatry, University of Toronto,
3Centre for Addiction and Mental Health, Clarke Division; Toronto, ON, M5T 1R8
The neonatally dopamine-depleted rat exhibits transient spontaneous
hyperactivity, which is attenuated by the administration of stimulants. As such, this
rat has been proposed as an animal model of Attention-Deficit Hyperactivity
Disorder. To date however, only hyperactivity has been examined. The purpose of
the present study was to expand on previous findings, by testing the neonatally
dopamine-depleted rat for attention-deficit. Rats were administered (i.c.v.) 6hydroxydopamine (6-OHDA) on post-natal day 3, resulting in a permanent
dopamine-depletion of approximately 90%. On post-natal day 25, the dopaminedepleted rats showed hyperactivity, which was attenuated by d-amphetaminetreatment (0.5 mg/kg). A second group of rats, showing the same juvenile
hyperactivity, were examined for attention-deficit using the 5-choice serial reaction
time task, beginning around post-natal day 60. The 5-choice task requires rats to
visually discriminate and respond to a brief stimulus occurring at one of five
possible locations within a set time limit. The 6-OHDA-treated group demonstrated
impaired sustained attention in this test. However, this performance impairment was
accompanied by a more general behavioural depression (fewer trials completed and
greater response latencies) and learning deficit. In addition, treatment with damphetamine (0.25, 0.5, 1.0 mg/kg) did not improve 5-choice task performance in
the 6-hydroxydopamine-treated group. These results suggest that neonatal
dopamine-depletion in the rat is not a useful model of Attention-Deficit
Hyperactivity Disorder.
This work was supported by NSERC Canada.

244.9

244.10

MESOLIMBIC DOPAMINERGIC NEURONS AND AFFECTIVE PERCEPTION :
EFFECTS OF LATENT INHIBITION. J. Jeanblanc, A. Hoetzel and A. Louilot*.
INSERM U 405 & Institute of Physiology, University Louis Pasteur, Faculty of
Medicine, 11 rue Humann, 67085 Strasbourg Cedex, France.
We established previously that responses of mesolimbic dopaminergic (DAergic)
neurons to an affective stimulus are regionalized and lateralized in the nucleus
accumbens (ACC). More precisely we found that these responses are opposite in the
left core part of ACC. In the present study, we used a latent inhibition paradigm to
investigate if affective DA responses in the core are changed by pre-exposure to the
conditional stimulus.
Experimental procedure used to obtain the aversive conditioning was as following :
animals were placed during one hour in the experimental cage; they were thus exposed
for one hour to an appetitive olfactory stimulus (banana) and received consecutively
either an injection of saline (NaCl 0.9%) (control group) or an injection of LiCl
(0.15M) (experimental group) and stayed one more hour in the experimental cage;
72h later animals were again exposed for one hour to the conditional olfactory
stimulus (CS). Latent inhibition procedure was as described above except that animals
were placed 72 h before the aversive conditioning in the experimental cage during
(hour and were then presented during two hours to banana odor.
The following results were obtained : during the 3d (last) presentation of the CS
marked increases of about 100% in the DA signal were observed in the core part of
the ACC in the control group (animals receiving NaCl 0.9%) and the conditioned
group (animals receiving LiCl 0.15M). These increases were not statistically different
whereas significant opposite DA variations were obtained in animals submitted to the
aversive conditioning without pre-exposure. More precisely, a marked increase was
obtained in control animals and a transient decrease was observed in conditioned
animals. Increase in DA signal was similar to that obtained in pre-exposed animals.
The present study suggest that DAergic neurons innervating the core part of the
ACC are involved in latent inhibition phenomenon.

LEARNING A INTERVAL BISECTION TASK WITH LEVERS
PRESENTED FROM ONSET OR AT THE END OF STIMULI:
EFFECTS OF AMPHETAMINE AND 8-OH-DPAT. Concha G*,
Osorio A, Velazquez-Martinez DN. Depto. Psicofisiologia, Fac.
Psicologia. Universidad Nacional Autonoma de Mexico. Mexico,
D.F. 04510.
Male Wistar rats were trained in a temporal discrimination task.
For group I, presentation of a 2 sec tone was correlated with
reinforcement for responding to the left lever, while a 8 sec tone
was correlated with reinforcement for responding to the right lever.
Group II had the contingencies reversed. Half of the first group had
the levers presented from the onset of stimuli (ONSET group),
while the other half had the levers presented after the termination of
stimuli (END group). It was found that the subjects from the ONSET
group learned faster the task than the END group. However, the
rats from the ONSET group emitted responses during the duration
of the stimuli and changed from the 2 sec lever to the 8 sec lever
the allocation of their responses. After the presentation of stimuli of
intermediate duration on “probe” trials, comparable bisection points
were obtained. Particularly, in the ONSET group was found that
administration of amphetamine (1.0 mg/kg, i.p.) induced a
persistence of responding at the lever correlated with the 2 sec
stimulus; when the rats received the administration of 8-OH-DPAT
(0.3 mg/kg, i.p.), they preferred to emit their responses at the lever
correlated with the 8 sec stimulus, indicating a possible differential
role of dopamiergic and serotonergic pathways on temporal
discrimination

244.11

244.12

NMDA RECEPTOR ACTIVATION. BUT NOT NITRIC OXIDE PRODUCTION.
MEDIATES
THE
DEVELOPMENT
OF
CONTEXT-DEPENDENT
SENSITIZATION INDUCED BY APOMORPHINE. Battisti, J.J.1*, Uretskv, N.J.2,
and Wallace, L.J.2. 1Dept. of Pharmaceutical Sciences, Midwestern Univ.
College of Pharmacy-Glendale. division of Pharmacology, The Ohio State
Univ. College of Pharmacy.
The present study tested whether antagonists of NMDA receptors and
inhibitors of nitric oxide synthase block the development of sensitization in two
models. In one model, context-dependent sensitization, in order for sensitization
to occur, the test environment must be the same as the pretreatment
environment. In the other model, context-independent sensitization, sensitization
is observed when the pretreatment and test environments are different. CF-1
mice were administered the NMDA receptor antagonists, CPP (0-20 mg/kg) or
MK-801 (0-0.25 mg) or the neuronal nitric oxide synthase inhibitor, 7nitroindazole (7-NI, 0-25 mg/kg) 30 min before either a single high dose of
apomorphine (40 mg/kg) or saline in the test cage (context-dependent model)
or three high doses of apomorphine (40 mg/kg) or saline in an environment that
was different from the test cage (context-independent model). For both models,
the test for sensitization was performed 72 hours after the acute pretreatment
phase and consisted of the administration of a challenge dose of apomorphine
(3 mg/kg) in the test cage. CPP and MK-801 blocked the development of
context-dependent sensitization at doses that did not attenuate stereotyped
behavior induced by apomorphine pretreatment. CPP and MK-801 had no effect
on the development of context-independent sensitization. 7-NI failed to affect
the development of sensitization in either model. The results suggest that
NMDA receptor activation mediates the development of context-dependent
sensitization induced by apomorphine through a mechanism that does not
involve nitric oxide. Supported by NIH DA10469 and MH19936 (JJB).

NMDA RECEPTOR ACTIVATION AND NITRIC OXIDE PRODUCTION
MEDIATE THE EXPRESSION OF CONTEXT-DEPENDENT AND CONTEXTINDEPENDENT SENSITIZATION INDUCED BY AMPHETAMINE. Wallace?
L.J.1, Battisti, J.J.2, Uretskv, N.J.1. division of Pharmacology, The Ohio State
University College of Pharmacy. 2Dept. of Pharmaceutical Sciences, Midwestern
University College of Pharmacy-Glendale.
The present study tested whether antagonists of NMDA receptors and
inhibitors of nitric oxide synthase block the expression of sensitization in two
models.
In one model, context-dependent sensitization, in order for
sensitization to occur, the test environment must be the same as the
pretreatment environment. In the other model, context-independent
sensitization, sensitization is observed when the pretreatment and test
environments are different. CF-1 mice were pretreated with either a single high
dose of amphetamine (14 mg/kg) or saline in the test cage (context-dependent
model) or three high doses of amphetamine (14 mg/kg) or saline in an
environment that was different from the test cage (context-independent model).
For both models the test for sensitization was performed three and five days
after the acute pretreatment. Mice were injected with the NMDA receptor
antagonists, CPP (0-20 mg/kg) or MK-801 (0-0.1 mg) or the neuronal nitric oxide
synthase inhibitor, 7-nitroindazole (7-NI, 0-25 mg/kg), 30 min prior to challenge
with amphetamine (7 mg/kg) in the test cage. CPP, MK-801, and 7-NI reversibly
blocked the expression of both context-dependent and context-independent
sensitization at doses that did not affect the acute stereotyped behavioral
response induced by amphetamine. 7-NI does not appear to exert its inhibitory
effects nonspecifically since its effects were reversed with L-arginine, but not
with D-arginine. The results suggest that the expression of sensitization
induced by amphetamine requires NMDA receptor activation and production of
nitric oxide. Supported by NIH DA10469 and MH19936 (JJB).

Nucleus accumbens has been suggested to modulate cognitive function,
and some reports suggest a preferential role of core (NaC) in such
functions. This study sought to further elucidate differences between
NaC and shell (NaSH) in mediation of spatial learning vs. performance.
A multiple schedule of repeated learning and performance was used in
rats, requiring acquisition of new response sequences in the learning
component of each session but only performance of an already acquired
sequence in the performance component; selective learning impairments
are indicated by greater treatment-related accuracy decrements in the
learning as compared to performance components. DA (20-80 ug)
microinjected into NaC decreased accuracy by 10-21% in both the
learning and performance components, suggesting a non-cognitive basis of
these effects. DA decreased accuracy by increasing perseverative rather
than skipping errors. The non-competitive NMDA antagonist MK-801 (12.5 ug) had little impact itself on behavior in NaC, but fully reversed the
accuracy decrements produced by DA, blocking the increase in
perserverative errors. These effects were not related to response rate effects
of these compounds. In contrast to effects in NaC, neither DA, MK-801 or
the combination of these two systematically influenced accuracy in NaSH.
These finding indicate that excess NaC DA activity can disrupt both
acquisition and execution of response sequence learning and that NMDA
receptors in NaC appear to act functionally to suppress enhanced DA
activity effects. ES05017, ES05903 and ES01247.
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DISCRIMINATIVE STIMULUS EFFECTS OF CENTRALLY
ADMINISTERED ISOPROTERENOL. A.M. Crissman*. M.M, Makhav.
and J.M, O'Donnell. Dept. of Pharmacology, Louisiana State Univ. Med.
Center; Shreveport, LA 71130.
Rats were trained to discriminate central administration of the
nonselective beta adrenergic agonist isoproterenol (10 pg icv) from
artificial cerebral spinal fluid using a water-reinforced two-lever operant
task (fixed-ratio 10 schedule). Following acquisition of the discrimination
(37 ± 5) isoproterenol produced dose-related increases in drugappropriate responding (ED50= 1.14 pg). The beta-1 selective adrenergic
agonist dobutamine fully substituted for isoproterenol at a dose of 0.3
mg/kg (ED50 = 0.15 mg/kg). By contrast, the beta-2 selective adrenergic
agonist clenbuterol produced only 20% isoproterenol-appropriate
responding when administered at doses up to 0.1 mg/kg. The nonselective
beta adrenergic antagonist propranolol fully antagonized the isoproterenol
discriminative stimulus at a dose of 0.03 mg/kg (ED50 = 0.013 mg/kg).
Experiments with subtype-selective antagonists showed that the beta-1
selective antagonist betaxolol (ED50 = 0.03 mg/kg) more potently
antagonized the discriminative stimulus effects of isoproterenol than did
the beta-2 selective antagonist ICI-118,551 (ED50 = 0.41 mg/kg). These
results demonstrate that the discriminative stimulus effects of isoproterenol
are mediated primarily via beta-1 adrenergic receptors. This provides a
functional drug discrimination model for activation of central beta-1
adrenergic receptors; this will permit further characterization of the
mechanism of action of antidepressant drugs. In initial tests, desipramine
has been shown to substitute for isoproterenol at a dose of 1 mg/kg.
Studies are ongoing to determine whether other indirectly-acting beta
adrenergic agonists can substitute for isoproterenol in this assay. Funded
by the National Institute of Mental Health (RO1 MH40694-08).5

DOPAMINE D1
TRANSGENIC
PREFRONTAL
Dracheva3, S.C.

MONDAYAM

RECEPTOR FUNCTION AND OPERANT RESPONDING IN
MICE OVEREXPRESSING THE D1 RECEPTOR IN THE
CORTEX. A. Gabrielian1, D.C. Cooper2, J.D. Peterson2, S.
Sealfon34,F.J, White*1. Depts. of Cell. & Mol. Pharmacology1 and

Neuroscience2; Finch University of Health Sciences/Chicago Medical School, North Chicago, IL
60064. Dr. Arthur M. Fishburn Res. Center for Neurobiol.3 and Dept. of Neurology4, Mount Sinai
School of Medicine, New York, NY 10029.

DI signaling in the prefrontal cortex (PFC) is involved in working memory and
goal-directed behaviors. To determine the functional significance of DI receptors
(DIR) in the PFC, transgenic (TG) mice selectively overexpressing dopamine DlRs in
die PFC were behaviorally tested for locomotor response to novelty, nocturnal activity,
and operant responding for food. TG mice were less active in a novel environment and
throughout the dark cycle compared to controls (CT). During acquisition of an
ascending fixed ratio schedule (FR-3 to FR-8, 10 days) for food, no differences
between CT and TG mice were seen in active or inactive nose-pokes (NP) or
reinforcers consumed. Subsequently, a combined FR-8 (first 10 min) and DRL-90 sec
(next 50 min) schedule was used (30 days) to assess the within-session effects of a
signaled switch from a schedule that reinforces high (FR-8) versus low (DRL-90 sec)
rates of responding. Both groups took about 10 days to leam the task. Overall, TG
mice maintained lower locomotor activity levels during both schedules and had
significantly greater active versus inactive discrimination compared to CT on the FR-8
schedule. TG mice gradually developed higher FR-8 responding across days, but no
differences were detected on the DRL-90 component before saline (SAL) injections.
After 5 days of stable performance on the DRL-90, mice were injected
(subcutaneously) with SAL. Injection stress increased response efficiency selectively
on the DRL-90 component in the TG, but not CT mice. These results provide evidence
for a PFC DIR involvement in locomotor activity, operant discrimination and
behavioral inhibition after a mild stress. We are currently assessing the functional role
the PFC DIR using extracellular recording in TG and CT mice to determine if there is
a difference in response to DI agonists. Support:DA04093 & DA00207 (FJW).

244.15

244.16

EFFECTS OF DI DOPAMINE ANTAGONIST SCH23390 ON
WORKING MEMORY UNDER THE T-MAZE ALTERNATION
TASK. A.E. Hale. M. Milgrom. K. Devidoss, J. Mangels*, J.C.
Horvitz. Dept. Psychology, Beh. Neuroscience Lab., Columbia
University. NY, NY 10027.
In order to investigate DI dopamine involvement in working
memory processes, we have utilized a spatial delayed alternation
paradigm in a t-maze. The paradigm requires rats to maintain a
memory representation of their last arm choice (which determines
their next correctly-reinforced choice) over a varying delay period
(20,40, 80, 160 seconds). The DI receptor antagonist, SCH23390, was injected systemically and examined at two dose levels:
0.05 mg/kg and 0.10 mg/kg, compared to a saline control.
Nondrugged animals showed a delay-dependent memory
impairment, i.e., decreased choice accuracy as a function of the
delay period. Animals under SCH-23390 also showed a delaydependent decrease in choice accuracy, but accuracy at each delay
was reduced compared to that of vehicle controls. Results are
discussed with respect to DI mediation of working memory.
Supported by NIDA grant R29DA11653.

DOES AGRANULAR INSULAR CORTEX MODULATE VENTRALSTRIATAL DOPAMINERGIC MEDIATION OF FIXED-INTERVAL
PERFORMANCE? S.B. Evans* and D.A. Cory-Slechta.
Dept. of Environmental Medicine, University of Rochester School of
Medicine and Dentistry, Rochester, N.Y. 14642.
Performance on a fixed-interval schedule of food reinforcement (FI)
has been shown to rely critically on ventral-striatal dopamine. We
previously reported that neither temporarily lesioning agranular insular
(AJ) cortex in the rat by microinjection of lidocaine nor permanently
lesioning AI with quinolinic acid altered FI performance. Stimulating AI,
however, disrupted FI performance transiently and eliminated the FI ratereducing effects of DA antagonists injected into the ventral striatum. Thus
AI was shown to have the potential to influence ventral-striatal dopamine
systems. The current experiment extended these studies, to directly
determine whether lesioning AI alters ventral-striatal dopamine systems.
Rats trained on an FI schedule were assigned to one of three groups.
Group 1 rats received bilateral AI electrolytic lesions and FI performance
was monitored for two months post-lesion. Groups 2 and 3 rats received
bilateral AI lesions or bilateral AI sham lesions followed 8-16 days postlesion by ventral-striatal injections of SCH23390+eticlopride (dopamine
DI and D2 antagonists, respectively) or saline. FI performance was
monitored over the course of injections. AI electrolytic lesions (Group 1)
did not alter FI performance, consistent with AI quinolinic acid lesion
data. Nor were ventral-striatal dopamine antagonist effects on FI
performance altered by sham or electrolytic lesions (Groups 2 and 3).
These results argue against a role for AI in the tonic, long-term
modulation of ventral-striatal dopamine system mediation of FI
performance. This is in contrast to the prelimbic (PL) cortical area
(medial prefrontal cortex) in which permanent quinolinic acid lesions
alter FI performance for at least 16 days post lesion. Support: ESO5O17,
ES05903, T32-MH19963.

244.17

244.18

THE EFFECTS OF PREWEANING HANDLING ON EMOTIONALITY AND
COGNITION ARE DIFFERENTIALLY MODULATED BY NORADRENERGIC
INFLUENCES. C. Baamonde1. C. Martfnez-Cu^1, M.A. Lumbreras1. J. Fldrez1, M,
Dierssen2*. ’Lab. Developmental Neurobiology, Dep. Physiology & Pharmacology,
Univ. Cantabria, 39011 Santander; 2Cent. Medical Molecular Genetics, Barcelona,
Spain.
Postnatal handling (PH) causes short- and long-term modifications in the CNS Pnoradrenergic system, including changes in p-adrenoceptor binding sites and reduction
of cyclic AMP formation in response to isoprenaline and forskolin. The present study
analyses the influence of P-adrenergic blockade with propranolol on the effects induced
by PH on recent memory and emotionality in an inhibitory avoidance task. PH
treatment was given between 1 and 21 postnatal days. Pups were daily and individually
placed in plastic cages lined with paper towel, and after 10 min the mother and the pups
were returned to their home cages. Each pup was gently handled for 2 min in intervals
of 30 sec. The inhibitoiy avoidance (IA) task was performed when animal were 3
months of age in a step-through apparatus using a footshock of 0.4 mA and 3 s duration.
Propranolol (10 mg/kg) or saline (10 ml/kg) were injected immediately after the training
trial and memory retention was measured 24 h after the acquisition trial in extinction
conditions. Latency to enter, total time of permanence and number of crossings to the
dark compartment were recorded during 300 s. Rats handled (H) during infancy
displayed significantly longer step-through latencies than unstimulated animals (C)
(p<0.05). Post-training administration of propranolol increased the IA latencies in C rats
to an extent similar to that observed in untreated H animals. With regard to emotionality
parameters, a shorter permanence and a lower number of crossings to the dark
compartment was observed in H rats compared to C. Blockade of noradrenergic
receptors significantly reduced the number of crossings to the dark compartment in the
C group (p<0.05) but did not affect this parameter in PH rats, although the time of
permanence was slightly increased after propranolol injection. The present results
suggest that the effects of PH on cognition and emotionality are differentially
influenced by noradrenergic mechanisms. (Supported by Foundation ‘Marcelino Botin’)

FOS EXPRESSION IN MONOAMINERGIC NEURONS
FOLLOWING INTRACRANIAL SELF-STIMULATION OF THE
MEDIAL FOREBRAIN BUNDLE IN RAT. Y. Ishida1*. K,
Todaka1, H, Hashiguchi1, M, Nakamura3. K. Hoshino4. T.
Nishimori2, Y, Mitsuvama1 and D, Nakahara3. Deps. of1 Psychiatry
and 2Biology, Miyazaki Med. Cot, Miyazaki 889-1692, Japan; 3Dep.
of Psychology, Hamamatsu Univ. Sch. Med., Hamamatsu 431-31,
Japan; 4Dep. of Neurobiology & Anatomy, Niigata Univ. Sch. Med.,
Niigata 951-8510, Japan.
The present study examined, using a double-labeling procedure for
identifying both Fos and monoamine (catecholamine or serotonin),
whether monoaminergic neurons express Fos following selfstimulation of the medial forebrain bundle (MFB) in the rat. Densely
labeled Fos-positive cells were observed in the locus coeruleus (LC)
following the rewarding stimulation, and most of the labeled cells
were on catecholaminergic neurons. However, the amount of the
labeled cells was moderate in the dorsal raphe (DR) and sparse in the
ventral tegmental area (VTA). Moreover, many of these Fos-positive
cells were co-labeled with neither dopaminergic neurons in the VTA
nor serotonergic neurons in the DR. This tendency was evident
particularly in the VTA. Although quantitatively differed, colocalization of Fos and GABA was also observed in all of the three
nuclei rich in monoaminergic neurons. The results suggest that
rewarding MFB stimulation induces Fos expression within
monoaminergic and GABAergic neurons in the LC, the DR, and the
VTA to different degrees.
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EFFECTS
OF
UNCONDITIONED
AND
CONDITIONED
ENVIRONMENTAL STIMULI ON THE CONCENTRATION OF
EXTRACELLULAR NOREPINEPHRINE (NE) IN RAT BRAIN
S.C. Stanford & R, McQuade. Dept Pharmacology,. University College
London, London WC1E 6BT, UK
(SPON: British Neuroscience Association)
Exposure to a novel environment increases the concentration of
extracellular NE (‘efflux’) in rat frontal cortex (FCx). Here, we tested
whether: 1) this response also occurs in the hypothalamus (HYP); 2) it is
greater when the novel environment is aversive; 3) NE efflux is increased
by a conditioned cue for transfer to an aversive environment. A light/dark
shuttle-box was used in combination with in vivo microdialysis to monitor
rats’ behaviour and NE efflux, respectively. Their escape behaviour
indicated that a brightly-lit (2500 Lux; ‘light’) arena was more aversive than
the dark one (30 Lux). Consistent with this, transfer to the light arena
increased NE efflux in the FCx (+67% cf efflux in neutral zone) and HYP
(+86%) but the dark arena had no effect in either brain region. In the next
experiments, a buzzer was sounded while the rats were in the neutral zone
of the shuttle-box; 5-10 secs later, they were transferred to the light arena.
Whereas the buzzer alone did not affect NE efflux, after 7 pairings of the
buzzer with transfer to the light arena, over a period of 4 days, presentation
of this cue caused a +79% increase in efflux (cf basal efflux in the neutral
zone) in the FCx. There was no increase in the HYP, however. It is
concluded that NE neurons in both the FCx and HYP respond to concurrent
environmental stimuli. However, unlike NE neurons in the FCx, those in
the HYP do not respond to conditioned cues for an aversive environment.
(This work was funded by the Wellcome Trust, UK)

IN VIVO DOPAMINE AND NORADRENALINE RELEASE IN MEDIAL
PREFRONTAL CORTEX, STRIATUM AND HIPPOCAMPUS IN MICE EFFECTS OF HANDLING AND NOVELTY. J, Ihalainen.1’2* M. Feenstra1
and P, Riekkinen Jr2. 'Netherlands Institute for Brain Research, Amsterdam,
The Netherlands, 2Dept. Neuroscience and Neurology, Univ. Kuopio and
Univ. Hospital of Kuopio, 70211 Kuopio, Finland.
In this study, extracellular concentrations of dopamine (DA) and
noradrenaline (NA) were determined in freely moving mice in three different
brain areas after handling and novelty exposure.
Two concentric microdialysis probes were bilaterally implanted into the
medial prefrontal cortex (mPFC), striatum and hippocampus in adult, male,
C57BL/6J mice. The dialysate was analyzed on-line by HPLC/ED.
DA and NA release in mPFC, striatum and hippocampus increased after
handling (H) and novelty (N). Percentage increase (±SEM) towards baseline:
DA (H)
DA (N)NA (H)NA (N)
mPFC
117±19
78±18
148±23
97±12
Striatum
22±4*
15±7*
334±54*
137±40
Hippocampus
190±60
95±22
153±33
83±20
* p<0.05 between areas.
In vivo release measurements of DA and NA in mice showed regional
differences in basal extracellular levels and in handling- and novelty-induced
increases, which extend and corroborate our earlier findings in rats. These
methods will be applied to mice with altered expression of NA receptors.

244.21

BEHAVIORAL ASSOCIATIONS OF DOPAMINE RELEASE IN THE
NUCLEUS ACCUMBENS AND VENTRAL STRIATUM OF THE RAT.
S. J. Barton, A. E. K. Kosobud, K. Hartzell, K. Hooper*, M. Hurd, P.
Langley and G.V. Rebec. Department of Psychology, Program in
Neural Science, Indiana University, Bloomington, IN 47405.
Using fast-scan cyclic voltammetry (FSCV), this lab has previously
shown (Rebec et. al, 1997) that rats voluntarily entering a novel
chamber show a pattern of dopamine (DA) release in the nucleus
accumbens (NA) consisting of a transient (<6 sec) release in NA shell
and a more sustained release in NA shore (border zone between core
and shell). No DA release was observed in NA core. In the present
study, we repeated the free-choice novelty task with additional
behaviors assessed, including handling, grooming, exposure to novel
objects and foods, and response to tail pinch. We also included rats
from the HAD and LAD lines, genetically selected for high and low
alcohol drinking, respectively. Changes in DA-related signal were
most commonly observed after handling, and associated with specific
actions within the grooming sequence. Tail pinch elicited an increase
in DA-related signal in some, but not ail rats. No changes in DArelated signal were observed in rats investigating or eating a novel
food.
Supported by grants from NIDA (DA02451 and DA05312) and
NIAAA (AA07611).

REPRODUCTIVE BEHAVIOR: STEROIDS
245.1

245.2

DEVELOPMENTAL CONSUMPTION OF THE PHYTOESTROGEN
GENISTEIN RESULTS IN ALTERED MATING BEHAVIOR IN MALE RATS.
K.M. Flynn1*. S.A, Ferguson1, and R.R. Newbold2. ’Div. of Neurotoxicol.,
NCTR/FDA, Jefferson, AR 72079 and 2Lab. of Toxicol., NIEHS, RTP, NC 27709.
Genistein is a naturally occurring, hormonally active isoflavone found in soy
products. It is reported to have estrogenic activity and adverse effects on animal
reproductive systems, although there are little data on the behavioral effects of
genistein exposure. Here, male and female rats were fed soy-free diets containing 0,
5, 100, or 500 ppm genistein beginning on postnatal (PND) 40 and continuing
through mating at PND 70, and offspring continued on these diets through sacrifice
at PND 85. Beginning on PND 40, male offspring were assessed weekly for 6
weeks for frequency and timing of mating behavior, including number of mounts,
intromissions, and ejaculations; and latencies to first mount, first intromission, and
first ejaculation. From these measures the intromission interval, percent copulating,
copulatory rate, copulatory efficiency, and post ejaculatory interval were calculated.
There were significant dose by week effects of genistein on the number of mounts,
number of intromissions, copulatory rate, and post ejaculatory interval, with the 100
ppm group showing significantly more intromissions than controls on week 2, and
the 5 and 100 ppm groups showing longer post ejaculatory intervals on weeks 5 and
6. For number of mounts and copulatory rate no treatment group differed from
controls at any week. Analysis of mating behaviors in mature animals only (weeks 5
and 6) revealed significant effects of treatment on number of mounts, mount
latency, percent copulating, copulatory efficiency, and post ejaculatory interval. All
dosed groups had significantly fewer mounts than controls, the 100 ppm group had
a smaller percent copulating, the 500 ppm group had a higher copulatory efficiency,
and no group differed from controls in post ejaculatory interval. These preliminary
results indicate that developmental genistein exposure causes subtle alterations in
some male sexual behaviors. Additional studies are underway to identify behaviors
that may be altered over multiple generations. (Supported by an Interagency
Agreement between the FDA and the NIEHS.)

PHYTOESTROGEN EFFECTS ON REPRODUCTIVE PHYSIOLOGY
AND BEHAVIOR Henry, L.A., Besada, M, and Witt, D.M* Behavioral
Neuroscience Program, Dept. of Psychology, Binghamton University (SUNY),
Binghamton, NY 13902-6000.
Resveratrol (trans-3, 4’, 5-trihydroxystilbene) occurs naturally in fresh grapes,
wine, and a variety of medicinal plants. This phytoestrogen binds to and activates
transcription via the estrogen receptor. Resveratrol appears to alter target tissues
at doses comparable to those observed with endogenous estrogen stimulation.
Recently, this compound has been linked to the cardiovascular benefits of
drinking wine, and the chemopreventative effects on estrogen-insensitive
mammary tissue cultures derived from mice. However, the specific effects of
resveratrol occupation of estrogen receptors on reproductive physiology and
behavior are presently unknown. The present in vivo studies examine the acute
effects of resveratrol treatment in adult female rats. Experiment 1 examines
resveratrol’s effects on vaginal cytology and sexual behavior in gonadally-intact
adult females. Experiment 2 is a dose-dependent study that determines the
efficacy of resveratrol, as compared to 17p-estradiol benzoate potency, to .induce
estrus behavior in gonadectomized females. Experiment 3 examines whether
prior exposure to resveratrol affects subsequent estrogen sensitivity and
gonadotropin function in gonadectomized adult females. Present data from these
studies indicate that resveratrol treatment in gonadally-intact females reduces
ovarian and body weights, when compared to controls. These resveratrol females
later exhibit greater sensitivity to estradiol treatment and display increases in
sexual activity. These findings are fundamental to our understanding of
resveratrol’s ability to alter aspects of reproductive endocrine function and have
implications for recommendations of resveratrol consumption in humans.
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MODULATION OF SYNAPTIC STRENGTH BY GONADOTROPHIN
AND GONADAL HORMONES AND ITS RELATION TO VOCAL
PRODUCTION IN FEMALE XENOPUS FROGS. K.H. Wu Tm . Tobias,
and D.B. Kelley. Dept. of Biol. Sci., Columbia University, New York,
NY 10027.
Adult female Xenopus have stronger laryngeal synapses than adult
males and juveniles. To understand the function of these strong
synapses in vocal behavior, synaptic strength was monitored in adult
females made receptive by hCG injection. Synaptic strength decreases
following hCG injection, reaching its lowest value after 12 hours. Tlie
decrease in synaptic strength is accompanied by suppression of the
unreceptive call, ticking, and production of the receptive call, rapping.
In contrast, intact females without hCG injection have strong synapses
and tick. However, strong synapses are not required for ticking since
ovariectomized females have weak synapses and tick. Therefore, both
ticking and rapping can be produced with weak laryngeal synapses.
Estrogen and progesterone levels increase following hCG injection;
the time course is similar to, but negatively correlated with, the change
in synapse strength. Estrogen secretion is required to establish and
maintain strong laryngeal synapses in adult females. We re-investigated
the time course of these effects. In juveniles, laryngeal synaptic strength
is not increased until three weeks after estrogen treatment. In
ovariectomized adult females, laryngeal synaptic strength is not
decreased until six weeks after surgery. Thus, brief changes in
circulating levels of estrogen are not sufficient to modify laryngeal
synaptic strength. We propose that strong laryngeal synapses may be
established and maintained in adult females by estrogen to prevent
unreceptive females from rapping accidentally and are weakened by an
non-estrogenic factor when the animals become receptive and prepare
to rap.
(Supported by NIH grant NS34684 and PHS grant NS07062-21)

STEROID RECEPTOR CO-ACTIVATOR-1 (SRC-1) INFLUENCES SEXUAL
DIFFERENTIATION OF MALE AND FEMALE RAT BRAIN. A.P. Auger* and
M.M. McCarthy. Dept. of Physiology, University ofMaiyland, Baltimore, MD 21201.
Sexual differentiation of the mammalian brain is largely determined by the
secretion of gonadal hormones during a sensitive period of development. Castration
reduces and testosterone or estradiol replacement restores the size of the sexually
dimorphic nucleus of the preoptic area, which is larger in males contrasted to females
(Brain Research (1978); 148:333]. The actions of estradiol occurs via estrogen
receptors, as intracerebroventricular infusion of antisense oligonucleotides (ODNs)
directed at estrogen receptor mRNA blocks masculinization ofrat brain [Endocrinology
(1993); 133:433]. Recent studies have reported that steroid receptors interact with
other proteins that influence their action at the genome. These proteins are termed
steroid receptor co-activators, and the first one identified is SRC-1 [Science (1997);
270:1354]. We hypothesized that SRC-1 protein expression is involved in sexual
differentiation of male and female rat brain.
To determine if SRC-1 protein influences sexual differentiation ofrat brain, we
injected male and female rats with either SRC-1 ODNs, scrambled ODNs, or vehicle into
the hypothalamus on the day of birth, twenty-four hours later on postnatal day 1 (PN
1), and again on PN 2. On PN 1, female rats were injected subcutaneously with either
100 /zg of TP or oil vehicle. Rats were grown to adulthood and tested for female sexual
behavior. Both TP-injected and oil-injected female rats infused with SRC-1 antisense
ODNs showed higher levels of lordosis contrasted with their scrambled ODNs and
vehicle controls (P < 0.05; ANOVA). In addition, males infused with SRC-lantisense
ODNs showed higher levels oflordosis than their scrambled ODNs and vehicle controls
(P<0.05). Therefore, SRC-1 protein expression appears to be important for the actions
of steroid hormones in sexually differentiating the rat brain.
(This research was supported by grant MH 52716 to MMM)

245.5

245.6

STANOZOLOL DISRUPTS THE ONSET OF PUBERTY IN THE
FEMALE RAT. Andrew C, Whitney* and Ann S, Clark. Dept. of
Psychology, Dartmouth College, Hanover, NH 03755.
Adolescent girls are increasingly abusing anabolic-androgenic steroids
(AAS). The short- and long-term effects of AAS abuse on female
reproductive function are unknown. The present experiment looks at how
one AAS, stanozolol, affects the onset of peri-pubertal events in the female
rat, in particular, vaginal opening and estrous cyclicity.
Female Long-Evans rats were treated with stanozolol (5 mg/kg) or the oil
vehicle daily for 30 days, beginning on post-natal (PN) day 21. Following
vaginal opening, vaginal cytology was monitored daily for the duration of
the treatment and for the 14 days following the cessation of treatment.
The day of vaginal opening was significantly advanced in female rats that
received stanozolol, as compared with the control group. Administration of
stanozolol had a transient effect on estrous cyclicity, suppressing the number
of days in estrus during the treatment period. Following cessation of
treatment at PN50, both treatment groups displayed regular estrous cycles.
The advancement of vaginal opening by stanozolol, a non-aromatizable
AAS, raises the possibility that the androgen receptor may be involved. The
androgen receptor antagonist, flutamide, will be used to explore the role of
the androgen receptor in the disruption of pubertal onset by stanozolol.

Supported by NIDA 08574

ARE THERE ORGANIZATIONAL EFFECTS OF GONADAL HORMONES
DURING PUBERTY ON ANDROGEN AND ESTROGEN RECEPTOR-a CELL
NUMBER IN THE MALE SYRIAN HAMSTER? S, L, Diedrich, R, D. Romeo,
and C. L. Sisk*. Dept. of Psych., Neurosci. Prog., E. Lansing, MI 48824
Perinatal development is often viewed as the major window of time for
organization of neural circuits by steroids. The behavioral and neuroendocrine
responses to steroids are dramatically different before and after puberty, suggesting
that puberty could be another window during which gonadal steroids shape neural
development. In the present study we investigated possible organizational effects of
gonadal steroids on androgen and estrogen receptor-a (AR and ERa, respectively)
cell number during puberty in limbic areas of the male Syrian hamster brain. Males
were castrated at either 21 (castrated during puberty, CDP) or 60 (intact during
puberty, IDP) days of age. Four weeks later, half the animals from each age group
received testosterone (2.5 mg/kg, sc, +T) or the oil vehicle (n=6/group). Four hours
after the injection, blood samples and brains were collected. Plasma T levels were
higher in the +T animals compared to the animals that received oil. All brains were
processed for AR-immunoreactivity (AR-ir), while only the oil-treated controls
were processed for ERa-ir. We found a significant interaction in the medial
preoptic nucleus such that animals that were CDP+T had a greater amount of AR-ir
compared to IDP+T males and CDP males that were treated with oil. There were no
other significant differences in AR-ir or ERa-ir in the bed nucleus of the stria
terminalis, the magnocellular preoptic nucleus, the anterior and posterior division of
the medial amygdala, and the ventral medial nucleus. Therefore, it appears that
neither AR-ir nor ERa-ir cell number within these limbic areas is organized by
gonadal steroids during pubertal development. (Supported by NSF 9602169)

245.7

245.8

REGULATION OF MATING BEHAVIOR AND ESTROGEN RECEPTOR-a
(ERa) BY ESTRADIOL IN PREPUBERTAL AND ADULT MALE SYRIAN
HAMSTERS. LP. Romeo*, H- T- JapsepLS- L, Diedrich, and C.E SisL Dept.
Psych., Neurosci. Prog., Michigan State Univ, E. Lansing, MI 48824 and fDept.
Cell Biol., Neurobiol., & Anat., Univ. Cincinnati, Cincinnati, OH 45267
Estrogen, formed by the intracellular aromatization of testosterone, and ERa are
important mediators of male mating behavior in Syrian hamsters. In the present
experiment we examined the influence of estradiol (Ep on mating behavior and the
number of ERa-immunoreactive (ERa-ir) cells in the neural circuit that mediates
mating behavior in prepubertal and adult males. Sexually naive males were
castrated at either 21 or 42 days of age, and implanted with either a 0, 0.05,0.10, or
0.25 mg pellet of E2. One week later, animals were given a 15 min mating test.
Animals were euthanized and blood samples and brains were collected. Plasma E2
levels were equivalent between the two age groups given the same dose of E2.
Adult males treated with either the 0.05 or 0.10 mg pellet of Ej engaged in
significantly more mounts and intromissions compared to their prepubertal
counterparts. Brains from prepubertal and adult males given the blank or 0.05 mg
pellet of E2 were processed for ERa. We found that blank-treated prepubertal males
had a greater number of ERa-ir cells in the medial preoptic nucleus compared to the
other three groups. There were no other significant differences in ERa-ir cell
number in any of the other nuclei examined, including the bed nucleus of the stria
terminalis, the magnocellular preoptic nucleus, the anterior and posterior divisions
of the medial amygdala, and the ventral medial nucleus. These results indicate that
adult males are more responsive to the activational effects of estradiol on male
reproductive behavior compared to prepubertal males, and that this increased
behavioral responsiveness is not associated with changes in the number of ERa
cells in the neural circuit that mediates mating behavior in this species. (Supported
by NSF 9602169)

DIFFERENCES IN PREOPTIC MRNA EXPRESSION BETWEEN
CASTRATED AND TESTOSTERONE-TREATED ADULT MALE
RATS. M.E. Vagell*. S.R.J. Salton and M.Y. McGinnis. Department of
Cell Biology & Anatomy, Fishberg Research Center for Neurobioiogy,
Mount Sinai School of Medicine, New York, NY 10029.
The preoptic area of the adult male rat is considered to be one of the
most important brain regions involved in mediating male copulatory
behavior. This area is rich in androgen receptors, estrogen receptors, and
aromatase. Blocking either androgen receptors or protein synthesis in the
preoptic area impairs the restoration of male copulatory behavior.
Therefore, the preoptic area is a critical site for the integration of
hormonal information necessary for mediating male copulatory
behavior. The goal of the present study was to determine the differences
in preoptic mRNA expression between two groups of animals: male rats
castrated two weeks earlier, and male rats implanted with Silastic capsules
filled with testosterone at the time of castration. Two weeks was chosen as
a time point because the majority of sexually experienced male rats do
not copulate two weeks after castration. Total RNA was extracted from
gross dissections of preoptic tissue pooled from several animals, reverse
transcribed, and duplicate samples were amplified by differential display
PCR using a total of 20 primer pairs. Each primer pair resulted in about
100 distinct bands being resolved on the sequencing gels. Of the
approximately 2000 bands visible, 4 were found to be upregulated in the
testosterone-treated males and 3 were found to be downregulated in the
testosterone-treated males. These bands were subsequently excised from
the gels, reamplified with their respective primer sets, and cloned. Due to
the low abundance of these gene products, Northern blot analysis using
the reamplified bands as probes yielded inconclusive results. Thus, we are
using solution hybridization-nuclease protection assays to verify that
these genes are differentially regulated (supported by NIH HD 27727 to
MYM).
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245.10

DHEA INDUCES ANDROGEN RECEPTOR IN FEMALE MOUSE
BRAIN. N. G. Simon,* S. Lu, and S. Hu. Dept. of Biological Sciences,
Lehigh University, Bethlehem, PA 18049
Dehydroepiandrosterone (DHEA) is a neuroactive neurosteroid that is
under investigation for a wide range of clinical conditions, including several
that involve the CNS (e.g., memory, sleep disturbance). Among these is an
ability to inhibit aggression that is not androgen-dependent when it is given
chronically. Efforts to characterize the mechanism of action of DHEA in the
brain have focused to date on membrane-level events, specifically the
modulation of GABAa receptor function. However, DHEA is metabolized
to more potent androgens (and estrogens) and recent studies in peripheral
tissues strongly suggested that genomic, androgenic effects were involved.
In this study, whether DHEA up-regulated androgen receptor level, an
established measure of androgenic effect, was tested by assessing the
induction of AR protein in female mouse hypothalamus by Western
analysis. Female CF-1 mice were ovariectomized and exposed to one of
three DHEA doses (80, 320, or 1280 ug/day) or vehicle for three days. All
procedures complied with federal guidelines for animal care. Western
analysis of hypothalamic extracts showed statistically significant, dosedependent increases in the 97 kD AR band. These findings demonstrate an
androgenic effect of DHEA in the brain and broaden our understanding of
the mechanism of action of DHEA to include a genomic effect. Additional
studies to further characterize the effect of DHEA on the AR gene are in
progress.

DISTRIBUTION OF ANDROGEN RECEPTOR IMMUNOREACTIVE CELLS IN
THE CENTRAL NERVOUS SYSTEM OF ADULT MALE CATS
B£rUl.E.M,-PJQ.k- ^Jacqaslijag-C-C-ambier and Qert Hobtegg Dept. of Anatomy and
Embryology, Faculty of Medical Sciences, University of Groningen, The Netherlands.
Sexually related hormones, including androgens, play an important role in
emotionally related behaviors crucial for survival of the individual, such as fight/flight
reactions, vocalization and micturition, as well as for survival of the species
(reproduction). It is unclear whether androgens influence motoneurons and premotor
interneurons directly or indirectly via forebrain structures. The present study was
designed to determine the location of androgen receptor immunoreactive cells (ARIR) in the brains and spinal cords of adult male cats. The experiments were done in
four cats. The animals were perfused with 4% paraformaldehyde in 0.1 M phosphate
buffer, and the brains and spinal cords were removed. The tissue was postfixed during
2 hours, and cut into 60 gm vibratome sections. The sections were incubated with the
antibody PG 21 against the androgen receptor (gift from Dr. Gail Prins, Univ.
Chicago). Strong AR-IR neuronal labeling in the forebrain was found in the bed
nucleus of the stria terminalis, amygdala, lateral septum, preoptic area, ventromedial,
infundibular and supramam-millary hypothalamic nuclei, and the laterodorsal nucleus
of the thalamus. Dense AR-IR was also found in specific brainstem areas, including
the medial part of the substantia nigra, ventral tegmental area, almost all portions of
the periaqueductal gray, dorsal raphe, retrotrapezoid nucleus and area postrema. In the
spinal cord AR-IR neurons were found in the superficial dorsal horn, intermediate
zone, intermediolateral cell colomn and dorsal gray commissure. Surprisingly, in
contrast to rodents, virtually no AR-IR labeling was found in cranial nerve motor
nuclei and in the spinal ventral horn. The results imply that the areas that are androgen
sensitive are specifically involved in the control of emotionally related behaviors. The
results also indicate that in rodents androgens influence behavior more directly, via;
motoneurons, in rodents, and, in cats more indirectly, via forebrain and mesencephalic
structures.

Supported by a grant from the H.F. Guggenheim Foundation to NGS.

245.11

245.12

INCREASED LORDOSIS INTENSITY IN FEMALE RATS CARRYING THE
TFM ANDROGEN RECEPTOR MUTATION. N.V. Watson? D.A. Monks, Claire
M. Vansttw. Dept. Psychology, Simon Fraser University, Burnaby, BC, V5A 1S6
Endogenous androgens are thought to participate in the regulation of female
sex behaviour. For example, anti-androgens have been demonstrated to increase
the intensity of receptive behaviour in female rats, suggesting that androgens
inhibit receptivity. In order to test this hypothesis further, behavioural estrus was
assessed in female rats carrying the X-linked tfm androgen receptor mutation by
rating lordosis intensify in response to male mounting. Heterozygous tfm carriers
are partially androgen insensitive, allowing for an evaluation of the role of
androgen receptor activity in the regulation of receptivity. Results indicated that
lordosis intensify was elevated in tfm carrier females relative to age matched
controls, suggesting that endogenous androgens regulate female sexual
behaviour through an androgen receptor dependent mechanism.
(Support: NSERC0194522)

ESTROGEN RECEPTOR P COLOCALIZES WITH OTHER STEROID
RECEPTORS IN NEURONS IN FEMALE RAT BRAIN. B. Greco*, P.
Schwartz and J.D.Blaustein. Center for Neuroendocrine Studies, Neuroscience
and Behavior Program, Univ. of Massachusetts, Amherst, MA 01003, USA.
In brain regions such as the preoptic area (POA) and the ventromedial
hypothalamus (VMH), estrogen receptor a (ERa) and estradiol-induced
progestin receptors (PR) are known to play a critical role in the regulation of
female rat sexual behavior. In female rat brain, ERp mRNA distribution
closely resembles the one of ERa, thus suggesting its possible involvement in
the control of female reproduction. Using dual-label immunocytochemistry,
we studied the colocalization of ERp-ir, using an antibody raised against the
C-terminus of human ERP (Aff. Bioreagent), and ER a-ir or PR-ir (DAKO) in
ovariectomized (OVX) and estradiol-treated OVX female rat brains. In many
neurons in the piriform cortex, the zona incerta and the lateral hypothalamus
(LHA), ERp-ir colocalized with ERa-ir. There was little or no colocalization
of ERP-ir with ERa-ir in neurons of the POA, the bed nucleus of the stria
terminalis (BNST), the medial amygdala (MEA), the VMH and the
paraventricular area. Some colocalization of ERP-ir was observed in estrogeninduced PR-ir neurons in the MEA and LHA, but none was observed in POA,
BNST, and VMH. These results suggest little involvement of ERP in the
control of female sexual behavior through brain regions known to be directly
involved in the hormonal regulation of female sexual behavior. More, they
suggest a possible interaction between ERP and both ERa and estradiolinduced PRs in brain regions which may indirectly participate in female
reproductive behaviors. (Supported by MH56187, NS 19327 and MH01312)

245.13

245.14

INTERACTIONS BETWEEN DOPAMINE, PROGESTERONE RECEPTOR, AND SEXUAL
EXPERIENCE IN THE SEXUAL BEHAVIOR OF MALE WILD TYPE AND PROGESTERONE
RECEPTOR KNOCKOUT mice . S.C, Woollev? J, Lydon2. B.W, O’Malley2. P.C

SEASONAL EFFECTS OF ESTRADIOL BENZOATE ON LORDOSIS
BEHAVIOR IN FEMALE RATS. S. Adams and K. Moody*. Dept. of
Biology, State University of New York, Brockport, NY 14420.
Lordosis behavior in ovariectomized female rats is dependent
upon the administration of exogenous estradiol benzoate (EB).
Studies in our lab routinely use low (.25ug) doses of EB to examine
the effects of facilitatory agents such as oxytocin and PGE2 on
lordosis responding. We have found that, depending upon the time
of the year, the same low dose of EB appears to have very different
effects on lordosis behavior, independent of other agents. In the
present study, we examined the effects of low (.25ug) and high
(lOug) EB treatments on lordosis behavior in several groups of
animals over the course of two years. Ovariectomized females
(10/group; 3 groups /dose /year) were injected with EB for three
consecutive days, and then tested for lordosis behavior with a male
Males were allowed to deliver 10 mounts/introm-isainnaj and the
lordosis quotient was calculated for eax3i female.
Statistical
analysis using two-way ANOVA revealed a significant interaction
between the time of year and the dose of EB. This intaraptiep was
independent of the weight of the females. The females in the high
EB group had consist lordosis quotients (88-96) throughout the
course of the study. The females in the low EB group showed
significantly different mean lordosis quotients (p<.0001). The
means appear to cluster at specific times of the year: DecemberApril X=65; May-July X=87; August-November. X=34.
These
results may be important for studies that require low, yet reliable
lordosis quotients in response to exogenous EB, such that
facilitatory effects of other treatments may be observed. (SUNY
award)

Crews1*. 'Department Zoology, University of Texas at Austin; 'Department of Cell
Biology, Baylor College of Medicine; Austin, TX 78712.
The progesterone receptor (PR) is significant in the control of sexual behavior: it
facilitates female receptivity and male mounting behavior in rats and mice, and malelike pseudosexual behavior in a unisexual species of lizard Cnemidophorus
uniparens. The neurotransmitter dopamine (DA) is also important in the control of
reproductive behaviors in male and female mammals. In female mice, dopamine
facilitates lordosis through the ligand independent activation PR. To investigate
interactions between PR, DA, and sexual experience in male sexual behavior, intact
male wild-type (WT) and progesterone receptor knockout mice (PRKO) were treated
with a low, medium, or high dose of the DI specific agonist SKF 81297 (SKF) or
vehicle prior to four behavior tests, each separated by a week. Latency to and
number of mounts, intromissions, and ejaculations were measured. After the fourth
test, individuals were castrated and screened three weeks later for sexual behavior in
30 minute tests; testing ended prior to ejaculation. In intact mice, mount latencies
(ML) of PRKO mice and the number of intromissions (#1) of WT mice decreased
with SKF-treatment and sexual experience while the ML of WT and the #1 of PRKO
mice were not affected by either SKF-treatment or experience. The effect was not
additive: SKF-treatment was only significant in inexperienced animals. After
castration, there was no significant effect of genotype, treatment with dopamine prior
to castration, or measures of pre-castration sexual experience on post castration
response. Thus, although dopamine and sexual experience differentially affect the
motivation and performance of intact sexual behavior in the two genotypes, behavior
in the absence of testosterone did not significantly differ between WT or PRKO mice
or appear to be affected by previous treatment with a dopamine agonist.
Supported by MH41770 to David Crews
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245.16

SURVIVAL OF REPRODUCTIVE BEHAVIORS IN ESTROGEN
RECEPTOR p GENE DEFICIENT ((3ERKO) MALE MICE. Sonoko
Korach2, J, Gustafsson3. D,W, Pfaff1. 1: Lab. Neurobiol.
and Behav., The Rockefeller University, New York, NY 10021, 2; Lab.
Reprod. and Develop. Toxicol., NIEHS, Research Triangle Park, NC
27709,3: Dept. Med. Nutrition, Karolinska Institute, Huddinge, Sweden.
Previously, we found that the lack of functional estrogen receptor (ER)-a
gene greatly affects a number of reproduction-related behaviors, such as
sexual, aggressive, and parental, in both sexes of mice (Ogawa et al,
Neuroendocrinology 64:467, '96; PNAS 94:1476, '97; Endocrinology
139:5058 & 5070, ’98). In the present study, we determined the
behavioral characteristics of mice which specifically lack ER-f3 gene.
Gonadally intact male pERKO and their littermate wild type (WT) mice
were singly housed and tested for sexual and aggressive behaviors and
open field activity. We found that J3ERKO male mice were not deficient in
either frequency or latency of mounts or intromissions. Very few mice of
either genotype ejaculated during 30min behavioral tests with sexually
receptive female mice (Swiss Webster mice gonadectomized and primed
with estradiol benzoate and progesterone). However, we confirmed that
some pERKO male mice (at least 3 out of 5) successfully inseminated
C57BL/6J female mice within 20days of co-habitation. Aggressive
behaviors exhibited by PERKO mice toward an olfactory bulbectomized
male Swiss Webster intruder mouse were at least as great and as intense as
those of WT male mice. These results markedly contrast with our findings
in aERKO male mice in which aggressive behaviors were almost
completely abolished. Finally, total activity levels as well as time spent in
the center area of the open field apparatus were not different between
genotypes. These results suggest that ER-P may not be as crucial as ER-a
for the expression of components of sexual (mounts, intromissions and
ejaculation) and aggressive (including most vigorous offensive attacks)
behaviors in male mice. (Supported by NSF IBN-9728579 to SO.)

ERa AND ERP RECEPTOR SUBTYPES IN MOUSE AND MONKEY
BRAIN. S. Hu1, S. Lu1, J. Kaplan2, M. Adams2, J. Nyby1*, and N. Simon1.
'Dept. of Biological Sciences, Lehigh University, Bethlehem, PA 18049, and
2 J. Kaplan, Depart, of Comparative Medicine, Wake Forest University
School of Medicine, Medical Center Boulevard, Winston-Salem, NC
27157-1040
The novel ER beta protein differs significantly from ER alpha in ligandbinding affinity, specificity, and relative tissue and cellular distribution of its
mRNA. However, its functional significance has remained elusive, in part
due to the absence of in vivo protein detection. In this study, Western
analysis was employed to assess ER protein expression in hypothalamic
extracts prepared from female cynomolgus monkeys and CFW mice. All
procedures complied with federal requirements for the use and care of
animals and were approved by animal use committees at both institutions.
Results of the Western analysis using an anti-ERp antibody revealed a
dominant 54 kD band in monkeys and mice that was effectively competed in
the presence of excess peptide. The MW was comparable to recombinant
ERP protein. These findings demonstrate that ERP protein expression is
conserved in mammalian brain. As expected, ERa also was present in both
species as an approximately 67 kD protein.
Experiments that assess estrogenic regulation of ERa and ERP after acute
or extended hormone treatment are in progress. Results demonstrate ERa
expression is down-regulated by estradiol. Work on ERP is in progress.
Supported by grant IBN 95-12015 from NSF to NS and HL 45666 from NIH
to JK.

245.17

245.18

THYROID HORMONE AFFECTS ESTROGEN MEDIATED INDUCTION OF
THE RAT PREPROENKEPHALIN GENE.
Nandini V1, C.J. Krebs1, Y.S, Zhu2*, S, Daniels *, N, Koibuichi3, W.W. Chin3 and
D.W.Pfaff1. 'Lab. Neurobiology and Behavior, Rockefeller University, New York,
NY 10021; 2*Comell Med School, NYC; 3Dept. Of Med., Harvard Med. School,
Boston.
Estrogen receptor (ER), a ligand dependent transcription factor, binds to estrogen
response elements (ERE) on DNA, regulating the transcription of target genes. The
thyroid hormone receptor (TR), which is colocalized with the ER in the
ventromedial hypothalamus (VMH), also binds to a similar motif. Competition for
the ERE in this region could underlie the interference demonstrated by thyroid
hormone with estrogen end effects, such as sexual behavior in rodents. We have
chosen the ERE in the promoter of the preproenkephalin (PPE) gene for the study of
the effects of thyroid hormone since the PPE gene is induced in the VMH by
estrogen and is believed to be required for optimal reproduction. Gel shift assays
show binding of the ER and the TR alpha to the vitellogenin ERE, demonstrating
that the TR can bind a consensus ERE. The ER alpha also binds the ERE in the
PPE promoter despite deviation from the consensus. Transfection assays in CV-1
cells using the PPE promoter containing two imperfect EREs linked to a CAT
reporter reveal an effect of the thyroid hormone on the estrogen mediated induction
from this promoter. We have used the TR alpha 1, betal and beta 2 isoforms to
study the effect of the thyroid hormone on this promoter. At present, the data
suggest that the thyroid hormone alpha 1 isoform can reduce the induction mediated
by estrogen from this promoter to an extent greater than those of the other isoforms.
Studies on the mechanism of interference by thyroid hormone could provide
rationales for the variations in ERE sequence, providing a means of flexible
regulation of target genes. Supported by HD-05751.

ESTROGEN AND THYROID HORMONE RECEPTOR GENE EXPRESSION IN
MOUSE BRAIN: A DOUBLE-LABEL IN SITU HYBRIDIZATION STUDY.
H. K. Kia *, C. J. Krebs. N. Koibuchi1. W, W, Chin1 and D. W. Pfaff. Lab. Neurobio.
& Behav., The Rockefeller Univ., New-York, NY 10021,1 Div. of Genetics, Dept. of
Medicine, Brigham & Women’s Hosp. & Harvard Med. Sch., Boston, MA 02115.
Recently, through molecular and behavioral studies, it has been shown that there is
an interaction between estrogen receptors (ERs) and thyroid hormone receptors
(TRs). Because TRs can bind the estrogen response element (ERE), and because the
activity of ERs as transcription factors depends on their binding to the ERE, it was
concluded that these two receptors have the potential to interact within a single
neuron. The question remains, however, whether TRs and ERs are found in the same
neuronal population. To address this question, we used a double-label in situ
hybridization approach. Riboprobes, specific to ERa, c-erbAlphal (TRai) and cerbAlpha2 (TRa2) were labeled by 35S and digoxigenin and hybridized to mRNA in
the brain of ovariectomized mice. Quantitative examination of cellular expression has
revealed that a high percentage of co-localization of ERa with TRai and TRa2 can be
found in structures rich in ERa mRNA, such as the hypothalamus (ventromedial
nucleus; 75% with TRab 84% with TRa2 and arcuate nucleus; 82% with TRab 81%
with TRa2) and amygdaloid nuclei (cortical nucleus; 67% with TRab 72% with TRa2
and medial nucleus; 51% with TRab 67% with TRa2). Even in areas where ERa
expression is low, such as the dorsomedial nucleus, lateral habenula and
paraventricular nucleus, substantial co-localization is found («40%). However, the
medial habenula and isocortex, which are devoid of ERa mRNA, have a moderate
expression of TRa, and TRa2 mRNA. This study provides the first anatomical
evidence that ER and TR can be found within the same neurons of the hypothalamus,
a region where thyroid hormone may act to attenuate estrogen’s ability to facilitate
female reproductive behavior. Supported by HD-05751.

STRESS: GLUCOCORTICOIDS

246.1

246.2

REPEATED
CORTICOSTERONE
TREATMENT
ATTENUATES FOS-IMMUNOREACTMTY (-ir) IN THE BRAIN
AND ADRENAL MEDULLA IN RESPONSE TO 2DGINDUCED GLUCOPRIVATION. N.M, SANDERS* AND S.
RITTER. Department of VCAPP, Program in Neuroscience,
Washington State University, Pullman, WA 99164-6520.
Our previous results have shown that recurrent bouts of
glucoprivation significantly reduce or abolish Fos-ir in several
brain sites and in the adrenal medulla in response to the
subsequent bout of glucoprivation and significantly impair 2DGinduced hyperglycemia and feeding responses. It has been
hypothesized that elevations of corticosterone (CORT), which
accompanies both hypoglycemia and 2DG-induced
glucoprivation, is responsible for impaired giucoregulatory
responses during the subsequent hypoglycemic stimulus
(Davis, et al., 1996). In the present experiment, we determined
the effect of prior repeated CORT treatment on 2DG-induced
Fos-ir. Rats (n=10) received 5 daily sc injections of CORT (100
pg/kg) or 2DG (R2DG) (200 mg/kg) and on the sixth day were
challenged with 2DG and sacrificed 2 hours later for
immunohistochemical detection of Fos and tyrosine hydroxylase
(TH)-ir. Like R2DG, prior CORT treatment abolished 2DGinduced Fos-ir in the adrenal medulla. In the brain, prior CORT
significantly reduced Fos-ir in non-TH-ir neurons in the caudal
and rostral NTS, lateral PBN, rostral VLM and in TH-ir neurons
in cell groups A1/C1, C3, and A6.
PHS DK 40498

ALTERED SENSITIVITY TO APOMORPHINE IN ADULT RATS FOLLOWING
PREWEANLING EXPOSURE TO ELEVATED CORTICOSTERONE. LJL
Miller1* and B.S. Neal-Beliveau1,2. ’Program in Medical Neurobiology, Indiana
Univ. School of Medicine; 2DepL of Psychology, IUPUI, Indianapolis, IN 46202.
Perinatal stress affects behavioral development of the offspring, and a key factor
mediating the stress effect is the reaction of the hypothalamus-pituitary-adrenal axis
(HPA). Increased HPA activity is known to affect many developmental processes,
including the maturation of neurotransmitter systems. Research has shown that
expression of dopamine (DA) D2 receptors appears not to be under developmental
control of DA, but the regulatory mechanism remains unclear. The present study
attempted to elucidate the effects of corticosterone (CORT) on D2 receptor
development in rats during the preweanling period. On postnatal day 1 (Pl), dams
were surgically implanted s.c. with either two placebo pellets or two 200 mg CORT
pellets in the nape of the neck. Pups were exposed to elevated CORT via lactation,
and were weaned on P21. Locomotor activity and various behaviors were measured
in adulthood (>P90) following challenge with the mixed D1/D2 receptor agonist
apomorphine (0.1, 0.32, 1.0, and 3.2 mg/kg). CORT-exposed offspring exhibited
significant changes in their functional sensitivity to apomorphine. In particular,
CORT-exposed male offspring exhibited increased gnawing behavior, whereas
licking was decreased in these rats. CORT-exposed female offspring exhibited an
increase in locomotor activity. Both females and males exhibited decreased rearing
behavior. Grooming, oral dyskinesias and yawning behaviors were not affected. D2
receptor binding is currently being examined by quantitative receptor
autoradiography. Based on the lack of changes in the expression of Dl-mediated
behaviors, we suggest that preweanling exposure to elevated CORT causes longterm changes in the functional sensitivity of D2-like receptors. Supported by
MH514I3.
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246.3

246.4

MECHANISMS OF ACUTE STRESS ON THE SLEEP STATE-DEPENDENT
P13 POTENTIAL IN THE RAT. II. INJECTIONS OF DEXMEDETOMIDINE
(DEX) INTO THE PEDUNCULOPONTINE NUCLEUS (PPN). L. Teneud*. H.
Mivazato. R.D. Skinner and E. Garcia-RilL Dept. Anatomy, University of
Arkansas for Medical Sciences, Little Rock, AR 72205
Previous studies have shown that the midlatency auditory evoked P13
potential in the rat is, a) sleep state-dependent (present during waking and
REM sleep, absent during slow wave sleep), b) rapidly habituating, c)
generated by cholinergic projections (specifically, of the PPN), and d) the
rodent equivalent of the Pl potential in humans. In addition, the P13
potential is suppressed by immobilization stress (IMB), an effect blocked by
pre-treatment with the noradrenergic a-2 receptor antagonist yohimbine
(YOH). These results suggest that the effects of IMB on the P13 potential
could be mediated by activation of inhibitory LC inputs to PPN. The present
studies used injections (0.3 pi) of DEX, a specific a-2 receptor agonist,
bilaterally into a region immediately dorsal to PPN in order to modulate the
vertex-recorded P13 potential. Stimulation and recording were carried out on
adult Sprague-Dawiey rats (n=8) as previously described (Miyazato et al,
1995,1996,1997). Injections of 0.01 pg of DEX did not significantly reduce P13
amplitude, while 0.1 pg of DEX significantly reduced P13 amplitude for 15
min and 1 pg of DEX reduced P13 amplitude for over 30 min, i.e. in a dosedependent manner (p<0.001). Pretreatment with YOH (5 mg/Kg, i.p.)
blocked the effects of 1 pg of DEX (p<0.002). These findings suggest that
activation of noradrenergic a-2 receptors at the level of the PPN using DEX
suppressed the manifestation of the vertex-recorded P13 potential, an effcet
blocked by YOH. These findings suggest that the effects of IMB may be
mediated by LC inputs to PPN and could be blocked using DEX.
Supported by USPHS grant NS20246.

MINERALOCORTICOID RECEPTOR BLOCKADE AND KAINIC ACIDINDUCED CHANGES IN VIABILITY-RELATED GENE EXPRESSION. D.L.
McCullers* and J.P, Herman. Dept. of Anatomy & Neurobioiogy, University of
Kentucky Medical Center, Lexington, KY 40536.
The neuronal mineralocorticoid receptor (MR) appears to play a role in
hippocampal cell viability. Previous experiments from our laboratory have
demonstrated that MR blockade with antagonists spironolactone and RU28318
increases hippocampal pyramidal cell vulnerability to excitotoxic kainic acid (KA)
insult at 24h. In addition, we have shown that MR blockade decreases basal
mRNA levels of the neuroprotective gene bcl-2 in the same regions at 24h. Thus,
the absence of MR activation appears to endanger hippocampal neurons faced with
subsequent injury, possibly through regulation of cell viability-related genes such
as bcl-2. To further investigate the potential neuroprotective function of the MR,
the present experiment characterizes the effects of MR blockade and KA challenge
on survival-related gene expression over a time course. Rats pretreated with
propylene glycol vehicle or MR antagonist RU28318 were injected with saline or
KA and sacrificed at 2h, 8h, or 16h. In situ hybridization analysis revealed that
KA treatment had no significant effect on bcl-2 mRNA levels before 24h in CAI
yet decreased bcl-2 mRNA levels at all time points in CA3. In the KA-damage
resistant dentate gyrus region, bcl-2 mRNA levels increased with KA treatment at
2h and returned to baseline by 16h. No significant effects of MR antagonist
treatment were observed before 24h in any region. The data demonstrating KA
induction of delayed decreases in bcl-2 mRNA in CAI and immediate decreases in
bcl-2 mRNA in the more KA-vulnerable CA3 region suggest that different
regulatory mechanisms are involved in modulating pyramidal cell viability
between these subregions. In addition, the delayed effects of MR blockade,
becoming apparent only at 24 h, suggest that MR regulation of bcl-2 is likely to
affect only later-occurring cell death at 24h and beyond following injury.
Supported by AG 12962.

246.5

246.6

CORTICOSTERONE ALTERS ARGININE VASOPRESSINMEDIATED ACTIVATION OF PROTEIN KINASE Ca IN AN
AMPHIBIAN FOREBRAIN. P. Gasser* and M, Orchinik. Dept.
of Biology, Arizona State University, Tempe, AZ 85287-1501.
Corticosterone (CORT) and arginine vasopressin (AVP) have potent
effects on behavior and electrophysiology. In amphibians, both
hormones influence reproductive behavior, and the effects of the
two can be antagonistic. In male roughskin newts, Taricha
granulosa, AVP enhances a reproductive behavior, amplectic
clasping, and selectively enhances the responsiveness of medullary
neurons to clasp-eliciting stimuli. CORT (and stress) block
amplectic clasping, and decrease medullary neuronal responses to
clasp-eliciting stimuli. We are attempting to understand the
functional relationship between these two hormones at a cellular
level by studying the intracellular signaling pathways by wliich they
exert their effects. As AVP is known to activate protein kinase C,
we are exploring the CORT/AVP interaction at the level of PKC
signaling. We have demonstrated by Western blot analysis tliat
AVP induces translocation of the a isoform of PKC (PKCa) from
the cytosol to the plasma membrane in forebrain neurons of the tiger
salamander (Ambystoma tigrinum), with effects visible within 2
minutes. Pretreatment of neurons for 10 min with lpM CORT
blocks the AVP-induced translocation of PKCa to the membrane.
These data suggest a possible mechanism for tlie antagonistic
actions of these two hormones. Funded by an NSF grant to M.
Orchinik

INTRACELLULAR AND MEMBRANE CORTICOSTEROID
RECEPTORS IN THE HOUSE SPARROW CreaghW. Breuner*and
Miks Orchinik Dept. of Biology, Arizona State University, Tempe, AZ
85287-1501
Although the literature on the adrenocortical response to stress in passerines
is extensive, studies characterizing receptors for adrenal hormones in this
system have not been done. We used radioligand binding assays to
determine affinity, specificity, and capacity of corticosteroid receptors in
the house sparrow (Passer domesticus). There is a membrane associated
corticosteroid receptor with a Kd for corticosterone (CORT) of 14 ± 2 nM
in brain tissue. In vertebrates, glucocorticoids do not dissociate from
activated intracellular corticosteroid receptors, making it difficult to
estimate receptor number. We injected house sparrows with mitotane
(ortho, para’-DDD), a drug which causes selective necrosis of
adrenocortical tissue, and CORT levels decreased to non-detectablg levels
within three days. Saturation binding data indicates there are two binding
sites for CORT in brain cytosol with Kds of 0.09 ±0.1 nM and 4,87. ± 1.39
nM. Mitotane treatment increases high affinity binding three-fold, while
only marginally increasing low affinity binding. Kidney cytosol contains
the lower affinity binding site, with a Kd for corticosterone (CORT) of 4.0
± 032. We have not found evidence for the higher affinity site in control
or mitotane-treated kidneys. Competition studies using DEX, ALDO, RU
28362 and RU28318 indicate that the intracellular receptors are not
pharmacologically identical to MR and GR described in mammals. This
research was funded by an NSF fellowship to CWB and an NSF grant
#EBN 9604200 to M.O.

STRESS: NEONATAL PERIOD
247.1

247.2

NATURALLY OCCURRING VARIATION IN NEONATAL REACTIVITY AND
MATERNAL CARE AS PREDICTORS OF LATER BEHAVIORAL PHENOTYPES

ENVIRONMENTAL EFFECTS ON COGNITIVE
DEVELOPMENT IN THE RAT: MATERNAL CARE
VS. ENVIRONMENTAL ENRICHMENT

A. Mar*. F.A. Champagne & M.J. Meanev. McGill University, Douglas Hospital
Research Centre, 6875 Boul. Lasalle, Verdun, PQ, Canada H4H 1R3
Variations in maternal care are associated with individual differences in behavioral
and endocrine responses to stress in adulthood. For example, rat pups receiving higher
levels of maternal licking and grooming (LG) exhibit less ‘fearful’ behavior and
reduced HPA activity to an acute stress than pups receiving lower LG. Despite such
correlations, there is still considerable variation amongst animals having similar LG
profiles. In an attempt to explain this residual variation, we assessed whether there may
exist stable individual differences in behavioral reactivity which vary independently
from LG.
To this end, we devised a three-part test battery to evaluate neonatal reactivity (NR).
On postnatal day 2, rat pups were removed from their home cage and placed in a
temperature-controlled chamber (33-34°C) for a 10 minute acclimation period.
Individual pups were then 1) loosely restrained in a supine posture for 90 seconds,
2) lightly stroked in their anogenital region and, 3) righted and placed on a cooler
(20-22°C) flat surface. For each part, we measured levels of motor and vocal activity.
On Day 14, we assessed behavioral inhibition in the presence of an unfamiliar male,
adult rat. Females showed less behavioral inhibiton than males. In both males and
females, we observed that pups with higher NR motor scores exhibited significantly
less behavioral inhibition. Further, both male and female pups which had received
more LG also displayed significantly reduced behavioral inhibition. Interestingly, in
females, only pups having both higher NR motor and LG levels showed significant
reductions in behavioral inhibition. In males, however, it is pups displaying lower NR
and LG scores that exhibit significant increases in behavioral inhibition. Preliminary
results are also indicative of some predictive effects of NR and LG in adulthood. These
results suggest that the assessment of neonatal reactivity may enhance the predictive
ability of maternal care for individual differences in later behavior.
(Supported by the MRCC & NIMH).
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D. Liu*, J. Diorio, D. Francis, F. Champagne, S. Sharma and

M.'J.Kfeyev---- ----------

--------

------------------

Dept. of NeuroUNeurosurg., Douglas Hospital Res. Ctr.,
McGill Univ., Mtl, Canada, H4H1R3.
Variations in maternal care can induce individual differences in
the development of the hypothalamic-pituitary-adrenal (HPA) axis
in rats. Maternal licking/grooming and archea-back nursing (LGABN) in the neonate also determines cognitive performance in a
Moms water maze test and synaptic development in the
hippocampus. The impairment of learning and memory in the
offspring of low LG-ABN mothers can be eliminated by either
cross-fostering to high LG-ABN mothers from postnatal day 2 or
by two months of postweaning environmental enrichment.
Cross-fostering the offspring of high LG-ABN mothers to low
LG-ABN mothers, however, did not produce cognitive deficits,
suggesting a resistance to the reduced levels of stimulation of low
LG-ABNmothers. We also found that offspring of high and low
LG-ABN mothers differ in NMDA receptor composition as early
as postnatal day 1, raising the possibility of a prenatal component
in cognitive development. Our Findings suggest that maternal care
in the first 10 days of life, along with differences in postweaning
environment ana possible prenatal disposition, contributes to
individual differences in cognitive functioning, (supported by
MRCC to M.J.M.)
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VARIATIONS IN MATERNAL CARE AND THE INTER-GENERATIONAL
TRANSMISSION OF INDIVIDUAL DIFFERENCES IN NEURAL
SYSTEMS KNOWN TO MEDIATE FEAR D. D. Francis* J, Diorio. D. Liu.
F, Champa&ne.and M. J. Meanev Douglas Hospital Research Center, Depts of
Psychiatry and Neurology/Neurosurgery, McGill University, Montreal, Canada,
H4H 1R3
Variations of maternal care during infancy contribute to how an animal
will ultimately respond to stress as an adult. Adult offspring of mothers which
exhibit a low frequency of pup licking/grooming (L/G) and arched-back nursing
(ABN) show increased hypothalamic-pituitary-adrenal (HPA) responses to stress
along with increased fearfulness in comparison to offspring of high L/G-ABN
mothers. We have previously provided evidence demonstrating that a) individual
differences in parental care are reliably transmitted from one generation to the
next and b) the inheritance of individual differences in maternal care can occur
via a behavioral mode of transmission. We believe one mechanism by which
these individual differences are transmitted to the offspring is by altering the
development of systems mediating the expression of fear-related behavior, such
as the central CRF and GABAA receptor systems. The current study
demonstrates that transmission of CRF mRNA (in amygdala and hypothalamic
PVN) as well as benzodiazepine receptor expression (in amygdala) can occur via
a similar mode of inheritance to that of maternal care ie. behaviorally. We
suggest that while the origins of individual differences in maternal care are not
clear it is possible that they may be reflective of individual differences in
fearfulness of the dams themselves. Taken together, these findings suggest a
nongenomic mode of inheritance in neural systems known to mediate fear.

MATERNAL BEHAVIOR IN INFANCY REGULATES THE IN VIVO RELEASE
OF NOREADRENALINE IN THE PARAVENTRICULAR NUCLEUS OF THE
HYPOTHALAMUS C, Caldii1 , P.M. Plotsky2 and M.J, Meanev.1
1 Developmental Neuroendocrinology lab, Douglas Hospital Research Center, Depts
of Psychiatry and Neurology, McGill University .Montreal, Canada, H4H
lR3.2Stress Neurobiology Lab., Dept. of Psychiatry, Emory Univ., Atlanta, GA
30322.
Early postnatal handling has been shown to increase the licking and grooming of
rat pups by the mother (Liu et al., Science, 1997). It has been proposed (e.g.,
Levine, 1975) that these alterations in maternal behavior towards the offspring
mediate the effects of handling. Previously, we found that adult offspring from high
licking/grooming and arched-back nursing (HLG) litters showed significantly lower
plasma ACTH and corticosterone responses to acute stress compared to low
licking/grooming and arched -back nursing (LLG) animals (Liu et al., Science,
1997). Since the input of noreadrenaline (NA) into the paraventricular nucleus of the
hypothalamus (PVN) is critical in initiating the hypothalamic-pituitary-adrenal
(HPA) response to stress, we examined NA levels in the PVN following acute tailpinch stress in the offspring of HLG and LLG mothers. Using in vivo microdialysis,
we found that after 20 minutes of tail-pinch, the offspring of LLG mothers had
significantly higher levels of PVN NA. This difference was maintained for at least
180 minutes following the acute stressor. Since we have also found HLG offspring
to have higher levels of the NA a2 autoreceptor in the locus coeruleus and nucleus
tractus solitarius (NA cell containing systems which we believe serve to mediate the
PVN NA response to stress) (Caldji et al., PNAS, 1998), it is thought that the
maternal behavior forming these animals regulate the neural systems leading to their
differential HPA response to stress. (Supported by a grant from the MRCC to MJM,
and from the NIMH to PMP and MJM)

247.5

247.6

MULTIPLE CENTRAL BENZODIAZEPINE/GABAA RECEPTOR SUBLETS
REGULATED BY MATERNAL BEHAVIOR IN INFANCY J. Diorio1.
Caldji1. P.M. Plotskv2 and MJ, Meanev.1 developmental Neuroendocrinology
lab, Douglas Hospital Research Center, Depts of Psychiatry and Neurology, McGill
University,Montreal, Canada, H4H lR3.2Stress Neurobiology Lab., Dept. of
Psychiatry, Emory Univ., Atlanta, GA 30322.
Previously, we found that adult offspring from high licking/grooming and
arched-back nursing (HLG) litters had reduced fear to novelty and greater central
benzodiazepine receptor (CBZ) levels in the central/lateral/basolateral
(CAN/LAN/BLAN) nucleus of the amygdala and locus coeruleus (LC) compared to
low licking/grooming and arched -back nursing (LLG) animals (Caldji et al., PNAS,
1998). We are presently investigating the molecular basis for the differences in the
CBZ/GABAA receptor using in situ hybridization. The <xj, P2
72 subunit
composition is thought to make up the pentameric composition most directly
involved with benzodiazepine pharmacology. With the appropriate subunit
oligonucleotide, we have already found the offspring of HLG mothers to have higher
levels of the 72 subunit in the CAN/LAN/BLAN nucleus of the amygdala and LC
compared to the offspring of LLG animals. A similar pattern was observed for the 04
subunit, but also with a higher expression found in the CA2-CA4 regions of the
hippocampus in HLG offspring. The P2 subunit expression was found to be higher
in the BLAN nucleus of the amygdala and the LC in HLG offspring compared to the
offspring of LLG mothers. We also found a variety of other subunits, including oq 4>
Pl,3» 71 and GAD to be differentially expressed in offspring of HLG and Ll!G
mothers. We believe early life events dynamically regulate the expression of these
receptor subunits which in turn results in differences in the composition of the
CBZ/GABAA receptor complex and mediates the differences in fear/anxiety levels in
response to novelty. Interestingly, these differences in gene expression, receptor
pharmacology and behavior are derived, at least in part, from naturally occurring
differences in maternal care during the first weeks of life. (Supported by a grant from
the MRCC to MJM, and from the NIMH to PMP and MJM)

CENTRAL OXYTOCIN SHIFTS MATERNAL LICKING AND GROOMING
FROM SELF TO PUPS: A MECHANISM FOR INTERGENERATIONAL
TRANSMISSION OF STRESS RESPONSIVITY C.A. Pedersen? M.L, Boccia2,
and D.S. Janowskv1 *, 'Dept. of Psychiatiy, 2Frank Porter Graham Child
Development Center, Univ. of North Carolina, Chapel Hill, NC 27599-7160.
Liu et al. (Science, 1997), Francis et al. (Soc Neurosci Absts, 1998), and we
(Soc Neurosci Absts, 1999) found that the amount of licking and grooming (LG)
female rats receive from their mothers during infancy determines 1) their stress
responsivity as adults, 2) how much they LG their own pups, and 3) the amount of
oxytocin (OT) binding in some regions of their brains. Central administration of
OT increases self-grooming (SG) and, in preweanling juvenile rats, also increases
LG of neonates (Peterson et al., Behav Neurosci, 1991). These observations led
us to hypothesize that central OT enhances pup LG in nursing mothers. To
test this, mother-pup interactions were videotaped for 2 hr prior to and 4 hr after
ICV infusion of the selective OT antagonist, OTA (1 ug), or normal saline (NS)
vehicle (5 ul). Each dam was tested with both treatments, the first given on
postpartum day 2 or 3 and the second on postpartum day 6 or 7. The order of
treatments was counterbalanced among subjects. During the 90 min period
beginning 2 hr after ICV treatments, OTA-treated rats exhibited significantly less
pup LG compared to NS-treated rats and compared to the 90 min prior to ICV
infusions. No other components of maternal behavior were affected by OTA.
Also, OTA compared to NS significantly decreased the percentage of dams’ total
grooming directed toward pups (PLG/SG+PLG). Total grooming was equivalent
between treatment groups and before and after ICV treatments.
These results demonstrate that endogenous OT increases pup LG in
nursing mothers by redirecting LG from self to pups. They also suggest that,
through its effect on pup LG, central OT activity in the mother influences the
development of OT activity (binding and, perhaps, other parameters of
central OT systems) in the brains of offspring. This may constitute a
nongenomic mechanism whereby levels of pup LG and behavioral/endocrine
stress responsivity are transmitted from one generation to the next
Supported by MH56243 to CAP.

247.7

247.8

MOUSE STRAIN DIFFERENCES IN BEHAVIOR AND CORTICOSTERONE
IN RESPONSE TO EARLY POSTNATAL SEPARATION. B.W. Hawks*,
P.M. Plotskv. S. J. Garlow Dept. of Psychiatry and Behav. Sci., Emory Univ.
Sch. of Med., Atlanta, GA 30322
Maternal separation of rat pups in the first weeks of life has been shown to
exert long lasting changes in the hypothalamic-pituitary-adrenal (HPA) axis, as
well as the behavior of the animal. It has not yet been determined, however, to
what role the genetic endowment of the animal plays in the development of these
persistent changes. For this reason, we have attempted to replicate the maternal
separation experiments in inbred mice in an effort to test identical rearing
conditions against different genetic backgrounds. In the present study, male mice
of strains DBA/2J, C57BL/6J, and BALB/cByJ were separated from their dams for
either 15 (MS 15) or 180 (MS 180) minutes and then returned to their home cages
each day from days P2 to P14. At age 10 weeks, mice were tested for exploration
in an open field and in the Porsalt forced swim test. At age 12-14 weeks, blood
samples were taken from the mice after 10 minutes of restraint stress and then
later under low stress conditions. Results indicate that there is no difference in
behavior or in corticosterone secretion in response to stress in the DBA/2J strain.
Preliminary results do suggest that there is an effect of maternal separation on
mice of the C57BL/6J and BALB/cByJ strains. Although sample sizes were
small in these two strains, there were significant differences found in the amount
of time spent exploring the center area of an open field. Interestingly, C57BL/6J
MS 180 mice spent more time exploring the open field, while the BALB/cByJ
MS 180 mice spent less time that their MS 15 counterparts. Behavioral effects
seen in our experiments may be independent of corticosterone levels, but greater
sample sizes will need to be investigated to achieve adequate power.
Supported by MH 50113

EFFECTS OF STRESS ON NEUROGENESIS IN THE DENTATE GYRUS OF
ADULT LONG EVANS RATS EXPOSED TO NEONATAL MATERNAL
DEPRIVATION R.L. Huot*, P.M. Plotskv Stress Neurobiology Lab., Dept. of
Psychiatry and Behavioral Sci., Emory University, Atlanta, GA 30322.
Dentate gyrus granule cell neurogenesis occurs postnatally and continues into
adulthood in the rat. Stress or elevated levels of glucocorticoids decrease
neurogenesis. This study was designed to whether adult stress reduced neurogenesis
and this was affected by exposure to early life stress. Male Long Evans rats were
exposed to daily handling-maternal separation for either 15 min (HMS15) or 180
min (HMS180) from postnatal day (PND) 2-14, weaned on PND23 and pair housed
with siblings into adulthood. Siblings of the rats used in this study were exposed to
an airpuff startle stressor and exhibited the typical stress hyper-responsiveness
(elevated levels of ACTH and corticosterone) seen in maternally deprived rats as well
as the expected down regulation of the glucocorticoid receptor (GR) expression in
the hippocampus. Rats used in this study (6 HMS15 and 6 HMS180) received 4
BrdU injections (200mg/kg) every 6hr and were transcardially perfused 24hr after the
first injection. Two additional groups of rats were exposed to variable stress eveiy
6hr (immediately following BidU injection) including 30 min restraint, 3hr cold
room exposure, 6hr in dirty bedding and a 5 min cold swim (20°C) (6 HMS15, 6
HMS180). Brains were processed for BrdU immunocytochemistry. Brains (6
sections/rat) were analyzed for the number of BrdU labeled cells in the dentate gyrus
of the hippocampus. A 2 way ANOVA (rearing x stress) showed a significant effect
of rearing (p<0.01) and a significant interaction of rearing and stress (p<0.01). Post
hoc analysis showed a significant reduction in the number of labeled cells in the
HMS15 rats after exposure to stress (p<0.01) compared to the other three groups
which did not differ from one another. Thus, while the HMS15 group showed the
expected decrease in cell birth in response to stress, the HMS180 rats were
unaffected. We are in the process of determining whether the BrdU labeled cells
expressed a neuronal phenotype and testing the hypothesis that the down regulation
of GR in the deprived rats may protect them from reduced neurogenesis in response
to stress. (Supported by HDO8518)
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DISRUPTION OF THE MATERNAL-INFANT BOND IN EARLY
DEVELOPMENT LEADS TO SUSTAINED ALTERATIONS IN
RESPONSIVENESS TO SOCIAL STIMULI. JL Cameron*. K Coleman.
RE Dahl. ND Ryan and DJ Kupfer. Depts Psychiatry and Neuroscience,
Univ of Pittsburgh, Pittsburgh PA 15213.
We have previously reported that infant rhesus monkeys who are
separated from their mothers at one week of age and reared in a social
group, grow at a normal rate and develop normal activity patterns, but fail
to develop social contacts with other monkeys. To characterize the
responsiveness of 1 wk separated infants to specific social stimuli, we
examined the responsiveness of 1 wk separated infants (n=6) and control
infants (separated at 6 mo; n=5) to facial expressions using the Human
Intruder Test developed by Kalin (Science 243: 1718, 1989). At 7 mo of
age, monkeys were placed in a novel cage, and exposed to two 2 min
episodes with a human stranger; Profile, in which the stranger avoids eye
contact with the infant, and Stare, in which the stranger stares directly at the
infant. During the profile presentation, both control and separated
monkeys spent a small percentage of time directly looking at the stranger
(16.3+7.1%, 22.3±7.2%, respectively). However, when the stranger stared,
the control monkeys spent 3 times more time watching the stranger
(P<0.04) and displayed either fearful, threatening or submissive facial
expressions, compared to the 1 wk separated monkeys which showed no
increase in time spent looking at the stranger (58.4±6.2% vs 18.0±7.4%,
respectively). These data indicate that infant monkeys separated from their
mothers at 1 wk of age do not attend to a social stimulus (either with
regard to vigilance or production of facial expressions) in the same way as
control monkeys. We hypothesize that separated monkeys have a deficit
in social cognition. Current experiments are examining the development
of facial expression recognition in these monkeys and the neural systems
that may underlie this ability. (Supported by: Dept of Psychiatry and MH
41712).

EFFECT OF MATERNAL SEPARATION STRESS ON REGIONAL
CEREBRAL GLUCOSE METABOLISM IN JUVENILE RHESUS
MONKEYS. D. O'Brien1,3. J. Rilling1,3. J. Fergusson3, JM. Hoffman2, C.
Kilts1 and J. Winslow1,3*. Departments of ’Psychiatry, 2Radiology and
3Yerkes Regional Primate Center, Emory University, Atlanta, GA 30322.
Most studies of stress neurobioiogy utilize rodent models. This study used
rhesus monkeys, a closer phylogenetic relative of H. sapiens, to define the
functional anatomy of the primate stress response. Three pairs of mother and
juvenile monkeys were studied in each of three experimental conditions.
Following separation from their mothers, juveniles were injected intramuscularly with 5.0 mCi of 18F-FDG, and either immediately reunited with
their mothers or kept separate, either with or without maternal visual contact.
After 40 minutes of glucose uptake into the brain, juveniles were anesthetized
with ketamine (3-5 mg/kg) and 1% isoflurane, plasma samples were drawn to
assay cortisol levels, and Positron Emission Tomography (PET) scans were
acquired in a Siemens 951 ECAT tomograph. All scans were spatially
registered to a juvenile rhesus MRI standard prior to statistical analysis.
Areas exhibiting more activity in the separation conditions compared with
the together conditon include: lateral cerebellum and both dorsolateral
(dlPFC) and dorsomedial (dmPFC) prefrontal cortex (p<0.05). Normalized
activity in both dlPFC and lateral cerebellum were significantly correlated
with plasma cortisol levels, and activity in both dlPFC and dmPFC are
significantly correlated with activity in the lateral cerebellum (n=9, p<0.05).
These data suggest that the stress of maternal separation activates a neural
circuit in monkeys that involves the lateral cerebellum and the prefrontal
cortex. These findings should be regarded as tentative until a larger sample is
assessed. Supported by NIH P51-RR0165-36 and the Emory Center for PET.

247.11

247.12

EARLY ISOLATION EFFECTS ON ADULT STRESS RESPONSE. G.T. Golden*

W.H.

Berrettini . Department of Veterans Affairs Medical Center, Coatesville, PA
19320, University of Pennsylvania, Phila. PA 19104, and Kyungsan
University, Korea
Physical and psychological stressors are known to cause a wide variety of
behavioral and neurochemical alterations. Immobilization has been shown to be
a simple and effective stressor which produces large increases in plasma
levels of norepinephrine (NE) and epinephrine (EPI). In order to determine the
effects of early maternal isolation on behavioral and neuroendocrine
responses to acute stress in adulthood, inbred Wistar Kyoto (WKY) and Brown
Norway (BN) rat pups were removed from dams from postnatal day 5 through
15 for 3 hours each morning. Pups were weaned at 25 days and housed
separately until 50 - 60 days when they were tested for behavioral
reactivity in a novel environment with the open field (OF) and staircase (SC)
tests. After behavioral testing animals were catheterized and subjected to a
30 min period of immobilization stress. Blood samples were obtained before,
during and after immobilization stress for HPLC determination of plasma
catechols (NE, EPI, DA, and DOPAC). Non-isolated litter mates were used as
controls. In both strains maternal isolation increased exploration of novel
environments (decreased latencies, increased ambulation and rearing p<.005).
Maternal isolate animals from both strains showed increased baseline plasma
EPI (p<.05) while baseline NE levels were not significantly different from nonisolated animals. Similar to non-isolate animals, maternal isolate animals
from both strains showed increases in NE, EPI and DOPAC (p<.0001) in
response to immobilization stress. Maternal isolates exhibited decreased OA
(p<.003 ) and increased DOPAC (p<.0005 ) levels in response to immobilization stress compared to non-isolate animals. BN isolates tended to exhibit
greater increases in plasma NE and EPI than WKY isolates in response to
immobilization. Results suggest that early maternal isolation stress modifies
adult stress responses. (Supported by the Department of Veterans Affairs)

EARLY EXPERIENCE, STRESS, AND THE DEVELOPMENT OF
STEREOTYPY IN DEER MICE. S.B. Powell*, H.A. Newman. P.
Bugenhagen, M.H. Lewis. Departments of Psychiatry and Psychology,
University of Florida, Gainesville, FL 32610.
Deer mice develop high rates of spontaneous stereotypy (e.g.,
jumping, backward somersaulting, patterned running) in response to
standard laboratory caging. Stereotypies have been hypothesized protect
the organism against the effects of stress associated with environmental
restriction. We examined whether changes in stress responsiveness through
the use of an early handling paradigm would alter the development of
stereotypy and whether environmental enrichment would decrease
stereotypy and alter HPA function. Mice were separated from their mother
for either 15 (MS-15) or 180 (MS-180) minutes a day or left undisturbed
(NH) from PND 1 to 14. Although there were no differences among the
three groups in corticosterone responses following either open field testing
or one hour restraint, both MS-15 and MS-180 mice showed significantly
less stereotypy compared to NH mice following the open field test. These
data suggest that brief and extended maternal separation result in a
reduction in stereotypy following a stressor. Additionally, raising mice in
larger, more complex environments significantly reduced the expression of
stereotypy when compared to mice housed in standard laboratory cages.
There were no differences, however, in corticosterone response following
one hour restraint stress in enriched and standard caged mice. Other
indices of HPA function (e.g., glucocorticoid receptor mRNA) are
currently being assessed. Supported by MH56163 and MH12175-01.

247.13

247.14

PERINATAL STRESS IMPAIRS HABITUATION BUT NOT
PREPULSE INHIBITION IN RATS. R.L. Port, T.LFinamore.
JRPapa and J.A. Harper*, Department of Psychology, Slippery
Rock University, Slippery Rock PA 16057.
Developmental stress has long been associated with the
induction and/or exacerbation of schizophrenia. The present
study evaluated the impact of maternal isolation on behaviors
known to be disrupted in schizophrenia; prepulse inhibition and
habituation of a startle response.
Litters of HSD rats were culled to no more than eight pups
(gender balanced). Three randomly selected litters (n=23) were
separated from the nest and mother for one hour daily on
postnatal days 2 thru 11. Two control litters (n=14) were
handled equivalently but not separated. At 85-90 days of age,
animals were tested for habituation and prepulse inhibition in an
automated startle chamber. A random series of 40 startle or PPI
trials were presented using a 20 sec intertrial interval. An analysis
of variance indicated no significant differences in PPI; a mixed
threeway ANOVA indicated a significant interaction between
blocks of trials and condition. Controls showed a decline in
startle response over time whereas isolated subjects showed
increased reactivity (no habituation). All other effects, including
Gender, were not significant. Supported by SRU.

ESTIMATION OF THE NUMBER OF NEURONS IN MEDIAL
AMYGDALA AND FRONTAL CORTEX OF RATS SUBMITTED TO
NEONATAL STIMULATION. A.B. Lucion4*. M.J. Padoin14, F. Pereira1.
F.L. Schneider3, C.A. Mandarim-de-Lacerda2. ’UNIOESTE, Cascavel, PR;
2UERJ, Rio de Janeiro, RJ; 3Morphology and 4Physiology, UFRGS, Porto
Alegre, RS 90050-170, Brazil, alucion@vortex.ufrgs.br
Neonatal stimulation induces long-lasting behavioral and neuroendocrine
alterations. We aimed to analyze the effects of handling during the stress
hiporresponsive period on the number of neurons in the medial amygdala
(central portion) and frontal cortex (Fr2, layers II e III) of male and female rats
with 11 and 70 days of age using the optical Dissector method. Wistar pup rats
were handled for 1 min during the first 10 days of age. On the 11th and on the
70th day, intact (control) and handled animals (N=5 in each group) were killed
and the brains removed. Serial sections (7 gm) were stained with cresyl-violet.
The numerical density (Nv) of neurons was determined using a videomicroscopic system. Results were expressed as median (interquarttil range)
and analyzed by the Mann-Whitney U test (p<0.05). Females at 11 days of age
showed a reduction in the number of neurons in medial amgygdala and frontal
cortex. In males at the same age, decrement of neurons was detected in the
cortex, but not in the amygdala. In adulthood, number of neurons in the
amygdala of handled male and females was lower than intact, but no
difference was shown in the frontal cortex. Neonatal stimulation induces acute
and long-lasting morphological change in frontal cortex and medial amygdala
The reduction in the number of neurons in medial amygdala of females was
detected in a short period of time after handling and also in adulthood. In
frontal cortex, reduction was only detected shortly after handling sequence.
Support: FAPERGS, CNPq, FINEP, CAPES
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EARLY ENVIRONMENTAL MANIPULATIONS ALTER
DEFENSIVE STRATEGIES IN ADULTHOOD. J. Rochford, J.

Menard*, A. Mar, & M.J. MOaney. Douglas Hospital Research Center,
McGill University, Montreal, Quebec, Canada, H4H 1R3.
Adult rats previously exposed to early environmental manipulations,
such as neonatal handling (H) and maternal separation (MS), exhibit
permanently altered neuroendocrine and behavioral responses to stress.
In the present study, we examined the effects of early environmental
manipulations on rats’ defense strategies in the shock-probe burying
test. We also examined whether changes in defense strategies differed
according to the social ranking (i.e., Dominant vs Submissive) of
housing paired rats. For the first two weeks of life, rats were either
separated from dams for 180 min/day (MS), separated from dams for
15 min/day or were left undisturbed (nonhandled; NH). At weaning,
rats from the same treatment groups were housed 2/cage and at
adulthood, were tested in the burying test. MS rats engaged in
substantially more burying behavior than did H rats, a change in
defense strategy which was not apparent in Submissive-MS rats. H rats,
on the other hand, exhibited the greatest degree of risk assessment (i.e.,
stretch attend postures directed toward the shock-probe), and this
particular change in defense strategy was not observed in Submissive-H
rats. Finally, NH rats showed intermediate levels of burying and risk
assessment, whereas Submissive-NH rats showed a dramatic increase in
passive avoidance of the shock-probe. These results suggest that early
environmental manipulations alter defense strategies in response to an
acute stressor. They further suggest that prepotent forms of defense
might be suppressed by chronic social defeat. Supported by an
NSERC PDF to JM, and an MRC grant to MJM.

INGESTIVE BEHAVIORS: PEPTIDES II
248.1

248.2

CENTRAL MELANOCORTINS AND PERIPHERAL BOMBESIN
INTERACT TO REDUCE MEAL SIZE IN RATS. E.E, Ladenheim*. P.K.
Lee, G.J. Schwartz and T.H. Moran. Department of Psychiatry and
Behavioral Sciences, The Johns Hopkins University School of Medicine,
Baltimore, MD 21205.
Recent evidence suggests that the central melanocortin system is involved
in energy balance and food intake. Mice with a targeted deletion of the
melanocortin-4 receptor (MCR-4) become obese, hyperphagic and
hyperinsulinemic (Huszar et al., 1997), while central administration of an
MCR-4 agonist reduces 24 h food intake and results in weight loss in rats
(Grill et al., 1998). To determine whether the central melanocortin system
interacts with meal-related satiety signals, we examined the effect of central
administration of MTII, an MCR-3/4 agonist, on the ability of peripherally
administered bombesin (BN) to reduce short-term food intake. Rats were
injected into the lateral ventricle with either 0.9% saline or MTII (0.1 and
0.32 nmol) 55 min prior to ip administration of either 0.9% saline or BN (0.1
and 0.32 nmol/kg). Five min later they were presented with a palatable
liquid diet (Ensure) and intake was measured at 15 min intervals for 60 min.
Our results showed that while 0.1 nmol MTII and 0.1 nmol/kg bombesin
failed to suppress intake when given alone, they produced a significant
suppression of intake when given in combination. This finding suggests that
peptides that are involved in energy balance and metabolism can modify
signals that control the size of individual meals. Supported by NIH grant
DK46448.

DIFFERENTIAL EFFECTS OF MELANOTROPIN PEPTIDES ON FEEDING IN
RATS: EVIDENCE AGAINST THE INVOLVEMENT OF MELANOCORTIN MC3
RECEPTOR IN THE REGULATION OF FOOD INTAKE A. Kask.1* L. Rago.1
J.E.S. Wikberg,2 H.B. Schidth2. IDept. of Pharmacology. Univ. of Tartu. Tartu
50090, Estonia; Dept. of Pharmaceutical Pharmacology, Univ. of Uppsala.
Sweden
The pro-opiomelanocortin(POMC)-derived peptides such as a-melanocyte
stimulating hormone (a-MSH) and adrenocorticotropin decrease food intake.
However, the effects of other POMC fragments like |3-MSH and yj-MSH on
food intake have not been studied. In this study we administered a-MSH. (3MSH and yj-MSH (0.2, 1.0 and 5.0 pg) by icv injections to free-feeding and
food-deprived rats. a-MSH and (3-MSH inhibited spontaneous food intake in a
dose dependent manner, whereas the effects of yj-MSH were not so clear-cut:
only a tendency towards decreased food intake was observed at 5.0 pg dose, aMSH and 6-MSH but not yj-MSH (5.0 pg) inhibited fasting-induced food
intake about 50%. The data indicate that not only a-MSH but also (3-MSH may
be an important endogenous ligands regulating food intake. Since a-MSH and
(3-MSH are effective agonists at both the MC3 and MC4 receptor and yj-MSH
has a relatively high affinity for the MC3 receptor and a neglible affinity for the
MC4 receptor, these data suggest that the MC3 receptor, physiological
functions of which are not fully understood, is not involved in the regulation of
food intake.
Supported by Estonian Science Foundation (3263), Swedish MRC (04X05957).

248.3

248.4

CHRONIC INFUSION OF A MELANOCORTIN RECEPTOR AGONIST
CAUSES WEIGHT LOSS DUE TO DECREASED FOOD INTAKE AND
INCREASED METABOLIC RATE. T.A. Patterson*, J.R. Hedde, L. She, W.P,
Newsome, P. Cornelius. Pfizer Central Research, CVMD, Groton, CT, 06340
Central melanocortin receptors 3 and 4 (MCR3/4) have been implicated in the
regulation of food intake and energy expenditure. Acute ICV infusion of the
MCR3/4 agonist MTII results in hypophagia and increased energy expenditure.
Herein we present data showing that chronic ICV infusion of MTII results in
decreased body weight compared to vehicle treated animals.
Male Wistar rats (225-250 g) were implanted with third ventricle cannulas. After
recovery and verification of cannula placement, the ICV cannulas were connected to
s.c. osmotic minipumps delivering 0.1 nmol/day or 1.0 nmol/day of MTII, or
vehicle. Body weight (BW) and food intake (FI) was monitored. In addition,
energy expenditure was determined by indirect calorimetry at day 0, 5 and 10.
Chronic treatment with with 0.1 nmol/day MTII resulted in significant BW changes
over the 10 day infusion period (VEH: 46.7 ± 9.8 g, MTII: 0.1 nmol/day -8.4 ± 14.5
g, (p<0.05), 1.0 nmol/day 18.5 ± 7.0 g (NSig)) Animals had significantly less
retroperitoneal and mesenteric fat (adjusted for BW) with no change in brown
adipose tissue and a nonsignificant decrease in epididymal adipose tissue. MTII
resulted in a significant decrease in 24 hr FI for 48 hrs after initiation of infusion
(0.1 nmol/day) or 24 hrs (1.0 nmol/day), which gradually returned to control levels.
Energy expenditure was increased at both 5 and 10 days after initiation of infusion
of 0.1 nmol/day of MTII, but not 1.0 nmol/day.
In conclusion, chronic infusion of MTII results in a significant decrease of BW,
resulting in part from a decrease in FI. The FI effects appear to exhibit
tachyphylaxis, however, a sustained increase in metabolic rate appears sufficient to
maintain the decrease in BW. Supported by Pfizer Inc.

SHU9119 INHIBITS MTII, BUT NOT DEXFENFLURAMINE INDUCED
ANOREXIA. B, Mutphv ’, C.Nunes \ AM. Fairhurst2, M. Donnelly1 T.N.Mellin1 and
A,M. Strack l‘.1 Dept. of Pharmacology, Merck Research Laboratories; Rahway, NJ
07065.2 Department of Pharmacy and
Pharmacology; University of Bath, Bath, UK BA2 7AY.
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Melanocortin and serotonin are two of many neuronal pathways involved in regulating
food intake The ability of the non-specific melanocortin receptor antagonist, SHU9119,
to reverse activity of two known anorexigcnic agents MTII and Dexfenfluramine (DEX)
was used to investigate possible overlap of these systems. MTII reduces feeding by
activating melanocortin receptors, in particular melanocortin-3 (MC3R) and
melancortin-4 (MC4R), while DEX acts by inhibiting 5HT reuptake and activating
5HT2c receptors. In this paradigm, SHU9119 (1 ng) was injected into the third ventricle
(3V) prior to intraperitoneal (IP) MTU (0.5 mg/kg) or DEX (1.5 mg/kg). Both MTU and
DEX reduced 18-hour food consumption by approximately 60% at the doses tested.
Rats receiving MTU alone ate 12.4±2.6 g compared to 22.1± 1.2 g in controls (P<0.01).
Co-administration of 1 ng SHU9119, at a dose that alone had no effect on food intake,
attenuated the anorexigenesis induced by MTU. Food intake of rats receiving the
SHU9119-MTII combination was 17.2±1.9I g that was no different than that of control
rats. Similarly, rats given only DEX showed significantly reduced feeding compared to
controls (8.62±1.4 g, P<0.01). Co-administration of SHU9119 failed to reverse DEX
induced reductions in feeding.: rats receiving the SHU9119-DEX combination still ate
considerably less (10.9±2.5 g, P<0.01) than controls.

The inability of SHU9119 to affect DEX induced anorexigenesis implies that there is no
physiological antagonism under the conditions of this experiment Consequently the
ability of SHU9119 to reverse reduced food intake induced by MTII suggests that both
exert their effects on feeding via a related mechanism, potentially MC3R or MC4R.
These data also suggest that DEX induced anorexigenesis does not involve melanocortin
pathways. Research supported by Merck and Co.
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248.5

248.6

FEEDING BEHAVIOR IN RATS CHRONICALLY TREATED WITH
MELANOCORTIN AGONIST, MTII. JN Stair. J Shu. R Camacho. B Murphy.
GJ Hickey. DE MacIntyre. AM Strack*. Department of Pharmacology, Merck
Research Laboratories; Rahway, NJ 07065.
There is increasing evidence that the melanocortin (MC) system, a pathway
which inhibits feeding and modulates body temperature, is of critical importance
in body weight regulation. This study focuses on long term effects of a
nonspecific melanocortin 1,3,4, 5 receptor agonist, MT H, which acutely
inhibits food intake in genetically obese mice and ad lib fed rats. MT II lacks
activity in MC4R knockout mice, suggesting that its anorexigenic effects are
MC4R-mediated. We evaluated the effects on feeding, body weight and fat
content in 10 week old ad lib fed rats treated daily with MT II (0,0.1,1, or
3mg/kg, i.p.) for twenty-one days. In comparison to vehicle treatment, the
initial MTII administration, evoked a dose-related decrease in food intake (5,22,
and 55%). After day 2, there was a nonsignificant suppression of food intake
that was maintained (~5-15%) through the rest ofthe study. All groups had
decreased body weight; the onset of the body weight was immediate in the 3
mg/kg group, but not evident until dlO in the 0.1 and 1 mg/kg groups. By
dexascan analyses, there was a decrease of 3.9 % in fat mass, without alteration
in lean body mass following 6 days exposure to MT II at 3mg/kg. At day 21 of
therapy, body weight in the MT II (3 mg/kg) group was 11% lower than in the
vehicle controls. The pattern of food intake and body weight was similar to that
observed with other therapeutic anorectic agents such as dexfenfluramine. The
attenuation of MTII induced decreases in food intake with time, under
conditions where weight loss persists, suggests that secondaiy
mechanisms/pathways additionally regulate energy balance in rats chronically
exposed to MT
Research supported by Merck & Co.

SELECTIVE MELANOCORTIN-4 RECEPTOR AGONIST REDUCES
FOOD INTAKE AND DOES NOT PROMOTE TASTE AVERSION.
S.C. Benoit*, J.L. Lachey, M.M. Hagan, K.A. Yagaloff, K.A. Blake, S.C.
Woods & R.J. Seeley. Dept. of Psychiatry, P.O. Box 670559, University
of Cincinnati, Cincinnati, OH 45267.

619

A growing body of evidence implicates melanocortin (MC) receptors in
the control of food intake. Two of these receptors, MC3 and MC4, are
found in the hypothalamus. Previous investigations have assessed the
effects of nonselective MC3/4 agonists (e.g., MTII) and antagonists (e.g.,
SHU-9119) on food intake. Recently, we reported that the selective MC4
agonist, Ro27-3225, reduces food intake in wild-type and obese (db/db)
mice (Lachey et al, 1998). We now report that 3225 reduces food intake
without producing aversive consequences. To accomplish this, we
subjected Ro27-3225 to a series of assays for aversive properties which
might accompany diminished food intake. First, administration of the
specific MC4 agonist did not support conditioned taste aversion learning
like that found after injection of LiCl. Second, 3225 did not decrease
consumption of a 0,5mol NaCl solution in sodium-deprived rats, as did
LiCl. Finally, LiCl, but not 3225, increased kaolin intake. Collectively,
these data suggest that the MC4 specific agonist reduces food intake, but
does not produce aversive consequences like those following injection of
LiCl. Supported by grant DK54080-01 from NIH/NIDDK

n.

248.7

248.8

DIMINUTION OF MELANOCORTIN SIGNALING IN HYPERPHAGIC RATS.
M.G. Dube1*, S.P. Kalra2, P.S. Kalra1. University of Florida Brain Institute,
Dept. of Physiology1 and Dept. of Neuroscience2, Gainesville, FL 32611-0244.
We have reported previously that in hyperphagic rats with disruption of neural
signaling in the ventral medial nucleus (VMN), the resultant hypersensitivity to
orexigenic signals emanating from the arcuate nucleus (NPY and gaianin) may
account, in part, for the hyperphagia. However, the role of central anorexigenic
signals in this hyperphagia is not known. Analysis of a-melanocyte stimulating
hormone (aMSH) concentrations in various microdissected hypothalamic nuclei
of rats microinjected bilaterally with colchicine (COL, 4gg/0.5gl saline) in the
VMN showed a progressive decline in levels during the period of overt
hyperphagia and increased rate of body weight gain (days 1-4 post-COL
injection). To determine the functional significance of this attenuation, we next
examined food intake (FI) of COL-injected ’
phagic rats in response to an
MC3/4 receptor agonist. Following an icv injection of MTII (lnmole/3 pi saline)
FI was suppressed by 99% during the first 4h and by 79% during the first 24h.
This anorectic effect persisted over the second 24h causing a 44% reduction in
FI and a loss in body weight (-8.8% vs. 7.9% gain in controls). Thus,
hyperphagia paused by disruption of signaling in the VMN is not associated with
a reduction in MC3/4 receptors in the hypothalamus, however, a marked
attenuation in the receptor ligand may contribute to the hyperphagia. These
results raise the possibility that diminution in melanocortin signaling may be
causally related to the hyperresponsivity of these rats to orexigenic signals.
(Supported by NS32727).

EFFECT OF 4ra-ICV ADMINISTRATION OF THE MELANOCORTIN-3/4
RECEPTOR AGONIST, MTII, ON SPOUT LICKING FOR GLUCOSE IN
THE RAT. D.L, Williams*. S.M. Weiss. H.J. Grill, and J.M. Kaplan. Dept. of
Psychology, Univ. Pennsylvania, Philadelphia, PA 19104.
Fourth-icv administration of the melanocortin-3/4 receptor agonist, MTII,
reduces food intake. To address the behavioral mechanisms by which MTII
affects short-term intake, we examined the microstructure of 12.5% glucose
ingestion during daily 2-h test sessions. In the first experiment, MTII (0.1,
0.33,1.0 nmol) or saline vehicle was delivered to the 4th ventricle 30 min before
the sessions. Intake during the first meal ofthe session was reduced by all doses
of MTII to a similar extent (~40%), although daily food intake was affected in
a dose-dependent manner (45% to 70%). This suppression of intake was fully
accounted for by a decrease in the duration of the fluid meal. Latency to begin
licking, average rate of ingestion, first-minute lick rate, and slope of decline of
lick rate were all unaffected by MTII. Thus, we find little evidence to support
the suggestion that MTII affects intake by altering taste evaluation or by
amplifying post-ingestive feedback inhibition before an abrupt termination ofthe
meal. In another experiment, MTII was given before tests across which the
volume ofglucose delivered for each lick was lowered from 8 to 4 ul. Rats were
able to compensate for the decreased lick volume by doubling the number of
licks emitted, a result that argues against an effect of MTII on ingestive motor
performance. Supported by DK-42284 and DK-21397.

248.9

248.10

THE DISTRIBUTION OF THE MCH RECEPTOR IN THE RAT BRAIN.
G.J. Hervieu, J.E, Cluderav. M.F. James* and R.A Leslie. Neuroscience
Research, SmithKline Beecham Pharmaceuticals, New Frontiers Science Paik,
Third Avenue, Harlow, Essex CM 19 5AW, U.K.
Melanin-Concentrating Hormone (MCH), a 19 amino-acid cyclic peptide,
is implicated in the control of general arousal and goal-oriented behaviors in
mammals and appears to be a key messenger in the regulation of food intake.
We recently found that a splice-variant of die human G-protein-coupled
receptor SLC-1 is an endogenous receptor for MCH.
Using in situ hybridization and immunohistochemical techniques we
investigated the distribution of SLC-1 in the rat brain. Specificity of an
antiserum raised against a C-terminal peptide of the MCH receptor was
confirmed with SLC-1-transfected cells. SLC-1 mRNA and protein were
widely and strongly expressed in the brain. Protein distribution was observed
in areas that largely overlapped with regions mapping positive for SLC-1
mRNA. Thus SLC-1 signals were observed in the cerebral cortex, caudateputamen, hippocampus, amygdala, and various other subcortical nuclei in the
hypothalamus, thalamus, mesencephalon and rhombencephalon. In particular,
SLC-1 signals were detected within the dorsomedial and ventromedial nuclei
of the hypothalamus, two major subnuclei that modulate food intake.
In conclusion, our neuroanatomical data are consistent with the known
biological effects of MCH in the brain and with a role for SLG-1 in mediating
these physiological actions.

THE PRESYNAPTIC ACTIONS OF NPY IN PARVOCELLULAR PVN
NEURONS ARE REDUCED IN OBESE ZUCKER RATS Karima Taouil and
W.F.Colmers* Dept. Pharmacol. U. Alberta, Edmonton, AB Canada. T6G 2H7.
NPY is linked to obesity in many animals. Chronic injection of NPY into
several hypothalamic sites, notably the paraventricular nucleus (PVN) results
in hyperphagia and obesity. In the fatty Zucker rat, high levels of NPY are
found in PVN compared to lean littermates. We have identified a GABAAmediated synaptic response in a population of parvocellular neurons in male
Sprague-Dawley rats that is inhibited by NPY, Yi and Y5 receptor agonists..
Here, we examine whether the same response to NPY exists in female
Sprague-Dawley rats, and in lean and obese female Zucker rats.
Application of NPY (3 - 500 nM) caused a concentration-dependent
reduction in the GABAA-mediated IPSC evoked in parvocellular PVN by focal
stimulation. The maximal effect was 56 ± 8% (500 nM) and the EC50 was 10 nM.
In lean Zucker females, the maximal effect of NPY was 51 ±4.5% and the EC50
was 38 nM, not significantly different. However, in the fatty Zucker rats, the
maximal effect of NPY was only 28 ± 6%, significantly different from lean
littermates or Sprague-Dawley rats. The EC50 was about 2 nM, not different
from the others. The IPSC responded with a reduction in amplitude to a
variety of NPY agonists, including NPY2-36, and D-Trp32NPY.
The results demonstrate that the response to NPY in PVN of female rats is
identical with that of male rats, and lean Zucker females responded idenically
with Sprague-Dawleys of both genders. The reduction in the response in obese
Zucker rats is consistent with their reduced sensitivity to NPY injection into
PVN. Whether the reduced NPY response in obese rats is due to receptor
desensitization or downregulation, or elevatedNPY tone must be determined.
Supported by Lilly Center for Women's Health and MRC (Canada)
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INHIBITORY NPY Yi AND Ys RECEPTORS COEXIST ON GABA ENDINGS
IN RAT HYPOTHALAMIC PVN. N. Pronchuk* and W.F.Colmers, Dept.
Pharmacol. Univ. Alberta, Edmonton, Alberta, Canada, T6G 2H7.
NPY powerfully induces animals to eat when injected into the
paraventricular nucleus (PVN) and other nuclei of the hypothalamus.We have
identified a population of parvocellular neurons in rat which receive GABA
inputs, activating GABAa receptors. NPY inhibits these inputs potently, while
the MC4 receptor agonist, a-MSH, potentiates GABA release; this action is
blocked by AGRP. Here, we used selective antagonists to identify the
receptors mediating NPY's actions, comparing agonist and antagonist on the
same cells.
Application of NPY (100 - 300 nM) to PVN parvocellular neurons having a
large GABAa inhibitory postsynaptic current response (IPSC) to focal
electrical stimulation reduced the IPSC by 44.5 ± 6.7%, which was not
significantly affected by either BIBP3226 or 1229U91, both potent and selective
Yi receptor antagonists. However, both antagonists completely blocked the
effect of Leu^Pro^NPY, a Yi/s-preferring agonist, but did not affect the Ys
agonist, D-Trp32NPY. The effect of NPY was partially reduced by two novel Ys
antagonists from Novartis and Synaptic Pharmaceuticals, but both blocked the
effects of D-Trp32NPY completely. However, co-application of the Yi
antagonist BIBP3226 and the Novartis Ys antagonist caused a complete
blockade of NPY's actions on the IPSC. The actions of agonists and antagonists
were entirely presynaptic, as there were no effects on postsynaptic properties.
The data suggest the coexistence of Yi and Ys receptors on GABA terminals
on a population of parvocellular PVN neurons. The Ys receptors appear to be
more efficiently coupled to the inhibition of GABA release, but the incomplete
blockade by Ys antagonist indicates an important role for Yi receptors as well.
Supported by MCR/PMAC Health Program (Canada).

ELEVATION OF ADENOSINE 3',5'-CYCLIC MONOPHOSPHATE (cAMP)
REDUCES THE GABA-ERGIC INHIBITORY POSTSYNAPTIC CURRENT IN
NEURONS OF THE PERIFORNICAL HYPOTHALAMUS. E.R. Gillard* and
W.F. Colmers. Dept. of Pharmacol., University of Alberta, AB, Canada T6G2H7.
Previous studies have shown that cAMP analogues and agents that elevate
endogenous cAMP elicit pronounced eating when microinjected into the perifornical
hypothalamus (PFH) of satiated rats, suggesting a role for cAMP in the neural control
of food intake. To investigate the cellular basis of cAMP-elicited eating, we have
examined the effect of cAMP elevation on evoked synaptic potentials in PFH neurons
using the whole-cell patch clamp configuration in hypothalamic slices from adult male
Sprague-Dawiey rats. Bath application of the membrane-permeant cAMP analogue 8(4-chlorophenylthio)adenosine 3',5'-cyclic monophosphate (cpt-cAMP, 10 pM-3 mM)
in the presence of the A, adenosine receptor antagonist 8-(p-sulfo-phenyl)theophylline
dose-dependently reduced the GABAergic inhibitory postsynaptic current (IPSC) in
PFH neurons, with a 48.2% ± 5.0% reduction at 600 pM. When tested in the same
cells, cpt-cAMP (600 pm) reduced the IPSC by the same amount in the presence of
the glutamate receptor blocker kynurenic acid (1 mM), but did not affect the isolated
EPSC recorded in the presence of bicuculline. Application of cpt-cAMP did not
reduce the postsynaptic response to iontophoretically applied GABA, suggesting an
entirely presynaptic site of action. Moreover, application of non-permeant cAMP did
not reduce the IPSC, suggesting that cpt-cAMP acts at an intraterminal site.
Consistent with this, we have observed a 28% reduction in the IPSC following bath
application of the adenylyl cyclase activator 7-deacetyl-7-(O-N-methylpiperazino)-ybutyrylforskolin (MPB forskolin), while 1,9-dideoxyforskolin, which lacks ability to
stimulate adenylyl cyclase, was without effect in the same neurons. Collectively, these
data suggest that, in this preparation, cAMP modulates transmitter release in a novel
manner, and this may account for the orexigenic effect of cAMP analogues and
intracellular agonists in vivo. In addition, modulation of GABA release in the PFH
may be an important mechanism in the neural control of eating.
Supported by NIH (USA) and MRC (Canada).

248.13

248.14

CELLULAR INTEGRATION OF OREXIGENIC AND ANOREXIGENIC
NEUROPEPTIDE SIGNALS AT PARVOCELLULAR NEURONS OF THE
PARAVENTRICULAR NUCLEUS OF THE HYPOTHALAMUS. M.A.
Cowley1, W. Fan1, N. Pronchuk2, D.M. Dinulescu1, Malcolm T. Low1*, W.F.
Colmers2 and R.D. Cone1. Wollum Institute, Oregon Health Sciences
University, Portland, OR 97201, and 2Department of Pharmacology,
University of Alberta, Edmonton Canada T6G 2H7
It is postulated that energy stores are held constant in animals via a
central adipostat mechanism. The adipostat should 1) sense changes
above and below a set point, perhaps by detecting changes in leptin levels
2) integrate multiple opposing signals, and 3) provide output regulating
energy intake and energy expenditure to return the system to baseline.
We have already reported that the paraventricular nucleus of the
hypothalamus (PVH) is very sensitive to neuropeptide Y (NPY), which
potently stimulates both feeding and insulin secretion. We demonstrate
here that the PVH is also very sensitive to an alpha-melanocyte
stimulating hormone (a-MSH) analogue (MTII) which potently inhibited
feeding and insulin secretion and increased oxygen consumption.
Furthermore, we demonstrate that individual parvocellular neurons
within the PVH are capable of detection and integration of orexigenic
(NPY and agouti related protein (AGRP)) and anorexigenic (a-MSH)
signals, and that PVH neurons which are sensitive to both a-MSH and
NPY also regulate both feeding behavior and energy expenditure. These
data provide a cellular basis for the adipostat within a-MSH- and NPYsensitive GABAergic neurons in the PVH.
This work was supported by the NIH (RDC, RO1DK51730) and by the
MRC/PMAC Health Program (WFC).

NEUROPEPTIDE Y-INDUCED FEEDING IS ATTENUATED BY ACUTE,
BUT NOT CHRONIC, NICOTINE ADMINISTRATION. C. Bishop1, G.C.
Parker1* and D.V. Coscina1?. ‘Dept. Psychol, and lDept. Psychiat. & Behav.
Neurosci., Wayne State Univ., Detroit, MI 48202, USA.
Tobacco smoking consistently produces feeding and weight suppression in
humans that often rebound following cessation.
Nicotine (NIC)
administration has similar feeding- and weight- moderating effects in rats, but
the neural mechanisms responsible have yet to be elucidated. Infusions of
NPY into the paraventricular nucleus of the hypothalamus (PVN) produce a
robust feeding effect, and recent work suggests that endogenous levels of NPY
change with NIC administration. We repeatedly tested NIC-treated female
rats (n=9) for NPY-induced feeding. NIC (12 mg/kg/day) was given s.c. via
Alzet minipumps for 14 days. Feeding was tested 5 times: (I) pre-NIC, (2)2
days post-implant, (3) 12 days post-implant, (4) 2 days post-removal and (5)
12 days post-removal of the minipump. Each feeding test consisted of three 1hr sequential intakes of lab chow as follows: (1) baseline, (2) after injecting 0.4
pi saline into the PVN, and (3) after injecting 100 pmol NPY in 0.4 pi saline.
Intra-PVN NPY-induced feeding was attenuated by over 50% during acute
NIC, but recovered to pre-NIC levels by the chronic test 12 days post-implant.
Acute NIC suppression of body weight was followed by a steady weight
recovery over the next 2 weeks. Removal of pumps was followed by an acute
increase in weight that then decreased to baseline levels. These findings
support suggestions that NPY plays a role in NIC’s intake and weight
moderating effects.
Supported by funds from WSU

248.15

248.16

THE ARCUATE NUCLEUS IS PIVOTAL IN
MEDIATING THE ANORECTIC EFFECTS OF
CENTRALLY ADMINISTERED LEPTIN.

A TEST OF LEPTIN RESISTANCE IN MALE LONG-EVANS RATS. R.L. Martin*, E.J. Perez,
Y-J, He, and W.J. Millard. Department of Pharmacodynamics, University of Florida,
Gainesville, FL 32610.
Leptin, a protein hormone secreted in proportion to adipose mass, is the predominant
signal involved in the feedback between adipose tissue and brain in regard to body weight.
Leptin receptors, located throughout the body and CNS, are especially abundant in nuclei of
the hypothalamus involved in feeding homeostasis. There are a variety of receptor splice
variants with different physiological actions such as plasma binding, transport into the CNS,
and signal transduction. In studies where leptin has no or limited activity, it is easy to
implicate leptin resistance and speculate on multiple levels where resistance may occur.
However, currently there is no good method to gauge resistance. We have developed a test
of leptin resistance effective in male Long-Evans rats. Rats were randomly divided into 3
groups (n=12 each) receiving PBS, 0.1 mg/kg/day of leptin, or 0.5 mg/kg/day of leptin
delivered over 28 days via Alzet osmotic pumps. Body weight and food intake were
measured daily. As expected, leptin reduced food intake and body weight in a dosedependent manner over the course of the study but to a greater extent at the beginning of
the study. Blood samples were collected on days 1,15, and 29 for leptin determination by
RIA Leptin levels were significantly elevated in the 0.5 mg/kg/day group by week 2 and in
the 0.1 mg/kg/day group by week 4. The test of leptin resistance was performed at week 3.
After 24 hours of food deprivation, a subcutaneous bolus pf leptin (2.8 mg/kg) was given to
half of the animals in each treatment group; PBS was the control. Animals were re-fed 1
hour post-injection and food intake was measured 4 and 24 hours after re-feeding. The
results were the same at each time point* the rats in the control group ate significantly less
when challenged with leptin, indicating normal activity, whereas the leptin bolus had no effect
in rats treated with either dose of leptin, demonstrating a resistant state. We have effectively
developed a simple test of leptin resistance that can be used in studies in which leptin has no
effect. Funded by a grant from the American Heart Association, Florida Affiliate. Murine
leptin was a gift from Amgen, Inc.

M. Ta,ng-_Chrjstensen1'3 J.J. Hplst2’, B, Hjuftnannl, R.Kris.tensen3 and Niels Vrang . ‘Department of Medical Anatomy, Sect.
B. University of Copenhagen,2Department of Medical Physiology,
Blegdamsvej 3, Copenhagen and ’Histology, HC Discovery, Novo
Nordisk A/S, Bagsvaerd Denmark
The adipose tissue hormone leptin, secreted to the general circulation and transported into the brain in a facilitated manner, possibly
acts via hypothalamic neurones to reduce food intake and increase
energy expenditure. However, it is still not known which hypothalamic cell group that is the primary target for circulating leptin.
To evaluate the involvement of the arcuate nucleus in leptin induced anorexia, groups of rats treated neonatally with monosodium-glutamate (MSG)(arcuate lesioned) and litter mate controls were injected with 5pg of recombinant leptin or saline daily
for three consecutive days. Leptin significantly inhibited food intake and caused weight-loss in non-MSG rats (-14.5 ± 3.0 g vs
10.2 ± 4.3 g; leptin ± SEM vs vehicle ± SEM), whereas MSGtreated rats were unresponsive to leptin treatment (5.0 ± 2.2 g vs
0.8 ± 3.8 g; leptin ± SEM vs vehicle ± SEM). The present data
indicate that an intact arcuate nucleus is necessary for leptins actions on food intake and body weight regulation. Data on blood
insulin, corticosterone and leptin will also be presented.
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248.18

DIFFERENTIAL EXPRESSION OF IMMEDIATE EARLY GENES IN THE RAT
BRAIN INDUCED BY CILIARY NEUROTROPHIC FACTOR, LEPTIN, AND
LIPOPOLYSACCHARIDE. J.F Kelly1, C.E, Elias12, R.S. Ahima1, C. Bjorbaek1,
J.S. Flier1*, and J.K. Elmquist1,2. 'Department of Medicine and Division of
Endocrinology, ^Department of Neurology, Beth Israel Deaconess Medical Center,
Harvard Medical School, Boston, MA 02115.
The cytokines ciliary neurotrophic factor (CNTF) and leptin decrease food intake
and body weight when administered to rodents. CNTF has also been shown to
cause fever. Lipopolysaccharide (LPS) is a potent exogenous pyrogen that induces
fever and anorexia, exerting these effects via cytokine production (e.g. IL-6).
CNTF, leptin, and the cytokines induced by LPS act on receptors that are members
of the class I cytokine receptor family. However, it is not known whether these
cytokines engage similar CNS pathways to exert these effects. Therefore, we
performed in situ hybridization, on the brains of male Sprague Dawley rats, using
”S-labeled riboprobes for the immediate early genes (IEGs) fos, socs-3, and tis-11
following CNTF, leptin, or LPS administration.
We also examined the
inflammatory and pyrogenic properties of CNTF by in situ hybridization for COX2 mRNA, and temperature recordings following CNTF. CNTF, induces strong
activation of all these IEGs in barrier regions of the brain including the
circumventricular organs, ependymal cells of the ventricles, meninges, choroid
plexus, and the arcuate nucleus of the hypothalamus. Also, COX-2 mRNA was
induced in perivascular cells lining blood vessels, and a significant rise in
temperature was observed over a six-hour time period. Following leptin, SOCS-3
mRNA expression was induced in the arcuate nucleus, ventromedial nucleus,
dorsomedial nucleus, and the ventral premammilary nucleus. Following LPS, the
IEG expression pattern overlapped with the CNTF pattern in some barrier regions
of the brain, including perivascular cells lining blood vessels. These results suggest
that although CNTF, leptin, and LPS all decrease food intake, the CNS pathways
engaged by these cytokines are distinct. Moreover, the IEG expression, the
induction of COX-2 mRNA, and the temperature data suggest that the anorexic
effects of CNTF may be due to inflammatory actions of CNTF which are distinct
from the effects of leptin.
This work was supported in part by NIMH grant MH56537, NIH grant DK53301,
and Eli Lilly and Company.

LEPTIN ACTIVATES NEURONS CONTAINING ANORECTIC
PEPTIDES IN THE RAT BRAIN. C.F. Elias1'2*, J.F. Kelly2, C. Lee2, D.J.

Drucker3, M.J. Kuhar4, C.B. Saper1, J.K. Elmquist1,2. 'Dept. of Neurology and
2Dept. of Medicine, Division of Endocrinology, Beth Israel Deaconess Medical
Center, Boston, MA 02215; 3Dept. of Medicine and Endocrine Division,
Toronto Hospital, Toronto, Ontario, Canada, M5G 2C4; 4Yerkes Regional
Primate Center, Emory University, Atlanta, GE 30329.
Leptin has profound effects on food intake, body weight and neuroendocrine
status. Absolute deficiency of leptin (ob/ob mice) is associated with a dramatic
increase in body weight that can be reduced by replacement of leptin. Several
central neuropeptides systems have been implicated in regulation of food
intake and many of the anorectic peptides like cocaine- and amphetamineregulated transcript (CART), neurotensin (NT), cholecystokinin (CCK) and
glucagon-like peptide-1 (GLP-1) are located in nuclei of the hypothalamus and
brainstem related to the control of energy balance. In the current study, using
double label immunohistochemistry and in situ hybridization, we found that
leptin administration induces Fos immunoreactivity (Fos-IR) in neurons
expressing CART mRNA located in the retrochiasmatic area (RCA), arcuate
nucleus (Arc), paraventricular nucleus of the hypothalamus (PVH), and ventral
premammillary nucleus of the hypothalamus (PMV). We also observed the
expression of Fos-IR in cells containing NT mRNA in the Arc and dorsomedial
nucleus of the hypothalamus (DMH). Leptin induced Fos-IR in cells containing
CCK mRNA in the superior lateral parabrachial nucleus and GLP1 mRNA in
the nucleus of the solitary tract. Using the expression of the suppressor of
cytokine signaling (SOCS-3) as a marker of direct leptin activation, we found
that CART neurons are directly engaged by leptin in the RCA, Arc, PVH and
the PMV. These observations suggest that leptin stimulates neurons that
contain anorectic neuropeptides in the rat brain.
This work was supported in part by NS33987, DA 10732, RR00165,
DA00418 and DK53301 grants and by Eli Lilly (J.K.E.).

248.19
THE CENTRAL HISTAMINERGIC SYSTEM MEDIATES THE EFFECT OF

LEPTIN ON FOOD INTAKE. T. Morimolo!. Y. Yamamoto1. K. Yamamoto1, J. I,
Mobarakeh2. K, Yanai2, T. Watanabe2. T.Watanabe3, A. Yamatodani1 *.
1 Sch. Allied Hlth. Sci., Fac. Med., Osaka Univ.; 2Dept. Pharmacol., Sch. Med.,
Tohoku Univ.; 3Med. Inst. Bioregulation, Kyusyu Univ., Japan
Leptin is a satiety factor, which reduces food intake and increases energy
expenditure. The leptin-induced anorectic effect is thought to be expressed by
acting on the hypothalamus in the central nervous system, but the mechanism of
this effect is poorly understood. The central histaminergic system has been
suggested to regulate feeding behavior, and the hypothalamic neuronal histamine
is regarded as an anorectic agent like leptin. This similarity led us to study
whether the central histaminergic system is a target of the leptin’s anorectic
effect. We examined the effect of a-fluoromethylhistidine (FMH), which is a
specific and irreversible inhibitor of histamine forming enzyme, on leptininduced satiety effect in male mice of C57BL strain. Leptin treatment
significantly reduced food intake, whereas pretreatment of FMH completely
abolished the leptin’s effect. To reveal what type of histamine receptors concern,
we also examined the effect of leptin on food intake in mutant mice lacking
histamine Ht receptors. Leptin injection significantly reduced food intake in
wild type mice, but not in Hj receptor-knockout mice. These results indicate that
leptin-induced suppression of food intake may express through the histaminergic
system via histamine Hi receptors.
(Mouse recombinant leptin was donated by Amgen, Thousand Oaks, CA.)

NEUROETHOLOGY: HEARING
249.1

249.2

LASER-VIBROMETRIC MEASUREMENTS OF THE RESPONSE OF
CRICKET EARS TO ULTRASOUND.

INTRACELLULAR EVALUATION OF THE PROLONGED RESPONSE OF
THE L3 AUDITORY INTERNEURON OF FEMALE CRICKET ACHETA
DOMESTICUS. B. Navia. J. Stout and G. Atkins*. Department of Biology,
Andrews University, Berrien Springs, Ml 49103.
The L3 auditory interneuron in female crickets Acheta domesticus,
exhibits two different responses to the male calling song: an immediate
response that encodes the chirp, and a prolonged response. This
prolonged response exhibits spiking activity and a correlated PSP, both of
which are clearly seen using intracellular electrodes filled with potassium
acetate. It takes from 0.5 - 3 sec for the prolonged response to build up and
reach maximum activity. After offset of stimulus, it takes from 6 - 20 sec for
the prolonged response to diminish. The amplitude of the PSP of the
prolonged response and spiking rates are correlated and reach a maximum
at about 70 dB. Electrodes filled with Lucifer Yellow mixed in LiCl, seems to
reduce the PSP of the prolonged response and may reduce the spiking
rates especially at low intensities. Although extracellular recordings indicate
that the prolonged response is sharply tuned to 5 kHz, intracellular
recordings show prolonged responses often occur at 16 kHz. To evaluate
the possibility that electrode damage might be responsible for the sensitivity
to 16 kHz songs, we evaluate L3 responses while injecting current.
Depolarizing current increases the spiking rate and the slope of the prepotential, while it decreases the amplitude of the pre-potential of the
prolonged response. Hyperpolarizing current has the expected opposite
effect. Depolarization by the PSP during calling songs (5 and 16 kHz), also
increases spiking rates and slopes of pre-potential. A possible subthreshold
rhythmical input to L3 that may trigger the spiking during the prolonged
response is being evaluated.
Research supported by NSF Grant IBN 9808834.

R.A. Wyttenbach and R.R. Hov*.
Neurobiology & Behavior, Cornell University, Ithaca, NY 14853
Like many night-flying insects, the Polynesian Field cricket (Teleogryllus
oceanicus) steers away from ultrasound during flight. We have used this
behavior to measure the spatial acuity of hearing at 40 kHz (J. Exp. Biol.
200:1999-2006). The minimum audible angle (smallest discriminable
separation) varies with location, being smallest for pairs of stimuli at the front
and largest for pairs at the side.
The simplest explanation of the pattern of minimum audible angles would
be that they result from a constant just-noticeable difference in interaural
intensity difference of sound pressure or tympanal vibration. However, the
physical measurements required to test this are unavailable for ultrasound,
since such studies have concentrated on calling song frequencies (ca. 5 kHz).
We measured sound pressure and tympanal vibration with ultrasonic
stimuli (sweeps from 4 to 50 kHz) and crickets waxed in the flight posture.
The stimulus was moved 360° in azimuth around the body in 32 steps. The
response of each ear was measured once with the wings waxed open as in
flight and then again after wings were removed.
There is much variation among crickets in both the sound pressure and
tympanal vibration measurements at high frequencies, but some
generalizations are possible. (1) Tympanal vibration roughly matches the
pattern of sound pressure above 10 kHz in most crickets tested. (2) The
maximum interaural difference in pressure at 40 kHz is about 15 dB ; this does
not occur at a consistent location. (3) These data do not indicate a consistent
just-noticeable difference in interaural pressure or vibration differences that
would easily account for the behavioral data. (4) Removal of wings decreases
the interaural intensity difference (pressure and vibration) above 8 kHz.
Supported by NIDCD R01-DC00103 and NIMH K05-MH1148
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249.3

249.4

MODELING ANALYSIS OF DENDRITE COMPUTATIONAL
FUNCTION IN TERMS OF STRUCTURAL COMPONENTS. G.I.
Cummins, J. L. Casagrand & R.C. Eaton* Integrative Physiology and

Neurobiology Section, EPO Biology Box 334, University of Colorado at
Boulder, CO 80309.
Single neurons are capable of complex computations because of their
specific dendrite shapes, channel types, and cable properties. Our goal is to
contribute to a general theory of the dendrite structure-function relationship.
We apply a realistic computer model (using GENESIS) to duplicate the
decision making function of the Mauthner neuron; a cell that performs fast
sensory discrimination leading to the acoustic escape behavior in fish.
Genetic optimization is used to determine which structural features have the
most impact on the computation. We use abstract models to test the
computational functions of these features in isolation. Subsequently, these
computation units are assembled into artificial models designed to handle
particular types of computation. The maximum complexity of logic that can
be handled by an abstract model can be predicted from structural features.
The most important of these is the number of electrically separated regions in
the model dendrite. In some cases the exact function of the multi-component
models can also be predicted as a linear combination of the function of the
constituent computation units. Predictably, spatially isolated computation
units combine functions more linearly than overlapping computation units.
Finally, in other cell types besides Mauthner, we identify structures that are
highly similar to our modeled computation units, and we make predictions
about the behavior of these cells based on computation unit analysis. ONR
and NSF.

PROPERTIES OF THE ACOUSTIC STIMULUS THAT ACTIVATES THE
MAUTHNER NEURON. J.L, Casagrand*. G.I, Cummins & R.C. Eaton.
Integrative Physiology and Neurobiology Section, EPO Box 334, University
of Colorado at Boulder, CO 80309.
The Mauthner neuron is well studied for experiments in cellular
neurophysiology and neuroethology. It receives strong acoustic inputs from
the ear and lateral line through its lateral dendrite, and it triggers the onset of
the C-type escape response. Little is known about the properties of the
acoustic stimuli for which the system has evolved to respond. Knowledge of
this would be very helpful in designing neurophysiological experiments for
assessing the computational processes of its dendritic inputs and controlling
networks. Here we evaluate Mauthner sensitivity to the acoustic pressure
and acceleration components that the system uses to determine source
direction using our XNOR version of the phase model. Stimuli were
presented separately and in combinations. Just detectable PSPs in the
Mauthner cell were at about 0.01 m/s2 and the cell’s response plateaued
around 1 m/s2. For the latter acceleration the corresponding pressure would
be 157 dB (re 1 uPa: produced by a spherically propagating wave). When we
presented a pure pressure stimulus, PSPs plateaued at about 130 dB. These
values are placed in the context of previous behavioral studies. From this we
conclude that a natural sound source that maximally activates the Mauthner
cell has a higher ratio of acceleration to pressure than predicted by a
spherically propagating wave, perhaps involving acceleration from fluid
flow. Supported by grants from ONR and NSF.

249.5

249.6

THE ROLE OF RECOVERY AND INTEGRATION MECHANISMS IN THE
GENERATION OF AM SELECTIVITY IN THE MIDBRAIN OF THE
NORTHERN LEOPARD FROG RANA PIPIENS
T.B. Alder* and G.J. Rose. Dept of Biology, Univ. of Utah; SLC, UT 84112.
The temporal structure of acoustic signals is important in the communication of
anuran amphibians. Behavioral studies have shown that anurans are able to
differentiate between calls that differ solely in their temporal structure. One
important temporal feature that anurans have been shown to be able to discriminate
is amplitude modulation (AM), i.e. pulse pattern. A neural correlate of these findings
is that neurons in the anuran torus semicircularis show selective tuning to
behaviorally relevant AM rates. However, little is known about the neural
mechanisms underlying this selectivity.
We have previously shown evidence for two main classes of neurons that
differentiate between low (5-40 Hz) and high (50-80 Hz) AM rates. In this study, we
examined fiirther the underlying mechanisms responsible for the generation of AM
selectivity by presenting a variety of AM stimuli to the frogs while recording
extracellularly from isolated units in the torus semicircularis. In the case of neurons
sensitive to lower rates, selectivity appears to be related to the unit’s recovery time.
Neurons sensitive to higher rates integrate over pulses; responses are only elicited
after a threshold number of consecutive correct inter-pulse intervals have been
presented. The number of required intervals ranged from 3 to 16, with a median of 8.
These two classes would allow discrimination between the advertisement (~15 Hz)
and chuckle (~60 Hz) calls of Rana pipiens.
Supported by a grant from the National Organization for Hearing Research and a
James A. Shannon Award from NIDCD.

RECHARGEABLE TAG FOR ACOUSTICAL NEURAL TELEMETRY.
A. F. Mensinger* and M. Deffenbaugh. Department of Otolaryngology,
Washington University School of Medicine; St. Louis, MO 63110.
An acoustical neural telemetry tag has been developed for recording from
free-swimming aquatic animals. Microwire electrodes were interfaced to the
tag, and implanted into the VUIth nerve of the toadfish. The unit was then
mounted subdermally on the head. The telemetry unit was powered by
magnetic induction via an inductive coil contained within the tag. A
recharging habitat has been developed that recharges the tag while the
toadfish naturally occupies its habitat. The tag was fully charged within 15
seconds, and operated for more than 30 minutes with a single charge. Full
neural waveforms are transmitted acoustically (center frequency of 90 kHz
and 20 kHz bandwidth) by a piezoelectric transducer. The acoustic signal
was detected by receiver hydrophones, and mixed down to a 0-20 kHz
bandwidth. This demodulated signal was digitized and decoded by the
receiver computer to reconstruct the frill neural waveform. Neural activity
was recorded with the tag in free swimming fish over a period of several
days. The results show that this inductively charged telemetry tag can
transmit neural data through the water acoustically. Recent studies have
produced stable neural recordings in tethered toadfish (Opsanus tau) from
sieve microelectrodes chronically implanted into the regenerated VUIth
nerve (Mensinger et al., 1998). Interfacing the tag with the sieve electrode
will potentially allow continuous recording from multi-channel electrodes
integrated into the nervous system of a naturally behaving animal.
Supported by NIH 5 R21 RR12623-02

249.7

249.8

TRACKING AND INTERCEPTION OF MOVING SOUND SOURCES: SPATIAL
ORIENTATION AND DYNAMIC SOUND LOCALIZATION BY
ECHOLOCATING BATS. W.W. Wilson*, M.O. Tron, P.L. Abrams, A.J. Kryjack,
and C.F. Moss. Department of Psychology, University of Maryland, College Park, MD
20742.
Auditory motion, produced by sound source or listener movement, is an important
element of the acoustic environment. Sound motion introduces changes in the cues
used to determine sound location, and both neurophysiological and psychophysical
evidence suggest that auditory spatial processing is affected by changing location.
Here, we use a behavioral assay of dynamic sound localization in an echolocating bat.
Bats emit high-frequency biosonar vocalizations and use the returning echoes for
spatial orientation. Since both the bat and its insect prey are typically in flight, this
auditory predator must accurately determine the location of moving echo sources to
survive.
Individual bats were trained to capture tethered mealworms suspended from the
ceiling of a large flight chamber in long wavelength lighting (> 650 nm) to prevent
visual orientation. Acoustic behavior during target capture was recorded using a highspeed audio recorder, digitized and analyzed off-line. Two Gen-locked, high-speed
video cameras (Kodak), a spatial calibration frame, and motion analysis software (Peak
Performance) were used to document the 3-D position of the bat and target during
insect capture.
Bats used stereotypical vocal and motor patterns during capture of stationary targets,
which emerged several hundred milliseconds before target contact. In addition, bats
captured moving targets using a flight path that intercepted the target’s trajectory.
Together, these data suggest that bats may calculate a motor program for interception
early in the capture sequence, predicting the future position of a moving target by
integrating spatial information across a stroboscopic sequence of echoes. Supported by
grant number 5 T32 DC-00046-02, NIDCD and 1 F32 MH11489-01, NIMH to WWW
and 1 RO1 MH56366, NIMH and IBN-9258255 NSF Young Investigator Award to
CFM.

ORIENTING TO BINAURALLY UNCORRELATED NOISE BY THE BARN OWL
(Tyto alba) S.E.R. Egnor*. Dept. of Biology, Caltech, Pasadena, CA 91125
Many animals use interaural level difference (ILD) and interaural time difference
(ITD) cues to localize the source of a sound in space. In symmetrically eared animals
(like humans) both ITD and ILD are cues for sound-source location along the horizontal
axis. The barn owl has an asymmetry in the external ear and facial ruff which changes
ILD from a cue for horizontal sound position to a cue for vertical sound position. ITD
continues to code for horizontal position.
Previous experiments testing the effect of monaural plugs on sound localization
suggested that bam owls can produce orienting movements based on ILD alone, but a
residual ITD signal (via leak through the earplug) could not be ruled out. To test
whether owls were capable of producing head turns to ILD alone, two owls were fitted
with headphones and presented binaurally correlated and uncorrelated noise stimuli
with varying ILDs. Uncorrelated noise has no coherent ITD across frequency, but does
contain a coherent ILD. Head movements in response to the auditory stimuli were
tracked using a magnetic search coil and final head positions recorded.
Vertical orienting varied with ILD in an appropriate manner: owls looked up for rightear-louder ILDs and down for left-ear-louder ILDs. The magnitude of the orient varied
with the magnitude of the ILD. Final head positions for particular ILDs were not
significantly different with correlated and uncorrelated noise.
Single unit recordings were made in VLVp, the first nucleus in the auditory pathway
of the bam owl sensitive to ILD, using correlated and uncorrelated noise. ILD tuning is
identical in the two conditions, demonstrating that at least at the first level, ILD
processing is unaffected by lack of binaural correlation.
Neurons in the optic tectum (OT) are tuned to a particular combination of ITD and
ILD and thus have spatially restricted receptive fields. These neurons are arranged into
a map of auditory space. Previous experiments in our lab have shown that neurons in
the OT are virtually silent to uncorrelated noise. Given that owls will orient based on
ILD alone, another auditory structure may be responsible for the uncorrelated noise
orients.
Supported by NIH grant DC00134-19A1
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249.10

THE COCHLEAR NUCLEI OF THE CAIMAN. D. Soares1*. J, Simon2 and C. E.
Carr1. 'Dept. Biology, 2Center for Systems Research, Univ. Maryland, College Park,
MD 20742-4415.
In the auditory brainstem of birds and some reptiles, auditory nerve afferents
synapse on the neurons of the cochlear nucleus magnocellularis (NM), which in turn
project bilaterally to the nucleus laminaris (NL). The ipsilateral axons from NM
enter NL dorsally, while the contralateral axons enter ventrally. These afferent
axons form maps of interaural time difference (ITD) in the avian NL. The
organization of the ITD circuit differs among species. In chickens, NL is composed
of a monolayer of bitufted neurons which receive input from ipsilateral and
contralateral NM forming a single map of interaural time difference in the mediolateral direction (Young and Rubel, 1983).
Crocodilians are a sister group to the birds. To determine which features are
shared between crocodilians and birds, we used modeling, Golgi and
immunohistochemical methods to examine the cochlear nuclei of the caiman
(Caiman Crocodilus). NM was divided into 2 regions: a medial NMM composed of
principal cells which received endbulb terminals, and a lateral NML with stellate
cells which received punctate terminals. NL was also divided into 2 regions: a
medial area where bitufted cells formed a monolayer, with short simple dendrites,
and a lateral compact layer where bitufted cells exhibited long branched dendrites. A
computational model of coincidence detection was used to investigate the output of
NL cells. Caiman parameters from Klinke and Smolders (Hear Res 1986; 24:89-103)
along with measurements of cell size, dendritic length, thickness, branching and
synaptic density were used. Chicken data were used for complementary biophysical
parameters. Under these circumstances simulated Caiman NL neurons responded
well to changing ITDs. The model investigations were conducted over a range of
temperatures to investigate the role of temperature-dependent kinetics in coincidence
detection.
Supported by NIHDC00436 to CEC and ONR MURI #N00014-97-l-0501 to JS.

DATA FROM THE RING DOVE - A PUTATIVE NEURAL
SUBSTRATE FOR EVOLUTION OF THE ANTERIOR
FOREBRAIN PATHWAY. S.E. Durand*1. S.-L. Zhou2 and M.-F. Cheng2.

'Psychology Department, University of Maryland, College Park, MD, 20742.
Psychology Department, Rutgers University, Newark, NJ, 07102.
An "anterior forebrain pathway" (AFP) through the basal ganglia and
thalamus is part of the forebrain system for vocal learning in oscine
songbirds, in parrots and (probably) in hummingbirds as well. The thalamic
component of the AFP in songbirds is similarly situated to that of parrots.
Both lie within the caudal dorsal thalamus (caudal and dorsal to the
auditory relay). Auditory responses recorded in a songbird from the
thalamic nucleus of the AFP have been attributed to descending input from
the high vocal center (HVC) by way of the striatal component of the AFP
(Area X). If this hypothesis is correct, auditory responses would not be
expected within the caudal dorsal thalamus of a norvvocal learning species
that has no brain structures comparable to HVC and the AFP. However,
extracellular recording in the ring dove within the caudal dorsal thalamus
identified acoustically responsive neurons (N-14) that responded to specific
components of the dove coo song. The response pattern of single units to
songs and tones suggested both spectral and temporal selectivity. Tract
tracing revealed projections from the auditory midbrain onto the caudal
dorsal thalamus, reciprocal connections with the basal ganglia and a
projection onto the anterior neostriatum. We conclude that the caudal dorsal
thalamus is positioned to organize responses to communication sounds in
the absence of a system for vocal learning. If the set of connections through
the caudal dorsal thalamus in the dove is a general feature of the avian brain
(as appears to be the case), then pre-existing connections through the dorsal
thalamus could have exerted similar constraints upon the evolution of vocal
learning systems within distantly related avian groups. Supported by R01MH47010 to MFC.

249.11

249.12

SHIFTS IN THE DISTRIBUTION OF THE IMMEDIATE-EARLY GENE ZENK
IN THE DEVELOPMENT OF THE QUAIL AUDITORY SYSTEM AS RELATED
TO THE EMERGENCE OF SPECIES CALLPREFERENCES. K. D. Long*, J, M.
Salbaum, E, Balaban, The Neurosciences Institute, San Diego, CA 92121.
Previous research has shown immediate-early gene (IEG) expression in the auditory
forebrain and midbrain of gallinaceous birds. Such expression was elevated in
specific forebrain regions of birds hearing conspecific but not heterospecific maternal
calls, suggesting possible loci involved in the process of innate species recognition.
We were interested in learning how the distribution of IEG in the embryo relates to
the developing auditory pathway and the ultimate emergence of the preference
behavior in hatchlings. We have previously cloned the quail IEG gene ZENK, which
is the homologue of the mammalian IEG egr-1. Expression of quail ZENK was
studied in the following paradigm. Individual quail embryos from E6 to El7, the day
of hatching, were played one exemplar of either the conspecific (quail) or
heterospecific (chicken) maternal call for 30 minutes. Each brain was then
immediately excised, quick frozen, and sectioned for in situ hybridization with Diglabeled riboprobes of quail. Brains were processed in pairs containing one
conspecific case and one heterospecific case. ZENK expression is not found in the
classical auditory pathways prior to ~E8. From ~E8 to ~E12, it is found in the
auditory midbrain but not the forebrain. Following ~E12, ZENK expression assumes
the distribution in the forebrain found previously in post-hatched birds. These shifts
in gene expression correspond to the development of the auditory midbrain and
forebrain projections as determined by tract tracing and TH and NMDA antibody
staining. These results suggest a developmental time frame for the arrangement of
early, "innate" auditory preferences and salience. Supported by Neurosciences
Research Foundation.

THE CONTRIBUTION OF LOCAL CIRCUITRY TO REFINEMENT OF SONGSELECTIVE RESPONSES IN A SONG LEARNING PATHWAY. M.J. Rosen*
and R. Mooney. Dept. of Neurobioiogy, Duke Univ. Med. Ctr., Durham, NC 27710
Certain nuclei in the male zebra finch brain are specialized for song learning and
production, and contain neurons that fire much more strongly to playback of the
bird’s own song than to other birds’ songs or temporally manipulated songs. The
anterior forebrain nucleus LMAN has been implicated in song learning and
perception, and contains neurons that are more selective and homogenous in their
responses than are many cells earlier in the song pathway, suggesting that songselectivity may be refined within LMAN. Previous intracellular recordings of
LMAN neurons (Rosen & Mooney, 1998) detected subthreshold response profiles
which matched suprathreshold responses. Because a neuron's subthreshold activity is
representative of the activity of its presynaptic inputs, these results suggest that
LMAN afferents (arising from the thalamic nucleus DLM) are already highly tuned.
To confirm this, we eliminated local LMAN circuit activity by applying GABA to
the entire nucleus, while recording intracellularly from single LMAN neurons in
urethane-anesthetized birds. In 12 of 13 neurons tested, the subthreshold activity that
persisted in the presence of GABA retained its selectivity for forward song,
indicating that LMAN afferents are indeed highly tuned, and that refinement is likely
to occur earlier in the song pathway. Therefore, we made intracellular recordings
from one of the earliest sites where song-selective responses are detected, the song
nucleus HVc, and applied the same local inactivation technique to determine whether
local HVc activity is necessary to maintain selectivity. In 3 HVc neurons examined
thus far, subthreshold selectivity persisted during GABA application, suggesting that
extrinsic inputs to HVc are already biased towards forward song. Further
experiments will extend the analysis to multiple cell types, to determine whether
intrinsic HVc circuitry can refine the response properties of its neurons. Funded by

NIH R01 DC02524, and the McKnight, Sloan and Klingenstein Foundations.

249.13

249.14

INTRACELLULAR ANALYSIS OF SONG-SELECTIVE AUDITORY
RESPONSES IN IDENTIFIED HVc NEURONS. R. Mooney*. Department of
Neurobioiogy, Duke University, Durham, NC 27710
In the songbird brain, neurons that fire more strongly to forward than reverse
playback of the bird’s own song (BOS) could serve auditory-guided vocal learning
and song perception. HVc is one of the earliest sites in the brain pathway used for
singing where such responses have been detected, and HVc neurons are the likely
source for similar auditory responses in the song premotor nucleus RA, and in the
anterior forebrain nucleus LMAN, a structure critical to song development and
perception. To better understand the nature of auditory information transmitted by
different classes of HVc relay cells and intemeurons, I made intracellular recordings
from them in urethane-anesthetized male zebra finches, and used morphological and
intrinsic electrophysiological criteria to distinguish different HVc cell types. These
recordings confirm earlier work (Lewicki, 1996) showing that X-projecting neurons
are a major class of song-selective auditory neuron in HVc. X-projecting HVc
neurons were highly phasic in their responses, showing pronounced subthreshold
inhibition as well as excitation to forward playback of the BOS, with little or no
sub- or suprathreshold response to reverse-BOS. In contrast to this earlier study,
RA-projecting neurons were sometimes as phasic and song-selective as X-projecting
neurons, but also often exhibited marked subthreshold changes in membrane
potential in response to reverse BOS, suggesting that X- and RA-projecting cells
may receive distinct auditory information. Auditory responses of RA-projecting
cells were often entirely subthreshold, and these neurons also had higher thresholds
for current-evoked spiking than did X-projecting cells. Finally, HVc intemeurons
were remarkably song-selective, firing rapidly and tonically to BOS, thus providing
a likely source of the song-selective inhibition detected in X-projecting HVc
neurons. Funded by NIH ROI DC02524, and the Sloan and Klingenstein Foundations.

AUDITORY AND SOCIAL ISOLATION ALTERS NMDA-EPSCs WITHIN LMAN,
BUT NOT IN RA, DURING SONG DEVELOPMENT. S.A. White*, F.S. Livingston,
and R. Mooney. Department of Neurobioiogy, Duke University, Durham, NC 27710
Auditory experience potently regulates the development of learned song and its
underlying neural circuitry. For example, acoustic isolation of young zebra finches
extends song learning and also elevates spine density on LMAN neurons. These
behavioral and morphological alterations may be accompanied by functional changes
in synaptic transmission. Thus, we examined NMDA-excitatory post synaptic currents
(NMDA-EPSCs) in two brain nuclei, LMAN and RA, which are critical for song
learning and production. We focused on NMDA-EPSCs because: 1) NMDA receptor
activity in LMAN is crucial to song learning, 2) the LMAN-RA EPSC is mediated
almost entirely by NMDA receptors, and 3) we have previously shown that the
timecourse of NMDA-EPSCs is developmentally regulated in both LMAN and RA.
Zebra finches were acoustically isolated from adult male tutors at PHD 15, and were
visually isolated from one another at PHD 35. Whole cell recordings from in vitro
brain slice preparations revealed that isolation slowed NMDA-EPSC development
within LMAN but not in RA. In LMAN, NMDA-EPSCs from juvenile isolates (~PHD
45) were slower than those of juvenile controls and as slow as those of fledglings
(~PHD 25). This isolation effect was restricted to juveniles, as NMDA-EPSCs from
adult isolates (>PHD 90) were as fast as those of adult controls. Given that endogenous
androgens surge ~PHD 90, and that exogenous androgens can accelerate NMDA-EPSC
development, we tested whether androgens (DHT) could counteract the effects of
isolation on NMDA-EPSCs. Chronic DHT treatment ofjuvenile isolates produced
NMDA-EPSCs in LMAN that were equivalent to those ofjuvenile controls. Thus,
isolation might retard NMDA-EPSC development by decreasing endogenous
androgens. In summary, our data show that isolation produces changes in synaptic
transmission that are specific to LMAN, and suggests that androgens, as well as other
unknown mechanisms, may regulate this process.
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AN INTRACELLULAR STUDY OF AUDITORY RESPONSES IN THE
ZEBRA FINCH SONG NUCLEUS RA. J.E. Spiro* and R. Mooney.
Dept. of Neurobiology, Duke Univ. Med. Center, Durham, North Carolina, 27710.
Previous studies have demonstrated that neurons in several brain regions involved in
song production and learning respond strongly to playback of the bird's own song.
The robust nucleus of the archistriatum (RA) is of special interest in this regard
because it is a central element of the pattern generator for learned song, it receives
input from the anterior forebrain pathway (which has been strongly implicated in song
learning), and it is the only output of the forebrain song control circuit. Therefore, it is
likely to be a major site where auditory feedback could influence vocal motor
development during song learning. We characterized the auditory responses of RA
neurons by recording intracellularly (with neurobiotin-filled electrodes for subsequent
histological analysis) from RA projection neurons in both juvenile and adult (70 to
>120 days post hatch) urethane-anesthetized birds. We found that the intrinsic
properties of RA projection neurons are remarkably similar to the same neurons that
we have previously recorded in acute brain slices, firing tonically and rhythmically at
rest. As in brain slices, RA projection neurons differ significantly in their spike shape
and response to intracellular current injection when compared to neurons of die
surrounding archistriatum. Consistent with previous extracellular studies, we found
that RA projection neurons responded to song playback with phasic bursts
characterized by high firing rates (>300 Hz), followed by brief periods where their
firing rate was depressed below the baseline level. This response profile is entirely
consistent with these neurons receiving direct excitatory input from RA-projecting
HVc neurons, which have been recorded and filled in a similar study (Mooney, 1999).
Future experiments will determine whether the auditory responses seen in RA derive
entirely from HVc.
Supported by NIH F32 DC00333, NIH R01 DC02524, and the Sloan and
Klingenstein Foundations.

DOES BEHAVIORAL STATE MODULATE SENSORIMOTOR PROPERTIES IN HVc? PL.
Rauske and D. Marqoliash*. Dept. Org. Biol. & Anat., U. Chicago, Chicago, IL 60637.
The mechanisms by which the sensorimotor song nucleus HVc and its efferents use
auditory feedback to guide song learning and maintenance are unclear. Song-selective
auditory responses have been widely reported in the song system of anesthetized birds, and
previous studies of one of HVc's efferent nuclei, RA, suggest that activity under anesthesia
mimics activity during sleep. The extent to which HVc shows auditory responses in the
awake bird is less well established. To investigate this, we recorded HVc single-unit (SU) and
multi-unit (MU) activity from asleep and awake, behaving adult zebra finches.
In 5 SU and 8 MU in HVc of 4 birds, activity during playback of song stimuli during both
sleep and wakefulness was recorded. All 13 sites exhibited strong auditory responses to
bird’s own song (BOS) while showing no such response to reversed BOS or conspecific
song. During wakefulness, 3 of these sites (all SU) continued to show BOS-selective
responses, while the other 10 (8 MU, 2 SU) showed little to no auditory response at all. An
additional 10 SU were recorded from 3 of these birds plus 2 others during wakefulness only.
Of these, 6 showed BOS-selective responses and the other 4 were not auditory. Across all
recorded SU, those that showed awake BOS responses tended to have lower spontaneous
rates (5 + 5 spk/s) than those that did not (13+4 spk/s); this difference was statistically
significant (p < 0.05). Thus, awake-auditory cells may represent a different population of HVc
neurons than those with no awake auditory responses.
For one SU which showed strong BOS responses throughout both sleeping and wakeful
periods, the bird sang spontaneously. This unit showed premotor activity leading syllables
during the introductory elements of song; for the remainder of song, spike PSTHs during both
BOS playback and singing were remarkably similar. Either the sensorimotor context of this
unit’s activity switched during singing, or the unit’s activity was premotor throughout singing
but reflective of its BOS response in the quiescent state. Experiments with similar neurons
modifying auditory feedback can distinguish between these two hypotheses. Supported by
grants to P.L.R. (NSF GER-9255694) and to D.M. (NIH NS25677).

249.17

249.18

MULTIPLE NEUROMODULATORS MAY GATE AUDITORY RESPONSES IN THE SONG
MOTOR SYSTEM S.D. Shea1* and D. Marqoliash1,2.1Cmte. on Neurobiology. ;2Dept. of
Organismal Biology and Anatomy, University of Chicago, Chicago, IL 60637.
Auditory feedback is essential for song learning. Both ongoing (spontaneous) and auditory
activity in the forebrain song system of awake songbirds are quite different from that seen in
sleeping birds. Chronic recordings show that the forebrain motor nucleus RA in awake zebra
finches does not have the auditory responses selective for the bird’s own song (BOS) which
are found in sleeping and anesthetized birds. Likewise, BOS responses in HVc, a forebrain
site of sensorimotor integration which is afferent to RA, are weaker in awake birds when
compared to sleep or anesthesia. Based on these results, we speculate that neuromodulation
may regulate auditory input to the song control system during a variety of behavioral states
such as sleep, wakefulness and singing. Understanding the mechanism and timing of sensory
gating may illuminate the role of auditory feedback in song learning. In order to elucidate the
mechanisms underlying gating, we made bolus injections (200nl) of agonists to NE, 5-HT,
DA, and ACh into HVc while simultaneously recording extracellularly from HVc and RA. BOS
was presented before, during and after the injection. As previously reported, injection of NE
abolished auditory responses in RA, while weakening but not eliminating them in HVc.
However, this effect was not replicated by injection of the alpha-2 adrenergic agonist
clonidine or the beta adrenergic agonist isoproterenol, nor was it replicated by injection of
both agonists. Injections of 5-HT and the cholinergic agonist carbachol into HVc eliminated
RA auditory responses as well. Further, 5-HT sharply supressed HVc activity for more than
30 min post injection. Injections of DA transiently increased HVc activity, but did not affect the
strength of RA BOS responses. The pharmacological specificity of these results have yet to
be confirmed with more specific agonists, and with antagonists. Our preliminary results
suggest that, in HVc, multiple neuromodulatory systems may play a role in gating auditory
responses transmitted to RA. They also provide evidence that different cell populations within
HVc are affected differently by different neuromodulators. Supported by NIH grant MH59831
to D.M.

INVESTIGATION OF FUNCTIONAL PATHWAYS OF THE OVAL
NUCLEUS OF THE HYPERSTRIATUM VENTRALE IN THE
BUDGERIGAR. Steven E, Brauth* Wenru Liang, Tova Benaderet and
Todd Roberts. Dept. Psychology, Univ. of MD., College Park, MD. 20742.
We combined dextran amines pathway tracing with immunohistochemical
detection of the ZENK protein (zif 268, spl or Krox 24), a transcriptional
regulator, in a parrot, the budgerigar Melopsittacus undulatus) in order to
identify neurons afferent to a vocal control nucleus, the oval nucleus of the
hyperstriaum ventrale (HVo), which also exhibit genomic responses during
self-produced vocal and/or auditory stimulation and in response to
stimulation by natural contact call stimuli. Many neurons in the immediate
HVo surround and frontal neostriatum (NF) which express zenk were
found to project to HVo under these circumstances. These were generally
located medial to HVo or in the NF dorsal to nucleus basalis.
Within the caudal telencephalon, neurons in the LI and L3 lamina of Field
L, portions of the caudal neostriatum (NC) dorsal and ventral to LI and L3
and NC areas dorsal and ventral to L2b showed the strongest zenk responses
to stimulation with playbacks of unfamiliar calls. Responses in LI and L3
were somewhat reduced if unfamiliar stimuli were repeatedly presented over
a 24 hour period or if familiar, rather than unfamiliar stimuli were presented.
In contrast, neurons in the ventrolateral neostriatum intermedium (NIVL),
an area in receipt of input from Field L, tended to show stronger responses
to familiar or repeatedly presented calls than to unfamiliar calls.

249.19

249.20

JUVENILE VOCAL EXPERIENCE CONTRIBUTES TO ADULT SONG
PERCEPTION. C.L. Pytte* and R.A. Sutfaers. Dept. of Biol., Sch. of Med.,
and Center for the Integrative Study of Animal Behavior, Indiana University,
Bloomington, IN 47405.
The contribution of vocal experience and sensorimotor feedback during
song development, to song perception in adulthood, was examined in male
zebra finches. The following groups were tested in a phonotactic paradigm:
1) birds which had been permanently, surgically muted prior to subsong
production; 2) birds which had temporarily experienced altered vocal sensory
feedback, due to transient paralysis of syringeal muscles with botulinum
toxin during a critical period of song development; and 3) the non-treated
sibling controls of these two experimental groups. Muted birds (group 1) did
not produce songs. Birds temporarily vocally paralyzed as juveniles
produced aberrant adult songs. Conspecific song discrimination was
assessed by the bird’s ability to maintain a consistent phonotactic preference
for one of two songs in a playback pair, throughout 9 presentations of die
song pair, over die course of several weeks. Each individual’s responses to a
maximum of 6 song pairs was tested. Control birds and those with aberrant
songs demonstrated significant preferences for particular songs over
successive presentations (binomial test, p < 0.05). Phonotactic responses of
the mute birds did not differ from chance. These data support the hypothesis
that a bird’s own song influences the perception of conspecific song.
Supported by NIH and NSF.

IEG ZENK EXPRESSION IN SONGBIRDS DURING INDIVIDUAL
VOCAL RECOGNITION. T. Q. Gentner1*, S. H. Hulse2, G. F. Ball2. ’Dept. of
Organismal Biology and Anatomy, Univ. of Chicago; 2Dept. of Psychology, Johns
Hopkins Univ.; Baltimore, MD 21218.
Among songbirds, individual vocal recognition often serves as the basis for more
complex adaptive behaviors such as territoriality and female choice. Thus, it is
reasonable to postulate the existence of proximate mechanisms that allow songbirds to
discriminate among different conspecific songs and to associate those songs (or sets of
songs) with different singers. Homologues to the immediate early gene ZENK have
been implicated in learning and memory consolidation processes in several systems. In
songbirds ZENK is expressed at high levels in areas of the auditory telencephalon
(e.g., caudal neostriatum [NCM] and caudomedial ventral hyperstriatum [cmHVj)
following the presentation of conspecific song. In the present study, we examine
ZENK expression in cmHV and NCM of songbirds under contexts in which different
demands are made on the discriminative and associative processing mechanisms. Using
operant conditioning, we trained starlings, Sturnus vulgaris, to discriminate accurately
among multiple songs from two conspecific males by pecking different buttons in
response to the two classes of song. We then exposed each subject to one of three test
conditions for 0.5 h, then sacrificed them (1 h after the start of exposure) and processed
their brain tissue with immuno-cytochemistry for ZENK protein. In condition 1 the
stimuli and response contingencies (i.e., the song-button associations) were the same
as in training. In this context, both discrimination and association are familiar. In
condition 2 the response contingencies were reversed so that the songs which had been
associated with one button were now associated with the other. In this context,
discriminations were familiar but new associations had to be learned. In condition 3,
subjects were transferred to novel songs from novel singers. Here, new discriminations
and new associations had to be learned. Consistent with earlier data on the importance
of song novelty, our results suggest that ZENK expression in NCM and cmHV was
related to the acquisition of new discriminations. In addition, ZENK expression in
cmHV appears to be related to the maintenance of ongoing associations and the
formation of new associations among songs and referents. Supported by NS 95467.
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249.22

IDENTIFICATION OF SONG-REGULATED GENES WITH NOVEL
EXPRESSION PATTERNS IN THE BRAIN OF ZEBRA FINCHES. R_
Malcher and C, Mello*. Lab. Animal Behavior, The Rockefeller University, 1230
York Avenue, New York, NY, 10021, USA.
Presentation of song leads to induced expression of the immediate early
genes ZENK and c-jun in auditory portions of the songbird telencephalon (Mello et
al., '92; Mello and Clayton, ’94). ZENK induction is most marked in the
caudomedial neostriatum (NCM) and caudomedial hyperstriatum ventrale (CMHV),
but absent from the thalamic auditory nucleus ovoidalis and from the primary
telencephalic auditory area, field L. Analysis of ZENK expression in NCM has
generated some novel and intriguing insights into the auditory representation of
song (Ribeiro et al.. ’98). To further investigate the genomic response to song, we
have searched for other song-responsive genes whose expression patterns differ
from that of ZENK.We prepared cDNA probes from the caudomedial telencephalon
(including NCM, CMHV and field L) of song stimulated (30 min. playback) or
control female zebra finches, and conducted differential screenings of embryonic
and adult zebra finch brain cDNA libraries. Candidate song-regulated clones
confirmed by reverse northern were then screened for anatomical distribution by in
situ hybridization with radiolabeled riboprobes. We describe here the isolation of
four clones that show some degree of preferential expression in auditory pathways,
each one with a distinct pattern. One of the clones is mainly expressed in the HV
and the overlying hippocampus. A second clone is highly expressed in field L and
in nucleus ovoidalis, as well as in the molecular layer of the cerebellum, and
possibly in the dendritic arborizations of Purkinje cells. The other two clones
appear to be expressed both in ZENK positive (NCM and CMHV) and negative
(field L) regions, as well as in the paleostriatum. These expression patterns indicate
that the genomic response to songs is more complex than previously suspected. We
are currently carrying out more detailed in situ analysis and sequencing the clones
for determining their identity. (Supported by NIDCD).

SONG-INDUCED CREB PHOSPHORYLATION DURING AVIAN
SONG LEARNING H. Sakaguchi1.2*. K, Wada3 & M. Hagiwara3.
1Dept. of Physiol., Dokkyo Univ., Sch. of Med.; ^PRESTO, Japan
Science and Technology Corporation; Mibu, Tochigi 321-0293 Japan;
3Dept. of Functional Genomics, Med. Res. Inst., Tokyo Med. & Dent.
Univ., Chiyoda, Tokyo 113-8519 Japan.
Transcriptional factor CREB (cAMP response element binding
protein) is thought to be involved in the neuronal signaling processes
leading to the formation of long-term memory. Male zebra finches leam
to imitate a tutor’s song through auditory and motor learning during a
sensitive period. Previously, we reported the song-induced CREB
phosphorylation in X-projecting HVC neurons of adult zebra finch using
immunohistochemistry of a monoclonal antibody against human CREB
and a polyclonal antiserum against phosphorylated CREB (PCREB)
(Sakaguchi et al, 1999). Here, in order to clarify the function of CREB
related to song learning, we examined the song- induced CREB
phosphorylation at the different stages of song learning. In the HVC,
both the basal number of PCREB-IR neurons and the number of songinduced PCREB-IR neurons were higher in young birds compared to
adults. In the area X, a large number of CREB-IR neurons exist
throughout the nuclei, although the number of CREB-IR neurons was
higher in young birds compared to adults. The conspecific song of
zebra finch did not induce the phosphorylation of CREB in the area X
of adult However, the conspecific song induced the phosphorylation of
CREB in some neurons ofthe area X during a sensitive period of song
learning. These song-induced PCREB-IR neurons in the area X during
song learning may provide a new insight into the function of area X
related to avian song memory system.

249.23

BAT DIETS RELATED TO VOLUMES OF THE SUPERIOR
AND INFERIOR COLLICULI. J. I.Johnson1-2.
C. E, Osborn1** J, A. Morris1-2. p. M. Goravski1.
S. E. Sheppard1. R. A. Carloni1. iRadiology and Anatomy
Departments and 2Neuroscience Program, Michigan State
University, East Lansing, MI 48824.
The ratios of the volumes ,of the superior and inferior colliculi
are a neuroanatomical correlate of tiie relative dominance of
visual and auditory contributions to sensoiy direction of
behavior. We compared the volumes of the auditory inferior
colliculi (IC) and visual superior colliculi (SC) in 166 specimens
representing 161 species or subspecies of bats, and expressed
their ratio as the proportion of the total collicular volume that
is contributed by IC: IC/(IC+SC). The proportion in all of our
28 megabats, all vegetarians, (range .22 to .42) was smaller
than in all of our 138 microbats (range .54 to .79). Among the
microbats, the 18 vegetarians were in the low end of the range
(.54 to .66) and the 92 insectivores in the high end of the range
(.63 to .78). Those 28 bats with other diets had proportions
within the insectivorous range (blood .63 to .70, meat 63 to
.76, mixed diets .63 to .77, fish .72 to .75). The proportions for
megabats are in the range of those for artiodactyls, arboreal
rodents, tree shrews, and rabbits, and are lower than those for
most primates. Supported by NSF grants IBN 9812712,
9814911, 9814912.

BIOLOGICAL RHYTHMS AND SLEEP: NEUROPHYSIOLOGY OF SLEEP
250.1

250.2

SLEEP-ACTIVE NEURONS IN THE VENTRO LATERAL
PREOPTIC NUCLEUS (VLPO) ARE GALANINERGIC. S.E.

AFFERENTS TO AND EFFERENTS FROM THE RAPHE NUCLEI TO THE
VENTROLATERAL PREOPTIC NUCLEUS

Gaus* and C.B. Saper. Progr. in Neuroscience, Harvard Medical School
and Dept. of Neurology, Beth Israel Medical Center, Boston, MA 02115.
The VLPO is one of the few cell groups in the brain that shows
increased neuronal firing and increased expression of c-Fos, an
immediate early gene product, during sleep. Neurons in the VLPO
project to the major monoamine cell groups in the ascending arousal
system, including the histaminergic tuberomammillary nucleus (TMN).
More than 50% of the VLPO cells which project to the TMN are Fospositive during sleep, and more than 70% are immunoreactive for both
GABA and gaianin, an inhibitory neuropeptide. These results suggest
that the sleep-active neurons in the VLPO should largely contain GABA
and gaianin. To test part of this hypothesis, we examined the brains of
eight rats which slept for at least one hour before ZT 3 (verified by
EEG/EMG). Brains were simultaneously processed for Fos immunohistochemistry and for gaianin mRNA by in situ hybridization. In the
VLPO cell cluster, more than 80% of the sleep-active (Fos-positive)
neurons were galaninergic, and about 60% of the galaninergic neurons in
the VLPO were Fos-positive. Double-labelled neurons extended dorsally
and medially from the cluster, in the same distribution pattern of
galaninergic TMN-projecting neurons. These results indicate that
gaianin can be used as a marker to identify the VLPO, and that VLPO
neurons may extend well beyond the borders of the dense VLPO cell
cluster. Supported by MH 55772 and HL 60292.
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AA Bifa-kum1-2? Q, H. Ha1 and C. B, Saner1

Dept. ofNeurology, Beth Israel Deaconess Medical Center, Harvard Medical
School, Boston MA02115,3Dept. ofPhysiology, University ofBergen, N-5009
Bergen, Norway

The dorsal raphe nucleus (DRN) contains serotoninergic (5-HT) neurons that have a
sleep state dependent firing rate: highest in waking, lower in slow wave sleep and
lowest in REM sleep. We recently found that the ventrolateral preoptic nucleus
(VLPO) contains sleep-active neurons that project to the major monoaminergic cell
groups, including the DRN (Sherin et al 1996,1998). VLPO neurons show high rates
of neuronal firing and activation of c-fos, an immediate early gene, during sleep. We
have farther characterized the connections between the VLPO and the DRN by
injecting a combination of an anterograde and a retrograde tracer in the DRN or
VLPO. We injected small amounts (3 nl) of a mixture of the anterograde tracer
biotinylated dextran (BD) and the retrograde tracer cholera toxin B (CTB) subunit into
the DRN in male Spraque-Dawley rats. Animals were perfused during sleep, 3-4 h
after light onset and stained for c-Fos immunoreactive neurons in the VUPO. We found
relatively few axons fiom the DRN to the VLPO, but in some cases, individual axons
were seen to ramify widely in the VLPO, forming appositions in the heart of the c-Fospositive VLPO cluster. In a few cases, appositions were seen onto VLPO cells that
were retrogradely labeled from the same injection site. Immuno-staining with an
antiserum against 5-HT transporter demonstrated a much larger number of
serotoninergic axons and terminals in the VLPO. Some of these may have originated
from the median raphe nucleus, as injections into this site also showed VLPO
innervation. However, medullary raphe sites did not project to the VLPO.
Retrogradely labeled neurons after DRN injections were most abundant in the area just
darsafto the VLPO. The only retrogradely labeled neurons that also had a c-Fos
positive nucleus were found m the dorsolateral preoptic region, just dorsomedial to the
VLPO. This area contains galanin-immunoreactive, sleep-active neurons that may
constitute a distinct part of the VLPO cell system.
Sujgorted b^the Norwegian Research Council for Science and the Humanities to
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The decline in sleep with aging is not a result of cell loss in VLPO.

INDUCTION OF CATAPLEXY-LIKE STATE AFTER ELECTRICAL
STIMULATION OF THE PONTINE REGION IN THE NARCOLEPTIC
DOG. J. John*. M.-F. Wu, G. B. Nguyen. J. M. Siegel. Neurobioiogy Res. (151 A3),
Sepulveda VA Medical Center, North Hills, CA 91343 and Dept. Psychiatry, UCLA,
Los Angeles, CA 90024.
Cataplexy, one of the major symptoms of narcolepsy is characterized by a loss of
muscle tone in response to sudden onset, strong emotions. Cataplexy is correlated with
activation of the same neuronal system responsible for the loss of muscle tone in REM
sleep (Siegel et al, 1991; Wu et al, 1996). The pontine region has been implicated in
the suppression of muscle tone in REM sleep. We have investigated whether
stimulation of this region could elicit cataplexy in the freely moving narcoleptic dog.
Under isoflurane anesthesia, bipolar stimulating electrodes were implanted into the
dorsolateral pontine region, along with electrodes for the assessment of sleep-wake
parameters (EEG, EOG, EMG and hippocampal theta).
Bilateral electrical stimulation of the pons was performed (100 gA-400 pA,
0.2msec, 100Hz, 300ms duration trains every 2 sec) in the freely moving dog. At 200400pA, the dog became alert, circled and during the last phase of the 30-60 sec
stimulation period went into a cataplexy-like state as defined by electrophysiological
and behavioral criteria. Cataplexy continued for 2-10 minutes after the end of
stimulation. This state was similar to food induced cataplexy, with the animal
responding to sensory stimulation with orientation or arousal. The dog did not
respond to electrical stimulation during either elicited or spontaneous cataplectic
states. However, stimulation at the same parameters produced awakening in a sleeping
dog. Physostigmine (50 pg/kg, i.v.) did not change the effect of stimulation. But
atropine (lOOpg/kg, i.v.) significantly reduced the duration of the post-stimulus
cataplexy state (from an average of 278 to 27 sec). We conclude that activation of the
pons may induce cataplexy in the behaving narcoleptic animal. Electrical stimulation
induced cataplexy may be a useful tool for the analysis of the neural substrates of
cataplexy induction. (Research supported by NS 14610 and the VA).

Shiromani*PJ, Lu, J, Wagner, D and Greco MA West Roxbury VA Medical
Center-Harvard Med School, 1400 VFW Parkway, West Roxbury, MA.
There is a significant decline in sleep with aging. This presents a major
problem for elderly individuals causing daytime sleepiness and impairing
alertness. To better understand the mechanism(s) responsible for the agerelated decline in sleep this study investigated whether a reduction in
number of sleep-active cells in the ventral lateral preoptic (VLPO) area
might be a contributory factor.
Baseline sleep levels were recorded from young (2 mos, n=10) and old
(21 mos, n=9) rats. Subsequently, the rats were deprived of sleep for 6 hr
(1-7pm) and then killed or allowed 2 hr recovery sleep and then killed. The
brains were processed for visualization of c-Fos positive cells in the VLPO.
The numbers of c-Fos labeled cells in the VLPO of awake animals was
lower compared to animals that were asleep. However, young and old rats,
either following wakefulness or following sleep, had similar numbers of cFos labeled cells.
At last year’s annual meeting we presented evidence that old rats
compared to young rats, demonstrated less compensatory sleep following
prolonged wakefulness. We now demonstrate that the decline in sleep in
old rats is not a result of loss of sleep-active cells in VLPO. This finding is
consistent with emerging data from other areas of neuroscience indicating
that neuronal loss is not an inevitable consequence of aging.
Supported by DVA Medical Research, NS30140, AG15853 and MH5772

250.5

250.6

ACTIVITY OF SEROTONERGIC CELLS IN THE DORSAL RAPHE
DURING CATAPLEXY. M.-F. Wu* J. John, G. B. Nguyen and J. M. Siegel.
Neurobioiogy Res. (151 A3), Sepulveda VA Med. Ctr., North Hills, CA 91343 and
Dept. Psychiatry, UCLA, Los Angeles, CA 90024.
Cataplexy is a symptom of narcolepsy in which a sudden loss of muscle tone is
triggered by strong emotions. It has been hypothesized that this is due to the
activation of the REM sleep atonia mechanism in waking. Two groups of brainstem
cells, the locus coeruleus (LC) and the raphe nuclei, cease activity specifically in
REM sleep. We found that LC neurons cease discharge in cataplexy, suggesting that
at least part of the REM sleep mechanism is recruited in this state.
In die present study we recorded from the dorsal raphe of narcoleptic dogs. One
hundred and eight cells have been recorded. Among them, sixteen were “REM-off”.
These cells had slow and regular activity in waking, reduced activity in non-REM
sleep and complete or near complete cessation of discharge in REM sleep. Mean rates
were AW: 1.29; QW: 0.90; non-REM: 0.35; REM: 0.09. 8-OH DPAT (8 pg/kg, i.v.),
a 5-HTja agonist, greatly reduced their spontaneous activity. These cells had longer
spike width compared to other types of cells recorded simultaneously (1.8 msec vs.
1.2 msec). Unlike the LC neurons, which cease discharge both in REM sleep and
cataplexy, dorsal raphe "REM-ofF' cells did not turn off during cataplexy, but rather,
maintained an intermediate activity of on average 36% of their active waking level.
Prazosin (04 antagonist; 0.5 mg/kg, p.o.), which exacerbates cataplexy, reduced
spontaneous activity of these cells by an average of 32%.
Serotonergic neurons in the dorsal raphe have been implicated in arousal, REM
sleep and motor control. Their continued activity during cataplexy might be linked to
the maintenance of consciousness in cataplexy, as evident in both narcoleptic humans
and dogs. (Research supported by NS 14610 and the VA.)

SUPPRESSION OF MEDULLARY RETICULOSPINAL AND PONTINE
NEURONS DURING STIMULATION OF THE PONTINE INHIBITORY
AREA. B.Y. Mileykovskiy >, L.L Kiyashchenko ’ and J.M. Siegel2*. ’Inst,
of Evol. Physiol, and Biochem. Russian Acad. Sci., St. Petersburg, Russia;
2Dept. of Psychiatry, Sch. Med., UCLA and Sepulveda VAMC, North Hills,
CA 91343.
The pontine inhibitory area (PIA) is an important part of the brainstemreticulospinal system responsible for suppression of muscle tone and
motility in REM sleep and cataplexy. Electrical (50 Hz, 0.2 ms, 50-200
pA) and chemical (kainic acid, 0.5 pi, 0.02-0.04 pg) stimulation of the PIA
depressed hindlimb muscle tone bilaterally and stepping induced by
stimulation of the hypothalamic locomotor region in anesthetized rats
(sodium pentobarbital, 30-40 mg/kg, i.p.).
Simultaneously, short latency action potentials (2-4 ms) and tonic spike
activity induced by hypothalamic stimulation were blocked in 47 (36.7%)
reticulospinal neurons. These reticulospinal neurons were mainly located in
the caudal part of the medullary gigantocellular reticular nucleus and in the
ventral reticular nucleus. Moreover, 36 (41.1%) neurons excited in
cuneiform nucleus and
pedunculopontine tegmental nucleus
(mesencephalic locomotor center) were also inhibited by PIA stimulation.
We propose that stimulation of the PIA results in both excitation of the
descending inhibitory reticulospinal system and occlusion of descending
signals from brain structures facilitating muscle tone and movement.
Research supported by HL-41370, HL-60296 and VA

250.7

250.8

LOCUS COERULEUS AND DORSOLATERAL PONTINE AREA UNIT
ACTIVITY
DURING
MUSCLE
ATONIA
INDUCED
BY
STIMULATION OF THE MEDIAL MEDULLA IN DECEREBRATED
RATS. L.I. Kiyashchenko,1 B.Y. Mileykovskiy,1 S.A. Gulyani2* and J.M.
Siegel,2. ’Inst, of Evol. Physiol, and Biochem., Russian Acad. Sci.; 2Dept.
of Psychiatry, Sch. Med., UCLA and Sepulveda VAMC, CA 91343.
It has been suggested that an interaction of pontine and medullary
inhibitory areas is responsible for muscle tone supression during REM-sleep
and cataplexy. 26 locus coeruleus (LC) and 38 dorsolateral pontine area
(DPA) neurons firing with a slow, regular rate (0.3-7.0; 5-20 spikes/s)
during hindlimb muscle rigidity were recorded during electrical stimulation
(0.2 ms, 30-50 Hz, 50-300 pA) of the gigantocellular reticular nucleus
(GRN) of the medial medulla in decerebrated rats. The LC and DPA
neurons had an average spike duration 2.5±0.2 ms and 1.2±0.1 ms,
respectively. 11 LC and 18 DPA neurons were excited (211±147%,
n=lland 434±186%, n=18, respectively). 11 LC and 20 DPA neurons were
depressed. Spontaneous discharge rates of excited and inhibited LC neurons
did not differ significantly (2.1±1.5 and 2.6 ±1.7 spikes/s). 4 LC neurons
(1.9-8.0 spikes/s) did not change their activity. The DPA excited group was
located in the dorsal part of pontine oral reticular nucleus and in the
subcoeruleus region (pontine inhibitory area - PIA). The DPA inhibited
group was observed in the dorsal parabrachial and cuneiform nuclei
(mesencephalic locomotor region).We propose that stimulation of the GRN
activates the brainstem inhibitory reticulospinal system and simultaneously
inactivates LC and pontine reticular neurons related to muscle tone
facilitation. (Research supported by HL-41370,HL-60296 and VA)

A ROLE FOR THE AMYGDALA IN THE SLEEP OF PRIMATES
UNDER UNFAMILIAR CONDITIONS. R.M. Benca, W.H. Obermever.
S.E. Shelton*. J. Droster. N.H. Kalin. Dept. of Psychiatry, Univ. of
Wisconsin at Madison, Madison, WI 53719
The amygdala is important in the processing of emotion and in mediating the
acquisition and expression of fear and anxiety. It also appears to be involved
in the regulation of sleep and wakefulness. In addition, insomnia strongly
associated with exposure to stressors and also to unfamiliar sleeping
conditions. Given its important role in responding to emotional stimuli, the
amygdala may modulate sleep under these conditions. The present study
examines sleep in male rhesus monkeys. Control animals and monkeys with
fiber-sparing neurotoxic lesions of the amygdala had an overnight
polysomnographic recording (using surface electrodes) while seated in a
restraint chair. Animals with nearly complete bilateral lesions of the
amygdala had significantly more sleep and higher sleep efficiency than
animals with partial lesions or unoperated normal controls. The sleep of
subjects with partial lesions of the amygdala was similar to that of controls.
These results suggest that the amygdala plays a role either in primary sleep
regulation or in modulating sleep expression in unfamiliar sleeping conditions.
Supported by grant MH40855 (NHK) and by MH01224 (RMB) and by the
HealthEmotions Research Institute.
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250.10

SLOW-WAVE SLEEP REGULATION BY INHIBITION IN THALAMOCORTICAL
CIRCUITS. H. Miyamoto1*, S. Fuiishima’, R. Joho2, K. Obata3, B. Luscher4, H,
Mohler4, and T.K. Hensch1, ’Lab. Neuronal Circuit Dev., Brain Science Inst., RIKEN,
Saitama, JAPAN; 2Dept. Cell Biol./Neurosci., UT Southwestern Med. Ctr., Dallas, TX;
3Natl. Inst. Phys. Sci., Okazaki, JAPAN; “inst. Pharm., Univ. Zurich, SWITZERLAND.
Thalamocortical circuits process sensory input during waking and spontaneously
generate the complex patterns of neural activity characteristic of sleep. We have
recently demonstrated that inhibitory interactions drive the visual experience-dependent
plasticity of these pathways (Hensch et al., 1998). Here, we examined a role for
inhibition during endogenous sleep rhythms using a similar genetic approach in mice.
Inhibitory neurons in the thalamic reticular nucleus (nRT) regulate low-frequency
oscillations of slow-wave sleep. Delta (MHz) rhythmicity is promoted by ionic
currents intrinsic to individual relay cells, which may become synchronized by widespread connections from the nRT into larger neuronal assemblies visible in the cortical
EEG. Targeted deletion (KO) of the high-threshold, rapid-onset delayed rectifier type
potassium channel Kv3.1, expressed specifically in nRT cells, is known to broaden
action potentials and impair firing at high rates. Kv3.1 KO mice exhibited significantly
low delta power (p<0.05) and total sleep time (p<0.01; N=4 KO vs. 5 WT mice, t-test).
Interestingly, a direct, uniform reduction of inhibitory transmission had no such
effect. Decreasing stimulated release by disrupting the synaptic isoform of the GABA
synthetic enzyme glutamic acid decarboxylase (GAD65) revealed no significant change
in delta power or total sleep time (N=6 KO vs. 7 WT). Mice heterozygous for the
GABA-A receptor y2 subunit have impaired post-synaptic receptor function, but also
retained normal slow-wave sleep parameters (N=3 mice each, WT vs. KO). Taken
together, these results suggest that the rapid repolarization of action potentials by Kv3.1
in nRT cells produces the salient bursting patterns essential to adequately recruit
thalamocortical cells, perhaps via extrasynaptic GABA-B receptors, into synchronous
slow-wave sleep rhythms.
Supported by Brain Science Institute, RIKEN.

PERIODICITY IN THE AMPLITUDES OF THE SLEEP STATE-DEPENDENT,
MIDLATENCY AUDITORY EVOKED Pl POTENTIAL IN THE HUMAN
AND P13 POTENTIAL IN THE RAT. E. Garcia-Rill*, H. Mivazato, R.D.
Skinner and K. Williams*. Depts. of Anatomy and Biometry*, University of
Arkansas for Medical Sciences, Little Rock, AR 72205.
The Pl potential in the human and the P13 potential in the rat are
equivalent midlatency auditory evoked responses which are sleep statedependent (present during waking and REM sleep, absent during slow wave
sleep), rapidly habituating and blocked by the cholinergic antagonist
scopolamine. Periodicity such as that seen in REM sleep has been proposed to
reflect a basic rest-activity cycle which continues to modulate the brain
during waking (Kleitman, 1963), i.e. 90 min in human and 16 min in rodent
The present studies were carried out to determine if periodicity is present in
these two evoked responses. Auditory click stimulation and recording of each
potential were carried out as previously described for the two species
(Miyazato et al. 1996; Teo et al. 1997). Observations were carried out every 6
min for 3 hr in the human (n=6) and every 4 min for 2 hr in the rat (n=13). The
PECOS (Period Estimation for Cyclic Observations) method was used to
estimate the period length. This method fits a linear regression model
consisting of combinations of polynomial and trigonometric terms in order to
establish an estimate for each subject’s period length, then values were
averaged across subjects to estimate period length for the corresponding
population. Results showed that the average period length of peak
amplitudes for the Pl potential in the human was 94.5 ± 3.3 min (mean ±
S.E.), and 15.5 ± 1.2 min for the rat. Global F significance was p<0.01 for
either species. These findings suggest that the Pl potential in the human and
P13 potential in the rat, as possible measures of RAS activation, have
periodicities similar to those of their respective REM sleep cycles.
Supported by USPHS grant NS20246.
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N300 SUPPRESSION OFTEN OCCURS EARLIER THAN THE
OTHER PHYSIOLOGICAL PHENOMENA OF REM SLEEP.

IS SPONTANEOUS K-COMPLEX A SPONTANEOUS PHENOMENON ?

Y_Niyama,ll A^SekheJ. Q, .Kutsuzawa2 and T,Shimizu2
’Dept. of
Neuropsychiatry, College of Allied Medical Science, Akita Univ.; 2Dept. of
Neuropsychiatry, Akita Univ. School of Medidne; 1-1-1 Hondo, Akia-city,
Akita 010, Japan

In the present study, N300, a component of cortical auditory evoked
responses, was used as an index to determine the occurrence of cortical
activity characterizing REM sleep. In 10 of 12 subjects examined, the
amplitude of N300 was evidently smaller in REM sleep than in non-REM

sleep. The start of the reduction associated with the onset of the first episode
of REM sleep was examined in these 10 subjects. In 5 of them, a marked
reduction of N300 amplitude occurred 0.5 to 2.5 minute just preceding the
appearance of muscle atonia of REM sleep. In 2 subjects, a similarly marked
reduction of theN300 amplitude occurred 0.5 to 1.0 minute just preceding the
disappearance of sleep spindles or K-complexes. Neither musde atonia nor
rapid eye movements appeared prior to the marked reduction of N300
amplitude in any subject. This suggests that a suppression of flie

synchronizing mechanism in the cerebrum sometimes occur briefly prior to the
occurrence of other physiological phenomena associated with REM sleep.

OlKutsuzawa? Y. Nfiyama,1 A. Sekine,2 JL Kanbayashi2* andT. Shimizu2

’Dept. of Neuropsychiatry, College of Allied Medical Science, Akita Univ.;
2Dq>t. of Neuropsychiatry, Akita Univ. School of Medicine; 1-1-1 Hondo,
Akita-city, Akita 010, Japan

The present study was performed to determine whether or not spontaneous
K-complex is induced by some sensory stimuli. In the first part of the present study,
sound stimuli were applied during sleep in seven healthy, young, adult subjects. EEG
segments in stage 2 were averaged separately according to presence or absence of an
evoked K-complex emerging just after each stimulus. The sound stimulus induced
N100 and P200 components in averaged EEGs regardless of K-complex appearance.
The appearance of N100 and P200 components was considered to be an index
suggesting the existence of some sensory stimuli. In the second part of the present
studjy, EEG segments in stage 2 containing an evoked K-complex or spontaneous
K-complex were separately averaged with the use of the peak of N300, one of the main
components constituting K-complex, as the triggering signal. Small negative and
positive components were found just before the main components of spontaneous
K-complex in averaged EEGs. These two components were judged to correspond to
N100 and P200 components induced by the sound stimulus, since those small negative
and positive components appeared just before the main components of spontaneous
K-complex with nearly the same lag time between the two components or between
each of the two components and the main components of K-complex as in the case of
N100 and P200 appearing just before evoked K-complex. The present findings suggest
that spontaneous K-complex is not a spontaneous phenomenon, but that it is induced
by some sensory stimuli, probably with extracerebral origin.

250.13

250.14

A NEGATIVE ERP COMPONENT RECORDED IN DROWSY STATE.
A.Sekine,1 * Y.Niiyama,2 O.Kutsuzawa’ and T,Shimizu1, ’Dept. of

SLEEP PATTERNS OF INTERNATIONAL TEACHERS WHO ARE
INVOLVED AS STUDENTS IN A SHORT-TERM EDUCATIONAL
PROGRAM. J. Allard’ and L. Amini-Kormi2*, ’Department of Psychology,
Worcester State College, department of Biology, Worcester State College,
Worcester, MA 01602.
Previously, we have studied the sleep patterns of college undergraduate students
and international medical students. The present study examined the sleep patterns of
a group of international teachers enrolled in a two-week concentrated graduate
course. The sample was comprised of American, Canadian and Moroccan teachers
at a private American school in Morocco. Most of them belonged to a group of
international teachers who typically spend 5-6 years teaching at an American school
in one country and then transfer to a different country for 5-6 years. Data were
based on subjective self-reported estimates of sleep.. There were 13 females and 2
males, ranging in age from early 20s to late 40s. Forty % worked more than 40
hours per week, 26.7% worked 21-40 hours, and the rest, 20 or fewer hours. The
vast majority (80%) received less than 8 hours of sleep on week-days. The majority
(60%) of these students slept more on week-ends than during the week (inconsistent
sleepers). Slightly more than half (55.6%) of the inconsistent sleepers reported that
they get enough sleep. Inconsistent sleepers were less often “morning people” than
consistent sleepers (56% compared to 67%). Two-thirds (67%) of those who
worked over 20 hours slept less than 8 hours on week-days, but 87.5%.of them (and
50% of those working over 40 hours) felt they were getting “enough sleep”.
Surprisingly, 75% of the students who worked 20 or fewer hours reported that they
did not get enough sleep. The number of hours working was not directly related to
the sleepiness in this population of students. This study suggests that the perception
of the extent of sleep deprivation and sleepiness may depend on other factors in
addition to sleep duration.
This work was supported by a grant from WSC.

Neuropsychiat., Akita Univ. School of Medicine.; 2College of Allied Medical
Science, Akita Univ.; 1-1-1 Hondo, Akita 010, Japan.
The purpose of the present study was to examine the nature of a negative
component of event-related potential (ERP) recorded in drowsy state. The
cortical responses evoked by two kinds of auditory sound stimuli in 9
subjects were recorded in different levels of consciousness including awake
state, drowsy state and stage 1 of NREM sleep. In drowsy state, a negative
component with peak latency of 250-350 msec, N300, was clearly
identified in ERP generated by frequent stimuli while it was not generated
by both rare and frequent stimuli in awake state. N300 was not clearly
identified in ERP generated by rare stimuli in drowsy state, but it looked
like to affect N200 in ERP. In stage 1, N300 was generated more clearly
than that in drowsy state. The scalp distribution of N300 was
predominantly on vertex and the peak latency of that was about 300 msec.
Vertex sharp wave evoked in stage 1 was maximal on vertex and it s peak
latency was also about 300 msec. On the ground of similarity in scalp
distribution and peak latency between N300 and vertex sharp wave, it was
suggested that those two EEG phenomena were generated 'by the identical
synchronizing mechanism in the brain.
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CHRONOBIOLOGIC PATTERNING OF DREAMS: THEIR CONTENT AND EMOTIONAL
TONE MAY ORIGINATE IN HOURLY, DAILY, WEEKLY, MONTHLY AND YEARLY
RHYTHMS. D. Goodman.* Newport Neuroscience Center, San Marcos, CA 92079-0803.
Chronobiologic patterning of dreams (CPD) represents a utilitarian approach to the
quantitative investigation of nightly dream episodes. It attributes the content and emotional
tone of dreams to the interactive effect of inputs occurring about an hour, a day, a week, a
month and a year earlier. In positing dreams to be the simultaneous intermingling of
multifrequency inputs, the CPD model of dream assembly is capable of being rigorously
evaluated according to the rules of mathematical science. In earlier studies from this
laboratory, a monthly rhythm of dream emotions was identified, parsed into four sequential
phases. The phased sequence of dreams was observed to recur 1,006 times over two decades
(Goodman, D. 1996, Prog. Neuro-Psychopharmacol. & Biol. Psychiat, 20, 1325-1339). hi the
present study, an attempt was made to identify an hourly rhythm to nightly dreams. To test
for this possibility, a sample of 749 dreams was selected from a standard data set comprising
16,432 dreams compiled nightly without interruption for 22 years. The sample, consisting of
dreams from the first quarter (Jan.-Feb.-Mar.) of two consecutive years (1997, 1998),
averaged 4.1 dreams/night. Typically, the sleeper spent an initial 2-3 hour hours in dreamless
sleep, followed by dreams appearing at 74.0 + 12.4 min. intervals. The persistence of a nontrivial word or phrase from an early dream to the subsequent dream later that night occurred
124 times (19% of potential links). When non-contiguous links were considered, the number
of recurring words or phrases rose to 149 times (23%). When persistence was measured by
incorporation of synonyms, antonyms and clear-cut word associations to content in earlier
dreams that night, the number rose to 194 (29%). This significant rate of recurrence suggests
that roughly three in 10 nightly dreams show an influence of dream content occurring at least
a biological hour earlier that night. A major implication of these findings is that a rhythm
lasting about an hour, as well as a monthly four-phase-emotional rhythm, may contribute to
the synthesis of a male subject’s nightly dreams. Research now in progress examines the
daily and yearly and perhaps half-daily (tidal) rhythms to determine whether these
multifrequencies too may be critical factors in synthesis through chronobiologic patterning of
dream sequences in the sleeping human brain.

A MATHEMATICAL MODEL FOR THE ACTIVATION OF
THE NEOCORTEX. A.Escamilla and A.Fraguela*. Fac. of
Physics and Mathematics, Universidad Autonoma de Puebla;
Puebla, Mexico 72580 . We construct a non-linear distributed
model for the interaction of cortical neurons between which
action potentials are traveling with finite speed. The model
includes several important physiological parameters such as the
density of association fibers, density of synaptic contacts per
fiber, scales of decreasing of connections, firing thresholds,
measure of the excitatory and inhibitory post-synaptic
potentials, and others. The model describes the time-space
evolution of the excitatory synaptic activity when a local lateral
inhibitory process is present. An hyperbolic system of
equations is obtained for this coupled excitatory-inhibitory
process, which we reduced to a single equation by methods
from perturbation theory. This new equation depends on a new
variable that is called of activation. With this model one
obtains results about the existence of rhythms and other
physiological states, the control of the functional activity of the
neocortex and its answers to certain stimulus coming from
inner structures inside the brain. (Partially supported by
CONACyT, project# 28451 A, Mexico)

250.17
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HYPOTHALAMIC c-FOS EXPRESSION DURING SLEEP AT ELEVATED
AMBIENT TEMPERATURES H, Gone1’2, J.King1. D, Thomson1. T, Steininger1"2.
R. Szymustak1 and D, McGinty*1,2. ’Research Service, V.A. Greater Los Angeles
Healthcare System, North Hills, CA 91343. Departments of Psychology and
’Medicine, University of California at Los Angeles.
Whole-body warming as well as local preoptic area/basal forebrain (POA/BF)
warming will increase the amount of subsequent sleep and the depth of coincident
sleep (Morairty et al, Brain Res. 677:10, 1993; McGinty et al. Brain Res. 66:273,
1994 ). This process is attributed to activation of POA/BF warm-sensitive neurons
(WSNs) since most WSNs exhibit increased discharge during NREM sleep (Alam
et al. Brain Res. 752:81,1997). In this study we examined the distribution of c-Fos
protein immunoreactive neurons (Fos-IRNs) during sleep at different ambient
temperatures (TA) to further localize critical POA/BF neuronal populations.
Adult rats were chronically prepared for EEG and EMG recordings and
maintained on a 12:12 L:D cycle (lights-on 8:00am). Ten days after surgery EEG
and EMG were continuously recorded from 8:30-10:30 under one of four
conditions: 1) ad libitum sleep at TA = 22°C, 2) sleep deprivation by gentle
handling at 22°C, 3) ad libitum sleep at 31.5°C, 4) sleep deprivation at 31.5°C. All
rats were sacrificed immediately after the end of the recording period at 10:30.
In agreement with previous reports, fewer Fos-IRNs were found in most brain
regions in sleeping compared to waking animals. However, compared to awake
rats, animals sleeping at 22°C had more Fos-IRNs in the median preoptic nucleus,
the ventrolateral preoptic area, and in a midline region located adjacent to the rostral
third ventricle and ventromedial to the diagonal bands of Broca (vmDB). Animals
sleeping at 31.5°C had more Fos-IRNs in this vmDB region (mean=126±26; n=4)
compared to animals sleeping at 22°C (mean=51±13; n=4). These results suggest
that sleep achieved at elevated ambient temperatures is associated with enhanced
activation of specific subsets of POA/BF neurons.
Supported by the V.A. Medical Research Service, MH47480 and HL60296.

EFFECT OF OLEAMIDE ON SLEEP, BODY TEMPERATURE,
LOCOMOTOR ACTIVITY AND BLOOD PRESSURE IN RATS.

Henriksen k Departments of Neuropharmacologyand Chemistry^. The Scripps
Research Institute, La Jolla, CA 92037.
Oleamide (cis-9,10-octadecenoamide) is an endogenous fatty-acid primary amide
that induces sleep in rats. However, it is not known if oleamide effects other
physiological functions. To further define the hypnogenic-, thermogenic- and
locomotor-properties of this compounds, we investigated the effect of systemic
administration of different doses of oleamide on physiological functions in freely
moving rats. Sprague-Dawiey rats were implanted for chronic sleep recordings, and
with telemetry transmitters to record body temperature (Tb), locomotor activity
(LMA) and blood pressure (BP). One week after surgery, rats were divided into three
groups. Each group was recorded under die following schedule: during the first day
die animals remained undisturbed (baseline); during the second day rats were injected
i. p. with 1 ml of peanut oil (vehicle); and on the third day rats were challenged
with an i. p. dose of either 8.3 (n = 4), 33.3 (n = 8) or 66.6 mg/kg (n = 4)
oleamide. During the study die rats were housed individually with ad libitum access
to food and water. The dark-light cycle was controlled (12:12). Results were
analyzed using an ANOVA and then a post-hoc ScheffS test. The injection of 8.3
mg/kg oleamide produces a hypothermic response (p < 0.02), while the sleepwakefulness cycle, LMA and BP did not change significantly. Administration of
33.3 mg/kg of oleamide increased the amount of SWS2 (p < 0.05), compared to
baseline and vehicle recording, while Tb and LMA decreased (p < 0.01; p < 0.02,
respectively). Rats injected with 66.6 mg/kg of oleamide spent significandy more
time in SWS2 (p < 0.01) and spent less time in REM sleep (p < 0.001), while TB
and LMA were decreased (p < 0.007; p < 0.006, respectively). Injections of 33.3
and 66.6 mg/kg of oleamide increased BP. These results show that the
administration of oleamide aside from altering sleep, also alters Tb, LMA, and BP.
(Research supported by 1R01 MH58542)

LEARNING AND MEMORY: PHARMACOLOGY—NICOTINE AND AMPHETAMINE

251.1

251.2

AMPHETAMINE PREVENTS THE ACQUISITION BUT NOT THE
EXPRESSION OF LONG-TERM HABITUATION OF LICK
SUPPRESSION TO AN AUDITORY STIMULUS
W.P. Jordan* and Luke McHale.
Psychology, St. Mary’s College of Maryland, St. Mary’s City MD 20686
The initial presentation of an auditory stimulus to a drinking animal interrupts its
licking, but repeated exposure produces habituation of lick suppression. Habituation
decreases the ability of the stimulus to later enter into associative relationships with
biologically important stimuli, a phenomenon called latent inhibition (LI).
Schizophrenics, who have difficulty ignoring relevant stimuli, are treated with
dopamine antagonists. In animal models of LI, dopamine antagonists facilitate LI
while agonists such as amphetamine retard LI. Interestingly, amphetamine seldom
has been reported to disrupt habituation in experimental animals, but will disrupt LI
following pre-exposure (habituation) in the LI paradigm. This study explored this
apparent inconsistency by habituating male, albino rats to an auditory stimulus under
the influence of either amphetamine (1.5mg/kg i.p.) or vehicle. Each drug group was
divided into two matched subgroups (drug or vehicle) during retention tests.
Over six days of training, control animals demonstrated robust long-term
habituation of lick suppression, whereas drugged animals did not. Animals trained
under amphetamine but given vehicle at test showed no evidence of habituation on the
first drug-free day, but habituated to the tone during the subsequent test sessions.
Animals that remained on amphetamine failed to habituate. Amphetamine treatment
of previously habituated animals given vehicle during training was without effect.
Thus, amphetamine prevented the acquisition of long-term habituation of lick
suppression, but had no effect on the expression of habituation.
These results suggest that amphetamine’s ability to disrupt LI may be due to a
disruption of habituation during pre-exposure of the to-be conditioned stimulus.
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INTRACELLULAR SIGNALLING AND REWARD-RELATED
LEARNING: INHIBITION OF PKC IN THE NUCLEUS
ACCUMBENS BLOCKS AMPHETAMINE-INDUCED PLACE
CONDITIOINING IN RATS. H.S. Auila^and R.J, Beninger1’2,
Depts. ’Psychol. & 2Psychiat., Queen’s Univ., Kingston K7L 3N6.
Protein kinase C (PKC) comprises a major class of Ca2+-dependent
intracellular signals that has been implicated in learning and
memory in a number of models. We tested the hypothesis that
place conditioning produced by the dopaminergic agent
amphetamine in the nucleus accumbens (NAc) will be blocked by
co-administration of a PKC inhibitor. Rats (N=30) were trained in
an apparatus with two chambers connected by a tunnel using a
paradigm consisting of three phases: pre-exposure (pre-ex; 3 15min sessions in the apparatus); conditioning (8 30-min sessions
confined to one side, 4 sessions per side, alternating over days); and
test (same as pre-ex). Pairing NAc injections (0.5 gl) of
amphetamine (20.0 pg/side) with one side during conditioning
resulted in a significant increase in the time spent on that side in test
compared to pre-ex. Co-treatment with the PKC inhibitor NPC15437 (1.0 but not 0.1 gg) blocked the place preference produced by
amphetamine (20 gg). During conditioning, the locomotor stimulant
effect of amphetamine was not affected by co-treatment with either
dose of NPC-15437. Results implicate intracellular signalling
resulting from PKC activation in the NAc in reward-related learning
in the place conditioning paradigm. (Funded by NSERC Canada)
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AMPHETAMINE FACILITATES CONDITIONED TASTE AVERSION IN
RATS. D, Paredes1, P, Rada2, S, Tucci2, F, Guerrero? L. Gonzalez2, E. Bonilla1
and L. Hernindez3*. ‘instituto de Investigaciones Clinicas. Facultad de
Medicina, Universidad del Zulia, Inbiomed, Fundacite-Zulia, Apartado 1151
3Behav. Physiol. Lab., School of Medicine, Universidad de los Andes, Merida
5101, Venezuela.
Amphetamine (AMP) is known to enhance alertness and awareness. Most studies to
date have investigated the effect of this drug on different learning paradigms.
However, as far as we know there are not reports on the effect of systemic AMP on
the facilitation or inhibition of conditioned taste aversion (CTA). In the present study
this relationship was investigated by injecting a low dose of AMP (0.5 mg/kg, i.p.)
prior to a sub-threshold dose of lithium chloride (0.25 mg/kg, i.p.) in 15 hr waterdeprived rats. Subjects were treated with saline (SAL) or AMP sulfate and allowed
to drink a sweetened Kool-Aid (KA, strawberry flavored) solution. Thirty min later,
they were subjected to the administration of lithium (LI) or SAL. Control groups
received SAL-SAL, SAL-LI and AMP-SAL. A fourth group, the test group, was
injected with AMP-LI. A week later, in a two bottle choice test (water vs Kool-Aid)
it was observed that rats injected SAL-SAL drank 34± 2 ml of KA. The SAL-LI and
AMP-SAL groups did not differ significantly from the SAL-SAL group in the
volume of KA (31 ± 3 ml and 28 ± ml, respectively). However, the AMP-LI group
showed a statistically significant reduction of KA consumption in respect to the
control groups (6±2 ml, p < 0.001). These results suggest that AMP facilitated the
development of conditioned taste aversion. We speculate that the activation of the
dopaminergic system induced by AMP may facilitate sensory motor as well as
associative functions through disinhibition of thalamic and cortical mechanisms to
enhance learning. This work was supported by FUNDACITE-ZULIA.

IMPROVEMENT OF AVOIDANCE LEARNING BY GLUCOSE
COMBINED WITH DOPAMINERGIC STIMULANT DRUGS IN
MICE. F. Pavone* and M. Sansone, Istituto di Psicobiologia e
Psicofarmacologia, CNR, Roma, Italy.
Several studies indicate that glucose may facilitate learning and
memory. We have recently observed facilitation of active avoidance
learning in mice receiving glucose combined with the
acetylcholinesterase inhibitor tacrine. These results supported the
hypothesis that cholinergic mechanisms play an important role in the
central effects of glucose. In the present study glucose was combined
with stimulant drugs. CD-I male mice were subjected to five daily 100trial avoidance sessions. Mice received i.p. a first injection with glucose
(0, 50 or 100 mg/kg), 30 min before each session, and a second
injection with d-amphetamine sulfate (0, 0.25 or 0.5 mg/kg) or nicotine
bitartrate (0,0.25 or 0.5 mg/kg), 15 min before testing. Glucose alone
had no effect, while amphetamine and nicotine improved avoidance
acquisition at the dose of 0.5 mg/kg. However, the ineffective dose
(0.25 mg/kg) of amphetamine and nicotine improved shuttle-box
avoidance acquisition, when given in combination with glucose.
Similar effects were obtained, in a second experiment, by combining
glucose with cocaine hydrochloride (0, 2.5 or 5 mg/kg), a drug that,
like amphetamine and nicotine, activates central dopaminergic
mechanisms. On the contrary, no effect was produced by combinations
of glucose and caffeine. The results indicate that the learning improving
action exerted by glucose through cholinergic activation may be
favoured, in active avoidance tasks, by dopaminergic stimulating agents
possessing arousing properties.

629

251.5

251.6

EFFECTS OF NICOTINE ON MEMORY AND MOTIVATION IN
NON-HUMAN PRIMATES. E.J. Popke. M.P. Gillam. E.A. Buffalo.
M.G. Paule, and L. Schmued*. National. Center for Toxicological
Research, EDA.
Reports that nicotine can enhance cognitive function have led to
speculation that nicotine may prove useful in treating cognitive disorders.
Specific enhancing effects of nicotine include improved attention, vigilance,
reaction time, and perhaps memory. The purpose of the present experiment
was to examine nicotine’s effects on memory using a delayed matching to
sample task (DMTS) in non-human primates. A progressive ratio task (PR)
was used on alternate test days to assess motivation for food reinforcers.
Response rates and accuracy were monitored for the DMTS task. Response
rates and break point were monitored for PR. Subjects were 6 adult male
rhesus monkeys (macaca mulatta), aged 3-10 years at the time of testing.
Subjects received each dose of nicotine tartrate (0.0, 1.0, 3.0,4.2, 5.6, and
7.5
mg/kg, i.v.) twice in a randomized repeated measures design.
Behavioral sessions began 15 minutes after drug administration.
Administration of 7.5 mg/kg nicotine reduced response rates on each of
these behavioral tasks, and reduced break point for PR suggesting that
nicotine can reduce appetitive motivation at high doses. Nicotine
administration produced reliable increases in DMTS accuracy for each of
the 6 subjects tested. These effects were evident even at longer delays (i.e.,
32 seconds), suggesting that nicotine may have enhancing effects on
memory. Interestingly, the relationship between nicotine dose and
enhanced DMTS performance differed across subjects. These results are
consistent with those from previous reports and suggest that significant
individual variation exists with respect to nicotine’s effects on memory.
This work supported by NCTR Protocol E6443.

T-MAZE VISUAL DISCRIMINATION IN RATS: INDIVIDUAL DIFFERENCES AND
THE EFFECTS OF NICOTINE J. Besheer* and RA Bevins. Psychology Dept, Univ. of
Nebraska-Lincoln; Lincoln, NE 68588-0308.
The following experiment assessed whether performance ofnicotine- and saline-treated rats on a
visual discrimination task could be predicted fiwi a variety ofbehavioral screens designed to
assess sensitivity to novelty.
Rats were assigned to one of the following groups: saline, 0.3, or 1.0 mg/kg nicotine. The first
individual differences screen assessed activity induced by a novel environment (circular
chambers). A novel-object preference task on an elevated platform was the next screen. Rats
were presented with two identical objects for 5 min. 1 h later, rats were returned to the platform;
however, one of foe previously familiar objects was replaced with a novel object Time spent
interacting with foe novel and familiar object was observed. The third task assessed consumption
ofa novel flavor (saccharin). The next screen was a novel-object preference task modified for an
enclosed environment The final screen was a re-test of activity in foe circular locomotor
chamber. Following foe individual differences screens, rats were trained on a visual
discrimination task in a T-maze with a white and blade aim. Rats received their assigned nicotine
dose daily, 15 min prior to maze exposure. Food was paired with foe black arm ofthe maze and
position (lefarigfa) of foe black am was determined randomly. Afier acquisition of Ihe initial
discrimination, rats began reversal training, in which only the white arm was paired with food.
Activity induced by a novel environment was positively correlated with acquisition ofthe initial
discrimination in foe T-maze for rats in the 1.0 mg/kg nicotine group. Thus, reactivity to an
inescapable novel environment may provide an index ofcholinergic functioning that can predict
sensitivity to nicotine. For both novel-object preference tasks, the measure ofnovelty preference
(time with novel-familiar object) was positively correlated with file total amount oftime spent
interacting with both the novel and familiar objects. No other correlations were significant
Nicotine treatment (1.0 mg/kg) was also found to enhance T-maze acquisition performance.
Biology Group
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COGNITIVE PERFORMANCE AND NICOTINE. M. Ernst*, S.J. Heishman,
P.H. Jons, L, Spurgeon, J.E. Henningfeld, and E.D. London, ‘intramural Research
Program, NIDA, Baltimore MD 21224.

NICOTINE ENHANCEMENT OF MORRIS WATER MAZE
PERFORMANCE IN RATS GIVEN FRONTAL CORTEX LESIONS.
R.W. Brown*. C.LR, Gonzalez, and B. Kolb. Dept. of Psychology and
Neuroscience, Univ. of Lethbridge, Lethbridge, AB, Canada. T1K 3M4
Nicotine enhances performance of rats given lesions of the
forebrain cholinergic system on spatial learning tasks. The present
study assessed the effects of pre- and post-lesion administration of
nicotine on MWM performance in rats given frontal cortex lesions.
Animals were injected twice daily with either saline or nicotine (0.3
mg/kg). In this study, there were five groups: (1) a pretreatment
lesion group that was administered nicotine for 11 consecutive days
preceding surgery, (2) a post-treatment lesion group that received
nicotine for 11 days following surgery, (3) a pre/post-treatment
lesion group that received nicotine for 11 days both before and after
surgery, (4) a no treatment lesion group and (5) a sham group. One
day after the final drug treatment, all animals began training on the
MWM. Twenty-four h following the last training trial, a 60 s probe
trial was given with the platform removed from the pool. Results
showed that lesioned rats given nicotine treatment performed equal to
shams and demonstrated an enhancement in rate of acquisition relative
to the no treatment group. On the probe trial, rats given nicotine
pre- and post-lesion performed equivalent to shams on visits made to
the former platform location, and performed better than all other
groups. These results suggest that nicotine may ameliorate cognitive
deficits produced by cortical injury.
(Supported by the Alberta Heritage Foundation for Medical
Research)

We compare the effects of acute nicotine administration (4 mg gum) vs.
placebo in 9 nonsmokers (33.6 ± 8.7 yo) and 5 smokers (30.0 ± 8.4 yo; > 20
cig/day; revised-Fagerstrom > 5) following a 12-h cigarette deprivation
period on 4 different cognitive tasks: 2-letter search (identify 2 target letters
from a 24-letter string), logical reasoning (assess the accuracy of logical
statements), 2-back memory task (keep in mind sequences of 3 letters being
continuously updated) and the 3-back task (keep in mind sequences of 4
letters). Each subject participated in two conditions (nicotine or placebo
gum) at one week interval. Severity of withdrawal, rated on the Minnesota
rating scale, tended to improve after the administration of the nicotine gum
(p = 0.08), but not after placebo (p = 0.65). Repeated measures ANOVAs
were used to assess the effects of group (between-group factor) and drug
(within-group factor) on cognitive performance. Samples were too small to
assess the main effect of group. However, nicotine compared to placebo
improved performance in both smokers (in withdrawal) and nonsmokers
with respect to reaction time (p = 0.064) and number of missed responses
(p = 0.08) in the 2-back task, as well as in the logical reasoning task
(reaction time, p = 0.06). The effects of nicotine compared to placebo
differentiated smokers from nonsmokers in the 2-letter search task, where
reaction time improved in nonsmokers but worsened in smokers (interaction:
p = 0.06). No effects of drug or group were found with the 3-back task.
Larger samples will permit to better characterize the tasks most sensitive to
nicotine withdrawal and to the effect of nicotine on cognitive ftinction in
smokers and nonsmokers. Supported by NIDA Intramural Research Program.
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THE ACTION OF ISATIN (2,3-DIOXYINDOLE) AN ENDOGENOUS
INDOLE ON BRAIN NATRIURETIC AND C-TYPE NATRIURETIC
PEPTIDE-INDUCED FACILITATION OF MEMORY CONSOLIDATION IN
PASSIVE AVOIDANCE LEARNING IN RATS. G.Teleqdy1* A.
Adamik1 and V. Glover2. 'Institute of Pathophysiology,
Albert Szent-Gyorgyi Medical University,Szeged, Hungary
and 2Imperial College Medical School, Queen Charlotte's
and Chelsea Hospital, London, U.K.
Isatin has been detected in the brain with the
highest concentration in the hippocampus and cerebellum.
It has been shown to antagonise the effects of atrial
natriuretic peptide (ANP)
in learning. Both brain
natriuretic peptide (BNP) and C-type natriuretic peptide
(CNP)
can improve the consolidation of memory in a
passive avoidance paradigm.
In the present study the action of isatin on
consolidation of memory has been investigated in a
one-trial
step-through passive
avoidance
paradigm
influenced by BNP or CNP. Pretreatment with 10 and 50
mg/kg isatin given before the peptide administration,
modified the action of the peptide. Isatin alone, in any
of the doses used, had no significant action on memory
consolidation. When it was given before the peptide in
a dose of 5 mg/kg it had no action. However 10 mg/kg attenuated the action of both peptides and 50 mg/kg completely blocked the facilitatory action of BNP and CNP.
The data are in accordance with the published
observations with ANP, and suggest that isatin may act
as a more general inhibitor of the functional effects of
the natriuretic peptides.
(Grant OTKAT022230, ETT 02-670/96, FKFP 0091/1997).

THE PEPTIDERGIG DRUG CEREBROLYSIN® IMPROVES SPATIAL
NAVIGATION, INCREASES SYNAPTOPHYSIN-IMMUNOREACTIVITY AND
THE BLOOD-BRAIN BARRIER GLUT1 GLUCOSE TRANSPORTER OF 24MONTH-OLD RATS. A. Gschanes, I. Reinprecht, E. Grygar, and M. Windisch*.
Institute of Experimental Pharmacology, Rankeng. 28, A-8020 Graz, Austria.
In the present study the effects of the Cerebrolysin® (Cere), and E021, the
peptide concentrate of Cere, on behavior and brain morphology were investigated.
Rats passing a pretest in the Morris water maze (MWM) using a visible platform to
exclude motor- and eye-deficits were treated with either drugs or saline for control
(2.5 ml/kg, intraperitoneally) for 19 days. Animals were tested in a standard MWM
with a hidden platform on day 16 after pretest for 4 consecutive days (test days 14), eight trials per day. Synaptic density in the hippocampus and entorhinal cortex which is significantly reduced in aging rats - was quantified by synaptophysinimmunoreactivity (SN-IR). The abundance of the BBB GLUT1 glucose transporter
- mediating the transport of glucose from blood to brain - was evaluated.
Both Cere and E021 treated rats showed significant lower escape on all four test
days (p<0.01) indicating an improvement of spatial learning and memory of drug
treated animals compared to controls. In accordance to the behavioral outcome an
increase of SN-IR was observed throughout various regions of the hippocampus
and the entorhinal cortex after treatment of both Cere and E021. Furthermore, it
could be shown that Cere led to an increased activity of the GLUT1 glucose
transporter (p<0.01).
The results of the present study support the demonstrated clinical data showing a
relevant improvement of the symptoms of Alzheimer's patients and patients with
vascular dementia.
Supported by Ebewe Pharmaceuticals, Austria - Europe
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DIFFERENTIAL EFFECTS OF THE NEUROSTEROID PREGNENOLONE SULFATE AND ITS

Pregnenolone sulfate (PS), the major neurosteroid in the rodent brain, has been
described as a potent memory enhancer in behavioral studies. This neurosteroid acts as
both a negative modulator of the y-aminobutyric acidly (GABA/J receptor and a
positive modulator of N-methyl-D-aspartate (NMDA) receptor function. The present
work examined whether structural PS analogs differing in their electrophysiological
profile on these two receptors could have different memory properties. Three PS
analogs were tested: the GABAa and NMDA inactive 11-keto PS; the negative GABAa
and negative NMDA modulator epipregnanolone sulfate; and the unnatural (-) PS
enantiomer, which exhibits a similar in vitro action on GABAa receptors as the
endogenous (+) PS enantiomer. A similar activation of NMDA-mediated currents by
the two PS enantiomers was found in cultured rat hippocampal neurons. The memory
effects of PS and its analogs were compared in the passive avoidance task by measuring
their capacity to inhibit impairments induced by pre-training administration of
scopolamine (1 mg/kg, SC). Co-administered with scopolamine, PS (1 nmol, ICV)
reversed the scopolamine-induced amnesia, while, by itself, it did not change retention
performance. Moreover, the administration of each of the three PS analogs (1 nmol,
ICV) failed to block the effect of scopolamine, while (-) PS enantiomer was effective at
the dose of 10 nmol. Together, these results suggest that the memory-enhancing
properties of PS are more likely to involve activation of NMDA receptors.
Supported by National Institutes of Health grants AA06420, AA11111 and GM47969.
MV was partially supported by the Association de Secours des Amis des Sciences.

FACILITATION OF LEARNING AND LONG-TERM VENTRAL
PALLIDAL-CORTICAL CHOLINERGIC ACTIVATION BY PROTEOGLYCAN BIGLYCAN AND CHONDROITIN-4-SULPHATE.
R.U. Hasenohrl1,3*. K. Weth1, M.A. De Souza Silva1. U. Junghans2.
H.W. Muller2,3. J.P.Huston1,3. ^nst. Physiol. Psychol., 2Dept. Neurol.,
3Ctr. Biol. Med. Res., Univ. Dusseldorf, 40225 Dusseldorf, Germany
Matrix proteoglycans are a heterogeneous class of sulphated
glycoproteins which regulate diverse cell functions such as cellsubstratum adhesion, axonal outgrowth and survival, and may also
play a role in the control of learning and memory formation. We have
shown previously in the rat that biglycan, a recently discovered
chondroitin sulphate proteoglycan, has neurotrophic effects, which
are mediated by its chondroitin/dermatan sulphate chains. Here we
report a) that biglycan as well as chondroitin-4-sulphate alone have
memory-promoting effects when injected into the nucleus basalis
magnocellularis, and b) that such injections produce long-lasting
increases in frontal cortex acetylcholine as measured by in vivo
microdialysis. Furthermore, we show that chronic intraventricular
infusion of biglycan and chondroitin-4-sulphate can improve the
navigation performance of behaviorally-impaired aged rats in a water
maze. The results indicate, for one, that biglycan has facilitatory
effects on learning which, similar to its neurotrophic activity, are
related to the action of its glycosaminoglycan moiety, and, secondly,
that the underlying mechanism is linked to a modulation of
acetylcholine efflux in the frontal cortex. Supported by DFG.
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MODIFICATION OF MEMORY BY DELAYED INJECTION OF COGNITIVE
ENHANCERS TGS-20 AND GVS-111 AFTER MASSED AND SPACED
TRAINING IN RATS. A.L.Vvssotski1, D.L.Vyssotski1, T.A.Gudasheva2.
R.U.Ostrovskava2, K.V.Anokhin1. (SPON: International Behavioral and
Neural Genetic Society) 1P.K.Anokhin Institute of Normal Physiology, B.
Nikitskaya 6, Moscow, 103009, Russia; institute of Pharmacology, Baltic St.
8, Moscow, 125315, Russia
The influence of cognition enhancing dipeptides (the structural analogs of
piracetam) L-pyroglutamil-D-alanine amide (TGS-20) and N-phenylacetyl-Lprolylglycine ethylester (GVS-111) (US Patent 5439930; Aug. 1995) on longterm memory was studied after massed and distributed training in cued and
contextual fear conditioning in male Wistar rats. In the massed protocol three
training trials were separated by 1 min intervals, in the distributed by 1 hour.
In each training trial animals received a 2 sec 0.28 mA footshock paired with
a 30 sec tone. TGS-20 (0.5 mg/kg i.p.) or GVS-111 (1 mg/kg i.p.) was
injected 24 h after the first training. In the experiment with TGS-20, animals
were tested to context and to cue 72 and 96 h after training, respectively. In
the experiment with GVS-111 they were tested to context, to cue with some
contextual components and to cue only 72, 96 and 144 h after training
accordingly. Control animals demonstrated lower freezing after massed
training than after distributed training in all tests with contextual components.
In these tests TGS-20 and GVS-111 increased freezing in the groups with
massed training. Additionally, TGS-20 decreased freezing in animals after
distributed training. There were no significant differences between any of the
groups in the cue test. These results demonstrate that (1) TGS-20 and GVS111 affect memory when injected 24 h after training, (2) contextual, but not
cued memory was influenced, (3) both substances improved performance
after massed training, (4) TGS-20 appears to impair performance after
spaced training. Supported by RFBR 98-04-48587.

COMPARISON OF MEMORY-ENHANCING DRUGS IN MICE IN A STEP
DOWN PASSIVE AVOIDANCE PROCEDURE. Y. Senyah, R. Corbett*, and J.G.
Wettstein. CNS Research, Hoechst Marion Roussel, P.O. Box 6800, Route 202206, Bridgewater, NJ 08807 USA.
The step-down assay can be used to identify potential memory enhancing
compounds. The memory enhancing effect of piracetam has been demonstrated in
this paradigm (Mondadori et al., Psychopharmacology 109:383-389, 1992). The
present work was undertaken to compare the potential memory enhancing effects
of drugs with different mechanisms df action. The paradigm consists of placing
male CD-I mice, weighing 25 - 35 g, one by one on a platform in a tube that was
removed after 10 sec. When the animal left the platform and had all four feet on
the grid, a mild footshock (1.5 mA, 1 sec) was delivered and the animal was
immediately removed. The amount of time the animal spent on the platform was
measured as soon as it descended from the platform (baseline) up to a 30 sec cutoff point. Any animal that stayed on the platform for more than 30 sec was
rejected from the experiment. Twenty-four hours later, each animal was again
placed on the platform and the “step-down latency” was recorded (retest latency)
up to a cut-off time of 150 sec; no footshock or drug was administered. All
experimental drugs were administered orally (10 ml/kg) 60 min before baseline
testing. Any significant difference between drug-treated animals and the control
animals in the retest phase was rated as a sign of drug-induced improvement of
retention performance. Donepezil, the cholinesterase inhibitor, was active at 5.0
mg/kg. Propentofylline, an adenosine uptake and phosphodiesterase inhibitor,
dose-dependently and significantly increased the retest step-down latency of mice
over the dose range of 1.0 - 10.0 mg/kg. In addition, the T CT;-inhibitor, captopril
was active at both 1.0 and 3.0 mg/kg. In contrast, the calcium channel blocker
nimodipine (0.1 - 1.0 mg/kg) did not significantly alter retest latency time. Based
on these results, the current results show this assay can identify memory-enhancing
drugs with a variety of different mechanism of actions.

M, Vallee1*. W,
Shen2, S.C, Heinrichs3, C,F, Zorymski2. P..F,,Cayey2, C.F, Koab1 and R,H. Purdy1.
SYNTHETIC ANALOGS IN THE PASSIVE AVOIDANCE MEMORY TASK.

1Dept of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037, USA. Washington

University School of Medicine, St. Louis, Missouri. ^Boston College, Chestnut Hill, Massachusetts .
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EFFECTS OF APAMIN ON LEARNING AND MEMORY IN C57BL MICE.
S. Ikonen*, H. Tanila, P. Riekkinen Jr. Dept. Neuroscience and Neurology,
Univ. Kuopio and the Univ. Hospital of Kuopio, 70211 Kuopio, Finland
Apamin is a blocker of the Ca +-dependent K+ channel that is responsible for
the slow afterhyperpolarisation (sAHP). Apamin has been suggested to
improve learning and memory in mice and rats. We have characterized the
effects of apamin on intact, medial septal (MS) lesioned and partial
hippocampal (HC) lesioned mice using water maze, Y-maze, passive
avoidance, radial arm maze (RAM) and electrophysiological recordings
(EEG and auditory gating).
In the water maze, apamin had no effect on intact mice, but it alleviated the
memory impairment induced by the MS-lesion or partial HC-Iesion. It had no
effect on the memory components of Y-maze and passive avoidance of neither
intact nor MS-lesioned mice.
In the RAM, apamin reduced the number of reference and working memory
errors of partial HC-lesioned mice to the level of sham lesioned animals.
MS-lesioning abolished the characteristic hippocampal theta peak and it also
decreased the amplitudes of auditory evoked responses. Despite the beneficial
effects of apamin on learning, it produced no compensatory changes in the
hippocampal EEG or auditory evoked responses.
We conclude that apamin can reverse the memory deficit induced by
lesioning the septo-hippocampal axis, but the mechanism is other than
restoration of hippocampal theta rhythm.
This work was supported by the Academy of Finland and the Finnish
Cultural Foundation of Northern Savo.

ASPARTAME INGESTION LEVEL DETERMINES PLACE
TASK PERFORMANCE IN THE MORRIS WATER MAZE
B.F. Petrie* Department of Psychology, Mesa Technical
College, Tucumcari, NM, USA 88401
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Long-Evans female rats were given a single i.p. injection of
aspartame (either 1 mg/kg or 20 mg/kg) or the equivalent volume of
saline. One hour after the injections, these animals were then tested for
acquisition and retention of the place task version in the Morris water
maze. All animals were swum for 8 days (4 trials per day; 60 seconds
maximum per trial), with the platform remaining in the center of the
SE quadrant of the pool during the entire study. Analysis of the data
indicates that, throughout the study, the 1 mg/kg aspartame animals
were significantly faster in finding the platform than were the saline
controls, with the 20 mg/kg aspartame rats being significantly slower
than the other two groups. Analysis of the swim paths taken by all rats
indicates that the 1 mg/kg aspartame animals were more adept than
either the controls or the 20 mg/kg aspartame rats in selecting a
strategy that led to the finding of the most direct route to the platform.
These results suggest that a single low dose of aspartame facilitates
learning and memory, possibly by stimulating the glutaminergic
pathways necessary for the initial acquisition phase of the task, while a
single higher dose of aspartame clearly impairs animals on this task,
possibly because of initial overstimulation and subsequent
degeneration of glutaminergic pathways.
Supported by CIMD
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THE EFFECT OF THE VASOPRESSIN ANALOG 4-8 IN REVERSAL
LEARNING FOR PFC AND HIPPOCAMPAL LESIONED RATS. A. Dietrich*,
J.T. Taylor, C.E. Passmore. Behavioral Neuroscience Laboratory, Department of
Psychology, Georgia College and State University, Milledgeville, GA 31061.
The memory enhancing properties of vasopressin on various memoiy tasks have been
extensively documented. The present experiment examined the effects of the arginine
vasopressin analog 4-8 (AVP 4-8) in a reversal learning paradigm that allowed for the
analysis of higher cognitive functions. Rats received either a lesion to the prefrontal
cortex (PFC), the hippocampus (HIP), or sham operations (CON) and were injected
subcutaneously with either AVP4-8 or saline 30 min prior to each testing session.
Animals were trained to find a hidden platform in a water T-Maze. Each session
consisted of 10 trails and criterion was defined as nine errorless escapes for a given
session. On the day following attainment of criterion, the escape platform was
reversed to the opposite arm. This was continued until the animals had completed
nine position reversals. Results showed that HIP animals had a significant lesion
deficit on reversals as compared to control animals. However, PFC animals showed
only an initial lesion deficit. On later reversals, PFC animals performanced at the
level of control animals. In control animals, AVP 4-8 had no effect on performance.
In HIP animals, AVP 4-8 improved performance significantly over all reversals
indicating that the neuropeptide might have its enhancing effects on structures other
than the hippocampus. PFC lesioned rats treated with AVP 4-8 committed
significantly fewer errors than PFC lesioned rats with saline on the first six reversals
indicating that the compound exerts its performance enhancing properties when the
lesion deficit is most evident. Further analysis of animal behavior on trial two pooled
across all reversals showed that AVP 4-8 also improved performance in PFC and HIP
lesioned animals indicating that the compound not only improved maze performance
but also enhanced the acquisition of a cognitive strategy (win-stay/loose-shift). It is
thus further concluded that AVP 4-8 ameliorate the perseverance habit that is often
seen in PFC and HIP animals on this task.

CHRONIC ESTROGEN REPLACEMENT THERAPY IMPROVES
LEARNING AND MEMORY IN OVARIECTOMIZED MICE.
A. Rissanen, T. van Groen, P. Riekkinen Jr*. Dept. of Neuroscience and
Neurology, Univ. and Univ. Hospital of Kuopio, 70211 Kuopio, Finland.
Epidemiological studies suggest that estrogen replacement therapy
(ERT) in postmenopausal women slows the development of memory
impairment. Furthermore, ERT may also improve memory functions in
Alzheimer’s disease (AD). In this study, we wanted to investigate the
effects of long-term ERT on cognitive functioning in ovariectomized
female mice.
Ovariectomized mice were treated with estrogen pellets (placebo, 0.18 or
0.72 mg/pellet). Hippocampus and striatum dependent memory and
learning functions were tested in following tasks: The Morris water maze
with the visible platform (non-spatial navigation), hidden platform (spatial
reference memory, spatial navigation), radial arm maze (allocentric spatial
working memory) and t-maze (egocentric spatial reference memory and
it’s reversal). The weight of the uterus was used as an indicator of the
estrogen effect.
The animals in the placebo group were worse than the ERT-treated mice
in all behavioural tasks. The uteri of the placebo group animals were
significantly shrunken while ERT normalized the size of the uterus. This
experiment shows that chronic ERT delivered continuously via s.c pellets
improves spatial and non-spatial reference memory, and spatial working
memory in ovariectomized mice.
This study was supported by the Academy of Finland.
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NOVEL H3-RECEPTOR ANTAGONISTS AND ATTENTIONAL
FUNCTION IN RATS. J.L. Muir* and A, McCarthy School of
Psychology, Cardiff University, CF1 3YG, Wales, UK.
Recently, interest has developed in the therapeutic potential of
histamine H3-receptor antagonists for the treatment of cognitive
dysfunction in Alzheimer's disease (AD). Unlike cholinergic neurons
which are severely damaged in these patients, histaminergic neurons
appear to be relatively spared and thus provide a means of cognitive
enhancement via facilitation of histamine release from intact neurons.
These studies assessed the H3-antagonist strategy in rats using
Ciproxifan, a compound enhancing histamine release in the brain
with increased potency than previous antagonists and Compound 421
which may be even more potent. The aim of the present series of
experiments was therefore to investigate the effect of administration
of these novel H3-receptor antagonists in several behavioural
paradigms previously used to assess the role of the cholinergic
system or the effects of ageing on cognitive function. Lesions of the
cholinergic basal forebrain, using the immunotoxin 192 IgG-saporin,
produced substantial impairments on attentional tasks (5-choice serial
reaction time task and a vigilance paradigm). These impairments were
significantly improved following administration of histaminergic
compounds. In contrast, such compounds did not significantly
improve short term memory deficits in normal animals or spatial
memory in aged animals. Therefore, the results at the present time
suggest that these histaminergic antagonists may have a role in
enhancing attentional function. (Supported by BIOMED 2).

IMPROVEMENT OF MEMORY IMPAIRMENT BY KAPPA
OPIOID AND SIGMA RECEPTOR AGONISTS IN MICE.
T, Hoshino1, M, Hiramatsu1, L^Kamsyama*1 and T. Nabeshima2,
‘Dept. of Chem. Pharmacol., Meijo Univ., Nagoya 468-8503, and
2Dept. of Neuropsychopharmacol. and Hosp. Pharm., Nagoya Univ.
Sch. of Med., Nagoya 466-8560, Japan.
We reported that U-50,488H and dynorphin A (1-13), kappa opioid
receptor agonists, improved scopolamine- and carbon monoxide (CO)induced impairment of learning and memory in mice and rats. Moreover, (+)-SKF10,047 and SA4503, selective sigma receptor agonists,
also reversed learning and memory impairments in mice and rats in
various behavioral tasks. In this study, coadministration of U-50,488H
and (+)-SKF10,047 on scopolamine-induced impairment of memory in
mice was investigated using spontaneous alternation performance in a Ymaze. Male ddY mice (30-40 g) were treated with scopolamine (1.65
/zmol/kg, s.c.) 30 min before the behavioral test. U-50,488H (0.212.15 /zmol/kg, s.c.) and (+)-SKF10,047 (0.10-1.02/zmol/kg, s.c.) were
injected 25 min before testing. U-50,488H significantly improved the
impairment of spontaneous alternation induced by scopolamine. (+)SKF10,047 also reversed the scopolamine-induced impairment of alternation performance. When U-50,488H and (+)-SKF10,047 were coadministered, no additive effect was observed. Moreover, the ameliorating effects of U-50,488H and (+)-SKF10,047 were not antagonized
by a selective sigma receptor antagonist, NE-100 (2.6/4mol/kg, i.p.), or
a selective kappa opioid receptor antagonist, nor-binaltorphimine (4.9
nmol/mouse, i.c.v.), respectively. These results suggest that the ameliorating effects of impairment of spontaneous alternation by kappa and
sigma receptor agonists may not have additive and/or direct interactions.
(Supported by a grant from INSERM/JSPS Joint Research Project).
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NMDA RECEPTOR BLOCKADE IMPAIRS ACQUISITION AND
RETENTION IN AN ODOR DISCRIMINATION DIGGING TASK
WHEREAS VDCC BLOCKADE DOES NOT. M.D. Hammonds, B.L.

THE NMDA RECEPTOR ANTAGONIST (+/-)-3-(2-CARBOXYPIPERAZIN-4YL)-PROPYL-1-PHOSPHONIC ACID (CPP) IMPAIRS LEARNING OF A NONSPATIAL, HIPPOCAMPAL FORMATION-DEPENDANT SOCIAL TRANSMISSION OF FOOD PREFERENCE. M.J. Roberts* & M.L. Shapiro. Dept. of Psychology, McGill University, Montreal, PQ H3A 1B1
The hippocampal formation is required for normal learning and memory in both humans and animals. The cellular basis of memory formation in this area is reflected by
long term potentiation, one type of synaptic plasticity. A demonstrated form of LTP in
this area requires activation of the N-methyl-D-aspartate (NMDA) type of glutamate
receptor. NMDA receptor antagonists impair learning of tasks that require the hippocampal formation, such as the radial arm maze. NMDA receptor antagonists also
impair the formation of stable place fields by CAI neurons in the hippocampus. These
and other findings suggest that NMDA receptors are required for stable memory formation in the hippocampal region.
Rats normally prefer to eat a novel food when the odor of that food is detected in the
breath of a conspecific. This social transmission of food preference is a non-spatial
task that is impaired, in a temporally graded manner, by lesions of the hippocampal
formation. Rats lesioned before training perform well on this task up to 24 hours posttraining; the rats are impaired, however, after 24 or 48 hours.
We now report that the NMDA-receptor antagonist CPP, administered prior to
training, induces the same temporally graded effects on the social transmission of food
preference task as do lesions of the hippocampal formation. Rats tested 30 min after
training performed normally, while rats tested at 48 and 72 hours post-training were
significantly impaired (p<0.05).
These results support the idea that NMDA receptors in the hippocampal formation
are required for the formation of persistent spatial and non-spatial memories.
Supported by the NSERC and MRC Canada.

253.3

253.4

ANTEROGRADE AMNESTIC EFFECTS OF NMDA RECEPTOR ANTAGONIST
AP5 AND NITRIC OXIDE INHIBITOR 7-NI. X, Xu*, D. Gunn, & T. Russell.
Department of Psychology, Grand Valley State University, Allendale, MI 49401.
Investigations of synaptic transmission indicate that the induction of long-term
potentiation (LTP), a putative physiological correlate of learning and memory, may be
mediated by postsynaptic N-methyl-D-asparate (NMDA) receptors and that the
maintenance of LTP may be initiated by nitric oxide (NO), a retrograde messenger
carrying signals backward from the postsynaptic to the presynaptic neurons. Our
previous studies show that MK-801, a noncompetitive NMDA antagonist, produces
anterograde amnesia (AA) and L-NAME, a NO synthase (NOS) inhibitor, produces
both AA and retrograde amnesia. L-NAME is known to cause hypertension after
systemic injections. Thus, it is possible that L-NAME produces AA by inducing
hypertension. To address this issue and to further investigate whether a competitive
NMDA antagonist produces AA, the present study investigated whether AP5, a
competitive NMDA antagonist, and 7-NI, a NOS inhibitor that does not produce
hypertension, produced AA in goldfish using active avoidance conditioning as the
learning paradigm.
The study also investigated whether the drugs impaired
performance processes that were necessary for learning to occur. In Experiment 1,
goldfish received intracranial injections of water or methanol or various doses of AP5
or 7-NI 30 minutes before three semiweekly training sessions and were tested without
drug treatments in Session 4. One-way ANOVA with multiple comparisons on the
percentage of avoidance responses during test showed that both AP5 and 7-NI produced
AA in a dose dependent manner. In Experiment 2, goldfish received several training
sessions and then an intracranial injection of water or methanol or various doses of
AP5 or 7-NI 30 minutes before testing. One-way ANOVA on the test scores showed
that both drugs did not impair the expression of learned avoidance responses. Thus,
AP5 and 7-NI produced AA at doses that did not impair performance processes
necessary for learning to occur. (Supported by GVSU grant-in-aid).

REPEATED RETENTIONS OF THE MORRIS SWIM TASK: NMDA ANTAGONIST
EFFECTS ON CONSOLIDATION OF SPATIAL MEMORY. S.E, Redmond. M.

Woodside, and T.J. Teyler*, Northeastern Ohio Universities College of
Medicine, Rootstown, Ohio 44272.
189 day-old male Wistar rats, food deprived to maintain approximately
85% of ad-lib weight and housed individually, were randomly assigned to
three different groups (saline, MK-801, and Verapamil) in a 2-odor
discrimination digging task. During training each animal received 12 trials
per day (approximately 10 min ITI) on three consecutive days. All animals
received an IP injection 45-60 min prior to training of saline, MK-801
(0.125 mg/kg), or Verapamil (15 mg/kg). Following training was a 7-day
retention period with no training or drugs. On the eighth day a block of 12
retention trials were administered with respective drugs to test for memory
retention. Eight days later, a second block of 12 trials was performed with
saline animals receiving MK-801 or Verapamil, and drug group animals
receiving saline to test for state-dependent learning. There were no
significant differences between saline and Verapamil groups in acquisition
or retention trials. There were significant differences between the saline
and MK-801 groups in acquisition and retention, suggesting that NMDA
blockade impairs short-term memory in this task. Drug reversal results
show that learning was not state-dependent. Sponsored by a grant from the
Herbert W. Hoover Foundation.

Galizio and J.R. Keith*. Dept. of Psychology, Univ. of North Carolina at Wilmington,

Wilmington, NC 28403-3297
Previous studies reported that NMDA-receptor antagonists impaired long-term
retention of learned behaviors at doses that did not impair acquisition (e.g., Kesner &
Dakis, 1995). Such results were interpreted as evidence that NMDA receptor
antagonists disrupted consolidation processes that transform new information into longterm memories. To further examine effects of NMDA receptor antagonists on retention
of spatial information, we adapted a repeated retentions procedure to the Morris Swim
task (MST). Rats received acquisition and retention tests on alternating days over a 44
day period. During each acquisition session the escape platform was hidden in a new
location and rats were trained until they escaped in under 8 sec. on three consecutive
trials. To measure retention, rats were returned to die pool 24 h later with the escape
platform in the location where it was during acquisition training on the previous day.
Each rat completed two acquisidon/retendon sets each week. Consistent acquisition
functions and retention baselines, characterized by short latencies and direct paths to the
escape platform, were established in all individual subjects (n=3) within 16 sets. Each
rat then received sessions in which a non-competitive NMDA antagonist, dizocilpine (0
- .3 mg/kg) was injected systemically immediately after acquisition training. Multiple
determinations at each dose were obtained for each rat. Dizocilpine failed to impair
retention of recendy acquired spatial behavior at any dose. The highly stable acquisition
and retention functions obtained using this procedure should provide sensitive baselines
for studying drug effects on long-term spatial memory in individual subjects.

253.5

253.6

COMBINED BUT NOT INDIVIDUAL ANTAGONISM OF
MUSCARINIC AND NMDA RECEPTORS CAUSES A SPATIAL
LEARNING IMPAIRMENT IN NON-SPATIALLY PRETRAINED
RATS. D.P. Cain* and K. Ighanian. Dept. Psychology and Graduate
Program in Neuroscience, Univ. of Western Ontario, London, Ontario
N6A 5C2 CANADA.
NMDA and muscarinic cholinergic receptors have separately been
implicated in spatial learning in the watermaze. Work in our lab has
shown that rats that have learned the general strategies required in the
watermaze by nonspatial pretraining (Morris, 1989) can learn the
location of a hidden platform as effectively as controls when spatially
trained under either scopolamine or an NMDA antagonist. Combined
antagonism of muscarinic and NMDA receptors would be relevant to
human dementias such as Alzheimers disease. Therefore we gave rats
nonspatial pretraining in the pool, and 5 days later administered both
scopolamine (0.5 mg/kg) and the specific, competitive NMDA receptor
antagonist NPC17742 (3.0 mg/kg) before spatial training. Nonspatially
pretrained rats given scopolamine + NPC17742 swam well and exhibited no sensorimotor disturbances, but showed no behavioral evidence of
knowing where the hidden platform was located. Nonspatially pretrained rats given either scopolamine or NPC17742 displayed excellent spatial learning. Combined antagonism of muscarinic + NMDA receptors
produces a specific impairment in spatial learning that is not accounted
for by sensorimotor disturbances. Supported by a grant from N.S.E.R.C.

INTRAAMYGDALOID INFUSION OF THE NMDA RECEPTOR ANTAGONIST
AP-5 BLOCKS LATENT INHIBITION OF FEAR-POTENTIATED STARTLE IN
THE RAT. C, Schauz* and M. Koch. Animal Physiology, University of Tubingen,
Auf der Morgenstelle 28,72076 Tubingen, Germany.
Preexposure of a prospective conditioned stimulus (CS) prior to the pairing of the
CS with a noxious unconditioned stimulus (UCS) reduces Pavlovian fear
conditioning, a phenomenon that is termed latent inhibition (LI). The acquisition of
fear-potentiation of the acoustic startle response (ASR) depends on a NMDA
receptor mediated process in the basolateral amygdala (BLA), where CS and UCS
converge. We here investigated if preexposure to the CS interferes with the circuitry
that mediates conditioned fear at the level of the amygdala.
AP-5 (12,5 nmol), a competitive NMDA receptor antagonist, or ACSF was
infused widi bilateral cannulae into the BLA before preexposure to a light CS. In the
consecutive conditioning stage the CS was paired with the UCS, an electric
footshock (0,6 mA). Fear-potentiation was assessed in a sound-attenuated startle
chamber by comparing the ASR in the presence vs absence of the light CS.
Infusions of AP-5 during preexposure reduce LI of fear-potentiated ASR, i.e. the
reduction in fear-potentiation by preexposure was absent in AP-5 treated rats. Our
result supports the hypothesis that during preexposure a memory file 'CS-irrelevant'
(CS-) was formed which is inconsistent with the information that is acquired during
conditioning (CS-relevant, CS+). This could lead to a retardation of conditioning
either because of an overlearning process during conditioning (CS- -» CS+) or due
to the interference of the two conflicting memory files (CS- / CS+) during the test
stage. A disruption of the CS-irrelevant file by AP-5 could explain the decrease in
LI of fear-potentiated ASR demonstrated in this experiment. Taken together, NMDA
receptors in the BLA play a major role in LI.
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NMDA ANTAGONIST MK-801 REDUCES RATS’ USE OF PLACE
STRATEGIES IN PROBLEM-SOLVING. J. Willner* and L, Marr.
Dept. of Psychology, Radford University, Radford, VA 24142-6946.
Evidence that NMDA receptors play a role in hippocampal synaptic
plasticity has sparked intense interest in the role of these receptors in
learning and memory. Although many studies have shown that NMDA
antagonists can impair acquisition of hippocampal spatial learning
tasks, the conclusion that NMDA receptors are important in learning
has been challenged by results showing that such deficits may be due to
drug-induced deficits in performance rather than learning.
We investigated this issue by examining how MK-801 affected rats’
use of strategies in an appetitive T-maze task that could be solved using
“place” or “response” strategies. Female Long-Evans rats received one
of a number of doses of MK-801 (0.0, 0.02, 0.06, or 0.08 mg/kg, s.c.)
20 min prior to maze exposure and subsequent training on a T-maze
task in which they were rewarded for choosing the arm opposite their
initial side preference. The rats were trained to a criterion of 8 correct
in 10 consecutive trials, and then given a probe trial in which place and
response strategies were pitted against one another by rotating the start
arm 180° away from its original location.
MK-801 caused dose-dependent decreases in latency to enter arms
during training, but it did not affect how long it took rats to acquire the
task. In contrast to the acquisition results, MK-801 caused a significant,
dose-dependent decrease in rats’ use of place strategies during probe
trial testing. These results show that MK-801 can impair place learning
even when acquisition of a task is not impaired.
Supported by grant J-410 from the Thomas F. Jeffress and Kate
Miller Jeffress Memorial Trust.

LATE
POSTNATAL
PHENCYCLIDINE
TREATMENT
IMPAIRS
PERFORMANCE OF SPATIAL MEMORY TASK. L. M. Goldbloom3* and
R. Sircar12-3. Laboratory of Developmental Neuroscience, Depts. of
'Psychiatry, 2Neurology and 3Pathology, Albert Einstein College of
Medicine, Bronx, NY.
The N-methyl-D-Aspartate (NMDA) receptor has been shown to play an
important role in the neural plasticity involved in learning and memory. It
follows that disruption of normal functioning of the NMDA receptor may
result in learning and/or memory impairment. In rat, the NMDA receptor
is immature during the neonatal period, matures, and becomes adult-like
later in life. Previously we have shown that NMDA channel blockade
during the EARLY postnatal period produced a subtle memory deficit. In
the present study, the effect of NMDA antagonism by phencyclidine
(PCP), a non-competitive NMDA channel blocker, during the LATE
postnatal period on spatial memory was determined. Rat pups were given
intraperitoneal injections of PCP from postnatal day (PND) 10 till day 20.
Subjects were tested in the Morris water maze at several time points
throughout development. Groups of animals were tested for the first time
in a 5-day test paradigm on PND 21, 35 or 45 and then tested again as
adults beginning on PND 60. Repeated LATE postnatal exposure to PCP
impaired the rat’s ability to perform the Morris water maze task compared
to saline-treated controls. The memory deficit was evident even in
adulthood indicating that the effect was long lasting. In conclusion,
blockade of the NMDA receptor by PCP treatment during the LATE
postnatal period results in long-term cognitive deficits.

Supported by NIDA DA-07188

253.9

253.10

NMDA ANTAGONIST-INDUCED DECREASES IN WORKING AND
EXPLICIT MEMORY IN HUMANS J.W. Newcomer*, G, Selke, A.K.

EFFECTS ON MEMORY EXERTED BY MK-801, ALONE OR IN
COMBINATION WITH MORPHINE OR IMMOBILIZATION STRESS,
IN TWO INBRED STRAINS OF MICE. V. Cestari*, A. Qarnei and C.
Castellano. lstituto di Psicobiologia e Psicofarmacologia (CNR) - Viale
Marx 15 - 00137 Rome, Italy.
Three sets of experiments were carried out with male C57BL/6
(C57) and DBA/2 (DBA) mice tested in a passive avoidance task, it
a first set the effects of administration of morphine, MK-801 and
naltrexone on retention were investigated, hi a further set of
experiments the effects exerted on retention by combinations of MK801 with morphine or immobilization stress were studied. Finally, the
naltrexone reversibility of the interaction between immobilization
stress and MK-801 was assessed. Both drugs and immobilization
stress were administered after the training session. Drugs were
injected intraperitoneally. Morphine and MK-801 exerted facilitatory
effects on retention in the C57 strain and deleterious effects in the
DBA strain. These effects were dose- and time-dependent. Further,
dose- and time-dependent deleterious effects on retention, in the C57
strain, and dose- and time-dependent facilitatory effects in the DBA
strain were observed following naltrexone administration. In both
strains MK-801 enhanced the effects of morphine. Finally, in both
strains the effects of MK-801 on retention were enhanced by
immobilization stress and reversed by naltrexone. The results of this
study show that differences in the genetic make-up of mice played an
important role in all the effects observed and, in particular, in the
interaction between the opioid and the glutamateigic systems. Further,
the naltrexone reversibility of the interaction between MK-801 and
immobilization stress suggests that opioid mechanisms were involved.

Melson, D.A. White, H.L. Roediger, N.B. Farber, D. Wozniak, V. JevtovicTodorovic, J.W. Olney. Washington Univ., St. Louis, MO 63110.
NMDA receptor antagonist treatment, like NMDA NR2A subunit gene
knockout, can reduce hippocampal LTP and spatial learning in rodents. In
rodents and non-human primates, competitive and non-competitive NMDA
antagonists can impair learning and memory on tasks associated with
hippocampal lesions. In humans, subanesthetic doses of ketamine similarly
decrease memory performance. Less consistently reported decreases in
sustained attention, verbal fluency, and Wisconsin Card Sort performance
may be associated with higher plasma ketamine levels. While effects on
memory have been interpreted as actions at hippocampal NMDA receptors,
NMDA antagonist treatment can also affect other cerebrocortical neurons,
including prefrontal and cingulate neurons, through disinhibition of
glutamatergic and cholinergic afferents. This experiment tested the
cognitive effects of a safe, well-studied subanesthetic dose of IV ketamine
compared to placebo in healthy adults (n=15). Ketamine decreased
performance on verbal and non-verbal explicit memory tasks, including
pattern
recall
(F[ 1,12]=5.36,
p=0.04),
delayed-match-to-sample
(F[l,14]=8.08, p=0.01), list learning (F[l,l4]=10.31, p=0.006) and
paragraph recall (F[l,13]=29.94, p=0.0001). Ketamine also decreased
memory for word lists where semantic category cues were not provided at
encoding vs. lists where cues were provided (treatmentXcond. F[1,13]=8.O3,
p=0.01). In addition, ketamine decreased verbal working memory using an
N-back task (2-back: F[l,ll]=6.60, p=0.03). No effects were detected on
verbal fluency, forward word span, a Stroop task or continuous
performance task. NMDA receptor hypofunction can decrease specific
memory processes associated with prefrontal and cingulate cortices as well
as hippocampus. Supported by MH01510, MH53363, DA00290, MH38894, DA00406,
NARSAD, USPHS 5MO1 RROOO36 and P60-DK20579.

253.11

253.12

GLUTAMATE RECEPTORS IN THE SONGBIRD BRAIN
K.Wada^, H.Sakaauchi2. T.Urushido^and M.Haaiwara 1 *. 1 Dept. of
Functional Genomics, Med. Res. Inst., Tokyo Med. & Dent. Univ.,
Bunkyo-ku, Tokyo 113-8519, & 2Dept. of Phisiol., Dokkyo Univ.,
Sch. of Med., Mibu Tochigi 321-0293, Japan.
Glutamate is used as a neorotransmitter in central nevous system of
remarkable diversity of animals. In the most recent studies using
mutant mice, glutamate receptors are essential molecules in
hippocampal LTP and contextual and/or spatial learning. A bird song is
an attractive model system for the study of auditory nerural
mechanism of learning and memory. To elucidate the roles of glutamate
receptors in the birdsong learning, we started immunohistochemical
analysis of glutamate receptors (NMDA, non-NMDA and metabolic
type) in the zebra finch brain. On western blotting, all antibodies
aginst glutamate receptors crossreacted with those of bird brain,
giving the same moleculor weight sizes as those reported in mammals.
With most type-specific antibodies of glutamate receptors,
lmmunoreactive(IR)-cells were detected in both anterior sensory and
posterior motor pathways in adult male birds. But different stainig
patterns of song nuclei were observed with several antibodies.
NMDAR1 was specifically stained in LMAN, but the expression of
NMDAR2A and NMDAR2B were not prominent in the same area. IR cells
were found in area X, LPO and HVA with an antibody against non-NMDA
type glutamate receptor, GluRl. But GluR2/3 antibody-IR cells were
detected in HVC and RA. And expression of mGluRl was found in cells of
HVC, RA, LMAN and area X . These results suggest the possibility that
glutamate receptors play differential roles in the birdsong-related
neural network in the types-specific manner.

ACTIVATION OF METABOTROPIC GLUTAMATE RECEPTORS
INDUCES 20-50 Hz EEG OSCILLATIONS IN THE RAT DENTATE
GYRUS IN VIVO. S. J. Martin and P. D. Grimwood*. Dept. of
Neuroscience, Univ. of Edinburgh, Crichton Street, Edinburgh, EH8 9LE,
U.K.
Previous studies have indicated that activation of metabotropic
glutamate receptors (mGluRs) may be involved in the generation of
synchronized neuronal network oscillations in the hippocampus. For
instance, the application of (15,3/?)-ACPD has been reported to elicit 40
Hz i.p.s.p. oscillations in CAI pyramidal cells in vitro [Whittington et al.
(1995) Nature 373: 612-615]. Similarly, an increase in EEG activity at 20
Hz has been observed in area CAI in vitro following (15,3/?)-ACPD
application [Boddeke et al. (1997) Neuroscience 76: 653-658],
In the present study, changes in spontaneous EEG activity were
monitored in the dentate gyrus of urethane-anaesthetized rats. We have
previously reported that i.c.v. infusion of (1 S,3R)-ACPD causes a
transient increase in spontaneous dentate activity in vivo [Martin and
Morris (1997) Neuropharmacology 36: 1339-1354], In the current
experiment, spectral analysis of the EEG record was carried out at
various time points after i.c.v. infusion of 10 (Ltl 1 mM (1S,38)-ACPD (5
[tl per ventricle). This analysis revealed a selective increase in rhythmic
dentate activity in the 20-50 Hz range, confirming that a phenomenon so
far observed only in CAI in vitro, is also obtained in the dentate gyrus of
the intact animal. The mGluR subtype responsible for this pattern of
activity remains to be established. This work was supported by the MRC.
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BLOCKADE OF METABOTROPIC GLUTAMATE RECEPTORS WITHIN THE
NUCLEUS ACCUMBENS SUBREGIONS IMPAIRS SPATIAL LEARNING IN
RATS. C.S. Malcbnado-Vlaar*, L.Y. Sepulveda. E, Morries, C, Colon, L. Alvarez and
E. Betancourt. Depatment of Biology. University of Puerto Rico, P.O. BOX 23360, San
Juan, Puerto Rico 00931.
Although previous neuropharmacological studies support the evidence that ionotropic
glutamate receptors within the nucleus accumbens mediate spatial learning and
memory, little is known about the role of the metabotropic glutamate receptors
(mGluRs) within accumbens subregions in mediating this form of learning. The
present experiments investigate the effects of microinfusions of (R,S)-a-Methyl-4carboxyphenylglycine ((RS)-MCPG), a non-selective mGluRs antagonist, within
accumbens subregions of rats on the training and performance phases of a free-choice
spatial discrimination task. In this task, hungry rats were required to leam a specific
pattern of food baited holes in a large open field. Parameters measured were total time
spent searching for food and visits to empty and baited holes (errors). In Experiment I, two
different set of rats were implanted with chronic bilateral indwelling cannula into either the
core or shell subiegions of the accumbens. Rats were pretreated with MCPG
(25nmol/0.5pl) or vehicle prior to the 4 day training phase (5trials /day). Results showed
that MCPG pretreatment impaired the acquisition of spatial learning of animds in the
shell group and not the core group when compared to the vehicle. In Expoiment U,
animals in core and shell groups were tested following their 4-day training phase. A
counterbalanced dose response test using MCPG (0, 0.025, 0.25, 2.5, 25 nmol/0.5|jl)
was utilized. Results showed that when compared to vehicle injections, the high dose
of MCPG (25nmol) disrupted spatial learning behavior in both core and shell groups in
the first trial of the performance phase. Taken together, the present findings suggest
that in addition to the ionotropic receptors, mGluRs localized in accumbal neurons are
also involved in mediating spatial learning, Furthermore, that mGluRs within the
accumbens shell seem to play an important role in the acquisition of spatial
information. This work is supported by NIDA(C.S.M.V. 1R29DA.11665-01)

BOTH GLUTAMATE AND GABAa ACTIVATED CURRENTS CONTRIBUTE
TO THE PHASIC THETA-RELATED SINK AT THE HIPPOCAMAL FISSURE.
R.L, Borgnis* and S.E. Fox. Dept. Physiol. & Pharm., SUNY HSCB, Brooklyn, NY.
Current source density (CSD) analysis of the hippocampal theta rhythm has
revealed a large phasic current sink at the level of the distal apical dendrites of CAI
pyramidal cells (Buzsaki et al., 1986; Brankack et al., 1993). Entorhinal cortical
afferents synapse here and may contribute to the sink. If so, then the sink must be
partly glutamatergic. This project investigates the neuropharmacology of current
sinks and sources in CAI using combined local microdialysis and CSD.
The non-selective ionotropic glutamate antagonist kynurenic acid (KYN) was
applied to the entire dendritic tree of the nearby pyramidal cells via microdialysis
(CMA Microdialysis) during pellet-chasing behavior by male Long-Evans rats
(Muller et al., 1987). CSD electrodes consisted of a moveable 3-electrode array
(92 pm dia. varnish-coated nichrome wire, cut square, with 100 pm vertical
interelectrode spacing). Artificial CSF was circulating in the microdialysis probe one
day before and during the experiments. Administered drugs were dissolved in the
ACSF. The probe was located about 0.75 mm from the electrodes (Ludvig et al.,
1996). EEG data were recorded on tape for off-line analysis. CSD, an estimate of
local membrane current flow, was calculated from voltages at the three electrodes.
KYN (1 mM in the perfusate) reduced the magnitude of the CSD by about one-half
compared to pre-drug control sessions. Higher doses (5 mM) did not produce further
reductions in CSD magnitude. Combining KYN (5 mM) and the GABAa antagonist
picrotoxin (300 pM) further reduced the theta CSD to about one-third of control. We
conclude that the large phasic sink recorded near the hippocampal fissure may be
composed of multiple active components. The GABAa component may be driven by
interneurons whose rhythmic firing is unaffected by localized application of KYN.
Supported by NIH NS 10423 to RLB and NS 17095 to SEF.

253.15
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KETAMINE BLOCKS ASSOCIATIVE AND NON-ASSOCIATIVE
LEARNING IN FETAL RATS. G. A. Mickley*, D. R. RemmersRoeber, C. Crouse, R. Peluso and C. Walker. Department of Psychology,
Baldwin-Wallace College, Berea, OH 44017-2088
Saccharin (SAC) evokes different orofacial responses in neonatal rats
depending on whether the taste is novel, familiar, or if it had been
previously associated with malaise in utero. Here we report that Ketamine
[an N-methyl-D-aspartate (NMDA) glutamate receptor blocker] can
attenuate the formation/expression of both a taste recognition memory and
a conditioned taste aversion in perinatal rats. Dams pregnant with El9 rat
fetuses were injected with 0, 50, ot 100 mg/kg Ketamine HCI (i.p.). One-half
hour later, a reversible spinal block was performed on the dam and fetuses
received an oral injection of 10pl, 0.3% SAC or water while in utero. After
the oral injection, fetuses received either saline or LiCl (81 mg/kg, i.p.).
Following a normal vaginal delivery, these animals were exposed to SAC on
post-natal day 3 (P3). Observations of motor responses were recorded
immediately after the oral lavage of SAC. Familiar SAC evoked more
mouth/lick movements than did novel SAC. Further, if SAC had been paired
with LiCl in utero, neonates exhibited a conditioned suppression of orofacial
movements. Both doses of ketamine significantly attenuated these indicators of
associative and non-associative learning. These data reinforce the current
conception of the fetus and neonate as sophisticated sensors and
responders to the uterine and extra-uterine environment. Further, our
findings indicate a role for NMDA receptors in the formation/expression of a
taste recognition memory and conditioned taste aversion in fetal rats.
Supported by: NSF Award: 9514799

LEAD EXPOSURE PRODUCES SUBSENSITIVITY TO THE MOTOR BUT
NOT THE MNEMONIC EFFECTS OF MK-801. L.L, Driscoll* & B.J. Strupp.
Dept. of Psychology & Div. of Nutritional Sci., Cornell Univ., Ithaca, NY 14853.
Chronic postnatal lead (Pb) exposure has been reported to impair the induction
and persistence of hippocampal LTP and to result in behavioral subsensitivity to
NMDA receptor antagonists. These data predict that Pb-exposed animals should
also demonstrate alterations in hippocampal-dependent cognitive functions,
notably explicit memory. Experiment 1 was designed to assess explicit memory
function in rats chronically exposed to lead from birth, using a version of the 16arm radial maze task in which varying retention intervals (0, 4, or 8 hrs) were
imposed after half of the maze arms had been traversed In this task, the Pbexposed rats made fewer long-term memory errors than controls at the longest
retention interval. A second experiment was designed to address whether this
effect of Pb exposure was due to an alteration of glutamatergic function at NMDA
receptors. Varying doses of the noncompetitive NMDA receptor antagonist MK801 (0, .01, .03, or .05 mg/kg) were injected s.c. 15 min. prior to the traversal of
the first 8 arms. The drug produced a dose-dependent increase in explicit memory
errors, but the sensitivity of the Pb-exposed animals to this effect did not differ
from controls. In contrast, the Pb- exposed rats were significantly less sensitive
than controls to the effects of MK-801 on latency to traverse the first 8 arms (i.e.,
those chosen by the experimenter prior to the 8 hr delay). This pattern of effects
suggests that chronic postnatal Pb exposure alters glutamatergic function in regions
of the brain that subserve motor function (e g., striatum), but not in regions thought
to be important for explicit memory (e.g., hippocampus). This pattern of effects is
consistent with the hypothesis that the Pb-induced improvement of performance is
due not to altered hippocampal function, but to dysfunction of some other brain
region which indirectly affects explicit memory performance in this task.
Supported by NIEHS grants ES07457 & ES05950 to B.J.S. and EPA Fellowship
U-915393-01-0 to L.L.D.

253.17
DISRUPTION OF SPATIAL SIGNAL DETECTION PERFORMANCE BY
SYSTEMIC MK-801, BUT NOT BY INTRAHIPPOCAMPAL
MICROINJECTIONS OF MUSCIMOL IN RATS. J.-B. Mao* and J.K,
Robinson. Department of Psychology, SUNY at Stony Brook, Stony Brook, NY
11794-2500.
Previous work showed that microinjections of muscimol, a GABA-A
receptor agonist, into either the dorsal extent of the hippocampus (DH) or the
ventral extent of the hippocampus, failed to impair working memory in an
operant delayed nonmatching-to-position task in rats (Mao & Robinson,
1998, Bm. Res.). However, deficits found on non-mnemonic measures
suggested involvement of the DH in mediating sustained attention. The
present experiment tested this hypothesis by employing a spatial signal
detection paradigm, where a visual cue was presented at one of two locations
for one of the four durations (100 ms, 500 ms, 1 s and 2 s). A feature of
present task was that the subjects initiated each trial with multiple presses on
a cued rear lever, to assess motivation and distinguish it from attention. Rats
were extensively pretrained in the task procedures. Then, one group of
subjects was administered MK-801 (0.032, 0.063, 0.083 or 0.25 mg/kg i.p.),
an NMDA receptor antagonist known to block hippocampal LTP. Another
group of subjects was surgically implanted with bilateral guide cannulae into
the DH, through which muscimol was later injected. MK-801 produced a
dose- and stimulus-length- dependent impairment of detection accuracy.
However, no impairment of detection accuracy was produced by site
injections of low doses of muscimol (0.01 or 0.03 j/g/0.3^1) into the DH,
though a large dose (0.125 //g/0.3pl) substantially reduced the number of
trials completed per 40 min session. Thus, the hypothesis that the DH
mediates sustained attention was not supported by the present results.
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254.2

LEARNING, MEMORY AND THE HIPPOCAMPAL ACTIVITY IN
GENETICALLY OBESE RODENTS.
Y. Oomura^, N. Hori , S. Aou, X. Li1, K. Sasaki3 yd T.
Shiraishi .
Dept. Physiol., Fac.Med., and 2Dept.
Pharmacol., Fac. Dent., Kyushu Univ., Fukuoka 812-0054;
3Fac. Eng., Toyama Univ., Toyama 930-8555; 4Fac. Med.,
Tokai Univ., Kanagawa 259-1100, Japan.
In our previous study, we have found evidence that
leptin facilitates learning and memory process of Wistar
rats (W). Using Zucker rats (Z) and db/db (db) mice, who
have defects in leptin receptors, hence, experiments were
conducted to explore the role of leptin receptors in
learning and memory. Unlike that in W, high or low
frequency stimulation of Schaffer collaterals, mossy
fibers or perforant path in hippocampal slice preparations
of Z and db failed to induce the leaning/memory-relevant
long-term potentiation or depression in CAI, CA3 or
dentate granular neurons, respectively. However, the
paired pulse facilitation of CAI population spike and
intracellular responses to electrophoretic applications of
quisqualate, GABA and NMDA to the apical dendrites of CAI
neurons were approximately the same compared with those
obtained in W. Also unlike that in W, the Ca-independent
and total calmodulin kinase II in the CAI area of Z and db
were not activated after tetanic stimulation of the
Schaffer collaterals. The behavioral manifestation of
learning and memory ability in Z and db is currently under
study using passive avoidance and Morris water maze tests.

NEUROGRANIN/RC3 KNOCKOUT MICE EXHIBIT DEFICITS IN SPATIAL
LEARNING AND INDUCTION OF LONG-TERM POTENTIATION. J. H.

Pak1. EX. Huang.1*, D, Balschun2. K.G. Reymann2, C, Chiang3. H, Westphal

and K.-P. Huang 1 . 1 ERRB and 3 LMGD, NICHD, NIH, Bethesda,
Maryland 20892 and ’Leibniz Institute for Neurobioiogy, D-39118 Magdeburg,
Germany.
Neurogranin/RC3 (Ng) is a postnatally expressed postsynaptic protein kinase
C and nitric oxide substrate localized in neuronal cell bodies and dendrites of the
cerebral cortex, hippocampus, and striatum. Both the phosphorylation and
oxidation of Ng attenuate the binding affinity of Ng for calmodulin (CaM). A
strain of Ng-knockout mice (-/-) was created to investigate the role of Ng in
neural function. Mutant mice are viable and normal in body weight and motor
coordination. The -/- exhibited deficit in performance on the hidden-platform
task of the Morris Water Maze compared to their +/+ littermates; whereas the
+/- exhibited intermediate level of learning. Both the -/- and +/- mice
remembered less well than the +/+ in the “probe test”; however, all three
genotypes performed equally well in their visual platform tests at the end of
training. The CaM-dependent protein kinase II (CaMPKII) activity in the brain
extracts of +/+ and -I- animals were similar; however, the level of the
autophosphorylated CaMPKII a in the -/- was lower than that of the +/+. The
CaMPKII in the -/- was also less readily autophosphorylated upon incubation of
the brain slices with several reagents. Tetanus stimulation (100 Hz, 3xlsec) of
the hippocampal CAI region showed that the -/- attained the maximal
potentiation at a slower rate than that of the +/ + , indicating different LTP
induction mechanisms in these animals. These results demonstrate that ablation
of the Ng gene produces a change in the synaptic plasticity of the mouse.

254.3

254.4

THE FUNCTION OF C/EBP IN NEURONAL DIFFERENTIATION AND
MEMORY STORAGE: USE OF DOXYCYCLINE INDUCIBLE DOMINANTNEGATIVE C/EBP INHIBITOR. A, Chen,3 E, R, Kandel12*. and P, Bamch1.
'Ctr. for Neurobiol. & Behav., Columbia Univ.; 2HHMI, New York, NY 10032;
3The Integrated Program in Cellular, Molecular and Biophysical Studies, Columbia University, New York, NY 10032.
The transcription of the immediate-early gene ApC/EBP is induced in Aplysia
sensory neurons by exposure to serotonin or cAMP. In turn, inhibition of
ApC/EBP selectively blocks long-term facilitation and the accompanying structural changes without affecting short-term facilitation, indicating that ApC/EBP is
required in invertebrate neurons for memory related long-term synaptic plasticity
(Alberini et al., 1994). The role of C/EBP family of transcription factors in
mammalian synaptic plasticity and memory storage is less well understood.
While C/EBP-P and -8 have been shown to respond to cAMP and Ca2+ signaling
in hippocampal neurons (Yukawa et al., 1998), and C/EBP-P is activated by
cAMP and NGF in PC 12 cells (Metz et al., 1991), genetic studies with single
C/EBP knockouts have so far implicated only one of six C/EBP genes (C/EBP-8)
in contextual learning. To overcome potential early lethality, developmental defects, and compensations in C/EBP null-mutant mice, we have used the tetracycline-inducible system to express a broad dominant-negative C/EBP inhibitor (EDN) targeted to the forebrain of mice with the forebrain-specific CaMKII promoter. This transgene allows for a time-refined interference with the C/EBP family of transcription factors in hippocampal neurons. We have also constructed a
stable PC 12 cell line expressing die inducible E-DN. Here we show that the induction of the E-DN inhibitor in PC 12 cells disrupts NGF-induced neurite outgrowth, specifically at the transcriptional-dependent phase of the differentiation
process. (Supported by HHMI and NIH MSTP.)

A ROLE FOR PROTEIN KINASE C BETA IN MAMMALIAN ASSOCIATIVE
learning
. C,M. Atkins.*. EJ, Weeber.A. W.Varga, M. LeHgest and JIX. SweattDivision of Neuroscience, Baylor College of Medicine, Houston, TX 77030, tMaxPlanck-Institute for Immunobiology, 79108 Freiburg, Germany.
A biochemical mechanism that plays a prominent role in learning and memory is
substrate phosphorylation by protein kinase C (PKC). Inhibitor studies have found
that PKC is required for hippocampal long-term potentiation (LTP) and hippocampusdependent learning tasks. Moreover, we have recently observed an increase in
autophosphorylation of PKCa/piI during hippocampal LTP. To determine the
contribution of these PKC isoforms to hippocampal learning and synaptic plasticity,
we created transgenic mice deficient in the P isoform of PKC and evaluated knockout
mice for deficits in learning.
Knockout mice were generated by interruption of exon 2 of the PKCp gene with
LacZ. Mice were back-crossed into strain C57BL/6 for 8 generations. Evaluation of
PKCp expression was determined by X-Gal staining in knockout mice. Interestingly,
we observed strong X-Gal staining in area CAI of the hippocampus, the cortex and
amygdala, indicating that PKCp is expressed in areas of the brain that are involved in
learning and memory. To assess general activity levels of PKCP knockout mice, we
evaluated activity of knockout mice and littermate controls in the open field test. No
significant differences were observed in total distance traveled and center
distance/total distance ratio. Performance in the rotarod task was not significantly
different. However, we observed a deficit in both contextual and cue fear
conditioning with PKCp knockout mice (% freezing in context: -/- 22.4±2.2 n=14,
+/+ 43.4±2.5 n=17, p<0.0001; % freezing during cue: -/- 26.8±3.5, n=14, +/+
49.12±3.1, n=17, p<0.0001). Further experiments are underway to determine the
contribution of PKCP to water maze learning and hippocampal synaptic plasticity.
Supported by NIMH.

254.5

254.6

IMPAIRED SYNAPTIC FUNCTION RESULTS IN HYPERACTIVE BEHAVIOUR BUT
NOT COGNITIVE DYSFUNCTION IN GENE DOSE MUTANT MICE FOR THE
NEURONAL PROTEIN MUNC18-1.
R. A. Hensbroek, A. Kamal, M. Verhaqe and B.M. Spruijt.
Rudolf Magnus Institute for Neurosciences, Utrecht University, The Netherlands.
(SPON: International Behavioural and Neural Genetics Society).
The neuron-specific protein munc18-1 is essential for secretion from presynaptic
nerve terminals. Null mutants for muncl8-1 have no secretion of neurotransmitters
throughout the brain and consequently die at birth. Gene dose mutants
(heterozygotes) have a normal reproduction and life span. Still, they do have a 50%
reduction of munc18-1 expression. We hypothesize that a reduction in munc18-1
results in synaptic impairments and, as a consequence, in changes at the network
level and at the behavioural level. In the hippocampus, depression during tetanic (520Hz) stimulation is more pronounced in the mutants. In addition, long term
potentiation (LTP) in the CA1 region is reduced. This reduction is most pronounced
in the first minutes after LTP induction. Most strikingly, mossy fibre LTP in the CA3
region is virtually absent. This form of LTP is NMDA-receptor independent and its
induction and maintenance is reported to be mainly presynaptic. In their homecage,
heterozygote mice were more active than wildtype mice. In addition, they also
displayed a profound increase in locomotory behaviour in the open field test. We
detected no differences in a fear test i.e. the light/dark box, suggesting that these
changes in activity were not related to fear. The heterozygotes also showed
impaired performance in cognitive tasks. In the eight-arm radial maze, a spatial
learning task, their ability to collect food rewards was decreased. In the Morris water
maze, however, they performed normal. In contrast to the dry land situation in the
radial maze, swimming speed in the water maze was not increased. These results
indicate that the increases in activity may have interfered with radial maze
performance but not with Morris water maze teaming. We conclude that muncl 8-1
reduction leads to impaired synaptic function as measured in the hippocampal
network. Surprisingly, spontaneous behaviour seems more susceptible to these
changes than cognitive function.
(This work was supported by NWO GB-MW, grant 903-42-023)

BEHAVIORAL CHARACTERIZATION OF MICE LACKING THE
ASPARAGINE-SPECIFIC BRANCH OF THE N-END RULE PATHWAY
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S.A. Balogh*t. V.H, Denenbergt. A. Varshavsky^. Y.T. Kwon^ tBiobehavioral
Sciences Graduate Degree Program-The University of Connecticut, Storrs, CT

06269-4154 and & Division of Biology, California Institute of Technology, Pasadena,

CA 91125
The N-end rule is one proteolytic pathway of the ubiquitin system. It relates the
in vivo half-life of a protein to the identity of its N-terminal residue. Recently, a
mouse carrying a homozygous deletion of the Ntanl gene was constructed on a
129 strain background. Ntanl encodes the asparagine (Asn)-specific N-terminal
amidase, which mediates the targeting of proteins bearing N-terminal Asn by the Nend rule pathway. The current study assessed a wide range of behaviors including
the acquisition and long-term retention of several cognitive tasks in 59 mice (29
wild-type, 30 Ntan -/-). Ntan-/- mice were found to be outwardly indistinguishable
from wild-type mice and did not exhibit deficits in their ability to perform any of the
behavioral tests. Behaviorally, Ntanl-/- mice were less active in a Digiscan
apparatus, but their behavior was equivalent to wild type mice in the elevated plusmaze and a simple water escape procedure. Wild type mice were better in learning
the Lashley Hi maze, but were worse in learning a horizontal-vertical discrimination
task. Retention measures eight weeks later revealed wild-type mice performing
superior to Ntan-/- mice on the Morris and the Lashley mazes. The groups were
equivalent in horizontal-vertical and water escape retention. Taken together, the
aforementioned data suggest that the absence of the Asn-specific branch of the Nend rule pathway in Ntan-/- mice alters (enhances or disrupts) cognitive abilities in
these mice.
Supported by NIH DK39520 to A.V.
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DETECTION OF NOVELTY IN Fmrl KNOCKOUT MICE : DIFFERENCES
IN REACTIVITY OF THE FVB-129 AND C57BL/6 INBRED STRAINS. V.
Bertaina C. Pestrade2*& W.T,.Greenough1, 'Beckman Institute, UIUC, Urbana, IL
61801; 2CNRS URA339, Univ. Bordeaux 1, Talence, France.
Fmrl gene knockout (ko) mice are a model for the human fragile X mental retardation
syndrome. Fmrl ko mice with a FVB/N-129/OlaHsd hybrid background have been reported
to be severely impaired in the spatial version of the water maze learning task, whereas the
Fmrl ko mice with a C57BL/6 background were only slightly affected in the reversal phase
of this task (Dobkin et al, 1999, in press). This indicated a strain dependence of the ko
phenotype and may imply that only the FVB hybrid mice are an appropnate model for die
human mental retardation syndrome. We used a spontaneous spatial situation in order to test
the reactivity of the two strains to a spatial/non spatial change in their environment Mice
were placed in an open-field containing five objects. Locomotor activity, habituation of
exploration, reactivity to the displacement of some objects (spatial novelty) and to die
substitution of a familiar object by a new one (object novelty) were examined. The results
show that in spite of an initial equivalent locomotor activity, die two strains exhibit different
levels of object exploration, with die FVB mice being significandy more active than the
C57BL/6 mice from their first contact with die objects to the end of the habituation. No
effect of the ko phenotype is observed during the habituation of exploration. Both strains
have a weak reactivity to spatial novelty and die ko phenotype seems to induce an opposite
effect: a small but significant renewal of exploration for the C57BL/6 strain and an
avoidance of the displaced objects for the FVB strain. However both strains show stong
reactivity to non spatial/object novelty with the FVB mice being more reactive, but with no
effect of the ko phenotype. These results clearly show that the two strains react differently to
novelty in their environment and that silencing the Fmrl gene interferes with the processing
of new spatial information. This also indicates the importance of the genetic background of
the Fmrl ko mice in the expression of their behavioral phenotype.
Supported by the FRAXA Research Fundation.

ABNORMAL DENDRITIC AND DENDRITIC SPINE CHARACTERISTICS
IN FRAGILE-X PATIENTS AND THE MOUSE MODEL OF FRAGILE-X
SYNDROME. S.A. Irwin*, M. Idupulapati. A.B, Mehta, R.A. Crisostomo, E-L
Rogers, B.P. Larsen, C.T. Alcantara. T.B. Harris, B.A. Patel. M.E. Gilbert A.Chakravarti, R.A. Swain, R.F. Kooy^P B., Kozlowski, IJ, Weiler, and WX
Greenough. Neurosci. and Med. Schol. Progs., Depts. of Psychol., Psychiat,
Physio., and Cell & Struct. Bio., and Beckman Inst., Univ. of Illinois, Urbana,
IL 61801.
Previous studies have described immature-appearing dendritic spine
morphologies in adult Fragile-X patients, as well as longer spines and higher
spine density in the visual cortex of Fmrl KO mice (although these mice
were likely affected by retinal degeneration). We report here that temporal
cortical pyramidal cells in human Fragile-X patients have quantitatively
more long dendritic spines, more spines with an immature morphology, and
a higher spine density than age-matched controls. We also report that Fmrl
mice unaffected by retinal degeneration exhibit quantitatively more long
dendritic spines and more spines with an immature morphology, and a
tendency toward elevated spine density in visual cortex; however, spine
differences in mice are more subtle than in humans. Fmrl mice also exhibit a
larger number of higher order dendritic branches and more dendritic
material further away from the soma than control mice for dendritic fields of
layer V pyramidal neurons in occipital cortex. These data strongly suggest
that FMRP plays a significant role in synaptic development. A lack of FMRP
at synapses may prevent both the pruning of some dendrites and dendritic
spines and the structural maturation of other dendrites and dendritic spines,
both of which occur in development and may occur in adult memory
storage. Control human brain tissue provided by the University of
Maryland Brain and Tissue Bank (NICHD contract #NOl-HD-8-3283).
Supported by FRAXA Research Foundation, MH 35321, MH 11272, and HD
35565.
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FRAGILE X MENTAL RETARDATION PROTEIN IS AN IN VITRO
SUBSTRATE FOR PROTEIN KINASE C AND PROTEIN KINASE A
T A- -Patrick1, F,, Angensteip1,
.Ling1, EB.-Ficarre2, EA-. Carrera?
Martinez1, D. Hunt2', I.J, Weiler1 and W.T. Greenough*1. Beckman
Institute, University of Illinois, Urbana, IL 61801, 2Department of
Chemistry, University of Virginia, Charlottesville, VA 22901.
Fragile X Mental Retardation, the most common form of inheritable
mental retardation, results from lack of functioning Fragile X Mental
Retardation Protein (FMRP). While the exact roles of FMRP are not
fully understood, it is known to be an avid RNA binding protein
including the ability to bind the 3'- untranslated region of its own
mRNA. FMRP contains three separate RNA-binding motifs in the form of
two KH domains near the N terminus and an RGG box toward the Cterminus. Recent findings have shown FMRP to be localized in
developing neurons and associated with ribosomes in postsynaptic spines
of mature neurons (Weiler et. al., unpublished). Furthermore, lack of
functional FMRP in patients with Fragile X mental retardation syndrome
or mice lacking a functional fmrl gene product show altered structural
morphology of dendritic spines (Irwin et al., in preparation) indicating
that FMRP may be necessary for normal synaptic development or
structural plasticity. FMRP contains various phosphorylation consensus
sequences raising the possibility that the function .of FMRP may be
regulated by the activity of receptor activated kinases. We demonstrate
in this study that recombinant human FMRP is an excellent in vitro
substrate for two second messenger dependent protein kinases, protein
kinase A and protein kinase C. Our findings suggest that the function of
cellular FMRP may be under transmitter-receptor mediated control.
(supported by FRAXA Research Foundation, NICHD and DFG)

DENDRITIC SPINE MORPHOLOGY IN FRAGILE X KNOCKOUT MICE: DATA
FROM IN VIVO AND SYNAPTONEUROSOME PREPARATIONS.
A.W.Grossman1,4*. A.Y.Klintsova1, C.K,Base1, V.S.Bertoina-Angladc1,
C.C.Spangler1.I.J.Weiler1 and W.T.Greenough1 2 3 4. ‘Beckman Inst., Depts. of
2Psychol. and ’Psychiatry, and 4Neurosci. Prog., Univ. of IL, Urbana IL 61801.
Fragile X Mental Retardation Protein (FMRP), the absence of which causes the
mental retardation syndrome, is highly expressed in the brain and associates with
polyribosomes during translation. During development, polyribosomal aggregates
(PRAs) are upregulated near developing spines and synaptic contacts (Steward & Falk,
1986), and probably participate in the local protein synthesis required for synapse
maturation. Patients with Fragile X and finr-I knockout mice both possess long
immature-looking dendritic spines. We examined how the absence of FMRP affects
morphological parameters important for local protein synthesis during synaptic
maturation. We estimated the density of synapses containing PRAs in the visual cortex
of 13-15 and 25 day old wild-type (WT) and knockout (KO) mice using electron
microscopy and unbiased stereology. These ages correspond to a period of extensive
synaptogenesis in the cortex and increased PRA number in synapses. The overall
density of synapses in the neuropil of layer IV did not differ between WT and KO.
Estimation of PRA-containing synapses, however, revealed a significant effect of
genotype on their numerical density on both days [PD15: F(l,13)=5.52, p<0.05;
PD25: F(l,l l)=10.19, p<0.01]. There were 35-40% fewer PRA-containing synapses in
KO mice. Synaptoneurosomes from KO mice show little transmitter-induced formation
of PRAs and no accelerated methionine incorporation into proteins. We demonstrate
here that the volumes of the postsynaptic processes of synaptoneurosomes prepared
from WT and KO mice are equivalent; thus the functional difference between the two
genotypes is not due to the amount of the cytoplasm in the postsynapse, but is likely
due to a deficit in PRAs or some other component of the protein translation
mechanism. Supported by FRAXA, MH35321 and HD37175.

254.11
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NEUROTRANSMITTER-ACTUATED SYNAPTIC TRANSLATION OF
SPECIFIC mRNAs ASSAYED BY NUCLEASE PROTECTION
PJfcfo CC, Spangler,
Greenough
Departments of Cell and Structural Biology, Psychology, Psychiatry;
Beckman Inst, for Advanced Science and Technology, University of
Illinois, Urbana IL 61801
Fragile X Syndrome, the most common form of inherited mental
retardation, is caused by the silencing of the FMRI gene and its protein
product FMRP. Although its specific function is unknown, FMRP has
been shown to bind mRNA in conjunction with actively translating
mRNPs. We previously reported that some mRNAs associate rapidly
with ribosomes and protein is synthesized at the synapse following
mGluRl receptor stimulation. This effect is not seen in Fragile X KO
mice, suggesting a role for FMRP in translational regulation at the
synapse.
In order to analyze which mRNA are controlled by receptor
stimulation, we used nuclease protection to test neurotransmittertriggered synaptic translation in synaptoneurosome preparations from
WT and Fragile X KO mice, using synthetic oligonucleotide probes for
Arc and CaMKII mRNA and assaying serial time points after
stimulation. The mRNA for cyclophilin was used as an internal
standard. Preliminary results suggest that post-stimulation enhanced
translation of specific protein(s) may occur selectively in WT but not in
Fragile X KO mice. Supported by FRAXA Research Foundation,
Illinois-Eastern Iowa District of Kiwanis International Spastic
Paralysis Research Foundation, NICHD grant 1RO3 HD35565-01A1,
and NIH 1-5-33695.

EFFECTS OF MONOCULAR DEPRIVATION ON FRAGILE X MENTAL
RETARDATION PROTEIN AND mRNA EXPRESSION IN THE RAT PRIMARY
VISUAL CORTEX. M. Cohen*1, R. Calisoff2, R. Rechkemmer2, W.T. Greenough3.
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and Struct Biol3., and Psychiatry3, Univ. of Illinois123, Urbana, IL 61801.

The primary visual cortex (Ocl) goes through a developmental period during which
it is highly susceptible to experimental manipulation. The rat primary visual cortex is
characterized by the completely lateralized OclM (monocular) region that receives
LGN afferents carrying information from the contralateral eye. The OclB (binocular)
region is largely lateralized but receives a small amount of input from the ipsilateral
eye. Thus, monocular deprivation should greatly affect the contralateral OclM and B
regions. Here we report the effects of monocular deprivation and subsequent
reexposure on the expression of the Fragile X Mental Retardation protein (FMRP) and
its mRNA in the rat Ocl. FMRP is synthesized at synapses and may be involved in
developmental synapse pruning and maturation. Long-Evans hooded rats were
monocularly deprived by eyelid suture at Pl3. The Non-Exposed group (NE) remained
sutured until P35, the Exposed group (E) had its suture removed at P25 followed by 10
days of exposure to normal light, while the Control group (C) received a sham surgery,
and had normal eye opening at Pl5. All groups were sacrificed at P35.
Immunocytochemistry and in situ hybridization was performed, using the FMRP
antibody by Chemicon and an S35 labeled oligonucleotide specific for FMRP mRNA.
Results showed that after monocular deprivation in group NE, FMRP
immunoreactivity was reduced in the deprived hemisphere, while the mRNA
expression remained relatively stable. Group E immunoreactivity had essentially
returned to control levels after 10 days exposure to light, while mRNA expression was
also at control levels. These data indicate that FMRP expression is regulated by
experience in the visual cortex early in development.
Supported by FRAXA Research Foundation,, MH35321, AG10154 and Illinois - Eastern Iowa
District of Kiwanis International Spastic Paralysis Research Foundation.
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Activity Dependent Upregulation of Plasticity Related Proteins in the Motor Cortex.
y..Kfldishi*, T..., Brioaes1,
A^rwjgi? £._,A Ctaistfagn1, R. Galvez? and WT
Greenough1,2,3. 'Beckman Institute, Depts. of Psychology & ’Psychiatry, Univ. of
Illinois; Urbana, IL 61801
We have previously found that motor-skill learning or complex rearing
upregulates ffagile-X mental retardation protein (FMRP) expression in motor and
visual cortices, respectively. This study examined whether the upregulation arose
primarily from learning or merely from activity level, and used as a comparison
protein EAAC-1, a glutamate transporter essential for controlling synaptic glutamate
concentrations during neurotransmission. Immunohistochemistry was used to
examine the effects of complex motor training in an obstacle course (AC), voluntary
motor activity in a cage with free access to a running wheel (VX), or inactive
standard laboratory conditions (IC) on the expression of FMRP and EAAC-1. Adult
Long Evans rats were randomly assigned to the three conditions, and the AC and VX
groups were further divided into 3 and 7-day training groups. Quantitative analysis
using immunohistochemical techniques and relative optical density measures
showed that all active rat conditions (AC3,AC7,VX3,VX7) resulted in similar
increases in EAAC-1 expression in layers II/III of the motor cortex, compared to the
inactive group (IC). In addition, a significant increase in FMRP immunoreactivity in
layers II/III of motor cortex was seen in AC7,VX3, and VX7 groups compared to the
AC3 and IC group animals. These results indicate an activity-dependent regulation
of EAAC-1 and FMRP, suggesting that exercise alone plays a role in plasticityrelevant protein expression, and further point to the importance of developing welldefined activity level controls in future molecular learning and memory studies.
Supported by NIH, MH 3532, AG 10154, FRAXA Research Foundation,
MH 11272, and NINDS F32 NS10801

SPINE DENSITY IN THE DORSAL LATERAL CORPUS STRIATUM
INCREASES IN RESPONSE TO MOTOR ACTIVITY. R. Galvez,15*
C.M. Adrian,5 W.T. Greenough.12-3,4 5 ‘Neuroscience Program, Depts.
Psychology, Psychiatry, 4Cell and Structural Biology, and 5Beckman Inst.,
Univ. of Illinois, Urbana, IL 61801.
Previous work has demonstrated an increased spine density in the dorsal
lateral striatum in response to deafferentation, chronic drug treatment, and
enriched rearing. These studies did not indicate whether this plasticity in the
striatum was a result of learning or neural activity. Last year we presented results
suggesting that this plasticity was at least partially due to neural activity and not
learning (Galvez et al. SFN ABST '98). The present study farther examines
spines in the striatum to determine whether the effects observed result solely from
activity or from both activity and learning. Rat littermates were either trained on
a motor skill learning task, allowed to run on an elevated runway during the time
that their litter mates were being trained, allowed free access to a running wheel
physically attached to there home cage, or kept in an inactive condition with
periods of handling to equate for handling factors each day. Using a Golgi Cox
protocol, dendritic arbor, spine density, and morphology on medium sized spiny
type I neurons in the dorsal lateral stratum were analyzed. Spine head density was
significantly elevated in the voluntary exercise group compared to the three other
treatment conditions. Since this group receives excessive motor activity and very
little learning, this result farther suggests that motor activity rather than learning is
sufficient to cause an increase in spine density in the dorsal lateral striatum.
These results are consistent with the results reported last year and farther support
the idea that extreme care needs to be taken when attempting to determine
whether an effect is due to neuronal activity or learning. Supported by AG10154,
MH35321, NICHD07333, and Illinois - Eastern Iowa District of Kiwanis
International Spastic Paralysis Research Foundation.
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RAP1, A POSSIBLE COUPLING SIGNAL BETWEEN THE
cAMP/PKA AND MAPK CASCADE, IS REQUIRED FOR
SPATIAL LEARNING IN MICE. A. Morozov?'2* R, Bourtchouladzc.1 K. Lapidus.1 R, Gordon.1 N, van Strien1 and E, R. Kandel1,2.
‘Ctr. for Neurobiol. & Behav., Columbia Univ.; 2HHMI, New York,
NY 10032.
Recent evidence suggests that in a number of neuronal systems,
cAMP/PKA signaling mediates its actions in synaptic plasticity by
activating a MAP kinase. This association has raised the question:
What are the molecular steps whereby cAMP/PKA activates MAPK?
The small G-protein Rapl has been implicated in the regulation of
the Raf-MEK-ERK pathway. In turn, studies of PC 12, platelets, and
neutrophils indicate that Rapl can be activated by cAMP, Ca2+, diacylglycerol, and TrkA signaling. In PC 12 cells activation of Rapl
brings about induction of the ERKl and ERK2. To study the role of
Rapl in learning and plasticity, we generated transgenic mice expressing dominant negative Rapl in the forebrain under the control of
the tetO/tTA system. These mice show impaired spatial learning in
the water maze, social transmission of food preferences, and object
recognition tasks. The behavioral changes correlate with a reduction
of the ERK phosphorylation in the hippocampal slices in response to
cAMP. (Supported by HHMI.)

THE ROLE OF PRE-SYNAPTIC MOLECULAR MECHANISMS IN

Several studies have implicated long-term changes in synaptic
strength in learning and memory (L&M). There is extensive evidence that
long term potentiation (LTP) shares many of the molecular substrates of
L&M. Initially, these studies were restricted to simple in- or ex-vivo
experiments. With mutant mice, however, it is now possible to study these
phenomena at all levels of biological complexity, from neurons to
behaving animals. In addition to mutant mice with impairments in LTP
and L&M, our laboratory has also studied mutants that affect short-term
plasticity and L&M, without affecting LTP. Synapsin II null homozygous
have normal LTP, normal Paired Pulse Facilitation but decreased Post
Tetanic Potentiation and exhibit impairments in hippocampal-dependent
tasks. These results suggest the involvement of shorter-lived plasticity in
information processing. To extend these studies, and determine the role of
pre-synaptic mechanisms in learning and memory, we have investigated
the behavioral phenotype of these and other pre-synaptic mutants with a
battery of tasks. We will present the results of these behavioral studies.
This work was funded by the Portuguese government through the grant

255.3

255.4

ROLE OF NMDA RECEPTORS IN ENRICHMENT-INDUCED
STRUCTURAL PLASTICITY IN THE HIPPOCAMPAL CAI REGION
C. Rampon. Y.P. Tang. J. Goodhouse, L.W, Enquist* and J.Z. Tsien. Dept. of
Molecular Biology, Princeton University, Princeton, 08544 NJ.

SYNERGISTIC INTERACTION BETWEEN ACCUMBENS CORE DOPAMINE
DI AND NMDA RECEPTORS IN THE CONTROL OF APPETITIVE
INSTRUMENTAL LEARNING. S.L. Smith-Roe, A.E. Kelley*. Department of
Psychiatry, University of Wisconsin-Madison, Madison, WI 53719.
We have recently shown that infusion of AP-5, an NMDA receptor antagonist,
into the nucleus accumbens core impairs the acquisition of a stimulus-response
learning task, indicating the importance of NMDA receptor-dependent plasticity in
early stages of appetitive learning. Considering evidence that dopamine (DA)
receptors have been shown to modulate NMDA receptor activation in electrophysiological experiments, and that glutamatergic and DA input converge on the
same medium spiny neurons of the accumbens, the goal of the present research was
to examine in a behavioral model the effects of DI and D2 receptor blockade on
stimulus-response learning. In these experiments, rats were implanted bilaterally
with cannulae aimed at the accumbens core. Food-deprived rats were pretreated
with drug and placed in an operant chamber for 15 min each day for four days
during which they learned to lever-press for sucrose pellets. For the next five days,
they received no pretreatment. On the tenth day, rats received their initial
pretreatment. Drugs infused were DI receptor antagonist SCH-23390 (6 nmol or
0.6 nmol), D2 antagonist Raclopride (4 nmol), AP-5 (1 nmol), and a combination of
SCH-23390 (0.6 nmol) and AP-5 (1 nmol). Raclopride had little effect on learning
whereas the high dose of SCH-23390 impaired acquisition; moreover, in contrast to
previous experiments, re-administration impaired rats on day 10. Most striking in
these experiments was the synergistic effect of combined low doses of SCH-23390
and AP-5. When administered separately neither had an effect, but together they
produced a significant impairment of learning. These results suggest that an
interaction between DI and NMDA receptors within accumbens core is an
important component of appetitive instrumental learning. Supported by NIDA
grant # DA04788.

The N-methyl-D-aspartate (NMDA) receptors are known to play a crucial
role in controlling synaptic efficacy underlying learning and memory. Since
synaptic structural changes are believed to be the anatomical substrate of longterm storage of learned experience, it has been assumed that NMDA receptors
would be required for experience-induced structural plasticity in the adult brain.
As the first step towards genetic dissection of the cellular mechanisms of
experience-induced structural changes in the adult brain, we used unbiased
stereological electron microscopy (EM) to analyze structural plasticity in CA1specific NMDA knockout mice (CAI-KO). After the 2 months period of
enrichment, the mice were sacrificed and the brains were processed for Golgi
staining and for EM analysis. Analysis of Golgi impregnated CAI pyramidal
neurons showed a significantly higher dendritic spine density in enriched WT
mice (10.8±l.lspines/10pm) compared to naive animals (8.1±0.8).
Furthermore, using quantitative serial EM, we showed a significant increase of
CAI synaptic density (93.8±5.3, synapses/100pm3) in enriched WT animals
compared to naive WT mice. Estimations of the CAI spine and synaptic
densities in CAI-KO mice are currently under investigation. Our study
demonstrates that enriched experience promotes a significant increase in
dendritic spine and synapse densities in the CAI hippocampal field of the adult
brain. The role of the NMDA receptor for these experience-induced synaptic
structural changes is being examined in CA1-KO mice and will be presented.

Supported by Fondation pour la Recherche Medicale, Beckman Foundation and NIH.
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cAMP-DEPENDENT PROTEIN KINASES WITHIN THE NUCLEUS
ACCUMBENS CORE MEDIATE APPETITIVE INSTRUMENTAL LEARNING.
A.E. Baldwin1*, K. Sadeghian2. and A.E. Kelley1,2. ‘Neuroscience Training Program
and 2Dept. of Psychiatry, University of Wisconsin-Madison, Madison, WI 53719.
We have recently shown that co-infusion of low doses of DI and NMDA receptor
antagonists into the accumbens core inhibits appetitive instrumental learning. To
investigate the possible intracellular mechanisms activated in this learning process,
we have examined the effects of intra-accumbens microinfusion of Rp-cAMPS and
Sp-cAMPS, which, respectively, inhibit and stimulate activation of cAMP-dependent
protein kinases I and II. Rats were chronically implanted bilaterally with cannulae
aimed at the accumbens core. Food-deprived animals were trained to lever press for
sucrose pellets and were tested for 15 min each day for 10 days. On the first four
days of testing all animals received microinfusions of drug or vehicle. In the first
experiment, animals received infusions of either Rp-cAMPS (5 or 20 nmol), SpcAMPS (5 or 20 nmol), or vehicle immediately before testing. In a second
experiment animals received infusions of either Rp-cAMPS (20 nmol) or vehicle
immediately after testing. A third group received Rp-cAMPS (20 nmol) one hour
after testing. On days 5-9 animals in all experiments were tested without infusion.
On day 10, animals in the first experiment received an additional pre-test infusion as
on days 1-4. Pretreatment with either Rp-cAMPS or Sp-cAMPS dose-dependently
attenuated acquisition of the learned behavior. On day 10, after the task was learned,
pretreatment with Rp-cAMPS or the low dose of Sp-cAMPS had no effect, while
infusion of the high dose of Sp-cAMPS inhibited performance. Treatment with RpcAMPS (20 nmol) immediately after testing also inhibited learning, though there
appeared to be less of an effect when animals were treated one hour after testing.
These results indicate that activation of cAMP-dependent protein kinases within the
accumbens may mediate appetitive instrumental learning. As Sp-cAMPS, the kinase
activator, also inhibited learning, this suggests that there is a narrow range of kinase
levels that allows for learning of such tasks. Supported by NIDA grant # DA04788.

EFFECT OF SOFT-DIET FEEDING ON SYNAPTIC DENSITY IN THE
MOUSE CORTEX. T. Yamamoto1* and A. Hirayama2. ‘Department of
Physiology and laboratory of Radioisotopes, Tokyo Dental College,
Chiba 261-8502, Japan.
It has been suggested that a decrease in masticatory work during
development influences later brain function and learning abilities. In
this study, we examined quantitative alterations of synapse-associated
protein synaptophysin in the cortex of the substrains of senescence
accelerated mouse (SAM-R1 and SAM.-P8) resulting from soft-diet
feeding. Male mice of both strains were fed either solid or powdered
diet containing the same ingredients after being weaned. At 3-12
months of age, they were anesthetized and synaptophysin expression
in the cortex was examined by radioimmunoassay and immunohistochemistry using anti-synaptophysin antibody (SY38).
The
radioimmunoassay revealed that synaptophysin immunoreactivity (IR)
in whole cortex was lower in P8 strain than Rl strain at all ages
investigated. While IR of Rl strain was almost constant from 3 to 12
months after birth, IR of P8 strain peaked at 4 months after birth and
then decreased gradually with age. In both strains, IR of powdereddiet group was lower than those of solid-diet group at any age. The
immunohistochemistry showed that decline of IR in the powdered-diet
group was remarkable in dentate gyrus, CAI and CA3 regions of the
hippocampus. The decline of IR of the mice fed a powdered-diet
indicates that the synaptic formation progresses incompletely in their
cortex, especially in the hippocampus.
Supported by Oral Health Science Center grant 961D02 from Tokyo Dental
College.

255.7

255.8

ACROBATIC TRAINING EFFECTS ON DENDRITIC ARBORIZATION AND
DENDRITIC SPINES OF LAYER V MOTOR CORTICAL PYRAMIDAL
NEURONS IN ADULT RATS. D.L. Adkins1 *, S.E.Butlerl T.M. Monahan1
and T.A. Jones ’ . ‘Psychology Dept., Neurobioiogy & Behavior Prog.,
University of Washington, Seattle, WA 98195
Previous research has shown that complex motor skills (“acrobatic”)
training increases the number of synapses per neuron in layer II/III
(Kleim et. al., 96) and V (Jones et. al., submitted) of the motor cortex of
intact adult rats. In addition, unilateral lesions of the forelimb area of the
sensorimotor cortex (Flsmc) result in an increase in layer V pyramidal
neuron dendritic arborization and synapses per neuron in the opposite
motor cortex, evident at 18 and 30 days after the lesion, respectively
(Jones et. al., 96). These lesions also result in changes in the use of the
forelimbs and independent manipulations of forelimb behavior and
denervation of transcallosal afferents have shown these to be, together,
sufficient to result in neuronal growth (Bury et al., 1998). When acrobatic
training was given following Flsmc lesions, the synaptogenic response was
enhanced relative to lesions or acrobatic training alone. It is not known
whether transcallosal degeneration plays a role in the enhanced structural
response to acrobatic training after the lesion. As a preliminary step to
investigating this question, the present study assessed the dendritic
structural changes in the motor cortex associated with acrobatic training in
intact adult male rats. Rats received 15 days of acrobat training or simple
repetitive exercise as a motor-activity control. An increase in the density
of spines was found on the basilar dendrites of layer V pyramidal neurons
in acrobatic rats in comparison to motor controls. However, there were no
significant differences between acrobat and motor control animals in the
dendritic branch numbers of layer II/III nor layer V pyramidal neurons of
the motor cortex at this time point. Further analyses are aimed at
assessing whether denervation of transcallosal afferents alters the acrobatic
training effects on dendritic spines. Supported by MH56361

EFFECTS OF PROLONGED EXPOSURE TO AND SUBSEQUENT REMOVAL
FROM A COMPLEX ENVIRONMENT ON CORPUS CALLOSUM
MYELINATION IN THE ADULT RAT. T. Briones1*, P. Shah1, J. Juraska2 and W.T.
Greenough1,2,3. ‘Beckman Institute, Depts of Psychology & ’Psychiatry, University
of Illinois; Urbana, IL 61801.
Increased number and diameter of myelinated axons in the splenium of the corpus
callosum was previously reported in young rats reared in a complex environment
(EC). Because myelination continues into adulthood, it was of interest to determine
whether changes occur in the splenium arising from EC exposure using adult rats. We
also examined the stability of changes in myelination following exposure to EC.
Twenty-eight Long-Evans hooded rats, 120 days old, were randomly assigned to one
of two experimental conditions, EC (n=15) and individual (IC) cages (n=14). EC rats
were housed together in a wire mesh cage filled each day with a new arrangement of
toys and objects. In addition, EC rats were allowed to explore a novel arrangement of
toys and objects in an open field daily for 30 minutes. IC rats were housed
individually in standard clear laboratory cages with only wood shavings at the bottom
of the cage. After the first 30 days, half of the EC rats (n=8) remained in EC, the
ECEC group, while the other half (n=6) were placed in IC, the ECIC group. Similarly,
half the rats from IC (n=7) remained in IC, the ICIC group, while the other half (n=7)
were placed in EC, the ICEC group. All rats were housed in their respective
environments for another 30 days. Gross size measurements showed that rat groups
exposed to EC have a significantly larger splenial area compared to rats housed in IC
alone. No significant group differences were seen in the anterior-to-posterior length of
the total corpus callosum. Electron microscopy results showed a significant increase
in the number and diameter of myelinated axons in all groups exposed to EC
compared to those housed in IC alone. These results suggest that changes in
myelination in the splenium is influenced by the external environment even in
adulthood regardless of duration of exposure, and that once changes occur they tend
to persist. (Supported by NIH, MH 35321, AG 10154 and NINR T32NR07075)

255.9

255.10

CELL PROLIFERATION IN DAY-OLD CHICKS AFTER PASSIVE
AVOIDANCE TRAINING V, Zikonoulos*. L. Panaris*. C.R, Dermon*. R.
Mileusnic^. M.G. Stewart". (SPON: European Brain and Behaviour Society)
♦Dept. of Biology, University of Crete, 71409, Greece, '"Dept. of Biology, Open
University, Milton Keynes, MK7 6AA, UK
Day old chicks were trained on a one-trial passive avoidance paradigm to avoid a
bead coated with a bitter tasting substance, methyl anthranilate (MeA). Control birds
were presented with a water coated bead which they pecked appetitively. A second
control group of naive chicks was maintained under similar conditions to the MeA
and water birds except that they received no training. Trained birds were re-tested 24h
later and those avoiding (if MeA trained) or pecking (if water trained) were taken for
further experimentation along with the untested naive chicks. Birds were injected
intraperitoneally with BRDU (0.1 mg/g body wt). At either 24h or 9 days later 6
birds in each of the 3 groups (MeA, Water and Naive) were anaesthetised and perfused
intracardially with 4% paraformaldehyde in 0.01 phosphate buffer saline, before
immersion freezing in an isopentane chilled with solid CO2.
Sections of 50^m thickness were cut in a cryostat and reacted for anti-BRDU
before counterstaining with methyl green. In all 3 groups of chicks BRDU
positive cells were identified sparsely throughout the forebrain but labelling was
very pronounced around the ventricular surfaces at both 24h and 9-day post-BRDU
injection. However, in 9-day birds there was evidence of cell migration away from
the ventricular zone. When labelling in the 3 groups was compared, at 24h post
BRDU injection a large significant increase in BRDU reactive cells was noted in
MeA and water trained birds compared to naive chicks, and that in MeA animals
was slightly greater than in water control birds. These data suggest that the training
process (both appetitive and aversive) initiates dramatic cellular events in the chick
forebrain. Acknowledgements: Supported by Greek G.S.R.T. grant PENED1610

REACTIVE ASTROCYTIC RESPONSES TO DENERVATION IN THE
NEOCORTEX OF ADULT RATS ARE SENSITIVE TO MANIPULATIONS OF
BEHAVIORAL EXPERIENCE. S.D, Burv1 *, C.M Kotzer1, A.C, Eichhom1 and
T.A, Jones1,2, ‘Psychology Dept., 2Neurobiology & Behavior Prog., University of
Washington, Seattle, WA 98195
Previous research has suggested an interaction between degenerative and behavioral
events following cortical injury. Degeneration of the transcallosal afferents to the
forelimb sensorimotor cortex resulted in an increase in dendritic arborization of layer
V pyramidal neurons in rats with peripherally-induced hyper-reliance on the opposite
forelimb (Bury et. al., 1998). Neither degeneration nor behavioral demand alone were
sufficient to produce these changes, indicating an interaction in which degeneration
may create a permissive substrate that can then facilitate neuronal growth when
accompanied by appropriate behavioral demand. Astrocytes react to lesion-induced
denervation and possess the ability to produce numerous growth promoting factors,
allowing them to potentially create an environment that may enhance the neuronal
response to behavioral change. The present study assessed whether degeneration of
the transcallosal projections to the motor cortex would be sufficient to produce
increases in glial fibrillary acidic protein (GFAP) and basic fibroblast growth factor
(bFGF) immunoreactivity (IR) in the presence of peripherally-induced reliance on one
forelimb. Adult rats with transections of the rostral 2/3rd's of the corpus callosum or
sham procedures were placed in either control or single forelimb forced-use vests for 8
days. The surface density of GFAP-IR astrocytes was measured in layer V of the
motor cortex. Transected animals had a major increase in GFAP-IR in the cortex
opposite the forced-use limb which was significantly increased in comparison to
transected rats with no forced-use and sham rats forced to rely on the opposite
forelimb. Transections alone and forced-use alone also lead to increases in GFAP-IR
in comparison to sham-control rats. Denervation also increased bFGF-IR,
suggesting that this mild degeneration increased expression of this neurotrophic
factor. These data raise the possibility that a behaviorally-induced enhancement of
astrocytic response to denervation may serve a role in facilitating neuronal growth
Supported by MH56361

and the British Council
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THE EFFECTS OF MOTOR SKILLS TRAINING ON ASTROCYTIC
REACTIONS TO UNILATERAL SENSORIMOTOR CORTICAL DAMAGE IN
ADULT RATS. J.M, Dahms. D.E, Miller, J.L, Alford. D.L. AdkinsandT.
A, Jones*, Psychology Dept., Univ. of Washington, Seattle, WA 98195.
Unilateral lesions of the forelimb region of the sensorimotor cortex
(FLsmc) result in neuroplastic and degenerative changes in the cortex of
either hemisphere. These changes have been found to be sensitive to
manipulations of forelimb behavior using limb restriction procedures
(Jones & Schallert, 1994; Kozlowski et al., 1996) and to be enhanced by
post-operative training on a complex motor skills task, the acrobatic task
(Jones et al., submitted). Together, these findings support the possibility
that brain damage may promote a sensitivity to behavioral change that can
be capitalized on by using behavioral manipulations to enhance cortical
structural plasticity. The mechanisms underlying this sensitivity are not
known; however, astrocytes, given their plastic responses to both
degeneration and behavioral change, seem likely to play a role. The
present study assessed the effects of acrobatic training on the astrocytic
responses to unilateral FLsmc lesions. Adult rats with FLsmc lesions or
sham operations received daily training on the acrobatic task or simple
repetitive exercise as a motor activity control. Motor cortical glial
fibrillary acidic protein (GFAP) and basic fibroblast growth factor (bFGF)
immunoreactivity (IR) was measured at various post-operative time points.
Acrobatic training resulted in a significant increase in glia showing bFGFIR in the cortex contiguous to the lesions in comparison to lesion-motor
controls. More moderate increases in GFAP-IR and bFGF-IR were found
in the cortex opposite the lesion. These results support the possibility that
post-injury behavioral training may capitalize on and potentially enhance
astrocytic plasticity and astrocyte-mediated trophic/tropic support of
neurons in regions proximal and connected to the site of injury. Supported
byMH56361.

EFFECT OF WATER MAZE TRAINING ON DENDRITIC BRANCHING AND
SPINE DENSITY IN THE NEOCORTEX. T.E. Holland D.P. Cain , Dept.
Psychology and Graduate Program in Neuroscience, Univ. of Western Ontario,
London, Ontario, N6A 5C2 CANADA.
Studies have shown that enriched rearing and training in specific tasks can lead to
changes in the structural properties of the brain. In this study, rats were trained in
the water maze task to determine if experience in the maze would produce changes
in the dendritic length and spine density of pyramidal cells in the neocortex. Male
Long-Evans hooded rats in a spatially trained group were trained for 10 trials each
day for 5 consecutive days in the water maze task, with the hidden platform in a new
position each day. A swum control group, which swam for an equivalent amount of
time as the spatially trained group but without a platform, served as an “exercise”
control group. Rats in a caged control group remained in their home cages during
training. Following training, brains were removed and immersed in Golgi-Cox
solution for 14 days and cut into 200 pm sections (Kolb & McLimans, 1986). Five
layer III pyramidal cells per hemisphere from the parietal cortex (Zilles’ area Par 1)
were drawn using a camera lucida. Dendritic length was analyzed using both Scholl
analysis and Branch Order Analysis. Preliminary analyses revealed no group
differences in either basilar or apical dendrites of pyramidal neurons. However,
there was a nonsignificant trend for greater length of basilar dendrites in the swum
control group. Spine density analysis in Par 1 as well as investigation of layer III
cells in the primary visual cortex are in progress. Supported by a grant from
NSERC.

255.13

255.14

PROGRESSIVE REFINEMENT OF AUDITORY CORTEX OCCURS DURING
FREQUENCY DISCRIMINATION TRAINING
A. Churchland'f R.C. deCharms, D. Blake. R.E. Beitel & M.M. Merzenich
W.M. Keck Center for Integrative Neuroscience, Department of Physiology, UCSF,
San Francisco, CA. 1Granduate Program in Neuroscience, UCSF.
A central aim in cortical physiology is to define the extent and timecourse
of changes in cortical response properties that parallel perceptual learning. In the
primary auditory cortex (Al), the feature selectivity of neurons can be measured in
detail using a reverse correlation method for obtaining spectrotemporal receptive
fields (STRFs; deCharms et. al., Science. 280.T439). In this experiment, changes in
STRFs were assessed through a period of behavioral training. Neurons were
recorded in A1 of the awake owl monkey from 5 to 15 (of 48) chronically implanted
electrodes over successive behavioral sessions in which the animal performed an
auditory frequency discrimination task. In the task, the monkey made an orienting
response, then listened to 50ms tone pips presented every 250ms. After two to seven
tone pips at 880Hz, a higher frequency target stimulus was presented. The monkey
was rewarded for responding to the target stimulus within reaction time limits. Single
and multi-unit responses were recorded during each training session over several
months. STRFs, defining neuronal feature selectivity in time and frequency, were
computed as the average stimuli preceding spikes evoked by a reverse correlation
stimulus. The reverse correlation stimulus consisted of tone pips that were
randomized in frequency and time. With frequency discrimination training, the areas
and strengths of the excitatory component of STRFs (averaged across channels each
day) decreased significantly. Decreases in the range of both spectral and temporal
excitation contributed to this decrease in area. Over the same time period,
characteristic frequencies were unchanged. Supported by NIH Grant NS-10414,
UCSF Graduate Division Regents, HRI and the Coleman Fund.

255.15

LONG-TERM DEPRESSION AND ITS RECOVERY IN THE
HIPPOCAMPO-PREFRONTAL CORTEX PATHWAY IN VIVO

M. Takita1*. Y. Izaki2. T. M, Jav3. H. A. Usui1. Kaneko1 and S. S,
Suzuki1, ’Neuroinformatics Lab., Natl. Inst, of Biosci. & HumanTech., Tsukuba, 305-8566, Japan; 2Dept. of Physiology, Saitama
Med. Sch. Japan; 3Lab. de Neurobiologie de l'Apprentissage et de la
Memoire, Univ. Paris XI, France.
We examined excitatory field potentials in the medial prefrontal
cortex (prelimbic area) of the anaesthetized rat evoked by
electrostimulation of the ventral hippocampus (CAl/subicular region).
Low-frequency stimulus trains in the ventral hippocampus
significantly and persistently depressed the prelimbic field potential
amplitude and maximal slope (about 55 % for each index) but did not
change the latency of the maximal slope or peak negativity. Highfrequency stimulus trains restored the depression back to the control
level. The results suggest that the direct pathway from the
hippocampus to the medial prefrontal cortex in the rat shows longterm depression as a form of neuroplasticity in vivo. This form can
cooperate with long-term potentiation in the regulation of neural
information processing in hippocampo-prefrontal cortex pathway.
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MOSSY FIBER SYNAPTOGENESIS INDUCED BY WATER MAZE
OVERTRAINING IS CORRELATED WITH SPATIAL MEMORY

PERFORMANCE. V. Ramirez-Amaya*, R. Gutierrez, M.L. Escobar & F.
Bermudez-Rattoni. Depto. de Neurociencias, Instituto de Fisiologia
Celular, UNAM, Mexico, D.F. 04510.
Mossy fiber sprouting can be induced by kindling and experimental
induced epilepsy. Also high frequency stimulation inducing long-term
potentiation produce mossy fiber synaptogenesis. We have found that
overtraining in Morris water maze task induce morphological changes in
the hippocampal mossy fibers. These changes can be observed using a
zinc detection histological technique known as Timm's staining. This
procedure allows us to visualize the presence of mossy fiber boutons,
normally located in the CA3 stratum lucidum. Sprouting associated to
Kindling and LTP is evident when new formed mossy fiber synapses
appear in the stratum oriens. These morphological changes were
observed after training animals during 3 days (overtraining) in a morris
water maze task but not when animals underwent I or 2 days of training.
In order to examine if these morphological change's are related with
spatial memory, we study the performance of rats that underwent 1,2,3
or 5 days of training in test trials done 1 week and 1 moth after training.
We found that animals that were trained for 3 and 5 days performed
significantly better in both trials than the animals trained for 1 or 2
days. At the end of the experiment the rat brains were processed for
Timm s stain. The results showed a singnificant correlation between the
area of Timm's stained granules in the stratum oriens and the animals
perfomance in the Morris water maze memory test. In summary this data
suggest that mossy fiber sprouting is related with the processes
undelying retention of spatial infomation. Supported by a grant from
DGAPA-UNAM.
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STRAIN DIFFERENCES IN HIPPOCAMPAL BEHAVIORAL
AND ELECTROPHYSIOLOGICAL FUNCTION IN MICE. N.
Shinsky*, A McNamara, R, Gerlai,
Department of
Neuroscience, Genentech, Inc., 1 DNA Way, South San
Francisco, CA 9408Q.
The phenotypical alterations resulting from single gene
manipulation may depend upon the genetic background of
the host mouse strain.
Characterization of the host
phenotype is thus crucial. Here we study one outbred (CD1)
and three inbred strains (C57BL/6, DBA/2, 129/SVEV) of mice
testing their hippocampal synaptic plasticity recorded in vitro
from the CA1 area following stimulation of Schaffer
collaterals of hippocampal slices prepared from adult (2-4
months old) mice, and spatial and non-spatial learning in the
water maze in vivo. Substantial strain differences were found
both in learning performance and hippocampal synaptic
plasticity. For example, C57BL/6 mice exhibited excellent
long-term potentiation (LTP) and spatial learning but
129/SVEV were impaired in both traits. The other strains
(DBA/2 and CD1) showed different forms of impairments in
their electrophysiological and/or behavioral traits compared
to C57BL/6 but in general performed better than 129/SVEV.
We discuss the importance of these differences in transgenic
research and their implication in the touted correlation
between spatial learning performance and LTP.
Supported
by Genentech Inc.

BEHAVIORAL NEUROGENETIC ANALYSIS OF TWO-WAY
ACTIVE AVOIDANCE LEARNING AND HIPPOCAMPAL MOSSY
FIBERS IN MICE. Wim E. Crusio. Genetique, Neurogenetique et
Comportement, CNRS UPR 9074, Orleans, France. (SPON:
International Behavioural and Neural Genetics Society).
Two-way active avoidance learning (TWAAL) in a shuttle-box
correlates negatively with the size of the Timm-stained
hippocampal intra- and infrapyramidal mossy fiber terminal field
(IIPMF) in mice and rats (H. Schwegler and H.-P. Lipp, 1981,
Neurosci. Lett. 23, 25-30). Locomotor activity (LOCOM) in an
open-field, TWAAL, and the size of the IIPMF were measured in
150 males from a 5-times replicated 5x5 diallel cross between the
inbred strains BA, BALB/c, C57BL/6, C57BR/cd, and DBA/2, and
phenotypical, environmental, and genetic correlations (indicating
functional relationships) between the different variables were
estimated. Factor analyses showed that a negative genetic
correlation between the IIPMF and activity (as measured by
LOCOM) was to a large extent responsible for the observed IIPMFTWAAL correlation because activity was strongly correlated
positively with avoidance performance. Therefore, the IIPMFTWAAL correlation appears to be indirect rather than direct and is
due more to shared environmental influences than to common
genetic effects.
Supported by the Centre National de la Recherche Scientifique
(UPR 9074), Ministry for Research and Technology, Region
Centre, and Prefecture de la Region Centre.
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ROTATING ROD MOTOR LEARNING IN TS65DN MICE, A MOUSE MODEL
OF DOWN SYNDROME. L. A. Hyde* and L. S. Cmic. Departments of Pediatrics
and Psychiatry, University of Colorado School of Medicine, Denver, CO 80262.
The Ts65Dn mouse has an extra chromosome containing a region of chromosome
16 that is homologous to a portion of human chromosome 21 that is present in 3
copies in individuals with Down syndrome. Several behavioral, neuroanatomical,
neurochemical, and neurophysiological abnormalities have been observed in Ts65Dn
mice and some of the abnormalities parallel those seen in Down syndrome. For
example, both individuals with Down syndrome and Ts65Dn mice have reduced
cerebellar volumes. It was therefore hypothesized that Ts65Dn mice would be
impaired in a task that involved the cerebellum, such as learning to walk on a rotorod.
Ts65Dn and control male mice, 2-4 months (N = 9 and N = 11, respectively) or
9.5-10 months (N = 10 and N = 8) of age, were given 3 sessions per day for 7 days in
the rotating rod learning procedure. A test session consisted of placing a mouse 3
times on a rod initially rotating at 5 rpm for a maximum of 30 s. If the mouse
remained on the rod for 60 s or more during a session, the speed was increased by 2.5
rpm for the next session. However, if the mouse remained on the rod for less than 30
s or between 30 and 60 s, the speed was reduced by 2.5 rpm or remained the same,
respectively. Contrary to expectations, young Ts65Dn mice were superior to controls
in die learning the rotating rod task, such that they acquired the task at a faster rate (p
< .001) and reached a higher asymptote (p < .05) than controls. There were no
significant differences between the older Ts65Dn and control mice. Younger mice
were better than older mice in motor learning (p < .0001). Rotating rod performance
was not related body weight since the young Ts65Dn and controls did not differ in
weight, but differed in performance and the older Ts65Dn mice differed in weight (p
< .002), but did not differ in performance. Therefore, although cerebellar size is
reduced in Ts65Dn mice, their performance in rotating rod learning was superior to
controls. Supported in part by NIH grants HD04024, HD 17449, and MH 15442.

A BEHAVIORAL AND NEUROANATOMICAL CHARACTERIZATION OF
THE 129/J INBRED mouse strain , a ,J. 5tavnezer*..K,T- Oalte, SA Batogh,
and V.H, Denenberg. Biobehavioral Sciences Graduate Degree Program, University
of Connecticut, Storrs, CT 06269
The various 129 substrains range in learning from “poor” to “good,” and have
varying levels of callosal agenesis. Despite these documented behavioral and
neuroanatomical anomalies, they continue to be a widely used source of embryonic
stem cells for the creation of transgenic and knockout mice. The current research
investigated the behavioral competence of 30 male 129/J (129P3/J) mice on elevated
plus maze activity, rotarod performance, water escape, Morris water maze,
horizontal/vertical and black/white discrimination, and passive avoidance learning.
The 129/J subjects were capable of learning water escape, both discrimination tasks
(reaching over 74% correct), and passive avoidance; and demonstrated adequate
rotarod performance. In contrast, they were unable to learn the Morris water maze
(no decrease in time or distance and no preference for the target quadrant). They
exhibited passive floating and were extremely reactive to prompting. Throughout
behavioral testing, we noted a hyper-reactivity to handling which resulted in
increased anxiety (squeaking) and activity. Our elevated plus maze data are distorted
by this hyper-reactivity, as mice who entered the open arms immediately fell off the
maze.
Our data suggest that 129/J subjects are capable of learning simple, non-spatial
tasks, and replicate findings that they are unable to learn the spatial Morris water
maze (Montowski et al., Brain Research, 762:12, 1997). Their extreme hyperreactivity to touch and inability to learn the Morris water maze, a widely used
behavioral assessment technique for knockout and transgenic mice, is further
evidence that using the 129/J strain as an ES cell line may confound behavioral
results.
These data will be compared to C57BL/6J and 129/SvEvTac
(129S6/SvEvTac) behavioral data also collected in this laboratory. Degree of
callosal agenesis and its relationship to behavior will also be presented.
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THE ABSENCE OF N-CAM MODIFIES EXPRESSION OF
C-FOS AND ARG 3.1 IN THE MOUSE BRAIN AFTER
PRESENTATION OF A GUSTATORY STIMULUS
M, Montaa-Sallaz1 >2, D. Montag1 »2*, and M. Schachner1,3

RAPID NATURAL SELECTION OF THE INFRAPYRAMIDAL MOSSY FIBER
PROJECTION IN THE HIPPOCAMPUS OF MICE LIVING OUTDOORS.
D.P, Wolfer1. I.I, Poletaeva2. M.G. Pleskacheva2. G. DgU’OmQ1'3, A-L- Vyssotski1,
H.-P, Lipp1*. ’Inst, of Anatomy, Univ. of Zurich, CH-8057 Zurich, Switzerland, 2Fac.
of Biology, Moscow State University, 3Lab. of Veterinary Pathology, Istituto Superiore
di Sanity Rome, Italy.
The extent of the intra/infrapyramidal mossy fiber projection (IIP-MF) in the
hippocampus of mice is known to correlate positively with spatial learning abilities and
exploratory behavior, but negatively with attack latencies in male intruder paradigms.
To study whether such circuitry variations are of any importance for real life situations,
we conduct natural selection studies of laboratory mice living in outdoor pens.
A founder population of 108 mice was bred by means of a diallel cross between four
mouse strains known for differential IIP-MF projections (C57BL/6J, CH3/J, NZB/J
and DBA2/J). The mice were divided into groups of 36 animals, each one containing
the same number of FI hybrids from the various combinations of parental strains. Two
of these groups were released in summer 1994 into large outdoor pens (18x18 m), each
one containing two covered shelters (2x2x1 m). The third group was kept under normal
housing conditions at Moscow State University, the mice being mated randomly. In the
second year of outdoor life, mice from the two pens were also transferred back to Moscow
and bred there like the controls. Mossy fiber projections were measured on horizontal
Timm-stained sections from about 20 randomly selected mice for each condition.
The analysis of 322 mice revealed for the first two years a strong reduction of the IIPMF in both outdoor pens. Afterwards, the IIP-MF increased for the third year and
remained constant in the fourth year. The offspring of the mice from the pens kept in
the animal colony in Moscow maintained the size of the IIP-MF projection of their
ancestors, indicating that this trait was genetically selected. As predicted by the
differential IIP-MF patterns, their open-field activity was reduced in comparison to the
control mice having lived always indoors.
We conclude that hippocampal circuitry and associated behavioral traits appear to
adapt rapidly to ecologically different lifestyles by means of natural selection within 35 generations. Supported by SNF 31-37497.93 and 31-46691.96.

’Neurobiology, Swiss Federal Institute of Technology, ETH-Hoenggerberg,
CH-8093 Zurich, Switzerland, ®Neurogenetics, Leibniz Institute for
Neurobiology, Brenneckestr. 6, D-39118 Magdeburg, Germany,3Zentrum fur
Molekulare Neurobiologie Hamburg, University Hamburg, Martinistr. 52,
D-20246 Hamburg, Germany

In this study, we analyzed by in situ hybridization the
expression of the Immediate-early genes c-fos and arg 3.1 in
limbic and cortical areas of N-CAM-deficient and wild-type
littermate mice after exposure to a novel gustatory stimulus
(saccharin), to the same stimulus after familiarization, or to a
neutral stimulus (water). In the abscence of N-CAM, c-fos and
arg 3.1 expression was modified in response to the gustatory
stimulus, most pronounciated changes occuring when the taste
was new for the animals. The familiarization process or the
consecutive changes in c-fos and arg 3.1 expression were also
modified in N-CAM-deficient mice compared to wild-type.
Finally, our data demonstrate that the abscence of N-QAM is
likely to modify the novelty encoding network activated by a new
taste. Our data support previous evidence indicating a role of NCAM in memory formation and suggest an influence of cell
recognition molecules on IEG expression.
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GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR
(GDNF) IS INVOLVED IN HIPPOCAMPAL COGNITIVE
FUNCTION IN MICE. R. Gerlai*. D.L. Choi-Lundberg, J. Ross. L.
Powell-Braxton. H.S. Phillips. Neuroscience & Cardiovascular
Depts., Genentech, Inc., 1 DNA Way, South San Francisco, CA
94080.
GDNF is a potent neurotrophic factor for a variety of central and
peripheral neuronal populations. GDNF and its receptors, GFRal and
ret, are expressed in the hippocampus, which plays a central role in
learning and memory. In addition, electric stimulation or ischemia
increased transcription of GDNF and its receptors in the hippocampus.
Here, we analyze adult mice heterozygous for a null mutation in
GDNF. GDNF het mice had no gross abnormalities on pathologic and
hematologic analyses.
Neurochemistry and spontaneous and
amphetamine-induced locomotion suggested that mutant mice possess
an intact dopaminergic system. In contrast, mutant mice exhibited a
significant impairment in the spatial version of the Morris water maze,
a task sensitive to hippocampal dysfunction. General performance
factors, e.g., swimming speed or non-spatial learning, were unaltered.
The results were replicated in two genetic backgrounds, a 129SV x
C57BL/6 F2 hybrid and a C57BL/6 backcross (ninth generation)
suggesting that the alteration is caused by the GDNF null allele. These
results demonstrate that GDNF plays an important role in cognition
associated with hippocampal function, and raise the possibility that
GDNF and its receptors may represent an important therapeutic target
in epilepsy, ischemic brain insult, or neurodegeneration in the adult
hippocampus.
Supported by Genentech, Inc.

USING “MOUSE IQ” TESTING TO ASSESS LEARNING AND
ANXIETY BEHAVIOURS IN BARRELLESS MUTANT MICE

641

L. Stanford*1, R. E. Brown1, S.W.Tavlor2 & P. E. Neumann2 3
‘Psychology & Neuroscience, 2Pathology, and ’Anatomy & Neurobioiogy,
Dalhousie University, Halifax, NS, B3H 4J1, Canada
Adenylyl cyclase 1 (Adcyl) is associated with neuroplasticity in the
hippocampus and cerebral cortex (Wu et al., 1995, PNAS, 92, 220-4).
Mice homozygous for a targeted deletion of Adcyl performed poorly in
one measure of the Morris water maze task. Barrelless (brl) mutant mice,
which are homozygous for a spontaneous null Adcyl allele, were first
identified by the absence of ‘barrels’ in the somatosensory cortex
(Welker et al. 1996, Science, 271, 1864-7; Abdel-Majid et al.1998,
Nature Genetics, 19, 289-91). To further investigate the role of Adcyl
in memory processes, mutant and littermate control (brl/+) mice of both
sexes were studied using tests that measure locomotion and
exploration (open field), novel object recognition, anxiety (elevated plus
maze), and spatial learning (Morris water maze). Unlike Wu et al. (1995),
we did not find differences between genotypes in any measure of
learning in the Morris water maze. Minor differences between the sexes
and genotypes were found in the open field, and sex differences were
found in the novel object task.
Support: MRC to PEN; NSERC #A7441 to REB; MRC Doctoral Award to LS
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RESPONSE ACQUISITION:
A RAPID METHOD FOR ASSESSING
LEARNING IN MICE.
S.P. Baron* and L.T. Meltzer. Parke-Davis
Pharmaceutical Res. Div., Warner-Lambert Co., Ann Arbor, MI 48105
Characterization of learning phenotypes in different mouse strains has risen to
prominence especially as it relates to genetic bases of behavior. One problem with
many learning paradigms is the great length of training time required. Our goal for
the current studies was to develop a method of rapidly assessing learning and
validating the schedule using various strains of inbred mice. On day one of training
mice were acclimated for two hours to operant chambers and liquid dipper
presentation of evaporated milk.
On day two of training, mice were placed in
operant chambers with two nose-poke holes illuminated. A single nose poke in one
hole resulted in presentation of 0.01 ml evaporated milk for 10 seconds. Nose
pokes in the other hole had no scheduled consequences. Sessions ended after 120
dipper presentations or two hours. On day three of training the consequences of
nose pokes were reversed. No non-contingent dipper presentations were made in
the acquisition (day 2) or reversal (day 3)sessions. Thus, one day of response
acquisition and one-day of reversal learning were measured. On average C57BL/6J
emitted 50 correct responses in less than 30 minutes in comparison to DBA/2J mice
which, on average, emitted 50 correct responses in nearly one hour. Other strains
including 129/SvJ and BALB/cByJ performed at intermediate levels. In addition,
rates of error commission decreased over the duration of the session. These
findings are consistent with those reported using other learning paradigms .and
provide a rapid method of learning assessment. Supported by Warner-Lambert.

B-RAF PLAYS A ROLE IN LEARNING AND MEMORY. A. P.
Chen1*, K. P. Giese2, M. Ono1, and A. J. Silva1. ‘Departments of
Neurobioiogy, Psychiatry and Psychology, BRI, UCLA, Los
Angeles, 90095, USA; 2University College London, London,
WC1E-6BT, UK.
B-raf is a member of the Raf Serine/Threonine kinase
family. Importantly, this gene is preferentially expressed in the
brain. Previous results implicated a B-raf dependent signaling
pathway (the Mek-Erk cascade) in learning and memory (L&M). To
investigate the role of B-raf in L&M, we engineered B-raf knock-out
(KO) mice by deleting an essential exon of this gene. Homozygous
B-raf KO mice are embryonic lethal. However, the heterozygous
KO mice survive and appear to develop normally. Our behavioral
studies showed that heterozygous B-raf KO mice have normal motor
skills, but show impairments in hippocampal-dependent tasks,
including the Morris water maze, contextual conditioning, and social
recognition. Ongoing biochemical, pharmacological and electrophysiological studies will elucidate the role of this kinase in synaptic
plasticity and in L&M.
This work was funded by the grants from the Neurofibromatosis Consortium, Merk, Mcknight, and the Neurofibromatosis
Foundations.
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ELECTROLYTIC LESIONS OF THE DORSAL HIPPOCAMPUS REVERSE
DEFICITS IN CONTEXTUAL FEAR CONDITIONING IN SYNAPSIN II
MUTANT MICE. Paul W. Frankland* and Alcino J. Silva, Depts of Neurobioiogy,
Psychiatry and Psychology, BRI, UCLA, Los Angeles, CA 90095-1761.
Contextual fear conditioning involves at least two stages of processing. First,
the hippocampus is required to form a unified (or configural) representation of the
constituent elements of the context. Second, this contextual CS is associated with the
US in the amygdala. Consistent with this, post-training lesions of the dorsal
hippocampus (DH) abolish context fear. However, pre-training lesions of the DH
often do not impair context fear. Therefore in the absence of the DH, context fear
can be acquired via nonhippocampal systems. Context discrimination experiments
suggest that in the absence of the DH, context fear is acquired via elemental
strategies (i.e., associations are made between elements within the context and the
US), that are presumably mediated by the amygdala. Our post-training lesion data
further suggest that if the hippocampus is present during training, then this form of
elemental processing of context is overshadowed or inhibited. Synapsin II'7' mutant
mice exhibit a selective deficit in contextual, but not cued, fear conditioning. This
phenotype suggests that (1) amygdala function is normal since cued conditioning is
not impaired, (2) hippocampal processing is disrupted since these mice are impaired
in contextual conditioning, and (3) inhibition of nonhippocampal systems that may
mediate elemental processing of context is normal, otherwise these mutants would
freeze in the conditioned context. Here we report that pre-training lesions of the DH
reverse deficits in contextual fear conditioning in Synapsin II'7' mice, while having
no effect on WT control littermates. Therefore removal of the DH biases Synapsin II
mice toward successful elemental strategies mediated by nonhippocampal systems.
In contrast, pre-training electrolytic lesions of the fimbria/fomix (that disrupt inputs
into the hippocampus, but otherwise leave the structure intact) abolish context fear in
both mutants and WTs.
(Supported by NIH grant R01 AGI3622 to AJS)

TIGHT CONTROL OF TRANSGENE EXPRESSION IN THE BRAIN USING
BOTH A TETRACYCLINE-DEPENDENT ACTIVATOR AND REPRESSOR
S, Kida1*, S, Sakai1, K, Koike1, T. Nakamura1, K HosodaL T, Iwamoto1, S,
Masushige1 & A. J. Silva2, ‘Dep. of Bioscience, Faculty of Applied Bioscience,
Tokyo University of Agriculture, Setagaya-ku. Tokyol56-8502; Departments of
Neurobioiogy, Psychiatry and Psychology, ^University of California at Los
Angeles,California 90095-1761
Inducible transgenic expression systems are a very powerful tool for the study of
learning &memory. Although the conventional tetracycline-inducible gene
expression system (Tet-on system) is a powerful and useful approach, the
expression oi the regulated gene can often be leaky, and result in high basal level
expression in its on state (before induction by tetracycline). Tins basal level
expression can often confound the interpretation of the experiments, because the
basal level expression of the transgene may have an impact on function on its
own. In generating Tet-transgenic mice, it is often difficult to find a line without
leaky expression. Therefore, we developed a method to decrease the leaky
expression common to Tet-on systems. In our system, both a tetracyclinedependent activator (rTetR-VPl6) and a repressor (TetR-KRAB) are coexpressed, and the expression of the transgene of interest is regulated by both
transcription factors. In the absence of Tet, only the repressor can bind to the
tetracycline-response element CTRE) and repress the basal levels of leaky
expression. In the presence of Tet, however, only the activator can bind to the
TRE site and thus activate transcription. Our transient transfection experiments
in COS cells showed that the leaky expression of the reporter gene was
significantly decreased in our system. Importantly, the level of expression after
induction by tetracycline was comparable to the conventional Tet-on system.
The system that we developed requires co-expression of the repressor and
activator constructs. To avoid the denvation of two independent transgenic lines,
we constructed a vector with both transgenes and an internal ribosome entiy site
(IRES). Our results show with the IRES, it is possible to regulate expression of
two transgenes in the same vector as tightly as if they were in separate vectors.
We are currently deriving transgenic mice to test our system in vivo.
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LONG-TERM MEMORY UNDERLYING HIPPOCAMPUSDEPENDENT SOCIAL RECOGNITION IN MICE

Molecular Characterization of the hzf-3/nurrl Gene in Spatial
Learning. K. Ren*, W. Colon, Y. Carrasquillo,L. Maldonado, I.Chevere,, C.S.

J.H. Kogan*. P.W. Frankland, and A.J. Silva,
University of California Los Angeles, Depts. of Neurobiology, Psychiatry,
& Psychology, Brain Research Institute, Los Angeles, CA 90095-1761
The ability to leam and remember individuals is critical for the
stability of social groups. Social recognition reflects the ability of mice to
identify and remember conspecifics. Social recognition is assessed as a
decrease in spontaneous investigation behaviors observed in a mouse reexposed to a familiar conspecific. Our results demonstrate that grouphoused mice show social memory for a familiar juvenile when tested
immediately, 30 min, 24 hr, 3 and 7 days after a single, 2 min-long,
interaction. Interestingly, chronic social isolation disrupts long-term, but
not 30-min, social memory. Even a 24-hr period of isolation disrupts longterm social memory, a result that may explain why previous investigators
only observed short-term social memory in individually-housed rodents.
Although it has no obvious configural, relational or spatial characteristics,
here we show that social memory shares characteristics of other
hippocampus-dependent memories.
Ibotenic acid lesions of the
hippocampus disrupt social recognition at 30-min, but not immediately
after training. Furthermore, long-term, but not short-term social memory is
dependent on protein synthesis and CREB function. These results outline
behavioral, systems and molecular determinants of social recognition in
mice, and they suggest that it is a powerful paradigm to investigate
hippocampal learning and memory.

Maldonado- Vlaar and S. Pena de Ortiz. Department ofBiology, University of Puerto
Rico, Rio Piedras P.R. 00931-3360.
We are studying the function of the hzf-3/nurrl gene product in spatial learning
using an antisense knockdown approach and gel retardation arrays. Sense and
antisense oligodeoxynucleotides were designed to target the translational start codon
of hzf-3/nurrl mRNA in Long Evan rats. Microinjections of the antisense or sense
hzf-3/nurrl oligodeoxynucleotides into different subregions of the hippocampus were
given 1 hour prior to training. Animals were tested for spatial learning in a food
search task by receiving 4 training sessions, each consisting of 5 trials and separated
by a one hour rest period. The effects of the oligodeoxynucleotide in the acquisition
of the task were measured during training. Retention tests were given seven days
after the training. Preliminary results indicate that injection of the hzf-3/nurrl
antisense oligodeoxynucleotide in the CA3 subregion of the hippocampus impairs
acquisition of spatial learning in comparison with the sense oligodeoxynucleotide and
saline. These results confirm our hypothesis that the HZF-3/NURR1 protein functions
during learning and plays an important role in the acquisition of spatial information.
Future studies include the use of gel retardation assays with NBRE, the DNA target
of HZF-3/NURR1, to demonstrate the effect of the antisense oligonucleotide on the
levels of the hzf-3/nurrl gene product. A separate set of experiments evaluated the
levels of NBRE binding during acquisition of the food search task. Gel shift and
supergel shift assays show elevated levels of HZF-3/NURR1-NBRE interaction
following training in the maze. Finally, ongoing experiments are investigating the
role of opioids in learning-induced expression of hzf-3/nurrl in the brain. This work
is supported by NIH (S.P.O. grant MBRS-NIGMS SOGGMO 8102-26S1) and by a
FIPI grant of the University ofPuerto Rico.
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Establishment of a Hippocampal Transcript Expression Profile
Following Acquisition of Spatial Information. Y. Robles* and s. Pena

Protein Kinase Activity in the Rat Hippocampus During Spatial
Learning. 5, Vazquez, Z. Marquez, A. Vazquez, C. Zuazasa* F and S. Pena de

(Supported by NIH grant AG13622)

de Ortiz. Department of Biology, University of Puerto Rico, Rio Piedras P.R. 009313360.
The requirement of new gene transcription and translation for formation of longterm memory is widely accepted. An important goal in our laboratory is to establish
the gene expression profile of long-term memory. We expect that such an expression
profile will help us obtain more insights to the cellular and molecular processes that
mediate the storage of information in the brain. To achieve this goal we are using
cDNA microarrays to establish the gene expression profile of acquisition of a spatialsensory hippocampal dependent task. Adult male Long Evans rats received three
sessions in a hole board food search task and were sacrificed 3 hr post training.
Hippocampi were dissected from Naive (N=3) and Trained animals (N=4) and 32Plabeled cDNA probes were synthesized. We then hybridized two rat cDNA
microarrays containing 588 cDNAs with the cDNA probes. Posthybridization
analysis of the microarrays showed upregulation of certain cDNAs and
downregulation of others, such as cDNAs encoding for Cadherin K and
Prothymosina, respectively. Northern blot analysis of cadherin K mRNA confirmed
the results obtained with the microarray. Cadherin K is an adhesion molecule thought
to be important for establishing synaptic connections in the developing central
nervous system. Our present results suggest that Cadherin K may mediate changes
in synaptic connectivity for long-term memory. Future studies will use in situ
hybridization to localize the learning related changes in cadherin K mRNA in the
brain. Ongoing studies are aimed at validating the results of the microarray analysis
with Northern blots of several other upregulated and downregulated genes. This work
is supported by NIH (S.P.O. grant MBRS-NIGMS SOGGMO 8102-26S1) and by a
FIPI grant of the University ofPuerto Rico.

Ortiz. Dept. of Biology, Univ. of Puerto Rico, Rio Piedras, 00931-3360; Institute of
Neurobiology, Blvd. del Valle 201, Old San Juan, P.R. 00901T.
We have been using the hole board food search task to understand the cellular and
molecular basis of spatial learning in rats. Our goal is to characterize the task at a
behavioral, cellular and molecular level. For the behavioral characterization, we are
looking at the role of spatial cues in the acquisition of the task. For our cellular and
molecular studies we have been looking at the activity of Protein Kinase C (PKC) and
Protein Kinase A (PKA) in the hippocampus during acquisition ofthe task. Following
food restriction and habituation, adult male rats are required to leam a specific pattern
of food-baited holes in a large open field. The rats were divided into the following
groups: Naive, Habituated, Learning Day 1 and Learning Day 3. We performed
PKC (Ca2+/phospholipid dependent) and PKA activity assays five minutes and three
hours after each training session on habituation, days 1 and day 3 of learning. PKC
assays were carried out on both cytosolic and particulate cellular fractions. Results
show significant increases in PKC and PKA activity during acquisition (p< 0.05).
Specifically, we observed increased PKC activity in the particulate fraction on day
1 and day 3 five minutes after training, which was maintained after three hours on
day 3. Interestingly, PKA activity increased dramatically from control values on day
1 and day 3 five minutes after training. The elevated PKA activity was maintained
after 3 hours on day 3, but not on day 1. In summary, increases in protein kinase
activity are maintained for longer periods of time at day 3 of acquisition than on day
1. Future studies will determine the specific PKC and PKA isoforms responsible for
the changes in activity observed during acquisition of our spatial learning task. This
work is supported by NIH (S.P. O. grant MBRS-NIGMS SOGGMO 8I02-26S1) and
by a FIPI grant of the University of Puerto Rico.
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Evidence for a somatic recombination and mutation mechanism in
the rodent brain: possible relation to learning and memory. S, Pena

TRACE EYEBLINK CONDITIONING IN GLUTAMATE RECEPTOR
SUBUNIT 82- AND el-DEFICIENT MICE. Y. Kishimoto.1* S. KawaharaJ Y.
Kiyama,2 H. Morir2M. Mishina2 and Y. Kirino1. ’Laboratory of Neurobiophysics, School of Pharmaceutical Sciences, department of Molecular Neurobiology and Pharmacology, School of Medicine, The University of Tokyo, Tokyo
113-0033,Japan.
Recent studies using mutant mice strongly supported that cerebellar longterm depression (LTD) is a neural substrate underlying eyeblink delay conditioning. However, no research was performed on another variant of eyeblink
conditioning, trace conditioning, in which conditioned stimulus (CS) and unconditioned stimulus (US) are temporally separated. Therefore, a neural substrate in trace eyeblink conditioning still remains to be clarified.
Mice deficient in glutamate receptor subunit 82 (GluR82 z mice), known to
have impaired cerebellar LTD, were conditioned for 7 days in the trace
eyeblink paradigm using a tone (CS) and a periorbital shock (US) with various
trace intervals of 500, 250,100, 50 and 0 ms. The mutant mice acquired conditioned response (CR) as successfully as the wild-type mice in all the conditions
including even with 0 ms-trace interval. These results suggest that a neural substrate underlying eyeblink conditioning changes depending on paradigm because GluR82'z' mice exhibit severe impairment of delay eyeblink conditioning
as we reported previously.
Next, we examined trace eyeblink conditioning in GluRel'7' mice which are
reported to show impaired hippocampal long-term potentiation (LTP). In contrast to the case of GuR82'7' mice, GIu Re T'" mice exhibited impaired acquisition
of CR in trace conditioning. This result lead to the hypothesis that hippocampal
LTP is involved in the trace eyeblink conditioning. [Supported by Grant-in-aid
(# 0729105) from MESSC, Japan, and a grant from Program for Promotion of
Basic Research Activity for Innovative Biosciences.]

de Ortiz*, K. Ren, Y. Carrasquillo, Y. I. Arshavskvt, J.Crespo, and B. Padilla.
Department of Biology and Institute of Neurobiologyf, University of Puerto Rico,
San Juan P.R. 00931-3360.
We propose that a somatic DNA recombination mechanism is involved in
effecting life long memory traces in the brain. To test this hypothesis we began to
probe for neural expression of two eukaryotic enzymes involved in DNA
recombination and somatic mutation, respectively:
FLP and terminal
deoxynucleotidyl transferase (TdT). FLP is a site-specific recombinase encoded by
the 2 pm plasmid of Saccharomyces cereviseae, which utilizes the FLP-Recognition
Target (FRT) DNA sequence to catalyze recombination. Our first goal in these
studies is to determine if there is a FLP-like site specific recombination system in the
vertebrate brain. To begin to address this question we performed gel retardation
assays, Southwestern blots, andUV crosslinking experiments with labeled FRT and
rat brain protein extracts. Our experiments detected FRT binding activity in the rat
brain that can be competed by an unlabeled probe, suggesting that the DNA-protein
interaction is sequence specific. We have also examined the expression of TdT, a
somatic mutagen which contributes to the diversity ofantibodies and T-cell receptors.
Remarkably, while most reports on the tissue distribution of TdT define this enzyme
as a lymphocyte-specific marker, our studies indicate that it is also expressed in the
central nervous system. In situ hybridization of C57B1-6 mouse brains indicate that
TdT mRNA is present within neurons of the hippocampus, neocortex, and
cerebellum. Ongoing experiments are aimed at establishing links between FLP and
TdT with memory. This work was done with funds from NSF (S.P.O. grants IBN
9706664 and EPSCoR-OSR 9452893)and NIH (Y.I.A. NS 38022).

Society

for

Neuroscience

. Volume

25, 1999

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—GENES I

MONDAY AM

643

256.19
AGE-DEPENDENT DISTURBANCE OF DELAY EYEBLINK CONDITIONING
IN PRION PROTEIN-DEFICIENT MICE. Y. Kirino.1* Y. Kishimoto.1 S. Kawahara,1 T. Nakava.1 S. Sakaguchi2 and S. Katamine2. laboratory of Neurobiophysics,
School of Pharmaceutical Science, University of Tokyo, Tokyo 113-0003;
department of Bacteriology, Nagasaki University School of Medicine, Nagasaki
852-8521, Japan.
Prion protein (Pmp) gene-disrupted mice (Pmp™ mice) of our line exhibited
Purkinje cell loss at ages over 40 weeks, suggesting an involvement of Pmp in cerebellar function. To elucidate physiological significance of Pmp in cerebellar function, we examined eyeblink delay conditioning, which critically depends on cerebellum, in PrnpQiQ mice in three stages of age.
Mice were conditioned to eyeblink in response to a tone (CS) paired with a periorbital shock (US). Young Pmp™ mice (16 weeks old), which do not yet show any
histological abnormality, exhibited facilitation in acquisition of conditioned response (CR) in CS-US paired trials and more rapid extinction of CR in CS-only
trials, compared to littermate Prnp" mice. On the other hand, elderly mice (40 and
60 weeks old) Pmp™ mice showed severe impairment of CR acquisition.
Furthermore, we analyzed temporal pattern of CR expression in Pmp™ mice.
Short-latency components of CR were not observed in young Pmp™ mice, while
long-latency components of CR were lost in elderly Pmp™ mice. The disturbed CR
pattern in the elderly Pmp™ mice could be attributable to the Purkinje cell loss. On
the other hand, temporal pattern of CR in the young Pmp™ mice is similar to the
one of waggler mutant mice which exhibit dysfunction of cerebellar granule cells.
Therefore, loss of short-latency CR in the young Pmp™ mice may reflect an involvement of Pmp in synaptic function of cerebellar granule cells. Facilitated acquisition and extinction of CR in the young Pmp™ mice may be also derived from the
abnormality of this function. [Supported by MESSC, Japan, and a grant from Program for Promotion of Basic Research Activity for Innovative Biosciences. [

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—GENES II
257.1

257.2

IMPROVED WATER MAZE PERFORMANCE AND HIPPOCAMPAL 5-HT
INCREASE IN THE ENOS KO MOUSE. J.P. Huston1*, E, Pere1, A, De
Souza Silva1, R.U. Hasenfthri1, A. Goedecke2, J. Schrader2, C, Frisch1.
‘Inst of Physiol. Psychol .Inst, of Physiol., 12Ctr. for Biol. Med. Res., Univ.
of Dusseldorf, D-40225 Dusseldorf, Germany.
Nitric oxide (NO) has been implicated in processes of learning and memory.
A central role of endothelial NO synthase in hippocampal and cerebral
synaptic plasticity was demonstrated by Its involvement in LTP and NMDAstimulated transmitter release. We examined the effects of the selective
knockout of eNOS by targeted gene replacement in the mouse on
performance in the Morris water maze and on cerebral monoamines. In the
water maze, eNOS gene replacement led to an accelerated acquisition of a
place learning task, without having effects on a subsequent spatial probe
trial. Five days later, in a long-term retention test for the platform position,
and during subsequent reversal learning, eNOS-KO mice showed superior
performance. In a cued version of the task, performance scores of KO and
control mice did not differ, indicating that the increase in performance of KO
animals during the former tasks did not depend on increases in
sensorimotor capacities. In the hippocampi of trained KOs, serotonin
concentration was higher than in wild type animals. No changes in the
concentrations of dopamine or noradrenaline were detectable. These
findings point to an important role of eNOS in the control of associative
processes in mice. Further studies are under way in order to investigate the
role of eNOS in other learning paradigms, and to elucidate the effects of the
eNOS-KO on neurochemical systems of the brain. Supported by BMFZ.

IMPAIRED EYEBLINK CONDITIONING IN MICE LACKING NEURONAL
NITRIC OXIDE SYNTHASE S. Bao*, L. Chen, V. Lev-Ram#, R. Y. Tsien# and R.
F. Thompson. Neuroscience Program, Univ. of Southern Calif., Los Angeles. CA
90089-2520. # Department of Pharmacology and Howard Hughes Medical Institute,
University of California San Diego, La Jolla, CA, 92093-0647.
Neuronal nitric oxide synthase (nNOS) is abundant in the cerebellum, where NO is
crucial for the induction of long-term depression (LTD) in acute cerebellar slices (LevRam et al, 1995). LTD cannot be induced in acute cerebellar slices fioin young adult
nNOS knockout (KO) mice (Lev-Ram et al, 1997). However, LTD induction is normal
in cerebellar Purkinje neurons cultured from embryonic nNOS KO mice (Linden et al.
1995). Because both slices and cultures are reduced preparations, it is important to test
the role of nNOS in cerebellar functions of an intact animal. We examined eyeblink
learning in nNOS KO mice, because previous studies with mGluRl and GFAP
knockouts suggested that cerebellar LTD is important in classical eyeblink conditioning
(Aiba et al., 1994; Shibuki et al., 1996). Adult male nNOS mutant mice and wild-type
mice with similar genetic backgrounds (C57BL/6 x 129 sv/j) underwent standard delay
eyeblink conditioning, as described by Chen et al. (1996). The nNOS mice learned
significantly slower and reached a lower asymptotic level than the wild-type mice (43 ±
12% in nNOS, 94 + 2% in wild-type). In addition, the conditioned responses (CRs) of
the nNOS knockout mice were small and not reliable compared to those of the wildtype mice. The onset of the CRs was also delayed in the mutant mice. Mutant and wild
type mice did not differ in their sensitivity to heat-induced pain. The amplitude of
unconditioned responses (UR) was comparable between the two groups. These results
confirm the importance of nNOS and NO in cerebellar plasticity in vivo, and support
the correlation between efficacies of LTD and eyeblink conditioning. In cerebellum,
the epithelial isoform of NOS (eNOS) seems unable to compensate fully for lack of
nNOS, unlike the hippocampus where KO of both isoforms is required for an obvious
phenotype (Son et al, 1996).
Supported by grants from NSF (1BN9215069),
NIA (AF05142), and Sankyo to RFT, and NINDS (NS27177) and HHMI to RYT.

257.3

257.4

GENETIC ENHANCEMENT OF LEARNING AND MEMORY IN
MICE VIA ENHANCEMENT OF NMDA RECEPTOR FUNCTION.

TEMPORAL MEMORIES ENCODED BY NMDA RECEPTORS WITHIN
HIPPOCAMPAL CAI NEURONS. P.T. Huerta, I.H. Chan, J.B. Williams II, F.
Buschard, L.D, Sun, M.A. Wilson & S, Toneeawa*, HHMI, CLM, CCR, Biology,
BCS, Massachusetts Institute of Technology, Cambridge, MA 02139
It is widely accepted that the rodent hippocampus subserves the encoding of
spatial memory, but it is highly contested whether it is required for other types of
memory. Controversial results obtained in lesioned rats claim that the hippocampus is
needed for contextual and time-based memories. If this were the case the rodent
hippocampus would subserve a more global role in encoding, as it has been
demonstrated in humans. We have sought to examine this issue by using mutant mice
in which the NMDARs are deleted only in the CAI pyramidal neurons (Cell 87:13271338,1996). These mice lack NMDAR-dependent synaptic plasticity and are deficient
in spatial memory.
To test for time-based memory, we subjected mice to a “trace” fear
conditioning paradigm (Hippocampus 8:638-646,1998) consisting of a sound (whitenoise, 80 dB, 15-sec long) followed by a trace interval (30 sec) and a foot-shock (0.5
sec, 0.7 mA). The conditioning was repeated (lOx) with an intervening period of 210
sec. On the next day, mice were tested for freezing in a different box by presenting the
sound alone. Freezing was scored automatically in two ways (by tracking and by video
analysis). Mutant mice froze 62.4±0.4% (n=23) whereas control mice froze 82.6±0.3%
(n=23), a result significantly different at the 0.05 level. Other mice trained on a
pseudo-conditioning paradigm also failed to freeze to during the tone test, attesting to
the specificity of the conditioning paradigm. Thus, our results provide a strong
evidence in support of the notion that hippocampal processing, in the form of CAI
NMDARs activation, is needed for the encoding of temporal memories.
Supported by NIH grant NS32925 (ST), gifts from Shionogi Inst and Amgen (ST) and
Pew Foundation (PTH)

Y.P. Tang? E. Shimizu? G.R, Dube,2 C, Rampon,1 G. Keerchner,3 M,
Zhuo,3 G. Liu2 and Joe Z. Tsien1*.
‘Department of Molecular Biology, Princeton University, Princeton, NJ
08544. 2Dept. Brain & Cog. Sci., MIT, Cambridge, MA 02139. 3Dept.
Anesth. & Neurobio. Wash. Univ. St. Lious, MO63110

We hypothesize that if the NMDA receptor acts simply as a graded
switch for memory formation, enhanced NMDA receptor function should
lead to better learning and memory. To test this hypothesis, we have
created transgenic mice, named Doogie, in which the NMDA receptor
function is selectively enhanced in the forebrain. We found that enhanced
activation of NMDA receptors specifically facilitates the synaptic
potentiation in response to the 10-100 Hz frequency stimulation.
Remarkably, these mice exhibited the significant enhancement of their
performance in a variety of learning and memory tasks. We conclude that
NMDA receptor-dependent modifications of synaptic efficacy represent a
common and unified molecular mechanism for associative learning and
memory in the mammalian brain. Therefore, our study has demonstrated
the feasibility of genetic enhancement of cognitive attributes in mammals.
Supported by Beckman Foundation and NIH.
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257.6

TARGETING OF THE INHIBITORY THR 305/306 SITE OF aCAMKII IN
MICE. ¥. Elgersma1*, K. P. Giese2. A. J. Silva1. ‘Depts. of Neurobioiogy,
Psychiatry, & Psychology, BRI, UCLA, Los Angeles, CA 90095.2Dept. of
Anatomy & Developmental Biology, London, WC1E 6BT UK.
Calcium-calmodulin dependent protein kinase II (CaMKII) plays a pivotal
role in learning and memory (L&M), probably by phosphorylating ion
channels and signaling proteins in the post synaptic density that modulate
synaptic strength. Although initial activation of aCaMKII requires Ca2+/CaM,
autophosphorylation of its threonine (T) 286 allows it to be active even after
the concentration of Ca2+returns to basal levels. We showed previously that
mice with a targeted mutation at T286 were impaired in L&M and lacked LTP
(Giese et al., 1998). In vitro experiments have demonstrated that addition of
EGTA (binds calcium) to the aCaMKII autophosphorylated at T286 resulted
in further auto-phosphorylation of this kinase at the Thr3O5/3O6 sites.
Interestingly, kinase autophosphorylated at Thr305/306 cannot bind Ca/CaM
and therefore can only be active if phosphorylated at Thr286 (Colbran and
Soderling, 1990; Hashimoto et al., 1987; Patton et al., 1990). Site directed
mutagenesis followed by in vitro kinase activity studies showed that this
EGTA-driven inhibition is lost in a TT305/306AA mutant (Hanson and
Schulman, 1992). To determine the relevance of the inhibitory
autophosphorylation for L&M, we made mice in which the Thr 305/306 was
replaced by non-phosphorylatable amino acids (TT305/306VA). We also
replaced T305 with an aspartic acid (T3O5D), which may mimick persistent
autophosphorylation. We will report the behavioral and electrophysiological
analysis of these mice.
This work was funded by the grants from NIH (AG 13622).

NORMAL PERFORMANCE OF CA1KONMDAR1 MICE IN NOVEL
TRANSVERSE PATTERNING TASK
Rondi-Reig L*( 1), Libbey M. (2), Eichenbaum H. (2), Tonegawa S. (1) Center for
Learning and Memory, Massachusetts Institute of Technology, Cambridge USA (1),
Department of Psychology, Boston University, Boston (2)

257.7

257.8

TEMPORAL DYNAMICS OF MEMORY CONSOLIDATION: NMDA
RECEPTORS IN THE EARLY PHASE, BETA ADRENERGIC RECEPTORS
IN THE LATE PHASE. S.J. Sara*, P. Roullet & S. Tronel (Spon: European
Brain & Behaviour Society) Institut des Neurosciences, CNRS UMR 7624, Univ P
& M Curie, 9 quai St Bernard 75005 Paris, France
Both the antagonist of N-Methyl-D-Aspartate (NMDA) receptors, MK-801, and
the P adrenergic receptor antagonist, propranolol, can induce amnesia when injected
after spatial or odour discrimination training in the rat. The former has a relatively
short temporal gradient of efficacy, while the latter can be effective when injected
systemically up to 2h after training. We examined the precise timing of involvement
of these receptors in consolidation of memory by using intracerebroventricular (icv)
injections at varying intervals after rapid acquisition of odor-reward association.
Rats are trained to recover palatable food from a hole in a sponge impregnated
with a target odor., in the presence of two other non rewarded odors. The
discrimination is rapidly acquired in three trials and remembered 48h later. Icv
injections of APV, a competive NMDA antagonist, induced severe amnesia when
administered 5 min after the end of the training, with no effect when injections were
delayed for 2h after training. On the other hand, icv injections of the P receptor
antagonist, timolol, induced amnesia when the treatment was administered 2h after
training, with memory being spared when injections were made 5min or lh after
training. There was no effect of timolol when treatment was delayed for 5 h.
Results suggest two-stages of memory formation, with NMDA receptors involved
in the early stages of information processing and short term memory. Beta
adrenergic receptors are necessary for long term memory formation and are
involved in the late stages of memory consolidation. This could be mediated
through the coupling of p receptors to G-proteins that stimulate adenylate cyclase
activity, cAMP formation and phosphoylation of CREB, thus leading to new protein
synthesis thought to underly long term memory. Supported by CNRS UMR 7624.

REGION SPECIFIC PHOSPHORYLATION OF CREB AFTER RAPID
ODOR DISCRIMINATION LEARNING T. Schindler*, Y. Moricard & S.J,
Sara
(SPON:.European Brain & Behaviour Society) Institut des Neurosciences,
Univ. P. & M. Curie, 9 quai St. Bernard 75005, Paris, France
Recent evidence suggests that beta adrenergic receptors are implicated specifically
in a late stage of long term memory (LTM) formation (Sara et al, 1999, Learning &
Memory, in press). These receptors are among of family of neuromodulatory receptors
linked to the cAMP cascade and phosphorylation of CREB (pCREB), leading to
new protein synthesis thought to underly LTM. The present study uses quantitative
immunohistochemistry to compare regional and temporal differences in pCREB
induced by rapid odor discrimination learning in the rat.
Rats are trained to recover chocolate rice krispies from a hole in a sponge
impregnated with almond odor, and to avoid mint and lemon sponges. Reliable
learning is obtained in 5 massed trials in 30min. Rats are sacrificed immediately, 3h
or 48h after training, by decapitation, without prior perfusion. Brains are quickly
frozen and stored at -80°, sectioned at 20pm, post fixed with paraformaldehyde, and
processed for immunohistochemistry using a specific pCREB antibody. Brain
regions evaluated include: anterior piriform cortex, frontal cortex (FR2), nucleus
accubens, claustrum, hippocampal CAI and dentate gyrus, entorhinal cortex,
amydala, posterior piriform cortex. Marked nuclei are counted by 2 observers, blind
to experimental groups of the animals.
Preliminary results suggest that there is an increase in pCREB in the piriform
cortex of trained animals sacrificed at 3 h compared to 0 h. Moreover, there is a
highly significant correlation between the behavioral performance and number of
marked cells in anterior piriform cortex. This correlation is not seen in hippocampus
or in FR2.
The techniques we have developed- rapid and nonstressful learning of odorreward association, together with the post mortem fixation procedure, should allow
more precise determination of the temporal dynamics of intracellular mechanisms of
memory formation as a function of brain region. Supported by CNRS UMR 7624.

Long-term potentiation (LTP) is one relatively well-understood mechanism
of synaptic plasticity which may underlie learning. In the hippocampus, the induction
of LTP requires the activation of NMDA receptors. Previous studies have shown that
knock-out mice with specific inactivation of the NMDA receptors in the CA 1 region
of the hippocampus (CA1KONMDAR1) show a CAI LTP deficiency and are
impaired in acquiring a spatial task, the Morris water maze (Me Hugh et al., 1996).
We sought to determine whether non-spatial declarative memory tasks would also be
affected by this mutation. To assess this, we tested CA1KONMDAR1 mice on the
transverse patterning task, a non-spatial olfactory-guided memory task. In transverse
patterning, the animal must solve three concurrent discriminations (A+ versus B-, B+
versus C-, and C+ versus A-). This task is thought to require the formation of
configural associations between the stimuli, and thus to be hippocampally dependent.
Though this task has been shown to be sensitive to hippocampal damage in rats
(Bunsey and Eichenbaum, 1996), it has not previously been tested with mice. We
found that CA1KONMDAR1 mutants and the wild type controls performed similarly,
and both showed rapid acquisition of the task. This finding suggests either that mice,
unlike rats, do not need an intact hippocampus to solve the transverse patterning
problem, that mice use a different, non-hippocampally dependent strategy to perform
the task, or that performance of the task does not require NMDA dependant plasticity
in CA 1.

257.9
EXPRESSION OF A DOMINANT NEGATIVE CREB MUTANT RESTRICTED
TO STRIATUM AND PYRIFORM CORTEX REVEALS A ROLE FOR CREB
IN PROCEDURAL MEMORY FOR STRIATUM-BASED TASKS. C. Pittenger.
H, Scanlin. D. Winder*, and E, R, Kandel Ctr. Neurobiol. & Behav., HHMI, Columbia Univ., NY, NY 10032. Key words: MOUSE; PLASTICITY; MEMORY
The transcription factor CREB is required for activity-dependent synaptic
plasticity and memory storage in Aplysia and Drosophila. In mice, CREB activity has
been implicated in neuronal plasticity not only in the hippocampus but also in visual
cortex, nucleus accumbens, and dorsal striatum. While early studies in CREB knockouts suggested CREB is required in hippocampus and amygdala-dependent memory
tasks, this interpretation was limited by die lack of spatial and temporal restriction of
this first-generation genetic lesion. Here we examine die function of CREB in the dorsal striatum with both spatial and temporal restriction and find that it is critically involved in certain procedural memory tasks. We have generated transgenic mice expressing tetracycline-regulated KCREB, a dominant negative allele of CREB. One of
these lines expresses the allele in dorsal striatum and pyriform cortex, with little or no
expression in ventral striatum, and none detectable in cortex, hippocampus, amygdala,
or elsewhere. Since CREB is known to be activated in striatum in response to activity,
this line of transgenic mice allowed us to investigate the possible role of this CREB in
striatum-based memory tasks. We have shown that this dominant negative allele is
effective in vivo: C/EBP alpha, which is regulated by CREB, is downregulated in
striatum but not hippocampus of these animals by Western blot, mirroring the pattern of
transgene expression. Animals expressing this allele show a significant deficit in learning a 2-cue discrimination water maze task, which is sensitive to lesions of the dorsal
striatum in rats. They do not differ from controls in performance parameters. This
phenotype suggests that CREB has a role in memory formation in the dorsal striatum
and extends a genetic approach to striatum-based procedural memory. Work supported
by the Howard Hughes Medical Institute and a NIH MSTP funding grant.
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CIRCADIAN-REGULATED CREB-RESPONSIVE
TRANSCRIPTION; POSSIBLE ROLES IN LONG-TERM
MEMORY FORMATION. M.T, Cowan1. E.A, Drier1, M.P,
Belvjn2, H, Zhou1., P^Wu1, K,A,LttYihfeLA^ghgZ
J-.C.,Hendricks3 and LQ.R Yin,1* Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY 11724; 2Exelixis Pharmaceuticals, South
San Francisco, CA 94080; ’Center for Sleep and Respiratory
Neurobioiogy, University of Pennsylvania, Philadelphia, PA 19104
Behavioral and cellular-level2 evidence suggests the importance of
sleep-related processes in memory consolidation. We have shown in
Drosophila that a transgenic CREB-responsive reporter displays
circadian oscillation in its transcription activity, with a peak occurring
during the nighttime period3.
Flies normally rest during the
nighttime, and arc active during the daytime. Given the importance
of CREB-responsive transcription in the process of long-term
memory formation, we are investigating the role of cycling
transcription activity in memory formation. Initial behavioral
experiments suggest that this daily peak is important in the
establishment of long-term memory. Circadian disruption
experiments also suggest a role in the maintenance of long-term
memory. Supported by NS/MH35575 and HL/AR59649.
1. Smith, C.Behav. Brain Res. 69, 137-145. (1995)
2. Wilson, M.A. and McNaughton, B.L.Science 265, 676-9.
(1994)
3. Belvin, M.P., Zhou, H. and Yin, S.C.P.Neuron 22, 777-787.
(1999)
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CREB AND LONG-TERM MEMORY FOR CONDITIONED TASTE AVERSION.
S.A. Josselvn*1. S, Kida1,2 & A.J. Silva1. ’Depts. of Neurobiology, Psychiatry &
Psychology, BRI, UCLA, Los Angeles, CA, 90024,2Dept. of Bioscience, Faculty of
Applied Bioscience, Tokyo Univ. of Agriculture, Setagaya-ku, Tokyo.
Several lines of evidence suggest that the transcription factor cAMP response
element binding protein (CREB) may play a role in the formation of long-term
memory (LTM). For instance, mice with a targeted disruption of the a and 5
isoforms of CREB (CREB“8 mice) are deficient in LTM for a variety of behavioral
tasks. These mice have upregulated levels of CREB J3 and CREM isoforms and the
a and 6 CREB isoforms are absent throughout development. To determine directly
the function of CREB in adult mice, we derived a line of transgenic mice
expressing a CREB repressor, CREBSer133Ala. This repressor protein is fused with a
mutant estrogen receptor ligand binding domain (LBD-CREBM) and activated by
the ligand tamoxifen. The repressor CREB protein binds to CRE sites but is unable
to induce transcription, thereby functionally antagonizing endogenous CREB
activity. In the absence of the ligand, the repressor CREB protein is not activated.
We have previously shown that administration of tamoxifen impairs LTM but
not short-term memory of hippocampus-dependent contextual conditioned fear in
LBD-CREBM mice. Here, we extend these findings by examining the role of
CREB in conditioned taste aversion (CTA) learning, a task that may depend on
amygdala and/or insular cortex function. Robust and long-lasting CTA requires
only one training trial and is therefore particularly amenable for studying molecular
mechanisms underpinning LTM. Subjects leam to avoid a novel taste (saccharin,
the conditioned stimulus, CS) after it has been associated with an aversive stimulus
(gastrointestinal distress induced by lithium chloride or apomorphine injections, the
unconditioned stimulus, US). Preliminary results indicate that tamoxifen
significantly decreased LTM for CTA in LBD-CREBM mice. We are currently
using this paradigm to examine the roles of CREB in other forms of memory.
(Supported by NIH grant AG13622 to AJS and a NARSAD Fellowship to SAJ)

PHARMACOLOGICAL

INDUCTION

645

OF MUTANT

PHENOTYPES.

M. Ohno* and A.J. Silva. Departments of Neurobiology, Psychiatry &
Psychology, BRI, University of California, Los Angeles, CA 90095-1761.
Here, we introduce a strategy in which pharmacology is used to induce the
effects of targeted mutations. In contrast to CREBaA null knockout mice, the
heterozygotes (CREB“A+/") showed normal contextual memory. However,
antagonists of adenylyl cyclase-linked receptors (dopamine D1/D5 and
P-adrenergic receptors), which did not affect memory in wild-type (WT)
littermates, revealed a specific deficit in protein synthesis-dependent long-term
memory in CREB“A+/~ mice. The contextual memory deficit was induced when
these heterozygotes received D1/D5 and P-adrenergic antagonists 30 min
before training, but not when they were administered 1 h post-training.
Administration of an inhibitor of cAMP-specific type IV phosphodiesterase
(rolipram) reversed the contextual memory deficits revealed by both
antagonists in CREB“A+/" mice. This synergism between pharmacological and
genetic manipulations to induce phenotypes is very specific, since (1) D1/D5
receptor antagonist did not affect hippocampus-independent cued memory in
CREB“A+/'mice and (2) neither D1/D5 nor p-adrenergic receptor antagonist did
not reveal contextual memory deficits in mice with a heterozygous point
mutation of the autophosphorylation site (T286A) in the aCaMKII. Instead, a
behaviorally ineffective dose of an NMDA receptor antagonist in WT littermates,
revealed deficits in both short- and long-term contextual memory in
aCaMKII1286*47' mice. These results demonstrate that pharmacological
manipulations can be used to control the effects of mutations in mice in a
temporally controlled manner, and that these approaches are helpful for the
study of learning and memory. (Supported by NIH grant AG 13622 to A. J.S.)

257.13

257.14

NEUROGRANIN KNOCKOUT MICE ARE IMPAIRED ON
LEARNING AND MEMORY TASKS AND STARTLE RESPONSES.
T. Mivakaw.'* J.H. Pak? F.L. Huang.2 K.-P. Huang.2 J.N. Crawley.'
Sect Behav Neuropharm, ETB, NIMH and 2Sect Metabol Reg, ERRB,
NICHD, Bethesda, MD 20892.
RC3/neurogranin is a protein kinase C substrate expressed
postsynaptically in mammalian neurons during postnatal development,
that is hypothesized to regulate the intracellular level of free
calmodulin and amplify calcium mobilization. To investigate the
behavioral significance of neurogranin, we conducted a series of
behavioral tests with mice deficient in neurogranin. Neurogranin
knockout mice were normal on general health, body weight,
neurological reflexes, motor coordination, pain responses, and open
field activity. Reduced acoustic and tactile startle was discovered in the
neurogranin knockouts, as compared to wild type littermate controls.
Performance on the Morris water maze task was severely impaired on
the hidden platform and probe trial components. Acquisition of the
visible platform component reached the normal asymptote; however,
significant differences were seen on training day 1, due to the mutants
jumping off the visible platform repeatedly. Performance deficits were
revealed on contexual fear conditioning. These results indicate that
neurogranin plays a role in regulating startle response amplitude and
performance on two learning and memory tasks. This behavioral
phenotype is consistent with the observed
expression of the
neurogranin gene in the mouse hippocampus.

DIFFERENTIAL EXPRESSION OF THE PKC SUBSTRATE MARCKS IN
THE HIPPOCAMPUS OF C57BL/6J AND DBA/2J INBRED MOUSE
STRAINS: A GENETIC LINKAGE ANALYSIS. R.H. Lenox1 *, L.M.

257.15
HIPPOCAMPAL MOSSY FIBER DEVELOPMENT AND SPATIAL
LEARNING IN MARCKS MUTANT AND TRANSGENIC MICE:
TRANSGENIC
RESCUE
AND
INTERACTIONS
WITH
GENE

background
. rk . McNamara1'", P.J. Stnmp<A M.H. Lewis3, EJ.
EilaPkShearS & R.H, Lenox1. 1 Dept. Psychiatry, Univ. Pennsylvania,
Philadelphia, PA. 2NIEHS, Research Triangle Park, NC. 3Dept. Psychiatry,
Univ. Florida, Gainesville, FL.
The myristoylated alanine-rich C kinase substrate (MARCKS) is a
prominent PKC substrate in brain that is highly expressed in hippocampal
granule cells and their axons, the mossy fibers. Here we examined
hippocampal infrapyramidal mossy fiber (IP-MF) limb length and spatial
learning in heterozygous Macs mutant mice. On a 129B6(N3) background,
the Macs mutation produced IP-MF hyperplasia, a significant increase in
hippocampal PKCe expression, and proficient spatial learning relative to wild
typecontrols. However, wildtype 129B6(N3) mice exhibited IP-MF hypoplasia
relative to inbred C57BL/6J mice and impaired spatial-reversa/ learning, a
phenotype resembling inbred 129Sv mice suggesting a significant
contribution of 129Sv background genes to wild type and possibly mutant
phenotypes. This was confirmed with 129B6 mice backcrossed with
C57BL/6J mice for 9 generations (N9) in which the Macs mutation did not
effect IP-MF length or hippocampal PKCe expression, but did impair spatial
learning relative to wild type controls, which showed proficient spatial learning,
suggesting that a 50 percent reduction in MARCKS expression is detrimental
to spatial learning. Indeed, in a different strain (B6SJL(N1), the Macs mutation
also produced a significant impairment in spatial learning which was reversed
by transgenic expression of MARCKS. Transgenic overexpression of
MARCKS also impaired spatial learning. Collectively, these data indicate that
the heterozygous Macs mutation modifies the expression of linked 129Sv
gene(s), affecting hippocampal mossy fiber development and spatial learning
performance, and that there appears to be an optimal level of MARCKS
required for proficient spatial learning. (Supported in part by NIMH (R.H.L.)

MH59959-01).
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Morel2. E.K, Wakeland3 & R.K, McNamara1. 1 Dept. Psychiatry, Univ.
Pennsylvania, Philadelphia, PA, 2Dept Pathology, Univ. Florida, Gainesville,
FL. 3Univ. Texas Southwestern Medical Ctr., Dallas, TX.
The myristoylated alanine-rich C kinase substrate (MARCKS) is a
prominent PKC substrate implicated in neurodevelopment and plasticity in
brain. Using mutant and transgenic mice, we have shown that there appears
to be an optimal level of MARCKS expression in brain required for proficient
spatial learning, and that there is significant interstrain differences in
hippocampal expression (DBA/2J > C57BL/6J) in mice shown to exhibit
different spatial learning abilities (C57BL/6J > DBA/2J). In the present study,
we have initiated a linkage analysis to identify the genetic factors responsible
for the differential expression of MARCKS between these two strains in
adulthood. The level of MARCKS in an F1 hybrid strain resembled those of
C57BL/6J, indicating that high expression is a recessive trait. We then
produced 99 (C57BL/6 X DBA/2)F1 X DBA/2 male progeny which expressed
hippocampal MARCKS at varying levels. Using 3 microsatellite markers on
chromosome 10 in the region where the MARCKS gene (Macs) is located, it
was found that the differential expression did not correlate with the Macs
gene in DBA/2J or C57BL/6J mice, suggesting that expression is controlled
by unlinked modifiers. In an effort to locate the genomic position of these
modifiers, the progeny expressing the extreme phenotype (22 lowest and
22 highest MARCKS expressers) were typed with an additional 63
microsatellite markers distributed across the 19 autosomes. Preliminary data
indicate a possible linkage on chromosome 13, where interestingly, a
MARCKS-like protein-related sequence (Mlp-rs4) has been identified.
Additional backcross progeny are being analyzed to confirm this result.
(Supported in part by NIMH (R.H.L) MH59959-01).
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258.2

AN FMRI COMPARISON OF THE BRAIN ACTIVATION DURING VIEWING
FAMILIAR AND NOVEL PICTURES. R. Xiaol!’2 J. Takahashi1,2, M. lnase^.,1.
Tsukiura1’3, K. Kawano1’2 and T. Ijjima1-2. ’Electrotechnical Lab., AIST, Tsukuba
305, Japan; 2Japan Science and Technology Corporation, Kawaguchi 332, Japan;
3Dept. of Neuropsychology, Tohoku Univ., Sendai 980, Japan
The brain activation for encoding information to memory are assumed to be
evoked by novel visual or auditory stimuli. However, the encoding process might
also be involved in presence of the same stimuli afterwards. These activation are
supposed to diminish as long as the stimuli get familiar. Therefore, the brain
activation changes with stimuli of different familiarities may reflect neural correlates
and processes undergoing encoding functions. We applied novel and familiar visual
stimuli to normal human subjects and investigated their brain activation by
functional MRI. Three types of stimuli were displayed in turn to the subjects: 1) a
picture consisting of a fixed point; 2) familiar pictures which were previewed by the
subjects before the experiments; 3) novel pictures. The subjects were instructed to
view the pictures and memorize them. Functional MRIs of the whole brain were
acquired while the subjects performed the memory task, using gradient echo EPI
sequence on a GE 3-Tesla system. Comparisons of the brain images during viewing
the novel or familiar pictures versus those during viewing the fixed point revealed
activation for encoding the novel or the familiar pictures, resulting similar activation
patterns in regions: bilateral frontal cortices, anterior cingulate gyri, hippocampal
regions, fusiform gyri, parietal and occipital cortices. No obvious difference was
found between the brain activation for the novel picture encoding and that for the
familiar picture encoding. We demonstrate herein that the revealed active areas
involve in the neural correlates for encoding functions, and these activation remain
strong to familiar stimuli in some degree as well as to novel ones. An implication
comes to that the encoding activity does not diminish much until the stimuli have
been learned very well. (Supported by CREST of Japan Science and Technology
Corporation)

CORTICO-LIMBIC INTERACTIONS DURING ENCODING OF VISUAL
INFORMATION. C.L. Grady*, A.R. McIntosh, M.N. Rajah. S. Beig. F.I.M.
Craik. Rotman Research Institute, University of Toronto, Toronto, Ontario
M6A2E1.
We have reported that encoding of pictures, compared to words, is associated
with increased activity in both anterior and posterior medial temporal (MT)
regions. To explore further the encoding-related role of these areas and the
cortical regions with which they are connected, we carried out a network
analysis on data obtained during encoding of line drawings of objects. PET
scans were obtained on 12 individuals during picture encoding using three
strategies- shallow and deep processing and intentional learning. Based on
changes in brain activity across these conditions, bilateral regions were chosen
for the network that included anterior and posterior MT as well as anterior
cingulate, and prefrontal, temporal and parietal cortex. Structural equation
modeling with these regions showed a number of strategy dependent changes in
the networks in both hemispheres: 1) positive input from anterior and posterior
MT to frontal areas in the shallow and deep conditions is mainly via anterior
cingulate, rather than direct connections; 2) positive input from posterior MT to
frontal regions and anterior cingulate during intentional learning is conveyed
through the anterior MT. There also are positive reciprocal interactions between
left parietal and temporal regions and posterior MT only during deep processing.
These results are consistent with the participation of left hemisphere posterior
cortical areas and MT in semantic processing and indicate that the anterior MT
plays an important role during visual encoding, particularly during intentional
learning. They also suggest that the anterior cingulate serves as a conduit for
information from MT to prefrontal cortex during encoding.
Supported by the Ontario Mental Health Foundation and the Medical Research
Council (Canada).

258.3

258.4

MATERIAL-SPECIFIC LATERALIZATION OF NOVELTY EFFECTS DURING
MEMORY ENCODING. A. J, Golfr/1. R. A, Poldrack2. D, Spencer3, J. B. Brewer4.
M. M. Keane*5, and J. D, E, Gabrieli2 Depts. of ‘Neurosurgery, Psychology,
’Neurology, and 4Neuroscience Program, Stanford Univ., Stanford, CA 94305;
’Department of Psychology, Wellesley College, Wellesley, MA 02181
The material-specific lateralization of memory encoding processes has
previously been tested using nonverbal stimuli such as faces and scenes, which may
evoke verbal descriptions. We tested lateralization of processing of four classes of
stimuli (words, faces, scenes, and abstract patterns) that vary in their verbalizability
During whole-brain fMRI at 1.5T, eight normal right-handed adults were presented
with alternating blocks of novel and repeated stimuli under intentional memory
encoding conditions. Encoding of novel versus familiar stimuli resulted in bilateral
fusiform activation for all item classes. Verbal encoding resulted in left-lateralized
activation of the inferior frontal cortex and medial temporal lobe (MTL). All
nonverbal stimuli (faces, patterns, and scenes) activated a common region in right
prefrontal cortex (BA 44/6) with weaker and more variable activations in left
prefrontal cortex. MTL activation was strongly right-lateralized for patterns and
weakly right-lateralized for scenes and faces. Whereas frontal regions exhibited
overlapping novelty-related activation for scenes and faces, MTL activation for
faces was anterior to that for scenes. The data suggest that the lateralization of
encoding processes is determined by the verbalizability of stimuli. In addition,
memory encoding of different classes of nonverbal stimuli engages common right
frontal regions but distinct MTL regions.
This work supported by NIA (AG12995 and AG11121) and McDonnell-Pew
Program in Cognitive Neuroscience.

MANIPULATING ENCODING OF FACES AND ASSOCIATED BRAIN
ACTIVATIONS. M.B. Miller1, A. Kingstone2, P.M. Corballis1, J.M.
Groh1* & M.S, Gazzaniga1. ‘Center for Cognitive Neuroscience,
Dartmouth College; 2Dept. of Psychology, University of Alberta.
Neuroimaging studies have recently shown activations in the right
prefrontal cortex and right medial temporal lobe during the encoding of
nonverbal stimuli, such as faces, and activations predominantly in the left
PFC and left MTL during the encoding of verbal stimuli, such as words
(Kelley et al., 1998; Wagner et al., 1998). However, while studies have
shown activations in the left dorsolateral PFC associated with deep versus
shallow encoding of words, the same has not been shown for the
encoding of faces in the right hemisphere. We carried out this levels-ofprocessing manipulation with faces. Subjects were scanned using fMRI.
Using an alternating block design, subjects viewed faces and indicated
with a manual response whether it was female or not (shallow encoding),
viewed a series of crosses and made a manual response (rest condition),
or viewed faces and indicated whether it was interesting or not (deep
encoding). Face encoding versus rest revealed correlated activations in
the right fusiform gyrus (FG) across subjects, and in some subjects
bilateral FG and PFC. Deep versus shallow comparisons produced
correlated activations in the dorsolateral PFC, predominantly in the right
hemisphere, but no activations in the FG. These findings corresponded
with comparisons of the shallow encoding versus rest condition and the
deep encoding versus rest condition. Both produced similar activations in
the right FG, but only the deep encoding versus rest produced strong
activations in the PFC. These findings suggest that the PFC is involved in
the elaborate processing of stimuli, that actual encoding may involve
more posterior regions, and that hemispheric asymmetries are driven by
the type of stimuli being processed. Aided By NIH Grants R01
NS31443-06 and P50 NS17778-18 and the McDonnell Pew Foundation.

258.5

258.6

FMRI OF FACE-NAME ASSOCIATION IN HEALTHY YOUNG AND
OLDER SUBJECTS. R. Sperling1,2*. J. Bates2. A, Cocchiarella1, A.
Zaheer2, T, Campbell2, D, Rentz1. D, Schacter2, B, Rosen2, and M, Albert2.
1 Department of Neurology, Brigham and Women’s Hospital,
2NMR Center, Massachusetts General Hospital; Boston, MA 02129
Difficulty associating a name with a face is a common experience but is a
source of concern for many elderly individuals. In order to examine the
functional neuroanatomy of encoding new face-name associations, we studied 8
healthy young subjects (age 22-32) and 8 healthy older subjects (age 67-89) with
functional MRI (BOLD fMRI, 3.0T GE scanner, 20 coronal slices, TR=2.5 s).
Blocks of 3 conditions were alternated: Novel Face-Name Pairs (digital color
photographs of unfamiliar faces with printed first names), Repeated Face-Name
Pairs, and Visual Fixation. As predicted by the stimulus content and the
relational processing demands of the task, both young and older groups showed
significant activation (p<0.00001) in fusiform and medial temporal regions
during the Novel as compared to the Repeated condition. Significant activations
were seen in most individual subjects in both groups in the anterior
hippocampus (R>L, Talairach coordinates 25,-18,-18). Young subjects showed
robust activation in dorsolateral prefrontal cortices (L<R, -43, 18,28). Older
subjects did not show significant activation in prefrontal regions, but did show
increased activation in superior parietal regions compared to young subjects in
the Novel vs. Repeated comparison. These data support the role of the anterior
hippocampus in relational memory for names and faces, and suggest that
alterations in the fronto-parietal attentional systems may underlie the difficulty
in face-name association experienced by many older individuals.
Supported by Harvard/MIT CJTP, Dana Foundation, and NIA P01-AG04953

EVIDENCE FOR NEOCORTICAL BINDING IN HUMANS AND ITS
RELATIONSHIP TO THE HIPPOCAMPAL FORMATION
S.A. Small *. G.M. Perera. R. DeLaPaz, R. Maveux, and Y. Stem Depts. of
Neurology and Radiology, Columbia University, New York, NY, 10034.
Neocortical binding is proposed to underlie the ability to learn an association
between separate stimuli. The hippocampal formation is required for associative
memory and acts as an enabler for neocortical binding. There is currently little
empirical evidence for neocortical binding. Furthermore, It remains unknown if there
are unique topographic patterns within the hippocampus representing separate stimuli,
and if so, whether these patterns are modified during associative memory.
During fMRI scanning subjects performed three tasks, two before paired-associate
training and one after. Before training, subjects viewed unfamiliar faces in one
condition, and heard low-frequency names in another condition. Subjects were then
trained to associate a second set of faces with a second set of names. After training,
subjects viewed the second set of faces, and were asked to silently recall the name
associated with the face.
Analysis revealed that viewing faces resulted in greater activation in the inferior
temporal gyrus compared to hearing names, while hearing names resulted in greater
activation in the superior temporal gyrus compared to viewing faces. When subjects
viewed faces after associative training an increase in activation was observed in the
superior temporal gyrus compared to when subjects viewed faces pre-training. Thus,
this finding provides evidence for neocortical binding.
Analysis also revealed that viewing faces resulted in greater activation in the
posterior aspect of the hippocampus, while hearing names resulted in greater
activation in its anterior aspect. Viewing faces after paired-associative training
resulted in activation in both the posterior and anterior aspects of the hippocampal
formation. Thus, stimuli were represented by unique topographical patterns, and these
hippocampal patterns were modified by associative learning.
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HUMAN PERIRHINAL CORTEX PARTICIPATES IN
ASSOCIATIVE ENCODING. J, B. Brewer1-2*. Z, Zhao2. J, E.
Desmond2,3, E. M. Fine2, and J, D. E. Gabrieli1,2. ’Neuroscience
Program; Depts. of Psychology and ’Radiology, Stanford University,
Stanford, CA 94305.
The parahippocampal gyrus consists of the parahippocampal cortex
posteriorly, and the entorhinal and perirhinal cortices anteriorly.
Studies in the rat and monkey have provided evidence that the
perirhinal cortex participates in associative memory. Our previous
functional imaging studies of encoding using singly presented items
have yielded mostly posterior parahippocampal activations, localized to
the parahippocampal cortex. In this study, we presented pairs of line
drawings to emphasize associative encoding. During fMRI scanning
(1.5T, TR/slice=90; total TR=720; TE=40; flip angle=80), 48 pairs of
line drawings depicting common objects and animals were presented to
each subject for study. Activation for pair encoding versus fixation
was analyzed using both blocked and event-related fMRI paradigms.
Each yielded similar results, showing activations in anterior inferior
temporal regions as well as in perirhinal and parahippocampal cortices.
These activations diminished upon repeated presentations of the pairs.
These data converge with electrophysiological data collected in
nonhuman primates, suggesting that anterior inferior temporal regions
participate in concert with parahippocampal regions to form associative
memories. [Support: NIH GM07365 and AG12995]
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259.2

WITHIN- AND CROSS- STIMULUS TYPE RECOGNITION FOR PICTURE
AND WORD: A fMRI STUDY. E. Kang1*, S. Kim2 D. Na3 and K.-M. Lee1.
'Departments of Neurology, Seoul National University, department of Industrial
Psychology, Kwangwoon University, ’Department of Neurology, Samsung Medical
Center, Seoul, Korea.
Right prefrontal cortex has been implicated in retrieval while left prefrontal cortex
in encoding processes. Brain imaging studies have demonstrated that left inferior
prefrontal regions not only involve in encoding but also show implicit memory effects
during repetition priming. In this presentation, we were interested in investigating; 1)
which brain regions were associated with explicit memory (recognition), with and
without perceptual familiarity, and 2) which brain regions involved in recognition,
were also involved in encoding. For example, when there is difference in stimulus
types between the time of encoding (e.g., word) and the time of recognition test (e.g.,
picture), the retrieval process must occur based on semantic memory alone, without
perceptual familiarity, otherwise provided by retrieval cues. Brain regions associated
with this kind of recognition condition (CROSS) were compared with those
associated with regular recognition condition (WITHIN) where no discrepancy of
stimulus types existed between encoding (e.g., picture) and retrieval (e.g., picture).
They were also compared with the brain activations observed during semantic
classification. While scanned in a 1.5 T GE MR machine with EPI capability, healthy
participants performed two encoding tasks, followed by two recognition tasks. As for
encoding, semantic classification task (man-made vs. natural) for both pictures and
words was performed. During the recognition scans, either CROSS or WITHIN
recognition task was alternated with a semantic classification task, which served as a
baseline condition.
Activations in inferior and medial prefrontal regions were found in both
recognition tasks in comparison to semantic classification tasks. An additional
activation was observed in left middle prefrontal cortex during the CROSS
recognition condition, which might be related to the depth of semantic processing
entailed by the condition.
(Supported by grants from Korean Ministry of Science and Technology)

IS THE FRONTAL CORTEX NECESSARY FOR THE
RETRIEVAL OF SOURCE MEMORY? L.M. Thais^& M.

Petrides. McGill University & Montreal Neurological Institute,
Montreal, Quebec, H3A 2B4 Canada.
Several lesion and PET studies have suggested that the frontal cortex
plays a critical role in the encoding and retrieval of source memory. In
the present study we suggest that retrieval of source information does
not always involve the frontal cortex. It is hypothesized that the frontal
cortex will be involved in source encoding or retrieval only when
executive processes are necessary for this process. However, when the
context of an event is salient, we predict that source information can be
retrieved without the active participation of the frontal cortex.
To test this hypothesis, patients with unilateral frontal or temporal lobe
lesions and normal control subjects saw a video tape of a trivia game
show from which they had to remember the facts and the source of the
response. Source was defined in two different conditions as either
"who" answered the question or "when" (which section) the question
was asked. Results of this study revealed that patients with temporal
lobe lesions were impaired compared to normal control subjects and
subjects with frontal cortex lesions in the retrieval and recognition of
both factual information and source information. Patients with frontal
cortex lesions, on the other hand, did not show impairments on any of
the tasks.
The results suggest, therefore, that under some conditions the frontal
cortex is not necessary for the retrieval of source information. Instead,
it appears that it is the temporal region that is critical for this kind of
memory processing.

259.3

259.4
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ENCODING/RETRIEVAL OF SEMANTIC ASSOCIATIONS.
K. Henke1,2 *. E. Turi Nagy1,2, T. Berthold2, B. Weber1, A. Buck2.
’Dept. of Neurology and2 Dept. of Radiology, Division of Nuclear
Medicine, University Hospital, 8091 Zurich, Switzerland.

We were interested whether stimuli presented below the objective
awareness threshold would undergo associative semantic
encoding and, if so, whether these associations would get retrieved
unconsciously minutes later. The design comprised 5 encoding
and 5 retrieval conditions. At encoding, 20 portraits were sub- or
supraliminally presented either alone or with a written profession
below their chins. For control, a facial contour was presented. At
retrieval, the previously encoded faces (control: new faces) were
shown again, for 3 s each, with the instruction to guess/remember
the person’s profession and to press the corresponding key
(academic, artist, craftsman). Accuracy was at chance in all but the
conscious face-profession retrieval condition. The PET data
revealed that unconscious and conscious encoding/retrieval
activated an overlapping network of cortical structures. In the
overlapping areas, activations were smaller and weaker during
unconscious than conscious encoding/retrieval. The locations of
brain activations indicated that the subliminal faces and words had
been semantically associated at encoding and that these semantic
associations had been recovered unconsciously at retrieval.
Supported by Swiss National Science Foundation grant 31 47203.96.
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EPISODIC MEMORY ENCODING AND RETRIEVAL: A
COMBINED PET AND FUNCTIONAL MRI STUDY. A. C. H. Lee1*,
T. W. Robbins1, J. D. Pickard2 and A. M. Owen3. ’Dept. of Expt. Psychology,
and 2Wolfson Brain Imaging Centre, Univ. of Cambridge, 3MRC Cognition
and Brain Sciences Unit, Cambridge, UK.
Our recent review of 36 relevant functional neuroimaging studies suggests
that the involvement of left or right prefrontal cortices in episodic memory is
determined largely by the modality and/or type (i.e. ‘verbal’ or ‘non-verbal’) of
processing. A PET activation study and a follow-up /MRI study were carried
out to investigate this hypothesis. Seven healthy subjects were PET scanned
during 4 different tasks: Visual Encoding and Visual Retrieval, in which
subjects learned and recalled the visual appearance of 15 different fonts and,
Verbal Encoding and Verbal Retrieval, in which subjects learned and recalled
the pronunciation of 15 different non-words. When encoding and retrieval
tasks were compared directly, significantly greater bilateral prefrontal
activation was observed in the encoding conditions, regardless of modality.
However, when the verbal and visual memory tasks were compared directly,
the former was associated with rCBF changes predominantly located in the left
lateral frontal cortex whilst the latter was associated with rCBF changes
predominantly located in the right lateral frontal cortex. Using a similar
paradigm adapted for/MRI, the findings of the PET study were confirmed and
extended. Taken together, these results suggest that when all factors relating to
the type of stimulus material are controlled, similar bilateral regions of the
lateral prefrontal cortex are involved in episodic memory encoding and
retrieval.
(Supported by BBSRC, MRC and Wellcome Trust)
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259.5

259.6

ROLE OF THE MID-VENTROLATERAL PREFRONTAL CORTEX IN THE
RETRIEVAL PROCESSES, AN FMRI STUDY. G. Cadoret*, B. Pike, M.
Petrides. Montreal Neurological Institute, McGill University, Quebec, Canada.
The objective of this research was to examine the hemodynamic changes in the
mid-ventrolateral prefrontal cortex (MVLPFc) during active retrieval processes.
Activation in the prefrontal cortex was examined in five normal subjects with
fMRI using a 1.5 Tesla Siemens Vision scanner. For each subject functional
volumes (12 contiguous axial T2* gradient echo EPI images, 5mm thick) were
acquired on 6 runs (120 scans per run) while the subject was performing a
retrieval and a control task. In the retrieval task abstract designs were presented to
the subjects on a screen around a fixation point. After a delay, a cue instructed the
subject to retrieve for the design or for the location of the design. A test image
then appeared and the subject had to decide whether the test image corresponded
to what the cue had instructed (i.e design or location). In the control condition, the
task was identical, except that the cue was a neutral one and was not instructing
the retrieval of any aspect of the previously presented information.
Spearman correlation maps computed for the group revealed, in the designretrieval condition compared to the control condition, two significant activation
foci in the left MVLPFc, one in its caudal part (areas 44/45B) and one in its rostral
part (rostral areas 47/12). These foci were associated with a significant decrease in
the BOLD signal in the inferotemporal cortex bilaterally. In the location-retrieval
condition compared to the control condition, a significant activation focus was
also found in the rostral left MVLPFc, suggesting that this rostral part of the
MVLPFc may be particularly concerned with the retrieval mode. Significant
BOLD signal increases were also observed in the right caudate and in the caudal
right MVLPFc. These results confirm that the MVLPFc plays a key role in
retrieval operations and suggest that different parts of the MVLPFc may control
specific aspects of the retrieval processes.
Supported by the Medical Research Council of Canada.

A fMRI STUDY OF SEMANTIC AND EPISODIC MEMORY
TASKS ON FRONTAL ACTIVATION: A SINGLE TRIAL
ANALYSIS. M.C. Carrillo*1. G.T.Stebbins1, J.D.E, Gabrieli12. J.E,

Desmond2. P.A. Bennett ', R.S. Wilson1, D. Turner1. G.H. Glover2.
'Depts. of Neuro. Sci. and Radiology, Rush Medical College, Chicago, IL
60612; and 2Depts. of Psych, and Radiology, Stanford University.
Neuroimaging studies have demonstrated left frontal lobe activation
during tests of semantic memory and right frontal lobe activation during
tests of episodic memory. We have previously assessed frontal lobe
activation during semantic memory tasks using a Level of Processing
(LOP) manipulation and episodic memory (recognition of previously seen
words) using fMRI block design in young and aged participants. In order
to further investigate the subprocesses and changes in fMRI activation
during tests of semantic and episodic memory, we investigated activation
patterns using a single trial fMRI design. In each trial, participants were
asked to classify words into semantic categories (i.e. abstract or concrete).
In a subsequent scan, participants were asked to make yes/no judgements
during a recognition test of these words. Brain images were collected
from 29 coronal slices. Functional images were obtained using a T2*weighted gradient echo spiral pulse sequence (1.5 T, TR=3000 msec,
TE=40 msec, flip=89°, thickness=6mm). Brain regions active during
correct response trials of the semantic memory task and the episodic
memory task were isolated. Semantic memory was associated with left
lateralized frontal activation, and episodic memory with right lateralized
frontal activity. Results will be discussed in terms of young versus aged
activational patterns. Supported by AG09466-07, AG10161 and IDPH
#93290713.

259.7

259.8

EVENT-RELATED POTENTIALS (ERPs) OF RECOGNITION
MEMORY: EFFECTS OF CONFIDENCE. W.F. Bischof1. R.
Cabeza1*, & M,D, Rugg2. *Dept. of Psychology, Univ. of Alberta,
2Institute of Cognitive Neuroscience, Univ. College of London
ERP studies of verbal recognition have consistently shown that,
compared to correctly classified new words (correct rejections),
correctly recognized old words (hits) are associated with a positivegoing ERP effect over left parietal electrodes. This left parietal effect
is assumed to indirectly reflect medial-temporal activity, an idea
consistent with PET evidence that hippocampal activity increases as
a function of retrieval success. This interpretation suggests that the
left parietal effect should increase as a function of confidence. The
present study investigated the effect of retrieval confidence on the
left parietal effect. In the study phase, the participants first classified
low-frequency words as living/nonliving, and in the test-phase they
rated words in a scale from definitely new to definitely old. The
standard left parietal ERP old/new effect was found, but, in addition,
we observed that confidence had a strong modulatory effect: The
positive shift was significantly reduced for low-confidence
judgements, and it was reduced much more for hits than for correct
rejections. This finding is consistent with the idea that the left
parietal effect reflects recollection.
(Supported by NSERC)

NEURAL CORRELATES OF MEMORY FOR FACES:
HEMODYNAMIC
AND ELECTROPHYSIOLOGICAL DIFFERENCES BETWEEN RETRIEVAL
SUCCESS AND RETRIEVAL EFFORT.
K.A, Paller*1. C. Ranganath1,
K,S,..,LaBaL1,2, T,p, Parrish3, P.R. Guelman2,3, V,S. BQzic1, t .e . Whalen1, and
M.-M, Mesulam2, Departments of ‘Psychology, 2Neurology, & 3Radiology,
Northwestern University, Evanston, IL 60208-2710.
We studied face processing using functional magnetic resonance imaging (fMRI)
and event-related brain potentials (ERPs) in different groups of subjects. First,
subjects learned to recognize 20 faces associated with unique biographical
information. Faces were then presented in a blocked design including a retrieval test
(manual old/new decisions plus covert biographical retrieval), a gender decision test,
and a face/nonface discrimination test. Brain areas activated during retrieval relative
to gender discrimination were predominantly right-sided, including frontal, parietal,
and fusiform regions, posterior cingulate, and left cerebellum. These regions
generally correspond to networks previously found to be activated in memory tasks
relative to nonmemory baseline tasks. In contrast, comparisons within the retrieval
test between blocks of mostly old faces versus blocks of mostly new faces revealed
predominantly left-sided activations, including frontal, parietal, and fusiform regions,
and posterior cingulate. Hippocampal activations were not apparent in either
comparison. Analysis of brain potentials suggested that prefrontal activations began
slightly earlier than activation of posterior regions during each face-cued retrieval
event. Frontal regions presumably exerted a modulatory influence on processing in
posterior neocortical networks (including parietal and fusiform regions), such that the
storage and retrieval of information associated with each face depended on interactions
between posterior and frontal regions. Our results are consistent with the view that
right prefrontal activity is associated with processes engaged generally during episodic
retrieval attempts, whereas left prefrontal activity is more closely associated with
successful recollection.
(Supported by NIH grant NS34639.)

259.9

259.10

AN ERP COMPONENT (N17O) ASSOCIATED WITH THE RECOGNITION
AND IDENTIFICATION OF NEWLY-LEARNED INDIVIDUALS.
Garvef1»2 and J. Gray2*. 1 Program in Cognitive Science and
department of Psychology, Vassar College; Poughkeepsie, NY 12604.
The N170 is an ERP component registered primarily on the temporal
leads that has been researched in connection with facial-image
processing. It is hypothesized to be involved in everything from feature
detection to the recognition of a face as familiar. The N170 is frequently
found to be greater over the right hemisphere than the left in adults,
consistent with the idea that faces (and other highly-familiar stimuli) are
processed in a holistic fashion. This component has not been elicited in
response to nonface stimuli such as cars and butterflies, however, task
demands were not consistent across all types of stimuli in these studies.
ERP data from 11 subjects were used to assess two hypotheses: the
N17O is not face-specific, and the N170 is involved in identification.
Subjects learned names and semantic information associated with human
faces and butterflies, and then made correct/incorrect judgments on
image-information pairings. The behavioral data were consisted with
previous research on the recall of names and information about
individuals. The N170 component was elicited by both faces and
butterflies, disputing the hypothesis that it is a face-specific mechanism.
In addition, this component was found in response to identity-related
words, suggesting that it reflects an identification mechanism. Finally, the
N170 was significantly more negative over the right hemisphere for all
stimuli, casting doubt on the idea that this hemisphere is strictly involved
in the holistic processing of overleamed stimuli and suggesting that it
may play a crucial role in identification.

SEPARATING RETRIEVAL ORIENTATION FROM RETRIEVAL SUCCESS:
STUDIES WITH EVENT-RELATED POTENTIALS. E.L. Wilding* & A.C.
Nobre, Dept of Experimental Psychology, University of Oxford, OXI 3UD, UK.
To date, the primary focus in event-related potential (ERP) studies of long-term
memory has been on processes linked with successful retrieval, as reflected in the
differences between ERPs to correctly identified old and new items (hits and
correct rejections). Little attention has been paid to whether ERPs to correct
rejections differ according to what information subjects are directed to retrieve.
Differences between classes of correct rejections would presumably reflect
processes that are not contingent on retrieval success, such as retrieval effort or
memory retrieval strategies. For example, they may reflect the influence of
information-specific preparatory states (retrieval orientations) on subsequent
stimulus-locked processing. To investigate this possibility, we recorded ERPs to
words in two memory retrieval tasks. The first of these was a blocked design, in
which subjects retrieved either semantic or phonological aspects of the
information that had been encoded in a prior study phase. Two distinct,
modulations differentiated the ERPs to correct rejections in these two conditions,
consistent with the view that ERPs are sensitive to memory-related processing that
is not contingent on successful retrieval. In the second experiment, subjects were
cued on a trial-by-trial basis to focus on semantic or phonological information.
The modulations that were evident in the blocked design were either absent or
attenuated. One explanation for these findings is that the differences between the
two classes of correct rejections in the blocked design reflect the existence of
different retrieval orientations that influenced subsequent stimulus processing.
According to this view, the absence of these effects in the second experiment
occurred because the different orientations could not be adopted effectively when
subjects switched between tasks on a trial-by-trial basis.
This research was supported by the UK Medical Research Council.

Support: Cognitive Science Program at Vassar College
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ERP EVIDENCE FOR RECOGNITION WITHOUT EPISODIC RECOLLECTION
IN A PATIENT WITH EARLY HIPPOCAMPAL PATHOLOGY. E. Duzel1. F,
Vargha-Khadem2. H.J, Heinze1. M. Mishkin3*. ‘Department of Neurology II, O.v.G.
Univ. Magdeburg 39120, Germany, Cognitive Neuroscience Unit, Institute of Child
Health, University College London Medical School, London, UK WClN 2AP,
’Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892.
Results from both event-related potential (ERP) studies in normal individuals and a
recent behavioral study in patients with hippocampal pathology raise the possibility
that recognition with and without episodic recollection have different neural bases. To
examine this possibility further, we recorded ERPs (64 scalp electrodes) to recognition
judgments from a patient (Jon) with early and relatively selective bilateral
hippocampal pathology. Jon exhibits a limited form of amnesia with impaired episodic
recollection but spared recognition. His ERPs in the time window from 300-500 ms,
often referred to as N400, were similar to those of normals. In particular, deeply
studied words repeated after delays of ca. 2 min elicited a smaller N400 than did new
words. Also as in normals (Rugg et al., Nature, 1998), this reduction was greater if Jon
recognised the repeated words (hits) than if he missed them. In contrast, Jon's ERPs
differed from normals' in the time window from 500-800 ms, often called the late
positive component (LPC). In normals, manifestations of episodic recollection to
correctly recognized words, such as retrieval of context, retrieval of deeply studied
words, and 'remembering' as compared with 'knowing', increase the amplitude of the
LPC in left posterior electrodes (Wilding & Rugg, Brain, 1996; Paller et al.,
Psychological Science, 1995; Duzel et al., PNAS, 1997). In the paradigm we used, the
same increased LPC is seen in comparing hits with correct rejections in normals but
was not seen in Jon. Indeed, an inversion of this effect was seen in Jon’s
frontotemporal electrodes. The results support the view that recognition with episodic
recollection differs from recognition without such recollection in that only the former
depends critically on the hippocampus.
Supported by Deutsche Forschungsgemeinschaft and NIMH/IRP.

FMRI ANALYSIS OF MEMORY ENCODING AND RETRIEVAL
IN YOUNG AND OLDER ADULTS: ROLE OF HIGH- VERSUS
LOW-FUNCTIONING ELDERLY. A. C, Rosen14. M. W. Prull1*, R.
O’Hara2. M, Van De Water4, J, D. E. Gabrieli1. J. E. Desmond1, G. H. Glover?
J, A, Yesavage2,4. Depts. of ‘Psychology, 2Psychiatry, & ’Radiology, Stanford
University, Stanford, CA 94305; 4Palo Alto VAMC, Stanford CA 94304.
Many behavioral studies in cognitive aging involve comparing a single sample
of older adults to a single sample of young adults, with no further differentiation
made among individuals within age groups. However, people follow different
developmental paths in cognition: Some retain high levels of cognitive
functioning in old age while others evince noticeable declines. This fMRI study
compared memory encoding- and retrieval-related frontal-lobe activations in young
adults to two groups of older adults: High-functioning and low-functioning.
High- and low-functioning was defined as superior or inferior performance on four
standard neuropsychological measures of declarative memory. Tests of semantic
memory encoding, repetition priming, and episodic memory retrieval were
administered using a blocked design. Relative to a common baseline task
(uppercase/lowercase judgments), young and high-functioning elderly showed
increased left-lateralized frontal-lobe activity during encoding scans and decreased
activity in the same region during the repetition priming scan. Low-functioning
elderly did not show this pattern, and showed less good encoding and priming
performance relative to the other two groups. Moreover, young and highfunctioning elderly showed similar right dorsolateral and frontopolar activations
associated with episodic memory retrieval (together with similar patterns of
behavioral performance), but low-functioning elderly displayed a reduced level of
activity overall during this scan together with lower behavioral performance
patterns. These data suggest that (a) variations among older adults with respect to
mnemonic abilities are reflected in BOLD fMRI signals, and that (b) differences
between young and older adults in fMRI studies of memory reflect, in part,
differences in cognitive status within older adult samples. Supported by NIA
grants AG 12995, AG11121, and AG05750.

259.13

259.14

FRONTAL PATIENTS SHOW IMPAIRMENTS IN BEHAVIORAL AND ERP
MEASURES OF SOURCE MEMORY. D. Swick.3* A. Senkfor,1 L. Machado.2 &
C. Van Petten1. ‘Dept. of Psychology, Univ. of Arizona; 2School of Psychology, Univ.
of Wales Bangor; 3Dept. of Neurology, UC Davis, VANCHCS, Martinez, CA 94553.
Prefrontal cortex has been implicated in source memory, or memory for the context
in which items or facts were learned, while playing a less essential role in memory for
the items themselves (Shimamura, 1995). The present study examined the time course
of item and source memory retrieval processes and their possible prefrontal
underpinnings by recording event-related potentials (ERPs) in neurological patients
with frontal lobe damage. Nine patients (mean age 67 yrs) with focal lesions in lateral
prefrontal cortex (portions of Brodmann areas 6, 8, 9, 10, 44, 45, and 46) were
compared to a group of age- and education-matched controls. During the encoding
phase, subjects studied lists of 20 words spoken in a male or female voice. A gender
decision task, designed to improve source memory in older adults, was performed
under intentional study conditions. At test, subjects read lists of words and made an
initial old/new decision. For words judged old, a subsequent source decision
(male/female voice) was given. The source accuracy of the frontal patients (75%) was
significantly less than that of controls (90%). The hit rate for old words (item
accuracy) did not differ significantly for controls and frontal patients, but the false
alarm rate was higher in the patients, replicating previous findings (Swick & Knight,
1999). The main feature of the ERPs in controls was a frontally distributed negativity
(600-1200 msec) to old words that showed a L>R asymmetry in some subjects. This
negativity, which was not observed in young controls or in prior ERP source memory
studies (Senkfor & Van Petten, 1998; Wilding & Rugg, 1996), possibly reflects an
extended search for source information. The frontal patients showed a significant
reduction in the amplitude of the frontal negativity, suggesting a decrement in strategic
search processes essential for source memory. Supported by the James S. McDonnell
Foundation and NIDCD.

FUNCTIONAL NEUROANATOMY OF EMOTION-LADEN EPISODIC MEMORY
RETRIEVAL. M. Beauregard*, C. Breault, C. Menard and, P. Bourgouin.
Departement de radiologie, Universite de Montreal; Unite d’IRMf, Centre Hospitalier
de I’Universite de Montreal (CHUM), Campus Notre-Dame; Centre de recherche,
Institut universitaire de geriatrie de Montreal, Montreal, Canada.
In light of the various lines of evidence suggesting a modulatory role of emotion
on the neural substrate subserving memory retrieval processes, we examined the
neural correlates of episodic memory retrieval of emotionally-laden pictures.
Positive, negative, and neutral color photographs from the International Affective
Picture System were encoded 30 min prior to the beginning of the functional
scanning. Eighteen healthy young subjects were scanned using fMRI while they
were presented with pairs of pictures belonging to either one of these three
categories. For each of these pairs, subjects were asked to recognize which
stimuli they had prior encoded. When the brain activity associated with the
recognition of both positive and negative pictures was contrasted with that
associated with the recognition of emotionally neutral images, significant foci of
BOLD activation were seen bilaterally in the inferior and middle temporal gyri, as
well as in various occipital areas (p < 0.001). Significant activation was also noted
in the left amygdala but only during the recognition of negative pictures (p < 0.001).
These data indicate that the brain networks subserving visual recognition of
images with positive or negative valence share an important degree of similitude.
They also suggest that the amygdala might be more involved in the episodic
retrieval of aversive relative to pleasant events.
Supported by a grant from Dep. de radiologie, Universite de Montreal.
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260.2

STUDIES OF REMOTE SPATIAL MEMORY IN AN AMNESIC PERSON WITH
EXTENSIVE BILATERAL HIPPOCAMPAL LESIONS. R.S, Rosenbaum.
S, Priselac. and M. Moscovitch*. Dept. of Psychology, Erindale College, University
of Toronto; Rotman Research Institute and Psychology Department, Baycrest Centre
for Geriatric Care; Toronto, Ontario, Canada.
The hippocampal complex is believed to be necessary for acquiring allocentric
spatial maps, the representation of locations relative to one another, in large-scale,
natural environments. Recent research also suggests that remote topographical
memory might rely on the integrity of this neural region. We tested this hypothesis
in KC, a patient with extensive bilateral hippocampal damage who, nonetheless, is
capable of navigating the neighbourhood where he had lived for many years prior to
his injury. KC was assessed on a wide range of measures including: 1. recognition
and identification of familiar landmarks, 2. judging the proximity and distance
between landmarks, 3. sequencing landmarks along routes, 4. drawing vectors
indicating the correct direction and distance of given landmarks, 5. sketch mapping,
and 6. constructing alternate routes when direct routes were inaccessible. With the
exception of the first task, results indicated that KC did not differ from controls in
remote topographical knowledge. Taken together; the results suggest that the
hippocampus does not appear critical for the maintenance and retrieval of remotelyformed spatial maps but may be necessaty for specifying details of different
locations in the map. This deficit may be similar to KC’s episodic memory deficit
where he remembers remote general knowledge but not specific details.

PATIENT H.M. SHOWS EVIDENCE OF PARAHIPPOCAMPAL DEPENDENT
PLACE LEARNING. V. D. Bohbot*1 and S. Corkin2. ‘Montreal Neurological Inst.,
Montreal, QC, H3A 2B4; 2Dept. of Brain and Cognitive Sciences, and the Clinical
Research Center, Massachusetts Institute of Technology, Cambridge, MA, 02139.
Corkin et al. (1997) showed that the posterior region of H.M.’s medial temporal
lobes, including the parahippocampal cortices, were structurally intact. We therefore
tested H.M. on the Invisible Sensor Task (1ST), a spatial memory task that required
the right parahippocampal cortex (Bohbot, et al. 1998). The 1ST measured subjects’
ability to learn the location of a target, which was a weight sensor (10 cm x 10 cm)
placed under a carpet and therefore invisible to the naked eye. When the sensor was
triggered, a tone alerted subjects of a successful search. Of the 44 normal subjects
tested in a previous study, 43 (98%) started searching at one edge of the carpet on the
first trial. After the first trial, 3 of H.M.’s age-matched control subjects walked in a
direct path to the target on 45/51 (90%) trials. H.M. was first tested with the sensor
under a small carpet (162 cm x 150 cm); interspersed with the first sensor location, he
was tested with the sensor in a second location, covered by a larger carpet (250 cm x
210 cm). When tested on the first sensor location, H.M. walked towards the vicinity
of the target in 19/35 trials and found it in a direct path on 15 of the 19 trials (80%).
Yet he found the second target location in a direct path on only 10% of the trials.
Although H.M.’s performance was not normal, the number of direct hits at' the first
target location was significantly different from chance (p<0.0005). An analysis of
H.M.’s paths showed that he did not rely solely on an egocentric or working memory
strategy to learn the task. It is unclear whether the impairment in learning the second
location resulted from the increased difficulty of the task or from interference
produced by learning the first location. The place learning contrasts with his dense
amnesia and his inability to recollect the episode related to the 1ST. These findings
suggest that allocentric place learning, which may be dependent on the
parahippocampal cortex, does not require conscious recollection. Funded by jsmf 97-34,

This research was supported by the Medical Research Council of Canada grant
(MA-6694) to M. Moscovitch.

NSERC, and AG06605.
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260.3

260.4

DEFICITS IN MAP READING AND NAVIGATION IN SCHIOPHRENICS.
L. Shegelman1, E. Harris2, A. Rosenberg, and J.L. Kubie2*. 'Dept of Psychiatry,
Maimonades Med. Ctr, and 2Program in Neural and Behavioral Science, SUNY
Downstate, Brooklyn, N.Y.
The hippocampal formation of schizophrenics is small with disorganized cellular
morphology. This suggests that schizophrenics ought to have deficits in declarative
memory and complex navigational tasks (“cognitive mapping”). We explored the
navigational and mapping capacities of schizophrenics.
Schizophrenics subjects (n=36) were pharmacologically treated and non-psychotic
for at least 6 mos. Controls (n=25) were hospital employees. Subjects were tested
with three measures of cognitive mapping and navigation. In the principal test,
subjects were shown a map of an unfamiliar region with three landmarks (A, B, and
C). A photograph of a street corner was placed next to the map whose location was
readily identified. Subjects were instructed to draw arrows on the photograph as they
would appear lying on the street pointing toward each of the landmarks. (Notice,
since the map and the photo are available, there is little dependence on memory). In
the “circle” test, the subject stood blindfolded and was asked to turn one complete
revolution, and then a second complete revolution. In the “triangle” test subjects
were blindfolded, led along two legs of a triangle, and asked to return to the start
position. Schizophrenics were impaired with respect to controls on all three tasks
(map test: t= 3.7, df 57 pc.OOl; circle test: t=4.52, df =59, pc.OOl; triangle test: t=4.5;
df=57 pc.OOl). Performance on the map tests was most intriguing. On some
problems schizophrenics performed well - demonstrating that they understood the
task. On most problems schizophrenics performed poorly and exhibited patterns of
performance that were qualitatively different from controls. One father-son pair of
schizophrenics performed similarly on the 6 map tests (r=.994), suggesting common
factors causing error. (Institutional Research Award)

MEMORY OF A PATH TRAVELED IN A VIRTUAL ENVIRONMENT IN
ANXIOUS PATIENTS. I. Viaud-Delmon1’2*, S. Lambrev2, R. Jouvent1, A. Berthoz2.
’CNRS UMR 7593, Hopital de la Salpetriere, 2LPPA, CNRS-College de France,
75005 Paris, France
The aim of this study was to investigate the memorization of a path previously
navigated in a virtual environment, in anxious and normal subjects. We studied in
particular adaptation to a sensoiy discongruence during navigation and the
transformation of sensory inputs (visual, vestibular, somato-sensory information and
motor outflow) into a stored representation of the path.
Subjects were equipped with a head-mounted display coupled with an
electromagnetic sensor system. They were shown a virtual corridor along which they
were (virtually) moving forward. The only instruction for them was to rotate
themselves actively in order to change the direction of heading in the virtual
corridor. We introduced a conflict between visual and idiothetic information by
changing the gain between body rotation and visual scene. Three different gains
were used. Each experiment contained two parts. I. Navigation: Subjects were
asked to navigate twice in the same corridor. II. Memorized navigation: Subjects
had to reproduce in darkness the previous navigation, by recalling their movement in
the corridor from memoiy and rotating themselves appropriately. Additionally, the
subjects were asked to draw their impression of the last corridor on a sheet of paper
at the end of the experiment.
Anxious patients managed to navigate accurately in the virtual corridor even in
conflict conditions, but performed poorer than normal subjects in the memorized
navigation. Spatial orientation deficits will be discussed in the general frame of
sensory integration.
Supported by SmithKline Beecham.

260.5

260.6

HUMAN PLACE LEARNING IN VIRTUAL ENVIRONMENTS : THE
IMPORTANCE OF CUE PREDICTIVENESS. D, A, Hamilton*. J.J. Pollack.
N.A. Dutro, B.C. Cordova and R.J. Sutherland, Dept of Psychology and
Neurosciences, The University of New Mexico; Albuquerque, N.M. 87131.
The hidden platform version of the Morris water task has been extensively
employed to study spatial learning in rat. Hippocampectomized animals fail to solve
the problem and initial acquisition is dependent upon hippocampal synaptic plasticity.
In a computer analog humans appear to solve the task using a configuration of distal
environmental cues in a manner similar to rats and the relationship between
acquisition and hippocampal function has recently been demonstrated (Astur et al,
1998). To investigate this form of hippocampal dependent spatial learning we
employed a standard blocking procedure in the computerized task using sets of 4 cues
as distal environmental features: Only the distal cues unambiguously predicted the
platform location. In Phase 1 the blocking group received training with cue-set A and
control participants either received no training or received training with cue-set C. In
Phase 2 all participants received training with cue-sets A and B. The blocking group
performed significantly worse than controls on a no-platform probe trial with cue-set
B alone. This result is inconsistent with Hebbian and cognitive mapping accounts and
suggests that an error-correcting rule operates in acquisition. In a second experiment
we demonstrated unblocking. No differences among groups on probe trial
performance were obtained when the platform was relocated at the start of Phase 2. In
a third experiment we found that the blocking effect decreased as a function of Phase
2 training. Error-driven rules postulating a fixed ceiling of association strength
without decay require modification to explain this finding. In subsequent experiments
we trained participants to locate the platform with proximal, distal, or both types of
cue. A single probe trial was conducted with one cue type. No overshadowing of
proximal by distal cues was obtained with training beyond asymptotic performance.
Implications for computational accounts of spatial learning are discussed. Supported
by UNM RPT Grant and the Quad-L Foundation.

CEREBELLAR SUBJECTS SHOW COGNITIVE IMPAIRMENTS ON A NOVEL
MAZE LEARNING TASK. A.L. Gebhart* and W.T. Thach. Dept. of Anatomy and
Neurobiology, Washington University School of Medicine, St. Louis, MO 63110.
Classic views have implicated the cerebellum solely in motor control. However,
recent evidence extends the role of the cerebellum to trial-and-error “cognitive skill
learning.” Neuroimaging studies have shown left lateral cerebellar activation in
neurologically normal subjects as they learned to trace with the eyes closed, using
either hand, a novel tactile maze. This activation decreased with practice (van Mier et
al., 1998). We tested the hypothesis that subjects with left cerebellar lesions (who had
little or no motor incoordination) would be impaired behaviorally on a version of this
task, relative to age and gender-matched, neurologically normal controls.
Maze designs were cut out and placed on top of a digitizing tablet. Subjects closed
their eyes and moved a pen with the right hand continuously in clockwise direction,
as accurately and quickly as possible, through: (1) a control square design during two
one-minute trials, and (2) a novel maze during five one-minute trials. The novel maze
had eight “decision points” at which subjects could make either a correct turn or an
error (i.e., turn into a dead end). At the end of the novel maze trials, subjects were
visually presented with five maze patterns and asked to select the one they had just
traced.
On the square task, both cerebellar subjects and controls showed a similar
improvement in navigation with practice. By contrast, on the novel maze task,
cerebellar subjects showed several impairments relative to controls. Deficits included:
more decision-point errors, more “backtracking” throughout the maze (even after
multiple traces), less improvement in the number of successful maze completions
over successive trials, and more errors in selecting the maze they had traced.
This provides evidence that the cerebellum, in parallel to its theorized role in
combining muscle movements, plays an important role in combining several
sequential steps in skill learning.
Supported by James S. McDonnell Foundation Grant 98-32 CRH-QUA. 11.

260.7

260.8

MAZE LEARNING UNDER DIFFERENT EXPLICIT INSTRUCTIONS. Hanneke van Mier (iff Sylvig van Osch(2) and S tg ve Pgtgrsen (1).
1. Washington University, School of Medicine, Box 8111, St. Louis, MO 63110, 2.
University of Nijmegen, Dep. of Psychology, Nijmegen, The Netherlands.
This study was set up to compare performance under different explicit instructions
in a maze learning task. Subjects were instructed to move a pen continuously in a
clockwise direction through cut-out mazes as quickly and accurately as possible with
their eyes closed. Performance was measured during the first and 8th min. of maze
tracing (TRACING). Four different explicit conditions were presented during which
subjects were instructed to create either a visual, a verbal, a tactual, or a motor representation of the maze. Different mazes were presented during each condition.
Presentation of the explicit conditions and maze designs was randomized. At the end
of each condition, subjects had to freely draw the maze they just practiced (FREE
DRAWING). They were then presented with four alternative mazes out of which they
had to choose the correct one (CHOICE). The alternatives were presented in the same
modality as the explicit instruction; visually, verbally, tactually or motorically.
Behavioral data of 24 volunteers (12 women and 12 men, mean age 23 and 25
years) were analyzed with gender, condition, trial, and practice level as factors. For the
TRACING data, velocity, stop time, errors, and trajectory length were analyzed as dependent variables. Only a significant effect of practice level was found. For the FREE
DRAWING data additional variables were analyzed: drawing duration, number of correct segments, and maze resemblance. The latter two variables showed a significant effect of condition, with best performance in visual and motor conditions. Significant
gender and trial effects were found for stop time and drawing duration. No significant
effect of gender, condition, or trial was found for the CHOICE data.
These data suggest that subjects most likely use the same learning, storage and retrieval processes during tactile maze learning, regardless of the explicit instruction.
Supported by NS 32979, and McDonnell Center for Higher Brain Function.

BINDING AND SHORT-TERM MEMORY STORAGE OF SPATIAL AND NONSPATIAL INFORMATION. K. D. Merritt1, T. R. Stanford12*, and D. Lee1’2,
’Program in Neuroscience, 2Dept. of Neurobiology and Anatomy, Wake Forest
University School of Medicine, Winston-Salem, NC 27157.
According to the feature integration theory, attention is required for proper
integration of the features that belong to a given object. It has been proposed that
visual objects, not individual features, form the units of visual short-term memory
(VSTM), because the number of objects that can be stored in VSTM was not affected
by the number of features defining each object (Luck and Vogel, Nature 390, p. 279,
1997). To investigate the role of spatial location in the integration and storage of
visual objects, we examined the effects of spatial resolution on VSTM capacity.
Human observers viewed a variable number of colored squares (set size = 1,2,4, 8,
or 12) presented for 200 msec and made a same-different judgement when a second
set of stimuli was presented 800 msec later. The resolution of stimulus location was
dictated by a 14.5°x 14.5° stationary grid. The number of cells in the grid was 8x8 or
12x 12 for the low and high resolution cases, respectively. The size of the colored
squares was always 0.57°x0.57°. For each spatial resolution, there were three
conditions. The following changes occurred in half of the trials: in the color
condition, one square changed color; in the location condition, one square changed
location to a neighboring cell; in the color+location condition, a change in either
dimension was equally probable. For the color+location condition, response accuracy
was determined separately for changes in color and changes in location. Spatial
resolution had no effect in the color condition, suggesting that the extraction of color
information is not influenced by the resolution of the display. However, in the
location and the color+location conditions, accuracy was reduced to a similar extent
in the high resolution case. Accuracy was comparable for location change and color
change in the color+location condition. The results suggest that VSTM capacity for
spatial location depends on resolution and that color information must be bound to
spatial location for its storage in VSTM. Supported by NEI grant EY12389.
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260.9
THE ROLE OF THETA OSCILLATIONS IN HUMAN SPATIAL
COGNITION: EVIDENCE FROM INTRACRANIAL RECORDINGS.
T B Caplan1. M I KahanaU. r Sekuler*U. M KirschenL and 1 R Madsen2,3,1
iVolen Center, Brandeis University, Waltham MA 02254,
department of Neurosurgery, Children's Hospital, Boston MA 02115 and
department of Surgery, Harvard Medical School, Boston MA 02115
Theta oscillations, which are implicated in spatial navigation in
rodents, have been difficult to observe in humans. Using intracranial
electroencephalographic (iEEG) recordings from epileptic patients, our
group reported clear evidence of task-related theta during navigation of
virtual, 3D environments (Kahana et al., 1999). Examining activity from
31 to 108 electrodes per patient, we found that the raw iEEG signal
contained striking episodes of theta-band (4-8 Hz) rhythmic activity
lasting several cycles. These theta episodes were more prevalent in more
difficult mazes; they were also more prevalent during retrieval of
previously-learned spatial information than during the original learning.
Our present work further explores the hypothesis that theta
oscillations play a functional role in human spatial cognition. In this
report we characterize the correlational structure and phase relations of
theta episodes across brain regions. We find independent as well as
overlapping topographical and temporal organizations. Because theta
oscillations are associated with a variety of functional task dimensions it
is likely that theta plays multiple roles in human cognition.
[Supported by NIH grant MH55687 and a grant from the M R Bauer
Foundation.]

LIMBIC SYSTEM AND HYPOTHALAMUS I

261.1

261.2

PHYSIOLOGICAL ACTIVITY OF NEURONS IN THE BASAL AND IN
THE LATERAL NUCLEUS OF AMYGDALA: AN IN VIVO
INTRACELLULAR STUDY. N. Nurminen*1'2 and A. Ylinen1. ^ept of

UROCORTIN “PRIMING” IN VIVO ATTENUATES GABAERGIC INHIBITORY
TRANSMISSION IN THE RAT BASOLATERAL AMYGDALA.
R. Bergeron1*, M. Patil1, T.J, Sadivk2, D.R, Gehlert2. and D.G. Rainnie1: ’Harvard Medical
School & Brockton VAMC, Dept. of Psychiatry, Brockton, MA 02301; 2Eli-Lilly and
Company, Indianapolis, IN 46285, USA.
Microinjection of Urocortin (Ucn) into the basolateral amygdala (BLA) activates CRF
receptors and induces an anxiogenic behavioral response. Repetitive administration of
subthreshold doses of Ucn results in “priming”, whereby animals exhibit anxiogenic
behavioral responses when challenged with sodium lactate. The cellular processes
underlying the “priming” action of Ucn are unknown. We have used in vitro whole cell
patch-clamp recording to examine the effects ofUcn “priming” on the electrophysiological
properties of neurones in the BLA network.
Male Wistar rats (300 g; n=12) were implanted bilaterally with indwelling cannulae and
either “primed” with Ucn (n=6) or injected with 1% BSA (n=6). Animals were sacrificed
after behavioral assessment, and patch-clamp records obtained from BLA neurones using
standard techniques. Experimenters were blind to the prior history of test animals until
after patch-clamp results were obtained. Patch electrodes (8-12 MQ) were filled with a
solution containing, in mM: Kgluconate, 140; KCI, 10; MgCl2, 3; HEPES, 10; KATP, 2;
NaGTP, 0.2; and biocytin 0.45%. Stable records were obtained from 45 neurones, 5 of
which were identified as intemeurones. Passive membrane properties revealed no
significant difference in the resting membrane potential(~-59 mV), or input resistance
(-102MQ), of Ucn neurones compared to those of controls. In contrast, 94% of all control
neurones displayed spontaneous inhibitory synaptic activity (sIPSPs) whereas only 19% of
Ucn neurones displayed sIPSPs. In addition, afferent stimulation evoked a fast, GABAa
receptor-mediated IPSP in control animals at a holding potential of -55mV, which was
absent in Ucn treated animals. It is possible, that the anxiogenic effect of Ucn priming may
result from an attenuation of the GABAa receptor-mediated inhibition in the BLA network.
Support: NIMH (R29 MH57016-01) and NARSAD (NAR97RAIN704-01) to DGR

Neuroscience and Neurology and 2A I. Virtanen Institute, University of
Kuopio, POB 1627, FI-70211 Kuopio, Finland
Passive membrane properties and spontaneous activity of neurons in the
basal and lateral nuclei of amygdala were recorded intracellularly in
urethane anaesthetized rats in vivo. The correlations to different behavioral
stages were obtained by simultaneous recording of hippocampal EEG from
CAI pyramidal cell layer and stratum radiatum. After intracellular
recordings, the amygdaloid cells were filled with biocytin for later 3Dreconstraction.
Spiny cell with membrane potentials of 65-70 mV in the lateral and in the
basal nucleus of amygdala showed minimal spontaneous firing. The cells
depolarized slightly when spontaneous transition from non-theta phase to
theta phase occurred in hippocampal EEG. Another type of spiny cells,
which had higher spontaneous firing rate and membrane potentials of 60-65
mV were found from the basal nucleus of amygdala. These cells also
depolarized during these transitions into theta stage and increased their
firing rate to 3-9 fold. Slow depolarizations with increased firing occurred in
these cells simultaneously with irregular slow transients in hippocampal
EEG.
The results of the study show interaction between basal and lateral
amygdaloid nuclei and hippocampus in urethane anesthetized rats during
different electrophysiological stages, which have been associated with
different kind of behaviours in the awake animal
This study was financially supported by the Finnish Academy of Sciences.

261.3

261.4

SYNCHRONOUS INHIBITORY SYNAPTIC POTENTIALS IN SIMULTANEOUSLY RECORDED NEURONES OF THE BASOLATERAL AMYGDALA.
D.G, Rainnie*: Harvard Medical School & Brockton VAMC, Department of Psychiatry,
Brockton, MA 02301.
The basolateral nucleus of the amygdala (BLA) is a point of convergence for sensory
information via projections from the cortex and a number of subcortical structures. In the
BLA, glutamatergic projection neurones (PNs) outnumber local circuit, GABAergic,
intemeurones (INs) by a ratio of -9:1. This ratio suggests that the activity of a single IN
may act to synchronize the activity of a local ensemble of PNs. This hypothesis was
supported by the observation that spontaneous firing activity in BLA INs occurs at a
similar frequency to the occurrence of spontaneous IPSPs in PNs. Synchronized activity
in local ensembles of output neurones would facilitate cross-modal association of afferent
sensory information. I have used simultaneous patch-clamp recording from pairs ofBLA
neurones to directly examine the degree of synchronous activity within the nucleus.
Whole cell patch-clamp records were obtained from pairs of BLA neurones in an in vitro
slice preparation using an Axoclamp 2B dual headstage preamplifier, and standard
recording techniques. Patch electrodes (8-12 MQ) were filled with recording solution
containing, in mM: Kgluconate, 140; KCI, 10; MgCl2,3; HEPES, 10; KATP, 2; NaGTP,
0.2; and biocytin 0.45%. Neuronal morphology was verified with posthoc histochemistry.
Stable records were obtained from 8 pairs of BLA neurones. In seven of the pairs both
neurones were PNs, and in one pair an IN and a PN were recorded. In all PN-PN pairs
(5/7) in which spontaneous IPSPs were observed in both neurones, IPSPs occurred in total
synchrony. No coherence was observed in the occurrence of spontaneous EPSPs. In the
IN-PN pair, bursts of action potentials in the IN were coincident with spontaneous IPSPs
in the PN. Stimulation of the stria terminalis (ST) evoked identical postsynaptic
potentials in all PN-PN pairs. In the IN-PN pair, ST stimulation evoked action potentials
in the IN and a long-duration IPSP in die PN.

AN INHIBITORY INTERFACE GATES IMPULSE TRAFFIC BETWEEN
THE INPUT AND OUTPUT STATIONS OF THE AMYGDALA S, Royer*, M.
Martina and D. Par6 Dep Physiol, Laval Univ, Quebec Canada GIK 7P4
The amygdala plays a critical role in fear learning. The lateral nucleus
of the amygdala (LA) is the main recipient of sensory inputs whereas the
medial sector of the central nucleus (CEM) constitutes the prime source of
projections to the brainstem nuclei mediating fear responses. However, these
input and output stations are not connected directly but through the basal
amygdaloid nuclei (BL and BM). Moreover, interposed between the BL
complex and the CE nucleus is a string of interconnected GABAergic cell
clusters, the intercalated cell masses (ICM), which receive excitatory inputs
from the BL complex and project to the CE nucleus. Here, we studied how LA,
BL and BM inputs influence CE and ICM neurons.
Stimulation of the LA nucleus elicited large EPSPs in central lateral cells
but rarely in CEM neurons. Rather, CEM cells were responsive to BL and BM
stimuli. As to ICM neurons, they were responsive to LA, BL and BM stimuli.
However, there was a correspondence between their lateromedial position
and that of the stimulation sites eliciting the larger EPSPs. By contrast,
more lateral sites mostly evoked inhibitory responses via the activation of
other GABAergic ICM neurons located more laterally. These results imply
that LA inputs could, via inter-ICM inhibition, diminish the BL-evoked
excitation of ICM cells projecting to the CEM. As a result, the impact of
direct BL inputs on CEM cells should be enhanced. This hypothesis was
confirmed in experiments where LA stimuli enhanced excitatory CEm
responses to BL stimuli even though the connections between the LA and BL
nuclei were interrupted with a knife cut. Thus, our results suggest that the
ICMs act as gate controlling the transfer of inputs from the BL complex to the
CE nuclei.
Supported by the Medical Research Council of Canada.

Supported by NIMH (R29 MH57016-01) and NARSAD (NAR97RAIN704-01)
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PHYSIOLOGICAL PROPERTIES OF CENTRAL MEDIAL (CEM) AND
CENTRAL LATERAL (CEL) AMYGDALA NEURONS. M. Martina*. S.
Royer and D. Pare Dept. Physiol., Laval University, Qc, Canada G1K 7P4
The central (CE) amygdaloid nucleus plays a critical role in classical fear
conditioning. However, little data is available regarding the intrinsic
properties of CE amygdala neurons. Here, we studied the physiological
properties of CEm and CEL neurons using whole cell recordings in vitro.
Most CEm cells (95%), here termed 'late-firing neurons', displayed a
voltage- and time-dependent outward rectification in the depolarizing
direction associated with a delay between the onset of depolarizing pulses
and the first spikes. During this delay, the Vm depolarized slowly, the
steepness of this depolarizing ramp increasing linearly as the pre-pulse Vm
was hyperpolarized from -60 to -90 mV. 4-AP (30 gM) abolished the
outward rectification and the delay to firing. Late-firing cells displayed a
continuum of repetitive firing properties with cells generating single spikes
at one pole and high-frequency (>90 Hz) spike bursts at the other.
In contrast, only 56% of CEL cells displayed the late-firing behavior
prevalent in the CEM and they generated only single spikes in response to
depolarization. A second class of CEL cells (38%) lacked the delay to firing
observed in CEm cells and generated single spikes when depolarized.
In both regions of the CE nucleus, two additional cell types were
encountered infrequently (< 6% of our samples). One type of neurons had a
behavior reminiscent of thalamocortical cells. The second type of neurons
generated brief spikes at high rates with little frequency adaptation.
The CE nucleus thus contains several types of neurons endowed with
distinct physiological properties. Moreover, these various cell types are not
distributed uniformly in the CEM and CEL, paralleling the involvement of
these two subnuclei in different circuits.
Supported by the MRC.

LONG-TERM POTENTIATION IN BASOLATERAL AMYGDALA
PROJECTIONS TO THE NUCLEUS ACCUMBENS: NMDAr DEPENDENCE
AND INTERACTIONS WITH FMBRIA/FORNIX RESPONSES

261.7
8-OH-DPAT CONTROLS THE MAGNITUDE OF LTP AND INFLUENCES THE
APPEARANCE OF HIGH AND LOW THRESHOLD BURSTS IN THE RAT
AMYGDALA. D. Albrecht*. S. Pollandt. H. Sieemund and C. Stein. Institute of
Physiology, Charite, Humboldt University Berlin, Germany.
Converging evidence indicates that the amygdala is especially critical for the
formation and expression of conditioned fear. Systemic administration of 5-HT,A
receptor agonists and antagonists produces inconsistent effects on anxiety-related
behaviors in various rodent models of anxiety. In horizontal brain slices, theta
pattern stimulation was used to show that 8-OH-DPAT, a serotonergic 5-HTiA
receptor agonist, exerts an inhibitory effect on long term potentiation (LTP) which
was induced within the lateral nucleus of the amygdala. This inhibitory effect could
be blocked by specific 5-HT1A receptor antagonists. In urethane anesthetized rats
NMDA- as well as kainate-induced neuronal responses were strongly suppressed by
8-OH-DPAT ejected iontophoretically. In 14 out of 94 amygdaloid neurons, burst
discharges could be found (groups of mainly two action potentials with an interspike
interval < 4 ms). Bursts mainly appeared in neurons with a high spontaneous activity.
According to data from literature, low threshold bursts can be discriminated from
high threshold bursts by the preceding silent period of more than 100 ms duration in
extracellular recordings. Both types of bursts could be found within the amygdala of
urethane anesthetized rats. An increase in the firing rate induced by 8-OH-DPAT
correlated with an increase in the number of high and/or low threshold bursts. These
8-OH-DPAT-induced exitatory effects on the firing rate could frequently be blocked
by GABAa receptor antagonists. Therefore, intemeurons seemed to be involved in
the mediation of these effects. The 8-OH-DPAT-caused decreases in the firing rate
correlated with a decrease in the number of bursts. The present study shows an
inhibitory effect of 8-OH-DPAT on synaptic transmission and plasticity in the
amygdala and, therefore, an anxiogenic action of 8-OH-DPAT within the amygdala
is assumed.
This investigation was supported by a grant from the DFG (INK21/B7).

C. O. Martinez*, V. H, Do & B, E. Derrick Cajal Neuroscience Research Center and
the Div. of Life Sciences, The University of Texas at San Antonio, TX 78249
The basolateral amygdala (BLA) and fimbria/fomix (FFx) efferents ofthe hippocampus
constitute the major glutamatergic afferents to the nucleus accumbens (NAcb) and are
implicated in the rewarding aspects of drugs of abuse. We characterized evoked responses
and long-term potentiation (LTP) in the BLA-NAcb, and interactions between BLA and
FFx-NAcb responses in vivo in anesthetized rats. Stimulation of the BLA evoked shortonset (5-7 msec) negative-going field responses that were confined to the medial shell
regions of die NAcb. BLA responses were monosynaptic and locally generated as
evidenced by marked paired pulse facilitation, an ability of the responses to follow high
frequency (50 Hz) stimulation, unit firing on the field response, and die elimination of
responses by application of small (3.0 nmol, 1.0 ul volume) quantities of CNQX at the
recording site. High frequency stimulation (100 Hz, 2 s) ofthe BLA resulted in a sustained
potentiation of BLA-NAcb responses that was stable for > 2 hrs. This potentiation was
blocked by systemic administration of the competitive NMDAr antagonist CPP (10 mg/kg
i.p.). FFx-NAcb responses and LTP are well characterized, and here displayed die typical
decremented (< 1 hr ) potentiation following 100 Hz tetanization. However, when high or
low frequency stimulation of the BLA was delivered prior to or in conjunction with
tetanization of FFx, FFx-NAcb potentiation showed no decrement over a 2-3 hr period.
The conversion of FFx-NAcb LTP from a decremental to an apparently non-decremental
form was not observed when die BLA was stimulated following tetanization of FFx inputs.
These data suggest that BLA afferents to the NAcb display LTP, and activation of die BLA
can modulate FFx-NAcb LTP longevity.
Support: GM08194 (BED, COM).

261.8
Mas is involved

in ANGIOTENSIN AT, RECEPTOR-MEDIATED effects

in the brain

’institute of Physiology (Charite), Humboldt University, Tucholskystr. 2, 10117
Berlin; 2Max DelbrOck Center, Robert-R6ssle-Str. 10,13122 Berlin-Buch, Germany
Data from rats have shown that the angiotensin receptor subtype AT, is widely
distributed in the brain. One aim of this study was to investigate the distribution of
this receptor in the limbic system of mice by an immunohistological approach. Since
it is not clear whether the mas gene encodes for a receptor or represents a gene,
involved in the angiotensin signal transduction, we also investigated the distribution
of AT, receptors in may-knockout mice. High amounts of stained cells could be
found in the piriform and entorhinal cortex and in the hippocampal formation. In
somewhat lower rates, stained cells were found in several amygdaloid and thalamic
nuclei. The results also showed, that the AT, receptor distribution is nearly the same
in the wildtype and in the mar-knockout mouse brain.
In contrast, in electrophysiological recordings within the lateral nucleus of the
amygdala in brain slices a different action of angiotensin II was obtained in the
knockout mice in comparison to the wildtype mjce. The use of different receptor
antagonists leads to the assumption that mar is involved in the signal transduction of
the AT, receptor but does not encode for the AT,-receptor. Thus, it may be possible
that the AT, receptor could be present as a homomeric receptor and a heterodimeric
receptor, forming a complex with the may gene product. The heterodimeric receptor
may contibute to the effects which were seen in the wildtype mice, whereas the
effects of Ang II on the AT, receptor in the mas-knockout mice in the lateral
nucleus of the amygdala is mediated by the homomeric receptor type.
The study was supported by Deutsche Forschungsgemeinschaft (INK21/B7).

261.9

261.10

SPONTANEOUS EPILEPTIFORM ACTIVITY IN THE ISOLATED RAT
SUBICULUM. M, Stewart*Dept. Physiology & Pharmacology, SUNY
Health Science Center, Brooklyn, NY 11203
Horizontal slices (400 y) were cut and maintained as described previously. Spontaneous synchronous activity was induced by perfusion with
zero Mg2+ media, NMDA (20 pM) or picrotoxin (100 pM). Recordings
were taken from CA3, proximal and distal subiculum (SUB) and deep
medial entorhinal cortex (EC) before and after microsurgicai isolation of
the subiculum. Radial cuts on the subicular sides of the CA1-SUB and
preSUB-SUB borders, together with a complete undercutting of the EC
isolated the SUB. In intact slices, events in SUB followed events in CA3,
or they followed events recorded in EC. “Interictal” events in CA3 were
single population spikes, but 2-3 afterdischarges were typical in subicular
recordings. Many afterdischarges were present in a typical entorhinal
event and the'subicular events corresponding to these. Interictal activity
occurred in picrotoxin and early in the exposure to NMDA or zero Mg2+
perfusate. “Ictal” activity was seen during zero Mg2+ perfusion or NMDA
application and consisted of population spiking at rates greater than 1/s
for 10 s or longer. In isolated pieces of SUB, an “ictal” pattern of spontaneous activity could be seen in zero Mg2+ and NMDA. During picrotoxin exposure, single spontaneous population spikes were seen rarely
and did not include afterdischarges. The NMDA receptor antagonist CPP
(10 pM) abolished ictal and interictal forms of spontaneous discharge in
SUB in intact slices or isolated pieces. It is concluded that NMDA
receptor activation permits the interaction of subicular neurons to a
degree that supports the generation of epileptiform activity.
Supported by the Research Foundation of SUNY.

NEUROBIOTIN VISUALIZATION OF AXONAL TRAJECTORIES OF
SUBICULAR BURSTING AND REGULAR SPIKING CELLS IN RAT SLICES.
E. Harris* and M,Stewart- Dept. of Physiology & Pharmacology, SUNY Downstate,
Brooklyn, N.Y.
The population of pyramidal projection cells in the subiculum may be subdivided
into intrinsically bursting (IB) and regular spiking (RS) cell types. Bursting cells can
fire 2-6 fast spikes (~5 msec i.s.i.). B cells may be converted to a regular spiking
mode by depolarizing the holding potential; RS cells may never be converted to a
burst firing mode. This project was undertaken to determine whether these two
classes of cells target different brain regions.
Twenty male Sprague Dawley rats (150-400 g) were anesthetized with halothane
and decapitated. Four hundred micron horizontal or transverse slices were prepared
from dorsal and ventral blocks of the hippocampal region. Intracellular recordings
were made from twenty subicular cells and classified as IB or RS. Following
recordings, cells were filled with 2% Neurobiotin which was injected via
depolarizing current pulses (300 Hz, 150 msec steps). Cells were visualized using the
Vector ABC staining method and examined with a light microscope.
Ten cells which fired bursts had axon collaterals which could be traced in the
angular bundle toward presubiculum, in the alveus toward CAI, and ascending
obliquely on either side of the apical dendrite. Ten RS cells had several collaterals
which entered the deep layers of entorhinal cortex, ascended adjacent to the apical
dendrite, travelled in the alveus toward CAI, or traversed the subicular cell layer
toward presubiculum. Some fibers were seen to terminate locally. All cells were
pyramidal with spiny apical dendrites that reached the hippocampal fissure.
Additionally, eight of the cells (4 IB and 4 RS) were seen to have forks in their apical
dendrites which began at the top of the cell layer. Supported by NIMH (MH11587).
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REDUCTIONS IN INTERNEURON NUMBERS AFTER HIPPOCAMPAL
DEAFFERENTATION BY LESION OF FIMBRIA FORNIX AND
ENTORHINAL CORTEX BUT NOT CHOLINERGIC OR SEROTONERGIC
SYSTEMS. M.Rattrav1, M.T, Akbar1, M. Ramirez1, S.J. French1, M.K. Panni,
M.V. Sofroniew2, P.T, Francis1*. 1 Biochemical Neurpharmacologv Group.
Neuroscience Research Centre, GKT School of Biomedical Sciences, King’s
College London, Guy’s Hospital, London SE1 9RT, U.K., 2MRC Cambridge
Centre for Brain Repair, Robinson Way, Cambridge CB2 2DY, U.K.
Deafferentation lesion of the hippocampus is a characteristic feature of
many neurodegenerative diseases, including Alzheimer’s disease. Lesions
alter hippocampal activity and may produce changes in the activity and
numbers of inhibitory intemeurons. We have used in situ hybridisation to
investigate, in rats, the effects of fimbria fornix (ff) lesion (knife cut),
cholinergic lesion (lgG192-saporin into septum), serotonergic lesion (5,7DHT i.c.v.) and entorhinal cortex lesions (electrolytic) on hippocampal
intemeuron number and gene expression levels. CNS lesions were carried
out under full anaesthesia. After recovery from surgery, rats were kept for 156 days before terminal anaesthesia. Intemeurons were identified using in
situ hybridization for glutamate decarboxylase-67 (GAD) mRNA. Entorhinal
cortex and ff lesions produced an overall reduction in the numbers of GAD
mRNA expressing intemeurons, whilst serotonin and cholinergic lesions had
no effect. The ff lesion produced significant losses of intemeurons
expressing mRNAs for the neuropeptides cholecystokinin and somatostatin,
whilst the entorhinal cortex lesion had no effects on these subpopulations of
ceils. The results show that intemeuron phenotype and number are
regulated by afferent input into the hippocampus and further, that subsets of
intemeurons are controlled by different populations of afferents.
Funded by The Wellcome Trust and Spanish Government

SEPTAL CHOLINERGIC DEAFFERENTATION OF THE DENTATE GYRUS
RESULTS IN A LOSS OF A SUBSET OF NEUROPEPTIDE Y SOMATA AND
AN INCREASE IN SYNAPTIC AREA ON REMAINING NEUROPEPTIDE Y
DENDRITES. T.T, Ghorbani1. J.P. Pierce1*. J.R, Hammel.. R.G. Wilev2.and T.A.
Milner1. 'Dept. Neurology and Neuroscience, Weill Med. Coll, of Cornell Univ., New
York, NY 10021; Lab. of Exp. Neurol., 2VA Med. Cen., Nashville, TN 37212
Removal of cholinergic septal inputs using the immunotoxin 192 IgG-saporin reduces
the number of interneurons containing neuropeptide Y (NPY)-immunoreactivity in the
rat dentate gyrus by approximately 30% (Milner et al., JCN 386: 48-59, 1997). The
goal of the present study was to determine if NPY-containing neurons that survive
deafferentation have any distinguishing morphological and/or microenvironmental
features. Two or 24 weeks after icv injections of 192 IgG-saporin, NPY-labeled neurons
in the hilus of the dentate gyrus were examined by electron microscopy. Neither the
size nor morphological traits of NPY-labeled perikaryal or dendritic profiles from
lesioned compared to control rats differed significantly. However, NPY-containing
somatal profiles from immunolesioned rats compared to controls had a reduced
percentage of their plasmalemmal surface apposed to unmyelinated axon profiles and an
increased percentage of their surface occupied by astrocytic profiles. At 24 weeks, these
differences were significant. The primary contributing factor for these changes was the
absence of a subgroup of NPY-labeled somatal profiles in lesioned rats which was: (a)
distinguished by frequent appositions of unmyelinated axons (from 15 to 35%) to the
plasmalemmal surface; and (b) located primarily in the central hilar region. Unlike NPYcontaining somata, changes associated with NPY-labeled dendritic profiles were
exclusively related to associated presynaptic profiles at 24 weeks. In lesioned rats at this
time-point, NPY-containing dendritic profiles had a concurrent increase in the percentage
of the plasmalemmal surface occupied by active zones and the size of terminals
contacting them. The present results combined with those of our earlier study suggest
that septal cholinergic deafferentation results in: (a) the loss of a distinct subpopulation
of hippocampal NPY-containing neurons; and (b) an increase in total active zone area
suggesting a strengthening of synaptic connections to the surviving population of NPYcontaining neurons in the long term. Support: MH42834.

SPINAL CORD AND BRAINSTEM: MOTOR CONTROL
262.1

262.2

SPINAL LOCALIZATION OF MOTONEURONS INNERVATING THE
ISCHIOCAVERNOSUS MUSCLES IN CHINCHILLA FEMALE
RABBITS. J. Rodriguez1, R. Hudson2, M, Martinez-Gdmez1,2 and R.A. Lucio*1.
’Centro de Investigaciones Fisioldgicas, Universidad Autdnoma de Tlaxcala;
2Instituto de Investigaciones Biom^dicas, UNAM; Mexico.
Pelvic and perineal striated musculature is important for reproductive and vital
functions in mammals. In previous studies in adult female rabbits we described
the anatomy of the pelvic and perineal striated muscles and the origin of their
innervation from the lumbosacral spinal cord. In order to understand the reflexes
in which these muscles participate (see Cruz Y. et al at this meeting) we decided
to identify the nucleus of the spinal motoneurons. In the present study we used
retrograde tracing to identify the spinal localization of the motoneurons of the
ischiocavemosus muscle in the female rabbit.
The experiment was performed in chinchilla-breed rabbits. Three injections of
5% horseradish peroxidase coupled to wheat germ-agglutinin were applied
unilaterally in the ischiocavemosus muscle. The motoneurons labeled were
ipsilateral to the injection and were located at lumbar 7 and sacral 1 spinal
segments. Motoneurons pool are in the ventral nucleus at the IX lamina. The
present results in the female rabbit are different to those for the female rat in
terms of the position of the spinal motoneurons nucleus. CONACyT 4012PB;
DGAPA IN209597

CHANGES IN SIZE AND DENDRITIC STRUCTURE OF CAT FACIAL
MOTONEURONS AFTER PERMANENT AXOTOMY. Y, Nagse*, H.
Mizutani, A, Yoshida, M, Moritani, S. Honma, H, Fukami and Y,
Shigenaga. Department of Oral Anatomy, Osaka University Faculty of
Dentistry, Osaka 565-0871, Japan.
The aim of this study was to examine the morphological changes of
facial motoneurons by means of axotomy. The zygomatico-orbital branch
of the facial nerve was cut at 12-15 weeks before experiments. Eight
intact motoneurons (control) and four axotomized motoneurons were
analyzed and compared. Their motoneurons were labeled by using
intracellular injection of biotinamide. The stained neurons were
reconstructed with computer-aided neuron reconstruction system.
Qualitatively, the somadendritic morphology of axotomized motoneurons
was characterized as follows. The distal dendritic branches divided more
frequently to form a more complex arborization and followed a frequent
meandering path, often looping back toward the soma. Some distal
branches gave rise to tangled appendages that exhibited growth conelike appearance. Quantitatively, the axotomized motoneurons showed
larger somal and dendritic surface area, larger total dendritic length and
larger total number of branches than did intact motoneurons.

262.3

262.4

RELATIONSHIP
BETWEEN
MOTONEURON
DISCHARGE
SYNCHRONY AND COMMON SYNAPTIC INPUT. R.K. Powers*
and M.D. Binder. Dept. of Physiology & Biophysics, University of
Washington, Seattle, WA 98195.
Synchronous discharge in motoneurons is reflected by a central peak in
the crosscorrelograms compiled from their spike trains. The central peak
has been attributed to the near-simultaneous arrival of synaptic potentials
from common presynaptic neurons (cf. Kirkwood 7. Neurosci. Methods
1: 107, 1979), and thus, its size is thought to vary with the proportion of
shared synaptic input. We have examined the relationship between
discharge synchronization and common input by injecting current
waveforms composed of three, independent random components into cat
motoneurons. We recorded the responses of each cell to several different
composite waveforms; some waveforms were completely independent,
others shared 1-3 common components. Crosscorrelograms were then
compiled for the motoneuron spike trains in response to inputs with
known proportions of common and independent elements.
Using simple models of EPSPs and motoneurons, data from human
hand muscles have been interpreted as indicating that at least 25% and
generally 50-70% of the synaptic input that homonymous motor units
receive is shared (Bremner et al. J. Physiol. 432: 381, 1991). However,
our results suggest that an even higher percentage of common input is
needed to produce the degree of synchronization seen in these studies, and
that inputs with less than 50% commonality may not even produce
detectable peaks in the histograms.
Thus, previous analyses of
synchronization may have substantially underestimated the proportion of
synaptic input shared by pairs of concurrently active motor units.
This study was supported by NIH grants NS 31925 and NS 26840.

MODULATION OF FACIAL NERVE EFFERENTS BY SOMATIC SENSORY
INPUTS FROM THE ORAL REGION IN THE RAT. J. Mizuno1. R. Matsuo2. T.
Morimoto3. N, Yuyama1. and K.Tamura*1. ’Dept. of Oral Physiology, Kanagawa
Dental College, Yokosuka, 238-8580 Japan; 2Dept. of Oral Physiology, Okayama
University Dental School, Okayama, 700-8525 Japan; 3Dept. of Oral Physiology,
Faculty of Dentistry, Osaka University, Suita, 565-0871 Japan.
To evaluate the role of somatic sensory inputs from the oral area in formation of
the contractile rhythm of the lip muscle (the orbicularis oris muscle; OO), we
analyzed electrical activities of the facial nerve efferents that innervated the OO
muscle. The buccal and upper marginal mandibular branches that innervated the
upper lip muscle and the lower marginal mandibular branch innervating the lower lip
were exposed. They were confirmed to innervate the OO muscle by stimulating the
nerve fibers and were severed at the points as close as possible to the muscle. They
were divided into functional single units and their efferent activities were recorded.
Tactile stimulation on the oral cavity and facial structures was applied by gently
pressing a glass rod (dia. 1mm) against them. More than a half of the functional single
units of the facial nerve were silent to a tactile stimulation applied to the oral cavity
and the surface of the lips. Among the rest, most of the units innervating the upper
part of the lip muscle increased the unit discharge in response to a stimulation of the
surface of upper lip. In contrast, fibers innervating the lower part of the lip muscle
decreased their spontaneous discharges by stimulation of the surface of lower lip. In
case of the intra-oral stimulation, both of incremental and decremental type were
observed, and there were many receptive fields which existed on the ipsilateral side of
palate. It is suggested that somatic sensory inputs from the intra- or peri-oral area may
modulate rhythmical activities of the OO muscle during chewing and drinking.
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262.6

AXONAL TERMINALS FROM THE SUPRATRIGEMINAL REGION PROJECT
TO HYPOGLOSSAL MOTONEURONS IN THE RAT. Pifa Luo* and Dean Dessem,
Dept. of Oral & Craniofacial Biological Sciences, Univ. of Maryland Dental School,
666 W. Baltimore St. Baltimore, MD 21201.
Neural connections between neurons in the supratrigeminal region and hypoglossal
motoneurons in the rat were studied by double labeling method of dextran biotinylated
amine (BDA) anterograde tracing and retrograde horseradish peroxide (HRP)
transport. 10% BDA was iontophoresed unilaterally into the supratrigeminal region of
rats. Eight days after BDA inotophoresis, 1% WGA and 20%. HRP was injected into
ipsilateral tongue muscles. Animals were allowed another 48 hours survival, and then
euthanized and perfused with 2% paraformaldehyde and 0.5% glutaldehyde. Sections
of brainstem were processed for BDA and HRP histochemical reactions successively .
BDA anterogradely labeled fibers descend in the dorsolateral reticular formation of
the brainstem. The BDA labeled collaterals and terminals from the supratrigeminal
neurons and other possible fibers of passage were seen bilaterally in the hypoglossal
nucleus and the adjacent solitary tract nucleus. In the hypoglossal nucleus, the
distribution of the BDA-Iabeled collaterals and terminals were much denser in the
ipsilateral side than that in the contralateral side. This dominant distribution to die
ipsilateral side extended the entire hypoglossal nucleus. HRP retrogradely labeled
hypoglossal motoneurons were identified by coarse granular product in dieir somata
and primary dendrites. The HRP-labeled motoneurons are mainly located in die
ventral part of the ipsilateral hypoglossal nucleus following HRP injection into the
ipsilateral tongue. BDA stained terminals were seen to contact the cell bodies and
primary dendrites of the HRP-labeled motoneurons. Some HRP-labeled motoneurons
were apposed by numerous BDA stained terminals. This study suggests that the
supratrigeminal region, as one of the premotor neuronal pools of the hypoglossal
nucleus may coordinate and modulate the activity of tongue muscles in oral motor
behaviors. Supported by NIH DC04096 and DE10132.

AFFERENT PROJECTIONS TO PHARYNX AND SOFT PALATE
MOTONEURONS: AN AUTORADIOGRAPHIC TRACING STUDY IN THE CAT.
A.C.Hulshoff and G.Holstege*. Department of Anatomy and Embryology, University
of Groningen, Oostersingel 69, Medical School, 9713 EZ Groningen, The Netherlands.
The pharynx, soft palate and larynx muscles are innervated by motoneurons located
in the nucleus ambiguus (NA) in the medulla oblongata. The NA is an elongated cell
group extending rostrocaudally from the caudal pole of the facial nucleus to the obex.
The motoneurons lie rather scattered in the medullary lateral tegmental field, which
makes the study of their afferents in frontal sections difficult at the light microscopical
level. Only one part of the NA, the dorsal group, can be distinguished in Nissl-stained
sections. It contains part of the motoneurons innervating the pharynx and soft palate. In
the present study, in 168 cases [3H]-leucine injections were made in various parts of the
central nervous system, but mainly in the brainstem and diencephalic regions related to
the limbic system. In all these cases the labeled fibers to the NA were studied. The
results show that there are only a limited number of areas which have direct access to
the pharynx and soft palate motoneurons. The most important of these regions are the
nucleus retroambiguus (NRA), projecting mainly contralaterally, as well as the lateral
tegmental field of the caudal medulla and the first cervical segment, that project
ipsilaterally. A specific contralateral projection was also found from the tegmentum
dorsolateral to the superior olivary complex. Furthermore, limited projections originate
from the solitary nucleus, the caudal raphe nuclei and adjacent areas, as well as from
the ventrolateral parabrachial nuclei (PBvl) and perhaps the ventrolateral
periaqueductal gray (PAG). It is important to emphasize that the projections from the
PAG and PBvl to the regions surrounding the dorsal group are much stronger than to
the dorsal group itself, which makes precise assessment of the strength of these
projections to the dorsal group difficult. In conclusion, there are a limited number of
regions that have direct control of the pharynx and soft palate musculature. It is
suggested that these regions play separate roles in the different functions of the
pharynx and soft palate, such as vocalization, respiration, swallowing, food ingestion
and vomiting.

262.7

262.8

MOVEMENT TRIGGERED FLEXOR SPASMS IN
CHRONIC SPINAL CORD INJURY
Brian n,S.chmit*, Alicia McKenna and W, Zev Rymer
Sensory Motor Performance Program, Rehab Inst of Chicago, and Dept of Phys Med
and Rehab, Northwestern Univ Med School, Chicago, Illinois 60611
Flexor spasms were recorded in eight “complete” spinal cord injured individuals in
response to movement of the ankle. Isometric force/torque measurements were made
following application of a movement trigger using a multi-axis load cell placed beneath the foot. Flexion/extension torques at the ankle, knee and hip reflex torques
were calculated during the movement triggered flexor spasms.
All eight participants elicited multijoint flexion reflex torques following plantarflexion movements. The movement trigger for the flexor reflex required a significant
passive loading of the ankle dorsiflexors (> 2 Nm). In addition, dorsiflexion movements triggered flexor reflexes in three of the eight participants, but greater loads
were required to trigger spasms for dorsiflexion movements than for triggering
spasms with plantarflexion movements. Movement triggered flexor spasms were
characterized by EMG and torque onset which followed the movement and were consistently comprised of ankle and hip flexion. Knee torques were inconsistent, occurring in either flexion or extension, depending on the participant, while EMGs suggested co-contraction of the quadriceps and hamstrings. The three-joint reflex torque
patterns triggered by ankle movement were comparable to flexion withdrawal responses elicited by electrocutaneous stimuli applied to the second toe, although the
amplitude of the torque response was generally lower.
We conclude that movements that produce passive loading of the joint can trigger
flexor spasms in spinal cord injured individuals, most likely through the flexion
withdrawal pathways.
This work is supported by APA Grant #RB2-9801-l and the Dr. Ralph and Marian
C. Falk Medical Research Trust

IN VITRO INVESTIGATION OF FACTORS CONTROLLING THE EXCITABILITY
LEVEL OF JAW CLOSING SPINDLE AFFERENTS. D. Verdier, M-J. Bourque, J. Lund*and
A. Kolta . CRSN & Dep. de stomatologie, Univ. de Montreal, C.P. 6128, Succ. Centre-Ville,
Mtl, P.Q., Canada, H3C 3J7 and Faculty of Dentistry, McGill University.
The primary afferents innervating the spindles of jaw closing muscles have their
cell body centrally located in the trigeminal mesencephalic nucleus (MesV). These
cells are peculiar in several regards. Recent evidence suggests that antidromic firing
may play a significant role in shaping oral motor patterns and that the excitability of
different axonal compartments is independently regulated. In the present study, we
have examined some somatic mechanisms that may be involved in this regulation
using intracellular recordings in an in vitro slice preparation. Recorded neurons
(n=27) had an average resting membrane potential of - 55 mV (±1.1 mV; SE) and
an input resistance of 75 MO (±11 MO; SE); 27% of them were spontaneously
active. Among these, 2 fired in rhythmic bursts (burst frequency:1O-16Hz, spike
frequency during burst: 150-250Hz). Sixty percent of cells discharged a spike at the
end of hyperpolarising pulses. Depolarising pulses induced high frequency (>100Hz)
membrane oscillations in 35 % of cases and accomodation of spike discharge in 45%
of cases. Antidromically-conducted spikes were obtained by stimulation of the
descending axons. In two cases, these antidromic potentials were not affected by bath
application of GABA. "Spikelets", indicative of electrotonic coupling, were obtained
with very low intensity stimulation of MesV. They had short rising and decay times
and were sensitive to membrane potential. EPSPs were obtained with stimulation of
the supra- and inter-trigeminal areas and the periacqueductal grey. They were
abolished or diminished by CNQX, the addition of which unmasked an IPSP in
3cases. Our results show that MesV neurons receive synaptic inputs, are
electrotonically coupled and possess intrinsic properties that allow their membrane
to oscillate. Some or all of these factors may be at play during mastication. This work
was supported by the Canadian Natural Sciences and Engineering Research Council
and Medical Research Council.

262.9
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CONTROL OF PROXIMAL AND DISTAL MUSCLES BY RUBROMOTONEURONAL (RM)
CELLS IN MONKEY. A. Belhai-SaTf* and P. D. Chenev . Mental Retardation & Human
Development Research Center and Dept. of Molecular & Integrative Physiology, University
of Kansas Medical Center, Kansas City, KS 66160
In previous work using stimulus-triggered averaging of EMG activity, we showed
that magnocellular red nucleus output preferentially facilitates extensor muscles at both
distal and proximal joints (Belhaj-Saif et al, J. Neurophysiol. 79:1777-1789, 1998).
Moreover, at 60% of stimulation sites, facilitation effects were obtained in both proximal
and distal muscles. The goal of the present study was to investigate the contribution of
individual RM neurons to forelimb motor control. Specifically, we have used spiketriggered averaging of EMG activity to test the hypotheses that: 1) single RM neurons
preferentially facilitate extensor muscles at proximal as well as distal joints during multijoint forelimb movements, and 2) some RM neurons co-facilitate functional synergies of
both distal and proximal muscles. Two Rhesus monkeys were trained lo perform a reach
and prehension task. EMGs from 24 muscles of the forelimb (5 shoulder, 7 elbow, 5 wrist
5 digit and 2 intrinsic hand muscles) were recorded and digitized; averages were compiled
for a 60ms epoch (20ms before the trigger to 40ms after it). We tested 240 magnocellular
red nucleus neurons whose activity was modulated during the reach and prehension task.
Of these cells, 38 produced at least one post-spike effect. A total of 125 postspike
facilitations (PSpF), 80 postspike suppressions (PSpS), and 72 synchrony effects were
obtained. Of the PSpF effects, 11% were in shoulder muscles, 19% in elbow muscles,
27% in wrist muscles, 34% in digit muscles and 9% in intrinsic hand muscles. At each
joint, facilitation occurred predominantly in extensor muscles: shoulder (93%), elbow
(71%), and wrist and digit (64%). Moreover, 50% of RM cells co-facilitated at least one
proximal and one distal muscle. We conclude that individual RM cells preferentially
facilitate extensor muscles at both distal and proximal joints and that many cells cofacilitate combinations of distal and proximal muscles. These cells are uniquely suited to
participate in the control of coordinated multi-joint forelimb movements. Supported by
PVA Spinal Cord Research Foundation grant 1657 aid NICHD Center grant HD02528.

EXTRACTION OF MUSCLE SYNERGIES FROM ACTIVATION PATTERNS
EVOKED BY NMDA IONTOPHORESIS IN THE FROG SPINAL CORD. _R
Saltiel*, K. Wyler-Duda, A, d'Avella, M.C, Tresch and E. Bizzi. Department of Brain
and Cognitive Sciences, MIT, Cambridge, MA 02139.
In previous work, we found that spinal intemeuronal sites responsive to focal NMDA
iontophoresis produce a usually rhythmic motor output characterized by isometric
forces whose orientations are limited to five possible directions. More than one EMG
pattern can produce each force orientation, but close visual inspection has suggested that
these various EMG patterns represent combinations from a smaller set of muscle
synergies. Furthermore, it has been possible to demonstrate this with a computational
algorithm in the case of EMG patterns elicited by cutaneous stimulation of the hindlimb.
We have applied a fixed-point version of this algorithm to the NMDA EMG data
recorded from 12 hindlimb muscles. Starting with a random set of synergies, this
iterative method solely based on least squares computes the set of optimal synergies and
the coefficients of their linear combinations to match the observed EMG data. The
EMG records of 10 frogs were parsed in successive responses on the basis of visual
inspection. When the algorithm was applied to each frog individually, a limited set of
seven synergies was able to account for 96.4±1.3% of the variance in the EMG data.
The extracted synergies were similar between frogs, and a similar set of synergies
extracted from the pooled responses of all frogs still accounted for 91.9% of the
variance. The extracted synergies were consistent with visual inspection of the data.
A qualitative examination shows that different combinations of these synergies are
utilized to produce the different force directions. Preferred combinations are also
suggested by the observation that when the algorithm is used to explore a smaller set of
synergies (4-6), these generally consist of a combination of a pair from the set of seven
synergies, and that among the 21 possible pairs, 8 were distinctly very common.
These findings are consistent with a modular basis for the generation of rhythms by
the spinal cord (Supported by NS 09343, Swiss NSF to KW-D, and HHMI to MCT).
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EFFECTS OF H-REFLEX OPERANT CONDITIONING ON MOTOR UNIT
PROPERTIES IN RATS. J;S. Carp*,_XY, Chen, H- Sheikh, and J.R, Wolpaw,
Wadsworth Center, NYS Dept. Health and SUNY, Albany, NY 12201.
Operant conditioning of monkeys and rats can gradually increase (HRup) or decrease
(HRdown) the triceps surae (TS) H-reflex (HR), the electrical analog of the spinal
stretch reflex. This conditioning changes the spinal cord (TINS 20: 588-94, 1997). We
are currently investigating the role of motor unit plasticity in this behavioral change.
Under pentobarbital anesthesia, rat TS muscles were separated from surrounding
tissue and their common tendon was cut and attached to a force transducer.
Electromyographic (EMG) and electroneurographic activity were recorded from
electrodes inserted in TS muscles and the tibial nerve, respectively. Intra-axonal (or
intra-myelin) recordings in dorsal roots were performed with glass microelectrodes.
Contractile properties (twitch, tetanus, sag and fatigue) and axonal conduction velocity
(CV) of individual motor units (273 from HRup, 201 from HRdown, and 170 from
naive rats) were measured after activation by injection of brief current pulses. Motor
units were classified according to Burke et al. (J. Physiol. 234: 723-48, 1973) and
Carp et al. (J. Neurophysiol, in press).
Differences were found between conditioned and naive animals in twitch and tetanic
maximum force, conduction velocity and fatiguability. The magnitude of these
differences was not related to that of conditioning-induced change in HR size.
Subsequent analysis indicated that these differences were a manifestation of the larger
fraction of FR and FI motor units found in conditioned than in naive rats. The
difference in motor unit type distribution probably resulted from exposure to some
common aspect(s) of HRup and HRdown operant conditioning (e.g., nerve cuff, EMG
electrodes, electrical stimulation paradigm). No differences were found in contractile
properties or twitch EMG shape between HRup and HRdown rats. These data suggest
that conditioning-induced changes in the HR are centrally rather than peripherally
mediated. (Supported by NIH NS22189.)

ROLE OF CORTICOSPINAL TRACT OR DORSAL ASCENDING TRACT IN
MAINTENANCE OF H-REFLEX CONDITIONING IN RATS. X.Y, Chen*, L. Chen.
& J.R. Wolpaw. Wadsworth Center, NYS Dept Health & SUNY, Albany, NY 12201.
Rats, like monkeys, can gradually increase or decrease the H-reflex (HR) in response
to an operant conditioning paradigm that induces long-term change in descending
control over the spinal arc of the HR. We are exploring the roles of specific spinal cord
pathways in HR conditioning. Recent work indicates that the main corticospinal tract
(CST) is essential for the induction of down conditioning, while the dorsal column
ascending tract (DA) and lateral column tracts are not (J Neurophysiol 78:1730-1734,
1997; Soc Neurosci Abstr 24: 1153,1998). This study is evaluating the roles of CST
and DA in the maintenance of HRdown conditioning.
Female Sprague-Dawley rats (250-300 g) are implanted with chronic EMG recording
electrodes in soleus muscle and nerve cuff stimulating electrodes on posterior tibial
nerve. Electrodes connect to a head-mounted tether cable. When background EMG
remains in a specified range for a randomly varying period, nerve stimulation at M
response threshold elicits the HR. Under control mode, no reward is given. Under
HRdown mode, reward occurs 200 ms after stimulation if HR amplitude is below
criterion. After control mode data collection, each rat is exposed to the HRdown mode
for 50 days, subjected to either CST or DA transection at T8 under anesthesia, and
continued under the HRdown mode for another 50 days.
To date, H-reflex data have been collected from 9 rats. Confirmation of lesion location
is pending. In 4 putative DA rats, H-reflex amplitude averaged 53% (range 38%-62%)
of control-mode amplitude prior to lesion and 45% (range 24%-56%) 50 days later. In
5 putative CST rats, H-reflex amplitude averaged 67% (range 45%-83%) of control
prior to lesion and 117% (range 93%-141 %) 50 days later. These initial results suggest
that the main CST is needed for the maintenance as well as for the induction of
HRdown conditioning, and that the DA is not. (Supported by NIH grants HD36020
(XYC) and NS22189 (JRW) and by the International Spinal Research Trust (JRW).)
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CHRONIC RECORDING OF SINGLE MOTOR UNITS IN RATS: METHODS
DEVELOPMENT. G, Schalk. J.S, Carp. X.Y, Chen, P.M, Maniccia*. and J.R.
Wolpaw. Wadsworth Center, New York State Department of Health and State
University of New York, Albany, NY 12201.
Operantly conditioned change in H-reflex size appears to be due to changes in
intrinsic properties of motoneurons and possibly also in their oligosynaptic group I
inputs (J Neurophysiol 72: 431-442, 1994; 73: 1365-73, 1995). Evaluation of this
hypothesis requires data from motoneurons in awake, behaving animals. Thus, we are
developing methods for recording and identifying single motor units using chronically
implanted intramuscular electrodes and calculating from them motoneuron properties.
Under pentobarbital anesthesia, male Sprague-Dawley rats are implanted with four
chronic electromyographic (EMG) recording electrodes in soleus muscle and a tibial
nerve cuff that contains a pair of stimulating electrodes. All electrodes connect to a
head-mounted tether cable. When background EMG remains in a specified range for a
randomly varying period, an H-reflex is elicited by nerve cuff stimulation at M
response threshold. EMG epochs are recorded by computer for at least 1.5 sec prior to
and 0.5 sec after the stimulus. Single motor unit waveforms are identified by template
matching on at least two EMG channels and by firing statistics.
Preliminary analyses indicate that it should be feasible to follow single motor units
over the course of one or more days. From these recordings, we plan to isolate,
initially in control and ultimately in operantly conditioned rats, tonically active motor
units, to determine which motor units are recruited by the H-reflex stimulus, and to
estimate their motoneurons’ postsynaptic potential shapes and firing thresholds (e.g.,
Miles et al., Exp Brain Res 77: 628-636, 1989; Turker and Miles, J Neurosci Meth
39: 103-107, 1991). (Supported by NIH NS22189.)

OPERANT CONDITIONING OF THE RAT H-REFLEX: PHASES OF
DEVELOPMENT. J.R, Wolpaw*. X.Y. Chen, and L. Chen, Wadsworth Center, New
York State Department of Health and SUNY, Albany, NY 12201.
Primates and rats can increase or decrease the H-reflex (HR), the electrical analog of
the spinal stretch reflex, in response to an operant conditioning task (TINS 20:587-594,
1997). In primates, change occurs in two phases: a rapid phase I in the first two days
followed by a slow phase II over 40 days. We assessed the course of change in rats.
Sprague-Dawley rats (49 males & 16 females, 220-640 g) were implanted with EMG
electrodes in soleus muscle and stimulating electrodes on posterior tibial nerve.
Electrodes connected to a head-mounted tether.When background EMG stayed in a
given range, nerve stimulation at M response threshold elicited the HR. Under control
mode, no reward occurred. Under HRup or HRdown mode, food reward occurred ifHR
size was above (HRup) or below (HRdown) criterion. Data were collected under control
mode for 10-20 days and then under HRup or HRdown mode for 50 days.
H-reflex conditioning was successful (i.e., a change of ^20% in the correct direction)
in 20/26 HRup and 29/39 HRdown rats. In the 20 HRup rats, amplitude rose 26%
within the first two days, then rose 1.2%/day up to 40 days, and averaged 167(±9SE)%
of control for days 41-50. In the 29 HRdown rats, amplitude fell 7% in the first two
days, then fell 0.9%/day up to 40 days, and averaged 56(±3)% for days 41-50.
In rats as in monkeys, H-reflex conditioning occurs in two phases under the HRup
mode and probably also under the HRdown mode. Phase I represents rapid modeappropriate change in descending activity (probably in the corticospinal tract (see Chen
et al., adjacent poster)). Phase II is likely to reflect gradual spinal cord plasticity caused
by the long-term change in descending activity. The close similarities in course between
primates and rats suggest that the underlying mechanisms are similar.
(Supported by grants from the American Paralysis Association (XYC), the Paralyzed
Veterans of America Spinal Cord Research Foundation (XYC), The International
Spinal Research Trust (JRW), and NIH (NS22189 (JRW) and HD36020 (XYC)).)

262.15
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RATE-DEPRESSION OF THE SOLEUS H-REFLEX IN SCI AND
CONTROL SUBJECTS:
IMPLICATIONS FOR DIFFERENT
PRESYNAPTIC MECHANISMS. S.M. Flynn , M.H. Trimble*A.L. Behrman,
F.J. Thompson. University of Florida Brain Institute, Gainesville, FL 326100154.
Rate-modulation of reflex amplitude is a sensitive index of spinal
neurologic ftinction in both laboratory animal models and in clinical studies
of individuals with spinal cord injuries (SCI). Frequency-dependent
attenuation of reflex amplitude has been studied using trains of stimuli
across a range of test frequencies and also paired pulses separated by a
range of test intervals. The wind-up influence of pulse trains typically exert
more attenuation than observed using paired pulses, although both methods
have important practical utility. The interpulse interval can be set to evaluate
inhibitory processes having substantially different time courses, eg. GABAa
and GABAb processes. Low frequency depression (LFD) is reduced in SCI
individuals and has been proposed to be associated with a of loss of
descending modulation. LFD was assessed at 1 and 5 Hz and specific
synaptic depression (SSD) was evaluated using a paired pulse interval of
1000, 200, and 80 msec in control (N=4) and SCI subjects (N=4). Less
LFD (62% and 68%) and SSD (67%, 72%, and 26%) was found in SCI
subjects as compared to controls. The similarity between SSD and LFD at
1 Hz and 5 Hz suggests wind-up did not play a significant role. Although
SSD was less at all frequencies, the considerably smaller difference in SSD
tested at 80 msec suggests that shorter acting GABAa mediated inhibition
was less affected by SCI than the GABAb mediated inhibition. Supported by
Foundation for Physical Therapy and the American Paraplegia Society.

MUSCLE ACTIVATION PATTERNS EVOKED BY NATURAL VESTIBULAR
STIMULATION CAN BE RECONSTRUCTED AS COMBINATIONS OF A
SMALL NUMBER OF MUSCLE SYNERGIES. A. d’Avella*, P. Saltiel and E.
Bizzi. Dept. of Brain and Cognitive Sciences, M. I. T.; Cambridge, MA 02139.
How does the vertebrate motor system control the many degrees of freedom of the
muscloskeletal apparatus? The long-standing idea that the CNS may simplify the
problem by grouping the control of many degrees of freedom into a few functional
units has found recent support from spinal cord microstimulation and cutaneous
stimulation experiments in spinalized frogs. The spinal circuitry is organized into
modules whose outputs can be flexibly combined to produce different motor
behaviors. Are the supraspinal systems organized in a modular architecture as well?
To address this question we have studied the muscle activation patterns evoked by
natural stimulation of the vestibular system. Electromyograms (EMGs) were recorded
from 12 hindlimb muscles of midbrain-transected bullfrogs during whole-body
rotations. Pulsed and sinusoidal angular velocity profiles were applied by a torque
motor to the vertical axis of a rotational platform. The platform pitch and roll tilt
angles were systematically varied to produce a range of different vestibular
stimulations. For each response, the EMG activity of each of the 12 muscle was
averaged in successive 100 ms intervals and was described as a sequence of 12
dimensional muscle activation vectors. For each animal, a set of muscle synergies was
found by minimizing, with an iterative optimization algorithm, the total error between
each observed vector and the best fit of that vector as positive combination of the
muscle synergies. A small number of synergies were sufficient to explain the
responses observed in all stimulation conditions. Moreover, synergies extracted in
different animals appeared to be similar with respect to their muscle composition and
to the conditions for their activation. These observations suggest that supraspinal
systems act through a small number of control modules. The nature of the vestibular
synergies is discussed in relation to the synergies extracted during cutaneous
stimulation and other natural behaviors. Supported by N.I.H. (Grant NS09343).
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ULTRASTRUCTURE AND MORPHOMETRIC ANALYSIS OF A
MUSCLE-SPINDLE AND A PERIODONTAL AFFERENT NEURON IN
THE TRIGEMINAL MESENCEPHALIC NUCLEUS.
S. Honma.
M. Moritani, A. Yoshida and Y. Shigenaga*. Department of Oral Anatomy,
Osaka University Faculty of Dentistry; Osaka 565-0871, Japan.
The trigeminal mesencephalic nucleus comprises the cell bodies of
primary afferent neurons supplying jaw-closing muscle spindles and
periodontal mechanoreceptors.
The present study examined the
ultrastructures of synapses made on two kinds of neuron identified by
intracellular staining with horseradish peroxidase in the cat. The two
kinds of neuron received many synapses from unlabeled axon terminals.
The soma of a spindle afferent received larger numbers of synapse than that
of a periodontal afferent neuron. Thirty-nine synaptic boutons on the
muscle-spindle afferent neuron and forty-two synaptic boutons on the
periodontal afferent neuron were selected for the present morphometric
analysis. They were characterized in terms of bouton volume, surface
area of boutons apposed to the soma (apposed surface area), number of
active zones, total active zone area, mitochondrial volume and number of
synaptic vesicles. Also, the shapes of boutons and their active zones were
reconstructed from serial sections, and the distribution pattern of the
synapses on the soma was represented in the three dimensions. For the
two kinds of neurons, apposed surface area, total active zone area,
mitochondrial volume and number of synaptic vesicles were highly
correlated in a positive liner manner with bouton volume.

MODULATION OF RESPONSES OF RENSHAW CELLS BY SEROTONIN.
I. Hammar Simonsberg* and E. Bichler. Department of Physiology,
Goteborg University, P.O.Box 432, SE 405 30 Goteborg, Sweden.
Serotonin (5-HT) and noradrenaline (NA) modulate transmission in synapses between
primary afferents and first order neurones in several spinal reflex pathways. Very little
is on the other hand known about effects of monoamines on transmission in synapses
between various spinal neurones. For instance it was shown that NA may depress
activation of Renshaw cells via motoneurone axon collaterals (Engberg and Ryall, J.
Physiol., 1966,185:298-322) but effects of 5-HT were not tested. The aim of this study
was therefore to investigate whether 5-HT similarly depresses or facilitates responses
of Renshaw cells.
The experiments were performed on cats deeply anaesthetised by pentobarbital and
a-chloralose. The Renshaw cells were recorded from extracellularly in lower lumbar
segments and identified by the characteristic response to stimulation of motoneurone
axons in muscle nerves. 5-HT was applied locally by ionophoresis through a separate
micropipette. The modulatory actions were estimated from post-stimulus time
histograms and cumulative sums of series of spikes evoked by 20 stimuli within the time
windows of 4 ms. 5-HT increased the number of responses after 1 minute of
ionophoresis to 145% (statistically significant at p<0.01) in 8 out of 9 Renshaw cells.
The frequency with which the neurones discharged also increased. The results indicate
that activation of Renshaw cells is facilitated by 5-HT in contrast to previously reported
depression by NA. Descending monoaminergic pathways may thus modulate Renshaw
cell activity in a differentiated way. The enhancement of responses of Renshaw cells by
5-HT, and the resulting stronger recurrent inhibition of motoneurones, could counteract
the facilitatory effect of 5-HT on motoneurones (Hounsgaard et al., Exp.Brain Res.
1984,55:391-394). It could also counteract stronger reciprocal inhibition of antagonist
motoneurones following facilitation of responses of Ia inhibitory intemeurones by 5-HT
(Jankowska et al., in prep.). This study was supported by the Swedish Society for
Medical Research.

262.19

262.20

THE DISTRIBUTION OF SUBSTANCE P-IMMUNOREACTIVE BOUTONS
ON IMMUNOHISTOCHEMICALLY-IDENTIFIED RENSHAW CELLS IN CAT
AND RAT LUMBAR SPINAL CORD. P.A. Carr*, S.J. Shefchvk1 and M.J. Roller.
Dept. of Anatomy & Cell Biology, Univ. of North Dakota, Grand Forks, ND
58202; 'Dept. of Physiology, Univ. of Manitoba, Winnipeg, MB.
The
distribution
and
abundance
of peptidergic
boutons
on
immunohistochemically identified Renshaw cells in rat and cat lumbar spinal cord
was assessed using substance P-immunoreactivity to label tachykininergic fibers and
boutons and gephyrin- and calbindin D-28k-immunoreactivity as Renshaw cell
specific markers (Carr et al, Neuroreport 9,2657-2661: 1998). It has been suggested
that substance P may mediate excitatory or inhibitory effects on Renshaw cells via
acetylcholine release and nicotinic receptor interactions, respectively (Ryall, Ciba
Found Symp. 91, 267-280: 1982; Belcher & Ryall, J. Physiol. 272, 105-119: 1977).
In order to assess the synaptic mechanisms that may be involved in mediating the
excitatory/inhibitory effects of substance P on Renshaw cells, immunohistochemical
labelling of substance P receptor (NK-1), vesicular acetylcholine transporter and
glycine transporter-2 was conducted. Substance P-immunoreactive en passant and
terminal boutons were observed forming close contacts on immunohistochemically
identified Renshaw cell processes and somata in both rat and cat lumbar spinal cord.
An average of 5.4 and 4.1 substance P-immunoreactive close contacts were
observed on cat and rat Renshaw cells, respectively. Approximately 90% of the
observed appositions were somatic. The appearance and abundance of small
substance P receptor (NK-l)-immunoreactive puncta on Renshaw cells was not
dissimilar to that observed on other neurons in the ventral hom. Glycine transporter2 immunohistochemistry produced punctate labelling over the somata of most large,
ventral hom neurons but was not observed over Renshaw cell somata. These results
provide neuroanatomical support for the physiological effects of substance P on
Renshaw cell electrical activity. Supported by ND EPSCoR and UND SMHS.

A COMPARISON OF THE INPUT-OUTPUT PROPERTIES OF SPINAL
MOTONEURONS, Ia INHIBITORY INTERNEURONS AND RENSHAW
CELLS. T. Bui, S. Cushing, D, Dewey. R.E. Fyffe, and P.K. Rose*, MRC
Group in Sensory-Motor Neuroscience, Queen’s University, Kingston, Ontario,
Canada, K7L 3N6.
The purpose of this study was to determine the consequences of differences in
dendritic structure of spinal neurons on the current delivered to the cell body
(output) by tonically active synapses distributed uniformly on the dendritic tree
(input). Three groups of neurons were examined, neck motoneurons, group Ia
inhibitory intemeurons and Renshaw cells. The dendritic trees of these cells are,
respectively, very complex, complex to simple, simple. Compartmental models
were constructed based on detailed measurements of the dendritic geometry of
these neurons. All models were assigned identical innervation patterns and
passive membrane properties. Synapses on Renshaw cells and Ia inhibitory
intemeurons delivered more current/synapse to the soma than synapses on
motoneurons. The current/synapse depended upon the percentage of excitatory
synapses that were activated. At low synaptic densities, 40% more current
reached the somata of intemeurons, compared to motoneurons. If all excitatory
synapses were activated, the current/synapse reaching the cell body was twice as
large for intemeurons.
These results indicate that the dendritic trees of Ia inhibitory intemeurons and
Renshaw cells are designed to minimize the loss of current delivered to the cell
body by synapses on the dendritic tree. When this feature is combined with the
large input resistance of intemeurons, our results predict that spinal intemeurons
will be highly sensitive to the activity of small numbers of excitatory synapses
(Supported by the MRC of Canada and NIH).

OCULOMOTOR SYSTEM: HUMAN PERFORMANCE
263.1

263.2

HUMAN SACCADIC ACURACY IN A VISUAL CONTRASTDISCRIMINATION SEARCH TASK. B.R. Beutter1*. L.S. Stone1, and M.P.
Eckstein2. 'NASA Ames Research Center, Moffett Field CA, 94035-1000;
2Cedars Sinai Medical Center, Los Angeles, CA 90048-1865.
Differences in target and distractor salience have already been shown to
affect the accuracy of perceptual decisions in search tasks. The goal of this
study was to determine the extent to which the saccadic system also has
access to information about relative object contrast. In a contrastdiscrimination search task, we measured the accuracy of the 1st saccade over
a wide range of saliencies. Two human observers performed a 10 AFC
search for a high-contrast (65, 71, 78, 85, or 92%) target disk (21’) among
super-threshold distractor disks (52%) embedded in spatially uncorrelated
gaussian noise (rms contrast 26%). The target locations were indicated by
2.4° squares equally spaced along a 5.9° circle. Observers were instructed to
search the display for the bright disk (up to 4s, response terminated). The
accuracy of the 1st saccade was measured using a direction criterion (no
penalty for hypometria). Eye position was recorded with a 240 Hz video eye
tracker. The oculometric curves were well behaved: plots of discriminability
(d') vs SNR were linear for both observers (r2: 0.97 & 0.95, respectively)
with similar slopes (0.35 & 0.27). To compare performance with that of the
ideal observer, we computed the absolute efficiencies which were
approximately constant across SNR (mean: 22 & 9%). Our results show that
the saccadic system has access to precise information about object contrast.
Furthermore, the linear relationship between the d' of the 1st saccade and
SNR provides strong evidence that saccadic performance is mediated by a
process that depends linearly on relative object salience.

CONTRIBUTIONS OF VISUAL PROCESSING DELAYS TO
MISLOCALIZATION OF PERISACCADIC STIMULI. L, Boucher*, J.M.
Groh, H.C, Hughes, Department of Psychology and Program in Cognitive
Neuroscience, Dartmouth College, Hanover, NH 03755.
Accurate localization of brief visual targets requires that the brain know
precisely (a) when the stimulus was presented, and (b) where the eyes
were pointing at that time in relation to the target’s position. Previous
investigations on the latter issue have suggested that the brain relies on a
damped replica of the true position of the eyes. Because of this, substantial
mislocalization errors occur when brief visual stimuli are presented around
the time of saccadic eye movements (e.g. Dassonville et al., 1992). In this
study, we investigated the effects of visual processing delays on the
timecourse.of these mislocalization errors. Stimuli of different intensity
levels produce different response latencies in the visual system. We
reasoned that if the brain is able to compensate for these different
response latencies and infer the time of stimulus onset from the intensity
level, then the timecourse of perisaccadic mislocalization errors should be
the same for bright and dim targets. If, on the other hand, the brain treats
both dim and bright targets as having occurred at a fixed latency prior to
the onset of neural responses, then mislocalization errors for bright visual
targets (shorter latencies) should occur slightly later than mislocalizations
for dim visual targets (longer latencies). In the present experiment, we used
the double step paradigm with dim and bright targets to assess whether
human subjects can compensate for differences in visual processing
delays. Although subjects were more accurate in localizing the brighter
targets, the timecourse of the errors was the same for both bright and dim
targets. This suggests that the brain may in fact be able to compensate for
differences in processing delays that are due to differences in stimulus
intensity.
Sources of support: Whitehall, ONR YIP, McKnight, Sloan to JMG

NASA RTOPs 548-51-12 & 131-20-30 to LS and NASA NCC 2-1027 to ME.
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ILLUSORY WARPING OF SPACE DURING SMOOTH PURSUIT EYE MOVEMENTS
R.J. van Beers1, P. Haggard1, D.M. Wolpert2. (SPON: European Neuroscience
Association) 'institute of Cognitive Neuroscience, University College London,
London WC1N 3AR, UK; 2Sobell Dept., Institute ofNeurology, University College
London, London WC1N 3BG, UK.
When subjects were asked to judge the path of a moving target while pursuing a
second target with their eyes, a strong warping illusion was seen:
target
I
I perceived
eye----------------- >
J target
f
trajectory

OCULOMOTOR PERFORMANCE DOES NOT CHANGE WHEN
VARYING THE DEMANDS OF VISUAL CONTRAST DISCRIMINATION.
S.J.Hamstra1,2*, T.Sinha2,3, P.E.Hallett2,3. ‘Dept. Surgery, 2Dept. Physiology &
3Inst. Med. Sci., Univ. of Toronto, Toronto, Ont. M5S 1A8, Canada.
There have been no high resolution studies of eye fixations during visual
comparison. We have characterized oculomotor performance when comparing
the contrast of two vertical bars varying in luminance with a sine-wave profile.
Subjects looked repeatedly, to and fro, between the targets and judged which
bar appeared brighter. For comparison, performance was also measured in a
pure oculomotor task where subjects repeatedly fixated, as precisely as
possible, the centres of the same target bars. Increasing perceptual task
difficulty - by reducing contrast difference - has little effect on oculomotor
performance except in increasing the number of fixations and thus subject
decision delay. In general, fixation duration in the perceptual task is about
370ms, half the value in the pure oculomotor task.
While precision and
accuracy did not change with level of task difficulty, fixation in the perceptual
task differs from that in the oculomotor task in undershooting the targets and
being less precise in terms of the spread of eye positions mapped across the
target image. In addition, precision is best for the narrowest targets in both
perceptual and pure oculomotor tasks. We have already determined the relative
contributions of large fixation-shifting saccades, smaller corrective saccades,
and drift to the accuracy and precision of target fixation in the oculomotor task.
We will report and compare a similar analysis of the eye movements in the
contrast discrimination task.
Funded by the Medical Research Council of Canada.

▼

▼

This illusion was present for different eye and target movement directions. The
perceived warping of the target’s path occurs as the target moves from one side of
the fovea to the other.
We explored the basis of this illusion by examining the spatial localization, during
smooth pursuit, of briefly flashed targets whose position relative to the fovea was
controlled. When the target was flashed ahead of the moving eye it was perceived as
being further ahead than it actually was. However, when the target was flashed far
behind the eye, it was localized veridically. As the target’s location was varied
between these two retinal locations the misperception gradually decreased.
Localizing visual targets requires not only retinal location, but also eye position,
which must be estimated. We suggest that a predictive estimate of eye position is
used. Further, the amount of prediction depends on retinal location.
Supported by BBSRC grant 31/SO9539
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263.5

263.6

THE EFFECT OF HEMISPHERECTOMY ON PRO- AND ANTI- SACCADES
TO AUDITORY TARGETS IN THE GAP PARADIGM. P.A. Reuter-Lorenz1*.
L Hgfler2. M, Ptito2 -3 ,_A. Ptito2. and D, Guitton2 Department of Psychology1,
University of Michigan, Ann Arbor, MI; University of Montreal3 and Montreal
Neurological Institute2, Montreal, Canada, H3A 2B4.
Recent neurophysiological studies have elucidated collicular mechanisms
underlying the gap effect; however the corticocollicular interactions that mediate
this effect are not well understood. We studied the saccadic performance of
hemidecorticate subjects to peripheral auditory targets in the gap and overlap
conditions. Subjects also performed a choice manual response task under the same
stimulus conditions. Subjects with complete unilateral removals showed a larger
gap effect for contralesional saccades than for saccades directed opposite to the
intact hemisphere. Saccadic performance on catch trials in which no targets
occurred and during manual response blocks indicated a release of reflexive eye
movements made in the direction contralateral to the decorticate side. In the
antisaccade task, a similar asymmetry in the magnitude of the gap effect was
observed, along with a preponderance of prosaccadic errors in the contralesional
direction.
These results are consistent with three conclusions:
(1)
Hemidecortication can result in a disinhibition of the ipsilesional superior
colliculus, and possibly other brainstem oculomotor structures;
(2) this
disinhibition may lead to a suppression of the colliculus on the intact side (e.g.,
Henik, Rafal, & Rhodes, 1994); (3) ipsilesional collicular processes that underlie
the gap effect can be modulated by the intact hemisphere, or do not depend on
cortical input.
Supported by FCAR (Quebec), MRC, NSERC

THE SUPERIOR COLLICULUS ALONE MEDIATES NEITHER ‘BLINDSIGHT’
NOR ‘REFLEXIVE’ SACCADES IN HEMIDECORTICATE PATIENTS IN THE
GAP AND NO-GAP TASKS. T.M. Herter2*, P.A. Reuter-Lorenz1, M. Ptito2, A, Ptito2,
and D. Guitton2, ‘Department of Psychology, University of Michigan. 2Montreal
Neurological Institute and McGill University, Montreal, Quebec, Canada H3A 2B4.
Studies of ‘blindsight’, nonconscious visual perception, in subjects with
lesions of the striate visual cortex have implicated both 1) the extra-striate visual cortex,
and 2) the superior colliculus (SC) as mediators of ‘blindsight’. Hemidecorticate
patients are ideal for studying these putative mediators of ‘blindsight’ as they have a
complete absence of both striate and extrastriate function on the decorticate side, yet
have afunctional SC on both sides. As the SC is believed to control ‘reflexive’ saccade
generation, we examined whether the SC alone can mediate ’blindsight’ by testing the
ability of hemidecorticate patients to generate accurate saccades to visual targets
presented to their blind hemifield. Methods: Subjects were tested on two tasks: 1) a
‘gap’ task, which is known to optimize the production of ‘express’ saccades that require
an intact SC, and 2) a ‘no-gap’ task, in which destriate monkeys have been shown to
generate accurate saccades to their blind hemifield. Each trial began with the
presentation of a central fixation target that was extinguished either 250 ms prior to
(‘gap’ trials), or simultaneously with (‘no-gap’ trials) the onset of a 100 ms presentation
of either a stationary or moving saccade target (ST). The onset of ST was indicated by
the simultaneous onset of an auditory ‘go’ signal. On some trials (‘catch’ trials), the ‘go’
signal was sounded without the presentation of ST. Following every trial, subjects
indicated with a push-button whether or not they saw ST. Results: 1) ‘Catch’ trials and
push-button responses indicated that the subjects were unable to discriminate the
presence or absence of ST in the blind hemifield. 2) On average, saccades to the blind
hemifield were both inaccurate and highly variable in all conditions compared to the
intact hemifield. 3) The subjects were unable to generate ‘express’ saccades in either
task, despite their ability to generate them in an auditory ‘gap’ task (Reuter-Lorenz et
al., this meeting). Conclusion: Our results indicate that, at least in our task, the SC
alone mediates neither ‘blindsight’ nor ‘reflexive’ saccades to ’unseen’ visual targets.
Supported by the Medical Research Council (MRC)of Canada.

263.7

263.8

Saccade

adaptation

is severely

impaired

only

in patients

with

cerebellar

DEGENERATION BUT NOT IN CONGENITAL LESIONS AND UNILATERAL CEREBELLAR

INFARCTS.

T, Eggert, J. Ditterich, W. Scheuerer and A, Straube* Dept. of Neurology, Klinikum
Grosshadem, Ludwig-Maximilians Univ, Munich, Germany
Recent investigations revealed the importance of the cerebellum for movement
adaptation. Saccadic eye movements are a specialized part of the voluntary motor
system, and saccadic adaptation can be induced by systematic displacement of the target
during the saccade. By doing so the initial saccade amplitude changes over time in such
a way that the initial saccade lands on the new target location without postsaccadic
correction. A recent PET study (Desmurget et al. (1998) nature neurosci 1:524-528) as
well as our previous monkey studies (Robinson et al. (1995) Neurosci Abstr. 21:502.7)
suggest that the cerebellum and especially the medioposterior cerebellar cortex is
important for saccade adaptation. To determine whether the cerebellum is essential for
saccade adaptation, we recorded the eye movements of eight healthy controls, nine
patients with multiple system atrophy (MSA) of cerebellar type, five patients with
unilateral cerebellar infarctions (3 superior cerebellar artery, 2 posterior inferior
cerebellar artery (INF)) and two patients with congenital cerebellar malformations
(CON) using an infrared system (IRIS, Skalar, Delft, Netherlands). The saccadic gain
was reduced by stepping the target backward (30%) during the saccade.
In Patients with INF (-18±17%) and CON (-11 ±9%) the gain reduction did not differ
significantly from that of the controls (-12+11%); only patients with MSA showed no
saccade adaptation (+1±12%). The variability of the gain of the primary saccade did not
significantly differ in MSA (16%), INF (17%), and CON (15%).
These results suggest: 1) the cerebellum is important but not essential in saccade
adaptation and only combined lesions of the cerebellar cortex, the deep nuclei and the
brainstem (as in MSA) prevent adaptation; 2) the impaired adaptation is not only a
result of the increased variability of the primary saccade.
Research was supported by the Deutsche Forschungsgemeinschaft (DFG)
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INTERACTION OF GAIN ADAPTATION OF SACCADES AND OF
SHIFTS OF ATTENTION. Josh Wallman1*, Sqlly McEadden2 aodAfetefin

Khan1. 'Biology Dept., City College, City Univ. of New York, New York,
NY 10031 and 2Dept. of Psychology, Univ. of Newcastle, NSW, Australia
Saccades are open-loop behaviors that maintain their accuracy using
visual feedback after each saccade. This is demonstrated by surreptitiously
displacing a target backwards while the eye is in mid-flight, thereby tricking
the oculomotor system into assessing that the saccade had been too large.
Over many trials this results in a gradual decrease in saccade amplitude
(gain adaptation). Shifts of attention are similar to saccades; they are very
fast and are preceded by substantial delays. Can the magnitude of shifts of
attention also be modified by such tricks, but without eye-movements? We
presented targets which stepped 10° and then, at the individual's attentionshift-latency, stepped back by 3°; we assessed the locus of attention by using
a modification of the line-motion illusion. By this strategy we reduced the
size of shifts of attention to a target, although the magnitude of the change
was less than that typically found in saccadic gain adaptation experiments.
Furthermore, we found that in 4 out of 5 subjects tested, the gain of saccadic
eye movements was decreased as well, even though no saccades were made
during the adaptation trials. This interaction between the gain adaptation of
saccades and that of attention may be related to the fact that in normal life
saccades are directed to targets that first attract one's attention.
To see whether attentional or visual cues unrelated to the target can act as
error signals for adjusting the gain of saccades, we had subjects make
saccades to a spot, which, instead of backstepping, was briefly (-250 msec)
replaced by a large rotating grating on the near side of the spot, with
characteristics and location varying from trial to trial. We found that the
saccadic gain was significantly decreased in 5 out of 7 subjects. Perhaps in
daily life, the postsaccadic locus of attention relative to the fovea drives
saccadic gain modification.
CUNY Collaborative Research Incentive Award and NIH RR03060

658

OCULOMOTOR SYSTEM: HUMAN PERFORMANCE

MONDAY AM

263.9

263.10

CONTEXT SPECIFIC ADAPTATION OF SACCADE GAIN. RA Clendaniel1*, MJ
Shelhamer1. T Roberts2. ’Dept. Otolaryngology - Head & Neck Surgery, Johns
Hopkins University School of Medicine; Baltimore, MD 21287, 2Dept. Biomedical
Engineering, Catholic University of America; Washington, DC 20064
Prior studies in our laboratory have established that vestibular reflexes can be made
to have two adapted states (e.g. gain) simultaneously, with a context cue being used to
switch between the two states. The present studies have examined whether eye
position in the orbit and head position in space can be used as contextual cues to
differentially adapt saccade amplitude in normal human subjects. Saccade gain
(saccade amplitude / target displacement) to 15 deg. targets was adapted with the head
upright, viewing vertically displaced targets. When viewing targets 10 deg. above the
horizon, the targets were displaced 5 deg. laterally during the saccade, a condition
designed to increase saccade gain. When viewing targets 10 deg. below the horizon,
the targets were displaced 5 deg. medially during the saccade, a condition designed to
decrease saccade gain. The vertical location of the targets were alternated every 20
saccades over the course of 30 mins. Following the adaptation paradigm, saccades to
remembered target locations were consistently hypometric when the subject looked
down 10 deg. and hypermetric when the subject looked up 10 deg.
A similar contextual paradigm was used with the head tilted 45 deg. to the left
(stimulus to increase gain) and 45 deg. to the right (stimulus to decrease gain) using
an otolith cue as the context. Following 30 minutes of adaptation, saccades to
remembered targets were hypometric when the head was tilted to the right, and
hypermetric when the head was tilted to the left. In both paradigms, there was a
greater effect during the conditions designed to decrease gain as compared to the
condition designed to increase saccade gain. Results of similar experiments
conducted with the subjects upright vs. supine will also be discussed.
Supported by the National Space Biomedical Research Institute and NIH Grants
DC02849 and DC00150

OCULAR MOTOR FINDINGS IN NEUROFIBROMATOSIS-1 (NF-1).
A.G. Lasker, C.W, Koth, M.B. Denckla, D.S. Zee*. The Johns
Hopkins Hospital, Baltimore, MD 21287-6921

We compared 13 children (ages 6-16) with NF-1 with 13 normal
children (ages 6-17), looking at reflexive, volitional, predictive, and
anti-saccades, and “covert” shifts of attention. In general we found
that young NF-1 children (ages 6-12) had saccade latencies that
were longer than normal children in the same age group, but there
was no difference between patients and normal subjects over age
12. For example, in the reflexive paradigm, for ages 6-12, latencies
were above 250 ms in six children in the NF-1 group but in only one
child in the comparison group. For children over 12 there was no
difference. In a prediction paradigm (1 Hz square-wave stimulus) the
younger NF-1 children had more difficulty; 7 of 10 had latencies
greater than 200 msec compared with only 2 of 10 normal children.
In the antisaccade task 9 of 12 NF-1 children made 60% or more
errors compared to only 3 of 12 children in the comparison group.
Finally, we investigated the ability to shift "covert" visual attention
(Posner, 1983) using a button press and found no difference in the
ability to shift attention between groups. For NF-1 children under the
age of 9, however, reaction time was much longer than normal.
These results suggest that development of ocular motor and possibly
hand motor control is delayed in children with NF-1, but appears to
become normal by puberty.

Supported by NIH Grant NS35359

263.11
NICOTINE NASAL SPRAY EFFECTS ON SPECIFIC COMPONENTS
OF SMOOTH PURSUIT EYE MOVEMENTS IN SCHIZOPHRENIA.
J.D. Sherr, T, Blaxton, G. Thaker*, Maryland Psychiatric Research
Center, University of MD, Baltimore, MD 21228
A wealth of data suggests that smooth pursuit eye movements
(SPEM) are abnormal in schizophrenic patients. Recently, Freedman and
colleagues (Neuropsychopharmacology 18:175-185, 1998) showed an
improvement in SPEM after cigarette smoking in schizophrenic patients. We
propose to test the effects of nicotine on different components of the smooth
pursuit eye movement system in schizophrenia. We hypothesize that the
ameliorative effects of nicotine on the SPEM deficit in schizophrenia are due
to specific improvement in the extra-retinal component of the smooth pursuit
function. Thus, we hypothesize no change in smooth pursuit response to
retinal motion signals.
Subjects include ten schizophrenic patients with the SPEM deficit
and ten normal controls. Testing is performed at baseline and after nicotine
nasal spray 1 mg. Infrared oculography is obtained during a fovea-petal stepramp task with unpredictable onset and a 500ms mask. Thus, response to
both retinal and extra-retinal motion signals are obtained.
Initial results indicate improvements in closed loop gain and smooth pursuit
response to extra-retinal motion signals but not to retinal motion signals.
This suggests that nicotine effects ameliorate specifically the deficits
observed in relatives of schizophrenic patients. (Thaker et.al. Arch Gen
Psychiatry 55:830-836,1998)

VESTIBULAR SYSTEM: HUMAN AND MODELING STUDIES

264.1

264.2

MODELING THE ANGULAR VESTIBULO-OCULAR REFLEX (aVOR) IN 3-D:
EFFECTS OF EYE MUSCLE PULLEYS AND FIXATION-PURSUIT. M. Kunin and
T. Raphan*. Dept. of CIS, Brooklyn College of CUNY, Brooklyn, NY, 11210.
Work on saccadic control has shown that by incorporating muscle pulleys into the
eye plant model, the velocity-position integrator can be modeled as a vector integrator,
which need not possess non-commutative properties of rotations. Whether the aVOR
can be modeled using a vector integrator and eye muscle pulleys has been questioned
based on observed “non-commutative” behavior of eye orientation following different
orders of head rotations while fixating space fixed imagined targets. To predict the
behavior of the aVOR under these conditions, we combined a model of the aVOR in 3D, incorporating canal transduction, the vector integrator and eye muscle pulleys, with
a 3-D visual-cognitive fixation-pursuit system. This fixation-pursuit system interacts
with the aVOR to enhance or suppress eye velocity in three dimensions. The cognitive
fixation-pursuit model was implemented as a system whose goal is to align the optic
axis with the imagined target axis, while maintaining Listing’s law. This was based on
evidence indicating that effects of imagined targets on the aVOR are similar to that of
visual targets. Simulations indicate that this model explains a wide range of position
dependent aVOR behavior. Variations in pulley coefficient from 0 to 0.5 explains the
rule that the eye velocity axis tilts 25-50% of eye position when rotation is about a
spatial vertical axis while eye position is maintained up or down. This percentage is
less than the 50% tilt, which would be expected based on Listing’s law. The model also
explains the apparent “non-commutative” properties of the aVOR while fixating
imagined targets. Whether subjects were rolled counterclockwise from a left side down
position to upright and then yawed to the left, or first yawed to the left and then rolled
counterclockwise, the final eye orientation was in accordance with the location of a
spatially fixed imagined target. The simulation indicates that the presumed noncommutative property of the aVOR is due to fixation of an imagined target and not an
inherent non-commutative (quaternion) property of the velocity-position integrator.
Support: EY04141, DC03284, NASA-NSBRI Coop Agreement NCC 9-58.

RECOVERY OF OTOLITH FUNCTION AFTER UNILATERAL
VESTIBULAR NERVE SECTION AND LONG-TERM SPACE
FLIGHT. S.G. Diamond* and C.H. Markham, Dept. Psychology,
University ot California, Santa Barbara, CA 93106
Eight patients had tests of ocular counterrolling (OCR) after
unilateral vestibular nerve sections one to six years earlier. Three
astronauts were also tested after long-term space flights of six
months (two persons) or one month.
Testing consisted of two trials of dynamic rotation at 3°/s about
the naso-occipital axis to 90° on both sides. Both eyes were
simultaneously videotaped at 25 images/s.
Results in all patients showed abnormal OCR. In six who had
had acoustic neuromas, tilt to the side opposite the lesion was disrupted and the tilt to the lesion side was normal. Two patients with
Meniere’s disease had bilaterally abnormal OCR, probably reflecting bilateral inner ear disease. All patients had made a good functional recovery.
All three astronauts had severely abnormal OCR bilaterally on
return from their missions. Abnormalities continued through 14 days
postflight. After five months, the astronaut on the one-month mission had normal OCR. The other two were tested one year postflight and they, too, had normal OCR by that time.
The complete recovery of OCR in the astronauts contrasts with
the permanent deficits in the patients with unilateral vestibular
nerve sections. Although each otolith projects to eye torters bilaterally, such innervation appears to be directionally biased, as evidenced by the unilateral and long-term OCR deficits in the patients.
Supported in part by NASA contract NAS 9-19400.

Society

for

Neuroscience

, Volume

25, 1999

MONDAY AM

VESTIBULAR SYSTEM: HUMAN AND MODELING STUDIES

659

264.3

264.4

COMPARISON OF PASSIVE HEAD IMPULSES AND SINUSOIDAL
VESTIBULAR AUTOROTATION AS MEASURES OF HUMAN VESTIBULOOCULAR REFLEX FUNCTION C.C. Della Santina*, J.P. Carey, P.D. Cremer and
L.B. Minor. Dept. of Otolaryngology - Head & Neck Surgery, Johns Hopkins
University School of Medicine, Baltimore, MD 21287.
While caloric and rotational chair tests provide measures of human vestibuloocular reflex function at low frequencies (<= 1Hz), there is no uniformly accepted
approach to measuring VOR function at the higher frequencies for which it is
physiologically most important. Two paradigms, vestibular autorotation (VAT) and
high-acceleration horizontal passive head impulse testing (HIT), have been
advocated. In VAT, subjects actively shake their heads sinusoidally while fixating a
visual target. In HIT, subjects fixate a target while receiving randomly-timed and
directed high-acceleration impulses of yaw head rotation. These two approaches have
not been directly compared, and the extent to which their results differ should indicate
the degree to which pre-compensation and periodic stimulus prediction augment the
VOR during voluntary head rotation.
Using scleral coils, we recorded yaw VOR responses to autorotation, to manual
head thrusts, and to passive sinusoidal rotation in 4 normal and 4 labyrinthinedeficient humans. In normal subjects, impulse velocity gains were close to unity.
Autorotation gains were also ~1 except for rotation at >200 °/S and > 6Hz. In 4
subjects with known unilateral labyrinthine hypofunction >1 year following
intratympanic gentamicin therapy for Meniere's syndrome, impulse gains showed
marked asymmetry. Autorotation gains underestimated dysfunction with respect to
head impulse testing. Passive sinusoidal rotation gains were intermediate between
impulse gains and autorotation gains at similar frequencies.
We conclude that predictive compensatory mechanisms may augment apparent
VOR function during active periodic head rotation such as that employed in VAT.
This work supported by NIH ROI DC02390.

THREE DIMENSIONAL EXAMINATION OF SOUND- AND PRESSUREINDUCED NYSTAGMUS IN PATIENTS WITH SUPERIOR CANAL
DEHISCENCE SYNDROME. P.D. Cremer, J.P. Carey, L.B. Minor*. Dept. of
Otolaryngology Head and Neck Surgery, Johns Hopkins Medical Institutions,
Baltimore MD 21205-7215.
Dehiscence in bone overlying the superior semicircular canal can result in
vertigo and nystagmus induced by loud noises or by changes in intracranial or
middle ear pressure. We studied four patients with this syndrome, and measured the
trajectory of the evoked eye movements in three dimensions with the scleral search
coil technique.
Two of the four patients had evidence of isolated superior canal
dysfunction, while the others had normal canal function. The trajectory of the eye
rotation during the Valsalva maneuvers mapped to the affected superior canal in
each case. During pure tone stimuli with the light on, the patients developed a
sustained torsional deviation of both eyes away from the affected ear, consistent
with stimulation of the ipsilateral utricle. In darkness, there was nystagmus with a
slow phase trajectory intermediate between the planes of the superior and the lateral
canal on the affected side.
We suggest that during the Valsalva maneuver, the opening in bone
overlying the superior canal allows movement of the endolymph in that canal only.
In contrast, the tone bursts produced stimulation of the utricle, lateral canal and
superior canal, each of which lies in close proximity to the stapes footplate. The
superior canal dehiscence syndrome is occasionally associated with reduced
function of the affected canal, perhaps due to partial occlusion of that canal by
overlying dura mater and temporal lobe. Supported by NIH ROI DC02390, The
Garnett Passe and Rodney Williams Memorial Foundation (Melbourne Australia)
& The Royal Australasian College ofPhysicians.

264.5

264.6

Yaw head orientation
during
whole
body gaze shifts . D. Solomon1*, J.
Jewell1 and V. Kumar2. ’Dept. of Neurology; 2Mechanical Engineering and
Applied Mechanics, University of Pennsylvania; Philadelphia, PA 19104
Control of rotation of the upright body about the vertical axis (pivot turns) likely
utilizes vestibular information, since instability is noted in patients turning toward
the side of a unilateral labyrinthine deficit. During en bloc turns, with the head
fixed relative to the trunk, vestibular signals reflect trunk motion in space, and
could be used directly in postural control.
Four subjects were studied, for a total of 93 turns. During pivot turns on a stable
support surface in light, pelvis and head orientation was recorded using a video
system (Optotrak). Standing subjects were instructed to “turn to face a target”
which was visible 90 deg from their current position. Mean peak yaw head
angular velocity in space ranged from 131 to 186 deg/s. When head velocity was
maximal, pelvis angular velocity was consistently lower by 73-100 deg/s.
Although mean final head and body orientations never differed by more than 7
deg, peak head velocity occurred when the head movement was 34 to 47%
complete, at which time the pelvis was only rotated 18 to 33% of its final position.
Head on body velocity consistently changed direction at the end of each turn.
During whole body gaze shifts, the head is not stabilized with respect to the
body. Initially, there is active head on body rotation in the direction of the pivot
turn. Prior to completion of trunk rotation, head in space velocity neared 0 deg/s,
consistent with an increase in vestibulocollic reflex gain. This is analogous to
local feedback models of VOR gain modulation during head and eye gaze shifts.
Supported by Whitaker Foundation RG-97-0496, University of Pennsylvania
Research Foundation, National Science Foundation Grant CSS97-03220-001.

LINEARITY OF CANAL-OTOLITH INTERACTIONS IN HUMANS. S.H,
Seidman1*, R.D, Tomlinson2, G.D. Paige1, H.C, Goltz1, Y, Wada1, and N, Schmitt1
’Univ. Rochester Dept. Neurobiol and Anat; 2Univ. Toronto Dept. Otolaryngol
During natural behavior, the head may simultaneously undergo rotation, transduced
by the semicircular canals, and translation, transduced by the otolith organs. It has
been demonstrated in monkey that the vestibuloocular responses elicited by both
endorgans (i.e., the angular and linear VORs, or AVOR and LVOR) sum linearly
during combined rotation and translation, but this finding has proven more elusive in
humans. To investigate the combined AVOR/LVOR response, human subjects
underwent yaw eccentric rotation while displaced approximately 0.5 m from the axis
of rotation at 3 Hz in darkness while binocular eye movements were recorded.
Responses to on-center yaw rotation (AVOR alone) and inter-aural translation
(LVOR alone) were also recorded. A tone with pitch proportional to vergence angle
was presented to subjects, allowing them to modulate and hold vergence in darkness.
Vergence is known to strongly modulate the LVOR (and less so the AVOR).
During eccentric rotation with the subject facing away from the axis of rotation
(i.e., nose out), in which a yaw to the right occurs simultaneously with a translation to
the right (i.e., translation in phase with rotation), the AVOR and LVOR acted
synergistically. Responses were always out of phase with rotation, and became larger
in magnitude as vergence increased. For nose-in eccentric rotation, during which
translation is out of phase with rotation, the LVOR acted antagonistically to the
AVOR. During near viewing, the LVOR dominated the overall response, producing
eye movements that were in phase with the rotational stimuli. As vergence decreased,
the LVOR influence diminished, eventually resulting in responses that were out of
phase with rotation at lowest vergence. When the response to pure yaw rotation was
vectorially removed from the responses to eccentric rotation, the results proved
statistically indistinguishable from the LVOR recorded during interaural translation.
This suggests that the ocular response to combined angular and linear motion reflects
the linear combination of the AVOR and LVOR.
Supported by NIH DC01935, DC03365 and the MRC

264.7

264.8

DIRECTIONAL CROSS-COUPLING OF EYE VELOCITY IN RESPONSE TO
HEAD IMPULSES IN PATIENTS WITH CEREBELLAR DISEASE.
M.F. Walker,1,2* G. C. Y. Peng1 and P.S. Zee1,2. Departments of ’Neurology and
2OphthalmoIogy, Johns Hopkins Univ. School of Medicine, Baltimore, MD 21287.
We have studied directional abnormalities in the vestibulo-ocular reflex (VOR)
responses to brief, high-acceleration, high-frequency head rotations (head impulses)
in eight patients with cerebellar disease. Passive head impulses were applied
manually about the yaw (peak velocity 100-200 °/s, peak acceleration
4000-5000 °/s2), pitch, and roll axes while subjects fixed on a central LED (distance
126 cm) in the light. Head and eye positions were recorded using a three-axis search
coil system. Rotation vector analysis was used to generate angular head velocity
(relative to head position), eye-in-head velocity, and eye-in-space (gaze) velocity.
In half of the patients, we observed a shift of the axis of angular eye velocity
away from the applied head velocity. With yaw impulses, there was an
inappropriate upward eye-velocity component with peak velocity up to about
100 °/s. In these patients, upward cross-coupling could be seen in response to head
impulses in both directions, although asymmetries were common. The gain of the
primary horizontal component was also sometimes increased (with a velocity gain
of 1.5-2.0 at the time of peak eye velocity). With pitch impulses, head and eye
velocities were generally well aligned but gains were asymmetric: the gain for
downward head impulses was typically larger than that for upward head impulses.
Moreover, in patients demonstrating upward cross-coupling during yaw head
impulses, gains for downward impulses were often greater than unity (up to 2.3).
These findings suggest that increased gains of horizontal and anterior
semicircular canal inputs, due to die loss of the normal floccular inhibition on these
pathways, are coupled with the nonlinearities (Ewald's second law) inherent in the
response to head impulses. The results emphasize the role of the cerebellum in the
control of the axis of the high-frequency, high-acceleration VOR.
(supported by NIH-EY01849, NIH-5-P60-DC00979)

CHARACTERISTICS OF CORRECTIVE EYE MOVEMENTS MADE IN
RESPONSE TO ACTIVE AND PASSIVE HEAD IMPULSES IN SUBJECTS WITH
VESTIBULAR LOSS. R.A. Black? M.J. Thurtell? G.M. Halmagyi? I.S. Curthoys,2
and D.P. Gilchrist2*. ’Eye and Ear Research Unit, Royal Prince Alfred Hospital,
Sydney, 2050 NSW Australia; department of Psychology, University of Sydney.
The rapid, corrective eye movements made by subjects with vestibular deficits in
response to passive (unpredictable) and active (predictable) head “impulses” was
studied in ten unilateral vestibular deafferented (uVD) and three bilateral vestibular
deafferented subjects. A typical head impulse is a brief, low amplitude (15-20°), high
velocity (150-350%), high acceleration (4000-6000%2), yaw head-on-trunk rotation.
Eye and head rotations in space were recorded using the magnetic search coil
technique.
In response to both active and passive ipsilesional head impulses, all subjects accrue
a gaze error which is reduced or corrected by a rapid eye movement. The eye
movement made during active head impulses occurs at or after peak head acceleration.
These rapid eye movements are saccadic in nature as they lie on a main sequence and
obey Listing’s law but have shorter latencies than any previously described saccade.
The latency of these eye movements is between 45 and 130ms as measured from the
onset of neck electromyographic activity. There appear to be no particular initial
conditions which trigger the onset of these saccades. They are present in subjects with
severe or complete bilateral vestibular loss and are generated with and without a
fixation point.
We also compared saccades made during active head impulses with those made
during passive head impulses. Saccades made in response to passive head impulses
have greater latency than those during active head impulses and typically occur at the
end of the head movement. Passive head impulse saccades also lie on a main sequence
and obey Listing’s law.
Supported by NH&MRC (Australia) and RPAH Department of Neurology Trustees.

Society

for

Neuroscience

, Volume

25, 1999

VESTIBULAR SYSTEM: HUMAN AND MODELING STUDIES

660

MONDAY AM

264.9

264.10

EFFECT OF VERGENCE ON THE HUMAN VESTIBULO OCULAR REFLEX
(VOR) IN RESPONSE TO PASSIVE HIGH ACCELERATION PITCH HEAD
ROTATIONS. A.A. Migliaccio1, P.D. Cremer1, S.T. Aw1, G.M. Halmagyi1 and I.S.
Curthoys2*. 'Eye and Ear Research Unit, Royal Prince Alfred Hospital, Sydney
2050 NSW Australia; 2Dept. of Psychology, University of Sydney.
The effect of vergence on the 3-dimensional VOR in response to unpredictable
passive head “impulses” was studied in 8 normal humans. The impulse consisted of
low amplitude (15-25°), high acceleration (3OOO-5OOO°/s2) pitch head rotations with
respect to the trunk. Peak head velocity was 100-300°/s. Binocular eye and head
rotations in space were recorded using the magnetic search coil technique.
If a target is directly in front of one eye the axis of rotation for that eye should be
the same as the axis of rotation of the head, regardless of target distance. We tested
the prediction that in order for the VOR to maintain a stable retinal image during
vergence, separate motor commands to each eye are required, and found the
following. When a subject viewed a near target (15cm) directly in front of the left
eye during a downward head impulse then the velocity axis of each eye had a larger
clockwise torsional component than the head velocity axis, after 100ms. When the
subject viewed a near target directly in front of the right eye during a downward
head impulse then the velocity axes of each eye had a larger anti-clockwise
torsional component than the head velocity axis, after 100ms. In contrast when the
subject viewed a far target (94cm) directly in front of either eye, then the torsional
components of the eye velocity axes aligned with the head velocity axis, after
100ms. The behavior of the velocity axes was different during the initial 100ms.
While viewing a near or far target, the torsional component of the velocity axis of
the right eye was opposite to that of the left eye, during an upward head impulse.
During a downward impulse the torsional component of the velocity axis of the
right eye was in the same direction as that of the left eye.
This shows that vergence does alter the eye velocity axes from that assumed by an
ideal VOR. (Supported by NH&MRC and the RPAH Dept. of Neurology Trustees.)

DYNAMIC PROPERTIES OF HUMAN OCULAR TORSION INDUCED BY AC
GALVANIC VESTIBULAR STIMULATION
E. Schneider, S. Glasauer, M. Dieterich*. Dept. of Neurology, Center for Sensorimotor
Research, Klinikum Grosshadern, Ludwig-Maximilians-University, Munich, Germany.
DC galvanic vestibular stimulation (GVS) induces a tonic torsion of both eyes.
This study investigates the dynamic properties of the ocular torsion (OT) induced by
AC GVS. To determine the system responsible for this OT, the results are compared
with the known torsional dynamics of both the otolith ocular reaction (OOR) and the
ocular reaction induced by a pure semicircular canal (SC) stimulation.
Using three dimensional video-oculography either binocularly at a sampling rate of
30 Hz or monocularly at 60 Hz, we measured eye movements of 9 healthy subjects
while their heads were in erect and supine positions and they fixated a distant target.
Depending on the subject’s motivation, 5 or 10 binaural sinusoidal AC stimuli with
peak amplitudes of 3 mA were applied from a frequency range of 0.005-1.67 Hz.
All subjects showed eye movements modulated by the sinusoidal stimuli. Over the
frequency domain measured, the gain and phase relationships of the tonic OT showed a
lowpass characteristic with a gain (G) of 0.93+0.05 deg/mA and a time constant (TC)
of 1.74±0.21 sec. In terms of TC and G, no disconjugate torsional eye movements and
no differences between the erect and supine positions were observed. Two subjects
showed a high amount of nystagmus at frequencies beneath 0.1 Hz. In all subjects
blinks triggered nystagmus-like torsional eye movements. The nystagmus and blink
slow phases have an exponential trajectory whose TC lies in the range of 2 sec.
The dynamics we observed in this study is similar to the dynamics of the known
velocity-to-position neural integrator located in the SC pathways of the torsional VOR.
Its lowpass characteristic had been described with a TC of typically 2 sec. We conclude that the effect of GVS on OT is dominated by the activation of SC afferents.
Tonic eye movements, nystagmus, and the blink-related nystagmus under GVS can all
be explained by the SC integrator model alone.

264.11

264.12

DYNAMIC SHIFT OF PRIMARY POSITION IN HUMANS. T.
Haslwanter1*, B. Hess1, S. Aw2, !Dept of Neurology, Univ. Hospital
Zurich, CH-8091 Switzerland; Royal Prince Alfred Hospital, Dept. of
Neurology, Sydney, Australia.
It is well known that for static pitch or roll tilts the torsional
component of eye position is modulated by the orientation of the
subject with respect to gravity. In other words, the orientation of
Listing’s plane - and thus the associated primary position - depends
on the current pitch- and roll-tilt of the subject. Recent research has
revealed that in rhesus monkeys this effect is dramatically enhanced
by dynamic stimulation, e.g. by a sustained rotation about an earthhorizontal axis. We investigated if such a stimulus-dependent
reorganization of the eye position control system also occurs in
humans. 6 subjects were brought into a supine position, and rotated
with speeds of 60, 90, and 120°/s2 about the earth-horizontal yaw axis
(dorso-ventral). Fits of Listing’s planes that are modulated by the
body orientation with respect to gravity showed no clear modulation
of the primary position. However, the torsional components of
saccades executed during the rotations revealed a consistent
modulation with body position. The modulations of the horizontal
and vertical components were much more variable. We conclude that
the otolith influence on eye position control plays only a minor role in
humans.
Supported by DFG SFB 307-A10

INFLUENCE OF GRAVITY ON ORIENTATION OF LISTING’S PLANE IN
OLDER HUMANS. R.H, Schor*. J.M, Furman. Dept. Otolaryngology, Univ.
Pittsburgh, Pittsburgh, PA, 15213.
Listing’s Law states that, for a fixed head, eye positions expressed as rotation vectors
from a fixed reference position lie in a plane. This principle holds for young adult
human subjects. In Rhesus monkeys, the orientation of Listing’s plane with respect to
the head changes when the head is tilted with respect to gravity (Haslwanter et al.,
1992). This study examines both the applicability of Listing’s law for older human
subjects, and how gravity influences Listing’s plane in both young (20-30 years) and
older (60-75 years) subjects. Subjects were seated, with head comfortably restrained,
in a tilt chair that was either upright (0° tilt), or tilted up to 30° in one of four orientations: nose up pitch, nose down pitch, right ear down roll, or left ear down roll. During
the static tilt, subjects scanned a complex visual scene that subtended about 60° by 40°.
Eye positions were recorded with a dual scleral search coil that had been precisely calibrated in 3 dimensions. For each trial, rotation vectors corresponding to eye positions
were plotted in three dimensions and the orientation of Listing’s plane with respect to
the head was computed. We then compared the orientation of Listing’s plane in each
tilted position with the orientation of Listing’s plane while the subject was upright.
Results indicated that the orientation of Listing’s plane with respect to the head pitches
down slightly when the head is pitched back and pitches up slightly when the head is
pitched forward. The location of Listing’s plane along the X axis, which corresponds to
the average ocular torsion, changed during roll tilt as expected from ocular counterrolling. This reorientation phenomenon occurred in both young and older subjects.
These data suggest that the orientation of Listing’s plane with respect to the head in
humans, as in sub-human primates, is not fixed. It appears that vestibular input from
the otolith organs are used to alter the spatial orientation of the ocular motor system
such that primary position, defined as the normal to Listing’s plane, remains relatively
earth-horizontal in humans. Furthermore, this control strategy appears largely
unaffected by age. Supported by NIH grants AG10009, DC03417 and DC02421.

264.13

264.14

STABILIZATION OF VERTICAL GAZE DURING JUMPING
Imai, T.? Moore, S.T1,2, Raphan. T.2,1 and Cohen. B.1*
’Dept. of Neurol. Mt. Sinai Sch. Med., NY NY, 10029,2CIS, Brooklyn Coll., NY
Head and eye coordination was studied while subjects jumped forward leading
with either the left or right foot, in a manner analogous to the initiation of running.
Rotations and translations of the head were measured in three dimensions using a
video motion analysis system (OPTOTRAK 3020). Horizontal and vertical eye
movements were recorded with a video pupil tracker (ISCAN). Subjects (4)
initially stood with both feet together, fixating on a target at eye level 2 m distant.
They then jumped a distance of 1.5 m, which was clearly marked on the floor.
Subjects performed two trials, one leading with the left foot and the other with the
right foot. Prior to jumping the head translated downwards by 97.3 mm. The head
and body accelerated up to approximately 2 G before becoming airborne, during
which time acceleration went down to 0 G during free fall. Upon landing, the body
and head decelerated upward again to about 2 G, reaching a maximum downward
displacement from upright stance of approximately 97 mm. The accelerations
during takeoff and landing lasted approximately 200 ms, with frequencies of up to
2.5 Hz. Dining takeoff, there was a rapid downward pitch of both the head and
eyes (50 °/s peak) that was compensatory for the upward vertical head translation.
This acted to direct gaze on the jump target. After landing, eye movements were
compensatory for the pitch oscillations of the head. The results suggest that during
takeoff the head linear acceleration activates the linear vestibulo-collic and
vestibulo-ocular reflexes (1VCR and IVOR) to generate downward head and eye
pitch movements. This acts to direct gaze on the jump target, which allows for
accurate estimation of the jump distance and its trajectory. Ocular pursuit could
contribute to eye velocity while airborne, and the angular vestibulo-ocular reflex
(aVOR) is likely to have generated the eye movements on landing. Supported by
DC03284, NCC 9-58 (NSBRI), NY State HEAT grant and EY01867.

LOW FREQUENCY OTOLITH FUNCTION DURING SPACE FLIGHT.
S.T. Moore1,2*, G. Clement3, T. Raphan2, B. Cohen? ’Dept. of Neurol., Mt. Sinai Sch.
of Med., NY 10029,2CIS, Brooklyn Coll. CUNY, 3CNRS Toulouse, France.
On Earth, afferent otolith activity encodes head tilt with respect to gravity, as well as
head linear acceleration. The vector sum of head acceleration and gravity, termed
gravito-inertial acceleration (GIA), is used by the vestibular system to generate the
perception of vertical, ocular counter-rolling (OCR), and vertical or roll components of
nystagmus, which orient the axis of eye velocity towards alignment with the GIA.
Head tilt is not sensed by the otoliths in microgravity, but the otoliths are still activated
by translation. It has therefore been proposed that the brain reinterprets tilt-related
otolith information as translation during space flight. During the 1998 Neurolab
mission, 4 astronauts were exposed to inter-aural (IA) centripetal accelerations of 0.5
and IG by rotation in an off-axis centrifuge. During rotation, binocular 3D eye
movements were measured using a video technique with the subject in darkness and
while viewing an optokinetic stimulus. On Earth, IG centrifugation tilts the GIA 45°
with respect to the head, and pre-flight perception of roll tilt was 35°. By flight day 5,
all astronauts perceived ~ 90° of roll tilt in response to a constant IG IA linear
acceleration. This tilt angle was under-reported early in flight, and over-estimated on
return to Earth, possibly due to adaptation of otolith and/or somatosensory function
during transition to the new gravitational states. Tilt perception was proportionally
lower during 0.5G centrifugation, both pre-flight (20°) and in-flight (46°). The
magnitude of OCR in response to the GIA during centrifugation was unchanged in
microgravity, and was proportional to the centripetal acceleration. This suggests that
both OCR and tilt perception are strongly dependent on the magnitude of IA linear
acceleration, as in microgravity there is no body vertical (Z-axis) linear acceleration.
The axis of eye velocity during both horizontal optokinetic nystagmus and angular
acceleration in darkness tended to align with the GIA, as on Earth. In space, low
frequency otolith information is not reinterpreted as translation, and constant IG linear
acceleration is sensed as being equivalent to gravity. Support: NASA NAS 9-19441.
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264.15

264.16

IMPAIRMENTS IN THE INITIAL HORIZONTAL VESTIBULO-OCULAR REFLEX
(VOR) OF OLDER HUMANS. J.-R. Tian*. I, Shubyev. and J. L. Demer. Dept. of
Ophthalmology and Jules Stein Eye Institute. UCLA, Los Angeles, CA 90095.
To determine age-related changes, the initial horizontal VOR of 12 younger normal
subjects (age 20-38 yrs) was compared with that of 12 elder subjects (age 58-69 yrs) in
response to random steps of whole-body acceleration of 1,000 and 2,800°/s2 delivered
around eccentric vertical axes ranging from 10 cm anterior to 20 cm posterior to the
eyes. Binocular eye and head positions were sampled at 1,200 Hz using magnetic
search coils. Subjects fixed targets 500 or 15 cm distant immediately before
unpredictable onset of rotation in darkness. For all testing conditions, the young
exhibited only compensatory VOR slow phases with early gain (eye veL/head vel.,
interval 35-45 ms from onset of rotation) of 0.90±0.02 (mean ± SEM) for the higher
head acceleration, and 0.79±0.02 for the lower acceleration. Elders had significantly (p
< 0.01) lower early gain of 0.77±0.04 for the higher head acceleration, and 0.70±0.02
for the lower acceleration. Late gain (125-135 ms from onset of rotation) was similar
for the higher and lower head accelerations in the young. Elders had significantly lower
late gain at the higher head acceleration, but gain similar to the young at the lower
acceleration. All young maintained slow phase VOR eye velocity to values >200°/sec
throughout the 250 ms rotation, but after an average of 120 ms rotation (mean
eccentricity 13°) 8 elders consistently had abrupt declines (ADs) in slow phase VOR
velocity to 0°/s or even the anticompensatory direction. These ADs were failures of the
VOR slow phase rather than saccades. The ADs were more frequent with the near target
at the higher acceleration. Slow phase latencies were 14.4+0.4 and 16.8±0.4 ms for
elders at the higher and lower accelerations, significantly longer than comparable values
of 10.2-L0.4 and 14.0±0.4 ms for the young. Late VOR gain modulation with target
distance was significantly attenuated in the elderly only for the higher head acceleration.
We conclude that the effect of aging on the initial human VOR is to: prolong
latency, reduce gain, reduce sustainable slow phase duration resulting in abrupt declines
in velocity, and reduce gain modulation in response to target distance changes.
Grant support from NIDCD DC02952 and RPB.

A MODEL FOR VIEWING-CONTEXT-DEPENDENT MODULATION OF THE
TRANSLATIONAL AND ROTATIONAL VESTIBULO-OCULAR REFLEXES
(TVOR and RVOR). A.M, Green* and H.L. Galiana. Dept. of Biomedical Engineer-

ing, McGill University, Montreal, Que., Canada, H3A 2B4.
The TVOR and RVOR share a common goal to stabilize visual targets on the retinae
during head movement. In both cases appropriate ocular compensation depends on
viewing location. However, the reflexes differ significantly in their dynamic characteristics at both sensory and motor levels. In addition, appropriate viewing-locationdependent modulation of the TVOR is apparently more complex than that required for
the RVOR since, in general, both the magnitude and direction of compensatory ocular
responses must vary as a ftinction of viewing location during head translation.
We recently presented a hypothesis for combined canal and otolith dynamic compensation that, unlike previous proposals, did not require additional central filters for the
TVOR. Rather, the dynamics of the eye plant provided the required additional low-pass
filtering of otolith signals. This dynamic processing strategy has now been implemented
in an anatomically-based bilateral model structure that incorporates several brainstem
cell types. Embedded within the model structure is the capability for sensory inputs to
drive both conjugate and vergence eye movements.
This model reproduces many experimentally observed dynamic and viewing-contextdependent characteristics of the VORs at both behavioral and premotor neuron levels,
for any head movement in the horizontal plane. On-line reflex modulation was achieved
using only signals available within the model structure and by exploiting the manner in
which patterns of bilateral sensory inputs map onto ocular responses. Key implications
include: (1) Distinct dynamic processing of sensory signals may be achieved in a single
central processor if individual sensors project onto a shared network at unique sites; (2)
The pattern of bilateral sensory stimulation and the topology of premotor networks may
play an important role in achieving appropriate context-dependent reflex performance;
(3) The locations of central sites mediating reflex modulation may not be simply correlated with observed changes in cell activity. (Supported by MRC, Canada)

VESTIBULAR SYSTEM: ANIMAL STUDIES
265.1

265.2

CONTEXT DEPENDENT CHANGES IN THE VESTIBULO-

COLLIC REFLEX OF THE TURTLE J.T. Brannigan. A. Brichta and
R.A, McCrea.* Dept. Neurobioiogy, Pharmacology and Physiology,
University of Chicago, Chicago, IL
Vestibulo-collic reflex (VCR) head movements evoked by whole body
rotation were studied in alert turtles in different behavioral contexts. Head
movements were recorded with the magnetic search coil technique while
animals were passively rotated on a vestibular turntable sinusoidally with
the carapace held stationary with respect to the turntable. The \CR
evoked in the dark in the absence of other active movements was
compensatory in direction at all of the frequencies tested. The gain varied
considerably both within and between animals and increased as stimulus
frequency increased from 0.3 Hz to 2.0 Hz and during rotation in the
light. The turtles suppressed the VCR when a food target was presented
that remained stable with respect to the carapace. When animals pursued
food targets with smooth head movements, the VCR produced
compensatory head movements that corrected for sinusoidal and step
perturbations of the turntable. During treadmill running and during
swimming the gain of the VCR increased and was near unity both in the
dark and in the light. The results indicate that turtles utilize the VCR to
stabilize the position of the head in space much as other animals use the
vestibulo-ocular reflex to stabilize the eye in space. The VCR produces
accurate, compensatory head movements in response to passive
perturbations of the body, particularly in natural behavioral contexts, but
it can be voluntarily suppressed when required. The high variability in
the movements evoked in the dark in the absence of purposeful behavior
presumably reflects variability in the turtles perception of context.
Supported by NIH and NASA (DC02072 and EY08041).

EFFECTS OF RETINAL SLIP DEPRIVATION ON THE RECOVERY OF THE
VESTIBULOOCULAR REFLEX IN CHICKENS. C.T, Goode. J.Q. Phillips.
A.F. Fuchs* and E. W Rubel. Program in Neurobioiogy & Behavior, Regional
Primate Research Center and Bloedel Hearing Research Center, University of
Washington, Seattle, WA 98195.
The vestibuloocular reflex (VOR) of several species responds to changes of
the visual environment with appropriate changes in gain, e.g. magnifying goggles
increase VOR gain. This adaptation is thought to be driven by slippage of the
visual world on the retina (retinal slip) during an inappropriate VOR. Earlier we
showed that the VOR of chickens is eliminated with ototoxic streptomycin
treatment and returns during vestibular hair cell regeneration when subjects recover
in normal light. Here we report that recovery of the VOR during hair cell
regeneration also requires continuous retinal slip.
Subjects were maintained in a stroboscopic environment that prevented the
normal perception of moving visual stimuli and eliminated retinal slip. Hatchling
chicks were treated with streptomycin sulfate IM, 1200mg/kg/day for 5 days.
Chicks were then housed under either normal light conditions (16L:8D), or under
stroboscopic conditions in which the sole light sources were 2 synchronized strobe
lights flashing at 2.25Hz. After 8 weeks of recovery, head-fixed VOR was measured
in the dark during sinusoidal rotations in the yaw and roll planes. Streptomycintreated subjects that recovered under strobe lighting were moved to a normal light
environment for 48 hours and the VOR was measured a second time.
Streptomycin-treated subjects that recovered under normal lighting had
VOR gains similar to those of untreated subjects. VOR gains in streptomycintreated subjects housed under strobe conditions were significantly lower than in
untreated subjects. After -48 hours of exposure to normal light conditions
(16L:8D), these subjects had VOR gains equivalent to those of normal animals or
animals treated with streptomycin and allowed to recover in normal lighting
conditions.
Funded by NIH-EY00745, RR00166 and DC02854.

265.3

265.4

EFFECTS OF THE PRETECTAL NUCLEUS OF THE OPTIC TRACT AND
HEMILABYRINTHECTOMY ON VESTIBULO-OCULAR REFLEX
COMPENSATION IN RHESUS MONKEY. C, Matthew Stewart (1). Adrian A.
Perachio* (1.2.3), Michael J, Mustari (4), and Tom C. Allen (1), Dept. of
Otolaryngology (1); Anatomy and Neurosciences (2); and Physiology and
Biophysics (3), University of Texas Medical Branch, Galveston TX, 77555-1063,
Dept. ofNeurology (4), Emory University, Atlanta, GA.
Vision loss significantly influences on gaze control following unilateral ablation
of the vestibular sensory organs. Previous studies have demonstrated that bilateral
ablation of the occipital lobes prior to hemilabyrinthectomy (HL) both slows the
rate of recoveiy of vestibulo-ocular reflexes and limits the degree of recovery
(Fetter and Zee, J Neurophys, (59) 370-393,1988). We have focused on a
pathway that provides more direct visual input to the brainstem via the pretectal
nucleus of the optic tract (NOT). Vestibulo-ocular responses to horizontal angular
acceleration (HVOR) were tested in the light and in darkness prior to and
following bilateral ibotenic acid lesions of the NOT. Retesting was performed
following a subsequent HL. Both single frequency sinusoidal motion and velocity
steps were employed. A unilateral NOT lesion resulted in an unsuppressed,
unilateral ocular drift. Drift rate was reduced but-not eliminated following
contralateral lesion. VOR values prelesion were [HVOR gain ~1.0, phase 0 deg,
time constant 13 sec]. Directly after HL, a unilateral asymmetry in VOR was
measured with no response during acceleration towards the ablated side that
persisted for at least two months [gain 0.3-0.4, phase lead 40-45 deg, time constant
3-4 sec]. Spontaneous nystagmus persisted in the dark for greater titan two
months. These results suggest that visual motion-related signals conveyed by the
NOT are essential for recalibration of the HVOR during vestibular compensation.
Supported by NIH DIC 02726, and the Southern Medical Association 85534.

RAPID MOTOR LEARNING IN VESTIBULO-OCULAR REFLEX
GUIDED BY CONTEXT CUES. Wu Zhou»Bingfeng Tang, and W. M.
King. Depts. ofNeurology and Anatomy, University ol Mississippi Medical
Center, Jackson, MS 39216
The oculomotor response to head movement depends on the task. If a
subject views a world-fixed target, then eye movements stabilize retinal
images by compensating for heaa movements (VOR condition). If a subject
views a head-fixed target, then no eye movement is necessary to maintain
fixation (VOR Cancellation, VORC). In this study, we determined how
initial eye speed during the VOR is modulated by the relative number of
VOR and VORC trials that had been presented previously. Two monkeys
were trained to fixate a target for juice rewards and were subjected to brief,
linear (peak 0.4G) or angular (peak lOOOd/s/s) head motion. During each
experimental session, a block of 1400 randomly mixed VOR/VORC trials
(about 40 minutes) was presented followed by a block of 1400 VOR trials.
For mixed trial blocks, the percentage of VOR trials was 0, 20%, 30%, 50%
or 70%. Surprisingly, initial eye speed depended on the percentage of VOR
trials previously presented to the monkey. At the beginning of each session
or after the percentage of VOR trials was changed, initial eye speed
displayed learning characteristics, taking about 1000 trials (about 30
minutes) to reach a stable level. When stable, initial eye speed was related to
the percentage of VOR trials. It was slowest for the 0% VOR condition and
fastest for the 100% VOR condition and increased in relation to the
percentage of VOR trials. Modulation of eye speed during the LVOR was
much greater than during the AVOR. For 0% VOR trials, AVOR eye speed
was 85% of the speed achieved during 100% VOR trials; for the LVOR, the
ratio was 34%. A difference in eye speed between the 0% VOR and 100%
VOR conditions was detectable withm 2 ms of the onset of the LVOR and
within 15ms of the onset of the AVOR. Since initial conditions and head
motion were identical for all trials, the data suggest that monkeys learn the
probability of occurrence of VOR trials and optimize their initial eye speed
accordingly.
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IRREGULAR AFFERENTS PROVIDE SHORT-LATENCY INFORMATION
TO THE VOR. T.E. Hullar* and L.B. Minor, Dept. of Otolaryngology-Head
and Neck Surgery, Johns Hopkins School of Medicine, Baltimore, MD 21205.
When responding to yaw rotations about an earth-vertical axis, the vestibuloocular reflex (VOR) has a latency of onset of about 7 ms. This latency derives
from signal transmission along the axons and across the synapses of the threeneuron VOR arc and delays in the eye's mechanical plant. Information
collection and processing in the vestibular nuclei must occur in less than two
milliseconds. This processing is understood to rely upon a rate code that
measures the intensity of the stimulus (rotational head velocity) by averaging the
frequency of neuronal discharge over a period of time. We investigated the
ability of the vestibular system to collect and process information about head
movements given its remarkably short latency of response.
We simulated the firing patterns of the 1500 regularly and 750 irregularly
discharging afferents estimated to derive from the horizontal ampulla of the
squirrel monkey. Spike trains based on the gamma distribution were created for
afferents deriving from each horizontal canal at rest and following the onset of
yaw accelerations of 3000 deg/sec2. Probability distributions were created
representing the number of spikes transmitted by each group of afferents during
the short time available for the vestibular nucleus to collect information.
The ability of an ideal observer to distinguish between two probability
distributions representing spike counts over a period of time can be analyzed
using receiver operating characteristic (ROC) curves. ROC analysis of the data
presented here shows that, within the time available, regular afferents
responding linearly to rotational stimulation do not carry enough information for
the vestibular nuclei to determine that head movement has begun. Irregular
afferents responding linearly carry such information faster than regular afferents.
Their tendency to synchronize in response to stimulus onset may further reduce
the latency of the VOR. (Supported by NIH ROI 02390)

DIFFERENTIAL PROCESSING OF HEAD VELOCITY SIGNALS IN THE
VESTIBULAR NUCLEI: VOLUNTARY HEAD/NECK VERSUS HEAD/SPACE
MOTION J.E, Rov* and K.E. Cullen, Dept of Physiology, McGill University, Canada.
Activity of neurons in the vestibular nuclei has been well described in the headrestrained monkey during eye movements and passive whole-body rotations. A subset
of neurons, termed vestibular only or pure vestibular neurons (VO neurons), are only
sensitive to head rotation and are not sensitive to eye movements. During passive
whole-body rotation, VO neurons increase their modulation in response to either
ipsilateral rotation (type I VO) or contralateral rotation (type II VO). In the present
study, we compare the activity of type I and type II VO neurons during several classes
of passively and actively generated head movements.
During active head movements, in which the monkey moved its head relative to its
body, VO neurons were significantly less modulated with respect to head velocity than
during passive whole-body rotation. During gaze shifts, the average attenuation was
59%±14 and 47%±14 (for type I and type II neurons, respectively), and was not related
to gaze shift amplitude. Moreover, immediately following gaze shifts (10-80 ms), when
gaze was stable in space and the head continued to move, attenuation was similar to that
seen during the gaze shift. Percent attenuation of head velocity sensitivity during gaze
shifts and gaze pursuit were well related for VO neurons (R=0.78). Passive rotation of
the monkey in the head-unrestrained condition allowed us to investigate the interaction
between passive and active head-on-neck signals carried by the VO neurons. The
modulation of both neuron classes was better correlated with the passive stimulus than
with the active head movements, regardless of whether the animal was stabilizing or
redirecting its gaze. When the head-restrained animal voluntarily generated whole-body
rotations via a 'steering wheel' that controlled the turntable motor, VO neuron head
velocity sensitivities were comparable to those measured during passive whole-body
rotations. This suggested that the inhibition might stem from neck afferents inputs.
However, passive rotation of the animal's body under its stationary head revealed that
neck afferent inputs had a negligible influence on either class of neuron. Our data
suggests that the head velocity-related signals carried by VO neurons is modulated by
an efference copy of intentional head-on-neck movements. (NSERC & MRC, Canada).

265.7

265.8

HEAD AND EYE INTERACTIONS DURING HEAD-FREE ROTATION IN
RHESUS MONKEYS. P, John1 , S.B, Yakushin1* T. Raphan2, B, Cohen1, 'Dept. of
Neurol., Mt. Sinai Sch. of Med., NY 10029,2CIS, Brooklyn Coll. CUNY.
We studied eye-head gaze shifts during nystagmus induced by constant velocity
rotation and compared them to voluntary lateral gaze shifts (Tomlinson and Bahra.
1986) and to quick phases of nystagmus during circular locomotion (Solomon and
Cohen, 1992). Monkeys were rotated on-center or off-center in darkness and light at
15-150%, receiving 0.8 to 1-g of interaural centripetal acceleration. The body was
fixed but tlie head was fixed or free. Gaze velocity declined with a 15-25 s time
constant in darkness in either condition. Gaze and eye quick phases were essentially
the same, and were larger with the head free than fixed, as during locomotion and
lateral gaze shifts. Head and eye movements were coordinated to provide maximal
stabilization of gaze in space: About 20 ms before gaze shifts, the head slowed and eye
velocity increased to maintain gaze velocity. Gaze then shifted rapidly in tlie direction
of rotation. Eye saccades led head saccades with peak head velocities occurring at tlie
end of tlie eye saccades. Eye velocity reversed at tlie end of eye saccades to
compensate for tlie oppositely directed head velocity, then fell as tlie head and eyes
moved in tlie same direction. The amplitude, duration and maximum velocity of eye
and gaze quick phases were similar to those of saccades during voluntary gaze shifts.
Gaze movements were larger and lasted longer with tlie head free and peak velocities
saturated at « 800°/s for saccades above 30°. Head movements with tlie body fixed
were as large as during lateral gaze shifts or circular locomotion, but were
substantially slower than in either condition, peaking at 80-100%. Neither centripetal
acceleration nor vision caused tlie regular, active head/eye nystagmus observed during
circular locomotion. These data show that in gaze nystagmus, activity controlling tlie
head initiates gaze shifts 10-20 ms before eye movement, and tlie aVOR stabilizes
gaze at tlie onset and end of gaze shifts. Tlie active body and limb movements of
locomotion appear necessary to generate a strong contribution of head movement to
maintenance of gaze. Support: EY011812, EY01867, EY04148 and DC03787

SPATIAL ORIENTATION OF EYE VELOCITY IN RABBIT WITH TILTS OF
GRAVITO-INERTIAL ACCELERATION (GIA) DURING CENTRIFUGATION. J.
Maruta3*. J.I. Simpson1, T. Raphan2, B. Cohen3. 'Depts. Physiol. Neurosci., NYU Med.
Center, 2CIS, Bklyn, CUNY, ’Neurology, Mt. Sinai Sch. Med.; NY 10029.
The orientation of eye velocity to the GIA during centrifugation was studied in 2
rabbits. Eye movements were recorded in 3D. The voltage outputs from the coils were
converted into angular velocities in head coordinates (Yakushin et al. 1995), defined
relative to the freeze position. In the freeze position, we assumed that the eye was
oriented 13° up and 2° forward without a torsional component (Hughes, 1971).
Animals were rotated about an earth vertical axis at 280% (ang. acc. 40%2), with
the head 0 to 24 cm from the center of rotation while oriented either radially or
tangentially. The maximum GIA tilt was 30° relative to gravity. During centered
rotation, the orientation of the axis of eye velocity remained stable. In centrifugation,
reorientation was minimal while accelerating, presumably because the direct angular
VOR pathway dominated the generation of nystagmus. As cupula deflection
decreased, the orientation of the eye velocity axis changed according to the tilt of the
GIA, consistent with its production by velocity storage. In accord with this, the
animal with the greater velocity storage demonstrated a greater degree of reorientation. The extent of re-orientation was estimated by a linear fit of the slope of
the decay in slow phase eye velocity beginning 1 s after the rotation reached a constant
velocity. In one animal, the percent reorientation relative to ±30° tilts of the GIA
were 46 and 38% about the animal's pitch and roll axes, respectively. The
corresponding values for the second animal were 28 and 33%. Cross-coupling in
rabbits during prolonged negative OKAN has been reported by Errico et al (1996).
Our data demonstrate similar phenomena in the unadapted animal by manipulating
the GIA tilt during centrifugation. Presumably, this cross-coupling could be used
during circular locomotion to align the axis of eye velocity with the tilt of the GIA.
(Supported by DC03284; EYl 1812; EY04148 and EY01867)

265.9

265.10

3D ORIENTATION AND DYNAMICS OF VESTIBULAR SEMICIRCULAR
CANAL AFFERENTS IN RHESUS MONKEYS A, Hague1, J.D. Dickman2’3, and
D.E. Angelaki3*. ’Dept. of Surgery (Otolaryngology), Univ. of Mississippi Medical
Center; Jackson, MS 39216; 2Dept. of Research, Central Institute for the Deaf;
3Dept. of Anatomy & Neurobiology, Washington Univ.
Neural signals from primary afferents in three rhesus monkeys were recorded
during rotational motion using a 3-axis system. Each afferent was characterized as a
posterior, horizontal, or anterior fiber using rotations in different planes. Next, the
responses to sinusoidal stimuli at frequencies ranging between 0.02-4Hz were
obtained. Out of 72 afferents recorded to date, the directions of maximum
sensitivity and response dynamics have been determined for 13 posterior, 14
anterior, and 8 horizontal afferents.
For regular (n=21), intermediate (n=3), and irregular (n=5) firing afferents, the
average sensitivities at 0.5Hz were 0.6±0.3 spikes-s'1/deg s'1, 1.7±0.6 spikes-s'Vdegs'1, and 0.8±0.4 spikes s'1/deg s'1, respectively. The average phase leads were
9.4±4.4°, 24.0±9.3°, and 31.4±5.5° relative to head velocity, respectively. Regular
firing afferents had response dynamics that consisted of flat gains and constant
phase advances across stimulus frequencies. Irregular firing afferents had
pronounced gain increases and increased phase advances as stimulus frequency
increased.
The maximum sensitivity vector for each afferent was calculated from the
responses to rotations in different planes. The vectors were plotted in the head-fixed
coordinate system, defined by the alignment of the horizontal semicircular canals
with an earth horizontal plane, using direction cosines. Other than a small yaw
component for vertical canal afferents, the direction vectors tended to be
orthogonally oriented to each other.
This work was supported in part by NIH EY10851 and NASA NAG2-1204.

PROPERTIES OF
AFFERENT
CONVERGENCE FOR
CENTRAL
VESTIBULAR NEURONS IN ALERT RHESUS MONKEYS. J.D. Dickman12*
and D.E. Angelaki2. ’Dept. of Research, Central Institute for the Deaf and 2Dept. of
Anatomy and Neurobiology, Washington University, St. Louis, MO 63110.
Vestibular nuclei neuron (VN) responses to rotational and linear motion
stimulation were obtained in awake rhesus monkeys that were implanted with
bilateral eye coils. Although other types of neurons were tested and quantified,
only neurons responding exclusively to vestibular stimulation (VO cells) are
currently described. Sinusoidal rotations (0.02 - 4 Hz) in different planes and
linear translations (0.1 - 0.4g; 0.1-5 Hz) at different spatial orientations were
delivered both in the dark and during near target fixation (VOR cancellation).
Responses from VO neurons show that many cells, but not all receive convergent
input from the canals and otolith organs. To date, 63% (5/8) of the Type I HC and
100% (8/8) of the Type II HC related VO neurons responded to both rotational and
linear motion stimuli. In contrast, only 29% (12/41) of the vertical canal (VC)
related cells received convergent otolith input. For the non-otolith convergent VC
neurons, most received input from only a single complementary canal pair, with
rotation vectors being spatially aligned with their input afferents. Otolith
convergent VC cells generally received canal input from orthogonal pairs and were
broadly tuned. VO neurons also appear to vary in their spatial tuning to linear
motion. In terms of dynamic properties, rotational motion produced gains of
approximately 1.5 - 2.0 s/s/d/s, increasing as stimulus frequency increased.
Response phases lagged head velocity at low stimulus frequencies but advanced to
significant leads at higher frequencies. Sensitivities to linear translation (2Hz) for
all VO cells ranged between 20 to 500 s/s/g, with dynamic properties differing for
narrowly and broadly tuned cells.
Supported in part by NIH EY-10851, NASA NAGW-4377 and NAG2-1204.
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HEAD-EYE COORDINATION DURING HEAD FREE HORIZONTAL GAZE
SHIFTS IN RHESUS MONKEYS AFTER UNILATERAL
LABYRINTHECTOMY S.V. Hesse, A. Hague, D.E. Angelakiand S.D.
Newlands*. Dept. of Surgery (Otolaryngology), Univ. of Mississippi Medical
Center; Jackson, MS 39216.
The effect of unilateral labyrinthectomy on eye movements during passive head
rotation has been well documented. However, the effect of such lesions during
active, volitional coordinated head and eye (gaze) movements has been less well
studied. Since normal gaze movements use vestibular signals, we expected that
labyrinthectomy would disrupt eye-head coordination. The time course and
completeness of recovery from such a disruption is of clinical interest.
Gaze movements were recorded in three rhesus monkeys trained to fixate on
horizontally arranged LED targets. Gaze (eye in space) and head position was
recorded using search coils. Eye position in the head was calculated (gaze
position - head position). Normal gaze shifts were compared to those obtained at
various times up to 60 days following surgical unilateral labyrinthectomy.
The latency between the target movement and the gaze movement lengthened
after labyrinthectomy but was near normal after 10 days. Head movements were
slowed acutely for 7 -10 days after the lesion but with time also reached near
preoperative values. The counterrotation (compensatory eye movement which
holds gaze steady despite ongoing movement of the head), which is normally
VOR driven, was asymmetric initially but also recovered within ten days of the
surgery. Passive VOR recovery is much slower and is incomplete. The time
course for the normalization of the gaze movement corresponded with the
resolution of the spontaneous nystagmus. This suggests that resolution of
spontaneous nystagmus rather than the recovery of the passive VOR is most
important for compensation in active gaze shifts.
This work was supported in part by NIH EY10851 and NASA NAG2-1204.

COMPARISON OF SECONDARY VESTIBULAR NEURON
RESPONSES DURING SACCADIC AND REFLEXIVE HEAD
MOVEMENTS. G.T. Gdowski*, R.A. McCrea, Dept. Neurobioiogy,

Pharmacology and Physiology, University of Chicago, Chicago, IL
60637.
Self-generated head movements are produced in different behavioral
contexts and can be used to reorient gaze position (gaze saccades) and to
stabilize the position of the eyes and head in space during perturbations
of the whole body (vestibulocollic reflex, VCR). Responses of secondary
vestibular neurons are modified in a variety of ways during each type of
head movement. A fundamental question is whether the signal processing
observed in the vestibular nuclei is similar during each type of head
movement. The responses of 41 non-eye movement related units
recorded in the vestibular nuclei of head-free squirrel monkeys were
compared during each type of head movement. Units had responses that
decreased (12), were unaffected (17), or increased (12) during head
movements produced during the VCR. During gaze saccades, the
sensitivity to head movements was measured as an attenuation (A) with
respect to the vestibular sensitivity during whole body rotation. Five units
had attenuated responses (25%<A<75%) and 36 had cancelled responses
(A>75%). No direct correlation was observed between the types of
responses observed during gaze saccades and those observed during the
VCR. Units that had attenuated responses during gaze saccades had
responses that either decreased (2) or were unaffected (3) during the
VCR. Units that had cancelled responses during gaze saccades exhibited
all types of responses during the VCR (10 decreased, 14 unaffected, 12
increased). The results suggest that the relative strength of reflexive head
on trunk input to different units might reflect the different functional
roles they have in controlling the posture of the neck and body.
Work supported by NIH and NASA (DC02072 and EY08-041).

265.13

265.14

PARABRACHIAL NUCLEUS UNITS RESPOND TO ANGULAR
ROTATION IN ALERT MONKEYS. D.M. McGee1. C.A. Scudder12* and
C.D. Balaban1,2. Depts. of 'Neurobioiogy, 2Otolaryngology, University of
Pittsburgh; Pittsburgh, PA 15213
Previous anatomical studies in rabbits and rats have identified direct
connections from the superior, medial and inferior vestibular nuclei to the
parabrachial nucleus (PBN).
Since PBN receives visceral afferent
information and is connected reciprocally with the spinal cord,
hypothalamus, amygdala and limbic cortex, it may be an important site of
vestibulo-visceral integration. This study presents the first physiologic
evidence that PBN unite respond to angular acceleration. Single units were
recorded bilaterally from PBN of an alert, adult female Macaca nemestrina
through an implanted chamber. Sinusoidal and square wave angular rotation
was delivered in the yaw, roll and pitch planes and, in some cases, vertical
semicircular canal planes. Vertical and horizontal eye movements were
recorded simultaneously with magnetic search coils. To date, twenty units
have been confirmed within the lateral PBN and Kolliker-Fuse nuclei that
modulate their responses during rotation. Responses are predominantly to
rotation in vertical planes; different cells respond to pitch, roll or vertical
canal plane rotations.
These findings are consistent with functional
vestibular inputs to PBN. Since PBN contributes both ascending cortical
and limbic projections and descending influences on spinal and brain stem
autonomic pathways, it may assist in controlling responses of visceral and
striated muscle to gravitoinertial challenges. Supported by NASA grant
NAG2-1186.

EXCITATORY RESPONSE-INTENSITY RELATIONS IN AFFERENTS
FROM THE CHINCHILLA’S SUPERIOR AND HORIZONTAL CANALS.

M. Plotnik.1,2 J.M. Goldberg1 and V, Marlinski1*, 'Dept Pharmacol. Physiol.
Sci. and 2Dept. Surgery - Otolaryngol. - Head and Neck Surgery, Univ.
Chicago, Chicago, IL 60637.
Previous studies have emphasized that the excitatory responses of canal
afferents are linearly related to head velocity. This study was intended to define
the stimulus range over which response remained linear. Excitatory responseintensity functions were derived from the discharge 1.5 - 2.0 s after the start of
velocity ramps (intensity range: 10-600 deg/s) and were fit by the function, r(V)
= rMAx(Y/(V1/2+V)) [r(V), response (rate minus background) to angular
velocity V; rMAX, maximal response; V1/2, velocity producing half maximal
response]. Linear gain, G = rMAX/ V1/2. V1/2is a measure of the linear stimulus
range. Data were collected from both regularly and irregularly discharging
units. Almost all units had background discharges and no apparent thresholds.
For half the regular units, responses were close to linear over the entire stimulus
range. The remaining units were sufficiently nonlinear that rMAX, and V1/2 could
be estimated. Mean values (±SD) were: rMAX = 340 ± 140 spikes/s and V1/2 =
850 ± 530 deg/s. There is a suggestion that both rMAX, and V1/2 are larger in
regular, than in irregular, units. Linear gains were low in the most regular units
and could be 5-1 Ox higher in some irregular units. A few irregular units had
relatively low gains and could have been calyx units. From our limited sample,
it is unclear that the low gains of the latter units reflect low values of rMAX, or
high values of V1/2.

Supported by T32-DC 00058-01 and ROI DC 03946

265.15

265.16

SPATIO-TEMPORAL CONVERGENCE OF VESTIBULAR SIGNALS IN
ROSTRAL FASTIGIAL NUCLEUS NEURONS OF THE MACAQUE
J. F. Kleine, A. Wilden, C. Siebold, S. Glasauer*, U, Buttner
Dept. Neurology, Klinikum GroBhadern, LMU Munchen, Miinchen, Germany.
Little is known about the processing of vestibular signals beyond the level of
the vestibular nuclei. This also applies for "vestibular-only" neurons in the
rostral fastigial nucleus. To study the vestibular signals carried by these cells,
alert monkeys (Macaca mulatta) were subjected to sinusoidal oscillations at
different frequencies, amplitudes and head orientations with respect to an
earth-horizontal rotation axis. In order to obtain a complete description of the
spatial properties of the neuronal responses at different stimulus frequencies
(0.06-1.4 Hz) or, equivalently, of the frequency-dependent response dynamics
over the full range of stimulus orientations, the effective orientation of the
ongoing stimulation was continuously altered by slowly rotating the animals
relative to the earth-fixed oscillation plane. Individual neurons exhibited a
frequency-dependent variety of response patterns, ranging from simple
"cosine-tuned" behavior (sensitivities depending on the cosine of the angle
between stimulus and head orientation, and phase being constant except for
a sharp reversal at the zero-response plane) to continuous modulation at all
and gradual phase transitions between oppositely directed stimulus directions,
revealing "spatio-temporal convergence". These seemingly complex response
patterns could, however, be surprisingly accurately described by a model
assuming simple linear summation of cosine-tuned input signals. The results
indicate, that the vast majority of neurons receive inputs which differ in both
their temporal and spatial properties and that only the examination of neuronal
responses at different frequencies and stimulus orientations can reveal the
true complexity of these cells. This has fundamental implications for other
stages of vestibular signal processing, at which response dynamics have
mostly been analysed at a single stimulus orientation only.
Supported by the Deutsche Forschungsgemeinschaft.

THE CONTRIBUTION OF OTOLITH INPUTS TO THE RESPONSE OF ‘VESTIBULAR
ONLY’ NEURONS IN THE FASTIGIAL NUCLEUS OF THE ALERT MONKEY. C. Siebold.
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T, Tchelidze. J. F, Kleine. L, Glonti. S, Glasauer. and U, Buttner*
Dept. ofNeurology, University of Munich, 81377 Munich, Germany
The most medial of the deep cerebellar nuclei, the fastigial nucleus (FN), is
known to play an important role in the processing of vestibular signals. Many
neurons in rostral FN respond to natural vestibular stimuli only (‘vestibular only’
neurons) and are presumably involved in spinal mechanisms (neck, posture, gait).
From previous studies it is known that vertical vestibular stimulation around an
earth fixed horizontal axis often does not allow the differentiation between a canal
and otolith related input. In fact otolith response to static tilt can he small and
response to dynamic stimulation can reveal phase changes of more than 90° over a
narrow frequency range (0.1-1.0 Hz, Siebold et al., in press). In order to evaluate the
contribution of otolith inputs to vertical vestibular signal processing we compared
responses of FN neurons during vertical stimulation (vertical canal and otolith
stimulation) with responses during tilted horizontal (yaw) stimulation (vertical (VC)
and horizontal (HC) canals, no otolith input).
Monkeys were chronically prepared for single unit recordings, and sat erect with
the head fixed in a primate chair during the experiments. VC stimulation alone was
achieved by placing the animals head 90° relative to the response vector orientation
(RVO) determined initially with vertical stimulation (0.6Hz, ±15°). Thus, yaw
rotation with the monkey’s head tilted ±16° (e.g. nose up and right ear down)
resulted in a stimulation of VCs in a plane close to RVO in addition to the HC
stimulation. The component of VC inputs could then be calculated and the expected
response for vertical stimulation at the RVO was compared to the actual recorded
activity. For most of the neurons the response to vertical vestibular stimulation at
the RVO could not be explained by a VC input alone. Only a few neurons showed
an exclusive otolith input. This is further evidence that convergence of VC and
otolith inputs is indeed common at the level of the FN.
Supported by Deutsche Forschungsgemeinschaft (DFG).
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VESTIBULAR INFLUENCE ON THE BINOCULAR CONTROL OF VERTICALTORSIONAL NYSTAGMUS AFTER UNILATERAL LESIONS OF THE
INTERSTITIAL NUCLEUS OF CAJAL (IC) IN THE ALERT MONKEY
Helmchen C1, Rambold H1, Biittner-Ennever JA2 *, Biittner U1
Dept. of Neurology1 and Anatomy2,University of Munich,Germany
The midbrain interstitial nucleus of Cajal (iC) is part of the neural integrator for
vertical and torsional eye movements. Vertical-torsional nystagmus after iC lesions is
thought to be a result of the failure of the neural integrator. In this case, nystagmus
components are expected to be conjugate on both eyes with parallel rotation axes. In
contrast, in the case of a vestibular imbalance of the vestibular projections to/from iC,
nystagmus on both eyes may be asymmetric, with disconjugate rotation axes. To test
both hypotheses, we investigated the conjugacy of vertical-torsional nystagmus after
unilateral reversible iC inactivations in the alert monkey using binocular threedimensional search coil recordings.
All injections elicited conjugate vertical-torsional spontaneous nystagmus, i.e.
nystagmus components had the same direction in both eyes. However, the amplitudes of
nystagmus and their rotation axes differed between both eyes on gaze straight ahead: the
contralesional (ipsilesional) eye showed the larger vertical (torsional) nystagmus
amplitude.Under consideration of the differential impact of the tonic torsional deviation
of both eyes on the pulling directions of the individual eye muscles, a comparison of the
rotation vectors of these eye muscles with those'of the elicited (slow phase) nystagmus
revealed a coactivation of IO (inferior oblique) and SR (superior rectus) muscle in the
contralesional eye and a SR (but hardly any SO) activation in the ipsilesional eye.
This pattern of rotation vectors resembles the stimulation effects of the anterior canal
afferents in the animal experiment (Cohen et al. 1973). A failure of the descending
projections from iC to the vestibular nuclei might functionally lead to an excitation of
the ipsilesional anterior semicircular canal. Thus, in addition to the deficient neural
integrator, a vestibular imbalance may contribute to the vertical-torsional nystagmus
after iC inactivations.
Supported by the Deutsche Forschungsgemeinschaft

VESTIBULO-CERVICAL REFLEXES IN RATS K.J. Johnson , J.E. Killian, and
J.F, Baker?* Dept. Physiol., NUIN, Northwestern University, Chicago, IL 60611.
To compare vestibulo-cervical reflexes with those reported in cats and monkeys,
bilateral electromyographic activity was recorded in 14 rats during vertical sinusoidal
rotations in the dark. Two sets of dorsal neck muscles (biventer and splenius), one set
of ventral neck muscles (sternomastoid), and two sets of forelimb muscles (medial and
long heads of triceps) were studied using chronically implanted wire electrodes.
During recordings, the animal’s head was fixed to the rotator and the body restrained
to limit movements. Sinusoidal rotations (0.5 Hz) about 24 axes including pitch, roll,
and intermediate angles were completed with the animal either upright or upside
down. Muscle activity varied sinusoidally during the rotation cycle, and specific
muscle groups responded differentially to various axis orientations. In both the upright
and supine postures, and in all axis orientations, dorsal muscle response phases were
between position and velocity, with peak excitation near the nose down or ipsilateral
ear down positions. As the axis orientation approached a roll stimulus, the response
phase of the dorsal muscles shifted by 180°. Biventer was best activated by pitch
rotations, while splenius was best activated by orientations within 10° of pitch. The
preferred direction of sternomastoid was within 30° of pitch but in the opposite
direction of the dorsal muscles, which is consistent with an antagonistic function.
Sternomastoid phase varied continuously with the rotation axis orientation in both
upright and supine postures, exhibiting spatial temporal convergence (STC). Counter
to our previous findings (Soc. Neurosci., 1996), rotating the animal in a supine
position did not reverse the response directionality of neck muscles. The medial and
long heads of triceps were best activated near pitch (± 30°). These data indicate that
the directionality of neck muscle responses varies across species, with rats exhibiting
relatively stronger responses to pitch than those reported for cats and monkeys.
Supported by DC01559.

265.19

265.20

DYNAMICS AND SPATIAL PROPERTIES OF VESTIBULOCERVICAL
REFLEXES IN THE SQUIRREL MONKEY. J.E. Killian.* C.G. Harrod,
K.J. Johnson, and J.F, Baker, Institute for Neuroscience and Dept. of
Physiology, Northwestern University, Chicago IL 60611
Chronically implanted wire electrodes were used to study
electromyographic activity in dorsal neck muscles of alert, untrained squirrel
monkeys while the animal was sinusoidally rotated in total darkness about a
horizontal, head-centered axis at 0.125 (± 54 degrees), 0.25, 0.5, 1, 2 (±
4.25 degrees), 4, or 5 Hz. The head was bolted to the primate chair and the
monkey oscillated in the plane of pitch, roll, or either of the 2 intermediate
directions, with trials of different directions and frequencies interleaved.
Results were similar for the semispinalis, splenius, and occipitoscapularis
muscle groups studied. Peak EMG activity at the stimulus frequency was
roughly in phase with head velocity but occurred earlier for the higher and
lower frequencies tested, becoming more synchronized with maximal head
tilt or acceleration. Accordingly, the amplitude of the response relative to tilt
angle increased with stimulus frequency. Dorsal neck muscles tended to
respond more strongly to stimuli closer to the pitch than roll plane.
With the primate chair turned upside down and oscillated, timing of the
EMG activity changed slightly at lower frequencies compared to upright
conditions, although in 2 previous monkeys this phase was observed to shift
180 degrees (Killian and Baker, Soc. Neurosci., 1996).

EFFECTS OF INFERIOR OLIVE LESION ON THE PROPERTIES OF
OTOLITH NEURONS IN THE LATERAL VESTIBULAR NUCLEUS OF
RATS.
B Jiang, C.H, Lai and Y.S. Chan.
(SPON: The Hong Kong
Society of Neurosciences) Department of Physiology, Faculty of Medicine,
The University of Hong Kong, Sassoon Road, Hong Kong, China.
The olive-cerebellar pathway is known to play a crucial role in
sensorimotor integration. To investigate its contribution to the properties of
central otolith neurons, Sprague Dawley rats with intact or lesioned inferior
olive were used. The inferior olivary nuclei were selectively destroyed by
intraperitoneal administration of 3-acetylpyridine (70 mg/kg) followed by
harmaline (15 mg/kg) and niacinamide (300 mg/kg). Only animals with a
lesion of more than 97% of inferior olive neurons were included for analysis.
At 4-10 days after injection of the drugs, neuronal recordings from the lateral
vestibular nucleus were made in animals decerebrated under halothane
anesthesia. In response to constant velocity off-vertical axis rotations (1.7515°/s; 10° tilt), tilt-sensitive neurons displayed either symmetric / stable
bidirectional sensitivity (narrowly spatiotemporal-tuned neurons) or
asymmetric / variable bidirectional sensitivity (broadly tuned neurons). After
inferior olive lesion, a subgroup of broadly tuned neurons displayed a change
in the spontaneous discharge regularity at the stationary position. There was
also a significant increase in both the number of broadly tuned neurons and
the magnitude of CW-CCW asymmetric. In addition, there was a change in
the spatial distribution of the orientations of the response vectors. These
findings indicate that the climbing fibre input from the inferior olive is of key
importance in regulating the gravity-dependent responses of central otolith
neurons. [Supported by a RGC grant]

Supported by DC01559
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266.2

BRN 3.1 KNOCKOUTS SHOW THAT
THE VESTIBULAR SYSTEM
MEDIATES EARLY PHYSIOLOGICAL RESPONSES TO 2G.
D. M.
Murakami*L. Erkman1, M. G. Rosenfeld’, and C. A. Fuller. Section of NPB,
University of CA at Davis, Davis, CA 95616; Howard Hughes Medical Institute1,
University of CA at San Diego, San Diego, CA 92093.
Our previous studies have demonstrated that 2G exposure via centrifugation
can significantly affect rat body temperature (Tb), heart rate, and activity (Act).
However, it is not known whether 2G exposure affects these variables via vestibular
stimulation or other physiological responses (e.g. fluid shifts). Brain 3.1 (Bm 3.1),
a POU domain homeobox gene, is involved in the normal development of the
vestibular and auditory system. The Bm 3.1 deletion in mice results in a loss of
hair cells in the otoliths, semicircular canals, and cochlea. Therefore, this study
compared the effect of 2G exposure in Bm 3.1 knockout (KO) versus Wildtype (W)
mice to determine if vestibular input mediates the effect of 2G exposure on Tb, Act
(via implanted biotelemetry units, Minimitter), pivoting and exploring. Mice were
monitored in LD 12:12 for two weeks at IG to establish a mean daily Tb and Act
baseline, then exposed to chronic 2G for 3 weeks via centrifugation, and then
returned to IG. One group of W and KO mice were videoed for 15 minutes at IG to
establish a baseline for pivoting and exploring. The mice were exposed to 2G for 2
hours, removed from the centrifuged and videotaped for pivoting and exploring. At
IG W and KO mice exhibited stable mean Tb, Act, pivoting, and exploring levels.
Following exposure to 2G, W mice exhibited an immediate decrease in mean Tb,
Act, pivoting, and exploring. However, the KO mice exhibited only very small
changes in mean body Tb, early activity, pivoting, and exploring following 2G. KO
mice did exhibit decreases in mean activity levels 24 hours following 2G exposure.
These results suggest that the single gene deletion of BRN 3.1 significantly reduces
the sensitivity of the immediate effects of 2G on Tb and activity. However, the
delayed responses may be mediated through nonvestibular responses. (Supported by
NASA Grant NAGW-4552 to DMM and NIH Grant to MGR).

RHOMBOMERIC ORGANIZATION OF HINDBRAIN VESTIBULAR NEURONS IN
LARVAL FROGS H, Straka*. E, Gilland and R, Baker, Physiological Institute,
Pettenkoferstr.12, 80336 Mtinchen and Department of Physiology and Neuroscience, NYU
School of Medicine, New York, NY 10016.
Signals for vestibuloocular and vestibulospinal reflexes in vertebrates are processed in discrete
subnuclei that project to oculomotor, spinal, vestibular and cerebellar targets. Since the
neuroepithelial segments that produce the hindbrain are generally only visible during embryonic
stages, it is difficult in most species to determine if differentiated vestibular cell groups are
segmentally organized. The fact that anurans are well studied in terms of adult vestibular
circuitry and have a prolonged larval period during which rhombomeric segments (rhs) remain
grossly visible make them well-suited for studying the relationship between embryonic
segmental origins and functional vestibular neuronal phenotypes. Application of fluorescent
dextran amines to the rostral spinal cord, midbrain oculomotor complex, vestibular nuclei and
cerebellum in tadpoles of Rana clamitans allowed retrograde tracing of vestibular projection
neurons. Combined confocal and brightfield microscopy was used to correlate the location of
labeled hindbrain neurons with the visible rhombomeric segments 1-8. Vestibular neurons
projecting to extraocular motor nuclei were highly segregated within distinct rhs. Following
application of tracer to the midbrain oculomotor complex, vestibular neurons were largely
located in ipsilateral rhs 2-3 and contralateral rhs 1-2 and 5-8. Application of tracer to tiie spinal
cord labeled vestibular neurons ipsilaterally mainly in rhs 4-5 and contralaterally in rhs 5 with a
few neurons in rhs 3 and 6. A small number of vestibular neurons in rhs 5-8 were found to be
double-labeled from the midbrain and the spinal cord. Localized injections in the vestibular
nuclei at either rhs 2-3,4-5 or 6-8 labeled two clusters of commissural vestibular neurons on the
contralateral side. The rostral cluster spanned rhs 1-3 and the caudal cluster rhs 5-7, with rhs 4
completely devoid of labeled cells. Application of rhodamine to the cerebellum labeled
contralateral inferior olivary neurons in rhs 8 and vestibular neurons in bilateral rhs 6/7. These
results show that the position of neurons involved in vestibular signal processing is conserved
with respect to the segmental organization of the hindbrain when compared between frogs and
teleosts. Since rhombomeres are specified by a combination of Hox genes, it is likely that the
identity of particular functional groups of hindbrain neurons were evolutionarily linked to
specific genetic regulatory elements early in vertebrate history. Further evidence of such genetic
founder events will come from comparison of signal processing and genetic profiles of
homologous identified vestibuloocular, vestibulospinal and commissural neurons in different
vertebrate species. (Supported by NIH EY02007, NS 13742 and Max-Kade Foundation)
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ROLE OF NITRIC OXIDE IN THE RAT FLOCCULAR
UNIPOLAR BRUSH CELLS IN VESTIBULAR
COMPENSATION. T.Kitahara, N.Takeda* , T.Kubo and
H.Kiyama. Dept. of ORL., Osaka Univ. Hosp., Osaka 565-0871,
JAPAN. Dept. of Anatomy I, Asahikawa Medical College,
Hokkaido 078-8510, JAPAN.
To elucidate the role of nitric oxide (NO)-mediated
signaling in vestibular compensation, we examined effects
of unilateral labyrinthectomy (UL) on the neuronal
isoform of NOsynthase (NOS) expression in the rat central
vestibular system using immunohistochemical techniques.
After UL, a substantial number ofNOS-like immunoreactive
(-LIR) neurons were observed in the granule cell layer in
the flocculus, and these neurons were determined to be
unipolar brush cells (UB cells) by their unique
morphology and location. NOS-LIR UB cells appeared by
12h with a maximum increase in number 24h after UL, and
then gradually disappeared. Continuous floccular infusion
of L-NAME, an inhibitor of NOS, or PTIO, an inhibitor of NO,
caused more severe vestibulo-ocular deficits at the initial
stage after UL. All these findings suggest that upregulation
of NOproduction in floccular UB cells facilitates vestibular
compensation, especially at the initial stage after UL.

DISTRIBUTION
OF
A-METHYL-D-ASPARTATE
RECEPTOR
SUBUNITS IN THE VESTIBULAR NUCLEI OF DEVELOPING AND
ADULT RATS. H.Y. Law1, L.W. Chen1, K.K.L, Yung2 and Y.S. Chan1*.
‘Dept. of Physiology, Faculty of Medicine, The University of Hong Kong,
and 2Dept. of Biology, Hong Kong Baptist University, Hong Kong, China.
Changes in the expression of the NMDA receptor subunits (NRI,
NR2A/B, NR2C) were examined by immuncytochemistry in the vestibular
nuclei of developing (P7-P28) and adult (10 weeks old) Sprague Dawley
rats. During the first 4 postnatal weeks, the number of NRI and NR2A/B
labeled neurons and their levels of immunoreactivity increased with age.
Comparable patterns of distribution were found in each age group. While
the number of NR2C labeled neurons and their levels of immunoreactivity
in the lateral and spinal vestibular nuclei reached a maximum at P7 and
P14 respectively, their expression in other nuclei remained stable with age.
Our results reveal a progressive change in the heterogeneity of NMDA
receptors. During early postnatal days, NR2C may have a dominant role
over NRI and NR2A/B in modulating NMDA receptor function within the
vestibular nuclei.
To identify NMDA receptor subunits in central otolith neurons of
conscious rats, NRI immuno-positive neurons were examined for Fos
expression induced by constant velocity off-vertical axis rotation (2 Hz, 90
min, in dark). The spinal vestibular nucleus has the highest number of
double-labeled neurons. Within the lateral and spinal vestibular nuclei, the
proportion of Fos-positive neurons that were also NRI-positive was
significantly higher in adult than Pl4 rats.
These finding indicate that
changes in NRI subunit expression contributes to the mechanism of
maturation in central otolith neurons. [Supported by a RGC grant.]

266.5

266.6

VISUALIZATION, REGIONAL LOCALIZATION AND ULTRASTRUCTURAL
FEATURES OF VESTIBULAR NEURONS THAT UTILIZE NITRIC OXIDE
FOR INTERCELLULAR SIGNALING IN THE RAT. G.P. Martinelli*. R, Lang,
and G.R. Holstein. Departments of Neurology, Cell Biology/Anatomy, and Surgery;
Mount Sinai School of Medicine, N.Y., NY. 10029.
The goal of the present study was to localize and characterize morphologically the
neurons of the rat vestibular nuclei (VN) that utilize nitric oxide (NO) for
intercellular signaling. Such neurons were identified by immunocytochemistry using
i) polyclonal antibodies directed against neuronal NO synthase (nNOS; Alexis,
Calbiochem), and ii) a monoclonal antibody produced in our laboratory, directed
against L-citrulline, which can be fixed in situ by perfusion and therefore can serve
as an immunocytochemical marker for nNOS activity (Martinelli et al., 1998;
Holstein et al., 1998; Soc. Neurosci. Abstr.).
Sprague Dawley rats were placed under ether anesthesia and perfused transcardially
with 100 ml of room temperature (RT) saline, then 100 ml of RT fixative (4%
paraformaldehyde/0.5% glutaraldehyde in buffer), and then 400 ml of ice-cold
fixative. The brains were removed, post-fixed, and Vibratome-sectioned. For Lcitrulline immunocytochemistry, sections were processed using a series of dilutions
of the supernatants of hybridoma cultures. These sections, and those reacted with
polyclonal anti-nNOS antisera, were further treated using the ABC method, using
0.05% diaminobenzidine to visualize reactive cells.
The distribution of immunostained cells was similar with both antibody types.
The highest density of labeled neurons was observed in the caudal part of the VN
complex. These were primarily small cells in MVN and medium-size neurons in
DVN. A moderate density of stained cells was observed at intermediate and rostral
levels of the VN, primarily the large neurons of SVN and MVNmc. Most stained
cells in MVN were fusiform and in DVN were multipolar. Immunostained somata
and dendritic processes were apparent at the EM level; axonal labeling was minimal.
The subcellular features of stained cells in MVN and DVN were different
We conclude that NO is utilized for inter-cellular signaling in the rat VN. The
presence of several different stained cell types, and the correlative ultrastructural
morphologic observations, suggest that NO participates in several different
vestibular pathways.
Aided by NIH Grant DC 01705 from NIDCD and NASA grant NAG 2-1191.

SIGNIFICANCE OF C-FOS PROTEIN EXPRESSION IN BRAIN STEM
NUCLEI DURING BECHTEREW COMPENSATION OF RATS. Min Sun
Kim1, Moon Young Lee1, Seoung Ho Lee1, Hee Jin Park1,

Sang Woo Chun2*,

Byung Rim Paxk'1Department of Physiology, Wonkwang University School of
Medicine, ^Department of Oral Physiology, Collage of Dental Medicine, Iksan
579-749, Korea

The second contralateral labyrinthectomy(LX) results in reappearance of
vestibular symptoms in subjects who have recovered fully from them elicited by
previous unilateral LX. Some of them gradually disappeared with time, which is
so called Bechterew compensation. To understand a possible neural mechanism for
Bechterew compensation the present study was aimed to investigate the temporal
or spatial changes of c-Fos protein expression in the medial vestibular nucleus
(MVN), inferior vestibular nucleus (IVN), prepositus hypoglossal nucleus (PRH),
and inferior olivary nucleus (ION) after second LX, and also to evaluate the effect
of the cerebellar uvulonodular lesion (UNL) on Bechterew compensation.
Sprague-Dawiey rats were given the second right LX 50 — 60 days after the first
left LX to induce Bechterew compensation and the uvulonodular lobe was gently
removed 30 min before the second LX. Maximal frequency of spontaneous
nystagmus was 23.7 ±3.2/10 sec 4 hrs after the second LX, which was decreased
progressively in the course of Bechterew compensation and disappeared 48 hrs
after the second LX. c-Fos(+) neurons were observed in the bilateral MVN 2 hrs
after the second LX. However, c-Fos expression was not symmetrical in the
bilateral MVN, which showed continuous induction in ipsilateral MVN (iMVN),
whereas less expression in contralateral MVN (cMVN). Significant increase of
c-Fos(+) neurons was observed in the bilateral IVN but more expression in ilVN
during Bechterew compensation. In PRH and ION, c-Fos(+) neurons were more
increased in cPRH and ilON than the opposite ones, respectively. In addition,
UNL induced significant delay in recovery of spontaneous nystagmus and
increased number of c-Fos(+) neurons in bilateral MVN but more expression in
cMVN. These results suggest that Bechterew compensation following 2nd LX is
accomplished by synaptic plasticity which is affected by inhibitory signals from
the cerebellar Purkinje neurons to the vestibular nuclei. (Supported by Braintech
97-N1-02-03-A-01)

266.7

266.8

ORGANIZATION OF FLOCCULO-VESTIBULAR EFFERENTS IN RATS.
CD.__Balaban1,2*. J.D, Porter1 and R.J. Schuerger2,3, Depts.of
'Otolaryngology,’Neurobiology,University of Pittsburgh;Pittsburgh, PA 15213
3current:Department of Physiology, Northwestern University, Chicago, IL
Previous anatomical studies in rabbits, cats and monkeys have shown that
the sagittal zones of flocculus Purkinje cells project differentially to the
superior (SVN), medial (MVN) and ventral lateral (vLVN) vestibular nucleus.
Adult male Long-Evans rats received iontophoretic injections of Fluoro-Gold
and/or tetramethylrhodamine dextran amine (10,000 MW) into the vestibular
nuclei. Reconstructed flattened maps of the flocculus (FL) and ventral
paraflocculus (vPFL) labeling (Ruigrok et al., J. Comp. Neurol. 316: 129150, 1992) were prepared on a PC ( with FreeHand software) from drawings
of serial sections and overlays of different injection cases were used to
identify the loci of cells labeled retrogradely from SVN, MVN and vLVN.
Different regions of the flocculus and adjacent ventral paraflocculus project
to (1) SVN alone, (2) SVN + rostral MVN, (3) rostral MVN, (3) vLVN, and
(4) caudal MVN. As in other species, a zone at the rostral flocculus pole
projects to SVN and there is a multiple, alternating representation of regions
that project to SVN and/or rostral MVN. Some (but not all) projection zones
span the FL and vPFL. A comparison of efferent FL and vPFL projections
with the published inferior olivary afferent map (Ruigrok et al., op. cit.)
indicates that individual climbing fiber zones may innervate Purkinje cells
with different efferent targets in rats. However, functional interpretation of
these findings requires more detailed physiologic data regarding the location
of relay neurons for different vestibulo-ocular reflexes in rats. Supported by
NIDCD grant R01 DC00739.

EFFECTS OF GABA RECEPTOR AGONISTS AND ANTAGONISTS ON
MEDIAL VESTIBULAR NEURONS IN RAT BRAINSTEM SLICES AFTER
BILATERAL TRANSECTION OF THE INFERIOR CEREBELLAR PEDUNCLE.
Y. Sun*, D. A. Godfrey, and A, M, Rubin. Dept. of Otolaryngology, Head & Neck
Surgery, Medical College of Ohio, Toledo, OH 43614.
The vestibular nuclei are a target for cerebellar output, and GABA is a major
neurotransmitter involved. Neurons in the medial vestibular nucleus (MVN) of the
rat have both GABAa and GABAB receptor subtypes (Sun et al., Neurosci. Abstr.,
1996). There has been limited information about plasticity in the MVN after
cerebellar lesions, but we found GABA concentrations decreased by an average of
26% in the MVN 7 days after bilateral transection of the inferior cerebellar peduncle.
The aim of this study was to investigate the pharmacology of GABA receptors in the
MVN after this same peduncle transection. After 7 days of survival, transverse or
horizontal slices of rat brainstem were cut with a vibratome at 400-500 pm, and
action potentials of MVN neurons were recorded extracellularly in an interface
chamber. All neurons studied showed regular spontaneous discharge patterns typical
of MVN neurons. Drugs were applied in the bath.
In lesioned rats, responses of MVN neurons to the GABAa agonist muscimol and
the GABAb agonist baclofen were larger than those in control rats. The halfmaximally effective concentrations (EC50) for muscimol and baclofen in lesioned rats
were, respectively, 4.3 pM (n=18), compared with 20.2 pM for control, and 0.97
pM (n=14), compared with 3.5 pM for control. The GABAa antagonist bicuculiine
(n=8) and the GABAb antagonist 2-OH-saclofen (n=7) had significantly smaller
effects on spontaneous activity in lesioned rats than in controls (p< 0.001).
The data suggest that, with the decreased endogenous GABA levels in the MVN
after cerebellar peduncle transection, receptor up-regulation occurs for both GABAa
and GABAb subtypes.
(Supported by NIH grant DC02550)
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266.10

IN VITRO EFFECTS OF ACETYL-LEUCINE (TANGANDL®) ON THE CENTRAL
NEURONAL NETWORKS STABILIZING GAZE AND POSTURE IN GUINEAPIGS. N, Vibert1*, A, Babalian1. P, Authte2 and P.-P, Vidal1. 'L.N.R.S., CNRS
ESA 7060, 45 rue des Saints-Pdres, 75006 Paris, France; 2Pierre Fabre Medicaments,
Direction des Affaires Medicales, La Chartreuse, 81106 Castres cedex, France.
For 40 years, the amino acid acetyl-D-leucine (Tanganil®) has been used in clinical
practice to reduce the imbalance and neurovegetative signs associated with acute
vertigo crisis. In animal models, acetyl-leucine was shown to accelerate vestibular
compensation following unilateral labyrinthectomy, while having only minor effects
on vestibular function. The underlying cellular mechanisms are however unknown.
Using electrophysiological recordings in brainstem slices and in the isolated, in
vitro whole brain (IWB) of guinea-pig, we searched whether acetyl-leucine could
directly act on central vestibular neurons of the medial vestibular nucleus (MVNn), and
modify the overall activity of vestibular-related networks. Only moderate effects were
obtained in control conditions, where isoleucine could have both excitatory and
inhibitory actions on MVNn. However, intracellular recordings revealed that the nature
of the response depended on the membrane potential of the cell: the neurons excited by
acetyl-leucine had significantly lower potentials than non-sensitive cells, whereas the
neurons inhibited by this compound had higher than normal resting potentials.
Accordingly, acetyl-leucine strongly reduced the asymmetry of vestibular-related
networks characterizing the IWBs taken from previously labyrinthectomized animals,
mainly by inhibiting the depolarized vestibular neurons on the hyperactive side.
Altogether, our results suggest that acetyl-leucine acts during MVNn pathological
hyperpolarizations and depolarizations, by bringing back their membrane potential
towards a mean value of about -60 mV. Since asymmetrical spontaneous activities of
MVNn are associated with acute vestibular disorders in animal models, this study
suggests how acetyl-leucine can reduce acute vestibular-related imbalances in humans.
(Supported by the CNRS, Paris 6 and 7 Universities, and Pierre Fabre Medicaments)

CELLULAR MECHANISMS OF GAIN CONTROL IN MEDIAL VESTIBULAR
NUCLEUS NEURONS. M.R. Smith, D.L. Ruderman, and S. du Lac*.
Systems Neurobioiogy Laboratories, The Salk Institute for Biological Studies,
La Jolla, CA 92037
Neural mechanisms of plasticity adjust the gain of the vestibuio-ocuiar
reflex (VOR) to compensate for altered visual and vestibular experience. To
identify candidate cellular substrates of adaptive gain control in the VOR, we
have investigated the control of spike generation gain in medial vestibular
nucleus (MVN) neurons. Spike generation gain was measured as the change
in firing rate evoked by intracellular current injection into MVN neurons
recorded in rat brainstem slices.
Pharmacological blockade of voltage-sensitive calcium channels with
cadmium produced a dramatic increase in spike generation gain, as we
previously reported for avian MVN neurons. Pretreatment with the Ca2+activated K+ channel (SK) blocker apamin prevented the cadmium-induced
gain increase, indicating that Ca2+-dependent gain control is predominantly
mediated by SK channels. Blockade of Ca2+ influx through N-type calcium
channels (2 pM ro-conotoxin) produced an increase in spike generation gain,
while blockade of T-type calcium channels (250 pM amiloride) had no
significant effect. In addition to Ca2+ influx, release of Ca2+ from internal
stores might also activate SK channels leading to a decrease in spike
generation gain. While we observed a decrease in gain for 40% of cells
tested with caffeine (2-10 mM), a gain increase was found in 47% and 62% of
cells after application of caffeine and ACPD (28 pM), respectively. These
results suggest that Ca2+ entry through N-type calcium channels modulates
spike generation gain by activating SK channels, while Ca2+ released from
internal stores may regulate gain through distinct mechanisms.
Supported by NEI (R01-EY11027).

266.11

266.12

PROPERTIES AND HISTORY-DEPENDENCE OF INHIBITORY
SYNAPSES ONTO MEDIAL VESTIBULAR NUCLEUS NEURONS
C. Sekimiak* and S. du Lac. Systems Neurobioiogy Laboratories, The
Salk Institute for Biological Studies, La Jolla, CA 92037.

PACEMAKER ACTIVITY IN MEDIAL VESTIBULAR NEURONS AFTER
IPSILATERAL LABYRINTHECTOMY. L. Ris1, N. Vibert2, P.-P, Vidal2 and E,
Godaux1*. 'Lab. of Neurosciences, Univ. of Mons-Hainaut, Belgium; 2Lab. of
Neurobioiogy of Sensori-motor Networks, CNRS, Paris, France.
The spontaneous activity in the ipsilateral vestibular neurons of the guinea pig is
severely depressed just after ipsilateral labyrinthectomy, but recovers completely
over one week. The aim of this study was to test the hypothesis that this restoration
would be due to an increase in the pacemaker activity.
In fact, the pacemaker activity of a neuron can only be assessed after removing
its synaptic influences. We compared the spontaneous activity of the neurons of the
medial vestibular nucleus (MVN) in brainstem slices from control guinea pigs and
from animals labyrinthectomized ipsilaterally 1 week beforehand. The exploration
was systematic; the MVN was divided into 12 regions (0.25 mm square each) and
the velocity of the microelectrode penetration was low and constant (1.5 pm every
1.5 second). In a first study, the slices were perfused with artificial cerebro-spinal
fluid. The spontaneous activity was similar in both groups of 10 slices
(307 neurons firing at 10.1 ± 0.9 spikes.s'1 versus 297 neurons firing at 12.0 ± 1.5).
In a second study, slices were perfused with a low Ca^ (0.2 mM) - high Mg++
(6 mM) solution. The spontaneous activity was similar in both groups of 4 slices
(111 neurons firing at 7.5 ± 6.3 versus 130 neurons firing at 8.4 ± 6.2). In a third
study, synaptic transmission was blocked by adding roAgatoxin-IVA (300 nM) and
roConotoxin-GIVA (lpM) to the perfusion. The spontaneous activity was similar
in both groups of 5 slices (150 neurons firing at 10.3 ± 8.2 versus 130 neurons
firing at 12.3 ±9.5).
We concluded that an increase in pacemaker activity is not involved in
restoration of activity after unilateral labyrinthectomy.

Purkinje cells in the cerebellar flocculus provide powerful inhibitory synaptic
inputs onto neurons in brainstem vestibular nuclei and are known to mediate
adaptive plasticity in the reflexive control of eye movements. However, little is
known about how Purkinje cell synapses influence signal processing in flocculus
target neurons.
To determine the properties of floccular synaptic inhibition, we perfoimed
whole-cell patch recordings of medial vestibular nucleus neurons in slices of young
rodent brains. The slices were cut at an oblique angle designed to contain the
majority of floccular efferent axons to the vestibular complex. Synaptic inhibition
was evoked using tungsten electrodes to stimulate the region of floccular Purkinje
cell axons.
Synaptically inhibited neurons exhibited rebound depolarization following
hyperpolarizing current injections. All inhibitory postsynaptic potentials tested
could be blocked reversibly by the GABA-A receptor antagonist bicuculline. On
average, the inhibitory synaptic responses neither facilitated nor depressed when
stimulated with pairs of pulses at frequencies between 5 and 200 Hz. Trains cf
stimuli reduced neuronal firing rate in a frequency-dependent fashion. A subset of
neurons exhibited a sustained increase in firing rate following the offset cf
prolonged synaptic stimulation.
Supported by NEI (R01-EY11027).

266.13
IMMUNOCYTOCHEMISTRY OF SNAP-25 AND SYNTAXIN IN
THE DEAFFERENTED VESTIBULAR NUCLEAR COMPLEX:
EVIDENCE OF REMODELING OF SYNAPTIC CONNECTIONS
DURING VESTIBULAR COMPENSATION H. Li?* L.A. Dokas?
P.A. Godfrey? and A.M, Rubin2. 'Div. ofNeurology, Dept. of Medicine,
and JDept. of Otolaryngology-HNS, Med. Col. of Ohio, Toledo, OH
43614
Vestibular compensation is the process of recovery from vestibular
dysfunction after unilateral vestibular deafferentation. Our previous
studies suggested sprouting of axonal terminals in the vestibular nuclear
complex (VNC) after unilateral vestibular ganglionectomy (UVG). In
this electron microscopic study, immunocytochemistry of two synaptic
vesicle membrane-associated proteins, SNAP-25 and syntaxin, were
carried out in the deafferented VNC after UVG. Both SNAP-25 and
syntaxin-positive immunoreactivities were increased in axonal sprouts,
which appeared to form new synapses, in association with plasma
membranes of synaptic vesicles. Since the increased expression of either
protein in the axonal sprouts reflects development of potentially
functional new synapses between these sprouts and their targets, the
above result suggests that some of the axonal sprouts in the deafferented
VNC may eventually form new synaptic connections. Although the
physiology of these connections is unclear, it is possible that they are
essential for some mechanisms of vestibular compensation, especially its
dynamic, components.
(Supported by NIH grants DC02550 and NS30792)
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CENTRAL AUDITORY PHYSIOLOGY: SOUND LOCALIZATION AND FREQUENCY TUNING

267.1

267.2

CORTICOFUGAL REGULATION OF AUDITORY SENSITIVITY OF BAT
EXTERNAL
INFERIOR
COLLICULAR
NEURONS
AND
INTRACOLLICULAR INTERACTIONS. Philip Jen*. Xinde Sun and Oicai
Chen, Division of Biological Sciences, University of Missouri-Columbia, MO
65211
Our previous studies have demonstrated that corticofugal systems inhibit or
facilitate the auditory responses of central inferior collicular (ICc) neurons (Sun et
al. Brain Res 495:1-8, 1989; Jen et al. J Comp Physiol 183:683-697, 1998). In
order to determine electrophysiologically the possible pathways for corticofugal
inhibition of the ICc neurons, we examined corticofugal regulation of auditory
responses of neurons in the external inferior colliculus (ICx) and interactions
between the ICx and the ICc. ICx neurons broadly tuned to stimulus frequency.
Electrical stimulation of the primary auditory cortex (AC) increased the number of
impulses, expanded the auditory response areas and broadened the frequency tuning
curves of ICx neurons. Electrical stimulation of the ICx decreased the number of
impulses, reduced the auditory response areas and narrowed the frequency tuning
curves of ICc neurons. Similar results were observed for ICx neurons upon
electrical stimulation of the ICc. This mutual inhibition is mediated through
GABA. We suggest that corticofugal facilitation of the ICx, which inhibits
auditory responses of ICc neurons, represents one of the possible polysynaptic
pathways for corticofugal inhibition of auditory responses of ICc neurons. The
mutual inhibition between ICx and ICc may be a part of a negative-feedback
corticofugal regulation loop to ensure the stability (optimal) of ascending auditory
signal processing (work supported by NSF).

THE MONAURAL NUCLEI OF THE LATERAL LEMNISCUS
CONTRIBUTE TO TIMING REGULATION AND GAIN CONTROL IN
THE INFERIOR COLLICULUS OF THE BAT. R. Boatright. J.H. Casseday and

667

E. Covey*. Dept. of Psychology, University of Washington, Seattle, WA 98195.

The inferior colliculus (IC) receives auditory input from multiple sources in the
lower brainstem, including the monaural nuclei of the lateral lemniscus (NLL). The
NLL receive input from the contralateral cochlear nucleus and transmit highly
structured temporal information throughout most of the IC. Our aims were: 1) to
determine whether IC neurons receive convergent input from the NLL and other
sources; 2) to determine how sound-evoked responses of IC neurons are affected by
NLL input. We recorded responses of 33 IC neurons before and after injection of the
glutamate antagonist, kynurenic acid, into a physiologically characterized region of
the NLL. Inactivation of the NLL never completely eliminated sound-evoked
responses, indicating that NLL projections converge with those from other sources.
Many IC neurons respond well to low sound levels but poorly or not at all to high
sound level, i.e., they have non-monotonic rate-level functions. For these neurons,
increases in sound level caused response latency to lengthen (paradoxical latency
shift). During inactivation of NLL, responses to low sound levels diminished and
responses to high sound levels increased, raising thresholds and rendering ratelevel functions monotonic. Paradoxical latency shift was also eliminated. For these
neurons, the NLL appears to provide a gain control mechanism which boosts the
response to faint sounds and limits the response to loud sounds. In addition, the NLL
input adjusts neural delays that could, in turn, alter timing in delay line systems such
as those that produce pulse-echo delay tuning.

Research supported by NIH grants DC-00607 and DC-00287 and NSF grant IBN9511362.

267.3

267.4

MONAURAL AND BINAURAL INHIBITION IN FREQUENCY TUNING OF
BAT INFERIOR COLLICULAR NEURONS. Y, Lu* and P, H.S. Jen. Division
of Biological Sciences, University of Missouri-Columbia, MO 65211
Neural inhibition is an important source for sharpening of frequency
tuning of auditory neurons. Using a simultaneous two-tone inhibition paradigm,
we examined the contribution of monaural and binaural inhibitions to sharpening
frequency tuning of inferior collicular (IC) neurons of the big brown bat, Eptesicus
fuscus under ear-phone stimulation conditions. A total of 46 El (excitationinhibition), 24 EO (monaural excitation) and 6 EE (excitation-excitation) neurons
was isolated. When both tones were delivered to the same ear, inhibitoiy frequency
tuning curves (FTCs) were measured for 40 El, 21 EO, and 6 EE neurons. These
inhibitory FTCs bordered at low-flank (10, 15%), high-flank (11, 16%), or both
flanks (45, 67%) of the excitatory FTCs or were sandwiched between (1, 2%) two
excitatory FTCs. IC neurons with inhibitory FTCs had sharper (higher Q values)
excitatory FTCs than those without inhibitory FTCs. For EE neurons, inhibitory
FTCs determined with ipsilateral sound stimulations were larger than those
determined with contralateral sound stimulations. For 46 El neurons, inhibitory
FTCs were also measured when both tones were separately delivered to each ear
(i.e. binaural stimulation). The inhibitory FTCs measured in this way either fell
within (11, 23%), partially overlapped (27, 56%), or nearly entirely encompassed
(10, 21%) the excitatory FTCs. This binaural inhibition sharpened directiondependent frequency tuning of IC neurons. Both types of inhibition are mediated in
part by GABA. (Supported by NSF to P Jen)

RESPONSES OF NEURONS IN DIFFERENT SUBNUCLEI OF THE
INFERIOR COLLICULUS IN THE GUINEA PIG. J. Syka, J. Popelar, E.
Kvasnak and J. Asti. (SPON: European Neuroscience Association) Institute of
Experimental Medicine, Academy of Sciences, Prague, Czech Republic.
Responses of single neurons were compared among individual subnuclei of
the inferior colliculus (IC) in guinea pigs anaesthetized with
ketamine/xylazine. Spontaneous activity was on average two times higher in
the central nucleus of the inferior colliculus (CNIC) than in the dorsal cortex
of the inferior colliculus (DCIC) or the external cortex of the inferior
colliculus (ECIC). The composite neural audiogram, which connects points of
the lowest thresholds of individual IC neurons, did not differ in individual IC
subnuclei. However, the average threshold was significantly lower in the
CNIC (17.1 ± 1.8 dB SPL, mean ± S.E.M.) than in the DCIC (21 ± 1.9 dB
SPL) or ECIC (23.4 ± 1.7 dB SPL). First-peak latencies varied between 6 ms
and 70 ms. The shortest latencies occurring in one-octave frequency bands did
not differ among individual IC subnuclei. However, the average latency was
significantly shorter in the CNIC (13.3 ± 1.5 ms) than in the DCIC (19.7 ± 1.7
ms) and ECIC (15.4 ± 1.6 ms). The frequency tuning was found to be sharper
in the CNIC than in the DCIC or ECIC. Sustained responses to CF stimulation
were present in 72% of neurons in the IC (primary-like responses were
observed in 27%, pure-sustained in 36% and pauser and chopper PSTH were
present in 9% of cases, 1% was inhibited), whereas 27% of IC neurons
displayed onset responses. Sustained responses were more frequent in the
CNIC and DCIC than in the ECIC. The results demonstrate some essential
differences between the processing of auditory information in the CNIC,
which serves as a primary relay nucleus in the ascending auditory pathway,
and the ECIC and DCIC.
Supported by grant 309/97/0830 of the Grant Agency of the Czech Republic.

267.5

267.6

THE BASIC RECEPTIVE FIELD PROPERTIES OF NEURONS IN THE
INFERIOR COLLICULUS OF DECEREBRATE CATS ARE RARELY
CREATED BY LOCAL INHIBITORY MECHANISMS. K.A. Davis*.
Dept. of Biomed. Eng. and Center for Hearing Sciences. Johns Hopkins
University, Baltimore, MD 21205.
Neurons in the central nucleus of the inferior colliculus (ICC) of
decerebrate cats can be classified into three distinct populations based on the
increasing prevalence of inhibition in their contralateral frequency response
maps. Type V maps show V-shaped excitation and no inhibition; type I
maps show I-shaped (level-tolerant) excitation flanked by inhibitory
sidebands; and type O maps show an O-shaped island of excitation near best
frequency threshold bounded by inhibition at higher levels. To determine the
role of local circuit inhibitory mechanisms in the creation of these response
types, response maps were compared before and during iontophoretic
application of bicuculline or strychnine, blockers of GABAa - and glycinereceptor mediated inhibition, respectively. Bicuculline and strychnine both
increased the spontaneous and maximum driven discharge rates of a unit,
although bicuculline effects tended to be larger. The changes in discharge
rate were observed at frequencies and levels throughout a unit's receptive
field and some previously inhibitory responses became excitatory. As a
result, the filtering properties of ICC neurons tended to broaden under
inhibitory blockade. In spite of the altered activity levels however, the
majority of units did not change response type during pharmacological
manipulation (4/4 type V, 10/10 type I, and 12/16 type O units). The
exceptions were all initially type O units (one of four became a type V unit
under bicuculline; the other three became type I units, one under bicuculline,
two under strychnine). These results suggest that ICC neurons reflect the
basic monaural response properties of principal cells in lower-order nuclei,
while the inhibitory influences within ICC regulate the magnitude of neural
responses. Supported by NIDCD grant 5 R03 DC03758-02.

SPATIAL RELEASE FROM MASKING IN THE INFERIOR COLLICULUS (IC)
C.C. Lane, B. Delgutte, R.Y. Litovsky, and M.C. Brown*. Eaton-Peabody
Laboratory, Massachusetts Eye and Ear Infirmary, Boston, MA 02114.
Listeners have a remarkable ability to recognize and localize sounds in complex
acoustic environments. Psychophysical studies have shown that listeners' ability to
detect signals in a background of noise improves when the signal and noise are
spatially separated. In this work, we investigated correlates of this "spatial release
from masking" in IC neuronal responses.
We recorded single-unit activity in the IC of anesthetized cats in response to
broadband signals and noise. Stimulus azimuth was simulated using virtual space
(VS) techniques by filtering the stimuli through head-related transfer fimctions.
These VS stimuli contain three localization cues used in the free field: interaural
time (ITD) and level (ILD) differences and spectral cues. The signal was positioned
at the midline, while the noise azimuth was varied in the frontal hemifield.
For most IC neurons, masked thresholds depended systematically on noise
azimuth. Some neurons showed directionally dependent changes in masked
thresholds of 15-20 dB.
We also measured responses to modified VS stimuli to determine which
localization cues are the most potent. Specifically, some localization cues were held
constant while others were varied with azimuth as in the free field. For some cells,
the directionality of the masking effect depended only on the masker ILD, while the
responses of other cells depended on a combination of ITD and ILD.
These results show that some neurons exhibit spatially dependent masking
release comparable in magnitude to values found psychophysically. Further, the
experiments with modified stimuli suggest that the effect depends on multiple
localization cues and is most likely mediated by different neural mechanisms.
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INTERAURAL INTENSITY DIFFERENCE PROCESSING IN THE
INFERIOR COLLICULUS: DEPENDENCE ON ABSOLUTE
INTENSITY. M.A. Holinstat* and T.J. Park. Dept. of Biological
Sciences, University of Illinois at Chicago; Chicago, IL 60607.

CONTRIBUTIONS OF ITD AND FREQUENCY-SPECIFIC ILD TO SPATIAL
RECEPTIVE FIELDS OF CELLS IN THE BARN OWL INFERIOR
colliculus
p, p, EustQn* and T, T Takahashi, Institute of
Neuroscience, University of Oregon, Eugene, OR 97403

The inferior colliclus (IC) is known to be involved in the processing of
interaural intensity differences (IIDs) through the integration of neural
inputs originating at the cochleae. The IID cue is established at the level of
the ears and is independent of absolute intensity. However, recent reports
indicate that the majority of IID sensitive cells in the IC show changes in
sensitivity depending on absolute intensity. These studies involved single
unit extracellular recordings in the cat and gerbil. We applied similar
testing techniques to the Mexican Free-Tailed bat, a species that relies
heavily on hearing and uses exclusively IID (versus interaural timing
difference) for processing sound localization cues. Our studies resulted in
two main findings. First, many more cells in the bat were invariant with
changes in absolute intensity than those reported for the cat and gerbil.
Second, the cells in our study that showed variations in sensitivity to
absolute intensity, varied in a predictable manner. This dependence on
absolute intensity is not created at the level of the ear, but rather is
established by intrinsic neural properties within the auditory pathway. By
factoring in the strength of excitation and inhibition at the level of the IC
and their times of arrival at IC cells, we can explain much of the variability
in IID sensitive cells in the IC. This work was supported by an NIH grant
and the Department of Biological Sciences, University of Illinois at Chicago

Space-specific neurons in the bam owl's inferior colliculus (IC) derive
their spatial selectivity from a combination of interaural level difference (ILD)
and interaural time difference (ITD). These cues are processed in two
independent, tonotopically-organized streams that converge in the IC. To
become space tuned, IC cells must integrate across frequencies and
merge the ILD and ITD streams, a two-part process we assessed using pure
tones and synthesized spatial stimuli. Head-related transfer functions
(HRTFs), measured via microphones inserted in the owl's ears, reveal a
unique combination of frequency-specific ILD values (i.e., an ILD spectrum)
at every location. Using pure tones, we found that ILD tuning varied with
frequency and that the ILD-frequency curves, when combined with the
HRTFs, allowed us to predict the ILD contribution to spatial tuning. These
pure-tone based predictions matched the actual response to broadband
stimuli filtered so as to preserve the HRTF-based ILD spectrum while
setting the ITD everywhere equal to the cell's best ITD. To assess the ITD
contribution to spatial tuning, we used the HRTFs to convert ITD tuning
curves into spatial receptive fields. ITD-alone receptive fields are nearly
vertical lines. ILD-alone receptive fields are more irregular but are generally
aligned horizontally. A simple multiplication of these single-cue receptive
fields provided a good estimate of the cell's true spatial receptive field. IC
cells thus fail to fire when either input stream is silent. Further, the peak of
the ILD-alone receptive field is not equal to the peak of the true spatial
receptive field, suggesting that an IC cell's ILD selectivity is not tuned to
provide the maximum firing rate at the cells best location but rather to
provide the maximum restriction in elevational tuning at that location.
(Supported by NIDCD grant DC03925 and NIGMS grant T32GM07257).

267.9

267.10

NEURAL AND BEHAVIORAL RESPONSES TO SIMPLE AND COMPLEX

BINAURAL SOUNDS BY BARN OWLS.

K. Saberi 1, M. Konishi \

Y. Takahashi12 * H. Farahbod \

1 Division of Biology, California Institute of

Technology, Pasadena, CA 91125; 2 Dept. of Otolaryngology, Osaka Univ.
Med. Sch., Suita, Osaka, Japan

We report neurophysiological and behavioral results on localization of
simple and complex sounds by barn owls. Neurophysiological experiments

were conducted in the optic tectum (superior colliculus) of the owl, using
narrow and broad band dichotic stimuli centered on the best frequency of the

neuron. For the behavioral experiments, stimuli were centered on a 5-kHz
carrier and were interaurally delayed by either 50 or 150 microseconds ( % or

% period).

Both neuronal and behavioral data show a similar effect of

bandwidth. Interaural-delay tuning curves of tectal neurons showed that the
first statistically significant discrimination of side peaks from main peak occurs
at a bandwidth of 3 kHz. Localization data showed that owls localize two

spatial positions corresponding to the 14 and % period interaural delay of the

carrier of a narrow band sounds, and a single image when stimulus

bandwidth exceeds 3 kHz.
(Supported by NIH and Human Frontier Science Program Fellowship)

SENSITIVITY OF INFERIOR COLLICULUS NEURONS TO INTERAURAL
TIME DIFFERENCES (ITDs) OF AMPLITUDE MODULATED STIMULI. &.
Ramachandran and B.J, May*. Depts. of Biomed. Eng. and Otolaryngology-HNS
and Center for Hearing and Balance. Johns Hopkins University, Baltimore, MD
21205.
High frequency neurons (BFs > 3 kHz) in the central nucleus of the inferior
colliculus (ICC) exhibit only type I or type O properties when response patterns are
characterized in unanesthetized decerebrate cats. Type I units have an I-shaped
excitatory receptive field that is bounded by strong lateral inhibition and show
excitatory/inhibitory (El) interactions for binaural stimuli. Type O units exhibit an
O-shaped island of excitation near BF threshold and inhibitory responses at most
other stimulus frequencies and levels; these units also show El binaural properties.
Based on the similarities of these responses to units in the auditory brainstem, we
have hypothesized that type I and O units receive inputs from the lateral superior
olive (LSO) and dorsal cochlear nucleus (DCN) respectively. We are currently
measuring the ITD sensitivity of type I and O units as an additional test of the
potential sources of inputs for ICC response types. Previous studies (e.g. Batra et al.,
J. Neurophysiol. 78:1222-1236, 1997) have noted that units in the LSO and medial
superior olive (MSO) are sensitive to ITDs, but neurons in each of these nuclei
display a different temporal response to the envelopes of amplitude-modulated
stimuli. LSO units exhibit temporal modulations in discharge rates that reach a
minimum at the same ITD regardless of envelope frequency (trough units); by
contrast, most MSO units show a consistent rate maximum (peak units). Similar
experiments have not been performed in the DCN, but weak binaural responses are
predicted for this strongly monaural nucleus. Our preliminary results indicate that all
of the type I units with sensitivity to binaural beats (3/5 units) exhibit trough
responses; whereas, approximately half of the type O units are unresponsive to ITD
cues (4/9 units). These findings support our previous interpretations that type I units
and O units may reflect the basic properties of ascending projections from the LSO
and DCN. We have also noted that a subset of type O units responds to ITD cues
with peak responses (4/9 units). These type O units may represent a distinct response
type that arises from alternate sources of input or the effects of local processing
within the ICC. Supported by NIDCD grant DC 00979.

267.11

267.12

RESPONSES OF SUPERIOR COLLICULUS NEURONS TO
STATIONARY AND MOVING STIMULI PRESENTED IN VIRTUAL

FUNCTIONAL AND ANATOMICAL ORGANIZATION OF THE SUPERIOR
COLLICULUS OF THE ECHOLOCATING BAT. S.R. Sinha1, D. Soares1, C.E. Carr1,
C.F. Moss2*. ’Dept. of Biology and 2Dept. of Psychology Univ. of Maryland; College
Park, MD 20742.
Echolocating bats have evolved a biological sonar system for three-dimensional
spatial perception. The bat’s sonar receiver calculates the direction and distance of
sonar targets from the features of echoes and uses this spatial information to direct
orienting behaviors. The bat superior colliculus (SC) shows functional specializations
that may be related to acoustic orienting by sonar. Namely, a population of auditory
neurons shows echo-delay-tuning, a response characteristic believed to play a role in
distance measurement. In addition, microstimulation in the bat SC evokes sonar
vocalizations. These specializations may be important for rapid coordination of sensory
and motor signals, since changes in the bat’s vocalizations are tied to target range.
However, these specializations show no apparent topographic organization in the bat
SC.
Using extracellular recording and neuroanatomical techniques, this study aimed to
develop a better understanding of the functional organization of the SC of the FM-bat,
Eptesicusfuscus. Auditory spatial receptive fields were characterized using free-field
acoustic stimulation, and recording sites were histologically reconstructed for cells
showing echo-delay-tuning.
In complement to the neurophysiology, we used immunohistochemical techniques to
investigate the anatomical organization of the bat SC. Other researchers have used the
distribution of calcium-binding proteins in the cat and rat to describe SC layers. In
these animals, parvalbumin (PV) and calbindin, are expressed in complimentary tiers
from the superficial gray layer to the intermediate gray layer. Antibodies against
calretinin (CR) and PV in the bat show three well-defined tiers, and a large region in
the intermediate and deep layers that contains both PV and CR immunoreactive
elements. A small number of large cells express both PV and CR.
Supported by MH56366 & Whitehall S97-20 to CFM and NIH DC00436 to CEC.

Reale2. ‘Oxford Univ. Lab. of Physiology, Parks Rd., OX1 3PT, U.K.; 2Dept.
of Physiology, Waisman Center, Univ. of Wisconsin-Madison, WI 53705.
We recorded responses from single neurons in the deep superior
colliculus (SCd) of the halothane-anesthetized cat to 10 ms noise bursts
presented from over 200 simulated free-field directions distributed around
the animal at intervals of about 10°. The data for each unit were fitted with
spherical basis functions (Jenison et al J Neurophysiol 80:2645-56,1998)
to describe the spatial receptive fields (SRFs). We defined the best area of
the SRF as the region eliciting a response of 75% or more of the maximum.
In many cells this best area formed a single, roughly elliptic focus on a
sphere, approximately 30° wide. The azimuthal coordinate of the center of
the best area correlated with the rostro-caudal position of the cell within the
SCd, in keeping with the map of auditory space in SCd previously
described by other authors (e.g. Middlebrooks and Knudsen, J Neurosci
4:2621-34,1984). Other cells exhibited more complex SRF structure.
Moving sound sources were simulated by presenting noise bursts from
different directions in rapid succession. Bearing and velocity could be set
independently. In some cases the evoked spikes were more sharply timelocked to the individual noise bursts when the simulated moving stimulus
swept through the SRF from the front to back as compared to the reverse
direction. This resulted in firing patterns dependent on the bearing of the
source.
Supported by the Dunhill Medical Research Trust, Defeating Deafness,
and NIH Grants DC-00116 and HD-03352.
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Spatial
receptive
fields
in the lateral
superior
olive
of the cat
D.j .
Tollin and T.C.T. Yin*.Department of Physiology, University of Wisconsin-Madison,
Madison, WI 53706.
The lateral superior olive (LSO) is one of the first structures in the auditory pathway
receiving inputs from both ears. With dichotic stimulation, LSO cells are inhibited (I)
and excited (E) by sounds to the contralateral and ipsilateral ear, respectively (IE
cells). Classically, the LSO has been hypothesized to play a central role in sound
localization through the extraction of interaural level differences (ILDs), one of three
cues for sound localization; the other two cues being interaural time differences (ITDs)
and spectral cues. Despite this hypothesis, spatial receptive fields (SRFs) of LSO cells
have never been measured. Here we report SRFs for sound-source azimuth for single
units in the LSO of the barbituate-anesthetized cat. A virtual acoustic space technique
was used to manipulate the azimuth of stimuli presented independently to the two ears
through a closed acoustical system by digitally filtering broadband noise with the headrelated transfer functions (HRTFs) of a “standard” cat (Musicant et al., 1990). As
expected, LSO cell responses were modulated by variations in sound-source azimuth
with high responses to sounds in the ipsilateral sound field and little or no response in
the contralateral field. The SRFs often showed a “best-azimuth” in the ipsilateral field
with rates falling below 50% of the maximum on both sides of the peak. While
responses to monaural, ipsilateral ear stimulation were also directional, binaural
responses were consistent with IE interaction; response rates were reduced and both
best-azimuths and the azimuth corresponding to the half-maximal response shifted
toward ipsilateral azimuths. To determine which spatial cues contributed to the SRFs
we manipulated the HRTFs by independently varying (or holding constant) in azimuth
each of the three spatial cues in isolation while holding constant (or varying) the
others. ILD in a 1/3-octave band at best frequency was the most effective cue, while
spectral and ITD cues were relatively ineffective. Supported by: NIH Grant DC02840,
DC00116, DC00376.

STUDIES OF INTERCONNECTIONS BETWEEN DORSAL COCHLEAR
NUCLEUS AND INFERIOR COLLICULUS USING ACTIVE SILICON
MICROPROBES. M, D, Gingerich. J, A, Wiler,1 D, J, Anderson* and K. D. Wise.,
Dept. of Electrical Engr. & Comp. Sci. and ‘Kresge Hearing Res. Inst., University of
Michigan, Ann Arbor, MI 48109.
Traditionally, in-vivo electrical stimulation and recording in the central nervous
system has been performed using glass pipettes or metal microelectrodes; however,
these devices are limited for studying neural connectivity because of the difficulties in
forming arrays of these electrodes and/or positioning the electrodes in tissue.
Multielectrode arrays are needed with reproducible dimensions that are capable of
stimulating or recording through large numbers of sites with minimal tissue damage.
This paper reports the use of silicon microprobes fabricated using integrated-circuit
technology and including on-chip electronics for routing four independent external
leads to four sites selected electronically from among 64 on the probe. The sites are
positioned in a two-dimensional 4x16 array on 400pm centers and can be used for
either stimulation or recording. The selected site configuration can be changed in less
than 5gsec, implementing electronic site positioning.
Use of the probes for stimulation in the dorsal cochlear nucleus (DCN) while
recording from the inferior colliculus (IC) reveals a localized response field even at
high stimulus levels. Comparison of the background neural spike counts in IC with
increasing stimulus amplitudes in DCN show that neural spike counts decrease during
presentation of the stimulus, but increase after stimulus removal. Stimulation at
adjacent sites produces only minimal changes in neural activity, even at high stimulus
levels. This technology should prove very useful for connectivity studies throughout
the central nervous system.
Supported by NIH-NINDS-NO1-NS-5-2335

267.15

267.16

TUNING STABILITY OF EVOKED FIELD POTENTIALS IN
AUDITORY CORTEX OF AWAKE GUINEA PIGS ACROSS LONG
TIME PERIODS. V.V, Galvan*, J, Chen & N.M. Weinberger. Cntr.
Neurobiol. Learn. Mem. & Dept. Neurobiol. and Behav. Univ.
California, Irvine, CA 92697-3800.
Evoked field potentials (EFPs) have been used to determine the
effects of stimulus parameters, state changes, drugs and learning on the
primary auditory cortex (ACx) (e.g., Molnar, Karmos, and Cs6pe,
Behav. Neurosci., 102(6): 872-880, 1988). Although neglected, it has
long been known that EFPs in ACx exhibit frequency tuning (Tunturi,
Am. J. Physiol., 141: 397-404, 1944). However, the stability of EFP
tuning over long periods of time has not been studied, a necessary
foundation for experiments concerning moderate to long term
plasticity. This experiment investigated long term stability of the Nl
EFP component (~16 ms) in awake guinea pigs (n=5) with acoustic
stimulus control. After implantation of a chronic electrode array and
recovery from surgery, receptive fields (RFs) were determined by pure
tone stimuli (0.9-30.0 kHz, 0-80 dB) presented to the ear contralateral
to the primary auditory cortex, over a period of 8-27 days (n=15
probes). Correlations of the tuning curves were high (e.g., > .85) and
stable across 8-27 days. Best frequencies (BFs) were also stable across
time. Greatest variability occurred at the highest intensity (80 dB), at
which saturation was often observed. Although the absolute amplitude
of EFPs might vary across days, tuning stability was still observed. This
study demonstrates that tuning of EFPs across long time periods is
highly stable.
Supported by NIDCD #DC-02938 and #DC-02346 to N.M.
Weinberger and APA Minority Fellowship to V.V. Galvan.

NORMALIZED FREQUENCY REPRESENTATION IN THE GUINEA PIG
AUDITORY CORTEX REVEALS PROPORTIONAL CONSISTENCY OF
TONOTOPIC ORGANIZATION. G.K. Hui* and N.M. Weinberger. Center for
the Neurobioiogy of Learning and Memory, Department of Neurobioiogy and
Behavior, University of California, Irvine, CA 92697-3800.
The tuning of neurons in primary auditory cortex (ACx) of guinea pigs is
shifted toward or to the frequency of a tone that gains behavioral significance in
associative learning (Bakin and Weinberger, Brain Res. 536: 271-86, 1990). As
expected, learning also increases the representation of behaviorally important
frequencies in the monkey (Recanzone et al., J. Neurosci. 13: 87-103, 1993). We
studied the extent of inter-subject variability in tonotopic organization in guinea
pigs, which might compromise investigations of map plasticity in this species.
Adult male guinea pigs under barbiturate anesthesia had their contralateral
anterior primary auditory fields mapped objectively using a fixed protocol of ascending frequencies and decreasing stimulus levels (MALab). Characteristic frequencies (CF, thresholds 0-20 dB) were determined along the tonotopic axis
(250 gm steps, layers deep III and IV). Tonotopic functions (CF vs. anatomical
distance) exhibited an anterior-posterior, low-high frequency gradient as previously reported (e.g., Redies et al., J. Comp. Neurol. 282: 473-88, 1989). Anatomical distance between the same CFs varied widely across subjects (e.g.,
950-1938 gm for 4-24 kHz). However, when we normalized the tonotopic gradients as a percent of distance between fixed low and high frequencies (4 and 24
kHz), the function across subjects was linear (r = 0.966). Thus although tonotopic gradients (Hz/gm) exhibited considerable variability (10.32-21.05 Hz/gm)
due to differential anatomical space occupied by a frequency representation, the
organization within individual animals is proportional.
Supported by grant #MH57235-02 to N.M. Weinberger.

267.17

267.18

SUMMING LOCALIZATION IN THE ACTIVITY OF AUDITORY
CORTICAL NEURONS. B.J. Mickey*, S, Furukawa. and J.C. Middlebrooks.
Kresge Hearing Res. Inst., Univ. of Michigan, Ann Arbor, MI 48109-0506.
When two sounds are presented from different locations and separated by a
small inter-stimulus delay (ISD), a human or feline listener tends to report a
single sound at an intermediate location. As the ISD is varied between -1 and
+1 ms, the reported location shifts systematically between the two actual
locations. This phenomenon is called "summing localization". We have
previously shown that the spike patterns of cortical neurons can signal the
locations of individual sound sources. Here we examine cortical responses to
pairs of sounds. We asked whether spike patterns signal the actual source
locations or the intermediate locations that would be reported by a listener.
We recorded from units in areas Al and A2 of chloralose-anesthetized cats
while presenting two stimulus sets: (i) single clicks, 0.1 ms in duration, given
from various azimuthal locations in the frontal hemifield, and (ii) click pairs,
presented from two speakers at left 50° and right 50°, with a variable ISD.
For each unit, we used the spike patterns evoked by single clicks to train an
artificial neural network to classify spike patterns according to location. This
trained network was then used to estimate location by classifying spike
patterns that were evoked by click pairs.
Neurons responded to click pairs with spike patterns that were
characteristic of responses to single clicks from various frontal locations.
Network estimates of location shifted systematically from about left 50° to
right 50° as ISD was varied from about -1 to +1 ms. Thus, we found that the
cortical spike patterns signalled locations that would be reported by a listener.
Supported by NIH grants ROI DC00420, T32 DC00011, P41-RR09754.

HARMONIC STRUCTURE IN LONG-RANGE HORIZONTAL CONNECTIONS
WITHIN THE PRIMARY AUDITORY CORTEX OF CAT. S, C. Kadia, X. Wang. L.
Liang, and D. K. Rvugo*Center for Hearing Sciences, The Johns Hopkins University,
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School of Medicine, Baltimore, MD 21205.

The primary auditory cortex (Al) of cat is organized in isofrequency
contours. Neurons in different dorsoventral locations along an isofrequency contour
have similar characteristic frequency (CF) but other physiological characteristics are
different. Neurons in ventral Al have broader tuning bandwidths than those in
central Al. We have examined the connectivity of Al neurons in order to reveal
patterns of corticocortical connectivity within and across isofrequency contours.
The tonotopic map of Al in each animal was defined physiologically before a small,
focal injection of fluoro-ruby or biotinylated dextran amine was placed in either
ventral or central Al. Retrogradely labeled neurons were found both within the
isofrequency contour and in different locations along the tonotopic axis, as far away
as 2 octaves from the CF of the injection site, consistent with previous reports of
long-range horizontal connections within Al. In the present study, we mapped
locations of labeled cells onto corresponding tonotopic maps and determined that
while both central and ventral Al receive inputs from a wide range of the frequency
spectrum, cross-frequency inputs to ventral Al are more prominent than those to
central Al. The CFs of a significant proportions of neurons projecting to a site in
ventral Al are harmonically related to the CF of the injection site. The differential
patterns of convergence to the central and ventral Al may contribute to the broader
tuning of ventral Al neurons. Because natural sounds are rich in harmonics, the
harmonic nature of the horizontal connections may be an adaptation of the auditory
cortex to such an acoustic environment. The connections between neurons with
harmonically related CFs suggest specific mechanisms for processing complex
sounds with harmonicity. Finally, horizontal connections may play a role in binding
spectrotemporal features of auditory stimulus in auditory scene analysis.
Supported by NIH/NIDCD grants DC03/80 (X. W.) and DC00232 (D.K.R.)
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COVERT ORIENTING OF ATTENTION TO ACOUSTIC STIMULI IN
THE RAT. B. H. Gaese*. Institut f. Biologie II, RWTH Aachen, D-52074 Aachen,
Germany

AUDITORY STIMULATION INCREASES LOCAL ACETATE UPTAKE IN
BRAIN OF CONSCIOUS RATS: NEURONAL ACTIVATION OF GLIAL
METABOLISM. G.A. Dienel*, K. Liu. P. Chowdhury, A. Eddington, D. Popp,
N.F. Cruz. Dept. Neurology, Univ. Arkansas for Medical Sciences, Little Rock, AR
72205.
Acetate is preferentially transported into and metabolized by cultured astrocytes
compared to synaptosomes or cultured neurons, and labeled acetate can, therefore, be
used as a “glial reporter” molecule to investigate glial-neuronal interactions in brain
in vivo. In the present study, [2-I4C]acetate was used to test the hypothesis that local
glial metabolism increases when neuronal signaling is activated by processing of
sensory information. Broadband (40 Hz-8kHz, 103 dB) or single-band (8 kHz, 103
dB) tones were presented unilaterally to conscious rats in a sound-insulated box.
Auditory stimulus was initiated, [l4C]tracer (acetate or 2-deoxyglucose [DG])
injected i.v., timed arterial blood samples drawn, and local 14C levels in brain assayed
by quantitative autoradiography and computer-assisted densitometry. Increased
incorporation of I4C into the stimulated compared to the contralateral structure was
detected with both tracers, but the changes in [14C]acetate uptake were less than those
for glucose. During broad-band stimulation, left-right differences for inferior
colliculus were 14 ± 9% (n = 6, p<0.001, paired t test) and 66 ± 33% (n = 6, p<0.01)
for [14C]acetate and [14C]DG, respectively; corresponding changes in the lateral
lemniscus were 8 ± 9% (p<0.001) and 42 ± 25% (p<0.05). Left-right differences in
these structures were minor under ambient sound conditions (n=3/group). With a
single band stimulus (n=3/group), left-right differences were also evident, but the
distinct tonotopic band pattern observed with [14C]DG in inferior colliculus was not
observed with [I4C]acetate, i.e., labeling by [14C]acetate was more diffuse. To
summarize, local flux of fuel into the glial tricarboxylic cycle, an oxidative and
biosynthetic pathway, rose during auditory stimulation, indicating that functional
metabolism in glia is stimulated by enhanced neuronal signaling and auditory
information processing. (National Science Foundation grant IBN-9728171).

Attention can be directed to a location in the absence of overt signs of orienting, a
phenomenon termed "covert orienting". Posner (Q. J. Exp. Psychol. 32:3-25, 1980)
devised a task to define operationally, in the laboratory, covert orienting of attention:
with a subject fixating centrally, a peripheral visual cue was presented followed by a
peripheral target. For 80% of the trials, the cue corresponded to the side of the
subsequent target (valid cue). For the remaining 20% of the trials, the cue was
presented on the opposite side (invalid cue). Reaction times for trials with a valid
cue were faster than for trials with invalid cues. The difference in reaction time
between validly cued and invalidly cued trials is referred to as the "validity effect".
A test of covert orienting, analogues to that used in humans, was devised for the
rat, to examine the effect of acoustic stimuli, as compared to the usually used visual
stimuli. Rats were trained to await the presentation of a peripheral acoustic cue
(noise, 40 dB SPL) and target stimulus (noise, 60 dB SPL) in a center location. They
responded to the target stimulus with a head and body movement towards the reward
sites close to the loudspeakers. The target stimulus was presented with a variable
delay of 200 to 800 ms from cue onset.
All animals trained on the task responded more quickly to validly cued targets than
to invalidly cued targets. Validity effects were strong at short delays up to 400 ms
(around 40 ms) and were not significant at long delays. Average reaction time
decreased with increasing target delay. Error rates were low, both in trials with valid
and invalid cues.
Electrophysiological responses of neurons in the superior colliculus during
performance of the task are currently under investigation.
Supported by Deutsche Forschungsgemeinschaft (SPP 1001 "Sensomotorische
Integration")
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GAZE ANGLE AND DISTANCE INFLUENCE RESPONSIVENESS OF
NEURONS IN VI AND V4. D. Rosenbluth. A. Hakeem, H, Weld and J, Allman*.
Division of Biology, Caltech, Pasadena, CA 91125.
In previous work (Dobbins et al., Science, 281:552-555) we demonstrated the
probable influence of vergence and accommodation on the response properties of
neurons in areas VI and V4. The influence of gaze angle on neurons of parietal
visual areas has long been known and has been intimately linked with spatial
localization. We sought to determine if similar effects could be found in VI and V4.
Our finding that such modulation is indeed common in these areas suggests either
that computations related to spatial localization occur at the earliest stages of
cortical processing and are utilized by both ventral and parietal pathways, or that
this information is used for other purposes in addition to spatial localization.
We recorded from 80 neurons in V1 and V4 in two monkeys. Subjects fixated on a
spot presented at varying distances and angular positions on a two dimensional grid.
During fixation, the receptive field was stimulated by an optimal drifting bar.
Roughly half of the cells recorded from (39/80) showed a substantial gain
modulation with respect to gaze angle; 51% (15/29) of cells in VI, and 47% (24/51)
of cells in V4 showed this effect. 50 cells were tested at multiple distances and, of
these, 29 showed a modulation with respect to both gaze angle and distance. In
many instances, the modulation of fixation firing rate followed the same pattern as
that of stimulation firing rate, indicating that internal eye position signals may
modulate neurons independently of visual stimulation.

NEURONES IN MONKEY PRESTRIATE CORTEX DETECT STEPS IN
DEPTH AT CONTOURS DEFINED BY STEREOSCOPIC CUES.
B. Heider and E. Peterhans*; Department of Neurology, University Hospital
Zurich, CH-8091 Zurich, Switzerland.
Evidence of human perception suggests that mechanisms of figure-ground
segregation group stereoscopic cues over wide areas of the visual field. Two
abutting rectangles of equal luminance and size, for example, are seen as a
uniform surface when presented monocularly, whereas binocular disparity of
one rectangle (orthogonal to its short borders) separates the two in depth with
the nearer surface bounded by an illusory contour.
We recorded the responses of single neurones to such stimuli in the visual
cortex (VI, V2, V3/V3A) of the awake rhesus monkey during periods of
active visual fixation. The stimuli were presented at the neurones' preferred
orientation with the stereoscopic cues outside the response field as defined
by contrast borders (bars, edges). In prestriate cortex, 32% (18/57) of the
neurones responded to such stimuli and gave weaker responses or none to
stimuli presented monocularly or without disparity. Only two such neurones
were found in striate cortex (9% or 2/21). The response strength evoked by
these stimuli was on the average 61% of that evoked by contrast borders.
These neurones were also sensitive to binocular disparity when tested with
contrast borders and showed the classical types of sensitivity.
In conjunction with our previous findings in monkey visual cortex, the
results suggest that figure-ground segregation at contours is initiated early in
visual processing and that the mechanisms involved can use either
monocular or binocular cues which are grouped over wide areas of the visual
field.
Supported by SNF grant #5002-044891.

Supported by NIH grant EY11759

268.3

268.4

MAGNETIC RESPONSES OF HUMAN VISUAL CORTEX TO BINOCULAR
DISPARITY GRATING STIMULI. M.Tanigawa1, Y.Ohtani2, S.Okamura3, Y.Yoshida3,
K.Toyama3, Y.Eiima1*. ‘Graduate Sch. of Human & Environmental Studies, Kyoto
Univ.,JAPAN, 2Fac. of Engineering & design, Kyoto Inst, of Tech., JAPAN, 3Tech. Res.
Lab. Shimadzu Co. LTD.
Visually-evoked magnetic responses were recorded for disparity rectangular gratings
( convex and concave pattern in depth) and for a non-disparity grating (flat in depth)
pattern using a 129-sensor, SQUID-coupled gradiometer system (Shimadzu SBI-100).
The disparity grating consisted of a random dot stereogram, which was horizontally
oriented in cyclopean vision. The evoked magnetic responses for the disparity grating
and the non-disparity grating were compared with each other, by the spatial filter
method (Toyama et al., 1999). We estimated the temporal properties of the activity in
visual areas Vl,V2/3/3a, and MT on which the spatial filters were focused. For earlier
latencies (0-150msec), there was no significant difference between outputs of the
spatial filter in disparity condition and in non-disparity condition, suggesting that the
evoked magnetic responses for the earlier latency are caused by monocular change
rather than by binocular change in depth. For later latencies (150-300msec), area VI
and V2/3/3a were much more activated in the disparity condition than in the nondisparity condition. The output of the spatial filter in V2/3/3a shows the low pass
property with cut-off frequency of l.Ocpd, corresponding with the finding that the
observers did not perceive salient disparity edge for the disparity gratings with higer
frequency than l.Ocpd. It is suggested that the cortical activity in V2/3/3a relates to
the perception for disparity edge in depth. Supported by special Coordination Funds
from the Sci. and Tech. Agency of the Japanese Govenmant, and Research Fellowships
of die Japan Society for the Promotion of Science for Young Scientists

CODING OF SURFACE ORIENTATION BY THE GRADIENT OF TEXTURE AND
DISPARITY IN THE MONKEY CAUDAL INTRAPARIETAL AREA.
K. Tsutsui*. M Taira. J. Min, and HSakata 1st Dept of Physiology, Nihon Univ. Sch. of
Med., Itabashi, Tokyo 173-8610, Japan.
In our previous study, it was shown that neurons in the caudal intraparietal sulcus (cIPS)
area code 3D surface orientation mainly by disparity cues, and we designated them as surface
orientation selective (SOS) neurons. Ihe purpose of the present study was to investigate
whether SOS neurons are sensitive to gradient of texture as well as disparity, and how these
different gradient cues are integrated.
A monkey was trained to discriminate surface orientation in go/no-go delayed matchingto-sample (DMTS) task using three types of computer-generated large field stimuli: surface of
texture gradient with or without disparity gradient, and surface in random-dot stereogram
(RDS). After an extensive training, single unit activity was recorded in cIPS area. Of 33 cells
recorded, 17 cells responded selectively to the orientation of the surface of texture gradient
combined with disparity gradient hi 10 out of 17 (59%) cells, response to these stimuli were
stronger than to the texture gradient without disparity gradient indicating an integration of
texture and disparity gradient Most of these neurons (7/10) responded selectively to the
surface orientation in RDS. In these cells, we compared the prefared orientation of the
surface of texture gradient alone with that ofthe surface in RDS, with disparity gradient alone.
For all these 7 cells, there was little difference (<90deg.) in preferred orientation between
these two types of stimuli. This correspondence in orientation tuning is a strong evidence that
these neurons detect common surface orientation from either torture or disparity gradient Qn
the other hand, cells sensitive only to texture gradient were small in number (24%, 4/17).
These results suggest that texture gradient aid disparity gradient are integrated in this area for
the representation of surface orientation in space.
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SELECTIVITY TO PHASE AND POSITION DISPARITY IN AREA
PMLS OF THE CAT

CL MimeauR1, D: gaint-Amour1, F. lepore1,1-P. Guillemot12‘
Univ. de Montreal; and Univ. du Quebec, C.P. 6128, Succ. A., Montreal,
H3C 3J7
Binocular cells are thought to encode horizontal disparity through two
distinctive mechanisms namely phase and position disparity. Although both
mechanisms are presumed to underly stereoperception, a question remains:
can a single binocular cell encode both position and phase disparities or are
they mutually exclusive and hence each excites a different group of neurons?
The present study aims at evaluating the sensitivity profile of area PMLS
binocular cells to both mechanisms. Single cell recordings were carried out in
area PMLS of anesthethized (N2O:O2, 70:30; fluothane, 0.5%) and paralyzed
cats. Once a cell was isolated from background activity, the optimal
stimulation parameters (direction, temporal frequency, optimal spatial
frequency (OSF) and contrast) were determined using drifting sinusoidal
gratings. Phase disparity was introduced by changing the phase (22° steps)
of the OSF in one receptive field (RF) while maintaining the same OSF
constant in the other RF. Position disparity was tested with two light bars
using different positional disparities (Bacon et al., 1998). Results show that
most binocular cells (65/88 or 74%) are sensitive to phase disparity. A total of
29 cells were recorded using both phase and position disparity protocols. Of
these units, 26/29 are sensitive to both phase and position disparities, 1/29
and 2/29 are exclusively selective to phase and position disparities,
respectively. Area PMLS single units can encode binocular disparity through
both mechanisms. Disparity profile for phase or position can not be predicted
by knowing the response profile to one of them, which suggest that although
the vast majority of cells use both mechanisms for depth perception, they are
nonetheless distinct.

ARE OPTIC FLOW CUES FOR NEURONS IN THE CAT PMLS CORTEX
SIMILAR ACROSS THE VISUAL FIELD ? O. Brosseau-Lachaine *. M. Filali.
M. PtitQ, J, Faubcrt, and. C, Casanova, Visual Neuroscience Laboratory, Ecole
d’optometrie, Universite de Montreal, Quebec, Canada.
We reported last year that around two thirds (66%) of the cells in the
posteromedial part of the lateral suprasylvian cortex (PMLS) responded to optic
flow stimuli. A subset of these cells (36/74) showed a clear direction selectivity for
motion along the frontal axis. Of these last units, the majority responded
preferentially to outward (i.e. corresponding to the forward locomotion) rather than
inward direction of motion. We have now investigated the effect of varying specific
cues of the optic flow patterns, such as the velocity and size gradients of the objects.
Also, we have addressed whether the cell responses depend on receptive field (RF)
location in the visual field. Using anesthetized normal adult cats, we studied
responses to radial outward and inward fields of moving dots having their origin of
motion either at the center of the receptive field or within the area centralis. For
centrally located RFs, the direction selectivity (r=0.87, p<0.0005) and response
amplitude (r=0.92, p<0.0001) of PMLS units were similar whether the size of the
dots was constant or increasing in size. Also, no change in selectivity was observed
when the velocity was kept constant, and the directional index was comparable
whether the stimulus covered most of the visual field or was restricted to the
classical RF (r=0.79, p<0.0001). A different effect was observed for RFs that were
located beyond 40° of eccentricity. Preliminary data indicate that these cells did not
exhibit any directional preference for outward and inward stimuli when the origin of
motion was within their RF. However these same units strongly responded to the
outward trajectory of the optic flow pattern when the motion originated from the
area centralis, regardless of their preferred direction (defined by a drifting grating
moving in a fronto-parallel plane). This observation may indicate that sensitivity to
optic flow of peripherally located RFs depend on prior activation of the central
visual field, and may suggest that the functional neural structure in PMLS for optic
flow processing necessitates the contribution of intrinsic long-ranged cortico-cortical
connections. Supported by MRC, FRSQ, and NSERC.

268.7

268.8

MST NEURONS COMBINE VISUAL, VESTIBULAR, AND PURSUIT
SIGNALS TO SUPPORT SELF-MOVEMENT PERCEPTION.

W.K. Page* and C.J. Duffy. Dept. of Neurology, University of Rochester School of
Medicine and Dentistry, Rochester, NY 14642.
Optic flow indicates your heading direction during self-movement. When a moving
observer maintains fixation on a stationary landmark, the required smooth pursuit eye
movement adds rotation to the retinal image of optic flow and complicates heading
determination. We call this task landmark pursuit.
Neurons in the medial superior temporal area (MST) of monkey extrastriate visual
cortex respond to several signals that are created during landmark pursuit; optic flow,
smooth pursuit and vestibular input. We have recorded MST neuronal responses
during landmark pursuit to determine how these signals interact.
Neurons were tested with TV projected optic flow stimuli simulating 8 directions of
movement in the horizontal plane. We also recorded responses to the same 8 directions
of real movement during fixed central gaze in a dark room, and to the pursuit eye
movements that result from fixating an earth fixed landmark during such movements.
All of these stimuli were combined by having the observer perform landmark pursuit
during real movement while viewing an array of lights that provided naturalistic optic
flow.
Multiple linear regression was used to analyze responses to the combined stimuli as
a function of responses to separate optic flow, pursuit, and real movement stimuli.
Some neurons responded significantly to all three separate stimuli whereas other
neurons only responded to a specific type of stimulus. In some cases, there were
selective effects of acceleration and deceleration during real movement. We found that
most neurons (60%, 2I/35) have a significant fit to this weighted-sum model. These
findings suggest that MST integrates optic flow, pursuit and vestibular signals to
maintain veridical heading perception during landmark pursuit.
Supported by NEI (R0I-EY10287), NIMH Predoctoral Fellowship MH! 1616 (to tFKP), the Human Frontier
Science Program (RG 71/96). and Research to Prevent Blindness.
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MST NEURONAL RESPONSES TO OPTIC FLOW: THE EFFECTS OF

AN INDEPENDENTLY MOVING OBJECT STIMULUS. D. J. Logan* and
C. J. Duffy. Dept. of Neurology, Univ. of Rochester, Rochester, NY 14642.
Moving observers use a variety of visual cues to maintain their heading and
avoid obstacles. Large patterns of optic flow specify the self-movement heading
and provide the context for interpreting object motion: earth-fixed objects move
with the optic flow and independently moving objects violate the flow field.
Neurons in medial superior temporal cortex (MST) respond to optic flow (Duffy
and Wurtz, 1991) and moving objects (Tanaka, et al., 1993). We recorded 107
MST neurons in 3 rhesus monkeys to characterize their responses to 16 directions
of optic flow, object motion, or superimposed optic flow and object motion. In
the superimposed stimuli, the flow and object moved either in the same direction
(congruent motion implying the object was fixed in the environmenl) or in
opposite directions (anti-congruent motion implying independent object
movement).
We quantified the responses to these stimuli using a multivariate time-series
regression analysis. The addition of a congruently moving object to optic flow
caused a significant change in 16% of the responses, while the addition of an anticongruently moving object to the optic flow resulted in a significant alteration of
27% of the responses. Results of testing an additive linear model of flow and
object responses to produce the superimposed responses yielded uniformly poor
fits for both congruently and anti-congruently superimposed stimuli (congruent: r2
< 0.5 for 71% of the responses, anti-congruent; 73% r2 < 0.5).
These results suggest a potential contribution of MST neurons to the integration
of information about self-movement and object motion. These responses might
aid navigation through environments containing independently moving objects.
Supported by NEI (R0I-EY10287). the Human Frontier Science Program (RG 71/96). Research to
Prevent Blindness, and Neuroscience Program Training Grant (T32-MH19963).

268.9

268.10

THE BEHAVIORAL RELEVANCE OF OPTIC FLOW STIMULI
ALTERS THE RESPONSE SELECTIVITY OF MST NEURONS.

VISUAL-TRACKING NEURONS IN AREA MST OF MONKEYS ARE
ACTIVATED EQUALLY BY TRACKING EYE AND HEAD MOVEMENTS
Uwe J. Ilg*, Jens Rommel and Peter Thier, Sektion fiir Visuelle Sensomotorik,

M. J. Dubin*and C. J. Duffy . Dept. of Neurology, Univ. of Rochester School of
Medicine and Dentistry, Rochester, NY 14642.
Neurons in the medial superior temporal area (MST) of monkey extrastriate
visual cortex respond selectively to the patterned visual motion of optic flow.
Spatial attention influences MST neuronal responses to movement (Treue &
Maunsell, 1996) and featural attention enhances MSTs activation by optic flow
(O'Craven, et al., 1997). We have now tested the effects of the behavioral relevance
of optic flow stimuli on the responses of MST neurons.
We recorded the responses of 22 MST neurons to eight optic flow stimuli having
foci of expansion (FOEs) distributed at 45° intervals around the centered fixation
point with heading eccentricities of 30°. Two behavioral tasks were used; In the
flow-relevant task, the monkey viewed the optic flow for Is and then saccaded to the
remembered position of the FOE. In the flow-irrelevant task, a small object stimulus
was presented at one of the eight possible FOE locations and was followed by an
independently selected optic flow stimulus. The monkey then saccaded to the
remembered location of the object stimulus regardless of the FOE in the optic flow.
The two tasks were presented in randomly interleaved trials. We compared the
average neuronal firing rate in the optic flow stimulus interval for the flow-relevant
and flow-irrelevant trials. Two-way ANOVAs identified significant FOE location
effects in 95% (21/22) of the neurons and significant task effects, or FOE X task
interaction effects, in 32% (7/22) of the neurons.
We conclude that behavioral relevance of optic flow stimuli can have a
significant effect on MST neuronal responses to those stimuli. These effects might
alter MSTs contribution to visual processing to suit the needs of ongoing behavior.

Supported by NEI (ROI-EYl0287), the Human Frontier Science Program (RG 71/96). the Center for
I'isuat Sciences training grant (T32EY07125-7), and Research to Prevent Blindness.
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Neurologische Universitatsklinik, D-72076 Tfibingen, Germany
It has been well-established that some neurons (visual-tracking neurons) in posterior
parietal area MST are activated by smooth-pursuit eye movements with the head
restrained. At least part of the activation of these VT-neurons reflects the influence of
a non-retinal signal related to the ongoing smooth-pursuit eye movement. Tracking
eye movements carried out under natural conditions always involve eye as well as
head movements and it is usually the sum of the two, the gaze movement, which is
best correlated with the target movement. In order to determine, if the pursuit-related
signals found in MST are related to gaze shifts rather than being confined to the eye
movement component of eye plus head pursuit, we compared pursuit-related singleunit activity in area MST for eye only as opposed to eye plus head pursuit of slowly
moving targets. The 3 monkeys examined so far typically showed dominating episodes
of slow head movements, overshooting the target, when tracking based on eye as well
as head movement contributions was allowed. Nevertheless, gaze usually stayed on
target, since the monkeys performed compensatory eye movements, in a direction
opposite to the overshooting head movements. Out of 57 neurons identified as MSTVT-neurons using standard functional criteria (receptive field size and continuous
activation in the absence of target-related image slip) and recording location, 37
displayed identical directionally selective pursuit-related responses, independent of
whether the monkey tracked the moving target by an isolated eye or a gaze movement,
even though the eyes often moved in a direction opposite to the neuron's preferred eye
pursuit direction. Does this finding prove that MST-VT-neurons encode smooth gaze
shifts? Actually, a statistical analysis of the responses of these neurons showed that the
activity was always better correlated with target than with gaze velocity, both
measured in trunk- or world-centered coordinates. In order to differentiate between the
two coordinate frames, we tested the 37 neurons activated by combined eye plus head
pursuit during VOR cancellation in which target, gaze and trunk move in synchrony
relative to extrapersonal space. 16 neurons showed a response in this condition, whose
directionality corresponded to the preferred direction during active gaze tracking. We
therefore conclude that MST-VT-neurons can be undo-stood as representing target
velocity in world-coordinates. Supported by a DFG Heisenberg fellowship to U.J.I.
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VISUAL RESPONSES OF SUPERIOR PARIETAL LOBULE (SPL) NEURONS TO
RADIAL OPTIC FLOW. M. Raffi12, S. Squatrito1*, M.G. Maioli2, and B.G.
Samolsky-Dekel2. 'Dept. Physiology and Pathology, University of Trieste, 1-34127
Trieste, Italy; 2Dept. Human and General Physiology, University of Bologna, 1-40127
Bologna, Italy.
Visual perception of forward self-movement is produced by expanding optic fields,
the position of their focus of expansion (FOE) being an important cue for heading
perception. In macaques, this ftinction is located mainly in area medial superior
temporal (MST). Nevertheless, the perception of self-movement cannot be separated
from neural mechanisms of body orientation in the extrapersonal environment. This
function, in primates, has been attributed to posterior parietal cortex, with special
emphasis to SPL. In this research we investigated whether SPL cortex possesses
neuronal sensitivity to global visual motion, either planar or radial. We recorded the
extracellular discharge of SPL neurons in two behaving macaque monkeys trained in
simple fixation tasks. Recordings were carried out from both the top surface and the
mesial bank of the superior parietal gyrus (SPG). Optic flow sensitivity was tested
stimulating with random dot backgrounds moving tangentially or radially, so to
produce translating as well as expanding or contracting visual fields with different
FOE. We found that a substantial number of SPL neurons are selectively activated by
radial optic flow, often with opponent excitatory/inhibitory responses to
expanding/contracting fields, and with preferred eccentric position of FOE. Very weak
responses were elicited by background planar motion. Optic flow sensitive neurons
were especially concentrated in a region of the SPG probably corresponding to area
PEc (Pandya & Seltzer ‘82). The results suggest that SPL, in addition to elements
responsible for space orientation, contains neuronal populations specifically signaling
the spatial properties of radial optic flow, possibly encoding, from retinal cues, selfmotion in forward/backward direction. These elements might be the neural substrate
for integration between heading perception and space orientation.
Supported by Italian Ministry of University and Scientific Research (MURST).

DIFFERENCE IN RESPONSES TO ACTIVE AND PASSIVE OPTIC FLOW IN
AREA VIP OF MONKEY. S.F. Gabel, J. Duysens* Lab. Medical Physics and
Biophysics, Univ. of Nijmegen, Nijmegen, The Netherlands.
In monkey cortex, several areas are involved in calculating egomotion through a
dynamic environment, using both retinal and extraretinal inputs. One of these is the
parietal area VIP. It is sensitive to optic flow cues (Schaafsma and Duysens, J.
Neurophys 1996) which enable one to estimate speed and direction of heading. The
question is whether VIP is able to account for flow components due to eye or head
movements in the flow pattern. It has recently been shown (by Bradley et al, Science,
1996) that area MST, which provides input to area VIP, can account for eye
rotations. We are now investigating if similar effects can be shown in area VIP.
An awake rhesus monkey was presented with translating dot patterns while he was
either fixating or tracking a target. Both the translation of the pattern and the
movement of the target could occur in one of eight directions, at a constant speed in
the range of 0°/s to 90°/s. The resulting flow field on the monkey’s retina was the
summation of two components: 1) a passively viewed component corresponding to
the flow stimulus displayed on the screen, and 2) an actively induced component due
to the eye movement when the monkey was required to track a moving target. In this
way we were able to compare neuronal responses to stimuli that created equal flow
fields on the retina in a range of combinations of stimulus and tracking speed.
Preliminary results show that some neurones respond to the retinal flow field,
regardless of the physical causes of this flow, whereas other neurones respond
significantly differently during fixation than when the monkey is tracking a target.
This finding indicates that VIP can indeed distinguish between actively induced and
passively viewed optic flow.
Supported by ALW (NWO).

268.13

268.14

SENSORY VERSUS MOTOR INFLUENCES ON OPTIC FLOW TUNING OF
MACAQUE AREA 7A NEURONS IN A DELAYED MATCHING TASK. S.A.
Ouraishi*, B, Orogbemi, R.M, Siegel. Center for Molecular and Behavioral
Neuroscience, Rutgers University; NJ 07102.
Single unit studies in behaving monkeys have shown that area 7a neurons are
responsive to optic flow as well as to motor behavior. In a prior study, we reported
that a sub-population of these neurons show changes in tuning to identical optic flow
stimuli that were presented in a delayed matching-to-sample paradigm (Quraishi et al.,
1998). Neural activity was recorded from 57 area 7a neurons as a cue stimulus
(structured or unstructured optic flow) was presented foveally, followed by a blank
delay. A test stimulus then appeared, which was either a match or a non-match to the
cue. After a subsequent delay a tone signaled the animal to key release in a go/no-go
paradigm. An advantage of this task is that it allows for examination of motor
planning events in the absence of spatial orienting. Four classes of optic flow as well
as their respective unstructured controls were used as test stimuli. The different
activity that was observed for identical stimuli in these trials may be attributed to
either 1) an influence of the prior stimulus on sensory activity, or 2) the ensuing
go/no-go behavior. In order to disambiguate these two possibilities, a two-factor
ANOVA was used to assess the dependence of each neuron’s tuning on both the
“match/non-match” status of the two stimuli and the ensuing go/no-go behavior. By
incorporating error trials into the analysis, this scheme allows for dissociation of early
(cue) versus late (behavioral) influences on the sensory responses of these cells.
As expected a majority of these cells responded selectively to the types of optic flow
tested (45%). In addition, 26% of the neurons showed tuning which varied
significantly (p<0.05) with the similarity of the test stimulus to the preceding cue. In
contrast, only 12% of the neurons had responses that were modulated by the motor
behavior of the trial. These effects were independent of whether the test stimulus was
a structured or an unstructured display. This result suggests that, in a non-orienting
task, prior sensory stimulation or the sequence of visual events, rather than simply
pre-motor planning, may be the predominant influences on the tuning of area 7a
neurons. (Supported by NIH EY-09223).

LEARNING-BASED NEURAL MODEL FOR VISUAL ACTION RECOGNITION. M.A. GiesefCenter for Biological and Computational Learning,

M. I. T., Cambridge, USA.
The neural basis of the recognition of motion patterns and actions is largely
unclear. We propose a neural model for action recognition that embeds the known
neurophysiological facts, and which tries to explore if the recognition of motion
patterns can be achieved with similar neural mechanisms as the recognition of
stationary objects.
The model postulates an analysis within two different visual pathways. The
recognition in the first pathway, that corresponds to the parvocellular pathway
(areas VI/2, V4 and IT), is based on the changing object shape during a sequence
of stimulus images. We model this processing stream using a simplified version of
a model for learning-based recognition of stationary objects by Riesenhuber and
Poggio [MIT, AI Memo 1629], that reproduces neurophysiological data from area
IT. By introduction of a recurrent network dynamics, it is possible to make the
activity of the recognizing units dependent on the right order of presentation of
individual object configurations during image sequences.
The second processing stream corresponds to the magnocellular pathway (including areas MT, MST, and possibly area TPO). It analyzes the optic flow information of the stimulus with detector cells that are sensitive for specific local
optic flow patterns (translation, contraction, and expansion). In accordance with
the tuning properties of MST neurons, these detectors have very large receptive
fields, and are characterized by position-invariance. The relationship between the
detector responses and the activity of the recognition cells is learned using a radial
basis function network. Such networks have been successfully applied to reproduce
the properties of IT neurons during the recognition of stationary objects.
Our model was successfully tested with different biological motion patterns,
and permits to formulate several precise questions for experimental research.
Supported by the Deutsche Forschungsgemeinschaft.

VISUAL CORTEX: EXTRASTRIATE—MOTION
269.1

269.2

EFFECTS OF SUPERIOR COLLICULUS INHIBITION ON VISUAL
MOTION PROCESSING IN THE LATERAL SUPRASYLVIAN AREA
OF THE CAT
T, Ogino. K, Ohtsuka*. Dept. of Ophthalmology, Sapporo Medical Univ.
Sch. of Med., Sapporo, Hokkaido 060, Japan.
The lateral suprasylvian visual area (LS area) of the cat is involved in
visual motion processing. The LS area receives visual input from both the
geniculostriate system and the tectothalamic system. In this study, we
investigated effects of superior colliculus (SC) inhibition on velocity
profile of motion-triggered visual evoked potential (m-VEP) in the LS area
of the cat to clanfy differences in velocity properties between the
geniculostriate system and the tectothalamic system.
This study was conducted in 5 cats. A random dot pattern (an array of
120 randomly located dots) was used as the stimulus for m-VEP. The
speed of motion was varied with 12 steps from 5 to 200 deg/s. Each cat
was anesthetized with ketamine hydrochloride and a-chloralose. A
tungsten microelectrode was introduced into the LS area, which
corresponded to the representation of the central visual field, and m-VEP
was recorded. The SC was inhibited by injection of muscimol.
We observed a negative wave (N1) with a peak latency of 89.80 ± 16.39
ms. The amplitudes of Nl increased as the velocity of motion increased,
when the velocity of motion was ^100 deg/s. After the inhibition of the
SC, amplitudes of Nl at stimulus velocities of 75-200 deg/s were
significantly lowered, while amplitudes of Nl at stimulus velocities 50
deg/s were not changed.
This study suggests that the tectothalamic system convey high-speed
visual motion signals
75 deg/s, while the geniculostriate system is
involved in processing relatively low-speed motion signals <; 50 deg/s.

COLUMNAR ORGANIZATION OF AREA MT IN Cebus apella.
Diogo, A C M, Soares. J.G.M. Gattass, R*. IBCCF-UFRJ, Rio de
Janeiro-RJ, Brazil.
Two adult Cebus monkeys were used in eleven
electrophysiological recording sessions, with minimum interval of
one week between sessions. Prior to recording the animals received
a metallic prosthesis on the cranium to allow the fixation of the
head and fast and painless access to the cortical surface. The
animals were anesthetized, paralyzed and artifitially ventilated.
Expired CO2, EKG and body temperature were monitored and kept
within physiological range. The electrophysiological recordings
were made by means of a linear multiple electrode array with six
tungsten microeletrodes, 700pm apart. Multiunit recordings in area
MT were made at intervals of 200pm, along each penetration.
Visual stimuli consisted of moving bars presented in several
directions. We observed a continuous, gradual and recurrent change
in the selectivity for axis of motion. The results indicate the
existence of two types of columnar arrangements: radial
arrangements (Pinwheel) and
contiguous slabs. These
arrangements were intermixed within area MT with no clear
boundaries between them.
Supported by. CAPES, CNPq, PRONEX, FUJB and FAPERJ
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FEEDBACK CONNECTIONS FROM AREA V5/MT TO AREAS VI
AND V3 OF MACAQUE VISUAL CORTEX. E.I.S Walton1, A.
Angelucci1*, T.B. Levitt2, and T.S. Lund1, institute of Ophthalmology,
University College London, London EC1V 9EL, U.K. 2Dept. Biology,
City College, CUNY, NY 10031, USA.
Feedback connections are a fundamental feature of cortical
relationships in the macaque. However, their functional role and
topographic logic remain poorly understood. In an attempt to
identify some of their properties, we have previously examined the
fine topography of feedback connections from several extrastriate
areas to VI. Here we report on laminar differences in the topography
of V5 feedback connections to VI and V3. Small injections of cholera
toxin B were made in areas VI and V3, find the resulting retrograde
label examined and mapped in area V5. V5 feedback to V3 and VI
arises from laminae (L) 2/3 and 5/6, with noticeable clustering of
cells in L2/3. However, the areal extent of label is always larger in
L5/6 than in L2/3. The ratio of the L 5/6 to the L2/3 extent of cell
label arising from a VI injection increases progressively in V2, V3 and
V5. For similar sized injections in VI and V3, the cortical extents of V5
cell label in L5/6 are very similar, but that in layer 2/3 is markedly
smaller for the VI injection. However, our estimates indicate that the
labelled cells in both the upper and lower layers of V5 have receptive
fields overlapping the aggregate receptive field of the injected VI or
V3 point. Thus, the greater extent of label in L5/6 suggests these cells
have more divergent feedback arbors, and probably larger receptive
field sizes, than cells in L2/3. Supported by MRC Studentship, MRCG9408137, EC-CT96-1461.

RESPONSES OF NEURONS IN MT AFTER LONGSTANDING LESIONS OF VI IN ADULT OWL
MONKEYS.
C. E. Collins,* D. Lyon and J. H, Kaas, Dept. Psychology, Vanderbilt
University, Nashville, TN 37240.
The middle temporal visual area (MT) receives afferent input directly
and indirectly from primary visual cortex, VI. A previous study has
demonstrated deactivation of MT immediately following aspiration
lesions of VI in owl monkeys (Kaas & Krubitzer, 1992). The present
study tests whether deacti vation of MT persists after a period of
recovery and whether there is reorganization that is either reliant on
remaining V1 inputs, or the potentiation of otherwise subthreshold
inputs. A portion of the lower visual field representation of V1 was
gently aspirated from four adult owl monkeys (Aotus trivirgatus).
Lesion size was varied to determine to what extent any recovery process
would be dependent on remaining VI. Standard microelectrode mapping
techniques were used after two or more months of recovery to determine
the responsiveness of neurons throughout MT to visual stimuli. The
smallest V1 lesion resulted in complete recovery of responsiveness of
MT neurons to stimuli such as moving bars of light. As the size of the
VI lesion increased, neurons in parts of the retinotopically matched area
of MT were found to be unresponsive, however remaining parts of VI
and callosal inputs appeared to have expanded territories in MT so that
deactivated portions were smaller than expected. Histological
examination of cortex confirmed that the lesions were confined to VI
and recordings were in MT. Supported by NEI EY02686.

269.5

269.6

LATENCY OF DIRECTION TUNING IN AREA MT OF AWAKE BEHAVING
MACAQUE C. Pack*. R.T. Bom, Dept. of Neurobiology, Harvard Medical School, Bos-

269.4

IS TRANSPARENT MOTION ENCODED SPECIALLY ?

ton, MA 02115
MT cells begin to increase their firing rates as quickly as 35 ms after the onset of a moving stimulus, but it is not known if these early responses are selective for the direction of
stimulus motion. Determining the latency of MT direction tuning would be useful in understanding the role of these cells in initiating motor behaviors, including smooth pursuit eye
movements.
We measured both the response latency and the latency of direction tuning in single MT
neurons in an alert rhesus macaque monkey. In the first block of trials (fixation trials), the
monkey fixated a small square while a red spot moved across the receptive field in one of
eight directions at a speed of 10°/sec. A subsequent block of trials (pursuit trials) used an
identical stimulus, but the fixation square disappeared after a variable delay (250msec on
average), and the monkey was required to execute a smooth pursuit eye movement to track
the red spot. Because the pursuit trials were presented in separate blocks, the animal was
always aware of the need to make an eye movement during the brief time that the stimulus
was moving across the receptive field. In contrast, during the fixation trials, the animal was
not required to attend to motion of the red spot. The response latency was calculated by
smoothing the response histogram and determining the moment after stimulus onset at
which the firing rate reached 2 standard deviations above the baseline firing rate. The
latency of direction tuning was computed as the time at which the directional response differed from circular uniformity (Rayleigh test p<0.05) for three consecutive 5msec bins.
The median response latency was 79ms in the fixation condition, and 57ms in the pursuit
condition. The median latency of direction tuning was 151ms in the fixation condition and
173ms in the pursuit condition. These results demonstrate that the early responses of MT
cells to a motion stimulus are not necessarily direction selective, and that the latency of
response, as well as the latency of direction selectivity, can be affected by the behavioral
state of the animal.
(Supported by the McDonnell-Pew Program in Cognitive Neuroscience (98-44 CNS-QUA.05) and NIH EY11379)

Karel Hoi* and Stefan Treue. Cognitive Neuroscience Laboratory, Department of
Neurology, University of Tubingen, 72076 Tubingen, Germany.
Previously (Hoi & Treue, Soc. Neurosci. Abstr. *97), we showed that the sustained
response to two transparently superimposed random dot patterns moving at a relative
angle (2DS) is the scaled sum of the responses to the individual patterns (IDS). We
were wondering if the response to the 2DS shows a different time course than the
response to IDS, possibly reflecting distinct processing for the two types of stimuli.
We recorded from direction-selective neurons in the middle temporal area (MT)
and adjacent areas in the superior temporal sulcus of a macaque monkey performing
a dimming fixation task. Dot patterns moving at the cells’ preferred speeds were
presented inside the receptive field. We determined the tuning curves to the IDS and
2DS, based on the instantaneous firing rate at three different times after stimulus
onset: 1. the time at which the onset response reached half its maximal height (Tl), 2.
when the onset response for the IDS peaked (T2), and 3.200 ms after T2 (T3).
For both the IDS and 2DS:
• the cells' directionality increased from Tl to T2 to T3,
• the preferred-direction responses reached Tl after about 50 to 120 ms, and at T3
were about 50 to 80% of the value they had at T2,
• the antipreferred-direction responses decreased from Tl to T2 to T3,
• there was no difference between the Tl nor between the T2 distributions, and
• no systematic changes appeared in tuning widths between Tl, T2 and T3.
Taken together, these results provide no support for the hypothesis that the cells’
responses to transparent motion arise from different neuronal processes than those
responses to single directions of motion.
Supported by the MWF, Baden-Wurttemberg, Germany

269.7

269.8

ROLE OF MT SURROUND IN SHAPE-F^OM-MODON PROCESSING.
Temuiin Gautama, and Marc M. Van Hulle Laboratorium voor Neuro- en
Psychofysiologie, K.UJLeuven, Faculteit Geneeskunde, Campus Gasthuisberg,
Herestraat, B-3000 Leuven, Belgium.
There is a growing body of evidence that the center/surround receptive field
(RF) organizations of cells in the macaque middle temporal area (MT, V5) are
involved in the reconstruction of 3D-shape from 2D-retinal motion (shape-frommotion, SFM). We developed 29 detailed model neurons starting from a database
of single-cell recordings obtained for different types of velocity stimuli, including
those generated by translating, slanted and tilted planes (Xiao et al., 1997).
For each model neuron, a retinotopic map of identical neurons was built in
order to examine the response to a stimulus which extends beyond the model
neuron's RF (0 25.6*). We then applied the velocity field of a translating sphere
(0 79.12’, @ 100 cm). For 23 model neurons, the largest responses were obtained
at the sphere edge, and spanned a restricted range of edge orientations, for the most
part not orthogonal to the sphere's direction of motion. Two possible hypotheses
were explored concerning the origin of this oriented edge selectivity. 1) Surface
interpolation. The model neuron's slant/tilt tuning should explain the observed
selectivity: we expect similar response distributions in the retinotopic map when
stimulating with a sphere and when stimulating each model neuron separately with
a translating plane, the orientation of which corresponds to a plane tangent to the
sphere and located at the center of the model neuron's RF. For 5 model neurons,
the edge selectivity matched the sphere response. 2) Motion segmentation. The
discontinuity in the velocity field is expected to explain the oriented edge
selectivity, and not the motion parallax due to the moving object's shape. Hence,
we expect similar response distributions when stimulating with a sphere and with a
moving (flat) disc of the same size. For 14 model neurons, the edge selectivity
matched the sphere response. In summary, our results seem to indicate that the
SFM hypothesis is complicated by the presence of motion segmentation cells, in
addition to surface interpolation cells, and also by cells that perform a combination
of both tasks. (Funded by: FWO (Flanders, Belgium) (G.0185.96), Belgian
National Lottery (9.0185.96), GOA 95/99-06, and IWT specialization grant.)

DISPARITY-BASED
SURFACE
SEGMENTATION
INFLUENCES
PERCEIVED MOTION AND \ RESPONSES. R, O. Duncan*, T. D, Albright? &
G. R. Stoner. H.H.M.I?, The Salk Institute, La Jolla, CA 92037.
We used our previously devised variation of
the classic barber-pole illusion (Wallach, 1935)
to determine whether perceived motion and eye
movements were similarly influenced by
disparity-based surface segmentation. “Barberdiamond” stimuli consist of a zero-disparity
grating (moving rightward in Figure A) flanked by stereoscopically near (N) and
far (F) regions. The termination of the grating at the N region is consistent with
occlusion. As a result, amodal completion of the grating occurs behind the N
regions (in gray), and the motion of the “extrinsic” terminators is discounted when
computing grating trajectory (Shimojo et al., 1989). Two stereo-configurations
were used (Figures A & B) that reliably bias perceived motion upward or
downward (arrows). For the condition in figure A, eye-movements with an
upward component are consistent with a “perceived motion prediction.” Eyemovements with a strictly horizontal component are consistent with a “physical
motion prediction.” Downward eye-movements are inconsistent with either
prediction. Similar predictions exist for the condition in figure B.
Reports of the perceived direction of motion and the direction of pursuit eye
movements co-varied in response to changes in the stereo configuration of the
stimulus. For three naive observers, 98% of the eye-movements matched the
perceived motion prediction. Hence, perceived motion and pursuit eye-movements
may share a common neural mechanism that is influenced by the perceptual
segmentation of surfaces. Our previous electrophysiological study implicates
cortical area MT as a component of that mechanism. This result challenges models
that explain pursuit as a function of retinal slip alone.
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RESPONSE CHANGES UNDERLYING MT NEURONS’ ENHANCED
DISCRIMINATION OF DIRECTION IN COLOR-SEGMENTED STIMULI
Lisa J. Croner* and Thomas D. Albright. Howard Hughes Medical Institute,
Salk Institute, La Jolla, CA 92037.

When motion signal is segmented from noise by color, human subjects better discriminate signal direction (Croner & Albright, 1997, Vis. Res.). This is reflected in the
responses of MT neurons, a proportion of which show strongly enhanced direction discrimination capacity when color segmentation is present (Croner & Albright, 1999, J.
Neurosci.). Such enhanced neuronal discriminability could stem from changes in response magnitude, response variability, or both. To provide insight into the mechanisms modulating MT responses, we investigated the response changes associated with
improved MT direction discriminability.
We recorded activity of single neurons in area MT of fixating rhesus monkeys while
the animals discriminated direction in visual stimuli presented in the neurons’ receptive
fields. Stimuli were dynamic displays of bright dots, a variable fraction of which
moved in the same direction at the same speed (motion signal), while the remaining
dots were displaced randomly (noise). Two stimulus configurations were used. In the
homochromatic condition, all dots were the same color. In our heterochromatic condition, signal dots were a different color from noise dots. ROC analysis generated
neuronal thresholds for discriminating motion in each neuron’s preferred versus antipreferred direction. For the neurons with the most robust difference between their homochromatic and heterochromatic thresholds, we calculated the ratio of each neuron’s
heterochromatic to homochromatic response average and variance.
Enhanced heterochromatic thresholds were associated with both larger and less variable responses to preferred direction stimuli. These response changes are different
from those evoked by increasing the signal strength of homochromatic stimuli. This
suggests that specialized mechanisms influence responses in the motion pathway when
color segments motion signal in visual scenes. Supported by EY 06530 and EY 07605.

LOCAL INTEGRATION OF FEATURES FOR THE COMPUTATION OF
PATTERN DIRECTION BY NEURONS IN MACAQUE AREA MT.
Najib Maiai2, Matteo Carandini3*, Matthew A, Smith2, and J. Anthony
MovshonV‘HHMI and 2Center for Neural Science, NYU, New York, USA and
’institute for Neuroinformatics, ETH, Zurich, Switzerland.
Component direction selective (CDS) cells in macaque MT respond to the
movement of oriented features, while pattern direction selective (PDS) cells
combine information about different orientations to compute the direction of
movement of a coherent pattern. Because MT cells have large receptive fields
(RF), we wondered whether PDS cells could combine directional information
presented in separate parts of the RF.
We recorded from MT neurons in anesthetized, paralyzed macaques, and
characterized their directional selectivity for gratings and for plaids made by
superimposing 2 gratings in a single region of optimal size and position. We
then identified 2 responsive regions, each 25-50% of the RF diameter,
separated by 50-75% of the RF diameter, and studied the cells’direction
selectivity with "plaids" whose components were delivered separately, one to
each region. We also measured the responses of the cells to an intermediate
condition, where the two gratings partially overlapped by 50-75% of their
diameters.
The classification of cells as CDS or PDS depends on the relative accuracy
of two models for plaid tuning data. When we separated the plaid components,
the accuracy of the PDS model always decreased, while that of the CDS model
stayed roughly the same. In the partially overlapping case the effect was
similar but of lesser magnitude.
We conclude that the computations underlying PDS cells in MT are
local, on a scale srrfaller than the whole RF.
Supported by HHMI

269.11

269.12

PREFERRED SPEED OF MT NEURONS, LIKE SPEED CONSTANCY, IS
INFLUENCED BY SPATIAL SCALING OF STIMULUS PARAMETERS.
M1 Nichols* and WT Newsome. Howard Hughes Med. Inst. & Dept. Neurobiol.,
Stanford Univ., Stanford, CA 94305.
Observers can perceive the physical speed of an object despite changes in retinal
image speed with viewing distance (“speed constancy”). A critical cue supporting
speed constancy is the spatial scaling of an object’s retinal image with distance. This
cue is so potent that spatially scaling a motion stimulus without changing distance
influences perceived speed in a manner consistent with speed constancy (“velocity
transposition effect”; JF Brown, 1931). Using random dot motion stimuli, Zohary and
Sittig (1993) recently confirmed this link between velocity transposition and speed
constancy by allowing only dot size and density to scale with distance. These two
cues were sufficient to support speed constancy. On the other hand, equating the
density and dot size of the retinal images eliminated constancy. The neural substrates
of velocity transposition and speed constancy are not known.
We used random dot stimuli to measure speed-tuning curves in area MT in a
monkey performing a fixation task. We interleaved two dot stimuli that were spatially
scaled replicas of each other at a single viewing distance. Specifically, dot density
was quadrupled, dot diameter halved and aperture diameter halved, consistent with
doubling the distance. At roughly half our recording sites, MT cells preferred slower
retinal speeds for the “smaller” stimulus for both single-unit and multi-unit activity.
The remaining sites showed no clear shift in preferred speed. When the monkey
viewed physically identical stimuli at two distances, one twice as far away as the
other, MT cells preferred slower retinal speeds for the far stimulus which cast the
smaller retinal image. Although we have no information as yet concerning the
mechanisms underlying these shifts in speed tuning, the direction and magnitude of
the shifts are appropriate to account for velocity transposition as well as the speed
constancy results of Zohary and Sittig (1993).
Supported by (EY05603) and a Helen Hay Whitney Fellowship to MJN.

MODULATION OF MOTION AFTEREFFECTS AND ACTIVATION IN
HUMAN AREA MT BY VISUAL AND AUDITORY ATTENTION. RA.
Berman*1,2, J.T. Voyvodic3. and C.L, Colby1,2. Department of Neuroscience1 and
Center for the Neural Basis of Cognition2, University of Pittsburgh; MR Research
Center3, University of Pittsburgh Medical Center, Pittsburgh PA 15213.

269.13

269.14

MEASUREMENT OF MOTION AFTEREFFECT RELATED MEG.

MAGNETIC RESPONSE TO THE COHERENT AND THE INCOHERENT
MOTIONS FROM THE HUMAN EXTRASTRIATE CORTEX. Y. Kaneoke,1*
L. Khanh,1 A. Gunji,1 H, Yamasaki? E. Matsumoto2, T, Naito3, R. Kakigi1.
'Dept. of Integr. Physiol. Natl. Inst. Physiol. Sci. Myodaiji-cho, Okazaki 4448585, Japan. 2Graduate Sch. of Human Environmental Studies and ’Graduate
Sch. of Letters, Kyoto Univ. Kyoto, Japan.
The visual stimulus in which numerous dots are erroneously moving
(incoherent motion) has been considered merely a noise in contrast to the
coherently moving dots for the visual motion detection system. To check this
idea, we investigated the temporal dynamics of the human cortical responses to
these global motions using 37 ch magnetoencephalography. Both coherent and
incoherent motions with three speed levels (0.6, 9.6, and 25°/s) created by the
random dot kinematogram evoked the magnetic responses from the extrastriate
cortex in each subject. Although the amplitudes of the first responses were the
same for each subject, the peak latencies were differently affected by the speed
of motions among the stimulus conditions. The peak latencies of the onset
responses to the coherent motion were affected by the speed but those to the
incoherent motion were not. The offset responses to both motions had similar
latency changes with the speed and they were different from those for the onset
responses. The results indicates that the human extrastriate cortex responds to
the incoherent motion as the same as the coherent motion but the underlying
detection mechanisms might be different from each other. The responses to the
motion type changes (from coherent to incoherent motion and vise versa) had
the latencies similar to the offset responses to the preceding motions. The results
suggest that that the human visual system processes both global motions as
distinct visual scenes.

T. Takeda1,2*. Y. Akiba1,2. H. Asaka1,2, A. Matani1,2 and T. Qwaki2

‘Dept. of
Complexity Science and Engineering, Graduate School of Frontier Sciences, University
of Tokyo, 7-3-1 Hongo, Bunkyo, Tokyo, JAPAN; 2Core Research for Evolutional Sci.
and Tech. (CREST), Japan Sci. and Tech. Corp.(JST), JAPAN
After looking at some moving stimuli for a certain period of time, we perceive an
opposite movement of the stimuli even though they are kept stand still. This
phenomenon is called motion aftereffect and has drawn strong interest in psychologists.
However information processing in the brain has not well been clarified. Present study
applied a whole-head type magnetoencephalography (MEG; CTF Canada Inc.) to
investigate location and timing of the perception of the motion aftereffect in the brain.
Gradually contracting circles were made by a stimulator VSG (Visual Stimulus
Generator; Cambridge Research Systems) and projected by a crystal liquid projector
onto a screen, which was located 1.4 m in front of subjects. The center of the stimuli
was located 2.7 deg. left from a fixing point and visual angle of the cycle was 4.0 deg.
Spatial frequency of the circles was 2.0 c/deg and brightness was 50 cd/m2. They were
moved for 20 s and stopped for 1.6 s. Record was started 0.4 s before the change of the
stimulus movement and lasted 1.4 s (Exp.l). To make comparison, response toward
real movement of the stimulus that contracted for 0.4 s and then expanded for 1.6 s
with the speed of 0.31(deg/s) was recorded (Exp. 2). Those experiments consisted of
100 recordings each and were averaged respectively. The MEG signals were band-pass
filtered for 0.5-40 Hz and DC offset was removed using the 0.4 s pre-recording.
It was found that there were two large synchronized response peaks at about 0.18
and 0.35 s in Exp. 1, whereas the peaks were at about 0.13 and 0.29 s in Exp. 2.
Though the magnetic field patterns of Exp. 2 resembled the pattern toward simple
visual stimuli, the patterns of Exp. 1 were considerably different from them. The
difference between the time and the pattern of the first peaks in the two experiments
infers that the recorded MEG contains the brain response of illusional sensation of the
motion aftereffect.
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When a unidirectional moving visual pattern is followed by a stationary
stimulus, viewers perceive motion in the opposite direction for a brief period of
time. This motion aftereffect (MAE) has been shown to be significantly shorter in
duration when the observer performs an attention-demanding visual task during
the period of motion stimulation (Chaudhuri 1990; Rees et al. 1997). Functional
MRI has demonstrated that the perception of the MAE is highly correlated with
activation in human area MT (Tootell et al. 1995). We asked whether attentional
demands could affect the magnitude or duration of activation in area MT, and also
whether the effect of attention varied with the attended sensory modality. We
measured subjects’ behavior and acquired fMR images during 3 motion
conditions, each followed by a stationary stimulus: 1) Baseline motion stimulus
with fixation only. 2) Motion stimulus with concurrent central visual task. 3)
Motion stimulus with concurrent auditory task.
Psychophysical testing showed that the MAE was reduced for both the visual
and auditory tasks relative to the baseline condition. Imaging showed that
activation in area MT was less pronounced during concurrent performance of the
auditory task than during baseline and visual tasks. These results suggest that (a)
visual activation of area MT is susceptible to attentional modulation; (b) attention
to a different modality produces significant reductions in the MT response; (c)
attention can modulate the motion MAE both behaviorally and physiologically.
NSF IBN-9753013, JSMF 9720, NSF predoctoral fellowship to RAB
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SINGLE-TRIAL TIME-SPACE TRAJECTORIES OF EVOKED MAGNETIC
RESPONSES TO APPARENT MOTION USING CROSS-WAVELET
ESTIMATORS. Bakardiian H.1,2, Uchida A.u, Takeda T.3,2 and Endo H.u*.
National Institute of Bioscience and Human-Technology, Tsukuba, Japan; 2Core
Research for Evolutional Science and Technology (CREST), Kawaguchi, Saitama,
Japan; 3Faculty of Engineering, University of Tokyo, Tokyo, Japan.
In recent years a number of studies have contributed towards completing the
pathway map of the visual system. Special attention has been given to the parallel
processing structure and the connections between visual areas in the striate and
extrastriate cortex. However, in cases when magneto- or electro-encephalographic
(MEG/EEG) response timing is used as evidence, decrease in temporal resolution
due to averaging becomes a serious obstacle to finding the precise activation
trajectories in time-space. Other factors discouraging usage of averaging may
concern low spatial sensor resolution and high inter- or intra-experimental variability
due to attentional shifts, learning or habituation. We studied single-trial evoked
magnetic responses to two-bar apparent motion and single-bar flash stimuli displayed
on a fast-response plasma display screen in an attempt to confirm or reject the
hypothesis for parallel processing in areas VI and V5. In order to improve the signalto-noise ratio, to amplify only selected features and to increase control over which
visual areas are activated, we employed cross-conditioning experimental design and
cross-wavelet multiresolution decomposition. Cross-connections included in-out
motion, on-off flash and motion-flash combinations. Construction of the time-space
trajectory for each selected trial could then be completed with optimal time
resolution by iterative source estimation through simulated annealing. Although this
technique was not able to guarantee trajectory information extraction from each
single trial available, in most cases our preliminary results using MEG showed clear
activation pathways (starting as early as ~40ms after stimulus onset) from the striate
cortex (VI) to the medial temporal cortex (V5) with dipole orientation changes at
100.. 130ms and 170..200ms. (Supported by CREST)

ACTIVITIES OF MOTION-SENSITIVE AREAS IN EXTRASTRIATE CORTEX
FOR PERCEPTUAL FIGURE-GROUND SEGMENTATION CAUSED BY
MOTION CUE. M,.Fukun^a1^ T^AzuUw.a^..IL.Y^mamQlQ2,-C, Tanaka1. T,
Ebisu1, M. Umeda1, S. Takahashi3, and Y. Eiima2, 'Dept. of Neurosurgery, Meiji
Univ. of Oriental Med., Kyoto 629-0392, Japan.; ^Graduate school of Human and
Environmental studies, Kyoto Univ.; 3Kyoto City Univ. of Arts.
A camouflaged object can be easily and immediately detectable with a slight
displacement of its position. In this situation, motion contrast/assimilation provides
cues to segregate figure from ground. Using FMRI, we examined the
correspondence of the perception of contrast and assimilation of translation motion
in the brain activity in the human extrastriate cortex. The stimuli consisted of
gratings juxtaposed with each other: One kind of grating was the inducing grating,
which was either moving oscillatory or uniform field.; The other was the test
grating, which was either flickered or moving in the opposite direction to the
inducing grating. Either of two perceptual impressions, i.e. flickering grating or
moving grating, was caused depending on stimulus condition. Retinotopic
representations and areal boundaries were functionally mapped with using
checkered sector and expanding/contracting ring. FMRI signal revealed activation
modulations depending on the stimulus condition. First, robust modulations were
observed in the temporooccipital transition region (MT+), the region locating on the
posterior surface of the cuneus (V3A), and inferior parietal lobule. Second, the
modulations were correlated with the perceptual impression of flickering grating.
Our result shows that in addition to die visual areas well-known to be motionsensitive, a region in inferior parietal lobule is co-active. This pattern of activation is
consistent with the electrophysiological studies of neural responses of cells in area
7a of primate. Another aspect of our results is that the increase in the activation was
not correlated with the perceptual impression of "movement". The increased
activation took place for the stimulus situations causing the perception of flickering
grating rather than for those causing the perception of moving grating. Thus, the
activity of MT+/V5 may not be directly related to the perception of motion, but
rather it may be related to the process of perceptual segregation or generation of
perceptual saliency with using spatio-temporally dynamic cue.
Supported by JSPS and Grant-Aid from the Japanese Ministry of Edu., Sci.

269.17
A PET STUDY OF 2nd ORDER DEFINED BIOLOGICAL MOTION IN MAN.
M.Ptito’,2,J.Faubert2, R.Kupers‘, H.Th^oret1,2 and A.Gjedde'*. ’The PET-center,
University of Aarhus, Denmark. 2School of Optometry, Universite de Montreal,
Montreal, Qu6, Canada.
In a recent psychophysical study, we demonstrated that biological motion and
contour cues appear equally efficient and independent for the recognition of 2nd
order motion-defined animal forms thus suggesting separate processing
mechanisms’. In the present study, we used the same conditions while measuring
PET activation in 7 normal human subjects. Cerebral blood flow was measured by
i.v. injection of 15O-labelled water in four stimulus conditions: 1) different animal
shapes where the motion sequence included both biological motion cues and
contour information (BioM-Ctr), 2) biological motion without contours (BioMnoCtr), 3) animal contours without BioM (noBioM-Ctr), 4) drifting dots without
contours and without BioM (noBioM-noCtr). After anatomical normalization, a tstatistic of blood flow changes was calculated after subtraction of conditions that
isolate form or biomotion. The results show that when we subtract conditions
which isolate contour information (1-2 & 3-4), BA 19 (V3) and BA37 are
primarily activated. Since our stimulus is generated from 2nd order properties, our
results are consistent with recent fMRI findings showing selective V3 activation
for 2nd order stimuli2. Subtractions which isolate biological motion cues (1-3 & 24) revealed strong activation of BA 17/18 (VI/V2) suggesting that biological
motion is a low level percept, as predicted by psychophysical models of biological
motion3. These results support previous psychophysical evidence of differential
neural mechanisms activated by biological motion vs. contour cues used for
recognizing 2nd order-defined animal shapes.
'Bellefeuille & Faubert (1998) Perception, 27,225-235.
2Mather, et al. (1992) Proc Roy Soc London B, 249, 149-155.
3Smith, et al. (1998) J Neurosci, 18, 3816-3830.
♦Supported by the MRC (Denmark) and FCAR (Quebec, Canada).
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ATTENTION MODULATES UP TO 10-FOLD THE AMPLITUDE OF SCALP
POTENTIALS EVOKED BY SMALL, FLICKERING STIMULI
B. Alterman1, L. Daniele1, C. Daniele1, J. B. Demb2, N. Engheta3, B.Wandell4 and
E. N. Pugh, Jr.1* 4Department of Psychology, Stanford University; Departments of
’Neuroscience, ’Electrical Engineering and 'Psychology, Univ. of Pennsylvania,
3815 Walnut St, Philadelphia, PA 19104
PURPOSE: To examine the effect of selective visual attention on the scalp potentials
evoked by a small visual stimulus with known representation in early visual cortex.
METHODS: Steady-state visual evoked potentials (VEPs) of two subjects were
measured with a 29-electrode array concentrated on the occipital scalp. The stimulus
was a small radial check, undergoing sinusoidal modulation at 7.5 Hz and 25%
contrast, presented at various eccentricities along the lower vertical meridian. The
checks were sized so that VI activity, localized with fMRI, corresponded to ~15 mm2.
During recording, subjects were required to detect a faint red or green chromatic
contrast change that occurred at some point during the 5 s stimulus epoch. The
contrast change occurred either at the fixation point, or at the stimulus location, in a
blocked-trial design; VEPs from the time prior to the change were analyzed.
RESULTS: Driven activity was present almost exclusively at twice the modulation
frequency (F2: 15 Hz). In a polar plot of F2 amplitude and phase, most electrodes'
responses lie near a single phase line, consistent with scalp potentials driven largely
by a single compact source. The VEP at electrodes showing the greatest amplitudes
increased by a factor of 3 to 10 in trials in which the subject attended the stimulus,
relative to their amplitude in trials in which the fixation point was attended: e.g., in
one experiment maximum F2 amplitude was 2.6 pV in die "attend stimulus"
condition, vs. 0.28 pV when attention was at the fixation point. CONCLUSION:
Attention can radically affect activity in early stages of cortical visual processing. □

SOMATOSENSORY STIMULATION OF THE GLABROUS SKIN
DECREASES THE rCBF IN VI AND V2. A. Bodegard1, K.
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Amunts^, K. Zilles^ and P. E. Roland1* 1 Division of Human Brain
Research, Department of Neuroscience, Karolinska Institute, S 171 77
Stockholm, Sweden; 2C.O. Vogt Institut f. Himforschung, Heinrich
Heine Universitat, Box 101007,40001 Dusseldorf, Germany.
Earlier investigations have demonstrated decreased bloodflow
(rCBF) during sensory stimulation in areas processing non-relevant
sensory modalities (Haxby et al. 1994, Kawashima et al. 1995). One
of the purposes of this study was to examine whether the decreases of
rCBF would include visual areas VI and V2. VI and V2 were
determined in 10 post mortem brains and transferred to a standard
anatomical format. Eight blindfolded volunteers had their rCBF
measured by O-butanol, and scanning in a 3D mode with an ECAT
EXACT HR PET scanner. The right index finger was stimulated with
pressure stimuli which the subjects discriminated. In two other
conditions they discriminated kinaesthesia and muscular tension. The
space of VI and V2 present in 50 % of the post-mortem brains were
defined as volume of interest. All the somatosensory discrimination
tasks contrasted against rest showed statistically significant decreases
in both VI and V2. The decrease was more pronounced in the left VI.
These findings show that cross modal rCBF decreases also include
visual areas VI and V2. This may be surprising in the light of the
current view that attentional effects on visual areas are mainly located
in areas outside VI and V2 (Wurtz and Mohler 1976, Motter 1993).
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CONTEXTUAL INFLUENCES ON SYNCHRONIZATION AND
GAMMA OSCILLATIONS IN VISUAL CORTEX OF CATS: I
ORIENTATION DISPARITY. Bretzner. F.. Shumikhina S.. Tan Y-F..
Aitoubah J.. Dumont I., and Molotchnikoff. S.* Departement des Sciences
Biologiques Universite de Montreal. Qc Canada H3C-3J7

FIRING RATE AND STIMULUS CONTEXT EFFECTS IN PRIMATE VI. H.E. Jones*
&A.M. Sillito, Dept ofVisual Science, Inst, ofOphthalmology, University College London
EC1V9EL.UK.
The context of a stimulus influences the firing rate of many cells in primate VI in a way
that appears to reflect the salience ofvisual features (Knierim and Van Essen, J. Neurophysiol
67:961-980 1992, Sillito etal, Nature 378:492-496,1995,Lamme, J.Neurosci. 15:16051615,1995). We have considered the way these various modulatory interactions are reflected
in the absolute firing rates of cells. In particular, we asked if robust contextual modulatory
effects were only seen for cells with low firing rates to single stimuli. We also asked whether
contextual modulation elicited by an outer stimulus comprising a discrete patch produced
weaker effects than those from a globally surrounding outer stimulus. The data suggest that
a wide range ofstimuli may elicit responses of equal magnitude from a given cell and that the
information provided by the firing level is highly ambiguous. Across our sample, there was
no link between firing rates elicited by inner stimuli and the percentage facilitation seen to
contextual stimuli. For many cells, responses when gated by salient contexts were greater
than those to a single stimulus applied to the CRF (“facilitation”) and in some cases higher
than that seen to an optimal single stimulus (“supra-optimal” facilitation). Interestingly, cells
showing supra-optimal facilitatory responses showed lower optimal firing rates to single
stimuli and higher firing rates to contextual stimuli than those shown by tiie facilitation only
group. We suggest that this may reflect the presence of stronger inhibitory processes within
tiie CRF of cells showing “supra-optimal” facilitatory effects, leading to a lower optimal
firing rate to a single stimulus, and through a disinhibitory mechanism, to stronger responses
to salient context configurations. Small, discrete patches of outer contextual stimuli elicited
equally robust responses to those seen with globally encompassing contextual surrounds.
Proximity of the outer stimulus to the CRF did not appear to significantly influence response
levels to the context condition. Thus it appears that the response level may reflect the salience
but not necessarily the spatial location or spatial extent of the particular conjunction of
features present in the stimulus. For individual cells, a range ofstimulus configurations could
elicit the same firing level, emphasising that global stimulus representation must reflect
relative activity levels across the cortical network.
Supported by the MRC

Last year we showed that presentation of three co-linear light bars
facilitated gamma oscillations if the widths of the gaps (or fractures)
separating these bars were small; conversely synchronization of neuronal
impulses between cells was augmented when the size of fractures
increased or when the contour orientation was associated with right
angles. The present study, carried out on anesthetized cats, investigates
the influence of the orientation disparity between several localized
gratings upon the occurrence of gamma oscillations and/or
synchronization. The strength of oscillations were computed through FFT
analysis, and synchronization strength was derived from Eggermont crosscorrelation coefficient computations. Recordings were from areas 17 and
18; two sets of four electrodes were introduced into the cortex (maximal
interelectrode distance 400 pm). Typically a drifting sine-wave grating
covered the compound receptive field of the cellular pool from which cell
activity was recorded. On either side of this central image two additional
gratings were added of identical size, spatial and temporal frequencies.
These two peripheral gratings may abut the central target or they may be
placed at some distance depending upon the receptive field size or
experimental conditions, as long as the orientation disparity between the
central and peripheral targets which is varied. Analysis was performed at
multi- and single cell levels. Spikes were individually sorted out from
multi-unit recordings. Preliminary results seem to show that the highest
likelihood for synchronization, i.e., coherence between the activity of two
cells, is limited to a relatively narrow range of orientation disparities;
similarly, the strength of gamma oscillations are configuration dependent
since they occur only for a few values of orientation disparities,

Supp. NRSERC, FCAR

270.5

270.6

CONTRIBUTIONS OF SPIKE-RATE AND PRECISE CORRELATIONS TO
VISUAL OBJECT REPRESENTATION IN STRIATE CORTEX OF AWAKE
MONKEY. A.Gail, H.J.Brinksmever, R.Eckhom, U.Thomas*, NeuroPhysics Group,
Physics Department, 35032 Marburg, Germany.
Previous work on contour and object coding in VI of awake monkeys revealed enhancement of spike rates within the representational area of an object's surface [1],
strong correlation among fast cortical oscillations (FCOs, 30-80 Hz) within object and
background [2], and weak FCO coupling across object contours [3]. We asked how different signal components in VI, including their spatio-temporal correlation measures,
are involved in cortical representations of visual objects. Methods. Multiple unit activity (MUA) and local field potentials (LFP) were recorded by 7 p-electrodes in VI of a
fixating monkey. Visual stimulus was a stationary sinusoidal grating. The object was
defined by a shifted rectangular part of the grating. Object related response modulation was extracted by calculating differences between stimulation with and without object Modulation specific for the object's surface (vs. ground) was extracted by differences between object presentation in two positions mirrored to the object's edge.
Results. Early activation (50-120 ms after stimulus onset) showed strong and precise
stimulus-locked broad-band correlations extending over the entire representation of object and ground and differing at the object's contour compared to surface and ground.
Later, coherence among FCOs dominated while other components declined. However,
FCO-coherence was strongly reduced across the object's contour until the object disappeared. While surface specific rate enhancement emerged within closed contours (140260 ms poststimulus) and decreased with increasing object size confirming [1], FCOcoherence was reduced across the object's boundaiy, irrespective of the closure of contours and the object's size. Conclusions. Contour and surface specific modulations of
spike-rate and precise correlations in VI contribute differently to scene segmentation
and object coding. As they differ in time course and stimulus dependence they probably
reflect complementary mechanisms rather than being redundant. [1] Zipser K et al, J
Neurosci 1996, 16:7376. [2] Eckhom R et al, Biol Cybem 1988, 60:121. [3J Giittler A
et al, Gottingen Neurobiol Report 1997:551.
(Support by DFG Ro529/12-1 to R.E.)

GAMMA OSCILLATORY COINCIDENCE BY INTERFERENCE
OF SPIKES IN CIRCULAR AND LATERAL MUTUAL CONNECTIVE MODEL. K. Murakoshi*, K. Nakamura. Interdisciplinary Grad. Sch.
of Sci. and Eng., Tokyo Inst, of Tech., Yokohama, 226-8502, Japan
The neuron of layer IV in VI receives from LGN, and there is a circular
network via layer II/III, V, VI and IV to LGN, and the pyramidal neurons
of layer II/III of which character, such as orientation selectivity, is same have

weak mutual excitatory long horizontal connections. We examined a model

of VI and LGN with such vertical circular and lateral mutual excitatory connections through Hodgkin-Huxley (HH) model.The result was that the spikes
that were scattered at first gradually became coincidence and the responses
had oscillatory in the gamma range as observed by electrophysiological recordings. It was due to the fact that a spike from lateral excitatory synapse retards

the later spike from a circular circuit. The analysis indicated that potassium
current, delayed rectifier, is crucial for that phenomenon. The result in case of
integrate-and-fire (IF) type model, was inconsistent with the case of the HH
equations: the spikes in case of IF type model did not become coincidence. In
the above model, local inhibitory connections to pyramidal neurons of layer
II/III can separate timings of coincident groups in which the neurons have
same character. (Supported by Res. for the Fut. Prog., the Japan Soc. for the
Promotion of Sci., Grant-in-Aid 10164215 MESC of Japan, and KAYAMORI
Foundation)

27B.7

270.8

THE MOUSE MODEL PERMITS THE STUDY OF CELLULAR MECHANISMS
UNDERLYING NEURONAL SYNCHRONY IN VISUAL CORTEX. G. Nase1-2. H,
Monyer2, M, Brecht1, W, Singer1 and A.K. Engel1*. ‘Max-Planck-Institut fur
Himforschung, D-60528 Frankfurt; 2ZMBH, D-69120 Heidelberg, Germany.
Synchronization of neuronal discharges has been assigned a role in defining cell
assemblies representing particular constellations of stimulus features. In many
instances, synchronization is accompanied by an oscillatory response modulation, in
particular at frequencies in the gamma-band. The cellular mechanisms underlying these
phenomena of synchronization and oscillatory patterning, however, have remained
elusive due to the difficulty in designing a direct in vivo assay. Our objective was to
test whether the halothane-anesthetized mouse would meet the criteria to provide such a
model system. Simultaneous multi-unit recordings were performed at spatially separate
sites in the primary visual cortex of C57BL/6J mice. Recorded responses were
subjected to auto- and crosscorrelation analysis. Monocular stimulation with moving
gratings and bars evoked oscillatory responses with frequencies in the gamma-range
(25-40 Hz) in most of the units. Typically, during sustained responses, the frequency
of the oscillation decreased from higher to lower values within the gamma-band.
Furthermore, the discharges of spatially distributed cell groups with similar response
properties could be synchronized with zero phase-lag. If present, temporal correlations
showed a rapid onset and persisted throughout the response epochs. We conclude from
our observations that the mouse model could prove to be a valuable tool to assess
cellular mechanisms for oscillatory patterning and synchronization of stimulus-induced
cortical activity. In future studies we will probe the role of various network
components in shaping of temporal response properties. To this end, mouse mutants
will be studied in which receptor channels have been functionally modified in defined
neuronal subpopulations using transgenic approaches.
Supported by the Max-Planck-Society, the Heisenberg-Program of the Deutsche
Forschungsgemeinschaft and DFG grant Mo 432/4-1.

NEURONAL SYNCHRONY IN RESPONSES TO DIFFERENT OBJECTS IN
CAT PRIMARY VISUAL CORTEX H.D.R. Golledge, J.W. Scannell, F.
Zheng, R.J. Mason. D.V. Giannikopoulos, M.J. Tov6e, and M.P. Young*. Neural
Systems Group, Department of Psychology, University of Newcastle upon Tyne,
NEI 7RU, UK
If synchrony in neuronal assemblies binds the features of an object then cells
should both synchronize when responding to the same object and de-synchronize
when responding to different objects. While there is ample evidence for synchrony,
there is little evidence for de-synchronization when separate receptive fields (RFs)
are stimulated ly two different objects.
We studied neuronal synchronization between multi-unit receptive fields in
primary visual cortex of anaesthetised cats. We recorded 100 sets of trials from 72
paired sites. Synchrony was measured as the maximum z-score within the central
10ms of the cross-carrelogram (1ms bin size). While stimulating the RFs with a
single long bar (one object), 42% of sites significantly synchronized; with two bars
moving coherently (possibly one occluded object), 45% synchronized; and with two
bars moving in opposite directions, one over each RF (two separate objects) 40%
synchronized. 42% of pairs significantly synchronized during the inter-trial
interval.
At a population level, the degree of synchrony was independent of the global
stimulus configuration (ANOVA, p>0.4). Recording sites were no more
synchronized when stimulated with a single object than with two separate objects, or
by no objects at all. Synchrony varied significantly between experimental animals
(p<0.05), and also depended on die retinotopic separation of RFs (p<0.05).
We readily observed synchrony in the responses to different objects, this
observation clearly conflicts with the theory that synchrony serves as a mechanism
for feature binding. Our results fit well with the classical interpretation that
synchrony is indicative of common input.
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Supported by the Wellcome Trust and the University ofNewcastle upon Tyne.
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270.10

MODULATION OF ORIENTATION SPECIFIC RESPONSES IN MONKEY VI
BY CHANGES IN EYE POSITION. J. Shanna*. V.Dragot E.KMiller and M.Sur,
Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.
Afferent information from extraocular muscles enters the visual pathway at
an early stage. It has recently been shown that responses of Vl cells in awake
behaving monkeys are modulated by the direction of gaze (Trotter & Celebrini,
1999). However it remains unclear whether, factors such as visuospatial attention,
fatigue of extraocular muscles or habituation have a role to play in modulating
neuronal responses in tandem with gaze dependent effects. We tested responses of
VI cells to oriented sinusoidal gratings in an awake behaving monkey while the
animal fixated (within a 1° window) a small dot that appeared at three different
gaze angles (straight ahead, 11° left and 11° right) in the frontoparallel plane for a
period of 1.5 - 2 secs. We performed extracellular single unit recording using a
multielectrode array, with receptive fields located within 5° of the fovea. Two sets
of experimental paradigms were used. In one, the animal was required to maintain
fixation continuously on one of the three locations (grouped trials) while stimuli
were presented in a random fashion. In the other case, the three gaze locations were
randomly interleaved (randomized trials). Our results show that the response
modulation index (comparing maximum and minimum responses at the preferred
orientation) was significantly higher (p < 0.001, Mann Whitney U-test) in the case
of grouped trials compared to the randomized trials. The effect was seen equally
with both monocular and binocular presentation. Overall, about 30% cells had a
modulation index of 2 or higher in the case of grouped trials. We also tested the
effect of the extent of gaze shift, by comparing gaze angles of 6° and 11°. The data
suggest a progressive increase in the modulation index with increasing angle of
gaze in the case of grouped trials.
These results demonstrate that gaze-dependent modulation of visual
responses in VI cells is influenced by other factors that can include focal attention
and oculomotor habituation.
Supported by NIH Grant EY 07023 (MS) and MIT-RIKEN NR Cntr.(EKM)

RELATIONSHIP OF CORRELATED FIRING OF CELL PAIRS IN PRIMARY
VISUAL CORTEX TO FEATURES OF THE VISUAL STIMULUS. J. Schummers*
and M. Sur, Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.
We have examined whether and how the firing of multiple neurons in VI
provides information about stimulus properties. The firing rate of a VI cell is by
itself an ambiguous code, as the firing can be similarly modulated by different
features of a visual stimulus (eg., orientation, spatial frequency, direction of
movement and contrast), as well as extra-retinal factors such as angle of gaze,
attention, etc. For postsynaptic targets of VI to disambiguate the firing rate of
incoming VI input, it is possible that the firing of a VI neuron is interpreted
differently depending on which other cells are correlated with it (the 'cell assembly'
hypothesis).
We have recorded extracellular spike trains from multiple VI cells simultaneously
using a multi-electrode array while presenting visual grating stimuli over a range of
orientations, spatial frequencies and contrasts, and compared the cross-correlation
histograms of 441 cell pairs under the various conditions. We have focussed our
analysis on cases in which different stimulus configurations produced comparable
(maximal or sub-maximal) firing rates in both cells in the pair. We find that often
only some stimulus configurations elicited significant correlated firing in the cell pair,
whereas other stimuli, which elicited the same firing rates in both cells, did not. We
see significant correlations under non-optimal stimulus configurations for one or both
cells. Cells similarly tuned for orientation can switch from correlated to uncorrelated
firing by changing one stimulus variable, such as spatial frequency. Even cells with
nearly orthogonal preferred orientations can have correlated firing to specific stimuli.
These representative results demonstrate that the nature of correlations between cell
pairs in visual cortex may be vastly different under different stimulus conditions.
Thus, the correlated firing of VI cells may provide a more complete description of the
visual stimulus than the firing rates of individual cells alone.

270.11

270.12

ROLE OF NMDA AND AMPA GLUTAMATE RECEPTORS IN ORIENTATION
AND DIRECTION SELECTIVITY OF VI NEURONS. C. Rivadulla*. J. Sharma &
M, Sur. Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA02139.
Orientation and direction selectivity appear in VI cells as a consequence of the
integration of subcortical inputs and amplification by intracortical connections. We
have examined the role of NMDA and AMPA glutamate receptors in the generation of
VI responses. Experiments were carried out in superficial layers of VI of anesthetized
and paralyzed cats. Extracellular recording and optical imaging of intrinsic signals
combined with iontophoretic ejection of NMDA or AMPA receptor antagonists was
used to study cortical responses to drifting gratings of different orientations and
directions of motion.
Blockade of AMPA receptors by iontophoresis of CNQX produced a decrease in the
firing rate in 72% of VI cells. This decrease was not uniform. Responses to nonoptimal stimuli were reduced to 22.5% of control values whereas responses to optimal
stimuli were reduced to 49%. Spontaneous activity was diminished slightly, to 80%.
These data indicate that AMPA receptors play different roles in mediating the response
to different stimuli, with a minor contribution to spontaneous activity, an important
contribution to optimal responses, and a major contribution to non-optimal responses.
To examine whether NMDA receptors have a complementary role, we studied the
effect of blocking NMDA receptors by iontophoresis of APV. The results were more
variable than with CNQX iontophoresis. In 30% of cells, APV reduced optimal
responses to 60% but left non-optimal responses unaffected, consistent with a function
complementary to AMPA receptors. In other cells, APV reduced both optimal and nonoptimal responses by a similar amount.
The optical imaging data support that obtained from individual cells. APV
produced a decrease in the signal obtained with an optimal stimulus orientation at the
ejection site. This was evident as a decrease in the vector strength at the ejection site.
CNQX produced a more general, decrease in the signal, that was more pronounced in
one direction of motion.
Our results suggest that AMPA and NMDA receptors play different roles in the
responses of VI cells. AMPA receptors appear to be important for the generation of
visual responses in general, whereas NMDA receptors may act importantly to amplify
the responses to optimal stimuli.
Supported by a Fulbright fellowship to C.R. and NIH Grant EY07023 to M S.

MODELING ORIENTATION TUNING OP CORTICAL NEURONS TO
SUBJECTIVE CONTOURS. G.J. Kalarickal & M. Sur*. Dept. of Brain and
Cognitive Sciences, E25-235, Massachusetts Institute of Technology, Cambridge,
MA 02139, U.S.A.
Purpose. Previous models of orientation selectivity of cortical neurons
to subjective contours have very special requirements. The model by
von der Heydt & Peterhans (1989) requires single-end-stopped neurons, which
are sparse in the cortex, and pooling of responses from orthogonally-oriented
single-end-stopped and iso-oriented simple or complex neurons. The model
proposed by Grossberg & Mingolla (1985) requires neurons with very small
receptive fields. In contrast to these models, neurons in cat areas VI and V2
with large receptive fields and no end-stopping showed orientation selectivity for
subjective contours induced by abutting line-ends (Sheth et al., 1996). Methods.
We modeled cortical neurons as receiving mildly orientation-tuned inputs from
on-center and off-center lateral geniculate nucleus (LGN) neurons. Simple and
complex cortical neurons were modeled. Receptive field sizes were large (2° x 3°)
relative to the luminance line width (12 minutes of arc) and the spacing between
the lines (0.6° — 1.4°). Cortical neurons were not end-stopped. Results. Model
cortical neurons produced orientation selective responses to subjective contours
by pooling strong responses of LGN neurons close to the line-ends (Murphy &
Sillito, 1987). Orientation selectivity was further enhanced by iso-orientation
lateral inhibitory and excitatory cortical interactions. An additional stage
which asymmetrically pooled iso-oriented cortical responses produced invariant
response to subjective contours independent of the phase of the inducing
lines. The model produced the following effects, corresponding closely to the
reported data: (1) matching orientation preference for line gratings and for
subjective contours induced by abutting line-ends; (2) decreased selectivity
for subjective contours with decreased spatial frequency of the inducing lines
(Sheth et al., 1996); (3) selectivity for subjective contours when the inducing lines
were obliquely oriented relative to the subjective line (Sheth et al., 1996); and
(4) invariant response to subjective lines irrespective of the phase of the inducing
lines (Grosof et al., 1993). Conclusions. In our model, cortical neurons responded
robustly and selectively to subjective contours induced by abutting line-ends
without requiring any specialized neurons. Supported in part bu NIH qrant
EY07023.

270.13

270.14

NEURONAL ACTIVITY IN PRIMARY VISUAL CORTEX OF MONKEYS WHILE FREELY
VIEWING NATURAL IMAGES. P.E. Maldonado* Prog. Fisiologia y Biofisica. ICBM.
Facultad de Medicina, Universidad. de Chile. Casilla 70005, Santiago 7 CHILE
Visual stimuli beyond the classical receptive field, as well as eye movements, can
profoundly influence the activity of single neurons in the visual cortex of mammals. Here
we report characterizations of eye movements; neuronal firing rates and episodes of
synchronous firing among simultaneously recorded groups of single units from V1 of
macaque monkeys while they freely viewed natural scenes or were placed in complete
darkness. The sample consisted of 158 single unite from two animals. When the animals
were allowed to freely view natural images, the median duration of saccadic eye
movements and fixation periods were 44 and 225 msec, respectively. In darkness,
saccadic (median=83 msec), but not fixation periods were significantly longer, and both
frequency distributions changed markedly. Depending on the monkey arousal, the gaze
could also drift smoothly across the visual field. These episodes were much longer during
darkness than during visual presentation of scenes. We also examined the neuronal firing
rates during each of these conditions by pooling ali single units. During visual
presentations, the mean firing rate for fixation and drifting periods exhibited a peak at 70100 msec to then decrease steadily with time. Saccadic episodes show no changes of
firing rate within the first 80 msec, but then they also decreased with time. In darkness, an
initial peak for fixation and drifting was observed with a much longer delay (100-200 msec),
the rate decay was less pronounced and larked the temporal structure of that seen during
visual presentations. Finally, we examined the timing of correlated firing defined as pairwise joint firing occurring with less than 3 msec time lag. We observed a large rate of
synchrony only during fixation and saccade episodes in animals viewing natural images
and reduced or absent in all other conditions. The time course of the synchrony resembled
the firing rate for the fixation and saccades periods but the decay of synchrony with time
was much more pronounced even though firing rate remained stationary. Supported by
FONDECYT 1981184 to P.E.M.

PHASE CONTINUITY OF FAST OSCILLATIONS MAY SUPPORT THE
REPRESENTATION OF OBJECT CONTINUITY IN STRIATE CORTEX OF
AWAKE MONKEY. R, Eckhom*, A, Gabriel, Neurophysics Group, Physics Department, Philipps-University, 35032 Marburg, Germany.
Fast cortical oscillations (FCOs, 30-70 Hz) were reported as synchronized in different cortical and subcortical visual structures and it was proposed that they support the
coding of object continuity (Eckhom et al., Biol Cybem 60, 1988). Correlation analysis
showed average phase differences of FCOs narrowly distributed around zero, but coherence vanished within 3-5 mm cortical distance in VI and V2. However, cortical object representations are often larger so that zero-delay phase relations seem not suitable
for coding feature associations across entire objects. For testing other potential codes
we developed a method of single-response multiple-channel correlation. Methods. Local field potentials (LFPs: 1-140 Hz) and multiple unit activity (MUA) were recorded
in VI of an awake fixating monkey by a linear array of 7 p-electrodes (750 pm spacing). Visual stimuli were whole field sinusoidal gratings. Phase correlations of single
response FCOs were evaluated simultaneously for the 7 recordings resolved in space
and time resulting in two dimensional correlograms of delay and cortical distance.
Results. Wave fronts of FCOs, having continuous phases across the 7 recording positions, typically appeared during visual stimulation. They appeared most often when the
stimulus grating was parallel to the row of the 7 linearly arranged receptive fields, even
though the orientation preferences at the 7 recording positions were randomly distributed. Relative correlation delays among FCOs changed continuously and randomly from
phase lead over synchronization to phase lag and they reversed within few 100 ms at
the 7 recording positions. This phase variance increased on average linearly with cortical distance. Conclusions. Our results imply that the previously reported zero-delay
correlations among FCOs and their restricted cortical range are phase averaging effects
of wave phenomena with symmetric phase variations. However, as smooth phase continuity in VI is present across larger representations of contour and texture surface, we
propose that continuity coding of object representations in visual cortex may be supported by phase continuity of FCOs.
(Supported by DFG Ro529/12-1 to R.E.)
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270.16

SYNCHRONIZATION STRENGTH OF RESPONSES IN CAT VISUAL
CORTEX DEPENDS ON FEATURE CONTEXT BETWEEN TEST STIMULI
AND EMBEDDING BACKGROUND. J. Biederlack, W, Singer, R. Goebel
and S. Neuenschwander*. Max-Planck-Institut fiir Himforschung,
DeutschordenstraBe 46, 60528 - Frankfurt a.M., Germany,

SPATIAL RANGE OF SYNCHRONIZATION IN VISUAL CORTEX IS DETERMINED BY LATERAL CONDUCTION VELOCITY AND DETERMINES RF
SIZE AT NEXT PROCESSING LEVEL. A LEARNING MODEL WITH SPIKING
NEURONS. M, Saam, R. Eckhom, T. Schanze*. NeuroPhysics Group, Department of
Physics, Philipps-University, 35032 Marburg, Germany.
The size of classical receptive fields (CRFs) in mammalian visual systems increases
systematically from retina to higher cortical areas. We asked for the neural mechanisms and functional roles of this CRF-increase and tested the hypothesis that the visual
space covered by the CRFs of synchronized cortical neurons (the association field, AF)
determines the CRF-size at the subsequent level. Model. The network consists of pulse
coding neurons arranged in two layers. Layer-1 neurons are completely laterally connected via modulatory synapses (Eckhom et al. 1990, Neural Computation 2:293). Spikes are transmitted at constant velocity, i.e. increasing delay with distance. Layer-1
neurons are driven by weakly correlated Poisson spike trains at constant mean rate.
Layer-1 is completely feed-forward connected to layer-2 via excitatory synapses. First
the weights of lateral connections, second the synaptic strengths between layer-1 and 2
are modified by a Hebbian rule (time window with learning and unlearning segments)
in two consecutive learning epochs. Results. Four properties emerged after learning. 1)
Lateral weights of layer-1 neurons decay with distance. 2) Output spiketrains of layer-1
are synchronized at zero average delay, have spatially decaying coupling strengths and
increasing phase jitter over a range defining AF-size in layer-1. 3) Layer-2 neurons
form retinotopically organized and spatially restricted CRFs. 4) Layer-2 CRF-size is linearly related with layer-1 AF-size due to learning interactions among input correlations, transmission delays, and width of the learning window. Conclusions. Our model
implies that the lateral conduction velocities at one level of visual processing (e.g. VI)
can essentially influence 1) the range of feature association by synchronization (specified by the AF size), and 2) the CRF-size at the next level (e.g. V2). Thus, our model
results support a new hypothesis of the influence and the functional role of synchronized signals in visual cortex and other brain structures.
(Supported by DFG: Ro529/12-1: "Dynamics of Cognitive Representations" to R.E.)

Synchronization of neuronal responses has been proposed as a mechanism to
enhance the saliency of selected neuronal responses and to define relations
among them. In the present study we have investigated the influence of
distance and orientation difference of receptive fields on the modulation of
synchronization strength.
Extracellular recordings were made in anesthetized cats by means of
multiple electrodes placed in Area 17. Cells were stimulated with moving
gratings positioned over their receptive fields. Cross-correlation analysis
revealed that the occurrence of synchronization does depend on the
similarity of orientation between two cells rather than on the distance
between them. The strength of the correlation between nearby neurons of
similar orientation increases if the grating is surrounded by a grating of
different orientation, moving in a different direction.
The first finding establishes a close correlation between the architecture of
tangential intracortical connections and synchronization probability,
providing further support for an involvement of these connections in response
synchronization. The second result provides first evidence that local
synchronization is modulated by stimuli in regions far beyond the classical
receptive fields. The fact that synchronization strength reflects the
contrast in feature space between test stimulus and surrounding background is
compatible with the hypothesis that synchronization raises the saliency of
responses in a context dependent way.
Supported by the Max-Planck-Gesellschaft.

270.17

270.18

LAMINAR DISTRIBUTION OF SYNCHRONIZATION AND ORIENTATION
TUNING IN AREA 18 OF AWAKE BEHAVING CATS.
Markus Siegel, Johannes Sarnthein* and Peter Konig
Institute of Neuroinformatics, ETH, CH-8052 Zurich, Switzerland
Several experiments have demonstrated stimulus-specific synchronization of
neuronal activity in primary visual cortex. Whereas most of these experiments have
been performed in anaesthetized animals, questions remain how these results can be
transferred to awake behaving animals.
Four bundles of four electrodes each have been chronically implanted in primary
visual cortex (area 18) of cats. Each bundle consisted of four wires of different
length, so that the electrode tips were located in different layers within a cortical
column. Synchronization between electrodes was estimated by calculating squared
coherence. Cats were trained to fixate a target slowly moving on a computer screen.
As backgrounds, full screen sinusoidal gratings (0.5 cycles per degree) with various
orientations, random patterns with the same spatial frequency and a plain background
were presented.
Multi-unit activity as well as local field potentials (LFP) recorded from the same
electrode showed a clear orientation preference. For the LFP in all layers this effect
was most prominent in the gamma frequency range (30-100 Hz). Coherence spectra
peaked in the alpha and gamma range, attained values up to 0.5, and showed a
minimum at about 25 Hz. In general, coherence was high among granular and infragranular layers. Lowest coherence was found when the target moved over the plain
background. The full screen random background induced higher coherence. For the
uniform sinusoidal gratings even higher coherence was found. Coherence was
maximal between granular electrodes of common orientation preference.
Furthermore, in the gamma frequency range between 55-80 Hz the orientation of the
uniform grating strongly modulated the'measured coherence.
This work was supported by Studienstiftung des Deutschen Volkes, Fonds zur
Forderung der wissenschaftlichen Forschung J1705-MED and Schweizerischer
Nationalfonds 31-51 059.97.

CORRELATED AND UN-CORRELATED STRIATE VISUAL CORTEX
CELL RESPONSE TO LONG ORIENTED LINES IN BEHAVING
MONKEYS. P, Vdzauez. M, Cano. S. CendAn. and C. Acufia*. Departamento de
Fisiologia. Facultad de Medicina-CHUS, Universidad de Santiago de
Compostela. Snain
We have studied the neural activity evoked by long lines placed on receptive
fields (RFs) of VI cells of behaving macaque monkeys, trained to perform
disorimination-orientation task. At the beginning of the trial monkeys should
keep the gaze fixed on a small line at the center of the monitor. Then, the line
disappears, and after a control period (500 ms) without visual stimulation, two
lines are presented successively for 500 ms with an inter-stimulus interval of ls.
Extracellular single unit activity and multiunit activity was recorded in VI, with
up to five microfibers (Eckhom System). Cross-correlation were calculated over
the 500 ms control period and over the 500 ms of first stimulus presentation,
during which time monkeys maintained fixation. During the control period,
correlated or un-correlated activity between different units was recorded.
Afterwards, the oriented line is presented over the RFs, and cells responded
transiently to the stimulus onset The previously correlated or un-correlated
activity might remain unvaried, or become un-correlated or correlated,
respectively. In conclusion, transition from a no-stimulus to stimulus situation in
the context of the orientation discrimination task might provoke shifts in
coupling of neural assemblies. We have not found, however, a thorough
relationship between the correlated and un-correlated activity of pairs of units
and RFs characteristics.
Supported by PM96-0097 DGICYT-MEC Spain to CA. PV and MC are FPIMEC fellows, Spain. SC is FP-2 fellow from XUGA, Spain.

270.19

270.20

FEEDBACK CONNECTIONS ACT ON THE EARLY PART OF THE
RESPONSES IN MONKEY VISUAL CORTEX . J.M. Hup6*. A.C. James1. P.
Girard and J, Bullier. INSERM 371, 69500 Bron, France; Centre for Visual
Sciences, ANU, Australia1.
We recorded the responses of neurons in visual areas of anaesthetized
macaque monkeys to an optimally oriented single bar flashed in the cento- of their
receptive field. In order to study the time course of feedback influences, two
studies were performed. In die first one, area MT was inactivated by cooling with
previously implanted cryoloops, while single neurons were extracellularly
recorded in areas VI, V2 and V3. In the second one, we reversibly inactivated a
small region of V2 with pressure ejections of200 mM GABA in six micropipettes
while recording in the retinotopically corresponding region in VI.
We have previously shown that responses of VI, V2 and V3 neurons to
moving stimuli are affected by MT inactivation in anaesthetized monkeys (Hup6
et al., Nature, 1998). We now show that the responses to stationary stimuli are
also modified: among 95 neurons which show a consistent ON responses 15
responses were significantly decreased and 14 increased by MT inactivation.
GABA inactivation of N2 also affected the responses of 6 among 61 neurons
tested in VI, all of these effects being decreases.
Given that higher order areas contain neurons whose responses tend to lag
behind those of lower order areas, we were surprised to find that most effects were
observed from the earliest part of the visual response and even fbr neurons witii
tiie shortest latencies to visual stimuli. Population histograms made of responses
normalized by their latency and strength showed changes of response due to
feedback inactivation already significant 10 ms after response onset
These results suggest that feedback connections are recruited very eariy for the
treatment of visual information, possibly through a fast (magnocellular) pathway.
Supported by INSERM, BIOMED contract n°BMH4-CT96

INVOLVEMENT OF CAT AREA 17 IN MODULATION OF AREA
18 NEURONAL
RESPONSES. Y.F.Tan, S.Shumikhina*,
J.Aitoubah,
F.Bretzner,
I.Dumont
and
S.Molotchnikoff.
Departement de sciences biologiques, Universite de Montreal,
C.P. 6128, succ. Centre-Ville, Montreal, Quebec H3C 3J7 Canada.
To study the involvement of an identified site in area 17 in
modulation of area 18 neuronal responses, single and multi-unit
neuronal activity was recorded in areas 17 and 18
of
anaesthetized cats. Recording sites in areas 17 and 18 were
separated by ~3 mm and included cells with non-overlapped and
partially overlapped receptive fields. Neurons were stimulated with
sine-wave gratings of optimal orientation, spatial and temporal
frequencies. During the tests, cells were presented with one
grating of optimal parameters located in classical receptive fields
of area 17 or area 18 neurons, with two gratings presented
simultaneously in classical receptive fields of both visual areas,
and with two gratings presented simultaneously in classical
receptive fields of both visual areas with the same optimal for area
18 parameters but with grating in area 17 having orthogonal
orientation. The tests were repeated during a local reversible
inactivation of area 17 by GABA. Cluster analysis was performed
to discriminate single cells from within multiunit activity. Fast
Fourrier transform was used to classify each single unit as either of
simple or complex cell type. Cross-correlation analysis was
performed to reveal intercortical connectivity. Results are
discussed in relation to long-range .horizontal connections between
two areas. Supported by NSERC and FCAR to S.M.
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270.21

270.22

THE LOWER AND HIGHER LEVEL RESPONSES IN VISUAL EVOKED POTENTIALS WITH DEPTH PERCEPTION. Y. Miyawaki*. R. Hayashi, T. Maeda, S. Tachi.
Dept. of Math. Eng. and Info. Phys., Univ. of Tokyo; Tokyo, Japan 113-8656
In our recent study, we have demonstrated that the visual evoked potentials by
Random-Dot Stereograms (RDS) can be divided into at least two components, whose
peak latencies are around 150ms and 250ms respectively. The second peak showed
significant changes in its amplitude and latency with the eccentricity of the area including disparity (amp.: p<0.019, lat.; p<0.002, one-sided t test). And its latency significantly increased under the stimulus defined by only binocular unpaired regions
without any corresponding disparity (p<0.001, one-sided t test). But the first peak
didn’t show any changes in its profile regardless of the stimulus properties. In this report, we further investigated the effect of the size of the stereo-part on these two peaks.
Dynamic RDS with anaglyph method were used in a series of our experiments to
achieve stereopsis without any monocular cues. The background size was fixed to subtend 41x31 degree, and the size of the stereo-part overlaid the background was changed
from 4.5x3.4 up to 41x31 degree. To check influence of the amount of dots with disparity, same experiments were also carried out under a couple of different dot. density
conditions. 19 silver chloride cup electrodes were attached to the scalp according to the
international 10-20 system. The monopolar derivation referenced to both earlobes was
used. Subjects were 3 stereo-normal males aged 23-25 and voluntary participants.
The first peak around 150ms mainly derived from the occipital region showed an
increase in amplitude (corr. coef. r=0.43-0.73) but little difference in latency (p<0.23
both-sided t test) with tne size of the stereo-part. While, the second peak around 250ms
derived from the parietal and occipital region showed a significant decrease in amplitude (-r=0.55-0.94) and also in latency (-r=0.47-0.96) with the stereo-part size and
disappeared in homogeneous (max. size) condition. These profiles also showed a few
changes with the local dot density but it was less than those caused by the global
stereo-part size change. These results indicate that the second peak does not result from
the mere sum of neural activities involved in the local feature detection in the lower
visual systems which are presumably reflected in the first peak profile, but result from
the higher processes involved in the global perception such as figure-ground
segregation. This phenomenon strongly observed at the channels near to the striate
cortex seemed to be closely related to the extra-receptive field modulation caused by
the reentry from the higher modules.

NEURONAL CORRELATES OF AMODAL COMPLETION IN PRIMARY
VISUAL CORTEX.
Y. Supta^ Laboratory for Neural Information

Processing, National Institute of Biosciences and Human-Technology, &
Precursory Research for Embryonic Science and Technology, Japan Science
and Technology Cooperation, Tsukuba, 305-8566 JAPAN.
Binocular disparity plays a crucial role not only in binocular distance
perception but also in two dimensional form perception. Owing to the
disparity cue, image fragments of an object that are separated by nearer
occluding objects can easily be grouped and organized together.
Psychophysical data and theoretical analysis suggested that the perceptual

grouping might be mediated in the early stage of visual processing. Indeed, it
was found that about 12% of orientation selective cells in the primary visual
cortex (VI) have sufficient response properties to mediate the grouping of
image fragments. These cells stopped responding, when the part of a
stimulus bar was occluded by a small patch. The cells continued to be silent,
when the patch had uncrossed disparity so that the patch appeared behind the
bar. However, the cells began responding again, when the patch had such
crossed disparity that the patch appeared in front of the bar. These results
indicate that cells as early as VI have the computational power to make
inference about the nature of partially invisible forms seen behind occluding
structures.

270.23
MOTION WAVES IN PRIMARY VISUAL AREAS AS A NEURAL
CORRELATE FOR THE PERCEPTION OF MOVING OBJECTS.
W. Erlhagen and D. Jancke*. Ruhr-Universitat Bochum,
D-44780 Bochum, Germany
In our previous work we analyzed cortical representations of motion
trajectories within cat area 17 in terms of spatio-temporal displacements
in visual field coordinates. Based on single cell recordings, small squares of light were tracked as moving waves of neural population activity.
Recently, a large body of psychophysical investigations try to identify
factors relevant for the known velocity and direction dependent mislocalisation of moving objects.
Here, we present a nonlinear field model which aims to bridge neural
and behavior level of description. It expresses neural neighborhood relationship in terms of distance dependent cooperativity in visual space.
The neural field evolves continously in time under the influence of both
afferent input and excitatory and inhibitory interaction processes. Depending on the spatial-temporal parameters of motion, the model exhibits localized activity waves. Their shape and their position relative to
the actual stimulus location depend on motion speed. The dependency
on movement direction can be explained by introducing a small asymmetry in the interaction processes. The cooperativity within the field
leads to extrapolation properties of the motion representation which allows to interpret several experimental findings on the perceived location
of moving objects. (Supported by DFG grant Er 246/1-3)

PAIN MODULATION: ANATOMY AND PHYSIOLOGY—SUBSTANCE P AND NK-1

271.1

271.2

INHIBITION OF MUSTARD OIL-INDUCED THERMAL HYPERALGESIA
IN AN OPERANT ESCAPE TASK BY SUBSTANCE P-SAPORIN. R G.Wilev*.
D. A.Lappi and C.J. Vierck. Neuroscience Department, University of Florida Brain
Institute, Gainesville, FL 32611 and Advanced Targeting Systems, San Diego, CA.
Substance P (SP) armed with the ribosome inactivating protein, saporin (SAP),
selectively destroys neurons expressing the NK-1 receptor, attenuates withdrawal
responses after capsaicin injection, after a Chung lesion or CFA and blocks phase 2 of
the formalin test. These tests rely on innate “reflex” behaviors (withdrawal or fidring)
and the primary effects were to mechanical stimuli. In the present study, we sought to
determine the effects of lumbar i.t. SP-SAP on reflexes and operant escape responses
to thermal stimuli. Rats received lumbar i.t. injections of 175 ng SP-SAP (N-7), 25 ng
of [Sar^MetOHJ-SP-SAP (N-8) or PBS with 1 mg/ml BSA (N=8). Nine rats served
as naive controls. After recovery from surgery, afi rats were adapted to thermal reflex
testing and separately trained to escape to a brightly fit room temperature shelf from a
dark surface at 47* C, 44® C and 0.3’ C. There were no differences between groups at
baseline on the escape task or reflex tests at any of the 3 temperatures. When tested at
44’ C 3 hours after application of mustard oil to the dorsal surface of both hindpaws,
controls spent significantly more time on the escape shelf whereas SP-SAP treated rats
did not. In contrast, when tested 3 hrs after mustard oil at 44° C, all rats showed
similar reflex responses with decreased latency to licking, more licking and guarding.
These results indicate that the SP-SAP lesion of lamina I neurons expressing NK-1
receptor in the spinal dorsal hom prevents enhanced operant escape behavior, hut not
enhanced reflex responses. That is, the aversive quality of mustard oil-induced thermal
hyperalgesia was blocked without interfering with nocifensive reflexes. Also, the antihyperalgesia effects of lumbar intrathecal SP-sap include thermal hyperalgesia. Tins
approach may prove valuable in the treatment of chronic, intractable pain. (This work
supported by the NIH and the Department of Veterans Af&irs).

A PSEUDOMONAS EXOTOXIN- SUBSTANCE P CONJUGATE FOR
RECEPTOR SPECIFIC CELL DELETION. M. J. Iadarola1, X. Wang2,
R.M. Caudle1, F. Perez1, H Carrero1, H.-Y.T. Yang1*, D. Fitzgerald2.
NIDCR and NCI, NIH, Bethesda, MD 20892-4410
Several new approaches such as gene transfer and protein therapeutics
are being used to modulate neural circuits. We have developed a new
protein therapeutic agent for specific deletion of cells expressing
substance P receptors (SPR). The SPR is a 7 transmembrane G-protein
coupled receptor, which undergoes rapid internalization following
exposure to agonist. We recently described the in vivo use of a diphtheria
toxin-SP fusion protein (Benoliel et al., Pain 79:243-253, 1999) for such
purposes. This ligand-toxin protein was recombinantly expressed and
required post-translational amidation. In order to circumvent these
aspects we devised a site-specific conjugation method based on a
truncated Pseudomonas exotoxin (PE). The ligand-toxin conjugate (PESP) was purified by HPLC. Western blot of the conjugate showed that it
contained amidated SP at the C-terminus and that the same band was
immunoreactive for PE. Positive fractions were tested against cells stably
expressing NKI (substance P) receptors and NK2 and NK3 receptors.
Addition of PE-SP caused a dose-dependent killing of NKI expressing
cells over a range of 5 to 1000 ng/ml. Un-conjugated toxin was inactive
indicating that receptor recognition and internalization were essential for
activity. The toxin was specific and did not affect NK2 or NK3
expressing cells at doses of 1000 ng/ml which completely cleared the
NKI cells from the culture dish. Toxin uptake was extremely rapid and
required only 2 minutes of exposure to initiate cellular killing although
longer duration exposure was more effective. In vivo intrathecal injection
of 25 ng showed SP-PE was well tolerated with no overt side effects.
These data demonstrate the production and specificity of SP-PE, which
can be used in vitro and in vivo to delete SPR-expressing cells.
Supported by the DIR, NIDCR, NIH.
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271.3

271.4

SPINAL NEUROKININ (NK) RECEPTORS MODULATE VISCERAL HYPERALGESIA.
E.H.Kamp*, P.Honore, D.R.Beck, S.D.Rogers, P.W.Mantyh. and G.F.Gebhart, Dept
Pharmacol, Univ of Iowa, Iowa City, IA, USA; Neurosystems Center, Univ of Minnesota,
Minneapolis, MN, USA.
The release of substance P (SP) in the spinal cord is believed to contribute to the
production of hyperalgesia in response to peripheral tissue injury. Since little is known
about the role of SP in the production of visceral hyperalgesia, we studied the effects of
antagonists to the SP receptor (NK1R) and to the other neurokinin receptors (NK2R and
NK3R) on colonic hyperalgesia.
Intracoionic zymosan (25mg/ml, 1ml) induces colonic hyperalgesia. Three hours after
the induction of inflammation, the visceromotor response to colorectal distension (80
mmHg) was recorded in awake, adult, male Sprague-Dawley rats. After establishing a
baseline response to distension, the NK1R antagonist SR140.333, the NK2R antagonist
SR48.968, the NK3R antagonist SR142.801, or vehicle was administered to the lumbar
enlargement.
Zymosan induced a significant hyperalgesia three hours after administration. In
zymosan treated animals, the NK1R antagonist SR140.333 (3 pg) has no effect on the
response to cSstension. Motor effects were observed at higher doses. However, the NK2R
antagonist SR48.968 (100 and 300 pg) and the NK3R antagonist (100 pg) significantly
reduced the response to cSstension.
In separate experiments, animals received a single 80 mmHg colonic distension. The
animals were perfused and the spinal cord and colon removed. SP receptors were
visualized using immunofluorescence. Noxious colonic cSstension induced NK1R
internalization in spinal lamina I, reflecting SP release from primary afferent fibers and
binding to its receptor, normally only observed after noxious stimulation. In addition,
noxiously induced SPR internalization was increased in zymosan-inflamed animals.
Substance P is a known inflammatory mediator and is elevated in the CSF of patients
with Inflammatory Bowel Disease. These studies suggest that spinal neurokinin receptors
are involved in visceral hyperalgesia, in adcfition, they suggest that visceral nociception
results in plasticity of CNS sensory systems. Supported by NS 19912, NS23970, DA11986.

ALTERED NOCICEPTIVE PROCESSING BY SPINAL CORD NEURONS IN
PREPROTACHYKININ-A (PPT-A) NULL MICE.
W.J, Martin*, Y.O. Cao and A. I, Basbaum. Depts. of Anatomy, Physiology
and W.M. Keck Foundation Center for Integrative Neuroscience, UCSF, San
Francisco, CA 94143.
Substance P (SP) and neurokinin A (NKA) are important for modulating
neuronal activity in the spinal cord. We previously reported that mice with a
deletion of the gene that encodes the PPT-A products, SP and NKA, exhibit
reduced behavioral responses to intense stimuli. However, the extent to
which these peptides contribute to injury-induced hypersensitivity of
nociresponsive spinal cord neurons is unknown. Here, we recorded single
unit activity from wide dynamic range (WDR) neurons in lamina V of the lumbar
dorsal horn of urethane-anesthetized wild-type (WT) and PPT-A null (KO)
mice before and after mustard oil (MO)-induced activation of C-fibers. Thermal
stimuli were delivered via a contact thermode to the receptive field of the
neuron (plantar surface of the hindpaw). Before MO, the peak firing rate to
41°, 45° and 49°C stimuli did not differ between the WT and KO mice.
However, sustained stimulus-evoked and post-stimulus firing were markedly
reduced in KO mice. Consistent with the contribution of SP/NKA to intense
pain, we observed a decreased response to the MO in KO mice, however,
post MO responses were enhanced in both WT and KO mice, indicating that
sensitization does not require SP or NKA. By contrast, post-stimulus firing to
innocuous and noxious stimuli was still absent in the KO mice. Thus,
glutamate is sufficient for the intensity coding and sensitization of lamina V
neurons, but SP and/or NKA act to prolong noxious stimulus-evoked
discharges in spinal WDR neurons. These results suggest that, in the setting
of injury, SP and/or NKA may contribute to exaggerated pain responses and
to the persistence of pain triggered by brief stimuli.

271.5

271.6

GENDER-RELATED DIFFERENCES IN NK-1 RECEPTOR GENE
EXPRESSION EVOKED BY INFLAMMATORY NOCICEPTION. H.A,
Amthauer and K.E, McCarson* Dept. Phm/Tox/Ther, Univ. of Kansas
Medical Center, Kansas City, KS 66160-7417 USA.
Significant gender-related differences in responsiveness to acute and
chronic pain have recently been identified. Gender-related differences
in the degree of gene expression of the neurokinin receptors and
tachykinin peptides evoked by chronic pain may contribute to these
phenomena. This hypothesis was tested by measuring pain-related
behaviors and NK-1 receptor gene expression in four groups of rats: intact
males; intact females in proestrus; ovariectomized (OVX) females; and
OVX females implanted with 17jl-estradiol pellets.
Nociceptive
behaviors were measured before and 6 h after injection of formalin into
the right hindpaw. NK-1R mRNA levels were quantified using solution
hybridization - nuclease protection assays. Behavioral results showed
significant gender-related differences in the degree of hypoalgesia of
sites distant to the formalin-inflammed paw and the number of hindlimb
flinches in the late phase of the formalin test, suggesting a direct
relationship between increased estrogen levels and responsiveness to
chronic inflammatory stimuli. Intact females and OVX females +
estradiol both had significantly higher levels of NK-1 receptor mRNA
in the ipsilateral lumbar spinal cord dorsal hom compared to intact
males or OVX females 6h after formalin, suggesting gender-related
differences in the degree of activation of NK-1 receptor gene expression
by inflammatory nociceptive stimuli. Supported by the Ernst N. Lied
Foundation/KUMC Research Institute, Inc.

EFFECT OF AGE ON NK-1 RECEPTOR DENSITY AND DISTRIBUTION IN
THE SPINAL CORD OF RATS WITH PERIPHERAL NERVE INJURY. W.L.R.
Cruce1*, S.L. Stuesse1, J.B. Schechter1, D.L. McBurney1, J.A. Lovell2, and T.
Crisp1. Pain Interest Group, Northeastern Ohio Univ. College of Medicine1,
Rootstown, OH 44272 and Kent State Univ.2, Kent OH 44240.
Tachykinins, such as substance P, act via NK-1 receptors in the spinal cord to
produce nociception. Peripheral nerve injury that leads to chronic neuropathic pain
changes the immunodensity of NK-1 receptors in the spinal cord ipsilateral to the
injury (Goff et al., 1998). We investigated the effect of age on the time course of
changes in immunodensity and distribution of NK-1 receptors in the dorsal hom of
the spinal cord after a chronic constriction injury to the sciatic nerve in rats. The left
sciatic nerve of each rat was loosely ligated following the procedure of Bennett and
Xie (1988). The development of hyperalgesia and allodynia in young (4-6 mo.) and
aged (24-26 mo.) Fischer F344 BNF1 hybrid rats was compared over a 42 day
period. At selected times, rats were processed for immunohistochemical localization
of the NK-1 receptor in the superficial layers of the dorsal hom at L4-L5 levels of
their spinal cords. Areas of receptor density were determined by use of a Bioquant
computer analysis system. In young rats, the differences in NK-1 receptor density
areas between the ligated side and the unligated side changed such that the ratio of
experimental/control areas increased significantly with time. In aged rats, NK-1
immunoreactive areas increased on both control and experimental sides; although the
lines fitted to these data appeared to diverge, the ratio of the experimental
area/control area did not reach significance with time post-injury. Thus injury to the
sciatic nerve changed the density and distribution of NK-1 receptors in the dorsal
hom of the spinal cord. Aged rats do not respond to this injury in the same fashion
as younger rats. The injury is to one side of the body, but there may be contralateral
changes in the cord. Support: Research Challenge grant from the State of Ohio.

271.7

271.8

THE ONTOGENY OF NOCICEPTIVE RESPONSES IN NKl
KNOCKOUT MICE. T.E. King1*. M.J.S. Heath* G.A, Barr1 A ^iv.
Devel. Psychobiol., NY State Psychiatric Institute, ^Dept. Anesthes.,
Columbia Presby. Med. Ctr., New York, NY, 10032, ana ^Dept. Psych.,
Hunter College, New York, NY, 10021.
Neonates are capable of responding to noxious stimuli at or prior to
birth. Substance E a neurotransmitter released by small diameter "pain"
afferents (C-fibers), is found prenatally, and NKl receptors, activated
by substance P, are overexpressed at birth. However the concentrations
or substance P and the distribution of NKl receptors are immature until
the second week of postnatal life. Moreover, the electrophysiological
and neurochemical properties of fine diameter nociceptors undergo
significant maturation throughout the first weeks of life, and behavioral
responses to manipulations tnat specifically test C-fiber function, such
as the reflexive withdrawal to mustard oil or neurogenic edema, are not
observed until 10-11 days postnatally. The study reported here
examined whether pain responses across development follow the
maturation of substance P function by assessing the pain responses of
3-day and 21-day old mice lacking the NKl receptor. We predicted
that, in the absence of normal C-fiber/substance P function, neonates
with and without the NKl receptor would not differ from each other,
but that 21 day old pups would. Consistent with this hypothesis, we
found no differences in the nociceptive responses of wildtype
(NK1+Z+) and knockout (NK1'/-) 3-day old mice to heat or formalin,
and only, minimal differences to mechanical stimuli. In contrast, 21-day
old NK-/- mice showed reduced nociceptive responding to high
intensity mechanical and thermal stimulation, and the second phase of.
the formalin response was totally eliminated. Both NK1+/+ and NK1_/"
mice expressed similar levels of Fos in response to formalin at both
ages. These data support the hypothesis that SP is not involved in
nociception very early in life.
Supported by NS36130 and DA00325.

ATTENUATION OF “WIND UP” OF DORSAL HORN NOCICEPTIVE NEURONS
IN NK-1 RECEPTOR KNOCKOUT MICE. H.-R. Weng1, H. Mansikka1, R.
Winchurch3, S. N. Raja*2 and P. M. Dougherty1. Departments of Neurosurgery1,
Anesthesiology2 and Surgery3. The Johns Hopkins University School of Medicine,
600 N. Wolfe St., Baltimore, MD 21287.
Noxious stimuli to the periphery induce release of substance P in the dorsal hom
from nociceptive thin primary afferents. Substance P activates the neurokinin-1 (NK1) receptor and enhances the sensitivity of neurons in the dorsal hom to peripheral
stimuli. In the present study, we have compared the response properties of nociceptive
neurons in the dorsal hom to both natural and electrical stimuli in wild-type and NK-1
receptor knock out mice.
BalbC mice were anesthetized with pentobarbital (i.p, 70-80 mg/kg.). The core body
temperature and ECG were monitored. Dorsal hom neurons in the L4-L5 segments of
the spinal cord were recorded extracellularly with metal electrodes. A camel hair
brush, graded pinch (6 N/lmm2), set of von Frey filaments, and a heated brass probe
(50°) were used to characterize the neuronal response properties. Subcutaneous
electrical stimulation at suprathreshold intensities for C fiber activation was applied at
1 Hz, 0.2 Hz and 0.1 Hz to the cutaneous receptive field.
Low threshold, wide dynamic range (WDR) and nociceptive specific (NS) neurons
were found in the dorsal hom of both wild-type and mutant mice. WDR neurons in
both the wild type (12 neurons) and mutant (18 neurons) mice showed responses to
mechanical cutaneous and electrical subcutaneous stimulation that graded with
stimulus intensity. Most WDR neurons (14/18 in the mutant and 9/12 in the wild type)
also responded to heat (50°) stimulation. Four of 5 WDR neurons in the wild type
mouse exhibited a typical frequency-dependant potentiation (“wind up”). In contrast,
only 3 of the 17 neurons (16 WDR and 1 NS neurons) in the mutant mouse displayed
the “wind up” response profile.
Our results suggest that NK-1 receptors play a key role in the central
hypersensitivity to repeated C-fiber inputs but a less prominent role in the
transmission of brief acute noxious stimuli. Sponsored by NS32386 and NS26363.
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MECHANICAL, BUT NOT THERMAL, HYPERALGESIA AFTER NERVE
INJURY IS ATTENUATED IN NEUROKININ-1 RECEPTOR KNOCKOUT MICE
H. Mansikka*1, R. Sheth', R, Winchurch2, S.hL Raja3. Depts of1 Neurosurgery,
2Surgery and ’Anesthesiology and Critical Care Medicine, Johns Hopkins University,
Baltimore, MD 21287
We studied the role of neurokinin-1 (NK-1) receptors in cutaneous hyperalgesia
induced by nerve injury using NK-1 receptor knockout mice.
We compared the behavioral responses to thermal and mechanical stimuli in NK-1
knockout and wildtype control mice before and after unilateral L5 spinal nerve
ligation. Pain behavior was evaluated using withdrawal latencies to radiant heat and
frequency of withdrawal responses to acetone drop or 6 different von Frey (VF)
monofilaments (0.06-4.4 g) applied to the hindpaws. Neuropathic pain behavior was
tested for up to 9 wks starting 24 hours after the nerve ligation.
Following spinal nerve injury withdrawal frequencies to mechanical stimulation
increased in wildtype mice (2.8g VF: 35±9% vs 90±4%, pre vs 1 day post injury,
pO.OOl) whereas in the knockout mice withdrawal frequencies did not increase
significantly (31±7% vs 51±11%). However, withdrawal latencies to radiant heat
decreased in both NK-1 (4.2±0.3s vs 2.7±0.3s, pre- vs 1 day post-injury, pO.Ol) and
wildtype mice (4.8±0.4s vs 3.3±0.1s, pO.OOl). Also withdrawal frequency to acetone
drop increased in NK-1 knockout (20±4% vs 54±10%, pre- vs 1 day post injury,
pO.05) and wildtype mice (20±8% vs 63±7%, pO.Ol) following the nerve injury.
NK-1 receptors contribute to mechanical, but not thermal, hyperalgesia in
neuropathic pain. The mechanisms of thermal and mechanical hyperalgesia in
neuropathic pain may be different.
Acknowledgements: Supported by NIH (NS26363) and in part by Academy of Finland

MECHANICAL HYPERALGESIA EVOKED BY INTRADERMAL CAPSAICIN
BUT NOT THAT EVOKED BY PARTIAL NERVE LIGATION IS ABOLISHED IN
NK1 RECEPTOR KNOCKOUT MICE. J.M.A. Laird1*, L. Martinez-Caro1, C.
Roza1, C. De Felipe2, S.P. Hunt3 & F. Cervero1. (1)Dpto. Fisiologia, Univ. Alcala,
Madrid, Spain, (2)lnstituto de Neurociencias, Univ. Miguel Hernandez, Alicante,
Spain, (3)Dept. Anatomy, University College London, London, U.K..
Substance P and its receptor (NK1) are thought to play a role in hyperalgesia.
However, mutant mice with a disruption of the NK1 receptor (De Felipe et al
1998, Nature 392,394), show normal mechanical hyperalgesia after Freund’s
adjuvant injection in the paw. Here we have compared mechanical
hyperalgesia evoked by intraplantar capsaicin or by nerve injury in these mice.
Wild-type (WT) and NK1 receptor knockout (KO) 129Sv x C57BL/6 mice were
used. Responses to mechanical stimuli were tested with von Frey hairs. Five
hairs (1, 4, 8, 16, 32 mN) were applied 10 times each to the paw, and the
response frequency noted. The test was performed before and 20 min after
injection of capsaicin (0.3%, 5 pi) into the heel pad. This test was also
performed before and 1, 7,14 and 21 days after partial sciatic nerve ligation.
There were no differences in mechanical sensitivity between WT and KO
mice under baseline conditions. After capsaicin injection, WT mice showed a
pronounced shift to the left of the stimulus-response curve (hyperalgesia),
whereas in KO mice there was no change in responses, although similar spinal
Fos expression was observed in both groups. In contrast, there were no
significant differences in the mechanical hyperalgesia or behavioral changes
indicating spontaneous pain developed by WT and KO mice after nerve injury.
We conclude that the NK1 receptor is required for the normal expression of
hyperalgesia to a neurogenic inflammatory stimulus, but not after nerve injury.
(Supported by CICYT, Ministeno de Educacidn y Cuitura, Boehringer
Ingelheim, and the Generalitat Valenciana).

271.11

271.12

VISCERAL PAIN AND REFERRED HYPERALGESIA IN RATS WTH COLON
INFLAMMATION: ROLE OF TACHYKININS
Teresa Olivar1, Jennifer M.A. Laird1, Carlo A. Magqi2 & Fernando Cervero1*,
(1) Dept. of Physiology, University of Alcaic, 28871 Madrid, Spain & (2) Dept.
of Pharmacology, Menarini Ricerche, Florence, Italy.
Irritable bowel syndrome (IBS) is characterized by pain and altered bowel
motility and is thought to be due to sensitization of gut nociceptors. Here we
have investigated the possible underlying mechanisms.
Neurons with inputs from the colon and pelvic nerve were recorded in or
around lamina X of the L6-S1 spinal segments in anaesthetized rats. Their
responses to colorectal distension (CRD; 30s, 5-80 mmHg), to electrical
stimulation of the pelvic nerve and to somatic mechanical stimulation were
characterized before and 45 min after intracolonic instillation of 0.6% acetic
acid. One cell per animal was tested. All but one of the neurons tested were
nociceptive. All of the neurons showed changes in input properties after
inflammation (decreased colon threshold, increased response to maximal
CRD, increased response to pelvic nerve stimulation, increased responses to
somatic stimulation). MEN 11420, a tachykinin NK2 receptor antagonist, dosedependently inhibited the responses to distension of the inflamed colon (IDso =
0.4 mg/kg i.v.) but not the responses to pelvic nerve stimulation, suggesting a
peripheral effect. Preliminary results also show inhibitory effects of a tachykinin
NK1 receptor antagonist on responses to CRD after colon inflammation.
We conclude that spinal neurons processing noxious colonic input are more
excitable in the presence of an inflammation, and that NK1 and NK2 receptors
seem to be involved in the increase in sensitivity of these neurons. Thus, these
receptors are potential targets for the treatment of IBS.
(Supported by CICYT, Comunidad Autdnoma de Madrid, Boehringer

EFFECTS OF THE NEUROKININ-1 RECEPTOR ANTAGONIST LY306740
ON THE FORMALIN TEST AND SPINAL C-FOS EXPRESSION J.M. CastroLopes*, A.R. Castro, J. Schadrack and W. Zieglgansberger Institute of Histology and
Embryology, Faculty of Medicine and IBMC, 4200 Porto, Portugal; Dep. Clinical
Neuropharmacology, Max-Planck-Institute for Psychiatry, Munich, Germany
Substance P released from spinal primary afferent terminals acts preferentially on
NK-1 receptors which are abundant in the superficial dorsal horn of the spinal cord.
LY306740, a nonpeptide NK-1 receptor antagonist, inhibits the response of dorsal
horn neurons to mechanical and thermal noxious stimuli. In the present work we have
studied the effects of LY306740 on the formalin-induced pain-related behaviour and
on the accompanying activation of spinal neurons, as shown by c-fos expression.
Male adult rats were injected i.p. with saline (controls), LY306740 (30 mg/kg) or
morphine hydrochloride (10 mg/kg), and subject to the formalin test, by injecting 50
pi of 2.5% formalin s.c. into a hindpaw. Animals were perfusion-fixed two hours
later, and the number of c-fos positive nuclei occurring in the dorsal horn was counted
in immunostained transverse sections of spinal cord segments L3-L4.

Ingelheim, Spain and Menarini Ricerche, Italy).

Animals treated with LY306740 showed a reduction of the focused pain behaviour
but no changes in the number of paw-jerks or in the total pain behaviour during the
first phase of the formalin test. By contrast, morphine-treated rats had a decrease of
all 3 behavioural categories. During the second phase of the formalin test, both
LY306740- and morphine-treated rats had significant reductions of the 3 behavioural
categories, which were more pronounced in the latter animals. The number of Fospositive neurons was also significantly lowered in LY306740- and morphine-treated
rats, amounting to 44.7% and 15.9% of control values, respectively.
The data show that LY306740 reduces the formalin-induced pain behaviour and the
activation of spinal neurons by a chemical noxious stimulation, suggesting it may be
useful as an analgesic for inflammatory pain states.
Supported by Eli Lilly and by FCTgrant PECS/C/SA U/95/95

271.13

271.14

Do myelinated primary afferents make functional connections with NK1
immunoreactive dorsal horn cells after nerve injury?
P. Shortland*. M. Bailey. P. Bhogal & J.V. Priestley, Neuroscience Section,
Queen Mary & Westfield College, London El 4NS, UK.
Following noxious stimulation, SP is released from primary afferents and
induces rapid NK1 internalisation in cells that possess this receptor, a
subpopulation of which are STT cells. NK1 cells are also found in laminae
III-IV of the dorsal horn, a region that predominantly receives low threshold
afferent input. These cells project into laminae I-II and receive abundant SP
primary afferent input but relatively few synaptic connections from
myelinated fibres. This may change after injury because myelinated primary
afferents sprout within their own territory and into novel regions of the spinal
cord where they are proposed to contribute to some sensations associated
with neuropathic pain. This study examined whether Ap fibres make contact
with NK1 cells and if innocuous activation of these fibres induces NK1
receptor internalisation in these cells after injuiy. Adult rats with either CCI
or sciatic nerve section injury had their sciatic nerves labelled with CTB. The
lumbar spinal cord was double stained using antibodies to CTB and NK1 and
tissue analysed by light and confocal microscopy. The numbers and location
of synaptic contacts were counted. In other rats, the injured nerve was
electrically stimulated at Ap- or C-fibre strength and the spinal cord
examined to identify cells with internalised NK1 receptor. Results show that
axotomised CTB fibres do make contacts with NK1 cells and that both Ap
and C fibre stimulation induces internalisation. These results provide a
pathway by which sprouting fibres may contribute to neuropathic pain.
Support: Univ. London Central Research Fund

SPINAL NERVE LESION-INDUCED CHANGES IN SUBSTANCE P
RELEASE FROM RAT SPINAL CORD M.Malcangio*. M.S, Ramer and S.B,
McMahon Neuroscience Research Centre, St Thomas’ Campus, London SE1 7EH,
UK
Following axotomy of sensory neurones, substance P (SP) content is reduced in
small-sized neurons but this peptide is “de novo” synthetised in medium- and
large-sized cells which do not normally contain SP. In this study the possibilty that
following axotomy A fibres could release SP was investigated. Wistar rats
underwent unilateral tight ligation of L5 and L6 segmental spinal nerves. One and
two weeks after axotomy, hemisected lumbar spinal cord slices with dorsal roots
attached were obtained. SP release was evoked by electrical stimulation of lowthreshold (A) fibres during first stimulation period (5 V, 0.1 ms, 1Hz for 8 min)
and high threshold (A+C) fibres during second stimulation period (20V, 0.5 ms, 1
Hz for 8 min). SP content in the superfusates was determined by
radioimmunoassay. Spinal cords
from intact rats released significant
E 50
Basal
co
amounts of SP after activation of
A-fibres
o 40
high, but not low threshold fibres
A+C-fibres ,
(see
Fig.). By contrast, slices from
30
one and two week axotomised rats
<D
released significant amounts of SP
{8 20
<D
following stimulation of A-fibres,
<D 10
but hot high threshold C-fibre
o.
n
activation (see Fig.). That A fibres
tn u
acquired capability to synthetise
Intact 1 wk 2 wks
and release SP supports the idea
that large fibres may mediate pain sensation after nerve injury. Importantly, this SP
will act upon an upregulated population of NK, receptors in the dorsal horn.
We thank St Thomas’ Special Trustees for financial support to MM.
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NEUROCHEMICAL SIGNATURE OF OROFACIAL PAIN

M.C. Sabino1*, P, Honore1, S.D.Rogers1, J.Q. Swift2, and P.W; Mantvh1.
Departments of Preventive Sciences1 and Diagnostic and Surgical Sciences2,
University of Minnesota, Minneapolis, Minnesota
The pain associated with dental surgical extractions is commonly used as
a benchmark for assessing the efficacy of novel analgesic compounds. To
begin to define the neurochemical events that characterize the transmission
of orofacial pain in the brainstem, we have developed a model of acute
orofacial pain in the rat. The substance P receptor (SPR) is expressed in 35% of the neurons located in laminae I-II and III-IV of the trigeminal
nucleus. Five minutes following unilateral incisor extraction, SP is released
from primary afferent neurons which in turn drives SPR internalization in
laminae I-II of the trigeminal subnucleus caudalis for 30 minutes after
surgery. At 60 minutes post-extraction, die SPR has largely returned to the
plasma membrane. In laminae III-IV, SPR internalization was only
observed 5 minutes after incisor extraction. There were no significant
differences between results observed ipsilateral or contralateral to incisor
extraction for any of the time points and laminae investigated. Our findings
demonstrate the sensitivity of our model in detecting the sensitization &
activation of primary afferent neurons and central changes that occur in the
trigeminal nucleus following induction of orofacial pain. Defining these &
other cellular changes that underlie the generation & maintenance of
orofacial pain will allow the rational development of novel pharmacological
agents that attenuate dental pain. This paradigm of orofacial pain may serve
as a model for the preclinical testing of therapeutic compounds. This
research was supported by NIH DE 00270 & DAI 1986.

SPECIFICITY OF SUBSTANCE P/NEUROKININ-1 RECEPTOR
AND
NEUROKININ
B/NEUROKININ-3
RECEPTOR
INTERACTIONS IN THE CNS IN VIVO. J.R, Ghilardi12*, S.D, Rogers2.
J.L. Salak-Johnson2. S.R. Vigna3 and P.W, Mantvh1-2. 'Molecular Neurobiology
Laboratory, VAMC, Mpls, MN 55417; 2Dept. of Preventive Sciences, Univ. of MN,
Mpls, MN 55455; 3Cell Biol, and Med. Surg., Duke Univ. Med. Cntr., Durham, NC
27710.
Substance P (SP) and neurokinin B (NKB) are tachykinin neuropeptides expressed in
the CNS and interact with the neurokinin-1 (NK-1) and the neurokinin-3 (NK-3)
receptor. Because of the high sequence homology between SP and NKB and the
substantial cross-talk that may occur between the two peptides and their receptors, we
examined the ability of SP and NKB to induce the internalization of the NK-1 and
NK-3 in the in vivo CNS.
Antibodies to NK-1 and NK-3 were developed using a synthetic peptide
corresponding to a 15 amino acid sequence of the COOH-terminus of the rat NK-1
and NK-3. Absorption controls suggest that there is virtually no cross-reactivity
between the antibody raised against the NK-1 receptor and NK-3 receptor and vice
versa. Following injection of 10 ul of 10'6M SP into the ventral tegmenal area which
contains a population of neurons expressing NK-1 and another population of neurons
expressing NK-3, there was ligand induced internalization of the NK-1 but not NK-3
receptor. Injection of 10 ul of 10'6M NKB into the same area of the brain induced a
marked ligand induced internalization of the NK-3 but not the NK-1 receptor.
To determine if endogenously released SP induced the internalization of NK-1
and/or NK-3 receptor we applied noxious mechanical stimulation to the hindpaw of
the rat, which is known to release SP from primary afferent neurons. This
stimulation resulted in the internalization of NK-1 but not NK-3 receptors in neurons
located in the superficial spinal laminae. These data suggest that with regard to SP
and NKB in the CNS in vivo, SP is the highly preferred agonist for the NK-1
receptor and NKB is the highly preferred agonist for the NK-3 receptor. Supported by
NINDS, NIDA, Spinal Cord Society, and a VA Merit Review.

271.17

271.18

PROTEIN KINASE C INHIBITION ATTENUATES NEUROKININ- AND
AFFERENT-EVOKED C-FOS EXPRESSION IN SPINAL DORSAL HORN
NEURONES IN VITRO. H. Badie-Mahdavi* and A. E, King. School of
Biomedical Sciences, University of Leeds, Leeds LS2 9NQ, U.K.
Tachykinin G-protein coupled receptors activate second messenger
cascades and protein kinase C (PKC). Bisindolylmaleimide, a selective PKC
inhibitor (PKCi), was used to investigate the role of PKC in dorsal horn
expression of Fos protein induced after 1) superfusion of a Neurokinin 1
receptor (NK1R) agonist ([Sar9,Met(O2)11]-Substance P, 10 pM), 2)
superfusion of a Neurokinin 3 receptor (NK3R) agonist (Senktide, 4 jxM) or 3)
stimulation of sensory afferents in the isolated young rat spinal cord.
Administration of 10 nM Bisindolylmaleimide reduced NK1R agonistinduced Fos expression in superficial (laminae I - II) (40 % reduction) and
deep layers (laminae III - VI) with most effect within the deep layers (83 %
reduction) of the dorsal horn. PKCi reduced the number of Fos-positive
neurones induced by superfusion of NK3R agonist in superficial and deep
layers (31 % and 36 % reduction, respectively). Electrical stimulation of
dorsal roots (500 pA, 500 psec, 2Hz) increased the number of Fos-positive
neurones in the dorsal horn. PKCi attenuated the Fos expression in
superficial and deep layers with most effect was seen in the superficial layers
(38% reduction compared to 12% respectively).
These results suggest that PKC is involved in Fos induction following
activation of NK1R, NK3R or A8 and C fibers in the dorsal horn. Therefore,
PKC is a possible mediator of stimulation-transcription coupling within
nociceptive circuitry and may be involved in processes that lead to longer
term functional changes in these neurones.
This work was supported by MRC and the Wellcome Trust. We
acknowledge Mrs. J. Daniel for technical support and thank Prof. S. Hunt for
the Fos anti-body.

NON-GLUTAMATE MEDIATED SENSORY SYNAPTIC TRANSMISSION
BETWEEN PRIMARY AFFERENTS AND DORSAL HORN NEURONS IN
RATS. M. Zhuo*, P. Li, and F. Wei. Depts. of Anesthesiology and Anatomy &
Neurobiology, Washington Univ., St. Louis, MO 63110.
The spinal cord dorsal hom is important for conveying peripheral
somatosensory information into the central nervous system. Glutamate is the
major fast excitatory neurotransmitter between primary sensory afferent fibers
and dorsal hom neurons, and postsynaptic AMPA- and kainate-preferring
glutamate receptors contribute to sensory synaptic transmission in the dorsal
hom (Li and Zhuo, Nature 393:695, 1998; Li et al., Nature 397:161, 1999). In
addition to glutamate, neuropeptides such as substance P (SP) and other
tachykinins also contribute to sensory transmission, particular for high-intensity,
or noxious, stimuli. Synaptic currents induced by neuropeptides, however, are
less understood than those induced by glutamate. Previous studies of SPmediated synaptic responses failed to distinguish SP’s direct transmitter role
from its indirect neuromodulatory effect. Here, we demonstrate SP- and
neurokinin A (NKA)-mediated excitatory postsynaptic currents (EPSCs) in
dorsal hom neurons from spinal cord slices using whole-cell patch-clamp
recording techniques. A high-intensity stimulus train (6 pulses at 25 Hz) induced
EPSCs peaking at less than 200 msec. This frequency mimics the physiological
responses of primary C afferent fibers to noxious stimuli. EPSCs lasted for less
than 1 sec and were abolished by capsaicin pretreatment. NK] or NK2 receptor
antagonists blocked EPSCs. Postsynaptic G proteins are essential for these
EPSCs. A rapid desensitization of EPSCs was induced when synapses were
stimulated by a series of trains (as above) at 1 sec intervals. The present study
provides a new approach for investigating SP/NKA -mediated synaptic
transmission in the central nervous system (Supported by grants from NIDA and
NINDS).

271.19
UP-REGULATION OF SUBSTANCE P AND NMDA RECEPTORS IN THE
PREGANGLIONIC SYMPATHETIC NEURONS BY DIRECT STIMULATION
OF PRIMARY SENSORY TERMINALS
S. Ohtori', T. Chiba2, H. Ino 2and F. Hayashi 3*. 'Dept. of Orthopaedic Surgery;
2Third Dept. of Anat; 3 Dept. of Physiol, School of Medicine, Chiba University,
Chiba 260-8670, Japan.
The preganglionic sympathetic neurons (PSN) had many substance P receptor
(SPR)- immunoreactive (ir) varicosities on their dendrites in the spinal cord. We
investigated the origins of the nerve fibers terminating onto the SPR-ir dendritic
varicosities of the PSN. We observed about 150 SPR-ir varicosities of the PSNs in
the 40ym sections of the first thoracic segment (Tl). The number of varicosities
decreased to 41% 14 days after hemisection of the spinal cord at the fourth cervical
segment (C4), to 55% 14 days after section of the spinal dorsal root at the C8 and
Tl levels and to 67% in 8-week old rats which had been administered capsaicin
subcutaneously within 24 hours after birth. We demonstrated that SPR-ir
varicosities on the dendrites of the PSN was modulated not only by supraspinal
inputs but also directly by the primary sensory nerve terminal.
Furthermore, we induced edema and hyperalgesia by injecting complete Freund's
adjuvant into the plantar surface of the front paw of rats. Seven days after the
injection, we evaluated the distribution and the amount of SPR-mRNA and NMDA
receptor-mRNA using in situ hybridization and Northern blot. In the inflammatory
model, SPR-mRNA and NMDAR-mRNA was strongly expressed in PSN and the
amount of SPR-mRNA and NMDAR-mRNA increased in the PSN. In conclusion,
the PSN are regulated by the primary sensory nerves through the control of the
population of SP and/or glutamic acid receptors. The current findings most
probably relate to the sympathetically mediated pain and allodynia in human beings.
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SELECTIVE ACTIVATION OF NOCICEPTORS BY ATP AND THE P2X
AGONIST, a,p-METHYLENE ATP IN THE ADULT RAT.
S.G. Hamilton
S.B. McMahon1, G.R. Lewin2 (SPON:German Neuroscience
Society). 'Neuroscience Research Centre, GKT, London, UK. and 2Max Delbrtick
Center for Molecular Medicine, Berlin, Germany.
ATP activates ionotropic P2X receptors, six of which are expressed by primary
afferent neurons. Of these, P2X3 is exclusively expressed by nociceptors and is
proposed to have a role in mediating pain. In this study we have used an in vitro
skin-saphenous nerve preparation to assess the response of single neurons to
cutaneously-applied ATP and a,|3-methylene ATP. A total of 60 nociceptors
(functionally characterized for conduction velocity, von Frey threshold and
responsiveness to noxious heat up to 50°C) from 14 adult rats were tested for
activation by ATP or a,P~methylene ATP (1-10 mM) applied directly to the
receptive field. These agonist concentrations have been shown to induce a
nocifensive response when injected into the hind paw of freely moving rats
(Hamilton et al.,1999 Br. J. Pharmacol. 126(l):326-32). Amongst all C-fiber
nociceptors recorded, 49% (19/38) responded to ATP or the P2X3
agonist a,P-methylene ATP. Interestingly, the majority (76%, 13/17) of Cmechanoheat units (polymodal nociceptors) responded to a P2X-agonist whereas
significantly fewer C-mechanonociceptors (27%, 6/22) responded to the same
chemical stimuli (p< 0.05, yj test). The proportion of A8-nociceptors responding to
a P2X-agonist was similar to that of C-mechanonociceptors (24%, 5/21). Low
threshold Ap-fiber mechanoreceptors and D-hair receptors were not observed to
respond to either ATP or a,3~methlene ATP.
These results directly demonstrate that ATP can selectively activate primary
afferent nociceptors and further suggest that the P2X3 receptor plays a major role in
nociceptive responses to ATP. Supported by DFG and the Special Trustees of St
Thomas’ Hospital.

ATP RESPONSES IN MECHANO-SENSITIVE C NOCICEPTORS. M. Hillises2.
R. Schmidt1. C. Weidner4. M. Schmelz4. M, Risling3*. H, E Torebidik1 and H O.
Handwerker4. ’Dept. of Clin. Neurophysiology, Univ. of Uppsala, 2Dept. of Basic
Oral Sciences, ’Dept. of Neuroscience, Karolinska Institute, Sweden and 4Dept. of
Physiology & Exp. Pathophysiology, Univ. of Erlangen/Nflmberg, Germany
Adenosinetriphosphate (ATP) has been hypothesized to be an important
endogenous algogen. It elicits pain when injected intradermally and can activate rat
nociceptors in vitro. In the present study, microneurography was used to record
from mechano- and heat-responsive C nociceptors (CMH) in the peroneal nerve of
healthy volunteers in order to investigate their response to ATP injection. C units
were identified by their long latency responses to low frequency electrical
stimulation of their terminals in the skin. Responsiveness to mechanical or heat
stimuli, or to sympathetic provocation tests was determined by slowed conduction
velocity following activation (“marking”). Buffered ATP (20pl, lO’M in saline, pH
7.0; n-14) or saline (20gl, 0.9%, pH 7.0; n=8) were injected intracutaneously
within the electrically mapped innervation territories and subjects were asked to rate
the arising pain sensation on a scale from 0 (no pain) to 10 (worst pain imaginable).
Mechanical and heat thresholds at the application spot were achieved before and
after the injections. Injection of ATP caused significantly higher pain ratings as
compared to saline (median [quartiles]; 2(2-2] vs. 4[2-8]). However, activation of
the units as judged by the marking did not differ significantly. After ATP injection
two of 14 units showed a short-lasting activation after the canula was withdrawn
after injection of ATP, which was never observed following saline. No changes of
mechanical or heat thresholds were observed following either injection.
We conclude that a subpopulation of mechano-sensitive C units can be excited by
ATP. However, high concentrations of ATP are needed and responses are relatively
weak and shortlived.
supported by the Max Plank award (E.T.) and by the DFG, SFB 353
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Averbeck3, M. Maierb, S. MilzC, M. Deliusd, H.J. Refiorb, P.W. Reeha* aDept.,
cAnat. Anstalt, Univ. Munich, dlnst. Surg. Res., Univ. Munich; Physiology 1, Univ.
Erlangen, bDept. Orthopaed. Surg., Klinikum GroBhadem, Univ. Munich Germany
Extracorporal shock waves (ESW) are experimentally applied in clinical studies to
treat chronic affections of tendinous insertion sites such as epicondylitis humeri
and plantar fasciitis. Low energy ESW treatment is mildly painful and often leads to
a delayed improvement of the disease with a reduction of pain and hyperalgesia.
Maximum absorption of shock waves takes place in the periosteum overlaying
bone and serving as a bone-tendon interface. This tissue is innervated by
unmyelinated nerve fibers probably containing neuropeptides.
12 anesthetized rabbits were treated with ESW (1.2 mJ/mm2, 1500 pulses at 1/s)
focused to one distal femur of the animal. The animals were sacrificed 24 h later,
both femora were exarticulated, freed from muscular tissue and incubated in a
carbogen-gassed saline at 37°C in a shaking bath. After 30 min of equilibration the
preparations were passed through a series of 5 consecutive incubations (5 min
each) in test-tubes to determine the basal release of substance P (SP) and
prostaglandin E2 (PGE2) using enzyme immuno assays (see Ebersberger et al.
1999, Neurosci. 89: 901-907). Calcitonin gene-related peptide concentration was
below detection limit in the eluates. SP levels were highest in the first sample,
decreased subsequently and settled at stable baseline levels; all values were 2-3
times higher on the treated than on the untreated side (p<0.05, MANOVA). The
same systematic and significant difference was found for PGE2 release.
The results of the present ongoing study may indicate a state of mild aseptic
inflammation, with increased tissue content and ongoing release of a neurogenic
(SP) and a general (PGE2) inflammatory mediator. It is a matter of further
investigation whether this early inflammatory response is followed by a period of
suppression which may relate to the beneficial effects of ESW treatment.

Heat - Induced CGRP Release From Rat Sciatic Nerve Fibers , in vitro : S.K.
Sauer, G.M, Bove # and P.W. Reeh (SPON: European Neuroscience Association)
Dept. of Physiology 1, Univ. of Erlangen, Germany; # Beth Israel Deaconess
Health Care, Harvard Univ., Boston, USA
There is evidence that heat may act as an endogenous activator of the capsaicin
receptor (VR1) and of its recently found homologue VRL1, expressed in rat DRG
cells and presented along their nerve fibers (Tominaga et al. Neuron, 21, 1998;
Caterina et al. Nature, 398, 1999). We have previously found that capsaicin (caps,
1 pM) induced receptor mediated and Ca++ dependent CGRP release from axons
of the sciatic nerve (Sauer et al. 1999, Neurosci., in press).
Heat stimulation augmented the CGRP release from desheathed rat sciatic
nerves (n=131) in a log-linear manner with a Q10 of about 16. The increases were
1.14 fold over baseline at 40°C (n=6, n.s.), 1.86 fold at 42 °C (n=12, p=0.04), 3.85fold at 45 °C (n=12, p=0.002) and 27.3 fold at 52 °C (n=12, p=0.01). Heat
stimulation in Ca++ free solution caused a 70% (n=12, p<0.01) and 90% (n=8,
p<0.01) smaller CGRP release at 45°C and 52°C, respectively. We used both
ruthenium red (RR, 1pM) and Capsazepin (CAZ, 10pM) as caps antagonists, but
only RR caused a reduction by about one third at 42°C (n=10). Pretreatment of the
nerves with caps (100pM for 30 min) caused a complete desensitization against
both, heat (52°C, n=6, 90% red, p<0.01) and caps (1pM, n=6, 93% red, p<0.01)
induced CGRP release.
Sciatic nerve axons express both caps and heat sensitivity and respond to
stimulation with a Ca++ dependend CGRP release. Using heat as a stimulant, VR1
blocker had almost no effect while caps, desensitization was totally prohibitive. We
conclude therefore that in addtion to VR1 and VRL1 other heat-activated - ion
channels in caps.-sensitive nerve fibers may contribute to axonal Ca++ influx and
subsequent CGRP release. (Work supported by SFB 353 - B12 of the DFG).

(Work supported by Friedrich-Baur-Stiftung, Univ. of Munich, Germany).
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DORSAL ROOT REFLEX IN THE RAT IS EXCITED BY GABAa AND 5-HT3
AGONISTS. Y.B. Peng1*, J. Wu2, W.D. Willis2. D, Kenshalo1. 'PNMB/NIDCR/NIH,
Bethesda, MD 20892, USA. 2MBI/Univ Texas Medical Branch, Galveston, TX 77550
The dorsal root reflex (DRR) is a measure of central excitability of presynaptic
inhibitory circuits in spinal cord. In this study, the pharmacological factors that influence
DRR and their possible mechanisms were investigated. A laminectomy was performed
under pentobarbital anesthesia and part ofthe left L5 dorsal root was cut. The central end
of the cut dorsal root was wrapped around the hook recording electrode. Stimulating
electrodes were placed either on the left sciatic nerve or transcutaneously on the left foot.
Animals were paralyzed by 0.5 ml pancuronium periodically and artificial ventilation
maintained end-tidal CO2 around 30 mmHg. Pharmacological agents were applied
topically over the spinal cord. A total of 64 units has been recorded in 34 SpragueDawiey rats. Peripheral receptive fields were found in 9 of these units. DRRs were
evoked by brush, pressure, and pinch stimuli. In one unit, high intensity mechanical
stimulation of the ears, front and hindpaws elicited a response. Nine units were tested
for an effect of electrical stimulation of the periaqueductal gray (PAG) on the DRRs. In
8 cases, there were enhanced responses following PAG stimulation. The average
conduction velocity was 12.08±1.63 m/s (range; 3.17-29.9 m/s; n=20). However, the
shifting latencies indicated the synaptic delays in the intemeuronal circuit in the dorsal
hom. The results were (spikes/s): background activity 4.23±1.88 (range: 0-97.69; n=57);
saline 51.39±21.98 (range: 0.05-522.78; n=27); ACSF 7.06±3.6 (range: 0-86.90; n=25);
0.1 mM GABA 16.76±8.73 (range: 0-191.01; n=22); 1.0 mM GABA 115.98±26.49
(range; 0.05-1001.23; n=50); and 1.0 mM phenylbiguanide (PBG) 68.11±25.29 (range:
0-1073.04; n=49). Bicuculiine (0.5 mM, n=22) and ondansetron (1.0 mM, n=7) blocked
the GABA and PBG effects, respectively (p<0.05,). In one case, intravenous bicuculiine
abolished the electrically evoked response from sciatic nerve stimulation. DRR is a
central phenomena. GABAa receptors are likely to play a key function in generating the
DRRs, but 5HTj receptors may also contribute. DRRs can be modulated by supraspinal
mechanisms through descending systems. This work, was supported by NIH Grant
NS09743 and NIDCR Division of Intramural Research.

PRE- AND POST-TRANSLATIONAL REGULATION OF a2S CALCIUM
CHANNEL SUBUNIT IN DORSAL ROOT GANGLIA OF RATS WITH
NERVE INJURY-INDUCED TACTILE ALLODYNIA ZD Luo*. ES
Higuera, CI Svensson, *KA Stauderman, *ME Williams. TL Yaksh and SR
Chaplan. Dept. of Anesthesiology, University of California San Diego, La
Jolla, CA 92093, #SIBIA Neurosciences, Inc., La Jolla, CA 92037, USA
The role of neuronal
a2S calcium channel subunit in pain transduction
remains to be characterized. This subunit is the unique binding site in vitro for
gabapentin, which selectively reduces neuropathic pain. Thus, alterations in
a28 subunit expression may play a role in facilitated-pain processing. To test
this hypothesis, we investigated a25 subunit expression in spinal cord and
dorsal root ganglia (DRG) in a rat nerve injury model. Rats developed
gabapentin-reversible tactile allodynia four days after unilateral L5/6 spinal
nerve ligation (SNL). Western blot analyses using anti-a2§ monoclonal
antibodies indicated different glycosylation patterns between DRG and spinal
cord cc28 subunits, suggesting diverse functional expressions. Preceding the
onset of tactile allodynia, a28 expression was increased (over 10 fold) in a
time-dependent manner in ipsilateral DRG, but not spinal cord. RNase
protection assays indicated a similar increase of DRG a2S mRNA after SNL.
The fast axonal transport blocker colchicine partially suppressed a28 mRNA
up-regulation and blocked allodynia development after SNL. Thus, posttranslational modification may be important in tissue specific expression of the
a28 subunit. Nerve injury-induced DRG a28 subunit expression, presumably
regulated partially by a retrograde mechanism at the mRNA level, may play a
role in allodynia development and underlie the analgesic action of gabapentin.
Supported by NIH grants F32HL09848, NS01769 & HHMI institutional grants.
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INHIBITION OF DIVERSE NEUROPATHIC PAIN STATES BY DECREASED
EXPRESSION OF PN3/SNS, A TTX-RESISTANT SODIUM CHANNEL. F.
Porreca*, P. Mantvh1. J. Lai. D. Bian, S. Wegert, M.H. Ossipov. S. Rogers'. M. Schwei1.
S. Novakovich2 and J.C. Hunter2, Department of Pharmacology, University of Arizona,
Tucson, AZ, 85724, ’Neurosystems Center, University of Minnesota, Minneapolis, MN
55417 and 2Center for Biological Research, Roche Bioscience, Palo Alto, CA 94304.
A prominent feature in the maintenance of neuropathic pain states is an abnormal,
persistent hyperexcitability of sensory afferent fibers following injury. Previous studies
have shown that “knock-down” of PN3, can prevent and reverse behavioral manifestations
of neuropathic pain related to traumatic nerve injury (i.e., L5/L6 ligation of spinal nerves).
Here, we investigated whether the hypothesized role of PN3 in neuropathic pain could be
generalized to the abnormal pain associated with diverse nerve-injury states produced by
metabolic, chemotherapeutic or neurotrophic treatments. Using male, S.D. rats, tactile
allodynia was determined using von Frey filaments while thermal hyperalgesia was
determined by radiant heat to the hindpaw. Neuropathic pain was elicited by experimental
diabetes (a single streptozotocin injection, 75 mg/kg, i.p.), chemotherapeutic injury
(vincristine, 0.1 mg/kg, i.v., daily) or intraplantar nerve growth factor (NGF 100 ng/50 pi,
daily). Rats received twice-daily intrathecal (i.th.) bolus saline, antisense (AS) or
mismatch (MM) oligodeoxynucleotides (ODN, 45 pg, i.th.) to PN3, following the
establishment of the pain state. PN3 AS, but not MM, ODN reversed established tactile
allodynia and thermal hyperalgesia to, but not above, baseline thresholds in all models;
AS or MM ODN had no effect in sham-operated rats and did not alter the response to
acute nociceptive stimuli. Responses returned to the allodynic/hyperalgesic state within
48 hrs of cessation of AS ODN administration, demonstrating complete reversibility of
the AS ODN effect. AS, but not MM, ODN “knock-down” of PN3 was confirmed by
immunohistochemistry. The data indicate PN3 involvement in the maintenance of diverse
neuropathic pains and suggest that the PN3 ion channel may offer a common molecular
mechanism for the treatment of such abnormal pain. Supported by Roche Biosciences.

DEPLETION OF IB4-BINDING SENSORY NEURONS RESULTS IN
ELEVATED NOCICEPTIVE THRESHOLDS. L. Vulchanova*, L.S. Stone, T.
Olson. M.S. Riedl, R. Elde, C.N. Honda. Dept of Neuroscience and Graduate
Program in Neuroscience, Univ. of Minnesota, Minneapolis, MN 55455
The lectin IB4 binds to and is specifically taken up by a subset of small sensory
neurons, proposed to play a role in nociception. To examine the role of these neurons
in sensory transmission we used a conjugate of IB4 and the toxin saporin (IB4-sap).
IB4-sap (2 pg/5 |_il) was injected in the left sciatic nerve of rats. Three days after
the injection, the conjugate was visualized in the left L4 and L5 DRG using antisera
to either the lectin or saporin. The cells labeled by these antisera were not stained by
the Nissl-like marker ethidium bromide, suggesting disruption of their protein
synthesis. Twenty one days after the injection there was a 36% reduction in the total
number of neurons and a 50% reduction in IB4-binding neurons in L5 DRG of IB4sap injected rats. Moreover, in dorsal hom of spinal cord, the projection site of the
left sciatic nerve was devoid of IB4 binding. P2X3 immunostaining was also
dramatically reduced, while the decrease in staining for SP, CGRP and VR1 was less
pronounced.
The responsiveness of the IB4-sap treated rats to noxious thermal and mechanical
stimuli was examined using radiant heat and von Frey filaments, respectively. There
was a significant increase in the withdrawal latency to thermal stimuli at day 10 and
the withdrawal threshold to mechanical stimuli at day 14 post-treatment. By day 21
both the thermal and mechanical thresholds returned to baseline levels.
We have shown that depletion of IB4-binding sensory neurons results in transient
elevation of nociceptive thresholds. These findings suggest that IB4-binding neurons
mediate the signaling of noxious stimuli and that an efficient compensatory
mechanism appears to be activated within days of their loss.
Supported by NIH grants DA09641 and DE07288.

272.9
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HERPES SIMPLEX VIRUS TYPE-1 INFECTION INDUCES
ALLODYNIA IN MICE. T, Andoh1* I, Takasaki1. K. Shiraki2. Y,
Kuraishi1 . 'Dept. of Applied Pharmacol., Fac. of Pharm. Sci., 2Dept. of Virol.,
Fac. of Med., Toyama Med. & Pharm. Univ., Toyama 930-0194, Japan
Human subjects infected with herpes or varicellar-zoster virus
complain pain, such as allodynia, in or near the region with vesicles.
However, the mechanism of the pain has been unclear. In the present
study, we show for the first time that herpes simplex virus type-1 (HSV1) infection induces allodynia in mice. The female BALB/C mice (6-7
weeks old) were used. The leg skin was scarified using a 27-gauge needle
and HSV-1 (740IH strain: 1 X 106 plaque forming units/leg) was applied
to the scarified area. Allodynia of the foot pad measured using von Frey
hair. Eruption appeared on the back on day 5 (5 days after infection), and
zosteriform skin lesions were unilaterally developed. Allodynia of the
hind paw became apparent on day 5, and persisted until day 7. HSV-1
DNA was detected in dorsal root ganglia from post-inoculation day 4,
with peak effect on day 5. The application with heat-inactivated HSV-1
did not induce neither eruption nor allodynia. In addition, the
pretreatment with acyclovir, anti-HSV-1 drug, inhibited the expression of
both allodynia and eruption. Considering that HSV-1-infected skin
becomes hypoalgesia (Andoh et al., Neurosci. Lett. 190: 101-4, 1995),
the results suggest that decrease in ftinction of infected sensory neurons
is responsible for the induction of allodynia. This may be a possible model
for studying the mechanisms of post-herpetic neuralgia.

TEMPORAL CHANGES OF ECTOPIC DISCHARGES AFTER
SPINAL NERVE INJURY IN THE RAT. X. Liu*. S.K. Park, K.S, Chung
and J, M. Chung, Marine Biomed. Inst., Depts. of Anat. & Neurosci. and
of Physiol. & Biophys., Univ. Texas Med. Br., Galveston, TX 77555.
The present study examined the changes in discharge characteristics,
adrenergic sensitivity and the sites of origin of ectopic discharges
generated by afferent neurons after a spinal nerve injury. Left L4/ L5
segmental spinal nerves were ligated in Sprague-Dawley rats (130-150g)
under halothane anesthesia. Dorsal root ganglia (DRG) with attached
dorsal roots and spinal nerves were removed at different postoperative
(PO) times and placed in in-vitro recording chambers. Spontaneously
active single units were recorded from teased dorsal roots.
For the first 6 hours following spinal nerve injury, almost no units
showed spontaneously active discharges in the dorsal root. Thereafter, low
frequency discharges started to appear and the average discharge rate
peaked at 1 PO day, and then, gradually declined to a stable level after 3
PO days. Adrenergic sensitivity did not develop until 1 PO day. Almost
all ectopic discharges (72 of 73 units) originated from the DRG.
These results suggest that temporal changes of ectopic discharges are
well correlated with the development of pain behaviors in a spinal nerve
injury model of neuropathic pain. These dynamic changes will serve as a
valuable background for the study of mechanisms of ectopic discharges.
(Supported by NIH Grants NS31680, NS35057 and NS11255)

272.11

272.12

ACUPUNCTURE ANALGESIA IN A RODENT ARTHRITIS MODEL.
Y.C, Yu*, Y.S, Lvu and J.M. Chung. Marine Biomed. Inst, and Depts. of
Anat. & Neurosci. and of Physiol. & Biophys., Univ. Texas Med. Br.,
Galveston, TX, 77555
The present study investigated the analgesic effects of acupuncture in
experimental rat arthritis model. Acute arthritis was produced by injecting a
mixture of 3% kaolin and 3% carrageenan (0.7 ml) into the right knee joint
cavity in halothane anesthetized rats. After 4 hours, rats developed severe
swelling and reduction of the vocalization threshold as determined by
pressure applied to the right knee. Doses (2, 5, 10 mg/kg) of indomethacin
(IDM) were injected s.c. in groups of rats. In other groups, electroacupuncture (intensity = 10 times muscle twitch threshold) was applied for 30
minutes to the contralateral side under halothane anesthesia. The vocalization
threshold for pressure applied to the knee was determined using a pair of
forceps equipped with strain gauges.
Injection of IDM produced a significant elevation of the vocalization
threshold for about 4 hours in a dose dependent manner. Electro-acupuncture
applied to the ST35 acupoint (on the lateral foramen of the patella) produced
an elevation of the vocalization threshold lasting about 2 hours. The
magnitude of this elevation was equivalent to an injection of IDM at 5 mg/kg.
Halothane anesthesia alone did not produce any effect. Furthermore, electroacupuncture applied to several other acupoints did not produce significant
elevation of the vocalization threshold.
These data suggest that acupuncture produces potent temporary analgesic
effects on arthritic pain in an experimental animal model. The effect is
produced by stimulating a remote point (opposite side of the body) in a point
specific way. (Supported by NIH Grants NS 31680 and NS 11255)

REGIONAL BLOOD FLOW CHANGES IN ARTHRITIC RATS: EVIDENCE OF
A NEUROGENIC COMPONENT. N.B, Lawand*, J. Palecek, K.N, Westlund and
W.D. Willis. Department of Anatomy and Neuroscienes. University of Texas
Medical Branch, Galveston, TX 77555-1069.
Knee joint inflammation, which is likely to be multifactorial in origin, can be regarded
as the result of a complex and dynamic interplay between blood borne factors and
neurogenic factors. Inflammatory mediators are released from surrounding tissues and
peripheral nerve endings into the knee joint, to produce vasodilatation and plasma
protein extravasation. Our previous studies have demonstrated that dorsal rhizotomy
reduces the severity of joint inflammation by eliminating dorsal root reflexes that
contribute to the amplification of the inflammatory process. Additionally, we have
shown that blockade of nitric oxide synthesis in the periphery decreases die edema
formation associated with acute arthritis. In the present study, we investigated
whether dorsal roots reflexes and NO play a role in regional blood flow changes
accompanying the inflammation.
Joint inflammation was induced in anesthetized male Sprague-Dawley rats by
injecting a mixture of 3% kaolin and carrageenan into the joint cavity. Unilateral
dorsal rhizotomy (L2-L6) was performed on one group of rats one day prior to blood
flow measurement. Another group of rats was treated intraarticularly with L-NAME,
a NOS inhibitor, 4h after induction of inflammation. Measurements of blood flow to
the skin overlying both joints and the ipsilateral hindpaw was obtained
simultaneously and continuously by laser Doppler flowmetry for up to 8h. Untreated
arthritic rats exhibited an increase in local blood flow in the joints and in the hindpaw
ipsilateral to the injected side starting 3h post inflammation. Dorsal rhizotomy
reduced the increase in blood flow to both joints and ipsilateral paw of arthritic rats.
L-NAME injected locally into the joint also reduced the increase in local blood
perfusion. These results provide evidence to suggest that dorsal root reflexes and NO
release contribute largely to the changes in peripheral vascular responses, a major
feature of peripheral inflammation. (Supported by NIH grant NS 09743).
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SUPERNORMAL CONDUCTION IN C NOCICEPTORS IN HUMANS. £
Weidner1 M Schmelz1, M. Hilliges3. R. Schmidt2. »HO, Handwerker1. H.E.
TorebiOrk . 1 Department of Physiology & Exp. Pathophysiology, Univ.
Erlangen/Nttmberg, Germany, 2Dept of Clin. Neurophysiology, University of
Uppsala and 3Dept. Basic Oral Sciences Karolinska Inst Stockholm, Sweden.

CAPSAICIN INDUCED PUNCTATE HYPERALGESIA CROSSES ANESTHETIC STRIP IN HUMAN SKIN. M. Schmelz2*. R. Schmidt1. C. Weidner2,
R.H. LaMotte3. H.E. Torebiflrk1 and H.O, Handwerker2. ^ept. Clin. Neurophysiology, Univ. Uppsala, Sweden, 2 Dept. Physiology & Exp. Pathophysiology,
Univ. Erlangen, Germany, 3Dept. of Anesthesiology, Yale Univ. New Haven, USA.

Microneurography was used to record from unmyelinated nociceptors in cutaneous
fascicles of the peroneal nerve in healthy human subjects. C units were identified by
their long latency responses to electrical stimulation of their terminals in the skin
and characterized by mechanical and thermal stimuli. As reported before, mechanoinsensitive (n=44), but not mechano-responsive (n=42) units showed a pronounced
slowing of conduction velocity at stimulation frequencies of 0.125 and 0.25Hz. In
neither group the slowing was correlated to beat thresholds and it was also
independent of mechanical thresholds in the mechanosensitive units. Additional
electrical pulses were given inside the innervation territory preceding the main
pulses (0.25Hz) by 20 to 2000ms. As shown before, additional pulses increased
response latency to the following main pulse (“marking”) in mechano-responsive
(1.140.2ms; mean±sem) and -insensitive units (2.040.3 ms) when the interval was
>500 ms. At shorter intervals the marking became more pronounced in mechanoresponsive (n=17) units whereas it declined with shorter intervals in mechanoinsensitive units (n-11). Even decreased response latencies were observed as a sign
of supernormal conduction at intervals <100ms. At a stimulation interval of 50 ms
the latency shift in mechanosensitive units was 8.540.5ms whereas mechanoinsensitive units had become faster with mean latency decrease of -3.240.4ms.
We conclude that mechano-responsive and mechano-insensitive C nociceptors differ in
their axonal properties. Supernormal conduction provides evidence for axonal hyperpolarisation of mechano-insensitive fibers at a stimulation frequency of 0.25Hz.

The origin of capsaicin-induced secondary mechanical hyperalgesia to punctate
stimuli is yet unclear as there has been support for both peripheral and central
mechanisms. The effects of local anesthetics in this model have been reevaluated in
this study. Instead of multiple injections, intradermal microdialysis was used to
deliver the local anesthetic achieving a well controlled narrow strip of anesthesia
which could be kept for prolonged periods. The microdialysis fibers (cutoff 20kD)
were inserted intradermally in parallel at a length of at
pinprick-hyperalgesia
least 7 cm at a distance of 1,5 cm between each other.
"
One was perfused (4|d/min) with saline, the other with
‘^'0?...'*
\

272.15

272.16

GLUTAMATE- AND GLUTAMINASE-IMMUNOREACTIVE NERVE
FIBERS
IN
RAT
SKIN
FOLLOWING
PERIPHERAL
INFLAMMATION. K.E. Miller1*, R.M, Kriebel4, M.J. Chandler2, C. D.
Ross3, and R.D. Foreman2, *Dept. Cell Biology, zDept. Physiology, 3Pept.
Otorhinolaryngology, Univ. Oklahoma Health Sciences Center, Oklahoma
City, OK 73190; 4Dept. BioMedical Science, Philadelphia College of
Osteopathic Medicine, Philadelphia, PA 19131
Glutamate receptors are located on peripheral sensory fibers and a recent
study shows the percentage of fibers expressing immunoreactive (IR)
glutamate receptors increases following induction of peripheral inflammation
(Carlton & Coggeshall, Brain Res 820:63-70, 1999). In the present study, we
examined if peripheral inflammation causes increases in glutamate (GLU)
and/or glutaminase (GT) immunoreactivities in peripheral nerve fibers.
Complete Freund’s Adjuvant (CFA) with saline (1:1) or saline alone was
injected (lOOpl) into the footpad of adult male Sprague Dawley rats. After
seven days, rats were anesthetized and transcardially perfused with fixative.
Ipsilateral and contralateral paws were removed and processed for GLU & GT
immunofluorescence or ABC immunohistochemistry. Few GLU- or GT-IR
fibers were found in the paws of control rats or contralateral paws of rats with
CFA inflammation. Ipsilateral paws with CFA inflammation contained
intense GLU- & GT-IR nerve fibers. The presence of increased GT
immunoreactivity suggests that sensory neurons may increase GT production
following CFA. Increases in GT could cause elevated GLU levels in sensory
nerves contributing to limb sensitization observed in peripheral inflammation.
Supported by NIH # NS-37361 (KEM), HL-52986 (KEM, RDF).

P-ARRESTIN-1: POSSIBLEINVOLVEMENT IN PAIN MODULATION.

supported by the Max Plank award (E.T.) and by the DFG, SFB 353

lidocaine (1%) solutions. After a baseline of 60
minutes Capsaicin (20pl, 0,1%) was injected between
the two microdialysis lines. Time course of superficial

US

vasodilation following the injection was measured by
!J
laser Doppler scanner (LDI, Moor,UK) and skin
temperature was assessed by infrared-thermography
(Agema 900, FSI, USA). Pinprick hyperalgesia was
tested with a 40g v.Frey filament (Stoelting, USA). efythem
Axon reflex vasodilation beyond the anesthetic strip was abolished in all experiments (n=l 1) as judged by the laser scans (fig.) and the thermograms. However, the
area of pinprick hyperalgesia developed symmetrically, not being blocked by the
anesthetic. These results provide evidence for a central origin of capsaicin-induced
punctate hyperalgesia and confirm the peripheral mechanism of the axon reflex.

supported by the Max Plank award (E.T.), Swedish Foundation for Brain Research,
the Swedish Medical Research Council (Proj. 5206) and by the DFG, SFB 353

and Molecular Biology, University of Oklahoma Health Sciences Center,
Oklahoma City, OK 73190, and 2Marine Biomedical Institute and
Department of Anatomy and Neurosciences, University of Texas Medical
Branch, Galveston, TX 77555.
Members of the arrestin/ (3-arrestin superfamily play crucial roles in the
desensitization of G protein-coupled receptors. In addition to its broader
receptor specificity in vitro, P-arrestin-1 exists in several distinct neuronal
pathways in rat brain, indicating that p-arrestin-1 may interact with a variety
of G protein-coupled receptors. We have previously reported the presence
of (3-arrestin-l in rat dorsal root ganglion (DRG) at both mRNA and protein
levels. The objective of the present study was to examine which
population(s) of DRG neurons expresses (3-arrestin-l. We localized (3arrestin-1 immunoreactivity in the sensory neurons of the 5th lumbar DRG.
(3-arrestin-1 immunoreactive neurons accounted for « 60 % of the sensory
neurons, and « 88 % of the (3-arrestin-l immunoreactive neurons fell into a
category of small neurons having a diameter of 10-30 pm. Small-size DRG
neurons are often implicated in nociception, and thus (3-arrestin-l may have
a role modulating nociceptive signals. Supported by Oklahoma Center for
the Advancement of Science and Technology (OCAST) Award HN5-024 to
NK, NIH NS35057 to KC, and partly NIH EY06595 to HM.
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SPROUTING FROM REMAINED PRIMARY AFFERENT
NEURONS IN THE MOUSE SUPERFICIAL DORSAL HORN
AFTER NEONATAL CAPSAICIN TREATMENT.

THE MINIMUM EFFECTIVE DOSE OF LIDOCAINE NEEDED TO BLOCK
EVOKED POTENTIALS IN THE SCIATIC NERVE OF THE RAT. B.W. Stelfluq1,
K Spence2, D.P. Riqamonti2, and H.J. Bryant3*, 1Anethesia Department,
Eisenhower Army Medical Center, Fort Gordon, GA, departments of Nurse
Anesthesia, Graduate School of Nursing and 3Physiology, School of Medicine,
Uniformed Services University, Bethesda, MD 20814.

A. Hiura1? H. Nakagawa2, and Y. Kubo2. IDept. of 2nd Oral Anat., and
^Dept. of Oral Care Unit for Patients with Special Problems, Sch. of Dent.,
Tokushima Univ., Tokushima 770-8504, JAPAN
To examine a cause of the discrepancy between sever loss of C-fibers and
the normal responses to noxious heat in mice treated with capsaicin on day 2
of life, a possible sprouting from survived DRG neurons was investigated.
Anti-tubulin antibody was used as a marker of sprouting. Five or 10 days
later of capsaicin treatment (50mg/ kg s.c) of neonatal mice, the lumbar spinal
cord was disseted out and immersion fixed with a mixture of 4%
paraformaldehyde and 0.5 % glutaraldehyde in 0.1 M PBS (pH 7.4). After
rinsing in the 0.1M PB cotaining 30 % surcrose for overnight (4X3), sections
were made with Cryostat. The sections were reacted with anti-tubulin
antibody diluted with 1:500 for overnight at 4X3. Washing the specimens,
they were reacted with secondary antibody conjugated with FITC for 2 h at
room temperature. As a result, tubulin immunoreactivity has been intensely
appeared in the superficial dorsal horn of mice 5 days survival after capsaicin
treatment. But the immunoreactivity was disappeared after 10 days of
capsaicin injection. The results suggest that sprouting occurres by capsaicin
treatment at neonate and it has any role in the nociceptive heat transmission.
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Local anesthetics are routinely used clinically to block peripheral nerves. At
recommended doses, the anesthetic can produce deleterious side effects such as
nerve compression, nerVe damage, or in some cases, achieve toxic plasma levels
that could lead to seizures. This is especially true if more than one nerve block
is performed on the patient. Reduction of the anesthetic volume artfi/or
concentration would reduce the probability of these complications. However, the
reduced anesthetic levels might also prove ineffective in the relief of pain unless
the anesthetic is very accurately applied to the nerve.
To determine the minimum dose of local anesthetic needed to produce a
peripheral nerve block when directly applied to the nerve, the sciatic nerve of a
physiologically-maintained, anesthetized, curarized ratwas surgically exposed and
ligated at the at the greater sciatic notch and the ankle. Stimulating and recording
electrodes were placed on the proximal and distal ends of the nerve, respectively.
10 or 20 pi of either 2% lidocaine or a control solution was injected into the
subperineural space of the nerve. The compound action potential was averaged
periodically for up to an hour to assess the degree of myelinated nerve fiber block.
Within =10 min of injection, 20 pi of lidocaine produced a conduction block in all
animals (n = 5) while 10 pi failed to produce a block in 60% of the animals (n =
5). These data suggest that 20pl is the minimum amount of subperineurally
injected 2% lidocaine needed to completely block motor evoked potentials and
rapidly conducting sensory signals, including fast pain, in the sciatic nerve. This
project was supported by USUHS Training Grant TO6133-01 to BWS.
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An Integrated
Hard - And software
System For Pain - And Simultanous
Tissue PH-RECORDING. O. AltindaL J.K, Anlauf, U. Issberner*, K.H, Steen.
Dept. Dermatology, Univ. Bonn, D-53105 Bonn; Dept. Computer Sci., Univ. Bonn,
D-53117 Bonn, Germany.
Experimentally induced pain under laboratory conditions does not match the
impredictable painful episodes patients experience during daily life. With vascular
diseases (e.g. arterial occlusion in the heart or leg), pain due to tissue acidosis
becomes eminent during physical workload. Various studies in vitro and in vivo have
shown that low tissue pH induces sustained graded pain and plays a major role in
inflammatory excitation of nociceptors [e.g. Steen & Reeh, 1993, Neurosci Lett 154:
113-116], In order to investigate the correlation between tissue acidosis and intensity
as well as quality of recurrent pain in the natural environment of the out-patient, a
portable long-term pain diary was developed with the integrated features; electronic
visual analog scale for pain rating (VAS, from 0=“no pain“ to 100=“unbearable
pain“); multiple-choice-text-elements for recording comments; and pH-meter for
tissue pH-recording using a miniature pH probe. Each of the three kinds of data
channels (VAS, text and pH) can be separately configurated for automatic or
interactive data acquisition at different time intervals (from 2 min to 1,440 min = 24h).
The patient can interact arbitrarily at any time. The data is recorded with a
corresponding real-time stamp for the off-line correlation of different sets of data. The
5V-power supplied (rechargeable batteries) pain diary is based on a 2MHz controller
chip (M68HC11-A1, Motorola, USA) and a 2MB flash-ROM (AM29F016B, AMD,
USA), it can be used for data recording by ambulant patients for over 14 days with
respect to data integrity and persistence even in certain cases of failure or malfunction.
To avoid drift errors in recording pain intensities via VAS, the LCD-display is always
build up before and cleared after the rating. A
specially designed database on a personal
computer is used for offline processing,
graphical dislpay and statistical analysis after the
recorded data has been transferred from the pain
Fig 1: Pain diary with pH-electrode
diary.
Supported by DFG, grant Ste 593/1-3.
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STEROID
HORMONES
ALTER
THE
BEHAVIORAL
MANIFESTATIONS OF CHRONIC NEUROPATHIC PAIN.
J.M. Tall*, S.L. Stucsse, W.L.R, Cruce and T. Crisp. Departments
of Pharmacology and Neurobiology, Northeastern Ohio Universities
College of Medicine; Rootstown, Ohio 44272.

EFFECTS OF ELECTRICAL STIMULATION ON ALLODYNIA
AND COLD-INDUCED PAIN IN NEUROPATHIC RATS. T.S.
Nam*1, C.K. Suh2, Y, Choi3, J.W. Leem1, and K.S. Paik1. Depts. of
Physiology, ‘Yonsei Univ. & 2Inha Univ. Col. Med. and ’Dept. of
Anesthesiology, Ulsan Univ. Col. Med., Seoul, Korea.
The present study was conducted to see if acupuncture-like electrical
stimulation (AES) produced antinociceptive effect on allodynic and
cold-induced pain behaviors developed in neuropathic rats.
For rats with a unilateral L5/L6 spinal nerve ligation (SNL), paw
withdrawals to von Frey applications and paw lifts off a cold plate were
assessed as measures of allodynia and cold-induced pain, respectively.
AES (3-ms pulse, 2 Hz, 4-5 mA) was applied for 20 min to the plantar
surface of affected paw after the development of pain behaviors.
Sympathetic dependency of each pain behavior was also examined.
In SNL rats, both paw withdrawals to mechanical stimulation and
paw lifts off a cold plate on the ligated side increased as compared to
the pre-operative period. AES produced a suppression of increased paw
withdrawal response whereas it was without an effect on increased coldinduced paw lifts. When phentolamine was pretreated on SNL rats, the
development of cold-induced pain behavior was alleviated whereas that
of mechanical allodynia was almost not affected.
The results suggest that AES is more effective in reducing mechanical
allodynia, which appears to be sympathetically independent, without
affecting cold-induced pain that is sympathetically dependent.

273.3

273.4

HYPOPHYSECTOMY INHIBITS THE DEVELOPMENT OF ADJUVANTINDUCED POLYARTHRITIS IN THE LEWIS RAT.

INCEDENTAL HYPERALGESIA INDUCED BY AN OSTEOLYTIC
TUMOR OR CARRAGEENAN INJECTION IN THE MOUSE FORELIMB.
P.W. Wacnik1’2*, L.J.Kehl3, J.M, Cash2, T.M, Trempe3, A.J, Beitz4. G.L,
Wilcox ' • Minnesota Pain Research Training Program Neurosytems Center,
^Departments of Pharmacology and Neuroscience, Dental Research Institute,
4Department of Veterinary PathoBiology, University of Minnesota,
Minneapolis, MN 55455
Incident pain or movement-related hyperalgesia, a specific type of
breakthrough pain, is thought to be a predictor of poor response to routine
pharmacotherapy in-patients (Oncology 12: 1035-50, 1998, Pain 37; 203-09,
1989, and Pain 41: 273-281, 1990). We sought to mimic movement-related
pain in mice by measuring the insult-induced change in forelimb grip force (g)
produced when a mouse pulls against a force transducer. Front paw
mechanical allodynia was tested with von Frey filament 2.44 (0.34 mN) to
both rule out cutaneously mediated hypersensitivity and test for secondary
hyperalgesia.
5
C3H/He mice were implanted either with 1.5-2x10 NCTC clone 2472
cells (T; derived from a spontaneous connective tissue tumor) in PBS (20 pi)
bilaterally into a hole drilled perpendicular to the humerus at the deltoid
tuberosity, or injected in both triceps with carrageenan (C; 2,4,6, or 8%) in
PBS (40 pi). Control groups received identical implants with PBS or no
treatment. Behavioral testing was conducted at baseline and repeated up to 13
d (C) or 10 d (T). Both T and C reduced grip force, and morphine (3-30
mg/kg, i.p.) dose-dependently returned responses toward control. Cutaneous
forepaw allodynia did not occur in the mice with tumors at 10 d or in the mice
with C at 2 and 4%, but C at 6 & 8% did evoke significant cutaneous
allodynia. This model may provide both a clinically relevant animal
representation of movement-related hyperalgesia and an aid in discerning the
peripheral and central mechanisms of painful bone metastases and
inflammatory musculoskeletal pain. Supported by NIDA grant R01-DA01933
and NIH 5T 32-DEO-7288-02.

Limited data exists regarding gender-related differences in the
predominance, progression and treatment of chronic pain of neuropathic
origin. Estrogen, testosterone and their metabolites modulate virtually all
physiological systems, thus we chose to investigate how gender and
hormonal status affect the initiation and progression of the behavioral
manifestations of neuropathic pain (thermal hyperalgesia and tactileevoked allodynia). The sciatic nerve ligation (SNL) method of Bennett
and Xie (1988) was utilized to induce neuropathic pain in 10-14 week old
male (d) and female (?) Fisher 344 FBNF1 hybrid rats (e.g., intact,
gonadectomized, hormone- replaced). Paw withdrawal latency and paw
withdrawal threshold values were recorded from ligated and unligated
hind paws of male and female rats on post-SNL days 0, 3, 14 and 35. The
data clearly demonstrate that steroid hormones influence the
responsiveness of male and female rats to peripheral nerve pain.
Investigations of the effects of steroid hormones on the symptoms of
neuropathic pain will contribute to designing effective treatment strategies
for male and female patients suffering with these devastating neuropathic
pain disorders.

W. R. Lariviere*, C. Milo and R. Melzack
Dept. of Psychology, McGill University, Montreal, Quebec, Canada
Hypophysectomy, or the removal of the pituitary gland, has been
shown to affect the susceptibility to adjuvant-induced polyarthritis (A1A)
in the rat, an animal model of rheumatoid arthritis. However, this was
demonstrated in young Sprague-Dawiey and female Fisher rats, two
strains which show only moderate susceptibility in our laboratory. This
experiment was performed to examine if the susceptibility to AIA is
affected by hypophysectomy in the Lewis rat, a strain that is highly
susceptible to AIA.
Hypophysectomized male Lewis rats (n=7) were purchased from
Charles River, St.Constant, Quebec. Control rats (n=9) had the same
surgery without aspiration of the pituitary gland. Twelve days after
surgery, the diameter of the hind paw ankles was measured, and the rats
were injected intradermally in the base of the tail with complete Freund’s
adjuvant (M. butyricum, 1 mg/300 g rat). Twenty-one days later, the hind
paw ankles, and pain and debilitation behaviours were measured.
Hypophysectomized rats had significantly less swelling of the hind
paw ankles and significantly lower pain and debilitation scores compared
to the surgery control rats (P<0.05).
Data will be shown that argue for the modulation of endogenous
pain suppression as the mechanism responsible for these results.
This project was supported by NSERC.
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DYNAMICALLY CONDITIONED PAIN :
IMPROVEMENT OF
SEGMENTAL SPINAL NERVE INJURY MODEL OF NEUROPATHIC
PAIN. D. Lodge, S. Iyengar* and D.H. Lee, Lilly Research Laboratories, Eli
Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285
Segmental spinal nerve injury (SSI) model (Kim and Chung, Pain, 50:355-363,1992), an
animal model of neuropathic pain, needs considerably invasive surgery to ligate L5/6 spinal
nerves, especially to ligate L6 spinal nerve and makes it difficult to avoid mild damage to L4
spinal nerve because L4 and L5 spinal nerve run together beneath L6 transverse process. The
aim of this study was to improve this model by avoiding L6 spinal nerve ligation and adding
consistent irritating stimuli to the L4 spinal nerve segment to induce more stable and
consistent neuropathic pain behavior.
Neuropathic injury was produced by tightly ligating the left L5 spinal nerves with 6-0
silk thread and placing a loop of 5-0 chromic gut lightly around L4 spinal nerve or sciatic
nerve. The control groups were: 1) ligating the L5 spinal nerve only, 2) placing a 4-0 chromic
gut loop around the L4 spinal nerve, 3) placing a 4-0 chromic gut loop around the sciatic
nerve, and 4) sham operation groups. Tactile sensitivity was measured by determining the
median 50% foot withdrawal threshold for von Frey filaments using the up-down method at 2
days, 1, 2, 3, 5, 10, 15 and 20 weeks after the operation. Cold sensitivity and spontaneous
pain were measured with similar postoperative time points.
Addition of a chromic gut loop around the L4 spinal or sciatic nerves significantly
increased tactile sensitivity compared to the L5 spinal nerve ligation group, but the signs of
cold allodynia and spontaneous pain were not significantly different. Chromic gut loop alone
around L4 spinal nerve or sciatic nerve slightly increased tactile sensitivity compared to sham
operation group from 7 weeks after surgery.
These results suggest that the addition of a chromic gut loop around the intact L4 spinal
nerve can augment the development of mechanical allodynia in segmental spinal nerve injury
model of neuropathic pain avoiding L6 spinal nerve manipulation and hence is a useful
animal model of neuropathic pain.

DYNAMICALLY CONDITIONED PAIN : THE ROLE OF INTACT
NERVE IN THE SEGMENTAL SPINAL NERVE INJURY MODEL OF
NEUROPATHIC PAIN. D.H. Lee*, T.H. Ferguson, S. Iyengar and D.
Lodge, Lilly Research Laboratories, Eli Lilly and Company, Lilly Corporate
Center, Indianapolis, IN 46285
The sciatic nerve is composed of mainly L4-L6 spinal nerves. Segmental spinal
nerve injury (SSI) model (Kim and Chung, Pain, 50:355-363, 1992), an animal model
of neuropathic pain, induces neuropathic pain following ligation of the L5/6 spinal
nerves. We investigated the role of intact L4 spinal nerve in the development of the sign
of mechanical allodynia in this model.
Neuropathic injury was produced by tightly ligating the left L5/6 spinal nerves in
male Sprague-Dawiey rats. We manipulated the intact L4 spinal nerve by: 1) reversible
local anesthesia of the ipsilateral sciatic nerve with subcutaneous bupivacaine loaded
into polyester microspheres to increase the duration of nerve block up to 5 - 7 days after
administration, 2) lightly irritating the L4 spinal nerve by pulling the nerve with hooked
glass rod (tension force is about 500mN) and sliding the hook back and forth (20 times)
along the nerve immediately after L5/6 spinal nerve ligation, 3) applying mechanical
stimuli (12mN and 52mN von Frey filaments) and cold stimuli (acetone) to the
ipsilateral paw during the first week after the ligation. Tactile sensitivity was measured
by determining the median 50% foot withdrawal threshold for von Frey filaments using
the up-down method at 1, 2, 3 and 4 weeks after injury.
Reversible nerve block significantly reduced the development of tactile sensitivity
up to 4 weeks after the spinal nerve injury, whereas mild irritation of L4 spinal nerve
and application of either mechanical or cold stimuli to the ipsilateral paw significantly
increased the development of tactile sensitivity after the spinal nerve injury.
These results suggest that the ongoing activity of intact L4 spinal nerve partly
contributes to the development of mechanical allodynia in the SSI model of neuropathic
pain.

273.7

273.8

THE PREVIOUS SENSORIAL INFORMATION TO DENERVATION
MODIFIES AUTOTOMIC BEHAVIOR IN THE RAT.
A Lopez-Avila.
F. Sotrcs-Bayon. R. del Angel. F. Pclliccr*. Departamento de Neurofisiologia.
Division dc Neurociencias. Instituto Mcxicano dc Psiquiatria A\ MexicoXochimilco 101. CP 14370 Mexico D.F. Mexico.
The temporality , localization, and type of pain previous to the amputation seem to
play an important role in the development of phantom limb pain It lias been
reported that a thermonociccptive stimulus previous to the dcafcrcntation increases
the intensity of the autotomic behavior. In an apparent contradictory report it has
been stated tliat formalin infiltration previous to denervation produces a decrease
in this behav ior. With this framework we used an hiperexcitability neural model,
by infiltration of carrageenan (CAR) prev ious to the ipsilateral deaferentation of
the infiltrated limb. Tlie induction of the painful process with CAR increases the
intensity and duration of the pain as compared to tliat induced by formalin
induction process. With this approach we expected to obtain an increase in the
autotomic behavior. Thirty male Wistar rats (250-280 g.) were used Tlie
inflammation process was induced by the injection of CAR (250 pi at 1%). in the
rat's intraplantar hindpaw. Under pentobarbital anesthesia (65mg/kg) the right
sciatic and saphenous nerves were sectioned. Group A (control; n=20) was only
denervated. In Group B (experimental; n=10) an inflammatory process was
induced by CAR and 24 hrs later the section took place. The autotomy index was
scored. The results show that the number of individuals that presented autotomy .
incidence (Inc), as well as the intensity of the behavior (Int.) were lower in the
experimental group (Inc: 50%; Int: 2.6) than in control group (In: 65%; Int: 6.0).
The onset of autotomy showed a delay in the experimental group (9.6 days)
compared with the control group (6.0). these results show that it is important to
clear out the role of the sensorial quality and temporality previous to the
denervation as a fundamental factor in the development of autotomic behav ior.

THE PLACE AVOIDANCE PARADIGM AS A METHOD TO MEASURE
AFFECT FOLLOWING NERVE INJURY AND INFLAMMATORY INDUCED
HYPERALGESIA IN RATS. C.J. Labuda and P.N. Fuchs*. Dept of Psyc, Univ. of
Texas at Arlington, Arlington, TX 76019.
The present experiment utilized the place avoidance paradigm to assess the
aversive quality of neuropathic and inflammatory pain states in rats. Compared to
sham treated control animals, L5 ligated and
Freund’s adjuvant treated animals had decreased
mechanical paw withdrawal thresholds. These
animals also avoided a test chamber (30x30x30 cm,
half-light and half dark) location associated with
mechanical stimulation (476 mN von Frey every 15
sec) of the hyperalgesic paw. When mechanical
stimulation of the hyperalgesic paw was associated
with the preferred dark area of the chamber (0 - 30
min; stimulation of contralateral paw while within
the light area of the chamber), animals rapidly
began to spend an increased amount of time within
the light area of the chamber. When mechanical
stimulation of the hyperalgesic paw was suddenly
changed and associated with the light area of the
test chamber (30 - 60 min; stimulation of the
contralateral paw while within the dark area of the
chamber), animals began to spend an increased amount of time within the dark
area of the chamber. It is concluded that avoidance behavior reflects an aversive
state and that the place avoidance paradigm is a simple method that can directly
assess the affective/motivational dimension of pain in rat neuropathic and
inflammatory models. Supported in part by a REP grant.

273.9

273.10

GENDER-DEPENDENT EFFECTS OF VAGOTOMY ON THE

EFFECT OF PERINATAL STRESS ON RESPONSES TO COLORECTAL
DISTENSION IN ADULT RATS. S.V. Coutinho*, J.C. Miller, P.M. Plotsky1
and E.A. Mayer. UCLA/CURE Neuroenteric Diseases Program, Los Angeles,
CA 90073; ’Dept. of Psychiatry, Emory University, Atlanta, GA 30322.
Early life events play a pivotal role in influencing an organism’s emotional
and behavioral responses to psychosocial stressors throughout adult life.
Perinatal stress in Long Evans rats (daily maternal separation for 180 min
from post-natal days 2-14) results in adult animals (MS180) that exhibit
hypervigilance, enhanced anxiety-like behavior to psychological stressors,
and anhedonia, compared to animal facility reared (AFR) controls. The
present study was designed to investigate the combined effect of perinatal
stress, and acute and chronic stresses in adult life on responses to colorectal
distension (CRD) in Long Evans rats. Baseline visceromotor responses
(VMRs) to four consecutive trials of noxious, tonic CRD (60 mmHg, 10 min
duration, 16 min interstimulus interval) quantified by visual inspection of
contractions were found to be stable and similar in adult (3 months old) MS
180 vs. AFR rats. Following acute swim stress (10 min forced swim in 25 °C
water), there was a significant facilitation of the response to the second trial
(vs. the first) in AFR rats that was maintained over trials 3 and 4. The
facilitation of the VMR to trials 2-4 following the acute swim stress was
significantly more pronounced in MS 180 rats (vs. AFR rats). Although MS180 as well as AFR rats also exhibited a pronounced facilitation of the VMR
to the second trial fvs. the first) following chronic swim stress (10 min daily
forced swim in 25 °C water for 8 days), the facilitation was not maintained
across trials 3 and 4. These data suggest that perinatal stress is associated
with enhanced visceral nociceptive responses in adult animals following mild
acute stress, but is without effect on the adaptation of the hyperalgesic
response following chronic homotypic stress.
Supported in part by a research grant from Astra-Zeneca.

Partially supported by CONACYT. FP 28696M.

FORMALINTEST IN THE RAT. S.G. Khasar. W. Isenberg. F.J.-P. Miao.
RG. Green* and J.D. Levine. Dept. OMFS, NIH Pain Center (UCSF), Box

0440, Univ. Calif. San Francisco, CA 94143-0440.
Gender exerts an important influence on nociception in both
animals and humans. Since vagal mechanisms, which are sexually
dimorphic, modulate nociceptive processing, we have evaluated the
influence of gender on vagal modulation of nociception, employing the
formalin test. Sham SDV was employed as a control. The influence of sex
hormones was studied in gonadectomized animals with and without
hormone replacement. There was no gender difference in pain behavior of
Formal adult animals in the first or second phase of the formalin test.
Subdiaphragmatic vagotomy (SDV) had no effect on the response to
formalin in females but resulted in significantly reduced pain benavior of
the second phase in males. Gonadectomy reversed the suppressive effect of
SDV on tne second phase. In gonadectomized males replaced with
dihydrotestosterone SDv did not result in suppression of second phase.
Gonadectomized females replaced with 17-3—estradiol (at supraphysiologic
levels), did not demonstrate the usual near-absence of pain behavior
between phases and also had persistence of pain behavior during the end of
the second phase. Our results suggest that in the formalin test: a) there are
no gender differences in nociceptive response in normal adult rats, b) vagal
afferent activity contributes to tne nociceptive effect of the second phase in
males, c) factors other than levels of testosterone alone may contribute to
the reduced pain behavior in males and d) following SDV in females,
estrogen may increase nociceptive response to formalin.
[Funded by Nursing Animal Grant # 5 R01 NR04880].
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LOCAL NALOXONE BLOCKADE OF ACUPUNCTURE ANALGESIA:
PERIPHERAL OPIOIDS IMPLICATED. G. Zhang1, Z. Graczyk1, R. Ken2, C
Stein3. B. Berman1 and L. Lao1*. 'Complementary Medicine Program, School of
Medicine, 2Dept of OCBS, Dental School, University of Maryland, Baltimore,
MD 21201, 3Klinik fur Anaesthesiologie, Freie Univeritaet Berlin German.
Recent studies have revealed a mechanism that involves the peripheral release
and regulation of opioids in modulation of inflammatory pain. This study aimed to
test the hypothesis that acupuncture-produced analgesia is, in part, through
activating the peripheral opioid system in an inflammatory pain condition. The
inflammation and hyperalgesia were induced in rats by injecting complete Freund's
adjuvant (CFA, 0.1 ml, 0.05mg Mycobacteria) into one hindpaw. Rats were
divided into electroacupuncture (EA)-treated (2 mA, 10 Hz for 20 min, n=4) and
placebo-control (needles attached to the skin superficial to the EA point) groups.
Two acupuncture points, ST36 and G30, were used. The two points were chosen
on the legs either ipsilateral to the CFA-injected paw (EA-ipsi), or contralateral to
the injected paw (EA-contra). EA was applied immediately and at 2 hrs after the
CFA injection. Paw withdrawal latency (PWL) to a noxious thermal stimuli
showed that EA-treated rats had an increased PWL at 2.5 hrs and 5 d after the CFA
injection as compared to the control rat, but only the EA-ipsi group produced a
significant difference (p<0.05). This result indicated that acupuncture points
adjacent to the inflammatory site are more effective than points in the distal area,
suggested a localized effect. Intraplantar injection of naloxone (5 gg/0.1 ml)
reduced the EA-mediated analgesia, as measured by PWL, to about 50% (n=4).
Injection of naloxone into the normal paw of the EA-treated rats, or inflamed paw
of control rats did not alter the PWL significantly. Systemic administration of
naloxone (5 pg/0.2 ml, i.v.) did not reduce the PWL in the EA-treated rats. These
results showed that EA-produced analgesia is partially blocked by local naloxone,
suggesting that peripheral opioids are released followed EA treatment. Supported
by an intramural grant from the School of Medicine, University of Maryland

CHARACTERIZATION OF THE MOTOR RESPONSE DURING THE RAT
FORMALIN TEST USING THE SPECTRAL QUALITIES OF POSTURAL
SWAY. H. L, ChambteS5L5...LKiazsyl& K. J. Safla'< Departments of
Psychology1, Exercise Science and Leisure Management2, Pharmacology3, University
of Mississippi, Oxford, MS 38677.
Jett and Michelson (Pain 1997) sought to measure motor responses in the rat
formalin test using a unidirectional force platform. Their dependent measure (z-force
in N) was sensitive to phase differences, formalin concentration, and analgesic dose.
In this pilot study, we sought to further characterize motor responses during the
formalin test through spectral analyses of center-of-pressure (COP) signals using a
three-dimensional force platform. The test apparatus was a small animal observation
chamber attached to a force platform (AMTISRM3CA-6-100), the signal of which
was amplified (AMTI MCA6, low pass filter 10.5 Hz, gain 4000) and then interfaced
to a computer equipped with DataPac III acquisition software (Run Technology);
COP data were sampled at 100 Hz. Following apparatus acclimation, male Holtzman
rats (n = 4, 200 g at test) were tested under three conditions: two baseline control
sessions, one formalin (25 pi at 5%) session, and one morphine session (3 mg/kg/ml
moiphine, S.C. and 25 pi at 5% formalin). Test sessions, conducted 2-3 days apart,
were 60 min in duration. A Fast Fourier Transformation on the anteroposterior COP
data revealed significant differences across test session (control, formalin, morphine)
and phases of pain (0-5 & 20-40 min) in lower frequency bandwidths (<10 Hz). In
general, amplitudes representative of control were lower than formalin during phase 1
and 2; and, amplitude in the 4-8 Hz bandwidth associated with moiphine was lower
than that associated with formalin during phase 2. Mean amplitude (0-50 Hz) was
higher for pain behavior category 1 than for categories 2 and 3. It may be possible to
use these signals to differentiate among all the three formalin pain behavioral
categories given sufficient sample sizes.

273.13

273.14

INFLUENCE OF POSTURE ON THE WITHDRAWAL-RESPONSE
TO NOXIOUS STIMULATION IN HORSES

EVIDENCE INESCAPABLE SHOCK PRODUCES HYPERALGESIA IN RATS. M, W, Meagher*. E, D, Crown & J, W, Grau. Dept.
of Psychology, Texas A&M University, College Station, TX 77843.
An extended exposure to inescapable shock produces a constellation of
behavioral effects collectively known as learned helplessness. Maier &
Watkins (1998, Psychol. Rev., 105, 83) have suggested that the behavioral
consequences of stress have parallels to the effects of illness, and that the
depressive-like symptoms of learned helplessness might reflect a form of
sickness behavior. Supporting this, they have shown that inescapable
shock produces physiological signs of illness (e.g., fever) that last over 24
hrs.
Evidence suggests illness induces hyperalgesia. Yet, inescapably
shocked rats exhibit longer tail-flick latencies to radiant heat. However,
evidence from our laboratory suggests that this reflex inhibition sometimes
reflects a selective inhibition of a protective reflex rather than decreased
pain (King et al., 1996, J. Exp. Psychol.: Anim. Behav. Proc., 22, 265).
Given this, we assessed the impact of inescapable shock exposure (80, 5-s,
1-mA tailshocks) on other measures of pain. A day after shock treatment,
rats were returned to the apparatus and both vocalization and tail-flick
latencies were assessed. Previously stressed subjects exhibited lower
vocalization thresholds to a noxious thermal stimulus, an outcome
indicative of hyperalgesia. As in prior studies, tail-flick latencies were
increased. We are currently examining whether the shift in vocalization
thresholds is modulated by stressor controllability. Supported by MH
48994 to J.W.G. & M.W.M.

M. W. Leschnik. J. G, Thalhammer*
Dept. of Internal Medicine, Univ. Vet. Med., Vienna, Austria, A - 1210

Measurement of pain perception and nocifensive response is an integral part
of evaluation of lameness and gait / postural abnormalities due to neurological
deficits in horses. Influence of posture on withdrawal-response to noxious
stimulation was observed first in rats (Leschnik et al., 1997, Neurosc. Abstract).
In the present study our goal was to evaluate the postulated influence of force
distribution to the hind limbs due to altered posture on withdrawal-response
latencies in hind limbs of healthy untreated horses.
Standard bred horses (n=3) were restrained without any obvious stress.
Change in posture and from it resulting body weight distribution was induced
by placement of a wooden wedge under one hind hoof in a controlled fashion. A
noxious stimulus was applied to the horses hind limb with a handheld metal
probe heated by circulating water (65°C) for up to 15 s to induce a withdrawalresponse. The latencies of the withdrawal-response to noxious stimulation were
measured in tliree different postures (force values).
The latency of the withdrawal-response in horses in normal standing posture
(control) ranged from 6,8 to 9,0 s (n=9). Increasing the force to the stimulated
hind limb due to a shift of body weight prolonged the latency by 2,0 s, up to
125% of control (5, n=9). Decreasing the force to the stimulated hind limb due
to a counter-shift of body weight shortened the latency by 2,7 s, down to 65% of
control (x, n=9).
It is concluded that posture has to be taken into consideration when evaluating
nocifensive response in animals.

PAIN MODULATION: CAPSAICIN RECEPTORS—MOLECULAR STUDIES
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HEAT-SENSITIVE VANILLOID RECEPTORS IN RAT DRG NEURONS
W, Greffrath1. T, Kirschstein'. D. Bflsselberg2 and R.D. Treede1 (SPON: European
Neuroscience Association) ‘University Mainz, Physiology, Saarstr. 21, D-55099 Mainz;
2University Gottingen, Physiology, Humboldtallee 23, D-37073 Gottingen, Germany.
Fast transduction mechanisms for noxious heat were investigated in whole-cell patchclamp recordings using acutely dissociated dorsal root ganglion (DRG) neurons of adult
rats as models for their own peripheral terminals. Application of preheated extracellular
solution (53 °C) was used as noxious heat stimulus. Reversal potentials were measured
using fast depolarising ramps (-80 to +30mV in 200ms every 550ms) with Cs+ in the
intracellular and TTX and nifidepine in the extracellular solution.
Heat-evoked inward currents (290±27pA; mean±sem) were found in 114 of 141
small neurones (s 32.5pm), exclusively. They were accompanied by an increase of membrane conductance (320±l 15%; n=7). Heat-evoked currents had a reversal potential of
5±1.7mV, capsaicin-induced currents [lgM] of4±3mV (n.s.; student's t-test). Replacing
extracellular [Na*] by V-methyl-D-glucamine reduced the inward current to 29±4%,
raising extracellular [Ca2+] to lOmM enhanced the inward current in Na+-free solution to
113±24% of control. Heat-sensitive neurons displayed an inflection in the repolarizing
phase of electrically evoked action potentials, resulting in a longer repolarizing time (1090% decay time 4.5±0.4ms) than in heat-insensitive ones (2.2±0.2ms; p<0.005; t-test).
Heat-sensitivity was significantly coexpressed with capsaicin-sensitivity [l-10pM;
p<0.005, x2-testj. The competitive vanilloid receptor antagonist capsazepine dosedependently reduced the heat-evoked current with an IC50 of 13pM.
Heat-sensitive DRG neurons were characterised as nociceptive by (1) small soma
size, (2) long duration of action potentials and an inflection in the repolarizing phase, (3)
excitability by capsaicin. The inward currents elicited by noxious heat can be explained
by the opening of temperature-operated channels. These channels are permeable for
sodium and calcium ions, have a higher permeability for Ca2* and are inhibited by the
vanilloid receptor antagonist capsazepine, and thus might be heat-sensitive vanilloid
receptors (like VR1).
Supported by DFG grant Tr236/11

VR1 GENE EXPRESSION AND PARTIAL COLOCALIZATION WITH
OPIOID MU RECEPTORS IN PRIMARY SENSORY NEURONS:
DIFFERENTIAL REGULATION AFTER PERIPHERAL INFLAMMATION
AND NERVE INJURY. M.K.-H, Schafer*. H, Romeo and E. Weihe
Dept. Mol. Neuroimmunology, Inst, of Anatomy and Cell Biology, Philipps
University of Marburg, D-35033 Marburg, Germany
Recently, the cloning of a vanilloid receptor (VR1), which binds capsaicin and other
vanilloids, has been reported (Caterina et al., 1997, Nature 389: 816-824).
Immunocytochemical results from several groups indicate that the VR1 receptor is
located in neurochemically heterogeneous populations ofprimary afferent neurons.
We have characterized the expression of VR1 both at the protein and the mRNA
level in sensory ganglia in rat tissues during development, in the adult nervous system
and in animals which were subjected to peripheral inflammation or nerve injury.
From early development on into adulthood VR1 mRNA was detectable exclusively
in sensory neurons of the dorsal root ganglion (DRG), the trigeminal ganglion (TRIG)
and the nodose ganglion (NG).The majority of neurons in DRG and TRIG expressed
VR1, albeit at different mRNA levels. VR1 expression in the different subclasses of
sensory neurons appeared to be far more heterogeneous than previously reported. Cohybridization experiments of VR1 with specific probes for the opioid receptors revealed
a substantial overlap of mu opioid receptor expression (MOR) and VR1. However,
VR1 expressing neurons in DRG without detectable levels of MOR were also observed
suggesting that a specific subpopulation of capsaicin-sensitive neurons with presumed
nociceptor function cannot be directly affected by morphine. The vast majority - if not
all - visceral sensory neurons of the NG express VR1. High levels of VR1 mRNA were
detected in the SP-producing neuronal subtype. After peripheral inflammation induced
either by Freund’s adjuvant or collagen II VR1 mRNA levels increased in the DRG.
Similar changes in expression levels were observed after peripheral nerve ligation. In
contrast, axotomy resulted in reduced VR1 mRNA levels in DRGs ipsilateral to the
lesion. Thus, the present study suggests a substantial functional heterogeneity of
capsaicin-sensitive neurons.
(Supported by SFB 297 of the German Research Foundation).
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Two different inodes of N-channel inhibition in DRG neurons are related to
the presence of VR1 receptors.
A. J, Hansen* & K. P. Larsson Department of General Pharmacology, Novo
Nordisk A/S, DK-2760 Maaloev, Denmark.
Analgesic substances such as morphine and other |i -agonists inhibit N-type
calcium channels in primary sensory afferents. It is, however, not established how
the action of p -agonists is related to the different types of DRG neurons. We
therefore studied rat DRG cells acutely dissociated from 1 week old pups using the
patch clamp technique in the whole cell mode. High voltage activated (HVA)
calcium current (/Ca++) was measured using sodium free medium with 2 mM Ca**
as the charge carrier, while DAMGO (lOpM) was used as the p -agonist. At the
end of the experiment, the cells were classified according to their sensitivity
towards capsaicin (3pM) as measured by the current elicited at resting membrane
potential.
All of the twenty seven DRG cells displayed HVA /Ca++. In five
relatively large cells (>30pF), the ICa++ was unchanged by DAMGO treatment and
the cells were also not capsaicin sensitive. In the remaining 22 cells (mostly of
small diameter, <20pF) DAMGO depressed 1^++ by 10-80%. Half of these cells
displayed kinetic slowing and the inhibition was voltage-dependent as it was partly
counteracted by strong positive prepulses. Six of these 11 cells were not capsaicinsensitive. The other 11 cells which were all capsaicin-sensitive, displayed a
voltage-independent blockage that was not affected by positive prepulses. These
data demonstrate that HVA calcium channels (in these cells >50% are N-type) in
DRG cells are inhibited by p -agonists via both voltage-dependent and independent mechanisms. The fact that the voltage-dependent blockage may be
overcome by positive prepulses (i.e. a series of action potentials) while the
voltage-independent blockage is unaffected has implication for the understanding
of the analgesic effects of p -agonist in pain conditions.
Funding: Novo Nordisk A/S & ATV 0648

A CAPSAICIN RECEPTOR HOMOLOGUE WITH A HIGH
THRESHOLD FOR NOXIOUS HEAT M.l. Caterina, T.A. Rosen, M.
Tominaga, A.T. Brake, and D. Tulius*. Dept. Cellular and Molecular
Pharmacology, Univesity of California, San Francisco; San Francisco, CA
94143-0450
Painful thermal stimuli are detected by several classes of
primary afferent neurons. Small diameter C fiber nociceptors can be
activated by heat with a moderate temperature threshold of ~43°C.
Medium diameter AS neurons, in contrast, fall into two categories: Type
II AS nociceptors are activated at >~43°C, whereas Type I AS nociceptors
are activated only at temperatures of >~51°C. We previously described
the cDNA cloning of the vanilloid/capsaicin receptor VR1. This ion
channel, expressed selectively in small to medium-diameter neurons, can
be activated not only by capsaicin, but alternatively by protons (pH <6)
or by noxious heat at temperatures >43°C. Thus, VR1 is a candidate
mediator of moderate-threshold thermal responses by C fibers. We have
now identified a homologue of VR1 (VRL-1) that appears to be
selectively overexpressed in AS neurons. When heterologously
expressed in nonneuronal mammalian cells or in frog oocytes, this ion
channel is not responsive to vanilloids or protons, but can be activated
by heat at temperatures >~52°C. Thus, VRL-1 is a candidate transducer
of high-threshold responses to noxious heat by type I AS nociceptors.

274.5

274.6

DISTINCT EXPRESSION PATTERNS OF VRL1 AND VR1
TJ Zhang1* t Judy Wang1, Sheila Scully2, Hpilan Wang1, Eileen Curran1,

C-TERMINAL DOMAIN OF VANILLOID RECEPTOR (VR1) SENSITZES
CELLS FOR HEAT AND VANILLOID LIGAND-INDUCED CALCIUM
CYTOTOXICITY. Z, ,Qlah\ ,Tt SzabQ2, D- Figfe RM,.
Blumberg2, M.J, Iadarola1*. ‘Neuronal Gene Expression Unit, NIDCR, 2Lab. of
Cellular Carcinogenesis and Tumor Promotion, NCI, 3Lab. Of Developmental
Neurobiology, NICHD, NIH, Bethesda, MD 20892, USA
Administration of vanilloids, such as capsaicin (CAP) and resiniferatoxin (RTX),
can elicit analgesia to noxious heat at the level of the spinal cord in the rat. To
better understand this phenomenon and to identify domain(s) important for heat and
vanilloid action, the cDNA of a vanilloid receptor (VR1), and C-terminally
truncated mutants were fused to the coding region of the enhanced green fluorescent
protein (eGFP). Production of the full-length and the truncated recombinants, VR1, and NVRleGFPs, were determined by immunoreactivity and fluorescence of the
eGFP-tag in transiently transfected Cos7 cells. While all the recombinant proteins
were expressed and similarly distributed in the cells, only the full-length VR1
showed [3H]RTX binding (Kd=161 + 8.8 pM), and RTX-induced Ca-uptake (Kd =
100 + 6.7 nM) in intact, transiently transfected Cos7 cells. Inactivity of the
truncated mutants suggests that the hydrophilic tail of VR1 is essential for heat-,
and vanilloid-induced activity. Fluorescent microscopy of the transfected cells
revealed plasma and intracellular membrane localization of the recombinants.
However, heat induced spontaneous nuclear membrane accumulation and
fragmentation only in VRleGFP transfected cells. Membrane damage was further
accelerated with nanomolar RTX treatment. Ca-microfluorometry indicates that the
increase in internal Ca concentration occurs concomitantly with exposure to ligand
and triggers the cytotoxic process. These data demonstrate a critical role for the
VR1 C- terminus in VR1 ionophore activity, ligand action, thermal sensitivity and
subcellular localization upon stimulation.

274.7

274.8

Tack Lile1 and James Treanor1. Departments of Neuroscience1 and
Pharmacology2, Amgen, Inc., Thousand Oaks, CA 91320
Vanilloid-receptor-like protein 1 (VRL1) is a capsaicin-receptor VR1
homologue that does not respond to capsaicin but to noxious heat. In
situ hybridization experiments have shown that VR1 and VRL1
mRNAs are expressed in different subsets of sensory neurons in the
dorsal root ganglia (DRG) and in the trigeminal ganglia. In DRG,
VRL1 was predominantly expressed in medium to large diameter
neurons while VR1 in small to medium size neurons. In contrast to VR1,
whose expression in the nervous systems was restricted to sensoiy
neurons, VRL1 has been shown to be expressed in the spinal cord and
the brain. The expression of VRL1 in the CNS was wide-spread, with
the highest level in nuclei associated with sensory and motor functions.
Low levels of VRL1 expression have been detected in bones, spleen and
lymph nodes. This expression pattern suggests that in addition to
conducting noxious heat, VRL1 may be involved in multiple biological
functions. A detail distribution of VRL1 will be presented. (Supported
by Amgen, Inc.)

Vanilloid
Receptor -Induced Capacitance
Changes
Suggest a Mechanism for Receptor Desensitization
.

in HEK-293

Cells

R.M, Caudle1*, Z, Olah2, F.M. Perez2, M.J. Iadarola2. ’Dept. of Oral Surgery,
University of Florida, Gainesville, Florida, 32610; 2NGEU,PNMB, NIDCR, NIH,
Bethesda, MD 20892.
The vanilloid agonists capsaicin (CAP) and resiniferatoxin (RTX) elicit intense
pain immediately following an intradermal injection. When the pain subsides, the
injected area is analgesic and desensitized to the agonists. To examine this
desensitization the VR1 receptor was cloned and fused to enhanced green fluorescent
protein (eGFP). The VRl-eGFP was transiently transfected into HEK-293 cells and
the cells were voltage clamped 24 to 48 hours after the transfection. The cells’
membrane voltage was maintained at -60 mV. Bath application of either CAP or RTX
elicited strong inward currents. The current evoked by 1 pM CAP could be blocked
by the vanilloid antagonist capsazepine (10 pM). Repeated application of CAP
resulted in a decreased maximum current with each successive treatment. The current
evoked by 125 pM RTX was only partially blocked by capsazepine (10 pM).
Repeated applications of RTX produced little or no current. These findings
demonstrate that RTX produces a much more rapid desensitization than CAP. Bath
applied RTX (125 pM) also significantly reduced the whole cell capacitance of the
transfected cells. However, there was no significant change in the membrane time
constant. These results indicate that the total surface area of the cells decreased as a
result of the RTX treatment and suggest that some of the surface membrane was
internalized. The total change in capacitance was correlated with the rise time of the
RTX induced current indicating that the number of VRl-eGFP receptors on the
membrane surface determined the amount of membrane that was internalized. The
capacitance changes are consistent with our fluorescent microscopy and confocal data
demonstrating that VRl-eGFP is internalized following RTX treatment.
In conclusion, the results of these experiments support the hypothesis that
receptor internalization is at least partially responsible for VR1 desensitization.
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POINT MUTATIONS IN VR1 RESULT IN ENHANCED SENSITIVITY
TO CAPSAICIN.

J. M. Welch, R. P. Erickson*, S. A, Simon and Peter H. Reinhart. Department
of Neurobiology, Duke University Medical Center, Box 3209, Durham, NC
27710.

The recently cloned VR1 receptor/channel can be activated by
capsaicin, protons, and noxious heat. To understand the molecular basis of
channel activation, we have expressed the VR1 protein in Xenopus laevis
oocytes and obtained dose-response relationships to these stimuli-using
voltage-clamp methods. The half-maximal values for channel activation by
capsaicin, protons, and heat (obtained from plots of log I (A) versus
temperature (°C)) are 0.97 pM (at 23°C), pH 5.25 (at 23°C), and 44.7°C
±1.1°C, respectively. We compared these data to the capsaicin, proton, and
temperature-activation properties of point mutants of VR1. Three of these
mutants, E636Q, D646N, and E648Q, exhibited a greater sensitivity to
capsaicin than VR1. Half-maximal channel activation is observed at 0.26 pM,
0.26 pM, and 0.30 pM, respectively. In contrast, other VR1 point mutants,
such as E536Q, E610Q, and E651Q, exhibit wild-type capsaicin sensitivity.
Each of these six point-mutants cannot be distinguished from VR1 in regard
to the proton concentration and temperature required for their activation. This
information can be utilized to localize domains important in capsaicin binding
and/or subsequent channel activation. These data also indicate that VR1
activation by capsaicin is a process distinct from activation by protons or
thermal stimuli.

This work is supported by NIH grants DC01065 and NS31253.
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274.10

MUTATIONS IN THE PUTATIVE SIXTH TRANSMEMBRANE DOMAIN
PROVIDE EVIDENCE FOR MULTIMERIZATION OF THE VR1 RECEPTOR, L
Sharkey*, H, Wang, E.V, Kuzhikandathil and G.S. Oxford. Dept. of Cell &
Molecular Physiology and the Neurobiology Curriculum. Univ. of North Carolina,
Chapel Hill, NC 27599.
The cloning and subsequent characterization of the VR1 capsaicin receptor have
identified some of the properties of this ligand-gated channel. However, to date, there
have been no reports describing functional domains of this receptor. To identify
domains that are important for function, we used site-directed mutagenesis to mutate
amino acid residues in the putative pore-loop and the sixth transmembrane domain of
the VR1 receptor. Mutated VR1 receptors were transfected into CHO-K1 cells and
characterized using whole cell recording. These studies showed that mutation of
specific amino acid residues in the putative sixth transmembrane domain results in
non-functional channels. In contrast, mutations in the putative pore-loop region do
not disrupt channel function. To ensure that the mutations in the sixth transmembrane
domain did not affect trafficking and membrane localization of the VR1 receptor, the
transfected CHO-K1 cells were immunostained with a VR1 specific antibody.
Comparison of cells transfected with wild type or mutated VR1 receptors confirmed
that the mutations did not affect trafficking or membrane localization. In addition,
using the non-functional VR1 receptor mutant, we tested the hypothesis that the
functional VR1 receptor is a multimeric complex. Co-transfection of mutant receptor
with wild type receptor significantly disrupted the function of the wild type receptor.
Furthermore, transfection of the mutant VR1 receptor into a CHOK1 cell line stably
expressing the wild type VR1 receptor significantly reduced the capsaicin-induced
currents. These results suggest that the non-functional VR1 mutant can be used as a
dominant-negative to characterize the function of VR1 receptors in vivo. Our results
provide novel evidence that the functional VR1 receptor forms a multimeric complex
and raises interesting questions about the proposed topology of the VR1 receptor.
(Supported by NIH grant NS 18788).

DESENSITIZATION OF THE CLONED CAPSAICIN RECEPTOR (VR1)
EXPRESSED IN MAMMALIAN CELLS. H. Wang* and G.S. Oxford. Dept. of Cell
& Molecular Physiology. Univ. of North Carolina, Chapel Hill, NC 27599.
A receptor which mediates non-selective cation channel activation in response to
vanilloids, protons, and heat (VR1) has recently been cloned (Caterina et al. 1997).
We have transfected VR1 into mammalian cells (CHO-K1) and have established a
stable cell line expressing this receptor. Functional characterization using patch clamp
electrophysiology reveals that this stable cell line exhibits the same properties in
response to capsaicin, resiniferatoxin and protons as have been reported previously
(Caterina et al. 1997; Tominaga et al. 1998). We focused our present study on the
desensitization properties of VR1. Both prolonged exposure and repetitive application
of capsaicin caused acute desensitization and tachyphylaxis of inward current
responses, respectively. Furthermore both forms of desensitization to capsaicin were
Ca++-dependent. Using Ca++-ffee bath solutions or high concentrations of BAPTA to
chelate internal Ca**, we could block the two types of desensitization. Similarly to
capsaicin, protons could induce both acute desensitization and tachyphylaxis of VR1,
and the proton-induced desensitization was also strongly Ca**-dependent. We
confirmed previous reports that protons can potentiate capsaicin responses when both
agents are applied simultaneously. However, we found a striking cross-desensitization
between capsaicin and protons when each were applied in sequence. This suggests
that the mechanisms underlying proton induced potentiation and desensitization may
not reflect alterations of a common pathway. The molecular mechanisms underlying
these phenomena are presently being investigated. (Supported by NIH grant
NS 18788).

274.11

274.12

CHARACTERISATION USING FLIPR™ OF RAT VANILLOID

CAPSAICIN SENSITIVITY IS RESTRICTED TO PEPTIDERGIC AND NONPEPTIDERGIC RAT DRG NEURONS EXPRESSING THE VANILLOID
RECEPTOR 1 (VR1).

RECEPTOR-1 (rVRl) PHARMACOLOGY. D. Smart J.C. Jerman, N.
Upton * andJ.B. Davis. Dept. of Neuroscience, SmithKline Beecham
Pharmaceuticals, New Frontiers Science Park, Harlow, Essex CM 19 5 AW,
U.K.
Following the recent cloning and expression of rVRl, we have
undertaken a pharmacological characterisation of this receptor in a
homogenous recombinant system. [Ca2+]i was monitored using a FLIPR™
and the Ca2+-sensitive dye Fluo-3 AM in HEK293 cells stably expressing
the rVRl. The agonist pharmacology was as expected, with a rank order of
potency of resiniferatoxin (RTX)>capsaicin=E-capsaicin=Zcapsaicin>olvanil>PPAHV. However, all were full agonists, contrary to
the previous reports that olvanil was a partial agonist. Interestingly, the
potency of the responses to capsaicin and olvanil, but not RTX or PPAHV,
were enhanced at pH 6.4. The capsaicin-induced response was inhibited by
capsazepine, isovelleral and ruthenium red. Furthermore, the signal
transduction pathways involved in the capsaicin-induced response were
also characterised using selective signal transduction modifying agents.

K. Schmidt and M. Koltzenburg*. Dept. of Neurology, University of Wiirzburg,
Josef-Schneider-St. 11, D-97080 Wurzburg, Germany.

VR1 has been shown to mediate the excitatory effects of capsaicin (CAPS).
Since further homologues of VR1 have already been found and as different
capsaicin receptors have been postulated on the basis of binding studies with
resiniferatoxin we have asked in this study whether CAPS sensitivity can be
found in neurons that do not express VR1.
DRG neurons from adult rat were grown in culture for 24h (several cultures
from at least 3 animals in each group), non-peptidergic nociceptors were
vitally labeled with FITC-isolectin B4 (IB4, 10 pg/ml) and peptidergic neurons
immunostained for CGRP. CAPS sensitivity (1pM) was either measured with
calcium imaging using fura-2 or CAPS-induced cobalt uptake (1pM CAPS for
8 minutes in the presence of 5mM cobalt followed by precipitation with
ammonium-polysulphide).
CAPS evoked a calcium influx in 63 ± 5% (mean ± SEM) of all neurons
whereas a CAPS-evoked cobalt uptake was found in 56 ± 6% of the cells. Out
of 315 cobalt-positive neurons 93% were also immunostained with an
antibody against VR1 (kindly supplied by Mike Caterina and David Julius) and
more than 98% (n=292) of the VR1-positive also showed a capsaicin-induced
cobalt-uptake. Cobalt-uptake occurred in equal proportion in IB4-positive
(70%, n=116) or CGRP-positive (70%, n=77) neurons.
We conclude, that VR1 immunocytochemistry labels virtually all capsaicin
sensitive DRG neurons in the rat whether they are peptidergic or nonpeptidergic. Thus, it appears unlikely that more than one functional capsaicin
receptor exists on DRG neurons in the rat.
Supported by the DFG, SFB 353.

274.13

274.14

NORMAL OR AXOTOMIZED GALANIN-CONTAINING DRG NEURONS
ARE NOT CAPSAICIN-SENSITIVE IN THE RAT.
J.R. Wendland1, K. Schmidt2, M, Schneider2*, M. Koltzenburg2 and M. Petersen1.
Depts. of Physiology1 and Neurology2, University of Wurzburg, Germany.
The neuropeptide gaianin (GAL) is normally only found in a small
subpopulation of sensory neurons, but its expression is strongly upregulated after
nerve injury. Since GAL is thought to contribute to nociceptive behavior following
nerve injury we have asked whether GAL-containing neurons are also excited by
capsaicin.
Capsaicin (300 nM) evoked cobalt uptake and GAL immunocytochemistry were
performed in L4/L5 DRGs cultured for only 6 hours. In normal rats 62% of neurons
showed a cobalt uptake, 6% stained for gaianin and there was no overlap between
both populations. Capsaicin-positive neurons were significantly smaller in crosssectional area (mean ± SEM 702 ± 16 pm2) than galanin-positive neurons (1625 ±
138 pm2). After 6, 10 and 14 days of axotomy of the sciatic nerve, the proportion of
capsaicin-positive neurons decreased to 26, 28 and 29%, respectively. In contrast,
galanin-positive neurons increased to 22%, 34% and 29%, but compared to controls
were significantly smaller (cross-sectional area 572 ± 37, 643 ± 36 and 640 ± 86
pm2, respectively), indicating that GAL expression occurred primarily in small
neurons. The mean cross-sectional area of the capsaicin-positive neurons remained
unchanged. Despite the upregulation of GAL content in small neurons, none
showed a capsaicin-induced cobalt uptake. Using the chronic constriction injury
model of neuropathic pain there was no change in the proportions of capsaicin- and
GAL-positive neurons up to 14 days despite the fact that hyperalgesia to heat is
maximal during this time in this model.
We conclude that capsaicin-sensitive neurons do not contain gaianin even at
times when GAL-synthesis is upregulated. This suggests that GAL is upregulated in
non-nociceptive neurons or in capsaicin-insensitive nociceptors.
Supported by DFG Pe 299/3-2 and SFB 353 to M.P. and M.K.

RESPONSES OF SMALL MYELINATED AND UNMYELINATED
CUTANEOUS NOCICEPTORS IN RATS TO INTRADERMAL INJECTION OF
CAPSAICIN AND THE EFFECTS OF SYMPATHECTOMY. Q, Lin*, X.J. Zou, J.
Wu and W.D. Willis. Dept. of Anatomy & Neurosciences, UTMB, Galveston, TX
77555-1069.
Intradermal injection of capsaicin (CAP) produces intense pain mainly by
selectively activating polymodel C-fiber nociceptors. Sympathetic outflow has been
suggested to modulate pain transmission in tissue injury or inflammatory models. In
this study, we examined the effects of intradennal injection of CAP on activity of
both A5- and C-fiber nociceptors and evaluated the possibility that this CAP-induced
response is sympathetically modulated in the periphery. Teased-fiber techniques
were used to record from A- and C-fiber nociceptors tliat innervate the skin of hind
paw in the anesthetized rat. Fiber types were identified by measurements of
conduction velocity. Control responses of tlie identified fibers to von Frey filament
stimuli applied to tlie receptive field were recorded prior to CAP injection. CAP
injected intradermally within the receptive field produced an immediate increase in
spontaneous discharges tliat lasted up to minutes in most C-fibers and some A6fibers. This was followed by enhanced responses to von Frey stimuli in all fibers
tested (8 A6- and 3 C-fibers). The enhanced responses lasted up to 1 hr after CAP
injection. However, in sympatliectomized rats the increased responses induced by
CAP were profoundly reduced in 4 of 5 A6 -fibers and responses to Von Frey
stimuli were even less than the control level in 4 of 5 C-fibers. Close-by-arterial
injection of noradreline enlianced responses of both A5- and C-fibers to von Frey
stimuli. CAP-induced enhancement of responses of both A5- and C-fibers to von
Frey stimuli were reduced when phentolamine was injected intraarterially. Tiiese
results suggest tliat both A6- and C-fibers may be responsible for signaling the initial
intense pain as well as tlie prolonged pain following CAP injection. Sympathetic
activity appears to modulate this process in tlie periphery. (This work was supported
by Recruitment Grant 2517-98 and NIH grant NS09743).
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INCREASE IN THE INTRACELLULAR [Ca2+], IN ISOLATED RAT DORSAL
ROOT GANGLION NEURONS BY BI AND B2 BRADYKININ RECEPTOR
AGONISTS IN CAPSAICIN SENSITIVE NEURONS M. Petersen1*, A, Klusch1,
R.F, Schmidt1, C, Belmonte2, and M, Valdeolmillos2 Institute of Physiology1,
University of Wurzburg, D-97070 Wurzburg, Germany, and Instituto de
Neurociencias2, Universidad Miguel Hernandez, 03550 San Juan de Alicante, Spain
An involvement of the B1 bradykinin receptor under pathophysiological conditions
of hyperalgesia has been postulated. In addition, in previous studies we found an
induction of B1 receptors in isolated dorsal root ganglion neurons from normal rats
with time in culture. The aim of this study was to determine whether these BI
receptors are also functional and whether they are co-expressed with B2 receptors and
with the capsaicin receptor VR1.
DRG neurons from normal animals were isolated, plated on coverslips and kept
under standard culture conditions for one to three days. The intracellular Ca2+
concentration was measured by microfluometry. Neurons were loaded with the Ca2+ sensitive fluorescent chelator Fura-2/AM and superfused with the BI agonist [desArg10]-Kallidin (10 nM to lpM), followed by the B2 agonist bradykinin (10 nM to 1
pM) and the VR1 agonist capsaicin (lpM).
Of 137 neurons tested, 44 (32%) responded to kinin agonists. Among these, three
populations of kinin-responsive neurons could be distinguished, one responding
exclusively to the B1 agonist, one to the B2 and one to both agonists. Thirteen neurons
(9%) responded to the BI agonist, 15 (11%) to the B2 agonist, and 16 (12%) to both
the B1 and B2 antagonists. All neurons responding to a kinin agonist also responded to
capsaicin. Both BI and B2 agonist responses showed tachyphylaxis.
We conclude that a proportion of isolated dorsal root ganglion neurons expresses B1
receptors. These neurons are capsaicin sensitive, suggesting that nociceptors are
capable of expressing BI receptors.
Supported by DFG Pe 299/3-2, SFB 353 to M.P., SAF/97-0195 to M.V., and the
Max-von-Frey Gesellschaft.

ACTIONS OF CAPSAICIN ON SYNAPTIC TRANSMISSION IN SUBSTANTIA
GELATINOSA NEURONS OF ADULT RAT SPINAL CORD SLICES. K
Yang1, E. Kumamoto1, H. Furue1, T. Tokimasa2*, M. Yoshimura1. ’Dept. of
Physiology, Saga Med. Sch., Saga 849-8501; 2Dept. of Physiology, Tokai Univ.
Sch. Med., Isehara 259-1193, Japan.
Actions of capsaicin were examined on synaptic transmission to substantia
gelatinosa (SG) neurons of an adult rat spinal cord slice with an attached dorsal root
using the whole-cell voltage-clamp technique. Bath-applied capsaicin (1-2//M) for 30
s produced in SG neurons a slow excitatory current (having a duration of 93 s and an
amplitude of 21 pA at 2 pM; at -70 mV) which was accompanied by an increase in the
frequency of spontaneous glutamatergic EPSC (by 234 % at 2 pM). In addition,
capsaicin reduced the amplitude of EPSC evoked in SG neurons by stimulating C- (by
86 % at 1 pM) but not A6-afferent fibers. The capsaicin actions were blocked by a
capsaicin receptor antagonist, capsazepine (10 pM), and were not observed following
either neonatal capsaicin treatment or dorsal rhizotomy, by which C-fibers are known
to degenerate. On the other hand, capsaicin affected neither GABAergic nor glycinergic
inhibitory transmission which is spontaneously or electrically evoked in SG neurons.
It is concluded that capsaicin has two contradictory actions on glutamatergic
transmission to SG neurons: facilitation of spontaneous transmission and blockade of
C fiber-evoked transmission. The former action together with the capsaicin-induced
slow excitatory current would contribute to a burning pain of capsaicin while the latter
action may account for the analgesic effect of capsaicin together with the well-known
desensitization or excitotoxic damage of C-fibers.
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THE CAT ZONA INCERTA: SOMATOSENSORY CONNECTIONS AND
CHEMOARCHITECTURE. R.C.S. Lin1*. K.L, Simpson1 & P.J, May1*2. Depts.
of Anatomy1 and Neurology2, Univ. of Mississippi Med. Ctr., Jackson, MS 39216.
The rodent zona incerta (ZI) has been characterized in terms of its connections
and neurotransmitter content. In rats, it contains two lamina of GABAergic neurons. The dorsal ZI (dZI) is reciprocally connected with primary somatosensory
cortex (SI), while ventral ZI (vZI) maintains a similar relationship with the
superior colliculus (SC). The feline ZI also demonstrates distinct lamination,
however the cat ZI extends dorsally to wrap around the lateral surface of the
thalamus. While connections between vZI and SC have been demonstrated in the
cat, the connections of dZI have not been specified. In the present study, injections of WGA-HRP into cat SI produced a layer of dense terminal label restricted
to the dZI. Retrogradely labeled neurons were scattered within this terminal field,
suggesting a reciprocal connection. The distribution of label extended dorsally
as a thin lamina along the lateral surface of the thalamus. Immunohistochemical
investigation of the cat ZI indicated, as expected, that both divisions contained
GABA-ergic neurons. In comparison to the rodent ZI, staining for 5HT or for
galanin, revealed a less dense plexus of fibers in the feline. NADPHd-positive
fibers, which presumably contain NO, formed an extensive network throughout
ZI, with slightly greater density in dZI; a pattern similar to that of the rat. In rats
the dorsal thalamus receives NADPHd input from a set of cells distributed along
the dorsal raphe lateral wing into the parabrachial region. Retrogradely labeled
cells present in this cell group after injections of the cat ZI also suggests a potential raphe-incertal projection. In conclusion, rat and cat ZIs have relatively similar
chemoarchitectures and patterns of connection with SI. It remains to be seen
whether cat trigeminal afferents terminate in dorsal ZI, respecting the laminar
pattern demonstrated in rodents. Support: NS29161 (RCSL) & a BEBRF grant (PJM).

THE CAT ZONA INCERTA: ULTRASTRUCTURAL CHARACTERIZATION
OF INCERTOCORTICAL AND INCERTOTECTAL NEURONS. P.J. May1'3*.
K.-U Simpson.1 R,c8.s.t Lin!. Departments of Anatomy1, Ophthalmology2 and
Neurology3, University of Mississippi Medical Center, Jackson, MS 39216.
The zona incerta (ZI) supplies a presumably GABAergic input to both primary
somatosensory (SI) cortex and the motor output cells of the superior colliculus
(SC). These projections originate in the dorsal and ventral laminae of the ZI, respectively. It is not clear whether this laminar pattern underlies a difference in the
processing occurring within the two ZI laminae, vis-a-vis the sensory vs. motor
nature of their targets. To examine this point, the ultrastructure of neurons retrogradely labeled with WGA-HRP injected into either SI cortex or SC was studied.
Both types of neurons had relatively small fusiform somata from which dendrites
occasionally extended. Both had indented nuclei, but deeply indented nuclei were
more common in incertotectal neurons. Incertocortical neurons rarely displayed
axosomatic contacts, and contacts on the proximal dendrites were also sparse. In
contrast, axosomatic and proximal axodendritic contacts were more prevalent on
incertotectal neurons. Several different types of terminal profile were present.
They contained either clear spherical (Atl) or clear pleomorphic (At2) vesicles.
In some cases, scattered, small dense-cored vesicles were also present (AtID &
At2D). Contacts on incertotectal somata often had pleomorphic vesicles, while
spherical vesicles were prevalent in contacts on the labeled dendrites of both cell
types. Anterogradely labeled Atl type corticoincertal terminals found in the
dorsal lamina made asymmetric contacts on small distal dendrites. Similarly, Atl
type tectoincertal terminals were present in the ventral lamina. We conclude that
there are laminar differences in both ZI inputs and the ultrastructure of ZI output
neurons, indicating that differential transformations within dorsal and ventral ZI
produce target appropriate signals. Supported by EY09762 (PJM) & NS29161 (RCSL)

275.3

275.4

CHANGES OF GABA, GLUTAMATE, PARVALBUMIN AND NeuN
IMMUNOHISTOCHEMISTRY IN SOMATOSENSORY CORTEX (SI) OF ADULT
RATS AFTER INTRACORTICAL MICROSTIMULATION. A, Benali1*, U.T. Evsel2
and H,R. Dinse1. ’institut fiir Neuroinformatik and 2Institut fiir Physiologie , RuhrUniversitat, D-44780 Bochum, Germany.
Intracortical microstimulation (ICMS) is an efficient tool to induce short-term,
reversible cortical plasticity in the somatosensory, auditory, visual, and motor system.
However, little is known about the histochemical changes associated with
reorganization of receptive fields (RFs) and cortical maps. We used ICMS-induced
plastic changes in the hindpaw representation of SI that are characterized by a
selective, but reversible increase of RF sizes and a corresponding enlargement of
cortical territory around the ICMS-site (Recanzone et al. 1992; Dinse et al. 1997), and
analyzed with immunohistochemical methods which transmitter systems and proteins
are involved. ICMS was applied through glass-microelectrodes in layer IV of SI with
charge-balanced current pulse trains (13 pulses, 6-12 pA, 200 ps duration, 300 Hz)
with a repetition rate of 1 Hz. After 2 hours of ICMS, the anesthetized male adult rats
(Sprague Dawley, n=13) were perfused. Paraformaldehyde fixed 30 pm frozen sections
and 5 pm paraffin sections were stained for Nissl and Masson. Adjacent sections were
immunohistochemically treated with antibodies against glutamate, parvalbumin (PV),
GABA, and NeuN (Neuronal nuclear antigen). In frozen sections no differences could
be found between the ICMS treated side and the contralateral control hemisphere. In
contrast, paraffin-sections revealed differences between the ICMS and control
hemisphere: The immunostaining was enhanced around the ICMS-site for GABA and
glutamate, but reduced for PV and NeuN. The results indicate that ICMS-induced
cortical reorganization is paralleled by a specific pattern of immunohistochemical
changes with both the GABAergic and the glutamatergic system intensified. This
pattern is different from changes after cortical or retinal lesions when the GABAergic
system is down-regulated. We therefore conclude that the mechanisms mediating
ICMS-induced plasticity are different from reorganizational changes induced by injury.
Supported by the Deutsche Forschungsgemeinschaft (SFB 509, C4 and C5).

CLONING OF A NEW EAG POTASSIUM SUBUNIT EXPRESSED
PRIMARILY IN LAYER IV OF THE RAT NEOCORTEX. M. Saganich1. E,
Vega-Saenz de Miera1*. M, Nadal1. A, Chow1. H, Baker2, B, Rudy1. ’Dept. of
Physiology and Neuroscience, NYU Medical Center; NY, NY 10016; 2Comell
University Medical College, Burke Medical Research Institute.
A new member of the ether a go-go (eag) potassium channel family was
identified by RT-PCR using degenerate primers and single stranded cDNA
derived from thalamus RNA. A complete coding sequence was obtained using
3’- and 5’-RACE. The cDNA predicts a protein of 988 aa showing 78%
sequence identity to the rat eagl sequence. As is characteristic of the eag
family the new sequence is particularly similar to other members of the family
in the amino and transmembrane areas of the protein. It also shares a putative
cyclic nucleotide binding domain in the C-terminal region and a leucine zipper
motif thought to be important in subunit assembly. The new protein expresses
outward-rectifying voltage-dependent K+ currents resembling those of Reagl,
including a strong dependence of activation kinetics on prepulse potential.
Currents start activating at subthreshold potentials, significantly more negative
than those reported for eagl. The new eag channels are thus likely to influence
resting membrane potentials as well as cell firing properties. While the mRNA
levels in whole brain appear to be low, they are highly concentrated in layer IV
of the cerebral cortex, as revealed by in-situ hybridization in rat and mouse
brain. This highly restricted pattern of cortical expression is unlike any other
potassium channel cloned to date, and may suggest specific roles for this
channel in cortical processing. Supported by NIH grants NS30989 and
NS35215.
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CHANGES IN CORTICAL GENE EXPRESSION OF PRESYNAPTIC GENES
FOLLOWING VIBRISSAE STIMULATION IN THE RAT. P.K, Todd* and
K.J, Mack. Neuroscience training program, MD/Ph.D. program and Waisman
center for Mental Retardation. University of Wisconsin, Madison 53705
Changes in gene expression are thought to play a critical role in synaptic
plasticity. The rat barrel cortex is one model system for studying such changes in
vivo. Previous work in our lab has demonstrated that a number of Early Growth
Response (EGR) genes, including Zif-268/NGFI-A and NGFI-C, are significantly
upregulated for one to two hours after 15 minutes of vibrissae (whisker)
stimulation. These EGR genes are members of a family of zinc finger
transcription factors that are known to recognize and bind to a specific cisregulatory element, "GCGGGGGCG." Given these findings, we developed the
hypothesis that sensory stimulation induces an EGR dependent cascade of gene
expression leading to changes in function and morphology at the level of the
synapse. To test this, we asked what presynaptic genes might be targets for
activation by these transcription factors. Genbank and literature searches
revealed at least five putative presynaptic target genes that contain this cis
regulatory element within their promoter. One product of these genes is the
vesicular protein synapsin I. Using immunoblotting techniques on synaptosomal
extracts of somatosensory cortex, we have been able to demonstrate an elevation
in the levels of expression this protein at 1-2 hours after vibrissae stimulation.
This mirrors changes seen previously in the EGR transcription factors NGFI-A
and NGFI-C. Further studies will look at the protein levels of other putative
presynaptic target genes. We believe that this cascade of gene expression
represents one of several pathways used in experience dependenfplasticity to
effect changes at the synapse. Funded by NIH grant NS33913 to KJM.

CORTICAL BARREL FIELD ABLATION AND VIBRISSAL MOVEMENT
PATTERNS IN THE HEAD-FIXED RAT. M.A. Harvey*. R, N. S. Sachdev. and
H.P, Zeigler. Hunter College, City University of New York, NY Vanderbilt
University, Nashville, TN, 37203.
The rodent vibrissae function as sensorimotor elements in an “active touch” system.
Whisking generates patterns of somatosensory input which are used to guide
exploratory and discriminative behaviors, including, movements of the vibrissae
themselves. The rat's discrimination performance requires modulation of whisking
movement parameters to meet the functional requirements of the discriminative task
(Carvell & Simons, ’95). The vibrissae are represented at cortical levels, by discrete
neuronal aggregates (“barrels"), whose spatial organization replicates the pattern of
individual whiskers on the snout. Ablation of the cortical “barrel field” has no effect
upon tactile detection or discrimination tasks involving passive touch, but disrupts
performance on active touch tasks such as gap detection, (Hutson and Masterton,
’86), and texture discrimination, (Guic-Robles, et al, ’92). These observations
suggest that disruptive effects of “barrel field” ablation upon tactile discriminations
may reflect lesion effects upon sensorimotor control of vibrissa movement patterns.
However, in neither of the lesion studies was whisking behavior directly measured.
We have examined unconditioned patterns of vibrissa movement in three rats, which
had previously sustained unilateral ablation of the cortical barrel field, earned out
under electrophysiological control. Movements of a pair of bilaterally homologous
whiskers (C-l, R, L) were monitored, “on-line”, in head-fixed animals, using highresolution optoelectronic techniques. All other whiskers were intact. In all three rats,
whisking amplitudes were significantly greater for the vibrissa contralateral to the
ablation site. No such effects are seen after peripheral deafferentation. These
observations are consistent with a model in which a whisking Central Pattern
Generator is modulated by cortical sensorimotor outputs, bilaterally coordinated by
callosal connections. Barrel field ablation reduces that output, unilaterally,
producing an imbalance in the modulatory input to the CPG. Grant NS37263.

275.7

275.8

PERIPHERAL NERVE INPUT IS NOT REQUIRED FOR RECOVERY OF A
BLURRED BARREL PATTERN IN THE RAT’S PRIMARY SOMATOSENSORY
CORTEX.
R.W. Rhoades*, C.B. Boylan, N.L, Chiaia and C.A. Bennett-Clarke.
Dept. of Anatomy and Neurobiology, Medical College of Ohio, Toledo OH 43699

NEONATAL ADMINISTRATION OF 5-NONYLOXYTRIPTAMINE ALTERS
THE PATTERN OF VIBRISSAE-RELATED THALAMOCORTICAL
AFFERENTS IN THE ABSENCE OF INCREASED CORTICAL SEROTONIN.
C.L. Young-Davies*, C, A, Bennett-Clarke. R.D. Lane and R.W, Rhoades, Dept.
of Anatomy and Neurobiology, Medical College of Ohio, Toledo, OH, 43699.
A large body of literature suggests that altering levels of cortical serotonin (5-HT)
during the first postnatal week can influence cortical afferent development.
Experiments from our laboratory demonstrate raising cortical 5-HT levels via the
administration of a monoamine oxidase (MAO) inhibitor, clorgyline, blurs the
normal vibrissae-related pattern of thalamocortical afferents in the rat primary
somatosensory cortex (SI) (Young-Davies et al., 1998). The 5-HT1B receptor has
been postulated to have a role in mediating this effect because thalamocortical axons
transiently express 5-HT1B receptors during development (Bennett-Clarke et al.,
1993). To determine the contribution of 5-HT1B receptors in the formation of
normal vibrissae-related patterns, a highly-specific 5-HT1B receptor agonist, 5nonyloxytriptamine (5-NNT), was administered systemically (0.1 mg/kg, s.c.) to
rats from birth until postnatal day 6 (P-6). On P-6, animals were killed and their
brains were processed either for HPLC (to assess cortical 5-HT levels), 5-HT
immunocytochemistry, or application of Di-I to thalamocortical radiations (to label
afferent fibers from ventrobasal thalamus). Treatment with 5-NNT lowered cortical
5-HT levels by 60%. In treated animals, both 5-HT immunoreactivity in SI
barrelfield and patterns of thalamocortical afferents stained with Di-I were fused,
with rows evident but no distinct patches visible. Treatment with 5-NNT did not
significantly influence body, brain or cortical weight, or the overall dimensions of
the SI cortex. These results indicate that agonism of the 5-HT1B receptor during the
first postnatal week influences the development of vibrissae-related thalamocortical
afferents in the absence of increased cortical 5-HT.
Supported by DA10030 and DE07734.

Previous work by Cases et al. (1996) has demonstrated that mice lacking the
gene encoding MAOa do not have vibrissae-pattemed aggregates of layer IV cells
and thalamocortical axons (TCAs) normally seen in mouse and rat primary
somatosensory cortex (S-I). Additionally, our laboratoiy has shown that the MAOa
inhibitor, clorgyline (CLORG), given four or five times daily from postnatal day 0
(P-0) to P-6 produces “barrelless” rats as demonstrated by TCA labeling with the
carbocyanine dye, Dil, and by 5-HT immunohistochemistry (ICC) in flattened
cortical sections (Boylan et al., 1999). Following the discontinuation of CLORG on
P-6, the normal vibrissae-related patterning of TCAs is completely restored in these
rats by P-8. We undertook the present experiments to examine whether peripherally
derived activity is required for the recovery of the CLORG-induced blurred barrel
pattern. Neonatal rats treated with CLORG 5mg/kg four times daily from P-0 to P-6
had their left infraorbital nerve (ION) cut on P-6 and were then allowed to recover
until P-10. Galanin immunoreactivity was upregulated in the contralateral trigeminal
brainstem complex at P-10, indicating successful ION transection in these animals.
However, cytochrome oxidase (CO) staining of the trigeminal brainstem nuclei and
of layer IV cortical cells revealed normal vibrissae-related patterns bilaterally at both
sites. These results indicate that the loss of peripherally derived activity to the
cortical hemisphere contralateral to the ION cut had no effect on barrel pattern
restoration. Additional studies are currently underway to determine whether
centrally derived activity is involved in recovery of the characteristic vibrissaerelated patterning of TCAs following CLORG-induced blurring.
Supported by: DA10030 & DE07734

275.9

275.10

TEMPORARY DEAFFERENTATION-INDUCED CHANGES OF
NEURAL NETWORKS IN THE SI CORTEX OF RATS S.C.
H.C. Shin Dept. of Physiol., Coll, of Med., Hallym Univ.,
Chunchon, Kangwon-do Korea #200-702, heshin@sun.hallym.ac.kr
We have carried out simultaneous many (up to 15) single unit
recordings from the primary somatosensory (SI) cortex of
anesthetized rats before and after temporary deafferentation (TD) to
the receptive field (RF, forepaw digits) by the injection of lidocaine
(1-2%). The blocking of afferent transmission and the emergence of
new RF were quantitatively determined by the analysis of the
post-stimulus time histograms. Responsiveness to the RF stimulation
was diminished by 86.44 ±3.5% at 10 min after lidocaine injection to
the RF center, while it was augmented by 21.58 ±9.5% at 10 min
after TD to the outside of the RF. Changes of fiinctional
connectivity patterns among simultaneously recorded neurons were
determined by
analyzing
spike-triggered cross-correlograms.
Co-firing patterns were frequently observed either from
spontaneously active neurons or from peripherally activated neurons
and they were usually diminished and then recovered during TD.
Cells showing less strong responsiveness to the RF activation
received both strong excitatory inputs from RF center cells and very
weak excitations form RF boundary cells. During TD, inputs from
RF center cells were reduced and then recovered, while weak
excitations from RF boundary cells became stronger and then
weakened. These results provide evidences that the emergence of
new RF after TD may actually involve the activation of originally
weak, latent connections, (supported by a '98 grant to HCShin from
the Korean Ministry of Science & Engineering and the Brain Science
Research Program).

MORPHOLOGICAL AND BIOPHYSICAL PROPERTIES OF IDENTIFIED
NEURONS IN MOUSE BARREL CORTEX. L, Katz. Y. Li and A, Keller*. Dept.
Anatomy & Neurobiology, Program in Neuroscience, University of Maryland
School of Medicine, Baltimore, MD 21201.
We compared the properties of 3 classes of neurons in mouse barrel cortex:
Corticocortical (CC) and corticothalamic (CT) neurons, and layer IV cells.
Retrograde tracer was used to identify CC and CT neurons, and whole-cell recoidings
obtained from in vitro slices. Three patterns of repetitive firing were recorded: Fastspiking (FS), regular-spiking (RS), intrinsically-bursting (IB). Most (98.5%) CC
and CT cells were of the RS-type, and biocytin histochemistry revealed that these
were pyramidal neurons. FS behavior was observed in a single bipolar neuron, and
IB was not observed in either CC or CT cells. In contrast, most (68.7%) layer IV
cells were of the FS-type, and were smooth, nonpyramidal neurons, the remaining
were spiny-stellate cells, having either RS (29.4%) or IB (1.8%) properties. CT
neurons were further distinguished from CC cells by having higher spike frequency,
shorter inter-spike intervals, and frequency-dependent attenuation of spike amplitude.
A hyperpolarization-activated depolarizing current was prevalent in both CC and CT
neurons (93%); this Ih-like current was largely absent in layer IV cells. The different
classes of neurons differed in the distribution of their axonal and dendritic
arborizations. Layer IV cells were largely confined to their parent barrels, and only a
small number of excitatory neurons, less than 15%, had an axon collateral that
projected to an immediately adjacent barrel. Almost all of these neurons were located
in a septum between adjacent barrels. CC cells in both the supragranular and
infragranular layers extended long, horizontal axons that spanned several barrel
columns. CT cells in layer V extended vertical axons that terminated preferentially in
the barrel immediately above the parent soma. Layer VI CT neurons had more diffuse
axon collaterals, that terminated preferentially in the infragranular layers. These
distinct patterns of intracortical arborizations and physiological properties are likely
involved in shaping and modulating the response properties of barrel cortex neurons.
Supported by PHS:NIH grant NS31078.
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275.12

FREQUENCY-DEPENDENT REGULATION OF SYNAPTIC
INTERACTIONS IN THE BARREL CORTEX. N. Laaris* and A. Keller.
Dept. Anatomy & Neurobiology, Program in Neuroscience, University of
Maryland School of Medicine, Baltimore, MD 21201.
Optical imaging of voltage-sensitive dye signals were used to study the
spatio-temporal spread of activity in the barrel cortex, evoked by
stimulation of thalamocortical (TC) afferents in an in vitro slice
preparation. Stimulation of the thalamus, at low current intensity, results
in activity restricted to a single barrel, and to layer Vb. These responses
are attenuated, but not abolished, by applying an antagonist of nonNMDA receptors. Low concentrations of the GABAa receptor antagonist
bicuculline results in an increase in optical signals recorded in layers IV
and Vb. However, this does not result in propagation of activity to other
layers or to adjacent columns. Higher concentrations of bicuculline result
in paroxysmal discharges, and a slow propagation of activity throughout
the barrel cortex. Removing Mg2* from the extracellular solution
dramatically alters the spatiotemporal pattern of excitation: Activity
spreads to the supragranular layers and to adjacent barrel columns. This
is suppressed by the NMDA receptor antagonist AP5. These findings
suggest that intracortical synaptic interactions are mediated, in large part,
by NMDA receptors. Most striking was the finding that stimulating the
thalamus with 2 to 4 pulses, at 10 to 100Hz, results in dramatic expansion
in the spread of activity. The pattern of enhanced activation was similar to
that observed following removal of Mg2*, suggesting that it involves
activation of NMDA receptors. Indeed, application of AP5 suppressed the
frequency-dependent spread of activity. These findings indicate that the
spatiotemporal spread of activity in the barrel cortex is altered by varying
the patterns of thalamic inputs, and suggests that a similar process occurs
during repetitive whisking activity.
Supported by PHS:NIH grant NS31078.

SEROTONIN,B KNOCKOUT MICE DISPLAY AN UNALTERED VIBRISSAERELATED THALAMOCORTICAL AFFERENT PATTERN. K.L. Kesterson.
C.B. Boylan, T. Hoppenjans, C.A. Bennett-Clarke*, and R.W. Rhoades. Dept. of
Anatomy and Neurobiology, Medical College of Ohio, Toledo, OH 43614.
Previous research in our laboratory has shown serotonin-related (5-HT)
elements are transiently expressed in developing rodent sensory cortices.
Specifically, the serotonin IB (5-HT,B) receptors have been shown to be
transiently expressed on thalamocortical axon terminals (Bennett-Clarke et al.,
1993). The present study examined thalamocortical afferent patterns of mice
lacking the gene encoding the 5-HT,B receptor derived from the 129/Sv-ter strain
(Sandou et al., 1994). These knockout mice were originally obtained from Dr.
Rene' Hen and subsequently bred in our laboratory. Wild-type (P-10, N=12;
P>60, N=7) and knockout (P-10, N=2; P>60, N=23) mice were euthanized,
transcardially perfused with 0.9% saline in 0.1 sodium phosphate buffer followed
by 4.0% paraformaldehyde fixative, and their brains were processed for
cytochrome oxidase (CO) histochemistry by the method of Wong-Riley (1979).
Also, tails were clipped from each pup, labeled and stored at -70°C for genotyping.
Verification for the lack of 5-HT,b receptor in the knockout mice was established
by genotyping and a [125I]cyanopindolol binding assay. CO-stained sections in P10 and adult knockout mice revealed qualitatively unaltered somatotopic patterns
of CO-stained cellular aggregates corresponding to vibrissae and other portions of
the body when compared to the wild-type mice. Average cross-sectional areas of
CO-stained cortical patches corresponding to the four most caudal vibrissae of
each row in the knockout mice (0.0356 ± 0.0048 mm2) did not reveal any
significant differences from the wild-type average means (0.0353 ± 0.0015 mm2).
Supported by DA 10030 & DE07734

275.13

275.14

SENSITIVE PERIOD FOR THE EFFECTS OF SEROTONIN IN PRODUCING A
“BARRELLESS” PATTERN IN THE RAT’S PRIMARY SOMATOSENSORY
CORTEX. C.B. Boylan*, C.A, Bennett-Clarke and R.W. Rhoades.
Dept of
Anatomy and Neurobiology, Medical College of Ohio, Toledo OH 43699
Previous research has shown that transgenic mice deficient in monoamine
oxidase A (MAOa ) do not form the characteristic vibrissae-related patterning of
either thalamocortical afferents (TCAs) or layer IV cells in somatosensory cortex
(S-I) (Cases et al., 1996). Data from our laboratory and others has demonstrated that
the postnatal administration of the MAOa inhibitor, clorgyline (CLORG),
significantly increases the size of individual cytochrome oxidase (CO) stained
barrels in rats (Young-Davies et al., 1998) and mice (Vitalis et al., 1998). We
undertook the present study to examine the extent to which barrel formation could be
disrupted following a chronic and more frequent CLORG dosing schedule and
whether a critical period exists for these effects. Neonatal rats that received CLORG
5mg/kg five times daily from postnatal day 0 (P-0) to P-6 (n=6) had cortical 5-HT
levels that were 1589 ± 53% higher than saline injected controls (n=7) as measured
by HPLC. Labeling of TCAs with the carbocyanine dye, Dil, revealed a “barrelless”
pattern in the S-I of P-6 CLORG treated rats. Immunocytochemical (ICC)
demonstration of 5-HT in the flattened contralateral corticies from the same animals
displayed an identical and very intensely stained pattern of 5-HT immunoreactivity.
Additional experiments indicated that rats treated with CLORG for a longer time
period (P-0 through P-8 or P-10) demonstrated a blurred pattern with discernable
rows in Dil- and 5-HT-labeled sections. However, if the CLORG injections were
stopped on P-6 and the animals allowed to survive until P-8 or P-10, the normal
vibrissae-related patterning of TCAs was completely restored within 48 hours of the
last CLORG injection. In addition, it appears that the sensitive period for these
effects exists between P-0 and P-3 since animals treated from either P-3 or P-6 until
P-10 demonstrated the normal vibrissae-related patterning of TCAs.
Supported by: DA10030 & DE07734

CORTICAL PROJECTIONS OF REGIONS NEIGHBORING
VMpo IN THE POSTERIOR THALAMUS OF THE MACAQUE
MONKEY. E.-T. Zhang* & A.D. Craig. Atkinson Pain Research Lab.,
Div. of Neurosurgery, Barrow Neurological Institute, Phoenix, AZ 85013.
Prior anatomic and physiologic work described a dedicated lamina I
spino- and trigemino-thalamo-cortical relay nucleus (VMpo) in the
posterior region of the primate thalamus that projects topographically to a
distinct field in the fundus of the superior limiting sulcus of insular
cortex. Comparable anatomic, physiologic, imaging and clinical evidence
in humans support the proposed role of this pathway in enteroception,
including specific pain and temperature sensation.
For subtractive comparison of thalamo-cortical projections, we have
made multiple anterograde tracer injections into the regions neighboring
VMpo. Iontophoretic or hydraulic injections of labeled dextrans (biotin or
TRITC) through micropipettes in 10 anesthetized cynomolgus monkeys
were localized based on microelectrode recordings and subsequent
cytoarchitectonic analysis. Animals survived 3-6 wks. Injections in VPI
(where WDRs were recorded), rostrolateral to VMpo, produced terminal
labeling focused in the most caudal portion of the parietal lateral
operculum (S2). Injections in Po, caudal to VMpo, produced labeling
focused in the fundus of the lateral sulcus (Ri, PIVC) and along its
temporal bank. Ancillary projections were also observed in posterior
granular insula, areas 4,6 and 7, and in cingulate cortex.
These observations support the differentiation of VMpo within the
posterior thalamus of primates, and they help elucidate the evidence
reported in previous studies by others.

275.15

275.16

EFFECT OF NEONATAL LEAD EXPOSURE ON RODENT
BARREL FIELD STRUCTURE. M.A. Wilson,* M.E. Blue. K.S,

KAINATE
RECEPTOR REGULATION AT
THALAMOCORTICAL
SYNAPSES DURING DEVELOPMENT OF THE RAT SOMATOSENSORY
CORTEX. F.L. Kidd* and J.T.R. Isaac. Dept. of Anatomy, University of Bristol,
School of Medical Sciences, University Walk, Bristol, U.K. BS8 1TD.
Kainate receptor (KAR) expression is developmentally regulated in the CNS and
in this study we investigated KARs at developing thalamocortical (t-c) synapses in
the rat barrel cortex. Whole-cell patch-clamp recordings were made from layer IV
neurons in the barrel cortex using the t-c slice preparation. In the presence of DAP5 (100 fiM) and picrotoxin (50 pM) the decay of the EPSCs evoked by
stimulation of the ventrobasal complex of the thalamus (VB) or white matter (WM)
were best fit with a double exponential. Using the selective AMPA receptor
(AMPAR) antagonist GYKI 53655 (25pM, active isomer) the fast component was
selectively blocked indicating that it was mediated by AMPARs. The slow GYKIinsensitive component was blocked by CNQX (50-100 pM), indicating that it was a
KAR mediated synaptic response. In some cells AMPAR EPSCs could be evoked
with no KAR component and in others a KAR EPSC without an AMPAR
component. To determine if AMPARs and KARs co-localise we investigated
spontaneous EPSCs (sEPSC) and found that fast AMPAR mediated sEPSCs were
never associated with a KAR component; however in the same cells slow KAR
mediated sEPSCs were also detected. During development the KAR component of
the dual EPSC decreased significantly from postnatal day 3 to 8. This was due to a
decrease in the absolute amount of charge associated with the KAR component of
the EPSC. The similar developmental profile of the KAR component with the
critical period for experience dependent plasticity at t-c synapses suggests KAR
may have a role in the development of the barrel cortex.

Connor. Z. Ghadiali. T.H. Chong. G.W. Goldstein and M.V, Johnston.
Dept. of Neurology, Kennedy Krieger Institute and Johns Hopkins Univ.
School of Med., Baltimore, MD 21205.

Low-level lead exposure in children has been shown to alter brain development
and cognitive performance. This project examines the effects of lead on neocortical
development in a model that exhibits robust activity-dependent plasticity, the rodent
whisker to barrel pathway. Rodent somatosensory cortex contains a topographic
map of the whisker pad, called the barrel field, in which discrete clusters of neurons,
or barrels, receive input from individual whiskers. The barrel field topographic map
develops during die first postnatal week. This experimental model is being used to
evaluate the effects of lead on the development and activity-dependent refinement
of cortical circuitry. We observed previously that developmental lead exposure
produces a selective reduction in barrel field area. The present study examines the
dose-response relationship for the effect of neonatal lead exposure on barrel field
structure. Twelve timed-pregnant SD female rats received 0,0.02%, 0.1% or 0.2%
lead acetate (3 per group) in drinking water beginning on the day of birth; all litters
were culled to 8 pups. On postnatal day 10 (P10), cytochrome oxidase
histochemistry was used to delineate the barrel field in sections tangential to the
cortical surface; the area of the barrel field was measured with a computerized
image analysis system (MCID). Blood samples were collected for determination of
lead content, which ranged from 1 to 26 pg/dl. A dose-related reduction in barrel
field area was observed (Pearson correlation -0.73, p<0.01, two-tailed). The mean
barrel field area in the 0.2% exposure group was reduced 13%. Thus, exposure to
lead during the development of the barrel field has a dose-related effect on the
structure of this somatosensory map. (Support: NIEHS P01 ES 08131)
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ONSET OF CRITICAL PERIOD FOR EXPERIENCE-DEPENDENT
PLASTICITY OF ZINC-CONTAINING CIRCUITS IN SOMATOSENSORY
CORTEX. P. Land* and L, Shamalla-Hannah. Dept. of Neurobioiogy, Univ. of
Pittsburgh Sch. of Med., Pittsburgh, PA 15261.
Rat somatosensory cortex (SI) contains a rich network of intracortical axons
whose synaptic vesicles sequester zinc. In normal adult rats, zinc+ terminal
density is highest in laminae II/III and V, moderate in lamina VI, and sparse in
laminae IV barrels. Tactile deprivation, produced by simple vibrissa trimming,
leads to a marked increase in density of zinc+ terminals specifically within
deprived barrels, provided deprivation is initiated before postnatal day (P) 35.
To define the postnatal age when vibrissa-tactile experience first produces a
detectable change in distribution of zinc+ terminals, rats had all vibrissa except
for those in row C trimmed chronically beginning at P-0, and were killed at
various postnatal ages. Synaptic zinc was stained histochemically, and density
of labeled terminals in deprived row B and row D barrels was compared
quantitatively to that in non-deprived row C barrels. Before P-14, deprived
and adjacent non-deprived barrels are indistinguishable, and are characterized
by an unexpectedly high density of synaptic zinc. Indeed, density of zinc+
terminals in barrel hollows often exceeds that in supragranular laminae
between P-7 and P-14, By P-16 there is a measurable decrease in density of
synaptic zinc in barrels associated with intact vibrissae. Zinc staining in nondeprived barrels further declines during the third and fourth postnatal weeks,
reaching normal adult levels by P-28, whereas intense staining persists in
deprived barrels. These data suggest that zinc containing circuits become
sensitive to effects of tactile input at an age when animals first use their
vibrissae for active touch. Supported by NSF grant IBN-9603964.

THALAMOCORTICAL SYNAPTOGENESIS IN MOUSE BARRELS. D.L.
Lev^, Weinfeld and E.L. White, Zlowtowski Center for Neuroscience,
Dept. of Morphology, Faculty of Health Sci., Ben-Gurion Univ., Beer
Sheva, ISRAEL.
This study focuses on the development of synapses made by
thalamocortical afferents to mouse barrel cortex. Goals are to determine
the timing of thalamocortical (TC) synaptogenesis, whether TC synapses
are subject to overproduction and elimination, the numbers of boutons
per axon length and the number of synapses per bouton at various
developmental stages, the identities of postsynaptic elements and
whether changes occur during development in specific synaptic patterns.
TC axon terminals are labeled by the anterograde transport of (1) Dil
injected and photoconverted postmortem, or (2) BDA injected in vivo.
The tissue is then processed for electron microscopy and serial thin
sectioned. Results to date indicate that some TC synapses are formed as
early as P7. Up to P11, labeled boutons form only single, asymmetrical
synapses, whereas in the adult, boutons of thalamocortical afferents
typically form 2 to 4 synapses; en passant synapses with no varicosity at all
are observed also. As in adult barrels (White, ’89), 80% of the TC
synapses are axospinous, whereas 20% are axodendritic. The similarity
in the distribution of thalamocortical synapses onto spines vs. dendrites in
developing and mature barrels indicates that adult synaptic patterns
already are specified at the onset of thalamocortical synaptogenesis.
Supported by Israel Science Foundation grant no. 335/96 to E.L.W.

275.19

275.20

MEDIATION OF ZINC ION ON THE ACTIVITY-DEPENDENT
MODULATION OF SENSORY TRANSMISSION IN THE SI
CORTEX OF RATS: Y.M. Yang*. S.C. lung & H.C. Shin Dept. of
Physiol., Coll, of Med. Hallym Univ., Chunchon, Korea, #200-702

ABNORMALLY LARGE CORTICAL BARRELS AND SEPTA IN
MICE WITH REDUCED EXPRESSION OF GAP-43. V.A, Perzova1, D.L,

Zinc (Zn2+) is present in synaptic vesicles of excitatory cerebral cortical
neurons and synaptically released upon neuronal stimulation. However, the
physiological actions of Zn2+ on the sensory processing in the cortex have
not been demonstrated. In this study we have tested the effects of Zn+ on
the afferent sensory transmission to the primary somatosensory (SI) cortex
of anesthetized rats. As a control, the stability of afferent sensory
transmission from the receptive field (RF, the forepaw area) was maintained
during 15 min of 0.5Hz of test stimulation (TS). Topical application of ZnCl
(100/z M) did not exert any change on the sensory responsiveness of SI
cortical neurons activated by 0.5 Hz stimulation to the RF for 60 min
post-drug period. However, ZnCl exerted significant augmentations (p >
0.05) of the activity-dependent modulations, i.e., low frequency-induced
facilitation and high-frequency-induced suppression, of sensory transmission
to the SI cortex, which were induced by conditioning electrical stimulations
(CS, low frequency: 5Hz, high frequency: 200Hz, duration: 10 sec, voltage:
1.5 - 3.5V) to the RF (without ZnCl: 5Hz, n=8, 200Hz, n=7; with ZnCl:
5Hz, n=7, 200 Hz: n=6). Furthermore, activity-dependent modulations of
afferent sensory transmission could not be elicited (5Hz, n=7; 200Hz, n=8) in
the presence of Zn2+ chelator (CaEDTA, lOmM). The results of this study
suggest that Zn2+ may mediate the previous impulse activity dependent
modulations of incoming afferent sensory transmission in the SI cortex of
rats (supported by the ‘98 Hallym University Grant HCShin and the
'97 Hallym Academy of Sciences Grant to JYKoh).

Maier2. K.F. Meiri3, and J.S. McCasland1*. Depts. of Anatomy1 and Pharmacology3,
SUNY HSC at Syracuse, Syracuse, NY 13210; Astra Arcus USA, Rochester, NY2.
The role of neural activity in whisker/barrel cortical patterning remains
controversial. We have previously shown that mice lacking expression of
the growth-associated protein GAP-43 (-/-) develop disrupted topographic
representations in somatosensory cortex and lack the visible barrel array
(Soc. Neurosci. Abstr. 24: 631). We show here that heterozygote mice (+/-)
from this line develop cytochrome oxidase (CO) barrel patches that are
clearly segregated but larger than normal. Total barrel area, total septal
area, and total barrel field area are all larger in +/- cortex, while body
weight and brain weight are not different in +/- and +/+ mice. The effect on
barrel size is significant for barrels in all rows (B, C, and D) that we
analyzed, but is more pronounced for more anterior (C and D) rows.
Since GAP-43 has been implicated in both neuronal transmission and
synaptic plasticity, our findings create an opportunity to study the
interactions between GAP-43 and barrel patch formation in the context of
neural activity. Data from other groups suggest that, during the critical
period for barrel formation, weakly stimulated thalamocortical afferents
(TCAs) expand their arbors, while stronger stimulation leads to more
compact TCA arbors. High-resolution 2DG uptake following selective
whisker stimulation shows weaker activation of layer IV barrels in +/relative to +/+ cortex, suggesting weaker activation of +/- TCAs.
Theoretically, this weaker stimulation should expand TCA arbors, creating
the larger barrel patches we observe in CO stains. Our results suggest that
activity-mediated events are important in normal barrel formation, and that
GAP-43 is an important component of these events. Supported by NIH grants
NS31829 (JSM) and NS33118 (KFM) and NSF grant IBN-9724102 (JSM).
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THE ROLE OF GABAa - AND GABAb -MEDIATED INHIBITION
CHANGES IN RESPIRATORY RHYTHM-GENERATING NETWORK
MARKEDLY DURING EARLY POSTNATAL STAGE. B. Ritter*. A,
Bambrock. A. Pfeiffer and W. Zhang. Centre of Physiology, University
of Gottingen, Germany.
Barbara@ukps.gwdg.de

A PERFORATED-PATCH CLAMP STUDY: THE HYPOXIC MODULATION OF
CA^-CURRENTS IN THE RESPIRATORY NETWORK OF MICE.
F.P. Elsen*. J.M. Ramirez, Dept. Anatomy, U of C, Chicago, IL 60637, USA.
Severe hypoxia (anoxia) causes an initial augmentation followed by a depression and
cessation of breathing (apnea). To investigate the underlying cellular mechanisms an
in vitro model for respiratory rhythm generation was used: the transverse medullary
slice of mice (Ramirez et al. 1997). This preparation generates spontaneously
respiratory rhythmic activity which can be recorded extracellularly from hypoglossal
(XII) rootlets. Anoxia, induced by replacing carbogenated artificial CSF with one
containing a mixture of 95% N2 and 5% CO2, elicits a response which resembles the
hypoxic response of peripheral chemoreceptor-deafferented in vivo animals. Here, We
examined the anoxic effect on calcium currents recorded from respiratory neurons in
the Pre-Bbtzinger complex (pBC), the area which is responsible for respiratory rhythm
generation. Ca44 currents were isolated in the perforated whole-cell patch clamp configuration (Gramicidin A) using intracellular CsCl and extracellular TEA and TTX.
Hypoxic conditions reduced the current amplitude of high-voltage activated Ca44
currents without affecting significantly the T-type current amplitude. The reduction in
the amplitude was primarily due to the hypoxic modulation of L- and N-type channels.
The reduction in the amplitude was non-reversible using the conventional patch-clamp
technique, whereas a complete recovery was observed using the perforated-patch
clamp technique. Moreover, in many cases the recovered current amplitude was
enhanced and more stabile compared to the former control values under normoxic
conditions. We are currently investigating different possible underlying cellular
mechanisms which could cause a reduction in the open probability of the high-voltage
activated Ca44 channels during hypoxia. We will especially investigate a possible
ATP-, calcium- or pH-dependent inactivation of the high-voltage activated calcium
currents using the whole-cell perforated-patch clamp technique.
Supported by NIH HL/NS 60120.

The pre-Botzinger complex (PBC) in the brain stem is an essential
component of the respiratory rhythm-generating network within which
inhibitory GABA-ergic neurones play a critical role in adult animals.
The present study investigated the changing roles of GABAa - and
GABAB-ergic inhibition during early postnatal stage in PBC of mouse
(P0-P15). The Cf equilibrium potential (Cl’eq) in PBC was measured
using perforated-patch technique. At P0,. Cl'eq was -5.7±9.8 mV, while it
was -26.8±6.7, -36.8±7.0 and -54.3±9.8 mV at Pl, P2 and P3,
respectively. After P4, Cl'eq ranged from -60 to -65 mV. At P0-P3,
bicuculline (0.25 to 5 pM) increased the coefficient of variation having
no effect on frequency of respiratory rhythm. After P4, bicuculline
dose-dependently increased the frequency, although inhibition of GABA
uptake by nipecotic acid (500 pM) decreased the frequency of
respiratory rhythm at all postnatal ages. At P0-P3, the effect of
nipecotic acid was reversed mainly by blockade of GABAb receptors
using CGP 5 5 845A (10 nM), while the effect could mainly be reversed
by bicuculline after P5. Thus, the GABAA-ergic inhibition was not
present before P3, while the GABAB-ergic inhibition played a functional
role already at P0. Our finding suggests that in early postnatal stage of
mouse, GABAB-ergic inhibition is crucial for respiratory frequencymodulation, while both GABAa and GABAb play a functional role later.
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. NL Chamberlin*1. CM Bocchiaro2. R Greene3. CB Saper1. and JL
Feldman2. 1 Dept. Neurol., Beth Israel Deaconess Med. Ctr., Boston, MA,2 Depts.
Physiol. Sci. and Neurobiol., UCLA, LA, CA, 3Dept. Psychiatry, Harvard Medical
Sch., Boston, MA.
Hypoglossal motoneurons (HMNs) project to tongue muscles and participate in
maintenance of upper airway patency. Reduction in HMN excitability during sleep
resulting in reduced activity in genioglossus and other tongue protruder muscles is
hypothesized to contribute to obstructive sleep apnea. Cholinergic neurons located
in the pedunculopontine and laterodorsal tegmental nuclei (PPT/LDT) exhibit
sleep/wake-related changes in activity that could underlie state-dependent HMN
excitability. To test this hypothesis we: 1) determined whether these neurons
project to the hypoglossal motor nucleus (Xlln), and; 2) examined the effects of
cholinergic agonists on HMNs. FluoroGold was injected into the XHn of two adult
male rats; we found that a portion of the PPT/LDT neurons that projected to the
XHn were immunoreactive for choline acetyltransferase. Whole-cell patch-clamp
recordings were made from HMNs in medullary slices from neonatal rats (0-4
days), which generate spontaneous rhythmic respiratory-related output; HMNs
were identified anatomically and by their inspiratory-related activity. Local
application of ACh (200 pM) or DMPP (50-150 pM) caused a slow inward current
(n=80) that was insensitive to atropine (10 pM), TTX (0.5-1 pM), and Cd2+ (100
pM). This postsynaptic current was blocked by dihydro-0-erythroidine (ICso^O
nM), mecamylamine (IC50=0.1-l pM) and methyllycaconitine (IC5O=3O nM). A
subset of HMNs also responded to DMPP with a multiphasic slow inward current
and/or an increase in fast epscs. These results suggest that cholinergic neurons in
the PPT/LDT contribute to HMN excitability. Therefore, sleep-related decreases in
PPT/LDT neuronal firing rates could contribute to decreases in upper airway
muscle activity and consequential airway obstruction. Sponsored by NS24742 and
P50-HL60292.
nicotinic
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REVERSE TRANSCRIPTION POLYMERASE CHAIN
REACTION (RT-PCR) REVEALS MUSCARINIC
ACETYLCHOLINE (ACh) RECEPTORS IN THE PREBoTZINGER COMPLEX (preBotC) J.S. Lai*. X.M. Shao. E. Dv.
M. Li. and J. L. Feldman. Systems Neurobiology Laboratory,
Department of Neurobiology, UCLA, Los Angeles, CA 90095-1763.
Acetylcholine (ACh) regulates respiratory pattern in vivo and in
vitro. We previously showed that muscarinic M3 receptors mediate
postsynaptic excitatory effects of ACh on preBotC inspiratory
neurons. (Shao & Feldman, Soc. Neurosci. Abs. 24:519, ’98).
However, the pharmacological tools to identify the subtypes of
muscarinic receptors are limited. Hence, we used RT-PCR to reveal
the muscarinic receptors ml, m2, m3, and m4 in the preBotC, in
comparison to the medulla. Using medullary slices from neonatal rats
that continue to generate respiratory-related rhythm, we isolated the
preBotC region and the entire medulla in order to extract mRNA. We
found that in the medulla, ml, m2, m3, and m4 were all
expressed.The preBotC expressed ml, m2, m3 while m4 was
undetectable. This data is consistent with our previous electrophysiological studies. Our present method examines tissues that contains a
heterogeneous mix of neurons and glia. Therefore, we are presently
extracting mRNA from individual physiologically identified neurons
in order to precisely determine the mRNAs expressed in a given
neuron. This work was supported by NIH Grant HL40959.
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COLOCALIZATION OF G-PROTEIN COUPLED RECEPTORS IN

CONCENTRATION OF NICOTINE MODULATES GLUTAMATERGIC
NEUROTRANSMISSION IN PREBOTZINGER COMPLEX (preBdtC)
INSPIRATORY NEURONS. X.M. Shao* and J.L, Feldman. Dept. of Neurobiology,
UCLA School of Medicine, Los Angeles, CA90095

Cholinergic neurotransmission plays an important role in the central control of
respiration. Nicotine affects respiratory pattern in vivo and in vitro-, however, little is
known about the cellular mechanisms. We have previously shown that the postsynaptic
excitatory effects of ACh on preBotC inspiratory neurons are mediated by muscarinic
M3 receptors. Activation of M3 receptors open non-selective cation channels, resulting
in depolarization. The purpose of the present study is to understand the cellular and
synaptic mechanisms underlying nicotinic effects on respiration. Using a medullary
slice preparation from neonatal rat which generates respiratory-related rhythm in vitro,
we patch-clamped inspiratory neurons in preBotC and recorded respiratory-related
rhythmic activity from the hypoglossal nerve. Bath application of low concentrations
of nicotine (0.5pM,« arterial blood nicotine concentration after smoking a cigarette)
increased respiratory frequency as well as the frequency of spontaneous EPSCs during
the expiratory period in inspiratory neurons. These effects were blocked by the
nicotinic antagonist mecamylamine (lOpM). With bath solutions containing TTX
(0.5pM), nicotine increased the frequency but not the amplitude of miniature EPSCs in
inspiratory neurons. The miniature EPSCs were blocked by CNQX (an antagonist of
non-NMDA glutamate receptors; 20pM). Also under TTX, nicotine increased the
amplitude of an inward current induced by local ejection of AMPA (20pM). These
results suggest that nicotine regulates respiratory frequency through modulation of
glutamatergic synaptic transmission in preBotC inspiratory neurons. The mechanisms
may include turning on postsynaptically silent synapses and/or enhancing presynaptic
glutamate release. Supported by NIH Grant HL40959.

pre Botzinger
Complex neurons . Paul A. Gray1* and
Jack L. Feldman2,3. Neuroscience Interdepartmental Ph.D.
Program1 and Depts. of Neurobiology2 and Physiological
Science3, UCLA, Los Angeles, CA 90095.
Undoubtedly related to the need for precise control of
ventilation to regulate blood gases in response to changes
in metabolism, such as during exercise or sleep, many
neurotransmitters and related drugs affect breathing pattern
when injected into the preBotC, both in vitro and in vivo.
Neither the extent to which these effects are mediated by
actions on the same or different populations of neurons nor
the transmitter phenotypes of the target neurons are known.
To address these issues we used immunohistochemistry to
look for the expression of GABA, GAD65, as well as
neurokinin 1 (NK1R), g opioid (pOR), and GABAb
receptors in neuronal somas and processes in the rostral
ventrolateral medulla of adult rats. Within the region of the
preBotC, all five were found. However, only a small
number of NKIR positive neurons showed either GABA or
GAD65 immunoreactivity. In addition, a subset of NKIRlabeled processes co-expressed pOR. These data suggest
the preBotC contains a subset of presumptively
glutamatergic neurons onto which many modulatory
systems affecting respiratory pattern converge. Supported
by a Ford Foundation Pre-Doctoral Fellowship for
Minorities to PAG and by NIH HL40959 and HL37941.

276.7

276.8

ANATOMICAL DISTRIBUTION OF RESPONSES TO FOCAL HYPOXIA AND
COa/H* IN THE PRE-BOTZINGER COMPLEX OF ADULT CATS. I.C, Solomon*
and N.H, Edelman. Dept. of Physiology and Biophysics, SUNY, Stony Brook, NY
Previous work from our laboratory has shown the pre-Botzinger complex
(pre-BotC; the proposed locus of respiratory rhythm generation) to be both hypoxia
and COg/H* chemosensitive as demonstrated by modulation of phrenic burst
pattern and increases in burst frequency in response to focal hypoxia and focal
tissue acidosis. Here we describe the anatomical distribution of these hypoxia
and COa/H* chemosensitive sites. All experiments were conducted in chloraloseor chloralose/urethane-anesthetized vagotomized, paralyzed, mechanically
ventilated cats. Focal hypoxia produced by unilateral microinjection of sodium
cyanide (1 mM; 10-21 nl) into the pre-BdtC (n=49 sites) produced excitation of
phrenic nerve discharge that exhibited one of the following changes in cycle timing
and/or pattern: (1) a series of high amplitude, short duration bursts (i.e., gasplike), (2) a tonic excitation, (3) an increase in frequency of phrenic bursts
accompanied by small increases or decreases in amplitude, or (4) augmented
bursts (i.e., eupneic breath ending with a gasp-like burst). Focal tissue acidosis
produced by unilateral microinjection of acetazolamide (50 pM; 10-20 nl) or
methazolamide (50 pM; 10-20 nl) into the pre-BdtC (n=14 sites) increased
amplitude of integrated phrenic nerve discharge and frequency of phrenic bursts,
and in some sites (n=9), also produced augmented bursts. With reference to
rostral/caudal coordinates, we found that sites in the pre-BotC in which “gasplike" discharge patterns were evoked were highly circumscribed to a region located
160-480 pm caudal to the retrofacial nucleus (RFN). Sites in which other forms
of modulation of phrenic burst pattern and frequency were elicited encompassed
this region, but extended from 600 pm caudal to the caudal pole of the RFN.
With reference to medial/lateral and dorsal/ventral coordinates, all sites were
located 3.8-4.2 mm lateral to midfine, and 4.2-4.5 mm ventral to the dorsal surface
of the medulla regardless of response type. Our findings suggest that the variety
of excitatory patterns produced by focal hypoxia and tissue acidosis in the preBOtC exhibit a degree of anatomical specificity. Supported by HL.16022, AHA/NJ
Affiliate, and ALA. ICS is an Edward Livingston Trudeau Scholar from the ALA.

GAP JUNCTION PROTEINS IN THE PRE-BOTZINGER COMPLEX OF
NEONATAL AND ADULT RATS. M.H. O’Neal. Ill, T.J. Halat. R. El-Maghrabi.
N.H. Edelman*, and I.C, Solomon. Department of Physiology and Biophysics,
SUNY, Stony Brook, NY
The pre-Bdtzinger complex (pre-BotC) has been shown to contain a
population of voltage-dependent pacemaker neurons which are hypothesized
to be the “kernel” for respiratory rhythm generation in mammals. In many
invertebrate central pattern generators, the effective pacemaker consists of an
ensemble of electrically coupled neurons allowing for the propagation and
synchronization of neural activity. Connexins (Cx) are the proteins that form
gap junctions; connexin26 (Cx26) and connexin32 (Cx32) have been shown to
be expressed in mammalian CNS neurons. Our experiments were designed to
determine whether the pre-BotC contained the gap junction proteins necessary
for electrical coupling and whether the presence and distribution of these gap
junction proteins showed a developmental change in expression. Immunoblot
analyses were performed on tissue microdissected from the rostral ventral portion
of the medulla (which includes the pre-BotC) from neonatal (5 and 14 day old)
and adult Sprague-Dawiey rats. Normalized to total protein, we found that the
relative amount of Cx26 decreased with increasing age (P5 > P14 > adult) and
Cx32 increased with increasing age (adult > P14 > P5). Immunohistochemical
analyses were performed on medullary slices (15 pm thick) obtained from
neonatal (0, 7,14, and 21 day old) and adult Sprague-Dawiey rats. We found
that both Cx26 and Cx32 were expressed in the pre-BotC of neonatal and adult
rats. Similar to the results obtained from immunoblot analyses, Cx26 decreased
and Cx32 increased in the pre-BdtC with increasing age (P0 > P7 > P14 > P21
> adult). The significance of the change in the expression of gap junction protein
subtypes with development remains unexplored. Our findings, however, show
the potential for electrical coupling in the pre-BotC in both neonatal and adult
rats. We suggest that this electrical coupling is important for synchronization of
neural activity in the generation of respiratory rhythm. Supported by HL16022
and ALA RG-008-N. ICS is an Edward Livingston Trudeau Scholar from the ALA.
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276.9

276.10

RAPHE NEURONS AND RESPIRATORY RHYTHM OF INVITRO
TRANSVERSE
BRAINSTEM
SLICES
FROM
NEONATAL RATS. J.H. Peever1, S. Iscoe2*, and J, Puffin1.
’Department of Physiology, University of Toronto, Toronto, Ontario,
M5S 1A8; department of Physiology, Queen’s University, Kingston,
Ontario, K7L 3N6, CANADA.
Respiratory rhythm is generated by neurons located in the brainstem.
A subset of these neurons can be isolated in transverse brainstem slices
from neonatal rats such that spontaneous rhythmic activity is generated
on the hypoglossal nerves similar to that observed in-vivo. Therefore,
this preparation is used as an in-vitro model to study the mechanisms of
respiratory rhythm generation. Experimental evidence from in-vivo
preparations has demonstrated that brainstem regions such as raphe
nuclei are involved in modulation of respiratory rhythm. The aim of
this study is to examine whether raphe neurons modulate respiratory
rhythm in the transverse brainstem slice of 1-5 day old rats. We made
focal injections of kainic acid (6.5 mM) into midline structures
containing raphe neurons while monitoring rhythmic discharge of
hypoglossal nerves. The rhythmic discharge of hypoglossal nerves was
reversibly abolished for about 20 minutes. Therefore, we conclude that
raphe neurons modulate the respiratory rhythm of in-vitro brainstem
slices and suggest that this modulation may be important for neonatal
respiratory rhythm expression. To better characterise their functional
significance, we are currently characterising the neuronal connections
from raphe neurons to respiratory neurons and hypoglossal
motoneurons. Supported by MRC of Canada.

SUBTHRESHOLD-ACTIVATING PERSISTENT SODIUM CONDUCTANCE (gNaP) IN INSPIRATORY NEURONS OF THE PRE-BOTZINGER
COMPLEX IN VITRO. N, Koshiva* and T.C. Smith. Laboratory of Neural
Control, NINDS, NIH, Bethesda, MD 20892.
We optically identified individual inspiratory neurons in the preBotzinger complex (pre-BotC) utilizing our recently described in vitro
functional neurotracing method (Soc. Neurosci. Abst. 23: 1252). Brainstem
transverse slices (200-400 p.m thick) from neonatal rats were used that
contain the pre-BotC and generate inspiratory motor discharge on
hypoglossal (XII) nerves. Membrane permeant Ca^+-sensitive dye (Calcium
Green-1 AM) was injected in the slice near the midline where
contralaterally projecting axons cross. After transmembrane and retrograde
axonal diffusion of the dye, pre-BotC neurons were labeled and exhibited
transient increases in Ca2+-dependent fluorescence (Ca2+-activities) of 1030% above baseline that were synchronized with the XII inspiratory
discharge. Combined IR-DIC optics allowed simultaneous structural
imaging of the identified neurons for patch-clamp recording. Phasic
inspiratory synaptic drive was eliminated by CNQX. Under whole-cell
voltage-clamp, current responses of the inspiratory neurons to voltage ramp
commands were examined. With ramps at a rate of 100 mV/s or slower, the
fast Hodgkin-Huxley sodium current could be inactivated and the I-V plots
were N-shaped with a negative slope region at potentials (Em) between -60
and -50 mV. With Ca2+ channels blocked with Cd2+, and leak currents
subtracted, the isolated inward current was activated at Em > -70 mV with
peak amplitude of > 75 pA at Em —50 mV, corresponding to a peak
conductance of > 1.5 nS. This Ca2+ independent, inward Na+ current was
persistent: the current amplitude was nearly unchanged at ramp rates
between 100 and 10 mV/s but attenuated at slower rates. The finding of this
current is consistent with our hypothesis that bursting properties, including
voltage-dependent pacemaker behavior, of pre-BotC neurons involves a
subthreshold-activating gNaP- Supported by NINDS intramural program.

276.11

276.12

STATIONARY ORGANOTYPIC CULTURE OF THE PRE-BOTZINGER
COMPLEX FROM THE NEWBORN RAT. H, RigattoU*. C.G. Wilson*, N,
Koshiva1, S, House2 and J.C, Smith1. 1 Laboratory of Neural Control &
^Laboratory of Neurochemistry, NINDS, NIH, Bethesda, MD 20892, and
^Departments of Pediatrics and Physiology, University of Manitoba, Canada.
Pacemaker neurons in the region of the pre-Botzinger complex (pre-BotC)
appear to be critical components of the network generating respiratory rhythm.
Studies of this neuronal population have been done primarily in fresh slices in
vitro, which have a limited survival of not more than 48 hours. To improve the
longevity of the preparation and’ as a step toward further isolation of the
pacemaker cells for electrophysiological investigation, we have cultured the preBotC excised from newborn rat (PO-4) transverse slices (200 pm thick). These
slices have been shown to generate inspiratory motor activity in hypoglossal
nerves. The pre-BotC region was removed en bloc. We utilized stationary sliceexplant culture methods that give a high yield of viable cultures and allow tissue
thinning for improved access to neurons. The tissue was cultured on millicellCM filter inserts in 35 mm Petri dishes containing 1.1 ml of serum-containing
media and incubated at 36°C in 5% CO2 and 95% air. The explants were
maintained successfully for up to three weeks with tissue thinning to about 100
pm. Immunohistochemistry with antibodies to neuron specific enolase (NSE),
neurofilament proteins (NF), and choline-acetyltransferase (ChAT) revealed
clusters of pre-BotC neurons with well preserved somatodendritic morphology
more densely located in the center of the tissue. Whole-cell patch-clamp recording
and neuron activity imaging with Ca2+-sensitive dye confirmed neuron viability,
and demonstrated rhythmic synaptic inputs to neurons under voltage-clamp and
rhythmic bursting of neurons under current clamp. These studies indicate that the
pre-BotC can be successfully cultured and that activity of a local rhythmgenerating network can be maintained for studies of cellular and network
properties.
Supported by NINDS intramural program.

ROLE OF EXCITATORY SYNAPTIC COUPLING AND CELLULAR
HETEROGENEITY IN RESPIRATORY RHYTHM GENERATION IN THE PREBOTZINGER COMPLEX. C, A. Del Negro*. R, J, Butera, J, R. Rinzel and J, C,
Smith. Laboratory of Neural Control, NINDS, NIH, Bethesda, MD 20892-4455.
The mammalian respiratory rhythm originates in the pre-Botzinger complex of the
ventrolateral medulla. The rhythm-generating kernel putatively consists of a
heterogeneous subpopulation of neurons with voltage-dependent bursting pacemaker
properties, mutually interconnected by excitatory synapses. To understand how this
hybrid pacemaker-network operates we previously developed mathematical models
of pacemaker neurons and networks (Butera et al. J. Neurophysiol., in press), which
make several novel predictions. First, excitatory coupling increases burst duration
compared to that of synaptically isolated pacemaker cells. Second, depolarizing input
(e.g. elevation of [K+]o) monotonically increases burst frequency of the pacemaker
population; heterogeneity of cellular burst-generating properties extends the dynamic
range of depolarizing input that supports rhythmic activity in the network compared
to isolated pacemaker cells. We tested these predictions using neonatal rat in vitro
slice preparations. Network activity was monitored via inspiratory discharge recoded
from hypoglossal (XII) nerves; pacemaker neurons were recorded extracellularly.
Blocking excitatory coupling with CNQX decreased burst duration as predicted
Additionally, the range of [K+]„ that supported rhythmic bursting was greater for the
coupled network than for isolated pacemaker neurons. The observed decreases in burst
period, duration, and amplitude of XII motor output with elevations of [K*],, woe
also consistent with model predictions. We conclude that a heterogeneous network of
pacemaker neurons accounts for many features of rhythm generation in vitro.
Supported by NINDS intramural program.

276.13
BURST GENERATING MECHANISMS OF PRE-BOTZINGER
COMPLEX PACEMAKER NEURONS: TESTS WITH THE
DYNAMIC CLAMP. R. J. Butera Jr..1’* C. G. Wilson,1 J. Rinzel,2,1
and J. C. Smith1, !Lab of Neural Control, NINDS, NIH, Bethesda, MD
20892 ; 2Ctr. for Neural Sci. and Courant Inst, of Math. Sci., NYU,
NY, 10013.
In recent years, several laboratories have employed the dynamic
clamp to simulate artificial real-time ion channel conductances. Here
we describe a novel and more versatile implementation of the dynamic
clamp, which we call Model Reference Current Injection (MRCI). Our
approach utilizes Real-Time Linux, a modified version of the open source
operation system Linux that allows a task to run in hard real-time, with
the remainder of the system only running when the real-time task is idle.
Thus the real-time calculation of ionic conductances can be done without compromise (at rates higher than 50 kHz), while non time-critical
tasks such as the user interface can still be run on the same platform.
We have used MRCI to investigate a hypothesized mechanism for
oscillatory bursting of inspiratory neurons in the pre-Botzinger complex
(pre-BotC). Our computational models (Butera et al., J. Neurophysiol.,
in press) predict that a persistent Na+ current (Inup ) with slow inactivation is responsible for the voltage-dependent bursting properties of
these pacemaker neurons. To test this prediction, we identified nonpacemaking inspiratory neurons in neonatal rat medullary slices containing the pre-BotC. We used MRCI under whole-cell current clamp
to endow these mundane neurons with Ip[ap. This artificial conductance transformed these neurons into a mode of voltage-dependent oscillatory bursting similar to the intrinsic bursting behavior of pre-BotC
complex inspiratory pacemaker neurons. We also confirmed the model
predictions that increasing I^ap increases burst duration and amplifies
synaptic input. Supported by NINDS intramural program.
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EFFECT OF CHEMOKINES ON p-AMYLOID-INDUCED TOXICITY T.J.

Komecook*, S. Bastianetto, and R. Quirion. Douglas Hospital Research Center,
Dept. of Psychiatry, McGill University, 6875 LaSalle Blvd, Montreal, Quebec,
Canada H4H 1R3.
The neuropathological hallmarks of Alzheimer’s Disease (AD) include (3-amyloid
deposits, neurofibrillary tangles, and a profound loss of cortical and hippocampal
neurons. Genetic and biochemical studies strongly link p-amyloid neurotoxicity to
neurodegeneration in AD. Substantial evidence has also implicated various
inflammatory processes in the pathogenesis of AD, such as the recruitment and
activation of microglia and astrocytes—responses that are known to depend, in part,
upon the interaction of chemokine molecules with their receptors. Recent studies
have demonstrated the expression of many of these molecules in the normal CNS
and their upregulation in the AD brain. The aim of the present study was to
investigate the effects of different chemokines on p-amyloid-induced toxicity in
cultured hippocampal cells.
A 24-hr exposure of rat primary hippocampal cell cultures to AP25-35 (25 pM)
induced a decrease in mitochondrial activity (MTT assay) and increases in both
reactive oxygen species accumulation (DCF assay) and the number of apoptotic
cells (Hoechst staining). Although co-treatment with RANTES (0.01-100 ng/ml)
or MCP-1 (0.1 - 100 ng/ml) did not significantly alter cell survival as measured by
MTT, RANTES did partially protect against the p-amyloid-induced increases in
both free radical production and apoptotic markers. In contrast, co-treatment of
cultures with IL-8 (0.01 - 100 ng/ml) had no clear effect on either the number of
apoptotic cells or free radical accumulation, but tended to promote cell survival in
the presence of P-amyloid. These results suggest that different chemokines may be
able to modulate pathophysiological processes within the CNS.
Supported by an MRCC grant (RQ) and an NSERC fellowship (TJK).

EFFECTS OF INTERFERONP-lb (IFNp-lb) AND HUANG-QIN (SCUTELLARIA BAICALESIS GEORGI), BAICALIN (BLIN), AND BAICALEIN
(BLEIN), ON CONA-INDUCED PERIPHERAL BLOOD MONUCLEAR CELL
(PBMC) PROLIFERATIVE RESPONSES AND NON-SPECIFIC SUPPRESSOR
FUNCTION (NSSF) IN MULTIPLE SCLEROSIS (MS). Z.X Ou. C.S Yuan. M.A
Jensen, J.A Wu and B.G.W, Amason* Dept. of Neurology, Dept. of Anesthesia
and Critical Care, Univ. of Chicago, Chicago, IL 60637
MS is an immune mediated demyelinating disease. IFNp-lb is approved for the
treatment of relapsing-remitting MS but is only partially effective. NSSF as
measured by the ConA suppressor assay is decreased when MS is active. IFNP-lb
therapy augments NSSF in MS patients as measured ex vivo. Might other agents
potentiate this effect? Huang-Qin is a Chinese herb with anti-inflammatory,
bacteriostatic, and immunomodulating effects. We investigated the potential
additive effects on IFNp-lb of Huang-Qin herb, and of Blin and Blein, purified
from the herb, on ConA-induced lymphocyte proliferation and on NSSF of PBMC
in vitro. The results indicated that (1) A water extract of Huang-Qin (WHQ) at
high concentrations slightly inhibits ConA-induced proliferative responses, but at
lower concentrations is slightly stimulatory. IFNP-lb, Blin, and Blein all inhibit
proliferative responses in a dose dependent manner; (2) Blin and Blein inhibit
Con A-induced proliferation of PBMC at concentrations from 10 s to 10'3M; (3)
IFNp-lb plus Blin inhibit Con A-induced PBMC proliferation in an additive
manner; (4) IFNP-lb, WHQ, and Blin all augment NSSF significantly (26.4±3.6
vs 14.4±1.4, 21.6±2.0 v. 14.4±1.4, and25.5±4.1 vs 14.4±1.4 P<0.001 for all); (5)
WHQ and Blin both augment the IFNP-lb effect on NSSF [32.6±4.1 (IFNp-lb +
WHQ) vs 26.4±3.6 (IFNp-lb) P< 0.1; 33.2±2.7 (IFNP-lb + Blin) vs 26.4±3.6
(IFNP-lb) P<0.05], Supported by grants from the National Multiple Sclerosis
Society and Berlex Inc.

277.3

277.4

INHIBITION OF QUINOLINIC ACID SYNTHESIS IN
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS BY
KYNURENINE HYDROXYLASE INHIBITORS. A, Chiarugi and
F. Moroni*. Department of Pharmacology, Univ. of Florence, 50139
Florence, Italy.
Quinolinic acid (QUIN), a macrophage-derived toxic compound, has
been postulated to play a pathogenetic role in multiple sclerosis (MS).
It is synthesized along the “kynurenine pathway” and two enzymes,
indoleamine dioxygenase and kynurenine hydroxylase (KH), control
its synthesis. In the present study we evaluated in vivo the effects of
KH inhibition on the synthesis of QUIN in rats with experimental
allergic encephalomyelytis (EAE), an experimental model of MS. The
content of QUIN increased 60 fold over controls in the spinal cord of
EAE rats (from 13±4 to 603±l59 pmol/gr). 3,4-dimethoxy-[-N-4-(-3nitrophenyl)thiazol]-benzenesulfonamide (Ro 61-8048), a selective
KH inhibitor (300 mg/kg 15h and 3h before sacrifice) reduced this
increase by 85%. In rats with EAE QUIN content increased 3 fold over
control values in brain (from 2.9±0.3 to 7.6±1.3 pmol/gr), while it did
not change in blood and spleen. Ro 61-8048 reduced the increase of
brain QUIN content by 50%. These results suggest that Ro 61-8048
may be useful for the study of the neurotoxic effects of macrophagederived QUIN in neuroinflammatory diseases.
Supported by the Multiple Sclerosis research project of the Istituto
Superiore di Sanita, Rome, Italy.

EXPRESSION OF CCR1, CCR2, CCR5 AND CX3CR1 mRNA WITHIN THE
SPINAL CORD OF RATS WITH MOG-INDUCED EXPERIMENTAL
AUTOIMMUNE ENCEPHALOMYELITIS (EAE). D. Sunnemark1, M. Storch3,
E. Wallstrom2, T. Olsson2, H. Lassman3, A. Malmberg1* and A. EricssonDahlstrand1 'Dept for Mol. Sci, Astra Arcus AB, Sodertalje, Sweden, 2Lab. Neuroimmunol., Karolinska Institutet, Sweden and3Inst Neurol. Univ. of Vienna, Austria.
Chemokines are inflammatory mediators for migration and activation of
leukocytes to sites of active inflammation. Several chemokines of the CC-chemokine
family exhibit elevated expression within inflammatory plaques of EAE mice and
humans afflicted with Multiple sclerosis (MS). Moreover, immunoneutralization of
the CC chemokines MIP-la and MCP-1 attenuate the inflammatory episodes in EAE
mice. In the present study, intense labeling for mRNAs encoding the CC-chemokine
receptors CCR1, CCR2 and CCR5 were prevalent within the active, but not within
the chronic, plaque. Combined in situ hybridization histochemistry for each of these
receptors with immunohistochemical staining for ED-1 like immunoreactivity
demonstrated that these receptors are preferentially expressed by activated
macrophages/ microglia in inflammatory aggregates within the spinal cord (SC) of
LEW.AVI rats with myelin oligodendrocyte glycoprotein (MOG)-induced EAE. In
addition, intense upregulation of mRNA encoding the fractalkine receptor (CX3CRI)
mRNA was simultaneously detected in ED-1 positive cells both within white and
gray matter areas of the inflamed SC. In contrast, no or very weak expression of
chemokine receptor mRNA was detected in SC of control rats challenged with
Freunds incomplete adjuvant, and in saline injected rats. These data are in
agreement with the hypothesis that CC chemokines are key mediators of the CNS
inflammation during EAE and that these receptors may serve as possible therapeutic
targets to intervene with the pathological processes that underlie development of MS.

277.5

277.6
PSYCHOSOCIAL INFLUENCES ON IMMUNE RESPONSES TO HSV-1
IN IMMUNOSUPPRESSED MICE. J.D, Karp*, J, Smith. R, Bucco. and D,
Cinco. Department of Biology, Rider University, Lawrenceville, NJ 08648.
The hypothesis that immunosuppressed mice might be more sensitive to
non-stressful psychosocial factors than in immunocompetant mice was
examined. Differentially housed (1 or 5/cage) BALB/cByJ male mice were
given cyclophosphamide (CY, 100 mg/kg) or saline (SAL) three days prior to
infection with HSV-1 (Patton strain, 106 PFU). Sera were collected after 4, 7,
14 anj 21 days anj aSsayed for IgG antibodies to HSV-1. Forty-six days after
infection, all mice were challenged with HSV-1 (5x10s PFU) and the
inflammatory responses of these mice were measured 4, 8, 12, 24, 48 and 72
hrs later.
Anti-HSV-1 antibody responses were influenced by housing; mice housed
alone exhibited elevated IgG responses compared to mice housed in groups 7
and 10 days after infection. This dose of CY abrogated Housing effects on
antibody production. Inflammatory responses were influenced separately by
Housing x Time and CY x Time interactions; mice housed alone exhibited
more subcutaneous inflammation that group-housed mice 4, 8, 12, and 24 hrs
after challenge and CY caused greater inflammation compared to SAL at 12
hrs in both housing conditions.
These results indicate that nonstressful psychosocial conditions can
influence antibody production as well as Arthus and delayed type
hypersensitivity responses to a viral infection and that immunopharmacologic
drugs can influence can be used to mask the immune consequences of these
non-stressful psychosocial manipulations. Supported by 1R15MH58457-01
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277.8

BRAIN-ASSOCIATED TUMOR NECROSIS FACTOR-a AND ADRENERGIC
RESPONSIVENESS: A ROLE IN THE MECHANISM OF ANTIDEPRESSANT
ACTION. TA. Ignatowski*. T.J. Nickola. and R.N. Spengler. Dept. of Pathology,
SUNY at Buffalo, Sch. of Med. & Biomed. Sci.; Buffalo, NY 14214.
Antidepressant drugs have clinical efficacy only after long-term administration.
Symptoms observed during psychological depression have been attributed to a
deficiency, or imbalance of norepinephrine (NE) in the CNS; therefore,
antidepressant drug-induced regulation of NE responsive adrenergic receptors has
been postulated as a mechanism of action in combating depression. Activation of
presynaptic a2-adrenergic receptors is a primary regulator of NE release. The
proinflammatory cytokine, tumor necrosis factor-a (TNF), also regulates NE release
as well as adrenergic receptor behavior in the CNS. In particular, we have recently
demonstrated that right lateral cerebral ventricle microinfusion of TNF over a 14-day
period results in a decrease in stimulated NE release from rat hippocampal slices in
vitro. Administration of the antidepressant drug desipramine (DMI) induces both a
decrease in TNF production and an a2-adrenergic receptor-dependent switch in
noradrenergic sensitivity to TNF that increases NE release. The present study
demonstrates that a2-adrenergic receptor activation, in addition to regulating NE
release also regulates TNF production in the CNS. Administration of the a2adrenergic agonist clonidine (0.2 mg/kg, i.p.) to rats rapidly depletes TNF levels in
the locus coeruleus (LC) and in the hippocampus. Following administration of either
DMI (10 mg/kg, i.p.) or ztmelidine (3 mg/kg, i.p.) to rats for one or 14 days,
activation of a2-adrenergic receptors rapidly increases TNF levels in the LC and in
the hippocampus.
Alpha2-adrenergic activation following antidepressant
administration affects TNF production in adrenergic-rich brain regions in a manner
that supports the role of TNF as an integral mediator of antidepressant therapeutic
efficacy.
Support: NIMH #MH53946 (RNS) and NARSAD Young Investigator Award (TAI).

PRETREATMENT WITH THE ANTIDEPRESSANT, PAROXETINE, BLOCKS
THE DEVELOPMENT OF BEHAVIORAL ALTERATIONS IN HUMANS
DURING HIGH DOSE INTERFERON ALPHA THERAPY

AJji.Milkr*,..DJL,M.u§§.elro.an,..B,P, Pearse. S.„ Penna. and ..CB.Nemeroff

Department of Psychiatry and Behavioral Sciences, Emory University School of
Medicine, Atlanta, GA 30322, USA
Interferon (IFN) alpha administered in high doses to humans has the capacity to
induce a syndrome referred to as “sickness behavior” that shares many features in
common with major depression including anhedonia, fatigue, disrupted sleep and
cognitive dysfunction. Studies in laboratory animals have demonstrated that
pretreatment with antidepressants has the capacity to block the development of
sickness behavior following acute administration of cytokine inducers such as
lipopolysacharride. To test whether these protective effects of antidepressants
generalize to humans, 18 patients who were about to undergo high dose IFN-alpha
therapy for malignant melanoma were pretreated for 2 weeks with the
antidepressant, paroxetine, or placebo in double blind fashion. Of the 9 patients
who received placebo, 78% (7) met criteria for major depression at some point
during the first three months of IFN alpha therapy. Of these, 4 dropped out of IFNalpha treatment due to intolerable side effects. In contrast, only 2 of the 9 patients
(22%) on paroxetine developed depression (p<0.05), and only 1 of these dropped
out. Patients on paroxetine also exhibited significantly lower Hamilton Depression
Rating Scale scores and significantly lower Neurotoxicity Rating Scale scores
during IFN-alpha therapy than did patients on placebo. Preliminary data suggests
that the mechanism of these effects may be related to reduced ACTH, cortisol and
interleukin 6 responses to IFN alpha in patients receiving paroxetine pretreatment.
These data indicate that paroxetine pretreatment may be an effective strategy for
blocking the development of cytokine-induced behavioral alterations in humans.
Supported by grants from Schering-Plough and NIMH (MH47674 and MH00680).

277.9

277.10

HUMORAL IMMUNITY CHANGES DURING SCHIZOPHRENIA, EPILEPSY
AND MULTIPLE SCLEROSIS A.B Poletacv.18*B.B.Gnedenko1. E.P.Ananieva’ .
S.G.Morozov1. L.M.Asanova2. T.S, Budvkina3. V.M. Zlunikin4. ’Fund “ChernobylTest”, Moscow; ’Research Center of Mental Health RAMN, Moscow, ’Moscow
Regional Res. Inst, for Obstetrics & Gynecology; 4Karclian Republican Psychiatric
Clinic, Petrozavodsk, Russia.
Method. We investigated changes of immune reactivity to proteins S100, GFA,
MP65, and NGF in sera of schizophrenia, epilepsy, and multiple sclerosis adult
patients using ELISA where natural antigens were replaced by Fab-fragments of
their “mirror images” - specific antiidiotypic antibodies (anti-id Ab) to increase
sensitivity. Besides we analyzed balances of corresponding Id/anti-Id counterparts in
patients sera using Id Ab Fab-fragments for according anti-Id detection. It was
revealed that natural auto-Ab of IgG class to investigated brain proteins are
obligatoiy serum components, and their contents/affinities are roughly constant in
all healthy persons. Serum Id/anti-Id balances are well-equilibrated in a normal
situation. At the same time the most of investigated patients (>90% untreated cases)
had prominent distuibances of investigated immunity parameters. Clinically
effective patient’s treatment usually was accompanied with immune normalization
(treatment-resistant patients have not revealed such tendency). Conclusion,
Obtained data indicate that generalized immune deviations depending on discordant
anomalous activation/supprcssion of a lot of interdependent immunocompetent cells
are usual signs of many nervous system disorders, rather than dysfunction of
separate T- and B-cell clones. These data indicate the existence of the specialized
physiologic mechanisms for maintenance of optimal circulating levels of natural
“anti-brain” auto-Ab in normal state. This forces us to propose tlieir possible
participation (together with interleukines) in managerial of nervous-immune
interactions.

THE EFFECTS OF FLUOXETINE ON NATURAL KILLER CELL
ACTIVITY IN RATS. J. L. Wieseler Frank 1,2». M. G. Frank3, S, E.
Hendricks1,2, and D. R, Johnson3. ’Dept. of Psychology, Univ. of Neb at
Omaha, Omaha, NE, 68182; 2Dept. of Psychiatry, Univ. of Neb. Med. Center;
3Dept. of Pathology and Microbiology, Univ of Neb. Med. Center, Omaha,
NE, 68198.
Suppression of natural killer cell activity (NKCA) has been associated with
major depressive disorder (MDD). Further, treatment of MDD with the
selective serotonin reuptake inhibitor (SSRI) fluoxetine is associated with
improved natural killer cell activity (NKCA), and SSRIs enhance NKCA in
vitro (Frank, et al, Neuropsychobiol 39; 18,1999). However, in rats fluoxetine
has been found to suppress NKCA (Pellegrino & Bayer, Pharmacol Biochem
Behav 59; 151,1998)
The present study provides a reevaluation of the effects of the fluoxetine on
NKCA in rats. We hypothesized that the fluoxetine would enhance NKCA
based on the observations of clinical patients and in vitro studies conducted in
our lab. Fluoxetine was administered in 10,1 or 0 mg/kg doses. Peripheral
blood lymphocytes and splenocytes were harvested. A standard51 Cr release
assay was performed to assess NKCA. The present results demonstrate that
fluoxetine enhances NKCA in both peripheral blood and splenic NK cells.
However, our results do not corroborate previous studies investigating the
effects of fluoxetine on immune function in rodents.
These results indicate that the rat is a potential model to evaluate the effects
of SSRIs on immune function and evaluate whether these effects are mediated
peripherally by the CNS.
This work was funded by the Psychopharmacology Research Center at the
University of Nebraska Medical Center

277.11

277.12

CYTOKINE NETWORKS OF NEUROPROTECTION AGAINST NMDA
AND THE EFFECTS OF ALCOHOL AND NICOTINE. L. C, Gahrinq1,2*,
L USovacR2,
Wifioael2. Jian Chen2, N. G. Carlson12, and S. W.
Rogers1-2.1Geriatric Research, Education and Clinical Center, VAMC,
and 2Human Molecular Biology and Genetics, University of Utah, Salt
Lake City, UT 84112-5330.
The pro-inflammatory CNS cytokines IL-1, TNFa, and IL-6 mediate
neuroprotection to an excitotoxic challenge with the glutamate receptor
agonist n-methyi-d-aspartic add (NMDA). Cultured murine cortical
neurons were incubated with either TNFa, IL-1 a, IL-ip or IL-6 and
neuronal survival to a chronic 20 hour exposure to NMDA was
quantified. In this paradigm, all the cytokines examined confer
neuroprotection. Neuroprotection provided by IL-1 is distinct from TNFa
as it Is inhibited by IL-1 receptor antagonist and a neutralizing antibody
to nerve growth factor. Nicotine and/or alcohol also have modulatory
effects on neuronal survival following NMDA assault and they also affect
neuroprotection induced by the inflammatory cytokines.
We
demonstrate that nicotine inhibits TNFa-induced neuroprotection but
does not affect IL-1 or IL-6 protective responses. Further, low
concentrations of alcohol also inhibit TNFa-induced neuroprotection
while not affecting IL-1 or IL-6. These studies support an important role
for distinct, but overlapping, neuroprotective cytokine networks in the
CNS.

LEAD EXPOSURE ENHANCES SICKNESS BEHAVIOR IN INFECTED
MICE. D.A, Lawrence. V.A. Dvatlov* and W. Shain. Wadsworth Center; NY
State Department of Health, Albany, NY. 12201-0509.
Lead (Pb)-induced alterations in the neuro-endocrine-immune system can
increase morbidity, as measured by malaise, changes in appetite and mobility.
This inter-organ-dependent sickness behavior may represent a significant loss
in productivity comparable to deficits in cognitive function in Pb-exposed
children. Using a mouse model (host resistance to Listeria) we have found that
Pb at low doses (blood Pb 17.4 pg/dl) enhanced infection-induced decreases in
water intake, food intake and body weight, while no differences in the drinking
and eating habits were found in Pb-treated non-infected mice. One explanation
for Pb-induced potentiation in sickness behavior may be the ~30% increase in
serum interleukin(IL)-1 levels detected in the infected, Pb-exposed mice. The IL1 action may be connected with increases in brain and serum IL-6 levels, in that
Listeria-infected mice have been shown to have elevated levels of IL-6 in all
brain areas measured with highest level in the hippocampus and brain stem,
whereas viable Listeria were highest in the hippocampus and area postrema.
Indomethacin (5 mg/kg) prevented the Pb-induced enhancement in sickness
behavior, suggesting that IL-1-induced prostaglandins also could be involved.
Both sickness behavior and elimination of bacteria were prolonged in Pbexposed mice. Sickness behavior is considered as an adaptive response to
support the host’s efforts to fight an infection and/or prevent cytokine toxicity.
Nevertheless, an excess in the adaptation due to Pb exposure can initiate
irreversible processes leading to increased and prolonged morbidity.
VAD is supported by NIEHS training grant ES07251.

Supported by a VA Merit Grant and NIH grant AA11418 to L.C.G.
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NEUROIMMUNOMODULATION OF SKELETAL MUSCLE FROM
SENSITIZED GUINEA PIG. E. Giion*, D.N. Lima-Sanchez, A.
Guzman-Cervantes, F. Cruz-Gasca, and X. Garcia. Department
of Physiology, School of Medicine, Universidad Nacional
Autdnoma de Mexico. Ap. P. 70-250, Ciudad Universitaria,
Mexico, D.F. 04510. Mexico.
Neuroimmunomodulation was studied in denervated Soleus (S)
and Extensor Digitorum Longus (EDL), from immunized guinea
pig. After section of the sciatic nerve, muscles S and EDL
developed an anaphylactic contraction when the chicken
ovoalbumin antigen (EA) was added to the isolated organ bath.
The denervated muscles present contractile response in
presence of acetylcholine (Ach) and also developed
supersensitivity to histamine. The contralateral innervated
muscles were unable to show any contraction with histamine,
Ach or EA. These results support that denervation caused some
changes in the membrane of the skeletal muscle fibres to allow
the fixation of the antibodies as it has been reported in previous
studies that the denervated diaphragmatic muscle from
immunized guinea pigs presents anaphylactic response.

NEURAL-IMMUNE INTERACTIONS: STRESS

278.1

278.2

RATE OF WOUND HEALING IN RATS EXPOSED TO ACUTE
RESTRAINT STRESS OR UNCONTROLLABLE SHOCK. A.M, Hunter*
and T.R, Minor. Department of Psychology, University of California, Los
Angeles; Los Angeles, CA 90095-1563.
The relationship between acute stress and an in vivo measure of immune
function-rate of wound healing, was examined in the learned helplessness
procedure in rats. Rats received a single session of 100 inescapable shocks,
simple restraint, or no stress (home-cage control). Rats were wounded using a
3mm diameter biopsy punch to create a uniform epidermal dorsal wound either
24 h before or 24 h after the stress session. Hydrogen peroxide was applied
daily and healing rate was determined by the number of days until complete
re-epithelization (absence of foaming response to hydrogen peroxide
application). Overall stress retarded wound healing, and a single stress session
24 h prior to biopsy was more effective at retarding healing than was a single
stress session occurring 24 h after biopsy. Surprisingly, restraint stress was
more effective than was uncontrollable shock at retarding healing. Given that
uncontrollable shock is administered in a restraint tube, the shock condition
may potentially be viewed as a "restraint + shock" condition. One possible
interpretation of these data is that shock mitigates the deleterious impact of
restraint stress. We are currently examining this possibility as well as looking
at the temporal parameters between time of wounding and time of stress.

ANTI-INFLAMMATORY EFFECTS OF N-3 FATTY ACIDS: INTERACTIONS
WITH TUMOR NECROSIS FACTOR AND STRESS. S. Kent* and L. Johnson.
School of Psychological Science, La Trobe University, Bundoora, VIC 3083,
Australia
Infection and inflammation are usually accompanied by profound physiological
and behavioural changes (e.g., fever, loss of appetite) due to the actions of the proinflammatory cytokines. The n-3 fatty acids (FA) found in fish oil (FO) have been
suggested to exert anti-inflammatory effects in a range of conditions, including
cancer cachexia, autoimmune diseases, and sepsis. AIM: The aim of this
experiment was two-fold: 1) to examine whether tumor necrosis factor-a (TNF)
mediates anti-inflammatory effects of dietary FO, using TNF knockout (TNF -/-)
mice; 2) to investigate whether chronic restraint-stress alters the actions of FO in
wild type mice. PROCEDURE: Mice received one of two diets ad libitum for 7
weeks; an n-3 FA diet containing 17% wt/wt menhaden FO and standard laboratory
chow containing 2.7% n-6 FA. Chronic restraint-stress entailed daily 1-hour
confinement in a 3 cm by 11.5 cm perspex tube for 14 days prior to
lipopolysaccharide (LPS) injection. After six weeks’ supplementation, mice were
injected ip with 2.5 mg/kg LPS. Food intake, body weight, and wheel-running were
monitored for 5 days pre- and 48-96 hours post-injection. RESULTS: Reductions in
body weight and food intake were observed post-LPS irrespective of diet. Although
the loss of weight was attenuated in mice fed FO, anorexia was not altered by diet,
TNF-status, or stress. CONCLUSIONS: These results suggest that: 1) the antiinflammatory effects of FO are primarily limited to metabolic effects, 2) FO
attenuates LPS-induced weight-loss irrespective of TNF, possibly via its effects on
PGE2 and/or other cytokines. 3) Chronic stress does not alter the anti-inflammatory
actions of 17% wt/wt dietary FO.

Supported by the Norman Cousins Program in Psychoneuroimmunology.

Supported by Australian Research Council Grant A79803956 (SK)
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STRESS-INDUCED
INCREASES
IN
CIRCULATING
INTERLEUKIN-6
IS
ATTENUATED
BY
PERIPHERAL
INTERLEUKIN-1 RECEPTOR ANTAGONIST. KT Nguyen*. T Peak.
MK Hansen, M Fleshner1, D, Martin2, LR Watkins. & SF Maier. Dept. of
Psychology and 'Kinesiology & Applied Physiology, Univ. of Colorado, Boulder,
CO 80309; 2Amgen Inc., Thousand Oaks, CA 91320.
Interleukin-lp (IL-10) and IL-6 are pro-inflammatory cytokines involved in
hypothalamic-pituitary-adrenal activation, fever induction and release of acute phase
proteins. Importantly, a variety of stressors increase plasma levels of IL-6.
However, the peripheral mediators that induce IL-6 following stressor exposure
have not been clearly identified. In other cases, IL-lp induction often precedes that
of EL-6, and is involved in initiating IL-6 production and release. Thus, the present
experiments sought to determine whether a stressor would increase plasma EL-ip
and IL-6, and whether IL-ip action is necessary for the production of DL-6.
Rats were given sham surgery or adrenalectomy (ADX). The effects of ADX
were explored because corticosterone is known to suppress cytokine production.
Half of the subjects in each group were exposed to inescapable tailshock [IS] (100
1.6 mA 5-sec each), while the other half remained in their home cages (HCC).
Plasma EL-ip and IL-6 protein were evaluated immediately, 2, 24, & 48 hr
following IS. In a second study, ADX rats (n=12) were injected with IL-1 receptor
antagonist (IL-Ira; 100 mg/kg s.c.) or vehicle and were exposed to IS 1 hr later.
A third group of ADX rats served as HCC.
IS increased plasma IL-ip immediately and 2 hr after IS in ADX rats, but not in
sham-operated controls. IS also increased plasma IL-6 immediately and 2 hr later
in both sham and ADX rats. In response to IL-Ira, plasma IL-lp levels remained
elevated in the IS-treated group. However, the IS-induced increase in IL-6 was
strongly attenuated in the EL-lra-treated group. These data further support the role
of stress in modulating pro-inflammatory cytokines, and that cytokines may
modulate other neural and peripheral consequences of stress. Supported by NIH
Grants MH45045, MH55283, MH00314, MH01558 & Amgen, Inc.

WATER RESTRAINT STRESS ALTERED IMMUNE FUNCTION IN WISTARKYOTO RATS. K, Szandrowski. W. P. Pare1. & S. M. Tejani-Butt*. University of the
Sciences in Philadelphia, PA 19104 & 'V.A. Medical Center, Perry Point, MD 21902.
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We have previously reported that the Wistar-Kyoto (WKY) rat is ulcer
prone and exhibits depressive behavior. Since recent studies have indicated
that depressive syndrome can modulate immune function, the present study
examined the effects of water restraint on immune measures in WKY rats.
WKY rats were divided into three groups. The Stress Group was food
deprived for 15 h before receiving a 2-h water restraint stress. The FoodDeprived Group was food deprived for 15 h without stress, and the Control
Group was neither food deprived nor stressed. Following a 2-h post-stress rest
period, rats were sacrificed by decapitation. Trunk blood, spleen and thymus
were collected, and stomachs examined for ulcers. WKY rats reacted to the
stress by producing a significant number of stomach lesions when compared
to non-stressed controls (p<0.01). Water restraint stress had a significant
effect on spleen (p<0.01) and thymus weight (p<0.05) as well on immune cell
counts. A decrease in total WBC (p<0.05) and lymphocyte count (p<0.01)
with an increase in neutrophil count (p<0.01) was observed in the Stress
Group. Stressed rats displayed an increase in leucocyte adhesion (p<0.01)
further confirming the role of stress in modulating the immune function.
While no significant effect of stress was noted on LPS-induced B cell
proliferation in spleen or blood lymphocytes, a significant effect of stress was
seen on CON-A induced T cell proliferation in peripheral blood lymphocytes
(p<0.01). The results indicate that the WKY rat strain is a promising animal
model that could be used to provide new insights into the possible
mechanisms by which depressive behavior compromises immune function
(Supported by V. A. Medical Research Service).
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CHRONIC, INTERMITTENT HYPOXIC STRESS CHANGES SPLENIC
NK CELL SUBSETS AND INDUCES NEUROGENESIS IN MOUSE
BRAIN. P.W, Kang3 JLW, Jahng2. K.-W, Kim1*, and P.G. Kim2.; ‘Dept. of
Pharmacology, Chonbuk National Univ. Med. Sch.;2Dept. of Pharmacology,
Yonsei Univ. Coll, of Med.; 3Dept. of Pharmacology, Kwandong Univ. Coll,
of Med.; Kangnung, Kangwon, 210-701, Korea.
To study the adaptive responses of an organism to the varying intensities
of chronic intermittent stress, different levels of hypoxic environment (20%,
15%, or 10% of oxygen with balanced nitrogen, respectively) were subjected to adult male BALB/c mice daily for an hour over 8 weeks. Immunophenotypic analysis was performed in splenocytes of mouse with Pan-NK cell
antibodies using flow cytometer after hypoxic insults. The splenic subpopulation of natural killer (NK) cells was significantly decreased by hypoxic exposure. Mice were transcardially-perfused and fixed with 4% paraformaldehyde to perform immunohistochemical study on the brain slices.
Nestin immunopositive cells were found in the hippocampus of hypoxiaexposed brain, which was especially remarkable in the 15% group.
This study suggests that chronic intermittent hypoxic stress changes the
immune system and may induce neurogenesis in the brain through adaptive
processes which are differently manifested according to the various levels of
stress exposure.
This study was supported by Kwandong University Research Funds.

STRESS-EVOKED ACTIVATION OF BRAIN AREAS SYNAPTICALLY LINKED
TO THE SPLEEN. G.Cano*, A.M. Passerin, L. Rinaman, J.P. Card, B.S. Rabin, A.F.
Sved. Departments of Neuroscience and Pathology, University of Pittsburgh,
Pittsburgh, PA 15260.
Stress produces suppression of splenic immune function primarily by a mechanism
involving an increase in sympathetic outflow to the spleen, although it is unclear which
CNS nuclei control this response. To assess which brain regions may be involved in
regulating stress-induced increases in sympathetic outflow to the spleen, the present
study compared CNS areas activated by stress with brain regions anatomically linked
with the sympathetic innervation of the spleen. Fos expression was examined in the
brains of rats that received two-1.6 mA foot-shocks of 5 sec duration separated by 4
min. Rats were sacrificed 1 hr later and tissue was processed for immunocytochemical
localization of Fos. In a separate group of rats, the synaptic connections of CNS
neurons involved in splenic control was characterized by using pseudorabies virus
(PRV), a neurotropic virus that is transported retrogradely through multisynaptic
circuits. Six-1 pi injections of PRV (4 x 108 pfu/ml) were made into the spleen, and rats
were sacrificed 60-110 hrs post-inoculation. Immunohistochemical localization of viral
antigens revealed infection in circumscribed CNS populations. Analysis of brain tissue
from each experiment showed that several CNS regions presented both Fos expression
and PRV-infected neurons. Brain areas presenting both signals included: locus
coeruleus, Barrington’s nucleus, periaqueductal gray, lateral hypothalamus, several
parvicellular subdivisions of the paraventricular hypothalamic nucleus, some nuclei of
the preoptic area, and medial ventral bed nucleus of the stria terminalis. The present
findings suggest that the areas that are both anatomically coupled to splenic innervation
and activated during stress may likely be brain regions contributing to the heightened
sympathetic outflow that leads to stress-induced splenic immunosuppression. Supported
by NIH grants MH43411, MH53574 and MH29670.

278.7

278.8

PHYSICAL ACTIVITY PREVENTS IMMUNOLOGICAL &
CELLULAR RESPONSES TO STRESS.

A. Moraska, T P Smith. E..G Nobis, JQ Smmlsi^L&M.Eleshper

Department of Kinesiology and Applied Physiology, U CO, Boulder CO 80309
Regular, moderate, physical activity can prevent the immunologically deleterious
consequences of stress. The current experiments examined whether freewheel running
would prevent changes in other immunological and cellular stress-responsive
measures. The immunological measures examined were ConA proliferation, IFNy
and IL2 production. In addition, a more general measure of cellular stress was
measured, the induction of heat shock proteins or stress proteins (SP).
Adult, male Sprague Dawley rats (8/grp) were housed with either an attached
running wheel (Run), or no wheel (Sedentary). Rats were weighed weekly and
running distances were continuously recorded via computer. After 8 wks of voluntary
running, rats were either exposed to inescapable tail shock stress [IS] (100 1.6 mA
5-s tail shocks) or remained in their home cages. Rats were sacrificed 24 hrs after IS
and the spleen was removed. Splenocytes were placed in culture and stimulated with
ConA (24 hrs). Proliferation (H3-thymidine incorporation), IL2 (ELISA), IFNy
(ELISA), and stress protein (SP72; SDS-polyacrylamine gel electrophoresis) were
measured in splenocytes or culture supernatants.
The results were that prior freewheel running prevented many of the
immunological and cellular consequences of stress. Sedentary rats exposed to IS had
suppressed ConA proliferation, IL2, and IFNy, and elevated SP72 expression. In
contrast, freewheel run rats exposed to IS had no suppression in ConA proliferation
IL2, IFNy or elevation in SP72. In fact physically active stressed rats had elevated
IL2 and IFNy. Therefore, daily moderate physical activity modulates many
immunological and cellular responses to stress.

PHYSICAL ACTIVITY PREVENTS TISSUE CATECHOLAMINE
DEPLETION PRODUCED BY STRESS.
TP Smith. A Moraska. K Higgins, RS Mazzeo. SJ De Serres*. & M-Fleshnsr
Department of Kinesiology & Applied Physiology, U CO, Boulder CO 80309
Physical activity can prevent the immunologically deleterious consequences of
stress. One possible mechanism(s) for this stress-buffering effect is that exercise
blunts the hormonal response to stress. We examined, therefore, whether freewheel
running would alter the glucocorticoid or catecholamine response to stress.
Adult, male Sprague Dawley rats were housed with either an attached running wheel
(Run), or no wheel (Sedentary). After 8 wks of running, rats were either exposed to
inescapable tail shock stress [IS] (100 1.6 mA 5-s tail shocks) or remained in their
home cages. Experiment 1-Glucocorticoid response to stress. Blood samples were taken
before stress (baseline), immediately, & 24 hrs after stressor termination. Sera levels of
corticosterone were determined using RIA. Experiment 2-Catecholamine response to
stress. Rats were anesthetized & sacrificed 30 min after IS termination. Cardiac blood
samples, spleen, mesenteric lymph nodes, liver, & adrenals were collected & frozen.
Plasma & tissue catecholamine levels were determined using HPLC.
The results were that prior freewheel running altered the catecholamine, but not
the glucocorticoid, response to stress. In both sedentary & freewheel run rats, IS
exposure increased corticosterone immediately after IS, & elevated basal
corticosterone levels 24 hrs after stress. In contrast, freewheel running altered the
catecholamine response to stress. Sedentary rats exposed to IS had elevated plasma
norepinephrine (NE) & depleted tissue NE concentrations. Simultaneous plasma NE
elevation & tissue NE depletion (or spill over) is indicative of intense sympathetic
activation. Splenic, mesenteric lymph node, adrenal NE concentrations were depleted
in sedentary rats after IS. Freewheel running prevented splenic & adrenal NE
depletion, but not plasma NE elevation or mesenteric lymph node NE depletion.
Liver NE was increased with exercise, but not depleted in the sedentary rats after
stress. Thus, daily moderate physical activity modulates the neurohormonal response
to stress.
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PHYSICAL ACTIVITY MODULATES THE STRESS REACTIVE
NEUROCIRCUITRY AS MEASURED BY FOS.
J L Hinde. A Moraska. M Nickerson. RPA Gaykema. RM Enoka*. & M, Fleshner
Department of Kinesiology and Applied Physiology, U CO, Boulder CO 80309
Physical activity can prevent many behavioral & physiological consequences of
stress. Freewheel running can prevent stress-induced behavioral depression,
immunosuppression & brain monoamine (frontal cortex NE) elevation. Thus, we
examined whether freewheel running would modify the expression of the functional
activation marker, Fos, in stress-responsive brain nuclei.
Adult, male Sprague Dawley rats (5/grp) were housed with either an attached running
wheel (Run), or no wheel (Sedentary). After 8 wks of running, rats were either exposed
to inescapable tail shock stress [IS] (100 1.6 mA 5-s tail shocks) or remained in their
home cages. Ninety minutes after IS termination, rats were anesthetized with
pentobarbital & perfused transcardial with saline, followed by paraformaldehyde (PF).
The brain & rostral spinal cord were extracted, post-fixed in PF overnight, & stored in
0.1M phosphate buffer. Brains were vibrotone sectioned (50 microns) & processed for
c-Fos protein immunoreactivity using a polyclonal antiserum raised in rabbits against
the N-terminal region. C-Fos immunoreactivity (IR) was visualized using the
immunoperoxidase technique using biotinylated goat anti-rabbit, ABC, & Nickelenhanced DAB. Specificity of immunostaining was assessed by omitting the primary
antiserum. C-Fos (IR) cells were counted using the NIH (version 1.60) image analysis
system. Examined stress reactive areas included prefrontal cortex, amygdala, septum,
nucleus of the solitary tract (NTS), hypothalamus (PVN), & the habenula.
The results were that freewheel running changed the pattern of c-Fos (IR). In
sedentary rats, stress elevated c-Fos (IR)in the prefrontal cortex, septum, PVN, &
habenula (LHbM), but not the amygdala (BLA). The IS-induced increase in c-Fos
(IR) in the prefrontal cortex, septum, & amygdala was reduced in free wheel run
stressed rats, compared with sedentary stressed rats. Physical activity alone decreased
c-Fos (IR) in the amygdala & septum. NTS has not been examined. Thus, daily
moderate physical activity modulates the brain’s response to stress.

IL-18 GENE EXPRESSION IN TRANSGENIC MICE WITH IMPAIRED GLUCOCORTICOID
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RECEPTOR FUNCTION. J.M.C, Blom*** B, Conti*, F, Tascedda8 N. Barden* C, Ferraautic,
and N. Brunello6. «Center for Neuropharmacology, Univ. of Milan; bI.R.C.C.S. di Brescia, San
Giovanni di Dio-Fatebenefratelli, Brescia, Italy. cDept. Pharmaceutical Sci., Univ. of Modena;
lab. Mol. Neurobiology, Cornell Univ. Med. College, The Burke Medical Research Institute,
White Plains, NY, USA; 8Dept. of Neuroscience, CHUQ, Laval, Queb6c, Canada.
A transgenic mouse with impaired glucocorticoid receptor function was used as model of
the neuroendocrine changes observed in stress related disorders. In addition to HPA-axis
dysfunction these transgenic mice display a heightened susceptibility to induced malignant
growth and manifest altered immune responsiveness characterized by changes in thymocyte
maturation and trafficking, and a shift in the distribution and balance of T lymphocyte subsets.
Alteration of foe Th1/Th2 balance has profound implications for tiie functioning of foe immune
system, especially for the kinetics of putatively disease-promoting and disease-limiting cytokines
such as IL-18. IL-18 induces foe production of gamma interferon in T helper 1 (Thl) cells,
modulating foe balance between Th1 and Th2 cells towards a cell mediated immune
response. Furthermore, exposure to stress and subsequent high levels of circulating
glucocorticoids, enhances foe expression of IL-18 mRNA. Given foat glucocorticoids alter
cytokine gene expression, foe hypothesis was tested foat, if a dysfunctional glucocorticoid
inhibitory feedback system is responsible for foe shift in foe Th1/Th2 balance, transgenic mice
should display high expression of IL-18 and IFNy. Adult transgenic and wild type mice were
sacrificed by cervical dislocation, and spleen and thymus were removed and immediately
frozen on dry ice. Using a RNase protection assay, foe levels of mRNA of these two cytokines
were studied in different peripheral tissues. IL-18 mRNA level was significantly higher in foe
thymus and spleen of transgenic mice when compared to WT mice. In contrast, IFNy and IL12 mRNA levels in thymus and spleen did not differ between WT and transgenic mice. No
difference was observed in the expression of IL-18 in the liver and intestines of WT and
transgenic mice. These data suggest foat life-long central glucocorticoid receptor dysfunction
and HPA-axis hypofunctionaiity results in a basic difference in foe expression of IL-18.
(Funding Source: University of Modena)
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CHRONIC RESTRAINT STRESS ALTERS THE ACUTE AND CHRONIC
PHASES OF THEILER’S VIRUS INFECTION A. Sieve1*. T. Campbell2. B.
Scott2, M, Delgadorodrieuez2. R, Storts3. J. Welsh23, and M. Meagher1,

ACUTE STRESS ENHANCES THE SENSITIZATION PHASE
OF CELL-MEDIATED IMMUNITY. F.S, Dhabhar* & B.S. McEwen,

Lab. of Neuroendocrinology, The Rockefeller University, New York, NY, USA.

Department of Psychology1, Vet Anatomy and Public Health2, and Veterinary
Pathobiology3, Texas A&M Univ., College Station, TX 77843
The present study evaluates the effects of chronic restraint stress on both the
acute and chronic phases of Theiler’s virus infection as an animal model of
multiple sclerosis (MS). To study the effects in the acute phase, 3-week-old male
CBA mice were restrained for 12 hours overnight, and then infected intracranially
with 5x10s p.f.u. of the BeAn strain of Theiler’s virus. For the following 2 weeks,
restraint stress was administered 5 nights a week for 12 hours per night. This was
determined to elevate blood corticosterone levels. Within the first two weeks,
infected/restrained mice had increased brain viral titers, showed clinical signs of
encephalitis, suffered weight loss and died; whereas infected/nonrestrained mice
remained clinically asymptomatic. Further, at 7 days p.i. infected/restrained mice
showed less histological evidence of astrocytosis, microgliosis and perivascular
cuffing in brain tissue than infected/nonrestrained mice, and at 14 days p.i.
restrained animals had severe thymic involution. The data suggest that the
increased mortality in the acute phase of TVID seen in the restraint-stressed mice
may be due to a corticosterone-induced immunosuppression which interferes with
viral clearance.
To study the late demyelinating disease, female SJL mice were infected with
Theiler’s virus, and restraint stressed when they began to show clinical signs of
demylenation at 10 weeks p.i.. After 2 weeks of nightly restraint 5 days per week,
the mice were perfused for histological examination. Stressed mice had less
inflammatory cell infiltration despite evidence of spongiosis and demyelination.
We propose that stress-induced corticosterone profoundly reduced the
inflammatory response during the chronic demyelinating phase of the disease.

Delayed type hypersensitivity (DTH) reactions are antigen-specific,
cell-mediated immune responses that, depending on the antigen, mediate
beneficial (resistance to viruses, bacteria, and fungi) or harmful (allergic
dermatitis, autoimmunity) aspects of immune function. The sensitization phase of DTH occurs during primary encounter with antigen and
involves the formation of immunologic memory. The challenge phase
involves a secondary response mounted against the antigen. Here we
examine the effects of acute stress or stress hormones administered
prior to sensitization. On days 1 and 2 of sensitization, animals (rats)
were stressed (2h restraint) before administration of antigen (oxazolone
(OXA)) to the shaved dorsum. At the time of challenge, OXA was administered to the dorsal surface of the right pinnae or all animals. This
induced an increase in pinna thickness which was proportional to the
magnitude of the ongoing DTH response. Acute stress administered
prior to sensitization induced a significant enhancement of DTH following challenge. Administration of corticosterone or epinephrine to
adrenalectomized animals at the time of sensitization also induced a
significant enhancement of skin DTH. We have previously demonstrated that stress or stress hormones administered before challenge
similarly enhance skin DTH. These results show that acute stress or
stress hormones administered either before sensitization or challenge
significantly enhance a skin DTH response. We suggest that epinephrine and corticosterone released during acute stress may help prepare
the immune system for challenges such as wounding or infection,
which may be imposed by a stressor (e.g. attack by a predator), and for
which stress perception by the brain may serve as an early warning
signal. Supported by The MacArthur Foundation.
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INESCAPABLE TAIL SHOCK INDUCES CHANGES
IN INNATE IMMUNITY. LS Gazda. KE Francis. M
Fleshner1. LR Watkins. SF Maier*. Departments of Psychology
and Kinesiology and Applied Physiology1, University of
Colorado, Boulder, CO 80309.
Stress modulates both acquired and innate immunity. For
example, serum antibody formation to KLH immunization, and
lymphocyte proliferation following allogeneic stimulation, are both
suppressed following inescapable tail shock stress (IS). The
purpose of this study was to examine the effects of IS on innate
immunity. Inbred, male Fischer rats (6-8/grp) were subjected to
100, 5-s, 1.6mA tailshocks. The respiratory burst of both
peritoneal and splenic cells following serum opsonized zymosan
stimulation was determined in a chemiluminescence assay at days
1,2,4, and 7 after stressor termination. Peritoneal cells displayed
a significant elevation in respiratory burst 1 day after stressor
termination. This was followed by a suppression of respiratory
burst 2-7 days after stress, as compared to control animals. Spleen
cells displayed a significant elevation in repiratory burst 2 days
after stressor termination. Splenic cell respiratory burst on days 1,
4, and 7 after stressor termination was not different from control
animals. Therefore, stress alters the ability of both peritoneal and
splenic cells to undergo respiratory burst. These data support the
hypothesis that stress modulates the functional state of innate
immunity. Supported by NIH grants MH 55283, MH 45045, MH
01558, and MH 00314.

INESCAPABLE SHOCK DIFFERENTIALLY ALTERS NITRIC OXIDE
PRODUCTION IN 3 RAT STRAINS M. M. McGorrv*, K. A O’Connor, J, D.
Johnson, M. Fleshner1. L. R. Watkins, & S, F, Maier. Depts. of Psych. &
Kinesiology, U. of Colorado at Boulder, CO, 80309-0345.
Acute stressors are capable of altering immune function. One molecule
that regulates immune function is nitric oxide (NO). NO production is
assessed by measuring nitrite (NO2"), formed by the degradation of NO.
Rats exposed to inescapable tailshock (IS) show increased NO2 in
mesenteric lymph node (MLN) & spleen cells compared to home cage
control (HCC) rats. We first reported this effect in Sprague-Dawiey (SD)
rats. Others have reported that Brown Norway (BN) rats produce uniquely
high levels of NO, while Fisher rats have increased responsivity to acute
stress, as measured by hypothalamic-pituitary-adrenal axis activation.
These 3 strains were used to examine the effects of IS on NO2' levels in
peritoneal cavity, MLN, & spleen ceils. Rats were injected intraperitoneally
with 200 pg of keyhole limpet hemocyanin immediately before IS or return to
their home cage. Rats were killed four days later. Cells were removed &
incubated with Concanavatin A for various times depending upon cell type.
Culture supernatants were assayed for NOf. NO2 from peritoneal cells
were significantly decreased in SD & Fisher rats exposed to IS compared to
HCC. Peritoneal ceil NO2' levels from BN rats did not change. NO2' levels
from MLN cells were significantly increased in SD & BN rats exposed to IS
compared to HCC. NO£ levels from MLN cells did not change in Fisher
rats. In spleen cells from ail 3 strains, IS did not change NO2' levels.
Across strains, levels of NO£ differed. In peritoneal cells, NO2' levels from
BN & SD rats were significantly tess than Fisher rats, in spleen cells, NO2'
levels from BN rats were significantly less than SD rats. These results
suggest that strain differences do exist in both the levels of NO produced &
in the stress-induced changes in NO production. NIH grants MH55283,
MH45045, MH01558, & MH00314.
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ROLE OF HORMONES IN STRESS-INDUCED NITRIC OXIDE
PRODUCTION K O’Connor, J Johnson, T Nagel, M Fleshner1, L Watkins*
& S Maier, Psych & ‘Appl Physiol, UC Boulder, CO.
Immune cells from rats exposed to inescapable tailshock (IS) generate
more nitric oxide (NO) than home cage controls (HCC). Stress induced
changes that could mediate this effect include sympathetic nervous system
activation & glucocorticoid release. To test whether these stress responses
alter NO release from immune cells, sham & adrenalectomized (ADX) rats
were injected with 200 ng i.p. keyhole limpet hemocyanin (KLH); rats were
either HCCs or exposed to IS. Rats were decapitated 4 days later &
peritoneal, mesenteric lymph node (MLN), & spleen cells cultured with
lipopolysaccharide (LPS)- or Concanavalin A (ConA). Supernatants were
then assayed for nitrite. IS significantly elevated NO in both LPS- & ConAstimulated MLN cells, but had no effect on NO production by spleen &
peritoneal cells. ADX by itself had no effect, nor did it block the IS-induced
increase in NO by MLN cells. Other rats received 6 mg/kg chlorisondamine
(CHLOR), a nicotinic acetylcholine antagonist, i.p. 60 min prior to 200 pg
KLH. Rats were HCCs or exposed to IS. Rats were decapitated 4 days later
& cells cultured as above. Again, IS significantly elevated NO in both LPS& ConA- stimulated MLN cells, but had no effect on NO from spleen &
peritoneal cells. CHLOR had no effect by itself, nor did it block the ISinduced increase in NO by MLN cells. These results suggest that stress
levels of glucocorticoids do not mediate IS-induced increase in NO & while
CHLOR did not block the NO increase, norepinephrine may still play a role
in the IS-induced increase in NO since incubation of immune cells with
norepinephrine has been shown to alter immune function. NIH grants
MH55283, MH45045, MH01558, & MH00314.

EVIDENCE FOR A MORE RAPID CORTICOSTERONE
RESPONSE
TO
LIPOPOLYSACCHARIDE
IN
PREVIOUSLY STRESSED RATS.
T. Peak*.
J.D.
Johnson. K.T, Nguyen, K.E. Culp, L.R. Watkins and S ,F,
Maier. Department of Psychology, University of Colorado,
Boulder CO 80309-0345.
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Our previous work has indicated that exposure to an acute
stressor, inescapable tailshock (IS), leads to increased basal levels
of corticosterone (CORT) at the trough of the circadian rhythm.
This increase in basal CORT substantially increases corticosteroid
receptor occupancy. As a result, one might predict that this greater
receptor occupation would blunt the pituitary-adrenal response to a
subsequent stressor due to increased negative feedback on the HPA
axis.
To examine this issue,
rats were injected with
lipopolysaccharide (LPS; 10 pg/kg i.p.) 24 hrs or 10 days after
exposure to IS. The peak of the HPA response to LPS injection (2
hr post injection) did not differ significantly between nonstressed
rats and rats exposed to IS. However, rats injected with LPS .24
hrs after IS were the only rats in which a CORT response to LPS
was observed at 1 hr post injection. Preliminary data suggests that
the faster CORT response to LPS may occur due to a more rapid
increase in proinflammatory cytokines in IS rats. This work was
supported by NIH grant MH45045 and the Undergraduate
Research Opportunities Program at the University of Colorado.
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STRESS INDUCED INCREASES IN IL-10 J.D, Johnson*.
K.A, O’Connor. M, Fleshner1. L.R, Watkins, S.F, Maier. Depts
Psych & JAppl Physiol, UCO Boulder, CO 80309.
Inescapable tailshock (IS) has been shown to increase acute phase
proteins, total antibody levels, & cytokines such as IL-6, IL-10, & NO.
IS-induced increases in peripheral IL-10 has only been observed in
adrenalectomized animals. Since glucocorticoids are known to inhibit
pro-inflammatory cytokines & since IS results in elevated corticosterone
(CORT), it’s believed that the high levels of CORT during IS suppress
the production of IL-10. CORT remains elevated for at least 2 hr after
IS & the number of unoccupied cytoplasmic glucocorticoid receptors do
not return to normal until 4 hr after IS. To test whether IS alters plasma
IL-10 levels, rats were either home cage controls (HCCs) or exposed to
IS. Blood samples were collected 4 hr later from the tail vein & assayed
for IL-10 using a rat-specific ELISA. IS significantly elevated plasma
IL-10 compared to HCCs. Also, it has recently been shown that IS
compared to HCC ‘primes’ immune cells so there is a more rapid
increase in plasma IL-10 when rats are challenged 24 hr later with
lipopolysaccharide (LPS). To determine if IS ‘primes’ immune cells 4
hr after IS, HCC and IS animals were injected i.p. either with 10 pg/kg
LPS or pyrogen-free saline & blood samples were collected 60 min &
180 min later. IL-10 levels were compared as a change from control
due to the IS induced increase in IL-10. LPS significantly increased IL10 levels 60 min after injection in the IS animals, but not in the HCC.
LPS significantly increased IL-10 after 180 min in both IS & HCC rats;
there were no differences between groups. A more complete time
course & cytokine profile are currently being investigated. Supported
by NIH grants MH55283, MH45045, MH01558, & MH00314.

EFFECTS OF ALTERED THYROID FUNCTION IN SEPTIC RATS
SUBJECTED TO ACUTE IMMOBILIZATION STRESS. 1T. Rodriguez.
2W.I.C. Albuquerque-Araujo, 2J. Antunes-Rodrigues* and 1M.J.P. Ramalho.
’ICB, Univ. Fed. of Bahia; 2FMRP, Univ. of S3o Paulo; Salvador, BA 40110100, Brazil.
Reciprocal mechanisms of interaction between immune and
neuroendocrine systems are mediated by several factors including hormones
(PRL and TRH). We investigated the effects of sepsis-induction through
stimulation inflamatory response due to lipopolysaccharide (LPS), in the PRL
secretion during acute immobilization stress in normal and thyroidectomized
rats. The prolactin is an hormone secreted during immobilization stress (IMO)
which stimulates the immune function. Male Wistar rats (190-260g),
thyroidectomized (TX) or sham (N) operated (n=13/per group), were subjected
a 30 minutes of IMO. Blood samples were colected at baseline time and at 5,
15, 30 minutes after immobilization. Both groups (N and TX) were treated with
LPS or saline (SL) 90 minutes before stress-induction. Results of PRL (ng/ml)
secretion in normal versus TX rats treated with SL were: baseline: 5.6 ± 0.74
x 3.94 ± 0.29; 5 min: 22.85 ± 4.85 x 8.78 ± 1.19; 15 min: 16.73 ± 3.03 x 7.30
± 1.55; 30 min: 16.51 ± 4.29 x 6.54 ± 1.42. Results of PRL secretion in
normal versus TX rats treated with LPS were: baseline: 6.48 ± 0.89 x 5.63 ±
0.92; 5 min: 65.02 ± 17.22 x 17.63 ± 2.85; 15 min: 56.41 ± 14.89 x 14.04 ±
2.71; 30 min: 43.37 ± 13.10 x 13.00 ± 2.40. Normal stressed rats presented
high PRL secretion. Thyroidectomized rats showed significant reduction in
PRL secretion (p<0.05) during stress when compared with normal rats.
Previous treatment with LPS, to induce sepsis, raised the PRL secretion
during the 30 minutes of immobilization in normal rats. However, only at 5
minutes of IMO, the thyroidectomized rats, pretreated with LPS and subjected
to stress presented significant difference in PRL secretion when compared
with their controls (TX) treated with saline.
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EXTERNAL Cs+ SUPPRESSES LEAKAGE K CONDUCTANCE IN RAT
SUPRAOPTIC NEURONS. M. Ghamari-Langroudi* and C. W. Bourque.
Department of Physiology and the Centre for Research in Neuroscience,
McGill University, Montreal, Canada H3G 1A4.
We have previously shown that neurons of the rat supraoptic nucleus
(SON) display a slow hyperpolarization-activated inward current (lH) that can
be blocked by ZD7288 (IC50 ~10 pM). Similar to other cells, Ih in SON
neurons can also be blocked by millimolar concentrations of external Cs+.
Contrary to what would be expected from the blockade of a steady-state
inward current, however, application of 1-5 mM Cs+ provokes membrane
depolarization (J. Physiol. 510, 165-175). We investigated the basis for this
effect using sharp electrode recordings from SON neurons in superfused
explants of rat hypothalamus. The depolarizing effect of Cs+ was not blocked
by 33 pM ZD7288, indicating that it was independent of any effect on lH.
Moreover, the effect was not blocked in the presence of TTX (n=7),
indicating that it does not involve an aciivity-dependent synaptic
mechanism. Voltage-current analysis showed that the depolarization evoked
by Cs+ in the presence of ZD7288 was associated with a reversible increase
of slope resistance. Similarly, under voltage clamp (Vh =~-60 mV; n=9), Cs+
provoked an inward current associated with a decrease of slope
conductance. The difference current elicited by Cs+ was linearly related to
voltage between -130 and -40 mV. The mean reversal potential for current
(or voltage) responses was -92.6±1.4 mV (3 mM Ko, n=13). This value
shifted to -69.7+0.9 mV (n=3) in the presence of 9 mM Ko. We conclude
that external Cs+ blocks a leakage K current in SON neurons.

BACLOFEN HYPERPOLARIZES GUINEA PIG SUPRAOPTIC NUCLEUS
NEURONS BY ACTIVATING AN INWARDLY-RECTIFYING K+
CONDUCTANCE. R.M. SLUGG*, O.K, R0NNEKLEIV. D.K. GRANDY
and M.J. KELLY. Dept. Of Physiol. & Pharmacol., Oregon
Health Sciences University, Portland, OR 97201
Previous studies have shown GABA modulates supraoptic
nucleus (SON) magnocellular neurons through GABAb
receptors located presynaptically. We recently
demonstrated that Nociceptin/Orphanin-FQ (N/OFQ)
hyperpolarized SON neurons through activation of an
inwardly rectifying K+ conductance. In this study, we
sought to study the effects of GABAb receptor activation
in SON magnocellular neurons. To this end, intracellular
sharp electrode recordings were made from coronal slices
through the SON prepared from 12 ovariectomized (4-8
days) female guinea pigs. Bath application of a maximum
concentration of baclofen (BAC)[100 pM] hyperpolarized
all 12 cells tested (Vmax = -4.6 ± 1.0 mV). The BAC
induced current reversed near EK+t showed rectification
characteristic of an inwardly-rectifying K+ channel, and
were blocked by Ba++ [100 pM] . Seventy percent of the
biocytin labeled cells tested were identified as
vasopressin positive. Co-application of BAC with a
maximum concentration of N/OFQ produced an additional
hyperpolarization (BAC + N/OFQ, 11.3 ± 1.3 mV vs N/OFQ
alone, 8.8 ± 1.1 mV, n=14; p<0.005). In summary, we have
demonstrated that GABAb receptor activation hyperpolarized
SON magnocellular neurons through an increase in an
inwardly-rectifying K+ conductance. The lack of occlusion
between BAC and N/OFQ suggests that their receptors may
be activating separate populations of K+ channels.
Supported PHS grants NS38809, DA10703, and the AHA.
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EFFECTS OF ADENOSINE ON SYNAPTIC TRANSMISSION
IN THE RAT SUPRAOPTIC NUCLEUS.
Stephane H.R, Oliet* and Dominique A, Poulain
INSERM U378, Institut Francois Magendie, 33077 Bordeaux,
France
We studied the effects of adenosine on both glutamatergic
and GABAergic synaptic transmissions in the supraoptic nucleus of
young rats. Whole-cell voltage-clamp recordings were obtained
from visually identified supraoptic magnocellular neurons. Bathapplication of adenosine (100 pM) reversibly depressed evokedIPSCs and -EPSCs by 60±5% (n=13) and 56±6% (n=10)
respectively. These effects were completely reversed by the
specific Al adenosine receptor antagonist CPT (10 pM). To
determine the site of action of adenosine, we analyzed paired-pulse
facilitation (PPF) and miniature synaptic currents (mIPSCs and
mEPSCs) recorded in presence of TTX. PPF of both EPSCs and
IPSCs was increased by adenosine, suggesting a presynaptic
modulation of GABA and glutamate release. Confirming this
finding, we found that adenosine caused a significant decrease in
the frequency of mIPSCs (-47±8%; n=5) and mEPSCs (-45±9%;
n=6). In these experiments, no significant change in quantal
amplitude was detected for both mIPSCs (+1.5±3.7%) and
mEPSCs (-4.8±2.1%).
We conclude that presynaptic Al adenosine receptors located on
both glutamatergic and GABAergic synaptic terminals regulate
transmitter release in the supraoptic nucleus.

INHIBITION OF VOLTAGE-DEPENDENT Ca2+ CHANNELS
IN RAT SUPRAOPTIC NEURONS BY ADENOSINE. J.

Supported by the MRC of Canada.
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Noguchi*T. Isse, Y. Ueta, I. Shibuya, and H. Yamashita. Department of
Physiology, University of Occupational and Environmental Health School
of Medicme, Kitakyusyu 807-8555, Japan
It has been reported that magnocellular neurons in the supraoptic
nucleus(SON) receive synaptic inputs from catecholaminergic/purinergic
neurons originating in tne medulla oblongata. In the present study, the
voltage-dependent Ca2+ currents of dissociated young adult rat SON
neurons were measured by the whole-cell configuration of the
patch-clamp technique to examine effects of purinergic Pl (adenosine)
receptor activation on SON magnocellular neurons.
Adenosine reversibly inhibited voltage-dependent Ca23 currents elicited
by depolarizing voltage steps from a holding potential of -80 mV to
potentials ranging from -30 to +20 mV in a dose-dependent manner.
Although RT-PCR analysis revealed that mRNAs for Al, A2a, A2b, and
A3 receptors were expressed in the SON, the inhibition of Ca2+ currents
by adenosine was reversed completely by the selective Al
antagonist, 8-cyclopentyl theophylline, and was mimicked by the selective
Al agonist, N6-cyclohexyladenosine (CHA). The inhibition by CHA was
strongly reduced when tne currents were inhibited by a blocker for the
N-type of Ca2+ channels, co -conotoxin GVIA The majority of the
Adenosine-induced inhibition was reversed by a prepulse to +150 mV for
100 ms , which is known to reverse inhibition of Ca2* channels by fi 7
subunits of heterotrimeric G proteins. But, the inhibition was not
abolished by PTX.
These results suggest that Al receptors are present in the postsynaptic
membrane of the SON magnocellular neurons and mediate inhibitoiy
actions on voltage-dependent Ca2+ channels of mainly the N-type via
PTX-resistant-G proteins.
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SOMATODENDRITIC CA++ TRANSIENTS IN SUPRAOPTIC NEURONS:
SPATIAL LOCALIZATION AND RELATION TO THE CA++-DEPENDENT

TWO DISTINCT EP RECEPTORS INVOLVED IN EXCITATORY
REGULATION OF RAT HYPOTHALAMIC SUPRAOPTIC
NEURONS BY PGE^ LShibuya*1. S.V. Setiadji1. N. Ibrahim1. N.
Harayama1, T, Maruvama2, J, Noguchi1. Y. Ueta1 & H. Yamashita1
'Dept. of Physiol. Univ. of Occup. & Environ. Health, Kitakyushu
807-8555, Japan, 2Ono Pharmaceutical Co. Ltd., Osaka 618-8585,
Japan
We have reported that rat supraoptic nucleus (SON) neurons possess
at least two types of prostaglandin (PG) receptors, FP receptors and EP
receptors of a unknown subclass, and that activation of these receptors
leads to membrane depolarization and an increase of the action potential
discharge. In this study, using recently developed agonists selective for
each of EP receptor subclass (EPM), we explored the receptor subtype
involved in the PGE,-induced excitation of SON neurons. When SON
neurons were perfused with a solution containing picrotoxin, a blocker
of GABAA-receptor-gated Cl' channels, the PGE2-induced excitation was
mimicked by the EP4 agonist ONO-AE1-329, but not by the agonists for
EP1? EP2 and EP3 receptors (ONO-DI-004, ONO-AE1-257, and ONOAE-248, respectively). ONO-AE1-329 caused dose-dependent increases
in the firing rate of SON neurons and was more potent than PGEj.
ONO-AE1-329 caused reversible activation of ionic currents, whose
reversal potentials were approximately -35 mV. Qn the other hand, the
frequency of spontaneous inhibitory postsynaptic currents (IPSCs) was
selectively suppressed by ONO-AE-248. These results suggest that
postsynaptic EP4 receptors and presynaptic EP3 receptors play roles in
the excitatory regulation of SON neurons by PGE2.

Anatomy & Neurobiology, University of Tennessee., Memphis, TN 38163.
Ca++ entry during spike trains in neurons of the supraoptic nucleus (SON) triggers
a strong Ca++-dependent afterhyperpolarization (AHP) which gates firing rate. To
determine the relationship of increases in A[Ca++]j to the AHP, and the participation
of soma and dendrites, simultaneous Ca++ imaging and electrophysiological
recording were performed with whole cell recordings using the fluorescent Ca++
buffer, fura-2.
In current clamp, depolarizations subthreshold to spike activation failed to alter
A[Ca++]j in either soma or dendrites. In contrast, short trains of spikes (> 2), and
often individual spikes, reliably increased both dendritic and somatic A[Ca++]j with a
similar lime course. An exception occurred when sampling over the nucleus of the
neuron, where the response was always slower, longer, and smaller than in the
adjacent cytoplasm, suggesting the nucleus was acting as a diffusion barrier. Under
voltage clamp in the presence of TTX, depolarizations to >-40 mV produced
consistent increases in A[Ca++]j in both soma and proximal dendrites.
The tail current of the AHP was evoked with short depolarizing pulses, and was
found linearly related to the decaying A[Ca++]j in both somata and proximal
dendrites. In neurons exhibiting a strong depolarizing afterpotential (DAP), the
correlation between the AHP and A[Ca++]j was best observed after blocking the
DAP with 4 mM Cs+.
The results indicate that increases in A[Ca++]j are typically evoked by the
somatodendritic spike propagation, probably activating high threshold Ca++
channels. A role for low threshold Ca++ channels cannot be ruled out, however, as
they may be small and below detection with this system. The results further suggest
that both soma and proximal dendritic A[Ca++]j track the AHP equally well.
Supported by NIH NS23941, HD32152 (WEA) and NS36843 (JCC).
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ANGIOTENSIN II (All), CHOLECYSTOKININ (CCK) AND NEUROTENSIN
(NT) MODULATE STRETCH-INACTIVATED CATION CHANNELS IN RAT
SUPRAOPTIC NEURONS. Y. Chakfe* and C.W. Bourque. Centre for
Research in Neuroscience, Montreal General Hospital, Montreal Canada.
We have previously shown that the neuropeptides All, CCK and NT excite
magnocellular neurosecretory cells (MNCs) through the activation of a nonselective cation conductance and that this effect results from an increase in
the probability of opening of cation channels featuring an open pore
conductance of 35 pS. Since the stretch-inactivated cation (SIC) channels
underlying osmoreception in these cells also display a similar conductance
(33 pS; Nature 364,341-343), we examined if the effects of neuropeptides
were mediated by a modulation of this class of channels. Cell attached-single
channel recordings were obtained from MNCs acutely isolated from the
supraoptic nucleus of adult rats. As previously observed, bath-application of
1-5 pM All, CCK or NT evoked an increase in the frequency of unitary inward
currents recorded near -100 mV. During the steady-state excitatory phase of
the response, the opening probability of the channels (n=12) was found to be
sensitive to changes in pipette pressure. Analysis of this effect over a wide
range of pressures (±10 mm Hg; n=4 patches) revealed that channel activity
varies as a bell-shaped function of pipette pressure. The mean open time of
the peptide-activated channels was reduced to 43±3% of control in the
presence of 100 pM Gd3* (n=5), a sensitivity comparable to that previously
reported for SIC channels In MNCs (Neuron 16,175-181). Under whole cell
recording conditions, depolarizing (current-clamp; n=5) or inward current
(voltage-damp; n=8) responses to peptide application were truncated or
blocked by addition of 100 pM Gd3*. We conclude that the effects of
excitatory neuropeptides on MNCs are due to a modulation of the SIC
channels underlying osmoreception. Supported by the MRC of Canada.

ANGIOTENSIN II ACTIVATES A NITRIC OXIDE DRIVEN INHIBITORY
FEEDBACK LOOP IN THE RAT PARAVENTRICULAR NUCLEUS.
K.J. Latchford* and A.V. Ferguson. Dept. of Physiology, Queen's University,
Kingston, ON Canada, K7L 3N6.
The paraventricular nucleus (PVN) of the hypothalamus is a
heterogeneous nucleus, consisting of Type I (putative magnocellular) and Type II
(putative parvocellular) neurons. Angiotensin II (ANG) has been shown to act as a
neurotransmitter which plays significant roles in regulating the excitability of PVN
output. We have previously shown using whole cell patch clamp techniques in
PVN slices that ANG application results in a depolarization of Type I (0.1 pM:
6.6±1.0mV, n=8; mean±SEM, p<0.01, Mest) and Type II (O.lpM: 7.2±1.0mV,
n=9; mean±SEM, p<0.01, Mest) neurons. Paradoxically, in 8 Type I neurons,
application of ANG also increased the frequency of IPSPs (76±14%; mean±SEM,
p<0.01, Mest) suggesting the activation of a negative feedback loop. Tetrodotoxin
(TTX) abolishes the effects of ANG on Type II neurons (n=6) suggesting an
indirect mechanism of neuronal activation by ANG. Previous studies have
demonstrated that nitric oxide (NO) is capable of depolarizing Type II neurons. We
report that the nitric oxide synthase (NOS) inhibitor L-NAME abolishes the
response of Type II neurons to ANG (n=3) indicating NO mediates the ANG
induced depolarization of Type II neurons. The increase in IPSPs in Type I neurons
is also abolished by L-NAME (n=3), suggesting that NO is responsible for the
marked increase in IPSPs. We propose, that following depolarization with ANG,
the Type I neurons release NO which results in the depolarization of Type II
neurons. Upon depolarization, the Type II neurons, which act as intemeurons in the
pathway, send inhibitory input back to the Type I neurons resulting in the observed
increase in IPSP frequency. Ultimately, an ultra-short inhibitory feedback loop
capable of regulating the excitability of PVN output is created.
Supported by grants to A VFfrom the Medical Research Council of Canada
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MINERALOCORTICOID TREATMENT SELECTIVELY ATTENUATES
ANGIOTENSIN II-INDUCED FOS EXPRESSION IN HYPOTHALAMIC
OXYTOCIN NEURONS. D,M, Rfissgh*,, . ^,81^^, £..AJ,.,gLte„,flnd,
Verbalis. Dept of Medicine, Division of Endocrinology and Metabolism,
Georgetown University, Washington, DC 20007.
Intracerebroventricular (icv) injections of angiotensin II (All) increase NaCl
intake but also stimulate pituitary oxytocin (OT) secretion. Icv injections of OT
receptor antagonists potentiate intake of 0.3 M NaCl after icv All, indicating that
All-induced activation of centrally projecting OT neurons may limit All-induced
NaCl intake. Other studies suggest mineralocorticoids augment All-induced NaCl
appetite by increasing responsiveness of the anteroventral third ventricular (AV3V)
region to AIL We evaluated All stimulation of AV3V and hypothalamic neurons by
studying the effect of mineralocorticoid treatment on All-induced Fos
immunoreactivity in these regions. Rats were treated for 5d with sc injections of
sesame oil (0.4 ml, n=7) or deoxycorticosterone acetate (DOCA, 2mg/0.4ml, n=8).
AH (5ng/5pl) was injected through indwelling icv cannulae and brains were
perfused 75 min later; hypothalamic sections (25 pm) were co-stained with
antibodies to cFos and OT. All induced Fos expression in 57.9±7.2% of supraoptic
(SON) and 41.5±7.5% of paraventricular (PVN) OT neurons. Significantly fewer
OT neurons expressed Fos after icv AII in DOCA-treated rats compared to oiltreated rats (SON=19.1±3.1%, PVN=15.5±2.9%, p<0.01), indicating that OT
neurons are less activated in this model of chronically enhanced NaCl appetite. In
contrast, DOCA did not significantly change An-induced Fos expression in the
AV3V region (OVLT, SFO, median preoptic nucleus). These results therefore
suggest that a relatively selective attenuation of OT neuronal activity contributes to
mineralocorticoid-induced increases in NaCl intake, in support of our hypothesis
that chronic potentiation of NaCl appetite is associated with decreased inhibitory
activity of centrally projecting OT neurons. Supported by MH43787 and NS28477.

EXISTENCE OF KAINATE-PREFERRING GLUTAMATE RECEPTOR SUBUNIT
KA2 IN OXYTOCIN-SECRETING NEURONS IN FEMALE RAT. O. Evigor*12 and
L.Jennes1, 1. Dept Anatomy & Neurobiology, Univ Kentucky, Coll Medicine,
Lexington, KY and Dept. Histology and Embryology, Uludag Univ. Bursa, Turkey.
Oxytocin is synthesized in magnocellular neurons in PVN and SON in
hypothalamus and secreted from the axon terminals in the posterior pituitary to
regulate uterus contraction during parturition as well as milk ejection. Immunohistochemical and electrophysiological studies have indicated that glutamate is present
presynaptic terminals in the PVN and SON suggesting a glutamatergic excitatory
regulation. Recent in situ hybridization and/or immunohistochemical studies showed
that certain NMDA- and AMPA-preferring glutamate receptor subunits exist in
oxytocin containing neurons of the PVN and SON. The present studies were
designed to assess the presence of kainate-preferring receptors in oxytocin neurons
and their participation in the regulation of these neurons. Dual immunohistochemistry with rabbit anti-KA2 and guinea pig anti-oxytocin antisera revealed that
the vast majority of oxytocin-positive neurons are also immunoreactive for KA2
protein. In addition, triple immunohistochemistry for c-Fos, KA2 and oxytocin was
applied to brain sections from rats which had received kainic acid injections (2.5
mg/kg bw) 90 min prior to the sacrifice. The results showed that most owtocin
neurons in the SON and a subpopulation of oxytocin neurons in the PVN express the
immediate early gene product c-Fos as a marker of neuronal activation and uiat tiiese
neurons also express the KA2 receptor subunit. In a second set of experiments,
lactating rats were separated from their litter for four hours, followed by 1 hour of
suckling before sacrifice. In agreement with previous reports, this experimental
paradigm induced c-Fos expression in a subgroup of oxytocin-secreting neurons in
the hypothalamus. Our results also showed tnat the c-Fos-positive, oxytocin neurons
were immunoreactive for KA2. In conclusion, the results of the present studies show
that that kainate-preferring glutamate receptor subunit protein is present in
magnocellular oxytocin neurons and that they are activated by an excitatory
challenge and during lactation. Taken together it is suggested that in addition to
AMPA and NMDA receptors, kainate-preferring glutamate receptors are directly
involved in the regulation of oxytocinergic neurons in the female rat. Supported by
Uludag University, Bursa, Turkey.
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EFFECT OF BICUCULLINE ON VASOPRESSIN (VP) RELEASE:
EVALUATION OF DOSE-DEPENDENCY. Z. Song*. K.D, Nguyen.
C.D, Sladek, Dept. of Physiology and Biophysics, FUHS/The Chicago
Medical School, N. Chicago, IL 60064.
GABAergic innervation of the supraoptic nucleus (SON) represents the
primary inhibitory input to VP neurons. In previous experiments,
bicuculline was shown to stimulate VP release from explants of the
hypothalamo-neurohypophyseal system (HNS) maintained in static
culture (Endocrinology 120; 1576,1987). In preliminary experiments
with HNS explants maintained in perifusion culture, explants were
exposed sequentially at 2 hr intervals to 1,10, and 100|xM bicuculline.
luM bicuculline had no effect on VP release. IOji M bicuculline
stimulated VP release, but the response was not sustained and
subsequent exposure to lOOgM bicuculline did not increase release. To
further clarify the dose-dependency of bicuclline, we tested the effect of
individual (rather than sequential) exposure to lOfiM and 100p.M
bicuculline. IOji M bicuculline induced a large increase in VP release
(F=14.579, P=0.0041) while lOOfiM bicuculline did not alter VP
release. The response to lOfiM bicuculline is consistent with its ability to
block the majority of inhibitory postsynaptic potentials in magnocellular
neurons. Its ineffectiveness at lOOfxM may be explained by foe ability of
bicuculline at 100 p.M to non-competitively block ion conductances
mediated by NMDA and acetylcholine receptors, both of which provide
excitatory input to SON. Supported by NIH grant NS 27975.

ATP AND PHENYLEPHRINE ACT SYNERGISTICALLY TO INCREASE
VASOPRESSIN RELEASE. John R, KaPQOT* and Celia P, Sladek, Chicago Med.
Sch., No. Chicago, IL 60064
Vasopressin (VP) neurons of the supraoptic (SON) nuclei receive direct,
excitatory input from the Al neurons of the caudal ventral lateral medulla. Several
substances are co-localized in the Al terminal, including norepinephrine (NE),
neuropeptide Y (NPY), substance P (SP) and adenosine triphosphate (ATP). ATP has
been identified as the primary excitatory neurotransmitter from the Al neurons, owing
to its action on fast ligand-gated ion channels. Using perifused explants of the
hypothalamic neurohypophyseal system (HNS), we have shown previously that ATP,
acting at the
receptor, reversibly stimulates VP release from the neural lobe, but
displays characteristics of receptor desensitization. Presently, we investigated the
individual and combined effects of ATP and phenylephrine (oq adrenergic agonist), on
VP release from HNS explants. VP release was determined in timed fractions by
radioimmunoassay. Following a 4 hr. equilibration period, HNS explants were
maintained in basal medium (control) <x exposed to 100 pM ATP for 2-3 hrs.
Analysis of variance revealed a significant increase in VP release in ATP treated
explants (p<0.05). The response was fast and not sustained, achieving a peak of
145.9 ± 12% above basal. In similar experiments, lOOpM phenylephrine resulted in a
significant increase in VP release (p<0.026), that was fast and not sustained, achieving
a peak response of 154.7 +15% above basal. However, simultaneous exposure of
HNS explants to lOOpM ATP and lOOpM phenylephrine, resulted in a slightly
delayed, but synergistic stimulation of VP release, that reached a peak of 324.3 ±
109% above basal (p=0.0001) and was sustained throughout the 3 hr. perifusion
period. These data indicate that while ATP and phenylephrine individually result in
fast, unsustained responses, the combination acts synergistically, eliciting a larger and
sustained response. This demonstrates that co-release of neurotransmitters may be
required to optimize VP release. Supported by NIH NS-27975.

279.13
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ROLE OF AMPA IN REGULATION OF VASOPRESSIN RELEASE.
Delmore Morsette andC, D, Sladek.* DepL Physiology, Chicago Med.
Sch., North Chicago, IL, 60064.
The central importance of glutamate as an excitatoiy amino acid in the
hypothalamus has been demonstrated via imunohistochemistry, in situ
hybridization, as well as electrophysiological techniques. We utilized
explants of die rat hypothalamic neurohypophysial system (HNS) to
characterize the role of AMPA type glutamate receptors in the regulation
of oxytocin (OT) and vasopressin (VP) release. AMPA at 10 and 100
fiM significandy increased both VP and OT release (p<0.05). Although
the response fo AMPA was increased by the addition of cyclothiazide
(lOOpM; p<0.0001), cyclothiazide was not required. This contrasts with
the inability of exogenous glutamate to stimulate hormone release in the
absence of cyclothiazide. AMPA stimulation of VP and OT release was
not inhibited by addition of the NMDA-receptor antagonist, AP5
(100pM), indicating that AMPA stimulation of hormone release occurs
independent of NMDA-receptor activation by endogenous glutamate.
Hormone release was not increased with sequential exposure to
increasing AMPA concentrations, and repeated exposure to AMPA (100
pM) following a wash period did not stimulate hormone release. The
role of AMPA receptors in osmotic stimulation of VP and OT release was
evaluated utilizing a specific AMPA anatagonist, SYM 2206. SYM 2206
significantly (p<0.05) attenuated the release of both OT and VP from
HNS explants exposed to increased osmolality without significantly
altering basal release. These data demonstrate the importance of AMPA
type GIuRs in osmotic stimulation of OT and VP release. Supported by
NIH grant RO1-NS27975.

HISTAMINERGIC NEURONS ARE INVOLVED IN REGULATION OF
DEHYDRATION-INDUCED VASOPRESSIN SECRETION IN HUMANS.
A. Kjccr*, U. Knigge, H. Jprgensen and J. Warberg
Department of Medical Physiology, The Panum institute, University of
Copenhagen, Denmark.
We have previously shown that the hypothalamic neurotransmitter
histamine (HA) participates in regulation of vasopressin secretion in rats.
Furthermore, this regulation seems to be of physiological importance since it
was demonstrated that blockade of the histaminergic system inhibited the
dehydration-induced vasopressin secretion in rats.
The aim of the present study was to extend these studies to humans. We
investigated the effect of Hl- and H2-receptor blockade using selective
antagonists on chronic stimulation of vasopressin secretion. As chronic
stimulator we used 40h of dehydration.
We found that 40h of dehydration gradually increased plasma osmolality
by 10 mosm/kg and induced a four-fold increase in vasopressin levels.
Pretreatment with the Hl-receptor antagonist mepyramine borderlinesignificantly inhibited the vasopressin response to dehydration after 34h of
dehydration. Pretreatment with the H2-receptor antagonists cimetidine or
ranitidine both inhibited the dehydration-induced vasopressin secretion after
34 and/or 37h of dehydration.
We conclude, that in humans vasopressin secretion in response to
dehydration is under the regulatory influence of neuronal HA and that the
effect seems to be mediated via H2- and possibly also Hl-receptors.
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INTRA-SUPRAOPTIC NUCLEUS NEUROTENSIN ADMINISTRATION
INCREASES VASOPRESSIN CELL, BUT NOT OXYTOCIN CELL, ACTIVITY
IN ANAESTHETISED NON-SUCKLING LACTATING RATS
Colin H. Brown* and Gareth Leng
Department of Biomedical Sciences, University Medical School, Edinburgh, U.K.
Neurotensin (NT) excites supraoptic nucleus (SON) cells in vitro [1] and is found
in several brain areas that project to the SON. Here, intra-SON NT administration by
microdialysis was combined with extracellular single-unit recording to determine
whether NT increases oxytocin (OT) and/or vasopressin (VP) cell activity in
lactating rats in vivo. Thirty-one SON cells were recorded from 24 urethaneanaesthetised non-suckling lactating Sprague-Dawley rats (351 ± 6 g; mean ±
S.E.M.) that were separated from their litters (6-16 pups) on the 6th - 16th day of
lactation. After transpharyngeal exposure of the SON and pituitary stalk, the
membrane loop of a U-shaped microdialysis probe was placed onto the surface of
the SON as previously described [2]. The SON was dialysed with 2 pi min'1 aCSF
until inclusion of NT (1 mM) in the dialysate for 8 - 115 min. Cells were confirmed
as SON cells by initiation of antidromic action potentials at the pituitary stalk. SON
cells were then characterised as OT or VP cells by their activity pattern and/or the
excitatory response of OT cells to cholecystokinin-8-sulphate (20 gg kg'1, i.v.). The
spontaneous firing rate of 11 OT cells was 2.4 ± 0.7 spikes s'1 (averaged over 15
min) and this was unchanged by NT application (30 ± 18 % increase; P = 0.700,
Wilcoxon Signed Rank test). The spontaneous firing rate of 20 VP cells (5
displaying phasic activity and 15 displaying continuous/irregular activity) was 2.6 ±
0.6 spikes s ’ and this was increased by 101 ± 43 % during NT administration (P =
0.009). Thus, NT excites VP but not OT cells in non-suckling lactating rats.
[1] Kirkpatrick & Bourque, 1995; J. Physiol. 482, 373-381.
[2] Ludwig & Leng, 1997; Eur. J. Neurosci. 9, 2532-2540.

NORADRENERGIC MODULATION OF EXCITATORY SYNAPTIC
INPUTS
TO
SUPRAOPTIC
AND
PARAVENTRICULAR
MAGNOCELLULAR NEURONS IN RAT HYPOTHALAMIC SLICES.
C. Boudaha, S. Di and J.G Tasker*, Dept. of Cell & Molecular Biology, Tulane
University, New Orleans, LA 70118.
Bursting in magnocellular neurosecretory neurons may be mediated by local
glutamatergic intemeurons near or inside the supraoptic (SON) and the
paraventricular nuclei (PVN) that receive an extrahypothalamic afferent input. SON
and PVN neurons receive glutamatergic afferents of local origin (Boudaba et al., J.
Neurophysiol., 77:3396, 1997), and some PVN magnocellular neurons receive inputs
from norepinephrine-sensitive intranuclear glutamate circuits (Daftaiy et al., J.
Neurosci., 18:10619, 1998). The aim of the present study was to determine whether
norepinephrine-mediated excitation of both SON and PVN magnocellular neurons is
caused by synaptic inputs from local glutamate intemeurons. Excitatoiy postsynaptic
potentials and currents (EPSPs/EPSCs) were recorded in SON and PVN
magnocellular neurons in coronal hypothalamic slices (400 gm) using the whole-cell
patch-clamp technique. Bath application of norepinephrine (100 pM) evoked a
reversible increase in the frequency of EPSPs/EPSCs in about 90% of magnocellular
neurons recorded in SON (n=44) and in PVN (n=25). This response was blocked
completely by AP5 (100 pM) and DNQX (50 pM), by 90% with prazosin
hydrochloride (10 pM), by 60% with yohimbine (10 pM), and was resistant to
propranolol (10 pM). Whereas the a-receptor-mediated response to norepinephrine
was blocked by TTX (1.5 pM) in some cells of the PVN, it was TTX insensitive and
thus spike independent in SON neurons, suggesting that norepinephrine receptors
are located on presynaptic glutamate terminals in the SON. These data suggest a
differential noradrenergic innervation of glutamatergic inputs to SON and PVN
neurons, which may represent differential activation of magnocellular neurons in the
two nuclei by specific physiological stimuli. Supported by NIH grant NS31187.

Supported by the European Commission.
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PLASTICITY OF THE NORADRENERGIC MODULATION OF
HYPOTHALAMIC MAGNOCELLULAR NEURONS DURING CHRONIC
DEHYDRATION, S. Di* and J, G. Tasker. Dept. of Cell and Molecular Biology,
Tulane University, New Orleans, LA 70118
Noradrenergic systems play a critical role in the regulation of hypothalamic
neurosecretory function. Tlie noradrenergic innervation of magnocellular neurons
undergoes structural plasticity in response to physiological activation (Michaloudi
et al., J. Neuroendocrinol., 9:17-23, 1997). The present study explored tlie
functional plasticity of the noradrenergic modulation of synaptic inputs to
magnocellular neurons of the rat supraoptic nucleus (SON) after 8-10 days
dehydration. SON neurons (n=28) were recorded in coronal hypothalamic slices
using tlie whole-cell patch-clamp technique. Spontaneous excitatory postsynaptic
currents (EPSCs) showed no significant difference between dehydrated and control
rats. In general, SON neurons in the two groups responded similarly to
norepinephrine (NE) application. NE caused a dose-dependent and reversible
increase in the frequency of EPSCs in both groups. The excitatory effect of NE was
blocked by the a-receptor antagonists prazosin (90%, 10‘5 M) and yohimbine (60%,
10'5 M) but not by the ^-antagonist propranolol (10 s M). Interestingly, SON
neurons from tlie dehydrated group showed an increased sensitivity to NE. The
EPSC frequency increased 70% in NE at 10'6 M in tlie dehydrated group, whereas
only minimal increase was observed at this concentration in the control group. The
response to NE reached a plateau of over a 4-fold increase in the EPSC frequency at
10 s M in tlie dehydrated group, while tlie NE concentration required to reach a
maximal response in tlie control group was an order of magnitude higher at IO-4 M.
Thus, the NE dose-response curve was shifted to tlie left, after dehydration,
indicating a greater sensitivity to NE. Whether the increased NE sensitivity is the
result of a greater number of excitatory synapses or an upregulation of NE receptors
is being investigated.
This work was supported by NIH grant NS31I87.

IMMUNOHISTOCHEMICAL LOCALIZATION OF KAPPA-OPIOID
RECEPTORS IN OXYTOCIN NEURONS IN THE RAT
PARAVENTRICULAR (PVN) AND SUPRAOPTIC NUCLEI (SON).
M. J. Smith* and P. M, Wise. Dept. of Physiology, University of Kentucky,
Lexington, KY 40536.
Previous studies have demonstrated that stimulation of kappa-opioid receptors
can inhibit the activity of oxytocin neurons at the level of the cell body in the
hypothalamus. However, it is not known whether this action is exerted directly or
via other neuronal systems that in turn alter oxytocin release. The present study
utilized dual label immunofluorescence to examine the relationship between the
kappa-opioid receptors (KOR1) and oxytocin neurons in the PVN and SON. Adult
Sprague-Dawiey rats were perfused with a modified Zamboni’s fixative (4%
paraformaldehyde + 7.5% picric acid; pH 7.5). Brains were removed and post-fixed
overnight in the above fixative + 30% sucrose. Simultaneous detection of KOR1
and oxytocin was performed by incubating free-floating sections (15pm) in a
mixture of rabbit anti-KORl (kindly provided by R. Elde) and guinea pig antioxytocin (Peninsula Labs) antisera for 72-96 h at 4°C. Immunoreactivity (ir) for
oxytocin was visualized with FITC. KORl-ir was first amplified using the
Renaissance TSA-indirect kit (NEN) and then visualized with Texas Red.
Preliminary experiments show that distribution patterns of KOR1- and oxytocin-ir
within the hypothalamus correspond to earlier descriptions found in the literature.
Confocal analysis of double-labeled sections demonstrate that a subpopulation of
oxytocin-ir cell bodies in both the PVN and SON are colocalized with KORl-ir. In
addition, colocalization of KOR1- and oxytocin-ir was observed in axons passing
through the internal layer of the median eminence. These results indicate that kappaopioid receptor agonists can exert a direct inhibitory action on oxytocin neurons.
Work in progress is examining whether kappa-opioid receptors colocalize with
oxytocin at the level of the nerve terminal in the posterior pituitary. Supported by
NIH grants HD07436 and AG02224.

279.19

279.20

NEURAL INPUTS FROM THE MEDIAN PREOPTIC NUCLEUS
TO THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS
IN NORMOTENSIVE AND SPONTANEOUSLY HYPERTENSIVE
RATS. J. Tanaka,1* Y. Hayashi,2 K. Hori3 and M. Nomura3, ^ept.
of Human Development, 2Dept. of Education for Handicapped
Children, Naruto Univ. of Education, Naruto, Tokushima 772-8502;
3Dept. of Physiology, Saitama Med. Sch., Saitama 350-0495, Japan.
Extracellular single-unit activity was recorded from phasically
firing neurohypophyseal neurons in the hypothalamic paraventricular
nucleus (PVN) of male Wistar-Kyoto (WKY, 40 units) and spontaneously hypertensive rats (SHR, 39 units) under urethane anesthesia.
Electrical stimulation of the median preoptic nucleus (MnPO) produced
orthodromic excitation (19 units in WKY rats and 20 units in SHR) or
inhibition (4 units in WKY rats and 5 units in SHR) of the activity of
PVN neurons. No significant differences in the latency, duration or
threshold of the responses to MnPO stimulation were observed between
WKY and SHR. The magnitude of excitatory response, but not the
inhibitory response, was much greater in SHR than in WKY rats. Local
injection of angiotensin II (ANGII, IO12 M) into the stimulation sites
enhanced the neuronal activity of units (7 out of 11 units tested in WKY
rats and 8 out of 12 units tested in SHR) that displayed the excitation to
electrical stimulation of the MnPO. The duration and frequency of
excitatory response caused by the ANG II injection was much greater in
SHR than in WKY rats. These results suggest that ANG Il-sensitive
neural pathways from the MnPO to the PVN act to facilitate the
excitability of vasopressin-secreting neurons in the PVN and that there is
the alteration between WKY and SHR in the function of the pathways.

CHANGES IN OXYTOCIN (OT) AND ARGININE-VASOPRESSIN (AVP) mRNA AND PEPTIDE
IN THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS (PVN) DURING DIABETES
MELLITUS IN THE NONOBESE DIABETIC (NOD) FEMALE MOUSE. F.E.Saravia12
S.LGonzalez12 P.Roig1, A.Lima1, V.AIves3, F.Homo-Delarehe3 and A.F.De Nicola1/ 1lnstituto
de Biologia y Medicina Experimental,Obligado 2490,1428 Buenos Aires, Argentina 2Facultad
de Medicina UBA,3Unite 1461CNRS Hopital Necker,Paris, France.
Insulin dependent diabetes mellitus (IDDM) is one of the most common metabolic disorders.
The NOD mouse spontaneously develops an IDDM which shares many similarities with human
disease. It is well known that the PVN plays a pivotal role in neuroendocrine and autonomic
functions, being capable of expressing several neuropeptides and neurotransmitters
simultaneously. Our results demonstrate changes in OT and AVP mRNA and peptide content
(studied by in situ hibridizafion and immunocytochemistry procedures coupled to computerized
image analysis) in the PVN from NOD diabetic mice compared with control C57BI/6 mice. No
changes were found in the number of immunoreactive OT-expressing neurons in the NOD
mouse during prediabetic (2 and 4 weeks of age) or diabetic (16 weeks of age) stages,
compared to control animals. In contrast, the intensity of the OT-immunoreactivity/area (LIGV)
was significantly increased in the PVN from diabetic female mice. AVP immunocytochemistry
showed no changes in LIGV and number of positive cells in all ages studied, but foe
immunoreactive ceil area was significantly increased in neurons from diabetic mice. In order to
elucidate if these changes could be ascribed to an increased neurohormone synthesis, foe
expression of OT and AVP mRNA in PVN neurons was studied. The results showed that
diabetic 16-week-old NOD exhibited a significantly increase in the cellular area expressing OT
mRNA. However, the number of neurons expressing OT mRNA and foe intensity were similar in
C57BI/6 and diabetic NOD mice. Concerning AVP mRNA expression, we observed a 2.3-fold
higher LIGV, while neuronal number increased 1.6-fold in PVN from NOD diabetic mice
compared with control strain. However, neuronal area did not present differences between foe
groups. These data suggest that AVP and OT may play important roles in IDDM, considering
that dehydration and stress can aggravate foe metabolic disorder. (Supported by PIP CONICET
4103, INSERM/CONICET agreement FONCYT PICT 97 05-00438 and UBA MT13)

HPA REGULATION: FEEDBACK CONTROL
280.1

280.2

CRH AND AVP TRANSCRIPTION WITHIN THE HYPOTHALAMUS ARE
DIFFERENTIALLY REGULATED BY CORTICOSTERONE. DL Helmreich*. K
Itoi, MO Lopez-Figueroa. SJ Watson. MHRI, Univ of Michigan, Ann Arbor, 48109
and 2nd Dept of Med, Tohoku Univ, Sendai 980, Japan.
We have previously demonstrated that norepinephrine (NE) injection directly into
the medial parvocellular region of the paraventricular nucleus of the hypothalamus
(mpPVN) rapidly increases CRH transcription, as indicated by a marked increase in
CRH hnRNA levels, without causing a similar change in AVP hnRNA levels. We
questioned if this differential response to NE may be influenced by inhibitory effects
of corticosterone, with the negative feedback effects of corticosterone having a more
profound effect on AVP than on CRH. In the current study, we addressed this issue
by using rats that had been adrenalectomized and implanted with a subcutaneous
corticosterone pellet (ADX/B), preventing the NE induced rise in corticosterone
levels. Guide cannulas aimed at the left PVN were implanted into male Wistar rats,
either SHAM or ADX/B. One week following surgery, NE (50 nmol) dissolved in
artificial CSF (100 nl), or CSF alone, was injected into the PVN of conscious rats.
Rats were decapitated at 15 or 120 min post NE injection, trunk blood was collected
for determination of ACTH and corticosterone, and brains were collected and
processed for in situ hybridization. In both SHAM and ADX/B animals, CRH
hnRNA levels were markedly increased at the 15 min time point and had returned to
basal levels by 120 min. At 15 min, the magnitude of the CRH hnRNA response
was slightly, but significantly, greater in the ADX/B group as compared to SHAM.
In contrast, mpPVN AVP hnRNA levels in the ADX/B group showed a rapid and
sustained increase after NE injection that was markedly greater than that observed in
the SHAM group; at both the 15 and 120 min, AVP hnRNA levels in the ADX/B
group were significantly greater than the SHAM group. These results suggest that
corticosterone has a greater impact on the transcriptional regulation of AVP than
CRH, suggesting important differences in the regulatory pathways for these
secretagogues. Supported by P01-MH42251.

GLUCOCORTICOID REGULATION OF VASOPRESSIN (VP)
AND CORTICOTROPIN-RELEASING FACTOR (CRF)
EXPRESSION IN AN IMMORTALIZED HYPOTHALAMIC CELL
LINE A Regmi, JJ Mulchahev, JW Kasckow* Cincinnati VAMC, Cincinnati,
OH 45220 and University of Cincinnati Department of Psychiatry, Cincinnati, OH
45267
VP and CRF play an important role in the mammalian stress response and
understanding their regulation is important for determining the factors which
regulate stress. We have developed an immortalized hypothalamic cell line which
expresses CRF and VP messenger RNA (mRNA) and peptide. E19 rat
hypothalamic cells were immortalized by retrovirus-mediated transfer of the SV40
large T antigen gene. One clone exhibited both CRF and VP-like
immunoreactivity by immunocytochemistry. Other characteristics included positive
immunocytochemical staining for microtubule associated protein -2 and negative
staining for glial fibrillary acidic protein. The expression of CRF and AVP
appears to be regulated by glucocorticoids. Relative to control, levels of CRF and
VP mRNA in these cells significantly increased by 22.5 ± 1.6% and 53 + 12%,
respectively following treatment with 30 (J.M forskolin for 12 hours. Incubation
with 100 nM corticosterone alone lead to no significant changes in CRF or VP
expression from baseline; however, treatment with 100 nM corticosterone and 30
M-M forskolin for 12 hours lead to levels of both CRF and VP mRNA equivalent
to baseline (all P’s < 0.05 based on ANOVA and t tests with Bonferroni
correction; n = 3). Glucocorticoid treatment prevented the forskolin-induced increase
in CRF and VP expression. Thus, this cell line shares properties of hypothalamic
cells which express both CRF and VP and appears to be a useful model for further
studies aimed at understanding molecular mechanisms important in the cellular
regulation of hypothamlamic CRF and VP. *Supported by a NARSAD Young
Investigator’s Award.
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INHIBITORY EFFECTS OF DIHYDROTESTOSTERONE IMPLANTS IN THE
MEDIAL PREOPTIC AREA ON STRESS-INDUCED CORTICOSTERONE

STRESS INDUCED FACILITATION OF THE HPA AXIS: THE EFFECT OF
STRESSOR DURATION William J. Cassano Jr., Michael W. Jann** and Anil P.
D’mello Department of Pharmaceutical Sciences, University of the Sciences;
Philadelphia, PA 19104 and + Mercer University; Atlanta, GA 30341
Stress induced activation of the hypothalamic-pituitary-adrenal axis stimulates the
release of both facilatory and inhibitory components. These components balance each
other and allow the rat to respond to subsequent stressors in a predictable and
consistently reproducible manner. In accordance with this theory, we proposed that the
transient removal of the inhibitory component, corticosterone (B), during the first
stressor would leave the HPA axis in a state of hyperresponsiveness. Consistent with
this expectation, we observed that removal of B during the first stressor with the use of
the corticosterone synthesis inhibitor, aminoglutethimide (AG), resulted in the hypersecretion of both ACTH and B during a subsequent stressor.
In light of these findings, it is our hypothesis that the extent of hypersecretion on
day 2 is directly proportional to the release and/or expression of facilitory components
on day 1. Based on this hypothesis, the objective of the present study was to evaluate
the effect of stressor duration on day 1, on the magnitude of hypersecretion of ACTH
and B to a stressor on day 2. Briefly, 30 minutes following pretreatment with
lOOmg/kg AG, rats were subjected to either 10 or 60 minutes of immobilization
(IMM). Precisely 24 hours following the administration of AG, rats were subjected to
the minor stressor of an i.p. saline injection. Rats were decapitated 15 minutes after the
saline injection and trunk blood was collected. ACTH was analyzed by RIA and B was
analyzed by a sensitive and specific HPLC method.
AG plus a 10 minute IMM stress on day 1 resulted in facilitation of the HPA axis.
This was reflected in higher ACTH and B responses to an injection stress on day 2 as
compared to rats which received either AG or IMM pretreatment alone on day 1. AG
plus a 60 minute IMM stress on day 1 resulted in significantly greater facilitation as
compared to the AG/10 minute IMM data. In conclusion, facilitation of the HPA axis
on day 2 of our experimental paradigm is dependent on the duration of stress on day 1.

Program, Bates College, Lewiston, ME 04240, USA.
Previous research has implicated the medial preoptic area (MPOA) of the brain to
be a site of action for the inhibitory effects of testosterone on hypothalamic-pituitaryadrenal (HPA) function (Viau & Meaney, 1999). The present study investigates: (1)
whether the MPOA is a site of action for the effects of estrogen on HPA function,
and (2) whether implants of the non-aromatizable androgen dihydrotestosterone (DHT)
in the MPOA would produce greater inhibition of corticosterone release than implants
of testosterone. Cannulae containing 100 pg of testosterone propionate (TP),
5a-Androstan-17(3-OL-3-ONE (DHT), (3-estradiol 3-benzoate (EB), or empty cannulae
(control: CTL) were bilaterally implanted into the MPOA. Plasma luteinizing
hormone (LH) levels were used to verify cannulae placement and effectiveness of the
implant. One week following surgery, rats underwent a stress test that involved 20
min in a Plexiglas restrainer. Trunk blood was collected immediately upon removal
from the restrainer to measure plasma corticosterone (CORT) levels by RIA and LH
levels by ELISA. Brains were placed in 10% formalin and 30 pm sections were
stained with cresyl violet. A significant main effect of hormone replacement was
found £(3, 31) = 4.79, g = .0074: DHT-treated rats had significantly lower CORT
levels than TP, EB, and CTRL rats whose CORT levels did not differ significantly.
These results suggest that the actions of testosterone at the MPOA may involve the
metabolites of testosterone: The effects of TP at the androgen receptor may have
been counteracted by effects of TP at the estrogen receptor. Another possibility is
that DHT's effects involve its conversion to androstanediol (5a-androstan-17B-diol;
3a-diol). We are currently investigating these possibilities. Supported by the Bates
College Department of Psychology and the Howard Hughes Medical Institute.

280.5

280.6

EFFECT OF ESTRADIOL ANTAGONISTS ON SENSITIVITY
TO GLUCOCORTICOID FEEDBACK IN FEMALE RATS
E. A, Young*, M. Altemus. V. Parkison, S, Shastry. Mental
Health Research Institute, Department of Psychiatry, University of
Michigan; Ann Arbor, MI 48109.
We have previously demonstrated that intact female rats are
resistant to the negative feedback effects of 50% corticosterone (B)
pellets compared to male rats. To determine if estrogen was the
ovarian steroid responsible for this resistance, we used two
different estrogen antagonists, tamoxifen as Cl628 to antagonize
the effects of endogenous estrogen. In study one, intact female rats
were given either B pellets or cholesterol pellets and half of each
group received tamoxifen injections (10p.g/100g BW) for three
consecutive days including the day of restraint. Tamoxifen treated
rats demonstrated a significantly greater (F=7.2, p=.01) ACTH
response to restraint in both B and cholesterol pellet groups. A
repeat experiment showed similar findings. Injection of Cl628
(2mg/rat) for six consecutive days including day of restraint also
resulted in a significantly greater ACTH response to restraint in the
B pellet rats (F=5.3, p=.O26). These data suggest that estrogen
antagonists can act as glucocorticoid antagonists, either through
their effects on estrogen receptor or possibly through direct effects
on glucocorticoid receptors.

TESTOSTERONE INHIBITION OF AVP mRNA EXPRESSION IN THE
PARVOCELLULAR PVN OCCURS INDEPENDENT OF CORTICOSTERONE
AND IN SINGLE-, BUT NOT IN GROUPED-HOUSED MALE RATS. Victor
Viau*-aad MaryJ, Mman. Dept. of Physiology, UCSF, San Francisco, CA
94143-0444.
Gender-based differences in hypothalamic-pituitary-adrenal (HPA) activity are
explained, in part, by the inhibitory effects of testosterone (T) in males on AVP
synthesis within parvocellular (hypophysiotropic) neurons of the paraventricular
nucleus (PVN) of the hypothalamus. In addition, HPA function in males is also
subject to social influence: In models of chronic social stress, subordinate males
show elevations in AVP immunoreactivity within hypophysiotropic PVN
neurons. In the present studies, we measured parvocellular AVP mRNA
expression levels in gonadectomized-adrenalectomized (GDX-ADX) male rats
replaced with graded doses of T under grouped (3 per cage) and single (1 per cage)
housing conditions. Indicated by in situ hybridization densitometric analysis of
AVP mRNA, GDX.ADX animals replaced with low T (T = 0.1 to 0.4 ng/ml)
showed higher parvocellular AVP expression compared to GDX.ADX animals
without T replacement (AVP mRNA = 120 ± 4.4 and 72 ± 4.6 O.D. units,
respectively). No differences in AVP expression were seen with these low T levels
as a function of housing condition. Interestingly, higher T replacement (T = 2 to 4
ng/ml) effectively inhibited parvocellular AVP expression in individual, but not in
group-housed rats (AVP mRNA = 76 ± 6.9 and 109 ± 8.2, respectively). Finally,
AVP mRNA was significantly reduced with dihydrotestosterone replacement (DHT;
the nonaromatizable form of T), independently of housing condition (AVP mRNA
= 72 ± 9 and 66 ± 4, group- and single-housed rats, respectively). These findings
show that an inhibitory effect of T on AVP mRNA in the PVN can occur in the
absence of corticosterone. The effect depends on social factors. Differences seen
between the effects of DHT and T on AVP expression suggest that changes in
central aromatase play an important part in limiting the efficacy by which T
regulates AVP expression during social interactions. Supported by DK28172

280.7

280.8

BEHAVIORAL, HORMONAL, AND NEURONAL INDICES OF HABITUATION
TO CHRONIC AUDIOGENIC STRESS IN RATS. S. Campeau*. D. Dolan. H.
Akil. and S.J. Watson. Mental Health Research Institute and Kresge Hearing
Research Institute, University of Michigan, Ann Aibor, MI 48109.
Repeated presentations of the same stressfiil stimulus is ofen reported to produce
habituation of the hormonal response controlled by the hypothalamo-pituitaiyadrenocortical (HPA) axis. Loud noise reliably activates the HPA axis, as measured by
circulating corticosterone levels in rats. This hormonal response has been shown to
habituate afier repeated noise exposures. The present studies were designed to
investigate putative neural mechanisms involved in the habituation ofthe HPA axis in
response to repeated audiogenic stress.
Male Sprague-Dawley rats (n = 18) were divided into three groups of 6 rats. The
two experimental groups were placed for 30 min. daily (between 7:00 - 9:00 am) for
16 days in acoustic chambers at either ambient noise levels (acute noise group) or 110
dB A white noise (chronic noise group). During these sessions, behavior was coded as
either active or immobile, and on Days 1, 4, and 8, blood was collected via tail nicks
immediately afier removing the rats from the acoustic chambers. On Day 16, rats from
both experimental groups were placed in the acoustic chambers and exposed to 110
dBA white noise for 30 min. They woe that immediately decapitated, their trunk
blood collected, and their brains quickly removed, frozen to -80° C, and processed for
in situ hybridization against c-fos mRNA. Rats from the third group were Naive and
were processed as above on Day 16 immediately upon removal from their home cages.
Repeated exposures to loud noise in the chronic noise rats increasingly reduced the
corticosterone and behavioral immobile responses, such that by Day 5 both responses
were similar to those ofthe acute noise group, which showed no stress response. This
habituation could not be explained by peripheral hearing loss because rats treated
similarly did not show any shif in auditoiy brainstem evoked potentials in a wide
range oftheir audiograms. The robust induction of c-fos mRNA measured in several
brain regions of acutely stressed animals on Day 16 was nearly completely abolished
in chronically stressed rats. Importantly, however, of the forebrain regions analyzed,
only the claustrum/oibital frontal cortex of chronically stressed rats displayed higher
c-fos mRNA induction compared to the acute stress group. These results suggest that
the claustrum/orbital frontal cortex might specifically and actively be engaged during
the process of habituation to reduce stress responsiveness. Supported by MH42251.

VARIATIONS IN THE HPA AXIS RESPONSE TO ACUTE AND CHRONIC
IMMOBILIZATION STRESS IN FISCHER 344, SPRAGUE DAWLEY, AND
WISTAR RATS. Y. Liu and A. P. D’mello*. Department of Pharmaceutical
Sciences, University of the Sciences in Philadelphia, Philadelphia, PA. 19104.
Strain differences in the response and habituation of HPA axis responses to
chronic stress have not been extensively investigated. We are interested in
identifying a strain of rats in order to examine the effects of chronic prenatal stress.
In this study, three commonly used rat strains, Fischer 344(F344), Sprague
Dawley(SD), and Wistar(W) female rats were compared in the intensity of HPA axis
response to an acute immobilization(IMM) stress and the extent of habituation of
HPA axis responses to a chronic IMM stress regimen. Also, the plasma protein
binding of corticosterone(B) before and during a chronic stress regimen has been
evaluated in these strains of rat. The stress paradigm involved IMM of rats for 3
sessions a day, 45 minutes each session for 7 days. Blood samples were taken
before, at the end of, and 30 minutes after an IMM stress on the first day and the last
day of the chronic stress regimen. The intensity of the stress response was assessed
by measuring the net area under the curve of the ACTH and B plasma level - time
curve. Total ACTH and B were measured by radioimmunoassay while plasma free
fraction of B was measured by ultrafiltration. Our results show that there are no
differences in basal ACTH and B levels between the three strains of rats. Compared
with SD and W, F344 rats showed significantly higher ACTH and B responses to an
acute IMM stress. In contrast to the W rats, F344 and SD rats showed significantly
decreased ACTH response after chronic stress. None of the strains showed
habituation of B responses after chronic stress. W rats had higher basal plasma free
fraction of B, while F344 showed significantly higher free fraction of B after IMM
stress. In conclusion, F344 rats exhibit the largest overall B response to chronic
stress.
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ACUTE EXPOSURE TO A NOVEL STRESSOR ENHANCES THE
CORTICOSTERONE RESPONSE HABITUATION TO CHRONIC
RESTRAINT IN RATS. T.W.W. Pace*, M.A. Cole, B.A. Kalman, and R.L.
Spencer. Department of Psychology, Behavioral Neuroscience Division,
University of Colorado at Boulder, Boulder, CO 80309.
Prior research has provided evidence that the corticosterone (CORT)
response to a second acute stressor is the product of prior stressor-induced
neuronal facilitation, dampened simultaneously by CORT negative
feedback initiated by the same prior stressor. The CORT response to a
second stressor is thus comparable to the first (Akana et al., 1992). We
investigated if this principle applied to back-to-back stressors when the 2nd
stressor was previously administered in a chronic fashion. Ss were adult
male Sprague Dawley rats. Rats were restrained in clear Plexiglas tubes for
1 hour on 6 consecutive days (in AM). Our previous observations indicate
that by the 5th day of restraint, CORT responses to restraint are
significantly lower than the responses of rats exposed to restraint for the 1st
time. On the 6th day, and 2 hours before restraint, Ss were pretreated with
exposure to a novel stressor (elevated small open field). Instead of restoring
the restraint CORT response of Ss to levels comparable to animals acutely
exposed to restraint for the 1st time (dishabituation), the novel stressor
preexposure led to a significant attenuation of the restraint CORT response
(enhanced habituation). In addition, Ss receiving IP CORT (1.25 mg/kg)
pretreatment instead of the novel stressor showed a similar attenuated CORT
response during the subsequent chronic restraint stressor. The role of the
novel stressor experience was also investigated by blocking novel stressorinduced CORT negative feedback via acute treatment with CORT receptor
antagonists prior to exposure to novel and subsequent chronic stressors.
Prior exposure to one stressor to the point of CORT response habituation
leads to enhanced habituation when that chronic stimulus is preceded by a
novel stressor, and reflects changes in net excitatory drive and feedback
inhibition induced by chronic stressor exposure. (NIH Grant DK49143).

UROCORTIN mRNA LEVELS IN THE HYPOTHALAMUS AND
MIDBRAIN ARE MODULATED BY RESTRAINT STRESS AND
GLUCOCORTICOIDS. G.N. Smaqin*, X. Yan, D.H. Ryan, R.B.S.
Harris. Pennington Biomedical Research Center, Baton Rouge, LA
70808
Urocortin (UCN) mRNA is expressed in several brain areas
involved in behavioral and neuroendocrine functions. The aim of the
present study was to determine whether the levels of UCN mRNA in
the hypothalamus and midbrain (Edinger-Westphal nucleus) are
modulated by restraint stress and glucocorticoids. Levels of UCN and
CRH mRNA in these areas were detected using an RNAse protection
assay. Rats were adrenalectomized (ADX) and decapitated 0, 24, 48
and 96 hours and 7 days after ADX, sham operated animals served
as controls. In the midbrain UCN mRNA was increased 24 hours after
ADX with no changes in CRH mRNA. Levels of UCN and CRH
mRNA in the hypothalamus were elevated 7 days after ADX, and
administration of 35 pg/ml of corticosterone in drinking water
significantly attenuated this increase. One hour of restraint stress
significantly increased UCN mRNA levels in the hypothalamus and
midbrain with no changes in CRH mRNA. UCN mRNA levels
remained elevated three hours after the termination of restraint.
These findings demonstrate that UCN expression in hypothalamic and
extra-hypothalamic areas of the brain is positively regulated by
restraint stress and negatively regulated by circulating glucocorticoids,
suggesting a possible role for UCN in the stress response and the
regulation of the HPA axis.
Supported by U.S. Army grant DAMD 17-97-2-7013

280.11

280.12

HPA AXIS RESPONSES TO STRESSORS MODULATED BY FEEDBACK
(FBK) SENSITIVE AND RESISTANT NEUROCIRCUITRY. K.V. Thrivikraman*.
C O. Ladd, and P.M. Plotskv. Stress Neurobiology Laboratoiy, Dept. of Psychiatry
& Behavioral Sciences, Emoiy University, Atlanta, GA 30322.
The current studies were perfoimed to evaluate differences in HPA axis
responsiveness to a variety of stressors including airpuff startle (AP), 20% hemorrhage
(H), or 10 min restraint (RT). The stress response was monitored by changes of the
plasma ACTH and corticosterone (B). Additionally, basal and stress-induced patterns
of FosIR during the circadian trough (AM) and peak (PM) were determined using
immunohistochemistry. Experiments were carried out 2hr after either “lights on” or
“lights ofi” in chronically catheterized adult, male SD rats. Basal ACTH (17±8 vs
27±9 pg/ml; AM vs. PM) and B (44±8 vs 107±9 ng/ml) were elevated (P<0.01)
during the PM as expected. The HPA axis response to H was unaffected by time of
day, while the HPA axis response to AP was blocked in the PM. Following RT,
ACTH and B increased during the AM and PM; the diurnal differences in the net
change of ACTH (1543±266 vs 450±94 pg/ml) were significant (P<0.01) without a
significant change in B. In the AM, basal FosIR was sparse and expression was
induced in different brain regions in a stressor-specific manner. Thus, in the AM,
FosIR was increased in brainstem regions after H, while it was increased in forebiain
regions following AP. However, FosIR was increased in the PVN irrespective of
stressor modality. During the PM prior to stressor exposure, a general increase in
FosIR was observed with notable increases in forebrain (limbic and hypothalamus)
and brainstem (NTS, locus coeruleus) regions. We conclude that FBK induced
suppression of HPA axis activity was dependent upon stressor modality via the
neurocircuitry activated by the stressor. It is suggested that stressor signals traversing
the brainstem to the PVN (e.g., H) are resistant to FBK, whereas those stressors (e.g.,
AP, RT) utilizing forebrain pathways to reach the PVN are sensitive to FBK.
(Supported by grant MH51745)

THE EFFECTS OF EXOGENOUS ACTH ON CORTICOTROPIN RELEASING
HORMONE (CRH) GENE EXPRESSION IN THE CENTRAL NUCLEUS OF THE
AMYGDALA. T.Z, Baram1'2*, K.L. Brunson1, N, Khan 1 , M. Eghbal-Ahmadi1 .1 Depts.
Anatomy & Neurobiology and Pediatrics, University of California at Irvine, CA 92697.

Rationale: Adrenocorticotrophic hormone (ACTH) is used as a therapeutic agent for
numerous neurological disorders; however, the mechanism of its efficacy for these disorders
remains unknown. An established action of ACTH is induction of adrenal glucocorticoids
(GC) release; these cross the blood-brain barrier and influence neuronal function via several
established mechanisms. Whether ACTH also acts directly on neurons, independent of GC
actions,constituted the focus of this study. Specifically, we tested the hypothesis that ACTH
has a direct negative-feedback suppression of CRH-expression in the central nucleus of the
amygdala (ACe), potentially by activating melanocortin receptors locally.
Methods: To distinguish direct effects of ACTH on CRH expression in ACe from those
mediated by GC, intact rats were compared to those in which GC were eliminated by
adrenalectomy (ADX). ACTH (80u/kg) was given to intact or ADX rats on postnatal day 10
and both groups were compared to controls (naive and sham-ADX). CRH expression was
measured by in situ hybridization 4 hours after ACTH administration, and plasma GC and
ACTH levels were measured by radioimmunoassay.
Results: ACTH administration resulted in a robust reduction of CRH mRNA expression in
ACe in both intact animals (where ACTH led to very high GC levels) and in ADX animals
(where GC levels were zero). Thus, ACTH effects on CRH-mRNA expression were
independent of GC levels.
Conclusion: ACTH effects on CRH expression in ACe are not mediated by GCs.
(Supported by NS28912 (TZB) and UCI-UROP award (NK)).

280.13

280.14

SELECTIVE UPREGULATION OF HIPPOCAMPAL CORTICOTROPIN
RELEASING HORMONE (CRH) EXPRESSION BY STRESSORS ACTIVATING
HIPPOCAMPAL IMMEDIATE EARLY GENES. CG Hatalski* B Tantayanubutr, KL
Brunson, TZ Baram. Depts Anatomy / Neurobiology & Pediatrics, University of
California, Irvine, CA 92697-4475
CRH, a major stress neuromodulator, is abundantly expressed in immature
hippocampus where it enhances glutamate-receptor mediated excitation of principal
cells. Stress-induced secretion of CRH from peptidergic inter-neuronal terminals may
therefore augment hippocampal-mediated functions such as learning and memory.
However, unlike in hypothalamus and amygdala, stress has not been shown to
regulate hippocampal CRH abundance. The current study tested the hypothesis that
hippocampal CRH expression is selectively regulated by stresses associated with
hippocampal neuronal activation. CRH-mRNA levels in hippocampal CAI, CA3 and
dentate gyrus were determined after each of two stresses, only one of which
activated hippocampal neurons as indicated by c-fos expression. It was demonstrated
that: I) stresses associated with intense hippocampal neuronal stimulation enhance
CRH-mRNA selectively in hippocampus; 2) this upregulation of CRH expression
requires neuronal excitation and is abolished by barbiturate administration and 3)
hippocampal CRH-mRNA levels are not influenced by stressors with limited c-fos
induction in hippocampal neurons, although CRH-mRNA expression in
hypothalamus is upregulated. Taken together, these results demonstrate that
hippocampal CRH expression is upregulated selectively by excitatory stressful stimuli.
In addition, these'findings suggest that CRH, shown to enhance glutamatergic
neurotransmission, may participate in mechanisms of stress-induced alterations of the
function-and perhaps integrity-of hippocampal neurons. Supported by NIH
NS289l2and NS35439.

CORTICOTROPIN-RELEASING HORMONE-MEDIATED RISE IN RAT BRAIN
MINERALOCORTICOID RECEPTOR DENSITY FOLLOWING ACUTE STRESS:
FUNCTIONAL SIGNIFICANCE. A, Gesinq*, A, Bilanq-Bleuel, A.C.E. Linthorst
and J.M.H.M, Reul. Max Planck Institute of Psychiatry, Section
Neuropsychopharmacology, D-80804 Munich, Germany.
The brain mineralocorticoid receptor (MR) and glucocorticoid receptor
(GR) are glucocorticoid-dependent transcription factors which play a critical
role in the regulation of the hypothalamic-pituitary-adrenocortical (HPA) axis
both at baseline and after stress. MRs are mainly localized in
extrahypothalamic limbic regions such as the hippocampus, whereas GRs
are ubiquitously distributed. However, it is currently unknown whether the
concentration and function of these receptors is regulated by acute
stressful challenges. Therefore, we investigated the effect of an acute
stressor (i.e. 15 min forced swimming) on MR and GR levels in various rat
brain regions. Immunohistochemical and receptor binding studies revealed
that forced swim stress evokes an upregulation of MR levels within 24 h in
the hippocampus, frontal cortex and amygdala, but not in the
hypothalamus. GR levels were not affected in any of the brain regions
tested. No changes were found in MR and GR binding affinities.
Importantly, it was found that the effect of stress on MR levels was largely
mediated by an action of corticotropin-releasing hormone within the brain.
Use of the MR antagonist RU 28318 in a neuroendocrine challenge test
revealed that the stress-induced rise in MR at 24 h was accompanied by an
increased tonic inhibitory influence of these receptors on HPA activity.
These data strongly suggest that stress via CRH enhances MR synthesis in
distinct regions of the brain; a phenomenon which is associated with altered
HPA regulation. This is a novel mechanism presenting an important role of
MR in the organization of HPA axis control following stress.
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Type II Glucocorticoid Receptor- Immunoreactivity (GR-IR) in Mossy Cells in

IMMUNOHISTOCHEMICAL LOCALIZATION OF GLUCOCORTICOID AND
MINERALOCORTICOID RECEPTORS IN THE PRIMATE HIPPOCAMPUS
AND AMYGDALA. J,P, LSYgrgnz*, C.W, Wilkinson, MA RaskwLEB,
Peskind. DepL of Neurology and Psych, and Beh. Sci., Univ. of Washington and
MIRECC and GRECC, VA-Puget Sound Health Care System, Seattle WA 98195.
Abnormalities in the activity and regulation of the Hypothalamic-PituitaryAdrenal (HPA) axis have been associated with several neuropsychiatric disorders
including depression, post-traumatic stress disorder and Alzheimer’s disease. The
hippocampus and amygdala appear to be two important suprahypothalamic sites for
regulation of the HPA axis. This regulation in primates likely occurs through
interaction of circulating cortisol with mineralocorticoid (MR) and glucocorticoid
(GR) receptors. Distribution of MR and GR in the medial temporal lobe have been
well characterized in rat brain, but less well so in primate. In situ studies have
suggested there may be heterogeneous distribution of both the MR and GR receptor
in primate hippocampus; the amygdala has not been well described. The
development of antibodies to MR and GR provides an opportunity to confirm and
extend previous in situ reports on the regional distribution of MR and GR and to
examine cell subtype and subcellular localization. We report the initial findings of
an immunohistochemical study examining MR and GR distribution in the
hippocampus and amygdala of adult Macaca nemestrina (n=8). MR
immunostaining revealed pan-neuronal staining throughout the hippocampus and
amygdala. Subcellular localization of MR was primarily nuclear, though in some
regions cytoplasmic staining was observed. GR immunostaining was only nuclear
and more anatomically restricted in both the hippocampus and amygdala. Our
findings concur with recent in situ studies suggesting a restricted distribution of GR
in the primate hippocampus and extend that finding to the amygdala. These results
suggest certain subfields of the hippocampus and amygdala may play more critical
roles in the regulation of the HPA axis during stress. Supported by the Dept. of

M.Lab. Neuroendocrinology, The Rockefeller University NY, NY 10021
In the hippocampus, rat mossy cells are identified by immunocytochemistry (ICC)
with the glutamate receptor antibody marker (GluR2/3-IR) and the calcitonin gene related
peptide antibody marker (CGRP-IR). In the mouse, mossy cells have been identified by
ICC with GluR2/3-IR in the dorsal and ventral hippocampus, and calretinin (CR-IR) in the
ventral hippocampus CGRP is not expressed in mouse mossy cells (see abstr. By Bulloch
et al. 1999) while CR is not expressed in the rat mossy cells. However, both CGRP and CR
are calcium buffering molecules that affords neuroprotection against excessive calcium
fluxes sustained during hippocampal injury. Therefore, these molecules may be essential to
the mossy cell to maintain its survival during injury. It is well known that during the initial
phase of the hippocampal injury response, the glucocorticoid, corticosterone (CORT), is
elevated. Likewise, it is well documented that this elevation is coincident to the temporal
modulation of both CGRP and CR expression in the injured hippocampus of the rat and
mouse. Given this phenomenon, it seems possible that CORT may directly regulate the
expression of these molecules in mossy cells following injury. As a first step in examining
this possibility, we have undertaken a study to evaluate the presence of glucocoticoid
receptors (GR) in mossy cells of the rat and mouse. All ICC was performed on acrolein
fixed sections that were cut at 40um on a vibratome. To determine if GR were present in
rat mossy cells, we incubated hippocampal sections with GluR2/3-IR or CGRP-IR,
followed by GR-antibody. For the mouse hippocampal sections, we incubated the sections
with antibodies against CR or GluR2/3 followed by incubation with GR-antibody. All
antibodies were visualized by the peroxidase anti-peroxidase and diaminobenzidine
method. Our results clearly show that GR-IR was present on mossy cells of both the rat
and mouse. Future experiments, with in situ hybridization will determine if corticosterone
regulates CGRP gene expression in the rat and CR gene expression in the mouse during the
injury responses. (Supported by MH 41256, MH42834 (BSM, KB))

Veterans Affairs, Alzheimer’s Assoc., NIA AG05136-15 and AG10917-07.

280.17

280.18

CELLULAR LOCALIZATION OF GLUCOCORTICOID
RECEPTOR (GR): MITOCHONDRIAL LOCALIZATION.
L Isaac1*, A Kolchinskv2, J Art3, N Cheng2.1 Pharmacol,
2Neurosurg, 3Anatomy & Cell Biol. Univ III, Chicago, IL 60612

CHANGES IN CORTICOTROPIN RELEASING FACTOR (CRF)
CONCENTRATIONS IN THE RAT BRAIN DURING PREGNANCY
AND POST PARTUM. P, Porcu1, P. Follesa1, M. Stomati2, S. Petraglia2,
M.L, Barbaccia3. R.H. Purdy4 and A. Concas*1. Universities of Cagliari1,
Udine2, Rome3, S. Diego4, Italy- USA
We have recently shown that brain and plasma concentrations of
progesterone and its neuroactive derivatives allopregnanolone (AP) and
allotetrahydrodeoxycorticosterone (THDOC) increased progressively during
pregnancy, peaking between 15 and 19 day and returning to control (females
in estrus) levels before delivery (21 day) (PNAS 95: 13284, 1998). Since
CRF is thought to be the major physiological modulator of the hypothalamicpituitary-adrenocortical (HPA) axis, in this study we evaluate putative
changes in brain CRF concentrations during pregnancy and after delivery.
CRF content in the cerebral cortex markedly increased on day 19 of
pregnancy (53.4 ± 6.04 pg/mg prot) with respect to estrus females (10.5 ±
1.07 pg/mg prot), was still higher on day 21 (32.4 ± 7.1 pg/mg prot) and
remained unchanged 2 days postpartum. CRF concentration also increased in
the hippocampus, peaking between 15 and 19 day of pregnancy (~ 100 ± 13
pg/mg prot) and returning to estrus levels (50.3 ± 4.2 pg/mg prot) before
delivery (21 day). CRF levels in the hippocampus remained unchanged in the
postpartum period. In contrast, the CRF mRNA expression in the cerebral
cortex and hippocampus decreased (—30%) during pregnancy and after
delivery. The time-dependent relationship between the marked alterations in
brain CRF concentrations and the changes in neuroactive steroid levels
during pregnancy and postpartum will be discussed.

280.19

280.20

EXPRESSION OF lip-HYDROXYSTEROID DEHYDROGENASE TYPE
1 mRNA IN HUMAN BRAIN. A.M.J. MacLullich*. J.L.W. Yau. J. Noble.
A. Checklev, and J.R. Seckl. Dept. of Medical Sciences, University of
Edinburgh, Western General Hospital, Edinburgh, EH4 2XU, UK.
Sustained high levels of glucocorticoids (GCs) are often associated with
neuronal atrophy and even loss, and increase the vulnerability of neurons to a
variety of insults, lip hydroxysteroid dehydrogenases (liP-HSDs) interconvert
active (corticosterone and cortisol) and inert (11-dehydrocorticosterone (11DHC) and cortisone) GCs. 11P-HSD type 1 is widely expressed in rat brain. In
primary hippocampal neurons, 11 P-HSD 1 has been shown to convert inert 11DHC into active corticosterone and thus potentiate GC-associated neurotoxicity.
Aged 11 P-HSD 1 KO mice do not show age-related cognitive decline in
comparison to wild type, implying that lack of regeneration of active GCs in key
brain regions, such as the hippocampus, may protect neurons. In humans,
neurons exhibit selective vulnerability to atrophy with aging. For example,
cerebellar Purkinje cells, hippocampal pyramidal cells and frontal cortical‘cells
show loss with aging.
In the present study we used in situ hybridisation to examine the localisation
of 11 p-HSD 1 mRNA in human post-mortem brain. We found high 11 P-HSD 1
expression in the cerebellum, with lower expression in the hippocampus.
Expression was neuronal, with clear expression in cerebellar Purkinje cells, and
in pyramidal and granule cells in the hippocampal formation. A more detailed
investigation of 11 P-HSD 1 expression in other human brain regions at the
cellular level is ongoing. The presence of 11 p-HSD 1 in the hippocampus and in
the cerebellar Purkinje cell layer, areas in which there is selective neuron loss
with aging, suggests a potential role for this enzyme in exacerbating GCassociated neuron atrophy and/or loss with aging. Funded by SHERT.

LACK OF TISSUE GLUCOCORTICOID REACTIVATION IN llfiHYDROXYSTEROID DEHYDROGENASE TYPE 1 KNOCKOUT MICE
PREVENTS AGE-RELATED COGNITIVE IMPAIRMENT. I. L.W. Yau*. I.
Noble, C. Hibberd, Y. Kotelevtsev1, I. T. Mullins1 & I. R. Seckl Dept
Medical Sciences, Western General Hospital and 1 Centre for Genome
Research, University of Edinburgh, Edinburgh, UK.
Elevated glucocorticoid levels correlate with cognitive deficits in a
subgroup of aged rats. Glucocorticoids appear causal since measures which
keep glucocorticoids low throughout life (adrenalectomy with low-dose
corticosterone replacement, neonatal handling) prevent the emergence of
such deficits in rats. llfi-hydroxysteroid dehydrogenase type 1 (llfi-HSD1) intracellularly regenerates active corticosterone from circulating inert
dehydrocorticosterone (11-DHC) in specific tissues. The importance of this
enzyme activity in the brain in vivo is unclear. We nave therefore
examined age-related cognitive behaviour in llfi-HSD-1 knockout mice.
Mice were tested in a watermaze (blocks of 4 trials/day for 5 days to
locate a submerged platform cued with a flag and moved randomly between
trials) at age 18-20mths with young (4-7mths) controls. Wild-type mice
develop elevated plasma corticosterone levels with age (14.4 ± 1.3pg/dL ;
young 2.5 ± 0.5gg/dL, P < 0.001) which correlate with specific learning
deficits in the watermaze as indicated by significantly longer escape
latencies than young wild-type mice (P < 0.05). In contrast, despite
elevated plasma corticosterone (P < 0.001) and 11-DHC levels (P < 0.05)
throughout life, aged llfi-HSD-1 knock-out mice do not manifest deficits in
learning in the watermaze, implicating lower intraneuronal corticosterone
levels through lack of 11-DHC reactivation. Learning in the Porsolt test
did not correlate with plasma corticosterone levels and was unaffected by
age or llfi-HSD-1 genotype. Selective llfi-HSD-1 inhibitors may protect
against cognitive decline with age. (Supported by the Wellcome Trust)

In the absence of a ligand GR resides in cytoplasm. Upon binding of
ligand, GR is activated and moves to the nucleus of the cell. Here, we
demonstrate that GR localizes to mitochondria (mito) and the nucleus.
To visualize GR, we created a series of fusion proteins with rat GR and
green fluorescent protein and transiently expressed them in different
cells. In other experiments, we labeled endogenous GR by indirect
immunochemistry using primary anti-GR antibody (Ab) (gift, Morimoto,
Kyoto) and secondary FL-BODIPY Ab. The fusion constructs and
fluorescent Ab were localized using Zeiss 510 LS confoca, microscope.
Intramitochondrial localization of labeled GR was demonstrated using
FRET (fluorescence resonance energy transfer) with MitoTracker
CMXRos that labels the inner side of the inner membrane of mito. We
performed these experiments using rat astrocytoma C6 and human
glioblastomas U251. The FRET data suggest that, in a subset of cells,
GR translocates to select, mostly perinuclear, mito. Controls enabled us
to exclude potential artifacts (autofluorescence; overlapping of emission
spectra; bleeding between channels). We did not see qualitative
differences in the mito localization of GR in the absence of
dexamethasone (DEX) (ceils in stripped serum) or upon addition of
DEX. These data suggest that GR can translocate to both the nucleus
and to select mito within the same cell. The signal for GR localization to
mito remains elusive. Supported by UICCOM.
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281.2

BLOCKADE OF GLUTAMATE UPTAKE PRODUCES A PROLONGED
ENHANCEMENT OF
AP-1
DNA-BINDING
IN
CULTURED
CEREBELLAR GRANULE CELLS. A.P. Kovacs*, G. Cebers and S.
Liliequist. Department of Clinical Neuroscience, Division of Drug
Dependence Research, Karolinska Institutet, Stockholm, Sweden, SE-17176.
We have recently shown that prolonged blockade of glutamate reuptake
by the specific inhibitor of glutamate transporters, L-trans-pyrrolidine-2,4dicarboxylate (PDC), produces a dramatic decrease in N-methyl-Daspartate (NMDA)-induced neurotoxicity in cerebellar granule cell
cultures, and is accompanied by a down-regulation of NMDA receptors.
We now report that cultured cerebellar granule cells treated with 100 pM
PDC for 1, 2, 4, 8, 16 and 24 h, respectively, show increased AP-1 DNAbinding activity as measured by electrophoretic mobility shift assay. This
effect was blocked by the NMDA receptor antagonist, CGP 37849,
indicative of a pivotal role of NMDA receptors in the PDC-evoked
enhancement of AP-1 DNA-binding. Our results suggest that AP-1 may be
involved in the transcriptional regulation of neuronal adaptation initiated by
prolonged inhibition of glutamate reuptake.

ESTROGEN INDUCES A PHASIC FOS RESPONSE IN THE HIPPOCAMPAL
CA1 REGION OF ADULT FEMALE RATS. C.N. Rudick and C.S. Woolley,*
Dept of Neurobiology and Physiology, Northwestern Univ., Evanston, IL 60208.
Previous studies have shown that estradiol increases the density of
dendritic spines and synapses on hippocampal CA1 pyramidal cells and
increases these cells’ sensitivity to NMDA receptor mediated synaptic input.
Curiously, while estradiol effects are observed in CA1 pyramidal cells, the
majority of evidence indicates that these cells lack genomic estradiol receptors.
The goal of the present study was to determine which hippocampal neuronal
populations are activated by estradiol, as evidenced by induction of c-Fos
immunoreactivity, as well as the time-course of this activation.
We examined time points within the hormonal regimen previously used to
demonstrate structural changes in CA1. Female rats were ovariectomized
(OVX) followed by injections of either 17p-estradiol benzoate (E) or oil vehicle
(O). c-Fos immunoreactivity was evaluated at: 3 days OVX (before any
injections); 2 h following a single O injection; 2, 6,12 or 24 h following a single
E injection; 2,12, 24 or 48 h following a second E injection; 48 h following a
second O injection. The density of c-Fos labeled nuclei was determined using
the optical disector.
Estradiol treatment resulted in a phasic c-Fos response in the CA1 and CA3
pyramidal cell layers, and in the granule cell layer of the dentate gyrus; effects
in CA1 were greatest. Density of c-Fos nuclei in CA1 was increased by 2 h
following E, decreased below O controls at 6 and 12 h, then increased again at
24 h to a point greater than in all other groups. At 2 h following a 2nd E
injection, density of c-Fos nuclei was similar to that at 2 h after a single E
injection, but then again depressed at 12 h and rose at 24 h and 48 h.
These estradiol-induced changes in c-Fos expression may reflect phasic
activation and coupling to gene expression, which could be involved in
estradiol’s effects on excitatory synaptic connectivity. (Supported by NS37324).

This study was supported by the Swedish Medical Research Council
(project no. 7688). A.D. Kovacs was a recipient of a Visiting Scientist
fellowship from the Wenner-Gren Foundations.

281.3

281.4

EFFECTS OF THE INTRAVENTRICULAR ADMINISTRATION OF 6HYDROXYDOPAMINE ON THE EXPRESSION OF cFOS AND
PHOSPHORYLATED CREB (pCREB) IN THE LOCUS COERULUS.
X. Wu, E.H. Polley* and J.R. Unnerstall. Department of Anatomy and Cell Biology,
University of Illinois at Chicago, Chicago, IL 60612

CORTICOSTERONE REGULATES C-FOS EXPRESSION IN THE RAT
HIPPOCAMPAL CELL CULTURE. J, Bu1. K. Sipe1. D.M, Yurek2*. J, P.
Herman1. 'Dept of Anatomy & Neurobiology; 2Dept of Neurosurgery;
University of Kentucky, Lexington, KY 40536
The immediately gene c-fos plays a key role in regulation of the cell
development and growth. Glucocorticoids have dose dependent effects on cell
survival. At high levels glucocorticoids can induce apoptosis at high levels
whereas low levels maintain cell growth. The first step of glucocorticoid
induced apoptosis is the arrest of the cell growth. Therefore, glucocorticoids
may exert their effects through an interaction of glucocorticoid receptors with
AP-1 leading to change in c-fos activity and c-fos mediated gene activation. To
examine this hypothesis, the expression of c-fos-immunoreactivity in rat
hippocampal culture (harvested at embryonic day 18) was assessed by Western
Blot analysis. Time course analysis indicates that expression of c-fosimmunoreactivity decreased on the third day in culture after axon and dendrite
fully extended. After 7 days in culture, the hippocampal cells were treated with
various doses of corticosterone, the glucocorticoid receptor (GR) antagonist, RU
486 and mineralocorticoid receptor (MR) antagonist, spironolactone, for 24
hours. The result showed that low dose of corticosterone increased the
expression of c-fos-immunoreactivity that was inhibited by MR antagonist in a
dose dependent way. Meanwhile the high dose of corticosterone did not affect
the expression of c-fos-immunoreactivity. These results suggest that
physiological doses of glucocorticoids may maintain a constant expression of cfos to maintain cell growth and viability by action at the MR.

Noradrenergic neurons of the locus coeruleus (LC) respond to injury of their
terminals by: (1) increasing the synthesis of neurotransmitter via the activation and
induction of tyrosine hydroxylase, which catalyzes the rate-limiting step in the
biosynthesis of the catecholamine; and (2) by enhancement of the expression of
structural proteins that would indicate the initiation of a sprouting response. In these
experiments, our goal is to investigate the molecular events intrinsic to LC neurons
in response to partial damage to cortical and hippocampal noradrenergic terminals
induced by neuronal toxin 6-hydroxydopamine (6-OHDA). cFos and CREB are
regarded as indicators of neuronal activity and they may serve as cellular signals
regulating long term alterations in biosynthetic pathways following injury. In these
initial experiments we used immunohistochemistry to examine the expression of
cFos and phosphorylated CREB (pCREB) in the LC of 2-month-old male Fischer
344 rats following the unilateral injection of 6-OHDA into the lateral ventricle. In
vehicle as well as untreated animals, low levels of cFos and pCREB were observed
in LC neurons. Administration of 6-OHDA resulted in a rapid and prominent
increase in the number of LC cFos and pCREB expressing cells 2 hours after lesion
in comparison to sham-treated or untreated animals. More than 50% of the neurons
showed an increased expression of these proteins and most were restricted to the
dorsal and medial aspects of the LC. The induction of cFos and CREB
phosphorylation was attenuated by 24 hours. These results suggest that cFos and
pCREB are involved in the signal transduction mechanisms underlying the
regenerative and adaptive capacity of LC in response to injury.
(Supported by COM/ANA T)

Supported by A12962

281.5

281.6

c-Fos EXPRESSION VIA INCREASE IN [cAMPl BY ACTIVATION OF
DOPAMINERGIC RECEPTOR IN RAT HIPPOCAMPAL SLICES Hyeon Son1*,

Clozapine, but not haloperidol, -induced AFosB expression is attenuated in the
striatum of D3 dopamine receptor knockout mice. G.S. Robertson*12, C. Lee1, Y.
Zhu2 ,Y. Nakabeppu3, S.K. Srihar1, Y.-M. Wang4, M. Caron4. Dept. of Cellular and
Molecular Medicine1, Univ. of Ottawa, Ottawa, Ontario, Canada KIH 8M5; Dept. of
Pharmacology2, Merck Frosst Canada Inc., Kirkland, Quebec, Canada H9R 4P8; Dept.
of Biochemistry3, Medical Institute of Bioregulation, Kyushu University, Fukuoka
812-82, Japan; Howard Hughes Medical Institute Laboratories4, Depts. of Cell Biology
and Medicine, Duke University Medical Center, Durham, North Carolina 27710, USA.
Chronic haloperidol administration increases the number of neurons that display
AFosB immunoreactivity (Ir) in both the ventral and dorsal striatum while chronic
clozapine selectively elevates AFosB-Ir in the ventral striatum. The pattern of neurons
that express haloperidol-induced AFosB-Ir closely matches the distribution of striatal
D2 dopamine receptors, whereas clozapine-induced AFosB-Ir occurs primarily in
regions that contain high levels of the D3 receptor. These findings suggest that
clozapine, but not haloperidol, -induced AFosB-Ir may be mediated by blockade of the
D3 dopamine receptor. To test this hypothesis, we compared the effects of chronic
administration of vehicle (8 ml/kg/day for 17 days; s.c.), clozapine (20 mg/kg/day for
17 days; s.c.) and haloperidol (2.0 mg/kg/day for 17 days; s.c.) on AFosB-Ir in the
ventral and dorsal striatum of wild-type and D3 receptor knockout (KO) mice. Basal
AFosB-Ir in the ventral striatum was higher in D3 knockouts than wild-type litters mates
suggesting that D3 receptor activation inhibits AFosB-Ir. Unlike rats, clozapine
significantly increased the number of AFosB-Ir neurons in both the ventral and dorsal
striatum of wild-type mice. Clozapine-induced AFosB-Ir in both of these striatal sectors
was considerably less in D3 receptor KOs relative to wild-type mice. In contrast,
haloperidol-induced increases in AFosB-Ir were not attenuated in D3 receptor KOs
compared to wild-type mice. These finds suggest that clozapine, but not haloperidol,
activates AFosB expression in vivo by blocking the D3 dopamine receptor.

Kyung Ok Kim1, Dong Yon Kim1, Jin Hyuk Kim2, Youg Sung Lee1 'Department of
Biochemistry, ’Physiology, Hanyang University College of Medicine, 17
Haengdang-dong, Sungdong-gu, Seoul, Korea

There are previous results showing that dopamine receptors are distributed not only in the
striatum but also in the hippocampus and that dopamine agonists regulate neurons in the
hippocampus. However, the role of dopamine in the hippocampus has not been clarified.
RT-PCR and immunohisotochemical methods were used to determine whether the induction of
the immediate early gene c-fos is accompanied by dopamine receptor activation in the
hippocampus in vitro. The drug-naive hippocampal slices showed little or no expression of cfos mRNA. In contrast, the hippocampal slices treated with dopamine (50 pM) elicited an
increase in the expression of c-fos mRNA after treatment for 5 min and showed a peak
expression after treatment for lhr. The expression of c-fos mRNA was gradually decreased
when hippocampal slices were treated widi dopamine for longer than 1 hr, although the
expression was still significantly high after treatment for 5 hrs compared to that of control.
Hippocampal slices treated with R(+)-SKF-38393 (50 pM), DI receptor agonist, or forskolin
(50 pM) showed similar temporal profile in c-fos mRNA expression as when treated with
dopamine. By immunohistocemical methods, drug-naive hippocampal slices showed no or a
Httle expression of c-Fos protein. However, when hippocampal slices were treated with
dopamine, R(+)-SKF-38393 (50 pM) or forskolin (50 pM) respectively, an increase in the
expression of c-Fos protein in CAI, CA3, and dentate gyrus was observed after treatment for 2
hrs. We also performed radioimmunoassay using 125I-cAMP to detect changes in [cAMP] due
to drug application in hippocampal slices. Dopamine or R(+)-SKF-38393 caused a dramatic
increase in [cAMP] in hippocampal slices and the effect was reversed by coapplication of a DI
antagonist, SCH23390 (50 pM) with either dopamine or R(+)-SKF38393.
These results indicate that dopamine DI receptor-mediated cAMP dependant reaction is
associated with c-fos mRNA and protein expression in the hippocampal neurons.
Furthermore, these results imply that dopamine might control the process of storage of memory
in the hippocampus through gene expression. Supported by Hanyang University Faculty
Grants of 1998, Korea.
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281.8

UPREGULATION OF CYCLIN-DEPENDENT KINASE 5 (CDK5) BY
CHRONIC ELECTROCONVULSIVE SEIZURE TREATMENT: ROLE OF
AFOSB
J.S. Chen*. Y.J. Zhang. C. Steffen, M. Guo, M.B. Kelz andE.J. Nestler. Laboratory
of Molecular Psychiatry, Yale University School of Medicine, New Haven, CT.
Previous studies have shown that chronic electroconvulsive seizure (ECS) treatment
induces 35 and 37 kD long-lasting Fos-related antigens (FRAs), named chronic
FRAs, in hippocampus and cerebral cortex, which have been identified as stable
isoforms of AFosB. These chronic FRAs are transcription factors, and may mediate
some long-term changes induced by chronic ECS treatinent via regulating important
neural genes with AP-1 sites in their promoter regions. One potential target gene for
AFosB is cyclin-dependent kinase 5, which was identified by cDNA expression array
analysis of hippocampus from transgenic mice that inducibly overexpress AFosB in a
brain-region specific manner (see Chen et al., Mol. Pharmacol. 54:495, 1998). In the
present study, we demonstrate that, as predicted from the expression array analysis,
chronic ECS treatment upregulates Cdk5 immunoreactivity (35 kD) in rat
hippocampus by 53%. While a 35 kD band is the major protein detected by antiCdk5 carboxy terminus antibody, a 29 kD protein is also detected. The 29 kD Cdk5like protein is increased 10-fold by chronic ECS treatment. To test whether the
activity of Cdk5 protein is also increased, we analyzed levels of phosphorylated tau,
which is a known substrate of Cdk5. The results show that all major phospho-tau
bands (52-68 kD) detected by anti-tau 1 antibody are upregulated in hippocampus by
chronic ECS treatment. Together, these results support a scheme in which induction
of AFosB by chronic ECS leads to increased levels of Cdk5 and to increased
phosphorylation of tau and perhaps other substrates for this protein kinase. The
results also highlight the potential power of combining inducible transgenic
technology with cDNA expression arrays to identify novel mechanisms of neural
plasticity. Supported by NIMH and NIDA.

INDUCIBLE, BRAIN REGION-SPECIFIC EXPRESSION OF DOMINANT NEGATIVE
c-JUN IN TRANSGENIC MICE. M-C. Peakman1. M, Kelz . J.S. Chen . E.J. Nestler.
and E, Schaeffer *. Lab. of Molecular Psychiatry, Yale University, New Haven CT
06508; rCNS Discovery, Pfizer Inc., Groton, CT 06340.
Chronic administration of many types of drugs of abuse induces unique isoforms
of the Fos family transcription factor, AFosB, in nucleus accumbens and related
striatal regions, brain areas important for the behavioral actions of these drugs.
Recent work in transgenic mice in which AFosB is overexpressed selectively within
these brain regions of adult animals indicates that induction of AFosB is sufficient to
produce certain forms of behavioral plasticity associated with chronic cocaine
exposure (Kelz et al., Submitted, 1999; Whisler et al., this volume). AFosB is known
to function as a heterodimer with one or more members of the Jun family. By
expressing a dominant negative mutant of a Jun protein in transgenic mice it should
be possible to block AFosB function, and thus provide a system to further test the
requirement for AFosB in mediating the behavioral effects of chronic cocaine. To this
end we have used the tetracycline gene expression system to generate transgenic
mice which inducibly express a dominant negative form of c-Jun. This mutant form of
c-Jun was generated by replacing the N-terminal transactivation domain of c-Jun with
a FLAG epitope tag (FLAG-Ac-Jun). TetOp-FLAG-Ac-Jun transgenic mice, in which
FLAG-Ac-Jun was placed under the control of the Tet-regulated promoter, were
generated and then mated to a transgenic mouse line expressing the Tettransactivator protein under the control of the neuron-specific enolase promoter
(NSE-tTA) (Chen et al., Mol. Pharmacol. 54:495, 1998). Expression of FLAG-Ac-Jun
was confirmed in double transgenic offspring by quantitative RT-PCR and by
immunohistochemistry using anti-FLAG antibodies. High levels of FLAG-Ac-Jun were
observed in the striatum (including nucleus accumbens), hippocampus (CA1, CA2,
and dentate gyrus), and cortical layers II, III and VI. Expression of FLAG-Ac-Jun was
completely switched off by administration of 200 pg/ml doxycycline in drinking water.
The ability of FLAG-Ac-Jun to block AFosB-mediated transcription was confirmed in
PC12 Tet-Off cells (Clontech) that were stably transfected with TetOp-FLAG-Ac-Jun
and transiently transfected with an AP-1-luciferase reporter and AFosB. FLAG-AcJun also was a dominant negative for JunD, the Jun protein with which AFosB
predominantly associates. Together, these data establish an inducible transgenic
system in which the role of AFosB and Jun proteins in drug addiction can now be
further explored. Moreover, these mice offer a potentially powerful model in which to
study the role of Fos and Jun proteins in the many forms of neural and behavioral
plasticity in which they have been implicated. Supported by Pfizer and NIDA.

281.9
SELECTIVE
REGIONAL
BLOCKADE
OF
LIGHT-EVOKED
OR
SPONTANEOUS JUNB GENE EXPRESSION IN THE HAMSTER
SUPRACHIASMATIC NUCLEUS BY A TYROSINE KINASE INHIBITOR.
Y.N. Dong, M.E. Guido, H.A. Robertson, R.W. Currie* and B.Rusak. Depts. of
Psychology, Pharmacology and Anatomy & Neurobiology, Dalhousie University,
Halifax, Nova Scotia, Canada B3H 4J1.
The hypothalamic suprachiasmatic nucleus (SCN) functions as a circadian
pacemaker regulating a variety of physiological and behavioural rhythms in
mammals. Light exposure during the subjective night evokes expression of several
immediate-early genes, includingthroughout the SCN. JunB mRNA and junB
protein are also expressed spontaneously around subjective dawn in the dorsal
SCN. We examined the biochemical signalling mechanisms underlying both
spontaneous and light-evoked expression ofjunB mRNA in the SCN.
Hamsters were injected (i.p.) either during the subjective night or before
subjective dawn with either tyrphostin, an inhibitor of tyrosine kinase activity, or
vehicle. They were then left in darkness or exposed to a 30 min light pulse at either
phase. In situ hybridization studies demonstrated that tyrphostin pretreatment (1224 mg/kg) reduced both spontaneous (at dawn) and light-evoked expression ofjunB
mRNA only in the dorsal, and not the ventral, portion of the SCN. These results
indicate that distinct transduction pathways in the dorsal and ventral SCN are
involved in regulating expression ofjunB mRNA, independently of circadian phase.
Supported by the MRC of Canada (MA8929, MT10644) and a fellowship from
CONICET, Argentina.
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ESTROGEN MODULATION OF PROTEIN TYROSINE KINASE AND a2ADRENERGIC RECEPTOR SIGNALING IN HYPOTHALAMUS AND
PREOPTIC AREA OF FEMALE RATS.
A. Quesada* and A.M. Etgen. Dept. Neurosci., Albert Einstein Coll. Med.,
Bronx, NY 10461
The major brain sites responsible for hormonal regulation of female
reproductive function are the preoptic area (POA) and hypothalamus (HYP).
POA and HYP slices of estradiol (E2)-treated female rats and ovariectomized
(OVX) control female rats were used to study the interaction between E2 and
protein tyrosine kinases as modulators of o^-adrenergic receptor (AR)
signaling. We have been unable to demonstrate inhibition of adenylyl cyclase
in HYP or POA slices using a2-AR agonists. Here we report that UK 14304, an
agonist that selectively binds to the agonist high affinity state of a2-ARs,
potentiates stimulation of cAMP accumulation by isoproterenol (ISO), a p-AR
agonist, in HYP slices from both OVX control and Entreated rats.
Furthermore, E2-primed rats have reduced UK 14304 potentiation of ISOstimulated cAMP synthesis compared to OVX control rats. Genistein, a
general inhibitor of protein tyrosine kinases, augments UK 14304 potentiation
of ISO-stimulated cAMP synthesis in HYP slices only if derived from Entreated
rats. In contrast to the HYP, UK 14304 does not potentiate ISO-stimulated
cAMP synthesis in POA slices from either OVX control or Entreated female
rats. However, genistein enhances the cAMP response to the combination of
UK 14304 and ISO, but not to ISO alone, in POA slices from Entreated female
rats. Our results demonstrate that c^-ARs in rat brain couple to effector
systems other than inhibition of adenylyl cyclase. Moreover, E2 modulates a2AR signaling through protein tyrosine kinase-dependent and -independent
mechanisms in HYP and POA slices of female rats. Supported by MH 41414,
HD 29856 and T32 DK 07513.

ACTIVATION OF PROTEIN PHOSPHATASES REVERSES pADRENERGIC RECEPTOR UNCOUPLING IN FEMALE RAT
HYPOTHALAMUS. M. A. Ansonoff* and A. M. Etgen. Dept.
Neurosci., Albert Einstein Coll. Med., Bronx, NY 10461
This study tests the hypothesis that estrogen uncouples padrenergic receptors in female rat brain by promoting stable receptor
phosphorylation and that this uncoupling can be reversed by
activation of phosphatases. Isoproterenol stimulation of p-adrenergic
receptors produces significantly less cAMP in hypothalamus-preoptic
area (HYP-POA) slices from ovariectomized female rats treated for
48 hours with estradiol benzoate (EB) than in slices from control
females (n=6; p<0.05). Pretreatment of HYP slices for 30 min with
the phosphatase activator protamine (1 mg/ml) restores
isoproterenol-stimulated cAMP synthesis in EB-treated slices to
control levels. Therefore, activation of phosphatases in the HYP
reverses estrogen-dependent suppression of p-adrenergic receptor
function. Protamine pretreatment has no effect on forskolinstimulated cAMP levels in HYP slices, suggesting that protamine
restores isoproterenol-stimulated cAMP accumulation via a receptordependent mechanism. Interestingly, protamine pretreatment inhibits
the p-adrenergic response in POA slices from both control and EBtreated animals (n=6; p<0.05) but has no effect on forskolinstimulated cAMP synthesis. Therefore, phosphatase activation
seems to suppress receptor-stimulated cAMP accumulation in the
POA. Supported by grants RO1 HD29856and T32 AG00194.
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282.4

ELEVATION OF cAMP OR cGMP CONCENTRATION OCCLUDES
LTP IN SYMPATHETIC GANGLIA. Cgsfid.St, Julian1, Kafrkashan
Mulik , Yvonne .U.--Hg^an1_*and Karim A, Ajkadhj2. ’Department of
Biology, Texas Southern University, Houston, TX 77004 and
2Department of Pharmacological and Pharmaceutical Sciences, College
of Pharmacy, University of Houston, Houston, TX 77204-5515.
Except for a unique dependence on activation of serotonin 5-HT3
receptor, ganglionic LTP is similar to many forms of LTP in the brain.
We tested the effects of cyclic nucleotide analogues and nitric oxide
(NO) donors on the expression of LTP in the isolated superior cervical
ganglion of rat. Superfusion of ganglia with 8-Br-cAMP (1 mM)
markedly increased basal ganglionic transmission. Subsequent high
frequency stimulation (HFS, 20Hz/20s) produced very small posttetanic potentiation (PTP) but no LTP. When superfused on ganglia
with established LTP, 8-Br-cAMP caused a marked increase in the
magnitude of LTP. The effects of 8-Br-cGMP (1 mM) were
qualitatively similar to those of 8-Br-cAMP. The cGMP analogue
increased basal transmission, blocked PTP, occluded LTP and when
applied during established LTP it increased its magnitude. Stimulation
of synthesis of endogenous cGMP by treatment with the NO donor
sodium nitroprusside (100 pM) caused an increase of basal transmission
and occlusion of subsequently evoked LTP with no significant effect on
PTP. Reduction of endogenous cGMP by inhibition of the soluble
guanylate cyclase with LY-83,583 (5 pM) resulted in reduction of basal
ganglionic transmission and inhibition of LTP expression. When
applied during the maintenance phase of established LTP, LY-83,583
completely blocked the response. These results indicate that both cAMP
and cGMP are involved in the expression of ganglionic LTP.

IN VIVO ACTIVATION OF PKA INCREASES pCREB-, pELKl-, AND FOS
IMMUNOREACTIVITY IN THE DORSAL STRIATUM OF RATS. E.S. Choe1
and J.F. McGinty2*. ‘Dept. of Anatomy and Cell Biology, East Carolina Univ. Sch.
Med., Greenville, NC 27858; 2Dept. of Physiology and Neuroscience, Medical
Univ. South Carolina, Charleston, SC 29425.
Phosphorylated cAMP response element-binding protein (pCREB) is a major
transcriptional activator for genes, such as c-fos, containing the calcium and cAMP
responsive elements. Phosphorylated Elkl (pElkl) is a component of a ternary
complex factor which binds to the serum responsive element in the upstream
promoter region of c-fos. Interaction of cAMP- and Ca2+-mediated signaling
cascades initiated by dopaminergic or glutamatergic signals regulates these
transcription factors in striatal medium spiny neurons. In this study, it was
investigated whether in vivo infusion of the PKA activator, Sp-8-Br-cAMPS,
would increase pCREB-, pElkl-, and Fos immunoreactivity, and if so, how the
induction is regulated. Sp-8-Br-cAMPS was infused unilaterally into the right
lateral ventricle and rats were perfused with 4% buffered paraformaldehyde 30 min
after the infusion. Striatal sections were incubated with antisera against pCREB,
pElkl (New England Biolabs), and c-Fos (Ab5, Oncogene Research Products).
Semi-quantitative immunocytochemistry revealed that intracerebroventricular
infusion of 1, 5, or 10 mM Sp-8-Br-cAMPS increased pCREB-, pElkl-, and Fos
immunoreactivity in the nuclei of striatal neurons adjacent to the ventricle in a
dose-dependent manner. Data will be presented from experiments in which rats
were treated with the non-competitive NMDA receptor antagonist, MK801, the
MEK1 inhibitor, PD98059, and the CaM kinase inhibitor, KN93 in an attempt to
block the Sp-8-Br-cAMPS induction of pCREB-, pElkl-, and Fos
immunoreactivity. These data will provide insight into how pCREB and pElkl are
regulated by PKA and Ca2+-mediated signaling cascades in vivo in the dorsal
striatum. Supported by DA03982 (J.F.M.).

282.5

282.6

PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE (PACAP)
POTENTLY INDUCES SYMPATHETIC NEURON CREB PHOSPHORYLATION.
V May*, MM Beaudet and KM Braas. Department of Anatomy & Neurobioiogy,
University of Vermont College of Medicine, Burlington, VT 05405
The postganglionic sympathetic neurons of the rat superior cervical ganglion
(SCG) express the PACAP-selective PACt (short)HOP1 receptor isoform coupled
to multiple intracellular signaling cascades, including adenylyl cyclase and
phospholipase C. Activation of SCG PAC, receptors not only stimulates
catecholamine and neuropeptide Y expression, but also modulates neuron
proliferation, differentiation, survival and signaling through mechanisms involving
altered neuronal gene expression. The current studies characterized PACAPmediated CREB phosphorylation in rat sympathetic neurons in vitro to evaluate
potential mechanisms of PACAP regulation of transcription. PACAP peptides
elicited time- and concentration-dependent CREB phosphorylation. PACAP27
maximally stimulated sympathetic neuron CREB phosphorylation with 1 to 10 nM
peptide, and produced a half-maximal response at subnanomolar concentrations.
Peak phosphorylated CREB induction of 10- to 20-fold was attained within 10 min
of PACAP treatment, which declined to 50% of maximum by 1 h. The effects
were peptide specific; VIP had no effect on CREB phosphorylation. The PAC,
receptor antagonist PACAP(6-38) blocked the PACAP-induced phosphorylation.
These PACAP responses were paralleled by a rapid translocation of phosphorylated CREB into the nuclei of nearly all sympathetic neurons, in agreement with
the population of SCG neurons expressing PAC, receptors. The protein kinase
A inhibitor H-89 attenuated both PACAP-induced CREB phosphorylation and
nuclear phosphorylated CREB translocation. PACAP regulation of gene
expression through CREB phosphorylation may represent an important
mechanism contributing to the PACAP-mediated effects on sympathetic neurons.
Supported by HD27468 and NS01636 from the National Institutes of Health.

CHARACTERIZATION OF THE MOUSE ADENYLYL CYCLASE TYPE VIII
GENE PROMOTER: ACTIVATION BY cAMP. J.R. Chao, Y.G. Ni*. J.S, Chen,
Z. Rahman. E.J. Nestler. Laboratory of Molecular Psychiatry, Yale University
School of Medicine, New Haven, CT 06508.
Chronic morphine administration upregulates several components of the cAMP
pathway in the locus coeruleus, including type I and type VIII adenylyl cyclase
(AC), protein kinase A, and the transcription factor CREB (cAMP response
element binding protein). Upregulation of AC8 may be mediated by CREB, since
infusion of antisense oligonucleotides to CREB directly into the locus coeruleus
has been shown to block the morphine-induced increase in AC8 expression (LaneLadd et al., J. Neurosci., 17:7890-7901, 1997).
To study directly whether the AC8 gene is a target for CREB, we cloned the
AC8 gene promoter. Using a probe generated from the ra+AC8 cDNA, we
obtained a mouse bacterial artificial chromosome clone that contains the promoter.
A 4.5 kb fragment of the 5’-promoter of the AC8 gene was isolated from this
clone. Nucleotide sequencing revealed consensus elements for several
transcription factors, including a cAMP response element (CRE) within the
presumed transcription initiation region as reported recently (Muglia et al., J.
Neurosci. 19:2051-2058,1999). The entire 4.5 kb promoter fragment was
subcloned into a luciferase reporter gene vector, and the construct, AC8-Luc, was
transfected into primary cultures of rat striatal neurons. Treatment of the
transfected cells with 10 (iM forskolin, an activator of adenylyl cyclase, resulted in
a ~2-fcld increase in luciferase activity. The increase was significant at 2 hrs after
treatment, maximal at 6 hrs, and diminished by 30 hrs. Currently, a series of
deletion and point mutants of the AC8 promoter are being generated to test directly
whether activation of the promoter by forskolin is mediated via the CRE site.
These studies will improve our detailed understanding, at the molecular level, of
the mechanisms by which chronic opiate exposure upregulates the cAMP pathway
in locus coeruleus neurons to induce a state of dependence. Supported by NIDA.

282.7

282.8

THE N TERMINUS DOMAIN OF TYPE VI ADENYLYL CYCLASE
MEDIATES ITS INHIBITION BY PROTEIN KINASE C. H.-L.
LaPjL-H, Lin1, Y,-Y, Kao2. and Y. Chem1**. hnst. of Biomedical
Sciences, Academia Sinica, Taipei 11529. 2Inst. of Neuroscience,
National Yang-Ming University, Taipei 112, Taiwan, R.O.C.
Previous results from our laboratory have shown that
phosphoiylation of type VI adenylyl cyclase (ACVI) by PKC caused
suppression of adenylyl cyclase (AC) activity during prolonged
activation of the A2a adenosine receptor. In the present study, one of
the structural domains that regulates this PKC-mediated inhibition of
ACVI was first hypothesized using our previously developed computer
software program, and then was experimentally demonstrated to be the
enzyme’s N-terminus cytosolic domain. Removal of amino acids 1 to
86 of ACVI or mutation of Ser10 (a potential PKC phosphorylation
site) into alanine abrogated the PKC-mediated inhibition and reduced
markedly the PKC-evoked protein phosphorylation. PKC also
effectively phosphorylated a recombinant N terminus cytosolic domain
(amino acids 1-160) protein of ACVI and a synthetic peptide
representing Ser10. The amino acids 1 to 86 truncated mutant exhibited
kinetic properties similar to those of the wildtype. Taken together,
these data demonstrate that the highly variable N terminus cytoplasmic
domain of ACVI is a regulatoiy domain with a critical role in PKCmediated suppression which is a hallmark of this AC isozyme. In
addition, Ser10 was found to serve as an acceptor for the PKCmediated phosphorylating transfer of ACVI. This work was supported
by grants from the NSC and Academia Sinica,Taiwan, R.O.C.

IMPAIRED COUPLING OF STRIATAL DOPAMINE RECEPTORS
TO FOS TRANSCRIPTION IN DARPP-32 KNOCKOUT MICE.
J. Demotes-Mainard1*. E. Amauld1, J. Arsaut1, A.A. Fienberg2 and
P. Greengard2. ‘INSERM U-394 Neurobiologie Integrative,
Bordeaux, France; laboratory of Cellular and Molecular
Neuroscience, The Rockefeller University, New York, NY.
Exposure to dopamine DI agonists or D2 antagonists results in
striatal c-fos expression observing specific developmental and regional
patterns. In situ hybridization in DARPP-32 knockout mice (Fienberg
et al., Science 281:838-842,1998) was used to further investigate the
transduction mechanism involved in this transcriptional effect. In
response to the DI agonist SKF39393 (7.5-15mg/kg), early postnatal
(P) wild-type mice showed an intense c-fos labelling in the caudal
striatum that was not altered in DARPP-32 KO mice, and a similar
Fos induction in the developing striosomes of the rostral part that was
attenuated (-19% at P5, p<0.02; -49% at P10, p<0.01) but not
abolished in KOs. In wild-type adults, the Fos response became
restricted to the caudal striatum and was completely abolished in
DARPP-32 KO animals, whereas the full agonist SKF81297 (25mg/kg) elicited an additional though weak c-fos expression in the
rostro-medial part of the striatum that was significantly (-30%,
p<0.05) attenuated in KOs. The D2 antagonist haloperidol (4mg/kg)
resulted in an intense c-fos expression in the dorso-lateral striatum of
adult wild-type animals, that was abolished in DARPP-KO mice. This
study points to the role of DARPP-32 and of the cyclic-AMP / protein
kinase A pathway in the coupling of dopamine receptors to
transcriptional responses in striatal neurons, and to regional and
ontogenic differences in these transduction mechanisms.
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282.9
Dj receptor
-mediated
gene transcription
in striatonigral
CELLS IS REGULATED BY DARPP-32. P, Svenningsson. A, A. Fienberg.
P.B. Allen, C. LeMoine, M. Lindskog. G. Fisone, P. Greengard and B.B,
Fredholm.* Depts. Pharmacology and Neuroscience, Karolinska Institutet,
Stockholm, Sweden, UMR 5541, Univ Bordeaux, Bordeaux, France and Lab.
Molecular and Cellular Neuroscience, Rockefeller University, New York, N.Y.,
USA.
DARPP-32 mRNA was co-localized with inhibitor-1 mRNA in medium-sized
mouse striatal neurons. Mice with a targeted disruption of either DARPP-32
(D32-k-o) or inhibitor 1 (Il-k-o) or both had normal adenosine A2a , dopamine D,
and D2 receptors. The D, receptor agonist SKF 82958 ( 1 mg/kg) when given
alone increased the expression of mRNA for c-fos, fos B, jun B, NGFI-A and
NGFI-B in both striatonigral and striatopallidal cells. When SKF 82958 and the
D2 agonist quinolerane ( 2 mg/kg) were given in combination, practically all
expression was in striatonigral cells. D32-k-o mice had significantly reduced BEG
expression in many parts of striatum following combined Dj and D2 stimulation.
This could not be accounted for by a selective decrease in any one type or location
of cell stimulated. Thus the D32-k-o effect represents decreased gene expression in
each cell activated. Il-k-o was without effect. mRNA for dynorphin and
substance P, which are only expressed in striatonigral cells, was induced by D,
receptor activation and by combined D1+D2 activation and this was attenuated in
D32-k-o. Il-k-o was without effect. Combined D, and D2 receptor activation also
induced c-fos expression in cells in globus pallidus and this was reduced in D32-ko. These results confirm a critical role for DARPP-32 in D, receptor signaling in
striatum and extend earlier findings by demonstrating an important role in induced
gene-transcription.

SEROTONIN: TRANSPORTERS AND ANTIDEPRESSANTS
283.1

283.2

BLOCKING STUDIES OF [1 lC]MCN5652, A SEROTONIN TRANSPORTER
RADIOLIGAND, IN HUMAN VOLUNTEERS AND BABOONS. R, Parsev. N.
Simpson. D, Hwang. M. Slifstein. O, Mawlawi. L, Kegeles. N, Guo. A, AbiDareham. R, Van Heertum. A, Shinn. J, Rodenhiser*, J.John Mann. M, Laruelle.
Division of Brain Imaging, Department of Neuroscience, NYSPI NY, NY, USA
[C-l l]McN-5652 is a PET radioligand that binds to serotonin transporters
(SERT). The (+) enantiomer displays both specific SERT binding as well as
nonspecific binding. The (-) enantiomer measures nonspecific binding.
Previously we have shown that the (+) enantiomer binds, in all regions (including
the cerebellum), at least twice as avidly as the (-) enantiomer. The purpose of this
study was to determine whether the difference between (+) and (-) distribution
volumes (VT) could be used as an index of specific binding. Experiments were
performed in baboons (n=3) and in human volunteers (n=3). A baseline scan,
using both enantiomers, was followed by a post-treatment scan. The treatment
scans consisted of the following: 1). Low dose blockade of SERT sites by 60 mg
po paroxetine in humans and 4 mg/kg iv citalopram in baboons. 2). High dose
blockade with 80 mg po paroxetine in humans and 6 mg/kg iv citalopram in
baboons. VT was derived by 2-compartment kinetic modeling. Pretreatment with
SERT blockers decreased (+) VT in midbrain, thalamus and basal ganglia, but
failed to affect (+)VT in neocortex and cerebellum. In the blocked experiments
there was no regional variation in VT, suggesting that the pretreatment was
effective at blocking 5-HT transporters. Even with the high dose blockade, (+)
VT in the cerebellum and neocortex were twice as high as the (-)VT (ratio of
2.23). In conclusion, the difference between (-) and (+) VT is not an appropriate
index of specific binding, and [C-l l]McN-5652 is not an appropriate PET
radiotracer to measure 5-HT transporters in neocortical regions. Funded by NIMH

PHARMACOLOGICAL CHARACTERIZATION OF THE DECREASE IN
SEROTONIN SYNTHESIS RATE EVOKED BY SELECTIVE SEROTONIN
REUPTAKE INHIBITORS. C. Stenfors* and S.B. Ross. Preclinical R&D, Astra
Arcus AB, S-151 85 Sodertalje, Sweden.
Selective 5-hydroxytryptamine (5-HT, serotonin) reuptake inhibitors (SSRIs) induce
an immediate inhibition of the transmission in 5-HT neurons measured as firing rate,
5-HT release, synthesis, turnover and metabolism. It is widely accepted that these
effects are induced by the elevated 5-HT concentration at the cell body area in raphe
nuclei which is the result of the reuptake inhibition. In the present study we have
examined with pharmacological tools the mechanism of the decrease in 5-HT synthesis
induced by the very selective SSRI, citalopram in mice. The 5-HT synthesis rate was
measured in hypothalamus and hippocampus as the accumulation of 5-hydroxytryptophan (5-HTP) after inhibition of the aromatic amino acid decarboxylase with
/n-hydroxyphenylhydrazine.
Once daily treatment of mice for three weeks with fluoxetine or norzimeldine (20
gmol/kg s.c.) did not change the citalopram-induced decrease in 5-HT synthesis 48
hours following the last chronic treatment, but attenuated the decrease induced by the
5-HT1A receptor agonist 8-OH-DPAT. Pretreatment of mice with the 5-HT1A receptor
antagonist WAY100635, the 5-HT1B receptor antagonists GR127935 and NAS-181 or
combination of 5-HT)A and 5-HTiB antagonists had no or only slight attenuating effect
on the citalopram-induced decrease in 5-HTP accumulation. Reserpine treatment
strongly reduced the citalopram-induced decrease in 5-HTP accumulation. The 8-OHDPAT-induced decrease in 5-HT synthesis was not further decreased by citalopram.
In conclusion; the citalopram-evoked decrease in 5-HT synthesis in mice is not
down-regulated by prolonged treatment with SSRIs, is not only mediated by 5-HT|A
and/or 5-HTi B receptors and is dependent on an intact 5-HT system (or another
monoamine). The intraneuronal mechanism regulating the 5-HT synthesis appears to
be the same for the 8-OH-DPAT and citalopram responses.

283.3

283.4

MIRTAZAPINE REVERSES CLONIDINE-INDUCED SUPPRESSION OF
5-HT RELEASE, BUT DOES NOT PER SF ELEVATE 5-HT LEVELS.

VARIANTS OF SEROTONIN TRANSPORTER mRNA AND ITS
PROMOTER ACTIVITY K Sakai123* C. Haseeawa1, M. Qkura1, O.
Morikawa1. T, Ueyama1, Y, Ren1. N, Sakai1. K Maeda2, N. Saito1
’Laboratory of Molecular Pharmacology, Biosignal Research Center,
Kobe Univ. zDpt. of Psychiatry and Nerology, Med. Sch. Kobe Univ.
’Medical Center for Student Health, Kobe Univ. Kobe 657-8561 JAPAN.
The serotonin transporter (SET) is known as the main target of
many anti-depressants, and suggested to be involved in the pathogenesis
of the disease. Two variants of mouse SET mRNA, which consist of a
different exon-one (We named them exon la and exon lb from up
stream) and the same exon-two to exon-five, have been reported. We
found the novel variant of mouse mRNA that has another exon-one
located about 3000bp down stream from the others (exon lc). We
isolated flanking regulatory regions of these three SET exon-one
variants, which are fused to luciferase reporter gene (pGL3-Enhancer
Vector) and transiently expressed in various cell lines. The basal
luciferase activity and its change by the three-hour application of
interferon gamma (5000 units/ml) and dibutyryl cAMP (500nmol/ml)
are investigated in COS-7 cell lines. All of the three promoter regions
show five to fifteen times higher activity than the mode vector. The
luciferase activity of the promoter region for exon lb and lc, but not
la increased by 15 to 20% after treatment of interferon gamma. No
change observed by dibutyryl cAMP. Considering that the intron
between la and lb has only 85bp length, IRF1 binding site in the
intron might have a crucial role on the response of SET transcription
by interferon. The experiments with other cell lines will be presented.

S. Hiorth*, J. Kele, J, Johansson and H.J. Benatsson Dept. of Pharmacology, Goteborg University, P.O.Box 431, SE-405 30 Goteborg, SWEDEN.
Mirtazapine (MZ) is a novel antidepressant, reported to raise extracellular NA through blockade of 0C2-autoreceptors, and 5-HT output via
i) indirect activation of facilitatory 0C-|-adrenoceptors on the cell bodies
of ascending 5-HT neurones, and ii) blockade of presynaptic releasemodulating a2-heteroreceptors on 5-HT terminals in the forebrain. To
further assess the effect of MZ on NA-5-HT system interplay, including
putative regional differences in the effects of the drug on 5-HT release
in rat forebrain, we used in vivo microdialysis in anaesthetised rats.
Probes were implanted in the dorsal hippocampus (DH) and frontal cortex (FCx), median and dorsal raphe 5-HT projection areas, respectively
In the DH, MZ (10mg/kg sc) completely reversed the 5-HT releasesuppressing action of the selective Ot2-adrenoceptor agonist clonidine
(0.1 mg/kg sc), but had no effect per se on the 5-HT output. Neither
drug significantly changed the 5-HT levels in the FCx. MZ perfused
locally (10 pM via “retro”-dialysis) also failed to significantly elevate
5-HT output, and did not affect the clonidine response in either brain
area. Thus, our data confirm the <X2-adrenoceptor blocking properties of
MZ, but are only partly concordant with previous work (DeBoer et al.,
JPET 277:852, 1996). The use of anaesthesia or not in the studies - and
thereby, potentially, differences in endogenous a 1-adrenoceptor tone may account for some, though not all, of the discrepancies. Clearly,
further studies are warranted to establish the conditions under which
the 5-HT output-enhancing action of Mz becomes evident.
Supported by the Sw. MRC and EC Biotech (BIO CT96-0752)/STINT.
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REGULATION OF THE SEROTONIN TRANSPORTER (SERT) BY CHRONIC
ADMINISTRATION OF ANTIDEPRESSANTS (ADs). S. Benmansour1*. GG.
Gould1. M. Cecchi1, D.A. Morilak1 , M.A. Javors2, G.A. Gerhardt4 and A. Frazer13.
’Dept. of Pharmacology, 2Dept. of Psychiatry Univ. of Texas Health Science Center
and 3South Texas Veterans Health Care System, San Antonio, TX 78284, 4Dept. of
Psychiatry, Univ. of Colorado, Health Science Center, Denver, CO 80262.
To investigate whether chronic treatment of rats with ADs caused regulatory effects
on the SERT, measurement of serotonin (5-HT) clearance by in vivo voltammetry,
pHJ-cyanoimipramine binding by quantitative autoradiography to the SERT, mRNA
for the SERT by in situ hybridization histochemistry, and 5-HT content was carried
out. Rats were treated by osmotic minipump for 21 days .with selective serotonin
reuptake inhibitors (SSRI), paroxetine or sertraline, a selective norepinephrine
reuptake inhibitor, desipramine (DMI), or the monoamine oxidase inhibitor
phenelzine. Measurement were earned out after a washout period sufficient for the
concentrations of drug in serum to become <5ng/ml. The ability of the SSRI
fluvoxamine to modulate the clearance of locally applied 5-HT in the CA3 region of
hippocampus was measured. Fluvoxamine decreased the clearance of serotonin in rats
treated with vehicle, DMI or phenelzine but had no effect on the clearance of 5-HT in
SSRI-treated rats. The density of the SERT in the CA3 region of the same rats was
decreased by 80-90% in SSRI-treated rats whereas phenelzine had no effect and DMI
increased binding. Hippocampal 5-HT content was unaffected by SSRI treatment,
ruling out neurotoxicity as a possible explanation for the decreased SERT binding and
alteration in 5-HT clearance. Levels of mRNA for the SERT in the raphe nucleus was
also unaltered by chronic treatment with paroxetine. Taken together, these results
demonstrate that the marked decrease in SERT density caused by SSRI treatment
reduced the inhibitory effect of fluvoxamine on 5-HT clearance. Furthermore, such
effects were not produced by ADs that do not inhibit the SERT.
Supported in part by Research Funds from the VA and USPHS Grant MH57001.

POSTSYNAPTIC
5-HTIA
RECEPTOR
MEDIATED
FEEDBACK: EFFECT OF CHRONIC TREATMENT WITH
CITALOPRAM. F.J. Bosker1, T.I.F.H, Cremers2, M. Jongsma2, D.
Diikstra2* B.H.C. Westerink2 , H.V. Wikstrom2, and JA den Boer1.

283.7

283,8

PINDOLOL PLASMA AND BRAIN LEVELS IN RELATION TO
AUGMENTATION STRATEGIES. T.I.F.H. Cremers1, F.J.Bosker2, L.J.
Wiersma1, B.H.C. Westerink1, J.A. den Boer2, H.V. Wikstrom1*. 1dept. of

IMMOBILITY IN THE FORCED SWIM TEST IS REDUCED BY REPEATED
FLUOXETINE IN SELECTIVELY-BRED LDS RATS BUT NOT IN HDS

Med. Chem., Univ. Center for Pharmacy, A. Deusinglaan 1, NL-9713 AV, Groningen,
The Netherlands.2 dept. of Psychiatry, Academic Hospital Groningen, Hanzeplein 1,
Groningen, the Netherlands.

Serotonergic autoreceptors have been shown to desensitize upon chronic
treatment of animals with selective serotonin inhibitors (SSRI’s). As
desensitization of these receptors has been hypothesized to be responsible
for the time to onset of action of SSRI’s, it was concluded that coadministration of a SSRI with autoreceptor antagonists would immediately
mimic this desensitization. This strategy would in turn decrease the time to
onset of action. Indeed, several (although not all) clinical trials in which an
SSRI was co-administered with the mixed betal/5-HTlA antagonist pindolol
showed better and faster antidepressive response as compared to the SSRI
alone.
Recent preclinical studies however, have shown that augmentation of SSRI
induced increase in brain extracellular 5-HT is critically dependent on SSRI
as well as 5-HTIA antagonist plasma and brain concentrations. Plasma levels
of pindolol in patients (2.5 mg t.i.d.) can be roughly extrapolated to be
around 30 nM. It can therefore be questioned whether pindolol, which has a
Ki for 5-HT 1A of approx. 30 nM, will reach high enough brain
concentrations to establish sufficient receptor occupancy. Moreover, as
pindolol’s logP value is -0.9, it is not likely to penetrate into the brain easily.
The present study investigated blood and brain levels of pindolol and
paroxetine in Guinea Pigs. In addition, we investigated the relation between
pindolol plasma and brain levels and its capability of augmenting paroxetine
induced increases in brain 5-HT levels.

dept. of Psychiatry Groningen, Academic Hospital Groningen, Hanzeplein 1, Groningen, the
Netherlands. 2 dept. of Medicinal Chemistry, University of Groningen, A Deusinglaan 1, Groningen,
the Netherlands

The delay in therapeutic effect of SSRIs in depression and anxiety
disorders may be related to a gradual desensitization of 5-HT
autoreceptors. Chronic studies in animal research have been focused
on the 5-HT release controlling presynaptic 5-HT]A and 5-HT1B
receptors. Next to presynaptic receptors, postsynaptic 5-HT receptors
may also be involved in controlling terminal 5-HT release (Ceci et al.,
1994; Romero et al., 1994; Bosker et al., 1997). Recently evidence has
been presented for the existence of postsynaptic 5-HT1A receptor
mediated feedback between the central nucleus of the amygdala and
the caudal linear raphe nucleus (Bosker et al.,1997). The present
follow up study in rats was aimed at reproducing and extending the
data by Bosker et al. An additional goal was to investigate the effect of
chronic treatment with citalopram on latter feedback mechanism.
Osmotic minipumps were used to establish both steady state
conditions and clinically effective citalopram plasma concentrations.

RATS. M.S. Cousins*1, P.H, Overstreet2, L.S, Seiden1. 'Depts of Pharmacol &
Physiol Sciences, Univ of Chicago, 947 E 58th St, Chicago IL 60637 and ^pt of
Psychiatry, Univ of North Carolina, Chapel Hill, NC 27599.
The forced swim test is a behavioral screen for detecting antidepressant drug activity;
an antidepressant-like effect is typically defined as a reduction in the duration of
immobility. We evaluated the antidepressant-like effects of 14 days of repeated
fluoxetine (2.5 and 5.0 mg/kg; i.p.) in the forced swim test in rats selectively-bred to
be sensitive (HDS) or resistant (LDS) to the hypothermic effects of the 5-HT-1A
receptor agonist 8-OH-DPAT. Following a conditioning swim on day 14, HDS and
LDS rats were tested 24-hours later during a 5-min swim session. The duration of
immobility, swimming, and thrashing were recorded. There was a significant
interaction between rat line and dose of fluoxetine. There were no differences in
immobility between HDS and LDS rats treated for 14 days with vehicle. Fluoxetine
had no significant effect on the immobility of HDS rats, but 5.0 mg/kg fluoxetine
reduced the immobility of LDS rats. Also, the immobility of LDS rats was
significantly lower than HDS rats at 5.0 mg/kg fluoxetine. There were no differences
between HDS and LDS rats in thrashing behavior, however, there was an overall
difference between HDS and LDS rats on swimming. LDS rats swam significantly
more than HDS rats. It has been previously established that fluoxetine blunts
hypothermia induced by 8-OH-DPAT. Fluoxetine reduced 8-OH-DPAT-induced
hypothermia in both lines of rats, with no significant interaction. In summary,
repeated fluoxetine reduced the immobility of LDS but not HDS rats; 8-OH-DPATinduced hypothermia was reduced by fluoxetine in both lines of rats. HDS and LDS
rats may be useful for studying the action of antidepressants. (Supported by PHS T32DA-07255, PHS MH11191, and a gift of fluoxetine from Eli Lilly)

283.9

283.10

ANTIDEPRESSANT TREATMENTS DIFFERENTIALLY ALTER
HUMAN SUBJECTIVE RESPONSES TO MDMA, PSILOCYBIN AND
OTHER PSYCHEI)ELICS. K. R. Bonson*, J. W. Buckholtz, D. L.
Murphy. Laboratory of Clinical Science, NIMH, Bldg. 10, Rm. 3D41,
Bethesda, MD 20982.
We have previotsly reported that chronic human use of serotonin
selective reuptake inhibitors (SSRI) or MAO inhibitors for longer than 3
weeks reduces the psychedelic effects of LSD. In contrast, use of tricyclic
antidepressants or 1 thium for 3 or more weeks potentiates the response to
LSD. In the present investigation, we extend our findings to include
responses to MDMA, psilocybin, DMT, mescaline, 2-CB, and ketamine.
Forty-five individuals retrospectively reported through standardized
questionnaires submitted via the Internet on subjective experiences with
hallucinogenic drugs during treatment with antidepressants.
Chronic
SSRI use reduced the response to MDMA in the majority of respondants.
This decrease was also seen with acute SSRI use or with chronic use of
venlafaxine, while chronic use of imipramine or buspirone potentiated
MDMA response. Use of MDMA during treatment with MAO inhibitors
led to life-threatening hypertensive crises.
Psilocbyin responses were
reduced or unchanged following chronic SSRI use while lithium
treatment potentiated the effects of psilocybin. Chronic SSRI use also
decreased responses to DMT and ketamine, but potentiated the response
to mescaline. The effects of 2-CB were reduced by chronic venlafaxine
use but were unchanged by chronic SSRI use. These results largely
replicate those of our earlier study demonstrating that antidepressant
agents can markedly alter various aspects of human responsivity to
hallucinogenic drugs, depending on which class of antidepressant was
administered and how long it had been used.

CHRONIC ADMINISTRATION OF THE SSRI FLUOXETINE PRODUCES
DESENSITIZATION OF 5-HT1A AUTORECEPTORS BUT DOES NOT
PREVENT THE ABILITY OF p-MPPF TO AUGMENT THE ELEVATION
OF EXTRACELLULAR 5-HT PRODUCED BY FLUOXETINE.
J, M, Chou-Green*, H, F, Kung, and L Lucki, Departments of Psychiatry,
Pharmacology, and Radiology, Institute of Neurological Sciences, University of
Pennsylvania, Philadelphia, PA 19104.
The ability of selective serotonin (5-HT) reuptake inhibitors (SSRIs) to
increase extracellular 5-HT may be restrained by the activity of
somatodendritic 5-HT1A autoreceptors. Antagonism of the $-HT1A receptor has
been shown to enhance the ability of systemic SSRI administration to elevate
synaptic 5-HT. The present study used in vivo microdialysis to examine 5-HT1A
autoreceptor sensitivity and the ability of the selective 5-HT1A receptor
antagonist p-MPPF, to enhance the effect of fluoxetine on extracellular levels of
5-HT in the striatum following chronic administration of fluoxetine. Separate
groups of rats were injected with fluoxetine (20 mg/kg, s.c.) or saline for 3 or 21
days. Starting 24 hours following the last injection, 5-HTia autoreceptor
sensitivity was assessed by administration Of 8-OH-DPAT and, 24 hours later,
the effects of combined treatment with fluoxetine and p-MPPF.
5-HTi A autoreceptor desensitization was produced after treatment with
fluoxetine for 21days, but not after 3 days of treatment While 8-OH-DPAT
decreased extracellular 5-HT to 51% of baseline levels after fluoxetine for 3
days, the decrease was only to 81% of baseline levels following fluoxetine for 21
days. Despite the 5-HTu autoreceptor desensitization produced by 21 days of
fluoxetine, p-MPPF was still able to enhance the elevation of 5-HT produced by
fluoxetine. This finding indicates that the subsequent injection of fluoxetine
could still overcome the effect of desensitization, under these treatment
parameters. Supported by USPHS grant MH 48125.
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AN IONOTROPIC SEROTONIN RECEPTOR AND A SEROTONIN
REUPTAKE TRANSPORTER ARE INVOLVED IN EXPERIENCEDEPENDENT MODULATION OF C. ELEGANS BEHAVIOR. Raiesh
Ranganathan1, Stephen C, Cannon2, and H. R, Horvitz1*. 'HHMI, Dept.
Biology, MIT, Cambridge, MA 02139; 2Dept. Neurobioiogy, Harvard Medical
School, Boston, MA 02114.
C. elegans hermaphrodites respond to the presence of a bacterial lawn (their food
source) by slowing their locomotion rate. Animals deprived of bacteria for 30
minutes exhibit enhanced slowing when they encounter a bacterial lawn. This
modulatory response is mediated by serotonin (5-HT). Mutations in the genes mod-1
and mod-5 (modulation of locomotion defective) affect both the modulatory response
and 5-HT neurotransmission, but in opposite manners.
mod-1 encodes a ligand-gated ion channel. Electrophysiological studies using
Xenopus oocytes and HEK cells show that MOD-1 is an ion channel gated
specifically by 5-HT. An A281V mutation, which affects the predicted pore of the
channel, causes a dominant-negative effect both electrophysiologically and'
behaviorally, and results in reduced modulatory slowing and 5-HT resistance in liquid
assays of locomotion (exogenous 5-HT inhibits locomotion of wild-type animals).
mod-5 encodes the C. elegans homologue of mammalian 5-HT reuptake
transporters. A defect in 5-HT re-uptake is consistent with the characteristics of
mod-5 mutants: defective 5-HT loading of the serotoninergic NSM neurons, more
pronounced slowing than the wild type in the modulatory response, and
hypersensitivity to exogenous 5-HT in liquid assays of locomotion.
An understanding of how mod-1 and mod-5 function within a neural circuit
should provide insights into how the processes of ionotropic 5-HT
neurotransmission and reuptake are involved in experience-dependent
modulation of C. elegans behavior. Our studies of the 5-HT pathway in
C. elegans may define analogous human neural circuits and may suggest
novel means of manipulating such circuits.
R. R. is an HHMI predoctoral fellow; H. R. H. is an HHMI Investigator.

THE SEROTONIN TRANSPORTER KNOCK-OUT MICE: NEW PERSPECTIVES
ON THE COMPREHENSION OF THE SEROTONIN SYSTEM. G. Gobbi1? K.P.
Lesch2, D.L, Murphy3, P .Blier1.'Neurobiological Psychiatry Unit, McGill University,
Montreal, Canada; 2Dept. of Psychiatry, University of Wurzburg, Germany; 3Lab of
Clinical Science, NIMH, Bethesda, USA.
The serotonin transporter (5-HTT) has been implicated in the pathophysiology of
depression, obsessive-compulsive disorder, drug abuse, anxiety as well as in the
regulation of brain development, plasticity and degeneration. Knock-out (KO) mice
that do not express the 5-HTT offer a new opportunity to further investigate possible
adaptive changes in central 5-HT receptors. Using in vivo electrophysiological
techniques in chloral hydrate anesthetized mice, we examined the effects of 5-HT and
of the 5-HTlx agonist 8-OH-DPAT applied directly by microiontophoresis onto CA3
pyramidal neurons in the hippocampus and assessed the spontaneous firing activity of
dorsal raphe (DR) 5-HT neurons of KO mice and their wildtype (WT) and
heterozygote (HE) littermates. The mean spontaneous firing of rate of 5-HT neurons
was significantly decreased in the DR of KO (0.51 ±0.17 Hz, n=41) and in the HE
(0.94 ± 0.16 Hz, n=41) animals, when compared to that observed in WT mice (1.50
± 0.07 Hz, n=51). The somatodendritic 5-HT1A autoreceptors were desensitized in 5HTT knockout mice. Serotonin application induced an inhibition of CA3 pyramidal
neuronal firing in all three groups, but in the HE mice significantly more neurons
showed an attenuated response to 5-HT. The recovery time of the firing rate of
hippocampus neurons following 5-HT applications was significantly prolonged only
in the KO (up to three times more at an ejection current of 15 nA). The KO group
showed an attenuated response to 8-OH-DPAT in the hippocampus.The ejection
currents of quisqualate, used to activate neurons in hippocampus, were significantly
lower in KO and HE. These results indicate that the lack of 5-HTT causes adaptive
mechanisms of the 5-HT system, involving firing rate, somatodendritic and
postsynaptic 5-HT1A receptor responsiveness, as well as in non-5-HT systems.

283.13

283.14

SUBSTRATE ACTIVITY AT SEROTONIN TRANSPORTERS PREDICTS
TOXIC POTENTIAL OF ANOREXIC AMPHETAMINES.
M.H. Baumann*, M.A. Ayestas, C.M, Dersch, J.S. Partilla, and R.B.
Rothman. CPS, IRP, NIDA, NIH, Baltimore, MD 21224.
Appetite suppressants such as fenfluramine and d-fenfluramine are
associated with serotonin (5-HT) neurotoxicity in animals and primary
pulmonary hypertension (PPH) in humans. While the precise mechanisms
underlying such deleterious effects are unknown, fenfluramines release 5-HT
from neurons by a diffusion-exchange process involving 5-HT transporters.
5-HT transporters are expressed at high levels in both brain and lung tissue,
and we theorized that 5-HT transporters might be involved in the etiology of
drug-induced neurotoxicity and PPH. To this end, several anorexic
amphetamines were tested for their ability to evoke transporter-mediated 5-HT
efflux using two methods: 1) in vivo microdialysis in rat nucleus accumbens,
and 2) in vitro release from rat forebrain synaptosomes. When administered
systemically (1-10 pmol/kg, iv), aminorex, fenfluramine, ^-fenfluramine, and
chlorphentermine caused dose-related increases in dialysate 5-HT. These
same drugs were potent substrate-type 5-HT-releasing agents in vitro (IC50 =
20-200 nM). Amphetamine and phentermine had less potent effects on 5-HT
efflux in both test systems. It is noteworthy that aminorex and fenfluramines
are associated with PPH in humans whereas amphetamine and phentermine
are not. Thus, our data suggest that substrate activity at 5-HT transporters can
predict the toxic side-effects of specific anorexic amphetamines. We propose
that 5-HT transporters serve as a gateway for the entrance and accumulation of
anorexic drugs into cells of the brain and lungs. High intracellular
concentrations of the drugs, or their metabolites, might then lead to toxicity
(Supported by the Intramural Research Program, NIDA, NIH).

EFFECTS OF TAMOXIFEN ON THE SEROTONIN TRANSPORTER (SERT)
AND THE 5-HYDROXYTRYPTAMINE2a RECEPTOR (5-HT2AR) IN
OVARIECTOMIZED RATS. G..F»nk‘*, B,.E,H.^umn.gr1, K.E. Grant1 R, Rosie1, £hHegele-Hartung2 and K.-H, Fritzemeier2, ‘MRC Brain Metabolism Unit, 1 George
Square, Edinburgh EH8 9JZ, UK; 2Research Laboratories of Schering AG,
Muellerstrasse 170, D-13342 Berlin, Germany.
Estradiol-17(3 (E2), in its positive feedback mode for gonadotropin release in the
female rat, induces expression of the genes for the 5-HT2AR and the SERT in the
dorsal raphe nucleus (DRN) with a concomitant increase in the densities of 5-HT2a R
and the SERT in rat forebrain regions which in the human are concerned with the
control of mood, mental state, cognition and emotion. Here we have used the mixed
E2 agonist/antagonist, tamoxifen, to determine whether this action of E2 is mediated
by cytoplasmic estradiol receptors (ER). As found previously, acute treatment (—32
h) of ovariectomized rats with estradiol benzoate (EB) increased significantly the
amount of 5-HT2AR mRNA and SERT mRNA in the DRN and the densities of
5-HT2a R and SERT binding sites in forebrain. These effects of EB were completely
blocked by tamoxifen. Since transcription studies suggest that the pure antagonist
actions of tamoxifen are mediated by ER3, our findings raise the possibility that the
effect of E2 on the 5-HT2AR and the SERT may also be mediated by the ERp.
Treatment with tamoxifen alone had no effect on either gene expression or the
density of binding sites, supporting the view that in rat brain tamoxifen acts as an E2
antagonist. These findings provide the basis for studies on the role of ER in
mediating E2 action on central serotonergic mechanisms and are relevant for our
understanding of the effects of antiestrogens as well as E2 on mood, mental state and
cognition.

283.15

283.16

BASAL AND STIMULUS - EVOKED SEROTONIN (5HT) OVERFLOW
IN 5-HT1A RECEPTOR MUTANT MICE: A MICRODIALYSIS STUDY.
M. He1, M. Toth2, E. Sibille2 and TS ShippenberS1.2Comell Medical
School and 'Integrative Neuroscience Unit, NIH/NIDA Intramural
Research Program, Baltimore, MD 21224.
In vivo microdialysis was used to quantify basal and stimulus- evoked
(potassium, fluoxetine) serotonin (5HT) levels in the striatum of male
5HT1A receptor mutant mice and wildtype controls. The effects of these
manipulations on dopamine (DA) overflow was also assessed. Male wild
type and mutant mice were implanted with a dialysis guide cannula in the
dorsal striatum. After a 5-7 day recovery, a 2.0 mm probe was inserted
into the cannula and perfused with aCSF (0.6 ul/min) for determination of
basal 5HT and DA levels. The aCSF was then changed to that containing
60 mMpotassium and 3 additional samples obtained. Additional groups
of animals were injected with the 5HT uptake inhibitor, fluoxetine (10.0
mg/kg; ip) and changes in 5HT and DA levels quantifed. Conventional
dialysis studies revealed no difference in basal 5HT or DA levels between
wild type and mutant mice. Perfusion with potassium increased 5HT and
DA overflow in striatum and there were no differences between genotype
in the magnitude of this effect. Fluoxetine increased 5HT levels in both
genotypes. However, this increase was significantly greater in mutant as
compared to wild-type mice. No effect of fluoxetine on DA overflow was
observed in either genotype. These data demonstrate an enhancement of
5HT uptake inhibition in 5HT-1A receptor deficient mice. Basal 5HT
overflow and depolorization -evoked 5HT release were unaltered
suggesting that the enhanced response is selective.

CHRONIC FLUOXETINE TREATMENT INCREASES HIPPOCAMPAL NEUROGENESIS IN RATS: A NOVEL THEORY OF DEPRESSION. B.L. Jacobs * and
C.A. Fomal, Prog, in Neurosci., Princeton Univ., Princeton, NJ 08544.
Last year we reported that pharmacological activation of the 5-HT,a receptor
dramatically increased dentate gyrus neurogenesis in adult rats and, reciprocally, that
blockade of this receptor decreased spontaneous neurogenesis (Jacobs et al., Soc.
Neurosci. Abstr., Vol. 24, Part 2, p. 1992, 1998). Changes in brain serotonin are
implicated in the etiology of depression, and especially in its treatment. In particular,
5-HT,x receptor activation appears to be especially important therapeutically (for a
recent brief review, see Koek et al., JPET 287: 266-283, 1998). Because of this
involvement of serotonin in adult neurogenesis, we decided to examine the effects of
the prototypic antidepressant drug, fluoxetine, on neurogenesis. Adult SpragueDawley rats (5 / group) were administered fluoxetine HC1 (5 mg/kg/day i.p.) or saline
for 21 days and for foe final 1 days were also given bromodeoxyuridine (BrdU; 100
mg/kg i.p.) 30 min later. Animals were killed 14 days later and their brains processed
for BrdU immunohistochemistry. Chronic administration of fluoxetine produced a
significant 70% increase (p = 0.015) in foe number of BrdU labeled cells. These data
in conjunction with a variety of other basic and clinical data suggest that dentate
gyrus neurogenesis may be a critical element in foe onset of, and recovery from,
depression in humans. We hypothesize that foe onset of depression, for example that
due to genetic predisposition and/or attributable to stress, may be due to decreased
ongoing spontaneous neurogenesis. On foe other hand, foe recovery from depression
may be due to an increased rate of neurogenesis caused by activation of foe 5-HTIA
receptor by any of a variety of clinically effective means. The time required for these
newly bom neurons to mature and be incorporated into foe existing neural circuitry
may explain foe well-known “therapeutic lag” of SSRIs and other treatments for
depression. Supported by NIMH Grant MH 23433.
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HIPPOCAMPAL 5-HT EFFLUX IN THE cLH RAT: DIFFERENTIAL PROFILE
OF FLUOXETINE AND PAROXETINE. T. Horiclfand E. Edwards. Department of
Pharmaceutical Sciences, University of Maryland, Baltimore, Maryland 21201.
The present study examined the in vitro effects of fluoxetine and paroxetine
treatment on extracellular 5-HT in the congenital learned helpless rat (cLH), an
animal model of depression. Hippocampal slices from cLH rats were incubated with
[3H]-5-HT, and exposed to various experimental conditions. [3H]-5-HT efflux was
expressed as a percentage of the pre-drug values. Upon repeated 10pM paroxetine
treatments, extracellular 5-HT was increased above baseline (49%±3%; p<0.01). In
addition, 10pM fluoxetine stimulations increased extracellular 5-HT concentrations
above baseline (112±6%; p<0.001). Fluoxetine elicited a significant increase in
extracellular 5-HT above paroxetine treatment To investigate the differential profiles
of these two agents, we examined the role of 5-HTiMB receptors in 5-HT efflux.
Combination treatment of paroxetine and 3.5nM cyanopindolol (5-HTiaab antagonist)
increased extracellular 5-HT levels above paroxetine alone (p<0.05), but elicited no
5-HT overflow in combination with fluoxetine above fluoxetine alone, suggesting an
interaction with the 5-HTia or 5-HTlb receptors. Neither paroxetine nor fluoxetine in
combination with lOnM WAY-100635 (specific 5-HTi A antagonist) increased 5-HT
overflow above either SSRI alone. In contrast, paroxetine and 3pM isamoltane
(specific 5-HT1b antagonist) treatments produced increases in extracellular 5-HT
(152%±4.4%, p<0.001) above paroxetine alone. However, lOpM fluoxetine in
combination with isamoltane did not increase extracellular 5-HT above fluoxetine
treatment alone. Isamoltane alone had no effect on extracellular 5-HT concentration.
Our results, in agreement with previous studies, indicate that fluoxetine may induce
5-HT overflow by a different mechanism in addition to transporter blockade. Our
laboratory has also found significant increases in 5-HT1B receptor and serotonin
transporter numbers in the hippocampus of the cLH rat. Ongoing studies with the
cLH rat and the cNLH control strain are further investigating the potential functional
interaction between the serotonin transporter and the autoreceptor.

DOES (±)PINDOLOL BEHAVE AS A 5-HT1A ANTAGONIST
WHEN GIVEN IN COMBINATION WITH FLUOXETINE ?
Lee A. Dawson, HO. Nguyen, D.L. Smith* and L.E, Schechter,
Wyeth Ayerst Research, Princeton, NJ08543
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We have previously demonstrated the effects of chronic administration of
fluoxetine ± WAY 100635 on the 5-HTi A receptor ’. In the present study, we
compared the pharmacology of (±)pindolol (10 mg/kg b.i.d.) with
WAY 10063 5 when given chronically for 14 days both alone and in
combination with fluoxetine (10 mg/kg o.d.). Using in vivo microdialysis in
the frontal cortex of the rat, we demonstrate that animals treated with
(±)pindolol show a small but significant (P < 0.05) increase in extracellular
concentrations of 5-HT, reaching a maximum value of 136 ± 20 % of preinjection levels, when challenged with fluoxetine (10 mg/kg s.c.) on day 15. In
contrast, chronic treatment with pindolol + fluoxetine or vehicle show no
significant response to fluoxetine. Alternatively, pindolol + fluoxetine or
vehicle groups, produces a significant (P < 0.05) dose related decrease in
extracellular 5-HT in response to 8-OH-DPAT (0.03 and 0.1 mg/kg).
Conversely, animals treated with pindolol alone exhibited only a partial
response to 8-OH-DPAT. Taken together these data indicate that (±)pindolol
(10 mg/kg b.i.d.) produces some desensitization of the 5-HTtA receptor when
given chronically for 14 days. However, desensitization is not observed when
(±)pindolol is co-adminstrated with fluoxetine.
1. Dawson, L.A., Nguyen, H.Q., Smith, D.I. and Schechter, L.E. (1998). Neurosci.
Abstr., 24, 438.11.
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AN ELECTROPHYSIOLOGICAL COMPARISON OF PINDOLOL-INDUCED
CHANGES IN DORSAL RAPHE NUCLEUS NEURONAL ACTIVITY IN VIVO
AND IN VITRO. Gene G. Kinney*, Rick L. Pieschl, Frank D. Yocca, and Valentin K,
Gribkoff. Neuroscience Drug Discovery, Department of Electrophysiology, BristolMyers Squibb Pharmaceutical Research Institute, Wallingford, CT 06492.
Several clinical studies have reported a beneficial treatment effect when pindolol is
combined with antidepressant drugs (e.g., Artigas et al., Arch. Gen. Psychiat., 51:248251,1988). This effect has been attributed to the 5-HT,A receptor antagonist properties
of pindolol at midbrain raphe sites. However, more recent preclinical studies have
called this assumption into question. Presently, we examined the effect of pindolol on
the activity of serotonergic (5-HT) dorsal raphe nucleus (DRN) neuronal activity in
vivo and in vitro. Consistent with previous reports (e.g., Clifford et al., Brit. J.
Pharmacol., 124: 206-212,1998), we found that pindolol produced a marked reduction
of spontaneous DRN activity in vivo. Further, efforts to reverse the suppressive effect
of the serotonin selective reuptake inhibitor (SSRI) fluoxetine on DRN 5-HT unit
activity with subsequent pindolol treatment were unsuccessful, suggesting a non-5HT1A antagonist profile for pindolol in vivo. To examine the possible influence of
extra-raphe sites in these in vivo studies, in vitro DRN slice experiments were also
undertaken. Using extracellular multi-unit recording techniques in vitro we found that
pindolol produced a suppression of DRN firing that could be reversed by the 5-HT1A
receptor antagonist, WAY-100,635. We further found that pindolol produced a reversal
of the suppressive effect of fluoxetine in vitro. Collectively, these results indicate that
pindolol may act as a partial agonist at the presynaptic 5-HT1A receptor, suggesting that
either (a) pindolol provides its beneficial antidepressant augmentation through some
mechanism other than functional presynaptic 5-HT,A antagonism or (b) that a
pathophysiology present in depressed patients (e.g., heightened 5-HTlx receptor
sensitivity or increased receptor reserve) promotes functional antagonism of the 5-HT,A
receptor by pindolol in this patient population.

FACTOR ANALYSIS OF DYNAMIC PET STUDIES PERFORMED IN HEALTHY
INDIVIDUALS AND IN MDMA USERS. O, Vaterlein1, Z, Szabo1, M. Samal3, L.
Kerenyi1, U. Scheffel1*, G, Ricaurte2. 'Division of Nuclear Medicine and Department
of 2Neurology of the Johns Hopkins Medical Institutions Baltimore, department of
Nuclear Medicine of the Charles University Prague Czech Republic.
The radioligand C-11 (+)McN5652 has been successfully used for PET
imaging and quantitative evaluation of the serotonin transporter (SERT). The purpose
of the present work was to apply a pattern extraction algorithm based on factor
analysis of dynamic PET studies to separate specific and nonspecific binding of the
tracer. Although computationally complex, this technique may eliminate the need for
arterial blood sampling, which is now required for calculation of compartmental
parameters used for quantification.
Eighteen subjects (9 MDMA users; age 31±11; 9 healthy controls; age 37±19)
were studied with both C-11 (+)McN5652 (SERT specific tracer) and its inactive
enantiomer C-11 (-)McN5652 (reference tracer). The dynamic PET scans were
analyzed using three methods: a) normalizing quantitative data from PET to the
injected dose, b) compartmental analysis, and c) factor analysis.
All three methods resulted in reduced C-11 (+)McN5652 binding parameters in
the basal ganglia in MDMA (’Ecstasy’) users as compared to controls. PET activity
corrected for injected dose did not reveal a significant difference between the two
groups of subjects. The differences were statistically significant for the compartmental
distribution volume (logarithm of distribution volume control 6.7±2.2 vs. MDMA
3.5±0.7; t=4.17; p=0.002) and for the factor of specific binding (basal ganglia to
cerebellum ratio control 3.0±1.0 vs. MDMA 2.1±0.6; t=2.291; p=0.039).
These results indicate that using factor analysis it is possible to obtain
quantitative PET data with C-11 (+)McN5652 without an arterial input function.
Further improvements in the pattern recognition technique are necessary to achieve an
accuracy comparable to compartmental analysis.
Supported by NIH grants DA10217 and AG14400.
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QUANTIFICATION OF [123I]PE2I BINDING TO DOPAMINE TRANSPORTER
WITH SPECT. L.P. Pinborq, C. Videbaek, C. Svarer, O.B. Paulson. G.M.
Knudsen*. Neurobiology Research Unit, University Hospital Rigshospitalet,
Copenhagen, Denmark.
PE2I is a new selective high affinity dopamine transporter ligand. Compared
to p-CIT, it has very low affinities for other monoamine transporters, and more
appropriate kinetic properties. The aim of the present study is to describe a
method that provides both reliable quantification of receptor parameters and
easy implementation in a clinical setting. SPECT (Tomomatic 564) studies in
3 normal subjects were performed with bolus injection of 160 MBq of
[123I]PE2I. Dynamic scans and arterial samples were acquired over 6 hours.
Arterial samples were corrected for radiolabeled metabolites. Dynamic data
were analysed using two independent approaches: Standard kinetic analysis
and graphical analysis. Both approaches estimate the distribution volume

EFFECTS OF GBR 12909, A SELECTIVE DOPAMINE UPTAKE
INHIBITOR,
ON
ELECTRICALLY
EVOKED
STRIATAL
EXTRACELLULAR DOPAMINE LEVELS IN FREELY MOVING RATS
E.A.Budygin , R.R.Gainetdinov, M.R.Kilpatrick, R.M.Wightman*Department of
Chemistry, University of North Carolina, Chapel Hill, NC 27599, USA;
Department of Cell Biology, Duke University, Durham, NC 27710, USA.
Recently, fast-scan voltammetry has been developed for real-time measurements
of extracellular dopamine levels in freely moving rats (Garris et al.,
J.Neurochem.68,152-161, 1997). Using the advantages of this experimental design,
we studied the effect of GBR 12909 (20 mg/kg, i.p.), a selective dopamine uptake
inhibitor, on striatal extracellular dopamine levels and compared these data to that
obtained by microdialysis. The administration of GBR 12909 elicited a marked and
long-lasting increase in dopamine extracellular levels, determined by both in vivo
techniques. Simultaneous behavioral observations carried out in a manner similar to
that previously described (Murray and Waddington, Eur.J.Pharmac. 160,377-384,
1989) found strong stereotyped behavior and locomotor activity, which was present
10 minutes after injection of GBR 12909 and lasted for several hours, an
observation in line with our previous results (Budygin et al., Exsp. Klin.
Farmakol.60,8-10, 1997). The increase in extracellular dopamine was detected
significantly faster and was more pronounced when using voltammetry than that
found by microdialysis. In contrast to microdialysis, the increase in dopamine as
detected by voltammetry was on the same time scale as the change in stereotyped
behaviour. These studies established that the kinetics of GBR 12909-induced
behavioral effects were closer to changes in extracellular dopamine levels after the
drug, detected by fast-scan voltammetry compared to microdialysis measurements.
In summary, these experiments showed that fast-scan voltammetry in combination
with parallel observation of behaviours may be informative in evaluation of changes
in dopaminergic neurotransmission after different drugs.

DV occipital cortex (ml ml'1)
DV striatum (ml ml'1)
Logan Plot
Kinetic
Kinetic
Logan Plot
Analysis
Subject 1
19.2
7.0
8.3
17.3
9.2
8.5
Subject 2
19.1
19.9
11.3
12.3
Subject 3
20.0
20.1
Precise measurement of binding parameters appears to be possible using
[123I]PE2I and dynamic SPECT scanning. However, both approaches are not
easily implemented in a clinical setting due to the need for arterial sampling
and repeated scans. At steady-state - DV of a tracer can be determined from
a single SPECT image and one blood sample. It is possible to achieve
steady-state conditions by combining bolus injection with constant infusion of
tracer. Based upon our dynamic data we are designing bolus-infusion
experiments for use in a clinical setting.
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SV40 T-ANTIGEN KNOCKIN AT THE DOPAMINE TRANSPORTER (DAT):
AN EFFORT TO CREATE DAT EXPRESSING DOPAMINE CELL LINES. D.M.
Donovan1*. O, Dillon Carter2. M, Morales2. T. Barrett1. R, Rothman3. C. Dersch3,
D.L, Rowlev1, and W. Freed2. ’Transgenic & Knockout Facility Section, NIA IRP,
Baltimore, MD 21224; 2CeIlular Neurobiology Branch and 3Clinical
Psychopharmacology Branch, NIDA IRP, Baltimore, MD 21224.
The dopamine transporter (DAT) is uniquely expressed on dopaminergic cells, and
plays a major role in terminating dopamine neurotransmission. The role of dopamine
cells (and DAT) in both drug abuse and neurodegenerative disease (Parkinson’s
disease) is of high interest. An endogenous DAT expressing dopaminergic (DA) cell
line would facilitate these studies. Although DA cell lines have been reported, very
few express DAT. In an effort to obtain a murine DA cell line that expresses DAT,
SV40 large T-antigen tsA58 was inserted into the murine DAT gene at the ATG start
of translation, and then used to create a DAT knockout mouse (DATG), replacing
DAT expression with T-antigen expression. Preliminary characterization of the
DATG mouse (also a DAT knockout) includes immunohistochemical analysis and
ligand binding studies to demonstrate the loss of DAT expression in the homozygous
knockin mouse. To isolate a DAT expressing DA cell line, embryonic day 14 ventral
midbrain tissue was harvested from embryos harboring one intact DAT allele, and
one T-antigen knockin allele. Cultures were plated at 33°C, and passaged repeatedly
until a cell line emerged from a single colony. One cell line that expressed neuronal
markers and DAT immunoreactivity was isolated. This cell line grew continuously
for more than 100 cell divisions without undergoing loss of mitotic activity or
“crisis”. This cell line did not, however, express DAT biochemical activity, and did
not respond to MPP+ or GDNF. Characterization of other resultant cell lines will be
discussed.

MULTIPLE COGNITIVE DEFICITS IN DOPAMINE TRANSPORTER
KNOCKOUT (DAT-KO) MICE. KM^odagp^ Mfi: Qgg^aarf W.Q. Wgtgd1*’Depts. of Psychiatry and Behavioral Sciences and 2Cell Biology, Duke University
Medical Center and die 2Howard Hughes Medical Institute, Durham, NC 27710.
Disruption of the dopamine transporter (DAT) results in elevated dopaminergic
tone, hyperactivity, and impairments in spatial learning (Gainetdinov et al., Science
283:397, 1999). Since psychostimulants also exert a calming effect on these DAT
knockout (DAT-KO) mice, it has been suggested that they bear many similarities to
patients with attention-deficit hyperactivity disorder (ADHD). In the present studies,
DAT-KO and wild-type (WT) mice were subjected to a battery of tests for
assessments of information gating, habituation, attention, and memory processes. A
latent inhibition paradigm was used to examine sensory gating. Compared to WT
mice, the DAT-KO animals were delayed in their abilities to associate a tone-shock
pairing and were even more deficient in their responses when multiples tones
preceded the conditioned stimulus. In a test of habituation, mutants were less likely
to habituate to novel objects than die WT mice. In two separate tests of attention, the
DAT-KO mice demonstrated a 3-fold reduction in their orienting responses to
stimuli, compared to a 90% orienting response rate for the WT animals. In tests of
memory using familiar and novel objects, the DAT-KO animals were capable of
discriminating between the two objects after short intervals (1 min). However, they
showed a clear preference for the novel object, while the WT mice preferred the
familiar one. One-hour later, the DAT-KO mice showed no object preference, while
the WT controls still exhibited a strong propensity for the familiar object. In
summary, the DAT-KO animals exhibit deficits in sensory gating, habituation,
attention, and learning and memory processes. These deficiencies, coupled with the
preference of the mutants for novelty and their propensity for hyperactivity, suggest
that these mice may serve as a useful animal model for ADHD and other similar
disorders. (Supported in part by a grant from NARSAD to W.C.W. and an
unrestricted Neuroscience Award from Bristol-Myers Squibb to M.G.C.)

Supported byNIDA/NIA Intramural Research Program.
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PERSISTENT MEMBRANE RETENTION OF DESIPRAMINE CAUSES
LASTING INHIBITION OF NOREPINEPHRINE TRANSPORTER FUNCTION.
M.-Y. Zhu*. P.B. Kyle, A.S. Hume, and G.A. Ordway. Departments of Psychiatry &
Human Behavior and Pharmacology & Toxicology, University of Mississippi Medical
Center, Jackson, MS 39216.
Desipramine (DMI) is a selective inhibitor of norepinephrine (NE) re-uptake and a
potent antidepressant widely used in clinical practice. DMI down-regulates norepinephrine transporter (NET) protein in a concentration- and time-dependent manner in
PC 12 and in HEK-293 cells transfected with human NET cDNA (293-hNET cells). A
reduction of 3H-NE uptake in these cells has also been observed following DMI
exposures. Here, we measured the effect of repeated cell washings on 3H-NE uptake
and, in parallel, on the cell and membrane retention of DMI (radiation counting and
HPLC), following exposures of 293-hNET cells to 500 nM DMI. Incubation of cells
with DMI for 1 hour or 1 day persistently inhibited [3H]NE uptake up to 7 days, despite
repeated washing of cells with drug-free medium. These short DMI exposures did not
affect NET protein levels. Uptake inhibition was paralleled by persistent retention of
DMI in cells following identical drug exposure and cell washings. Following exposure
to ’H-DMI for 1 h and repeated, drug-free media replacements, intracellular (whole cell)
[3H-DMI] ranged from -10-100 fold higher than re-equilibrium extracellular [3H-DMI].
Re-equilibrium extracellular [3H-DMI] ranged from 55 nM to 0.6 nM following 1 to 14
days of washes, respectively, while intracellular [3H-DMI] ranged from 314 nM to 39
nM over the same time period. By day 6 of repeated cell washes, 3H-DMI in cells was
found mostly in a crude membrane fraction. Most membrane 3H-DMI was displaceable
by nisoxetine in a concentration-dependent manner, implying interaction ofretained 3HDMI with the NET. These data demonstrate that DMI is persistently retained in cell
membranes, possibly in association with the NET, and that studies designed to examine
effects of DMI, and probably other lipophilic transporter ligands, on transporter binding
and function are complicated by this phenomenon. Supported by NIMH MH58211.

NORADRENALINE TRANSPORTER (NET) EXPRESSION FOLLOWING PLASTICITY
OF TYROSINE HYDROXYLASE (TH) PHENOTYPE IN THE ADULT RAT COERULEAN
COMPLEX. Lfezjn',,
Qfller, J,F.
Dept. of Molecular
Neuropharmacology, CNRS UC8L UMR 5542, F. Med. Ladnnec, Lyon, France. ©9008.
TH is the rate-limiting enzyme in noradrenaline (NA) synthesis in the nucleus locus
coeruleus (LC). These neurons send divergent and ubiquitous projections throughout
the central nervous system. We previously reported the existence of a plasticity of TH
phenotype in the adult rat LC following RU24722 treatment (NeuroReport, 1994, 5:
1793-6). This plasticity consisted in toe increase both in toe number of TH-expressing
neurons and TH levels, which culminated three days after a single administration of
RU24722 (30 mg/kg, i.p.). When this compound was delivered every three day during a
fifteen day period, the density of TH-containing fibers increased in toe molecular layer
of frontal, cingulate and insular agranular cortex, suggesting that NA transmission
may be affected in toe whole coerulean complex. NA released in toe synaptic deft is
actively removed by NET protein, toe expression of which may constitute an important
target for controlling NA transmission in response to RU24722. Therefore, we
investigated whether (1) NET-mRNA was present in LC neurons which started to
express THin response to RU24722 treatment, and (2) NET binding sites (using [3HJNisoxetine as ligand for autoradiographic studies) increased in toe LC and its terminal
fields (Dorsalis raphe nucleus, hippocampus, amygdala, thalamus, hypothalamus and
cortex), following chronic RU24722 treatment. We found no change in toe number of
NET-mRNA expressing cells in toe LC after treatment. However, toe number of NETmRNA positive cells was greater than the number of TH-expressing cells in basal
conditions, suggesting that toe cells in which TH gene expression was triggered
following RU24722 already expressed NET in basal conditions. We also found no
change in the binding of [3H]-Nisoxetine in toe LC. Coming data will reveal whether
alteration in NA re-uptake sites occurred in toe terminal fields of LC neurons.
The mechanism mainly involved in toe control of NA presence in toe synaptic cleft
may not be co-regulated with TH in toe plasticity of NA transmission occurring in toe LC
complex following RU24722 treatment. {Supported by grants from CNRS and UC8L ]
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MODULATION OF CATECHOLAMINE LEVELS BY LIPOSOME-ENTRAPPED
TYROSINASE. F. Amicarelli1, A. Gasbarri2*, L. Masciocco2, A. Pompili2, C. Pacitti2,
M. Miranda1. 1 Dept. of Basic and Applied Biol.;2 Dept. of Sciences and Biomedical
Technologies. Univ of L’Aquila, Coppito, 67100 L’Aquila, Italy.
Liposomes represent a new delivery system for many substances that appears to offer
important therapeutic advantages over existing methods of delivery. We investigated
the possibility of using liposome-entrapped tyrosinase, the enzyme responsible for
melanin production throughout the phylogenetic scale as a substitute for tyrosine
hydroxylase activity lacking in some extrapiramidal disorders, that would generate
specifically L-DOPA from L-tyrosine. The main biochemical lesion in some
catecholamine disorders, such as Parkinson’s disease, is the abnormal level of
dopamine (DA) within the nigro-striatal pathways due to a lowered tyrosine
hydroxylase activity, so that L-tyrosine is not sufficiently transformed to L-DOPA, the
precursor of DA. To date the commonest therapy is the administration of L-DOPA,
with severe collateral effect. We investigated “in vivo” the effect of the infusion of
liposome-entrapped tyrosinase and measured the specific changes of plasma
catecholamine levels. Wistar rats were i.v. (femoral vein) administered with 2 ml of
liposome-entrapped tyrosinase. Control experiments were performed by infusing
liposomes not containing tyrosinase, free tyrosinase or saline only. The levels of LDOPA, dopamine, norepinephrine and epinephrine were determined by a HPLC
method we developed. Samples of arterial blood, obtained from the right carotid artery,
showed that tyrosinase-containing liposomes are able to produce an increase of the
plasma L-DOPA level, that remains nearly constant during about 2 h after the
experiment. Moreover, intrastriatal injection of liposomes-entrapped tyrosinase was
shown to significantly increase the levels of brain DA. Four groups of Wistar male rats
were used as control, sham-operated, injected with liposomes, injected with liposomeentrapped tyrosinase. In this case, the delivery of liposome-entrapped tyrosinase
significantly increased DA content not only within the sector of injection, but also in
the other sectors. This indicates diffusion and/or transport of the neurotransmitter if
compared to the controls, sham-operated and liposomes without tyrosinase treated
groups. In conclusion, these findings show that intrastriatal injection of liposomeentrapped tyrosinase is able to significantly enhance DA levels of rat brain, while it
increases blood L-DOPA content when sistemically administered.
This work was supported by M.U.R.S.T. from the Italian Ministry of Research.

TYROSINE LEVELS IN SERUM, BRAIN TISSUE AND BRAIN
MICRODIALYSATE AFTER TYROSINE ADMINISTRATION
TO THE RAT R. Bongiovanni1, C. Simpson1, B.K. Yamamoto2, G.E.
Jaskiw1,2* Mental Health Service Line 116 A(B)‘, Louis Stokes
Cleveland VAMC (541), Brecksville, OH 44141 and Dept. of
Psychiatry1,2, Case Western Reserve University, Cleveland, OH 44106.
Dietary tyrosine is the precursor of brain dopamine and
norepinephrine. Whether and under which conditions the availability of
tyrosine may influence the synthesis and release of these catecholamines
remains controversial. As part of our studies of catecholamine precursor
dependence, we examined the pharmacokinetics of brain tyrosine using
in-vivo microdialysis.
Sprague Dawley male rats were injected (IP) with tyrosine 0, 25, 50,
100 or 200 mg/kg. Groups of rats (n=3) from each dose were euthanized
at 7 time points from 0 - 240 min. Tyrosine levels and those of the other
large neutral amino acids were analyzed in tissue from prefrontal cortex
(PFC), striatum, hippocampus, hypothalamus and striatum as well as in
the serum. In other rats, tyrosine levels were measured in microdialysate
from PFC and from striatum. As reported by others, brain tissue levels of
tyrosine increased along with increasing serum tyrosine levels. Tyrosine
levels in microdialysate correlated well with those in tissue. However,
the data also suggested some brain regional differences in tyrosine levels.
Such differences need to be considered in evaluations of catecholamine
precursor dependence. (Funded by VA-MERIT)
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TWO AXONAL POPULATIONS EXPRESSING THE SEROTONIN
TRANSPORTER IN THE RAT PREFRONTAL CORTEX AND THEIR
ULTRASTRUCTURAL RELATIONSHIPS TO DOPAMINE TERMINALS. LAH
Miner1*. S Schroeter2. RD Blakelv2 and SR Sesack1. ‘Depts of Neuroscience & Psychiatry,
Univ of Pittsburgh, PA 15260; TJept of Pharmacol & Ctr for Mol Neuroscience, Vanderbilt
Univ Sch of Med, Nashville, TN 37232.
Selective serotonin reuptake inhibitors (SSRIs) are effective antidepressants, and it is
likely that their therapeutic efficacy is mediated in part within the prefrontal cortex (PFC).
Furthermore, it has been shown that dopamine (DA) levels in the PFC are increased by local
application of SSRIs. Therefore, in the rat prelimbic PFC, we examined both the
ultrastructural characteristics of axonal profiles expressing immunogold-silver labeling for
the serotonin transporter (SERT) and their spatial relationships to presumed DA terminals
labeled by immunoperoxidase for tyrosine hydroxylase (TH). By electron microscopic
examination, SERT-immunoreactive (SERT-ir) axonal profiles appeared to comprise two
populations: 1) fine, irregularly-shaped axons/varicosities that were heavily labeled for
SERT but rarely formed conventional synapses, and 2) large, spherical varicosities that
expressed low levels of SERT-ir and formed primarily asymmetric synapses with an
incidence of 14% (superficial layers) to 30% (deep layers). The morphological features and
density of SERT-ir expressed by these separate axonal populations are consistent with their
origination from the dorsal versus median raphe, respectively, as previously proposed by
Molliver and colleagues. In tissue labeled for both TH and SERT, 24% of TH-ir terminals
were observed in the same field (5.7 pm2) as SERT-ir profiles, at an average distance of 1.3
pm. However, there were no differences in the spatial relationships between TH-ir axons
and the two types of SERT-ir profiles. These results suggest that interactions between
serotonin and DA occur via extrasynaptic mechanisms mediated ova* considerable distances.
Further characterization of the relationships between serotonin varicosities, DA terminals,
and their respective receptors will clarify the normal interactions between these transmitters
and the mechanisms underlying pharmacological treatments for affective disorders. Support:
MH50314 (SRS), DA07390 (RDB).

ADRENERGIC RECEPTORS

285.1

285.2

SUBCELLULAR LOCALIZATION of (^-ADRENERGIC RECEPTORS IN
THE MEDIAL NUCLEUS TRACTUS SOLITARIUS. M.J. Glass1*J, Chan1,
J. Huang1, S-A. Aicher1, D.L. Rosin2, TA Milner1 ,_and V.M, Pickel!, 1Dept. of
Neurology and Neurosci., Weill Med. Coll. Of Cornell Univ., NY, NY 10021
and 2Dept. of Pharmacology, Univ. of Virginia, Charlottesville, VA, 22908.
Agonists of a2-adrenergic receptors (a2A-AR) are potent hypotensive
agents that also alleviate many of the autonomic symptoms of opiate
withdrawal. Both actions are likely to involve noradrenergic neurons in the
medial nucleus of the solitary tract (mNTS). To determine the functional sites
for a^-AR activation within the mNTS, we examined the electron
microscopic localization of an a2A-AR antiserum in this region of rat brain.
Immunolabeling for a^-AR was often seen within somata and dendrites, as
well as in small unmyelinated axons, axon terminals, and glia. In dendrites,
the a2A-AR localized to discrete segments of the plasma membranes, but
was more often associated with cytoplasmic endosome-like organelles. In
axonal and glial profiles, labeling was prominently seen on the plasma
membranes, or associated with cytoplasmic organelles. The axon terminals
usually formed asymmetric synapses with one or more dendritic targets, as
has been described for many of the visceral vagal afferents that terminate
within the mNTS. Many of the dendrites, but few of the axons and none of
the glia, contained the catecholamine synthesizing enzyme, tyrosine
hydroxylase, in sections processed for dual labeling. Our results support the
involvement of mNTS a2A-AR in postsynaptic modulation of the output of
catecholaminergic neurons and in regulation of glutamatergic transmission
through changes in the presynaptic release or glial metabolism of excitatory
amino acids. (Supported by NIH grants HL18974 and T32DA07274).

AUTORADIOGRAPHIC CHARACTERISATION OF ot2-ADRENOCEPTOR
SUBTYPES IN BRAIN AND SPINAL CORD OF NORMAL MICE AND MICE
OVEREXPRESSING THE a2C-SUBTYPE. M. Holmberg, V, Fagerholm. and M,
Scheinin*. Department of Pharmacology and Clinical Pharmacology, University of
Turku, FIN-20520 Turku, Finland.
This study was undertaken to clarify the anatomical distribution of a2C-ARs and to
compare their regional abundance to a^-ARs in the CNS of normal mice (wt mice)
and in mice overexpressing the a2C-AR subtype (OE mice) (1). Quantitative receptor
autoradiography using the a2-AR specific, but subtype non-selective antagonist
radioligand [3H]RX821002, and the a2C-AR-preferring ligand l3H]rauwolscine,
revealed discrete distributions of binding sites. Dense [3H]rauwolscine binding was
seen in the olfactory tubercle, accumbens and caudate-putamen nuclei, stratum
radiatum of the CAI field of the hippocampus, substantia nigra, interpeduncular
nucleus and in the substantia gelatinosa of the spinal cord, in both wt and OE mice.
An unexpectedly high density of [3H]rauwolscine binding sites was detected in the
nerve layer of the olfactory bulb, in the ventricular system, and in the molecular layer
of the cerebellum of OE, but not in wt mice, representing “ectopic” a^c-AR
expression in OE mice. Dense [3H]RX821002 labelling appeared over anterior
olfactory nuclei, septum, hypothalamus, hippocampus, amygdala, and locus
coeruleus, in accordance with the known distribution pattern of the predominant a2AR subtype in mouse brain, a^. Both [3H]RX821002 and [3H]rauwolscine labelled a
larger population of sites in many regions of OE mouse brain compared to
corresponding regions in wt mice. Competition binding studies using various a2-AR
and non-a2-AR agonists and antagonists confirmed the a2C-AR identity of these
increased binding sites.
(1). Sallinen et al., (1997) Molec. Pharmac. 51,36-46. Support: Academy of Finland,
the Magnus Ehmrooth Foundation.

285.3
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QUANTITATION OF HUMAN arADRENOCEPTOR
INTERNALIZATION IN NEURONAL AND NON-NEURONAL
CELLS. T. Olli-Lahdesmaki, M. Tioer, A, Mariamaki*, M, Scheinin and
J, Kalllo, Department of Pharmacology and Clinical Pharmacology,
Medicity Research Laboratories, Univ. of Turku, FIN-20520 Turku,
Finland
The aradrenoceptors (arAR) subtypes mediate physiological
responses of noradrenaline and adrenaline and have distinct tissue
distributions, G-protein coupling and desensitization properties, and in
some cell types subtype-specific subcellular localization and trafficking
properties. Internalization is part of the desensitization process.
Previously, marked agonist-induced internalization of human a^- and
oi2B-AR was observed in immunostained neuronal PC12 cells; the oi2Aand a^AR were internalized into partly distinct intracellular vesicles
(Olli-Lahdesmaki et al. subm.). The same was also observed in
fibroblast cell lines (CHO; HEK-293). The rate of a2-AR internalization in
HEK-293 and PC12 cells was compared by combined application of cell
surface biotinylation and ELISA methods. The extent of «2A-and a2B-AR
internalization does not significantly differ between the studied cell lines
but differs between the arAR subtypes. The a2-AR internalization was
quantitated in HEK-293 cells also by flow cytometry revealing that the
rate of internalization depends on agonist efficacy. The results indicate
that human a^- and a2B-AR internalization occur by subtype-specific
but not cell type specific mechanisms in the studied cell lines and that
the rate of internalization is different for different arsonists.
Support: Technology Development Centre of Finland
and Academy of Finland.

COMPARISON OF a2-ADRENOCEPTOR AGONISTS IN GTPyS BINDING,
MEMBRANE ADENYLATE CYCLASE ASSAY AND WHOLE CELL cAMP
ACCUMULATION. K. Pohianoksa1. S. Wurster2. J. Hietala1* and M. Scheinin1.
'Department of Pharmacology and Clinical Pharmacology, University of Turku and
2Juvantia Pharma Ltd, FIN-20520 Turku, Finland.
Recombinant expression of human G-protein-coupled receptors has become a
standard approach in drug discovery projects, since it avoids issues of species
differences and provides well-defined receptor test systems. We have used stably
transfected CHO cells separately expressing three a2-adrenoceptor subtypes to
characterize nine different o^-adrenoceptor agonists with 35S-GTPyS binding and
adenylate cyclase assays with cell membranes and a cAMP accumulation assay with
whole cells. The agonists were epinephrine, levomedetomidine, UK14,304, BHT920, clonidine, dexmedetomidine, guanfacine, oxymetazoline and tizanidine.
The GTPyS binding assay showed marked subtype-dependent differences in
efficacy and potency between the agonists. For example, UK 14,304 had high
efficacy and potency at the A-subtype, and dexmedetomidine and oxymetazoline
clearly favored the B-subtype. B-HT920 was a partial agonist at all three subtypes.
Similar subtype-selectivity was not detected in the cAMP accumulation assay in
whole cells: only one agonist (levomedetomidine) acted as a partial agonist and all
others acted as full agonists. Our results suggest that agonist potencies and
efficacies are not merely intrinsic properties of the ligands and the receptor
subtypes, but have also a biological system-dependent component. Concentrations
of Na+ and guanine nucleotides have potent effects in the GTPyS binding assay, but
they can not be modulated in the whole-cell cAMP assay. The adenylate cyclase
assay with isolated membranes offers a method to study the relative contribution of
each of the components of the system, the receptor, the G-proteins, and the effector
enzyme, on the sensitivity of the test system to detect subtype-dependent differences
in agonist efficacy and potency.
Support: Technology Development Centre of Finland, Juvantia Pharma Ltd.
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DIFFERENT EFFECTS OF a2-ADRENOCEPTOR ANTAGONISM IN RAT
FRONTAL CORTEX AND PARAVENTRICULAR NUCLEUS (PVN) ON THE
INCREASE IN EXTRACELLULAR NOREPINEPHRINE (NE) INDUCED BY
SIBUTRAMINE. *Heal P.J*., Wortley K.E. & Stanford S.C.. University College
London and 'Knoll Pharmaceuticals R&D, Nottingham NG1 IGF, UK
Systemic administration of the serotonin and sd./NE reuptake inhibitor, sibutramine
(SIB), increases the concentration of extracellular NE in both the rat frontal cortex
(FCx) and PVN. However, the increase in the FCx is slower and longer-lasting than
that in the PVN. Here, microdialysis of freely-moving rats was used to investigate
whether this reflects different contributions of a2-adrenoceptors to the regulation of
NE release in these two brain regions. Microdialysis probes were implanted, under
halothane anaesthesia, in the FCx or PVN of male SD rats. The next day, probes were
perfused with aCSF and 4 basal samples collected at 20 min intervals. The rats were
then given SIB (10 mg/kg i.p.) or saline and, 80 min later, the a2-adrenoceptor
antagonist, RX821002 (1 pM) was administered via the probe. Samples were
collected for a further 3h and their NE content measured by HPLC-ECD. In the
frontal cortex, SIB caused a maximal and sustained increase in dialysate NE of 518%
(cf basals) by 140 min post injection; this increase was 1.5-fold greater in the
presence of RX821001. The increase in the PVN after SIB alone was 610% at 40 min
and thereafter progressively declined to baseline. In contrast, the increase was 3-fold
greater than basal in the presence of RX821002 and attained a sustained plateau. It is
concluded that the increase in extracellular NE induced by SIB is attenuated by
indirect activation of a2-adrenoceptors and that these receptors are more effective at
controlling release of NE in the PVN than are those in the cortex. This difference in
a2-adrenoceptor function could account for the different time-course of the
SIB-induced increase in extracellular NE in these two brain regions.
(Funded by Knoll Pharmaceuticals UK)

Control of Expression by Different Promoter Regions of a2C2 Adrenoceptor
Subtye Gene in Transgenic Mice. G.S.Wang1*, J.C.Lo1, Y.C. Chu1, N.C. Chang2
and A.C. Chang1.11nstitutes of Neuroscience and 2 Microbiology & Immunology,
National Yang-Ming University, Taipei, Taiwan, ROC.
Receptor expression is considered to be regulated by transacting factors and
sets of cis-elements reside in the promoter region. We have studied the control of
a2C2 adrenoceptor expression in the CNS using reporter mice with transgene
containing different lengths of the 5‘ promoter sequence. Ncol, EcoRV-Ncol and
Xbal digested fragments of a2C2 adrenoceptorpromoter regions were subcloned
into a lacZ reporter plasmid. Transgenic mice (Tg) established are designated as
NN-lacZ(4.7 kb), EVN-lacZ(1.5 kb) and XX-lacZ(0.6kb) respectively. Offspring
derived from each set of founder families were examined for transgene expression.
Summerizing expression data obtained to date, spatial selectivity as determined by
varying lengths of regulatory region is revealed. In the hippocampus, NN fragment
(4.7kb) directs the restricted expression of a2C2 in a cluster of neurons in the CA2
region and the granule neurons of dentate gyrus only. After removing 3.2 kb from
NN fragment, EVN fragment (1.5 kb) was unable to direct the expression in dentate
gyrus. Further removal of the regulatory region to 0.6 kb, the XX fragment contains
only the basic promoter region (Initiator motif) and the sequence downstream from
the basic motif, no expression in the dentate gyrus may be found. It is tempting to
suggest that dentate gyrus-specific elements reside in the 3.2 kb sequence
upstream to EVN-fragment. Despite suppressed expression in dentate gyrus,
expression in the CA1 to CA3 region may be detected in XX-Tg mice. Similar
region-specific expression is also observed in the cerebellum. Supported by NSC88-2314-B010-80

285.7
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Mutation of the Alpha 2A Adrenergic Receptor in Mice Results in Improved
Performance in Behavioral Tasks Related to Depression and Anxiety
Nicole L. Schramm*. Michael P. McDonald and Lee E. Limbird
Noradrenergic signaling has long been implicated in the
pathophysiology of depression. Molecules in adrenergic pathways, together
with those in serotonergic systems, are targets for almost all antidepressant
drugs. The alpha 2A-Adrenergic Receptor (alpha 2A-AR), one component of
the noradrenergic system, is highly expressed in the Locus Ceruleus, a region of
the brain thought to be involved in the modulation of attention and mood.
Therefore, we have examined mice with a point mutation in the alpha 2 A-AR,
D79N, to see whether they would have an altered response, compared to wild
type mice of the same genetic background (C57BI/6), in behavioral tests used
for the assessment of the efficacy of antidepressants, namely, the Porsolt forced
swim test, and a simple model of anxiety, light/dark exploration. Preliminary
results reveal that D79N mice spend more time swimming in the Porsolt test.
Additionally, the D79N mice show less “anxiety” as measured in the light/dark
exploration paradigm, since D79N mice spend less of their time in the dark
compared to wild type C57B1/6 mice.
Mice of the two genotypes have equal exploratory activity in an open
field grid paradigm, meaning that differences in baseline mobility or exploratory
activity cannot account for the differences in the other behavioral tasks
Taken together, these findings implicate the alpha 2A-AR subtype in
the catecholaminergic modulation of behaviors associated with depression and
anxiety.
This research was supported by NIH grant HL 43671 to LEL.

DIABETES DOES NOT ALTER a2 RECEPTOR DENSITY OR
AFFINITY IN FEMALE RAT BRAIN. G.B. Karkanias* and Z. Levine.
Department of Neuroscience, Albert Einstein College of Medicine, Bronx, NY
10461
Streptozotocin (STZ)-induced diabetes in female rats reduces hormonefacilitated reproductive behavior. Hypothalamic noradrenergic
neurotransmission is a critical component in the regulation of female rodent
reproductive behavior. Therefore, we hypothesized that the diabetes-induced
deficit in reproductive behavior may in part be caused by diabetes-induced
alterations in a2 noradrenergic receptor function. The present study examined
whether diabetes alters a2 receptor number or affinity in the hypothalamus,
preoptic area, and cortex of female rats.
Female Sprague-Dawley rats were ovariectomized and randomly divided
into two groups. One group received STZ to induce diabetes while a second
group served as a nondiabetic control group. Animals were sacrificed 10 days
after induction of the diabetic state, and tissue was prepared from the
hypothalamus, preoptic area, and cortex for ligand binding studies using the a2
receptor antagonist 3H-RX821OO2. Diabetes did not alter either the density of
3H-RX821002 binding sites or the affinity of 3H-RX821002 binding in any
brain region. Animals that were diabetic for 14 days prior to sacrifice also
showed no alterations in
or K^ of 3H-RX821002 binding. These data
suggest that diabetes-induced deficits in reproductive behavior do not involve
alterations in a2 receptor density or affinity in the brain regions studied. This
work was supported by NIDDK grant R29 DK52364 to GBK and by the Dept.
of Neuroscience, Albert Einstein College of Medicine.

285.9
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Characterization of nadolol and ICI-118,551 as inverse agonists at (32adrenergic receptors stably expressed in CHO cells. S. Edwards1. S, L,
Hoyler1, C.K. Erickson*1, R.A, Bond2, R.E. Wilcox1. Dept. of
Pharmacology, University of Texas, Austin, TX.1 Department of
Pharmacological and Pharmaceutical Sciences, University of Houston,
Houston, TX.2
Some [32-adrenoreceptor (62) antagonists, such as ICI-118,551 and
nadolol, exhibit inverse agonism at constituitively active mutant
receptors. Inverse agonism has been less well studied at wild type
receptors. Assays were done in intact Chinese Hamster Ovary (CHO)
cells stably expressing human 62 (=800 fmoles/mg protein). These cells
exhibited a robust response to administration of the (32 full agonist
isoproterenol, EC50, InM; Emax, 10-fold increase over basal (5 pmol
cAMP/well). Both inverse agonists induced a substantial inhibition of
basal cAMP accumulation (> 50%).
Since constitutive activity of wild-type receptors is generally low,
inverse agonism is usually studied using constituitively active mutant Gprotein coupled receptors. To further increase cellular cAMP
accumulation at wild type (32, we used serial doses of the diterpene
forskolin that directly activates adenylate cyclase to yield higher cAMP
levels. Saturating concentrations of each inverse agonist produced a
non-parallel downshift and right-shift in the forskolin dose-response
curve. Nadolol (50 pM) shifted the forskolin EC50 from 16.5 ±1.9 uM
to 20.1 ± 2.0 uM. ICI-118,551 (100 pM) shifted the forskolin EC50
from 5.4 ± 0.8uM to 7.5 ± 1.1 uM. Results suggest that quantification
of inverse agonism is possible at wild type receptors. [Supported by
NIH grant RR08579 and R29 GM54805.]

MODULATION OF G-PROTEIN LINKED SIGNALING PATHWAYS IN
IMMORTALIZED MURINE ASTROCYES BY RETROVIRAL INFECTION.
S. Raofi. Y.C, Lin, P.K.Y, Wong, & R.E. Wilcox*. Div.Pharmacology &
Toxicology, Univ. of Texas at Austin, 78712, and Dept. of Carcinogenesis, SciencePark Res. Div., M.D. Anderson Cancer Center 78957.
Astroglial cells perform a host of functions that are essential for development and
sustenance of neurons. These functions include control of energy metabolism and
storage of glycogen, control of neurotransmitter and ion levels in the extracellular fluid,
and production of growth factors. cAMP, the second messenger in a number of Gprotein linked receptor systems such as the 8 adrenergic system, is a key component in
regulation of these functions. Disturbance of these astroglial functions may have dire
consequences for neurons. The present study was undertaken to characterize 8-adrenergic
receptors in a clonal cell line immortalized from cerebral cortical astroglial cells
previously shown by us to retain the morphological and cell biochemical characteristics
of their cortical primogenitors. We fiirther tried to determine whether the tsl Molony
Murine Leukemia Virus modulates this receptor system in these astrocytes. The IT
adrenergic receptor system was selected for initial study because all 8-receptors are
positively coupled to adenylate cyclase. We have previously established that clonal cell
lines expressing recombinant receptors are appropriate systems for characterizing drug
and receptor properties by pharmacological “null” methods using second messenger
assays in intact cells. Accordingly, we have established dose-response characteristics
for the prototype 8-adrenergic agonist isoproterenol: EC50=0.1 |iM; Ka=0.13 pM;
Emax= 27 fold increase in cAMP levels over basal. The dissociation constant for the
prototype 8-receptor antagonist propranolol was determined to be 2.34 nM. We also
showed that the 8-adrenergic receptor reserves can be reduced by a selective alkylating
agent +/- pindobind as well as by treatment with low doses of agonist isoproterenol.
Our results showed a significant increase in forskolin stimulated cAMP accumulation
after viral exposure and relative sparing of the isoproterenol induced cAMP response and
drug parameters. The sparing of the 8-receptors could provide a potential target for
therapeutic intervention. (Supported by NIH grants AI 28283, CA45124, RR08579,
ES07784, MH54865.)
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OVER EXPRESSION OF G PROTEINS DECREASES THE BINDING OF INVERSE
AGONISTS TO THE P2-ADRENERGIC RECEPTOR
Mounia Azzi. Graciela Pineyro* Stephane Parent and Michel Bouvicr . Departement de
Biochimie, University de Montreal, Quebec, Canada, H3C 3J7.
Recent studies have shown that many 0- adrenergic ligands can inhibit spontaneous activity of
the receptor. This property named inverse agonism, can be explained by proposing a two state
model for the receptor. In such a model, the receptor can spontaneously isomerize between
inactive (R) and active (R*) conformations. In this allosteric model, agonists bind preferentially
to, and stabilize, R* (activating the system) whereas inverse agonists bind to R (inhibiting the
system). If receptor systems indeed comply to allosteric models, one would predict that
interactions with G proteins would not only affect agonist binding as currently assumed but also
inverse agonist binding. To test this hypothesis, the influence of G protein overexpression on the
binding of P2- adrenergic ligands with distinct levels of inverse efficacy was assessed in S© cells.
Recombinant bacculoviruses encoding the c-myc-tagged human P2-adrenoceptor (p2AR) and
mammalian G-protein subunits a«, Pj and y2 were expressed individually or in combination. We
first determined the efficacy of different pjAR ligands in a functional (adenylyl cyclase) assay.
ICI 118557 (ICI), Propranolol (Pro) and cyanopindolol (CYP) are inverse agonists with the
following order of efficacy : ICI>Pro>CYP. Coexpression of the P2AR with trimeric G-proteins
(a,, Pj and y ) did not influence the relative efficacy of any ligands but induced considerable
decreases in 3H-ICI, 3H-Pro and 125I-CYP binding capacities. The loss of binding sites was

SYNERGISTIC CONTRIBUTIONS OF THE FUNCTIONAL GROUPS OF
EPINEPHRINE TO AFFINITY AND EFFICACY AT THE p2 ADRENERGIC
RECEPTOR (P2AR). G. Liapakis*, Wai Chi Chan, and J. A. Javitch. Ctr. Molecular
Recognition, Psychiatry. & Pharmacology., Columbia U., NY, NY 10032.
The structural basis for affinity can be approached by studying the interactions
between a drug and critical contact residues in the receptor; the basis for efficacy is
more complex and must involve conformational changes associated with activation.
We have used wild type (WT) p2AR and a constitutively active P2AR (CAM) to
investigate structural changes in the binding site that accompany binding and
activation. Die active state likely involves repositioning of at least some of the
agonist-contact residues, thereby optimizing their interaction with agonist and
raising agonist affinity. A comparison of the affinities of a series of phenethylamine
(PE) derivatives for competition at the binding site of the WT P2AR revealed a
remarkable degree of synergism between the functional groups present in
epinephrine (EPI). Binding affinity was unchanged with addition of the p-OH, the
N-CH3, or the catechol hydroxyls to PE. In contrast, when each of these groups was
added to the appropriate compound to make EPI, the increase in affinity was large:
adding the p-OH to methyldopamine (mDA), the N-CH3 to norepinephrine (NE), or
the catechol hydroxyls to halostachine increased the affinity by 62-, 58- and 120fold, respectively. An initial interaction between two or more of these contacts may
stabilize an intermediate conformation of p2AR, either by altering side-chain
conformations or by a more global repositioning of the relevant TMs, thereby
optimizing the other interactions. Unlike WT where the full effect of adding a group
required the presence of all the other groups, in CAM adding either the p-OH or the
N-CH3 to dopamine produced as large an effect as that for the more fully substituted
compounds. This synergy suggests that fewer functional groups are needed to
stabilize the fully active state in CAM, consistent with it already being in an
intermediate conformation. Supported by MH57324, MH54137 and Mathers trust.

proportional to the inverse efficacy of the ligand used in the binding assay. Coexpression of 32AR
with Oq, P] and y2 G-protein subunits did not affect inverse agonist binding. To confirm these
results, we used a fusion protein composed of PjAR covalently linked to the a subunit of the Gs.
Cleavage of PjAR-Ga, into its two signaling components using an engineered thrombin site
resulted in increased 3H-ICI, 3H-Pro and ,25I-CYP binding capacities. Immunoblot experiments
performed with an antibody raised against the c-myc epitope of the P2AR revealed that
coexpression with the G protein was not accompagnied by a loss of immunoreactive PjAR
suggesting that the decrease in binding did not result from a reduction of the receptor protein.
Moreover, uncoupling of the receptor from G-protein by the addition of 100 pM Gpp[NH]p
restored 3H-ICI, H-Pro and 125I-CYP binding sites. Taken together, these results demonstrate
that in agreement with the predictions of an allosteric model, coupling of the receptor to Gs
inhibits the binding of inverse agonists proportionally to their inverse efficacy and thus support
the idea that these ligands bind preferentially to the inactive/uncoupled (R) form of the receptor.

285.13
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CHRONIC TREATMENT WITH A NITRIC OXIDE SYNTHASE
INHIBITOR DOWN-REGULATES P-ADRENOCEPTORS IN MOUSE
CORTEX. B, Karolewicz, K.H. Bruce, B. Lee and I.A. Paul* University
of Mississippi Medical Center, Department of Psychiatry, 2500 North State
Street, Jackson, MS 39216.
Down-regulation of cortical P-adrenoceptors is observed in rodents
following chronic treatment with many clinically effective antidepressant
therapies. [3H]dihydroalprenoloI binding to cortical P-adrenoceptors was
examined in mice treated with the nitric oxide (NO) synthase antagonist
N°-nitro-L-arginine (L-NNA). Administration of L-NNA (0.1, 0.3 mg/kg)
for 21 days produced a significant reduction (28%, 31% respectively,
P<0.05) in [3H]dihydroalprenolol binding to cortical membranes without
affecting Kd. Dose 1 mg/kg of L-NNA given chronically also produced a
20% decrease in p-adrenoceptor density, but this effect was not statistically
significant. While chronic treatment with imipramine (15 and 30 mg/kg)
produced a respectively 30% and 25% (P<0.05) reduction in the density of
[3H]dihydroalpenolol Single injection of either imipramine (15 and 30
mg/kg) or L-NNA (0.1, 0.3, and 1 mg/kg) had no effect on
[3H]dihydroalprenolol binding. These findings are consistent with the
hypothesis that drugs which can affect the Ca2+ -calmodulin/nitric oxide
synthase/guanylyl cyclase signaling pathway may represent a novel
approach to the treatment of depression and are congruent with our
previous observation, which has demonstrated the antidepressant-like
properties of NO synthase inhibitors in the forced swim test.

BETA-ADRENOCEPTOR CHANGES IN AGING.
N. Gonzalez-Caballero2, K. Andersson2, B. Fernandez-Garcia2, M.
Gimenes1, V, Revilla2 and A. Fern^ndez-Ldpez2*. 1Dpto. Farmacia
e Bioquimica. Universidade Paranaense. Umuarama. 2Dpto.
Biologia Celular y Anatomia. Universidad de Le6n. 24071. Leon.
Spain.
Comparison of [3H]CGP 12177 binding was carried out by
autoradiography in different brain areas of rats aged 5 months and
35 months. Specific antagonists ICI 89406 and IC1118551, at 0.1
micromolar concentrations were used as inhibitors of the
radioligand to characterize pi- and p2-adrenoceptors
respectively. Significant differences in radioligand binding were
found between aged and young animals in some cortical areas,
some layers of the superior colliculus, substantia nigra and
subiculum while areas such as hippocampus, or caudate putamen
presented similar levels of binding. These data indicate differential
changes of beta-adrenoceptors in some areas of brain, which
seems to reflect a differential age-dependent modification of some
of the functions, such as neuronal plasticity and long term
potentiation, in which p-adrenoceptors are involved.
This work has been supported by FIS 99/0604 and FEDER
1FD97-0004.

Supported in part by funding from the MIRECC/VISN-16 program of the
Veteran’s Administration.
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HUMAN NEUROBLASTOMA SY5Y CELLS EXCLUSIVELY EXPRESS THE
TRANSCRIPTION FACTOR AP-2P WHICH REGULATES THE HUMAN pxADRENERGIC
RECEPTOR
GENE
EXPRESSION.
A.Adachi1,
H.Nishikawa2,
T.Hiroi2,
M.Ino1,
S.Naqumo1,
Y.Okawa1,
H.Haseqawa1,
N.Havashi2,
R.Kuwabara2,
S.Tatsunami2,
H.Kouvama2,
A. Aoba1,
and
H.Matsui2*.
^ep.
of
Neuropsychiatry and 2Radioisotope Res. Institute, St.
Marianna Univ. Sch. Med., Kanagawa 216, JAPAN
Three transcription factor AP-2 genes have been
identified in both mice and humans, termed AP-2a,AP-2p, and
AP-2y. Recently, we found that human neuroblastoma SY5Y
cells exclusively express AP-2 (5 by RT-PCR and Western
blotting analyses. In the present study, we functionally
characterized the role of the AP-20 in the regulation of the
Pi-adrenergic receptor(PX-AR) gene expression in SY5Y cells.
DNase I footprinting analysis identified 5 potential AP2 binding sites in the px-AR promoter region by using the
nuclear extracts from SY5Y cells. In gel mobilization
super-shift
analysis,
the
AP-2p
bound
to
the
oligonucleotides corresponding to these particular regions.
Overexpression of the vector having the AP-20 coding pegion
in the reverse orientation inhibited the Pi-AR gene
expression. These results suggest that the AP-2P plays an
important role in the regulation of the
Pi-AR gene
expression in vivo.

AGONIST-INDUCED REGULATION OF p1-ADRENERGIC RECEPTOR
TRANSCRIPTS: IDENTIFICATION OF POTENTIAL POST-TRANSCRIPTIONAL STABILITY FACTORS AND RNA ELEMENTS. P. Kirigiti. Y.-F,
Yang, M, Kimmick. B. Li. T. Moudgil, and C. A, Machida*. Division of Neuroscience, Oregon Regional Primate Research Center, Oregon Health
Sciences University, Beaverton, OR 97006
Agonist treatment of C6 glioma cells results in an initial short-term upregulation of pi-adrenergic receptor (pl-AR) mRNA levels, followed by longterm down-regulation of transcripts to approximately 40% below basal levels.
P1-AR mRNAs have two functional polyadenylation signals at +2450 and
+2732, and retain a long 3’ AU-rich untranslated region (UTR); similar AU-rich
regions are found in other neurotransmitter receptor mRNAs that undergo
agonist-induced post-transcriptional destabilization by RNA binding proteins
interacting with its 3' UTRs. Using RNase protection assays to distinguish
the two forms of pi-AR mRNAs, we sought to identify transcripts that
undergo agonist-induced transcriptional regulation or post-transcriptional
destabilization. Both polyadenylated p1-AR mRNAs undergo initial shortterm agonist-induced up-regulation; de novo protein synthesis is critical for
up-regulation of these transcripts to occur. Compared to the larger p1-AR
mRNA, the smaller transcript containing only the proximal polyadenylation
site has a dramatically reduced half life. With the use of RNA mobility shift
assays and cRNA probes recognizing discrete sub-regions of the pi-AR 3’
UTR, we identified potential RNA binding protein(s). Mutant pi-AR
recombinants independently expressing the two polyadenylated mRNAs
have been transfected into cells to determine the effect of 01-AR 3’ UTR
sequences on agonist-induced mRNA regulation and stability. The yeast
three-hybrid interactive system is currently being utilized to identify RNA
binding proteins interacting with the (31 -AR 3’ UTR. (CAM is supported by
NIH RR00163, HL42358, and DK53462, and by an AHA Established
Investigatorship.)
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P1-ADRENERGIC RECEPTOR PROMOTER RECOGNIZES POTENTIAL
AP-2 LIKE TRANSCRIPTION FACTOR AND OTHER CENTRAL NERVOUS
SYSTEM TRANSACTIVATORS. Y.-F, Yang*. P, Kirigiti, B. Li, T. Moudgil.
and C. A. Machida. Div. of Neuroscience, Oregon Regional Primate Res.
Center, Oregon Health Sciences University, Beaverton, OR 97006
pi -adrenergic receptors ((31-ARs) serve as important regulators of central
nervous system- (CNS-) mediated behavior and several neural functions,
including mood, memory, neuroendocrine control, and stimulation of
autonomic function. We have previously defined the 31-AR transcriptional
start sites and promoter elements used for expression in the C6 glioma cell
line, and have determined by luciferase reporter assays that the primary rat
(31-AR promoter is contained within the region -396 to -299, relative to the
translational start site. To begin the identification of protein factors involved
in basal p1-AR transcriptional activity conferred by this (31-AR region, we
conducted electrophoretic mobility shift assays using defined p1 -AR subregion probes. One probe (GS-1), encompassing the region -396 to -367,
was found to produce two major and one minor mobility shift complexes
when bound to nuclear extracts from the (31-AR expresser cell line C6; the
faster major and minor mobility shift complexes were observed using (31 -AR
expresser tissues in the CNS, including cortex, hippocampus, and olfactory
bulb, and in peripheral tissues, including the lung and kidney. No mobility
shifts were observed when using nuclear extracts from (31-AR nonexpresser tissues; in some cases, using L6 cells, previously characterized to
express little or no (31-ARs, a reduction in intensities of the shifted
complexes was observed. Competition analyses using consensus AP-2
oligonucleotides indicate that the proteins comprising the minor shift
complex recognize at least one of two AP-2 like consensus elements
contained in the GS-1 sequence. We are currently using the yeast onehybrid interactive system to identify CNS transcription factors recognizing
this (31 -AR promoter region. (CAM is supported by NIH HL42358, DK53462,

NORADRENALINE MODULATES THE SPONTANEOUS FIRING OF RAT
SUBTHALAMIC NEURONES. D. Arcos*, A. Nurtez, A. Sierra, J. Aceves
and J.A. Arias-Montafio. Departamento de Neurociencias, CINVESTAVIPN, 07360 Mexico, D.F., M6xico.
The locus coeruleus provides noradrenergic innervation to the
subthalamic nucleus (1), where a^- and a1B-adrenoceptors have been
detected (2,3). Therefore, we set out to study the action of noradrenaline
(NA) on the spontaneous firing rate of rat subthalamic neurones.
The subthalamic nucleus was identified in parasagital vibratome-cut
slices (400 pm thick) from rat brain. Extracellular single-unit activity was
recorded with glass micropipettes (3.5-8 MQ). In 54% of neurones (n = 47)
the response to NA perfusion was an increase in the firing rate, whereas in
31% of cells the effect was a reduction in the firing rate. In 15% of
neurones there was no change. NA-induced stimulation was concentrationdependent in the range 0.3 - 30 pM, with an EC50 of 2.4 ±2.1 pM and
maximum response of 280 ± 42% of basal rate. The effect of 3 pM NA was
blocked by prazosin (0.5 pM) but not by rauwolscine or propranolol (1 pM).
Phenylephrine (10 pM), but not isoproterenol nor clonidine, mimicked the
NA-induced stimulation. NA-mediated inhibition was mimicked by clonidine
(10 pM) and was reversed by 1 pM rauwolscine (but not by prazosin or
propranolol, 1 pM).
We conclude that the stimulatory effect of NA on the spontaneous
neuronal firing is mediated by aradrenoceptors whereas the inhibitory
effect is due to a2-adrenoceptor activation. Supported by CINVESTAV.
1. M.B. Carpenter etal., Brain Res., 1981, 224: 1-29.
2. E.M. Talley etal., J. Comp. Neurol., 1996, 372: 111-134.
3. D. Arcos et al., Soc. Neurosci. Abstr. 1998, 24:595 (236.3).

285.19
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ULTRASTRUCTURAL ANALYSIS OF MONOSYNAPTIC PROJECTIONS
FROM NEURONS IN THE VENTROLATERAL PERIAQUEDUCTAL GRAY
TO NORADRENERGIC DENDRITES IN THE RAT LOCUS COERULEUS.

DYSTROPHIN DEFICIENCY DECREASES NITRIC OXIDE PRODUCTION
IN SKELETAL MYOCYTES, MEASURED USING A PORPHYRIN SENSOR
A. Kanai*, S. Froehner#, W. de Groat, L. Birder. University of Pittsburgh, Pittsburgh,
PA 15213 and ^University of North Carolina at Chapel Hill, Chapel Hill, NC 27599.
In skeletal muscle, nitric oxide (NO) is produced by an enzyme (neuronal NO
synthase, nNOS) localized to the plasma membrane by proteins of the dystrophin
complex. Due to the difficulty of directly measuring NO (t1/2<6s), agonists and 2nd
messengers of NO production and the importance of membrane localization of nNOS
have not been determined. Thus, we used a Nafion-coated porphyrin sensor (tip, 5pm;
detection, InM; response, 1ms) to directly measure NO release from individual
cultured wild type and mdx (dystrophin deficient) skeletal myocytes derived from H2K mice. All experiments have an n>6. There was no detectable spontaneous release
of NO. However, norepinephrine (NE; lpM) evoked transient (l-3s) NO release
(687±173nM) from wild type cells. In contrast, mdx myocytes produced much less
NO (109±67nM). The rank order potency of adrenergic agonists is: NE (a/pi) =
isoproterenol (PiP2) = dobutamine (Pi) > epinephrine (a/PiP2) » tertbutylene (f32)NO was not released by phenylephrine (ot 1), clonidine (a2) or the cholinergic agonist,
carbachol. Removal and chelation (lOOpM EGTA) of extracellular Ca+2 decreased the
peak NO response to NE in wild type (79±9%) and mdx (71 ±8%) myocytes; the
remaining NO response was abolished by depletion of intracellular Ca+2 with caffeine
(lOpM) or buffering with BAPTA (5 pM). G protein dependence was suggested by
direct NO release with GTPyS (lpM) and inhibition of NE evoked NO release with
GDPpS (lOpM). Involvement of cAMP was suggested by direct NO release with
dibutyryl-cAMP (lOOpM) and enhancement of NE evoked NO production with
adenylate cyclase activator, forskolin (lOpM), and phosphodiesterase inhibitor,
IBMX (500pM). These data suggest that NE evokes NO release from skeletal muscle
in a Ca+2/G protein/cAMP-dependent manner and that dystrophin deficiency leads to
aberrant nNOS function. This raises the possibility that NO deficiency is involved in
dystrophin deficient diseases. This research is supported by NIH grant # HL 57985.

and RR00163, and by an AHA Established Investigatorship.)

D.Baiic*1, H.K.Proudfit1. and E.J. Van Bockstaele2. ’Dept. of Pharmacology, Univ. of
Illinois at Chicago, Chicago, IL 60612.2Dept.of Anat. Pathol. Cell Biology, Thomas
Jefferson Univ., Philadelphia, PA 19107, U.S.A.
Stimulation of neurons in the ventrolateral periaqueductal gray (PAG) produces
antinociception and "hyporeactive immobility," a behavioral syndrome characterized
by cessation of locomotion and decreased responses to external stimuli. A pathway
from the ventrolateral PAG to the locus coeruleus (LC) may mediate the "hyporeactive
immobility" (Bajic and Proudfit, J. Comp. Neurol., 405:359-379, 1999). The present
study used deposits of the anterograde tracer biotinylated dextran amine in the
ventrolateral PAG to label projections to the LC and electron microscopy to determine
whether labeled terminals formed synapses with tyrosine hydroxylase-immunoreactive
(TH-ir) LC neurons in Sasco Sprague Dawley rats.
Electron microscopic analysis of anterogradely-labeled terminals in both rostral
(n=233) and caudal (n=272) regions of the LC indicated that approximately 20% of
these form synapses with TH-ir dendrites. In the rostral LC about 12% of these were
symmetric synapses, 9% were asymmetric synapses, and 79% were appositions. In
the caudal LC about 30% were symmetric synapses, 11% were asymmetric synapses
and 59% were appositions. In both rostral and caudal regions of the LC nearly 60%
of the anterogradely-labeled terminals formed synapses with non-catecholamine
dendrites, and about 20% were axo-axonic synapses. These results indicate that the
reduced responses to sensory stimuli and decreased excitability of somatic
motoneurons produced by stimulation of neurons in the ventrolateral PAG are
mediated in part by inhibition of the rostral ascending and caudal descending
noradrenergic LC neurons, respectively. This work was supported by USPHS grant
DAO3980 from the National Institute on Drug Abuse (HKP) and grants

285.21
MULTIPLE G-PROTEIN COUPLED RECEPTOR INTERACTIONS WITH
SPINOPHILIN
FD. Smith1*, J Richman2, A. Brady2, L.B. MacMillan3, G.S.
Oxford1, R. Colbran3, L.E. Limbird2, and S.L. Milgram1. ’Dept. of Cell & Mol. Phys.
Univ. of North Carolina, Chapel Hill, NC 27599, and 2Dept. of Pharmacology and
3Dept. Mol. Phys. & Biophys., Vanderbilt U., Nashville, TN, 37232.
The superfamily of G-protein coupled receptors (GPCRs) is the most diverse of
known membrane bound receptors. Different classes of GPCRs are coupled to
downstream effector proteins through interactions with specific heterotrimeric Gproteins. These include receptors coupled to adenylyl cyclase (AC) stimulation
through Gas, receptors coupled to AC inhibition (and other effectors) via Gai, and
receptors coupled to phospholipid metabolism through Gaq. While the pathways
connecting receptors, G-proteins and effectors are generally well understood, it is not
yet clear how these proteins, as well as modulators of G-protein signaling, are
organized at the membrane. Recently, we reported a novel interaction between Gj
coupled D2 dopamine receptors and the cytoskeletal-associated protein, spinophilin.
Spinophilin is an actin binding protein that contains a single PDZ domain and a coiled
coil region.
Additionally, spinophilin associates with and regulates protein
phosphatase-1 (PP-1) activity. Spinophilin interacts with the large third cytoplasmic
loop of D2 dopamine receptors via a novel interaction site between the N-terminal
actin binding domain and the PDZ domain. We were interested in determining
whether the D2 receptor-spinophilin interaction is specific to this receptor, or whether
other receptors coupled to Gj, or even those coupled to Gs and Gq, might interact with
spinophilin in an analogous manner. We found that spinophilin can interact with the
third cytoplasmic loops of all three G; coupled alpha2 adrenergic receptors (a2A, a2B,
a2c) and are using this data to examine structural features common to these receptors.
We are also testing third cytoplasmic loops from multiple GPCRs to determine the
generality of this interaction. These data should provide the basis for functional
experiments to determine the significance of spinophilin-GPCR interactions.
(Supported by NIH Grants DK50774, NS 18788, HL25182, NS37508 and DK07563).

Society

for

Neuroscience

, Volume

25, 1999

CALCIUM CHANNELS AND DISEASES

MONDAY AM

721

286.1

286.2

LAMBERT-EATON SYNDROME SERUM INHIBITS RECOMBINANTLY
EXPRESSED P/Q-TYPE CALCIUM CHANNELS IN HEK293 CELLS. E.H.

A DEFECT IN VOLTAGE SENSOR OF P/Q-TYPE CA2+ CHANNEL
IS ASSOCIATED WITH THE ATAXIC MOUSE MUTATION,
ROLLING N AGOYA (/groZ). YMori1*, M Wakamori1, Z Matsuyama1, C
Fletcher2, NG Copeland2, NA Jenkins2, S Oda3, K Imoto1; NIPS 4441;
Nagoya Univ, Aichi 464 Japan2; NCI-Frederick Cancer Res MD 217023.
Recent genetic analyses have revealed various hereditary neurological
disorders associated with mutations in the gene encoding the voltagedependent P/Q-type Ca2* channel a1A subunit. We have clarified a
mutation in the a1A subunit gene from the ataxic mouse rolling Nagoya
(tg°l). The tg°l mutation leads to a charge-neutralizing arginine-toproline substitution in the voltage sensor-forming segment S4 in repeat
III. Electrophysiological characterization of Ca2* channels in Purkinje
cells, where P-type is the dominant Ca2* channel, dissociated from tg°l
mouse cerebella indicated a marked shift of voltage-dependence of
activation in the depolarizing direction^ and reduction in current density,
compared with the wild-type P-type Ca2* channels. Mutant Purkinje
cells also showed reduction in the cell size estimated from the membrane
capacitance.
Compatible alteration in functional properties was
observed for the recombinant a1A channel introduced with the tg°l
mutation. The results altogether demonstrate that deviation in voltage
sensing mechanism is the direct consequence of the tg°l mutation,
suggesting that the ataxic phenotype of tg°l mice derives from diminished
P-type Ca2* channel activity in cerebellar Purkinje cells.

Middkkauff.1*.

,M„ A$awmL2-S,..Knwahara>2-gx Bast? M. JYilliamsJL K.

Stauderman.3 Y, Kirino2 and Y.I. Kim1. ‘Departments of Biomedical Engineering and
Neurology, University of Virginia School of Medicine, Charlottesville, VA 22908,
2School of Pharmaceutical Sciences, The University of Tokyo, Tokyo 113, Japan, and
3SIBIA Neurosciences, Inc., La Jolla, CA 92037.
Lambert-Eaton syndrome (LES) is an autoimmune disorder of the neuromuscular
junction (NMJ) in which the nerve-evoked release of acetylcholine (ACh) is impaired.
The present study is aimed at determining the specificity of LES antibodies on calcium
channel subtypes. We used recombinantly expressed P/Q- and N-type Ca2+ channels in
human HEK293 cells.
Two HEK293 cell lines stably transfected with human brain Ca2+ channel subunits,
[aiA.2, a2b5, p4a] and [aiB.b a2b5, pib], which express P/Q- and N-type Ca2* channels,
respectively, were used. Following incubation (24 hours) with serum (1 mg/ml IgG)
from LES patient 1, P/Q-type Ca2+ channel currents (Ic ^p/q )) expressed in HEK 293
cells were reduced to 23.4 pA/pF (n = 35 cells, PO.OOl) from the value of 40.5 pA/pF
(n =41) found in cells treated with control serum. In contrast, the same LES serum
failed to inhibit N-type Ca2+ channels; ICa(N) was significantly increased by LES serum
compared to the control (58.2 vs. 28.2 pA/pF, n = 33 vs. 30 PO.OOl). No apparent
alteration in overall I-V characteristics was observed, except for the changes in the
amplitude of peak currents.
These results are consistent with our previous observation that LES antibodies
specifically downregulate P/Q-type Ca2+ channels in small-cell lung cancer cells,
Narke japonica electric ray nerve endings, and Xenopus oocytes [J. Physiol. (Lond.)
488: 303 and 508: 427; Soc. Neurosci. Abstr. 24: 484], This finding suggests that the
principal pathological target of LES IgG is the P/Q-type Ca2+ channel, which accounts
for the impairment of evoked ACh transmitter release at the LES NMJ [Supported by
NIH, MDA, and MESSC, Japan].

286.3

286.4

ELECTROPHYSIOLOGICAL COMPARISON OF THE P-TYPE
CALCIUM CHANNEL RECORDED FROM PURKINJE CELLS OF
THREE TYPES OF ATAXIC MICE. M. Y&kamQri.1 K. Yamazaki,2 T.
Teramoto.2 T, Niidome2* Z, Matsuyama,1 S, Qda,3 Y, Mori1 and K. Imoto1.
‘Dept. of Information Physiology, NIPS, Okazaki, 444-8585; 2Eisai
Tsukuba Research Laboratories, Tsukuba, 300-2635; ’Nagoya Univ.,
Nagoya, 464-8601, Japan.
An increasing number of disorders have been described in which
mutations within voltage-gated ion channels are the underlying molecular
defect Homozygous ataxic mice, tottering (tg) and leaner (tg'9) mice, have
mutations in the P/Q-type Ca2* channel au subunit gene. Besides these two
ataxic mice, the third recessive neurological mouse mutant, rolling Nagoya
(/g’o/), manifests poor motor coordination and stiffness. The rank order of
severity of the ataxic symptoms is tgla > tg"1 > tg. To explore the
relationship between severity of symptoms and channel properties, we have
here characterized the electrophysiological properties of Ca2+ channels in
cerebellar Purkinje cells dissociated from the normal, tg, tg'9 and tg”1 mice.
Current density (333 ± 18 pA/RF, n = 67, for normal mice) was
significantly reduced in tg”' (247 ± 14, n = 32), tg (184 ± 18, n = 27) and
tg (123 ± 9, n = 25) mice. Peak amplitudes of tail currents, 'which reflect
channel activation, were fitted by a single Boltzmann function, where the
voltages for half-maximal activation and dope factors were -28.0 ± 1.1 mV
and 4.9 ± 0.5 mV (n = 11) for normal mice, -28.3 ± 1.1 and 4.7 ± 0.3 (n
= 13) for tg mice, -20.3 ± 1.7 and 5.8 ± 0.2 (n = 13) for tg”1 mice and 19.2 ± 1.3 and 5.4 ± 0.3 (n = 13) for tg'9 mice, respectively. Activation
curves for tgnl and tg'9 were shifted in the depolarizing direction, resulting
in reduction of Ca2* channel activity, although it remained normal in tg
mice. The results suggest that current reduction and deviation of gating
behavior synergically diminish P-type Ca2* channel activity in cerebellar
Purkinje cells and may contribute to the neuropathology of the ataxic mice.

DIRECT ALTERATION OF THE P/Q TYPE Ca2+ CHANNEL
PROPERTY BY POLYGLUTAMINE EXPANSION IN
SPINOCEREBELLAR ATAXIA 6 (SCA6). Z. Matsuyama,1'2 M.,

286.5

286.6

ALTERED CALCIUM HOMEOSTASIS IN LEANER (tgla/tg,a) CEREBELLAR PURKINJE CELLS. L.S. Dove1*. S. Nahm2. D. Murchison1,
L.C. Abbott2, and W.H, Griffith1. ’Dept. Medical Pharmacol. & Toxicol.,
College of Medicine, Texas A&M Health Science Center; 2Dept. Vet. Anat.
& Public Health, Texas A&M University, College Station, TX 77843.
The leaner (tg10) mutation occurs on a gene encoding the calcium channel
aIA subunit and results in substantial reductions in P-type calcium channel
ftinction in homozygous leaner (tg^/tgfr) cerebellar Purkinje cells (Dove et
al. J Neurosci 18:7687-7699, 1998; Lorenzon et al. J Neurosci 18:44824489, 1998). Such reductions in channel function may have profound effects on different aspects of calcium signaling and regulation of intracellular calcium levels in Purkinje cells. Here, we have combined whole-cell
voltage-clamp recordings with fura-2 microfluorometry to examine the calcium buffering capacity of tffr/tffr cerebellar Purkinje cells. Relative to
+/+, tgf/tgf Purkinje cells possess a significantly (P<0.001) reduced capacity to buffer elevations in [Ca2*]},. We observed averaged buffering values
of 1221 ± 80 for +/+ (n=l 1) and 584 ± 52 for t^/tg0 (n=10) cells. In support of these findings, we have observed significant (P<0.001) reductions in
mRNA levels for the calcium binding proteins calbindin D28 and parvalbumin in tgfr/tgfr Purkinje cells relative to +/+ using in situ hybridization
techniques. Additionally, using thapsigargin to block the smooth endoplasmic reticulum (SER) calcium pump, we have observed a reduced role of
the SER in rapid calcium buffering in t^a/t^a Purkinje cells as compared to
+/+. These results demonstrate dynamic regulation of calcium buffering
capacity in cerebellar Purkinje cells which may compensate for alterations
in calcium loads. Funded by AG07805 (WHG) and NS01681 (LCA).

POTASSIUM STIMULATED RELEASE OF 3H-GLUTAMATE FROM
TOTTERING MOUSE CEREBELLAR SLICES. C. Pizoli and E.J, Hess*.
Pennsylvania State University College of Medicine, Hershey, PA 17033.
P/Q-type calcium channels are involved in several neuronal functions
including neurotransmitter release. Tottering mice have a mutation in the
alA pore-forming subunit of P/Q-type calcium channels. This calcium
channel subtype is expressed abundantly in the cerebellum. Furthermore,
the tottering mouse behavioral phenotypes of generalized ataxia and
intermittent dystonic episodes are largely cerebellar in origin. Because P/Qtype calcium channels have been implicated in calcium-dependent
neurotransmitter release, glutamate release was investigated in the tottering
mouse as a functional consequence of the channel mutation. Cerebellar
slices from wild type and tottering mice were preloaded with 3H-glutamate
and then superfused with Earle’s balanced salt solution. Neurotransmitter
release was induced by depolarization with 60mM KCI. Potassiumstimulated release of 3H-glutamate in wild type and tottering mouse
cerebellar slices was calcium-dependent. Potassium stimulated calciumdependent release was not significantly different between the wild type and
mutant mice; however, there was an obvious trend toward reduced release in
tottering mouse cerebellar slices. The increase in L-type calcium channel
expression in the tottering mouse cerebellum may account for the near
normal neurotransmitter release in these mutant mice. Future experiments
will define the role of the upregulated L-type calcium channels in
neurotransmitter release. Supported by PHS NS34845 and NS33592
(E.J.H.)

Society

for

Neuroscience

. Volume

25, 1999

‘NIPS, Okazaki, 444-8585; Hiroshima Univ., Hiroshima, 734-0037, Japan.
Spinocerebellar ataxia 6 (SCA6) is caused by expansion of a
polyglutamine stretch, encoded by a CAG trinucleotide repeat, in the human
P/Q type Ca2* channel a)A subunit. To characterize the pathogenic process
of SCA6, we studied the effects of polyglutamine expansion on channel
properties, by analyzing currents flowing through the P/Q type Ca2*
channels with an expanded stretch of24, 30, or 40 polyglutamines,
recombinantly expressed in baby hamster kidney cells. The mutant
channels showed current density comparable to that of the control channels.
Whereas the Ca2* channels with s 24 polyglutamines showed normal gating
properties, the Ca2* channels with 30 or 40 polyglutamines exhibited an 8
mV hyperpolarizing shift in the voltage dependence of inactivation (Vo s = 54.4 ± 2.0 mV, n = 5, fix-the control channel with 4 polyglutamines, V0 5 =
-62.9 ± 1.8 mV, n = 13, fix- the mutant channel with 30 polyglutamines,
Vo 5 = -61.5 ± 1.9 mV, n = 11, fir the mutant channel with 40
polyglutamines), which considerably reduces the available channel
population at a resting membrane potential. The results suggest that
polyglutamine expansion in SCA6 leads to neuronal death and cerebellar
atrophy through reduction in Ca2* influx into Purkinje cells and other
neurons. Besides the widely accepted notion that polyglutamine stretches
exert toxic effects by forming aggregates, expanded polyglutamines directly
alter functions of the affected gene product.
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CHRONIC ADMINISTRATION OF THE L-TYPE CALCIUM CHANNEL
AGONIST BAY K8644 REDUCES THE EXPRESSION OF TOTTERING
MOUSE DYSTONIC EPISODES. B.E, Fureman* and E.J. Hess. Department of
Neuroscience & Anatomy, The Pennsylvania State University College of
Medicine, Hershey, PA 17033.
Calcium channel mutations have emerged as a major cause of episodic neurologic
dysfunction in both mouse and human. The P/Q-type calcium channel mutant
mouse tottering displays abnormal behaviors including mild ataxia, cortical
polyspike discharges, and episodic motor disturbances best described as dystonia.
In addition, cellular abnormalities are present in the cerebella of adult tottering
mice; most notable is an increased expression of L-type calcium channels.
Previous experiments suggest the increased density of L-type channels in tottering
mice may be responsible for mediating the episodic motor dysfunction. Because it
has been suggested that repeated exposure to the L-type calcium channel agonist
BAY K8644 may lead to down-regulation of L-type channels in vitro, tottering
mutant mice were challenged either acutely or chronically with BAY K8644.
Acute administration rapidly precipitated prolonged dystonic events. However,
after chronic BAY K8644 administration for 5 days, the mean duration of these
events was significantly decreased (p<0.01). These data suggest that repeated
exposure to a calcium channel agonist also produces desensitization of L-type
channels in vivo. These results provide additional evidence suggesting the
tottering mouse dystonic events are mediated through L-type calcium channels.
Supported by PHS NS33592 and NS34845.

COMPARISON OF WILD-TYPE AND tottering MICE WITH CARBACHOLINDUCED OSCILLATION IN HIPPOCAMPAL SLICE. Himaki OKA,1 Ry»ta

QGAWA1 Kimi FUKAHI.’ Yasuo MORE2 Keiji IMOTCf and IGrokazu SUGIHARA’.

’Health & Medical Care Planning Office, Matsushita Electric Industrial Co., Ltd., 2Dept. of
Information Physiology, National Institute for Physiological Sciences, Kyoto, 619-0237JAPAN.
In understanding how the brain functions, it is valuable to monitor brain netwoik activity
simultaneously at multiple points on a brain dice preparation. We have previously reported that
the MED (Multi-electrode dish) probe and its 64-channel data acquisition system is suitable for
monitoring brain network activity in various preparations (Soc. Neurosci. Abstr. 24, 30.13 and
758.17,1998). Multi-point recording is also useful for investigating the function of channels or
receptors at the network level by using brain preparations derived from transgenic or mutant
animal.
Recent genetic and molecular biological analyses have revealed many forms of inherited
channelopathies. Homozygous ataxic mice and tottering (tg) mice have mutations in the P/Qtype Ca2* channel a-subunit gene. The clinical phenotypes, histological changes and locations
of gene mutations are known. A missense mutation was found in the tg mice, which results in
a dehyed-onset disorder of ataxia, motor seizure, and absence seizure resembling petit mal
epilepsy. However, it remains unclear what phenotypes the mutant Ca2* channels manifest.
The present study has focused on the effect of the tg mutation on expression of carbacholinduced oscillations in acute hippocampal slices. Carbachol was applied to slices from wildtype and tg mice to induce oscillatory activity and oscillations were recorded using the MED
probe and its 64-channel data acquisition system. Comparison of properties with oscillation
between wild-type and tg mice indicate that caibachol-induced oscillation is diminished in tg
hippocampal slices, suggesting that P/Q-type Ca2* channel may be involved in regulation of
carbachd-induced oscillation in acute hippocampal slice.

286.9
ROCKER, A NEW ALLELE OF TOTTERING.

Theresa A. Zwingman , Paul E- Neumann3, Jeffrey!^ Noe.fr&ls4, Karl
1,2

1

2

Herrup , Departments of Neurology and Neuroscience Case Western
Reserve University School of Medicine, Cleveland, Ohio 44106 and
Department of Anatomy and Neurobiology3, Dalhousie University,
Halifax, NS Canada B3H 4H7. Department of Neurology, and Division
of Neuroscience4, Baylor College of Medicine, Houston, Texas 77030

Abstract

Rocker (tgrkr), a neurological mutant previously reported in Soc.
Neurosci. Abst. vol. 23, 243.6., 1997, has been mapped onto mouse
chromosome 8 to within 2 cM of the tottering (tg) locus.
Complementation tests with the leaner (tg‘a) allele of tg produced mutant
animals, confirming a new allele of tottering. The mutant was initially
found in an ENU-mutagensis screen, therefore we are currently
analyzing the cDNA for the suspected point mutation in tgrkr. The overall
cytoarchitecture of the young brain (P60-P120) appears normal,
including cerebellar morphology. Previous reports of dendritic
abnormalities in the cerebellar cortex have been expanded to show that
the regressive nature of the dendritic loss is not apparent until 9 months
of age. In contrast to the tg and tgla phenotypes, analysis of the tyrosine
hydroxylase expression in Purkinje cells reveals a normal
downregulation. EEG analysis of rkr showed spike/wave type discharges
similar to tottering, however no partial motor seizures are observed. We
are investigating the norepinephine innervation from the locus coeruleus
(LC). Supported by NS20591 to KH and MRC (DG-N037) to PEN.
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L-TYPE VOLTAGE-SENSITIVE CA2+ CHANNELS MEDIATE
SPONTANEOUS OSCILLATIONS IN INTRACELLULAR CA2+ IN
IMMATURE PURKINJE NEURONS. P.Lilielund*, J. Netzeband. L, Quina
and D.L. Gruol, Dept. Neuropharmacol., The Scripps Res. Inst.
La Jolla, CA 92037.
We have investigated intracellular Ca2+ dynamics in acutely isolated
immature cerebellar Purkinje neurons with fura-2 based microscopic Ca2+
imaging and found that these neurons exhibit spontaneous Ca2+
oscillations. Postnatal day (P) 4-7 Purkinje neurons were identified by
morphological and immunohistochemical criteria. Approximately 66% of
the immature Purkinje neurons at P4-7 showed spontaneous Ca2+
oscillations in varying patterns. Measurement of the total Ca2+ (relative to
baseline Ca2+ levels of -50-70 nM) associated with the oscillations during a
standard recording period showed that the Ca2+ oscillations produced the
largest increase in intracellular Ca2+ at PN4, with a significant decrease in
overall Ca2+ between P4 and P5. The spontaneous Ca2+ oscillations were
blocked by TTX and removal of extracellular Ca2+, indicating an underlying
involvement of Na+ and Ca2+ channels, and showed a close correlation with
patterns of spontaneous electrical activity also observed in these young
neurons (see Abst. by Netzeband et al.). Pharmacological analyses
showed that neither transmitter-activated channels nor P- or N-type
voltage-sensitive Ca2+ channels (VSCCs) were involved. However, the Ltype VSCC blocker nimodipine reduced the Ca2+ oscillations -64% (n=34)
and the L-type VSCC agonist BayK8644 increased the amplitude of the
Ca2+ oscillations -107% (n=6), indicating a dependence on L-type VSCCs.
Immunostaining of the Purkinje neurons showed immunoreactivity for L-, Nand P-type Ca2+ VSCCs. These results suggest that although Purkinje
neurons express several types of VSCCs at early stages of development,
that L-type VSCCs play a critical role in determining intracellular Ca2+
levels. Supported by AAO6665 and AA07456.

PATTERNS OF ELECTRICAL ACTIVITY PLAY A MAJOR ROLE IN
DEFINING INTRACELLULAR CALCIUM DYNAMICS IN
IMMATURE RAT
CEREBELLAR
PURKINJE
NEURONS.
J.G. Netzeband*, P. Liljelund and D.L. Gruol. Dept. Neuropharmacol.,
The Scripps Research Institute, La Jolla, CA 92037.
Electrical activity is important for establishing appropriate neuronal
structure and synaptic connections during neuronal development. In
cerebellar Purkinje neurons, spontaneous electrical activity is expressed
early in development, prior to the formation of dendritic structure, and is
comprised of both synaptically- and endogenously-generated action
potentials. We found that m immature Purkinje neurons acutely isolated
from early postnatal rats the endogenously generated electrical activity is
retained ana is associated with prominent intracellular Ca2+ signals (see
Abstr. by Liljelund et al.). We have examined the relationship between the
electrical activity and intracellular Ca2+ using combined fura-2 based Ca2+
imaging and electrophysiological recordings to determine how electrical
activity influences the Ca2+ dynamics of immature Purkinje neurons. The
isolated neurons expressed electrophysiological properties consistent with
healthy neurons and exhibited spontaneous electrical activity, the pattern
of which influenced intracellular Ca2+. Purkinje neurons that exhibited a
pattern of high frequency simple spike activity showed relatively high
intracellular Ca2+ levels (~200 nM), whereas neurons with low electrical
activity had lower Ca2+ levels (-50-70 nM). Moreover, current-evoked
changes in firing rate elicited corresponding changes in Ca2+ levels. In
neurons showing burst/oscillatoiy electrical activity, transient increases in
intracellular Ca2+ correlated with the burst events. Manipulation of Ca2+
channels with Ca2+ channel agonists and antagonists significantly altered
the Ca2+ signals, with less effect on spike firing. Because intracellular
Ca2+ is an important director of developmental processes, our results
suggest that electrical activity plays a major role in the developmental
program of Purkinje neurons. Supported by AA06665 and AA07456.
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LIDOCAINE UNMASKS HIGH THRESHOLD CALCIUM SPIKES IN
THALAMOCORTICAL NEURONS. S.K.W. Schwarz and E, Puil*. Dept. of
Pharmacology & Therapeutics and Dept. of Anaesthesia, The University of British
Columbia, Vancouver, B.C., Canada V6T 1Z3.
Using differential interference contrast infrared videomicroscopy and whole-cell
recording techniques in rat brain slices in vitro, we studied the effects of lidocaine
(10 pM-1 mM) on the membrane excitability and action potential firing in neurons
of the ventral posterolateral thalamic nucleus. Bath application of lidocaine in a
concentration-dependent manner reduced tonic repetitive firing. At high
concentrations (300 pM-1 mM), which clinically are toxic to the CNS, neurons had
elevated firing thresholds and fired repetitive spikes with a slower dV/dr^,
conventionally indicative of a local anesthetic effect on Na+ channels. The spikes
remained during the application of TTX (600 nM), were blocked by Cd2+ (50 pM),
and disappeared when the extracellular solution contained 0 Ca2+. All effects were
reversible. These features implied that the spikes were high threshold Ca2+ spikes
(HTSs). When lidocaine (600 pM) was applied in the presence of TTX (600 nM),
HTS voltage thresholds decreased up to 23 mV and current thresholds up to 50% of
control. Conversely, application of TTX in the presence of lidocaine elevated HTS
voltage thresholds up to 3 mV and current thresholds up to 180% of control. We
conclude that lidocaine, applied at high concentrations (300 pM-1 mM), reversibly
unmasked HTSs in thalamocortical neurons. These findings are in contrast to
previous observations in other tissue preparations showing that lidocaine blocks
various Ca2+ conductances. The physiological significance of HTSs in
thalamocortical neurons remains unclear, although the present findings may have
significance for the CNS toxicity of high lidocaine concentrations in vivo.
These investigations were supported by a Medical Research Council of Canada
(MRC) Fellowship to S.K.W. Schwarz and an MRC grant to E. Puil.

NOISE AND RESONANCE IN BURSTING THALAMIC NEURONS. S,
Reinker1,2, R.M, Miura1, Y.-X, Li1*, and E, Puil2. ’Dept. of Mathematics; 2Dept. of
Pharmacology & Therapeutics, The University of British Columbia, B.C., Canada,
V6T 1Z2.
We studied the effects of external noise and periodic inputs on thalamo-cortical
relay neurons and their matheinatical models. In these neurons, oscillatory current
inputs elicit membrane resonance (2-4 Hz), low-threshold spikes (LTS), and burst
firing due to the membrane properties interacting with a low-threshold Ca2+
current (It ). With the aid of DIC-infrared video microscopy, we recorded from
neurons of the medial geniculate nucleus in rat brain slices in vitro. We measured
and statistically analyzed the endogenous current noise in resting cells and used a
reactive current clamp (RCC or “dynamic clamp”, Hutcheon et al., J. Neurophys.
76: 698-714,1994) to amplify this noise. This application led to an amplification
of weak, periodic subthreshold signals and higher spiking frequencies - the
phenomenon of stochastic resonance. Applying a mathematical model of It with
the RCC in conjunction with the specific Ii-blocker, Ni2+ (500 pM), which
blocked the resonance, LTS, and bursts, we produced a modulation in the strength
of IT and observed that the stochastic resonance was dependent on the lowthreshold calcium current. This interplay between the calcium and the noisy
current was found to be qualitatively similar in a differential equation model of
thalamic neurons. Our results support the concept that neurons in vivo may take
advantage of background noise to improve their signal detection ability.
This work was supported by a University of British Columbia Graduate
Fellowship, the Natural Sciences & Engineering Research Council of Canada, and
the Medical Research Council of Canada.
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CALCIUM ACTION POTENTIAL-MEDIATED SYNCHRONIZATION IN
CULTURED HIPPOCAMPAL NEURONS. F.-M. Lu.1 H Yawo2* and K Kuba1.
‘First Dept. of Physiology, Sch. of Medicine, Nagoya Univ., Nagoya 466-8550;
’Neurophysiology Division, Dept of Physiology and Pharmacology, Tohoku Univ.
Sch. of Medicine, Sendai 980-8575 , Japan.
We found the generation of synchronized Ca2+ transients in hippocampal neurons
cultured from E20-day-old Wistar rat embryos under the effects of tetrodotoxin
(TTX, 0.5 pM), 4-aminopyridine (4-AP, 50 pM) and Cs+ (2~3 mM). They occurred
at frequencies ranging from 0.54 to 10/min, and were accompanied by synchronous
excitatory and inhibitory postsynaptic currents (EPSCs and IPSCs). Picrotoxin (100
pM) blocked only synchronized IPSCs, whereas 6-cyano-7-nitroquinoxaline-2,3dione (10 pM) and 3-((RS)-2-carboxypiperazin-4-yl)-propyl-l-phosphonic acid (20
pM) eliminated both synchronized EPSCs and IPSCs. Furthermore, Nicardipine (10
pM), an L-type Ca2+ channel blocker, abolished synchronized neuronal activity as
well as Ca2+ action potentials evoked by a depolarizing pulse in the presence of TTX,
4-AP and Cs+. On the other hand, (o-conotoxin MVIIC (10 pM), a P, Q and N-type
Ca2+ channel blocker, abolished synchronized neuronal activity under the effects of
TTX and K+ channel blockers and completely eliminated single pulse-elicited
transmitter release in normal Krebs solution. However, it had no significant effect on
depolarizing pulse-evoked Ca2+ action potentials. None of ryanodine (10 pM),
caffeine (10 mM) and thapsigargin (10 pM) abolished the neuronal synchronization.
The results suggest that the generation and conduction of Ca2+-dependent action
potentials occur throughout neuronal circuitry under the blockade of voltagedependent Na+ and K+ channels and play important roles in induction of
synchronized neuronal activity in addition to supporting synaptic transmission.

UNITARY N-TYPE Ca++ CHANNELS GATE WITH LOW
PROBABILITY DURING ACTION POTENTIALS IN CHICK
CILIARY GANGLION NEURONS. J.D. King, Jr. and S.D. Meriney*.
Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260
It has been difficult to determine the probability that any given Ca++
channel opens during an AP at the synapse. At the NMJ it has been
hypothesized that there are hundreds of individual Ca++ channels at each
transmitter release site (active zone), but only a small fraction of the
vesicles docked at these active zones are released with each AP. It is not
known if this low probability of release is due to a low probability of Ca++
channel opening during an AP, or a low probability of vesicle fusion
following calcium influx through a large number of open Ca++ channels.
Although it has been shown that the opening of a single Ca++ channel can
cause vesicle fusion (Stanley, 1993, Neuron, 11:1007), it has also been
demonstrated that a single AP effectively opens the majority of Ca++
channels (Borst & Sakmann, 1998, J. Physiol., 506:143). We have
characterized the gating of unitary N-type Ca++ channels evoked by single
APs in chick CG neurons. These recordings were made in 110 mM BaCl2,
but were corrected for liquid junction potential and charge screening
effects. In patches that appear to contain only a single channel, the
probability of an opening during an AP is very low (0.01-0.02). If N-type
Ca^ channels in the soma gate with similar probability as the N-type
channels in the active zone, these findings suggest that the low probability
of neurotransmitter release is due to a low probability of Ca4+ channel
opening. Supported by NIH NS 32345 and a Grant-in-Aid from the AHA.

(Supported by Grants in Aid for Scientific Research from the Japanese Ministry of
Education, Science and Culture)
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THE ROLE OF CALCIUM IN THE PHARYNGEAL ACTION POTENTIAL
OF C.ELEGANS. D.Pemberton*, C.J.Franks, R.J.Walker and L.Holden-Dye.
School of Biological Sciences, University of Southampton, Bassett Crescent
East, Southampton SO 16 7PX, UK.
C.elegans provides an excellent model animal in which to study the
contribution of ion channels to the control of cell excitability. We are utilising
this to identify critical determinants of the excitability of pharyngeal muscle
and in the first instance have been characterising the phenotype of the wildtype muscle, in particular the role of Ca2+ ions.
The anterior region of adult hermaphrodite C. elegans were sectioned from
the main body of the worm, placed in a perfusion chamber on the stage of an
inverted microscope, and continuously perfused with Dent’s saline
(composition in mM: NaCl 140, CaCl2 3, MgCl2 1, KCI 6, Hepes 10, pH 7.4).
Intracellular voltage recordings were made from the terminal bulb. Increasing
the extracellular Ca2+ concentration increased the overshoot on the action
potentials (from 9 ± 7 mV at zero Ca2+, 24 ± 6 mV at 2mM Ca2+, 32 ± 6 mV
at 3mM Ca2+ and 34 ± 7 at lOmM Ca2+; n=4). However, this also led to a
reduction in action potential duration (from 348 ±81 ms at zero Ca2+; 232 ±
9 ms at 2mM Ca2+; 209 ± 20ms at 3mM Ca2+ and 160 ± 29 ms at lOmM
Ca2+, n=4). This suggests that a Ca2+ -activated K+ channel is contributing to
action potential duration. In a further series of experiments, we examined the
effects of the Ca2+ channel blockers nifedipine and verapamil. Surprisingly,
in the light of the previous experiments, these decreased both the action
potential height and duration. For example, nifedipine (20 pM) reduced the
overshoot from 30 ± 3mV to 4 ± 2mV and decreased the duration from 260 ±
20ms to 150 ±20mS (n=4). We are currently investigating the basis for this
observation.

BIOPHYSICAL BASES OF THE INCREASED EXCITABILITY OF SHR
CAUDAL HYPOTHALAMIC NEURONS. Y, Fan, E. M. Hom and T, G.
Waldrop*. Neuroscience Program, Dept. of Molecular and Integrative
Physiology, University of Illinois, Urbana, IL 61803.
Previous work from this laboratory has demonstrated both an increased
excitability and a more prevalent phasic discharge in caudal hypothalamic
neurons of the spontaneously hypertensive rat (SHR). Since this area of the
hypothalamus is a known region of cardiovascular control, the present study
was undertaken to determine the biophysical bases of the altered firing
properties of these neurons.
Whole-cell patch clamp recordings were
performed in neurons from caudal hypothalamic brain slices (400 pm thick) of
SHR and normotensive rats (Sprague-Dawley- SD and Wistar-Kyoto- WKY).
Compared to the two strains of normotensive rats, the SHRs displayed a
significantly lower rheobase (SHR = 32.8 ± 22.0 pA; SD = 61.3 ± 5.2 pA;
WKY = 48.1 ± 13.9 pA) in addition to a significant loss of accommodation
(spike frequency index: SHR = 1.89 ± 0.22; SD = 2.30 ± 0.31; WKY = 28.00 ±
44.39). In contrast, there were no differences between the strains for the
average resting membrane potential and input resistance. In those neurons that
displayed a post-inhibitory rebound, the activation for the T-type calcium
current was negatively shifted in the SHR. Furthermore, the duration of both
the calcium influx and afterdepolarization potential were prolonged in those
neurons tested in the SHR compared to the normotensive strains. In summary,
this study has identified biophysical alterations potentially responsible for the
altered excitability and phasic discharge of SHR caudal hypothalamic neurons
(Supported by NIH HL 06296).
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A SUBTYPE OF L-TYPE CALCIUM CHANNEL IS POTENTIATED
BY VOLTAGE CHANGES ASSOCIATED WITH INDUCTION OF
LTP. J.M. Schiott and M.R. Plummer*. Dept. of Cell Biol, and Neurosci., Rutgers University, Piscataway, NJ 08854.
Long lasting changes in synaptic strength are thought to be an underlying mechanism of memory formation. Our current studies have
focused on forms of synaptic plasticity that require activation of L-type
calcium channels. We have previously shown that a subtype of DHPsensitive channel (Lp) differs from the standard L-channel (Ls) by it’s
potentiated activity following conditioning depolarizing pre-pulses. To
test the possibility that Lp-channels play a role in synaptic plasticity,
we recorded the activity of single Lp- and Ls-channels in cultured hippocampal neurons. Simulated waveforms that mimic voltage changes
recorded from postsynaptic cells in hippocampal slices during high frequency stimulation were used to elicit channel activity. The simulated
waveforms potentiated Lp activity but had no effect on Ls channel activity (below). These data suggest that Lp channel potentiation may
play a critical role in induction of NMD A-independent forms of LTP.
Supported by NIH grant NS34061.

A FAST-DECAYING, INTERMEDIATE-THRESHOLD, BLOCKER-RESISTANT CALCIUM

3—■AAjawjuiniiu—

CURRENT IN PYRAMIDAL NEURONS OF GUINEA-PIG PIRIFORM CORTEX.

J. Magistretti*. S, Brevi and M. de Curtis - Department of Experimental
Neurophysiology, Istituto Nazionale Neurologico “Carlo Besta”, Milan, Italy.
In a previous study we have shown that the calcium (Ca2+)-current outfit of
pyramidal neurons from guinea-pig piriform cortex includes a substantial fraction of
blocker-resistant, or R-type, currents (Magistretti, Brevi and de Curtis, J. Physiol.,
in press). These currents proved to be biophysically heterogeneous, since fast- and
slow-decay currents, as well as currents displaying intermediate kinetic behavior,
could be observed. In this study we concentrated our attention on fast-decaying
currents, and investigated their fine biophysical and functional properties in order to
clarify their relationships will better-defined Ca2+-current classes. Whole-cell, patchclamp experiments were carried out in neurons acutely dissociated from the layer II
of guinea-pig anterior piriform cortex. The voltage-clamp protocols where applied
from a holding potential of -60 mV, at which T-type currents are folly steady-state
inactivated. The charge carried used was 5-mM barium (Ba2+). In a subset of cells,
Ba2+ currents recorded after the application of saturating concentrations of L-, N-,
and P/Q-type channel blockers showed very fast decay speed. These currents
displayed the following biophysical characteristics: 1) bi-exponential decay kinetics
with a fast time constant (-50% of the total) averaging about 20 ms at 0 mV; 2) a
voltage-dependence of activation significantly more negative than that of slowerdecaying currents, with a 10-mV more negative V* in activation curves; 3) fastdecaying tail currents, with time-constant values always lower than 1 ms; 4) a Ca27
Ba2+permeability ratio similar to that of slower-decaying, HVA currents. These data
show that fast-decaying, intermediate-voltage-activated R-type calcium currents are
expressed by piriform-cortex pyramidal neurons whose biophysical properties clearly
distinguishes them from typical low-voltage-activated currents:

Funded by the Italian Ministry of Health.
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CALCIUM PERMEATION THROUGH N-TYPE CALCIUM
CHANNEL IN BULLFROG SYMPATHETIC NEURONS
Haova Liang & Keith S. Elmslie* Department of Physiology, Tulane
University Medical School, New Orleans, LA 70112
It has been shown that Ca2+ has higher affinity for the L-type calcium
channel than does Ba2+. To compare with existing data on Ba2+
permeation through N-channel, we studied the dependence of N-current
on [Ca2+]0. Peak currents from step I-V's and tail currents following
steps to +60 mV were measured in cells exposed to Ca2+ concentrations
ranging from 1 mM to 100 mM. Plots of these currents versus [Ca2+]0
were fitted using the mass action equation, which yielded an IC50 of
4.0 ± 1.5 mM for step currents and 18.0 ± 7.8 mM for tail currents at
+20 mV(n = 9, Mean ± SD). These values for Ca2+ are lower than those
reported for Ba2+ (11.6 mM with step currents and 23.5 mM with tail
currents at 0 mV; Zhou & Jones, 1995, J. Gen. Physiol. 105: 441).
Thus, N-channels, like L-channels, appear to have higher affinity for
Ca2+ than for Ba2+. One complicating factor in these experiments is that
Ef-channel contributes a sizable portion to the total current recorded in
30 and 100 mM Ca2+, but little if any at low [Ca2+l0 (i.e. 1 mM and 3
mM). We are working on methods to remove the contamination by
Ercurrent to improve the measurement of the Ca2+ dose-response
relation of the N-channel.
Supported by LEQSF & NIH.

Ca2CHANNELS
INVOLVED
IN
GLUTAMATERGIC
TRANSMISSION IN TWO DIFFERENT RAT BRAIN AREAS. Martire
M.\ Altobelli D., Maurizi S. and Preziosi P. Inst of Pharmacology
Catholic Univ. Med. Sch.;L.go F. Vito, 1 - 00168 Rome, Italy.

Numerous studies aimed at defining the physiological and pathological roles
of the excitatory amino acids have demonstrated foe involvement of foe latter
molecules in a wide range of neurodegenerative processes. Understanding foe
mechanisms of physiological glutamate release is therefore important because it could
lead to foe development of drugs for foe treatment of diseases characterized by
excessive glutamatergic transmission. In this study we identified foe voltage-operated
Ca2 -channel (VOCC) subtypes involved in glutamate release in synaptosomes
isolated from foe cerebral cortex and spinal cord of rats. The model used was based on
K+-evoked release of [3H}-D-aspartate ((3HpD-ASP), a glutamate analogue that is
resistant to metabolic breakdown. Subtype-specific VOCC blockade was achieved
with foe following peptide toxins: oconotoxin (oCTX ) MVIIC, which acts on N-,
P- and Q-type VOCCs; o-CTX GVIA, which is selective for N-type channels, and oagatoxin (o-AGA) IVA, which blocks P-type channels. The responses to 15 mM K+
(expressed as foe ratio of maximal to basal release) were 3.6+0.4 (cortical
synaptosomes) and 3.0±0.5 (spinal-cord). Eighty percent of foe release response to 15
mM K+ was found to be Ca2+-dependent, and foe Ca2+-independent fraction was
subtracted from total release in calculating foe effects of foe toxins. Q-CTX GVIA, at
a maximal concentration of 0.3 pM, inhibited foe release of [3HFD-ASP in cortical
synaptosomes by 20% (n=5) and in spinal-cord synaptosomes by 35% (n=4), while
foe inhibition observed with co-CTX MVIIC (1 pM) amounted, respectively, to 90%
(n=4) and 70% (n=3). These results demonstrate that foe regulation of [3H}-D-ASP
release differs in these two areas of foe rat brain.
The financial
acknowledged.
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o-CONOTOXIN MVIID INHIBITS MULTIPLE COMPONENTS OF CA2 +
CHANNEL CURRENT IN RAT CORTICAL NEURONS.
B.L. Soldo* and

CEREBELLAR EXPRESSION OF MULTIPLE ISOFORMS OF THE CLASS
A ot, Ca2+ CHANNEL SUBUNIT. E.W. Tringham and M.M, Usowicz*. Dept.
Pharmacology, University of Bristol, Bristol BS8 1TD, U.K.
The pore-forming a, subunit of the voltage-dependent P/Q-type Ca2+ channel is
proposed to be encoded by the class A a, subunit gene. Multiple a,A isoforms
have been cloned from a variety of tissues and species. However, little is known
about their expression in foe CNS. We are investigating the expression of
mRNAs encoding different isoforms of the a, A Ca2+ channel subunit in mature
rat cerebellum.
Total RNA isolated (TRIZOL® GlBCO BRL) from cerebellar vermis of mature
rat (postnatal day 45, male Wistar) was reverse transcribed into cDNA
(Superscript II, GlBCO BRL). PCR primers designed to be specific for different
rat a,A nucleotide sequences (accession numbers: M64373, M99222,
AF051526 and AF051527) were used for PCR amplification (Taq DNA
polymerase, Qiagen) of the cDNA.
Analysis of foe amplified PCR products confirmed the expression of M64373,
which has been shown to be highly expressed in the rat cerebellum (Starr et al.,
PNAS 88: 5621, 1991). It also demonstrated the cerebellar expression of the
splice variants, AF051526 and AF051527, first cloned from rat pancreatic islet
cells (Ligon et al., J. Biol. Chem. 273: 13905, 1998), and the splice variant
M99222, first characterised in the rat kidney (Yu et al., PNAS 89: 10494.
1992).
In summary, adult rat cerebellar vermis expresses multiple variants of the a, A
Ca2+ channel subunit mRNA.

D.M. Rock. Neuroscience Therapeutics, Parke-Davis Pharmaceutical
Research, Div. of Warner-Lambert, Ann Arbor, Ml 48105.
The properties of several naturally occuring to-conotoxins have been
characterized in mammalian systems and shown to selectively and
irreversibly block N-type Ca2+ channels (e.g. GVIA and MVIIA) or to
additionally inhibit Ca2+ channels that are dihydropyridine- and GVIAresistant (e.g., MVIIC and MVIID). These toxins have not only been
important in classifying subtypes of Ca2+ channels, but in distinguishing
Ca2+ channels that are critical for neurotransmitter release. While the
inhibitory activity of a majority of these toxins have been extensively
studied in peripheral and central neurons, a functional characterization of
MVIID on Ca2+ channels in neurons has not been reported. In the present
study, whole-cell Ba2+ (5 mM) currents were recorded from rat cortical
neurons in order to study the effect of MVIID on Ba2+ ion current flow
through Ca2+ channels (lBa). We have found that MVIID (10 pM) inhibited
37 ± 8% (n = 4) of total lBa in two phases - an initial rapid phase followed
by a second slowly developing phase that reached a plateau within 2 min.
Upon removal of the toxin, there was a rapid yet partial recovery (~20%)
of lBa, a characteristic not shared by other co-conotoxins. When the cells
were pretreated with the P-type Ca2+ channel blocker Aga IVA (100-500
nM), which blocked 20-30% of total lBa, MVIID produced only a rapid
block of lBa followed by complete recovery of the current upon washout of
MVIID. In the presence of the N-type channel blocker MVIIA (1 pM),
which irreversibly blocked 24 ± 4% of total lBa, MVIID slowly inhibited 14
± 4% of total lBa (n = 4). In a few neurons tested, MVIID reversibly
inhibited a small non-MVHA- and non-Aga IVA-sensitive component of
current. This study demonstrates that in cortical neurons, MVIID blocks N, P- and undetermined non-L-type Ca2+ channels, similar to that shown
previously in peripheral cell types. (Supported by Warner-Lambert Co.)
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VOLTAGE-GATED CALCIUM SIGNALS IN VISUAL INTERNEURONS.
J.Haag* and A. Borst. Friedrich-Miescher-Laboratory of the Max-Planck-Society,
Spemannstrasse 37-39, D-72076 Tubingen, Germany
Calcium has been found to accumulate in dendrites of fly visual interneurons (CH-,
HS- and VS-cells) upon visual stimulation in an activity related way. Therefore,
optical recording of intracellular calcium has become a tool to study dendritic
processing in fine dendritic branches which are not accessible by intracellular
recording. In the present report we studied the voltage dependent Ca-current by
current injection and voltage-clamp experiments while measuring simultaneously the
change in Ca-concentration by optical recording. This allowed us to quantitatively
characterize the voltage dependence, dynamics and spatial distribution of the
intracellular calcium signal in all three cell types.
The injection of depolarizing current pulses resulted in a large increase of the
fluorescence signals. The time course of the signal depended on the type and. the
concentration of the fluorescence dye used. With increasing affinity of the dye the
time constant of the measured fluorescence became larger. The calcium increase was
fastest for CH-cells with a time constant of about 70 ms. In HS- and VS-cells the
time constant amounted to 400 - 700 ms. Voltage clamp experiments revealed that
for ail three cell types considered, i.e. CH-, HS- and yS-cells, the activation curve of
the Ca-current is rather flat and covers the voltage range from -60 to -20 mV. The
characteristics of calcium dynamics as determined in the lobula plate branches and
the protocerebral branches were similar, except for a small segment between the axon
and the dendrite in HS- and VS-cells, where the calcium increase was significantly
faster. In summary, the results demonstrate that the measured Ca-signal can be used
to monitor the voltage distribution across the cell by measuring the voltage
dependent Ca-influx.
This work was supported by the Max-Planck-Society

SALAMANDER RETINA EXPRESSES MULTIPLE L-TYPE CALCIUM
CHANNEL ISOFORMS J-Hamid1. S, Barnes2 and G.W Zamponi1* ’Department
of Pharmacology and Therapeutics, University of Calgary, Canada; 2Department of
Physiology and Biophysics, Dalhousie University, Canada.
Calcium entry through voltage dependent calcium channels is a crucial mediator of
synaptic signaling processes. Unlike in many other neurons which utilize P/Q and
N-type calcium channels to trigger neurotransmission release, photoreceptor cells
appear to rely predominantly on L-type channels. Native L-type calcium currents
expressed in tiger salamander cone photoreceptor cells exhibit atypical properties
such as incomplete block by dihydropyridines, raising the possibility that multiple
components may contribute to salamander photoreceptor L-type currents. In
mammalian brain, three distinct L-type calcium channel oti subunits have been
identified (aiC, «id , aiF), but the sequences of their salamander homologues remain
unknown. However, to permit the molecular characterization of salamander
photoreceptor L-type channels, such knowledge is a prerequisite. We have designed
two sets of degenerate primers and carried out RT-PCR on salamander retina mRNA
to identify cDNA sequences encoding for L-type calcium channels. Using these
techniques, we were able to isolate three partial cDNA sequences likely encoding
for aic, q id and oiiF calcium channels. Amplification of a region spanning domains
I S5 to II SI yielded a aiC homologue which was -95% identical to the rat otic
sequence at the amino acid level. Amplification of the region between domains III
S4 and III S6 yielded two additional clones which were more closely related to a1D
and ccif than to aJc. Thus, salamander retina appears to express three distinct L-type
calcium channel isoforms. Utilizing these cDNA sequences, future studies will be
aimed at identifying the molecular nature of the rod and cone photoreceptor L-type
calcium channels.
Supported by MRC, AHFMR, Fight for Sight and U of C.
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ANALYSIS OF Ca2* CURRENTS IN PUTATIVELY IDENTIFIED NEURONAL
SUBTYPES OF THE SUPERIOR REGION OF THE HIPPOCAMPUS. T.J.
Carter and M. Mvnlieff*. Dept. of Biology, Marquette Univ., Milwaukee,WI 53233
A minimum of 7 neuronal molecular species of voltage-dependent Ca2*channels
correspond to the 5-6 Ca2+ current (Ic3 types identified by electrophysiological and
pharmacological techniques. The Ca‘+ channel complement differs between cell
types suggesting that Ca5* channel subtypes assume similar roles within distinct cell
groups. Characterization of the ICa complement within a cell is best achieved by
patch clamp recording on acutely dissociated cells (<24 hrs in culture) when space
clamp problems are minimized. Space clamp problems often preclude investigations
into the characteristics of ionic currents in the brain slice preparation. Although cell
culture provides the benefits of maximal accessibility and space clamp control, this
system sacrifices the intrinsic anatomical organization that enables cellular
localization and identification. Consequently, a culture containing several neuronal
subtypes of unknown identity may make this method unsuitable for poorly defined
brain regions. Because of their highly ordered laminar organization however, the
cells of the hippocampus have been morphologically and electrophysiologically
defined and the superior region has been found to contain a minimum of 4 cell types
(pyramidal, basket, stellate and vertical) as defined by intracellular recordings. Our
lab has correlated electrophysiological parameters established by intracellular
recordings in the hippocampal slice to whole cell patch clamp recordings of cultured
hippocampal neurons to demonstrate the feasibility of identifying the various cell
types in culture. This study investigated the ICa complement in dissociated,
putatively identified rat neurons from the superior region of the hippocampus in the
whole cell mode of the patch clamp. .Current clamp measurements were initially
made in a Na* solution to assign a putative identity to the cell under study.
Perfusion of a Ba2* solution with TTX and TEA permitted voltage-clamp recording
of Ic «1 nA at peak). A pharmacological analysis of ICa was attempted using
nifedipine, w-conotoxin-GVIA, and co-agatoxin-IVA, which target L-, N- and P/Qtype channels, respectively. Preliminary data indicate high voltage activated
currents (L, N and P/Q) in all neurons studied and include both sustained and
inactivating components. A small subset of cells showed low voltage activated Ttype current. The contribution of each ICa subtype to the total ICa was assessed.
Supported by NIH grants 01R15NS35308 & 01R29NS33012
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DIFFERENTIAL CELLULAR EXPRESSION OF Ca** CHANNEL
SUBTYPES OF THE SUPRAOPTIC NUCLEUS

M.M. Zarei. L.Toro and E. Stefani*. Depts. of Anesthesiology, Physiology, and
Molecular and Medical Pharmacology, UCLA. Los Angeles, CA 90095.
The magnocellular neurons of the supraoptic nucleus (SON) have been
classified as vasopressin (VP) or oxytocin (OT) producing neurons. Since
calcium channels are directly implicated with neurosecretion, we investigated the
molecular distribution of calcium channel subtypes in SON. We used 30 pm
slices from virgin female rats and labeled them with polyclonal antibodies
against a1A, atB, a,c, a1D subunits of calcium channels, using
immunocytochemistry. Each type of calcium channel shows distinct patterns of
expression. The a,A subunit is mainly distributed to the cell bodies. The alc
subunit is also distributed to the cell body, but also shows labeling on the
processes. On the other hand, the aID subunit is only expressed on dendrites,
while the a,B subunit is expressed on processes that are not dendritic in nature
as shown by double labeling with a dendritic marker (Map-2). No differences
in calcium channel expression were observed in VP or OT neurons. Distinct
subunit expression of calcium channels may play important roles in their
functions. For example, the dendritic expression of the a,D subunit may be
important in receiving information from cerebral spinal fluid (CSF) and blood
vessels providing means for input to the SON. Cell body expression of the a1A
and alc subunits may play key roles in the relative excitability of neurons.
Finally, the a,B subunit of the calcium channel, likely localized to axons, and
may modulate or serve as a feedback loop with other regions of the central
nervous system. Supported by the NIH GM52203. LT is an AHA established
investigator.
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DISTINCT DISTRIBUTION OF Ca** CHANNELS IN TWO NEUROENDOCRINE CELL TYPES.
T.E. Fisher? M. Carrion-Vazquez, and T.M.
Fernandez, Dept. of Physiology and Biophysics, Mayo Clinic, Rochester, MN 55905
Although Ca** channels are tightly localized at presynaptic active zones, their
distribution in neuroendocrine cells is less well understood. Pulsed laser Ca**
imaging has shown that Ca** channels in bovine chromaffin cells (BCCs) are
clustered near organized release sites. Experiments on isolated axon terminals from
the neurohypophysis (NH), however, showed homogeneous Ca** influx. To
explore the organization of release site architecture that underlies these differences
the binding of antibodies directed toward Ca** channels and putative exocytotic
proteins was studied using immunofluorescent techniques. In cultured BCCs, cc20, a
monoclonal antibody directed against the Ca** channel a1B subunit (N-type), bound
to the plasma membrane in a punctate fashion. A similar pattern of binding was
obtained using a monoclonal antibody directed against syntaxin I. A polyclonal
antibody directed against a,A subunit (P/Q-type) showed intracellular punctate
staining. In contrast, staining in isolated NH terminals did not show the punctate
staining seen in BCCs, although cc20 bound to a protein of the correct molecular
weight in immunoblots. The antibody directed against syntaxin I showed a
homogeneous staining of the terminal membrane. Polyclonal antibodies against a1A,
a1B, and a,D showed little or no staining on the terminal membrane (presumably due
to a dispersed distribution of Ca** channel proteins), but did stain intracellular
structures. Double labeling experiments with combinations of Ca** channel
antibodies show colocalization of channel types in a small number of such sites.
Immunogold labeling at the electron microscopic level revealed granule-sized clusters
of immunoreactivity. These clusters may represent structures important in channel
mobilization. Plasma membrane clustering of Ca** channels and syntaxin in the
BCCs suggests that release occurs from specialized release sites, whereas release from
NH terminals may occur more homogeneously. Supported by NIH grants to JMF.

L-, P/Q- AND TOXIN-RESISTANT Ca2* CHANNEL CURRENTS IN CLONAL
RAT PITUITARY CELLS (GHyBe). G. Glassmeier, M. Hauber, I. Wuifsen,
F. Weinsberg and J.R. Schwarz*. Institute of Physiology, University of
Hamburg, MartinistraBe 52, D-20246 Hamburg, Germany.
Voltage-dependent Ca2* channels have an important function for the
regulation of prolactin secretion from GH3/B6 ceils. To study whether different
subtypes of Ca2* channels are present in these cells whole-cell patch clamp
experiments were performed using Ba2* (10 mM) as charge carrier. From a
holding potential of -70 mV high voltage-activated (HVA) Ca2* channel
currents were recorded with depolarizing potentials more positive than
-50 mV exhibiting a maximum inward current at -8 ± 5 mV (n = 37). Even
using prepulses to -120 mV low voltage-activated Ca2* channel currents
(LVA) were not detected. Long-lasting depolarizing pulses (10 or 20 s)
elicited HVA Ca2* channel currents exhibiting little or no inactivation with
either Ba2* or Ca2* as charge carrier. Nifedipine (10 pM) reduced Ca2*
channel currents by 53 ± 6 % (mean ± SD, n = 7) and w-agatoxin IVA (10 nM)
by 16 ± 6 % (n=5), indicating the existence of L- and P-type Ca2* channels.
After application of o-conotoxin MVIIC (500 nM) in the continued presence of
nifedipine and o-agatoxin IVA there was a further decrease in the Ca2*
channel current by 18 ± 2 % (n=4), presumably due to the presence of Q-type
Ca2* channels. In all cells there was a toxin-resistant Cd2*-sensitive Ca2*
channel current ranging from 20 to 30% of the total current amplitude. Since
o-conotoxin GVIA (2 pM) had no blocking effect on Ca2* channel currents
(n=6) N-type Ca2* channels were regarded to be absent. Using RT-PCR
transcripts for a1C and a1D Ca2* channel subunits were detected indicating
the expression of at least two different L-type Ca2* channels. The function of
the different Ca2* channel subtypes for the excitability properties of GHa/Bg
cells remains to be determined.
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CALCIUM CURRENTS IN SPIDER MECHANOSENSORY NEURONS. S-I,
Sekizawa, A.S. French* and P.H. Torkkeli. Dept. of Physiology and Biophysics,
Dalhousie University, Halifax, Nova Scotia, B3H 4H7, Canada.
The lyriform slit sense organ in the patella of the spider (Cupiennius salei) consists
of 7-8 slits each innervated by a pair of sensory neurons. One of the neurons
(Type A) respond to a sustained stimulus with only one or two action potentials. The
other (Type B) fires a brief burst of action potentials in response to a similar stimulus.
Both neurons have a large voltage-activated Ca2+-current that can only be seen when
Na+ and K+-currents are blocked. Here, we examined the Ca2+-current kinetics and
sensitivity to blockers in order to discover its physiological functions in these
neurons. Ca2+-current activated rapidly from hyperpolarizing holding potentials and
its amplitude was similar when either Ca2+ or Ba2+ was the current carrying ion, but
Ba2+ produced more sustained current than Ca2+. 100 pM Nifedipine delayed the
current activation inducing a rapid block of transient Ca2+-current, but longer lasting
applications also blocked the sustained current. 100 pM Ni2+ and 50 pM Cd2+ blocked
the Ca2+-current completely. In current-clamp experiments Nifedipine increased the
action potential frequency and decreased the threshold when hyperpolarizing holding
potentials were used, but did not have any effect when neurons were held at resting
or depolarized potentials. There were no differences in Ca2+-current kinetics or drug
sensitivity between Type A and Type B neurons. These Ca2+-currents probably
function to prevent Na+-current recovery from inactivation when the neurons are
hyperpolarized by synaptic currents.

CHANGES IN DENTATE GRANULE CELL CALCIUM CURRENTS PRIOR TO
ADRENALECTOMY INDUCED APOPTOSIS. H. Karst*, S. Nair and M, Joels. Inst.
Neurobiology, Univ. Amsterdam, The Netherlands.
Adrenalectomy (ADX) of rats results within 3 days in apoptosis of granule
cells in the dentate gyrus. Substitution with low amounts of corticosterone, thus
occupying the high affinity mineralocorticoid receptors is sufficient to prevent
apoptosis. Since mineralocorticoid receptor activation is crucial in restricting calcium
influx through voltage gated calcium channels in CA1 pyramidal neurons, we examined
if the calcium influx of dentate cells is increased shortly after ADX, which may form a
trigger for subsequent apoptosis. Slices from 1, 2 and 3 days ADX rats (and sham
operated controls) were incubated in vitro with Hoechst 33258, which enabled us to
identify apoptotic from non-apoptotic cells. It appeared that apoptotic cells 1) become
apparent mostly at 3 days after ADX and 2) can not be recorded from with whole cell
patch clamp electrodes. Both the transient and the sustained high threshold calcium
current amplitudes were increased at 2 days after ADX, compared to currents in slices
from sham operated control animals. No differences between ADX and sham animals
were observed 1 day after ADX. At 3 days after ADX, part of the neurons were clearly
apoptotic. Transient and sustained calcium current amplitudes in the remaining cells
were decreased, compared to the sham operated controls. These data show that
increased calcium influx is observed prior to histological signs of apoptosis.
Furthermore, relatively little calcium influx is seen in cells that are relatively resistant
to apoptosis. In agreement, calcium currents were also small in those animals (-20%)
that did not display apoptotic cells 3 days after ADX. The data suggest that increased
calcium influx secondary to corticosterone witndrawal may form a risk factor for the
appearance of apoptosis. Present investigations focus on the mRNA obtained from
the same cells, to monitor changes in transcript level for calcium channel subunits and
members of the Bcl-2 family. Preliminary findings suggest that mRNA expression of
Bax and BAD is constitutive in sham and ADX dentate neurons, but that mRNA
expression of the survival promotor Bcl-2 is induced in 2 days ADX cells but not in
sham controls. (Supported by NWO grant 900-95-312).

Supported by the MRC of Canada.

287.23
SUSTAINED Ca2+ "LEAK" THROUGH

SOMATIC L-TYPE CHANNELS
IMPAIRS REGULATED TRANSMITTER RELEASE AT DISTAL SYNAPSES.
I.A. Muzzio*, M. Lavie C.C. Gandhi. & L.D. Matzel. Dept. of Psychology,
Program in Biopsychology & Behavioral Neuroscience, Rutgers Univ.,
Piscataway, NJ 08854
Neurons in aged animals (e.g. rats, rabbits) have a propensity to “leak” Ca2+
through somatic L-Type channels, and this Ca2+ leak has been implicated in
age-related learning deficits (e.g., Disterhoft et al., 1993). Here we used an
identified synapse from the Hermissenda nervous system to assess the
affects of somatic Ca2+ leak on synaptic transmission. Vestibular hair cells
in Hermissenda project onto photoreceptors of the eye. L-type Ca2+
channels were found to be present on the hair cell soma, and P/Q- and Ntype channels were present at synaptic release sites where they regulated
transmitter release onto postsynaptic B photoreceptors. Using FURA-2
imaging of hair cells, we observed a 3-fold rise in somatic Ca2+ within 3 min
of exposure to the L-type channel agonist J^BAY K 8644 (7 uM). A slower
Ca2+rise occured in distal segments of the axon (30 min) and finally, in the
terminal branches (50 min), where the Ca2+ concentration ultimately
increased to the level observed in the soma. Corresponding with the rise in
terminal Ca2+, synaptic transmission (intracellularly recorded) from the hair
cell onto B photoreceptors declined, such that evoked IPSPs were reduced
by over 50%. This impairment of regulated transmission was preceded by
an increase in spontaneous transmitter release (indicated by mIPSP
frequency in the B cell). In total, these results suggest that sustained Ca2+
influx through somatic L-type channels may allow Ca2+ to diffuse to distal
cell compartments where it induces spontaneous transmitter release and can
impair regulated synaptic transmission, and thus may contribute to agerelated cognitive decline.
Supported by the U.S. NIMH (Grant # MH48387).
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ROLE OF A-KINASE ANCHORING PROTEINS AND MEMBRANE
POTENTIAL IN DOPAMINERGIC MODULATION OF VOLTAGEGATED NEURONAL SODIUM CHANNELS. A.R. Cantrell*. V.
Tibbs, T. Scheuer and W.A. Catterall. Dept. of Pharmacology,
University of Washington, Seattle, WA 98195, USA.
Activation of Dl-like dopamine (DA) receptors reduces peak Na+ current in acutely
isolated hippocampal neurons via a modulatory mechanism involving
phosphorylation of the Na+ channel a subunit by cAMP-dependent protein kinase
(PKA). We report here that anchoring of the kinase near the channel by an AKinase Anchoring Protein or AKAP is necessary for this modulation to occur.
Intracellular dialysis with the RIIA-binding peptides HT31 or AP2 eliminated Na+
current reduction by the Dl-agonist SKF 81297 and the PKA activator cBIMPS.
These peptides span the RII binding domain of the PKA holoenzyme and disrupt the
association of PKA and its AKAP, thereby preventing targeting of PKA. In
contrast, dialysis with the proline-substituted control peptides HT31-P and AP2-P
had no effect on the Dl/PKA modulation. Therefore, we conclude that modulation
of the Na+ channel by activation of DI-dopamine receptors requires localization of
PKA near the channel in order to achieve phosphorylation of the a subunit and
modify the functional properties of the channel. '
We further report that the extent of DA receptor modulation is modified both by
holding potential and by activation of protein kinase C (PKC). The DI agonist,
SKF 81297 (5 pM), reduced peak Na+ current an average of 21.2 + 2.4% (n=20)
when the holding potential was -70 mV, but only 7.5 + 1.4% (n=23) when the
holding potential was -85 mV. Activation of PKC with the membrane permeant
diacylglycerol analog, OAG, greatly potentiated modulation by SKF 81297 at a
holding potential of -85 mV. Thus, activation of Dl-like DA receptors causes a
strong reduction in Na+ current, but only when it is combined with depolarization of
the holding potential or with activation of PKC. This work was supported by NIH
Research Grant NS15751 to WAC and NIH KOI Career Development Award
MHO1669-01 to ARC.

Effect of Protein Kinase A-Induced Phosphorylation on the Gating
Mechanism of the Brain Na+ Channel: Model Fitting to Whole-Cell
Current Traces. P d’Alcantarah^, SN Schiffmann^, S Goldmanl* and S

Society

for

Neuroscience

, Volume

25, 1999

Swillens^, lBrain Res. Unit, ^IRIBHN. Univ. Libre de Bruxelles. Belgium
The activity of the voltage-gated Na+ channel is subjected to
modulation through covalent modifications. It has been previously shown
that brain Na+ currents are reduced following the activation of the protein
kinase A (PKA) pathway, but the effect of the phosphorylation on the
gating mechanism of the channel has not been demonstrated, so far. In this
study, we analyze the whole-cell Na+ current recorded in the absence or
presence of forskolin, which stimulates the PKA pathway. A minimal
molecular model of the gating mechanism of the Na+ channel is defined in
order to fit the experimental data: it consists of 3 closed states, 1 open state
and 2 inactivated states. We experimentally demonstrate that the kinetics of
inactivation from the closed states are not affected by phosphorylation.
The results obtained by computer fitting indicate that, among all the
kinetic parameters describing the transitions between states, only one
parameter is significantly modified in the presence of forskolin, and
corresponds to the acceleration of the inactivation from the open state.
This conclusion is supported by the analysis of current traces obtained
from cells loaded with the PKA catalytic unit or with phospho-DARPP-32,
an inhibitor of protein phosphatase 1. Simulations also demonstrated that
for a same decrease in peak amplitude, the cumulated amount of net
charge going into the cell is drastically different depending on whether the
inhibition is due to a decrease of kcO or an increase of ko„. In the former
case, the inhibition simply delays the rise of charge. In the latter case,
corresponding to the actual situation, the net amount of charge falls down
at any time. These mechanisms would therefore result in subtle differences
in the regulation of action potential generation, duration and frequency.
Supported by PAI, FMRE and FRSM (Belgium).
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MODULATION OF TRANSIENT AND PERSISTENT SODIUM CURRENTS BY
PROTEIN KINASE C IN RAT NEOCORTICAL NEURONS. S. Tavema*. R.
Lombardi, G, Saneini. S. Franceschetti and G. Avanzini. Dept. of Neurophysiology,
Istituto Nazionale Neurologico C. Besta, 20133 Milan Italy.
We studied the effects of Protein Kinase C (PKC) activation on the fast and
the persistent fractions of the voltage dependent, TTX sensitive sodium current
by means of the patch clamp technique on acutely dissociated rat neocortical
pyramidal neurons.
Extracellular perfusion of 2 pM l-Oleoyl-2-Acetyl-sn-Glycerol (OAG), a
syntetic analog of the physiologic PKC activator diacylglicerol, reduced the fast
sodium current (INaf) by 30.1 ± 3.3%. In addition, the steady state inactivation
curve of INaf was left shifted by 14.3 mV. Despite this inhibitory effect, a slight
shift of the activation curve towards the same direction occurred after OAG
perfusion. The PKC inhibitor H7 (20 pM) was able to counteract the action of
OAG, providing a partial recovery of the inhibitory effect.
Persistent sodium current (INap), evoked by slow voltage ramps at a rate of 24
mV/s, was affected by OAG. INap activation was significantly shifted to more
hyperpolarized potentials, while the broad current peak amplitude was
unaffected. The mean current at -52 mV after OAG was increased by 91.4 ±
34.5%, and the half maximal voltage for activation was 4.1 mV more negative
than in control condition.
Since INap is a depolarizing current which activates within a subthreshold
range of potentials, where the input resistance of the membrane is relatively
high, its enhancement, although modest, may result significant for changes in
physiological or pathological neuronal excitability.

EFFECTS OF PROTEINE KINASE C (PKC) ACTIVATION ON Na+DEPENDENT DEPOLARISING POTENTIALS IN NEOCORTICAL
SLICES. G. Saneini. F. Panzica. S. Tavema. T. Lavazza. R Lombardi. S.
Franceschetti. A, Manfiidi*. and G, Avanzini. Istituto Nazionale Neurologico C.
Besta, 20133 Milano, Italy.
The study was aimed at evaluating the effect of PKC-activation on the persistent
fractions of Na+ current (In »p ), which is known to significantly contribute to nearthreshold membrane behaviour in neocortical pyramidal neurones. The effect of 1Oleoyl-2-Acetyl-sn-Glycerol (OAG)-induced PKC activation was evaluated on 14
neocortical pyramidal neurones recorded in layer V. To block most of the ionic
currents possibly modulated by OAG, and to better reveal the effect of PKC
activation on In »p , the slices were perfused by a medium in which Ca2+ was
substituted with Co2+, NaCI was partially substituted with 30-60 mM TEA-CI and 620 mM CsCl. In these condition, the contribution of INaP to the subthreshold
membrane behaviour was well evident and gave rise to a depolarising rectification
resulting in an apparent increase in input resistance in response to depolarising
current pulses injection; moreover, the APs displayed a INaP-sustained potential
shoulder lasting from 400 ms to seconds. The addition of 12-25 pM OAG induced a
clear increase in depolarising rectification. The mean input resistance measured 400
ms after the onset of depolarising pulses was 56.2 ± 7.8 (sem) MQ in control
conditions and 82.6 ± 9.4 MQ during OAG effect (p=0.0015). Concurrently, the
duration of the AP shoulder was increased by almost 50%. The OAG effect was
prevented by the PKC inhibitor chelerytrine; the addition of Bad (1 mM) failed to
change the OAG-operated amplifying effect on INaP-sustained depolarisations.
The obtained evidences suggest that physiological or pathological events working
through PKC activation can induce an increased neuronal excitability directly
amplifying INaP sustained subthreshold depolarisation.
Funded by the Italian Ministry of Health.

Funded by the Italian Ministry ofHealth.

288.5

288.6

Prostaglandin
E2 Modulates
Resistant
Sodium Current

in

Slow Inactivation
of Tetrodotoxin
Rat Visceral Sensory Neurons .

-

K. Bielefeldt*, Internal Medicine, University of Iowa, Iowa City, IA 52242
Tetrodotoxin-resistant (TTX-R) sodium currents may play an important
role in nociception. Therefore, I studied the effects of the hyperalgesic agent
prostaglandin E2 (PGE) on TTX-R sodium currents in sensory neurons from
the rat nodose ganglion. Rat nodose neurons were dissociated and cultured
for 24 h. TTX-resistant Na+ currents were studied in isolation by
performing whole cell patch-clamp experiments in the presence of 2 pM
TTX. Slow inactivation was examined by switching the holding potential
from -70 to -30 mV for 3 min prior to a hyperpolarization to -90 mV for
100 ms to remove fast inactivation. The peak Na+ current increased by
12.3±2.5 % after addition of 10 pM PGE. This was due to a shift in the
voltage-dependence of activation by 6.6±2.0 mV (p < 0.01) to the left. The
voltage-dependence of fast inactivation did not changed significantly (shift
by 1.9±1.0 mV to the left). PGE decreased the time to peak from 1.58±0.12
ms to 1.39±0.17 ms. The time course of fast inactivation was not altered by
PGE. However, PGE significantly enhanced slow inactivation, decreasing
the peak current to 63.5±5.9 % under control conditions versus 37.8±4.9 %
after addition of PGE. These results demonstrate that fast and slow
inactivation of Na+ currents is differentially regulated in visceral sensory
neurons. As slow inactivation contributes to the cumulative inhibition
during prolonged stimulation, this differential effect may lead to opposing
effects of PGE on cellular excitability during short bursts compared to long
trains of action potentials.
Supported by NIH (K08 DK 02548-01)

REGULATION OF CELL SURFACE SODIUM CHANNEL DENSITY
BY MITOGEN ACTIVATED PROTEIN KINASE PATHWAY.
T, Yanagita, H. Kobayashi. R, Yamamoto. H. Yokoo. S, Shiraishi, S, Minami and
A. Wada^ Dept. of Pharmacology, Miyazaki Medical College, Miyazaki 889-1692,

Japan.

Recent studies have shown that changes in density of voltage-dependent sodium
(Na) channel play an important role for the neuronal development, synaptogenesis

and neuronal plasticity, however, little is known about the mechanisms that govern

the up- and down-regulation of Na channels. In the present study, we examined
whether mitogen activated protein (MAP) kinase is involved in the regulation of Na
channels in cultured bovine adrenal chromaffin cells. Serum deprivation produced

time-dependent increase in cell surface pHJsaxitoxin (STX) binding. Treatment with

PD98059, an inhibitor of MAP kinase kinase, also produced time- and concentration-

dependent increase in cell surface pHJSTX binding, while SB203580, an inhibitor of
p38 MAP kinase, had no effect. PD98059 (50 pM x 24h) increased the Bmax of

pH]STX binding by 45% without altering the Kd value, but did not change the

levels of Na channel a- and ft- subunit mRNA. Immunoblot analyses using
antibobies against MAP kinase and phosphorylated MAP kinase revealed that MAP

kinase existed as a constitutively phosphorylated form, and its phosphorylation was
lowered by serum deprivation or PD98059. These results suggest that MAP kinase

pathway is involved in the regulation of cell surface Na channel density.

288.7

288.8

A NOVEL NEUROMODULATORY ROLE FOR ZINC IN THE
HIPPOCAMPAL FORMATION. G, Cuda*. C.P. Mercogliano. J.A.
White. Dept. of Biomedical Engineering, Center for BioDynamics, Boston
Univ., Boston, MA 02215.
Molecular zinc is prevalent in the mammalian nervous system and
appears well posed to serve a neuromodulatory role. Zinc selective
histochemical staining of mammalian brain tissue has demonstrated the
localization of endogenous Zn2+ in vesicles of the synaptic terminals of
neurons in the hippocampus, and both the excocytotic release and reuptake of free zinc have been observed. Although many potential
neuromodulatory effects of zinc have been described, our investigation is
focused on die effects of zinc on voltage-gated sodium channels. In
particular, we verify the presence of a zinc-sensitive sodium current in
acutely dissociated cells from the superficial medial and lateral entorhinal
cortices (MEC and LEC), and from the CA3 region of the hippocampus.
We consistently observe that approximately 20% of the control sodium
current is blocked by bath application of lOOpM zinc in each of the three
regions independent of the age of the animals used. We describe a method
of rapid solution exchange which can be used to measure the kinetic rates
of pharmacological effects. We plan to use this method to determine the
kinetics of zinc block observed in our experiments and thus provide a more
complete description of its neuromodulatory role. Additional work will
also include characterization of the effects of endogenous zinc, released in
response to electrical stimulation of the mossy fibers, on the firing
properties of CA3 pyramidal neurons in brain slices.
This work is supported by a grant from the National Institute of Health.

PENTOBARBITAL INHIBITION OF SODIUM CURRENTS IN
MAMMALIAN NEURONS. TN. Vysotskaya1*. D.SDuch1 and Bruce
Maclver2. ’Dep. of Anesthesiology, Weill Medical College of Cornell University,
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New York, NY 10021,2 Dep.of Anesthesiology of Stanford University School of
Medicine Stanford, CA 94305-5117.

Recent experiments have indicated that CNS sodium channels expressed
in CHO cells are blocked by clinical concentrations of pentobarbital. Here we
examine die effects of pentobarbital on a) sodium currents in cultured rat DRG
neurons using whole cell patch clamp recordings, and b) on Schaffer-collateral
axon fiber volleys recorded from hippocampal brain slices.

DRG neurons varied in anesthetic sensitivity. Pentobarbital (0.24mM)
reversibly inhibited up to 65-70% of peak sodium current in smaller (<40 pm)
cells (ED5o=:0.2mM), while cells over 40 pm were relatively insensitive (12-15%
block). Pentobarbital (0.24 mM) also shifted steady-state inactivation to more
negative potentials (~ -20 mV), resulting in significantly greater current
suppression at threshold potentials.
Pentobarbital produce reversible concentration and frequency dependent
depression of fiber volley amplitude. At firing frequencies close to the normal
firing rate of hippocampal neurons (-100 Hz) 0.4mM pentobarbital caused a
30% decrease in fiber volley amplitude, leding to substantial decreases in the
efficiency of excitatory transmission

(Supported by funds from the Dept Anesthesiology, Weill Med. Coll.)
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OXCARBAZEPINE BLOCKADE OF VOLTAGE-SENSITIVE SODIUM
CHANNELS IN MODELS OF HYPEREXCITABLE NETWORKS.
T.G.Hedberg1,2* J, D’Souza2, and M, Schmutz2. ’Depts Neurology and
Neuroscience, Albert Einstein College of Medicine, 1300 Morris Park Ave, Bronx,
N.Y. 10461; 2Novartis Pharmaceuticals, 59 Rt. 10 E. Hanover, N.J. 07936
Oxcarbazepine (OXC) is a 10,11 -dihydro- 10-keto derivative of carbamazepine (CBZ)
with a distinct pharmacologic/metabolic profile. Reduction of the keto group to
form the monohydroxy derivative (MHD) yields no epoxide metabolite, suggesting
enhanced clinical tolerability when used as an anticonvulsant. Although OXC is
presently indicated for partial seizures with and without secondary generalization,
clinical studies support pharmacotherapeutic utility for trigeminal neuralgia and
peripheral neuropathies as well. Ongoing work suggests further that neuropathic
pain, bipolar affective disorders and related syndromes, including psychogenic
agitation, may also respond to OXC. The present sub-optimal repolarization and
refractoriness (SORR-2) network model identifies neuropathic properties, modulated
by OXC/MHD, which are common to all these disease states. OXC and MHD
appear to be largely inactive at NMDA, AMPA, kainate and other neurotransmitter
binding sites, and inhibit sustained recurrent firing of Na+-dependent action
potentials by interacting with voltage-gated Na+ channels. Neuropathic
hyperexcitability syndromes encompassed by the SORR-2 model are characterized
by inappropriate ionic flux and yield recurrent synchronous/rhythmic polysynaptic
responses to afferent excitation. Heterogenic MHD-mediated channel-blocking trials
yielded an overall 67% probability of desynchronization of these rhythmic
discharges, and limited sustained population activity overall. Coincident
suppression of excitotoxic damage to circuitries receiving SORR-2 projections
predicted limited exacerbation of essential pathogenicities. This model suggests that
the pharmacotherapeutic efficacy of OXC/MHD is unified by suppression cf
pathologic neuronal hyperexcitability. SORR-2 may be applicable to other
disorders characterized by sodium channel dysfunction.

LITHIUM INCREASES THE EFFICACY OF LIDOCAINE-INDUCED BLOCK
OF VOLTAGE-GATED NA* CURRENTS IN RAT SENSORY NEURONS IN
VITRO.

M. S. Gold1*. A. Behnia2. and P. D. Thut1 Depts. of 'OCBS and Endodontics2, Univ.
Maryland at Baltimore Dental School, Baltimore, MD 21201.
We have recently demonstrated that lidocaine induces neurotoxicity at
concentrations used clinically. A lidocaine-induced increase in intracellular Ca2+
appeared to be an underlying mechanism of this toxicity. Because the mechanisms
underlying neuronal toxicity appear to be distinct from those underlying local
anesthesia, identification of ways to increase the efficacy of lidocaine may have
important clinical implications. We have obtained data both in vivo and in an isolated
nerve preparation suggesting that Li+ increases the efficacy of local anesthetics in the
block of conduction. Therefore, we have employed whole cell patch-clamp
electrophysiological techniques on isolated adult rat sensory neurons to determine
whether the effects on conduction reflect a shift in the efficacy of local anesthetic
block of voltage-gated Na* channels. The presence of Li+ significantly increased the
efficacy of lidocaine-induced block of both tetrodotoxin (TTX) -sensitive and TTXresistant voltage-gated Na+ currents: EC50s for lidocaine-induced block of both
currents in the presence of Li+ were less than 25% of the values obtained in the
presence of Na*. The interaction between Li+ and lidocaine occurred in the absence of
any detectable effect of Li+ on the gating properties of voltage-gated Na* currents
present in sensory neurons. The voltage-dependence of activation, inactivation and
deactivation were similar in the presence of Li* and Na*. Similarly, there was no
statistical difference between Li+ and Na* on rates of activation, inactivation,
deactivation and the recovery from inactivation of Na* currents. These results support
the suggestion that the effects of Li* on lidocaine-induced conduction block reflect the
influence of Li* on lidocaine-induced interactions with voltage-gated Na* channels.
Including Li* in lidocaine preparations may be an effective way to increase the safety
factor associated with the use of this anesthetic clinically.
Work supported by NIH grant NS36929-01 Al

288.11

288.12

THE EFFECT OF NITRIC OXIDE DONOR PAPA-NONOATE ON SODIUM
CURRENTS IN SMALL DORSAL ROOT GANGLIA NEURONS.
M. Renganathan*’1 T, R. Cummins’ and S. G. Waxman1,2. 'Neuroscience Research
Center, VA Medical Center, West Haven, CT 06516; 2Dept. of Neurology, Yale
University School of Medicine, New Haven, CT 06510.
Nitric oxide (NO) has been shown to reversibly block axonal conduction,
especially in demyelinated axons. Therefore, we investigated the effect of NO on
Na+ currents in small (<25 pM) DRG neurons. PAPA-NONOate was used as an
exogenous NO donor. Small DRG neurons possess a mix of tetrodotoxin (TTX)sensitive (TTX-S) and TTX-resistant (TTX-R) Na+ currents. The NO donor
attenuated both TTX-S and TTX-R Na+ current. The inhibitory effect of PAPANONOate on TTX-S and TTX-R was equivalent and dose dependent with an IC50
value equal to ~1 mM. Further, a large shift in the steady-state voltage dependence
of inactivation to the hyperpolarized direction was observed for both types of
currents, (-24 ± 4 mV for TTX-S (n=4) and -12 ± 5 mV for TTX-R, n=4). The
voltage dependence of activation was not significantly affected. The effect of the NO
donor on Na+ current was abolished by the NO scavanger hemoglobin.
Peripheral transection of sciatic nerve (axotomy) has been shown to upregulate the
synthesis of nitric oxide synthase (NOS) in DRG. To investigate whether
upregulation of NOS in axotomized DRG neurons attenuates Na+ current,
axotomized small DRG neurons were incubated with 1 mM NG-nitro-L-arginine
methyl ester (L-NAME), a NOS inhibitor, overnight in the culture medium. Na+
current density from L-NAME incubated neurons were 35% (19 cells from two
preparations) higher than the neurons which were not incubated with L-NAME.
These results suggest that NO is an autocrine regulator of sodium currents in
axotomized DRG neurons.
This work is supported by the Medical Research Service, National Multiple
Sclerosis Society, Department of Veteran Affairs, and the Paralyzed Veterans of
America/Eastem Paralyzed Veterans Association.

HYPOXIA DOES NOT AFFECT TRANSIENT AND PERSISTENT Na*
CURRENTS IN LAYER V NEOCORTICAL NEURONS. N. Astman, M.J.
Gutnick and I.A. Fleidervish* Koret School of Veterinary Medicine, The
Hebrew University of Jerusalem, Rehovot 76100, Israel.
We previously showed that in neocortical slice neurons, hypoxic episodes
are associated with a decrease in the rate of rise of action potentials, which we
attributed to a decrease in neuronal input resistance. In order to eliminate the
possibility that the change in excitability reflects a direct affect on the Na*
channels themselves, we examined the influence of hypoxia on transient (INaT)
and persistent (Inhp ) Na* currents in Layer V neurons, using patch clamp
techniques in 400 pm slices of mouse SMI cortex maintained at 36-37°C. In
cell-attached recordings from patches containing >15 Na+ channels, INaT was
studied by averaging 30-50 sweeps. Hypoxic episodes, produced by switching
the gas flow over the slice from 95% O2-5% CO2 to 95% N2-5% CO2 for 5
min, caused no obvious change in INaT- It also did not cause a change in
frequency of late Na* channel openings. INaP was measured in whole-cell
recordings by imposing depolarizing voltage ramps (-70 mV to 0 mV) with a
rising rate slow enough to entirely inactivate INaT. For these recordings, Cs* replaced K+ in the in the intracellular solution, and 200 pM Cd+* was added to
the bath. When the main intracellular anion was CV or gluconate, the hypoxic
episode evoked no observable change in INaP. When the pipette contained
fluoride, however, there was a three-fold increase in INaP which began 70-90
sec after the onset of the hypoxic episode. The dramatic effect of fluoride on
the sensitivity of the Na+ channel to hypoxia may be related to the known
effects of this halogen on G-proteins and other membrane regulatory systems.
Supported by the German-Israel Foundation for Scientific Research.

288.13

288.14

ACUTE AND CHRONIC EFFECTS OF NEUROPROTECTIVE
RILUZOLE AND NS-7 ON VOLTAGE-DEPENDENT Na

EFFECT OF HYPOXIA ON NEURONS DEVOID OF Na/H ISOFORM 1.
X.0.Gu*, H.Yao and G.G.Haddad. Depts. of Pediatrics (Respiratory Medicine)
and Cellular & Molecular Physiology, Yale University, New Haven CT 06510
Mouse hippocampal neurons respond to hypoxia by depolarization. We
have argued that this hypoxia-induced depolarization is due to Na* loading,
possibly through the activation of Na*-dependent transporters. We therefore took
advantage of the Na/H isoform 1 (NHE1) natural knock-out to study the role of
this exchanger in hypoxia. We used acutely dissociated CAI neurons from wild
type (WT) and NHE1 null mice and the whole-cell patch-clamp technique to
study the effect of hypoxia on the electrophysiological characteristics before,
during and after hypoxia. Three to 5 minutes of hypoxia (< 20 Torr) was induced
by perfusing N2 in HEPES or bicarbonate solution perfused with 5% of CO2 and
95% of O2. In normoxic HEPES solution, Vm was similar in both WT and NHE1
null neurons. In normoxic bicarbonate solution, WT hyperpolarized by about 15
mV, but NHE1 null neurons failed to do so. With hypoxia and in HEPES
solution, Vm was significantly and reversibly hyperpolarized by a mean of 12-13
mV (n=19 and 21 respectively) in both WT and NHE1 null neurons. In
bicarbonate solution and in response to hypoxia, Vm was significantly depolarized
by 12 mV in WT but did not change (n=6) in the NHE1 null neuron. In most
cells studied in both HEPES and bicarbonate, action potential amplitude was
decreased and its duration increased in WT but did not change in NHE1 null
neurons. We conclude; a) Vm relies on HCO3-dependent mechanisms; b) NHE1
null neurons seem to be missing some of the HCO3'-dependent transporters,
possibly including an electrogenic component and c) the effect of hypoxia on
neurons depends on the presence of HCO3 - transporters.
Supported by NIH-TG/HL07778.

CHANNELS IN ADRENAL CHROMAFFIN CELLS. H. Yokoo. S.
Shiraishi. H._Kobayashi. 71Yanagi& R, Yamamoto. S. Minami, N, Yanagihara1*

and A Wada. Depts. of Pharmacology, Miyazaki Medical College, Miyazaki 8891692, and Univ. of Occupational and Environmental Health, Sch. of Med1,
Kitakyushu 807-8555, Japan.

It is noted that ischemia-induced catecholamine secretion culminates
in neuronal injury, whereas blockade of Na channels is neuroprotective.
In cultured bovine adrenal chromaffin cells, riluzole and NS-7 lowered
veratridine-induced 22Na influx via Na channels in a competitive manner,
they attenuated veratridine-induced 45Ca influx via voltage-dependent Ca
channels, and catecholamine secretion, but had not effect on high Kinduced 45Ca influx via Ca channels, and extracellular Na omissioninduced 45Ca influx via reversed Na-Ca exchange. NS-7 also lowered
nicotine-induced 22Na influx via nicotinic receptors in a noncompetitive
manner. Chronic treatment with NS-7 irreversibly suppressed veratridineinduced 22Na influx, whereas the treatment raised cell surface
UHJsaxitoxin binding without altering the Kd value, and Na channel aand ft -subunit mRNA levels; rise of the binding was prevented by
cycloheximide, protein synthesis inhibitor, or brefeldin A, an inhibitor of
vesicle budding from the Golgi apparatus. These results suggest that
riluzole (but not NS-7) selectively interacts with the veratridine site to
inhibit Na channels, thereby reducing Ca channel gating and

catecholamine secretion.
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FAST-INACTIVATING AND PERSISTENT SODIUM CURRENTS ARE
AUGMENTED BY HYPOXIA IN RAT HYPOTHALAMIC NEURONS. E. M.
Hom*, Y. Fan and T. G. Waldrop. Neuroscience Program, Dept. of Molecular
and Integrative Physiology, University of Illinois, Urbana, IL 61803.
Previous work from this laboratory has indicated that TTX-sensitive sodium
currents are involved in the hypoxia-induced response (depolarization and
increased firing frequency) of caudal hypothalamic neurons. The present study
utilized more detailed biophysical methods to help determine which sodium
currents are modified during hypoxia. Acutely dissociated caudal hypothalamic
neurons from ~3 week old Sprague-Dawley rats were patch-clamped in the
voltage-clamp mode. Using computer-generated activation and inactivation
voltage protocols, rapidly-inactivating sodium currents were tested for their
sensitivity to a brief (<6 minutes) period of severe hypoxia. The level of oxygen
in this preparation was determined to quickly drop to below 10 torr within 2
minutes of initiation and stabilize at <5 torr within 4 minutes. In addition,
persistent sodium currents were analyzed for their sensitivity to hypoxia by
using voltage ramp and extended voltage activation protocols. The peak fastinactivating sodium current was significantly increased by ~25% and both the
activation and inactivation values (Vi/2) were negatively shifted during the
period of hypoxia. Furthermore, both voltage ramp and extended activation
protocols demonstrated a greater than 35% accentuation in the persistent
sodium current during hypoxia. These results demonstrate that both rapidlyinactivating and persistent sodium currents are modified by oxygen and
highlight the importance of sodium channels in the caudal hypothalamic
neuronal response to hypoxia. Moreover, the oxygen responsiveness of these
channels may play a significant role in the centrally-mediated cardiorespiratory
response to hypoxia (Supported by NIH HL 06296).

EFFECTS OF Na+ CHANNEL BLOCKERS ON GLUTAMATE, KCI OR
VERATRIDINE MEDIATED [Ca44]; DYNAMICS IN CEREBELLAR NEURONS. I
Dave1*, M. Koenig1, J. HuntePand F. Tortella1. ‘Div. Neurosci., Walter Reed Army Inst.
Res., Washington, DC 20307 and 2Roche Biosciences, Palo Alto, CA 94303.
Dynamic changes in neuronal calcium mobilization involved in the mediation of
neuronal injury may occur through several mechanisms including voltage- and/or ligandgated channels, as well as the reverse operation of the neuronal NaVCa** exchanger. Na+
channel blockers have been shown to be neuroprotective against ischemic/hypoxic
injury, and we have described differential effects of three such drugs, namely RS-100642
[l-(2',6'-dimethyl-phenoxy)-2-ethylaminopropane- hydrochloride), mexiletine and QX314, to protect cultured rat cerebellar neurons from glutamate, veratridine, or hypoxia
induced injury (Dave et al., Neurosci. Abst. 1998). This study examined the differential
effects of these drugs on intracellular calcium ([Ca* ];) mobilization following glutamate,
KCI or veratridine mediated stimulation. Primary cerebellar neurons were treated in
Locke's solution with vehicle, glutamate (80 pM), KCI (25 mM) or veratridine (20 pM)
with or without RS-100642, mexiletine or QX-314 (100 pM each). Neuronal calcium
flux was measured using fluo-3 and real time laser cytometry. Basal or resting levels of
[Ca*4], varied from 70-355 nM and were similar for all vehicle controls. Consistent with
earlier observations, glutamate (80 pM) caused a sustained rise in (maximal peak
concentration = 2500-2800 nM) which remained elevated for the entire observation
period (i. e. ~ 500 sec). Similar, sustained increases were also observed with veratridine
(20pM) or KCI (25 mM), but smaller (peak [Ca4*], = 1600-2000 nM, decreasing to postpeak levels of 500-900 nM) and lasting only 100 sec. RS-100642 or mexiletine had no
effect on glutamate but significantly decreased the initial amplitude, and attenuated the
sustained rise, in both veratridine- or KCl-induced [Ca4*]; mobilization. In contrast, QX314 produced similar effects across each injury model, effectively decreasing the
amplitude and delaying the initial spike in [Ca*4]; ,and attenuating the sustained increase
[Ca44]; in mobilization. Government Funding

288.17

288.18

RED TIDE TOXINS PBTX-2 AND PBTX-3 DEPRESS EVOKED RESPONSES IN THE HIPPOCAMPAL SLICE PREPARATION. D. M. Briggs &
D, S, Kerr*. Department of Pharmacology, University of Otago, Dunedin, New
Zealand.
Brevetoxins (PbTx’s) are the neurotoxic metabolites of the red tide dinoflagellate
Ptychodiscus brevis. PbTx’s bind to site 5 of the voltage-sensitive sodium
channel producing concentration-dependent depolarisation of excitable membranes.
We examined the predominant naturally occurring brevetoxins, PbTx-2 and -3, in
the rat hippocampal slice preparation. At low doses (2.5-25 nM) both toxins
produced significant neuronal hyperexcitability as evidenced by multiple population spiking at higher stimulus intensities. These effects are consistent with an
enhancement of Na+ influx and may relate to PbTx-induced seizure activity
observed in vitro and in vivo. However, at higher doses (50-500 nM) and with
prolonged administration, PbTx-2 and PbTx-3 each produced significant dosedependent reductions in EPSP slope and spike amplitude, consistent with a
depolarising conduction block. The two toxins were clearly equipotent at doses
>100 nM for both population spike and EPSP. An unexpected effect was observed
in a large proportion of slices, in which spikes exhibited dramatic reductions in
amplitude followed by rapid recovery to near baseline levels during the first few
minutes of PbTx administration. Following picrotoxin pre-treatment, 3 out of 5
slices tested with 100 nM PbTx-3 still exhibited an early transient reduction in
spike amplitude, suggesting that GABA is not involved in this phenomenon. In
addition, 4 out of 5 slices exhibited an unusually rapid net reduction in spike
amplitude and a complete loss of evoked responding by the end of the 30 minute
toxin administration period, perhaps due to accelerated Na+ influx during
picrotoxin induced multiple spiking. (Supported by Univ. of Otago Medical
School Dean’s Bequest and by the Univ. of Otago Research Grants Comm.)

A NOVEL NEUROTOXIN a-PMTX FROM WASP VENOM SLOWS
INACTIVATION OF SODIUM CURRENT. K. Konno1, Y. Sahara2, M.
Gotoh2, A. Miwa3, H. Tsubokawa4, H. Nakayama5*, H.P.C. Robinson6 and

N. Kawai4 'Inst. Biosciences Rio Claro, Sao Paulo State Univ., Rio Claro
SP 13506-900, Brazil; 2Dept. of Physiol., Fac. Dentistry, Tokyo Med. &
Dent. Univ., Tokyo 113-8549; 3Dept. of Neurobiol., TMIN, Tokyo 1838526; 4Dept. Physiol., Jichi Med. Sch., Tochigi 329-0498; 5Fac. of
Pharmaceu. Sci., Kumamoto Univ., Kumamoto 862-0973, Japan. 6Physiol.
Lab., Univ. Cambridge, Cambridge, CB2,3EG, UK.
We have found that a novel neurotoxin, a-pompilidotoxin (a-PMTX)
derived from the venom of a solitary wasp (Anopolis samariensis)
potentiates excitatory and inhibitory transmission in the neuromuscular
junction of lobster walking leg (Konno et al. 1997). This was caused by
increasing the excitability of the presynaptic terminal as revealed by
intracellular recording from the presynaptic nerve. Furthermore, by whole
cell recording from rat trigeminal neurons, a-PMTX was shown to
selectively interfere with TTX-sensitive Na4 channel, causing a slowing
which increased with the level of depolarization. The mode of action of
a-PMTX is distinct from that of known facilitatory presynaptic toxins
including sea anemone toxins (ATXII) or a-scorpion toxins (Lqh-alT)
which modify the fast inactivation of Na4 current. Taking advantage of the
fact that a-PMTX is a small peptide with 13 amino acids, mutation study
of the toxin will serve for understanding the functional architecture of Na*
channel protein.

Supported by Special Cordination Funds for promoting Science and Technology
of the STA

288.19
EFFECT OF A NOVEL WASP TOXIN B-PMTX ON THE
SYNAPTIC
TRANSMISSION OF HIPPOCAMPAL
CAI
PYRAMIDAL NEURONS.
H. Yokota', T. Miyawaki2, H.

Tsubokawa3*, K, Konno4, H, Nakayama5, T. Masuzawa2 and N Kawai3
'Dept. of Surgical Neurol., Utsunomiya Social Insurance Hosp., Tochigi
321-0143; 2Dept. of Surgical Neurol.; ^Dept. of Physiol., Jichi Med. Sch.,
Tochigi 329-0498, Japan; 4Inst. Biosci. of Rio Claro, Sao Paulo State
Univ., Rio Claro SP 13506-900, Brazil; sFac. of Pharmaceu. Sci.,
Kumamoto Univ., Kumamoto 862-0973, Japan.
Using slice preparations of gerbil hippocampus, we examined the
effects of [J-pompilidotoxin (0-PMTX), a newly found neurotoxin
derived from the venom of a solitary wasp (Batozonellus maculifrons}.
p-PMTX, similar to a-PMTX, another wasp toxin has been shown to
facilitate synaptic transmission by the presynaptic mechanism at the
neuromuscular synapse of the lobster walking leg (Konno et al. 1997,
1998). Excitatory postsynaptic potentials (EPSPs) were recorded from
CAI pyramidal neurons m response to stimulation of Schaffercollateral / commissural fibers. In the presence of 5-10 pM p-PMTX,
single stimulation induced summation of 2-4 EPSPs with different
latencies. Amplitude and duration of individual EPSPs was not
significantly changed by the toxin. Extracellular recordings from the
region close to the pyramidal cell layer showed that each EPSP was
evoked synchronously with the afferent volley. In cases where an action
potential was evoked, the after-hyperpolarization of the action
otential was considerably decreasea in the presence of toxin, although
ie the peak amplitude and half width were not modified. Our results
suggest that p-PMTX enhances excitatory synaptic transmission by
inducing repetitive firing in the presynaptic axon.

S

Supported by Special Cordination Funds for promoting Science and
Technology of the STA
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NEUROGENESIS. M. Albrieux, J. L. Eubanks and W. J, Moody*.
Department of Zoology, University of Washington, Seattle, WA
98195.
In the mouse neocortex, the first postmitotic neurons appear at E12
and form the preplate (PP) which is superficial to the ventricular zone
(VZ). The preplate is later split into a marginal zone (MZ) and a
subplate (SP) by cortical plate neurons which migrate through the
subplate neurons. So the preplate contains a mix of at least two
populations of neurons : the marginal zone neurons, e.g. the CajalRetzius cells, and the subplate neurons. Using whole-cell patch-clamp
experiments, we have established that several populations of cells are
present in the mouse neocortex at the preplate stage (El2 and El3
slices). Based on location in the slices, we can say that all the VZ cells
have only a delayed outward K current. In contrast, 63% of the PP
cells have an inward Na current and an outward K current, and 37%
have only an outward K current. So, while absent at the earlier
embryonic stages, electrical excitability appears in the neocortex as
soon as the first postmitotic neurons are bom. However, this ability to
generate action potentials is specific to some, but not all neuronal
cells that compose the preplate.
Supported by NIH grant NS 38116 and by an INSERM fellowship.

ACTIVITY-DEPENDENT ATTENUATION OF ACTION POTENTIAL
BACKPROPAGATION IN RAT NEOCORTICAL DENDRITES
V. Sourdet. N. Ferrand and D. Debanne*
Unitd de Neurocybemetique Cellulaire, CNRS UPR 9041 Marseille, France
Sodium-dependent action potentials (APs) initiated near the soma
backpropagate over the dendrites of neocortical pyramidal neurons.
Backpropagation of APs in the dendrites is functionally important during the
induction of synaptic plasticity. Indeed, long-term potentiation results from
the temporal association of the synaptic activation and a backpropagated train
of APs. The dendritic attenuation during such a train has not yet been
characterized in the neocortex. We therefore investigated the propagation in
neocortical pyramidal dendrites during trains of APs. Whole-cell patch-clamp
recordings were made from visually identified apical dendrites and soma of
layer V pyramidal neurons in parasagittal neocortical brain slices of young
rats. APs were evoked by depolarizing current pulses or trains. The amplitude
of single somatic APs was significantly larger than that of dendritic APs.
During long depolarizing current pulses, the amplitude of the fourth somatic
AP was unaffected, whereas the amplitude of foe fourth dendritic AP was
significantly decreased compared to foe soma. The amplitude recovered if a
brief hyperpolarization preceded the fourth AP. Voltage-dependence of the
recovery of APs attenuation suggested that activation or inactivation of
voltage-gated channels in foe dendrite underlies this process. The more
attenuated the APs, the larger foe time-to-peak, suggesting the involvement of
dendritic Na+-channel inactivation. During depolarizing current trains,
dendritic APs attenuated but somatic APs did not. As previously observed for
pulses, foe greater the attenuation, foe larger the time-to-peak. Recovery of a
test AP time-to-peak was fester for somata than for dendrites. The timedependence of the induction and the recovery of AP attenuation supported that
inactivation of dendritic Na+-channels underlies this process.
Supported by CNRS, MRT and FRM.

289.3

289.4

VOLTAGE GATED SODIUM CHANNEL DENSITY IN MELANOTROPH
CELLS IS MODIFIED BY HYPOTHALAMIC INNERVATION. Y. SCHWAB*.
P. POISBEAU, AND E. JOVER. UMR-CNRS 7519, University Louis Pasteur,
F67084 Strasbourg.
The total ionic conductance through voltage gated sodium channels may determine
the electrical activity of neuronal cells or the hormonal secretion of endocrine cells.
Sodium conductance can be regulated by phosphorylation' of the channel a-subunit
or by regulation of channel density at the plasma membrane. Using RT-PCR and
electrophysiological techniques, we study the expression of sodium channel mRNAs
in melanotroph cells before and after innervation by the GABAergic-dopaminergic
fibres of the hypothalamus. After birth, during the period of normal innnervation,
melanotrophs express high amounts of a-subunit mRNAs (mainly rBII). In vitro
electrophysiological recordings of melanotrophs show a dramatic decrease of the
total sodium conductance after synapse formation, which contrast with the high
levels of mRNA expression. Moreover, the activation of adenyl cyclases increases
total sodium conductance in innervated melanotrophs. Finally, immunocytochemical
labelling of the rBII a-subunit reveals the existence of an internal store of the
protein associated with proteins of the exocytotic machinery. These data suggest
that, in melanotroph cells, sodium channels are down regulated by synaptic activity
and that a "ready to use" internal store exist, that can be recruited by a cAMP
dependent mechanism.

UPREGULATION OF A PREVIOUSLY SILENT SODIUM CHANNEL
GENE IN AXOTOMIZED DRG NEURONS. S.G, Waxman12*, T.R,
Cummin?1,2. C,,Ply mptonLY. Chen*. J^dare3 anti J A Black12 ’Dept.of
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Supported by CNRS and MENRT.

Neurology, Yale Univ. Sch. of Med., New Haven, CT, PVA/EPVA Ctr. for
Neuroscience and Regeneration Research, VA Med. Ctr., West Haven, CT
06516 and 3Molecular Pharmacology Unit, Glaxo-Wellcome Research and
Development, Medicines Research Centre, Stevenage, UK
Following axotomy, some DRG neurons become hyperexcitable. Recent
studies have demonstrated the emergence of a rapidly-repriming, tetrodotoxin
(TTX)-sensitive sodium current which may contribute to this hyperexcitability
in axotomized DRG neurons, but its molecular basis is unexplained. Axonal
transection leads to an up-regulation of sodium channel III transcripts, which
are normally undetectable in DRG neurons, in adult rats. We show here that
TTX-S currents in axotomized DRG neurons reprime more rapidly than those
in control neurons throughout a range of -140 to -60 mV, although small (<25
pm dia.) neurons exhibit substantially greater changes than medium (40-45
pm dia.) neurons. We also show that small and medium DRG neurons
display increased brain type III sodium channel immunostaining at 7-9 days
post-axotomy. Type III sodium channel staining is present within somata and
neurites of axotomized neurons studied in vitro. Axotomized DRG neurons in
situ also exhibit enhanced type III staining compared to control neurons,
including an accumulation of type III sodium channels in the distal portion of
the transected sciatic nerve. These observations are consistent with a
contribution of type III sodium channels to the rapidly-repriming sodium
currents observed in axotomized DRG neurons, and suggest that type iii
channels may at least partially account for the hyperexcitibility of these
neurons following injury. This work was supported by the Medical Research
Service, Department of Veterans Affairs, National Multiple Sclerosis Society and the
Paralyzed Veterans of America / Eastern Paralyzed Veterans Association.

289.5

289.6

GDNF RESCUES TTX-RESISTANT Na+ CURRENTS IN C-TYPE DRG
NEURONS AFTER AXOTOMY. T.R, Cummins*. J. Fiell. S.D. Dib-Haij. LABlack and S.G, Waxman. Dept. of Neurol., Yale Univ. Sch. of Med., New Haven,
CT 06520 and Neurosci. Res. Ctr., VAMC, West Haven, CT 06516.
Dorsal root ganglion (DRG) neurons become hyperexcitable following axonal
injury, in part due to changes in Na+ currents. We previously demonstrated that Ctype rat DRG neurons express Na+ currents with dramatically different kinetics
following axotomy (sciatic n. ligation). Uninjured C-type neurons predominantly
express slowly-inactivating TTX-resistant (TTX-R) and slowly-repriming TTXsensitive (TTX-S) Na+ currents. Following axotomy, TTX-R current density is
greatly reduced and rapidly repriming TTX-S currents predominate. These changes
may substantially alter excitability and could contribute to some chronic pain
syndromes associated with injury to the axons of DRG neurons.
Recently we demonstrated that glial derived growth factor (GDNF) can modulate
Na+ channel expression in cultured DRG neurons. To examine the role of GDNF in
modulating DRG Na+ currents in vivo, GDNF was delivered directly to the
transected sciatic n. stump using an osmotic pump. Ten days following axotomy
the TTX-R Na+ current density was larger in axotomized C-type neurons treated
with GDNF (16±2 nA, n=54) than in axotomized C-type neurons treated with
Ringer solution (6±2 nA, n=50), but not as large as in uninjured C-type neurons
(28±4, n=27). The TTX-S currents in GDNF -treated neurons reprimed slower
than in axotomized neurons, but not as slow as in uninjured neurons. This indicates
that GDNF can partially reverse the effects of axotomy on the excitable properties
of DRG neurons.
(Supported in part by the Veterans Administration, Paralyzed Veterans of America
and Eastern Paralyzed Veterans Association).

EFFECTS OF AXOTOMY ON SODIUM CONDUCTANCE IN LARGE
ADULT CUTANEOUS AFFERENT DORSAL ROOT GANGLION
. Brian Ev€rili*,.Ihg9d9rg R, Cumming, §, Q. Waxman, and Mfery P,
Kocsis. Dept. of Neurology, Yale Univ. Sch. of Med., and Neuroscience Research
Center, VAMC, West Haven, CT 06516
It has been postulated that excitability will be substantially altered by
axotomy-induced changes, and that this could underlie the molecular pathogenesis ol
many chronic pain syndromes associated with injury of spinal sensory neurons. A
number of workers have demonstrated Na+ channel and GABA receptor reorganization
in cutaneous dorsal root ganglia (DRG) neurons after axotomy. The present study was
undertaken to determine foe Na+ kinetics of the larger (AS type) cutaneous afferent DRG
neurons after axotomy by sciatic nerve ligation.
DRG neurons were acutely
dissociated from adult female Wistar rats and prepared for short-term (15-24 hrs)
examination. Whole cell patch clamp recordings were obtained from medium-sized
neurons of foe total population (49-50 um) which give rise to myelinated peripheral
axons.
Inward Na+ currents were recorded from acutely dissociated adult rat cutaneous
afferent DRG neurons (L4 and L5) identified by retrograde labelling with Fluoro-gold.
Both uninjured and injured neurons displayed similar complex Na+ currents composed
of distinct kinetic and pharmacological properties. The large uninjured cutaneous
afferent neurons exhibited Na+ currents with both slow- and fast-inactivating kinetics.
The fast-inactivating currents also had fast repriming kinetics. By contrast foe fastinactivating currents in small (<25um diameter) neurons and in heterologously
expressed hPNl channels have very slow repriming kinetics. Unlike the smaller DRG
neurons, which display major changes in repriming kinetics, repriming of the festinactivating current in the larger cutaneous afferent neurons is apparently not altered
following axotomy (n=20). However, up to 55% of these larger DRG neurons were
observed to completely lose foe slower inactivating portion of the current after
axotomy; this current also being largely reduced in those cells where it was still
detectable. Supported in part by foe VA and foe NIH.
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289.8

COMPUTER MODELING OF COMPARTMENTAL
NEURONS USED TO ESTIMATE SODIUM CHANNEL
DENSITY KM Heilman1*, L.H, Finkel2*, and P. Contreras1

‘Department of Neuroscience, 2Department of Bioengineering,
University of Pennsylvania, Philadelphia, PA 19104, USA
Excised patch recordings have suggested a density of sodium
channels (50-150 ps/um2) that is lower than that typically used in
computer models of mammalian neurons(300-1000 ps/um2). In order
to investigate
parameters
affecting sodium channel current,
phsiological data from the literature was used to construct temperature
and age dependent channel models. A multicompartmental and reduced
compartmental computer model of a CA3 hippocampal pyramidal
neuron (based on M. Migliore et al. J.Neurophys 1995 model) and
thalamic relay neuron (based on A. Destexhe's J.Neurosci 1998 model)
were analyzed with different distributions of sodium channels in
NEURON. Realistic levels of neuronal excitability were not obtained
using physiological levels of sodium channel density. On the other
hand, higher sodium channel density levels generated currents that did
not match voltage clamp recordings available. This study cannot
adequately assess the actual sodium channel density, but suggests that
the disparity between the computer modeling and physiology could be
partially resolved with inhomogenous ion channel density distribution
including higher density in axonal compartments (axon hillock, initial
segment). This computer model could be used to explore more complex
channel distribution paradigms, devise physiological experiments and
investigate parameters involved in neuronal excitability. Supported by
NIH, NSF-K01

CHANNEL NOISE IN EXCITABLE NEURONAL MEMBRANES

P, Steinmetz*1. A, Manwani1. M. London2 and C. Koch1. ‘Computation and Neural
Systems Program, MS 139-74, Caltech Pasadena, CA 91125, USA & department of
Neurobiology, Life Sciences Institute, Hebrew University, Jerusalem 91906, Israel.
Previous studies have explored the effect of conductance fluctuations of
stochastic, microscopic, voltage-gated ion channels on the spiking behavior of
excitable neurons. However, a systematic investigation of the influence of channel
kinetics on sub-threshold membrane noise has not been carried out. Here we compare
the standard deviation, power spectral density and amplitude distribution of subthreshold membrane voltage fluctuations for a variety of kinetic schemes reported in
the literature, using Monte-Carlo simulations of stochastic, voltage-gated Na+ and K+
channels in isopotential neuronal membrane patches. In order to study the effect of
differences of kinetic parameters, such as half activation voltages, slopes, and
channel densities, we systematically vary the kinetic parameters of a canonical model
of channel kinetics. This allows us to study the relationship between membrane
excitability and the resulting voltage fluctuations. We contrast the results of our
simulations with those obtained using linearized, quasi-active approximations to
channel kinetics. When the magnitude of voltage noise due to channel fluctuations is
of the order of a few millivolts, the linearized expressions provide excellent
estimates of membrane noise due to channel fluctuations, even for kinetic schemes
which differ substantially in excitability. Supported by NIMH, NSF and the Sloan
Center of Theoretical Neurobiology.
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CHANGES IN AMPA RECEPTOR GLUR1 SUBUNIT PHOSPHORYLATION
ASSOCIATED WITH NMDA RECEPTOR-DEPENDENT SYNAPTIC
PLASTICITY. IT.-K. W'. K- Kanieyama^
-Bear*, and.R, L, Hyganir1.
+Dept. Neurosci./HHMI, Johns Hopkins Medical School, Baltimore, MD 21205.
sDept. Neurochem., Tokyo University, Japan. *Dept. Neurosci./HHMI, Brown
University, Providence, RI 02912.
Information storage in the brain is believed to occur by activity-dependent mechanisms, such as long-term potentiation (LTP) and long-term depression (LTD). In
the CAI region of the hippocampus, the major form of LTP and LTD is dependent
on NMDA receptors. Since both LTP and LTD are measured as changes in the fast
excitatory synaptic transmission, mediated mainly by AMPA receptors, we tested
whether LTP/D expression is due to direct changes in AMPA receptor function.
Previously, using chemical LTD (chemLTD) as a biochemical model for homosynaptic LTD, we found that one mechanism for LTD expression may be a persistent dephosphorylation of AMPA receptor subunit GluRl. The dephosphorylation
of GluRl with chemLTD was specific to Ser845, a PKA phosphorylation site, but
no changes were seen at Ser831, which is a CaMKII/PKC site. In our present
study, we extended these findings to homosynaptic LTD elicited by low frequency
electrical stimulation (LFS; 1 Hz, 15 min) of Schaffer collateral inputs to CAI
pyramidal cells. Slices collected 1 hr after LFS showed dephosphorylation of
Ser845, without much change in Ser831, compared to control slices given baseline
stimulation. Inhibitors of NMDA receptor and phosphatases blocked both homosynaptic LTD and the dephosphorylation of Ser845. These data suggest that dephosphorylation of AMPA receptor GluRl subunits contribute to the expression of
homosynaptic LTD. Currently, we are examining whether differential bidirectional
changes in AMPA receptor phosphorylation occurs during LTD and LTP, as well as
during depotentiation and de-depression. [Support: HHMI]

LONG-TERM
DEPRESSION
INDUCED
BY
ACTIVATION
OF
METABOTROPIC GLUTAMATE RECEPTORS REQUIRES PROTEIN
SYNTHESIS. K.M Huber*, M.S. Kayser and M.F, Bear. HHMI / Department of
Neuroscience, Brown University, Providence, RI USA 02912
In hippocampal area CAI two forms of LTD have been established, one that is
dependent on NMDA receptor activation and another which is dependent on
Group 1 metabotropic glutamate receptors (mGluRs; Oliet et al., 1997, Palmer et
al., 1997). We have previously shown that brief application of the group 1 mGluR
agonist 3,5-dihydroxyphenylglycine (DHPG; 50 pM; 5 min) induces a long lasting
depression of EPSPs in CAI neurons elicited by Schaffer collateral stimulation
(Huber & Bear, 1998). DHPG-induced LTD relies on activation of mGluR5 as it is
absent in mGluR5 knockout mice and can be induced in the presence of NMDA
receptor antagonists. Recent studies have implicated Group 1 mGluRs in the
activation of synaptic protein synthetic machinery (Weiler and Greenough, 1993,
Angenstein et al, 1998; Merlin et al., 1998, Raymond et al., 1998). To test the
hypothesis that expression of DHPG-LTD requires protein synthesis, the mRNA
translation inhibitor anisomycin (20 (J.M) was applied to slices 1 hour before
DHPG application. The initial slope of field EPSPs (FPs) was monitored as a
measure of synaptic strength. The immediate depression of synaptic transmission
that results from DHPG application was unaffected by anisomycin, showing that
the drug did not have a direct effect on mGluRs. However, anisomycin
significantly reduced the magnitude of LTD measured 100 min post-DHPG (93 ±
1% of baseline FP slope values; n = 9, p < 0.001) as compared to LTD in control
slices (80+ 2%; n = 9). To determine if DHPG-LTD relies on mRNA synthesis,
slices were treated with the transcription inhibitor actinomycin D (25 pM; 0.2%
DMSO) for 30 min prior to DHPG application. LTD in actinomycin D treated
slices was not significantly different from LTD in DMSO treated control slices
(80± 2%; n = 10 vs. 83± 5%; n = 4). These results suggest that the expression of
DHPG-induced LTD relies on translation of existing mRNAs. Local protein
synthesis may be a mechanism for the rapid, activity-dependent regulation of
long-term changes in synaptic strength and structure. [Supported by HHMI and
NIH NRSA]

290.3

290.4

SYNAPTIC CLUSTERING OF AMPA RECEPTORS BY THE
EXTRACELLULAR IMMEDIATE EARLY GENE PRODUCT NARP.
Desheng Xu*2, Richard J. O'Brien*1'2,3, Ronald S, Petralia4, Oswald
Steward5 Richard L. Huganir12 and Paul Worley2,3^ . ‘Howard Hughes
Medical Institute department of Neuroscience, ’Department of
Neurology Johns Hopkins University School of Medicine, Baltimore,
MD 21205; 4NIDCD/NIH, Laboratory of Neurochemistry, Bethesda,
MD 20892; 5University of Virginia, Department of Neuroscience.
Narp (Neuronal Activity Regulated Pentraxin) is a secreted, 55 kDa
calcium-dependent lectin that is an immediate early gene regulated by
synaptic activity in brain. In this study, we demonstrate that Narp
possesses several properties which make it likely to play a key role in
excitatory synaptogenesis. Narp is shown to be selectively enriched at
excitatory synapses on neurons from both the hippocampus and
spinal cord in vivo and in vitro. Overexpression of recombinant Narp,
increases the number of excitatory, but not inhibitory synapses in
cultured spinal neurons. In transfected HEK-293 cells, Narp interacts
with itself, forming large surface clusters which coaggregate the
AMPA receptor subunits GluRl-3. Moreover, Narp expressing 293
cells induce the aggregation of neuronal AMPA receptors at sites of
contact with cultured spinal neurons. Finally, co-immunoprecipitation
experiments reveal that Narp is associated with AMPA receptors in
vivo. These studies describe a novel, activity-dependent mechanism
for modifying the formation of excitatory synapses and support a
model in which Narp functions as an extracellular aggregating factor
for AMPA receptors.

INVOLVEMENT OF CALCINEURIN Jh mGLUR-DEPENDENT LONG-
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Ll 1:3-’L K, Kato2 and K, Mikoshiba12 3, ’Dept. Molecular Neurobiol., Institute of

Medical Science, The Univ. of Tokyo, Tokyo 1088639; 2CaIciosignal Net Project,
ERATO, JST, Tokyo 1130021; ’Develop. Neurobiol. Lab., Brain Science Institute,
RIKEN, Wako 3510198, JAPAN.
We have investigated the role of calcineurin (CaN) on mGluR-dependent long-

term depression (LTD) in the CAI region of rat hippocampal slices. Under our

experimental conditions, mGluR-LTD required activation of L-type voltage
dependent Ca2+ channel and Ca2+ release from intracellular Ca2+ stores. We

found that CaN is involved in this type of LTD. Differ from NMDAR-dependent
LTD in which CaN plays a role via inhibitor 1 / protein phosphatase 1 cascade, the

mGLuR-LTD was unaffected by the blockade of inhibitor 1, suggesting that CaN
contributes to mGluR-LTD via alternative pathway.
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ABP SPLICE VARIANTS: DIFFERENTIAL COLOCALIZATION WITH AMPA RECEPTORS IN
HIPPOCAMPAL NEURONS. S. deSouza. P, Osten. L. Khatri. G.
Rameau* and E.B. Ziff. HHMI and Dept. of Biochemistry, NYU
Medical Center, 550 First Ave, New York, NY 10016.
PDZ domains are structural motifs that interact with the Ctermini of proteins. Several labs, including ours, have identified
two homologous proteins that interact with the C-terminus of the
GluR2 subunit of the glutamate receptor: AMPA receptor Binding
Protein (ABP - containing 6 PDZ domains) and Glutamate
Receptor Interacting Protein (GRIP - containing 7 PDZ domains).
The role that ABP, GRIP and other molecules that interact with
glutamate receptors, such as PICK1 and NSF, play in the precise
synaptic localization, targeting, clustering and anchoring of the
receptor is still not clear. Several splice variants of ABP were
cloned from a rat brain cDNA library, including a form that
contains 7 PDZ domains (ABP2) and two ABP forms with
alternatively spliced N-termini. We have characterized the
expression and localization of these different ABP forms both in
heterologous HEK 293 cells and hippocampal neurons. Currently,
we are investigating the molecular basis underlying the differential
localization of these ABP splice variants. [Supported by the
Howard Hughes Medical Institute].

INDUCTION OF MGLUR-DEPENDENT HIPPOCAMPAL
MOSSY FIBER LTP IN THE ABSENCE OF FAST SYNAPTIC
TRANSMISSION. M.F. Yeckel*, A. Kapur, and D. Johnston, Division
of Neuroscience, Baylor College of Medicine, Houston, TX. 77030.

Using Ca2+ imaging techniques we have shown previously that a rise in postsynaptic [Ca2+]—sufficient for induction of mossy fiber LTP—occurs when fast
synaptic transmission is blocked by the ionotropic, glutamate-receptor antagonist kynurenate (10 mM). In the present study, we tested the hypothesis that
when fast synaptic transmission is blocked, the rise in [Ca2+]j revealed during
long trains of stimulation, results from mGluR-induced release of Ca2+ from
internal stores. Whole-cell recordings were made from CA3 pyramidal neurons, and trains of stimulation (L-HFS-3; 3 trains of 100 pulses at 100 Hz)
were applied to mossy fiber axons in s. lucidum. The Ca2+ indicator furar2
was included in the recording pipette (80-200 pM.). Either ryanodine (20 pM)
or thapsigargin (5 /iM) was added to the bath to deplete internal Ca2+ stores.
In all cases, ryanodine (n=3) and thapsigargin (n=3) irreversibly blocked a rise
in Ca2+ during L-HFS-3. To determine whether this release of internal Ca2+
was triggered by activation of mGluRs, we included one of three antagonists
for group I mGluRs in the bath. Addition of either of the competitive antagonists, MCPG (500 pM) or AIDA (500 pM), reversibly blocked the rise in Ca2+
during L-HFS-3 (n=3 and n=6, respectively). Similarly, the noncompetitive
antagonist, CPCCOEt (100 pM) reversibly blocked the rise in Ca2+ during LHFS-3 (n=3). We also determined whether these antagonists, in conjunction
with kynurenate, blocked the induction of mossy fiber LTP. In all experiments
AIDA (n=3) or CPCCOEt (n=3) blocked the rise in [Ca2+],, and correspondingly, mossy fiber LTP was prevented. These results support the conclusion
that when fast synaptic transmission is blocked, the rise in postsynaptic [Ca2+]
observed during trains of mossy fiber stimulation is mediated at least in part
by mGluR stimulated release of Ca2+ from internal stores, and that this rise in
[Ca2+]j is required for the induction of mossy fiber LTP. (Supported by NIH).

290.7

290.8

Bursts of hippocampal mossy fiber activity evokes calcium release in
CA3 pyramidal neurons via a metabotropic glutamate - IP3 receptor
pathway A. Kapur*, M.F. Yeckel and D. Johnston,
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030
Although it is known that mossy fiber activity can evoke calcium release
from internal stores in CA3 neurons, the mechanism for this has not been
elucidated. We used whole cell recording and calcium imaging from CA3 pyramidal neurons in hippocampal slices to investigate this phenomenon. Slices
(400 pm) were prepared from 19-25d Sprague-Dawley rats and fura-2 was included in the whole cell pipette to measure changes in [Ca2+]j with a cooled
CCD camera. Our results demonstrate that brief bursts (5 stimuli at 20 Hz) to
the mossy fibers could activate metabotropic glutamate receptors (mGLURs)
on CA3 pyramidal neurons and elicit calcium release from IP3 sensitive internal stores. Direct activation of mGLURl and mGLUR5 receptors by pressure
ejection of the agonist tADA to stratum lucidum was sufficient to induce calcium release. Because of the calcium dependence of the IP3 receptor, release
could be facilitated by calcium influx through voltage gated calcium channels.
In support of this, we found that L-type calcium channels contributed to this
synergistic effect, but other voltage gated channels might assume this role as
well. Strong bursts of mossy fiber input evoked waves of calcium release that
propagated from apical to basal ends of the soma, and in some cases, out
distally into the apical dendrites. The presence of dantrolene, an intracellular inhibitor of ryanodine receptors, in the whole cell pipette did not block
mossy fiber induced calcium release. These results provide insights into the
mechanism of calcium release in CA3 neurons and demonstrate the powerful
influence mossy fiber inputs can have on this phenomenon (MH44754).

NMDA RECEPTOR BLOCKADE DOES NOT PREVENT FUNCTIONAL
SYNAPTOGENESIS IN DEVELOPING HIPPOCAMPAL SLICE CULTURES.
Andreas Luthi, Beat H. Gahwiler and R. Anne McKinney*. Brain Research Institute,
University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, Switzerland.
During early postnatal development many excitatory synapses are thought to be
postsynaptically ‘silent’, meaning that they contain NMDA receptors but lack
functional AMPA receptors. It has been suggested that during the first 1-2 weeks of
development silent synapses are converted into active synapses by the acquisition of
functional AMPA receptors through an NMDA receptor-dependent process. To test
this hypothesis in an intact slice preparation, we have treated organotypic
hippocampal slice cultures, prepared at postnatal day 0, with the NMDA receptor
antagonist CPP (100 pM) for 14 days. We found that the frequency of AMPA
receptor-mediated miniature EPSCs (mEPSCs) was markedly increased in CPPtreated slices (control: 0.62±0.09 Hz vs. CPP: 2.15±0.42 Hz; n=19; p<0.001), with
only a small effect on the mEPSC amplitude (control: -13.2±0.7 pA vs. CPP:
-15.8±1.1 pA; n=19; p<0.05) and no change in the mEPSC kinetics. We are
currently investigating whether this increase in the mEPSC frequency is due to the
formation of new synaptic connections and/or due to a change in the probability of
release. Our results suggest thereby that the activation of NMDA receptors is not
required for the induction of functional, AMPA receptor expressing synapses during
the first two weeks of postnatal development in hippocampal slice cultures.
Supported by the Swiss National Science Foundation (31-41829.94.).

290.9

290.10

MULTIPLE GLUTAMATE RECEPTOR SUBTYPES INVOLVED IN LONGTERM DEPRESSION IN THE RAT PERIRHINAL CORTEX IN VITRO
K. Cho*, N, Kemp, M. W. Brown, J, P, Aggleton1 and Z, I. Bashir. Dept of
Anatomy, MRC Centre for Synaptic Plasticity, Univ. of Bristol, Bristol, BS8
1TD, UK and ‘School of Psychology, Univ. of Cardiff, Cardiff CF1 3YG, UK.

LTD IS NSF-DEPENDENT IN THE CAI REGION OF THE RAT
HIPPOCAMPUS. F. Duprat, R. Chittqjallu. A. Luthi, J.T.R, Isaac*. J.M. Henley &
G.L, Collingridge. Dept. of Anatomy, University of Bristol, University Walk,
Bristol BS8 1TD, United Kingdom.
It has recently been shown that N-ethylmaleimide-Sensitive Factor (NSF)
interacts directly and specifically with the GluR2 AMPA receptor subunit.
Furthermore, preventing the GluR2-NSF interaction, by introducing a peptide
(PEP2m) into CAI pyramidal cells of rat hippocampus (13-15 days) via a wholecell patch pipette, leads to a rapid decrease in the amplitude of AMPA receptor
mediated EPSCs. Thus it appears that AMPA receptors undergo a rapid recycling
at the postsynaptic membrane and that this process involves an NSF-dependent
step. To determine whether this recycling is involved in synaptic plasticity we
investigated whether preventing the GluR2-NSF interaction can alter the expression
of LTD. When the effect of PEP2m had appeared to reach its maximum a new
baseline was collected and a pairing LTD protocol was induced (0.5 Hz, -40 mV
holding potential, for 10 minutes). Under these conditions this failed to elicit LTD,
whereas in interleaved experiments in which an inactive peptide was used, LTD
was reliably expressed. Furthermore, prior LTD induction specifically occludes any
subsequent reduction in AMPA mediated EPSCs by PEP2m. To further investigate
the molecular mechanism involved in this effect whole-cell voltage-clamp dendritic
recordings were performed and similar to the somatic recordings, PEP2m caused a
reduction in the amplitude of AMPA mediated EPSCs. This effect was associated
with a decrease in the failure rate whereas the conductance of AMPA receptors, as
measured by non-stationary fluctuation analysis, did not alter. These data suggest
that the regulation of NSF-dependent AMPA receptor trafficking at the
postsynaptic membrane is an important molecular mechanism in long-term
modifications of synaptic strength at glutamatergic synapses.
Supported by the Wellcome Trust and MRC

The perirhinal cortex is of crucial importance in several forms of learning and
memory, including recognition memoiy. Decreases in perirhinal neuronal firing
and Fos expression occur with stimulus repetition during visual recognition
memory (Brown and Xiang 1998, Prog. Neurobiol. 55, 149-189) but the
mechanisms of synaptic plasticity have only recently begun to be investigated in
perirhinal cortex in vitro (Bilkey 1996, Brain Res. 733, 297-300, Ziakopoulos et
al 1999, Neuroscience in press). In this study we have investigated the
mechanisms underlying LTD (long lerm depression) in perirhinal cortex.
Experiments were carried out using standard whole-cell voltage-clamp
recording (caesium based filling solution) from neurones in layer II/III.
Stimulating electrodes were placed in layer II/III on either side (enthorhinal and
temporal) of the recording site. 5pM picrotoxin was added to the aCSF
throughout the experiment. 200 stimuli were delivered at 1Hz (LFS) to induce
LTD. LTD (51± 11 % of pre-LFS baseline; n=10) was induced by LFS when
paired with depolarisation to -40mV of the post synaptic cell. LFS also induced
LTD (69 ± 10 % of baseline; n=8) when delivered at a holding potential of
-70mV. The induction of both forms of LTD were blocked by each of D-AP5,
MCPG and the group I mGlu antagonist, AIDA. However, the group II mGlu
antagonist EGLU prevented LTD at -70mV, but not at -40mV. These findings
indicate that a complex interaction between glutamate receptor subtypes underlie
LTD in perirhinal cortex in vitro.
Supported by the BBSRC and MRC.
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MGLUR5 ACTIVATION INDUCES LATE LTD AND IMPAIRS SPATIAL
LEARNING IN THE ADULT RAT. W. Wetzel1*, Th, Behiusch1, T, Jager1, M.
Sokolov1. K.G. Revmann12 and D. Balschun1. ’Leibniz Inst. Neurobioiogy, 39008
Magdeburg, Germany, 2 Inst. Applied Neurosciences GmbH, Magdeburg, Germany.
Recently we have shown that the functional impact of an inhibition of group I
metabotropic glutamate receptors (mGluRs) on hippocampal LTP and spatial
learning depends on the strength of tetanization and the particular configuration of
the learning paradigm, respectively. Here we report the effects of an activation of
group I mGluRs on hippocampal synaptic plasticity and spatial learning. Bathapplication of the group 1 mGluR agonist (S)-3.5-Dihydroxyphenylglycine (DHPG;
15 pM) to the hippocampal CAI region of seven-week-old rats generated a robust
LTD of the field EPSP at about 60-70% of the baseline level. This type of LTD could
be also observed in intracellular recordings, did not require an artificial enhancement
of neuronal excitability and could be induced in the presence and absence of the
C A3-region. In addition, it partially occluded electrically triggered LTD (and vice
versa) and was stable maintained for at least 8 hours. During this time period the
ability to further changes in synaptic strength was preserved. Bath application of a
high (1 mM) but not of a low dose (100 pM) of the group I antagonist (S)-a-methyl4-caiboxyphenylglycine (4-CPG) impaired the DHPG-induced late LTD indicating
an involvement of mGluR5. In agreement with this, bath-application of the mGluR5
agonist (R,S)-2-Chloro-5-hydroxyphenylglycine (CHPG; 2 mM) caused a similar
depression. Ca2+ release from intracellular stores and activation of protein kinase C
were found to be not involved in DHPG-induced late LTD. Increase in paired-pulse
facilitation and changes of quantal parameters (quantal content, coefficient of
variation) strongly suggested a presynaptic locus of the LTD induction.
In line with these results, i.c.v. application of DHPG (15.6 pg) or CHPG (104 pg)
30 min before Y-maze spatial alternation training resulted in complete amnesia if
retention was tested 24 h later. These effects were not state-dependent.

AGED MICE DEFICIENT IN THE AMPA RECEPTOR SUBTYPE GLUR2
DO NOT EXHIBIT LTP. E. Rosemond and N, Agopvan*. Faculty of
Pharmacy, Univ. of Toronto, Toronto, ON, M5S 2S2 Canada.
In order to investigate foe role of calcium permeable AMPA receptors in foe
induction of long-term potentiation (LTP), mice were generated that were
deficient for foe ionotropic glutamate receptor 2 (GluR2) gene. We previously
reported that young GIuR2 deficient mice (4-5 wks old) exhibit a non-saturating
increase in LTP (>2-fold) over their wild-type litter mate controls in the absence
of any change in neuronal excitability and paired-pulse facilitation1. Recently,
Malinow’s group confirmed foe enhancement of LTP in GluR2 mice and showed
that foe enhancement in LTP is due to foe recruitment of new AMPA receptors
and/or an increase in their conductance.2
However, behavioural studies reported impairment in learning and memory
based on several in vivo behavioural models such as foe water maze2. Age was
foe sole difference between mice used in behavioural and electrophysiological
experiments. Hence foe hypothesis is that GluR2 deficient mice have an agedependent reduction in LTP induction.
In an attempt to investigate foe progressive loss of LTP in GluR2 deficient mice
we compared LTP induction in young and 18 month old mouse hippocampal
slices (400pm) using extracellular field recording techniques. Our data showed
that aged GluR2 deficient mice do not display either post-tetanic potentiation or
long term potentiation in foe CA3-CA1 synapse. Currently we are investigating
foe mechanisms underlying this impairment.
1 Jia Z (etal.) 1996 Neuron. 17: 945-956.
2 Mainen ZF (etal.) 1998 Nat Neurosci. 1: 579-586.
3 Gerlai R (etal.) 1998 Behav Brain Res. 95:37-45.
This work was supported by foe MRC grant held by N.A.

290.13

290.14

LTP IN THE MEDIAL PERFORANT PATH OF RAT HIPPOCAMPUS
CAN BE INDUCED AND PRIMED BY NMDA APPLICATION. A.M.
Rush*, M. Rowan and R, Anwvl, Dept. of Physiology and Pharmacology,
Trinity College, Dublin 2, Ireland.

SHORT-TERM PLASTICITY AND NEURAL CODING AT
PERFORANT PATH SYNAPSES IN THE DENTATE GYRUS OF THE
HIPPOCAMPUS: COMPARISON BETWEEN THE MEDIAL AND
LATERAL PATH SYNAPSES AND MODULATION BY ACTIVATION
OF PRESYNAPTIC METABOTROPIC GLUTAMATE RECEPTORS.
J. Kilbride*G. Reetz, M. J. Rowanl and R. Anwyl Department of
Physiology, and Experimental Therapeutics1, Trinity College, Dublin 2,
Ireland.

In previous studies, brief application of N-methyl-D-aspartate (NMDA)
for a few seconds was shown to produce a short-term depression (STD),
followed by a short-term potentiation of excitatory post-synaptic potentials
(EPSPs) in hippocampal CAI slices (Collingridge et. al., J.Physiol., 334:3346, 1983; Kauer et. al., Nature, 334:250-252, 1988). In addition, more recent
work in CAI showed that longer bath application of NMDA (20pM for 3
minutes) induced a STD, followed by a long-term depression (LTD) (Lee et.
al. Neuron, 21:1151-1162, 1998). In our studies, we have examined the
effects of application of NMDA on EPSPs recorded from the medial perforant
path in the dentate gyrus. Brief bath application of NMDA (10pM for 5
minutes) induced an initial STD followed by long-term potentiation (LTP),
lasting well over an hour (120±5% of control at 30 mins post application, n =
8). Repeated application of NMDA in this manner gave further LTP. For
example, 3 such applications of NMDA at intervals of 30 minutes induced a
final LTP of 130±8%, n = 8. Pre-synaptic stimulation was not necessaiy
during NMDA application to produce this LTP. There was no change in
paired-pulse depression, indicating a probable post-synaptic effect.
Subsequent high frequency stimulation produced a much larger or “primed”
LTP overall than in control slices, suggesting separate mechanisms for the
two types of LTP.
Supported by the EU (BI04CT960049) and The Wellcome Trust.

Modulation of short-term plasticity by activation of metabotropic
glutamate receptors group )l and group III (mGluRII and III) was
investigated in the medial and lateral perforant paths respectively in the
dentate gyrus of the hippocampus in vitro. Brief trains of stimulation (10
stimuli at 1-200 Hz) evoked short-term depression of field EPSPs and
EPSCs in the medial and lateral perforant paths, with a steady-state
short-term depressed level being attained after 5-6 stimuli.The steadystate level of depression was much stronger in the medial than the
lateral path. In both paths, the curve relating transmitter release per unit
time to frequency increased linearly up to a certain limiting frequency,
but flattened at higher frequencies. The limiting frequency was higher in
the lateral (20Hz-50Hz) than the medial (10Hz-20Hz), correlating to the
much greater steady-state level of short-term depression in the medial
perforant path. Activation of mGluRII and mGluRIII in the medial and
lateral perforant paths reduced short-term depression above a certain
frequency, 20Hz and 10Hz respectively, and shifted the limiting
frequency to higher values in the medial and lateral perforant paths
following maximal activation of group II and III mGluR.
Supported by the EU (BI04CT960049) and Wellcome Trust

290.15

290.16

SELECTIVE GLUTAMATE RECEPTOR ANTAGONISTS CAN INDUCE OR
PREVENT AXONAL SPROUTING IN RAT HIPPOCAMPAL SLICE
CULTURES.

GLUTAMATE AND NITRIC OXIDE PRODUCE INCREASES IN cGMP AND
SYNAPTOPHYSIN IMMUNOFLUORESCENCE IN CULTURED HIPPOCAMPAL NEURONS. L Antonova,1* A-C, TrillaC.Q, Aiancio2, J. de Vente,3 and
R, D. Hawkins'. ‘Ctr. Neurobiol. & Behav., Columbia Univ., NY, NY 10032;
2SUNY HSC, Brooklyn, NY 11203; ’Maastricht Univ., Netherlands.
Previous studies have shown that glutamate, nitric oxide (NO), and presynaptic cGMP can cause long-lasting potentiation in cultured rat hippocampal neurons
(O’Dell et al., PNAS 88, 11285, 1991; Malgaroli & Tsien, Nature 357, 134, 1992;
Arancio et al., Nature 376, 74, 1995; Cell 87, 1025, 1996). These findings suggested that glutamate stimulates production of NO, which acts as a retrograde messenger to increase presynaptic cGMP during foe induction of potentiation. However, there was no direct evidence that either glutamate or NO caused an increase
in cGMP levels. We now report that brief application of glutamate or NO that
produces a long-lasting increase in mini frequency also produces an increase in
cGMP immunofluorescence in cultured hippocampal neurons. Furthermore, foe
increase by glutamate is blocked by foe NMDA antagonist APV or foe NO synthase inhibitor nitroarginine. The cGMP appears throughout foe cytoplasm of foe
neurons including synaptophysin immunofluorescent puncta which colocalize with
GluRl-immunofluorescent puncta, consistent with foe idea that they represent presynaptic terminals. In foe course of these experiments we noticed that brief application of glutamate or NO also produces an increase in foe number of synaptophysin immunofluorescent puncta in foe cultured neurons. The increase by glutamate occurs rapidly (within a few minutes), persists for at least 1 hour, and is
blocked by nitroarginine. These results support foe idea that glutamate and NO
produce an increase in presynaptic cGMP levels during foe induction of longlasting potentiation, and suggest that this potentiation is accompanied by a rapid
and long-lasting increase in foe number of synaptophysin-immunofluorescent presynaptic terminals. (Supported by MH50733 and foe Whitehall Foundation.)

R. Anne McKinney. Andreas Luthi, Christine E, Bandtlow, Beat H, Gahwiler. and
Scott M- Thompson1"*
Brain Research Institute, University of Zurich Winterthurerstrasse 190, CH-8057
Zurich, Switzerland; f Department of Physiology, University of Maryland School of
Medicine, 655 W. Baltimore St., Baltimore, MD 21201.

Three days after lesioning the Schaffer collateral pathway in morphologically
stable hippocampal slice cultures, reactive sprouting is induced in the CA3 area, as
visualized with GAP-43 immunohistochemistry, and synaptic transmission between
areas CAI and CA3 is restored after 14 days. Using this model, we have studied the
role of ionotropic glutamate receptors in foe initiation of axonal sprouting and foe
regeneration of functional synapses. We show that neither reactive sprouting nor
functional recovery of synaptic transmission occur in foe presence of foe nonNMDA receptor antagonist NBQX. In contrast, NMDA receptor antagonists did not
interfere with these processes. Furthermore, we observed that foe application of
NMDA receptor antagonists to unlesioned cultures induced an increase in axonal
sprouting, and in foe frequency of mEPSCs. Our results thereby indicate that NMDA
and non-NMDA receptors exert a differential effect on reactive sprouting and foe
recovery of synaptic transmission after injury in foe hippocampus. The activation of
non-NMDA receptors appears necessary for these processes to occur, whereas
activation of NMDA receptors normally suppresses GAP-43 expression and axonal
outgrowth. Supported by the Swiss National Science Foundation (31-41829.94) and
the Epilepsy Foundation ofAmerica
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290.18

INVOLVEMENT OF RYANODINE RECEPTORS AND CREB PHOSPHORYLATION IN NITRIC OXIDE-INDUCED LATE-PHASE LTP. Y.-F, Lu
and R, D, Hawkins*. Ctr. Neurobiol. & Behav., Columbia Univ., NY, NY 10032.
We have previously found that nitric oxide (NO) contributes to protein and
RNA synthesis-dependent late-phase LTP (L-LTP) in the CAI region of mouse
hippocampus in parallel with PKA, and that NO acts through cGMP and PKG (Lu
and Hawkins, S.N. Abstr. 24, 1074, 1998). We have now investigated the possible
involvement of two downstream targets of PKG, ryanodine receptors and die transcription factor CREB. L-LTP could be induced by either 3- or 4-train tetanization or NO or 8-Br-cGMP paired with 1-train tetanization, and both types of latephase potentiation were reduced by prolonged perfusion with ryanodine, which
blocks Ca2+ release from ryanodine-sensitive Ca2+ stores. In addition, both types of
late-phase potentiation were accompanied by an increase in phospho-CREB immunofluorescence in the CAI cell body area, and this increase was also reduced by
perfusion with ryanodine. By contrast, early-phase LTP (E-LTP) induced by either 1-train tetanization or 8-Br-cGMP paired with weak tetanus was not reduced
by perfusion with ryanodine and was not accompanied by an increase in phosphoCREB immunofluorescence. L-LTP induced by forskolin or Sp-cAMPS was accompanied by an increase in phospho-CREB immunofluorescence, but neither the
potentiation nor the increase in immunofluorescence by forskolin was reduced by
depletion of Ca2+ stores. Conversely, whereas the increase in phospho-CREB immunofluorescence by Sp-cAMPS was blocked by inhibitors of PKA or MAP kinase, the increase by 8-Br-cGMP paired with 1-train tetanization was not. These
results suggest that NO, cGMP, and PKG cause release of Ca2+ from ryanodinesensitive stores, which in turn causes phosphorylation of CREB in parallel with
PKA and MAP kinase during the induction of L-LTP. (Supported by MH50733
and HHMI.)

DISTRIBUTION OF AMPA RECEPTOR-LIKE IMMUNOREACTIVITY AT
CA3
PYRAMIDAL
CELLS
IN
ORGANOTYPIC TISSUE SLICES OF RAT HIPPOCAMPUS

Michael <j.
AUnJw2* (SPON: British
Neuroscience Association) ‘Dept of Biological Sciences, The Open
University, Milton Keynes, UK; 2Dept erf Neurophysiology, National
Institute for Medical Research, London, UK.
Organotypic cultures of rat hippocampus are finding increasing use as
experimental preparations for the study of synaptic plasticity. The detailed
correlation of their synapses to those in the intact brain, however, is not
well characterised.
For this purpose, we have investigated the
ultrastructural distribution of AMPA glutamate receptors (GluR 1-4) in rat
hippocampal organotypic cultures maintained for 10 days, 17 days and 11
weeks in vitro. Hippocampal slices were prepared from 7 day old animals,
and grown on a porous membrane at the interface between the culture
medium and the water-saturated atmosphere. AMPA receptors were
labelled by a post-embedding method, using well-characterised commercial
antibodies. Tissue slices fixed after one week in culture showed only
occasional postsynaptic membranes with AMPA receptor-like
immunoreactivity (AMPAr-LIR). In these cultures, gold particles were
more often present at presynaptic sites. Gold particles were also located at
non-synaptic regions of the plasma membrane. In two week and ten week
cultures, a higher proportion of postsynaptic membranes with AMPAr-LIR
were observed. However, gold particles in these preparations were also
located at pre-synaptic and non-synaptic sites.
Supported by BBSRC, MRC and Human Frontier Science Program.

290.19

290.20

VOLTAMMETRIC DETECTION OF NITRIC OXIDE (NO) IN THE

REQUIREMENT OF APPROPRIATE SYNAPTIC CLEFT GLUTAMATE
CONCENTRATIONS FOR HIPPOCAMPAL LTP INDUCTION. H Katagiri1.
K. Tanaka2. T. Takahashi1 and T. Manahe1*. ‘Dept of Neurophysiology, Fac. of
Medicine, Univ. of Tokyo, Tokyo 113-0033,2Dept. of Molecular Neuroscience,
Medical Research Institute, Tokyo Medical and Dental Univ., Tokyo 113-8519.
In the CNS, the extracellular concentration of the neurotransmitter
glutamate is kept low by the action of glutamate transporters. We have
previously shown that using knockout mice lacking GLT1 that is one of the
four glutamate transporters, the peak concentration of synaptically released
glutamate is increased and glutamate remains elevated in the synaptic cleft for
longer periods. However, little is known about the roles of GLT1 in synaptic
plasticity. In this study, we examined synaptic plasticity in the hippocampal
CAI region using slices from GLTl-deficientmice.
Tetanic stimulation gave rise to a smaller magnitude of long-tom
potentiation (LTP) in mutant mice than in wild-type mice, while long-term
depression (LTD) induced by prolonged low-frequency stimulation was
indistinguishable between the two genotypes. When tetanic stimulation was
applied to afferent fibers in the presence of a low concentration of D-APV, the
impairment was overcome, which suggests that the smaller magnitude LTP in
mutant mice is due to excessive activation of NMDA receptors. Consistent
with these results, the ratio of NMDA to AMPA EPSC amplitudes was
significantly larger in mutant mice than in wild-type mice, suggesting
preferential activation of NMDA receptors by the increased glutamate in
mutant mice, which have a higher affinity for glutamate than AMPA receptors.
Thus, GLT1 plays an important role in LTP induction through a regulation of
the extracellular level of glutamate.
Supported by Grants-in-Aid for Scientific Research from the Ministry of
Education, Science, Sports and Culture, Japan; Research for the Future
Program of Japan Society for the Promotion of Science.

Rivot2*. 1Rhone-Poulenc Rorer S.A., Dpt. of Neurophysiology, F-94403
Vitry-sur-Seine, France, and2INSERM U.161, F-75014 Paris, France.
Activity-dependent release of NO mediated by NMDA receptors appears
to contribute to synaptic plasticity in various CNS structures. The aim of this
study was to measure by direct electrochemical detection basal and NMDA
receptor stimulation-related NO production in hippocampal slices.
Differential normal pulse voltammetry through treated carbon fiber
electrodes (30pm diam., 400pm length) coated with nickel(II)tetrakis(3methoxy-4-hydroxy-phenyl) porphyrine and Nafion® gave peaks of
oxidation current around 700 mV (vs Ag-AgCl) in calibrated NO solutions.
In the CAI field of rat hippocampal slices maintained in a circulation of
artificial cerebrospinal fluid, a similar peak appeared which was stable (±
10%) for up to 1 h (recording interval: 2 min). This basal NO release was
concentration-dependently decreased by the NO synthase inhibitors Lnitroarginine or its methylester (*30-60% at 100-400pM). NMDA (ImM),
induced a rapid and highly significant increase in the voltammograms
(-200% of control) which was blocked by 30pM of the NMDA channel
blocker MK-801. These results provide direct evidence for basal and
NMDA-receptor mediated production of genuine NO in the rat hippocampus
in vitro. Preliminary experiments indicate that electrical stimulation of the
Schaeffer collaterals (i.e. the input pathway to the CAI cells) increases basal
NO production.

290.21
NMDA RECEPTOR CHANNEL REGULATION BY ENDOGENOUS
MODULATORS PRESENT IN ISOLATED PSDs: A PATCH CLAMP
STUDY.
U. Wyneken, J.J. Marengo, J.E. Chevre, C. Cardemil and F. Orrego*.
Neuroscience Laboratory, Faculty of Medicine, Universidad de los Andes,
Santiago, Chile.
Rat brain postsynaptic densities (PSDs) were purified, incorporated into giant
liposomes and ion currents in isolated patches (inside out configuration)
recorded by the patch-clamp procedure (Neurosci Lett 224, 131,1997). NMDA
receptor currents were obtained by injecting 10 pM NMDA plus 1 pM glycine
close to the extracellular PSD face. 2 mM extracellular Mg2+ (Mgo) induced a
voltage dependent current block that was greatest at "intracellular" pCa9 and
diminished significantly at pCa5 (p=0.039). Addition of 2 mM ATP-Mg2+ to
the "intracellular" face of the PSD greatly enhanced NMDA receptor currents
both at pCa 7 and 5. The effect of phosphorylation by endogenous protein
kinases selectively linked to the NMDA receptor in the PSD, was due to at
least two mechanisms: 1) An electrostatic one by which 50 % channel block in
the presence of 2 mM Mgo, was shifted from -54 to -73 mV, and 2) a voltage
independent mechanism (in absence of Mgo) by which the mean patch
conductance increased from 48 ± 17 pS to 72 ± 21 pS (p=0.0032, paired t-test).
This effect could not be attributed to decreased (Zn)0 blockade as the
recordings were done in 0.1 mM EDTA. Our results give direct evidence for
regulation of NMDA receptors both by intracellular Ca2+, independent of
receptor phosphorylation, as well as by receptor phosphorylation by a
constitutively active protein kinase present in the PSD, that increases channel
currents by, at least, two different mechanisms.
Supported by Fondecyt 1980063
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LONG-LASTING POTENTIATION OF MONOSYNAPTIC GABAa IPSPs BY
THETA STIMULATION IN HIPPOCAMPAL CAI PYRAMIDAL CELLS.
CA.Chapman*, G.L. Woodhall, and J.-C.Lacaille, Centre de Recherche en Sciences
Neurologiques et Dept. de Physiologie, Universite de Montreal (Qc) Canada, H3C-3J7.
Long-term potentiation of excitatory synaptic responses in hippocampal CAI pyramidal
neurons is accompanied by changes in GABAergic inhibition mediated by local
intemeurons. Polysynaptic IPSPs in pyramidal cells show long-lasting potentiation after
theta-burst stimulation (TBS) but not after 100 Hz tetani (Perez et al. Neurosci., 90:74757, 1999). To determine if the enhanced inhibition is due partly to direct strengthening
of inhibitory synaptic transmission, changes in monosynaptic inhibitory responses in CAI
pyramidal cells were examined after TBS or 100 Hz tetanization. Transverse hippocampal
slices were tested in ACSF containing CNQX (20mM) and AP5 (50mM) to isolate
monosynaptic inhibitory responses evoked by stimulation of str. radiatum. Responses
were monitored every 30 sec and slices were tetanized with either 3 sets of TBS (4-pulses
at 100 Hz delivered at 5 Hz for lsec) or a 1 sec 100 Hz train. IPSPs were recorded using
sharp electrodes filled with 4M KAc and 0.0IM KCI at 32°C (n=10/group). 100 Hz
tetanization caused short-term (<5min) depression of GABAa IPSPs (68±8% of control;
P<0.01) but there were no long-lasting changes. In contrast, TBS induced a potentiation
of IPSPs (114±3% of control; P<0.01) that peaked 5-10 min after stimulation and
persisted for >20 min. Therefore, tetanization pattern determines whether a short-term
depression or a long-lasting potentiation of GABAa synaptic transmission is induced.
GABAa synaptic currents were investigated using whole-cell recordings at 22°C with
electrodes filled with (in mM) 110 CsCl, 20 QX314, 8 NaCl, 1 MgCl2, 10 HEPES, 1
EGTA, 2 ATP, and 0.4 GTP. 100 Hz tetanization caused a short-term depression of
IPSCs (40±9% of control; P<0.05; n=10) but there were no long-lasting changes in IPSCs
following TBS at either 22°C (108± 15% of control; n=7) or 32°C (98±11% of control;
n=5). The absence of long-lasting increases in IPSCs suggests that the theta-induced
potentiation of IPSPs may involve postsynaptic factors that wash out during whole-cell
recordings.
(Supported by MRC, NSERC, FRSQ, and FCAR)

MINIATURE INHIBITORY POSTSYNAPTIC CURRENTS IN RAT CAI
PYRAMIDAL NEURONS AFTER KINDLING EPILEPTOGENESIS
C.J. Wierenga, J.A. Gorter* and W.J. Wadman. Institute for Neurobiology,
University of Amsterdam, Amsterdam, the Netherlands
In the kindling model of focal epilepsy, epileptogenesis is accomplished by the
daily administration of repeated electrical stimuli to the Schaffer collaterals in the
CAI area of the hippocampus. This leads to an increased neuronal excitability
characterized by a shift in the balance between inhibition and excitation in favor of
the latter.
To investigate the epileptic state established in the CAI after kindling at the
synapse level, miniature inhibitory postsynaptic currents (mIPSCs) were measured
in CAI pyramidal neurons from long-term kindled (fully kindled animals that did
not have seizures for 6 weeks) and control rats. Our main finding was a reduction in
the number of large mIPSCs (amplitude > 60 pA) in the kindled animals. Although
they form only a small fraction of the total number of mIPSCs, the reduction was
also evident as a highly significant difference in the amplitude distribution
(p<0.0001).
In the same cell fast (rise time < 2.8 ms) and slow mIPSCs could be
distinguished. Fast mIPSCs had significantly larger amplitudes than slow mIPSCs,
which could indicate that the first originate from somatic synapses, while the latter
could come from more distal sites. However, the lack of correlation between
amplitude and rise time made it clear that this cannot be the full explanation. The
mean value of the amplitude and frequency of fast as well as slow mIPSCs were the
same in kindled and controls. The mIPSC kinetics of both types were not different in
the kindled and control groups, suggesting similar receptor properties.
Kindling leads to a 40-50% reduction in synapses of probably (peri-)somatic
origin with large or complex postsynaptic grids. Our findings are consistent with a
reduction in inhibitory drive in the CAI area. Such a reduction could underlie the
enhanced seizure susceptibility after kindling epileptogenesis.
This work was supported by NWO grant 805-25-243.

291.3

291.4

PAIRED-PULSE (PP) STIMULATION AT LOW FREQUENCY INDUCES
LTD IN HIPPOCAMPAL CAI REGION OF NEONATAL RATS.
P. Wasling*, E. Hanse and B. Gustafsson. Dept of Physiology and
Pharmacology, Gdteborg University, Box 432, S-405 30 GOteborg, Sweden.
The expression of synaptic plasticity depends on the pattern of synaptic activation.
Whereas homosynaptic LTP is induced by brief high-frequency afferent activation,
homosynaptic LTD is normally induced by prolonged (3-15 minutes) 1-2 Hz afferent
activation making evaluation of its onset characteristics difficult. We report here that
in neonatal rats, LTD can be induced using test frequency stimulation (0.1 Hz) by
just adding an extra stimulus with an interstimulus interval of 50-100 ms.
Experiments were performed on rat (P3-P12) hippocampal slice preparations, kept
submerged at 31 °C bath temperature, and in the presence of the GABAa antagonist
bicuculline (10 pM). Field EPSPs in the stratum radiatum layer were evoked at 0.1
Hz and measured by their initial slopes. They were subtreshold, even in the PP
condition. Application of the PP-stimulus protocol led to a successive decrease of the
field EPSP, that saturated after about 100 PPs. Following the offset of PPs, the field
EPSPs remained depressed for the 20-30 minute observation period, averaging 68%
of control level. The major part of the decrease was observed already after about 40
PPs, and as few as 5-10 PPs could produce an observable LTD. The LTD could still
be observed, although reduced, in die presence of the NMDA receptor antagonist DAP5 (50 pM), indicating that other types of receptor activation may also contribute
to its induction.
The result thus demonstrate that LTD, in the neonatal rat, can be induced by a very
weak conditioning paradigm, producing no synaptic plasticity but PPF and LTD. It
would seem possible with this paradigm to more closely address the question of LTD
onset characteristics.
Supported by the Swedish Medical Research Council (05180 and 12600).

SHORT TERM PLASTICITY OF PRELIMBIC FIELD POTENTIALS IN
THE HIPPOCAMPO-PREFRONTAL PATHWAY OF THE RAT.
G.R.J, Christoffersen* and N.M, da Costa. Neuroscience Centre for Cognition and
Memory, August Krogh Institute, University of Copenhagen, Universitetsparken
13, DK-2100 Copenhagen, Denmark.
Short term post tetanic potentiation (PTP) of prelimbic field potentials in the
rat hippocampo-prefrontal pathway has not been previously observed and was the
subject of the present investigation.
In anaesthetized animals a stimulating electrode was positioned in the
hippocampal CAI region and a recording electrode was inserted in the ipsilateral
prelimbic area of the prefrontal cortex. Hippocampal stimulation elicited a
compound field potential in which four peaks were identified. The present results
concern one such (negative) component which peaked with a delay of 10 ± 1 ms
(mean ± SEM) and which was termed N10.
Potentiation was observed during and after trains of 20 pulses at 20 Hz. During
the train there was an initial facilitation which was maximal at the 3rd pulse (the
amplitude increased by 104 % ± 22 %) and which then declined to a steady level
of about 30 % facilitation. After the train, amplitudes were enhanced (PTP): in 3.5
seconds a maximum potentiation by 244 % ± 105 % was reached following which
N10 decreased to normal amplitudes after approx. 25 seconds.
Facilitation was also recorded after a single stimulus (“paired pulse
facilitation”). A maximal increment of amplitudes by 108 % ± 59 % was present
120 ms after the single stimulus, while at longer intervals between paired pulses
facilitation declined reaching zero at approx. 400 ms intervals.
The lifetime of the present PTP roughly matches that of sustained firing of
action potentials by prefrontal neurons during mnemonic periods of delay tasks.
This suggests that PTP may be influential in the shaping of such sustained activity
subserving working memory.
Danish Government Research Council grant number 9502216 to GRJC.

291.5

291.6

LONG-TERM POTENTIATION OF MINIMALLY-EVOKED EPSCs IN HIPPOCAMPAL ORIENS

ACTIVITY-DEPENDENT ASSOCIATIVE MODIFICATION OF
GABAERGIC SYNAPSES. K. Ganguly. G-q. Bi. A, Schinder. B,
Beminger and M-m.Poo*, Department of Biology, University of
California at San Diego; La Jolla, CA 92093-0357.
Repetitive correlated stimulation of an excitatory input and its
postsynaptic neuron results in a persistent modification of that input.
Depending on the relative timing between an excitatory input and
postsynaptic spiking, either long-term potentiation (LTP) or long-term
depression (LTD) may result. Here we examined whether correlated preand postsynaptic activity also plays a role in modifying inhibitory synaptic
connections.
Dual perforated patch-recordings were used to study
GABAergic synapses between interconnected hippocampal neurons in
culture. Repetitive postsynaptic spiking within a time window of tens of
milliseconds before and after activation of a GABAergic input resulted in
persistent increase of the amplitude of the inhibitory postsynaptic currents
(IPSC). In contrast, the same pattern of presynaptic activity in the absence
of postsynaptic spiking resulted in persistent decrease of the IPSC
amplitude. These persistent changes in IPSC amplitude appear to result
from changes in synaptic conductance as well as from changes in the
driving force underlying the GABAergic currents. Such associative
modifications of GABAergic inputs may function in a neural network to
modulate the strength of inhibitory inputs in accordance to the level and
temporal pattern of activity of the postsynaptic neuron (Supported by NIH
NS-36999).

INTERNEURONS INDUCED BY THETA BURST STIMULATION. Y. Perez*, F, Morin and J.-C.

Lacaille. Centre de Recherche en Sciences Neurologiques et D6p. de Physiologie, Universite de
Montreal (Qc) Canada, H3C 3J7.
Tetanic stimulation at theta frequency (theta burst stimulation, TBS) induces long-term
potentiation of inhibitory responses in hippocampal CA1 pyramidal neurons. To investigate if the
enhancement of inhibition could be mediated by a potentiation of excitatory transmission directly
on intemeurons, the effect of TBS was examined on monosynaptic excitatory currents evoked by
single fiber minimal stimulation. Hippocampal slices were obtained from 3 week-old rats and whole
cell voltage-clamp recordings were made from visually identified CA1 oriens intemeurons and
pyramidal cells using patch electrodes filled with (in mM) 120 Cs-Me-sulfonate, 5 NaCl, 1 MgCb,
10 HEPES, 2 ATP, 0.4 GTP, and 0.1% biocytin. Cells were held at -60mV and minimally evoked

EPSCs were recorded at 0.5Hz in 10pM bicuculline. Slices were tetanized with 3 sets of TBS (5
bursts of 4-pulses at 100 Hz delivered at 200ms intervals) that were paired or not with a 40mV
depolarizing step. EPSCs were recorded over a 4min control period and for 35min following TBS.
Mean amplitude of ail responses (EPSCs + failures), mean amplitude of EPSCs (no failures), and
mean failure rates were calculated for the control period and at 10, 20 and 30min post-TBS. In
pyramidal cells (n=5), TBS paired with depolarization induced significant changes in all 3 measures
at 10,20 and 30min post TBS. Relative to control, at 30min post TBS, the mean amplitude of all
responses was 413%, the mean amplitude of EPSCs was 218% and the mean failure rate was
18%. In morphologically-identified oriens intemeurons (n=7), TBS paired with depolarization also
induced significant changes in all 3 measures at 10, 20 and 30min post TBS. Relative to control,
at 30min post TBS, the mean amplitude of all responses was 208%, the mean amplitude of EPSCs
was 156% and the mean failure rate was 53%. In both cell types (n=3 each), no significant changes
were observed when TBS was not paired with depolarization. These results indicate that TBS
induces long-term potentiation of excitatory synaptic transmission onto intemeurons. This LTP is
associated with an increase in amplitude of individual synaptic events and a reduction in
transmission failures. The postsynaptic depolarization requirement indicates that the induction is
dependent on postsynaptic mechanisms. (Supported by MRC, NSERC, FRSQ, and FCAR)
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291.8

MODIFICATION OF SYNAPTIC PLASTICITY BY A NO-STIMULATION
PERIOD.
A. Barria* and R. Malinow. Cold Spring Harbor Laboratory, Cold Spring
Harbor, 11724, New York.
It is known that brief periods of synaptic activity can affect subsequent induction of
LTP or LTD. Activation of NMDA-Receptors (NMDA-Rs) will slide the threshold
for synaptic modification making it easier to induce LTD but preventing LTP. The
mechanisms of these changes in plasticity are not well understood.
The effect of a weak preconditioning tetanus (WPT) followed by a no-stimulation
period was investigated in hippocampal slices using field recordings. Induction of
LTP by a single weak tetanus was bigger when the specific pathway has experienced
a WPT and a no-stimulation period.. The increased plasticity was optimal when the
no-stimulation period was 20 minutes. This suggests that a slow active process is
triggered by the WPT that could be reversed by test stimuli. We hypothesized that,
when stimulation is suspended, this process is allowed to continue but trends to
disappear after 30 minutes. This could represent a cellular mechanism underlying the
more robust learning in animals given spaced rather than massed training. To
investigate the mechanisms of this phenomenon we studied possible modifications of
NMDA-Rs. Under conditions that allowed field recordings of NMDA-R potentials
(low Mg+2 and CNQX) we found that NMDA-R potentials can be potentiated after
tetanic stimulation. This potentiation develops slowly (10-15 min); it is pathway
specific, and stable for at least 40 min. A 20 minutes period of no-stimulation also
increased NMDA-R potentials that decays slowly when testing stimulation is
resumed. When a tetanus was delivered before the no stimulation period, the increase
in NMDA-Rs potentials is more stable and bigger. Modifications in NMDA-Rs,
possibly by delivery to newly formed “silent” synapses, could underlay the increased
plasticity we observed.
Supported by NIH

BRIEF HIGH FREQUENCY TRAINS CAN INDUCE EITHER LTP OR LTD
OF EPSCS IN THE DENTATE GYRUS DEPENDING ON THE DURATION
OF DEPOLARIZATION AND THE AMPLITUDE OF PRESYNAPTIC
STIMULATION. J. Wu*, M, Rowanand R.AnwvI. Dept of Physiology and
Pharmacology, Trinity College, Dublin, 2, Ireland.

Stimulation parameters for the induction of LTP and LTD were studied
in the rat dentate gyrus in vitro. The parameters investigated including the
amplitude and duration of depolarization and the extent of presynaptic
stimulation. EPSCs were recorded under whole ceil patch clamp conditions
from granule cells of the dentate gyrus in response to stimulation of the
medial perforant path. High frequency stimulation (HFS) consisting of 5 trains
of 8 stimuli at 200 Hz, intertrain interval 200 ms, induced LTD (30±8.0% 30
min after HFS) of the test EPSC if each HFS train was applied on a step
depolarization to -30 mV and presynaptic stimulation was relatively low, at a
level sufficient to evoke test EPSCs of -100 pA. However, LTP (168±27% 30
min after HFS) was induced by identical trains of HFS if the trains of HFS
were applied on a prolonged depolarization (1 sec) and the amplitude of
presynaptic stimulation was increased to a level sufficient to evoke a test
EPSCs of -300 pA). Both LTP and LTD induction were NMDAR-dependent,
being blocked by D-AP5. A "plateau synaptic current" was evoked during
each train of HFS. Preliminary analysis indicates that the induction of LTP
rather than LTD was associated with a larger and more prolonged NMDARdependent "plateau'current" during each HFS train.
Supported by the EU (BI04CT960049) and Wellcome Trust

291.9

291.10

A TEST OF THE SLIDING THRESHOLD MODEL OF

SPATIAL DISTRIBUTION OF LONG-TERM POTENTIATION INDUCED
BY CHAOTIC STIMULI IN THE HIPPOCAMPAL CAI AREA. H,
Matsuda1. T, Aihara2. Y, Kobayashi2. M, Tatsuno3. M, Tsukada2and H. Saitoh2*.

METAPLASTICITY. J.Th.Rick* & N.W.Milgram. Division ofLife
Sciences, University of Toronto at Scarborough, 1265Military Trail,
Scarborough ON Canada MIC 1A4.
The induction of long-lasting changes in synaptic efficacy, such as longterm potentiation (LTP) or depression (LTD), varies as a function of
stimulation frequency; generally, LTP is produced by trains above some
threshold frequency (©+), and LTD below. Stimulation at threshold should
produce no change in synaptic efficacy. ©+ is modifiable depending on the
activation history of the pathway - it is shifted up (to higher frequencies) by
potentiation and down by depression. This dependency is referred to as
metaplasticity. We have shown that the value of ©+ in the dentate gyrus
(DG) of freely moving rats is 100-120 Hz when tetani (3-400Hz) are
presented in order of ascending frequency, but only 6-9 Hz when
descending-frequency trains are used
(Rick & Milgram 1996,
Hippocampus. 6:118-124). These results indicate either that ©+ is discrete
but variable, or that there exists a range of frequencies within which
stimulation does not result in plastic changes. The present experiment
examined these hypotheses in more detail. Following baseline stabilization,
we conducted 10 consecutive stimulation sessions in awake rats. Each
session consisted of 50-pulse trains at either 9, 81 or 243 Hz (to saturation).
Each frequency followed every other only once. The variable-threshold
model of metaplasticity predicts that 81 Hz trains will produce LTP when
administered following 9 Hz tetani and LTD after 243 Hz bursts. The "labile
range" hypothesis predicts that 81 Hz trains should produce no change
regardless of the frequency of prior stimulation. Preliminary data support the
variable-threshold model. (Supported by NSERC.)

’Brain Science Research Center, Research Inst., Tamagawa Univ.; 2Dept. of Info.Comm. Engineering, Tamagawa Univ.; 3Lab. for information synthesis, Brain
Science Inst., RIKEN; Machida, Tokyo 194-8610 JAPAN.
In previous report, temporal pattern sensitivity of long-term potentiation
(LTP) have reported in hippocampal CAI neurons. In this study we used a
chaotic time series (modified Bernoulli map) as temporal pattern in order to
investigate the effect of chaotic stimuli to induce LTP in hippocampal CAI area
of guinea-pig. A bipolar stimulating electrode was placed in the stratum
radiatum, and a recording electrode was positioned in CAI region. Three types
of chaotic stimuli were respectively produced by modified Bernoulli map with
three B-value (B = 1, 2 and 3) and consisted of short (50msec) and long
(950msec) intervals were applied. While, to compare with the effect of chaotic
stimuli to induce LTP, periodic pattern stimuli that have no chaotic factor were
also applied as control. These periodic pattern stimuli were identical with a
distribution and mean rate of chaotic stimuli, and these coefficients of correlation
of the first order almost consisted with stimulation of chaotic time series.
Consequently, for the means of a percentage change of population spike
amplitude, there are clearly difference (p< 0.05) between LTPs induced by
chaotic stimuli in B = 2 and periodic pattern stimuli despite both stimuli are
almost the same statistical parameter. While, there are no significant difference in
amplitudes of LTP in B = 1 and 3. By using the optical-imaging method, we
also observed that the spatial distribution of LTP was different according to the
difference between three types of chaotic stimuli.

291.11

291.12

URETHANE REDUCES PAIRED PULSE DEPRESSION OF DENTATE
GYRUS FIELD POTENTIALS IN ACUTE AND CHRONIC PREPARATIONS.
M.E. Gilbert*Neurotoxicology. US EPA, Res.Tri. Pk, NC 27711.
Although urethane is a standard anesthetic utilized for in vivo
recordings, its mechanism of action is unknown. We have previously
reported upward drift in the amplitude of the population spike (PS) and
EPSP slope of the rat dentate gyrus (DG) field potential over the first 2-3
hr of electrode placement in the urethanized preparation. This increase in
amplitude likely represents recovery from a dampening of cell
responsiveness induced when the brain is penetrated by insertion of the
electrodes. We have also observed reliable induction of long-term
potentiation (LTP) in anesthetized preparations with stimulus parameters
that are ineffective in animals prepared with chronic electrode implants.
The present study examined inhibitory function of the DG in rats in acute
(ACU) and chronic (CHR) preparations using a paired pulse depression
paradigm. Four interpulse intervals (IPIs= 10-70 ms) were sampled at 3
stimulus levels (50-100% maximum PS). Under ACU conditions,
recordings were taken 3-4 hr after electrode insertion. A reduction in
paired pulse depression at IPIs<70ms was consistently observed under
ACU relative to CHR conditions. Paired pulse depression was also
reduced in CHR animals administered urethane (1-2 gm/kg, ip). It has
been proposed that urethane blocks a serotonergic input into
hippocampus that is largely inhibitory. This disinhibitory action of
urethane may contribute to a reduction in paired pulse depression and a
facilitation of LTP in acutely anesthetized preparations. (Supported by
US EPA, NIH ESO6253).

ACTIVITY-DEPENDENT MODULATION OF SYNAPTIC TRANSMISSION IN
ORGANOTYPIC SPINAL CORD CULTURES. M, Galante, A, Nistri and L.
Ballerini*. Biophys. Lab., Int Sch Adv Studies (SISSA), 34014 Trieste, Italy.
In developing networks the extent of repeated postsynaptic cell excitation
determines the circuit functional activity. A novel form of in vitro plasticity has been
reported whereby neurons act as long-term integrators of their past synaptic activity
which is compensated by postsynaptic changes in excitatory transmission. The
presence of such a self-regulating mechanism in developing spinal networks was
investigated by chronically manipulating neuronal activity in embryonic organotypic
cultures of spinal cord. Spontaneous activity was recorded (whole-cell patch clamp)
from ventral intemeurons after 14 d in vitro (div). In control cells spontaneous
EPSCs had 14±6 Hz frequency and -19±5 pA mean amplitude (mEPSC frequency
and amplitude were 0.5±0.2 Hz and -12±4 pA, respectively). Both EPSCs and
mEPSCs comprised fast (2.2±0.5 ms x) and slow (10+3 ms x) events. Fast and slow
EPSCs were reduced in frequency (18±5 %) by CPP (10 pM), while slow events
were selectively blocked by strychnine (1 pM) and bicuculiine (20 pM). CNQX (10
pM) abolished fast events, leaving slow events reduced in frequency (40±9 %). After
chronic treatment with 1 pM TTX for the second week in culture and incubation in
control medium for 2-24 h, EPSC frequency and amplitude were unchanged while
mEPSC frequency increased (l±0.4 Hz; p<0.05) without mean amplitude variation.
In most cells both fast and slow EPSCs and mEPSCs were detected. In culture
chronically treated with 10 pM CNQX during the second week and then recorded in
standard solution, EPSCs had much higher frequency (20±6 Hz; p<0.05) and -21 ±8
pA mean amplitude. mEPSC frequency also rose to O.8+O.5 Hz (-14+4 pA
amplitude). EPSCs and mEPSCs were usually fast (3±1 ms x) and acutely blocked
by CNQX application. Thus, spinal networks can selectively up or down regulate
their activity depending on the type of pharmacological blocker chronically used
during their development. Supported by Telethon and MURST.
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SYNAPTIC TAGGING ACROSS ENTIRE HIPPOCAMPAL
PYRAMIDAL NEURONS. J. U. Frey* and D. Balschun. Department of

ALTERED HIPPOCAMPAL CAI LONG-TERM POTENTIATION IN
COMPLEXINH MUTANT MICE. G.Huang,1 H.Ujihara,'*
S.Takahashi.2 H.Kaba.2 T.Yagi3 and SJnoue1, Dept. of 'Neuropsychiatry
and 2Physiology, Kochi Medical School, Nangoku, Kochi 783-8505.;
’Laboratory of Neurobioiogy, National Institute for Physiological
Sciences, Myodaiji, Okazaki, Aichi 444-8585.
Complexin n were found and identified as a presynaptic and SNARE
complex-associated protein. It is distributed in the hippocampus, the
molecular layer of cerebellum, and the association fiber layer of piriform
conrtex. Electrophysiological studies of long-term potentiation (LTP) of
Schaffer collateral/commissural-CAl pathway were performed in the
complexin II knockout mice. The Input-output relationship of stimulusevoked population spike and the threshold were not different between
the wild-type and mutant. The tetanus (100Hz, Is, twice)-induced LTP
was significantly (p<0.01) different between the wild-type (123±3%) and
mutant (104±3%). When the N-methyl-D-aspartate (NMDA. 20 g M) was
perfused through the chamber for Imin, the LTP-like potentiation
showed no difference between the wild-type and the mutant, suggesting
that complexin U is not involved in the process of LTP at the NMDA
receptors on the postsynaptic membrane. Paired pulse facilitation
showed no difference between the wild-type and the mutant, which
suggested that participation of complexin n was not important in the
short-term plasticity. Moreover, there was no difference in LTP with 3Hz
tetanic stimulation (33s, once). But as the stimulation frequency
increases, the difference in LTP became evident with 100Hz tetanic
stimulation (Is, once). These results suggest that complexin II is
involved in the process of LTP as a presynaptic protein, and may take
part in the plastic change in the exocytosis of synaptic vesicles. (This
research was supported by Sasakawa health science foundation and
Kochi Medical School.)

Neurophysiology, Leibniz-lnstitute for Neurobioiogy, D-39008 Magdeburg,
Germany.

Experiments were conducted using hippocampal slices in vitro to
compare two accounts of the mechanisms by which input-specific protein
synthesis-dependent LTP (late-LTP) may be realised. The synaptic tag
hypothesis (Frey and Morris, 1997) described that the expression of
eariy-LTP following a weak tetanus can be stabilised into late-LTP by
strong tetanisation of a separate pathway, indiscriminately of the dendritic
location of the two pathways stimulated. One of the critical criteria in this
case is that the strong tetanus activates synthesis of plasticity-relevant
proteins. Our original hypothesis did not answer the question whether
translation participated in distinct dendritic compartments restricting,
therefore, synaptic tagging to these compartments, or whether synthesis
takes place in the soma
providing the neuron generally with
plasticity-related proteins.
We used a three-input stimulation paradigm to investigate this topic and
show that the synthesis of plasticity-related proteins which are relevant for
synaptic tagging may not necessarily be restricted to distinct dendritic
compartments but rather takes place in the soma of the cell, providing the
spread of newly synthesised proteins throughout the entire neuron.

Supported by Land Saxony-Anhalt to U.F.

291.15

291.16

EFFECT OF N,N,N’,N’-TETRAKIS(2-PYRIDYLMETHYL)ETHYLENEDIAMINE(TPEN) ON FURA-2 SIGNALS FROM HIPPOCAMPAL MOSSY FIBERS.
C.M Matias.2 C.S. Pires.1 A.R. Roda1 and M.E. Ouinta-Ferreira’*. ’Dept. of
Physics and Center for Neurosciences of Coimbra, Univ. of Coimbra, 3000
Coimbra, Portugal; 2Physics Section, UTAD, 5000 Vila Real, Portugal.
Electrical stimulation of the mossy fiber pathway in area CA3 of the hippocampus,
loaded with fura-2/AM, induces fluorescence signals considered to represent
presynaptic calcium changes. The mossy fiber terminals contain large amounts of
zinc in the synaptic vesicles from which zinc is released in a calcium-dependent
way. Since fura-2 has a much higher affinity for zinc than for calcium and both
ions cause similar spectral shifts, the observed fura-2 signals might in part be due
to changes in zinc complexes if, for instance, the indicator entered synaptic vesicles.
In order to investigate this issue we have used the permeant heavy metal chelator
N,N,N’,N’-tetrakis(2-pyridylmethyl)ethylenediamine (TPEN), which has an extremely high affinity for zinc and a low affinity for calcium. Extracellular field
potentials from CA3 pyramidal cells and fluorescence signals, induced with single
stimuli or tetani (100 Hz, 1 s) applied to the mossy fiber tract, were measured in
transverse hippocampal slices (400 pm) from Wistar rats (4-6 weeks old). The
presynaptic nature of the optical signals, detected using fura-2/AM pressureinjected in the mossy fiber pathway, was evaluated using CNQX (10 pM) and APV
(100 j±M). In normal medium tlie application of two tetani induced mossy fiber long-term potentiation and tlie fluorescence signals were transient and downward in the
wavelenght range 360-400 nm. In the presence of TPEN (20 pM) the electrical
signals remained approximately equal to those measured in the control situation and
the optical signals were increased by about 18% ± 4% (n=4), both during single and
tetanic stimulation. These results suggest that the observed Fura-2 signals are the
sum of two components, a larger one due to cytoplasmic calcium accumulations and
a smaller one possibly reflecting zinc release into tlie synaptic cleft.
Supported by PRODEP and Plurianual of CNC.

EPIPSEUDOQUASIPARAMETAPIASnCITY: SYNAPTIC CHANGE IN
THE ABSENCE OF SYNAPTIC EXPRESSION. A. Kleschevnikov. and A,

737

Routtenbcrg*. Cresap Neuroscience Laboratory, Northwestern University;
Evanston, IL 60208.
In analogy with behavioral memory, long-term potentiation (LTP) occurs
in consecutive steps: induction (acquisition), maintenance (storage) and
expression (retrieval). While the induction and maintenance of LTP have
been extensively investigated, the expression of LTP has received less
attention. Here we demonstrate under certain conditions that: a) synapses
will 'acquire' the potentiated state; b) this will lead to 'storage' of that state,
but c) one is unable to retrieve the potentiation. This modified synaptic
state was demonstrated by two means. First, while stable LTP was
retrieved using high test current pulses, lower test currents did not show
retrieval in the same animal Second, subsequent tetanizations applied
several hr after the initial tetanus were able to produce stable LIP of
responses evoked by the tower test currents. What can account for this
‘epipseudoquasiparametaplasticity’? One hypothesis suggests the
recruitment of mossy cells, recently heralded for their role in supporting
perforant path LTP (Namgung et at, PNAS, 1997). Indeed, expression of
LTP may only occur with conjoint activation by perforant path and mossy
cell axons of granule cell dendrites. (Supported by the Whitehall
Foundation and NSF 9811592).
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Electrophysiological properties of spinal cord axons remyeiinated by
various cell transplantation conditions. T lmaizumi*KL Lankford. A

EXTENSIVE REMYELINATION FOLLOWS RECURRENT DEMYELINATION
IN THE ADULT RAT CEREBELLUM
S.A. Shields, R.J.M. Franklin. (SPON: British Neuroscience Association)
Department of Clinical Veterinary Medicine, University of Cambridge,
Madingley Road, Cambridge, CB3 0ES. UK.
Spontaneous remyelination follows a single episode of demyelination in many
animal models. One proposed explanation for failure of the remyelinating response,
as occurs in chronic multiple sclerosis, is that repeated episodes of de- and
remyelination deplete an area of its remyelinating capacity. To test this hypothesis
directly, serial injections of gliotoxin were made into foe caudal cerebellar peduncles
(CCPs) of adult rats, to demyelinate for a second time a region which had previously
undergone remyelination. Sixteen eight week old female Sprague Dawley rats
received single stereotaxic injections of 0.01% ethidium bromide (EB) into the left
CCP, and were left for ten weeks to allow full remyelination. 0.01% EB was then
injected bilaterally into foe CCPs to demyelinate axons in the right peduncle for foe
first time and foe left peduncle for a second time. Four or twelve weeks later, animals
were killed by perfusion fixation and tissue blocks containing foe CCPs processed
into resin. One micrometer sections were cut and stained with toluidine blue for
assessment of remyelination at light microscopy. After four weeks, a large proportion
of axons remained demyelinated in both right and left sided lesions (single and
repeated injections respectively). A minority of axons was remyelinated by
oligodendrocytes or by Schwann cells. In contrast, few demyelinated axons remained
on either side after twelve weeks, remyelination being mainly oligodendrocyte
derived with a smaller contribution from Schwann cells. At both survival times foe
extent and pattern of remyelination did not differ between left and right sides,
indicating that a previous discrete episode of remyelination does not influence
subsequent remyelination after a further demyelinating event at foe same site. Funded
by foe Medical Research Council and Wellcome Trust.

Baron-Van Evercooren1. JD Kocsis . Dept. of Neurology, Yale Univ. Sch. of
Med., Neurosci. Res. Ctr., VAMC, West Haven, CT 06516; Unite 134
INSERM, Paris1.
Transplantation of Schwann cells (SCs) or olfactory ensheathing cell (OECs)
induced remyelination of demyelinated rat dorsal column axons and
improved conduction. To investigate how effective various transplant
conditions may be to improve electrophysiological function, we compared
SCs or OECs of different ages, cultured vs. acutely dissociated, and from
various species (rats, monkeys and pigs). Moreover, we studied the effect of
cyclosporin. Dorsal columns (DCs) of adult rats were demyelinated at T 11
by X-ray irradiation and ethidium bromide, and transplanted with myelinforming cells (3x104). Three wks later, field potentials (FPs) were recorded,
to investigate conduction properties. Following transplantation of OECs or
SCs, histological examination revealed SC-like patterns of remyelination of
demyelinated axons. All transplant conditions improved electrophysiological
properties compared to demyelinated axons. Cell culture and cyclosporin
treatment following SC transplantation showed less improvement than freshly
dissociated SCs. Culture and cyclosporin treatment had little effect on OEC
transplantation. Age (neonatal, young adult, aged) of SCs or OECs did not
significantly influence the conduction improvement. Xenotransplantation of
pig OECs and SCs (transgenic for hCD59), and adult monkey SCs resulted
in improvement of conduction, but was less than allografted cells. This
reduction in electrophysiological function may result from
immunosuppression. Supported by the NIH and the VA.
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BONE MARROW TRANSPLANTATION FROM NIEMANN-PICK C MICE
PREVENTS CHOLESTEROL REUTILIZATION BUT NOT MYELINATION OF
REGENERATING PERIPHERAL NERVE. Jeffry F. Goodrum* and Kenneth A.
Fowler. UNC Neuroscience Center and Dept. of Pathology and Laboratory Medicine,
University of North Carolina at Chapel Hill, Chapel Hill, NC 27599.
Following peripheral nerve injury, cholesterol from degenerating myelin is
retained locally within macrophages and subsequently reutilized by Schwann cells for
the synthesis of new myelin during nerve regeneration. This process is very efficient;
there is little de novo cholesterol synthesis in regenerating nerve despite very active
myelination. It is unknown to what extent myelination of regenerating axons is
dependent on reutilization of conserved cholesterol. We previously found in mice
with Niemann-Pick Type C (NPC) disease (caused by a defect in intracellular
cholesterol transport) that cholesterol reutilization and myelination in regenerating
nerve are retarded. To assess whether the diminished cholesterol reutilization is
responsible for the retarded myelination, we transplanted bone marrow from NPC
mice into normal mice and subsequently crushed the left sciatic nerve in the recipient
mice. We assessed regeneration morphologically and assessed cholesterol
reutilization indirectly by the level of HMG-CoA reductase activity (rate limiting step
in cholesterol synthesis). Macrophages within crushed nerves of recipient mice were
filled with debris and were much larger than those in crushed nerves of normal mice.
In normal mice, macrophage size and number diminished as the nerves regenerated,
but in recipient mice the abnormally large lipid-filled macrophages persisted for
weeks, indicating that there was little cholesterol reutilization. Despite this persistence
of abnormally large macrophages, axon regeneration and myelination appeared to
proceed normally. HMG-CoA reductase activity increased significantly 2-3 weeks
after nerve crush in recipient mice, indicating that new cholesterol synthesis was
supporting the myelination. These data indicate that myelination of regenerating
axons is not dependent on cholesterol reutilization. Thus the retarded regeneration in
NPC mice is due to some other disease process and not the diminished cholesterol
reutilization. Supported by USPHS grant NS36614.

THE ROLE OF ANTI-MYELIN (AUTO)-ANTIBODIES IN THE
PHAGOCYTOSIS OF MYELIN BY MACROPHAGES.
A, van der Goes1, M. Kortekaas1, K. Hoekstra1. R.F. Jansen2*. C.D. Diikstra1
and S, Amor3. ’Department of Cell Biology and Immunology, Faculty of Medicine,

292.5

292.6

PRIMARY DEMYELINATION RESULTS FROM THE INTRASPINAL
INJECTION OF LIPOPOLYSACCHARIDE (LPS) PA Felts*. A-M Woolston, H
Fernando and KJ Smith. Neuroinflammation Research Group, Dept. Clinical
Neurosciences, Guy’s, King’s & St. Thomas’ Medical School, London SE1 9RT
Inflammation is prominent within the lesions of patients with multiple sclerosis
(MS), but its contribution to lesion development remains unclear. To study the
consequences of inflammation we have sought to induce a focal inflammatory
response without deliberate prior sensitisation of the animals to CNS antigens.
Under halothane anesthesia a single injection of bacterial LPS (200ng in saline,
n=16), or saline (n=8), was made into the lumbar dorsal columns of adult male rats
using a glass micropipette. At post-injection intervals ranging from 8 hrs to 28 days the
animals were reanesthetized and the tissues fixed by perfusion with aldehydes. The
characteristics of the lesion were determined by light microscopy in resin-embedded
sections, and by immunohistochemistry (ED-1 for macrophages; OX-52 for T-cells).
Considerable demyelination (up to -75% of the cross-sectional' area of the dorsal
columns) was present 7 and 14 days following LPS injection, with occasional
demyelinated axons observed as early as 3 days. By 28 days the lesions were
remyelinated, largely by Schwann cells. OX-52+ cells were present in the meninges at
8 hours, reached a maximum in the dorsal column parenchyma at 7 days, and were rare
at 14 days. Substantial numbers of ED-1+ cells were present in the dorsal columns at
all times examined, with the maximum observed at 24 hrs. Polymorphonuclear cells
were present at 24 hrs, but their numbers declined thereafter. These changes were not
observed in the saline injected control animals.
We conclude that the intraspinal injection of LPS results in inflammation and
prominent demyelination. The mechanisms underlying the demyelination are not
clear, but it possibly results from “by-stander” damage due to factors released as a
consequence of the inflammatory response.
Supported by grants from The Wellcome Trust, the Multiple Sclerosis Soc. of GB &
Nl, and The Special Trustees of St. Thomas’ Hospital.

INDUCTION OF TOLERANCE TO LEWIS RAT EXPERIMENTAL
AUTOIMMUNE NEURITIS (EAN) BY AN OLIGOMERIZED T-CELL EPITOPE.
M. Stienekemeier? O. Rotzschke.2 K. Falk,2 K, V. Toyka,1 J. L. Strominger2 and R.
Gold1 . ’Dept. of Neurology, Univ. of WUrzburg, WUrzburg, Germany; 2Dept. of
Molecular and Cellular Biology, Harvard Univ., Cambridge, MA 02138.
Dimerization of T-cell receptor (TCR) chains upon binding of major
histocompatibility complex (MHC) molecules plays a crucial role during T-cell
activation. The extension of peptides bound to MHC class II molecules out of both
ends of the peptide binding groove provides the possibility to construct multivalent
polypeptide chains that crosslink MHC class II molecules through repetitive binding
sites and induces the formation of TCR/MHC clusters (Rotzschke et al., 1997, PNAS
94:14642-14647). We attempted to enhance the immune response to myelin P2protein, which is an important neuritogenic autoantigen in EAN, a rodent model for
the Guillain-Barre-Syndrome in humans. Therefore, we designed a polypeptide
oligomer harboring 16 repeats of the neuritogenic epitope (amino acids 59-73) of the
P2-protein as basal element. It was already known that T-cell epitope oligomers were
particularly effective in the specific suppression of autoimmune diseases by the
induction of 'high zone tolerance' (Falk et al., submitted). We therefore investigated
the ability to induce tolerance to induction of EAN upon immunization with P253.7g
by using the P2-16mer. Animals treated with the oligomerized P2-peptide i.v. on
days 4, 8, and 12 were nearly fully protected against clinical disease in contrast to
animals treated with the same amount of monomeric P2-peptide or intact P2-protein
that developed paraplegia. Furthermore, enhanced apoptosis of infiltrating T-cells in
sciatic nerve was noticed in animals treated with P2-16mer. We did not observe an
enhanced B-cell response to the whole P2-protein in P2-16mer treated animals as
measured by ELISA. In vitro, only one out of three neuritogenic, P2-specific T-cell
lines showed an enhanced proliferation compared to P2-peptide. Experiments to
further characterize the regulatory mechanisms leading to tolerance in this model are
ongoing. This work was supported by the "Gemeinniitzige Hertiestiftung".
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THE APPLICATION OF EXOGENOUS FAS LIGAND IN INHIBITING

EFFECTS OF IFNy ON DEATH RECEPTOR-MEDIATED
APOPTOSIS IN HUMAN ADULT OLIGODENDROCYTES
S. Poulv*, Becher B., Antel J.P. Dept. of Neuroimmunology,
Montreal Neurological Institute, McGill Univ., Montreal, Canada
Multifocal demyelination with partial loss of oligodendrocyte (OL)
and relative preservation of axons is a hallmark of multiple sclerosis
(MS). Expression of interferon gamma (IFNy ) by infiltrating immune
cells has been shown within lesions. Since IFNy administration to MS
patients was shown to exacerbate the disease course, we were
interested in studying its effect on cultured human OLs, obtained by
dissociation of non-MS brain biopsies. Neither cell survival nor
myelin gene expression were affected after 96 hours of treatment with
IFNy (100U/ml), as assessed by LDH release, nucleosome enrichment
and RT-PCR. However, we did find a significant increase of the
expression of the death receptors Fas and TNFR1. Concomitantly,
IFNy treatment of OLs significantly increased susceptibility to Fasmediated apoptosis over a relatively short period of time (24h),
whereas it did not render OLs susceptible to TNF-mediated killing.
TNFR engagement on OLs leads to caspase-independent NFk B
activation, suggesting that TNFR signaling could impact on survival
as well as injury. Taken together, our data thus suggest that IFNy may
exert its cytotoxic effects on OLs via indirect mechanisms.
Support: Canadian MS Society, Swiss National Science Fundation

EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS

B.Zhu'<L.Luo1,3.D, W.ftlfand M. S.Oraadcr1-3

Departments of Ophthalmology and Medicine2, The Brain Research Center, The
University of British Columbia, Vancouver, BC V5Z 3N9, Canada
Experimental allergic encephalomyelitis (EAE), the animal model for multiple
sclerosis (MS), represents an autoimmune condition in which the degree of CNS
inflammation is correlated with clinical manifestations. Expressions of Fas ligand and
Fas receptors in EAE and MS tissues have been shown on microglia and infiltrating
lymphocytes. From transgenic studies, the interactions between Fas ligand and Fas
have been suggested to be important in the induction of EAE. However, the Fas ligand
system is also important in the recovery from inflammation through activationinduced cell death, and in maintaining immune privilege. We hypothesized that
exogenous Fas ligand applied into the CSF at the proper dosage during the EAE
induction period would be able to induce apoptosis in infiltrating T cells and
macrophages, and therefore inhibit the development of EAE. EAE was actively
induced in Lewis rats with guinea pig myelin basic protein and complete Freund’s
adjuvant. Preliminary data show that intrathecal infusion of Fas ligand together with a
protease inhibitor aprotinin (to protect Fas ligand from degradation) was able to
significantly reduce the clinical scores and duration of EAE. In paralleled with the
decreased EAE clinical manifestations, the inflammation in lumbar and sacral
segments of the spinal cord was also significantly reduced. Although it has been
repotted that Fas receptors are expressed on oligodendrocytes, no apparent
demyelination was observed in the spinal cord of Fas ligand infused rats. Detailed
pathological examination and the application of Fas ligand in other EAE models are
ongoing
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Vrije Universiteit, Van der Boechorststraat 7, 1081 BT Amsterdam, The
Netherlands; department of Developmental Neurobiology, Faculty of Biology,
Vrije Universiteit, The Netherlands; department of Neurodegenerative Disorders,
Charing Cross Hospital, London, UK.

In this study we have investigated the effect of disease-promoting
anti-myelin mAb on the phagocytosis of myelin by macrophages.
Monoclonal antibodies directed to myelin proteins were incubated with
purified murine myelin labeled with Dil. The degree of phagocytosis of
antibody-treated myelin by murine macrophages in vitro was determined
using a quantitative flow cytometric assay. In comparison to untreated
myelin pretreatment with myelin-specific mAb modified the degree of
phagocytosis. The degree of opsonization of myelin was dependent on the
isotype of antibody and the epitope recognized in addition to the ability of
the mAb to fix complement. The greatest degree of opsonization of myelin
was observed with the monoclonal antibody MOG Z12 that has previously
been shown to enhance EAE and augment demyelination. These findings
suggest a major role for anti-myelin antibodies, in particular antibodies
directed to MOG, for the phagocytosis of myelin by macrophages in vitro.
This may have relevance to the pathogenesis of myelin damage in vivo and
provide a helpful tool for the classification of heterogeneous diseases such as
MS.
This work was supported financially by the Dutch foundation ‘Vrienden MS
Research’.
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OLIGODENDROCYTE DEATH FOLLOWING CNS TRAUMA Corley
S. M. and Yong V. W.* Department of Clinical Neuroscience, University of
Calgaiy, Calgaiy, AB, T2N4N1.
Our laboratory has been interested in the function of reactive
astrogliosis in the CNS and whether reactive astrocytes affect oligodendrocyte
survival following CNS trauma. In this regard it is necessary to characterize
the extent of reactive gliosis and oligodendrocyte death following CNS
trauma. We have examined oligodendrocyte death in stab wound and
corticectomy brain injury models at 1,3,6,9,12,24,48, and 96 hours.
Immunohistochemistry with cell-type specific markers was used to identify
several cell types including oligodendrocytes (GST-pi), reactive astrocytes
(GFAP), neurons (NeuN) and leukocytes/microglia (CD45). Cell death was
identified by DNA fragmentation (TUNEL). Apoptotic and necrotic cell
death were distinguished by the presence or absence of chromatin
condensation (Hoescht 33258). Astrocyte reactivity in the injured area peaks
at 24 hours following injuiy and remains at peak levels at our latest time point
of 96 hours. At all time points examined cell death was localized to the
injured area. Within 9 hours following the injury there is a substantial loss of
both oligodendrocytes and neurons at the injuiy site. The death of
oligodendrocytes and neurons at this time appears to be primarily necrotic. At
24,48, 72 and 96 hours following injury the majority of the dying cells are
either leukocytes and/or microglia; leukocytes and/or microglia death appears
to be apoptotic. We conclude that the nature of oligodendrocyte death in both
stab wound and corticectomy models of CNS trauma is primarily necrotic;
apoptotic death of oligodendrocytes is a rare occurrence these models.
Supported by the Medical Research Council (MRC) of Canada.

OLIGODENDROCYTES
INTERNALIZE
EXOGENOUSLY
APPLIED FERRITIN K.J. Thompson.* S.O. Hevliger, S.W, Hulet, and
J.R. Connor. Dept. of Neuroscience and Anatomy. Penn State University
College of Medicine, Hershey, PA 17033
Previous studies in our laboratory established that ferritin binding sites
exist in the brain. These studies also indicated ferritin binding sites are
expressed predominantly in white matter tracts and are absent in the
periplaque regions in Multiple Sclerosis. The present study was
undertaken using enriched rat primary O2A cultures and a murine
oligodendrocytic cell line to ascertain if oligodendrocytes can bind and
internalize heavy chain ferritin (H-FRT). Punctate distribution of FITCconjugated H-ferritin (FH-FRT) was observed in cells which also
expressed myelin basic protein. No detectable FH-FRT was observed in
A2B5 negative, GFAP positive cells (type 1 astrocytes). Co-localization
of FH-FRT with various markers for the different developmental stages
of O2A/oligodendrocytes revealed that ferritin uptake occurs in cells
which stain positively for GD3, A2B5, 04 antigens as well as
galactocerebroside and CNPase. FH-FRT internalization was also evident
in the murine oligodendrocyte (N20.1) cell line. Taken collectively, these
results corroborate earlier observations (in tissue sections) that
oligodendrocytes are the primary glia cell type which bind ferritin. The
significance is that FRT can deliver 200 times the amount of iron per
binding event in comparison to transferrin. Hence, the presence of ferritin
binding sites indicates that oligodendrocytes have a robust dynamic iron
requirement even in immature stages. In conclusion, these observations
reveal a novel transferrin independent mechanism by which
oligodendrocytes can accumulate iron. Supported by PHS NS22671.
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HYPOXIC/ISCHEMIC INSULT IN NEONATAL RAT BRAINS
ALTERS
MYELIN
PRODUCTION
AND
FERRITIN
EXPRESSION. J.R, Connor*. C. Palmer. R.L, Roberts, and P,
Cheepsunthom Dept. of Neuroscience & Anatomy, Penn State University,
College of Medicine, Hershey, PA 17033.
Previously, we reported that a switch of ferritin cellular expression during
normal brain development from microglia to oligodendrocytes is associated
with myelin production (Cheepsunthom et al., 1998). This study was
undertaken to determine the effect of hypoxic/ischemic (H/I) insult on the
developmental expression and distribution of ferritin and myelin using the
Rice-Vannucci model for inducing H/I in 7-day-old rats. Within 24 hours
after the insult, there is an increase in ferritin-positive amoeboid microglia
in the cortex and white matter and a decrease in RIP and myelin basic protein
(MBP) on the H/I side of the brain. Eight days following the insult, ferritinpositive activated microglia are found throughout the white matter but there
are relatively few RIP-positive cells. Immunoblot analysis confirmed the loss
of RIP and MBP, but indicated an increase in CNPase expression. The
increase in CNPase expression persisted at 15 days of recovery. At 3 weeks
of recovery, the subcortical white matter segregates into areas which contain
ferritin-positive activated microglia and is devoid of RIP-positive
oligodendrocyte or has RIP postive cells, but no ferritin postive microglia.
Immunoblot analysis also reveals that H/I results in an increase in H-ferritin
expression relative to L-ferritin at the later time periods. These results
demonstrate the normal pattern of subcortical white matter myelination is
disrupted with H/I. The mechanism for disruption of myelination in the posthypoxic brain appears to include ferritin (and iron) accumulation by microglia
instead of oligodendrocytes. Supported by HD 30704.

INTERLEUKIN-6 EXPRESSION IN EARLY MULTIPLE SCLEROSIS
LESIONS. L.M. Schonrock1,2 and W. Bruck’/Dept. of Neuropathology ,
University of Gottingen, 37075 Gottingen, and 2Pept. of Neurology.
University of Wurzburg. 97080 Wurzburg. Germany
Multiple sclerosis (MS) is a chronic inflammatory disease of the central
nervous system leading to selective destruction of myelin sheaths and/or
oligodendrocytes. The mechanisms behind activation or recruitment of the
inflammatory cells, astrogliosis, myelin destruction and repair are still
poorly understood. Interleukin-6 (IL-6) is a pleiotropic cytokine involved
in the dynamics of MS. We investigated the expression of IL-6 protein in
stereotactic brain biopsy material of 36 patients with early chronic MS in
correlation to the disease activity, clinical course and the heterogenous
pattern of oligodendrocyte pathology. IL-6 positive and negative cases
were observed; we identified IL-6 expressing subpopulations of astrocytes
(approximately 10 to 17 %) and macrophages (up to 2%). Highest numbers
of IL-6 positive cells were found in inactive demyelinating lesions without
statistic significance. Early remyelinating lesions but also late active
lesions showed significantly increased numbers of IL-6 expressing
macrophages compared to periplaque white matter. In periplaque white
matter, statistically significant more IL-6 positive astrocytes than
macrophages were detected.
Highest numbers of IL-6 positive cells
(mainly astrocytes) were found in lesions with oligodendrocyte
preservation, whereas absence of IL-6 expression correlated with
oligodendrocyte loss and might thus indicate a possible beneficial role for
IL-6 in oligodendrocyte protection and survival. This work was supported
by the Gemeinniitzige Hertie-Stiftung

292.13
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AXON DAMAGE IN MS-LIKE LESIONS OF RAT SPINAL CORD
INDUCED BY ANTIGLYCOLIPID IGM ANTIBODIES. J, Rosenbluth*
and R. Schiff. Department of Physiology & Neuroscience and Rusk
Institute, N.Y.U. School of Medicine, New York, NY 10016.
Focal MS-like pathology, induced by intraspinal secretion of IgM
antibodies to myelin glycolipids by hybridoma cells implanted into rat
dorsal columns, has been attributed to binding of the antibodies to myelin
and oligodendrocyte-lineage cells followed by activation of complement
diffusing in from blood vessels at sites of compromised blood-brain
barrier (Soc. Neurosci. Abst. 24:1025). Intravenous Evans Blue dye
indeed selectively stains dorsal columns at sites of hybridoma growth,
including levels remote from the implantation site, thus demonstrating focal
compromise of the blood-brain barrier in this model. In addition to
demyelination and remyelination, the antibody-induced lesions also
display axon damage, consisting of grossly enlarged axon profiles filled
with large numbers of mitochondria, neurofilaments and other organelles
characteristic of the bulbous “ovoids” that form at sites of axonal
interruption. Macrophages activated by complement or by degenerating
myelin components may release cytokines that cause such “bystander
damage” to axons. Alternatively, the damage could result from
continuous conduction in demyelinated axons, which entails much higher
levels of sodium and potassium exchange than saltatory conduction, and
could cause accumulation of extracellular potassium in narrow periaxonal
spaces sufficient to trigger spontaneous activity. Since axolemmal
voltage-gated sodium channels are not completely selective, but admit
other ions including calcium, repetitive spontaneous activity could lead to
increased intra-axonal calcium levels sufficient to activate proteolysis and
cause focal axon damage. Equivalent mechanisms may underlie axon
damage in multiple sclerosis and other CNS demyelinating diseases.
Supported by grants from the NIH and NMSS.

THE COMPLETE SERUM COMPLEMENT PROTEIN CASCADE IS NOT
REQUIRED FOR THE IMMUNOLOGICAL DEMYELINATION OF THE
ADULT RAT SPINAL CORD. J.A. Bourque, J.K, Dyer*. C. Huguenot, and J.D.
Steeves. CORD (Collaboration On Repair Discoveries). Depts. of Zoology,
Anatomy, Surgery, University of British Columbia, Vancouver, B.C., V6T 1Z4,
Canada.
We have previously described a transient, myelin-specific, antibody-mediated,
complement-dependent protocol that suppresses the onset of myelination in
embryonic birds, and focally demyelinates the CNS of adult birds and rodents after
intraspinal infusion. After a spinal injury, this procedure facilitates anatomical
regeneration and functional recovery. In order to identify the relative necessity of
the different complement proteins for this procedure, we assessed the effects of
serum infusions deficient in a particular complement protein (e.g. C3, C4, C6, and
Factor B). We evaluated spinal treated tissue ultrastructurally using a transmission
electron microscope and phenotypically by indirect immunofluorescence. Upon
removal of the C3 protein, common to both the classical and alternative pathways,
or the C4 protein, a classical pathway protein, normal myelin was observed. Using
serum deficient in Factor B, an alternative pathway protein, demyelination was
observed; in addition, large numbers of macrophages containing myelin debris were
present in these regions. These results suggest that the classical serum complement
pathway has a fundamental role in this immunological protocol. Upon removal of
C6, a Membrane Attack Complex protein, a less extensive patchy distribution of
naked axons was observed, once again accompanied by many macrophages,
suggesting that some of the demyelination may be occurring through macrophagemediated events involving complement-derived anaphylatoxins and membrane
receptors. Supported by the Rick Hansen Neurotrauma Initiative of British
Columbia and the Medical Research Council of Canada.
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TRANSDIFFERENTIATION OF NEUROFIBROMATOSIS-1
MUTANT SCHWANN CELLS INTO MELANOCYTES FOLLOWING
WOUNDING OF Nfl/nfl MOUSE NERVE: Tilat Rizvi*. Radhika
Atit and Nancy Ratner. Dept Cell Biology, Neurobioiogy & Anatomy, Univ.
Cincinnati. Coll. Med., Cincinnati, OH 45267
Patients with type 1 neurofibromatosis (NF1) develop peripheral nave
tumors and cafe-au-lait macules, hyperpigmented spots on the skin.
Mice
heterozygous for targeted mutations at Nfl fail to develop CALM or nerve tumors.
To test if wounding induces NF1 manifestations, we cut the sciatic nerve of Nfl/nfl
mice. Cut ends of transected sciatic nerve were rejoined with sutures or pulled
proximally and distally in deflection experiments. Nfl/nfl and wild type mice
(22/genotype) were evaluated 30 days after surgery. All injured Nfl/nfl animals
developed patchs of pigmented cells in muscles overlying the nerve, identified as
melanocytes by EM. Pigmentation was more intense in animals with deflection as
compared to animals with transection suggesting that axons are not required for the
effect; wild type animals had little or no pigmentation.
Purified mutant Nfl Schwann cells were labeled with Hoechst dye and
grafted around transected wild type nerves. Of 4000 labeled cells counted in 6
animals, 68 contained pigment granules; of pigmented cells counted, 12.6% woe
dye-positive. Thus Nfl mutant Schwann cells can transdifferentiate into pigmented
melanocytes. We also tested if Nfl -mutant environment contributes to the
phenotype. Schwann cells wild type or mutant at Nfl were transplated into wild type
or heterozygous mice. Pigmentation was maximal when both host and graft woe
mutant.
Thus environmental factor(s) and cell autonomous Schwann cell
abnormalities contribute to lesion-induced hyperpigmentation in Nfl mutants.
A few Nfl/nfl mice developed tumors by 3 months after nerve injury.
4/28 developed unencapsulated unpigmented tumors while 5/28 developed
encapsulated pigmented tumors. Thus, wounding of the sciatic nerve in mice with a
single mutant NF1 allele is sufficient to cause disruption of tissue organization with
features resembling human NF1. Supported by NIH NS-28840 and the DOD.

THE IN VIVO EFFECTS OF TNF-a ON OLIGODENDROCYTES IN THE
RAT ANTERIOR MEDULLARY VELUM

F. Reddington*. M, Berry. S. Kirvell, A.M Butt
GKT School of Biomedical Sciences. Kings College. St Thomas’
Campus, London, UK

Tumour necrosis factor (TNF-a) is implicated in the pathology of Multiple
Sclerosis (MS) and Experimental Allergic Encephalomyelitis (EAE), autoimmune
diseases in which oligodendrocytes and myelin are disrupted. In vitro, TNF-a has
been shown to cause oligodendrocyte disruption and cell death but its actions in vivo
have not been elucidated. To address the question of whether TNF-a affects
oligodendrocytes in vivo, the cytokine was administered into the lateral ventricle
and its effects were tested using our model tissue of the anterior medullary velum
(AMV), which roofs the IVth ventricle. Three age groups were used, neonate (1-2
weeks), juvenile (3-6 weeks) and adult (160-200g) Rats were sedated with halothane
and older animals were anaesthetized with hypnorm/hypnovel. Animals received
either TNF-a or saline and AMV were analysed after 48 and 72 hours. Rats were
sacrificed via lethal injection (0.7ml/Kg lethobarb) and perfusion fixed with 4%
paraformaldehyde. AMV were removed intact and double immunofluorescence
labelled with Rip/anti-Neurofilament or anti-MBP/anti-Neurofilament. There were
no dramatic actions of TNF-a at any of the ages studied but in younger animals both
Rip and MBP immunolabelling appeared abnormal. We conclude that TNF-a had
very little acute effect in vivo but the altered Rip/anti-MBP immunolabelling may be
indicative of early changes in oligodendrocytes, leading to demyelination in the
longer-term. We are currently examining this possibility by looking at later time
points.
Supported by The Special Trustees of St Thomas’ Hospital
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MYELIN DEFECTS IN THE ANTERIOR MEDULLARY VELUM OF
THE TAIEP MUTANT RAT. J. Song1*. S, Kirvell2. A. M. Butt2, andJJD.
Duncan1.
’Department of Medical Science, University of Wisconsin,
Madison, WI 53706; 2Division of Physiology, UMDS, Guy’s and St.
Thomas’ Hospitals, London, United Kingdom.
The taiep rat is a myelin mutant in which hypomyelination and
progressive demyelination of the central nervous system (CNS) are
accompanied by an accumulation of microtubules within oligodendrocytes
(OLs) (Duncan et al, 1992). In vitro study of taiep OLs suggests that the
microtubule abnormality is directly responsible for the myelin defects (Song
et al, 1999). Here we further examined the myelin defects in the taiep rat’s
anterior medullary velum (AMV), a CNS structure which enables
visualization of single OLs and their processes
in
vivo.
Immunocytochemical studies of myelin proteins (PLP, MAG, MBP) in the
AMV have shown a significant myelin deficit in taiep. Small caliber axons
are more severely affected than are larger caliber. Affected taiep axons
have thinner myelin sheaths and frequently show a complete absence or
discontinuity of myelin. PLP and MAG accumulate in the perinuclear area,
but not in the processes, of the taiep OLs, suggesting that these myelin
proteins are not transported properly from the cell body. This study also
shows that while most OLs in the control AMV at two weeks of age are
mature and myelinating axons, a number of the taiep OLs remain at an
immature stage with abundant processes which do not myelinate any axons.
These results suggest that the taiep mutation affects the normal distribution
of myelin proteins, mainly in type I or II oligodendrocytes which myelinate
the small diameter axons (Funded by NIH grant NS32361).

TEMPORAL PROGRESSION OF REACTIVE ASTROCYTOSIS IN
SEVERAL BRAIN REGIONS OF THE MYELIN MUTANT "TAIEP" RAT.
’Ledn-Ch&vez, B.A.*, 3Galindo, S., 2Guevara, J„ 2Villegas, O., 4Ugarte, A., *Luna J„
1,2Mena, R., and ’^Martinez-Fong, D, ‘Depto Fisiol.. Biofis. v Neuroci. 2Prog.
Multidisc de Biomed. Mol., 3Biol. Cel. CINVESTAV. 4Inst. de Fisiol. de UAP.
Reactive astrocytosis reflects predominantly phenotypic changes of resident astroglia
rather than migration or proliferation of such cells has been suggested, in vivo. This
process may contribute to maintain the neuronal surviving by eliminating toxic
compounds produced by injured neurons, and by releasing trophic fectors. In
contrast, activated astrocytes may increase the neurological injury by releasing
cytotoxic compounds such as cytokines, excitatory amino acids and free radicals
(NO, OH‘, O2', etc.). We have previously reported evidence of astroglial activation in
primary cultures from cerebral cortex and cerebellum of "taiep" rats. In these
cultures, pro-inflammatory cytokines (IFNy and TNFa) in presence of LPS increased
NO accumulation. Besides, the cytokine-induced NO accumulation was less sensitive
to the anti-inflammatory effect of TGFB1. To demonstrate astroglial activation in
vivo, we measured GFAP immunoreactivity in several brain regions of "taiep" rats by
ELISA and indirect immunofluorescence. A rabbit policlonal antibody anti-GFAP
(1:3400) and a goat anti-rabbit IgG conjugated with either radish peroxidase or
fluorescein were used. The absorbance was determined at 414 nm in an ELISA
lector. We found a significant increase in GFAP immunoreactivity only in cerebral
stem of 15-days-old “taiep” rats. However, there was a significant increase in GFAP
immunoreactivity in all studied regions since 1 month up to 3 months of age (end of
the study). There was not statistic difference in diencephalum in the period studied.
Increased GAFP immunofluorescence was confirmed in the same regions by
confocal microscopy. These results show the presence of activated astroglial in
myelin mutant "taiep" rat and suggest a possible contribution to the brain injury.
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ACETYLCHOLINESTERASE BINDS TO DISSOCIATEDNEURONS OF APLYSIA.
M, Srivatsan*. Dept. of Physiology, Univ. of Kentucky College of Medicine, Lexington,
KY 40536-0298
Acetylcholinesterase (AChE) is present in hemolymph (HML) ofadult Aplysia,
a marine mollusc (Bevelaqua et al., 1975). It promotes neurite growth in cultured Aplysia
neurons (Srivatsan and Peretz, 1997) and prompted us to examine AChE-neuronai
interaction which may lead to enhanced neurite growth. AChE from HML was purified
by edrophonium chloride affinity column and was coupled (100/zg / ml) to Fluospheres
(Molecular Probes). Enzyme activity of coupled AChE was assayed. Bovine serum
albumin (BSA,10mg / ml) was added to the coupled AChE to prevent nonspecific
binding. Neurons were dissociated from pedal ganglia of Aplysia and were plated on
polylysine coated glass cover slip -mounted dishes as before (Srivatsan and Peretz,
1997). Two hours after plating, the medium was replaced with artificial sea water (AS W)
and Fluosphere-coupled AChE was added (final cone. lOOng/ml) to the dishes and were
incubated in the dark for 5 min. at 20°C followed by 30 min. at 4°C. Dishes to which
(a) uncoupled AChE was added in excess prior to the addition of Fluoshere-coupled
AChE and (b) Fluoshere-coupled BSA alone was added served as controls. After
repeated rinsing with ASW to remove unbound AChE, examination of the dishes under
fluorescent inverted microscope revealed fluorescent spots on the neuronal membrane
in dishes to which Fluoshere-coupled AChE alone was added demonstrating the binding
of AChE to the neuron. Fluorescent spots were absent in the control dishes indicating
that the binding was specific. Neurons with three or more fluorescent spots were
counted as positive for AChE binding. Initial results showed that AChE binds to ca 65%
of pedal neurons in the culture dish. This result suggests that HML AChE specifically
binds to a subset of dissociated pedal neurons of Aplysia. The role of sugar residues of
AChE in its binding to neurons is currently being investigated.
Supported by NS35864(NINDS)

IMAGING REPETITIVE SPREADING DEPRESSION IN SUBMERGED
NEOCORTICAL SLICES. T.R. Anderson. C.R, Jarvis and R.D. Andrew*.
Dept.of Anatomy & Cell Biology, Queen's University, Kingston, ON., Canada
K7L-3N6.
Spreading depression (SD) is a profound but transient depolarization of
neurons and glia that arises focally and migrates across the cortical and
subcortical gray. In vivo it occurs under normoxic conditions during migraine
aura where it precedes migraine pain but does not damage tissue. During stroke
however, SD can arise repeatedly near the ischemic core and may promote
neuronal damage. We developed a brain slice preparation that repeatedly
generates robust SD during superfusion with artificial CSF, thereby facilitating
imaging and drug application during SD experiments. Rat neocortical slices
were exposed to elevated K+ aCSF (26 mM KCI) for 2 min @ 3 ml/min. SD was
measured as a negative DC shift recorded in layers 2/3 and as a front of
elevated light transmittance using intrinsic optical signal imaging. Pretreatment
with NMDA receptor antagonists (n=8) blocked SD, even with K+ exposure
extended to 10 min. CNQX had no effect (n=6). Repeated SD episodes were
imaged with full recovery of evoked synaptic responses. In contrast, SD evoked
by metabolic inhibition (bath application of low O2/glucose, ouabain or
cyanide) was not blocked by glutamate antagonists, was not repeatable, and
eliminated evoked synaptic responses post-SD. The findings support in vivo
studies showing SD block by NMDA antagonists in normoxic, but not
ischemic, neocortex. In conclusion, this slice paradigm is useful for studying
regenerative SD with a spacial and temporal resolution not possible in vivo.
Supported by the Ontario Heart and Stroke Foundation and the Medical
Research Council of Canada.

Society

for

Neuroscience

, Volume

25, 1999

STAINING, TRACING AND IMAGING TECHNIQUES: OPTICS AND DYES

MONDAY AM

293.4

293.3
Imaging synaptic activity in intact brain and slices with
FM1-43 in C. Elegans, Lamprey, Xenopus tadpole and Rat

A.R, Kav1*, A. Alfonso2, S.T. Alford3, H.T. Cline4, K. Haas4, A.M, Holaado2.
R. Malinow4, T.A. Rvan5. B. Sakmann6. V.A. Snitsarev1, T.P. Stricker1,
M.Takahashi3. L.-G. Wu6
1 Biol. Sci., Univ. of Iowa Dept., 2Biol. Sci., Univ. of Illinois at Chicago,
3Dept. Physiol., Northwestern Univ. Med. School, 4Cold Spring Harbor
Lab, 5Weill Med. Coll, of Cornell Univ., 6Max-Planck-lnstitut fur Med.
Forschung, Heidelberg
FM 1-43 has been used extensively for imaging vesicle recycling,
however, nonspecific adsorption of the probe results in elevated
background levels that have precluded its use in intact brain and slices.
We found that a modified cyclodextrin, SBE7-0-CD (CyDex Inc.) has an
approximately 100-fold higher affinity for FM 1-43 than the plasma
membrane. FM 1-43 moves rapidly (<2s) into the hydrophobic hole
formed by the cyclodextrin, forming a water-soluble inclusion complex.
SBE7-(3-CD (1mM) proved effective in removing FM 1-43 nonspecificaliy
bound to the extracellular face of tissue. This has enabled us to visualize
synaptic terminals and the dynamics of the release process in the
nematode C. elegans, intact lamprey spinal cord, and intact Xenopus
tadpole optic tectum and rat brain slices. The range of organisms open to
this approach suggests that our method may be of value in studying the
dynamics of vesicle recycling in other systems that have not heretofore
been amenable to investigations using FM 1-43.

A NOVEL GENETIC METHOD FOR THE ACTIVITYDEPENDENT MAPPING OF NEURAL CIRCUITS. U. Maskos*,
D. Lagorce and Ph. Brulet. Embryologie moleculaire, CNRS URA
1947, Institut Pasteur, F75724 Paris, France.
There is a growing need for genetic methods to analyse neural
circuits because this allows the specific expression of trans-synaptic
marker molecules in specific cell types or regions of the CNS in the
living animal, and obviates the need for tedious tracer injections.
Tetanus neurotoxin (TNT) lends itself to this type of approach. It is
a 150 kD protein that is retrogradely transported into the CNS in an
activity-dependent manner. Fusion proteins between non-toxic parts
of TNT and green fluorescent protein (gfp) were made and expressed
in cultured brain slices and transgenic animals under the control of
ubiquitous and specific promoters. The gfp allows to follow the
trans-synaptic transfer in vivo, and mapped neural circuitry in slices
and transgenic animals will be presented.
Supported by the European Commission and EMBO.

Supported by individual grants from the NIH to AA, STA, HTC, ARK, RM
& TAR, and the Max-Planck Society to BS

293.5

293.6

“COMET’ ANALYSIS FOR QUANTITATION OF APOPTOSIS IN PRIMARY
CEREBELLAR NEURONS. D. Lloyd3, J. Dave1, H. Ved2, and F. Tortella1*. ’Div. of
Neurosci. and 2Biochem., Walter Reed Army Inst of Res., Washington DC 20307 and
3Loats Assoc. Inc. (LAI), Westminster, MD-21157.
While the role of apoptosis in neuronal injury is continually being re-defined, the
relative contribution of necrotic and apoptotic mechanisms in experimental models
of excitotoxic injury remain undefined. The primary objective of our recent efforts
in this area have focused on the development and application of a quantitative
imaging method, i.e. Comet Analysis (CA), using single cell gel electrophoresis to
measure nuclear DNA fragmentation in neurons. With CA, unfragmented DNA in
the nucleus of a damaged fluoresced cell appears as the head of a comet, with the
fragmented DNA migrating out of the nucleus appearing as the tail of the comet.
Using a fluorescence microscope equipped with an extended range video capture
capability and the LAI Comet Assay System™ (LAI-CAS), CA permits quantitative
measurements of the nuclear damage. For example, we have exposed primary
cerebellar neurons to glutamate (80 pM) or hydrogen peroxide (H2O2; 100 pM)
under conditions producing primarily necrotic versus apoptotic injury, and at
different times post-exposure used CA to measure DNA damage. The neurons are
initially harvested and immobilized in a bed of low melting point agarose on a
microscope slide. After gentle lysis the neurons are subjected to alkali treatment to
hydrolyze DNA at the site of damage followed by electrophoresis and DNA staining.
Using the LAI-CAS, the nuclear damage can be measured by quantifying various
parameters of the comet such as the tail length and area, percent DNA in the tail, tail
moment, tail moment arm, tail moment of inertia and fragmentation for the
assessment of degree of apoptosis. We have established parameters of cell
harvesting, exposure intervals, duration of alkali hydrolysis and duration and voltage
of electrophoresis necessary for generating optimal CA in neurons. The results of our
preliminary efforts using CA indicate both qualitative and quantitative differences in
nuclear fragmentation induced by either glutamate or H2O2. Government Funding

DEVELOPMENTAL STAGE-SPECIFIC CA2‘ OSCILLATION IN
CHICK IMHV REGION.
K.Okamoto*. K.Kivosue. T.Taguchi. Osaka Nat'l. Res. Inst. (Onri), Aist,
Ikeda 563-8577, Japan.

Imprinting is a type of learning through the young chick, a part of
the chick forebrain, the intermediate and medial part of the hyperstriatum
ventrale (IMHV), has been shown to be critically important. To elucidate
the mechanism of the learning, it is important to examined the features of
neural circuits in IMHV region. We examined the activity of twodimensional neural circuits in IMHV region by intracellular Ca imaging.
Using fluorescent microscopy+SIT camera, we visualized the dynamics in
intracellular Ca in Ca indicator Rhod-2AM loaded slices. In a slice of a
chick lefthand-hemisphere IMHV area in an embryo (E15), repetitive Ca
wave were directly visualized in the presence of 5mMCsCl. These
frequency of the Ca wave were increased in PO-2 chick brain IMHV area,
but the frequency were decreased in P5-7 chick brain. These Ca wave were
induced without CsCl in PO-2 chick brain, whereas no change was
observed the other ages. This induction of Ca wave in the living sliced
tissues was inhibited by the addition of TTX into the specimen, but no
change was observed by the addition of O.lmM octanol. This suggests that
the change of synaptic transmission were involved in the one of the Ca
wave. The high frequency of Ca wave may be play a role of learning.

293.7

293.8

ARE THE CHANGES IN INTRINSIC OPTICAL SIGNALS A TOOL TO
MEASURE CHANGES IN EXTRACELLULAR SPACE VOLUME? L. Vargov&*,
§. Prokopovd. A. Chv&tal and E. Svkovd. Inst, of Experimental Medicine ASCR and
Dept. of Neurosci., Second Med. Faculty, Charles Univ., 142 20 Prague, Czech Rep.
It has been suggested that changes in intrinsic optical signals (IOS) closely
correspond to the shrinkage of the extracellular space (ECS) during activity-related
cell swelling. However, the simultaneous measurement of IOS and the absolute
changes in ECS volume has not yet been done. We performed simultaneous
measurements using IOS (light transmittance) and the real-time iontophoretic method
with tetramethylammonium (TMA+)-selective microelectrodes to determine the
absolute values of the ECS volume fraction a (a =ECS volume/total tissue volume),
tortuosity A, (X2=apparent diffusion coefficient/free diffusion coefficient) and
nonspecific uptake k' in the dorsal horns of rat spinal cord slices. Cell swelling was
evoked by a 45 min exposure to hypotonic solutions, elevated potassium or NMDA.
During the first 15 min of the application of hypotonic solution Hl (200 mmol/kg) or
20 mM K+ (300 mmol/kg), a decreased by 30-40% or 15-20%, respectively, but IOS
increased by 15-25% in both; these changes persisted throughout the rest of the
application. The hypotonic solution H2 (160 mM/kg), 50 mM K+ or NMDA (10"4 and
10‘3M) induced in the first 15 min a decrease in a of 45-85% and an increase in IOS
of 20-35%. However, after the initial peak, IOS quickly decreased to control levels,
while the changes in a and k persisted. In hypertonic solution (400 mmol/kg) a
increased by 30-40%, while IOS was either unchanged or decreased by only 5%. The
changes in a and IOS were reversible during washout with control solution.
Our data show that there is some correlation between IOS and ECS volume changes
induced by moderate cell swelling, i.e. when a decreases up to about 50%. When
swelling is larger or when cells shrink, IOS do not correspond to ECS volume
changes. We therefore conclude that there is not a simple correlation between ECS
volume and IOS changes.
Supported by GACR 307/96/K226,307/97/K048, 309/99/0657, 305/99/0655.

EVENT RELATED OPTICAL SIGNAL (EROS) RECORDED FROM CAT
VISUAL CORTEX Edward Maelin1*. Peter Wessels1. AK Prassant2, Dan
Samber2. Ehud Kaplan . Monica Fabiani1. Gabriele Gratton1. ’Dent, of
Psychology, University of Missouri-Columbia, Columbia, MO 65211; 2Dept. of
Physiology, Mount Sinai Hospital, NYC
The Event Related Optical Signals (EROS) has recently been proposed as a
non-invasive neuroimaging tool with good spatial and temporal resolution.
This study demonstrates the feasibility ofrecording EROS signals directly from
the cortical surface and investigates die relationship between data obtained from
the surface of the head and data obtained from the exposed cortex. Contrast
reversing gratings were presented binocularly to an anesthetized and paralyzed
cat. EROS data were collected from the shaved scalp prior to opening the skull
and then, after exposing the dura, directly from the surface of the exposed dura.
DC and AC intensity and cross-correlation phase data were collected every 20
ms. during 80 16-second trials. The phase data were then averaged across
stimulus presentations. The averaged data exhibit a significant increase at 70 ms
post stimulus in both scalp and dura measurements, consistent with visually
evoked electrical potentials in cats. This result is similar to previously reported
comparable EROS data from human subjects, where an increase in response
(phase delay) with a latency of approximately 80 ms from stimulation is
typically observed. This is the first demonstration of an EROS response in an
animal model, and also die first demonstration that EROS signals recorded
through die scalp are similar to those recorded from the exposed brain.
(GG supported by MH57125; EK by EY 11276. MH50166, EY 01867 and RPB)
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COMPARING RETROGRADE TRACING TECHNIQUES FOR
ADULT RAT NIGROSTRIATAL NEURONS
J.G. Emsley* and T. Hagg

Dept. Anatomy & Neurobiol, Dalhousie University, Halifax, B3H 4H7 Canada.
We examined several methods for retrograde labeling of normal and injured
dopaminergic neurons that project from the substantia nigra pars compacta
(SNC) to the neostriatum in adult rats. After two weeks with 6 injection sites of
Dil throughout the neostriatum (Hagg & Varon, PNAS 90, 6315) twice as many
neurons were labeled throughout the rostro-caudal extent of the SNC than
with 2 sites (0.3% Dil, 2 pl/site). Dil was equally effective when dissolved in
10% EtOH, 100% EtOH or DMSO and most readily dissolved in 100% EtOH.
With 6 sites, more VTA and lateral SNC neurons were labeled, as well as more
neurons in the midportion along the medial-lateral extent of the SNC. After
injection two weeks later of 6-OHDA (40 pg) into the 2 neostriatal injection
sites, neuronal loss in the mid-portion of the SNC was similar in rats with 6 as
with 2 Dil injections. This suggests that neurons that project outside the
striatal area of the 2 (6-OHDA) injection sites also die. Despite quantitative
differences between the two tracing methods, 2 sites may be sufficient and
more efficient for most experimental paradigms. Two weeks after 2 striatal
injections, Dil labeled -30% more nigrostriatal neurons than Fluorogold (2% in
saline, 0.2 pl/site, Sauer & Oertel Neurosci. 59:401; Nikkhah et al. J. Neurosci.
15:3548), due primarily to differences in labeling of the more medial and lateral
regions of the SNC. This is probably due to differences in injection volume
and diffusion of tracers rather than the ability of nigrostriatal neurons to take up
the tracers. Fluorogold highlights cell bodies and processes more effectively
than Dil and thus is superior for examining cell morphology. Two weeks after 6OHDA injection cell loss (compared to non-lesioned contralateral) was the
same after Dil or Fluorogold pre-labeling suggesting that, in this system,
Fluorogold is not toxic. Support: Parkinson Foundation Canada, MRC Canada.

THE USE OF BTC, A FLUORESCENT LOW AFFINITY Ca2+ INDICATOR, TO
MEASURE INTRACELLULAR FREE Zn2+ CONCENTRATIONS IN THE
PRESENCE Of Ca2+. K.L. Hyrc*, J.M. Bownik, A.K. Husain M. Grabacka and
M.P. Goldberg, Center for the Study of Nervous System Injury, Washington
University School of Medicine., St. Louis, MO 63110.
The measurement of free intracellular Zn2+ concentrations ([Zn2 ],) has proven
intrinsically difficult as the utility of Zn2+-specific indicators is limited either by
their low affinity or complex stoichiometry (Canzoniero et al. Neurobiol Dis
1997;4;275). Mag-fura-2 and mag-fura-5 have been shown to respond to nanomolar
[Zn2+]j (Simons, J Biochem Biophys Meth 1993;27,25; Sensi et al. J Neurosci
1997,17, 9554) but their effective use might be rather difficult because of their
sensitivity to Ca2+ and Mg2+. BTC, a coumarin-based low affinity Ca2+ indicator
(latridou et al, Cell Calcium 1994;15,190), was shown to undergo distinct spectral
changes upon binding Ca2+ and Zn2+ (Hyrc et al., SFN Abst, 1998, 1059) Here, we
examined whether BTC can be used to measure [Zn2+]j in the presence of Ca2+.
BTC spectra in EGTA-based calibration buffers showed that Ca2+ binding (Kd~12
pM) shifted the dye’s excitation maximum from 460 to 400 nm with an isosbestic
point at -430 nm. BTC fluorescence excited at 430 nm, increased 6-7 times in
response to Zn2+ binding (Kd~20 nM). In contrast, BTC fluorescence excited at 490
nm was Zn2+-independent but changed in response to Ca2+ binding. Having found
the Ca2+ and Zn2+ specific excitations in vitro, we tested in situ the effect of raising
[Ca2+]j and [Zn2+]j on BTC fluorescence. Cultured cortical neurons were bath-loaded
with BTC/AM and exposed to 50 pM ionomycin in the presence of 0-1.8 mM Ca2+
and 0-250 pM Zn2+. Elevating intraneuronal [Zn2+], but not [Ca2+], raised the
fluorescence excited at 430 nm, while the dye fluorescence at 490 nm changed only
in response to raising [Ca2+]j. The fluorescence changes attributable to Zn2+ were
completely abolished by applying TPEN, a membrane permeable Zn2+ chelator.
These data support the idea that BTC can be used to monitor changes in Zn2+ in the
presence of Ca2+. Supported by NIH grants NS32636 and NS36265.

293.11

293.12

GFP-BASED OPTICAL RECORDING FROM A C. ELEGANS SENSORY
NEURON. R.W, Friedrich1'2*, I.E. Gonzalez3, S. Potter1, C.-B. Chien4'2.
R.Y, Tsien5. T, Scheel6'2, G. Laurent1.1Caltech/ Div. of Biol., Pasadena,
CA 91125; ^MPI fiir Entwicklungsbio., 6 Artemis Pharmaceuticals, D-72076
Tubingen, Germany; ^Aurora Biosciences Corp., La Jolla, CA 92037;
4University of Utah, Salt Lake City, UT 84132; 5UCSD Dept. of
Pharmacology and HHMI, La Jolla, CA 92032.
Today’s most efficient optical voltage probes rely on fluorescence
resonance energy transfer (FRET) between a membrane-bound stationary
fluorophore and a mobile oxonol inside the membrane. To make such a
system genetically controllable, we used GFP as the stationary
fluorophore. GFP was targeted to the plasma membrane by fusion with a
transmembrane domain and a signal sequence. The fusion protein is called
NG1. Current clamp experiments in oocytes showed that the NGl/oxonol
system is voltage-sensitive, responding to depolarization with a decrease
in NG1 fluorescence, as expected. The voltage sensitivity is similar to
that of conventional (styryl) voltage sensitive dyes.
NG1 was then expressed in C. elegans ASH sensory neurons using a
specific promoter. ASH mediates avoidance responses to nose touch,
chemicals, and high osmolarity. After loading with oxonol, 540 ms touch
stimuli delivered to the nose with a piezoelectric probe elicited a
decrease in NG1 fluorescence (AF/F~0.3%) that outlasted the stimulus by
several hundred ms. Similar results were obtained with 3 different
oxonols. No fluorescence change was observed after bleaching the oxonol
or in worms not loaded with oxonol. We conclude that NGl/oxonol
provide a genetically encoded voltage probe for optical recording from
defined neurons in C. elegans and possibly in other systems.
Supported by the NIH, NIDCD and the Del Webb Fund (Caltech).

VOLTAGE-SENSITIVE DYE RECORDINGS FROM BASO-LATERAL
DENDRITES OF PYRAMIDAL NEURONS. S. Antic1*, G. Major3, J. Wuskef,
L. Loew2 and D, Zecevic1.1Yale Univ., New Haven, CT; 2Univ. of Connecticut
Health Center, CT; 3Univ. Laboratory of Physiol., Oxford Univ., UK.
We are studying the temporal and spatial dynamics of electrical signals in
pyramidal neuron baso-lateral dendrites. Voltage-sensitive dye recording is
used to determine the site of initiation, the direction of propagation and the
changes in the shape of the action potential in dendrites. The spike was
evoked either by direct soma stimulation or by synaptic excitation. Individual
neurons (layer 5 pyramidal neurons in slices from the neocortex of P12-P25
rats) were stained intracellularly, by diffusion from a patch pipette of the
voltage-sensitive styryl dye JPW1114. Two additional close analogs were
used (JPW3027 and JPW3028); no significant differences were observed
between the dyes. Optical signals associated with action potentials in basolateral and oblique dendrites, expressed as fractional changes in fluorescent
light intensity (a F/F), were between 1 and 2%. The signal-to-noise ratio was
sufficiently large to allow monitoring of action potential signals from multiple
sites along the entire length of dendritic processes (about 140 pm). The
results show that both somatic and synaptic stimulation (evoked by electrical
shock delivered either to Layer I or to the white matter), triggered a burst of
action potentials that originated near the soma. Optical recordings of the first
two spikes in the burst revealed their backpropagation into baso-lateral
dendrites, with the propagation velocity of 0.28 m/s. At the distance of 100
pm, the half-width of the first spike in the burst increases to 125±9.8% (n=5)
while the broadening of the second spike in the burst was larger
(170.4±19.7%; n=5). We are currently comparing experimental measurements
with the results from numerical simulations to determine whether the
backpropagation of spikes in baso-lateral dendrites is active or passive.
Supported by NSF Grants IBN - 9604356 and INB - 9812301.
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TEMPORAL AND SPATIAL DYNAMICS OF ELECTRICAL ACTIVITY IN
INDIVIDUAL NEURONS.
Deian Zecevic* and Srdian Antic. Yale University School of Medicine, New
Haven, CT 06520.
Understanding the biophysical properties of single neurons and how they
process information is fundamental to understanding how brain works.
However, action potential initiation and the preceding integration of the
synaptic signals in neuronal processes of individual celis is complex and
difficult to understand in the absence of detailed, spatially resolved measurements. Multi-site optical recording from individual neurons in situ injected with
voltage sensitive dyes (JPW3028) was used to provide these kinds of
measurements. The recorded temporal and spatial dynamics of electrical
activity show that the functional profile of this cell is complex. The action
potentials evoked by both direct electrical stimulation of the soma and by
excitatory synaptic inputs originated from the same multiple and remote
initiation sites on neuronal processes. The primary site of spike initiation
depended on the mode of synaptic activation; different trigger zones were
associated with different sets of synaptic inputs. Furthermore, the spike
initiated at the remote axonal site did not always invade all parts of the
neuron; the conduction of the axonal impulse was sometimes blocked at
particular locations. Also, the propagating spikes in some axonal branches
reversed direction at certain branch points, a phenomena known as reflection.
These measurements enabled us to visualize the pattern of spike initiation
and propagation. The obtained results also provide the information necessary
for the description and understanding of the functional structure of the
metacerebral giant neuron in the form of a numerical simulation/model.
Supported by NSF Grants IBN-9604356.
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REAL-TIME IMAGING OF CORTICOSTEROID RECEPTOR
DYNAMICS IN LIVING CELLS WITH A GREEN

FLUORESCENT PROTEIN AND ITS COLOR VARIANTS
M. N.ishi*, H, Qsawa andMJ&awala- Dept. Anatomy and Neurobiology, Kyoto
Prefectural Univ. of Medicine, Kyoto 602-8566, Japan

The glucocorticoid receptor (GR) and mineralocorticoid receptor
(MR) ligand-dependent transcription factors that must localize at the
tiie nucleus for interacting with the target genes. Although it is mostly
accepted that GR is translocated into the nucleus from the cytoplasm
only after ligand binding, the subcellular localization of MR is still quite
controversial. To elucidate the intracellular trafficking of MR in
response to various extracellular conditions, a chimera construct
of a green fluorescent protein (GFP) and rat MR (GFP-MR) was
prepared. We transiently transfected GFP-MR into primary
cultured rat hippocampal neurons, cortical glial cells, and nonneural cells such as COS-1 cells, and compared the dynamic
changes in subcellular localization of GFP-MR in these cells.
GFP-MR was distributed in both cytoplasm and nucleus without ligand.
Corticosterone (CORT), the principle corticosteroid of the rat, induced
a nuclear accumulation of GFP-MR in all cell types used. Furthermore,
we investigated the differential effects of CORT on the nuclear
translocation pattern of corticosteroid receptors using the cells cotransfected
with cyan fluorescent protein (CFP)-GR and yellow
fluorescent protein (YFP)-MR. This work has been suppored by Grantsin-Aid for Scienctific Research from the Ministry of Education, Science
and Culture, Japan.
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DISSOCIATION OF INTERSTITIAL VOLUME CHANGES AND INTRINSIC
OPTICAL SIGNALS DURING NORMOXIC SPREADING DEPRESSION IN
HIPPOCAMPAL SLICES WITH LOW CF AND HYPERTONIA. D.A. Favuk1*,
P.G. Aitken < G.G. Somien2 and D.A. Turner13. 'Neurosurgery and Neurobioiogy,
Cell Biology, Duke Univ. Med. Ctr.; Durham VAMC; Durham, NC 27710.
Intrinsic optical signals (IOS) can be evoked in CNS tissue by synaptic stimulation,
spreading depression (SD), hypoxia, and osmotic changes. In hippocampal slices,
these various optical signals differ in direction of change, spatial extent, and time
course, suggesting multiple mechanisms. We hypothesize that IOS are related to cell
swelling and are associated with concomitant changes in interstitial volume (ISV).
IOS were imaged in hippocampal slices using a 12-bit linear cooled CCD camera
(Sensicam) and transillumination through the slice in an interface recording chamber
(35°C) with 1 mM tetramethylammonium (TMA) in the bath. Ion-sensitive electrodes
sensitive to TMA were used to measure changes in ISV using the indicator dilution
method. The IOS were quantified in a discrete region of interest surrounding the TMA
electrode. Hypertonic bathing medium contained aCSF and 100 mM added mannitol,
and low CF aCSF had all but 2.2 mM CF replaced with methylsulfate.
During synaptic train stimulation in CAI st. radiatum the IOS increased (+6%) and
volume fraction decreased (-12%). The transition into hypertonia per se resulted in an
IOS decrease of 12.9% but ISV rose 82.2%, in st. radiatum, indicating cell shrinkage.
At the peak of SD induced in normal aCSF with microinjection of 1 M KCI the IOS
declined by 20.5% and ISV was reduced by 71.8%. However, during SD in low CF
media the IOS reversed to an increase of 21.5% while the ISV change remained
decreased at 52.1%. Likewise, when KCl-induced SD was evoked in 100 mM
mannitol, the peak IOS reversed to show a net increase of 18.7%, whereas again the
ISV decreased by 70%. Thus, both low CF media and hypertonia resulted in a reversal
of the IOS caused by SD, without affecting significantly foe change in ISV.
This suggests that changes in cell size are not the only, and perhaps not even the
primary, mechanism underlying alterations in foe intrinsic optical properties of CNS
tissue. The details of other contributing mechanisms to foe generation of IOS remain
unknown but likely include changes in both cellular and organelle size and also the
complex relationship between interstitial and intracellular relative refractive indices.
Supported by NS13165 (DAT), NS18670 (GS) and VA Merit Review Award
(DAT).

LIGHT SCATTERING MEASURED IN BRAIN SLICES WITH A NEW
PHOTON COUNTING FIBER OPTIC SYSTEM. L. Tao* and C, Nicholson.

Dept. Physiology and Neuroscience, NYU School of Medicine, New York, NY
10016.
There is an increasing effort to use changes in light intensity from illuminated
brain tissue as a measure of physiological parameters, such as cell volume. Such
intensity changes probably involve several different physical mechanisms which
makes interpretation difficult. We have developed a new system that
predominantly measures internally scattered light, excluding other forms of
optical modulation.
The system consists of an array of two 100 gm diameter communication-grade
optical fibers mounted 900 pm apart. The source fiber is connected to a
monochromator and the receiving fiber is connected to a photomultiplier. The
output of the photomultiplier is connected to a counter and controlled by
appropriate software. The fiber array contacts the upper surface of a rat
neocortical slice held in an interface chamber. The lower surface of the slice is
perfused with artificial CSF (ACSF) flowing at 1.7 mL min1. This arrangement
of source and receiving fiber ensures that all light arriving at the receiving fiber
has undergone multiple scattering within the tissue and eliminates any
contribution from direct incident light and reflected light from the tissue surface.
The system was tested by exposing slices to ACSF of different osmo-larities
for periods of 10 min, using a light wavelength of 500 nm. The scattered light
signal was stable from slices in normal ACSF (300 mOsm). In hypotonic ACSF
(200 mOsm) the scattering intensity decreased while in hypertonic ACSF (400
mOsm), the intensity increased. These experiments both demonstrate the
feasibility of the new system and clarify the polarity of the relation between light
scattering and osmotic challenge.
Supported by NIH grant NS 43115 from NINDS.
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DIFFUSION ANISOTROPY DETERMINED FROM FLUORESCENT IMAGE
SEQUENCES WITH APPLICATION TO SUBSTANTIA NIGRA AND VTA. C
Nicholson1*, S, J. Cragg2, and M. E, Rice1. ’Dept. Physiology & Neuroscience, NYU
Med. Sch., New York, NY 10016; University Dept. Pharmacology, Oxford, UK.
Apparent diffusion coefficients of large fluorescent molecules in brain tissue can be
measured with integrative optical imaging (IOI; Nicholson, C. & Tao, L., Biophys. J.,
1993, 65, 2277-2290). In regions where the tissue is anisotropic, foe behavior of the
molecule is modified by local geometry and images undergo changes in form that can
reveal underlying tissue structure. Software was developed to extract this information
and used to analyze the substantia nigra (SN) and ventral tegmental area (VTA).
In a typical IOI experiment, a subnanoliter volume of 3000 Mt dextran labeled with
Texas Red® is pressure injected into a rat brain slice and a sequence of images
recorded. A MATLAB® program was written to fit an ellipse to the molecular
concentration (intensity) and determine center, orientation and major and minor axes.
Because the potential behavior of the image is complex, a second program was
written to model an ellipsoidal source of molecules with arbitrary orientation in an
anisotropic medium, defined by a diffusion tensor, and the results analyzed by the
first program. Several behaviors were seen, a) if the source was spherical or the major
axis aligned with the major axis of the anisotropic diffusion tensor, foe image
expanded or shrank in time along its major axis to conform with foe diffusion tensor,
b) if the major axis of the source was initially orthogonal to the major axis of the
tissue, foe image transformed first to a circle and then evolved to a new ellipse, c) if
the source major axis was at an angle to the major axis of the diffusion tensor, the
source image rotated to align with the diffusion tensor.
The above concepts were applied to some 300 image sequences taken in slices from
the SN and VTA of the rat. Slices were prepared and measurements made in a
submersion chamber as described previously (Rice et al., Exp. Brain Res.,1994, 100,
395-406). In many sequences no clear evidence of anisotropy was found but several
images from the SN showed evidence of behavior a) or c).
Supported by NIH Grant NS 28642 to CN and NS 36362 to MER.

DIFFUSION OF HPMA-POLYMERIC DRUG CARRIERS IN RAT CORTEX
MEASURED BY INTEGRATIVE OPTICAL IMAGING. §. ProkopovA12*, L,
Vargovd1,2, E. Sykov&1,2, K, Ulbrich3. V, $ubr3, L. Tao4 and C. Nicholson4. ’Dept. of
Neuroscience, Second Med. Faculty, Charles Univ., 2Inst. of Experimental Medicine
AS CR, 3Inst. of Macromolecular Chemistry AS CR, Prague, Czech Republic, 4Dept.
of Physiology and Neuroscience, NYU Med. School, New York, NY 10016.
Diffusion properties of two copolymers of N-(2-hydroxypropyl) methacrylamide
(HPMA), developed as water-soluble anti-cancer drug carriers, were studied in rat
cortical slices: a) HPMA polymeric chains with Mr from 7.8 to 1057 kDa and b) starlike: HPMA-albumin (179 kDa) and HPMA-IgG (319 kDa) with a center of either
albumin or immunoglobulin (IgG) and HPMA side branches. Using the integrative
optical imaging method and pressure microinjection of fluorescein-tagged polymers
[1], we determined their apparent difiusion coefficients (ADC) in rat cortical slices and
compared them with their free diffusion coefficients (D) in 0.3% agarose gel.
For HPMA-chains, D and ADC were generally power-law functions of Mr and
decreased with increasing Mr, from D = 9.84 ± 0.21 (xl0'7cm2s'', mean ± S.E.M.) and
ADC = 4.34 ±0.12 for 7.8 kDa to D = 0.72 ± 0.06 and ADC = 0.34 ± 0.03 for 1057
kDa, respectively. For foe star-like copolymer HPMA-albumin, D - 2.34 ± 0.05, ADC
= 0.45 ±0.01, and for HPMA-IgG, D = 1.19 ± 0.02, ADC = 0.26 ±0.01. From tjjese
data, the tortuosity, defined as A = (D/ADC)05, was approximately constant for all
HPMA-chains, with a value of 1.57 ± 0.08, while for the star-like copolymers HPMAalbumin, A = 2.27 ± 0.06, and HPMA-IgG, A = 2.12 ± 0.06. The tortuosity for HPMAchains is therefore similar to that measured with tetramethylammonium (A/r=74, [2])
and smaller than the tortuosity for star-like copolymers.
Our data suggest that the shape of the anti-cancer drug carriers, rather than size, is
the factor limiting their movement through the extracellular space.
[1] Nicholson, C. & Tao, L., Biophys. J. 65,2277-2290,1993.
[2] Nicholson, C. & Sykov6, E., Trends in Neurosci. 21: 207-215, 1998.
Supported by grants GACR 307/96/K226; 309/99/0657 and NIH Grant NS 28642.

293.19
EVALUATION OF FLUORESCENT DYES TO MONITOR GLUTATHIONE
LEVELS DURING DEVELOPMENT IN RAT CORTICAL MIXED
NEURONAL/GLIAL CULTURES. J.S Tauskela, K. Hewitt, L.-P. Kang, T,
Comas, T.Gendron, J. Durkin, M. Hogan1, A. Hakim1, D. Small* and P. Morley^
Institute for Biological Sciences, National Research Council, Ottawa, Canada,
K1A 0R6; ’Neuroscience Res. Inst., U. of Ottawa, Ottawa, Canada, KIH 8M5.

The ability of 6 fluorophores to monitor glutathione (GSH) levels in rat
cortical neuronal/glial mixed culture during the first 3 weeks of development
was evaluated. Dyes examined which require glutathione-S-transferase (GST) to
catalyze adduct formation with GSH were t-butoxycarbonyl-Leu-Met-7-amino4-chloromethylcoumarin (CMAC), 7-amino-4-chloromethylcoumarin (CMACblue), monochlorobimane (MCB) and 5-chloromethylfluorescein diacetate
(CMFDA). The GST-independent dyes 2,3-naphthalenedicarboxaldehyde
(NDA) and o-phthaldehyde (OPD) were also evaluated. Of the dyes tested, only
CMAC, CMAC-blue, MCB and to a lesser extent, OPD, were sensitive to
depletion of GSH by diethylmaleate (DEM) or DL-buthionine-(S,/?)-sulfoximine
(BSO), demonstrating sensitivity of these dyes to GSH. Staining by CMAC,
CMAC-blue and MCB substantially declined in neurons, relative to glia,
between 5 and 6 days in vitro (DIV). Levels of neuronal staining by OPD were
significantly (p < 0.05) less sensitive to GSH depletion by DEM or BSO,
decreasing from 39% to 16% of untreated controls from 5-6 DIV, respectively,
confirming this decline.
In immunolabelling experiments performed on co-cultures > 5 DIV, cellular
staining with CMAC co-localized only with GFAP-positive glia and not with
MAP-2-positive neurons. This selectivity for glia was exploited to quantitate
glial proliferation in co-cultures exposed to different concentrations of a mitotic
inhibitor. In addition, staining with CMAC rapidly and clearly resolved glia in
co-cultures co-loaded with the Ca2+-sensitive dye, calcium-green 5N.
Supported by a grant from the Heart & Stroke Foundation of Ontario (#T-3379).
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LENTIVIRAL VECTOR GENE TRANSFER TO THE NONHUMAN PRIMATE
NIGROSTRIATAL SYSTEM. M E. Emborg* J, Blocfa2. S.Y. Ma1. Y.-P. Chu1,
S. Palfi1. B. Roitberg13. J.Stansell1. P. Hantrave4. N. Deglon3, P. Aebiscbei3 and
J.H. Kordower1. ’Res. Ctr. for Brain Repair and Dept. Neurol. Sci., Rush Univ.,
Chicago, IL60612; ^v. Surg. Res. and Gene Ther. Ctr., Lausanne Univ.,
Switzerland; 3Dept. Neurosurg., Univ. 11. Med. Ctr, Chicago, IL60612; 3CEA
CNRS URA2210 Serv. Hosp. FJoliot, CEA DSV, DRM Orsay cedex, France.
Viral vectors are a mean by which genes can be transferred to the CNS. The present
report studied whether stable lentiviral gene can be achieved in the monkey
nigrostriatal system. Three Rhesus monkeys (male, 8.1-10 kg, 7-8 yrs.) received
injections of lentivirus encoding for the marker gene {3-galactosidase (ft-Gal). Each
animal received lentivirus injections into the caudate (n=2; 5gl and lOpl) and
putamen (n=3; 10pl, lOpl and 5gl) in me side, and into the substantia nigra (SN;
n=l; 5pl) on the other side. Two monkeys were sacrificed 1 month post-injection
while the third monkey was sacrificed 3 months post-injection. Robust
incorporation of the p-Gal gene was seen in the striatum of all 3 monkeys.
Stereological counts revealed that 930,218; 1,192359; and 1,501,217 cells in the
striatum were ft-Gal positive in each monkey, respectively. Only the 3rd monkey
had an injection directly placed into the SN and 187308 {3-Gal positive cells were
identified. The injections induced only minor perivascular cuffing and no cytotoxic
response was observed. Double label experiments revealed that predominantly
neurons (80-87%) were transfected. These data indicate that robust transfection of
striatal and nigral cells can occur in the nonhuman primate brain for up to three
months. Studies are now ongoing testing the ability of lentivirus encoding for
dopaminergic trophic factors to augment the nigrostriatal system in nonhuman
primate models of Parkinson’s disease. (Support: Department of Defense and Swiss
National Science)

CONVECTION-ENHANCED GENE TRANFSFER OF ADENOASSOCIATED VIRAL VECTOR IN PARKINSONIAN MONKEYS.
Malgorzata Kohutnicka1, John Bringas2*, Phil PivirottolJanetCunnlngham3,
William Jagust2,4. Jamie Eberling2'4 and Krys S, Bankiewicz1,2 'Molecular
Therapeutic Section, LMNN, NINDS, NIH, Bethesda, MD, 2Lawrence Berkeley
National Laboratory, UC Berkeley, Berkeley CA, 3Avigen Inc., Alameda, CA,
4Department of Neurology, UC Davis, Davis CA.
In-vivo delivery of viral vectors results in limited gene transfer to
surrounding injection site. For gene therapy to work in the CNS, safe and
efficient methods for delivery of viral vectors within target regions must be
applied. We used a convection-enhanced delivery (CED) method with an adenoassociated virus (AAV)-based vector in an attempt to maximize the delivery of
AAV in four behaviorally stable, unilaterally MPTP-treated monkeys. AAV LacZ (n=2) or AAV l-aromatic amino acid decarboxylase (AADC) (n=2) vectors
were administered on the MPTP-treated side. A solution (180pl) containing
5x10" of AAV/AADC or 2x10" of AAV/LacZ was infused into the basal ganglia
at 6 sites. No adverse clinical or histopathological effects were observed in any of
the animals following AAV CED. AAV/AADC-treated monkeys showed robust
cellular AADC-IR staining in over 85% of the striatum and 100% of the globus
pallidus . Stereological counts of AAV-infected cells revealed over 20xl06
infected cells with a cell density of 2xl0e4cells/mm3. Based on double
immunostaining and confocal microscopy 1 of 4 neurons, but not glia cells, were
found to express AADC in the striatum. These data demonstrates that CED of
AAV can result in robust, efficient and safe gene transfer in the striatum of
monkeys. Supported by US DOE Contract BG98039.

294.3

294.4

RESTORATION OF DOPAMINERGIC ACTIVITY IN PARKINSONIAN MONKEYS BY
ADENO-ASSOCIATED VECTOR-MEDIATED GENE TRANFSFER OF AADC.
Krys Bankiewicz1,2*, Judy Harvey-White1. John Bringas2, Phil Pivirotto2, Malgorzata
Kohutnicka1, Janet Cunningham4, William Jaaust2,3 and Jamie L. Eberling2,3 1 Molecular
Therapeutic Section, LMNN, NINDS, NIH, Bethesda, MD; 2Lawrence Berkeley National
Laboratory, UC Berkeley, Berkeley CA 94720; ’Department of Neurology, UC Davis, Davis
CA; 4Avigen Inc., Alameda, CA.
Parkinson's disease is a common neurodegenerative disease affecting the
dopaminergic (DA) system. Both tyrosine hydroxylase (TH) and l-aromatic amino acid
decarboxylase (AADC) enzymes are responsible for DA synthesis and are affected by
idiopathic and MPTP-induced parkinsonism. We used an adeno-associated virus (AAV)based vector with AADC cDNA in an attempt to restore DA levels in four behaviorally
stable, unilaterally MPTP-treated monkeys. AAV Lac-Z (n=2) or AAV AADC (n=2) vectors
were administered on the MPTP-treated side using a convection-enhanced (CED) bulk flow
method. Positron emission tomography (PET) using the AADC tracer 6-[18F]fluoro-L-mtyrosine (FMT) was performed in a blind fashion 1 month prior to and 6 weeks following
AAV infusion. One week after the second PET scan, 200/20mg of L-DOPA/carbidopa
(Sinemet) was administered orally and animals were sacrificed 40-50 minutes later.
Biochemical analysis (tissue punch analysis by HPLC to determine levels of L-DOPA, DA,
DOPAC and HVA) and in-vitro measures of AADC activity were performed. Cortical and
striatal brain punches contained high levels of L-DOPA in all four monkeys, but only the
AAV/AADC-treated monkeys showed restoration ot DA, DOPAC and HVA in the striatum
on the MPTP-treated side. In the areas that showed AADC-expression, L-DOPA levels
were reduced and DA, DOPAC and HVA levels were increased suggesting rapid metabolic
conversion of L-DOPA to DA and it’s metabolites. AADC activity was restored to normal
levels on the MPTP-treated striatum by gene transfer. FMT was converted and stored in the
transfected cells as well. These data demonstrates that use of the pro-drug, L-DOPA,
following AAV-AADC treatment can restore DA levels in MPTP-treated monkeys. Using this
approach, brain levels of DA can be regulated by controlling the levels of the peripherally
administered L-DOPA. These results may have direct application for the treatment of
idiopathic PD. Supported by US DOE Contract BG98039

ASTROCYTES RETROVIRALLY TRANSDUCED WITH A GLIAL FIBRILLARY
ACIDIC PROTEIN-TYROSINE HYDROXYLASE TRANSGENE ELICIT
BEHAVIORAL RECOVERY IN EXPERIMENTAL PARKINSONISM. N, Cortez?
F. Treio,2 P. Vergara? and J. Segovia1*. 'Dept. Fisiologia, Biofisica y Neurociencias,
CINVESTAV-IPN; 2Programa Multidisciplinario de Biomedicina Molecular,
CINVESTAV-IPN; Mexico, 07300 D.F.
Astrocytes engineered to express a tyrosine hydroxylase (TH) transgene are a
promising platform for treatment of Parkinson's disease (PD). Among the attributes
that recommend astrocytes for the delivery of therapeutic molecules to the CNS we
find, that they are normal residents of the CNS, have a long life span, and are
capable of releasing different substances. We had previously demonstrated that both
the implantation of C6 glioma cells engineered to express a TH cDNA driven by a
promoter of the human glial fibrillary acidic protein (GFAP), gfa2, or the direct
transfer of the transgene into the brain, induce behavioral recovery in a rodent model
of PD. Here we report the construction of a retroviral vector to transduce primary rat
astrocytes to express the gfa2-TH transgene. Transduced astrocytes were
stereotactically implanted into the dopamine-denervated striata. Lesioned rats were
tested for their turning behavior in response to apomorphine. Rats that received the
gfa2-TH transduced astrocytes showed a significant reduction in turning behavior,
whereas rats that received astrocytes expressing the lacZ gene did not change their
turning behavior. We obtained striata from implanted rats and observed that in rats
that showed behavioral recovery there was expression of the gfa2-TH transgene; this
was demonstrated by transgene mRNA expression, determined by RT-PCR, and TH
protein expression, assessed both by immunohistochemistry and western blot
analysis. These results fiirther recommend astrocytes as a platform for PD gene
therapy. Supported by a CONACYT (Mexico) grant 27118N (J.S.)
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REGENERATIVE AND PROTECTIVE EFFECTS OF ENCAPSULATED
GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR (GDNF)PRODUCING CELLS IMPLANTED INTO THE RAT STRIATUM.
H. Yoshida*, I. Date, T. Shingo, K. Fujiwara, K. Kobayashi and T. Ohmoto.
Dept. of Neurological Surgery, Okayama Univ. Med. Sch., Okayama, Japan
700-8558.
Intrastriatal implantation of encapsulated cells genetically modified to produce
glial cell line-derived neurotrophic factor (GDNF), which possesses neurotrophic
effect on dopaminergic (DA) neurons, is an useful technique for the treatment of
animal models of Parkinson's disease. In this study, we describe the regenerative
and protective effects of encapsulated GDNF-producing cells on DA neurons.
We introduced human GDNF gene into the baby hamster kidney (BHK) cells
and established GDNF-producing cells (BHK-GDNF). Encapsulated BHKGDNF or parent BHK (BHK-Control) cells were implanted into the striatum of
female Sprague-Dawley rats 2 weeks before or 1 week after intrastriatal injection
of 6-hydroxydopamine (6-OHDA). Drug-induced rotation was recorded during
the experimental period. Then the animals were sacrificed, and tyrosine
hydroxylase immunostaining of the striatum and the substantia nigra was
performed.
Histological and chemical examination revealed good survival of encapsulated
GDNF-producing cells and constant GDNF production from the capsule. Those
animals implanted BHK-GDNF before or after the injection of 6-OHDA showed
larger number of surviving DA neurons and less drug-induced rotations than the
control animals. The results suggest that the implantation of encapsulated GDNFproducing cells has regenerative and protective effects on DA neurons, and this
technique is expected to be applied for the treatment of Parkinson's disease.

CASPASE INHIBITION AND EX VIVO BCL-2 TRANSDUCTION FOR
AUGMENTATION OF MESENCEPHALIC DOPAMINE NEURON SURVIVAL
IN VITRO AND FOLLOWING TRANSPLANTATION C.E, Sortwell*1, B.F,
DfaLM&JW, M,W, Halterman2, BJ,
aod T,j,„ Collier1, 'Dept. of
Neurological Sciences, Rush-Presbyterian-St. Luke's Medical Center, Chicago, IL
60612; Tlept. of Neurology and Div. of Molecular Medicine and Gene Therapy,
Univ. of Rochester, Rochester, NY 14642.
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Strategies to inhibit apoptotic cell death of mesencephalic dopamine (DA) neurons
have proven effective in enhancing grafted DA neuron survival. Recently, exposure
of mesencephalic cell suspensions to a caspase inhibitor immediately prior to
grafting was demonstrated to increase grafted DA neuron survival over 3-fold
(Schierle et al., 1999). We have identified that the time course of apoptotic cell
death of grafted mesencephalic cell suspensions occurs primarily over the first week
following transplantation, with greatest cell loss occurring immediately following
implantation. In order to provide protection from apoptosis for the duration of this
critical early period, we have developed a dual approach of utilizing caspase
inhibition and transduction with the herpes simplex virus (HSV) amplicon vector
encoding bcl-2 in a cell reaggregate system. Mesencephalic cells were reaggregated
in a rotating incubator in the presence of serum, striatal conditioned media and the
caspase inhibitor Ac-YVAD-cmk. After four days in vitro (DIV 4) reaggregates
were exposed to either HSVbcl-2, HSVlac (MOI = 0.5) or no vector for 24 hours.
Four days post infection, aggregates were either grafted into the unilaterally DAdenervated striatum of F344 rats or analyzed histochemically. At DIV 8 (4 days
post-infection), cell reaggregates exhibited uniform infection throughout, as
determined by X-gal histochemistry, and possessed numerous tyrosine hydroxylasepositive (TH+) neurons. Mesencephalic reaggregates maintained in culture until
DIV 12 similarly possessed high numbers of TH+ cells, with transduced
reaggregates displaying X-gal positive or bcl-2 positive cells, although significantly
fewer in number than observed at DIV 8. Behavioral and survival effects of caspase
inhibition and bcl-2 transduction on grafted reaggregates are the subject of ongoing
studies with results to be presented. Supported by NIH grants AG00844 (CES),
AG 10851 (TJC) and the Schweppe Foundation.
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THE LAZAROID TIRILAZAD MESYLATE AND THE CASPASE INHIBITOR
Ac-YVAD-CMK IMPROVE THE SURVIVAL OF GRAFTED DOPAMINE
NEURONS. O. Hansson*. G.S. Kaminski Schierle, J, Karlsson & P, Brundin.
Section for Neuronal Survival, Wallenberg Neuroscience Center, Lund University,
Solvegatan 17, S-223 62 Lund, Sweden.
Transplants of embryonic nigral tissue ameliorate functional deficiencies in
Parkinson’s disease. Major practical constraints of neural grafting are the shortage of
human donor tissue and the poor survival of dopaminergic neurons grafted to
patients, currently estimated at 5-10%. The required amount of human tissue could
be drastically reduced if the neuronal survival was augmented. Studies in rats indicate
that the vast majority of implanted embryonic neurons die within one week of
transplantation surgery, and that a large proportion of this cell death is apoptotic. In
the present study we investigated the effect of tirilazad mesylate (3 pM), the only
lazaroid approved for clinical use, when present during the preparation and in the
final dissociated mesencephalic cell suspension for grafting. In addition, we studied
the effect of combining tirilazad mesylate with the caspase inhibitor Ac-YVAD-cmk
(500 pM). Tirilazad mesylate and Ac-YVAD-cmk, when present alone, increased the
survival of grafted dopamine neurons to 190% and 220% of control, respectively.
Furthermore, the combination of both compounds increased the number of surviving
dopamine neurons to 290% of control. Before clinical application of the
combination of tirilazad mesylate and Ac-YVAD-cmk should be considered, it is
necessary to investigate the effect of this combination of neuroprotectants on human
dopamine neurons xenotransplanted to immunosuppressed rats.
Supported by the Swedish Parkinson’s Disease Foundation

A COCKTAIL OF ANTIOXIDANTS AND CASPASE INHIBITOR ENHANCE THE
SURVIVAL OF TRANSPLANTED RAT DOPAMINERGIC NEURONS
J. Karlsson*, O, Hansson, A, Petersen and P, Brundin, Section for Neuronal Survival,
Wallenberg Neuroscience Center, Lund University, Solvegatan 17, S-223 62 Lund,
Sweden.
Approximately 80-95% of the dopaminergic neurons grafted to experimental animals
and to patients with Parkinson’s disease die. This cell death may be due to trauma
during the preparation of donor tissue, as well as to events taking place in the host
brain after implantation of the cells. When trying to increase the survival of grafted
neurons, pharmacological treatment of donor cells before intracerebral implantation, as
opposed to infusion of neuroprotective agents into the graft recipient’s brain, is
technically a very practical approach. Because this approach entails low risk for the
recipient, it can more easily be transferred to the clinical setting. The antioxidants
catalase (5000 U/ml), tirilazad mesylate (3 pM), Mn(III)tetrakis(4-benzoic acid) (100
pM) and the caspase inhibitor Ac-YVAD-cmk (500 pM) can independently increase the
survival of grafted dopaminergic neurons. To investigate whether the positive effects of
different antioxidants and anti-apoptotic agents are additive, we treated rat embryonic
mesencephalic donor tissue with a “cocktail” of above mentioned compounds during
dissection and dissociation of the tissue, prior to transplantation of cells into adult rat
striatum. Survival of dopaminergic neurons was evaluated after four weeks. Cocktailtreatment afforded a 2-3-fold increase in both survival of transplanted dopaminergic
neurons and graft volume, whereas the density of dopaminergic neurons in the implants
did not differ between experimental groups. The achieved enhancement of survival was
in the same range as observed when we employed a combination of tirilazad mesylate
and Ac-YVAD-cmk. Therefore, it seems that there may be two primary pathways of
cell death (oxidative stress and apoptosis) and that adding several active compounds
against oxidative stress has little additional effect beyond that observed with tirilazad
treatment. It is also possible that treatment of cell suspensions prior to grafting can
enhance survival rate merely up to a certain level, and that the remaining proportion of
dying neurons are amenable to rescue only when treatment extends into the early
postoperative period. Source of support: Medical Faculty, Lund University, Sweden.

294.9

294.10

CATALASE AND MN(III)TETRAKIS (4-BENZOIC ACID) DECREASE DEATH
OF GRAFTED DOPAMINERGIC NEURONS. M, Emgard*. R. Castilho and P.
Brundin. Section for Neuronal Survival, Wallenberg Neuroscience Center, Solveg.
17, 223 62 Lund, Sweden.
Oxidative stress is thought to play a major role in the death of transplanted
dopaminergic neurons, and poor survival of grafted neurons is a limiting factor in
clinical transplantation trials in Parkinson’s disease. It is therefore important to
investigate different methods to increase the survival of the grafted neurons. Catalase
is an endogenous free radical scavenger that removes harmful hydrogen peroxide that
is formed by dismutation of oxygen radicals catalysed by superoxide dismutase. The
cell permeant synthetic compound, Mn(III)tetrakis (4-benzoic acid) porphyrin
(MnTBAP), is believed to possess similar dismutase activity as endogenous
superoxide dismutase. We have investigated the effect of these two antioxidants on
nigral transplantations. Ventral mesencephalic tissue was dissected out from 14 day
old rat embryos. Three different cell suspensions were prepared: one untreated control
suspension; one suspension treated with catalase; and one suspension treated with
MnTBAP. Adult rats received intrastriatal stereotactic tissue implants taken from one
of the three suspensions. Rats were killed at ten or 42 days after transplantation. The
brains were sectioned and stained for tyrosine hydroxylase or Fluoro-Jade. Number of
positively stained neurons were evaluated using stereology. The results revealed a
one- to two-fold increase in dopaminergic cell survival if catalase or MnTBAP was
added. This indicates that oxidative stress contributes to death of transplanted
dopaminergic neurons, and that the cell death can be attenuated by addition of
antioxidants such as catalase or MnTBAP. These results are currently being further
investigated in a follow-up study, which also includes a group with the two
neuroprotective compounds combined. Possible application of these antioxidants in
clinical neural grafting trials will be discussed.
This study is supported by the Medical Faculty, Lund University

ANGIOGENIC GENE TRANSFER IN NEURAL TRANSPLANTS
PROMOTES EARLY VASCULARIZATION AND ATTENUATES
DELAYED DONOR CELL DEATH. D. Casper1*. S.J. Engstrom1,

D. Edelstein’. M. Brownlee2. H.J. Federoff3. and B.J. Sonstein1. ’Depts. of
Neurological Surgery, and 2Medicine, The Albert Einstein College of
Medicine and Montefiore Medical Center, The Bronx, NY, 10467; 3 Dept. of
Neurology, University of Rochester, NY.

Neural transplantation is a promising strategy for the treatment of Parkinson's
Disease, but unfortunately, donor neuron viability is poor. Since the survival
of these neurons is largely dependent on their access to nutritive and trophic
molecules derived from the host, we tested the hypothesis that increased
vascularization would improve neuronal survival. Replication-deficient HSV-1
vectors containing the cDNA for human vascular endothelial growth factor
(hVEGF) or the E. coli 3-galactosidase gene (LacZ) were transduced into
neurocytospheres made from embryonic day 15 rat mesencephalon. Adult rats
received HS Vhvegf- and HS Vlac-infected transplants into the striatum on right
and left sides, respectively. At several intervals after transplantation, animals
were sacrificed and vibratome sections containing donor tissue were assessed
for the appearance of vascular elements, transplant volume, cellular
composition, and survival of dopaminergic neurons. Immunohistochemical
analysis indicated that the transplants were composed of neuronal, glial, and
endothelial cell types. Comparison of HSVhvegf- and HSVlac-infected
material demonstrated that HSVhvegf gene transduction accelerated transplant
vascularization up to 4 weeks, attenuating the decline in transplant size
between 4 and 8 weeks. Importantly, the survival of dopaminergic neurons
was 4-fold higher in transplants which received HSVhvegf. Taken together,
these results support the hypothesis that angiogenic gene transfer will improve
transplant survival.
Supported by a Grant from the National Parkinson Foundation.

294.11
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ANGIOGENIC REMODELING IN YOUNG AND AGED RATS
FOLLOWING
INTRASTRIATAL
MESENCEPHALIC
FETAL
TRANSPLANTATION. M.R. Pitzer*; C.E. Sortwell; B.F. Dalev; T.J.
Collier Dept. of Neurological Sciences, Rush-Presbyterian.-St. Luke’s
Medical Center. Chicago, IL 60612
Grafting embryonic mesencephalic tissue into the dopamine-depleted
striatum has shown promise in the treatment of Parkinson’s disease.
However, for this technique to become a practical and pervasive treatment,
substantial improvements must be achieved in graft ceil survival. Work in
our laboratory suggests that the majority of grafted cells die within 4 days
following transplantation and that both apoptotic and necrotic mechanisms
are involved in grafted cell death. Potential signals for these phenomena
may be oxygen deprivation and/or lack of other blood borne factors,
potentially a consequence of inadequate vascularization. We have
demonstrated that this cell death appears to be more pronounced in grafts
to aged animals. With these concerns in mind, we examined the density of
vascularization within mesencephalic grafts and their striatal hosts in both
young and aged rats. Unilateral mesostriatal 6-OHDA lesioned male
Fischer 344 rats received intrastriatal, solid grafts of fetal (El4) ventral
mesencephalon. The vascular network within the grafts and the adjacent
host striatum were immunostained with the antibody against the vascular
basement membrane protein laminin at 4 and 11 days post-transplantation.
Results indicate that the vascular density within the graft increases
significantly between day 4 and day 11 in both the young and aged rats.
Age of the graft recipient was not a determinant of vascular density
observed within the graft. Examination of the host striatum adjacent to
grafts revealed a trend toward increased size and density of vessels in
younger rats, but this difference did not reach statistical significance. The
effects of vascular endothelial growth factor (VEGF) on growth of vessels
into and around grafts and its effect on graft cell survival are being
evaluated. Supported by T32A600257, AG00257 and the Schweppe
Foundation.

INTRINSIC STRIATAL DOPAMINERGIC NEURONS INCREASE IN
RESPONSE TO TROPHIC FACTORS IN PARKINSONIAN MONKEYS.
R.Sanchez-Pernaute*, Pea Nagy1 and Krys .S. Bankiewicz. Molecular
Therapeutics Section, LMMN, NINDS, NIH, Bethesda, MD-20892, ’Lawrence
Berkeley National Laboratory, UC Berkeley, Berkeley CA.
Intrinsic dopaminergic (DA) striatal neurons are found in the primate
brain mainly at the borders of the striatum, particularly along the external
capsule and the ventral striatum where they form a continuum with
rostrobasal olfactory DA groups. In the MPTP-primate model of Parkinson’s
disease we have previously reported an increase in intrinsic DA striatal cells
in animals receiving intrastriatal infusions of basic fibroblast growth factor (bFGF). Here we have investigated the effect of neurturin (NTN) infusion, fetal
mesencephalic and tyrosine hydroxylase (TH)-transduced fibroblast grafts on
the intrinsic DA population in MPTP-lesioned rhesus monkeys. In every case
we found significant number of intensely immunoreactive TH cells around
infusion or grafting sites. Striatal injury promotes DA sprouting which appears
to be related to trophic factor and cytokine production by macrophages,
microglia and/or reactive astrocytes. In these animals, the therapeutic
approach provided an additional source of trophic factors (direct infusion, fetal
glia, fibroblasts) at these sites. The increase and distribution of DA intrinsic
cells in all therapeutic groups suggest that DA neurons in the adult primate
brain respond to trophic cues and migrate towards the trophic factor source
from related DA groups. As DA olfactory interneurons are derived from the
anterior subventricular zone (SVZ) during postnatal development, it is also
possible that such potent trophic signals might influence the migratory
direction of newborn neurons from nearby proliferating zones. The presence
of nestin- positive neuroblasts around the infusion sites in growth factortreated animals support this hypothesis opening the possibility of in vivo
trophic factor influence on neuronal proliferation, differentiation and migration
in the adult primate brain.
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CYCLOSPORIN A AND FK506 IMPROVE THE SURVIVAL OF GRAFTED
RAT EMBRYONIC DOPAMINE NEURONS. R, F. Castilho*. O. Hansson & P.
Brundin, Section for Neuronal Survival, Wallenberg Neuroscience Center, Lund
University, Solvegatan 17, S-223 62 Lund, Sweden.

SURVIVAL
OF
INTRASTRIATAL
XENOGRAFTS
OF
VENTRAL
MESENCEPHALIC DOPAMINE NEURONS FROM RAT TO MHC CLASS II
DEFICIENT MICE. W.-M. Duan*. M. A. Westennan. G, Wong. S. R, Spellman and
W. C. Low. Dept. of Neurosurgery, Univ. of Minnesota Med. Sch.; Minneapolis,
MN 55455.
We have previously demonstrated that the survival of mouse dopamine-rich tissue
prepared from either major histocompatibility complex (MHC) class I or II deficient
mice is prolonged following transplantation into rat brains. In the present study, we
chose MHC class II deficient mice as graft recipients and rat neural tissue as donor
tissue. Dissociated xenografts were prepared from the ventral mesencephalon of
Sprague-Dawiey rat embryos, and stereotaxically injected as a cell suspension into the
striatum of the MHC class II (C57BL/6TacfBR-[KO]AbbN5) deficient adult mice. As
controls, the rat tissue was also transplanted into the striatum of a group of MHC
class I (C57BL/6GphTacfBR-[KO]b2mN5) deficient mice and a group of wild-type
C57BL/6 mice. Recipient mice were sacrificed at 4 weeks after transplantation and the
brain tissue was processed for tyrosine-hydroxylase (TH), CTDb (antibodies against
mouse MHC class I antigens), 25.5.165 (MHC class II antigens), W3/25 (CD4), OX8 (CD8) immunocytochemistry. All the MHC class II deficient mice had surviving
grafts in the striatum. In contrast, only a few of the MHC class I deficient mice
exhibited very small grafts and none of the wild-type mice showed any surviving
grafts. The mean number of TH-positive cells in the MHC class II deficient group was
significantly larger than that observed in the other two groups. Moderate levels erf
MHC class I antigen expression were seen in the transplantation sites of some animals
in the MHC class II deficient group. No CD4- and CD8-positive T cells were observed
infiltrating into the graft sites of this group. However, there were dramatically
increased levels of expression of MHC class I and class n antigens, and a number of
CD4- and CD8-positive cells in the graft sites in both the MHC class I deficient and
wild-type groups. Perivascular cuffing was often evident in these rats. These results
demonstrate that the indirect pathway of foreign antigen recognition mediated by host
MHC class II molecules and CD4-positive T cells plays an important role in the
rejection responses to intracerebral xenografts. Our data provide further evidence to
support previous findings that CD4-positive T cells play a critical role in xenograft
rejection. (Supported by NIH grant NS-R01-24464)

Poor survival of grafted embryonic dopaminergic neurons is a major limiting
factor when applying this procedure clinically in Parkinson’s disease. It is reported
that only 3-20% of grafted dopamine neurons survive in rodents and in Parkinson’s
disease patients. Four distinct phases during grafting that can involve cell death have
been identified: retrieval of the embryo; dissection and preparation of the donor
tissue; implantation procedure including the immediate period after graft injection;
and the first 1-2 weeks of graft maturation. In the present study we examined the
effects of the immunophilin-ligands and calcineurin-inhibitors cyclosporin A and
FK506 on the survival of embryonic rat dopamine neurons. First the protective
effects of cyclosporin A and FK506 were studied in dissociated mesencephalic cell
cultures submitted to 5 days of serum deprivation. A significant increase in survival
of both total number of surviving cells and tyrosine hydroxylase-immunoreactive
(TH+) neurons was obtained when cyclosporin A (0.25-0.5 pM) or FK506 (1-3 pM)
was added. In a second series of experiment, we investigated the effects of FK506 (3
pM) and cyclosporin A (0.5 pM) when added during tissue preparation and in the
final dissociated mesencephalic cell suspension used for grafting. Intrastriatal
implants from both the cyclosporin A- and FK506-tretated cell suspensions exhibited
an 85% increase in survival of TH+ neurons when compared with non-treated cell
suspension. We conclude that the addition of cyclosporin A or FK506 during the
graft cell suspension preparation could be a important strategy to increase the
survival of embryonic dopamine grafted neurons.
Supported by the Thorsten and Elsa Segetfalk Foundation.
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XENOTRANSPLANTATION
OF TRANSGENIC FETAL PIG
DOPAMINE NEURONS INTO MONKEY WITH COMPLEMENT
INHIBITION. Deacon, T.W.1* , Fodor, W. 2, Rollins, S. 2., Squinto, S.2,
Tandon, P.1, Costantini, L.C.1, Mattis, L.2, Bell, L.2 and Isacson, O.
'Neuroregeneration Laboratories, Harvard Medical School/McLean Hospital,
Belmont, MA 02178; 2Alexion Pharmaceuticals Inc., New Haven, CT.
In previous xenotransplantation studies we demonstrated that pig neurons
survive in the brain of Cyclosporin A (CsA) treated rats, however, we have also
shown almost uniform lack of pig xenograft survival in monkeys immunosuppressed with oral or s.c. CsA (15-20mg/kg/d). We are currently investigating
the role of complement attack as a contributor to xenograft rejection in monkeys.
Six MPTP-treated cynomoleues monkeys received transplanta of pig fetal VM
neurons from embryonic day 27 ventral mesencephalon while receiving systemic
i.v. administration of antibodies directed against primate C5 complement factor.
Donors were transgenic pigs expressing human CD59 (a cell surface complement
inhibitor). All monkeys were treated for 2 weeks post-transplantation with C5
antibody and maintained on. CsA, and azathioprine (Immuran®), starting 3 days
before transplantation and continued until sacrifice. In each case 5-12 rat hosts
received the same donor cells and served as controls for cell viability and graft
survival. Monkeys differed with respect to level and mode of delivery of CsA and
the level of complement blockade. One case receiving oral CsA and complement
blockade for 14 days showed a small TH+ graft. A second recipient receiving i.m.
and i.v. CsA with incomplete complement blockade also contained a smaIITH+
graft. Optimal immunosuppression was achieved using continuous CsA infusion
and 14 day complement inhibition with the anti-C5 mAb and resulted in a
significant graft that was comparable to rodent control grafts. This graft also
stained positive for pig neurofilament (NF70), pig glial cells (CD44), and the
transgene product CD59. These results suggest that C5 inhibition and mode of
CsA delivery are both important contributors to pig xenograft survival in the
monkey host. Supported by Alexion Pharmaceuticals, Inc.

BILATERAL IMPLANTATION OF FETAL DOPAMINE NEURONS
INTO THE SUBSTANTIA NIGRA OF MPTP-TREATED MONKEYS:
MORPHOLOGICAL, BIOCHEMICAL AND BEHAVIORAL EFFECTS.
T.J Collier*1, B.F. Daley1 C E. Sortwell1, J.R. Taylor2, J.D. Elsworth’, R.H.
RothJ, P.F. Redmond Jr. , J.R. Sladek Jr? ‘£>ept. Neurological Sciences,
Rush Presbyterian Med Ctr., Chicago, IL 60612; Depts. 2Psychiatry,
’Pharmacology, and 4Neurosurgery, Yale University Sch. Med., New Haven,
CT 06510; ’Dept. Neuroscience, The Chicago Med. Sch., North Chicago, IL
60064.
Studies of dopamine (DA) neuron transplantation in rodents have
suggested that replacement of DA at the level of the striatum and substantia
nigra in animal models of Parkinson’s disease (PD) may provide superior
therapeutic benefit. Last year we demonstrated the feasibility of DA
neuron grafting into the substantia nigra (SN) with unilateral implants in
asymptomatic MPTP-treated monkeys (Soc. Neurosci. 24:557). We have
extended these studies to examine the morphological, biochemical, and
behavioral correlates of bilateral grafting of DA neurons into the SN of
symptomatic MPTP-treated monkeys. Six adult male African green
monkeys from the St. Kitts colony were treated systemically with MPTP to
yield parkinsonian signs in the moderate to severe range by our rating
scale. At 4 mos. post-MPTP, monkeys were bilaterally implanted with 4
pieces of fetal (E39-44) ventral mesencephalon into the substantia nigra. At
6 months post-grafting, tissue samples of forebrain structures were collected
for biochemical assay and the midbrain was fixed for examination of
tyrosine hydroxylase (TH) staining in the grafted substantia nigra. Grafted
fetal neurons survived well at the intranigral location, contributing as many
as 12,000 TH* neurons to the MPTP-damaged nigra and providing dense
fiber staining to this region. The impact of graft-derived intranigral DA
replacement on parkinsonian symptoms and striatal DA metabolism will be
presented and compared to previous ectopic placements in the striatum.
Supported by PO1NS24032, K05MH00643 (DER) and AG1O851 (TJC).

294.17

294.18

SUSTANTIA
NIGRA
TRANSPLANTS
REVERSE
THE
ULTRASTRUCTURAL
ALTERATIONS IN
THE
STRIATUM OF
UNILATERALLY 6OHDA LESIONED RATS V. AnawhMatinez*12. E MtrtktfW. XE^wioaMBanueva1, M Rendon-Mondragon1, L AneauiMena1 and F .Garoa-Hanandez1. ’Neurodenaas, ENEPktacala, UNAM AP. 314, Uahepartia, Mexico, CP. 54170. 2Deyt Fisiologia; Biofiaca y Narodendendas,
CINVESTAV-IPN, Mexico07300JDF.

TREATMENT OF RAT FETAL TISSUE WITH IGF-I AND bFGF IN VITRO
PROMOTES TRANSPLANTED DOPAMINE CELL SURVIVAL IN YOUNG
AND AGED 6-HYDROXYDOPAMINE LESIONED RATS. E.D. CLARKSON *
K.P, BELL and C.R. FREED. Div. Clin. Pharmacol., Univ. Colorado School of
Medicine, Denver, CO 80262.
Although Parkinson’s disease is primarily a disease of the elderly, clinical trials
have been hesitant to transplant older Parkinson’s patients with human fetal tissue
because of the increased risk of complications and the lack of adequate work done
on aged 6-hydroxydopamine (6-OHDA) lesioned rats. In addition, the success of
fetal transplantation to treat Parkinson’s has been limited by poor survival of
transplanted dopamine neurons. To see if clinical grade growth factors could
increase transplanted dopamine neuron survival in young and aged rats, ED-15 rat
mesencephalon were cut in half and strands formed through a 0.2 mm diameter
glass extruder and placed in culture for 24 hr prior to transplant. The strands were
cultured in serum containing media in the presence or absence of insulin-like
growth factor-I (IGF-I, 150 ng/ml) and basic fibroblast growth factor (bFGF, 15
ng/ml). The strands were transplanted into the striata of 6-OHDA lesioned; 4, 15
and 25 month old rats. Methamphetamine induced rotational behavior was
measured at 1 month post-transplant, after which surviving dopamine neurons was
determined. All groups had a significant reduction in methamphetamine induced
rotation with a large number of surviving dopamine neurons. Growth factor
treatment dramatically increased the number of surviving dopamine neurons in all
age groups; 4 month old rats from 280 ± 110 to 690 ± 220 neurons, 15 month old
rats from 220 ± 180 to 520 ±210 neurons, 25 month old rats from 250 ± 140 to 590
± 260 neurons. However, only in 4 month old rats did growth factor treatment cause
a significant reduction in methamphetamine induced circling, from 45 ± 6 % to 27
± 5% of pre-transplant values. We conclude that transplants of rat fetal tissue
strands treated with IGF-I and bFGF, have better survival in young and aged rats.
However, surviving dopamine neurons are more efficacious at reducing behavioral
deficits in young rats than in aged rats. Supported by USPHS ROI NS 29982, ROI
NS 35348, ROI NS18639, the NPF & the Program to End Parkinson’s Disease.

Unilateral lesions of the nigro-striatal pathway with 6-hidroxydopamine (6OHDA) cause a severe derangement of the spared striatal synaptic terminals.
In the present study we analyzed the effects of mesencephalic fetal transplants
containing the sustantia nigra over the synaptic derangement caused by
dopamine denervation. Male Wistar rats were stereotaxically injected with 8 pg
of 6-OHDA into the left medial forebrain bundle. Control rats received vehicle
injections. All 6-OHDA lesioned rats turned more than 300 /30 min. when
challenged with apomorphine (0.25 mg/kg). Four weeks later, rats were grafted
with 1pl of fetal ventral mesencephalic tissue or 1 pi of gelfbam into the lateral
ventricle in contact whit the dopamine denervated striatum. Apomorphine
induced rotation was tested again 15, 30 45 and 60 days after grafting.
Sustantia nigra grafted rats showed a significant rotation reduction (25%). Rats
were sacrificed and brain fragments were obtained from the dorsomedial
quadrant of the ipsilateral striatum and were conventionally processed for
transmission electron microscopy. The ultraestructural computer assisted
analysis performed in 25 synaptic endings per striatum showed that the most
striking change; the distention of the synaptic buttons caused by dopamine
denervation (0.450±0.023 m2) was reduced by the mesencephalic tissue
transplant (0.33010.019m2). Our data indicate that the beneficial effects of
nigral transplants are mediated through the restoration of the normal synaptic
arrangement in the dopamine denervated striatum.
IN210597 PAPIIT, DGAPA, UNAM.
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OPTIMIZATION OF HIBERNATION MEDIUM USED TO STORE
EMBRYONIC
DOPAMINERGIC
NEURONS
PRIOR
TO
TRANSPLANTATION IN PARKINSON’S DISEASE. A. Petersen*, O. Hansson.
M, Emg£rd and P, Brundin. Section for Neuronal Survival, Wallenberg Neuroscience
Center, Lund University, Sweden.

INTRACRANIAL TOLERABILITY OF SPHERAMINE™ (GELATIN
MICROCARRIER-BOUND HUMAN RETINAL PIGMENT EPITHELIAL
(hRPE) CELLS) AND GELATIN MICROCARRIERS IN CYNOMOLGUS
MONKEY (Macaca fascicularis). C.J.G. Chang? M.L. Comfeldt,2* A.W.
Schweikert.2 A, SanMartin,2 R.B. Thompson,1 D.E, Hoskins.1 N.D. Jefferson,1
D.B, Hogan? R. Fulton,1 R.C. Switzer III? and R.C. Allen2. 'Southern Research
Institute, Birmingham, AL 35255; 2Titan Pharmaceuticals, Inc., Somerville, NJ
08876; 3NeuroScience Associates, Knoxville, TN 37922.
Efficacy of intrastriatally grafted Spheramine™ (gelatin microcarrier-bound
human retinal pigment epithelial (hRPE) cells) has been demonstrated in 6hydroxydopamine hemiparkinsonian rats and MPTP hemiparkinsonian monkeys,
without the need for immunosuppression. In the current study, Spheramine™ or
gelatin microcarriers alone were administered intracranially on Day 1 to the left
forebrains (stereotaxically in five injection sites) of Cynomolgus monkeys to
evaluate their respective tolerabilities. The target doses of Spheramine™ were
80,000 hRPE cells+2.4 mg gelatin microcarriers/injection site or 50,000 hRPE
cells+1.5 mg gelatin microcarriers/injection site; the target doses of gelatin
microcarriers were 2.4 mg/injection site or 1.5 mg/injection site. Hanks’ balanced
salt solution (HBSS) was used as the vehicle control. Six months after treatment
was administered, no treatment-related mortality, clinical signs of toxicity, or
changes in body weights, organ weights, hematology or clinical chemistry
parameters, gross pathology, or histopathology were noted in monkeys. Common
findings in both control and treated groups related to the dosing procedure were
limited to chronic glial fibrosis and minimal granuloma formation of the left
forebrain. The estimated maximally tolerated total doses for Spheramine™ or
gelatin microcarriers in monkeys were >400,000 hRPE cells+13 mg gelatin
microcarriers or >13 mg of gelatin microcarriers alone, respectively. (Study
sponsored by Titan Pharmaceuticals, Inc.)

Intrastriatal transplants of embryonic ventral mesencephalon (VM) tissue can
reduce symptoms of Parkinson’s disease and currently there are ongoing clinical trials
in several centers in the world. The relative shortage of suitable human embryonic
VM donor tissue clearly limits the number of patients that can be operated at Lund
University Hospital, Sweden. One way to transcend this problem would be to collect
donor tissue obtained on different days, pool dissected VM pieces and store them at
4°C (denoted “hibernation”) in order to collect the necessary amount required
(currently believed to be 4-5 VM/ side of the patient). It has been suggested that the
growth factor glial cell line-derived neurotrophic factor (GDNF) improves the
survival of grafts from hibernated VM. The aim of this study was to compare the
survival of grafts from hibernated embryonic VM stored in hibernation medium, with
the survival of grafts from their fresh counterparts. VM was dissected out from 14day old rat embryos and either hibernated at 4°C in hibernation medium containing
tirilazad mesylate, with or without GDNF (1 pg/ml), for 8 days, or transplanted the
same day. In the GDNF treated groups, GDNF was also present at a final
concentration of 0.1 pg/ml in the cell suspension. Tirilazad mesylate (3 pM) was
present in all solutions, both during the hibernation and in the steps involved in
preparation and transplantation, according to the protocol already used in the clinical
trials. The rats were sacrificed after 3 weeks and the tissue processed for tyrosine
hydroxylase immunoreactivity. The survival of the grafts and the number of
dopaminergic neurons were assessed using stereology.
This study is supported by the Swedish Parkinson’s Disease Foundation
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CHONDROITINASE ABC PROMOTES AXONAL REGROWTH OF
CLARKE’S NEURONS INTO PERIPHERAL NERVE GRAFT AFTER
HEMISECTION OF THE SPINAL CORD. L.W. Yick1. W, Wu1. K.-F,
So1 and D.K.Y. Shum2. (SPON: The Hong Kong Society of Neurosciences).
Department of ’Anatomy and department of Biochemistry, Faculty of
Medicine, The University of Hong Kong, Hong Kong.
It has been suggested that chondroitin sulfate proteoglycan (CS-PG), one of
the components of glial matrix, is involved in the failure of axonal outgrowth
after injury of the adult mammalian CNS. The aim of this study was to
examine whether enzymatic digestion of chondroitin sulfate proteoglycan
(CS-PG) using chondroitinase ABC promoted the axonal regrowth of neurons
in Clarke’s nucleus (CN) into a peripheral nerve (PN) graft following injury
of the spinal cord in the adult rat. After hemisection of the spinal cord at Tl 1,
a segment of PN graft was transplanted at the lesion site. Gelfoam soaked
with either vehicle (n=6), 1.0 (n=6), 2.5 (n=8) or 5.0 (n=6) units/ml
chondroitinase ABC was placed on top of the transplantation site. The
postoperative survival period was 4 weeks. Two days before the animals were
killed, Fluoro-Gold was injected into the distal end of the PN graft to trace
the ipsilateral regenerated CN neurons at spinal segment LI. In the group
treated with vehicle, there was no axonal regrowth of CN neurons into the PN
graft. Treatment with 2.5 unit/ml chondroitinase ABC led to 12.8% of the
ipsilateral CN neurons at LI regrowing into the PN graft. Chondroitinase
ABC at concentrations of 1.0 or 5.0 units/ml also promoted, but to a less
extent, the regrowth of CN neurons. Our results suggested that CS-PG was
involved in the failure of CN neuron to regrow after injury of the spinal cord.
[Supported by a research grant from The University of Hong Kong]

WHITE MATTER GEOMETRY PREVAILS OVER NGF IN THE
REGULATION OF AXONAL GROWTH. D.B, Pettigrew*, K.P,
Klosowski and K.A. Crutcher. Dept. of Neurosurgery, U. of Cincinnati,
Cincinnati, OH. 45267-0515.
White matter of the central nervous system (CNS) contains potent inhibitors of
neurite growth that may contribute to abortive axonal regeneration. Several lines
of evidence suggest that white matter is less permissive for neuronal attachment
compared with gray matter and that neurite growth, both in vivo and in vitro, is
constrained by white matter to directions parallel to the long axis of the tract. In
light of potent neurite-stimulating properties of nerve growth factor (NGF), we
sought to determine whether NGF can alter attachment or neurite outgrowth of
NGF-sensitive neurons on CNS white matter.
Tissue section culture provides a sensitive assay for neurite growth-promoting or
inhibiting properties of the adult brain (Crutcher, 1993). In this study, embryonic
chick sympathetic neurons were seeded onto unfixed sections of either mature rat
brain, in the absence or presence of exogenous NGF, or onto brain sections from
wild-type and transgenic mice overproducing NGF under control of the GFAP
promoter. The neurons were subsequently labelled with a vital dye and neurite
outgrowth was assessed using NIH Image software. Levels of NGF in transgenic
and wild-type brain tissue were measured using a sensitive 2-site ELISA.
The addition of exogenous NGF to neuronal cultures growing on sections of rat
brain did not dramatically increase attachment to white matter or alter the geometry
of neurite outgrowth. Neurite outgrowth was increased on sections of transgenic
mouse cerebellum compared with wild-type, but this appeared to be true only for
tissue from female mice. Despite the fact that NGF levels were greater in
transgenic white matter than in gray matter, the extent of neuronal attachment on
white matter was less than on gray matter for both wild-type and transgenic tissue
sections. White matter inhibited neurites approaching from adjacent gray matter.
These observations suggest that inhibitory influences, normally associated with
myelinated axons, are not masked by the presence of a neurotrophic factor that
otherwise stimulates neurite outgrowth. Supported by the NIH (NS 17131) and by
the Mayfield Clinic (MERF award).

295.3
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ROBUST REGENERATION OF ADULT SENSORY AXONS IN
DEGENERATING WHITE MATTER OF THE ADULT RAT SPINAL

A THERAPEUTIC VACCINE APPROACH TO STIMULATE AXON
REGENERATION IN THE ADULT MAMMALIAN CNS. P.W. Huang1.
L.McKerracher3, P.E. Braurf and S, David1* ? Centre for Res. in Neurosci., and
McGill Univ., Montreal, Canada H3G 1A4; 2Dept. of Biochem., McGill Univ.,
Montreal, Canada; ’depart, de pathologie, Univ. de Montreal, Montreal, Canada.
Axon growth inhibitors associated with myelin play an important role in the failure
of axon regeneration in the adult mammalian central nervous system (CNS). To obtain
a substantial amount of axonal regeneration after spinal cord injuries will require
blocking several of these inhibitors. We now present a therapeutic vaccine approach
in which the animals’ own immune system is stimulated to produce polyclonal
antibodies that block many of these inhibitors. The immunization protocol used was
such that no detrimental inflammatory responses were detected in the CNS. Adult
mice were immunized with either spinal cord homogenate or purified CNS myelin.
Three weeks after immunization was begun, the corticospinal tracts were cut with a
dorsal hemisection. Axon regeneration was assessed three weeks later using
anterogradely transported HRP or by double-retrograde labeling using Fluorogold and
Fluororuby to monitor regeneration of cut axons. About 55% of the adult mice
immunized in this manner showed extensive regeneration of large numbers of axons
of the corticospinal tracts. This anatomical regeneration led to recovery of some hind
limb motor functions. Regeneration was not seen in control mice. The serum of
immunized mice showed high levels of myelin-reactive antibodies as assayed by
ELISA. Immunostaining of tissue sections of the lesioned spinal cord of immunized
mice for immunoglobulin, showed widespread diffusion of myelin-reactive antibodies
in the white matter. This study, therefore, indicates that a therapeutic vaccine
approach can be used to stimulate long distance axon regeneration after spinal cord
injuries in adult mammals.
Supported by grants from the MRC c'd NeuroScience Network.

CORD. S. J.A. Davies. D. R. Goucher. C. Poller and J. Silver*. Department of
Neurosciences, Case Western Reserve University School of Medicine, 10900 Euclid
Avenue, Cleveland, Ohio 44106, USA.
We have recently reported that minimally disturbed adult CNS white matter
can support regeneration of adult axons by using a novel microtransplantation
technique to inject minute volumes of dissociated adult rat DRG neurons directly into
adult rat CNS pathways (Davies et al., 1997). This atraumatic injection procedure
minimized scarring and allowed considerable numbers of regenerating adult axons
immediate access to the adult CNS glial terrain where they rapidly extended for long
distances. A critical question remained as to whether degenerating white matter at
acute and chronic stages (up to 3 months) after injury could still support regeneration.
In order to investigate this, we have microtransplanted adult sensory neurons from a
transgenic mouse expressing high levels of enhanced green fluorescent protein into
degenerating white matter of the adult rat spinal cord several millimeters rostral to a
severe lesion of the dorsal columns. Regeneration of donor sensory axons in both
directions away from the site of transplantation was robust (l-2mm/day) even within
white matter undergoing fulminant Wallerian degeneration despite intimate contact
with myelin. Along their route, the re-growing axons projected large numbers of
collaterals into the adjacent dorsal hom. However, upon entering the lesion, the
rapidly extending growth cones stopped and became dystrophic within high
concentrations of reactive glial matrix. Our results offer compelling evidence that the
major environmental impediment to regeneration in the adult CNS is the molecular
barrier which forms directly at the lesion site and that degenerating white matter
beyond the glial scar has a far greater intrinsic ability to support axon regeneration
than previously thought possible. Supported by NINDS (NS25713), the Daniel
Heumann Fund, the Brumagin Memorial Fund and the I.S.R.T.
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OLFACTORY ENSHEATHING GLIA TRANSPLANTS PROMOTE
FUNCTIONAL RECOVERY AND STRUCTURAL REPAIR OF
TRANSECTED ADULT RAT SPINAL CORDS. Almudena Ramdn-Cueto1*. M,
Isabel Cordero2. Fernando F, Santos-Benito1 and Jesus Avila1. Centro de
Biologia Molecular "Severo Ochoa" (CSIC), Univ. Autdnoma de Madrid,
Cantoblanco 28049 Madrid, Spain; 2Dept of Psychobiology, Univ. Nacional de
Educacidn a Distancia, 28040 Madrid, Spain.
Olfactory ensheathing glia (OEG) transplants repaired selectively injured
tracts of the spinal cord (dorsal root1 and corticospinal axons2). In completely
transected spinal cords, OEG favoured the exit of regenerating axons from Schwann
cell-seeded guidance channels bridging the lesion site, and promoted long distance
axonal regeneration of descending and ascending fibers within the spinal cord
milieu3. In this study, we have tested the ability of adult OEG to promote
functional recovery and motor axon regeneration after traumatic injury of the adult
rat spinal cord. Transections at thoracic 8 level were performed and suspensions of
pure Hoechst-labeled OEG transplanted into both cord stumps. The functional
improvement of the animals was evaluated every week from three to seven months
post surgery using several tradicional tests to analyse locomotor function,
proprioception, contact placing and nociceptive responses. Eight months after
surgery we used conventional BDA tracing and immunohistochemical methods to
analyse the extent of histological repair. We observed that OEG promoted the
recovery of function and motor axon regeneration in the transplanted animals. Our
results open new perspectives in the search for a treatment to cure spinal cord and
central nervous system trauma in humans.
Supported by CICYT, an institutional grant from Fundacidn Ramdn Areces, and
Levantina del Calzado S.L.
‘Ramdn-Cueto and Nieto-Sampedro. (1994) Exp. Neurol. 127: 232-244.
2Li et al., (1997) Science277: 2000-2002.
3Ram6n-Cueto et al. (1998) J. Neurosci. 18: 3803-3815.

SCHWANN CELL AND ENSHEATHING GLIA TRANSPLANTATION
INTO THE CONTUSION INJURED ADULT RAT SPINAL CORD
M, Oudeea. G.W, Plant J. Katz. A. Marcillo. M.B. Bunge*
The Miami Project to Cure Paralysis, and ’Department of Anatomy and Cell
Biology and Neurological Surgery, Univ. Miami, Sch. Med., Miami FL 33136.
Schwann cells (SCs) have been transplanted into the completely transected
rat spinal cord (Xu et al., 1997) and in combination with ensheathing glia (EG)
(Ramdn-Cueto et al., 1998) to stimulate axonal regeneration. Here we have
transplanted cultured adult rat SCs and EG into the NYU moderate injuiy
paradigm (Fischer rat) in an attempt to stimulate axonal regeneration within the
adult rat spinal cord. One week after injury SCs (n=4) or EG (n=4) were gently
mixed into 6pl of a 1% fibrinogen mixture and injected into the contusion
cavity. Control animals (n=10) were not injected or were injected with
fibrinogen (n=4) only. Rats were perfused and prepared for histology 2, 3 and 4
weeks after contusion injuiy. In control rats, not injected with cells, a large
cavity was observed at 2, 3 and 4 weeks post injuiy. GFAP and RT97 staining
revealed a very low number of astrocytes and axons in the lesion site. In
fibrinogen only, small cavities (200pl) were observed with small numbers of
astrocytes and axons in the lesion site. Additionally, laminin positive profiles
could be seen within the lesion. In rats injected with fibrinogen + SCs or EG, the
transplants were well integrated. Many more GFAP and RT97-positive profiles
were observed in the lesion site when compared with fibrinogen only rats. An
abundance of laminin profiles was observed, indicating the presence of lamininpositive SCs and EG in addition to revascularization. The results indicate that
SCs and EG transplanted in a fibrinogen matrix reduces injury-induced tissue
loss, prevents axon loss and/or promotes axonal growth with the promotion of
angiogenesis. [Support from American Paralysis Association, NIHNS09923,
and the Miami Project]

295.7
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NEUROTROPHIC ACTIVITY AND mRNA EXPRESSION IN OLFACTORY ENSHEATHING GLIA. Adam C. Lipson1-2. Eva Lindqvist*1. and
Lars Olson1. ’Dept. of Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden, 2Harvard Medical School, Boston, MA
The olfactory system provides an exciting in vivo model to study mechanisms of nerve regeneration in the central nervous system because of its
ability to continuously turn over and replace olfactory receptor neurons
throughout life. Olfactory ensheathing cells (OECs) comprise a population of
glial cells present in the olfactory nerve layer which are believed to confer
some of this regenerative capacity. We have investigated by in situ hybridization the in vivo expression of many neurotrophic molecules and neurotrophic receptors, including the nerve growth factor (NGF), glial cell linederived neurotrophic factor (GDNF), fibroblast growth factor (FGF) families
in the olfactory system of Sprague-Dawley rats at different developmental
stages (E19, Pl, adulthood). Thus far, we have identified weak mRNA signals for the p75 low affinity NGF-receptor, and strong signals for glial S100p protein, artemin, and the trkC receptor in the olfactory nerve layer. As a
functional test of neurotrophic activity, we injected OECs, obtained as primary cultures from adult olfactoiy bulbs, into the anterior eye chamber of
adult rats. After 4 weeks it was noted that there were no significant differences in host iris sympathetic innervation (110% mean estimated density of
nerve fibers for OECs versus 112.5% for controls). We are currently investigating whether OECs express other neurotrophic ligands, and whether OECs
demonstrate neurotrophic activity by other bioassays.
Supported by the Swedish Fulbright Commission, the Swedish MRC,
AFA, AMF, Hedlunds stiftelse and USPHS grants.

INHIBITION OF AXONAL OUTGROWTH BY OLIGODENDROCYTE
PRECURSOR CELLS: A ROLE FOR THE NG2 CHONDROITIN SULFATE
PROTEOGLYCAN.
ZJ.Chen* and J.M.Levine. Dept.of Neurobioiogy and
Behavior, SUNY, Stony Brook, NY 11794
The adult brain contains an abundant population of unusual glial cells with the
properties of oligodendrocyte precursor cells (OPCs). OPCs react to brain injuiy and
are major cellular components of the glial scar that forms at sites of physical damage.
Reactive OPCs express high levels of the NG2 chondroitin sulfate proteoglycan.
Surfaces coated with NG2 are non-permissive for cell attachment and neurite
outgrowth suggesting that reactive OPCs might provide growth-inhibitory signals to
regenerating neurons.
Here, we have used membrane stripe and membrane carpet assays to determine
whether neurite growth inhibition is a property of the OPC surface and to assess the
role of NG2 in this inhibition. Striped substrates containing lanes of membranes
prepared from either OPCs or control cell lines alternating with lanes coated only
with poly-L-lysine were prepared and the patterns of neurite outgrowth from explants
of postnatal rat cerebellum analyzed. On control substrates, neurites extended in a
uniform halo-like pattern. In contrast, neurites avoided membrane stripes prepared
from OPCs and grew only on the poly-L-lysine. Treatment of the OPC membranes
with Fab fragments of a rabbit anti-NG2 antibody reversed this inhibition and resulted
in a more uniform pattern of neurite outgrowth. Neurite growth on membrane carpets
prepared from HEK293 cells engineered to express high levels of NG2 was reduced
35-40% as compared to growth on membranes from untransfected 293 cells.
Thus, reactive OPCs can provide inhibitoiy cues to regenerating axons and the
expression of NG2 is required for this inhibition. The expression of NG2 is also
sufficient to convert a growth permissive substrate to a nonpermissive substrate.
Supported by NIH grant # NS21198

295.9

295.10

MULTIPLE GLOBULAR DOMAINS OF THE NG2 PROTEOGLYCAN
CORE PROTEIN MEDIATE NEURITE GROWTH INHIBITION. Y.Uehrin*
and J.M.Levine. Dept of Neurobioiogy & Behavior, SUNY, Stony Brook, NY 11794
Chondroitin sulfate proteoglycans (CSPGs) are a structurally diverse class of cell
surface and extracellular matrix-associated macromolecules. CSPGs are thought to
modulate and guide axon outgrowth during development and after brain injuiy, when
damaged axons attempt to regenerate. The effects of CSPGs on axon outgrowth are
highly variable; some CSPGs promote axon outgrowth whereas others, such as the
NG2 CSPG, inhibit outgrowth. The specific role of the covalently attached
glycosaminoglycan (GAG) chains in these processes is also variable.
In order to identify structural domains necessary for the inhibition of axon
outgrowth, we have created a panel of Fc-fusion proteins encoding distinct regions of
the NG2 core protein and evaluated the ability of these proteins to inhibit Llstimulated neurite outgrowth from neonatal rat cerebellar granule cells. A fragment
encoding the entire extracellular region of NG2 inhibited neurite outgrowth by 4045%. Fusion proteins encoding either the N-terminal globular domain of NG2
(domain 1) or the juxtamembrane globular domain (domain 3) were effective as
inhibitors of axon outgrowth. A fusion protein encoding the central extended
domain of NG2 (domain 2), which contains the sites for GAG attachment and can
bind to extracellular matrix, was also inhibitoiy to neurite outgrowth. The inhibition
by domain 2 was dependent upon the presence of chondroitin sulfate GAG chains.
A fusion protein encoding both domains 1 and 2 also inhibited neurite outgrowth.
However, the removal of the covalently attached GAG chains from this fusion
protein did not remove the neurite growth inhibitory activity.
These studies demonstrate that multiple globular domains of the NG2 core protein
inhibit neurite outgrowth. The presence of chondroitin sulfate GAG chains is not
required for this inhibitory activity. This data also suggests that NG2 may interact
with neurons in multiple ways.
supported by NIH grant NS21198

AXONAL REGENERATION, ASTROCYTE MORPHOLOGY AND THE
EXPRESSION OF EXTRACELLULAR MATRIX MOLECULES FOLLOWING
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University College I
of Neuroanat., Iwate Med. Univ. Morioka, and Neural Architecture, BSI, RIKEN,
Wako, Japan. ’Centre for Mol. Neurobiol., Univ. of Hamburg, Germany.
Few sensory axons regenerate back into the cord following dorsal rhizotomy,
and regeneration may be limited by astrocyte processes and extracellular matrix
molecules in the dorsal root entry zone (DREZ). Adult S-D rats were deeply
anaesthetized, the left L5 dorsal roots transected and reanastomosed, and the
animals killed after 3 days to 24 weeks. Some dorsal roots were teased and
immunoreacted for GFAP and GAP-43 to identify astrocyte processes and
regenerating axons. Sections from other injured roots were immunoreacted for
GFAP, neurofilaments, tenascin-C, tenascin-R or chondroitin sulphate (CSPG), or
used for in situ hybridization to detect tenascin-C mRNA. Many processes from
astrocytes grew up to 700pm from the CNS/PNS boundary into the basal lamina
tubes in foe PNS part of foe roots, ending as bulb-shaped expansions.
Regenerating axons were present within basal lamina tubes containing astrocyte
processes and in some cases could be shown to turn back into foe root as they
approached foe DREZ. Tenascin-C mRNA was strongly upregulated in foe injured
roots from 3 days to 3 weeks and downregulated thereafter. In foe DREZ, cells
expressing foe mRNA were rare, but signal was found in cells in foe degenerating
dorsal column. Tenascin-C immunoreactivity in foe roots was upregulated by 3
days after rhizotomy, strongest at 2 weeks and thereafter declined. There was little
upregulation of tenascin-C within foe DREZ. CSPG immunoreactivity was also
greatly upregulated in foe PNS part of injured roots and only slightly upregulated
in foe DREZ. Tenascin-R immunoreactivity was confined to foe CNS tissue of foe
spinal cord and DREZ, and appeared to retract slightly from foe CNS/PNS
boundary after rhizotomy. Astrocyte processes projecting into foe roots were
tenascin-R negative. Hence two putative axonal growth inhibitors tenascin-C and
CSPG, were more strongly expressed in foe PNS part of foe root, where axons
regenerate, than in the DREZ, where they do not regenerate.
Supported by the MRC.
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ANTAGONIZING TGF6 ACTIVITY IN CNS WOUNDS INHIBITS GLIAL
scarring
. £t.LagQKiLA,-M, Gonzate?2, w, E. Clarke1, R»,H„ Jackson3, a ,
Baird2. M. Berry4. A. Logan1*. ’Dept. of Medicine, Univ. of Birmingham, B15
2TH, UK; Selective Genetics, San Diego, CA 92121; ’Cambridge Antibody
Technology, Melboum, Cambs., SG8 6JJ, UK;4 Dept. of Anatomy and Cell Biol.,
Guy’s Hospital, London SE1 9RT, UK.
The transforming growth factor (TGF) Bs are potent fibrogenic factors implicated in
numerous CNS pathologies where fibrosis and neural dysfunction are causally
associated. Previous work by us has emphasized the role of TGFB1 in CNS scar
formation, and in this study we investigated the relevance of the TGFB2 isoform to
the glial scarring response after lesion of the cerebral cortex, optic nerve and spinal
cord. Expression of TGFB2 was monitored by immunohistochemistry and/or
ELISA from 1 to 30 days post-lesion (dpi). In all three models of injury we
observed increased TGFB2 expression which peaked at 7 dpi and was localized
mainly to reactive astrocytes around the lesion site. We further demonstrated that
neutralization of TGFB2 activity in the brain and spinal cord inhibited glial scarring.
For example, the rat cerebral cortex was lesioned and treated with 10 daily
intraventricular injections of either a recombinant human monoclonal antibody
against TGFB2 (200ng/day anti-TGFB2 IgG4), 200ng/day of an irrelevant IgG4 or
saline. At 14 dpi, brains were processed for immunohistochemistry to visualize the
extent of scar formation. Quantitative and qualitative image analysis of the scar
showed that treatment with the anti-TGFB2 antibody significantly attenuated all
aspects glial scarring. The levels of immunoreactive fibronectin and laminin in the
wounds were reduced from 3.86±0.89 and 0.94±0.26 in saline treated rats, to
0.45±0.22 and 0.08±0.03 respectively (fluorescent intensity/gm2±SEM) in the antiTGFB2 treated animals. In summary, our findings suggest that targeting TGFB
activity within wounds is a sound anti-fibrotic therapeutic strategy potentially
applicable to a number of human CNS fibrotic conditions. Supported by the
International Spinal Research Trust and the Wellcome Trust.

IMMUNONEUTRALIZATION OF TGF-B ATTENUATES CS-PG SYNTHESIS
AND ENHANCES PROCESS OUTGROWTH IN VITRO AND IN VIVO. R.W.
Griffith* and R.J, McKeon. Dept. of Cell Biology, Emory University School of
Medicine, Atlanta, GA 30322.
Previous studies from our lab have shown that the astrocytic production of axon
growth inhibitory chondroitin sulfate proteoglycans (CS-PGs) in vitro is regulated by
transforming growth factor-B (TGF-B). To determine whether TGF-B regulates CSPG production in vivo, two models of CNS injury were used. Nitrocellulose filter
implants were inserted into the cerebral cortex of adult rats. Neutralizing antibodies to
both TGF-B and the type II TGF-B receptor were continuously administered
intraventricularly via Alzet minipumps for 14 days. Immunohistochemical analyses
of antibody treated animals, compared to controls, revealed a decreased GFAPimmunopositive astrocytic response, and a marked attenuation in the deposition of
various extracellular matrix molecules, including laminin, fibronectin and CS-PG,
around the implant. Filters were also removed and used as substrates for in vitro
neurite outgrowth assays. Outgrowth was significantly improved on filters retrieved
from antibody, versus control, treated animals. Next, to examine whether
neutralization of TGF-B led to increased axonal regeneration or sprouting in vivo, the
right L1-L6 dorsal roots were transected in adult rats and the L3 root was re-inserted
into the DREZ at L4. The TGF-B neutralizing antibody cocktail was continuously
delivered over the re-inserted root via minipump for 28 days. In control animals,
CGRP-immunopositive fibers were present in the L3 root, but did not penetrate the
glial scar or enter the dorsal gray matter. In contrast, CGRP-positive fibers extended
from the re-inserted root and could be seen within the dorsal gray matter following
antibody treatment. These data suggest that inhibiting CS-PG production enhances
process outgrowth and axonal regeneration following CNS injury. Supported by the
Spinal Cord Research Foundation of the Paralyzed Veterans of America and NS-35986
(RJM).
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TRANSPLANTED EMBRYONIC STEM CELLS MIGRATE INTO THE
PARENCHYMA OF DEMYELINATED AND DYSMYELINATED CNS AND
MAY MYELINATE AXONS. M.J. Howard.* S. Liu. Y, Ou, A. H. Cross, C. Xiang.
M.F. Jacquin and J.W. McDonald. Dept. of Neurology and Center for the Study of
Nervous System Injury, Washington Univ. School of Med.; St. Louis, MO 63110.
Embryonic stem (ES) cells are pluripotent and can be induced down a neural lineage
using a 4-/4+ retinoic acid exposure protocol (Bain et al., Dev. Biol. 168;342, 1995).
This study assessed the potential of transplanted ES cells to produce oligodendrocytes
(oligo) and myelinate axons in the dysmyelinated CNS. ES derived neural cells were
transplanted into chemically demyelinated rat spinal cords, dysmyelinated spinal cord
of shiverer mice (a spontaneous mutant lacking myelin basic protein, MBP), and into
the brains of mice with chronic experimental allergic encephalomyelitis (EAE). ESderived cells were identified using P-gal, BrdU, cell tracker orange, or mouse specific
antibodies (in rats). In most cases, ES-derived cells survived > 3 weeks and migrated
up to 1 mm from die injection site.
In spinal cords demyelinated with lysophosphotidylcholine (LPC) 3 days earlier,
transplanted 4-/4+ ES cells infiltrated the injury area and primarily formed oligos.
Few ES-derived neurons were evident and most ES-derived astrocytes were restricted
to areas just outside the zone of demyelination. Double labeling for MBP and
neurofilaments suggested the presence of new ES cell-derived myelin associated with
host axons. ES- derived myelin profiles were identified ultrastructurally by their p-gal
immunoreactivity. In the shiverer mutant mice, ES transplantation resulted in
enhanced expression of MBP immunolabeling compared to sham treated animals. In
EAE mice, ES-derived oligos were observed in demyelinated plaques and were
capable of expressing myelin components. Our studies suggest that transplanted ES
cells can integrate and myelinate in multiple models of CNS dysmyelination and that
transplantation of ES cells may provide a rational approach to remyelinating the
injured CNS. These data also agree with our observation that ES-derived oligos
readily myelinate central neuronal axons in vitro (Stewart and McDonald, abstract this
meeting).
Supported by NIH grants NS01931, NS36265 (JWM) and DE07734 (MFJ).

EMBRYONIC STEM CELL DERIVED OLIGODENDROCYTES ARE
CAPABLE OF MYELINATING MANY NEURONAL AXONS IN
CULTURE. T.J. Stewart,1’2* S. Liu, K. Fox, C. Lauryssen,2 J.W. McDonald1.
Depts. ’Neurology and ^Neurosurgery, and Center for the Study of Nervous
System Injury, Washington Univ. School of Medicine, St. Louis, MO 63110.
Embryonic stem (ES) cells are pluripotent cells derived from preimplantation embryos. Exposure of ES cells to retinoic acid (RA) using the
4-/4+ protocol induces neural precursor cells that differentiate into neurons,
astrocytes and oligodendrocytes (Bain et al., Dev. Biol. 168;342, 1995).
Culturing 4-/4+ cells in neurobasal media has yielded large numbers of
neurons and astrocytes but few oligodendrocytes. The purpose of this study
was to develop cultures enriched with oligodendrocytes and determine if ESderived oligodendrocytes could myelinate neuronal axons in culture.
4-/4+ ES cell cultures were grown in SATO defined media supplemented
with 5% fetal calf serum & 5% horse serum for 1-4 weeks and processed for
immunologic and ultrastructural examination. After 1 and 2 weeks, extensive
neuronal axon networks were present and numbers of oligodendrocytes were
markedly increased relative to cultures grown in neurobasal media. In 1 -2
week cultures, many axons exhibited segmental immunoreactivity to 01
antibody, and myelination was confirmed in thin plastic sections by light
microscopy and in ultrathin sections using electron microscopy (EM).
Confocal microscopy demonstrated that single oligodendrocytes would
typically myelinate many different axons. In 3-4 weeks old cultures,
progressive neuronal loss was observed.
These results demonstrate that oligodendrocytes derived from ES cells are
capable of myelinating axons in culture. In another abstract at this meeting
we demonstrate that transplanted ES derived oligodendrocytes can
remyelinate demyelinatea axons in vivo (Howard, McDonald and others).
Supported by NIH grants NS01931, NS36265 and NS37927 (JWM).
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TRANSPLANTED EMBRYONIC STEM (ES) CELLS INTEGRATE,
DIFFERENTIATE, AND PROMOTE RECOVERY IN INJURED RAT SPINAL
CORD. J.W. McDonald? D.W, Choi. D.L Gottlieb, X.Z, Liu, D. Turetsky, S, Liu,
S.K. Mickey, and Y, Ou. Dept of Neurology and the Center for the Study of Nervous
System Injury, Washington Univ. School of Med.; St. Louis, MO 63110.
We transplanted mouse ES cells differentiated along a neural lineage in vitro into
rat spinal cord syrinx more than a week after traumatic injury to assess if
transplantation of ES cells is a rational approach to replacement of lost neural cells in
CNS injury. 4-/4+ Embryoid bodies (Bain et al., Dev. Biol. 168;342, 1995) were
dissociated and 1 million cells were transplanted into the middle of the injury syrinx
of adult female Long-Evans rats 9 days after a moderate spinal contusion injury (25
mm weight drop using an NYU impactor device; Liu et al., J.Neurosci. 17;5395,
1997). Two additional groups served as controls: 1) injection of vehicle transplant
media, 2) transplantation of 1 million adult mouse cortical cells. Three independent
replications of the experiments were performed (n = 5-6 per group in each
experiment). Two different ES cell lines were used in these studies, the D3 and
ROSA26 ES cell line, the later contains a Lac-Z transgene. ES cells were prelabeled
with BrdU in vitro prior to transplantation. Recovery of locomotor behavior was
assessed weekly using the Basso, Beattie, and Bresnahan (BBB) locomotor scale.
Histologic analysis 2-5 weeks after transplantation revealed that cells derived from
ES cell-derived cells survived, differentiated into astrocytes, oligodendrocytes and
neurons, and migrated up to 8 mm away from the syrinx edge in both rostral and
caudal directions. Furthermore, gait analysis at that time revealed that transplanted
rats exhibited hindlimb weight support and partial hindlimb coordination not found
in sham operated controls or controls transplanted with adult mouse cortex cells.
These studies indicate that ES cell transplantation may be a useful approach to CNS
regeneration and provide the first evidence of improved spontaneous locomotion
when a treatment is begun more than several days after spinal cord injury.
Supported by NIH grants NS01931, NS36265, NS37927 (JWM), NS32636
(DWC), RR-12309 (DIG), the Alan A. and Edith L. Wolff Charitable Trust (DIG)
and the American Paralysis Association (JWM and DWC).

CHARACTERISATION OF THE IMMUNE RESPONSE IN LYSOLECITHININDUCED DEMYELINATION IN THE ADULT MOUSE SPINAL CORD.
S. Ousman* and S. David. Centre for Research in Neuroscience, MGH Research
Institute and McGill Univ., 1650 Cedar Avenue, Montreal, Canada, IDG 1A4.
The rate of macrophage recruitment and myelin clearance is slow during Wallerian
degeneration in the injured CNS. However, rapid myelin clearance can be induced in
the CNS experimentally by injection of lysolecithin (LYS). To determine the foetor(s)
that promote rapid myelin clearance, we investigated the immune cell response and
expression of adhesion molecules following lysolecithin injection into the CNS.
1 pi of 2pg/pl lysolecithin (LYS) or 1 pi PBS pH 7.5 was injected into the dorsal
column of the adult mouse spinal cord. 6h, 12h, 24h, 48h and 96h post-injection,
longitudinal sections of the spinal cord were immunohistochemically processed for
macrophages (Mac-1), T cells (CD4+, CD8+), neutrophils, VCAM-1, ICAM-1, iNOS
and permeability of the blood-brain barrier.
As early as 6h after LYS injection, intensely Mac-1+ ramified microglia were
predominant throughout the white and grey matter, as compared to the PBS-injected
controls where only a few strongly Mac-1 immunoreactive ramified cells were seen
immediately adjacent to the injection site. 12h and later after LYS injection, intensely
Mac-1+ irregular- or round phagocytic cells, and ramified cells with short, thick
processes were prominent in the white and grey matter. These cells were not seen in
the PBS-injected animals. T cells and neutrophils were observed 6h and 12h after
LYS injection but they were not present in the PBS-injected controls. Strong VCAM1 immunoreactivity was observed in both the PBS and LYS injected animals, whereas
ICAM-1 and iNOS were faintly expressed in the two groups. Disruption of the bloodbrain barrier was widespread following LYS injection but localised to the injection
site in PBS-injected controls. Therefore, LYS induces (i) a transient T cell and
neutrophil response and, (ii) promotes an early, prolonged and widespread activation
of macrophage. Supported by MRC and MS Society of Canada
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VERSICAN IS UP-REGULATED IN CNS INJURY AND IS A PRODUCT OF
0-2A LINEAGE CELLS. R. A. Asher, D. A. Morgenstern1, K. H. Adcock1, J.
H. Rogers, and J. W. Fawcett1*. Physiological Laboratory and 1 MRC
Cambridge Centre for Brain Repair, Cambridge University, Downing St.,
Cambridge, CB2 3EG, UK.
Chondroitin sulphate proteoglycan (CS-PG) expression is increased in
response to CNS injury and is thought to limit the capacity for axonal
regeneration. Previously, we have shown that neurocan is one of those CSPGs that is up-regulated. Here we report that another member of the
aggrecan family of CS-PGs, versican, is also up-regulated in response to
CNS injury. Coronal frozen sections, cut seven days after a unilateral knife
lesion to the cerebral cortex, were labelled with the anti-versican mAb 12C5.
A clear increase in versican immunoreactivity was seen around the lesion. In
vitro studies revealed versican to be present in the conditioned medium of O2A lineage cells. Large numbers of these cells also labelled for versican.
There were varying degrees of overlap with A2B5, 04, and O1, but not with
GFAP. Versican was not detected in the conditioned medium of type 1
astrocytes and neither did they label for versican. These observations
suggest that immature oligodendrocytes possess a versican- binding activity.
The sensitivity of this labelling to hyaluronidase implies that this binding is
mediated by hyaluronate. Since large numbers of O-2A cells are recruited to
CNS lesions, our data suggest that O-2A-derived versican may contribute to
the inhospitable environment of the CNS following injury. Supported by the
Wellcome Trust and the International Spinal Research Trust.

EXTENSIVE AXON REGENERATION FOLLOWING IN VIVO
TREATMENT OF RAT BRAIN WITH CHONDROITINASE
ABC.
L, D, F, Moon,*1 K. Rhodes,1 S. B. Dunnett2 and J. W. Fawcett1.

’Department of Physiology; 2Department of Psychology; and MRC Centre for Brain
Repair, Cambridge University, CB2 2PY, UK.
We set out to test the hypothesis that glycosaminoglycan-bearing proteoglycans
limit full spontaneous axon regeneration in the adult mammalian CNS. Adult female
Sprague Dawley rats received knife cut lesions of the right medial forebrain bundle
including the nigrostriatal tract.
Simultaneously, cannulae were secured
transcranially such that intraparenchymal infusions of vehicle containing either
chondroitinase abc (C-abc) or beta-lactamase (control enzyme) could be made into
the site of the knife cut on days zero, three, seven and ten. Animals were killed at
different times after day ten and brains were immunostained inter alia for tyrosine
hydroxylase.
Repeated infusions of either control enzyme or C-abc caused massive local
sprouting of nigrostriatal axons (relative to sham infusion controls) which was
restricted to the immediate lesion environment and which persisted for many days.
However, very little long distance nigrostriatal regeneration was observed in controls.
In contrast, extensive nigrostriatal axon regeneration and striatal target reinnervation
occurred in rats that received C-abc. Efforts are currently underway to determine the
extent of functional recovery in this model.
This study suggests that glycosaminoglycan-bearing proteoglycans may indeed
limit full spontaneous axon regeneration in the adult mammalian CNS. Further work
will show whether treatments that remove glycosaminoglycan side chains will be
important in treating cases of human spinal cord injury.
Supported by Action Research, the Medical Research Council, the International
Spinal Research Trust and the Wellcome Trust.
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IDENTIFICATION, CHARACTERIZATION AND FUNCTION OF
AGGRECAN IN THE ADULT SPINAL CORD M.L, Lemons*14. J.D.

APOPTOSIS OF SCHWANN CELLS AFTER CRANIAL NERVE INJURY
DURING POSTNATAL DEVELOPMENT H.M. Dainer, R. C.Borke*, and
OA.Walker. Dept. of Anatomy & Cell Biology,Uniformed Services University
of the Health Sciences; Bethesda, MD 20814
The enhancement of recovery from peripheral nerve injury remains
an important goal of medical research. Schwann cells (SC) have emerged
as key players in nerve regeneration. Following nerve injury, SC
proliferate and provide basal lamina, neurotrophic factors, extracellular
matrix molecules and receptors that enhance communication between SC
and the injured neuron. In contrast to these positive effects on nerve
regeneration, sciatic axotomy exacerbates the SC apoptosis that occurs
during early postnatal development. This apoptosis was located in SC of
the distal nerve stump (Grinspan et al., 1996) and at the neuromuscular
junction (Trachenberg & Thompson, 1996) of the spinal nerve. Previous
work in our laboratory revealed that postnatal rats have limited
regenerative abilities relative to adult animals following cranial nerve
injury. The purpose of the current investigation was to determine if
apoptosis of SC is also a phenomenon after cranial nerve injury to
postnatal rats. The hypoglossal nerve was transected in rats of three
postnatal ages: 10, 21 and 30 days postnatal. Apoptosis was detected by
using a fluorescein TUNEL procedure on fixed, longitudinal segments of
the hypoglossal nerve. Nuclear and SC localization of the TUNEL signal
was accomplished with DAPI and S-100P-RITC staining respectively. SC
apoptosis was distinguished in the distal nerve adjacent to the injury site
at 1- 3 days after nerve transection. The results suggest that Schwann cell
apoptosis is a general response to peripheral nerve injury during postnatal
development and that the magnitude of the apoptosis decreases with
increasing postnatal age. Funded by DOD RO7019 and Fisher G170ET.

Sandy4, D.K. Anderson1,2-3 and D.R. Howland1,2 Dept of Neuroscience1, Univ. of
Florida College of Medicine and Brain Institute2, VA Medical Center3, Gainesville,
FL 32610 and Shriners Hospital at the Univ. of South Florida4, Tampa, FL 33612.
We have identified aggrecan in embryonic, early postnatal and adult (normal and
injured) spinal cords using 5 aggrecan-specific antibodies. Two of these antibodies
identify fUll length aggrecan (~350kD) and several aggrecan degradative products.
Three neo-epitiope antibodies identify specific aggrecan cleavage products that are
selectively generated by either aggrecanase (an ADAMTS) or MMPs.
Aggrecan belongs to the family of hyaluronan-binding proteoglycans (PGs) and has
many chondroitin sulfate (CS) chains bound to its core protein (CP). CSPGs in
general have been shown to inhibit neurite growth. In some cases, their growth
inhibitoiy influences can be diminished by digestion with chondroitinase ABC which
deglycosylates CSPGs. The function of aggrecan was assessed in an in vivo growth
assay in which a hemisection lesion is filled with 1 of 4 matrices: 1) matrigel-only, 2)
300pg aggrecan/ml matrigel, 3) 30pg of deglycosylated aggrecan CP/ml matrigel and
4) 270pg of aggrecan CS/ml matrigel. In addition, two dorsal rootlets were placed
into the matrix to enhance axonal growth into the matrix. At 2 weeks post-surgeiy
neurofilament-immunoreactive fibers had grown into the matrix. The distribution of
fibers was calculated using an eye retical grid. Robust growth was detected
throughout the matrigel-only matrix. Growth into the aggrecan-containing matrix
was significantly less than matrigel-only (p<0.05). Growth into the CP-containing
matrix was also significantly less than matrigel-only (p<0.05). However, growth into
the CS-containing matrix was not significantly inhibited overall (p>0.05). These
results suggest: 1) aggrecan is present in the SC, 2) aggrecan can inhibit growth and
3) the ability of aggrecan to inhibit growth is not dependent upon full length CS
chains. Supported by BSCIRTF, Dept of VA and the Overstreet Foundation

CEREBRAL CORTEX AND LIMBIC SYSTEM: EARLY DEVELOPMENT II
296.1

296.2

PROLIFERATION OF NEURAL STEM CELLS IN VITRO AND IN VIVO IS REDUCED BY INFANT FRONTAL CORTEX LESIONS OR PRENATAL BRDU.
B. Kolb1*. D.J. Martens2. R. Gibb1. B, Coles2. & D, van der Kooy2. 1 Psychology
& Neuroscience, U. of Lethbridge, Lethbridge, Canada, TIK 3M4,2Anatomy & Cell
Biology, U. of Toronto, Toronto, Canada, M5S 1A8.
Removal of the midline frontal cortex at 7 days of age (P7) in mice is followed by
spontaneous regeneration of new cortical tissue. Injection of Bromo-deoxyuridine
(BrdU) at E10 blocks cortical regeneration. We now report that the proliferation of
neural stem cells from the adult subependymal zone is altered both by E10 BrdU injection and by P7 frontal removal. Mice were given BrdU (60 mg/kg) on E10 and/or medial frontal lesions on P7. Four mo later, the subependymal cells were isolated and
placed in vitro with EGF or bFGF to form multipotential and self-renewing neurospheres. Both BrdU and P7 lesions, but not the combined treatments, depleted stem
cells. While P7-only treatment is followed by cortical regeneration, BrdU-only and
the combined treatments are not, even though the stem cells are capable of proliferating in response to the P7 lesion after the animals have been treated with BrdU. Thus,
these results dissociate stem cell proliferation from cortical regrowth and suggest that
separate progenitor cells (later in the lineage) may be responsible for the cortical regrowth. In a second study we gave rats sham or P10 frontal lesions or El3 BrdU.
The medial frontal cortex was removed 4 mo later and Ss received ICV infusions of
bFGF and EGF. P10 sham Ss generated cells that filled the lesion cavity but Ss with
either P10 frontal lesions or El3 BrdU did not. We conclude that: 1) embryonic BrdU
kills stem cells, thus altering the later response to injury or EGF & bFGF; 2) early
frontal lesions induce progenitors to proliferate to replenish lost cortical cells, and 3)
in response to loss of progenitors recruited to fill in the lesion, the stem cells proliferate extensively, depleting their population and making them unable to respond to
EGF+bFGF in adulthood. (Supported by MRC & MS Society of Canada)

REGENERATION OF FUNCTIONAL TISSUE IN INFANT RATS AFTER MIDLINE CORTICAL LESIONS VARIES WITH AGE AND LOCUS.
C.L.R.Gonzalez* and B.Kolb, Dept.of Psychology & Neuroscience, University of
Lethbridge, Lethbridge Alberta, Canada. T1K3M4.
Recovery of function after brain injury is age-dependent. In rats, the best behavioral outcome following cortical damage occurs when injury is sustained at 7-12 days
of age. This recovery is correlated with specific morphological changes: after midline frontal cortical injury at 10 days of age there is a spontaneous regeneration of
damaged tissue that appears to support recovery. Similar injury on day 1 or in adulthood does not lead to regeneration or recovery of function. The current study investigates a more posterior midline cortical region, the cingulate cortex. Rats received lesions of the anterior cingulate cortex (CC), or the complete midline cortex including
anterior and posterior cingulate cortex (Total), at different ages: day 4 (P4); day 10
(P10), or in adulthood (P120). Rats were trained as adults in the Morris water task,
the Whishaw reaching task, and their activity was monitored over 48 hours. Adult
operates were severely impaired in both the water task and reaching. In contrast,
both CC and Total lesions at P10 allowed complete recovery. In the water task, animals with P4 Total lesions were worse than P10 but better than adults. No differences between controls, P10, and P4 were found in either CC or Total groups in the
reaching task. The activity showed that there is an age-place effect (P10 are more active than P4, and P4 more than Pl20 and Totals are more active than CC).
Histological analysis, which is continuing, has shown that animals with total lesions on P10 show regeneration of the midline tissue whereas animals with P10 cingulate lesions do not. This result implies that the removal of the frontal midline tissue stimulates a regenerative process in more posterior cortex that does not occur
otherwise. (Supported by MRC and AHFMR)
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IN VITRO PROLIFERATION AND DIFFERENTIATION OF EMBRYONIC
DAY 15 CORTICAL STEM CELLS RESPONSIVE TO EGF AND FGF.
C. M. Croft , D. A. Turnerrand A, K, Shetty Neurosurgeiy and Neurobioiogy, Duke
University Medical Center and Durham VAMC, Durham, NC 27710.
Stem cells from many CNS areas can be induced to proliferate and form neurospheres
in vitro in the presence of epidermal growth factor (EGF) and basic-fibroblast growth
factor (FGF). When exposed to a substrate, progeny of stem cells differentiate into
neurons and glia. However, factors that regulate proliferation and differentiation of
stem cells from distinct CNS regions at different developmental periods are not known.
We hypothesize that stem cells from the developing cerebral cortex respond
differently to distinct mitogens and that the differentiation fate of stem cell progeny
is dependent on the choice of mitogen employed for their proliferation.
We first investigated proliferation of El 3 cortical stem cells in the presence of EGF,
FGF, and both EGF and FGF. Stem cells underwent proliferation and formed
neurospheres in all 3 mitogen groups. However, the yield of neurospheres with EGF
was significantly lower (1.9 neurospheres/1000 cells plated) than the yield obtained
either with FGF (16.2) or with both FGF and EGF (15.8). We then investigated the
differentiation fate of stem cells obtained with different mitogens in both control
differentiation medium and also in medium containing neurotrophic factors,
neurotrophin-3 (NT-3), brain-derived neurotrophic factor (BDNF), and glial-derived
neurotrophic factor (GDNF). Stem cells from all 3 mitogen groups were found to be
multipotential as they gave rise to neurons, astrocytes, and oligodendrocytes. In
control medium, the mean percentage of neurons from neurospheres generated with
EGF was significantly lower (23%) than those from neurospheres generated with
FGF (38%) but was similar to those obtained from neurospheres generated with both
EGF and FGF (24%). Morphology of neurons particularly soma size, and dendritic
number and length also revealed a similar trend. In all neurospheres, treatment with
neurotrophic factors generally did not change the percentage of neurons. However,
treatment with either BDNF or NT-3 enhanced dendritic development of neurons.
These results underscore that El5 cortical stem cells respond differently to distinct
mitogens in their proliferation and that the progeny of cortical stem cells generated
with different mitogenic factors show distinct differentiation fates. This may suggest
that there are two types of cortical stem cells at this stage of development: one
predominant population which responds to FGF and produces a large number of
neurons and another minority population which responds to EGF and produces only
a smaller number of neurons. Tne results also suggest that both BDNF and NT-3
enhance dendritic growth of neurons derived from cortical stem cells. Supported by
NINDS ROI NS36741 and VA Merit Review Award to A. K. S.

Absence

of layer
4 leads to impairment
of laminar
ENTRAINMENT IN FERRET SOMATOSENSORY CORTEX. D.F.

-specific
response
McLaughlin* and S.L.
Juliano, Dept. of Anatomy and Cell Biology, USUHS, Bethesda, MD 20814.
Response entrainment to vibrotactile stimulation is best characterized for neurons of
the middle layers of somatosensory cortex; much less is known about the entrainment
capacity of upper- and lower-layer cells. We studied neural responses across cortical
layers to trains of vibratory stimuli to the forepaw digits in normal and layer-disrupted
ferret somatosensory cortex. Experimental animals received treatment with the antimitotic methylazoxy methanol acetate (MAM) on embryonic day 33, which disrupts
formation of layer 4. In adult ferrets, microelectrodes sampled evoked activity at
multiple recording sites. Field potentials and multiple-unit activity (MUA) were
obtained at 100-micron intervals; field potentials were used to compute current-source
density (CSD) across layers. In normal animals the field potentials across all cortical
layers reliably reflected temporal features of the stimuli; in contrast, responses in the
MAM-treated animals were poorly entrained in the middle layers (the target of MAM
treatment) and better when recorded above or below central layers. CSD analyses in
normal animals reveal pronounced, phase-locked current sinks localized to the middle
layers. Laminar activity profiles in MAM-treated animals do not contain localized,
periodic sinks in the middle layers. However, current sinks are evident in the upper
layers at a response rate one-half to one-fourth the stimulus frequency. Corresponding
MUA profiles contain highly tuned discharges in the middle layers of normal animals,
whereas cells in the upper layers show less tuning, concomitant with a marked increase
in background activity over the course of stimulation. In MAM-treated animals, all
layers exhibit increased background activity during stimulation as well as impaired
phase-locking to each stimulus cycle. These findings suggest that the ability to process
intermittent tactile stimuli is disrupted when layer 4 is absent, presumably due to
impaired information flow through the cortical layers. Support: PHS ROI NS24014
and Defense & Veteran’s Head Injury Program.

296.5

296.6

of
layer
4 during
corticoneogenesis
of
ferret
SOMATOSENSORY CORTEX RESULTS IN ABNORMAL DISTRIBUTION OF THALAMIC

IDENTIFICATION OF SENSITIVE PERIODS IN THE EFFECTS OF
PRENATAL COCAINE ON CORTICAL DEVELOPMENT. R.A. Washington,
G.P. Stanwood*,and P. Levitt, Dept. of Neurobioiogy, University of Pittsburgh,
Pittsburgh, PA 15213.
Administration of the psychomotorstimulant cocaine to pregnant rabbits produces
long-lasting anatomical, neurochemical, and behavioral alterations in their offspring
(Levitt et at, 1997; TINS 20: 269-274). For example, injection of cocaine during
gestational days 8 through 29 produces decreased bundling of layer III and V
pyramidal neuron dendrites as revealed by MAP2 immunostaining or Dil, increases
in parvalbumin immunoreactive dendrites, and increases in GABA expression in the
anterior cingulate cortex and other dopamine-rich cortical areas. We have now
examined the effects of shorter durations of in utero exposure to cocaine on these
anatomical markers in order to determine the sensitive developmental period during
which altered monoamine neurotransmission is capable of producing such effects.
Cocaine (3 mg/kg, i.v., twice daily) or saline was administered during embryonic
days (E) 16-25, the peak of cortical neurogenesis, or E8-25. The offspring of
injected dams were sacrificed at postnatal day 10 or 20. Sections (50 pm) through
the cingulate and visual cortices were stained with antibodies against MAP2,
parvalbumin, and GABA. E8-25 and El6-25 cocaine treatment produced similar
alterations in MAP2 (-20-30% increase in dendritic length), GABA (-20-30%
increase in stained cells) and parvalbumin (50-100% increase in secondary and
tertiary dendrites) expression to those previously reported for the E8-E29 paradigm.
In addition, atypical neurite outgrowth was observed in vitro by E22, indicating that
cocaine-induced changes in neuronal growth are induced prenatally. No alterations
were observed in visual cortex, a dopamine-poor region. These data suggest that
restricted exposure to cocaine during corticogenesis is sufficient to produce long
term effects on the organization of excitatory pyramidal neurons and inhibitory
intemeurons in the anterior cingulate cortex. Supported by NIH grant DAI 1165.

Disruption

S.L. Palmer*, S.C. Noctor, and S.L. Juliano, Department of
Anatomy & Cell Biology, USUHS, Bethesda, MD 20814.
Treatment of pregnant ferrets with methylazoxy methanol (MAM) on embryonic day
33 (E33) eliminates the majority of cells in layer 4 of somatosensory cortex. To study
the effect of a missing layer 4 on thalamic terminations, we injected Dil into the
ventrobasal thalamus of normal and E33 MAM-treated brains at different ages
including postnatal day 1 (Pl), P7, and Pl4. At Pl and P7 the cytoarchitecture of
ferret somatosensory cortex is strikingly immature, with only a few apparent laminar
distinctions. Labeled thalamic terminations were quantified in the hand representation
of area 3b, by expressing the number of labeled afferent fibers present in each layer as
a percent of the total number of Dil-labeled fibers identified in a 100 pm wide block
through the thickness of the cerebral cortex. At Pl, subtle differences in the pattern of
thalamic afferents were observed, despite the immature laminar pattern, although these
were not evident in the quantitative analysis. In the MAM-treated brains, fewer fibers
terminated in the immature cortical plate (CP), while more fibers passed through the
CP, toward layer 1. At P7, quantitative differences began to emerge, in that
significantly more labeled fibers were found in layer 1 and the upper CP in E33 MAMtreated brains than in normal animals. Finally, at P14 the distribution of thalamic
afferents in MAM-treated animals was dramatically different from normal brains.
Significantly more fibers occurred in layer 1 and in layers 2-3 leading to a
homogeneity of terminations, with almost equal numbers in each layer. These results
are consistent with other findings in E33 MAM-treated animals revealing that (i)
responses to somatic stimuli do not focus in layer 4, but are more equally distributed
throughout all cortical layers, and (ii) GABAa receptors, normally focussed in layer 4,
occur more equally across all cortical layers. They also suggest that cues signaling the
proper thalamic terminal site exist in the immature cortex, prior to the definitive
establishment of layer 4. Supported by PHS ROI NS24014.
AFFERENT FIBERS.
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A MATHEMATICAL MODEL FOR CIRCUITS IN THE CNS AND
ITS APPLICATION FOR ANALYZE THE DOPAMINE
SENSITIZATION. L. CervantesJ* G. Flores^ and A. Fraguela*.

A FACTOR PRESENT IN NORMAL CORTICAL PLATE RESTORES DISRUPTED RADIAL
GLIA AND Cajal RETZIUS CELLS. T.A. Hasling* and S.L. Juliano, Dept. of Anatomy
& Cell Biol., USUHS, Bethesda, MD 20814.
Cajal-Retzius (CR) cells and radial glia help form the normal laminar pattern of
developing neocortex. We developed a model to study the role of these cells in
neocortical development using methylazoxy methanol (MAM), which kills dividing
cells. Treating ferrets with MAM on embryonic day 24 (E24) interferes with the
earliest bom neocortical cells and results in newborns with a very thin and
disorganized cortical plate (CP), disorganized radial glia (with early differentiation into
astrocytes), and CR cells distributed throughout the CP and intermediate zone. In these
experiments two hypotheses relating to the E24 MAM-treated animals were tested: (i)
the addition of a radialization factor to disrupted cortex leads to restoration of normal
radial glial and CR cell position and (ii) abnormal position of the CR cells results from
early astrocytic differentiation of radial glia. To study these possibilities, organotypic
cultures of normal and E24 MAM-treated ferret cortex were prepared, all at P0.
Controls included E24 MAM and normal ferret slices, each cultured alone, and E24
MAM treated slices cocultured with similar E24 MAM-treated slices. Experimental
conditions included: E24 MAM-treated cortex in contact with normal P0 CP, E24
MAM-treated slices in contact with normal mouse cortex at El5, and normal P0
cortex supplemented with CNTF. (i) In conditions that augmented E24 MAM-treated
cortex with the missing radialization factor by coculture with either P0 normal ferret or
El5 mouse CP, radial glia displayed a normal elongated pattern, compared to control
E24 MAM-treated cultures, (ii) In the same culture conditions, the CR cells were also
restored to their normal layer 1 positions. Furthermore, CNTF addition to normal
organotypic cultures, which causes astrocytic differentiation, resulted in disruption of
CR cells, similar to MAM-treated cortex. These observations suggest that the fate of
radial glia influences the position of CR cells and that a factor present in normal
mouse or ferret cortical plate restores radial glia and CR cells to their normal positions.
Supported by PHS ROI NS24014.

'Fac. of Physics and Mathematics, Universidad Autonoma de Puebla;
Puebla, Mexico 72580.2Instituto de Fisiologia, Univ. Autonoma de Puebla.

We consider that it’s still missing better mathematical models
which allow to analyze circuits connecting different nuclei in the
Limbic System. Here, we propose a very general mathematical
model in which, at the beginning, the main parameters were the
density of excitatory and inhibitory synaptic activity in each nucleus
of this system. We use two kind of principal functions, the first one
is related with the density of connections between nuclei and the
second one with the percentage of neurons in each nucleus which
shoot action potentials in each instant of time. The last function
depends in a sigmoidal form on an activation variable which one
constructs depending of the density of the synaptic activity and on
the neurotransmitters concentration. We found integral relations
between such densities which include non linear terms associated to
the neural shooting function in each nucleus. So, through a
mathematical procedure, we obtained a differential equations
system which describes the dynamics of the circuit and which is
regulated by the neurotransmitters concentration. This work is a first
approach that we applied to the circuits of the Limbic System for
explore the implications of the Dopaminergic sensitization.(Partially
supported by CONACyT project # 28451A, Mexico)
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The effects

of interrupting
development
of neocortical
layers
CALCIUM UPTAKE IN FERRET SOMATOSENSORY CORTEX. M. Gierdalski and

on

S.L.

Juliano*. Dept. of Anatomy & Cell Biology, USUHS, Bethesda, MD, 20814.
We developed a model that prevents cells belonging to specific neocortical layers
from being bom. By using the anti-mitotic methylazoxy methanol (MAM) in pregnant
ferrets, a large number of cells destined for a particular layer of cerebral cortex are
eliminated, resulting in drastic reduction of specific neocortical layers. To study the
effects of MAM treatment on functional responses, we observed Ca++ transients in
slices of ferret somatosensory cortex after incubation in Fluo-3AM. These experiments
were conducted in normal animals (PO-2, P7, & P14) and those treated with MAM on
embryonic day 24 (E24; PO-2). MAM injections on this date interrupt birth of the
earliest generated neocortical layers and result in a poorly developed, thin cortex, as
well as in distorted radial glial and Cajal Retzius (CR) cells. This abnormal
combination may result in interruption of normal migration of neurons to the cortex,
being partially responsible for the thin cortical plate (CP). Responses to glutamate and
GABA were similar to previous results, in that increasing concentrations of glutamate
(12.5-100 pM) had little effect on the number of active cells in normal or MAMtreated slices at PO-2. Stimulation to GABAa receptors, using muscimol (3-100 pM)
resulted in increases in the number of active cells. In normal slices at P7 and Pl4, but
not at PO-2, domains of coactive, closely neighboring cells were observed (e.g., Yuste
et al., 1995). In contrast, in E24 MAM-treated slices, smaller clusters of coactive cells
demonstrating Ca++ transients were seen at PO-2. Additionally, in normal slices of all
ages, active cells were primarily localized to the CP and did not occur in large numbers
in the intermediate zone. In contrast, in the MAM-treated animals, active cells were
scattered throughout the CP and intermediate zone. These results suggest that early
treatment with MAM may lead to abnormal intracellular communication, as evidenced
by the unusual clusters of coactive cells. The large numbers of active cells outside the
CP may reflect aberrant migration of cells as a result of poorly positioned radial glia
and CR cells. Supported by PHS ROI NS24014.

MONOAMINERGIC PROJECTIONS TO THE EMBRYONIC
CORTEX REGULATE SURVIVAL AND PROLIFERATION OF
NEUROEPITHELIAL CELLS IN ORGANOTYPIC CULTURE

E.Popovik, L.W.Haynes (SPON: British Neuroscience Association), Laboratory of
Developmental Neurobiology, School of Biological Sciences, The University of
Bristol, Woodland Road, Bristol BS8 1UG, United Kingdom
Neuroectoderm cells in the cortical ventricular zone (VZ) generate many diverse
cell types, replenishing the germinal cell population in embryonic life and creating the
subventricular zone (SVZ), a second germinal layer which persists into adulthood.
During early stages of corticogenesis, neuroepithelial cells make important
developmental decisions. The choice between apoptosis, cell proliferation or cell
differentiation is influenced by environmental factors including cytokines and the
ECM. Monoamine transmitters are amongst the earliest afferent systems to project to
the embryonic neocortex. Functional 5-HT1, alphal-and alpha2-adrenergic and Dldopaminergic receptor subtypes are present on VZ cells, suggesting that transmitter
systems may also regulate their development. We have employed organotypic cocultures to analyse the effects of norepinephrine and dopamine afferents on the
development of rat cortical progenitor cells. El3 frontal rat cerebral cortex was cocultured in proximity to El5 rostral pons or A9 and A10 nuclei.Fast Di I-retrograde
labelling was used to confirm the projection of noradrenergic and dopaminergic fibers
to the cortex. In situ hybridization and immunocytochemistry allowed us to localize
and identify cortical cell types expressing catecholamine receptor subtypes in terminal
fields.We compared the numbers of dividing (BrdU+) cells and apoptotic
(TUNEL+)cells in intact cocultures, and after interruption of functional transmission
within the neocortex either by microsurgical transection of afferent axons or treatment
with alpha 1, alpha2 or DI receptor antagonists.We show that both norepinephrine and
dopamine afferent systems play an important role in early cortical neurogenesis,
reducing the numbers of cells undergoing apoptosis and promoting cell survival.
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DEVELOPMENTALLY TRANSIENT ACETYLCHOLINESTERASE IN
CORTICAL
PYRAMIDAL NEURONS:
RELATIONSHIP WITH
CHOLINERGIC AXONS. M. Healy. D. Rentz* and C. Geula, BI-Deaconess
Medical Center and Harvard Medical School, Boston, MA 02215.
We have previously shown that cortical pyramidal neurons in the rat brain
display transient acetylcholinesterase (AChE) activity during postnatal
development. Here we use histochemical methods to explore the possibility that
AChE in cortical pyramidal neurons serves as a signal for the innervating cortical
cholinergic axons. Throughout development, the AChE in neurons and axons was
completely inhibited by KT4 M of the AChE inhibitor BW286C51. In contrast, the
AChE in both these elements was relatively unaffected by inhibitors of uncommon
forms of AChE such as indoleamines and bacitracin. This pattern of inhibition
indicates that transient AChE in cortical pyramidal neurons is similar to that
normally found in neurons and fibers. In cortical pyramidal neurons, AChE was
absent at birth (P0), emerged between P1-P5, gradually increased and attained a
peak at P8-P10. Thereafter, AChE activity gradually disappeared from these
neurons and by P21 virtually no cortical AChE-positive pyramidal neurons were
detected. AChE-positive cholinergic axons were also absent at P0. At P2, very few
cholinergic axons were detected in deep layers of lateral cortical zones. These
fibers gradually invaded the more superficial layers of cortex and spread to other
cortical zones. There were anterior to posterior and lateral to medial gradients in
the development of cortical cholinergic axons. Unlike the AChE activity in
cortical pyramidal neurons which peaked at P8-P10, a major peak in the density of
cortical cholinergic axons occurred at P12-P15. The density of these fibers
continued to increase until the adult pattern was reached at about P21. These
results indicate different patterns of development for AChE in cortical pyramidal
neurons and the AChE-positive cortical cholinergic axons. Therefore, it appears
unlikely that the former serves as a signal for the latter.

DEVELOPMENTAL CORTICAL FEATURES OF BARRELLESS MUTANT
MICE.
Uriel. P.1,2. E. Welker3* and J. Bolz1, 'Univ. Jena, 07743 Jena, Germany; 2Depto de
Anatomia, ICB-UFRJ, 21941-590, Brazil & 3IBCM, 1005-Lausanne, Switzerland.
The somatosensory cortex (SI) is characterized by discrete groups of neurons
innervated by clusters of thalamic afferents (barrels). Welker et al. (Science 271,
1864-1867, 1996) reported a spontaneous mutation in which the parcelation of SI
into barrels is disrupted. To study the possible causes of the disruption of this
pattern, we performed in vitro experiments with normal (NOR) and mutant animals.
Our previous results showed that thalamic explants from E15 animals exhibit a
better outgrowth on P8 - membrane preparations from BRL SI cortex than on NOR
preparations suggesting that an abnormality of the mutants cortex contributes to the
over-outgrowth of the thalamic fibers. In the present study we tested: (1) whether
this effect is restricted to SI; (2) whether its expression is regulated in relation to
barrel formation; and (3) whether the mutation could also alter the outgrowth of
cortical explants. Similar to the results on SI membranes, thalamus also had a better
outgrowth (length of fibers and number of branches) on BRL-membranes from
visual cortex than from NOR animals. However, the magnitude of the outgrowth was
less than on Sl-membranes. No differences were seen between explants cultured on
BRL and NOR SI membranes from PO animal. Cortical, like thalamic explants
showed longer fibers and more branches on BRL than on NOR membranes from P8
SI. These results extend our previous conclusions, indicating that: (1) the mutation
is not only restricted to SI, but affects also other cortical areas; (2) the effects are
developmentally regulated; and (3) cortical explants also respond to these factors,
indicating that the patterns of intracortical connections may be altered by the brlmutation. Support: HFSP, Swiss NSF - 3100-51036.97, Capes.
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ADDITIONAL OLFACTORY SENSORY NEURON LINES THAT
PROPERLY TARGET OLFACTORY PROTEINS, INCLUDING
ODORANT RECEPTOR PROTEINS. J.R. Murrell* and D.P. Hunter.
Programs in Cell, Molecular, and Developmental Biology and in
Neuroscience, Tufts Univ. Sch. Med., Boston, Massachusetts 02111
The setting for interactions between the nervous system and much of
the chemical world is in the olfactory sensory neurons (OSNs) within the
olfactory epithelium (OE). A large family of odorant receptor proteins
(ORPs) is likely to mediate these interactions. However, few efficient
systems have been described for assaying OSN or ORP function in vitro.
As a first step in designing an effective in vitro model for OSNs, we
created cell lines from progenitor cells within the OE. We have
previously described one of these lines, odora (olfactory epithelium
-derived, odorant receptor activatable). Unlike other cell lines, odora
cells correctly target exogenous ORPs to their surface, and expression of
specific ORPs confers typical OSN responses to specific odorants
(increases in intracellular calcium).
Here, we describe additional lines that appear to be derived from the
OSN lineage. These lines, like odora, express markers of the progenitor
cell until they are differentiated, at which point they cease to express
those markers and instead express markers of OSNs. They also correctly
target exogenous ORPs to their plasma membrane. We are currently
determining whether differences among the lines may contribute to the
functional responses that we elicit with odorants.
Together, our data suggest that the lines that we have created are good
models for OSNs. Use of these lines should help to define the role of
specific ORPs in OSN function.
Supported by Tufts University and NINDS.

ORIGIN OF GLIAL CELLS IN THE AXON SORTING ZONE IN THE
OLFACTORY PATHWAY OF THE MOTH MANDUCA SEXTA. L.A.
Oland*, W. Roessler. J.G. Hildebrand. L.P, Tolbert. ARL Division of
Neurobiology, University of Arizona, Tucson, AZ 85721.
Strong evidence now exists in both vertebrate and invertebrate
olfactory systems that the axons of olfactory receptor cells that express
identical odorant receptors terminate in particular glomeruli in the
primary olfactory center of the brain. Because olfactory receptor cells
tuned to specific odorants lie dispersed across the olfactory epithelium,
olfactory axons growing toward their CNS target must at some point in
the pathway locate and fasciculate with like axons. In Manduca, the
most proximal part of the antennal nerve is heavily populated by glial
cells and is the region in which the axons sort. Using propidium iodide
to label cell nuclei and BrdU to indicate the timing and location of
dividing glia, we found that the sorting zone appears shortly after the
first cohort of axons reaches the antennal lobe, its glial population
arising from central glia located near the lateral edge of the lobe. Only a
small number of axons is needed to initiate cell division. A second set
of glia arises in the antennal epithelium and migrates along the nerve
toward the brain, populating the nerve well after the majority of axons
have reached the lobe. Thus the sorting zone arises from CNS glia in
response to axon ingrowth and becomes a region in which axons
establish new associations. Supported by NIH grant NS-28495.
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LOWER PROLIFERATION OF PRESUMPTIVE TASTE RECEPTOR CELLS
DURING EARLY POSTNATAL DEVELOPMENT S.J, Hendricks* and D.L,
Hill. University of Virginia, Charlottesville, VA 22903.
Distinct changes in function and morphology of the peripheral taste system
accompany early rat postnatal development. Neural responsiveness to sodium
stimuli and taste bud volume both increase until reaching maturity around
postnatal day 40. In an effort to determine if cell cycle dynamics also change
during development, presumptive fungiform taste receptor cell proliferation was
assessed rats of three ages: neonates (postnatal day (PN) 1), weanling, (PN21) and
adults (>PN60). Animals were injected with the thymidine analog, 5-Bromo2’deoxyuridine (BrdU) and tongues were collected at varying times following
injection. Time of day effects on proliferation were measured; the time producing
the greatest amount of BrdU labeling for each age group was chosen for all
remaining studies. BrdU incorporation was significantly greater in adulthood
(>PN60), as compared to both neonate (PN1) and weanling (PN21) animals.
Migration of BrdU labeled cells from the periphery of the taste bud was assessed
to determine if rates of entry into the taste bud also changed during development.
In adult rats, cell division appears to occur after 6 hours, and migration begins
before 12 hours, in concordance with previous work. Neonatal animals, however,
do not demonstrate an increase in labeling, nor migration toward the taste bud by
12 hours post-injection, suggesting that either migratory patterns are away from
the taste bud, or that cell division has not yet occurred. Together these data
suggest that increases in taste bud volume not solely due to increased proliferation
during development
Supported by NIH Grant ROI DC00407 to D.L.H.

LOOKING FOR THE OLFACTORY NEURON PRECURSOR. L.A. Carter, S.D.
Avres, **S. Boolav, **N. Illing. **E.M. Simpson* and *A.J.I. Roskams. Centre for
Molecular Medicine and Therapeutics, “Dept. of Medical Genetics, *Dept. of
Psychiatry, University of British Columbia, Vancouver, BC. V5Z 4H4;**Dept. of
Biochemistry, U. Capetown, Republic of South Africa.
The olfactory neuroepithelium (OE) retains the ability to generate new, fully
functioning neurons, throughout mammalian life. Each new neuron is generated
from a presumptive precursor in the basal cell layer which undergoes a series of
developmental decisions to generate a fully functioning olfactory receptor neuron
(ORN). Utilizing monoclonal antibodies raised to a number of hematopoietic stem
cell markers (CD 11, 18,45, 54), we have tested whether putative neural stem cells
of the olfactory neuroepithelium may retain expression of some of these same cellsurface proteins whose developmental expression profile is well described in the
haematopoietic stem cell literature. Two of these antibodies recognize proteins
which have an expression profile indicative of marking at least two different
developmental lineages within the OE (including the basal cell population that
incorporates BrDU and proliferates following removal of the olfactory bulb). This
cellular expression profile appears to begin in the embryonic olfactory placode (E
10 in the mouse) and is carried into the developing and adult OE; it is also
conserved across mouse, rat and human OE. We are currently using these CD-class
antibodies to FACS purify cell populations from the OE and are comparing the in
vitro developmental characteristics of these purified cell populations with those of
temperature-sensitive immortalized neuronal cell lines derived from the E10 mouse
olfactory placode.
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STUDIES OF THE INTERCELLULAR INTERACTIONS THAT GUIDE
OLFACTORY AXONS TO THEIR TARGETS IN THE BRAIN OF
MANDUCA SEXTA. M.R, Higgins1, L.A. Oland1, D, Hernandez1, E. Tucker1,
A. Nighom1. P.F. Copenhaver2. and L.P. Tolbert*1. 'ARL Div. of
Neurobioiogy, Univ. of Arizona, Tucson, AZ 85721, and 2Dept. of Cell
Biology & Anatomy, Oregon Health Sciences Univ., Portland, OR 97201.
The mechanisms that underlie the sorting and targeting of olfactory receptor
axons in the brain are the subject of intense current investigation. In the moth
Manduca sexta, a subset of olfactory receptor axons from the antennae is
recognized by antibodies against the adhesion molecule Manduca fasciclin II
during the period when axons grow into the brain and form glomeruli, and in
Northern blots, a Mfas II probe recognizes two bands of mRNA from
developing antennae. Recently we have used in situ hybridization and 3-D
reconstruction to reveal that the Mfas 11+ axons emanate from receptor
neurons that form a reproducible "V" pattern — unlike the pattern of
distribution of any known functional classes of receptor neurons - on each
segment of the developing antenna.
Mfas 11+ axons fasciculate together only after they encounter a large cluster
of glial cells at the entry to the brain. We now introduce methods that allow
us to monitor the interactions of growing axons with each other and with glial
cells. In vitro, explants of antennal tissue are grown with dissociated glial
cells, and axons monitored via DIC optics. For in situ visualization, antennae
are filleted and cultured together with the antennal lobes of the brain; small
sets of axons are labeled with Dil or DiO for visualization with a SIT camera
or on a confocal microscope. (Supported by NIH NS 20040 and 28495.)

NEONATAL RAT ORGAN OF CORTI FORMS SUPERNUMERARY HAIR CELLS
IN RESPONSE TO GROWTH FACTOR TREATMENT.
B, Malerange1, P.P. Lefebvre' ^.J.-M. Rigo1*, J, Crommen1, M. Thirv3. T.R, Van de
Water4,5* and G. Moonen1. 'Dept. of Human Physiology and Pathophysiology,
’Otolaryngology , ’Tissue and Cell Biology, Univ. of LiSge, Belgium; 4Dept. of
Otolaryngology and ’Neuroscience, Albert Einstein College of Medicine, Bronx, New
York, USA.
The organ of Corti is highly ordered, with a single row of inner hair cells and three
rows of outer hair cells. The number of hair cells produced was thought to be limited
by the time of their terminal mitosis (i.e. E14 in the mouse). However, Kelley and
colleagues reported that exogenous application of retinoic acid to El 3 to El 6 mouse
embryo organ of Corti explants resulted in the formation of areas of supernumerary hair
cells. Using late embryonic and neonatal rat organs of Corti, we investigated the
potential for production of supernumerary hair cells in more mature sensory epithelia.
When newborn rat organ of Corti explants were cultured under control conditions,
supernumerary hair cells were observed at the junction between the basal and the
middle turns. The length of the segments containing supernumerary hair cells was 5.87
+ 0.96 % of the total length of the explant. In these areas of supernumerary hair cells
the number of hair cells increased per unit of length while remaining constant per
surface unit, further demonstrating the supernumerary character of this phenomenon.
When organ of Corti explants were treated with either EGF or TGF01, the length of the
segments containing supernumerary hair cells increased by 50%. The stimulation of
supernumerary hair cell formation by these two growth factors as well as their
production under control conditions was found to acheive maximal results on El8,
decrease at birth, and disappear by Pl. Results of light and transmission electron
microscopic analyses showed that there is a gradient of outer hair cell maturation that
increases from the external edge of the sensory epithelium, suggesting that the
production of supernumerary hair cells occurs externally with new hair cells added in
a centrifugal pattern. Supported by the National Belgian Fundfor Scientific Research
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OTIC PLACODE FATE MAP SUGGESTS CELL MIXING IS MORE
PREDOMINANT THAN PREDICTED BY GENE EXPRESSION PATTERNS. S^
H. Kil and A. Collazo*. Dept. of Cell and Molecular Biology, House Ear Institute;
Los Angeles, CA 90057.
The complex structure of the inner ear, with its stereotypically arranged
sensory organs, develops from a simple ectodermal thickening in the head
called the otic placode. Though many genes are expressed during ear
development and in interesting restricted patterns, little is known about the
function of most of these genes in ear development. One member of the
Transforming Growth Factor Beta (TGF-fi) family, BMP4, initially, is expressed in
the anterior and posterior region of the otic placode and in all sensory organs later in
development. Hence, researchers have proposed that anterior and poster region of the
otic placode give rise to all the sensory organs residing in the anterior and posterior
region of the inner ear, respectively. In our study, we test whether the anterior and
posterior region of the otic placode give rise to the sensory organs directly by labeling
small groups of cells within different regions of the otic placode of the frog, Xenopus,
with a fluorescent vital dye (DiD from Molecular probes). Labeled embryos are raised
in the dark until sensory organ differentiation and the hair cells in the ears of these
tadpoles are counter-stained with a fluorescent dye that labels hair cells in vivo (4-Di2-ASP). The preliminary results from fate mapping experiments show that the
anterior region of the otic placode can give rise to all sensory organs including those
that are located in the posterior region of the inner ear. The posterior region,
particularly at later otocyst stages, is less likely to contribute to sensory organs. Even
given this decreased likelihood of labeling sensory organs, anterior sensory organs
can be labeled with posterior injections. Fate maps are critical for interpreting gene
expression patterns and experimental manipulations. This study provides the first fate
map for the developing inner ear and suggests that cell mixing is occurring in the
developing otic placode. (Funded by NIH and House Ear Institute.)

POSTNATAL DEVELOPMENT OF THE FERRET VESTIBULAR
RECEPTORS. M. Shall*, D. Lanzino, S. Kinirons. Dept. Physical
Therapy, Virginia Commonwealth Univ., Richmond, VA 23298.
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Postnatal development of the peripheral vestibular system was studied
in the ferret to provide an anatomical basis for vestibular reflexes during
development. 14 animals (from 2 litters) were over-dosed with sodium
pentobarbital and perfused at postnatal day 1 (Pl) through P28. The skulls
were decalcified for 6-8 weeks before they were embedded in paraffin and
sectioned using a rotary microtome.
At postnatal day one, the sensory and supporting cells were present in
the maculae and crista ampullares but the peripheral vestibular nerve and
Scarpa’s ganglion were not apparent. At P7, Scarpa’s ganglion cells were
present and some peripheral processes of these bipolar sensory neurons had
migrated close to their targets. By Pl5, the receptors were fully formed and
innervated by the peripheral vestibular neuronal processes.
Relative to the cat, the ferret’s vestibular system is late developing as
are hearing (14 days) and vision (28 days). Anatomically, the vestibular
receptors are not available until Pl 5. The developmental time course of the
ferret sensory systems appears similar to the cat, but the ferret is more
immature at birth due to a shorter gestational period (42 days, compared to
cat 64 days). At birth, the ferret kits are quite dependent on the dam for
spatial orientation. This animal is a convenient model for in vivo studies of
the effects of the vestibular system on motor development.
Supported by the James A. Shannon award, NIDCD grant 1R55DCOD03211-01A1
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FORMATION OF THE SENSORY EPITHELIUM OF THE INNER EAR
DURING XENOPUS LAEVIS LARVAL DEVELOPMENT. O.A. Quick and E.E.
Serrano*. Biology Dept., New Mexico State University, Las Cruces, NM 88003.
Our laboratory is interested in sensory organ formation and mechanosensory
hair cell differentiation during Xenopus laevis inner ear development. In this study,
we examined the formation of the sensory epithelium and the early appearance of
hair cells during larval development (Stages 28-52). Results extend previous
findings by Paterson (Proc. Zool. Soc. London., 1949, 119: 269-291), and
Nieuwkoop and Faber (North-Holland Pub. Co., 1975, Amsterdam). Transverse
sections of the entire head were prepared from fixed tissue, stained with 1%
toluidine blue, and viewed with the light microscope at 1000X. Images were
collected with a CCD camera, digitized, and viewed with the WinView 32
program (Micromax Imaging System, Princeton Instr.) Hair cells were identified
by the presence of stereociliary bundles. Stereociliary bundles were visible in
sections from larvae as young as stage 33. At this stage, a single primal sensory
epithelium containing < 100 hair cell stereociliary bundles is present. In stage 40
sections, the somata of sensory ganglion cells are visible in close proximity to the
sensory epithelium. Sections from stage 42 show clear invagination of the primal
sensory epithelium. This invagination is even more pronounced by stage 45. The
individual compartments that will form the mature sacculus and utricle are present
by stage 47. Taken together, the data illustrate the early morphological events that
lead to formation of multiple sensory surfaces in the X. laevis inner ear from a
single epithelium. Future studies will focus on using additional criteria to identify
hair cells during this developmental period by using immunohistochemical
approaches that characterize hair cell proteins.
Supported by grants from NIGMS S06-GM08136-22 (MBRS) and NIDCD
1R29DC03292-01 to EES.

SPATIAL AND DEVELOPMENTAL PATTERNS OF aBUNGAROTOXIN BINDING IN THE TRIGEMINAL BRAIN-STEM
NUCLEI T. A. Henderson*, C. E. Adams & R. Freedman. Dept. of
Psychiatiy, UCHSC, Denver, CO 80262

Nicotinic receptors in the CNS have been purported to have a trophic role
during development. In particular, a7 receptor subunits, which selectively
bind a - bungarotoxin (BTX) may be involved in neuronal growth and neurite
elongation (e.g., Pugh & Berg, J. Neurosci. 14:889, ’94). To begin to
examine this purported function, the distribution of a7 nicotinic receptor
subunits was studied at embryonic and postnatal ages in the trigeminal (V)
brainstem nuclei. The distribution of I1 -labeled BTX binding was studied at
ages embryonic day (E)15, E16, E17, E19, E21, postnatal day (P)7, P14 and
P28. At E15, BTX binding was faint in V nuclei, hut was prominent in the
araV nucleus and the nucleus solitaris (nSol.). The distribution of BTX
inding at ages E17 and E18 was similar. A small number of large stellate
neurons in the deep portions of spinal V nucleus caudalis (SpVc) were
labeled. Intense labeling was seen in nSol., the spinal vestibular nucleus, and
the reticular nuclei. At E19, BTX labeling became evident in the lateral
aspects of the principal V nucleus (PrV) and appeared to be homogeneous.
Labeled soma were seen in the deep portions of SpVc and in the ventro-lateral
extension of SpVc at the level of subnucleus interpolaris (SpVi). By P0, label
was evident in the lateral aspects of SpVi, PrV and to a lesser extent in SpV
oralis. A small number of heavily labeled soma was again seen in deep SpVc.
Notably, the inferior colliculus (IC)first began to show BTX binding at P0. In
contrast, the inferior olive did not bind BTX in the neonate. By P4, faint label
was seen in the inferior olive and a marked increase was seen in the IC. On
P12, BTX binding was markedly increased in die olive. Meanwhile, a
moderate increase in binding was noted in lateral portions of SpVi and PrV.
By P28, BTX binding was similar to that previously described for adult rats.
However, there were notable discrepancies. First, BTX binding was less
extensive in SpVc, limited to a small number of soma. Second, no BTX
binding was found at any age in the V motor nucleus or the V mesencephalic
nucleus.

NEURONAL DEATH: HYPOXIA AND ISCHEMIA
298.1

298.2

SODIUM FLUX DURING HYPOXIA-INDUCED NEURONAL APOPTOSIS
Kenneth J, Banasiak8, David Donnelly6*, and Gabriel G. Haddad6
Sections of Critical Care8 and Respiratory Medicine6, Department of Pediatrics,
Yale University School of Medicine, New Haven CT 06520
Previously, we shown that hypoxia causes an increase in intracellular sodium (Na*)
critical to inducing neuronal death. However, the nature of cell death associated with
increased Na* during hypoxia is unknown. We hypothesized that an increase in Na*
is a critical event in hypoxia-induced neuronal apoptosis. Methods. Cultured
neocortical neurons were exposed to 1% O2 or maintained in 21% O2 for 72 hours.
Changes in Na* were assessed using sodium green and quantitative fluorescence
microscopy. Since the major routes of Na* entry into neurons are via voltage-gated
Na* channels and non-NMDA receptors, Na* entry was blocked in both the hypoxic
and normoxic groups with tetrodotoxin (TTX; lgM) or NBQX (10 gM). Untreated
neurons maintained in 21% O2 or exposed to 1% O2 served as controls. The presence
of apoptosis was assessed by annexin V staining, the TUNEL method, and electron
microscopy. The proportion of apoptotic cells and neuronal survival were determined
by annexin V staining and exclusion of propidium iodide, respectively. Results. After
72 hours at 1% O2, Na* in hypoxia-exposed neurons was -40% greater than in
neurons maintained in 21% O2. Cell death in untreated neurons exposed to hypoxia
was approximately twice that of untreated normoxic neurons (-75% being attributable
to apoptosis). Treatment with TTX and NBQX, reduced the proportion of apoptotic
neurons by -40% compared to untreated neurons. TTX and NBQX did not alter
neuronal survival or apoptosis at 21% O2. Conclusions. An increase in Na* is an
important event in the genesis of apoptotic cell death during hypoxia. We speculate
that these results provide a link between changes in Na* homeostasis and gene
activation that occurs during apoptosis.
UCP R-720-97, Gaylord Rehab. Res. Inst. GRRI-1-98, YCHRC

PHYSIOLOGICAL AND MORPHOLOGICAL CHANGES IN RAT
PYRAMIDAL NEURONS IN VITRO.
N. Hori*Y. Tan,1 Y. Ieiri,2 K. Sasamoto,2 T. Kosaka,3 and D. O. Carpenter1 .
‘School of Public Health, University at Albany, SUNY; 2Faculty of Dentistry
& 3Medicine, Kyushu University, Fukuoka, 812-8582, Japan.
A brief transient ischemic insult to hippocampal slices causes selective
cell death of CAI pyramidal neurons. Two kinds of abnormal electrical
activities are observed following transient ischemia. One is a transient
rebound excitability in which after excitability has been lost during
continued ischemia, while the other is a delayed spreading depression-like
potential. These potentials are strongly related with the formation of
blebs on the dendrite trees and neuronal cell death. However, the
physiological events leading to the morphological changes at the early stage
of the transient ischemic insult are not well understood. It is believed that
the process of cell death depends upon NMDA-receptor activation; hence
these experiments were mainly focused on the activation of NMDA
receptors. Hippocampal slices were prepared from male rats. Population
EPSPs and intracellular responses evoked by the Schaffer collateral
stimulation were recorded from CAI pyramidal neurons.
Responses evoked by the Schaffer collateral stimulation disappeared in
a modified Ringer’s solution which lacked glucose and oxigen in 5-7 min of
ischemia. This decline effect was not attenuated but even accelerated by
AP-5 (5xl0'6 M). After perfusion of O2/glucose free with low K (3 mM) and
AP-5 (5x1 O’5 M) was switched to normal Ringer solution at the time of the
rebound potential, responses recovered to almost control levels within 12
min. These results suggest that the bleb formation may relate to the
rebound potential (65%; n=25) induced by NMDA receptor activation and
induces the neuronal call death.
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Short and long term effects of hypoxia-ischemia in young brain I : MR imaging
assesment. K, Malisza. R. Papadimitropoulos, T, Foniok, R. Mariash, S. Sydserff*, T,
Hudzik*, S, Bascaramurtv and U I, Tuor* Institute for Biodiagnostics, NRC, Winnipeg,
MB, and *Astra Arcus Inc., Rochester, N.Y.
One potential application of functional magnetic resonance imaging is its ability to
assess recovery and reorganization of the brain following a stroke. The present study
examines the cerebral activation produced by electrical stimulation of the forepaw in
animals which had been subjected to unilateral cerebral hypoxia-ischemia. At 4 weeks
of age, the right carotid artery of Wistar rats was either exposed (n=l 1) or ligated under
anesthesia. Ligated animals were subsequently exposed to 8% O2 for 28 min. With a
9.4T magnet (Bruker), diffusion weighted (DW) and T2 images were acquired 24-30 hrs
after the surgery. Four to five months following hypoxia-ischemia, functional images
were acquired in a-chloralose anesthetized animals before, during and after two periods
of electrical stimulation of the right and then left forepaw (6.5 ± 0.5 mA). The area of
infarction was calculated from gradient echo images at this time and correlated with the
functional imaging results. Areas of increased intensity were seen in DW images at 24
hours after hypoxia-ischemia of all stroked animals with the volume of infarction varying
from 4.4% to 17.5% of the total hemisphere. All control animals appeared normal. The
volume of hyperintansity obtained 4-5 months after hypoxia-ischemia varied from 2.2%
to 26.9% of the hemisphere. All control animals showed both left and right sensorymotor cortex activation at the level of the mid-striatum. In stroked animals, functional
activation was seen in the left hemisphere in response to right forepaw stimulation in
11/11 animals. Activation of the right sensory-motor cortex was not observed in 3
animals with extensive right hemispheric infarction. One of these animals had activation
of an adjacent cortical area. Thus, following long-term recovery from stroke in young
animals there is a loss of functional activation in response to forepaw stimulation in
animals with the largest infarcts at 4-5 months post-hypoxia-ischemia.
(Supported by Astra Arcus Inc.)

DUAL-PHOTON IMAGING OF CLUMPING OF CHROMATIN IN
MOUSE HIPPOCAMPAL SLICES K. Kasischke*, M. Buechner, M. Timmler,
A. C. Ludolph. M. W. Riepe. Department of Neurology, University of Ulm, 89081
Ulm, Germany
Clumping of chromatin in cell nucleus is a characteristic feature of neurons
damaged by environmental stress. Due to the trauma caused by preparation of
brain slices there is severe damage to the neurons especially in the outer layers.
The survival time of neurons in brain slices is limited to hours. Dual photon
microscopy allows investigation of single cells in thick brain slices due to
increased depth penetration of far-red photons. The goal of the present study was
to investigate morphologic changes in nuclei of pyramidal CAI neurons in slices.
Hippocampal slices (300 gm thickness) were prepared from male CD1
mice (25-30 g). Slices were stained with DNA dye Hoechst 33342 (10 gM). A
pulsed (60fs) Ti.Sa Laser tuned to 730 nm was pumped with a 5 W solid state
laser. Other slices were stained with Live-Dead-Kit (calcein-AM 2gM and
ethidium-homodimer 4pM) for 30 min prior to onset of imaging with cw-Ar:KrLaser (488nm). Fluorescence was measured in a perfusion chamber mounted on
an inverted microscope with objective Zeiss 63*, N.A. 1.2, water immersion.
Initially there is massive swelling of nuclei.: Volume of nuclei 25 min
after preparation is 758 ± 229 gm3 in 40-50 gm depth. After 60 min volume
decreased rapidly to 60%, after 120 min to 40% and after 8 h to 17%. In 70-80 gm
depth initial swelling is reduced and following clumping of chromatin is slower
and more linear. Live-Dead-staining shows that cell damage is progressing from
the surface to deeper layers of the slices. We conclude that clumping speed of
chromatin is related to cell damage. However, shrinkage of nuclei in all observed
neurons finally stops at a volume of 90-130 gm3 not related to depth .
Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.
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CORTICAL DEVASCULARIZATION INDUCES NOT ONLY NECROSIS BUT
ALSO TEMPORALLY DISTINCT APOPTOSIS IN THE CORTEX AND
THALAMIC NUCLEI: PATTERNS OF TRANSCRIPTION FACTORS
RESPONSES. M. Skup* and D. Suleiczak. Department of Neurophysiology, Nencki
Institute of Experimental Biology, 02-093 Warsaw, Poland.
Permanent, focal neocortical infarct caused by unilateral, partial devascularization of
the cerebral cortex results in a massive death of cortical and thalamic neurones. Scarce
data indicate that transient cerebral ischemia may lead to cortical and thalamic
neuronal death with apoptotic component. Neuronal death caused by permanent
cortical trauma with BBB damage is considered to be necrotic. The aim of this study
was to elucidate whether apoptosis is involved in the neuronal death following
traumatic devascularization. We searched for hallmarks of apoptosis using
morphological criteria (cell shrinkage, chromatin condensation, apoptotic bodies) using
cresyl violet, acridine orange and Hoechst dyes. Chromatin fragmentation with TdTmediated biotin-dUTP nick end-labeling (TUNEL) histochemistry and agarose gel
electrophoresis was tested. Immunocytochemistry for c-Jun, NfkappaB and c-Fos
transcription factors postulated to be involved in pro- and anti-apoptotic activity was
also performed. Histo- and immunochemistry was carried out on the brain sections
from adult, Wistar rats, perfused at 0.5h, 1.5h, 3h, 6h, and 1, 3, 7d following operation.
We found apoptotic cells in both neuronal populations. In the cerebral cortex apoptotic
cell bodies and cells revealing chromatin fragmentation were already found at 1
postlesion day. In the thalamic nuclei shrunken cells but not apoptotic bodies were
detected first at 3d postlesion, while at 7d apoptotic bodies and cells revealing
chromatin fragmentation became evident. Injury caused cytoplasmic induction of c-Jun
protein in neuronal pericarya within infarcted cortex and in thalamic neurons. It
correlated temporally and spatially with occurence of apoptotic cells, confirming c-Jun
involvement in cell commitment to apoptotic death. Transient neuronal induction of cFos restricted to the perilesion areas, and that of NfkappaB found only in lesion core do
not support the concept of proapoptotic c-Fos and NfkappaB activity. This work is

APOPTOSIS IN A NEONATAL RAT MODEL OF CEREBRAL
HYPOXIA-ISCHEMIA. W. Nakaiima1, M.S. Lange.1 A, Ishida1, M.E.
Blue1,2, and M.V. Johnston. 1’2*. 'Kennedy Krieger Inst, and 2The
Johns Hopkins Univ. Sch. of Med. Baltimore, MD. 21205
Perinatal hypoxic brain injury is a major cause of death and morbidity.
Recent evidence shows that ischemia-induced cell death occurs via
apoptosis as well as necrosis. We studied the distribution of apoptotic
cells after hypoxia-ischemia in neonatal rat brain using a new darkfield
microscopic method for screening apoptotic cells developed in our
laboratory (Lange et al., Exp. Neurol, in press). Seven-day-old neonatal
rats underwent permanent right carotid ligation followed by 2 hrs. of
hypoxia. Their brains were examined at various times (1 hr. to 7 days.)
after hypoxia-ischemia (HI). The distribution of apoptotic cells was
assessed using low magnification darkfield microscopy of Nissl-stained
sections. We used H&E staining to distinguish necrotic from apoptotic
cell death and confirmed apoptosis using Terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end (TUNEL) labeling and
electron microscopy. TUNEL staining showed scattered apoptotic cells
in all the brains including normal control. Clusters of apoptotic cells were
first detected in cortex and striatum. By 24 hrs, we found many apoptotic
cells adjacent to the necrotic core in cortex and striatum. Other regions
where clusters of apoptotic cells were observed by 24 hrs post HI
included thalamus, CAI, dentate gyrus and habenula. The density of
apoptotic cells in habenula, dentate gyrus and thalamus was highest at
24-48 hours after HI and subsequently declined, while in cortex,
striatum and CAI, densities remain elevated from 24 hrs. to 7 days post
HI. Our results suggest that apoptosis contributes significantly to brain
injury after neonatal HI. Supported by NIH grant R01 NS28208.

298.7
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EARLY NEURODEGENERATION IN r'OREBRAIN AFTER NEONATAL
HYPOXIA-ISCHEMIA (H/I) IS NECROSIS WHILE DELAYED NEURONAL
DEATH IN THALAMUS AND REMOTE BRAIN REGIONS IS APOPTOSIS
F.J.Northington*1. D.M.Ferriero2. R.J.Traystman3 and L.J,Martin4. Depts of
Pediatrics1, Anesthesiology/Critical Care Medicine3, and Pathology4. The Johns
Hopkins Medical Institutions, Baltimore, MD 21287. Dept. Of Neurology2, UCSF,
San Francisco, CA 94143
Neonatal brain injury causes a complex array of motor, sensory, and cognitive
deficits in survivors suggesting injury to multiple brain systems. In a newborn
model of hypoxic-ischemic brain injury, we tested the hypothesis that patterns of
neuronal connectivity dictate patterns of injury following H/I. We used silver
staining to demonstrate neuronal-cell body, axonal, and terminal degeneration in p7
rat pup brains (n=30) injured by unilateral carotid artery ligation followed by 2.5
hours(h) of 8% hypoxia and then recovery for 0,1.5,3,6,24,48,72 h, and 6 days.
Injury within ipsilateral parasagittal cortex and striatum occurs within 3h following
H/I and then progresses while injury in ventral basal thalamus develops at 24h and
also progresses. (Densitometry measurements (mean+SEM)Cortex:control 0.007+
0.002, vs 3h 0.053+0.015 Striatum:control 0.009+0.004, vs 3h 0.044±0.011,
Thalamus: control 0.027+.0.01 vs 24h 0.087+0.02). A delayed phase of injury is
also found in these regions occurring at 48h in ipsilateral cortex, but not until 6 days
in striatum and thalamus. Primary injury in striatum and cortex is necrosis, but in
thalamus the neurodegeneration is apoptosis. Regions distant to the site of primary
injury exhibit injury in patterns determined by neuronal connectivity including
axonal degeneration in bilateral white matter tracts, terminal degeneration associated
with apoptosis in brain stem nuclei, and apoptosis and necrosis in contralateral
cortex. These results suggest that H/I in the developing brain causes both early and
delayed neurodegeneration in entire CNS systems in which the morphology of
neuronal death is determined by patterns of neuronal connectivity. This organization
of brain damage is consistent with the clinical presentation of multiple disabilities in
infants following neonatal H/I. Support: NINDS 34100, & KO81742

DISTRIBUTION OF TUNEL POSITIVE CELLS RELATIVE TO NECROSIS
AND MICROGLIAL ACTIVATION AFTER HYPOXIA ISCHEMIA. S. G.
Sydserff, D. L. Maier, A. R. Borrelli, G. C. Palmer* & A. J. Cross. Department
of Pharmacology, Astra Arcus USA, 755 Jefferson Road, Rochester NY 14623
The distribution of degenerating neurons in the immediate period following
experimental cerebral ischemia has been well documented, however the patterns of
distribution at extended time points has not been defined. In addition the
relationship between microglial activation and the distribution of necrotic and
apoptotic neurons is unclear. We have investigated the pattern of distribution of
necrotic, TUNEL positive and microglia cells in the weeks following a hypoxic
ischemic insult in juvenile rats. Induction of the insult was achieved by transection
of the left common carotid artery followed by exposure to 3.1% oxygen in 28 day
old rats. At various time points ranging from 1 hour to 4 months after the insult
brain tissue slices were obtained and sequential sections stained for necrosis using
H&E, microglial activation using a lectin stain and with TUNEL, a marker of nonnecrotic cell death.
Necrosis in selected regions of the cortex, notably Ml and SI and lateral caudate
putamen is evident from 24 hours post insult peaking in intensity at 48-72 hours.
Microglial activation occurs in affected areas with proliferation commencing 72
hours after the insult. At 1 week post hypoxia-ischemia lectin positive cells are
prolific in the ipsilateral hemisphere with distributions in the caudate putamen,
outer cortical cell layers, hippocampal regions and in some white matter fiber tracts.
At 2 weeks post insult TUNEL and lectin positive cells peak in number and
thereafter decline. In addition small numbers of lectin positive cells appear in both
the ipsilateral and contralateral cingulate cortex and in the contralateral piriform
cortex.
Hypoxia ischemia induces a typical necrotic cell death associated with ischemia
however the distribution of microglia and TUNEL positive cells in the weeks
following the insult suggest that initial necrosis is not the culmination of the
degenerative process. We have shown that late stage changes in the brain following
hypoxia ischemia in young rats involves the recruitment of neurons into a nonnecrotic cell death process and that this is associated with microglial proliferation.

298.9
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INFLUENCE OF DEVELOPMENT AND ASPHYXIA ON APOPTOSIS AND
CASPASE-3 ACTIVATION IN A RAT NEONATAL MODEL: A
STEREOLOGICAL STUDY WDJ van de Berg, D TerweL HWM Steinbusch*,
CE Blanco (SPON: European Neuroscience Association). Dept. Pediatrics /
Psychiatry & Neuropsychol., Maastricht University, Maastricht, The Netherlands
The process of apoptosis, or programmed cell death, is fundamental during
normal development and homeostasis. However, aberrant apoptosis has been
implicated in several human diseases. Caspase-3 is a newly characterized cysteine
protease that seems to play an essential role in the apoptotic machinery during
development. The mechanism regulating caspase-3 activity and the role of caspase3 activation in response to neuronal injury is poorly understood. In this study, we
investigate the number of apoptotic neurons during development and after asphyxia
between 2 and 15 days postnatally in the striatum and cortex, using quantitative
stereological techniques. Preliminary observations suggest a differential rate and
timing of cell death between the asphyctic and control animals. In control animals,
the number of TUNEL-positive cells declines over a 2 week period. In the asphyctic
animals, a large number of TUNEL-positive neuronal and glial cells were still
present at postnatal day 15. To determine if caspase-3 is activated in apoptotic
nuclei during development and after neuronal injury, we have studied the number of
caspase-3 active cells in the striatum and cortex, using a CM1 rabbit polyclonal
antibody that recognizes the processed form of caspase 3. Between 2 and 15 days
postnatally, caspase 3 activity was present during development and increased after
asphyxia. Double-label experiments detected DNA fragmentation in the majority of
neurons that overexpressed caspase-3. However, only a small percentage of the
TUNEL positive cells show caspase-3 activation. These results provide evidence for
an increased number of apoptotic cells and a prolonged period of programmed cell
death after asphyxia. Moreover, they suggest that activation of caspase-3 is only
necessary for a limited period during the apoptotic process or that caspase-3
activation is less important for postnatal induction of apoptosis.

IMMUNOHISTOCHEMICAL DETECTION OF NITROTYROSINE IN
NEONATAL RAT CEREBROCORTICAL SLICES FOLLOWING
HYPOXIA. R.K. Ochiai . K. Hasegawaf Y, Takeuchi, H. Yoshioka, T.
Sawada Depts. of Pediatrics, Kyoto Prefectural University of Medicine,
Kyoto, JAPAN, 602-8566.
The temporal course of nitrotyrosine (NT) formation in brain slices was
studied during and after hypoxia with or without MK-801 treatment and
exposure to N-methyl-D-aspartate (NMDA).
In each experiment,
twenty 350 pm thick cerebrocortical slices at parietal lobe were obtained
from ten 7-day old Sprague-Dawiey rats. A 30 min exposure to hypoxia
or NMDA was followed by two hours of reperfusion with oxygenated
perfusate. MK-801 was administered fifteen minutes prior to and
during hypoxia. NT immunohistochemistry was done in 20 gm frozen
sections of slices, vising rabbit polyclonal anti-NT antibody. Positive
stain for NT was observed within both neuronal cells and endothelial
cells during reperfusion period in either hypoxia group or NMDA
exposure group. NT positive neuronal cells appeared more rapidly after
repefusion in hypoxia group than in NMDA group. Strong positive stain
for NT was observed within endothelial cells in comparison with neurons
after hypoxia and especially exposure to NMDA. MK-801 significantly
attenuated cellular damage and decreased the number of NT stained
endothelial cells after hypoxia. This suggests that NMDA-receptor
activation during hypoxia and peroxynitrite production after reperfusion
contributed to acute neuronal death following hypoxic insult.
Peroxy nitrite production within endothelial cell may play an important
role in ischemic cell injury and NMDA-induced cell injury.

supported by Polish State Committee for Scientific Research grants 1030/P05/96/11 and 0792/P04/98/15.
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RELEASE OF A NEURONAL CELL ADHESION MOLECULE
TELENCEPHALIN INTO BLOOD FLOW AFTER ISCHEMIAINDUCED INJURYIN THE GERBIL HIPPOCAMPU S. M. Murate1*, Y.
Karasawa3, N. Hino3, T. Hashikawa1. and K. Mori2, Labs, for ’Neural Architecture
and 2Neuronal Recognition Molecules, Brain Science Institute, RIKEN, Wako,
Saitama, 351-0198, Japan; and’Pharmacology Laboratory, Pharmaceutical Research
Laboratories, Taisho Pharmaceutical Co., Ltd., Ohmiya, Saitama, 330-8530, Japan.
It has been shown that a cell adhesion molecule telencephalin (TLCN) is expressed
exclusively in neurons in the forebrain. In the hippocampus, 1LCN expression is
dominant in CAI pyramidal neurons which are selectively vulnerable to transient
ischemic damage, showing a "delayed neuronal death" within 2 to 4 days after ischemia.
We have previously reported in the ischemic gerbil hippocampus (Murate et al., Soc.
Neurosci. Abstr., 24: 516.6) that the immunoreactivity ofILCN in CAI was
upregulated soon after reperfusion, and the increased immunoreactivity lasted till 2 days
after occlusion. In this study, subcellular distribution of TLCN in the ischemiainduced neurodegeneration in CAI region was examined immunoelectron
microscopically in the gerbil at the different times (5 min, 3 and6 h, and 1, 2, 3, and
7 days) after bilateral carotid occlusion for 5 min. The immunoreactivity ofILCN
was observed in dendritic shafts and spines of CAI pyramidal neurons in the
hippocampus following ischemia, as well as in the sham-operated control animals.
Furthermore, soon after repurfusion, immunogold labeling was detected in the
cytoplasm of endothelial cells, being often closely associated with regions beneath or
outside the plasma membrane. This was the case till 2 days after ischemia. The
results suggest that TLCN maybe a signal released from neuron in response to
pathological events. Supported by RIKEN BSI, grant 57911.

INSULIN PREVENTS NITRIC OXIDE TOXICITY IN HYPOXIC
FETAL NEURON CELL CULTURES. S. Aran*. M, Abboud and R
Schechter, William K. Warren Medical Research Institute, Univ. of
Oklahoma Health Science Center, Tulsa, OK, 74136
Nitric oxide (NO) is a free radical toxic to neurons in high
concentration. NO metabolizes to nitrite (NO2) and nitrate (NO3). We
investigated the role of insulin in preventing NO formation during
hypoxia using neuron cell cultures (NCC) from 19 day gestational age
rat brains. The NCC are known to produce and secrete insulin. The
NCC were exposed to normoxia, hypoxia (95% N2+5%CO2+5%O2) for
lhr, or hypoxia followed by % hr of normoxia. NCC were treated in the
same conditions adding 5 ng/ml of insulin. We detected apoptosis using
ApoAlert mitochondria Kit that detects early changes in the
mitochondria potential membrane. NO2 and NO3 were measured using
an assay kit (Dojindo). Results showed that NO3 was highly produced
in hypoxia and was decreased when insulin was added (p<0.05). The
addition of insulin also decreased NO3 after the neurons were exposed to
hypoxia (p<0.05). NO2 was undetectable. Insulin also prevented the
changes of membrane potential in mitochondria during hypoxia, and
reversed after hypoxia. Thus, insulin: 1) prevents the production of toxic
levels of NO and its metabolite, 2) prevents and reverses changes
induced by hypoxia conditions, and 3) promotes neuronal survival.
Support: William K. Warren Medical Research Institute.
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SUSTAINED
DEPOLARIZATION
CHANGES
NUCLEOSIDE
MICROENVIRONMENT AND THE RELEASED URIDINE HAS
NEUROMODULATORY ACTION
Juhasz G* Dobolyi A, Szikra T. Kekesi A.K. Reichart A, Res. Group of
Neurobioiogy, Ebtvos Lorand University, Budapest, Hungary, 1088
Sustained depolarisation-induced adenosine release is claimed to be a
cytoprotective mechanism in epilepsy and ischemia. Adenosine is
released by reversed transport and the nucleoside transporter is
unspecific for nucleosides, thus we developed a novel nucleoside assay
to measure changes in the concentrations ot several nucleosides in
microdialysis samples. This method was appliec to measure
extracellular .. 'cleoside concentrations in response to sustained
depolarization paradigms using high potassium, ouabain and kainan\
We observed a 2-3 fold elevation in adenosine, uridine, guanosine
inosine and hypoxanthine concentrations in the hippocampus and the
thalamus of halothane anaesthetised rats. The release pattern of
nucleosides depended on the type and concentration of depolarizing
agent.
Applying uridine through microdialysis probes, the extracellular
multiunit activity, recorded at 400 microns from the microdialysis probe
surface decreased in the hippocampus and decreased or increased in
the thalamus depending on the recording site. The uric : e concentration
around the recording electrode, estimated with double microdialysis
probe experiments, was close to that found in the release study.
On the basis of our finding we suggest that uridine is a putative
neuromodulator candidate which could be involved in cytoprotective
mechanisms acitvized by sustained depolarization like status
epilepticus.

THE HYPOXANTHINE DERIVATIVE AIT-082 IS PROTECTIVE AGAINST
NMDA- OR KAINIC ACID-INDUCED RAT HIPPOCAMPAL NEUROTOXICITY
IN VIVO. ’P, Di Iorio, 'R.Ciccarelli, ‘A. Virgilio, 2A. Tartaro. 3M. Piccirilli, 4M.S.
Glasky*, 5M,P, Rathbone, *F, Caciagli. 'Dept. Biomedical Science, 2MRI Center,
I.T.A.B., ’Dept. Oncology and Neuroscience, Univ. Chieti, 66013 Chieti, Italy;
4NeoTherapeutics Inc., Irvine, CA; 92618 5Dept Medicine, McMaster Univ.,
Hamilton, ON L8N 3Z5, Canada.
AIT-082 has been proposed to be a putative neuroprotective drug because of its
capability to enhance the extracellular levels of adenosine in the CNS. It is able also to
stimulate the production of neurotrophic factors from astrocytes (Rathbone et al. Drug
Dev. Res. 45:345-61, 1998). We have previously shown that AIT-082 prevented
neuronal damage caused by NMDA injected into rat striatum in vivo. In this study we
wondered whether AIT-082 was also protective against a long-term excitotoxic
neuronal damage caused by either the unilateral injection of NMDA (300 nmoles) in
the anterior hippocampus, or i.p. administration of kainic acid (KA, 12 mg/kg) to rats.
To elicidate the potential therapeutic use of AIT-082 as a neuroprotective agent, we
administered AIT-082 daily via i.p. for 7-9 days, starting from 1 hr before, up to 6 hrs
after the lesion induction. The NMDA-induced lesion was evaluated by T2-weighted
MRI. The hyperintensity at the sites gradually decreased in time-dependent fashion.
We measured choline acetyltransferase (ChAT) activity as an index of loss of
cholinergic hippocampal neurons. In controls enzyme activity was reduced by 30 ±
5%. Finally, we evaluated the lesioned areas by histological processing (cresyl violet
staining). This showed a disrupted cytoarchitecture of the NMDA-injected site, and
total ablation of CA3 with decreased density of CAI and dentate granule cells in KAtreated rats. AIT-082 (30-60 mg/kg/day) restored the ChAT activity and it strongly
reduced the neuronal hippocampal damage induced by both NMDA and KA. It is
noteworthy that the neuroprotective activity of the drug was still evident even when it
was administrated starting from 6 hrs after the induction of the lesion.
Support: M.U.R.S.T., Italy and NeoTherapeutics Inc., Irvine, CA, USA.
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ADENOSINE ENHANCES SURVIVAL OF ADULT AND AGED
PYRAMIDAL NEURONS IN HIPPOCAMPAL SLICE CULTURES. Kamrouz
Kassiri1, Elizabeth Theriault*2, Linda R, Mills.3 1,3 Playfair Neuroscience Unit,
The Toronto Hospital Research Institute and Department of Physiology,
University of Toronto, ON Canada 2Sheridan College, School of Science and
Technology, Brampton ON Canada.
Previously, attempts to maintain viable CNS neurons in vitro from adult and aged
rats have not been successful. We hypothesized that excitotoxicity plays a major role
in decreased neuronal survival of adult and aged neurons in vitro. To investigate this,
we examined the effects of increased Mg“ ' and adenosine on the survival of adult and
aged pyramidal neurons in hippocampal slices in vitro. Hippocampi were sliced using
a Mcllwain chopper, in HBSS at pH of 7.35 and slices were cultured on millipore
membranes in 50% MEM, 25% EBSS, and 25% heat inactivated horse serum.
Neuronal death was expressed as a percentage of maximal PI determined by exposing
slices to toxic concentrations of glutamate for 24 hours. PI fluorescence in control
slices (prepared in normal HBSS) reached 100% of maximal levels by 36 hours;
cresyl violet staining confirmed the absence of viable neurons. Slices prepared in 10
mM Mg++ and zero extracellular Ca2+ showed a significant (20-40%) increase in
pyramidal neuron survival during the first week. Adenosine (50-100uM) enhanced
neuronal survival by 60 % for up to 4 wks in vitro. In Fluo-3 labeled slices exposure
to A23187 increased intracellular Ca2+ in cell bodies and dendrites. The
neuroprotective effects of adenosine were abolished in the presence of the adenosine
receptor blocker theophylline (80uM). Ongoing studies are using these cultures to
assess age related differences in beta-amyloid neuronal and glial cell toxicity.
These results indicate that the initial events in establishing neurons in vitro are
major determinants of the long-term survival of the adult and aged pyramidal neurons
in slice culture. They also suggests that while Ca2+ entry through NMDA channels
may contribute to cell death during the first few days in vitro, other mechanisms play
a role in the survival of adult and aged neurons in vitro.

VIP AND ASSOCIATED PEPTIDES PROVIDE PROTECTION AGAINST
ISCHEMIA AND OXIDATIVE STRESS. I. Gozes*1.. R.A. Steingart1. Ekaterina
Sigalov1. M. Bassan1 R, Zamostiano1. M. Fridkin2. D. E. Brenneman3 H, Ovadia4 and
R. Leker4 ’Clin. Biochem., Sackler Med. Sch., Tel Aviv Univ., Tel Aviv 69978,
Israel; 2Organic Chem. Weizmann Inst. Rehovot Israel; 3SDMP, LDN, NICHD, NIH,
Bethesda, MD 20892;4 Neurology, Hadassah University Hospital, Jerusalem, Israel.
Vasoactive intestinal peptide (VIP) has been shown to protect neurons against
electrical blockade. A superactive analogue of VIP containing a lipophilic moiety
attached to the N-terminal of the VIP backbone; stearyl-Nle17-VIP (SNV) was
developed as a potential neuroprotective drug. VIP induces increases in the mRNA
of Activity-Dependent Neuroprotective Protein (ADNP, 828 amino acids, pi 5.99, J.
Neurochem. 72, 1283, 1999) in glia and in cells of neuronal origin. Furthermore,
VIP induces the secretion of glial neuroprotective proteins, including the hsp60-like,
activity-dependent neurotrophic factor (ADNF). ADNP and ADNF contain
homologous femtomolar-acting peptides ADNF-9 (9aa) and NAP (8aa), respectively.
Preconditioning neurons (pheochromocytoma, PC 12) with VIP and related peptides
resulted in partial neuroprotection against toxicity associated with H2O2 (oxidative
stress). VIP/SNV/NAP conditioned neurons treated with iodoacetate (ischemia-like
conditioned - glycolysis inhibition at the step catalyzed by glyceraldehyde phosphate
dehydrogenase) were also partially spared. Mitochondrial activity (MTS) and the
amount of extracellular lactic dehydrogenase (LDH) were used to assess the degree
of neuronal survival. Recent studies utilized spontaneously hypertensive rats (SHR)
that underwent permanent middle cerebral artery occlusion by craniotomy and
electrocoagulation. In these animals, intravenous injection of NAP or SNV an hour
after the stroke onset reduced the size of the infarct by about 35-45%. These
peptides may be important lead compounds in search for neuroprotective agents.
Support: US-Israel BSF; Lily and Avraham Gildor Chair for Investigations of
Growth Factors (I.Gozes).
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HSP70 PROTECTS PYRAMIDAL NEURONS IN THE HIPPOCAMPUS AND
MAY MODULATE REGION-DEPENDENT Vin.NFRABII.ITY. K Sato* and N.
Matsulci, Lab. Chem. Phann., Grad. Sch. Pharmaceut. Sci., Univ. Tokyo, 7-3-1 Hongo,
Bunkyo, Tokyo 113-0033, Japan.
The aims of the present study are to examine whether or not HSP70 functions
protectively against the glutamate-induced CAI selective damage in the hippocampus
and to clarify the relation between the tolerance to stress and HSP70 induced by stress
using organotypic hippocampal culture. The application of glutamate (1 mM, 15 min)
caused cellular damage in all hippocampal regions after 24 hr, and the most severe
damage was observed in CAI neurons as assessed by both PI uptake and FDA uptake.
Heat shock (435 °C for 30 min) protected CAI neurons from the damage and the
protection was strongest three days after the heat shock. The heat shock induced
HSP70 in both neurons and glial cells, sod the neuronal expression of HSP70 was
most prominent three days after the heat shock, which coincided with the timing of
the maximal protection. To clarify the function of HSP70 in more detail, we employed
an antisense oligonucleotide (AS) specific for HSP70. AS reduced the protective
effect of heat shock to the control level at 10 nM and suppressed the HSP70
expression. A complementary sense oligonucleotide had no effect. Glutamate itself
also induced HSP70 evidently in CA3 and DG 24 hr after the exposure. When AS
was applied from the start point of exposure to the end of recovery time, the damage
was worsened in both CA3 and DG, and the effect of AS was more remarkable in
CA3 than in DG. The damage in CA3 increased in the presence of 10 nM AS to the
same level as that of CAI. From these results, we concluded that 1) HSP70 plays an
essential role in the protective effect of heat shock against the CAl-selective neuronal
damage induced by glutamate, 2) heat shock induces HSP70 both in neurons and glial
cells and HSP70 expressed in neurons may contribute to the protective effect, and 3)
tolerance of pyramidal neurons to glutamate is correlated well with the HSP70
induction.

INCREASED SUSCEPTIBILITY TO ISCHEMIA-INDUCED BRAIN DAMAGE
IN TRANSGENIC MICE OVEREXPRESSING A DOMINANT NEGATIVE
FORM OF SHP2. Yoko Aoki1, Zhihoag Huang3. Pradecp G. Bhide2?Ivana Huang1.
Verne V.S Caviness Jr2.. Michael A Moskowitz3, and Steven A, Reeves1,

‘Molecular Neuro-Oncology, 2Developmental Neurobiology, and ’Stroke and
Neurovascular Regulation, Massachusetts General Hospital, Harvard Medical School,
Charlestown, MA 02129.
We examined the role of the SH2 domain-containing protein tyrosine
phosphatase-2 (SHP2) during development of the central nervous system and
ischemic adult brain using transgenic mice that ectopically express a dominant
negative SHP2 mutant. A transgene was constructed where a catalytically inactive
mutant of SHP2 (SHP2-CS) was placed under the control of a nestin intronll
/thymidine kinase (TK) minimal promoter. Downstream of the SHP2-CS mutant a
bacterial lacZ gene was placed under the control of an internal ribosome entry site
(IRES) to monitor transgene expression. In E12 nestin-SHP2-CS embryos, high
level transgene expression was detected in the mitotically active ventricular zone of
the brain and spinal cord; however, there was no statistically significant difference
between transgenic and nontransgenic animals in the rate of proliferation of the
progenitor neuroepithelial cells that populate these regions of the embryo. In
agreement with this, nervous system development was histologically normal in
nesin-SHP2-CS animals. In the adult brain, high level transgene expression was
detected in the subventricular zone, rostal migratory stream, dentate gyrus of
hippocampus, and cerebellum. Transgene expression was also detected in a
subpopulation of cells in the cortex and midbrain. To elucidate the role of SHP2 in
the injured adult brain, focal cerebral ischemia was generated in transgenic and
noutransgeoic mice using transient middle cerebral artery (MCA) occlusion. The
infarct volume produced by MCA occlusion was significantly larger in transgenic
animals (+34%; n=9, p<0.01) than in nontransgenic littermates.
Neurological
deficits were also advanced in nestin-SHP2-CS mice. Using a six hour MCA
occlusion paradigm to identify cells sensitized to death in uestin-SHP2-CS mice,
substantial transgene expression was detected mostly in neurons and possibly some
glial cells in the ischemic region. These findings suggest that SHP2 is involved in
signaling pathway(s) important for neuroprotection and survival in the injured brain.
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Zhao, T. Osterwalder. and P. Sonderegger . Depts. of Biochemistry,
JAnatomy and 3Biologisches Zentrallabor, University of Zurich,
Switzerland; 4Division of Neuropsychiatry, Department of Psychiatry,
University of Geneva, Geneva, Switzerland.
Recent studies reported that the damage of cerebral tissue after
kainate-induced seizures and after ischemia was significantly reduced
in tPA7 mice. These observations indicate a role of tPA in
neurodegenerative processes. We have previously cloned neuroserpin,
a neuronally expressed and axonally secreted inhibitor of tPA. In situ
hybridization studies confirmed the colocalization of tPA and
neuroserpin in different regions of the CNS, suggesting that
neuroserpin could be an endogenous antagonist of tPA and, therefore,
have a neuroprotective role in tPA-mediated neurodegeneration . To
address this issue we studied the role of neuroserpin in focal ischemic
stroke. In situ hybridization experiments indicate that the expression
of neuroserpin is enhanced after focal ischemic stroke in the neurons
of the ipsilateral hemisphere. In order to investigate the effect of
neuroserpin on the size and the histology of the infarct and to
investigate the tissue surrounding the infarct we produced transgenic
mice overexpressing neuroserpin in the nervous system under the
control of the Thy-1 promoter. A zymographic analysis indicates a
reduction of the tPA activity in the brain of these mice. After
induction of focal ischemic stroke in transgenic mice we found an
attenuation of the microglial activation in the reactive zone
accompanied by a reduced production of microglial tPA.

Supported by the Swiss Science Foundation and
Neurotech SA
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SIGNALING BY p38 MITOGEN-ACTIVATED PROTEIN
KINASE (MAPK) IN AXOTOMY-INDUCED APOPTOSIS
OF RAT RETINAL GANGLION CELLS. M. Kikuchi1. G, Bai1*.
R. Naskar2, C.K. Vorwerk2, E.B. Dreyer2, and S.A. Lipton1. 1CNS
Research Institute, Brigham and Women's Hospital, Harvard Medical
School, Boston, MA 02115; 2Dept. of Ophthalmology, University of
Pennsylvania School of Medicine, Philadelphia, PA 19104.
MAPKs are serine/threonine kinases that play an instrumental role in
signal transduction from the cell surface to the nucleus. Recent studies
suggest that one member of the MAPK family, p38, is involved in
apoptotic signaling in several cell types, including neurons. In mammals,
transection of the optic nerve close to the cell body causes apoptotic death
of retinal ganglion cells (RGCs). We show here that p38 is activated after
transection of the optic nerve and is involved in axotomy-induced
apoptosis of RGCs. In adult rats, RGCs were retrogradely labeled with
fluorogold injected into the superior colliculi. Three days later, the left
optic nerve was intraorbitally transected 1 mm from the globe. One-dayafter axotomy, activated (di-phosphorylated) p38 was visualized by
immunocytochemistry in the RGC layer, but not in control retinas. By
Western blotting, phosphorylated p38 was first detected 12 h after
axotomy and reached a maximum at 24 h before decreasing. To
investigate the potential role of this MAPK in RGC death, a specific p38
inhibitor, SB2O358O, was administered intravitreally at the time of
axotomy, and repeated at 5 d and 10 d. Assayed 14 d post axotomy,
SB203580 increased the number of surviving RGCs from 348 to 1,347
cells/mm2 (control: 2,511 cells/mm2). Our findings imply that p38 is in
the signaling pathway to RGC apoptosis after damage to the optic nerve.
Supported by P01 HD29587, R01 EY05477, and R01 EY09024.

BRAIN-DERIVED NEUROTROPHIC RACTOR PREVENTS ACTIVIATION OF
CASPASE-3 FOLLOWING RAT RETINAL GANGLION CELL AXOTOMY.
L. Wodarczyk1, R.W. Keane2, and G.W. Perry* ‘Center for Complex Systems and
Brain Sciences, Florida Atlantic University, Boca Raton, FL 33431.2 Department of
Physiology and Biophysics, University of Miami School of Medicine, Miami, FL
33101
Large numbers of rat retinal ganglion cells (RGCs) undergo apoptosis within 5d of
intraorbital axotomy and caspase-3 has been implicated in their death. Since rat
RGC survival has been shown to be enhanced by BDNF, this study sought to
confirm activation of caspase-3 and determine whether intravitreal injection of
BDNF at the time of optic nerve (ON) transection would prevent activation of
caspase-3.
In all animals, the left ONs were transected 2-3 mm behind the eye. One group of
male Sprague-Dawley rats was used to confirm activation of caspase-3 at 05,2,3
and 5d after ON injury. Detection of the pl7 subunit of activated caspase-3 in both
retinas was facilitated using the polyclonal rabbit antibody, CMI, in both retinal
whole mount and radial section preparations. Hometoxylin/eosin and processing
for fragmented DNA further confirmed ongoing apoptosis. Together, those results
demonstrate that caspase-3 is activated within 12h of ON transection.
A second group of rats was used to assess the effect of intravitreal BDNF on
activation of caspase-3 following both cut and crush injuries. At the time of left
ON injury, the damaged eye was injected with either 5pg BDNF or its vehicle.
After 24h, cytosolic extracts of both retinas were assessed for hydrolysis of the
fluorogenic substrate zDEVD-AFC. Increased hydrolysis was detected only in
vehicle-injected rats with ON cut; injection of BDNF reduced zDEVD hydrolysis to
control levels. These results indicates that BDNF acts upstream of caspase-3 to
prevent the proteolytic cascade regulating apoptosis.
(Thanks to Dr. Ann Srinivasan, IDUN Pharmaceuticals, for CMI antibody, and
Regeneron Pharmaceuticals for recombinant human BDNF.)
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BAX ANTISENSE OLIGONUCLEOTIDES REDUCE AXOTOMY-INDUCED
RETINAL GANGLION CELL DEATH IN VIVO BY REDUCTION OF BAX
PROTEIN EXPRESSION S. Isenmann1*, F. Gillardon2, and M. Bahr . University

NF-k B Activation and Its Role in Axotomized Rat Retina. J.S. Choi1, K.J. Song1,
S.K. Yoon1, B.J. Gwag3, M.H. Chun2 and C.K. Joo1* 'Dept. of Ophthalmology
and Visual science2; Dep. Of Anatomy, College of Medicine, The Catholic
University of Korea, Seoul; 3Dept. of Pharmacology, Ajou University School of
Medicine, Suwon, Korea.
The present study was performed to investigate putative role of NF-kappa B
in degeneration of retinal ganglion cells after optic nerve transection in the rat.
The optic nerve of adult rat was transected unilaterally at 5 mm from the
posterior pole of the eye and NF-k B activation was examined

of Tubingen Medical School, Department of Neurology; 72076 Tubingen;
Boehringer Ingelheim Pharma KG, 55216 Ingelheim, Germany.

Following transection of the optic nerve (ON), 85% of rat retinal ganglion cells
(RGCs) degenerate within 14 days. Cell death is mainly by apoptosis, and is
preceded by an upregulation of Bax protein expression in the same cell population.
The present study aimed at reducing Bax expression in order to test whether this
protein plays a causative role in the induction of secondary RGC apoptosis.
Following injection into the vitreous, fluoresceinated oligonucleotides
transfected RGCs in vivo locally at the injection site in the temporal superior
retina. Complexion with the liposome-forming agent, DOTAP, or the polycation,
polyethylenimine, did not enhance transfection efficacy.
Following ON lesion, and repeated injections of a partially phosphorothioated
Bax antisense oligonucleotide, but not following injection of control
oligonucleotides, expression of Bax protein was locally inhibited. Consequently,
the number of surviving RGCs was increased in Bax antisense treated rats 8 days
after axotomy. Our results indicate that Bax induction is a prerequisite for the
execution of RGC apoptosis following ON axotomy. While the Bax antisense
strategy offers an exciting perspective to inhibit secondary neuronal degeneration
in vivo, both limited transfection efficacy, and the temporal restriction of this
effect currently seem to limit the use of this approach with respect to clinical
applications for the treatment of neurodegeneration.
Sponsored by the Deutsche Forschungsgemeinschaft (DFG) and the BMBF
(IZKF).

immunohistochemically. The effect of sufasalazine, a specific inhibitor of NF-k B
activation, on degeneration of ganglion cells was investigated by using anti-sera
against Thy-1, a specific marker of ganglion cells, and ethidium bromide in the
rat retina after optic nerve transection. NF-kappa B translocation was observed 3
days after optic nerve transection and the degenerating cells did not exhibit NFkB

activation. NF-k B activation in the ganglion cells was inhibited by

sulfasalazine. The inhibition of NF-k B activation resulted in significant decrease
in the number of ganglion cells in the sulfasalazine-treated group compared to
that in the untreated group at 14 days after optic nerve transection. These results

suggest that NF-k B activation mediates retina ganglion cell death and the
activation of NF-k B may play an anti-degenerative role.

299.5

299.6

INVOLVEMENT OF CASPASE-3 IN PHOTORECEPTOR
DEATH IN THE RETINA OF TRANSGENIC RATS WITH
THE RHODOPSIN MUTATION S334ter R. Wen. C. Liu. Y,
Li. and A.M, Laties* Departments of Ophthalmology, Cell &
Developmental Biology, and Neurology, University of Pennsylvania,
Philadelphia, PA 19104
The role of caspase-3 in photoreceptor degeneration was examined
in a line of transgenic rats that carry a rhodopsin mutation S334ter.
Photoreceptor loss in these animals was rapid. It was detected as early
as postnatal day (PD) 8 and by PD 20, only one of the original 12 rows
of nuclei remain in the outer nuclear layer. At PD 11 and 12, the number
of photoreceptors dying per day reached a peak of approximately 30%
of the total photoreceptors in the retina. TUNEL labeling indicated that
the photoreceptor death was apoptotic. Activities of caspase-3-like
proteases, assessed by measuring the cleavage of fluorogenic caspase
substrate Ac-DEVD-AMC, revealed a significant increase in Ac-DEVDAMC cleavage in retinas of PD11,12,13, and 14. The increase was 5.8
fold of control level at PD11,5.5 fold on PD 12, and more than 2 fold at
PDB and 14. In addition, immunoblot analysis also showed an increase
in the 12 kD subunit of activated caspase-3. These increases coincided
with the rapid degeneration of photoreceptors. Finally, intraocular
injection of an irreversible caspase-3 inhibitor z-DEVD-fmk partially
protected photoreceptors from degeneration. These findings indicate that
a caspase-3-dependent mechanism is operative in photoreceptor death in
the transgenic rats under investigation.
Supported by the Foundation Fighting Blindness and the Paul and
Evanina Mackall Foundation Trust. R. Wen is a recipient of a Research
to Prevent Blindness Career Development Award.

CASPASE ACTIVATION DURING APOPTOSIS IN OLFACTORY NEURONS.
C.M. Cowan, J. Thai & A.J.I. Roskams*. Ctr. for Mol. Med. and Therapeutics, Dept.
of Psychiatry, Univ. British Columbia, Vancouver, BC V5Z 4H4.
Neuronal apoptosis is a major feature of a number of pathological and
neurodegenerative states. Various members of the caspase family of proteases are
involved in the initiation and execution of the apoptotic process in different cell
types. Caspase-3 is an end-stage effector of neuronal apoptosis, as evidenced by the
severe brain phenotype of caspase-3 knockout mice. We are examining the
activation of caspase-3 and its upstream effectors at key timepoints during apoptosis
in mouse olfactory receptor neurons (ORNs). Olfactory bulbectomies are performed
to deprive ORNs of target-derived trophic factors and hence induce neuronal
apoptosis in vivo, which is confirmed by DNA laddering and TUNEL. Olfactory
epithelial (OE) tissue is obtained 4-72 hours following bulbectomy, and the
expression pattern and cleavage pattern of caspase-3 and its known activators are
monitored by Western blotting, immunohistochemistry, and quantitatively by
fluorogenic substrate cleavage. Levels of caspase-3 proenzyme in OE show an
initial increase 4-8h post-bulbectomy; the active form is maximal in ORN cytosol by
48h. This pattern is mirrored by caspase-8, -9 and -10, known activators of caspase3. We are now testing the effects of specific caspase inhibitors in vivo, to monitor
their efficacy in delaying neuronal apoptosis in this system.
Supported by BC Health Research Foundation.

299.7

299.8

MITRAL CELL LOSS AND GLIAL CELL REACTION FOLLOWING
TRANSECTION OF THE LATERAL OLFACTORY TRACT IN THE RAT.
J.H. McLean*, M. Pike, and A. Darby-Kind. Div.of Basic Med. Sci.,
Memorial Univ. of Newfoundland, St. John’s, NF, Canada A1B 3V6.
The olfactory bulb (OB) of the rat represents a relatively simple
mammalian cortical structure in which to study issues of regeneration in
the CNS. The principal output cell of the OB, the mitral cell, projects via
the lateral olfactory tract to other parts of the olfactory system. In this
study, we hypothesized that transection of the lateral olfactory tract would
lead to death of many mitral cells in the OB and concomitant glial reaction
in the OB.
On postnatal day 2 (PND2), fluorogold was injected into the piriform
cortex in order to retrogradely label mitral cells which project to the
olfactory cortex. On PND 6, the lateral olfactory tract was transected. The
rats were sacrificed 2 or 14 days after the lesion. Unbiased stereological
methods showed that approximately 65% of the mitral cells remained two
weeks following the lesion, suggesting substantial mitral cell death.
Widespread microglia reaction was observed soon after the lesion. The
microglia enlarged and probably proliferated in the OB. Many could be
observed in the mitral cell layer having phagocytized fluorescently
labelled (presumably mitral) cells. There was also widespread astrocytic
hypertrophy in the OB two days after the lesion as indicated by GFAP
immunocytochemistry. Finally, there was considerable evidence for
olfactory tract loss distal to the tract transection. These observations
provide a framework for further study concerning cell survival and axonal
penetration past the injury area. Supported by an R&D grant, MUN

NEONATAL INFRAORBITAL NERVE CUT INDUCES RAPID APOPTOSIS
OF THALAMOCORTICAL NEURONS IN RAT THALAMIC VENTROBASAL
NUCLEI: CRITICAL PERIOD AND RESCUE FROM CELL DEATH BY
NEURO-TROPHINS. A.Baldi*1, E. Calia1. A. Ciampini1, A. Vetuschi2, R.
Sferra2. M. Riceio3, A.M. Persico1 and F. Keller1. lLab. of Neurosci., Dept. of
Physiology, Univ. “Campus Bio-Medico”, Rome; 2Dept. of Experimental
Medicine, Univ. dell’Aquila; 3Ist. Citomorfologia C.N.R, Bologna, Italy.
TUNEL-staining and electron microscopy show that unilateral transection of the
infraorbital nerve (ION) in newborn (P0) rats induces massive apoptosis in the
controlateral ventrobasal thalamic nuclei (VB). Double-labelling experiments using
retrograde transport of fluorescently labeled microspheres injected into the barrel
cortex, followed by TUNEL-staining, showed that a large number of TUNEL+ cells
are thalamocortical neurons. The number of TUNEL+ cells increased already 24h
post-lesion, reached a peak 48h after nerve section, and decreased after 120h. Total
cell counts in VB nuclei were obtained in P7 animals whose ION was sectioned at
P0, using the optical fractionator method and the Neurolucida/Stereoinvestigator
image analysis system. Preliminary results suggest a loss of almost 20% of cells in
VB after axotomy. Lesion-induced apoptosis in VB decreased markedly if ION
section was performed at P4, and disappeared if the lesion was performed at P7.
This time course closely matches the critical period of lesion-induced plasticity in
the barrel cortex. BDNF and NGF applied on the ION stump were able to partially
rescue thalamic neurons from apoptosis (maximal rescue 55% after 48h). These
data suggest that signals from the periphery, such as neurotrophins, are required for
the survival of higher order neurons in the somatosensory system during the period
of fine-tuning of neuronal connections. We also propose that deafferentation in the
neonatal rat trigeminal system may represent a new animal model for studying the
pathways of programmed cell death in vivo. Supported by grant # 98.03051.CT04
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BCL-2 GENE OVEREXPRESSION PROTECTS RED NUCLEUS NEURONS
FROM RETROGRADE DEATH AFTER CERVICAL HEMISECTION IN MICE.
L, Zbou? T, Connors,1 P, Kambin,2 M-..Murray?* A, Jesgfer,3 R^gaay^ra1., ‘Dept.
of Neurobio. & Anat., 2Spine Cent., MCPHU, Phila., PA 19129. 3VA Hosp.,
Phila., PA 19104.
We have previously shown that retrograde death of CNS neurons can be prevented or
reduced by fetal CNS transplants or by providing trophic factors specific for the
pathways involved. We have also shown that the retrograde death is apoptotic; thus
the cell death is prevented by providing appropriate trophic factors. Another strategy
for rescuing injured neurons is to intervene at a downstream site in the cell death
pathway. The product of the gene Bcl-2 will block apoptosis and thus also has the
potential to rescue neurons from retrograde death induced by deprivation of more than
one trophic factor. We compared retrograde death of Red Nucleus neurons following
cervical hemisection in adult mice that overexpressed the Bcl-2 gene and ih their wildtype littermates. Animals were perfused 1-2 months after C4/5 hemisection and the
spinal cords and midbrain prepared for analysis. Stereological methods were used to
determine neuronal number in right and left Red Nucleus and soma size of Red
Nucleus neurons was measured. In wild type mice, about 50% of Red Nucleus neurons
died following hemisection and the surviving neurons were atrophic. These results are
similar to those seen in rats following cervical hemisection. In contrast, in Bcl-2
transgenic mice, only 25% of neurons died, although the survivors were also atrophic.
These results are similar to those seen in rats after hemisection and fetal
transplantation or exogenous provision of trophic factors. Exogenous delivery of the
Bcl-2 gene by injection of DNA plasmids containing the Bcl-2 gene in hemisected rats
rescued most neurons and prevented most of the atrophy. Constituent overexpression
of Bcl-2 is thus as effective as bolus administration of Bcl-2 in rescuing Red Nucleus
neurons but less effective in preserving soma size. Supported by Grants from NIH
(NS24707), EPVA, NMSS, Research Service of VA.

BCL-2 EXERTS c-JUN INDEPENDENT NEUROPROTECTION IN AXOTOMYINDUCED CELL DEATH IN TRANSGENIC MICE. C. Winter. C. Weiss, A.
Martin-Villalba. M, Zimmermann and J. Schenkel (SPON: European Neuroscience
Association), 2nd Institute of Physiology, University of Heidelberg, Germany.
Axotomy of the mammillothalamic tract (MT) and the medial forebrain bundle
(MFB) in the rat brain is a well established approach to investigate neuronal stress
responses. In this model two different neuronal reactions to nerve fibre transection
can be observed: Neuronal survival in the mammillary body (CMm) and nonapoptotic cell death in the neurons of the substantia nigra pars compacta (SNC).
These differential responses are correlated with specific regulations of neuronal
protein synthesis, in particular the expression and activation of the transcription
factor (TF) c-Jun.
In the present study on bcl-2 transgenic mice we investigated the anti-apoptotic
effect of this protein on axotomy induced cell death in SNC neurons. We also studied
the impact of Bcl-2 on expression and activation of c-Jun, in order to elucidate the
role of c-Jun in regulating the fate of injured neurons.
The model of central axotomy was consequently transferred to the mouse and
applied in transgenic mice over-expressing the human bcl-2 proto-oncogene under
control of the human Ubiquitin C promotor. Comparing transgenic and wild type
mice, no difference in protein expression and surviving status in the neurons of the
CMm was found following MT transection. In contrast, the overexpression of Bcl-2
significantly decreased and delayed axotomy induced cell death in the SNC neurons
during an observation period of 50 days. Interestingly, wild type and transgenic mice
showed no major difference in the regulation of c-Jun also in transected SNC
neurons.
We therefore conclude that proteins encoded by the bcl-2 gene family also play a
major role in the regulation of non-apoptotic, axotomy induced programmed cell
death in central neurons and that this neuroprotective effect does not crucially
depend on c-Jun.
Supported by Deutsche Forschungsgemeinschaft

299.11
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EVIDENCE FOR THE CLEAVAGE OF ACTIN BY CASPASE-3 IN
AXOTOMIZED NEURONS IN THE LATERAL GENICULATE NUCLEUS
(LGN) OF THE ADULT RAT. C. Ling* and R. Kalil. Ctr. for Neuroscience and
Dept. of Ophthalmol, and Vis. Sci., Univ. of Wisconsin, Madison, WI 53706.
The removal of visual cortex in the rat axotomizes projection neurons in the
LGN, leading to rapid and massive cell death. Our previous experiments showed
that the first cytological consequences of axotomy occur in the dendrites of
affected LGN cells within 24 hrs. Here we present evidence that actin is cleaved in
axotomized LGN cells soon thereafter.
Under deep anesthesia and with aseptic precautions, LGN relay cells in adult
Holtzman rats were axotomized by removing visual cortex. One to 7 days later,
the rats were reanesthetized, perfused through the heart with mixed aldehydes and
the brains were sectioned through the LGN. The sections were stained
immunocytochemically with a rabbit polyclonal antibody raised against the C
terminus of a 32-kd N-terminal actin fragment generated by caspase-3 cleavage
(Yang et al., '98). Immunostaining of cleaved actin was not seen in the LGN 24
hrs. after axotomy, but at 48 hrs. scattered immunopositive cells were observed.
These cells had diftusely-stained cell bodies surrounded by punctate staining,
presumably reflecting immunopositive actin fragments in dendrites. The number
of immunostained stained neurons and accompanying puncta increased steadily
throughout the LGN between 3 and 7 days, and many cells displayed dark,
densely -stained nuclei.
These results suggest that actin is cleaved by caspase-3 in axotomized LGN
neurons within 48 hrs. Actin cleavage occurs throughout the cell, contributing to
the degradation of the cytoskeleton, which precedes the fragmentation of the
neuron's DNA. (We thank Dr. G.M. Cole for providing the antibody used in these
experiments. Supported by NIH grant EYO1331.)

STEREOLOGICAL EVALUATION OF DORSAL COLUMN NUCLEI IN
NORMAL AND
EARLY HEMISPHERECTOMISED MONKEYS.
P.
Lauzon, D. Boire and M. Ptito* Groupe de Recherche en Neuropsychologie
Expbrimentale, University of Montreal, CP 6128, Montreal, Qc., H3C 3J7.
Lesions of somatosensory cortex in most adult mammals result in a dramatic loss
of somatosensory discriminative capabilities. Behavioral data obtained in
hemispherectomized humans and monkeys indicate a remarkable improvement of
sensorimotor functions when lesions are made early in development. We
investigated the quantitative cytoarchitecture of the dorsal column nuclei (n.
Gracilis, n. Cuneatus, n. Cuneatus lateralis -DCN), structures known to be involved
in light touch and sensory discrimination, in monkeys which underwent the ablation
of the entire left neocortex. Unbiased stereological techniques were used to evaluate
the volume, the cell number and density of DCN in normal and hemispherectomized
monkeys (4 months and 9 months post-natally; survival period: 48 months). The
total cell number is similar in the left- and right DCN at 4 months (84934 vs
748312) and at 9 months (101434 vs 87753). These numbers are close to what was
observed in normal monkeys (86092 vs 86904). This suggest that removal of the
hemisphere does not induce anterograde degeneration of DCN cells through the
cortico-DCN pathway or transneuronal retrograde degeneration through the medial
lemniscus system. In both hemispherectomized cases, nucleus gracilis exhibits a
bilateral reduction of cell number compared to normal monkeys. These results
support our behavioral results1,2 that indicate a functional recovery in early lesioned
hemispherectomized monkeys and humans of functions normally subserved by these
nuclei. ’M.Ptito et al., (1991). IBRO abst.46 :309 2J. Bemier et al., (1997). Soc.
Neurosci. Abst. 23(1). TTiis work was carried out following the guidelines of the
Canadian Council on Animal Protection (CCAP) and was approved by the
Universite de Montreal Ethics Committee. Supported by NSERC (Canada).

299.13

299.14

UPREGULATION OF BCL-2 mRNA IN THE CHICK COCHLEAR
NUCLEUS FOLLOWING DEAFFERENTATION. R.L, Hvson.* B.L.
Wilkinson. K.A. Sadler Program in Neuroscience, Florida State
University, Tallahassee, FL 32306.
Elimination of eighth nerve activity results in the death of 20-40% of
neurons in the avian cochlear nucleus, nucleus magnocellularis (NM).
The factors which determine whether an individual NM neuron will live
or die are unknown. The protooncogene bcl-2 has been shown to
promote cell survival in other systems. Perhaps bcl-2 contributes to the
survival of some denervated NM neurons. The present study shows that
bcl-2 mRNA expression in NM is upregulated following deafferentation.
A unilateral cochlea removal was performed on posthatch chicks (P7P9) and subjects were sacrificed at different times after surgery. Tissue
sections were processed for in situ hybridization using radiolabeled
oligonucleotide probes generated from the chicken bcl-2 gene sequence
(Eguchi et al. ‘93). The resulting autoradiographs were analyzed by
densitometry. A robust increase in bcl-2 expression in the deafferented
NM was evident by 12 hr. after deafferentation. The relative optical
density of the film was 20% greater over the deafferented NM than over
the contralateral, normally innervated NM (p<0.01). Controls (e.g.,
sense probe) confirmed that the antisense labeling was specific. The
upregulation of bcl-2 is particularly intriguing because previous studies
have shown reductions in RNA and protein synthesis following
deafferentation. Bcl-2 may promote the survival of a subpopulation of
neurons that withstands deafferentation.
(Supported by NIH grant DC 00858, B. L. Wilkinson was supported
by an NIH Joint Neuroscience Predoctoral Training Grant (NIA,
NICHD, NIDCD, NIDCR, NIGMS, NIMH, NINDS and NINR)).

FREQUENIN IMMUNOREACTIVITY IN THE AVIAN
COCHLEAR NUCLEUS. B. L. Wilkinson*1. A, Jcromin2, J,
Roder2. R. L. Hvson1 ’Program in Neuroscience, Florida State
University, Tallahassee, FL 32306 2Samuel Lunenfeld Research
Institute, Mount Sinai Hospital, Toronto, Canada MSG 1X5.
Increases in [Ca2+]j are observed following deprivation of afferent input
to the avian cochlear nucleus, nucleus magnocellularis (NM), a situation
that results in the death of 20-40% of NM neurons within a few days.
Ca2+binding proteins may have a role in regulating Ca2+ homeostasis in
NM, and may change expression during afferent deprivation. Frequenin
is a recently characterized Ca2+ binding protein originally identified in a
Drosophila Nl mutant (Pongs et al. ‘93). The present study examined the
effect of afferent activity on the expression of frequenin in NM.
A unilateral cochlear removal was performed on posthatch chicks (P7P9). Subjects were sacrificed at various times following surgery and
changes in frequenin were analyzed by immunocytochemistry. On the
normally innervated side of the brain, the frequenin antibody shows a
ring staining around NM neurons, possibly indicating localization to
presynaptic end-bulbs or plasma membranes. A few NM neurons also
show cytoplasmic labeling. On the deafferented side of the brain, the
number of cytoplasmically labeled cells increased by approximately
250% by 18-24 hrs. after cochlea removal. It will be interesting to
determine if these are the cells that are destined to die following
deafferentation.
(Supported by NIH grant DC 00858, BW was supported by an NIH
Joint Neuroscience Predoctoral Training Grant (NIA, NICHD, NIDCD,
NIDCR, NIGMS, NIMH, NINDS and NINR), AJ and JR supported by
Medical Research Council of Canada).
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ANALYSIS OF DIFFERENT ISOFORMS OF TRANSGLUTAMINASE IN
HUMAN AND RAT BRAIN. D, Viggiano, S. Sellitti and M.Papa*. Istituto di
Anatomia Umana Nonmale Facolta di Medicina, 2nd University of Naples,
Naples -ITALYTransglutaminase (TGase) constitutes a family that includes intracellular and
extracellular Ca2* dependent enzymes catalyzing the covalent cross-linking of
proteins through s(y-glutamyl)-lysine bonds and they also act as guanosine
triphosphatase (GTPase). The function of TGase in the CNS has been related
to synaptic plasticity, axonal regeneration, developmental programmed cell
death and neuronal loss in CAG triplet repeats neurodegenerative diseases.
Notwithstanding this physiological and pathological key role, the expression
and distribution of different isoforms in mammalian brain has been scarcely
investigated so far. In the attempts to relate some of the functions reported by
in vitro study with neuronal expression we analyze by immunocitochemical
(ICC) and in situ hybridization (ISH) techniques TGase expression in
mammalian brain. A goat policlonal antibody raised against guinea pig tissue
liver TGase (Upstate biotech) and a rat astrocyte TGase cDNA (Dr. A.
Monsonego) were used. Deeply anesthetized Wistar Kyoto rats were
transcardially perfused with 4% paraformaldehyde, brain soaked in 30%
sucrose and frozen. Autoptic (36-48 hrs postmortem) human brain slices were
fixed in cold 4% paraformaldehyde, sucrose soaked and frozen. Cryostat
adjacent sections of different samples were processed for ICC or ISH,
Immunocytochemical study was performed in rat brain at light and electron
microscopy level. The ICC analysis showed a diffuse expression of TGase in
rat and human forbrain. Brainstem nuclei were diffusely labeled, in the medulla
only motoneurons were positive. In both species the labeling showed a
diffuse staining in the neuropilum. The ISH showed a discrete labeling of
neuronal subsets in each of the described area. Our results suggest that
distinct isoform of TGase are differently expressed in CNS probably underlying
some of the many functions claimed for this multigene family.

INVOLVEMENT OF TLCK-SENSITIVE SERINE PROTEASE IN
COLCHICINE-INDUCED NEURONAL CELL DEATH. M. Kinoshita,
C. Mitsui, K. Ikegami and T. Koike* Molecular Neurobiol. Lab.,
Hokkaido University, Graduate School of Science, Sapporo 060-0810,
Japan.
Abnormality in the cytoskeleton observed for several neurological disorders can be
recapitulated in cultured primary neurons treated with colchicine, a microtubule
disrupting agent. This agent also abrogates the directed flow of secretory vesicles,
providing a model in which the mechanism of cell death caused by disruption ofthe
biosynthesis pathway in neurons can be studied. Colchicine induced cell death ofsuperior
cervical ganglion (SCG) cells in a dose-dependent manner (EC5o=0.5pM). Apoptotic
nature ofthe cell death was confirmed by the staining with bis-benzimide (43.9+1-3.1%
after treatment with lpM colchicine for 36h) and by TUNEL (45.4+/-1.8%).
Colchicine-induced cell death shares many features with that caused by NGF withdrawal
in that both cell deaths can be suppressed by RNA and protein synthesis inhibitors,
membrane depolarization, and increased levels ofcyclic AMP. In addition to these agents,
colchicine-induced cell death was suppressed by treating the cells with 30nM thapsigargin,
an inhibitor ofCa2+ ATPase in the endoplasmic reticulum or 3pM taxol. Caspase-3-like
activities but not caspase-1-like activities were detected during the cell death, but acDEVD-CHO (lOOpM), the inhibitor ofcaspase-3-like activity suppressed neither nuclear
fragmentation nor cell death. z-VAD-fink, a general inhibitor of caspases only partially
suppressed the colchicine-mediated cell death. In contrast, TLCK (N-p-tosyl-L-lysine
choloromethyl ketone;50-lOOpM), a serine protease inhibitor significantly suppressed
both nuclear fragmentation and cell death. TPCK (N-tosyl-L-phenylalanine-cmk), an
inhibitor of chymotrypsin-like serine protease or z-leu-leu-H (aldehyde), a calpain
inhibitor failed to suppress the colchicine toxicity. These results indicate that TLCKsensitive protease plays a significant role in nuclear fragmentation and eventually cell
death following treatment with colchicine. (Supported by the PFSHS of Japan 96-14)
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DIFFERENTIAL EFFECTS OF NGF AND NT-3 ON TRIGEMINAL AXON
GROWTH PATTERNS. E. Ulupinar* and R. S. Erzurumlu. Dept. of Cell Biology
and Anatomy, Louisiana State University Medical Center, New Orleans, LA 70112.
We previously showed that NGF and NT-3 have differential effects on embryonic
(E) rat trigeminal axon growth patterns in both explant and low density dissociated
cell cultures (Soc. Neurosci. Abs. 20:2, 20:3). Exogenous addition of 50 ng/ml NGF
or NT-3 to serum-free culture medium resulted in elongation or collateralization of
axons, respectively. Such differences in the pattern of fiber outgrowth may be due to
selective survival of subpopulations of trigeminal ganglion (TG) neurons. To
elucidate this issue, low-density dissociated cell cultures, derived from E15 TG, were
first grown in low concentrations of NGF or NT-3 (10 ng/ml). Next day, cultures were
washed three times with serum free medium and shifted from one neurotrophin to the
other, at a saturating concentration (50 ng/ml). Morphology of TG cells and axons
were analyzed using phase contrast microscopy. NGF treatment alone for 3 days
resulted in mostly small size neurons with very long primary neurites and few arbors.
When cultures were switched from NGF to NT-3, soma size increased gradually.
Primary neurite length increased within 24 hours and remained similar between 24
and 72 hours, the number of arbors increased progressively during the 3 day culture
period. Treatment of cultures with NT-3 alone promoted the survival of large size
neurons with short neurites, and multiple arbors. Following neurotrophin switch from
NT-3 to NGF, there were no significant changes in soma size. Primary neurite length
increased dramatically and progressively. The number of arbors slightly increased
during 3 days in vitro. The estimated percentage of surviving neurons in the presence
of NGF (%31) or NT-3 (%19) alone, or a mixture of NGF and NT-3 (%43) suggested
that different neurotrophins support overlapping population of neurons with different
morphologies. However, present results also indicate that instructive actions of
neurotrophins are more complex and interactive than survival promoting effects.
(Research supported by N.I.H.)

THE NEUROTROPHIC EFFECT OF NEUROTROPHINS AND
DIETHYLSTILBESTEROL ON PRIMARY CULTURES OF RAT PRE-OPTIC
AREA OF THE ANTERIOR HYPOTHALAMUS. N.C. Sturgess1, L.M. Almond1.
J.M.H. ffrench-Mullen2* and A.N. Brooks1. ‘Zeneca Central Toxicology
Laboratory; 2Zeneca Pharmaceuticals, Alderley Park, Macclesfield, Cheshire, SK10
4TJ. U.K.
The pre-optic area of the anterior hypothalamus (POAAH) of the rat brain is
known to undergo morphological changes upon early post natal exposure to the
xenobiotic estrogen, diethylstilbesterol (DES), leading to altered reproductive
behaviour and gonadotrophin secretion in adulthood. The mechanisms by which
natural and xenobiotic estrogens exert these neurological effects are unknown, but
may involve an interaction with neurotrophins. In order to examine the interactions
between xenobiotics and neurotrophins we have established primary explant
cultures of POAAH from 1 day old rats. Explants were set in a collagen gel (0.2%
w/v) and exposed to neurotrophins or DES continuously in serum free medium. The
extent of neurite outgrowth over 8 days in culture was quantified under phase
contrast microscopy by aligning a grid to a single edge of each explant and
counting the number of neurites to traverse each row of the grid. A significant
neurotrophic effect, when compared to control explants, was observed with the
neurotrophins, Nerve Growth Factor (NGF; 100 ng/ml) and Brain Derived
Neurotrophic Factor (BDNF; 100 ng/ml), and with the xenobiotic estrogen, DES
(0.1-1.0 nM). After 4 days in culture, control explants had 27 ± 8 (mean ± s.e.m.
n=5 independent cultures) and 4 ± 1 neurites crossing the first line and half-way
line (equating to a distance of 0.5 mm) on the grid respectively. This increased to
55 ± 7 and 19 ± 8 with 100 ng/ml BDNF, and to 60 ± 11 and 19 ± 5 with 1 nM
DES. These data indicate that this in vitro model system will be valuable for
examining the interactions between xenobiotics and neurotrophins upon neurite
outgrowth from specific brain regions.

300.3

300.4

DEVELOPMENTAL STAGE-DEPENDENT PROTECTIVE EFFECT OF
NGF AGAINST LEAD-INDUCED LOSS OF CHOLINERGIC SEPTAL
NEURONS IN NEONATAL RAT.
M. Zhou. X. Tian, and J.B, Suszkiw* Dept. of Molecular And Cellular
Physiology, Univ. of Cincinnati Med. Sch.; Cincinnati, OH 45267-0576.
Exposure of perinatal rats to maternally administered 0.2% solution of lead
acetate in drinking water from gestational day 16 through weaning at postnatal
day 21 (P21) results in a significant reduction of cholineacetyltransferase
(ChAT) activity and ChAT-immunopositive cell counts measured in the
medial septal area (MSA). Intraventricular administration of 30 pg of 2.5S
NGF to rat pups on postnatal days P4, Pl 1, or P18 foiled to attenuate the Pbinduced ChAT decrements although it resulted in similar relative increases of
septal ChAT activity in both control and Pb-exposed animals measured at three
days postinjection (259% in P7CON vs 276% in P7Pb; 137% in P14CON vs
142% in P14Pb; and 125% in P21CON vs 132% in P21Pb). In contrast,
injection of NGF to rat pups on P2 completely attenuated the Pb-induced
reductions of ChAT activity measured at P7 or at P21 and reversed the 40%
loss of ChAT-immunopositive cell counts measured in the MSA at P21. These
results indicate that (1) NGF has the capacity to upregulate the ChAT activity
in the spared neurons throughout the period of Pb exposure with the greatest
effect being seen during the first postnatal week and diminishing thereafter; (2)
the neuroprotective effect of NGF against the Pb-induced cholinergic neuronal
loss in MSA is restricted to a narrow time window between days 2 and 4 of
postnatal development. Supported by NIEHS grant # ES 06365.

DIFFERENTIAL TOXIC EFFECTS OF METAL IONS ON NGF-DEPENDENT
AND -INDEPENDENT SURVIVAL OF PC 12 CELLS.
R. Maitra1. G.M. Ross1,2. I.L. Shamovskv1,3, W, Wang1. M. Sole1. G. Lawrance1.
S. M. Dostaler1. R.J. Riopelle1,2, A.C. Jackson1*. Departments of ‘Medicine,
Pharmacology & Toxicology, and ’Chemistry, Queen's University, Kingston,
Ontario, Canada K7L 2V7.
Neurotrophins including Nerve Growth Factor (NGF) are important
mediators of neuronal survival, differentiation and regeneration. Inactivation of
NGF is inhibitory to neuronal growth and sprouting, and can lead to demise of
cells where NGF is critical for their survival. Molecular modelling and NGF
protomer cross-linking studies have predicted that a variety of metal cations (with
implications in various pathological conditions) are capable of binding to a
specific site within NGF. Formation of this complex likely induces
conformational changes within NGF domains that interfere with cell surface
receptor recognition processes. Evaluation of the acute toxic effects of metal ions
has been tested on PC 12 cells, and correlated with their ability to alter NGF
conformation in a cell free assay system. Toxic effects of metal cations are
characterized using PC 12 cells in either serum or NGF containing medium and
also in presence of forskolin, where cell survival is independent of NGF. In
addition, effects of metal ions on radiolabelled NGF binding using PC 12 cells are
tested. Results suggest that several metal cations i) can selectively alter NGF
conformation and inhibit NGF-mediated cell survival (e.g., Zn2+, Cu2+, Pt2+), ii)
can be toxic to PC 12 cells by mechanisms independent of NGF activity (e.g.,
Hg2+, Cd2+, Co2+, Pd2+, Ag2+), or iii) do not induce conformational alterations in
NGF, nor are they toxic to cells under conditions tested (e.g., Fe3+, Mn2+). In
conclusion, several metal cations are capable of inhibiting neurotrophin activity,
thereby influencing neurotrophin-mediated neuronal survival and plasticity.
[Supported by the HSFO (NA3718) and MRC Canada]
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ZINC ATTENUATES THE PRO-APOPTOTIC EFFECTS OF NGF IN RETINAL
NEURONS. C, AUington. G.M, Ross. I.L, Shamovskv, R.J. Riopelle’. Department
of Pharmacology and Medicine, Queens University. Kingston. Ontario. Canada.
It has been established that chick retinal neurons die via apoptosis when exposed to
NGF (Frade et al. 1996, Nature. 383; 166-168). This neuronal death is dependent on
the p75 neurotrophin receptor signaling. Zinc, a transition metal cation, is found in
various concentrations throughout the CNS. It has been shown to have both
neurotoxic and neuroprotective properties through interactions with both intracellular
enzymes and by altering receptor activity. Previously, we demonstrated that zinc
inhibited the survival promoting activities of NGF (Ross et al. 1997, Nature Med. 3;
872-878). We propose that this activity is not due to direct interaction of zinc with
the intracellular activities, or through the direct antagonism of NGF receptors, but
rather by altering the structure of the NGF molecule. Here, we have used dissociated
cultures of ED5.5 chick retinal neurons to show that zinc (lOOpM) inhibits NGF
binding to p75, and attenuates the number of apoptotic neurons following exposure
to NGF (assessed by TUNEL staining). These findings provide evidence for a novel
neuroprotective role of zinc. This could have important implications for stroke,
epilepsy and other neurodegenerative in which apoptotic cell death is involved under
conditions where zinc, neurotrophins or neurotrophic receptors may be altered.
[This work is sponsored by MRC Canada and the Heart and Stroke Foundation of
Ontario, NA 3718]

PROTECTIVE EFFECT OF PENICILLIC ACID ON PC 12 CELL FROM NGF
DEPRIVATION
Y. MasuokaL K. Shin-va1. H, Nakata*2. Y, Hav akawa1 and H, Seto1. institute of
Molecular and Cellular Biosciences, The University of Tokyo, Bunkyo-ku, Tokyo
113-0032, Japan, 2Dept. of Mol. Cell Neurobiology, Tokyo Metropolitan Institute for
Neuroscience, Fuchu-shi, Tokyo 183-8526, Japan
Transforming growth factor-^ (TGF-P) is known to act as a trophic factor to
several kinds of cells, and was reported to protect neural cells from the damage
caused by stress such as ischemia injury and p-amyloid toxicity. Thus, substances
which mimic TGF-P action are expected to be useful for treatment of diseases such as
brain ischemia injury. We have constructed a screening system for detecting
microbial metabolites with TGF-p-like activity by the use of MvlLu cells with excess
TGF-P receptors. The cells, which respond to TGF-p resulting in the expression of
plasminogen activator inhibitor-1 (PAI-1), were transfected with the firefly luciferase
reportor gene at the down stream of the PAI-1 promotor gene. During the course of
our screening using this system, we isolated penicillic acid as a fungal metabolite.
Penicillic acid showed the inductive effect of PAI-1 promotor and effectively
protected PC12 cells from NGF deprivation. The most potent protective effect of that
was shown at the concentration of 12.5 pM and this effect was similar to that of NGF
(20 nM). In this screening system, histone deacetylase (HDAC) inhibitors such as
trichostatin A were isolated. We next investigated that penicillic acid possesses
HDAC inhibitory activity. Penicillic acid did not show HDAC activity even at the
concentration of 100 pM. Penicillic acid showed not only protective effect but also
neurite-like structure inducing activity on PC 12 cells, so it may be a useful to treat
central nervous diseases.

300.7

300.8

PEROXYNITRITE GENERATION INHIBITS THE METABOLIC
RESPONSE TO NERVE GROWTH FACTOR IN PC-12 CELLS. R.R.

LOCAL PROTECTION AND MODULATION OF
SYNAPTIC MEMBRANE GLUCOSE AND GLUTAMATE
TRANSPORTER ACTIVITIES BY NEUROTROPHIC
FACTORS (sAPP, ADNF and bFGF). Z, H, Guo. F. W.
Holtsberg* and M, P. Mattson. Sanders-Brown Research Center on Aging

Jonnala* and J.J. Buccafusco. Alzheimers Research Center, Dept. ofPharmacol.
& Toxicol., Medical College of Georgia, andVA Med. Ctr, Augusta, GA 30912.
Oxidative stress has been considered to play a role in the cellular degeneration
of certain neuronal cell types, particularly cholinergic neurons, as it is known to
occur in Alzheimer’s disease. One mechanism for this type of neural toxicity
to oxidative stress is the generation of peroxynitrite (PN) from the interaction
of the superoxide molecule with NO. PN generators such as SIN-1 have been
shown to nitrate the tyrosines of a number of cellular proteins. One potential
target for PN is the nerve growth factor TrkA receptor (NGF has been shown to
be essential for the maintanence of cholinergic neurons). In this study we
examined the metabolic response to NGF in undifferentiated PC-12 cells by
superfusion of the cells with solutions of NGF from 0.1 - 100 ng/ml. The
response was quantified as the secretion of protons measured in the chambers
of a microphysiometer (Cytosensor). NGF produced a dose-related increase in
the acidification rate that began within 2 min after initiating a 12 min infusion.
The response peaked within 20 min and was maintained beyond the observation
period (60 min). In the next series, the cells were first exposed to low
concentrations (1 - 500 pM) of SIN-1 for a brief period (20 min). Preliminary
experiments showed that these exposures did not result in overt cellular toxicity
as measured by an MTT reduction assay. However, when challenged with NGF,
the metabolic response to the growth factor was inhibited in a concentrationdependent manner. These results support the possibility that nitration of
tyrosine residues on TrkA receptors prevents the autophosphorylation of the
receptor, an early component of the signal transduction process for NGF.
Supported by the Dept.Veterans Affairs Medical Center.

and Dept. of Biological Sciences, University of Kentucky, Lexington, KY 40536.
Previous studies have shown that several different neurotrophic factors can
prevent excitotoxic and apoptotic death of cortical and hippocampal neurons in cell
culture and in vivo. The excitotoxic process begins in postsynaptic spines and
dendrites, and we recently reported that apoptotic biochemical cascades are also
initiated in synaptic terminals (Exp. Neurol. 153:35-48 (1998); Brain Res.
807:167-176 (1998)). We now report that several different neurotrophic factors
including the secreted form of P-amyloid precursor protein (sAPP), activitydependent neurotrophic factor (ADNF) and basic fibroblast growth factor (bFGF)
can protect synaptic terminals (synaptosomes) against damage caused by oxidative
insults. sAPP, ADNF and bFGF each attenuated oxidative impairment of glucose
and glutamate transport induced by amyloid (3-peptide and Fe2+, in neocortical
synaptosomes. Preservation of transporter function required only short-term (1-2
hr) pretreatments. Moreover, sAPP and ADNF enhanced basal glucose and
glutamate transport in synaptosomes suggesting a potential role for these trophic
factors in modulating synaptic energy metabolism and plasticity. Such synaptoprotective actions of neurotrophic factors suggest roles for activity-dependent
trophic signaling in preventing degeneration of neuronal circuits, and indicate
possible therapeutic applications of agents that stimulate local synaptic
(transcription-independent) neurotrophic factor signaling pathways. Supported by
the NIA and NINDS.
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EFFECTS OF ENDOGENOUS BDNF ON APOPTOSISI OF DRG NEURONS
W.P. Li1 M.C. Yu 2»S.P, Shao 1 and X.F. Zhou *. 'Dept. of Human Physiology and
Center for Neuroscience, flinders University of South Australia, GPO Box 2100,
Adelaide 5001, Australia;. ’Dept. of Anatomy, Cell Biology and Injury Sciences, New
Jersey Medical School, Newark, NJ 07103.
Brain-derived neurotrophic factor (BDNF) is synthesized in primary sensory neurons
and upregulated after peripheral nerve injury. The present study was undertaken to test
the hypothesis whether BDNF is involved in the survival of axotomized sensory neurons
in a vitro and in vivo system. In vivo studies, DGRs of adult rats, wild-type and
p75NTR null mutant mice from cervical and lumbar segments were cultured for 48 hrs
in the presence of the BDNF antibody (30ug/ml or normal sheep IgG (30ug/ml).
Apoptosis of sensory neurons was detected by the TUNEL method. DRGs without
culture served as negative controls. Some DRGs were also used for
immunohistochemical staining of BDNF and p75NTR, a low affinity neurotrophin
receptor. In DRGs of both adult rats and wild-type mice, the percentage of apoptotic
neurons in the anti-BDNF group was significantly reduced compared with normal sheep
IgG group (p<0.01). Similar results were also found in p75NTR null mice but less
dramatic (p<0.05). Immunihisotchemical data showed that the culture of rat DRGs in
vivo resulted in increased staining of BDNF and p75NTR in a subpopulation of sensory
neurons. In vivo studies of neonatal rats whose unilateral sciatic nerves were transected
antiserum to BDNF was injected IP (5 ml/kg body wt). Results showed that very few
apoptotic neurons in the L4 DRGs were found at 3,7 and 14 days postlesion. Sciatic
nerve transection reduced the number of neurons in the ipsilateral L5 DGRs in control
group, whereas DBNF antibody treatment exaggerated the reduction of sensory neurons
(p<0.01). The number of ipsilateral L5 DRG neurons in the BDNF antibody-treatment
group was less than that of controls, but the difference was not significant (p<0.05).
The data suggest that BDNF and p75NTR were upregulated in the culture and
endogenous BDNF resulted in apoptosis of DRG neurons in culture, possibly via the
p75NTR pathways. In contrast, endogenous BDNF, upregulated after nerve lesion, may
protect injured neurons from apoptosis of sensory neurons in vitro and in vivo.

Society

for

Neuroscience

, Volume

25, 1999

INVOLVEMENT OF CORTICAL BDNF IN THE PROTECTION OF THE
CORTICOSTRIATAL NEURONS AFTER STRIATAL LESION. J.M.Canals1,
N.Checa1, S.Marco1, A.M.Canudas1, E.P&rez-Navarro1, E.Arenas2 and J.Alberch1 *.
'Departament de Biologia Cel lular i Anatomia Patoldgica, Facultat de Medicina,
Universitat de Barcelona, IDIBAPS, Casanova 143, 08036 Barcelona, Spain;
laboratory of Molecular Neurobiology, Department of Medical Biochemistry and
Biophysics, Karolinska Institute, Stockholm S-17177, Sweden.
Corticostriatal neurons are the main excitatory input to the basal ganglia
Degeneration of this pathway has been described in advanced stages of Huntington’s
disease, mainly characterized by striatal atrophy. The main goal of the present work
is to study the trophic involvement of BDNF in maintaining cortical neurons after
neuronal damage of its target, the neostriatum. Using ribonuclease protection assay,
we observed that neostriatal lesion increases the cortical BDNF mRNA levels. In
situ hybridization and immunohistochemistry studies show that the up-regulation of
BDNF mRNA has a specific distribution in cortical layers II/III, V and VI
depending on the excitatory amino acid injected in the neostriatum. Moreover, our
observations suggest that the upregulation of cortical BDNF depends on the damage
of the target area and not on the synaptic corticostriatal activity per se. Furthermore,
we also observed that protecting striatal neurons with intrastriatal grafts of
genetically modified cells secreting BDNF avoids the enhancement of BDNF
expression and protects cell death in the cerebral cortex after intrastriatal excitotoxic
injury.
In conclusion, we show that intrastriatal injection of glutamate receptor agonists
induced a transynaptic regulation of cortical BDNF expression, which is implicated
in the protection of the corticostriatal pathway. This effect mainly depends on the
severity of the striatal lesion and suggests that striatal-derived factors are involved in
the maintenance of corticostriatal neurons. Supported by grants from the CICYT,
Maratd TV-3 and BIOMED2.
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DISRUPTION OF LAR TYROSINE PHOSPHATASE PROTEIN EXPRESSION
BY ANTISENSE RNA IN PC 12 CELLS INHIBITS APOPTOSIS AND
AUGMENTS NGF-INDUCED NEURITE OUTGROWTH. M. A. Tisi. Y. Xie and
F, M. Longo*. Dept. of Neurology, VAMC/UCSF, San Francisco, CA 94121
Tyrosine phosphorylation is a fundamental mechanism regulating neural
development. The activity of tyrosine kinases is modulated by protein tyrosine
phosphatases (PTPs); however, the identity of specific PTPs regulating proliferation,
survival and differentiation of neuronal cells and their precursors remain unknown.
The leukocyte common antigen related (LAR) PTP receptor is expressed by primary
neurons and the PC 12 cell line. The regulation of LAR expression during neural
development, including isoforms preferentially expressed in developing neurons,
suggests the hypothesis that LAR is a key PTP modulating neuronal development
(Longo et al., 1993; Longo and Zhang 1995). To elucidate the role of LAR in a wellcharacterized model of neuronal development, PC 12 cells were stably transfected with
LAR antisense or null-vector transgenes to create LAR-deficient PC 12 cell lines. Two
LAR antisense and null-vector transfected cell lines were characterized. RT-PCR
analysis demonstrated a 70% decrease in LAR mRNA levels in the antisense cell lines
compared to null-vector cells. Western blot analysis showed proportionately similar
decreases in LAR protein levels. In serum-containing medium, the doubling rate of
antisense cells was increased by 2-fold. In serum-free medium, PC 12 cells undergo
apoptotic cell death. In serum-free medium, antisense cultures demonstrated a 2-fold
decrease in the number of cells exhibiting markers of cell death. Antisense cells
cultured in the presence of NGF for 72 hours demonstrated a 2-fold increase in the
proportion of cells bearing neurites and a 2-fold increase in neurite length compared to
null-vector cells. In contrast, antisense and null vector cells responded equally to
FGF. These findings support the hypothesis that LAR plays a functional role in
mechanisms regulating PC 12 cell proliferation, cell death and NGF-induced neurite
outgrowth. The establishment of stably-transfected LAR-deficient PC 12 cells
constitutes an important new model for elucidating protein tyrosine phosphatase
mechanisms regulating neural development. Support: VA Merit Review, Beeson
Award and NIA (FL).

TNFa and NGF SIGNAL TRANSDUCTION: THE YING AND YANG OF
MODULATING NEURONAL APOPTOSIS. N. J, Macdonald1’2*, T. C. Pappas3,
F. Decorti1, G. Taglialatela1. Dept. of ’HBC&G, 2Neuroscience Graduate
Program, and 3Div. of Infectious Disease, University of Texas Medical Branch;
Galveston, TX 77555-0652.
High levels of inflammatory cytokines such as tumor necrosis factor alpha
(TNFa) are often associated with aging and neurodegenerative diseases such as
Alzheimer's disease. Target-derived neurotrophins (NTs) such as nerve growth
factor (NGF) are essential for neuronal survival thus impairments in NT signal
transduction may be responsible for neuronal degeneration observed during aging
or chronic inflammation in the CNS. NTs bind to tyrosine kinase receptors (Trk)
and to a common NT receptor (p75NTR), a member of the TNF receptor (TNFR)
superfamily involved in the modulation of neuronal apoptosis. The objective of
this study was to determine if TNFa affects NGF-mediated cell survival. Our
results show that in PC 12 cells TNFa decreases nuclear factor kappa B (NFk B)
and protein kinase C zeta (PKCQ, two signaling elements essential for NGFmediated survival. In addition, our results show that TNFa decreases neuronal
survival by affecting the NGF signal pathway, while NGF protects from TNFainduced neuronal apoptosis by acting solely via p75NTR and by inhibiting TNFaassociated induction of c-jun N-terminal kinase (JNK), phospholipase A2 (PLA2),
and caspases. We conclude that TNFa and NGF may modulate neuronal apoptosis
by affecting key elements in the other's signal transduction pathways. These
results are important for understanding the mechanisms leading to neuronal death
during aging and neurodegenerative diseases.
Supported by the National Institute of Aging grant AG 13149.

300.13

300.14

NGF ACTIVATION OF NFk B THROUGH THE P75 RECEPTOR PROMOTES
SURVIVAL. Jennifer J, Gentry. Patrizia Casaccia-Bonnefil1, Hilary Highfield and
Bruce D, Carter* Dept. Biochem., Ctr. Mol. Neurosci., Vanderbilt Univ. Med.
School, Nashville, TN 37232 and 'Mol. Neuro. Program., Skirball Inst., New York
Univ. Med. Center.
In contrast to its trophic action through TrkA, Nerve growth factor (NGF) binding
to the p75 receptor can lead to apoptosis. To investigate the mechanisms of p75
signaling, independent of TrkA, we used a rat Schwannoma cell line, RN22, which
we show expresses p75, but not the TrkA receptor. Gel shift assays demonstrated
activation of NFk B (both the p65 and p50 subunits) in response to NGF and the
mechanism was shown by Western blot to involve degradation of the inhibitory
protein, IkB-a. In-vitro kinase assays demonstrated NGF stimulation of c-jun
kinase (JNK), which has been implicated in p75 mediated apoptosis. In order to
examine effects of NFk B on cell survival, a mutant form of the endogenous NFk B
inhibitor, IkB-AN, which irreversibly and dominantly represses NFk B activation,
was co-transfected with lacZ into the RN22 cells. Quantitation of TUNEL reactivity
indicated that there was a 50% increase in apoptosis after a 4 hour treatment with
NGF in cells expressing IkB-AN relative to cells transfected with vector alone. These
results suggest that NGF activation of NFk B through the p75 receptor promotes
survival, counter-balancing a pro-apoptotic signal. An in vivo role for this antiapoptotic p75 signal is suggested by ongoing studies with hippocampal neurons.
Previous reports (e.g. Cheng and Mattson, Neuron 7:1031, 1991) demonstrated that
NGF can protect cultured hippocampal neurons from apoptotic stimuli such as
hypoglycemic insult. Although it has been reported that TrkA is not expressed in
hippocampus, we find high levels p75 immunoreactivity in these neurons. Thus,
NGF binding to p75 may activate a pro-survival signal in hippocampal neurons. We
are currently investigating the mechanisms of NGF signaling through p75 in these
cells. (Supported by the NIH RO1NS38220 and the American Paralysis Assoc.)

ROLE OF NUCLEAR FACTOR-k B AND MAP KINASE PATHWAY IN
NEURONAL BCL-XL EXPRESSION. N.T. Bui*, M. Poppe and J.H.M. Prehn.
Interdisciplinary Center for Clinical Research (IZKF), Junior Research Group
“Apoptosis and Cell Death”, Westphalian Wilhelms-Univ., 48149 Mflnster,
Germany.
We have previously shown that nerve growth factor (NGF) upregulates neuronal
bcl-xl gene expression [Prehn et al. (1998) Soc. Neurosci. Abstr. 24:44]. In the
present study, we investigated the role of the transcription factor nuclear factor-xB
(NF-k B) and the mitogen activated protein kinase (MAPK) signal transduction
pathway in basal and NGF-stimulated bcl-xl expression. Studies were performed in
rat pheochromocytoma PC12 and human neuroblastoma SH-SY5Y cells using semiquantitative RT-PCR, Western blotting and immunocytochemistry techniques.
Treatment of PC 12 and SH-SY5Y cells with NGF (0.1-10 ng/ml) increased
neuronal bcl-xl expression. Both basal and NGF-stimulated bcl-xl expression were
blocked by pharmacological inhibition of the MAPK pathway with PD 98059
(50pM), a potent inhibitor of MEK-1. Treatment with NGF led to increased
phosphorylation of IxB-a, a protein which prevents the release of NF-k B.
Phosphorylation of IxB-a has been shown to stimulate proteasome-dependent
degradation of IxB-a, resulting in the release of active NF-k B. Treatment with NGF
(1-100 ng/ml) also caused nuclear translocation of active NF-k B as shown
immunocytochemically using a mouse monoclonal antibody that recognizes the
nuclear location signal of the p65 subunit of NF-k B. The effects of NGF on NF-k B
activity were more pronounced in SH-SY5Y than in PC 12 cells. In cultures treated
with the proteasome inhibitors MG 132 (lOpM) or lactacystin (20pM), basal bcl-xl
expression was reduced, whereas NGF-stimulated bcl-xl expression was not
sensitive to these inhibitors. In contrast, hydrogen peroxide-stimulated bcl-xl
expression could be blocked by MG 132. These data suggest that neuronal bcl-xl
expression is regulated by NF-xB-dependent and -independent pathways.
Supported by DFG (Pr 338/8-1).

300.15

300.16

NGF-MEDIATED ALTERATION OF NF-k B BINDING ACTIVITY AFTER
PARTIAL IMMUNO-LESIONS TO RAT CHOLINERGIC BASAL FOREBRAIN NEURONS. Z. Gu*1, T. Toliver-Kinsky, J. Glasgow, L. Cain1 and J. R.
Perez-Polo, Depto. ofHBC&G and1Anatomy, UTMB at Galveston, TX 77555-0652.
Memory loss and cognitive deficits in die aged and in patients with Alzheimer’s
disease (AD) are often associated with cholinergic deficits within the NGFdependent cholinergic basal forebrain neurons (CBFNs) that project to the cortex,
hippocampus, and olfactory bulb. Although the causes of these cholinergic deficits
are not fully understood, the increases in activity of the transcription factor NF-k B in
the brains from aged and AD patient may reflect chronic transcription enhancement
of stress response genes that affect cholinergic expression and neuronal death. In
order to ascertain whether endogenous NGF effects on ChAT and NF-k B may
account for recovery from stress, a partial immunolesion (PIL) to CBFNs, which is
produced by the injection of 192 IgG-saporin, an immunotoxin selectively taken up
by low-affinity NGF receptor p75^-bearing neurons, was conducted and followed
by infusion of anti-NGF. Both PIL and anti-NGF treatment decreased ChAT activity
in cortex, hippocampus, and olfactory bulb. NGF protein levels increased
significantly in the olfactory bulb, but not the cortex or hippocampus after PIL
treatment. Infusion of anti-NGF abolished the PIL-induced NGF increases in
cerebrospinal fluid. We also found that NF-k B binding activity to both the k light
chain enhancer and the ChAT promoter specific consensus sequence increased in
PIL-induced cortex but not hippocampus after anti-NGF infusion as measured by
electrophoretic mobility shift assays (EMSAs). This is consistent with the hypothesis
that NF-k B contributes as a repressor to the transcriptional regulation of ChAT by
NGF. Taken together with reports of increased levels of NF-k B activity in brains of
aged rats and of AD patients, it is likely that NGF-mediated changes in NF-k B
activity in part reflect responses to age-associated cholinergic deficits. (Supported in
part by NINDS Grant NS 33288)

EXPRESSION OF P75 NTFR IN NEURONS AND OLIGODENDROCYTES
AFTER SPINAL CORD INJURY IN RATS: NEUROTROPHIN-INDUCED
APOPTOSIS IN VIVO! M S. Beattie12*. S.L. Boyce1,2. S.-O. Yoon23, F.M.
Longo4. T. T, Yeo\ and J.C, Bresnahan1,2. Lab. for CNS Repair1, Div. of
Neuroscience2, and Neurobiotechnology Center3, The Ohio State University
Medical Center, Columbus, OH 43210; SFVA Medical Center and Dept. of
Neurology4, UCSF, San Francisco, CA 94121.
Oligodendrocytes and neurons can undergo apoptosis in vivo after
spinal cord injury (Crowe et al., Nature Med., 1997). NGF can induce
apoptosis in oligodendrocytes that express p75 in vitro. (e.g.Yoon et al.,
J.Neurosci., 1998). P75 is not normally expressed in oligodendrocytes or most
neurons in vivo in the adult rat spinal cord; thus p75 expression may be a
manifestation of a stress response. Here, we tested to see whether injury might
induce the expression of p75 in a pattern consistent with the pattern of
apoptosis.
Rats given a dorsal spinal hemisection 2 or 5 days prior to sacrifice
showed clear antibody staining for p75 (antibodies: 192 and 9651) in the
dorsal columns rostral to the lesion. P75 staining was often co-localized with a
marker for oligodendrocytes (CC1). Sometimes double-labeled cells also
showed an apoptotic nuclear morphology with Hoechst dye. P75 was
expressed also in neurons at the lesion margins after contusion injuries at 48
hrs after injury. These results suggest that p75 may act as an apoptosis receptor
in vivo as well as in vitro.
Supported by SCRF of the PVA, NIH-NS38079, and OSU-COM&PH
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Mechanism of failure to activate NF-k B in neuronal cells by virus

REGULATION OF PROLIFERATION, GROWTH, AND SURVIVAL OF NEURAL
CELLS BY FGF-2 AND FGFR1. M.A. Paauette1*, P.A. Maher2, J. Moffett1, E.
Castaneda1, D.C. Bloom1, M.K. Stachowiak . ’Molecular and Structural Gene Therapy
Program (Arizona State University, Tempe, AZ 85287, Barrow Neurological Institute,
Phoenix, AZ 85013, SUNY at Buffalo, NY 14214), 2The Scripps Research Institute, La
Jolla, CA 92037.
Fibroblast Growth Factor-2 (FGF-2) is known to facilitate cell proliferation,
differentiation, and survival. To investigate its mechanism of action, we utilized a
truncated FGF Receptor-1 that lacks the tyrosine kinase (TK) domain, which acts as a
dominant negative mutation to produce nonfunctional heterodimers with endogenous
FGFR1. We transfected neural crest-derived PC 12 cells with plasmid expressing fulllength receptor (pcDNA3.1/FGFRl), its deletion mutant (pcDNA3.1/FGFRl(TK-)), or
control plasmid (pcDNA3.1). Stably transfected cells were selected and western blot
analysis showed increased levels of FGFR1 protein in the transfected cells. We next
investigated the effect of over-expression of the FGFR1 or FGFRl(TK-) on cell
proliferation, differentiation, and survival. Over-expression of FGFR1 had no effect on
proliferation. In contrast, FGFRl(TK-) enhanced growth rate. Differentiation, as
distinguished by enlargement of cell bodies and outgrowth of processes, was observed
in the FGFR1 over-expressing cells as well as in the FGFRl(TK-) cells. FGFR1 overexpressing cells showed increased viability and some protection from cell death caused
by 6-OHDA. FGFRl(TK-)-expressing cells did not show enhanced viability, but did
show some protection from 6-OHDA. With the addition of FGF-2, proliferation of
FGFR1 over-expressing cells was inhibited. Inhibition of proliferation was also found
in the FGFRl(TK-) cells, although to a lesser extent. Treatment of FGFR1 overexpressing cells with FGF-2 enhanced hypertrophy and neurite outgrowth.
FGFRl(TK-) cells treated with FGF-2 also showed increased hypertrophy, but there
was no effect on neurite outgrowth. FGF-2 increased the survival of 6-OHDA-treated
transfectants containing FGFR1, but not FGFRl(TK-). We conclude that FGF-2
regulates cell proliferation, differentiation, and survival by binding to FGFR1.
(Supported by the March of Dimes, NSF, and ADCRC.)

Y.-Y, Fang* and Suhayl Dhib-Jalbut
Department of Neurology, University of Maryland at Baltimore, and Department of
Veterans Affairs, 655 Western Baltimore Street, Baltimore, Maryland 21201
Lack of INF-P and HLA class I expression in virus infected neurons can
contribute to virus persistence due to escape from recognition by cytotoxic T-cells.
Induction of INF-P gene expression requires NF-k B activation which is dependent
on the phosphorylation and degradation of IxBa; an inhibitory protein of NF-k B.
We have previously shown that measles virus (MV) was able to induce IxBa
phosphorylation and degradation in glia but not in neuronal cells. However, it was
unclear whether this failure was due to a defect in the target protein, i.e. the
presence of a neuron-specific IxBa isoform, or due to a defect in the signaling
cascade that leads to IxBa phosphorylation.
In this study, ectopic IxBa-wild type (IxBa-WT) tagged with the FLAG-epitope
was transiently transfected into neuronal and glial cells by calcium phosphate
precipitation. Both transfected and untransfected cells were infected with MV for 5,
15 or 30 mins. Ik B<x -WT was immunoprecipitated with anti-FLAG antibody
while native Ik Bcx was immunoprecipitated with anti-IxB. Western blotting with
anti-IxB showed that both native and transfected IxBa were phosphorylated in glial
cells after 15 min of stimulation with MV and subsequently degraded 30 min later.
In contrast, neither phosphorylation nor degradation of ectopic (Ik Bcc -WT) occurred
in transfected neuronal cells. Identical results from native and transfected IxBa
eliminate the potential existence of an Ik Bcc isoform in neuronal cells that is
resistant to phosphorylation, and suggest a signaling defect responsible for lack of
Ik B<x phosphorylation by virus in neurons.
Supported by Dept. of Veteran's Affairs

300.19

300.20

Taurine and bFGF Modulate
Intracellular
Calcium during Glutamate
Excitotoxicity
. A. El Idrissi; E. Trenkner* NYS Institute for Basic Research in

DEVELOPMENTAL EXPRESSION OF FIBROBLAST GROWTH FACTOR
RECEPTORS IN RAT NEURAL STEM CELLS PROGENY. EFFECTS OF
BASIC FIBROBLAST GROWTH FACTOR TREATMENT. D. Reimers1, M.A.
Lopez-Toledano2. I. Mason3, P. Cuevas1, C. Redondo2. A.S. Herranz2* and E.
Bazan2. ’Histology and 2Neurobiology Services, Hospital Ramdn y Cajal, Madrid
28034, SPAIN, and ’Division of Anatomy and Cell Biology, U.M.D.S. Guy's
Campus and St. Thomas's Hospitals, London SE1 9RT, UK.
Epigenetic factors are crucial for survival and cell lineage determination of
pluripotent neural precursors. Since it has been reported that EGF-driven neural
stem cells are responsive to basic fibroblast growth factor (bFGF), we were
interested in studying the types of FGF receptors involved in the development of
these cells and their neuronal and glial progeny.
Using in situ hybridization, a characteristic pattern of expression for transcripts
of FGFR1- and FGFR3-IIIc isoforms was found, whereas FGFR2-IIIc isoform and
FGFR4 were not detected. Combination of these results with immunocytochemical
analysis of the translated proteins revealed a strong association of FGFR1 with the
precursor cell expansion stage, whereas FGFR3 was mainly related to
differentiating glial cells. Exogeneous bFGF treatment increased precursors
proliferative rate, whereas neuronal progeny was significantly reduced. bFGF
enhanced glial fibrillary acid protein immunoreactivity on differentiating
astrocytes, and induced process outgrowth and elongation, and re-expression of
nestin.
Together these data provide evidence that cell responsiveness to FGFs is
implicated in the developmental potential of CNS precursors, and is at least partly
determined by a specific developmental pattern of distinct FGFR genes.
Supported by Fondo de Investigaciones Sanitarias of Spain, grant 97/269.

Developmental Disabilities, CDN/CSI, Staten Island, NY 10314.

Despite being the predominant neurotransmitter in the mammalian brain,
glutamate can be toxic to neurons. In this study we used cerebellar cell cultures
(CGCs) as an in vitro model for glutamate excitotoxicity and investigated the
neuroprotective role of taurine and bFGF. Neuronal injury that occurs after glutamate
stimulation depends on calcium influx through the NMDA subtype of glutamate
receptor. Here we report a correlation between cytoplasmic calcium concentrations and
the degree of glutamate excitotoxicity. Furthermore, we show that bFGF and taurine
prevent glutamate excitotoxicity through regulation of [Ca2+], as determined by both
radiolabeled calcium uptake and confocal microscopy. Depolarization with glutamate
induced time- and concentration-dependent increases in intracellular 45Ca2+ which were
down-regulated to the same extent by both taurine and bFGF. However, using fluo-3,
confocal microscopy revealed that bFGF and taurine differently regulate intracellular
calcium. Stimulation with glutamate induced a rapid and sustained increase of [Ca2+],
in CGCs. However, when cells were pre-incubated with taurine, glutamate induced
only a transient increase in [Ca2+],, which recovered to basal levels approximately 8
min post-glutamate application. On the other hand, pretreatment with bFGF resulted
in a reduced response to glutamate as seen by a lower and sustained amplitude of
[Ca2+], with no recovery to basal levels. We conclude that bFGF prevents
excitotoxicity through a direct regulation of extracellular calcium influx, while taurine
may affect calcium extrusion, sequestration or buffering. Funded by NYS Office of
Mental Retardation and Developmental Disabilities and by CDN/CUNY).
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POTENTIAL MECHANISMS OF INTERLEUKIN-10 IN PREVENTING
GLUTAMATE-MEDIATED CELL DEATH IN CEREBELLAR GRANULE
CELLS. A. Bachis13, A. Sanna1. M. A. De Bemardi2*, A.M. Colangelo1 and I,
Mocchetti13. ‘Dept of Cell Biology, Georgetown Univ., Sch. of Med., Washington,
DC 20007, 2Dept. of Biology, Johns Hopkins Univ., Baltimore, MD 21218 and 3
Univ. of Cagliari, Italy.
Interleukin-10 (IL-10) has been suggested to have a role in preventing secondary
degeneration after ischemia or trauma. However, the molecular mechanisms
underlying the protective properties of this cytokine are still under investigation. In
this study we have tested the hypothesis that IL-10 prevents glutamate-mediated cell
death by affecting glutamatergic receptor function. Cerebellar granule cells in
culture are vulnerable to glutamate and NMDA-induced neuronal excitotoxicity. At
least 60% of these neurons die by apoptosis (TUNEL staining) when exposed to toxic
concentrations of glutamate (100-300 gM) or NMDA (300 pM). In these neurons,
incubation with IL-10 for 12 hr prevented glutamate- or NMDA-mediated apoptosis
in a dose-dependent manner (10-50 ng/ml). Time course studies, carried out to
examine the anti-apoptotic properties of IL-10, revealed that this cytokine prevented
glutamate-mediated cell death when added as early as 6 hr prior glutamate. Most
importantly, IL-10 reduced the number of apoptotic cells when added to the cultures
immediately prior glutamate. This effect was similar to MK801, an NMDA receptor
blocker. Thus, this cytokine appears to prevent glutamate toxicity by a mechanism
related to a blockade of glutamate receptors. To support this hypothesis, we
examined the effect of IL-10 on AP-1 and NF-kB, two transcription factors proposed
to mediate excitotoxicity-induced apoptosis. IL-10 blocks die activation of both
transcription factors evoked by toxic concentration of glutamate, suggesting that ILIO may act as a glutamatergic antagonist. We propose that IL-10 may be a valid
therapy to prevent glutamate excitotoxycity also in vivo. Supported by NS 01675,
29664 and AHA Nation’s affiliate.

MICE LACKING GFRo2 HAVE PARASYMPATHETIC INNERVATION
DEFICIENCES OF SALIVARY GLAND AND PENIS. J. Rossi? A. Laurikainen,1-2
R. Tuominen,2* E. Klinge,2 M. Saarma1 and M.S, Airaksinen1. ’inst. of Biotechnology
and 2Dept. of Pharmacy, Viikki Biocenter, FIN-00014 Univ. of Helsinki, Finland.
Mice lacking the GDNF family receptor GFRa2 show reduced neurturin responses,
and loss of parasympathetic innervation in the lacrimal and salivary glands but not in
some other targets, suggesting that neurturin is a trophic factor for only certain
parasympathetic neurons (Rossi et al. 1999, Neuron 22:243). In E18 wild-type mice,
all cranial parasympathetic neurons express Gfra2 and Ret, but not Gfral. As revealed
by VAChT and VIP immunostaining, parasympathetic innervation to the salivary
glands matures during several weeks postnatally. At birth, there is a 30-40% neuronal
loss in the submandibular ganglion in both GFRoc2- and Ret-deficient mice, whereas
over 80% of these neurons are missing in adult Gfra2-/- mice. Interestingly, the
remaining parasympathetic innervation of the glands is patchy: small isolated areas
composed of a few acini receive apparently normal innervation density, which are
surrounded by areas of similar acini that completely lack the innervation. Sympathetic
innervation of the salivary glands remains unaffected. In the major pelvic ganglion of
adult rat, all neurons express Gfra2 and Ret, whereas only half of those that project to
penis express Gfral. All target tissues of this ganglion, such as the penile smooth
muscle and bladder, express neurturin. Consistent with this, GFRa2-deficient mice
lack 80% of nitrergic parasympathetic fibers in penis. In contrast, parasympathetic
innervation of the bladder appears unaffected. The results show that in Gfra2-/salivary glands, the parasympathetic deficit is amplified postnatally when the neurons
normally get trophic support from their targets, and that other GFRa’s do not
compensate the lack of GFR<x2-signaling. The results also suggest that neurturin acts
as a target-derived trophic factor for penile erection-regulating neurons. GFRa2/Retsignaling may be involved in the pathogenesis of dry eye and dry mouth syndromes,
as well as of impotence, and may represent a target for therapy of autonomic
neuropathies. Supported by the Academy of Finland, EU and Cephalon Inc.
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REG-2 IS A SURVIVAL FACTOR EXPRESSED BY SUBPOPULATIONS
OF
EMBRYONIC
MOTONEURONS.
H.Nishimune1*. S.Vasseur2. B Holtzmann3, M.Sendtner3. H.Bodeker2,
A.Garces1. J.L.Iovanna2 and C.E .Henderson1. 'INSERM U.382,
IBDM, 13288 Marseille, FRANCE, 2INSERM U.315, Marseille,
FRANCE, 3Dept. Neurology, Univ. Wuerzburg, Wuerzburg, Germany
Reg-2 is up-regulated in spinal cord motoneurons (MNs) and DRG
sensory neurons after sciatic nerve axotomy of adult rat (F.J. Livesey, et
al, Nature 1997). Reg-2 is a 16kDa secreted protein with IL-6- and
CNTF- responsive elements in its promoter. We have studied the
expression and putative function of Reg-2 in embryonic MNs. Using
whole-mount ISH, expression of Reg-2 was observed in MNs of the
brachial region of spinal cord in E14 rat. Thoracic and lumbar MNs start
to express Reg-2 atE15 followed by sacral MNs. The number of Reg2*
MNs increased steadily with age but not all MNs expressed Reg-2 even
by El8.5. Strong Reg-2 expression was observed when MNs were
cultured in CNTF, CT-1 or LIF, but not in BDNF, GDNF, NT-3 or
HGF. Reg-2 expression in single knock out of CNTF, CT-1 did not
disappear and double knock out of LIF/CNTF has been studied. Reg-2
protein showed dose-dependent survival effect on cultured rat E14 MNs
(EC50 0.05 ng/ml). Adenovirus coding Reg-2 enhanced survival of
infected MNs. Strikingly Reg-2 antisense adenovirus reduced survival of
MNs cultured in CNTF but not of MNs in BDNF. Reg-2 may be an
autocrine/paracrine survival factor for sub-populations of MNs at late
embryonic stages, and might be involved in survival-promoting
pathways activated by IL-6 family of cytokines.
UN is a postdoctoral fellow of JST. This work was supported by
INSERM, CNRS, AFM and IRME.

EXPRESSION OF A DOMINANT-NEGATIVE erbB4 IN SUPPORT CELLS IN
THE COCHLEA LEADS TO DEATH OF COCHLEAR NEURONS G, Corfas? C.
Ri<A J C, AdamS-tVand M,C.Ubsnnan* . 5Div. of Neuroscience, Children’s
Hospital, Boston, MA 02115, *Mass. Eye & Ear Infirmary, Boston, MA 02114.
erbB receptors and their ligands, the neuregulins (NRG), play an important role in
neuron-glia interactions in vitro. To test the role of these molecules in vivo, we
generated transgenic mice expressing a dominant-negative erbB4 receptor (DN-erbB4)
under the control of the promoter for GFAP. This mutated erbB4 receptor can block
the activation of all erbB receptors by NRG. One of the transgenic lines, when carried
to homozygocity, showed symptoms of hearing and vestibular function loss (circling
behavior, etc.). In situ hybridization revealed that in transgenic animals DN-erbB4
was highly expressed in the support cells of the cochlea. Immunohistochemical
analysis of wild-type mice showed that GFAP, neuregulin and the erbB4 receptors are
expressed in spiral ganglion cells, in the spiral ligament, in interdental cells and in
outer sulcus cells. To characterize the phenotype of these mice hearing levels and
cochlear pathology were assessed in 5 homozygous transgenics, 6 wild-types and 2
heterozygotes, aged 68-149 days. Histological analysis revealed a consistent pattern of
neuronal loss in all homozygotes: spiral ganglion cell population was reduced,
throughout the cochlea, to 20% of normal, the pattern of hair cell loss was variable;
however in 4/5 homozygotes, loss was confined to the basal turn. Degenerative
changes of variable severity were also seen in the spiral ligament and stria vascularis
of the basal turn. Electrophysiological measures (either CAP or ABR) showed
significant threshold shifts (>20 dB) in all homozygotes and profound loss (>70 dB) in
4 of 5. DPOAEs were also severely attenuated in all homozygotes, suggestive of hair
cell dysfunction even in those regions with normal hair cell numbers. These results
suggest that neuregulin and erbB receptors play a critical role in the development
and/or maintenance of the structure and function of the inner ear, particularly the
cochlear nerve. Supported by NINDS R01NS35884 (GC), EJLB Foundation (GC),
The Klingenstein Fund (GC), NIDCD R01 DC0188 and P01 DC0119 (MCL)

301.5

301.6

LYSOPHOSPHATIDIC ACID (LPA) PROMOTES SURVIVAL AND
DIFFERENTIATION OF RAT SCHWANN CELLS. Y, Li.
P,
Bannerman*, and G. Tennekoon. Departments of Neurology and
Pediatrics, University of Pennsylvania, Philadelphia, PA 19104.
LPA (l-acyl-sn-glycerol-3-phosphate), an abundant constituent of
serum, is a natural phospholipid with growth factor like activities. It
exerts its effects via G protein coupled serpentine receptors. Several
downstream pathways that mediate LPA signaling have been identified,
including the Ras/MAP kinase or the PI3 kinase pathway via G;, and
activation of Rho through G12/13. We recently found that LPA had
specific effects on the cultured rat Schwann cells. It protects Schwann
cells from serum withdrawal induced apoptosis, and also stimulates
Schwann cell differentiation. Serum withdrawal induced apoptosis in
about 40% cells within 24 hr. Addition of LPA (10 pM) to the serumfree medium reduced apoptotic cells to about 10%. This protective
effect of LPA was blocked by PI3 kinase inhibitor wortmannin (100
nM) or LY249002 (50 |lM). It was also blocked by PD98059 (50
pM), a MEK inhibitor. Rapamycin (100 nM), an inhibitor of p70S6
kinase, did not prevent the survival effect of LPA. In addition,
wortmannin, LY249002, or PD98059 inhibited MAP kinase activation
induced by LPA. These findings indicate that LPA promotes survival
of Schwann cells through a PI3 kinase/MAP kinase pathway. We also
observed that LPA (10 pM) induced the expression of myelin protein
zero, but had no effect on the expression of p75 NGF receptor,
indicating that LPA stimulates differentiation of Schwann cells.
Supported by a grant from the National Multiple Sclerosis Society, RG

TRH GENE EXPRESSION IS IMPORTANT FOR THE SURVIVAL OF
CULTURED
HYPOTHALAMIC
NEURONS:
THE
EFFECT
OF
WITHDRWAL OF TRH AND OTHER PROTRH DERIVED PEPTIDES.
LuGuang Luo*, OuanFu Mao and IMP Jackson, Division of Endocrinology,
Rhode Island Hospital, Brown University School of Medicine, Providence, RI
02903.
Recently, our laboratory reported that transfection of fetal rat
hypothalamic cultures with an adenovirus containing an antisense rat TRH
cDNA led to programmed neuronal cell death (apoptosis), suggesting that TRH
may function as a neurotrophic factor in the CNS. However, since preproTRH
codes for a 255 amino acid prohormone which is subsequently processed into
five copies of the tripeptide amide (TRH) as well as seven other non-TRH
peptides, it is not clear whether TRH itself or a non-TRH proTRH derived
peptide might be involved in neuronal apoptosis. In order to resolve this issue,
we exposed day 17 fetal rat diencephalic cultures to TRH antiserum as well as
antisera
directed against preproTRH 25-50(PYE27), preproTRH 83-106
(PEH24), preproTRH 165-186(pYSj3) after four days preculture. The typical
neuronal morphological change of apoptosis (shrunken cell bodies and short
dendrites) occurred after fourteen days continuing culture with TRH antiserum
but with none of the other proTRH derived peptide antisera. Evidence
supporting the specificity of the finding is shown by the addition of 250ng/ml
synthetic TRH peptide along with TRH antiserum, which prevented the
morphological changes. These results suggest that the effect of TRH gene
knockout on neuronal apoptosis in the hypothalamus is mediated through
depletion of the TRH peptide. Accordingly, in addition to its role in pituitary
TSH regulation, hypothalamic TRH may have a neurotrophic function. This
work is supported by NIA AG16081-01

301.7

301.8

BMP-4 PROMOTES
SURVIVAL AND
AXONAL
GROWTH
OF
MOTONEURONS. C.E,Henderson1*, T.G.Svkes1, D.Prevette2. D.Duprez3. and
R.W.Oppenheim2. ‘INSERM U.382, Campus de Luminy, Marseille, France,
department of Neurobiology and Anatomy, Wake Forest University, Winston-Salem,
NC 27157. ’Institut d’Embryologie du CNRS, 94736 Nogent sur Marne, France.
Bone morphogenetic proteins (BMPs) are members of the TGF-B family that have
wide ranging roles in embryonic development. Recent work has shown that BMPs are
also regulators of apoptosis. We addressed the role of BMP-4 in the regulation of
motoneuron survival and differentiation. We confirmed that BMP-4 is expressed in
mouse limb bud when motoneurons reach their muscle targets. More specifically, we
showed that BMP-4 is expressed in dissected El6.5 limb muscle as well as in two
myoblast cell lines (C2/C7 and Sol8). This prompted us to examine whether or not
BMP-4 could act as a target-derived trophic factor for motoneurons. BMP4 promoted
survival in cultures of both rat and chicken motoneurons. Maximal survival was ca.
50% of that in optimal conditions (ECso =0.1 ng/ml for chicken, 0.5 ng/ml for rat).
To test whether BMP-4 was active in vivo we applied BMP-4 to chick embryos in
ovo from E6 to E10. Motoneuron survival increased in a dose-dependent fashion.
Survival was ll,079±861 in control embryos, 15,143±850 in embryos treated with
10 jig per day (p<0.01). No survival effect was seen on L3 DRG neurons. In culture,
BMP-4 had an effect on axon morphology: BMP-4 but not BDNF caused a 70%
increase in the number of branch points per axon (p<0.05). Morphometric analysis
suggested that this was correlated with an 60% increase in axon length (p<0.001). To
attempt to confirm the in vivo significance of this finding, we grafted cells infected by
a BMP-4-expressing virus into chick E4.5 limbs. Three days later, we examined
innervation patterns by immunofluorescence. No gross alterations in morphology or
innervation were observed. Therefore BMP-4 can act as a motoneuron survival factor
in vivo and in vitro. Its role in axon outgrowth is worthy of further study in vivo.
Supported by NIH, CNRS, INSERM, AFM, IRME and The Wellcome Trust.

HGF-like protein (HLP), a member of HGF family, as a novel
neurotrophic factor for avian peripheral ganglionic ceils.
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H, Eunakoshi*, K, Kataoka, K, Matsumoto. and T.

Nakamura

Div. of Biochemistry, Biomedical Research Center, B-7, Osaka
University Medical School, Osaka 565-0871, Japan
Neurotrophic factors and growth factors are implicated in the
development and maintenance of both peripheral and central nervous
systems. Hepatocyte growth factor (HGF) was initially identified in a
partially purified form as a potent mitogen for mature hepatocytes in
primary culture and was molecularly cloned in 1989 (Nakamura et al.,
Nature, 1989). Recent studies on the expression and functional
analysis of HGF and o-Met/HGF receptor revealed HGF as a
neurotrophic factor for hippocampal, midbrain dopaminergic, motor,
sensory, sympathetic neurons and sympathtic neuroblasts. HGF-like
protein (HLP) is a member of HGF family and is shown to be
implicated in immune system (macrophage) and liver development.
However, role of HLP in the nervous system is poorly understood.
Here we addressed whether HLP plays a role in the nervous system.
Recombinant HLP accelerated neurite extension and migration of avian
embryonic peripheral ganglion explants in a dose-dependent manner
with low dose of the factor. To assess specific role of HLP in this
system, Ron-Fc which is composed of extracellular domain of Ron/HLP
receptor-fused with immunoglobuline-Fcwas constructed and used to
block HLP specific intracellular signals. Recombinant Ron-Fc eliminated
all migration and partial neurite extension activities. This is the first
evidence that HLP acts as a neurotrophic factor.
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MULTIPLE ROUES OF HEPATOCYTE GROWTH FACTOR (HGF) IN
THE CEREBRAL CORTEX NEURONS IN VITRO

GDNF OVEREXPRESSION IN SKIN INCREASES THE SIZE OF
SENSORY GANGLIA AND DORSAL HORN INNERVATION.
K.M. Albers1,2*. J.F. Simpson1, and B.M. Davis2. Depts. of ‘Pathology
and 2Anatomy and Neurobioiogy, Univ. of Kentucky Sch. of Med.,
Lexington, KY 40536.
Glial cell line-derived growth factor (GDNF) supports the survival
and differentiation of a subgroup of nociceptor cutaneous sensory
neurons that express the isolectin B4 and the Ret tyrosine kinase
receptor. Similar to NGF, a growth factor also essential for
nociceptor survival and differentiation, GDNF synthesis is elevated in
the cutaneous target field during critical phases of sensory neuron
development and target innervation. Though the target-derived
survival effect of NGF on nociceptor neurons is well documented,
whether GDNF acts in a similar manner is unclear. To investigate the
function of GDNF as a target-derived trophic factor and its role in
sensory systems development and physiology, transgenic mice that
overexpress GDNF in basal keratinocytes of the skin were isolated.
Increased levels of GDNF caused an increase in the size of the
trigeminal sensory ganglia and an increase in PGP9.5-positve
innervation to the epidermis. In addition, IB4 labeling of GDNF-OE
spinal cord showed increased IB4-reactivity in the superficial dorsal
horn. CGRP labeling of the skin, ganglia and spinal cord appeared
unchanged. This work was supported by NS 33730 (KMA).

301.11

301.12

EXOGENOUS GDNF INDUCES CHRONIC HYPERINNERVATION OF
MUSCLE FIBERS INTO ADULTHOOD. C.R. Keller-Peck*1, Q, Yan2, J.W.
Lichtman1, and W.D. Snider3.
1Dept. of Anatomy. & Neurobioiogy,
Washington Univ., St. Louis, MO 63110. 2Amgen Inc., Thousand Oaks, CA
91320. ^Neuroscience Center, Univ. of N. Carolina, Chapel Hill, NC 27599.
Over-expression of the motor neuron growth factor, glial cell line-derived
neurotrophic factor (GDNF), leads to transient hyperinnervation of
neuromuscular junctions in transgenic neonatal mice.
However, the
mechanism by which GDNF induces hyperinnervation is uncertain. Here, we
have asked whether GDNF induces increased synaptic stability or increased
axon branching in postnatal animals. This question was explored by
administering human recombinant (hr)GDNF in postnatal life for prolonged
periods. High levels of circulating GDNF were established by daily
subcutaneous injections starting at birth and continued for up to 40 days. In
animals injected for 30 days, 52% of muscle fibers remain innervated by more
than one axon whereas muscle fibers in control mice at P30 are uniformly
singly innervated. When GDNF application was continued to P40 the
incidence of multiple innervation remained elevated but unchanged from P30.
In these chronically multiply innervated muscles, there was evidence of both
ongoing sprouting and synapse elimination, suggesting that GDNF produces
a state of continual axonal outgrowth. In order to directly assess whether
GDNF has increased the amount of axonal outgrowth, we examined the
branching of individual motor units in the stemomastoid muscle. In control
animals at P8, individual axons branched over a wide area to innervate
relatively few junctions in any region. In contrast, GDNF injected animals
exhibited a high degree of localized branching, innervating multiple closely
spaced junctions. We conclude that GDNF causes, hyperinnervation by
inducing increased presynaptic branching. In response to the extra branches,
synaptic competition is activated leading to a dynamic equilibrium of
synaptogenesis and elimination. Supported by NINDS and MDA.

ACTIONS AND EXPRESSION OF GLIAL CELL LINE DERIVED
NEUROTROPHIC FACTOR IN THE POSTNATAL ENTERIC
NERVOUS SYSTEM
A.T.Silva. G.Lo. S.L.Jones. T.Wardaugh, M.J.Saffrev*. Department of
Biological Sciences, The Open University, Walton Hall, Milton Keynes MK7
6AA, United Kingdom.
The enteric nervous system (ENS) undergoes considerable changes during
early postnatal life when the gut is undergoing a period of rapid growth. We have
shown that the density of myenteric neurons in the rat ileum increases during the
first two weeks after birth. Among the neurotrophic factors that may be
important for these developmental changes glial cell line derived neurotrophic
factor (GDNF) has been found to be essential for prenatal development of the
ENS. We studied the expression of GDNF, GDNERa and cRet in the postnatal
rat gut by RT-PCR and in situ hybridization. Both GDNF and its receptors are
expressed in the ileum during postnatal life. However, the role of GDNF in the
postnatal development of the ENS has not been studied in detail. To examine the
effects of GDNF on postnatal myenteric neurons we used a dissociated cell
culture system of isolated myenteric ganglia from 7 day rat ileum. Isolated
ganglia were dispersed in trypsin, seeded at 1 x 104 cells per 13mm coverslip and
grown in a serum-free, hormone supplemented culture medium in the presence
or absence of GDNF. After 48h. the cells were fixed and immunolabelled using
an antiserum to the neuronal marker PGP 9.5. Neuronal and non-neuronal (glial)
cell numbers were counted and the length of the processes of 150 neurons in
each GDNF concentration in 3 experiments was measured. Exposure to GDNF at
concentrations of 1 - lOng/ml caused an enhanced neuronal survival, an increase
in neuron: glial cell ratio and a large increase in mean neurite length. These
results suggest that GDNF may be involved in developmental changes in ENS
during early postnatal life. Supported by the Wellcome Trust

301.13

301.14

CONSEQUENCES OF DESERT HEDGEHOG SIGNALLING IN
PERIPHERAL NERVE. K.E, Hunter-Schaedle1*, X. Gan1. R.
Ranciato1. K.P. Williams2. N.K. MahanthappaL S,-S^_Schererii and
L.L, Rubin1. ’Ontogeny, Inc., Cambridge, MA 02138; 2Biogen,
Inc., Cambridge, MA 02142; ’Department of Neurology, The
University of Pennsylvania, Philadelphia, PA 19104.
Deletion of the murine Desert hedgehog (Dhh) gene dramatically
perturbs the development of the perineurium, the mesenchymal
sheath surrounding peripheral nerves1-2. Schwann cells express Dhh
from late embryonic stages’, while the Hh receptor patched (ptc) is
strongly expressed in the perineurium surrounding peripheral nerves;
Dhh is a mitogen for perineurial cells in vitro1. The perineurium is
thought to help regulate blood-nerve barrier function, but the full
extent of its role in the nerve is not understood. The observation that
adult Dhh-/- mice exhibit a motor function deficit1 suggests an integral
role for perineurium in normal nerve function, which is regulated at
least in part by Dhh signalling. Here, we describe some of the
downstream effects which Dhh has on perineurial cells, and begin to
elucidate why the perineurium, and its regulation by Dhh signalling,
is integral to normal nerve function.
(Funded by Ontogeny, Inc. and Biogen, Inc.).

NEGATIVE REGULATION OF NEUROTROPHIN RESPONSIVENESS BY
EPHRINS IN DEVELOPING CEREBELLAR GRANULE NEURONS

W. Sun*, H. Funakoshi, K. Matsumoto, and T. Nakamura
Div. of Biochemistry, Biomedical Research Center, B-7, Osaka
University Medical School, Osaka 565-0871, Japan
Hepatocyte growth factor (HGF) is a pleiotrophic cytokine with
mitogenic, motogenic and morphogenic effects on the responding cells.
HGF and its receptor, c-Met are expressed in the brain, which have
suggested the functional role of HGF in the CNS. In this study, we
examined functional roles of HGF and c-Met in cultured cerebral cortex
neurons. Double-labeling immunocytochemical analyses revealed that cMet-immunoreactivity (IR) localized both in proliferationg neuroepithelial
cells and TuJ-1 positive differentiated neurons. In differentiated
neurons, c-Met-IR was located in the cell bodies and neurites at 1-3
days in vitro (DIV). Interestingly, the neurites showed greatly reduced
level of c-Met-IR at 7 DIV while cell bodies and growth cones still
possess strong c-Met-IR. Such selective down-regulation of c-Met-IR in
the neurites was similarly seen during postnatal development in vivo,
suggesting the role of HGF in the neuritogenesis of cerebral cortex
neurons. In a transwell chamber culture, HGF increased the number of
migrated neurons in a dose-dependent manner. In addition, HGF
promoted neuronal survival under a serum starved condition in the
presence or absence of other trophic factors. In contrast, HGF did not
modify the neuroepithelial cell proliferation. These lines of evidence
suggest that HGF might be involved in the development and
maintenance of cerebral cortex neurons at multiple (differentiation,
motogenesis, neuritogenesis and neuronal survival) steps.

’Hunter-Schaedle et al, Soc. Neurosci. Abs. 610.7 (1998)
2 Parmantier et al, Soc. Neurosci. Abs. 27.3 (1998)
3 Bitgood and McMahon, Dev Biol 172:126-138 (1995)

Joseph Wagner* and Ernest .Arenas-

Lab of Molecular Neurobioiogy, Dept. Medical Biochemistry and Biophysics,
Karolinska Institute, Stockholm 17177, Sweden.
The Eph family of tyrosine kinase receptors are rapidly emerging as important
regulators of axon guidance in the CNS and, more recently, as potential mediators of
cell migration. We seek to define the function of ephrins in the development of the
cerebellum, where processes of proliferation, migration, and axon outgrowth proceed
in a well-ordered and extensively characterized manner.
To define the populations responding to these ligands, we localized cerebellar
expression of Eph receptors using immunohistochemistry. Intense EphA-3immunoreactivity was observed within the external germinal layer (EGL) from Pl-14;
little or no expression was observed outside the EGL or at later ages, suggesting a role
of this molecule in proliferation and/or migration of granule neurons. We next
characterized expression of all members of the Eph and Ephrin family in vitro, using
cross-reactive Fc-fusion proteins. EphrinA and -B were individually expressed in
cerebellar glia. EphA was expressed in proliferating granule neuroblasts, whereas
EphB was expressed in mature, postmitotic granule neurons. These findings suggested
that granule neurons switch from expressing EphA to EphB as they mature, and that
their development might be regulated by Ephrins involving glia-to-neuron cross-talk.
To explore this possibility, we examined the role of EphB in mature granule neurons,
by activating this class of receptor using clustered EphrinB-Fc. Such treatment
completely abolished the neurotrophic and neuritogenic effects of both BDNF and NT3 on granule neurons, while producing no discernable effect alone. Furthermore,
blockade of endogenous EphrinB (localized on glia) using excess EphB-Fc enhanced
the effects of both neurotrophins, suggesting that neurotrophin-responsiveness of
granule neurons may be tonically regulated by interaction with local glia. We have
begun investigating the locus of this EphB-trk signalling interaction, and have found
diminished BDNF-induced phosphorlyation of specific proteins in the presence of
EphB stimulation (via clustered EphrinB 1-Fc) when compared to BDNF stimulation
alone. We are currently identifying the nature of these phophoproteins. Supported by
BIOTECH Program of the European Commission and the Swedish NFR.
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Noncatalytic trk B receptors are expressed adjacent to sites of neurotrophin
synthesis: forming pathways for axon ingrowth into the maxillary pad. E. F,
Wheeler*1. W. Stevenson1, C-T Chu1 and S, Jhaveri2 ’Division of Life Sciences,
Univ. Texas at San Antonio; 2Dept. of Brain & Cognitive Sci, MTT.
The trie B non-catalytic receptors (trk B-NC) are expressed by a number of nonneural tissues that lie adjacent to classic peripheral targets of innervation. In order to
further elucidate the role these molecules play in neurotrophic regulation, expression
of the trk B isoforms relative to that of the neurotrophins was monitored by in situ
hybridization on rat and mouse embryos from mid to late gestation. Innervation of
the maxillary pad and whicker follicles was revealed immunohistorchemicaily. The
trk B receptor in the maxillary pad was exclusively the non-catalytic isoform while
both catalytic and non-catalytic isoforms were expressed by the neurons and glial
cells of the trigeminal ganglia. The patterns of expression for the ttk B-NC were
reciprocal to those of the neurotrophins in the maxillary pad skin and whisker
follicle. When tik B expression was monitored relative to innervation, the axons and
nerve tracks were found to avoid regions that were strongly trie B-NC positive.
Expression levels of the trk B-NC in the maxillary pad were measured
morphometrically and were found to increase at the onset of programmed cell death
of the trigeminal neurons. The levels declined significantly after cell death was
complete. Taken together, the data indicate that the trk B-NC has a major role in the
guidance of afferent axons to their innervation sites. This work was fiinded by NSF
grant IBN-9723990 to EFW.

LEUKEMIA
INHIBITORY
FACTOR
ENHANCES
OUTGROWTH OF SENSORY NEURONS IN VITRO.

MONDAY AM
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W,BJ, Lafferty, f Gavazzi, J. Cohen, R.J. Williams* aod &W.N, Thprnpspn, NRC,
St. Thomas’ Campus and DBRG Guys Campus. Kings College London, SE1 7EH.
LIF, a member of the gpl30 cytokine family, is known to function as a lesioninduced survival factor after peripheral nerve injury. We have further examined the
ability of LIF to support neurite outgrowth of adult primary sensory neurons in vitro.
Dissociated neurons from the adult DRG survive in vitro conditions without trophic
support. Neurotrophins, however, are required for short term growth responses. In
vivo, injury to peripheral nerves results in Wallerian degeneration of the distal
segment, resulting in the upregulation of a number of cytokines and neurotrophins,
including LIF and nerve growth factor (NGF) that may contribute to the regeneration
of damaged axons. It is unknown whether there is any co-operation between these
factors. We addressed this question by examining the effect of NGF and/or LIF upon
neurite outgrowth in short term (18-24 hours) cultures of adult DRG neurons. LIF
alone (Ipg-lOOng/ml) did not induce neurite outgrowth. NGF alone (lOng/ml)
induced neurite outgrowth in a subpopulation of neurons. The length of the longest
neurite was significantly increased when LIF (Ipg-lOOng/ml) was included in NGF
cultures. To assess the synergistic effect of LIF, we have exposed cultured neurons to
TrkA-IgG (lOng/ml) and LIF (lpg-lOOpg/ml) following brief exposure to NGF (2-4
hours). Neurite elongation was significantly greater in NGF-stimulated, TrkA-IgGquenched cultures in the presence of LIF, than in those not exposed to LIF. The LIFstimulated neurite elongation was inhibited by agpl90 (lOng/ml). The proportion of
process bearing neurons was not significantly different between the different culture
conditions. These data illustrates that while LIF is unable to initiate neurite
outgrowth, it is able to maintain process elongation.
We thank MRC (UK) for support. WBJC is supported by a BBSRC CASE award. (TrkA-IgG, gift from D.
Shelton, Genetech. LIF and agp!90, gift from J. Heath, Dept. of Biochemistry, Birmingham University)

301.17

301.18

INSULIN-LIKE GROWTH FACTOR 1 STIMULATES DENDRITIC GROWTH OF
NEURONS IN THE PRIMARY SOMATOSENSORY CORTEX. D.R. Riddle*1,2.
MM. Niblock2 and J.K. Brunso-Bechtold1,2.1 Dept. Of Neurobiology and Anatomy
and2 Program in Neuroscience, Wake Forest University School of Medicine,
Winston-Salem, NC„ 27517-1010.
Given that multiple neurotrophic agents are present in the developing cortex, it is
important to determine the extent to which such factors support development in a
redundant fashion or, instead, influence separate populations of neurons and/or distinct
aspects of neuronal differentiation. Among the neurotrophic factors that may influence
cortical development, insulin-like growth factor I (IGF-I) is of unique interest since it
may be available to neurons from multiple sources under independent control: locally
from cortical neurons and from cells in the cerebral vasculature and systemically from
the bloodstream. As an initial step toward understanding the influence of IGF-1 in the
developing cerebral cortex, the present study examined the effects of IGF-I and the
neurotrophins BDNF and NT-3 on the dendritic complexity of layer 2 pyramidal cells in
organotypic slices of primaiy somatosensoiy cortex from postnatal day 10 (P10) rats.
IGF-I increased the extent of both apical and basal dendrites, eliciting 50-75% increase
in branching within 24 hours in culture. Effects on apical dendrites were evident both
proximally and distally but increased branching of basal dendrites occurred only
proximally. In addition to promoting branching, IGF-1 elicited elongation of existing
basal dendrites. BDNF and NT-3 produced effects that were distinct from those of IGF1. Each neurotrophin elicited increased branching and elongation of basal, but not
apical, dendrites. Effects of BDNF and NT-3 on basal dendrites were similar in
magnitude to the effects of IGF-1; increased branching was limited to proximal
dendrites but growth oocurred throughout the arbor. Taken together, these results
provide the first direct evidence that IGF-I can regulate the dendritic elaboration of
cortical neurons, suggest IGF-I may influence the formation of cortical connections, and
indicate different neurotrophic agents may influence distinct aspects of differentiation of
a single populationof cortical neurons.
Support: AG11370. BDNF and NT-3 provided by Regeneron Pharmaceuticals, Inc.

NEUROTROPHIC COMPETENCE OF THE DENTAL PULP: INTRAOCULAR
TRANSPLANTATIONS AND CELL CULTURE STUDIES OF TOOTH INNERVATION JN VITRO. lY.NgsralLE. Laregh1,, C, K.IMftw1, L, Olson1, C A,
Nosrat1’2 ‘Dept. of Neuroscience, Karolinska Institutet, S-171 77, Stockholm,
Sweden; 2Dept. of Biological and Materials Sciences, School of Dentistry, University of Michigan, Ann Arbor, MI 48109.
In rodents, trigeminal nerve fibers reach the developing teeth during early stages of
tooth development, but do not innervate the teeth until postnatal stages. This suggests that tooth innervation might be regulated in part by local molecules expressed
in the dental pulp at these postnatal stages. We have shown that several different
neurotrophic factors are expressed in developing teeth, including NGF, BDNF, NT3, NT-4, GDNF, and NTN. NGF, BDNF, and GDNF are upregulated in the dental
pulp before and during the process of dental pulp innervation. We have used two different models to study neurotrophic competence of pulp tissue, and tooth innervation. Dental pulp was dissected, and was either transplanted as tissue fragments to
the anterior chamber of the eye in rats, or dissociated and grown in culture. Pulpal
cells were then co-cultured with dissociated trigeminal neurons.
Dental pulp tissue continued its programmed development in the anterior chamber
of the eye, and became vascularized and well-innervated through the host irises during the study period (up to several months). This clearly demonstrates that major
regulatory mechanisms for tooth innervation reside within the dental pulp. Interestingly, many but not all, pulpal cells became heavily innervated already after one day
together with trigeminal neurons in culture, and the innervation persisted for several
weeks. Fibers were also grown from distant trigeminal neurons to presumably dental
fibroblasts, indicating that soluble long-range axonal guiding molecules are involved.
Some of the contact areas between the nerve fibers and pulpal cells were also synaptophysin-positive, indicating a possible formation of synapses/close association
between nerve fibers and these cells. Innervated pulpal cells had their origin from the
dental pulp, and not fibroblasts from the trigeminal ganglion, nor were they Schwann
cells. The nature of molecules and their type of signaling in tooth innervation process
is under further investigation.

301.19
IN VITRO AND IN VIVO NEUROTROPHIC EFFECTS OF HUMAN
HEPATOCYTE GROWTH FACTOR. C.L, Achim*. R.W, Dorsey, M.K.
Burner, W.Stauffer, M.G. White, D.M, Runge. B.E, Petersen and G.K,
Michalopoulos, Dept. of Pathology, Univ. of Pittsburgh School of Medicine,
Pittsburgh, PA 15261.
The human hepatocyte growth factor (HGF) has been recently shown
to promote neuroglial growth, differentiation and regeneration in central
nervous system (CNS) injury. Work in our lab has demonstrated that both HGF
and its receptor cMet may be involved in the development of neuronal circuitry
in the murine brain. Furthermore, we have recently found that HGF can also
have neurotrophic effects on human fetal brain neuroglia. To explore the
neurotrophic potential of HGF in response to CNS injury, we have developed
several new experimental models. In vitro, human fetal neuroglial cultures,
exposed to various neurotoxins are treated with HGF and neuronal survival is
compared to other trophic factor treatments like bFGF, BDNF, TGFb and
NGF. For in vivo studies, we have developed a transgenic mouse expressing
the human HGF gene under the GFAP promoter control. To test the feasibility
of this model we first transfected the glioblastoma cell line U373 (HGF
negative) with the HGF/GFAP construct and found strong gene expression and
significant biologic activity for the secreted protein. The glial response and
neuronal survival in the transgenic mouse created with the HGF/GFAP
construct are being analyzed in a series of CNS injury models. In vitro
preliminary data suggest that astroglia respond strongly to HGF but, compared
to other growth factors (e.g. bFGF), their reactivity is not detrimental to the
neuronal survival and differentiation. Specific neurotransmitter phenotype
neuronal survival following injury is currently analyzed in the transgenic
mouse. (Supported from a Departmental Development fund to CLA).
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EXPRESSION OF TRKC MESSENGER RNA IN AVIAN CARDIAC
NEURAL CREST CELLS AND THE EFFECT OF NEUROTROPHIN-3 ON
THE NUMBER OF CARDIAC NEURAL CREST CELLS IN VITRO.
P, Bernd*. R, Li, X. Fang and I. Rozenberg. Department of Anatomy and Cell
Biology, SUNY Health Science Center at Brooklyn, Brooklyn, NY 11203.
Neurotrophin-3 (NT-3) is known to be required for normal caidiac development.
Mice with a targeted deletion of the NT-3 gene exhibit cardiovascular
abnormalities such as atrial and ventricular septal defects, pulmonary stenosis, an
overriding aorta and persistent truncus arteriosus (Donovan et al., 1996). These
defects are consistent with a failure in neural crest cells to populate the heart and
great vessels, or to differentiate appropriately in situ. We used in situ
hybridization to determine whether chicken caidiac neural crest cells express
mRNA for the NT-3 receptor, trkC. Our results indicate that at least some premigratory neural crest cells express trkC mRNA at the caidiac level of the
neuraxis. In addition, putative neural crest cells in the outflow tract also exhibit
trkC mRNA. This suggests that NT-3 may act at any point from the formation of
neural crest cells through migration and differentiation of these cells in the heart
and great vessels. Cardiac neural crest cells were maintained in culture in order to
determine whether NT-3 affected cell number. Neural tubes were isolated from the
cardiac level of the neuraxis in stage 9 to 11 quail embryos. After 24 hrs in vitro,
neural crest clusters were collected, dissociated using trypsin (0.08%, 10 min), and
plated in 24 well plates (3000 cells/well) in the presence or absence of NT-3 (50
ng/ml). In the presence of NT-3, there was approximately a two-fold increase in
cell number after 3 to 4 days in vitro. This increase in cell number does not
appear to be due to an increase in proliferation, since the percentage of cells
incorporating BidU was similar under both conditions. We are now investigating
whether NT-3 increases cell number by decreasing the amount of apoptosis.
Supported by the Rosenfeld Heart Foundation.

SYNERGISTIC EFFECTS OF NEUROTROPHINS ON THE
DEVELOPMENT OF FETAL FOREBRAIN CHOLINERGIC NEURONS
IN VITRO. H.J. Xu1, G.H. Jin X.R. Lu ’, Y.M. Wu1, P.H. Young2*, and X.M.

Xu2. ’Dept of Anatomy & Neurobiol., Nantong Med. College, Nantong 226001,
PR China. 2Dept of Anat. & Neurobiol., Saint Louis University School of Medicine,
St. Louis, MO 63104.
Neurotrophins have been described as growth factors that specifically enhance
the survival and process outgrowth of a variety of CNS neuronal populations.
Knowledge about the combined effects of neurotrophins is relatively limited. In the
present study, two combinations of factors, i.e., BDNF + NGF and BDNF + NT-3,
were used to investigate the synergistic effects of these factors on the survival and
neurite outgrowth of forebrain cholinergic neurons of embryonic rats in vitro.
Cholinergic neurons were identified using AchE immunohistochemistry. When
BDNF, NT-3 or NGF was applied individually, each factor could promote the
survival of cholinergic neurons, evidenced by an increase in the number of AchE
positive cells in comparison to the no factor-treated controls. While NGF alone
promoted more survival of cholinergic neurons, BDNF or NT-3 stimulated greater
neurite extension. When combinations of BDNF+ NGF or BDNF+NT-3 were used,
the number of labeled neurons as well as the number and length of process
outgrowth increased significantly. These data indicate that an individual
neurotrophin can enhance specifically the survival (NGF) or neurite extension
(BDNF or NT-3) of forebrain cholinergic neurons. A combination of two
neurotrophins can enhance synergistically the survival and neurite outgrowth of
these neurons.

302.3

302.4

BDNF MEDIATES THE TROPHIC ROLE OF BASAL
FOREBRAIN OLIGODENDROCYTES ON CHOLINERGIC
NEURONS. X, Dai*. L. D. Lercher. C. Vieira, and C. F, Dreyfus.
Dept. of Neuroscience & Cell Biol., UMDNJ / Robert Wood Johnson
Medical School, Piscataway, NJ 08854.
Our previous studies demonstrated that basal forebrain (BF)
oligodendrocytes provide trophic support to cholinergic neurons. BF
oligodendrocytes express neurotrophins in culture and in vivo.
Moreover, conditioned medium (CM) from BF oligodendrocytes
significantly increases the activity of choline acetyltransferase (ChAT),
the acetylcholine synthetic enzyme, and the number of cholinergic
acetylcholinesterase+ neurons in culture. To determine whether the
trophic effect of CM is mediated by neurotrophins, K252a (200 nM),
a tyrosine kinase inhibitor, was applied to block neurotrophin trk
receptors. The effect of CM on ChAT activity was partially blocked
by K252a, suggesting that trk tyrosine kinases mediate the CM effect.
To define the role of BDNF, a neutralizing anti-BDNF antibody was
utilized. The antibody partially inhibited die effect of CM on ChAT
activity. Our data indicate that BDNF may mediate, at least in part,
the trophic support of BF oligodendrocytes on cholinergic neurons
during development. (Supp: NIH NS 36647 and the National
Multiple Sclerosis Society)

NERVE GROWTH FACTOR IS EXPRESSED BY POSTMITOTIC
HORIZONTAL CELLS AND SUPPORT THEIR SURVIVAL VIA
TrkA. M. Karlsson*. R. Mavordomo. F. Hallbook. Dept. of
Neuroscience, Uppsala University, Uppsala, Sweden.

302.5

302.6

CELL DEATH AND THE TRANSPORT OF NEUROTROPHINS IN THE
DEVELOPING RAT VISUAL SYSTEM
K.L. Spalding1. M.M.L. Tan1, I.A, Hendry2 and A.R. Harvey1*. ‘Dept. Anatomy and
Human Biology, Univ. of Western Australia, 2John Curtin School of Med. Res., ANU.
Removal of a major central target of retinal ganglion cells (RGCs), the superior
colliculus (SC), results in the rapid loss of about 50% of RGCs in the neonatal rat.
Intraocular injections of neurotrophin-4/5 (NT-4/5) or brain-derived neurotrophic
factor (BDNF) significantly reduce RGC death 24hr post-lesion (PL). NT-4/5 or
BDNF injected into the neonatal rat SC also reduces RGC death 24hr PL, although not
as effectively as after intraocular neurotrophin injections (1). Despite their initial
efficacy, NT-4/5 and BDNF only delay the onset of RGC death following target
ablation (2). To test for possible changes in the trophic requirements of maturing
RGCs following SC ablation, ciliary neurotrophic factor (CNTF) was injected
intraocularly, either alone or in combination with neurotrophins. CNTF alone did not
prevent lesion-induced death of RGCs and there was no additional protective effect
when injected with NT-4/5.
To study the fate of intraocularly injected neurotrophins, iodinated BDNF or NT-4/5
was injected into the right eye of neonatal rats, and brain tissue subsequently processed
for autoradiography. Intraocular NT-4/5 and BDNF accumulated in the ganglion cell
layer and were transported anterogradely from the eye. Label was evident in the left
optic tract by 3hr and in central retino-recipient targets such as the contralateral SC,
dorsolateral geniculate nucleus and pretectal nuclei by 24hr. Twenty-four hours
following an intraocular neurotrophin injection, cell numbers in the superficial layers
of left SC were 25.8% higher for BDNF (n=3; p<0.05) and 24.5% higher for NT-4/5
(n=3; p<0.01), compared to the ipsilateral SC. Work is in progress to determine the
extent to which these changes in cell number reflect an increase in cell proliferation
and/or a decrease in cell death in the contralateral SC.
1. Spalding, K.L., Cui, Q. and Harvey, A.R. (1998) Dev. Brain Res., 107: 133-142.
2. Cui, Q. and Harvey, A.R. (1995) J. Neurosci., 15: 8143-8155.

Neurotrophins Induce Death of Cultured Hippocampal Neurons
W. J, Friedman* and J, Grosman Department of Pathology, Columbia
University P&S, New York, NY 10032

Supported in part by a grant from the NHMRC (Australia)
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The neurotrophins are known to be involved in neuronal support during
development in the peripheral nervous system. In the central nervous system the
situation is less clear and we used the chicken retina as a model system to analyse
the role of nerve growth factor (NGF). We detected the first cells expressing NGF at
embryonic day 6 (E6) using radioactive or non-radioactive in situ hybridisation
techniques. These cells were initially located in the vitreal part of retinal
neuroepithelium, but from E7 the cells migrated to the external part of the
neuroepithelium. Studies of NGF mRNA expression in combination with
immunohistochemistry for bromodeoxyuridine (BrdU), detecting cells in S-phase,
suggested that these cells were posmitotic cells. Some cells also expressed the NGFreceptor, TrkA, and using a double in situ hybridisation technique we could detect
co-expression of the ligand and the receptor. TUNEL technique was used to visualise
apoptotic cells during retinal development and we compared the pattern of expression
of NGF with the periods of cell death in the retina. Intraocular injections of NGF
and antisense NGF oligos reduced and increased respectively the number of TUNEL
positive-TrkA expressing cells. In summary, our results suggest that the
postmitotic horizontal cells start to express NGF before reaching their final position
in the neuroepithelium and NGF acting through its receptor TrkA, support survival
of horizontal cells during a period of retinal cell death. After the main period of cell
death, NGF could be involved in the structural development of the contacts between
TrkA-expressing horizontal cells. Financial sources: Swedish medical and natural
science research councils and EU grant BMH 96-0976.

Signals which regulate developmental cell death in the brain have
critical impact on the mature function of the nervous system, yet
remain poorly defined. Nerve growth factor (NGF) and related
neurotrophins support the survival of a variety of neuronal
populations through activation of the trk tyrosine kinase receptors.
Recently, however, neurotrophins have been shown to elicit death of
several neuronal and non-neuronal cell types, acting through the p75
receptor. We examined the influence of NGF on survival of cultured
embryonic hippocampal neurons, which express p75 but not trkA.
NGF elicited death of 30-40% of these neurons. Interestingly,
BDNF, NT3, and NT4 also elicited death of cultured hippocampal
neurons, although trkB and trkC are expressed in this population.
Neurotrophin-induced death was prevented with a p75 blocking
antibody, and exacerbated by blocking endogenous trk signaling with
K252a. Phosphorylation of Jun kinase was induced by NGF in these
neurons, indicating that this pathway may be involved in
neurotrophin-induced death of hippocampal neurons. Since p75 is
more widely expressed during development than in the adult, this
receptor may help define which neurons die during the period of
developmental cell death in the nervous system.
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NEUROTROPHIC REQUIREMENTS OF RAT EMBRYONIC
CATECHOLAMINERGIC NEURONS FROM THE ROSTRAL
VENTROLATERAL MEDULLA (RVLM). J. Lipski1*. J.C.V.M. Coprav2.
Mi Bastiaansen1. H, Gibbons1. W.M.C, van Roon3. and A.M.Comer1. 'Dept.
of Physiology and 3Dept. of Anatomy, Univ. of Auckland, Auckland, New
Zealand;
2Dept. of Medical Physiology, Univ. of Groningen, The
Netherlands.
Catecholaminergic neurons located in the rostral ventrolateral medulla
(RVLM) have been strongly implicated in a variety of autonomic and
endocrine functions, but the factors that regulate the ontogeny and
differentiation of these neurons remain largely unknown. In the present study,
we investigated the effects of various neurotrophic factors on the survival of
catecholaminergic neurons in culture obtained from the RVLM region of El 819 rats. Immunohistochemistry and reverse transcription polymerase chain
reaction (RT-PCR) were used to study the expression of tyrosine hydroxylase
(TH), an enzyme present in all catecholairiinergic neurons, and of
phenylethanolamine N-methyltransferase (PNMT), the final enzyme in the
synthesis of adrenaline, as a marker for the adrenergic (Cl) neurons. Our
results show that GDNF, CNTF, BDNF, NT3 and NT4/5 increase the number
of TH-immunoreactive neurons surviving in vitro. The effects of NGF, TGFP
and bFGF were not significant. The El8-19 Cl neurons appeared to loose
their ability to express PNMT in culture as examined with
immunocytochemistry and RT-PCR, and none of the tested neurotrophic
factors was able to sustain or induce this expression. These results show that
the adrenergic phenotype of Cl neurons is determined by environmental
factors other than the neurotrophic factors examined in this study.
(Supported by the Neurological Foundation of N.Z., AMRF and the HRC).

TRK C RECEPTOR ISOFORMS ARE EXPRESSED BY RAT EMBRYONIC
MOTOR NEURONS DURING PROGRAMMED CELL DEATH. R, Grimes*,

C-T. Chu, and E.F, Wheeler. Division of Life Sciences, University of Texas at San
Antonio; San Antonio, TX 78249.
The tyrosine kinase receptor trkC and its ligand, the neurotrophin NT-3, are
expressed by motor neurons during rat embryonic development. To elucidate the
role this receptor plays in embryonic motor neurons, in situ hybridization and
morphometry were performed using probes that differentiate between the full-length
and truncated isoforms of the receptor. Embryos fixed at different stages of
development were used and sections through the lumbar region of the spinal cord
were taken for analysis.
The number of cells expressing full-length receptors increased from El4.5 to
E16.5 while non-catalytic receptor levels remained unchanged. Both full-length and
non-catalytic trkC receptor expression increased from early stages of development to
reach a peak at embryonic day 16.5. The peak expression occurred after the onset of
motor neuron programmed cell death, and preceded the peak in NT-3 expression. At
E16.5 the proportion of full-length to truncated receptor isoforms was about equal.
By E18.5 the level of all receptor isoforms had decreased. However, at this later
stage; the non-catalytic isoforms were the most abundant of the trk C receptors.
The results indicate that the non-catalytic isoforms increase as NT-3 expression
elevates in the motor neurons. The interchange of catalytic and non-catalytic trk C
receptors and the changes in NT-3 expression levels are most likely part of a
complex molecular mechanism that regulates the onset and progression of motor
neuron programmed cell death.
This work was supported by NSF grant 1BN-9723990 to EFW.

302.9

302.10

DUAL REQUIREMENT FOR BDNF AND GDNF DURING CRANIAL
SENSORY NEURON DEVELOPMENT. J.T. Erickson* and D.M. Katz. Dept. of
Neurosciences, Case Western Reserve University School of Medicine, 10900 Euclid
Avenue, Cleveland, OH 44106.
Gene knockout studies have shown that Brain-Derived Neurotrophic Factor
(BDNF) and Glial Cell Line-Derived Neurotrophic Factor (GDNF) are each required
for survival of 40-50% of primary sensory neurons in the nodose-petrosal ganglion
complex in vivo (Conover et al., Nature 375:235.1995; Moore et al., Nature
382:76.1996). However, whether or not the same neurons depend on both factors is
not known. To address this issue, we made use of our previous finding that
dopaminergic (DA) neurons in the petrosal ganglion (PG), a subset of visceral
afferents required for ventilatory control, are BDNF-dependent (Erickson et al., J.
Neurosci.l 6:5361.1996). Using tyrosine hydroxylase (TH) as a marker, we found
that newborn BDNF and GDNF mutant mice exhibit virtually identical loss of
dopaminergic PG neurons (bdnf+l', -37%; bdnf'', -65%; gdnf*1', -39%; gdnf'~,
-62%, relative to wild-type controls). In vitro, exogenous GDNF supports survival of
fetal (El6.5) dopaminergic PG neurons in a dose-dependent fashion, without altering
the percentage of cells that express TH, similar to BDNF (Hertzberg et al., Dev. Biol.
166:801.1994). BDNF and GDNF are both expressed in the carotid body, the
principle target of dopaminergic PG neurons. However, whereas target expression of
BDNF is down-regulated after El6.5 (Brady et al., J. Neurosci. 19:2131.1999),
GDNF is expressed throughout fetal and early postnatal life (Nosrat et al., Cell. Tiss.
Res. 286:191.1996). These data raise the possibility that at least some BDNFdependent visceral sensory neurons switch their trophic requirement to target-derived
GDNF during late fetal development. Supported by Public Health Service Grant HL42131 (DMK) and the Francis Families Foundation (JTE).

OVEREXPRESSION OF NGF BLOCKS SYMPATHETIC NEURON
PROGRAMMED CELL DEATH, BUT NOT SENSORY NEURON LOSS,
IN MICE LACKING p75. B.M. Davis1*. S.M.W, Harrison1. S.P. Uecker1.
and K.M. Albers2. ’Dept. of Anatomy and Neurobiology, and 2Pathology,
Univ. of Kentucky College of Medicine, Lexington, KY 40536.
Mice lacking a functional p75 gene exhibit a unique phenotype that
includes loss of sensory neurons, decreased sympathetic innervation of
selective targets, and periodic formation of footpad lesions. p75 binds all
members of the neurotrophin family (i.e., NGF, NT-3, BNDF, and NT-4)
with equal affinity and is thought to exert its action via cooperation with
neurotrophin-specific receptor tyrosine kinases (i.e. trks). Thus, the
knockout phenotype may be due to disruption of p75 binding to one or
all of these growth factors. As a first step in identifying which
neurotrophin-p75 interaction is responsible for the knockout phenotype,
mice overexpressing NGF but lacking p75 (NGF-OE/p75‘A) were
generated. The goal was to determine if supernormal levels of NGF could
compensate for the loss of p75. These hybrid mice were compared to
strain-matched controls (CON), and mice overexpressing NGF in skin
(NGF-OE). Skin from NGF-OE and NGF-OE/p75'A mice contained similar
increases in NGF as determined by ELISA (20- and 25-fold, respectively).
In addition, both lines exhibited significant increases in the number of
sympathetic neurons (NGF-OE - 2.5-fold; NGF-OE/p75"/' - 2.0-fold).
However, NGF-OE mice exhibited a 2-fold increase in L4-L5 DRG
neurons, whereas NGF-OE/p75' ' mice exhibited a decrease in the number
of sensory neurons. These results indicate that p75 plays different roles
in sensory and sympathetic neuron survival. Supported by NS31826 (BMD),

NS33730 (KMA), MH11917 (SMWH).
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FACILITORY ROLE OF THE p75 RECEPTOR IN NGF/trkA SIGNALING
DURING THE DEVELOPMENT OF SENSORY AND SYMPATHETIC
INNERVATION TO THE WHISKER PAD. K.M.Cronk1*. S.M.W.Harrison2.
BMPavis2. K.M.Albers3 and F.L.Rice’. ’Dept. of Pharmacology & Neuroscience,
Albany Medical College, Albany, NY, 12208;. 2Dept. of Anatomy & Neurobiology
and 3DepL of Pathology, Univ. of Kentucky, Lexington, KY 40536.
Competition for neurotrophins contributes to regulating the density of cutaneous
innervation. Because multiple sets of NGF-dependent innervation develop at different
times, how can later developing sets of innervation compete against earlier
innervation for limited quantities of NGF? Whisker pads of trkA4' and p75^ mice
were previously shown to lade late-developing NGF-dependent sympathetic
innervation. Earlier-developing NGF-dependent sensory innervation was absent in
trkA4' but present in p/54' mice. Thus, p75 facilitation of NGF/trkA signaling may

DIFFERENT ROLES OF TROPHIC VERSUS SURVIVAL FUNCTIONS OF trkA
SIGNALING AS REVEALED IN WHISKER PAD INNERVATION OF A4/'
/trkA4' HYBRIDS. F.L.Rice1*. T.D, Patel2 and W.P.Snider2, ’Dept. of
Pharmacology and Neuroscience, Albany Medical College, Albany NY 12208;
2Neuroscience Institute, Univ. of North Carolina, Chapel Hill, NC 27599.
Competition for neurotrophins controls cutaneous innervation density by
regulating neuronal survival, neurite outgrowth and sensory ending formation. In
order to assess roles of neurotrophins independent from neuronal survival, the
innervation was examined by immunofluorescence in the whisker pads of adult mice
in which apoptosis was prevented by a null homozygous mutation of the BAX gene
(BAX'y Whisker pad innervation was also assessed in newborn (P0) hybrid mice
that were BAX"+/trkA+/\ BAX/7trkA+/+, BAX^/trkA4' and BAX^/trkA4'. Consistent
with increased neuronal survival in the trigeminal ganglia of adult BAX4' and P0
BAX47trkA¥/+ mutants, nerves were larger than normal and virtually all types of

enable sympathetic innervation to compete when NGF levels have been reduced by
earlier sensory innervation. Alternatively, p75 and trkA may both be essential for the
development of the sympathetic innervation regardless of NGF levels. To test these
possibilities, whisker pad innervation was examined in hybrid mice that were p754'

but had transgenically derived overproduction of NGF (NGF-OE). NGF-OE mice
with intact p75 genes had: 1) substantially increased numbers of neurons in
trigeminal and superior cervical ganglia, 2) excessive branching of sensory and
sympathetic axons and 3) abnormally high levels of p75 on the increased sensory and
sympathetic innervation. In NGF-OE/p/y7' mice, NGF-dependent sets of sympathetic
and sensory innervation were both present. Both were excessively branched compared
to that in normal mice but less than in NGF-OE/p 75+/+ mice. These results indicate
that p75 plays a facilitating role and that sympathetic innervation can develop in the
absence of p75 if NGF levels are sufficiently high. p75 is not normally essential for
developing sensory innervation, but can enhance hypertrophying effects of transgenic
NGF overproduction. NS34692 (FLR), NS31826 (BMD), NS337O3 (KMA).
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sympathetic endings as well as sensory endings from myelinated and unmyelinated
afferents were hypertrophied in their appropriate targets. This indicates that the
peripheral targets are capable of receiving and maintaining excess innervation from
neurons that normally would have received insufficient trophic support for survival.
Consistent with previous observations in trkA4' mice, the trigeminal ganglia of
BAX^/trkA4' mutants had substantially more apoptosis than normal. Also, the
BAX^/trkA4' whisker pads lacked virtually all sympathetic and unmyelinated
sensory innervation and had a loss or reduction of many types of myelinated sensory
innervation. Although BAXftrkA4' mice had substantially increased neuronal
survival compared to normal, the whisker pads lacked innervation and resembled
that of BAX4'*/trkA4' mutants. This indicates that trkA signaling is essential for
either peripheral neurite outgrowth or maintenance regardless of whether the neurons
are still capable of surviving. NIH R01-NS34692.
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PROPRIOCEPTIVE DRG NEURONS SURVIVE AND FORM CENTRAL BUT NOT
PERIPHERAL PROJECTIONS IN NT-3
BAX -/- MICE. W, D. Snider1*. J. Kucera2. and
T, D, Patel1. 1 UNC Neuroscience Center, Univ. of North Carolina School of Medicine,
Chapel Hill, NC 27599; 2Neurology Research, VA Medical Center, Boston, MA 02130.
Neurotrophin-3 (NT-3) is involved in multiple aspects of sensory neuron development and
is required for the survival of proprioceptive neurons during embryonic life. Mice lacking
NT-3 also exhibit a 70% reduction in DRG neuronal number due to a deficiency in all DRG
neuronal classes. It is not clear, however, if apoptotic cell death accounts entirely for this
neuronal loss. In order to assess the role of NT-3, independent of its requirement for
neuronal survival, we crossed mice carrying a NT-3 null mutation with mice carrying a
targeted deletion of the proapoptotic Bcl-2 homologue Bax.
Elimination of Bax rescued all NT-3 dependent DRG neurons including the nonproprioceptive populations. There was a substantial increase in the total number of neurons
in the Bax/NT-3 double null mice as compared to wild type and NT-3 -/- mice. The increase
in the number of DRG neurons was comparable to that found in the Bax -/- mice. Axon
counts in the dorsal roots revealed an almost one to one correspondence with the DRG
neurons, demonstrating that all DRG neurons in the Bax/NT-3 double nulls extended their
central projections. Proprioceptive DRG neurons are distinguished by their expression of
parvalbumin and trkC. Many parvalbumin and trkC positive neurons survived in the double
null mice, although they were considerably smaller than proprioceptive neurons in wildtype
DRG. Furthermore, some parvalbumin positive and Dil labeled Ia axons entered the spinal
cord and projected toward the motor pools in the ventral hom. In contrast, peripheral axon
counts in the soleus muscle nerve demonstrated a reduction in the number of large caliber
axons. This reduction in muscle innervation in the Bax/NT-3 double nulls was accompanied
by the total loss of muscle spindles, which require proprioceptive afferents in order to
develop. These findings suggest that the outgrowth of central proprioceptive projections and
the ability of their dorsal root axons to penetrate the spinal cord are NT-3 independent
processes; whereas, peripheral proprioceptive systems require NT-3 to develop normally.
Finally, the complete rescue of DRG neuronal numbers from the effects of the NT-3 deletion
is consistent with the idea that NT-3 shapes DRG population size by regulating the survival
of DRG neurons or their precursors.
Supported by NINDS.

NOCICEPTIVE NEURONS IN TRKA-/-, BAX -/- MICE FORM CENTRAL
PROJECTIONS BUT FAIL TO DEVELOP CUTANEOUS INNERVATION AND
MATURE PHENOTYPES. T.D. Patel1*, J. Kucera2 and W.D, Snider1. ’UNC
Neuroscience Center, Univ. of North Carolina School of Medicine, Chapel Hill, NC
27599; 2Neurology Research, VA Medical Center, Boston, MA 02130.
In order to characterize the developmental potential of DRG neurons in the
absence of NGF/trkA signaling in vivo, we crossed mice lacking the NGF receptor
trkA with mice carrying a targeted deletion of the proapoptotic Bcl-2 homologue
Bax. The Bax null mutation was expected to prevent DRG neuron death in the
absence of neurotrophin signaling.
DRG neuron and dorsal root axon counts in the Bax null mice demonstrated that
most naturally occuring cell death was eliminated. Furthermore, peripheral targets
were hyperinnervated (see abstract by F.L. Rice et al. this meeting). In the Bax/trkA
double nulls, the elimination of Bax completely rescued the 90% neuronal loss
associated with the trkA-/- phenotype, and, in fact, the number of DRG neurons was
increased similar to Bax -/- mice. Surviving cells were identified as neurons due to
their expression of the neuronal cytoskeletal protein peripherin. Remarkably, their
axons extended into the dorsal roots, penetrated the spinal cord and projected to
lamina 1 and 2. In contrast, peripheral axon arborizations in the newborn epidermis
were considerably reduced, indicating that the cutaneous innervation was either
never established or not maintained. Unexpectedly, these DRG neurons did not
express multiple biochemical markers normally expressed by trkA dependent
neurons. Specifically, they lacked immunoreactivity and mRNA for the peptide
transmitters CGRP and substance P (SP), the GDNF receptor Ret, as well as the
neurotrophin receptor P75. These findings demonstrate that projections of
nociceptive DRG neurons to spinal targets do not require NGF/trkA signaling.
NGF/trkA signaling is, however, required for the formation of peripheral
projections and expression of multiple biochemical markers.
Supported by NINDS
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LOSS
OF
NT-3-DEPENDENT
ENTERIC
NEURONS
FOLLOWING
WITHDRAWAL OF NT-3 IN VITRO OR THE KNOCKOUT OF NT-3 OR TRKC
IN VIVO. T.D. EhamT A* Chalazonitis1. T.P, Rothman1. J. Blair-Flynn2. L.
Tessarollo2. and M.D, Gershon1. ’Dept. Anat. & Cell Biol., Columbia Univ. NY, NY
10032; 2Mol. Embryol. Section, ABL-BRP,Frederick CRDC, Frederick, MD 21702.

CHANGES IN SYMPATHETIC INNERVATION OF TARGET TISSUES FROM
TRANSGENIC MICE WITH MUTATIONS IN p75 AND NGF. C, Brennan* and
S.C, Landis. Neural Development Section NINDS/NIH, Bethesda, MD 20892-4064
Nerve growth factor (NGF), which is required for sympathetic neuron survival,
binds to two receptors, TrkA, a tyrosine kinase receptor, and the p75 neurotrophin
receptor (p75 ). TrkA is responsible for signal transduction and few sympathetic
neurons survive in TrkA deficient mice. The role of p75NTR in mediating NGF effects
is unclear. To examine how.p75NTR and NGF interact to influence the density and
pattern of sympathetic innervation of several peripheral targets, we crossed transgenic
mice in which the coding regions of p75NTR and NGF had been disrupted. We
previously reported that neuron number in the superior cervical ganglia (SCG) of
adult mice is reduced by -50% in p75NTR+/+ NGF+/- mice but is normal in p75NTR
/- NGF+/+ and p75NTR-/- NGF+/- mice. In p75NTR+/+ NGF+/- mice, consistent
with the reduced number of SCG neurons, all targets examined contained a reduced
number of tyrosine hydroxylase immunoreactive sympathetic fibers but exhibited a
normal pattern of innervation. As previously reported by Lee et al., (Science
263:1447) for p75NTR-/- NGF+/+ mice, the innervation of salivary gland and sweat
glands in the medial hind footpad is normal, the innervation of sweat glands in the
lateral hind footpad is reduced and the innervation of the pineal gland is absent. In
addition, we found that the innervation of two proximal targets, the spleen and brown
fat, is reduced. In p75NTR-/- NGF+/- mice, the pattern and density of innervation of
all sympathetic targets resembles that of p75N -/- NGF+/+ mice, except for a
reduction in the sweat gland innervation of medial hind footpads. These results
indicate that the effects of p75NTR and NGF in determining innervation are targetdependent. Further, they suggest that wildtype neuron number can be maintained even
though the innervation of a number of target tissues is reduced. Supported by NINDS
DIR.

NT-3 promotes the development of neurons and glia when added to cultures of crestderived precursors immunoselected from the E14 fetal rat gut. We now show that a
subset (-57%) of enteric neurons is lost when NT-3 is withdrawn for the final 3 days of
an 8-day culture period. This loss is accompanied by a ~3-fold increase in apoptosis
(TUNEL method), which occurs selectively in TrkC-immunoreactive cells. Blocking
antibodies to NT-3 (40 pg/ml) reduce the number of neurons developing in the absence
of exogenous NT-3 in “mixed” cultures of crest- and non-crest-derived cells (to -55%
control), but do not affect the numbers of neurons that develop in “pure” crest-derived
cultures. An analysis of the total number of neurons in myenteric and submucosal
ganglia (visualized with cuprolinic blue) in knockout mice lacking either TrkC or NT-3
demonstrated that NT-3/TrkC are physiologically important in enteric neuronal
development. Neuronal numbers were reduced in the proximal but not the terminal
small intestine in both the myenteric
and submucosal plexuses (Fig). The
deletion of neither TrkC nor NT-3
affected the NOS-expressing subset of
neurons. There were almost no TrkCimmunoreactive cells in either plexus
when TrkC was deleted. These data
suggest that NT-3 is secreted by noncrest-derived cells of the gut and affects
the survival/differentiation of subsets
of neurons in both enteric plexuses. Surprisingly, the NT-3-dependent set of enteric
neurons appears not to be present in the terminal ileum. Supported by NIH: NS 15547
(MDG); HD21032 (TPR) and NCI (contract to ABL [LT]).
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SYMPATHETIC NEURONAL SURVIVAL INDUCED BY RETINAL
CONDITIONED MEDIA: MODULATION BY TYROSINE-KINASE AND P38
KINASE INHIBITORS. R.A.M.Reis1* M.C.C.Silva1, N.E.Loureiro dos Santos1.
F.G.de Mello1. C.B.L.Campos2 and R.Linden2 *Lab. Neuroqulmica and 2Lab.
Neurogenese, Prog. Neurobiologia, IBCCF®, UFRJ, Rio de Janeiro 21949-900, Brasil.
Neuronal survival depends on neurotrophic factors released from other cells during
development. We studied the effect of trophic factors produced by chick retinal cells
on the survival of sympathetic ganglia neurons in culture. Conditioned Media (CM)
were prepared from explants of E10 retinal cells maintained for 4/6 days in vitro or
from aggregates of E8 retinal cells maintained for 3-5 days (CMI), 6-9 days (CMII)
or 10-12 days (CMIII) in vitro. CM was filtered and 10% FCS was added.
Sympathetic ganglia neurons from E10 chick embryos were dissociated and separated
in a sedimentation column. Neurons were grown on a poly-L-lysine/laminin
substratum and the percentage of surviving cells was determined 48h later. CM from
El0/5 retinal explants when incubated in a 1:1 dilution induced an average of 5060% survival effect on sympathetic neuronal cells after 48h as compared with < 5%
in controls. Combined addition of CM and NGF did not result in an increase in
neuronal survival compared to NGF alone (100%). The secreted factors) is preserved
after dialysis against a 12kDa membrane. CMII also induced neuronal survival in
sympathetic neurons (40-70%). Anti-NGF 1 pg/ml blocked the survival effect of NGF,
but did not block the trophic effect of CM. Neither BDNF nor NT4 (0.1-100ng/ml)
supported neuronal survival. SB202190 (lOpM) or genistein (lOpg/ml) prevented up
to 50% of the death of initially plated sympathetic neurons. Addition of genistein, SB
or herbimycin A (1 ng/ml) to sympathetic neurons treated with CM resulted in a 50150% increase in the number of neurons. In certain experiments, SB + CM increased
the number of neurons 3-fold at 48h after plating, suggesting a strong mitogenic
activity of CM when the enzyme P38 kinase is blocked. FINANCIAL SUPPORT:
FUJB, FAPERJ, CNPq, PRONEX, REGENERON, UCLA-CONICIT.

THE HEAT SENSITIVITY OF NOCICEPTORS IS REDUCED IN MICE
DEFICIENT IN NEUROTROPHIN-3 (NT3). M. Koltzenburg1 , W. Janig»and
C.L. Stuckv2 ‘Dept. Neurology, Univ. WUrzburg, D-97080 Wiirzburg, Germany,
2Dept. Cell Biology, Medical College of Wisconsin, Milwaukee, Wisconsin,
53226.
Mice deficient in NT3 exhibit losses in the survival of low-threshold
mechanoreceptors (Airaksinen et al., 1996 Neuron 16:287-295). It is not known
whether a deficit in NT-3 also affects nociceptors, but the loss of sensory neurons
in the dorsal root ganglion is greater than that accounted for by the loss of
proprioceptors or mechanoreceptors. Therefore, we used electrophysiological
recording techniques in a skin-nerve in vitro preparation to determine whether
the function of nociceptors is altered in mice heterozygous for deletion of the
NT3 gene (NT3+/-) and wild type (WT) controls. A total of 107 nociceptors
were analyzed, including myelinated A-mechanonociceptors and unmyelinated
C-fiber nociceptors. The mechanical sensitivity of nociceptors in the NT3deficient mice was normal as there was no difference in the von Frey threshold of
nociceptors in NT3+/- mice (median: 5.6 mN, quartile range: 4.0-8.0 mN, n=47)
compared to WT controls (median: 5.6 mN, quartile range: 4.0-8.0, n=60, U-test
p>0.5). Furthermore, there was no difference in the mechanical stimulusresponse curves between nociceptors in NT3+/- mice and WT controls
(ANOVA: F, 614=0.34, p>0.5). In contrast, the heat sensitivity of nociceptors in
NT3+/- mice was reduced by one-half in that only 13% of nociceptors (n=46) in
NT3+/- mice responded to heat while 33% of nociceptors (n=36) in WT mice
responded. Moreover, the average number of heat-evoked action potentials per
standard heat stimulus in nociceptors was significantly reduced in NT3-deficient
mice (NT3+/-: 1.95 ± 1.0, n-46 vs. WT: 6.14 ± 2.2, n=36, p < 0.05, Student’s ttest). These data indicate that NT3 regulates the heat but not the mechanical
sensitivity of nociceptors. Supported by DFG, SFB 353.
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PHENOTYPIC KNOCKOUT OF NERVE GROWTH FACTOR (NGF) IN
ADULT TRANSGENIC MICE EXPRESSING ANTI-NGF ANTIBODIES.
Capsoni1. F. Ruberti1. A. Comparini2. E. Di Daniel1. J. Franzot1. G. Rossi1. N.
Berardi2 and A. Cattaneo1. ’Biophysics Sector, International School for Advanced
Studies (SISSA), 1-34014 Trieste, Italy; institute of Neurophysiology, National
Council for Research (CNR), 1-56127 Pisa, Italy
The role of nerve growth factor (NGF) has been previously investigated by
disruption of the NGF gene in transgenic mice by homologous recombination
(Crowley et al., Cell, 1994, 76: 1001). However, the knockout of the NGF gene
gives rise to a lethal phenotype in the early postnatal period, preventing the analysis
of the role of NGF in adult animals. In this study we generated transgenic mice
expressing a recombinan version of a neutralizing anti-NGF monoclonal antibody
(aD l 1), placed under the transcriptional control of the early region promoter of the
human cytomegalovirus. Transgenic lines with different expression levels of the
antibody were generated: (i) one line is characterized by a severe phenotype similar
to the one obtained by gene knockout; (ii) two lines that survives until adulthood,
when the expression of the antibodies is greatly increased. In adult animals, the
neutralization of NGF action is effective in classical target cells and tissues. A
dramatic reduction of ChAT- positive neurons is observed in the basal forebrain
and in hippocampus. A decrease in cell size is observed in sympathetic and sensory
ganglia. In dorsal root ganglia there is a dramatic decrease of CGRP- and SPpositive neurons that correlate well with the decrease in SP-positive fibers in the
skin. Nociceptive tests revealed a decreased sensitivity to pain. A marked deficit in
spatial learning performance is observed. Moreover, the analysis revealed new
phenotypes, such as a severe spinal skeletal muscle atrophy and a massive cell
death in the spleen. The results broaden the spectrum of biological activities of
NGF and provide a novel transgenic model useful to further characterize the
activity of NGF during adulthood and in aged animals.

LOCAL AND TARGET-DERIVED NERVE GROWTH
FACTOR PROTECT BASAL FOREBRAIN CHOLINERGIC
NEURONS FROM GLUTAMATE RECEPTOR-MEDIATED
TOXICITY. C.H. Homer. H.H.D. Lam. J. Berke. J.D. Cooper, and
M.V. Sofroniew*. MRC Cambridge Centre for Brain Repair, and
Department of Anatomy, University of Cambridge, CB2 2PY, U.K.
We compared the potential of local or target-derived nerve
growth factor (NGF) to prevent glutamate receptor-mediated death of
septal cholinergic neurons that express NGF-receptors and project to
hippocampus. In young adult rats, septal infusions of 5 nmol of
AMPA reduced the number of cholinergic neurons to 5% of control
values. Simultaneous infusion of NGF with AMPA, or hippocampal
infusion of NGF 24 hours prior to septal AMPA, both attenuated
neuronal death significantly, maintaining cholinergic neurons
respectively at 86% and 27% of control values. Young adult rats with
hippocampal lesions that deplete access to retrogradely derived NGF
exhibited significantly increased vulnerability of cholinergic neurons
to low doses (1.0 and 2.5 nmol) of AMPA, as well as significantly
reduced protective effects of local NGF against 5 nmol of AMPA.
These findings indicate that local and retrograde NGF-signalling can
protect basal forebrain cholinergic neurons from excitotoxic cell
death, and that local NGF is more effective. The findings suggest that
endogenous NGF may serve neuroprotective functions and that loss of
retrograde NGF signalling increases the vulnerability of these neurons
to excitotoxicity. Supported by the MRC (UK).

NEUREGULIN
303.1

303.2

REGULATION OF NEUREGULIN EXPRESSION IN EMBRYONIC
MOTOR NEURONS BY TARGET INTERACTIONS. V. L. Zakarian and
J. A. Loeb*. Department ofNeurology and The Center for Molecular Medicine and
Genetics, Wayne State University, Detroit, MI 48201.
Neuregulins are important mediators in the development of nerve-muscle
synapses through their induction of new acetylcholine receptors in muscle. We
have recently shown that neuregulins are highly expressed in newly born motor
neurons and their axons as they first protrude from the neural tube. Previously, we
have also found that neuregulin expression increases in motor neurons at the time
of axon-muscle contact and that neurotrophic factors that are expressed in muscle
can increase neuregulin expression in primary cultures of embryonic rat motor
neurons. We have proposed that neuregulin expression by target-derived factors
may be an important way to regulate synapse formation and stability.
Here we have explored the effects of axon-target interactions on neuregulin
expression in spinal motor neurons in the developing chick embryo by preventing
the formation of these targets prior to axonal arrival, but before the period of motor
neuron programmed cell death. We have done this in vivo by unilateral removal of
the apical ectodermal ridge and in vitro by unilateral removal of the ectoderm and
somite, using slice cultures. In both experiments the unoperated side served as the
control. We found that the motor neurons lacking axonal targets had reduced
levels of neuregulin expression compared to motor neurons whose axons had
reached their targerts. Comparable numbers of motor neurons were present on the
two sides. These results suggest that neuregulin expression in motor neurons is
modulated by axon-target interactions that may be part of an important regulatory
loop in early synaptic development and motor neuron differentiation.

INTERACTION OF SYNAPTIC ERBB PROTEINS WITH PSD-95/SAP90.
S. Won**, Y.Z. Huang*, Q. Wang, W.C. Xiong, L. Mei. Dept. of
Pharmacology, University of Virginia, School of Medicine, Charlottesville,
VA 22908.
The neuregulin family of trophic factors plays important roles in the
development of various tissues including heart, mammary glands, glial cells,
and the neuromuscular junction. The effects of neuregulin are mediated
through the ErbB family of receptor tyrosine kinases: ErbB2, ErbB3, and
ErbB4. To further understand neuregulin's signaling mechanisms, we used
the ErbB4 C-terminus as a bait in a yeast two-hybrid screen of brain and
muscle cDNA libraries. PSD-95/SAP90, a PDZ domain containing protein,
was identified as an ErbB4-interacting protein. In yeast, PSD-95/SAP90
interacts with both ErbB4 and ErbB2, but not ErbB3, via the first two PDZ
domains of PSD-95/SAP90. Furthermore, ErbB4 and ErbB2 are co-enriched
with PSD95/SAP90 in the postsynaptic densities of rat brains and co-localize
with PSD-95/SAP90 at synapses of cultured hippocampal neurons. We were
also able to co-immunoprecipitate PSD-95 with ErbB2 and ErbB4 from rat
brain synaptosomes, further suggesting that this interaction occurs in vivo.
Our results suggest that PSD-95/SAP90 may be involved in neuregulin
signaling via its interaction with the ErbB receptors and that neuregulin may
be important in regulating synaptic plasticity.
Supported by grants from NIH, MDA, and March of Dimes to L.M.
+equal contribution

303.3

303.4

IDENTIFICATION OF GENES INDUCED BY NEUREGULIN IN
MYOTUBE CULTURE. A.K.Y. Fu*, W.M.W, Cheung, F.C.F. Ip and N.Y.
Ip. Department of Biology and Biotechnology Research Institute, Hong Kong
University of Science and Technology, Hong Kong, China.
The formation of the neuromuscular junction (NMJ) involves a reciprocal
interaction between motor neurons and muscle fibers. Anterograde signals
from motor neurons act on muscle cells to initiate the process of postsynaptic specialization. Neuregulin has been demonstrated to induce the
mRNA expression of acetylcholine receptors at the subsynaptic regions in
muscle. The molecular mechanism underlying the action of neuregulin is not
clear. In the present study, we have employed RNA fingerprinting by
arbitrarily primed PCR analysis (RAP-PCR) to identify the candidate genes
regulated by neuregulin in myotube culture. Among the nine cDNA
fragments isolated, one novel gene identified was induced in both C2C12
myotube and primary muscle cultures after neuregulin treatment. Besides,
some of the genes that have been well studied in other cellular functions, e.g.
G protein betal subunit and phosphotyrosine phosphatase, were identified to
be regulated by neuregulin. The spatial and temporal expression profiles of
these candidate genes in rat tissues during development suggested potential
functional roles during the formation of NMJ in vivo. Our findings not only
allowed the identification of novel genes, but also revealed the functional
roles of some known genes, the expression of which was up-regulated by
neuregulin in myotube culture [Supported by the Research Grants Council of
Hong Kong,(HKUST 568/95M) and the Biotechnology Research Institute of
HKUST.]

NEUREGULIN INCREASES ACHR mRNA STABILITY IN
C2C12 MUSCLE CELLS. J.Si. and L. Mei.* Dept. of Pharmacol.,
Univ. of Virginia Sch. of Med., Charlottesville, VA 22908.
Neuregulins (NRGs) are factors utilized by motor neurons to induce
AChR synthesis in the synaptic area. NRGs, via ErbB receptor
tyrosine kinases, activate various signaling cascades including the
ras/raf/erk and PI3 kinase pathways. NRG-induced transcription of
the AChR genes requires the activation of the ras/raf/erk pathway. We
report here that AChR subunit mRNA half lives were increased in
NRG-treated muscle cells, suggesting that NRG may increase AChR
mRNA stability. The NRG-meditated increase in AChR mRNA
stability was inhibited by the ErbB kinase inhibitor AG 1478 and the
PI3 kinase inhibitor wortmannin, but not the MEK inhibitor PD98059,
the p38 Map kinase inhibitor SB202190, or the S6 kinase inhibitor
rapamycin. Furthermore, the AChR mRNA stability was increased in
cells overexpressing an active mutant of PI3 kinase, but decreased in
cells expressing a dominant negative mutant. These results suggest
that NRG, in addition to increasing transcription of AChR genes, may
stabilize AChR mRNAs, probably via the PI3 kinase pathway.
(Supported by grants from NIH, March of Dimes, and MDA)
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303.6

NMDA AND NEUREGULIN RECEPTOR CO-SIGNALING
MECHANISMS: INTERACTIONS WITH PDZ DOMAIN
PROTEINS R.A.G. Garcia and A, Buonanno* Unit on Mol
Neurobiol, LDN, NIH Bethesda, MD 20892-4480

LIM KINASE 1 IS CONCENTRATED IN ADULT PRESYNAPTIC
TERMINALS. J.Y. Wang1. D.J. Wigston2*, H.D. Rees3. A.I. Levey3,
and D.L. Falls*. Depts. of biology, 2Physiology, and 3Neurology,
Emory University, Atlanta, GA 30322.
LIM Kinase 1 (LIMK1) is a non-receptor protein kinase that is
mainly expressed in the nervous system. In transfected cells, LIMK1
has been shown to bind to the cytoplasmic tail of neuregulins and to
regulate the degradation of actin filaments. However, its functions in
vivo remain unknown. To assess potential functions of LIMK1, we
studied its distribution in rat hind limb muscle and spinal cord using
confocal and electron immunomicroscopy. At neuromuscular
synapses, LIMK1 was found principally in the presynaptic terminals.
In the ventral hom region of the spinal cord, LIMK1 was found to be
concentrated in a subset of presynaptic terminals. During
development, LIMK1 immunoreactivity was not observed at nascent
synapses. LIMK1 immunoreactivity began to increase at
neuromuscular and central synapses in the second week after birth.
50% of neuromuscular synapses were strongly labeled 3 weeks after
birth, and all were strongly labeled in the adult. Thus LIMK1
accumulates at neuromuscular and central synapses during their
maturation. In contrast, the presynaptic marker protein SV2 was
readily detected at newly formed synapses. Following nerve injury
induced by crushing the sciatic nerve, LIMK1 accumulation at
regenerating synapse was also delayed compared to SV2
accumulation. The concentration of LIMK1 at adult, but not nascent
synapses, suggests a role for this kinase in regulating the structural
and functional characteristics of mature synapses.
Support: NIH GM 56337

We have shown that the expression of the NR2C subunit in cerebellar
granule cells requires both the activation of NMDA and neuregulin
receptors (Ozaki et al, 1997, Nature, 390, 691). The NME’A receptor
subunit composition changes during development, after granule cells are
innervated by glutamatergic mossy fibers which contain neuregulin. The
neuregulins are the ligands for the ErbB tyrosine kinase receptors. Because
NMDA receptor function can be regulated by tyrosine phosphorylation, and
signaling through both NMDA and ErbB receptors is required for NR2C
induction, we are interested in whether NMDA and ErbB receptors are
colocalized at synapses. We performed subcellular fractionation of adult rat
brain and found that the ErbB2 and ErbB4 receptors are present in the
postsynaptic density fraction, where the bulk of the cellular NMDA receptor
is found. In order to identify the proteins that may participate in colocalizing both receptors, we conducted a two hybrid screen of an adult
human brain library employing an ErbB4 receptor sequence as a bait. Partial
sequencing of positive clones revealed identity to published sequences of
several PDZ domain-containing proteins. These proteins are known to be
present in the postsynaptic density and to also interact with NMDA receptor
subunits. Immunohistochemical experiments are in progress to determine if
ErbB4 and NMDA receptors co-localize at synaptic buttons, which would
suggest that cross-talk between these two types of receptors may occur in
vivo.
Funded by NICHD.

303.7

303.8

SHP2 NEGATIVELY REGULATES NEUREGULIN-SIGNALING. M.
Tanowitz1*, J. Si1, G.S. Feno2 and L. Mei1. 1Dept. of Pharmacology,
University of Virginia Health Sciences Center; Charlottesville, VA
22906; *Dept of Biochemistry and Molecular Biology, Indiana
University.
Synapse-specific expression of the nicotinic acetylcholine receptor
(AChR) is believed to be mediated by neuregulin, an EGF-like trophic
factor released by somatic motoneurons at the neuromuscular junction
(NMJ). Neuregulin stimulates ErbB2, ErbB3 and ErbB4, members of
the ErbB family of receptor tyrosine kinases. SHP2 (PTP1D, SHPTP2
or Syp) is a cytoplasmic protein tyrosine phosphatase containing two
Src homology 2 domains near its NH2-terminus and has been shown
to be a positive mediator of mitogenic responses to EGF, insulin, and
IGF-1. We found that SHP2 was concentrated at the NMJ and
interacted with ErbB2 and ErbB3 upon neuregulin stimulation of muscle
cells. Expression of SHP2 in C2C12 mouse muscle cells attenuated
the neuregulin-induced expression of an AChR epsilon subunit
reporter gene, while a catalytically inactive SHP2 mutant or a mutant
lacking the N-terminal SH2 domain enhanced reporter expression.
Furthermore, in fibroblast cells which express a mutant SHP2 with a
targeted deletion of the N-terminal SH2 domain, we found that
neuregulin-mediated activation of ERK was enhanced. These results
demonstrate a negative role of SHP2 in the neuregulin signal that leads
to AChR gene expression at the NMJ.
Supported by grants from NIH, MDA, March of Dimes and PhRMA to
L.M.

ROLES OF NEUREGULIN IN SYNAPTOGENESIS BETWEEN
CEREBELLAR GRANULE CELLS AND MOSSY FIBERS. M. Ozaki*1, K.
Tohyama2' 3, H. Kishida1, A. Buonanno4, R. Yano1 and T. Hashikawa2
1Lab. for Cellular Info. Processing, 2Lab. for Neural Archi., BSI, RIKEN,
Saitama 351-0198,3Center for EM and Bio-Imaging Res., Iwate Med. Univ.
Morioka, Iwate 020-8505, JAPAN, 4Unit on Mol. Neurobiol., NIH, Bethesda.
Maryland 20892-4480, USA.
Neuregulin (NRG), a large group of structurally related signaling
proteins are likely to have important roles in the development,
maintenance and repair of the nervous system and other selected tissues.
We demonstrated that both the soluble form and membrane abchored form
of NRG might serve different functions in synaptogenesis by using mouse
NRG pi cloned from cerebellum. Interestingly, the soluble form of NRG
was produced from the membrane anchored form of NRG by proteolytic
cleavage. The soluble form of NRG regulated the NMDA (N-Methyl-DAspartate) receptor subunit NR2C expression trans-synaptically as
neurally-derived factors, whereas the membrane anchored form of NRG
showed a homophilic binding activity between NRGpis, The membrane
anchored form of NRG was concentrated in neuro-terminals of both
granule cells and ponto-cerebellar mossy fibers in adult mice. It is inferred
that NRG functions as a mediator to transfer environmental cues intc
alteration of molecular components in various stages of processing of
synaptogenesis.
Supported by grant-in-aid for encouragement of young scientists and
by grant-in-aid for scientific research on priority areas from The Ministry of
Education, Science, Sports and Culture, Japan.

303.9

303.10

NOVEL FUNCTIONS OF THE CYTOPLASMIC DOMAIN OF NEUREGULIN
J. BAO*. J. GAUTIER2. L.ROLE. and D. TALMAGE1, Ctr for Neuro & Behav,
'inst of Human Nutr, 2Dept. of Genetics, Columbia University, P & S, 722 W. 168*
St. NY, NY 10032
Neuregulins (NRGs) comprise a large family of EGF-like growth factors expressed
in both the CNS and PNS. The NRG 1 gene encodes multiple splice varients
including secreted and transmembrane isoforms. The external (N-terminal) portion
of both membrane anchored and secreted NRG isoforms includes a characteristic Iglike or cysteine rich domain, and an EGF-like domain that is essential for NRG ErbB interactions. Membrane anchored NRG isoforms identified to date include one
of three distinct (a,b or c-type) cytoplasmic domains. Although the cytoplasmic
domains are highly conserved (85% identity from chick to human), the biological
function is unknown.
We tested whether NRG cytoplasmic domains) might mediate “back signalling” in
NRG expressing cells, following interation of the tethered ligand with erbB
receptors. An intense subnuclear localization was observed in cells transfected with
the NRG cytoplasmic domain. A similar observation was made in primary neuron
immunostained with an antibody against the cytoplasmic tail of NRG. This nuclear
translocation requires a NLS motif at the beginning of tire cytoplasmic domain,
which includes eight amino acids: KTKKQRKK. The motif is highly conserved (the
same sequence for human, rat, mouse, chick and Xenopus NRG). The nuclear
translocation was augmented by activation of PKC, or cells expressing erbB
receptors. One of the functions of this nuclear translocation was to induce apoptosis.
Furthermore, a novel gene (CNIP) was found to bind to the cytoplasmic domain of
NRG, which might be the modulator for the functions of NRG cytoplasmic domain.
(NS29071 and a fellowship from Dept of Genetics).

NEUREGULIN INDUCES GABAa RECEPTOR SUBUNIT EXPRESSION AND
NEURITE OUTGROWTH IN CEREBELLAR GRANULE CELLS H.I.Rieff*8. L.T,
Raetzman*. D.W. Sapp*. H.H, Yeh*. R, Siegel1, and G. Corfas1,8 Division of
Neuroscience, Children's Hospital, Boston, MA 02115, * Dept. of Pharmacology, Case
Western Reserve, Cleveland, OH 44106, *Dept. of Pharmacology, U.Conn. Health
Center, Farmington, CT 06030.
Neuregulin (NRG), a growth and differentiation factor which signals through erbB
receptor tyrosine kinases, has biological effects in both the central and peripheral
nervous system. One of the processes that may be regulated by NRG is the formation
of synapses, an hypothesis tested in the PNS, but not examined thoroughly in the
CNS. We previously showed that mature cerebellar granule cells express erbB4
mRNA, and that the presynaptic inputs to these neurons, the cerebellar Golgi cells
and the neurons of the pontine nuclei, express NRG mRNA. Moreover, it has been
shown that NRG immunoreactivity is concentrated at. the granule cell synapses, the
glomeruli. Thus, it is likely that NRG plays a role at this synapse.
We have now found that erbB4 is also concentrated at the glomerular synapses.
Therefore we studied the effects of Ig-NRG, the isoform containing an
immunoglobulin-like domain, on neuronal survival, neurite outgrowth, and
expression of neurotransmitter receptors in cultured cerebellar granule cells. We
found that Ig-NRG activates erbB receptors and induces CREB phosphorylation in
these cells. We also show that Ig-NRG upregulates the expression of GABAA
receptor mRNA, increases the level of GABAa R protein and increases functional
GABA currents (more than 2 fold) in the granule cells. The effects of Ig-NRG on
GABAA receptor expression are specific to the GABAa R 32 subunit and does not
induce expression of NMDA receptor subunits. In addition, we demonstrate that IgNRG also enhances neurite outgrowth from granule cells but does not act as a potent
survival factor for these cells. We compared the effect of Ig-NRG to effects of
BDNF, a neurotrophin shown to induce neurite outgrowth and survival of granule
cells, and found that it does not induce GABAa receptor expression. Our results
suggest that NRG may regulate morphological and functional aspects of granule cells
and their synapses in vivo. (Supported by NINDS R01 NS35884, EJLB Foundation,
The Klingentein Fund (GC))
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EXPRESSION OF NACP/ a -SYNUCLEIN AND -SYNUCLEIN/PNP 14
mRNAs IN CULTURED RAT NEURONS.
H.Ishimori1. K.Yoshida1*. M.Katavama1, A.Kondo1. K.Shiinazaki1, T.Kawase1 and
K.Ueda2. 'Department of Neurosurgery School of Medicine, Keio University. Tokyo
160-8582 Japan, department of Neurochemistry, Tokyo Institute of Psychiatry,
Tokyo 156-8585 Japan.
Non-amyloid- p component precursor (NACP/ a -synuclein) is a presynaptic
protein which may play a role in amyloidogenesis in Alzheimer's disease, and also in
synaptogenesis. The biological function of the a -synuclein and its another variant,
the p -synuclein/ PNP14, is still unknown. Recently, it has been reported that a
change in the expression of a -synuclein mRNA and a -synuclein protein has some
role during murine brain development, and the a -synuclein and PNP 14 are
differentially regulated during megakaryocyte differentiation. In order to clarify the
biological function of a -synuclein and PNP14 in cetral nervous system, the authors
investigated the change in the expression of a -synuclein and PNP 14 using cultured
rat neurons. The neurons obtained from the cortex of fetal rats (embryonic day 16 )
were cultured and the total RNA of cultured rat neurons was extracted on 1,3,5,7 and 9
days in vitro. The changes in the mRNA of a -synuclein and PNP 14 in cultured rat
neurons were investigated by the RT-PCR method. The mRNA of a -synuclein
gradually increased after 5 days. However, no mRNA of PNP 14 was detected. In
conclusion, up- regulation of a -synuclein observed in this study can give clue to
further elucidation of the development and differention of cetral nervous system.

SYNUCLEIN IS DEVELOPMENTALLY EXPRESSED AND REGULATES
THE SIZE OF THE PRESYNAPTIC VESICULAR POOL IN PRIMARY
HIPPOCAMPAL NEURONS. D, D. Murphy*, S. M. Rueter, J, Q. Trojanowski,
and V. M-Y. Lee. Center for Neurodegenerative Disease Research Pathology,
University of Pennsylvania School Of Medicine, Philadelphia, PA 19104.

304.3

304.4

INTRACELLULAR INJECTION OF SYNAPSIN I INDUCES TRANSMITTER
RELEASE IN Cl NEURONS OF HELIX CONTACTING A WRONG TARGET.
F. Fiumara1, M. Ghirardi1. F. Benfenati2, P.G. Montarolo1*
1Dept. of Neuroscience, University of Torino and 2Dept. of Neuroscience..
University of Roma Tor Vergata. Italy
The contact with an appropriate or a wrong postsynaptic target induces structural
and functional modifications in the serotonergic cell Cl of Helix pomatia. In
previous studies we have found that the presence of an inappropriate target downregulates the total number of varicosities in cultured Cl neurons and has a strong
inhibitory effect on the action potential-evoked Ca2+ increase and neurotransmitter
release in Cl terminals. Immunocytochemical studies have shown the presence of an
Helix homologue of the vesicular protein synapsin I with a staining mostly localised
in varicosities and growth cones in the presence of the appropriate target and a more
diffuse distribution in the presence of a false target. As the experimental evidence
indicates a role of the synapsins in the development and functional maturation of
synaptic connections, we investigated whether the abnormal distribution of synapsin
I could be involved in the wrong target-induced inhibition of neurotransmitter release
by injecting bovine synapsin I into the presynaptic neuron Cl. The Cl neuron was
cultured with the wrong target C3 neuron for 3-5 days. A freshly dissociated neuron
B2 (sniffer) micromanipulated in close contact with the terminals of Cl was used as
a release detector. Evoked neurotransmitter release was measured during lOHz-lOs
stimulation of Cl before and after pressure injection of Cy3-labelled synapsin I. A
significant increase in the amplitude of the sniffer depolarization as compared to its
preinjection amplitude (190.3 ± 29.8 %, n=10, p<0.0001) was found 5 minutes
following synapsin I injection and lasted for about 30 minutes. No significant change
was observed after buffer injection. These data suggest that the presence of synapsin
I may transform the low efficiency neurotransmitter release machineiy in the
presence of a wrong target into a high efficiency secretory apparatus. This work was
supported by MURST. CNR and Telethon grants.

TARGETED MUTATIONS ALTERING THE EXPRESSION
OF SNAP-25 ISOFORMS IN DEVELOPMENT, c. Baric1*.

Since its initial isolation from synaptic vesicles, synuclein has gained an
insurgence of interest, a synuclein is a primary component of Lewy bodies, a
pathological hallmark of Parkinson's disease, and is also the precursor to the nonap component (NAC) of plaques in Alzheimer's disease. Very little is known
about the native expression of synucleins or their role in development in neurons,
and their normal function in the synapse remains unknown. In this study we have
characterized the expression of the synuclein isoforms in high density primary
hippocampal neurons, the development of which display robust synaptic
connections. Expression of both a and p isoforms was delayed in development as
compared to the presynaptic. protein synaptophysin, suggesting that synuclein may
not be essential for synapse formation. After synapses formed and the cultures
matured, however, synuclein colocalized almost exclusively with synaptophysin in
the presynaptic terminal. The level of y synuclein detected in these cells was much
lower than that of the other synucleins. To assess synuclein function, the
expression of a and P was blocked by using specific antisense oligonucleotides. In
antisense treated cultures, morphological analysis of the presynaptic terminal
revealed that the distal pool of vesicles was significantly reduced compared to
controls. These data indicate that presynaptic synucleins may ftinction in
maintenance of mature synapses by regulating the size of the vesicular pool.
Supported by grants from the NIA and the Alzheimer’s Association.

P.M. Thompson2, J.R. Mathews2 and M.C, Wilson2, ‘Dept. Molecular Medicine,
Karolinska Institutet, Stockholm, Sweden, S-171 76 and 2Dept. of Neurosciences,
Univ. New Mexico HSC, Albuquerque, NM 87131.
The 7S core complex comprising of syntaxin, VAMP/synaptobrevin and SNAP25 is thought to play a critical role in synaptic transmission by providing a central
scaffold to assemble additional proteins required for vesicular fusion. SNAP-25 lacks
the transmembrane spanning domains of syntaxin and VAMP and is expressed as
two isoforms that are generated through developmental and tissue specific alternative
splicing, suggesting that variant SNAP-25 proteins may influence the vesicular
fusion process differently. Using a transgenic rescue approach, we have previously
demonstrated that haploinsufficiency of the SNAP-25 gene in the mouse contiguous
gene deletion mutant coloboma, contributes to hyperactive behavior which can be
correlated with a striking deficit in striatal dopamine release. This has led us to
propose that deficits in SNAP-25 expression may reveal selective vulnerabilities of
neural pathways that impact specifically on regulation of behavior, as well as
learning and memory. To evaluate whether SNAP-25 deficiency is entirely sufficient
to produce behavioral abnormalities and whether the utilization of specific isoforms
of SNAP-25 does underlie specific attributes of synaptic transmission, we have
generated SNAP-25 null and exon replacement mutations in the mouse. The
physiological and behavior consequence of these mutations will be discussed.
Supported by grants from the Swedish Natural Science Council (09714-310-312) to
C.B and by NIH (MH48989) to M.C.W.

304.5

304.6

COMMISSURELESS ENDOCYTOSIS OCCURS DURING
SYNAPTOGENESIS INITIATION B.P. Wolf* & A. Chiba

GFP-SYNAPTOBREVIN AS AN IN VIVO MARKER FOR VISUALIZING THE
FORMATION OF SYNAPTIC CONTACTS IN CENTRAL NEURONS.
S, Cohen-Cory*. T. Vu. B, Lom. and J, Cogen. MRRC, Depts. of Psychiatry and
Neurobiology, UCLA School of Medicine, Los Angeles, CA 90095.
Synapse formation and stabilization are key events in the development of
functional neuronal connections. Anatomical and physiological studies suggest a direct
correlation between axon terminal arbor morphology and synaptic function. However,
direct evidence for a relationship between the dynamic changes in axon terminal arbor
morphology and the formation and stabilization of synaptic contacts is still missing. To
examine whether the structural changes in axon arbor complexity that occur during
development reflect changes in synapse formation, we overexpressed a chimeric cRNA
coding for GFP-synaptobrevin in young Xenopus embryos (Wang and Poo, Soc.
Neurosci Abstr., 1996). This allowed targeted GFP expression to synaptic vesicles in
live developing tadpoles. To correlate synaptic vesicle distribution with axon terminal
arbor morphology in vivo, the branching patterns of individual, Dil labeled retinal
ganglion cell axons in tadpoles expressing the GFP-synaptobrevin fusion protein were
followed over time by confocal microscopy. Thin optical sections through the entire
extent of the arbor taken at two different wavelengths (450-500 nm for GFP
visualization; 560-600 nm for Dil visualization) reveal co-localization of GFPsynaptobrevin puncta to discrete locations within the arborizing retinal axons.
Moreover, expression of GFP-synaptobrevin in cultured retinal and tectal neurons
reveals that GFP puncta localize to growth cones and sites of contact between neurons.
The colocalization of FM4-64 labeling of recycled synaptic vesicles with GFP puncta
further suggests specific localization of the GFP-synaptobrevin protein to vesicle
clusters at synaptic contact sites. Thus, by specifically labeling individual synaptic
proteins and by simultaneously following synaptic vesicle and optic axon dynamics
over time, we aim to investigate the relationship between morphological changes in
axon arbor complexity (addition and elimination of axonal branches) and formation of
synaptic contacts, as visualized by GFP-synaptobrevin. Supported by the NEI,
Stein/Oppenheimer, UCLA Frontiers of Science, and Beckman Foundations.

Dept. Cell & Struct. Biol., Univ. of Illinois, Urbana, IL 61801.

The mechanisms controlling synaptogenesis initiation are
not well known. Commissureless (COMM) is a pan-muscle
transmembrane protein, essentia, for neuromuscular
synaptogenesis initiation in Drosophila embryos. COMM
endocytosis occurs just prior to synaptogenesis. In the
Drosophila S2 cell line, mutating the critical tyrosine to an
alanine within the endocytosing sequence prevents COMM
endocytosis. When this COMMY251A is misexpressed in vivo,
however, the protein is endocytosed.
Furthermore,
motoneuron synaptogenesis occurs normally. These results
support the mode, in which COMM forms an endocytosing
complex with other postsynaptic membrane-associated
molecules. Currently, we are identifying the complexing
partners as well as the critical period of COMM action.
Understanding COMM endocytosis and its significance will
provide insight into synaptogenesis initiation mechanisms.
Supported by NSF and NIH.
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VENTRAL ANTERIOR HOMEOBOX 2 (VAX2) IS IMPLICATED IN AXON
GUIDANCE IN THE CENTRAL AND PERIPHERAL NERVOUS
systems ....S, Bertuz.zi1, K. Mltofer1 antiS,

PAX-6 IS REQUIRED FOR THE THALAMOCORTICAL PATHWAY
FORMATION IN FETAL RATS. H. Kawano1-2r M. Horie1. N. Osumi3t K. Eto4 aad-K. Kawamura2 * ’Dept. of Anatomy and Embryology, Tokyo

Lemke1. 1 Molecular Neurobioiogy Laboratory, Salk
Institute; 2Medical Scientist Training Program, UC San
Diego; ’Neuroscience Graduate Program, UC San Diego; La
Jolla, CA 92037.
VAX2 is a 292-amino-acid protein that is 43%
identical to the recently characterized VAX1, with which
it shares a conserved homeodomain. VAX1 plays essential
roles in the guidance of retinal axons to the brain,
closure of the optic fissure, and the formation of the
corpus collosum and anterior commissure. There are three
other conserved domains between VAX2 and VAX1 in
addition to the homeodomain: a C-terminal region, an
upstream and a downstream region from the homeodomain.
VAX2 has restricted expression in the retina, optic
disc, cranial ganglia, and a subpopulation of cells in
the PNS. Like certain Eph receptor tyrosine kinases,
VAX2 is expressed in a high ventral to low dorsal
gradient in the neuroretina. VAX2 is likely to be
involved in the complex mechanisms responsible for the
development of topographic connections in the visual
system. Furthermore, VAX2 is co-expressed with VAXl in
the optic disc and may contribute to the closure of the
optic fissure.
This work was supported by grants from the Medical
Scientist Training Program and the Neuroscience graduate
program at UC San Diego, NIH, the Italian Telethon
Foundation, and Verband der Chemischen Industry.
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Metropolitan Institute for Neuroscience, Fuchu 183-8526; 2Dept. of Anatomy,
School of Medicine, Keio Univ., Tokyo 160-8582; ’Division of Biochemistry
and Cell Biology, National Institute of Neuroscience, National Center of
Neurology and Psychiatry, Tokyo 187-8502; 4Dept. of Developmental Biology,
Division of Life Science of Maxillo-Facial Systems, Graduate School of
Dentistry, Tokyo Medical and Dental Univ., Tokyo 113-8549, Japan

Pax-6, a transcription regulatory factor, has been shown to play
important roles in eye, nose and brain development. Here, we examined
the role of Pax-6 in the formation of efferent and afferent pathways of the
cerebral neocortex by using the rat Small eye (rSey2), which has a
mutation in the Pax-6 gene. Although cortical efferent axons developed
normally within the cortical anlage of rSeyt/rSey2 fetuses, a remarkable
disorder was found in the trajectory of thalamocortical axons. In normal
rat fetuses, dorsal thalamic axons curved laterally in the ventral thalamus
and then coursed up to the cortical anlage. On the other hand, in
rSeyt/rSey2 fetuses, they extended downward to converge in the
ventrolateral comer of the ventral thalamus and then fanned out in the
amygdaloid region without reaching the cortical anlage. Since Pax-6expressing cell clusters were localized along the thalamocortical pathway
(ventral part of the ventral thalamus and amygdala) in normal rat fetuses,
it is proposed that the aberrant trajectories of dorsal thalamic axons
presented here are related to the loss of Pax-6 in these regions.
Supported by a Grand-in-Aid for Scientific Research (C)
(#10680752) from The Ministry of Education, Science, Sports and
Culture of Japan.
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THE HOMEODOMAIN PROTEIN VAX1 IS REQUIRED FOR AXON
GUIDANCE IN THE DEVELOPING EYE AND BRAIN. Stefano Bertuzzi,

Molecular Neurobioiogy Laboratory, Salk Institute for Biological Studies, La
Jolla, CA 92037 USA.
The homeodomain protein Vax1 is expressed in a highly circumscribed set
of cells, including a subset of glial cells and their precursors, in ventral
anterior regions of the developing central nervous system (CNS). These cells
populate the choroid fissure of the optic disk, the body of the optic stalk and
nerve, the optic chiasm and ventral diencephalon (presumptive
hypothalamus), and the anterior midline zones that abut developing
commissural tracts.
We have generated mutant mice that lack Vax1. In these mice: (a) the
optic disks fail to close, leading to coloboma and loss of the eye-nerve
boundary; (b) optic nerve glia fail to associate with and appear to actively
repulse ingrowing retinal axons, resulting in a fascicle of axons that are
completely segregated from optic nerve astrocytes; (c) retinal axons fail to
penetrate the brain at the ventral hypothalamus or form an optic chiasm, and
make abnormal ipsilateral projections in the CNS; and (d) axons in multiple
commissural tracts of the anterior CNS, including the corpus callosum and
the hippocampal and anterior commissures, fail to cross the midline.
These axon guidance defects do not result from the death of normally
Vax1+ cells, but are instead due in large part to loss of the chemoattractant
netrin-1 from optic nerve astroglia and from cells that pioneer the chiasm and
CNS commissural tracts. Vax1 therefore both defines and controls the
chemoattractant actvity of a set of midline guidance cells that are essential
for directed axonogenesis in the vertebrate CNS.
This work was supported by grants from the NIH, the Italian Telethon
Foundation, the Swiss National Science Foundation and the Medical
Scientist Training Program at UC San Diego.

SLIT REPULSION INFLUENCES THALAMOCORTICAL AND
RETINAL AXON PATHFINDING IN THE DIENCEPHALON.
T Ringstedtt’*. JE Braistedt’. K Brose2, T Kidd3. CS Goodman3. M
Tessier-Lavigne2 and PPM O’Leary’. ’Salk Institute. La Jolla. CA, 2Pept.
of Anat., UC San Francisco, 3Dept. of Molec. & Cell Biol., UC Berkeley.
Several developing axonal populations grow in close proximity to, but do
not invade, hypothalamus. Thalamocortical axons (TCAs) extend ventrally
from dorsal thalamus (dTh) along the lateral surface of ventral thalamus. As
TCAs approach hypothalamus, they turn laterally into ventral telencephalon
and proceed to neocortex. Retinal ganglion cell (RGC) axons, enroute to
superior colliculus, extend as a compact bundle over hypothalamus. As they
grow dorsally, they splay out over and invade dTh. Consistent with these
axonal behaviors, coculture studies have shown that hypothalamus is
repulsive for TCAs and RGC axons. Here we test in rats whether Slit
proteins, which have been shown to repel several classes of invertebrate and
vertebrate axons, contributes to the hypothalamic repellent activity. In situ
hybridizations reveal that Slit-1 and Slit-2 are expressed in hypothalamus
during the time TCAs are deflected away from it, and RGC axons extend
over it. During this time, Robo-1 and Robo-2, receptors for Slit proteins, are
expressed in dTh, and Robo-2 is expressed by RGCs. Assays of Slit
function were done by coculturing explants of dTh or retina in 3D collagen
gels with 293T cells transiently transfected with human Slit-2, one of three
known vertebrate Slit homologues. When dTh is cocultured with control
293T cells, over half the explants show unbiased axon outgrowth; the
remaining are biased towards the cells. When dTh is cocultured with Slit-2
expressing cells, axon outgrowth is biased away from the cells. Slit-2 also
decreases overall axon outgrowth from dTh and retina. These data suggest
that in vivo, Slit-2, perhaps in combination with Slit-1, may deflect TCAs
into ventral telencephalon as they approach hypothalamus, and prevent
RGC axons from invading hypothalamus. (tThese authors contributed
equally to this work. Supported by NIH grants EY07025 and NS31558).
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THALAMOCORTICAL AXON PATHFINDING IS INFLUENCED
BY NETRIN-1.

EXPRESSION OF THE NETRIN-1 RECEPTOR DCC (DELETED IN
COLORECTAL CANCER) DURING AXON TARGETING IN MOUSE
FOREBRAIN DEVELOPMENT. KM Valentino1, T- Shu1, C- .SeamanL HJM,
Cooper2 and L.J, Richards1*, 'The University of Maryland, Baltimore, School of
Medicine, Department of Anatomy and Neurobioiogy, Baltimore, MD and 2The
Ludwig Institute for Cancer Research, Parkville, Victoria, Australia.
DCC is a transmembrane receptor of the NCAM family of molecules with four Iglike and six fibronectin type Ill-like extracellular domains. Previous studies have
demonstrated a role for DCC in guiding dorsal commissural axons in the developing
spinal cord. DCC knockout mice have axon pathfinding defects in both the spinal cord
and brain, particularly within commissural pathways. In order to study these axon
guidance mechanisms we have generated polyclonal antibodies against a partial
extracellular domain of DCC. Here we have performed a detailed time-course
analysis of DCC protein expression in the developing forebrain. We have found that
DCC is highly expressed in the efferently projecting axon populations of the olfactory
bulbs (mitral and tufted axons in the lateral olfactory tract), the neocortex and the
hippocampus. We find extensive expression in the corpus callosum, hippocampal
commissure and habenular commissure, and early expression in the anterior
commissure. In the diencephalon, DCC is highly expressed in the habenular/
epithalamus complex, in axons making up both the fasciculus retroflexus and the stria
medullaris. In other axon tracts passing through the diencephalon, DCC is expressed
within the cerebral peduncles and the median forebrain bundle (containing axons of
the nigrostriatal pathway). These studies also show that DCC expression is tightly
regulated during the targeting phase of axon growth and is rapidly down-regulated
when axons reach either their final or intermediate targets. We are currently
investigating DCC expression in the Netrin-1 mutant mouse to examine how DCC
expressing axons behave in the absence of this ligand.
Supported by an Intramural Grant from the University of Maryland, Baltimore,
School of Medicine.

Robert Hindqes. Stina LLMui, Dennis R> M,.Q'Leary,-and Qreq Lemte*-

J.E, Braisted*1, S.M, Catalano2, R. Stimac1. M, Tessier-Lavigne3, C.J.
Shatz\ and D.D.M. O’Leary1. ‘Molecular Neurobioiogy Lab. The Salk
Institute, La Jolla, CA, 2Dept. of Molecular and Cell Biology, University
of California, Berkeley, CA, ’Dept. of Anatomy, University of California,
San Francisco, CA.
The thalamocortical projection, which originates from dorsal thalamus,
provides the major sensory input to the neocortex. We have studied using
mice the role of the secreted axon guidance molecule netrin-1 in the
pathfinding of thalamocortical axons. We show that netrin-1 acts in vitro
as a chemoattractant for dorsal thalamic axons and is required for proper
development of the thalamocortical projection in vivo. Netrin-1 is
expressed in close association to thalamocortical axons as they extend
through the ventral telencephalon towards the neocortex. DCC and
neogenin, receptors that mediate attractive effects of netrin-1, are
expressed in dorsal thalamus, but the repellent netrin-1 receptors, unc5h2
and unc5h3, are not. In vitro, dorsal thalamic axons show biased growth
towards sources of netrin-1, which can be abolished by netrin-1 blocking
antibodies. The attraction of dorsal thalamic axons towards explants of
ventral telencephalon is partially abolished by netrin-1-blocking
antibodies. In addition, soluble recombinant netrin-1 bath applied to
explants of dorsal thalamus enhances axon outgrowth. Analyses of netrin1
mice reveal that the path of thalamocortical axons through the ventral
telencephalon is abnormally restricted and fewer axons reach neocortex
compared to wild type littermates. Our findings suggest that netrin-1
enhances the growth of thalamocortical axons, perhaps by providing a
favorable growth substrate through the ventral telencephalon, and
cooperates with other guidance molecules to define the thalamocortical
pathway. Supported by NIH grants NS31558 (DOL) and EY02858 (CJS).
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THE GLIAL WEDGE - A NEW MIDLINE GLIAL POPULATION THAT GUIDES
CORTICAL AXONS ACROSS THE CORPUS CALLOSUM.

IDENTIFICATION OF GENES EXPRESSED IN BRAINSTEM
TARGETS OF CORTICAL LAYER 5 AXONS BY DIFFERENTIAL
DISPLAY PCR. M. Gesemann#. E.D. Litwack#*. and D.D.M O’Leary.
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA 92037
The basilar pons (BP) is a prominent hindbrain nucleus that serves as a
major synaptic relay station between the cortex, the cerebellum, and the
spinal cord. In Pl rats, BP neurons have completed their migration, have
initiated output projections, and are beginning to receive inputs from
cortical layer 5 neurons. To identify genes that play a role in BP
development and in the formation of projections to the BP by cortical
layer 5 axons, we have isolated BP-specific genes by arbitrarily primed
differential display PCR. We have used 400 primer combinations to
amplify more than 10,000 different gene fragments. We have isolated
148 fragments, representing 124 distinct sequences, that are highly
expressed in Pl BP, while being expressed only at low or undetectable
levels in two control tissues that do not receive cortical layer 5 input: Pl
cerebellum and Pl olfactory bulb. 17 sequences encode secreted or
membrane-associated molecules, 8 encode transcription factors, 16
encode intracellular proteins, and 83 are unknown. At present, the
differential expression of 75% of the isolated clones has been confirmed
using RNase protection assays and in situ hybridization. Expression
patterns of several clones are highly restricted in the developing rat brain
and correlate well with different aspects of BP development. Some of
these clones may encode a secreted activity that we have previously
shown to promote the formation of the corticopontine projection. We are
currently obtaining full-length cDNAs for these clones, determining their
expression patterns in more detail, and initiating functional analyses.
#These authors contributed equally. Supported by the SNSF, Ciba-Geigy
Jubilaeums Stiftung, HFSPO, SCRF, and NIH.

T. Shu* and L.J, Richards, The University of Maryland, Baltimore, School of
Medicine, Department of Anatomy and Neurobiology, Baltimore, MD.
During development axons use soluble or contact-dependent cues within their
environment to determine their correct path of growth. Glial cells have been shown to
be involved in axonal guidance in many targeting systems in the CNS. We have
discovered a new midline glial structure in mouse forebrain that inhibits cortical
axons from entering the septum and induces them to turn toward the midline. These
cells are the first cells within the cerebral cortex to express GFAP (at El3) and are
independent of the previously described “glial-sling”. At El5 these early midline glia
coalesce to form two wedge-shaped structures, one on either side of the midline, at the
dorsal septum. We have termed them the “glial wedge”. The glial wedge is situated at
the midline prior to the formation of the corpus callosum and eventually lies directly
ventrolateral to the corpus callosum. To investigate their involvement in cortical axon
guidance we have performed fluorescence confocal microscopy on fixed brains
double-labeled with GFAP and Dil. In addition we have utilized two transgenic
mouse strains which express 0-galatosidaze (targeted to either the cytoplasm or
nucleus; obtained from Dr A. Messing, University of Wisconsin) under the control of
GFAP promoter to further study these cells. Our results show that the glial wedge lies
directly under the developing callosal axons, appears to inhibit their axonal growth
from continuing ventrally, and encourages the axons to turn medially. Therefore
rather than acting as a mechanical barrier, the glial wedge may express guidance
molecules used by cortical axons to form the corpus callosum. In vitro experiments in
3-D collagen gels and organotypic slices indicate that the glial wedge expresses a
contact-dependent activity that inhibits axons from growing into the glial wedge.
Supported by an Intramural Grant from the University of Maryland, Baltimore,
School of Medicine.

305.9

305.10

MOLECULAR CHARACTERIZATION OF DIG-1, A GENE
INVOLVED IN SENSORY MAP FORMATION IN C. ELEGANS. C
Burket. S. Hubbard, and E, F, Ryder? Department of Biology and
Biotechnology, Worcester Polytechnic Institute, Worcester, MA
01609.
We are interested in the development of topographic maps.
Topographic maps coordinately map spatial information from the
environment to the brain. We are studying the maps formed by two
sets of head sensory neurons in C. elegans, the ILl's (visualized by an
w«c-5::GFP construct kindly provided by J. Culotti) and the IL2’s
(visualized by DiO staining; C. Bargmann, pers. comm.). Currently,
we are studying mutations in the gene dig-1 that affect the formation
of these maps. In dig-1 mutant animals, ELI and EL2 sensory
processes are aberrant, and sometimes fail to reach their normal
destinations in the nose. Mutant animals exhibit additional
characteristics consistent with a defect in cell adhesion, dig-1 has been
mapped to a region on chromosome III near sma-3.
Two dig-1 alleles show changes by PCR and Southern analysis in a
very large candidate cell adhesion molecule in this region. We plan to
sequence the affected regions of both alleles in order to determine the
precise molecular basis of the mutations. In addition, we are
conducting Northern analysis to determine the cDNA structure and
expression patterns of the candidate gene. CB was supported by a
GAANN fellowship from the US DOEd (P200A50010).

HOMER, AN ACTIVITY INDUCED GENE IS ABUNDANT IN THE
DEVELOPING XENOPUS LAEVIS NERVOUS SYSTEM. L.C. Foa* and
H.T, Cline. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY,
11724.
Homer la is an activity induced gene which is thought to have a function
in synaptic plasticity. The Homer family of proteins is generated from 3
genes in mammals, homer 1, 2 and 3, which in turn generate several isoforms
through alternative splicing. Neuronal activity induces Homer 1 a, a
truncated c-terminal isoform of Homer 1 which may function as a natural
dominant negative. Overexpression of homer la in the Xenopus optic
tectum causes tectal axons to make pathfinding errors at critical choice
points, such as the tectal midline. To begin to understand how Homer may
influence axonal pathfinding, we cloned Xenopus homer and determined
the distribution pattern of the Homer protein during Xenopus development.
Using a combination of PCR and cDNA library screening, we have shown
that Xenopus’homer la is indeed highly conserved, with an 86% homology
to rat homer la at the nucleotide level and 99% identity at the amino acid
level. An antibody which recognises rat Homer 1 isoforms cross reacts with
Xenopus Homer la as well as full length Homer isoforms. Homerimmunoreactivity (IR) is abundant during Xenopus development and is
located in most differentiated neurons. At early stages of CNS development,
Homer-IR is diffusely distributed throughout the CNS. At later stages,
Homer-IR becomes spatially restricted to synaptic neuropil regions. Within
the optic tectum Homer-IR is dense within the neuropil. Neuropil labeling
likely represents a contribution from both pre synaptic retinal axons and
tectal cell dendrites since both cell types are Homer-IR. In the retina,
Homer-IR is also prominent within the plexiform layers and the optic nerve.
The high degree of conservation of Xenopus homer combined with the
distribution of Homer protein suggest an important role for this activity
regulated gene during Xenopus neuronal development.
Supported by NIH (HTC).
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THE AXONAL GUIDANCE MOLECULE UNC-69 IS CONSERVED FROM C.
ELEGANS TO HUMANS. S, Tharin1*, B, Wightman2. N. Tsung3. E, Hartwiee3.

a-GALACTOSYL GLYCOLIPIDS AND GLYCOPROTEINS ARE
DIFFERENTIALLY EXPRESSED IN THE DEVELOPING
OLFACTORY SYSTEM OF RATS. L. Pays and G.A. Schwarting*.
The Shriver Center, 200 Trapelo Road, Waltham, MA 02452.
A monoclonal antibody was produced by immunizing mice with the
microsomal fraction of rat accessory olfactory bulb cells. This antibody
“olfgal” is a mouse IgM and preferentially reacts with olfactory sensory
neurons in rats. In postnatal rats, about one third of the neurons in the
main olfactory epithelium (OE) are labeled with this antibody using
immunohistochemical techniques. olfgal+ neurons are detected in all
zones of the OE and their axons are present throughout the nerve layer of
the olfactory bulb (OB). In contrast, in the embryo (E15 and E16),
olfgal+ axons project predominantly to ventral and medial targets in the
OB. In addition, from El5 through late postnatal age, neurons in the
vomeronasal organ (VNO) and their targets in the accessory olfactory
bulb (AOB) are strongly olfgal immunoreactive. Characterization of
glycolipids and glycoproteins from olfactory tissues reveals that olfgal
reacts with one glycolipid and two glycoproteins of approximately 200
kDa. The olfgal reactive glycolipid has been previously characterized as a
complex a-galactosyl, and a-fucosyl-containing glycolipid that also
reacts with a previously described antibody, CC6. In experiments in
which sections are treated with a-galactosidase before immunostaining,
the CC6 labeling disappears completely, whereas some olfgal staining
remains in the AOB, the VNO, but not the OB. These results suggest
that at least one of the olfgal" glycoproteins also contains a-galactosyl
moieties. The structures of these proteins are under investigation.
Supported by NIH grant DC 00953.

G, Garriga^, H.R. Horvitz3 and M.O. HengartnerL
1. Cold Spring Harbor
Laboratory, PO box 100, Cold Spring Harbor, NY 11724. 2. Biology Department,
Muhlenberg College, 2400 Chew St, Allentown, PA 18104 3. Howard Hughes
Medical Institute, Department of Biology, Massachusetts Institute of Technology, 77
Massachusetts Ave, Cambridge, MA 02139. 4. Department of Molecular and Cell
Biology, 401 Barker Hall, University of California, Berkeley, CA, 94720.
The unc- 69 gene is required for axonal guidance, outgrowth and fasciculation in
Caenorhabditis elegans (C. elegans}. UNC-69 is a coiled-coil protein. Rescuing
unc-69::gft> fusion constructs are expressed predominantly in axons. This expression
pattern, combined with the lack of a signal sequence, suggests that unc-69 acts cellautonomously. UNC-69 shows significant similarity to the predicted products of
previously uncharacterized human, mouse and Drosophila genes (tentatively called
hunc-69, munc-69 and drunc-69, respectively), identified by expressed sequence tags.
The predicted vertebrate proteins also have coiled-coil structures near their C-termini
and are 77% identical to UNC-69 over the coiled-coil regions, hunc-69 mRNA is
enriched in human fetal brain, although its expression is not restricted to this tissue.
A hunc-69 transgene rescues the uncoordinated phenotype of unc-69 mutants,
suggesting that the two gene products are functionally homologous. The high degree
of sequence conservation over the coiled-coil domain strongly suggests that proteinprotein interactions mediated by this domain are required for UNC-69 function. We
are currently carrying out a yeast two-hybrid screen to identify candidate UNC-69
interaction partners. We speculate that UNC-69 participates in a conserved signaling
pathway that transduces extracellular guidance cues to the axonal cytoskeleton.
(Supported by grants from the American Cancer Society (BW), March of Dimes
(GG), Howard Hughes Medical Institute (HRH) and the National Institutes of Health
(MOH and GG). GG is a McKnight Scholar. HRH is an investigator of the Howard
Hughes Medical Institute. MOH is a Rita Allen Foundation Scholar.)

Society

for

Neuroscience

, Volume

25, 1999

AXON GUIDANCE MECHANISMS AND PATHWAYS I

MONDAY AM

775

305.13

305.14

LACTOSAMINE-EXPRESSING OLFACTORY SENSORY
NEURONS USE GALECTIN/LAMININ AS A GUIDANCE CUE.
C. Dibble. J.E. Crandall S. Oross III* and G.A. Schwarting.
The Shriver Center, 200 Trapelo Rd. Waltham, MA 02452
The 1B2 monoclonal antibody reacts with lactosamine containing
glycoconjugates in the developing olfactory system. In the rat at El5,
1B2+ neurons are detected predominantly in zones 2 and 3 of the
olfactory epithelium (OE). These neurons project axons to a restricted
target area, the ventromedial olfactory bulb (OB) at a mid-rostrocaudal
level. Between El 8 and PO, 1B2 is expressed on an additional subset of
neurons in zone 1 that project axons to the dorsal and rostral OB.
Postnatally, from P2 until adulthood this same pattern of expression is
maintained; 1B2* neurons are found mostly in zones 2 and 3, and to a
lesser extent, in zone 1 of the OE and project axons predominantly to the
ventromedial OB but also to a few targets in the dorsal OB. At P6, the
pattern of 1B2* glomeruli in right and left OBs appears symmetrical, and
examination of matched sections from littermates reveals virtually
identical spatial patterns of 1B2+ glomeruli, suggesting that 1B2+ axon
projections are precisely guided to specific targets. Galectin-1 and
specific laminin chains are deposited in the extracellular matrix of axon
pathways leading from the OE to the OB. 1B2+ axon fascicles are
bordered by galectin/laminin tube-like structures in the embryo. At P2,
when distinct glomeruli are still forming, 1B2+ axons avoid
galectin/laminin clusters in the outer nerve layer of the OB. Thus, coexpression of galectin/laminin in the axon pathways appears to form
non-permissive boundaries for axons that express the 1B2 carbohydrate.
Supported by NIH grant DC00953.

IMMUNOCYTOCHEMICAL LOCALIZATION OF ENDOTHELIAL
CELL MARKERS IN THE NASAL MESENCHYME DURING
VASCULOGENESIS AND FORMATION OF THE MIGRATION
ROUTE OF LHRH NEURONS ORIGINATING FROM THE
OLFACTORY PLACODE OF EMBRYONIC MICE AND EARLY
HUMAN EMBRYOS. M. Schwaiizel-Fukuda* The State University of New York
at Brooklyn, Downstate Medical Center, Brooklyn, N.Y. 11203.
During embryogenesis, in mice and in early human embryos, an extensive vascular
field develops in the nasal mesenchyme between the epithelium of the olfactory pit and
the anlage of the forebrain. Neural cell adhesion molecule (N-CAM)-ir cells are seen in
the intermediate and basal strata of the epithelium of the medial olfactory pit. These NCAM-ir cells migrate out of the epithelium, form an aggregate in the nasal
mesenchyme between the olfactory pit and tlie developing forebrain and receive the
ingrowing N-CAM-ir central processes of the olfactory, vomeronasal and terminal
nerves. The N-CAM-ir cellular aggregate grows into contact with the rostral forebrain
and N-CAM-ir central processes and blood vessels form a “cellulovascular strand” along
which LHRH-ir neurons migrate from the epithelium of the olfactory pit into the
forebrain. This research examines the possibility that the processes of vasculogenesis
may be important for normal development of the migration route and the passage of
LHRH cells into the brain. Examination of tlie molecular makeup of the developing
blood vessels in this part of the nasal mesenchyme in the earliest human and mouse
embryos revealed Flt-1 (but not VEGF or Flk-1) in these cells. Further study may
reveal endothelial cell-associated protcinases or other compounds on or in the cell
membrane which could locally disrupt the basement membrane of the forebrain and
facilitate the passage of LHRH cells into the brain. Supported by NIH grant DC 00880
a Shannon Award and fluids from the State University of New York at Brooklyn.

305.15
NOVEL FACTOR EXPRESSED IN OLFACTORY AXONS AND
LHRH NEURONS IN NASAL EXPLANTS. Phillip R. Kramer and
Susan Wray*. Cellular and Developmental Neurobiology, National
Institute of Neurological Disorders and Stroke, National Institutes of
Health, Bethesda, MD, 20892.
Luteinizing hormone releasing hormone (LHRH) neurons initiate
LHRH peptide expression within the olfactory pit, a structure derived
from the olfactory placode. The developmental signals leading to the
LHRH neuronal phenotype are unknown. To begin to identify these
signals we compared mRNA expression in primary LHRH neurons
maintained in embryonic nasal explants for three versus ten days using
cDNA subtractive hybridization. From this screen a novel factor was
isolated, being expressed in a 3 day old neuron and not in two 10 day
old neurons. Characterization of the genomic clone and the 3 kb
transcript isolated by the RACE procedure indicated that the gene
contains 7 exons clustered within the open reading frame. Expression
of the transcript is detected as early as E7 in mouse and within the adult
the transcript is found within the CNS as well as other tissue. The
largest open reading frame within the transcript encodes a 50 kDa
protein with no known homology. Staining of nasal explants using an
antibody produced against a peptide within this open reading frame
showed specificity; with staining localized to a subset of axons.
Interestingly, LHRH neurons migrating off the nasal explants were
associated with the axons labeled for this novel factor.

PROCESS OUTGROWTH, GROWTH CONES AND SPROUTING II
306.1

306.2

A FETAL BRAIN-SPECIFIC NOVEL mRNA IS TEMPORALLY
EXPRESSED IN THE SOMATODENDRITIC CYTOPLASMS OF
DEVELOPING NEURONS.
S. Yasuda1*, S. Takashima3 and Y. Yasukochi2. 'Dept. Neuropsychiatry,
2Dept. Molecular Genetics, Tokyo Med. Dent. Univ.;
3National Inst. Neuroscience, NCNP; Tokyo, 113-8519, Japan.
We obtained cDNA fragments which were highly expressed in the
fetal brain by using the alternative differential display method. After
the screening of the database in GenBank/EMBL/DDBJ, we picked up
a clone, which had no significant homology in sequence. This clone was
confirmed on RT-PCR and Northern blotting to be expressed more
highly in fetal brain. The Northern blotting revealed that the mRNA
was about 9 kb and highly expressed in. developmentally middle stage
(the second trimester of fetus) of human brain, and that it was no
distribution in various tissues except brain. Further characterization of
this clone was performed by in situ hybridization, which showed the
mRNA to be mostly expressed in cel, bodies and dendrites of neurons
in cortical plates. Our analyses suggest that this gene is involved in
dendritic development at the middle stage in human fetal brain and
that the mRNA is partially transported to dendrites where the protein
is synthesized. (Supported by grant from the Ministry of Education,
Science, Sports, and Culture of Japan.)

MOLECULAR CLONING AND FUNCTIONAL ANALYSES OF MOUSE
ULK2, UNC-51 (C. e!egans)-UKE KINASE 2. H. Kuroyanap1*. Y. Jin2. T.
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Mitani5. M. Muramatsu3 andT. Shirasawa1. ’Dept. of Molecular Genetics, Tokyo
Metropolitan Inst of Gerontology, 35-2 Sakae-cho, Itabashi-ku, Tokyo 173-0015,
Japan; ’Tlelix Researdi Inst.; ’Nagoya Univ.; 4Kyushu Univ.; ’’Tokyo Women’s
Med. Coll.
The UNC-51 serine/threonine kinase of Caenorhabditis elegans {days an
essential role in axonal, elongation and mutations in the unc-51 gene results in
paralyzed, dumpy and egg-laying defective phenotypes. We have previously
identified and characterized mouse and human cDNAs encoding UNC-51-like
kinase 1 (ULK1). Here we report isolation of another member of mouse UNC-51like kinase, ULK2. Mouse ULK2 cDNA encodes a putative protein of 1,037 aa
with 52% identity to ULK1 throughout the entire region. Comparison of the
primary structure revealed that ULK2 shares the domain structure with ULK1 and
UNC-51; N-terminal kinase catalytic domain, proline/serine-rich (PS) domain in
the central portion and conserved C-terminal C-domain. Northern blot analysis
showed that ULK2 mRNA is widely expressed in adult tissues. HA-tagged ULK2
expressed in COS-7 cells had an apparent molecular weight of ~150 kDa and was
autophosphocylated in vitro in the PS domain. The Ulk2 gene was assigned to
mouse chromosome 11B13 and rat chromosome 10q23 by fluorescent in situ
hybridization. Expression of mouse ULK2 in an unc-51 mutant worm under the
control erf the unc-51 promoter did not rescue its phenotypes. However,
expression of a chimerical kinase erf ULK2 and UNC-51 revealed that kinase
domains are functionally equivalent. Furthermore, a chimerical protein consists of
tiie kinase and PS domains from mouse ULK2 and C-domain from UNC-51 was
sufficient to rescue the unc-51 mutant Structural and functional conservation of
tile catalytic domain and species specific regulation suggests that ULK2 may be
involved in a previously uncharacterized signaling pathway in mammals.
H.K. is supported by JSPS Research Fellowships for Young Scientists.
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DEVELOPMENT OF THREE-DIMENSIONAL CULTURES OF
DISSOCIATED RAT NEURAL CELLS S.M. O’Connor2, K.M,
Shaffer2, M.E. Durieux,1* and P.A, Stenger2. ’Dept. of
Anesthesiology, University of Virginia, 2Center for Bio/Molecular
Science and Engineering, U.S. Naval Research Laboratory,
Washington, D.C. 20375.
In the development of three-dimensional cultures of neural cells,
several polymer hydrogel systems have been evaluated as
immobilization support matrices. In this work, dissociated embryonic
day 18 rat cortical neurons, neonatal rat macroglial cells, and cocultures of neurons and astrocytes were immobilized in hydrogels of a
novel sugar poly(acrylate), agarose, collagen (Type I), sugar acrylatecollagen and agarose-collagen composites. Cultures were prepared by
suspending the cells in pre-gel solutions and then changing the
conditions so as to allow the gel to form and thereby immobilize the
cells within the network. Cell growth was characterized based on cell
density and neurite extension. Results show that collagen best supports
cell survival as the cells were observed to differentiate and extend
outgrowths up to several hundred micrometers into the gel. The poor
cell survival on the sugar acrylate and agarose gels is suspected to be a
result of several factors including the toxicity of reagents and/or
reaction conditions, small pore size of the gel networks, and inability
of the gels to support cell attachment. Future work aims to develop
polymer-cell constructs that will support the long-term survival of
neural cells.

CO-CULTURES OF NEURONS AND ASTROCYTES ON
CHEMICALLY AND TOPOGRAPHICALLY MODIFIED
SURFACES, A, Perez2. N. Dowell1. C. James2. A J.H. Spence2, H.G.
Craighead2. M. Isaacson3, G. Banker3, J.N. Turner1, W. Shain’*,
’Wadsworth Center and Sch. of Public Health, Univ. at Albany, Albany
NY 12201-0509,2School of Applied and Engineering Physics, Cornell
Univ., Ithaca NY, ’CROET, Oregon Health Sci. Univ., Portland, OR
Neuron-astrocyte interactions are necessary for the support of neurons
grown in defined media in dispersed cell culture. Standard semiconductor
industry photolithography techniques were used to fabricate isolated
regions containing pillar arrays in single crustal silicon. When astrocytes are
cultured on these arrays cells attach to and remain supported by the pillars,
even when inter-pillar gaps are as large as 5 pm. Embryonic hippocampal
neurons do not attach and develop axons on these surfaces unless they are
coated with polylysine. When interpillar gaps are <3 pm, axons generally
grow from pillar to pillar. When interpillar gaps are larger, axons grow
between the pillars Aligned microcontact printing is a technique we have
developed to chemically modify surfaces with high precision (e.g. - I pm
resolution). We have used aligned microcontact printing of polylysine to
direct neuron attachment and axon growth between pillars. Co-cultures of
neurons and astrocytes are being used to evaluate neuron function and
stability as a function of time in culture. These procedures may provide
improved methods for the long-term culture of neurons and assessment of
their function as small networks. Supported in part by DARPA.

306.5

306.6

VIDEOMICROSCOPY OF THE DEVELOPING ENTORHINOHIPPOCAMPAL PROJECTION IN ORGANOTYPIC SLICE COCULTURES.
A. Drakew, M. Frotscher and B.Heimrich*,
Inst. Anatomy, Univ. Freiburg; P.O.B. 111, 79001 Freiburg, Germany
Entorhinal axons grow into the hippocampus and fascia dentata
along several characteristic pathways and terminate in distinct layers.
The aim of this study was to monitor the growing behaviour of entorhinal axons on their way to their hippocampal target regions.
Entorhino-hippocampal complex slices from newborn rats were
incubated as static cultures. After two or three days in vitro, small
crystals of the lipophilic tracer DiQ were placed onto the superficial
layers of the entorhinal cortex. Single, labeled axons bearing a
growth cone were observed by Video-Time-Lapse-FluorescenceMicroscopy, using a SIT-camera and an electronic shutter. Axonal
elongation and the navigation behaviour of labeled growth cones
could be recorded continuously for up to eleven hours. Single, fast
growing entorhinal axons reached the hippocampal fissure within six
hours. Advancing growth cones displayed rapidly fluctuating filopodia
and lamellipodia. Prior to a change in axon direction, we often
observed a decrease in growth velocity and the formation of
transient, long filopodia. One of these processes became the axonal
tip, moving further in the new direction. These changes in velocity,
direction and morphology of the growth cones occurred within
minutes. Furthermore, neighbouring axons differed remarkably in
their growing behaviour. Our observations reflect highly dynamic
interactions of outgrowing entorhinal axons with different, so far
unknown, local cues of their environment. (Supported by the
Deutsche Forschungsgemeinschaft: SFB 505).

J.Y. Hsu1. S.A. Stein23*. E. BiesiadaUJ, Ulas2, N. Bailey2, and X-M- XuL ‘Dept. Anat.
& Neurobiol., St. Louis Univ. Sch. Med., St. Louis, MO 63104; ’’Mol. Neurobiol.,
Children’s Hosp. of Orange County, Orange County, CA 92868; 3Dept. Neurol.,U. Miami
Sch. Med., Miami, FL 33136.
The corticospinal tract (CST) is primarily concerned with controlling distal muscles that
are important for precise movements. In the present study, the growth of the CST into
specific levels of the spinal cord was investigated in the developing BALB/cByJ mouse.
Mice were sacrificed at postnatal day 0 (P0), P2, P4, P6, P8, P10, P14 and P28 (n=3) and
transverse sections of the C7 and L4 segments were prepared for axonal counts at electron
microscopic (EM) level. The cross sectional area (CSA) of each CST was first determined
using NeuroLucida Microscopy System on toluidine blue stained semi-thin sections (l wm).
The CSA increased gradually with time although its outline could hardly be identified at C7
and was indistinguishable at L4 on P0. At the EM level, 6~15% of the CST area was
randomly selected for counting of both myelinated and unmyelinated axons and growth
cones. During early stages of development, unmyelinated axons were predominant and the
total numbers reached 9.4±0.18x 104 (mean±SEM) at C7 and 3,4±0.65x 104 at L4 on P6. A
small number of myelinated axons appeared at C7 on P6 and increased gradually to reach
8.6±0.64xl02 on P10. The occurrence of myelinated axons at the L4 level was slower than
that at the cervical level with only 3.64 x 102 myelinated axons counted on P10. The number
of growth cones reached 4.8±0.57xl03 at C7 on P6 and decreased thereafter. Within the
CST, synapse-like structures could be found especially at early developmental stages. In
another set of experiments, mice received bilateral injections of 1 p.1 of 2% fast blue, a
retrograde tracer, at L4 on P7 and P10 and were perfused on P10 and Pl4, respectively.
Labeled cells in the motor cortex were counted on P10 (265±19) and P14 (1430±15),
indicating a continuous addition of new fibers to the tract at the L4 level. (Supported by NS
36301 to SAS, XMX)

306.7

306.8

EXPRESSION PATTERN OF POLYSIALIC ACID (PSA) DURING ZEBRAFISH
DEVELOPMENT M. Bastmeyer'*, U. Rutishauser2 and M. Marx’. 'Div. of Biology,
Univ. of Konstanz, D-78434 Konstanz, Germany; 2Program in Cell. Biochem. &
Biophys., Memorial Sloan-Kettering Cancer Center, New York, NY 10021.
Polysialic acid (PSA) is a carbohydrate epitope associated uniquely with the
neural cell adhesion molecule (NCAM). In higher vertebrates, PSA exhibits a highly
regulated expression pattern during nervous system development and is thought to
modulate cellular and axonal interactions as a negative regulator of NCAMmediated adhesion. In the present study we have analyzed the spatiotemporal
distribution of this carbohydrate epitope during zebrafish development.
Zebrafish embryos between 24 hours post fertilization (hpf) and 5 d of
development were labeled with PSA-specific monoclonal antibodies and analyzed
with confocal microscopy.
In the central nervous system (CNS), PSA labeling was first detected in 24 hpf
embryos on floorplate cells and cell bodies in the hindbrain. At 30 hpf, almost all
cells in the CNS are PSA-positive and this labeling gradually decreases by 48 hpf.
Exept for axons in the posterior commissure, PSA-labeling was not detected on
axonal tracts in the CNS. In the peripheral nervous system (PNS), PSA is expressed
on the axons of secondary but not primary motoneurons from 36 hpf onwards. PSA
is also found on neuronal cell bodies and axons of cranial nerves V, VII, IX, and X
from 30 hpf onwards and on axons of the anterior lateral line nerve. Interestingly,
not all branches of these peripheral projections express PSA, but only subsets, as
revealed by double labeling with tubulin antibodies.
The restricted expression pattern of PSA in the CNS and PNS suggests a role
during axonal outgrowth and pathfinding. We are currently testing this hypothesis
by injecting endoneuraminidase (endo N), an enzyme that specifically degrades
PSA, into zebrafish embryos.
Supported by DFG and Fonds der Chemischen Industrie

DIFFERENTIAL EFFECTS OF TRK C ISOFORMS ON SENSORY AXON
MORPHOLOGY. T, Ichinose '*, and W.D. Snider 12. ‘CSNSI, Dept. ofNeurology,
Washington Univ. Sch. Med., St. Louis, MO 63110; ‘UNC Neuroscience Center,
Univ. of North Carolina School of Medicine, Chapel Hill, NC 27599
Neurotrophins are powerful regulators of neuronal morphology. Indeed several
lines of evidence are consistent with the idea that characteristic axonal and dendritic
morphologies of the nervous system may be determined by local patterns of
neurotrophin and trk expression. Trks exist in both tyrosine containing and tyrosine
lacking isoforms, both of which are expressed in many neurons. However, ratios of
TK+ to TK- isoforms may vary at different stages of development and may be
differentially distributed to cellular compartments. Whether the ratio of trk isoforms
affects morphological responses of neurons to neurotrophin ligand is unknown.
To test whether these isoforms have different functions on axonal outgrowth, fulllength or tyrosine kinase lacking trkC receptors were overexpressed in DRG neurons
in vitro. DRGs were removed from El5 CF-1 mice and were maintained as explant
cultures in NT-3 (50 ng/ml) containing media for 4 days. We transfected the
explants with enhanced yellow fluorescent protein (EYFP), with or without trkC
receptors by particle-mediated gene transfer on day one in vitro. Co-transfection
frequency was almost 100% confirmed by transfecting both EYFP and enhanced cyan
fluorescent protein (ECFP). Control neurons possessed 3.7±1.3 primary processes
and 113.8±46 branch points. About 80% of the branches were located along the
distal part of the axon. Transfection with the full-length trkC increased the number
of primary processes (6.5±2.8), while the truncated trkC reduced the formation of
primary processes (3.0± 1.3). Surprisingly, the distribution of branch points was.
shifted to the proximal region of axons in neurons transfected with truncated trkC.
These observations are consistent with the idea that differential expression of trk
isoforms during development and in different neuronal compartments could sculpt
axonal morphology.
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Expression of Dominant Inhibitory MEK blocks neuritogenesis in vitro and inhibits proper target innervation in vivo

TARGETED EXPRESSION OF GREEN FLUORESCENT
PROTEIN AS A “LIVING” NEURON-SPECIFIC MARKER
Kerry Lee Tucker and Yves-Alain Barde*. Dept. Neurobiochemistiy, Max

Ute Zirrgieber1’2, Doron Lederfein1-2, Jean G. Toma2, Jean-Pierre Julien3,
Freda D. Miller2 and David R. Kaplan1 >2

Planck Inst, of Neurobiology, 82152 Martinsried GERMANY

MAP/Erk Kinase (MEK) and its downstream target MAP Kinase (MAPK) are activated
by a variety of extracellular stimuli, including by Nerve Growth Factor and Hepatocyte
Growth Factor (HGF). To assess the rote of MEK/MAPK in primary neurons and in vivo,
we specifically inhibited MEK activity in primary sympathetic neurons using a recombinant
adenovirus expressing dominant inhibitory MEK (DN MEK), and in mice using transgenebased expression of DN MEK In primary rat sympathetic (SCG) neurons, expression of
DN MEK blocked HGF-induced neuritogenesis, but did not affect trophic-factor mediated
survival, indicating that MEK is required for neuronal growth, but not survival.
To examine the rote of MEK in vivo, we generated transgenic mice which express DN
MEK under the neuron specific and pan neuronal Tai a tubulin promotor (Ta1 :DN MEK).
Immunostaining of the Pineal Gland (PG), a target of sympathetic neurons, with an
antibody to the neuronal marker tyrosine hydroxylase, showed a significant decrease of
target innervation (-75%). This loss of innervation was not due to a reduced number of
neurons in the superior cervical ganglion (SCG), as determined by cell counts. In addition,
morphological analysis of the dorsal cutaneous nerve revealed a selective loss of
unmyelinated sensory axons, which again was not accompanied by a loss of CGRP
positive cell bodies in the dorsal root
These results indicate that MEK/MAPK function in the regulation of axonal innervation
and growth.

A cDNA for the Enhanced Green Fluorescent Protein (EGFP) has been targeted
to the gene (Mtapt) encoding murine tau, a microtubule-binding protein localized in
the axons of neurons in the CNS and PNS. This conferred robust neuron-specific
expression of EGFP from the endogenous promoter of the tau gene, but without the
fusion of any functional portion of the tau protein to EGFP. Surprisingly, strong
expression of EGFP is observed from all major PNS and CNS structures as early as
9.0 days post coitum. Very low percentage chimeras were generated with targeted
Embryonic Stem (ES) cells by morulae aggregation. ES cell-derived, EGFPexpressing neurons were observed throughout the brain in living slices, and their
axonal and dendritic arborization could be easily visualized, though without the
resolution of fine structures such as dendritic spines.
As reported before (Harada et al., Nature 369: 488-91), gene targeting of the tau
locus resulted in a complete loss of tau protein expression, but homozygous mutant
mice were viable, fertile, and showed no obvious morphological defects in
CNS/PNS structure. Thus, the expression of GFP from the targeted tau locus,
despite the concomitant loss of tau expression, allows for the imaging of a normal
CNS in living tissue from early neurogenesis into adulthood. We are particularly
interested in the effects of neurotrophins upon early neurogenesis and nerve
outgrowth. EGFP-expressing mice have been crossed to mice mutant for the
neurotrophins BDNF, NT-3, NT-4, and their common receptor p75, and are
currently under analysis
Supported by the Max Planck Society and EMBO Fellowship ALTF120-1997.

306.11

306.12

THE MELANOCORTIN RECEPTOR 4 SUBTYPE MEDIATES THE
NEUROTROPHIC RESPONSE OF ALPHA-MELANOCYTE
STIMULATING HORMONE. C. Davis*, H.-Y. Wang, M.R. D’Andrea, S,
Chapman, A.S. Drouillard, A. Potocki, K. Chevalier, C.R. Plata-Salaman,
M. Scott and D.H.S, Lee. The R.W. Johnson Pharmaceutical Research
Institute, Spring House, PA 19477, USA.
The melanocortin receptor 4 subtype [MC4RJ which is
expressed primarily in nervous tissues, plays a major role in
regulating energy balance, and perhaps also has a role in
stimulating neurite outgrowth. We have over-expressed the human
melanocortin receptor, MC4R in NG-108 cells. The recombinant cell
line generated was characterized by receptor binding, GTPyS
binding and cAMP accumulation assays. Celis that over-express
MC4R, when treated with a-melanocyte stimulating hormone [aMSH] or dibutyryl-cAMP for 3 days, demonstrated increased
formation of neurite-like processes. These processes displayed
MAP2 and NCAM immunoreactivity suggesting their neuritic identity.
Our data show that a-MSH can stimulate neurotrophic responses
mediated via the MC4R. Thus, modulators of the MC4R may offer a
therapeutic approach for treating neurodegenerative diseases.
(This work is supported by RWJ-PRI).

THE EXPRESSION PROFILE OF THE AGGRECAN-DEGRADING
METALLOPROTEINASES, ADMP-1 AND ADMP-2 IN THE BRAIN.
C. Hindman, K.A. Solomon, G. Wu, R.C. Newton and M.A. Smith*.
Depts. of Inflammatory Disease and Central Nervous System Research,
The DuPont Pharmaceuticals Company, Wilmington, Delaware, 19880
The extracellular matrix of the brain is composed of a diverse array of
chondroitin sulfate proteoglycans, including aggrecan and brevican. We
recently reported the cloning and expression of two human aggrecanases,
designated as aggrecan-degrading-metallo-protease-1 and 2 (ADMP-1,
ADMP-2). Although these two aggrecanases were initially purified from
bovine nasal cartilage, subsequent RT-PCR results indicated that they were
also expressed in the brain. To examine the distribution of ADMP-1 and 2
mRNAs in more detail, we performed in situ hybridization with “S-labelled
riboprobes specific for each ADMP.
Similar to the RT-PCR results,
ADMP-1 mRNA was much more abundant in the brain than ADMP-2,
which was detected only in the choroid plexus. By contrast, ADMP-1 was
distributed throughout the brain and appeared to be concentrated in white
matter structures such as the corpus callosum, fimbria of the hippocampus
and white matter tracts of the brainstem and cerebellum. However, ADMP1 mRNA was also highly expressed in scattered cells throughout the
cerebral cortex, thalamus and other areas.
The specific cell types
expressing ADMP-1 is under investigation. ADMP-1 mRNA levels peaked
during the third week of post-natal life when myelination and
synaptogenesis are occurring in the rat brain. These findings suggest that
aggrecanase expression in the brain may have implications with regard to
the composition of the extracellular matrix during development, normal
matrix remodeling, and disease of the CNS.
*This research has been sponsored by The DuPont Pharmaceuticals
Company, Wilmington, Delaware

1 Brain Tumor Research Centre, 2 Centre for Neuronal Survival and 3 Centre for Research in
Neuroscience, McGill University,H3A 2B4 Montreal, Canada.

Funded by the Medical Research Council of Canada. U.Z. is supported by the National Cancer
Institute of Canada.

CELL MIGRATION: CELL ADHESION
307.1

307.2

NOVEL MIGRATION OF CNS NEUROBLASTS IN THREE-DIMENSIONAL
MATRICES OF A COLLAGEN LATTICE WITH LAMININ : A "SELF-SQLIEEZING
HYPOTHESIS" FOR MIGRATION. I. Nagata1, H. Asou2* and J. Kimura-Kurocb1,
’Dept. of Cell Biology, Tokyo Metropo. Inst. Neuroscience, Tokyo 183-8526; 2Dept. of

GRAFTING OLFACTORY ENSHEATHING CELLS INTO THE SPINAL
CORD OF ADULT RATS: A MODEL SYSTEM FOR STUDYING CELL
MIGRATION V. Skihar, D. Ruffieux and R. Doucette*. Dept. of
Anatomy & Cell Biology, College of Medicine, University of
Saskatchewan, Saskatoon SK, S7N 5E5 Canada
Olfactory ensheathing cells (ECs) provide ensheathment for the
olfactory axons of the first cranial nerve. These non-myelinating glial
cells can be induced to express a myelinating phenotype, both in vitro and
after grafting into demyelinated areas of the adult mammalian spinal
cord. The aim of this study was to develop an in vivo model to test
whether ECs can be induced to migrate towards a focal area of
demyelination. 5 x 104 Dil-labelled ECs (1 pi over 10 min) were grafted
into the posterior funiculus of the spinal cord (T12) of 6 adult rats. In two
of these rats, 1 pi of 0.03% ethidium bromide was also injected (over 10
min) into the posterior funiculus of T8; this injection demyelinated ~ 1 mm
length of the white matter. The animals were killed 2-4 weeks later,
when 40 pm thick frozen sections were cut on a sliding microtome. Very
few Dil-labelled cells were seen rostral to T12. The few labelled cells
that were seen were confined to the caudal part of Til. This was true even
for the 2 rats with a demyelinating lesion at T8. The small size of the
focal demyelination in this animal model should enable us to determine
whether ECs can respond to migratory signals and the minimum distance
over which they might respond. Studies are underway to demyelinate
the posterior funiculus at progressively lower segments of the thoracic
spinal cord. Supported by NIDCD ROI DC02370-04.

Neurocell Biology, Tokyo Metropo. Inst. Gerontology, Tokyo 173-0015, Japan
We have previously reported that cerebellar granule cells migrate in three-dmensional
(3D) collagen and fibrin gel matrices containing laminin (collagen-laminin,
fibrin-laminin)*. To determine whether or not other neurons show a similar response in
3D gels with laminin, we dissected out various parts of the CNS of embryonic and
postnatal mice and cut them into small pieces. Each explant was cultivated in various
kinds of 3D gels with a serum-free defined medium and observed using time-lapse video
microscopy. Single or associated bipolar neuroblasts migrated out radially from each
explant the next day in 3D collagen and fibrin gels containing laminin and in the
basement membrane matrix, Matrigel. The dynamic morphology of neuronal migration in
Matrigel and fibrin-laminin was similar to that on a two-dimensional laminin substrate,
whereas that in collagen-laminin and collagen gel with Matrigel was unique. The
cytoplasm first flowed forward in the thin leading process, then formed a thick segmented
cellular tube with constriction rings at 3D bottlenecks made by a lattice of collagen
fibers, and finally the nucleus translocated quickly. This migration of neuroblasts,
resembling the scpeezing of toothpaste in a tube, firstly found in artificial 3D collagen
matrices with laminin, may serve to elucidate the migration mechanism. *j. Kimur.-Kurod.,
H. Asou and 1. Nagata (1999) Three-dimensional gels with extracellular matrix containing laminin promote
migration of cerebellar granule cells in vitro. In "Keio University Symposia for Life Science and Medicine", Vol. 2
Neural Development (K. Uyemura, K. Kawamura, T. Yazakl (Eds.) Springer-Verlag Tokyo
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ADHESION MOLECULES FOR TANGENTIAL MIGRATION
OF OLFACTORY INTERNEURON PRECURSORS.
S. Murase* and A. F. Horwitz. Dept. of Cell and Structural
Biology, Univ. of Illinois at Urbana-Champaign, Urbana,
IL 61801.
In the rodent brain, the precursors of the olfactory
intemeurons are generated in the subventricular zone (SVZ).
They migrate tangentially via the restricted route called the
rostral migratory stream (RMS) to their targets in the olfactory
bulb and then differentiate into periglomerular and granule cells.
The important role of the polysialylated form of neural cell
adhesion molecule (PSA-N-CAM) was reported by using
knockout mice and enzymatic removal of PSA. We investigated
what other kinds of adhesion molecules and extracellular
matrices are expressed in the SVZ and RMS during embryos to
adults by immuno-histochemistry. We found that integrin alphal,
hetal and laminin hetal are expressed in the neonates. During the
period when the integrins are expressed, PSA expression in the
SVZ and RMS was weak when compared with the expression in
the corpus callosum or the striatum. The data suggest that, at
least in the neonates, the integrins might function in the
migration of the precursor cells.
Supported by NIH grant (GM23244).

CORTICAL DEVELOPMENT IN MUTANT MICE LACKING POLYSIALYLATED
NEURAL CELL ADHESION MOLECULE (NCAM-180). A. Wiencken1*. M.
Kamburowski2, H. Tomasiewicz4, and V. Casagrande12-3. Depts. of Cell Biology1,
Psychology2, and Ophthalmology and Visual Sciences3, Vanderbilt University,
Nashville, TN 37232; Dept. of Cell Biology4, Emory University, Atlanta, GA 30322.
NCAM-180 is modified in young animals by the addition of a chain of sialylic acid
molecules. NCAM-180 accounts for 85% of the sialylic acid in the developing brain.
The purpose ofthis study was to examine cortical laminar development and innervation
in NCAM 180 -/- mutant mice. Genotype was determined using Southern blots.
Cortical development was evaluated in 4 week old and newborn (P0) normal and
mutant mice by: 1) examining laminar order, 2) measuring total cortical thickness at
different locations in the brain, and 3) plotting the locations of cells labeled at
embryonic day 15 with bromodeoxy uridine (BrdU). Thalamocortical axon
development was examined (LM fluorescence, confocal, and following
photoconversion) in mutant and normal mice at P0 following Dil inoculations in the
thalamus. Cortical laminar order was normal in mutants at both ages, however, cortical
thickness in 4 week old mutants was reduced by 30% when compared to normals. At
P0, no significant differences were found in cortical thickness, however, the cortex of
P0 mutants had abnormal dimples or sulci not found at 4 weeks. Mutant phenotypes
showed a range of severity. No differences were seen in the distribution of BrdU
labeled cells between normal and mutant mice. Dil labeled axon morphology,
fasciculation patterns, and innervation ofcortex appeared normal. From these findings,
we conclude that NCAM-180 is not necessary for the proper formation of cortical
layers, nor for normal thalamocortical innervation but appears to produce more subtle
abnormalities both during and at completion of the process of cortical development.
Supported by EY01778; cores EY08126 & HD 15052; Dept. of Cell Biology and
Hobbs Society Award, Kennedy Center at Vanderbilt University.

307.5

307.6

NCAM AND F3 NEURAL CELL ADHESION MOLECULES PROMOTE
SCHWANN CELL MIGRATION. D. Thomaidou1, S, Meintanis1, D. Coquillat2, C.
Faivre-Sarrailh2, G. Rougon2 and R. Matsas1*.1 Dept. of Biochemistry, Hellenic
Pasteur Institute, Athens 11521, Greece; 2Laboratoire de Genetique et Physiologie du
Developpement, F-13288 Marseille Cedex 9, France.
NCAM and F3 are axonal adhesion molecules of the immunoglobulin (Ig)
superfamily which display homophilic (NCAM) and heterophilic (NCAM. F3)
binding activities. In this study, we investigated the effect of the soluble recombinant
chimeras NCAM-Fc and F3-Fc on Schwann cell migration. The chimeric molecules
were produced by transiently transfecting COS-7 cells with the corresponding cDNAs
inserted in the pig vector. The recombinant molecules were secreted and purified on
protein A-Sepharose. Binding sites were identified at the surface of cultured
Schwann cells by fluorospheres coupled with NCAM-Fc and F3-Fc, but not with
MUC-Fc. The effect of NCAM-Fc and F3-Fc was studied in two models of Schwann
cell migration. The first migration model is a dorsal root ganglion (DRG)/sciatic
nerve explant system, in which Schwann cells come out of the developing DRG and
migrate on top of the sciatic nerve. In the second model, migration is monitored at
specific time intervals inside a 300pm scar produced in a monolayer culture of rat
sciatic nerve Schwann cells. In both systems, addition of the chimeric molecules
increased the distance that Schwann cells had migrated. In the first model, addition
of NCAM and F3 resulted in 39% and 23% increase in velocity of Schwann cell
migration respectively, by comparison to control. This effect was more pronounced in
the second model, were both molecules induced a twofold increase in the migration
rate. The effects were not additive and prevented at 90% by the addition of the
corresponding anti-NCAM and anti-F3 blocking antibodies. These results identify F3
and NCAM receptors on Schwann cells as potential mediators of signaling occurring
between axons and glial cells during peripheral cells development and regeneration.
Supported by Platon collaborative franco-hellenic grant.

EXPRESSION OF NEURAL CELL ADHESION MOLECULE IN SPINAL
CORDS FOLLOWING A COMPLETE TRANSECTION. S.-F. Tzeng1*, H.
Cheng2. Y.-S. Lee2. J.-P. Wu1. J.-S.Kuo1, B.J, Hoffer3, 'Dept. of Edu. & Res.,
Taichung VGH, Taiwan R.O.C. 40705; 2Neural Regeneration Lab., Neurological
Ins., VGH-Taipei, Taiwan R.O.C.; 3NIDA, NIH, Baltimore, MD.
Neural cell adhesion molecule (NCAM) in the normal central nervous
system modulates many neural cellular programs, such as neuronneuron/neuron-glia interactions and neurite outgrowth. N-CAMs isoforms (180,
140, and 120 kDa) mostly present in neurons and astrocytes of rodent brains.
However, the expression of NCAM after spinal cord injury (SCI) is not yet clear.
We used an SCI model that the complete spinal cord transection was induced by
removing a T8 tissue with 5 mm thickness. NCAM-140 levels were increased
rostrally and caudally 5 mm distal to the transected site at 3d post SCI, and
decreased at 8d. NCAM-180 and NCAM-120 were dramatically reduced at 8 d.
An increase in a 80 kDa polypeptide that lacks a transmembrane segment of the
NCAM-120 was detected at Id and 3d by the Western Blot analysis. Using an
immunohistochemical technique, a solid NCAM immunostaining was found in
motor neurons and the dorsal column of the injured spinal cords 3 d post
transection. Additionally, an intense NCAM immunostaining was observed in
the dorsal hom fiber tracts at 8 d post SCI. Collectively, our results suggest that
levels of NCAM or NCAM-derived polypeptides in spinal cords are transiently
upregulated at 3 d after SCI. Motor neurons may be stimulated to generate
NCAMs in response to SCI. Astrocytes reactivated by SCI may also be induced
to produce NCAM or NCAM-derived polypeptides. The role of upregulated
NCAMs in progressive neural cellular changes after SCI remain determined,
(supported by NSC 88-2314-B-075A-019).

307.7

307.8

DIFFERENT ISOFORMS OF FASCICLINII MAY PLAY DISTINCT
ROLES DURING THE MIGRATION OF NEURONS AND GLIA IN
THE INSECT ENTERIC NERVOUS SYSTEM (ENS). J. Wright. M.
Snyder, and P.F. Copenhaver*. Cell Biology L215, Oregon Health
Sciences U., Portland, OR 97201.
The development of the ENS in the moth Manduca sexta requires
the migration of an identified set of neurons (the EP cells) along preformed muscle bands. A subsequent wave of glial cells then ensheaths
these neurons and helps form the enteric nerves. Previously, we showed
that both the neurons and glial cells express the cell adhesion receptor
fasciclin II (MFas II), and that MFas II is essential for neuronal
migration. Using isoform-specific antisense probes and antibodies, we
have now shown that these two cell types exhibit distinct patterns of
MFas II expression. When the neurons first delaminate from the foregut,
they express only the GPI-linked isoform of MFas II, but then gradually
switch to the transmembrane (TM) isoform prior to migration. TM-MFas
II is then exclusively expressed by the EP cells during their migration and
subsequent axon outgrowth, with the protein being concentrated within
the motile regions of these neurons. In contrast, the glial cells express
only the GPI-linked isoform throughout development, maintaining high
levels of GPI-MFas II even after they have ensheathed the post-migratory
neurons. A similar distinction was observed in the developing PNS,
where motile growth cones express only TM-MFas II, while the
ensheathing glial cells express only GPI-MFas II. We are currently
testing whether these cell type-specific patterns of MFas II isoform
expression reflect distinct roles played by these developmentally regulated
adhesion receptors. Supported by NIH # NS34439.

THE DROSOPHILA GENE MIND-MELD ENCODES A NOVEL ADAM PROTEIN
HIGHLY EXPRESSED DURING CNS DEVELOPMENT. C. H. Harper? K.
Markopoulou.1,2 B. A. Chase1*. Dept. of Biology, Univ. of Nebraska at Omaha,
Omaha, NE 68182; 2Section of Neurology, Univ. of Nebraska Medical Center,
Omaha, NE 68198.
ADAM proteins comprise a highly conserved family of proteins containing
disintegrin and metalloprotease domains and play essential roles in animal
development. ADAM proteins contain distinct functional regions (metalloprotease,
cell signaling, adhesion, fusion, transmembrane, intracellular signaling) that allow
them to function in multiple developmental processes. Common to the function of all
ADAM proteins is their involvement in cell membrane restructuring during
development and their ability to affect cell-cell interactions.
A partial length, 2.2 KB cDNA for a novel ADAM protein was identified by
screening a Drosophila-heaA expression library using monoclonal antibody
27.1 A. 16.42. This monoclonal antibody strongly cross-reacts with Drosophila
neuropil and some sensory elements, and recognizes an epitope expressed on multiple
neuronal proteins [Chase et al. (1987) Neuroscience 21:959-976]. Sequence analysis
reveals a large conceptual open reading frame encoding 694 amino acids of the Cterminus of an ADAM protein. Because of its intense CNS expression and it strong
homology to Meltrin, a mammalian ADAM protein important in myoblast fusion
during myogenesis, we have named this Drosophila gene mind-meld. In situ
hybridization with antisense riboprobes demonstrated that the mind-meld gene is
highly expressed in the larval and adult CNS, with intense expression in the first optic
ganglia. This suggests that mind-meld, like the related ADAM proteins Kuzbanian
and TACE, may be involved in the development, function and/or maintenance of the
nervous system. Molecular genetic analyses of mind-meld are in progress, including
genetic analyses of lethal mutations at the mind-meld gene to ascertain its function,
and studies of the developmental expression of the mind-meld mRNA(s) and
protein(s).
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INTRACELLULAR SODIUM AFFECTS CELL CYCLE PROGRESSION OF
SPINAL CORD ASTROCYTES IN VITRO
S.N. MACFARLANE* and H. SONTHEIMER. Dept. of Neurobioiogy, Univ. of
Alabama at Birmingham, Birmingham, AL 35294
We have previously demonstrated significant changes in the expression of
sodium (Na+) currents in proliferating versus non-proliferating cells and yet have
demonstrated that sodium channel blockade is not anti-proliferative (MacFarlane
and Sontheimer, 1997). The maintenance of a narrow window of proliferationpermissive membrane potentials remains a common theory in cell cycle studies and
following from this, a window of permissive intracellular sodium concentrations
([Na+]j) must also be maintained, as even modest changes in Em lead to steady-state
shifts in [Na+]j. It has been well established that growth factors produce transient
fluxes in Na+ via transport mechanisms, and early biochemical studies suggest that
increases in [Na+]j are necessary for DNA strand break repair which precedes DNA
Synthesis. In order to assess the contribution of Na+ to astrocyte proliferation, we
used DNA flow cytometry and tritiated thymidine incorporation to examine the
effects of pharmacological reagents that alter [Na+]j on astrocyte cell cycle
progression. We found that quiescent spinal cord astrocytes can be prompted to
enter the cell cycle by modest increases in intracellular Na+ via low concentrations
of ouabain and monensin. The Na+ ionophore monensin caused an increase in the
amount of cells in S phase of cell cycle (16%) versus control (5%). Prolonged
exposure to monensin (24 h) lead to ‘abortive mitosis’, or apoptosis. The effects of
ouabain could be mimicked by low concentrations of extracellular potassium. Since
proliferating astrocytes consistently display more depolarized membrane potentials,
it follows that they have higher [Na+]j, which may subsequently modulate the
proliferative status of the cell.
(supported by NIH RO1-NS31234 and P50-HD-32901)

DIFFERENTIAL REGULATION OF SECRETED AND GPI-ANCHORED ISOFORMS OF BREVICAN IN VIVO AND PRIMARY ASTROCYTE CULTURES.
DM Jaworski* and N Fager. Department of Anatomy and Neurobioiogy,
University of Vermont College of Medicine, Burlington VT 05405.
The development and maintenance of structural and functional neuronal connectivity is dependent upon neuron-glia interactions. The extracellular microenvironment is critical for these interactions. Previously, we reported the cloning of
BEHAB (JCB 125:495), a CNS specific ECM protein that was subsequently determined to represent a partial cDNA of brevican (JBC 269:10119). Brevican is expressed as secreted and GPI-anchored isoforms generated by alternative RNA processing from a single gene (JBC 270:27206). While its spatio-temporal expression
patterns correlate with gliogenesis (J. Neurosci. 15:1352), brevican is expressed by
both neurons and glial cells (Eur. J. Neurosci. 10:1621).
Brevican isoform expression was analyzed by in situ hybridization and immunohistochemistry in the rat CNS from embryonic day 14 to adulthood. In contrast to
the reported restricted mRNA expression of the secreted isoform in neurons and the
GPI isoform in glial cells, we observed GPI expression in a subset of neurons.
Brevican isoform expression was also examined consequent to a cortical stab
wound, an injury which is associated with glial cell hypertrophy and hyperplasia.
The secreted, but not GPI, isoform was significantly up-regulated. The secreted
isoform was expressed only in a subset of GFAP- and nestin-positive astrocytes,
suggesting a heterogeneity of glial response to injury. Thus, under appropriate
conditions, the expression of the secreted isoform may be induced in glial cells, a
cell type in which its expression has not previously been detected.
Expression of brevican isoforms was investigated in primary astrocyte cultures.
Northern blot and rtPCR analyses revealed that both isoforms are expressed in astrocytes in vitro. The in vitro expression of both isoforms is spatially and temporally
regulated. In addition, the expression of the secreted isoform is up-regulated in
reactive astrocytes in vitro. These data suggest a complex regulation of brevican
isoform expression both in vivo and in vitro. Supported by NS35874 (DMJ).
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308.3

308.4

MORPHOLOGICAL ALTERATIONS IN PRIMARY ASTROCYTE CULTURES
DUE TO A DIFFERENT BUFFERS C.Gottfried, L.Andrighetti, J. Karl and R.
Rodnight*. Depart.Bioquimica, ICBS, UFRGS, Rua Ramiro Barcelos 2600anexo, 90.035.003 Porto Alegre, Brazil.
During the course of a study of protein phosphorylation in astrocyte cultures
we noticed a dramatic change in cell morphology on replacing the
bicarbonate- buffered culture medium (DMEM) by a Krebs/Ringer medium
buffered with HEPES used for labelling with “P. The astrocytes changed from
polygonal cells to process bearing cells (stellation) after 30 min at 30°C, both
in presence or absence of Ca2+, as shown by phase contrast optics and
immuno-staining for GFAP and f-actin. Stellation did not occur when the
culture medium was replaced with the same basic Krebs/Ringer medium but
buffered with 26 mM NaHCO.j/5% CO2. However in bicarbonate medium
lacking Ca2+ stellation occurred. Addition of L- or D-glutamate to the HEPES
medium inhibited stellation, whereas inclusion of 10% FCS did not. The effect
of glutamate appeared to be related to a Na-dependent uptake process
because when Na+ in the HEPES medium was replaced with choline
glutamate did not prevent stellation. Morphology change in HEPES medium
was also prevented by the RhoA activators thrombin and lysophosphatidic
acid. Intracellular acidification may be an initiating factor in the
HEPES-induced stellation. This is suggested by observations showing that
when cultured CA3-neurons were changed from a bicarbonate-buffered
medium to one buffered by HEPES intracellular acidification occurred (Bonnet
et al. Brain Res. 796:161, 1998). Indeed we found that lowering internal pH
by addition of 1 mM NH4CI to bicarbonate medium led to stellation. We
suggest that incubation of astrocytes in a HEPES-buffered medium results in
loss of actin stress fibers due to inactivation of RhoA through internal pH
acidification. PRONEX, CNPq, PROPESQ-UFRGS and FINEP.

TIME-DEPENDENT
DYNAMICS OF FINE THREE-DIMENSIONAL
STRUCTURES OF ASTROCYTES OBSERVED BY ATOMIC FORCE
MICROSCOPY. Y. Yamane1*. H. Shiga1. H. Asou2. K. Kawabata1. K. Abe3, and E.
Ito1. ‘Divs. of Biol. Sci. and Phys., Grad. Sch. of Sci., Hokkaido Univ., Sapporo
060-0810; 2Dept. of Neuro-cell Biol., Tokyo Metropolitan Inst, of Gerontol., Tokyo
173-0015; 3Dept. of Anat., Hokkaido Univ. Grad. Sch. of Med., Sapporo 060-8638;
Japan.
Glial cell-to-cell communication plays a fundamental role in integrative functions
of the nervous system. Gap junctions are thought to be strongly involved in this
communication, including an astrocytic calcium wave. However, the change of
connexin localization in the course of cell-to-cell adhesion is unknown. In this
study, the time-dependent fine morphological changes of cultured astrocytes were
observed by atomic force microscopy (AFM), and the localization of connexin 43
and actin filaments was visualized by immunocytochemical technique. Each AFM
image was acquired every 10 or 20 min, and the observation was continued up to 2
hours. Some astrocytes projected their fine processes to adhere neighboring cells.
A combined technique of AFM and immunocytochemistry revealed the relationship
among the fine surface morphology of astrocytes, the localization of actin filaments,
and that of connexin 43 in the identical cells. The complicated ridges of cell
surfaces observed by AFM were in good agreement with localization of actin
filaments. When the cells adhered, the actin filaments in different cells appeared to
be rearranged to form straight lines. Some connexin 43 immunoreactive spots were
localized along the actin filaments, and other spots were on the cell surfaces. In
particular, the astrocytic processes indenting into neighboring cell membrane showed
connexin 43 immunoreactivity at their tips. These results suggest that connexin 43
together with actin filaments are involved in the astrocytic cell-to-cell adhesion.

308.5

308.6

Change in Cholesterol Metabolism in Rat Astrocytes by Differentiation.

FAILURE TO EXPRESS GAP-43 INHIBITS TYPE 1 ASTROCYTE
DIFFERENTIATION IN BOTH P19 EC CELLS AND -/- MICE. Y.
Shen, S. Mani, and K.F. Meiri*. Dept. Pharmacology SUNY Health
Science Center, Syracuse, NY 13210.
The nervous system specific protein GAP-43 is significantly upregulated
in differentiating neurons and glia. However, whereas high levels of GAP43 are maintained in neurons, upregulation is transient in differentiating
glia. Previously we have shown that failure to upregulate GAP-43 in
mutant P19 EC cells inhibits very early neurogenesis via a precursor that is
at least bipotential. Subsequently acquisition of the morphological
neuronal phenotype is also affected. Here we show that failure to
upregulate GAP-43 has parallel effects on differentiation of Type I
astrocytes in both the mutant P19 EC cells and in primary cultures from
GAP-43 (-/-) mice. With respect to early stages of gliogenesis in the
mutant P19 EC lines, proliferation of the RCI+ glial progenitor continued
after the time when terminal differentiation of astrocytes had occurred in
wt cells. Likewise, in primary cerebellar cultures from the GAP-43 (-/-)
mouse, proliferation of RCI+ cells was increased, and numbers of
terminally differentiated Type 1 astrocytes were reduced. With regard to
acquisition of the morphological phenotype, numbers of GFAPexpressing cells were significantly reduced both in the cell lines and in
primary cerebellar cultures from the GAP-43 (-/-) mouse. Interestingly,
expression of glutamine synthetase, an astrocyte marker, was normal in the
cell lines, indicating that astrocytes had partially differentiated. The
question arises as to whether the effects on astrocyte differentiation are
mediated directly, via failure to transiently upregulate GAP-43 in the
precursors, or whether they arise secondarily to concurrent inhibition of
neuronal differentiation. Supported by NS 331108 to KFM).

S, Ueno12. J. Ito1, Y, Nagayasu1 M. Ota2* .and S.Yokovama1.
‘Dept. of Biochemistry 1 and 2Dept. of Psychiatry, Nagoya City University
Medical School, Nagoya,467-8601,Japan

Astrocytes isolated from fetal rat brain synthesize apolipoprotein(apo) E and secrete

it as cholesterol-rich prebeta-HDL-like lipoprotein. The cells were prepared in three
different culture conditions; standard astrocyte preparation by 1 week primary culture of
the brain cells and subsequent 1 week secondary culture to purify the astrocytes
population (W/W), 1 month primary and subsequent 1 week secondary cultures (M/W),

and 1 week primary and 1 month secondary cultures (W/M). Plasminogen activator
inhibitor was induced and vimentin was decreased in M/W, and GFAP was induced

inM/W and W/M, showing that long-time culture induces the cell differentiation.
Cholesterol synthesis, its feed-back regulation and the HDL secretion were all more
active in M/W than W/W accompanied by strong induction of apoE synthesis and
secretion. As a consequence, cellular cholesterol was lower in M/W. However, these

changes were not consistent in W/M,'suggesting that it is attributed to the long-time
primary culture with other brain cells, such as neurons. HDL secretion by astrocytes is
thus depends on stimulus by other cells suggesting it is upon demand by others.
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NEURON-GLIA INTERACTIONS IN THE CEREBELLAR CORTEX OF
THREE KNOCKOUT MICE: GFAP, VIMENTIN AND GFAP/VIMENTIN.

ASTROCYTES FROM MICE DEFICIENT FOR GFAP AND VIMENTIN
SUPPORT NEUROGENESIS AND AXONAL GROWTH IN A MODEL OF
NEURON-ASTROCYTE CO-CULTURE. V. Menet1, M. J. Drian1. C. Babinet2. E.
Colucci-Guyon2, M. Gimenez v Ribotta1 and A. Privat1*. ’INSERM U 336,
Montpellier; 2Biologie du Developpement, Institut Pasteur, Paris, FRANCE.

M. Gimenez y Ribotta1*, F. Langa2. V. Menet1, C. Babinet2 and A. Privat1.
’ INSERM U. 336. Universite Montpellier II. Montpellier, France.
2 Lab. Biologie du Developpement. Institut Pasteur. Paris, France.
In the cerebellum of adult mammals GFAP and Vimentin (VIM) are coexpressed
in Bergmann glia. In this study we used three transgenic null-mice (GFAP, VIM
and double GFAP and VIM) to analyze the involvement of these intermediate
filaments proteins in neuron/glia interactions. A mixed genetic background was
chosen for control wild mice. Cerebella of VIM, GFAP and GAFP/VIM mutant
mice were processed by the rapid Golgi method and for electron microscopy.
In mice lacking VIM Bergmann glia processes are hypertrophic with thickening
of appendages. This correspondes with large glial profiles observed with the
electron microscope in which dendritic thorns and parallel fiber boutons are
embedded. Moreover, early signs of degeneration are observed in Purkinje cells.
In mice lacking GFAP, Bergmann glia exhibit fine and delicate processes as those
seen in wild animals, however a great accumulation of lamellae and granular
appendages were observed along their surface, which came into contact with one
another. The electron microscope revealed fine and scarce glial profiles and the
presence of large extracellular spaces.
In mice lacking GFAP/VIM the two phenotypes are expressed, but appear
attenuated, with a general appearance of immaturity for Bergmann glia.
In conclusion, it appears that the absence of each of the proteins yields a specific
phenotype, and that they are not necessary additives.

Supported by IRME, VERTICALE and BIOMED.

Neuron-Astrocyte interactions are key elements in the development and plasticity
of the Central Nervous System. We used mice deficient for the two major
gliofilament proteins (GFAP and Vimentin) in order to define the role of the
astrocytic cytoskeleton in neurogenesis and axonal growth in a model of neuronastrocyte co-culture.
Briefly, spinal cord astrocytes from wild and mutant mice were cultured to
confluence (2 weeks) and cortical neurons from wild mice were then seeded onto
+/+ or -/- astrocytes monolayers for 7 days. Neuronal attachment and survival and
neurite growth were analysed by counting the B3-tubulin positive cells and
measuring the surface occupied by the neurons.
Our results show that the number of neurons was significantly greater on mutant
mice astrocytes (110.68 ± 6.3 versus 49.3 ± 3.3). Concerning the surface occupied
by the perikaryon and the neurites, it was almost double (0.47 ± .03 versus 0.23 ±
0.01 per mm2) for neurons cultured on mutant astrocytes. Moreover, we have
observed topological differences between the neurons seeded on mutant astrocyte
monolayers or on wild astrocyte monolayers. Neurons appeared mostly in clusters
on mutant astrocytes whereas they appeared more isolated on wild astrocytes.
Preliminary experiments with conditioned medium of -/- astrocytes do not mimic
the effect of mutant astrocyte monolayers.
These results suggest that the absence of the 2 major gliofilament proteins are able
to interfere positively with the ability of astrocytes to support neuron attachment and
neurite growth and that this effect is not predominantly due to diffusible factors.
SUPPORTED BY INSERM, IRME AND VERTICALE.

308.9

308.10

THE ROLE OF TYPE-1 ASTROCYTES ON THE DIFFERENTIATION OF A2B5POSITIVE GLIAL PROGENITOR CELLS ISOLATED FROM ENBRYONIC RAT
BRAIN. T. Adachi, *’2 Y. Nakai, 2~3 T. Adachi,2’4 Y. Sakurai, 2 K. Yoshimura,5 M.
Kunimoto* 1 H. Asou 2’ . 1 Regional Environment Div., National Institute for
Environmental Studies, Tsukuba, Ibaraki 305-0053, Japan; 2 Dept. of Neurobiology,
Tokyo Metropolitan Institute of Gerontology, Tokyo 173-0015, Japan; 3 Dept. of
Physiology, Keio Univ. School of Medicine, Tokyo 160-0016, Japan; 4 Cellular
Technology Institute, Otsuka Pharmaceutical Co., Tokushima 771-0192, Japan;5 Dept.
of Physiology, Saitama Medical School, Saitama 350-0495, Japan.
Oligodendrocytes arise during development from glial progenitor cells, known as
oligodendrocyte-type-2 astrocyte (O-2A) progenitor cells. O-2A progenitor cells can
also differentiate into type-2 astrocytes. We investigated the role of type-1 astrocytes
on the differentiation of the embryonic glial progenitors. The progenitor cells were
prepared from cerebral cortex of El 8 rats by a immunopanning method using A2B5.
The A2B5+ cells were plated on poly-L-lysine-coated coverslips at a density of 50000
cells/coverslip. When the progenitor cells were cultured in MEM containing 10% fetal
calf serum, glial fibrillary acidic protein (GFAP) emerged rapidly within 24 h, and the
cells differentiated into process-bearing A2B5+/GFAP+ type-2 astrocytes at least on the
7th day. On the contrary, the cells cultured in modified B-S medium, which did not
contains T3 and T4, remained progenitors. If the cell culture was maintained with type1 astrocyte-conditioned modified B-S medium (ACM), the GFAP+ cells increased
remarkably. GFAP+ cell populations further expanded, when the progenitor cells were
cultured in ACM in the presence of extracellular matrix produced by type-1 astrocytes.
After that, most of the cells became process-bearing type-2 astrocytes at least on the
12th day, although the expression of A2B5 gradually decreased. Under these
conditions, few cells were O4+ or Ol+. The present results suggest that type-1
astrocytes play an important role on the differentiation of glial progenitor cells,
particularly their differentiation into type-2 astrocytes.

EGF AND SERUM CONTAINING LONGTERM CULTURES OF
EMBRYONIC MOUSE LATERAL GANGLIONIC EMINENCE: IN
VITRO AND TRANSPLANTATION STUDIES. C. Eriksson', C. Ericson1.
M.A. Gates2, K. Wictorin1*. 'Wallenberg Neurosci. Center, University of Lund.
Solvegatan 17, S-223 62 Lund, Sweden; 2Harvard Medical School, USA.
For ex v/vo-gene transfer, astrocytes are of particular interest, due to their
normal CNS presence and known capacity to survive and integrate after
transplantation. Astrocytes are also used in other transplantation experiments, as
components in grafts of primary embryonic tissue, or in the form of purified cell
populations or cell lines, for studies of developmental and regenerative mechanisms.
In the present experiment, the growth rate of astroglial cells in longterm cultures was
assessed, as well as the survival, differentiation and migration of these cultured
astroglial cells after implantation. Cultures were prepared from the lateral ganglionic
eminences of E15-17 mice in an epidermal growth factor (EGF) and serum containing
medium, and followed over 25 passages (7 months). At passages 4-6 and 18 cell
suspensions were injected into the striatum of adult immunosuppressed (lesioned and
intact) or neonatal rats. The majority of the cells acquired an astroglial phenotype,
with around 75% of the cells GFAP positive after passage 2, increasing to about 9095% after passage 5. Over these passages, the growth rate gradually declined, but
increased again after passage 9. Using an antiserum specific for mouse glia (M2),
surviving transplants were found in all types of graft recipients. In tlie neonatal rats,
widespread migration was seen from the needle tract throughout most of the striatum,
along the internal capsule, and into the globus pallidus. The astrocytes grafted into the
adult striatum remained mostly around the injection tract, with cells migrating
approximately 0.4-0.6 mm. No obvious difference in cell morphology or migration
patterns could be distinguished between grafted cells from passages 4-6 or 18. Overall,
this study supports the idea that astrocytes can be grown at high purity over repeated
passages, and survive well and migrate following transplantation.
This study was supported by grants from AFA and SSF.

308.11

308.12

HUMAN EMBRYONAL NT2/D1 CELLS ALSO DIFFERENTIATE INTO
ASTROCYTES (NT2A CELLS).
M. Bani-Yaghoub, D. Fatehi, J.F. Bechberger* and C.C.G. Naus
Department of Anatomy and Cell Biology, The University of Western
Ontario, London, Ontario, N6A5C1, Canada
As the most numerous cell type in the brain, astrocytes are thought
to possess spatial buffering capacity to deal with extracellular K+ions.
Astrocytes are coupled via gap junction channels and it is believed that
their communication level is regulated by extracellular ions, neurotransmitters and neuromodulators. Astrocytic coupling is altered in
abnormal conditions such as stroke, brain trauma and Alzheimer’s
disease. A well-established human neuronal progenitor cell line,
NT2/D1, has been previously differentiated into pure neuronal cultures
to study these abnormalities. We have shown that NT2/D1 cells lose
their coupling state during neuronal differentiation upon treatment with
retinoic acid and antiproliferative agents, respectively (Bani-Yaghoub
et al., 1997, Journal of Neuroscience Research 49, 19-31). In the
current study, for the first time, we report the differentiation of NT2/D1
cells into astrocyes by modifying the concentration and duration of
treatment with antiproliferative agents. The capacity of these cells to
differentiate into both neurons and astrocytes shows that human
NT2/D1 cells are not merely committed neuronal progenitors. Thus,
similar to the embryonal stem cells, they can give rise to both lineages.
Secondly, NT2 neurons (NT2N) and astrocytes (NT2A) can be grown
in the same culture. This coculture system of human neuronal and
astrocytes provides an ideal model to examine neuron-glial
interactions in vitro (Supported by the Medical Research Council of
Canada).

BONE MORPHOGENETIC PROTEIN-7 (BMP7) UPREGULATES
ASTROCYTIC DIFFERENTIATION OF THE MOUSE P19
EMBRYONAL CELLS
J. Felker, M. Bani-Yaghoub, D.J, Belliveau* and C.C.G. Naus
Department of Anatomy and Cell Biology, The University of Western
Ontario, London, Ontario, N6A5C1, Canada
Bone morphogenetic proteins (BMPs) are important signaling
molecules expressed during formation of brain and spinal cord in
mammals. BMP7 mediates a contact- and time-dependent induction
of cellular differentiation during neural tube development. In addition,
transfer of small ions and molecules (^ 1200 Da) in developing CNS
is accomplished, at least in part, by gap junctions. These structures
are composed of small proteins called connexins. Mouse P19
embryonal carcinoma celis follow a course of neural development
similar to that of embryonic stem cells. In both cases, the levels of
Cx43 and gap junctional communication decrease dramatically during
differentiation. Although P19 cells have the capacity to differentiate
into Cx43 positive astrocytes upon retinoic acid (RA) induction, those
treated with RA+BMP7 show a major increase in the number of
astrocytes along with an increase in the viability of neurons.
Interestingly, BMP7 was not required during the entire course of
astrocytic differentiation (12-16 days) and its effects on astrocytes
were achieved by treating cells during the first 4 days. We are
currently investigating if the enhanced neuronal survival occurs as a
direct response to BMP7 or indirectly due to the presence of a large
number of astrocytes in the culture (Supported by the Medical
Research Council of Canada).
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308.14

INDUCTION OF ASTROCYTE DIFFERENTIATION BY
VASCULAR ENDOTHELIAL CELLS VIA LIF IN THE
DEVELOPING RAT OPTIC NERVE.

PACAP, A NEURON-DERIVED PEPTIDE REGULATING GLIAL
GLUTAMATE TRANSPORT AND METABOLISM. J, Engele* and M,
Figtel. Anatomy und Cell Biology, University of Ulm, 89069 Ulm,
Germany.
In the brain, termination of glutamatergic neurotransmission is
predominantly achieved by the rapid uptake of synaptically released
glutamate into astrocytes through the Na+-dependent glutamate
transporters, GLT-1 and GLAST, and its subsequent conversion to
glutamine by the enzyme, glutamine synthetase (GS). To date, several
extracellular signaling molecules, including glutamate itself, have
been identified which rapidly alter glutamate uptake by posttranslational modification of glial glutamate transporters, The only
experimental condition known to affect the expression of glial
glutamate transporters and that of GS is co-culturing glia with
neurons. We now demonstrate that neurons regulate glial glutamate
turnover through the neuropeptide, pituitary adenylate cyclaseactivating polypeptide (PACAP). In the differentiated cortex PACAP is
exclusively synthezised by neurons and acts on a subpopulation of
glia involved in glutamate turnover. Treatment of cultured cortical glia
with PACAP (IO-7 M, 72 h) increased maximal velocity of
(3H)glutamate uptake by promoting the expression of GLT-1, GLAST
as well as of GS. Maintaining cortical glia with a combination of
PACAP and the PKA inhibitor, H89 (lO^ m ), or the PKC inhibitor,
G66976 (10"6 M), further revealed that the effects of PACAP on GLAST
expression only required activation of PKA whereas activation of both
PKA and PKC were necessary to affect expression of GLT-1. This could
indicate that PACAP differentially affects glial glutamate transporter
expression depending on the astroglial PACAP receptor make-up.
Supported by the State of Baden-Wurttemberg and DFG.

308.15

308.16

DIFFERENTIAL DISTRIBUTION OF MEMBRANE AND CYTOSKELETAL
MARKERS IN HINDBRAIN RADIAL GLIA OF XENOPUS. M.Yoshida
and D.R, Colman.* Department of Biochemistry and Molecular Biology,
Mount Sinai School of Medicine, New York, NY 10029.
The developing hindbrain displays regular swellings termed
rhombomeres, which ultimately give rise to the cerebellum and brain stem.
The boundaries between rhombomeres are the distinguished domains that
contain a specialized population of vimentin-positive radial glia. To
investigate the radial glial organization in the developing hindbrain, we
used Xenopus laevis, in which morphologically only a single type of
astroradial glia is found. We examined the immunohistochemical
distribution of three markers in the developing Xenopus hindbrain: a new
repertoire of radial glia cell surface markers, Xenopus DMy; two glial
intermediate filaments, vimentin and GFAP. Xenopus DMy, one of the
proteolipid proteins, which presumably has a four helix span or four
transmembrane motif, is expressed in the subset of the developing radial
glia. Both DMy transcripts and proteins are uniquely distributed in the
hindbrain: over time, transcripts are confined to the ventricular zone of the
centers and proteins to the processes in the boundaries. Vimentin and GFAP
are extensively coexpressed in hindbrain radial glia during earlier
development and later they are redistributed into the distinct rhombomere
domains: vimentin is localized in the radial glia of the boundaries and
GFAP is enriched in those of the centers. We suggest that the radial glia in
Xenopus rhombomeres are progressively specified in the centers and
boundaries and that the radially oriented cells in the centers are more
differentiated glia than those in the boundary. Supported by a grant from
the National Multiple Sclerosis Society (RG3034A2/1) to M.Y.

NESTIN IMMUNOSTAINING IN THE LESIONED PERINATAL CORTEX:
ASTROCYTES ARE PRESENT BUT NOT REACTIVE. B. Aitai and M. Kalman*
Semmelweis University of Medicine, Budapest, Hungary, H-1450.
We investigated the astroglial response to lesions of the rat developing cortex
with immunohistochemistry against GFAP and nestin. Previously no reactive
gliosis was found around stab wounds in the prenatal or early postnatal periods
with GFAP. Thus, the question arises, whether this phenomenon is due to the
absence of astrocytes or to the lack of their GFAP-expression. Nestin
immunostaining (a marker for radial glia and young astrocytes) might visualize the
yet GFAP-negative but possibly activated cells. The cortex was lesioned between
the 20th embryonic and the 7th postnatal days and a week later the animals were
sacrificed. Coronal sections were cut with a Vibratome and immunostained against
GFAP or nestin. Nestin immunostaining visualized both radial glia and developing
astrocytes (in contrast to the immunostainings against either GFAP or vimentin).
Astrocytes were already present at P3, and their number increased with age, while
radial glia gradually disappeared from P7 on. Around lesions performed before P4.
even the nestin immunostaining failed to detect astrocytic gathering. When
performed after P4, however, the lesion site was surrounded by reactive gliosis,
immunopositive for both GFAP and nestin. The course of the radial glia was
adapted to the new, deformed surface. The lesioned part of the corpus callosum
proved to be negative for both GFAP and nestin, indicating the absence or paucity
of the astrocytes there. The results suggest that i) during the shift from radial glia to
astrocytes, neither GFAP, nor vimentin, but rather nestin visualizes astroglia (in
rodents); ii) the lack of the reactive gliosis after the early postnatal lesions is due to
the lack of the astroglial reactivity or GFAP expression, but not to the absence of
astroglia; iii) when the astroglia gain reactivity to lesions, they also acquire the
capability to express GFAP.
Supported by the Scientific Committee of the Semmelweis University.

H. Mi*, B. A. Barres Department of Neurobiology, Fairchild Science
Building, Stanford University School of Medicine, Stanford, CA
94305-5125
In order to understand the cell-cell interactions that control astrocyte
differentiation, we have recently developed a method to highly purify
astrocyte precursor cells (APCs) from the embryonic rat optic nerve.
We found that they do not differentiate by default, but can be signaled
to differentiate by LIF, CNTF, or by a non-neural cell fraction isolated
from the developing optic nerve. In this study, we have addressed two
questions. First, what cell types are involved in signaling astrocyte
differentiation? Second, are either LIF or CNTF involved in this
process? We found that there is a close spatial and temporal
correlation between astrocyte differentiation and the development of
blood vessels in the developing optic nerve. To further elucidate the
possible role of vascular endothelial cells (VECs) in astrocyte
differentiation, we developed a sequential panning method to purify
both VECs and pial cells from developing rat optic nerve. Purified
APCs differentiated into GFAP* astrocytes when cultured with VECs or
their conditioned media, but not with pial cells. The ability of
endothelial cells to induce differentiation was blocked by a LIF
neutralizing antibody, but not a CNTF neutralizing antibody.
Similarly, astrocyte differentiation occurred on schedule in embryonic
optic nerve explants, but was significantly decreased by the LIF
neutralizing antibody.
These results indicate that astrocyte
differentiation is normally induced by vascular endothelial cells via
LIF.
This work was funded by the National Eye Institute.

308.17
IMMUNOCHEMICAL PROPERTIES OF ENSHEATHING GLIA FROM THE
OLFACTORY BULB. IN VIVO AND IN VITRO. H.H. NashT*, J.J. Anders^7
and R.C. Borke * . Neuroscience Program, Department of Anatomy &
Cell Biology, Uniformed Services University of the Health Sciences,
Bethesda, MD 20814

Ensheathing glia are unique to the olfactory bulb. These glial cells surround
the axons of primary olfactory neurons in the peripheral nervous system as
they exit the olfactory epithelium and enter the central nervous system through
the cribriform plate. Ensheathing glia continue to cover the primary olfactory
nerve through the first layer of the olfactory bulb and into the second layer, the
glomerular layer, where these neurons synapse on mitral cells. Several groups
have been involved in the characterization of ensheathing glia, and this work is
still continuing. This study reports two findings regarding the immunochemical
properties of ensheathing glia. The first finding is in relation to the expression
of the low affinity neurotrophin receptor, p75 by ensheathing glia. It known that
ensheathing glia express p75, both in vivo and in vitro.
Using
immunohistochemistry, we confirmed expression of p75 by ensheathing glia in
the adult olfactory bulb and have defined the pattern of labeling in vivo to be
limited to those ensheathing glia membranes within toe glomerular layer. Also,
p75 labeling of ensheathing glia was more intense in adult rat primary cultures
than in vivo. Our second finding is that immunocytochemical analysis revealed
toe expression of the Thy 1.1 glycoprotein by ensheathing glia in vitro by day 8
in culture. This finding is similar to reports in astrocytes, which do not express
Thy 1.1 in vivo, but begin to express this glycoprotein after 7 days in culture
and reach maximum expression by 3 weeks. We suggest that expression of
Thy 1.1 by cultured ensheathing glia will enhance toe ability of these cells to
promote axonal regrowth after injury, given that Thy 1.1 on astrocytes in vitro
has been suggested to modulate toe outgrowth of neurites.
Funded by the Brain Injury Association
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SYMPOSIUM. DEVELOPMENTAL MECHANISMS IN THE PATHOGENESIS OF
NEURODEGENERATIVE DISEASES. M.F, Mehler, Albert Einstein Coll. Med.
(Chairperson); E.H, Koo. Univ. Calif., San Diego; M.H, Polymeropoulos. Novartis; A.H,
Schapira. Royal Free and Univ. Coll. Med. Sch., London, U.K.
Cellular genes that are mutated in classical neurodegenerative diseases code for proteins
that exhibit complex patterns of neurodevelopmental expression and interact with
signaling pathways that mediate seminal neural fate decisions. Additional genetic studies
also suggest that disease pathogenesis may involve alterations in fundamental
developmental mechanisms. M.F. Mehler will present an overview of developmental
pathways implicated in the pathogenesis of specific neurodegenerative diseases, with an
emphasis on mechanisms regulating neurogenesis, pattern formation, and the
establishment of critical periods for progenitor cell responsiveness to environmental
signals. E.H. Koo will examine the diverse roles of presenilins and associated signaling
molecules in the pathogenesis of Alzheimer’s Disease, with an emphasis on the effects
of disease mutations on early developmental signaling pathways (Wnt, Notch) and
neuronal differentiation. M. H. Polymeropoulos will examine the emerging roles of
synucleins in die pathogenesis of Parkinson’s Disease and other degenerative dementias,
with an emphasis on the differential effects of disease mutations on later stages of
neurogenesis. A.H. Schapira will examine the effects of altered mitochondrial function
and energy metabolism on the pathogenesis of neurodegenerative disorders, with an
emphasis on Friedreich’s Ataxia (frataxin) and on respiratoiy chain subunit abnormalities
in Parkinson’s and Huntington’s Diseases. The symposium will critically evaluate a
general model of disease pathogenesis in which individual causal mutations expressed in
distinct neural progenitor species during critical stages of neurogenesis and regional
patterning may alter neural fate decisions, cellular signaling and bioenergetics in ways
that dispose to late-onset regional neurodegeneration. An important aim is to better
understand the normal functions of these disease-associated molecules in order to devise
effective therapeutic interventions prior to the onset of irrevocable neuronal injury/ death.

SYMPOSIUM. ASTROCYTES AS ACTIVE PARTICIPANTS IN
SYNAPTIC TRANSMISSION. M, Nedergaard. New York Medical
College (Chairperson); P. Havdon. Iowa State Univ.; R. Robitaille.
Univ. of Montreal; A. Volterra. Univ. of Milan; D. Attwell. Univ.
College London.
Astrocytes are activated during both excitatory and inhibitory synaptic
transmission and respond with intracellular Ca2+i elevations. Advances
within the last year have shown that Ca2+i elevations in astrocytes have
the potential to modulate synaptic transmission in the intact retina and
hippocampal slices. Haydon will present evidence for calciummediated astrocytic glutamate release and discuss how astrocytes
regulate the probability of transmitter release from hippocampal
presynaptic terminals. Robitaille will report that Schwann cells actively
modulate neuromuscular transmission. Volterra will outline the
existence of an integrated glutamatergic cross-talk between neurons
and astrocytes. He will discuss the signal transduction pathway
required for astrocytic glutamate release, focusing on the role of
cyclooxygenase metabolites such as prostaglandin (PGE2). Attwell will
analyze the role of astrocytic transporters in glutamate release during
ischemia. The use of glutamate-gated channels in hippocampal
pyramidal cells to sense the glutamate released in simulated ischemia
will be discussed. He will close by evaluating the functional role of
glutamate release through swelling-activated anion channels and
exocytosis versus glutamate transporters.

VISUAL CORTEX: STRIATE—OPTICAL AND FUNCTIONAL IMAGING

313.1

313.2

RELATIONSHIP BETWEEN DIRECTION PREFERENCE MAPS AND INTRACORTICAL
SYNAPTIC CONNECTIONS IN FERRET VISUAL CORTEX
B. Roerig1* and J. P, Y. Kao2. ’Dept. of Anatomy & Neurobioiogy and 2Dept. of Physiology
and 2Medical Biotechnology Center, University of Maryland School of Medicine, 685 West
Baltimore Street, Baltimore, MD 21201.

VISUOTOPIC DISCONTINUITY AT THE V1/V2 BORDER WITHOUT
DISRUPTION OF THE MAP OF ORIENTATION PREFERENCE IN FERRET
VISUAL CORTEX L.E. White*, W.H, Bosking and D. Fitzpatrick. Department of
Neurobioiogy, Duke University Medical Center; Durham NC 27710.
In ferret visual cortex, the VI/V2 border coincides precisely with a boundary
between exceptionally large and irregular ocular dominance domains. On the VI
side is a representation of the central portion of the ipsilateral visual hemifield that is
driven solely by the contralateral temporal retina. On the V2 side is a mirrorreversed representation of the contralateral visual hemifield that receives geniculate
input exclusively from ipsilateral-eye layers of the LGN. Because the representation
of the ipsilateral visual field in VI is not duplicated in V2, adjacent sites in cortex on
either side of the boundary often have receptive field centers that are separated by 15
degrees or more. Here we asked whether this discontinuity in the mapping of visual
space is reflected in the structure of the map of orientation preference.
We used optical imaging of intrinsic signals to demonstrate the maps of
orientation preference, ocular dominance and visual space. Orientation selective
responses were recorded throughout the exposed portions of VI and V2. Despite the
significant visuotopic discontinuity along certain segments of the VI/V2 border, the
mapping of orientation preference across these same regions was often smooth and
continuous. However, the V1/V2 border did not invariably lie within zones of low
rate of change; the border intersected all types of features in the orientation
preference map, including pinwheel centers and saddle points. A similar result was
obtained by characterizing the receptive fields of closely spaced pairs of sites that
straddled the V1/V2 border. For these pairs, change in receptive field location and
change in orientation preference were not significantly correlated. Thus, the
disruption in the mapping of visual space that occurs at the ferret VI/V2 border has
no manifest impact on the mapping of orientation preference. Supported by
EY06729, EYJ1488 & The McKnight Foundation.

313.3

313.4

OPTICAL IMAGING OF CLUSTERED CONNECTIONS IN LAYER 2/3 OF
FERRET VISUAL CORTEX USING VOLTAGE-SENSITIVE DYES. T.R.
Tucker* and L.C, Katz. Howard Hughes Medical Institute and Department of
Neurobioiogy, Duke University Medical Center, Durham, NC 27710.
Our perception of an object depends on the context of a visual scene, revealing that
information is integrated spatially throughout the visual field. A physiological
correlate is evident in striate cortex where the firing rate of a neuron is modulated by
visual stimuli which are presented outside of the classical receptive field. An
anatomical substrate that has been proposed to mediate these modulatory effects is
the long-range horizontal collaterals in layer 2/3 which form clustered connections
linking iso-orientation domains.
To determine whether the neuronal circuitry in a tangential slice of layer 2/3 is
sufficient to produce modulatory effects, we used voltage-sensitive dyes and a 16x16
photodiode array to visualize clustered connections with high temporal and spatial
resolution. After an electrical stimulus, the optical response reveals a network of
domains spaced at intervals of 400 to 600 microns, similar to the distances between
iso-orientation domains observed in vivo. These domains appear a few ms after the
stimulus as isolated regions approximately 100 microns in diameter from which they
expand and typically merge with a slower wave of activity propagating from the
stimulation site. Their locations match those of anatomical clusters observed in the
same slice following extracellular biocytin injection. Repositioning the stimulating
electrode generates distinct patterns of domains or a pattern that is similar to the
original, revealing that some domains are reciprocally connected. Sharp electrode
recordings from neurons in a single domain reveal 3 to 5 mV EPSPs whose time
course coincides with the optical signal.
Stimulating multiple domains
simultaneously reveals facilitatory or inhibitory interactions. Thus optically
visualized activity corresponds to the anatomical clusters that link iso-orientation
domains indicating that the circuitry of layer 2/3 alone can mediate modulatory
interactions. Supported by NEI grant EYO7960.

FOURIER ANALYSIS OF SPATIAL FREQUENCY IN PRIMARY VISUAL CORTEX
AS ASSESSED BY OPTICAL IMAGING OF INTRINSIC SIGNALS. N. P. Issa*, C.
Trepel, and M.P. Stryker. W.M. Keck Foundation Center for Integrative Neuroscience,
Department of Physiology, University of California, San Francisco, CA 94143-0444.
Neurons in the primary visual cortex (V1) are selective for spatial frequency.
Recent studies using optical imaging of intrinsic signals suggest that there is a
continuous columnar organization of spatial frequency within V1. Previous
psychophysical and electrophysiological findings have suggested that the primary
visual cortex responds as if it performs a piecewise Fourier analysis on the retinal
image. The columnar organization of spatial frequency suggests that a cortical Fourier
analysis of a complex image would stimulate several areas - each in proportion to the
amplitude of the Fourier component whose spatial frequency corresponds to that of the
cortical area. To assess the spatial-frequency filtering properties of V1, we used
intrinsic-signal imaging to measure the responses to stimuli that have either one or
multiple spatial frequencies. We measured cortical activity in response to sine and
square wave gratings at each of several contrasts and with a fundamental spatial
frequency of 0.2 c/deg. We compared the responses to sine and square wave gratings
to a spatial frequency map constructed from responses to sine wave gratings of the
same orientation and a range of spatial frequencies. When measured in a spatial
frequency domain where the majority of cells respond to 0.2 c/deg, the response
strength to a sine wave grating of 0.2 c/deg was proportional to the contrast of the
stimulus. In the same area, the response to a square wave grating was also
proportional to stimulus contrast but differed from the response to a sine wave grating
in two ways. First, responses to square waves were approximately 1.4 fold larger than
responses to sine waves, consistent with the prediction of a Fourier analysis. Second,
at high contrasts, the responses to square waves within high spatial frequency
domains of the cortical map were greater than those of sine wave gratings by the
amounts predicted from the Fourier components of the square wave. In the cat, we find
that stimulation of a large region of the visual field by sine and square-wave gratings
elicits intrinsic-signal optical responses over many cortical columns, a result consistent
with a Fourier analysis of the stimuli. Whether similar results would obtain for
responses to less periodic or smaller stimuli is not yet known. Supported by NIH grant
EY02874 and postdoctoral fellowships from the NEI and the Canadian NSERC.

In the visual cortex neurons showing similar stimulus selectivity form
columnar clusters which are organized in systematic representations (‘maps’) of
stimulus features such as orientation, direction or ocular dominance. While it has been
shown that both intracortical inhibition and the spatiotemporal receptive field structure
play a role in creating direction selectivity it has not been investigated whether specific
inhibitory interactions exist between clusters of neurons preferring opposite directions
of stimulus motion. To address this question we have optically recorded orientation and
direction maps from ferret primary visual cortex (n=6, age: postnatal days 37 - 41).
Subsequently the imaged brain region was removed and tangential slices (400 pm
thickness) prepared. Whole cell patch clamp recordings from individual neurons were
performed and presynaptic inputs stimulated by focal photolysis of Nmoc-caged
glutamate (ImM) using a fiber optic attached to a mercury arc lamp. The optical maps
indicate that iso-orientation domains tend to be subdivided into regions preferring
opposite directions of stimulus motion. The local circuitry within an orientation domain
was organized as follows (n = 13 neurons): Local excitatory connections are largely
restricted to iso-direction subregions within an orientation domain. Long-range
horizontal excitatory connections were either orientation- or direction specific. Very
local inhibitory connections originated from locations preferring the same, and a second
set of inhibitory inputs originated from regions preferring the opposite direction of
stimulus movement. Thus, in addition to local inhibitory feedback connections there are
specific inhibitory interactions between cortical regions preferring the same orientation
but opposite directions of stimulus movement. This organization of intracortical circuits
may contribute; to the emergence and spatial organization of receptive field properties in
the visual cortex. Supported by GM56481.
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313.6

NOISE-ROBUST BLIND SEPARATION OF SOURCES FOR OPTICAL IMAGING OF INTRINSIC SIGNALS H. Schdner1, M. Stetter1,
I. Schiessl1, J. E. W. Mayhew2, J, S. Lund3*, N. McLoughlin3 and
K. Obermayer1 1 Computer Science, Technical University of Berlin, 10587
Berlin, Germany; 2AIVRU, University of Sheffield, Sheffield S102TP, UK;
institute of Ophthalmology, UCL, London EC19EL, UK.
Optical imaging of intrinsic signals records small stimulus-related changes
in the light reflectance of neuronal tissue, referred to as intrinsic signals, in a
strongly noisy environment. The extraction of the two-dimensional neuronal
activity pattern from the data requires that the intrinsic signal components
which are closely related to neuronal activity (the “mapping signal”) can be
reliably separated from spatially global components and from blood vessel artifacts. For this task, we previously proposed a blind source separation (BSS)
algorithm (Schiessl et al., Proc. ICA99, ppl79-184) which was based on the
assumptions that different signal components (i) are separable in space and
time, (ii) are smooth functions of space, and (iii) have zero cross-correlation
functions. This algorithm used the cross-correlation functions, evaluated at a
single shift vector, for the separation of the signal components (sources), and
hence was senistive to white noise. Here we propose an improved version for
BSS, which finds the optimal separating matrix by iteratively minimizing the
whole matrix of cross-correlation functions of the source estimates instead of a
single correlation matrix. In contrast to the existing Jacobi-method for BSS,
it is not confined to an orthogonal separating matrix, but can find an arbitrary separating matrix that optimally corrects for the influence of the white
sensor noise. We demonstrate the superior noise-robustness of our algorithm
by comparing its reconstruction error for an artificial data set to that of the
Jacobi-method and different single shift methods. We then apply our method
to optical imaging records from macaque primary visual cortex (ocular dominance and orientation) and find that it separates the mapping signal very well
from global signal components and from vessel artifacts both in differential
and in single-condition stacks.
Supported by the Wellcome Trust (050080/Z/97)

FUNCTIONAL ORGANIZATION OF PRIMATE VI:
RELATIONSHIP OF SPATIAL FREQUENCY SELECTIVITY MAPS,
ORIENTATION SELECTIVITY MAPS AND OCULAR DOMINANCE
COLUMNS Prashanth, AK, B. Knight, L. Sirovich and E. Kaplan* (Mt.
Sinai School of Medicine of CUNY, NY, NY, 10029)

783

The organization of spatial frequency (SF) selectivity in the primate VI, and its
relationship to other organizational features of the visual cortex, such as orientation
pinwheels and ocular dominance columns, are of considerable interest. We recently
reported that in the cat, SF selectivity is organized continuously across the visual
cortex. Here we extend this study to the primate cortex.
We imaged intrinsic optical signals from the striate cortex of anaesthetized and
paralyzed macaque monkeys. The animals viewed drifting sinusoidal gratings of
various spatial frequencies at several orientations and fixed temporal frequency. As
we found in the cat cortex (Ak et al., Soc.Neurosci.Abstr. 97, 98; Everson et al.,
PNAS 98), linear combinations of at least two fundamental maps (basis functions)
were required to describe adequately the SF selectivity maps for primate VI. The
coefficients of these basis functions varied smoothly with SF, which implies a continuous mapping of spatial frequency selectivity in primate VI. The same analysis
methods also revealed a different pair of fundamental maps that account for orientation selectivity, the coefficients of which also varied smoothly with orientation.
Our analysis revealed that SF selectivity is organized in pinwheel-like structures
across the primate VI. The SF pinwheels’bear no obvious geometric relationship to
either the orientation pinwheels or to the ocular dominance columns, in either cat or
macaque, unlike the orientation pinwheels that line up with the ocular dominance
columns in macaque VI. However, our analysis shows that, in both species, spatial
frequency and orientation pinwheels share similar topological features.
Support: EY 11276. MH50166, EY01867, RPB, ONR N0014-93-12079.2079.

313.7

313.8

ACTIVITY OF TEMPORAL CORTICAL NEURONS DURING VISUAL
EXPLORATION IN THE MONKEY. N.K. Logothetis1*, H. Guggenberger2 and
J. Pauls1. Max-Planck-Institute for Biological Cybernetics, Spemannstrasse 38,
Tubingen1; Department of Anesthesiology, University of Tubingen, Germany2

MAGNETIC RESONANCE IMAGING OF ISO-ORIENTATION DOMAINS IN
CAT VISUAL CORTEX USING EARLY NEGATIVE BOLD SIGNALS. Dae-Shik
Kim*, Timothy Q. Duong, and Seong-Gi Kim. Center for Magnetic Resonance
Research, University of Minnesota Medical School, Minneapolis, MN 55455.
Functional magnetic resonance imaging (fMRI) is of great importance for our
understanding of the functional architecture of the brain in vivo. The most commonly
used blood oxygenation level dependent (BOLD) fMRI relies on a mismatch between
oxygen consumption and blood flow changes. However, the ultimate spatial
specificity of BOLD-based fMRI remains poorly understood and controversial. To
improve spatial specificity, the initial negative BOLD signal change after the
stimulus onset can be utilized because it is directly related to oxygen consumption
increase without commensurate changes in cerebral blood flow (CBF). In this study,
we used 4.7 and 9.4 Tesla horizontal MRI scanners (Magnex, UK) to label the
individual iso-orientation columns in cat primary visual cortex. Animal preparation
and stimulation paradigms were similar to those of standard single unit and optical
imaging experiments. Typical MR parameters were; gradient-echo echo-planar
images; TE=31ms; TR=0.5 sec; 64x64 or 128x128 in a field of view of 2x2 cm2,
resulting in nominal in-plane resolutions of 300x300 or 117x117 gm2/pixel. In all
studies, we observed an initial negative BOLD signal changes, and its maximum
occurs at 2.0 - 2.5 sec after the onset of stimulus. Utilizing the spatially more
confined initial decrease of BOLD signals following visual stimulation (high
contrast, square wave moving gratings of four different orientations), we successfully
identified individual iso-orientation columns in horizontal, coronal, and sagittal
sections in cat areas 17 and 18. The results of our study demonstrate that noninvasive BOLD-based fMRI of brain functions can be performed at ‘columnar’levels, approximating the spatial resolution of multi-electrode and optical imaging
techniques, but without their limitations. Supported by NIH RR08079 and the
Minnesota Medical Foundation.

High-field imaging studies in humans (Hu et al, 1997) have shown that the
early response in fMRI reflects signal changes that arise from the tissue's capillary bed
rather than from large or medium size veins. The aim of the current study is to
elucidate the relation of these signal changes during the functional imaging
experiments with the neural activity measured in electrophysiological experiments. For
our fMRI studies, we used a 4.7T Biospec (Bruker inc.) system with a 40cm bore,
vertical magnet. The animal sat in a specially constructed cylindrical primate chair and
visual stimulation was accomplished by means of an optic-fiber system (Avotec)
projecting an LCD-image to the animal's eyes. Experiments were performed in
anesthetized monkeys. The electrophysiological experiments were designed to record
single and mutliple unit activity under stimulation and anesthesia conditions identical
to those used in the magnet.
Consistent with previous findings in humans, we found statistically significant
initial signal decreases in both the primary and extrastriate visual cortices of monkeys.
Others have shown this early dip is due to a local increase of deoxyhemoglobin that
follows the stimulus-induced activation Malonek \& Grinvald, 1996). We also found
that such responses were notably absent in areas around large vessels, such as the
sagittal sinus, supporting the notion that this dip is a direct result of fast changes in
blood oxygenation in the capillary beds. We shall present results comparing the blood
oxygenation level dependent (BOLD) signal time course with electrophysiologically
recorded changes in local field potentials and single and multiple unit activity.
Supported by the Max-Planck-Society

313.9

313.10

DETERMINATION OF NONLINEAR TRAITS IN THE CEREBRAL BLOOD
OXYGENATION RESPONSE TO SHORT VISUAL STIMULI AS
MEASURED BY NEAR INFRARED SPECTROSCOPY.
R. Wenzel. F. Thomas. J. Steinbrink. H. Obrig*. M. Kohl. U. Scholz. A.
Villringer. Dept. of Neurology, Charite, Humboldt-University, D-10098 Berlin.
Cerebral blood oxygenation results from a complex interplay between
cerebral blood flow, blood oxygen extraction, blood volume and local metabolism
which takes place as a consequence of neuronal activation. The decrease in
deoxyhemoglobin concentration [Hb] is deemed to be the physiological basis of
signal changes in BOLD-fMRI and recent studies have shown that especially for
stimuli of low contrast and short duration linear models are not appropriate for
accurate prediction of time-series properties1,2. We used nearinfrared spectroscopy
(NIRS) to measure concentration changes in deoxyhemoglobin and oxyhemoglin
[HbO2] elicited by visual stimuli of different short duration which offers the
advantage to measure these parameter directly and linearly.
Subjects (n=5) were presented a 8 Hz reversing annular black and white
checkerboard for 0.5s, Is, 2s, 4s or 8s followed by a period of rest (20s dark blank
screen) in a pseudo randomized order. Changes of [Hb] and [HbO2] in presumed
visual areas V1/V2 were calculated from light-intensity changes detected by a
CCD-spectrometer. To detect nonlinear properties of the oxygenation response we
fitted the responses to the short stimuli with a convolution of 3 y-functions and the
oxygenation response1. In a second step we did a prediction by using a
convolution of the fit with the longer stimuli.
Our results showed a significant difference between the measured time
courses of the oxygenation response to the longer stimuli and the predictions.
Predictions from the shorter stimuli overestimated in general the measured
responses. This clearly indicates nonlinear properties of the neurovascular
transform function for visual stimuli shorter than 4s.
1. Friston KJ et al. Magn.Reson.Med., 1998,39:41-52
2. Vazquez AL, Noll DC Neuroimage, 1998,7(2): 108-18

SPATIAL AND TEMPORAL DYNAMICS OF ORIENTATION-TUNED LATERAL
SPREAD REVEALED BY OPTICAL IMAGING USING VOLTAGE SENSITIVE
DYES IN CAT VISUAL CORTEX
D.E. Glaser*. D. Shoham, A. Grinvald
Dept. of Neurobiology, The Weizmann Institute of Science, Rehovot 76100 Israel
There is evidence from anatomy and physiology illustrating the spread of
information across cortex. Psychophysical studies of visual illusions such as ‘filling in’
and various context effects can potentially be explained by horizontal interactions
within cortex. The response latencies of these horizontal interactions were not directly
determined. An early imaging study did demonstrate that activity travelled across cortex
with a characteristic speed of 0.2m/s. However there was insufficient spatial resolution
to determine the orientation-specificity of the spread (Grinvald et al., 1994). Another
study estimated a similar velocity using indirect measurements (Bringuier et al., 1999).
To resolve this question we used optical imaging with voltage dye RH1692 in cat
area 18 presenting half-field visual stimuli consisting of orthogonal pairs of high
contrast moving gratings. Eye movements were monitored using an extracellular
electrode. We ascertained that this stimulus retinotopically activated only a small region
of the imaged cortex. We visualised the appearance of orientation maps with
millisecond precision following stimulus onset. We observed a double-peaked response
with a wave of activation travelling from a directly activated region outwards. The
velocity of this wave was 0.1-0.2 m/s. We found that the later activated regions had a
patchy form. Patches coincided with orientation domains obtained by direct activation
with full field gratings of the same orientation. Thus the remote activity caused a net
depolarisation of ‘same orientation’ columns. At this stage, we cannot say whether the
depolarised neurons were themselves excitatory or inhibitory, nor can we prove whether
this spread derives from horizontal connections or from recurrent processing within or
between cortical areas. Notwithstandingly it is clear that the relatively slow oriented
spread that we observe is an important new constraint on the ongoing process of
matching the various anatomical and physiological substrates to perceptual phenomena.
Supported by GIF, BMBF, Minerva, The Wolfson Foundation and Ms Enoch.
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LARGE SPREAD OF CORTICAL ELECTRICAL ACTIVITY EVOKED BY
MICROSTIMULATION IMAGED WITH VOLTAGE SENSITIVE DYES.
E. Seidemann*, D.E. Glaser, A. Arieli, A. Grinvald,
Dept. of Neurobiology, The Weizmann Institute of Science, Rehovot 76100 Israel.
Electrical intracortical microstimulation (ICMS) has been shown to induce highly
selective effects on perceptual judgments. It might therefore be expected that the profile
of neural activation induced by ICMS would be highly localized and restricted to
cortical columns with similar stimulus selectivity. To test this we set out to determine
the spatial and temporal characteristics of the neuronal activity induced by ICMS using
optical imaging with new voltage sensitive dyes.
Biphasic current pulses were applied through tungsten microelectrodes to the visual
cortex of anesthetized cats. We stained the cortex with voltage dye RH1692, and
imaged the resulting activation patterns at up to 1kHz. Current amplitude was varied
between l-50gA and pulse frequency was varied between 50-200Hz. Microstimulation
with currents as low as 5gA elicited reproducible optical responses. The spatial extent
of the activation was typically larger than 0.6mm full width at half height. In some cases
activation above baseline could be detected as far as 2mm from the stimulation site,
even with currents as low as lOpA. The activation profile did not exhibit clear
patchiness. Most stimulation paradigms produced early depolarisation followed by later
hyperpolarisation. Currents above 20pA seemed to abolish or mask the later
hyperpolarization. In some of these cases a persistent activation of the central region
was visible more than 200ms after stimulation offset.
Our results suggest that the activity evoked by ICMS extends well beyond the
boundaries of a single cortical column in a fairly uniform manner. It remains possible
that some of the fine details of the spatial profile correspond to the underlying
functional architecture. Future work will attempt to determine the various sources that
may contribute to the apparent contrast between the precision of the behavioral effects
obtained with ICMS and the coarse spatial profiles observed in this study.
Supported by: Minerva, GIF, BMBF, The Wolfson Foundation and Ms. Enoch.

THE SPONTANEOUS ACTIVITY OF NEURONS IN THE VISUAL CORTEX
DEPENDS ON THE UNDERLYING FUNCTIONAL ARCHITECTURE
T. Kenet*, A. Arieli, A. Grinvald, D. Shoham, and M, Tsodvks. Department of
Neurobiology, The Weizmann Institute of Science, Rehovot 76100, Israel.
We have shown previously that spontaneous firing of a single neuron is correlated
with the activity of a large population. The nature of the relationship between the
population activity and the underlying functional architecture was not resolved. To
address this issue we imaged the dynamics of population activity in the visual cortex
(VI/V2) of anesthetized cat using high resolution imaging of voltage sensitive dyes
signals (RH1692; 128*128 array). Spike trains from single neurons were recorded
simultaneously. First we imaged the activity evoked by a stimulus with the optimal
orientation for the recorded neuron. Averaging the patterns at the time of spike
occurrence revealed a well-defined spatial pattern. This pattern was similar to the
orientation map obtained using intrinsic signal imaging. Hence, we refer to this
pattern as the neuron's preferred cortical state (PCS). We found that the PSTH of a
single orientation selective neuron can be predicted from the correlation between the
instantaneous pattern of evoked population activity and its PCS. Furthermore, we
could reliably predict the form of the neuron's PSTH even when the stimulus used
was not optimally oriented. Surprisingly, even in the absence of stimulation, the
spontaneous bursts of the neuron tended to occur at times when the pattern of
population activity was most similar to the neuron's PCS. These results suggest that
in the presence of a stimulus optimal to the neuron, the neocortical network is
pushed towards the neuron's PCS. In the absence of a stimulus, the firing of a single
neuron is not independent of the network activity. Instead, the neocortical network
wanders through various states and a neuron is most likely to fire whenever the
network enters the state preferred by the neuron. This state corresponds to the
functional architecture related to the selective response properties of the recorded
neuron.
[Supported by grants from GIF, BMBF, the Wolfson Foundation,
Minerva and Ms. Enoch.]

313.13

313.14

EXPLORING CORTICAL SYNCHRONIZATION BY SIMULTANEOUS
INTRACELLULAR RECORDING AND DYE IMAGING IN CAT VISUAL
CORTEX
A.Sterkin1,1.Lampl2, D.Ferster2, D.E.Glaser1, A.Grinvald1, A.Arieli1*
‘Dept. of Neurobiol., The Weizmann Institute of Science, Rehovot 76100 Israel
2Dept. of Neurobiol. and Physiology, Northwestern Univ., Evanston IL 60208 USA
There is a large discrepancy between the level of cortical synchronization revealed
using different electrophysiological measurements. The recording of action potentials
show low correlation between neurons recorded with different electrodes,
whereas recording of the population activity by EEG, LFP or real-time optical
imaging (mostly synaptic potentials) shows highly synchronized activity over large
cortical areas. To evaluate the degree of cortical synchronization in space and time as
reflected by the relationship between individual neurons and the population activity,
we recorded optical signals using voltage sensitive dye RH1692 from 7x7 mm2 of area
17 & 18 of anaesthetized cat, and simultaneously measured membrane potential
changes with an intracellular electrode. We found that: (A) The spontaneous
intracellular fluctuations in membrane potential of a single neuron were highly
correlated (r = 0.4 to 0.9) with optical signals over a cortical region of several
millimeters. (B) During visual stimulation with orientation optimal for the recorded
neuron the correlation was also high and nearly uniform, nevertheless its subtle spatial
structure was identical to the orientation map. (C) Following visual stimulation there
was a transient decrease in the correlation between the intracellular recording and the
population activity. Removing the average evoked response from the unaveraged
optical activity reveals that the ongoing activity remains unmodulated by the stimulus.
Comparison at the single cell level revealed that the unaveraged activity could not be
decomposed into two such independent processes. [Supported by grants from GIF,
BMBF, Minerva and Wolfson foundation.Mrs. Enoch]

LONG-TERM VOLTAGE-SENSITIVE DYE IMAGING IN THE BEHAVING
MONKEY. H, Slovin, A. Arieli, R. Hildesheim, and A. Grinvald*.
Dept. of Neurobiology, The Weizmann Institute of Science, Rehovot 76100 Israel.
Voltage-sensitive dye imaging (VSDI) in-vivo seemed a promising technique for
exploring cortical dynamics with a high spatial (-50-100pm) and sub-millisecond
temporal resolution (Grinvald et al., 1984). Recent improvement have made it a
powerful approach in anesthetized animals (Glaser et al., 1998 Soc. Neurosci.
Abstr.) In pursuit of the spatial and temporal organization underlying higher
cognitive functions in the primate neocortex, we have adapted this methodology to
study the spatio-temporal patterns of cortical activation in the awake behaving
monkey, repeatedly over a period of months. A macaque monkey was trained on a
task that required animal to fixate a small dot on a monitor during presentation of
high contrast drifting gratings of varying orientations. In the following weeks, the
brain was stained once a week, with new voltage-sensitive dyes, when the monkey
was awake. Immediately following the staining, the monkey started to perform the
task, while its primary visual cortex was imaged.
We found that the dye signal appeared about 60-100 ms following the stimulus
onset and peaked about 100 ms later on as expected from electrical recordings. The
maps of ocular-dominance and orientation domains from the fast voltage-dye signal
were thus visualized in real time. Since pharmacological side effects and/or photo
damage to the cortical tissue are a major concern, we assessed the "condition" of the
cortex by imaging maps of intrinsic signals, before and immediately after each
VSDI session. These maps of ocular-dominance and orientation were the same over
periods of months, indicating that VSDI did not significantly affect cortical activity.
We also confirmed that the maps obtained by dyes and intrinsic signals had a similar
spatial pattern as found for anesthetized animals (Shoham et al., 1993, Soc.
Neurosci. Abstr.). We conclude that real-time optical imaging is now feasible also
in the behaving primate. Supported by grants from GIF, BMBF, Minerva and
Wolfson Foundation.
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POSTSYNAPTIC TARGET-SPECIFIC POTENTIATION OF
GLUTAMATE RELEASE BY BRAIN-DERIVED NEUROTROPHIC
FACTOR. Alejandro F. Schinder*. Benedikt Bemineer and Mu-mine Poo.
Dept. of Biology, Univ. of California San Diego, La Jolla CA 92093-0357.
In addition to their long-term effects on neuronal survival and
differentiation, neurotrophins have been implicated in activity-dependent
refinement of synaptic connections.
In whole-cell perforated patch
recordings from hippocampal cultured neurons, exposure to brain-derived
neurotrophic factor (BDNF) resulted in a rapid and persistent potentiation of
excitatory postsynaptic currents (EPSCs) when the postsynaptic target neuron
was glutamatergic (E->E) but not when it was GABAergic (E->I). This
target-specific action of BDNF was also expressed at divergent outputs of a
single presynaptic neuron innervating both glutamatergic and GABAergic
neurons, as visualized in triplet recordings. Potentiation of synaptic
transmission by BDNF was accompanied by a reduction in the coefficient of
variation (CV) of the EPSCs and in paired-pulse facilitation. In addition,
individual analysis of AMPA- and NMDA-mediated EPSCs resulted in
similar degrees of enhancement by BDNF, and the NMDA-mediated EPSCs
also displayed a reduction in CV. These results indicate that potentiation was
largely due to an enhancement of presynaptic glutamate release. Therefore,
the presynaptic responsiveness to BDNF must be determined through
retrograde signaling by the postsynaptic neuron, which allows independent
adjustment of divergent outputs from excitatory neurons onto functionally
distinct postsynaptic target cells. Target-specific potentiation of E-»E but not
E—>1 connections provides a mechanism by which neurotrophins may
strengthen the relay of excitatory transmission while reducing the relative
weight of inhibition. (Supported by NIH NS37831).

SYNAPTIC RELIABILITY CORRELATES WITH REDUCED SUSCEPTIBILITY
TO SYNAPTIC MODIFICATION BY BRAIN-DERIVED NEUROTROPHIC
FACTOR. Benedikt Beminger*. Alejandro F. Schinder and Mu-ming Poo. Dept. of
Biology, Univ. of California San Diego, La Jolla, CA 92093-0357.
Brain-derived neurotrophic factor (BDNF) can rapidly potentiate synaptic
transmission at glutamatergic synapses by enhancing transmitter release. Using
simultaneous perforated patch recording from pairs and triplets of hippocampal
neurons in culture, we examined how the initial state of the glutamatergic synapse
determines its susceptibility to synaptic modification by BDNF. We found that the
degree of synaptic potentiation by BDNF depends on the initial reliability and
strength of the synapse: Relatively weak connections were strongly potentiated,
whereas the effect was markedly reduced at stronger synapses. The degree of
BDNF-induced potentiation correlated with the initial coefficient of variation of die
amplitude of the excitatory postsynaptic currents and inversely correlated with the
initial paired-pulse facilitation, suggesting that synapses with lower release
probability (Pr) are more susceptible to the action of BDNF. To determine whether
high Pr had masked the potentiation effect of BDNF in the stronger synapses, we
lowered the initial Pr either by reducing the extracellular Ca2+ concentration or by
application of adenosine. Synapses that were initially strong remained unaffected by
BDNF under these conditions of reduced Pr. Thus, the lack of BDNF effect on
synaptic efficacy cannot be accounted for by the high Pr per se, but rather may be
due to other intrinsic changes associated with synaptic maturation. Finally, the
dependence on initial synaptic strength was also found for divergent outputs of the
same presynaptic neuron, suggesting that synaptic terminals with different degrees of
responsiveness to BDNF can coexist within the same neuron. (Supported by
NS37831).
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CYTOKINE RESPONSES TO HIPPOCAMPAL SLICE PREPARATION,
IN VIVO ELECTRODE INSERTION, AND LTP INDUCTION

N-METHYL-D-ASPARTATE NEUROPROTECTION REQUIRES
NF-k B IN CULTURED NEURONS. R Lipsky,1 C. Kelly, A. Terhapokian,

division of Biology, California Institute of Technology, Pasadena, CA 91125
2Cajal Neuroscience Research Center, Division of Life Sciences, Univ. of Texas,
San Antonio, TX, 78249
Because exogenous application of a number of cytokines and growth factors
can alter synaptic properties, we sought to determine if endogenous cytokine
expression is affected by neuronal activity. In addition, we examined whether
cytokine expression is altered by the techniques used to stimulate and record from
hippocampal neurons. Using semi-quantitative RNase protection and RT-PCR
assays, we studied the expression of 18 cytokine, growth factor, and receptor
genes in the hippocampus following the induction of Schaffer collateral-CAl
long-term potentiation (LTP). We found various cytokines are dramatically
induced following both preparation of slices for in vitro recording, and as a result
of injury following acute electrode placement in vivo. These increases can be
eliminated in vivo, however, using permanent electrodes implanted 3 weeks prior
to testing. In contrast to previous reports on brain derived neurotrophic factor
(BDNF) and LTP, we find that BDNF mRNA is specifically down-regulated by
the low frequency test stimuli used to assess synaptic responses. In contrast,
interleukin-6 (DL-6) is up-regulated nearly 20-fold by the induction of LTP in
vivo, marking the first demonstration of endogenous regulation of a neuropoietic
cytokine in response to LTP. Coupled with previous results showing that
exogenously applied IL-6 can prevent the induction of LTP (Li et al. 1997), this
finding suggests a mechanism by which the local release of a cytokine could
regulate potentiation at nearby sites.
Supported by NINDS grant 20916 (PHP), GM08194 (BED), and NRSA training
grant 5 T32GM 07737 (JLJ)

and A.M. Marini*. ’Laboratory of Neurogenetics, NIAAA, NIH and
Uniformed Services University of the Health Sciences, Bethesda, Maryland
20814.
One of the molecular mechanisms of N-methyl-D-aspartate (NMDA)
receptor-mediated neuroprotection involves the release of brain-derived
neurotrophic factor (BDNF) and binding to its cognate trkfe receptor on
cultured rat cerebellar granule cell neurons via an autocrine mechanism.
There are at least four known promoters of the rat BDNF gene actively
transcribed in neurons. Two of these contain at least one nuclear factor kappa
B (NF-k B) candidate sequence in their 5’ flanking regions. We show that

exposure of rat cerebellar granule cell neurons, cultured for eight days in vitro,
to a subtoxic concentration of NMDA (100 pM) activates a DNA binding
activity using a rat BDNF NF-k B target. Untreated neurons did not induce the
DNA binding activity. We determined that the DNA binding activity
contained p65 and p50 subunits. Using a double stranded oligonucleotide
containing the rat BDNF sequence for binding activity of NF-k B, we show
that this decoy oligonucleotide blocks NMDA receptor-mediated
neuroprotection. These results suggest that this transcription factor may be
required for transcriptional activation of BDNF, which has been shown to be
involved in this survival loop.
Supported by the Uniformed Services University of the Health Sciences
RO9276

314.5

314.6

INTERPLAY BETWEEN GLUTAMATERGIC AND GABAERGIC SYNAPSES
VIA EXTRACELLULAR GLUTAMATE L. Jiang, M. Nedergaard and J, Kang*
Department of Cell Biology and Anatomy, New York Medical College, Basic Science
Building, Room 220, Valhalla, NY 10595, USA.

ROLE OF NICOTINIC ACETYLCHOLINE RECEPTORS IN LONGTERM
POTENTIATION INDUCTION AND FACILITATION. J.M. Montgomery
and D.V. Madison.* Department of Molecular and Cellular Physiology,
Beckman Center, Stanford University School of Medicine, Stanford, CA
94305.
The hippocampus receives dense cholinergic innervation from the medial
septum and expresses high levels of nicotinic acetylcholine receptors
(nAChRs), especially nAChRs composed of a7 subunits. Nicotinic receptors
are thought to be found on glutamatergic presynaptic terminals, and their
activity has been shown to increase glutamate release in the hippocampus
(Gray et al., Nature 383, 713-716, 1995).
We have examined a possible role of nAChRs during the induction of longterm potentiation (LTP) in the CAI region of the hippocampus. Nicotinic
agonists and antagonists were applied to 500 pm hippocampal slices 15
minutes prior to tetanic stimulation and then washed off 5 minutes post-tetanus.
Nicotine applied at a concentration known to be reached in the blood following
smoking a single cigarette (0.5 pM) significantly increased the level of LTP.
This facilitatory action of nicotine was not seen at a higher concentration of
nicotine (10 pM) previously shown to completely desensitize a7-containing
nAChRs. The a7 nAChR antagonist methyllycaconitine significantly decreased
both the level of post-tetanic potentiation and the early phase of LTP, but LTP
at one-hour post-tetanus was at control levels. These results demonstrate that
nicotinic receptor activation enhances LTP, and that a7-containing nAChRs
located on presynaptic terminals may play an important role in modulating LTP
induction.
Supported by MH48108 and MH56454.

Balance between excitatory and inhibitory systems is essential for functional neuronal
circuits. Here we report that extracellular levels of glutamate regulate inhibitory
transmission and maintain the balance between glutamatergic and GABAergic
synapses. Intemeuronal action potential-evoked (unitary) inhibitory postsynaptic
currents (uIPSCs) were recorded using dual patch-clamp techniques in synaptically
coupled pairs of pyramidal neurons and intemeurons in the hippocampal CAI region.
Blockade of Kainate (KA) receptors by AMPA/KA receptor antagonist CNQX or KA
receptor antagonist NS 102, but not AMPA receptor antagonist SYM 2206 or GYKI
52466, caused an increase in the failure probability (Pf) of uIPSCs in low-failure pairs.
On the other hand, activation of KA receptors by low concentrations of KA (200 nM)
decreased the Pf of uIPSCs in high-failure pairs. These combined results suggest that
basal extracellular glutamate potentiate inhibitory transmission by activating
presynaptic KA receptors. High concentrations of KA (10 pM) or GluR5 agonist
ATPA (5 pM) induced a biphasic response in uIPSCs, an early phase of potentiation
especially in high-failure pairs, whereas a late phase of depression especially in lowfailure pairs. Both pre- and post-synaptic mechanisms were underlying the KAinduced depression of inhibitory transmission: over-activation of presynaptic KA
receptors induced an increase in the Pf of uIPSCs in low-failure pairs, whereas
activation of postsynaptic KA receptors inhibited GABAa channels. The later results
suggest that over-rise of extracellular glutamate depresses inhibitory transmission that
may contribute to KA-induced epileptic seizure.
Sponsored by NIDH/NIH R29 NS37349, R0130007, and RO135011.

314.7

314.8

LONG-TERM DEPRESSION AT THE CLIMBING FIBER - PURKINJE NEURON
SYNAPSE IN THE CEREBELLUM . C, Hansel* and D, J, Linden. Department of
Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MD 21205.
A prevailing dogma in cerebellar physiology is that the climbing fiber-Purkinje
neuron (CF-PN) synapse provides massive and invariant excitation. Here, we
provide evidence that long-term depression (LTD) can be detected at the CF-PN
synapse with the appropriate form of stimulation. Whole-cell patch-clamp recordings
were obtained from PNs in slices of Pl 8-28 rat cerebellum perfused with standard
solution supplemented with 20gM bicuculline. CFs were stimulated with paired
pulses (50ms interval) in the white matter and the resulting EPSCs were recorded in
voltage-clamp mode using a Cs-based internal saline at a holding potential of ca.
-30mV. Only cells which were innervated by a single climbing fiber were used. In
some experiments, parallel fibers (PFs) were activated in the molecular layer to
provide a control pathway. To induce LTD, the cell was briefly switched to currentclamp mode and the climbing fiber input was stimulated at 5Hz for 30sec. After
stimulation, LTD of CF-, but not PF-EPSCs was observed (CF: mean depression at
20-25min after stim. = -23.22%±4.30 SEM, n=10 cells; PF: -2.43%±3.37, n=5). CFLTD was not associated with alterations in Rinput, Rseries, Ihold or paired-pulse
depression, the latter suggesting a postsynaptic locus of expression. Control
experiments in which PNs were briefly switched into current-clamp mode, but were
unstimulated showed no alteration of either CF- (n=5) or PF-EPSCs (n=3). Loading
the postsynaptic cells with 20mM BAPTA completely supressed the induction of CFLTD (+1.36±3.17; n=6). Long-term recordings of CF-evoked complex spikes in
current-clamp mode revealed a selective, long-term attenuation of slow complex
spike components after 5Hz-stimulation (n=5). These data demonstrate that synaptic
transmission at the CF-PN synapse can undergo LTD in a manner which requires a
postsynaptic Ca2+ transient. This phenomenon is potentially relevant for models of
cerebellar motor control and motor learning as well as developmental elimination of
multiple CF innervation of PNs. Supported by the DFG (C.H.) and PHS MH01590
and the Develbiss Fund (D.J.L.).

CEREBELLAR LONG-TERM POTENTIATION
V, Lev-Ram1* and R, Y, Tsien12. 'Dept. of Pharmacology and 2HHMI,
UCSD, La Jolla, CA 92093-0647
Cerebellar long-term depression (LTD) is a well established model for
plasticity in the mammalian CNS, in which the efficacy of the synapses
from parallel fibers (PFs) to Purkinje cells (PCs) decreases. LTD can be
induced by a rise in PC [Ca2+]j coincident with nitric oxide (NO)
generated by PF activity (Lev-Ram et al, 1995). A counterbalancing
postsynaptic potentiation would seem necessary to prevent LTD from
saturating the synapses over the life of the animal. We developed a new
protocol for inducing a form of long-term potentiation (LTP) of the
synapses from the PFs onto PCs in acute slices from young adult rats.
This LTP can be induced by PF stimulation alone at 1 Hz for 300 s.
Lesser numbers of stimuli, 30 to 200, were insufficient. GABAa
receptors need to be blocked just as for the induction of LTD. This form
of LTP is blocked by inhibitors of NO synthase and is therefore NOdependent like LTD, but is unaffected by inhibitors of guanylate cyclase
that prevent LTD. Unlike LTD, this LTP does not require postsynaptic
[Ca2+]j to rise, and is augmented by perfusion of the PC with the Ca2+
chelator BAPTA. This LTP seems at least partially postsynaptic and can
be reversed in some cases by LTD induction, unlike the presynaptic,
cAMP-dependent LTP described by Salin et al (1996) and Linden (1998).
Supported by NS27177.
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EVIDENCE FOR POSTSYNAPTIC CHANGES IN LTP AT A
CEREBELLAR SYNAPSE. S. Armano*, P. Rossi, V. Taglietti, E.

D'Angelo. Istituto di Fisiologia Generate, Universita' di Pavia, 1-27100,
Pavia, Italy.

In addition to changes in synaptic transmission, LTP expression may
involve changes in neuronal excitation. In some neurones these have been
termed EPSP-spike potentiation, a process whose mechanism remains to
be established. We have addressed this issue performing perforatedpatch and whole-cell patch-clamp recordings of mossy fibre - granule
cell synaptic potentials in rat cerebellar slices (30 °C; P18-P21;
D’Angelo et al., J. Neurophysiol., 81:277-287, 1999). Following
theta-burst stimulation of mossy fibres, EPSPs stably increased by
29.8% (n=6; p<0.01%). At the same time spike threshold decreased
from -44.6±9 mV to -48.5±7.7 mV (n=6; p<0.05). This change was
mostly due to a lower activation of spike prepotential. Spike
threshold, as well as EPSP changes, were prevented by extracellular
perfusion 100 pM APV + 50 p.M 7-Cl-kyn, membrane
hyperpolarisation to -90 mV, and intracellular perfusion of 10 mM
BAPTA or 5 pM PKC inhibitor 19-36. A reduced spike threshold
should enhance EPSP-spike coupling in cerebellar mossy fibregranule cell LTP.
Supported by MURST and INFM of Italy, andfrom EC.

EVIDENCE FOR PRESYNAPTIC CHANGES IN LTP AT A

CEREBELLAR SYNAPSE. E. D'Angelo*, P. Rossi, and V. Taglietti.
Istituto di Fisiologia Generale, Universita' di Pavia, 1-27100, Pavia, Italy.

The expression of long-term potentiation (LTP) may involve
pre- or postsynaptic changes. We have addressed this issue
performing whole-cell patch-clamp recordings of mossy fibre granule cell synaptic currents in rat cerebellar slices (30-35 °C; P18P21; D’Angelo et al., J. Neurophysiol., 81:277-287, 1999).
Following LTP induction with a theta-burst to mossy fibres paired
with granule cell depolarisation (-30 mV), we observed the following
changes. (1) The frequency of spontaneous synaptic currents
(sEPSC) increased from 0.22±0.04 Hz (n=5) to 0.42±0.08 Hz 20 min
following TBS (+91%; p<0.01; n=5), while sEPSC amplitude did not
change. (2) Evoked synaptic current (eEPSC) amplitude increased by
50+37% (p<0.05; n=5), while the coefficient of variation
(CV=variance° 5/mean) decreased by 36+15% (n=5; p<0.01).
Accordingly, normalised CV'2 changes relative to normalised
amplitude changes were greater than 1. (3) eEPSC failures were
reduced (from 5.2±5.9% to 0.3±0.6%; n=5; p<0.01), while maximum
eEPSC size did not increase significantly (from -72+27.7 pA to 74+32.8 pA; n=5; p=0.62). These results suggest that a presynaptic
increase in neurotransmitter release takes part to LTP expression at
the mossy fibre - granule cell synapse of cerebellum.
Supported by MURST and INFM of Italy, andfrom EC.

CORTEX AND THALAMUS
315.1

315.2

Spatio -temporal
Patterns
of
Encephalographic
Signals
during
Polyrhythmic
Tapping . A. Daffertshofer *, C.E. Peper, T.D.

SPATIOTEMPORAL DECORRELATED ACTIVITY PATTERNS
IN FUNCTIONAL MRI DATA DURING REAL AND IMAGERY
MOTOR TASKS. Dawei W. Dong1*, J. A. Scott Kelso1, W. Dale Wilke2,

Frank, and P.J, Beek, Faculty of Human Movement Sciences, Vrije Universiteit, Van der Boecliorststraat 9, 1081 BT Amsterdam, The Netherlands
Magneto- and electro-encephalographic signals are studied during the
performance of polyrhythmic tapping. In view of the complexity of the
task and the resulting signals, we focus on the investigation of qualitative
macroscopic changes in the behavior. In the vicinity of phase transitions between different frequency ratios p: q —> P: Q the spatio-temporal
patterns can be reduced to low-dimensional dynamical systems. The consequent decomposition into spatial and temporal components and the following cross-spectral analyses reveal that different spatial correlations can
be manifested within different frequency regimes. At the basic movement
frequency the relevant cortical areas are essentially linearly correlated,
i.e., bimanual patterns can be expressed as superpositions of unimanual
ones. Coordination aspects by means of non-trivial correlations between
and within hemispheres occur at different spectral components, that is, at
sub- and/or superharmonics of tlie movement frequency. Several model
constructs, based on concepts of symmetry such as refiectional or rotational symmetries, may be pursued to explain the observed findings. It
is discussed to what extent these constructs might be integrated into a
unified theory for pattern formation in the brain.

Fred Steinberg12. 1 Center for Complex Systems and Brain Sciences, Florida
Atlantic University, 2 University MRI of Boca Raton, Boca Raton, FL 33431.
We present a new method for separating multiple task-related events and
other physiological and physical events revealed by functional MRI (fMRI) signals. Each event is a three-dimensional spatial pattern of brain activation and
an associated time-course. The method separates fMRI signals into different
events by minimizing the spatial and temporal correlations between events.
We derived a closed-form solution which does not assume any spatial or temporal structure of an event, and works well for Gaussian and non-Gaussian
distribution of different event signal sources.
The method was used to analyze fMRI data sets from subjects performing
5-minute trials composed of alternating 30-sec motor (real or imagery) and
control task blocks. fMRI maps were collected every 3-sec, thus 100 spatial
maps for each trial. The separated time courses of four leading events with
maximum signal power are shown in the figure below for one specific trial.
We found not only the activation in primary motor cortex during real motion
(the left most time course) and in supplementary motor area during imagery
motion but also other task-related as well as unrelated events. For example, we
found an activation in auditory area (the time course second to the left) which
was consistent with the time course of the auditory instructions given to the
subject. We also found other events such as slow changes probably associated
with head drifts (the two time courses on the right). (Supported by NIMH)
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COMPARISON BETWEEN THE TIME COURSES OF BOTH SPIKE
SYNCHRONIZATION AND DISCHARGE RATE IN A POPULATION OF
MOTOR CORTICAL NEURONS. Franck Grammont & Alexa Riehle*. Center
for Research in Cognitive Neuroscience, CNRS, Marseille, France
Both perceptual and motor functions of the neocortex are based on distributed
processes in which cortical neurons do not act in isolation, but rather are dynamically
organized into functional groups of synchronously firing neurons, commonly called
cell assemblies. Simultaneous recording of adjacent motor cortical neurons in the
awake behaving monkey reveals rapid modulations of precise (l-5ms) spike
synchronizations among groups of neurons during preparation and execution of
visually guided pointing movements in six directions. We analyzed the
simultaneously recorded spike trains for detecting individual epochs of precise
synchronized firing ("unitary events", UEs; GrUn, 1996, Riehle et al, 1997). UEs
were defined as spike synchronizations which occur significantly more often than
expected by chance as calculated on the basis of the instantaneous firing rates of the
participating neurons. The aim of the study was to describe the temporal relationship
between synchronization dynamics and changes in the activity of the same neurons.
Results show that, at the population level, the time course of the modulation of the
synchronicity and that of the mean activity of the same neurons differ drastically
during preparation and execution of the movement. At the end of an instructed delay
period, the increase of significant synchronization precedes the increase in neuronal
firing by more than 300ms, whereas during movement onset, while activity peaks,
synchronization is at its minimum. These findings indicate that the precise spike
synchronization and the modulation of the firing rate may serve different and
complementary functions underlying the cortical organization of complex motor
processes.
S.Griin:Unitary Joint-Events in Multiple-Neuron Spiking Activity, H.Deutsch (1996)
A.Riehle, S. Griin, M.Diesmann, A. Aertsen: Science 278: 1950-1953 (1997)

TMS OF HUMAN PARIETAL AND PREMOTOR AREAS ELICITS BOTH MOTOR
FACILITATION AND INHIBITION. V.E. Amassian,* 12 R.O. Cracco.2 P.J.
Maccabee2 N. Hassan? and J.C. Rothwell.3 ‘Dept. of Physiology, 2Dept. of Neurology,
SUNY Health Science Ctr. at Brooklyn, NY 11203, 3MRC HMBU, Institute of
Neurology, Queen Square, London U.K WC1N3BG.
Previous studies disclosed that twin pulse transcranial magnetic stimulation (TMS)
over motor cortex elicited inhibition of first dorsal interosseous (FDI) response to a
suprathreshold TMS2 by a subthreshold TMS1 at interstimulus intervals (ISI) of 1-5 ms
(Kujirai et al., J. Physiol., 1993,471:501-519). By contrast, when TMS1 equaled TMS
2, the FDI response was periodically facilitated (Tokimura et al., Hectroenceph. Clin.
Neurophysiol., 1996,101:263-272). With analogous adjustment of TMS intensities and
ISIs, both inhibition and facilitation of FDI can be elicited with two figure 8 coils, each
junction being orientated sagittally over parietal and premotor cortex, respectively.
This suggests that transynaptic effects of single pulse TMS on motor cortex probably
reflect excitation of corticocortical fibers, e.g. at low threshold sites where they bend
into motor cortex. However, similar facilitation is absent when twin equal electrical
stimuli are applied parietally at 1.2 ms ISI, probably reflecting fiber refractoriness.
Thus, facilitation occurs through a reduction in electrical threshold to TMS2 mediated
by transynaptic action of TMS1; the initial segment-adjoining membrane of excitatory
intemeurons are sites where electrical and synaptic influences could interact. The
inhibitory paradigm implies that the lowest threshold fibers excited by TMS1 are
inhibitory, but their effect is manifest on FDI responses only by a transynaptic
reduction in electrical threshold of inhibitory neurons to TMS2, which when given
alone causes net excitation of FDL Summarizing, twin TMS of motor cortex can excite
at fiber bends and the IS and suprathreshold stimuli have potentially mixed effects.
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MECHANISMS OF PLASTICITY INDUCED BY PAIRED ASSOCIATIVE
STIMULATION IN THE HUMAN MOTOR CORTEX K. Stefan1, E, Kunesch1,
L.G, Cohen2. R, Benecke1 and J. Classen1. Dep. of Neurology, Univ. of Rostock,
Germany, Human Cortical Physiology Section, NINDS, NIH, Bethesda, MD, USA
(SPON. European Neuroscience Association).
Paired associative stimulation (PAS) may enhance excitability in the human motor
system; however, site and underlying mechanisms are unknown. Measurements were
made prior to and after an interventional PAS consisting of single cutaneous afferent
electrical stimuli, delivered to the right median nerve (300% of perceptual threshold),
and followed after 25 ms by single pulse transcranial magnetic stimulation (TMS)
centred over the optimal site for activation of the abductor pollicis brevis muscle
(APB) at an intensity of 110% resting motor threshold. Ninety pairs were delivered at
0.05 Hz over a period of 30 minutes. Following PAS, the amplitude of the motor
evoked potential (MEP) of the APB increased after TMS (+53%; N=38; p<0.01) for
at least 60 min. Resting motor thresholds (N=2), the size of F-waves elicited in the
APB (7) and the size of MEPs following electric brainstem stimulation (2) remained
unchanged. The number of stimulation sites at which the mean amplitude of motor
evoked potentials (MEP) exceeded two-thirds of the maximal mean MEP amplitude
(#T3P) and the center of gravity (COG) were calculated as conservative measures of
expansion or shift of the central representation of the target muscle. #T3Ps showed a
tendency to increase (pre: 3.0; post: 4.0; N=7). Mean COGs did not show any
consistent topographical shift across subjects. Intracortical inhibition as tested using a
double pulse paradigm decreased (-19%; N=6; p<0.05), but when corrected for the
larger amplitude of the unconditioned MEPs, it remained unchanged.
Interventional PAS induces a lasting increase of excitability possibly by recruiting
cortical neurons within the original representational boundaries. Our findings supply
indirect evidence for a LTP-like mechanism. Supported by DFG grant Cl 95/3-1.

FUNCTIONAL ANATOMY OF ERROR CORRECTION DURING
REACHING MOVEMENTS IN THE DARK. M. Desmurget1, G.E.
Alexander1, C. Prablanc2- S.T. Grafton1*. ’Dept. of Neurology, Emory Univ.
MED. SCH.; Atlanta, GA 30322; 2Vision et Motricite, INSERM, France.
Brain areas involved in on-line control of reaching movements were
identified by positron emission tomography blood flow imaging. Ten normal
right handed subjects "looked" (eye only: E) or "looked and pointed" (hand-eye:
HE) to visual targets presented in the peripheral visual field. Targets were
presented "from above" through a half reflecting mirror, preventing subjects
from estimating movement final accuracy. Vision of the hand was never
allowed. Saccadic activity was strictly balanced in HE and E. In half of the
sessions the target location remained stationary during the whole trial (STAT).
In the other half, it was slightly modified around hand movement onset
(JUMP). Because of saccadic suppression, the subjects did not detect this
modification. Behavioral recording indicated that subjects were generally quite
accurate at reaching the target and that they were able to modify smoothly the
hand path in response to the target jump.
Blood flow differences attributable to realization of hand movements
(planning + on-line guidance; HE minus E) were observed in the main
motor-related areas, including the motor and premotor cortices, the parietal
cortex, the cerebellum, and the basal ganglia. In contrast to previous
experiments, no activation was found within the SMA or visual areas. This
may result from both a stricter control of eye movement kinematics and the
absence of visual feedback during the hand displacement.
Further analysis showed that on-line control of the hand trajectory (JUMP
minus STAT) relied on a restricted network of areas involving motor cortex,
anterior cerebellum and dorsal parietal cortex. Interpretation of these effects
were unconfounded by differences of attention, task instruction, limb
trajectory or visual perception. The results are consistent with current models
of motor control requiring both cerebellum and parietal cortex involvement
for planning of reaching movements. Supported by NS33504.

315.7

315.8

THE FUNCTIONAL NEUROANATOMY OF VOLUNTARY
SWALLOWING. D, H.ZaldandJ, V, Pardo*
Division of Neuroscience Research, Dept. of Psychiatry, Univ. of
Minnesota, MN and Cognitive Neuroimaging Unit, Psychiatry Service,
Veterans Affairs Medical Center, Minneapolis, MN 55417.
Swallowing involves voluntary and reflexive motor activity, sensorimotor
integration, salivation, and visceral regulation. Despite the numerous
processes required for normal deglutition, traditional models of the central
control of swallowing only emphasize the involvement of the brainstem and
inferior precentral gyrus (IPCG). To determine the brain regions involved
in voluntary swallowing, we assayed regional cerebral blood flow (rCBF)
with PET while healthy human subjects swallowed, performed lateral
tongue movements, or rested with eyes closed. Voluntary swallowing
produced large rCBF increases within the IPCG bilaterally, the right
anterior insula/claustrum and the left cerebellum. These activations were
distinguishable from those induced by lateral tongue movements.
Swallowing also induced rCBF increases in the putamen, thalamus and
several additional cortical areas, but these foci were not as clearly
distinguishable from activity arising during tongue movements. These
findings indicate that swallowing involves the recruitment of a large-scale
distributed neural network and help explain why so many neurologic
conditions produce dysphagia. This work supported by the Department of

FMRI RESTING STATE INTERREGIONAL CONNECTIVITY MAP
CONFIRMED BY TMS/PET MAP. J. Xiong, L. M. Parsons J Collins, S
Pridgen, Y. Pu, & P. T. Fox*. Research Imaging tenter, University of
Texas Health Science Center at San Antonio, Texas, 78284, USA.
Interregional connectivity within the brain can be detected using
covariance analysis of the resting-state MR images. Regions connected to a
selected brain region can be detected by calculating the covariance of each
voxel referenced to the time course of the “seed” region. Here, we made
within-subject comparisons of the connectivity map of areas projecting to
SMA, revealed using covariance analysis of resting MR images to that using
the combination of transcranial magnetic stimulation (TMS) and PET.
Healthy subjects performed an fMRI study and then a TMS/PET study. At
the start of the fMRI, they performed a eyes-closed rest task. Then, a right
hand movement task was performed to define the location of SMA. Seven
continuous 6 mm, fMRI slices were acquired in a transverse plane using a
T2*-weighted gradient-echo EPI pulse sequence with TR / TE / flip-angle =
1000 ms / 45 ms / 70°. Areas in SMA activated during the task defined an
ROI. The ROI’s time course during rest served as a reference for crosscorrelation analysis to reveal inter-regional connectivity. In the TMS/PET
experiment, SMA was stimulated using TMS. The location of each subject’s
SMA was defined by the fMRI data. PET data were acquired during rest,
both before and after TMS. The connectivity map of the covariance
analysis of the resting state MR images was very similar to that of the
TMS/PET. Areas covarying with activation in the ROI in the left SMA
during rest fMRI, included primary motor, primary somatosensory,
dorsolateral premotor, anterior cingulate, dorsolateral prefrontal (superior
frontal g., BA 8), and superior parietal (precuneous, BA 7) cortex. The
same set of areas were activated in the TMS/PET data with the stimulated left
SMA. Thus, interregional connectivity detected using the covariance
analysis of resting state MR images is validated by its close similarity to that
of TMS/PET which is comparable to direct cortical stimulation.

Veterans Affairs, Minnesota Obesity Center and NIH Grant MH11641.

315.9

315.10

MOVING FINGERS WITHOUT ACTIVATING MOTOR CORTEX: A fMRI
STUDY
OF
MOTOR PERFORMANCE IN
A
FUNCTIONALLY
DEAFFERENTED PATIENT. A.V. Apkarian1, Y. Lamarre3, B.R. Krauss1, and N.
Szeverenyi2. Departments of Neurosurgery1 & Radiology2, SUNY Health Science
Center at Syracuse, Syracuse, NY 13210. And Universite de Montreal3, Montreal,
Quebec, Canada H3C 3 J7.
The brain network underlying movement generation in the absence of sensory
feedback was examined in a patient lacking touch and proprioception on the body.
Patient G.L. has been deafferented on the body (loss of A a (3 fibers, confirmed by a
sural nerve biopsy) for 18 years, with more normal sensations on the head. Her
temperature and pain senses are largely intact (hand pain threshold is 45°C). Her
motor fibers are unaffected and she can perform complex motor tasks. Functional
imaging (fMRI) was used to determine G.L.’s brain activity for motor tasks. In fMRI
scans G.L. performed a finger apposition task with and without visual feedback,
tongue and eyebrow movements, and finger apposition when guided by pain on the
hand (nociceptive feedback). Some of these tasks were also studied in normals. EPIBOLD fMRI signals were collected, transformed to Talairach space and averaged.
The results show that G.L. moves her fingers by activating occipital (OC), posterior
parietal (PP), and prefrontal (PF) cortices, as well as the basal ganglia and the
cerebellum (CB), excluding sensorimotor regions. Without vision, activity in OC,
PP, and CB are more extensive; while with vision activity in PF is higher. Tongue,
eyebrow and pain guided movements show activity in appropriate sensorimotor
regions. Finger apposition in normals shows appropriate sensorimotor activity.
These results challenge the Sherringtonian notion that the motor cortex is the final
common output for movement generation. Instead it suggests that motor cortex
should be viewed as the output for cutaneously driven movements, and that other
sensory networks can independently generate motor outputs.
Supported by NIH/NINDS R01NS35115 and Dept. of Neurosurgery.

EARLY CODING OF REACHING IN THE PARIETOOCCIPITAL CORTEX. R.
Caminit£*A. Battaglia Maver. S. Feiraina. TMitsuda. B, Marconi. A. Genovesio. P.
Qnorati. lstituto di Fisiologia umana, University di Roma la Sapienza’, piazzale Akio
Moro 5,00185 Rome, Italy.
The early mechanisms of reaching were studied by recording neural activity in area
V6A while monkeys performed different behavioral tasks aimed at dissociating
retinal, eye, and arm related signals influencing neural activity. The tasks used were i)
reaching to foveated targets; ii) reaching to extra-foveal targets with constant eye
position; iii) saccadic eye movements and static eye holding on peripheral targets,
iv-v) instructed-delay arm reaching, under both normal light conditions and darkness;
vi) visual fixation and stimulation.
The activity of many cells was directionally modulated during arm movements and
static posture, independent of eye position, and under both normal light conditions
and darkness. Furthermore, most of them showed light-dark differences of activity
during different epochs and were therefore related to arm motion and/or position in
the visual field. For other cells, these arm relationships were dependent on eye
position. The activity of many neurons was also modulated by the motion of visual
stimuli Visual receptive fields were mostly large and peripheral. For some cells,
activity during arm movement and/or static posture could be explained by movement
and position of the arm in the visual receptive field. For others, this was not possible.
Thus, the activity of many neurons in V6A reflects complex combinatorial
interactions between visual, eye and arm position and movement signals in the visual
field, as also revealed by the change of directional tuning under different task
conditions. Very few cells were related to retinal, or eye, or arm signals only. This
combinatorial process may be regarded as an early stage of the visual to motor
transformation underlying reaching. These early 'motor' influences on parietooccipital neurons are probably due to re-entrant signaling, occurring through
reciprocal fronto-parietal connections, and assign a novel role to this cortical region
that had until now been attributed a role in visual processing only.
Supported by M.UR..ST. ofItaly and the H.F.S.P.O.
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ENHANCING PRACTICE-DEPENDENT PLASTICITY IN HUMAN MOTOR
CORTEX U, Ziemann**, W. Muellbacher2. M. Hallett2. L.G. Cohen* * Human
Cortical Physiology Section and 2Human Motor Control Section, NINDS, NIH,
Bethesda MD 20892.
Plasticity of the human cerebral cortex resulting from practice is likely to underlie
perceptual and motor learning and recovery of function after lesion. Since many
patients (e.g. 60% of the stroke patients) have persistent impairment of function, it
would be desirable to enhance practice-dependent plasticity. One possible avenue is
suggested by experiments on rat cortex, which have shown facilitation of plasticity
under conditions of increased cortical excitability. We tested here to which extent
an increase in cortical excitability enhances practice-dependent plasticity of human
motor cortex.
Six healthy subjects performed motor practice, consisting of repeated fast
contractions of the biceps muscle. The increase in excitability of the motor cortex
was produced by temporary ischemic hand deafferentation (Ziemann et al., J
Neurosci 1998, 18:1115-23). Practice performed during deafferentation compared to
the same practice performed without deafferentation resulted in an enhancement of
the voluntary motor output to the biceps muscle indicated by a dramatic increase in
peak acceleration of fastest elbow flexions. This was paralleled by an enhancement
of motor evoked potentials and intracortical facilitation in the biceps muscle when
measured with transcranial magnetic stimulation. Pretreatment with the GABA-A
receptor agonist Iorazepam suppressed this deafferentation-induced enhancement.
We conclude that practice-dependent plasticity is enhanced in a hyperexcitable
cortex, in this case induced by deafferentation, and that one mechanism of this
enhancement is a reduction in GABA-related cortical inhibition. Findings have
direct implications for strategies aiming at enhancing learning and recovery of
function.
Supported by grant Zi 542/1-1 to U.Z from the Deutsche Forschungsgemeinschaft

PRESYNAPTIC LONG-TERM POTENTIATION IN CORTICOTHALAMIC
SYNAPSES. M.A. Castro-Alamancos*and M.E. Calcagnotto. Dept. Neurology and
Neurosurgery, Montreal Neurological Institute, McGill University, Montreal QC,
H3A 2B4 CANADA.
The thalamus and neocortex are two highly organized and complex brain
structures that work in concert with each other. The largest synaptic input to the
thalamus arrives from the neocortex via corticothalamic fibers. Using brain slices
from adult mice we describe long-term potentiation (LTP) in corticothalamic fibers
contacting the ventrobasal thalamus. Recordings were performed from the
ventrobasal thalamus, and corticothalamic fibers were stimulated in the thalamic
radiation. This allowed studying corticothalamic fibers originating from cortical
neurons in layer VI because corticothalamic fibers originating in layer V do not
contact ventrobasal neurons.
Trains of stimulation at 10 Hz induce robust LTP. Corticothalamic LTP is input
specific, N-methyl-D-aspartate (NMDA) receptor independent and reversed by
trains of stimulation at 1 Hz. The induction of corticothalamic LTP is entirely
presynaptic because it is not affected by block of NMDA and non-NMDA, or
metabotopic glutamate receptors. However, extracellular Ca2+ is necessary. The
expression of corticothalamic LTP is associated with a decrease in paired-pulse
facilitation (PPF) and blocked by Rp-cAMPs, an inhibitor of the cyclic adenosine
monophosphate-dependent (cAMP) protein kinase (PKA). Consistent with an
involvement of cAMP and PKA, activation of adenylyl cyclase with forskolin
induced a synaptic enhancement that was associated with a decrease in PPF and
occluded LTP.
Corticothalamic LTP may serve to enhance the efficacy of corticothalamic
communication as dictated by behavioral state-dependent neocortical activity.

Supported by: Medical Research Council of Canada, Fonds de la Reserche en
Sante du Quebec and McGill University Research Development Fund.

315.13
NONLINEAR SPATIOTEMPORAL DYNAMICS OF FINGER
TAPPING REVEALED BY CONTINUOUS FMRI. G.S. Bems*’-3, A.W.
Song2, H. Mao2.
’Depts. of Psychiatry and Behavioral Sciences and
2Radiology, Emory University School of Medicine, Atlanta, GA; 3School of
Psychology, Georgia Institute of Technology, Atlanta, GA.
Linear experimental designs have dominated the field of functional
neuroimaging, but although successful at mapping regions of relative brain
activation, the technique assumes that both cognition and brain activation are
linear processes. To test these assumptions, we performed a continuous
functional MRI experiment of finger opposition. Nine subjects performed a
visually paced bimanual finger tapping task. The frequency of finger tapping
was continuously varied between 1 Hz and 5 Hz, without any rest blocks.
After continuous acquisition of gradient-recalled fMRI images, the taskrelated brain regions were identified with Independent Components Analysis
(ICA). When the timecourses of the task-related components were plotted
against tapping frequency, nonlinear “dose-response” curves were obtained
for most subjects. Nonlinearities appeared in both the static and dynamic
sense, with hysteresis being prominent in several subjects. The ICA
decomposition also demonstrated the spatial dynamics with different
components active at different times. Therefore, increasing tapping frequency
resulted in a bifurcation in the spatial activation pattern. These results suggest
that the brain response to tapping frequency does not scale linearly, and that it
is history dependent even after accounting for the hemodynamic response
function. This implies that finger tapping, as measured with fMRI, is a
nonstationary process. When analyzed with a conventional General Linear
Model, a strong correlation to tapping frequency was identified, but the
spatiotemporal dynamics were not apparent.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS
316.1

316.2

REVERSIBLE NEURAL INACTIVATION REVEALS HIPPOCAMPAL PARTICIPATION IN
SEVERAL MEMORY PROCESSES. ,§Riedel, G.,AMicheau, J., §Roloff, E.v.L, Bridge,
H., ULam, A.G.M. HMcCulloch, J. and Morris, R.G.M.* Ctre for Neurosci., Univ.
Edinburgh; ALab. Neurosciences, CNRS UMR 5807, Universite de Bordeaux I, France;
§Dept. Biomed. Sci.,Univ. Aberdeen; UDept. Neurosci, Glasgow G61 1QH, Scotland.
To isolate the potential contribution of the hippocampus (HPC) to potentially dissociable
memory processes - encoding, storage, consolidation and/or retrieval - we have
developed a novel method of inactivation of fast synaptic transmission at various times
during or after training in a watermaze. This involves intrahippocampal infusion of the
selective and water-soluble AMPA/Kainate antagonist LY326325 (Schoepp et al, 1995).
We first calibrated the technique using acute and chronic
electrophysiology (CA1 and dentate field-potentials).
Chronic intrahippocampal infusion of LY using an
ALZA1007D (7 day) micropump (0.5 ul/hr, containing
0.375 mM LY [filled-symbols; population spike and EPSP
slope], or aCSF [open symbols]) showed that the HPC
could be ’switched-off' for 7 days and then turn on again
(Fig - note time-scale of days). 2-DG measurements
revealed the spatial extent of functional deactivation along
the longitudinal axis of HPC with maximal effect (23%) in
the dorsal part but lesser effects in more ventrally and none elsewhere.
Behavioural experiments using (1) a watermaze protocol with an Atlantis Platform, and
(2) both acute and chronic (7 day) inactivation, revealed two new findings. First, using a
2x2 design, rats trained with the HPC inactivated during either training, or retention, or
both phases, were impaired in spatial memory. Second, rats in which the HPC was
inactivated during the 'consolidation' period after the end of training but was functional
again during retention 16 days later, also showed a memory impairment. These results,
together with relevant control studies, provide direct evidence that the HPC is involved in
both encoding- and retrieval processes for one type of memory, and that it is involved in
either long-term storage of certain memory traces or their consolidation elsewhere in the
brain.
Supported by MRC, Wellcome, CNRS and Royal Society.

HIPPOCAMPAL LESIONS IMPAIR RECOGNITION MEMORY IN
MONKEYS, EVEN AT SHORT DELAYS. S.M, Zola*. E, Teng. R.E.
Clark. L.’Stefanacci.and L.R.Squire. V.A.M.C., San Diego, and
U.C.S.D, S.O.M., La Jolla, CA 92093.
Monkeys with lesions limited to the hippocampus were impaired in
recognition memory as measured by the delayed nonmatching to
sample task (DNMS) and by the visual paired-comparisons task
(VPC). This was true whether lesions were made by an ischemic
procedure (ISC), by radio frequency (RF), or by ibotenic acid (IBO).
These findings make three important points. 1) Because monkeys with
ISC or RF lesions were no more impaired on recognition memory than
were monkeys with IBO lesions (where damage was limited primarily
to the cells of the hippocampus), it is unlikely that undetected damage
outside the hippocampus (the ISC group) or damage to adjacent fibers
(the RF group) contributed substantially to impaired performance. 2) It
is not necessary to remove animals from the test apparatus during
delay intervals in order to observe impaired performance in monkeys
with lesions limited to the hippocampus. Impaired performance on the
DNMS task or the VPC task was observed at short delays even when
ISC, RF, or IBO monkeys remained in the test apparatus. 3) When
data from operated groups are combined (N=16 for DNMS, N=8 for
VPC), providing a level of statistical power that is not ordinarily
achieved in studies with monkeys, impaired recognition memory
following hippocampal lesions, even at short delays (10-15 see), is a
clear and consistent finding. (Supported by VA, NIMH, NIH)
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PERIRHINAL CORTEX AND STIMULUS OVERGENERALIZATION:
PREDICTIONS OF A NEURAL NETWORK MODEL L.M, Saksida*. T.J,

OVERGENERALIZATION IN MONKEYS WITH PERIRHINAL CORTEX
LESIONS T.J. Bussey*. L.M. Saksida & E. A, Murray. Laboratory of
Neuropsychology, National Institute of Mental Health, NIH, Bethesda, MD 20892.
In a recent model of perirhiiial cortex (PRh) function, lesion effects are thought to
be due to compromised representations of visual stimuli [Murray and Bussey (1999),
Trends Cog Sci, 3,142-151; Saksida and Bussey (1998), Soc. Neurosci Abstr.
24:1906]. Specifically, the model predicts that animals with PRh lesions will be
impaired on discrimination problems in which there is a high degree of overlap
between stimulus features. In other words, the deficits observed following PRh
lesions may be attributable to overgeneralization.
In the present study we tested this hypothesis using a task in which the extent of
feature overlap in a given problem could be manipulated systematically. First we
identified several pairs of complex, grayscale images. Each pair was then
“morphed” together to yield a series of stimuli in which the amount of feature
overlap between the two original stimuli varied systematically. For each set of
morph images, intact rhesus monkeys and rhesus monkeys with lesions of PRh were
first trained to discriminate the original pair of stimuli. After they had learned the
initial problem, they were required to discriminate several additional stimulus pairs
chosen from the morph set, which were presented intermixed within one session.
These novel morph pairs were less discriminable (contained more feature overlap)
than the original pair to varying degrees. Although PRh lesions did not impair the
acquisition of the original discrimination, performance in these animals was
impaired, relative to controls, when feature overlap was increased. These results
suggest that a fundamental deficit following PRh lesions may be one of stimulus
overgeneralization.

Bussey & E. A. Murray. Laboratory of Neuropsychology, National Institute of
Mental Health, NIH, Bethesda, MD 20892.
Last year we presented a neural network model of perirhinal cortex (PRh)
(Saksida and Bussey (1998), Soc. Neurosci. Abstr. 24:1906) and demonstrated how
it can account for several known effects of PRh lesions on discrimination learning.
The way in which the model simulates the experimental data suggests that damage
to PRh can disrupt learning under conditions in which there is a high degree of
overlap between stimulus features. In order to test this possibility directly, in the
present study we designed a task in which the extent of feature overlap in a given
problem could be manipulated systematically.
The neural network consists of three layers of units: the Input Layer, the Feature
Layer , and the Feature Conjunction Layer (FCL). Pairs of numbers representing
stimulus features are fed into the Input Layer, and the internal representations of tlie
stimuli are maintained in the Feature Layer and tlie FCL. The Input Layer and the
Feature Layer are each comprised of two 7x7 arrays of units; a single feature is
represented in each array. The FCL is comprised of a 7x7x7x7 unit array, and here
the conjunction of Feature 1 and Feature 2 is represented. Thus the network is
capable of representing two-dimensional stimuli. The Feature Layer represents areas
in inferotemporal cortex upstream from PRh, whereas the FCL represents PRh. In
the simulations, Group Control consisted of intact networks whereas Group Lesion
consisted of networks with the FCL removed. Both groups were first trained to
discriminate between two easily discriminable patterns. Next, both groups were
tested on discriminations in which the original discriminanda were altered such that
the extent of feature overlap was increased to various degrees. Simulations
demonstrated that the degree of impairment of Group Lesion increased as the degree
of feature overlap increased, i.e., tlie networks with lesions overgeneralized.
Subsequent ablation studies in monkeys test this prediction of the model (see Bussey
et al., this session).

This research was supported by the Intramural Research Program of the NIMH.

Hits research was supported by the Intramural Research Program of the NIMH.

316.5

316.6

A COMPARISON OF THE EFFECTS OF MEDIAL TEMPORAL AND
RHINAL CORTICAL LESIONS ON AUDITORY RECOGNITION
MEMORY IN THE RHESUS MONKEY. J,B, Eril?*.,D,.B.scker..M, Mishkin.
and R.C. Saunders. Lab. Neuropsychology, NIMH, Bethesda, MD 20892.
Bilateral medial temporal lobe (MTL) damage in humans is characterized by a
severe global anterograde amnesia. Experimental studies with monkeys have
demonstrated that within the MTL the critical site for visual recognition memory is
the rhinal (RH) cortical region. As the RH cortex is also a target of auditory
association cortical projections we initially sought to determine its role in auditory
recognition memory. Monkeys were trained on an auditory version of a delayed
matching-to-sample task and reached a criterion level of 85% at 2-5s. They were then
given performance tests with variable delays ranging from 5-50s and in the final stage
achieved an average performance across these delays of 82% correct. We previously
reported no decrement in performance following bilateral removal of the RH cortices
even when including the anterodorsal perirhinal region. Additional removal of the
hippocampus and parahippocampal cortex also had no effect on performance. In order
to determine whether MTL damage would result in an auditory memory impairment
in monkeys as it does in humans we removed the MTL (including the amygdala,
hippocampus and adjacent entorhinal and parahippocampal cortices) in two monkeys.
Both showed a substantial deficit in performance. One monkey was severely impaired
in relearning the task, requiring 47 sessions, as compared with 6 sessions for the
monkeys with RH lesions, while the other monkey relearned the task in 10 sessions,
but was significantly impaired in the performance test with delays > 7s and at longer
delays was unable to attain stable, above-chance performance. A similar deficit was
seen in another experimental animal following a bilateral anterior STG lesion. These
results confirm that MTL damage in monkeys yields a global memory impairment
even though RH cortical damage does not. The auditory memory deficit after the
MTL lesion may be the result of a fiber disconnection between the anterior STG and
critical areas outside the temporal lobe. Supported by NIMH IRP.

RHINAL CORTEX LESIONS IN MONKEYS IMPAIR ACQUISITION OF CUE
MEANING FOR VISUALLY-CUED MULTIPLE TRIAL SCHEDULES. Zheng
Liu*, Elisabeth A. Murray, and Barry J, Richmond. Lab. of Neuropsychology,
National Institute of Mental Health, NIH, Bldg. 49, Rm. IB80, Bethesda, MD 20892
Rhinal (i.e., entorhinal and perirhinal) cortex has been reported to be important
for associative memory. Recent electrophysiological studies have shown that
neuronal responses in perirhinal cortex code the associative meaning of a cue
signaling the progress through a predictable schedule of trials leading to
reinforcement. The meaning could be signaled by either the brightness of a gray bar
or the identities of a black and white picture (Liu & Richmond, Soc. Neurosci. Abs.,
97, 98). Now we report that removal of the rhinal cortex in monkeys severely
disrupts the ability of monkeys to acquire the behavioral meaning of a visual cue
while performing visually cued multiple trial schedules.
Three rhesus monkeys were trained to perform randomly interleaved schedules
of 1, 2, or 3 color discrimination trials. Reward was only delivered at the last trial of
the schedule. The brightness of a visual cue was used to indicate the schedule states
(i.e., trial number/schedule length; 1/1; 1/2, 2/2; 1/3, 2/3, and 3/3). Before surgery,
both monkeys showed a cue effect; they performed most accurately in reward states
(97% correct), and least accurately in the 1/3 state (85%). Two monkeys received
bilateral aspiration lesions of rhinal cortex. Both monkeys showed some retention of
the cue’s meaning after the lesion. However, when a new visual cue was introduced
(lengthening dark bar), neither operated monkey learned the behavioral meaning
associated with it (92% correct across all states). By contrast, an unoperated control
monkey learned the new visual cue in the first test block. Because the monkeys with
rhinal cortex damage could perform both brightness and bar length discriminations
well, we can rule out visual sensory deficits as a source of the impairment. We
conclude that the rhinal cortex is important for associating a visual cue with progress
through the predictable trial schedules. Support: IRP/NIMH/NIH.

316.7

316.8

STIMULUS REPRESENTATIONS IN RHESUS MONKEYS WITH
PERIRHINAL CORTEX LESIONS. R. R. Hampton and E. A. Murray*, Lab. of
Neuropsychology, National Institute of Mental Health, NIH, Bethesda, MD 20892.
The inferior temporal cortex of macaque monkeys, comprised of areas TE, TEO,
and the perirhinal cortex, is critical for visual discrimination learning. This study
examined the effect of removal of one part of the inferior temporal cortex, the
perirhinal cortex, on object invariance, the ability to identify an object following
transformation of the layout or properties of the object. Rhesus monkeys were
trained on a large number of visual discrimination problems presented in an
automated apparatus, and then either received bilateral removal of the perirhinal
cortex (Group PRh, N = 6) or were retained as unoperated controls (Group Con, N
= 4). Consistent with earlier findings from studies using complex 2-dimensional
stimuli, Group PRh was significantly impaired relative to Group Con in retention of
the preoperatively learned problems and ih the learning of new discrimination
problems. To test for object invariance, the monkeys were required to discriminate,
in probe trials, the now familiar pairs of 2-d stimuli when those stimuli were rotated,
enlarged, shrunken, presented with color deleted, or degraded by masks. Although
most of these manipulations affected the performance of the monkeys, reducing
accuracy by as much as 25%, Group PRh was not differentially affected. These
findings place constraints on the way in which perirhinal cortex contributes to
object identification. Specifically, although perirhinal cortex appears to be
important under conditions of high inter-item interference, such as concurrent
discrimination learning of large numbers of object pairs, it is not necessary for
gaining access to post operatively-stored visual representations of familiar items.
This research was supported by the Intramural Research Program of the NIMH.

NEURAL RESPONSE IN POSTERIOR SPLIT-BRAIN MONKEYS PERFORMING
VISUAL STIMULUS-STIMULUS ASSOCIATION TASK
H. Tomita1*, M. Ohbayashi1. K. Nakahara2. I. Hasegawa1 and Y. Mivashita123 ' Dept
Physiology, The Univ. of Tokyo Sch. of Med., Buikydai, Tokyo 1130034,2Mind Articulation Project,
ICORP JST, BurikyokuTokyo 1130033, ’Natl, hist for Phys. Sci. Myodaiji-cho, Okazaki 4448585.
The perceptual image can be recalled from memory without sensory stimulation,
however, the neural origin of memory retrieval still remains unsettled. It has
previously been shown that the sensory long-term memories are primarily stored in
modality-specific posterior association cortices and that the retrieval of memories from
these cortices is under tlie control of prefrontal cortex (Hasegawa et al. Science
281:814, 1998). To detect tlie neural correlates of the top-down control of prefrontal
cortex, we studied posterior split-brain monkeys, in which the splenium of tlie corpus
callosum (CC) and the anterior commissure had been transected. When lateralized
visual stimuli, right or left, are presented to these monkeys, the sensory input activates
only the contralateral visual areas. Monkeys were trained to maintain fixation and to
solve the visual stimulus-stimulus association task while tlie cue stimulus was
lateralized in one visual hemifield and the choice stimulus in the other. We examined
single unit activity in inferior temporal cortex and found that many of the cells
responsive to the contralateral stimuli showed significant and selective response to tlie
cue stimuli confined in the visual hemifield ipsilateral to tlie recorded hemisphere
(45/83). The latency of response was longer for tlie ipsilateral stimuli. Tlie stimulus
selectivity of the neurons was similar for both tlie contralateral and ipsilateral stimuli.
Subsequently, we transected tlie remaining part of CC that interconnected prefrontal
cortices of the two hemispheres. A postoperative study revealed that none of the
visual neurons in inferior temporal cortex were responsive to the ipsilateral stimuli
(0/29). Tiiese results indicate that tlie responses to the ipsilateral stimuli reflect tlie
backward signal from prefrontal cortex to inferior temporal cortex. Supported by
grant-in-aid for specially promoted research (07102006) from the Ministry
for Education. Science and Culture of Japan
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INTERACTION OF THE AMYGDALA WITH ORBITAL PREFRONTAL
CORTEX IN REINFORCER DEVALUATION IN RHESUS MONKEYS.

INTERACTION OF FRONTAL LOBE AND INFERIOR TEMPORAL
CORTEX IN OBJECT-IN-PLACE MEMORY A. Easton* and D, Gaffan. Exp
Psychology, Oxford University, Oxford OXI 3UD, U.K.
Section of die temporal stem white matter, amygdala and fornix in the monkey
(Macaca mulatto) leads to a dense anterograde amnesia but relatively preserved
retrograde memory. This pattern of impairment is seen also after disconnection of
either frontal lobe or inferior temporal cortex in one hemisphere from a small heat
lesion of the lateral hypothalamus in the opposite hemisphere. We have proposed
that this dense amnesia is the result of disrupting tike projection of frontal lobe to
basal forebrain to inferior temporal cortex required for the acquisition of new
visual memories. Here we disconnected the frontal lobe from inferior temporal
cortex directly by a crossed unilateral disconnection of frontal lobe in one
hemisphere and inferior temporal cortex in the opposite hemisphere. These
monkeys were tested on a scene-based object-in-place task which is severely
affected by the white matter lesions, or the hypothalamic-cortical disconnection,
and which is in some ways analogous to episodic memory. Performance on this
task was impaired in the animals with the cortical disconnection. This impairment
was not as severe as that seen after the white matter lesion. Addition of a bilateral
fornix section to the cortical disconnection failed to impair the animals
performance any more. It is shown then that performance of the object-in-place
task is dependent to some extent on die intrahemispheric communication between
frontal lobes and inferior temporal cortex. There is, however, also some
subcortical transfer of information between hemispheres available in this task. This
result supports our argument for the importance of the basal forebrain in learning
and memory, and weakens the argument that the effect of the temporal stem lesions
is to disrupt cortico-cortical communication via the thalamus.
Supported by the UK Medical Research Council

A. Parker*, M, G, Baxter, C. C. C, Lindner, A. D, Izquierdo, & E. A, Murray, Lab. of
Neuropsychology, National Institute of Mental Health, NIH, Bethesda, MD 20892.
Bilateral excitotoxic lesions of the amygdala (A) attenuate the effects of reinforcer
devaluation in rhesus monkeys. Furthermore, the orbital prefrontal cortex (PFo), the
main target of amygdalo-prefrontal projections, has been implicated in both response
selection and in learning about reward. To test whether the A and PFo interact in
mediating reinforcer devaluation effects, we compared 4 rhesus monkeys that had
sustained crossed unilateral lesions of the A and PFo with 4 unoperated controls on
reinforcer devaluation. The disconnection surgery was carried out in two stages, and
reinforcer devaluation was assessed after each stage of surgery or rest. After the 1st
stage of surgery (unilateral excitotoxic A lesion, n = 2; or unilateral PFo removal plus
forebrain commissurotomy (FC), n = 2) or rest, all the monkeys learned a set of 60
object discrimination problems. Half of the positive objects were rewarded with one
type of food and the remaining were rewarded with a second, equally palatable food.
The two groups did not differ in the rate at which the problems were learned. To
assess the effects of reinforcer devaluation, we compared monkeys’ choices of objects
on “critical trials” in which pairs of positive objects covering each of the food types
were presented together for choice. There were 4 sessions of critical trials, 2
immediately preceded by a selective satiation procedure intended to devalue one of
the two foods, and 2 with no prior satiation procedure (baseline sessions). As
expected, after reinforcer devaluation, both groups of monkeys displaced more
objects covering the nonsated food relative to their own choices of objects in the
baseline sessions. The two groups did not differ on this measure. After the 2nd stage
of surgery, the experimental group (A lesion crossed with PFo removal plus FC)
showed an attenuation of reinforcer devaluation effects similar to that seen after
bilateral A lesions, whereas the controls showed robust reinforcer devaluation effects.
We conclude that interaction of the A and PFo is necessary to allow adaptive
responses based on the association of an object with the current value of a reinforcer.
This research was supported by the Intramural Research Program of the NIMH.

316.11

316.12

INACTIVATION OF THE INTERPOSED NUCLEUS IN THE RABBIT
AFFECTS INSTRUMENTAL TONIC EYELID CLOSURE V, Bracha*, L.
Zhao, K.B. Irwin and J.R. Bloedel. Barrow Neurological Institute, Phoenix,
AZ 85013.
It is well established that the intermediate cerebellum is essential for the
expression of the classically conditioned eyeblink response in the rabbit.
Although the exact role of the intermediate cerebellum in this process is not
clear, most concepts assume that the cerebellum’s specific ftinction is in
associating the conditioned stimulus (CS) with the unconditioned stimulus
(US) and the initiation of the conditioned response. In the present study, we
examined whether the intermediate cerebellum is involved in eyeblink
control in the absence of an explicit CS and US and a discrete phasic
eyeblink response. Rabbits were trained in two contrasting paradigms - the
standard delay eyeblink conditioning paradigm and the instrumental
paradigm, in which they could prevent delivery of air-puffs to the eye by
keeping their eyelids tonically closed. Trained animals were then injected
with muscimol in the cerebellar interposed nucleus and effects of the
inactivation on eyelid behavior in both paradigms were examined.
We found that muscimol injections blocked both classically conditioned
eyeblinks and instrumental tonic eyelid closure. These data significantly
extend the understanding of intermediate cerebellar involvement in eyeblink
control. They demonstrate that the intermediate cerebellum controls both the
classically conditioned and the instrumental eyeblink response. Moreover,
they indicate that the CS and US association and the generation of a precisely
timed phasic response are not unique parameters controlled by the
intermediate cerebellum.
NIH Grants R01NS36210 and R01NS21958

AFFERENT INPUTS REQUIRED FOR INDUCTION OF PLASTICITY IN THE
INTERPOSITUS NUCLEUS DURING PAVLOVIAN EYELID CONDITIONING.
P.M. Steele*, W.L. Nores, and M.D. Mauk. Department of Neurobioiogy and
Anatomy and Keck Center for the Neurobioiogy of Learning and Memory; University
of Texas Medical School; Houston, TX. 77030
It was previously demonstrated that ablative lesions of cerebellar anterior lobe or
pharmacological block of the cerebellar cortex output disrupted the timing of the
Pavlovian conditioned eye blink responses-unmasking a fixed short latency response.
Cortical lesions that produce short latency response to a trained conditioned stimulus,
prevent extinction and block acquisition of responses to novel stimulus. One
methodological drawback to ablative experiments is the loss of afferent and efferent
cells to the removed tissue. Here, we use reversible pharmacological lesions of either
cerebellar cortex or mossy fiber input to the interpositus nucleus to investigate their
involvement in acquisition of both timed and short latency responses. Following six
days of training during infusion of picrotoxin in the interpositus nucleus, intact
animals acquired no timed conditioned responses and disconnection of the cerebellar
cortex with an infusion of picrotoxin in die interpositus nucleus revealed no short
latency responses. Similarly, three days of training during kynurenic acid infusion
into the interpositus nucleus, blocked the learning of both timed responses and
picrotoxin unmasked short latency responses. With further training, in the absence of
picrotoxin or kynurenic acid in the interpositus nucleus, well-timed responses were
acquired. Picrotoxin infusion into the trained animals unmasked short latency
responses, indicating that the cannulae were in the interpositus nucleus. These data
suggest that the Purkinje cell’s inhibitory input to the interpositus nucleus and the
mossy fiber glutamatergic input to the cerebellar nuclei are necessary to learn timed
and short latency response. The results are consistent with the proposal that plasticity
in the cerebellar cortex is necessary for the learned timing of conditioned responses
and plasticity in the interpositus nucleus mediates the short latency responses.
Supported by NIMH grant #46904-06

DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: TAU
317.1

317.2

TAU
DISTRIBUTION
IN
A
HUMAN
TAU
TRANSGENIC/MOUSE TAU KNOCK-OUT MODEL

GENE

Hana N. Dawson, Michele V. Eyster and Michael P. Vitek*
Division ofNeurology, Duke Medical Center, Durham NC 27710, USA

Neurofibrillary tangles (NFTs) are associated with neuronal loss in
Alzheimer’s disease and other neurodegenerative diseases. They
consist of bundles of paired helical filaments (PHFs) that are formed
when tau protein aggregates into an ordered fibrillar structure. To
generate NFTs in mouse brain, we have expressed the entire human Tau
gene on a null background. Mice homozygous for the Tau gene
disruption lack Tau mRNA and tau protein as confirmed by multiple
methods. Tau-gene transgenic mice express all six of the human Tau
mRNA isotypes by RT-PCR analysis. Using an antibody specific for
the human tau protein, multiple tau protein isoforms are observed. The
lack of mouse Tau gene expression in the knockouts, and the presence
of human Tau gene products in the transgenics, strongly support our
ongoing efforts to create mice expressing only human Tau proteins and
perhaps, NFT pathology.
Supported by NIA, OSV and Alzheimer’s Association.
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PHENOTYPE OF TRANSGENIC MICE OVER-EXPRESSING A
NORMAL HUMAN TAU GENE L. Refolo, P. Davis1, H. Knight, S.
Sanders2, X Yu2, M. Picciano and K. Duff* Nathan Kline Institute,
Orangeburg NY, !Albert Einstein Institute, Bronx, NY, -Mayo Clinic,
Jacksonville, FLA.
Transgenic mice have been created that over-express the whole human tau
gene carried on a PAC. RT-PCR analysis and Western blot show that both
the human and murine tau isoforms are present in the mouse. Western blot
analysis using phosphorylation independent and dependent antibodies show
that the transgene derived
tau protein is abundant and is hyper
phosphorylated at specific residues. Immunohistochemistry shows that the
tau promoter-driven transgene is expressed most prominently in the
pyramidal cell layer of die cortex and hippocampus and within the cell, the
protein is most abundant in neuronal processes. There are no signs of overt
neurodegeneration by 8 months of age.
Tau transgenic mice have been crossed to an amyloid-depositing mouse
line (PS/APP) to attempt to elicit neurofibrillary pathology reminiscent of
that seen in human AD. Pathology development in these, and other triple
transgenic mice will be discussed.
Supported by NIH AG146133 to KD
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TOWARDS TAU TRANSGENIC MICE RECAPITULATING FEATURES OF
ALZHEIMER’S DISEASE AND OTHER TAUOPATHIES.
K. Spittaels #. C. Van den Haute #, J. Van Dorpe #. H, Geerts (*), M. Mercken
. R. SciotVt) A, Van Lommel (t), K, Vandezande, I. Laenen, and F. Van
Leuven. Experimental Genetics Group, Flemish Institute for Biotechnology
(VIB), K.U.Leuven, Gasthuisberg O&N 06, B-3000 Leuven, Belgium,(*)
Janssen Research Foundation, B-2340 Beerse, Belgium, (t) Department of
pathology, University Hospitals Leuven, B-3000 Leuven, Belgium.
We have tested the hypothesis whether overproduction of normal tau protein
with four microtubule binding repeats would indeed constitute a gain of a
neurotoxic function in vivo. We have generated transgenic mice that
overexpress this tau protein isoform specifically in neurons. These tau40
transgenic mice were motorically impaired and developed prominent
axonopathy in brain and spinal cord. Axonal dilations with accumulation of
neurofilaments, mitochondria and vesicles are documented, suggesting that
defective axonal transport causes axonal degeneration. As this effect was
gene-dosage related, it proved that merely increasing the concentration of the
four-repeat tau protein isoform is sufficient to cause neuronal injury without
additional requirement of intraneuronal neurofibrillary tangles. Since the CNS
of tauopathy patients develop tau inclusions that consist of
hyperphosphorylated tau protein, Glycogen Synthase Kinase-3p (GSK-3J3) was
genetically incorporated. Evidence that GSK-3p is an effective protein tau
kinase in vivo, was obtained in human GSK-3p[S9A] transgenic mice and in
double transgenic mice, expressing additionally human protein tau.
Hyperphosphorylation of murine and human protein tau was exemplified by the
appearance of isoforms with slower electrophoretic mobility, immunoreactive
with monoclonal antibodies AT-8 and AT-180, certified to recognize typical
phosphorylated tau epitopes in Alzheimer’s disease brain. Further analysis of
the CNS of the double transgenic mice will reveal whether tau phosphorylation
is required for tangle formation or other neuropathological processes.

MISSENSE AND SPLICE SITE MUTATIONS IN TAU ASSOCIATED WITH
FTDP-17. M. Hutton1, S-H Yen1, S. Lovestone2. E. McGowan1*. ’Mayo Clinic
Jacksonville, Jacksonville, FL32224. department of Neuroscience, Institute of
Psychiatry, London SE5 8AF, UK.
The identification of mutations in the gene encoding the Microtubule Associated
Protein Tau in FTDP-17 demonstrated that Tau dysfunction can lead to
neurodegeneration. At least 9 missense mutations and 1 deletion mutation
(AK280) have been identified in exons 9 through 13 that encode the microtubule
binding domain. In addition, six mutations have been found in the 5’ splice site
of exon 10 that alter alternative splicing such that increased amounts of exon
10+ mRNA and Tau containing 4 microtubule binding repeats are produced.
These splice site mutations destabilize a stem-loop structure that is thought to
negatively regulate splicing of this exon. The presence of mutations that affect
the alternative splicing of exon 10 demonstrates that the ratio of Tau isoforms
with 4 and 3 repeats is crucial to the function of Tau in the Human brain.
Missense mutations P301L, V337M, G272V and R406W have been
demonstrated in vitro to partially inhibit Tau-induced polymerization of Tubulin
and in the case of P301L, V337M and R406W the binding of Tau to tubulin.
Increased Tau fibril formation has also been shown in vitro for the P301L,
V337M and R406W mutations suggesting that two properties of Tau may be
disturbed by the conformation change induced by some of the majority of
missense mutations.
In general, the common link between the missense and splice site tau
mutations is that each is likely to increase the level of unbound Tau in the cell,
either all six major isoforms or 4 repeat isoforms specifically. This increase in
unbound Tau may lead to the formation of fibrils and insoluble inclusions
resulting in neurodegeneration. (Support: NINDS NS37143-02, Smith Mayo
Scholar Program)

317.5

317.6

EFFECTS OF FTDP-17 MUTATIONS OF TAU ON TAU
FUNCTIONS.
S. Barghorn, Q. Zheng-Fischhofer, M. von Bergen, W, Bever, M,
Ackmann, H. Wiech*, T. Licher E.-M. Mandelkow, E. Mandelkow,
Max-Planck-Unit for Struct. Mol. Biol.,Notkestr. 85, 22607
Hamburg, Germany.

RAPID AGGREGATION OF TAU PROTEIN INTO ALZHEIMER-LIKE PAIRED
HELICAL FILAMENTS REVEALS A NUCLEATION-ELONGATION
MECHANISM.
M. von Bergen, P. Friedhoff, E.-M. Mandelkow, E. Mandelkow*, MaxPlanck-Unit for Struct. Mol. Biol., Notkestr. 85,22607 Hamburg, Germany.
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Neurofibrillary deposits composed of tau protein are a characteristic
feature of Alzheimer’s disease. Similar deposits have recently been
identified in several related "tauopathies" (FTDP-17) which contain
mutations in the tau gene on chromosome 17 (e.g. Hutton et al.,
Nature 393, 702, 1998, and others). The mutations are located in
exons coding for the microtubule- binding domain of tau or in adjacent
introns. The same domain is also responsible for forming the core of
Alzheimer paired helical filaments. This suggests that the mutations
affect these functions. We have cloned seven of the tau mutants
reported for FTDP-17, expressed them in E. coli (P189A, G272V,
N279K, del-K280, P301L, V337M, R406W), and studied them by
several criteria: (1) Promotion of the self-assembly of microtubules
(nucleation rate, elongation rate, extent of assembly); (2) binding of tau
to microtubules stabilized by the drug taxol (affinity constants,
stoichiometries); (3) self-assembly of tau mutants into Alzheimer-like
paired helical filaments in vitro, using a recently developed
fluorescence detection assay of PHFs and separating the effects on
PHF nucleation and elongation (Friedhoff et al., PNAS 95, 15712,
1998). - Supported by Deutsche Forschungsgemeinschaft.

Alzheimer paired helical filaments (PHFs) contain mainly tau protein. We have
investigated the mechanism of tau's assembly into PHFs and the role of
polyanions in PHF formation. PHF assembly is strongly enhanced by polyanions
like RNA, heparin, or poly-Glu; the latter resembles the acidic C-terminus of
tubulin, the cellular target of tau. We have now developed a sensitive
spectroscopic assay to monitor the formation of PHF-like filaments (Friedhoff et
al., 1998, Biochemistry 37, 10223). We evaluated several parameters (domains
of tau protein, temperature, ionic strength, pH) which influence the efficiency of
PHF formation. PHF assembly is optimal around pH 6-7, low ionic strength, and
shows a notable increase with temperature above 20 degrees. Dimerization of
tau protein by an intermolecular disulfide bridge involving Cys322 is critical for
filament formation. N-terminal and C-terminal truncation of tau strongly increase
the rate of in vitro PHF formation. We showed that phosphorylation that
detaches tau from microtubules (KXGS motifs, especially S262 and S214 have
an inhibitory effect on PHF assenbly (Schneider et al.,1999, Biochemistry, 38,
3549). Therefore at least three key factors are important for efficient PHF
formation in vitro, i.e. dimerization of tau, interaction with polyanions, and
truncation. PHF assembly proceeds through a stage of nucleation. This barrier
can be overcome by exogenous seeds, e.g. PHFs prepared in vitro or from
Alzheimer brain tissue. In the absence of seeds, self-nucleation occurs; the size
of the nucleus is about 4-7 tau dimers (Friedhoff et al., 1998, PNAS 95,15712).
Further to this kinetic model we tried to define the structural basis of PHF
assembly and the involved amino acid residues. - Supported by Deutsche
Forschungsgemeinschaft.

317.7

317.8

OVEREXPRESSION OF TAU PROTEIN INHIBITS THE OUTWARD FLOW
OF VESICLES AND ORGANELLES ALONG MICROTUBULES.
K. Sterner*, A Ebneth, R. Godemann, B. Trinczek, S, lllenberger, E.-M.
Mandelkow, E. Mandelkow, Max-Planck-Unit for Struct. Mol. Biol.,
Notkestr. 85,22607 Hamburg, Germany

DECREASES IN CALCINEURIN ACTIVITY CORRELATE WITH TAU
PATHOLOGY IN ALZHEIMER’S DISEASE Q. Lian,1* C J. Ladner,1
D.J. Magnuson2 and J.M. Lee/2 ‘Dept, of Pharm. and Exp. Ther., 2Dept.
of Path., Loyola Univ. Stritch Sch. of Med., 2160 S. First Ave., Maywood,
II., 60153.
Neurofibrillary
tangles
(NFT),
which
contain
abnormally
hyperphosphorylated forms of tau protein, are one of the
neuropathological hallmarks of Alzheimer’s disease (AD). This altered
phosphorylation state of tau protein may be due to increased kinase
activity or/and decreased phosphatase activity. Previously we have shown a
reduction in calcineurin (protein phosphatase 2B) enzymatic activity in the
temporal cortex of AD cases. In the present study, calcineurin activity and
protein levels were determined in both whole cell and P2 membrane
fractions from postmortem superior frontal cortex and sensorimotor cortex
samples from individuals with moderate to severe AD (n=7) and agematched controls (n=5). Using p-nitrophenylphosphate as a substrate,
nickel-, manganese- and cobalt-chloride stimulated phosphatase activity in
a concentration-dependent manner.
The calcineurin inhibitor
calmidazolium completely inhibited these cation stimulated activities.
Basal activity was reduced by 25% (p < 0.05) in the P2 fraction, while
nickel-stimulated calcineurin activity was decreased in both P2 arid whole
cell preparations (52% and 30% respectively, p<0.05). Manganese- and
cobalt-stimulated calcineurin activity was also decreased in AD frontal
cortical membranes. No differences in phosphatase activities were detected
in the sensorimotor cortex. Despite the changes in calcineurin phosphatase
activity in the superior frontal cortex, calcineurin protein levels determined
by immunoblot were similar in control and AD cases. The decrease in
nickel-stimulated calcineurin phosphatase activity in frontal cortex
inversely correlated with the neurofibrillary tangle pathology (r=-0.76, p
<0.02), but not with diffuse or neuritic plaques, suggesting that calcineurin
plays a role in PHF formation. (Supported by Dept. of Path., Loyola University)

The degeneration of neurons in Alzheimer's disease is accompanied by
several changes, including the loss of axonal microtubules, the perturbation
of axonal transport, and the pathological accumulation of tau protein in a
hyperphosphorylated form. We have therefore studied the question of
whether tau protein could directly influence intracellular transport
mechanisms. Using CHO cells stably transfected with tau or microinjected
with tau we showed that an elevated level of tau inhibits preferentially the
plus-end directed flow of vesicles and organelles along microtubules towards
the ceil periphery which is mediated by motor proteins of the kinesin type
(Ebneth et ai., J. Cell Biol. 143:777, 1998). This inhibition leads to a
predominance of the minus-end-directed flow mediated by dynein. As a
consequence, mitochondria accumulate near the cell center, the ER retracts
from the periphery, and the exocytosis of vesicles is retarded. In the case of
the neuroblastoma cell line N2a transfected with tau the effects become even
more pronounced. The most noticeable effect is the loss of mitochondria,
peroxisomes, ER elements, and intermediate filaments from the axon-like
processes as a
consequence of the inhibition of plus-end directed
(anterograde) movement. The cell processes become highly vulnerable
towards stress (e.g. oxidative stress or toxic agents). Thus tau appears to
play a dual role: At physiological concentrations it stabilizes microtubules as
tracks for intracellular transport, but at excess concentrations it interferes
with transport down the axon and could therefore contribute to the
degeneration
of
the
axon.
Supported
by
Deutsche
Forschungsgemeinschaft.
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ALTERNATIVE INACTIVATION OF GLYCOGEN SYNTHASE KINASE 3

Glycogen Synthase Kinase 3(1 Promoter Polymorphisms and Alzheimer’s
Disease
C, Russ? S. Lovestone,1 K.F, Lau.1 B. Meldrum2* and J.F. Powell1. *Dept. of
Neuroscience and 2Dept. of Clinical Neuroscience, Institute of Psychiatry;
London, SE5 8AF.
Alzheimer’s disease (AD) is characterised by two kinds of inclusions,
neurofibrillary tangles (NFT) and senile plaques. The chief constituent of NFT
are paired helical filaments (PHF) composed of the hyperphosphorylated
microtubule associated protein tau. The major kinase responsible for the
hyperphosphorylation of tau in vitro is glycogen synthase kinase 33 (GSK33).
It is possible therefore that aberrant regulation of GSK33 expression may play a
role in AD. Therefore we screened the GSK33 promoter region for polymorphic
variants which may be important in GSK33 gene regulation and expression.
1.5 Kb of the functionally important 5’ end of the GSK33 promoter region was
sequenced in 40 Caucasians controls and 40 probable and possible AD patients
(NINCDS criteria). Sequences from 5 overlapping PCR products were analysed
using the consed suite of programs. Several common polymorphic variations
were identified and confirmed by restriction enzyme digestion. One of these was
then examined in a larger cohort of 200 AD and 120 control subjects. Though
initial analysis of this polymorphism, located approximately 1.7Kb upstream of
the transcription initiation site of GSK33, showed no statistically significant
association with AD, there was a trend (p= 0.08). Further analysis of this and
other polymorphisms in a larger sample will be illuminating.

REGULATES PHOSPHORYLATION OF TAU PROTEIN IN CULTURED
CELLS. mauaka^.JL.Jsujio.X.KudQ and M, 3'akcda. Dept. of Clinical
Neuroscience, Neuropsychiatry. Ositka Univ. Grad. Sch. of Med. D3, 2-2

Yamadaoka, Suita, Osaka, 565-0871 JAPAN.

In Alzlieimcr’s disease microtubule associated protein tau is hyperphopshorylated, and glycogen synthase kinase 3 (GSK3) is one of tlie candidate
kinases wliich phosphorylate tau protein.

Tlieiefoie tlie changes of

phosphorylation levels of tau protein and GSK3 activity were investigated in ST5 Y
human neuroblastoma cells in several conditions.

When die cells were Heated

widi wortmannin , an inhibitor to phosphatidylinositol-3 kinase which activates
protein kinase B (PKB), bodi of die GSK3 activity and the phosphorylation levels

of tau protein were increased in die early phase( 1 -3 hours), and in the secondary

phase bodi of diem were decreased.

In die secondary phase activated protein

kinase C (PKC) della by die cleavage presumably by caspase-3 were observed, and
the treatment of cells witii DEVD-fmk, an inliibilor to caspase-3, togedier witii

wortmannin induced prolonged activation of GSK3 and hyper-phosphorylation of
tau protein.

It is suggested dial die phosphoylation of tau protein tiiraugh die

pathway of GSK3, is regulated by bodi of die PKB and PKC. •
Tliis research is supported by die giant of the Ministry of Education in JAPAN

This work is funded by the Wellcome Trust.

#10770484.
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CASEIN KINASE-1 AS A LINK BETWEEN THE NEUROFIBRILLARY AND
GRANULOVACUOLAR LESIONS OF ALZHEIMER’S DISEASE. N, Ghoshal1*, LI, Binder1,
E.J. Cochran2, and J. Kuret3. 1Dept. of Cell and Molecular Biology, Northwestern Univ. Med.
Sch., Chicago, IL 60611; 2Dept. of Neurological Sciences, Rush Presbyterian-St. Luke’s
Med. Center, Chicago, IL 60612; 3Dept. of Medical Biochemistry, Ohio State Univ. Col. of
Med., Columbus, OH 43210.
Alzheimer’s Disease (AD) is characterized by the presence of neurofibrillary pathology
consisting of neurofibrillary tangles, neuropil threads, and dystrophic neurites, all of which
contain hyperphosphorylated tau. Recently, we showed Casein Kinase 1 (CK1) to be the
principal protein kinase activity that copurifies with AD brain derived paired helical filaments
(PHFs). While investigating the putative association of Casein Kinase 1 (CK1) isoforms with
AD pathology by immunohistochemistry, we found that in addition to colocalizing with
elements of neurofibrillary pathology, CK1 colocalizes with the granular cores of
granulovacuolar degeneration (GVD) lesions. GVD, another hallmark pathology of AD, is
found primarily in hippocampal pyramidal neurons.
They appear as intraneuronal
cytoplasmic accumulations of large (<5 pm dia) vacuoles containing a centrally located
dense core granule of unknown molecular composition. The initial GVD observation was
confirmed and quantified by light microscopic and EM-based immunocytochemical
methodologies and by Western analysis.
Light microscopic imaging indicates CK1containing GVD are distributed in hippocampal pyramidal neurons according to the following
hierarchy: CA1>CA2>CA3>CA4 and is consistent with previous GVD studies using
heterochromatic staining. Furthermore, >20-fold increase in the number of lesioned neurons
in AD vs. aged, non-demented controls is observed. Immuno-EM indicates the appearance
of CK1-positive granules within electro-lucent vacuoles with sizes consistent with those
published for GVD. Western analysis clearly shows all CK1 isoforms to be elevated in the
CA1 region of AD hippocampus, with one isoform being elevated >30-fold.
Supported by the National Institutes of Health (AG09465 to L.I.B. & J.K.); and as a pilot
project of the Northwestern University Alzheimer’s Disease Core Center (AG13854)

TAU PHOSPHORYLATION AND REGULATION OF PROCESS FORMATION.
J. Biernat, Y. S. Wu, and E.-M. Mandelkow*, Max-Planck-Unit for Struct
Mol. Biol.,Notkestr. 85, 22607 Hamburg, Germany.

The neuronal tau protein has several functions, including the stabilization of
microtubules, the tracks of axonal transport, and the outgrowth of cell
processes and the establishment of cell polarity. These functions are regulated
by phosphorylation. There are two main classes of sites, SP or TP motifs
(targets of proline-directed kinases, weak influence on tau-microtubule
interactions) and KXGS motifs in the repeats (e.g. S262, targets of MARK,
strong influence on MT binding). We have transfected several isoforms of tau
by baculovirus in Sf9 cells (Biernat & Mandelkow, Mol. Biol. Cell 10, 727,
1999). We observed the outgrowth of processes and correlated this with tau
expression and phosphorylation, as measured by Western blotting with
Alzheimer-diagnostic antibodies, phosphopeptide 2D mapping and sequencing.
Mutations of phosphorylatable residues at KXGS motifs or at SP/TP motifs
result in opposite effects. Phosphorylation at the KXGS motifs in the repeat
domain is necessary for process outgrowth, whereas phosphorylation at SP or
TP motifs in the flanking domains is inhibitory. In an effort to distinguish the
responsible protein kinases we have now found several specific inhibitors of
different classes of kinases which affect the outgrowth of processes. We are
also extending the experiments on Sf9 cells to cells of neuronal origin and find
that they contain a similar pattern of phosphorylation sites and are sensitive to
kinase inhibitors in a similar fashion. - Supported by Deutsche
Forschungsgemeinschaft.
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RAPID
NEURONAL
INTRACELLULAR
ACIDIFICATION
TRIGGERS NITRIC OXIDE INDUCED PROGRAMMED CELL
DEATH. J. C, States*. A, M, Vincent, J. Wright, T, Shaw, and K, Maiese.
Neurology, Anatomy and Cell Biology, Ctrs. for Molecular Medicine and
Toxicology, Wayne State Univ. School of Medicine, Detroit, MI 48201.
Neuronal injury is intricately linked to the activation of three neuronal
endonucleases, an acidic endonuclease (pH 4.0-7.0), a Ca2+/Mg2+ dependent
endonuclease (pH 7.3-8.0), and a Mg2+ dependent endonuclease (pH 7.3-8.0) (Vincent
and Maiese, Exp Cell Res 246:290-300, 1999). Since these endonucleases are
exquisitely pH dependent, we investigated in primary rat hippocampal neurons the
role of intracellular pH (pH0 regulation during nitric oxide (NO) induced toxicity.
Neuronal injury was assessed by both a 0.4% trypan blue dye exclusion survival
assay and programmed cell death (PCD) with TUNEL 24 hours following treatment
with the NO generators SNP (300pM), SIN-1 (300pM), or NOC-9 (300pM). The
pHj was measured using the fluorescent probe BCECF. Twenty-four hours following
NO exposure, neuronal survival was reduced from 82+6% to 23+9% and PCD
expression increased from 20+5% to 68+6% (p<0.001). In sister neuronal cultures,
NO exposure yielded a rapid intracellular acidification during the initial 30 minutes
from pHj 7.36±0.01 to approximately 7.00 (p<0.0001). Within 45 minutes, a
biphasic alkaline response was evident with pHj reaching 7.40+0.02 that was
persistent for a 6 hour period. To mimic the effect of NO induced acidification,
neurons were acid-loaded with ammonium ions to yield a pHi of 6.22+0.20 for 30
minutes. Similar to NO toxicity, neuronal survival decreased to 44±2% (24 hours)
and DNA fragmentation increased to 56+6% (24 hours) (p<0.0001). Neuronal injury
and the induction of PCD during acid-loading could be serially reversed by the
endonuclease inhibitor aurintricarboxylic acid (ATA, 10pM-70|aM). Furthermore,
maintenance of an alkaline pHj of 7.60+0.02 during the initial 30 minutes of NO
exposure prevented both the activity of the acidic endonuclease and subsequent
neuronal injury. Our work elucidating the critical role of free radical intracellular
acidification and the subsequent induction of the neuronal acidic endonuclease activity
suggests a potential regulatory "trigger" for the prevention of neuronal injury.
Supported by the Alzheimer's Association, AHA (National), Boehringer
Ingelheim Award, J&J Award, and NIH NIEHS.

MEMBRANE
STABILIZATION
DURING
NEURONAL
PROGRAMMED CELL DEATH BY METABOTROPIC GLUTAMATE
RECEPTOR ACTIVATION. A, M. Vincent* and K, Maiese. Neurology,
Anatomy and Cell Biology, Ctrs. for Molecular Medicine and Toxicology, Wayne
State Univ. School of Medicine, Detroit, MI 48201.
Activation of specific metabotropic glutamate receptor (mGluR) subtypes
can avert the induction of nitric oxide (NO) induced programmed cell death (PCD)
within hours following NO exposure. We therefore investigated the ability of the
mGluR system to either limit or reverse the induction of NO induced PCD over time
in rat hippocampal neurons. We labelled membrane phosphatidylserine (PS)
exposure in individual living neurons entering the early stages of PCD by employing
a novel reversible assay which exploits the calcium-dependent affinity of annexin-V
(Vincent and Maiese, J Histochem Cytochem 47:661-672, 1999). With this method,
annexin-V is conjugated to phycoerythrin, monitored with fluorescent light
photomicroscopy, and reversibly removed with calcium-free buffer to monitor the
exposure of PS over time. Administration of the NO generators SNP (300pM), SIN1 (300pM), or NOC-9 (300pM) alone increased annexin-V positive neurons in the
population from 6+4% in untreated cultures to 17+4% within 1 hour, (p<0.01). A
time-dependent increase in staining was observed at 3 hrs (21±4%), 5 hrs (54±6%), 7
hrs (57+11%), 12 hrs (62+8%), and 24 hrs (66±12%) following NO exposure. A
one hour pre-treatment prior to NO exposure with the neuroprotective mGluR group I
agonist DHPG (750pM) or group III agonist L-AP4 (750pM) prevented an increase
in annexin-V labelling over a 24 hr period. The group I and group III mGluR
agonists also significantly decreased annexin-V binding during post-treatment
paradigms (5 hrs post NO, (13+3%, DHPG; 17+5%, L-AP4 (p<0.001)) and
continued to maintain membrane stabilization over a 24 hr period. The ability to
alter PS membrane inversion was selective since application of the mGluR group II
agonists L-CCG-I or DCG-IV as well as administration of the mGluR antagonist
AIDA did not prevent PS membrane inversion. Our work strongly supports the
premise that PCD is not a committed step, but rather a dynamic process that can be
actively reversed through the signal transduction pathways of mGluR activation.
Supported by the Alzheimer's Association, AHA (National), Boehringer
Ingelheim Award, J&J Focused Giving Award, and NIH NIEHS.
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THE TRANSCRIPTION FACTOR E2F DIRECTS ATTEMPTED
CELL CYCLE INDUCTION DURING NEURONAL PROGRAMMED
CELL DEATH. T. Shaw. B-K. Moon*, J. Wright, and K. Maiese, Neurology,
Anatomy and Cell Biology, Ctrs. for Molecular Medicine and Toxicology, Wayne
State Univ. School of Medicine, Detroit, MI 48201.
The molecular mechanisms that govern neuronal programmed cell death
(PCD) are varied in nature, but recent work has implicated a novel pathway that
requires the attempted induction of the cell cycle in post-mitotic neurons (TenBroeke
et al., Soc. Neurosci. Abstr., 24: 1749, 1998). Since one of the principal
downstream modulators of cell cycle induction is the transcription factor E2F, we
characterized the role of E2F during nitric oxide (NO) induced PCD. Employing rat
primary hippocampal neurons and E2/1 targeted deletion mice, cell cycle induction
was determined through the incorporation of the DNA precursor bromodeoxyuridine
(BrdU), neuronal injury through trypan blue dye exclusion, and DNA fragmentation
through TUNEL following treatment with the NO generators SNP (300pM), SIN-1
(300gM), or NOC-9 (300pM). Expression of E2F was examined by both
immunocytochemistry and by Western blot analysis. Following NO exposure,
uptake of the DNA precursor BrdU progressively increased from a baseline of 3+2%
to 24+3% within 4 hr and to 43+4% within 24 hr (n=10, p<0.001). In conjunction
with this attempted cell cycle induction in post-mitotic neurons, neuronal expression
of E2F was robust and significantly increased within 4 hours post NO administration
from a baseline of 5±2% to 71+3% (n=6, p<0.001). This degree of expression was
maintained over a 24 hour course. In sister cultures following NO exposure, neurons
positive for PCD induction increased from 15+4% to 73±6% over this same 24 hr
period. Employing parallel paradigms in E2F targeted deletion mice, neuronal
survival was enhanced and PCD induction was decreased by approximately 39% when
compared to wild-type animals. Our work supports the premise that cell cycle
induction in post-mitotic neurons plays a significant role during NO induced PCD.
Yet, it is the permissive downstream presence of the transcription factor E2F that can
not only determine PCD induction, but also offers a molecular "checkpoint" against
neurodegenerative disease.
Supported by the Alzheimer's Association, AHA (National), Boehringer
Ingelheim Award, J&J Focused Giving Award, and NIH NIEHS.

DUAL EFFECT OF NITRIC OXIDE SYNTHASE INHIBITOR, L-NAME ON

318.5
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pH-DEPENDENT
VULNERABILITY
OF
GLUCOSE-DEPRIVED
ASTROCYTES TO NITRIC OXIDE CYTOTOXICITY. W-K. Kim*, C Ju,

and J-J. Choi. Dept. of Pharmacol., Ewha Womans Univ. Med. Sch., Seoul 158056, Rep. of Korea.
Recently, we reported that 48-h pretreatment with interferon-y (100 U/ml) and
lipopolysacchride (1 pg/ml) made astrocytes much vulnerable to glucose
deprivation via expression of inducible nitric oxide synthase (J. Neurosci. Res. 55:
870-875, 1998; Neurosci. Lett. 256: 109-112, 1998). The viability of astrocytes was
previously reported to be altered depending on the extracellular pH (pHe) (Brain
Res. 530: 138-141, 1990). In the present study, therefore, we investigated the pH
dependency of the nitric oxide (NO)-induced potentiated death of glucose-deprived
astrocytes. Cytotoxicity was assessed by measuring the release of lactate
dehydrogenase (LDH) from injured or dead astrocytes. The NO releasing reagent 3morpholinosydnonimine (SIN-1) markedly enhanced the LDH releases in glucosedeprived astrocytes. The NO-induced potentiated releases of LDH occurred in
concentration-dependent manners at all pHe values (7.0, 7.4, 7.8) tested in the
present study. Among the pHe values tested, however, glucose-deprived astrocytes
were least vulnerable to NO cytotoxicity at slightly acidic pH 7.0. Lowering the
intracellular pH (pHi) using sodium acetate at fixed pHe 7.4 in the medium
ameliorated the vulnerability of glucose-deprived astrocytes to NO cytotoxicity,
which was reversed by increasing the pHi using NH4C1 with no change of pHe
(7.4). Qualitatively similar results were obtained after treatments with amiloride
and monensin, which either decreased or increased pHi via modulation of Na+/H+
exchanger.
This study was supported by the KOSEF through the Centre for Cell Signalling
Research at Ewha Womans University and by a grant (#HMP-98-N-2-0013) of “the
good health R&D project (1998)” of the Ministry of Health and Welfare, Rep. of
Korea.

GENE-DOSING EFFECT IN REDUCTION OF ISCHEMIC
BRAIN INJURY IN MICE LACKING THE INDUCIBLE
NITRIC OXIDE SYNTHASE GENE. X. Zhao*. C. L, Haensel,
M.E. Ross, and C. Iadecola. Dept. of Neurology, University of
Minnesota, Minneapolis, MN 55455.
Mice with deletion of the inducible nitric oxide synthase (iNOS)
gene are more resistant to cerebral ischemic damage produced by
occlusion of the middle cerebral artery (MCA)(J. Neurosci. 17: 9157,
1997). However, it remains to be established whether the reduction in
ischemic injury is proportional to the degree of gene expression loss and
whether the protection is long lasting. The MCA was occluded in
heterozygous (+/-) and homozygous (-/-) iNOS null mice as well as in
wild-type littermates (iNOS +/+). Infarct volume was determined 4 or
10 d later in thionin-stained brain sections. Rectal temperature was
monitored throughout the experimental period and did not differ among
the groups studied (p>0.05, analysis of variance). Four days after MCA
occlusion, total infarct volume was 41±1 mm3 in iNOS +/+ (n=8),
37±1 in iNOS +/- (n=8; p<0.05 from +/+) and 32±2 in iNOS -I- mice
(n=6; p<0.05 from +/+ and +/-). Ten days after MCA occlusion total
infarct volume was 14±1 mm3 in iNOS +/+ (n=8), 12±1 in iNOS +/(n=8; p<0.05 from iNOS +/+) and 10± 1 in iNOS -/- mice (n=8; p<0.05
from iNOS +/+). Thus, 10 d after ischemia the reduction in infarct
volume is still present in iNOS null mice These data indicate that the
reduction in infarct volume is greater in iNOS -/- than in iNOS +/- mice
and that such reduction is stable in time. We conclude, that the reduction
in ischemic damage conferred by iNOS deletion exhibits a gene-dosing
effect and that the protection is long lasting. (Supported by NS34179)
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DECREASED NITRIC OXIDE (NO) AVAILABILITY CONTRIBUTES TO
CEREBRAL ISCHEMIA FOLLOWING SUBARACHNOID HEMORRHAGE
(SAH). A, Schwartz. F Sehba. J.B.Bederson*. Dept. of Neurosurgery, Mount
Sinai Sch of Med: New York, NY 10029
NO is a potent vasodilator that contributes to normal cerebral blood flow
(CBF). Its influence following SAH may be complicated by hemoglobin’s
strong <d Unity for NO. We examined NO’s contribution to SAH-induced
changes in CBF by employing the NO synthase inhibitor N°-nitro-L-argininemelhyl-ester (L-NAME).
Experimental rats were either untreated (n=l 1) or treated with L-NAME
(30mg/kg i.v.) 20 minutes prior to (n=10) or 15 (n=6), 30 (n=9), or 60 (n=5)
minutes alter SAH produced via die endovascular filament technique. Arterial
and intracranial pressures mid CBF were continuously recorded.
SAH was followed by a reduction in CBF to 5.9±1.7% of baseline followed
by a gradual recovery to 67.1±5.8% by 60 minutes. L-NAME produced a 29.4±
3.47 decrease in resting CBF but had no effect on die acute decrease in CBF
following SAH or c;uly recovery. By 60 minutes however, L-NAME
significantly decreased CBF recovery to 28.7±9.4% of baseline (P<0.05 vs.
control). L-NAME had no acute effect on CBF when administered 15 or 30
minutes after SAH but caused a decrease of 45.4±8.8% when administered 60
minutes post-hemorrhage (P<().()5).
Our results indicate a biphasic pattern of NO availability idler SAH. NOS
inhibition had no effect on CBF during the first 30 minutes after SAH,
suggesting dial NO is completely scavenged during this period, causing decreased
CBI60 minutes alter SAH, NOS inhibition limited CBF recovery, suggesting
(hiit restoration of NO availability contributes to recovery of CBF one hour after
SAI I.
Research supported by NIH Grant R29-NS 35904-03

NITRIC OXIDE (NO) DERIVED FROM nNOS, NOT eNOS, PLAYS A MAJOR
ROLE IN PROMOTING INTRA-ISCHEMIC CEREBRAL VASODILATION IN
VULNERABLE BRAIN REGIONS. D.A. Pelligrino, R.A, Santizo, and O, Wane*. Dept.
of Anesthesiol., U. of Illinois-Chicago, Chicago, IL 60612.
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ISCHEMIC EXACERBATION INDUCED BY SUBLETHAL SNAP IN
MOUSE CORTICAL CULTURES M.B. Wid’.H.C. Kim2, C.J. Moon1. TX
Shin1, M H. Won3, T.C. Kang3, SO. Huh4, H.W. Suh4, D-K. Song4 and YH. Kim4.

‘Dept. of Veterinary Medicine, Cheju National University, Cheju 690-756, Korea;
2Dept. of Pharmacy, College of Pharmacy, Kangwon National University,

Chunchon 200-701, Korea; ’Dept of Anatomy and 4Dept. of Pharmacology,

College of Medicine, Hallym University, Chunchon 200-702, Korea.
We investigated whether nitric oxide synthase (NOS) inhibitor attenuates a
neurotoxic potentiation induced by sublethal concentration of NO doner, Snitroso-N-acetylpenicillamine (SNAP) during mild oxygen/glucose deprivation

(OGD). Cultured neuronal cells exposed to OGD for 40 min exhibited 15-30%

neuronal damage as assessed Ity elevation of LDH release to the bathing medium
after one day. The sublethal dose of SNAP (100 pM) potentiated the OGD
damage as 3.8 fold. Low dose (3-30 pM) of N^-Nitro-L-argjnine methyl ester (L-

NAME) significantly inhibited the neurotoxic exacerbation. However, high dose
(300 pM) of L-NAME did not show a neuroprotective effect. MK-801 almost

blocked SNAP-induced ischemic potentiation. These results suggest that nitric
oxide mediate OGD-induced neurotoxicity via biphasic mechanism.

Non-selective inhibition of Ca2+-dependent NO synthases (eNOS) is associated
with greater CBF reductions during transient forebrain ischemia (TFI) and enhanced post-ischemic neuropathology. NO derived from both eNOS isoforms (i.e.,
eNOS and nNOS) may support intra-ischemic cerebrovasodilation. The hippocampus (HC), striatum (ST) and, to a lesser degree, cortex (CX) display selective
vulnerability in TFI models. Thus, exploring the role of NO in supporting intraischemic CBF (iCBF) in those regions is of particular interest. In the present
study, we compared regional (i.e., CX, HC, and ST) iCBF reductions in rats pretreated with a selective nNOS inhibitor (ARR 17477,1 mg/kg, iv), a non-selective
NOS inhibitor (nitro- L-arginine, 10 mg/kg, iv), or saline (control). Studies were
performed on fentanyl/ N2O-anesthetized female rats subjected to 30 min TFI
(right common carotid occlusion plus hemorrhagic hypotension [MABP= 30
mmHg]). CBF was measured in the right CX, HC, and ST using laser-Doppler
flowmetry. For the HC and ST, thin optical fibers were stereotactically inserted. In
controls (n= 10), iCBF fell to 20%, 45%, and 47% of baseline in the CX, HC, and
ST, respectively. With nNOS inhibition (n=8), iCBF was significantly reduced to
5%, 15%, and 18%. However, with combined eNOS/nNOS inhibition (n=8), the
iCBF values were 5%, 37% (* vs nNOS group), and 21%. These results suggest
that nNOS- but not eNOS-derived NO supports intra-ischemic vasodilation in all
vulnerable regions. The higher iCBF level in the HC in combined eNOS/nNOS vs
nNOS-inhibited rats may relate to a low HC eNOS expression and CBF redistribution. Supported by HL56162.
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ENDOTHELIAL NITRIC OXIDE SYNTHASE (eNOS) IS
INCREASED IN BRAIN AFTER TRANSIENT MIDDLE
CEREBRAL ARTERY OCCLUSION (MCAO) IN RATS. iL
Thrikawala. R, Veltkamp. G. Robins. F, Domoki. D.W. Busija* Dept. of

Physiology/ Pharmacology, Wake Forest University School of Medicine,
Winston-Salem, NC 27157.
NO derived from eNOS plays an important role in normal
regulation of the cerebral circulation and appears to play a protective role in
minimizing neurological injury following strokes. However, little is known
about the factors affecting expression of eNOS in the in vivo cerebral
circulation. We characterized expression of eNOS in the cerebral
circulation following focal cerebral ischemia/reperfusion. Male Wistar rats
(n=22) were exposed to reversible filament MCAO for 75 minutes. After
6,24,72 and 168 hr of reperfusion, brains were removed and fixed in 10%
formalin for immunohistochemistiy. 6 pm paraffin sections were stained for
eNOS using a monoclonal antibody. Only a modest increase in eNOS
expression was observed at 6 hr. However, intense eNOS staining was
present by 24, 72, 168 hr on the ischemic side compared to the control side.
eNOS was primarily localized to vascular endothelial cells. Additional
animals (n=8) were pretreated with indomethacin (5 mg/kg, ip) prior to
ischemia. However, indomethacin had no detectable effect on eNOS
expression. These data clearly demonstrate an increase in eNOS
immunoreactivity in rat cerebral blood vessels after MCAO. However,
prior blockade of the cyclooxygenase system does not prevent this increase
in eNOS expression. Supported by HL-30260, HL-46558, HL-50587

EFFECT OF SUBARACHNOID HEMORRHAGE ON CEREBRAL NITRIC OXIDE

LEVELS. F.A. Sehba*. A, Schwartz. I. Chereshnev and J.B, Bederson. Dept. of
Neurosurgery, Mt. Sinai School of Medicine, New York, NY 10029.
Subarachnoid hemorrhage (SAH) is followed by acute vasoconstriction and cerebral
ischemia. Disturbances in the nitric oxide (NO) vasodilatory pathway have been implicated
as the cause of these changes, but no direct evidence has been presented. We tested the
hypothesis that subarachnoid blood scavenges available NO, leading to vasoconstriction.
The major NO metabolites: nitrite and nitrate, were measured in six brain regions before
and after experimental SAH induced by endovascular filament technique. The NO
synthase inhibitor, L<o-Nitro-L-Arginine methyl ester, L-NAME (30mg/Kg) was

administered in sham operated animals and compared with experimental SAH. Basal NO
metabolite levels were: (mean±sem, pmole/mg wet tissue) brain stem: 0.11±0.2,
cerebellum: 0.09±0.01, cerebral cortex: dorsal: 0.18±0.03, ventral:O.12±O.O2,
hip,x»campus:0.23±0.04, striatum: O.35±O.O6. L-NAME had no effect on NO metabolites
40 minutes after administration, but at 120 minutes decreases of 79.8±1.8% were found in
brain stem, cerebellum (66.0±3.9%), and cerebral cortex (dorsal: 72.5±5.8%, ventral:
x±y%), (all values P'0.05, t-test vs controls). Hippocampus and striatum were not affected.
10 minutes after SAH NO metabolites decreased by 67.9±5.1% in brain stem, cerebellum
(62.8±5.9%), cerebral cortex (dorsal: 67.5±6.7%, ventral: 70.4±9.8%), and hippocampus
(48.0±9.3%), but not in striatum (37.8±5.7%). 60 minutes after SAH, NO metabolites
remained decreased in brain stem (76.1±4.6%), and cerebral cortex (dorsal: 67.9±5.6%,
ventral: 77.0±4.4% pinole/mg), and recovered to baseline in cerebellum (27.8±14.8%), and
hippocampus (41.0±15.2%). These results indicate that SAH causes a biphasic alteration in
NO levels: an initial decrease that causes vasoconstriction and ischemia, and a secondary
increase that contributes to recovery of CBF and could ultimately cause neuronal damage.
Furthermore, our results support the concept that SAH decreases cerebral NO levels acutely
by a mechanism other than NOS inhibition.
Supported by NIH grant R29 NS35904-03.

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: APP PROCESSING III
319.1

319.2

REGULATION OF ENDOGENOUS AMYLOID /3-PROTEIN
PRODUCTION BY APOE IN A HUMAN CORTICAL CULTURE
MODEL. P, Nadeau . M. Yuan . C. Geula*. K. Weisgraberi. and

Cholesterol
depletion
inhibits
of Ap40 and A042 Alzheimer
’s

Bruce Yankner*. *Division of Neuroscience, Harvard Medical School and
The Children’s Hospital, Boston, MA, + Section for Gerontology, Beth
Israel Deaconess Medical Center, Boston, MA, ^Gladstone Institute of
Cardiovascular , San Francisco,CA.
The risk of late-onset Alzheimer’s disease and the deposition of amyloid
3-protein (A3) in the brain are modulated by apoE genotype, although the
cellular mechanism is unknown. To address this issue, we examined the
effects of human apoEs on the endogenous production of A/340 and A/342
in human cortical cultures. Physiological levels of lipidated or isolated
apoE3 or apoE4 significantly increased the levels of endogenously
produced A/340 and A/342. ApoE3 and apoE4 showed similar potencies,
and were active at 2-5 gg/ml, the concentration range of apoE in human
cerebrospinal fluid. The specificity of this effect was suggested by the
absence of A3 stabilization by heparan sulfate proteoglycan and
complement C1Q, two other plaque-associated proteins. The mechanism
of stabilization did not involve altered APP processing, as the levels of
APP and the APP C-terminal fragments were not altered by apoE. Pulsechase analysis showed that apoE inhibited the degradation of both A340
and A342. These results suggest that apoE stabilizes endogenously
produced A3 by inhibiting A3 degradation. Differential stabilizing effects
of apoE3 and apoE4 in vivo may underlie the genetic risk of AD
associated with an apoE4 allele. Supported by grants from the NIH,
Novartis Pharma, Alzheimer’s Association and the Lefler Foundation.
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Christine Bergmann.Mikael Simons1, Pekka Jakala, Colin L, Masters2. Konrad
Bevreuther* and Tobias Hartmann
*ZMBH-Center for Molecular Biology Heidelberg, University of Heidelberg, Im
Neuenheimer Feld 282, D-69120 Heidelberg; 'Department of Neurology, University
of Tubingen, Hoppe-Seyler-Str. 3, D-72076 Tubingen; department of Pathology,
University of Melbourne, Parkville, Victoria 3052, Australia
Amyloid precursor protein (APP) plays a crucial role in the pathogenesis of
Alzheimer s disease. During intracellular transport APP is proteolytically cleaved by
several proteases leading to the release of an amyloidogenic fragment called pamyloid (AB) terminating either at amino acid residue 40 for the short Ap isoform or
at residue 42 for the long isoform. Several factors have been described to decrease
directly or indirectly the production of AJ3. The process leading to even slightly
increased amounts of the long isoform AJ3 42 might be sufficient to cause
Alzheimer’s disease. Understanding the regulation of Ap generation would therefore
be of great importance for potential therapeutical strategies.
Here we show that cholesterol regulates the production of intracellular and
secretory Ap40 and Af542 by using primary hippocampal neurons and the SemlikiForrest-Virus (SFV) expression system. We demonstrate that lowering intracellular
cholesterol levels in neurons with the HMG-CoA-reductase inhibitor lovastatin and
the plasmamembrane-cholesterol-extracting agent methyl-fLcyclodextrin reduces
both isoforms of intracellular and secretory Ap. In order to specify the pathway
affected by cholesterol depletion, we used an N-terminally truncated APP-construct
mimicking p-secretase cleavage. With this construct SPA4CT, we could show that
the generation of both AP isoforms is reduced, but to a different extent. Intracellular
Ap40 generation is more strongly affected by cholesterol depletion than A£42. This
might be due to the different cellular compartments in whicn y-secretase is located.
Ap40 production in TGN being located closer to the cell surface is more readily
affected by plasma membrane cholesterol extraction than ER/IC generating AB42.
This suggests that y-secretase activity is affected by cholesterol depletion. Since we
showed previously that P-secretase activity is also strongly cholesterol dependent,
cholesterol-reducing agents have the potential to be involved in prevention and
treatment of Alzheimer^ disease.
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BIOCHEMICAL
ANALYSIS
OF
OPTIMAL
INTRAORGANELLAR
CONDITIONS FOR B-AMYLOID FORMATION. H. Xu, J.P. Greenfield, R.S.
Gross, B. Hai, G.K. Gouras* and P. Greengard. Fisher Center for Research on
Alzheimer Disease; and Lab. of Molecular & Cellular Neuroscience, The
Rockefeller University; New York, NY 10021.
The excessive generation and accumulation of 40 and 42 amino acid Bamyloid peptides (AB40/AB42) in selectively vulnerable brain regions is a major
neuropathological feature of Alzheimer disease. AB, derived by proteolytic
cleavage from the B-amyloid precursor protein (BAPP), is normally secreted.
However, recent evidence suggests that significant levels of AB may also remain
inside cells. We have investigated the subcellular compartments within which
distinct AB species are generated and from which they are secreted. Three
experimental approaches were used: (i) immunofluorescence performed in intact
cortical neurons; (ii) sucrose gradient fractionation performed with mouse
neuroblastoma cells stably expressing wild type BAPP695 (N2a695); and (iii) cellfree reconstitution of AB generation and trafficking from N2a695 cells. These
studies demonstrate that: (i) AB 40 (AB 1-40 plus ABx-40) is generated exclusively
within the rra/i.v-Golgi Network (TGN) and packaged into post-TGN secretory
vesicles, (ii) AB x-42 is made and retained within the endoplasmic reticulum (ER)
in an insoluble state, (iii) AB 42 (AB 1-42 plus AB x-42) is made in the TGN and
packaged into secretory vesicles, (iv) The AB peptides formed in the TGN consist
of 2 pools: a soluble population extractable with detergents, and a detergentinsoluble form, (v) Bafilomycin Al, an inhibitor of the vacuolar-type H+-ATPase,
dramatically reduces the formation of insoluble, but not soluble, AB species within
the TGN. In a series of cell-free AB reconstitution experiments, we delineated the
pH and Ca2+ profiles within the lumens of the TGN and ER to identify the
conditions optimal for the formation and aggregation of distinct species of AB. The
characterization of the ideal intracellular milieu within which distinct AB species
are generated may provide therapeutically relevant biological targets for antiamyloidogenic therapies.
Supported by NIH and AHAF.

PROMOTER ACTIVITY OF THE BAPP GENE IS REGULATED BY AN
UPSTREAM REGULATORY FACTOR (USF)-BINDING ELEMENT. Y.-W. Ge and
D. K. Lahiri*. Institute of Psychiatric Research, Department of Psychiatry, Indiana
University School of Medicine, Indianapolis, IN-46202.
Abnormalities in gene regulation of B-amyloid precursor proteins (BAPP) might
be a crucial factor in the neuropathology of Alzheimer’s disease (AD). To study
the transcriptional control, we have cloned and characterized a 5’-flanking region
of the BAPP gene from the human and a rhesus primate (Song and Lahiri, 1998 a,
b). We prepared a series of recombinant plasmids containing progressive deletions
from the upstream region to the transcription start site (+1) of the BAPP gene
cloned to a reporter gene, chloramphenicol acetyl transferase (CAT). Promoter
activity of each deletion construct was tested by transient transfection in different
cell types, which were assayed for CAT enzymatic activity. A minimum region of
-75 to +104 bp was essential for basal level of promoter activity in PC12 cells.
Since a region from -47 to -41 (CAGCTGA) contains the USF-binding site, we
tested its activity in both homologous (PAPP) and heterologous (truncatedthymidine kinase) promoters. Three lines of evidence suggest that USF participates
in promoter activity. First a deletion construct (-44 to +104) displayed a
significantly reduced activity in the homologous promoter. Second two constructs
that contain the -74 to -40 or -74 to -43 region respectively, were functionally
active in the heterologous promoter. Third two constructs that contain the -74 to 47 or -63 to -49 region respectively, were inactive in the same heterologous
promoter. The mutational analysis within the -75 to -41 bp region revealed a core
regulatory domain that is important for PAPP promoter activity. Our results
suggest that the interaction of USF and pyrimidine-rich initiator element present
near the proximal region is crucial for BAPP promoter activity, and that this may
be important for tissue specific deposition of AB seen in aging and AD subjects.
Supported by a NIH grant to DKL (R01AG10297).
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NEURONAL B-AMYLOID GENERATION IN PRIMARY CULTURE AND
HUMAN BRAIN. G.K. Gouras1 \ J. Tsai3, R.S. Gross', J.P. Greenfield1, B. Hai1,
R. Wang~, L. Gasparini3*, N.R. Relkin3. P. Greengard1 and H. Xu'. 'Lab, of
Molecular & Cellular Neuroscience and 'Lab. of Mass Spectrometry, Rockefeller
Univ., and 3Dept. of Neurology & Neuroscience, Cornell Univ. Med. College,
New York, NY 10021.
We have been studying the sites and regulation of endogenous B-amyloid (AB)
generation in cultured primary neurons.
Using a metabolic labelingimmunoprecipitation assay followed by radiosequencing or mass spectrometry
analysis, we demonstrated that a major secreted AB species from rodent neurons is
an N-truncated ABll-x species (Gouras et al., 1998).
Furthermore we
demonstrated that this AB species beginning at Glu 11 is regulated in parallel with
species beginning at Asp 1 (AB 1-x) after treatment with 17B-estradiol (Xu et al.,
1998) or compounds that affect protein phosphorylation. We are currently
pursuing the molecular mechanism by which estrogen affects AB production.
Recently, we reported that the major endoplasmic reticulum (ER)-localized,
formic acid-extractable, insoluble AB, in human BAPP transfected N2a cells
(Greenfield et al., 1999) and primary neurons is an N-terminally truncated species
(ABx-42). Radiosequence and mass spectrometry analyses are being used to better
characterize this intracellular AB species. In view of the observations that the Nterminus of the earliest AB42 senile plaques is unknown, we believe that this
population of N-truncated peptides may play an important role in Alzheimer’s
disease (AD). We have used confocal immunofluorescent microscopy to localize
AB species in cultured neurons and human brain. In primary neurons, antibodies
directed at the C-terminus of AB40 demonstrate a primarily Golgi staining pattern
as evidenced by co-localization with Golgi-resident makers. Antibodies directed at
the C-terminus of AB42 demonstrate both ER and Golgi staining. Confocal
immunofuorescence followed by treatment with Sudan Black reveals a similar
staining profile in human neurons, as visualized within human brain sections.
Importantly, intraneuronal AB42 immunoreactivity is especially prominent within
those neurons most vulnerable to the earliest AD pathology, such as layer II of
entorhinal cortex.
Supported by NIH, Alzheimer’s Association and AHAF.

CELL BIOLOGICAL BASIS FOR THE ANTI-AMYLOIDOGENIC
EFFECTS OF ESTROGEN. J.P.Greenfield, R.S. Gross, G.K. Gouras, B.
Hai, S. Gandy, P. Greengard, and H. Xu*. Lab of Molecular and Cell.
Neurosci., The Rockefeller University. New York, N.Y. 10021
Estrogen appears to play a protective role in the maintenance of the
aging brain, however, its mechanism is still unknown. Estrogen acts on
brain structures such as the hippocampus and basal forebrain within which
cells first degenerate in Alzheimer’s disease (AD). Recent studies in
postmenopausal women receiving estrogen replacement therapy (ERT),
suggested they had a reduced risk of developing AD. The central role of
AB in AD, together with the indication that ERT may prevent AD,
suggested that one action of estrogen in the brain might be to modulate AB
generation. We demonstrated that physiological concentrations of estrogen
can significantly reduce neuronal AB generation, revealing an attractive
mechanism through which estrogen may protect against AD.
It was our goal to begin dissecting the mechanism(s) through which
estrogen exerts its anti-amyloidogenic effect. Estrogen effects the
membrane biology of secretory pathway organelles, altering phospholipid
conversion enzymes, and enhancing the biogenesis of secretory granules.
As the primary intracellular site of BAPP and a major location for AB
formation, the TGN is integrally related to BAPP biology. We examined
the effects of estrogen upon normal transport and metabolism of BAPP
using a well-characterized cell-free assay. Several cell biological events
controlling the regulation by estrogen of AB formation will be presented.
Evidence will be provided that estrogen has both direct and indirect effects
upon BAPP metabolism and AB formation. The data provide the first cell
biological link between ERT and the reduction in amyloid secretion from
neurons attributed to estrogen.
Support: AHAF (#A 1999066) and NIH (AG09464).

319.7

319.8

INTERACTIONS OF FE65 AND Xll/MINT-1 WITH THE APP CYTOPLASMIC
DOMAIN ALTER APP PROCESSING AND TRAFFICKING DIFFERENTLY.
I.P, Shapiro*. G.H. Murdoch. B.W. Geertz. Department of Pathology L-113, Oregon
Health Sciences University, Portland, OR 97201.
Aberrant processing of 3-amyloid precursor protein (APP) appears to be central
to the pathogenesis of many, if not all, cases of Alzheimer’s disease (AD). Cellular
proteins which bind to the APP cytodomain (APPc) may be involved in the
mechanism and regulation of APP subcellular localization, APP processing or/and
APP function. A number of such APPc-binding proteins have been identified,
including FE65 [Shapiro, et al., (1995), Soc, Neurosci. Abstr.,V.21,p.2O8 and
others], XI 1/Mint-1, Gao, APP BP-1, caveolin-1, and PAT-1. The present studies
were focussed on the functional consequences of FE65 and XI1 binding to APPc.
HEK 293 cultures were co-transfected with cDNAs encoding FLAG-tagged APPs or
membrane-inserted SP-C99 (signal peptide+APP597-695; from K.Fukuchi) and
APPc-binding proteins (tagged with c-myc or HA). We observed that FE65 and XI1
interacted specifically with APP in intact cells. FLAG-APP turned over with a t-1/2
of 3-4h, with < 20% of APP holoprotein being secreted. Co-expression of either
FE65 or XI1 resulted in decreased APP secretion to < 25% of control levels.
Co-expressed XI1, but not FE65, resulted in slower turnover of cell-associated APP.
The predominant APP species which persisted intracellularly in the presence of XIJ
migrated on SDS-PAGE intermediate between mature, (fully glycosylated) APP and
immature APP. Co-expression of XI1, but not FE65, also resulted in decreased
tyrosine sulfation (late-secretory pathway “marker”) and decreased surface expression of
APP. Co-expression of XI1 with SP-C99 specifically decreased secretion of 4K
A3 and 3K, while FE65 decreased 3K secretion only. Binding and effects of FE65 and
XI1 for APP were specific as they were prevented by mutations to PID domains o
FE65 and XI1 and to the APP cytodomain “YENPTY” sequence. Collectively, these
data suggest that FE65 acts on APP at a post-TGN step (late secretory or endocytic
pathway) resulting in decreased a-secretase processing, while XI1 appears to interact
with APP predominantly in the early secretory pathway, reducing APP transit past the
Golgi/TGN, thus decreasing its processing by both a- and y-secretase. NIH AG12718

BETA-AMYLOID POTENTIATES NEUROTROPHIN RECEPTOR CELL
SIGNALING. L, Petrucellli1, M. Druse-Manteffuel2, J. M. Lee1,3 W, Simmons2*
and B. Wolozin1. ‘Depts. of Pharmacology, biochemistry, 3Pathology. Loyola
Univ. Sch. of Medicine, Maywood, IL, 60153.

Nerve growth factor (NGF) is a neurotrophin that is essential for the survival,
differentiation and function of neurons in the PNS and CNS. NGF mediates its
effects through two neurotrophin receptors, TrkA and p75, which are both present
in the cholinergic neurons of the nucleus basalis of Meynert, which are severely
depleted in Alzheimer’s disease (AD). Because 3-amyloid deposition occurs in
regions containing cholinergic cell bodies A3 accumulation in AD could change
p75/TrkA signaling and produce neurotoxicity. Activation of TrkA has been
linked with cell survival through a pathway mediated by extracelluar signalregulated kinase (ERK), while activation of p75 may be linked to apoptosis
through a pathway mediated by c-Jun kinase (JNK). In this present study, we
have characterized the effects of A3 on ERK and JNK signal transduction
pathways. Using Elk and c-Jun reporter genes we observed that A3 (1-42 or 2535) potentiates NGF signaling through both pathways. We also observe the same
corresponding increase in phosphorylation of Elk at its active site (Ser383) which
supports the gene reporter data; we are in the processing of analyzing JNK
phosphorylation. The effects of A3 appear to occur at the receptor level.
Immunoblot analysis of TrkA shows that A3 increases the amount of TrkA
tyrosine phosphorylation at each dose of NGF tested but does not change the
affinity of NGF for TrkA. These data suggest that A3 acts directly at the level of
the TrkA and p75 to potentiate NGF signaling. Research supported by a grant

from the Loyola Univ. Neuroscience Research and Education Foundation and
NRSA NIHpre-doctoral grant MH12297-01.

319.9

319.10

GPI-ANCHORED PROTEINS PLAY A ROLE IN A3 BIOGENESIS. K.
Sambamurti*, T. Koothan, S. Gandhi, I. Pinnix, D. Sevlever, C. Eckman, T.
Rosenberry, L. Refolo, S.G. Younkin. Mayo Clinic, Jacksonville, FL 32224.
The Alzheimer’s amyloid B protein (AB) is a secreted protein released from the larger
amyloid B protein precursor (APP) by unidentified enzymes referred to as B and y
secretase. B secretase cleaves APP on the amino side of AB producing a large
secreted derivative (sAPPB) and an Afi-bearing C-terminal derivative that is
subsequently cleaved by y secretase to release AB. Alternative cleavage of the APP
by a secretase at AB 16/17 releases the secreted derivative sAPPa. In yeast, a
secretase activity has been attributed to glycosylphosphatidylinositol (GPI)anchored aspartyl proteases. To examine the role of GPI-anchored proteins in
mammalian secretase activity, we specifically removed these proteins from the
surface of mammalian cells using phosphatidylinositol specific phospholipase C
(PI-PLC). PI-PLC treatment of fetal guinea pig brain cultures substantially reduced
the amount of AB40 and AB42 that accumulated in the medium but had no effect on
sAPPa. A mutant CHO cell line (gpi85), which lacks surface GPI-anchored
proteins because it does not synthesize the GPI anchor, secreted lower levels of
AB40, AB42, and sAPPB than its parental line (GPI+). When this parental line was
treated with PI-PLC, AB40, AB42, and sAPPB decreased to levels similar to those
observed in the mutant line, but the mutant line was resistant to these effects of PIPLC. These findings provide strong evidence that, in mammalian cells, there is at
least one GPI-anchored protein at the cell surface that plays an important role in fi
secretase activity and AB secretion. The cell surface GPI-anchored protein(s)
involved in AB biogenesis may be excellent therapeutic targets) in Alzheimer’s
disease. The isolation and characterization of the protein(s) involved should be
greatly facilitated by the unique properties of the relatively small group of
mammalian GPI-anchored proteins.
Supported by NIA AG 14883 (KS)

EVIDENCE THAT DETERGENT-INSOLUBLE GLYCOLIPID-ENRICHED
MEMBRANE MICRODOMAINS MAY BE IMPORTANT SITES FOR AB
GENERATION AND AGGREGATION. T, Kawarabavashi* K. Sambamurti, T.
Koothan, L.H, Younkin and S.G, Younkin. Mayo Clinic Jacksonville, Jacksonville,
FL 32224, USA
Our recent studies (see Sambamurti et al. these meetings) indicate that, in
mammalian cells, there is at least one glycophosphatidylinositol (GPI)-anchored
protein at the cell surface that plays an important role in B secretase activity and AB
secretion. It is well established that GPI-anchored proteins are concentrated in
detergent-insoluble, glycolipid-enriched membrane domains (DIGs). For this
reason, we examined DIGs isolated from CHO cells, rat brains, and the brains of
the Tg2576 mouse model of Alzheimer’s disease. In agreement with Lee et al.
(Nature Medicine, 4, 730-734, 1998), DIGs from each of these preparations were
found to contain BAPP and they were enriched in BAPPCTFa, BAPPCTFB, AB40,
and AB42. DIGs from Tg2576 mouse brain incubated in vitro for 2-24 hours
produced increasing amounts of a CTF that co-migrated with CTFB from
transfected cells. This suggests that B secretase is localized to DIGs where it
continues to cleave BAPP in vitro. Large amounts of AB40 and AB42 accumulate in
the brains of Tg2576 mice by 12 months. Some of the accumulated AB can be
extracted in SDS, the remainder aggregates in a form that requires 70% formic acid
for extraction. When Triton X-100 extracts of 12 month Tg2576 brains were
fractionated to isolate DIGs, more than 50% of the large amount of AB40 and AB42
that are SDS extractable and 10-15% of the AB40 and AB42 that require formic
acid for extraction floated into the fraction that contains DIGs. Virtually all of the
remaining SDS- and FA-extractable AMO and AM2 migrated into the pellet during
centrifugation. These findings suggest that cleavage of APP to AB may occur, at
least in part, in DIGs and that DIGs may be an important site for Afi aggregation.
(Support: NIA AG06656, AG12685)
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EFFECTS OF LiCl2 TREATMENT ON AB REGULATION IN THE
TRANSFECTED CELL LINES: AN IMPLICATION FOR THE ROLE
OF GSK-3B IN ALZHEIMER’S DISEASE
X. Sun*O. Murayama, T. Honda, M. Murayama, S. Sato, C. Paku, A
Takashima..Lab for Alzheimer’s disease, The BSI of RIKEN, 2-1
Hirosawa, Wako, Japan 351-0198
GSK-3B has been identified as a tau protein kinase. Recent study
suggests that GSK-3B might be involved in the PSl associated signal
transduction that is relevant to pathogenesis of Alzheimer’s disease. To
elucidate the direct connection between GSK-3B with AB regulation, we
investigated the effect of LiCl2 treatment on a rat CNS neuronal cell
line stably transfected with human APP with Swedish mutation
(APPsw) (provided by Dr.Schubert, The Salk Institute USA) and COS7
cells transiently expressed with APP C-100. In APPsw cells, LiCl2
treatment for 24 hrs resulted in a decrease in secretion of AB 1-40 in a
dose-dependent manner detected by a selective AB ELISA. In COS7
cells transiently expressed with APP C-100, the decrease both ABl-40
and AB 1-42 was observed. In addition, LiCl2 treatment on the cells
altered the processing of APP. The results suggest that GSK-3B not
only affects tau protein phosphorylation but also modulates AB
production. The precise mechanism of GSK-3B on AB production is
under investigation.

PERSISTENT ACTIVATION OF MAP KINASE BY BETA
AMYLOID IS REQUIRED FOR MICROGLIAL SECRETION OF
TNF-ALPHA AND IS SUPPRESSED BY CYCLIC AMP

S. Funes, A. M. Szczepanik*, K. L. Burgher, and G. E. Ringheim
Hoechst Marion Roussel, Department of Neuroscience, Route 202-206, PO
Box 6800, Room L-219, Bridgewater, NJ 08807-0800
The beta amyloid (AB) component of senile plaques from the brains of
Alzheimer's disease patients is known to activate microglia resulting in the
secretion of inflammatory and neurotoxic factors. Previous studies have
shown that AB induces microglia to secrete tumor necrosis factor-alpha
(TNF-a) through a MAP Kinase (MAPK)-dependent pathway. We
investigated further the dependence of microglial TNF-a secretion on the
MAP kinase pathway by investigating the time-dependency of exposure to
Ap. We found that in addition to a short-term activation of MAPK by Ap
that there was a second phase of extended MAPK activation lasting more
than 8 h after the initial stimulus. Delayed addition of PD 98059 to culture
medium, an inhibitor that prevents MAPK activation by MEK, resulted in
complete blockade of TNF-a secretion when added up to 8 h after the initial
stimulus. Moreover, delayed addition of cyclic AMP, another known
inhibitor of TNF-a secretion, demonstrated the same effects as PD 98059.
Both PD98059 and cyclic AMP were further found to be blocking the
second phase of persistent MAPK activation by Ap. The results suggest that
TNF-a secretion by beta amyloid-treated microglia is dependent on the
persistent activation of MAP kinase and that cyclic AMP acts as an inhibitor
of TNF-alpha secretion by preventing beta amyloid-induced long term
activation of MAP kinase. Funding by Hoechst Marion Roussel.

319.13

319.14

PROPENTOFYLLINE
SUPPRESSION
OF
MICROGLIA
ACTIVATED BY BETA AMYLOID PEPTIDE 1-42 IS ASSOCIATED
WITH REDUCED MAP KINASE ACTIVITY. G.E. Ringheim *, A.M.
Szczepanik, W. Petko and S. Funes. Neuroscience Department, Hoechst
Marion Roussel, Bridgewater, NJ 08807.
Beta amyloid (Ap) peptide (1-42) is a proteolytic fragment of the amyloid
precursor protein that is implicated in the activation of glial cells
surrounding Ap neuritic plaques in Alzheimer’s disease (AD).
Propentofylline is a glial-modulating agent currently being used in AD
clinical trials that is known to reduce secretion of pro-inflammatory
cytokines like TNF-a from microglia activated by bacterial endotoxin. In
this study, we tested the effects of propentofylline on the MAP kinase
signal transduction pathway known to be involved in microglial activation
by AP and correlated this with the subsequent production of TNF-a. The
inhibition of MEK, the upstream kinase activator of MAP kinase, with
PD98059 blocked both TNF-a secretion and MAP kinase activation as
shown by reduction of both the active phosphorylated form of MAP kinase
and the activity of MAP kinase measured from immunoprecipitated protein.
Propentofylline treatment of microglia before stimulation with AP also
reduced TNF-a secretion and the cellular levels of the active
phosphorylated form of MAP kinase and MAP kinase activity. We propose
that the suppressive effects of propentofylline on Ap-induced microglial
activation and TNF-a secretion are mediated at least in part by prevention
of Ap-induced MAP kinase activity. In addition to the previously reported
neuroprotective and neurotrophic effects of propentofylline, this compound
may further address the glial-mediated inflammatory component of AD.
Funding by Hoechst Marion Roussel.

SIGNALING-INDUCED ASSOCIATION BETWEEN FYN AND AN 85 kDa
TYROSINE PHOSPHORYLATED PROTEIN. C.E, Ford1, B. Trammer1* C.E.
Finch2, G.A. Kraftfand W.L. Klein1. 'Dept. of Neurobiology and Physiology; 2Dept.
of Neurogeront., USC; 3ENRHI; Northwestern University, Evanston, IL 60208
The Src-related protein tyrosine kinase, Fyn, and the signaling process of protein
tyrosine phosphorylation have been implicated in the amyloid P pathology of the
neurodegenerative disorder, Alzheimer’s disease. Recently, our laboratory has
discovered novel non-fibrillar oligomers of amyloid P peptide (referred to as ADDLs)
that are potently toxic to murine brain slices in nanomolar concentrations (Proc. Natl.
Acad. Sci. 95:6445). However, ADDLs were not toxic to brain slices from
homozygous fyn-deficient mice. Therefore, these observations implicate a selective
signaling role for Fyn in ADDL-induced toxicity to neuronal cells. However, the
identification of Fyn-targeted cellular proteins in neurons is being only now
described. Thus, the objective of this study was to identify tyrosine phosphorylated
proteins that associate with Fyn and how these protein-protein interactions might
regulate Fyn in hopes of gaining insight to how ADDLs mediate neurotoxicity
through Fyn and protein tyrosine phosphorylation signaling pathways.
We have recently discovered an 85 kDa tyrosine phosphorylated protein that
associates with the SH3 domain of Fyn. Pervanadate, a membrane-permeable reagent
that potently increases the intracellular levels of phosphotyrosine and activates Fyn,
significantly increased the phosphotyrosine content of p85. Furthermore, increased
tyrosine phosphorylation of p85 was correlated with a movement of the cytosolic Fyn
regulator, Csk, to the Triton-insoluble fraction where Fyn resides. Others have shown
that Fyn is localized to the cellular Triton-insoluble fraction, which contains plasma
membrane, cytoskeleton, and caveolae. Because there was a small basal association
between Fyn with the tyrosine phosphorylated p85 and pervanadate increased the
phosphotyrosine content of p85, we speculate that p85 might be a Fyn substrate, and
result in triggering Csk to the Triton-insoluble fraction in order to regulate activated
Fyn. Thus, these Fyn- and phosphotyrosyl-mediated signaling events may be altered
and lead to ADDL-induced neurotoxicity. Supported by UNCF-Merck Science
Initiative, National Institutes of Health, Alzheimer’s Association, and the Boothroyd
Foundation.

HPG REGULATION I
320.1

320.2

FURTHER EVIDENCE FOR THE VIEW THAT NPY IS A MAJOR
COMPONENT OF THE PREPUBERTAL BRAKE ON PULSATILE GnRH
RELEASE IN THE MALE MONKEY. M. El Majdoubi, A. Sahu, S.
Ramaswamy and T.M. Plant*. Dept. Cell biology ana Physiology, Univ.
of Pittsburgh
of Med., Pittsburgh, PA 15261
In higher primates, the protracted delay from infancy to puberty
results from an interruption in pulsatile hypothalamic GnRH release. Using
RNase protection assay, we reported earlier that the postnatal pattern of
NPY gene expression in the MBH of agonadal male monkeys was inversely
related to that of pulsatile GnRH release. In the present study, we have
examined NPY content from the same tissue used for determination of
NPY mRNA levels. NPY content, estimated by radioimmunoassay, was
found to be significantly higher in the prepubertal period (34.4 ±6.6
ng/mg protein) than in the neonatal (18.6 ± 5.3 ng/mg protein) or the
pubertal period (18.2 ± 4.4 ng/mg protein). In order to investigate whether
an elevated NPY inhibitory tone may be causally related to decreased
pulsatile GnRH release during prepubertal development, the NPY receptor
antagonist GR231118 (1229U91) was infused into die lateral ventricle of 4
agonadal male rhesus monkeys between 15 and 19 months of age. GnRH
secretion was estimated indirectly by monitoring changes in plasma LH
concentrations after the responsivity of pituitary gonadotropes to GnRH
had been heightened by the chronic intermittent iv infusion of the
decapeptide. The icv bolus of GR231118 (100-300 pg) elicited an
immediate and robust discharge of LH that was dose-dependant and that
was abolished by pretreatment with a GnRH receptor antagonist (Acyline).
The present findings reinforce the view that the low GnRH release in the
prepubertal period is imposed by an inhibitory hypothalamic NPY input
and that the transition to elevated pulsatile GnRH release in puberty is
triggered by a reduction in this NPY tone.

NEUROPEPTIDE Y DELAYS PUBERTY IN MALE SIBERIAN
HAMSTERS (Phodopus sungorus). G. R. Lynch* and M. P. Sisitki.
Department of Environmental, Population and Organismic Biology,
University of Colorado; Boulder, CO 80309-0334.
In rodents, Neuropeptide Y (NPY) regulates a number of traits, such as
feeding behavior and function of the biological clock. This study
establishes that NPY also influences puberty in the Siberian hamster. Fifty
five, 20-day-old hamsters, maintained under a long day photoperiod (16 h
light: 8 h dark) at room temperature, were deeply anesthetized and a 20
gauge guide tube affixed to the skull with dental acrylic (AP -1.5 mm; L 0.0
mm; V -3.5 mm relative to bregma). Each day for 11 days hamsters
received an afternoon intracerebral ventricular injection (2 pi) of either
artificial cerebrospinal fluid (ACSF), 2 pg NPY, 6 pg NPY, or 12 pg NPY
in ACSF. On day 32 the animals were killed and body weight and
combined testes weight determined. Hamsters given an increasing NPY
dose exhibited a linear decrease in mean (±SEM) testes weight (330±37 mg,
251±41 mg*, 158±23 mg*, respectively; * p < 0.05) relative to ACSFinjected controls (424±35 mg). Body weight was not affected by NPY
treatment. In a second study, either 2 pg or 6 pg of a Yj agonist ( [LEU 31,
PRO 34]-NPY; Peninsula Laboratories, Belmont CA) was injected as
above. Only the higher dose resulted in a testes mass that was substantially
less (297±56 mg and 272±38 mg*, respectively) than ACSF-injected
controls. Given these results, Neuropeptide Y, possibly acting through the
Y j receptor, delays early gonadal development in male Siberian hamsters.
Supported by the University of Colorado.

Supported by HD13254 and HD08610. We are grateful to Dr. Alejandro J. Daniels for his
generous gift of GR231118.
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ABSENCE OF CHANGES IN NEUROPEPTIDE Y (NPY) RELEASE FROM
THE MEDIAN EMINENCE-ARCUATE NUCLEUS (ME-ARC) DURING THE
STEROID-INDUCED LH SURGE IN MIDDLE-AGED (MA) RATS. A. Sahu*.
Dept. Cell Biol. & Physiol., Univ. Pittsburgh, Pittsburgh, PA 15261.
Several lines of evidence suggest that increased hypothalamic synthesis and
release of NPY is obligatory forthe preovulatory luteinizing hormone (LH) surge in
young rats. Thus, it is hypothesized that an alteration in NPY neuronal activity may
underlie the reduced LH surges in MA rats. Along this line, we have recently demonstrated that LH-surge associated changes in hypothalamic NPY gene expression and
ME NPY levels seen in young rats do not occur in MA rats. The present study
examined whether NPY release from the ME-ARC is altered during the LH surge in
MA rats. Young (2-3 mo. old) and MA (11-13 mo. old) cycling rats were ovariectomized and implanted stereotaxically with push-pull cannulae (PPC) aimed at the MEARC. After 7 days, the rats were implanted sc with estradiol-filled Silastic capsules.
Two days later, rats received progesterone at 1000 h, and then connected to the PPC
system at 1100-1130 h. Artificial cerebrospinal fluid was perfused between 1200 h to
1800 h at a flow rate of 20 gl/min, and 200 p.1 samples were collected for NPY
determination by RIA. Blood samples were collected at hourly intervals between
1000 to 1800 h via jugular cannulae implanted on the previous day. Plasma LH was
measured by RIA. In young rats, NPY release from the ME-ARC was significantly
increased at 1330-1400 h as compared to that at 1200-1230 h; and the LH surge
occurred at 1500 h with peak values at 1600 h. In MA rats, in contrast, NPY release
in the ME-ARC remained unchanged between 1200-1800 h in association with a
reduced LH surge that occurred at 1600 h. In addition, NPY release during 1300-1400
h was significantly reduced in MA rats as compared to that in young rats. These
results show that NPY release from the ME-ARC increases before the LH surge in
young rats and that this antecedent increase in NPY release is not apparent in MA
rats. In conclusion, these findings suggest that an absence of increased NPY release
from the ME-ARC may partially be responsible for the delayed and reduced LH surges
in MA rats and the subsequent loss of the LH surges in old rats. (NIH AG-10868).

NEUROPEPTIDE Y (NPY) NULL MUTANT MICE EXHIBIT ATTENUATED
LUTEINIZING HORMONE SURGES. M. Xu, J. W, Hill, N. B. Schwartz* and J. E.
Levine. Department of Neurobioiogy & Physiology, Northwestern University,
Evanston, IL 60208
Previous studies have implicated neuropeptide Y (NPY) release in the transmission
of neuroendocrine signals which evoke preovulatory gonadotropin surges.
Pharmacological evidence suggests that NPY exerts integrated actions at both central
and pituitary sites, thereby contributing to release of GnRH surges and priming of the
pituitary gland, respectively. We have used NPY null mutant (NPY knockout NPYKO) mice to assess whether NPY’s actions at either locus are obligatory in the
production of LH surges. We additionally examined the effects of NPY ablation on
basal gonadotropin secretion and responses to ovariectomy (OVX). Wild-type
(129/SVIMJ; WT) and NPY-KO mice were OVXed on day 0 and implanted with a
Silastic capsule containing 1.25pg 17jJ-estradioI (E2). At 0900h of day 6, mice
received a subcutaneous injection of 1 pg estradiol benzoate (E2B) in sesame oil. On
day 7, mice were sacrificed between 1830 and 1930h, and sera were obtained for
subsequent radioimmunoassay. In the WT mice, robust LH surges were observed
(7.33 + 0.97 ng/ml) which were comparable to those seen in other strains following
similar E2/E2B treatments. In NPY-KO mice, LH levels were reduced by 53%,
reaching mean levels of only 3.58 + 0.74 ng/ml. Basal LH levels, as reflected by LH
values in intact female mice during metestrous, were not different in WT vs. NPY-KO
mice. Similarly, no major differences in gonadotropin responses to OVX were
observed in WT vs. NPY-KO mice. Our results confirm that NPY plays an obligatory
role in the stimulation of physiologically-proportioned LH surges. That NPY-KO
mice are fertile also suggests that in mice, as in other rodents under laboratory
conditions, only a small portion of the normal LH surge be required to trigger
ovulation. (Supported by NIH R01-HD20677, P30-HD28048, P01-HD21921).
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STIMULATION OF TWO MODALITIES OF PITUITARY LUTEINIZING HORMONE (LH)

ESTROGEN RECEPTORS IN GnRH NEURONS; FACT OR FICTION?

RELEASE IN OVARIAN STEROID-PRIMEDOVARIECTOMIZED (OVX) RATS MAY INVOLVE

NEUROPEPTIDE YY1 AND Y4RECEPTORS. M.R. Jain1, S, Pu2, P.S. Kalra1 and S.P. Kalra2*,
Depts. of 'Physiol, and 2Neurosci., Univ. of Fla. Coll, of Med., Gainesville, FL 32610.

Neuropeptide Y is an important neurotransmitter involved in stimulation of basal and cyclic release
of pituitary LH. To identify the receptor (R) subtypes that mediate the excitatory effects of NPY in
these two modalities of LH release, we studted the effects of 1229U91 (Glaxo-Wellcome), a selective
Y1R antagonist and Y4 R agonist on LH secretion, in steroidprimed ovx rats bearing permanent
lateral ventricle cannulae. In the first experiment, rats received estradol benzoate (EB, 30pg/rat) on
day 5 post-ovx followed two days later with progesterone (2 mg/rat) at 1000 h to induce an afternoon
LH surge. Intracerebroventricular (icv) administration of 1229U91 either once (30 pg/3pl) at 1300
h or twice (15pg/injection) at 1100 and 1200 h blocked the afternoon LH surge seen in vehideinjected control rats between 1400-1700 h. In the second experiment the acute effects of 1229U91
on LH release were evaluated in ovx rats pretreated with EB alone. Saline or saline containing 1,3,
10 or 30 pg 1229U91 was injected icv at 1000 h and the effects on LH release were analyzed for
60 min. 1229U91 elicrtedadose-dependent stimulation of LH secretion with maximal response (950
% of basal 1000 h levels) occurring at 10 min after the 30pg dose; elevated levels were maintained
for 1h. Since 1229U91 is a potent Y4 R agonist with some affinity to Y5 R we analyzed the effects
of icv administration of rat-pancreatic polypeptide (r-PP), a Y4 selective agonist and [D-Trp32]-NPY,
a Y5 agonist on LH release in EB-primed rate. Whereas r-PP (0.5-2 pg/rat) stimulated LH release
inadose-relatedmannerwithapattemsirnilartothatof 1229U91, only the highest dose (10 pg/rat)
of (D-Tip32]-NPY elicited a modest stimulation at 10 min. These results imply that two different
stbtypes of NPY receptors may mediate the stimulation of LH release. Blockade of the steroidincticed LH surge by 1229U91 suggests that Y1 R mediate the cyclic release of LH. On the other
hand, acute stimulation of LH by 1229U91 and r-PP implies that the Y4 agonist-like activity of either
NPY or a yet to be identified endogenous Y4 R agonist may mediate the basal release of LH.
(Supported by NIH grant HD08634)

320.7
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IDENTIFICATION OF PROMOTER ELEMENTS IMPORTANT FOR THE
REGULATION OF HUMAN GnRH GENE EXPRESSION IN TWO
TRANSGENIC MOUSE LINES. A, Wolfe*. D.E.J. Stafford. H H. Kim and S.
Radpvick. Division of Endocrinology, Children's Hospital, Boston, MA 02115.
Previous studies from our laboratory in transgenic mice have shown that the first
1131 bps of the human GnRH (hGnRH) gene promoter contains cis-regulatory
elements that mediate the regulation of cell-specific expression, the regulation of
gene expression by the gonadal steroid hormones, and the regulation of an
interesting developmental pattern of expression of the gene. We have constructed
two transgenic mouse lines to further characterize the promoter elements important
for regulation of hGnRH gene expression. The -992/+5LUC mouse lines contain a
transgene consisting of 992bps of the hGnRH gene promoter fused to the luciferase
reporter gene (LUC). The -992/-763/48/+5LUC mouse lines contain a hGnRH
promoter fragment from -992 to -763bps fused to a minimal 48bps of the hGnRH
promoter fused to LUC. Both of these mouse lines exhibited GnRH neuron specific
expression of LUC indicating that elements essential and sufficient for cell-specific
expression are contained within these promoter fragments. A developmental
analysis of hypothalamic LUC levels in -992/+5LUC mice revealed a similar
pattern to that seen in previous studies with -1131/+5LUC animals (when 1131 bps
of the promoter was used). There is a peak of expression that occurs at about 8 days
of life that declines to adult levels before puberty. In contrast, the -992/763/48/+5LUC mice had lower, adult-like, levels of hypothalamic LUC expression
throughout early development. Therefore, the cis-regulatory elements important for
regulating the developmental peak of hGnRH gene expression are contained within
the proximal 776bps of the hGnRH gene promoter. Similar studies are being
performed to isolate the region important for gonadal steroid hormone regulation of
hGnRH gene expression. Supported by HD08222, HD34551 andDK53977.

Society

A.E. Herbison. J.A. Sim*. M.J. Skynner. Laboratory of Neuroendocrinology,
The Babraham Institute, Cambridge CB2 4AT, UK
Despite the well established effects of gonadal steroids on the biosynthetic
and secretory behavior of the GnRH neuron, their mechanisms of action
remain controversial. In particular, it has been very difficult to provide
evidence for the presence of gonadal steroid receptors in GnRH neurons in any
species. Through the use of GnRH reporter transgenics to isolate living GnRH
neurons in an acute brain slice preparation, we have been able to undertake
single cell RT-PCR analyses of native GnRH neurons in the mouse. The cell
contents of GnRH neurons were harvested from adult and prepubertal
(postnatal day 15) females and analyzed using multiplex RT-PCR for GnRH,
glial fibrillary acidic protein (GFAP), ERa, ERp transcripts. Approximately
50% of neurons confirmed to express GnRH mRNA were found to contain
ERa mRNA alone while 10% of GnRH neurons co-expressed ERa and ERP
transcripts. None of the cells contained GFAP mRNA. Single cell RT-PCR
analysis of non-GnRH cells located in the medial preoptic area revealed a
similar co-expression pattern of ERa and ERP transcripts. In contrast, cell
contents harvested from striatal cells were not found to contain ERP, although
ERa was present in approximately 25% of cells. The analysis of single GnRH
neurons in cycling female mice revealed that the detection of ERa and ERP
transcripts was lowest on proestrus (ERa,18% of all GnRH neurons;
ERP, 0%) compared with diestrus (44% & 6%) and estrus (75% and 19%,
respectively). These observations demonstrate the presence of ER transcripts
in GnRH neurons and raise the possibility of low levels of functional ER
expression in mammalian GnRH neurons.
Supported by the BBSRC.
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PUBERTAL ACTIVATION OF THE GnRH PULSE GENERATOR IN MALE
RATS: A LONGITUDINAL MICRODIALYSIS STUDY G.C. Harris and J.E.
Levine*. Department of Neurobioiogy and Physiology, Northwestern University,
Evanston, IL 60208.
The prepubertal hiatus of LH secretion in male mammals is believed to reflect a
dormancy of the hypothalamic GnRH pulse generator. Initiation of puberty is thus
thought to be due to an activation of the GnRH pulse generator, which in turn evokes
heightened release of gonadotropins and stimulation of steroidogenesis and
spermatogenesis. This hypothesis has not yet been directly tested, however, due to
the lack of a method for characterization of pulsatile GnRH release in peripubertal
rats. We have developed a microdialysis method which permits such measurements,
and directly assessed the postulate that pubertal onset is associated with accelerated
GnRH pulsatility. Male rats (43 or 45d, n=4) were fitted with stereotaxic guide
implants directed at the median eminence. Repeated microdialysis sampling
experiments were conducted in each rat over 4-6 consecutive days. In each session,
dialysates were collected continuously over 12h (0900h-2100h) at 5 min intervals.
RIA of GnRH in microdialysates revealed that in each rat, a relatively smooth
acceleration of GnRH pulse generator activity occurred over the course of
consecutive sessions. Pulse generator activity was virtually absent on the first 1 or 2d
of experiments, and in each case was thereafter increased in pulse frequency and
mean release rate. The average GnRH release characteristics for days 45-47 vs. 48-50
were as follows: pulse frequency, 0.74±0.16 p/h vs. 1.79±0.19 p/h, (p<0.05); pulse
amplitude, 254.1±22.3 Apg/ml vs. 347.2±15.8 Apg/ml; mean release rate, 0.55±0.03
pg/5min vs. 2.04±0.04 pg/5min, (p<0.05). Our results demonstrate that the GnRH
pulse generator undergoes a pubertal acceleration over the course of 2-3 d in male
rats. The peripheral and central cues which prompt the pubertal activation of the
GnRH pulse generator remain to be characterized. (Supported by NIH R01HD20677, P01-HD21921, P30-HD28048)
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NOREPINEPHRINE RELEASE IN THE MEDIAL PREOPTIC AREA OF
OVARIECTOMIZED STEROID-PRIMED RATS: EFFECTS OF AGING.
Shsba M, J, MohanKumai, Jane A, Westfall* and P.S. MohanKumar.
Neuroendocrine Research Laboratory, Department of Diagnostic Medicine
and Pathobiology, College of Veterinary Medicine, Kansas State University,
Manhattan, KS 66506.
Luteinizing hormone releasing hormone is believed to be regulated
by a number of neurotransmitters and neuropeptides. Catecholamines such
as norepinephrine (NE) and dopamine play an important role in regulating
the secretion of this hormone. Treating ovariectomized rats with estrogen
and progesterone causes the release of this hormone which results in the
secretion of luteinizing hormone. Previously we have used this model and
have demonstrated that NE release in the medial preoptic area (MPA)
increases significantly in young animals. In the present study, we used the
same model to study changes in NE release in young and aging animals
Young (3-4 months old) and middle-aged (8-10 months old) rats were
ovariectomized and implanted with a push-pull cannula in the MPA. They
were treated with 30 pg of estradiol in 0.1 ml oil s.c. at 1000 h on the eighth
day after surgery. On the tenth day they were injected s.c. with 2 mg
progesterone in 0.1 ml oil at lOOOh. The animals were subjected to pushpull perfusion from 1000-1800 h. Perfusate samples were collected at 30min intervals. NE release in perfusates were measured by HPLC-EC. In
young animals NE release (pg/min; Mean±SE) increased significantly at
1500, 1530 and 1600 h (10.4±4, 9.9±3 and 9.3±3 respectively) before
declining gradually to basal levels (3.9± 1). We found a similar increase in
middle-aged animals. These results indicate that the hypothalamus is still
receptive to estrogen and progesterone stimulation in middle-aged animals.
Supported by NIH AG 05980.

NEUROTENSIN mRNA IS INDUCED IN RAT TUBEROINFUNDIBULAR
DOPAMINE (TIDA) NEURONS DURING CHRONIC INCREASES AND
ESTROGEN-STIMULATED SURGES OF PLASMA PROLACTIN. M.J.
Alexander*. Department of Pharmacology, Boston University School of Medicine,
Boston, MA 02118.
We used double-label in situ hybridization to investigate endocrine regulation of
neurotensin/neuromedin N (NT/N) gene expression in TIDA neurons of the female
rat. With this methodology, we avoided confounding effects of i.c.v. colchicine
administration, which is generally required for visualization of NT cell bodies in
immunohistochemical studies but which elevates, by itself, levels of NT/N mRNA
in the dorsomedial division of the hypothalamic arcuate nucleus (ARCdm). Diurnal
prolactin (PRL) surges were induced by treatment of ovariectomized (OVX) rats with
estradiol, alone or in combination with progesterone, and rats were killed during the
late phase of the surge. Under steroid-treated but not OVX conditions, NT/N mRNA
was detected in the vast majority of tyrosine hydroxylase (TH) mRNA-containing
neurons in the ARCdm. To distinguish effects of PRL from those of estrogen, OVX
rats were given ectopic anterior-pituitary grafts, which produced plasma PRL levels
spread across the physiologic range. Compared with OVX controls, this treatment
(for 2 wks) caused a marked increase in NT/N mRNA levels in TH neurons located in
the ARCdm. Regression analysis revealed a significant logarithmic relationship (R2
= 0.90) between levels of plasma PRL and levels of NT/N mRNA in this region, as
determined by film densitometry. Finally, NT/N mRNA levels in the ARCdm were
elevated in a hypophysectomized female treated with ectopic pituitary grafts but not
in hypophysectomized controls with or without estradiol treatment. These results
indicate that levels of NT/N mRNA in female TIDA neurons vary with endocrine
status and specifically with circulating PRL concentration, mRNA increments being
greatest over the lower end of the PRL concentration range. As we have shown
previously, TIDA neurons also express mRNA encoding high-affinity NT receptor.
Together, our results support the possibility that NT subserves a PRL-dependent
autoregulatory function in TIDA neurons. Supported by NIH Grant NS32391.

320.11
CHANGES IN GROWTH HORMONE-RELEASING HORMONE (GHRH)
RELEASE IN VIVO IN PREPUBERTAL AND PUBERTAL FEMALE RHESUS
MONKEYS. DL. Fernandez1* md E, Terasawa12. ‘Wisconsin Reg. Primate Res.
Ctr. & 2Dept. of Pediatrics, Univ. of Wisconsin, Madison, WI 53715.
It has been well documented that the timing of puberty is greatly influenced by
skeletal size, which is controlled by the hypothalamo-somatotrophic-IGF-I axis.
However, little is known about the hypothalamic control of GH release and the
changes that may occur during pubertal development in monkeys. To determine the
changes in the patterns of GHRH secretion during pubertal development in rhesus
monkeys, perfusate samples were collected from the stalk-median eminence in
prepubertal (Age: 12-20 mo, n=8), early pubertal (Age: 20-32 mo, n=9), and
midpubertal (Age: 32-48 mo, n=9) female rhesus monkeys using push-pull
perfusion. Menarche and first ovulation in our colony were 30.5±1.5 and 46.7±2.2
mo'of age, respectively. Perfusates were collected in 10-min fractions for 6h in AM
(0600-1200) and 6h in PM (1800-2400). GHRH in samples were measured by RIA.
Results: GHRH release was pulsatile in monkeys at all stages. Mean GHRH release
(pg/ml) (AM: 124.8±63.9; PM: lll.Q±88.4) in prepubertal animals was higher than
(P < 0.05) in early pubertal (AM: 62.7±46.6; PM: 64.7±60.8) and midpubertal
(AM: 54.9±43.6; PM: 58.4±41.7) animals. GHRH pulse amplitude (pg) also tended
to decrease from prepubertal (AM: 81.6 ± 23.4; PM; 82.4 ±51.5) animals to early
pubertal (AM: 57.5±36.6; PM: 49.5±43.8) and remained low in midpubertal (AM:
56.7±38.8; PM: 60.1±46.0) animals, but the differences were not statistically
significant due to the highly variable nature of pulsatile GHRH secretion. There were
no differences among age groups for any other pulse parameters. These results were
surprising in light of the increase in GH that occurs during puberty in primates. It is
possible that 1) changes in somatostatin and IGF-I secretion account for increased
growth in pubertal animals in spite of the reduction in GHRH release and that 2)
changes in gonadal steroids as a result of increased release of LHRH and subsequent
gonadotropin secretion also contribute to the increase in physical growth during
puberty. (Supported by NIH grants: HD11355, HD15433, AG14972).
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WIDESPREAD PROGRESSIVE DECREASE WITH AGE IN HUMAN 5HT2A RECEPTOR BINDING USING [I8F] ALTANSERIN. M. Mintun, u*
Y, Sheline?'2,4 S, Moerlein,2 C, Mathis, 4 A, Snyder.3 Y, Huang, 4 M, Sanghavi, 1
M, Moore, 1 B, Mittler *. *Dept of Psychiatry, 2Dept of Radiology, 3Dept of
Neurology, Washington U Med Sch.; St. Louis, MO 63110; 4Dept. of Radiology, U
Pittsburgh, Pittsburgh, PA 15213
The serotonergic system is a widely distributed network which is involved in the
regulation of mood and appetitive behaviors. A marked decrease in 5-HT2A
receptor density has been shown in a group of elderly subjects compared with
young healthy subjects. In this study we used positron emission tomography (PET)
and [18F]altanserin, a ligand with high affinity for the 5-HT2A receptor, to examine
the relationship between 5-HT2A receptor density and age in more detail. Subjects
(n = 16) ranging in age from 30 to 67 (mean=43.4; S.D.=10.4) were healthy controls
in a depression study. All subjects underwent magnetic resonance imaging (MRI) as
well as PET scanning. Stereological techniques were used to determine brain
regions which were transferred to aligned PET data. Dynamic PET scanning was
performed over 90 min following intravenous injection of 20mCi [18F]altanserin.
Arterial sampling was obtained and resulting plasma activity data were corrected for
altanserin metabolites. Compartmental modeling was used to estimate binding
potential (BP). No age related changes were seen in cerebellum uptake (r=.03), a
structure without 5-HT2A receptors. There were significant negative correlations
between age and 5-HT2A BP in medial gyrus rectus (r=-.60; p=0.01); anterior
cingulate (r=-.65; p=0.005), subgenual prefrontal cortex (r=-.6O; p=0.01);
hippocampus (r=-.57; p=0.02) and occipital cortex (r=-.65; p=.005). The decrease
was approximately 20% per decade starting at age 30.

FENFLURAMINE AND ITS METABOLITES HAVE MODERATE AFFINITY FOR A
WIDE RANGE OF CLONED SEROTONIN RECEPTORS.
R.B. Rothman*!, M.H, Baumannl. J.E, Savage2, and B.L Roth2. 1CPS. IRP, NIDA,
NIH, Baltimore, MD, 2Dept. of Psychiatry, Biochemistry and Neurosciences, Case
Western Reserve University, Cleveland, OH 44106-4936.
The occurrence of valvular heart disease (VHD) in association with the use of the
serotonergic (5-HT) releasing agents (±)-fenfluramine and (+)-fenfluramine (FEN) has led
some to propose caution in the long-term use of any medication which works via 5-HT
mechanisms. 5-HT medications are widely used in the treatment of psychiatric and
substance abuse disorders. Thus, it is important to determine the pathogenesis of
FEN-associated VHD. The hypothesis to be tested by the present study is that medications
known to produce carcinoid-like VHD (FEN (or its metabolites), methysergide, and
ergotamine) are agonists at a 5-HT receptor which is located in heart valves and which
mediates mitogenesis, and that medications not known to produce carcinoid-like VHD
(phentermine, fluoxetine and its metabolite) are not agonists at this “valvulopathy
receptor.” As a first step, (±)-FEN, (+)-FEN, (-)-FEN, (±)-norFEN, (+)-norFEN,
(-)-norFEN, methysergide, ergotamine, phentermine, fluoxetine and norfluoxetine were
screened, at 1 ^M concentrations, for activity at eight cloned 5-HT receptors using
radioligand binding assays. Ki values were then determined at receptors where the percent
inhibition was greater than 50%. Phentermine lacked significant activity at all 5-HT
receptors tested. In contrast, (±)-FEN, (+)-FEN, and (-)-FEN had Ki values between l^M
and 10 /zM at 5-HTla, 5-HTlDa, 5-HT-lDb, 5-HT2a, 5-HT2c 5-HT6 and 5-HT7
receptors. Data for fluoxetine, norfluoxetine and the norFENs are pending. Methysergide
and ergotamine had high affinity at all 5-HT receptors tested. Functional assays are in
progress and will be reported at the meeting. In conclusion, the data currently demonstrate
that FEN has moderate affinity for a broad array of 5-HT receptors. The implications of
this work for the pathogenesis of FEN-associated VHD remains to be demonstrated.
(Supported by the Intramural Research Program, NIDA, NIH and the NIMH Drug
Screening Program).

Supported by MH54731 and MH58444.
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ALTERED EDITING OF 5-HT2C pre-mRNA IN THE PREFRONTAL CORTEX
OF SUICIDE VICTIMS WITH A HISTORY OF MAJOR DEPRESSION.
I, Gurevich12. V, Arango1. A.J. Dwork1, J.J. Mann*, and C. Schmauss1*. 'NY State
Psychiatric Institute and Columbia University, New York, NY 10032; 2Molecular
Biology Graduate Program, Mount Sinai Sch. of Med., New York, NY 10029.

RAT SALIVARY GLAND SEROTONIN RECEPTORS.
D.M. Bourdon, J.M. Camden and J.T. Turner*. Department of
Pharmacology, University of Missouri-Columbia School of Medicine;
Columbia, MO 65212.
Examination of the peripheral actions of 5-hydroxytryptamine (5HT, serotonin) has been extended to many tissues in recent years.
Our laboratory has demonstrated previously that 5-HT decreases
saliva flow rate and increases saliva protein content in the isolated
perfused rat submandibular gland (SMG). These effects are
accompanied by an increase in cyclic AMP production in dispersed
SMG cells (J. Dent. Res. 75:935). We have used molecular and
pharmacological techniques to establish that two Gs-coupled 5-HT
receptor subtypes, 5-HT4b and 5-HT7> are expressed in rat SMG.
Functional experiments in acinar- and ductal-enriched SMG cell
preparations suggest that the 5-HT7 receptor is primarily associated
with acini whereas the 5-HT4b subtype is mainly expressed in the
ducts. Localization of the mRNAs for the two subtypes by in situ
hybridization also suggests distinct patterns of 5-HT receptor
expression among the various cell types in the SMG. Additional
studies include identification of the 5-HT7 receptor splice variant
present in the SMG and an assessment of the distinct effects that 5HT receptor subtype-selective agonists and antagonists have in the
SMG. This work was supported by NIDCR grant DE07389.

In the human prefrontal cortex, -95% of 5-HT2C pre-mRNA
transcripts are edited at 5 sites previously named A, B, C’,C, and D
(Niswender et al.’, Ann.N.Y. Acad. Sci. 863, 38). Different combinations of
editing at these 5 sites result in 24 different prefrontal cortical mRNAs
encoding 19 different 5-HT2C receptor proteins. In control brains (n=8),
the most abundantly expressed 5-HT2C mRNAs result from the editing
combinations ABCD (27%), AC’C (27%), and A (11%). In the corresponding anatomic region of brains obtained postmortem from suicide
victims with a history of major depression (n=8) a ~2-fold increase was
found for the editing combination AC’C and the expression of the ABCDedited isoform decreased by -50%. Because these results suggest significant differences in the efficacy of the 5-HT2C-receptors/G-protein interaction in depression, studies are currently being conducted to compare the
signaling properties of ABCD- and AC’C-edited receptor isoforms.
Processing of the 5-HT2C pre-mRNA also involves cleavage of an
alternative 5’ splice site located 12 nts upstream of the A editing site. This
splicing leads to a truncated, non-functional 5-HT2C protein. None of the
5-HT2C transcripts of the prefrontal cortex are alternatively spliced. In the
choroid plexus, however, this splicing occurs abundantly and non-spliced
transcripts are only edited at sites that have been shown not to affect the
receptor’s signaling properties. This suggests that alternative splicing
occurs only in those anatomic regions where editing does not reduce the
efficacy of receptor/G protein interaction.
Supported by NIH grants MH56123, MH40210, MH46745, and AA09004.
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Possible role of valvular serotonin 5-HT2B receptors in the cardiopathy
associated with fenfluramine.
Lawrence W. Fitzgerald*. Timothy Burn2. Barry S. Brown. John P. Patterson,
Patricia A, Valentine. Jung-Hui Sun1. John R. Link2. Dear Abbaszade2. Brian L.
Largent Paul R. Hartig. Gregory F, Hollis2, and David W. Robertson1.. CNS
Diseases Res., Chemical and Physical Sciences1, Applied Biotechnology2, The
DuPont Pharmaceuticals Research Labs., Exp. Station, Wilmington, DE 19880.
Dexfenfluramine was approved in the US for chronic use as an appetite
suppressant until it was reported to be associated with valvular heart disease. The
valvular changes are identical to those observed with chronic exposure to 5-HT2preferring drugs (ergotamine, methysergide) or carcinoid (5-HT-secreting tumor)
disease. Thus, we characterized the interaction of fenfluramine and its metabolite,
norfenfluramine, with 5-HT2 receptors, subtypes also associated with
cardiovascular function and cell proliferation. We also examined the expression of
these receptor subtypes in aortic and mitral heart valves. D- and /-fenfluramine had
weak binding affinities (Kj >lpM) for the human cloned 5-HT2A, 5-HT2Bi and 5HT2C receptors. The isomers of norfenfluramine, however, had high affinity for 5HT2B (27, 65 nM, d- and /, respectively) and 5-HT2C (56, 99 nM) receptors, but
lesser affinity for 5-HTia (187, 267 nM) receptors. While norfenfluramine was an
agonist at all three receptor subtypes, as demonstrated by its ability to hydrolyze
inositol phosphates, increase intracellular Ca2+, and activate the mitogen-activated
protein (MAP) kinase cascade, its d-isomer was the most potent and a full agonist
at the 5-HT2B receptor. Ergotamine and methylergonovine (metabolite of
methysergide) were also potent agonists at the 5-HT2B receptor. Using quantitative
PCR, we found 5-HT2B and 5-HT2A receptor mRNA to be abundant in human and
porcine heart valves whereas 5-HT2C receptor mRNA was very low or nondetectable. Agonistic interactions of norfenfluramine with valvular 5-HT^
receptors may represent a novel underlying mechanism for dexfenfluramineassociated cardiopathy in humans.

MICE LACKING THE 5-HT2A RECEPTOR ARE INSENSITIVE TO MANY OF THE
BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF HALLUCINOGENS J.A.
Gingrich*12, M. Zhou12, S. Sealfon3, R, Hen2 'Division of Developmental
Psychobiology and the 2Center for Neurobioiogy and Behavior, in the Department
of Psychiatry, Columbia University, and the 3Dept. of Neurology, Mt. Sinai School
of Medicine, New York, NY
Serotonergic hallucinogens such as LSD, DOI, and DMT exhibit pro-psychotic
effects in humans that mimic certain aspects of acute schizophrenia.
Hallucinogens transiently interfere with sensory-motor gating processes, activate
metabolic activity in the prefrontal cortex in humans (as is seen in acute psychotic
exacerbations of schizophrenia), and induce sensory symptoms that share some
similarities with schizophrenic hallucinations. The serotonergic hallucinogens
interact with a variety of receptors including 5-HT, dopamine, and noradrenergic
receptors. However, the receptors that mediate the psychotropic effects of
hallucinogens remain unknown. Some evidence points to the 5-HT2A receptor as
an important mediator of hallucinogen effects since all known hallucinogens share
agonist activity at this receptor. We have chosen to study this question in a mouse
model. The ability to disrupt the 5-HT2A receptor gene locus using gene targeting
has provided the unique opportunity to isolate the effects of hallucinogens that are
mediated by the 5-HT2A receptor. We have found that 5-HT2A knockout mice
(2AKO) are unresponsive to many but not all of the behavioral and physiologic
effects of hallucinogens. Specifically, a wide range of hallucinogens fail to elicit
head twitches and ear scratches in 2AKO mice, suggesting that these behaviors
are dependent upon 5-HT2A receptor activation. In addition, DOI induces a
profound decrease in core body temperature and suppresses spontaneous
grooming in wild-type mice but not in 2AKO mice. DOI also induces a robust
activation of c-fos in the cortex of wild-type but not 2AKO mice demonstrating the
critical role of the 5-HT2A receptor in the activation of layer V pyramidal cells.
Interestingly, the locomotor inhibiting effects of DOI are present in wild-type and
2AKO mice indicating that this property of hallucinogens is independent of 5-HT2A
receptor activation. Thus, 2AKO mice will be an important tool for defining the
molecular basis of hallucinogen actions.
Supported by NARSAD and NIMH T32-MH18870 and the DeWitt-Wallace Foundation of Cornell University
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BENZODIAZEPINE-RESISTANT ANXIETY OF 5-HT1A KO MICE
REVEALS A MECHANISTIC LINK BETWEEN THE 5-HT AND
GABA SYSTEMS. E. Sibille*’, C. Pavlides2. D, Benke3 and M.
Toth1. ’Department of Pharmacology, Weill Medical school of Cornell
University, NYC, NY 10021; laboratory of Neuroendocrinology,
Rockefeller University; ’Institute of Pharmacology, Univ. of Zurich.
Anxiety-related disorders have a prevalence of 5-10% of the
population. A significant proportion of patients do not respond to
benzodiazepines (BZs). Here we show that mice lacking the 5-HT1A
receptor display a BZ-resistant anxiety. Since BZs bind and facilitate
the ftinction of BZ-sensitive GABAa receptors, abnormalities in these
receptors could underlie the BZ-insensitivity and anxiety in knockout
mice. Indeed, binding of BZ and GAB Aa receptor specific ligands was
reduced in amygdala and hippocampus and GABAergic inhibition was
impaired in hippocampus. These changes were accompanied by altered
expression of GABAa receptor subunits, including upregulation of the
alpha, subunit and downregulation of- the alpha^ subunit RNA in
amygdala and cortex, as well a downregulation of the alpha4 subunit in
hippocampus. These data suggest a pathological pathway in knockout
mice that is initiated by the deficiency in 5-HT1A receptor function,
leading to the aberrant expression of GABAa receptor subunits, which
in turn results in BZ insensitivity and perhaps also anxiety. This model
mechanistically links together two important neurotransmitter systems,
the 5-HT and GABA systems, which have both been implicated in the
pathogenesis of anxiety.

CONSTITUTIVE 5-HT,B RECEPTOR ACTIVATION BY A SERIES OF
MUTATIONS IN THE BBXXB MOTIF : DOMAIN SWITCH AND G„o PROTEIN
INTERACTION. T.Wurch. F.C.Colpaert* and P.J.Pauwels. Dept. of Cellular and
Molecular Biology, Centre de Recherche P. Fabre, 81106 Castres Cedex, France.
Constitutive activity of the recombinant human 5-HTj B receptor was investigated by
mutagenesis of the Thr313 residue of the BBXXB motif located in the distal end of the
third intracellular loop by the 19 possible natural amino acids. In contrast to the wt 5HTib receptor, three receptor mutants (Thr”3Lys, Arg and Gin) increased their
agonist-independent l35S]GTPyS binding response by 26 to 41 % in a way sensitive to
the inverse agonist methiothepin. Enhanced agonist-independent and agonistdependent 5-HT)B receptor activation was provided by co-expression with the PTX
resistant G00Cys35’lle protein. The wt 5-HT)B receptor displayed a two-fold increase
in basal activity whereas a spectrum of enhanced basal activities (313 to 571 %) was
observed with a series of diverse amino acid substitutions (Thr3,3Ile, Gly, Asn, Ala,
Lys, Phe, Gin, Arg) at the 5-HT)B receptor. Consequently, the constitutive 5-HT)B
receptor activity can be modulated by mutation of the Thr313 residue and display a
graded range between 11 and 59 % of maximal 5-HTiB receptor activation. The
partial agonists 1-naphtylpiperazine, GR 125743 and GR 127935 displayed a more
efficacious response at these mutant 5-HT,B receptors. Little or no modification in 5HT1b receptor expression levels were observed for the receptor mutants in either the
absence or presence of tlie GooCys351Ile protein with the exception of tlie mutant
Thr313His. No clear pattern is apparent when we analysed descriptors of the
physicochemical properties of amino acids side chains to explain the observed
constitutive activities. It is postulated tliat the positioning of the junction between the
third intracellular loop and transmembrane domain VI of the 5-HTi B receptor is
altered upon mutation of Thr313 in the BBXXB motif and thereby unmasks G„ protein
interaction points.
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CHARACTERISATION OF 5-HTia , 5-HT4 & 5-HT7 RECEPTORS
POSITIVELY COUPLED TO ADENYLYL CYCLASE IN THE RAT
HIPPOCAMPUS. R Maricstein, M. Matsumoto^, C. Kohler, H. Togashff, M.
Yoshioka# & D. Hoyer*. Nervous System Research. S-386/745? Novartis
Pharma AG. CH-4002 Basel, Switzerland, # Department of Pharmacology,
Hokkaido University Graduate School of Medicine, Kita-ku, Sapporo, Japan.
The properties of 5-hydroxytryptamine (5-HT) receptors positively
coupled to adenylyl cyclase were investigated in rat hippocampus homogenates.
5-HT stimulated cyclic AMP (cAMP) formation in rat hippocampus with a
maximal increase at lpM (48±5%) and an EC50 °f 50±22 nM. cAMP
accumulation induced by lpM 5-HT was partly inhibited by selective receptor
antagonists: 5-HTia WAY 100,635 (1 pM), 5-HI4 SB 203,186 (1 pM), and 5HT2A/2C/5"HT7 mesulergine (25 pM) by 47%, 33% and 49%, respectively.
The combinations of WAY 100,635 (1 pM) with SB 203,186 (1 pM) or
mesulergine (25 pM) resulted in stronger inhibition than with each antagonist
alone; the combination of all three antagonists produced almost total blockade of
5-HT-induced cAMP accumulation (95%). 5-Carboxamidotryptamine (5-CT) a
5-HT1/5-HT7 receptor agonist and SDZ 216-454 a selective 5-HT4 receptor
agonist stimulated cAMP formation, but the maximal effect of each agonist was
smaller than that of 5-HT alone. SDZ 216-454 (5 pM) and 5-CT (5 pM) in
combination stimulated cAMP formation in an additive manna-. 8-OH-PIPAT
and 8-OH-DPAT, two selective 5-HTia agonists produced a small but
significant increase of cAMP formation above 0.04 pM and 1 pM, respectively.
Thus, at least three 5-HT receptors, i.e., 5-HT|a > 5-HT4 and 5-HT7 receptors
mediate 5-HT-induced cAMP formation in rat hippocampus.

EFFECTS OF SB-224289, AN INVERSE AGONIST OF 5-HT1B
RECEPTORS ON LEARNING CONSOLIDATION. E. Hong*, Orozco,

G & Meneses A. Dept Pharmacol Toxicol, CINVESTAV-IPN. AP 22026,
Mexico City 14000, MEXICO.
5-HT-moduline is an endogenous tetrapeptide, which selectively
interacts with 5-HT1B/1D receptors (Behav Brain Res 73:313-317,1996).
5-HT-moduline facilitated learning consolidation and reversed the deficit
elicited by scopolamine (Soc Neurosci Abstr 23:1685, 1997), thus
suggesting that 5-HT1B/1D receptor antagonists or inverse agonists could
possess therapeutic potential in the treatment of cognitive disorders. In
order to explore this possibility, the effect of the 5-HT1B receptor inverse
agonist, SB-224298 (J Med Chem 41:1218-1235, 1998) was evaluated in
an autoshaping learning test. Results showed that post-training injection
of the 5-HT1b /i D agonist TFMPP (1-10 mg/kg) impaired learning
consolidation, while SB-224298 (1-10 mg/kg) improved performance and
reversed the impairment effects induced by TFMPP, scopolamine,
dizocilpine and that induced by a low dose of the 5-HT1B/1D antagonist
GR127935. It has been previously reported that presynaptic 5-HT1BaD
receptors stimulation impaired learning consolidation, while their
blockade improved performance (Behav Brain Res 89:217-223, 1997);
hence, these data strongly suggest that the 5-HT1B inverse agonist SB224298 could be potentially useful in the treatment of learning and
memory dysfunction. Partially supported by CONACYT grant 28398-M.

321.11

321.12

POSITRON EMISSION TOMOGRAPHY (PET) AND [nCcarbonyl]WAY100635 DEMONSTRATES LACK OF AGING
EFFECT ON HUMAN SEROTONIN 5-HTIA RECEPTORS
C. C, Meltzer*, W.C, Drevets^J, Price, P.L Greer^ V. Villemagne, D, Holt^L
Mason, B, Lopresti. S.T, DeKosky. C.F, Reynolds^C. Mathis PET Facility,
Departments of Radiology and Psychiatry, University of Pittsburgh School of
Medicine, Pittsburgh, PA 15213.
Aging effects on serotonergic function have been implicated in behavioral and
mood alterations in the elderly. PET studies with the selective 5-HT 1A antagonist
(nC-carbonyl]WAY100635 were performed to determine whether 5-HTIA binding
is altered in normal aging.
Following injection of 10-15 mCi high specific activity [HCcarbonyl]WAY100635, dynamic PET imaging (60 min) with arterial sampling was
performed in 7 young (3M, 4F; mean age = 32 ± 9.8 years) and 6 elderly (2M, 4F;
mean age = 71 ±6.9 years) healthy subjects using a Siemens/CTI HR+ tomograph.
Regional time-activity data were generated from MR-guided regions of interest.
Regional measures proportional to the binding potential (BP) were determined by a
reference tissue model with cerebellar data as kinetic model input. MR-based partial
volume correction was applied to BP values.
The distribution of pfC-carbonyl]WAY100635 binding was consistent with the
known distribution of 5-HTI A receptors in both young and elderly subjects. There
were no significant differences in corrected regional BP values between the young
and elderly groups, respectively (e.g. lateral orbitofrontal: 5.8±1.3 vs. 5.6±1.1;
pregenual anterior cingulate: 6.3±1.0 vs. 7.0±1.8; hippocampus: 9.9±3.1 vs. 8.9±3.9;
midbrain: 4.1±1.7 vs. 3.8±1.5, occipital: 3.7±0.7 vs. 3.4±0.9). This finding does not
appear to be influenced for by group differences in non-specific binding, blood
volume, or radiotracer metabolism.
Despite large aging effects on other serotonin receptor subtypes (e.g. 5-HT2A),
these data suggest that pre- and post-synaptic 5-HT 1A receptor densities are
maintained in normal aging. Supported by MH01210, MH 52247, AG05133,
MH30915

THE IMPACT OF MATERNAL DEPRIVATION ON THE DEVELOPING
SEROTONIN RECEPTORS: EFFECT OF DESIPRAMINE TREATMENT
Juan F.Ldpez1*, Seymour Levine3, Stanley J. Watson1 and D. Vfequez12 ’Mental
Health Research Institute and 2Department of Pediatrics, University of Michigan,
Ann Arbor, MI 48109; ’University of Delaware, Newark, Delaware 19716.
Studies have shown that stressful early life experiences have a long-term
impact on the developing organism. Others and we have demonstrated that 5HT1A and 5-HT2A receptors are altered in the adult rat brain following chronic
stress. Tricyclic antidepressant (TCA) treatment prevents the plasma corticosterone
(CORT) increase and the brain receptor changes observed, suggesting that these
may be mediated by the stress-induced CORT elevation. While this is true in the
adult animal, this may be different in the developing animal. In this study we
investigated the effect of maternal deprivation (MD) on 5-HTI A, 5-HT2A, 5-HTIB
and 5-HT transporter receptor mRNA and peptide levels in the developing brain.
We also treated a subset of animals with either vehicle (VEH) or the TCA
Desipramine (DMI) from postnatal day 7 to 14. On day 13, half of the pups were
maternally deprived (DEP) for 24 hr and half were not (non deprived-NDEP). At
the end of the deprivation half of the animals were sacrificed and half received 3%
saline injection and sacrificed 60 min later. CORT was measured by RIA and in
situ hybridization was used to quantify gene expression in hippocampus, cortex and
dorsal raphe. Peptide measures of 5-HT2A and 1A were also performed using
receptor binding and immunocytochemistry. We found that NDEP animals treated
with VEH had low IB mRNA and IA peptide expression in hippocampus.
Compared to NDEP, DEP pups had: 1) elevated CORT, both at basal and after
saline challenge, 2) elevated 5-HTIA and IB mRNA levels in CAI hippocampal
region, and 3) elevated 5-HT2A mRNA levels in cortex. No effects were seen in the
mRNA and peptide levels of 5-HTI A and 5-HT transporter in raphe. DMI caused a
down-regulation of 1A in raphe in all treated animals. In addition, DEP pups
treated with DMI had: 1) elevated basal CORT but low levels after the challenge.
Despite the attenuated adrenal response, DMI only prevented the 5-HT IB elevation
in CAI of DEP animals. Our results indicate that post-synaptic 5-HT receptors in
the developing hippocampus and cortex are sensitive to MD. DMI is only partially
effective at preventing stress related 5-HT receptor changes post-synaptically.
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A MINIATURIZED TWO-PHOTON FIBER-SCANNING MICROSCOPE FOR
IN VIVO IMAGING. F, Helmchen*, M.S. Fee, P.W. Tank, W. Denk. Biological
Comp. Research Dept., Bell Labs, Lucent Technologies, Murray Hill, NJ 07974.
A compact fluorescence microscope based on two-photon excitation through an
optical fiber and a fiber-scanning mechanism was developed. Infrared laser pulses
of a Ti: Sapphire laser (X«820 nm, «100 fs pulse width, 80 MHz repetition rate)
were coupled into a single-mode fiber (5.5 pm core diameter, NA 0.12, 2 m length).
Pulses were prechirped with a pair of diffraction gratings to compensate for pulsebroadening due to the fiber-dispersion. The end of the fiber was glued onto a small
piezoelectric bending element and the free fiber tip was stiffened in one direction to
produce different vibrational resonance frequencies in the two lateral directions.
Resonance frequencies were in the range of 300-600 Hz for 1.5-2 cm of free fiber
end. Driving the piezoelectric bender with the superposition of the two resonance
frequencies resulted in a Lissajous scan-pattern of the fiber tip which covered a
rectangular area. The fiber output beam was focused through a pair of small lenses
and emission light was collected with a small photomultiplier (Hamamatsu R5600).
Images were constructed by assigning the photomultiplier signal to pixels using the
sinusoidal signals driving the piezoelectric bender after adjustment of their phases.
The optical properties of the two-photon fiberscope were tested with fluorescent
beads. Its applicability for imaging in the intact brain was tested by staining the
blood of anesthetized rats with fluorescein-dextran. Capillaries in the neocortex
could be visualized down to 200 pm below the pia. Since the only connections to
the fiberscope are an optical fiber and a few wires, a head-mounted assembly may
enable high-resolution anatomical and functional imaging of neurons in freely
behaving animals, allowing for example the monitoring of dendritic activity in
individual neurons or of the population activity in neuronal ensembles.
(Supported by Lucent Technologies, the Whitehall Foundation, and a Human
Frontier Science Program fellowship to F.H.)

ONE SECOND RESOLUTION BRAIN MICRODIALYSIS IN FREELY
MOVING RATS. Sergio Rossell. Luis Hernandez. Sonia Tucci. Pedro Rada.
Marco Parada* and German Alba. Lab. Behavioural Physiol., Fac. Med., Univ.
Los Andes, Mdrida 5101, Venezuela. E-mail. rossell@mamuLmedic.ula.ve
Time resolution of brain microdialysis (BM) ranges between 10 - 35
minutes which is inappropriate to determine the chemical correlates of behavior
and sensory perception. We have developed a method to overcome this
limitation. We designed a reactor which collected dialysate and mixed it with
FITC and buffer. The mixture was collected within a 16 an long, 99pm LD.
fused silica capillary tube. After the experiment the tube was sectioned into
4mm pieces and the content of each piece (30 nanotiters, equivalent to 1
second dialiysate) was transferred to a test tube. After 16 hours of derivatization
time, the samples were diluted with water and injected into a Capillary
Electrophoresis Laser Induced Fluorescence Detector Instrument (Meridialysis,
C.A). To test this protocol a probe was insetted into the primary somatosensoiy
cortex of 8 rats divided in two groups. After 10 seconds of base tine one group
of rats was stimulated by moving its whiskers for 10 seconds. The other group
had no whisker manipulation. After 18 more seconds the collection tube was
cut off. Moving the whiskers released Glutamate, Arginine and Aspartate in the
experimental group. The first change was observed between seconds 10 and
11. Then, aminoacids concentration gradually decreased. This method allows
one second time resolution BM in freely moving rats and multiple aminoacid
analysis every second during sensoiy perception or motor actions.
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SIMULTANEOUS ANALYSIS OF THE COUPLING BETWEEN CEREBRAL
BLOOD FLOW (CBF), CEREBRAL GLUCOSE USE (CGU) AND
NEURONAL ACTIVITY IN THE RAT DURING A SOMATOSENSORY
ACTIVATION. W. Gsell. Ch. De Sadeleer. J. Toutain, E. T. MacKenzie. P.
Schumann and F, Dauphin*. University of Caen, UMR 6551 CNRS, Cyceron, IFR 47,
Caen, France.
Activation and brain functional mapping studies, both for physiological and
pathological research, assume the preservation of the baseline, linear relationship
(«coupling») between CBF and brain metabolism, in cortical and subcortical
structures. With the aim to test a putative resetting condition that could be different in
various brain structures involved in an activation paradigm, we simultaneously
quantified CBF and CGU (double tracer autoradiographic technique with 14Ciodoantipyrine and 18F-fluorodeoxyglucose ; Sako et al., 1984, Stroke 15, 896-900) in
parallel with neuronal activity (recording of the somatosensory evoked potentials
SSEP); perfomed in anesthetized (a-chloralose i.v.: 50 mg/kg + 40 mg/kg/hr) adult
male Sprague Dawley rats, either sham or activated (electrical stimulation of the right
forepaw, 3.1 Hz, 0.2 ms, 2-3 mA) (n = 3 for each group). In shams, CBF and CGU
were found heterogeneous within brain areas with a linear regression between the two
parameters. In activated rats, CBF was increased by +20 to 25 % in the contralateral
fronto-parietal cortices and +5 to 10 % in the ventral posteriomedial thalamic nuclei.
In contrast, CGU was increased in these regions:+20 to 25 % in the contralateral
fronto-parietal cortices and +3 to 8 % in the ventral posteriomedial thalamic nuclei.
Analysis of the SSEP revealed the involvement of both a cortical (P3-N-P4, 9.5-1726.2 ms) and thalamic (P1-P2, 5.6-7.6 ms) activation. These data, showing that
metabolic and blood flow responses are less important in thalamus than in cortex,
emphasize the usefulness of such a paradigm to investigate the basic mechanisms of
coupling. This result should be taken into account for PET or fMRI activation studies.

USE-DEPENDENT PROCESSES PROMOTE CORTICAL, NOT
THALAMIC, REFINEMENTS AFTER EARLY MEDIAN NERVE
INJURY IN MONKEYS. Florence. S.L.*. Boydston. L.A..
Hackett, T.A., Taub. H.B, and Strata. F. Dept. Psych., Vanderbilt
Univ., Nashville, TN 37240.
The goal of the present study was to determine (1) if recovery of
orderly topography in the somatosensory pathway after early
peripheral neive cut and regeneration is facilitated by bse-dependent
processes, and if so, (2) what level (s) in the pathway are affected.
Five monkeys (Macaca radiata) had median nerve cut and repair either
late in gestation or within ten days of birth. After the nerve had
regenerated, 4 monkeys received sensory enrichment to the nerve cut
hand and 1 monkey had restricted sensory experience for 3.5 months.
Multiunit microelectrode recordings were made in the ventroposterior
nucleus (VP) and in cortical area 3b contralateral to the injury.
Receptive fields in the median nerve-innervated hand representation in
VP were exceedingly large, regardless of sensory experience. At 43%
of the recordings sites in the reorganized representation of VP,
abnormal split receptive fields were recorded. In the monkey with
sensory restriction, receptive fields in the median nerve representation
of area 3b were large, much as in VP. In contrast, in the sensory
enriched monkeys, most receptive fields in the median nerve
representation of area 3b were substantially smaller than in thalamus,
and multiple receptive fields were detected at only 7% of the recording
sites in cortex. The results suggest that sensory experience is critical
for recovery of functional organization in area 3b, but has little impact
in VP. Supported by NIH Grant NS36469.

Supported by grantsfrom CNRS, University of Caen under the framework oflFR47.
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Perceptual
and Somatosensory
Cortical
Reorganization
after
Spinal Cord Injury (SCI) in Humans C, I, Moore*1'2, C, E, Stem2 S. Yeh1 R. Woo1 B. R.

CORTICAL REORGANIZATION IN RAT SOMATOSENSORY CORTEX
FOLLOWING LARGE-SCALE LIMB DEAFFERENTATION MAY
OCCUR AT SUB CORTICAL LOCI.
Pearson*., ‘A.Qladehin, CJL
Li. P.B. Arnold. R.S. Waters Dept. of Anatomy and Neurobiology, ‘Dept. of
Physical Therapy, UT, Memphis, Memphis, TN 38163.
Introduction: We reported that following forelimb amputation in adult rat, shoulder
stimulation elicited evoked responses in the “original” shoulder representation (OSR) as
well as “new” responses in the deafferented forepaw barrel subfield (FBS). Furthermore,
in intact controls, a direct cortico-cortical pathway between shoulder and FBS
representations was not observed using anatomical tracers (PHA-L, biocytin, CT-B),
suggesting that if a cortical substrate were responsible for the observed reorganization it
would be via an indirect pathway. The present study extends this work by examining
cortico-cortical connections in adult deafferents; additionally, cortical ablations were used
to determine the possible role of the OSR in relaying “new” shoulder input to the FBS.
Methodology: Forelimb deafferented adult rats (11-16 weeks post deafferentation) were
anesthetized with Nembutal, the OSR physiologically identified, and anterograde tracers,
PHA-L or biocytin, were iontophoretically injected into layer III in the OSR. In a
second group of adult deafferents, the “original” and “new” shoulder representations were
physiologically identified in SI and evoked response latencies to electrical stimulation
were measured in each representation. The OSR and SII cortices were then ablated and
response latencies were remeasured in the FBS. The following results were obtained:
1. Cortico-cortical connections between OSR and FBS were not observed using
anatomical tracers, but projections were observed into the SI wrist representation.
2. Within 30 min following ablation of OSR and/or SII, evoked response latencies in
the “new” shoulder representation returned to pre-ablation intensity levels.
3. Cortical reorganization following forelimb ablation does not appear to require an
intact OSR and/or SII suggesting that cortical reorganization following large-scale limb
deafferentation may take place at subcortical levels.
(Supported by NSF Grant IBN-9724092 to RSW and NIH Grant NS-10810-01 to PPP)

322.7

322.8

ATTENTION-INDUCED CHANGES OF SYNCHRONOUS FIRING IN
SOMATOSENSORY CORTEX DIFFER BETWEEN THE FIRST AND
SECOND PRIMATE SOMATOSENSORY AREAS.
E. Niebur, A. Roy, P.N. Steinmetz, P. Fitzgerald, S.S. Hsiao*, K.O. Johnson.
Zanvyl Krieger Mind/Brain Institute, Johns Hopkins University, Baltimore, MD.
We compared the degree of correlated activity between pairs of neurons
recorded simultaneously in either SI or SII cortex in two rhesus monkeys
performing tactile and visual discrimination tasks. The tactile task of the first
animal was to determine whether the orientations of two sequential presentations
of an oriented bar pressed onto his finger pad were the same or different. In the
other monkey, the tactile task was to identify embossed patterns (letters of the
alphabet) mounted on the surface of a drum that scanned across the distal finger
pad of the animal. For both monkeys, the animals’ focus of attention was
switched between the tactile task and a visual task that consisted in detecting the
dimming of a square presented on a video screen in front of the animal. During
both tasks the animals received the same tactile stimulation. All pairs of neurons
that were analyzed were recorded from electrodes separated by at least 400
microns. Correlations were determined after subtracting a shift-predictor to
correct for variations in stimulus evoked firing rate. A bootstrap procedure was
used to determine whether the change in synchrony was significant. We analyzed
673 pairs of responses recorded from 367 SII and 93 SI neurons in 3 hemispheres
of the 2 monkeys. In SI, 50 % of the cell pairs fired synchronously (p<0.05). In
contrast to previously reported results in SII (Steinmetz et al., SNA 28 p. 1513,
1998), these neuron pairs in SI cortex do not show a significant change in the
degree of synchrony with attention when tested individually. The degree of
correlation between the remaining pairs in both areas was unaffected by attention.
These results indicate that attention has different effects on neurons in SI and SH
cortex. Supported by NIH Grant NS34086, an NSF CAREER grant, and the
Sloan Foundation.

TWO ELECTRICALLY COUPLED INHIBITORY NETWORKS
IN
NEOCORTEX. J.R. Gibson*, M. Beierlein, and B.W. Connors. Dept. of
Neuroscience, Brown University, Providence, RI 02912.
Indirect evidence suggests that some neurons of the neocortex are electrically
coupled. We have measured coupling directly with whole-cell recordings from pairs
of inhibitory interneurons in layers 4 and 6 of the rat somatosensory cortex (P14-21)
in vitro. Two types of interneurons were tested: low threshold-spiking (LTS) and
fast-spiking (FS). Electrical coupling was common between pairs of neighboring FS
cells (23/34) and LTS cells (9/10), but rare between mixed pairs consisting of an FS
and an LTS cell (3/31). Coupling was abolished by octanol (1-2 mM), suggesting
that it is mediated by gap junctions. The electrical connections between pairs of
similar interneurons were strong, with low frequency coupling coefficients of about
0.1, and junctional conductances of about 1.5-2 nS. Coupling had low-pass filtering
characteristics with a corner frequency of about 10 Hz in both cell types, as assessed
by injected sine wave currents. Coupling could mediate sharply synchronous firing
when two intemeurons were depolarized above threshold. A single action potential
in one cell triggered a much smaller (1-2 mV) “spikelet” in a subthreshold coupled
cell. Spikelets in most FS cells were bipolar, with a 2 ms depolarization followed by
a 10 ms hyperpolarization of equal magnitude (n= 16). LTS cells displayed spikelets
with slower kinetics: 6 ms depolarizing and 30 ms hyperpolarizing components
(n=10). At high firing frequencies the bipolar nature of the FS spikelets was stable,
whereas the hyperpolarizing phase of the LTS spikelets disappeared. Parallel
electrical-chemical synaptic connections were also observed, but the two types of
intemeurons differed sharply in their prevalence. Pairs of electrically coupled FS
cells often had an inhibitory chemical synapse in at least one direction (16/23), but
inhibitory synapses were rarely seen between electrically coupled LTS cells (1/9).
Our results suggest that networks of FS and LTS intemeurons serve distinct and
independent inhibitory functions.
Supported by NIH (NS 10478 and NS25983)

Rosen2 & S. Corkin1 1 MTT Dept. of Brain & Cog. Sciences & Clinical Research
Center, Cambridge, MA, 02139; 2 MGH-NMR Center, Charlestown, MA 02129.
Deafferentation through central nervous system (CNS) lesion significantly alters
cortical and subcortical somatosensory representations in monkeys (Jones & Pons,
1998; Jain et al., 1997). Further, peripheral nervous system lesions (e.g., amputation)
have marked perceptual effects in humans, including increased sensitivity in regions
neighboring the deafferented zone, and “phantom” phenomena (Teuber et al., 1950;
Ramachandran, 1993). We are currently examining phantom percepts, tactile acuity,
and fMRI activation patterns after SCI to understand relations between perceptual
function and cortical reorganization.
We studied SCI subjects with complete sensory loss between T3 and T12. Of the 12
SCI subjects, 9 reported phantom sensations, and 4 reported phantom percepts evoked
by light tactile contact in “reference zones” (RZ). In these 4 subjects. RZ and
corresponding phantom regions were not predicted to be adjacent in the cortical map
(Penfield & Rasmussen, 1950), suggesting a fractured cortical reorganiz .:>n pattern.
This observation is supported by fMRI studies in subject D.H., wh
d referred
sensations from the forearm to the ipsilateral chest (1.5T ANMR; head ,i; ASE; TR
= 2500; TE = 60). Tactile stimulation of the forearm RZ revealed distin activation in
the forearm and chest representations in the postcentral gyrus and superior bank of the
Sylvian fissure, respectively, with non-activated regions of cortex interposed.
Stimulation of the forearm adjacent to the RZ that did not evoke phantom percepts
evoked activity only in the forearm representation. Two-point discrimination
thresholds in forearm and chest RZ in two SCI were lower than those in homologous
non-RZ regions in age-matched control subjects (N = 12), suggesting a relation
between the extent of cortical representation and tactile acuity. Support: Spinal Cord
Res. Foundation.
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AN ELECTRICALLY COUPLED NETWORK OF INTERNEURONS DRIVES
SYNCHRONOUS INHIBITION IN NEOCORTEX. Barry W, Connors* M.
Beierlein, and J.R. Gibson. Dept. of Neuroscience, Brown University, Providence,
RI, 02912.
Inhibitory neurons can mediate synchronous activity in some neural systems. We
have studied two networks of neocortical intemeurons, composed of fast-spiking
(FS) and low threshold-spiking (LTS) neurons respectively. Interneurons of the
same type are often electrically coupled while coupling across types is rare,
suggesting that the two networks can function independently. Whole-cell recordings
were obtained from pairs of neurons in layer 4 of thalamocortical slices from rats
P15-20, in the presence of APV and, occasionally, DNQX. The metabotropic
glutamate receptor agonist ACPD (100 pM) caused LTS cells to fire at 10-40 Hz;
firing in 2 of 3 pairs of LTS cells was synchronous. When held below firing
threshold in ACPD, LTS cells (13/13) generated 5.1 ± 1.4 mV spikelets (likely
propagated via electrical coupling from other LTS cells) at about 10 Hz. Spikelets
were also synchronized between LTS pairs. By contrast, ACPD only moderately
depolarized FS cells (4/5), usually without spiking, and did not depolarize regularspiking (RS) cells (15/16). Neither RS nor FS cells generated spikelets in ACPD.
However, ACPD caused large population IPSPs in both FS and RS neurons (22/24),
but such IPSPs were rarely seen in LTS cells. In pairs of non-LTS neurons, IPSPs
were highly synchronized (8/9) and often rhythmic at about 10 Hz (6). Crosscorrelating the subthreshold activity of LTS cells with either FS or RS cells always
showed strong synchrony (6/6), with the peaks of LTS spikelets coinciding with the
peaks of IPSPs in the FS or RS cell. Our data suggest that LTS cells - via electrical
coupling - form a distinct inhibitory network that can be selectively activated. The
coordinated synaptic output of the LTS network targets both FS and RS cells, and
might serve to synchronize cortical activity.
Supported by NIH (NS25983).

EXCITATORY AND INHIBITORY SYNAPSES IN LAYER 4 OF NEOCORTEX:
SHORT-TERM DYNAMICS AND CHOLINERGIC MODULATION.
M, Beierlein* and B.W. Connors. Dept. of Neuroscience, Brown University,
Providence, RI 02912.
Synaptic excitation and inhibition must be delicately regulated in order to maintain
proper function of cortical circuits. Cholinergic fibers diffusely innervate the cerebral
cortex and play a crucial role in determining brain states such as arousal and sleep.
We tested the effects of cholinergic agonists on the properties and short-term
dynamics of synapses in layer 4 of somatosensory cortex. Dual whole-cell
recordings were obtained from mixed pairs of excitatory (regular-spiking, or RS,
cells) and inhibitory neurons in thalamocortical slices of juvenile rats. Short-term
dynamics were tested by evoking trains of 4-8 action potentials in the presynaptic
neuron. One type of inhibitory neuron, the low threshold-spiking (LTS) cell,
received EPSPs that dramatically facilitated over frequencies ranging from 40 to 100
Hz, with steady-state amplitudes increased to 900% of the first response. In contrast,
fast-spiking (FS) cells usually received depressing EPSPs from neighboring RS cells,
with steady-state amplitudes reduced to 54% at 10 Hz. Muscarine (1-5 pM) reduced
EPSP amplitudes for both types of synapses (to 74% of control for RS—>FS; to 78%
for RS—>LTS pairs). When FS-evoked IPSPs were activated in RS cells at
frequencies of 10 to 100 Hz, they depressed (to 62% at 10 Hz), while LTS-evoked
IPSPs displayed facilitation at 10 Hz (to 123 %) and depressed only weakly at higher
frequencies. Muscarine reduced the amplitude of both types of IPSPs to 65% of
control. Muscarine also affected the short-term dynamics of IPSPs, significantly
reducing depression or increasing facilitation (44% change for FS-IPSPs, 30 % for
LTS-IPSPs), consistent with a presynaptic site of modulation by muscarinic
cholinergic receptors. Our data suggest that both excitatory and inhibitory
presynaptic terminals are under muscarinic cholinergic control.
Supported by NIH (NS25983).

322.11

322.12

UNITARY FIELD POTENTIALS EVOKED BY SINGLE THALAMOCORTICAL
AXONS AND BY SUSPECTED INHIBITORY INTERNEURONS OF AN Si
CORTICAL BARREL. H A. Swadlow** and A, G. Gusev 1A *The University of
Connecticut, USA and ^Moscow Brain Research Institute, Moscow, Russia
Action potentials were recorded from VB thalamocortical neurons of awake
rabbits while spike-triggered averages (STAs) of field potentials were generated at
various depths within the topographically aligned SI barrel column. VB action
potentials elicited a cortical response in layer 4 with three components: (1) a
biphasic, initially positive response (latency < 1 ms), interpreted to reflect the
activation of VB axon terminals (the AxTP), (2) a brief (~ 4 ms) negative potential
(focal synaptic negativity, the FSN), interpreted to reflect monosynaptic excitation,
(3) a long-lasting positive potential (the FSP), interpreted to reflect di/polysynaptic
inhibition. The amplitudes of the AxTP, the FSN and the FSP peaked near layer 4
and were highly reduced in superficial and deep cortical layers and in non-aligned
cortical barrels. The FSP showed a weak reversal in superficial cortical layers.
Unitary fields elicited by action potentials of suspected inhibitory intemeurons
(SINs) of layer 4 were also studied. These cells were identified by a high-frequency
(> 600 Hz) burst of 3 or more spikes to VB stimulation. In addition, SINs received
monosynaptic VB input and had spikes of very short-duration. The unitary field
generated by SINs consisted of a potent FSP, with a depth profile and time course
nearly identical to the FSPs elicited by thalamocortical impulses.
We conclude that single thalamic impulses entering an SI barrel elicit
monosynaptic excitation followed by a potent wave of disynaptic inhibition. We
suggest that the single-fiber access to intracortical inhibition is mediated by SINs of
layer 4, and is facilitated by sharp synchrony among these cells (Swadlow et. al., J.
Neurophysiol, 1998), and that the FSP reflects a consequent synchronous wave of
feed-forward inhibition within the barrel. Supported by grants to H.A.S. from the
NSF (IBN-9723967) and to A. G. G. from the RFBR (98-04-48208).

CORTICOTHALAMIC EPSPs ELICITED BY ACTION POTENTIALS
IN SINGLE LAYER VI NEURONS. P. Golshani* and E.G. Jones. Center
for Neuroscience, University of California, Davis, CA 95616
Tlie corticothalamic projection initiates and synchronizes spindle oscillations in
tire thalamus. In-vivo electrophysiological studies and computer modeling
studies suggest corticothalamic synchronization mainly results from excitation
of reticular nucleus neurons rather than from direct excitation of relay neurons.
There has been no study of corticothalamic EPSPs elicited by stimulation of
single corticothalamic neurons. We used an in-vitro thalamocortical slice
preparation obtained from P15 mice to perform dual whole-cell recordings of
synaptically coupled layer VI and ventroposterior nucleus (VP) neurons. In
recordings from pairs of cells , action potentials in layer VI neurons elicited
EPSPs in VP neurons. Unitary EPSPs evoked by a single action potential had a
mean peak amplitude of 85 ± 8 pV and latency of 8.67 ± 2.02 ms. In all
connections, the percentage of action potentials that failed to elicit an EPSP was
high (68 ± 7 %). Tlie mean peak amplitude of EPSPs excluding failures was
254 ± 30 pV . EPSPs elicited by pairs of action potentials separated by 50 or
100 ms were recorded in one connected pair. The second EPSP showed
substantial paired-pulse facilitation (340% at 50 ms, 224% at 100 ms)
accompanied by an equally substantial decrease in tlie failure rate (333% at 50
ms, 185% at 100 ms). These results suggest tliat a large number of
corticothalamic cells must fire a single action potential to alter the firing pattern
of relay neurons. In contrast, simultaneous activation of a smaller number of
corticothalamic cells is necessary if corticothalamic cells fire pairs or bursts of
action potentials.
Supported by NIH grant 21377.
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POSTSYNAPTIC
HYPERPOLARIZATION
MODIFIES
TRANSMITTER
RELEASE AT THE MOSSY FIBRE-CA3 SYNAPSE IN THE HIPPOCAMPUS
L.L.Voronin1,
N.Berretta2,
A.L.Byzov3,
S.Gasparini2,
A.M.Kasyanov4,5,
V.V.Maximov3. A.V.Rossokhin1, M.V.Sokolov1 and E.Cherubini2* 1 Brain Research
Inst., 103064 Moscow, Russia; 2Intem. School of Advanced Studies, 34014 Trieste,
Italy; 3Inst. of Problems of Information Transmission, 104447 Moscow, Russia,
4Inst.of Higher Nervous Activity and Neurophysiology, 117865 Moscow, Russia and
5Leibniz Inst, for Neurobioiogy, 39008 Magdeburg, Germany.
Retrograde synaptic signalling is considered to be purely chemical. Here we explored
the hypothesis of an electrical (ephaptic) retrograde signalling due to presynaptic
depolarization induced by the excitatory postsynaptic current (EPSC) itself. The
hypothesis predicts that in large synapses with high resistance of the synaptic cleft, a
postsynaptic hyperpolarization should increase transmitter release. We used whole cell
recordings of excitatory postsynaptic potentials (EPSPs) and EPSCs from rut
hippocampal slices. A 20-30 mV hyperpolarization of CA3 pyramidal neurons
significantly (P<0.01) modified failure rate (-29 ± 9% from the control at resting
membrane potential, mean ± SEM), paired-pulse facilitation (-24 ± 4%), coefficient of
variation (+44 ± 16%) and quantal content (+106 ± 36%) of 16 minimal EPSPs
induced by mossy-fiber (MF) stimulation. The amplitude-voltage dependency of most
(n=9/12) minimal, but not composite (n=0/10) MF-EPSCs was found to be
"supralinear" at hyperpolarizing membrane potentials. The failure rate decreased also
during spontaneous membrane potential fluctuations (-12 ± 3%, n=16 MF-EPSPs).
The effects were stronger in the MF input as compared to either the commissural input
to the same neurons (significant failure rate reduction at P<0.05 level in 12/26
EPSP/EPSC) or the Schaffer collateral input to CAI neurons (significant reduction in
10/29 EPSP/EPSC). In neither of the two inputs the mean failure reduction reached
P<0.05 level. The data support the above hypothesis and suggest a novel form of
intercellular communication which may exert a. retrograde control on synaptic
efficacy. Supported by RFBR, INTAS, NOVARTIS and VW-Stiftung.

EVIDENCE THAT RELIEF OF G-PROTEIN INHIBITION OF NEURONAL Ca2+
CHANNELS CONTRIBUTES TO SHORT-TERM SYNAPTIC PLASTICITY
David L. Brody* and David T. Yue. Dept of Biomedical Engineering, Johns Hopkins
University, Baltimore, MD 21205.
G-protein inhibition of voltage-gated calcium channels can be transiently
relieved by repetitive physiological stimuli. Here, we provide evidence that such
relief of inhibition contributes to short-term synaptic plasticity in cultured
hippocampal neurons grown on glial microislands. With G-protein inhibition
induced by baclofen, a GABAb agonist, a component of synaptic facilitation
was added to baseline depression during action potential trains. Short-term
synaptic plasticity was unchanged during reduction in release probability with
Cd2+, however (see Figure). Several features of the facilitation were consistent
with relief of G-protein inhibition, but inconsistent with other mechanisms: 1)
There were no changes in the sizes of miniature excitatory postsynaptic
currents during the facilitation produced by baclofen, implicating a presynaptic
site of modulation. 2) Elevating presynaptic calcium entry blunted the
facilitation, as expected if increases in calcium
entry or sensitivity were involved. 3) The
10 (iM baclofen
facilitation was nearly occluded upon selective
blockade of P/Q-type but not N-type calcium
channels, as predicted from the stronger relief
of inhibition in recombinant P/Q-type channels
than in N-type channels. Similar plasticity may
be present in many synapses, where it could
contribute to the reliability of synaptic
information transfer during high frequency
1
10
action potential firing. Supported by a NSF PFF
stimulus number (50 Hz)
grant to DTY and a NIH MSTP fellowship to DLB.
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TARGET CELL-SPECIFIC PRESYNAPTIC INHIBITION IN THE
HIPPOCAMPUS: are distinct classes of intemeurons targeted?
J. Brunton* , M. Scanziani, F. DebarbieuxJ, J. Staiger, 5. Charpak1.

ACTIVITY-DEPENDENT BROADENING OF PRESYNAPTIC ACTION
POTENTIALS IN HIPPOCAMPAL MOSSY FIBER BOUTONS. J.R.P. Geiger* and
P, Jonas. Physiological Institute, Univ. Freiburg, Hermann-Herder-Str. 7, D-79104
Freiburg, Germany.
Activity-dependent changes in the strength of glutamatergic synaptic transmission
are of fundamental importance for the operation of cortical neuronal circuitries. To
examine whether the shape of the presynaptic action potential controls synaptic
strength, patch-clamp recordings were made from mossy fiber boutons (MFBs) in rat
hippocampal slices from 20- to 28-day-old rats at 32 - 36°C. MFBs were identified by
infrared-differential interference contrast videomicroscopy and intracellular filling
with biocytin during recording. MFBs were distinguished from dendritic and somatic
recordings in the stratum lucidum by high input resistance (>1 GQ at -80 mV) and
small capacitance (area under fast component of capacitive current corresponding to »
1 pF). Simultaneous recordings from presynaptic MFBs and postsynaptic CA3
pyramidal neurons further indicated that MFBs were capable of evoked transmitter
release (n=16). MFBs generated single action potentials upon sustained injection of
depolarizing current. The presynaptic spike was brief (half-duration 408±13 ps) and
overshooting, and was followed by an afterhyperpolarization-afterdepolarization
sequence. Frequency-dependent action potential broadening was observed when
MFBs were stimulated repetitively; initial broadening was 1.3% per action potential,
and maximal broadening was 206% (50 Hz stimulation). K+ currents in outside-out
patches isolated from MFBs showed marked inactivation during 100 ms voltage
pulses; the inactivation time constant was 15.3±1.1 ms and the relative amplitude of
the inactivating component was 75.0±0.2% (at +30 mV; n=10). The steady-state
inactivation curve obtained with 10-s prepulses had a midpoint potential of -72 mV,
suggesting that a proportion of presynaptic K+ channels may be inactivated at the
resting potential. 1 pM a-dendrotoxin applied to the external solution blocked 67±7%
of the K+ current in outside-out patches isolated from MFBs, suggesting that the
presynaptic K+ current was primarily mediated by channels containing Kv 1 subunits.
Our results indicate that inactivation of presynaptic K+ channels contributes to spike
broadening, which in turn could regulate presynaptic Ca + entry and glutamate release
at the MFB-CA3 pyramidal neuron synapse.
Supported by DFG and HFSPO.

Lab. of Physiology, ESPCI, 75005 Paris, France; Brain Res. Institute, 8057 Zurich,
Switzerland, C&O Vogt-lnst Brain Res., Univ. Dusserdorf, D-40001, Germany.

Our lab recently demonstrated (Scanziani et al. 1998, PNAS
95,12004) that activation of presynaptic group III mGLURs with L-AP4
decreases transmitter release at Schaffer collateral terminals impinging on CAI
intemeurons but not on CAI pyramidal cells. However, we also found that in
the stratum radiatum (SR) a proportion of intemeurons was not targeted by
LAP4-sensitive terminals. We thus examined whether the heterogeneity in
response results from an heterogeneity in the Schaffer collateral fibres that
were stimulated, or whether specific types of intemeurons, identifiable by
characteristic physiological and anatomical properties, are targeted? Using
stimulating electrodes placed in both the proximal or distal stratum radiatum
(PSR, DSR) and whole-cell recordings of SR intemeurons, we compared the
effect of L-AP4 (20 pM) on die EPSCs evoked by stimulating die 2 pathways.
Similar levels of presynaptic inhibition were seen for each cell regardless of
the pathway stimulated (PSR-DSR, n=14). Similar inhibition was also
obtained when comparing the responses to SR and stratum lacunosum
moleculare (SLM) stimulations (n=10). These results clearly suggest that die
level of inhibition is conferred by the postsynaptic neuron. We then
characterized SR intemeurons (n=55) using physiological and anatomical
criteria in an attempt to distinguish distinct classes of intemeurons targeted by
terminals widi differing sensitivities to LAP4. A wide diversity of
characteristics was found, but our analysis did not allow us to distinguish
distinct cell types targeted by LAP4-sensitive or -insensitive terminals.
(Supported by ESPCI and CNRS )

323.5

323.6

ELECTROPHYSIOLOGICAL RECORDINGS OF ION CHANNELS IN RAT
CENTRAL NERVE TERMINALS. J.B. Bergsman*1. S.M. Smith1’2, R.H. Scheller12,
and R.W. Tsien1. Department of Molecular and Cellular Physiology’ and H.H.M.I.2,
Stanford University School of Medicine; Stanford, CA 94305.
Mammalian neuronal ion channels have been extensively studied at the cell body
but less is known about the channels at nerve terminals. The small size of the vast
majority of presynaptic terminals in the mammalian CNS has precluded direct electrophysiological studies of their ion channels. We have utilized the patch clamp technique to record from mechanically isolated cortical synaptic terminals (synaptosomes).
Extensive biochemical studies have shown that synaptosomes display negative resting
membrane potentials, low resting [Ca2*];, and Ca2+-dependent neurotransmitter release.
We have identified a number of channel types, including a large conductance, Ca2*activated K+ channel (Figure insets show 100 ms traces). This channel reversed at 1
mV in symmetrical 154 mM K*-containing solutions and at -64 mV when [K*]o was
reduced to 4 mM. The single channel conductance was 230 pS in symmetrical K* and
80 pS under physiological conditions, consistent with its being die BK type.
Most recordings contained a non-specific cation current which reversed at 0 mV
and was activated by depolarization
with a Vo 5 of 60-80 mV. The channel did not inactivate but exhibited
voltage-dependent, exponential deactivation. Curiously, it was
blocked by gluconate. This approach provides a new means of
characterizing channels at CNS
nerve terminals. Supported by
HHMI, NIH, the Mathers Foundation, and the McKnight Foundation.

TWO TIME COURSES OF ENDOCYTOSIS IN CULTURED
HIPPOCAMPAL NEURONS. J.H. Williams1’2* and C.F, Stevens.1’3
Salk Institute, La Jolla, CA, 2UC San Diego, La Jolla, CA, 3HHMI.

JThe

A readily-releasable pool (RRP) of vesicles in hippocampal neurons has
been fimctionally defined such that release elicited with action potentials
and hypertonic solution varies in parallel as the pool size is changed
(Rosenmund & Stevens 1996, Stevens & Tsujimoto 1995). The present
study was undertaken to assay endocytosis with FM1-43 following
depletion of the RRP with either hypertonic solution or action potentials.
Stimulation protocols that cause die same amount of release
electrophysiologically are found to differ in the amount of FM1-43
staining. This is a dose-dependent effect widi increasing tonicity of die
hypertonic solution leading to decreasing FM1-43 flouresence. FM1-43
has ~2.5s time contstant for departioning from membrane (Ryan et al
1996, Klingauf et al 1998). Since the amount of exocytosis measured
electrophysiologically is the same, it will be argued that differences in
FM1-43 staining with hypertonic solution are due to endocytosis events
that occurs faster than ~2.5s. The fast time course of endocytosis may be
accounted for by a “kiss and run” model. Supported by NS12961 to C.F.S
and HHMI.

323.7

323.8

The docked vesicle pool ie equal to the readily releasable pool and
determines the release probability at central synapses
T. Schikorski^and C.F, Stevens2 2Howard Hughes Medical Institute at ’The
Salk Institute, MNL-S, 10010 N. Torrey Pines Rd., La Jolla, CA 92037.
In recent years, a readily releasable pool (RRP) has been defined at central
synapses. For example, synapses in hippocampus release on average 10
quanta on a short high frequency stimulation. The pool size varies with a CV of
0.5 within a population and is strongly correlated to the release probability of
the synapse. In a recent structural study, we found a correlation between the
release probability and the number of vesicles docked at active zone.
In a new series of experiment, we show now that the RRP,as labeled in a FM
1-43 experiment, is equal to the docked vesicle pool at individual synapses.
For this purpose, we stained the RRP of synapses of hippocampal neurons in
culture with FM 1-43. After fixation, the fluorescence was photoconverted in the
presence of DAB. This results in a electron dense precipitate in single synaptic
vesicles corresponding to their fluorescence content. From serial sections, we
counted the number of labeled vesicles within a bouton and the vesicles
docked at the active zone at the same bouton. We find that the numbers of
stained and docked vesicles are approximately equal for a given synapse with
a correlation coefficient of 0.8. We conclude that the docked vesicle pool
correlates with the RRP and hence the docked vesicle pool is a good candidate
to be the structural correlatefor the release probability. Furthermore, the strong
correspondence of stained vesicles to the RRP size as determined
physiologically suggest that in general a single vesicle corresponds to a
postsynaptic quantum.
The work was supported by the Howard Hughes Medical Institute and by The
Neuroplasticity of Aging Training Grant (5 T32 AG00216) to TS.

Agmatine inhibits voltage-dependent Ca** currents in axon terminals.of rat
neurohypophysial system. G. Wang* & D, J, Reis. Dept of Neurol. &
Neurosci., Weill Med. Coil, of Cornell Univ, NY, NY 10021
Agmatine (decarboxylated arginine) is an ionic cation synthesized,
stored and released in neurons of the mammalian CNS and proposed to act
as a novel neurotransmitter/neuromodulator (Reis and Regunathan, Ann.NY
Acad Saci, 1999). Agmatine acts postsynaptically to inhibit NMDA channels
in hippocampal pyramidal cells innervated terminals containing agmatine
stored in small vesicles (Yang and Reis, JPET 1998). We sought to
determine whether agmatine also acts presynaptically. We examined the
actions of agmatine on pre-synaptic voltage-dependent ion channels of
neurohypophysial nerve terminals, a central pre-synaptic model system
(Wang et al, J. Physiol., 1997). Terminals were isolated from adult rat,
dispersed, and voltage-activated Na*, K*, and Ca** currents recorded using a
whole-cell patch-clamp approach. Agmatine (40-120 uM) did not affect the
inward Na*, transient outward A-type, nor the sustained Ca**-activated K*
currents. In about 50% of the neurohypophysial nerve terminals the whole
Ca** currents recorded with the amphotericin B-perfbrated patch method
were significantly inhibited by agmatine. This inhibition was dose-dependent
and reversible. The ICgo was approximately 4 uM and complete block could
be reached at 10 uM. No voltage-dependent block was observed. In contrast,
in the other 50% of terminals, agmatine did not inhibit Ca** currents even at
higher (40 -120 uM) concentrations. Alpha-2 and imidazoline receptor agonist
clonidine (5 uM) also inhibited the whole Ca** currents. Our present results
suggest that agmatine is a strong modulator of pre-synaptic Ca** channels
possibly via activation of specific receptors in pre-synaptic nerve terminals.
Since agmatine is stored in neurons of the hypothalamic supraoptic and paraventricular nuclei (Otake et al, Br. Res, 1997), it may have autocrine/
paracrine actions in neurohypophysial neurons.
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MODULATION OF GLUTAMATE CONCENTRATION IN THE SYNAPTIC
CLEFT OF SINGLE HIPPOCAMPAL SYNAPSES. G. Chen*, N, Harata, and
R.W. Tsien. Dept. of Mol. Cell. Physiology, Stanford Univ., Stanford, CA 94305.
Variations in the amplitude of miniature EPSCs at hippocampal synapses are largely
accounted for by wide variations in peak cleft glutamate concentration ([glu]eleft) (Liu et
al., 1999). Now we find that peak [glu]cieft during synaptic transmission at single
synapses is susceptible to modulation. Peak [glu]cIeft was assessed by use of y-DGG, a
rapidly unbinding competitive antagonist of AMPA receptors. During an EPSC, the
higher the [glu]deft, the more the displacement of antagonist, and hence the less the
antagonist inhibition (Clements et al., 1992). We first examined y-DGG inhibition of
EPSCs in autaptic hippocampal microcultures. The NMDA component of EPSCs was
eliminated by AP5 (50 pM). When [Ca2+]0 was raised from 1 to 3 mM (replacement by
Mg2+), inhibition of AMPA EPSCs by y-DGG was reduced from 54.4±3.2% (n=l 1) to
29.8+4.6% (n=8)(p<0.001), indicating a strong modulation of [gWdefthy Ca2+. With
paired-pulse stimulation, y-DGG inhibition of the 2nd EPSC was milder than that of the
1st EPSC with paired-pulse facilitation (PPF), and more severe with paired-pulse
depression (PPD). In contrast to y-DGG, CNQX, a slow unbinding antagonist, inhibited
EPSCs to a similar degree at different [Ca2+]o and with either PPF or PPD. These results
are consistent with previous work using antagonists of NMDA receptors (Tong and
Jahr, 1994), although AMPA receptors are much less sensitive to ‘spill-over’ of
glutamate from neighboring synapses. To minimize any possible spillover, we
stimulated single boutons identified by FM 1-43 staining. In the presence of TTX, an
individual bouton was stimulated with a brief current pulse between barrels of a theta
pipette, placed within 1-2 pm of the bouton. Even at single boutons, y-DGG inhibition
varied with [Ca2+]0, from 68.1 ±2.8% at 1 mM Ca2+ (n=5) to 44.5±8.0% at 3 mM Ca2+
(n=4)(p<0.05). Similar but less striking variations in y-DGG block were found at single
boutons displaying PPF or PPD. Preliminary data shows decreased susceptibility to yDGG inhibition with maturation of the hippocampal cultures, suggesting developmental
regulation of [glu]cieft. Grants are from NIH, Mathers Trust, and McKnight Foundation.

CLIMBING FIBER EXCITATORY TRANSMITTER INHIBITS
CEREBELLAR GABA-MEDIATED TRANSMISSION VIA AMPA
RECEPTOR ACTIVATION. £L Satake. F, Saitow. J. Yamada and S.
Konishl*. CREST, JST and Lab. of Mol. Neurobiol., Mitsubishi Kasei Inst,
of Life Sci., Tokyo 194-8511, Japan.
Neurotransmitters are thought to elicit diverse physiological responses
through conventional postsynaptic actions and heterosynaptic interactions.
We have explored interactions between excitatory and inhibitory synaptic
inputs in the rat cerebellar cortex by using die whole-cell recording.
Repetitive stimulation (5-50 Hz) to climbing fibers (CFs) resulted in a
reduction in the magnitude of inhibitory postsynaptic currents (IPSCs)
evoked by focal stimulation in the cerebellar cortex. The CF-induced
inhibition of IPSC increased as the number and frequency of CFconditioning stimuli were increased, and subsided within 10 sec after the
conditioning stimulation. The CF-conditioning stimulation caused a
paired-pulse facilitation and a decrease in the inverse of the squared
coefficient of IPSC variation, indicating a presynaptic locus of the CFinduced disinhibition.
An AMPA receptor-specific antagonist,
GYKI53655 (10 fiM), markedly suppressed the CF-induced inhibition of
IPSC, whereas antagonists of metabotropic glutamate receptors and NMDA
receptors had no significant effect on the CF-induced disinhibition.
Cydothiazide (10-100 pM), an inhibitor of AMPA receptor desensitization,
enhanced the CF-induced disinhibition. Furthermore, AMPA (1-3 pM)
application mimicked the CF-induced disinhibition. These results therefore
demonstrate that the CF transmitter produces not only postsynaptic
excitation on Purkinje cells but also presynaptic inhibition of GABAergic
transmission from neighboring intemeurons converging on the same
Purkinje cells, both of which are mediated by AMPA receptor activation.
The dual action of CF transmitter would ensure the Purkinje cell efferent
output from the cerebellar cortex.

323.11

323.12

ACTIVATION OF PURINERGIC RECEPTORS BY ATP INHIBITS
SECRETION IN BOVINE ADRENAL CHROMAFFIN CELLS.
A. B. Harkins* and A. P. Fox. Dept. of Neurobiology, Pharmacology and
Physiology, University of Chicago, Chicago, IL 60615.
Autoinhibition, a common mechanism observed in neurons to regulate
neurotransmission, occurs when released neurotransmitter interacts with
presynaptic autoreceptors to inhibit subsequent release. To determine whether
autoinhibition produced by ATP binding to purinergic receptors plays an
important role in catecholamine release, chromaffin cells were voltage-clamped
in the whole-cell configuration. The cells were stimulated with a train of 5 step
depolarizations from a holding potential of -80mV to +10mV (50 ms duration,
100 ms interpulse). Vesicle release was measured with membrane capacitance.
Previously, it has been shown that chromaffin cells release an endogenous
inhibitor, ATP, which inhibits Ca2+ channel currents (fyg). In agreement, our
studies showed that endogenously-released ATP inhibited Iq , by 19% resulting
in a 33% reduction of secretion. Exogenously applied ATP (100 pM) reduced
Ic, 31% compared to control cells, and inhibited both the peak of secretion by
52% and the maximal rate of secretion by 49% compared to control cells.
Prepulses to positive potentials that relieved the Ca2+ channel block largely
relieved the inhibition of secretion; the peak of secretion was restored to 87%
of control cells and maximal rate was restored to 85% ofcontrol cells. Reactive
blue-2, a P2Y receptor antagonist, blocked the inhibitory effects of ATP on both
1^ and secretion which suggests that the inhibition produced by ATP is
mediated through the P2Y subtype of purinergic receptors. In conclusion,
feedback inhibition by ATT, mediated primarily through Ca2+ channels, appears
to be an important regulator of catecholamine release in bovine adrenal
chromaffin cells. (Supported by GM-43560.)

ACTIVATION OF NICOTINIC RECEPTORS INDUCED RELEASE OF A
NEUROPEPTIDE IN BULLFROG SYMPATHETIC GANGLIA VIA A Na+ DEPENDENT MECHANISM. Yan-Yi Peng* and Ying-Jun Cao. Dept. of
Pharmac. & Physiol. Sci., Univ. of Chicago, Chicago, DL. 60637
Nicotine at very low doses (5 - 30 nM) induced large amounts of
leuteinizing hormone-releasing hormone (LHRH) release, which was monitored
as slow membrane depolarizations in the ganglionic neurons of bullfrog
sympathetic ganglia. A nicotinic antagonist, d-tubocurarine chloride (dTC)
completely and reversibly blocked the nicotine-induced LHRH release but it did
not block the nerve-firing evoked LHRH release. Thus, nicotine activated
nicotinic acetylcholine receptors (nAChRs) and produced LHRH release via a
mechanism that is different from the mechanism for evoked release. Moreover,
this release was not caused by Ca2* influx through either the nicotinic receptors
or the voltage-gated Ca2* channels because the release was increased moderately
when the extracellular solution was changed into a Ca2*-free solution that also
contained Mg2* (4 mM) and Cd2* (200 pM). The release did not depend on Ca2*
release from the intraterminal Ca2* stores either, because fura-2 fluorimetry
showed extremely low Ca2* elevation (—30 nM) in response to nicotine (30 nM).
Moreover, nicotine evoked LHRH release when [Ca2*] elevation in the terminals
was prevented by loading the terminals with l,2-bis(2-aminophenoxy)ethaneN,N,N’,N’-tetraacctic acid (BAPTA) and fura-2. Instead, the nicotine-induced
release required extracellular Na* because substitution of extracellular NaCl with
N-methyl, D-glucamine chloride (NMDGC1) completely blocked the release.
The Na*-dependent mechanism was not via Na* influx through the voltage-gated
Na* channels because the release was not affected by tetrodotoxin (TTX) (1-50
pM) plus Cd2* (200 pM). Thus, nicotine at very low concentrations induced
LHRH release via a Na*-dependent Ca2*-independent mechanism (PNAS,
95:12689-12694, 1998). Supported by NINDS (NS32429 to Y-YP).
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HUMAN FRONTAL EYE FIELDS: EYE-HEAD GAZE MOVEMENTS
INDUCED BY ELECTRICAL STIMULATION AT DIFFERENT ORBITAL
POSITIONS. O.Blanke, G. Thut, C.M. Michel, A, Pegna*, T.Landis and M,
Seeck. Departments Neurology, University Hospital of Geneva, 1211 Geneva 14,
Switzerland
Evidence from electrical cortical stimulation in man (Rasmussen and Penfield,
1948) and monkey (Crosby et ah, 1952) suggests for a long time that the frontal
eye field (FEF) controls movements of the eyes as well as the head. However, the
coordination of eye-head movements at the cortical level has most often been
studied with the head restrained from moving.
In three patients suffering from drugresistant epilepsy and undergoing
intracranial presurgical evaluation we were able to localize the FEF by means of
electrical stimulation (0.1-13 mA, 50 Hz, 0.1-2 sec). Electrically-induced eye-head
movements were analyzed in two conditions: eye in the (1) primary position or (2)
at varying eccentric orbital positions.
Eye movements were elicited in 3 patients at 15 electrodes positioned over the
posterior part of the middle frontal gyrus and induced saccadic as well as smooth
eye movements. AH eye movements were directed to the contralateral side.
However, saccadic and smooth EMs differed with respect to the site of
stimulation, elicited direction, and their association with head movements.
Concomitant head movements were often induced but only from sites that elicited
saccades. If the orbital position - prior to the onset of the electrical stimulation was deviated from the primary position - the contribution of the head to
electrically-induced eye-head movements changed as did the direction of the
elicited contralateral saccades.
These data suggest that the FEF is implicated in the generation of saccades,
smooth eye movements as well as head movements. Type of gaze movement, as
well as induced saccade direction depend on the initial orbital position.

FACILITATION OF SMOOTH PURSUIT INITIATION BY
MICROSTIMULATION OF THE SUPPLEMENTARY EYE FIELDS. M. Missal*
and S. J. Heinen. The Smith-Kettlewell Eye Research Institute, San Francisco, CA.
The supplementary eye fields (SEF) play an important role in saccade
generation. Previously, we showed that microstimulation here during pursuit trials
could result in either excitatory or inhibitory effects on pursuit depending on the
timing of the stimulation (Heinen 1996). In the present study, we describe a
facilitatory effect of microstimulation on pursuit initiation.
Monkeys pursued a target that stepped to an eccentric position and then
moved at a constant velocity. Stimulation was delivered through tungsten
microelectrodes lowered in the dorsomedial frontal cortex. Stimulation trains
consisted of 300 Hz bipolar pulses that had a duration of 100-400 ms. Current
intensity ranged from 25-200 pA.
Stimulation at pursuit onset increased the duration and amplitude of initial
eye acceleration. As measured 150 ms after pursuit onset, the eye could reach a 25%
higher pursuit velocity compared to controls. Facilitation was usually observed with
a 50 pA stimulation. Maximum facilitation was observed when a 200 ms stimulation
started 50-100 ms before target motion onset. The initial catch-up saccade was often
delayed but the latency ofsaccades ofthe same amplitude to stationary targets was not
affected. Furthermore, saccades were not evoked at sites where pursuit facilitation was
observed. Smooth eye movements could be evoked during fixation of a stationary
target but only if the animal was preparing a pursuit movement.
The results further support the role of the SEF in pursuit and suggest that this
area plays an important role in planning the sequence of smooth pursuit and saccades
that bring the fovea on a moving target.
Sponsored by the Human Frontier Science Program and NIH grant EYl 1720.
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324.3

324.4

THE TOPOGRAPHIC ORGANIZATION OF SIGNALS SENT FROM FRONTAL
EYE FIELD TO SUPERIOR COLLICULUS. M. A. Sommer* & R. H. Wurtz. Lab. of
Sensorimotor Research, N.E.I, N.I.H., Bethesda, MD 20892.
The neocortical control of saccades is thought to be mediated in part via the
projection from frontal eye field (FEF) to superior colliculus (SC), based on evidence
that this projection carries saccadic discharges (Segraves & Goldberg, 1987), that
stimulation of FEF influences SC neuronal activity (Schlag-Rey et al., 1992), and that
combined ablation of both structures devastates saccadic behavior (Schiller et al.,
1980). Topographies of neuronal discharge exist in the SC, e.g. visual and motor field
eccentricities decrease from caudal to rostral. We studied whether signals carried in
the FEF to SC projection are organized spatially at the level of either the FEF or the
SC. Corticotectal neurons (n=138) were isolated in FEF using antidromic stimulation
methods described previously (Sommer & Wurtz, 1998). Location of a neuron in the
FEF was estimated from the recording depth and from the entrance site and angle of
penetration as revealed by magnetic resonance imaging. Location of a neuron’s axonal
termination along the rostrocaudal axis of the SC was estimated by comparing current
threshold for activation using rostral vs. caudal SC stimulating electrodes. Neuronal
signals were characterized by mapping visual and movement fields and by running
monkeys on delayed-saccade tasks. We found several types of spatial organization in
the FEF to SC projection. First, neurons with highly eccentric visual or movement
fields were located in mediodorsal FEF and projected to caudal SC, whereas neurons
with less eccentric visual or movement fields were located in more lateroventral FEF
and projected to more rostral SC. Therefore an eccentricity map exists in FEF that
projects directly onto the map in SC. Second, within FEF, neurons with predominantly
visual responses tended to be found laterally, neurons with predominantly saccadic
discharges tended to be found medially, and neurons with delay activity tended to be
found dorsally. Third, in SC, projections carrying saccadic signals tended to terminate
caudally and projections carrying foveal visual responses tended to terminate rostrally.
These results provide direct evidence that function is tightly related to structural
organization in the FEF to SC projection. Supported by the N.E.I.

REPRESENTATION OF A DECISION VARIABLE IN THE OCULOMOTOR
SYSTEM DURING A DIRECTION DISCRIMINATION TASK. T.I, Gold*
and M.N. Shadlen. Dept. of Physiology and Biophysics and Regional
Primate Research Center, Univ. of Washington, Seattle, WA 98195.
We trained two rhesus monkeys to perform a direction discrimination
task near psychophysical threshold. Following a motion-viewing period of
variable duration, the monkey indicated his judgement by making an eye
movement to one of two visual targets. The monkeys' behavioral
performance depended critically on the strength of motion and the viewing
duration of the stimulus. These factors are thought to be incorporated into a
decision variable that guides the selection of an eye movement. We
hypothesized that such a decision variable might be represented within
the oculomotor system during motion viewing.
We assayed the state of the oculomotor system during the motionviewing period by eliciting eye movements with electrical microsimulation
of the frontal eye field. Microstimulation typically elicited an eye movement with a short, consistent latency, ending the motion-viewing period.
Subsequently, the monkey made a second, voluntary saccade to one of the two
targets, thereby indicating his direction judgement The trajectory of the
electrically elicited saccade reflected both the direction of eye movements
evoked in darkness and the direction of the monkey's judgement, which is
consistent with a process of vector averaging. In addition, the trajectories of
eye movements elicited electrically during the motion-viewing period
varied systematically with the strength of motion and the viewing duration
of the stimulus. The results suggest that, for this task, the oculomotor system
has access to the decision variable that describes the ongoing transformation
of motion information into the monkey's perceptual judgement.

324.5

324.6

COLLICULAR NEURONS PREDICT PERCEPTUAL DECISIONS IN
THE ABSENCE OF SACCADE PLANNING. G.P, Horwitz* and W.T.
Newsome. Howard Hughes Medical Institute and Dept. of Neurobioiogy,
Stanford University, Stanford, CA 94305.
We have reported (ARVO '96) that prelude (or "build-up") cells in
the superior colliculus (SC) "predict" the decisions of monkeys
performing a 2AFC direction discrimination task. Monkeys discriminated
between opposed directions of motion in a visual display and reported
their judgment by making a saccade to a visual target lying in the
perceived direction of motion. In this task, the operant saccade could be
prepared as soon as motion direction was discriminated; predictive SC
activity could thus be related to either process.
We therefore trained a naive monkey on a new version of the task
that temporally separated the processes of decision making and saccade
planning. This monkey viewed the motion stimulus and remembered its
decision during a delay period preceding the appearance of a pair of
saccade targets; target locations were randomly varied across trials,
preventing the monkey from anticipating the metrics of the operant
saccade. Thus, during the delay period, the monkey could not plan the
operant saccade and was forced to remember the motion direction per se.
Approximately 10% of deeper layer SC neurons predicted decisions made
in finis task. These neurons were most active during trials in which the
monkey reported that motion flowed toward the response field, even
though the great majority of potential target locations lay outside the
response field. Thus the "abstract" memory of motion direction is linked
to the topography of the SC map, suggesting that the monkey employs an
inherently spatial strategy for encoding its decision.
Supported by NEI, HHMI and the Human Frontiers Science Program.

Multi-Electrode Recordings During a Decision-Making Task in Monkey
Superior Colliculus. N. L. Port*, D. P. Hanes and R. H Wurtz. Laboratory of
Sensorimotor Research, National Eye Institute, NIH, Bethesda, MD, 20892.
In this experiment, multiple electrode recording techniques were employed
to determine at what point in time an outside observer could predict to which of two
targets a monkey’s upcoming saccade would be made. Specifically, neuronal pairs
were recorded from two electrodes in the intermediate layers of the superior
colliculus while a monkey performed a detection-discrimination task with multiple
targets. Whereas previous investigations using detection-discrimination tasks have
recorded neurons one at a time, multiple simultaneous recording allows activity to
be analyzed on a trial by trial basis, and therefore provides a more direct measure of
the neural processes underlying behavior.
In the task, targets appeared in pairs either simultaneously or with one of
four brief temporal asynchronies. For asynchronous target pairs, either target could
appear first, resulting in a total of 8 asynchronous target conditions. Two additional
target conditions, in which target 1 or 2 appeared alone, were also included, for a
total of 11 target conditions. Four temporal asynchronies in 50 ms steps (50, 100,
150 and 200 ms) were gradually reduced to 6 ms (6, 12, 18 and 24 ms) as the
monkey’s performance improved. In the single and asynchronous targets, the
monkey was rewarded if a saccade was made to the target which appeared first; in
the simultaneous condition, the monkey was rewarded 50% of the time. Target 1
and target 2 were positioned in the center of the movement field of neuron 1 and 2,
respectively. For the simultaneous target condition in some cells, the target to
which the monkey would saccade could be predicted within 75 to 130 ms after the
targets appeared when comparing the two cells simultaneously. Analyzing a single
cell, one could predict whether the monkey would saccade into the movement field
of that cell 103 ms (± 16 ms Std. Err.) after appearance of the two targets
simultaneously. Supported by the N.E.I.

Supported by RR00166, EY11378 and the McKnight Foundation.

324.7

324.8

IMMEDIATE NEURONAL PLASTICITY SHAPES
SACCADIC
REACTION TIMES. M.C, Dorris*. M, Pare. D.P, Munoz. MRC Group in
Sensory Motor Neuroscience, Department of Physiology, Queen’s
University, Kingston, Ontario, K7L 3N6, Canada
The consolidation of motor skills necessitates long-lasting changes in the
nervous system. Such plasticity has been documented in motor systems after
training and long-term adaptation. However, there has been no
demonstration of immediate use-related changes that may reflect the
processes underlying the gradual improvement of motor performance. To
address this issue, we explored the changes in performance (reaction time)
of three rhesus monkeys trained to perform the gap saccade paradigm.
Simultaneously, we recorded the preparatory activity of saccade-related
neurons in the superior colliculus while the monkey made saccades to targets
that were presented with equal probability either within or opposite the
response field of the neuron. This preparatory activity predicted the ensuing
reaction time of saccades directed into a neuron’s response field. Similar to
sequential effects observed in human manual responses, each monkey
displayed reaction times to target locations that were organized in a
sequential pattern, becoming progressively shorter with each preceding
compatible movement and longer with each preceding incompatible
movement. This sequential pattern of performance modification was
associated with changes in neuronal preparatory activity of similar
magnitude and configuration. The sequential patterns displayed by both
behavior and neuronal activity was immediate, progressive, and reversible
which suggests that motor signal properties are continuously shaped by userelated experience and the resultant changes can be regarded as a precursor
for the adaptation of motor behavior.
Supported by MRC Canada.

EFFECT OF SUPERIOR COLLICULUS INACTIVATION ON SACCADES
EVOKED BY FRONTAL EYE FIELD STIMULATION. D.P. Hanes*, R.H. Wurtz.
Lab. of Sensorimotor Research, National Eye Institute, Bethesda, MD 20892, USA.
Converging lines of evidence indicate that the frontal eye field (FEF) and superior
colliculus (SC) are both intimately involved in saccade generation in rhesus monkeys.
Neurons in both areas discharge before saccades, low threshold stimulation evokes
saccades, and reversible inactivation of either area impairs saccades. Both regions
have anatomical connections with the brainstem oculomotor system and the FEF
projects indirectly to the brainstem system through the SC. It has been clearly shown
that lesions of either the FEF or SC result in an initial impairment of saccades that
recovers over time. In addition, SC ablation does not eliminate saccades evoked by
stimulation of the FEF 6-12 months after the lesion. Paired ablation of both structures
produces severe and relatively permanent deficits (Schiller et al., 1980, J Neurophys,
44:1175). These findings have led to the prevailing view that the FEF and SC
constitute functionally independent circuits for saccade generation. In these previous
studies, however, the behavioral effects of the SC lesion were assessed after sufficient
time for neural plasticity to compensate for the SC lesion. Thus, the functional
significance of the FEF-brainstem circuit in the “normal” monkey remains unknown.
In the present experiments we assessed the contribution of FEF by electrical
stimulation to produce saccades combined with SC lidocaine injections to test the
immediate effects of SC removal. We found that if the vectors of saccades
represented at the FEF and SC sites initially were similar, the injection of lidocaine
into the SC resulted in the inability to evoke saccades from the FEF, even at suprathreshold currents. If the FEF and SC vectors initially were disparate or the injection
volume small, FEF stimulation always evoked saccades but the evoked vector was
systematically modified. These results demonstrate that to evoke saccades from FEF
in the “normal” monkey the SC must be intact. This suggests that a large portion of
the effect of FEF stimulation is mediated through SC, and thus, the FEF and SC do not
represent functionally independent circuits for saccade generation. Supported by NEI
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324.10

Neural Control of Saccade Target Selection During Visual Search. A.Murthv*,
K.G. Thompson, and J.D. Schall. Vanderbilt Vision Research Center, Dept. of
Psychology, Vanderbilt University, Nashville, TN 37240.
In previous studies we investigated saccade target selection in macaque frontal eye
field (FEF) during pop-out visual search tasks (Schall & Thompson, 1999, Annu. Rev.
Neurosci. 22: 241). We have shown that visual neurons in FEF select the target from
distractors before saccades are made. Here, we explore the brain mechanisms
controlling target selection. Specifically, can visual target selection be influenced by
new perceptual information? If so, how late can perceptual information influence
motor programming?
To address these issues, neural activity was recorded from the FEF of monkeys
trained to make a saccade to an oddball stimulus among an array of distractors. On
random trials the target and one distractor were switched at variable intervals after
array presentation; monkeys were rewarded for canceling the original movement and
executing a movement to die new target. A race model was used to analyze
performance to estimate the time required to compensate for the target-distractor
switch. This compensation time was approximately 100 ms. Saccades that occur
before the compensation time were directed to the initial target; saccades with
latencies greater than the compensation time were directed to the new target position.
To play an active role in target selection, a neuron must discharge differently when
monkeys compensate for the target step compared to when the monkeys respond to
the original target location. This difference must arise before the compensation time.
Analysis of neural activity recorded in FEF indicated that visually responsive
neurons are modulated early enough to play a direct role in selecting targets to guide
eye movements.
(Supported by NEI R01 08890 and McKnight.)

MONKEYS PERCIEVE THE DUNCKER ILLUSION
K.D. Powell*, A.Z. Zivotofsky, M.E. Goldberg. Laboratory of Sensorimotor
Research, NEI, NIH, Bethesda, MD 20892.

324.11

324.12

DISCHARGE PROPERTIES OF LATERAL INTRAPARIETAL AREA NEURONS
ANTIDROMICALLY ACTIVATED BY FRONTAL EYE FIELD STIMULATION.
S. Ferraina*, M. Par6, R.H. Wurtz, Lab. of Sensorimotor Research, National Eye
Institute, N.I.H., Bethesda, MD 20892.
The lateral intraparietal area (LIP) and the frontal eye field (FEF) are intimately
involved in the generation of saccades. Anatomical studies have shown that these
cortical areas are interconnected and project to the intermediate layers of the midbrain
superior colliculus (SC). Although the characteristics of the sub-cortical projections of
these two cortical areas have been studied physiologically, the functional
characteristics of the cortical connection between them are unknown.
We have now recorded the activity of LIP neurons that project to FEF in two
monkeys performing visuo/oculomotor tasks. More than 100 area LIP neurons were
antidromically activated (positive collision test) by stimulating electrodes located in the
FEF, and -100 neurons were antidromically activated from SC. FEF and SC projection
neurons were anatomically segregated, indicating that the two groups of neurons are
located in distinct layers. The median antidromic response latency was 1.8 ms for both
neuronal groups. Given the shorter distance to FEF this implies that they have different
axon diameters, thus different soma sizes. Surprisingly, 50% of the FEF and 15% of
SC projection neurons were not modulated in visual and memory delayed saccade
tasks. For the modulated neurons, the onset of visual stimuli triggered activity that
remained sustained during the delay period and often peaked just before saccades
directed to a restricted region of space. The frequency and magnitude of the visual
activity as well as the visual dependence of their delay activity were larger for FEF
than for SC projection neurons. We also tested the sensitivity of the visual responses to
disparity and found that the activity of nearly all FEF and SC projection neurons was
tuned in depth, thereby indicating that these neurons - and possibly the unresponsive
ones - have complex receptive fields. In conclusion, despite similarities between the
discharge properties of FEF and SC projection neurons, the cortico-cortical projection
seems to carry stronger visual signals.
Supported by the N.E.I. and the H.F.S.P.O.

VISUAL MOTION SIGNALS FROM THE VENTRAL INTRAPARIETAL AREA
TO THE SACCADIC SYSTEM. M. Pare*, S. Ferraina, R.H. Wurtz. Lab. of
Sensorimotor Research, National Eye Institute, N.I.H., Bethesda, MD 20892.
Rhesus monkeys can make saccades to both stationary and moving visual stimuli, but
the access of the primate saccadic system to motion signals has been studied only
partially. In the course of our investigations of the output channels of parietal cortex to
the saccadic system, we have identified a subset of neurons that exhibit strong visual
motion sensitivity. These neurons were concentrated within the ventral intraparietal
(VIP) area and most (80%) were antidromically activated by stimulating electrodes
located among saccade-related neurons in the intermediate layers of the superior
colliculus (SC); the reimander were activated from stimulating electrodes in the frontal
eye field (FEF). Since only the VIP projection to FEF has been shown anatomically,
this is therefore the first demonstration that VIP contacts the SC.
The identified VIP output neurons responded exclusively to visual motion. No
saccade-related activity was ever observed. Using single-bar, random-dot, and opticflow stimulations, we found that these identified VIP neurons were selective for the
direction and the speed of visual motion, the preferred direction of motion being often
away from the visual axis. As reported by Colby et al. (J. Neurophysiol., 1993), some
VIP neurons responded best to ultra-near stimuli. A small fraction of visual motion
sensitive neurons within the lateral intraparietal (LIP) area were also antidromically
identified from the SC, but these neurons commonly also displayed some saccaderelated activities.
These findings indicate that VIP and LIP neurons can provide information about the
motion of visual stimuli to saccade-related neurons in the SC and FEF. Nevertheless,
these signals must somehow be integrated because directional-selective visual motion
signals are not generally observed in the stimulus-related responses of SC and FEF
saccade-related neurons, even though these neurons do discharge for saccades made to
moving stimuli.
Supported by the N.E.I. and the H.F.S.P.O.

When a humans view a target moving orthogonally to a linear flow field, they
think that it is moving diagonally, with a component in the direction opposite the
flow field, (the Duncker illusion). When they track the stimulus with smooth
pursuit, they think their eyes are moving diagonally, but their actual pursuit is
quite accurate. However, when they make saccades to remembered targets flashed
briefly before or during the pursuit epoch, the saccades are inaccurate as if the
subjects compensated for the illusory eye movement. Monkeys make the same
saccadic error, but whether they actually perceive the illusory stimulus or eye
movement has not been tested. To answer this question, we trained 2 monkeys to
pursue a target moving upward with a small horizontal component. After the
target disappeared two stationary targets appeared, separated horizontally by 15°
and centered 10° above the end point of the smooth pursuit. The monkeys then
had to make a saccade to the stationary target that was displaced from the vertical
meridian in the same direction as the horizontal component of the pursuit
trajectory. After the monkeys learned to do this with at least 75% accuracy, we
incorporated a background of random dots which moved horizontally as the
pursuit target moved vertically, creating the Duncker illusion in human observers.
The monkeys’ decision about the horizontal component of pursuit was distorted by
the direction of background motion, in the manner predicted by the human
response to the Duncker illusion. We conclude that monkeys perceive the
Duncker illusion in a fashion similar to humans: they allow their discrimination
decisions to be affected by the illusory stimulus motion induced by an orthogonal
linear flow field, and behave as if they are unaware of their actual eye trajectories
during smooth pursuit
Supported by the National Eye Institute.

AXON GUIDANCE MECHANISMS AND PATHWAYS II

325.1

325.2

TARGETED EXPRESSION OF A DEFECTIVE RETROGRADE
MOTOR DISRUPTS SYNAPSE FORMATION IN THE GIANT FIBER
SYSTEM OF DROSOPHILA. R.K, Murphey* and M.J. Allen, Dept.
Biology, University of Massachusetts, Amherst, MA 01003.
The Drosophila Glued 1 mutation was originally isolated in a screen
for defects in the eye. GI1 mutants produce a truncated protein that
acts as a poison subunit and disables the cytoplasmic retrograde motor.
Heterozygotes of these mutants have axonal defects in the adult eye
and in the CNS. In heterozygous (GINf ) specimens synapse formation
by the GF appeared morphologically normal. However, when we
targeted the poison subunit selectively in the neurons of the Giant
Fiber System synaptogenesis between the Giant Fiber (GF) and one of
its targets the tergotrochanteral motor neuron (TTMn) was disrupted.
Growth and path finding by the GF axon and the TTMn dendrite in
the transgenic animals was normal but the distal end of the GF axon
failed to grow laterally along the TTM dendrite and instead became
swollen with large vesicles. This was a presynaptic defect since
expression restricted to the GF resulted in a similarly defective GFTTMn synapse. Physiologically the defective synapse exhibited a
longer latency, and lower following frequency than in wild type. These
physiological defects were phenocopied when tetanus toxin was
expressed in the GFs. Since the GF-TTMn is thought to be a mixed
electro-chemical synapse the results show that Glued has a role in
assembling both the chemical and electrical component of the synapse.
The retrograde motor is therefore required for correct synaptogenesis
and we speculate that a retrograde signal must be transported from
synapse to soma in order for synapse maturation to occur. Supported
by grants from the NIH and NSF.

Disruption Of Topographic Hippocamposeptal Projection by A Dominant
Negative EphA5 receptor mutation. Y. YUE.l* J. SU.L C. J. DENG-rt. B.
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ZHOU.U. IDept. of Chemical Biology, College of Pharmacy, Rutgers
University, Piscataway, NJ 08855. 2 Amgen, Inc., Thousand Oaks, CA 91320.
3National Cancer Institute, Frederick, MD 21702.
Hippocampal neurons project topographically to the septal target. Medial
hippocampal axons terminate specifically in the dorsal lateral septum, while
lateral hippocampal neurons project to the ventral lateral septum. The present
study investigated the developmental expressions of EphA subfamily receptors
and their ligands in the hippocampus and septum, respectively. We showed that
EphA3, A5, A6 and A7 are expressed in lateral (low)-medial (high) gradients in
the hippocampus. In contrast, the ligands of the receptors, ephrin-A2, A3, and A5
are transcribed in dorsal (low)-ventral (high) gradients in the lateral septum.
Consistent with these observations, we have shown that ephrins specifically
eliminate axons from topographically inappropriate medial hippocampus neurons,
while having little effects on the lateral neurons. To examine the roles of EphA
receptors and ligands in vivo, we generated transgenic mice expressing a truncated
EphA5 receptor, which lacks the tyrosine kinase domain, under the transcriptional
control of a neuron-specific a-tubulin promoter. Mice carrying moderate levels
of the transgene breed normally. However, Dil tracing of hippocampal projections
showed that the terminal field of the dorsal hippocampal neurons move
significantly yentroward. Our studies provide both in vitro and in vivo evidence
that the EphA receptors and ligands play essential roles in the topographic
mapping of hippocampal terminals in the septal target.
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LAMINAR SPECIFICITY OF LOCAL CORTICAL CIRCUITS IN EPHRINA5 KNOCKOUT MICE. N.H. Yabuta* and E.M. Callaway. Systems Neurobiology
Laboratories, The Salk Institute for Biological Studies, La Jolla, CA 92037.
The development of layer-specific local cortical circuits is believed to be
regulated by molecular cues that distinguish different layers. A recent study has
implicated ephrin-A5 as a molecular marker for layer 4 (Castellani et al, 1998, JNS
18:4663-4672). It has been suggested that ephrin-A5 prevents branching within layer
4 of axons from layer 2/3 and layer 5 pyramidal neurons and may enhance the growth
within layer 4 of axons from layer 6 pyramids.
We have tested these hypotheses by studying the laminar specificity of axonal
arbors in the barrel cortex of ephrin-A5 knockout mice and their wild-type
littermates. Living brain slices were prepared from SI barrel cortex of 36-47 day old
mice and individual neurons were intracellularly labeled with biocytin. Slices were
fixed, resectioned and double-stained for biocytin to visualize axonal and dendritic
arbors and for cytochrome oxidase to visualize laminar boundaries and barrels. The
axonal and dendritic arbors of neurons were reconstructed using a Neurolucida
computerized system.
We find that local axonal arbors are highly specific for the correct layers in both
wild-type and ephrin-A5 knockout mice. Specifically, the axons of layer 2/3 and
“short” layer 5 pyramids arborize very densely in layers 2/3 and 5, but much less or
not at all in layer 4. The laminar patterns of axonal growth from layer 6 pyramids are
varied in both wild-type and knockout mice, suggesting the presence of multiple cell
types. Thus we did not detect any difference in axonal laminar specificity between
wild-type and knockout mice. However, more detailed quantitative analyses may
reveal very subtle differences.
We are currently assaying the expression of other ephrins (e.g. ephrin-A2) in the
barrel cortex of wild-type and ephrin-A5 knockout mice to determine whether there
may normally be redundancy of molecular cues or whether, in the ephrin-A5
knockouts, there may be developmental compensation.
This research is funded by NIH Grants RO1-EYI0742 and F32-EY06837.

IN VIVQ ANALYSIS OF NEUROPILIN-2 FUNCTION
R.J. Giger1. M. Geppert2, J.-F. Cloutier*. R.K. Prinjha3. S. Pickering2, S.E. Moore3,
D.L, giqupon$\ g, Raston2, AX- Kplodkin!.*, D.P. Ginty!,.F.$^Walsh\
‘Dept. of Neuroscience, Johns Hopkins University School of Medicine, Baltimore,
MD, 21205;2Dept. of Comparative Genetics and 3Dept. of Neuroscience, SmithKline
Beecham, Harlow, Essex, CM 19 5AW, UK.
The semaphorins are a large phylogenetically conserved family of secreted
and membrane bound glycoproteins, several of which function as repulsive axon
guidance cues. The axonal cell surface protein neuropilin-1 (Npn-1) is a receptor for
the secreted semaphorin Sema3A (Sema III/Coll-1). Npn-1 is required for Sema3A
function and is found on the axons and growth cones of all Sema3A-responsive
neurons. In a search for additional semaphorin receptors, a Npn-1-related protein
called Npn-2 was identified. Npn-1 and Npn-2 share a common domain structure
and are expressed in the developing nervous system in partially overlapping yet
distinct distribution patterns. In sympathetic neurons Npn-2, but not Npn-1, is a
functional receptor for Sema3F (Sema IV). Importantly, during development
Sema3F and Npn-2 are expressed in strikingly complementary patterns, supporting
the notion that Sema3F functions as a repulsive guidance cue for numerous fiber
tracts that express Npn-2. We have now generated mice containing a targeted
mutation in Npn-2 in order to gain further insight into the role played by Npn-2 in
mediating repulsive responses to individual secreted semaphorins in vivo.
Sympathetic neurons from Npn-2-/- mice are not repelled by Sema3F and no
evidence of Sema3F binding to endogenous receptors in Npn-2 deficient neural
tissues is observed. Npn-2-/- mice are bom at slightly lower than predicted ratios
and are grossly indistinguishable from their littermates at birth. However, many
Npn-2-/- mutants suffer from severe growth retardation and show defects in several
neuronal tracts that normally express Npn-2, showing that Npn-2 is required in vivo
for correct axonal pathfinding.
Supported by grants from NIMH/NIH, NARSAD, MRC of Canada, and
SmithKline Beecham.
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WINGED HELIX TRANSCRIPTION FACTOR Fkh5 CONTROLS ACCES
OF MAMMILLOTHALAMIC AXONS TO THE THALAMUS. G. AlvarezBolado*. X, Zhou and P, Grass. Max-Planck Institut of Biophysical
Chemistry, D-37077 Gottingen, Germany
The mammillothalamic tract is an axonal bundle that links the nuclei of
the mammillary body (situated in the caudal hypothalamus) to the
anterior thalamus, closing a much-researched circuit involved in memory.
In mice deficient in transcription factor Fkh5, there is a perinatal deletion
of the largest nucleus of the mammillary body (medial mammillary
nucleus; Wehr et al., 1997). In order to test the hypothesis that the Fkh5
mutation exerts its effects through alteration of mammillary axonal
development, we have generated new Fkh5-deficient mutant mice lines
which carry the tau/lacZ fusion gene (Mombaerts et al., 1996) under the
control of Fkh5 regulatory elements.
Here we report that, in these mutants, navigating axons of the
developing mammillothalamic tract are deflected upon contacting the
ventral boundary of the target region (dorsal thalamus) and prevented
from entering it. Most neurons originating these axons suffer apoptosis
within five days following their failure to reach this target. The other
two branches of the mammillary axonal complex (mammillotectal and
mammillotegmental) are not affected by the mutation. Our findings
indicate that access to the target region by the mammillothalamic tract is
independently controlled by Fkh5, while the other two axonal branches of
the mammillary body navigate under the control of other factors.
P. Mombaerts et al., Cell (1996) 87:675-686
R. Wehr et al., Development (1997) 124:4447-4456
Supported by the Max-Planck Gesellschaft

TURNING OF NERVE GROWTH CONES INDUCED BY FOCAL
PHOTOACTIVATED RELEASE OF CAGED CALCIUM IONS.
J.O, Zheng*. Dept. of Neurosci. & Cell Biol., UMDNJ-Robert Wood
Johnson Medical School, Piscataway, NJ 08854.
Guidance of elongating axons during development depends on the
turning of the motile tip, the growth cone, in response to a variety of
surface-bound and diffusible extracellular cues. Little is known about
the cellular mechanism by which a growth cone retrieves and relays the
direction intracellularly to its motility apparatus for directed movement.
Ca2+ is known to be involved in various aspects of growth cone motility.
A gradient of elevation in intracellular Ca2+ concentration ([Ca2+]j) at the
growth cone has been suggested to intracellularly encode the direction
for growth cone turning. Here we report that a spatially-restricted,
subcellular elevation of [Ca2+]; on one side of the growth cone by focal
laser-induced photolysis (FLIP) of caged Ca2+ was sufficient to initiate a
turning response of the growth cone towards the side of focal [Ca2"],
elevation (attraction). Furthermore, when the resting level of [Ca2+]; in
the neurons was lowered, same focal elevation of [Ca2+} at the growth
cone induced a repulsive turning response. These results provide the
first direct evidence that a [Ca2+], gradient at the growth cone can encode
the direction for growth cone extension and is sufficient to initiate either
attractive or repulsive turning process, depending on the resting level of
[Ca2+]j which could be regulated by cell’s interactions with the
environment during development. Supported by a grant from NIH.

325.7

325.8

THE ZEBRAFISH GENE DIWANKA CONTROLS AN EARLY STEP
OF MOTOR GROWTH CONE MIGRATION J.Zellerand M.
Granato* Dept. of Cell & Developmental Biology, Univ. of
Pennsylvania, PA 19104.
During vertebrate embryogenesis different classes of motor
axons exit the spinal cord and migrate on common axonal paths into
the periphery. Surprisingly little is known about how this initial
migration of motor axons is controlled by external cues. Here, we
show that the diwanka gene is required for growth cone migration of
three identified subtypes of zebrafish. motorneurons. In diwanka
mutant embryos motor growth cone migration within the spinal cord
is unaffected but is strongly impaired as motor axons enter their
common path to the somites. Chimera analysis shows that diwanka
gene activity is required in a small set of myotomal cells, called
adaxial cells. We identified a subset of adaxial cells to be sufficient
to rescue the diwanka motor axon defect. Moreover we show that
this subset of adaxial cells delineates the common axonal path prior
to axonogenesis, ,and we show that interactions between these
adaxial cells and motor growth cones are likely to be transient. The
studies demonstrate that a distinct population of myotomal cells
plays a pivotal role in the early migration of zebrafish motor axons
and identify the diwanka gene as a somite-derived cue required to
establish an axonal path from the spinal cord to the somites.
Supported by an NSF grant to MG

REGULATION OF COMMISSURAL INTERNEURON AXON GUIDANCE
BY cAMP SIGNALING IN VIVO. Timothy M, Gomez*, and Nicholas C. Spitzer.
Department of Biology and Center for Molecular Genetics, UCSD, La Jolla CA
92093.
Commissural intemeurons (CI) of the vertebrate central nervous system are attracted
to a diffusible source of netrin emanating from the floorplate. Once at the floorplate,
CI growth cones lose their responsiveness to netrin, which may allow growth beyond
this intermediate target (Shirasaki, Katsumata, & Murakami, 1998). Interestingly,
growth cones of Xenopus spinal neurons have been shown to switch their
responsiveness to netrin from attraction to repulsion in culture in a PKA-dependent
manner (Ming et al., J 997). Together these findings suggest that CI growth cones
switch from being attracted to being repelled by netrin at the floorplate due to changes
in the levels of intracellular cAMP and PKA activity.
To test this hypothesis, we have examined the effect of PKA inhibitors on CI axon
guidance in the developing Xenopus spinal cord. Using neural-specific B-tubulin as a
marker for all axons and anti-glycine staining as a specific label for Cis, we first
determined the normal trajectories taken by Cis from the point of axon initiation near
the dorsal fascicle until they turn onto the contralateral ventral fascicle. By
examining embryos at successively later stages, we have determined that the initial
growth of CI axons to the floorplate region appears rapid. Furthermore, by
visualizing the ventral surface of the spinal cord, we find that Cis normally decussate
slowly through the floorplate, in a well-ordered but unfasciculated manner. After
leaving the floorplate, CI axons resume more rapid growth and normally turn to
ascend and/or descend along the ventral fascicle only after reaching the contralateral
side. In contrast, when Cis are allowed to develop in the presence of PKA inhibitors
(Rp-cAMPs, KT5720 or myristoylated PKI peptide), we find specific defects in axon
pathfinding. The initial growth of Cis from the dorsal fascicle past the ventral
fascicle and into the ipsilateral floorplate appears unperturbed when PKA is inhibited.
However, we observe that some CI axons stall near the midline of the spinal cord and
occasionally turn inappropriately and fail to cross to the contralateral side in the
presence of these agents. Motoneuron pathfinding, on the other hand, appears
unaffected by this treatment. We are currently investigating whether overactivation of
PKA leads to failure of CI growth cones to leave the floorplate.
Supported by NIH F32 NS 10253 (TMG) and NIH NINDS NS 15918 (NCS).
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DECREASES IN EVOKED OVERFLOW OF DOPAMINE IN THE
SUBSTANTIA NIGRA OF AGED RHESUS MONKEYS. G.A. Gerhardt1,
W.A. Cass, Z. Zhang, and D.M. Gash*. Department of Anatomy and
Neurobioiogy, University of Kentucky College of Medicine, Lexington, KY
40536, ’Department of Psychiatry, University of Colorado Health Sciences
Center, Denver, CO 80262
Changes in motor performance and development of parkinsonian signs are
common in humans as they age, and aged rhesus monkeys show similar
decreases in motor performance. The nigrostriatal dopamine (DA) system is
known to play important roles in motor control and may be involved with
these age-related decreases in motor function. The present study used in vivo
microdialysis to examine basal and evoked overflow of DA in the putamen
and substantia nigra (SN) of behaviorally tested young adult (8-9 years),
middle-aged (14-17 years), and aged (23-28 years) rhesus monkeys. MRIguided stereotaxic coordinates were used for positioning microdialysis probes
into the putamen and SN of isoflurane anesthetized monkeys. Following the
collection of four basal 30-min fractions, DA overflow was stimulated by
including excess potassium (100 mM) in the perfusate for one fraction
followed 2-hrs later by local application of amphetamine (250 pM) for one
fraction. Basal levels of DA were not significantly decreased in either the
putamen or SN. However, there was a trend for reduced basal levels of DA
metabolites in the putamen and significant decreases in metabolites in the SN.
Evoked overflow of DA in the putamen was not statistically different between
the age groups. In contrast, amphetamine-evoked overflow of DA in the SN
was significantly reduced in an age-related manner. These results suggest that
functional changes occur in the somatodendritic release of DA in rhesus
monkeys during aging. Supported by USPHS grants AG 13494 and AG06434.

IN VIVO MICRODIALYSIS STUDIES OF DOPAMINE
OVERFLOW IN YOUNG VERSUS AGED F344 RATS. J.A.
Stanford1,4*, K. Giardina1,4, and G.A. Gerhardt',2’3’4. Depts. of
’Psychiatry and Pharmacology, 3Neuroscience Training Program and
4Rocky Mountain Center for Sensor Technology, University of
Colorado Health Sciences Center, Denver, CO 80262.
Intracerebral microdialysis was used to measure basal levels and
potassium (K+)-stimulated overflow of dopamine (DA),
dihydroxyphenylacetic acid (DOPAC), and homovanillic acid (HVA)
in the dorsal striatum of young (6 months) and aged (24 months)
Fischer 344 (F344) rats. In the present study, low, moderate, and high
concentration K+ stimuli (10-100 mM) were used to determine a doseeffect for K+ -evoked DA, DOPAC, and HVA overflow in the two age
groups. Generally, DA overflow was greater in the aged rats following
infusion of low-dose K+ stimuli. As the K+ dose increased, DA
overflow tended to equalize between the two age groups. Although
previous studies have not revealed significant age-related differences
in K+-stimulated DA overflow, these studies typically utilized a
single, high-eoncentration (>50 mM) K+ stimulus. This age-related
difference may be the result of diminished DA regulation in the aged
rats.

326.3

326.4

DOPAMINE AND AGING: CONTROL OF THE AMOUNT OF GROOMING AND
STEREOTYPY OF SEQUENTIAL PATTERNS. J.W. Aldridge, K.C. Berridge*.
Depts. of Neurology and Psychology, University of Michigan, 1103 E. Huron,
Ann Arbor, MI 48104.
We investigated the idea that the age-related decline in striatal dopamine
would produce a change in syntactic (rule driven sequences), dopaminedependent grooming sequences coded by the neostriatum. The grooming
behavior of Fischer/Brown Norway rats (n=30) of three age groups (6, 19, and
25 months) was video-taped in one-hour sessions. Rats were tested with a
vehicle, DI or D2 agonists (3 doses each, DI: SKF 38393, SKF 81297, D2:
quinpirole). The amount of time rats spent grooming and the probability of
initiating and completing syntactic grooming chains were determined. Time
spent grooming in the familiar test environment declined with age (p<0.05),
however, absolute rates of sequence production (sequences/minute) were
preserved. With respect to grooming time, older animals had a relative increase
in the likelihood of initiating syntactic sequences (p<0.05) coded by the basal
ganglia. Grooming time increased in a dose dependent manner (p<0.05) with
the partial DI agonist SKF 38393. In contrast, the D2 agonist quinpirole
produced a decrease in grooming amount (p<0.05) and the full DI agonist SKF
81297 had no effect. Both DI agonists resulted in a significant (p<0.05)
increase in the likelihood that syntactic sequences would be completed. The
full DI agonist produced the greatest enhancement of syntactic completion.
These findings suggest that there is an overall decline in grooming propensity
with age, and a relative increase in sequential stereotypy. Stereotyped syntactic
sequences are relatively spared compared to sequentially flexible grooming. DI
agonists facilitate grooming and its sequential stereotypy in both young and
aged animals. Support: NIH grant NS31650 & MADRC

EFFECT OF THE SELECTIVE ADENOSINE A2A RECEPTOR AGONIST CGS
21680 ON GABA OUTFLOW FROM THE STRIATUM OF YOUNG AND AGED
RATS IN VIVO. F. Pedata, C. Corsi, A. Melani, A. Colivicchi, R, Corradetti* and G.
Pepeu. Dept. of Pharmacology, University of Florence, Florence, Italy.
The effect of the selective adenosine A2a receptor agonist 2-[4-(2-pcarboxyethyl)phenylamino]-5’-V-ethylcarboxamidoadenosine (CGS 21680) on
gamma-aminobutyric acid (GABA) outflow under resting and K+-stimulated
conditions was investigated in the striatum in vivo by transverse microdialysis in
young and aged rats. Microdialysis samples were collected 24 hours after probe
implantation from awake and freely moving rats. GABA concentrations in the
dialysate were determined by High Performance Liquid Cromatography (HPLC)
coupled with a fluorimetric detector. 10 pM CGS 21680 significantly increased
GABA spontaneous outflow in young but not old rats. The three-way ANOVA,
calculated for the three factors: treatment, age and time course of dialysis sampling,
showed a statistically significant interaction between treatment and age (p<0.002).
The post-hoc Fisher’s LSD test indicated that treatment with 10 pM CGS 21680
induced a statistically significant increase in only the young group. Furthermore, the
three-way interaction was statistically significant (p<0.05), thus indicating that the
difference between the effects of 10 pM CGS 21680 in the two age groups was
significant. The lack of effect of CGS 21680 in aged rats is in agreement with the
reduction of A2A receptors that has been described in the rat striatum. Finally, K+evoked GABA outflow was not affected by 10 pM CGS 21680 in the two age
groups. A lower dose of CGS 21680 (1 pM) failed to modify both spontaneous and
K+-evoked GABA outflow. The findings indicate that adenosine through A2a
receptors may regulate the activity of the basal ganglia GABAergic neuronal
pathways differently in young and aged rats.
University of Florence and National Program of Research on Drugs.

326.5

326.6

AGE RELATED EFFECTS OF VANADATE ON CALCIUM BUFFERING AND
EXTRUSION SYSTEMS IN RAT SYMPATHETIC NEURONS. W.J. Pottorf,
S.P. Duckies* and J. Buchholz . Departments of Pharmacology, Loma Linda
University School of Medicine, Loma Linda, CA 92350 and College of Medicine
University of California, Irvine, CA 92697.
In excitatory cells, intracellular Ca2+-signals are regulated by multiple Ca2+
buffering mechanisms to restore [Ca2+]i to basal levels. Two families of P-type
Ca2+-ATPase pumps are vital for the regulation of stimulation-evoked Ca2+-signals:
plasma membrane Ca2+-ATPase (PMCA) pumps that extrude Ca2+ to the
extracellular space and sarco-/endoplasmic reticulum Ca2+-ATPase (SERCA)
pumps that sequester Ca2+ into the ER. Our previous work, in peripheral
sympathetic neurons, supports the hypothesis that age-dependent changes in Ca2+
homeostasis result in dysfunction of [Ca2+]i regulation by showing a decline in
SERCA function with age. To test for an age-related decline in Ca2+-ATPase
activity, K+-evoked Ca2+-transients were measured in acutely dissociated superior
cervical ganglion (SCG) cells by fura-2 microfluorometry in the presence of
increasing concentrations of the Ca2+-ATPase blocker vanadate (0.01 - 100 pM).
Vanadate induced a biphasic decline in rate of recovery of [Ca2+]i in SCG cells from
6-month-old animals resulting from the selective ranges of PMCA blockade (0.01 0.25 pM) and PMCA/SERCA blockade (0.5 - 100 pM), respectively. In contrast,
vanadate only induced a single phase of decline in rate of recovery in 20-month
SCG cells in the concentration range corresponding to PMCA blockade (0.01 - 0.25
pM), with no further effect of increased vanadate concentrations (0.5 - 100 pM).
The most important finding in this study is the age-related decline in sensitivity of
SERCAs to the Ca2+-ATPase blocker, vanadate, providing further support for the
hypothesis feat an age-related decline in SERCA function in sympathetic neurons
may exist.

INHIBITION OF CALCINEURIN REDUCES VOLTAGE-SENSITIVE
Ca2* CHANNEL CURRENTS IN HIPPOCAMPAL NEURONS:
ENHANCED EFFECT WITH AGE IN CULTURE CM NORRIS*, EM
BLALOCK, PW LANDFIELD. DEPT PHARMACOL, COLL OF MED, UNIV
KENTUCKY, LEXINGTON, KY 40536.

Supported by American Heart Association, Grant in Aid #95015640.
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The protein phosphatase, calcineurin (CaN), has been proposed to
mediate Ca2*-dependent inactivation of voltage-sensitive Ca2* channels
(VSCCs), although evidence that VSCCs are regulated by CaN remains
controversial. In the present studies, cells from primary hippocampal
cultures were incubated in, or dialyzed with the CaN inhibitor, FK-506.
Whole-cell VSCC currents in pyramidal neurons were reduced in a
concentration-dependent manner. Similarly, incubation in 50 gM FK506 caused a -*56% reduction in VSCC activity in multichannel cellattached patches. The structurally unrelated CaN inhibitor, cyclosporin
A (20 ji M), inhibited whole-cell current by -35%. Dialysis with
rapamycin (5 jxM) did not reduce current and in fact antagonized FK506’s effects. Finally, dialysis with a CaN autoinhibitory peptide (100
pM) caused a -42% reduction in current. VSCC-mediated Ca2* influx
increases with age, both in vivo and in culture. To examine whether the
action of CaN changes with age in vitro, two-week and four-week-old
sister cultures received acute extracellular applications of 5 pM FK-506.
Inhibitory effects of FK-506 on VSCC current were significantly greater
in four-week-old cells. The results suggest that: (1) CaN normally may
enhance or stabilize VSCC current in hippocampal neurons and (2)
Regulation of VSCCs by CaN increases with age in culture. Supported
in part by AG04542 and AG10836 to PWL and AG00242-05 to CMN.
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DIFFERENTIAL EFFECTS OF AGING ON AGONIST AND
ANTAGONIST BINDING TO THE NMDA RECEPTOR MAY BE
RELATED TO CHANGES IN DIFFERENT SUBUNITS K.R.
Magnusson* and G.E, Sammonds
Dept. of Anatomy &
Neurobiology, Colorado State University, Fort Collins, CO 80523
There is a decline in binding of the agonist glutamate and the
antagonist CPP to the N-methyl-D-aspartate (NMDA) subtype of
glutamate receptors during the aging process in C57B1/6 mice, but
CPP binding tends to show greater percentage declines than glutamate
in many regions. The goal of the present study was to utilize
quantitative in situ hybridization and receptor autoradiography to
determine if the age-related changes in binding are associated with
changes in particular subunits of the NMDA receptor complex.
Horizontal brain sections were obtained from male, C57B1/6 mice that
were 3, 10-15, or 26-30 months of age. The older mice were either ad
libitum-fed or diet restricted since 3 months of age. Changes in
density of epsilon2 subunit mRNA in multiple cortical and
hippocampal regions, expressed as a percent of 3 month old density,
correlated significantly with changes in glutamate binding in the same
regions in 30 month old ad libitum-fod mice. In addition, using the
means of different age/diet groups within individual brain regions
produced significant correlations between epsilon2 subunit mRNA
and [3H]glutamate binding in several cortical regions. In contrast,
changes in [3H]CPP binding in 30 month old animals was correlated
with changes in zeta subunit mRNA densities. These results suggest
that the differential effects of aging on agonist and antagonist binding
may be due to changes in different subunits. Supported by NIA
FIRST award AG10607 & RCDA AG00659 to K.R.M.

TWO-ELECTRODE VOLTAGE CLAMP ELECTROPHYSIOLOGY DETECTS
NMDA RECEPTOR SUBUNIT CHANGES IN THE AGING MOUSE FRONTAL
CORTEX. M-C- Kuehl-Kovarik*, K.M,, Partin, and K.R. MagQUsspn Dept. of
Anatomy & Neurobiology, Colorado State University, Fort Collins, CO 80523
In situ hybridization and Western blot studies have demonstrated a decrease in
NMDA e2 and £ subunit mRNA and protein in mouse cortex. In the present study,
two-electrode voltage clamp (TEVC) electrophysiology was used to correlate changes
in receptor composition with pharmacological function. Dose response curves were
generated with ifenprodil, a selective and potent e2 (NR2B) antagonist.
Total RNA was isolated from the frontal cortex of 3 month old and 30 month old
C57B1/6 mice, and injected into Xenopus oocytes. TEVC was performed 24-48 hours
post-injection. Maximal current responses to NMDA were determined, and ifenprodil
dose response curves were generated for native RNA and also for
various
stoichiometric ratios of NR1/NR2A/NR2B. Dose-response curves for both young
and old tissue were biphasic, indicating the existence of two distinct populations of
receptors. Fits of the dose-response data, for which the IC5(, of the high and low
affinity sites were held constant, demonstrated a change in the proportion of these
two populations of binding sites. Specifically, we saw a 10% increase in the
proportion of low affinity sites and a 25% decrease in the proportion of high affinity
sites with increasing age. In addition, data from recombinant receptors revealed an
increase in the proportion of low affinity sites and a decrease in the proportion of
high affinity sites with decreasing proportions of NR2B, as was expected. We also
noted a decrease in mean maximal current in recordings from old frontal cortex,
consistent with the interpretation that e2, a high-conductance subunit, is less
abundant. We have mimicked this result with the co-injection of NR2B antisense
oligonucleotide with 3 month frontal cortex total RNA. These results are consistent
with the interpretation that the e2 subunit is reduced in older mouse frontal cortex.

326.9

326.10

EFFECTS OF AGING ON THE ELECTROPHYSIOLOGICAL
PROPERTIES OF DENTATE GRANULE CELLS IN THE RHESUS
MONKEY. J. Luebke,1'2* J. St. John1 & D. L. Rosene2. 1 Center for

ASSESSMENT OF MEMBRANE PROPERTIES AND INHIBITION IN DENTATE
GRANULE CELLS OF HIPPOCAMPAL SLICES FROM AGED FISCHER 344
RATS P.R. Patrylo* and A. Williamson Department of Neurosurgery, Yale
University School of Medicine, New Haven, CT 06520.
Aging is associated with a variety of CNS changes, including alterations in
physiology, anatomy, biochemistry, and behavior. These changes often appear to be
region specific, and variable between individuals. Several studies have shown that
inhibition is compromised in hippocampal region CAI of aged rodents. It is unclear
whether a similar change occurs in the dentate gyrus. Given the importance of this
structure in regulating hippocampal function, we have begun to examine inhibition in
aged dentate granule cells. Whole cell current clamp recordings were performed in
hippocampal slices (400 pm) prepared from 3-4 month (young) and 24-27 month old
(aged) Fischer 344 rats. Membrane properties, spontaneous activity, and the reversal
potentials and conductances of polysynaptic perforant path-evoked IPSPs were
compared between young (n=5 cells) and aged (n=10 cells) granule cells. No
significant difference was noted in resting membrane potential (-76.8 ±_ 11.7 mV vs
-73.2 ± 5.4 mV; mean ± SD), input resistance (175.8 ± 29.2 MQ vs 175.9 ± 49.9 MQ),
time constant (18.7 ± 5.8 ms vs 17.3 ±5.1 ms), and action potential amplitude (91.4 ±
12.6 mV vs 89.8 ± 17.0 mV) in young versus aged granule cells respectively. When
spontaneous activity was compared, the most notable difference was the presence of
large spontaneous IPSPs in three of the five granule cells from young rats. Similar
activity was not readily apparent in the aged granule cells (n= 9 cells). Perforant path
stimulation was able to evoke IPSPs in 100% of young granule cells (n=5), and in 90%
of aged granule cells (n=10). When the reversal potentials and the conductances of
these polysynaptically evoked fast and slow IPSPs were compared, in those cells in
which an IPSP could be evoked, no significant difference was observed between young
(Efast-58.6 ±4.0 mV; Eslow -82.6 ± 6.2 mV; Gfast 7.0 ± 1.7 nS; Gslow 1.3 ± 1.0 nS)
and aged (Efast -61.6 ± 6.5 mV; Eslow -85.2 ± 6.6 mV; Gfast 6.2 ± 4.3 nS; Gslow 1.4
±1.2 nS) granule cells. When IPSP conductances were compared between animals
however, a decrease in inhibitory efficacy appeared to be a trend in three of the six aged
rats. These preliminary results suggest that inhibition may be compromised in the
dentate gyrus in a subset of aged Fischer 344 rats.
Supported by NIH grant AG00795

Behavioral Development, ^Dept. of Anatomy & Neurobiology, Boston
University School of Medicine, Boston, MA 02118.

Numerous studies have examined the effect of aging and cognitive
decline on the fundamental electrophysiological properties of
hippocampal neurons in rodents.
With few exceptions, the basic
intrinsic membrane and action potential firing properties of dentate
granule cells in rodents have been shown to be unaltered with aging. In
the present study, the properties of hippocampal dentate granule cells in
in vitro slices prepared from behaviorally characterized young (< 10
years old) and aged (> 20 years old) rhesus monkeys (Macaca mulatta)
were examined for the first time. Properties examined with whole-cell
patch clamp recordings included resting membrane potential, input
resistance, membrane time constant, and action potential threshold,
frequency and kinetics. Most of the properties of these cells were
unaltered with aging and cognitive decline (even in extreme old age- a
30.5 year old monkey). The single statistically significant alteration
associated with aging was an increase in the input resistance of the aged
cells. These data clearly indicate that, as in the aged rodent, there is a
preservation of fundamental intrinsic membrane properties of dentate
granule cells in the aged rhesus monkey.
Supported by: NIH Grant # PO1AG001.

Supported by NIA NRSA award AG05821 to M.C.K.-K., and NIA FIRST award
AG 10607, RCDA AG00659, and NIA RO3 award AG 16383 to K.R.M.

326.11

326.12

AGE-RELATED INCREASE IN PHOSPHATASE (PPI & PP2B)
ACTIVITY: IMPLICATIONS FOR SYNAPTIC STRENGTH
K.M, SharrowTC.M. Norris, and T.C. Foster Dept of Pharmacol, Univ
of Kentucky College of Medicine, Lexington, KY 40536.
Serine/threonine protein phosphatases regulate glutamate receptor
function and synaptic strength. Our previous work demonstrates that
the decrease in CA3-CAI synaptic strength, which is characteristic of
aged memory impaired rats, is due to altered phosphorylation state (J
Neurophys, 80:1567). This work suggests that Ca -dependent
phosphatase activity increases during aging. The current study was
designed to test this hypothesis. Activity was examined for pairs of
aged (20 mo) and young adult (6 mo) rats. The cytosolic fraction of
hippocampal homogenates, with the appropriate phosphatase inhibitors,
were added to a phosphopeptide standard. Dephosphorylation of the
standard was measured after a 10 minute period using a colorimetric
assay. Activity was calculated as a percent change (aged/young) for
each pair. Results indicate the activity of both enzymes increased with
aging [PPI: 15O±3%, p<05; PP2B: 151±4%, p<05]. In addition,
interesting differences between PP2B expression and activity were
observed. The results suggest that increased phosphatase activity
underlies age-related changes in hippocampal function including
neurobiological markers of aging (eg: decreased synaptic strength) and
memory impairment. Current studies are examining changes in
processes that regulate phosphatase activity during aging. Supported by
IBN-97230055 & AG/NS14979 to TCF.

WHISKER PAIRING PLASTICITY IS GREATLY DELAYED IN
AGED RATS. Ford F, Ebner*1 and V, Rema2. Institute for Developmental

Society

for

Neuroscience

, Volume

25, 1999

Neuroscience, John F. Kennedy Center, Vanderbilt University, Nashville, TN
37203 and Departments of Pharmacology2 and Psychology1, Vanderbilt
University, Nashville, TN 37203.
Whisker pairing plasticity (WP) is a type of activity-dependent synaptic
modification that occurs in adult rat cortex. The plasticity is induced by
trimming all but 2 whiskers on one side of the face, and then measuring the
increase in response to the intact whiskers and the decrease in response to the
trimmed whiskers. In 3-6 month old adult rats significant plasticity is found
within 12 hours of whisker trimming, is very robust for 1-2 weeks, and then
returns to a new stable state in roughly 4 weeks. Our lab has shown that this
type of cortical plasticity depends upon functional NMDA receptors,
cholinergic inputs, and is rate-modified by levels of sensory activity. In the
present experiments we used WP as a sensitive assay for the effect of age on
cortical function. 3 days after trimming all but the DI and D2 whiskers in 24
month old Long Evans rats, they were urethane anesthetized, and the
responses of single cells in the D2 barrel column were analyzed for response
magnitude, latency, and shift in the ratio of response to the D1/D3 surround
whiskers. At this age the response of layer IV cells to the D2 principal
whisker was reduced by >50% below 3-6 month old animals. The DI and
D3 surround whiskers showed even greater reduction in response levels and
no trend toward the DI whisker up-regulating its drive on cortical D2 cells
relative to the D3 whisker. The results indicate that cortical responsiveness
and this type of plasticity is significantly compromised in aged rats,
(supported by NIH NS-25907 and NS-13031)
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THE KVB1.1 NULL MUTATION IMPROVES LEARNING AND
MEMORY IN AGED MICE

Nikolai B. Fedorov**, Karl Peter Giese*1, Masuo Ohno, Eugenia Friedman,
Geoffrey G. Murphy, and Alcino J. Silva. Departments of Neurobiology,

Psychiatry and Psychology, BRI, UCLA, Los Angeles, USA; ’Department of
Anatomy & Developmental Biology, University College London, UK.
* These two authors contributed equally to the work.

Normal aging is associated with cognitive decline unrelated to diseases
such as Alzheimer’s. Increases in the slow afterhyperpolarization (sAHP) of
aged neurons have been proposed to contribute to this cognitive decline. We
confirmed that aging in mice is associated with an increase in the sAHP
which leads to an increase in the threshold of induction of long-term
potentiation (LTP). We also show that in aged mice a targeted mutation of
the modulatory potassium channel sub-unit Kvfil.l decreases the sAHP of
hippocampal CAI neurons and decreases the threshold of LTP induction.
These changes in cell excitability and synaptic plasticity resulted in
improvement of learning and memory in aged Kvfil.l mice in three
hippocampus-dependent tasks; contextual conditioning, spatial learning, and
in the social transmission of food preferences.
Our results demonstrate that modulation of potassium channel function can
improve learning and memory specifically in aged mice, and they support the
hypothesis that increases in the sAHP contribute to age-related learning and
memory deficits.
Supported by grants from the DFG (to KPG), and NIH grant ROI AG 13622
(to AJS).

RECEPTOR CHANGES IN AN ENRICHED ENVIRONMENT. B. J.
Anderson1'2*, S.J. Gatley4, D. Rapp1, P.S. Cobum-Litvak2, and N.D. Volkow3,4,
1Dept. Psychology, 2Prog. Neurobiology and Behavior, and 3Dept. Psychiatry
SUNY Stony Brook, Stony Brook, NY 11794 and 4Medica« Dept., Brookhaven
National Lab, Upton, NY, 11973

D1 and D2 receptors (R) decline during aging. Since this decline cannot be
accounted solely by cell loss we questioned whether it reflected a decreased
expression of DA R secondary to decreased stimulation of DA pathways.
Exposure to an enriched environment (EC) increases the number of multiple
head spines on striatal medium spiny stellate cells, which express D1 and D2
R(Comery et al., 1996). We examined whether EC also produces plasticity in
D1 and D2 R. Muscarinic and cannabinoid R were also examined since these
R modulate activity of DA cells. Male Fisher 344 rats (2 y old) were housed in
large toy-filled cages (ECXn=6) or standard cages (ICXn=6). Food was
scattered throughout their cage and toys were rearranged daily. Control
animals were handled daily. Rats were killed after 30 d and brains kept at 70° until preparation of striatal and cerebellar homogenates. The only trend
for an effect of EC was increased D1 R (EC = 56±11; SC = 44±12, p < 0.10; t
test, two tail). However, the ratio of D1 to muscarinic R in EC rats was
significantly higher than in the IC group (EC = 1.09±0.27, IC = 0.76±0.18, p <
0.05) and a trend towards an increased ratio of D1 to cannabinoid R in the EC
group (EC = 1.11 ±0.39, IC = 0.72±0.21, p < 0.06). These data suggest that in
elderly animals EC may induce plasticity in D1 R and may change the relative
expression of R that modulate DA cell activity. The implications of these
findings vis a vis the functional changes occurring with aging deserve further
investigation. (Supported by DOE/OBER, MH57845 and stipend support
from IT32NSO7423 for P.C.-L.)

DRUGS OF ABUSE: COCAINE—MOLECULAR MECHANISMS
327.1

327.2

COCAINE SELF-ADMINISTRATION ALTERS STRIATAL OPIOID PEPTIDE
AND MONOAMINE TRANSPORTER mRNA LEVELS.
M, Arroyo k W.A. Baker 2 and B.J. Everittf (SPON; European Brain and Behaviour
Society) 1 Exp. Psychology, Cambridge University, Cambs. CB2 3EB (UK). 2 Dept.
of Neurobiology, Babraham Institute, CB2 4AT (UK)
The potential neuroadaptations to chronic cocaine self-administration (SA)
and withdrawal were evaluated using quantitative in situ hybridisation histochemistry
(ISHH). Three groups of rats (n=6) self-administered cocaine (0.75 mg/kg/infusion
for 2 hours daily) according to three conditions: (i). A “chronic” group acquired and
maintained stable levels of cocaine SA for 10 days; (ii) A “binge” group also reached
stable response levels and, on the 10th day had continuous access to the drug for 12
hours; (iii) A “withdrawal” group responded under the same conditions as the “binge”
group, but spent an additional 10 day period of drug abstinence in their home cages. A
“control” group consisted of six rats receiving iv saline infusions in the operant
chambers, yoked to rats self-administering cocaine. Levels of the mRNAs of direct
and indirect targets of cocaine were measured using ISHH. The main effects of the
various cocaine SA regimes were seen on the expression of monoamine transporters
in the brainstem, and opioid neuropeptides in the striatum. Thus, whereas serotonin
transporter mRNA levels were elevated transiently in the dorsal raphe following
chronic cocaine SA, and then decreased to control levels, dopamine transporter
mRNA levels in the ventral tegmental area were significantly increased only after
withdrawal. Noradrenaline transporter mRNA expression in the locus coeruleus was
unaffected in any group. In the striatum, Substance P expression was significantly
elevated following cocaine SA in dorsal and ventral areas, whereas enkephalin mRNA
levels were not affected, indicating an increased activity of DI (rather than D2)
dopamine receptor containing neurons. The increased expression of dopamine
transporter in VTA neurons following a period of withdrawal after chronic access
may be part of an adaptation of the mesolimbic system that plays a role in
reinstatement following re-exposure to cocaine or cocaine-associated cues. Supported
by the Medical Research Council.

EFFECTS OF ’’BINGE” COCAINE ADMINISTRATION ON
MU AND KAPPA OPIOID RECEPTOR mRNA LEVELS IN
THE RAT NUCLEUS ACCUMBENS. A. Rosin1, S. Lindholm1,
J. Franck1 and J. Georgieva1, 2*. 1 Department of Clinical
Neuroscience, Experimental and Clinical Drug Addiction
Research Section, Karolinska Institutet, and department of
Clinical Pharmacology, Karolinska Hospital, Stockholm, Sweden.

327.3

327.4

COCAINE REGULATION OF PreproTRH mRNA AND TRH IN
RAT BRAIN. R.-X. Zhang, S. Griffiths, T. Neklesa and K.A.
Sevarino*. Dept. of Psychiatry, Yale Univ. School of Medicine and
CT V.A. Healthcare System, West Haven CT 06516
We previously reported that cocaine regulates preproTRH (ppTRH)
mRNA in rat brain (7. Neurochem. 60:1151-1154, 1993). We now
characterize ppTRH mRNA regulation using more precise brain
dissections and correlate these with changes in TRH peptide assayed by
RIA. Rats received cocaine (15 mg/kg, i.p.) or saline once (acute), or
twice daily for 14 days (chronic), and brain regions were harvested by
microdissection at several times following the last cocaine injection.
Acute cocaine induced ppTRH mRNA in caudate, and reduced levels in
nucleus accumbens, at 6 h. Rostral piriform cortex mRNA was elevated
at 12 h, while caudal piriform cortex showed elevations at 3 and 6 h.
Caudal, but not rostral medulla, demonstrated rapid induction at 45
min, which gradually declined to control levels by 12 h. For peptide,
acute cocaine decreased septal TRH at 45 min and 3 h. TRH increased
in rostral piriform cortex at 45 min, was reduced at 3 h, and returned to
baseline by 6 h. In caudal amygdala a progressive increase reached
significance at 3 h. Thus, regulation by acute cocaine is widespread
and persists far beyond obvious behavioral effects of cocaine.
Preliminary studies of ppTRH mRNA regulation by chronic cocaine
indicate significant differences from regulation seen with acute cocaine,
including induction in rostral and caudal piriform cortex and caudal
amygdala at 45 min, and in septum at 72 h. Opposite to acute cocaine,
ppTRH mRNA in caudal medulla was reduced at 45 min. These data
implicate TRH and other ppTRH-derived peptides in the actions of
cocaine. Supported by NIDA DA10762.

DECREASED TYROSINE HYDROXYLASE AFTER CONTINUOUS
COCAINE, GBR 12909 AND RTI-117. R. Gerdes1. R. Garg1. D.
Gorokhovskava1. M.J. Hurley1. F.I. Carroll2. D.C, Mash1, and
Izenwasser1*. ’Dept Neurology, Univ. Miami Sch. Med., Miami, FL
33136; Research Triangle Institute, Research Triangle Park, NC 27709
The behavioral effects of cocaine are thought to be mediated primarily
via the inhibition of DA uptake. We have shown previously that partial
tolerance develops to the locomotor activating effects of cocaine and the
selective DA uptake inhibitors GBR 12909 and RTI-117 (a cocaine
analog) during a period of continuous infusion. Tyrosine hydroxylase
(TH) is the rate-limiting enzyme for DA production. The effects of
continuous infusion of cocaine, GBR 12909 or RTI-117 were examined
on TH levels in anterior caudate putamen (CP) and nucleus accumbens
(NA). Drug or vehicle was infused for 7 or 14 days into male rats via
osmotic minipump. One day after pump removal, TH immunoreactivity
was measured. Slide mounted coronal sections of rat brain were exposed
to an antibody against TH, followed by an iodinated secondary antibody.
Slides were apposed to Hyperfilm for 7 days along with calibrated [,25I]
standards. The resulting images were scanned and analyzed
densitometrically. After 7 days, none of the uptake inhibitors had a
significant effect on TH levels in the CP or NA. After 14 days, all three
drugs produced significant decreases in TH immunoreactivity throughout
the anterior CP and NA core, with GBR 12909 producing the greatest
effect. Only GBR 12909 produced a decrease in the NA shell. These
findings suggest that chronic administration of these compounds may
lead to a depletion of DA in these terminal brain regions. This might
explain in part the tolerance to the locomotor activating effects observed
with continuous cocaine administration. (Supported by DA06227)
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The aim of this study was to evaluate the effects of ’’binge”
cocaine treatment on mu and kappa opioid receptors in the
nucleus accumbens. Sprague-Dawiey rats were administered with
’’binge” cocaine (3 consecutive doses of 15 mg/kg i.p. at hourly
intervals) during two days. Competitive PCR was used to quantify
mRNA levels for mu and kappa opioid receptors. ’’Binge” cocaine
treatment for two days produced a significant decrease of kappa
opioid receptor mRNA expression as compared to control
treatment with saline. At the same time, mRNA levels for the mu
opioid receptor remained unchanged following ’’binge” cocaine
treatment. The role of both opioid receptors in cocaine abuse, as
well as competitive PCR as a highly sensitive method, will be
discussed.
This work was supported by the Swedish Medical Council and
the National Institute on Drug Abuse, Rockville, MD.

MONDAY PM

811

DRUGS OF ABUSE: COCAINE—MOLECULAR MECHANISMS

327.5

327.6

DIFFERENTIAL ALTERATIONS IN PRODYNORPHIN GENE
EXPRESSION FOLLOWING CHRONIC ADMINISTRATION OF
GBR 12909 OR COCAINE. P, Romualdi k A. Capobiancok S. Ferrik
B.M. Cox2*. S. Izenwasser3. ’Dept Pharmacol, U Bologna, Italy, 2Dept.
Pharmacol, USUHS, Bethesda, MD,3Dept Neurol, U Miami, Miami, FL
The effect of the selective xlopamine uptake inhibitor GBR 12909 was
examined on prodynorphin gene expression. GBR 12909 or vehicle was
continuously infused for 7 days via osmotic minipump, or injected daily
into male rats. Both continuous infusions and daily injections of GBR
12909 produced significant decreases in prodynorphin expression in the
hypothalamus (37% and 31% decreases, respectively). There were no
significant changes in the caudate putamen, hippocampus or nucleus
accumbens. One injection of GBR 12909 had no effects on prodynorphin
expression in any of the brain regions studied, suggesting that the effect
in the hypothalamus is not an acute effect. As previously reported,
cocaine produced a 35% significant decrease in the hypothalamus,
consistent with the effects of GBR 12909. In contrast to GBR 12909,
however, cocaine also produced a significant increase in prodynorphin
expression in the caudate putamen. Thus, chronic inhibition of dopamine
uptake can regulate prodynorphin expression in the hypothalamus. In
contrast, the increase in the caudate putamen following cocaine
administration may not be related to the inhibition of dopamine uptake,
since it was not produced by a selective dopamine uptake inhibitor. These
findings suggest that regulation of prodynorphin gene expression by
cocaine in the caudate putamen may be regulated by the inhibition of
norepinephrine or serotonin uptake, by a combination of effects on two
or three monoamine transporters, or by a mechanism unrelated to
transporter inhibition. Supported by DA04953 (BC) and DAI 1960 (SI).

CHRONIC COCAINE ADMINISTRATION ALTERS
EXPRESSION OF MBP AND PLP mRNA IN RAT BRAIN.

327.7

327.8

COCAINE-INDUCED EXPRESSION PATTERNS OF SEMAPHORINS IN
ADULT RAT BRAIN. D.A.J. Widmer1-2’*. M.S, Brenz VercakL.E.
Miclma2, G.C. Miescherk G.C. Wagner2 and J.-L, Dreyer1.
’Institut de Biochimie, Universite de Fribourg, CH-1700
Fribourg, Switzerland, department of Psychology, Rutgers
University, Piscataway, NJ 08854.
The expression of semaphorins - a family of axon guidance
molecules with a highly conserved Sema domain - after
cocaine administration was investigated. A screening
procedure was developed with initial RT-PCR amplification of
the conserved Sema domain, followed by differential display
using a combination of arbitrary and semaphorin-specific
primers.
Nucleus accumbens, lateral striatum, ventral
tegmental area, and hippocampus mRNAs from cocainetreated animals were compared in the following model: 8week old, male, Sprague-Dawley rats were subcutaneously
injected with saline or 30 mg/kg cocaine HC1 once every 2 hr
for 4 injections and sacrificed after a 24 hr withdrawal
period.
Up- and down-regulated candidate genes were found
in most of these brain areas and were sequenced directly
and/or by cloning, yielding several semaphorins, including
two rat orthologues and a novel mammalian member. These
data suggest that minute, drug-induced synaptic alterations
may be affected by axon guidance cues similar to those that
guided the formation of the projection-target connections
during development.
•DAJW was supported through a 1998-1999 Fulbright
Scholarship in association with the Swiss Confederation.

LONG TERM COCAINE SELF-ADMINISTRATION INDUCES LASTING
CHANGES IN THE PROTEIN AND mRNA OF CONNEXIN 32. J.M, Arnold1-*.
S.A.L. Bennett2. J-H. Chen2, and D.C.S. Roberts3, ’Institute of Neuroscience,
Carleton University, Ottawa, ON., Canada, K1S 5B6. *Dept. of Biochemistry,
University of Ottawa, Ottawa, ON., Canada, KIM 1E5. ’Dept. of Physiology and
Pharmacology, Bowman Gray School of Medicine, Winston-Salem, NC, 27157
The reinforcing effects of cocaine are directly linked to stimulation of the
mesolimbie dopamine system. Dopamine has also been shown to regulate gap
junctions in the retina and brain. Gap junctions are channels composed of six
proteins (connexins) that permit direct cytoplasmic connections between apposing
cells. To determine the effect of cocaine on the protein and mRNA expression of
connexin 32 (Cx 32), rats self-administered cocaine (1.5 mg/kg) on anFRl schedule
in daily six hour sessions for two weeks. The expression of Cx 32 in the
hippocampus, nucleus accumbens and striatum was examined 48 hours, 7 days and
21 days following the last injection of cocaine. Western blot data show decreased
Cx 32 protein expression at the 48 hour time point in both the hippocampus and
nucleus accumbens with no change in the striatum. Immunohistochemical data were
in agreement with the Western blot results. RT-PCR data vary by region. In the
hippocampus there was a slight decrease in Cx 32 mRNA at the 48 hour time point
followed by increased mRNA at the 7 and 21 day time points. In the nucleus
accumbens there was a decreasing trend at the 48 hour, 7 day and 21 day time
points. There were no apparent changes in striatum Cx 32 mRNA in. These
findings indicate that cocaine self-administration produces long lasting
modifications in Cx 32 expression. It remains to be established whether these
changes represent an alteration in gap junction communication and whether this
may be mechanism that mediates cocaine reinforcement. Supported by the MRC of
Canada (DCSR) and FCAR (JMA).

327.9

327.10

EFFECTS OF CONDITIONAL OVER-EXPRESSION OF AFOSB IN
NUCLEUS ACCUMBENS ON COCAINE SELF-ADMINISTRATION

ENVIRONMENTAL CUES POTENTLY REINSTATE COCAINE SEEKINGBEHAVIOR AND INDUCE C-FOS AFTER 3-4 MONTHS OF ABSTINENCE. R,
Ciccocioppo: P.P.Sanna: F.E. Bloom* and F, Weiss, Dept. of Neuropharmacology,
The Scripps Research Institute .North Torrey Pines Rd, La Jolla, CA 92037.
Environmental cues associated with the reinforcing properties of drugs of abuse
are believed to play a crucial role in triggering relapse in abstinent individuals. We
have recently shown that environmental cues can reinstate operant responding in the
absence of drug availability. To further investigate this phenomenon we studied the
ability of environmental cues to reinstate operant responding after a prolonged period
of abstinence. Rats were trained to associate distinct discriminative stimuli with IV
cocaine availability (S+) or non-availability (S'; IV saline). Following acquisition of
stable cocaine self-administration (18.66 i 1.46, responses/h) rats were subjected to
daily extinction sessions during which lever presses did not result in the delivery of
cocaine, saline or presentation of the corresponding cues. Re-exposure to the cocaine
S+ alone, was sufficient to reinstate cocaine seeking behavior (15.2 ± 1.49, p<0.01).
Following these initial reinstatement tests, rats were housed in the vivarium and after
a period of 3-4 months they were subjected to another cycle of daily extinction
sessions. After reaching the extinction criterion (^ 4 presses/h) animals were divided
into 3 groups. The first group (n=6), exposed to the S+, showed a significant increase
of lever pressing (14.33 ± 2.04, p<0.01). In the second group (n=3), pretreated with
0.001 mg/kg of the selective DI antagonist SCH 39166 resulted in a significant
reduction of drug-seeking behavior induced by the S+ (6.00 ± 1.73, p<0.0l). No
effect of S was observed in the third group of (n=3) animals. Examination of c-Fos
immunoreactivity revealed an increased signal in the medial prefrontal cortex (MPC)
and in the amygdala (AMY) of rats exposed S+ compared to those exposed to S'. The
present results indicate that cocaine-predictive cues potently reinstate drug-seeking
behavior, and that this effect remains unaltered even after long periods of abstinence
and repeated daily extinction sessions. In addition, the immunohistochemical data
suggest that the MPC and AMY may be involved in the organization of conditioned
responses to drug-related stimuli. (Supported by NIDA DA 07348)

Chronic, but not acute, exposure to psychostimulants induces long-lasting
expression of AFosB in a subset of nucleus accumbens and caudate-putamen neurons.
We tested the role of drug-induced neuroadaptations in AFosB in addiction-related
behavior by utilizing inducible transgenic mice that over-express AFosB selectively in
dynorphin/substance P-containing neurons in these brain regions (Chen et al., Mol.
Pharmacol. 54:495, 1998). Induction of AFosB via a TetOp bigenic system enhanced
the rate of acquisition of lever-press responding for food reinforcement, but failed to
alter the threshold dose required for acquisition of intravenous cocaine
self-administration in food-trained animals (0.5 mg/kg/infusion), when compared to
littermates maintained on doxycycline to suppress expression of the transgene.
However, during maintenance of cocaine self-administration, AFosB over-expressing
mice self-administered lower doses of cocaine (0.063-0.125 mg/kg/infusion) than their
littermate controls, indicating an increased sensitivity to the reinforcing effects of
cocaine at threshold doses. Moreover, AFosB over-expressing mice exhibited increased
cocaine intake over a range of self-administered doses (0.25-1.0 mg/kg/infusion),
suggesting that drug-induced neuroadaptations in AFosB contribute to escalating drug
intake during addiction. Preliminary results suggest that these mice also reach higher
break-points under a progressive ratio schedule of reinforcement, and show enhanced
drug-seeking behavior both during extinction and following drug-induced relapse. In
contrast, responding during extinction from food-reinforced behavior is similar
between the AFosB over-expressors and their littermate controls. Thus, drug-induced
neuroadaptations in AFosB-regulated genes in the nucleus accumbens may alter
drug-taking and drug-seeking behavior in ways that resemble the addicted phenotype.
Supported by NIDA grant DA 08227 and the Abraham Ribicoff Research Facilities.
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C. Landry*1, O. Bezouglia2, R. Fisher2, A.Campaqnoni2 and S.
Howard2, 1Univ. of Wisconsin, Madison, Wl and 2Univ. of California,
Los Angeles CA
The effect of chronic cocaine administration on dopamine
(DA) release and DA receptor expression has been extensively
studied in the developing and adult rat. We were interested in
determining whether chronic cocaine administration affected the
maturation and differentiation of interfascicular oligodendrocytes
since these cells have been found to express dopamine receptors.
We treated rat pups with cocaine for 10 days (postnatal (P) 4-P14)
and sacrificed animals on P10, P15 and P20. Using Northern blot
analysis, we found that mRNA expression for the mature
oligodendrocyte proteins PLP and MBP was strikingly reduced in
cocaine-treated animals compared to vehicle-treated controls. Within
white matter tracts of the forebrain, mRNA levels for these proteins
were also dramatically reduced as determined by in situ hybridization.
A reduction in the intensity of staining and the number of stained cells
was evident after five days of cocaine treatment and did not reach
normal levels for 10 days following the cessation of treatment.
Interestingly, the corpus callosum also appeared reduced in size
during and following treatment. Such structural changes may lead to
functional impairment in development, as seen in children after
prenatal exposure to cocaine. This work was supported by a grant
from the MS Soc. PP0573.

DRUGS OF ABUSE: COCAINE—MOLECULAR MECHANISMS

812

MONDAY PM

327.11

327.12

PENTOBARBITAL ANESTHESIA BLOCKS COCAINE- AND ALCOHOLINDUCED IMMEDIATE EARLY GENE EXPRESSION
A.E. Ryabinin*. Y.-M^Wang. R,JC Bachtelk A.E, Kinney, M.C, Grubb. G.P.
Mark Dept. of Behavioral Neuroscience, Oregon Health Sciences University,
Portland , OR 97201.
Administration of drugs of abuse leads to induction of immediate early genes
(DEGs) in several specific brain areas.
In an attempt to dissociate
pharmacologically targeted brain areas from those affected by secondary
mechanisms, we performed immunohistochemical analysis of IEG c-fos
expression in brains of male Sprague-Dawley rats after administration of cocaine
or alcohol in the presence or absence of pentobarbital anesthesia. All animals
were habituated to pentobarbital and saline administration prior to experiments.
Cocaine (5 mg/kg, i.v.) led to dramatic induction of c-Fos expression in striatum
and other brain regions. Alcohol (2 g/kg, i.p.) led to a less pronounced induction
of c-Fos in an overlapping pattern of brain regions. Induction of c-Fos after
cocaine or alcohol administration was unlikely to be due to locomotor effects,
because these drugs led to opposite effects on locomotor activity. Pentobarbital
anesthesia induced c-Fos expression only in lateral habenula, and blocked
cocaine- and alcohol-induced c-Fos expression in other areas of rat brain. Since
pharmacological effects of these drugs are known to persist in the presence of
anesthesia, these results suggest that pentobarbital prevented c-Fos expression by
preventing perception of drug-associated effects. These effects were not specific
to only c-fos, but were observed also for IEGs/os# and zif268. Taken together,
these data suggest that induction of IEGs in the majority of brain regions is due
to perception of cues associated with effects of these drugs. Supported by NIH
grants AA10810 (AER) and DAI 1203 (GPM).

REGULATION OF COCAINE REWARD BY CREB IN THE VENTRAL
TEGMENTAL AREA V.G, Olson*. T, Hughes’. P.H.. Wolf. D.S, Russell, R.L,
Neveb. W.A. Carlezon Jr.b and E.J. Nestler Dept. Psychiatry, & ’Dept. Opthal. &
Vis. Sci., Yale U. Sch. Med., New Haven CT, & bMol. Gen Lab., Harvard Med.
Sch., Belmont MA.
Repeated administration of drugs of abuse alters the levels and function of the
transcription factor CREB (cyclic AMP response element binding protein) in certain
brain regions. Recently, we showed that herpes simplex virus (HSV) mediated
overexpression of CREB in the nucleus accumbens shell dramatically alters the
rewarding properties of cocaine (Carlezon et al., Science 282:2272, 1998). In the
present study, we examined effects of overexpression of CREB in the ventral
tegmental area (VTA) on cocaine reward. Since endogenous CREB obscures
detection of virally-expressed CREB, we tagged wildtype CREB and a dominant
negative mutant form of CREB (mCREB, with a single point mutation at the serine
133 phosphorylation site) with green flourescent protein (GFP) at the N-terminus.
The addition of the GFP tag allows us to visualize infected cells in culture, and in
living and fixed brain slices taken from animals intracranially injected in vivo with
HSV viral vectors encoding either CREB-GFP or mCREB-GFP. Expression of the
fusion constructs in cultured cells confirmed both their ability to alter the function of
a CRE containing promotor and the nuclear localization of the proteins. The fusion
constructs were then packaged into herpes simplex viral type 1 vectors for in vivo
gene transfer. In behavioral studies, preliminary results indicate that viral vector
mediated overexpression of CREB-GFP in the anterior VTA enhances the rewarding
properties of a low dose of cocaine (1.25 mg/kg) as determined by place
conditioning, an effect not seen with HSV-mCREB-GFP or HSV-GFP. Double
labeling experiments indicate that the CREB-GFP expression is primarily in the
dopaminergic cells of the anterior VTA. Studies are currently underway to determine
the effects of overexpression of CREB-GFP and mCREB-GFP in other subregions of
the VTA as well as on other cocaine-dependent behaviors. (Supported by NIDA)

327.13

327.14

ADENOVIRAL MEDIATED OVEREXPRESSION OF NAC-1 IN THE NUCLEUS
ACCUMBENS PREVENTS THE DEVELOPMENT OF BEHAVIORAL
SENSITIZATION TO COCAINE. P.YLKaljyas*, K, M, Fournier and, S, MadderDepartment of Physiology and Neuroscience, Medical University of South Carolina,
Charleston, SC 29425. Departments of Medicine and Psychiatry, University of
Pennsylvania, Philadelphia, PA 19104.
NAC-1 is upregulated selectively in the nucleus accumbens by acute and repeated
administration of cocaine in rats. The upregulation endures for weeks after
discontinuing repeated cocaine injections. This poses the possibility that enhanced
NAC-1 synthesis may be important in the long-term behavioral changes
accompanying repeated psychostimulant injection, such as locomotor sensitization.
To test this hypothesis a recombinant adenovirus type 5 vector was constructed
containing the rat NAC-1 gene (Ad-NAC). An adenovirus vector containing the lacZ
gene (Ad-lacZ) as an intracellular reporter gene was employed as a control. Bilateral
microinjection of either construct (0.5 gl/side containing 5X108 pfu) into the nucleus
accumbens resulted in high levels of expression confined to the ventral striatum.
Immunocytochemistry revealed that expression was maximal within a week after
injection and persisted for at least 6 wks. NAC-1 expressing neurons and to a lesser
extent glia were observed within a radius of up to 2.5 mm around the tip of the
injection cannula. At 2 wks after microinjecting virus rats were injected with daily
cocaine for one wk. Two wks after the last injection rats were administered a single
injection of cocaine (15 mg/kg, ip). Motor activity was monitored using a photocell
apparatus for 2 hrs after cocaine administration. Rats treated with Ad-lacZ showed
sensitized motor activity on the last day of daily cocaine injection, as well as to the
cocaine challenge. In contrast, rats treated with Ad-NAC showed no evidence of
locomotor sensitization. These data indicate that the overexpression of NAC-1 in the
nucleus accumbens prevents the development of behavioral sensitization to cocaine.
(Supported by DA-03906 and MH-40817.)

NAC 1, A PROTEIN THAT CAN REGULATE COCAINE
BEHAVIORS, IS A TRANSCRIPTION FACTOR. SA Mackler*.MR
Koebbe, DM Lewis, &X-Y Cha. Department of Medicine, Univ. of
PA & Phila VAMC, Phila PA 19104.
The mRNA NAC1 was selectively upregulated in the nucleus
accumbens of the rat several weeks after cocaine exposure. The
encoded protein, NAC1, contains a POZ domain in the amino
terminus. Many other members of the POZ family (pox virus and zinc
finger proteins) are DNA-binding proteins; however NAC1 does not
contain any obvious zinc finger regions. The present studies were
designed to determine if NAC1 could act as a transcription factor. A
polyclonal antibody was raised against a synthetic peptide from the
non-POZ portion of NACl. This antibody immunoprecipitatedNAC1
made by in vitro translation. Immunohistochemical staining of Cos
cells and rat brain sections revealed that NAC1 is a nuclear protein.
Functional transcription assays were next performed. A fusion protein
of NAC1 and the Gal4 DNA binding domain repressed transcription
>10-fold of a luciferase reporter gene downstream of the Gal4 DNA
sequence. Both the POZ domain and the non-POZ portion of NAC1
also repressed transcription in the context of this foreign gene.
Analysis of various deletion mutants will be used to define the regions
of NAC1 that regulate transcription. NAC1 also interacts in this
transcriptional assay with PLZF, another POZ protein found in the
CNS. These results indicate that NAC1 is a transcription factor that is
present in the mammalian CNS. How NAC1 regulates cocaineinduced behaviors remains to be determined.
(Supported by DA-00199 & DA-11809)
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MOLECULAR ANALYSIS OF GENE EXPRESSION IN BEHAVIORAL
SENSITIZATION TO COCAINE USING HIGH-DENSITY
OLIGONUCLEOTIDE ARRAYS ’L, Wang, 'A.Ravindranathan,ZC, Lat

GENE EXPRESSION PROFILING IN NUCLEUS ACCUMBENS AND VTA
FROM COCAINE-SENSITIZED AND 5-HTiB-RECEPTOR KNOCK-OUT
MICE. S. Spijker1. T.J. De Vries2, A.N.M. Schoffelmeer2, B, Olivier3. W.P.M,
Geraerts1. and A.B. Smit1*. ‘Dept. of Molecular Neurobiology, Faculty of
Biology and 2Dept. of Pharmacology, Medical Faculty, Research Institute
Neurosciences Vrije Universiteit, The Netherlands. ^Dept. of Psychopharmacology,
Faculty of Pharmacy, Utrecht University, The Netherlands.
Intermittent exposure to addictive drugs may cause behavioral sensitization to
these substances that persists and even intensifies during a period of drug
abstinence. This behavioral sensitization is thought to be mediated by
neuroadaptive changes in gene expression and signal transduction pathways in the
brain. Intermittent cocaine pretreatment (daily injections of 20 mg/kg for 5 days)
induces this sensitization in 129Sv mice after a 3 week drug-free period that, in our
experimental set-up, is measured in terms of increased locomotor activity. In
parallel, we studied mice that lack the serotonin-IB (5-HTjb ) receptor, and that
have been proposed to represent an animal model for a drug-sensitized state. These
animals display increased locomotor responses to cocaine and enhanced selfadministration of cocaine. It is postulated that compensatory mechanisms render
them in a biochemical and behavioral state that resembles that of wild-type mice,
long-term sensitized to cocaine by repeated exposure. We tested whether the
persistent effects of drugs of abuse have crucial elements in common (genes,
neurons), both in cocaine-sensitized and the 5-HTjb receptor knock-out mice, that
are critical for the expression of long-term sensitization. As such, we examined
gene expression levels in VTA and n. accumbens of these knock-out mice and
compared it to gene expression associated with behavioral sensitization to cocaine
in normal mice. This study describes the use of gene arrays, which allows the
effects of drug treatment to be assessed globally, as well as in terms of functional
groups of genes that become (de)-activated.

*C, Thibault. »N, Wilke, ‘MF, Olive*, 2P.J. Lockhart. ’C, W, Hodge and ?M,

F. Miles. ’The Ernest Gallo Clinic and Research Center & Department of
Neurology, University of California at San Francisco, San Francisco, CA
94110 and 2Affymetrix, Santa Clara, CA 95051.
Sensitization is a long lasting behavioral response from repeated exposure to
drugs of abuse and is considered to be an important process contributing to
drug addiction. Changes in gene expression are thought to contribute to the
molecular mechanism underlying sensitization. To identify genes involved
in induction of drug sensitization we have used oligonucleotide arrays to
screen 6500 murine genes for expression changes in response to cocaine
sensitization. Seven different brain regions from DBA/2J mice were
analyzed. Behavioral sensitization to cocaine was confirmed by assaying
locomotor activity, and total RNA from sensitized, acute cocaine-treated or
control animals was used to generate probes for oligonucleotide array
hybridizations. Prefontal cortex, nucleus accumbens, ventral tegmental area
and hippocampus all consistently showed a limited number of increases or
decreases in mRNA expression specific to the sensitized animals.
Preliminary data also suggests changes in specific mRNA levels in
hypothalamus, striatum and septum. Thus, changes in multiple brain
regions may underlie the molecular basis for drug sensitization. This work
was supported by NIAAA and funds provided by the State of California for
medical research on alcohol and substance abuse through the University of
California, San Francisco
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GDNF KNOCKOUT MICE DISPLAY ENHANCED BEHAVIORAL RESPONSES
TO CHRONIC COCAINE ADMINISTRATION. C.J. Messer1*, K. Whlsler1, D.W.
Self1, L. Shen2, H. Westphal2, and E.J. Nestler1 1Lab. of Molecular Psychiatry,
Yale Univ. Sch. of Med., New Haven CT 06508; National Institute of Child Health
and Human Development, Bethesda MD 20892.
Recent work has provided evidence that endogenous GDNF systems are
involved in the neural plasticity caused in the VTA-NAc mesolimbie dopamine
system by chronic exposure to drugs of abuse. First, intra-VTA infusion of GDNF
attenuated the ability of chronic cocaine or chronic morphine to induce
characteristic biochemical adaptations in the VTA and NAc. Second, these
infusions also attenuated responses to the rewarding effects of cocaine. Third,
intra-VTA infusions of an anti-GDNF antibody increased the animal's biochemical
and behavioral responses to cocaine.
We now present further evidence for a role of GDNF in drug action by use of
heterozygous GDNF knockout mice. Cocaine induced a dose-dependent place
preference in wildtype mice, such that a significant preference to a cocaine-paired
environment was observed at a higher (10 mg/kg) but not a lower (5 mg/kg) dose
of cocaine. GDNF knockout littermates, in contrast, developed high levels of
conditoning to both cocaine doses, in a locomotor activity paradigm, wildtype and
knockout mice showed equivalent baseline locomotor responses when initially
placed in locomotor chambers. Wildtypes and knockouts also showed equivalent
levels of habituation to repeated exposure to the chambers, as well as equivalent
levels of locomotor activation after an initial cocaine dose. However, the GDNF
knockouts exhibited greater increases in locomotor activity (i.e., sensitization) after
repeated exposure to cocaine (10 mg/kg/day). These data demonstrate the
involvement of endogenous GDNF systems in drug-induced neural plasticity.
Supported by NIDA
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NEUROTRANSMISSION THROUGH GROUP 3 METABOTROPIC
GLUTAMATE RECEPTORS INHIBITS REINSTATEMENT OF COCAINE
SEEKING BEHAVIOUR. S.R. Vorel?-2 R.J. Hayes? X. Liu? J. Spector? E.L.
Gardner,*12 Depts of 'Neuroscience and 2Psychiatry, Albert Einstein College of
Medicine, New York, NY10461
Last year, we reported that electrical stimulation of the ventral subiculum induces
relapse to cocaine seeking behaviour. We postulated that this effect was due to
glutamatergic neurotransmission in the nucleus accumbens (Acb). Recent work to
this end shows that dialysis of the group 3 metabotropic glutamate receptor
(ftiGluR) agonist AP4 into the Acb reduces extracellular dopamine (DA); dialysis
of the mGluR antagonist MPPG increases DA in the Acb. Since there is evidence
suggesting that DA neurotransmission in the Acb is involved in relapse to drug
seeking, we hypothesized that AP4 should block, whereas MPPG should induce
reinstatement of cocaine seeking behaviour. To test this hypothesis, rats were
trained to self-administer cocaine. Next, cocaine taking behaviour was extinguished
by substituting saline for cocaine. AP4 micro-injection into the Acb blocked the
reinstatement of cocaine seeking behaviour induced by amphetamine microinjection into the Acb. Moreover, micro-injection of MPPG into the Acb induced
reinstatement of cocaine seeking behaviour. We conclude that neurotransmission
through group 3 mGluRs in the Acb suppresses relapse to cocaine abuse. This work
was supported by the NY State Office of Mental Health and the NY State Office of
Alcoholism and Substance Abuse Services.

REPEATED COCAINE TREATMENT SELECTIVELY INCREASES
TONIC ADENOSINE INHIBITION OF mGluR IPSPs IN
DOPAMINE NEURONS OF THE VTA C.D. Fiorillo* and J.T.
Williams. Neuroscience Program, Vollum Institute, Oregon Health
Sciences University, Portland, OR 97201.
It was previously found that increased adenosine tone results in
inhibition of slow inhibitory postsynaptic potentials (IPSPs) in
dopamine neurons of guinea pigs 7-10 days withdrawn from cocaine or
morphine. We have examined the synapse specificity of the increased
adenosine tone in slices from the ventral tegmental area of rats 10-20
days withdrawn from repeated cocaine treatment. It was found that the
selective Al receptor antagonist, DPCPX, selectively enhanced the
slow, mGluR-mediated IPSP in slices from cocaine-treated animals.
DPCPX was without effect on fast EPSCs. Although DPCPX
increased slow GABAB-mediated IPSPs, this was not changed by
cocaine pretreatment. In the presence of a low, physiologically relevant
concentration of amphetamine, DPCPX did augment fast EPSCs in
cocaine-treated rats. But even in the presence of amphetamine, cocaine
pretreatment was without effect on the DPCPX modulation of GABAb
IPSPs. This suggests that the elevated adenosine tone acts
preferentially or exclusively on glutamate terminals. Furthermore,
because endogenous adenosine caused greater inhibition of the
glutamate IPSP than of the glutamate EPSC, it may be speculated that
glutamate afferents more effectively elicit burst firing in cocaine-treated
rats, a phenomenon known to enhance dopamine release.
This work was supported by NIH DA 04523 and NIH DA 05793.

328.3

328.4

COCAINE
REWARD
INFLUENCED
BY
AMPA
RECEPTOR
COMPOSITION
IN
NUCLEUS
ACCUMBENS
SHELL
AND
BASOLATERAL AMYGDALA.
W.A. Carlezon Jr*, M.B. KelzA, S.
Beretta, F.M. Benes, R.L. Neve, & E.J. Nestler*. Depts. Psychiatry,
Harvard Med. Sch., Belmont MA & AYale U. Sch. Med., New Haven CT.
We have shown that selective overexpression of the AMPA receptor
subunits GluRl and GluR2 in the midbrain can influence the rewarding
effects of morphine. High levels of GluRl expression favor formation of
Ca2+-permeable AMPA receptors, whereas high levels of GluR2
expression favor formation of Ca2+-impermeable AMPA receptors. The
present studies were designed to characterize the effects on drug reward
of GluR overexpression in the nucleus accumbens shell and basolateral
amygdala, two other regions that are implicated in addiction and that
normally express AMPA receptors. Cocaine reward was assessed in rats
with place conditioning after GluRl or GluR2 overexpression by bilateral
microinjections of herpes simplex (HSV)-based vectors (2.0 pi at 4.0 x
107 iu/ml). In the nucleus accumbens shell, overexpression of GluR2
increased the ability of a threshold dose of cocaine (1.25 mg/kg, IP) to
establish conditioned place preferences.
The rewarding effect was
“inversed" to conditioned place avoidance by overexpression of GluRl in
the same region. In the basolateral amygdala, overexpression of GluRl
attenuated the rewarding effects of a high does of cocaine (20 mg/kg,
IP); conditioned place avoidances were observed in the majority of the
rats. Overexpression of GluR2 was without effect at this high dose of
cocaine. These data suggest that overexpression of GluRl in the
nucleus accumbens shell and basolateral amygdala tends to detract
from cocaine’s rewarding effects. Since the basolaterat amygdala sends
an excitatory projection to the nucleus accumbens shell, these data may
help identify extended amygdala circuits that, via their activity, regulate
drug-taking behavior. (Support: DA05758, DA08227).

VIRAL VECTOR-MEDIATED UP-REGULATION OF GLUR1
AMPA/KAINATE RECEPTOR SUBUNITS IN THE NUCLEUS
ACCUMBENS REDUCES COCAINE-SEEKING BEHAVIOR
DURING EXTINCTION. E.F. Schmidt1. P.A, Karaniank C.A. Schad1.
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R.L. Neve2 and D.W, Self1*. JDiv. of Molecular Psychiatry, Yale
University School of Medicine, New Haven, CT USA, 2Dept. of Psychiatry
and Genetics, Harvard Medical School, Belmont MA USA
We previously reported that extinction from cocaine self-administration
induces an experience-dependent up-regulation of GluRl AMPA
glutamate receptor immunoreactivity in the shell region of the nucleus
accumbens (NAc) in rats (Soc. Neurosci. Abtsr. 24:2174, 1998). The level
of increase in GluRl immunoreactivity among individuals was positively
associated with the degree of extinction achieved, and negatively associated
with the amount of cocaine-seeking behavior induced by a drug-associated
cue. In order to test whether extinction-induced neuroadaptations in
GluRl levels in the NAc subsequently contribute to decreases in cocaineseeking behavior, we infused a Herpes Simplex Virus (HSV) vector
containing the gene for GluRl (flip version) into the NAc, prior to
extinction from cocaine self-administration. Bilateral microinfusions of
HSV-GluRl (1-2 pl/side; 4.0 x 10? infectious units/ml) into either the shell
or core regions reduced cocaine-seeking behavior during extinction by
more than 50% when compared to non-infused controls. Similar NAc
infusions of HSV-LacZ (a bacterial reporter gene) had no effect on
extinction responding. HSV-GluRl-treated animals showed no weight
loss, exhibited a normal extinction-like decline in responding, and
displayed a similar percent increase in sampling of the inactive lever when
compared to control animals. These results suggest that extinctioninduced neuroadaptations in GluRl may reduce cocaine-seeking behavior
by potentiating excitatory inputs to the NAc.
Supported by NIDA grant DA 10460 and the Abraham Ribicoff Research Facilities.
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AMPA
RECEPTOR
STIMULATION
IN
THE
NUCLEUS
ACCUMBENS
REINSTATES
COCAINE-SEEKING
BEHAVIOR
THROUGH A DOPAMINE-INDEPENDENT MECHANISM
.. Garnish*,__ A. B, Sun and P. W, Kalivas, Department of
Pharmacology and Neuroscience, Medical University of South
Carolina, Charleston, SC 29425
We have previously demonstrated that stimulation of AMPA receptors in the
nucleus accumbens leads to a selective increase in drug-seeking behavior in rats
extinguished from cocaine self-administration (Cornish et al., Neuroscience (in press)).
The present study aimed to further elucidate the role of AMPA or dopamine receptor
activation in the nucleus accumbens in the relapse to cocaine-seeking behavior. Rats
trained to self-administer cocaine (0.5 mg/kg/infusion, FR1 schedule, daily 2 hr
session) underwent a 7-day extinction paradigm, where saline infusions were
substituted for cocaine to remove the reinforcing cue of the drug-paired lever. At this
time the effect of intra-accumbens pretreatment with the AMPA receptor antagonist
CNQX or the D1/D2 dopamine receptor antagonist fluphenazine was investigated on
the reinstatement of drug-seeking behavior produced by intra-accumbens AMPA or
systemic cocaine administration (10 mg/kg, ip). Intra-accumbens AMPA significantly
increased responding on the drug-paired lever, as did systemic cocaine administration.
While intra-accumbens pretreatment with CNQX or fluphenazine reduced drug-paired
lever responding induced by systemic cocaine administration, pretreatment with
CNQX arid not fluphenazine blocked intra-accumbens AMPA induced drug-seeking
behavior. In addition, the intra-accumbens administration of dopamine induced drugseeking behavior which was attenuated by fluphenazine pretreatment. These results
suggest that dopamine and glutamate receptor activation in the nucleus accumbens are
important to initiate cocaine-induced drug-seeking behavior, however factors which
increase glutamate transmission in the nucleus accumbens may induce relapse to drugtaking independently of dopamine transmission. This research was supported by NIHDA03906 (PWK).

COCAINE SELF-ADMINISTRATION ANO ITS EXTINCTION CHANGES NMDA RECEPTOR
BINDING IN THE NUCLEUS ACCUMBENS OF RATS.

J^-.QrgWP.g'Maftln^.Qqrpia-^wmberritfand^.AmbrosiQVDept. Psicobiologia. UNED.
f Dept. Psicologia Bioldgice y de la Selud. UAM. Madrid. Spain.
Glutamatergic NMDA receptors have been involved in ethanol end opiate withdrawal,
and psychostimulant sensitization. The aim of the present work has been to test the effect
of cocaine self-administration end its withdrawal on NMDA binding sites of the nucleus
accumbens (NAcc). Thirty-six littermate male Lewis rats were randomly assigned in triads,
according to a yoked-box procedure, to one of three condrtions:a) contingent intravenous
self-administration of 1 mg/kg/injection of cocaine(CONT)(n«6) and b) non-contingent
injections of either 1 mg/kg/injection of cocaine(NONCONT)(n»6) or c) saline yoked
(SALINE)(n=*6) to the intake of the self-administering subject.The self-administering rats
were trained to self-administer cocaine under a FR5 schedule of reinforcement during daily
2 h sessions for at least 4 weeks. After stable baseline levels of drug intake had reached,
saline was substituted for drug during 5 days. Following this first extinction period,
cocaine self-administration was reinstated for en additional minimum period of 2 weeks.
Afterwards, one group of triads was sacrified the last day of self-administration (DAY 0),
and other group suffered a second extinction period of five days before they were
8acrified. Animal brains in each triad were procesed for quantitative autoradiography using
13H1-MK-8O1 for labeling NMDA receptors and MK-801 to define non-specific binding. In
DAY 0, binding to NMDA receptors of the NAcc showed a etetiscally significant decrease
in the CONT versus NONCONT (p<0.06) and SALINE (p<0.04) groups. There were not
differences between NONCONT and SALINE groups in DAY 0. In DAY 5 of extinction,
binding to NMDA receptors was also statistically signicant lower in the CONT group
compared to the SALINE group (p<0.05). No statistical differences were found between
CONT and NONCONT groups in DAY 5 of extinction. A statistically significant increase
in binding was also found in DAY 5 of extinction compared to DAY O in the CONT groups
(p<0.02). There were not differences in groups NONCONT and SALINE of DAY 5 of
extinction compared to DAY 0. These results suggest that changes in NMDA receptor
binding in the nucleus accumbens could mediate some of the effects of cocaine selfadministration and its withdrawaMSupported by DGES PM27-0027).

328.7

328.8

EFFECT OF NMDA/GLYCINE SITE ANTAGONIST L-701,324
ON COCAINE-INDUCED DOPAMINE RELEASE IN THE RAT
NUCLEUS ACCUMBENS. T.Kivastik* and S. Liliequist. Department of
Clinical Neuroscience, Karolinska Institute, S-17177 Stockholm, Sweden
Antagonists at the NMDA/glycine site have been shown to significantly
attenuate some behavioural effects of addictive drugs, including locomotor
activation caused by psychomotor stimulants, as well as morphine- induced
place preference. The present study was addressed to investigate the role of
NMDA/glycine site in cocaine-stimulated dopamine release in the rat nucleus
accumbens. Male Wistar rats (280-320 g) were implanted guide cannulas for
the microdialysis probes under pentobarbital anaesthesia (60 mg/kg IP).
Microdialysis was conducted on the conscious animals a week after surgery.
After the probe insertion the perfusate was discarded during the first 120 min,
which was followed by collection of 20 min samples for 360 min, including
a 120 min period for baseline determination. Samples were frozen at -80°C
and later analysed with HPLC with coulometric detection. L-701,324 was
given at 2,4, or 8 mg/kg IP 40 min prior to the administration of cocaine (30
mg/kg IP). As shown by numerous earlier studies, cocaine brought about
significant increase in the accumbal dopamine release. None of the doses of
L-701,324 had any significant influence on this effect, neither did L-701,324
alone reliably affect the levels of dopamine. Results of the present study refer
to the inability of a systemically administered NMDA/glycine site antagonist
to alter the activity of the mesolimbic dopamine system and to modify the
effect of cocaine.
This study was supported by the Swedish Medical Research Council and The Swedish
Foundation for Alcohol Research.

EFFECTS OF COCAINE WITHDRAWAL ON NMDA RECEPTORASSOCIATED NEURONAL ELEMENTS. J.M. Loftis* and A. Janowsky. Dept.
of Behavioral Neuroscience, Oregon Health Sciences Univ. and V.A. Medical
Center; Portland, OR 97201 -3098.
The N-methyl-D-aspartic acid (NMDA) subtype of glutamate receptor plays an
important role in mediating the effects of cocaine administration and withdrawal.
Repeated administration of cocaine alters NMDA NRI mRNA levels in the nucleus
accumbens, ventral tegmental area (VTA), and striatum (Ghasemzadeh et al., 1999)
and NRI protein levels in the VTA (Fitzgerald et al., 1996). The mechanism for
selectively coupling neuronal nitric oxide synthase (nNOS) to Ca2+ influx through
NMDA receptors appears to involve the N-terminal PDZ (PSD-95, Discs-large, ZO1) domain of nNOS and the second PDZ repeat of postsynaptic density proteins
PSD-95 and PSD-93 (Brenman et al., 1996). PDZ domains of PSD-95 interact with
the C-terminal domain containing the tSXV motif (S, serine; X, any amino acid; V,
valine) common to NMDA receptor NR2 subunits and certain NRI splice variants.
PSD-95 binding to both the NMDA receptor and nNOS may provide a scaffold to
link nNOS selectively to the NMDA receptor-mediated Ca2+ source. The present
study characterized cocaine-induced changes in the expression and localization of
NMDA receptor subunits (NRI and NR2B) and associated neuronal elements.
Adult Sprague-Dawiey rats were chronically treated with cocaine (7 days; 20
mg/kg/day) or saline, and sacrificed at 24 hours (h), 72 h, or 14 days following the
last drug injection. Protein levels for NRI, NR2B, and nNOS were assessed using
immunological methods. Data indicate that chronic cocaine administration affects
NMDA receptors with subunit, regional, and withdrawal time-dependent specificity
and suggest that altered protein interactions represent putative mechanisms for
cocaine-induced changes in NMDA receptor expression and function. Supported by
grant #5T32AA07468, contract #N01 DA-7-807], and VA Merit & Career Scientist
Programs.

328.9

328.10

COMPLETE SUPPRESSION OF SELF-MUTILATION BY MK-801 AND
ACPC,
BUT
DIFFERENTIAL
EFFECTS
UPON
LOCOMOTION:
IMPLICATIONS FOR SENSITIZATION AND STIMULANT DRUG
ADDICTION. D. L. GELOWITZ*, A, J. FRANCO AND S. P, BERGER
Department of Psychiatry, University of Cincinnati Medical Center,
231 Bethesda Avenue, Cincinnati, Ohio, USA, 45267-0559.

EFFECTS OF LIGANDS FOR THE NMDA-ASSOCIATED STRYCHNINEINSENSITIVE GLYCINE SITE UPON COCAINE SENSITIZATION AND
CONDITIONED LOCOMOTION; IMPLICATIONS FOR STIMULANT DRUG
ADDICTION. A, J, FRANCO, D, L. GELOWITZ AND S. P. BERGER*
Department of Psychiatry, University of Cincinnati Medical Center,
231 Bethesda Avenue, Cincinnati, Ohio, USA, 45267-0559.

The effects of the N-Methyl-D-Aspartate (NMDA) receptor antagonist, MK-801
(0.2 mg/kg, i.p.), and the strychnine-insensitive glycine partial NMDA agonist,
but functional antagonist, ACPC (200 mg/kg, i.p.), on the development of selfmutilation and locomotor activity were studied in female rats. Self-mutilation
and locomotion was induced by daily administration of a single dose of GBR12909 (20 mg/kg, i.p.) for 5 consecutive days to female rats - GBR-12909 is
an inhibitor of presynaptic dopamine uptake and a potent psychomotor
stimulant. Behavioral observations indicated that the majority (83%) of
Saiine/GBR-12909 subjects displayed self-mutilation by day 5, while none
(0%) of the MK-801/GBR-12909 treated subjects displayed self-mutilation. In
a similar experiment, 67% of Saline/GBR-12909 and 0% of ACPC/GBR12909 -treated subjects displayed self-mutilation by Day 5. In those subjects
displaying self-mutilation, the behavior worsened or sensitized over time.
Locomotor activity data indicated that MK-801 and GBR-12909 significantly
increased locomotor scores compared to Saline-treated subjects, while ACPC
was without effect on activity scores. Sensitization of locomotor activity was
also not observed in any treatment group. In sum, these results indicated that
MK-801 and ACPC completely blocked the development of GBR-12909 induced self-mutilation, while MK-801 and GBR-12909, but not ACPC,
induced locomotor activity. Implications of these findings with respect to
sensitization and stimulant drug addiction are discussed.
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Activity at central NMDA glutamate receptors has been shown to play a
critical role in ischemic cell damage, long-term potentiation (LTP) and
neuroplasticity, acquisition and retention of learnt behavior, seizure disorders
and behavioral sensitization.

Behavioral sensitization refers to the progressive increase of behavioral
responses to psychomotor stimulants, such as cocaine or amphetamine, that
develops during repeated administration and even persists after lengthy
periods of withdrawal. Stimulant sensitization provides an animal model for
the intensification of drug craving alleged to underlie addiction in humans.
Another important factor that accompanies repeated drug exposure is
associative in nature; that is, it develops via learning processes that are
believed to be a form of classical conditioning. It has been argued by Pert
and others that classical conditioning of drug effects to environmental cues
underlies the development of incentive motivation, which may be a
neurobehavioral substrate involved in drug craving. Using behavioral
locomotor sensitization resulting from repeated cocaine administration in
rodents, we studied the effects of ligands for the NMDA-associated
strychnine-insensitive glycine site to modulate the development of locomotor
sensitization and conditioned locomotion. The results and implications of
these studies with respect to stimulant drug addiction will be presented.
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NMDA RECEPTOR ANTAGONIST ATTENUATES MOTOR
RESPONSES TO DRUGS OF ABUSE WHEN MICROINJECTED
INTO THE MEDIAL SUBTHALAMUS AND TUBERAL
LATERAL HYPOTHALAMUS. L. Churchill*. Dept. of VCAPP,
Washington State University, Pullman, WA 99164-6520.
Drugs of abuse, cocaine or opioids, stimulate motor activity in
rats, in part through alterations in the dopaminergic projection to the
nucleus accumbens (NA) and ventral pallidum (VP). The hypothesis
is that this motor ouput is regulated by the GABAergic output from
the NA and VP into the medial sub thalamus and tuberal lateral
hypothalamus (mSTh), which involves glutamatergic transmission
within the medial subthalamus. The motor output stimulated by the
opioid receptor agonist, D-Ala-Tyr-Gly-NmePhe-Gly-OH (DAMGO)
microinjected into the NA or VP or the indirect dopamine receptor
agonist, cocaine, i.p., has been analyzed in the presence of
microinjection of saline or the competitive NMDA receptor antagonist,
3-(2-carboxy-piperazin-4-yl)-propyl-phosphonic acid (CPP) into the
mSTh in rats. Initial dose-response studies of CPP microinjection
into the mSTh indicate that a dose of (0.01 nmol/0.3 pi) does not
block saline-induced activity. However, motor activity induced by
DAMGO microinjection into either the NA (0.033 nmol/0.3pl) or VP
(0.01 nmol/0.3pl) or cocaine (15 mg/kg) injected systemically (i.p.)
was significantly attenuated by this dose of CPP microinjected into
the mSTh. These results indicate that the glutamatergic transmission
within the mSTh is important in regulating the motor output induced
by cocaine or an opioid receptor agonist in this motivational circuit.
(Supported by NIDA-DA03906 (LC) and DA-00158 (PWK).)

EFFECTS OF SOCIAL STRESS ON COCAINE INDUCTION OF
GLUTAMATE EFFLUX IN THE RAT NUCLEUS ACCUMBENS RJL
Hammer. Jr..* J, Onton. E.M. Nikulina and J.J, Byrnes.. Departments of
Psychiatry, Pharmacology and Neuroscience, Tufts University School of
Medicine, Boston, MA 02111.
Previous studies indicate that prior stress exposure might crosssensitize to the effect of cocaine. As cocaine augments glutamatergic
response in the nucleus accumbens (NAc) of sensitized rats, we examined
whether stress exposure enhanced glutamate response to cocaine in the rat
NAc. Rats experienced a salient form of social stress by exposure within a
protected cage to a resident conspecific for 30 min. Repeated social stress
or home cage control exposure daily for 5 days was followed by
implantation of jugular catheters and guide cannulas aimed at the NAc
shell. A 2 mm dialysis probe was implanted, and samples were collected
overnight to establish a stable baseline startingseven days after stress
exposure. Intravenous cocaine (0.75 mg) was administered and samples
were collected for 2 hr. OPA/BME-derivitized samples were analyzed on
an isocratic HPLC system with UV detection. Cocaine induced 100-150%
increase of glutamate efflux in both control and social stress groups.
Additional experiments revealed that acute social stress exposure
administered 30 min prior to cocaine (0.75 mg, i.v.) produced no further
augmentation of NAc glutamate efflux. These results suggest that social
stress does not potentiate NAc glutamate response to cocaine in this brain
region. Supported by USPHS Award DA09822 and MH 19924.

328.13

328.14

GAMMA-VINYL GABA (GVG, VIGABATRIN), AN IRREVERSIBLE
INHIBITOR OF GABA TRANSAMINASE, ATTENUATES COCAINEINDUCED SENSITIZATION IN RATS. C.R. Ashby, Jr.1*, B.Horan2, S.L.

IMPACT OF GABAERGICS ON BRAIN ACTIVITY DURING CUEINDUCED COCAINE CRAVING A.R. Childress*. W. McElgin. T, Franklin, P,
Acton. J. Moseri. and C.P, O'Brien. Addiction Treatment Research Center, Univ.
of Penn. School of Medicine, and VA Medical Center, Philadelphia, PA 19104
Profound desire for drug is a hallmark of addictive disorders, and it can be
reliably evoked by cues associated with the drug. We have thus used drug-related
videos to evoke drug craving in the brain imaging setting, allowing us to study
the brain substrates of this state. In our initial findings, cocaine patients viewing
a 25 minute cocaine (vs. nature) video showed increased appetitive drug craving,
accompanied by limbic (amygdala, anterior cingulate) activation and basal
ganglia deactivation (as indexed by rCBF, regional cerebral blood flow, with
PET, positron emission tomography). This pattern did not occur in cocaine-naive
control subjects. As cocaine users liken cocaine craving to strong sexual desire,
we subsequently imaged brain activity during video-induced desire for a natural
reward (sexual activity) in cocaine-naive subjects. We indeed found some overlap
in the brain substrates for cocaine craving and for sexual desire, suggesting
candidate cocaine “anti-craving” medications might also impact sexual desire.
Recent pre-clinical work suggests that certain gabaergic agents (the GABA B
agonist baclofen, or gamma-vinyl-gaba, an inhibitor of GABA transaminase) may
substantially reduce cocaine motivation (as evidenced by reduced cocaine selfadministration, place-preference, etc.) We are thus beginning to examine the
action of the GABA B agonist baclofen in our described brain imaging paradigm,
to determine if this medication can blunt or eliminate the characteristic subjective
and brain response to cocaine cues. As in the prior studies, radioactively-labeled
(0-15) water is the flow tracer; PET scans for each subject are co-registered with
an MRI (magnetic resonance image) to permit anatomical localization of
radioactivity. Study results will inform the search both for mechanisms, and for
medications, of the appetitive craving both for drugs and for natural rewards (sex;
food).
NIH-NIDA RO 1 DA 10241 -03

Dewey2, M.R. Gerasimov2, J.D. Brodie3 and E.L. Gardner4. *PHS Dept., St.

John’s University, Jamaica, NY, 2Brookhaven National Labs, Upton, NY
11973, 3NYUSM, NY, NY 10016,4AECOM, Bronx, NY 1046).
Previously, we have shown that the incentive motivating and reinforcing
properties of cocaine (Coc), which are believed to play a role in the addiction
process, were significantly attenuated by GVG (Dewey et al., Synapse,
30:119, 1998; Kushner et al., Soc. Neurosci. Abstr., 23:1942, 1997). Another
factor thought to play a role in addiction is sensitization. Therefore, we
examined the effect of GVG on the expression and acquisition of Coc-induced
sensitization in male Sprague-Dawley rats. Sensitization was determined by
measuring locomotor activity and stereotypy using automated locomotor
cages and a six-point rating scale, respectively. Rats were given 15 mg/kg i.p.
Coc, behavior measured, followed by Coc once daily for 6 days in their home
cage and no drug for one week. One day later, animals were given Coc and
behavior measured. GVG, at doses of 75 and 150 mg/kg i.p., significantly
attenuated the expression and acquisition of COC-induced sensitization. GVG
completely blocked the increased sterotypy behavior and significantly
decreased (75-90%) the elevated locomotor activity produced by the
sensitizing regimen. These results suggest that GVG would effectively block
the development and expression of sensitization. Overall, GVG should be
effective in the treatment of Coc addiction given that it blocks the incentive
motivating, reinforcing and sensitizing actions of Coc. Supported by
USDOE/OBER (DE-AC02-98CH10886) and NIMH MH49165.

328.15

328.16

CLONAZEPAM MODULATION OF GABAa
RECEPTOR
FUNCTION AFTER REPEATED COCAINE B.J. Jung* & J. Peris.
Dept. Pharmacodynamics, Univ. of Florida, Gainesville, FL 32610.

SPECIFIC ATTENUATION OF COCAINE REINFORCEMENT IN RATS
FOLLOWING INTRA-VTA BACLOFEN. K, Brebner. R, Phelan and D.C.S.
Roberts.* Dept. of Physiology and Pharmacology, Bowman Gray School of
Medicine, Winston-Salem, NC, 27157.
The effect of intracerebral injections of the GABAb agonist baclofen was
investigated in animals given concurrent access to food and cocaine
reinforcement. Rats were given access to two levers during daily 5 hour
sessions. Responding on one lever resulted in the delivery ofcocaine injections
(1.5 mg/kg/inj) controlled under a progressive ratio schedule. The final ratio
completed before responding ceased was defined as the breaking point.
Delivery of 45 mg food pellets was contingent on the completion of a fixed
ratio (FR5) schedule on a second lever that was concurrently available.
Typically, animals would respond exclusively on the cocaine-reinforced lever
until a break point was reached, after which responding switched to the foodreinforced lever. Bilateral injections of baclofen into ventral tegmental area
(VTA), nucleus accumbens, or striatum produced dose dependent decreases
in cocaine-reinforced break points, whereas food-reinforced responding was
unaffected or increased. Doses required to produce a cocaine-specific effect
in the VTA (31, 50,100 ng) were substantially lower than those required to
produce comparable effects in either the nucleus accumbens or the striatum
(316,562 ng). The results suggest that stimulation of GABAb receptors in the
VTA produce a specific attenuation of cocaine reinforcement. Supported by
the MRC Canada.

After repeated cocaine, there are paradoxical changes in striatal
GABAa receptor (GAR) binding; decreased TBPS binding, but
increased benzodiazepine (BDZ) binding (Peris, 1993; Goeders,
1991). Although GAR function is decreased after repeated cocaine
(COC) (Peris, 1996), neither the effects of clonazepam (CLO) or
agonist binding sites on the GAR function have been studied.
[3H]Muscimol binding and CLO modulation of GAR function were
measured from the striatum and cerebral cortex of saline (0.1 mi
kg'1, i.p.) and COC treated rats (15 or 20 mg kg'1 once daily for 14
days, i.p.). [3H]Muscimol binding was not changed by repeated
COC in the striatum or nucleus accumbens. In the striatum of saline
and COC treated rats, GABA (20 pM) stimulated uptake was
enhanced by CLO (10 pM) (232.5 ± 12.0% and 195.4 ± 7.8%). CLO
similarly enhanced cortex GAR function in saline (155.5 ± 6.6%)
and COC (176.1 ± 11.4%) treated rats. The presence of COC in
vitro did not alter the CLO effect on GAR function. Thus, neither
CLO modulation or muscimol binding of striatal GAR function is
affected by repeated COC. BDZ enhancement of muscimol binding
and immunoprecipitation of B subunits will be used to identify
additional alterations of GAR function after repeated COC. No
change in CLO modulation of GAR function after repeated COC
would suggest that increased BDZ binding is of less functional
consequence. Supported by NIAAA T32 AA07561.
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EFFECT OF CHRONIC COCAINE ON BENOZDIAZEPINE (BZ) ANTICONVULSANT AND ANXIOLYTIC ACTIONS AND GABAa RECEPTOR
(GABAR) SUBUNIT,EXPRESSION. S.M. Lilly*, J.A. Dunkle and E.l. Tietz
Dept. of Pharmacology, Med. College of Ohio, Toledo, OH 43614, USA.
Cocaine exposure has been shown to affect BZ binding density, abuse
liability, subjective hypnotic actions and seizure susceptibility. Since BZs
are used to treat anxiety related to cocaine withdrawal and cocaineinduced seizures, we assessed whether chronic cocaine alters diazepam's
(DZP) anticonvulsant and anxiolytic actions. Changes in GABAR subunit
protein expression were also assessed as they may relate to BZ activity at
the GABAR. Male Sprague-Dawley rats (130-140 g) were injected, with
cocaine-HCI (15 mg/kg) or saline 1 X 14 days. All measures were made
24 hours after the last injection. Anticonvulsant Testing: PTZ (20 mg/ml)
was infused (0.57 ml/min) via the tail vein and clonus onset was
recorded. Chronic cocaine had no effect on baseline seizure threshold or
DZP’s ability (5 mg/kg, i.p., 30 min prior) to significantly (p<.05) elevate
seizure threshold (+180%). Anxiolytic testing: DZP (1 mg/kg i.p., 30 min
prior) significantly increased time spent (+145%) and entries (+88%) into
open arms of an elevated plus maze after saline and cocaine treatment.
Cocaine exposure showed a trend (p=.O9) to increase (+53%) open arm
entries, contrary to the reported anxiogenic effects during the early
withdrawal phase; a trend not evident 8 days after cessation of treatment.
Immunohistochemistry (IHC). Preliminary GABAR subunit protein studies
using quantitative IHC demonstrate significant regulation of the a2
(-10%) and (33 (+9%) subunit proteins in hippocampal dentate gyrus (outer
molecular layer) and CA1 (stratum pyramidale), respectively. Despite
small changes in GABAR subunit expression in specific brain areas, the
clinical effectiveness of DZP likely remains intact following chronic
cocaine treatment. Support: MCO Research Program in Drug Abuse.

NEUROPSYCHIATRIC DISORDERS: SCHIZOPHRENIA—POSTMORTEM STUDIES II

329.1

329.2

GABAERGIC AND GLUTAMATERGIC mRNA EXPRESSION IN
THALAMIC NUCLEI OF SCHIZOPHRENICS. G.J. POPKEN**. W.E.
BUNNEY\ JR.. S.G.POTKIN +AND E.G.JONES*. *Univ. Of California,
Irvine, department of Psychiatry and Human Behavior, * Univ. of California,
Davis. Center for Neuroscience
The involvement of the thalamic mediodorsal nucleus (MD) in the pathology of
schizophrenia is only beginning to be understood. There is even less
information regarding the possible involvement of other thalamic nuclei. To
investigate this we undertook in situ hybridization studies to quantify gene
expression for representative mRNAs involved in the GABA and glutamatergic
transmitter systems in all the major thalamic nuclei. In monkeys, different
groups of thalamic nuclei show wide variability in the expression of receptor
subtypes (Huntsman et al., 1996, J. Neurosci. 16:3571). In situ hybridization
histochemistry was used to investigate possible activity-dependent changes in
gene expression that may be associated with schizophrenia. In situ
hybridization for the oq, p2, and y2 subunits of the gamma amino butyric acid
type A (GABAa ) receptor, the alpha subunit of type II calcium calmodulin
protein kinase (CAMIIa), glutamic acid decarboxylase (GAD) and AMPA
receptor subunit 2 (GluR2) was carried out on thalami from schizophrenic
patients and matched controls. Film autoradiograms of hybridized sections
were analyzed by optical density measurements. The data for the control
subjects indicate differential expression of components of these two system in
intralaminar, anterior and sensory relay nuclei similar to those described for
other primates. In addition, decreased expression of components of both of
these neurotransmitter systems can be identified in certain nuclei, including
the subnuclei of MD in schizophrenic patients.
Supported by NIMH grant MH54844.

THALAMIC ANATOMY IN SCHIZOPHRENIA. K.A. Young*1,
K,F. Manave2, P.C. German2, P.A. Hamilton1 and Paul B Hicks1.

Texas A&M Univ. HSC/Central Texas VA Neuropsychiatry
Research Program Temple, Texas, 76504 and 2Dept. of Psychiatry,
Univ. of Texas Southwestern Medical Sch., Dallas, TX 75235 .
We have found a substantial reduction in the number of neurons in
the mediodorsal and other limbic thalamic nuclei in virtually every
schizophrenic subject studied to date (Young et al., 1999). Neuron
numbers are reduced by 20-35%, while volumes are reduced by
approximately 20% in regions of the thalamus projecting to the
prefrontal and cingulate cortex. Other thalamic nuclei have normal
neuron numbers and volumes. In order to examine whether thalamic
neuron numbers are generally reduced, we used stereological
techniques to measure total neuron numbers in the thalamus
(excluding the geniculate and reticular nuclei). We found that the
neuron population was not significantly reduced (control=16.8±2.5
million, N=7; schiz.=15.1±2.7 million, N=6: t=0.45). Furthermore,
although the volume of the thalamus was 10% smaller in the
schizophrenic group, the decrease was not significant. Thus, while
robust deficits are present in selected subregions, the total volume of
the thalamus is nearly normal, suggesting that thalamic anatomical
changes in schizophrenics may be hard to detect with current MRI
procedures. Recent reports of deficits in thalamocortical terminals and
related synaptic markers in the frontal cortex suggest that cortical
anatomical changes may accompany the robust mediodorsal and limbic
thalamic deficits in schizophrenia, implicating an abnormality of
thalamocortical connectivity as a primary neuroanatomical defect in
this illness. Supported by die VA, NIMH and Stanley Foundation.

329.3

329.4

SPECIFIC ALTERATIONS IN GAP-43 GENE EXPRESSION IN THE
HIPPOCAMPUS OF PATIENTS WITH SCHIZOPHRENIA. N.l, PerroneBizzozero*1, D. Thomas1, L Hassinoer2 and R. L. Neve2, 1 Department of
Neurosciences, University of New Mexico School of Medicine,
Albuquerque, NM, 87131 and 2McLean Hospital, Belmont, MA, 02178.
We have previously shown that GAP-43 levels are increased in the
prefrontal and inferior temporal cortices from patients with schizophrenia
(Perrone-Bizzozero et al, Proc. Natl. Acad. Sci. 93: 14182, 1996). To
further investigate the underlying basis for the neuropathology of
schizophrenia, we measured the levels and distribution of GAP-43 and
other synaptic markers in the hippocampal formation of subjects with
schizophrenia and of age-, sex- and post-mortem interval (PMi)-matched
controls. We also included in our analysis non-schizophrenic, neuroleptictreated patients to account for any effects caused by the medication.
Western blot analysis indicated that GAP-43 levels were significantly
decreased in the hippocampus from patients with schizophrenia relative to
both control groups. In contrast, we found no significant differences in the
levels and distribution of the synaptic vesicle protein, synaptophysin.
Immunocytochemical studies indicated that GAP-43 levels were
decreased in the hilar/mossy fiber layer in the dentate gyrus. These
results are in agreement with previous studies on the levels of the GAP43 mRNA In schizophrenia (Eastwood and Harrison, Neuroscience 86:
437, 1998) and suggest that expression of this gene may be severely
compromised in dentate granule cells. Given the relationship of GAP-43
with learning and memory mechanisms (see Young et al, this series), we
propose that the observed deficits in GAP-43 levels in the hippocampus
could be related to cognitive deficits seen in patients with schizophrenia.

CHOLECYSTOKININ CCKB
RECEPTOR mRNA
ISOFORMS:
EXPRESSION IN POST-MORTEM SCHIZOPHRENIC BRAINS.
O. Zachnsson1. J, de Belleroche2. K.R. Wendt1. S. Hirsch.3 and N. Lindefors1*.
‘Dept. of Clin. Neuroscience, Psychiatry Sect., Karolinska Institutet,
Karolinska Hospital, S-171 76 Stockholm, Sweden; 2Dept. of Neuromuscular
Diseases and 3Dept. of Psychiatry, Imperial College of Science, Technology,
and Medicine, Charing Cross Hospital, Fulham Palace Road, London W6 8RF,
UK.
The prefrontal cortex have been implicated in the pathophysiology of
schizophrenia by means of post-mortem tissue examination and imaging
techniques. The neuropeptide cholecystokinin (CCK), expressed in subsets of
glutamatergic neurons as well as GABA intemeurons in the cerebral cortex, has
been shown to be depleted in schizophrenia. In light of earlier findings of
reduced CCK mRNA levels in frontal cortex [Virgo et al 1995 Biol Psychiat
37:694-701], we have used in situ hybridisation to examine possible regulation
of the mRNAs coding for two isoforms of the CCKB receptor in post-mortem
frontal cortex (BA 10) of schizophrenic patients and 8 normal controls. The
hybridisations revealed a 62% and 55% decrease of the frill length CCKB
receptor mRNA in the outer and inner layers of the frontal cortex, respectively.
The corresponding percentages for the truncated isoform were a 63% reduction
in the outer layers and a 61% reduction in the inner layers of the frontal cortex.
This strengthens the hypothesis that CCKergic transmission in this part of the
brain is involved in the pathophysiology of schizophrenia. This woik was
supported by the Swedish Medical Research Council, grant no. 8653, Professor
Bror Gadelius’ Memorial Foundation, Sigurd and Elsa Goljes’ memorial
foundation, and the Swedish Society for Medical Research

Supported by the NARSAD and funds from the HHMI to UNM School of Medicine.
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3D VARIABILITY MAPS OF THE HIPPOCAMPUS AND AMYGDALA IN
SCHIZOPHRENIA.
A.F. Cannestra1*, T. Sharma2, K.L. Narr1, P.M.
Thompson1, J. Moussai1, A. Edris1, R.E. Blanton1, A.W. Toga1. ’Laboratory of
Neuro Imaging, Department of Neurology, UCLA School of Medicine, Los
Angeles, CA 90095, institute of Psychiatry, London UK
Many magnetic resonance imaging (MRI) studies have investigated the structure
of hippocampus and/or amygdala in schizophrenic (SZ) patients. These studies,
however, have been limited to volumetric assessment often with conflicting
results. Our goal was to map the amygdala and the hippocampi in three
dimensions in 25 patients with schizophrenia (age; 31.1 ±5.6 yrs.) and 28 agematched normals (age: 30.5±8.7 yrs.). 3D variability maps were created to
visualize cross group morphological differences and asymmetries. 3D SPGR 1.5T
MR scans were acquired as sets of 124 contiguous coronal slices (slice thickness;
1.5mm, FOV:20cm). Prior to manual delineation of the left and right amygdala,
anterior hippocampi, and posterior hippocampi, all 53 scans were aligned and
corrected for head size by transforming them into Talairach stereotaxic space.
Using high-resolution probabilistic meshes, we mapped in 3D the local anatomic
variability for the three structures. Also, using 3D surface maps, we measured the
anterior-posterior, lateral-medial, and inferior-superior limits of each structure
along with volume. Separate ANOVA’s with repeated measures were performed
for Anterior Hippocampus (AH), Posterior Hippocampus (PH), and Amygdala
(AM). Results for the AH showed volume and the length of the left hippocampus
to be larger in females than in males. Also, the volume of the PH was smaller
bilaterally in patients compared to normal controls (RH p<0.001; LH p<0.01). In
addition, the width of the PH was larger in controls than in patients. The volume
of right AM was larger in patients than in normal controls (p<0.05). The width of
the right AM was smaller in schizophrenic patients than in controls. There were
significant volumetric asymmetries present in the hippocampi with right volume
being larger than the left.

ALTERED GENE EXPRESSION IN POSTMORTEM SCHIZOPHRENIC
BRAIN REVEALED BY mRNA DIFFERENTIAL DISPLAY. F.C. Lau*.
A.T, Kallarakal. A.M, Rowland, and D.M, Jacobowitz. Lab. Clin. Sci.,
NIMH,. NIH, Bethesda, MD 20892.
In order to gain insight into the etiology of schizophrenia, it is important
to identify genes that are associated with this disease.
To date, no
comprehensive study on changes in gene expression in schizophrenia has been
conducted. This study was set out to initiate a systematic search for known
and novel candidate genes whose expression was altered in the schizophrenic
brain using the technique of mRNA differential display. Total RNA from
cingulate and frontal cortices of schizophrenic and normal postmortem brains
was extracted. Differential display was performed on the purified total RNA
samples. Differentially expressed genes were isolated, reamplified and
sequenced. The obtained sequences were compared with GenBank and EST
databases.
Several known and unknown cDNAs were found to be
differentially expressed. Among the known candidate genes, the expression
of Cu/Zn superoxide dismutase (SOD) and glutathione synthetase (GSH-S)
was found to be altered. Specifically, SOD was downregulated, whereas
GSH-S was upregulated in the schizophrenic brain. Several lines of evidence
indicate that reactive oxygen species (ROS) is involved in membrane
pathology and may play a role in schizophrenia. Our findings suggest that the
antioxidant defense system in schizophrenic brain may either be impaired or
may be a response to long term schizophrenia. These findings further support
the notion that dysregulation of ROS metabolism may contribute to the
pathophysiology of schizophrenia.
[Human brains were provided by the Stanley Foundation Neuropathology Brain
Collection]

329.7

329.8

are selectively
Decreased
in
THE THALAMIC RECIPIENT ZONE OF THE PREFRONTAL CORTEX IN SCHIZOPHRENIA.

ALTERED GABA TRANSPORTER-1 mRNA EXPRESSION IN A SUBSET
OF PREFRONTAL CORTICAL GABA NEURONS IN SCHIZOPHRENIA.
D.W. Volk1*, M.C. Austin2, J.N. Pierri2, and D.A. Lewis1,2. Depts. of
Neuroscience1 and Psychiatry2, University of Pittsburgh, Pittsburgh, PA 15260
Within the prefrontal cortex (PFC) of schizophrenic subjects, recent studies
suggest that alterations in markers of GABA neurotransmission, including
decreased immunoreactivity for the GABA membrane transporter, GAT-1, may
be most prominent in the chandelier cell subpopulation of GABA neurons (PNAS
95:5341,1998). In order to explore one possible mechanism for these findings,
we tested the hypothesis that GAT-1 mRNA expression is decreased in a subset
of PFC GABA neurons in schizophrenia. Tissue sections containing PFC area
9 from 10 schizophrenic subjects, each matched to one control subject for sex,
age, and postmortem interval, were processed for in situ hybridization
histochemistry with 35S-labeled oligonucleotide probes for GAT-1 mRNA and
exposed to nuclear emulsion. The density of labeled neurons was decreased in
the schizophrenic subjects by 25-40% in layers 1-5 but was unchanged in layer
6. In contrast, mean grain density per labeled neuron, a relative measure of the
cellular level of GAT-1 mRNA expression, did not differ between schizophrenic
and control subjects. These findings indicate that GAT-1 mRNA expression is
relatively unaltered in the majority of PFC GABA neurons in schizophrenic
subjects, but is reduced below a detectable level in a subset of GABA neurons.
Furthermore, the magnitude and laminar pattern of these results were strikingly
similar to our previous study of GAD67 mRNA expression in the same subjects
(SFN 24:986,1998). Thus, markers of both GABA synthesis and uptake appear
to be altered at the level of gene expression in a subset of GABA neurons, and
the resulting changes in GABA neurotransmission may contribute to PFC
dysfunction in schizophrenia. (Supported by MH45156, MH00519)

329.9

329.10

Parvalbumin

-Immunoreactive

Varicosities

D.A. Cruz, P.S. Melchitzkv, D.A. Lewis*, Dept. of Psychiatry and
Neuroscience, University of Pittsburgh, Pittsburgh, PA, 15213.
Recent studies have reported decreased neuron number in the mediodorsal
thalamic nucleus (MDTN), the principal source of thalamic projections to the
prefrontal cortex (PFC), in subjects with schizophrenia. In thalamic relay nuclei,
the calcium binding protein parvalbumin (PV) is present in the neurons that
provide the major thalamic projection to the middle cortical layers. In
ultrastructural studies of area 9 in monkey PFC, we found PV immunoreactivity
in axon terminals forming Gray’s Type I (excitatory) synapses exclusively in
layers deep 3 and 4, the termination zone of afferents from the MDTN. In order
to test the hypothesis that schizophrenia is associated with altered thalamic
inputs to PFC, we examined PV-immunoreactive varicosities in PFC area 9 of
matched pairs of schizophrenic and control subjects. The relative optical density
(ROD) of PV immunoreactivity in 40 pm sections and the number of PVimmunoreactive varicosities in 1 pm sections were quantified in superficial and
middle cortical layers. In an initial cohort of subjects, analysis of ROD of PVimmunoreactivity showed a modest (p=0.09) decrease (6.5%) in the middle
layers of schizophrenic subjects, while the ROD in superficial layers remained
unaltered, compared to control subjects. Laminar comparisons of the number
of PV-positive varicosities showed no difference between schizophrenic and
control subjects in the superficial layers, whereas a significant (p=0.02)
decrease (43.3%) was found in the middle layers of schizophrenic subjects.
These results are consistent with the hypothesis that thalamocortical projections
to the PFC are diminished in schizophrenia. Supported by MH00519 and
MH45156.
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f, Giannak>pQMlo.s,' P.RuHQf2 anriC, Bwr^1.

'Department of Psychiatry, HUG-Belle-Ictee, 1225 Geneva, Switzerland; ’Mount Sinai
Sch. Med., New-York, N.Y. 10029, U.S.A.
Mood disorders and schizophrenia are the two most severe neuropsychiatric
illnesses. Recent studies have indicated that a volume decrease and significant glial
reduction occur in the subgenual part of Brodmann's area 24 (24sg) in familial, but
not in sporadic, forms of major depressive disorder (MDD) and bipolar disorder (BD).
To explore further this issue, we performed a quantitative analysis of cortical thickness
and neuron densities in 119 patients (51 men, 65.0 ± 15.6 years old; 68 women,73.7
± 10.5 years old), who died and were autopsied in the Hospitals of the University of
Geneva School of Medicine. There were 44 schizophrenics (19 men, 65.7+15.5 years
old; 25 women, 74.6±9.8), 10 patients with sporadic BD (6 men, 64.5±16.7 years
old; 4 women, 69.2±8.5 years old), 10 patients with sporadic MDD (4 men,
62.5±11.2 years old; 6 women, 74.2±10.9 years old), and 55 age- and sex-matched
controls (22 men, 65.0±16.9 years old; 33 women, 73.5±11.4 years old). Blocks
fixed in 10% formalin from the 24sg were cut on a vibratome at 50 pm thick sections.
Total and laminar thickness and neuron densities were estimated on cresyl violetstained sections. In particular, neuron densities were measured using the optical
disector, an unbiased stereological counting method allowing that al, regions within
the structure of interest have an equal chance of being analyzed. There was a
significant decrease in total cortical thickness in all three diagnosis groups compared
to controls (schizophrenics: 1894+80 pm; MDD 1959±115 pm; BD 1681±105 pm;
controls: 2302+100 pm). After correction for cortical narrowing, neuron densities per
mm3 in layers III and Vwere significantly increased in schizophrenics (47495±1944 /
56058±3107) and decreased in patients with BD (34234±1180 / 33916±1195)
compared to controls (40253±1499 / 42881±1844; p<0.05-0.01). No differences were
found in neuron densities in these layers between patients with MDD and controls.
These data suggest that both BD and schizophrenia are associated with structural
changes in 24sg, and stress the necessity for further studies including functional
neuroimaging and phenotypic analysis to understand better the role of this area in
neuropsychiatric disorders.
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ABNORMAL PATTERNS OF CORTICAL NEURONAL CONNECTIVITY IN
SCHIZOPHRENIC BRAIN:
A POSTMORTEM MORPHOMETRIC
ELECTRON MICROSCOPIC STUDY N.A.Uranova1*, D.P, Orlovskaya1,
N.S. Kolomeets’, I.S. Zimina’, O.V, Vikhreva1, V.I. Rachmanova1, A.Y.
Klintsova2, I.E. Black2 and W.T, Greenough2. ’Laboratory of Clinical
Neuropathology, Mental Health Research Center, Moscow 113152, Russia
and 2Beckman Institute, University of Illinois, Urbana, IL 61801, USA
Previous study (Uranova et al.. 1998) has revealed an increase in numerical
density (Nv) of axospinous synapses in layer VI of the prefrontal cortex (area
10) in postmortem schizophrenic brain. Using electron microscopy and the
unbiased stereological dissector method (Gundersen et al., 1988), we tested
the hypothesis that alterations of neuronal connectivity in schizophrenic
cortex are layer specific. We estimated Nv of synapses and synapse number
per neuron in layers I and II of postmortem prefrontal cortex in 16 normal
controls and 20 schizophrenic cases (all met ICD-10 diagnostic criteria).
Mean age at death (±SEM) was 49.2 (±3.2) for controls and 57.6 (±3.3) for
schizophrenics. Mean postmortem intervals were around 5 hours for both
groups. A significant decrease in Nv of synapses in layer I was detected in
both the schizophrenic group (-20%) and a subgroup (n=7) of familial
schizophrenics (FS) (-15%) compared to controls. The number of synapses per
neuron (+42%) and Nv of synapses (+24%) were significantly increased in
layer II of schizophrenic cases. A significant increase in the number of
synapses per neuron was also revealed in layer II of the FS subgroup
compared to controls [F (1,21)=19.64, p=0.0002], due in part to a trend towards
a decrease (-18%) in Nv of neurons in layer II in the FS subgroup (p=0.08). No
correlation with the duration of the disease was found. The data suggest
layer specific neuronal misconnections in schizophrenia and support the
neurodevelopmental hypothesis of the disease. Supported by the McDonnell
and Stanley Foundations.
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EFFECT OF PROFESSIONAL STATUS ON THE NUMBER OF SYNAPSES
PER NEURON IN THE PREFRONTAL CORTEX OF NORMAL HUMAN AND
SCHIZOPHRENIC BRAIN Orlovskaya D.D.1. Uranova N.A.1. Zimina I.S.1.

ULTRASTRUCTURAL ORGANIZATION OF DOPAMINERGIC TERMINALS IN
THE STRIATA OF SCHIZOPHRENIC PATIENTS AND ANIMALS TREATED
CHRONICALLY WITH HALOPERIDOL. M.M. Force. L. Kung* and R.C. Roberts.
Maryland Psychiatric Research Center, Dept. of Psychiatiy, Univ. of MD School of
Medicine, Baltimore, MD 21228.
Antipsychotic drugs work by dopamine receptor blockade suggesting hyperactivity
of the dopamine system in schizophrenia. Previous studies from our lab have shown
ultrastructural changes in postmortem striatum of schizophrenic patients including
decreased density of several types of synapses. The present study was conducted to
examine the synaptic organization of dopaminergic terminals in the striata of
schizophrenic cases and to determine in animals the effects of chronic haloperidol
treatment. Striatal tissue from schizophrenic cases (n=8, age=44,6±8.1 yrs; PMI=
5.5±2.1 hrs.) and healthy controls (n=6, age=40.5±6.5 yrs.; PMI=5.2±1.5 hrs.) were
obtained from the Maryland Brain Collection. Rats were treated chronically (6m)
with haloperidol (1.5 mg/kg/day), anesthetized and perfused. Fixed human and rat
tissue was processed for the immunocytochemical localization of tyrosine
hydroxylase (TH) to identify dopaminergic terminals, processed for EM and analyzed
using stereological methods. Qualitatively, the appearance of TH+ profiles in
controls and patients was similar. TH+ synapses formed 10-12% of all synapses in
both patients and controls. In control humans, 43% of symmetric axospinous
synapses were TH+ while 57% of this type of synapse were TH+ in the schizophrenic
cases. Moreover, 32% of symmetric axodendritic synapses were TH+ in controls,
while 40% of this type of synapse were TH+ in the patient group. Chronic haloperidol
treatment in rats did not change the overall density of TH labeled terminals forming
synapses (controls (n=6): 3.63±1.2, haldol (n=12): 3.87±1.8). The results in patients
may be due to a similar density of TH+ symmetric synapses coupled with a loss of
nonlabeled synapses. These data suggest an overrepresentation of TH+ symmetric
synapses compared to all symmetric synapses. Supported by the Stanley Foundation
and MH53494.

Kotamsfits-,2LSA. yikhtsya..Q,y.L.RachmanoYa V.L1, Black J,E,2*, Klintsova

A.Y.2. Greenough W.T.2. ’Lab. of Clinical Neuropathology, Mental Health Research
Center, Moscow 113152, Russia and 2Beckman Institute, Univ. of Illinois, Urbana,
IL, 61801, USA
In order to detect a link between professional status and neuronal connectivity in
cortical brain structures, electron microscopy and unbiased stereological technique
(Gundersen et al., 1988) were used to estimate the number of synapses per neuron in
layers I and II of postmortem prefrontal cortex (area 10) and visual cortex (area 17).
The left hemispheres of 16 normal and 20 schizophrenic cases (all met ICD-10
criteria for diagnosis) were studied. Mean age at death (±SEM) was 49.2 (±3.2) for
controls and 57.6 (±3.3) for schizophrenics. Mean postmortem intervals were around
5 hours for both groups. Normal subjects with high professional status (n=8) had
significantly more axodendritic synapses per neuron (+17%) in layer I of prefrontal
cortex than did normal subjects with low professional status (n=8) [F(l,14)=4.60,
p=0.04]. These differences were not apparent in the schizophrenic group (p=0.97).
There were also no differences in the visual cortex between cases with low and high
professional status in control or schizophrenic groups. In both cortical areas studied,
no differences were observed between cases with low and high professional status in
the number of axospinous synapses per neuron in layer I or in the number of
axodendritic or axospinous synapses in layer II. These data demonstrate regionspecific correlates of professional status with synaptic parameters in control, but not
in schizophrenic cases. While these data do not specify causal relationships, the
parallel between the synapse number elevation in animals with richer experience
histories and the synaptic correlates of professional status is striking. Supported by
the McDonnell and Stanley Foundations.

329.13

329.14

REDUCED NUMBER OF NEURONS IN THE THALAMUS OF
SCHIZOPHRENICS: LATERAL DORSAL NUCLEUS. KF.
Manave*. K A. Young1. P.B, Hicks1. C-L. Liang, and D C. German.
Dept. of Psychiatry, Univ. of Texas Southwestern Med. Sch., Dallas,
TX 75235-9070 and ^ept. of Psychiatry and Behavioral Sci., Texas
A&M Univ. System Health Sci. Cntr., Temple, TX 76504.
The thalamus has been shown to be smaller in patients with
schizophrenia (SCZ). Magnetic resonance imaging studies have
indicated that the thalamus is reduced in volume, and the reduction is
present in never-medicated patients. The mediodorsal (MD) nucleus
of the thalamus has been found to have 40% fewer neurons in postmortem brains from patients with SCZ (Pakkenberg, 1990). The
purpose of the present study was to examine the lateral dorsal (LD)
nucleus, since this nucleus projects to limbic structures which may be
dysfunctional in SCZ. Using stereological cell counting methods in 8
SCH and 8 age-matched control subjects, there was a 28% loss of
neurons in the SCZ group (p=0.02). Previous work in our laboratory
indicates that similar cell number reductions are found in the MD and
anterior nuclei, but the ventral anterior/ventral lateral and reticular
nuclei are normal (Young et al, 1998). These data indicate that
specific thalamic nuclei, which project to prefrontal and limbic
cortical regions, are abnormal in SCZ. Research supported by the
Stanley Foundation and NIMH.

REDUCTIONS IN GLIA DISTINGUISH ORBITOFRONTAL REGION FROM
DORSOLATERAL PREFRONTAL CORTEX IN SCHIZOPHRENIA. G
Raikowska-Markow1*, J.J.Miquel-Hidalqo1. J.Wei1 and C.A.Stockmeier.
’Dept. of Psychiatry, Univ. Mississippi Medical Center; Jackson, MS 39216;
2Dept. Psychiatry, Case Western Reserve Univ., Cleveland, OH 44106.
Neuropsychological and neuroimaging evidence implicate dorsolateral
prefrontal cortex (dIPFC) and orbitofrontal cortex (ORB) in the
neuropathology of schizophrenia. The two regions differ in their unique
developmental origin, specific pattern of cyto- and chemoarchitecture,
connectivity and functions suggesting differential involvement in the
neuropathology of schizophrenia. The dIPFC in postmortem brains from
schizophrenic patients is characterized by a nonsignificant trend towards
increased density of glial cells without changes in their sizes (Selemon et al.,
1995, 1998; Rajkowska et al., 1998). In the present study we looked at glial
density and size of glial nuclei in the rostral ORB region (Brodmann s areas
10-47) in 11 postmortem brains of schizophrenics and 12 matched controls.
Using an unbiased 3-D cell counting method we estimated glial parameters
in individual cortical layers and in the composite of all six layers. In
schizophrenia, the composite density of glial cells and densities in cortical
layers Ilia and V were significantly reduced by 12-18% in the ORB. Sizes of
glial nuclei were also smaller. In conclusion, a different pattern of glial
changes in schizophrenia was detected between the ORB and the dIPFC.
Significant reductions in glial density were detected recently in mood
disorders, in both ORB, dIPFC (Rajkowska et al., 1999), and in the medial
subgenual cortex (Ongur et al., 1998). We hypothesize that the glial deficit in
the ORB region relates to depressive symptoms in schizophrenia. Future
immunohistochemical and molecular studies will reveal specific types of
vulnerable glia involved in the pathology of ORB in schizophrenia and mood
disorders. Funded by MH55872 and NARSAD (GRM) and MH 45488(CAS).

329.15

329.16

METABOTROPIC GLUTAMATE RECEPTOR MRNA AND PROTEIN
EXPRESSION IN THE PREFRONTAL CORTEX AND STRIATUM OF
SCHIZOPHRENICS. S.M. Richardson-Burns1. V. Haroutunian2. K.L. Davis2. S.J.
Watson1, and J.H. Meador-Woodruff1*. ‘Mental Health Research Institute,
Department of Psychiatry, University of Michigan, Ann Arbor, MI 48109-0720;
department of Psychiatry, Mt. Sinai Medical Center, New York, NY 10029-6574.
Disturbances in glutamate neurotransmission may be involved in structural and
physiological abnormalities of the frontal and temporal lobes associated with
schizophrenia. Recent studies in the prefrontal cortex (PFC) and striatum (STR) of
schizophrenics have found glutamate system-specific abnormalities implicating
excitatory amino acid transporters, ionotropic glutamate receptors, and metabotropic
glutamate receptors (mGluRs) in this illness. Our study focused on mGluRl-5
mRNA and protein expression in the PFC and STR of elderly schizophrenics. Using
antisense oligonucleotides and polyclonal antibodies specific to each of the mGluR
subtypes, we found regional and mGluR subtype-specific differences between
schizophrenics and controls. In the PFC of schizophrenics, we found an increase in
mGluRl mRNA and mGluR2/3 protein expression but a decrease in mGluR4
protein levels. In the nucleus accumbens of schizophrenics, there was an increase in
levels of mGluR2/3 protein and mGluR4 mRNA and a decrease in mGluR4 and
mGluR5 protein expression. In the caudate nucleus there was also a decrease in
mGluR4 and mGluR5 protein levels and an increase in mGluR5 mRNA. There was
an increase in expression of mGluR3 and mGluR5 mRNA in the putamen. Taken
together, these data reveal that there are various regional and mGluR subtype-specific
abnormalities in the PFC and STR of schizophrenics. Differences in both mRNA
and protein levels suggest mGluR dysfunction at multiple levels of gene expression.
Diverse roles for mGluRs in glutamatergic transmission and neural plasticity have
been found. Accordingly, disturbances in mGluR function may have significant
consequences. Understanding the contribution of mGluRs to the pathophysiology of
mental illness and brain injury may lead to development of new therapies. This work
was supported by grant MH033327 to J.H. Meador-Woodruff.

CYTOCHROME OXIDASE (COX) LEVELS IN CAUDATE OF
SCHIZOPHRENIC SUBJECTS WITH AND WITHOUT TARDIVE
DYSKINESIA COMPARED TO NORMAL SUBJECTS. R.A.LahtL M. Landry,
P. Guidetti, R.C. Roberts and Carol A, Tamminga Maryland Psychiatric
Research Center, Univ. of Maryland, Baltimore, MD 21228;
Treatment with typical antipsychotic agents is associated with tardive
dyskinesia, whereas treatment with atypical antipsychotic agents such as
clozapine, olanzepine or sertindole rarely is tardive dyskinesia observed.
Previously we have used chronic treatment of rats with antipsychotic agents
to produce vacuous chewing movements (VCM), as an animal model of TD
and developed hypothesis regarding this disorder. In an attempt to elucidate
the regions and mechanism which produces TD we have determined the
levels of COX activity in human postmortem brain tissue. The cases studied
consisted of 9 normals, 9 schizophrenic subjects with TD and 9 schizophrenic
subjects without a history of TD, the cases were matched for age, PMI and
gender and obtained from the Maryland Brain Collection.. Coronal brain
sections of 20 urn were taken at the level of the caudate. Three sections
were used per case for total activity and 1 section /case for non-specific
activity, as determined using an inhibitor of COX activity. COX activity was
determined using a metal-enhanced assay (Poeggeler et al). Images and
brain standards were digitized with a Loats image analyzer and quantified as
previously described (Gonzalez-Lima).
Among normal cases studied highest levels of COX activity were found
in the caudate (14.3 + 2.3), putamen (13.7 + 1.6), nuc. accumbens (13.1 +
0.6) the insula (12.1 + 3.1), and low levels in the claustrum (4.9 + 2.1). In
caudate the distribution of COX is reminiscent of patch-matrix patterns. No
significant differences in COX activity were found in any area between the 3
groups. (Supported by a grant from the NIMH)
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A UNIFIED HYPOTHESIS OF SCHIZOPHRENIA BASED ON GLUTATHIONE
DEFICIT. K.Q. Do (1), A.H. Trabesinger (2), M. Kirsten-KrQqer (3), C.J. Lauer
(4), U. Dvdak (2), D. Hell (3), F. Holsboer (4), P. Boesiger (2) and M. Cu6nod*
(1) (1) HOpital Psychiatrique Universitaire de Cery, Lab. Neurosciences
Psychiatriques, Lausanne; (2) Institute of Biomedical Engineering, University
and ETH of Zurich; (3) Psychiatric University Hospital Zurich; (4) Max Planck
Institute of Psychiatry, Clinical Institute, Munich
Two theories have been proposed as the biological bases of schizophrenic
disorders. Evidence for a dopamine system dysfunction includes the psychosisinducing effects of dopaminergic agonists, and the antipsychotic potency of
antagonists. The glutamate hypofunction hypothesis relies on the fact that
phencyclidine, a psychotomimetic drug, blocks the NMDA glutamate receptor.
In cerebrospinal fluid (CSF) of drug-free schizophrenic patients (DSM-III-R), we
observed a significant decrease in the level of glutathione (GSH) by 42% and
of its metabolite y-glutamylglutamine by 16% as compared to controls. In
contrast, dopamine and serotonine metabolites were not different from controls.
In order to investigate if the decreased level of GSH in the CSF could reflect a
GSH deficit in brain areas involved in the pathology of schizophrenia, we have
developed a non-invasive methodology based on proton magnetic resonance
spectroscopy to measure GSH level in schizophrenics. In a cohort of 9
schizophrenics (3 with medication, 4 drug-nal've, 2 drug-free for 6 months)
GSH level was found to be 50% lower (p<0.01) in prefrontal cortex as
compared to controls (n=8). GSH plays a fundamental role in protecting cells
from damage by reactive oxygen species generated, among others, by the
metabolism of dopamine. A deficit in GSH would lead to degenerative
processes in the surrounding of dopaminergic terminals. GSH also potentiates
the NMDA receptor response to glutamate, an effect presumably reduced by a
GSH deficit, leading to a situation similar to the application of phencyclidine.
Thus a GSH hypothesis might integrate most established biological aspects of
schizophrenia.
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Andre Wennersten*, Staffan.Holmin. Tiit Mathiesep, Dept. of Clinical

Neuroscience, Section for Neurosurgery, Karolinska Institutet, Sweden
This study was undertaken to analyze apoptosis following traumatic brain injury
(TBI). We utilized a controlled experimental cortical contusion rat model. Animals
were analyzed 24h, 48h, 4d, 6d and lOd following trauma. The material was examined
by immunohistochemical staining with antibodies against NeuN (neuronal marker),
glial fibrillary protein (GFAP; astroglial marker), Bcl-2, Bax and terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL). Western blots
were performed to validate the data for Bax and Bcl-2.
TUNEL positive cells were detectable in the perilesionary zone throughout the
experiment. Their number was highest until day 4. TUNEL positive cells woe
exclusively neurons as judged by double staining. Neurons also expressed Bax and Bcl2. A widespread upregulation of Bax and Bcl-2 was detected also outside of the area
with TUNEL positive cells.
Our findings indicate a continuos recruitment of cells into apoptotic processes for at
least 10 days following experimental contusion. These cells appear to be exclusively
neurons. The extensive upregulation of Bax and Bcl-2 in neurons indicate a widespread
metabolic change in neurons other than those actually dying. This protracted course
shows that large populations of neurons are at risk to go further into apoptosis, but
also indicates a large treatment window for reversal of apoptotic changes.
Supported by grants from the 1987 stroke research fund, MFR.

BAX IS NECESSARY FOR HIPPOCAMPAL, BUT NOT CORTICAL, NEURON
DAMAGE 10 MINUTES AFTER TRAUMATIC BRAIN INJURY. W.S. Carbonell,
R.M. Morrison. Y, Kinoshita. M.S. Gradv*. Department of Neurological Surgery.
University of Washington School of Medicine, Seattle, WA 98104.
The neuronal death following experimental models of traumatic brain injury (TBI)
consists of both apoptotic and necrotic phenotypes. Apoptotic mediators, including
bcl-2 family members and the caspases, have been recently implicated in several
TBI studies. Apoptosis has often been regarded as synonymous with delayed cell
damage and death. However, the majority of neuronal damage has been shown to
occur by 10 min after fluid percussion injury (FPI) in both mice and rats. Therefore,
we tested the hypothesis that bax, a pro-cell death member of the bcl-2 family, is
involved in the acute hippocampal and cortical neuron damage following FPI. Male
mice with a targeted deletion of bax (KO) and wild-type littermates (WT) were
subjected to severe parasagittal FPI (n = 6 & 5, respectively) or sham injury (n = 3,
each). Animals were sacrificed at 10 min and brain sections processed for Nissl and
the Galiyas silver degeneration stain. KO animals showed profoundly fewer
damaged neurons in the dentate hilus of the hippocampus than WT mice after FPI
(5.5% vs. 44.9%; p<0.004). Interestingly, both KO and WT mice demonstrated
extensive cortical neuron damage after FPI (45.3% vs. 50.7%; p=. 79). Additionally,
we tested the hypothesis that the loss of bax would “drive” delayed non-bax death
pathways in the hippocampus. However, the hippocampi from additional KO
animals sacrificed at 24h and 3d (rt = 3, each timepoint) after FPI failed to reveal
damaged neurons. In conclusion, 1) bax is necessary for acute hippocampal neuron
damage following FPI, 2) the majority of the acute traumatic neuron damage in the
cortex is mediated by a bax-independent mechanism, and 3) the deletion of bax does
not drive delayed non-bax cell death pathways in the hippocampus after FPI. This is
the first demonstration of a “delayed cell death” mediator being important for
cellular injury by 10 min after an insult. Supported by NS33107 and a NRSA Fellowship (WSC).

330.3

330.4

CORRELATION OF METALLOTHIONEIN-III (GROWTH INHIBITORY
FACTOR) EXPRESSION WITH ATTENUATED
NEUROREGENERATION AFTER BRAIN TRAUMA. M. Penkowa1. K.
Ovortrup1. J. Carrasco3, J. Hidalgo3. OleKiehn2* andM. Mailer1.
*Dep. Med. Anat., The Panum Institute, University of Copenhagen, DK2200, Copenhagen, Denmark.
2Dep. Med. Physiol., The Panum Institute, University of Copenhagen, DK2200, Copenhagen, Denmark.
3Dep. Biologia Celular, Fisiol. Immunol., Unidad de Fisiologia Animal,
Facultad de Ciencias, Universidad Autonoma de Barcelona, Barcelona,
Spain 08193.
Following traumatic brain injury (TBI) metallothionein-I and -II
deficient (MT-I+IIKO) mice showed dramatic increases in neuronal
apoptosis (as verified from increases in single-stranded DNA (ssDNA),
TUNEL, ICE/caspase-1, CPP32/caspase-3 and TNFa-receptor levels) and a
decreased brain regeneration (as revealed by GAP-43 levels). Expression of
anti-inflammatory cytokines and neurotrophic factors was significantly
reduced in MT-I+IIKO mice. The rather CNS-specific MT-isoform, MT-III,
was increased by TBI to a much higher extent in MT-I+IIKO than in
normal mice. Results in MT-IIIKO mice indicate that neuronal apoptosis
after TBI was similar to that of normal mice, but that neuronal sprouting
was increased by MT-III deficiency, suggesting that MT-III inhibits
neuronal growth. The results demonstrate that MT-I+II and MT-III are
important for coping with TBI and that they differ in their roles on neuronal

REGIONAL EXPRESSION OF CYCLOOXYGENASE-2 FOLLOWING
EXPERIMENTAL BRAIN INJURY. P. K. Dash* and A. N. Moore.
Dept. of Neurobioiogy and Anatomy, Univ. Texas Med. Sch., Houston,
TX 77030.
Inflammation is a key component of traumatic brain injury (TBI)
pathophysiology and is thought to be a major contributor to
neurological impairments.
Prostaglandins, potent mediators of
inflammation, are generated from arachidonic acid via the action of
cyclooxygenase-1 and -2 (COX-1 and -2). In this study, we report that
lateral cortical impact injury in rats significantly increases COX-2
protein levels both in the cortex surrounding the injury site and the
ipsilateral hippocampus. COX-2 protein level was elevated as early
as 3 hr postinjury and persisted for up to 3 days. Increases in
immunoreactivity were detected not only in the adjacent cortex and
hippocampus, but were also observed in the contralateral cortex and
hippocampus, the ipsilateral piriform cortex and the ipsilateral
amygdaloid complex. COX-2 immunoreactive cells appear
morphologically normal and do not present any of the characteristic
features of apoptosis. Double immunostaining experiments using
either a neuron-specific or an astroglial-specific marker show that the
expression of COX-2 is localized almost exclusively in neuronal cells.
These findings suggest that COX-2-mediated inflammatory responses
may play an important role in TBI-associated neurological
impairments, (supported by NIH)

plasticity and apoptosis.
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EFFECT OF TRAUMATIC BRAIN INJURY ON PHOSPHORYLATED
EUKARYOTIC INITIATION FACTOR 2a IN THE RAT. B.D. Underwood. C.A.
Lipinski, J.A. Rafols, W. Crossland.* J.P McAllister, F.G. Diaz and B.C. White,
Departments of Neurological Surgery and Emergency Medicine, The Detroit
Medical Center, Wayne State University, Detroit, MI, 48201
During post-ischemic cerebral reperfusion, there is a substantial and
prolonged inhibition of protein synthesis at the level of translation initiation in
vulnerable neurons. This is associated with a large increase in phosphorylation of
serine 51 on the a-subunit of eukaryotic initiation factor 2 [eIF2a, phosphorylated
eIF2a(P)]. Potential alterations in translation initiation factors have not previously
been examined in head trauma. Here we have utilized a specific antibody against
eIF2a(P) to begin to examine the effect of Marmarou-model head trauma on this
species in the brain. Western blots of cortical postmitochondrial supernatants
revealed increased eIF2a(P) post-injury (in comparison to controls 2.8-fold at 10
min. 3.2-fold at 30 min. and 2.2-fold at 1 hour, n = 3 each group). There is a
nuclear localization signal (RRRIR) immediately adjacent to the ser-51
phosphorylation site, and at 4 hours reperfusion we have localized eIF2a(P) to
nuclei of neurons displaying morphology suggesting apoptosis. There is also direct
evidence from other investigators connecting eIF2a(P) to apoptosis. We thus went
on to immunohistochemically examine eIF2a(P) at 24 hours post-TBI and observed
neuronal nuclear immunostaining in the cerebral cortex and to a lesser extent, the
hippocampus. These observations are the first demonstration of a substantial
alteration of the translation-initiation complex in traumatic brain injury and suggest
further work to characterize the putative linkage between phosphorylation of eIF2a
and apoptosis in vulnerable neurons. ( Supported by the Dept. of Neurosurgery,
Wayne State University)

INCREASED EXPRESSION OF
FAS/APO-1/CD95 FOLLOWING
CONTROLLED CORTICAL IMPACT INJURY IN THE RAT. R. Beer.
G.JFranz, G, Weiss1. E, Schmutzhard. W, Poewe. A, Kampfl*: Department of
Neurology, ’Department of Internal Medicine, University Hospital of Innsbruck,
A-6020 Innsbruck, Austria.
Recent studies demonstrated that cell death resulting from acute brain injuries,
including cerebral ischemia and traumatic brain injury (TBI), has features of both
necrosis and apoptosis. The expression of CD95 (also known as Fas or Apo-1), a
membrane associated protein participating in the initiation of programmed cell
death, might precede receptor-mediated apoptosis by cells of the CNS after acute
brain injury.
Hence, the aim of this study was to examine the expression of the suicide receptor
Fas/Apo-1/CD95 in the rat brain following unilateral controlled cortical impact
injury. Therefore adult, male Sprague Dawley rats were sacrificed from 15 minutes
to 14 days post injury. Sham-operated animals served as control. Levels of protein
were examined in the ipsilateral (injured) and contralateral (uninjured) cortex and
hippocampus, respectively, by immunoblotting.
Compared with either sham-operated control or the corresponding contralateral
cortex, there was a significant increase in the Fas/Apo-1/CD95 protein levels (by 50
to 350 fold, p<0.001) in the ipsilateral cortex between 15 minutes and 72 hours after
the injury. In contrast, protein levels in the ipsilateral hippocampus were not
significantly increased as compared with the uninjured and contralateral
hippocampus.
In conclusion, our preliminary data suggest that CD95 is increased after
experimental traumatic brain injury. Current studies investigate the role of CD95 in
mediating cell death induced by brain trauma.
This study was supported by a grant from the Austrian Science Foundation (FWF;
P12287-MED).

330.7

330.8

REMOTE DEPRESSION OF CORTICAL N-ACETYLASPARTATE AFTER
CEREBRAL TRAUMA, C. Gasparovic#¥. N. Smid1. D. M. Feeney*#*. Univ. of
New Mexico Dept. of Neurosci.# and Clinical and Magnetic Resonance Research
Center*, and UNM Dept. of Psychologyl, Albuquerque, NM, 87131.
Magnetic resonance spectroscopy (MRS) studies have shown that the neuronal
metabolite N-acetylaspartate (NAA) may be depressed in regions remote from the
primary locus of traumatic brain injury (TBI) in humans (1). Possible causes of this
depression include diffuse axonal injury (DAI), resulting in neuron death, and an
enduring remote metabolic depression, a condition that may be reversible and treatable
(2). The aim of the present study was to evaluate remote cortical NAA depression in a
model of brain contusion without significant DAI. The Feeney weight-drop method
(2) was used to contuse the sensorimotor cortex of adult Sprague-Dawiey rats. At 6
days after TBI, 5-8 400-|xm tissue slices were obtained from ipsilateral neocortex
posterior to the region of obvious damage or from similar regions in uninjured
control animals. The slices were superfused and examined by small-volume
gradient-enhanced ’H-MRS methods (3). Relative changes in NAA were assessed by
the ratio of the NAA peak height to the total creatine peak height in perfused slice
spectra or by peak area measurements in spectra from perchloric acid extracts of the
samples. These ratios were reduced in contusion samples by 8% (p<0.05) in whole
slice spectra and by 24% (p<0.04) in extract spectra. These results suggest that at
least one component of remote NAA depression following TBI may be associated
with the enduring remote metabolic depression observed by others. We are presently
exploring mitochondrial dysfunction in injury as an underlying cause of this
depression. This work is supported by the Dedicated Health Research Funds of the
University of New Mexico School of Medicine.
1.Friedman SD. et al., Amer.J.Neuroradiol.,1998;13:144. 2.Queen S, Feeney DM,
Brain Res, 1996;724:246-250. 3.Gasparovic C, King D, Feeney DM, Brain Res
Protoc, 1999;4:97.

EXPRESSION OF ERB B4 IS UPREGULATED IN THE HIPPOCAMPAL
FORMATION FOLLOWING ENTORHINAL CORTEX LESIONS IN
ADULT RAT. K, Gerecke1*. S. Carroll1,2. J. M. Wvss1,3. Depts. of
’Neurobiology, 2Pathology, and 3Cell Biology, University of Alabama at
Birmingham; Birmingham, AL 35294.
Developmentally, neuregulins (NRGs) promote early survival and
development of sympathetic neuroblasts, induce neurite outgrowth from retinal
ganglionic neurons and alter neuronal morphology and synaptic function.
These molecules are also present in the mature brain, but their function in the
adult is unknown. Lesions of the entorhinal cortex (ER) induce robust
sprouting of commissural projections in the outer and middle molecular layers
of the dentate gyms. The present study tested the hypothesis that the
neuregulin receptor protein erbB4 is upregulated in areas undergoing rapid
synaptic reorganization in the mature brain. The protein expression of die
erbB4 receptor was measured in both hippocampus and ER 1 to seven days
following electrolytic lesions of the ER in adult male Sprague-Dawiey rats.
The results were compared to control sham lesioned rats. Western blot analysis
indicates that expression of eibB4 is upregulated in the hippocampus and
dentate gyms ipsilateral to the lesion as early as 24 hours post lesion, and that
the expression remains elevated for 7 days. One day after the lesion only
moderate upregulation of erbB4 is detectable by immunohistochemistry;
however, by seven days after the lesion erbB4 immunoreactivity is markedly
elevated in the area immediately surrounding the lesion and in the outer third of
the molecular layer of the dentate gyms, particularly along the inner blade.
These data suggest that erbB4 receptor protein may be actively involved in
remodeling in the brain following neurological damage. Supported by NIA
grant AG06569.

330.9

330.10

REGULATION OF MANGANESE SUPEROXIDE DISMUTASE AND INDUCIBLE NITRIC

APOPTOSIS IS ACCOMPANIED BY DECREASED PROCASPASE-3 PROTEIN
AND NEURONAL APOPTOSIS INHIBITOR PROTEIN (NAIP) FOLLOWING
TRAUMATIC BRAIN INJURY (TBI) IN THE MOUSE. R.Derrane1. D. Johnson4. H.
Fliss1. J. MacManus2. A. Mackenzie3. G. Robertson1. P. Albert1*, and J. Hutchison4.
’Dept. of Cellular and Molecular Medicine, Univ. of Ottawa; 2Inst. Of Biol. Sciences,
National Research Council of Canada; 3Dept. of Biochem., Univ. of Ottawa; 4Dept. of
Pediatrics, Univ. of Ottawa, Ottawa, Ontario, K1H 8M5 _
Inhibition of the pro-apoptotic enzyme, caspase-3 protects against neuronal apoptosis
following fluid percussion injury in the rat. Neuronal apoptosis inhibitor protein
(NAIP) is a member of the inhibitor of apoptosis protein (IAP) family whose
mechanism of action is inhibition of caspases. Thus, IAPs may hold therapeutic
promise following TBI. In this presentation we describe the time course of apoptosis,
the identity of apoptotic cells, and the expression of procaspase-3 and neuronal
apoptosis inhibitor protein (NAIP) following TBI in the mouse.
Traumatic brain injury was performed using a weight drop technique. Brains were
removed at 6, 24, 48 hours, and 7 days following TBI (n = 5/group). Apoptosis was
demonstrated using ligation mediated PCR amplification of fragmented DNA in
cerebral cortex and in situ end labeling of coronal sections of the brain. The number of
apoptotic cells in the cerebral cortex was significantly increased at 6, 24, and 48 hours
following TBI (p < 0.005) compared to control. The peak in apoptotic cell number
occurred 24 hours post-TBI. Apoptotic cells were identified by immunofluorescence as
cortical neurons and oligodendrocytes. Apoptosis was accompanied by decreases in
the quantity of procaspase-3 protein and NAIP within the cerebral cortex by Western
analysis.
In summary, we demonstrated in a murine model of TBI apoptosis of cortical neurons
and oligodendrocytes and a decrease in the levels of procaspase-3 and NAIP.
This work was supported by grants from The Children’s Hospital of Eastern Ontario
Research Institute and Apoptogen, Inc.

OXIDE SYNTHASE DURING ACUTE SPINAL CORD INJURY. J.N. Earnhardt* u W.J.
Streit1-2, W.A. O’Steen1^, J.J, Olmsted1-2, D.K, Anderson1-23, and H.S. Nick12 ^Department
of Neuroscience, University of Florida College of Medicine; 2University of Florida Brain

Institute; 3Veterans Affairs Medical Center; Gainesville, FL 32610.

Intracellular superoxide anion (O2 ), nitric oxide (N0‘), and the superoxide-based byproduct
of NO*, peroxynitrite (ONOO), are thought to be cytotoxic through such processes as
enzyme inactivation, lipid peroxidation, and DNA modification. During the acute inflammatory

response the concentration of reactive oxygen species (ROS) can increase dramatically.
Manganese superoxide dismutase (MnSOD), which catalyzes the dismutation of O2; and
inducible nitric oxide synthase (iNOS), which produces stimulus-dependent increases in nitric
oxide levels,

may function in either a pro- or anti-inflammatory manner during the acute

inflammatory response. Therefore, we have evaluated the expression of these two enzymes,

to address their role in the acute inflammatory phase of spinal cord injury (SCI), in a rat
contusion model. 250-300g female Long Evans Hooded rats where anesthetized and a

thoracic laminectomy performed at the T12-T13 level. For SCI, a contusion was produced on

the exposed spinal cord using an NYU impactor. The rats were allowed to recover for 2, 6,
12, or 24 hours and then euthanized at the appropriate time point. Tissue was isolated from
injured, control, and sham animals from the T13 level along with a rostral segment (T12) of

the spinal cord from each animal as an internal control. The tissue was used for total RNA
isolation for Northern analysis to detect MnSOD and iNOS mRNA levels or for

immunocytochemistry. Both MnSOD and iNOS mRNA levels showed a rapid induction 2
hours post injury in response to SCI.

There was a time-dependent increase in both

messages with maximal levels at 6-12 hours post injury. Interestingly, laminectomy alone
causes a selective induction of MnSOD gene expression, which is superimposed on the

elevated expression produced by contusion injury. In summary, these results demonstrate a
profound induction in gene expression during SCI for two prominent enzymes involved in

ROS metabolism.
Supported by The State of Florida Brain and Spinal Cord Injury Research Trust Fund.
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CLOSED HEAD INJURY-INDUCED CHANGES IN p53 and BAX
EXPRESSION IN THE CORTICAL NEURONS IN RATS
J. Lu1, S. Moochhala1, C. Kaur2, K.M, Chan1* and E.A. Ling2 'Defence Medical
Research Institute, Ministry of Defence, Singapore 109681; department of
Anatomy, National University of Singapore 119260.
P53-protein has been shown to play a central role in neuronal apoptosis. It
functions as a site-specific transactivator of transcription and has been shown to
activate proapoptotic gene, Bax. Bax and Bcl-2 belong to the B cell leukemia-2
gene product (Bcl-2) family, with apoptosis being prevented by Bcl-2, and
promoted by Bax. The present study aims to examine the expression of these
proteins in rats after closed head injury. Male Sprague-Dawley rats (350 to 375g)
subjected to closed head injury were used in this study. The injury was produced
using a standardized weight-drop technique, which produces a diffused brain
injury, without focal brain lesions in adult rats. Animals were sacrificed at 2,4h, 1,
2 and 3 days postinjury. Immunohistochemical analysis revealed activation of Fos
in the cerebral cortex 2h after head injury. Strong immunostaining for Fos was
observed mainly in nuclei of neurons throughout the cerebral cortex. Bcl-2
expression remained unchanged after injury. However, Bax protein expression
was significantly elevated 4h after head injury, compared with sham-operated
animals. Overexpression of Bax immunoreactivity was observed in the cortical
neurons located mainly in layers III, IV and V. The reaction product was deposited
mainly in the neuronal perikarya and processes. Along with this, a prominent
expression of p53 in these cells was also observed. Double immunolabelling study
has shown the colocalization of Bax immunoreactivity with Bcl-2 and p53. These
findings suggest that a upregulation of p53 and a shift in the ratio of cell survival
promoter Bcl-2 to cell death effector Bax, together with a concomitant activation
of Fos, may contribute to neuronal apoptosis in the central nervous system.

DETECTION OF NEURONAL DEGENERATION FOLLOWING IMPACTACCELERATION INJURY IN RATS. M. Goda, M. Isono*, M. Fuiiki, and
S. Hori. Dept. of Neurosurgery, Oita Medical University, Oita, Japan, 8795593.
Impact-acceleration injury could evoke characteristic brain damages in
animals. This kind of injury has the significance to understand the
pathogeneses of so-called diffuse axonal injury in humans. However, in
several studies for this injury, the efforts have focused on the investigation
of axonal damages. Thus, we investigated the temporal and spatial
profile of neuronal degeneration in this impact-acceleration injury in rats
using Fluoro-Jade (FJ) staining. Impact-acceleration injury was produced
in Wistar rats by the method described by Marmarou et al with some
modifications. Animals were sacrificed 1,2, 7,14 and 28 days after the
injury. Paraffin embedded coronal sections were stained by H&E, FJ and
expressions of GFAP and amyloid precursor protein (APP) were
evaluated immunohistochemically. TUNNEL staining was also performed
to identify apoptotic cells.
In all rats significant expression of APP was observed mainly in cingulum,
cerebral peduncle and pontomedullary junction. FJ positive degenerative
neurons were found mainly in the dorsal brainstem and thalamus from 1
to 2 days following the injury associated with GFAP expression. However,
FJ positive cells were barely found after 7 days. All FJ positive cells were
TUNNEL negative. These data indicate that not only axonal damages,
but also primary neuronal damages could happen in this impactacceleration injury by the very similar manner with those in humans.
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This study was supported by a research grant (U86d-8/404-l-5) from the
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Astroglial and microglial activation following mechanical trauma to the
infant rat brain
V. Stefovska, P. Bittigau* and C. Ikonomidou Dept Pediatric Neurology,
Children's Hospital, Humboldt University, Berlin, Germany.
Mechanical trauma to the right parietal cortex of 7 day old rats provokes a
local acute excitotoxic lesion at the site of the impact and delayed disseminated
lesions in distant brain regions which are apoptotic in nature. Apoptotic
neurodegeneration occurs within the frontoparietal and cingulate/retrosplemal
cortices, thalamic nuclei, caudate, dentate gyrus and subiculum, mainly
ipsilateral to the trauma. It is detected by TUNEL staining at 6 hrs, peaks at 1824 hrs, declines significantly by 48 hrs and is no more present at 5 days after
trauma. Using GFAP immunohistochemistry to label astroglia and lectin
histochemistry to label microglia we detected activation of both cell types
following mechanical trauma. Most profound activation was noted within white
matter tracts, such as the corpus callosum but also within areas that displayed
apoptotic neuronal degeneration. Increased numbers of astrocytes appeared
starting at 12 hrs after trauma, peaked at 36-48 hrs and decreased progressively
by 14 days after trauma. Activation of microglia occured mainly around the
area of acute excitotoxic injury in the parietal cortex, within white matter tracts
and was less prominent within regions that suffered apoptotic cell death.
Activated microglia were seen the earliest at 12-18 hrs after trauma with
maximal numbers at 36-48 hrs and subsequent decline by 5 days. We conclude
that in the infant rat brain activation of astroglial and microglial cells represents
a consequence rather than a pathogenetic cause of posttraumatic apoptotic
neurodegeneration. Supported by BMBF grant 01KO95151 TPA3.

Analysis of mRNA populations in the developing rat brain by means of the
PCR-Select cDNA subtraction technique following traumatic brain injury.
M. Sifringer1*, C. Ikonomidou1, and A. Speer2. 'Dept. Ped. Neurology,
Children's Hospital, Humboldt University and 2Technische Fachhochschule,
Berlin, Germany.
In the developing rat brain, focal mechanical trauma to the parietal cortex
causes widespread apoptotic neurodegeneration in distant brain regions.
Different mRNA/protein expression patterns may be involved in the
pathogenesis of trauma-induced apoptotic neuronal injury. Here we report on
the use of the PCR-Select cDNA subtraction technology in combination with
the SMART PCR cDNA Synthesis Kit (CLONTECH) with the goal to
construct cDNA libraries that contain sequences newly or increasingly
expressed in traumatized tissue as compared to controls. Percussion head
trauma in female Wistar rat pups at the age of 7 days was produced using a
contusive device. Pups were sacrificed 24 hrs after trauma. Total striatal RNA
was extracted, reverse transcribed, amplified and subtracted cDNAs were
cloned Sequence analysis of 15 clones revealed one clone for a glutamate
transporter, one clone for a mouse seizure-related gene, one clone for the mss4
protein, one clone for the MRC OX-45, two clones for lactate dehydrogenase,
two clones for emerin and five clones for transthyretin. Two unknown
sequences were detected. Having constructed specific oligonucleotide primers
for each sequence, we are now in the process of verifying differences in mRNA
expression. Full-length cDNA clones of the unknown sequences will be isolated
and their genetic and functional characterization pursued. Supported by BMBF
grant 01KO95151TPA3.

331.3

331.4

CHANGES IN GENE EXPRESSION IN RAT BRAIN AFTER
TRAUMATIC BRAIN INJURY.
V. Fischer*, S. Boiler, L. von Melchner and I. den Paas.
Department of CNS Research, Merck KGaA, D-64271 Darmstadt,
Germany.
Several studies have demonstrated that traumatic brain injury
(TBI) alters the pattern of gene expression in rat and human brain.
Here the lateral fluid percussion method was used to induce
traumatic brain injury in the rat, in order to obtain a better insight
into the molecular effects of CNS injury. Five days after the
injury, the animals were sacrificed and brains of trauma and shamoperated rats were frozen in liquid nitrogen. Brains were divided
(cortex, hippocampus, spinal cord, thalamus and hypothalamus,
cerebellum) and homogenized. Total RNA was isolated and
subjected to differential RNA display. Bands significantly
increased or decreased in traumatic brain injury were excised. Up
to now 19 differently expressed gene fragments, which were up or
down regulated in specific brain areas, have been reamplified,
cloned and sequenced. Among these, FKBP-25 was found up
regulated in the cerebellum and a G-protein y-subunit was found
down regulated in the spinal cord of TBI rats. The observed
regulatory effect of all sequences was confirmed by semiquantitative RT-PCR.

ANALYSIS OF GENE EXPRESSION FOLLOWING TRAUMATIC
BRAIN INJURY USING GENE EXPRESSION ARRAY TECHNOLOGY.
S.M.W. Harrison1*, B.M. Davis1, P.G. Sullivan1’2, and S.W, Scheff1’2. ‘Dept.
of Anatomy and Neurobiology, and 2Sanders-Brown Center on Aging,
University of Kentucky College of Medicine, Lexington, KY 40536.
Traumatic brain injury (TBI), is the leading cause of accidental death of
young adults in the United States. While primary injury due to the
mechanical insult itself is thought to be irreversible and resistant to most
treatment, secondary brain injury, which may develop minutes, hours, or
even days after the initial insult, may be more amenable to treatment.
Numerous studies suggest that the secondary phase of TBI is accompanied
by regulation of genes that are thought to positively or negatively mediate
neuronal death. The picture of changes in gene expression in the
post-traumatic brain is incomplete. Gene array hybridization filters were
employed to screen over 18,000 unique mouse cDNAs, including known
genes as well as expressed sequence tags, for differential expression
following TBI. Young adult mice were subjected to a controlled cortical
impact (lmm/3.5m sec). The ipsilateral and contralateral cortex and
hippocampus were analyzed from traumatized brain at time points ranging
from 3 hours to 7 days following injury. Up- and down-regulated sequences
will be identified and characterized. Supported by MH19917 (SMWH),
NS31826 (BMD), and NS31202 (SWS).
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DIFFERENTIAL SYNTHESIS OF ENDOTHELIN (ED-1) AND NITRIC OXIDE
(NO) IN RAT CEREBRAL MICROVESSELS FOLLOWING TRAUMATIC
BRAIN INJURY (TBI). T. Petrov*. C. Owen. J.A. Rafols. Dept. Of Anatomy and Cell
Biology, Wayne State Univ. Sch. of Med., Detroit, MI 4821.
The balance between ED-1 and NO release is crucial for the autoregulation of
microvessel contractility and viability of neuropil cellular components in health and
disease. ED-1 and NO have respectively vasoconstricting and vasodilating effects on
cerebral microvasculature. ED-1 and the constitutively expressed neuronal NO synthase
(nNOS) are present in the intact brain, while the inducible NOS (iNOS) is upregulated
only after challenges to the central nervous system.
The Marmarou’s acceleration impact model (400g wt from 2m) was used to study the
acute temporal expression of ED-1, nNOS (immunocytochemistry), and iNOS (in situ
hybridization) in cerebral cortex. ED-1 expression gradually increased in endothelial cells
reaching a maximum at 48 h after TBI. At 4 and 24 h perivascular astrocytes were also
ED-1 positive. The number of nNOS-positive neurons remained unchanged, but an
elaborate network ofneuronal processes in the vicinity of ED-1 labeled blood vessels was
detected primarily at 48h. iNOS mRNA synthesis was strongly upregulated in endothelial
cells, neurons and macrophages 4h after TBI. Lata- it was significantly reduced, especially
in endothelial cells where it was virtually undetectable at 24h.
The results suggest, early after TBI, a role for NO derived from iNOS synthesizing
endothelial and other cells in the vasodilation and hyperemia during this time period. The
ED-1 production by glial cells at this stage is indicative of an attempt by the
microvasculature to counteract NO vasodilatory effect The sustained ED-1 expression
by endothelial cells 24 h post TBI and later, coupled with complete inactivation of fee
iNOS gene in endothelial cells, may account for fee delayed hypoporfasion reported
following TBI. At these latter stages, the endothelial cells’ inability to sustain iNOS
expression and provide NO for the maintenance of adequate perfusion may be
compensated for by depletion of NO at fee vascular bed by nNOS synthesizing neurons.
The enhanced vascular innervation by nNOS positive processes could also reflect plastic
changes in neurons following TBI.
Supported by fee Detroit Neurotrauma Center at Wayne State University.

BILATERAL HIPPOCAMPAL CHANGES IN MAP2 IMMUNOREACTIVITY FOLLOWING TRAUMATIC BRAIN INJURY IN RAT
F. Clausen’, A. Lewen’.N. Marklund1.*Y. Olsson2 and L. Hillered1 .
’Dept of Neuroscience, Neurosurgery, and 2Dept of Genetics and Pathology,
Uppsala University Hospital, Uppsala, Sweden.
The correlation between morphological and functional outcome following
traumatic brain injury (TBI) remains illusive. Our previous work has shown
memory dysfunction after severe (2.5 mm) but not mild (1.5 mm) cortical impact
model of TBI1. This is an extended study on regional morphological changes in
the hippocampus following TBI2.
Using a weight-drop model of cortical contusion, TBI was produced in 18 male
Sprague-Dawley rats randomized into three groups of six animals. Two different
injury levels were used (1.5 mm and 2.5 mm compression) and one group was
sham-operated. Two weeks after TBI the animals were sacrificed, the brains were
embedded
in
paraplastic
and
sectioned.
The
sections
were
immunohistochemically stained for microtubule associated protein 2 (MAP2) and
both sides of the hippocampus were studied for neuronal or dendritic
degeneration by two blinded examiners. A four graded scoring system was used
to describe the severity of regional degeneration in the hippocampus. The areas
studied were CAI, CA2, CA4 and the hilus of the dentate gyrus.
The severely injured animals showed marked morphological changes in the
hippocampus bilaterally, whereas the mildly injured rats showed mild changes
only on the ipsilateral side. The lack of significant changes in the hippocampus of
the contralateral side may explain the absence of memory dysfunction in the mild
TBI group.

331.7

331.8

INCREASED APOPTOSIS AFTER FREE RADICAL SCAVENGER
PRETREATMENT IN EXPERIMENTAL TRAUMATIC BRAIN INJURY
A. Lewdn’, F. Clausen1, Y. Skoglosa2, D. Lindholm2 and L. Hillered1*.
’Dept of Neuroscience, Neurosurgery, Uppsala University Hospital and 2Dept of
Neuroscience, Neurobioiogy, Uppsala University, BMC, Uppsala, Sweden.
Apoptosis is a natural phenomenon during development, but it also occurs in
disease where it is considered to be a pathological phenomenon. We studied
cerebral apoptosis 12, 24 and 72 h after a moderate contusion injury produced by
the weight drop technique in rat. Some rats received pre-treatment with the free
radical spin trap a-Phenyl-N-tert-Butyl-Nitrone (PBN). This compound has been
shown to improve energy metabolism, morphological and functional outcome in
this model of TBI1'2.
Apoptosis was studied in frozen brain sections with two different TUNEL
techniques, general morphology and double staining with TUNEL/Hoechst.
Maximal apoptosis was found in the cerebral cortex 24 h after injury in the
perimeter of the lesion. The number of apoptotic cells was markedly higher in the
PBN pretreated group at 24 h compared to saline treatment (p<0.05). This result
appears to be at variance with the neuroprotective effect previously observed after
PBN pre-treatment in this model of TBI, as well as post-treatment in the fluid
percussion model of TBI3.
Increased apoptosis in TBI after PBN pretreatment could be due to a better
preserved energy metabolism, thereby shifting cells from necrosis to ATP
dependent apoptosis. A favorable effect of such a shift would be that cells destined
to die are removed from the tissue without triggering of secondary pathological
responses, such as inflammation.

EXTRACELLULAR SUPEROXIDE DISMUTASE OVEREXPRESSION
IMPROVES OUTCOME FROM CLOSED HEAD INJURY IN THE MOUSE
JA Piitoda, H Sheng, .PT Uiskowi^RP Pearistein. J Crapo, PS Warner*
Departments of Pediatrics, Anesthesiology, Medicine and Surgery, Duke
University Medical Center, Durham NC, 27710
Superoxide (O2 ) production increases in response to traumatic brain
injury. This study compared outcome in normothermic male transgenic
mice exhibiting a 5-fold increase in brain EC-SOD activity to that
observed in wild type siblings in a model of closed cranial trauma.
During halothane anesthesia and mechanical ventilation, a 300gm rod
was dropped 21 mm onto the closed skull. Mice remained ventilated
until recovery of spontaneous respiration. At 24 hrs post-trauma,
neurologic tests were performed and summarized as: 1 = normal; 2 =
moderate deficit; 3 = severe deficit; 4 = dead.
fi
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1. Lewdn et al: Soc Neurosci Abstr 1998;24:1726.
2. Lewen et al: Brain Res 1996;719:161-171.
Supported by the Swedish MRC.

w

1. Lewen & Hillered: J Neurotrauma 1998;15:521-530.
2. Lewdn et al: Soc Neurosci Abstr 1998;24:1726.
3. Marklund & Hillered: Soc Neurosci Abstr 1998;24:1726.
Supported by the Swedish MRC.

We have previously shown that a 5-fold increase in EC-SOD activity
improves murine outcome from cerebral ischemia and cortical freeze
lesion indicating a robust beneficial effect of this enzyme in various
forms of acute brain injury. The present data implicates an important
adverse effect of extracellular O2' following closed head injury.

331.9

331.10

APO-E GENOTYPE DOES NOT AFFECT MOTOR RECOVERY
AFTER MOTOR CORTEX (SMCTX) INJURY IN THE MOUSE.
L.B. Goldstein*, M.P. Vitek, H. Dawson & S. Bullman. Durham VA & Duke
Univ., Durham, NC 27710
APO-E genotype has been associated with differences in recovery
after stroke, traumatic brain injury and other CNS lesions. However, it is
difficult to separate the impact of APO-E genotype on the acute effects of
the brain lesion as compared with its impact on recovery. We measured
motor recovery after unilateral sensorimotor cortex ablation injury in the
APO-E knockout and wild-type mouse. This type of lesion was chosen to
minimize the acute tissue responses to injury. Motor recovery was
measured by testing the mouse’s ability to traverse a narrow beam over 12
days following injury. Mice were then sacrificed, the brains dissected, lesion
extents measured, and APO-E genotype confirmed.
All mice trained without difficulty. Sham-operated mice performed
perfectly regardless of genotype throughout testing. There was no
difference in beam-walking scores among lesioned mice on a first trial
24 hrs. after injury (Mann-Whitney U= p=0.50). There was a significant
effect of lesion on performance (two-way repeated measures ANOVA
Fi,42=109, p<0.0001), time after injury (F17714=50, p<0.0001) and a lesion X
time interaction (F17714=43, p<0.0001). However, there was no effect of
APO-E genotype on recovery in lesioned mice (lesion X genotype
interaction, F-, ^=2.49, p=0.12) and no effect of genotype on the final level
of motor performance 12 days after the lesion (Mann-Whitney U, p=0.48).
These data show that motor recovery after unilateral suction -ablation
injury to the sensorimotor cortex by does not vary with APO-E genotype.
Supported by the Department of Veterans Affairs, NIA & AA.

HUMAN APOLIPOPROTEIN E3 TRANSGENE MICE SHOW RESISTANCE TO
CA1 NEURONAL INJURY FROM TRAUMA AND OXIDATIVE STRESS. K.L.
Panizzon.1'3* B. Teter,2-3 G.M, Cole,1-23 S.A. Frautschv,1-2-3 J.R. Gilbert4 and
R.A. Wallis1,3 . ‘Dept. of Neurology, UCLA; 2Dept. of Geriatrics, UCLA, Los
Angeles, CA 90024; 3Sepulveda VAMC, Sepulveda, CA 91343; 4Dept. of
Neurology, Duke Univ., NC 27710.
Using transgenic mice expressing the human apolipoprotein E3 gene and
promoter in the ApoE knockout background, we assessed resistance to CA1
traumatic neuronal injury and oxidative stress. We utilized hippocampal
slices and assessed recovery from CA1 neuronal injury after fluid percussion
trauma. Recovery was assessed 1 hour after trauma in slices from wild type
mice, which demonstrated mean orthodromic and antidromic population
spike (PS) amplitude recovery of 13% ± 2 and 15% ±1. In contrast,
hippocampal slices from ApoE E3 mice demonstrated mean orthodromic and
antidromic PS recoveries of CA1 of 47% ± 5 and 54% ± 3 (p<0.02).
Hippocampal slices taken from ApoE E4 mice showed no resistance to CA1
traumatic injury. Oxidative stress was induced with exposure to hydrogen
peroxide 5 pM for 12 min. Slices from wild type mice exposed to oxidative
stress demonstrated mean orthodromic and antidromic PS recovery after 1
hour of only 9% ± 2 and 11 % ± 2. In contrast, slices taken from ApoE E3
mice showed mean orthodromic and antidromic PS recoveries of 33% ± 2
and 29% ± 2 (p<0.02) 1 hour after exposure to oxidative stress. Protection
of long-term potentiation (LTP) after trauma was also seen in slices from
ApoE E3 mice, with CA1 PS amplitude increasing to 135% ± 9 in response
to tetanus one hour following trauma. In contrast, traumatized slices from
wild type mice showed no induction of LTP. These findings suggest that the
apoE3 gene appears to confer resistance to CA1 neuronal injury from trauma
and oxidative stress. Supported by the VA Research Service.
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332.2

CORTICAL SPREADING DEPRESSION INDUCES SPECIFICALLY PROTEIN
KINASE C 5 (PKCS). K,.M,.A, Kyrkinen.'V.R.A. KgiiUtoeik!. W.. lZ.JPd.J.
Koistinaho1. ’A.I. Virtanen Institute for Molecular Sciences, University of Kuopio,
70211 Kuopio, Finland; laboratory of Cellular and Molecular Biology, National
Cancer Institute, National Institutes of Health, Bethesda, MD, USA.
Cortical spreading depression (CSD) provides tolerance in cortical neurons against
a subsequent ischemic insult. The aim of this study was to investigate whether
certain PKC subspecies are induced and activated in response to CSD.
CSD was induced by 60 min cortical application of 3M KCI in halothaneanesthetized Wistar rats. The contralateral side was exposed to saline and it served as
a control. After recovery of 30 min, 4 hours, 12 hours and 24 hours the rats (four
per each time point) were decapitated. Four rats with a 12-hour recovery were
pretreated with MK-801, a N-methyl-D-aspartic acid (NMDA) receptor antagonist.
Cortical tissues were processed for Western blotting with PKCa, -e,
and -5
antibodies, PKC activity assay and Northern blotting.
Western blot analysis showed that PKCS was the only isozyme which was upregulated at the protein level in the membrane fraction 30 min and 12 hours after
CSD, whereas the other PKC isozymes (a, e and Q studied were not up-regulated at
any time point. PKCa and f were located in both the cytosolic and membrane
fractions, whereas PKCe was detectable only in the cytosol. In vitro
autophosphorylation assay demonstrated that the activity of PKCS was increased
only in the membrane fraction after 12 hours of recovery. Northern blot analysis
showed that PKCS mRNA was significantly induced in KCl-treated side at 12 hours
and MK-801 treatment blocked the induction. PKCS mRNA returned back to the
basal level at 24 hours.
These findings suggest that PKCS is a major PKC isozyme, which might play an
important role in the protective mechanisms against ischemic insult.
Supported partially by Saastamoinen Foundation.

THE PROFILE OF ERK EXPRESSION DURING TEMPORARY MIDDLE
CEREBRAL ARTERY OCCLUSION IN MICE. D-C. Wu, G-Y. Yang*,
W. Ye, X-M. Che, A.L. Betz. Dept. of Surgery, University of Michigan,
Ann Arbor, MI 48109.

The extracellular signal-regulated kinases (ERK-1 and ERK-2) are
important intermediates in signal transduction pathways that regulate many
transcriptional events. Ischemia and post-ischemic reperfusion show
increased ERK activities in myocardia and liver. This study demonstrates
the time course and distribution of ERK expression during temporary
middle cerebral artery occlusion (tMCAO) in mice.
Sixty male CD-I mice underwent 30 min MCAO followed by 2 h, 4 h,
6 h, 12 h, 24 h, 48 h, or 72 h of reperfusion. Degrees of ischemia and
reperfusion were confirmed by measuring surface cerebral blood flow.
ERK expression was determined by Western blot analysis and
immunohistochemistry.
Western blot analysis showed that ERK expression increased as early
as 2 h after reperfusion. ERK expression peaked at 12 h of reperfusion in
the core ischemic region (2.7 fold vs. control group, p<0.05) and at 48 h
after reperfusion in the perifocal ischemic region (3.8 fold vs. control
group, p<0.05).
Immunohistochemistry showed that ERK
immunoreactivity paralleled the Western blot results.
Our results demonstrate that ERK is markedly activated after
postischemic reperfusion in the mouse brain, suggesting that the MAP
kinase pathway is involved during reperfusion. The different time courses
of ERK expression in the core and perifocal regions suggest that ERK
might regulate transcription of two different types of gene in the different
regions during tMCAO.
Supported by NIH grants 2 R01 NS23870 and 1 R01 NS35089.

332.3

332.4

MAP KINASE ACTIVATION BY HYPOXIC PRECONDITIONING IN THE
NEONATAL RAT. B. H. Han*?M. Parsadanian', A, R, Shah2, J. M, Gidday2, and D.
M. Holtzman1,3. Dept. of Neurology’, Neurosurgery2, Molecular Biology and
Pharmacology3, Washington University, St. Louis, MO 63110.
Recent studies have demonstrated that hypoxic preconditioning protects against
subsequent hypoxic-ischemic (H-I) brain injury in neonatal rats. Further, a
significant component of cell death following neonatal H-I has features of apoptosis
and is caspase-dependent (JCI 1998, 101: 1992-1998). We hypothesized that antiapoptotic signaling pathways would be regulated by hypoxic preconditioning. To
examine this hypothesis, Sprague-Dawiey rats at postnatal day (P) 6 underwent
normothermic hypoxia at 8% O2 and 92% N2 for 3 hours. At various time points
after preconditioning, brains were prepared for Western blotting and
immunocytochemistry. Compared to controls, phosphorylation of both p42 and p44
mitogen-activated protein (MAP) kinases significantly increased in cortex and
hippocampus at 1 hour and remained at higher levels up to 24 hours following the
preconditioning. Phosphorylation of p38 MAP kinase was without change. In
contrast to MAP kinases, Jun N-terminal kinases (JNKs) appeared to decrease in
their phosphorylation level compared to controls following the preconditioning.
Immunocytochemistry demonstrated that increased anti-phospho-p42/p44 MAP
kinase immunoreactivity was noted in glial cells in the cortex and corpus callosum
at 1 and 4 hours after the preconditioning. Caspase activation following H-I at P7
was completely inhibited by hypoxic precontitioning at P6, as assessed in a DEVD
cleavage assay. These results suggest that p42/p44 MAP kinase activation by
preconditioning may play a key role in neuroprotection from neonatal H-I. (Grant
support: NIH NS35902)

ALTERATIONS OF SIGNAL TRANSDUCTION PATHWAYS OF
MAP-KINASES FOLLOWING ISCHEMIA IN RATS. B.R. Hu , Yi Tan,
and M Comb* Lab of Neurochemistry, Queen's Medical center,
Honolulu HI 96813, New England BioLab, Inc. 32 Tozer Road, Beverly,
MA 01915-5599.
Intracellular signaling pathways of Trks - p42/44 MAP kinases - the
cyclic AMP responsive element-binding protein (CREB), and c-Jun
kinases (JNKs) and P38 kinases were studied in rats subjected to 15 min
of forebrain ischemia followed by different periods of reperfusion. TrkB
and its related proteins were highly phosphorylated relative to controls in
the early reperfusion after ischemia. Concomitantly, p42/44 MAPkinases were dramatically phosphorylated at 30 min and 4 h of
reperfusion. Interestingly, p42/44 MAP kinases were phosphorylated and
translocated into the nuclei only in the dentate gyrus (DG) granule cells
that were resistant to the ischemia, but not in the CAI neurons that were
dying after ischemia, as shown by confocal microscopy. CREB was also
markedly phosphorylated only in the DG neurons at 4 h and 24 h of
reperfusion. JNKs and P38 MAP kinase were totally dephosphorylated
during ischemia and then rephosphorylated to the control levels at 30
min and 4 h of reperfusion. At 36 h of reperfusion, however, JNKs were
phosphorylated to above control levels in the CAI neurons.
We
conclude that signally pathway of Trks - p42/44 MAPKs - CREB is
highly activated in the DG neurons after transient cerebral ischemia.
The activation of this pathway protects the DG neurons against transient
cerebral ischemia. The activation of JNKs at 36 h of reperfusion may
reflect a stress signal present in CAI neurons and this stress signal may
cause cell death in this region. This study is supported by NIH grant
NS36810 to BRH and The Queen's Emma Foundation.

332.5

332.6

ACTIVATION OF THE JNK PATHWAY IN TRANSIENT CEREBRAL ISCHEMIA.
M, Mata* X, Hu. T, Naeayama, R,P. Simon, and D.J. Fink. Dept. of Neurology,
University of Pittsburgh, and Pittsburgh VA Medical Center, Pittsburgh, PA 15213.
Stress activated protein kinases (SAPK) are a family of serine threonine kinases that
function in signal transduction cascades through phosphorylation and activation of
transcriptional regulatory proteins. We have demonstrated that in response to axonal
injury, the mitogen associated kinase kinase MKK7 translocates to the nucleus in motor
neurons. In this study we investigated the response of the same kinase pathway to
cerebral ischemia.
Cerebral ischemia in male Sprague Dawley rats was induced by transient occlusion of
the middle cerebral artery. Subcellular fractionation of cerebral cortex demonstrated
that MKK7, which was located predominantly in the cytosol in normal brain,
translocated to the nuclear fraction within 20 mins after induction of ischemia.
Western blot demonstrated that a marked increase in phosphorylated JNK in ischemic
compared to control cortex. MKK7 immunoprecipitated from ischemic cortex
phosphorylated JNK3 in vitro at a much higher rate than did MKK7
immunoprecipitated from control cortex.
In the presence of JNK3, MKK7
immunoprecipitated from ischemic cortex- led to a marked increase in the
phosphorylation of c-jun compared to MKK7 immunoprecipitated from control cortex.
This data suggests that the early translocation of MKK7 from cytosol to nucleus
following ischemia may trigger activation of the SAPK pathway to regulate gene
transcription following ischemia.
This work was supported by grants from the VA (MM and DJF) and NIH (DJF and
RPS).
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CEP-1347, an inhibitor in the JNK pathway, protects against in

vivo toxicity of malonate

O. Eberhardt1, M, S, Saporito2, H, Topka1*. J. B. Schulz1
’Dept. of Neurology, Univ. of Tubingen, 72076 Tubingen,
Germany; 2Cephalon Inc., West Chester, PA 19380, USA
Malonate is a reversible inhibitor of the complex II of the electron
transport chain. Its injection into rat striatum causes ATP depletion
and lesions involving secondary excitotoxicity, oxidative stress and
the activation of caspases. This parallels pathophysiologic events in
the penumbra of cerebral ischemia. Here, we show the involvement
of the c-jun N-terminal kinase pathway in the generation of lesions
caused by malonate. Following unilateral injection of malonate the
activation of JNK can be partially inhibited by s.c. application of
the non-peptidic kinase inhibitor CEP-1347. Consequently, the
lesion volume in treated animals is markedly reduced as compared
to untreated controls. While protection mediated by the NMDA
receptor antagonist MK-801 is evident only when given in direct
association with the injection of malonate, CEP-1347 is still
effective when applied three hours later, but not six hours later.
However, MK-801 and CEP-1347 have no additive effect on
malonate-induced striatal lesion volume. Thus, CEP-1347 seems to
be a promising tool in the treatment of neurodegenerative
disorders.
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PHOSPHORYLATION OF C-JUN AND ITS COLOCALIZATION WITH
INDUCIBLE FORMS OF HEME OXYGENASE AND CYCLOOXYGENASE IN
NEURONS AFTER TRANSIENT FOREBRAIN ISCHEMIA. Y. Matsuoka*13 M.
Okazaki? S. Asai.2 K, Ishikawa2 and Y. Kitamura1.1Dept. of Neurobiol., Kyoto
Pharm. Univ., Kyoto 607-8412; 2Dept. of Pharmacol., Nihon Univ. Sch. of Med.,
Tokyo 173-8610, Japan (3Present add: Nathan Kline Inst., Orangeburg, NY)
Accumulating evidence on the molecular and cellular basis of
ischemia/reperfusion-induced neurodegeneration suggests that oxidative
stress is involved. Heme oxygenase (HO) and cyclooxygenase (COX) play
physiologically important roles in the central nervous system. Conversely, HO
and COX can also increase oxidative stress. Recent studies have suggested
that c-Jun phosphorylation is an important step in some forms of stressinduced neuronal apoptosis. In this study, we tried to clarify the association of
HO and COX with c-Jun phosphorylation. Inducible forms of HO and COX
(HO-1 and COX-2, respectively) were transiently induced in CA1 pyramidal
neurons 1 and 1-3 days after ischemia, respectively. c-Jun was also induced
in pyramidal neurons throughout the hippocampal formation, but its
phosphorylation was limited to CA1. In contrast, these molecules were
constitutively expressed at very low levels. Most (84%) of the CA1 pyramidal
neurons examined expressed HO-1 and/or COX-2 (14% with HO-1, 47% with
COX-2, 22% with both), and such expression showed good colocalization with
c-Jun phosphorylation. In this study i) c-Jun phosphorylation was associated
with ischemia/reperfusion-induced neuronal apoptosis; ii) HO-1 and COX-2
were transiently induced in the CA1 pyramidal neurons, which undergo
apoptosis; and iii) most CA1 pyramidal neurons expressed HO-1 and/or COX2, which strongly suggests that these are neuron killers.
Supported by Grants-in-Aid from the Ministry of Education, Science, Sports
and Culture, Japan.

CEREBRAL ISCHEMIA-INDUCED GENE TRANSCRIPTION IS
REDUCED BY OXIDATIVE DNA DAMAGE IN THE TRANSCRIBED
STRAND OF ITS GENE, J-K.Cui, W. Y Huang, L.H. Lee, S. Cao, L. Yu, and
P. K. Liu*. Department of Neurosurgery, Baylor College of Medicine, Houston,
TX 77030.
We investigated oxidative damage to the c-fos gene and its transcription in the
brain of Long-Evans rats using a transient focal cerebral ischemia and
reperfusion (FCIR) model. We observed a significant (p < 0.001) increase in the
immunoreactivity to 8-hydroxy-2’-guanine (oh8G, and its deoxy form oh8dG)
in the ischemic cortex at the first 30 min of reperfusion in all 21 animals treated
with 15-90 min of ischemia. Treatment with a neuronal nitric oxide synthase
(nNOS) inhibitor, 3-bromo-7-nitroindazole (60 mg/kg, i.p.) abolished the
majority of oh8G/oh8dG immunoreactivity. That treatments with RNase to
tissue sections removed the immunoreactivity of oh8G indicates RNA could
also be targeted. This observation was further supported by decreased mRNA
transcripts of the c-fos and actin gene in the ischemic core within 30 min of
reperfusion using in situ hybridization. The reduction in mRNA transcription
occurred when nuclear gene damage, detected as sensitive sites to Escherichia
coli Fpg protein (FPGSS) in the non-transcribed and transcribed strands of the
c-fos gene, increased (p <0.01) at least 13-fold. Our results suggest that nNOS
and/or calcium influx can be accounted for the attenuation of mRNA
transcription and the damage in nuclear genes after FCIR, and that damaged
gene could not support gene transcription in the brain. (Research supported by
grants from Am. Heart Association [9640202N]; NIH-NINDS [NS34810] to
PKL, An Established Investigator of AHA).

332.9

332.10

AUGMENTATION OF TPA-INDUCED AP1 BINDING ACTIVITY BY NACETYL-O-METHYLDOPAMINE. Y.S. Kim, S. Cho, N. Liu, H. Baker,
T.H. Joh* Dept. of Neurology & Neuroscience, Cornell Univ. Med. Coll, at
W.M. Burke Medical Research Institute, White Plains, NY, 10605
increased AP1 binding activity after ischemia is transient in vulnerable
CA1 hippocampal cells, but persistent in the resistant CA3 subfield and DG
neurons. Since treatment with N-acetyl-O-methyldopamine (NAMDA)
prevents neuronal injury in CA1 hippocampus following 10 min transient
forebrain ischemia in rats (Cho etal., 1999, J. Neurosci.), we hypothesized
that NAMDA’s neuroprotective action may be mediated via potentiation of
ischemia-induced AP1 binding activity in vulnerable CA1 neurons. An in
vitro model was used to investigate whether NAMDA alters AP1 binding
activity. SK-N-BE(2)C cells treated with NAMDA (5 mM), TPA (80 nM), or
TPA+NAMDA were analyzed by gel mobility shift assay.
NAMDA
treatment alone did not alter AP1 binding activity. However, TPA treatment
increased and NAMDA further potentiated TPA-induced AP1 binding
activity. Supershift assay using a specific c-Fos antibody indicated that cFos is a component of AP1-protein complexes. To test whether the
increased AP1 binding activity is functional, we transiently transfected a
plasmid containing 8.9 kb upstream promoter of tyrosine hydroxylase and
reporter CAT gene (p8.9TH-CAT) and measured CAT activity in SK-NBE(2)C cells. TPA and TPA+NAMDA treatments increased CAT activity by
3- and 6-fold, respectively. Taken together, these data imply that NAMDA
potentiates TPA-induced AP1 binding activity and thus gene transcription
via c-fos. The data suggest that NAMDA may protect CA1 vulnerable
neurons via the potentiation of ischemia-induced AP1 binding activity with
target genes. (Supported by NIMH 24285 to THJ and The Burke
Foundation).

INCREASED BINDING TO PRESENILIN-2 AP-1
AND
SP1
REGULATORY SITES IN THE RAT BRAIN AFTER MIDDLE
CEREBRAL ARTERIAL OCCLUSION. Keith R. Penny packer1*, Shabnam
Eidizadeh, Alison E. Willing and Paul R, Sanberg2University of Smith
Florida College of Medicine Departments of Pharmacology and
Therapeutics , Neurosurgery and Neuroscience Program Tampa, FL 33612
Stroke has been implicated in the onset of Alzheimer’s disease (AD) and
AD-related genes (amyloid precursor protein (APP) and apolipoprotein E)
are induced in animal modefs of stroke as well as other brain injury models.
Mutations in the presenilin-1 and -2 (PS-1 and -2) genes have been shown
to be involved in the early onset of AD. Expression of the PS-1 and -2
enes have been reported to be regulated in AD, aging, development and
rain injury. Although expressed primarily in neurons, enhanced levels of
PS-1 and -2 have been observed in astrocytes activated by neuronal
damage. Previously, we have found increased expression of both presenilins
in the rat hippocampus, cortex, and striatum in an animal model of stroke
caused by middle cerebral artery occlusion (MCAO). This increased
expression was located ipsilateral as well as contralateral to the MCAOmduced injury. Our characteization of the PS-2 promoter has revealed
several regulatory sites corresponding to recognition elements of injurymducible transcription factors, NF-k B, AP-1, and SP1. We have detected
increased SP1 ana AP-1 DNA binding activity in the rat brain at 8 days
after MCAO. Western blot analysis revealed an increase in SP1 and Fosrelated antigen-2, an AP-1 factor, proteins at the same time after MCAO.
Co-localization studies will enable an examination of co-expression of PS-2
with these transcription factors. Many genes (ex., APP and PS-1) induced
by injury share similar promoter elements, suggesting that SP1 and fosrelated antigen-2 transcription factors regulate transcription of these genes.
This work was funded by AHA9930072N.

332.11

332.12

INCREASED PERIFOCAL GENE EXPRESSION OF THE CYCLINDEPENDENT KINASE INHIBITOR p21 AFTER TRANSIENT FOCAL BRAIN
ISCHEMIA IN RAT. J. Truettner *, R. Schmidt-Kastner, L. Belayev, W, Zhao,
R. Busto and M.D. Ginsberg. Cerebral Vascular Disease Research Center, Dept
of Neurology (D4-5), University of Miami School of Medicine, Miami, FL 33101.
After transient focal brain ischemia, several genes are expressed in the
previously ischemic area and surrounding structures; this in part reflects the
activation of protective cellular programs. Since neurons are strictly post-mitotic
cells, ceil cycle control may be reinforced by new gene expression after ischemia.
p21(WAFl/Cipl) is an inhibitor of cyclin-dependent kinases. p21 and cell cycle
arrest are regulated by p53, which is also central to DNA repair and triggers
apoptosis. We have analysed the topography of p21 mRNA upregulation after
transient focal brain ischemia in relation to tissue damage.
Sprague-Dawley rats were subjected to middle cerebral artery occlusion
(MCAO) for 2 h by using an intravascular poly-L-lysine coated filament At 0, 1,
3, 6 and 24 h, or 3 and 7 d after MCAO, brains (n=4 per group) were processed
for in situ hybridization using a cDNA probe for p21. Autoradiograms were
evaluated by using co-mapping procedures and pixel-based averaging techniques.
In situ hybridization signals for p21 mRNA increased on the ischemic side
during the initial 24 h. Most of the ischemic areas in striatum and cortex had low
levels of p21 mRNA. Signals increased in the perifocal regions including dorsomedial cortex, septum, ventral striatum and nucleus accumbens. The ventrolateral thalamic complex was positive between 1 and 6 h. These regions are
resistant to infarction as shown by parallel histological studies and image analysis
of constitutive MAP2 mRNA levels.
Upregulation of p21 mRNA in resistant areas may indicate a reinforcement of
cell cycle arrest or repair of subtle DNA damage. Signals triggering the
widespread response could be spreading depression, moderate ischemia, diffusion
of oxygen radicals or stimulation by diffuse neuromodulatory systems. (Supported
by NS05820).

EXPRESSION OF ATF3 IN HIPPOCAMPUS
FOLLOWING TRANSIENT FOREBRAIN ISCHEMIA.
FLTsujino1;2^—T.Matsuyama3,_ EJ^ondnl,____M.Sugita3,
and
KNoguchi1*. ’Dept. of Anatomy & Neuroscience, Hyogo Coll, of
Med., Nishinomiya, Hyogo, 6638501, Japan 2Dept. of Orthop.
Surg., Osaka Univ. Medical School, Suita, Osaka, 5650871, Japan
3Fifth Dept. of Internal Medicine, Hyogo Coll, of Med.
Activating transcription factor 3 (ATF3), a member of ATF/CREB
family of transcription factors, is induced in a variety of stressed
tissue. We reported that ATF3 was induced in peripheral nervous
system after nerve injury. In this study we investigated whether ATF3
was induced in hippocampus following transient forebrain ischemia.
In adult male C57/B16 mouse, bilateral common carotid arteries were
occluded for 15 minutes and then reperfused, and subsequently the
expression of ATF3 mRNA and protein in the hippocampus were
examined by in situ hybridization and immunohistochemistory. In the
control mouse, neither mRNA nor protein of ATF3 were detected in
brain. Following transient forebrain ischemia, ATF3 mRNA were
immediately and transiently induced in neurons and glial cells in the
dentate gyrus, the CA3 region and the CAI region, whereas, ATF3
protein were detected in the dentate gyrus and the CA3 region but not
in neurons in the CAI region. The present result demonstrated that
the transient forebrain ischemia induced the differential expression of
ATF3 mRNA in areas of the hippocampus, and in the CAI region
ATF3 mRNA wasn’t translated into protein. (Supported by the
Japanese government and Hyogo Coll, of Med.)
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DIFFERENTIAL DISPLAY REVEALS GENES WHOSE EXPRESSION
IS ALTERED BY PRENATAL HYPOXIA-ISCHEMIA J.B,
Hutchins*’1,3,4. F, Xiao2. P.G, Rhodes2 and Z. Cai2 5. ’Depts. of Anatomy,
2Pediatrics, 3Neurology (Research), 4Ophthalmology and 5Pharmacology
& Toxicology, University of Mississippi Medical Center, Jackson, MS
39216-4505.
Prenatal hypoxia-ischemia (HI) causes a variety of long-lasting
changes in the structure and chemistry of the brain in affected
individuals. We are currently examining differential gene expression in
a prenatal rat model of hypoxia-ischemia. On gestation day 17, the
uterine vasculature was clamped for 30 min followed by removal of the
clamps to permit reperfusion. Both sham operations (surgery without
vasculature clamping) and non-operated animals were used as controls.
Hippocampal tissue was isolated at postnatal day 8; mRNA was
prepared and reverse-transcribed and the resulting cDNA species were
compared by differential display. In our initial screen, we found and
cloned 25 genes whose expression was putatively regulated by HI. Upon
further screening using a reverse Northern procedure, five of these
turned out to be differentially expressed in HI tissue relative to sham or
unoperated controls. Of these five, one is increased in sham tissue and
the other four are up-regulated in HI tissue. We are in the process of
characterizing one of these, designated HIC29A. HIC29A shows
significant sequence homology to the human gene TRC8, which is
thought to encode a transmembrane protein upregulated in cancer cells
but also expressed in normal brain, including hippocampus.
Supported by HD35496.

DIFFERENTIAL DISPLAY OF GENE EXPRESSION IN A SURGICAL
MODEL OF CEREBRAL EDEMA. J.E. Margulies*. O. Spirina. S. Curan
and A.A. Demetriou. Dept. of Surgical Research, Cedars-Sinai Medical
Center, Los Angeles, CA 90048.
Cerebral edema, leading to intracranial hypertension and brain herniation, is
a serious complication of fulminant hepatic failure (FHF). Although detection
and management of brain swelling continues to play a crucial role in the
prognosis of the patient with FHF, the molecular basis for cerebral edema is
unknown. The goal of this study was to identify genes that are involved in the
development of brain edema. Edema was induced in Sprague-Dawiey rats
using a surgical model of FHF in which the anterior liver lobes were resected
and the right liver lobes were ligated. The percentage of brain water was
calculated by measuring the specific gravity of cortex samples in a
gravimetric column. Brain water content was significantly higher in the
cortex from FHF rats in Stage IV hepatic encephalopathy relative to cortex
from control rats (81.5 + 0.4% vs. 79.5 + 0.1%, pcO.Ol). Changes in gene
expression were analyzed by differential display reverse transcription PCR.
In this model of cerebral edema, differentially expressed genes included
carbonic anhydrase II, glutamine synthetase, Kid-1 transcription factor,
astrocyte-specific glutamate transporter (GLT-1), glutamate receptor subunit
(GluR-2), GABA-A receptor subunit (alpha 6), aquaporin water channel
(AQP4) and glutamate carboxymethyltransferase. The increase in AQP4
expression in this model of cerebral edema suggests that this water channel
may play a role in the pathogenesis of edema in FHF. Determination of the
cellular and molecular events involved in the formation of cerebral edema in
FHF may broaden our understanding of brain edema in other disease states.
This work was supported in part by a Cedars-Sinai Institutional grant (JEM).

332.15

332.16

IDENTIFYING DIFFERENTIALLY EXPRESSED GENES FOLLOWING
TRANSIENT CEREBRAL ISCHEMIA IN THE RAT. B.P. MeIoni»B.T,
Maida, N.K, Rixon and N.W. Knuckey . Australian Neuromuscular Research
Institute (ANRI) and Department of Neurosurgery, Sir Charles Gairdner
Hospital (SCGH), QEII Medical Centre, Nedlands, Western Australia, 6009.
In this study we used the Clontech PCR-Select cDNA subtraction procedure
to identify differentially expressed genes in the hippocampus following
transient cerebral ischemia (TCI). A unique pathological consequence of TCI
is the apoptotic death of selective neuronal populations, such as hippocampal
CAI neurons. Since many forms of apoptotic cell death, including ischemic
neuronal death, can be blocked by mRNA and protein synthesis inhibitors,
identifying genes differentially expressed following TCI may provide
therapeutic targets to reduce ischemic neuronal death.
Rats were exposed to 8 minutes of TCI, an insult resulting in selective
hippocampal CAI neuronal death, and gene expression examined 6 hours postTCI. Hippocampal mRNA obtained from ischemic rats was used as tester and
mRNA isolated from sham operated rats was used as driver. Nine cDNA
fragments, representing potentially up-regulated genes shared homology to: (i)
rat, heat shock cognate protein 70 (hscp70), heat shock protein 86 (hsp86),
thymosin beta 4, dynein (map lc), transferrin, microtubule-associated protein 2
(map 2) and liver proteasomal ATPase; and (ii) mouse, hspllO (94%) and
sodium-calcium exchanger (ncxl; 91%). Three fragments had no sequence
homology to known genes.
Supported by ANRI and SCGH.

INTRAUTERINE HYPOXIA-ISCHEMIA REDUCES EXPRESSION OF
NMDAR 1 SUBUNIT mRNA IN THE HIPPOCAMPUS OF OFFSPRING RAT
BRAINS. Z, Cai*. F. Xiao and P, G, Rhodes. Dept. of Pediatrics, Univ. of Miss.
Med. Ctr., Jackson, MS 39216.
Our previous study has shown that prenatal hypoxia-ischemia (HI) affects
learning ability in juvenile offspring (Society for Neurosci. Abstracts, 1998, 2151:
853.21). NMDA receptor is known to be involved in long-term potentiation and
learning. To investigate effects of prenatal HI on functions of the NMDA receptor
in the offspring rat brain, expression of the NMDA receptor subunit mRNAs
following intrauterine HI were examined in 8-day and 30-day old rat brain by the
RT-PCR method. Rat fetuses were subjected to either a 30-min intrauterine HI
insult or a sham operation (SH) on G17 and rat pups were naturally delivered. Brain
tissues from the HI or the SH rats were collected on postnatal day 8 or postnatal day
30 after a passive avoidance test was performed. Total RNA extracted from the
cortex and the hippocampus of these rat brains was reverse-transcribed and PCRamplified with primer pairs for NMDAR1, NR2A, NR2B, NR2C and NR2D.
Primer pairs for p-actin were also included in the PCR reaction as a reference. The
ratio of the intensity of NMDA receptor subunit band to the intensity of P-actin
band was used for semi-quantitative comparison. Our preliminary data so far show
that prenatal HI significantly reduced NMDAR 1 mRNA expression in the
hippocampus of 8-day old rat brain. NMDAR 1 mRNA expression in the cortex of
the prenatal HI pup brain was also decreased, but not statistically significant.
Suppressed expression of NMDAR1, but not NR2A, NR2B, NR2C or NR2D, was
also observed in the hippocampus of 30-day old rat brain from the prenatal HI
group. These results suggest that the learning deficit we reported previously in the
juvenile rat from the prenatal HI group is probably associated with alterations in
expression of the NMDA receptor subunits. (Supported by NIH grant HD 35496)

332.17

332.18

ALTERATIONS IN NMDA RECEPTOR SUBUNIT PROTEIN
EXPRESSION IN DIFFERENT REGIONS OF RAT BRAIN FOLLOWING
PERMANENT ISCHEMIA. J. Luo1, Y. Gen1, L. Zhu1, D. Ding1 and B.B.

RECEPTOR TYROSINE KINASE TIE1 mRNA IS UPREGULATED ON
CEREBRAL MICROVESSELS AFTER FOCAL OR GLOBAL CEREBRAL
ISCHEMIA IN RAT. Z.G. Zhang13, S.D, Croll4*, D.Y, Lu1, W. Tsang1, R.L.
Zhang1, D. Morris2, Yancopoulos, G.D.4, Wiegand, S.J.4 and Chopp, M.13
’Dept. of Neurology and 2Dept. of Emergency Medicine, Henry Ford Health
Sciences Center, Detroit, Ml 48228; 3Dept. of Physics, Oakland University,
Rochester, Ml 48309; “Regeneron Pharmaceuticals, Tarrytown, NY 10591.
Tie 1 is an endothelial-specific transmembrane receptor tyrosine kinase
thought to be required for the structural integrity of endothelium. Using in
situ hybridization, we measured tie 1 mRNA in ischemic and post-ischemic
brain. In the first experiment, rats were subjected to middle cerebral artery
occlusion (MCAO) by intra-arterial placement of a single fibrin-rich clot, and
were sacrificed 2 h to 14 days later. In the second experiment, rats were
subjected to 5.5 minutes of cardiac arrest (followed by hypoperfusion during
blood pressure recovery), and were sacrificed 30 min to 3 days after
reperfusion. Tie 1 mRNA levels were low in naive rat brains, and shamoperated rats showed only transient early increases in Tie1 mRNA. In both
ischemic models, tie 1 mRNA was clearly upregulated in cerebral
microvessels by 2 h. After a brief decline in tie1 mRNA in the MCAO model
at 8 h, a sustained upregulation of tie1 mRNA was observed in both models,
such that mRNA was still elevated at the latest time points studied.
Expression of tie1 mRNA in the focal ischemia model was primarily localized
to vessels bordering pan necrotic tissue. In the global ischemia model, the
upregulation was more widespread, with striking upregulation in structures
damaged after reperfusion such as hippocampus. Tie 1-positive vessel
diameter was measured after MCAO. Vessel diameters fell into a bimodal
distribution such that 97% of the vessels had a mean diameter of 3.7 + 0.17
pm and 3% had a mean diameter of 10.2 ± 0.99 pm. Our findings suggest a
role for tie 1 in cerebral microvascular remodeling or repair after ischemia.
Supported by NIH PO1 NS 23393, RO1 NS 33627, and Regeneron Pharm.

Wolfe2*. 1Lab. of Medical Molecular Biology, Zhejiang Univ. Med. Sch.,
Hangzhou, Zhejiang 310031, China; 2Dept. Pharmacol, Georgetown U.
Sch. of Med., Washington, D.C. 20007.
Previous studies have been carried out examining changes in
expression of NMDA receptor subunits in rat models of transient focal
ischemia. In this study, we measured the expression levels of NR1,
NR2A, and NR2B subunit proteins in rat brain following permanent focal
ischemia. For this purpose, the right middle cerebral artery was
occluded under anesthesia. Protein levels of the three subunits were
measured in basal ganglia, cerebral cortex, and hipppocampus at
different times after occlusion by quantitative immunoblotting with
NMDA receptor subunit-specific antibodies. By taking non-ischemic left
brain as control, we found that 1) NR1 protein level (average integrated
intensity/mg protein) decreased at 1 hour after occlusion, and then
increased significantly (approximately 2.5-fold) at 6 hours after
occlusion in basal ganglia; 2) in the same region, NR2A and NR2B
subunits displayed similar patterns of temporally-dependent expression,
but the differences were not significant. 3) in cortex, NR1 levels were
reduced at 3 hours after occlusion, and then became higher than control
(p<0.05) at 6 hours after occlusion; while there were no significant
changes in either NR2A or NR2B levels; 4) in hipppocampus, changes
in NR1 protein were similar to those seen in cortex; while NR2A and
NR2B levels were found to transiently decrease at 1-2 hours after
occlusion. These results indicated that alterations in the pattern of
expression of NMDA receptor subunits in brain following permanent
focal ischemia is regional and subunit related.
Supported by NS28130 and NS36246.
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EXPRESSION OF PHOSPHOLIPASE D2 MESSENGER RNA AFTER
HYPOXIC-ISCHEMIC BRAIN INJURY IN THE NEWBORN RAT. J.H.F. Peng*,
Y.Z. Feng, M.H. LeBlanc, and P.G. Rhodes. Department of Pediatrics, Univ. of
Miss. Med. Ctr., Jackson, MS 39216.
Phospholipase D (PLD) actively participates in cellular signaling and
phospholipid turnover during brain development by catalyzing the hydrolysis of
phosphatidylcholine to phosphatidic acid and choline, which are respectively second
messenger and substrate for acetylcholine synthesis. It has been reported that
hypoxic-ischemic injury (HI) decreases brain PLD activity. Currently, it is unclear
whether reduction of PLD activity is due either to the release of endogeneous
enzyme inhibitors or to reduction of mRNA synthesis after HI. The present study
sought to determine the expression of PLD2 mRNA transcript following HI injury.
HI was induced by ligation of the right carotid artery of 7-day-old Sprague-Dawley
rat pups, which were then exposed to hypoxic condition in the presence of 8%
oxygen for 2.5 hr. Pups were sacrificed 3 hr or 3 days later to determine the
expression of PLD2 mRNA in the brainstem and cerebellum by Northern blot
analysis.
Non-radioactive biotinylated PLD 2 RNA probe was prepared by
transcibing the linearized cloned 541 bp PLD2 DNA, which was amplified against
rat brain cDNA Xgt 10 lysate by PCR using specific primer pairs. The intensity of
the specific mRNA bands was determined by densitometric scanning. A PLD2
mRNA transcript of 3.7 kilobase was detected in the brainstem and cerebellum of all
samples. In the cerebellum, PLD2 mRNA transcript (HI; 0.33 ±0.1 vs Controls;
0.73 ± 0.12) was decreased by 55% 3 hr after HI, while there was no difference in
the brainstem. On the other hand, both PLD2 mRNAs in the cerebellum and
brainstem were not significantly reduced three days after HI injury. These results
demonstrated that there is regional difference in the HI effect on PLD2 mRNA
synthesis and that focal ischemia may affect PLD mRNA synthesis in the
cerebellum.

SUPPRESSION OF CEREBRAL PROTEIN SYNTHESIS IN HIBERNATION
INVOLVES INHIBITION OF PROTEIN INITIATION AND ELONGATION.
K.U. Frerichs,*1,2 C. B. Smith? M. Brenner? P.J. DeGracia.4 G.S. Krause.4 L,
Marrone.4 T, Dever.5 and J.M. Hallenbeck1. ’Stroke Branch, NINDS, 3Lab. of
Cerebral Metabolism, NIMH, and Lab. Eukaryotic Gene Regulation, NIH,
Bethesda, MD 20892; 2Div. of Neurosurgery, Brigham & Women’s Hospital,
Boston, MA 02115;5Dept.Emergency Med.,Wayne State Univ.,Detroit,MI 48201
Mammalian hibernation confers tolerance to ischemic levels of cerebral
perfusion in vivo and to aglycemia/hypoxia in vitro. Profound reduction of
physiologic functions in mammalian hibernation is associated with suppression
of protein synthesis independent of the associated hypothermia. Therefore,
additional regulatory factors other than temperature appear to be present. An in
vitro translational system was used to further explore the site of protein synthesis
inhibition. Postmitochondrial supernatants (PMS) were prepared from brains of
active and hibernating ground squirrels Citellus tridecemlineatus. Transition
into hibernation and physiological parameters (ECG, body temperature) were
monitored telemetrically. No abnormalities of ribosomal function or mRNA
levels were detected. Polysome profiles revealed an increased monosome peak
and moderate ribosomal disaggregation in hibernation. In addition,
phosphorylation of eIF2a was greatly increased in PMS from hibernating brain.
Ribosomal disaggregation and eIF2a phosphorylation are consistent with the
presence of an initiation block in hibernation. In addition, ribosomal mean
transit times were increased threefold in hibernation indicating the presence of
an elongation block. These findings implicate protein synthesis as an important
component of the generalized cellular arrest during hibernation. Further
investigation of the molecular mechanisms of protein synthesis inhibition in
hibernation may lead to the identification of the signal(s) that and regulate the
state. This may enable us to induce a similar state of tolerance in other species.

Funding through Newborn Medicine, The University of Mississippi Medical Center.

333.3

333.4

A ROLE OF DROSOPHILA MELANOGASTER CDK5a-LIKE
MOLECULE IN HYPOXIA

PROTEIN AGGREGATION FOLLOWING BRAIN ISCHEMIA. M.E.
Martonet C.L. Liu, Y, Jonest. B.R. Hu* Lab of Neurochemistry, Queen's
Medical Center, Honolulu HI 96813. fNational Center for Microscopy and
Imaging Research, UCSD, La Jolla, CA 92093.
Neuronal protein aggregates are a pathological hallmark in neurodegenerative disorders. The aggregates contain ubiquitinated proteins and
have been considered .to cause neurodegeneration. We report that a brief
ischemic episode caused severe and persistent protein aggregation in
hippocampal CAI neurons vulnerable to ischemia. Rat brains subjected to
15 min ischemia followed by varied periods of reperfusion were stained
with ethanolic phosphotungstic acid (E-PTA) and examined by electron
microscopy. Numerous E-PTA stained deposits were present in CA)
neurons but not in dentate gyrus neurons. These dark deposits exhibited
ubiquitin labeling as demonstrated by immuno-gold electron microscopy,
suggesting that they contain aggregated proteins. Aggregates were present
at 4 h reperfusion and progressively increased to 48 h reperfusion. Many
aggregates were attached to vesicles near the Golgi apparatus in the soma
and the plasmalemma in dendrites. Some were deposited on mitochondrial
membranes. Biochemical studies demonstrated that ischemia resulted in a
decrease of NSF and cyclophilin A in the pellet fraction and an increase in
the cytosolic fraction, indicating that these proteins were unable to assist in
fusion of transporting vesicles and protein folding. Ischemia also stopped
protein ubiquitination and caused accumulation of free ubiquitin in cytosol.
We conclude that ischemia stops the machinery of protein folding, assembly
and degradation, resulting in the accumulation of unfolded proteins in
ischemic neurons. The production of reactive oxygen species may further
aggravate protein unfolding. Failure to remove unfolded proteins leads to
protein aggregation, resulting in neuronal death after ischemia. Supported
by NIH NS36810 to BRH, RR04050 and The Queen's Emma Foundation

333.5

333.6

HYPERGLYCEMIC FOREBRAIN ISCHEMIA IN RATS PROMOTES
EXTENSIVE INTRANEURONAL EXPRESSION OF J3-AMYLOID PRECURSOR
PROTEIN (P-APP). B. Lin*, R. Busto, L. Li, M.D. Ginsberg, Cerebral Vascular Disease
Research Center, Univ. of Miami School of Med., Miami, FL 33101
We have previously shown that brief periods of high-grade forebrain ischemia give
rise to chronically evolving degenerative changes over 10 weeks.1 These include
abnormal largely extracellular deposition of P-APP, intraneuronal P-APP deposits being
less common? When brief global ischemia is complicated by hyperglycemia, the extent
of acute ischemic neuronal damage is increased .several-fold; cortical and subcortical
infarcts are observed; and endothelial and perivascular abnormalities are prominent?
The present study was conducted to assess the participation of P-APP in this setting.
Male Wistar rats anesthetized with 3% halothane and 70% nitrous oxide received 12.5
min of high-grade forebrain ischemia by bilateral carotid artery occlusions plus
hypotension (50 mmHg). Brains of normoglycemic rats (plasma glucose 145 + 24
mg/dl) and hyperglycemic rats (plasma glucose 272 + 44) were studied at either 24h
(n=2/group) or 72h postischemia (n=5/group) by immunohistochemistry to the Nterminal portion of p-APP? In all hyperglycemic rats studied at 24h and 72h, P-APP was
strongly expressed in large pyramidal neurons of neocortex and hippocampal CAI
sector. Four of 7 rats also showed P-APP deposition in thalamic neurons. At 72h, pAPP-reactive neurons showed clear morphological signs of necrosis. By contrast, none
of the normoglycemic rats showed P-APP in CAI; occasional neocortical neurons
showed weak P-APP reactivity at 24h, but this decreased by 72h. Extraneuronal P-APP
deposition was not present. The acute intra-neuronal P-APP deposits following
hyperglycemic ischemia contrast with the chiefly extra-neuronal diffuse and plaquedeposits seen with chronic survival? The prominent acute P-APP deposits in
hyperglycemic ischemia may promote neural injury.
Supported by NS 05820.

17p-ESTRADIOL ATTENUATES MITOCHONDRIAL TOXIN-INDUCED
OVEREXPRESSION OF mRNA ENCODING p-AMYLOlD PRECURSOR
PROTEIN. Jian Wang, Jiong Shi, Pattie S. Green, LeighAnn Stublev and
James W. Simpkins;* Center for the Neurobioiogy of Aging, College of
Pharmacy, University of Florida, Gainesville, FL 32610
Beta-amyloid (Ap) is proteolytically derived from P-amyloid precursor protein
(PAPP) in both AD-affected and normal cells. A perturbation in energy/glucose
metabolism may contribute to the overexpression of APP which can produce
high levels of Ap. Estrogen has been shown to play an important role in
modulation cerebral glucose homeostasis. The present study was to examine the
effect of 17P-estradiol on the expression of amyloid precursor protein mRNA in
the SK-N-SH human neuroblastoma cells after exposure to a period of energy
deprivation using 3-nitroproprionic acid (3NP) or glucose deprivation. Timeand dose- response evaluations of the effect of 3-NP on the health of SK-N-SH
cells showed that mitochochondrial function was inhibited by sublethal doses of
3-NP. A 10 pM dose and 24 hr time-point of 3-NP treatment were chosen based
on the EDJ0 for inhibition of mitochondrial function. The effects of 3-NP or
glucose deprivation on the expression of APP mRNA were assessed. RT-PCR
amplification of mRNA for APP demonstrated an increase expression level of
mRNA encoding APP with 24 hr exposure to 10 pM 3-NP. This effect of 3-NP
was attenuated with 17P-estradiol (20 nM) pretreatment. Similarly, glucose
deprivation increased APP expression in a manner that was attenuated by 17fJestradiol pretreatment. Based on these data, we propose that estrogen may play a
role in attenuating the energy-deprivation overexpression of APP. Estrogen
could be serving to improve neuronal energy utilization or to prevent the effects
of energy deprivation on APP expression. These results may help to explain the
observations that affected areas of • the Alzheimer’s disease brain are
hypometabolic and that estrogen replacement therapy delays the onset and
reduces the incidence of Alzheimer’s disease. (Supported by NIA AG 10485)

Enbo Ma, R.M. Douglas* & G.G. Haddad. Dept. of Pediatrics (Respiratory
Medicine), Yale Univ. School of Medicine, New Haven, CT 06525
Cyclin-dependent kinase 5 (cdk5) belongs to the cdk family and is
activated by an activator cdk5a. The activator cdk5a is mainly expressed in
neurons and involved in post-mitotic processes such as neurite outgrowth
during neuronal differentiation. Cdk5 knockout results in perinatal lethality,
and the disruption of cdk5a gene leads to neuronal damage and eventually
to adult lethality. It has been reported that cdk5 activity is increased by
ischemia in CNS. It is, however, not clear how the cdk5/cdk5a complex is
developmentally regulated or whether this complex plays a role in the
cellular response to anoxia/hypoxia. We have cloned a cdk5a-like gene
from Drosophila melanogaster and mapped the gene in the region of 31 DI31D2 of the 2nd chromosome. This gene encodes a 474 amino-acid putative
protein. Northern analysis showed that this gene is expressed in a very low
level in embryonic and young pupa stages, while its expression is
significantly increased in the adult. In addition, anoxia doubled the
expression of this gene. A high homology between this deduced fly cdk5alike molecule and a human gene was found in the C-terminal half molecule
(-80%). Transgenic flies obtained by the microinjection of cdk5a into fly
embryos significantly prolonged adult fly recovery time after a 5 min-anoxia
when compared'with wild-type flies (410.8 vs 364.1 sec.). We believe that
the isolation of fly cdk5a will enhance our understanding of the genetic
pathways of this complex in neurogenesis and possibly in neuronal
degeneration. (Supported by Charles H. Hood Foundation and NHI-HD32573).

‘Lin B, Ginsberg MD, Busto R, Dietrich WD (1998) Acta Neuropathol,95:511-523.
2Lin B, Schmidt-Kastner R, Busto R, Ginsberg MD. (1999) Acta Neuropathol 97: 359-368.
’Lin B, Ginsberg MD, Busto R (1998) Acta Neuropathol 96:610-620.
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Increase
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knock
M. Surini? P, Wehrli? L.E, French.2 and P,
Giannakopoulos.1. ‘Dept. of Psychiatry, HUG-Belle-Idee, 1225 Geneva; 2Dept. of
Dermatology, HUG, 1211 Geneva 14, Switzerland.
Apolipoprotein J (apoJ) is a secreted glycoprotein which is highly expressed in
response to tissue injury in both peripheral organs and brain. The possibility that
increased ApoJ expression may represent a protective response taking place in neurons
at risk to die is supported by recent morphological studies in Alzheimer’s disease and
reports showing that apoJ gene expression decreases dramatically in cells undergoing
apoptotic cell death in vitro. To address this issue, we quantified the infarcted and
penumbral areas following permanent middle carotide artery occlusion (MCAO) in
mice with null alleles for the apoJ gene as compared to wild-type (WT) mice. Both
WT and apoJ knock-out mice were anaesthetized intraperitonally with chloral hydrate,
and right MCAO was performed by electrocoagulation without damaging the brain
surface. WT and apoJ knock-out mice were allowed to recover postsurgery for 7 days
(n=5 for each group). For each animal, quantification of the infarcted area was
performed on sequential sections throughout the rostro-caudal extent of the lesion. For
each brain slice, the area of infarction and the area of the whole section were calculated
using a computer-assisted image analyzing system. A mean number of % infarcted area
was calculated for each group of mice at all post-ischemic time points. For each
mouse, the penumbral area was calculated every 140m throughout the rostro-caudal
extent of the infarct. Areas were summed for each animal and a mean surface area was
calculated for each group of mice. There was no significant differences in mean
percentages of the section area that was infarcted between WT (9.8% ± 0.7%) and apoJ
knock-out mice (9.1% ± 0.6%). Conversely, apoJ knock-out mice showed a significant
thicker penumbral area compared to WT mice (71938 ± 3356 pixels vs 50904 ± 2188
pixels ; Fisher’s test p < 0.01). These data indicate that the absence of apoJ expression
is associated with an increase of the penumbral area, a marginal zone of the infarct
characterized by the occurrence of apoptotic cell death, and further support the notion cf
possible apoJ-related neuroprotection following acute cerebral injury.

INDUCTION OF A DISINTEGRIN AND METALLOPROTEASE
WITH THE THROMBOSPONDIN TYPE I MOTIF (ADAMTS)
IN TRANSIENT GLOBAL CEREBRAL ISCHEMIA. X. Liu, Y.
Tu, T. Yin, E.M. Johnstone*, D.T. Stephenson, J.A. Clemens and
S.P. Little. Neuroscience Research Division, Eli Lilly and
Company, Indianapolis, IN 46285.
Disruption of blood supply to the brain has a profound impact
on pyramidal neurons in the CAI region of the hippocampus.
However, massive cell death occurs 3-5 days after reprefusion.
This phenomenon is referred to as delayed neuronal death. The
current knowledge of the process at a molecular level is limited. In
our effort to search for genes induced early after ischemia, we used
a rat model of global cerebral ischemia and analyzed poly-A-RNA
levels by differential display techniques. We discovered that
mRNA levels of clone 20d was elevated in the CAI region 24 h
after 4-vessel occlusion (4VO). The higher expression levels of
the transcripts were observed with a ribonuclease protection assay
(RPA). Rapid amplification of cDNA ends (RACE) from rat brain
cDNAs was used to generate a full length clone. The full length
20d had 93% homology to a mouse secretory protein, a disintegrin
and metalloproteinase with the thrombospondin type I motif
(ADAMTS-1).

333.9
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INDUCIBLE CYCLOOXYGENASE-2 EXPRESSION
AFTER
INTRACEREBRAL HEMORRHAGE Chao Gong, Richard F, Keep.
Nicholas M. Boulis*, A, Lorris Betz, Julian T, Hoff Department of
Neurosurgery, University of Michigan, Ann Arbor, Michigan 48109
Cyclooxygenase-2 (COX-2) is an inducible isoform of cyclooxygenase, which
catalyzes the conversion of arachidonic acid to prostaglandin and thromboxane.
Recent evidence suggests COX-2 may have a pathological role in brain injury.
The purpose of this study was to investigate the temporal and spatial distribution
of COX-2 following intracerebral hemorrhage (ICH). Immunohistochemistry for
COX-2 was performed in normal control rats and at 6 hours, and 1, 3, 7, and 10
days after injection of 100 jul autologous blood into the rat striatum. Western
blot analysis was used to quantify COX-2 protein.
Double-labeling
immunohistochemisty was performed to identify COX-2 positive cells
surrounding the blood vessels. Results showed that COX-2 protein was
constitutively expressed in normal control brain, but was significantly induced in
the ipsilateral hemisphere at 6 hours, and 1 and 3 days after ICH. Increased
COX-2 immunoreactivity was observed in neurons around the blood clot at 6
hours, and 1 and 3 days, peaking at 6 hours.
In addition, COX-2
immunoreactivity was observed in endothelial cells, perivascular cells, as well as
infiltrating leukocytes 1 day after ICH. No staining was observed in endothelial
cells in normal control and 6 hour ICH brains. These results demonstrate that
COX-2 expression is significantly increased after ICH. Overexpression of COX2 may lead to high levels of eicosanoids, increased oxidative stress and, thus,
contribute to secondary brain injury and vasogenic edema after intracerebral
hemorrhage. (Supported by NS-17760.)

INCREASED
EXPRESSION
OF
T
CELL
RESTRICTED
INTRACELLULAR ANTIGEN RELATED PROTEIN (TIAR) IN
ISCHEMIC RAT BRAIN. WJ Li1, KL Jin2, T Nagayama1, M Manabu1,
DA Greenberg2*, SH Graham1 and RP Simon. ’Dept. of Neurology, Univ.
of Pittsburgh School of Medicine, Pittsburgh, PAI 5261; 2Buck Center for
Research in Aging, Novato, CA94945.
TIAR is an RNA recognition motif (RRM)-type RNA-binding
protein that triggers DNA fragmentation in permeabilized thymocytes and
is translocated from the nucleus to the cytoplasm during Fas-mediated cell
death. Therefore, TIAR has been implicated as an effector of programmed
cell death. In this study, we found that TIAR protein was expressed in the
normal hippocampus, and was upregulated at 8 and 24 hr, but
downregulated at 72 hr after 15 min of global ischemia by analysis of
Western blots using monoclonal antibody against TIAR. Western blots
were also performed using protein extracted from the cortex and striatum
after focal ischemia. The results showed that expression of TIAR protein
was also increased in the frontal cortex (peri-infarct region) at 2, 6, 24 and
72 hr, in the parietal cortex (infarct region at 24 hr) at 6 and 24 hr, and in
the striatum (infarct region) at 6 hr after 90 min of focal ischemia.
However, expression of TIAR protein was not significantly altered in the
cortex, but was increased in the striatum at 2 hr, after 20 min of focal
ischemia. Immunocytochemistry showed that increased expression of
TIAR protein was mainly located in neuronal cells. The findings suggest
that TIAR may involved in the programmed neuronal cell death after
cerebral ischemic injury.

333.11
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AUTOANTIBODIES TO GLUTAMATE RECEPTORS IN BLOOD SERUM
OF PATIENTS WITH ACUTE ISCHEMIC STROKE A, A, Alexeev1.
y.I.Skvortzova2, E.I.Gusev2, O.V.Globa3* Inst.of Pharmacology, RAMS’,
Russian State Medical University2, Inst, of Pediatrics, Scientific Center of
Children Health, RAMS3, Moscow, Russia.
Correlation between glutamate NMDA receptors altered function and
autoimmunization process in the organism of patients with acute hemispheric
ischemic stroke was studied. Biochemical diagnostic test was developed for
immunoferment quantitative analysis of blood autoantibodies (autoAB) to Glubinding protein, separated from the human brain tissue. Test was performed in
90 patients with ischemic stroke (in 3, 6, 9, 12, 24, hours, 3 and 5 days after the
onset of stroke) and 200 healthy persons (control). Value of autoAB level was
1,5 +- 0,3 ng/ml in control group. The statistically significant (p<0,01) increase
of autoAB titer was more pronounced in severe stroke than in mild and
moderate stroke especially in 12-24h after the onset of stroke The tendency to
normalization of autoAB titer was manifestated by the end of the 1-st or 2-nd
day of stroke. The degree of this normalization had prognostic importance for
further course of stroke. The stable decrease of autoAB titer to control meanings
by the 3-th or 5-th day of stroke preceded the most favourable course of the
disease with the best restoration. Only 15 patients with extremely severe stroke
had not the elevation of autoAB level. Decrease of autoAB titer to subnormal
values was unfavorable and predicted the death of the patient. The dynamics of
autoAB titer during the first day of stroke allows to predict the further course of
stroke and restoration of altered fimctions.

TRANSCRIPTION OF GAMMA-GLUTAMYLCYSTEINE SYNTHETASE IS
DIFFERENTIALLY REGULATED IN CA1 AND CA3 OF HIPPOCAMPAL
SLICE CULTURES
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O.P. Hjelle? H. Carlsen,2 F, M. Haug*.1 O.P, Ottersen.1 R. Blomhoff2 and
J.0. Moskaug2. ’Dept. of Anatomy and 2Dept. of Nutrition, Institute for Basic
Medical Sciences, University of Oslo; N-0317 Oslo, Norway.
It is well known that the hippocampus shows a selective regional pattern of
vulnerability to oxidative stress and ischemia. Pyramidal cells in the CA3
region and granule cells in the dentate gyrus are more resistant to both
oxidative and ischemic injury than pyramidal cells in the CA1 region. The
reason for this is poorly understood. One hypothesis is that the selective
vulnerability reflects regional differences in the ability to counteract oxidative
stress. Here we investigated whether the transcription of gammaglutamylcysteine synthetase (y-GCS), the rate limiting enzyme in the
synthesis of glutathione, is differentially regulated in CA1 and CA3. We used
transgenic mice in which luciferase had been coupled to the promoter
region of y-GCS. The CA1 and CA3 regions of these animals were isolated
and homogenized. The luciferase signal was then measured by standard
luminometry. In untreated organotypic cultures from these mice, the
luciferase signal was stronger in CA1 than in CA3. However, after exposing
the cultures to a high concentration (100 ng/ml) of TNF-alpha for 20 hours,
the increase in luciferase signal was more pronounced in CA3 than in CA1.
This suggests that the ability to upregulate expression may differ between
these two regions. Differences in antioxidant capacity may contribute to the
regional pattern of vulnerability in the hippocampus.
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LONGITUDINAL GRADIENT OF SUSCEPTIBILITY TO HYPOXIC
DEPOLARIZATION AND SWELLING IN THE CA3 REGION OF
HIPPOCAMPAL SLICES. N. Kreisman*S. Soliman, and D. Gozal. Depts. of

HIPPOCAMPAL CAI SUBFIELD DIFFERENTIAL RESPONSE IN A GERBIL
MODEL OF TRANSIENT CEREBRAL ISCHEMIA V. Colangelo, W.C. Gordon*, N.G.
Bazan. LSU Medical Center, Neuroscience Center, New Orleans, LA 70112
The CA I subfield of the hippocampus reveals a pattern of post-ischemic cell death that
distinguishes it from other subregions. Using TUNEL and Nissl staining, we examined
the subregions of CAI to determine if there was any difference in response to transient
ischemia; effects on the inducible cyclooxygenase-2 (COX-2) were determined by RTPCR. Mongolian gerbils were subjected to bilateral carotid occlusion alone (ischemia) for
6 min or to 6 min occlusion preceded by a 2 min occlusion 3 days earlier. Sham treated
animals were used as control. Animals were perfused 1,2,3,4,7 and 14 days afterwards,
and the tissue processed and either stained with cresyl violet or labeled by the fluorescent
FITC-dUTP TUNEL method. Tissue for RT-PCR was collected 2 hrs after the 6 min
occlusion. No changes were observed at 1 or 2 days. At 3 days after ischemia, the CAI
medial portion showed a bright TUNEL staining of neuronal nuclei and apical dendrites,
which faded and disappeared completely in the dendrites, moving along the CAI and
remaining only in the nuclei. However, Nissl staining revealed severe neuronal injury in
the entire CAI sector. At 4 and 7 days, cell bodies were predominantly stained, showing
brighter TUNEL cells towards the central and lateral subregion of CA 1 respectively, with
rare staining of the apical processes. Nissl staining revealed more damaged and shrunken
cells throughout the CAI. At 14 days, only a few lateral neuronal cells were stained with
TUNEL; Nissl revealed an almost complete absence of neuronal cells. In animals
subjected to tolerance, Nissl staining showed an overall preservation of the CAI layer.
However, in a few animals which exhibited only partial protection by tolerance, TUNEL
staining displayed a similar pattern to that of the ischemic group. A 3-fold elevation of
COX-2 mRNA was observed in the hippocampus in the 6 min treated group, compared
to the sham operated group. In contrast, the tolerance group had a 50% (p=0.0001) COX2 reduction, compared to the ischemic group. The typical delayed neuronal death of CA 1
seems to acquire a further subregional specificity, with a medial-lateral increasing timelapse response to an ischemic insult, even when preceded by preconditioning ischemia.
Whether this difference is due to varying cell vulnerabilities or to varying subregional
blood flow remains to be determined. NIH NS23002.

Physiology and Pediatrics, Tulane Univ. Sch. Med., New Orleans, LA 70112.
A septo-temporal gradient of susceptibility to seizures has been described in
hippocampal slices. We tested whether such a gradient also exists for
susceptibility to hypoxic depolarization and associated swelling in the CA3
region, particularly because CA3 neurons are relatively more resistant to hypoxic
injury than are CAI neurons. Extracellular DC potential was recorded from
microelectrodes and the spatial extent of relative changes in cell volume was
monitored by digitally imaging tissue light transmittance. In 22 slices from the
middle one-third of the hippocampus, the CAI region depolarized and swelled
within minutes of onset of severe hypoxia. In contrast, the CA3 region failed to
depolarize or swell despite 30-60 min exposures to combined hypoxia and
aglycemia. The response differed in slices from the temporal one-third of the
hippocampus, where CAI and CA3 regions depolarized and swelled
simultaneously in response to severe hypoxia (n=3). Although ATP levels were
consistently higher in CAI versus CA3 mini-slices, the mean ratios of CA1:CA3
[ATP] were virtually identical at 1.9 in the temporal zone and 2.0 in the middle
zone (n=7). Likewise, quantitative histological evaluation of CAI and CA3
neurons from middle and temporal regions showed only very minor differences
in the ratios of normal versus injured pyramidal cells. This suggests that the
longitudinal differences in susceptibility to hypoxia cannot be explained on the
basis of differential injury during preparation of slices. The explanation for
differential susceptibility remains unknown but is likely related to differences in
excitability. Supported by the AHA and NIH (HD-01072; MC-J229163).

333.15
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DOWN-REGULATED Ca2+ SIGNALING IN CAI, BUT NOT CA3
HIPPOCAMPAL NEURONS FOLLOWING TRANSIENT ISCHEMIA
C.W.R. Shuttleworth and J.A. Connor*. Dept. of Neurosciences, University of
New Mexico School of Medicine, Albuquerque, NM 87131.
It was recently shown that voltage-gated Ca2+ influx in hippocampal CAI
neurons is down-regulated in the days following transient forebrain ischemia (J.
Neurophysiol 81(1999) 299-306). The aim of this study was to determine whether
a similar change occurs in CA3 neurons, a population of hippocampal pyramidal
neurons which do not die following brief ischemic episodes. Transient (5min)
bilateral carotid artery occlusion was performed in gerbils. Selective death of CAI
and survival of CA3 neurons was confirmed by cresyl violet histochemistry 10
days following ischemia. Intracellular recordings were made from coronal slices
prepared 2 days following ischemia. Ca2+ increases were monitored following
injection of bis-Fura-2. In slices from control animals, the Ca2+ measurements and
electrophysiological properties of both CAI and CA3 neurons were consistent with
significant voltage-dependent Ca2+ influx leading to spike frequency adaptation,
and in both populations, Ca2+ action potentials could be evoked in the presence of
TTX (lpM). Ca2+ increases were significantly reduced in post-ischemic (p.i.) CAI
neurons, and were associated with decreased spike frequency adaptation. In p.i.
CAI neurons, action potentials could not be generated in TTX alone, but small
action potentials could be evoked in the combined presence of TTX and TEA.
This indicates fractional ICa remaining in p.i. CAI neurons, consistent with Fura-2
measurements. In contrast, Ca2+ increases appeared similar in control and p.i. CA3
neurons. P.i CA3 neurons showed strong spike frequency adaptation, and robust
Ca2+ action potentials could be generated in TTX alone in these cells. These
findings suggest that diminished Ca2+ signaling is not a general feature of
pyramidal neurons following ischemia, but is characteristic of neurons destined to
die. Supported by NIH grant NS 35644

ELECTROPHYSIOLOGY AND CA2+ MEASUREMENTS IN GERBIL CA1
NEURONS IN BRAIN SLICES PREPARED AFTER ISCHEMIC INSULTS
THAT ARE LETHAL OR NON-LETHAL TO CA1. A.C. Greenwood*, G.
Golarai, & J.A. Connor, Dept. of Neurosciences, University of New Mexico,
Albuquerque, NM 87131.
CA1 neurons die 3 to 4 days after 5 minutes of bilateral carotid occlusion in
gerbils. In contrast, a 2-minute occlusion does not kill many CA1 neurons
and, instead, affords some protection to CA1 against later longer insults. This
lab earlier reported much smaller intracellular-Ca2+ changes, compared to
controls, when spikes were evoked by current injection into fura-2-filled CA1
neurons in slices 2 days after a 5-minute insult. Consistent with this reduction
in spike-induced Ca2+ signals, marked decreases in spike-frequency
adaptation and the slow afterhyperpolarization were also reported. [J.
Neurophysiol. 81: 299-306, 1999] To determine whether a reduction in spikeinduced Ca2+ signals also followed from a non-lethal insult, perhaps
contributing to neuroprotection, we compared spike trains and associated
Ca2+ responses in CA1 neurons in slices from untreated-control gerbils (n =
6) and 2 days after 5 or 2 minutes of ischemia (n = 4 and 4). We confirmed
that adaptation and spike-induced Ca2+ signals were reduced 2 days after 5minute insults, but no change in either parameter was detected at 2 days
after a 2-minute insult. These preliminary results do not offer a mechanism
of protection by 2 minutes of ischemia. Instead, they are consistent with our
working hypothesis that an extreme reduction in spike-induced Ca2+ signals
in CA1 neurons 2 days after an ischemic insult is associated with the lethality
of that insult to the neurons. The efficacy of our occlusion protocol was
checked with cresyl violet histology, showing the loss of CA1 netirons at 3
weeks after a 5-minute insult (n = 2) and the sparing of CA1, when a 5minute insult was preceded by a 2-minute and a 3-minute insult with 2 days
between insults (n = 2). Supported by NINDS, NS-35644.

333.17
PERSISTANT
LABELING OF SPINAL A-MOTONEURONS AND
RUBROSPINAL
NEURONS
AFTER
SPINAL
ISCHEMIA-INDUCED
PARAPLEGIA. O.Kakinohana4. M.Marsala1. D.Cizkova2. L.C.Yang*3. J.Marsala2
and T.L.Yaksh1, lAnesth. Res. Lab., UCSD, San Diego, 2NBU-SAV, Kosice
Slovakia, 3Dept. of Anesth., Chang Gung Memorial Hospital-123, Taiwan, 4Dept. cf
Anesthesiol., Univ of Rykyus, Okinawa, Japan.
Spinal injuiy can lead to long tract degeneration resulting in an upper motor neuron
neurological profile. In the present study, using retrograde Fluorogold labeling
method, we sought to characterize the survivability of spinal A-motoneurons and
rubrospinal neurons in rat after a spinal ischemia sufficient to induce paraplegia. T o
induce spinal cord ischemia, a 2F Fogarty balloon catheter was placed into
descending thoracic aorta and inflated with 0.05 cc of saline for 10 min. After
ischemia, the majority (>80%) of animals displayed spastic paraplegia. At 7 days,
14 days or 28 days after ischemia, animals were anesthetized with 1.5% halothane.
To label rubrospinal neurons the L3-L5 spinal segments was exposed and 1 mm3 cf
Gelfoam infiltrated with 2% of Fluorogold solution was placed subdurally onto the
lateral aspect of the spinal cord. To label spinal A-motoneurons the sciatic nerve was
cut just above its bifurcation and exposed to the 2% Fluorogold solution for 2 hrs.
After this exposure, skin incisions were closed and animals allowed to recover. After
7 days, rats were perfusion-fixed with 4% paraformaldehyde and coronal brain and
parasagital spinal cord sections evaluated with florescence microscopy. In animals
with spastic paraplegia, a clear florescence of rubrospinal neurons was seen at all time
points after survival. Numerically, no significant differences between the number of
labeled neurons was detected, if compared with control non-ischemic animals.
Similarly, numbers of labeled A-motoneurons were detected in animals with spastic
paraplegia and 1-4 weeks of survival. Only occasionally, florescent fragments cf
previously degenerated A-motoneuronal bodies were detected. These data show in
animals with spinal ischemia-induced spastic paraplegia that there is a persistent
labeling of spinal A-motoneurons and rubrospinal neurons which continues for
minimum of 5 weeks after spinal ischemia and this correpsonds with a long term
survival of the respective neuronal components. (Supported by NIH NS32794, MM).
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CANNABINOID RECEPTOR (CBl) mRNA LOSS IN THE LATERAL
STRIATUM OF HUNTINGTON’S DISEASE TRANSGENIC MICE. H.A.
Robertson*, C. J, MacDonald and E. M, Denovan-Wright. Lab. of Molecular
Neurobiology, Dept. Pharmacology, Dalhousie Univ., Halifax, Canada, B3H 4H7.
Cannabinoid receptor loss within the substantia nigra par reticulata has been
observed in human Huntington’s Disease (HD) brain tissue and is thought to be an
early cellular change that occurs during the development of the neuropathology of
HD. HD results from the expansion of a polyglutamine tract within the 5’ end of
huntingtin, a 350 kDa protein of unknown function. A transgenic mouse model of
HD has been created by the integration of the promoter sequences and exon 1 of the
human HD gene. These mice exhibit a progressive neurological phenotype with
many of the features of HD. We have examined the distribution of the mRNA of
the brain-specific cannabinoid receptor (CBl) by in situ hybridization and found
that this mRNA is expressed throughout the striatum, cortex and hippocampus of
wild-type mice. At 5 weeks of age, there is no difference in the distribution of the
CBl mRNA between the wild-type and HD mice. However, at 7, 8 and 10 weeks
of age, the HD mice have reduced levels of the CB 1 mRNA in the lateral striatum
compared to age-matched controls. Northern blot analysis revealed that, despite the
loss of the mRNA within the lateral striatum, CBl is expressed in other neurons
within the striatum of the HD mice. The HD mice also show a loss CBl mRNA
within a subset of cells of the cortex and hippocampus. Currently, we are trying to
identify the specific cells in HD mice that show reduced levels of CBl mRNA.
Moreover, as the CBl mRNA loss precedes neuronal degeneration in these mice,
this data suggest that the transgenic HD mice recapitulate early cellular changes
observed in human HD patients. As the cannabinoid receptor is thought to
modulate dopamine neurotransmission within the basal ganglia, it will be of interest
to determine how the loss of CBl contributes to the control of movement in HD.
(Supported by the MRC, Hereditary Disease Foundation and the Parkinson
Foundation of Canada).

CO-EXPRESSION OF MUTANT HUNTINGTIN AND NMDA RECEPTORS
IN HEK 293 CELLS RESULTS IN INCREASED EXCITOTOXIC CELL
DEATH
Melinda M. Zeron1*, Cheryl L. Wellington2. Michael R. Hayden2, Lynn
A. Raymond1.
Depts. of Psychiatry1 and Medical Genetics2, Univ. of British
Columbia, Vancouver, B.C., CA V6T 1Z3.
Huntington’s Disease (HD), caused by a polyglutamine expansion in the N-terminal
region of the protein huntingtin, is characterized by selective degeneration primarily
of medium spiny striatal neurons. Evidence suggests that this neurodegeneration is
caused, in part, by overexcitation of NMDA-type glutamate receptors (NMDARs).
We hypothesize that expression of huntingtin containing the mutant length of the
polyglutamine (polyQ) expansion may augment NMDAR-mediated excitotoxicity.
To test this, we transfected HEK 293 cells with cDNA encoding either a control
protein (GFP), or huntingtin with either 15Q (htt-15) or 138Q (htt-138), and cotransfected with cDNA encoding NRI A, or NRI A + NR2A, or NRI A + NR2B
NMDAR subunits, along with cDNA encoding a marker protein, (3-galactosidase.
Death of transfected cells was assessed after a 6 hour incubation with NMDA and
glycine using a P-galactosidase assay. We observed a significant increase in
excitotoxic cell death in cells co-expressing functional NMDARs and mutant
huntingtin compared to control cells. For NRI A/NR2B, cell death was 44 + 4 % for
htt-138 versus 21 + 4 % and 27 + 6 % for GFP and htt-15 expressing cells,
respectively (p<0.05, n=7; paired t-test). For NR1A/NR2A, cell death was 78+4 %
for htt-138 versus 61 + 7 % and 68 + 5 % for GFP and htt-15 expressing cells,
respectively (p<0.05, n=6; paired t-test). Importantly, cells expressing mutant
huntingtin and lacking functional NMDARs do not exhibit an increase in cell death
compared with control, in spite of the 6 hour withdrawal of growth factors.
Experiments are underway to determine the role of mitochondria and apoptosis in the
increased NMDAR-dependent cell death seen with mutant huntingtin. Our results
may increase understanding of the role of NMDARs in the pathogenesis of HD.
Supported by the B.C. Health Research Foundation and the MRC (Canada).

334.3

334.4

3-Nitropropionic Acid Induced Oxidative Stress in Rat Striatal and Cortical
Synaptosomal Membrane Proteins. M.A. La Fontaine1,2, J. Geddes2,3*. and D.A.
Butterfield1,2, ’Dept. of Chem., and Ctr. of Membrane Sci., 2Sanders-Brown Ctr. on
Aging, 3Dept. of Anatomy and Neurobiology, Univ. of KY, Lexington, KY 40506.
3-Nitropropionic acid (3-NP), an irreversible inhibitor of succinate
dehydrogenase, has been shown to induce selective striatal lesions, impair cognitive
abilities, and lessen motor control in rats in a manner reminiscent of Huntington’s
disease. Although the mechanisms of 3-NP toxicity are as yet unknown, oxidative
stress has been implicated. The oxidative stress hypothesis predicts that free radical
leak, in the form of reactive oxygen species, occurs due to 3-NP inhibition of
succinate dehydrogenase, an enzyme of the mitochondria electron transport chain. In
the current study, rats were injected with 3-NP (20mg/kg body mass/day for 3 or 4
days) and synaptosomal membrane proteins were isolated from both the striatum and
the cortex. Protein oxidation levels were measured using electron paramagnetic
spectroscopy (EPR) in conjunction with a protein specific spin label, 2,2,6,6tetramethyl-4-malimidopiperidin-l-oxyl (MAL-6), and by using immunochemical
detection of protein carbonyls via Western blot. Striatal synaptosomal membrane
proteins from rats injected for 4 days with 3-NP exhibited a decrease in W/S ratio, the
relevant EPR parameter used to monitor levels of protein oxidation, and increased
levels of protein carbonyls when compared to vehicle only controls. Similar findings
were made using cortical synaptosomes. Striatal synaptosomes isolated from rats
injected with 3-NP for only 3 days exhibited W/S ratios and protein carbonyl levels
intermediate to those of control animals and to those of animals injected with 3-NP
for 4 days. Synaptosomal membrane proteins from rats pre-treated with the freeradical trap
5-diethoxyphosphoryl-5-methyl-l-pyrroline-N-oxide (DEPMPO)
(30mg/kg body mass, 1 hr prior to 3-NP treatment) did not exhibit a decrease in W/S
ratio or a change in protein carbonyls when compared to vehicle only controls. These
data are consistent with the notion that the mechanisms underlying 3-NP toxicity, and
perhaps those of Huntington’s disease, are, at least in part, oxidative in nature.
Support: NIH.

A CELLULAR MODEL FOR THE TOXICrTY OF MUTANT TRUNCATED
N-TERMINAL HUNTINGTIN AND THE ACTIVATION OF CASPASES
N. Nukina*-G-H. Wang, K.Mitsui, A.Iwata, I, Shin bo. M, Tan aka and S.
E.Kotliarova Lab for CAG repeat diseases, Brain Science Institute,
RIKEN, Hirosawa, Wako,Saitama, 351 -0198, Japan
The truncated N-terminai fragments of huntingtin with expended
polyglutamine are found important for neurodegeneration in
Huntington’s disease and the formation of aggregates from these
fragments supposed to be toxic for neurons in vivo and in vitro. To
investigate the process of cell death induced by these fragments, we
generated a stable neuro2a cells expressing these fragments and
EGFP fusion protein induced using ecdysone-inducible system. The
cell death and the formation of aggregates induced by expression of
expended polyglutamine repeats is length- and dose-dependent.
Caspases are activated and ICAD and lamin B are cleaved in the process
of the cell death. The dead ceils show a apoptotic changes. The
cleavage of lamin B can be inhibited by Z-VAD-FMK, z-VEID-FMK and zDEVD-FMK.
Those cells were analysed by differential display technique and
among differentially expressed cDNA several apoptosis related genes
were identified. The expression pattern for the differentially expressed
genes are confirmed by semiquantitative RT-PCR. These findings
suggest that a apoptotic mechanism might be involved in the cell death
induced by expended polyglutamine.

334.5

334.6

MICROGLIA ACCUMULATE IN THE HD STRIATUM AND CORTEX. R
Sapp1, KB. Kegel1, N. Aronin2, K. Tohyama3, Y Uchiyama4, P. Bhide1, J.P.
VonSattel1, and M. DiFiglia^'Pept of Neurology, Mass. Gen. Hosp., Boston
MA 02114, 2Depts of Medicine and Cell Biology, Univ. Mass. Med. Ctr.,
Worcester, MA 01655, and 3Dept. of Cell Biology and Neuroanatomy, Iwate
Medical Univ. School of Med. Morioka, Iwate, Japan, “Osaka Univ. School of
Medicine, Osaka, Japan.
Microglia may have neurotrophic, neurotoxic, and phagocytic roles in the brain
undergoing neurodegeneration. We used an antibody against thymosin (34, which
recognizes resident and reactive microglia (Tohyama et al., Neurosci Abst,
1995) to examine the microglia response in postmortem brain of Huntington’s
disease (HD) patients who had mild to severe (grades 1-3) neuronal loss. HD
brains of all grades had reactive microglia in the striatum and cortex. There was
a grade-dependent increase in reactive microglia in both regions. Reactive
microglia co-distributed with the dorsoventral and mediodorsal gradient of cell
loss in the striatum, appeared preferentially in cortical pyramidal cell layers, and
appeared early within the internal capsule. Compared to resident microglia,
which were prevalent in the control brain, reactive microglia in the HD brain
were more intensely labeled, larger in size, and displayed the variable
morphologies classically associated with reactive cells. Reactive rod-shaped
microglia were prevalent in the grade 2 and grade 3 HD cortex where they
coursed in parallel with the cell bodies and apical dendrites of pyramidal cells.
Perineuronal reactive microglia contacted cortical neurons with and without
huntingtin-positive nuclear inclusions. The early appearance, variable
morphology, and marked accumulation of reactive microglia in the advanced
stages of HD suggests that these cells could have multiple roles in the disease
process. Supported by NIH Grants NS 16763 and NS35711, the HDF, and the
HDSA.

INCREASE
OF
TISSUE
TRANSGLUTAMINASE
(tTG)
IN
HUNTINGTON'S DISEASE (HD) BRAIN. M.Lesort*1, W, Chun1, R.J.
Ferrante2. G.V.W, Johnson1. ’Dept. of Psychiatry, Univ. of Alabama at
Birmingham, Birmingham, AL 35294, 2Dept of Neurology, Pathology and
Psychiatry, Boston Univ. School of Medicine, Boston, MA 02118.
The polyglutamine expanded N-terminal region of mutant huntingtin
causes neurodegeneration in HD. Neuronal intranuclear and cytoplasmic
inclusions composed of mutant huntingtin are found in brains of HD
patients. Because tTG crosslinks proteins into filamentous aggregates, and
polypeptide bound glutamines are primary determining factors for tTGcatalyzed reactions, tTG may contribute to the formation of these
aggregates. By biochemical and immunohistochemical methods, we
demonstrate that tTG expression and transglutaminase activity are elevated
in HD brains in a grade dependent manner. In the striatum, tTG activity was
significantly increased in the grade 3 HD cases compared to controls. When
normalized to the neuronal marker calbindin D28k, immunoblot analysis
revealed that in the striatum the levels of tTG were significantly increased in
all HD cases compared to controls. Immunohistochemical staining of the
HD striatum revealed that tTG immunoreactivity was markedly increased in
all grades as compared to controls. In the superior frontal cortex, tTG
activity was significantly higher in all HD cases as compared to controls.
Quantitative analysis of immunoblots demonstrated that tTG levels were
elevated in HD grades 2 and 3 cases. tTG immunoreactivity within the
superior frontal neocortex was also greater in all the HD cases compared to
controls. These data clearly indicate that tTG is elevated in HD brain and
may play a role in the etiology of the disease. Supported by NIH grants
AG12396 (GVWJ), NS37102 and NS 35255 (RJF), grant from the Veteran
Administration (RJF) and the Hereditary Disease Foundation (ML). We
thank the Harvard Brain Tissue Resource Center, which is supported in part
by NIH grant MH/NS 31862, for providing the tissues.
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MUTANT
HUNTINGTIN
ASSOCIATED
PROTEINS
ARE
SELECTIVELY MODIFIED BY TISSUE TRANSGLUTAMINASE (tTG)
IN SITU. W. Chun1*, M, Lesort1,I. Tucholski1, M, E. MacDonald2, and
G. V. W. Johnson1, department of Psychiatry and Behavioral
Neurobiology, University of Alabama at Birmingham, Birmingham,
Alabama 35294-0017; 2Molecular Neurogenetics Units, Massachusetts
General Hospital, Charlestown, Massachusetts 02129.
Huntington's Disease (HD) is an autosomal dominant
neurodegenerative disease caused by pathological expansion of
polyglutamine repeats in the N-terminal region of huntingtin protein
(Htt). Perinudear cytoplasmic aggregates and neuronal intranudear
inclusions (Nils) of mutant Htt have been found in HD brain. It has
been hypothesized that tissue transglutaminase (tTG) may be a
contributing factor in the formation of these aggregates or may
accelerate the formation of aggregates. Even though it has been
demonstrated in vitro that polyglutamine repeat domains and mutant
huntingtin are substrates for tTG, it has not yet been shown that
huntingtin is modified by tTG in situ. To study the putative role of tTG
in the modification of mutant huntingtin, stable cell lines expressing
truncated huntingtin proteins (N-terminal region of huntingtin
expressing 500 amino acids) with 23 (physiological) (Q23) or 60
(pathological) glutamine (Q60) repeats were made. In these cells tTG
and Htt interact and activation of tTG results in an increased
association between the two proteins. Although Htt with both Q60 and
Q23 interacted with tTG, only proteins assodated with the pathological
Q60 were modified by tTG. These data indicate that tTG may play a
role in HD. Supported by NIH grant AG12396.

334.9
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HUNTINGTIN’S ENDOGENOUS NUCLEAR/CYTOPLASMIC
TARGETING SIGNALS MAY INFLUENCE NUCLEAR
LOCALIZATION AND TOXICITY. C.A. Ross, M.F. Peters*,
F.C. Nucifora Jr., A.H, Sharp.
Johns Hopkins University.
Baltimore, MD 21205.
Huntington’s Disease (HD) is an inherited neurodegenerative
disorder caused by expansion of a polyglutamine repeat in the
huntingtin protein. Proteolytic fragments containing the Nterminal glutamine repeat of huntingtin form nuclear inclusions in
neurons. Recent studies have shown that nuclear localization
enhances the toxicity of mutant huntingtin fragments. Since
normal huntingtin is predominately cytoplasmic, the gain in
nuclear localization in HD is likely to be a critical step in the
pathogenesis. Protein sequence analysis suggests that huntingtin
may contain three nuclear localization signals (NLSs), twelve
leucine-rich nuclear export signals (NESs), and 10 HEAT repeats
all of which could be involved in nuclear/cytoplasmic targeting.
We are testing full-length and truncated forms of huntingtin for
nuclear shuttling. We are examining mutations in a putative NLS
and in potential NESs close to the polyglutamine region for effects
on subcellular localization and toxicity. Proteolytic huntingtin
fragments in nuclei purified from HD patient brains contain the
potential NLS at amino acid (aa) 86 but may lack putative NESs.
This raises the possibility that cleavage may eliminate an NES,
thereby allowing nuclear accumulation and enhancing the toxicity
of huntingtin.

334.10

OVEREXPRESSION OF EXPANDED REPEAT HUNTINGTIN: EFFECTS
ON MITOCHONDRIA. S. E. Wiley, A.K. Stout*, and A.N. Murphy. MitoKor,
San Diego, CA 92121.
Expansion of the CAG trinucleotide repeats encoding the polyglutamine tract
of a (normally) 340 kDa cytoplasmic protein is associated with the Huntington
Disease phenotype.
Although wild type huntingtin is required for
embryogenesis, the role of this protein in normal neuronal function remains
obscure. Huntington’s Disease is also associated with a metabolic defect, and
extracts of HD brain tissue demonstrate a compromise in the catalytic activity of
Complexes II-III of the electron transport chain. We have begun experiments
designed to address whether expression of the expanded repeat huntingtin
protein is responsible for mitochondrial dysfunction. In one approach, we have
created stable transfectants of full length wild type and expanded repeat (128
residues) huntingtin in 293 cells. In comparisons of susceptibility to apoptotic
challenges, we have found that expression of the expanded repeat huntingtin
enhances death induced by staurosporine, Ca2+ ionophore, and 3-nitropropionic
acid (a complex II inhibitor). Initial experiments characterizing the maximal
quantity of Ca2+ that the mitochondria in these cells can accumulate prior to
undergoing the membrane permeability transition do not indicate a significant
difference in comparison to controls in which wild type huntingtin is expressed.
As the lack of an effect could arise from clonal selection in culture, we have
created an inducible expression system for full-length and fragments of wild
type and expanded repeat huntingtin in SH-SY5Y neural cells. Such a system
will allow us to assess the early effects of expanded repeat huntingtin expression
on mitochondrial function.

HYPA/FBPll preferentially interacts with mutant huntingtin.

Lucius Pas$ani°.,.Petgr Faber°, Mark Bedford00, Philip Leder°°, Jayalakshmi Snrydhr

and Marcy MacDonald0*. ° Molecular Neurogenetics Unit, MGH East, Charlestown,
MA 02129; and00 Dept. of Genetics, Harvard Medical School, Boston, MA 02115.
Huntington’s disease (HD) is caused by an expanded CAG repeat that encodes an
amino terminal polyglutamine in huntingtin, endowing the mutant protein with a new
toxic conformation that targets striatal neurons. Aberrant proteinprotein interaction
are a likely outcome of huntingtin’s altered structure, suggesting that the identification
of huntingtin’s normal and abnormal protein partners will lead to the discovery of the
pathogenic process. We have identified a spliceosomal WW-domain protein, HYPA,
the human homologue of mouse FBP11, which interacts with normal and mutant
huntingtin by binding to the proline-rich amino terminal segment. We have now
examined the interaction between HYPA and normal/mutant huntingtin in HD
lymphoblasts and post-mortem HD brain via GST-pulldown in vitro binding assay.
Our results demonstrate that HYPA-GST fusion protein captures preferentially mutant
huntingtin from HD human lymphoblast extracts but captures only soluble high
molecular weight forms of mutant huntingtin from HD frontal cortex. At the cellular
level, immunohistochemical studies on human HD brain, utilizing a polyclonal
FBP11 antibody, reveal HYPA in the cytoplasm and nucleus of a variety of neuronal
cells including the cell types that are the target of the HD mutation. Notably, doublelabel immunofluorescence confocal microscopy demonstrates that HYPA colocalizes
to huntingtin positive intranuclear inclusions in striatal / cortical neurons of juvenile
HD cases and in striatal neurons of HD exon 1 R6/2 mice, indicating that HYPA can
associate with higher molecular weight forms of mutant huntingtin in vivo.
Interestingly, unlike striatum, HYPA was not colocalized to the abundant inclusions
in cerebral cortex of R6/2 mice, suggesting that in the R6/2 line mutant huntingtins
association with HYPA in inclusions is region specific. Thus, our data continue to
implicate HYPA in HD pathogenesis, suggesting that altered nuclear function, such as
pre-mRNA splicing, may contribute to the disease process. Funded by NIH grant
NS32765 and the Huntington’s Disease Society of America.

334.11
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GENERATION OF
INDUCIBLE CELL MODELS
FOR
HUNTINTON’S DISEASE.
S. Igarashi, S. Engelender, M.F. Peters, J.K, Cooper, C.A, Ross*
Division of Neurobiology, Department of Psychiatry, The Johns
Hopkins University School of Medicine, Baltimore, MD 21205.
Huntington’s disease (HD) is an autosomal dominant
neurodegenerative disorder caused by the abnormal expansion of a
polyglutamine repeat in the huntingtin protein. To gain insight into the
pathogenesis of HD, we have developed inducible stable PC 12 cell
lines in which the expression of an N-terminal truncation (N63) or full
length huntingtin with either wild type (23Q) or expanded
polyglutamine (148Q) can be induced by removing tetracycline.
Undifferentiated PC 12 cells induced to express N63-148Q showed
both nuclear and cytoplasmic huntingtin aggregates in a time dependent
manner. Cell death was observed beginning at 8 days after induction
and cell death increased to 50% at 14 days post-induction. By contrast,
undifferentiated PC 12 cells expressing N63-23Q showed diffuse
cytoplasmic immunocytochemical label and did not show any cell
death. Characterization of cells inducibly expressing full-length
hantingtin is in progress. These inducible cell models will be useful to
analyze the molecular pathways underlying neurodegeneration in HD.
This work was supported by the Huntington’s Disease Society of
America (HDSA) and by NIH grants NS38144 and NS 16375.

ANTI-HUNTINGTIN SINGLE-CHAIN Fv INTRABODY RETARGETS
CO-TRANSFECTED HD PROTEIN. J-M. Lecerf1 T.L. Shirley2 Q. Zhu1
J.S. Huston1 and A. Messer2*. 11ntralmmune Therapies, Inc., Boston,
MA;2 Wadsworth Center, NY State Dept. Health and Dept. Biomedical
Sci., Univ. at Albany, Albany, NY 12201.
This project is pursuing intracellular antibodies (intrabodies) as
potential therapeutic agents and tools for drug discovery in the
treatment of neurodegenerative diseases that derive from altered
protein structures. Expanded polyglutamine (polyQ) tracts, which
characterize Huntington’s Disease (HD) and spinal cerebellar ataxias,
alter protein conformations and make the products prone to toxic
aggregation. A single-chain antibody fragment (sFv) was selected
against the N-terminal peptide of HD exon 1, and engineered into a set
of intrabody vectors that yield C-terminal sFv fusions with different
subcellular targeting signals. These vectors were then co-transfected
into COS-7 cells along with HD-GFP fusion protein complexes
containing polyQ with tracts ranging from 25-104 residues (normal to
extremely expanded). HD protein was identified by its green
fluorescence, and the intrabody was followed by rhodamine-labeled
antibody staining for sFv. The HDpolyQ-GFP constructs alone showed
increasing amounts of aggregation with increased polyQ length.
Intrabody containing a nuclear localization signal, NLS, clearly
retargets co-transfected HD-GFP to the nucleus. Substitution of a
lysosomal localization signal significantly diffuses the fluorescence. We
therefore conclude that subcellular retargeting of expanded-repeat HD
protein is feasible in situ using this approach. Support: Hereditary
Disease Foundation (Cure HD Initiative) and NIH.
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DELAYED
ONSET
AND
PROGRESSIVE
ABNORMAL
MOVEMENTS FOLLOWING SYSTEMIC ADMINISTRATION OF
3-NITROPROPIONIC ACID IN Cebus ape Ila MONKEYS.

S, Palfi.L. Leventhal. M. Emborg. B. Roitberg. J. Sramek1. J, Stanse 11. C. Goetz.
and J. H. Kordower*. Dept. of Neurological Sciences and Neurosurgery1, Rush
Presbyterian Medical Center, Chicago Ill, 60612.
Progressive abnormal movements is a cardinal symptom of Huntington
disease. Additionally, delayed onset abnormal movements are usually observed in
patients after a hypoxic/ischemic damages of the striato-pallidal complex. These
neurological changes have been a frequent topic of clinical reports, but scientific
studies have been limited by the absence of an accurate animal model. The present
experiment investigated whether subacute 3-nitropropionic acid (3NP), an
irreversible inhibitor of succinate dehydrogenase, could induce progressive
abnormal movements with delayed onset in the Cebus Apella monkeys. Five
Cebus monkeys received systemic injection of 3NP until acute neurological signs
manifested and were regularly rated on the video up to 3 months after the end of the
toxic treatment. Two to six weeks following the cessation of the 3NP treatment,
four monkeys displayed progressive abnormal movements such as chorea, choreoathethosis and dystonias consistent with the severity of the basal ganglia lesion as
documented by MRI and histological analysis. The fifth animal who died suddenly
6 weeks following the cessation of 3NP treatment demonstrated histological signs
of neurodegenerative process within the entire striatum. This novel primate model
of delayed abnormal movements may be particularly useful for studying the
structural changes underlying delayed and progressive manifestations of abnormal
movements with the ultimate goal of enabling the evaluation of novel therapeutic
strategies.
(Supported by NS 35078)

Characterization of protein import into rat brain mitochondria. T. S.

Qbertone*, C. Junge, and J. T. Greenamyre. Department of Neurology,
Emory University, Atlanta, GA 30322.
Mitochondria, though they have their own genome, import over 90% of
their proteins from the cytosol. These imported proteins include most of the
components of the electron transport chain. Whether mitochondria from
varied cell types have different requirements for protein import has not been
studied in detail. Furthermore, protein import has never been studied in
brain mitochondria.
We assessed the ability of mitochondria isolated from rat brain tissue to
import 35S labeled succinate dehydrogenase flavoprotein (SDH) in vitro. The
time course of import illustrated that brain mitochondria isolated from whole
brain homogenates appear to import SDH at a faster rate than liver
mitochondria. Import of the SDH protein in brain was determined to be
dependent upon an intact mitochondrial membrane potential, as well as an
available source of ATP. Removal of either the membrane potential or ATP
resulted in a severe reduction or total lack of import in otherwise healthy
mitochondria.
Cerebellar, striatal, hippocampal, and cortical mitochondria were
analyzed to compare regional differences in SDH import. Preliminary
studies show that striatal and cerebellar mitochondria import significantly
more protein than hippocampal or cortical mitochondria. Interestingly, the
cerebellum had the least mass of mitochondria per mg of tissue, possibly
indicating a compensatory increase in import. Based on the apparent
involvement of mitochondria in neurodegenerative diseases, the
determination of factors influencing mitochondrial functions, including protein
import, may help delineate the mechanisms of these diseases.
This work is supported by the Huntington’s Disease Society of America.

334.15
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NEUROPROTECTIVE EFFECTS OF CYCLOSPORIN A FROM THE
MITOCHONDRIAL TOXIN 3-NITROPROPIONIC ACID. L, Leventhal*, C.E,
Sortwell, S, Palfi, T, Kladis, T.J, Collier, and J.H, Kordower. Dept. Of
Neurological Sciences, Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL
60612.

ELEVATED GLUTAMATE/GLUTAMINE DETECTED IN THE PUTAMEN
OF PRESYMPTOMATIC HUNTINGTON’S PATIENTS BY 0.5 TESLA MR
SPECTROSCOPIC IMAGING
R.W. Prost1, N.C. Reynolds2*, L.P. Mark1, S-J Li3. ’Dept. of Radiology, 2Dept. of
Neurology, 3Biophysics Institute, Medical College of Wisconsin, Milwaukee, WI
53226.
Elevated glutamate levels in the putamen have been proposed as a causative
mechanism in the pathogenesis of Huntington’s disease (HD). We performed 10
exams on eight presymptomatic patients diagnosed by CAG repeat testing with
short echo time chemical shift imaging at 0.5T at the level of the basal ganglia.
These were compared to data from a cohort of seven healthy, age matched
volunteers. In vivo proton MR spectroscopy at 0.5T has been shown previously to
improve detection of the methylene resonances of glutamate and glutamine (Glx)
by a factor of 2.5 over operation at 1.5 Tesla. In addition, operation at 0.5 Tesla is
less sensitive to the presence of ferritin, a paramagnetic form of iron present in the
putamen and globus pallidus.
In fee presymptomatic group, n-acetyl aspartate (NAA) was decreased in the
right putamen (p=0.03) and the left putamen, which did not reach significance
(p=0.08). However, the ratio of Glx/NAA was increased in left putamen (p=0.01)
and right putamen (p=0.03). Data extracted from voxels in the thalamus were not
significantly different from controls.
This result may be an important clue in understanding the pathogenesis of HD
as well as the development and monitoring of therapy in patients.

The immunosuppressive drug cyclosporin A (CSA) can protect neurons
from mitochondrial dysfunction mediated by hypoglycemic insult both in vivo
and in vitro. The proposed mechanism of neuroprotection involves the ability of
CSA to regulate the mitochondrial megachannel’s sensitivity to calcium ions.
The mitochondrial toxin 3-nitropropionic acid (3NP) has been used as a model for
Huntington’s Disease (HD) in rodents and monkeys due to its ability to
selectively destroy medium-sized spiny neurons in the striatum. In the present
study, striatal primordia were obtained from the embryonic day 14 rat lateral
ganglionic eminence. Cultures of these cells were established for four days. In
one experiment, CSA was exposed to striatal cultures in the absence of 3-NP. In a
second experiment, cultures were treated with CSA (0, 0.2, 1.0, and 5.0pM)
either one day prior to 3NP administration or one day prior and on the day of 3NP
administration (5mM). In non-3-NP treated cultures, CSA had no effect on GADir except at the highest dose in which toxicity was observed. In 3-NP treated
cultures, vehicle-treated cultures displayed a comprehensive (74-99%) loss of
glutamate acid decarboxylase-positive (GAD+).
In contrast, a significant
protective effect of GAD+ neurons was observed at all doses (each p<.05). These
data indicate that CSA can have a protective effect upon striatal neurons in
culture. In vivo experiments are currently under way investigating the
neuroprotective effects of CSA pretreatment in the 3NP-treated Lewis rats.
Supported by T32A600257 (LL), NS35078 (JHK), AG00844 (CES) and the
Schweppe Foundation.

Nonfunded.
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HANDWRITING IN HUNTINGTON’S DISEASE: EVIDENCE FOR A MOTOR
PROGRAM DEFICIT. KAJVlcKim1’3. J.S, Paulsen1’2’3*., B.M, Turner1, E,
Agresta1. H. Paulson2,3, R, Rodnitzkv2. ‘Departments of Psychiatry, 2Neurology, and
3Neurosciences, The University of Iowa Hospitals and Clinics, College of Medicine,
200 Hawkins Dr # 2880 JPP, Iowa City, IA 52242-1057.
Our understanding of behavioral features associated with basal ganglia function has
increased dramatically over the past several decades. With focal pathology in the
caudate nucleus, Huntington’s Disease provides an ideal paradigm to study the basal
ganglia. In addition, recent advances in technology allow greater sophistication in
the assessment of motor abnormalities associated with the basal ganglia. Twentyeight Huntington’s patients (average age 46.0, SD 11.8) were administered a
computerized handwriting task with digitizing tablet. Each participant also received
a Unified Huntington’s Disease Rating Scale to assess motor function, cognition,
behavior, and functional abilities. Findings demonstrated that duration of illness
was associated with the amount of time the pen was up during the handwriting
sample (p<0.001). This finding is consistent with the clinical presentation of HD
where increased latency is noted commensurate with progression of disease.
Severity of chorea was associated with speed of pen movement when the pen was
not in contact with the digitizer (p<0.01; r=-.46). Increased severity of oculomotor
functioning, as measured by neurological exam, was associated wife a larger total
area of the handwriting sample (p<0.01, r=.50) and increased downward slope over
the course of the handwriting (p<.01, r=.56). Increased handwriting time (i.e.,
slower speeds) (p<0.01, r=56) was associated with decreased total functional
capacity scores, later stage of illness, and higher clinical ratings of bradykinesia.
Greater variability in velocity of handwriting was associated with a lower
independence score. There were no significant associations between quantitative
handwriting results and psychiatric or cognitive measures. Digitized handwriting
provides a quick, noninvasive method of gaining subtle information about the basal
ganglia and motor deficits arising from it.

REDUCED ACTIVATION DURING PORTEUS MAZE TESTING IN
HUNTINGTONS DISEASE:
AN FMRI STUDY.
V.P, Clark*12’3, A.W,
Dgdffil12’6,__ Sl .__ Fannon1'4,5, S, Lai3,5 & R. Benson24-5. ‘Depts Psychiatry,
2Neuroscience, 3Diag. Imag. & Therapeutics, 4Neurology, ’Program in Functional
Neuroimaging, UConn Health Center, 263 Farmington Ave, Farmington, CT 06030,
and 6Huntington's Program, Hartford Hospital, 80 Seymour Street, Hartford, CT.
Past research suggests that cerebral blood flow velocity (CBFV) in the anterior
cerebral artery increases by 8-15% during Porteus maze testing relative to resting
baseline in healthy controls, while Huntington's Disease (HD) patients show either no
increase or a decrease in CBFV on the same task. SPECT imaging (see abstract this
meeting) suggests that the HD effects may be due to decreased CBF in orbitofrontal
cortex and caudate nucleus. The current study compared changes in blood oxygen level
dependent (BOLD) functional MRI in two HD gene positive individuals (1
presymptomatic patient, and 1 Stage II HD patient) and two age matched controls. A
Siemens Vision 1.5 Tesla MRI system was used to acquire echo-planar MRI data
(TR=4 sec, TE=40ms, 36 slices, 4 mm cubic voxels) covering the whole brain and
cerebellum. An MRI compatible trackball was used. Data were corrected for
movement using SPM96b and visually inspected for uncorrected movement. HD
patients were additionally administered the UHDRS and a neuropsychological test
battery. In controls, increased BOLD signal, was observed during the Porteus maze test
relative to fixation in the caudate nucleus and regions of prefrontal, cingulate,
occipitotemporal and parietal cortex, and in the cerebellum. Greatly reduced activation
was found in both HD gene positive patients during maze testing across most brain
regions. Some signal increase was observed in parietal cortex and cerebellum of HD,
which was reduced in volume relative to controls. A repeated fMRI session in the
presymptomatic HD patient again demonstrated reduced activation relative to controls.
These and our previous results indicate that neural activation and/or cerebral
hemodynamics in HD patients are disturbed during cognitive testing. This disturbance
may contribute to the oxidative stress in HD patients, and may be related to the
insidious neurodegenerative process of HD. (Hartford Foundation for Giving; Hartford
Hospital Research fund; Univ. CT Health Center Research Fund).
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EXACERBATION OF STRIATAL HYPOPERFUSION IN HUNTINGTON’S

LONGITUDINAL DECLINE IN PSYCHOMOTOR SPEED ASSOCIATED WITH
PROGRESSION FROM PRESYMPTOMATIC TO SYMPTOMATIC
HUNTINGTON DISEASE (HD). JC Stout1*, AM Seward1, ER Siemers2, SC
Kirkwood3, JC Christian3, T Foroud3. ’Dept. of Psychology; 2Dept. of
Neurology; 3Dept. of Medical and Molecular Genetics; Indiana Univ.,
Bloomington IN 47405, and Indiana Univ. School of Medicine, Indianapolis,
IN 46202.
Our previous studies have shown cross-sectional differences in
presymptomatic (PS) HD gene carriers (GC) and non-gene carriers (N-GC)
on several motor and cognitive measures including the Digit Symbol
subtest of psychomotor speed from the Weschler Adult Intelligence ScaleRevised. Using a subset of this large sample, we recently reported that at
followup averaging 3.7 years since initial testing, GC who had remained
presymptomatic had more rapid decline than N-GC on several measures
including the Digit Symbol subtest. In the current study, conducted an
average of 6.1 years from the initial evaluation, 5 of 7 GC examined now
showed motor signs sufficient for a diagnosis of HD, while 2 GC did not.
Repeated measures analysis of variance indicated that Digit Symbol
subtest scores declined significantly more rapidly in GC who now qualified
for a diagnosis of HD than in 22 N-GC. The 2 remaining PS-GC were not
included in this analysis, but had stable Digit Symbol performances across
time points. These results suggest that psychomotor speed is a sensitive
indicator in HD gene carriers of progression toward and diagnosis with HD.
The study was supported in part by grants R01-AG-08918, M01-RR-750,
and PHS N01-NS-2326 from the Public Health Service, Washington, DC.

DISEASE DURING ACTIVATION. AW Deckel*1’2’4. R Weiner3. D Szigeti3, &
J Vento3.1 Depts Psychiatry, 2Neuroscience, and Diag. Imaging & Therap, Univ CT
Med Schl 263 Farmington Ave, Farmington, CT 06030, and “Huntington’s Program,
Hartford Hospital, 80 Seymour Street, Hartford, CT.
Previous research used functional transcranial Doppler ultrasonography to demonstrate that regional cerebral blood flow (rCBF) in the left
anterior cerebral artery (ACA) is significantly reduced in HD during visualspatial testing. Tlie current study used single photon emission computer
tomography (SPECT) to examine where, in the distribution of the ACA, these
changes occur. Following injection with 26-31 mCi of m99Tc-Ceretec, seven
HD and nine control patients were subjected both to a 10 minute rest period,
and (at least 1 week later) tolO minutes of tlie Porteus Maze test. Following
SPECT imaging, counts in various brain regions were computed relative to
activity in the lateral cerebellum, and compared between groups. Relative to
controls, resting rCBF was ieduced bilaterally in the striatum in HD (p< 05)
During maze testing, analysis of co-variance found decreases in rCBF in HD in
the striatum (p< 0Ul) and orbital frontal cortex (p<.005) in the hemisphere
contralateral to the hand used to trace the mazes Changes in rCBF in the
striatum predicted gene status (p-.0007), and correlated with time to complete
the mazes (p< .05). These findings indicate that a decrease in rCBF in the
striatum and orbital cortex in HD are found during maze testing Conceptually
similar findings have been reported following injection of nitric oxide synthase
(NOS) inhibitors, raising the possibility that NOS is involved in the CBF
changes in HD. (Hartford Foundation for Giving: Hartford Hospital Research
fund, Uuiv CT Health Center Research Fund)
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335.2

MOLECULAR STUDIES DEFINE THE PRIMARY STRUCTURE OF cr|ANTICHYMOTRYPSIN (ACT) PROTEASE INHIBITOR IN ALZHEIMER'S
DISEASE BRAINS: COMPARISON OF ACT IN HIPPOCAMPUS AND LIVER.
Shin-Rong Hwang*, Brent Steineckert, Miklos PalkovitsJC, and Vivian Y.H.
Hook. Department of Medicine and Neuroscience, University of California,
San Diego, La Jolla, CA. 92093-0822, and KFirst Department of Anatomy,
Semmelweis University, Budapest, Hungary.

ALPHA-1-ANTICHYMOTRYPSIN (ACT) SERUM LEVELS ARE NOT
AFFECTED BY ACT SIGNAL PEPTIDE POLYMORPHISM. M.D.
Ikonomovic1*, M. O’Malley1, J.R. Ciallella1, S. Wisniewski2, C. Aston3, M.l.
Kamboh3, M, Farlow4, S.T, DeKosky1'5. Depts. of ’Psychiatry and 5Neurology,
Western Psychiatric Institute and Clinic, Univ. of Pittsburgh Sch. Med.,
Pittsburgh, PA 15213; 2Grad. Sch. of Public Health, Univ. of Pittsburgh; 3Dept. of
Human Genetics, Univ. Pittsburgh Sch. Med.; Univ. Indiana, Dept. of Neurology.
Alpha-1-antichymotrypsin (ACT) and apolipoprotein E (ApoE) have been
implicated in the development and progression of Alzheimer’s disease (AD). We
assessed whether blood and cerebrospinal fluid (CSF) levels of ACT were affected
by the known ACT polymorphism reported to be a risk factor for AD. We
measured ACT in serum of 296 patients diagnosed with AD, and 92 control
subjects. The cases were genotyped for ACT (A, T) and ApoE (E2, E3, E4)
polymorphisms. ACT levels were significantly elevated (p<0.01) in AD patients
when compared to the controls. However, when the cases were stratified by their
ACT genotype, there was no effect of the ACT polymorphism on ACT levels in
either of the two groups. In contrast, the APOE3 allele was associated with higher
ACT levels in AD cases when compared to the APOE4 allele. We also measured
ACT levels in CSF from 20 AD cases and 12 controls. As in serum, AD cases
showed significantly higher (p<0.039) ACT levels in CSF when compared to the
controls. The small number of cases precluded further analysis by genotype. We
conclude that ACT levels are not affected by the signal peptide polymorphism.
Supported by AGO5133.

An arantichymotrypsin-like serpin has been implicated in Alzheimer’s
Disease (AD) based on immunochemical detection of ACT in amyloid plaques
from the hippocampus of AD brains. The presence of neuroendocrine
isoforms of ACTs, and reported variations in human liver ACT cDNA
sequences, raise the question of the molecular identity of ACT in brain. In this
study, direct RT-PCR and cDNA sequencing indicate that the hippocampus
ACT possesses the reactive site loop (RSL) that is characteristic of serpins,
with Leu as the predicted P1 residue interacting with putative chymotrypsinlike target proteases. The deduced primary sequence of the human
hippocampus ACT possesses more than 90% homology with reported
primary sequences for the human liver ACT. Moreover, identical ACT primary
sequences deduced from the cDNAs were demonstrated in hippocampus of
control and AD brains. Northern blots showed that ACT mRNA expression in
hippocampus was 900 times lower than that in liver. Also, hippocampus and
liver ACT proteins demonstrated differential sensitivities to deglycosylation.
Overall, RT-PCR combined with cDNA and primary sequence analyses have
defined the molecular identity of human hippocampus ACT in control and AD
brains. The determined RSL domain of hippocampus ACT will allow
prediction of potential target proteases inhibited by ACT in AD. (Supported by
the NIH)

335.3

335.4

MISSENSE MUTATION E318G OF THE PRESENILIN-1 GENE IS ASSOCIATED
WITH INCREASED RISK IN FINNISH ALZHEIMER’S DISEASE PATIENTS.
S. Helisalmi,’2 M. Hiltunen.1,2 A. Mannermaa,2 A.M. Koivisto,’ M. Lehtovirta,’
M. Ryynanen,3 I. Alafuzoff1’4, V. Solovian1* and H. Soininen1. 'Department of
Neurology; 2Chromosome and DNA laboratory; 3Unit of Clinical Genetics;
4Department of Pathology; Univ. Hospital and Univ. of Kuopio, P.O. Box 1777, FIN70211 Kuopio, Finland.
Several different missense mutations of the presenilin-1 (PS-1) gene cosegreagate
with early onset Alzheimer’s disease (AD) in an autosomal dominant manner. The
role of missense mutation E318G in exon 9 is controversial since it has been reported
to cause AD as well as to be a rare polymorphism not related to AD. We have studied
the frequency of the E318G variant in Eastern Finnish AD and control populations.
Sequencing of the coding region of PS-1 from 16 unrelated familial cases revealed
four patients with E318G mutation. No other PS-1 gene mutations or polymorphisms
were detected. Additional 64 sporadic neuropathologically confirmed definite AD
cases and 235 clinically verified controls and 35 neuropathologically confirmed
controls were screened for the E318G using PCR-RFLP method. The E318G allele
frequency was 25%, 11% and 4% in familial, sporadic and control cases, respectively.
This data indicates increased risk of disease both in familial (p = 0.005; OR 7.6 (2.225.7)) and in sporadic AD cases (p = 0.03; OR 3.1 (1.1-8.2)) when compared to
controls. In addition, genotyping of the microsatellite markers D14S77 and
D14S1025, located at the vicinity of the PS-1 gene, showed that these markers were
in linkage disequilibrium in the AD patients group carrying the E318G mutation.
This data suggests that the E318G variant is likely nonpathogenic. However, it is
possible that the variant and the microsatellite markers are in linkage disequilibrium
with pathogenic change elsewhere in PS-1 gene (e g. promoter region).

ALPHA-2-MACROGLOBULIN (VallOOOIle) POLYMORPHISM IN FINNISH
LATE ONSET ALZHEIMER'S DISEASE PATIENTS. M. Pirskanen12,
M. Hiltunen?’2 S. Helisalmi,1,2 A. Mannermaa.2 AM. Koivisto? M. Lehtovirta,1,
R. Miettinen.3* I. Alafuzoff 1,4 and H, Soininen1. ’Department of Neurology;
2Chromosome and DNA laboratory; ’Department of Neuroscience; “Department of
Pathology, Univ. Hospital and Univ. of Kuopio, P.O. Box 1777, FIN-70211 Kuopio,
Finland.
Alpha-2-macroglobulin (a-2M; encoded by the gene A2M) is a serum panprotease inhibitor that has been implicated in Alzheimer disease (AD) based on its
ability to mediate the clearance and degeneration of AJ3, the major component of
senile plaques characteristic in AD. Recently it was suggested that the A2M
polymorphism, Vall000(GTC)/Ilel000(ATC) is associated with the AD. The aim of
this study was to find out whether there is an association with A2M and Finnish late
onset AD patients.
Alpha-2-macroglobulin polymorphism (VallOOOIle) was genotyped from 47
clinically defined late onset AD patients (>65 years) and 50 age matched controls
from Eastern-Finland. Genotyping was done with standard PCR and RFLP methods.
No association (%2, p = 0.79) was found between AD (A/A 0.33, A/G 0.5, G/G
0.17) and control (A/A 0.28, A/G 0.5 G/G 0.22) genotype. The allele frequencies
did not differ statistically (%2, p = 0.56) between groups as the frequencies of A- and
G-allele were 0.58 and 0.42 in AD, and 0.53 and 0.47 in controls, respectively.
Combining the A/A and A/G or G/G and A/G genotypes to the same category did
not reveal differences between AD and control groups (%2, p = 0.62, OR 1.24 (0.493.69) and %2, p = 0.67, OR 0.8 (0.33-1.92)).
This preliminary data suggests no association between A2M polymorphism
(VallOOOIle) and Finnish late onset AD patients.
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ALPHA 2-MACROGLOBULIN AND ALZHEIMER'S DISEASE
S. E. Poduslo*. X. Yin. E, Drigalenko Texas Tech
University Health
Sciences
Center,
Division
of
Neurology, Lubbock, Texas 79430
Alzheimer's disease is a complex neurodegenerative
disorder characterized by cognitive decline and
distinct neuropathology.
Mutations in three genes
(genes for the amyloid precursor protein on chromosome
21, presenilin 1 on chromosome 14, and presenilin 2 on
chromosome 1) account for some of the early onset
familial cases. Late onset disease is associated with
two risk factors
(APOE4 and the presence of a
restriction site A on APOCI on chromosome 19) .
Two
mutations in the gene for alpha 2-macroglobulin (A2M)
on chromosome 12 have recently been identified as
associated with Alzheimer's disease (Blacker et al,
1998; Liao et al, 1998) . In addition, several markers
on chromosome 12 have been linked with late onset
disease in genome screens (Pericak-Vance et al, 1997;
Wu et al, 1998). We have analyzed our large families
with several members affected with late onset disease
for linkage with the A2M mutations as well as with the
chromosome 12 markers.
We also analyzed all of our
late onset patients for any association with the
mutations in the A2M gene.
In addition, the patients
were assessed for the effects of APOE4 and APOCIA as
well as gender on the A2M mutations.
Supported by
funds from the State of Texas.

DLST GENE POLYMORPHISM AND ALZHEIMER’S DISEASE. M. Kimura4, S.
Matsushita4*, T. Matsui1, J. Nakane4, T. Yuzuriha3, K. Urakami2, H. Arai1 and S.
Higuchi4. ‘Dept. of Geriatric Medicine, Tohoku Univ. School of Medicine; 2Dept. of
Neurology, Tottori Univ. School of Medicine; ’National Hizen Hospital; “National
Institute on Alcoholism, Kurihama National Hospital; Yokosuka, Kanagawa, Japan.
Dihydrolipoyl succinyltransferase (DLST) is a core enzyme of the mitochondrial
a -ketoglutarate dehydrogenase complex (KGDHC) that catalyses the rate-limiting
step of oxidative decarboxylation of a -ketoglutarate to succinyl-CoA in the
tricarboxylic acid cycle. Reduced KGDHC activity in the brain of Alzheimer’s
disease (AD) patients was reported. The DLST gene is located on chromosome
14q24.3 and DLST gene polymorphism is reported to be associated with AD.
Recently a study suggesting interaction between apolipoprotein E (ApoE) e 4 allele
(ApoE4) and DLST gene polymorphism in AD was published.
To test the association of DLST with AD, we examined the DLST and ApoE
genotypes in 237 Japanese probable AD patients and compared them with 368
elderly controls without any cognitive dysfunction with permission of our institute’s
ethics committee. The diagnosis of AD was made according to the National Institute
of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) criteria for “probable” AD. We
examined the polymorphisms in the DLST gene, localized at A19,117G in intron 13
and C19,183T at the third codon base in exon 14. We used a novel polymerase chain
reaction (PCR)-restriction fragment length polymorphism (RFLP) method, digesting
PCR products with Fnu4HI and Sspl. The reactions were electrophoresed on 13.3%
polyacrylamide gels and the haplotypes were determined. Although previous studies
suggested that genotype AC/AC was significantly increased in Japanese AD patients
and genotype GC/GC was significantly increased in AD patients with ApoE4, we
could not find any difference in each genotype between AD patients and elderly
controls. Our results indicate that DLST gene polymorphism is not associated with
AD.

335.7

335.8

ALZHEIMER’S DISEASE SEVERITY IS ASSOCIATED WITH A
PROGRESSIVE DECLINE IN GLUT1 GENE EXPRESSION: THE ROLE
OF POSTTRANSCRIPTIONAL REGULATION OF GLUT1 mRNA
STABILITY. D.B. Jacobs1, AM. Mandelin1, S.S. Kantor1. T. Giordano2*.
'Department of Biochemistry and Molecular Biology, The Chicago Medical
School, N. Chicago, IL 60064;2 Message Pharmaceuticals, Malvern, PA.
The effects of AD severity on GLUT1 glucose transporter (GT1) gene
expression, and posttranscriptional regulation (PR) of its mRNA, in parietal
(P), temporal (T), and cerebellar (C) regions of brains from mild (M), moderate
(Mo), and severe (S) cases of AD vs. age-matched normal brains (NOR) were
assessed by RNase protection assay (RPA), Western blot (WB), immunohistochemistry (IM), and mobility shift (MS) assays (used to examine the PR of
GLUT1 mRNA via binding of RNA binding protein(s) to an AU-rich element
(ARE) within the 3’ UTR of GLUT1 mRNA). There was a significant decline
in GT1 mRNA, protein, and PR in T and P, but not C in AD vs. NOR (reported
as % decline from NOR; n=3, * = data at least p<0.05). In T — M: RPA=80% ,
WB=93%, MS-90%; MO: RPA-53%*. WB=63%‘, IM=79%‘, MS-53%*; S:
RPA=29%‘, WB-55%*, IM-67%*, MS-41%*; P - M: WB-89%, MS=85%‘;
MO: WB=6I%*, IM=77%‘, MS=42%‘; S: RPA=53%‘, WB=63%* IM=61%*,
MS=48%*. No significant changes were observed in C. In conclusion, the data
demonstrates that there is a progressive decline in GT1 gene expression with
increasing severity of AD, and implicates an alteration in the PR of GT1
mRNA as a molecular mechanism involved in this decrease. This dysregulation
can ultimately result in the decreased glucose transport previously reported in
AD brain. These studies suggest the potential for new strategies in the
treatment of AD. Funded by IL. Dept. of Public Health, AD Research.

ZINC FINGER PROTEINS FAC1 AND MAZ: A NOVEL
TRANSCRIPTION
FACTOR
INTERACTION
IN
NEURODEGENERATION. J. Caltagarone, K. Jordan-Sciutto, J.
Dragich, and R. Bowser*. Dept. of Pathology, Univ. of Pittsburgh
Medical Center, Pittsburgh, PA 15261.
A number of transcription factors exhibit altered expression and
sub-cellular distribution in neurodegenerative diseases.
These
include NF-kB, Rb, STAT1, MAZi and FAC1. We hypothesize that
these transcription factors exhibit altered activity and therefore change
expression of their target genes during neurodegenerative diseases
such as Alzheimer’s disease (AD). Of particular interest for AD are
FAC1 and MAZi, which recognize DNA binding sites within the
amyloid precursor protein (APP) promoter. MAZi is a transcriptional
regulator of many genes, including the protoncogene c-myc. We
have demonstrated direct protein-protein interactions between FAC1
and MAZi by the yeast dihybrid screen and GST affinity columns.
Specific amino acids of FAC 1 responsible for interactions with MAZi
have been identified by domain analysis using GST affinity columns
and map to the nuclear localization sequence within the C-terminus of
FAC1. Using a synthetic promoter driving expression of luciferase
reporter gene, co-transfection studies have indicated that FAC1
represses transcriptional activation of MAZi. Confocal microscopy
experiments demonstrate FAC 1 and MAZi co-localization in a subset
of neuritic plaques in AD brain. Co-localization occurs within neuritic
components of plaques and the cytoplasm of surrounding neurons.
These results suggest that protein-protein interactions between FAC1
and MAZi function to regulate the expression of target genes such as
APP during AD. Supported by AG13208, NS10572.

335.9

335.10

GALANIN RECEPTOR OVEREXPRESSION WITHIN THE NUCLEUS
BASALIS IN EARLY ALZHEIMER’S DISEASE. E. J, Mufson*1, M. Basile2, S.
Izenwasser2. D, C. Deecher3. and D.C. Mash2, ‘Dept. of Neurological Sci. Rush
Presbyterian St. Luke’s Med. Ctr., Chicago, IL, 60612, ^Women’s Health Res.
Institute Wyeth Ayerst, PA and Dept. Neurol., AUniv. Miami, Med. Sch., FL.
Hypertrophy of fibers containing the acetylcholine inhibitor gaianin (GAL)
occurs upon remaining cholinergic nucleus basalis (nb) neurons in end stage
Alzheimer’s disease (AD). The present investigation determined whether a
concomitant increase in GAL receptors (GALR) occurs within the nb early in the
onset of AD. Postmortem neuropathological specimens were obtained at autopsy
from three groups: Probable AD, possible AD, and age-matched control subjects.
GALR autoradiography was performed on half-hemisphere 50 pm thick coronal cut
brain sections as previously described (Deecher et al., 1997). Receptor
autoradiography depicts the distribution of [125I)hGAL binding sites as unchanged in
aged subjects that had no signs of clinical dementia, but had neuropathological
evidence for possible AD. No differences were seen throughout the anterior to
posterior extent of the nb for these cases. In contrast, the levels of [125I]hGAL binding
sites were increased only over the anterior nb subfield in probable AD. In more
posterior nb regions, the binding densities were comparable to those seen in aged
controls and possible AD subjects. Region-of-interest densitometric analysis
demonstrated that the number of ll2SI1hGAL binding sites was elevated approximately
two-to three-fold as compared to age-matched controls. Quantitative measures of
hGAL binding site densities were not significantly different in the intermediate and
posterior sectors of the nb of probable AD subjects as compared to age-matched
controls. The binding densities were comparable to those subjects with
neuropathological evidence of early AD. These observations suggest that GALR
overexpression occur during the late stages of AD. Supported by AG 14449,
AG10161, AG10688 and AG09466.

EXPRESSION PROFILE OF INDIVIDUAL
NEUROFIBRILLARY TANGLE-BEARING
GENE MICROARRAYS. S.D. Ginsberg*1, S.E.
Eberwine2, and J.Q. TrojanowskiF ^Center for
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ALZHEIMER'S DISEASE
CAI NEURONS USING
Hembv2, V.M-Y. Lee1, J.H.

Neurodegenerative Disease

Research and 2Dept. of Pharmacology, University of Pennsylvania School
of Medicine, Philadelphia, PA 19104.
The sequestration of RNA to Alzheimer's disease (AD) neurofibrillary
tangles (NFTs) prompted analysis of single NFTs in AD post mortem
tissue. Using an amplified antisense RNA (aRNA) methodology combined
with large- and small-scale cDNA microarrays, we assessed the presence
and abundance of >18,000 expressed sequence tagged cDNAs (ESTs) in
single NFT-bearing CAI neurons and compared them to non-tangle bearing
CAI neurons in the hippocampus of controls. Further quantitative
assessment of >120 mRNAs selected from the large-scale arrays and those
implicated in the pathogenesis of AD was performed by aRNA
amplification of single NFT-bearing and normal CAI neurons combined
with reverse Northern analysis. Significant decreases in NFT-bearing
neurons were detected in several classes of mRNAs including: cytoskeletal
elements, protein phosphatases and kinases, synaptic markers, glutamate
receptors, and dopamine receptors. Moreover, an upregulation of the acid
hydrolase cathepsin D mRNA was observed in NFT-bearing CAI neurons.
Combined with in situ hybridization and corroborating protein changes for
cathepsin D, we provide a single-cell molecular fingerprint for NFT
pathology in vulnerable CAI neurons that may be of diagnostic and
ultimately, therapeutic value, and raise the distinct possibility that
mechanism(s) underlying the pathophysiology of AD include targets that
have not been considered previously. Supported by grants from the NIH.
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GENE EXPRESSION PROFILE OF ALZHEIMER'S DISEASE BRAIN.
N. Chow1*, C. Cox2, M. Ogihara3, I.M. Weimer1, and P.D. Coleman1.
Departments of ’Neurobiology and Anatomy, 2Biostatistics, and
3Computer Science, University of Rochester, Rochester, NY 14642
This study focuses on the changes in the level of expression of 65 genes
in Alzheimer's disease (AD, n=ll) temporal association cortex
compared to control (n=8) using cDNA array hybridization techniques.
To analyze expression data, several statistical methods, including
analysis of variance (ANOVA) and canonical analysis, were used.
Cluster analysis was also used and we have developed a novel graphic
tool to display the gene clustering output. There is a greater than
chance agreement among the three methods of analysis with regard to
genes whose expression is altered in AD. Among the ten genes
identified by ANOVA with significant (p<0.05) to marginal
(0.05<p<0.1) changes in expression in AD, only one was not among the
10 genes with great changes identified by cluster analysis. These
alterations included increased expression of synaptotagmin I, cyclin BI,
cyclin GI, and steroid receptor hTR2-ll H in AD; and decreased
expression of GAP43, GAPDH, actin, aB-crystallin, and ferritin.
Furthermore, among these nine genes, five of them also showed high
correlation (r>0.6) to canonical variable 1 including GAPDH,
synaptotagmin I, actin, aB-crystallin, and ferritin H. The way in
which these changes in gene expression may be related to each other
and to the cell biology of the progression of Alzheimer's disease awaits
further study. Work supported by the Lucille Markey Foundation,
grants form the NIA (LEAD AG09016, ROI AG14441, training grant
AG00107, and ADC AG08665), and NSF (CCR9701911).

EXTRACTING MEANINGFUL PATTERNS FROM FUNCTIONAL
GENOMICS DATA IN AN ANIMAL Af3 TOXICITY MODEL OF
ALZHEIMER DISEASE.
S._ Fuhrman1*, X, Wen1, J.M, Lee2, M. Hejna2, J.F. Loring1. R. Somogvi1.
‘Neurobiology Dept., Incyte Pharmaceuticals, Inc., Palo Alto, CA 94304; 2Dept.
Pathology, Loyola University Medical Center, Maywood, IL 60153.

We are using animal models to study the global patterns of gene
expression underlying degenerative diseases. Gene expression
microarrays (GEMs) are being used to compare RNA levels of
10,000 genes at a series of time points after unilateral intraamygdaloid A|3 25-35 injection in male rats. Time points range
from zero to 64 days post-injection, with the same time range used
for vehicle-injected control rats. Our analysis covers the responses
of five brain regions: amygdala, hippocampus, cingulate cortex,
cerebellum, and striatum. Cluster analyses of the resulting temporal
expression patterns reveal groups of genes that may share regulatory
inputs. Since genes that cluster together may be functionally related,
hypotheses can be generated concerning the involvement of genes
not previously associated with AD. Information theoretic analysis is
used to identify genes with the highest information content based on
their temporal expression patterns. These genes can be regarded as
major participants in the response to AJ3, and may be considered for
study as therapeutic drug targets in animal models of AD.

335.13

335.14

CREATION OF A HUMAN BRAIN ANATOMICAL GENE
EXPRESSION MAP BY MICROARRAY AND RTPCR
TECHNOLOGIES,. X. Wen*, S. Fuhrman, R. Somogvi.

EXPRESSION PATTERN OF 9000 GENES IN
ALZHEIMER'S DISEASE. R. Somogvi1*, J.M, Lee2. S.
Fuhrman1, J. Seilhamer1, X. Wen1, J.F. Loring1. 'Neurobiology Dept.,

Neurobiology Dept., Incyte Pharmaceuticals, Inc., Palo Alto, CA 94304.

We are generating a gene expression map of the human brain
using gene expression microarrays (GEMs) to assay the RNA levels
of 10,000 genes. Genes that exhibit significant differences in
expression among brain regions will subsequently be assayed with
reverse transcription-coupled quantitative PCR (RT-PCR). Twentyseven specific dissected regions from a 55-year old non-demented
female are being used for this mapping. Preliminary GEM results
show that more than 1% of the genes assayed exhibit significant
differences in expression compared with the control sample derived
from pooled brain regions. Quantitative PCR will permit the
quantification of expression to a sensitivity of ten molecules of
mRNA, as well as the resolution of splice variants. Clustering and
information theoretic analyses of the RT-PCR data will be used to
suggest new functions for genes and identify those with the highest
information content based on their anatomical expression patterns.
This map will provide clues to the genetic basis for normal brain
structure .

Incyte Pharmaceuticals, Inc., Palo Alto, CA 94304; 2Dept. Pathology, Loyola
University Medical Center, Maywood, IL 60153.

We are surveying the differences in gene expression of
Alzheimer's disease (AD) and control brain to identify those genes
that are likely to be involved in the disease process. To
simultaneously compare the expression levels of more than 9000
genes, we are using a DNA microarray (the "UniGEM V": Incyte
Pharmaceuticals). mRNA was isolated from amygdala and
hippocampus of AD patients with moderate or severe pathology, and
from non-AD age-matched controls. Comparison of control tissues
from different individuals showed that there were remarkably few
differences among gene expression patterns. Most of the differences
in controls were due to sex-specific genes. In contrast, AD and
normal tissue differed greatly. Of the several hundred genes that are
expressed at lower levels in AD, many were neuron-specific, which
was predicted since neuronal loss is typical of AD. Similarly, genes
that were expressed at higher levels include glia-specific genes. This
gene expression survey will implicate genes that underlie the disease
process and some that will serve as novel therapeutic targets.

335.15

335.16

MICROARRAY ANALYSIS OF GENE EXPRESSION
PATTERNS DURING NEURONAL DIFFERENTIATION OF
EMBRYONIC STEM CELLS. J.F. Loring1 *, R. Wesselschmidt2,
S. Fuhrman1, X. Wen1, R. Somogvi1. ‘Neurobiology Dept., Incyte

FURTHER CHARACTERIZATION OF THE CYTOCHROME OXIDASE
DEFECT IN ALZHEIMER'S DISEASE CYBRID CELLS. S.W. Miller*,
B. Sheeman, S. Glasco, S.S. Ghosh, and R.E. Davis. MitoKor, San Diego,
CA 92121.
Transfer of cytoplasmic contents containing mitochondria from blood
cells of human donors into cells without detectable levels of mitochondrial
DNA (p°) creates a cytoplasmic hybrid cell (cybrid). After growth in culture
for several weeks these cybrid cells appear to display the electron transport
chain enzymatic activity of the donor cell. In previous work, we have used
these techniques to create cybrids cells from the donor blood of Alzheimer’s
disease patients and recipient p° cells derived from neuroblastoma or
tetratocarcinoma cell lines (Davis, et al., 1997; Swerdlow, et al., 1996,
1997). In this study we show that mixed populations of cybrids made from
AD donors (N = 76 )display specific cytochrome c oxidase (Complex IV)
defects relative to cybrids created from appropriate non-disease controls (N
= 111). AD cybrid cells with defective ETC activity grow more slowly in
culture than do cybrids with normal ETC activity or parental SH-SY5Y
cells with normal ETC activity. Single cell subclones of a subset of AD and
control cybrids cells were selected, expanded and assayed for cytochrome c
oxidase activity (CytOX). The mean CytOX activities of subclones were
found to largely reflect random-sampling of the population from which
these were derived. Mean activities of the population were roughly
equivalent to the mean activities of the subclones. No correlation was found
between the CytOX activities and mtDNA copy number in a select group of
subclones. The exact molecular mechanism underlying the CytOX defect in
AD cybrids is not known. Regardless, these cybrid cells may have utility as
model cellular systems allowing the study of specific ETC dysfunctions on
cellular physiology and the identification of novel targets for therapeutic
intervention in these diseases.

Pharmaceuticals, Inc., Palo Alto, CA 94304; 2Transgenic Unit, Genome Systems,
Inc. St. Louis, MO 63134.

The totipotence of embryonic stem (ES) cells makes them ideal for
analysis of genes expressed during cellular differentiation. Some ES
cell lines differentiate almost entirely to neurons in response to
retinoic acid. We are studying changes in gene expression that
accompany neuronal differentiation, using cDNA microarrays to
compare the expression levels of nearly 9000 mouse genes in
undifferentiated and differentiated ES cells. We have defined a
"gene expression signature" of ES-derived neurons which includes
approximately 100 genes that are up-regulated by at least 5-fold, and
60 similarly down-regulated genes. Among those that increased are
neuron-associated genes such as APP and neuronal protein 3.1, and
genes associated with tissue remodeling (proteinases and inhibitors).
Many of the affected genes are unannotated expressed sequence tags
(ESTs), and these experiments will contribute to an understanding of
their functions. Since differentiation of ES cells can be directed in
several ways in culture, our studies will define a set of genes for
each cell type. These gene sets may be involved in the determination
and differentiation of embryonic cells in vivo.
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SINGLE NUCLEOTIDE POLYMORPHISMS IN MITOCHONDRIAL RIBOSOMAL
RNA GENES ARE ASSOCIATED WITH ALZHEIMER’S DISEASE. C. Herrnstadt*.
N. Howell, and R, E, Davis. Mitokor, San Diego, CA 92121.
Sporadic Alzheimer’s Disease (AD) is associated with defects in energy metabolism
and impaired activity of cytochrome c oxidase in both neuronal and peripheral blood
cells. Cybrid cell models have demonstrated co-transfer of the biochemical defects in AD
with donor mitochondria. We have attempted to define the genetic basis of mitochondrial
abnormalities in AD. While our previous work suggested that mtDNA does not appear
to carry common mutations that segregate across a large population of patients, this
does not preclude a mitochondrial genetic contribution to this disease. We have
investigated the possibility that each AD patient carries a unique set of inherited or
acquired polymorphisms in mtDNA that increases the risk of AD. Brain and blood
samples were obtained from 25 controls (12 autopsy-confirmed neurological disease
controls, 2 autopsy-confirmed normal controls, and 11 living controls) and 39 AD cases
(21 autopsy-confirmed AD, 5 autopsy-confirmed AD of the Lewy Body variant, and 13
living AD patients). We detected altered mitochondrial rRNA sequences in 80% of AD
samples versus 48% of controls by automated DNA sequencing. When this analysis was
restricted to autopsy-confirmed cases, rRNA sequence changes were detected in 81 % of
AD and 43% of control samples. MtDNA changes that were associated with haplogroups
T, U, and H did not seem to track with AD. Mitochondrial rRNA sequence changes that
previously have not been associated with haplogroups were present in 51% of AD versus
20% of control samples. In autopsy-confirmed cases, 46% of AD versus 7% of controls
carried such rRNA changes. It is possible that sequencing the mitochondrial genome in
its entirety will improve our sensitivity for detecting AD cases. At present, we do not
know if these DNA changes are neutral polymorphisms or pathogenic mutations. We
plan to further explore the inherited versus somatic nature of the mutations and to
determine the impact of these rRNA changes on mitochondrial function.

XMNI G-GAMMA GLOBIN POLYMORPHISM SHOWS INCREASED
ASSOCIATION WITH ALZHEIMER'S DISEASE. P.A, Gearhart*1.
W.D. Hill1. F. Kutlar2, A. Kutlar2, R.C. Green3, E, Zamrini4, A. Doetsch1.
1 Dept. of Cellular Biology and Anatomy, Medical College of Georgia,
Augusta, GA 30912. 2Dept. of Medicine, Medical College of Georgia,
Augusta, GA 30912. 3College of Health & Human Sciences, Georgia State
University, Atlanta, GA 30303. 4Dept. Psychiatry, VAMC, Augusta GA
30904.
A phage display library containing human brain cDNA was screened
against beta amyloid peptide (Ap 1-42). One interacting clone contained a
171 bp fragment of gamma globin, part of the fetal hemoglobin complex.
Surface plasmon resonance experiments showed that tetrameric fetal
hemoglobin and isolated, heme free, G-gamma globin protein specifically
bind to Ap 1-42. This suggests that the relationship of fetal hemoglobin and
Ap 1 -42 may be of interest in the context of Alzheimer's disease. Numerous
environmental and genetic factors can influence the adult expression of fetal
hemoglobin. A common genetic factor is the Xmnl polymorphism, this is a C-T
substitution at bp -158 in the promoter region of G-gamma globin which
creates a Xmnl restriction enzyme site. Previous reports suggest that 1025% of the general population may have the Xmnl polymorphism. The Xmnl
polymorphism causes an increase in G-gamma globin relative to A-gamma
globin and, in the presence of various stressors, can cause an overall
increase in total fetal hemoglobin expression. We examined the frequency of
this common polymorphism in a population of antemortem diagnosed
Alzheimer's disease and normal control cases. We found that -70% of the
AD population had at least one copy of the polymorphism compared to -39%
of the controls, this is a significant difference (p=0.05). This suggests that the
regulation of fetal hemoglobin expression may be a risk factor associated with
the development of Alzheimer's disease. Supported by NS32835 (WDH).
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EVIDENCE FOR MOLECULAR MISREADING OF THE ft AMYLOID
PRECURSOR PROTEIN GENE IN HUMAN NEURONAL CELL LINES
D.F.Fischer1,E.M. Hoi1*, J.A. Sluiis1.1.F. Bronner1.M.A.F. Sonnemans1, R. Versteeg2
and F.W, van Leeuwen1
’Netherlands Institute for Brain Research, Amsterdam, The Netherlands and 2Dept. of
Antropogenetics, University of Amsterdam.
In less than 5% of all Alzheimer’s disease (AD) cases the disease is inherited as an
autosomal dominant disorder. The P amyloid precursor protein (APP) gene is one of the
genes in which mutations occur. In addition to these genomic mutations, we have
provided evidence for a novel type of mutation, i.e. the occurrence of dinucleotide
deletions in APP and ubiquitin-B transcripts isolated from neocortex and hippocampus
of sporadic AD and Down syndrome (DS) patients (Van Leeuwen et al. Science 279:
242-247,1998). The inaccurate conversion of genomic information into aberrant RNA
is defined as molecular misreading. Due to molecular misreading of the APP gene, APP+I
protein is produced, which is a truncated APP protein with a wild-type N-terminus and
an aberrant C-terminus. This protein accumulates in neuritic plaques and tangles in AD
and DS brains. To study the mechanism of molecular misreading, an in vitro system is
required. Our previous studies indicated that the incidence of dinucleotide deletions is
promoted by transcriptional activity of the cells. Indeed, transcriptionally highly active
human neuronal cell lines, such as neuroblastoma (SK-N-AS) and primitive
neuroectodermal tumor (CHP-100) cells, generate APP mRNA with exactly the same
mutation as shown in AD and DS patients: a GA deletion in a GAGAG-motif in exon
9. These cells furthermore produced and secreted APP+I in the cell culture medium.
These cell lines might serve as an in vitro system in which the mechanism of molecular
misreading can be studied.

TRANSFECTION EFFICIENCY OF A CATIONIC LIPID IN PRESENCE OF
AMYLOID ft (AP) PEPTIDE. P.S. Aimani1, W. Wang1, F. Tang1, M.A. King2,
E.M, Meyer and J.A. Hughes1*. 3Dept. of Pharmacology, University of Florida;
2V.A. Medical Center, University of Florida; ’Dept. of Pharmaceutics, University of
Florida, Gainesville, FL 32610.
Ap is derived from a large transmembrane amyloid P-precursor protein (ApPP)
and is thought to play a central role in the pathogenesis of Alzheimer’s disease
(AD). Gene therapy is a progressive area of medical research and includes viral
transduction, non-viral transfection, and naked DNA delivery. In this study, the
ability of a cationic lipid l’,2’-dioleoyl-sn-glycero-3’-succinyl-2-hydroxyethyl
disulfide ornithine conjugate (DOGSDSO), to transfect in the presence of AB (2535) peptide was evaluated. Primary rat cortical neurons and neuroblastoma
(SKnSH) cells were pre-treated with varying concentrations of Ap (25-35) peptide
for either 24 or 48 hours. The uptake of the FITC-labeled oligonucleotides (ODN)
in SKnSH cells pre-treated with AP (25-35) was evaluated by flow cytometry to
measure endocytosis. Pre-treatment of primary cells with Ap (25-35) peptide
resulted in an increase in transgene expression of the DOGSDSO/DOPE liposomes.
When AP (25-35) peptide was mixed with the liposome/p-DNA complex and
transfected in primary cells, die complexes lost their ability to transfect. However,
when a reverse sequenced AB (35-25) peptide was evaluated, there were no
significant differences in transgene expression in pre-treated cells and in cells where
AB (35-25) peptide was mixed with p-DNA/iiposome complexes and transfected.
There were no significant differences in the cellular-associated mean fluorescence
of the cells that were untreated, or treated with Aft (25-35) peptide for 24 hours
showing that ODN and perhaps other macromolecular uptake, was not hindered in
fee presence of AP (25-35) peptide. These results demonstrate feat Ap (25-35)
peptide may interfere wife gene expression.
Supported in part by NIH P01-AG10485.

Support: NWO-GpD

336.3

336.4

INDUCIBLE TRANSGENE EXPRESSION OF THE ALZHEIMER’SASSOCIATED FYN PROTEIN TYROSINE KINASE IN NEURONAL CELL
LINES. Sangjin Lee1. Brett A. Chromy1, Caleb E. Finch3. Grant A. Krafft2, and
William L. Klein1 ’Dept. of Neurobioiogy & Physiology, Northwestern University,
Evanston, IL 60208; ENHRI, Evanston, IL, 60201, 3 Andrus Gerontology Center,
USC, Los Angeles, CA 90089.
The Src-related Fyn protein tyrosine kinase plays key roles in the normal activity
and survival of nerve cells, including long term potentiation (LTP), axonal growth,
and apoptosis (Grant et al., 1992). Fyn also has been implicated in Alzheimer’s
disease, where its immunoreactivity is upregulated in PHF-positive neurons (Shirazi
and Wood, 1993). Fyn-tau complexes occur in SH-SY5Y cells, and Fyn
overexpression leads to elevated tau tyrosine phosphorylation (G Lee et al., 1998).
Recent work from our group, moreover, has implicated Fyn in neurodegeneration
caused by AP fibrils (C Zhang et al., 1996) and AP-derived diffusible ligands
(ADDLs; MP Lambert et al., 1998). Involvement of Fyn in both tau cell biology and
AP toxicity suggests a possible causative role for Fyn in Alzheimer’s disease. To
better characterize the impact of neuronal Fyn, three constructs were developed using
an inducible ecdysone expression system (Invitrogen): fyn wild type (WT),
constitutively active (+), and constitutively inactive (-). Inducible fyn constructs were
transfected successfully into two nerve cell lines, the N1E-115 mouse neuroblastoma,
and the HN2 mouse hippocampal fusion cell line. Both transient and stable
transfectants were obtained that showed reguiatable increases in transgenes, sensitive
to inducer (ponasterone A) in a dose-dependent manner. Maximum induction of Fyn
was at least 10-fold using 4 pM ponasterone A. Experiments are in progress to
determine the specific molecular and cellular impact of Fyn induction, particularly in
the context of the Ap-evoked neuronal degeneration associated with Alzheimer’s
disease. Supported by NIH, the Alzheimer’s Association, and the Boothroyd
Foundation.

OVEREXPRESSION OF COX-2 mRNA IN HIPPOCAMPUS OF RATS
FOLLOWING INJECTION OF pA(l-40). X.Tian* and J. B, Suszkiw.
Department of Molecular and Cellular Physiology, University of Cincinnati,
Cincinnati, OH
The beneficial effects of nonsteroidal anti-inflammatory drugs (NSAID)
have been reported in Alzheimer’s disease. Since cyclooxygenase-2 (COX-2) is
the key target for NSAID, we tested if the injection of ftA(l-40) induces the
expression of COX-2 in the rat hippocampus. The injections were performed in
four-month old rats. Twelve pg of pA(l-40) or pA(35-25) was injected into
three sites ( 4 pg at each site) of the hippocampus. At week one and week four
after the injections, animals were sacrificed by decapitation and hippocampal
tissue was rapidly removed for quantitative determinations of mRNA (by
Northern Blot) and protein levels (by Western Blot) of COX-2. The results
showed that the COX-2 mRNA and protein levels were increased by >3-fold at
week one following the injection of either ftA(l-40) or ftA(35-25). However,
whereas the ftA(l-40)-induced increases persisted through the fourth week after
the injections, the mRNA and protein levels of COX-2 were restored to the
control levels in the group injected with ftA(35-25). These data indicate that
whereas both ftA(l-40) and ftA(35-25) may cause overexpression of COX-2
due to an acute inflammatory response, only the ftA(l-40) elicits inflammatory
response that persists for at least four weeks post-injection. The data suggest
that injections of amyloid peptides into the hippocampus of adult rat may
provide a useful model to study the induction/role of inflammatory process in
Alzheimer’s disease. Supported by NIEHS grant ES06365.
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336.6

MOLECULAR MISREADING OF p AMYLOID PRECURSOR PROTEIN AND
UBIQUITIN B GENES IN VARIOUS TAUO- AND UBIQUITOPATHIES.
M.A.F. Sonnemans1, R.A.I. de Vos2, E.H.N. Jansen2., D. Troost3, W. Kamphorst4, D.F.
Fischqr1,F.J.C.M. van Eerdenburg5*, E.M,. Hoi1 and F.W. van Leeuwen*
1 Neth. Inst, for Brain Res., Amsterdam; 2 Pathology Lab., Enschede; 3 Univ. of
Amsterdam;4 Free Univ., Amsterdam;5 Univ. of Utrecht, The Netherlands.
Recently a novel type of mutation was reported in transcripts, which is the result of
molecular misreading (Van Leeuwen et al., Science 279, 242, 1998). This process is
defined as the inaccurate conversion of correct genomic information from DNA into
nonsense transcripts and the subsequent translation into mutant proteins. The exact
mechanism of molecular misreading, however, is still not clear. As a result of dinucleotide deletions (AGA, AGU, ACU) in GAGAG and CTCT motifs in mRNA, a +1
reading frameshift occurs and + 1 proteins with a wild-type N-terminus and an aberrant
C-terminus are synthetized. +1 Proteins have a partial or total loss of functional domains
since they are in most cases truncated. Molecular misreading was found in genes associated with Alzheimer’s disease (AD), i.e. P amyloid precursor protein (PAPP) and
ubiquitin-B (UBB). PAPP+1 and UBB+1 proteins accumulate in the neuropathological
hallmarks of AD. One of the key questions is whether molecular misreading is restricted
to AD or also occurs in other neurodegenerative diseases with UBB inclusions, such as
Pick’s disease (PiD), frontotemporal dementia (Fl’D), Lewy body disease (LBD),
multisystem atrophy (MSA), progressive supranuclear palsy (PSP), argyrophilic grain
disease (AGD), amyotrophic lateral sclerosis (ALS) and multiple sclerosis (MS, as a
control for cellular damage and activation). Whereas in IT'D, LBD, MSA, ALS and MS
no +1 immunoreactivity was detected, clear UBB+1 and, to a lesser extent, APP+1 staining
was present in cellular inclusions: Pick bodies in PiD, tangles and tufted astrocytes in
PSP and grains in AGD, all three being tauopathies. Thus molecular misreading is not
restricted to AD and plays a role in a subclass of tauopathies. It is proposed to term these
diseases ‘ubiquitopathies’.

ALZHEIMER’S BETA-AMYLOID PRECURSOR PROTEIN ISOFORMS
DISPLAY SPECIFIC PATTERNS OF EXPRESSION DURING
EMBRYOGENESIS. M, Sarasa.1* V, Sorribas,2 J, Terrado.1 S, Climent.1
J.M, Palacios3 and G, Mengod4. ’Dept. of Anatomy, Embryology and
Genetics, and 2Toxicology, University of Zaragoza, Miguel Servet 177,
50013 Zaragoza; laboratories Almirali, Cardener 68-74, 08024 Barcelona;
4Dept. of Neurochemistry, IIBB/CSIC, Jordi Girona 18, 08034 Barcelona,
Spain.
Various B-amyloid precursor protein (BAPP) isoforms, mainly BAPP-695,
BAPP-714, BAPP-751 and BAPP-770, the number corresponding to the
number of amino acids they encode, have been described. We have used
oligonucleotides recognizing each of the four major BAPP mRNAs to analyze,
by in situ hybridization histochemistry, the distribution of those BAPP
isoforms throughout rat embryogenesis. Results show that each BAPP mRNA
displays a specific temporal and spatial pattern of expression. The prototype
isoform BAPP-695 occurs early in cells actively implicated in morphogenetic
events, as those mesodermal cells invaginating at the level of the primitive
streak, and later it is restricted to the neurectodermal (neural tube, neural crest
and neurogenic placode) derivatives. By contrast, the longest isoform BAPP770 appears later than BAPP-695 and practically restricted to mesendodermal
derivatives. The isoforms BAPP-714 and BAPP-751 are still expressed later
than the other two isoforms and distributed ubiquitously, though the BAPP714 transcripts predominate typically within the neural tube. These results
strongly suggest that BAPPs may be taking meaningful part in the forces that
shape the embryo long before they could play a role in Alzheimer’s disease.
Supported by grants from CICYT (SAF97-0238) and DGA (P51/97).

336.7

336.8

CTCF ACTIVATES TRANSCRIPTION FROM THE APP PROMOTER. ITS
BINDING IS AFFECTED BY THE ZINC FINGER DOMAIN AND BY
SEQUENCES ADJACENT TO THE CORE RECOGNITION DOMAIN.
W.W. Ouitschke* and A.A, Vostrov, Department of Psychiatry, State University of
New York at Stony Brook, Stony Brook, NY 11794.
A region designated APBB on the human APP promoter is a binding site for
transcription factor CTCF. This protein is composed of 727 amino acids comprising
a central domain with 11 putative zinc fingers, which is flanked by an N-terminal
region of 267 amino acids and a C-terminal region of 150 amino acids.
CTCF was expressed in Pichia pastoris and by in vitro transcription-translation.
Its ability to bind to the APBB domain was analyzed by mobility shift
electrophoresis and DNase footprinting. Polyclonal antibodies were generated
against recombinant CTCF protein and used for the depletion of CTCF from HeLa
cell nuclear extract. The depleted extract exhibited significantly decreased levels
of transcription from the APP promoter in vitro. Transcriptional activity could be
restored by the addition of recombinant CTCF to the depleted extract, providing
direct proof that CTCF is a major activator of the APP promoter.
Deleting zinc fingers 5,6, or 7 completely abolished binding to the APBB site. In
contrast, deleting either the N- or C-terminal region adjacent to the zinc finger
domain had no effect on binding activity. However, deletions extending into the
zinc finger domain both from the N- and the C-terminal side changed the DNase
footprinting pattern as well as binding stability. Altering the native sequence
upstream from the core recognition sequence GCCGCTAGGGGT resulted in a
change in the DNase footprinting pattern as well as a four-fold decline in binding
affinity. These results suggest that zinc fingers 5,6, and 7 are indispensable for
binding to the APBB domain. In contrast, adjacent zinc fingers are not absolutely
required; rather they interact with the domain in a sequence dependent manner
thereby affecting binding stability. [Supported by NS30994]

A FE65 DELETION POLYMORPHISM IS ASSOCIATED WITH
REDUCED Ap LOADING AND A LOWERING OF THE RISK OF
DEVELOPING
SPORADIC
LATE-ONSET
ALZHEIMER’S
DISEASE. J-C. Lambert*, D. Mann, L. Goumidi, F. Pasquier, B.
Frigard, D. Cottel, T. Iwatsubo, P. Amouyel, M-C. Chartier-Harlin.
INSERM 508, Institut Pasteur de lille, 59019 Lille cedex.
The FE65 protein has previously been described as interacting with
APP and may mediate its internalisation. Recently, Hu et al. reported
that a deletion polymorphism in intron 13 of the FE65 gene may be
protective for sporadic Alzheimer's disease (AD). This polymorphism
may modify splicing between exons 13 and 14, the two exons encoding
the interaction domain of FE65 with APP, and therefore may be
particularly relevant for AD process.
In the present study, we first tested the association of the intron 13
FE65 polymorphism on AP loading in 50 patients with AD. We then
tested the impact on AD risk of this deletion polymorphism in 639
sporadic AD cases and 646 controls. We found that the FE65 deletion
is associated with a decrease of Ap loading and a lowering of risk of
developing AD in the elderly population. The FE65 gene may thus be a
genetic determinant for sporadic late-onset AD, acting through
modulation of APP catabolism.
Hu et al, Hum. Genet., 103, 295-303.

336.9

336.10

DIFFERENT EFFECT OF THE FLEMISH APP MUTATION ON THE
AB40 AND AB42 CONTENT OF THE PLAQUE AND VASCULAR
AMYLOID DEPOSITS S. Kumar-Singh, P. Cras*. U, Lubke, E. Van Marek,
F. Checler and C. Van Broeckhoven Department of Molecular Genetics,
Flanders Interuniversity Institute for Biotechnology (VIB), Laboratory of
Neurogenetics, Born-Bunge Foundation (BBS), University of Antwerp (UIA),
Department of Biochemistry, Antwerp, Belgium.
Deposition of amyloid B (AB) peptides, in parenchyma and/or vessels, is
implicated in the etiology of Alzheimer’s Disease (AD) and of Hereditary
Cerebral Hemorrhage with Amyloidosis of Dutch type (HCHWA-D) carrying
APP (E693Q) mutation. We studied two cases of Flemish APP (A692G)
mutation causing AB deposition in both brain parenchyma and vessels, in
HCHWA-D cases (n=2), in PSEN1 mutations carriers (G384A, n=2 and
I143T, n=2), sporadic AD cases (n=3) and aged controls (n=3). Sections from
hippocampal and temporal cortical areas were stained with antibodies
recognizing AB40 or AB42 and densitometrically quantified. AB40 deposits
were at least two folds higher than AB42 in vessels and plaques for the
Flemish mutation. While this was true for vessels in HCHWA-D, the very
infrequent and faint plaques constituted solely of AB42. For other cases, AB40
again predominated in the walls of arteries of various calibers especially of
meningeal vessels, however, for parenchymal microvasculature this difference
was smaller as considerable AB42 was also present. With respect to plaques,
AB42 was generally present in both diffuse deposits as well as senile plaques
whereas AB40 was commonly localized in only senile plaques, particularly in
the core. In the sporadic cases, despite A842/AB40 ratio elevation, the total
amounts of AB were appreciably reduced. Our data suggest that the precise
pathomechanisms involved in the deposition in plaques and vessels of AB of
different lengths, might differ.

GENOMIC SEQUENCE OF CANINE PAPP EXONS 1 AND 2:
IMPLICATIONS FOR RIBOZYME THERAPEUTICS. Robert B.
Denman *, James Conti and, Natalia Dolzhanskaya. Dept. of
Molecular Biology, NYS Institute for Basic Research in
Developmental Disabilities, Staten Island, NY 10314.
Smooth muscle cells (SMCs) derived from the vasculature of aged
dogs brains are useful for studying AD-related amyloidosis. We have
shown that hammerhead ribozymes targeted to PAPP exon 2
effectively reduce PAPP and its proteolytic cleavage products in vitro
and in various cells. To examine whether canine pAPP contains a
ribozyme consensus cleavage site in exon 2, genomic DNA and total
RNA from canine SMCs were amplified using a set of primers that
span human PAPP exons 1 and 2. 250 and 225 bp fragments were
obtained from both genomic and canine cDNA. The bands were
subsequently cloned and sequenced. The 250 bp product resulted from
mis-priming of the 5’PCR primer. The 225 bp product however, was
identical to human pAPP mRNA implying that the loss of pAPP in
SMCs transiently or stably transfected with pAPP exon 2 ribozymes
may be due to ribozyme cleavage. These data also suggest that in the
canine pAPP gene, exons 1 and 2 are not split. NIH AG04220-12
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POSTERIOR CORTICAL ATROPHY IN ALZHEIMER’S DISEASE:
MULTIVARIATE ANALYSIS OF CINGULATE NEURONS AND
ELEVATED AMYLOID-p 43. B.A, Vogt1*. L.J, Vogt1. C. Bouras2. and
PJLHoP. ‘Cingulum NeuroSciences Institute and Wake Forest Univ. Sch.
Med. Winston-Salem, NC 27157, ^TJniv. Geneva, Switzerland, and ’Mount
Sinai Sch. Med., NYC 10029.
A subgroup of AD patients present early with impaired visuomotor function
and visual perception and posterior cortical atrophy (PCA). We previously
showed involvement of posterior cingulate area 23 in PCA and suggested it
contributed to the visuospatial deficits. Is this focal posterior pathology
random, differing only in location from other AD cases, or does it have unique
changes suggesting a different mechanism of neuron death?
Seven PCA cases were compared to 7 AD cases matched for age of onset,
duration, and total neuron densities. Neurons were counted in 160 pm-wide
strips of layers Illab, IHc, IV and Va in area 23a and then entered into a
principal components analysis. The eigenvalues were plotted with 3-D graphics
and the two groups were statistically separated, suggesting two laminar patterns
of neuron loss. Immunohistochemistry for antibodies to different length Ap
peptides were used to evaluate amyloid deposition by layer. The amount and
distributions of AP40 and Ap42 were similar for both groups, but there were
2-3 times more A$43 in cases with PCA.
Differential deposition of AP43 could indicate unique processing of the
amyloid precursor protein in PCA and association with a different pattern of
neuron death. Therefore, PCA may be a unique AD subgroup resulting from
differential amyloid processing and enhanced neurotoxicity produced by the
AP43 peptide.

CHARACTERIZATION OF CARBOXY-TERMINAL APP DERIVATIVES IN
ALZHEIMER’S DISEASE AND DOWN’S SYNDROME. G.Schettini1. C, Russo1, W,
Sannita2*P. Gambetti2. 1 Pharmacology and Neuroscience National Cancer Institute,
Advanced Biotechnology Center and Section of Pharmacology Dept. of oncology, Univ.
of Genova, Italy, 2 Dept of Neurophysiopathology, 3 Neuropathology Dept. Case
Western Reserve University, Cleveland, Ohio, USA.
Amyloid precursor protein (APP) proteolysis generates carboxy-terminal polypeptides
of about 100 amino acids (C100) that contain the intact P<amyloid sequence. These Cterminal amyloidogenic fragments are neurotoxic in vitro and learning deficits are
observed in transgenic mice overexpressing the polypeptide. Recently, NH2-terminally
truncated and pyroglutamate modified Ap forms were identified as the major Ab forms
present in the brain parenchyma of familial and sporadic Alzheimer’s disease (AD)
subjects. To verify if also in the Cl00 polypeptides were detectable the same aminoterminal modification present in Ap peptides, we analyzed the membrane bound fraction
of AD, control and Down’s syndrome subjects (DS). Immunoprecipitation of Triton
XI00 extracted brain homogenates with antibodies specific for the C-terminal region of
APP, followed by Western Blotting and immunodetection with antibodies specific for
the amino-terminal region of Ap, revealed the presence of pyroglutamate 3-100 peptide,
1-100 and pyroglutamate 11-100. Densitometric quantitation revealed also that in DS
subjects a statistically significant increased level of Cl00 peptides (p<0.001) is already
present in the brain extracts of fetal and early postnatal cases. Taken together our results
indicate that: 1) the formation of truncated Ap peptides is a catabolic pathway starting at
P-secretase level and not a proteolytic degradation of the full-length Ap 1-42, 2) young
DS subjects show an increased production of these neurotoxic and amyloidogenic
peptides already in fetal life long before the presence of deposits or plaques.
(MURST CNR 5% 1998 to GS, NIH AG08155 to PG)

337.3

337.4

AMYLOID PRECURSOR PROTEIN (APP) IS ELEVATED IN HUMAN
HEAD INJURED PATIENTS. J. R. Ciallella1*, M.D. Ikonomovic1, W.R.
Paliug1, Y. Wilbur1, D. W. Marion2, C. E. Dixon2, and S. T. DeKosky1,3.
Departments of ’Psychiatry, 2Neurosurgery, and 3Neurology, University
of Pittsburgh Medical Center, Pittsburgh, PA.
Clinical intervention for (traumatic brain injury) TBI focuses on the acute phase
and consequences of injury in short-term. However, survivors of TBI can have
long lasting neurological effects, including development of neurodegenerative
disorders. Several environmental and genetic risk factors have been linked to
Alzheimer’s Disease (AD), including head trauma. The mechanism by which head
injury leads to AD pathology is not known. Studies in both animal models and
humans show an increased expression of APP and deposition of A8 after head
trauma. To investigate this relationship, we measured APP immunoreactivity in
temporal cortex from head-injured patients and controls. We obtained samples
from head injured patients between 1 and 3 days post-injury. Total protein was
extracted and 50 pg separated on a 10% SDS-PAGE gel and transferred to
nitrocellulose. Blots were probed with mouse anti-human APP antibody 2201.
Densitometric analysis revealed a significant increase in full-length and secreted
APP in injured versus control samples. Controls were post-mortem temporal
cortex samples from patients who were not head injured and had no CNS
disorders. Several studies using immunohistochemical methods have demonstrated
increased in APP after head trauma; we believe this is the first example of semiquantitative biochemical evidence for an overexpression of APP after acute human
TBI. Injury-induced alterations in APP expression and processing may result in
increased deposition of AB and initiation of AD pathogenesis. Supported by
AG5133, NS3O318, and T32NS07391.

IMMUNOHISTOCHEMICAL DISTRIBUTION OF THE RECEPTOR FOR
ADVANCED GLYCATION END PRODUCTS IN NEURONS AND
ASTROCYTES.
N.Sasaki*0. T.Saito0. Y.Hayashi11, N.Nakano0. S.Saito0,
T.Koike2)f Z.Makita2) Depts of Neuropsychiatry, Sapporo Medical Univ., South 1,
West 16, Sapporo 060-8543, Japan. 2)Second Dept. of Internal Medicine, Hokkaido
Univ., Sapporo.
Advanced glycation end products (AGE) and the receptor for AGE (RAGE) have
been implicated in the chronic complications of diabetes mellitus (DM), and have
been reported to play an important role in the pathogenesis of Alzheimer's disease
(AD). In this study, we established a new polyclonal antibody against RAGE,
recognized amino acid residues 167-180 of RAGE, and examined the
immunohistochemical localization of amyloid P protein (AP), AGE, and RAGE in
neurons and astrocytes from patients with AD and DM.
Brain tissue specimens were obtained from five cases of AD, three cases of DM,
and three age-matched controls. AP-, AGE-, and RAGE-positive granules were
identified in the perikaryon of hippocampal neurons (especially from CA3 and C A4)
in all subjects. The distribution and staining pattern of these immunopositive
granules showed good concordance with each antibody. In AD, most astrocytes
(approximately 70-80%) contained both AGE- and RAGE-positive granules and their
distribution was almost the same. AP-positive granules were less common
(approximately 20-30%), but AP-, AGE-, and RAGE-positive granules were
colocalized in one part of a single astrocyte. In DM patients and control cases,
AGE- and RAGE-positive granules were very rare.
These finding indicate that glycated AP is taken up via RAGE and is degraded
through the lysosomal pathway in astrocytes. In addition to the presence of AGE,
the process of AGE degradation and receptor-mediated reactions may contribute to
neuronal dysfunction and promote the progression of AD.
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ACTIVATED MICROGLIA ASSOCIATED WITH PLAQUES IN
ALZHEIMER’S DISEASE (AD) BRAIN EXPRESS FORMYL
PEPTIDE RECEPTORS. D, Lorton*. J. Schaller. A. Lala.andE.
DeNardin. Sun Health Res. Instit., Sun City, AZ 85372 and Depart. Oral
Biol. Sch Dentistry, State Univ, New York at Buffalo, Buffalo, NY.
Presence of activated microglia and acute phase proteins within senile
plaques of AD brain suggests that plaques are foci of inflammation. The
primary component of senile plaques is the 39-43 amino acid p-amyloid
peptide (AP). Ap stimulates macrophage chemotaxis, proinflammatory
cytokine production, and reactive oxygen intermediates. Mechanisms
mediating these Ap stimulated effects are largely unknown. Previously
we have demonstrated a classic formyl chemotactic peptide (FP)
antagonist inhibits Ap induced cytokine responses in a monocyte cell
line. We also have shown that AP-induced cytokine production requires
activation of second messenger pathways consistent with FP_FP receptor
(FPR) interaction. These data provide strong support that Ap interacts
with FPR to induce chemokine responses, such as chemotaxis, cytotoxic
and cytokine responses, prominent features in AD brain. Here, we have
used immunocytochemistry to determine whether FPR+ microglia are
associated with Ap deposits. Cortical tissue sections obtained from AD
and control patients were stained using antibodies against FPR, Ap, and
microglia markers. In AD brain, activated microglia in close association
with Ap deposits express FPRs. The dense core of senile plaques, a site
of high microglia numbers, were intensely stained for FPRs. These data
indicated that microglia express FRPs and supports the hypothesis tliat
Ap acts at FPRs to induce chemokine responses. Blocking Ap-induced
cytotoxic and inflammatory cytokine responses by use of FPR antagonists
might provide a target for therapeutic intervention in AD. Supported by

ENDOSOMAL ABNORMALITIES ARE THE EARLIEST DETECTABLE
CELLULAR CHANGE IN NEURONS IN ALZHEIMER’S DISEASE. A.M. Cataldo,*
C.M. Peterhoff, and R.A.Nixon. Nathan Kline Inst./NYU Med. Ctr, Orangeburg, NY
10962.
The fate or function of APP, Ap, ApoE, and LRP, molecules linked to Alzheimer’s
Disease (AD) pathogenesis, are closely associated with cellular endocytosis. We
showed striking alterations in the volume of neuronal early endosomes (EE) in neurons
of severely affected regions in sporadic AD (SAD) (Cataldo et al., 1997). Combined
with additional markers of EE fusion and recycling, these results indicate increased
endocytic pathway activity. We also found that like SAD, neurons from adult (25 to 56
yrs) Down syndrome (DS) brains exhibited abnormally large EE. To establish when
these abnormalities appear in relation to p-amyloid deposition and to markers of early
neurofibrillary change, we studied SAD cases in the earliest stages of neuropathology
(limited to the entorhinal cortex/hippocampus) as well as cases of early stage (28 wks to
12 yrs) DS. Using cytochemical techniques, and specific probes for EE, proteins
involved in regulating EE fusion (rabaptin5, EEA1), tau conformation (MCI), and Ap,
we found that in SAD, abnormally large EE were prominent not only in neurons of the
entorhinal cortex/hippocampus, but in laminae III and V of the prefrontal cortex, where
deposits of p-amyloid were scarce and neurofibrillary changes were negligible. We
observed that swollen EE profiles, similar to those in adult DS, were present in many
pyramidal neurons in the early stage DS cases. No detectable P-amyloid or abnormal
neurofibrillary changes were seen in the young DS brains. In addition, we found that
intracellular Ap colocalized with enlarged neuronal EE in DS as early as late gestation.
These results suggest that EE abnormalities are the earliest detectable cellular
disturbance identified in SAD, preceding all but the first traces of p-amyloid and in DS,
are demonstrated even earlier in individuals destined to develop AD. Given tliat EE are
potentially major site of Ap production, the presence of atypically large EE suggests
that AP production in EE may be accelerated in SAD long before it accumulates in the
parenchyma.

Sun Health Research Institute and Arizona Alzheimer’s Research Center Grant.
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IMMUNOHISTOCHEMICAL EVIDENCE FOR A
MACROPHAGE SCAVENGER RECEPTOR IN MATO
CELLS AND REACTIVE MICROGLIA OF ISCHEMIA
AND ALZHEIMER’S DISEASE M. Honda1 A H, Akiyama2.
N. Kuroki1*, and T. Kodama3 'Dept. of Psy. Tokyo Metropolitan

AMYLOID (3-PROTEINS CONTAINING ISOASPARTIC ACID AT POSITION 23
ARE SELECTIVELY DEPOSITED AROUND THE AMYLOID-BEARING
VESSELS. T. Shimizu1*. H. Fukuda2. M. Nakaiima1. H. Mori3, T, Shirasawa1
’Department of Molecular Genetics, Tokyo Metropolitan Institute of Gerontology, JPE
Biosystems Japan, ’Department of Neuroscience, Osaka City Univ. Medical School
Senile plaques consisting of fibrillar amyloid P-proteins (Ap) are a characteristic
neuropathological feature of Alzheimer's disease (AD). Ap undergoes posttranslational modifications at their aspartyl residues. These modifications include
isomerization, at positions 1 and 7, from an Asp to a P-linkage on the side chain to
form isoAsp through a cyclic succinimide intermediate. As to isoAsp at position 23,
no report has yet been described the identification of isoAsp23 in the brain. In this
study, we developed two specific antibodies (anti-isoAsp7 and anti-isoAsp23) raised
against isomers with an isoAsp residue at position 7 or 23. Immunohistochemical
studies in AD brain tissues revealed that amyloid-bearing vessels as well as the core of
mature plaques were selectively stained with anti-isoAsp23 antibody, in a similar
manner to anti-Ap40 antibody. On»the other hand, almost all plaques and amyloidbearing vessels were positively stained with anti-isoAsp7 antibody. Our finding
showed that each isomerized Ap was differentially deposited in plaques and amyloidbearing vessels.
Furthermore, we investigated the aggregation properties of Api-42 and its isomers
with an isoAsp residue at position 7 or 23 [Api-42(isoAsp7) or Api-42(isoAsp23),
respectively]. Synthetic Api-42(isoAsp23) aggregated more extensively than native
Api-42 and showed typical fibrillar morphology, while the aggregation ability and
fibril formation of Api-42(isoAsp7) were weak. These results indicate that
isomerization of each Asp residue greatly alters the aggregation ability of the A01-42.
In conclusion, it is suggest that the isomerization of the aspartyl residues plays an
important role in the fibril formation of AP and the distribution of amyloid in AD.

Matsuzawa hosp., .Tokyo 156-0057 Japan; ^Dept. of Neuropathology, Tokyo
Institute of Psychiatry; ^Dept of Molecular Medicine, RCAST, Tokyo
University
Macrophage scavenger receptors (MSR) are implicated in the
development of atherosclerosis and amyloid beta-protein deposition in
Alzheimer’s disease. However, histopathological studies of MSR expression in
human tissues have been hampered by a lack of specific antibodies. Using
MSR-deficient mice, we successfully raised a novel monoclonal antibody
against human MSR together with high-titer antisera.
These antibodies
specifically recognized human tissue macrophages and human MSR protein
purified from differentiated THP1 cells. In normal brain, MSR staining was
mainly distributed to the perivascular cells, which correspond to Mato's
fluorescent granular perithelial cells (Mato cells). In the lesions of ischemia
and Alzheimer's disease, a subset of microglia stained positive for MSR.
These novel antibodies are useful tools for analysis of MSR expression in
human tissues. Supported in part by a grant from Mirai-kaitaku Jigyo and
Nissan Science Foundation

337.9
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A POSSIBLE MECHANISM OF NEURODEGENERATION IN ALZHEIMER’S
DISEASE-INVOLVEMENT OF RACEMIZED P-AMYLOID. T, Kubo*. K.
Morimoto. Y. Kumagae. C. A. Miller* and I. Kaneko. Neurosci. Res. Lab.,
SANKYO, Tokyo 140-8710 Japan and ’Univ. of Southern California, LA. USA.
It is unclear how and when insoluble fibrils of p-amyloid in senile plaques (SPs)
exert degenerative effects on distant hippocampal neurons in Alzheimer’s disease
(AD). We have previously shown that pi-40 racemized at Ser26 (D-Ser26pl-40)
and having a random structure, was soluble and non-neurotoxic in an in vitro
culture system. However, D-Ser26p25-35, generated from D-Ser26pl-40 by brain
proteases, had a p-structure and exhibited strong neurotoxic activity in vitro. On
the basis of these results, we assumed that soluble D-Ser26pi-40, possibly
produced during aging, was released from SPs and converted to the proteaseresistant fragment, D-Ser26P25-35 which exerted toxic effects on distant
hippocampal neurons in AD. In the present study, we developed two specific
polyclonal antibodies (20.1 and 22.7) against D-Ser26P25-35 to examine the
presence of this peptide in AD brains. Immunohistochemical analyses showed that,
in all of eight AD brains examined, NFT-containing pyramidal neurons and some
compact plaque-like structures in hippocampal CAI, subiculum and amygdala were
stained by these two antibodies. In contrast, there were no specific stainings by
these antibodies in six age-matched control brains. These results suggest that DSer26P25-35-like antigens are present in AD brains and are involved in the
neuronal loss of AD. We also found that non-toxic D-Ser26pi-40 produced drastic
degenerative effects on the hippocampal CAI neurons, when co-injected into the
hippocampus of rat brains with a non-toxic dose of ibotenic acid, an excitatory
amino acid. This result suggests the conversion of D-Ser26|3l-4O to a toxic
fragment such as D-Ser26p25-35 is occurring in vivo. In conclusion, the present
results strongly support the hypothesis that an age-dependent racemization of Ser26
in pi-40 followed by a proteolytic production of D-Ser26P25-35 is involved in the
mechanism of the neurotoxicity of p-amyloid in AD. 1) K. Morimoto et al:
Neuroscience, 84, 478-487 (1998), 2) I. Kaneko et al: Alzheimer’s Disease: Wiley,
66, 520-528(1997). This work is supported by SANKYO CO., LTD.

Intracellular neurofibrillary tangles and pick bodies are
immunopositive for the 42-carboxy terminal epitope of 6amyloid
Claudia Schwab * and Patrick L. McGeer

Kinsmen Laboratory of Neurological Research, Dept. of Psychiatry,
University of British Columbia, Vancouver, B.C. Canada, V6T 1Z3

Co-occurence of neurofibrillary tangles (NFTs) and S-amyloid (Afi)
containing plaques is the pathological hallmark of Alzheimer's disease
(AD). Much research has been carried out to elucidate possible interactions
of these two characteristic lesions.
Here we show by immunohistochemistry that an Afi42 carboxy
terminal-like epitope (tA642) is associated with NFTs in cortex and
hippocampus at an early, intraneuronal stage. The NFTs immunoreactive
for tAfi42 were also positive for tau. tA842 NFTs occurred even in control
cases without any other form of Afi deposits like amyloid plaques. t642
immunoreactive NFTs were found in AD, Parkinsonism dementia complex
of Guam, progressive supranuclear palsy and elderly controls. In Pick
disease, another 'tauopathy', Pick bodies were immunoreactive for t642.
Tau-negative inclusions such as Lewy bodies in Parkinsons disease
substantia nigra and Marinesco bodies in AD substantia nigra were also
negative for the tfi42 epitope.
Appearance of an epitope of Afi in neurons at such an early stage of
tangle formation and colocalization with tau may indicate a direct
connection of AG with cytoskeletal disarrangement, although cross
reactivity with epitopes not associated with Afi cannot be ruled out.
Supported by the Jack Brown and Family AD Research Fund, the
Alzheimer Association of Canada and individual British Columbians.
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AMYLOID P PROTEIN (Ap)42 IS DEPOSITED IN THE SATELLITE CELLS
OF INFLAMMATORY MYOPATHY Y. Santa.1 T. Taniwaki.1* Y. Qhyagi.LT.
Yamada.1 H. Kiknchi.2 T. Iwaki? J. Kira1. ’Department of Neurology, department
of Neuropathology, Kyushu University, Fukuoka 812-8582, Japan.
AP is often deposited in the muscle fibers of inclusion body myositis (IBM),
which is therefore thought to be caused by a pathogenesis similar to Alzheimer’s
disease (AD). To further study the process of Ap deposition, we stained muscle
tissue sections of various myopathy using anti-AP antibodies. Each 3 cases of IBM,
polymyositis (PM), mitochondria myopathy (MM), and progressive muscular
dystrophy (PMD) were studied. Normal muscle” tissue sections were not labeled by
any anti-Ap antibodies. Interestingly, numerous cells close to muscle fibers in IBM
and PM were intensely labeled by an AP42 end-specific antibody (BC-05), but not
by an AP40 end-specific antibody (BA27). A|342 stain was prominent in the
perinuclear region, where endoplasmic reticulum (ER) exists. The BC-05-labeled
cells were not macrophages because of no staining with CD68, a macrophage
marker. In addition, BC-05-labeled cells located inside the basement membrane of
muscle fibers. Thus, those cells seemed to be the satellite cells. By contrast, very
few cells were labeled by BC-05 in the muscle tissue sections of MM and PMD,
indicating that any pathological factors specific for IBM and PM may cause AP42
deposition in the satellite cells. We have previously shown that selective cellular
AJJ42 deposition is found in the neurons undergoing early apoptosis process but not
necrosis process (Asahara et al., Neuroscience Meeting 98). If it is the case, a
mechanism similar to neuronal apoptosis may occur in the satellite cells of
inflammatory myopathy. Since the differences in BC-05 immunoreactivity have not
been basically found in IBM and PM, the cellular AP42 deposition may not directly
result in amyloid deposition that is specifically observed in IBM. The mechanism
of cellular AJ342 deposition in IBM/PM may nonetheless resemble a part of AD
pathology, because A|342 is invariably deposited in AD brain.

SPREADING OF B-AMYLOID PATHOLOGY BETWEEN* VASCULAR
SMOOTH MUSCLE CELLS. B. Mazur-Koleeka*. J. Frackowiak, H.M.
Wisniev.ski, NYS Institute for Basic Research in Developmental Disabilities,
Staten Island, NY
Deposition of B-amyloid in neuropil and in tunica media in cortical and
leptomeningeal vessels is a characteristic neuropathological feature in
Alzheimer’s disease (AD). Vascular smooth muscle cells (SMCs) are involved
in production and deposition of amyloid B-protein (AB). Early amyloid
deposition of small non-fibrilar and fibrillar AB deposits is focal in
morphologically normal vessel. The factors which initiate B-ai tyloid angiopathy
as well as the mechanisms involved in spreading of the pathology aie still
unknown. We studied susceptibility of distinct SMC populations to
amyloidogenic factors. Cultures rich in cells involved in amyloHogenesis were
liberated from amyloid angiopathy-affected canine vessel by enzymatic
digestion, while ceils grown from vascular 'explants represented the population
with higher migratory activity. AB secretion and cellular deposition (as revealed
by immunocytochemistry and ELISA) on first and second passages was
significantly higher in the cultures obtained by vessel digestion than cultures
growing from explants. The first population had a low proliferative and
metabolic activities. Both populations of SMC in culture differ in their response
to factors known io be risk factors in AD. Their ability to produce and process
ABPP as well as the ability to degrade AB are currently being characterized,
lienee, the focal deposition of amyloid observed in situ is reflected by distinct
properties of various strains of SMC in culture. Ihese cell populations will be
used to study the impact of humoral factors and cell-to-cell contacts in the
i.invloidogeiiie pathology. Supported by funds from NYS/OMRDD.
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B-AMYLOID EXPRESSION IS ASSOCIATED WITH APOPTOSIS IN
MYOTUBES AND TRIAD PROTEIN ABNORMALITIES IN IBM.
H. Querfurth **, R. Falsaperla 2, Y. Fugio \ D. Burgio 2, K. Walsh \ R. Neve 4,
L. Adelman 5. Divisions of 1 Neurology and 3 Cardiovasc. Rsh., St. Elizabeth's
Medical Center, Boston, MA 02135, 2 Dept. of Pediatric Neurology, U. of
Catania, Italy, 4 Mol. Genetics Laboratory, McLean Hospital, and $ Dept. of
Neuropathology, NEMC, Boston, MA 02111
Inclusion Body Myositis (sIBM) is the most common disorder of skeletal muscle
in aged humans. It shares many biochemical features with Alzheimer's disease,
including congophilic and immunoreactive deposits of the B-amyloid peptide (AB)
and C'-terminal BAPP epitopes (e.g. C100). Both species are neurotoxic in vitro
and in vivo . However, some reports claim no evidence for apoptosis in IBM. To
examine whether intracellular accumulation of amyloidogenic peptides is
myotoxic, we expressed AB42 and C100 in cultured C2C12 myotubes via gene
transfer using HSV-1 vectors. 84 + 4 % of myotubes expressing AB42 showed
evidence of apoptosis using the TUNEL technique, compared to 19 + 1 % of
control myotubes expressing B-galactosidase (p=0.02). Among C100 expressing
myotubes, 36 + 8 % were TUNEL positive (p=0.175 vs. B-gal). In 3 patients with
marked IBM pathology, evidence for apoptosis was found in those myofibers
where only massive AB deposits were present (5-10% of A&Vvacuolated fibers).
Since the normal aging process in skeletal muscle may involve an uncoupling of
the junctional triad involved in calcium release, we examined triadic and extrajunctional proteins by immunocytofluorescence in biopsy samples from the same 3
IBM cases. Abnormal deposits of triadin, ryanodine and dihydropyridine receptor
immunoreactive material were found in the IBM cases, which were absent in 3
polymyositis and 3 control specimens. The relation of this finding to AB
accumulation in IBM is discussed.
Supported by NIH NSO1737 (HQ), NIH AR40971 (KW), NIH AG12954 (RN).

HIGH LEVELS OF A(342 IN SKELETAL MUSCLES OF ALZHEIMER DISEASE
PATIENTS SUGGEST PERIPHERAL ALTERATIONS IN APP METABOLISM.
Y.M. Kuo'*, T.A. Kokjohn2, M. D. Watson3, L. I. Sue1, T. G. Beach1, M. R.
Emmerling,3 and A. E. Roher1. 'Haldeman Laboratory for Alzheimer Disease, Sun
Health Research Institute, Sun City, AZ 85351; 2Dept. of Microbiology, Midwestern
Univ., Glendale, AZ 85308; 3Dept. of Neuroscience and Therapeutics, Parke-Davis
Pharmaceutical Res., Ann Arbor, Michigan 48105.
One of the major histopathological lesions in Alzheimer disease (AD) is the
accumulation of the AP40 and A£42 peptides in gray matter neuritic plaques and the
walls of the cerebral vasculature. However, other tissues in the human body, such as
skeletal muscle, also express the Ap precursor protein and thus can potentially
generate the Ap peptides. In this study we determined the levels of Ap40 and AP42
in brain and skeletal muscles of neuropathologically diagnosed (CERAD and Braak)
Alzheimer disease (AD) cases and compared these values to those of non-demented
individuals. To measure Ap a novel analytical approach was employed consisting of
a combination of size-exclusion liquid chromatography developed under denaturing
conditions and europium immunoassay on the separated 4.0-4.5 kDa fractions. In the
temporalis muscles of the AD and non-demented control groups the average values
for AP42 were 493 ng/g and 67 ng/g (p<0.001) and for AP40, 71 ng/g and 9 ng/g
(p=0.044), respectively. In skeletal muscle the predominant Ap peptide appears to be
the AP42, representing on the average 7 times more the levels of AP40. In light of
these results, it is possible that in AD the skeletal muscle may contribute to the
elevated plasma pool of AP and indirectly to the amyloid deposits of the brain
parenchyma and cerebral blood vessels. The elevated amounts of AP42 in the
skeletal muscles of AD individuals suggest that disturbances in APP and AP
metabolism may be present in tissues other than brain.
Supported by NIH and the State of Arizona Center for AD Research.
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ACCUMULATION OF ALZHEIMER’S AMYLOID-B PEPTIDE IN
VASCULAR MYOCYTES IS ASSOCIATED WITH A DECREASED
EXPRESSION OF ERAB. J. Frackowiak*, B. Mazur-Kolecka, W, Kaczmarski.
B. Bisikirska. H.M. Wisniewski. NYS Institute for Basic Research in
Developmental Disabilities, Staten Island, NY
Short chain L-3-hydroxyacyl-eocnzyine A dehydrogenase has been
described as an endoplasmic reticulum amyloid B-peptide-binding protein
(ERAB). The enzyme, overexpressed in neurons in Alzheimer's disease (AD),
enhances cytotoxicity of AB. Our study of the brain distribution of ERAB using
a panel of new monoclonal ERAB-specific antibodies was conducted in 10 AD
and 5 normal brain specimens, as well as in vascular smooth muscle cells (SMC)
cultured from brain vessels. We detected no ERAB in amyloid and found no
correlation between the neuronal expression of ERAB and amyloid load in
neuropil. The main cells expressing ERAB were SMC in amyloid-free blood
vessels in young and old controls and in AD. Expression of ERAB in arteries
with amyloid deposits was much weaker. SMC, the cells that produce vascular
amyloid-B in vivo, also produce and deposit AB in cell culture. Accumulation of
AB in cultured SMC, spontaneous or after treatment with apolipoprotein E, or
iron ions was observed mainly in SMC that had a low expression of ERAB.
Studies of cells transfected with human ERAB showed that cells overexpressing
ERAB had a reduced ability to accumulate AB in response to amyloidogenic
factors. The localization of the accumulated AB is distinct from that of ERAB.
Thus, we hypothesize that the role of ERAB in AB production and toxicity is
distinct in neurons and SMC. ERAB in SMC may be a factor that reduces
accumulation of AB possibly by downregulation of amyloidogenic processing of
amyloid-B precursor protein. Supported by funds from NYS/OMRDD.

DETECTABLE LEVELS OF INSOLUBLE AMYLOID B-PROTEIN IN
NORMAL HUMAN BRAINS. M. Morishima-Kawashima’*, N.
Onshima1,2. and Y. Ihara1'2. ‘Department of Neuropathology, Faculty of
Medicine, University of Tokyo, Tokyo 113-0033, and 2Core Research
for Evolutional Science and Technology (CREST), Japan Science and
Technology Corporation, Saitama 332-0012, Japan.
While amyloid B-protein (AB) is known to be present as a soluble form
in the cerebrospinal fluid and plasma of humans, the insoluble AB in the
brain parenchyma has so far been detected only in aged brains. We
previously reported using two-site ELISA that AB accumulates in the
brain in an age-dependent manner; the levels of AB42 steeply increase
between the ages of 50 and 70 years. However, Western blot analysis
showed that brains containing negligible amounts of AB by ELISA often
contained SDS-stable AB dimers. Further, the presence of AB was
demonstrated in the detergent-insoluble fraction of human neuroblastoma
cells. Thus these results prompted us to re-examine for the presence of
insoluble AB in brains from younger generations. Western blot analysis
and improved ELISA showed that significant amounts of AB are already
present in the insoluble fraction of brains from subjects aged 20-30 years
old. In the insoluble fraction, the levels of A640 were found to be higher
than those of A642. The levels of AB remained to be stable during the
next 20 years, and the levels of AB42 started to rise in some brains at the
age of -50 years. This increase was followed by much gentler increase in
the levels of AB40. These results suggest that insoluble AB is a normal
metabolite, and that altered AB metabolism associated with aging may
trigger the accumulation of AB in brains.
Supported by CREST.

337.17
CHARACTERIZATION OF THE MECHANISM UNDERLYING THE
REDUCED RATIO OF PLATELET APP FORMS IN ALZHEIMER
PATIENTS 2F, Colciaghi. 'L, Pastorino. 'J, Perez*. 'E. Gianazza, 2A, Padovani. 2B.
Borroni, *F, Cattabeni and ‘M, Di Luca. ’Inst of Pharmacol. Sciences, Univ. of
Milano, Via Balzaretti,9-20133 Milano Italy; 2Inst. of Neurology, Univ. of Brescia,
P.zza Spedali Civili 1, Brescia, Italy.
We have previously observed that an altered pattern of platelet APP forms is present in
AD sporadic patients, showing a reduced ratio between the the upper (130 kDa) and the
lower (106-110 kDa) 22C11 immunoreactive bands. Platelet APP isoforms analysis
was performed on 80 Alzheimer disease patients (AD) matched for demographic
characteristics to 45 control subjects (C) and 40 Non Alzheimer Disease Demented
patients (NADD): AD patients showed a platelet APP ratio of 0.32+0.09 (mean±SD),
significantly different from that observed in NADD (0.894+0.3) and control subjects
(0,793±0.2), suggesting that this parameter might be able to distinguish AD from
NADD and control subjects widi high accuracy (cut-off 0.6: sensitivity 0.93,
specificity 0.85). In order to understand the possible mechanism responsible for APP
130 kDa band reduction in AD, we have first identified APP forms. 2D electrophoresis
in platelet homogenate (pH range: 4-5) revealed at 130 kDa the presence of two forms,
recognized by 2201, showing an isoelectric point in the range of between pH 4.124.25; the same forms are barely visible in AD platelet homogenates. In addition WB
analysis performed with C-terminal antibody recognized the 130kDa band in platelets
homogenates, suggesting that this band is a full-length inserted form. Moreover when
platelets from AD patients were activated by thrombin, the concentration of aAPPs in
the supernatant measured by WB analysis with 6E10 was consistently reduced when
compared to aAPPs released from control subjects; a qualitative and quantitative
similar decrease for aAPPs was measured in CSF of AD patients, thus suggesting
that platelet APP metabolism might mirror APP metabolism occurring in the CNS.
Founded by CNR # 98.01097.CT14 to MDL.
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DISTINCT ROLES OF SYNAPTIC AND EXTRA-SYNAPTIC NMDA
RECEPTORS IN EXCITOTOXICITY.
J.F. MacDonald*, R. Sattler, Z. Xiong, W.Y. Lu. and M. Tymianski. University of
Toronto and Playfair Neuroscience Unit, Toronto, Canada.
Excitatory synaptic activity governs excitotoxicity, and modulates the
distribution of N-methyl-D-aspartate receptors (NMDARs) among synaptic and
extrasynaptic sites of central neurons. We investigated whether NMDAR localization
was functionally linked to excitotoxicity by perturbing f-actin, a cytoskeletal protein
that participates in targeting synaptic NMDARs in dendritic spines. Depolymerizing
F-actin did not affect NMDA-evoked whole cell currents. However, the number of
dendritic NMDAR clusters and the NMDAR-mediated component of miniature
spontaneous EPSCs were reduced, while the AMPA receptor-mediated component
was unchanged. This selective perturbation of synaptic NMDARs had no effect on
neuronal death or the accumulation of 45Ca2+ evoked by applying exogenous NMDA,
which reaches both synaptic and extrasynaptic receptors. However, it increased
survival and decreased 45Ca2+ accumulation in neurons exposed to oxygen-glucose
deprivation, which causes excitotoxicity by synaptic glutamate release. Thus, synaptic
and extrasynaptic NMDARs are equally capable of excitotoxicity. However, their
relative contributions vary with the location of extracellular excitotoxin accumulation,
a factor governed by the mechanism of extracellular neurotransmitter accumulation,
not the synaptic localization of NMDARs. (Supported by the Heart and Stroke
Foundation of Canada and the MRC of Canada).

SPECIFIC COUPLING OF NMDA RECEPTOR ACTIVATION TO NITRIC
OXIDE NEUROTOXICITY BY POSTSYNAPTIC DENSITY -95 PROTEIN.
R. Sattler*, Z. Xiong, W.Y. Lu, J.F. MacDonald, and M. Tymianski. University of
Toronto and Playfair Neuroscience Unit, Toronto, Ontario, Canada.
In the mammalian nervous system, the efficiency by which N-methyl-Daspartate receptors (NMDARs) trigger intracellular signaling pathways governs
neuronal plasticity, development, senescence and disease. We studied excitotoxic
NMDAR signaling by suppressing the expression of the NMDAR scaffolding
protein PSD-95. In cultured cortical neurons, this selectively attenuated
excitotoxicity triggered via NMDARs, but not by other glutamate or Ca2+ channels.
NMDAR function was unaffected, as receptor expression, NMDA-currents and
45Ca loading via NMDARs were unchanged. Suppressing PSD-95 selectively
blocked Ca~ -activated nitric oxide production by NMDARs, but not by other
pathways, without affecting neuronal nitric oxide synthase (nNOS) expression or
function. Thus, PSD-95 is required for the efficient coupling of NMDAR activity to
nitric oxide toxicity, and imparts specificity to excitotoxic Ca2+ signaling.
(Supported by the Heart and Stroke Foundation of Canada, and the MRC of
Canada).

338.3

338.4

N-METHYL-D-ASPARTATE mRNA EXPRESSION IN THE HIPPOCAMPUS
OF NORMAL ELDERLY AND PATIENTS WITH ALZHEIMER’S DISEASE
PATHOLOGY. A, Mishizen*, R. Sheffield, J, Nissanov, D.M, Armstrong.
Thomas Jefferson University, Lankenau Medical Research Center, Woodwood PA
19029.
To examine the hypothesis that excitotoxicity contributes to the death of
neurons in Alzheimer’s disease (AD) we examined the mRNA expression of three
N-methyl-D-aspartate (NMDA) receptor subunits (NRI, NR2A, NR2B) within the
hippocampus of subjects presenting with a range of AD pathology (Braak stages IVI). In brains with little if any hippocampal pathology (i.e., Braak stages I & II),
film autoradiograms revealed intense NRI expression with highest levels observed
in the DG followed by CA1-CA3>SUB>CA4. In the hippocampus, NR2A mRNA
expression was low to moderate with highest levels in the DG and weakest in the
CA4 region. NR2B levels, likewise were highest in the DG with moderate levels
in the subiculum and CA fields, of which the CA4 showed the least amount of
hybridization signal. In patients with AD pathology (i.e., Braak stages IV-VI), we
observed no change in mRNA expression levels for NRI, NR2A or NR2B within
any of the hippocampal subregions. Despite no significant alterations in mRNA
levels there was a trend towards an increased NRI hybridization signal within the
subiculum, CA3 and CA4 subfields of patients with AD pathology. These latter
observations are consistent with recent immunohistochemical studies demonstrating
robust NMDAR 1 immunolabeling upon hippocampal pyramidal neurons in AD.
While further work is required to determine whether glutamate receptor activation
contributes to the neuropathology of AD, our findings that these receptor subunits
(i.e., protein and mRNA) persist within vulnerable regions of the hippocampus
provide further support that NMDA receptors may contribute to excitotoxic
neuronal damage. This work is supported by NIH grant AG08206.

Surviving long-term anoxia: Silencing of NMDA receptors in turtle
neurons. P. E. Bickler* and P.H, Donohoe. Dept. of Anesthesia,
University of California, San Francisco, CA 94143-0542
The western painted turtle (Chrysemys picta) survives up to 4 months of
anoxia during winter dormancy at 1-3 °C. Survival of brain neurons during
prolonged anoxia in this species is associated with inactivation of NMDA
receptors, which may decrease excitability, conserve energy, and help avoid
intracellular calcium overload. Preventing the inactivation of NMDA
receptors during anoxia with 10 nM forskolin causes NMDA receptordependent anoxia-induced cell death. To understand NMDA receptor
inactivation mechanisms during anoxia, we studied NMDA receptor-mediated
calcium fluxes in dissociated turtle cerebrocortical neurons with fura-2. We
found that okadaic acid (120 nM), a non-specific phosphatase inhibitor, and
calyculin A (1 pM), a specific inhibitor of phosphatase 1/2A, prevented the
usual decrease in receptor-mediated Ca2+ fluxes. During 2-3 hours of anoxia
[Ca2+]j in cortical neurons increases -30%, and may serve as a signal for
desensitization/inactivation of NMDA receptors. Calmidazolium, a
calmodulin antagonist, prevented receptor inactivation, but cypermethrin a
blocker of the Ca2+-dependent phosphatase calcineurin (phosphatase 2B), did
not. Inactivation of receptors during anoxia was not dependent on
extracellular [Ca2+J, but receptor desensitization was enhanced when fCa2+]j
increased either by pharmacologic manipulation or by elevating extracellular
[Ca2+]. During anoxia of greater than 3 days duration, receptor silencing also
involved removal of the NRI subunit of the NMDA receptor from the cell
membrane (Western blots). These multiple mechanisms of NMDA receptor
silencing may contribute to the unparalleled ability of Chrysemys to survive
long-term anoxia
Supported by NIH R29 GM52212

338.5

338.6

EXCITOTOXIC EFFECT OF HIGH FREQUENCY STIMULATION DURING
HYPOXIA IN HIPPOCAMPAL SLICES: NEUROPROTECTION BY AP-5, A
SELECTIVE NMDA RECEPTOR ANTAGONIST. G. Capocchi*, M, Cecconi,
G. Silvestrelli and A. Balducci. Institute of Neurology, University of Perugia,
Italy, 06100.
Glutamate excitotoxicity has been implicated as a possible cause of
neuronal death in cerebral hypoxia-ischemia, when the failure of energetic
metabolism does not allow correction of the disturbance induced by the
excessive release of glutamate. Previous studies have differentiated a rapidly,
triggered excitotoxicity induced by a brief, intense stimulation of a large
number of NMDA receptors and a slowly triggered excitotoxicity induced by
prolonged stimulation of AMPA/KA receptors (Choi, D.W. 1997). The aim of
the present study was to help clarify the mechanism of rapid excitotoxicity.
Experiments were conducted on rat hippocampal slices. An extracellular
recording electrode was placed in the apical dendritic region of the CA1 area
to record EPSPs evoked by low frequency stimulation (LFS) of two different
inputs, Sti and St2, of the same cell group, in the stratum radiatum of CA1
area. Hypoxia was induced by transient aeration with 95% N2 - 5% CO2
causing a depression of the EPSP of both St! and St2 inputs. High Frequency
Stimulation (HFS) was given in St! input, both just before the start of hypoxia
and during hypoxia, when we recorded a complete depression of EPSP. The
St2 input served as a control at LFS. After re-oxygenation, the EPSP recording
of the Sti input showed a lack of recovery of synaptic potentials. On the
contrary the unstimulated input St2 recovered to control levels. We observed a
complete post-hypoxic recovery of Sfi EPSP when we induced hypoxia and
HFS in the presence of AP5, a selective NMDA receptor antagonist. These
results demonstrate that excitotoxic neuronal damage is mainly synaptic and
dependent on calcium influx through NMDA-gated receptor channels.

GLUTAMATE RECEPTOR IN RAT CEREBRAL MICROGLIA. M.
Noda2* H. Nakanishi3, J. Nabekura and N. Akaike1, ‘Dept. of Physiology,
Faculty of Medicine; 2Dept. of Pathophysiology, Faculty of
Pharmaceutical Science; 3Dept. of Pharmacology, Faculty of Dentistry,
Kyushu University, Fukuoka 812-8582, Japan.
Microglial cells were isolated from rat cerebral cortex and kainate
(KA)-induced inward current was measured at a holding potential of -40
mV.
6-Cyano-7-nitroquinoxaline-2, 3-dione (CNQX)-sensitive KAinduced currents increased with increasing KA concentration.
The half
activation concentration and Hill coefficient were 3.3 x 104 M and 1.4.
respectively.
Although glutamate (Glu) and a-amin-hydroxy-5methyl-isoxazole-4-propionate (AMPA)-induced currents were much
smaller than that induced by KA, all KA-, Glu-, and AMPA-induced
currents were greatly enhanced in the presence of cyclothiazide (CTZ). On
the other hand, KA-induced current was not enhanced by concanavalin A,
suggesting that the KA-induced response in rat microglia is mediated by
AMPA-preferring receptors (subunits GluRl through GluR4). The
current-voltage relationships of KA- and AMPA/CTZ-induced currents
were almost linear or slightly outward rectifying. The reversal potential of
KA-induced current shifted to negative potentials (from +4 to -40 mV) on
switching from high Na+ to high Ca2+external solution, indicating the low
Ca2+ permeability through the AMPA receptor channel complexes. Such
a low Ca2+ permeability in microglia was also substantiated by a direct
measurement of [Ca2+]; by using a acetoxymethyl derivative of Fluo-3.
AMPA receptor expression was studied with immunohistochemistry and
RT-PCR, from which GluR2,3, and 4 were identified. Activation of these
receptors with KA or Glu significantly enhanced the production of tumor
necrosis factor-a (TNF-a) by microglia. These results suggest that primary
cultured rat microglia possesses functional AMPA-preferring subunits of
Glu receptor which may mediate neuron to microglia communication in
the physiological and pathological states.
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338.8

INDEPENDENCE OF AMPA RECEPTOR-MEDIATED EXCITOTOXICITY ON
CALCIUM INFLUX THROUGH GLUR2-DEFICIENT AMPA RECEPTOR.
K. Iihara*1, D. Ip2, J. Henderson3, R. Sattler1, F. Tavema3, S. Lorensen3, B.A. Orser2,
J.C. Roder3 and M. TVmianski1. ’Toronto Hospital Research Institute, 2Dept of
Physiology, 3Samuel Lunenfeld Research Institute, University of Toronto, Toronto,
Ont, M5T-2S8, CANADA
L-glutamate, the major excitatory neurotransmitter in the brain, acts on
postsynaptic NMDA and AMPA receptors (AMPARs) to affect neuronal plasticity,
synaptic strength and gene expression. In excess, L-glutamate causes excitotoxicity.
NMDA receptor-mediated excitotoxicity is largely triggered by the influx of Ca
ions. Therefore, a role for Ca2+ in AMPAR -mediated excitotoxicity has also been
assumed, but never directly demonstrated. We studied Ca2+-mediated AMPAR
excitotoxicity in vitro and in vivo using mutant mice lacking the AMPAR subunit
GluR2, which controls Ca2+ permeability. AMPAR toxicity was mediated by Na+
influx but surprisingly, was uninfluenced by GluR2 level in cultured neurons, and
in hippocampal neurons (CAI and CA3) in vivo. The independence of AMPAR
toxicity on Ca2+ permeability was not explained by compensatory changes in the
distribution, expression, or function of AMPARs, or of Ca2+ buffering proteins. We
conclude that AMPAR-mediated excitotoxicity is dependent on Na+, but not on
Ca2+ permeability.
(Supported by MRC and Heart and Stroke Foundation of Canada)

SEIZURE-INDUCED DOWN-REGULATION OF GLUR2 IN THE
IMMATURE BRAIN IS NOT ASSOCIATED WITH NEURONAL DEATH. S;
Koh*« J. Simpson, and F.E. Jensen. Div. of Neurosci. Children’s Hospital and
Harvard Medical School, Boston, MA 02115.
Calcium entry through the AMPA glutamate receptor subtype is
regulated by its subunit composition. Receptors lacking the GluR2 subunit are
permeable to Ca2+ (Burnashev, et al, Neuron, 1992;8:1)89-198). We have
previously shown that hypoxia induces seizures in rat hippocampus during a
critical window of development (postnatal day (P)10-12) and results in
permanently increased seizure susceptibility. GluR2 subunit protein is selectively
decreased in hippocampus at 96h following hypoxia at P10 (Corbett, et al., Soc
Neurosci. Abs, 1997; 23:809). To determine whether this downregulation
functionally influenced Ca2+ permeability, we evaluated AMPA induced cobalt
uptake in hippocampal slices 96h after hypoxia. AMPA (lOOpM + APV, lOOpM)
induced cobalt uptake in significantly more CAI neurons in slices from hypoxic
rats compared to control pups (12.5 +2.3 vs. 4.3+0.8, neurons/mm respectively,
n=5 rats/group, p<0.01) and was attenuated by NBQX (100 pM) or 1-Naphthylacetyl spermine (50 pM). Given that downregulation of GluR2 is associated with
neuronal death in the adult (Gorter, et al., J. Neurosc/, 1997; 17:6179-88), we used
the in situ end labeling (ISEL) technique to detect hippocampal neuronal death
following hypoxic seizures at P10. No increase in the number of ISEL positive
cells was observed at 12, 24, 48, 72, or 96h and 7d after hypoxia-induced
seizures over baseline in control pups (n=3/group/time). These data suggest that
the seizure-induced decrease in GluR2 in the immature brain functionally alters
AMPA-mediated Ca2+ influx in the absence of neuronal death. In the immature
brain, GluR2 downregulation may contribute to functional changes enhancing
epileptogenesis.(K08NS02068, ROI NS 31718)

338.9

338.10

ENHANCED AMPA RECEPTOR-MEDIATED EXCITOTOXICITY IN
OLDER HIPPOCAMPAL CULTURES. G 7 Clodfelter*, V Thibault, J
Staton, E Barr, PW Landfield, NM Porter Dept. Pharmacol., Coll.
Med., Univ. Kentucky, Lexington, KY 40536.
Our previous studies using patch clamp and confocal Ca2+ imaging
indicated that the heightened vulnerability of older hippocampal neurons
in culture is due, in part, to a progressive increase in L-type voltage-gated
Ca2+ channels (Geddes et al, 97; Thibault et al, 97). Recent studies show
that a similar time-dependent increase also occurs for AMPA receptors
(AMPA-R) (Petralia et al, 99; Liao et al., 99) and that the acquisition of
AMPA-R coincides with the appearance of functional synapses. The
present study was designed to test the hypothesis that in addition to L-type
Ca2+ channels, AMPA-R represent a component contributing to the
heightened vulnerability of older hippocampal neurons.
Primary rat hippocampal neurons of 2 or 5 weeks of age in culture were
subjected to excitotoxic insult by exposure to glutamate (GLU). GLU
receptor antagonists were added immediately following a 5 min insult.
The NMDA antagonist, D-APV, protected nt jrons in both 2 and 5 week
old cultures, while the AMPA-R antagonist,
CNQX, only had
neuroprotective effects in the 5 week tld cultures. In separate
experiments, cultures were “prematurely sged” by exposing them
chronically to CNQX to increase density of AMPA-R. GLU insult was
significantly greater in CNQX-treated neurons. Ongoing imaging studies
suggest that at least part of the effect is related to altered Ca2+ transients.
This enhanced AM PA-R mediated vulnerability may be related to changes
in Ca2+ permeability of AMPA-R or to increasing ability of AMPA-R to
depolarize other Ca2+ channels.

POST-INSULT RISE OF Ca2+ IS NECESSARY AND SUFFICIENT FOR
EXCITOTOXICITY AND IS SELECTIVELY BLOCKED BY AN mGluR I
ANTAGONIST S. Attucci1, G. V. Clodfelter. O. Thibault. J. Staton, N.M.
Porter, F. Moroni1 and P. W. Landfield*. Dept. of Pharmacology, Coll. Med.,
Univ. Kentucky, Lexington, KY 40536, and ’Departimento di Farmacologia,
Universita di Firenze, 50139, Firenze, Italy
Despite the established dependence of excitotoxicity on Ca2+ influx, many
studies have failed to find a direct correlation between Ca2+ elevation and
degree of toxicity. Further, antagonists of Type I metabotropic glutamate
receptors (mGluR I), such as AIDA, have been found to be neuroprotective
but their relationship to Ca2+ influx, if any, is not clear.
Here, hippocampal cultures (1 or 3 weeks after plating) were exposed to
a 5 min-glutamate (GLU) insult sufficient to kill approximately 50% of
neurons (-400 /^M in younger, 10 pM in older, cultures). In parallel cultures,
[Ca2+]i values were imaged at multiple time points during and after GLU
insults using a rapid, UV-compatible confocal laser scanning microscope
(Nikon RCM8000) and the ratiometric indicator, Indo-1. Some cultures were
exposed to AIDA (1mM) throughout the insult and post-insult periods, and
some were exposed to the NMDA antagonist, MK-801,1 min after the GLU
insult. Results showed that AIDA was neuroprotective in younger and older
cells, but only the post-GLU rise in Ca2+ was reduced in older cells. [Ca2+]j
during the insult was not altered. MK-801 was strongly neuroprotective and
also prevented the post-GLU Ca2+ rise. Thus, these studies indicate that the
rise in [Ca2+], that follows an excitotoxic insult is both necessary and
sufficient for toxic neuronal death and that neuroprotective mGluR I
antagonists selectively suppress this post-insult Ca2+ elevation. (NIH
AG10836, AG04542 and European Comm. Grants: BMH4-CT96-0228,
B104-CT96-0049).

338.11

338.12

METABOTROPIC GLUTAMATE RECEPTORS DO NOT MEDIATE NACETYLASPARTYLGLUTAMATE (NAAG) PROTECTION OF SPINAL CORD
CULTURES FROM NMDA-INDUCED CELL DEATH. D.L. Yourick*, M.L. Koenig,
and J.B. Long. Division of Neuroscience, Walter Reed Army Institute of Research,
Washington, DC 20307-5100.
NAAG, an endogenous acidic dipeptide present in the CNS at high concentrations, is
a weak agonist at the NMDA receptor. Hydrolysis of NAAG by N-acetylated a-linked
acidic dipeptidase (NAALADase) liberates glutamate (Glu). It has been proposed that
NAAG may be a storage form of Glu, and NAALADase may modulate neuronal
excitability by regulating the synaptic availability of Glu. NAAG has also been proposed
to inhibit Glu release through activation of Gj-protein coupled mGIuR3 receptors (Class
II), and to antagonize NMDA receptor-mediated responses. Therefore, a unified
perspective on the endogenous role of NAAG in the CNS and the mechanism by which
NAAG protects against a variety of injuries involving excess Glu release and activation
of Glu receptors, has not yet emerged. Utilizing spinal cord cultures (7-8 DIV), we have
observed that injury induced by NMDA (0.5 to 2 hr exposure to 25 and 100 pM) or
hypoxia was significantly attenuated (10-100%) in a dose-dependent manner by
cotreatment with 250 to 1000 pM NAAG or its non-hydrolyzable analog P-NAAG and
this protection could be partially blocked by the addition of APV or MK-801 to the
exposure medium. Coadministration of NAAG or p-NAAG with 25 pM NMDA also
attenuated NMDA-induced increases in intraneuronal Ca++. We have confirmed that the
protective effects of NAAG cannot be blocked by Class II/III mGluR antagonists. In
addition, pretreatment (16 to 20 hr) with pertussis toxin (1 pg/ml) did not alter NAAGinduced protection from NMDA toxicity. The NMDA protective effects ofNAAG could
not be reversed by cotreatment with 8-(4-chlorophenylthio)-adenosine 3':5'-cyclicmonophosphate (CPT cAMP), a stable membrane permeable cAMP analog. Overall,
these results indicate that NAAG may be protective by antagonism of NMDA receptors
but not by mGluR3 agonist properties. Supported by the USAMRMC.

FUNCTIONAL SWITCH FROM FACILITATION TO INHIBITION IN
THE CONTROL OF EXCITOTOXICITY BY GROUP-I mGluRs. G.
Battaglia1, V. Bruno’*,A. Copani2, M, Galindoft Z. Cespedes \ V. Cena3, J.
Sanchez-Prieto4 and F. Nicoletti1-5. T.N.M. NEUROMED, Pozzilli, Italy; 2Inst. of
Biochemistry, Univ. of Catania, Italy; JDept. of Pharm. and Ther., Campus de San
Juan, Alicante, Spain; 4Dept. of Biochemistry, Complutense Univ., Madrid, Spain;
TJept. of Pharm. Sciences, Univ. of Catania, Italy.
Activation of group-I metabotropic glutamate receptors (mGluRs)
potentiates glutamate release as a result of polyphosphoinositide hydrolysis and
protein kynase C (PKC) activation. However, receptor phosphorylation by PKC
switches the function of group-I mGluRs, which respond to a second activation by
inhibiting glutamate release (Herrero et al., J. Biol. Chem., 1998, 273: 1951-8). To
assess whether a functional switch in the regulation of neuronal toxicity by group-I
mGluRs also exists, we have tested the effect of 3,5-dihydroxyphenylglycine
(DHPG, a selective mGluRl/5 agonist) on the paradigm of fast NMDA toxicity in
mixed cultures of murine cortical cells. Neuronal toxicity was amplified when
DHPG was either combined with NMDA or transiently applied 5 min before the
addition of NMDA. However, when DHPG was applied both before and during the
NMDA pulse, it showed a substantial neuroprotective activity, which was
prevented when pretreatment was carried out in the presence of calphostin C or
other PKC inhibitors. Identical results were obtained using pure cultures of cortical
or hippocampal neurons. We suggest that group-I mGluRs may either enhance or
attenuate excitotoxic neuronal death depending on their functional status, i.e. naive
vs experienced, or unphosphorylated vs phosphorylated receptors. This may help
explain the opposite results obtained when examining the effect of'mGluR 1/5
agonists on neuronal toxicity (reviewed by Nicoletti et al., Trends Neurosci., 1996,
19: 267-271).
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SIMULTANEOUS RECORDING OF CHANGES IN pH, K+ AND VASCULAR
TONE DURING EPILEPTIFORM ACTIVITY IN THE OLFACTORY-LIMBIC
CORTEX. Laura Librizzi, Marco de Curtis (*) Dept. Experimental Neurophysiology,
Istituto Nazaonale Neurologico, via Celoria 11, Milano, Italy.
Marked changes in pH, K+ and cerebral blood flow are coupled to epileptiform
activity. The correlation between neuronal activity, extracellular ions and blood flow
changes has never been investigated in detail. We evaluated the possibility to
approach this issue in the isolated guinea pig brain preparation. Epileptiform interictal
and ictal discharges induced in the piriform-entorhinal cortex by bicuculline (local
intracerebral or arterial application) were simultaneously studied with conventional
extracellular, H+ and K+ recordings. Indirect measurement of cerebral blood flow was
obtained by recording the changes in vascular tone via a pressure transducer
positioned along the perfusion line, below the perfusion cannula inserted in the basilar
artery. The preservation of the arterial and endothelial functions is demonstrated by
the ability of the cerebral vessels to constrict in the presence of vasoactive drugs,
such as serotonine (3 pM) and tromboxane A2 agonists, U46199 (lOnM), and to
dilate via nitric oxyde release when perfused with acetylcholine (lpM). During
interictal discharges (single spikes or short afterdischarges) we observed a
simultaneous extracellular increase in potassium concentration and an alkalinization.
No changes in vascular tone could be detected. During ictal discharges the potassium
increase was coupled with an early extracellular alkalinization followed by a
pronounced, long-lasting acidification. A dilation was consistently observed during
ictal events. It preceded the onset and outlasted the duration of the extra cellular
acidification. Laminar profiles of field potential, pH and potassium performed in the
piriform cortex demonstrated a non-homogeneous distribution of pH shifts within
cortical layers. These preliminary results demonstrate that it is feasible to study in the
isolated brain preparation the temporal correlation between changes in the
extracellular environment and vascular responses during epileptiform events.

SEIZURE ACTIVITY, DEPRESSED BY GAP JUNCTIONAL BLOCKERS,
OCCURS IN ORGANOTYPIC HIPPOCAMPAL SLICES AFTER
WITHDRAWAL FROM ETHANOL EXPOSURE. C.J. Thirlwell, Y.
Adamchik, M.V. Frantseva, J.L. Perez-Velazquez, S.S. Jahromi*, M. Kushnir,
and P.L. Carlen. Bloorview Epilepsy Programme, Playfair Neuroscience Unit,
Toronto Western Hospital, Toronto, ON Canada MST 2S8.
The problem of seizures occurring after withdrawal from chronic alcohol use
is a well-recognized clinical phenomenon. Because neuronal circuitry is
preserved in organotypic slice cultures, while allowing for chronic studies and
relatively easy accessibility for electrophysiology, this system is a potential
model with which to study and further understand alcohol withdrawal seizures.
We provide evidence that, in organotypic hippocampal slice cultures subjected
to ethanol withdrawal, seizure-like activity (i.e., afterdischarges; ADs) occurs.
Furthermore, these ADs are blocked reversibly by gap junctional blockers.
Hippocampal slices from 5 day old Wistar rats were cultured for 7 days and
then were exposed to ethanol (20 or 40 mM) for 24 or 48 hrs followed by either
no withdrawal or a 24 hr withdrawal. A stimulus train of 100 Hz and 0.5 s
duration was delivered to the Schaffer collaterals every 5 min and extracellular
recordings were made in the CAI region. Ethanol-treated slices, which
underwent 24 or 48 hr exposure and subsequent 24 hr withdrawal displayed
ADs, whereas the slices not withdrawn did not ADs were blocked by treatment
with the gap junction blockers octanol (5 mM), proprionate (25 mM) or
carbenoxolone (120 uM). ADs returned after washout in both the 24 and the 48
hr exposure groups, as with the 24 hr withdrawal cultures. These data indicate
that gap junctional mechanisms are increased after withdrawal from chronic
ethanol exposure and could thus contribute to seizure generation during
ethanol withdrawal. Supported by the Alcoholic Beverage Medical Research
Foundation and the Medical Research Council of Canada.

339.3

339.4

GAP JUNCTION INVOLVEMENT IN 0-Mg2+-INDUCED EPILEPTIFORM
ACTIVITY IN RAT HIPPOCAMPAL SLICES R. Kdhling*. E, Bracci, M,
Vreugdenhil, J.G.R. Jefferys Department of Neurophysiology, The Medical School,
University of Birmingham, UK
Gap junctions have been demonstrated to be intimately involved in epileptogenesis in
a non-synaptic model in vitro, i.e. the 0 Ca2+ model. We tested the hypothesis that gap
junctions are also involved in the generation of epileptiform activity in models relying
on synaptic transmission.
Experiments were conducted on hippocampal slices (n=10, 450 pm) of adult rats.
Epileptiform activity was induced by prolonged (>3h) exposed to 0-Mg2+ perfusate.
Field potential and intracellular recordings were made from str. pyramidale of CA 1 and
CA3 regions. The role of gap junctions was tested by bath application of the gap
junctional blockers halothane (5-10 mM) and carbenoxolone (100 pM).
Under control conditions, epileptiform discharges initiated in the C A3 subfield generally
consisted of primary discharges followed by 4-13 secondary ones. In some experiments,
potentials consisting of only a primary discharge were occasionally intercalated, and in
one preparation, only primary discharges were observed. Both halothane (n=5) and
carbenoxolone (n=3) abolished the secondary discharges, but left the primary ones intact.
Under these conditions, the repetition rate of epileptiform potentials increased from
2.8/min to 4.7/min under halothane. Under carbenoxolone, it decreased to 1.1/min,
presumably due to unspecific effects.
We conclude that gap junctions partake also in the generation of prolonged epileptiform
disharges when synaptic transmission is still intact.

ALTERED GABAa AND NMDA RECEPTOR SUBUNIT mRNA EXPRESSION
IN SINGLE DENTATE GRANULE CELLS (DGCs) OF PILOCARPINE (PILO)
TREATED RATS BEFORE THE ONSET OF EPILEPSY. T.Y. Rikhter1*,M.D.
Shumate1, A.R. Brooks-Kayal2, D.R, Lynch2, D.A. Coulter1. Dept. Neurol.,
Med. Coll. Virginia, Richmond, VA 23298 (1), Dept. Neurol, and Pediatrics,
University of Pennsylvania, Philadelphia, PA 19104 (2).

Supported by the Wellcome Trust.

Epilepsy-associated alterations in GABAa receptor (GABAa R) function and
subunit mRNA expression have been identified in DGCs of rats 24 hours
post PILO-induced Status Epilepticus (SE) and in chronically epileptic
animals (Brooks-Kayal et al., Nat. Med., 4 (10) 1998) . To further
investigate the expression of major inhibitory and excitatory receptors in
the latent period of epilepsy we examined GABAa and NMDA receptor
subunit mRNA profiles of acutely isolated DGCs from animals 1 week
post SE and control rats (10 cells in each group) using the single cell aRNA
amplification method (Eberwine and Crino, Cur. Prot. Neurosci. 5, 1997).
All cells demonstrated viable GABA currents, which exhibited modulation
by clonazepam, zolpidem and zinc. Significantly decreased alpha 1, 2 and
5 GABAa R subunit mRNA expression was detected in DGCs of animals 1
week post SE (to 39%, 42% and 15% of control, respectively; all P<
0.0001, t-test). Alpha4 subunit mRNA expression was substantially
increased in DGCs of animals 1 week post SE (to 213% of control,
P<0.0001). Expression of NR1 and NR2A subunit mRNAs of the NMDA
receptor were markedly decreased in DGCs of animals 1 week post SE (to
69%, P<0.05, and 56% of control, P<0.005, respectively). NR2B
subunit mRNA expression was not detected. NR2C showed no significant
expression changes. GABAa and NMDA receptor subunit mRNA
expression alterations in DGCs precede the onset of spontaneous seizures
and may play a role in the process of the epileptogenesis. Supported by
NIH-NINDS Grant RO1 NS 32403 to DAC.

339.5

339.6

ROLE OF HISTAMINE H, RECEPTOR IN THE DEVELOPMENT OF

NOREPENEPHRINE-DEFICIENT MICE ARE HYPERSENSITIVE TO
MULTIPLE EPILEPTIC AGENTS. P, Szot’*D. Weinshenker3, S, S, White1. C, A.
Robbins2, N. C-Rust3...P. A,.Schwaflzkrpinland R, D. Palmiler.L,..1 Geriatric
Research Education and Clinical Center, Veterans Administration Medical Center;
Seattle, WA; 2Dept. of Neurological Surgery and Physiology and Biophysics,
University of Washington; 3Howard Hughes Medical Institute and Dept. of
Biochemistry, University of Washington; Seattle, WA 98195.
Lesioning and pharmacological experiments have suggested that norepinephrine
(NE) is an endogenous regulator of neuronal activity. We used mice with a targeted
disruption of the dopamine beta-hydroxylase (Dbh) gene, which is required for the
synthesis of NE, test the role of NE in seizure susceptibility. Dbh -/- mice
occasionally had handling-induced clonic seizures and were hypersensitive to
audiogenic, pentylenetetrazol (PTZ), flurothyl, and kainate-induced seizures.
Following flurothyl-induced seizures of similar severity, Dbh -/- mice also had
increased c-fos mRNA than controls as measured by in situ hybridization. Replacing
NE in Dbh -/- mice by administration of L-3,4-dihydroxyphenylserine (DOPS)
restored wild-type sensitivity and c-fos response to flurothyl-induced seizures.
These results demonstrate that NE loss increases sensitivity to multiple forms of
epileptic agents and has a net excitatory influence on neuronal activity.

PENTYLENETETRAZOLE-KINDLING: A STUDY OF HrRECEPTOR

KNOCKOUT MICE. Z, Y. Lee1-2. J. I. Mobarakeh1, E. Sakurai1. T. Watanabe3. K.
Iinuma2. T. Watanabe1* and K. Yanai1. Depts. of ’-Pharmacology and 2 Pediatrics,
Tohoku Univ. Sch. of Med., Sendai 980-8575;3 Kyushu Univ., Fukuoka 812-8582

Several pharmacological studies suggest that histamine plays an important role
in the pathophysiology of seizure disorders. Some histamine H, agonists showed
anticonvulsant effects on electroconvulsive- and pentylenetetrazole (PTZ)-induced

seizures in mice, while Hj antagonists showed proconvulsive effects on
electroconvulsive seizures. These findings are in line with clinical findings that
antihistamines occasionally induced convulsions. Our previous PET studies

demonstrated that Hl receptor-binding was increased in the epileptic foci. The
present study was undertaken to demonstrate the role of H, receptors in the
development of PTZ-induced kindling in Hj receptor knockout mice (H1K0). We

administered H1KO and the wild-type mice with PTZ (30 mg/kg) intraperitoneally
once a day for 25 days, and compared the onset and duration of PTZ-induced
seizure. Hl KO showed more rapid onset and longer duration of the seizures when

compared to the wild-type mice. These findings further support that histamine

neurons play a suppressive role in the seizure development through H, receptors.
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GLUTAMATE RECEPTOR INVOLVEMENT IN ANTIDROMICALLY-DRIVEN
EPILEPTIFORM DISCHARGE OF DENTATE GRANULE CELLS. M.M.
Okazaki* and J.V. Nadler. Depts. Pharmacology and Neurobiology, Duke Univ.
Med. Ctr., Durham, NC 27710.
A unique feature of temporal lobe epilepsy is the growth of hippocampal
mossy fibers back into the molecular layer of the dentate gyrus. Recurrent
mossy fibers mediate a monosynaptic type of recurrent excitation that is normally weak and the enhancement of which may facilitate seizure propagation.
The effect of the recurrent mossy fiber pathway on the activity of granule cell
populations was tested in caudal hippocampal slices from pilocarpine-treated
rats that had developed status epilepticus with subsequent mossy fiber growth.
Antidromic stimulation in the presence of 30 pM bicuculiine and 6 mM K+ evoked epileptiform granule cell activity in 93% of slices from the status epilepticus group. In contrast, we found even minimal evidence of granule cell activity
beyond the antidromic population spike in only 12% of slices from control animals. D-AP5 (50 uM) reduced the total duration of granule cell discharge, but
was otherwise without effect. The combination of D-AP5 and the selective
AMPA receptor antagonist GYKI 53655 nearly abolished the orthodromic component of the response; subsequent addition of 10 pM NBQX appeared to have
no further action. L-AP4 (50 or 500 pM) little affected antidromically-evoked discharge. However, DCG-IV (1 or 10 pM), strongly, but incompletely, depressed
the orthodromic component of the response. The latter result argues for the
importance of recurrent mossy fiber synapses in epileptiform granule cell
activity. AMPA and NMDA, but perhaps not kainate, receptors play an important role in epileptiform discharge supported by these synapses. DCG-IV
should be a useful tool for assessing the contribution of recurrent mossy fibers
to the epileptiform activity of granule cells. (Supported by NIH grant NS 17771.)

DETERMINATION OF CURRENT SINKS DURING 0Mg2+ EPILEPSY:
INFLUENCE OF NETWORK TRANSECTION AND CALCIUM CHANNEL
BLOCKADE J.-M.H.ohljng1,-B._Kbhling\s. Knecht2*, H. Straub1, E.-J. Speckmann1 1lnst. f. Physiologie, 2Klinik f. Neurologie, 48149 Munster, Germany
In the present study 1) the distribution of current sinks (CS) in the total
hippocampal slice, as well as in separated CA3 and CA1 regions, and 2)
changes of CS under application of the calcium channel blocker verapamil
(vera) were analyzed in order to contribute to a clarification of pacing of epileptiform activity and of mechanisms underlying an antiepileptic calcium
antagonism.
Experiments were performed on total hippocampal slices of guinea pigs, as
well as on separated CA3 and CA1 regions (500 pm; n=12). Epileptiform field
potentials (EFP) were induced by omission of Mg2+ from the superfusate
(CTRL). EFP were recorded with an 8-channel electrode perpendicularly to
the pyramidal layer.
With total slices, in CA3 and in CA1 the spatial extension of CS was 115
and 104 pm. Under CTRL, the distance between the lower border of CS and
stratum pyramidale (str.pyr.) was 49 pm in CA3 and 20 pm in CA1. During
application of vera (40 pmol/l), the areas of CS were reduced symmetrically in
both regions.
With separated CA3 regions, the spatial extension of CS was 130 pm, and
the distance between the lower border of CS and str.pyr. was 49 pm under
CTRL. During application of vera, the extension of CS was transiently
increased to 175 pm and then reduced symmetrically.
With separated CA1 regions, the spatial extension of CS was 84 pm and
the distance between the lower border of CS and str.pyr. was 55 pm under
CTRL. During application of vera the area of CS was reduced symmetrically.
These findings of different proximal borders of CS in the CA1 region of
total and separated slices (20 vs. 55 pm) indicate that different dominating
pacemaker zones exist.

339.9

339.10

PERSISTENT SODIUM CURRENTS IN IMMATURE HIPPOCAMPAL CA1
NEURONS: POSTNATAL DEVELOPMENT AND ROLE IN EPILEPTOGENESIS. S. Ge* and C.E. Niesen. Division of Neurology, Childrens Hospital
Los Angeles, USC School of Medicine, Los Angeles, CA 90027.
The role of persistent sodium (Nap+) currents in epileptic activity has been
suggested by their participation in the burst-like activity of neocortical neurons
and presence in apical dendrites. To. examine this issue further, we studied
the activity of tetrodotoxin (TTX)-sensitive and resistant Nap+ currents in a
model of chronic epilepsy in which other ionic conductances are known to be
altered. Hippocampal slices were isolated from 7 day old (P7) Wistar rats and
cultured in stationary wells. For half of the slices, TTX was added to the
media for one week and then removed. To record Na+ currents, Cs+ was
added to the internal electrode and Cd2+ to the external solution to block K+
and Ca2+ currents, respectively. Na+ currents were evoked from Vh = -70 to
-80 mV in P9-21 CA1 neurons.
In P9 cultured hippocampal neurons, both fast and slow Na+ currents
were recorded which were blocked by 0.5 p.M TTX. A small (<50 pA) residual
inward current whose amplitude peaked at +10 mV was blocked when Na+
was replaced with TEAT Thus, both TTX-sensitive and resistant Nap+
currents exist in hippocampal neurons early in postnatal life. The maximal
amplitude of the TTX-sensitive current, 100-300 pA, was attained on P19-21,
while the TTX-resistent component peaked at P13-14 and declined thereafter. Neither the TTX-sensitive or resistent Nap+ current showed any difference in their size or current-voltage relationships between control and epileptic TTX-treated neurons. Though no changes in Nap+ currents were noted
in these epileptic neurons, their activity, in the face of diminished K+ channel
function, may still constitute an important role in seizure phenomena.
Funded by NS01747.

SODIUM PUMP ACTIVITY, NOT GLIAL SPATIAL BUFFERING,
ACCOUNTS FOR THE POTASSIUM CLEARING DURING AND AFTER
EPILEPTIFORM ACTIVITY IN THE DENTATE GYRUS. Z.-Q. Xiong*
and J.L. Stringer. Dept. of Pharmacol, and Div. of Neurosci., Baylor College
of Medicine, Houston, TX 77030
A number of mechanisms have been proposed to play a role in the
regulation of activity-dependent variations in extracellular potassium
concentration ([K?]o)- We tested possible regulatory mechanisms for [K+]o
during spontaneous recurrent epileptiform activity induced in the dentate gyrus
of hippocampal slices by perfusion with high potassium and 0-added calcium
medium in an interface chamber. Local application of TTX blocked local [K+]o
changes, suggesting that potassium is released and taken up locally. Perfusion
with cesium or barium, blockers of the inward rectifying potassium channel,
did not alter the baseline [K+]o, the ceiling level of [K+]o reached during the
burst, or the rate of [K+]o recovery after termination of the bursts. Decreasing
gap junction conductance did not change the baseline [K+]o or the rate of
recovery of the [K+]o after the bursts, but did cause a decrease in the ceiling
level of [K+]o. Perfusion with furosemide, which will block cation/chloride
cotransporters, or perfusion with low chloride did not change the baseline
[K+]o or the rate of recovery of the [K+]o after the bursts, but did increase the
ceiling level of [K+]o. Bath or local application of ouabain, a Na+/K+-ATPase
inhibitor, increased the baseline [K+]o, slowed the rate of [K+]o recovery and
induced spreading depression. These findings suggest that buffering by glia
only play a minor role in the regulation of [K+]o in this model. The major
regulator of [K+jo in this model appears to be uptake via a Na+/K+-ATPase,
most likely neuronal. Supported by a grant from the NIH to JLS, NS01784.

339.11

339.12

METABOLIC AND ELECTROPHYSIOLOGICAL CHANGES IN RAT BRAIN
AFTER FOCAL NEOCORTICAL DYSPLASIA. M, Kraemer.1’ C, Bruehl,1 M,
Lutzenburg? A. Roth-Harer.2 H. Luhmann.2 and O.W. Witte1. ’Neurologische Klinik
and 2Institut fiir Neurophysiologie, Heinrich-Heine-Universitat, Dusseldorf, Germany.
Cortical malformations due to migration disorders are associated with
neurological diseases such as cryptogenic epileptic syndromes or mental retardation.
We investigated electrophysiological and changes of cortical metabolism in the
vicinity of a lesion-induced microgyrus in the rat freeze lesion model.
Newborn rats (n=6) were anaesthetized and exposed to a nitrogen-cooled copper
cylinder. Controls were treated the same way but the copper cylinder was not cooled.

IMPAIRMENT OF THE INHIBITORY SYSTEM IN PARVALBUMIN-KNOCKOUT MICE INCREASES SUSCEPTIBILITY TOWARDS EPILEPTIC SEIZURES
P. Tandon*1, A. Villa2. I.V. Tetko2, D.C. Silveira1, M.R, Celio3 and B. Schwaller3.
'Dept. of Neurology, Harvard Medical School, Boston, USA, 2Inst. of Physiology,
Univ. of Lausanne, Switzerland and 3Inst. of Histology and General Embryology, Univ.
of Fribourg, Switzerland.
Parvalbumin (PV) is a cytosolic Ca2+-binding protein expressed in a subpopulation
of neocortical and hippocampal GABAergic interneurons and may contribute in
controlling their excitability. Perturbation of inhibitory activity of these cells has been
proposed as a major mechanism leading to epileptic seizures. Experiments were
performed to test this hypothesis in PV-deficient (PV-/-) mice generated by homologous
recombination. PV-/- mice do not show any change in the number or distribution of
GABA-expressing nonpyramidal cells. In the first study, 3 month-old wild type
(PV+/+), heterozygous (PV+/-) or PV-/- mice were injected with 60 mg/kg
pentylenetetrazol (PTZ) and the intensity of seizures graded. PTZ induced generalised
tonic-clonic seizures in all genotypes. More than 77% of the PV-/- mice developed
intense status epilepticus, often leading to death, while only 23% of the PV+/- or 16%
of the PV+/+ mice developed intense seizures. In the second study, extracellular single
unit activity was recorded in the temporal cortex of adult anaesthetised mice from all
groups. According to the pattern of discharges analysed by autocorrelation, extracellular
single unit activity showed an increase of units firing regularly (Poisson distribution)
and a decrease of low rate bursting (< 30 Hz) units in PV-/- animals. This change in
dynamics of cortical cell activity correlates well with the enhancement of seizure
severity and an increase in the mortality of PV-/- mice following PTZ administration.
We conclude that the absence of PV in GABAergic interneurons modifies the
proficiency of the local inhibitory effects, allowing faster propagation of abnormal
depolarising waves and recruitment of larger cortical areas leading to increased seizure
intensity and seizure-induced mortality.

14

Two months later [ C]-deoxyglucose autoradiography was carried out according to
standard methods. Rats were anaesthetized, injected [ C] -deoxyglucose, brains
removed and cut in a microtome. Adjacent sections were taken for histology. The
autoradiograms were recorded, processed and quantified.
Nissl-stained sections showed a lesion-induced microgyrus with a four-layered
structure. Autoradiographic sections and slices for electrophysiological recordings
were analysed in 3 regions medial, within and lateral to the microgyrus in comparison
to homotopic contralateral regions. Medial to the microgyrus metabolism was normal
and stimulus-evoked field potential responses showed a maximal amplitude of 1.7 ±
0.77 mV (mean ± STD, n=14), similar to the values obtained contralaterally (1.58 ±
0.67 mV, n=15). In contrast, lateral to the microgyrus metabolism was reduced by
30% (p<0.02) and field potential responses amounted to 1.17 ± 0.58 mV (p<0.05,
n=16). No changes of metabolism occurred in the sham-operated animals.
Thus induction of a freeze lesion in newborn rats leads to a microgyrus with a
pathological four-layered structure. Cortical metabolism within this area and
especially lateral to the microgyrus is reduced as well as stimulus-evoked response
amplitudes, thus pointing at a functional disturbance within this region.
(Supported by the Deutsche Forschungsgemeinschaft, SFB 194)
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Requirement for Src family protein tyrosine kinases for the
induction of spontaneous epileptiform activity in the CA3 region
of rat hippocampal slices. P.P, Sanna.1, M. Cammalleri2, F. Berton2,

EXPRESSION OF NEURONAL NITRIC OXIDE SYNTHASE
mRNA IS INCREASED AFTER SEIZURES INDUCED BY
HYPERBARIC OXYGEN. M. Chavko1, G-0 Xing2, L-X Zhang2,
P.O. Keyser1 and C.R. Auker1*. 1 Naval Medical Research Center,
2Dept. of Psychiatry, Uniformed Services University of the Health
Sciences, Bethesda, MD 20814.
Latency to seizures in exposure to hyperbaric 100% O2 (HBO) is
significantly increased after administration of nitric oxide synthase
(NOS) inhibitors. So far, no attempt has been made to correlate the
effect of NOS inhibitors with the expression of specific NOS
isoforms. In the present study we examined the expression of
neuronal NOS using in situ hybridization and Western blot detection
in rat brains after exposure to seizures at 5 atm (gauge pressure) 100%
O2. We found that nNOS mRNA levels increased in the amygdala
region 1 day after seizures. The expression remained increased 2
days following seizures. At the same time nNOS protein level in the
brain was also increased. Possible involvement of nNOS activation in
the mechanism of HBO induced seizures is indicated by shorter
latency to seizures
in repetitive exposures (HBO kindling),
performed 1-4 days following first exposure and by the protective
effect of nNOS specific inhibitor 7-nitroindazole on latency to
seizures. The drug administered 30 min before exposure (50 mg/kg,
i.p.) significantly increased latency to seizures from 19 ± 6 min to 45
20 min (±SD, n=6). (Supported by NMRDC workunit 61152N
±
MR00001.0011501)

339.15

339.16

INVOLVEMENT OF NITRIC OXIDE IN PENTYLENETETRAZOLINDUCED KINDLING IN RATS. K Yamada1 *. D. Han1. K. Senzaki’.H.
Xiong2, H. Nawa2 and T, Nabeshima1. ’Dept. of Neuropsvchopharmacol.
and Hospital Pharmacy, Nagoya Univ. Sch. of Med., 466-8560, Japan; 2Dept.
of Mol. Neurobiol., Brain Res. Inst., Niigata Univ.,Niigata 951-8585, Japan
We investigated the potential contribution of nitric oxide (NO) and
brain-derived neurotrophic factor (BDNF) to a chemically-induced seizure
and kindling in rats. Clonic seizures were induced by single administration
of a convulsant, pentylenetetrazol (PTZ), which was associated with a
significant increase in the levels of NO metabolites (NOx) in the dialysate
from the hippocampus. Pretreatment with a neuronal NO synthase inhibitor,
7-nitroindazole (7NI), completely abolished the PTZ-induced increase in
NOx levels in hippocampus without affecting the seizure intensity. Repeated
administration of PTZ, at a subconvulsive dose of 40 mgAg, produced a
gradual increase in the seizure intensity, leading to the development of
kindling (kmdled rats). In the kindled rats, PTZ at 40 mg/kg induced a
significant increase in NOx levels in the hippocampus while it had no effect
in control animals. Co-treatment of 7NI with PTZ completely blocked the
development of kindling, and attenuated the PTZ-induced increase in the
NOx levels. A significant 50% increase in BDNF levels was observed in the
hippocampus of the kindled rats, which returned to the control levels
following seizures induced by PTZ. 7NI reduced the hippocampal BDNF
levels in control rats and suppressed the increase of BDNF levels in the
kindled rats. Our findings suggest that NO plays an important role in the
development of PTZ-induced kindling but not seizure and that BDNF may
contribute to the NO-dependent plastic changes in neuronal excitability.

HYPERPOLARIZATION-ACTIVATED INWARD CURRENTS OF HUMAN
NEOCORTICAL NEURONS. ’m .H.P. Kole. 1U, StrauB. 2T.-N, Lehmann,
2W.R. Lanksch , ^H.J. Meencke and *R.A. Dei szY Dept. Neurobioiogy, Institute
of Anatomy, Charite, 2Dept. Neurosurgery, Charite, 10098 Berlin,
^Epilepsycenter Berlin, 10365 Berlin.
We investigated intrinsic neuronal properties in slices from human neocortical
tissue, removed during epilepsy surgery with patch clamp recordings and IR-DIC
videomicroscopy. Here we focus on the hyperpolarization-activated inward current
(Ih), which has been shown to dampen dendritic spread of excitation (1,2). Slices
were cut in ice-cold ACSF with a vibratome. In current clamp mode membrane
potential and input resistance averaged -69 mV and 153 MD (n=28) in human neurons (-63.7 mV and 101 MD, in rat neurons, n=30), respectively. Hyperpolarization-activated inward currents (Ih) were evoked with steps to between -80 and
-140 mV from a holding potential of -50 mV. For steps to -110 mV the steady
state inward current averaged -387 pA in human cells (n=l 1) and -863 pA in rat
neurons (n=12). The currents activated more slowly in human (17.0 ms) than in rat
neurons (6.8 ms, at -110 mV). Bath application of ZD 7288, a selective Ih antagonist at 25 and 50 pM reduced the evoked inward currents on average by 50 %
and 70 % respectively. Normalizing the current amplitudes with the membrane area
revealed an approximately tenfold lower Ih density in human neurons (3.8
pA/pm2) compared to rats (54.8 pA/pm2). These differences may be specific for
the two species or relate to chronic epilepsy. The lower density and slower activation of Ih in human neurons would tend to facilitate spread of excitation along
cortical dendrites.
1. Schwindt, P.C. and Crill, W.E. (1997). J. Neurophysiol., 78,187-198.
2. Magee, J. (1998). J. Neuroscience, 18, 7613-7624.
Supported by the DFG (DE 419/3-1)

M.K. Tallent1, E.L. Battenberg1*, G.R, Siggins1, F.E, Bloom1, and W,
Francesconi2. 1Dept. of Neuropharmacology, The Scripps Research Institute,
La Jolla, CA 92037; 2Universita' degli Studi Di Pisa, Dipartimento di Fisiologia
e Biochimica "G. Moruzzi", Pisa, Italy 56127.
Members of the Src family of nonreceptor protein tyrosine kinases (PTKs)
such as Src and Fyn have been implicated in regulation of cellular excitability
and synaptic plasticity. We have investigated the role of these PTKs in
epileptogenesis. Spontaneous epileptiform activity was induced in vitro in
the CA3 region of rat hippocampal slices by superfusion with the potassium
channel blocker 4-aminopyridine (4-AP), 50 pM, in Mg2+-free medium.
Simultaneous intracellular and extracellular recordings revealed slow
depolarizations of the neuronal membrane leading to paroxysmal
depolarization shifts (PDSs) with overriding fast action potentials
corresponding to extracellularly recorded population spikes. Such
spontaneous epileptiform discharges were greatly decreased by the NMDA
antagonist (D)-APV (30 pM), and virtually blocked by the non-NMDA
antagonist DNQX (20 pM). In this model system, preincubation of
hippocampal slices in artificial cerebrospinal fluid containing PP2 (10 pM), an
inhibitor of the Src family of PTKs, but not the inactive structural analog PP3,
significantly reduced the mean frequency of epileptiform discharges by more
than 70%. Activity recovered to control levels within 1h of washout.
Preliminary evidence suggest that a low molecular weight form of c-Src may
be formed or modified during epileptiform activity. These observations
suggest roles for Src family PTKs signalling in the pathophysiology of
epilepsy, and hence novel potential therapeutic targets for antiepileptic
therapy.

Supported by Grants in Aid for Science Research from the Ministry of
Education, Science, Sports and Culture of Japan (No. 10922074 and
10044260).
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NMDA RECEPTORS ARE PRESERVED IN LAYER V PYRAMIDAL CELLS
OF EPILEPTOGENIC CHRONICALLY ISOLATED NEOCORTEX.
V.N, Kharazia*, I. Parada and P.A. Prince. Dept. of Neurology and Neurological
Sciences, Stanford University, Stanford, CA 94305
Chronic partial isolation of an island of the rat neocortex results in intrinsic
epileptiform activity that originates in layer V pyramidal neurons and is dependent
on activation of both AMPA and NMDA type glutamate receptors. We previously
showed that the majority of layer V pyramidal neurons acutely down-regulate
GluRl, 2 and 3 subunits of AMPA receptors shortly after injury (Soc. Neurosci.
Abstr. 24: 94, 1998). Using subunit specific antibodies for NR1 and NR2A/B, we
investigated whether NMDA receptors also changed in the partially isolated cortex.
Immunoreactivity (IR) for NR1 in layer V pyramidal cells was down-regulated 3
days postlesion, however, to a lesser degree than GluR2/3-IR, whereas NR2A/B-IR
showed little or no change. Strong NR2A/B-IR was present during all survival
times examined (1-4 weeks). Since each functional NMDA channel requires one
NR1 and several NR2 submits, injured layer V pyramidal cells are likely to be
capable of expressing functional NMDA channels despite the some loss of NR1. By
contrast, the ability of these neurons to express “normal” AMPA channels is
degraded. We also found that GluR2-IR was completely lost in a sub-population of
pyramidal neurons in deep layer V. Such cells are likely to express only Ca2+permeable AMPA channels. We discuss how these changes may contribute to posttraumatic epileptogenesis. Supported by research grants NS 12151, NS 06477 and
NS 07280 from the NINDS, and the Pimley Training Fund.

SEIZURES ALTER NEURONAL PROGENITOR CELL MIGRATON TO THE
ADULT RAT OLFACTORY BULB. V, V, Valentin. J, M, Parent* and D, H.
Lowenstein. Dept. ofNeurology, Univ. of Cal., San Francisco, S. F., CA 94143.
The mammalian subventricular zone (SVZ) is one of the few regions of the
mature brain that maintains a population of proliferating neuronal precursors.
Proliferating cells in the rostral SVZ migrate tangentially via the rostral migratory
stream (RMS) to the olfactory bulb (OB), where they differentiate into neurons.
Based on our previous findings of increased and ectopic neurogenesis in the adult rat
dentate gyrus after status epilepticus (SE) (Parent et al., J. Neurosci. 1997, 17:3727).
we sought to determine whether SE alters neurogenesis in the adult rat SVZ. We used
i.p. pilocarpine (340 mg/kg) to induce 2 h of SE in young adult rats and examined cell
proliferation with bromodeoxyuridine (BrdU) labeling 1-3 h before perfusion at
various times after SE.
Brains were processed for Nissl staining and
immunohistochemistry (BrdU, Cdc2 kinase and neuronal and glial markers). No
qualitative increase was detectable in SVZ cell number, density or BrdU and Cdc2
immunolabeling in rats surviving 1, 4, 7, 10, 14, 21 or 28 d after pilocarpine-induced
SE compared with saline-treated controls. Nissl staining revealed an increase in the
size of the RMS within 7 d after SE. Since BrdU labeling in the rostral SVZ of treated
animals appeared greatest at the 7 d timepoint, we next administered BrdU at 7 d
following pilocarpine or saline treatment and examined BrdU immunostaining after
survival times of 2, 4, 7 or 14 d. Within 2 d of BrdU administration (9 d after SE),
BrdU-labeled cells appeared in larger numbers in the distal RMS and central
subependymal OB of treated animals. By 7d after BrdU labeling (14 d post-SE).
immunostaining for BrdU increased in the RMS and was much more dispersed in the
OB of pilocarpine-treated animals. This differential staining pattern persisted after 14
d, (21 d post-SE), with more BrdU-immunoreactive cells located in peripheral cell
layers of the OB, including the outer periglomerular region. Immunofluorescent
double-labeling showed that the vast majority of BrdU-labeled cells expressed
immature neuronal markers (TOAD-64, PSA-NCAM and neuron-specific betatubulin) and exhibited morphology typical of migrating neuroblasts. These findings
suggest that prolonged seizure activity accelerates tangential migration and radial
dispersion of neuronal progenitor cells in the adult rat RMS and OB.
Supported by NINDS NS02006, NS32062 and NS35628, the March of Dimes Birth
Defects Foundation.
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POSTSYNAPTIC CURRENTS IN EPILEPTOGENIC PARAMICROGYRAL
CORTEX. K.M. Jacobs* and P.A. Prince. Dept. Neurology & Neurological
Sciences, Stanford Univ. Medical Center, Stanford, CA 94305.
Microgyria in rats induced by neonatal cortical freeze-lesions are associated with
epileptogenesis in adjacent, paramicrogyral (PMG) cortex.
We examined
excitatory and inhibitory postsynaptic currents (EPSCs and IPSCs) in neurons of
PMG as an initial step in investigating mechanisms underlying epileptogenesis.
Spontaneous (s) and evoked (e) PSCs were recorded from layer V neurons in
cortical slices from control and lesioned (Pl3-16) rats, using infrared video
microscopy and whole cell patch clamp techniques. Isolated receptor-mediated
GABAa ISPCs were recorded with cesium-containing pipettes. Values are
reported as mean±SEM, and * = t-test, p<0.05. Of 45 cells recorded 0.4 to 1.6
mm from the microsulcus, 49% showed late, variable-latency, all-or-none elPSCs,
suggestive of epileptiform activity (Epi cells), while 51% had only a short latency
response that was graded with increasing stimulus intensity (Nonepi cells). As we
previously reported, the peak amplitude of sIPSCs in Epi cells was significantly
increased over that in control cells. The sIPSC width at 90% decay was greater in
experimental (n=l 1) than in control (n=l 1) cells (38.7±3.6 vs 27.5±2.0 msec;*).
The frequency of sEPSCs was significantly increased in 18 PMG cells relative to
16 control cells (7.9±1.2 vs 4.9+0.7;*). Miniature (m) IPSCs were recorded with 1
pM tetrodotoxin in the bathing medium. Peak amplitude of mIPSCs in 9 Nonepi
cells was significantly larger than that in 11 control cells (23.1+1.8 vs 16.2+2.4
pA;*). The mIPSC width was greater for all 14 PMG cells relative to 11 control
cells (34.3±7.4 vs 26.6±1.6 msec;*). Rise times for both sIPSCs and mIPSCs in
PMG cells were not different from control, suggesting that changes in the decay
were not due to relocation of synapses. Changes in mIPSCs likely reflect
modification of the postsynaptic GABAa receptor, while increased amplitude of
sIPSCs and increased frequency of sEPSCs may indicate an increased excitatory
drive onto both inhibitory, and pyramidal neurons. This apparent increase in
inhibitory efficacy may be a compensatory response, while increases in excitatory
drive could contribute to generation of hyperexcitability in the PMG. Supported
by NIH grants NS 12151 and the Pimley and Morris research funds.

EPILEPSY: HUMAN STUDIES AND ANIMAL MODELS II
340.1

340.2

RAPID COOLING ABORTS SEIZURE - LIKE ACTIVITY IN MOUSE
HIPPOCAMPAL - ENTORHINAL SLICES. M.W. Hill*, A. Amarakone and
S.M.Rothman. Department of Neurology, Washington University School of
Medicine and St. Louis Children's Hospital, St. Louis, MO 63110.
As a preliminary step in the development of an implantable Peltier device to
abort focal seizures, we have examined the effect of rapid cooling on in vitro
seizures in juvenile rat and mouse entorhinal-hippocampal slices. Seizures
were induced by exposing the slices to extracellular saline containing 4aminopyridine (50 pM) or lacking magnesium. This treatment caused the slices
to develop spontaneous bursting activity. V/hen we manually activated a
Peltier unit that was in direct physical contact with the brain slice, seizures
terminated (12/13 slices) within several seconds of the onset of slice cooling.
Seizure termination actually preceded a detectable drop in slice temperature,
which eventually reached a minimum of 22 -25 0 C. However, activation of the
Peltier did not stop seizures when the slices were thermally insulted, indicating
that this was not a field effect. In some slices (11/13), cooling induced a DC
voltage shift, likely due to pump inhibition and potassium accumulation. When
cooling was shut off and temperature returned to 33° C,the bursting sometimes
returned. In several of our experiments, the Peltier was automatically activated
by a computer program that detected threshold crossings at a preset spike
frequency (2 to 10 Hz). In these experiments the Peltier automatically
terminated the slice bursting after 1.7 ± 1.0 seconds. In order to determine
whether the Peltier device was capable of adequately cooling mammalian
cerebral cortex in vivo, we tested it on the exposed cortex of an anesthetized
newborn pig. We found that the cortical temperature rapidly decreased from
36° C to as low as 26° C at a depth of 1.7 mm below the Peltier unit. These
experiments show that local cooling may have diagnositc or therapeutic utility
in the management of focal cortical epilepsies.
Supported by Grant 14834 from the NINDS

A COMPARISON OF KAINIC ACID-INDUCED EPILEPTOGENESIS AND
MORPHOLOGICAL CHANGES IN THE HIPPOCAMPUS OF WISTAR AND
LONG-EVEN RATS B, Xu. R.J. Racine*. Department of Psychology, McMaster
University, Hamilton, ONL8S-4K1, Canada
Systemic administration of kainic acid (KA) can induce status epilepticus and the
subsequent development of spontaneous seizures in rats. Most of the previous
experiments used Wistar rats. KA administration in this strain induced extensive
mossy fiber sprouting and loss of neurons in the hilus of the dentate gyrus.
Experiments in our lab, however, revealed much weaker effects in Long-Evan
hooded rats. The purpose of this study was to compare the epileptogenesis and
subsequent morphological changes, including mossy fiber sprouting and hilar cell
loss, in Wistar and Long-Evan hooded rats. Rats from both strains, were injected
with kainic acid (12mg/kg; i.p.) and maintained in status epilepticus for 3 hours. All
animals survived were observed over the following two months to monitor the
development of spontaneous seizures. They were then sacrificed for histological
studies of mossy fiber sprouting and hilar cell loss. The effects of development time
(the time that slices were kept in citrate buffer-hydroquinone-gum arabic-AgNO3
solution) on Timm staining and mossy fiber sprouting measurement were also
investigated by dividing adjacent brain sections into three groups, each receiving a
different development time (35 inin, 50 min or 65 min). Timm labeling and relative
optical density were strongly affected by development time. Timm granule number
increased dramatically from 35 to 50 min, with a small additional increase at 65 min.
Although the two strains responded similarly on measures of epileptic responses,
both during and following status induction, the Wistar rats showed significantly
more extensive mossy fiber sprouting in the CA3 region and in the inner molecular
layer (IML). They also showed more severe hilar cell loss. No explicit evidence of
hilar cell loss was observed in Long-Evan KA-treated rats, suggesting that neuronal
loss is not necessary for seizure-induced mossy fiber sprouting, although it likely
contributes to it. (Supported by MRC Canada.)

340.3

340.4

INTRAHIPPOCAMPAL INJECTION OF KAINATE IN MICE INDUCES
FOCAL RECURRENT SEIZURES THAT ARE PHARMACO-RESISTANT: A
MODEL OF MESIAL TEMPORAL LOBE EPILEPSY
V. Riban1, V, Bouilleret1, P, Poisbeau, C. Marescaux1. A. Depaulis1
‘INSERM U398, Strasbourg, France; 2CNRS-UMR7519, Strasbourg, France.
Intrahippocampal injection of kainate (1 nmol in 50 nl) in mice has been shown
previously to induce hippocampal sclerosis and recurrent seizures similar to human
pathology of temporal lobe epilepsy. Using depth electrodes, the EEG
characteristics and pharmacological responsiveness of this model was performed.
Four different paroxysmal activities were recorded between the 3rd and the 8th weeks
postinjection. (1) Interictal slow spikes (130ms) appeared sporadically on the EEG
recording in the ipsilateral hippocampus. These spikes were not associated with any
behavioral changes and were never observed in the contralateral hippocampus or the
fronto-parietal cortex. (2) Bursts of slow spikes (3-5 Hz) were often observed in the
ipsilateral hippocampus and, with some delay, in the contralateral side. These bursts
were often associated with behavioural arrest. (3) Hippocampal seizures were
characterized by low-voltage high-frequency polyspikes and spike-and-waves
discharges restricted to the ipsilateral hippocampus. These discharges occurred about
every 5 min and were associated with behavioral arrest and head nodding. (4)
Generalized tonic-clonic seizures occasionally occurred with propagation of
paroxysmal discharges to the cortex and the contralateral hippocampus. Acute
injection of valium (2.5mg/kg, i.p.) suppressed all paroxysmal activities for at least
60 min whereas valproate (100-200 mg/kg, i.p.) did not modify the occurrence of
any of these EEG patterns. These results suggest that intrahippocampal injection of
kainate in mice is a valid model of mesial temporal lobe epilepsy which presents
EEG characteristics of the human pathology and drug-resistance to valproate.
Supported by INSERM and UCB Pharma.

SEIZURE INDUCED SPREADING DEPRESSION - OPTICAL IMAGING OF
INTRINSIC SIGNALS. AM O’Farrell.#JWY Chen, DE Rex, VV Upasani. GK
Wong, N Pouratian, AF Cannestra, and AW Toga.
Many studies have suggested a relationship between seizure and
migraine.
These phenomena may be subserved by related physiological
processes. Cortical Spreading Depression (CSD), has been suggested as a
mechanism for migraine, but it also has much in common with seizure, such as
neuronal excitation and cortical spread. We investigated the relationship between
seizure and spreading depression using optical imaging of intrinsic signals (OIS)
in a rodent seizure model.
We thinned the skull to translucency over the parietal cortex in 20 adult
male Sprague-Dawley rats, then inserted an electrode and an injection needle
through burr holes, 0.5 mm, into the cortex. We recorded baseline optical signals
(64 images at 1 Hz, 850nm) with a highly sensitive CCD camera, then induced
seizure by topical administration of penicillin (100-1000 units).
In six cases, seizures caused CSD which progressed at a rate of 4.3 + 1.5
mm/minute. This was consistent with previously reported rates for CSD (2-5mm).
CSD caused a flattening of the EEG, and it had a characteristic three phase optical
pattern which spread fairly symmetrically in all directions. The first phase that
we observed was a brief (<30 sec.) increase in reflectance which is consistent with
a transient vasoconstriction occasionally seen in previous studies of CSD. Phase
two was a 1-2 minute decrease in reflectance, consistent with well documented
reports of CSD hyperperfusion. Phase three is a long lasting (>15 min.) increase
in reflectance consistent with previous reports of post CSD hypoperfusion.
This study demonstrates a possible relationship between seizure and
spreading depression in an in vivo rat model.
Support: Training Program in Neuroimaging (MH19950), NIMH (MH/NS52083)
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DIFFERENTIAL SPARING OF HIPPOCAMPAL SYNAPTIC
TRANSMISSION BY HERPES SIMPLEX VIRAL VECTORS
DIRECTED AT METABOLISM OR APOPTOSIS. T.C. Dumas*

DOXYCYCLINE-DEPENDENT MODULATION OF KINDLED SEIZURES
FOLLOWING HIPPOCAMPAL TRANPLANTATION OF CELLS ENGINEERED
TO PRODUCE GABA K, Thompson ♦. O. Guttmant. A..J. Tobm»*. Depts.of
Neurology and Physiological Science♦, and the Brain Research Institute*, Univ. of
California, Los Angeles; Los Angeles, CA. 90095.
Among the diseases that are candidates for cell transplantation using GABAproducing cells is intractable temporal lobe epilepsy. We have engineered several cell
lines with the coding sequence for GAD65, and these lines produce and release GABA.
These cells could serve as a biological pump for delivering GABA into seizuremodulating, or seizure-generating nuclei. We have previously reported on the ability
of engineered cells to modulate kindled seizure development following
transplantation into the substantia nigra reticulata. In the present study we
transplanted conditionally immortalized mouse cortical neurons, engineered with
either GAD65,or P-galactosidase (P-gal), under the control of a tetracyclineregulatable promoter, into the hippocampi of rats, ten days prior to kindling. A
stimulating electrode was placed in the entorhinal cortex. Group 1 was transplanted
with P-gal-producing cells (N=5). Groups 2 (N=5) and 3 (N=3) were transplanted
with GABA-producing cells, but the animals in the latter group received doxycycline
(lOmg/ml) in their drinking water starting 2 weeks before transplantation. The
number of stimulations needed to produce the first, and the third stage 5 seizure (full
kindling), were recorded by an observer blinded to the experimental conditions.
Results were analyzed using ANOVA with post-hoc comparisons. The number of
stimulations needed to reach the first stage 5 seizure, and full kindling, were
statistically different for Group 2 which received GABA-producing cells without the
controlling agent (p<01). Groups 1 and 3 were not significantly different from each
other. These data show that the development of kindled seizures is retarded when
GABA-producing cells are transplanted into the hippocampus, and that regulating
agents may be used to control the production of therapeutic genes from engineered
cells in vivo.

and R.M. Sapolskv. Dept. of Biological Sciences, Stanford
University, Stanford, CA 94305.

Gene therapy techniques employing Herpes simplex amplicon-based
viral vectors have been developed to enhance neuronal survival following
insults. While more neurons may survive a crisis using these intervention
strategies, few measurements have been made to assess the functional
status of surviving neurons. We have previously shown that protection from
kainic acid (KA) is roughly equal with vectors expressing either a glucose
transporter (Glut-1) or an anti-apoptotic protein (Bcl-2). In this study, these
vectors were compared in their ability to maintain synaptic transmission.
Hippocampal slices were prepared 72 hr after delivery of KA (0.009 pg/pL,
0.5 pL) and vector (1.5 pL) to the dentate gyrus. Perforant path-dentate
gyrus (PP-DG) and mossy fiber-CA3 (MF-CA3) population excitatory
postsynaptic potentials (EPSPs) were recorded. There was no difference in
PP-DG input/output curves for the EPSP slope between groups (KA,
vector with KA, control vector with KA, and PBS, n>8 for each). At MF-CA3
synapses, KA decreased the EPSP relative to PBS and this effect was
partially reversed by Glut-1 and Bcl-2. EPSP/fiber potential ratios for the
highest stimulation intensity for Glut-1, but not Bcl-2 animals, were similar to
PBS suggesting that only Glut-1 maintained synaptic strength. The results
suggest that overexpression of Glut-1 or Bcl-2 in dentate granule cells
attentuates the effects of KA on MF-CA3 synaptic transmission but each
vector appears to do so through different mechanisms. Related
experiments are underway to examine the ability of these protective vectors
to maintain short- and long-term synaptic plasticity following KA. This study
was supported by an Epilepsy Training Grant fellowship NIH5T32-NS07280
awarded to TCD and an RO1 NS32848 to RMS.

340.7

340.8

WIDESPREAD ALTERATIONS IN DISTRIBUTION OF GABA(A>
RECEPTOR-SUBUNITS IN EXPERIMENTRALLY INDUCED
CORTICAL MALFORMATIONS. C. Redecker1. H.J. Luhmann2,

EARLY LOSS OF INTERNEURONS AND DELAYED CHANGES
IN GABAa -RECEPTOR EXPRESSION IN A MOUSE MODEL
OF TEMPORAL LOBE EPILEPSY (TLE). V. Bouilleret1, F. Loup2,
C. Marescaux1, H. Mohler2*, J.-M. Fritschy2. ’INSERM U. 398, Fac. Med.,
F - 67085 Strasbourg; Tnst. Pharmacol., Univ. Zurich, CH - 8057 Zurich.
Intra-hippocampal injection of a low dose (0.2 pg) of kainic acid (KA) in
adult mice replicates the histological and clinico-physiological changes
observed in human TLE. Seizure activity is initiated by KA injection,
whereas morphological alterations gradually develop over 2-4 weeks. Here,
acute and chronic changes in GABAergic neurotransmission were
investigated immunohistochemically in this model of TLE, using antibodies
against markers of intemeurons, GAT-1, and major GABAA-receptor
subunits (al, a2, a3, a5, y2). Acutely, KA injection resulted in the selective
elimination of most hilar cells, including somatostatin-positive neurons, and
of a major subset of intemeurons in the dentate gyms (DG), CAI, and
CA3c. Staining for GAT-1 revealed degenerating terminals in these regions
at 24 hours post-KA, and subsided almost completely thereafter. GABAAreceptor subunit immunoreactivity (IR) remained almost unchanged up to 15
days. At 30-120 days post-KA injection, neurodegeneration in CAI was
accompanied by a gradual loss of GABAA-receptor al, a5 and y2 subunit
staining. In contrast, DG granule cells, which were markedly enlarged and
dispersed, exhibited a prominent increase in GABAA-receptor subunit IR.
No major morphological alterations were detected in the CA3a,b area and in
contralateral hippocampus, except for an up-regulation of NPY bilaterally in
granule cells.
The acute elimination of hilar cells and of a subset of
interneurons in CAI and DG is likely to represent the primary event leading
to the onset of recurrent seizures, whereas the enhanced GABAA-receptor
and NPY expression in DG granule cells points to a persisting compensatory
response to chronic seizure activity. Support: Swiss National Fonds for
Scientific Research and French League against Epilepsy.

340.9

340.10

REVERSAL OF THE BALANCE BETWEEN EXCITATION AND INHIBITION
IN HIPPOCAMPAL CAI INTERNEURONES IN EXPERIMENTAL EPILEPSY.
J.C. Hirscli R. Cossart, M. Esclapez, Y. Ben-Ari and C. Bernard*. INSERM U29,
Hopital de Port Royal, 123 Bid de Port Royal, 75014 Paris. France.
In the companion poster, we suggest that the deficit of GABA quantal release in
CAI pyramidal cell somata in experimental epilepsy is compensated by an activitydependent process, i.e. intemeurons fire spontaneously at a higher frequency than in
control animals. This could be due to a modification of the intrinsic membrane
properties of intemeurons and/or a modification of the balance between excitation
and inhibition. We have tested the latter hypothesis using whole cell recordings from
intemeurones in the CAI area of the hippocampus in slices of kainic acid- and
pilocarpine-treated rats with spontaneous recurrent limbic seizures. Intemeurons
were filled with biocytin for post hoc identification. The ratio between
spontaneous/miniature and y-amino butyric acid (GABA)-ergic/glutamatergic synaptic
currents was measured in ten stratum radiatum intemeurons. We report that: 1) more
than 50% of the spontaneous currents is glutamatergic, less than 50% being GABAergic;
2) 73% of the spontaneous glutamatergic currents are action potential-dependent only
27% being recorded in the presence of TTX; 3) more than 50% of the spontaneous
glutamatergic currents are action potential-dependent less than 50% being recorded in
the presence of TTX. We conclude that the glutamatergic drive is massively increased,
probably because of the sprouting of pyramidal cell axonal collaterals. However, the
ratios between miniatures and action potential-dependent events appear similar in control
and experimental animals. Therefore, there is a reversal of the balance between excitation
and inhibition in intemeurons in epileptic animals, further supporting the hypothesis that
intemeurons are more excitable in experimental epilepsy .

INCREASED INHIBITORY GABAERGIC DRIVE IN THE SOMA OF CAI
PYRAMIDAL CELLS IN EXPERIMENTAL EPILEPSY. C. Bernard1, M.
Esclapez1, J. C. Hirsch1, R. Cossart1, A. Merchan2, R. Cannon1*, J. De Felipe2 and
Y. Ben-Ari1. ’INSERM U29, Hopital de Port Royal, 123 Bid de Port Royal, 75014
Paris, France. 2Instituto Cajal, 37 Av. Dr. Arce, 28002 Madrid, Spain.
The loss of functional GABAergic inhibition is considered to be a major
component of epileptogenesis, in particular in temporal lobe epilepsy (TLE). In this
study, we have combined electrophysiological and electron microscopy techniques
in order to assess the fate of inhibition in the CAI area of the hippocampus in slices
of kainic acid and pilocarpine treated rats with spontaneous recurrent limbic
seizures. The frequency of miniature GABAergic currents (IPSCs) recorded from
the soma of CAI pyramidal cells in the presence of TTX (1 pM) was 62% lower in
epileptic (6.3 ± 1.6 Hz, n=10) than in control animals (14.8 ± 3.6 Hz, n=ll,
p<0.0001). Quantitative analysis of GABAergic perisomatic terminals around
pyramidal cell bodies revealed a 50% depletion of the reserve pool (100-300 nm
away from the active zone) of GABA-containing vesicles in epileptic (n=8) as
compared to control (n=9) animals. In contrast, the frequency of spontaneous IPSCs
was similar in experimental and control animals (24.3 ± 5.1 Hz, n=24 and 19.8 ±
2.5 Hz, n=15 respectively). These results suggest that multiquantal action potentialdependent GABAergic activity replaces GABAergic quantal activity in TLE. Two
observations support this hypothesis: 1) the charge transfer due to IPSCs through
the membrane is increased by 50% in TLE (n=24) and 2) intemeurons recorded in
the cell attached configuration, including perisomatic intemeurons, have a higher
probability to spontaneously fire action potentials in epileptic (22 out of 7, 76%)
than in control (15 out 36, 42%) animals. We conclude that the deficit of GABA
quantal release is compensated by an activity-dependent process. Thus, inhibition is
increased in CAI pyramidal cell somata in TLE during steady state conditions.
Supported by INSERM and CSIC.

M. Lutzenbuig1, G. Hagemann1*, J.-M. Fritschy3,0.W, Witte1. ’Dept. of. Neurology,
institute of Neurophysiology, Heinrich-Heine-University, Moorenstr. 5, D-40225
Dusseldorf, Germany. ’Institute of Pharmacology, Winterthurerstr. 190, CH-8057
Zurich, Switzerland.
Cortical malformations comprise a heterogeneous group of genetic or acquired
disturbances of cortical development which are increasingly recognized in association
with epilepsy, mental retardation, motor disabilities, and/or neuropsychological
deficits, such as dyslexia. Experimental studies on the ibotenate and freeze lesion
model ofcortical malformations, both mimicking human cortical dysgenesis in rats,
reveal widespread alterations in cortical connectivity and predominantly NMDAdependent hyperexcitability. Since impairment of GABA-eigic function was also
reported in the freeze lesion model, we here immunohistochemically analyzed the
distribution of GABA(A)-receptor-subunits (al, a2, a3, a5, g2) in adult rats in both
models. Immunohistochemistry revealed widespread downregulation of all receptor
subunits involving the dysplastic cortex as well as ipsilateral cortical areas in both
models. These alterations were less prominent in the ibotenate model, which typically
shows smaller, focal dysplasias compared with the longitudinal microgyri in the
freeze lesion model. Since alterations in subunit composition change the
electrophysiological and pharmacological properties of GABA(A)-receptors, these
findings may increase our understanding of cortical dysfunction in different
developmental malformations.
Supported by Deutsche Forschungsgemeinschaft (SFB 194).

Supported by INSERM and Fondation Simone and Cino del Duca.
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TRANSPLANTS OF IMMORTALIZED CELLS ENGINEERED TO
EXPRESS HUMAN GAD67 MODULATE AUDIOGENIC SEIZURE
ACTIVITY IN THE LONG-EVANS RAT. K.C. Ross1* C. ConeieroGoldberg4, F, Howard1, B.C. Waldman2, W.J. Freed4, and J.R. Coleman1,3.
Depts. of Psychology1, Biological Sciences2, and Pharmacology and
Physiology3, Univ. of South Carolina, Columbia, SC 29208; NIDA RIP4,
5500 Nathan Shock Dr., Baltimore, MD, 21224.
Developmentally-induced audiogenic seizures (AGS) are associated with
hyperexcitability in the auditory system (Coleman et al., Epilepsy Res.,
33:33-38, 1999). The inferior colliculus (IC) is a generator site for AGS
which has GABA cell populations that are altered by developmental
priming. The present study examined AGS severity in Long-Evans rats
following injections of immortalized GABAergic cells from rat striatum
engineered to express high levels of GAD67 (M213-GAD cells).
AGS subjects primed on PND 18 (10 kHz 125 dB tone for 8 m.) were
tested (125 dB white noise) for AGS susceptibility on PND 32, and twice in
the 7-day period before surgery. Suspensions of M213-GAD cells (clone
M213-20/CI-4) or parent M213-20 cells were then bilaterally implanted into
subdivisions of IC. AGS expression involves wild running, clonic-tonic
episodes which both occur with repeated testing. Behavioral testing at 1-3
weeks post-implant resulted in clonic episodes. Subsequent tests at 4-9
weeks revealed trials without clonic episodes when the site of M213-GAD
cells included the central nucleus of IC. Cases with M213-GAD cells
restricted to the IC dorsal cortex were ineffective. These results
demonstrate that implantation of GABA-producing cells can reduce seizure
severity.
Supported by SC Epilepsy Association and NSF SBR-9619958.

CO-VARIATION OF HYPEREXCITABILITY AND MOSSY FIBER SPROUTING ALONG THE SEPTOTEMPORAL AXIS OF THE RAT HIPPOCAMPUS.
J.H. Goodman*1 and H.E. Scharfman1,2. ‘NRC, Helen Hayes Hospital
and 2Depts. Pharmacology & Neurology, Columbia University, NY, NY.

847

It has been shown that variation in mossy fiber sprouting can occur along
the hippocampal septotemporal axis in animal models of epilepsy. To examine the variation in sprouting and the potential physiological ramifications, pilocarpine-treated rats with spontaneous recurrent seizures were
examined 2-12 months after 1 hr of pilocarpine-induced status epilepticus.
Timm's stain and antisera to neuropeptide Y or brain-derived neurotrophic
factor (BDNF) were used to examine variation in sprouting. Timm's (n=
25), neuropeptide Y(n=25), and BDNF(n=4) stained more strongly in the
ventral hippocampus. In the middle third of the hippocampus, the upper
blade was consistently stained less than the lower blade, regardless of the
anatomical stain. Granule cell extra- and intracellular recordings from
slices of mid-hippocampus demonstrated that the lower blade was more excitable than the upper blade, assessed by responses to molecular layer stimuli, paired-pulse responses, and bursts induced by BDNF bath-application.
Physiological differences between the two blades were not evident in slices
from ventral hippocampus with uniform, dense sprouting. The results suggest that increased sprouting, neuropeptide Y, and BDNF expression in the
dentate gyrus is associated with increased excitability of granule cells, and
the physiological variation may be related to local variations in sprouting,
or variation of neuromodulators in sprouted fibers. Supported by NS 38285
and NS 37562 to H.E.S., and the Helen Hayes Hospital Foundation.

340.13

340.14

MODULATION OF 4-AMINOPYRIDINE-INDUCED ACTIVITY IN VITRO BY
GABA, GABA-AGONISTS AND GABAa -RECEPTOR-MODULATORS. C.
Briickner1, R. Neuhaus2*, U. Heinemann3, A. Draguhn3 and I. E. Blasig1. ’institute
of Molecular Pharmacology 10315 Berlin; 2Schering AG, Dpt. ZNS, Berlin;
’institute of Physiology, Charite, Berlin; Germany.
In vitro models are useful tools for the development of new drugs against epilepsy.
4-aminopyridine (4-AP)-induced epileptiform activity in rat brain slices is of
particular interest because this model shows an epileptiform activity in the presence
of an intact or even enhanced synaptic inhibition. In order to characterize the role of
GABAergic inhibition in this model, we measured the effects of GABA (5 mM), the
GABAA-agonist muscimol (20 pM), the GABAB-agonist baclofen (20 pM) and the
GABAA-receptor modulators midazolam (20 pM) and pentobarbital (100 pM) on
seizure-like events and negative going potentials in the medial entorhinal cortex
(mEC) as well as on recurrent short discharges in the hippocampus of combined rat
hippocampal-entorhinal-cortex slices. All activities were completely blocked by
addition of GABA or muscimol. Administration of baclofen blocked all activities
with exception of the negative going potentials. Afterwards, we investigated the
effects of an additional block of GABAA-receptor mediated inhibition. Coadministration of 4-AP and bicuculline (30 pM) induced a new pattern of activity in
the entorhinal cortex. This activity was very similar to EEG-recordings of a status
epilepticus and was not blocked by midazolam. In 50% of the slices, pentobarbital
showed a slight reduction of event frequency. In contrast to the GABA-receptor
modulating drugs tested, the activity was completely blocked by addition of the
AMPA-receptor antagonist NBQX (30 pM). Administration of the GABAA-receptor
agonist muscimol (10 pM) or the GABAB-receptor agonist baclofen (10 pM)
blocked the activity, too. This model may provide a useful tool for the development
of anticonvulsant drugs which do not act by enhancing synaptic inhibition.

THE THALAMIC GABAERGIC SYSTEM IN EXPERIMENTAL
CHRONIC EPILEPSY IN THE RAT L. Correia12, J. DcFehpe3, M,
Bentivoglio1*. ‘Dept. of Morphological-Biomedical Sciences, University of
Verona, Italy, 2Dept. of Experimental Neurology, EPM-UNIFESP, Sao
Paulo, Brazil; 3Cajal Institute, Madrid, Spain.

Following an initial status epilepticus (SE), systemic pilocarpine
administration to rats results in spontaneous recurrent generalized seizures.
We examined at the light and electron microscopic levels the thalamus of
adult rats after 4 and 8 months of pilocarpine-induced chronic epilepsy
focusing on intrathalamic inhibitory circuits. In light microscopy, glutamic
acid decarboxylase (GAD) and parvalbumin (Pv) immunostaining revealed
degenerative features in the thalamic reticular nucleus (Rt), which were most
marked in the rostrodorsal portion corresponding to the “limbic” sector of the
nucleus. Double immunofluorescence confirmed the co-existence of GAD and
Pv in these degenerating Rt neurons. A relatively light GAD immunoreactivity
was observed in the neuropil of the dorsal thalamic nuclei compared to control
non-epileptic rats, except for the ventroposterior complex, in which highly
intense PV immunostaining was also observed in the neuropil. The
ultrastructural investigation of the rostrodorsal Rt pointed out the occurrence
of asymmetric boutons with extremely high density of vesicles compared to
control non-epileptic rats, thus suggesting a functional synaptic impairment.
Glial processes were also abundant within Rt. Altogether these data indicate a
dysregulation of thalamic inhibitory elements, which may be involved in the
maintenance of seizure activity.

340.15

340.16

EFFECTS OF FETAL RAPHE GRAFTS OR GLIAL CELLS GRAFTS IN THE
KINDLING MODEL OF EPILEPSY. A. Graff-Guerrero. M. Condes-Lara and L.
Cintra*. Centro de Neurobiologta, Campus UNAM-UAQ-Juriquilla, Queretaro,
Mexico. CP 76001. AP 1-1141. agraff@calli.cnb.unam.rnx.
Epilepsy has been considered an important public health problem by its high
incidence and prevalence. The mechanism underlying this disease is not completed
understand. Some of these partially known mechanisms in the epileptogenic process
are the glial function, the serotoninergic function and the glial-serotoninergic
interaction. In the present study, we investigated the effect of fetal raphe
(serotoninergic) grafts or glial cells grafts in the development of experimental
epilepsy. For this purpose, transplants of serotoninergic or glial cells have been
performed in the kindling rat model of epilepsy. The serotoninergic transplants were
made in the lateral ventricle, ipsilateral to the stimulation site. The glial transplants
were made in the amygdala contralateral to the stimulation site. The electrical
stimulation was in the left basolateral nucleus of the amygdala.
In the animals with fetal raphe grafts, there was an increase in the number of
stimulus in the Racine's stages 1 and 3. There was also an increase in the number of
stimulus to produce the first generalized convulsion (5 Racine's Stage). The afterdischarge duration was shorter in the stage 1 and longer in the stage 3 in comparison
to control animals.
The glial cells grafts did not produce any change in the development of kindling,
neither any change in the after-discharge duration.
These results show that the serotoninergic grafts delay the development of
kindling, mainly in the first stages. This could be explained by the neuronal inhibitory
effect of serotonin or by the over activation of the glial [NaYK+J ATPase pump.
Nevertheless, only the glial graft could not observe the glial-neuronal interaction.
This work was partially supported by CONACYT #114011, DGAPA 96/98.

LONG TERM, DIFFERENTIAL GENE EXPRESSION IN THE RAT
HIPPOCAMPUS AFTER SYSTEMIC KAINIC ACID INJECTIONL. Jin*, N. Y.
Zheng, M, Zhu, and G. Y.Bing. Free Radical Biology and Aging Research Program,
Oklahoma Medical Research Foundation, 825 N.E. 13th St. Oklahoma City, OK 73104.
A single systemic injection of convulsive does of KA can cause a selective
degeneration in hippoampus and result in a long-term spontaneously recurrent seizures
in rats. It has been reported that many genes were induced short after KA injection.
However, A relatively little information is available for long term gene expression in
rat hippocampus after KA injection. In order to examine these long-term differentially
expressed genes. We used the suppression subtractive hybridization (SSH) and PCRselect differential screening methods (Clontech) for comprehensive analyses of longterm, differential gene expressions in the hippocampus. The mRNA was isolated from
rat hippocampus 4 month after KA(n=3) and saline injection(n=3), cDNA was
synthesized from the pooled mRNA, both forward subtracted and reverse subtracted
hybridization was performed. Select-PCR was used to amplify the forward and reverse
subtractive products. All of the PCR products were cloned into TA cloning vectors
(Invitrogen). 432 clones were picked up. After dot blotting and sequencing analysis 76
elevated genes and 25 suppressed genes were identified. 24 of them are long-term
elevated genes in rat hippocampus identified by Northern blotting and In situ
Hybridization, which are related to seizure activity, oxidative stress, apoptosis and some
neurological disorders. At least 5 transcripts are unknown. These results indicated that
1). KA-induced hippocampal pathophysiological changes caused a differential gene
expression that are related to neurodegenerative diseases. 2). Long-term neuronal
adaptation to excitatory toxicity involves a comprehensive multigenes activation and
suppressionprocess. 3). Systemic examination of all the genes that involve KA-induced
neurodegeneration is possible by this methods, thus may shed a light on the molecular
mechanism of neurodegenerative disease. This work was supported by the OCAST
(HR98-004).
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EPILEPTIFORM ACTIVITY GENERATED BY ENDOGENOUS
ACETYLHOLINE
DURING
BLOCKADE
OF
GABAERGIC
INHIBITION IN IMMATURE AND ADULT HIPPOCAMPUS, S.
Descombes*, E. Gruslin & C, Psarropoulou, Ste-Justine Hospital Research
Center, Dept of Pediatrics, Universite de Montreal, Montreal, QC, Canada H3T
1C5
We tested the effects of the acetylcholinesterase inhibitor eserine (lOpM), an
indicator of the activity of endogenous ACh, on the generation of epileptiform
discharges during blockage of inhibitory GABAA-mediated potentials by
bicuculline (lOpM), in the CA3 area of hippocampal slices from postnatal day
4-20 (P4-P20) immature and adult rats. Eserine provoked or significantly
increased the frequency of spontaneous synchronous epileptiform discharges, in
6/22 (27%) P4-P10 slices, 34/35 P11-P20 slices and 18/18 adult slices. In
immature slices, spontaneous discharges showed a stable frequency throughout
perfusion with eserine, while in 5/11 adult slices an initial fast frequency was
followed by a slower steady-state one. The cholinergic agonist carbachol (CCh,
25(iM) provoked only transient or no spontaneous synchronous discharges in
adult slices (n=8), thus suggesting that massive activation of cholinergic
receptors may lead to suppression of epileptiform activity in adult brain.
Stimulus-induced excitatory CA3 responses, were depressed by eserine in
approximately half of 20 P4-P10, 45 P11-P20 and 11 adult slices. The
depression consisted of a decrease in the amplitude, duration, and number of
population spikes of the field potentials by about 30%, a minor neuroprotective
effect, which did not change with maturation. These experiments demonstrate
that, endogenous ACh is sufficient to induce epileptogenesis during a decrease
or failure of GABAergic inhibition, in both 3P10 immature and in adult
hippocampus. We therefore suggest that clinical or behavioral conditions which
raise the concentration of endogenous ACh may lower the threshold to seizures.
Supported by NSERC, Savoy Foundation (S.D.), Ste-Justine Res. Ctr (E.G.).

IMMATURE RAT CONVULSIONS HAVE LONG TERM EFFECTS ON
CHOLINERGIC NEUROTRANSMISSION S. Meilleur, L, Carmant & C.
Psarropoulou*, Ste-Justine Hospital Research Center, Dept of Pediatrics,
Universite de Montreal, Montreal, QC, Canada H3T 1C5
Seizures have often long-term effects on neuronal function, some of
which may facilitate their recurrence, a fact especially pertinent in the
developing CNS because of its high plasticity. We therefore tested the long
term effects of convulsions on the function of cholinergic neurotransmission.
We provoked convulsions in P10-P20 immature rats by i.p. injection of the
GABAa antagonist pentylenetetrazol (PTZ) and prepared hippocampal slices 4,
8 and 40-50 (adult) days post-injection (p-i). We used saline injected animals as
controls. The antiAChE eserine (lOpM), an indicator of the activity of
endogenous ACh, was bath applied and synchronous spontaneous activity was
recorded extracellularly from the CA3 area. In slices prepared from control rats,
eserine never provoked any spontaneous synchronous discharges (n=27 from 8
P10-P20 rats; n=37 from 6 adult rats). Eserine however provoked interietal-like
discharges in slices prepared 4-8 days p-i (6/19 rats) or 40-50 days p-i (8/9 rats)
from PTZ-injected rats at Pl0 or P20. This effect of eserine was mimicked by
CCh (25pM) and was reversed by the muscarinic antagonist atropine (lpM,
n=3). Results so far suggest that convulsions occuring in the immature animal
have long term potentiating effects on cholinergic neurotransmission, possibly
by elevating basal ACh release. It is speculated that these changes may
contribute to the recurrence of seizures. Moreover, these results suggest a link
between early seizures and a neurotransmitter implicated in cognitive processes.
Supported by NSERC

340.19

340.20

CASPASE-3-LIKE PROTEASE MAY MEDIATE NEURONAL DEATH
FOLLOWING FOCALLY-EVOKED LIMBIC SEIZURES D.C. Henshall*. J. Chen,
S-F. Yang, J. Sinclair, R.P. Simon. Dept. of Neurology, University of Pittsburgh,
Pittsburgh, PA 15213 USA.
Neuronal death following seizures may occur by the process of programmed cell
death. Experimental epilepsy models have reported upregulation of apoptosis-related
gene products, characteristic DNA fragmentation patterns and the morphologic
features of apoptosis in affected cell populations. We have employed a rat model of
focally-evoked limbic seizures with concomitant EEG monitoring to determine the
involvement of the apoptosis effector gene caspase-3 in seizure-induced cell death.
Male Sprague-Dawley rats (280-350g), were implanted with 3 recording electrodes
and a guide cannula above the right amygdala. Animals were then placed in a
restraining chamber and EEG recordings commenced. Kainic acid (0.1 pg) or vehicle
was injected into the amygdala and then 45 min later diazepam (30mg/kg) was
injected to terminate seizures. Additional animals received intracerebroventricular
infusion of the caspase-3 inhibitor z-DEVD-fink (4.5 pg) or vehicle. Brains were
obtained at various times and processed for histopathology, DNA fragmentation,
protein expression, immunocytochemistry and enzymatic activity of caspase-3.
Seizures evoked by intra-amygdaloid kainic induced damage to the CA3 subfield of
the hippocampus only. Single- and double-stranded DNA fragmentation appeared 1672 hours following seizure cessation within the ipsilateral CA3. The 32kDa precursor
form of caspase-3 was detected within the hippocampus in both control and seizure
animals by Western blotting and immunocytochemistry. The cleaved 17kDa fragment
of caspase-3 was upregulated within the ipsilateral hippocampus 4-24 hours after
seizures but was not detected in control samples. Caspase-3 cleavage was paralleled
by an increase in caspase-3-like activity. z-DEVD-fink significantly reduced cell
death within the selectively vulnerable CA3. These data suggest caspase-3 may
mediate neuronal death following seizures, while inhibition of caspase-3 activity may
provide an alternative therapeutic strategy in future seizure management.

TAIL GAMMA OSCILLATIONS AS AN INDICATOR OF ENHANCED
EXCITABILITY OF THE BRAIN. A Bragin.* CL Wilson. R Andres. G Mathem.
and J Engel Jr. Dept. Neurology, UCLA School of Medicine, Los Angeles, CA.
The potential importance of gamma oscillations in the process of learning and
memory has attracted growing interest in the mechanisms of their generation. In
addition to normal gamma, the existence of pathological gamma oscillations has been
shown in a number of epilepsy models, although their role in epilepsy remains
unclear.
In KA-treated rats with chronic spontaneous seizures, two distinct oscillatory
interictal events which occur are fast ripples (FR): oscillations with 250-500 Hz
frequency and tail gamma (TG): oscillations with 30-80 Hz frequency superimposed
on a slow (200-600 msec) wave.
We have evidence that FR reflect synchronous bursts of population spikes, and
hypothesize that they play an important role in epileptogenesis acting as an internal
kindling generator. In vitro studies have been shown that TG-like activity is NMDA
and mGluR receptor dependent (Traub et al., (1996) J. Physiol., 23, 471-484). We
tried to determine a functional basis of TG using an in vivo model of epilepsy. A
single epileptogenic zone was modeled a by injecting 0.2 pi of 100 pM bicuculine in
the entorhinal cortex (EC) in naive freely moving rats implanted w ith chronic
moveable microelectrodes in EC and 16-recording site silicon probes in hipoocampus.
Electrographic and behavioral seizures appeared within 20 minutes of the bicuculine
injection. Before the seizure we observed a continuous evolution of epileptiform events
from single waves in EC and hippocampus into TG followed by electrographic and
behavioral seizure. Voltage versus depth profiles of TG were different from the evoked
responses that occur during commissural or PP stimulation. They revealed two
powerful sinks in the termination of the PP and additional sinks in the cellular
(pyramidal-CAl and granular-DG) layers. These additional sinks may reflect the
unmasking of excitatory connections between principal cells within hippocampal
formation, which precedes the seizure occurrence. (Supported by nih grants NS-333I0, NS02808, R55-NS36536).

GENETIC MODELS: ANIMAL MODELS AND BEHAVIOR
341.1

341.2

DIFFERENCIAL RESPONCE OF DOPAMINE D-3 AUTORECEPTORS
TO SUBCHRONIC METHYLPHENIDATE TREATMENT IN
ANTERIOR FOREBRAIN SITES OF AN ANIMAL MODEL OF
HYPERACTIVITY AND ATTENTION DEFICITS.

MULTIPLE EVIDENCE OF A SEGMENTAL DEFECT IN THE ANTERIOR
FOREBRAIN OF AN ANIMAL MODEL OF ATTENTION-DEFICIT
HYPERACTIVITY DISORDER.

F.J.Esposito , U.A. Gironi Camevale, L.M.Diewald, M.P. Carey, D. Vallone.
A.G. Sadile (SPON: INTERNATIONAL BEHAVIOR GENETICS SOCIETY)
Lab. Neurophysiol. Behav. & Neural Networks, Second University of Naples,
Naples, Italy.
The involvement of dopamine (DA) D-3 autoreceptors in hyperactivity
and attention deficits has been investigated in the anterior forebrain of the SHR
rat by in-vitro quantitative autoradiography. Six-wk old male SHR and WistarKyoto (WKY) controls were given the DA re-uptake blocker methylphenidate
(MP; 3mg/kg, i.p.), or vehicle, daily during a 15-day period. Rats were
sacrificed 24 h after the last injection. Coronal sections across the frontal
cortex, caudate-putamen (CPU), nucleus accumbens (ACB), olfactory tubercle
(OT), globus pallidus (GP) and the ventral pallidum (VP) were used for a
competition study with 3H-raclopride and spiperone or 7-OH-DPAT as
displacers. Separate analyses on anterior and posterior sections demonstrated in
the rostral but not in the caudal portions of the CPU, pole, core and shell of
ACB and OT (i) in vehicle-treated SHR a lower level of D-3 autoreceptors; and
that (ii)MP increased D-3 receptor in the SHR to the level of the WKY controls.
Thus, the differential basal density and response to subchronic blockade of DA
re-uptake of DA D-3 autoreceptors, associated with previously reported increase
in D-l receptors (Soc. Neurosci. Abstr,. 24. Parti, 1201, 1998), present in the
anterior portions of the forebrain only, lend support to impaired DA
neurotransmission in the mesocorticolimbic system in relation to hyperactivity
and attention deficits. (Supported byTelethon-Italy grant E.513).
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Adolfo G. Sadile.* Lab. Neurophysiol., Behav. & Neural Networks, II Univ. of
Naples (SUN), Naples, Italy.
Our aim was to investigate putative neural substrates of Attention-Deficit
Hyperactivity Disorder (ADHD) in children using the juvenile SHR as animal
model. Molecular biological and microscope imaging techniques were used to map
the spatial distribution of (i) dopamine (DA) D-l and D-2 receptor families (by
radioligand binding studies), (ii) the Ca27Calmodulin-dependent protein kinase II
(CaMKH), and (iii) transcriptional regulators of gene expression such as c-FOS,
JUN-B and ZJF/268 (by ICC) as markers of neuronal activity in the rostro-caudal
plane of the anterior basal forebrain, n. accumbens (ACB), olfactory tubercle. In
male SHR and Wistar-Kyoto (WKY) rats, the D-l receptors were "up-regulated"
whereas the D-3 were “down-regulated” in a discrete segment of the anterior
forebrain only. Image analysis of CaMKII showed a lower level in SHR in the
anterior portion of the ACB pole and shell. Transcription factors (TF) revealed a
lower constitutive expression in the anterior portion of the shell only, with a
differential pattern depending on the specific TF. The data indicate an increased
number of D-l binding sites associated to a reduced number of D-3 autoreceptors
and paralleled by a reduced number of accumbal elements and presumably modules
available for limbic-motor integration in a discrete segment. Thus, multiple
evidence reveals a defect, that might be due to degeneration of a subset of DA
neurons or to a "disintegration" between synaptic inputs and local transcription
factors. This in turn, might explain the altered attentional and reinforcement
mechanisms demonstrated in the SHR and in ADHD children. (Supported by
Teletbon-Italy grant #E.513).
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341.4

PHENOTYPIC DEFICITS IN GFAP-IL6 TRANSGENIC MICE. L.H. Gold.* I.L.
Campbell, J. McDonald. L. H. Parsons, S. Henry and V. David. Department
of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
The cytokine interleukin-6 (IL6) has been found to be expressed in the
central nervous system (CNS) associated with a chronic inflammatory state
observed in several neurodegenerative diseases such as Alzheimer and
infectious diseases including HIV dementia complex. The relationship
between the CNS expression of IL6, inflammatory neurodegeneration and
clinical behavioral pathology is currently under investigation. Mice that
express IL-6 chronically in astrocytes exhibit a well characterized
neuropathology, associated with cognitive deficits (Heyser et al., 1997). We
report here a series of experiments further assessing the behavioral
phenotypes in male and female GFAP-IL6 +/+ +/- and -/- transgenic mice.
Similar sensitivities to the effects of drugs of abuse were observed in control
and transgenic mice tested for cocaine- and heroin-induced locomotor
activity. Interestingly. Consistent with their previously reported blood brain
barrier leakage, transgenic mice had increased cocaine levels in brain
determined 30 min after injection. Longitudinal assessment of coordinated
motor performance using a rotating rod revealed an age- and transgenedose dependent impairment. Procedural/associative learning and cognitive
flexibility were evaluated using successive and simultaneous spatial
discrimination in a Y maze, followed by reversal. Whereas reference memory
in the associative tasks is mostly spared by age or IL-6 overexpression,
cognitive adaptability is sensitive to both, with a different pattern in males and
females. Finally, others have shown IL6 to be important in the reduction in
sucrose preference observed in an autoimmune mouse model (Sakic et al.,
1997). Thus, sucrose preference is being examined in the GFAP-IL6
transgenic mice. These studies will further elucidate the role of IL6 in
behavioral pathogenesis associated with a variety of neurodegenerative,
neuroinflammatory and infectious diseases. Supported by PHS grants
DA10191, MH47680 and MH50426.

ACUTE INHIBITION OF THE NEURONAL NITRIC OXIDE
SYNTHASE INCREASES NON SELECTIVE ATTENTION IN THE
NAPLES HIGH EXCITABILITY RAT.

341.5

341.6

ENVIROMENTAL FACTORS DURING POST NATAL PERIOD
SIGNIFICANTLY MODIFY NON SELECTIVE ATTENTION AND
ACTIVITY IN THE NAPLES HIGH EXCITABILITY RAT.
G. De Filippis , A.Fresiello and A.G. Sadile. (SPON: EUROPEAN BRAIN AND
BEHAVIOUR SOCIETY). Lab. Neurophysiol. Behav. & Neural Networks, Med.
Sch., II Univ. Naples, Italy.
The involvement of epigenetic factors in the development of brain systems and
the phenotypic expression of the neural systems underlying attentive processes has
been investigated in an animal model of hyperactivity and attention deficits, the
Naples High Excitability rat (NHE). To this aim, male NHE pups have been
reared in small (4) or normal litter size (9) during the first four weeks of postnatal
life. Both groups underwent a differential handling procedure occurring 1, 2, or 4
times a week. At the end of the fourth week, rats were weaned and housed in
groups of 2 and tested as young adults for non selective attention in a spatial
novelty situation for three consecutive tests at 24h intervals. The behavior was
videotaped and analyzed off line for the frequency and duration of comer
crossings and rearings. The results indicate that the increased maternal care and
high fat diet induced by the small litter size produced long lasting effects on the
duration of rearing episodes that indexes non selective attention. Moreover,
differential handling exerted a complex effect that was beneficial at low
stimulation level only. Thus, these findings suggest that epigenetic factors acting
during critical periods of post-natal development may interact with genetic
determinants that in turn influence the maturation of the neural systems
controlling attentive processes. (Supported by Telethon-Italy grant E.513).

CHARACTERIZATION OF WISTAR KYOTO (WKY) RAT SUB-STRAINS
SELECTIVELY BRED FOR DEPRESSIVE-LIKE BEHAVIOR IN THE FORCED
SWIM TEST. L.C. Solberg*1-2, C. Will2, F.W. Turek1, and E. Redei2. ’Dept. of
Neurobiology and Physiology; 2Dept. of Psychiatry and Behavioral Sciences, Northwestern University, Chicago, IL, 60611.
The Wistar Kyoto (WKY) rat shows depressive-like behavior, as well as alterations
in the diurnal rhythms of the hypothalamic-pituitary-adrenal (HPA) and hypothalamic-pituitary-thyroid (HPT) hormones. However, in addition to a large variation in
the behavioral and hormonal measures, DNA fingerprinting studies have shown that
the WKY is not truly inbred. To create a truly genetic model, we have selectively
bred the WKY rat, using immobility in the Forced Swim Test (FST) as a functional
selector. We mated WKY’s with the highest and lowest immobility in the FST, resulting in WKY-most depressed (WMD) and WKY-Ieast depressed (WLD) substrains. We continued brother-sister in-breeding in subsequent generations, choosing
founder litters with the highest and lowest immobility, for WMD and WLD, respectively. WMD parents, FI and F2’s exhibit increased immobility in the FST relative
to WLD parents, FI and F2’s. We have also measured behavior in the Open Field
Test (OFT), as well as HPA and HPT diurnal hormone levels in the FI generation.
WMD FI’s show decreased locomotion in the OFT relative to WLD FI’s. However,
no significant differences in HPA or HPT hormone levels are found between FI
WMD and WLD’s. This finding is in contrast to the diurnal hormonal rhythm differences seen between WKY and non-depressed Wistar rats. The separation of behavioral and hormonal phenotypes in the selectively bred sub-strains suggests that
there is no simple, direct relationship between HPA and HPT hormones and the depressive-like behavior in this animal model. We are continuing to in-breed the WMD
and WLD sub-strains to investigate the genetic basis for the depressive-like behavior
in the WKY. This work was supported by ’the National Award for Research on
Schizophrenia and Depression, NIH HL/MH-96015 and the 2Berman Foundation.

341.7

341.8

DIFFERENTIAL DISPLAY FROM AMYGDALA OF AN ANIMAL MODEL OF
ENDOGENOUS DEPRESSION. C. Will,1 F. Aird1*,1 L, Solberg,1-2 E Redei.1
’Dept. of Psychiatry and Behavioral Sciences, Northwestern Univ. Med. Sch.; 2Dept.
of Neurobiology and Physiology, Northwestern Univ.; Chicago, IL 60611.
The Wistar Kyoto rat (WKY) is an ideal model of depression in which to study
the molecular mechanisms of this illness since WKY demonstrates endogenous behavioral and hormonal abnormalities that mimic those found in some symptom presenting depressive patients. There is evidence suggesting that WKY is not truly inbred. Therefore, we have selectively bred WKY (Harlan Prod, for Biosci., Inc.) for
depressive behavior using immobility in the forced swim test (FST) as a functional
selector. Breeding for high and low immobility in the FST resulted in 2 sub-strains,
WKY ‘most depressed’ (WMD) and WKY ‘least depressed’ (WLD).
Recently, functional imaging studies found increased metabolic activity in the
amygdala of depressed patients compared to normal controls independent of disease
status. This increased metabolic activity could result in differential expression of
specific genes in predisposed individuals. Therefore, analyzing the gene expression
in the amygdala of selectively bred WKY may produce candidate genes involved in
the trait of depression.
Differential Display (DD) was used previously to compare gene expression in the
amygdala of WKY and Wistar (Wi) rats. A three-primer pair comparison resulted in
37 differentially expressed bands. Comparison of amygdala RNA of the parental
generation mothers for the two sub-strains using the same primer pairs resulted in 10
differentially displayed bands, indicating that indeed there is differential gene expression in the amygdala in the WMD and WLD parental generations. Differences in
amygdala gene expression in subsequent generations of WMD and WLD are hypothesized to be directly related to differences in depressive behavior in these substrains. This research was supported by The Berman Foundation.

SPONTANEOUS STEREOTYPY IN AN ANIMAL MODEL OF DOWN
SYNDROME (TS65DN MICE). M.H. Lewis’, S.B. Powell1, C.A.
Turner’, H.A. Newman1, P, Bugenhagen’, P. Gendreau1*, L, Crnic2.
'Departments of Psychiatry & Psychology, University of Florida,
Gainesville, FL
32610; 2Departments of Psychiatry & Pediatrics,
University of Colorado School of Medicine, Denver, CO 80262.
Stereotyped behaviors (e.g., body rocking) occur at high rates in
individuals with mental retardation (e.g., Down syndrome). To determine if
spontaneous stereotypy occurs in an animal model of Down syndrome
(Ts65Dn), we videotaped Ts65Dn and control mice left undisturbed in their
home cages for 5 hours/day on two consecutive days during their dark
cycle. Additional measures of motor behavior following a mild
environmental challenge (i.e., novelty), were collected using an activity
monitor. In home cage observations, 3 of 9 (33%) Ts65Dn mice displayed
stereotyped jumping (up to 41% of time observed) with an additional 3
animals (33%) displaying cagetop twirling (20% of time), for a total of 67%
exhibiting stereotypy. None of the control mice exhibited jumping and 9%
(1/11) engaged in cagetop twirling (35%). Ts65Dn and control mice did not
differ in locomotor activity in either the home cage or the activity monitors.
In independent observations trisomic mice exhibited stereotyped jumping
during stressful testing (8/10 trisomics and 2/10 controls in shock motivated
discrimination; 6/10 trisomics and 0/10 controls during rotorod testing). The
current model may provide a useful tool to begin to assess the genetic basis
of stereotyped behavior in humans. Supported by MH56163, HD04024 and
HD 17449.

Society

for

Neuroscience

, Volume

25, 1999

A.Fresiello . G. De Filippis and A.G. Sadile. (SPON: INTERNATIONAL
BEHAVIOR & GENETICS SOCIETY) Lab. Neurophysiol. Behav. &
Neural Networks, Med. Sch., II Univ. Naples, Italy.
The involvement of nitric oxide (NO) in the process of non-selective
attention (NSA) towards environmental stimuli has been investigated in a
putative animal model of Hyperactivity and Attention Deficits, the Naples HighExcitability rat (NHE). To this aim, the frequency and duration of rearing
episodes in a novelty situation has been measured, following acute inhibition of
the neuronal isoform of the enzyme nitric oxide synthase (n-NOS) by the non
competitive inhibitor 7-Nitroindazole (7-NINA). Adult male NHE rats received a
single intraperitoneal injection of 7-NINA (0.1-10 mg/kg) or vehicle 30 min.
before testing on day 1. Rats were exposed to a Lat- maze on three consecutive
days for a 10-min. period at 24-h interval. The results showed that all doses of
7-NINA were effective in determining a 2-fold increase in the duration of rearing
episodes, compared to vehicle controls. In contrast, the drug exerted a dose
dependent reduction in the frequency of both horizontal and vertical activity.
Thus, these findings obtained by selective inhibition of n-NOS by an allosteric
inhibitor that increases arginine availability without displacing the inhibitor from
n-NOS, strengthen the hypothesized role of NO in NSA. (Supported by
Telethon-Italy grant E.513).

850

GENETIC MODELS: ANIMAL MODELS AND BEHAVIOR

MONDAY PM

341.9

341.10

DEVELOPMENTAL CHANGES IN THE BEHAVIORAL PHENOTYPE OF
DIFFERENT MOUSE STRAINS. B.J. Snyder*, S.P. Baron and L.T. Meltzer.
Parke-Davis Pharmaceutical Res. Div., Warner-Lambert Co., Ann Arbor, MI 48105
Characterization of the behavioral phenotype of different mouse strains is
becoming an important area of research.
We have begun characterizing
developmental differences in spontaneous locomotor activity (LMA; distance
traveled and center time), acoustic startle response and prepulse inhibition of
acoustic startle (PPI) in C57B1/6J (B6), DBA/2J (DBA) and 129/SvImJ (129) mice
by evaluating these behaviors at 6 and 12 weeks of age. At 6 weeks of age, B6
mice had the highest and 129 mice the lowest spontaneous LMA, as assessed by
both distance traveled and center time. The 3 strains also had different maturation
patterns. The relative differences between 6 and 12 weeks were: B6 mice: no
change in tot”) distance, increase in center time; DBA mice: increase in both total
distance and center time; 129 mice: no change in either total distance or center time.
In terms of startle responsiveness at 6 weeks, B6, 129 and DBA mice had similar
response thresholds of -100 dB. At 120 dB, B6 and 129 mice had similar
magnitude startle responses, whereas DBA mice had an -50% lower startle
amplitude. At 12 weeks, the startle threshold did not change for any of the strains.
However, the startle amplitude was greater for the B6 and 129 mice, whereas the
DBA mice had an attenuated startle response. For PPI, measured at 3, 6 and 12 dB
over background (70dB) with a 120 dB startle stimulus, at 6 weeks, B6 mice had
the lowest and 129 mice the greatest % PPI. Relative to 6 weeks, at 12 weeks, the
PPI response in the 129 mice did not change, B6 mice had a greater % PPI and the
DBA mice did not have any PPI response. These different behavioral and
developmental patterns may influence the study of pharmacological or genetic
influences on these different strain backgrounds. Supported by Warner-Lambert
Co.

ANTIPSYCHOTICS REVERSE BEHAVIORAL ABNORMALITIES
RELATED TO SCHIZOPHRENIA IN NR1 DEFICIENT MICE. A.R.
Mohn1, R.R. Gainetdinov1*, M.G.Caron1, and B.H.Koller2, 1 Howard Hughes
Medical Institute and Dept. of Cell Biology, Duke Univ. Med. Ctr., Durham,
NC, 27710.2 Dept of Medicine, University of North Carolina at Chapel Hill.
Several lines of investigation have implicated NMDA receptors in the
pathology of schizophrenia, but this hypothesis has not been genetically
tested. We report the generation of a mouse line that has been genetically
altered to express 5-10% of the normal levels of NR1, an essential subunit of
NMDA receptors. These mice display behavioral abnormalities that are
consistent with pharmacological models of schizophrenia (PCP and MK-801
intoxication). NR1 deficient mice display increased locomotion and
stereotypy, as well as deficits in social and sexual behaviors. These mice do
not respond to the stimulatory effects of PCP and MK-801, but their increased
motor activity is normalized with antipsychotics. While both clozapine and
haloperidol can normalize locomotor abnormalities, only clozapine is
effective at doses that lack effects in wild type mice. Clozapine, an antagonist
of both dopamine D, and D2-like receptors and 5HT2A receptors, is also
effective in reversing the social and sexual deficits of NMDA receptor
deficient mice. The pharmacological response of these animals suggests that
while dopaminergic pathways are critical for the elaboration of these
phenotypes, serotonergic pathways are also implicated. These studies support
the hypothesis that dysfunction of glutamatergic transmission may underlie
some forms of schizophrenia, and reveal the relative contribution of
monoaminergic systems in this paradigm. This work is supported in part by
grants from NIH to B.H.K., T32GM07092 to A.R.M., and NS19576 to M.C.G.

341.11

341.12

LEARNING DEFICITS IN MICE LACKING THE EXON 23A OF Nfl. Costa
R.M1, Yang T.2, Huynh D.P.3, Brannan C, 1.2 and Silva A, J1! 1 Depts. of

ASSESMENT OF THE YAC TRANSGENIC RESCUE OF Fmrl
KNOCKOUT MICE: BEHAVIORAL ANALYSES
K.L. Mcllwain, A.M. Peier, D.L. Nelson, and R. Pay lor*. Department
of Molecular and Human Genetics, Baylor College of Medicine,
Houston, TX 77030
Fmrl knockout mice exhibit similar, although less severe,
characteristics of the human phenotype such as learning impairment,
hyperactivity, and macroorchidism. A YAC transgenic approach was
adopted to address the developmental timing requirements for FMRI
expression. YAC transgenic animals allow the study of a particular
gene’s function within its native chromosomal context, thus allowing
the inclusion of regulatory and czY-acting sequences that may be
necessary for proper expression. A YAC transgenic mouse line has
been generated that carries 20 CGG repeats. RT-PCR and western
analysis confirmed that the human FMRI gene is expressed
appropriately in this line. This line was subsequently bred to the
Fmrl knockout mouse to address whether or not the phenotype can
be rescued. Mice were examined for behavioral phenotypes using a
battery of assays including the open-field, rotarod, startle habituation,
and conditioned fear. In the open-field, Fmrl knockout mice were
hyperactive compared to the knockout mice carrying the human
FMRI gene and the wild-type mice. In addition, Fmrl knockout mice
displayed more anxiety-related responses in the open-field compared
to the knockout mice carrying the human FMRI gene and the wildtype mice. These preliminary findings suggest that the YAC carrying
the human FMRI gene may have the capacity to ameliorate the
behavioral consequences of Fmrl deficiency in mice.
Supported by NIH grant P30HD24064.

Neurobioiogy, Psychiatry and Psychology, BRI, UCLA, Los Angeles, CA 90095,2.
Dept. of Molecular Genetics and Microbiology, Univ. of Florida College of Medicine,
Gainesville 32610,3Cedars-Sinai Medical Center, UCLA School of Medicine, Los
Angeles CA 90048
Neurofibromatosis type 1 (NF1) is a common inherited disorder in humans affecting
approximately 1/3500 individuals. Learning disabilities are a frequent feature of the
disease. The disease is caused by mutations in the Nfl gene, which codes for
neurofibromin, a protein that has a GAP domain. Several isoforms of Nfl are
expressed in the brain. An isoform containing the exon 23a of NF1, known as NF1
type II, introduces 21 aminoacids in the GAP domain altering the GAP activity of
NF1. In order to assess the impact of the deletion of this isoform in learning, we
analyzed mice that specifically lack exon 23a of Nfl (Nfl23a -/-). We found that these
mice are impaired in two hippocampal dependent tasks: the hidden-version of the
water maze and contextual discrimination. In both cases increased training eventually
alleviates the learning deficits. In addition, Nfl 23 a -/- mice exhibited motor
coordination impairments as measured with the rota-rod. This is consistent with the
fact that some human patients show delayed acquisition of motor skills. Expression
studies of NF1 type II suggested that in the brain it may be expressed mostly in glial
cells. Here we show that this isoform is also expressed in CNS neurons (e.g.
hippocampus and cerebellum). These findings suggest that the lack of the exon 23a
causes learning deficits. Analysis of these mice may help to elucidate the causes of
the learning deficits in neurofibromatosis type 1.
(NIH grant NS38480 to AJS)

341.13

341.14

POTENTIAL GENETIC MODEL OF DEFICIENT PREPULSE INHIBITION
USING THE BROWN NORWAY RAT STRAIN. Palmer, AA*; Dulawa, SC;
Flodman, PL; Mottiwala, AA; Conti, LH; Spence, MA; Geyer, MA; Printz MP.
UCSD, D. Pharm & Psych, La Jolla, CA; UCI D. Pediatrics, Irvine, CA.
Prepulse inhibition (PPI) of the startle response (SR) is a functional measure
of sensorimotor gating (SMG), a trait deficient in multiple psychiatric disorders,
including schizophrenia. There are few genetic models relevant to all features
of these psychiatric diseases. We propose that the Brown Norway (BN) and
the Wistar Kyoto (WKY) rats may provide a novel model of one aspect of these
disorders, namely deficient SMG. %PPI of the acoustic SR was measured at
3 prepulse intensities (pp3, pp6, and pp12 dB) in 4 strains of rats: BN, Sprague
Dawley (SD), Spontaneously Hypertensive Rats (SHR), and WKY. Strain and
prepulse intensity interacted by ANOVA. Posthoc tests showed that BN rats
were lower than SD and WKY at pp3 and were lower than all 3 strains at pp6
and pp12 (p<05). A second cohort of animals replicated this finding (p<05)
and also found similar results at pp6 and pp12 for inhibition of the tactile startle
response (p<.05) - suggesting a cross modal defect. Female BN and WKY rats
also showed similar differences in PPI of acoustic SR (p<05; tactile not
assessed). In all cases SR did not differ significantly between BN and WKY.
Relationships between startle stimulus intensity and startle response were
similar (not right or left shifted) between BN and WKY suggesting similar
auditory acuity; however the relationship between prepulse intensity and %PPI
was dramatically right shifted in the BN relative to the WKY, suggesting that
BN suffer a defect in PPI. An F5 (9 WKYxtfBN) population mimicked the WKY
suggesting dominant inheritance. Backcross populations (9/cr F7 x 9/6" BN)
showed a wide distribution of PPI phenotypes with an apparent bimodal
distribution. Reciprocal F1 (<A/VKYx9BN) populations await testing. These
data support the use of BN and WKY both as an animal model of deficient PPI
and also as a potential genetic tool for the identification of QTLs for PPI and
SMG. (Sponsored by NIH HL 35018; NIH HL 07261 and NIH MH 42228).

PERFORMANCE OF BRAIN-DERIVED NEUROTROPHIC
FACTOR HETEROZYGOUS KNOCK-OUT VS. WILD TYPE
MICE ON BEHAVIOURAL ANALOGUES OF MAJOR
DEPRESSION AND STRESS K. Ramakrishnan, G. MacQueen,
L.T. Young*, and M. Fahnestock Department of Psychiatry and
Behavioural Neuroscience, McMaster University, Hamilton, ON
Canada L8N 3Z5
Brain-derived neurotrophic factor, a neurotrophin produced in the
hippocampus and cortex, is important for the development, function, and
survival of central nervous system neurons. Heterozygous BDNF knockout (KO) mice synthesize 50% of normal levels of BDNF in the brain.
BDNF levels are upregulated by antidepressants, suggesting a role for
BDNF in the treatment and development of major depression. This study
aims to determine whether KO vs. wild type (WT) mice demonstrate
behavioural differences that would support the validity of KO mice as a
model of depression. KO and WT mice were subjected to monitored
behavioural measures, and activity was quantified. Overnight activity
monitoring as well as novel object interaction showed that there was no
significant difference between WT and KO mice, suggesting that there
are no differences in basal exploratory and activity levels between the
groups of animals. As well, preference for sucrose ingestion, a measure
of hedonic responsivity, showed no significant difference between
groups. In the forced swim test, which measures the animal’s response
during a stressful situation, no significant behavioural differences were
found. Thus, we have been unable to demonstrate any behavioural
differences between wild-type and heterozygous BDNF knockout mice.
Supported by The Stanley Foundation, NARSAD, and MRC
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TARGETED EXPRESSION OF Cre RECOMBINASE IN MURINE
DEVELOPING NERVOUS SYSTEM. M, Hirasawa. A, Cho, and A.B,

Supported by NIDCR-DIR

NEURONAL DEGENERATION AND LIPOFUSCIN ACCUMULATION IN THE
THALAMUS OF hNF-L TRANSGENIC MICE. G. Doucet.1* D. UmbnacoJ
S. Rousseau,1 A Vallee? A Gendron.2 and AJ, Cross3. ’D6p. pathol. biol. cell.,
University de Montreal, Montreal, QC, Canada H3C 3J7; 2Astra Pharma Inc.,
Mississauga, ON, Canada L4Y 1M4; 3Astra Arcus USA Inc., Rochester, NY 14602.
Transgenic (TG) mice expressing the human neurofilament protein, NF-L, show
huge perikaryal accumulations of disarrayed filaments in specific thalamic nuclei,
particularly the ventrobasal (VB) complex (Exp. Neurol. 132, 134, 1995;
Neuroscience 68, 135, 1995). These accumulations lead to major neuronal losses
(40%) in the VB of aged TG mice (J. Comp. Neurol. 406, 433-448, 1999). We also
noticed that the remaining VB neurons of the TG mice contained larger amounts of
lipofuscin, indicating increased oxidative stress in this brain area. The present
quantitative study was done to document the accumulation of lipofuscin in the VB
of aging TG mice. Normal (C57BL/6) and hNF-L TG (Genes Develop. 1, 1085,
1987) mice were perfused with 4% paraformaldehyde at 3, 6, 9, 12, 15 or 18-27
months of age and their brain embedded in paraffin (3.6 ±1.6 mice/group). The
surface area of autofluorescent granules (AFG), visualized under a Zeiss
fluorescence microscope, was measured by image analysis on double blind-coded
sections. In normal mice, the size of AFG (~3.0 ± 0.2 pm2, at 3 - 15 months)
increased only between 15 and 18-27 months (5.1 ± 0.4 pm2). In TG mice, there was
a gradual increase in the size of AFG, from 2.0 ± 0.5 pm2, at 3 months, to 8.4 ±3.4
at 18-27 months, which became significantly different from controls at the age of 9
months (4.2 ± 0.6 pm2; p<0.01) and thereafter (p<0.001). Lipofuscin granules,
measured in electron microscopy on other groups of aged mice (13-23 months; 8
normal; 10 TG), were also larger in the VB of TG mice (p<0.001), validating the
above results. This suggests that increased oxidative stress might contribute to the
documented neuronal loss in the VB of hNF-L TG mice, which might therefore be
useful to test, in vivo, the efficacy of antioxidant drugs against a neurodegeneration
induced by a cytoskeletal abnormality. (Supported by Astra Pharma Inc., Canada).

342.3

342.4

REGIONAL BRAIN VARIATIONS OF CYTOCHROME OXIDASE
ACTIVITY AND CEREBELLAR CELL DENSITIES AND LAYER
VOLUME IN NFH-LacZ TRANSGENIC MICE. M. Dubois1, C.
Strazielle1 \ D. Vaudry3, H. Vaudry3. J. Eyer4 and R. Lalonde1 5.
(SPONSOR: IBANGS) 'Universite de Rouen, UPRES PSY.CO-EA
1780, France, 2Universite de Nancy I, 3Universite de Rouen,
INSERM U413, 4Universit<5 d'Angers, INSERM CJF 97-08, 5CHUM.
Insertion of the NFH-LacZ fusion protein in mice causes
early accumulation
of a neurofilament
protein of a high
molecular weight (NFH) in the cell bodies of neurons and
early reduction of motor neuron axonal caliber. Young (3
month-old) and older (12-18 months) NFH-LacZ transgenic
mice were compared to normal controls in terms of regional
brain metabolism, as assessed by cytochrome oxidase (CO)
activity. Irrespective of age, a reduction of CO activity was
found
in three
cerebellar-related
regions
of NFH-LacZ
transgenic
mice: 1) the lateral reticular nucleus, 2) the
parvicellular red nucleus, and 3) the superior colliculus,
possibly as a secondary consequence of cerebellar atrophy.
Aged NFH-LacZ mice had lower CD activity relative to either
age-matched
controls
or young transgenic
mice in the
following regions: the motor nucleus of the vagus nerve, the
trapezoid nucleus, the subiculum,
the motor cortex, the
superior olive, and the lateral dorsal thalamus. Confocal laser
microscopy indicated an age-related reduction of Purkinje
cell densities in the simple and paramedial lobules of NFHLacZ transgenic mice.
(Supported by UPRES and INSERM)

CHARACTERIZATION OF THE NEUROLOGICAL MOUSE MUTANT
DOCILE. P. Jensen* and D. Goldowitz. U.T. Memphis, Center for
Neuroscience, Memphis, TN 38163.
Docile is a recessive mutation that arose spontaneously in an
outbred stock at U.T. Memphis. Homozygous mutants can be
identified between two and three weeks of age by their docile nature.
Between 30 and 45 days of age mutant animals start to display an
ataxic gait with difficulty in coordinating movement of the hindlimbs,
and at times the hindlimbs move simultaneously. Hindlimb splaying and
hyperextension of the tail is common. Their halting gait results in a
back and forth jerking movement of the entire body. Homozygous
males and females are fertile, although both are poor breeders.
The docile mutant brain is smaller than that of wildtype
littermates. Histological analysis reveals no obvious cytoarchitectonic
abnormalities. However, there is sporadic cell death in several brain
regions. More prominent cell death is evident in the dentate gyrus,
and there is a positive correlation between the age of the animal and
the extent of cell death. There also appears to be a reduction in cells
of tiie cerebellar nuclei. GFAP immunohistochemistry demonstrates a
marked increase in glial processes associated with blood vessels.
There is the appearance of neovascularization throughout the brain of
the docile mutant mouse. We are currently examining the physiology,
ontogeny, and genetics of this apparently novel neurological mutant
mouse.

342.5

342.6

MAPPING THE MUTATION OF A NOVEL PURKINJE CELL
DEGENERATION MUTANT. E, Shick,1 C.Duchala,1 V. Stewart,2
W.B.Macklin1*. 1 Dept. of Neuroscience,2 Transgenic Core
Service, The Cleveland Clinic Foundation.; Cleveland, Oh 44195.
The Weebler (wb) mouse is a spontaneous autosomal recessive
mutation first observed in the FVB neo/neo transgenic line, which
manifests itself in severe ataxia beginning around 12 days of age.
The ataxia worsens with age and the death of the animal occurs
around 8 months of age. Histological examination reveals
morphological changes in Purkinje cells noticeable at day 14 with
loss of Purkinje cells between day 21 and day 30 until only
approximately 25% of Purkinje cells remain. The purpose of this
study was to map the locus of this mutation. Using the inbred Mus
musculus castaneus strain CAST/Ei as tester stock, we performed
an intersubspecific cross to the FVB/Weebler mutant and analyzed
tail DNA from the F2 wildtype and mutant offspring. Separate DNA
pools of the CAST/Ei parental DNA, the FVB/Weebler parental
DNA, and the unaffected F2 DNA were used as controls. We
analyzed affected offspring DNA individually, using simple
sequence repeat (SSR) variants detected by PCR amplification. We
have established that the Wb locus is on chromosome 8 between
D8Mit231 and D8Mit 162, a distance of approximately 5cM. Four
candidate genes of interest in this location are Clcn3 (chloride
channel3), Cspg3 (chondroitin sulfate proteoglycan3 - neurocan),
Zfp70-rsl (zinc finger protein), and Calr (calreticulin). These genes
are currently being investigated for possible involvement.
Supported by NS 25304.

SOMATOSTATIN ELEVATION IN THE CEREBELLUM OF ATM
KNOCKOUT MICE. Rodrigo O. Kuljis13*. Yang Xu2, M.Cecilia Aguila1’3.
'Miami V.A. Med Ctr.,2Dept. Biology,Univ. California, San Diego and 3Dept.
of Neurology, Univ. of Miami Sch. of Med.; Miami, FL 33136.
ATM, the gene mutated in the human genetic disorder ataxiatelangiectasia (A-T), is a member of phosphatidyl-inositol-3-kinase
superfamily involved in DNA metabolism and cell-cycle checkpoint control.
Disruption of ATM results in neuronal degeneration. Multiple lines of evidence
suggest that the neuropeptide Somatostatin (SRIF) plays a role in the
differentiation of immature cells during central nervous system development,
where is present at high level perinatally but declines rapidly postnatally.
Increased levels of SRIF are associated with ataxia in various animal models.
This study evaluated whether SRIF production and/or SRIF neurons were
altered in knockout mice. SRIF mRNA was determined in cerebellum and
hypothalamus by S, nuclease protection assay using a 32[P] labeled riboprobe.
SRIF content was measured in the tissue by RIA. In contrast to wild type
controls, knockout mice exhibit a 75% elevation in SRIF mRNA levels at two
months. SRIF content was also increased (p<0.01) in the cerebellum of
knockout mice. Hypothalamic SRIF was not altered in knockout mice.
Immunolabeled preparations revealed two SRIF (+) bands, in the superficial
molecular layer and the Purkinje cell layer. These findings link disruption of
Atm gene with elevated levels of SRIF, suggesting that it may be a
compensatory mechanism to palliate the neuronal degeneration by perhaps
promoting dendritic arborization. Support. NSF9805774 and the U S. Dept.
Veterans Affairs.

Kulkarni*. Functional Genomics Unit, National Institute of Dental and
Craniofacial Research, NIH; BETHESDA, MD 20892
Gene targeting approach is now considered a gold standard to delineate specific
in vivo functions of the candidate genes. However, embryonic lethality associated
with certain gene knockouts has hindered our progress in unraveling the precise
roles of these genes in mature and aging nervous system (Oshima et al., Proc.
Natl. Acad. Sci. USA, 93: 11173; Gilmore et al., J. Neurosci., 18: 6370). With
the rapid advances made in conditional knockout technology, it will be feasible to
generate viable gene knockout mice in which the genes of interest will be
mutated in the mature nervous system. In order to generate these mice, caveat is
the availability of suitable transgenic mice in which Cre recombinase is
specifically expressed only in the mature nervous system. In an attempt to
generate such Cre transgenic mice, we have created number of transgenic mouse
lines using a construct that contains 9.5kb of murine neurofilament-H (mNFH)
promoter fragment and Cre coding sequence. We have analyzed temporal and
spatial Cre recombinase expression patterns in these mouse lines by crossing
them with the reporter mice that carry the transgene of bacterial B-galactosidase
(LacZ) gene downstream of loxP flanked stop codon and chicken B-actin promoter
(Tsien et al., Cell, 87: 1317). Ten out of fifteen mNFH-Cre mouse lines have
been analyzed by X-gal staining of the serial brain sections. All of these mice
exhibited neuron-specific Cre expression. One line had an onset of Cre expression
in neurons after birth. These Cre recombinase transgenic mouse lines will be
valuable for generating “conditional gene knockouts” restricted to neurons during
prenatal and/or postnatal brain development.
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CEREBROCORTICAL ECTOPIAS IN CONGENIC MOUSE STRAINS.
WJE.. Gray, L.V. Stone, A.M. Galaburda, D.R. Beier, and G.F, Sherman*.
Department of Neurology, Beth Israel Deaconess Med. Center; Genetics Div.,
Brigham and Women’s Hospital; and Harvard Medical School, Boston, MA.
Approximately 80% of the recombinant inbred mouse strain NXSM-D/EiJ
develop prenatal collections of neurons in neocortical layer I. These "ectopias"
are recessively inherited and are similar to those seen in dyslexic individuals
(Galaburda et al., Ann. Neurol., 18:222-233, 1985). A genome-wide screen of
this strain revealed significant linkage to chromosomes 4 and 8 (Sherman et al.,
Soc. Neurosci. Abstr, 23:1133, 1997). Thus, we hypothesize that genes related
to ectopia production are present on these chromosomes.
In order to explore the relationship of the linked regions to ectopias, we used a
breeding protocol to create six congenic strains from NXSM-D and non-ectopic
DBA/2J progenitors. In the development of the congenic strains, offspring that
are heterozygous at markers within a particular differential chromosomal segment
are mated to one progenitor strain. Repeated backcrossing for at least ten
generations will achieve a 99.90% homogeneous NXSM-D or DBA background
upon which only the differential segment displays heterozygosity. NXSM-D and
DBA reciprocal backcross lines are created with a segment on chromosome 4, as
well as with one on 8. Lines of each type also are created that maintain both
regions. Ectopias should be present in the intercross progeny of DBA backcross
mice in which at least one of these chromosomal segments is homozygous for
the NXSM-D allele. Correspondingly, intercross offspring of NXSM-D
backcross mice in which this region is homozygous for the DBA allele should
not have ectopias.
At the fourth generation (N4), wherein the genomic background is 93.75%
homogeneous, intercross matings were performed for the DBA backcross line
carrying the differential segment on chromosome 4. Some of the offspring that
were NXSM-D homozygous at the targeted markers did exhibit ectopias. This
indicates that the chromosome 4 segment contains at least one gene that plays a
role in ectopia formation. Results will be presented from the N10 intercross
progeny from all 6 congenic strains. Supported by NIH HD20806.

PRODUCTION OF TRANSGENIC MICE
EXPRESSING PNP1 4 GENE

MONDAY PM

T. Hirabayashi1,2, S. Nakajo* S. Arata2, S. Shioda3, and K. Nakaya1

’Laboratory of Biological Chemistry, School of Pharmaceutical
Sciences and zCenter for Biotechnology and 3First Department of
Anatomy, School of Medicine, Showa University, Tokyo, Japan.
We have previously found a novel phosphoneuroprotein with a
molecular mass of 14kDa (PNP14, also known as B -synuclein),
which is specifically expressed in presynaptic axon terminals of
the brain. Recently, point mutations in the a-synuclein, a
homologous protein of PNP14, has been reported in two
independent Parkinson's disease families. In this study, we have
produced transgenic mice expressing PNP1 4 controled by the
promotor of calcium, calmodulin-dependent protein kinase II.
Immunohistochemical and immunoblotting analyses in PNP 14
transgenic mice using specific antibody showed that PNP14positive immunoreactivities were significantly increased in
hippocampus, cerebral cortex, and cerebellum as compared with
those of wild type mice. The phenotypic characteristics will be
described.
(Supported in Part by Ministry of Education, Science, and
Culuture of Japan)

342.9

342.10

REGIONAL DECREASES IN NK-3 TACHYKININ RECEPTOR BINDING IN
DYSTONIC HAMSTER (df1) BRAINS. R. Raymond1*, Y. Friedman1, A,
Richter2, J.N, Nobrega’and W. Loscher2. ’Neuroimaging Research Section, Centre
for Addiction and Mental Health, Clarke Institute Division, Toronto, Ont. M5T
1R8 Canada; and 2Dept. of Pharmacology, Toxicology and Pharmacy, School of
Veterinary Medicine, D-30559 Hannover, Germany.
Idiopathic dystonic syndromes include abnormal postures, often resulting from
forcefUl, sustained involuntary muscle contractions. While the etiology of primary
dystonias remains unknown, it is thought to involve changes in the basal gangliathalamus-cortex circuit, particularly activity imbalances between so called direct
and indirect efferent striatal pathways. Substance P (SP) is part of the tachykinin
family and a major component of the direct pathway from striatum to the substantia
nigra. In this study we used autoradiography to examine changes in NK-1 and NK3 receptors in mutant dystonic hamsters (df2), an animal model of paroxysmal
dystonia which displays dystonic reactions in response to mild stimulation. NK-1
receptors were labeled in 10 dystonic brains and 10 age-matched controls with 3 nM
[3H]-Sar’,Met(O2)”]SP (± 1 pM SP). NK-3 sites were labeled in adjacent sections
with 2.5 nM [3H]senktide (± 1 pm senktide). NK-1 binding was found to be
unaltered in 27 brain areas examined, including six subdivisions of the caudateputamen. In contrast, in dystonic brains NK-3 binding was significantly reduced in
layers 4-5 of the prefrontal (-46%), anterior cingulate (-42%), and parietal (-45%)
cortices, medial thalamus (-42%), and substantia nigra compacta (-36%). The latter
effects may be particularly relevant in view of evidence that NK-3 receptors are
located on dopaminergic neurons in the nigra compacta (Stoessl, Brain Res, 1994,
646, 13) and can modulate dopamine cell activity in this area (Bannon et al, Brain
Res, 1995, 695, 19). Tlie observed changes suggest that pharmacological
manipulation of NK-3 receptors may have significant effects on dystonic symptoms.
Supported byfunds from the FDG and the Dystonia Medical Research Foundation.

THE GENERATION AND CHARACTERIZATION OF AN ANIMAL MODEL
OF DYT1 DYSTONIA W.T, Dauer1*, L.J. Ozelius2, X.O. Breakfield2, S, Fahn1, and
R, Hen3, 'Dept. of Neurology and Center for Parkinson’s Disease and Other
Movement Disorders, Columbia University; 2Dept. of Neurology and Neuroscience
Program, Harvard Medical School; 3Center for Neurobiology and Behavior, Columbia
University.
Primary dystonia is thought to result from afunctional abnormality of the basal
ganglia; there is no evidence of neurodegeneration or detectable biochemical
abnormality. DYT1 dystonia, the most common form of childhood-onset primary
dystonia, is an autosomal dominant illness caused by a three base-pair in-frame GAG
deletion in the DYT1 gene. The DYT1 gene encodes TorsinA, a novel ATP binding
protein of unknown function.
Using gene targeting strategies in mice, we have generated the first etiologic specific
animal model of human primary dystonia. We engineered a 7.5kb fragment of the
mouse DYT1 gene with the pathogenic GAG deletion, and successfully targeted this
construct into ES cells. A targeted clone was then used to generate chimeric mice that
are capable of germ-line transmission of the DYT1 mutation. We have begun
behavioral and biochemical characterization of these TorsinA “knock in” (KI) mice
that have the pathogenic GAG deletion in the DYT1 gene. We have also begun to
generate DYT1 “knock out” (KO) mice using a 6.2 kb fragment of the mouse DYT1
gene in which with the TorsinA coding sequence is interrupted by the marker tau-LacZ.
This construct has been successfully targeted in ES cells, and these cells are being used
to generate chimeric animals. The TorsinA KI and KO mice should prove valuable in
studying the fundamental mechanisms of DYT1 dystonia, and in elucidating the
normal function of TorsinA. Supported by the Dystonia Medical Research
Foundation, Howard Hughes Medical Institute, and the Parkinson’s Disease
Foundation.

342.11

342.12

TRANSGENIC MICE WITH DEPOSITION OF AMYLOID-B PROTEIN IN
SKELETAL MUSCLE: MODEL OF INCLUSION BODY MYOPATHY. JC
Fukuchi,1* L, Li.1 D, Eham.1 S, J, Qhtand J. R, LindseyDept. of 'Comparative
Medicine and 2Neurology, Univ. of Alabama at Birmingham, Birmingham, AL
35294
Inclusion body myopathy (or myositis) (IBM) is the most common progressive
muscle disease in people over age 50. The cause of IBM is unknown and there is no
satisfactory treatment. Since the anatomical lesions of IBM contain amyloid-B (AB)
immunoreactive deposits, paired helical filaments, apolipoprotein E (apoE),
ubiquitin, presenilin 1, and oq-antichymotrypsin, all of which are also found in the
brain lesions of patients with Alzheimer disease (AD), IBM and AD may share
common pathogenetic mechanisms. We previously reported on a transgenic mouse
line (13592) that overexpresses the signal sequence plus the 99 amino acid carboxylterminal end of the human amyloid-B protein precursor (BPP), and develops AB
immunoreactive, Congo red bireffingent deposits in skeletal muscle (Am J Patho
1998, 153:1687-1693). More recently, immunocytochemical analyses have revealed
co-accumulation of apoE, ubiquitin, and cq-antichymotrypsin in these lesions, while
antibodies against tau protein failed to react. By modified Gomori trichrome
staining, the vacuolated muscle fibers showed typical “red-rimmed vacuoles”
indistinguishable from IBM muscle fibers in human. Mononuclear cell
inflammation was found occasionally in vacuolated muscle lesions of 13592 mice,
which is typical of sporadic IBM. Thus, overexpression of part of BPP leads to
development of IBM-like pathology in the skeletal muscle of mice, indicating an
important role of AB and/or BPP in its pathogenesis. The 13592 mice may be a
useful model to study roles of AB and BPP in the etiology of IBM and AD.
Supported in part by the National Institute of Health (AG 12850, RR07003, and
RR11105).

ASTROCYTE ACTIVATION AND SlOOp OVEREXPRESSION
PRECEDE THE APPEARANCE OF P-AMYLOID PLAQUES IN
APPV717F TRANSGENIC MICE. W.S.T, Griffin.* J.G. Sheng. R.A.
Jones, J. McGinness. K. Bales. B. Cordell. S.M, Paul, and R.E. Mrak.
McClellan VAMC & Univ. Ark. Med. Sci., Little Rock, AR 72205; Eli
Lilly, Indianapolis, IN; and Scios Nova, Inc, Sunnyvale, CA 94043.
Overexpression of SlOOp, an astrocyte-derived neuritogenic cytokine
that induces p-amyloid precursor protein expression, has been implicated
in the conversion of diffuse amyloid deposits into neuritic p-amyloid
plaques in Alzheimer’s disease and Down’s syndrome. We determined the
temporal course of astrocyte activation, SlOOp expression, and p-amyloid
deposition in brains of APPV717F transgenic mice, aged 1-17 months.
The numbers of activated astrocytes overexpressing SlOOp and the tissue
levels of SlOOp mRNA were elevated over those of wild type in young
(1-4 mo) transgenic mice (P<0.01 and P< 0.001, respectively), and in older
(8-17 mo) transgenic mice (P<0.001 in each case). The increases in
astrocyte activation and SlOOp expression, shown here, occur months
before the appearance of p-amyloid deposits in these mice. Such
precocious astrocyte responses are reminiscent of our earlier finding of
activated astrocytes, overexpressing SlOOp, in Down’s fetuses and
neonates, decades before the appearance of P-amyloid deposits. We
postulate that this astrocytic overexpression of SI00p contributes to the
dystrophic neurite growth associated with P-amyloid plaques in these
transgenic mice. Supported by NIH AG 12411.
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DOMINANT NEGATIVE EFFECTS OF APOLIPOPROTEIN (APO) E4
REVEALED IN APOE KNOCKOUT MICE COEXPRESSING APOE3 AND
APOE4 IN THE BRAIN. M, Buttini1’2.*, H, Ateefc.kC, Lin1, A^JMahtey1?,
R, E. Pitas1’3. T, Wvss-Coray1’2. and L. Mucke1-2. 1 Gladstone Institute of
Neurological Disease and departments of Neurology and 3Pathology, University
of California, San Francisco, CA 94141-9100.
The APOE e4 allele, which encodes apolipoprotein (apo) E4, is associated with
an increased risk for Alzheimer’s disease (AD) and poor clinical outcome after
stroke and head trauma. The mechanisms underlying these effects are still unclear.
Apoe knockout mice expressing apoE4 in their brains (neuron-specific enolase
(NSE)-apoE4 mice) are susceptible to excitotoxin-induced and age-related
neurodegeneration, whereas NSE-apoE3 mice are not (Buttini et al., J. Neurosci.,
in press). To determine whether the effects of apoE4 dominate over those of apoE3
in vivo, we generated and analyzed Apoe knockout mice that express apoE3 or
apoE4 or both in their neurons. Neurodegeneration was assessed by confocal
microscopy and computer-aided image analysis of neocortical sections
immunostained with antibodies to neuronal markers (synaptophysin, MAP-2,
neurofilaments). ApoE3/E4 bigenic mice were as susceptible to age-related and
excitotoxin-induced neuronal injury as apoE4 singly transgenic mice. At 8 months
of age, neurodegeneration was significantly more severe in homozygous than in
heterozygous NSE-apoE4 mice, suggesting that the detrimental effects of apoE4
are dose-dependent. In contrast, homozygous NSE-apoE3 mice were at least as
protected against age-related and excitotoxin-induced neurodegeneration as
heterozygous NSE-apoE3 mice. Thus, apoE4 is not only less neuroprotective than
apoE3 but appears to interfere with beneficial apoE3 functions. Our results suggest
that inhibiting the detrimental effects of apoE4 in APOE e4 carriers may be a more
successful therapeutic approach to the treatment and prevention of apoE4-related
neurodegeneration than mimicking the beneficial effects of apoE3.

THE AMYLOID PRECURSOR PROTEIN (APP) MODULATES COPPERINDUCED TOXICITY IN PRIMARY NEURONAL CULTURES.
A.R. White1, F, Maher1, G. Multhaup2, S. Bellingham3. J, Camakaris3, H. Zheng4,
AJ. Bush1,5, S. Murphy6, K Bevreuther2. C.L. Masters1 and R. Cappai1. Depts.
of ‘Pathology, ’Genetics and 6Anatomy, The Univ. of Melbourne, Parkville, Vic.,
Australia, 3052; 2ZMBH, The Univ. of Heidelberg, Im Neuenheimer Feld 282,
69120 Heid., Germany; 4Dept. of Genetics and Mol. Biol., Merck Research Lab.,
Rahway, N.J. 07065; ’Depart, of Psychiatry, and Genetics and Aging Unit,
Harvard Med. Sch., Mass. Gen. Hosp., Charlestown, MA 02129.'
The amyloid precursor protein (APP) of Alzheimer’s disease (AD) can reduce
copper (Cu) (II) to Cu (I). We used neuronal cultures derived from APP
knockout (APP ’) and wild-type (WT) mice to examine the role of APP in Cu
neurotoxicity. WT cortical and hippocampal neurons were significantly more
susceptible than their respective APP neurons to toxicity induced by
physiological levels of Cu but not by zinc or iron. There was no difference in Cu
toxicity between APLP2 and WT neurons, demonstrating specificity for APPassociated Cu toxicity. Treatment of neurons with a peptide (APP142-166)
corresponding to the human APP Cu binding domain (CuBD) significantly
potentiated Cu but not iron or zinc toxicity. Incubation of APP142-166 with low
density lipoprotein (LDL) and Cu resulted in significantly increased lipid
peroxidation compared to Cu and LDL alone suggesting that APP can interact
with Cu to induce a localized increase in oxidative stress through Cu (I)
production. Substitution of the Cu co-ordinating histidine residues with
asparagines (APP142-166H147N H149N H151N) abrogated the toxic effects. A peptide
corresponding to the zinc binding domain (APP181-208) failed to induce
toxicity in neuronal cultures. These data support a role for the APP CuBD in
APP-mediated Cu (I) generation and toxicity in primary neurons, a process that
has important implications for AD and other neurodegenerative disorders.
Supported by grants from the NH&MRC of Aust. to C.L.M. K.B. is supported
by the Deutshe Forschungsgemeinschaft and the BFT.

342.15

342.16

PRESERVATION OF CHOLINERGIC BASAL NEURONS IN MICE CARRYING
MUTATED PRESENILIN AND AMYLOID PRECURSOR PROTEIN
TRANSGENES S Jaffap*1, M^N, GordQn3,DJ.GJ-M9rgml^l E^L-Mufsonj ’Dept.
of Neurological Sci. Rush Presbyterian-St. Luke’s Med. Ctr., Chicago, IL 60612, and
2Alzheimer Research Laboratory, Univ. South Florida, Tampa, FL
Degeneration of the cholinergic basal forebrain (CBF) neurons is one of the most
consistent findings in Alzheimer’s disease (AD). To investigate whether amyloid
deposition alters CBF neurons, we examined 12 months old transgenic mice that
overexpress mutant presenilin 1 (PSlM14il ) only, amyloid precursor protein (APPK670N
M67!L) only, and double transgenic mice overexpressing both mutant AD genes
(Holcomb et al., 1998). Only in the brains of transgenic mice overexpressing both the
mutant PSI and APP, did we observe markedly elevated amyloid deposition
throughout the brain. In contrast, tissue stained with an antibody against paired helical
filament (PHF) failed to reveal any neurofibrillary tangle-like structures within the
brains of these transgenic mice. The effect of elevated amyloid deposition on CBF
neurons within the medial septum, diagonal band and nucleus basalis was determined
using optical density measurements of protein levels as well as the area of neurons
immunostained for the low affinity neurotrophin receptor, p75NTR (an excellent
marker for CBF neurons) immunoreactive perikarya, using the NIH Image analysis
1200 software. ANOVA revealed no significant difference in optical density
(MS;p=0.61; VDB, p=0.98; HDB, p=0.61; NB, p=0.97), or neuronal size (MS;
p=0.92; VDB; p=0.14, HDB;p=0.57; nb; p= 0.14) within the different subfields of
CBF in any of the transgenic animals as compared to wild type litter mates. In
addition, in the double transgenic mice we observed p75NTR immunoreactive fibers in
close apposition to amyloid containing plaques. These data suggest that amyloid
deposition is not "sufficient" to cause CBF degeneration. Support: AG 14633,
AG14449 and AG 10688.

SYNAPTIC DEFICIT IN THE TEMPORAL CORTEX OF PARTIAL TRISOMY
16 (Ts65Dn) MICE. M.A. Kurt1’2, D.C. Davies1*, M, Kidd1, M. Dierssen3, J. Florez3.
1 St George’s Hospital Med. Sch., Dept. of Anatomy, London, SW17 ORE, UK;
2Uludag Univ. Med. Sch., Dept. of Anatomy, Bursa, Turkey; 3Cantabria Univ. Med.
Faculty, Dept. of Physiology and Pharmacology, Santander, Spain (SPON: European
Brain and Behaviour Society).
Several genes located in the obligate region of chromosome 21 for Down
syndrome, including the APP gene which has also been implicated in the aetiology
of Alzheimer’s disease (AD), are located on mouse chromosome 16. Therefore, the
partially trisomic mouse (Ts65Dn) has been proposed to be a model of these clinical
conditions. Ts65Dn Mice display learning and memory deficits, but little is known
about the ultrastructure of their neural connectivity. Therefore, the density and
apposition zone length of synapses in the temporal cortex of aged (approx. 16-17
months old) Ts65Dn mice (n=4) were compared with those in age-matched controls
(n=4) using quantitative electron microscopy. There were significantly less (30%)
asymmetric synapses in the temporal cortex of Ts65Dn mice than in controls (/=5.067; p=0.023). However, there was no significant difference between the mean
density of symmetric synapses in Ts65Dn mice and control mice. In addition, the
mean synaptic apposition lengths of both asymmetric (15%; t=9.812, p<0.0001) and
symmetric (11%; t=5.582; p<0.0001) synapses were significantly larger in Ts65Dn
mice than in controls. These results suggest that excitatory synapses are
preferentially affected in Ts65Dn mice and there is an attempt to compensate for the
deficiency of asymmetric synapses by maintaining total synaptic contact zone area.
They may also reveal the morphological basis for the learning and memory deficits
observed in Ts65Dn mice have a bearing on the cognitive decline in AD and Down
syndrome in old age.

342.17

342.18

TRISOMY 21: ASSESSING IMPLICATIONS BETWEEN GENOTYPIC/
PHENOTYPIC VARIABLES THROUGH LATTICE ANALYSIS. (L
Chabert1, A. Cherfouh^P-.L, Roubertoux1*2*, V. Duquenne1. !CNRS UPR
9074, Genetics, Neurogenetics, Behavior, 2University of Orleans, 3B rue de
la Ferollerie 45071 Orleans Cedex 02 (France)
The genotypes (11 cytogenetic bands) and phenotypes (24 features) of
ten patients with partial trisomy 21 (Delabar et al., Eur. J. Hum. Gen. 1993
114-124), were coded into a binary table S10x(B11+F24), Bn being the set
of 11 distinct intersections of band intervals shared by the patients, and F24
the set of features. Each feature f in F is ascribed to the subset of bands -say
fFB- which are shared by all patients having f, which can be read as an
implication f —> fFB. The molecular mapping onto minimal regions, is a
representation of these implications (single feature —> band conjunction),
visualized in terms of bands' locations on chromosome 21. Such an
equivalence expresses a condition for having feature f, hence providing a
genetic characterization of feature f. If all these equivalences held, that
would assess that the set of bands B is sufficient to characterize the
polymorphism of the phenotypic diversity of trisomy 21 in this small
population. These two structures can be labelled with basis of implications
going from the conjunctions of features into the conjunctions of bands, and
conversely, which completely characterize the matching of the
genetic/phenotypic structures. Half of the conjunctions of bands that
characterize the genetic structure of this data set actually bear equivalences,
which defines a core structure of equivalences "already assessed" by the set
of bands B. This leads to answer local questions for bettering the genetic
description of features of interest, or to focus on a minimal set of questions
that should be investigated through new chromosomic regions to make the
genetic description more precise. More generally, the method should help
refining the analysis of transgenic mice developped with YAC or BAC
pending adaptation for quantitative features.

VASOACTIVE INTESTINAL PEPTIDE (VIP) DYSFUNCTION ASSOCIATED
WITH SEGMENTAL TRISOMY MODEL OF DOWN’S SYNDROME. A.M,
Ades1, S.K, McCune1, B.L^Short1*.L.S, Cmic2, M, Ring3, D.E Brenneman3 and J.M.
Hill3. ’Dept. Neonatology, Children’s National Med. Ctr. Washington, DC 20010;
2Dept. Pediat & Psychiat., Univ. Colorado School of Medicine, Denver CO 80262;
3Sect. on Devel. & Molec Pharmacol., LDN, NICHD, NIH, Bethesda, MD 20892.
Mice with segmental trisomy (Ts65Dn), a useful model for Down’s syndrome and
Alzheimer’s, disease, have cholinergic deficits accompanied by cognitive
dysfunction. Acetylcholine and VIP are co-localized in many cortical neurons and
previous studies in our laboratory have shown that: 1) blockage of VIP action
resulted in both cognitive and motor deficits; 2) VIP prevented the neurotoxic effects
of treatment with beta amyloid peptide and the HIV envelope protein; and 3) VIP
prevented the motor and cognitive dysfunction associated with HIV envelope protein
neurotoxicity. These factors indicate that some deficits in the trisomy mouse model
may be related to a malfunctioning in VIP processes.
VIP acts indirectly to enhance the survival of neurons in tetrodotoxin-treated
mixed cultures through the VIP-induced release of cytokines and growth factors
from astrocytes. Conditioned medium was collected from astrocytes of adult male
segmental trisomy mice or their wild type littermates (>6 months of age) cultured
with or without IO'10 M VIP. The conditioned medium from VIP-treated wild type
astrocytes prevented tetrodotoxin-induced neuronal cell death in mixed cultures, but
conditioned medium from VIP-treated trisomy astrocytes did not. In additional
studies, cortical tissue from both wild type and trisomy mice was examined for VIP
binding sites with in vitro autoradiography. These studies revealed a significant
increase in VIP binding sites in the cortex of trisomy compared with wild type
littermates. These results indicate that VIP dysfunction occurs in this mouse model
of Down’s syndrome and may play a role in the associated cognitive deficits.
Supported by the NICHD Intramural Program and HD04024 and HD 17449.
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DUAL-PHOTON IMAGING OF FREE OXYGEN RADICALS IN SINGLE
PYRAMIDAL CELLS IN OVEREXPRESSING hSODl-TRANSGENIC-MICEHIPPOCAMPUS
M. Buchner*, R.Huber. I, Sehrsam. M Timmler, M. Schlieter, AC.Ludolph, M.W.
Riepe.
Dept. of Neurology, University of Ulm, D-89075 Ulm, Germany.
Dual-photon microscopy allows investigation of single cells in thick brain slices
due to increased depth penetration of near infrared photons. The goal of the present
study was to investigate influence of overexpression of human CuZn -superoxide
dismutase on production of free radicals in single pyramidal cells. Hippocampal
slices were prepared from control and transgenic mices with overexpressing hSOD
ageing between 150 and 200 days. Slices were stained with 10 gM DCF for lh
prior to onset of experiment. Simultaneous to fluorescence imaging population
spikes were recorded in hippocampal region CAI upon stimulation of Schaffer
collaterals in hippcampal region CA3 (0.01 Hz). A TiSa Laser (60 fs, 500mW
behind the laser) was pumped with a 5 Watt solid state laser. Fluorescence was
measured in a chamber mounted on a Zeiss inverted microscope with objective
Zeiss C-Apo (63x, NA 1,2 water immersion). Upon 15 min of baseline recording
with perfusion of oxygenated control Ringer solution fluorescence in CAI
pyramidal cells increased to 105 ± 10 % in both groups due to a small production
of free radicals under standard conditions. After 15 min of perfusion with cyanide
(1 mM) populations spike amplitude was reduced to 11±3% of onset level. At this
time fluorescence did not change in controls (104 ±10 %) due to total inhibition of
complex 4, slices of transgenic mice showed an decrease to 95±7%. During
recovery slices of transgenic mice with better electrophysiological outcome (PSAP
>50 of onset-level) showed a smaller increase of fluorescence (130±10% vs.
180±10%).
We conclude that production of free oxygen radicals is altered in transgenic-hSODmice. Decreased levels of free oxygen radicals after recovery of inhibition of
complex 4 correlate with better electrophysiological outcome.
Supported by a grant from tlie University of Ulin to MWR.

DEPRENYL, DESMETHYL DEPRENYL AND ROPINEROLE EXTEND THE
LIFE SPAN OF SOD-1 G86R TRANSGENIC MICE . Ip. F. Good*. 2C, W,
Olanow. 1 A, Hsu, and 3J, W, Gordon. 1 Division of Neuropath, and Fishberg Res. Ctr.
for Neurobio.; 2Neurology; and ^Geriatrics and Adult Dev. and Obs/Gyn and Reprod.
Science, Mt. Sinai School of Medicine, NY, NY 10029
Point mutations in the Cu/Zn superoxide dismutase gene (SOD-1) can give rise to
dysfunctional SOD and are linked to the pathogenesis of familial amyotrophic lateral
sclerosis. Transgenic mice carrying an SOD-1 gene mutation (Gly86->Arg)
analogous to a human FALS mutation demonstrate the ALS phenotype and succumb
to motor neuron disease at approximately 108 days. We have tested a series of drugs
to determine their potential for extending the life span of these transgenic mice and to
investigate potential mechanisms producing a therapeutic effect. Animals 45-70 days
old were treated with deprenyl (Dep) and desmethyl deprenyl (DMD) in Alzet
osmotic pumps at a dose of 10 mg/kg/da for 28 days. The pumps were then removed
and replaced with a second infusion pump. Ropinerole (Ro) was given in either Alzet
pumps or by daily injections at 5 mg/kg/da. Transgenic control littermates were
implanted with either saline pumps or no pumps. At 80 days of age the animals were
examined daily for evidence of the development of motor neuron disease and
sacrificed on the day that immobility became severe. Animals in the deprenyl group
survived to a significantly greater age than did those of the saline treated group,
(120.9 ± 2.8 days n= 16), compared with untreated controls (107.9 ± 2.8 days, n=14)
in our series. Animals in the desmethyl deprenyl group had a greater extension (127.6
± 7.2 days n=22) of life span than did the Dep group. Animals in the ropinerole group
had a similar increase in their life span compared with controls (131.7 ± 5.4 days,
n= 10). The extension of life span afforded by Dep, DMD and Ro were statistically
significant at p < 0.002 compared with untreated mice. The most significant
observation among the DMD animals was a subset of five animals that achieved an
extremely elongated life span (169, 183, 191, 192, 197 days) yet still died of motor
neuron disease. Supported by AG-10520, AG-14382, Somerset Pharmaceuticals and
Smith Kline Beecham.

STRESS: ANXIOUS AND DEPRESSIVE BEHAVIORS
343.1

343.2

INDIVIDUAL DIFFERENCES IN ISOLATION-INDUCED
ANXIETY: ROLE OF HIPPOCAMPAL GLUCOCORTICOID
RECEPTORS.M, Kabbai*, V. Savage, and H. Akil. Mental Health
Research Institute, 205 Zina Pitcher Place, University of Michigan,
Ann Arbor, Michigan 48109-0720.
When given the choice, a subset of Sprague-Dawley rats elect a more
stressful environment (high responders or HR), while other rats (low
responders or LR) avoid such an environment (e.g., a novel space, a
bright room). Compared to LR rats, HR rats have higher glucocorticoid
secretion when they choose the more stressful situation. The HR/LR
phenotypes appear to be a possible model of novelty seeking or risk
taking in which animals choose to put themselves into situations that
they experience as physiologically stressful. We have recently shown
that HR rats express less glucocorticoid receptors (GR) in the
hippocampus. The question arises as to whether this represents one of
the neurobiological bases of these individual differences. To address
this, we relied on another interesting difference, which we have
recently shown to exist between HR AND LR. When a social stressor
(isolation stress) is imposed upon HR rats, they lose their “sensationseeking” characteristics, and now behave like LR in a dark-light choice
test. This effect of isolation stress on the HR phenotype was reversed
by intrahippocampal bilateral injection of the GR antagonist RU 38486.
Overall, these findings suggets that HR rats are more likely to seek
stressful situations but will become more anxious when uncontrollable
stress is imposed, and that this anxiety is mediated by hippocampal
glucocorticoid receptors. This work is supported by: NIDA grant #
DA02265, NIMH grant # MH42251, Bristol-Myers Squibb research
award to H.AKIL and Nancy Friend Pritzker network #961629.

BEHAVIORAL PROFILE OF RATS WITH LEFT, RIGHT OR BILATERAL
LESIONS OF INFRALIMBIC CORTEX: EVIDENCE OF CEREBRAL
LATERALITY. R.M. Sullivan* and A, Gratton. Douglas Hospital Research Center,
McGill University, Montreal, CANADA H4H 1R3.
The inffalimbic region of the medial prefrontal cortex of the rat is known to be highly
responsive to stressful inputs and to modulate autonomic and neuroendocrine responses
to stress. This region is importantly modulated by dopamine (DA) inputs and both
DAergic afferents as well as output neurons of inffalimbic cortex, exhibit hemispheric
asymmetries in regulating physiological stress responses. The purpose of the present
study was to examine the behavioral profiles of animals with ibotenate (4 pg) lesions
aimed at the cell bodies of the left (L), right (R) or bilateral (B) inffalimbic cortex (AP
3.0; L ± 0.8; V -4.7), to assess potentially laterahzed influences on behavior. In the
Morris water maze test of spatial working memory, no group differences were found
in either the acquisition or reversal phases, although R and B groups tended to make
more perseverative errors during reversal testing. No lesion effects were observed in
exploratory measures in a large openfield, nor in spontaneous (undrugged) locomotor
activity measured in automated activity monitors. Moreover, no lesion effects were
revealed in pre-pulse inhibition of acoustic startle responses, although all lesion types
tended nonsignificantly to suppress baseline startle magnitude. However, pronounced
lesion effects were seen in the elevated plus maze test, as R lesions resulted in
significantly more open arm exploration relative to both shams and L lesions, without
affecting closed arm exploration. Similarly, R lesioned rats showed reduced taste
aversion in the consumption of a sweetened milk/quinine solution, consuming
significantly more than both shams and L lesioned rats. The data suggest that some
behavioral effects of inffalimbic lesions are lateralized, and evident in tests sensitive
to anxiety-related processes. Ihe observed anxiolytic effects of R lesions parallel the
suppression of physiological stress responses seen following R but not L lesions of
output neurons of inffalimbic cortex of the rat. (Supported by NARSAD and MRC).

343.3

343.4

EFFECT OF CHRONIC MILD STRESS ON INTRACRANIAL SELFSTIMULATION FROM THE VENTRAL TEGMENTAL AREA: EVIDENCE FOR
INTERINDIVIDUAL VARIABILITY.
C.K. Nielsen, J. Amt* and C. Sanchez. Pharmacological Research, H.
Lundbeck A/S, Ottiliavej 9, DK-2500 Valby, Copenhagen, Denmark.
The purpose of this study was to assess whether the chronic mild stress
(CMS) procedure, as a realistic animal model of depression, affects the
sensitivity to reward evaluated by intracranial self-stimulation (ICSS). Wistar
rats were allowed to electrically self-stimulate the ventral tegmental area, the
origin of the mesolimbic system. We evaluated ICSS behaviour from
rate/frequency functions by determining the frequency that supported 50% of
maximal response rate the effective frequency (EF50).
EF50 values were determined prior to and during 9 weeks of sequential
exposure to a variety of mild stressors e.g. periods of food and/or water
deprivation, soiled cage, light/dark reversal, confinement to small cages and
pairing (Moreau et al., Eur. Neuropsychopharmacol. 2: 43, 1992). The
animals showed no overall decreases in ICSS behaviour compared to control
animals, which were housed under standard laboratory conditions. However,
there appeared a sub-classification of the rats ICSS behaviour following CMS
exposure. In the first experiment 2 out of 14 rats (14%) progressively exhibited
an attenuated ICSS behaviour as indicated by an elevation of EF50 value. This
was confirmed in a subsequent experiment where 2 out of 11 (18%) showed
increases in EF50 value.
The present study does not confirm the results by Moreau et al., reporting a
decrease in ICSS behaviour following CMS. However, it suggests that there
are individual differences in sensitivity to stress using ICSS as hedonic
measure. The results may reflect the interindividual variability observed in
humans as stress does not invariably lead to depression. The theoretical
rationale for the CMS model is that the procedure simulates anhedonia, a
core symptom of depression. Given this, the present study may suggest that
the CMS-induced anhedonia is a trait rather than a state phenomenon.

NALOXONE IN DORSAL RAPHE FAILS TO PREVENT B-CARBOLINEINDUCED INCREASE IN ANXIETY & DECREASE IN 5HT1A RECEPTOR
BINDING IN RAT DORSAL RAPHE: OPIATE RECEPTORS PRECEDE
BENZODIAZEPINE RECEPTORS IN THE RAPHE SIGNAL CASCADE.
K. R, Short*, C_, A, Talarico, S.-H, Lee. C. L, Robbins. Dept. of Psychology,
Grinnell College, Grinnell, IA 50112.
Serotonin, benzodiazepine, and opiate receptor systems interact in the dorsal
raphe to enable inescapable shock to produce enduring anxiety and receptor
changes. We have reported (Short, 1997) that inescapable stress (IS) produces
lasting increases in anxiety behaviors and decreases in 5-HT1A autoreceptor
density in the dorsal raphe nucleus (DRN) in the rat. Both of these effects of
inescapable shock can be prevented by prior infusion of naloxone into the dorsal
raphe (Short et al., 1998). Both IS effects could be prevented by treating rats
with flumazenil, a BZ receptor antagonist, infused into the dorsal raphe prior to
shock (Short, 1997). Both of the IS effects can also be produced by, instead of
exposing the rats to IS, treating them with FG-7142 (a B-carboline that acts as a
benzodiazepine receptor inverse agonist), infused into the dorsal raphe.
We now further clarify the sequence of signalling between raphe neurons that
are influenced by benzodiazepine receptor activation and those influenced by
opiate receptor activation in this model of stress-induced anxiety. Rats infused
with FG-7142 prior to restraint, and then tested 24 hrs later using two animal
models of anxiety (the elevated zero-maze and the social interaction arena)
exhibited increased anxiety-like behaviors compared to vehicle-treated
restrained controls. Co-administration of naloxone did not change the anxiety
behaviors in the FG-7142-treated or vehicle-treated animals.
Crude synaptic membranes prepared from DRN tissue from FG-infused rats,
with or without naloxone co-treatment, showed significantly reduced
[3H]8-OH-DPAT binding (lower BmQ compared with vehicle-treated or
vehicle+naloxone controls, with no significant difference in Kd for any group.
We conclude from both behavioral and biochemical data that the involvement
of opiate receptors in the DRN is upstream from the benzodiazepine receptor
trigger for down-regulation of 5-HT1A receptors that apparently mediates
inescapable stress-induced anxiety. [Support: Grinnell College Grant Board]
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FREE CHOICE ETHANOL CONSUMPTION AND LEARNED HELPLESSNESS
IN RATS.
S.L Eguae1, P.D. Williams2, J.A. Jenkins3, W, Walton1, G.L, Kramer2* and F.
Petty2,3. ’Paul Quinn College at Dallas, 2North Texas Veterans Health Care System
at Dallas, 3Dept. of Psychiatry, Southwestern Medical Center at Dallas, Dallas, TX
75216.
A relationship between alcohol consumption, stress, and depressed mood has
been postulated. Stressful life events are often postulated to increase alcohol
consumption for the purpose of “self-medication” in depressed persons. However,
in animal models of stress increases in alcohol consumption or preference are
controversial. Learned helplessness is considered a valid model of stress-induced
behavioral depression. We therefore tested the hypothesis of whether learned
helplessness would increase ethanol consumption in moderately ethanol preferring
rats. Male Holtzman rats were given free choice ethanol (7% v/v) in a two bottle
choice paradigm for six days prior to stress and testing. Bottles were rotated,
animals were weighed and alcohol intake was recorded daily. On the seventh day,
animals were administered inescapable tailshock and twenty-four hours later (8th
day) tested for learned helplessness in the shuttle-box. Animals were maintained
on alcohol on both the days of the stress and the testing. Based on the shuttle-box
testing escape latency score, rats were classified as either non-helpless or learned
helpless. Free choice ethanol consumption was fiirther measured in both groups 14
days after testing. When compared to the pre-stress baseline ethanol consumption,
animals that were classified as learned helplessness consumed less ethanol after
stress than animals classified as non-helpless, suggesting that stress-induced
depression does not increase alcohol consumption or preference. These results do
not support the theory of “self-medication” after stressful events or during
depressive episodes. Supported by VA Medical Research Service.

ROLE OF HIGH AFFINITY NICOTINIC RECEPTORS IN LEARNED
HELPLESSNESS BEHAVIOR. B.J.Caldarone* and M.R. Picciotto Dept. of
Psychiatry, Yale Univeristy School of Medicine, New Haven, CT 06508.
Many studies have reported associations between smoking and depression. For
example, depressed patients are more likely to smoke and less likely to quit
smoking compared to the general population. These findings suggest that nicotine
may act on nicotinic acetylcholine receptors (nAChRs) to alleviate the symptoms
of depression. We have been investigating how nicotine may influence behavior
in mice in the learned helplessness model of depression. In this model, animals
administered inescapable foot shock show increased latencies to escape an
escapable shock. In the present study we characterized learned helplessness in an
outbred stock of mice and in the C57BL/6J (B6) and 129/J (129) inbred strains,
which are background strains for most knockout mouse models. Mice were
administered either 60-6s, 120-4s, or 360-2s foot shocks and tested for shuttle
escape behavior 24 hr later. In general, mice administered inescapable shock
showed increased shuttle escape latencies compared to non-shocked control mice,
although some strain and sex differences were observed. Outbred males exhibited
the most robust helplessness response, B6 males and females showed an
intermediate response, and outbred females and 129 males and females displayed
the smallest helplessness effect. We are currently examining the role of the 02
subunit of the nAChR in learned helplessness by comparing the response of
knockout mice lacking the JS2 subunit of the nAChR with wild type mice, and
have observed differences in the behavior of mutant and wild types in this
paradigm. Supported by the Donaghue Foundation (DF96-002), NIMH
(MH25642), and NIH (T32 NS07224).

343.7

343.8

SERTRALINE REVERSES NEUROPEPTIDE CHANGES IN
DISCRETE BRAIN REGIONS OF CHRONIC, MILD STRESS
RATS. G. Bissette*, R. Frederick and A. Halaris. Dept. Psychiatry
and Human Behav., Univ. Miss. Med. Ctr., Jackson, MS 39216
The chronic, mild stress (CMS) paradigm produces changes in the
consumption of a sweetened solution and this behavior is normalized
by chronic administration of clinically effective antidepressant drugs
(ADD). Using adult, male, Sprague-Dawiey rats and 0.2% saccharin
solution in a two bottle choice test, the CMS rats increased
consumption over a 6 week period relative to the non-stressed control
groups. The increased saccharine intake in rats subjected to CMS was
reversed by 8 weeks of single, daily, intraperitoneal injections of
sertraline hydrochloride (Zoloft®, Pfizer Inc.) at a dose of 10 mg/kg.
Rats were euthanized after prior habituation to the guillotine,
corticosterone levels in blood were determined and brains were
dissected into 20 discrete regions for radioimmunoassay of three
neuropeptides. Corticosterone levels were not significantly different
among the four experimental groups (drug vs. vehicle and CMS vs.
control). Statistically significant alterations in the regional
concentration of corticotropin-releasing factor (CRF), thyrotropinreleasing hormone (TRH) and somatostatin (SRIF) were produced by
CMS and were reversed by sertraline in specific regions for each
neuropeptide. This data indicates that these neuropeptide circuits in this
animal model can be used to investigate the regulatory effects of
chronic ADD on these neuropeptides known to be altered in
cerebrospinal fluid of humans with major depressive disorder.
(Supported by departmental funds and the VISN-16 MIRECC).

SWIM STRESS CONTROLLABILITY: EFFECTS ON BEHAVIORAL
DESPAIR, STRESS-INDUCED ANALGESIA AND ALCOHOL-INDUCED
MOTOR ATAXIA. PJL. Brown*. £, Hurlgy and R,£, Drugan, Dept. of
Psychology, University of New Hampshire, Durham, NH 03824
Last year we reported "behavioral despair" in both escapable and inescapable
swim stressed rats in a different context 24 hours post-stress. We have conducted
an additional study evaluating the role of context in this effect, and find the same
pattern of results in the pre-stress context. In addition, we examined potential
changes in stress-induced analgesia following both intermittent swim stress
controllability and following a 5 minute forced swim exposure 24 hours later.
Immediately following swim stress controllability pretreatment on day 1, no
change in pain sensitivity above baseline was observed for all 4 groups tested
(escape, yoke, restrain, naive). However, all 4 groups showed significant
analgesia immediately following the 5 minute forced swim on day 2. In a third
experiment, we tested alcohol-induced motor ataxia 2 hours following swim
stress controllability or no stress. We observed an opposite effect compared to
our previous shock stress data. That is, inescapable swim stress reduces rather
than potentiates the intoxicating effects of 0.6 g/kg ethanol in comparison to
naive controls. A saline injection study verified that all rats were equally capable
of performing the task 2 hours post-stress. These data suggest fundamental
differences between swim and shock controllability on these behavioral
endpoints. Research supported by PHS grant MH45475 to RCD.

343.9

343.10

ACUTE VERSUS CHRONIC SWIM STRESS: EFFECTS ON THE MOTOR
ATAXIC EFFECTS OF ALCOHOL AND MIDAZOLAM R.C. Drugan*,
B. Maninola, A. Crompton and P.L. Brown Dept. of Psychology
Univ. of New Hampshire, Durham, NH 03824-3567
Several years ago, we presented preliminary data on the
effects of acute versus chronic swim stress in rats on
alcohol-induced motor ataxia using a rotarod treadmill. We
have expanded this original investigation to include more
doses and another central nervous system (CNS) depressant,
midazolam. Rats were exposed to either 1-10 minute ambient
water forced swim (acute) or 7 days of a 10 minute swim
per day (chronic). Either 2 or 24 hours later, they were
administered an i.p. injection of ethanol or midazolam.For
each dose, a between groups analysis was conducted after
either 1) swim stress (SS), handled control (HC) or naive
control (NC). Although there was a tendency for the SS and
HC rats to be more reactive than NC 2 hours post-stress
and less reactive 24 hours later, only 1 timepoint and
dose was significant. Twenty-four hours following an acute
swim, both SS and HC were less ataxic than NC following a
0.8 g/kg ethanol challenge. Ihe identical stress paradigm
was conducted prior to injection with either 0.5 or 2.0
mg/kg of midazolam. No consistent or significant pattern
of results was observed. This study illustrates the differential response to several classes of CNS depressants at
various post-stress timepoints in a swim stress model.
Research was supported by PHS grant MH 45475 to RCD.

ENHANCED ACOUSTIC STARTLE IN SINGLE PROLONGED
STRESS PARADIGM: DEVELOPMENT OF AN ANIMAL MODEL OF
PTSD. I.Liberzon,* J.S, Smith, D. Amstel, J. Semenova. Department of
Pychiatry, VAMC and University of Michigan, Ann Arbor, MI, 48105
Single prolonged stress (SPS) has been proposed as an animal model for
Post-traumatic Stress Disorder (PTSD), based on PTSD-specific
neuroendocrine changes demonstrated in this model. Exaggerated startle
and enhanced acoustic startle are characteristic of PTSD. To further
validate SPS as a model for PTSD, acoustic startle response was studied in
SPS animals and'controls, in both light and dark conditions. 32 male, 300g
Sprague-Dawiey rats were used. Startle amplitudes to 30 random bursts of
white noice at 98dB and 108dB were recorded at baseline and after
experimental procedure which consisted of two-hour restraint, forced
swim, and ether anesthesia followed by an undisturbed period of seven
days. Overall, there was a robust effect of light on startle amplitude in both
groups, suggesting a non-specific anxiogenic effect of light as proposed by
Davis and colleagues. There was a significant interaction effect between
the treatment and light/dark condition, with SPS animals exhibiting a
larger difference in acoustic startle between the light and dark conditions.
Finally, only the SPS group in the light condition demonstrated a
significant increase in startle amplitude as compared to baseline. These
findings suggest that SPS animals are more responsive to the anxiogenic
effects of light with respect to acoustic startle, providing behavioral
validation for the SPS paradigm as an animal model for PTSD. Together
with the neuroendocrine and neuroanatomical findings, these data suggest
that the SPS model might be useful in search for pharmacological
treatments for PTSD.
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344.1

344.2

CELL DENSITY IN RAT CA3 IS UNCHANGED AFTER 21 DAYS
OF CORTICOSTERONE INJECTIONS. P, S. Cobum-Litvak1*, R.
Encarnacion2, B. J. Anderson1 >2, 1 Program in Neurobioiogy and
Behavior, and 2Dept. of Psychology, SUNY Stony Brook, Stony Brook,
NY 11794
A relatively short period (21 days) of daily glucocorticoid (GC)
injections in rats has been reported to cause atrophy of CA3 pyramidal
dendrites (Woolley et al., 1990). The same period of repeated restraint
stress, a treatment condition which likewise increases circulating GC
levels, results in reversible spatial memory impairments (Luine et al.,
1994). The reversibility of memory impairment with this treatment
length suggests a lack of irreversible damage such as cell loss, which has
been reported after longer GC treatment periods (Sapolsky et at, 1985).
Cell numbers have not been quantitatively investigated after 21 days of
GC treatment. Therefore, the present study tested the hypothesis that cell
loss does not occur after 21 daily injections ofcorticosterone. Rats were
injected daily with 10 pg corticosterone suspended in 250 pL sesame oil.
Two days following the last injection, rats were anesthetized and
intracardially perfused. Tissue was processed for electron microscopy.
CA3 cell density was estimated using the physical disector (Sterio, 1984)
on 1 pm semi-thin sections. Heart, adrenal, and muscles weighed
significantly less (p<.05) in corticosterone-treated animals than in
controls. Preliminary data indicate that CA3 cell density and neuropil
volume do not differ significantly across groups.
Supported by: NIMH 57845

INSULT-INDUCED TRANSGENE EXPRESSION OF NEUROPROTECTIVE
GLUCOSE TRANSPORTER-1 IN RAT HIPPOCAMPUS MEDIATED BY
HERPES SIMPLEX VIRUS VECTOR. P.J, Tsai? J.J, Ho? C.R, Ozawa2 and

344.3

344.4

LONGTERM CONSEQUENCES OF CORTICOTROPIN RELEASING HORMONE
(CRH) ADMINISTRATION ON HIPPOCAMPAL STRUCTURE AND FUNCTION: A
MODEL FOR EFFECTS OF EARLY LIFE STRESS? K.L. Brunson1*. M, Eghbal-Ahmadi1, B.
Mouradi1, T.Z. Baram'2. 'Depts. Anatomy & Neurobioiogy and2Pediatrics, University of

DIFFERENTIAL EXPRESSION OF NITRIC OXIDE SYNTHASE mRNA
IN HIPPOCAMPUS OF FOUR INBRED MOUSE STRAINS
G.L. Schafer*, M.O. Lripez-Figueroa, H, Akil, S.J. Watson. Mental Health
Research Institute, Univ. of Michigan, Ann Arbor, MI 48109
Nitric oxide (NO) is synthesized from at least 3 different nitric oxide synthases
(NOS). We recently showed an increase in NOS subtype I mRNA in the
hippocampus following adrenalectomy and the effect is blocked by
glucocorticoids. The same area was devoid of the expression of other subtypes.
Our findings provide further evidence for the presence of NOS subtype I in the
hippocampus, the role of NO in the limbic hypothalamic-pituitary-adrenal axis
and its potential involvement in the process of learning and memory. In the
present studies, we investigated the expression of NOS subtype I mRNA in the
hippocampus of 4 inbred mouse strains that differ in spatial memory and stress
reactivity. Firstly, in situ hybridization was used to quantify basal expression of
NOS. Significant differences in mRNA expression of NOS were observed in the
CA3, but not the CAI, subfield of the hippocampus among the strains.
Expression of NOS in 129/SvJ mice was higher than C57BL/6J, BALB/cByJ,
and DBA/2J mice. Next, effects of 30 minutes in a novel open-field on
corticosterone (CORT) levels and the expression of NOS in these strains were
examined.
Basal CORT levels were not different among the strains.
Immediately after removal from the apparatus, BALB/cByJ mice had
significantly higher CORT levels than DBA/2J mice. CORT levels of the
129/SvJ mice were similar to BALB/cByJ mice. We currently are studying NOS
mRNA levels at multiple timepoints following open-field exposure. These
preliminary results suggest a differential expression of NOS subtype I among
inbred mouse strains that might play a role in reactivity to a novelty stressor.
This project was support by NIMH grants MH42251 and T32MH15794.

California at Irvine, CA 92697.
Rationale: It has been shown that early life manipulations activating the CRH-glucocorticoid
axis can result in longterm alterations of this stress-response system. Specifically, subsequent
stress leads to prolonged enhancement of GC plasma levels, potentially injuring
hippocampal pyramidal neurons. Because early life stress also increases hippocampal CRH
expression (Hatalski et al., accompanying abstract), and because CRH has been shown to
injure hippocampal neurons, we tested the following hypothesis: Early life stress may injure
hippocampal neurons via activation of CRH receptors, leading to cell loss and cognitive
impairment.
Methods: Ten-day-old male rats were infused with either CRH (0.75 nm) or vehicle via
free-hand intracerebroventricular injections, and compared with naive littermates.
Hippocampal neuronal function was examined by Morns Water Maze testing at age 3,6. and
12 months. Neuronal injury / death was assessed via Nissl staining and ‘blinded’ semiquantitative neuronal counts.
Results: CRH administration early in life resulted in a significant reduction in CA3c pyramidal
neuron number in animals examined 6 months after injection. CRH-treated animals
performed significantly worse (took longer to reach the platform) in the Morris Water Maze
than naive or vehicle infused controls starting at 3 months and persisting throughout the
experiment..
Conclusion: CRH administration during early life leads to hippocampal pyramidal cell injury
in conjunction with impairment in acquisition of spatial learning. The mechanism(s) of this
striking effect, specifically the role of GCs is currently under investigation (Supported by
RO I NS28912 and T32 AG00096).

1*

1

2

R.M. Sapolsky . Dept. of Biological Sciences, Stanford University, and Neurosciences Program, Stanford University School of Medicine, Stanford, CA 94305.
Pharmacological prevention of neuronal damage to the brain has been hampered by
the inability to effectively administer neuroprotective drugs at the onset of insult.
Early introduction of gene therapy vectors with neuroprotective transgenes capable of
insult-induced expression could provide greater neuroprotection and serve as an
alternative to conventional pharmacological therapies. Previous in vitro and in vivo
studies have shown that overexpression of glucose transporter-1 (GT) protects
neurons against various insults (e.g. seizure, hypoglycemia, and glutamate toxicity).
We have constructed an inducible herpes simplex virus (HSV) amplicon vector
containing a neuroprotective gene (GT), a reporter gene (lacZ), and the glucocorticoid
responsive element (GRE), which serves as the promoter for the two genes and
responds to both endogenous and exogenous sources of glucocorucoids. Utilization
of the GRE inducible promoter permits selective transgene expression during periods
of elevated glucocorticoid levels, such as during neuronal insult.
Efficient induction of our transgenes was determined by quantifying the number of
cells expressing the reporter protein (3-galactosidase (J3-gal). Recent in vitro studies
using our inducible vector suggest that there is both steroid-specific and
concentration-dependent induction of our vector. Furthermore, there is increased
neuronal survival following glutamate exposure, using GT as our neuroprotective
gene. We now demonstrate that exposure to the excitotoxin domoic acid in the
hippocampus causes sufficient glucocorticoid secretion to trigger transgene
expression with the vector, whereas there is no expression in the absence of an
insult.

Supported by NIH ROI NS32848.

344.5

344.6

CHRONIC
STRESS
INCREASES
DENSITY
OF
GFAPIMMUNOREACTIVE ASTROCYTES IN THE RAT HIPPOCAMPUS.
K.G. Lambert1*, K.M, Gerecke2, P.S. Quadros2, E. Doudera1, A.M,
Jasnow2 and C.H. Kinsley2. Dept. of Psychology, Randolph-Macon
College, Ashland, VA 23005Dept. of Psychology, University of
Richmond, Richmond, VA 231732
Since the discovery of glucocorticoid receptors in the hippocampus,
considerable research has been conducted in an attempt to elucidate the
effect of stress on this critical brain structure. In addition to leading to
hippocampal neuronal death, glucocorticoids significantly compromise the
size and complexity of pyramidal CA3 neurons. Of interest in the present
study was the effect of chronic stress on another important cell in the
hippocampus, namely, the astrocyte. The chronic stress model used in the
current study, the Activity-Stress (A-S) paradigm, involves housing rats in
activity wheels and feeding them one hour per day. Generally, A-S
animals increase running, decrease food consumption, and, upon autopsy,
reveal symptoms of chronic stress. In the present study, young male rats
were assigned to an A-S group, a pair-fed (P-F) group or an active-control
(A-C) group. Glial fibrillary acidic protein immunoreactivity (GFAP-ir)
was used to investigate the effect of chronic stress on reactive astrocytes in
the CA3 hippocampal area. Following six days of A-S exposure, A-S
animals had heavier adrenal glands, atrophied thymus glands, and higher
rates of peptic ulceration than the other groups. Focusing on the GFAP-ir
cells, A-S rats had an increased density of immunoreactive astrocytes in
the CA3 area; astrocyte morphology (e.g., cumulative process length and
total number of process branches), however, was not influenced by chronic
stress. Based on the present findings, it appears that the astrocytic
response to six days of chronic stress is similar to the response found in
endangered hippocampal environments (e.g., ischemia). Supported by a
grant from the Rashkind Family Foundation, Randolph-Macon College.

INTERACTIONS BETWEEN BEHAVIORAL STRESS, LOW-FREQUENCY
STIMULATION AND PAIRED-PULSE FACILITATION.
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Sean Commins, John Gigg* and Shane M. O’Mara. Department of Psychology,
Trinity College, Dublin 2, Ireland.
We investigated interactions between low-frequency stimulation (LFS; 900 stimuli/10
Hz) of field excitatory postsynaptic potentials (fEPSPs) and paired-pulse facilitation
(PPF; 50 & 100msec inter-stimulus intervals (ISI)) of die hippocampal area CAIsubiculum projection in anaesthetized rats. We also examined: (i) if LTD can be
obtained in the subiculum after behavioral stress; and (ii) file interaction between
behavioral stress and PPF. We found no significant difference between fEPSP
amplitude measured 30min post-LFS when compared with baseline fEPSP levels.
PPF, however, was significantly increased 30min post-LFS when compared to PPF
pre-LFS for 50msec and 100msec ISIs. These results indicate a dissociation between
single-pulse stimulation and paired-pulse stimulation of the CAl-subiculum pathway.
Behavioral stress combined with LFS induced a depression in synaptic transmission:
fEPSP amplitude was 43.01±13.4% of baseline 5min post-LFS; fEPSP amplitude was
89.77±13.1% of baseline 30min post-LFS. Behavioral stress combined with LFS
caused a significant decrease in PPF 30min post-LFS. At 50msec ISI, facilitation was
minimal; at 100msec ISI paired-pulse depression occurred. Control experiments
demonstrated these changes were not due to file passage of time. We then compared
the average fEPSP amplitude of the first and second fEPSP pre-LFS to file first and
second average fEPSP amplitudes post-LFS. The first fEPSP increased significantly at
both 50msec and 100msec ISIs; file second fEPSP decreased significantly post-LFS at
both 50msec and 100msec ISIs. Thus, we found a change in the nature of PPF: the first
fEPSP increased and file second fEPSP decreased. The second fEPSP increased
significantly post-LFS, suggesting changes that are not obvious from examining
baseline synaptic transmission. We conclude that previously undescribed mechanisms
may regulate neurotransmission in this pathway.
Research supported by the Wellcome Trust and the European Commission.
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THE DIFFERENTIAL EFFECTS OF YOHIMBINE AND IDAZOXAN IN PRENATALLY
STRESSED RATS USING ACOUSTIC STARTLE ARE NOT MEDIATED VIA 02ADRENERGIC NEUROTRANSMISSION. P.A. White*.W.C.Griffin III, and D.L, Birkle.
Department of Pharmacology & Toxicology, Robert C. Byrd Health Sciences Center, West
Virginia University, Morgantown, WV 26506-9223.
Prenatal stress (PS) elicits changes in most of the major neurotransmitter systems
responsible for mediating the stress response. The resultant effects of these changes are an
increased fearfulness coupled with inability to cope with stressful stimuli. The acoustic startle
reflex (ASR) can be used to determine levels of fear in rats; an increased ASR is associated
with increased fear. Previous studies in our lab revealed that yohimbine HCI (YOH; 5.0
mg/kg, i.p.) and idazoxan HCI (IDA; 8 mg/kg, i.p.) increased ASR in control animals but were
ineffective in PS offspring. As both YOH and IDA have high affinity for a2-adrenoceptors
(among other receptors), the behavioral effects of RS 79948 HCI, a potent and highly
selective a2-adrenergic antagonist, were assessed in control and PS offspring (male,
Sprague-Dawley, 60-100 days of age). Using a repeated measures experimental design,
animals were given either RS 79948 HCI (0.01,0.1,1, or 10 mg/kg, i.p.) or vehicle (i.e., 0.9%
normal saline) and tested with 120 acoustic startle stimuli trials (95 dB) at a fixed intertrial
interval (ITI) of 30 seconds following a 5 minute habituation period. Comparisons were made
between vehicle and drug responses recorded 20 to 65 minutes post injection using the SRLab system (San Diego Instruments, Inc). RS 79948 (0.1 and 1 mg/kg) significantly increased
ASR in both control and PS offspring with no significant difference in ASR between control
and PS. These data demonstrate an anxiogenic effect of RS 79948. Additionally, the results
suggest the altered responses of PS rats to YOH and IDA are not mediated via PS-induced
changes in the dynamics of a2-adrenergic neurotransmission. This research was supported
in part by NSF (IBN9222263), NIH Training Grant (5 T32 GM07039-24), and the WVU
Foundation.

345.2
CORTICOTROPIN
RELEASING
FACTOR
CONTENT
IN
PRENATALLY STRESSED, PRE-WEANLING RATS W.C. Griffin

III* and D.L. Birkle. Department of Pharmacology and Toxicology, Robert
C. Byrd Health Sciences Center, West Virginia University, Morgantown, WV
25506-9223.
Corticotropin releasing factor (CRF) content was measured in the amygdala
and paraventricular nucleus (PVN) of pre-weanling rats whose mothers had
been stressed by daily handling and subcutaneous injection (0.1ml normal
saline) during the last week of pregnancy (G14-G21). This type of prenatal
stress (PS) has been demonstrated to produce increases in the hypothalamicpituitary-adrenal (HPA) response to stress in the male offspring as well as
increases in anxiogenic behavior in stressful situations. Staining techniques
have demonstrated increased CRF immunoreactivity in the amygdala and
PVN of adult male PS rats. Additionally, CRF content and release from
amygdala sections taken from PS male rats is increased when compared to
control tissues. Four pre-weanling ages were assessed for this study,
postnatal day 21, day of eye-opening (~15 days), postnatal day 7 and
postnatal day 1. The amygdala and PVN were micro-dissected from coronal
tissue sections of frozen brains and CRF content was determined by
radioimmunoassay. There was an age-related increase in CRF content in
both the control and PS offspring. Additionally, there was a significant
difference in CRF content between the two brain regions. At these young
ages, however, there does not appear to be an effect of prenatal stress on CRF
content in either the amygdala or the PVN. This suggests that the changes
seen in adults may be the result of environmental factors experienced
differentially by the PS rats compared to control rats, and that file reported
HPA hyperactivity of pre-weanling PS rats may be due to factors other than
increased CRF in the PVN. Supported in part by an NIH Training Grant (5
T32 GM07039-24) and NSF (IBN9222263).

345.3

345.4

THE EFFECTS OF MATERNAL STRESS ON PLASMA
CORTICOSTERONE AND ACTH LEVELS IN RATS. H.D.Skriuier, D A
White and D.L. Birkle*. Department of Pharmacology & Toxicology, Robert C.
Byrd Health Sciences Center, West Virginia University, Morgantown, WV
26506-9223.
Prenatal Stress (PS) is behavioral condition that manifests itself in the offspring
of stressed dams. It is characterized by increased anxiety, which is thought to
stem from a hyperactive HPA axis. The principal mediator of PS is thought to
be elevated glucocorticoid levels at critical times during gestation. In an attempt
to quantify the amount of these hormones present in PS rats during the gestational
period, pregnant Sprague-Dawley rats were presented with a novel environment
and injected (0.1ml of normal salme, sc) at random times daily from day 14 to day
21 of pregnancy. On days 15, 17,19 and 21 six control and six PS rats were
sacrificed and trunk blood was taken. Blood from each fetus in a given litter was
collected and pooled. Analysis of blood by RIA showed that PS elicited a twofold
increase in corticosterone and a fourfold increase in ACTH in dams, as well as a
twofold increase in corticosterone and a fivefold increase in ACTH in fetuses.
Also, a significant increase in control arid PS maternal corticosterone and ACTH
levels was observed on day 17, when compared to day 15. This increase was then
followed by a decline in hormone levels on days 19 and 21. Conversely, a
significant decrease in control and PS fetal corticosterone and ACTH levels was
observed on day 17 when compared with days 15, 19 & 21. This data suggests
that the stressing protocol (handling, novelty and sc injection) activates the stress
response, causing an increase in both corticosterone and ACTH. Furthermore, no
habituation was observed and the response remained robust over the entire sevenday stressing period. Finally, the PS fetuses were exposed to elevated levels of
corticosterone throughout the entire stressing period, lending credence to the
hypothesis that elevated levels of glucocorticoids may be responsible for some of
the behavioral and neuroendocrine responses associated with PS. This research
was supported in part by NSF (IBN9222263) and the Henry W. Hurlbutt
Endowment.

ENLARGEMENT OF THE AMYGDALA OF ADULT RATS IS ASSOCIATED
WITH PRENATAL STRESS. A.K. Salm*1 E.M.Krouse2 W. Webster2, M.
Pavelko1 and D.L Birkle2. Departments of’Anatomy and ^Pharmacology &
Toxicology, West Virginia University, Robert C. Byrd Health Science Center,
Morgantown, WV, 26506
Prenatally stressed (PS) rats have both alteration in stress-related neuropeptides
in the amygdala, and increased behavioral and neuroendocrine responsiveness to
environmental stressors. In an effort to assign an anatomical substrate to these
changes we have measured the volumes and cell numbers in subnuclei of the
amygdala, a paleocortical structure known to mediate fear, in adult PS and control
rats. Pregnant Sprague-Dawley rats were handled and given saline injection
(0.9%, 0.1 mL, sc) daily, at random times during the last 7 days of gestation. At
birth, litters were adjusted to 10 offspring and pups remained with their mothers
until weaning at day 21. At ages 80-120 days, 8 each of male control and PS
offspring were deeply anesthesized and perfused with 10% buffered formalin
phosphate. Brains were sectioned at 50-70 pm, mounted on slides, and stained
with methylene blue/azure II. Areas of the central (CeA) and dorsal endopiriform
(DEn) nuclei and areas of the basolateral/lateral nuclear complex (BL) were
measured with the aid of an image analysis system, and Cavalieri’s estimator was
used to calculate relative volumes. Numerical densities of both neurons and glia
were counted in the CeA and BL using the optical disector method. This was
combined with volume information to yield total numbers of both cell types. A
highly significant (t=2.13, df=15; p<0.005) enlargement of the BL complex was
found in PS offspring as compared to controls. A slight decrease in cell density
of neurons in this group resulted in no differences in overall numbers of neurons
or glia in the BL. This suggests that the volume increase is due to increases in
elements of the neuropil, such as dendritic arbors or synapses. No changes were
found in either the CeA or DEn subnuclei. These findings indicate that the BL
may be an anatomical locus of considerable structural plasticity that mediates
increased vulnerability to stress. Supported in part by the NSF (1BN9222263)
and WVU School of Medicine.

345.5

345.6

PRENATAL STRESS: POSSIBLE NEURODEVELOPMENTAL MODEL OF
DEPRESSION E. Edwards1*. B.L Jones2, S. Varghese2 and S, K. Sobrian2.1 Dept. of
Pharmaceutical Sciences, University of Maryland, Baltimore, MD 21201; 2 Dept. of
Pharmacology, Howard Univ. Col. Med., Washington D.C., 20059.
This study examined the effects produced by maternal sound stress during
pregnancy on behavioral indices of emotionality and on measures of the
hypothalamic-pituitaiy-adrenal axis (HPA). On gestation days 15 to 21, time-pregnant
Sprague Dawley rats were exposed daily to a 1 hr unsignalled and inescapable
presentation of loud noise (90dB fire alarm bell; PSS group). Both PSS and control
dams (PC) were allowed to deliver naturally and to nurse their own offspring. The
present experiments were carried out on postnatal D65 and D91 female offsprings
exposed to either 3days of sound stress or a no stress condition. In the sucrose
preference test (D65), PSS did not alter adaptation or test levels of sucrose
consumption. However, after postnatal sound stress, PSS offsprings consumed less
sucrose in a 1 hr test following deprivation (35% 4<) suggesting that prenatal stress
can serve as a predisposing factor for anhedonia. In the Porsolt swim test, stress
effects were only found in the pre-test session and reflected a prenatal/postnatal
interaction. PSS offsprings that were exposed to 3 days of sound stress prior to
Porsolt testing had significantly longer latencies to start struggling (380%t, compared
to postnatal stress control; 104% f, compared to PSS control). Adrenocorticotropin
hormone (ACTH) and Corticosterone (CORT) plasma levels were monitored at D91
in female offsprings stressed in utero and no stress control. In response to prenatal
stress, baseline levels of ACTH and CORT were not significantly different. However,
after exposure to a 3 day sound stress challenge, there was a desensitization of the
HPA axis of rats stressed in utero (16% ACTH and 144% 4- CORT). These results
indicate that prenatal maternal sound stress has long term consequences such as an
altered emotionality profile and a dysfunctional HPA axis, both of which have been
implicated in depression (Supported in part by a NARSAD grant to SKS and a
University of Maryland Research Initiative Grant to EE).

CHRONIC MILD PRENATAL STRESS EXACERBATES THE
ALLERGEN-INDUCED AIRWAY INFLAMMATION IN RATS.
N.A Teixeira*, P.J. Nogueira, H.A. Ferreira, E Antunes Departamento
de Farmacologia, Faculdade de Ciencias Medicas, UNICAMP,
Campinas (SP), 13083-970, Brasil.
The effects of chronic mild prenatal stress on leucocyte infiltration
into the airways were investigated in the rat offspring. The chronic
prenatal stress consisted of transitory and variable changes in the rat’s
living conditions, using the approach of Willner et al, 1987
(Psychopharmacology 93; 358-364). Pregnant female Wistar rats were
divided into either stressed or non-stressed groups (N=10, each),
during the last two weeks of pregnancy. Offspring at adult age were
actively sensitised (day 0) and intratracheally challenged (day 14) with
ovalbumin. Bronchoalveolar lavage was performed in the offspring at
48 h after intratracheal challenge with ovalbumin. A significant
increase in total leucocyte infiltration was observed in the non-stressed
offspring group and this was associated with a marked recruitment of
eosinophils without a significant effect on the influx of neutrophils and
mononuclear cells. In the prenatal stressed offspring, the counts of
total leucocyte and eosinophils as well as mononuclear cells were
increased by 50% compared to the non-stressed offspring. We provide
here the first experimental evidence that chronic mild unpredictable
prenatal stress produces a marked increase in the allergen-induced
airway inflammation in the rat offspring.
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345.7
PARENTAL BEHAVIOR-INDUCED c-/«s EXPRESSION IN THE ACCESSORY
OLFACTORY BULB (AOB) AND MEDIAL PREOPTIC AREA (MPOA) IN
PRENATALLY STRESSED RATS. M.C.R. Del Caro*. C. Perez-Laso. J.L. RodriguezMartin, M.L. Barona. E. Ortega1 JML Rodriguez-Z&fra. A Guillamon and S. Segovia. Dpto.

Psicobiologia, U.N.E.D., 28040-Madrid, Spain;- (1) Dpto. Bioquimica y Biologia Molecular,
Fac. Medicina, 18012-Granada.- Spain.

Prenatal stress (PS) imprints the developing brain during critical prenatal periods. Those
effects persist in the organism, modifying the input, processing and output of behavior patterns
related to relevant stimuli. These effects on the behavior and physiology of rodents have been
demonstrated to occur via modifications of brain sexual differentiation. The Accessory Olfactory
Bulb (AOB) is a sexually dimorphic structure belonging to the Vomeronasal System (VNS).
This chemosensory system is directly implicated in the expression of natural and induced
maternal behavior (MB) in rats. The AOB sends direct projections to the Bed Nucleus of the
Accessory Olfactory Tract (BAOT), a key structure in the distribution of vomeronasal input to
the Medial amygdala (MeA), which in turn projects to the medial preoptic area (MPOA). hi
this study we investigated whether PS produces long-lasting effects on the induction of MB and
on the activation of neurons of the AOB and MPOA in virgin female and naive male rats. Our
results clearly indicate that PS produced alterations in plasma hormonal levels, in a sexdependent pattern. In females, PS treatment significantly increased Corticosterone (B) and
Progesterone (P) levels and decreased estradiol (E2) level by comparison with their control
group. In males, PS significantly increased E2 and Testosterone (T) levels, by comparison with
their control group. The onset and expression of MB was also affected by PS in a hormonedependent pattern. We found that MB performance correlates with AOB and MPOA cfos
expression in control females. Furthermore, PS treatment induced an increase in cfos positive
cells in males and females, even though they did not perform MB. Our result indicate that
prenatal stress can alter hormonal mechanisms implicated in the control of MB and disrupt the
positive correlation between cfos expression and active maternal behavior. We propose that
these cfos results can be mediated by the high B and P levels in prenatally stressed females,
which in turn can be related to the low incidence of maternal responses. * DGICYT grants #
PB95-0060C02-01 (S.S.),PB96-0107-C03-01(A.G.) & PB96-0107-C03-02 (M.C.R.).

INGESTIVE BEHAVIORS: PEPTIDES III
346.1

346.2

REPEATED INJECTIONS OF BACTERIAL ENDOTOXIN
ATTENUATE THE SATIETY EFFECTS OF CHOLECYSTOKININ:
A TASTE REACTIVITY ANALYSIS

S.K. Cross-Mellor*, K..-P, Ossenkopp. M, Kavaliers. Neuroscience Program,
University of Western Ontario; London, Ontario, CANADA N6A 5C2

Injections of cholecystokinin (CCK) and the bacterial endotoxin
lipopolysaccharide (LPS) have been shown to reduce food intake. We
examined the effects of repeated injections of LPS and CCK on sucrose
palatability, as assessed by the taste reactivity test (TRT). Each rat received
four separate test days, 72 h apart. On each test day rats were first injected
with either LPS (200 pg/kg) or NaCl (0.9%, vehicle) and two hours later
received a second injection of either CCK (8 pg/kg) or NaCl. On the third
and fourth test days, rats were placed in the TRT chamber where they
received 5 brief (30 s) intraoral infiisions of 0.3 M sucrose at 3 min intervals.
Orofacial and somatic responses produced during the intraoral infusions were
videorecorded and later analyzed for response frequency. Rats injected with
only LPS or saline exhibited elevated levels of ingestive responses throughout
the testing sessions. Rats treated with only CCK showed a depressed level of
ingestive responding and an increase in passive drips on both test days,
indicative of satiety. LPS and CCK together produced a level of ingestive
responding intermediate to the LPS-only and CCK-only groups on the third
test day, and on the fourth test day exhibited elevated levels of ingestive
responses, comparable to LPS-only and saline controls. These results suggest
that repeated injections of LPS attenuate the normal satiety produced by
injections of CCK.
(Supported by NSERC)

HEPATIC VAGOTOMY DOES NOT ATTENUATE EITHER THE SUPPRESSION
OF FOOD INTAKE OR THE INDUCTION OF C-FOS IN THE NUCLEUS OF THE
SOLITARY TRACT (NTS) BY INTRAPERITONEAL (IP) CHOLECYSTOKININ
(CCK). A.M, Marshal), R, S^Dayghtgrs, R,p, Hofbauer, E,R, .Stevens, BX,
Hartman. P.L. Faris*. Dept. of Psychiatry, University of Minnesota, Minneapolis,
MN 55455.
Cox and Randich (BR RES 776:189, 1997) have reported solid electrophysiological
evidence for CCK excitation of hepatic vagal afferent fibers, suggesting hepatic vagal
afferent mediation of CCK induced satiety. However, in preliminary studies we failed
to find an effect of selective hepatic branch vagotomy on either food intake (FI) or c-fos
induction by 3pg/kg IP CCK (Soc Neurosci Abst. 23: 256, 1997). The present experiments further investigated the potential function of hepatic afferents in mediating
CCK effects. The first experiment was designed to compare the behavioral effects of
hepatic branch vagotomy (n=9) to sham operated animals (n=9) on food intake. Each
animal received 0, 3, and 100gg/kg of CCK on different test days using a counterbalanced and blinded design. FI of a liquid diet was measured at 30 minute intervals following drug administration. Hepatic vagotomy did not block the suppression of FI
produced by the same dose in sham-operated controls. One hour following drug administration, food intake was 3.6 ± 1.5 ml in the sham group and 3.8 ± 1.4 ml in the vagotomy group following 3gg/kg CCK, and 0.67 ± 1.7 ml (sham) compared to 1.1 ±
2.0 ml (hep vag-X) following lOOgg/kg CCK. The aim of the second experiment was
to quantify the amount of c-fos activation in the NTS following administration of IP
CCK. Each rat was injected with either Ogg/kg (n=4), 3gg/kg (n=4), or lOOgg/kg
(n=4) CCK one hour prior to fixation of neural tissue. Immunohistochemical visualization of c-fos was attained using a commercially available antibody (Calbiochem).
Sections at five levels of the NTS were digitally mapped for numerical quantification.
Consistent with the lack of a pronounced effect on food intake, the induction of c-fos
also was not reduced by hepatic vagotomy. A likely explanation to account for the
apparent discrepancy between our findings and those of other investigators would be
that CCK excites hepatic vagal inhibitory afferents (as reported by Cox and Randich)
resulting in suppression of neural activity in the NTS.

346.3

346.4

DISTRIBUTION OF CCKA-RECEPTOR IMMUNOREACTIVITY
IN THE RAT STOMACH AND SMALL INTESTINE AND ITS
RELATIONSHIP TO VAGAL AFFERENTS. H.-R. Berthoud* and L.

DOES INCREASED ENDOGENOUS CCK INTERACT WITH SEROTONIN
ON FEEDING IN RATS? J.-P. Voigt*, D. Wenz, M. Voits and H. Fink1>. Institute of Pharmacology and Toxicology, Charite, Humboldt University, D-10098
Berlin, 1) Institute of Pharmacology and Toxicology, School of Veterinary
Medicine, Free University, Koserstr. 20, D-14195 Berlin, Germany.
The effects of the neurotransmitter serotonin (5-HT) and the neuropeptide
cholecystokinin (CCK) on food intake are well established. An interactive
model for 5-HT and CCK suggests interdependent parallel systems of CCK
and 5-HT both of which have to be activated to achieve an appropriate satiety
effect. In line with this model, previous studies used selective CCK-receptor
antagonists to demonstrate effects of endogenous CCK. In a somewhat different approach we used protease inhibitors to increase levels of endogenous
CCK instead of blocking endogenous CCK by antagonists. The inhibitors we
used were soybean trypsin inhibitor (STI) and Camostate. We hypothesized
that a combined treatment with either STI or Camostate with the anorexic
serotonergic drug d/-fenfluramine should result in an enhanced hypophagic
effect when compared to the single treatment. All feeding experiments were
performed in non-deprived rats during night time feeding. Given alone, STI
(100 mg/rat, po), Camostate (100-200 mg/kg po) and also fenfluramine (1-9
mg/kg ip) reduced significantly food intake, with a more pronounced effect
following fenfluramine. This is in keeping with previous studies from different
laboratories. However, combining either STI or Camostate with fenfluramine
revealed no evidence for any more than additive effects on food intake.
Moreover, in some cases we observed even antagonistic effects. Considering
that these experiments were performed in non-deprived rats during nocturnal
feeding, i.e., under ‘normal’ feeding conditions, the data suggest that endogenous CCK exerts a rather modulatory action on food intake.
This work was
supported by grant BMBF (01 ZZ 9511).

M. Patterson. Neurobiology of Nutrition Laboratory, Pennington Biomedical
Research Center, Louisiana State University, Baton Rouge, Louisiana
70808, USA.
Several lines of evidence suggest that endogenous CCK released by
nutrients in the small intestine acts in a paracrine fashion on mucosal vagal
afferents to signal satiety to the brain. The aim of our study was to
immunohistochemically identify CCKA receptors in the gastrointestinal tract,
and specifically its anatomical relationship with vagal afferent fibers and
terminals. An antibody specific for the CCKA receptor was used in
conjunction with labeling of vagal afferents by injections of tracers into the
nodose ganglia. In the duodenum, CCK A receptor-like immunoreactivity
(CCKAr-LI) was abundant throughout the myenteric plexus, but extremely
sparse or absent in the mucosa. In the stomach, CCKAr-LI was abundant in
the myenteric plexus and in both external smooth muscle layers, localized on
some neuronal cell bodies and axonal processes, but rarely on vagal afferent
fibers and terminals. It is concluded that vagal afferent terminals in the rat
duodenal mucosa do a) not express CCKA receptors, or b) the density of
expression is not high enough to be detected by immunohistochemistry, or
c) there are different receptor subtypes not recognized by the antibody used.
However, the widespread presence of CCKAr-LI on enteric neurons and their
processes in the stomach and duodenum suggests important modulatory
roles for CCK at the level of the enteric nervous system and supports the
concept of CCK having indirect effects on vagal afferents in addition to the
hypothesized direct effects.
Supported by NIDDK 47348.
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NORADRENERGIC LESIONS FAIL TO ATTENUATE CCK-8
DEPENDENT SATIETY IN RATS. M. Qian, A.E. Johnson,
P. Sodersten and A. Adem.* Karolinska Institute, Section of Applied
Neuroendocrinology, Novum, S-141 57 Huddinge, Sweden. (SPON: SONA)
CCK-8 is a potent physiological satiety factor. In order to
determine whether the noradrenergic system is involved in mediating
the effects of CCK-8 on food intake, male Wistar rats weighing
approximately 350 grams were fitted with intraoral cannulas and
injected on two consecutive days with the selective noradrenergic
neurotoxin, DSP-4 (50mg/kg i.p.) or saline. The effect of CCK-8
(2.5pg/kg) on the ingestion of sucrose and protein was compared in
lesioned and unlesioned controls. The intake of intraorally delivered
solutions of sucrose or protein were significantly reduced in lesioned
rats. CCK-8 attenuated both sucrose and protein intake in lesioned
animals as well as in controls with a greater inhibition observed on
sucrose intake. Administration of noradranaline (40pmol in 2 pi, icv)
reinstated feeding in DSP-4 lesioned animals. However, contrary to
reports showing that the CQ-receptor agonists increase sucrose intake
in rats, clonidine in concentrations up to 120pg/kg had no effect on
sucrose intake in DSP-4 lesioned rats. The administration of NPY
(lOpg in 5pl, icv), a transmitter which is coexpressed in many
noradrenergic neurons, partially reinstated the sucrose intake of
lesioned rats to control levels. These data suggest that central
noradrenergic transmission is involved in the regulation of protein as
well as carbohydrate ingestion and that the regulation of satiety by
CCK-8 is not mediated by central noradrenergic systems. (Supported
by the Karolinska Institutet and the Swedish MRC).

CHOLECYSTOKININ (CCK) INDUCED ENTERIC NEURONAL

FOS EXPRESSION IS MEDIATED THROUGH CCK-A RECEPTORS.
A.I. Savegh* and R.C. Ritter. Department of VCAPP, and Program in Neuroscience, Washington State University, Pullman, WA 99164-6520.
Cholecystokinin (CCK), a hormone secreted from the endocrine cells of
the small intestine, participates in the control of motor and secretory functions in the gastrointestinal tract, and is a putative satiety signal. At least
some of the effects of CCK on intestinal function are mediated via neurons
in the myenteric and submucosal plexuses. Previously we reported that the
distribution of CCK-induced neuronal expression of Fos parallels that of
CCK-A receptor immunoreactivity in the rat small intestinal myenteric plexus.
To determine whether enteric Fos induction actually depends on CCK-A or
CCK-B receptor activation, we have examined the distribution of Fos in the
hindbrain and the myenteric and submucosal plexuses of the rat in the presence of either Devazepide, a CCK-A receptor antagonist, or L365-260, a
CCK-B receptor antagonist. We found that CCK (10 ug/kg) significantly
increased Fos expression in the hindbrain and in both myenteric and submucosal neurons of the duodenum, jejunum and ileum and that the amount of
Fos expression was highest in the duodenum, somewhat less in the jejunum,
and low in the ileum. We also found that neuronal Fos responsiveness was
mediated by CCK-A receptors, as CCK-induced Fos expression was virtually eliminated in both the brain and enteric plexuses of rats pretreated with
Devazepide, but was not diminished in rats pretreated with a L365-260. We
conclude that CCK activates both myenteric and submucosal neurons, via
CCK-A receptors. CCK-induced activation of these intrinsic intestinal neurons may be an important component of reflexes and behaviors that are mediated by CCK. Supported by NS-20561.

346.7

346.8

REDUCED SATIATION IN RATS EXPOSED TO INCREASED LEVELS OF
ENDOGENOUS OR EXOGENOUS CCK. M. Covasa*, and R.C. Ritter.
Department of VCAPP, Washington State University, Pullman, WA 991646520, USA.
Rats maintained on high fat diets exhibit elevated postprandial CCK
concentrations, but diminished satiation in response to exogenous CCK injection.
We hypothesized that increased circulating CCK associated with ingestion of
dietary fats may induce diminished satiation in rats on high fat diets. We performed
two separate experiments to test this hypothesis. In the first study Alzet
minipumps in the peritoneal cavity were filled with NaCl or CCK-8 so as to deliver
0.035 pg/kg/h for 28 days. Subsequently, we examined the effect of intraperitoneal
NaCl or CCK (0.5 pg/kg) injection on 30-min food intake following an overnight
fast. Intraperitoneal CCK significantly reduced 30-min food intake in the rats
implanted with saline-infusing minipumps (% suppression = 48.0+3.1), whereas
rats that had CCK-infusing minipumps exhibited significantly less reduction of
food intake by IP CCK (% suppression = 10.9+2.2). In our second study, rats were
maintained on either low fat (LF), which stimulates little release of endogenous
CCK, or on high fat (HF) or higji protein (HP) diets, both of which increase plasma
CCK concentrations. All three diets contained 3.86 kcal/g. CCK injection (0.125
or 0.250 pg/kg) reduced 30-min food intake significantly less in HF (%
suppression: 12.3+2.5 and 29.8+4.8) and HP rats (12.4+2.9 and 15.5+3.2),
compared to LF rats (29.6+3.2 and 51.3+5.6), for 0.125 and 0.250 pg/kg CCK
doses, respectively. Our results suggest that sustained elevation of CCK either by
infusion of exogenous CCK or release of endogenous CCK diminish satiation in
response to exogenous CCK. Supported by PHS grant NS-20561.

FOOD INTAKE REDUCTION IN RESPONSE TO DIFFERENT DOSES OF
CHOLECYSTOKININ OCTAPEPTIDE (CCK-8) IN HUMANS. H.R. Kissileff*B.
Laferrere, S.J. Saland, L. Haves, J.L. Guss, and F. X, Pi-Sunyer, Obesity Research
Center, St. Luke’s/Roosevelt Hospital and Columbia University, New York, NY
10025.
CCK-8 has been shown to reduce food intake in humans, but there has been no
reported relationship between food intake reduction and dose of CCK-8 in humans. In
order to fill this gap, seven people (4 men, 3 women) were given, on non-consecutive
days, an intravenous infusion of three doses of CCK-8 (84, 112 and 168 ng/min) and
a saline control infusion, for 25 min before, and 5 min during (total duration 30 min), a
yogurt shake lunch meal (1 kcal/g), eaten 3 h after a standard 300 kcal breakfast and 30
min after they had consumed 640 g of tomato soup (.38 kcal/g). Ratings of how
“hungry”, “full”, and “sick” subjects felt were obtained from their marks on 150mm
lines anchored by “not at all” and “extremely”, made before and after the soup, and
before and after the meal. The amount of tomato soup was chosen because previous
work indicated this amount of soup would generate reliable intake differences between
men and women, when given alone before a meal. Although men and women ate
different amounts of shake meal under the saline infusion (261 g ± 157 SE) the
difference was not significant. The dose response relation was similar in men and
women. Intake was reduced by a mean of 114 g ± 63 SE at the 84 ng/min dose, by an
additional 60 g ± 63 SE at the 112 ng/min dose, and by an additional 52 g ± 63 SE at
the 168 ng dose. Intake was significantly different between the saline (793 g ± 157
SE) and 112 ng/min (620 g ±120 SE) doses and between saline and 168 ng/min (598 ±
125 SE), but no other differences among treatments were significant (LSD = 131).
There were no significant differences in ratings of hunger, fullness, or sickness across
the three doses at any time. These results demonstrate that the effects of CCK-8 on
food intake are dose-related in humans as they are in animals and provide basic data
for planning future studies. With larger sample sizes, differences between the 84 and
168 ng doses should be significant. (Supported by NIH DK53089)

346.9

346.10

UROCORTIN INJECTED INTO THE PARAVENTRICULAR NUCLEUS OF THE
HYPOTHALAMUS INHIBITS NEUROPEPTIDE Y INDUCED FEEDING AND
CARBOHYDRATE METABOLISM. P.J. CurreJ*, D.V. Coscina2, M.D. Avellinol,
C. Bishop?, g .F. Koob?, J. RivierA and W. ValeA iDept. of Psychology,
Barnard College, Columbia University, New York, NY, 10027, *Dept. of
Psychology, Wayne State University, Detroit, Ml 48202, 3oept. of
Neuropharmacology, The Scripps Research Institute, and 4The Clayton
Foundation Laboratories for Peptide Biology The Salk Institute, La Jolla CA
92037.
Corticotropin-releasing factor (CRF) is believed to act on tha CNS to alter
energy balance and influence both food intake as well as sympatheticallymediated thermogenesis.
CRF has also been reported to inhibit the
orexigenic effects of dynorphin, norepinephrine and neuropetide Y. The
recently identified CRF-related neuropeptide, urocortin (URO), decreases
eating in food-deprived and non-deprived rats and suppresses respiratory
quotient (RQ) when injected into the paraventricular nucleus (PVN) at the
onset of the nocturnal cycle, In contrast, neuropeptide Y increases eating and
potentiates RQ following injection into the PVN. The present experiments
characterized further the feeding and metabolic effects of URO and NPY by
assessing the ability of URO to attenuate the feeding and metabolic effects of
PVN NPY. URO (0.25-1 pg) was injected into the PVN 5 min prior to NPY (100
pmol) which was administered at dark onset in ad-lib fed male rats. In 2-h
feeding tests, URO effectively suppressed NPY stimulated feeding.
In
separate rats, the metabolic effects of URO were monitored in the absence of
food in an open-circuit calorimeter which measured oxygen consumption
(VO2) and carbon dioxide production (VCO2) used to compute respiratory
quotient (RQ; VCO2/VO2). URO reliably decreased the elevation in RQ
characteristic of NPY treatment within 30 min of infusion. The effect was
dose-dependent. These results suggest that URO-sensitive mechanisms
within the medial hypothalamus may interact with NPY to modulate food
intake and energy substrate utilization.

COMPARISON OF CENTRALLY ADMINISTERED CRH AND
UROCORTIN ON FOOD INTAKE, TASTE AVERSION, AND C-FOS
EXPRESSION. P.A. Rushing*1, S.C. Benoit1, K.A, Blake1, T. Thiele2,
S.C. Heinrichs3 & S.C, Woods1 & R.J. Seeley1. ’Dept. of Psychiatry,
University of Cincinnati, Cincinnati, OH 45267; 2Dept. of Psychology,
University of Washington, Seattle, WA 98195; ’Department of
Psychology, Boston College, McGuinn Hall, 140 Commonwealth
Avenue, Chestnut Hill, MA 02467.
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Corticotropin-releasing hormone (CRH) is a potent regulator of the
hypothalamic-pituitary-adrenal axis, and reduces food intake when
administered into the third cerebral ventricle (i3vt). Urocortin (Ucn) is a
closely related mammalian peptide which binds to both identified CRH
receptor subtypes and also reduces food intake when administered i3vt.
The present experiments compared the aversive consequences of i3vt
administration of CRH and Ucn at doses that produced comparable
decrements in food intake. Experiment 1 found that 1.0 pg Ucn and 2.0
pg CRH produced similar reductions in food intake. Experiment 2
demonstrated that, at these doses, CRH but not Ucn promoted robust and
reliable CTA learning. A third experiment showed comparable increased
c-Fos like immunoreactivity after Ucn and CRH in forebrain and
hindbrain structures associated with food intake. It is concluded that Ucn,
at doses which reduce food intake to levels like that observed after
administration of CRH, do not produce similarly aversive consequences.
Supported by grant DK54080-01 from NIH/NIDDK.
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ROLE OF HYPOTHALAMO-ADENOHYPOHYSIAL SYSTEM (HAS)
IN DEVELOPMENT AND MAINTENANCE OF OBESITY TN
OBESE ZUCKER RATS. M. Jhanwar-Uniyal* and A. J, Burlet. Dept.
of Cell Biol. INSERM U308, Nancy, 54000 France
Hypothalamic corticotrophin releasing factor (CRF) is believed to be a
major factor in control of food intake (FI). In obese Zucker (fa/fa) rats,
obesity and hyperphagia can be reduced by an early adrenalectomy,
which suppresses the circulating glucocorticoids. Fasting for 24 hrs
significantly stimulates hypothalamo-adenohypohysial system (LIAS) in
fa/fa rats, and not in lean sisters (FA/FA) . In the present study, we
assessed the direct participation of hypothalamic CRF in the control of FI
in fa/fa rats. We inhibited the synthesis of hypothalamic CRE by
immunological targeting with toxins administered directly into the CRE
neurons and measured the FI. Different aspects of the HAS development
were assessed by CRF immunocytochemistry and in situ hybridization of
CRE mRNA in 1-, 2- and 5-wks-old fa/fa rats. In addition, hypothalamic
glucocorticoid receptors (GR) mRNA was also measured by using
Northern-blot analysis during same time periods. In adult obese Zucker
rats, the immunological targeting of toxins resulted in significant
reduction of hypothalamic CRF neuron numbers (-20 to 22 % ; p<0.001)
as well as quantity of CRE mRNA (pO.OOl). This depletion
significantly increased FI of the obese rats for 2 wks, but did not alter in
lean rats. During the first 5 wks of life of fa/fa rats, the quantitative
variations of hypothalamic GR mRNA were opposed to that observed in
lean rats. This study, therefore, underscores significant involvement of
HAS in development of hyperphagia and in maintenance of obesity in
obese Zucker rats.

HYPOTHALAMIC NEUROPEPTIDES AND ENERGY BALANCE SIBERIAN HAMSTERS DO IT DIFFERENTLY. J.G. Mercer, K.M. Moar, A.W.
Ross and P.J. Morgan*. Molecular Neuroendocrinology Unit, Rowett Research
Institute, Aberdeen, Scotland AB21 9SB
The Siberian hamster (Phodopus sungorus sungorus) is an excellent model in
which to examine the regulation of body weight and adiposity. Hamsters display
large amplitude changes in body weight on transfer between long (long day; LD) and
short photoperiods (short day; SD). These changes are reversible and have the
characteristics of a ‘sliding set point’, the level of which is determined by
photoperiodic history. We examined mRNA levels for the leptin receptor and for a
number of energy-balance related neuropeptides in the hamster hypothalamus by in
situ hybridization in animals with near maximal photoperiod-induced body weight
change, with or without superimposed food deprivation. Body weight fell by 30%
during 18 wk in SDs. Subsequent food deprivation (24 h) caused a further 10%
decrease. In the hypothalamic arcuate nucleus (ARC), SDs reduced POMC gene
expression, and agouti-related protein (AGRP) mRNA was elevated. Superimposed
food deprivation increased AGRP gene expression, and caused a localised elevation
of NPY mRNA in the ARC. Both adipose tissue leptin- and ARC leptin receptor
(OB-Rb) mRNAs were down-regulated in SDs, whereas food deprivation increased
OB-Rb gene expression. In a separate experiment in LDs, food deprivation markedly
up-regulated AGRP gene expression. The differential regulation of AGRP and NPY
mRNAs by photoperiod and food deprivation is suggestive of transcript-specific
regulation at the level of individual neurones. The melanocortin system may be
involved in the regulation of seasonal body weight. OB-Rb mRNA appears to be
differentially regulated by acute and chronic changes in plasma leptin. There may be
a species-specific component to the hierarchy of the multiple, parallel systems that
normally regulate energy balance, with different neuroendocrine systems being nore
or less important in different species.
Funded by Scottish Office Department for Agriculture, Environment and Fisheries.

346.13
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GALANIN
EXPRESSION IN PVN NEURONS IS ELEVATED IN
NORMAL-WEIGHT RATS WITH INCREASED RISK FOR OBESITY ON
A HIGH-FAT DIET: RELATION TO INSULIN RESISTANCE AND
REDUCED CAPACITY FOR FAT METABOLISM. J.T, Dourmashkin1, E.G.
Gayles2, Y. Wei2, J.Wang1* and S.F. Leibowitz1. The Rockefeller Univ., New York,
N. Y. 100211 and Univ. of Colorado Health Science Center, Denver, CO 802202.
With the goal of identifying traits that precede and, thus, may contribute to the development of
obesity, we have examined subgroups of an outbred rat strain which exhibit differential
propensity to accumulate body fat The strongest, early correlate of long-term body fat accrual
is initial weight gain on a high-fat diet During the first 5 days on this diet, rats that are "obesityprone" (OP) exhibit rapid weight gain (7-llg/day), whereas the "obesity-resistant" (OR)
subjects gain slowly (4-6g/day). Small behavioral differences are seen in this 5-day period
between these two groups, with 5-10% higher scores for the OP subjects in their daily caloric
intake (112 vs 100g, p<0.01) and body weight (402 vs 385g, p<0.05). However, measures of
adiposity (4 dissected fat pads) are not yet significantly different (14.2 vs 13.0g, p>0.10).
Analyses of the brain, using in situ hybridization and immunocytochemistry, reveal in the OP
rats enhanced GAL expression specifically in the paraventricular nucleus (PVN) (1322 vs 1211
cells/mm2, p<0.01) and elevated GAL-immunoreactivity in the PVN (1625 vs 1322
objects/mm2, p<0.01) and median eminence (789 vs 534 objects/mm2, p<0.01), with no change
detected in hypothalamic neuropeptide Y. This higher GAL expression in OP subjects is
associated with hyperinsulinemia (29.0 vs 12.9 pU/ml, pO.OOl), hyperglycemia (147 vs 140
mg/dl, pO.05), and increased insulin/glucose ratio, an index of insulin resistance. It is also
accompanied by a reduced capacity for fat oxidation relative to total oxidative capacity (0.18 vs
O. 22, pO.05) along with enhanced capacity for glycolysis (7.9 vs 6.4, p<0.05), as determined
by measures of enzyme activity in gastrocnemius muscle. In addition to a consistent, positive
correlation between PVN GAL expression and glucose levels or body fat as reported
previously (J. Neuroscience, 1998), these analyses reveal a strong, inverse relation between
GAL mRNA or peptide and the ratio of B-oxidalion/glycolysis in muscle, suggesting that
endogenous GAL may promote obesity by reducing capacitance for fat metabolism.

HYPOTHALAMIC INJECTION OF GALANIN (GAL) PRODUCES EFFECTS,
ELEVATED LIPOPROTEIN LIPASE (LPL) ACTIVITY IN ADIPOSE TISSUE
AND REDUCED FAT OXIDATION CAPACITY IN MUSCLE, THAT
PROMOTE BODY FAT ACCRUAL. R.Yun1, J.T.Dourmashkin1, S.K.Fried2,
E.G.Gayles3, Y.Wei3, A.Akabayashi1* and S.F.Leibowitz1.
The Rockefeller
University, New York, NY 10021’, Rutgers University, New Brunswick, NJ 089012,
and University of Colorado Health Sciences Center, Denver, CO, 802203.
Acute injection of GAL into the paraventricular nucleus (PVN) stimulates eating
behavior and reduces energy expenditure, while chronic GAL injections produce
hyperphagia and promote body fat accrual in rats on a high-fat diet (Neuroscience
meeting, 1998). Further, rats that become obese on a high-fat diet invariably exhibit
elevated expression of GAL in PVN neurons. To investigate endocrine and metabolic
mechanisms through which GAL may function to increase body fat, further tests with
PVN GAL injections were performed in male, Sprague-Dawley rats with chronicallyimplanted brain cannulae. Galanin (300 pmoles/0.3pl) was administered 3 times over a
24-hr period, and food (lab chow) was removed 7 hrs before sacrifice (2 hrs. after dark
onset). Compared to saline-injected rats, GAL increases LPL activity in adipose tissue
(0.86 vs 1.29 pmoles/g, p<0.01), while causing a reduction in LPL activity in muscle
(1.37 vs 0.77 pmoles/g, p<0.01). As revealed through measurements in gastrocnemius
muscle of enzyme activity reflecting fat or carbohydrate oxidation, this GAL-induced
change in LPL activity is associated with a reduced capacity for 6-oxidation relative to
total oxidative capacity (0.25 vs 0.21, p<0.05), along with enhanced capacity for
glycolysis (6.4 vs 7.5, p<0.05). This decreased propensity for fat metabolism is
accompanied by an elevation of fatty acids (1.25 vs 1.57 mEq/L, p<0.05), along with a
decline in glucose levels (113 vs 96 mg/dl, p<0.02). These GAL-induced effects are
similar to those detected in normal-weight rats that are prone to obesity on a high-fat diet
and exhibit enhanced GAL expression in the PVN (Dourmashkin et al., this meeting).
They suggest mechanisms through which chronic stimulation by GAL, whether
endogenous or exogenous, can promote overeating and obesity.

346.15
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DISTRIBUTION AND FUNCTION OF OREXINS IN THE GUT
AND PANCREAS. A, Kirchgessner1*, M.-T. Liu1 and A.N. van den
Pol2, ’Dept. Physiol and Pharm., SUNY Health Sci. Center at
Brooklyn, Brooklyn, NY 11203; 2Dept. of Neurosurgery, Yale
University School of Medicine, New Haven, CT 06520.
The hypothalamic neuropeptides called orexins (hypocretins) have so
far been reported to be localized exclusively in cell bodies of the lateral
hypothalamus, a brain region involved in energy homeostasis. As the
enteric nervous system (ENS) has a parallel function, we hypothesized
that orexins might be present in the gut. Here we show that neurons in
the ENS that provide local control of nutrient absorption, gut secretion
and motility, synthesize orexin and express functional orexin receptors
that underlie an excitatory response to nanomolar levels of the peptide,
as tested by immunocytochemistry, mRNA analysis, and intracellular
recording. Hunger upregulates the phosphorylated form of CREB in
enteric neurons that synthesize orexin, indicating a functional response
to food status in neurons that control intestinal secretion. Orexin
containing neurons also express leptin receptors, suggesting sensitivity
to fat stores. Endocrine cells located in the gastric and intestinal mucosa
also synthesize orexin. Of considerable interest, the beta cells of the
pancreas that synthesize insulin strongly express both orexin and orexin
receptors, suggesting a possible role for orexin in intrapancreatic cell
signaling. Together these data indicate that orexin in the gut may play
even a more intimate role in regulating energy homeostasis than it does
in the CNS. Supported by NIH grant NS27645 (AK).

OREXIN AND NPY mRNA LEVELS IN FEMALE RATS IN RESPONSE
TO FASTING. RM Casto2*, I Swart2, JW Jahng1, TA Houpt2, JM Overton2.
’Dept. Pharmacology, Yonsei University.; 2Program in Neuroscience, Florida
State University, Tallahassee, FL 32306.
Orexin and neuropeptide Y (NPY) are hypothalamic peptides involved in the
regulation of energy balance. Both exogenous orexin and NPY induce feeding
in rats, while starvation is reported to cause an increase in orexin and NPY
mRNA levels. Orexin-immunoreactive fibers synaptically interact with NPY
neurons in the arcuate nucleus, suggesting a modulatory role for orexin in the
NPY pathway. The purpose of this study was to examine the effect of a 48hr
fast on orexin and NPY mRNA levels in female rats via in situ hybridization.
Female Sprague Dawley rats (8 wks of age) were either fasted or fed normally
prior to being overdosed with sodium pentobaibitol and perfused with
phosphate buffered 4% paraformaldehyde. Brains were rapidly dissected and
alternate free-floating 40pm sections through the hypothalamus were
hybridized with either prepro-orexin antisense oligonucleotide (bases 2-49,
Broberger et al. 1998) or prepro-NPY antisense oligonucleotide (bases 59-88).
After 2-3 days exposure to autoradiographic film, mRNA levels were
quantified by densitometry. NPY mRNA levels increased 121% in the FD
group compared to AL levels (p<0.01). In contrast to previous reports, there
was no difference in orexin mRNA levels between the FD and AL groups.
Variation in orexin expression throughout the estrous cycle could explain the
observed lack of regulation by fasting in female rats.
Supported by NIHDCD03198 and NIH HL56732.
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NICOTINE UP REGULATES EXPRESSION OF OREXIN AND ITS
RECEPTORS IN RAT BRAIN. J.K. Kane, S.G. Matta, B.M. Sharp and

EFFECTS OF NICOTINE ON FOOD INTAKE, BODY WEIGHT,
NEUROPEPTIDE-Y AND ITS RECEPTORS IN RAT BRAIN. M.D. Li.

M.D. Li*. Department of Pharmacology, University of Tennessee Medical
School, Memphis, TN 38163.
Orexins-A and -B are two newly reported hypothalamic neuropeptides and
have been shown to be potent stimuli of food intake. Since an inverse
relationship exists between tobacco use and body weight, it is of interest to
determine if nicotine has an effect on orexin expression in the brain. Using
semi-quantitative reverse transcription polymerase chain reaction, we have
found that nicotine administration (2.0-4.0 mg/kg/day by i.p. injection over 14
days) increased the mRNA levels (20-50%) of orexin and its receptors (OX,-R
and OX2-R) compared to saline rats. In a separate experiment, we observed a
significantly higher level of orexin, OX,-R and OX2-R mRNAs in nicotine
treated rats (4.0 mg/kg/day; i.p. injection) compared to pair-fed rats. This
suggests the increases in orexin, OX,-R and OX2-R mRNA levels are due to
the effect of nicotine per se. Current experiments will determine if there is a
similar effect on orexin-A and -B protein levels in the lateral hypothalamus and
adjacent areas due to nicotine administration. In summary, our data suggest
that nicotine can alter expression of orexin and its receptors in the rat
hypothalamus. This lends support to the possible involvement of the
neuropeptide orexin in the regulatory signaling involved in feeding and body
weight alterations due to nicotine. Supported by DA-03977.

J.K. Kane, Y. Fu, and B.M. Sharp*. Department of Pharmacology, University
of Tennessee Medical School, Memphis, TN 38163.
Epidemiological studies show a consistently inverse relationship between
cigarette smoking and body weight. In rodents, a negative correlation between
nicotine and body weight has been reported, but such a conclusion was largely
derived from studies where relatively high doses of nicotine (—12 mg/kg/day)
were used. In the current study, we showed that a negative relationship also
holds for low doses of nicotine that are comparable to average human smokers
(<6.0 mg/kg/day). We also found that nicotine administration at a dose of 4.0
mg/kg/day reduced average daily food intake by 19.5% (P<0.01) in the freelyfeeding nicotine-treated group compared to the saline controls during 14 days
of treatment. No significant differences were detected between the nicotine
and pair-fed groups for both food intake and body weight. To determine
whether nicotine’s effects on food intake and body weight could be explained
by neuropeptide Y (NPY), semi-quantitative reverse transcription-polymerase
chain reaction (RT-PCR) was employed to measure NPY and its receptor
mRNA levels in median basal hypothalamus. Significantly higher NPY and
NPY receptor mRNA levels were detected in the nicotine-treated groups
compared to the saline or the pair-fed groups. Current experiments will
determine if similar changes in NPY and its receptors can be detected at the
protein level. In summary, our data suggest that the effects of nicotine on food
intake and body weight may be mediated by changes in hypothalamic NPY and
its receptor(s). Supported by DA-03977.

346.19

346.20

CENTRAL ADMINISTRATION OF CART ACTIVATES NEUROENDOCRINE
NEURONS IN THE RAT N. Vrangi*, P.J. Larsen L2, P. Kristensen3 and M.
Tang-ChristensenL3.1 Dept. Anatomy, University of Copenhagen, Blegdamsvej 3,
2200 Copenhagen, Denmark. 2Dept. Neurology, Univ. Hospital of Copenhagen,
Denmark. 3Health Care Discovery, Novo Nordisk A/S, Copenhagen, Denmark
We have recently shown that intracerebroventricular (icv) administration of the
hypothalamic neuropeptide CART (cocaine-amphetamine-regulated transcript) inhibits
food intake in the rat. Also we have found that icv injections of CART induces c-Fos
protein in several nuclei believed to be involved in the regulation of food intake.
Strong induction of c-Fos in the paraventricular nucleus of the hypothalamus prompted
us to examine the effect of icv CART on the hypothalamo-pituitary-adrenal (HPA)
axis as revealed by corticosterone secretion. Seventy-six male wistar rats were fitted
with icv cannulas and housed under 12:12 LD conditions in individual cages. One week
post surgery 0.5pg of recombinanant CART (42-89) or saline was administrered icv in
the morning to fed rats. Animals were exsanguinated by decapitaion 0 (baseline), 10,
20, 40, 60, 120 or 240 minutes after the injection. CART caused a strong increase in
circulating corticosterone that was significantly different from saline 20, 40, 60 and
120 min post injection (P<0.05). Animals injected with CART icv and perfused with
4% paraformaldehyde 120 min later showed a strong increase in c-Fos
immunoreactivity in the PVN. Sections double-stained for c-Fos and
corticotrophin-releasing-hormone (CRH) and examined on a confocal laser scanning
microscope showed that app. 90% of CRH immunoreactive neurons (presumably
hypophysiotrophic) contained c-Fos following CART icv. In summary, icv CART
activates central CRH neurons which presumably, via release of CRH to the portal
circulation and ACTH from the pituitary
via release of CRH to the portal circulation and ACTH from the pituitary, causes a
release of corticosterone from the adrenal gland. This effect of CART on the HPA-axis
may play a role in the inhibitory effect of CART on feeding behaviour.

THE REGULATION OF THE COCAINE AMPHETAMINE REGULATED
TRANSCRIPT (CART) IN PITUITARY CELL CULTURES. Perry Barrett*,
Marie Morris, Julian Mercer and Peter J.Morgan. Rowett Research
Institute, Bucksburn, Aberdeen AB21 9SB, Scotland.
The Cocaine Amphetamine Regulated Transcript (CART) peptide is
one of several peptides synthesized and released from neurons in the
brain, which have been shown to be involved in the regulation of appetite
and energy balance. The CART peptide is co-localized with another
energy balance peptide, otMSH, in neurons of the arcuate nucleus,
where both CART and otMSH acting at other hypothalamic sites are
inhibitory to food intake. The arcuate neurons respond to changes
energy balance levels through an action on these neurons of several
regulatory peptides including the product of the ob gene, leptin. Leptin
has been shown to elevate the expression of CART mRNA and icv
injection of CART peptide has been demonstrated to reduce food intake
in the rat. CART is also expressed in several regions of the brain, but in
addition to these neuronal sites, CART is also expressed in the pituitary
and adrenal gland. The molecular mechanisms involved in CART
expression are unknown, but the cells of the pituitary offer a cell system
in which to address the cellular and molecular aspects of CART mRNA
regulation. In this presentation we present the first data to address the
cellular and molecular regulation of CART mRNA.
This work was funded by the Scottish Office Agriculture Environment
and Fisheries Department.

INVERTEBRATE LEARNING AND BEHAVIOR I
347.1

347.2

GROWTH OF KENYON CELL ARBORIZATIONS IN THE
MUSHROOM BODIES OF THE WORKER HONEY BEE DURING
ADULT LIFE.
S.M. Farris.* ^G.E. Robinson J N.J. Strausfeld^ and S.E. Fahrbach. 1
iDept. of Entomology, University of Illinois at Urbana-Champaign,
Urbana, IL 61801, and 2 Arizona Research Laboratories, Division of
Neurobiology, University of Arizona, Tucson, AZ 85721.
Foraging behavior in worker honey bees typically begins at three
weeks of age and is correlated with an increase in the volume of the
neuropil region of the mushroom bodies of the brain compared with
newly emerged bees. Bees of intermediate age typically have
intermediate neuropil volumes. The purpose of the present study is to
determine whether changes in the dendritic arborizations of intrinsic
neurons (Kenyon cells) occur in a manner consistent with these volume
changes. Using a combined Colonnier/ rapid Golgi method to stain
individual Kenyon cells, camera lucida drawings were analyzed for
differences in length and complexity of dendritic segments. Preliminary
data indicate that from the late pupal stage through the onset of foraging,
there is a gradual increase in the length and branch order of non-compact
Kenyon cell dendrites in the collar region of the mushroom body
neuropil. These results indicate that the increasing neuropil volumes
from emergence to the onset of foraging are associated with increased
outgrowth of Kenyon cell dendrites. The dendritic measurements of
precocious foragers are similar to those of same-aged nurse bees, rather
than those of typical foragers, which suggests that the observed
outgrowth may be primarily due to a mechanism related to age or
foraging experience rather than current behavioral state. Supported by
an NSF Award to SEF and GER and a UIUC Research Board Grant.

THREE-DIMENSIONAL RECONSTRUCTION OF HONEY BEE MUSHROOM
BODIES: COMPARISON BETWEEN NORMAL AND HYDROXYUREATREATED BEES. R. Brandt1. D, Malun1, A, Steege1, M, Zockler2 and R.
Menzel1*. ‘Institut fiir Neurobiologie, Freie Univ. Berlin, 14195 Berlin, Germany;
2Konrad-Zuse-Zentrum fiir Informationstechnik, 14195 Berlin, Germany.
The honey bee mushroom bodies (MB) are prominent paired neuropil structures
in the protocerebrum. Each MB consists of two calyces, 2 peduncles and an a- and
B-lobe. MBs are regarded as high order integrative centers receiving both
olfactory, and visual input and have been shown to be crucial for learning and
memory. In order to elucidate the complex structure of the MBs, we established a
3D-digital surface model of the MBs of (1) normal adult honey bees and (2) of
adult bees that were treated with hydroxyurea (HU). HU, when it is fed to first
instar larvae, prevents the cell division of MB neuroblasts and thus causes the
selective ablation of MB subunits. A variety of defects was observed, i.e. one to
four MB subunits were missing (Malun, 1998).
Whole-mount preparations of honey bee brains were treated with an antiserum
against synapse proteins (SYNORF1, nc46; Hofbauer, habil. thesis, Univ.
Wurzburg, Germany, 1989) to specifically label neuropil areas. Brains were
imaged with the confocal microscope. Subsequently, the outlines of the different
MB sub-compartments were traced using the AMIRA 3-dimensional visualization
software package. Stacks of outlines were then used to reconstruct surface models
of the different neuropil compartments.
With these models, HU-induced structural changes were detected and quantified:
In brains with partial MB ablation (one or both medial MB subunits are missing),
the volumes of the remaining lateral MB calyces of the lesioned brain sides had
increased and the B-lobes were fused with each other at the midline of the brain.
Supported by BMBF grant 0310961 to R. Menzel and DFG SFB 515 C7 to D.
Malun.
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COMPOUND CONDITIONING AND BLOCKING IN DROSOPHILA. L.L.
PHELAN* and R. A. ROSELLINI Department of Psychology, University at
Albany: SUNY, Albany, NY 12222.

LATENT INHIBITION AND EXTINCTION IN CONTEXT
CONDITIONING IN HABITUATION IN C. ELEGANS.
C. Rankin* and S. Saneha. Department of Psychology, University of
British Columbia, Vancouver, BC. V6T 1Z4
Traditionally habituation has been considered a non-associative form
of learning. However recent research suggests that retention of this nonassociative form of learning may be aided by associations formed during
training. An example of this is context conditioning in which animals
that are trained and tested in the presence of a contextual cue show
greater retention than animals trained and tested in different
environments. We report context conditioning in habituation in the
nematode Caenorhabditis elegans. The results showed that retention of
habituation to tap at both 10 and 60 s interstimulus intervals (ISIs) was
significantly greater if training and testing occurred in the presence of the
same ehemosensory cue (NaCHsCOO). This context conditioning
showed extinction when worms were placed on NaCTUCOO for the one
hour interval between training and testing; and latent inhibition when
worms were placed on NaCH3COO for one hour prior to training. In
both of these experiments exposure to the NaCHgCOO in the absence of
taps eliminated the context effect normally produced by training and
testing on NaCHjCOO. Taken together these results demonstrate that
these simple worms with only 302 neurons are capable of true
associative context conditioning.
Research funded by Natural Sciences and Engineering Research Council
of Canada.

An olfactory Pavlovian conditioning task was used to assess complex
conditioning in Drosophila melanogaster. Specifically, we examined
compound conditioning and blocking in individual flies. For compound
conditioning, flies received a compound stimulus made up of two olfactory
cues in conjunction with brief exposure to cold as the unconditional stimulus
(US). Flies displayed learning to the compound stimulus. In addition, when
tested for a response to the individual elements, a conditioned response to
each of the olfactory elements that make up the compound stimulus was
observed. This demonstrates that compound conditioning results in
acquisition of associative strength by each of the elements of the compound.
Based on this finding we investigated whether previous conditioning to one of
the elements would reduce the acquisition of conditioned responding to the
other element. In phase one of the blocking experiment, flies received a
pairing of one of the olfactory cues (stimulus A) in conjunction with a cold
US. In phase two, flies received the compound stimulus (stimulus A+B) in
conjunction with the US. In phase three, response to stimulus B was tested.
Flies that received previous conditioning to stimulus A, displayed reduced
responding to the added cue B. These two studies demonstrate that
Drosophila melanogaster is capable of complex forms of Pavlovian
conditioning. (This research was supported by personal funds and the
Department of Psychology at The University at Albany).

347.5

347.6

GENETIC ANALYSIS OF OSMOSENSATION AND
MECHANOSENSATION IN C. ELEGANS. H, Sugimoto*, S. Matsumoto, H.
Komatsu, A, Nathoo, R, Moeller, and A, C, Hart. Cancer Center, Mass.
General Hospital, Charlestown, MA 02129 and Dept. of Pathology, Harvard
Medical School, Boston, MA 02115.
The ASH neurons in C. elegans are primarily responsible for detecting
light touch to the nose, high osmolarity and volatile repellents (1-octanol),
based on laser ablation studies. We are studying stimulus detection and
discrimination in this circuit using modality specific mutations- those
defective in responding to only 1 or 2 of the ASH stimuli. osm-16(rt6)
animals are defective in their response to high osmolarity and 1-octanol,
but are normal in nose touch avoidance. Thus, rt6 may encode a
component of the signal transduction machinery shared by osmo- and
chemosensation, but not by mechanosensation. rt6 maps to the right end
of the X chromosome near unc-7. \Ne are also mapping not(rt32). rt32
animals are defective in nose touch response, but are normal for other
ASH-mediated responses.
We are also interested in identifying the neuropeptides used by the ASH
neurons which may play a critical role in differential synaptic signaling.
Based on a structure-based search through the genome database, we
have identified 21 putative neuropeptide like protein (nip) genes in C.
elegans. Two nip genes are exressed in the ASH neurons.
Characterization of osm-16, rt32 mutants, and nip genes should lead us
to a better understanding of the molecular mechanisms involved in
detection and distinction of different stimuli by the nervous system.
Funded by March of Dimes, Searle, and Whitehall Foundations, and by
NIGMS grant GM57918.

OLFACTORY ASSOCIATIVE AND NON-ASSOCIATIVE LEARNING IN C.
elegans IS BLOCKED BY MUTATIONS IN THE AMPA-type GLUTAMATE
RECEPTOR, glr-1. Glenn E. Morrison* and Derek van der Koov. Neurobiology
Research Group, Department of Anatomy & Cell Biology, University of Toronto,
Toronto, Canada MSS 1A8
g.morrison@utoronto.ca
The AMPA-type ionotropic glutatmate receptor mediates fast excitatory
neurotransmission in the vertebrate brain and is important for synaptic plasticity and
the initial induction of long-term potentiation (LTP). Because glutamate
neurotransmission also occurs in C. elegans, we investigated the role of the putative C.
elegans AMPA receptor gene, glr-1, in simple learning and memory. g/r-7(n2461)
mutant worms are deficient in olfactory associative learning in which worms learn not
to track the previously attractive conditioned cue, diacetyl (DA), after it has been
paired with an aversive acetic acid (AA) solution. Behavioural testing of osm-9
mutants, which eliminate all function in the ASH nociceptive sensory neuron,
confirms that AA aversion is mediated by ASH. glr-1 is expressed in the post-synaptic
targets of ASH and plays a role in mechanosensory avoidance but not in baseline
osmotic or volatile avoidance, three behaviours mediated by ASH. Here we show that
neurotransmission through glr-1 plays a significant role in experience-dependent
behaviour using volatile cues. Although glr-1 mutant worms acutely sense and
respond to DA and AA just as wild type worms do, they are unable to form an
association between the two stimuli. Following DA-AA conditioniong, wild type N2
worms no longer track DA, however, glr-1 worms continue to track like naive worms.
Moreover, glr-1 mutant worms are impaired in non-associative learning (habituation)
after long exposures to the same DA stimulus. The C. elegans learning mutants, lrn-1
and lrn-2, are impaired in ehemosensory associative learning but have no deficits in
habituation. The results suggest that although associative and non-associative learning
can be genetically dissociated (lrn-1 and lrn-2), they also share some common
molecular processes including glr-1 mediated neurotransmission.
Supported by NSERC

347.7

347.8

IDENTIFICATION
AND
CHARACTERIZATION
OF
HIGH-AFFINITY
GLUTAMATE TRANSPORTERS IN APLYSIA. J. Levenson1, L. Diver1*, J.H,
Bvrne2, A, Eskin1. 1Dept. of Biology and Biochemistry, Univ. of Houston:
Houston, TX 77204. 2Dept. of Neurobiology and Anatomy, Univ. of Texas
Med. School at Houston; Houston, TX 77225.
In Aplysia, long-term sensitization of withdrawal reflexes is due to
presynaptic facilitation at the sensorimotor synapse. The excitatory
neurotransmitter of this synapse appears to be glutamate. Previously, we
characterized a high-affinity glutamate uptake system in the pleural-pedal
ganglia of Aplysia, and showed that it was similar to the EAAT family of
glutamate transporters and regulated by treatments which cause long-term
sensitization.
Three high-affinity glutamate transporters were cloned from the CNS ot
Aplysia. Two of the transporters (ApGT1, 2) showed the highest degree of
similarity with neuronal glutamate transporters while ApGT3 was more similar to
glial glutamate transporters. In situ hybridization was performed to determine
the expression patterns of the mRNAs for these transporters in the pleuralpedal ganglia. ApGT1 was expressed in some neurons, including the VC
sensory neuron cluster in the pleural ganglion. ApGT1 was also expressed in
some glial cells. ApGT2 was expressed in all neurons but not in glial cells.
Conversely, ApGT3 was expressed in all glial cells but not in neurons.
These results indicate that the Aplysia CNS contains high-affinity glutamate
transporters which are very similar to the EAAT glutamate transporters. The
presence of ApGT1 in putative glutamatergic neurons suggests that at least
one of the functions of these transporters is elimination of glutamate from the
synaptic cleft. Work can now be done to investigate how these glutamate
transporters are regulated, and how that regulation affects synaptic plasticity.
This work was supported by NIH NS28462 (AE) and NS 19895 (JHB).

GLUTAMATE UPTAKE IS INCREASED BY LONG-TERM SENSITIZATION IN
APLYSIA PLEURAL-PEDAL GANGLIA. A. Eskin1, S. Endo1, L.S. Kateaava1,
J.H, Bvme2>and J. Levenson1 . 1Dept. of Biology and Biochemistry, Univ. of
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Houston; Houston, TX 77204. 2Dept. of Neurobiology and Anatomy, Univ. of
Texas Med. School at Houston; Houston, TX 77225.
The sensorimotor synapse has been used extensively in the study of
cellular and molecular mechanisms underlying the formation of long-term
memory. The transmitter of this synapse appears to be glutamate. Previously,
we found that glutamate uptake into synaptosomes was significantly increased
24 h after treatment with 500 pM 5-HT in vivo. Glutamine uptake was also
increased 24 h after in vivo 5-HT treatments, and the increase in glutamine
uptake was not through the glutamate transporter but through a glutamine
transporter. This may indicate an increased reliance on glutamine for energy or
as a precursor for glutamate during long-term facilitation.
We have also further characterized the regulation of glutamate uptake.
Long-term sensitization training led to an increase in glutamate uptake similar to
that seen after in vivo 5-HT treatment. Using various molecular markers, the
increase in glutamate uptake appeared to be due to increases in neuronal,
rather than glial uptake. Furthermore, the increase in glutamate uptake was due
to an increase in the Vmax of the transporter while the Km was unchanged.
These results indicate that sensitization leads to an increase in the number
of glutamate transporters at the nerve terminal. We propose that facilitation of
the sensorimotor synapse, which leads to an increase in release of
neurotransmitter, requires coregulation of glutamate uptake to maintain
synaptic facilitation. Regulation of the glutamate transporter will provide a
molecular endpoint for the analysis of long-term sensitization. This work was
supported by NIH NS28462 (AE) and NS19895 (JHB).
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IDENTIFICATION OF mRNAs INVOLVED IN LONG-TERM SENSITIZATION IN
APLYSIA. M. Nunez-Regueiro1, R. Fernandez1, J.H. Byrne2, A. Eskin1*. ’Dept.
of Biology and Biochemistry, Univ. of Houston; Houston, TX 77204. 2Dept. of
Neurobioiogy and Anatomy, Univ. of Texas Med. School at Houston; Houston,
TX 77225.
Neural correlates of long-term sensitization of the defensive withdrawal
reflex which occur in sensory neurons in pleural ganglia of Aplysia can be
mimicked by exposure of these neurons to serotonin (5-HT). A number of
studies have implicated the involvement of transcription in the induction of
long-term sensitization, and several mRNAs involved in sensitization have
been identified. We used Differential Display Reverse Transcription PCR (DDRT PCR) to obtain a broader picture of the mRNAs involved in sensitization.
We treated pleural-pedal ganglia with 5 pulses of 5-HT over a 1.5 h period,
and extracted RNA from pleural ganglia 1.5 h and 4.5 h after the beginning of
the treatment. An estimated 20% of the mRNA population was analyzed.
Twelve mRNA fragments were increased and one was decreased at 1.5 h. Five
mRNA fragments were increased and 17 were decreased at 4.5 h. Two
mRNAs that decreased at 4.5 h were identified as ribosomal proteins L13 and
S8. An mRNA which increased at 1.5 h corresponded to ribosomal protein
S15a. There were no matches for the sequences obtained for 13 other mRNA
fragments presumably because they correspond to the 3’ untranslated region.
S15a may be involved in stabilizing proteins, and S8 may act as a
repressor. Therefore, changes in these proteins could be involved in
facilitating the transcription of other molecular components important for
sensitization Our results when extrapolated to assay 100% of the mRNAs
indicate that a change in the levels of 35 to 175 mRNAs may be involved in the
induction and maintenance of sensitization in Aplysia.
This work was
supported by NS 28462 (AE) and NS 19895 (JHB).

AN ANALYSIS OF POSTSYNAPTIC CONTRIBUTIONS TO PTP AT
SENSORY-MOTOR SYNAPSES IN APLYSIA
J.H. Schaffhausen* & T. J. Carew, Dept. of Psychology, Yale. Univ. New
Haven, CT, 06520
Previous work has revealed a novel postsynaptic Ca2+ contribution to posttetanic potentiation (PTP) at the LE sensory neuron (SN) to LFS motor neuron
(MN) synapse in Aplysia (Lin & Glanzman, 1994; Bao et al., 1997). We
recently confirmed this observation, and in addition found that the initial size
of the SN EPSP was inversely related to the postsynaptic contribution: the
smaller the intial size, the greater was the sensitivity of PTP to BAPTA
injection into the MN (Schaffhausen et al., 1998). In the present study, we
futher examine postsynaptic contributions to PTP at this synapse.
We first asked whether our earlier finding of a lack of a postsynaptic Ca2+
contribution to PTP at strong synapses was due to insufficient chelation of
postsynaptic Ca2+ in the MNs. To examine this question, we tripled the
BAPTA concentration in the MN (from 200 mM to 600 mM). This did not
significantly affect the reduction in PTP at intially weak synapses (A% = 145%,
n=10), nor did it reveal a postsynaptic Ca2+ sensitivity in PTP at intially strong
synapses (>6mV; n=14). We next asked whether intially strong synapses,
which exhibit PTP that is insensitive to BAPTA in the MN, could be made
BAPTA sensitive by reducing their amplitude through homosynaptic
depression prior to PTP. We found that depressing the strong synapses into the
size range of the initially weak synapses did not induce a postsynaptic Ca2+
contribution to PTP. In fact, we found a significant inverse correlation between
the amount of depression and the amount of PTP at the SN-Mn synapse (r(14)=
.79, p < .001). Finally, we asked it the BAPTA sensitive component of PTP
was NMDA-receptor dependent. Confirming Kononenko & Hawkins (1998),
experiments carried out in APV showed no significant difference between the
amount of PTP generated in the presence and absence of APV, indicating that
the postsynaptic Ca2+ dependency of PTP at the SN-MN synapse does not
require NMDAR activation. (Supported by MH 41083 to TJC)

347.11

347.12

TYROSINE KINASES MODULATE SEROTONIN-INDUCED
EXCITABILITY IN APLYSIA SENSORY NEURONS.
A, L, Purcell ** and T, J. Carew.1,2 Interdepart. Neurosci. Program1 and Dept.
Psych.2, Yale Univ., New Haven, CT 06520.
Serotonin (5HT) is known to rapidly induce an increase in excitability of
Aplysia sensory neurons (SNs). This effect is thought to be mediated by the
closure of a 5HT-sensitive potassium channel (Ks) through activation of protein
kinase A (PKA); (see Byrne and Kandel, 1996). We now demonstrate that, in
addition to PKA, activation of a tyrosine kinase also contributes to the increase in
SN excitability produced by 5HT.
We carried out our experiments in tail SNs. Increased excitability was measured
as an increase in spike number (over baseline) induced in the SNs by a 300 ms
depolarizing pulse. Bath application of 50 gM 5HT to intact pleural-pedal
ganglia produced a significant increase in SN excitability (p<.01). Pretreatment
with the general tyrosine kinase inhibitor genistein significantly attenuated 5HTinduced excitability in a concentration dependent manner (50 pM: 50% block,
p<.03, 100 pM: 100% block, pc.Ol). Two other tyrosine kinase inhibitors,
herbimycin A and lavendustin A, whose blocking actions are mechanistically
distinct from that of genistein, also inhibited the increase in SN excitability
produced by 5HT (pc.Ol and pc.03, respectively).
We next asked whether PKA and tyrosine kinases might interact in the SNs.
To examine this question, a SN was injected with a peptide inhibitor of PKA
(PKI) and exposed to 5HT and either genistein or herbimycin A. In SNs injected
with PKI, the ability of the tyrosine kinase inhibitors to block 5HT-induced
excitability was significantly diminished (genistein pc.001, herbimycin A
pc.Ol), suggesting that the tyrosine kinase and PKA signaling pathways
intersect.
These results suggest (1) that a tyrosine kinase plays an important role in the
increased excitability induced by 5HT in Aplysia SNs, and (2) that tyrosine
kinases may act, at least in part, by regulating signaling through the PKA
pathway.(Supported by NSF fellowship to ALP and MH41083 to TJC)

INTERACTIONS
BETWEEN
INTRINSIC
AND
EXTRINSIC
MODULATION DETERMINES
THE SIGN
OF
PLASTICITY
INDUCED BY TAILSHOCK AT THE L29-MN SYNAPSE
IN
APLYSIA. A.S, Bristol*1, T.M. Fischer1, and T.J. Carew1 ’2. Dept. of Psych.1 &

347.13

347.14

CARDIAC RESPONSE OF FEMALES AND MALES OF THE MOTH
SPODOPTERA LITTORAUS TO OLFACTORY STIMULATION WITH SEX
PHEROMONE. A.M, Angiov1*, B. Pisano1 2 and B.S, Hansson2.1 Dept. of
Exp. Biol. - Sect, of Gen. Physiol., Univ. of Cagliari, I-09042 Monserrato
(Ca), Italy; 2Dept. of Ecol., Lund Univ., S-22362 Lund, Sweden.
Sensory-induced cardiac responses represent a sensitive and reliable
tool for testing insect reactivity to external stimuli. Both males and females
of the moth Spodoptera littoralis possess antennal olfactory receptor
neurons and antennal lobe neurons responding highly specifically and
sensitively to single female-produced sex pheromone components and to
the male-attracting blend of these. In the male, the latter elicits search
behaviour in the wind tunnel. The function of pheromone auto-detection in
the female is unknown.
By recording electrocardiograms on intact specimens, we investigated
how stimulations with single sex pheromone components and their blend
affected heart activity of females and males of the moth S. littoralis.
A regular heart cycle consisted of a fast-beating phase alternating with a
slow-beating one. Stimulation with the pheromone blend, as well as with
each of its single components, was effective, but only when performed
during a slow phase. The cardiac response consisted of a prompt increase
in slow-phase spike frequency, or of a shift from this phase to a fast one.
Very low response threshold values were measured in both insect sexes.
Besides representing a highly sensitive method for measuring moth
reactivity to olfactory stimuli, cardiac response occurrence is the first
demonstration of physiological significance of pheromone auto-detection in
S. littoralis female moths.
Funding: Socrates EU Grant - Italian Ministry of University and Scientific
Research - Swedish Natural Sciences Research Council.

PARASITISM IN MANDUCA SEXTA RESULTS IN
INCREASED OCTOPAMINE WHICH CAN DISRUPT A
FEEDING CENTRAL PATTERN GENERATOR. S.A. Adamo*.1
K.L. Shoemaker? R, Booker2 and C.I, Miles2.1 Dept. Psychol,
Dalhousie Univ., Halifax, NS, Canada B3H 4J1;2 Section
Neurobiol. & Behav., Cornell Univ., Ithaca NY 14850
When the parasitic wasp, Cotesia congregata, emerges from its host,
Manduca sexta, the amount of octopamine (OA) in host hemolymph
rises to about IO-6 M and feeding stops (Adamo et al., 1997, J. Exp.
Biol, 200:117). This may be due, in part, to an increase in the halflife of OA in the blood at this time (K-W, p<0.01). The amount of
OA in the brain (supra + subesophageal ganglia) also increased prior
to wasp emergence (from 332±43 pg to 464±82pg; K-W, p<0.01).
In unparasitized M. sexta, brain OA content increased during
starvation (M-W, p<0.05) and during the wandering stage when
animals stop feeding (p<0.01).
Raised OA titres may disrupt foregut activity and ingestion in the
host. Blood from parasitized M. sexta disrupted the CPG produced
by the frontal ganglion which controls foregut motion (n=25). 10"6 M
OA mimicked the effect of blood (n=32). OA antagonists
phentolamine or mianserin blocked the CPG-disrupting effects of
both OA and blood. Blood from unparasitized M. sexta had no effect
(n=17). Altered OA metabolism may be involved in producing some
of the behavioural changes observed in parasitized M. sexta.
This work is supported by NSERC (SA & KS) and USDA (SA, CI,
&RB).
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MCDB.2, Yale University, New Haven, CT 06520.
The excitatory synapses between L29 interneurons and siphon motor neurons
(MNs) contribute significantly to the siphon withdrawal reflex (SWR; Fischer &
Carew, 1993). The L29s have been shown to undergo facilitation via intrinsic
activity-dependent mechanisms (Frost et al. 1988), as well as inhibition due to
extrinsic modulation by serotonin (5HT; Bristol et al. 1998). The present study had
two goals: first, to ask whether tail shock (TS), like 5HT, exerts an inhibitoi y effect
on the L29s, and second, to examine the interaction between intrinsic and extrinsic
plasticity induced by TS at the L29-MN synapse.
There are two subtypes of L29s: L29As, which respond weakly to TS. and
L29Bs, which fire briskly to TS (Hawkins & Schacher, 1989). Thus, the natural
properties of the circuit allowed us to make predictions concerning the effects of TS
on L29 plasticity. Specifically, we predicted that, if TS mimics the effects of 5HT.
then L29As would be inhibited after TS (because their modest intrinsic facilitation
would be outweighted by TS-induced inhibition), whereas the L29Bs would be
facilitated (because their high level of intrinsic facilitation would outweigh TS-induced
inhibition). Also, we reasoned that we should be able to convert one response type
into the other by direct activation of the L29As, or hyperpolarization of the L29Bs.
during TS. We found that L29s that fired weakly during TS showed no change in
synaptic strength or syanptic depression, consistent with the 5HT-induced inhibition
of L29s (Bristol et al., 1998). In contrast, L29s that fired briskly during TS showed
synaptic enhancement (p.=.05). Additionally, when we manipulated the response
properties of the L29s, we found that we could produce (1) facilitation by inducing
activity or (2) inhibition by preventing activity, during TS. These results suggest that
extrinsic and intrinsic factors interact to determine L29-MN synaptic plasticity after
TS. (Supported by NIH grant MH41083 to T.J.C).

INVERTEBRATE LEARNING AND BEHAVIOR
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347.15
THE SUBOESOPHAGEAL GANGLION PLAYS A MODULATORY ROLE IN
THE MOTH OLFACTORY CONDITIONING. R.-J. FAN* and B. S. HANSSON.
Dept. of Ecology, Lund University, S-223 62 Lund, Sweden.
We demonstrated that the moth, Spodoptera littoralis, could learn a CS-US
(conditioned - unconditioned stimulus) association by means of the proboscis
extension conditioning. The neural mechanism underlying olfactory conditioning in
the moth remained unknown. In many insects, the suboesophageal ganglion (SOG) is
involved in controlling the movement of the mouthparts and neck muscles for feeding
behavior. The SOG contains interneurons projecting to the thoracic ganglion and the
brain including the antennal lobes, protocerebrum and mushroom bodies. From the
studies in honeybees it is known that the SOG is an important area for olfactory
conditioning. The aim of the present study was to investigate the function of the SOG
in olfactory conditioning. Neural activity was recorded intracellularly before, during
and after three trials of CS-US pairing. After the recording, neurons were stained with
Alexa 568. The morphology was reconstructed by means of confocal microscopy. The
CS was lOOpg geraniol and the US was a toothpick moistened with 40% sucrose
solution. A toothpick without sucrose solution was used as control stimulus. The interstimulus interval was 1 second and the inter-trial interval was 30 seconds. In the
discrimination assay, the rewarded conditioned stimulus was lOOpg geraniol and
unrewarded stimulus was 10 pg phenylacetaldehyde (PAA). Two types of responses to
the sucrose stimulus were observed before training. The first type was a long lasting
excitation for 10-30 seconds. The second type was a biphasic response. After three
trials of CS-US pairing, the first type of neurons did not respond to the CS (lOOpg
geraniol), but the second type did. In the discrimination experiment, the second type of
neuron only responded to the rewarded CS but not to the unrewarded one. The results
corresponded to the behavioral observation, indicating that the second type of neurons
plays a modulation role in olfactory conditioning. The research was supported by a
grant from the Swedish agricultural and forest research council (SJFR).

NEUROETHOLOGY: SEASONAL AND CHEMICAL MECHANISMS
348.1

348.2

SEASONAL GROWTH OF ADULT AVIAN SONG NUCLEI REQUIRES
AFFERENT INPUT. E. A. Brenowitz* and K. Lent. Depts. of Psychol .& Zool.,
Bloedel Hearing Res. Ctr., Univ. of WA; Seattle, WA 98195
In seasonally breeding birds there are pronounced seasonal changes in the
size of song nuclei. These nuclei grow in response to increases in daylength
and plasma testosterone (T) in the spring (Smith et al. ’97). We asked whether
this seasonal growth requires the presence of afferent input. Adult male
Gambel’s white-crowned sparrows were captured in the autumn and kept on
short days (SD, 8 hr of light) for at least 2 months to ensure that they were in
nonbreeding condition. The neostriatal nucleus HVc was lesioned unilaterally
in all birds with 1% racemic n-methyl aspartic acid. 8 males were shifted to
long days (LD, 20 hr light) and implanted with a Silastic T capsule (12 mm
length) the day after the lesion; LD+T induces growth of song nuclei typical of
wild breeding birds (Smith et al. ’95; Soma et al. ’99). 8 other males received
an empty implant and were kept on SD. All birds were killed 4 weeks after the
lesion. From Nissl stained sections, we measured the volumes of HVc’s direct
efferent targets, RA and area X, and also IMAN and nXllts which do not receive
direct afferent input from HVc.
RA and X contralateral to the HVc lesion were larger in LD+T than in SD
birds (P <_0.003, 2-way RMANOVA, Tukey’s post-hoc). Both nuclei were
smaller ipsilateral to the lesion than contralateral in LD+T and SD males (P <
0.003). The sizes of ipsilateral RA and X were correlated with the size of the
remaining HVc (if any) in LD+T (P < 0.05, Pearson’s) but not SD males. nXllts
was larger in LD+T than SD males (P = 0.032), but the lesion had no effect.
IMAN did not differ between LD+T and SD males, or the ipsilateral and
contralateral sides. These results suggest that the seasonal growth of RA and
area X require afferent input from HVc.
Supported by NIH MH53032 and the Bloedel Hearing Research Center.

RAPID AND SEQUENTIAL GROWTH OF ADULT AVIAN SONG NUCLEI IN
RESPONSE TO SEASONAL CUES. A.P. Tramontin*, V.N. Hartman, and E.A.
Brenowitz. Depts. of Zool., Neurobiol., Psychol., and Bloedel Hearing Res. Ctr.,
University of Washington, Seattle, WA 98195
In adult songbirds, seasonal changes in photoperiod and circulating testosterone
(T) stimulate the seasonal growth and regression of brain regions that control song.
To determine how quickly and in what sequence song nuclei respond to changing
seasonal cues, we captured adult male white-crowned sparrows (Zonotrichia
leucophrys gambelii) and kept them on short autumn-like days (SD = 8 hrs. light)
for 12 weeks. On day 0 of the experiment we killed 5 birds and exposed the rest to
long spring-like days (LD = 20 hrs. light) and Silastic T implants (12mm length).
We killed these birds either 7 (n = 7) or 20 (n = 6) days after LD+T exposure. We
measured song nuclei volumes, the mass of the vocal production organ (the
syrinx), and song stereotypy.
The neostriatal song control nucleus, HVc, added 50,000 neurons and increased
its volume within 7 days of exposure to LD+T. HVc’s efferent targets, RA and area
X, grew more slowly and were not significantly larger until day 20 of the study.
Song nucleus nXllts, which receives projections from RA and normally grows in
response to seasonal cues, did not grow over the time course of this study. Finally,
syringeal mass increased within 7 days of LD+T treatment. These results indicate
that the song system responds rapidly and sequentially to seasonal cues.
The anatomical changes in the song nuclei were accompanied by behavioral
changes in song production. On day 7 when the song control system was not fully
developed, male sparrows sang less stereotyped songs than males at day 20 with
more completely developed song control systems. SD males did not sing. Song
production rate did not differ between males killed on days 7 and 20. These results
indicate that song stereotypy increases as the song system develops each spring.
Supported by NIH MH53O32, the NSF, and the Bloedel Hearing Res. Ctr.

348.3

348.4

LESIONS DIRECTED AT HVc BLOCK THE GONADO STIMULATORY EFFECTS OF CONSPECIFIC VOCALIZATIONS IN
FEMALE CANARIES G.F. Ball* and G.E, Bentley Dept. of
Psychology, Johns Hopkins University, Baltimore, MD 21218 USA
In female canaries, as in other avian species, hearing conspecific song
can enhance the seasonal recrudescence of the reproductive system. We
individually housed photosensitive female canaries on a photoperiod of
11L:13D and placed them in one of three acoustic conditions where they
heard: conspecific song, heterospecific song (zebra finch song) or no
song. Male canary song enhanced follicular growth and luteinizing
hormone secretion as compared to the other two groups but
heterospecific song also significantly stimulated reproductive growth as
compared to the no song group. When transferred to a photoperiod of
18L:6D, oviposition occurred in all groups but it began earlier and was
more frequent in the group hearing male canary song. The group hearing
zebra finch song exhibited egg laying rates higher than the no song
group. This suggests that heterospecific song can stimulate reproductive
development. The song nucleus HVc is important in song perception in
female canaries. We therefore asked whether an intact HVc is necessary
for conspecific song to stimulate gonadal development. We directed
bilateral electrolytic lesions at HVc in female canaries. These birds were
then housed on a photoperiod of 11L:13D and heard conspecific song,
hetero specific song or no song as described above. There was no
difference in follicular development among these three groups after 5
weeks of treatment. The average follicle size in all three groups is similar
to the size attained by the no song group in the first experiment. These
data suggest that the processing of vocal signals that stimulate
reproductive growth involves HVc. Supported by NSF IBN 9514525.

SEASONAL CHANGES IN BRAIN GnRH AND SONG-CONTROL
NUCLEI IN A LATE-SUMMER BREEDING SONGBIRD. R. H.
Marsh, S. A. MacDougall-Shackleton*, and T, P. Hahn. Dept. of Ecol.
and Evol. Biol., Princeton Univ., Princeton, NJ 08544.
American Goldfinches (Carduelis tristis) breed in late summer when
most other songbirds have become completely unresponsive to
reproductively stimulatory cues such as a long-day photoperiod.
Moreover, at this time other species of seasonally-breeding songbirds
have dramatically reduced brain GnRH, and reduced volume of song
control nuclei. In this study, we collected adult male American
Goldfinches in the breeding season (late July and August) and in the
autumn following breeding (October) when birds were in molt. We
compared brain GnRH (cGnRH-I assessed by immunocytochemistry)
and the volume of several song control nuclei (HVc, Area X and RA
assessed by Nissl stain) between breeding and non-breeding birds.
Breeding birds had more and larger immunoreactive GnRH neurons, and
more axon fiber staining, in the hypothalamus than non-breeding birds.
Area X, HVc and RA also were larger in breeding birds than in nonbreeding birds. These results suggest that although goldfinches breed on
a declining photoperiod late in the year, their brain undergoes dramatic
seasonal changes as has been reported in other spring-breeding songbird
species.
Supported by NSF IBN-9808470 to TPH, NSERC and NIMH NRSA
Fellowships to SAM-S, and grants from Princeton University Dean of
the College to RHM.
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348.6

348.5
ANTIANDROGEN SUBSTANTIALLY BLOCKS THE ESTROGENINDUCED MASCULINIZATION OF THE SONG SYSTEM IN
FEMALE ZEBRA FINCHES. William Grisham*. Janet Lee. Mary Ellen

McCormick. Kay Yane-Stavner, Nandita R. Kakar. & Arthur P. Arnold, Department
of Physiological Science and Neurobiology and Brain Research Institute, UCLA,
Los Angeles, CA 90095-1527
The song system of the zebra finches is sexually dimorphic: males have larger
song nuclei with more and larger neurons than do females. Males also have more
androgen receptor positive neurons in some song system nuclei than do females.
Administration of estrogen at hatching profoundly masculinizes the song system of
females, including up-regulating the expression of androgen receptors. The
mechanism(s) underlying this estrogen-induced masculinization have been largely
unexplored. This study investigated the possibility that the up-regulated androgen
receptors play a role in the estrogen-induced masculinization. Accordingly, we
examined the effects of administering estrogen (E2 88 pg) and/or Flutamide (Flut 200
pg) within 3 days of hatching in a 2X2 design. The volumes of the song system
nuclei, HVC, RA, and Area X were examined at approximately 100 days of age.
Female hatchlings that received estrogen at hatching had a significantly larger
(more masculine) HVC, RA, and Area X (p<.0001 relative to all other groups). If
the androgen receptor blocker Flutamide was co-administered with estrogen, the
volumes of HVC, RA, and Area X were not masculinized; their volumes were
significantly reduced relative to the E2 alone condition, and their volumes were not
significantly different from controls. Flutamide administered alone never produced
any significant effect
These data argue that androgen receptors play a critical role in the
estrogen-induced masculinization of the female song system. One idea is
the endogenous androgens act on E2-induced androgen receptors to trigger
cellular processes of masculinization. Supported by NIH DC00217 to APA.

EFFECTS OF TESTOSTERONE AND PHOTOPERIODIC CONDITION
ON VOCAL CONTROL REGION PLASTICITY AND SONG
PRODUCTION IN A MALE PASSERINE BIRD. P. Deviche1, S. M.

Dlomak1, and S. E. Ebbesson2*. ’inst. Arctic Biology and 2Inst. Marine Science,
Univ. of Alaska Fairbanks, Fairbanks, Alaska, 99775-7000, USA.
Vocal control regions (VCRs) of adult male seasonal songbirds undergo
seasonal volume changes that correlate positively with increased photoperiod,
plasma testosterone (T) levels and song production. To determine the respective
roles of T and photoperiod on neural plasticity and song production, we
measured VCR (HVc, Area X, MAN, and RA) volumes and song expression
after administration of T-filled or control s.c. implants to castrated (Cx) Darkeyed Juncos (Junco hyemalis) that were photosensitive (PS) and exposed to
short or long days (SD, LD), or made photorefractory (PR) by prolonged LD
exposure. Exposing Cx PS males to LD enhanced their HVc volumes and these
volumes were not further increased by concurrent T treatment. HVc and Area X
were smaller in LD-exposed PR than PS Cx males, but HVc size increased in
response to T treatment to PR males. T treatment to SD-exposed Cx PS males
increased HVc, but not Area X, MAN, or RA volumes. Only T-treated males
sang and this treatment was equally effective behaviorally when given to PS or
PR juncos. Thus, exposure of Cx PS males to LD can increase HVc volumes
maximally, but large volume maintenance in these birds then requires elevated
plasma T levels. Further, the stimulating influence of LD exposure on HVc
volumes is insufficient to induce song in the absence of elevated plasma T levels.
Support: NIDCD award K01-DC00144 (P.D.)

348.8

348.7
CHRONIC OPIOID RECEPTOR BLOCKADE DOES NOT AFFECT
SONG PRODUCTION OR VOCAL CONTROL REGION VOLUMES
IN ADULT MALE DARK-EYED JUNCOS (Junco hyemalis). S.M. Dtoniak and P. Deviche*, Inst, of Arctic Biology, Univ. Alaska Fairbanks,
Fairbanks, AK 99775-7000, USA.
Vocal control regions (VCRs) of photoperiodic adult male songbirds contain
opioid peptides and receptors, the functions of which are unknown. Previous
studies found that opioid receptor densities in the VCRs of adult males do not
differ between the breeding (singing) and die post-breeding (non-singing) season, suggesting that seasonal changes in song rate do not result from alterations of these densities. Seasonal differences in song production and/or VCR
volumes may, however, be affected by opioid peptides independently of receptor densities. To investigate this hypothesis, we chronically administered
the selective opioid receptor antagonist naloxone HCI or a control solution to
photosensitive adult male Dark-eyed Juncos (Junco hyemalis) that were exposed to short or long days (SD, LD). We then determined group differences
in song production, VCR (HVc, Area X, RA, MAN) volumes, and reproductive morphology. Exposure to LD stimulated gonadal recrudescence, induced
singing, and enhanced HVc and Area X volumes. Naloxone treatment to SD
or LD males did not influence song rates or VCR volumes, suggesting that
opioids do not regulate adult vocal behavior expression. Based on the present
results, the neuroanatomical distribution of opioid peptides and receptors, and
the results of studies using other experimental models, we suggest that opioids
regulate aspects of oscine vocal behavior other than adult expression. These
may include learning, perception of song, and/or processing of auditory information. Supported by NIDCD Award No. K01-DC00144 to P.D.

INVOLVEMENT OF THE OPIOIDERGIC SYSTEM OF THE CENTRAL AMYGDALA IN THE

CONTROL OF TONIC IMMOBILITY. C.R.A Lerte-PanissrM.R. Brentegani and L Menescal-deQliveira. Lab, of Neurophysiology, School of Meddne of Rfc. Preto, University of Sao Paulo,
Brazil, 14049-900.

The neural substrates responsible for the control of the defensive responses have been
studed for a long time. Various authors suggested that structures envolved modulated in two

modulation of fear and anxiety also participated in the regulation of the defensive behaviours.
Tonic immobility (Tl) is thought to represent the terminal reaction in the chain of antipredatofy

responses involved in maintaining survival. Tl is an inhibitory behavioral response in which the
animal presents a significant decrease in body activity and responsoveness to the environment

In ow laboratory we have been studed the neural circuitry envolved in the modulation of Tl
response. Recent evidence from our laboratory showed the action of the cholinergic system and
central (CEA), basolateral (BLA) and lateral posterior (LPA) amygdala in the modulation of Tl.

The objective cf the present study was to investigate the possible effects of the opioidergic
system and the central amygdala in the modulation of the behavior Tl in guinea pigs. A guide

cannula was implanted into the CEA and animals were submitted to five control maneuvers of Tl
induction before and after the microiriection of dugs. The induction consisted of the restraint and
postural inversion of the animal, and the duration of the episodes was recorded in seconds. The

results showed that the microqection of morphine (Ms; 3.0 pg/0.2 pi, goup 1; 1.5 pg/0.2 pi,

grotp 2) into the CEA decreased (Duncan, p<0.05) the duration of Tl when compared to the
control. This decrease was reversed by previous adninistration of naloxone (1.0 pg/0.2 pi, group

1; 0.5 pg/0.2 pi, group 2). The results suggest that opioid stimulation of

morphine by

adninistration into the central amygdala moddated the Tl episodes in guinea pigs and promoted
a decrease in the duration of tonic immobility. Grants from FAPESP (Grant m 97/14286-9).

348.9

348.10

NORADRENERGIC MODULATION OF SONG-INDUCED ZENK
EXPRESSION IN THE ZEBRA FINCH BRAIN. S. Ribeiro1*, R, Pinaud2 and C V.
Mello1. ‘The Rockefeller University, New York, NY 10021, USA and 'Laboratory of
Neurobiology II, IBCCF, Federal University of Rio de Janeiro, 21949-900, Brazil.
The immediate early gene ZENK (a.k.a. zif-268, Egr-1, NGFI-A and Krox-24)
is induced by playbacks of conspecific song in the caudomedial neostriatum (NCM), a
large auditory area in the songbird telencephalon (Mello, Vicario and Clayton, 92).
The ZENK response is very robust for a novel song, but rapidly decreases as the
animals become familiarized with the song stimulus (Mello, Nottebohm and Clayton,
’95). The mechanisms for this stimulus-specific habituation remain unknown. Since
the noradrenergic system is thought to mediate attention in mammals, and given that
ZENK expression in the rat cerebral cortex depends on noradrenergic transmission
(Cirelli, Pompeiano and Tononi, ’96), it is possible that noradrenaline also plays a role
in the ZENK response to song. Consistent with this hypothesis, we have recently used
immunocytochemical staining with the noradrenergic marker dopamine-betahydroxylase (DBH) and shown that NCM receives a rich noradrenergic innervation
(Mello, Pinaud and Ribeiro, '98). DBH-labeled fibers were found in the close vicinity
of a large number of ZENK-expressing cells. We have now assessed the effects of
noradrenergic receptor blocking on song-induced ZENK expression in NCM. Adult
female zebra finches injected systemically with the beta-adrenergic antagonist
propranolol were presented with conspecific song for 30 minutes and immediately
killed (n=4). The brains were processed for ZENK in situ hybridization and compared
to brains from control animals injected with saline (n=4), and to unstimulated controls
(n=4). We found that propranolol blocks about 70% of the song-induced ZENK
expression in NCM, indicating that noradrenergic inputs give a significant
contribution to the ZENK response to novel songs, and possibly its subsequent
habituation. We are now testing the effect of local injections, as well as the effect of
other noradrenergic antagonists. (NIDCD, Kluge Fellowship and CNPq).

THE EFFECTS OF ALTERING NORADRENERGIC FUNCTION ON SONG
LEARNING IN FINCHES C.F. Harding* & S.L. Whildin, Biopsychology Program,
Hunter College, CUNY, New York, NY 10021.
Previous research on zebra finches revealed that levels and turnover of
norepinephrine (NE) increased dramatically in brain auditory and vocal control
areas during the period of song learning. Two experiments were run to determine if NE plays a role in song learning. In the first, we treated young birds
twice prior to song learning with either the NE neurotoxin DSP-4 to lower NE
levels or with vehicle. Birds remained with their parents until they were 65 days
old. About day 85, each bird was given a simultaneous choice test between
the songs of his father and a stranger. Compared to controls, DSP-4-treated
males showed a strong preference for the strangers’ songs. We then compared the birds’ songs to their fathers’. Despite avoiding their fathers’ songs
during choice tests, DSP-4-treated males copied their fathers’ songs more
accurately than control birds. Thus, contrary to our original hypothesis,
lowering NE levels improved song learning, possibly by causing earlier closure
In the second experiment, fathers were separated from chicks before song
learning. Mothers and chicks were housed in a room without adult males. At
day 45, males received an osmotic minipump containing either saline, a low, or
a high dose of the a-2 receptor antagonist yohimbine. Males were placed next
to a tutor’s cage for 10 days and then were housed in visual isolation. At day
85, each male was given a simultaneous choice test between his tutor’s song
and the song of a stranger. Males treated with the high dose of yohimbine
showed a stronger preference for their tutors’ songs. When males’ songs were
compared to their tutors’, males treated with the high dose of yohimbine copied
their tutors’ songs less accurately than controls. Given the males’ pronounced
preference their tutors’ songs, high-dose yohimbine appeared to affect males'
ability to produce the song, not their ability to memorize it.
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348.12

LOCALIZATION OF ANDROGEN RECEPTOR AND ESTROGEN RECEPTORALPHA mRNA IN CATECHOLAMINERGIC CELL GROUPS OF THE
CANARY BRAIN. D, L. Manev*1. P. J, Bernard2. F, W. Turek2. andG, F. Ball1.
‘Dept. of Psychology, Johns Hopkins University, Baltimore, MD 21218; 2Dept. of
Neurobioiogy & Physiology, Northwestern University., Evanston, IL 60208.
The catecholamines norepinephrine (NE) and dopamine (DA) are thought to play a
role in birdsong production. NE receptors are found in the song control nuclei HVc,
RA, 1MAN, mMAN, and Area X; Area X also contains high numbers of DA DI
receptors. The song system contains fibers immunoreactive for tyrosine hydroxylase
and dopamine beta hydroxylase, enzymes important for catecholamine synthesis.
Like singing behavior, levels of NE and DA in the song system are regulated by
gonadal steroids. It has been hypothesized that steroid actions in the song system
may be modulated in part by ascending catecholaminergic inputs. Whether these
afferent cells contain gonadal steroid receptors is, however, unknown.
In this study, we examined androgen receptor (AR) and estrogen receptor-alpha
(ER-alpha) expression in catecholaminergic brainstem nuclei of male canaries using
in situ hybridization. Coronal brain sections were hybridized with ”P labeled
riboprobes complementary to the starling AR and ER-alpha coding sequences.
Dense AR and ER-alpha mRNA labeling was visualized in the locus ceruleus, a
primary site of NE synthesis. The area ventralis of Tsai (AVT) and substantia nigra
(SN), the primary sources of telencephalic dopaminergic input, labeled heavily for
AR mRNA; ER-alpha mRNA was localized in AVT but not SN. Both riboprobes
produced heavy labeling in the classical pattern: median eminence and tuberal
hypothalamic regions as well as vocal control nuclei such as HVc, 1MAN, and ICo.
The presence of AR and ER-alpha receptors within the brainstem and in song
control nuclei suggests that sex steroid hormones may affect song production by
modulating the catecholaminergic system at both the sites of synthesis and action.
Funded by NSF NS 35467; DBN 9804129; NIH P30-HD28048; R01-HD09885.

TELENCEPHALIC AROMATASE EXPRESSION IN THE ZEBRA FINCH
BRAIN REVEALED WITH A SPECIFIC ANTIBODY. BA Schlinger*14. CJ
Saldanha1,4. AT, Campagnoni2,4 & AP Arnold1,3,4. ‘Physiological Science,
2Psychiatry,’Neurobioiogy, & 4LNE, BRI, UCLA, Los Angeles, CA. 90095
The songbird forebrain is a site of abundant aromatase mRNA and activity.
However, the cellular localization of the protein is not fully described due, in
part, to the lack of a specific antibody against passerine aromatase. Here we
report the distribution of aromatase in the adult zebra finch brain using a novel
antibody raised against zebra finch aromatase (C-terminal). In general, the
distribution of aromatase-positive soma is in good agreement with previous
studies measuring message, activity, and protein. Specific immunoproduct was
observed in neurons within the preoptic area, ventromedial nucleus,
magnocellular nucleus of the neostriatum (medial), nucleus taeniae,
caudomedial neostriatum, lamina archistratum dorsalis, lateral neostriatum,
and the nucleus of Tsai. Unlike earlier studies, however, we found extensive
coarse dendritic, and fine axonal processes at all the aforementioned loci.
Within the song-system, this enhanced detection permitted visualization of
dendrites in the shelf region of HVC, and terminal-field-like processes in RA.
Further, the hippocampus (HP) appears unique in that despite abundant
aromatase message and activity, protein expression in soma and processes was
only weakly observed, suggesting that HP aromatase may be processed
differently relative to other neural loci. These studies reveal a richness of
aromatase positive fibers, including projections in and around areas involved in
the expression of song, suggesting multiple mechanisms for delivery of
estrogen to steroid-sensitive circuits. Supported by NIH HD 32050, NSF IBN
9602139, and the John Douglas French Alzheimer’s Foundation.

348.13

348.14

PHOTOPERIOD-DEPENDENT AND -INDEPENDENT REGULATION OF
MELATONIN RECEPTORS IN AREA X OF MALE EUROPEAN STARLINGS:
EFFECT OF REPRODUCTIVE STATE. G.E. Bentley* and G.F, Ball. Dept. of
Psychology, Johns Hopkins University, Baltimore, MD 21218.
A seasonal role for regulation of the pineal melatonin signal in birds has remained
elusive. Recently, melatonin was identified as playing a key role in fine-tuning the
regulation of seasonal neuroplasticity within the telencephalic song control system of
European starlings, a highly photoperiodic songbird species. The present study was
designed to investigate any possible seasonal regulation of melatonin receptors
(MelR) within the song control system of starlings, in the presence or absence of
circulating endogenous gonadal steroids. Brains were sampled from photosensitive
(Phsens) starlings exposed to short days, photostimulated (Phstim) starlings exposed
to long days and photoreffactory (Phrefr) starlings also exposed to long days. Within
each condition there was a group of gonad-intact birds (INT) and a group of castrated
(Cx) birds. Melatonin receptor distribution was assessed in vitro by 125Iodomelatonin
(IMEL) receptor autoradiography. In general, MelR were distributed within the song
control system in a similar pattern to that described in other songbird species.
However, there was a striking down-regulation of MelR in Area X of INT and Cx
Phstim birds on long days, as compared to their photorefractory counterparts on long
days, and to the short-day groups. In the INT Phstim birds, but not the Cx Phstim
birds, IMEL binding was observed in a medial subdivision of Area X, presumably an
effect of gonadal steroids. The down-regulation of MelR during the short breeding
season in a song control nucleus that is part of the circuit required for song learning
and involved in the regulation of the stimulus context of song production has
implications for seasonal regulation of song behavior. The subsequent up-regulation
of MelR as birds become photorefractory, in the absence of any change in
photoperiod, is to our knowledge, a first description of photoperiod-independent
regulation of MelR. Supported by NSF IBN 9514525.

PHOTOPERIOD-DEPENDENT AND -INDEPENDENT REGULATION OF
IODOMELATONIN (IMEL) BINDING OCCURS IN MALE AND FEMALE
EUROPEAN STARLINGS AND IS NOT REGULATED BY CIRCADIAN TIME
J.J. Sartor*. G.E. Bentley and G.F, Ball, Department of Psychology, Johns Hopkins
University, Baltimore, MD 21218.
Several of the song control nuclei of songbirds, including HVc and Area X, contain
melatonin receptors (MelR). In male starlings, the densities of MelR in Area X
change markedly according to reproductive state, but it has not been clear whether
seasonal regulation of MelR occurs in both sexes. Studies with zebra finches and
house sparrows have demonstrated sex differences in melatonin binding in song
control nuclei, including HVc, where females do not exhibit binding patterns apparent
in males. However, the potential effects of different reproductive states on the
distributions of MelR in the song system were not fully investigated. Thus, using
receptor autoradiography, we investigated the pattern of IMEL binding in both male
and female starlings on the same photoperiod but in different reproductive states.
Frozen sections from male and female starlings that were either photostimulated
(Phstim) or photoreffactory (Phrefr) were collected throughout the entire brain and
labeled in vitro with [,2SI]-MEL. Both sexes exhibited changes in MelR densities
according to reproductive state, with denser receptor binding observed in Area X of
Phrefr versus Phstim birds. Furthermore, in contrast to findings from zebra finches
and house sparrows, we found similar receptor densities in both male and female
starlings in HVc. Additionally, previous studies of this type have investigated MelR
densities only during the subjective day. Variation in MelR densities are
physiologically relevant only during the subjective night, when melatonin is present
in the circulation. We therefore measured IMEL binding in male starling brains that
were either Phstim or Phrefr collected either during the mid-point of the light phase or
the dark phase. Binding of IMEL did not differ over the course of a circadian cycle in
Area X. In conjunction with reported effects of melatonin upon volumes of song
control nuclei in starlings, these results are consistent with a role for melatonin in
photoperiodic regulation of reproductive behavior in both male and female starlings.
The data also support the hypothesis that melatonin has a direct role in seasonal
plasticity of the song system in males of this species. Supported by NSF 9514525
and IBN 95145.

348.15

348.16

ARBORIZATION OF DEWLAP MOTONEURONS IN THE GREEN ANOLE
LIZARD IS SEXUALLY MONOMORPHIC. E.L. O’Bryant* and J. Wade,
Department of Psychology and Program in Neuroscience, Michigan State
University, East Lansing, MI 48824-1117.
Courtship behavior in the green anole (specifically, the extension of a
bright red throat fan called a dewlap) is sexually dimorphic. Only males display
the behavior in a sexual context and, while females extend their dewlaps in
aggressive encounters, the display is greatly reduced compared to that of males.
Motoneurons that control this behavior are located in the vagal portion of nucleus
ambiguus (AmbX) and the region containing the glossopharyngeal portion of
nucleus ambiguus and the ventral motor portion of the facial nerve
(AmbIX/VlImv). The soma size of these motoneurons is slightly, but
significantly, larger in males than in females during the breeding season. Malebiased sex differences of a much greater magnitude exist in the muscles (M.
ceratohyoideus) regulating dewlap extension, including fiber size and fiber
number. In an initial attempt to determine whether input to this neuromuscular
system might also influence the sex difference in behavior, we examined the
dendritic morphology of dewlap motoneurons using the Golgi technique in
reproductively active intact males and females. No sex difference existed in the
number of primary processes or the number of branch points in either AmbX or
AmbIX/VIImv, suggesting that the sex difference in dewlap use is not influenced
by the arborization of these motoneurons. One other possibility currently being
explored is that a sex difference in the dendritic length of dewlap motoneurons
might exist. However, data collected to date suggest that it is unlikely that the
morphology of these motoneurons is driving the courtship behavior. Rather, the
behavioral dimorphism is most likely mediated by sex differences in the
ceratohyoid muscle. Supported by NSF IBN-9733074.

SOCIAL CONTROL OF GROWTH AND GROWTH HORMONE LEVELS IN
AN AFRICAN CICHLID FISH H, A, Hofmann1*, Pisre-YvssLeBail2, Russell
D, Fernald1. 1 Stanford University, Neuroscience Program, Stanford, CA 94305;
2INRA, Campus de Beaulieu, 35042 Rennes Cedex, France.
The complex social behavior of the African cichlid Haplochromis burtoni lends
itself to the study of how environmental and social stimuli influence the nervous
system (Fernald, 1996). Brightly colored males (Ts) defend territories, chase
nonterritorial animals (NTs), and court females, in contrast to cryptically colored
NTs which are nonreproductive and school together with females. Changing social
status causes well-documented physiological changes in the reproductive
physiology (Francis et al., 1993, Fox et al., 1997).
We discovered that changing the environment accelerated social change and that
changing social status influences the growth rate of individual fish significantly:
NTs grow faster than Ts, and ascending fish show a trend to accelerated growth.
Most remarkably, descending fish almost stop growing or in some instances
shrink.
A possible mechanism underlying this socially controlled growth could
involve growth hormone (GH). We measured circulating GH levels using a
radioimmunoassay sensitive to tilapia GH. Our results show that GH levels are
independent of body size and growth rate, although smaller fish grow relatively
faster. We also could not detect any increase in GH levels after the onset of acute
stress, as was observed in other fish (Kakizawa et ai., 1995). Surprisingly, our data
suggest that GH levels are higher in Ts and descending animals compared to NTs
and ascending animals.
These results suggest that GH may play a crucial role in translating social
experience into physiological action. However, its function may not be very
closely related to somatic growth. Rather, we propose that GH serves some other
purpose in Ts and descending animals, e.g. as a stress response after the loss of
social dominance. We are now manipulating GH levels of individual fish following
social change to discover how it may affect growth and behavior.
Supported by the DFG (HAH) and NIH (RDF)
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ANDROGENS BROADEN ELECTRIC ORGAN DISCHARGE (EOD) PULSE
DURATION WITHOUT DECREASING EOD FREQUENCY. W.P. Few and H.H.
Zakon*. Dept. of Zoology, Univ. of Texas at Austin; Austin, TX 78712.
The sinusoidal EOD of the weakly electric fish Sternopygus macrurus is sexually
dimorphic. Mature males emit discharges at low frequencies with long pulse
durations while mature females emit discharges at high frequencies with short pulse
durations. Gonadal hormones modulate both the frequency of the EOD, which is
set by autorhythmically firing cells of the medullary pacemaker nucleus, and the
pulse duration of the EOD, which is determined by the length of action potentials in
the cells of the electric organ. In this presentation, we describe a study designed to
determine whether androgens broaden electric organ pulse duration by acting
directly on the electric organ. Small silastic capsules containing a low dose (~5 pg),
a high dose (-50 pg), or no dihydrotestosterone (DHT) were implanted in the
electric organ. EOD frequency and pulse duration were monitored every other day.
After 24 days, there were no differences between the groups in the percent change
in EOD frequency (P=0.191), indicating that significant levels of implanted
androgen did not enter circulation and influence the pacemaker nucleus. However,
fish treated with the low dose of DHT showed a 6.7% increase in pulse duration,
fish treated with the high dose of DHT showed a 5.1% increase in pulse duration,
while control fish showed a 7.1% decrease in pulse duration (P=0.002; ANOVA +
post hoc comparisons). Thus, local androgen implants are sufficient to broaden
EOD pulse duration without complimentary decreases in EOD frequency. This
suggests that the effects of androgens on the electric organ, which have been shown
to alter ion channel kinetics, may occur independently of their effects on the
pacemaker nucleus.
Supported by a fellowship from UT-Austin and NIH grant ROI NS 25513.

STEROID INDUCTION OF A PEPTIDE HORMONE GENE LEADS
TO ORCHESTRATION OF A DEFINED BEHAVIORAL
SEQUENCE. D, Zitnan1,3,1, Zitnanova1’3. J. Hermesman1, L. Ross1, S, S.
Gill1. and M. E. Adams*1,2. Depts. of 1 Entomology and ^Neuroscience, U. of
California, Riverside, CA 92521; and ^Institute of Zoology, Slovak Academy of
Sciences, Dubravska cesta 9, Bratislava, Slovakia.
At the end of each molt, insects shed the old cuticle by performing pre-ecdysis and
ecdysis behaviors. Regulation of these centrally-patterned movements involves
peptide signalling between endocrine Inka cells and the central nervous system
(CNS). In Inka cells we have identified the cDNA and gene encoding pre-ecdysistriggering hormone (PETH) and ecdysis-triggering hormone (ETH), which activate
these behaviors. The gene contains putative ecdysone response elements in its
promoter region. Prior to behavioral onset, rising ecdysteroid levels induce
expression of the ecdysone receptor and ETH gene in Inka cells, and evoke CNS
sensitivity to PETH and ETH. Subsequent ecdysteroid decline is required for the
release of these peptides, which directly act on the CNS to initiate the ecdysis
behavioral sequence. Three motor patterns are recruited in specific order: PETH
triggers pre-ecdysis I, while ETH activates pre-ecdysis II followed by ecdysis. The
Inka cell provides a model for linking steroid regulation of peptide hormone
expression and release with activation of a defined behavioral sequence.

348.19

348.20

ACEPHATE AFFECTS MIGRATORY ORIENTATION AND NEURONAL
POPULATIONS IN THE NUCLEUS ISTHMI PARS PARVOCELLULARIS (Ipc )
OF THE WHITE-THROATED SPARROW (ZONOTRICH1A ALBICOLLIS). K.M.
Hamilton1, W.J. Jakob1, N.B. Vyas2, and W.J. Kuenzel*' . ’Dept. of Animal and
Avian Sci., University of Maryland, College Park, MD 20742; 2Patuxent Wildlife
Res. Ctr., 11510 American Holly Dr., Laurel, MD 20708.
Migratory white-throated sparrows (Zonotrichici albicollis) were exposed to
acephate
(acetylphosphoramidothioic
acid
(9,5-dimethyl
ester),
an
organophosphorous insecticide, to determine its effects on migratory orientation,
behavior and histology. Adult and juvenile birds exposed to 256 ppm acephate, a
concentration within legally prescribed limits for labeled uses, were not able to
establish a preferred fall migratory orientation and exhibited random nocturnal
activity. Birds were placed individually in Emlen cages to assess migratory
orientation following exposure to the night sky after sunset over 8 consecutive
cloudless nights. Analysis of directional modes revealed that acephate-treated adult
and juvenile-birds showed orientation which did not differ significantly from
randomness (Rayleigh test, p=0.06 and p=0.68 respectively), further, treatment
effect was evident in both the adult and juvenile treatment bird groups (MardiaWatson-Wheeler test, p=0.05 and p<0.05 respectively). Data extended the results of
a previous study and establish that both adult and juvenile birds that consume
acephate become disoriented. The brains were then perfused, fixed and retained for
immunocytochemical analysis using an antibody to avian choline acetyl transferase
(ChAT). Data from a preliminary study of other acephate-treated birds clearly
indicate that cholinergic neurons in the nucleus isthmi pars parvocellularis (Ipc)
exhibit unilateral cell depletion. Brain tissue analysis in this study indicates a
similar histological effect, suggesting that environmentally relevant levels of
acephate compromises both neuronal content of the Ipc and migratory ability.
Supported in part by a competitive grant from MAES, UMCP.

COLLABORATIONS IN NEUROBIOLOGY AND BEHAVIOR.
M. Chaiken*, Psychology Dept, Rutgers, Newark, NJ 07102.
Many of the major research programs in the neurosciences are built
on a foundation of behavioral research —e.g., the neural bases of specialized abilities such as song learning, echolocation, spatial memory,
or signal recognition; the consequences of individual experience for
neural development and organization; computational modeling of neural
mechanisms underlying naturally-occurring organism-environment interactions. Progress in these and other areas depends on up-to-date information on the nature of specific behavioral systems. The proliferation of new knowledge and techniques makes it increasingly difficult to
master the essentials of both neurobiology and behavior. Fortunately,
the field of animal behavior is thriving and well situated to contribute
the necessary expertise. A highly integrative discipline, encompassing
the evolution, function, development, and mechanisms of behavior, the
study of animal behavior can often illuminate the evolutionary and
ecological significance of discoveries in the neuroscience. It can highlight connections and suggest new lines of inquiry. Animal behaviorists
can provide expertise in the methodologies of behavioral research as
well as a wealth of knowledge about the specific behaviors of a wide
range of taxa. The Animal Behavior Society invites neuroscientists
seeking consultation or collaboration to post inquiries in the society's
online newsletter at absnet-post@gila.cisab.indiana.edu
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349.1

349.2

EFFECTS OF AGE AND PHOTOPERIOD ON CIRCADIAN
ACTIVITY DERIVED FROM A MODEL OF NOISY COUPLED
LIMIT CYCLE OSCILLATORS. K, Scarbrough* and T,
Shinbrot1. ’Dept. of Chemical and Biochemical Engineering, Rutgers
University, Piscataway, NJ 08854
The circadian rhythm of rodent wheel-running behavior has been
one of the standard models in circadian research for decades. Aging
and short photoperiods affect the pattern of bouts of wheel-running
activity in a similar manner (Scarbrough et al, 1997), fueling
speculation that the actual pattern of activity may be controlled by the
clock in addition to the period and phase of entrainment. We recently
developed a computer model of circadian systems which are based on
neuronal function (Shinbrot and Scarbrough, 1999). In our model,
short term limit cycle oscillators (neurons) are coupled together in the
presence of noise and a new long term rhythm appears spontaneously.
When this "neuronal" rhythm is coupled to another long term
"biochemical" rhythm unexpected patterns emerge. Aging and short
photoperiods could arguably alter the phase coupling between
constituent oscillators within the mammalian suprachiasmatic nucleus
and thereby change the pattern of rodent rest and activity. Indeed the
model supports this conjecture. Changes in the phase coupling
parameter leads to alterations in the precision of the entrained rhythm,
and changes in relative size and temporal stability of large bouts of
"activity." These changes mimic the effect of age and photoperiod on
the rodent circadian system. Responses to alterations in the
almplitude of the "biochemical" rhythm and changes in the feedback
between the two long term rhythms will also be reported.

MODELING CLARIFIES THE ROLES OF DELAYS AND FEEDBACK IN CIRCADIAN
OSCILLATORS. P. Smolen\ D. A. Baxter and J. H. Byrne. Dept. of Neurobiology &
Anatomy, W. M. Keck Center for the Neurobiology of Learning and Memory, Univ. of
Texas-Houston Medical School, Houston, TX 77303.
Mathematical modeling is useful to integrate emerging experimental data on
circadian rhythms into a coherent picture. Using current data, we constructed
mathematical, differential-equation based models of two circadian oscillators. In a
model of the Neurospora oscillator, the circadian protein FREQ suppressed its own
transcription independently of its phosphorylation state, although phosphorylation
was required for degradation. Circadian oscillations were only obtained by assuming
an explicit time delay between synthesis and degradation and that many
phosphorylations were necessary for degradation. In a model of the Drosophila
oscillator, the circadian proteins PER and TIM indirectly suppressed their own
transcription by binding to CLOCK, a protein that activates their transcription.
Circadian oscillations were obtained with this negative feedback. Positive feedback
has been suggested to also be necessary (e.g., Crosthwaite et al., 1997). However, if
a recently suggested positive-feedback loop consisting of reciprocal transcriptional
activation by PER and CLOCK was incorporated, circadian oscillations were
suppressed. We suggest that limiting amounts of specific proteins (e.g., CYCLE )
whose levels do not oscillate and which are necessary for CLOCK-mediated
activation of transcription could nullify positive feedback in vivo and thereby restore
circadian oscillations. Our analyses identify key regulatory steps in the Drosophila
and Neurospora circadian mechanisms that warrant further experimental
investigation. Supported by NIH grants T32 NS07373 and R01 RR11626.
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CELLULAR AND NETWORK MECHANISMS GENERATE SPATIALLY
ASYNCHRONOUS ALPHA RHYTHMS IN A MODEL OF NEOCORTEX
S. Ruggiano^D. Pinto1,2, T Kaper1. N. Kopell1 ’Center for Biodynamics, Dept. Of
Mathematics, Boston University. 2Dept. Of Neuroscience, Brown University.

EFFECTS OF NEONATAL MSG TREATMENT ON
CIRCADIAN
ORGANIZATION OF FEEDING AND FOOD ANTICIPATORY ACTIVITY. M.C.
Antle* & R.E. Mistlberger. Department of Psychology, Simon Fraser University,
Burnaby BC Canada V5A 1S6
Feeding and body weight are regulated in part by leptin-sensitive neuropeptide Y
(NPY)-releasing neurons in the arcuate nucleus (ARC). Neonatal monosodium
glutamate (MSG) treatment preferentially kills ARC cells, inducing a syndrome of
reduced food intake, stunted growth, increased body fat, and disrupted daily rhythms
of feeding and activity. We evaluated the effects of MSG (2 mg/g SC on PN days
1,3,5,7,9) on circadian organization of food intake and food-bin activity in light:dark
(LD 12:12 and 2:2) and constant dark (DD), and during a restricted daily feeding
schedule. Loss of ARC-NPY cells was confirmed by immunocytochemistry. Compared
to age-matched controls, the amplitude (quantified as LD ratios) of the daily rhythms
of food intake and activity was significantly attenuated in MSG rats in LD 12:12 and
on the first day of DD. Within groups, control, but not MSG rats, showed a lower
amplitude rhythm in DD compared to LD. Phase angle of feeding and activity
rhythms did not differ between groups in either LD or DD. In LD 2:2 (24 hrs), control
rats showed significant inhibition of activity during the 2 h light periods, whereas
MSG rats did not. These results indicate that attenuation of daily rhythms of food
intake and activity in MSG rats is in part due to loss of direct inhibitory effects of
light on behavior (i.e., reduced masking, presumably due to retinal degeneration), and
in part due to effects on circadian pacemaker regulation of feeding rhythms. MSG rats
showed robust entrainment of food anticipatory activity rhythms to a scheduled daily
mealtime, and persistence of these rhythms during 72 h food deprivation. MSG
treatment thus appears to affect cell populations that contribute to circadian
organization of light-entrained rhythms, but not food-entrained rhythms. The results
specifically rule out a necessary role for the ARC-NPY system in the generation and
entrainment of feeding and activity rhythms, while leaving open a possible
modulatory role. Supported by NSERC, Canada

A growing body of data suggests that different attentive states are accompanied by
particular patterns of rhythmic activity in neocortex. Frequencies in the gamma and
beta range are evident during periods of alert or focused behavior. Alpha rhythms (7-14
Hz) are apparent during periods of sleep or reward. Unlike gamma and beta, recent
experimental evidence suggests that rhythms in the alpha range tend not to synchronize
over distances in neocortex (Roelfsema P., et.al. 1997). In this study, we propose a
mechanism for the generation of cortical alpha rhythms and show that the lack of spatial
synchrony arises from interactions between intrinsic and network properties of the
model.
Based on physiological data from neocortex, the model describes a local circuit
oscillator containing a pair of spiking neurons, one inhibitory and one excitatory. Each
cell is represented using standard current balance equations and are coupled using
model AMPA and GABAa synapses. The excitatory neuron contains, in addition to the
spike-generating currents, a low threshold calcium current (IT), and a mixed cation
current (IQ. These enable a hyperpolarization-evoked rebound spike that is responsible
for generating and sustaining alpha frequency rhythms in the local circuit.
When two local circuits are spatially coupled, with distance represented by a delay in
synaptic propagation, the network displays the same distance-dependent lack of
synchrony as indicated by experimental results. Analysis of the phase-response curve
generated from one of the circuits shows this to be a direct result of configuration of the
network as well as the dynamics of IT and Ih. Surprisingly, increasing the level of
network excitation further diminishes the systems ability to sustain synchronous activity.
The same lack of synchrony, as well as more complex activity patterns, is also observed
in an expanded network. This work supported by NSF Grant Nos. DMS-9631755,
DMS-9706694 and DMS-9624471.

349.5

349.6

CIRCADIAN RHYTHM DISTURBANCES IN ADVANCED
DEMENTIA: DIAGNOSTIC SPECIFICITY. D. G. HarperL4*. E. G,

CIRCADIAN RHYTHMS IN DIFFERENTIALLY-REARED RHESUS MONKEYS
Easton, A.1*, Clarke,S.2, Naylor E.\ Horton, T.1, Gilmore, C.1, Watterson, M.2,
McKinney, W.2 and Turek, F.W.1 1Dept. of Neurobiology and Physiology,
Northwestern University,Evanston,IL 60208; Northwestern Medical School,
Chicago, IL 60611
It is known that alterations in early attachment relationships in
monkeys may result in disturbances in certain neurochemical systems that
may be altered in affective disorders, however it is not known whether such
early experience may affect circadian rhythms. We investigated this
question by measuring circadian temperature and activity rhythms in a
sample of differentially-reared rhesus monkeys. The subjects are 10 adult
(9 yrs old) rhesus monkeys. Half of the subjects were mother-reared
(3M,2F) and half were reared with peers (2M, 3F) for the first 7 months of
life. Motor activity and body temperature were recorded under standard
lighting conditions (13:11) by biotelemetry via surgically implanted
transmitters.
Data was collected using Vitalview (Minimitter software).
Temperature data was smoothed using the Cleverland Best Fit program for
temperature analysis (1979) and statistics were performed on the fitted data.
Preliminary data reveals differences in activity and temperature parameters
including: significantly higher nighttime activity in peer-reared animals versus
mother-reared animals (p=.01), a trend toward a higher temperature
peak(p=.12), a significantly higher temperature nadir(p=.O29), and a trend
toward an earlier temperature nadir time in peer-reared animals (p=. 12) as
compared to mother-reared animals. The alterations in temperature and
activity parameters in peer-reared animals are consistent with those
changes reported in depressed patients. These are the first results to
indicate that early rearing experience can have long-term effects not only on
behavior, neurotransmitters and hormones typically related to mood
disorders (Clarke, el al. '96,'98) but on circadian rhythms of body
temperature and activity as well. Such results emphasize the importance of
understanding the role of circadian rhythms in mood disorders and provide
support for studying chronobiological methods of treating depression.
Sponsor: NARSAD from National Institutes of Mental Health

349.7

349.8

LOW TEMPERATURE ACCELERATES ENTRAINMENT TO SHORT
DAY PHOTOPERIOD AND GONADAL REGRESSION IN THE
SIBERIAN HAMSTER. J. E. Larkin1 and I. Zucker^2*. 1 Depts. of
Psychology and 2Integrative Biology, University of California, Berkeley
CA 94720-1650.
Low air temperature (Ta) hastens decreases in body mass and testis size
in Siberian hamsters (Phodopus sungorus) transferred from long to short
days. It is not known whether these accelerated short-day adaptations are
mediated by more rapid entrainment to the short photoperiod at low Ta.
Adult male hamsters were transferred from long days (16L:8D) to short
days (8L: 16D) and housed at either 22°C or 5°C Ta. Locomotor activity
was recorded continuously with infra-red activity monitors for 8 weeks,
and body mass and testis size were measured biweekly. Duration of
nocturnal activity (alpha) is highly correlated with the duration of
nocturnal melatonin secretion, which transduces effects of light on the
neuroendocrine system. Exposure to 5°C was associated with significant
loss of body mass by week 2, whereas hamsters at 22°C did not decrease
their body mass until week 6. Testis size was significantly smaller in 5°C
animals than 22°C during weeks 4, 6, and 8. Alpha expanded more
rapidly in hamsters at 5°C, attaining a 10 h duration more than a week
earlier than in animals at 22°C. We suggest that low Ta affects the
circadian pacemaker governing the duration of locomotor activity (alpha)
and presumably also the duration of nocturnal melatonin secretion and
thereby accelerates adoption of the winter phenotype.
Supported by NIH Grant MH114484-02.

USE OF A RUNNING-WHEEL INFLUENCES THE RE-ENTRAINING
RESPONSE TO A PHASE-SHIFT IN THE LIGHT-DARK CYCLE IN RATS
C.W. Coen* & P.H. Strutton. Biomedical Sciences, King’s College London, UK.
Male rats were maintained in a light-dark cycle (12h on; 12h off) in the
presence of either a functional or a locked running-wheel. The animals were
implanted with a miniature radio transmitter to monitor core temperature and
general locomotor activity telemetrically; use of the running-wheel was also
monitored. The value for each parameter was automatically recorded every 5
minutes. After 5 weeks the animals were subjected to an 8 hour advance in the
onset of darkness. In 89% of the animals that were housed in the presence of a
locked running-wheel re-entrainment of the daily rhythms to the new lighting
schedule was achieved by a phase-delay. In contrast, the re-entrainment was
effected by a phase-advance in 83% of the animals that had the use of a
functional wheel. After 5 weeks under the new lighting schedule the animals
were exposed to constant darkness. When the subsequent free-running period
was assessed, there was a significant difference between the two groups; those
with access to a functional running-wheel exhibited a shorter period than that of
the other animals. The two animals that had responded to the advance in the
light-dark cycle by a phase-delay, despite access to a functional wheel, had the
longest free-running periods within that group. This study demonstrates that the
opportunity to engage in vigorous exercise has profound effects (1) on the
direction of re-entrainment following a phase-advance in the lighting cycle and
(2) on the duration of the free-running period.

Stopa3. A. McKee2. A. Satlin4 and L, Volicer2,4. fDept. of
Psychology, Tufts University; 2E.N. Rogers Memorial
Veterans Hospital, GRECC; Wept, of Pathology, Brown
University; 4McLcan Hospital, Belmont, MA 02178.
Many of the noncognitive symptoms of dementia (sleep
disturbance, sundowning) may have their root in
abnormalities of the circadian timing system.
Previous work
in this population, carrying a diagnosis of probable
Alzheimer’s dementia, has shown that the phase of the
circadian rhythm of temperature and activity is
significantly delayed and the amplitude is significantly
reduced. We have since collected autopsy samples on 38
patients who were enrolled in our original study and made
pathologically confirmed diagnoses.
Patients were
categorized for presence of Alzheimer’s disease, Parkinson’s
disease, Pick’s disease or fronto-temporal dementia and
diffuse Lewy body disease. 27 patients were given a final
diagnosis of Alzheimer’s disease and 11 patients were given a
diagnosis of other dementia.
Patients with pathologically
confirmed Alzheimer’s disease had a significantly later
acrophase of their circadian rhythm (Alzheimer’s disease =
18:20 ± 00:42; Other dementias = 16:00 ± 00:27; Elderly Controls
= 14:50 ± 00:24), with a concomitant increase in diurnal and
L5 activity (an index based on times of naturally occurring
lower activity). Supported by USPHS AG09301, AG 13846, and
by the Department of Veterans Affairs.

Society

for

Neuroscience

, Volume

25, 1999

Supported by the BBSRC & The Wellcome Trust.

MONDAY PM

BIOLOGICAL RHYTHMS AND SLEEP: CIRCADIAN

349.9

349.10

COMPARISON OF METHODS FOR MONITORING ACTIVITY
IN RATS. C, H, Wideman*, H. M, Murphy, and G. R, Nadzam.
Departments of Biology and Psychology, John Carroll University,
and The Cleveland Clinic Foundation, Cleveland, OH.
Circadian rhythms of activity are often illustrated by recording
activity wheel (AW) revolutions over 24h periods. Alternatively,
implanted telemetry transmitters are also used to record activity. It
has been argued that AW behavior is a maladjustment, and any
intervention imposed on top of this maladjustment in habituated
behavior, may not faithfully depict the behavioral outcome of the
intervention. In an effort to resolve this controversy, 24 LongEvans rats were implanted with transmitters that measured gross
motor activity (GMA). The subjects were divided into two groups:
Group 1 consisted of 12 rats that had unlimited access to AW cages
and Group 2 consisted of 12 rats placed in locked activity wheel
(LAW) cages. A 12h/12h light/dark cycle was maintained throughout the experiment. Following an ad-libitum period of 10 days, all
animals were fed for lh for 5 days. Under both ad-libitum and
food-restricted conditions, the animals showed greater GMA when
housed in AW cages than in LAW cages. When GMA was compared to number of wheel revolutions, the animals in AW cages
showed greater GMA than wheel revolutions during ad-libitum
feeding. Number of wheel revolutions increased noticeably after the
onset of food restriction, but remained below values recorded for
GMA. These observations indicate that AW revolutions are not an
exact measure of GMA and that the more accurate method of monitoring circadian rhythms of activity is with the use of transmitters in
cages where wheel revolutions are prohibited.

DEVELOPMENT OF A SYSTEM TO MONITOR ACTIVITY AND FEEDING
IN NON-HUMAN PRIMATES. E.T. Weber1'. D.P, Cox2 and M.A. Rea1.
1Dept. of Biology and Biochemistry,University of Houston, Houston, TX,
77204; 2Special Designs, San Antonio, TX, 78222.
Current circadian rhythm research in non-human primates utilizes a
variety of paradigms to assess the phase of activity rhythms, such as
monitoring of infrared beam breaks, cage movement transducers, perching
behavior, telemetry, actigraphy, and motion detectors.
Non-periodic
means of food delivery is also essential, as periodic feeding is a significant
zeitgeber in the absence of a more potent periodic stimulus such as light.
We have developed a system by which activity and feeding rhythms can
be controlled and monitored continuously through the use of motion
detectors and commercially available feed dispensers. Feeder bins hold 1week supplies of pelletized monkey chow for an 8-kg rhesus monkey,
minimizing human presence in the housing room.
Animals have
continuous but limited access to pellets obtained by pressbar manipulation,
or feeders may be programmed to drop pellets in a continuous but random,
variable fashion. The system monitors dispensed pellets, as well as total
bar presses. Fault detectors indicate when pellets fail to dispense properly
as in the case of a clogged feeder or empty feed bin, and can sound an
auditory alarm or activate a numeric pager to notify investigators and
caretakers. Additionally, the system can monitor status of room lights.
Data is stored as text files, and is easily formatted for importation into
Circadia or other circadian rhythm analysis systems.
To date, we have collected data from 8 rhesus monkeys housed under
bright-dim light cycles and constant dim light, as well as exposed to light
sufficient to induce phase shifts in activity and feeding rhythms. Current
studies are characterizing the photic responses of rhesus monkeys, for use
as a diurnal model of photic entrainment and pharmacological studies of
the circadian system. (Supported by AFOSR 92AL004.)

349.11

349.12

DIURNAL VARIATIONS IN THE ELECTION OF A STRATEGY TO
SOLVE A SPATIAL MAZE. M. Mendez-Diaz1*, F, Sanchez-Narvaez1, M,
Palomero-Rivero2, L. Navarro1, R. Drucker-Colin2 and O. Prospero-Garcia1.
'Grupo de Neurociencias. Depto de Fisiologia, Fac. de Medicina, and 2Depto de
Neurociencias, IFC. Universidad Nacional Autonoma de Mexico. Mexico.
The activity of an organism is frequently expressed as a rhythm. In mammals, this
peculiarity is observed in functions such as sleep, attention, motor activity and
cognitive functions. In this study we used male Wistar rats (250-3 50g) maintained
in a controlled light-dark cycle (12/12, light on 8:00) and food and water ad libitum.
Two groups were formed. The first group (n=10) was trained in the Barnes maze
(Bm); while a second group was trained in the Drucker beam (Db). Once they
reached the criterion of performance for each task (Bm:below 20 sec and Db:below
15 sec) the performance was evaluated for three consecutive days at 9:00, 13:00,
17:00, 21:00, 01:00 y 05:00 hrs. Our results show that the performance in both tasks
varies throughout the six evaluations, being the best performance during the night
and the worse during the day (01:00 hrs Bm:9.5±1.43 sec and Db: 12.6+1.2 sec;
13:00 hrs Bm: 35.5±5.36 sec and Db:23.5±2.96 sec). These results suggest that the
performance of both tasks may depend on a circadian cycle.
This work was supported by grants IN209797 DGAPA-UNAM to OPG, 25488 and
25128 CONACyT to OPG and LN.

CONDITIONED STIMULUS CONTROL OF CIRCADIAN
CLOCK PHASE REQUIRES CLOCK RESETTING BY THE
UNCONDITIONED STIMULUS DURING TRAINING.
A. Arvanitogiannis* and S. Amir, Center for Studies in Behavioral
Neurobioiogy, Concordia University, Montreal, Quebec, H3G 1M8.
Recently it was shown that in the absence of light a conditioned
stimulus (CS) previously paired with light in Pavlovian conditioning
trials can induce phase shifts in a manner similar to light, itself. In that
study, CS-light pairings were made during the dark phase of a 12h:12h
light-dark entraining cycle, at a time when the light unconditional
stimulus would activate the phase shifting mechanism in the SCN, but
was not serving as the entraining stimulus. In the present study we examined the ability of a CS (mild air disturbance) previously paired with
an entraining light pulse to reset the circadian pacemaker. Rats were entrained to a single 30-min light stimulus (T-cycle) delivered every 25-h
or 24-h. Each daily light presentation was paired with the CS. Following at least 20 days of stable entrainment to each of the T-cycles, the
rats were allowed to free run and were then presented with the CS at
circadian time 15. CS-induced phase shifts in wheel running activity
rhythms were taken as evidence for conditioning. For the most part,
conditioning occurred after CS-light pairings on the 25-h but not 24-h
T-cycle. The results suggest that CS control of the circadian clock
phase depends on the effect that the entraining light pulse has on the
clock during conditioning. Supported by MRC, NSERC and FCAR.

349.13

349.14

EFFECTS OF SPACEFLIGHT ON THE REGULATION OF THE RAT
CIRCADIAN TIMING SYSTEM. C. A. Fuller. D. M. Murakami. T. M. HobanHiggins, P. M. Fuller and D.E, Woolley*. Section of Neurobioiogy, Physiology &
Behavior, University of California, Davis, CA 95616.
All vertebrates have a physiological control system which regulates the timing of
their daily rhythms - the circadian timing system (CTS). Exposure to altered
gravitational environments (the microgravity of space and hyperdynamic
environments produced via centrifugation) produce changes in both the functioning
of the CTS and the rhythmic variables it controls. In this study, 24 Fischer 344 rats
were exposed to 16 days of microgravity on the NASA STS-90 Neurolab Space
Shuttle flight. These rats were chronically implanted with biotelemetry transmitters
to record body temperature (Tb), heart rate (HR) and activity (ACT). Six of the rats
were exposed to constant light (LL) and 18 of the rats were exposed to a 24-hr lightdark cycle (LD 12:12). The ability of light to induce c-Fos in the suprachiasmatic
nucleus was examined in animals sacrificed on flight day 2 (FD2), FD14, recovery
day 2 (Rl), and R13. The flight rats in LL exhibited persisting free-running
rhythms, with a change in period (r) relative to the ground controls. The period
changes returned to control values one week after landing. The flight animals in LL
maintained internal phase angles relationships between rhythms compared with
ground controls. The flight rats in LD remained entrained to the LD cycle; however,
they evidenced a pronounced phase delay in Th, but not HR or ACT compared to
controls. The LD flight rats also demonstrated a decrease in Tb and a change in the
daily waveform compared to controls. Finally, early in-flight, the flight animals
demonstrated a reduced sensitivity to light as evidenced by a reduced level of c-Fos
expression compared to controls. These findings suggest that exposure to
microgravity affect the circadian clock, including the clock’s ability to maintain
temporal organization and to properly entrain to an external LD cycle. It is not
known what aspect of the photic transduction pathway is responsible for the
apparent decrease in the SCN’s light responsiveness. (Supported in part by NASA
Grant NAG2-944.)

CIRCADIAN EFFECTS ON THE INDUCTION OF C-FOS BY
ODOR IN THE RAT. D. Funk*, S. Cain, J. Sullivan, B. Robinson, J.
Stewart and S. Amir. Center for Studies in Behavioral Neurobioiogy,
Concordia University, Montreal, Quebec, Canada, H3G 1M8.
Evidence suggests that the olfactory system has a modulatory influence
on circadian rhythms. The possibility that the circadian system could, in
turn, modulate responses to olfactory stimuli has, however, not been explored. The present experiments therefore examined whether the induction of c-fos by odor is influenced by circadian phase. In the first experiment, male Wistar rats were allowed to free run in constant darkness.
They were then exposed to 5 min of cedar oil odor, or were not disturbed,
either during the subjective day or night, and were processed for c-fos
ICC 1 h later. The increase in c-fos immunoreactivity induced by cedar
oil odor was greater in the subjective night than in the subjective day in
the olfactory bulbs, anterior olfactory nuclei, infralimbic, orbital and piriform cortices and basolateral amygdala. In the second and third experiments, animals were exposed to a 15 min odor pulse of, respectively, mineral oil or the urine of a rodent predator, the red fox, during the subjective
day or night, and were perfused 45 min later. Enhanced c-fos responses
to the mineral oil and fox urine odors were found in the 6 brain regions
studied during the subjective night compared to the subjective day. Relative to animals exposed to mineral oil odor, those exposed to fox urine
odor showed enhanced c-fos responses in the infralimbic and orbital cortices, and amygdala which did not appear to be linked to circadian phase.
These results suggest that the circadian system modulates the neuronal
activation induced by odors, and that an ethologically relevant odor,
predator urine, may result in enhanced neural activation compared to
ethologically neutral odors. Supported by MRC and NSERC.
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DIURNAL PHASE. LIGHT AND SUPRACHIASMATIC NUCLEUS AFFECT
HEART RATE IN RAT.
F.A.J.L. Scheer1. G.J, Ter Horst2. C.G. Van Eden1* and R.M. Buiis1. 'Netherlands Inst,
for Brain Res., Grad. School of Neurosciences., Amsterdam, The Netherlands. 2Biol.
Psychiatry, Academic Hospital of Groningen, Groningen, The Netherlands.
The mammalian biological clock, located in the hypothalamic suprachiasmatic
nucleus (SCN), generates endogenous circadian (day-night) rhythms in physiology and
behavior. Light is the strongest external factor synchronizing but also acutely affecting
SCN and SCN-output. Evidence for multiple organs under neuronal or hormonal control
by the SCN is growing. We hypothesized that the SCN modulates heart rate (HR) via
(multi synaptic) neural pathways.
With this hypothesis, we expected that 1) HR shows a circadian rhythm, independent
of locomotor activity, but depending on SCN-integrity, 2) the correlation between HR
and locomotor activity (LA) of SCN-lesioned rats will be similar to that of control rats
at night but not during the day (when SCN activity is low and high, respectively), 3)
light, as signal of the resting period, will decrease HR, depending on SCN-integrity, and
4) injection of pseudo-rabies virus, which is a synaptic retrograde tracer, into the heart
of the rat will result in higher-order virus staining in the SCN.
Indeed, we demonstrated that 1) resting HR shows a clear circadian rhythm in control
rats but not in SCN-lesioned rats, 2) correlation between HR and LA is similar between
SCN-lesioned rats and control rats at night, 3) light decreases HR, again depending on
SCN-integrity, and 4) the SCN was infected with virus 4 days after injection of the heart,
probably via first-order infection of the sympathetic intermediolateral nucleus, secondorder infection of the paraventricular hypothalamic nucleus and fourth-order infection
of the SCN.
Taken together, these physiological and anatomical data provide strong evidence that
the SCN modulates heart rate via (multi synaptic) autonomic pathways.
This study was supported in part by IRIS Servier grant NLD 609.

DAY-NIGHT RHYTHM IN C-FOS EXPRESSION IN THE PREMAMMILLARY HYPOTHALAMIC AREA OF THE EWE. A. Daveau,
P. Chemineau, B. Malpaux*, Neuroendocrinologie Sexuelle, INRA
URA CNRS 1291, 37380 Nouzilly, France.
In sheep, a seasonal species, photoperiod modulates the secretion of
GnRH and this effect is transduced by the day/night melatonin secretory
rhythm. Melatonin acts in the pre-mammillary hypothalamic area (PMH)
to exert this effect but the target cells of melatonin are not identified. The
objective of the present experiment was to determine whether there exists
a day/night rhythm of c-fos activity in this area. Four groups of 5 ewes
were slaughtered on November 26, sunrise: 08:00h, sunset: 17:30h. The
time of slaughtering was 16:00, 20:30, 01:00 and 06:00h in groups
afternoon (A), early night (EN), mid-night (MN) and late night (LN),
respectively. Heads were perfused through carotid arteries with
paraformaldehyde (4%) and 40 pm sections of the hypothalamus were
immunostained (polyclonal c-fos antibody Ab-5, Calbiochem). The
highest density of c-fos immunoreactive neurons in the PMH was found
in the A group (5O.9±5.5 neurons/mm2, mean±SEM); it decreased
dramatically (p<0.01) in the EN group (19.2±2.9) and was further,
reduced (p<0.05) in the other two groups (11.3±1.8 and 9.8±1.8 in MN
and LN. respectively). Such day/night changes were not observed in a
control structure (paraventricular thalamus, PVT) (74.5±8.2, 62.5±10.2,
63.8±1 1.6, 65.7±2.8 neurons/mm2 in groups A, EN, MN, LN,
respectively, NS). These results demonstrate that the density of c-fos
immunoreactive neurons in the PMH decreases soon after the onset of
the night (less than 3 hours) and remained low throughout the night. It
remains to determine whether this change in c-fos immunoreactivity is
the consequence of the nighttime presence of melatonin.

349.17

349.18

CIRCADIAN RESPONSES OF FISCHER 344 ALBINO RATS TO GREEN
LIGHT-DARK CYCLES. I-H. Tang, and C. A. Fuller*. Section of Neurobiology,
Physiology & Behavior, University of California, Davis, CA 95616-8519
We have previously demonstrated that 1.0 ± 0.04
pwatts/cm2 (approximately 7
lux) of green light (565nm wavelength) was sufficient to entrain Syrian hamsters.
Syrian hamsters also exhibited different circadian entrainment characteristics under
conventional square-wave and simulated natural light-dark cycles. The present study
examined both entrainment and phase shift characteristics of Fischer 344 albino rats
with same intensity green light. Twenty-four rats implanted with biotelemetry units
were housed in a LD 12:12 environment. After demonstrating stable entrainment,
the LD cycle was advanced 6 hours. Three different responses were identified. First,
18 animals advanced with various re-entrainment rates. Second, 4 animals initially
exhibited a slight transient daily phase delay followed by a phase advance. These
animals took longer to re-entrain to the new LD cycle. Third, 2 animals initially
exhibited a slight daily phase delay followed by a greater delay to establish reentrainment. After all animals were stably re-entrained, the LD cycle was delayed 6
hours. All animals were re-entrained by a phase delay, and the re-entrainment rates
were faster than those of the 6-hour advance. Animals were released into DD
condition. Fischer 344 rats exhibited free-running periods (t ) between 24.0 to 24.2hour. There was no evident correlation between t and how animals responded to the
LD cycle advance. This present study demonstrated that Fischer 344 rats were
entrained to low intensity green light. In addition, the differences in the directions
and rates of re-entrainment may possibly represent different phenotypes of Fischer
344 in relation to this LD cycle shift. It would be particularly interesting to
understand how the circadian governing components such as eye, suprachiasmatic
nucleus and intergeniculate leaflet (on the cellular level) as well as all the CLOCK,
BMAL1, PER and TIM (on the molecular level) respond to the phase shift in this
study. (Supported in part by NASA Grant NAG2-944)

CHANGES IN CIRCADIAN RHYTHMS AFTER STRIATAL EXCITOTOXIC
LESIONS. J. Mena-Segovia', L. Cintra1, O. Prospero-Garcia2, F.A, Barrios1*., and
M. Giordano1.‘Center for Neurobiology UNAM, Juriquilla, Qro, Mexico 76230 ;
2Grupo de Neurociencias, Dept. Fisiol., F. Medicina, UNAM, Mexico, D.F. 04510.
Striatal excitotoxic lesions have been shown to induce increased nocturnal
spontaneous locomotor activity in rodents (Fibiger, 1978), while this deficit has been
interpreted to be the result of a loss of inhibition over output structures of the basal
ganglia, it could also indicate an alteration of the circadian pattern of activity related
to the sleep-wake cycle. Indeed, patients suffering from Huntington's disease (HD)
show severe choreic movements during the wake phase of the daily cycle. These
movements subside during the deep phases of slow-wave sleep and REM, probably
as a result of the loss of muscle tone. In addition, HD patients show an abnormal
sleep cycle, with irregular delta activity and a generalized reduction of EEG
amplitude, diminished sleep efficiency, less slow-wave sleep and changes in duration
of REM sleep (Shista et al, 1974 ; Wiegand et al., 1991). In addition, spontaneous
c-fos expression has been shown to follow a circadian cycle in the rat striatum with a
gradual increase from the beginning of the dark phase to a peak at the end of that
phase (Grassi-Zucconi et al., 1993, 1994).
In order to characterize the changes in circadian activity and sleep patterns after
striatal excitotoxic lesions, Sprague-Dawley male rats were implanted, lesioned and
their 24-hour locomotor and EEG activity recorded during baseline, 7 and 21 days
post lesion. Preliminary results show a significative increase in locomotor activity
during the dark phase as well as an increase in EEC’s rapid activity in the
experimental group, in comparision to the control group. This could be related to an
increase in wakefulness and REM sleep at the expense of slow wave sleep. In
addition, a partial disruption of the circadian rhythm at the 7 days post lesion was
apparent in the experimental group. Supported by grant 25520-M (Conacyt) to MG.
JMS is a DGEP-Conacyt fellow.

349.19

349.20

CIRCADIAN RHYTHMS IN OLFACTORY RESPONSES OF DROSOPHILA
MELANOGASTER B. Krishnan, P.E. Hardin and S.E. Dryer* Department of
Biology and Biochemistry an Biological Clocks Program, University of Houston,
Houston, TX 77204-5513.
Circadian clocks regulate a number of behavioral, physiological and
biochemical functions in organisms ranging from prokaryotes to humans.
Considerable progress has been made in elucidating the core timekeeping
mechanism, which in arthropods and invertebrates, is comprised of feedback
loops involving several clock genes including period (per) and timeless (tim).
In Drosophila, circadian oscillators in per expression occur in ehemosensory
cells of the antennae, even when the antennae are excised and maintained in
isolated organ culture. Here we show a robust circadian rhythm in
electrophysiological responses to two different classes of olfactory stimuli.
These rhythms are observed in wildtype flies during light-dark (LD) and
constant-darkness (DD), but are abolished in per or tim null mutant flies, that
lack rhythms in adult emergence and locomotor behavior. Olfactory rhythms
are also abolished in the per 7.2:2 transgene line in which per expression is
restricted to the lateral neurons of the optic lobe. Because per 7.2:2 flies do
not express per in peripheral tissues, these results indicate that peripheral
circadian oscillations are necessary for circadian rhythms in olfactory
responses. Since olfaction is essential for food acquisition, social interactions
and predator avoidance in many animals, circadian regulation of olfactory
systems could have profound effects on behavior of organisms that rely on this
sensory modality. Supported by grants from NIH to P.E.H and S.E.D.

CIRCADIAN TIMING AND HYPOTHALAMIC NEUROPEPTIDES
IN THE PRIMITIVE SNAKE Python molurus. M.S. Grace*, S.
Lambridis, E. Yorke, and O. Woodward. Dept. of Biology, Univ. of
Virginia, Charlottesville, VA 22903-2477.
Mammalian and non-mammalian circadian timing systems are thought
to be organizationally distinct. The hypothalamic suprachiasmatic nucleus
(SCN) of mammals drives many circadian rhythms and is indirectly
photosensitive; one output is indirect rhythmic melatonin production by
the non-photosensitive pineal organ. Many non-mammalian vertebrates
have photoreceptors, clocks, and rhythmic melatonin production all
contained within individual organs including lateral eyes, pineal, and
parapineal organ. The snake pineal is not photosensitive, and does not
make melatonin rhythmically in vitro (Grace and Tosini, unpublished).
Based on these facts and similar evolutionary light histories of mammals
and snakes, we hypothesize that circadian timing in these two vertebrates
evolved similarly. As an initial test, we analyzed the distribution of 3
well-studied rodent SCN neuropeptides: vasoactive intestinal polypeptide
(VIP), vasopressin (VAS), and neuropeptide Y (NPY). Neither VIP nor
VAS-immunoreactive (IR) soma occurred in the suprachiasmatic region
of the Python hypothalamus. NPY-like IR occurred in intergeniculate
leaflet cells; NPY-positive fibers formed a dense plexus in the
suprachiasmatic region adjacent to the 3rd ventricle. We are using tract
tracing to investigate retinal projections in Python (the mammalian SCN
receives light input directly from the retina). Similar distributions of NPY
in Python and rodents suggests that NPY plays similar roles in their
circadian systems. While VIP and VAS exhibit distinct distributions,
mammalian and snake circadian systems may be functionally similar.
Support: AFOSR grant F49620-96-1-0049 to MSG.
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THE EFFECTS OF THE PRESENCE OR ABSENCE OF NCAM-180 ON
OPEN FIELD BEHAVIOR IN THE MOUSE. R.Qualls, J. Laffan, R.
Schoborg, R.Baisden, and M. Woodruff*. Department of Anatomy and Cell
Biology, and department of Microbiology, J.H. Quillen College of
Medicine, East Tennessee State University, Johnson, TN 37614.
Neural cell adhesion molecule (NCAM) is a membrane-bound receptor
molecule found throughout the nervous system, and it exists in several
different isoforms. When the 180 kilodalton isoform is removed in an
animal by gene knockout, there is a reduction of granule cells and some
disorganization of these cells. The purpose of this study was to determine
whether NCAM-180 has an effect on the behavior of mice in an open field
arena. 65 adult male NcamTMICWRU mice (10 NCAM-180
-/- knockout mice, 40 +/- heterozygous mice, and 15 +/+ wild-type mice)
were placed individually in an open field arena for three consecutive
evenings for 5 minutes each. The number of line crossings, rearings,
defecations (including urine and feces), and the seconds spent grooming
were recorded. The data were analyzed using Univariate Analysis of
Variance and the Post Hoc tests Tukey’s pairwise comparisons and LSD.
There was a significant difference found for both line crossings and
rearings for each of the three groups; however, there was no significant
difference found for the day of testing or for a group x day interaction. For
the emotional component of the open field arena (grooming, defecation, and
urination), the -/- mutants were significantly different from the wild-type
mice. These results indicate that in the mouse partial or complete NCAM180 deletion affects both locomotion activity and emotionality in the open
field arena. (Study made possible through institutional funds.)

6-HYDROXYDOPAMINE LESION OF THE SHELL SUBREGION OF
THE NUCLEUS ACCUMBENS REDUCES ANXIETY IN THE PLUSMAZE AND OPEN FIELD TESTS. M.K. Choulli, A. Mesfiouil, Z, Touil. A.
Telhik. D.N. Abrous and M. Le Moal . Unite de Pharmacologic et Essais

871

Biologiques, Departement de Biologie, Faculte des Sciences, Universite Ibn Tofai'l,
14000, Kenitra, Morocco; Psychobiologie des Comportements Adaptatifs, INSERM
U. 259, Universite de Bordeaux 2, Bordeaux, France. ( SPON: SONA)
Dopamine (DA) transmission in the nucleus accumbens (NAc) contributes to
the expression of several behavioral responses. Many studies indicate that NAc is
composed of two anatomically distinct compartments termed the shell and core In the
present study we examined the effects of lesions of the DA innervation of the core
(Core-NAc group) and the shell (Shell-NAc group) compartments on drug-induced
locomotor activity and on anxiety. 6-hydroxydopamine (6-OHDA) lesions of the core
and the shell subregions of the NAc in the male Sprague Dawly rat were realised. Ihese
specific lesions have been controlled by immunohisto-chemically visualization of
several tracers (i.e:Tyrosine Hydroxylase (JH) and glial fibrillary' acidic protein
(GFAp). Results indicated that in the Shell-NAc, the 6-OHDA injections induced very
restricted lesions that altered specifically DA-ergic terminals but not CCK . In contrast,
the 6-OHDA injections in the Core-Nac induced a important lesion of the DA-ergic
terminals in the Core and in the ventral parts of the striatum. Pharmacological analysis
shows that 1) amphetamine-induced locomotor activity was totally abolished m the
Core-NAc group whereas it was partially influenced in the Shell-NAc group. 2) a
behavioral hypersensitivity to apomorphine was observed in Core-NAc group when
compared to the other experimentals groups.Using the elevated plus-maze test
considered as a model of anxiety and open field test which reveals an emotional
response, results showed that Shell-NAc group displayed more explorations in the openarms of a plus-maze and in the central area of an open field when compared to the CoreNAc group. In conclusion, these findings suggest that i ) amphetamine induced
locomotor activity is totally controled by the core-Nac and partielly by the shell-Nac ; ii
) hypersensitivity to apomorphine is restricted to the core-Nac ; iii) however, the shellNac is involved in the control of anxiety'.

350.3

350.4

PLACE
PREFERENCE
CONDITIONING
IN
THE
CORRAL:
A
METHODOLOGICAL STUDY IN THE MOUSE. A, Aetno1*, O.G. Berge2 and R.
Sterkson3. 'Dept. of Psychology, Univ. of Tromso, N-9037 Norway; 2Astra Pain
Discovery Unit Sweden, Astra Pain Control, Sodertalje, Sweden; 3Dept. of
Physiology, Univ. of Bergen, Norway.
The corral is an open field virtually divided in 4 sectors of equal size. Under
appropriate conditions subjects spend similar amounts of time in each sector. During
place preference conditioning, acrylic walls physically divide the corral in 4 sectors. If
a rewarding event, e.g. morphine, is administered shortly before confinement, then a
place preference is displayed at a later test. This is manifested as an increase of the
time spent in the sector where the animal was confined during conditioning. A neutral
event is ineffective. In the rat, 1 to 3 conditioning trials are required to establish a
place preference. The number of necessary trials depends on the drug used and the site
of injection. This procedure has been employed in a number of studies where rats
were used as subjects. It has not been used with mice. Because the mouse is being
increasingly used in studies of place preference, we decided to adapt the corral
procedure to this species and to obtain some normative data in the NMRI strain.
Several pilot studies were performed with corrals of different sizes and materials.
The final procedure employs corrals made of thin, black-painted sheet steel. The
diameter is 40 cm and the wall is 30 cm high. It is located in a quiet room. A
loudspeaker providing white noise (60 dB) is placed in one comer. During
conditioning and test, a white square (10 x 10 cm) is placed in the middle of the wall
in the reinforced sector. This provides place cues to the animals Under these
conditions, morphine (1, 3 and 9 mg/kg) and amphetamine (0.5, 1 and 2 mg/kg)
produce dose-dependent place preference. LiCl (25, 50 and 100 mg/kg) produces
dose-dependent place aversion. In order to obtain a clear-cut effect, three conditioning
trials of 15 min each are required. These data show that the corral is an efficient place
conditioning procedure in mice, sensitive to both positive and negative drug-induced
affective changes.

INTRA-SEPTAL INFUSIONS OF L-GLUTAMATE REVERSE THE
ANXIOLYTIC EFFECTS OF INTRA-HIPPOCAMPAL MIDAZOLAM
IN THE ELEVATED PLUS-MAZE. J, Menard and D, Treit.*'
University of Alberta, Edmonton, Alberta, T6G 2E9
Our previous results showed that intra-hippocampal infusions of the
benzodiazepine receptor agonist, midazolam, reduced rats’ “anxiety” in
the elevated plus-maze. We also found that blocking excitatory amino
acid (EAA) neurotransmission in the septal nucleus, by local application
the non-NMDA receptor antagonist, CNQX, similarly reduced rats’
anxiety in the plus-maze. The septum receives substantial EAA input
from the hippocampus, which is believed to be glutamatergic. Thus, it
could be hypothesized that the anxiolytic effects of intra-hippocampal
midazolam were due to its inhibition of hippocampal glutamatergic
efferents to the septum. If this were the case, then the anxiolytic actions
of intra-hippocampal midazolam might be reversed by intra-septal
infusions of glutamate. Accordingly, we implanted rats with guide
cannulae aimed at the septum and the hippocampus. We found that
intra-septal infusions of L-glutamate (3.5 ug) did reverse the anxiolytic
effects of intra-hippocamal infusions of midazolam (10 ug/side). These
results suggest that the anxiolytic effects of intra-hippocampal midazolam
are due to inhibition of hippocampal, glutamatergic inputs to the septal
nucleus, and further reinforce the contention (Gray, 1982) that the
septum and the hippocampus act in concert in the regulation of
anxiety-related behaviors. (Funded by NSERC Canada and the Killam Foundation)

350.5

350.6

NEUROCHEMICAL VARIATIONS AND ANXIETY IN SEIZURERESISTANT AND SEIZURE-PRONE RAT STRAINS. T.B. Borowski,
D.C. McIntyre1*, S. Hayley1, Z, Merali2,3 and H. Anisman1 Dept. of
Psychiatry, University of Cincinnati School of Medicine, Institute of
Neuroscience, Carleton University1, and the Dept. of Cellular and Molecular
Medicine2 School of Psychology3, University of Ottawa, Ottawa, Canada.
Two rat strains, selectively bred for susceptibility to amygdala kindling,
differed with respect to their performance in several tests of fear and anxiety,
with the kindling-resistant (SLOW) strain exhibiting greater emotionality
than the kindling-prone (FAST) strain. The present investigation elaborated
on these findings by comparing startle and fear-potentiated startle in these
strains, and assessed the central neurochemical and hormonal alterations
associated with these treatments. The startle response was greater in the
FAST than in the SLOW rats, but relative to their own baselines, the fearpotentiated startle response was greater in the SLOW strain. The SLOW rats
displayed elevated basal plasma corticosterone, and a somewhat greater
hormonal change in response to a noise stressor. Central monoamine (NE,
DA, 5-HT) levels and utilization were comparable in the two strains in the
absence of a stressor. In response to the noise stimulus, and a light that had
been paired with shock, central NE utilization was increased. However, in
several limbic structures, notably the medial and basolateral amygdala and in
the piriform cortex, the amine variations were more profound in the SLOW
than in the FAST rats. In effect, the strain differences in emotional reactivity
were paralleled by neurochemical alterations. Whether these were related to
the seizure susceptibility has not yet been determined.

THE CRF, RECEPTOR ANTAGONIST ANTALARMIN, BUT NOT CLASSICAL ANXIOLYTICS, ATTENUATE ANXIETY-RELATED BEHAVIORS ELICITED BY PREDATORY STRESS. G. Griebe!* G. Perrault and D.J. Sanger. Synthelabo Recherche, Bagneux, France.
The clear evidence that centrally administered CRF produces physiological and
behavioral modifications resembling those observed in animals in response to stress,
has led to the suggestion that CRF receptor antagonists may represent novel anxiolytic and/or anti-stress drugs. However, so far, results obtained with such compounds in classical animal models of anxiety have been highly variable. It was suggested that baseline levels of stress are of crucial importance when investigating the
behavioral actions of such compounds. Thus, CRF receptor antagonists may display
positive effects only in highly stressful situations. To test this hypothesis further, the
present study examined the effects of the selective non-peptide CRFj receptor antagonist antalarmin on anxiety-related behaviors of rats following unavoidable cat
exposure. Effects were compared to those of the benzodiazepine diazepam and the
5-HT1A receptor partial agonist buspirone. two compounds currently used in the
treatment of generalized anxiety disorders (GAD). In this experiment, SpragueDawiey rats were exposed to a cat during 10 min. One hour later, they were exposed
to a cat odor-saturated brush in the staircase test. Compared to animals exposed to a
toy cat and a toy cat-impregnated odor, subjects exposed to predatory stimulus spent
significantly less time in contact with the brush. The administration of diazepam
(0.5-2 mg/kg, i.p.) and buspirone (0.1-1 mg/kg, S.C.-15 min) before the exposure to
the staircase apparatus did not reverse avoidance of the brush. In contrast, antalarmin (0.5 mg/kg, i.p.-30 min) significantly increased time spent by rats in contact
with the brush without modifying locomotor activity. This result thus further suggests that in order to reveal anxiolytic-like effects of CRF receptor antagonists,
animals must be exposed to highly stressful stimuli. In addition, in view of the lack
of effect of diazepam and buspirone, it is unlikely that the behaviors elicited by
predatory stimulus in the staircase test may model certain aspects of GAD.

Supported by the Medical Research Council of Canada
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EARLY MATERNAL SEPARATION ALTERS POSTPARTUM PUP-LICKING
AND GROOMING, LACTATION-ASSOCIATED CHANGES IN AGGRESSION
AND ANXIETY, AND CENTRAL OXYTOCIN BINDING IN FEMALE
OFFSPRING M.L. Boccia1 and C.A. Pedersen2*. 'Frank Porter Graham Center for
Child Development; 2 Dept of Psychiatry, UNC Neuroscience Center, Univ. of
North Carolina, Chapel Hill, NC 27599-7160.
We compared the effects of daily long (3 hr) vs. brief (15 min) maternal
separation (LMS vs. BMS) on postnatal days (PNDs) 2-14 on maternal behavior,
lactation-associated increases in aggression and decreases in anxiety, and central
oxytocin (OT) binding in female rat offspring (LMS vs. BMS females). Compared
to BMS, LMS significantly decreased pup-licking and grooming (PLG) in mothers
of test subjects. Over the first 6 hr postpartum, PLG as a fraction of total grooming
(self-grooming [SGj + PLG) diverged significantly between groups, declining in
LMS females and rising in BMS females. On PNDs 2 and 5, PLG was significantly
lower in LMS females. Other pup-directed maternal behaviors did not differ
between LMS and BMS females. During aggression testing, LMS females attacked
male intruders significantly less frequently and with significantly longer latency.
Percentage of time in the closed arms during elevated plus maze testing was
significantly greater in LMS compared to BMS females but significantly less in
LMS females compared to nulliparous females that had not been subjected to early
MS (virgin NMS females). In brains harvested one month after weaning pups, OT
binding capacity (Bmax) in the centromedial amygdala (CMA) was much lower in
LMS compared to BMS or NMS virgin females. Also, OT binding was
undetectable in the ventral tegmental area of LMS females.
It is fascinating that the amount of PLG received from mother during infancy is
related to the amount of PLG female rats later direct toward their own offspring.
Early MS (especially the associated changes in amount of PLG received) may exert
these effects by altering the development of OT systems in the brain (especially in
the CMA) that regulate maternal behavior, aggression, and anxiety.
Supported by MH56243 to CAP.

WITHDRAWAL FROM CONTINUOUS AMPHETAMINE INFUSION IN RATS:
ANIMAL MODELS OF “ANHEDONIA” AND “ANXIETY”. C. Myers and A.
Markou*. Dept. of Neuroscience, Univ. of California, San Diego; Dept.
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
The present studies were designed to examine two affective aspects of withdrawal
from continuous amphetamine infusion, “anhedonia” and “anxiety”. Rats were
prepared with intracranial self-stimulation (ICSS) electrodes in the lateral
hypothalamus and trained to respond in a discrete-trial current-threshold procedure.
After establishment of stable baseline reward thresholds, rats were prepared with
osmotic minipumps delivering one of four doses of amphetamine sulfate (0, 5, 10 or
15 mg/kg/day) over 6 days, and then the pumps were removed. Reward thresholds
were assessed during amphetamine or saline infusion and for 12 days post-pump
removal. During drug infusion all doses of amphetamine produced significant
decreases in reward thresholds, while after pump removal amphetamine-treated rats
exhibited threshold elevations for 5-7 days compared to saline-treated subjects’
thresholds and their own pre-drug baseline thresholds. These findings indicate that
chronic amphetamine administration enhanced the rewarding properties of ICSS,
while during amphetamine withdrawal there was diminished interest in the
stimulation (i.e., “anhedonia”) which reflects a decrease in reward. Another set of
rats was similarly prepared with pumps delivering either saline or 10 mg/kg/day
amphetamine for 6 days. 48 hours post-pump removal, the animals’ “anxiety-like”
state was assessed using the defensive burying paradigm. Intraventricular injections
of either [D-Phe]-CRF( 12-41), a corticotrophin releasing factor (CRF) receptor
antagonist, or vehicle were administered just prior to the defensive burying testing
to examine whether antagonism of CRF receptors would reverse the potential
anxiety-like state observed during amphetamine withdrawal. These studies provide
us with operational measures of affective states and initiate the exploration of the
neurobioiogy of such states.
[Supported by a Novartis Research Grant and NIDA DA00213 (AM)]

350.9

350.10

THYROID HORMONE LEVELS ARE ELEVATED IN BRAINS OF
CONGENITAL LEARNED HELPLESS RATS. J.N, Nobrega1*. Y,
Friedman1. E. Edwards2 and R.T. Joffe3. ’Neuroimaging Research Section,
Centre for Addiction and Mental Health, Clarke Institute Division, Toronto,
Ont., M5T 1R8, Canada; 2Dept. Pharmaceutical Sciences and Neuroscience,
University of Maryland at Baltimore, Baltimore, MD, 21203-1180; 3Mood
Disorders Program, McMaster University, Hamilton, Ont. L8N 3Z5
Learned helplessness has been well characterized as a model of
depression. Since alterations in brain thyroid hormone (TH) levels have
been hypothesized to occur in depressive illness, the present study examined
brain TH levels in rats selectively bred (42 generations) for increased
susceptibility to learned helpless behaviour (congenital helpless rats, cLH)
and in their congenital non-helpless (cNLH) counterparts. Brains from eight
stress-naive female rats from each group were examined. A small but
significant elevation in whole-brain levels of thyroxine (T4) was found in
cLH rats as compared to cNLH rats (12%, p<0.04). Congenital helpless rats
also showed a 32% increase in whole brain triiodothyronine (T3) levels
compared to cNLH rats, but this difference was not statistically significant.
Activity of type II deiodinase (which converts T4 to T3 in brain) was not
significantly different between the two groups. These results provide the
first indication that brain TH levels are elevated in congenital helpless rats
in the absence of any exposure to stressful stimulation. The data further
suggest that increased brain thyroid hormone levels may contribute to
depressive-like disorders.

“MATERNAL ENVIRONMENT” AFFECTS THE OFFSPRING’S
RESPONSES TO ACUTE ISOLATION, IN 5-HT-1A AND -IB RECEPTOR KNOCKOUT MICE. D. Brunner1’2’3, A. Weller1*, A.
Leguisamo2 , R. Hen1 and L. Towns2 ’Psychiatry Dept., Columbia
Univ.; Psychology Dept, Hunter College, CUNY, NY, NY 10021,
3PsychoGenics, INC.
Mice that lack the 5-HT1B receptor (KO1B) are hyperactive and
show reduced anxiety in adulthood while 5-HT 1A knockouts
(KOI A) are more anxious. KO IB pups reared by KO IB dams
showed a significantly lower level of ultrasonic vocalization (USV)
and pivoting in a 2 min. isolation test on postnatal day 6 as
compared to wild type (WT) pups raised by WT dams (Brunner et
al., in press). In Experiment 1, KOI A pups reared by KOI A dams
showed a similar pattern, on day 7. In Experiment 2, WT mice were
crossed with either KOI A or KO IB, and the behavior of the Fl
pups was tested on day 7. Fl heterozygous pups reared by their
KO IB mother produced significantly less USV and pivoting,
compared to Fl pups reared by their WT dam. Fl pups reared by
their KOI A dam showed significantly more USV and pivoting than
pups reared by their WT dam. Thus, the genotype of the mother
significantly affected the behavior of the heterozygous pups,
supporting a role for "maternal environment” in the phenotypic
expression. Supported by a CUNY PSC grant.

350.11

350.12

AMYGDALA NEURON RESPONSES TO PREPULSE INHIBITION
DURING RAT STARTLE BEHAVIOR.
M. Fukuda*, K. Hasegawa and K. Higuchi Dept. of Behav. Sci.,
Toyama Med. and Pharmaceut. Univ., Sugitani, Toyama 9300194,
Japan
Neuronal activity was recorded to study the role of the
amygdala in a startle behavior. Six male Wistar rats were used.
The head of each animal was fixed chronically in a stereotaxic
frame in a painless state. Acoustic stimuli was controlled by
modified startle chambers (SR-LAB, San Diego instruments). In
the test sessions, a background noise (60 dB) was presented.
Three different trials were tested: a pulse alone trial (40 msec
duration; 120 dB broadband burst), and two prepulse plus pulse
trials (20 msec duration; 1 or 12 dB above the background noise;
100 msec before the pulse). Each trial was repeated pseudorandomly five times. Neuronal activity of amygdala was
sterotaxically recorded in a conventional manner. Startle
response in behavior was suppressed to prepulse plus pulse
trials. Cf 147 neurons recorded, 33 (22.4%) responded during
startle behavior. Of these, 23 responded at all trials (excitation,
13; inhibition, 10). Eight neurons (excitation, 7; inhibition, 1)
responded during prepulse plus pulse trials, and two responded
to only pulse alone trial.
These results suggest that the
amygdala involves neuronal control of prepulse inhibition as
well as startle behavior. Supported by JMESC Grant 10680740.

COMMON INDUCTION OF FOS EXPRESSION IN SPECIFIC AREAS OF THE
FEAR CIRCUITRY BY DIFFERENT ANXIOGENIC/PANICOGENIC DRUGS. N.
Singewald12, T. Zetterstrom2 and T. Sharp2. (SPON: British Neuroscience
Association) ’Dept. of Pharmacology and Toxicology, Univ. of Innsbruck, Austria;
2Univ. Dept. of Clinical Pharmacology, Oxford, UK.
The neurocircuitry of fear and anxiety is becoming clear. Here we used Fos
immunocytochemistry as a marker of neuronal activation to study whether key parts
of this circuitry are commonly activated by anxiogenic drugs. We tested a number of
pharmacologically diverse drugs which have been shown to be both anxiogenic in
various rodent animal models and to precipitate panic attacks in experimental human
studies. We focused on areas implicated in fear and anxiety, specifically the
amygdala (AMY), hippocampus (HPC), periaqueductal central gray (PAG), locus
coeruleus (LC), and the dorsal raphe nucleus (DRN). Male Sprague-Dawley rats
(250-300g, 4-6/group) were injected i.p. with one of the following: yohimbine (5
mg/kg), FG-7142 (7.5 mg/kg), mCPP (5 mg/kg), caffeine (50 mg/kg), BOC-CCK4
(0.1 mg/kg), or saline vehicle. Two h after injection the rats were anaesthetised and
perfused transcardially with 4% paraformaldehyde. Brain sections were processed for
the localisation and quantification of Fos-like immunoreactive cells. In comparison to
context-habituated, saline treated rats, Fos expression was commonly enhanced by all
anxiogenic drugs in the central nucleus of the AMY, the rostral dorsolateral PAG and
caudal ventrolateral PAG, while no effect was observed in die caudal dorsolateral
PAG. In the LC and the lateral parabrachial nucleus (LPBN), every drug
investigated induced moderate to marked Fos expression, while in the caudal DRN
and HPC layers, enhanced Fos expression was not consistent throughout all
treatments. Die results show that diverse anxiogenic drugs commonly induce Fos
expression in specific subregions of the AMY, PAG and LC, indicating that
activation of these areas (and possibly the LPBN) may be important for the
anxiogenic effects of the drugs tested.

Supported in part by funds from the Ontario Mental Health Foundation
and the University ofMaryland Research Initiative Fund.
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EFFECTS OF ESTROGEN ON FEAR-RELATED ASSAYS IN FEMALE MICE.
M, A, Morgan* and D. W. Pfaff. Laboratory of Neurobiology and Behavior, The
Rockefeller University, New York, NY 10021.
Several sources have shown that changes in estrogen (E) levels can affect mood,
anxiety, and irritability in humans. In rodents, Ovx animals given E have shown
both enhanced and reduced 2-way avoidance behavior relative to Ovx animals
without replacement, and no change in a t-maze shock avoidance task. Thus, while
E has been implicated in fear, the results are mixed. Further, E’s role in fear has not
been looked at systematically in rodents across a set of experimental paradigms.
The present study examines the effect of 3 levels of estradiol benzoate (EB; n = 17,
17, 16) and oil vehicle (Veh; n=15) in Ovx mice on a set of behavioral paradigms
with a range of unlearned fear levels (open field (OF), dark-light transition (DLT),
elevated plus maze(EP)), and on tone-shock conditioned fear learning (FCon). All
testing occurred during the dark phase of the light cycle (at least 2 hours after lights
off), with OF and EP conducted under red light, DLT and FCon under white light,
and with paradigms separated by at least 24 hrs. On DLT, Veh animals were more
active in the dark than EB treated animals (P< .01) and made a greater number of
transitions between the dark and light compartments (P< .01). The Veh group also
entered a greater number of arms in EP, though primarily closed arms (P<.05). On
the first OF exposure, Veh animals spent more time in the center of the field than
EB treated animals (P< .01), and this effect was not present during the second OF
exposure. During FCon (to date, Veh n = 10, EB n’s = 10-12), EB animals froze
more than Veh during the CS component of the task (P < .01). Finally, on several
tasks, EB animals produced more fecal boluses than Veh. In sum, it appears that in
Ovx mice EB may heighten certain fear components in a range of fear-sensitive
tasks. This work funded by NIH grants HD05751 and MH15125.

ASSOCIATIVE RESPONSE CHARACTERISTICS OF DORSAL LATERAL
GENICULATE NUCLEUS (dLGN) NEURONS DURING ACOUSTIC PAVLOVIAN
FEAR CONDITIONING. M.E, Cain*. B.S. Kapp, and C.B. Puryear.
Department of Psychology, University of Vermont, Burlington, VT 05405.
Anxiety and its disorders are accompanied by CNS hyperarousal
(Barlow, 1988) of which one manifestation is increased EEG low voltage
fast activity (LVFA; Lindsey, 1951). LVFA is accompanied by an increased
firing rate and sensitivity of neocortical and thalamocortical sensory
neurons to afferent input, a cellular correlate of arousal. This research
was designed to develop an animal model to investigate the brain circuits
that contribute to anxiety-induced arousal at the cellular level of the
sensory thalamus. It sought to determine the extent to which Pavlovian
conditioned, fear-arousing acoustic stimuli enhance the firing rate of
thalamocortical dLGN neurons in the awake rabbit.
New Zealand rabbits were surgically prepared for recording heart rate,
neocortical EEG, and single units from the dLGN. They were administered
a Pavlovian discriminative fear conditioning procedure in a darkened,
sound-attenuating chamber during which a tone of one frequency (CS+)
was always followed by a mildly aversive unconditioned stimulus (US)
while a tone of a differing frequency (CS-) was not. Following reliable
discrimination, as reflected in greater bradycardia during CS+ vs. CStrials, dLGN neurons were isolated and random CS+ ana CS- trials were
presented. Of the fifteen neurons recorded during these trials, nine
demonstrated significantly greater activity during CS+ vs. CS- trials. The
median onset latency was significantly shorter for CS+ trials (101-200 ms)
than for CS- trials (401-500 ms). As is typical for dLGN neurons, the
spontaneous activity of these nine neurons recorded during trial-free
periods demonstrated a tonic activity pattern with increased firing during
LVFA. A burst activity pattern with decreased firing was observed during
EEG high amplitude slow wave activity (1-4 Hz) indicative of low arousal.
The results demonstrate that dLGN neurons show associative
responses to fear-arousing, conditioned acoustic stimuli and present a
model to investigate the neural circuits by which such stimuii affect
sensory processing at the thalamic level. Supported by NSF IBN 9319699.

350.15
FOS-LIKE IMMUNOREACTIVITY IN THE PERIAQUEDUCTAL
GRAY OF RATS EXPOSED TO A NATURAL PREDATOR.N S

Canteras*andM.Goto. Dept. of Physiol. & Biophys., Inst. Biomed. Sci., Univ.
of Sao Paulo, SP, 05508-900, Brazil.
In the present study we examined, in rats exposed to a predator (cat), the
distribution of neurons expressing Fos along the continuum formed by the
central gray surrounding the caudal pole of the third ventricle and the
periaqueductal gray (PAG).
After the predatory encounter, adistinct cluster of Fos-immunoreactive cells
was observed in the precommissural nucleus. In the rostral two-thirds of the
PAG, Fos expression was mostly seen in the dorsomedial and dorsolateral
regions. In contrast, at caudal levels of the PAG, most of the Fos-labeled
neurons were distributed in the lateral and ventrolateral PAG.
Thus, exposure to a natural predator induces defensive reaction associated
with a striking activation of the “dorsal” PAG (dorsomedial, dorsolateral and
lateral regions), along with, a significant increase in Fos immunoreactivity in
the ventrolateral PAG. Whereas the former is supposedly involved in
mediating the “circa strike” defensive mode, the latter appears to be criticalfor
the expression of freezing, which characterizes the “post-encounter”
defensive mode. Notably, in contrast to what has been found after eliciting
fear by physically aversive foot shock, in the present study, after the
predatory encounter, we have found a prominent activation of the rostral part
of the dorsolateral PAG, which is seem inly involved in integrating visual
threatening stimuli and forebrain limbic information related to the predatory
risky situation, and is likely to be a critical site for eliciting innate defensive
responses when a predator is nearby.
(Supported by FAPESP grant 92/05096-8)
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CORRECTIVE EFFECTS OF TIANEPTINE AND MELATONIN OR A
MELATONIN AGONIST ON THE FORCED SWIMMING TEST IN
PRENATALLY-STRESSED RATS, AN ANIMAL MODEL
OF HUMAN
DEPRESSION. S, Maccari*. M.C. Rettori M. Koehl. L. Weibel and O. Van Reeth.
LNC, Bat. SN4.1, University Lille I, 59655 Villeneuve d’Ascq, France, I.R.I.S., 6
Place des Pleiades, 92415 Courbevoie cedex, France and C.E.R.B, ERASME
Hospital, U.L.B., 808 Route de Lennik, 1070 Brussels, Belgium.
Stressors occurring during pregnancy can induce altered behavioral traits and
altered biological responses to stress in adult offspring. Recent observations indicate
that prenatally-stressed (PNS) rats have sleep and circadian rhythms abnormalities
that parallel those found in human depression. Taken together, those results suggest
that prenatally-stressed rats may be an animal model for depression. However, to our
knowledge, no study has been carried out to determine whether those PNS rats are
responsive to antidepressants. In a first experiment, we compared behavioral scores
between controls and PNS rats in the forced-swimming test (Porsolt’s test). In a
second experiment, we tested the effects of chronic treatment (once daily in the
morning for 21 days) with tianeptine (10 mg/kg i.p.), an antidepressant that enhances
serotonin re-uptake, on the Porsolt’s test. Results indicated that prenatal stress
increased immobility and decreased swimming in the forced-swimming test. Chronic
tianeptine treatment reversed immobility behavior in the Porsolt’s test of PNS rats.
Given that prenatal stress also alters circadian rhythms, we have tested the effects of
chronic treatment (once daily in the evening for 21 days) with melatonin (1 mg/kg
i.p.) and two doses of a new melatonin agonist (1 or 10 mg/kg i.p. of S23478), on the
Porsolt’s test. Again, chronic melatonin and 10 mg/kg S23478 reversed immobility
behavior in PNS rats. Abnormal behavioral response of PNS rats in the Porsolt’s test
and its correction by tianeptine reinforces the validity of prenatal stress as an animal
model of depression. Those data also show the antidepressant-like effects of
melatonin and the melatonin agonist S23478.
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EFFECT OF BEHAVIORAL LATERALIZATION AND SEX ON
ANXIETY IN MICE. O, Mrabe^A. Telhiq, Z Essaleh. S, LiegetM. K, Choulli
and P. J. Neveu. AUnite de Pharmacologie et Essais Biologiques, Departement de
Biologie, Faculte Des Sciences, Universite Ibn Tofail, Kenitra. Maroc.
£ Laboratoire de Neurobiologie Integrative, INSERM U 394, Institut Francois
Magendie, rue Camille Saint-Saens, 33077 Bordeaux, France. (SPON: SONA)

In mice, lateralization, as assessed by paw preference, is a stable
behavioral trait that is associated with an individual pattern of reactivity’
in physiological systems including the immune and the neuroendocrine
systems.
Exploratory7 behaviors related to anxiety were studied in male and female
C3H mice previously selected for their paw preference. In the elevated
plus maze, males, but not females, showed differences in the percentage
of entries in the open arms depending on their lateralization. In the hole
board, the ratio: central square crossing / total squares crossing is higher
in left-handed than right-handed male mice. In the open field, only femele
mice showed different scores depending of their lateralization. The time
spent in the central squares is lower for laterahzed mice (left and right)
versus ambidextrous. No significant differences between the laterahzed
mice of either male or female were observed in the dark/light box.
These results suggested that exploratory behaviors linked to anxiety
depend on lateralization and sex. However, the present results do not
allow to associate a pattern of behavioral reactivity7 specific for left- or
right-pawed mice.
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Continous Monitoring of Rat Sexual and Aggressive behavior in the Visible
Burrow System. R. J. Blanchard*. L. Dulloog, Y.Hacknev. C. M, Han. O.
Nishimura, R. Sakai, M.A.Hebert and D.C. Blanchard . Bekesy Laboratory
of Neurobiology, University of Hawaii, Honolulu, HI 96822
The Visible Burrow system (VBS ) is a seminatural habitat with constantly
darkened tunnels and chambers opening to surface area which is on a 12:12
hr. light/dark cycle. Mixed sex rat groups in the VBS form dominance hierarchies that are manifested socially and in weight loss, wound number and
location, time on the surface, and a number of neural and physiological changes. Continuous monitoring of sexual and aggressive behavior of 8, 3M/2F
colonies for 5 days showed that: 1) most attacks were nocturnal; 2) dominant
males (D) initially made many attacks on subordinates (S) decreasing over days,
while D attacks on females (F) increased over days; 3) S-S, S-F, and F-F fights
were rare, and the latter resembled play fighting in form; 4) overall D attacks on
F were more frequent than D attacks on S, but S received more wounds than F;
5) D-F fights occurred when D attempted to mount F, and F defenses served to
preclude mounting; 6) S showed a pattern of“tunnel guarding”- standing inside
a tunnel, facing the surface area; 7) D would attempt to enter tunnels but stop
on contact with the S’s vibrissae; 8) D also showed lateral attack from the surface, toward tunnel entrances guarded by S. These data describe attack/defense
changes and persistency with experience, detailing interactions of innate factors
and learning in agonistic behavior.
Supported by NSF IBN97-28543

IS A LITTLE OXYTOCIN AS GOOD AS SEX? L, Normansell*, J, McCrory
& D.J. Costanzo. Program in Neuroscience, Muskingum College, New
Concord, OH 43762.
Following a sexual encounter, male rats show increased aggression towards
other males. Such behavior may reflect a heightened propensity for mate
guarding and might serve as an animal model for the neurobehavioral study of
jealousy. Further, many studies have implicated oxytocin (OXY) in the
modulation of social affect by mediating the formation and maintenance of
social bonds. In this experiment, we tested the extent to which OXY might be
involved in the sex-related enhancement of aggression by determining if
administration of OXY, in lieu of sex, was capable of eliciting later aggression.
Male Long-Evans hooded rats were given either 60 min access to a female
made receptive by estrogen/progesterone priming, 60 min access to a nonreceptive juvenile female, or a subcutaneous injection of ,25ug/kg OXY. The
next day half of each group were exposed to the odor of estrous females, by
placing a cup containing soiled bedding into their home cage for one hour,
while the other half were exposed to a cup of clean bedding material. On the
third day aggressive behavior was observed using the resident-intruder
paradigm. A novel male was placed into each resident’s homecage for a 15
min period and the number of aggressive acts directed toward the intruder was
recorded.
Those animals who were allowed sex experience showed increased aggression
compared to both the control and OXY-injected animals. Remarkably,
exposure to the odor of females in the intervening day completely suppressed
this sex-induced increase. These results suggest that a simple surge of
peripheral OXY does not elicit the same behavioral effect as does a sexual
encounter. The extent to which OXY might contribute to the effect in other
ways remains to be determined.

351.5
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LATERAL TEGMENTAL LESIONS ELIMINATE MATING IN MALE RATS
BUT DO NOT AFFECT PENILE ERECTION TO REMOTE CUES FROM
RECEPTIVE FEMALES, von Esenwein, S.A* D.A. Edwards. Department of
Psychology, Emory University; Atlanta, GA 30322.
Bilateral electrolytic or excitotoxin lesions of a region of the lateral tegmentum
that include the caudal part of the zona incerta, the subparafasicular nucleus of the
thalamus, and a portion of the central tegmental field eliminate mating in male rats.
Although lesioned males do not mate they are still interested in estrous females,
frequently investigating their anogenital region and sometimes mounting without
showing the pelvic thrusting typical of a copulatory mount. Thus, lesioned males
may be sexually aroused even though they do not copulate.
If male rats are paired with a receptive, soliciting female rat in setting that prevents
physical contact but permits auditory, visual and olfactory contact, some will have
erections of the penis — noncontact erection (NCE) -- usually accompanied by penile
grooming. Penile erection is the cardinal sign of sexual arousal, and NCEs provide a
measure of sexual excitability that does not depend on copulatory competence.
Some sexually experienced Long-Evans strain male rats received bilateral
electrolytic lesions of the lateral tegmentum; sham-operated and unoperated males
served as controls. Beginning 3-4 weeks after surgery, males were given three 30minute tests for NCE, each one followed by a 15-minute test for copulation.
Lesioned males never mated to ejaculation, and most never mounted a receptive
female. Mean frequency of NCE for lesioned males ranged from 4-8/test, and the
difference between lesioned and control males was not significant. Clearly,
tegmentally lesioned males retain normal capacity for sexual arousal to receptive
females. Thus, their failure to copulate does not result from either a deficit in sexual
arousability or an inability to classify a receptive female as a sexual stimulus, but
more likely reflects an inability to properly link sexual arousal and the stereotyped
movements of copulation. Supported by NSF research grant IBN-9421208,

A FURTHER CHARACTERIZATION OF DIFFERENCES IN THE
PLAY BEHAVIOR OF FISCHER-344, LEWIS AND SPRAGUEDAWLEY RATS. S.M. Siviy*, H. Ruegg, B. DeCicco, L. Hackler, N.

Love & C. Szewczyk. Department of Psychology, Gettysburg College,
Gettysburg, PA 17325.
Previous research from this laboratory has shown that juvenile Fischer344 rats appear to be much less playful than other rat strains. To further
characterize these strain differences in play, a detailed behavioral
assessment was made of play behavior in Fischer rats and compared to
that of Sprague-Dawiey (SD) and Lewis rats. Play bouts after an acute
period of isolation were videotaped and examined for playful nape
attacks and playful defense of the nape. Fischer rats exhibited the fewest
nape attacks, while Lewis rats had the most and SD rats were
intermediate. SD and Lewis rats did not differ in defensive style, while
Fischer rats were less likely to rotate completely to a supine position.
The D2/5HT2 antagonist risperidone has been reported to alleviate some
of the social impairments observed in autism and since the play deficits
observed in Fischer rats may mimic those seen in autistic disorders, the
effects of this compound were assessed in Fischer and Lewis rats. The
highest dose of risperidone tested (0.3 mg/kg) reduced all measures of
play in both Fischer and Lewis rats, while lower doses had no effect on
play in either strain.. While the pharmacological work is still
preliminary, these data suggest that a comparative study of play in
Fischer and Lewis rats may yield interesting insights into the
neurobiological mechanisms of mammalian playfulness. (Supported by

Gettysburg College Research & Professional Development Grant)

351.7

351.8

C-FOS ACTIVATION DURING ROUGH AND TUMBLE PLAY. N.

NOVELTY REWARD: ALTERNATIVE ACCOUNTS AND NECESSITY OF NOVELTY.
H.C. Jensen, S. Eurek, K.S. Pickett and R.A. Bevins*. Dept. ofPsychology, Univ. ofNebraskaLincoln; Lincoln, NE 68588-0308.
Like food and abused drugs, novel stimuli have an appetitive (rewarding) quality under the
appropriate conditions. Rats that receive a distinct environment repeatedly paired with access to
novel objects show an increase in preference for that environment relative to an unpaired
environment. The first set of experiments assessed two non-conditioning accounts ofthe increase
in preference for the novelty-paired environment. One account argues that interacting with the
objects interferes with processes required for environmental familiarization. According to this
“interference account ’ die increased preference reflects rats’ tendency to spend more time in a
novel than a familiar (one not paired with object) environment. Yoked controls received, on
average, 415 sec in one environment (no object) and 600 sec in a different environment per
exposure. The 415-sec reflects 600 sec minus the time a comparison group spent interacting with
the object on a given trial. The yoked control showed no systematic shift in environmental
preference; this outcome does not support an interference account. The 2nd account argues that the
lack ofthe object on the test day restored the novelty ofthe paired environment because that
environment is typically experienced with an object. This “restored account” predicts that rats will
treat a truly novel environment similar to an environment from which an object has been removed.
We found no evidence for this assumption. Rats that had a choice between a novel environment or
a familiar environment with an object spent equal time in each environment. In contrast, rats that
had a similar choice, except the “novel environment” was created by removing the object, spent
significantly less time in the “restored novel environment.”
The last experiment assessed whether decreasing object novelty would weaken its appetitive'
effects. To do so, rats received an object for 1 h before each conditioning trial. Rats then received
the same object during conditioning (familiar) or a different object (novel). Rats in the familiar
group spent significantly less time in the paired environment (p=.O38) indicating that novelty was
an important quality ofthe objects for conditioning an increase in environmental preference.
Supported by MH57240 and UNL Research Council

Gordon1, S. Kollack-Walker \ J. Panksepp1, H. Akil 2,V. Bingman1*.
2Mental Health Research Institute, University of Michigan; 'Dept. of
Psychology, Bowling Green State University; Bowling Green, OH 43403.,
Rough and tumble (R&T) play, like aggression and sex, is an intrinsic
behavioral function in most mammals. Unlike sex and aggression, however,
play has not been well characterized in terms of neuronal circuitry. Recent
studies have focused on the c-fos activation of rodents engaged in aggressive
encounters (Kollack-Walker, 1997), and defeat patterns are evident in
dominant and subordinate animals. This project employed in situ
hybridization to explore the differences and similarities of c-fos mRNA
activation in rats that engaged in R&T play, contrasted to those that had a
history of R&T play and those that were simply handled.
On behavioral tests, animals exhibited a normal pattern of play. Likewise,
Glucocorticoid secretion was normal across all groups of animals. The
activation of c-fos revealed significant differences for animals that played for
a half-hour and those that did not. The inferior, but not the superior,
colliculus, was differentially activated in R&T play rats suggesting that there
is a vocal component to play. Both the dorsal and ventral striatum, in
playing rats, showed more c-fos mRNA activation than in the control
animals. This is likely due to the barrage of incoming sensorimotor
information during play. When lesioned, the VMH decreases play initiation.
C-fos mRNA was greater in the VMH of play animals than in controls,
perhaps demonstrating motivational factors. Similarly, increased activation
in the dorsal PAG may indicate that this area is integrating yet unspecified
aspects of R&T play. It is not likely that these are aggressive defense aspects,
because all groups of animals showed comparable levels of c-fos activation
in the amygdaloid nuclei. These results provide preliminary evidence
concerning the neural underpinnings of R&T play behavior.
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MID-LATENCY EVOKED POTENTIALS IN SELF-REPORTED IMPULSIVE
AGGRESSION. R. J. Houston and M. S. Stanford*. Dept. of Psychology, Univ. of
New Orleans; New Orleans, LA 70148.
Impulsive aggression is defined as a "hair-trigger" aggressive response to
provocation with loss of behavioral control. This loss of control is not secondary to
any medical or psychiatric disorder and, by virtue of the spontaneity of the act, is not
planned. Subjects who met the following four criteria were classified as impulsive
aggressive (IA): 1) Over the past six months, the subject identified episodes where
he/she became angry and enraged with other people in a way that was excessive or
inappropriate to the situation; 2) At least two impulsive aggressive episodes
occurred during the previous month; 3) During at least one of these episodes, the
subject physically attacked another person and/or destroyed objects; and 4) The
subject scored an eight or greater on the Irritability subscale of the Buss-Durkee
Hostility Inventory. Nonaggressive controls (NC) were matched to IA subjects for
age and sex. Psycnophysiological measures were taken in the morning to control for
diurnal variations in scalp electrical patterns. Fifteen scalp electrodes were used and
positioned according to the international 10-20 system. The evoking stimuli were 3
intensities (low, medium, high) of photic stimulation presented in 150 trial blocks.
Amplitude and latency for the mid-latency evoked potentials Pl, Nl and P2 were
obtained at each electrode site across intensities. IA subjects showed significantly
shorter latencies for Pl and Nl at all stimulation intensities compared to NC. A
significantly higher frequency of IA subjects were found to augment the P1N1
component compared to NC. Shorter Pl and Nl latencies suggest that the IA
subjects are attending more quickly to the presented stimuli. Further, a higher
frequency of augmenters in the IA group is consistent with sensation-seeking and
low arousal. Taken together these results support the theory that IA subjects have
low levels of physiological arousal at rest and as a result are continually seeking
stimulation in an attempt to increase their arousal level.

PERIADOLESCENT OLFACTORY
LEARNING:
SUCROSEINDUCED ODOR PREFERENCE. E. Guion*, and C.L. Kirstein

Departments of Psychology, Pharmacology and Therapeutics and The
Neuroscience Program, University of South Florida, Tampa FL, 33620.
Environmental cues that are predictive of rewarding stimuli induce
behavioral preferences for those cues in adult animals. The present study
examined whether the natural reinforcer sucrose could induce an odor
preference for a peppermint odor in postnatal day 25 (PND 25) rats.
Water deprived rats were trained for 15 mins per day on PND 22-24. The
rats were habituated to the training environment followed by free access to
either a sucrose solution (5%, 20%, 30% or 40%) or water. Rats in the
paired condition were exposed to the odor during free access only, while
rats in the unpaired condition were exposed to the odor immediately
following sucrose access. On PND 25, behavioral odor preference was
measured as time spent on the odor side of an open field testing chamber.
Pups in the paired condition spent significantly more time over the
peppermint odor than unpaired controls. The pups in the 40% sucrose
condition spent significantly more time over the peppermint odor than
pups in the 5% or 20% conditions. There were no significant differences
between the unpaired pups at any sucrose concentration. Using this
paradigm, 40% sucrose concentration was found to be the most
reinforcing, as evidenced by behavioral preference, for periadolescent
animals. No sex differences were observed.
In addition we report
peppermint odor-induced increases in accumbal DA following pairing
with water in deprived pups. Accumbal DA was significantly increased
10-20 mins after odor exposure. Current studies are measuring the
effects of sucrose, a natural reinforcer, on dopamine activ ty in the
nucleus accumbens during periadolescence using the above paradigm.
Using this approach we will examine the development of responsiveness
of the mesoaccumbal DA reward pathway to natural reinforcers.

351.11

351.12

SINGLE-UNIT NEURONAL RESPONSES IN THE VTA
DURING CONSUMMATORY BEHAVIOR AND DURING
PRESENTATION OF AN AUDITORY DISTRACTOR. R.A.
Gallegos1*, J.R. Criado1, S.J, Henriksen1 and J.C. Horvitz^.
1 Dept. of Neuropharmacology, The Scripps Research Institute,
La Jolla, CA 92037 and 2Dept. of Psychology, Columbia
University, NY, NY 10027.

EFFECTS OF DOPAMINE ANTAGONISTS ON TWO MODELS OF
IMPULSIVE BEHAVIOR IN RATS. J.B. Richards*, T. Wade, T. Feola, Harriet de
Wit. West Virginia University, Department of Psychology & University of Chicago,
Department of Psychiatry., Chicago, IL.
Two fundamental behavioral processes that may underlie impulsive behavior are
delay discounting and behavioral inhibition. Delay discounting refers to decreases
in the subjective value of a reward when its prsentation is delayed. Impulsive
individuals discount the value of delayed rewards more rapidly, resulting in poor
control over behavior by delayed consequences. Behavioral inhibition refers to the
ability to stop or inhibit an ongoing or prepotent response. We have developed
testing procedures in rats that measure delay discounting and behavioral inhibition
in rats. These procedures are directly analogous to procedures used to measure these
fundamental behavioral processes in humans. On the delayed reward procedure, the
stimulant amphetamine (N=18; Sal, 0.25, 0.5, 1.0 mg/kg) increased preference for a
delayed reward. The mixed DI/ D2 type antagonist fluphenthixol (Sal, 25, 50, 100
|xg/kg) and the D2 type antagonist raclopride (Sal, 40, 80, 120 mg/kg) decreased
preference for the delayed reward, whereas the DI type antagonist SH-23390 (Sal,
5, 10, 20 pg/kg) did not affect preference. On the behavioral inhibition procedure
amphetamine (N=ll; Sal, 0.125, 0.25, 0.5, 1.0 pg/kg) increased the ability to stop
in rats with initially poor inhibition, but no effect in rats with initially good
inhibition . We are currently testing the effects of dopamine antagonists on
behavioral inhibition. These results to date indicate that on the delayed reward
procedure amphetamine decreases impulsive behavior and D2 dopamine antagonists
increase impulsive behavior. (Supported by DA 10588 and DA 09133)

The present study examined the responsiveness of non-DA
cells within the ventral tegmental area (VTA) during the
presentation of salient auditory stimuli. Adult male rats were
implanted with microwires in the VTA and trained to drink water
from a spout in a behavioral test chamber. Neuronal activity
was recorded simultaneously with licking responses in mildly
water-deprived rats. Several times during the drinking session,
animals were presented with a 4 sec 75 dB tone distractor.
Attention to the tone was demonstrated by pauses in licking
behavior, which habituated with repeated stimulus
presentations. Under this paradigm, we characterized neuronal
activity a) prior to licking behavior, b) during licking, c) during
presentation of tones to which the animal responded, and d)
during the presentation of tones that the animal ignored.
Supported by NIDA DA11653 to JCH and PHS AA06420 and
NIDA DA08301 to SJH.
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EFFECTS OF AMPHETAMINE ON THE RATE OF
ULTRASONIC CALLS IN ADULT RATS. A. Wintink and S.M.
Brudzynski*. Department of Psychology, Brock University, St.
Catharines, Ontario, L2S 3A1
Adult rats emit ultrasonic calls in a number of behavioural
contexts. Calls with high sound frequency (35-70 kHz) and short
duration (approx. 50 ms) are usually observed during social
contacts in appetitive situations. Comparable calls can also be
induced by a direct injection of L-glutamate into the anterior
hypothalamic-preoptic area (AHPOA). Since glutamate and
dopamine have been implicated in the reward system and initiation
of behavioural activity, the question arises, whether or not, changes
in the brain dopaminergic system will have an influence on the rate
of glutamate-induced ultrasonic calls. Low to high doses of systemic
amphetamine (1.5 - 2.5 mg/kg) were administered 10 min before
intra-AHPOA glutamate. Higher doses of amphetamine (2.0 - 2.5
mg/kg) significantly increased the number of emitted short calls,
reaching the rate higher than 100 calls/min, as compared with the
number of calls after saline vehicle injection (not more than 5-10
calls/min). Effects of intracerebral amphetamine, injected into the
AHPOA before glutamate, were also studied. Results indicate that
dopamine is implicated in the production of short ultrasonic calls
in rats. Supported by NSERC of Canada.

EVIDENCE THAT RAT ULTRASONIC CALLS CAN INDEX BOTH POSITIVE
AND NEGATIVE AFFECTIVE STATES. Jeff Burqdorf and Jaak Panksepp*
Dept. of Psychology, Bowling Green State University, Bowling green, OH, 43403.
It has long been apparent that rat ultrasonic vocalizations (USVs) around 20KHz may reflect various negative affective states. Our current studies highlight
that 50-kHz USVs may reflect positive affective states. Previous work has
indicated that these vocalizations are abundant during rough-and-tumble play,
social approach as well as when young rats are manually tickled. The 50-kHz call
conditions rapidly to stimuli and contexts in which animals have had such positive
social interactions. For instance, the 50-kHz USVs are ~200% higher in a
chamber in which animals have been tickled, than in a chamber in which they
have not. The present work provides converging evidence that these
vocalizations can also index other positive appetitive motivational processes.
We evaluated how USVs change as a function of free fixed-interval reward,
animals were administred 0.5 sec rewarding stimulation of the ventral tegmental
area every 20 secs. Only 50 kHz-USVs systematically increased during these
intervals. For instance, on day four, the average USVs during successive blocks
during the 20 sec interval were 1,5, 15 and 45 USVs/5 sec, suggesting these
USVs may index a rat's appetitive eagerness. Also, the 50-Hz USVs increased
by -400% when self stimulating animals were blocked from access to the reward
lever, but only 20-kHz USVs were elevated during extinction sessions. In related
studies, 50-kHz USVs were found to be elevated by 10% and 30% in
amphetamine and morphine place preference studies respectively. Conversely,
naloxone paired environments evoked 20-kHz USVs.
Taken together, these studies suggest that 50-kHz and 20-kHz USVs may be
used to monitor positive and negative affective states. We entertain the idea that
these vocalizations may be used as a self-report measure of affect in rats.
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SMALL BRAIN SIMULATION WITH HARDWARE
J, Takeuchi , H. Yamada. T. Kato. N. Aibe. G. Matsumoto and M. Ichikawa

Brainway Gr., Brain Science Institute of RIKEN, Wako 351-0198 Japan.
h ttp://brain way.riken.go.jp/
In order to understand the way of the brain to take recognition, control
motions and learn, we employ the study of creating brain-type (we termed
this as “brainway”) computer with close relationship to the studies of a real
brain. Our philosophy is to realize the strategy of the real brain as the
form of a general digital hardware. We are now trying to create the
brainway computer through the application of an engineering product,
which is an autonomous helicopter as small flying animal model. The
helicopter under development has five CCD cameras as its main sensory
system so that its flying situations including attitudes, velocities, and so
forth are determined by the visual inputs. The final goal of this study is to
put into practice the whole brain-like functions required in order to acquire
the motion control by itself in a small toy helicopter. We restricted the aim
of the helicopter is finding ways to hover in the windy circumstances from
its experiences stored in the memory in which the past events are suitably
generalized. The memory-based computer handles symbolic key created
from real input information. The forward- and the back-projection network
connect the real input/output space and the symbolic. This system predicts
the future events by comparing between past and present experienced
events in the symbolic space. For the demonstration of these ideas, the
software-simulated world was also built up in a conventional digital
computer. The helicopter on a test-bet can learn events definitely through
the virtual world. The brain implemented on a FPGA (xilinx XC4085XL)
can communicate with both virtual five eyes and the real five CCD eyes.

LEARNING AND MEMORY: PHYSIOLOGY—OTHER: CORTICAL
352.1

352.2

NEURAL RESPONSES IN THE FRONTAL CORTICAL, AND
HIPPOCAMPAL CIRCUITS DURING TIMING BEHAVIORS IN
FREELY MOVING RATS. J.Y. Chang*, L. Chen and P.J. Woodward. Dept.
of Physiology and Pharmacology, Wake Forest University, School of Medicine.
Winston-Salem, NC 27157
Frontal cortex (FC) and hippocampus (HIPP) have been implicated in the
timing behaviors. Lesions of these areas altered timing behaviors in different
experimental settings. Nucleus accumbens (NAc) receives inputs from both FC
and HIPP and is also involved in different cognitive functions. The present study
used chronic implanted stainless steel microwires to record neuron activity in
the FC, HIPP and NAc during a timing task. Male Sprague-Dawley rats
weighting from 350-370 grams were water deprived to 85% of their original
body weight. The experimental trial started with illumination of stimuli light. A
nosepoke turned off the light and signaled the availability of lever press for
water reward. Rats were required to press and hold a lever for 4 to 5 seconds to
obtain a drop of water. Lever press for less than 4 sec and longer than 5 sec
resulted in switching off the ceiling light and caused a 5 sec time out before the
next trial started. Neural responses in the mPFC, NAc and HIPP were recorded
simultaneously during the timing task. Varieties of neuronal responses were
detected in all the recording areas associated with initiation (before lever press),
timing (holding lever) and termination (lever release) phases. Neuronal
responses were found to be event-specific in which responses occurred only in
certain phases of timing behaviors. Some neurons exhibited performance-related
responses in which neural responses occurred specifically in either correct, early
(holding lever less than 4 sec), or later (holding lever more than 5 sec)
responses. This performance-related responses were detected not only during
timing phase when the information of passing time was processed but also in the
initiation phase before lever press. This preliminary result suggests that frontal
cortical and hippocampal circuits establish and maintain the timing performance
by coding events throughout the task. (Supported by NIDA-10370 to JYC)

RHINAL CORTICAL NEURONAL ACTIVITY IN RATS PERFORMING AN
OLFACTORY SECONDARY REINFORCEMENT TASK. G. Cousens* &
T, Otto. Program in Biopsychology and Behavioral Neuroscience,
Department of Psychology, Rutgers University, New Brunswick, NJ 08903.
In conjunction with the hippocampus, rhinal (perirhinal, postrhinal, and
entorhinal) cortical areas have been proposed to participate in the
representation of complex relations between stimuli (Beh, Brain Sci., 17,
449-72). Consistent with this notion, recent neuropsycholgogical evidence
suggests that the impairing effects of amygdala lesions in primates
performing a relational learning procedure involving visual discrimination
for auditory secondary reinforcement (J, Neurosci.. 7, 2285-92) was not
due to amygdala damage perse but may have been caused by unintended
damage to cortical areas adjacent to the amygdala, including perirhinal
cortex (J. Neurosci., 17(15), 6011-20). In order to investigate the potential
contribution of perirhinal cortex to secondary reinforcement, rats were
trained using an olfactory discrimination procedure conceptually similar to
the visual discrimination procedure noted above. Although extensive
training was required, subjects were able to accurately discriminate odors
based presentation of an auditory secondary reinforcer. Single unit and
local field potential activity have been recorded in a limited number of
subjects in order to test the prediction that rhinal cortical neuronal activity
could reflect transient cross-modal associations between discrete olfactory
cues and the auditory secondary reinforcer.
(Supported by NSF IBN9514562 and a NRSA Predoctoral Fellowship)

352.3

352.4

NEURAL CORRELATES OF OLFACTORY RECOGNITION MEMORY IN THE
RAT ORBITOFRONTAL CORTEX. SJ Ramus* and HB Eichenbaum. Department of
Psychology, Boston University, Boston, MA, 02215.
It has been proposed that declarative memories are ultimately stored through
interactions between the parahippocampal region (PHR) and the cortex which initially
processed the information. In rats performing a recognition memory task, the
continuous odor-guided nonmatch to sample task (cDNM), damage to the perirhinal
and entorhinal cortex (PRER) caused impaired performance at 30 sec delays (Otto and
Eichenbaum, 1992). Neurons in the PRER fire to most task events, including
nonmemory (trial initiation, cue sampling, reward), and memory correlates (sustained
odor-selective firing during the delay or firing differentially to match and nonmatch
odors; Young et al., 1997). Damage to the orbitoffontal cortex (OF; a high-order
olfactory association cortex, with connections both to unimodal olfactory areas and
with the PRER) causes an impairment on learning the cDNM task even at short delays
of 3 sec. We report here results from rats implanted with 4 stereotrode arrays in OF
(30pm wires) and recorded from during performance of the cDNM task. Preliminary
results indicate that, like neurons in PRER, most units in OF respond to one or more
task events, including trial initiation, cue sampling (including odor-selective firing) and
reward. Cells in OF also encode memory through sustained odor-selective firing during
the delay, or firing differentially to match and nonmatch odors. However, the responses
of units in OF appear more complex than those in PRER, often responding selectively
to several task events, or to the behavioral state of the animal (eg., firing during the
odor sampling period on trials when the rat was going to make an error of commission).
We further compared results across different levels of performance while the rat was
learning the cDNM task, and found that the proportion of cells with match/nonmatch
correlates increased significantly with increasing levels of performance (R’=.48,
p<.01). These findings are consistent with the idea that OF is a high order association
cortex which interacts extensively with the PHR to store declarative memories.
Supported by NIH grants MH11252 & MH52090.

CORTICAL PLASTICITY CONTINUES AFTER LEARNING: DYNAMIC
REPRESENTATIONS OF WELL-LEARNED ODORS IN ORBITOFRONTAL
CORTEX OF THE RAT. P. Alvarez*1, G. Schoenbaum2, and H. Eichenbaum1,
’Dept. of Psychology, Boston Univ., Boston MA 02215, and 2Dept. of Psychology,
Johns Hopkins University, Baltimore MD 21218
Learning-mediated neuronal plasticity in adult neocortex has now been shown in a
variety of paradigms in the visual, auditory, somatosensoiy, and recently in the
olfactory system. Evidence from anatomical, electrophysiological, and lesion studies
point to the orbitoffontal cortex as a higher order olfactory area. Neurons in this area
respond differentially to odors in an olfactory discrimination task. Moreover, the odor
responses of these cells change within a session as rats learn odor discrimination tasks
(Schoenbaum, Chiba, and Gallagher, 1999, J. Neurosci., 19:1876-84; Alvarez and
Eichenbaum, 1998, Soc. Neurosci. Abs.. 24:1424). In this study, we examined whether
the changes in odor responses were limited to situations in which the rats were still
learning the task, or whether plasticity continued after learning had taken place.
Rats were tested on two different versions of a go/no-go odor discrimination task.
In the first version, eight odors were presented, four of which were rewarded with water
while the other four were not rewarded. In a second version, two or four odors were
presented, one or two of which were not rewarded. The two tasks also differed in where
the water reward was delivered and how the rat needed to respond. We examined the
firing of cells in orbitofrontal cortex of the rat after the tasks were well-learned
(performance > 85% correct), and compared the firing rates across odors and across
successive blocks of trials within single testing sessions. In both versions of the odor
discrimination task, 10-15% of the neurons showed a significant interaction between
odor and blocks of trials. That is, these cells’ firing profile across odors changed over
the duration of the session, even though the animal consistently performed at the same
high level. While fewer cells show plastic changes after learning than during learning,
these results suggest that plasticity is not limited to the period during which the animals
initially learn the task. Thus, reorganization of neuronal ensembles encoding odors and
reward values continues even after learning has taken place. Support: NIMH, NIA.
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RAPID CHANGES IN FUNCTIONAL CONNECTIVITY IN OFC AND ABL
DURING DISCRIMINATION LEARNING AND REVERSAL. SchoenbaumT
G., Chiba, A.A., and Gallagher, M. Department of Psychology, Johns
Hopkins University, Baltimore, MD 21218.
Interconnections between orbitofrontal cortex (OFC) and basolateral
amygdala (ABL) may be critical for encoding and utilizing associative
information about the motivational significance of stimuli. In previous
research, we found that neurons in OFC and ABL fired selectively to cues
based on their associative significance during a go, no-go odor discrimination
task. Neurons in ABL developed selective activity during odor evaluation very
early in training. In contrast, such neurons in OFC rarely exhibited selective
activity during odor evaluation before the rats reached the go no-go criterion
for learning. Here we present an analysis of the correlated firing at baseline
in the cell pairs recorded in the prior study. Correlated firing was examined
on a 10 ms time scale within the intertrial interval of the discrimination task.
The effectiveness of these short latency interactions changed significantly as
the rats learned the discrimination and again when the response
contingencies of the odor cues were reversed; these patterns mirrored
findings in the selective neurons described above. Effectiveness increased
significantly in OFC during learning, and this increase was most pronounced
during the phase of training when the rats were performing accurately. In
ABL, the increase was most pronounced during the early stages of learning,
well before accurate performance had been established. This pattern
supports data from the single units indicating that changes in information
processing during sampling in ABL precede those in OFC in this task, putting
ABL in a position to support encoding in OFC. Supported by K08-AG0088201 to GS and RO1 MH53667 to MG.

SINGLE-TRIAL LATENCY VARIABILITY OF AUDITORY EVOKED
POTENTIALS DOES NOT DIFFER AS A FUNCTION OF
INTERSTIMULUS INTERVAL IN THE ALBINO RAT. M.P. Santa
Maria, M. Starick, C.M. Specht, M. Podkulski & D.W. Shucard*.
Departments ofNeurology and Psychology, SUNY @ Buffalo, School of
Medicine and Biomedical Sciences, 100 High St. (D-6) Buffalo, NY 14203.
Fast habituation (FH) is defined as a decrease in auditory evoked
potential (AEP) amplitude in response to the second of a pair of temporally
juxtaposed (e.g., Is, 5s) tones. The degree of FH may depend, in part, on
the subject’s ability to anticipate the stimulus sequence. An animal model
was developed in our laboratory in order to investigate more
comprehensively the anatomical and physiological basis of this
phenomenon seen in human subjects.
In the present investigation AEPs in response to 100 ms pure tone
stimuli (70dB SPL, Is and 5s interstimulus intervals (ISI), 10s interpair
interval) were obtained from 40 pairs of stimuli in chronically implanted,
unanesthetized, restrained male Sprague-Dawley rats. AEP latencies,
amplitudes, and single trial latency variabilities were obtained for each
component (Pl, Nl, P2, and N2). Single trial latency variability did not
differ between tones 1 and 2 nor between the Is and 5s ISI conditions; no
significant interaction between tone and ISI was observed. Findings also
showed that AEP single trial latency variability and baseline to peak AEP
amplitude were more likely to be related in the 5 s ISI condition than in the
1 s ISI condition, the condition in which FH was most prominent. These
results support earlier findings reported from our laboratory suggesting that
the decrease in amplitude during FH is not related to increased variability
in the time domain but rather to decreased neuronal output.
Supported in part by the Mark Diamond Research Fund (38-F-96) and the
SUNY Buffalo Dept. OfNeurology Research Fund.
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AMYGDALA LESIONS AND CINGULOTHALAMIC LEARNINGRELATED NEURONAL ACTIVITY DURING DISCRIMINATIVE
APPROACH AND AVOIDANCE LEARNING. D. M. Smith*, and M.
Gabriel. Dept. of Psych, and Beckman Inst., Univ. of Illinois, Urbana, 61801.
Large bilateral electrolytic amygdalar lesions block discriminative
avoidance learning and abolish training-induced neuronal activity (TIA) in the
limbic thalamic (AV and MD) nuclei and cingulate cortex (Poremba et al, 1997,
J. Neurosci., 17(13):5237-44). More recently, smaller lesions centered within
the central nucleus impaired avoidance learning but had no effect on approach
learning (Smith et al, 1998, Soc Neurosci Abst, 24(2): 1899). Here are reported
the effects of the smaller lesions on cingulothalamic neuronal TIA during
discriminative approach and avoidance learning. Rabbits with lesions first
received discriminative approach training wherein they learned to make oral
contact with a drinking spout in response to a reward predictive tone (CS+)
and to ignore a non-predictive tone (CS-). The rabbits then began alternating
sessions of the well-learned approach task with sessions of discriminative
avoidance training, wherein they learned to avoid a foot-shock by stepping in
an activity wheel after one tone (CS+) and to ignore a different tone (CS-). The
lesions did not affect the development of cingulothalamic TIA during approach
learning. However, in contrast to the 1997 study, preliminary results indicate
that rabbits with lesions did exhibit TIA in posterior cingulate cortex and in
the AV nucleus during avoidance training. MD thalamic activity was
attenuated in rabbits with lesions in the avoidance task but not in the approach
task These results suggested that focal amygdalar lesions sufficient to impair
avoidance learning do not disrupt TIA in all cingulothalamic regions. Thus,
amygdalar sites that promote TIA development may be different from those
that mediate behavioral learning. (Support: NIH: NS 36591, NIMH: MH
58259, NSF: DBI 98-70821)

EARLIEST CINGULATE CORTICAL LEARNING-RELATED NEURONAL
ACTIVITY. N. J. Pastorek, D. M. Smith, C. Taylor and M. Gabriel*. Dept. of
Psych, and Beckman Institute, Univ. of Illinois, Urbana, IL 61801.
This study continues an ongoing analysis of the cingulate cortical contribution
to discriminative avoidance learning, wherein rabbits avoid foot-shock by
stepping in a rotating wheel apparatus in response to a shock-predictive 500
ms tone (CS+) and they ignore a non-predictive tone (CS-). Multi-unit
neuronal activity combined over layers of the anterior cingulate cortex (area 24)
and in layer 5 of the posterior cingulate cortex (area 29c/d) in response to the
CS+ and CS- increased in amplitude and became discriminative (greater in
response to the CS+ than to the CS-) during the first session of training.
Neurons in other layers of area 29c/d did not discriminate until later stages of
behavioral acquisition (Gabriel, M., in Neurobioiogy of Cingulate Cortex and
Limbic Thalamus, 1993, Birkhauser, 478-523). Here new database applications
(Payne et al., Neurosci Abst, 376.4:944, 1995) enabled analysis of a large
archival neuronal data set to examine details of the earliest training-induced
cingulate cortical changes. Analyses of 82 area 24 and 63 area 29c/d multi-unit
records during the first session of conditioning demonstrated significant area 24
neuronal discrimination in layers 3 & 5 in all four 30-triaI blocks of the session
whereas first-session discrimination in layer 5 and combined layers 2/3 of area
29c/d was delayed until the second and succeeding 30-triaI blocks. As before
(op. cit., 1993), first-session discrimination did not develop in layer 4 of area
29c/d, however, the observed significant first-session discrimination in layers 2/3
was not found in the previous study. In sum, first-session learning-relevant
changes in area 24 preceded those in area 29c/d. The results provide essential
groundwork for modeling of synaptic interactions underlying cingulothalamic
sequential plasticity development during discriminative learning. (Support:
NIH NS36591, MH58259; NSF BIR-9504842; DBI 9870821).

352.9
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HIGH-RESOLUTION DIGITAL BRAIN ATLASES FOR BEHAVIORAL
NEUROSCIENCE. J. Payne*, J. Hanlon, J. Cantey, K, Mungnirun, A. Duvel, D.
Smith, K. Gimbel, M. Nelson and M. Gabriel. Beckman Institute, Univ. of Illinois,
Urbana, IL 61801.
As part of an ongoing project to enhance the storage, analysis and visualization
of time-series neuronal data (Payne et al., Neurosci Abst, 376.4:944, 1995;
http://soma.npa.uiuc.edu/isnpa/isnpa.html) a 3D high-resolution digital atlas of the
rabbit brain has been constructed. A total of 779, 40-micron coronal sections of
a rabbit brain were digitized, aligned and conditioned using Analyze, Photoshop
and custom techniques. Data sets were then transformed into 3D volumes and
made available to users through a Java-based graphical front-end. This "client"
is platform-independent and can be accessed through a web-browser. It allows
users to visualize arbitrary sections through the selected data set, to enter labels
for structures such as nuclei, layers of cortex, lesions or recording electrode
locations and to submit 3D queries. The front-end is supported by a customized
server, responsible for managing 3D data, computing sections for visualization and
communicating with a pre-existing relational database containing neuronal time
series and associated information. This design separates the complexities of
manipulating 3D volumes and locations from the task of storing and retrieving sets
of time-series data, and yet allows the user to perceive both as being fully
integrated. For example, a sample session might involve the selection of an
arbitrary 3D volume using the graphical front-end and a request to retrieve and
visualize ail time-series data sets contained in the region corresponding to given
criteria, such as matching a particular stimulus paradigm. Similar atlases for
electric fish and zebra finches, to which the user interface and server will be
readily extensible, are in production. (Support: NSF BIR-9504842, NSF DBI9870821).

AUDITORY CORTEX LESIONS IN RABBITS SPARE MEDIAL
GENICULATE TRAINING-INDUCED DISCRIMINATIVE NEURONAL
ACTIVITY BUT RETARD DEVELOPMENT OF CINGULATE CORTICAL
ACTIVITY AND AVOIDANCE BEHAVIOR. A. Duvel*, and M. Gabriel.
Beckman Institute, Univ. of Illinois, Urbana, IL 61801.
Previous work has shown that muscimol-induced inactivation of the amygdala
abolished the development of discriminative neuronal activity in the medial
geniculate (MG) nucleus of the thalamus during discriminative avoidance
learning, wherein rabbits learn to step in an activity wheel in response to a shockpredictive tone (CS+) and to ignore a second tone (CS-) never followed by shock
(Poremba, A., 1996, Unpublished doctoral thesis, University of Illinois at Urbana
Champaign). The absence of direct projections from amygdala to the MG raises
the question of the pathway whereby amygdala influences the MG nucleus. Here,
we tested the hypothesis that this influence is transmitted via the primary auditory
cortex. Electrolytic lesions in primary auditory cortex induced before training
significantly slowed discriminative avoidance learning (F=6.5, p<.001) but did not
affect the development of discriminative activity in the MG nucleus. The
development of neuronal discrimination was slowed in the anterior cingulate
cortex (F=2.36, p<.03) and the posterior cingulate cortex (F=3.11 p<.01). These
data indicate that the auditory cortex does not relay information from the
amygdala to induce discriminative activity in the MG nucleus, but plays an
important role in discriminative avoidance learning, by modulating cingulate
cortical training-induced activity. (Support: NIH: NS 36591, NIMH: MH 58259,
NSF: DBI 98-70821).
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TRIAL-SEQUENCE EFFECTS ON CINGULATE CORTICAL TRAININGINDUCED NEURONAL ACTIVITY DURING LEARNING IN RABBITS.
L. Burhans*, J.J. Cohen, N.J. Pastorek. C. Taylor, J, Cantev, and M, Gabriel
Dept. of Psych, and Beckman Institute; Univ. of Illinois, Urbana, IL 61801.
Past research has demonstrated that the sequence of trials preceding a target
trial in a discrimination task can influence stimulus evoked neuronal activity and
can, therefore, provide insight into the functional significance of the neuronal
processing taking place in specific brain areas (Deadwyler et al., Behav and
Neural Biol, 404:201-212, 1985). The current study investigated the effects of
sequences of 1, 2, or 3 CS+ and CS- trials preceding a target trial on the
neuronal activity in rabbit cingulate cortex during discriminative avoidance
learning, wherein rabbits avoid foot-shock by stepping in a rotating wheel
apparatus in response to a shock-predictive 500-ms tone (CS+) while ignoring
a non-predictive tone (CS-). Whereas data of past studies were averaged across
all trials of each training session, new database applications (Payne et al.,
Neurosci Abst, 376.4:944, 1995) now allow analysis of large amounts of data
with specific characteristics on a trial by trial basis. The analysis revealed that
the magnitude of discrimination between the CS+ and CS- on target trials
decreased after successive CS+ presentations in preceding trials and increased
after successive CS- presentations. These results suggest that as arousal
increases, attention is broadened and neurons in cingulate cortex fire to a
broader range of stimuli. These sequence-related changes in discrimination
magnitude were remarkably similar to the changes of the N, component of the
stimulus evoked potential in the rat dentate gyrus (op. cit., 1985), suggesting
a close functional link between processes occurring in cingulate cortex and
dentate gyrus. (Support: NIH NS36591, MH58259; NSF B1R-9504842, DBI
9870821).

NEURONS IN RHESUS MONKEY ANTERIOR CINGULATE CORTEX
SHOW RESPONSE SELECTIVITY TO TASK PROGRESS IN A
MULTIPLE-TRIAL SCHEDULES. M, Shidara* & B, J. Richmond,
Neuroscience Sect., Electrotechnical Lab., 1-1-4 Umezono, Tsukuba-shi,
Ibaraki 305-8568, Japan*, & Lab. of Neuropsychology, NIMH, Bethesda,
MD20892-4415, USA.
The anterior cingulate cortex is considered to be part of an anatomically
defined loop of structures including ventral striatum, ventral pallidum, and
mediodorsal thalamus that is important for generating behavior in response to
the motivationally or emotionally important stimuli. We reported that a large
proportion of neurons in the ventral striatum show selectivity to a cue signaling
the stages of progress through a multiple-trial reinforcement schedule (1998, J.
Neurosci). We are now asking how neurons in the anterior cingulate respond
during the same task.
In each trial the monkey is required to release its grip on a bar when a visual
target changes color (red to green). One, 2, or 3 correct trials must be completed
to obtain liquid reward. A bar of light, acting as a cue to the schedule, is located
above the target. The brightest cue indicates that a reward is forthcoming if the
current trial is completed successfully. The monkey’s reaction time to bar
release and error rate decrease as the cue brightness increases, showing that the
monkey is sensitive to the cue. In ventral striatum cue-related responses are
selective to the stage of the schedule. Early results show anterior cingulate
neurons having similar selectivity patterns. 7/10 neurons responded to the cue’s
appearance at specific schedule fractions. Four neurons responded near the
time of bar release, differentiating between rewarded and unrewarded trials.
Thus, neurons in the anterior cingulate have signals relating to progress through
predictable schedules that are similar to those seen previously in ventral
striatum. Support: AIST/MITI; IRP/NIMH.

352.13

352.14

TEMPORAL PLASTICITY IN THE HUMAN SOMATOSENSORY SYSTEM. KJ.
Jantzen1, D. Chcvnc1*, H.Weinberg1. ’Brain Behavior Lab, Simon Fraser University,
Canada.
Studies of learning induced cortical plasticity in humans have proven more difficult
than their animal counterparts. Current noninvasive measurement devices have
limited spatial resolution and are unable to measure small changes in cortical map
organization. Furthermore, it may take months of behavioural alteration to induce
map changes large enough to be detected by these devices and this time scale is not
consistent with the short time scale of behavioral learning. EEG does, however, have
sub millisecond time resolution and can easily detect changes in the temporal
response properties of the human cortex. In this study we investigated the temporal
dynamics of cortical plasticity and how it relates to behavioural learning.
Subjects were trained to discriminate between the frequencies of vibrating stimuli
presented to a single finger or trained digit (TD). Training sessions occurred daily for
5 consecutive days using stimuli within a restricted Training Frequency Range (IFR).
During a pre and post testing period discrimination ability was tested within the TFR
and outside of the TFR (nTFR) as well as with TD and with an untrained digit (UD)
defined as the analogous finger of the opposite hand. In this way both the
generalization and transfer of the learning effect could be determined. Sixty-four
channels of EEG were recorded during these testing sessions.
Both the behavioural and EEG results indicate that there was a significant effect
from training as well as complete transfer between hands but only partial
generalization to other frequencies. EEG data showed a reduction in the significance
of the temporal properties of the cortical response following training. The data
suggests that plasticity may be occurring at locations mere likely to have bilateral
connection that the primary sensory areas, and that there may be an initial
disorganization of cortical activity associated with behavioral learning.
This work has been funded by the Medical Research Council of Canada (#14033)
and the Human Frontier Sciences Program (RG92/97).

THE
TIME-DEPENDENT
MODULATION
OF
EFFECTIVE
CONNECTIVITY IN BRAIN REGIONS INVOLVED IN TONGUE
MOVEMENT. Y.-L. Qin3*. Y. Liu1’2, Y. Pu1. J.-H. Gao1, and P.T. Fox1

352.15

352.16

A NEW VIEW OF NEOCORTEX: CORRELATION RATIOS, PLASTICITY AND
SLEEP. P.Adams* Dept. of Neurobiology, SUNY Stony Brook, NY11794
Theoretical and simulation results suggests that a large, continuously learning,
incompletely connected network like neocortex undergoes an “error catastrophe” as a
result of synapse strengthening errors (or local random sprouting) unless learning is
restricted to an evolving subset of highly-correlated neurons. This means that
neocortex must contain a set of neurons that measure correlations and control
plasticity, rather than processing information. This may be the role of layer 6
pyramidal cells. As information flows from layer 0 (thalamus) to layers 4, 2/3 and 5,
copies of tlie input vector (e.g. tlie activity of layef 0) and the output vector (e.g. the
activity of layer 4) are sent to a subset of layer 6 cells (e.g. 6/4 cells), which compute
a subset of the 0/4 pairwise covariance matrix. This sparse matrix comprises (1) the
correlations between currently connected cells and (2) correlations between cells that
could become connected as a result of sprouts to nearest neighbors. If the layer-tolayer correlations between currently connected cells are greater than the correlations
between cells that could immediately become connected by an amount that depends
on the error rate (typically for spine synapses, greater than 1 in a million) and the
network size (typically in cortex, tens of millions of cells or more), the plasticity of
the connections can be safely enabled without risk of an error catastrophe. The result
is that currently useful specific connections are fringed by innocuous connections
which provide the seeds for future rapid learning. The activity of the appropriate layer
6 cells controls plasticity via the thalamus. For the thalamic projection to middle
layers, 6/4 cells control plasticity via tlie burst/tonic transition of “core” relay cells.
For intracortical feedforward projections, 6/3 and 6/5 cells enable plasticity by
facilitating firing of “matrix” relay cells, which generate apical tuft calcium spikes
which in turn facilitate backpropagation of spikes along apical dendrites. Thus
feedforward plasticity is controlled by both presynaptic and postsynaptic mechanisms.
Tlie connections of layer 6 cells underlying these operations have to be updated
offline by processes which resemble slow wave and paradoxical sleep, to keep pace
with adjustments to feedforward connections during daytime learning.

A SIMULATION OF SPROUTING DURING REWARD-BASED LEARNING.
K.J.A. Cox* and P.R.Adams. Dept. Neurobiology, SUNY Stony Brook NY 11794
Large brain networks like optic tectum, hippocampus or neocortex cannot be fully
connected because the volume of the required axons would be too large. The
connections could be a fixed subset of the possible connections (specified by genes
and arbor functions) but this would severely limit the problems the network could
solve. A better arrangement would be to make new connections by sprouting,
retaining only those that are useful. In our computer model a single presynaptic
neuron makes 800 unitary synapses on an array of N postsynaptic neurons by a
combination of global penalty/reward-based learning and sprouting. Sprouts occur
locally: whenever reward-based Hebbian strengthening causes addition of a synapse,
this synapse is assigned to the correlated connection with probability Q and to
neighbors with probability (1-Q). If all tlie synapses are initially made at the leftmost
neuron in the array, then, as synapses turn over, they tend to spread across the array. If
the leftmost neuron is designated as the desired target of all 800 synapses, then
synapses that drift away from the target tend to be eliminated by penalty signals,
keeping the connection near the desired strength.,However, if the penalty signals are
too weak, the synapses gradually diffuse away from the target, especially as N
increases. If another neuron (for example, tlie rightmost neuron) is the target, then the
drift away from tlie leftmost neuron is useful, since if a synapse eventually forms on
tlie target, it can rapidly grow as a result of global reward, until the new connection
attains nearly the required strength. However tlie successful maintenance of
appropriate new connections again requires that the sprouting rate (1-Q) not be too
high, especially in large networks. We conclude that learning in large networks must
be slow (since sprouting must be limited). If it is to be as fast as possible, the
sprouting rate must be carefully matched to the network size. Thus without special
precautions the size of networks like hippocampus and tectum is limited by the
occurrence of errors in synapse formatioh. Networks of almost unlimited size, like
cortex, must possess a special mechanism for ensuring that connection strengthening
only occurs between pairs of neurons that are highly correlated. Supported by NIH.
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’Research Imaging Center, department of Physiology, University of Texas Health
Science Center, San Antonio, TX 78284; 3New Jersey Neuroscience Institute,
J.F.K. Medical Center, Edison, NJ 08820.
Recent functional MRI (fMRI) studies have shown the task-dependent changes of
effective connectivity during sensory discriminations or during learning processes.
In the current study, we proposed that the enhancements (or declines) of the
effective connectivity are activity- or time-dependent, but not driven by activation
paradigms.
Six normal human subjects were scanned during a resting condition and a simple
tongue movement task. Although the task induced significant changes of the fMRI
signal in the Ml-mouth, SAM, Broca, and Wemike regions, the effective
connectivity (the normalized interregional covariance of fMRI signals) among
these regions was shown to have a distinct pattern for the resting condition or for
the tongue movement task. For example, a within-condition covariance analysis
demonstrate that while the effective connectivity between the SMA and Broca area
is significantly increased during the task, the connectivity between the Broca and
Wemike areas is significantly decreased as compared with those during the resting
condition. Furthermore, an ROI-based cross-correlation analysis shows that the
effective connectivities among these regions are gradually altered at each imaging
time during the task relative to a resting level of the effective connectivity. These
results indicate that the alteration of the effective connectivity is driven by the
changes of neural activity and is time-dependent. Therefore, the modulation of
effective connectivity during behavioral tasks as shown in the imaging data may be
used to assess the functional expression of intrinsic neural connections as defined
in anatomical studies. Supported by NIH/NIMH P20 DA52176.
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MODULATION OF THE HEART RATE OF FEAR-CONDITIONED
C57BL/6N MICE BY CRF.
O. Stiedl*, K. Birkenfeld, T. Liepold and J. Spiess. Department of Molecular
Neuroendocrinology, Max Planck Institute for Experimental Medicine,
Hermann-Rein-Str. 3, 37075 Goettingen, Germany
The effects of acute intracerebral injections of CRF and CRF-related
peptides on heart rate (HR) and HR variability of male C57BL/6N mice were
investigated after tone-dependent fear conditioning. One day after training,
injections were applied 15 min before the tone-dependent memory test either
into the lateral ventricle (i.c.v.) or intraperitoneally (i.p.). HR was measured
for 3 min before (pre-CS phase) and for 3 min during tone presentation (CS
phase) in the home cage of freely moving mice implanted with an ECG
transmitter.
In contrast to results obtained with rats, i.c.v. injection of oCRF dosedependently decreased the basal (pre-CS) HR and increased the HR
variability in mice. In addition, the tachycardia induced by tone presentation
(CS HR) was dose-dependently attenuated by oCRF. A similar effect was
induced by h/rCRF. Desamidated oCRF (oCRF-(OH)) had no effect on preCS and CS HR indicating a CRF receptor-mediated effect. Peripheral
inhibition of the sympathetic system by the 3-adrenergic antagonist sotalol
resulted in lowered basal HR that was further decreased by concomitant
oCRF-injection. Thus, our results indicate a central CRF-mediated
parasympathetic activation. In contrast, intraperitoneal injection of h/rCRF
but not oCRF significantly increased basal HR compared with saline-injected
mice, whereas CS HR did not differ significantly. These data suggest an
involvement of CRFR2 expressed in the heart.
Our results indicate different roles of central and peripheral CRF receptors
in the modulation of HR used as indicator of tone-dependent conditioned fear.
(Supported by the Max Planck Society)

RELATIONSHIP OF ANTINOCICEPTION AND CARDIOVASCULAR
RESPONSES DURING FEAR CONDITIONING: INACTIVATION OF THE
VENTRAL PERIAQUEDUCTAL GRAY AND ROSTRAL VENTROMEDIAL
MEDULLA. L. H. Kocorowski* & F. J. Helmstetter. Department of
Psychology, University of Wisconsin - Milwaukee, Milwaukee, WI 53201.
Prior work from our lab has shown that electrolytic lesions of the ventrolateral
periaqueductal gray (vPAG) or rostral ventromedial medulla (RVM) block the
change in pain sensitivity, but not the transient increase in arterial blood
pressure (ABP), seen when animals are exposed to an auditory signal for foot
shock (J.Neurosci. 14:7099). Since these lesions also damaged fibers passing
through these areas and since such chronic treatments can give rise to
compensatory adaptations in cardiovascular regulation, more acute and selective
disruption of cells in these target areas during conditional response (CR)
performance would be instructive. Temporary lesions were made with
muscimol prior to performance in a standard Pavlovian fear conditioning
paradigm. Rats were implanted with both a femoral ABP catheter and a
unilateral cannula aimed either at the vPAG, dorsal PAG or RVM. Animals
were trained with paired or unpaired white noise (72dB/30sec) and foot shock
(1mA/lsec). During testing, mean arterial pressure and tail flick latencies were
recorded to measure the cardiovascular and antinociceptive CRs elicited by the
auditory conditional stimulus. Muscimol, when injected into the vPAG (but not
the dPAG) attenuated both hypoalgesia and the pressor response. This effect
was shown to be reversible within twenty-four hours. Muscimol in the RVM
also attenuated the expression of both conditional responses. These findings,
together with our prior work showing that plasticity in the vPAG is critical for
learning the tone/shock relationship, support the idea that multiple fimctions
related to aversive response expression are subserved by these populations of
cells.
Supported by NIMH grant MH-50864 to FJH.
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TIME-DEPENDENT CHANGES IN AMPA RECEPTOR
IMMUNOREACTIVITY FOLLOWING FEAR CONDITIONING

FEAR CONDITIONING ALTERS HIPPOCAMPAL PROTEIN KINASE C AND
GAP-43. E. Young*1. T, Cesena1, M. Strzyzewski1, K, Meiri2, and N, I, PerroneBizzozero1. ’Dept. Neurosciences, University of New Mexico School of Medicine,
Albuquerque, NM 87131,2Dept. Pharmacol. SUNY-Syracuse, NY 13210.
Several forms of learning have been linked to activation of protein kinase C (PKC),
however, the precise downstream effects have not been characterized. In this study,
we investigated the involvement of GAP-43 and PKC in Sprague-Dawley rats
trained using a simple one-trial contextual fear conditioning task. Alterations in
hippocampal neurochemistry were assessed at varying times after training. Training
involved placing tlie rat into a novel chamber for 3 min prior to delivering a paired
presentation of tone and foot shock. Non-learning controls were utilized to control
for tlie stresses of receiving foot shock and tone and exposure to a novel
environment. PKC activity was measured in hippocampal homogenates. Western
blots were used to quantitate changes in total PKC levels and the distribution of
various isotypes. Western blots were also used to asses GAP-43 protein levels and
its phosphorylation state. PKC activity increased immediately following training and
remained elevated beyond 1.5 hrs post-training. Translocation of PKC-ato tlie
membrane was observed at the early time points. In contrast, PKC-P and -e showed
movement away from the membrane into the cytosol, while PKC-y showed no
significant translocation. GAP-43 phosphorylation showed a biphasic response to
fear conditioning. At early time points GAP-43 phosphorylation was significantly
decreased, then increased at later time points (1.5 to 72 hr). Total levels of GAP-43
were increased from 24 to 72 hr post-training. No changes in PKC or GAP-43 were
seen in the non-learning control animals. The data presented here suggests that both
hippocampal PKC and GAP-43 are involved in contextual learning and that either
the PKC-p or -e isoforms may be responsible for GAP-43 phosphorylation. This
work was supported by NIH AA 11336 (NPB) and GM 52576 (NPB, TC).

P.J, Bailey. S.K, Powell, K.J. Thompson. R.A. Swain and F.J. Helmstetter*
Dept. of Psychology, University of Wisconsin-Milwaukee, Milwaukee, WI
The AMPA (alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionate) receptor is
a predominant mediator of the effects of synaptically released glutamate and has been
implicated in the maintenance of synaptic plasticity. Previous studies involving
AMPA-selective ligands have resulted in a variety of outcomes related to learning.
Other studies have shown an increase in the number of [3H]-AMPA receptors
following inhibitory avoidance training in the rat and increases in the synthesis of
AMPA receptor subunits following the induction of long-term potentiation. The
present experiment was undertaken to immunohistochemically determine AMPA
receptor density in structures within the neural circuit for conditional fear following
acquisition or performance. Groups of rats were given three unsignalled shocks in a
novel observation chamber and were exposed to the training context 24h later.
Brains were removed after training or retention testing and the tissue was processed
with an antibody selective for the AMPA receptor. In both the CAI and CA3 regions
of the dorsal hippocampus AMPA receptor immunoreactivity was significantly
suppressed when measured several hours after training. Immunoreactivity gradually
returned to control levels over 48h. In the lateral nucleus of the amygdala, AMPA
receptor expression was suppressed following training and following re-exposure to
the context without shock. The present results provide additional evidence for the
involvement of AMPA receptors in the acquisition and performance of conditional
fear and point to a time-dependent and differential modification of the AMPA
receptor in the dorsal hippocampus and lateral amygdala following contextual fear
conditioning.

Supported by NIMH grant MH 50864 (FJH) and
UWM Graduate School Research Award (RAS)
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ACTIVATION OF MAP KINASE IN THE RAT LATERAL AND BASAL
AMYGDALA FOLLOWING PAVLOVIAN FEAR CONDITIONING. G.E. Schafe1*,
C-.M, Atkins2, M.W. Swank3, J.D, Sweatt2, & J.E. LeDoux1. 'Center for Neural
Science, New York University, New York, NY, 10003; 2Division of Neuroscience,
Baylor College of Medicine, Houston, TX 77030; and ’Department of Psychiatry,
Cornell University Medical Center, White Plains, NY, 10605.
Recent studies have demonstrated that mitogen-activated protein kinase (MAPK) is
activated in the hippocampus following fear conditioning and that administration of
inhibitors of the MAPK signaling pathway interferes with memory consolidation for
contextual and auditory fear. Since the lateral and basal nuclei of amygdala (LBA) are
thought to be primary sites of plasticity underlying fear conditioning, the present
series of studies utilized western blot and immunocytochemical methods to evaluate
the expression of phosphorylated MAPK (pMAPK) in these regions following fear
acquisition. Rats received 5 pairings of a tone (20 sec; 75 dB) and footshock (0.5 sec;
1.0 mA) and were sacrificed at either 15, 30 or 60 min after training. Using an antipMAPK antibody directed against ERK 1/2, we observed a significant increase in
phosphorylated p42 and p44 MAPK at 60 min in the LBA of trained animals relative
to non-stimulated controls (p42:179±23% of control, n=10, p<0.05; p44:146±20% of
control, n=10, p<0.001). There were no detectable increases in pMAPK at 15 min
(p42:103±16%, n=10; p44:129±9%, n=10) or 30 min after training (p42: 118±9%,
n=10; p44: 108±10%, n=10). Total MAPK amounts did not significantly change 60
min after training (p42:115±14%, n=9; p44:110±ll%, n=9). A similar pattern of
results was observed with immunocytochemistry, where a two-fold increase in
pMAPK-labeled cells was observed throughout the LBA at 60 min relative to controls
and other time points. These results demonstrate that MAPK is activated in the LBA
following Pavlovian fear conditioning and suggest that the MAPK signaling pathway
is involved in the encoding of emotional memories in this region. NIMH MH 11902

EXCITATORY AND INHIBITORY LTP AT THALAMIC INPUT SYNAPSES
TO THE LATERAL AMYGDALA. E.P. Bauer.* M.G. Weisskopf and J.E.
LeDoux. Center for Neural Science, NYU, NY, NY, 10003.
Auditory fear conditioning depends on the transmission of auditory inputs to the
lateral nucleus of the amygdala (LA) from the thalamus and cortex. A possible
mechanism for the learning of fear behavior involves long-term potentiation (LTP)
at these input synapses. Both excitatory (Chapman et al., 1990; Huang and
Kandel, 1998) and inhibitory (Mahanty and Sah, 1998) LTP, induced with
different stimulation patterns, have been reported at cortical input synapses to LA
in vitro. At thalamic input synapses to LA in vitro, excitatory LTP has been
shown, but inhibitory LTP has not been explored. However, there is evidence for
inhibitory LTP in vivo (Li et al., 1998). We used an in vitro amygdala slice
preparation to examine whether thalamic inputs to the amygdala exhibit inhibitory
LTP, as has been shown for cortical inputs. These studies examined the IPSP
component of the synaptic response recorded in principal cells of the LA. We
found that inhibitory LTP could be induced at thalamic input synapses with 30 Hz
stimulation (100 stimuli, given twice). This LTP was insensitive to D-APV
(25 pM) and Nifedipine (30pM), suggesting that the inhibitory LTP seen here may
be similar to that reported at cortical inputs to LA. The effect of this pattern of
stimulation on the EPSP component of the synaptic response was inconsisteht and
will require voltage-clamp experiments to clearly assess the relationship between
excitatory and inhibitory LTP. Higher frequency stimulation (100 Hz) of these
inputs also ihduced inhibitory LTP, and can also induce LTP of excitatory inputs
onto principal cells. This suggests that long-term changes in amygdala processing
of incoming signals may be an intricate function of excitatory and inhibitory LTP
that depends on the pattern of incoming signals. Supported by an NSF Graduate
Fellowship and NIH grants: MH46516, MH38774, MH00956 and F32 NS 10222.

(G.E.S); NIMH 57014 (J.D.S); MH18390 (M.W.S) & MH38774, MH46516 (J.E.L.).
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THE NMDA RECEPTOR COMPENSATES FOR DENDRITIC ATTENUATION
IN A BIOPHYSICAL MODEL OF A LATERAL AMYGDALA NEURON. H.T.
Blair, M.G. Weisskopf*. and J.E. LeDoux. Center for Neural Science, New York
University, New York, NY 10003.
The lateral amygdala (LA) contains a high density of NMDA receptors. Recent
evidence suggests that these may play a significant role in excitatory transmission at
LA synapses (Li et al., Learning and Memory, 3, 1996). This is somewhat surprising,
because NMDA channels usually carry only a small proportion of the inward current
at glutamatergic synapses. We propose that NMDA receptors may participate in
synaptic transmission in LA to compensate for dendritic attentuation that normally
impedes the flow of depolarizing current to the soma from distal synapses.
We used the NEURON simulator to build an electrotonic model of an LA
principle cell, based on physiological data (Weisskopf & LeDoux, J. Neurophys., in
press). The model consists of 54 separate compartments, arranged in a
morphologically realistic geometry to represent the soma and dendritic tree.
Dendritic spines are simulated by additional compartments, containing NMDA
/AMPA synapses with conductance parameters derived from experimental data (Ibid.,
Mahanty & Sa, Nature, 394, 1998). Synaptic stimulation is provided by triggering a
single presynaptic spike simulataneously at several postsynaptic spines. Feedforward
inhibition is provided by a GABAergic intemeuron synapsing at the soma (Li et al.,
Synapse, 24, 1996).
Our model demonstrates that NMDA receptors can compensate for attenuation in
passive dendrites, because magnesium blockage is more quickly cleared from the
NMDA channel at distal synapses, where input resistance is higher. This leads to
more rapid recruitment and higher peak conductances for NMDA channels at distal
synapses, in comparison with proximal synapses, even when the density of NMDA
receptors is identical at all synapses. In our model, this increased conductance
through NMDA channels allows distal synapses to exert the same excitatory influence
over the somatic membrane potential as proximal synapses. Supported by Grants

A PROTOCOL FOR RECORDING SINGLE-UNIT RESPONSES TO AUDITORY
AND NOCICEPTIVE STIMULI DURING PAVLOVIAN FEAR CONDITIONING.
M. Moita, H.T. Blair , P.K. Sun, and J.E. LeDoux* Center for Neural Science, New
York University, New York, NY 10003.
We describe an auditory fear conditioning paradigm designed to allow recording of
single-unit responses to the CS and US over the course of learning. Footshock is often
used as the US for fear learning, but this interferes with single unit recording. Here
we used a 1500 ms train of 8 shock pulses (1.5 mA), each 5 ms in duration, delivered
to the eyelid at a rate of 5 Hz. This alleviates three problems caused by footshock: (1)
interference due to the footshock grid scrambler is reduced by using a stimulus
isolation unit; (2) by recording between each pulse within the train, a cell’s response
to shock onset can be measured several times for each US; (3) unlike footshock, the
eyelid shock always stimulates the same site. The CS was a 20 s train of 21 white
noise pips (80 dB), each 50 ms in duration, presented at a rate of 1 Hz.
Food deprived rats (85% of ad lib body weight) were placed in context A and
habituated to six unreinforced CS presentations. These were followed by 16
acquisition trials, consisting of paired CS-US presentations (mean intertrial interval: 3
min). After a one-hour break, 16 extinction trials were given in context B, followed
by another 16 extinction trials in the training context A. Tlie complete regimen of
acquisition and extinction lasts 4 '/2 hours. Small food pellets were delivered
randomly by an overhead dispenser throughout the experiment. This kept animals
actively searching for food throughout the sessions, and provided a baseline of
locomotor activity against which to measure conditioned freezing responses.
Pilot studies demonstrated that rats given paired CS-US presentations froze in
response to the CS after training when tested in both boxes A and B, but rats given
unpaired presentations did not. Pre-training lesions of the lateral and basal amygdala
blocked conditioning. Periorbital shock is thus capable of establishing amygdaladependent fear conditioning, and should be useful for unit recording studies. Supported

353.9

353.10

Fear Conditioning-Induced Changes in Single-Unit Firing
Properties in the Lateral Amygdala (LA): Relationship to
Behavioral Learning. J.C. Repa*, J. Muller, J. Apergis, T. Desrochers and

CORRELATED SPONTANEOUS ACTIVTY IN SIMULTANEOUSLY
RECORDED LATERAL AMYGDALA UNITS DURING FEAR CONDITIONING:
EVIDENCE FOR TEMPORAL ENCODING OF FEAR MEMORY.
J. Mulled J.C. Repa, J, Apergis, T. Desrochers and J.E. LeDoux
Center for Neural Science, New York University, New York, NY 10003.

by MH38774, MH46516, & MH00956 to J.E.L.; PGDBM and ECT (Portugal) to M.M.

MH38774, MN46516, & MH00956.

J.E. LeDoux. Center for Neural Science, New York University, New York NY
10003. email: jcrepa @ cns. nyu. edu
Fear conditioning alters the firing properties of LA cells. However, the
relation of these changes to the acquisition of conditioned fear behavior is not
known. We recorded from LA cells in freely behaving rats while they underwent
classical fear conditioning trials involving the presentation of an auditory CS in
conjunction with a footshock US. Fear conditioning was superimposed on an
operant bar-pressing task and the rate of acquisition of bar-press suppression
during the CS presentations was used as a measure of conditioned fear behavior.
Consistent with previous studies, we found that the rate of auditory responding of
LA cells increased over the course of fear conditioning. In addition, two new
findings were observed. First, the neural conditioned response often developed in
fewer trials than the behavioral conditioned response, suggesting that plasticity
within the LA might contribute to the behavioral expression of fear learning.
Second, two types of cells, distinguished by firing properties, were found in the
LA. “Transiently plastic cells” had enhanced responses during the first few
conditioning trials but then returned to baseline as acquisition continued. “Longterm plastic cells”, which were more numerous, maintained their enhanced
responding to the CS throughout acquisition. Once conditioned fear behavior was
acquired, it was consistently expressed in the presence of the CS throughout
training and was better predicted by the activity of the long-term cells than the
transiently plastic ones. Supported by NIH grants MH46516, MH38774,
MH00956, and MH 11659.

Correlations between pairs of single units recorded simultaneously from the lateral
nucleus of the amygdala were obtained during various phases of fear conditioning.
The CS consisted of a 20 sec train of white noise pips (70 dB, 50ms, with a pip-onset
interval of 1 s). The CS was presented alone during 8 habituation trials. During 16
conditioning trials the CS was paired with a footshock US (.35 mA, 0.5s) for 16 trials.
After an hour break, alone 20 extinction trials (CS without US) were given, followed
by 8 unsignaled shocks (no CS) during reinstatement trials. Spontaneous activity was
measured and correlations of spike timing between cell pairs assessed in the absence
of CS and US stimuli during each phase of the experiment.
56 cells were isolated from 9 rats. About 30% of the pairs showed some significant
correlation in one or more phases of the experiment. In some cases, correlations
changed over the course of conditioning. Some cells that were not correlated before
conditioning (during habituation) were found to be correlated during early
conditioning or during early extinction, the two phases when tone-evoked plasticity
is present. This indicates that conditioning induced correlated activity and suggests
that memory may be incoded by spike timing as well as firing rate. Other phase
specific patterns were found. For example some cells only showed correlation late in
extinction. Since the CS no longer elicits firing rate increases in this phase,
correlated activity indicates a shift from a rate to a temporal encoding of memory.

Supported by grants MH38774, MH46516 and MH00956.

353.11

353.12

NEURONAL CORRELATES OF FEAR IN THE LATERAL NUCLEUS OF
THE AMYGDALA (LA) D. Pare* and D. R. Collins Dept. of Physiology,
School of Medicine, Laval University, Quebec, Qc, Canada GIK 7P4
Lesion and stimulation studies indicate that the amygdala is essential
for the expression and learning of fear. Yet, few studies have examined the
neuronal correlates of fear in the amygdala. Rather, the focus has been on
the sensory responsiveness of amygdala neurons and how it changes
following various conditioning procedures. This study aimed to determine if
fear is correlated to particular activity patterns in the LA.
To this end, cats were chronically implanted with multiple microelectrodes in the LA and a catheter in the femoral artery. Then, die animals
learned that a series of tones (6 kHz) interrupted by a period of silence (5 s)
preceeded the administration of a footshock. During the silent period, their
blood pressure increased, indicating that they anticipated the noxious
stimulus. Anticipatory changes in the spontaneous and sensory-evoked
activity of LA neurons were observed. First, tone-evoked responses were
five-fold higher after than before the silent period. Second, during the
silent period, the firing rate of LA neurons increased from 0.9 to 2 Hz. In
parallel, the probability of LA neurons firing within 100 ms of each other
increased. Consistent with this, cross-correlation of focal LA waves
revealed a significant increase in synchrony restricted to the 4-10 Hz band.
This was not an artifact due to volume conduction as peri-event histograms of
neuronal discharges revealed rhythmic changes in the firing probability of
LA neurons in relation to focal waves at 7 to 10 Hz.
In summary, during fear LA neurons increase their firing rate and sensory
responsiveness. In addition, they engage in spatially distributed and
temporally coherent rhythmic neuronal activities. As a result, the LA
should have a greater impact on its targets.
Supported by MRC.

DISCRIMINATIVE FEAR CONDITIONING REVEALS COMPETITIVE
SYNAPTIC INTERACTIONS IN THE LATERAL AMYGDALA (LA). D. R.
Collins* and D. Pare Dept.Physiol, Laval Univ, Quebec, Canada GIK 7P4
In classical fear conditioning, a neutral sensory stimulus (CS) acquires the
ability to evoke the responses elicited by a noxious stimulus (US) following a
few US-CS pairings. Here, we studied the response of LA cells to two
different tones (CS+, CS ), one of which was paired to the US (CS+).
Cats were implanted with multiple microelectrodes in the LA. Each
recording session, the electrode array was lowered 80-200 gm and the
electrodes scanned for units with a signal to noise ratio > 3. Then, the cats
were presented two different tones (5 and 10 kHz) 20 times, in random order.
Subsequently, one of the two tones (CS+) was paired 10 times to a footshock
with randomly interspersed CS* presentations. Sixty unpaired presentations
of the two tones followed. On subsequent days, the same protocol was carried
out with the proviso that the CS* could remain the same or change. In
control conditions, auditory stimuli elicited a triphasic potential (negative,
positive, negative) in the LA associated to increasing, decreasing and
increasing firing probabilities, respectively. In the following, we will focus
on the short-latency component of this response. Irrespective of the order in
which the CS* was presented on consecutive sessions, this differential
conditioning increased focal LA responses to the CS* (227%) and decreased
those to the CS* (56%; first 10 post-pairing presentations; n=35). Consistent
with these changes in auditory-evoked field potentials, the response
probability of LA neurons to the CS* increased (83%) whereas that to the CS*
decreased (22%).
Thus, our results show that fear learning does not only involve the
potentiation of synapses conveying the CS* but the depression of those
relaying the CS*. Supported by the Medical Research Council of Canada.
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LTP INDUCTION IN THE DENTATE GYRUS OF FREELY
MOVING RATS IS MODULATED BY DENTATE EEG SPIKES

INCREASED NOREPINEPHRINE LEVELS ARE ASSOCIATED WITH THE
INDUCTION OF LTP IN THE DENTATE GYRUS OF THE FREELY
MOVING RAT.
J.D. Bronzino*. P. Kehoe. R.Hendriks. K Rov. D.F. Fortin Neuroscience
Program, Trinity College, Hartford CT 06106.
The neurotransmitter norepinephrine (NE) has been strongly implicated as a
candidate mechanism for the induction of long term potentiation (LTP) in the
hippocampus, in both brain slice and anesthetized preparations. However,
quantitative measures of NE during LTP in the awake, firefly moving animal
has, until now,not been investigated. Recently, we have reported methodologies
outlining the simultaneous collection of microdialysis and electrophysiological
measures from the dentate gyrus of freely moving rats (1). Using these
techniques, we set out to determine whether changes in NE levels are associated
with the induction of LTP in the freely moving adult rat. After several days of
recovery from surgery, measures of both population spike amplitude (PSA) and
associated population excitatory post-synaptic potential (EPSP slope) activity
were obtained prior to, and following medial perforant pathway tetanization (10
bursts of 400Hz, 25 msec biphasic pulses, at a frequency of 0.1Hz), along with
measures of hippocampal norepinephrine levels, measured by means of a
microdialysis probe, placed within one millimeter of the dentate recording site.
It was found that in the experimental group (n=l 1), LTP was associated with an
increase in PSA of at least 30% above baseline. In the first two post-tetanization
recording sessions, NE levels increased 50% above baseline values, compared to
no change in NE levels obtained from the surgical control group (n=7). These
findings provide evidence that NE plays a major role in the induction of LTP in
the awake animal. 1. Bronzino, J.D., Kehoe, P.. Hendriks, R., Vita, L., Golas,
B., Vivona, C. and Morgane, P. 1999. Hippocampal neurochemical and
electrophysiological measures from freely moving rats. Exp. Neurol. 155(1):
150-155. Donaghue Foundation Grant.

354.3

354.4

HIGH LEVELS OF ESTROGEN BLOCKS THE INDUCTION OF
LONG-TERM SYNAPTIC DEPRESSION IN THE HIPPOCAMPAL
CAI REGION OF FEMALE RATS. M. Day*. J. L, Muir and NT
Good. School of Psychology, P.O. Box 901, Cardiff University,
Wales, CF11 3YG. U.K.
The present study investigated the effects of naturally fluctuating
endogenous levels of estrogen on the induction and maintenance of
Long Term Potentiation (LTP; 4 trains of 33 pulses at 250 Hz, ISI of
20 sec) and Long Term Depression (LTD; 900 paired pulses at 1Hz,
interpulse interval 25 msec) in the CAI region of the hippocampus.
Using an anaesthetised in vivo electrophysiology preparation, the
results showed that the induction of LTP was augmented during the
proestrus stage of the estrus cycle (Proestrus = 184.75%; Estrus =
124.45%; Met/Diestrus = 132.08%). In contrast to LTP, however, the
induction of LTD was severely attenuated during proestrus, but was
clearly manifested by rats during met/diestrus and estrus stages of the
cycle (Proestrus = 101.1%: Estrus = 51.70%: Met/Diestrus =
65.05%). These findings are discussed with reference to: (1) the
modulatory effects of estrogen on GABAergic neurotransmission in the
hippocampus, and (2) the possible functional implications that such
cyclical changes in synaptic plasticity may have for learning and
memory processes supported by the hippocampus.

THE MODULATION OF LTP BY DOPAMINE IN AREA
CAI OF THE RAT HIPPOCAMPUS. J.Z. Little*, S.L.
Morgan, T.J. Teyler. Department of Neurobiology,
Northeastern Ohio College of Medicine, Rootstown, OH
44272.

H.Rgkke* and C.R.Bramham. Department of Physiology, Univiversity of Bergen,
Arstadveien 19, N-5009 Bergen, Norway.
LTP in the dentate gyrus of the freely behaving rat is induced in an all-or-none
manner during still-alertness (SAL) and slow-wave sleep (SWS). These behavioral
states are associated with intermittent, synchronous population events: sharp waves in
field CAI and dentate EEG spikes (DSs) in the dentate gyrus. We have investigated
the possibility that failure to induce LTP is due to the timing of stimulus trains relative
to spontaneous DSs. The dentate EEG and evoked field potentials were recorded by an
electrode array with 6 tips staggered from the hilus into the CAI region. The medial
perforant path (MPP) was stimulated in the angular bundle. DSs were readily
identified as transient large positive-going field events of 1-3 mV amplitude and 15-40
ms duration in the hilar region of the dentate gyrus, with reversal in the molecular
layer. Using DS-triggered stimulation we have shown previously that granule cell
excitability in response to afferent MPP input is significantly increased for
approximately 100 ms after the DS-peak (Bramham 1998, J.Neurophysiol. 79:28252832). In the present study low-frequency (0.1-0.05 Hz) stimulation (LFS), single 400
Hz bursts and multiple 400 Hz bursts were paired with DSs. Stimulus delays from the
positive DS-peak were 0, 30 and 500 ms. LTP was induced by multiple bursts applied
at 30 and 500 ms post-DS, whereas multiple bursts applied at DS-peaks failed to
induce LTP. LFS had no lasting effects. The results indicate that LTP induction in the
dentate gyrus is dynamically modulated by dentate spikes. Supported by the
Norwegian Research Council.

This research was funded by Schering A.G., Berlin and the BBSRC,
UK.

Dopamine receptor antagonists decrease the magnitude of
early and late phases of compound long-term potentiation (LTP) in
area CAI. In hippocampal slices, we examined the effect of SCH23390 (luM) on two forms of LTP (nmdaLTP and vdccLTP).
Extracellular recordings were obtained from stratum radiatum
following stimulation of Schaffer collaterals. NmdaLTP and
vdccLTP were induced by tetani of 25 Hz\l sec or 200 Hz\200 ms
repeated 10 times at 5 sec intervals in the presence of 50uM APV,
respectively. SCH-23390 had no effect on the induction phase of
nmdaLTP. The magnitude of nmdaLTP in the presence of SCH23390 was reduced from 93% +/- 5.9% to 50.7% +/-5.3% at one
hour post-tetanus. The induction and expression of vdccLTP were
unaffected by SCH-23390. The results of this study suggest that
D1/D5 activation acts to modulate nmdaLTP while leaving
vdccLTP unaffected.

Supported by ONR grant N00014-97-J-1372.

354.5

354.6

THETA PATTERNED STIMULATION IS SUFFICIENT TO
INDUCE nmdaLTP AND vdccLTP. S.L. Morgan* and T.J. Teyler.
Department of Neurobiology, Northeastern Ohio College of
Medicine, Rootstown, OH 44272.

VDCC LTP AND NMDA LTP MEDIATE DIFFERENT ASPECTS
OF ACQUISITION AND RETENTION IN THE 4/8 RADIAL ARM
MAZE TASK. B.L. Woodside*, M.D. Hammonds, and T.J. Teyler,

The induction of vdccLTP and nmdaLTP by high frequency
stimulation is considered an acceptable model for the study of learning
and memory. In the light of significant accumulation of knowledge about
patterns of activity occurring in the intact animal, it seems useful to test
these patterns of activity in their ability to induce multiple forms of LTP.
In hippocampal slices we examined the effect of nifedipine and APV on
short (5 trains 6f 4 pulses at 100 HZ separated by 200ms repeated twice
ISI 10 seconds) and long theta patterned stimulation (same as short but
repeated 6 times) induced LTP. We found that short theta patterned
stimulation resulted in LTP (110% +/-10.8%) that was completely
attenuated in the presence of APV (5.5% +/-4.6%). The application of
nifedipine had no effect on LTP induced with short theta patterned
stimuli. Long theta patterned stimulation resulted in LTP (156.4% +/29.2%) and was significantly blocked by APV (13.9 +/-3.9%). The
application of nifedipine partially blocked LTP (72.0% +/-23.3%). We
conclude that short theta patterned stimulation results in a nmdaLTP,
while long theta patterned stimulation results in a compoundLTP
consisting of nmdaLTP and vdccLTP. Supported by ONR grant N00014-97-

J-1372.
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Northeastem Ohio Universities College of Medicine, Rootstown, Ohio
44272.
Long-term potentiation (LTP) is considered to be one possible
physiological mechanism involved in memory formation. Two forms of
LTP have been observed in the CAI region of the hippocampus. These
two forms of LTP are both calcium-dependent, but use different ion
channels, have different induction parameters, and initiate different
intracellular signal cascades. One form of LTP is mediated by the
NMDA receptor and can be blocked with MK-801. The second form is
mediated by voltage dependent calcium channels and can be blocked
with Verapamil. In this experiment the 4/8 radial arm maze task, a
hippocampal-dependent task, was used to test whether these two different
forms of LTP might subserve different aspects of memory formation.
Individually housed, mildly food-deprived, male Wistar rats, 70 days old,
were randomly assigned to one of four groups. After being shaped to
the 8/8 radial arm maze task, each animal was injected IP 1 hour before
training with either saline, MK-801 (O.Img/kg), Verapamil (lOmg/kg),
or both MK-801 and verapamil. The animals were trained 1 trial per
day for 40 days, and tested for retention 10 days after the end of
training. The results for the 40 days of acquisition showed that the MK801 group and the double drug group were significantly impaired in
acquisition while the saline and Verapamil groups performed equally
well. At retention, only the Verapamil group showed significant
forgetting after the 10 day retention period. These results suggest that
nmdaLTP and vdccLTP do subserve different aspects of memory
formation in this task. This work was sponsored by a grant from the
Herbert W. Hoover Foundation.
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LTP IN THE INSULAR CORTEX SHARES MOLECULAR MECHANISMS
WITH TASTE LEARNING K.RQsenblum*, M.W, Jones. P, French and T.V.P,
Bliss. Div. of Neurophysiology, N.I.M.R., Mill Hill, London NW7 1 AA., U.K.
Taste learning in the rat is an effective model system for detecting molecular
events that are necessary for and/or correlated with learning. We are investigating
synaptic plasticity in pathways between two forebrain structures necessary for taste
learning, the basolateral amygdala (BLA) and the insular cortex (IC), to establish
whether taste learning and LTP in the projection from BLA to IC share molecular
mechanisms. Male Wistar rats were anaesthetised with pentobarbitone, and field
potentials evoked in the IC by ipsilateral stimulation of the BLA, at a test intensity
giving half-maximal responses. Tetanic stimulation (6 trains of 100 stimuli at
100Hz, test intensity, 20s between trains) induced stable LTP in the IC: the initial
slope of the IC field potential was significantly increased (to 64±2% of control at 5060min post-tetanus, mean + s.e.m, n=8). LTP in the insular cortex was blocked by
the NMDA antagonist MK801 (0.lmg/kg i.p., lh pre-tetanus) and attenuated by the
muscarinic receptor antagonist atropine (60mg/kg i.p., lh pre-tetanus). Immunoblots
with antibodies specific to extracellular regulated kinase ERKI/II phosphorylated at
T202/Y204 revealed that ERKII is activated in the IC 30min following tetanic
stimulation of the BLA. Moreover, microinjection of the ERKI/II inhibitor
PD098059 into the insular cortex (38|lM, 30min pre-tetanus) blocked LTP without
affecting the baseline response. The activation of ERKII may lead to its nuclear
translocation and modulation of gene expression. We analysed the expression
plasticity related genes by in situ hybridization; expression of mRNA for Zif268,
Arc, Fos and Homer were significantly increased in the cortex of both potentiated
and, to a lesser extent, MK-801-and atropine-injected animals in comparison to the
non-potentiated contralateral hemisphere. These results demonstrate that taste
learning, and LTP in the IC, are mediated by NMDA- and ERK-dependent signal
transduction cascades. Supported by MRC, EU (PF) and Royal Society (KR).

THE ROLE OF PROTEIN SYNTHESIS IN THE MAINTENANCE OF LATEPHASE HIPPOCAMPAL LONG-TERM POTENTIATION.
K.P, Bradshaw*. N.J, Emptage and T.V.P, Bliss. Division of Neurophysiology,
National Institute for Medical Research, Mill Hill, London NW7 1 AA UK.
Long-term potentiation (LTP) in the hippocampus has two distinct phases; an
early phase (E-LTP) lasting 3-6 hours, the induction of which is unaffected by
protein synthesis inhibitors, and a late phase (L-LTP) that lasts >8hours and is
blocked by these inhibitors (Frey et al., Brain Res., 452 , 57-65, 1988). We are
examining whether the induction of L-LTP is dependent on local or cell-wide protein
synthesis. Initial experiments confirmed that block of protein synthesis suppressed LLTP. Hippocampal slices were cut from male C57B16 mice and maintained at 27°C.
Field EPSPs from CAI stratum radiatum were recorded from two separate pathways,
each stimulated every 30s. Once a stable baseline was established L-LTP was induced
in one pathway by applying a tetanus consisting of 20 pulses at 100Hz repeated 6
times with an inter-train interval of 3s, while the second pathway was maintained as
a control. The tetanized pathway showed an initial potentiation of 154±17% (n=5,
measured 1 min after the end of the tetanus) which decayed over -3 hours to a stable
potentiation of 50±6% (n=5) 8 hours after the tetanus. When protein synthesis was
blocked by actinomycin D (25pM) L-LTP was abolished (mean potentiation at 8hrs:
2±5%, n=5). We next tetanized Schaffer-commissural fibres in both stratum radiatum
and stratum oriens. L-LTP, monitored with one recording pipette in stratum oriens,
and the other in stratum radiatum, was maintained for at least 8 hours in both
pathways (mean potentiation at 8hrs 54±4% for str. rad. and 62±7% for str. ori.,
n=8). Using this configuration we locally applied the protein synthesis inhibitor
emetine (20|iM) via the recording electrode in the stratum radiatum. Initial results
show that L-LTP within this pathway was blocked (18±7%, n=3) whilst leaving the
L-LTP in the oriens pathway unaffected (59+14%). This data provides support for the
view that local protein synthesis is necessary for L-LTP. (Supported by MRC, UK)

354.9

354.10

17p-ESTRADIOL BLOCKS LONG-TERM DEPRESSION IN HIPPOCAMPAL SLICES
FROM AGED RATS. M.R. Fov1*, R.M. Vouimba2 & R.F. Thompson2 ’Dept. of
Psychology, Loyola Marymount Univ., Los Angeles, CA 90045; 2Neuroscience
Program, University of Southern California, Los Angeles, CA 90089
Previous studies on adult rats suggest that 17P-estradiol (E2) enhances synaptic
transmission in the hippocampus through both NMDA and AMPA receptors/
channels, and has a facilitatory effect on the magnitude of long-term potentiation,
following high-frequency stimulation. Other studies have shown that aged rats are
more susceptible to long-term depression than are adults, following low-frequency
stimulation (lfs). In order to test the hypothesis that estrogen suppresses long-term
depression in the aging hippocampus, in vitro hippocampal slices from adult (3-5 mo)
and aged (18-24 mo) rats were used to determine the effect of E2 on extracellular
field-excitatory postsynaptic potentials (fEPSPs) following lfs designed to produce
long-term depression.
fEPSPs were recorded from CAI pyramidal cells of adult and aged male SpragueDawley rats by stimulating Schaffer collateral fibers at intensities adjusted to produce
an evoked response that was 50% of the maximum recorded fEPSP. After 10 min of
stable, baseline fEPSP recordings, slices continued being perfused with either
artificial cerebrospinal fluid (aCSF), or aCSF + E2 (100 pM). Long-term depression
was evaluated with lfs (after 30 min of aCSF or aCSF + E2 perfusion), consisting of
900 pulses at 1 Hz. During the post-lfs period, fEPSPs were recorded from both adult
and aged control (aCSF) and experimental slices (aCSF + E2) for 30 min.
Our results indicate that the magnitude of long-term depression is stronger in aged
animals, compared to adult animals 30 min following lfs (89.6 ± 6.7%; 99.7 ± 4.0%,
respectively). In the aged animals, aCSF + E2 perfusion eliminated long-term
depression 30 min following lfs (105.8 ± 3.4%). This study confirms that long-term
depression is increased during aging, and provides the first evidence that long-term
depression is blocked, or reversed in aged animals following estrogen treatment.
Supported by NIA (AG 14751), Sankyo Corp., & LMU Faculty Research Grant

SYNAPTIC SENSITIZATION IN MAMMALIAN CINGULATE CORTEX
AND BEHAVIORAL HYPERALGESIA FOLLOWING AMPUTATION. R
Wei*, A.A. Calejesan, P. Li and M. Zhuo. Depts. of Anesthesiology and
Anatomy & Neurobiology, Washington Univ., St. Louis, MO 63110.
While cortical reorganization plays an adaptive role during development and
learning, it could also play a detrimental role after traumatic events such as the
loss of a limb. It has been demonstrated that cortical reorganization occurs after
limb or digit amputation, and the extent of this reorganization correlates with the
extent of phantom limb sensation or phantom pain. A critical question is whether
the synaptic mechanisms implicated in learning and memory contribute to plastic
changes in the cortex after amputation. The anterior cingulate cortex (ACC)
forms a large region around the rostrum of the corpus callosum and receives
direct nociceptive inputs in animals. Neuroimaging studies in humans show that
pain activates several limbic sites including the ACC. A previous report showed
that short- but not long-term potentiation could be recorded from ACC slices in
vitro. LTD has not been investigated. In this study, we first describe LTD as a
form of synaptic plasticity in ACC slices from normal rats. We then examined
the effects of hindpaw 3rd digit amputation on LTD and found that this form of
plasticity was lost. In addition, long-lasting enhancement of synaptic, as well as
behavioral, responses to peripheral noxious stimuli were observed after hindpaw
digit amputation. Because the ACC is implicated in encoding the unpleasant
nature of pain sensations, plastic changes in the ACC following amputation,
resulting in a net increase in synaptic activity, may contribute to phantom pain.
(Supported by the McDonnell Center for Higher Brain ftinction in Washington
University.)

354.11
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IMPAIRED HIPPOCAMPAL SYNAPTIC PLASTICITY IN THE KAINATE
MODEL OF EPILEPSY I.V, Goussakov1. K, Fink2. C.E, Eiger1 and H, Beck1*.
’Dept. of Epileptology, 'Dept, of Pharmacology, Univ. Bonn Med. Ctr., D-53105
Bonn, FRG
Synaptic plasticity is thought to be important for spatial memory in rodents, and is a
candidate mechanism that may also underlie declarative memory in humans. Thus,
impaired synaptic plasticity may be important for disturbed memory function in both
human and experimental epilepsy. We have therefore investigated synaptic plasticity
in the CA3 hippocampal subfield in the kainate model of epilepsy.
We find that paired-pulse facilitation and frequency potentiation in the mossy fiberCA3 (MF-CA3) synapse is dramatically reduced in the kainate model, indicating a
reduced propensity to increase transmitter release in response to the second of two
closely spaced stimuli. LTP and posttetanic potentiation, which is also thought to
involve an increase in transmitter release at this synapse, are likewise considerably
reduced in epileptic animals. Similarly, MF-CA3 potentiation induced by directly
increasing the intracellular cAMP concentration using forskolin/IBMX was reduced
in the kainate model. This suggests to us that signal transduction elements
downstream from the activation of adenylyl cyclase must also be affected in this
model. In contrast to plasticity in the MF-CA3 synapse, plasticity in another pathway
converging on CA3 pyramidal cells (associational-commissural pathway) was found
to be unchanged.
Taken together, these results suggest a pathway-specific, presynaptic impairment in
short- and long-term synaptic plasticity in the CA3 region of kainate-treated rats. The
data would be consistent with an increased release probability in the MF-CA3 synapse
leading to a reduced propensity for short- or long-term synaptic potentiation. We
submit that these changes may considerably alter input-output properties of the CA3
region.
Supported by the Graduate Program of the University of Bonn, the German-Israel
Cooperation in the Neurosciences Program of BMBF and MOS, and BONFOR.

ALTERED EXPRESSION OF MMP-9 OCCURS IN THE RAT
HIPPOCAMPUS AND CEREBELLUM DURING THE
CONSOLIDATION PHASE OF SPATIAL LEARNING. S.E. Hunter1,
J.W. Harding J, Wright2, S. Ritter1*. 'Dept. of Veterinary Comparative
Anatomy, Pharmacology and Physiology, Washington State Univ.;
2Dept. of Psychology, Washington State Univ.; Pullman, WA 99164.
Changes in extracellular matrix (ECM) composition at the synapse
have been shown to play an important role in synaptic facilitation that
occurs during learning. Although ECM modulation in the hippocampus
is involved in learning and is necessary for consolidation of long-term
potentiation, little is known about how the ECM is being restructured.
A family of Zn+2 dependent enzymes, matrix metalloproteinases
(MMP), are responsible for rapid and continual matrix remodeling
throughout the body. Through zymographic analysis we have recently
shown a substantial elevation of MMP-9 expression in the hippocampus
and cerebellum of rats that are in training to locate a hidden platform
in the Morris water maze spatial learning task. Control experiments
indicate that the observed increase is not due to novelty, stress or task
performance. The increase in MMP-9 expression is within the period
that classically corresponds with memory consolidation. These findings
suggest a role for MMP-9 in the events underlying synaptic facilitation
during spatial learning in the rat and encourage speculation that other
matrix modulating proteins may also be involved. (Internal funding
sources, Dept. of VCAPP)
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METALLOPROTEINASE-9 (MMP-9) IS UPREGULATED IN THE
BARREL FIELD CORTEX AFTER A WHISKER CUT. J, Alt J, Fang. A,
Rehman. J.W. Harding. J.W, Wright.* and J.M, Krueger. Dept. VCAPP,
Washington State University, Pullman, WA 99164-6520.
Synaptic reorganization occurs in rats after whiskers are cut in the
contralateral somatosensory barrel field cortex. Synaptic plasticity involves
extracellular matrix (ECM) remodeling. The ECM in brain includes structural
components such as laminin, collagen IV, and various proteoglycans. These
ECM proteins interact with cells via surface receptors including integrin and
the Ig super family cellular adhesion molecules. This interaction is critical
for tissue architecture. The composition of the ECM is in a dynamic flux;
degradation is mediated via matrix metalloproteinases. MMP-9 (gelatinase
B) is upregulated in the hippocampus after spatial learning (JW Harding, JW
Wright unpublished) and in the neuromuscular junction after nerve damage
(Kherit et al. Neuropath App Neurobiol 24:309, 1998). We therefore thought
it likely that MMP-9 would be upregulated in the barrel fields after a whisker
cut. Male adult rats (250-300 g) were kept on a 12:12 h L/D cycle at 23°C.
At light onset the facial whiskers were cut on one side; 6 h later rats were
sacrificed and the left and right somatosensory and visual cortices were
isolated. MMP-9 activity was determined in extracted tissues using
zymography. The whisker cut induced an upregulation of MMP-9 in the
side contralateral to the whisker cut in the somatosensory cortex (313+50 vs
134±5, p<0.02), but not in the visual cortex. Results are consistent with the
hypothesis that MMP-9 is involved with synaptic reorganization. (Supported
by NS25378, NS31453 and HD36520).

INTEGRIN-ASSOCIATED PROTEIN GENE IS A POTENTIAL
CYCLIC AMP-RESPONSIVE GENE ASSOCIATED WITH MEMORY
FORMATION IN RATS. A.M. Huang1*, C.H. Liu2 and E.H.Y. Lee2. ‘Dept.
of Physiology, Natl. Cheng-Kung Univ. Med. Coll., Tainan; 2Inst. of
Biomed. Sci. Academia. Sinica, Taipei 11529, Taiwan, ROC
Integrin-associated protein (IAP) gene was previously identified as one
of the genes related to memory formation in the hippocampus of rats. In
this study, the partial 5' flanking region of IAP gene was isolated and
sequenced, which constitutes nucleotides +8 to -619 of the IAP gene and
contains putative CRE (5'-TGACGTTA-3'), CK-2, GH1, GCN4, and Spl.
To gain further insight into the regulation of IAP gene expression, a
reporter plasmid (pIAPP) was constructed by fusing the 5' fragment with a
promoterless luciferase gene. The cAMP analogue, Sp-cAMP, induced
luciferase activity in the PC 12 cells transfected with pIAPP dose
dependently. A 3 to 5-fold increase in the luciferase activity was observed
when transfected PC 12 cells were treated with 200 pM of Sp-cAMP,
compared with that of the cells without the Sp-cAMP treatment. Intradentate gyrus (DG) infusion of Sp-cAMP after training also enhanced
memory performance in the inhibitory avoidance task in rats, with 5 pg
having the significant effect. Quantitaive RT-PCR revealed that the level of
IAP mRNA in the DG was increased at such dosage. These results suggest
that IAP gene is a potential cAMP-responsive gene during memory
formation in rat. This work was supported by a research fund from the
Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan, ROC.

354.15

Exercise-induced regulation of CREB phosphorylation
in the rat hippocampus. H. Shen, L. Tong and C.W.

Cotman*. Institute for Brain Aging and Dementia, University
of California Irvine, Irvine, CA 92697-4540.
Exercise can increase neurotrophin expression and
promote neurogenesis. CREB plays a central role in the
formation of long-term memory and in mediating
neurotrophin responses. To elucidate the possible
molecular mechanisms underlining exercise-induced
changes in neuronal plasticity, we examined the effect of
exercise on CREB activity by examining CREB
phosphorylation and CREB DNA binding activity in
hippocampus of adult male rats after exercise. Following 0,
1, 3, or 7 nights with ad libitum access to running wheels,
CREB phosphorylation in rat hippocampus was examined
by western blotting and immunohistochemistry. CREB
phosphorylation was significantly increased in hippocampus
following 2, 4, and 7 nights with exercise. The DNA binding
activity of CREB was also significantly elevated in the
hippocampus as measured by eletrophoretic mobility shift
assay. These results suggest that exercise has effects on
CREB-associated signal transduction. Supported by NIH
grant AG13007.
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MONITORING OF CONTEXTUAL REWARD INFORMATION IN
PRIMATE PREFRONTAL CORTEX M, Watanabe*. K, Hikosaka. M.
Sakagami and S. Shirakawa Dept. Psychol. Tokyo Metropol. Inst. Neurosci.,
Musashidai 2-6, Fuchu, Tokyo 183-0042 JAPAN
We previously reported reward/no reward-related prefrontal anticipatory
neuronal activity in the delayed reaction time task (Soc. Neurosci. Abstr.
1997, p.1316). In this task, several kinds of food and liquid rewards were
used and the kind of reward was changed in a block of about every 50 trials.
The animal had to perform behavioral responses even on no-reward trials to
advance to the next trial. To the instructional color cue indicating simply the
presence or absence of future reward, many prefrontal neurons were found to
code and represent, during the cue and/or delay periods, not only the presence
or absence of reward, but also what specific reward would be present or
absent. Such coding and representing could only be done by deducing from
the background context in relation to what kind of reward was being used in
the current block of trials. In order to find out how such contextual reward
information is monitored, we examined prefrontal neuronal activity during
the ITI (intertrial interval).
Among those neurons with reward/no-reward related activity changes
during the cue/delay periods, about 40% of them showed differential activity
during ITI depending on the difference of the reward which was being used
in the current block of trials. Such differential activity was sometimes
observed beyond the ITI period throughout each reward block. There was no
difference in activity changes after reward and no-reward trials, at least
during the latter part of ITI. Thus, reward-block-dependent differential
baseline activity is considered to be related to continuous monitoring of the
contextual reward information, but not to the taste stimuli in the mouth.

NEURONAL ACTIVITY RELATED TO EXPECTED REWARD
AND EXPECTED DELAY IN MACAQUE PREFRONTAL CORTEX
M.R. Roesch* and C.R. Olson. Neuroscience Department, University
of Pittsburgh, PA 15260, and Center for the Neural Basis of
Cognition, Carnegie Mellon University, Pittsburgh, PA 15213.

This study was supported by the grant from the Ministry of Education, Science, Sports
and Culture of Japan (No. 08451021,10410028).
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We have recorded from single neurons in macaque dorsolateral
prefrontal cortex during performance of an ocular delayed response
task in which the following parameters varied; (1) reward: the amount
of juice reward to be delivered on successful completion of the trial
(1 or 3 drops); (2) delay: the length of the delay between the directional
cue and the signal to respond (500 or 2500 msec). The color of a cue
presented at the outset of each trial identified the current condition.
Behavioral performance and neuronal activity were affected by both
reward and delay. (1) Reward. On high-reward trials, there were
fewer fixation breaks and reaction times were longer. Net neuronal
activity (among 105 neurons) was greater on high-reward trials both
before and immediately after presentation of the directional cue.
(2) Delay. On short-delay trials, reaction times were shorter. Net
neuronal activity (among 171 neurons) was greater on short-delay
trials. This effect built up before presentation of the directional cue and
grew to a maximum around the time of the response. Across neurons,
the tendency to fire more strongly on high-reward trials was positively
correlated with the tendency to fire more strongly on short-delay trials.
The existence of a correlation suggests that neuronal activity in
prefrontal cortex reflects a third variable influenced by both reward and
delay, perhaps the animal’s level of readiness to generate a behavioral
response.
MH45156, EYl 1831
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PERSISTENT SYNAPTIC INPUTS INTRINSICALLY
GENERATED IN A MODEL PREFRONTAL CORTICAL
CIRCUIT FOR SPATIAL WORKING MEMORY.
Shoii Tanaka?*' Dept of Electrical Eng'ng, Sophia Univ, Tokyo, Japan.
In the experimental protocol of working memory tasks using a monkey as a
subject, tuned activity of the prefrontal cortical neurons that is sustained during the
delay period is a neuronal substrate of the working memory. The sustained activity
would be attributable to the intrinsic dynamics of the prefrontal cortical circuit
because the cue-related input, which triggers the dynamics, is turned off and no
additional external input is provided in the delay period. However, little is known
about the intrinsic nature of the circuit dynamics. By the computer simulations of a
model prefrontal cortical circuit, I studied the excitatory and inhibitory synaptic
inputs to cortical neurons that are generated in the prefrontal cortex.
The model contains both pyramidal cells and interneurons, which are described
by leaky integrate-and-fire neurons. The connections are modelled in accordance
with recent anatomical results. The circuit receives a transient input that is tuned to
the cue direction. The pyramidal cell whose preferred direction is closest to the cue
direction receives the strongest cue-related input. The simulations show that the
excitatory (inhibitory) synaptic inputs to the pyramidal cells with the preferred
directions almost parallel to the cue direction increased (decreased) gradually
during the input period and maintained to be high (low) during the delay period.
The opposite effects were observed for the pyramidal cells with the preferred
directions almost anti-parallel to the cue direction. These results suggest that the
tuned excitatory and inhibitory synaptic inputs are formed intrinsically in the
prefrontal cortical circuit. These synaptic inputs persist even after the termination of
the cue-related input, accounting for the delay-period activity for spatial working
memory.

FUNCTIONAL MAPPING OF THE MACAQUE BRAIN REGIONS RELATED
TO SPATIAL WORKING MEMORY. M. Inoue*1. A. Mikami1, L Ando2, and H.
Tsukada2. ‘Dept. of Behavioral and Brain Sciences, Primate Res. Inst., Kyoto
Univ., Kanrin, Inuyama, Aichi 484-8506 JAPAN, 2Central Res. Lab., Hamamatsu
Photonics Co. Ltd., Hirakuchi 5000, Hamakita, Shizuoka 434-8601 JAPAN
To determine which brain regions subserve spatial working memory in primates,
using H215O positron emission tomography (PET) we measured regional cerebral
blood flow (rCBF) while two trained rhesus monkeys performed oculomotor tasks
requiring spatial working memory. In a visual fixation task (VFT), monkeys fixed
their gaze on a central spot on a computer monitor. In a visually-guided saccade
task (VST), monkeys fixed on the central spot for 3 s and then made a saccadic
eye movement toward a target presented at one of eight peripheral locations. In a
delayed saccade task (DST), after 1 s of fixation, a 0.1 s peripheral cue was
presented. Monkeys were trained to maintain central fixation during this cue
period and during a 2 s delay period. If they made a saccadic eye movement
toward the remembered location after the central fixation spot disappeared, they
received a liquid reward. Two types of subtracted image (DST - VST, DST VFT) were created to emphasize activation related to spatial working memory. For
both types of image, areas around the principal sulcus, orbital sulcus, and anterior
cingulate cortex were activated. Activation in the parietal association cortex was
minimal. Neither the supplementary eye field nor the superior colliculus were
activated. These findings suggest that the frontal association cortex contributes
during the processing of the spatial working memory.

355.5

355.6

TEMPORAL NEURONAL PROCESSES FOR VISUO-, AUDIO- AND
’’ABSTRACT" SPATIAL MEMORY IN THE MONKEY PREFRONTAL
CORTEX. Y. Kikuchi-Yorioka* and T. Sawaguchi, Dept. of Psychology,
Hokkaido Univ., Sapporo 060-0810, Japan.
To examine temporal neuronal processes for visual, auditory and "abstract"
spatial memory in the prefrontal cortex (PFC), we analyzed directional delay-period
neuronal activity in the dorsolateral PFC in two macaque monkeys that performed a
visual oculomotor delayed-response (VODR) task and an auditory oculomotor
delayed-response (AODR) task. These tasks required the subject to make a
memory-guided saccade to a remembered target location (right, up, left or down,
22° in eccentricity) that had been cued by a visual or auditory stimulus. The
neurons with directional delay-period activity (n=l 19) were divided into two major
groups based on two-way ANOVA; "Modal-directional" (n=91, 76%), whose
activity depended on both the cue's modality and location (audio-dominant, n=27,
11%; visuo-dominant, n=64, 26%), and "Bimodal-directional" (n=28, 24%), whose
activity depended on the cue's location independent of its modality. We found that
the onset latencies, from cue onset, of delay-period activity in Bimodal-directional
neurons were significantly longer than those in Modal-directional neurons.
Furthermore, at the population level, the delay-period activity became more
bimodal in the later phases of the delay period. These findings suggest that the
properties of the delay-period activity of PFC neurons change in a temporal manner
to code more "abstract" spatial information in later phases of delay. These results
support the notion that sequential / hierarchical neuronal processes take place in the
dorsolateral PFC to generate "abstract" spatio-mnemonic information from sensory
(audio-/ visuo-spatial) information to guide goal-directed movement.
Supported by a Grant-in-Aid for Scientific Research on Priority Areas from the
Japanese Ministry of Education, Science, Sports and Culture (No. 08279105).

NEURONAL ACTIVITY OF MONKEY SUPPLEMENTARY EYE FIELD
DURING PERFORMANCE OF A OCULOMOTOR SEQUENCE TASK.
X, Lu*and Q. Hikosaka. Dept. of Physiology, Juntendo Univ. Sch. of
Med., Tokyo, 113. Japan
We have studied the neural mechanisms of procedural memory using a
sequential button press task (Lu et al., J. Neurophysiol. 1998). Now we
trained a monkey on a sequential saccade task and studied neuronal
activity in the supplementary eye field (SEF). While the monkey was
fixating a central spot, 2 spots (target & distracter, called 'set') appeared
simultaneously at 2 of 4 positions (up, down, left, and right). The fixation
spot turned off 800 ms later, and the monkey had to make a saccade to
the target which he initially had to find out by trial-and-error. A total of 5
sets was presented in a fixed order for completion of a trial ('hyperset').
After practice for 5 months the monkey mastered 10 different hypersets.
A control task required the monkey to make a saccade to a target which
was solely presented at each position.
Among 124 neurons recorded in SEF, 65 (52%) were related to the
sequence task. Their activities (pre-target, visual or pre-saccadic) were
classified in 3 types. 1) Saccade direction-dependent neurons (n=42),
whose activity was selective for the saccade direction regardless of the
distracter position. 2) Combination-dependent neurons (n=37), whose
activity was selective for both the saccade direction and the
target/distracter combination. 3) Sequence-dependent neuron (n=31),
whose activity was selective for the target/distracter combination but was
different depending on which hyperset the combination was included.
Some neurons (n=30) showed combinations of these features. These
activities appeared specific to the learned sequences; e.g., 71% of the
saccade direction-dependent neurons showed no directional preference in
the control task. These results suggest that SEF is related to the memory
for sequential saccades.

355.8

355.7
Visual Responses

During A Free -Choice Task : A comparison

of FEF and LIP

B. Coe. M. Sato. & O. Hikosaka* Dept. of Physiology, Juntendo University, School of
medicine, 2-1-1 Hongo, Bunkyo-Ku, Tokyo 113 JAPAN.

Last year we presented data from the Frontal Eye Field (FEF) during target
selection using a new "Free Choice" (FC) saccade task. Two targets appeared 800ms
prior to fixation offset, the latter being the cue to saccade. Our FC task has 2 basic
goals: 1) in each trial, the subject is free to choose either target; but 2) that target
selection should slowly oscillate between the two targets after several trials. To
accomplish this, saccades to either of the two targets were always rewarded. However,
reward amount (a non-visual cue) would slowly increase for one target but decrease
for the other in response to being chosen. In this way the reward schedule encouraged,
but did not instruct, the monkey to switch back and forth between the two targets.
In our current study we compared the visual responses of Lateral Intraparietal
(LIP) neurons during the 800ms prior to fixation offset between trials within the FC
task to describe intentional (being both attentional and pre-motor) modulation. These
trials had the same visual presentation but different saccades. To describe modulation
from field effects, trials from the FC task and from a control task (one target at a time)
were compared. These trials had different visual presentation but identical saccades.
Preliminary data show that, similar to tonic neurons in the FEF, tonic neurons in
LIP showed a visual response from target onset until saccade. However, FEF cells
showed a larger initial response, often with multiple peaks, and a clear motor response
when saccading to the receptive field (RF) target, whereas LIP neurons showed a more
stable onset and no motor response. When comparing trials within the FC task (i.e.
same display but different saccade) visually responsive LIP neurons were more
effected by intention than FEF (i.e. more active prior to saccades to the RF Target).
When comparing trials between the FC task and the control (i.e. different display but
same saccade) FEF appears to display stronger field effects, (i.e. stronger visual
response to the RF target when there was no other target).
Supported by CREST of JST Corp, and SPS Research for the Future Program.
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CATEGORICAL REPRESENTATION OF VISUAL STIMULI IN THE MONKEY PREFRONTAL (PF) CORTEX.
P.J. Freedman*13, M. Riesenhuber2-3, C. Shelton2, T. Poggio23, E.K. Miller1 -.
'Center for Learning and Memory, 2Center for Biol, and Comp. Learning, and ■'Dept.
of Brain and Cognitive Sciences, Massachusetts Institute of Technology, Cambridge,
MA 02139, USA.
Objects in the natural world are commonly grouped into categories. One difficulty
in categorization is that visually similar objects can belong to different categories
while dissimilar objects can belong to the same category. How do neurons process
and encode categorical information? To explore this question, we trained a monkey to
perform a delayed matching-to-category task. A novel 3D morphing system produced
images that were linear combinations of prototype objects (3 cats and 3 dogs), which
were divided into “cat” and “dog” classes. The monkey first saw a sample stimulus
randomly selected from one class. After a delay, a test stimulus appeared and the
monkey had to release a lever if it belonged to the same class.
The monkey was able to reliably identify the class identity of novel morph stimuli
(> 85% correct). As the sample images approached the class boundary, the monkey’s
performance fell sharply, suggesting that it had indeed learned the categories.
We have preliminary data from 66 neurons in the ventrolateral PF cortex, of which
36% (24) showed activity that depended on which stimulus was the sample (22 during
the sample period, 7 during the delay period). Of these, 63% (15/24) showed activity that reflected category membership. A Monte Carlo analysis revealed that the
incidence of neurons sensitive to category membership was greater than expected by
chance. Some (9/15, or 60%) preferred certain cat or dog stimuli, suggesting some
influence of category. The remainder (6/15), however, showed activity tuned to category. Their activity was similar for members of the same category but significantly
different for stimuli that belonged to different categories. These findings suggest that
neurons in the PF cortex convey information about the category of visual objects.
Supported by a NSF-KDI/LIS grant and MIT-RIKEN Neurosci. Res. Cntr.
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SIMULTANEOUS RECORDINGS FROM MONKEY PREFRONTAL (PF)
AND POSTERIOR PARIETAL (PP) CORTICES DURING VISUAL
SEARCH. K.C. Anderson*, W.F. Asaad, J.D. Wallis, and E.K. Miller Dept. of
Brain and Cog. Sci., Cntr. for Learning and Memory, and MIT-RIKEN Neurosci.
Res. Cntr., MIT, Cambridge, MA 02139
Both the PF and PP cortices are thought to play a role in visual attention. We
are making a comparison of their respective roles by recording neural activity
simultaneously from multiple electrodes in the lateral PF cortex (areas 46, 12, 8)
and in area 7a/LIP during an object-based visual search task.
While monkeys maintained fixation, a sample object appeared at the center of
gaze for 750 msec, followed by a 1 sec delay. After the delay, a test array of 4
pictures in 4 different locations 6° from the fovea (up, down, right and left)
appeared on the screen. The animal was required to make a direct saccade to the
object that matched the sample (the target). Four electrodes were placed in both
the PF and PP cortex and we typically recorded from 6-8 neurons in each area
concurrently.
We have preliminary data from 162 neurons (85 PF neurons and 77 PP
neurons). Neurons in both areas showed activity that reflected the sample object,
although object-selective activity was more evident in the PF cortex. During
sample presentation, 44% of PF neurons and 25% of PP neurons were objectselective, while during the memory delay, 36% of PF neurons and 12% of PP
neurons were object-selective. Activity related to target selection was also more
prevalent in the PF than the PP cortex. Shortly after the test array appeared (and
before the saccade to the target), 55% of PF and 31% of PP neurons showed
activity that depended on the properties of the target. The majority of cells in both
areas signaled information about the target’s location. These findings indicate that
both the PF and PP are part of a distributed cortical network for object-based
visual attention.
Supported by The John Merck Fund, NIH Grant NS35145, and The MIT-RIKEN
Neurosci. Res. Cntr.

A PARAMETRIC STUDY OF OBJECT RECOGNITION IN THE MONKEY
PREFRONTAL (PF) CORTEX
G. Rainer*, E.K. Miller Dept. of Brain and Cog. Sci., The Cntr. for Learning and
Memory, and The MIT-RIKEN Neurosci. Res. Center, MIT, Cambridge, MA
02139.
We developed a novel psychophysical procedure that allows the parametric study
of the activity of object-selective neurons and their relation to monkeys' behavior.
Pictures of familiar objects were degraded by use of a linear interpolation between
the objects and noise patterns. The stimuli were normalized for luminance and
spatial frequency.
Monkeys performed a delayed-matching-to-sample (DMS) task. Each trial began
with presentation of a sample object at the center of gaze. The sample could be any
of five familiar objects at one of seven stimulus levels (100% stimulus to 100%
noise). After a brief delay, monkeys had to judge whether a test object (always
presented at 100% stimulus) was the same as the sample. Monkeys’ performance
varied systematically as a function of stimulus level. At 100% stimulus, they
performed at 95% correct, while they dropped to chance (50% correct) at 0%
stimulus.
We recorded the activity of 161 neurons from the PF cortices of two monkeys
during the performance of this task. Many PF neurons (61/164, 37%) showed
object-selective activity. Their ability to discriminate among the objects varied
systematically with stimulus level, mirroring the monkeys' performance. The
performance of the most object-selective neurons approached, but did not exceed,
the monkeys’ behavioral performance. We also found that novelty/familiarity had a
major influence on PF activity, with novel stimuli tending to elicit more activity than
familiar ones. This paradigm provides a novel way of characterizing objectselective neurons, and suggests that the PF cortex plays in important role in the
distributed cortical network underlying object recognition.
Supported by MIT-RIKEN Neurosci. Res. Cntr. and Cntr. for Learning and Memory
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MULTIPLE ITEM MEMORY IN THE MONKEY PREFRONTAL CORTEX
W.F. Asaad* and E.K. Miller Dept. of Brain and Cognitive Sciences, Cntr. for
Learning and Memory, and MIT-RIKEN Neurosci. Res. Cntr., MIT, Cambridge, MA
02139
Neural activity in the prefrontal (PF) cortex has been studied as animals attended
to and remembered only a single item. To study how PF activity could contribute to
memory for multiple items, we trained a monkey to attend to remember two objects
and their respective locations. As the monkey fixated centrally, two different sample
objects were presented for 1 second in either adjacent or opposite positions in a
circular array of eight possible locations. After a 1 sec. delay, a test object was
presented at the center. If this object matched one of the previously shown objects,
the monkey made a saccade to that object’s former location. If the test object was a
nonmatch, the monkey maintained central fixation. We also included conditions in
which a single object was the sample. This allowed us to map the responses of the
same neurons to individual stimuli.
We have preliminary data from 30 neurons from the lateral PF cortex of one
monkey. For many neurons, activity was increased w,hen two sample objects and
their locations needed to be remembered (13/30 during sample presentation, 9/30
during the delay) relative to when a single item needed to be remembered. Some
neurons showed activity that reflected particular combinations of objects and
locations, suggesting that they were coding their configuration. These data
compliment those obtained when multiple items are presented but only one is relevant
(Rainer, Asaad, Miller, 1998). In that case, PF neurons responded as if the relevant
object was presented alone. Thus, when monkeys must divide their attention to
include and remember multiple visual field items, the activity of single PF neurons
can convey simultaneous information about those items.
Supported by NIH grant NS35145 and the MIT-RIKEN Neurosci. Res. Cntr.

NEURONS IN THE PRIMATE PREFRONTAL CORTEX
PARTICIPATE IN TRANSFORMATION FROM VISUAL TO
MOTOR INFORMATION.

885

K. Takeda1. S. Funahashi13 *. and A. Mikami2.
’Dept. of Cognitive Sciences, Grad. Sch. of Human and Environmental
Studies, Kyoto Univ., Kyoto 606-8501, Japan; 2Dept. of Behavioral and
Brain Science, Primate Res. Inst., Kyoto Univ., Inuyama, Aichi 484-8506,
Japan; 3PRESTO, JST.
Working memory can be considered a dynamic system including neural
mechanisms for processing and integrating information, in addition to a
temporary storage of information. Elucidating these processing
mechanisms is essential for understanding a variety of cognitive functions.
To examine a neural mechanism for processing and integrating information,
we analyzed single-neuron activity in the prefrontal (PF) cortex while two
monkeys performed two types of oculomotor delayed-response tasks. In
the standard task, monkeys were required to make a saccade to the cue
position after the 3 s delay, whereas in the conditional task, they were
required to make a saccade to the 90° clockwise direction from the cue
position after the delay.
As a result, we confirmed that most of PF neurons with delay-period
activity retained the location of the visual cue, whereas some PF neurons
retained the direction of the saccade. In addition, we observed that most of
PF neurons with cue-period activity maintained spatial selectivity of the
visual cue in both tasks, and many PF neurons with saccade-related activity
maintained directional preferences for saccades in both tasks. These results
indicate that a neural mechanism for transforming visual information into
motor output could be present in the PF cortex. Therefore, elucidating this
mechanism could contribute to understand neural mechanisms for
processing and integrating information in working memory processes.
(Supported by the Japanese Ministry of Education Grant No. 10164229)

355.13

355.14

THE INFLUENCE OF 5-HT3 RECEPTORS ON LOCAL CIRCUIT FUNCTION IN
PRIMATE PREFRONTAL CORTEX. G.V. Williams*, S.G. Rao, and P.S. GoldmanRakic. Section of Neurobiology, Yale Univ. Med. Sch., New Haven. CT 06510.

SPIKE TIMING RELIABILITY IN THE PREFRONTAL CORTEX
DEPENDS ON THE FREQUENCY CONTENT OF ITS SYNAPTIC
INPUTS. J. -M. Fellous*, R.P.N. Rao, A.R. Houweling and T.J.
Sejnowski. The Salk Institute. La Jolla, CA 92037.

Previous work in this laboratory has indicated that 5-HT2A receptors
regulate perisomatic inhibition of regular-spiking (RS) pyramidal cells arising
from fast-spiking (FS) intemeurons. Pyramidal cells also receive dendritic
inhibition from neurogliaform cells which express 5-HT3 receptors. We
studied the significance of this form of inhibition for mnemonic activity by
iontophoresis of 5-HT3 receptor-selective drugs on prefrontal neurons in
monkeys performing an oculomotor delayed-response task. As expected from
activating feed-forward inhibitory inputs, the agonist p-chloro-phenylbiguanide drastically reduced firing in RS cells (26%), and this effect could be
blocked by bicuculline. However, an increase in activity was also observed in
other RS cells. Likewise, the 5-HT3 antagonist Y25130 often produced a
robust increase in firing of 58% of RS neurons but reduced activity in 16% of
these cells. A possible explanation for these effects arose from the observation
that these drugs affected FS cells in a similar way, indicating that these
intemeurons might also receive inhibitory inputs from neurogliaform cells and
might therefore mediate an indirect influence on pyramidal neurons. These 5HT3 mediated changes in activity were in part spatially dependent, destroying
pre-existing tuning, especially in RS cells, and creating tuning in a number of
RS and FS neurons. These findings suggest that 5-HT3 receptor stimulation of
neurogliaform cells may exert a dual action on local circuits subserving spatial
working memory: a direct action on pyramidal cells and an indirect action via
fast-spiking interneurons.
Supported by NIMH, P50 MH44866.
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Neurons in the prefrontal cortex of rats were investigated that may be
involved with working memory. In particular, the dependence of the
reliability of spike timing on the temporal properties of the input was
assessed by varying the frequency content of the injected current. In an in
vitro slice preparation, prefrontal cortical cells generated spikes that were
precisely time locked with fluctuating input currents that mimicked synaptic
activity. The reliability of spiking depended on the frequency spectrum of the
inputs. Spike timing was most reliable in prefrontal cells when they were
injected with sinusoidal current in the theta frequency band (5-10 Hz), and
intemeurons were more reliable than pyramidal neurons. For randomly
fluctuating current stimuli with mixed frequencies or computer simulated
EPSCs and IPSCs, the reliability and precision of spiking was highest if the
power of the synaptic signal peaked in the theta band. Multi-compartmental
modeling studies suggest that Hodgkin Huxley dynamics and synaptic-like
background noise can reproduce this phenomenon, and that reliable firing
depends on the degree of synchrony of the excitatory and inhibitory synaptic
inputs. An information theoretic approach based on a linear stimulus
reconstruction paradigm was used to quantify the information contained in
synaptic inputs and in the resulting prefrontal cortex neuron’s output spiking
pattern to assess the degree to which information is conserved by the firing
pattern of the neurons. Supported by HHMI and the Sloan Foundation.
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355.15

MONDAY PM

PERSISTENT ACTIVITY AGAINST DISTRACTORS IN
AN INHIBITION-DOMINATED CORTICAL RECURRENT
NETWORK MODEL OF OBJECT WORKING MEMORY.

355.16
CONTRIBUTION OF SINGLE NEURONAL DYNAMICS TO
SPONTANEOUS AND PERSISTENT ACTIVITY IN PREFRONTAL CORTEX: A MODEL STUDY J, Tegner * and X. - J. Wang,

355.17

355.18

A NETWORK MODEL OF SPATIAL WORKING MEMORY
IN PREFRONTAL CORTEX: SPONTANEOUS STATE, PERSISTENT ACTIVITY, AND MEMORY FIELD FORMATION

TONE-ELICITED CHANGES IN SINGLE UNIT ACTIVITIES RECORDED FROM MEDIAL
PREFRONTAL CORTEX OF FEAR CONDITIONED RAT E.H. Baeg1'2, Y.B. Kim1'2, H.T.
Kim2, J.W. Ryou2*, M.W. Jung1. Neuroscience Laboratory, Institute for Medical

N. Brunel * and X. — J. Wang, Volen Center for Complex Systems, Brandeis University, Waltham, MA 02454
Previous studies of an object working memory model (Amit and Brunel 1997)
have shown that a network with strong recurrent inhibition, and strong excitatory connections between cells that encode the same object, can sustain both a
spontaneous activity state and tuned delay-period activity, in accordance with
available neurophysiological data in prefrontal and inferior temporal cortex of
the monkey. In the present work, we extended the model by taking into account
more realistic synaptic dynamics.
We investigated the implications of a basic feature of the model, thac the
recurrent interactions are dominated by inhibition. An increase in the nonspecific
external drive to the. network typically led to an increase in the spontaneous
neuronal firing rate, but a decrease of the tuned persistent activity during the
delay period due to the predominantly inhibitory feedback. A gradual decrease of
the nonspecific drive first led to an increase, then a decrease, of the delay-period
activity, followed by its disruption. Thus, the level of delay-period activity in
such a network model has an inverse U shape as a function of external stimulation
of the whole network.
We then investigated the effect of distractors introduced during the delay
period. In a range of moderate input amplitude, the sample stimulus puts the
network into its corresponding attractor, which is then robust to distractors
because of an enhanced network inhibition during the delay period compared to
the spontaneous state. When the input amplitude is very strong, a distractor
disrupts memory storage of the sample stimulus. These two scenarios are similar
to the observations from the prefrontal and inferior temporal cortices of the
behaving monkey, respectively.
Sponsored by the NSF (IBN-9733006) and A. P. Sloan Foundation.

A. Compte*, N. Brunel and X. — J. Wang, Volen Center for Complex Systems,
MS 013, Brandeis University, Waltham, MA 02454
Visuospatial working memory experiments on monkeys have shown that spatial working memory operates through stimulus-selective persistent activity of
neurons in prefrontal cortex (PFC). We present here a computational network
model of spatial working memory, using integrate-and-fire spiking neurons and
realistic excitatory and inhibitory synaptic dynamics. The model assumes a predominance of synaptic inhibition in the recurrent circuit, excitatory recurrent
synapses with a significant NMDA-receptor-mediated component, a structured
connectivity between excitatory cells, and strong nonspecific afferent inputs to
the network.
In computer simulations using a protocol similar to the oculomotor experimental paradigm (Funahashi et al. 1989), the network model displays the following
behaviors: (1) spontaneous activity before stimulus presentation, (2) sharply
tuned persistent activity for excitatory neurons, with an enhanced firing rate
for the optimal stimulus in the physiological range (about 20 Hz) and a reduced
firing rate for the nonpreferred stimulus, compared to the spontaneous activity,
(3) robustness against distractors of the same input amplitude and duration as
the cue stimulus, and (4) broadly tuned delay activity for inhibitory neurons if
a tuned connectivity from excitatory to inhibitory neurons is introduced.
Therefore, the model reproduces many salient features of the available electrophysiological data from the behaving monkey’s PFC during a visuospatial
delayed-response task. Implications of the hypothesized inhibition-dominated
circuit organization of the PFC will be discussed.
Sponsored by the NSF (IBN-9733006) and A. P. Sloan Foundation.

355.19
WORKING MEMORY: PLANAR GRAPH THEORY SUGGESTS THAT A
SEGMENTED, ACTIVATED CORTICAL DOMAIN CAN SERVE
ASSOCIATIVITIES OF UP TO FOUR CHUNK-FEATURES. R. B. Glassman?
Dept. of Psychology, Lake Forest Col., Lake Forest, IL 60045-2399.
Up to 7±2 simple “chunks,” can be held in working memory (WM) by lab rats
or humans: flexible WM duration and other dimensions, but restricted
numerousness, yield combinatorial freedom within constraint for adaptive
modifiability of long-term memory (Glassman, et al., Brain Res. Bull., 1994,
1998, 1999). Conjecturally, WM chunks might be coded in series within EEG
waves (Glassman, Neurosci. Abstr., 1991; Lisman & Idiart, Science, 1995); or
<4 chunks might be represented in parallel as EEG frequencies, in harmonylike small-integer ratios, with the total of 7±2 resulting from rapid sequential
cycling (Glassman, Neurosci. Abstr., 1994, 1998). How might WM be
organized spatially in the brain? Each WM chunk must be able to call upon
any of the diverse feature-analyzing tissue of the cortical sheet, comprising
small modular areas. The “four-color” principle of map topology and a basic
theorem of graph theory imply that if a module is dynamically subdivided into
no more than four planar subareas, then each such segment (with its densely
packed pyramidal dendritic fields) has free access to each of the others. Thus,
I hypothesize that WM comprises a “galaxy” of activated cortical patches, each
subdivided into four amoeboid planar segments. The segments of different
patches that respectively represent the same chunk must be dynamically
bound together somehow, perhaps via long axons and/or by synchronies of up
to four different EEG frequencies. Now suppose also that a typical, contextual,
elementary cognitive operation requires associative coordination of at least 3
items at a time; also considering input-output direction, we have (4C3)(23)=32
possible directed triplet graphs per quadrisected patch. I will also consider
implications of limited “overpass” connectivity among planar segments (via
axons or perhaps active dendrites in the cortical molecular layer) and of
excitatory vs. inhibitory associations among patch segments.
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Volen Center for Complex Systems, Brandeis University, Waltham, MA 02254
Delay-period activity, the neuronal correlate of working memory, is generally
assumed to arise from reverberating synaptic excitation. However, cortical pyramidal neurons are known to display a rich repertoire of active ionic conductances.
In this study, we use model simulations to explore the possible role of such single
neural dynamics in the generation of persistent activity.
A two-compartment model is constructed for a prefrontal cortical pyramidal
neuron. The first (peri-somatic) compartment contains spike-generating ionic
currents and spike-adaptation currents. The second (distal dendritic) compartment, representing a “hot spot” of the dendritic tree, has a high-threshold Ca2+
current (lea), a Ca2+-activated nonspecific cation inward current (lean) and
a Ca2+-activated K+ current (Ik Co )- The electrical coupling between the two
compartments is assumed to be weak. Various balance between these currents,
and the coupling strength between the two compartments are shown to control the model neuron’s input-output relation, which is likely important for the
network working memory behavior.
Bistability at the single cell is realized in some parameter regimes (similar
to the Booth-Rinzel model for motorneurons). When driven by the background
dendritic inputs, the model neuron is in a stable spontaneous firing mode. An
additional brief dendritic synaptic stimulation, corresponding to the visual cue,
switches the neuron into a persistent firing mode. In our model (unlike the
Booth-Rinzel model), the transition'from the spontaneous state to the active
state can be triggered by a transient input to the dendrite, but not to the soma.
Such a bistability is thus insensitive to the peri-somatic inhibition, while under
an effective control by synaptic inhibition at distal dendritic sites.
Supported by Wennergren Foundation and A. P. Sloan Foundation.

Sciences, Ajou University School of Medicine, Suwon, Korea, 442-7211. Dept. of
Psychology, Univ. of Korea, Seoul, Korea2.
We investigated behavioral correlates of PFC neurons during aversive classical
conditioning. Activities of single units were recorded with "tetrodes" that were implanted
bilaterally in the medial PFC of male Sprague-Dawiey rats. Animals were placed in a
recording chamber and an auditory tone was delivered for 5sec as a conditional stimulus
(CS). The unconditional stimulus (US) was 0.5sec duration of electric foot shock that was
delivered either during the last 0.5sec of the CS (delay conditioning) or 1.5sec after offset of
the CS (trace conditioning). Animals were trained following a partial reinforcement schedule
and the US was not delivered during unit recordings. Reinforcement was scheduled to prevent
prediction of US delivery by the animal. 71 and 88 units were recorded during the trace and
delay conditioning task respectively. In addition 18 units were recorded from the control
animals that received CS only, and 20 additional units were recorded to examine effect of
the context. A preliminary analysis indicates that about 75% of cells changed their firing rates
in association with the CS. Diverse types of behavioral correlates were found; these include
brief elevation of firing rates associated with onset or offset of the CS, tonic elevation of
firing rates during the CS, and progressive changes of firing rates during the CS. Units from
the control animals did not show CS-related firing rate changes. PFC units also changed their
firing rates when exposed to the context (conditioning box) without CS delivery. These results
show that PFC units change their activities in correlation with various phases of the aversive
conditioning task and suggest that both tone and contextual information are processed in the
PFC in expectation of delivery of US. [Supported by the Korea Ministry of Science and
Technology under the Brain Science Research Program and the KOSEF through Brain
Disease Research Center at Ajou University.]
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356.1

356.2

WORKING MEMORY RETENTION IS ENHANCED BY
HORMONAL
MANIPULATIONS
THAT
CAUSE
ELEVATIONS IN HIPPOCAMPAL SPINE DENSITY. N.J.
Sandstrom, ** G. Einstein2 and C.L. Williams1. ’Department of
Psychology. Experimental, Duke University; department of
Neurobioiogy, Duke University Medical Center; Durham, NC 27708.
Acute estradiol administration increases dendritic spine density of
CAI pyramidal neurons in the hippocampus of ovariectomized female
rats (see Woolley, 1998). These experiments describe the effects of acute
estradiol replacement on working memory retention using a delayedmatching-to-place version of the water maze. Rats received a series of
trial pairs in the water maze with a hidden platform located in the same
pool location on the train and test trials of each pair, but moved to a
random pool location between pairs of trial. Memory retention, taken as
a measure of the difference between the pathlengths on train and test
trials, declined as the retention interval between train and test trials
increased. The administration of estradiol benzoate (10 pg) 48 and 72 hr
prior to testing, caused an improvement in memory retention. This
improvement lasted approximately four days, but could be maintained
for at least 8 days by daily injections of estradiol. A single injection of
progesterone caused a return of performance to baseline levels within 24
hr. Furthermore, estradiol-induced improvements in working memory
retention were not evident in females exposed to estradiol during the first
10 days following birth. Collectively, these findings indicate that
working memory retention is enhanced by hormonal manipulations that
cause elevations in hippocampal spine density in female rats and that this
behavioral responsivity is a consequence of the organizational effects of
estradiol in early development. Supported by AG09525 to CLW.

BEHAVIORAL RELEVANCE MODULATES ACCESS TO SPATIAL WORKING
MEMORY. F. Ostendorf1, C.J. Ploner 1’2*, S.A. Brandt1, B.M. Gaymard2, S. RivaudPechoux2. A. Villringer1 and C. Pierrot-Deseilligny2. ’Klinik fiir Neurologie, Charite,
D-10117 Berlin, Germany; 2INSERM U 289, Hopital de la Salpetriere, F-75651 Paris
Cedex 13, France.
Behavioral studies in humans suggest obligatory access of visual information to
working memory. By contrast, single-neuron recordings from its putative anatomical
substrates in monkeys have shown selective neuronal responses to behaviorally relevant visual information.
Here, we used a modified delayed oculomotor response task to investigate the role
of behavioral relevance for input into human spatial working memory. Subjects were
presented two successive visual targets for 0.5 s in different and unpredictable locations while fixating on a central fixation point. After a delay of 3 s, an unpredictable
auditory cue (one beep or two beeps) sounded and the central fixation point was
turned off, initiating the oculomotor response (i.e. memory-guided saccade) phase.
Two groups of 10 subjects each were studied in two conditions: In the ACTIVE
condition, subjects were instructed to memorize both visual targets and to move the
eyes to the remembered position of the first target (one beep) or the second target
(two beeps). The same stimuli were used in the PASSIVE condition, but subjects
were instructed to memorize and move the eyes to the position of the first target only,
regardless of the second target and the auditory cue.
In the ACTIVE condition, we found a significant increase in errors of memoryguided saccades to the first target, when the second target was located between central fixation point and first target (p<0.01). This spatially selective interference effect
disappeared in the PASSIVE condition, despite identical stimuli.
These results point against an obligatory access of visuo-spatial information to
working memory. We conclude that, under conditions controlling for overt attention
shifts, spatial working memory effectively selects behaviourally relevant information.
(supported by the Deutsche Forschungsgemeinschaft, Graduiertenkolleg 423)

356.3

356.4

MOSSY FIBER STIMULATION SUFFICIENT TO INDUCE
SYNAPTOGENESIS ENHANCES SPATIAL WORKING MEMORY
Div. ofLife Sciences, The University of Texas at San Antonio, TX 78249
Previous studies report a positive correlation between the density of mossy fiber
synapses in the CA3 inffapyramidal layer and spatial working memory in various
strains of mice (Schwegler and Crusio.. Behav. Brain Res.. 67:29-41, 1995). We
reported previously that high-frequency stimulation of the mossy fiber in vivo
increases the density of mossy fiber synapses as measured using a modified Timm's
stain at one week after stimulation (Escobar, et al., Brain Res.. 751:330-35, 1997).
This synaptogenesis is most apparent in the inffapyramidal regions of CA3, is
observed bilaterally, and is independent from both seizures and the induction of
mossy fiber LTP. We tested the effect of mossy fiber stimulation on spatial learning
in adult rats. In anesthetized rats, the mossy fibers were stimulated (100 Hz, 1 sec x
2), and changes in mossy fiber synaptic responses were recorded for 1 hr. One week
following stimulation, rats were trained over a 7-day period in an eight-arm radial
maze. Timm's staining for mossy fibers was performed 10 days after maze training.
High-frequency stimulation of the mossy fibers resulted with significant reduction in
working memory errors as compared with both animals receiving only low frequency
mossy fiber stimulation and unoperated controls. Significant differences in reference
memory errors were not observed among these groups. Additionally, both
synaptogenesis and enhanced working memory were observed in animals that failed
to display mossy fiber LTP or displayed mossy fiber LTD. These data indicate that
high-frequency mossy fiber stimulation enhances working memory. This effect is
independent from LTP and may result from stimulation that increases mossy fiber
synapses. Support: GM08914 (BED, EVH).

NOVELTY-INDUCED FACILITATION OF LTP: INDEPENDENCE FROM
EXPLORATORY BEHAVIOR AND ATTENUATION BY FAMILIAR STIMULI
CJJavis-Hart*, and & F, Derrick, Cajal Neuroscience Research Center,
Div, OfL(fe Sciences, University of Texas, San Antonio 78249
Previously we reported that LTP induced at the medial perforant path-dentate synapse
during exploration of novel environments facilitates LTP magnitude and longevity.
However, it is unknown whether LTP facilitation is mediated by either exploratory
behaviors or novel stimuli within the environment. We found that prior exposure to the
novel environment reduced the facilitation of LTP magnitude and longevity normally
observed with novel environments. We then examined whether this effect was specific
to the stimuli or the result of non-specific habituation to repeated exploration of novel
environments. Animals were allowed to explore a novel environment daily for 5 days.
LTP was induced in either this same environment or in a novel environment with
unfamiliar objects. Facilitation of LTP magnitude (as measured at 1 hr) was equivalent
with familiar vs. unfamiliar stimuli. However the facilitation of LTP longevity was
greater (14 days vs. 5 days to baseline) when LTP was induced in the environment with
unfamiliar stimuli. Interestingly, placement of an animal in a novel environment 1 hr after
LTP induction did not reverse LTP, as reported in CAI; rather, exposure to novel stimuli
1 hr following LTP induction also facilitated LTP longevity from 3-5 days to 2-3 weeks.
These data suggest facilitation of LTP induced in the dentate gyrus during exploration of
novel environments is dependent on novel stimuli within the environment, rather than the
result of non-specific arousal or exploratory behaviors. Further, novelty can facilitate
pre-established LTP, suggesting actions of novelty on LTP maintenance. This effect may
be analogous to modulation of memory consolidation that is observed behaviorally with
posttraining treatments.
Supported by GM04897 (BED)

356.5

356.6

FRONTAL AND OCCIPITAL NEOCORTICAL TRANSCALLOSAL
EVOKED FIELD POTENTIALS: DOES ENVIRONMENTAL
ENRICHMENT AND WATER MAZE TRAINING PRODUCE LTPLIKE CHANGES? J. Beiko1* and D.P, Cain2, ’Prog. in Neuroscience;
2Dept. of Psychology. University of Western Ontario.

CAPABILTY OF AHP TO REDUCE SYNAPTIC INPUTS IS ENHANCED IN
PIRIFORM CORTEX PYRAMIDAL NEURONS AFTER ODOR LEARNING
D. Saar1*, S. Knafo2, Y. Grossman1 and E. Barkai2
Dept. of Physiology1 and Morphology2, Faculty of Health Sciences and Zlotowski
Center for Neuroscience, Ben-Gurion University, Beersheva 84105, Israel.
We have previously shown that the medium afterhyperpolarization (AHP)
generated by a burst of action potentials is reduced in layer II piriform cortex
pyramidal neurons following odor learning (Saar et al., EJN(10) 1518, 1998). Here we
studied learning-related modifications of the AHP capability to reduce excitatory
synaptic inputs onto these neurons in brain slice preparation. Rats were trained to
discriminate positive cues in pairs of odors, until they demonstrated dramatic increase
in acquiring the same task with unfamiliar odors (‘rule learning’). Neurons from
trained rats did not differ from neurons from ‘pseudo trained’ animals in their resting
Vm, R,n and spike amplitude. However, the amplitude of AHP evoked by generating 6
action potentials at Vm= -60mV was significantly smaller in neurons from ‘trained’
rats than in neurons from ‘pseudo trained’ (-5.7mV+1.6, n=27 in ‘trained’ and
-6.5mV+1.3 in ‘pseudo trained’, p<0.05), confirming our previous report. AHP
reversal potential did not differ between ‘trained’ and ‘pseudo trained’ neurons
(-76.8mV+4.0, n=22 in ‘trained’ and -77.2mV+2.1, n=19 in ‘pseudo trained’). To
explore the effect of AHP on PSPs amplitudes of afferent and associative standardized
synaptic inputs (lOmV amplitude) to these cells, 6 action potentials were intrinsically
generated at Vm=-80mV, where AHP conductance is activated but does not affect
Vm. AHP conductance reduced PSPs amplitudes in neurons from ‘trained’ rats more
than in neurons from ‘pseudo trained’ in the afferent (13.0%+5.1, n=20 versus
8.7%+6.3, n=26, p<0.02) and the associative (16.5%+7.5, n=23 versus 12. l%+6.7,
n=27, p<0.03) fibers. Differences in AHP effects were not the result of modified
dendritic length, as indicated by a morphological study using Rapid-Golgi method.
We suggest that learning-related AHP decrease is not only the result of reduced
conductance, but a more complex phenomenon, involving its generation at a different
location on the pyramidal neuron.
Supported by die Israel Science Foundation.

Transcallosal field evoked potentials (EP’s) in the frontal and occipital
neocortex were monitored to determine if environmental enrichment (EE)
and water maze (WM) training produce corresponding LTP-like changes.
Long-Evans rats were randomly divided into an EE and homecage control
(HC) group. The animals that received EE were placed (groups of 2-3) in
a large multi-sectional cage that contained numerous toys; whereas the
HC animals were individually placed in hanging wire-mesh cages.
Approximately 6 weeks after this treatment each animal underwent
electrode implantation. Bipolar stimulating and recording electrodes were
placed in opposite hemispheres and served to elicit and record the
transcallosal EP. The surgeries were- conducted using a standard
stereotaxic procedure such that each animal, regardless of condition,
received the same electrode placement. After recovery, EP’s were
collected over several days using a predetermined low and high-test pulse
intensity. The results from these EP’s were used to evaluate the effect of
EE and also served as a baseline for subsequent WM training. Water
maze training occurred over 5 consecutive days with a new platform
position each day. Evoked potentials were collected 24hrs after the first
and last WM training session. Preliminary analyses indicated no effect of
EE or WM training on EPs collected in either neocortical target site.
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356.7

356.8

AGE-DEPENDENT CHANGES IN Ca2+-MEDIATED EXCITABILITY IN RAT CAI
NEURONS CORRELATE WITH CHANGES IN RADIAL ARM MAZE LEARNING.
J. Christopher Gant. Casey Glasier, Penny Lea. Joseph G, Wood* & L.T. Thompson.
Cognition & Neuroscience Program, Schools of Human Development and of Natural
Science & Math, University of Texas at Dallas, Richardson, TX 75083-0688.
Aging alters postsynaptic neuronal excitability in rat hippocampus, and also results in
deficits in learning and memory. An unexplored model to assess convergence between
these observations is to relate changes in hippocampal postsynaptic excitability to learning.
Ca2+ mediated postsynaptic neuronal excitability was studied in comparison to age and
to performance on the radial arm maze. Subjects were young (3-4 mo), middle aged
(12-24 mo) or aged (30+ mo) male rats. Performance on radial arm maze tasks was
characterized as rapid, impaired, or severely impaired. After training, 400 pm slices were
prepared using modifications of previous methods (Thompson et al., 1997). Intracellular
voltage responses from hippocampal CAI neurons were obtained using sharp electrodes
(3M KCI, 30-80 ML2). Amplitude, duration, and area of post-burst afterhyperpolarizations
(AHPs) were measured after depolarizing current injection sufficient to produce 4 action
potentials. Spike accommodation was assessed to an 800 ms injection of the same current.
Passive membrance properties, action potential characteristics, synaptic and resting potential
measures were also obtained in neurons meeting strict criteria for cell health.
Post-burst AHP amplitude, duration, and area increased with aging, reducing postsynaptic
excitability. Accommodation also increased with aging. These measures were most
significantly altered from those observed in neurons from young controls in cells from
aged rats exhibiting the most severe age-associated learning impairments.. These results
indicate an age-dependent modification in calcium-mediated processes such as the AHP
and accommodation, which have been implicated in other learning tasks as playing critical
time-dependent roles in tearing and memory consolidation. This is the first demonstration
that postsynaptic excitability in rat hippocampus also correlates with teaming. Supported
by Human Development funds and the Clarke foundation.

AGING ALTERS CaM-KII & CALCINEURIN IMMUNOREACTIVITY IN RAT
HIPPOCAMPUS. B. Vachha, R. Velasco. M. Boonpattrawong, & L.T. Thompson*.
Cognition & Neuroscience Prog., Human Development, UT Dallas, Richardson, TX 75083.
Intracellular free Ca2+ increases with advancing age in adulthood. Drugs that alter Ca +
influx, either by blocking voltage-gated channels (e.g. nimodipine) or enhancing NMDA
receptor function (e.g. D-cycloserine), alter hippocampal neuronal excitability and improve
the learning ability of aging subjects that are learning-impaired compared to younger
controls. Changes in the phosphorylation of intracellular and membrane-bound proteins
(including receptors and voltage-gated ion channels) are critically involved in neural
plasticity. The current study focused on age-related changes in the expression of both a
kinase, CAM-KII, and a phosphatase, calcineurin, that are strongly regulated by intracellular
Ca2+ via the potent calcium-binding protein, calmodulin, and have been implicated in
regulating neuronal plasticity. If alterations in CAM-KII and calcineurin activity are
required for the storage of new associations, and aging subjects are impaired making new
associations, then the expression or activity of these enzymes may be altered in the aging
hippocampus and other brain regions critically involved in teaming and memory.
Standard immunohistochemical methods, using commercial (Sigma/RBI) monoclonal
antibodies, were used to assess the expression of CAM-KII and calcineurin in the
hippocampus and other brain regions in serial 10 pm fresh fixed frozen sections of young
(3-4 mo) and old (30+ mo) mate rats. All immunostaining was done in parallel to avoid
artifactual variance. The pattern of immunoreactivity for CAM-KII and calcineurin was
compared using videomicroscopy analyses. Calcineurin immunoreactivity was higher in
hippocampal regions of young rats, with age-dependent changes observed. Basal CAM-KII
immunoreactivity was lower than that for calcineurin, again with age-dependent changes
in expression observed. Thus, it appears likely that changes in expression of calciumcalmodulin-dependent kinases and phosphatases may play a significant rote in agedependent deficits in learning and memory. Supported by Human Development funds.

356.9

356.10

HIPPOCAMPAL SYNAPTIC PLASTICITY AND T-MAZE BEHAVIOUR IN
C57BL/6 AND DBA/2 MICE M.W. Jones1, H. Peckham1, M.L. Eirington1. A.
Routtenberg2 and T.V.P. Bliss’*. 'Div. of Neurophysiology, N.I.M.R., Mill Hill,
London NW7 1 AA; ’Northwestern Univ., 2021 Sheridan Rd, Evanston, IL 60208.
C57BL/6 mice out-perform DBA/2 mice in a spatial reference memory task and a
form of LIT shows greater persistence in the dentate gyrus (DG) of anaesthetized
C57BL/6 mice compared to DBA/2 mice. Recording of field potentials in trained,
awake mice allows us to further investigate these inbred strain differences.
DG field potentials were evoked in anaesthetized mice by stimulation of the
perforant path. Electrodes were fixed and animals allowed to recover for 7 days before
awake recording (20min/day). Three high frequency stimulation protocols were tested
in each mouse: (1) 8 400|is pulses at 400Hz, at a current that evoked a maximum
response; (2) 3 x 8 pulses as above, 10 s between trains; (3) 6 series of 6 trains of 6
test-intensity stimuli at 400Hz, 200ms between trains, 20s between series.
Neither protocols 1 nor 2 induced any change in EPSP slope. In contrast, protocol
3 induced a stable LTP of population spike (PS) mJ EPSP that lasted for at least 24h
in both strains. Protocol 1 induced a robust potentiation of the PS in C57BL/6 mice
that was maintained for at least lhr, but less than 24h; the same protocol resulted in
no significant PS change in DBA/2 mice. Protocol 2 practiced lh PS potentiation in
both strains, but at 24h potentiation was seen only in C57BL/6 mice.
Spontaneous alternation was examined in both groups of mice. Animals were
given pairs of choice trials (20s between choices) in a T-maze. C57BL/6 mice showed
a stronger tendency to alternate than DBA/2 mice (89±6% vs. 74±6% of trials; 5
mice per group, p<0.05); moreover, alternation in C57BL/6 animals was less prone
to disruption by a 2min inter-trial delay in a novel environment, a task at which
DBA/2s failed to alternate above chance levels. Thus, mice showing relatively less
PS potentiation score less well in a hippocampal-dependent behaviour. We thank the
M.R.C. and the Wellcome Trust for support.

ROLE OF NMDA RECEPTORS IN SKILL LEARNING AND LEARNINGINDUCED SYNAPTIC STRENGTHENING David, J. Marqolis, John, P.
Donoahue, Marc-G. Rioult* and Menqia-S. Rioult-Pedotti. Dept. of
Neuroscience, Brown University, Providence, Rl 02012.
We have previously shown that learning and practicing a new motor skill is
associated with a strengthening of intracortical horizontal connections in the
forelimb area of the primary motor cortex (Ml; Rioult-Pedotti et al, Nat. Neuro.
1998). Because this synaptic strengthening is mediated by an activitydependent, or LTP-like mechanism and MI-LTP in slices depends on NMDA
receptor activity, we hypothesized that skill learning requires functional
NMDA receptors.
Adult rats were trained 4-7 days in a skilled pellet-retrieval task one hour
after systemic administration of (±)-3-(Carboxypiperazin-4-yl)-propyl-1phosphonic acid (CPP; 5 mg/kg i.p., N=20-14), a competitive NMDA
receptor antagonist, and without drug (Ctrl, N=18-15). CPP-treated rats
acquired the task as well as Ctrls but performance did not further improve
after the 2nd training day. This impairment was not due to a general
performance deficit because CPP did not affect performance if the task was
already learned (N=5). Functionally, CPP-treated rats (5 training days) did
not show strengthening of Ml horizontal connections. By contrasts in the
trained Ml of CPP-treated rats, extracellular field potential amplitudes were
smaller (tr/untr=0.78; 1.57 in Ctrls) and maximum synaptic strength as
revealed by repeated high frequency stimulation was larger (1.26; 0.2 in
Ctrls) compared to the untrained hemisphere. Therefore, NMDA receptors
are required for optimal, but not initial learning of a new motor skill and for
learning-induced activity-dependent synaptic strengthening of Ml
intracortical connections. Supported by NS22517.

356.11

356.12

PERSISTENT SYNAPTIC MODIFICATION AND REAPPEARANCE OF
LTP AFTER LONG-TERM MOTOR SKILL TRAINING Mengia-S, RioultPedotti* and John. P. Donoghue. Dept. of Neuroscience, Brown University,
Providence, Rl 02912.
We have recently demonstrated that learning and
practicing a new motor skill is associated with strengthening of intracortical
connections in the forelimb area of the primary motor cortex (Ml). This
synaptic strengthening observed after 5 days of training was attributed to an
activity-dependent mechanism because long-term potentiation (LTP) was
mostly occluded following 5 days of training. Here we test the hypothesis
that LTP is not only a mechanism involved in the early phase of learning but
is also involved in long-term storage of a newly learned motor skill.
Adult rats were trained in a skilled reaching task (food pellet retrieval) for
3-5 and 23-32 days.
Retrieval success and movement optimization
reached asymptotic levels after 5 and 3 days respectively. Field potentials
(FP) in layer II/III horizontal connections were examined in corona! slices
including the Ml forelimb area of both hemispheres, 12-20 hours following
the last training session. FPs of the trained and untrained Ml were recorded
simultaneously. FP amplitudes were larger in the trained Ml compared to
the untrained Ml after >23 days as well as after 3-5 days of training. With
repeated high frequency stimulation we established the maximum strength
of the tested synapses. While less LTP is produced in the trained Ml after 5
days of training, normal amounts of LTP were obtained with >23 days of
training. Saturation was not significantly different (trained 152 % of baseline;
untrained 144 %, p=0.22 ). Thus, following several weeks of motor skill
training, intracortical connections remain strengthened and they recovered
the ability to produce normal amounts of LTP. This work suggests that
persistent synaptic strengthening is a potential substrate for the long term
memory of motor skill, and the reacquisition of the potential for normal LTP
may permit further learning through similar mechanisms. Support: NS22517.

RUNNING ENHANCES NEUROGENESIS, LEARNING
AND LONG-TERM POTENTIATION (LTP) IN MICE.
H. van Praag1*. B, R. Christie2. T. T. Sejnowski2, F.JFL
Gage1, laboratory of Genetics, laboratory of
Computational
Neurobiology,
Salk
Institute
for
Biological Studies, La Jolla, CA92037.
Running increases neurogenesis in the dentate gyrus (DG)
of the hippocampus (van Praag et al., Nature Neurosci. 2,
266-270, 1999), a brain area important for memory
function. Consequently, spatial learning as well as the
ability to sustain LTP were tested in mice housed with a
running wheel (Runners) or under standard conditions
(Controls). At the onset of the study, female C57BL/6 mice
were injected with bromodeoxyuridine (BrdU, 50 pg/g)
over 10 days. Four weeks after the last BrdU injection mice
were trained on the Morris water maze task over 6 days.
Thereafter, one hemisphere was used for morphology and
the other for electrophysiology. The results of our study
showed that running improved acquisition of the water
maze task and increased DG BrdU-positive cell number.
In addition, DG LTP was doubled in slices from Runners
compared to slices from Controls. Thus, physical activity
can regulate hippocampal neurogenesis, synaptic
plasticity and memory function. Supported by NIA,
NINDS, Pasarow Foundation, Holfelder Foundation.
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LEARNING INDUCES SPECIFIC CHANGES IN ODOR-EVOKED
OSCILLATIONS IN BETA AND GAMMA BANDS IN RAT
CENTRAL OLFACTORY PATHWAYS. N, RavsLL Chabaud and R,
Gervais* CNRS, Institute for Cognitive Sciences, 69675 Bron, France.
Previous studies showed that olfactory learning enhanced amplitude of
bursts in 60-90 Hz in mammalian olfactory bulb. This study examined
this point in different olfactory areas and several frequency bands
between 15 and 90 Hz. In freely moving rats, local field potentials were
recorded simultaneously from olfactory bulb (OB), piriform cortex (PC)
and entorhinal cortex (EC). Rats were trained to perform an olfactory GO
/ NO-GO task, in which odors were sampled in an olfactory port. A
dynamical spectral analysis with 150 msec time windows determined
odor-induced significant changes in power for each structure during and
after odor sampling. Recordings were obtained in early training sessions
(NAIVE rats) and several days later when the learning criterion was
reached (TRAINED rats). Surprisingly, learning enhanced reduction in
amplitude of fast 70-85 Hz activity in OB that was also observed during
sampling in NAIVE rats. In addition, we found that in NAIVE rats,
olfactory sampling enhanced oscillations in 15-45 Hz for each structure.
In TRAINED rats these oscillatory responses were amplified, particularly
around 20 Hz. In OB and PC, the time course of responses became
different between GO and NO GO odors Thus learning also induced
important changes in 15-45 Hz oscillations, which could be associated to
perception and sensory motor integration processes. Supported by CNRS
and GIS Sciences de la Cognition.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—CORTEX
357.1

357.2

IMMEDIATE-EARLY-GENE EXPRESSION BY THE TRAINING OF TOOL-USE
IN THE MONKEY INTRAPARIETAL CORTEX. H, Ishibashi*. S. Hihara. M,
Takahashi and A, Iriki. Dept. of Physiology, Toho Univ. Sch. Med., Tokyo 1438540, and Sec. of Cognitive Neurobiology, Dept. of Maxillofacial Biology, Tokyo
Med. Dent. Univ; Tokyo 113-8549, Japan.
When skilled to use a tool, we feel it becoming a part of or an extension of the
hand — the 'body-image' alters. This psychological phenomenon becomes perceptible
after repeated practice. After the practice to use the tool in monkeys, neuronal
circuitry at the anterior bank of the contralateral intraparietal sulcus, integrating
visual and somatosensory information indispensable to form the body image, has
been physiologically suggested to be altered (Iriki et al., 1996). That is, visual
receptive field of bimodal (somatosensory and visual) neurons coding the image of
the nand extends to include the tool. This study was undertaken to find out if any
molecular genetic processes are taken place during the training to use tools
accompanying this physiological phenomenon.
Four Japanese macaques (3-5 kg) were trained to use a rake (20 cm length) to
retrieve a piece of bait placed beyond the reach of their innate arms. After about 15
days of training, monkeys became skillful enough to use the tool. During this period,
the level of the skill achieved was quantified by analyzing the movement of the tooltip using video-based motion analyzer. The level of the skill was classified into three
stages: Stage 1 - during the first 1 week, monkey just played with the tool in a
stereotyped manner (pulling straight in, pulling around or throwing) and could
scarcely retrieve the bait with it. Stage 2 - 7th to 11th days of training was
characterized by the emergence of variable tool-use actions; pushing or moving
laterally was combined with the stereotyped behavior seen at the previous stage.
Stage 3 - during further training of 2 to 4 days, the tool-use became smooth and
flexible as if the tool became incorporated into the image of the hand. Two monkeys,
one at Stage 2 and the other at Stage 3, were perfused immediately after the training
session. Then the brains were removed for immunohistochemical analyses to
investigate expression pattern of immediate-early-gene proteins. At both stages, the
numbers of Zif-268 positive and c-Fos postive neurons, but not of Jun-D positive
neurons, were 2 to 3 times greater in the postcentral gyrus compared with the control
side. The result suggests that neurons at the postcentral gyrus are involved in the
reorganization of the neural circuit underlying the alteration of body-image.
Supported by Japan Society for the Promotion of Science, and by the Ministry of
Education, Science and Culture of Japan.

DIFFERENCES IN NEURONAL INTERACTIONS BETWEEN NEURONES
WITH RESPONSES RELATED TO RECOGNITION MEMORY IN PRIMATE
ANTERIOR INFERIOR TEMPORAL CORTEX AND PREFRONTAL CORTEX.
J-Z. Xiang, J.W. Crabtree* and M.W. Brown. MRC Centre for Synaptic Plasticity,
Department ofAnatomy, University ofBristol, Bristol, BS8 1TD, UK.
Both anterior inferior temporal cortex (entorhinal cortex, perirhinal cortex and
area TE) and prefrontal cortex (anterior cingulate, orbital and ventromedial cortex)
are important for recognition memory. Both regions contain neurones whose
responses signal information of potential use to recognition memory processes.
(Brown, M.W. & Xiang, J-Z. Progr. Neurobiol. 55: 149-189, 1998). Here we
compare interactions between neighbouring neurones with such responses in each of
the two regions. Neuronal activity was recorded from two behaviourally trained
monkeys performing a visual serial recognition task. Spike trains of individual
neurones simultaneously recorded using a single electrode were software
discriminated. Cross-correlograms of the activity of pairs of neurones were analysed
for evidence of interactions between the neurones.
Significant interactions were found for 229/423 = 54% neuronal pairs in temporal
cortex and 1191/2874 = 41% pairs in prefrontal cortex. Significant interactions
occurred at no more than chance in dorsolateral prefrontal cortex. Most interactions
in both temporal and prefrontal cortex were marked by brief duration (2-4 ms) and
short latency (3-5 ms) peaks in the cross-correlograms. In prefrontal cortex for
certain pairs the peaks were much broader (30-50 ms) and symmetrical about zero
latency. Evidence for inhibitory interactions was found only in orbital prefrontal
cortex. No interactions were found between neurones signalling recency and those
signalling familiarity information in temporal cortex, but such interactions existed in
prefrontal cortex.
Supported by the Wellcome Trust.

357.3

357.4

FACILITATION OF WORKING MEMORY AFTER LONG DELAYS AND
IMPAIRMENT AFTER SHORT DELAYS BY ADMINISTRATION OF A
DOPAMINE Di RECEPTOR AGONIST INTO THE PREFRONTAL CORTEX .

PRELIMBIC
AND
INFRALIMBIC
CORTEX
LESIONS
AND
METASTRATEGIES: EVIDENCE FOR A ROLE IN WIN-STAY, BUT
NOT WIN-SHIFT STRATEGIES.
N.J. Fortin*, K. Piller, and M.L. Shapiro. Department of Psychology, McGill
University, Montreal, QC, Canada, H3A 1B1.
Prelimbic and infralimbic cortical regions (PL-IL) were lesioned in rats tested in a
strategy-switching task analogous to the Wisconsin Card Sorting Test used in
humans, and the standard working memory (win-shift) task in a 8-arm radial maze.
In the strategy-switching task, the rats were trained in a plus-maze with two start
platforms and two goal boxes (one painted white, the other black) located at the end
of the arms. The starting platforms were placed at the end of the North or South
arms, and the goal boxes at the end of the West and East arms. The starting
position of the animal and the position of the goal boxes were randomized and
assigned on each trial. Two training conditions were used: (1) a cue condition, in
which the animal had to enter a specific goal box to be reinforced (e.g., the white
box) regardless of its location, and (2) a spatial condition, in which the animal was
rewarded for selecting the goal box on a predetermined side of the room regardless cf
its color (e.g., box on the West side). Rats were tested on each condition twice, and
the order of presentation of the conditions was the same for all rats (Cue 1-Spatial 1Cue2-Spatial2). In neither condition was a response strategy (e.g., turn left)
adequate. The rats were trained in one discrimination until their performance was
optimal, and then the reinforcement contingencies were changed and animals had to
switch responses (e.g. from cue to spatial) to be reinforced.
PL-IL lesions facilitated performance (p<0.05) on the strategy-switching task, but
had no effect on the win-shift task. These results suggest that the PL-IL region is
important for maintaining a persistent (win-stay) metastrategy. In the strategyswitching task, the PL-IL rats were less likely to continue using previously
reinforced response patterns than normal rats, and consequently showed less
perseveration when contingencies were changed. The win-shift task, however,
which does not require a persistent stimulus approach response, involves no
strategy switching and was unaffected by the PL-IL lesion. (Supported by NSERC).

Stan B. Floresco* Kam H.S, Brar & Anthony G, Phillips. Dept. of Psychology,
Univ. of British Columbia, Vancouver, BC, V6T 1Z4
It has been established that dopamine (DA) within the prefrontal cortex PFC plays an
important role in modulating txrth the short-term retention of information and other
executive functions during working memoiy tasks. DA activity in the PFC appears to
function within an optimal range, since either pharmacological blockade with DA Dt
receptor antagonists (Seamans et al., 1998), or supranormal Dj receptor stimulation
with DA agonists (Zaiht et al, 1997) is sufficient to impair performance on different
working memoiy tasks. However, it is unclear whether administration of DA agonists
into the PFC could have differential effects on working memoiy when the memory
retrieval demands of the task are varied. The present study examined the effects of
intra-PFC infusions of the DI receptor agonist SKF 81297 on the performance of a
delayed working memoiy task. Rats were well-trained on the delayed spatial win-shift
version of the radial-arm maze, in which spatial information was acquired during a
training phase, and used following a 30 min delay to guide responses during a test
phase. On the test day, the delay between the training and test phases was either 30
min or 12 hr. Following the delay, rats received infiisions of either saline or SKF
81297 into the prelimbic region of the PFC. For rats in the 30 min delay condition,
control animals made the same number of errors on the test day as on the previous day.
However, infusions of SKF 81297 (0.2pg/0.5 pi) disrupted performance relative to
control rats. In the 12 hr delay condition, control animals made significantly more
errors on the test day than on the previous day, when the delay was 30 min. However,
infusions of SKF 81297 (0.2pg or 0.1pg/0.5 pi) improved performance; rats made
significantly fewer errors than controls receiving saline infusions. These data suggest
that stimulation of PFC DA DI receptors can have variable effects on working
memoiy, during shorter delays, where retrieval of short-term information is optimal,
supranormal stimulation of PFC Dj receptors disrupts working memory processes. In
contrast, during longer delays, where the retrieval of information in working memoiy
is compromised, stimulation of PFC Di receptors can improve memoiy. Funded by
NSERC Canada.
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357.6

DISCONNECTION OF MEDIAL PREFRONTAL CORTEX AND
MEDIAL CAUDATE PUTAMEN IN THE RAT: EFFECTS ON
PERFORMANCE ON A 5-CHOICE, SERIAL REACTION-TIME TASK

PREFRONTAL AND VENTRAL STRIATAL LESIONS PRODUCE
DISSOCIABLE DEFICITS ON A CONDITIONAL LEARNING TASK IN THE
RAT. R.H.Quirk, J.A.Parkinson, B.J. Everitt and T.W.Robbins (SPON: European
Brain and Behaviour Society) Dept Exp. Psychol., Cambridge Univ., CB2 3EB. UK
We have investigated the frontostriatal substrates of habit learning using a sucrose
reinforced conditional visual discrimination (CVD) task in which rats must make a
spatially distinctive response according to the rate of flashing stimulus lights. Previous
work has shown this task to be relatively insensitive to lesions of rat prelimbic cortex,
hippocampus and amygdala (see Bums et al. 1999, Behav. Br. Res. 100 123-133).
Acquisition of the CVD was significantly impaired by excitotoxic lesions of the
insular (AGi) cortex, the nucleus accumbens core (CORE) and Fr2 (Zilles) cortex; a
smaller impairment in the later stage of acquisition was produced by infralimbic (IL)
cortex lesions. In contrast, acquisition of the discrimination was unimpaired following
excitotoxic lesions of the nucleus accumbens shell, ventrolateral and dorsolateral
sectors of striatum.
Further experiments have demonstrated the cognitive specificity of the AGi deficit;
the lesion had no effect on the accuracy of preoperatively established performance of
the CVD and these animals learned a one-pair simple discrimination as rapidly as
shams. Unlike AGi lesions, Fr2 lesions produced a marked increase in perseverative
responding, and a reduction in the total number of responses on a preoperatively
trained continuous reinforcement schedule. CORE lesioned animals also showed
significant retardation of extinction of instrumental responding on the CVD task.
These results suggest that several prefrontal regions are differentially involved in the
acquisition and performance of a visual stimulus -response habit. The AGi is
implicated in conditional learning, and the existence of a major projection from AGi
to the CORE leads us to hypothesise that these regions may be part of a functionally
distinct corticostriatal circuit subserving conditional learning.
Supported by the Medical Research Council and Wellcome Trust.

357.7

357.8

DOPAMINE LEVELS IN MEDIAL PREFRONTAL CORTEX DIFFERENTIALLY
AFFECT DELAYED ALTERNATION BUT NOT WATER MAZE PERFORMANCE
M. F. Dent*, and D. B. Neill. Emory University, Atlanta, GA. 30302.
The loss of dopamine (DA) innervation in the medial prefrontal cortex (mPFC) via 6OHDA injections to the mPFC of the rat impairs performance on delayed-altemation
tasks. Similarly, 6-OHDA lesions of the substantia nigra (SN) or ICV DA depletions
also yield impairments in Morris water maze performance. However, high levels of DA
turnover or DI receptor stimulation in the mPFC have also been tied to impaired
delayed-altemation performance. These findings have lead other researchers to argue
for an 'inverted U' model of DA function in prefrontal cortex, wherein low levels of DA
permit or enhance the activity of neurons that mediate the delayed response, but high
levels of DA inhibit their function. However, this relationship has not been tested in the
intact brain with the natural ligand, which may have effects that are different from
manipulations of DI or D2 subtypes separately, due to synergistic action between these
receptors. In this study we microinjected lidocaine (20 pg) and three doses of DA (5 pg,
lOpg, and 20 pg), with a saline (vehicle) control, in a volume of 1 pi per hemisphere,
into the medial prefrontal cortex of rats trained to stable performance on delayed spatial
alternation in a T-maze. Rats were returned to a stable baseline of responding between
injections. The DA dose of 5 pg enhanced choice performance, while lidocaine, DA 10
pg and DA 20 pg all impaired performance equally. This dose-response relationship
directly supports the 'inverted U' model of prefrontal DA function. Other rats were
trained to stable performance on a standard Morris water maze and then administered the
same regimen of microinjections. Neither the lidocaine nor the various DA injections
had any effect on water maze performance. Since lesions of mPFC seem to only affect
acquisition of the water maze task, the most likely explanation for this lack of effect is
that the rats were already at a stable level of responding before drugs were given. The
role of the cortex could be diminished once the task has been acquired.
Supported by grant IBN 9808865

THE ROLE OF PRELIMBIC-INFRALIMBIC DOPAMINE D1
RECEPTORS IN BEHAVIORAL FLEXIBILITY.
M.E. Raqozzino*, S, Detrick, and R.P, Kesner. Department of
Psychology, University of Utah, Salt Lake City, UT 84112.

357.9

357.10

MODELING NAVIGATION IN RAT PREDICTS NEW CELL CLASSES IN
MEDIAL PRECENTRAL CORTEX AND THE CAUDATE/PUTAMEN. K
Bota*. A. Guazzelli. M.A. Arbib. Univ. of Southern California, Los Angeles, CA
90089-2520.
Building on our Taxon-Affordances Model (TAM) for taxon determination of
movement direction (Guazzelli et al., 1998, Guazzelli et al., 1999) we here present
the extended TAM (ETAM) in which the rodent egocentric navigational system is
implemented by a network of cortical and subcortical neural structures. These
include the posterior parietal cortex (PPC), the medial precentral cortex (Fr2), and
the caudate/putamen (CP). As in TAM, ETAM.relates taxes to the notion of an
affordance and are extracted by the rodent PPC. In contrast to TAM, however,
ETAM proposes that the egocentric representation of the environment is constructed
in Fr2. Moreover, ETAM views egocentric navigation as mediated by a chain of
stimulus-response (S-R) pairs which are incrementally reinforced. The
implementation of S-R pairs is proposed to be in CP, which uses reinforcement
learning to learn expectations for future reinforcements.
ETAM replicates the results obtained by Packard and McGaugh (1996) and
O'Keefe (1983). In experiments of Packard and McGaugh lidocaine injections in
hippocampus prevented rats from place learning of a cross maze, but did not affect
egocentric learning, while O'Keefe showed that fornix lesioned rats can learn to
solve a simple T-maze in the absence of any environmental cues other than the Tshape of the maze. Besides assigning specific functional roles to PPC, Fr2 and the
striatum, the present model predicts the existence of neurons in CP that encode for
specific phases of spatial tasks. The model also predicts the existence of specific
firing patterns of neural ensembles in Fr2 for different egocentric views of the spatial
tasks. The model also predicts the existence of specific firing patterns of neural
ensembles in Fr2 for different egocentric views of the environment.
Supported by the Human Brain Project Consortium grant NIMH (52194).

THE PREFRONTAL CORJEX OF THE RAT AND VISUAL ATTENTIONAL
FUNCTION: DISTINCT ROLES OF DIFFERENT SUBREGIONS. Y. Passetti, Y.
Chudasama, B.J. Everitt and T.W. Robbins (SPON: British Neuroscience
Association). Dept. of Experimental Psychology, Univ. of Cambridge, Cambridge,
U.K., CB2 3EB.
Recent studies have implicated the rat medial prefrontal cortex (mPFC, including
prelimbic and pre-genual anterior cingulate) in visuospatial attention. However, the
relative contribution of the various subdivisions within the mPFC to attentional
functions is not well understood. Thus, the present study examined the effect of
bilateral excitotoxic lesions of the mPFC (as defined above) or selective (Cgl)
lesions of the pre-genual anterior cingulate (AC) cortex on simple and choice
reaction time paradigms with different divided and sustained attention requirements.
In one experiment, animals were required to report the occurrence of rare, either
predictable or unpredictable visual stimuli presented in a single location (‘1-choice
task’). Following bilateral excitotoxic mPFC lesions, animals were severely impaired
in performance of this task when stimuli were rare and unpredictable, but not when
they reliably occurred after a fixed interval from food collection. In a second
experiment, these effects were contrasted with the effect of bilateral excitotoxic AC
lesions in the same 1-choice task or in the 5-choice serial reaction time task.
Following AC lesions, rats showed similar but more subtle accuracy deficits. These
results extend previous findings of an accuracy deficit in mPFC lesioned rats on a 5choice serial reaction time task (Muir et al., 1996, Cereb. Cortex, 6: 470), and
corroborate the view that different subregions of the rat mPFC may subserve separate
functional roles during performance of visual attentional tasks. In particular, it is
suggested that while lesions of the entire mPFC result in global impairments in the
executive control over attentional function, AC cortex may play a more specific role
in sustained and divided attention. The work presented here was supported by the
Wellcome Trust and a grant from CeNeS Ltd.

A. Christakou, R.D. Rogers1*, T.W. Robbins, B.J. Everitt
Dept. Experimental Psychology, University of Cambridge, Cambridge CB2 3EB, UK
’MRC Cognition and Brain Sciences Unit, Cambridge CB2 2EF, UK
The medial prefrontal cortex (mPFC) of the rat has been implicated in aspects of
visual attentional function, that are recruited by the contingencies of the 5-choice,
serial reaction-time (5CSRT) task. The mPFC projects extensively onto the dorsomedial striatum, as part of a segregated cortico-striato-pallido-thalamic system. In the
present study, we tested the hypothesis that these structures are serially and
functionally coupled and subserve visual attentional function.
Experiment 1 investigated the effects of bilateral excitotoxic medial caudateputamen lesions on performance on the 5CSRT task. The lesions significantly
impaired response accuracy and latency to respond to the relevant stimulus, and
increased premature and perseverative responding. Experiment 2 involved a
disconnection lesion of the mPFC and the medial caudate putamen (mCPu), namely a
unilateral lesion of each, in opposite hemispheres. This procedure significantly
reduced accuracy, lengthened latency, and produced a long-lasting increase in
premature and perseverative responding. There were no effects of the disconnection
lesion on locomotor activity or Pavlovian approach behaviour measured in an
autoshaping task. Experiment 3 involved unilateral lesions of both the mPFC and the
mCPu in the same hemisphere which caused a significant deficit in performance on
the task. These deficits were qualitatively different to those that followed the
disconnection of the two structures, as their magnitude depended upon the spatial
location of the stimulus. Experiment 4 assessed the effects of unilateral lesions of
either the mPFC or the mCPu; no significant impairment in performance followed
these lesions. These results, taken together, provide strong support for a frontostriatal network underlying important aspects of visual attentional ftinction.
Supported by the Wellcome Trust and the Medical Research Council.
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Previous findings from our laboratory indicate that the
prelimbic-infralimbic areas are important for behavioral flexibility. The
present experiment examined whether dopamine receptors in the
prelimbic-infralimbic cortices are important for strategy switching by
determining whether blockade of dopamine D1 recepetors in the
prelimbic-infralimbic areas impairs switching between response- and
visual cue-based strategies. Rats were implanted with guide
cannulae aimed at the prelimbic-infralimbic cortices. Rats received a
0.5 pi infusion/side of either the D1 antagonist, SCH23390 (1 ug) or
saline 3 minutes prior to each test session. All discrimination testing
occurred in a cross maze. Half the rats were tested on a response
discrimination first followed by a visual-cue discrimination. The
procedure for the other half of the rats was reversed. Blockade of D1
receptors in the prelimbic-infralimbic cortices did not impair acquisition
of the response or visual-cue discrimination. However, when rats
were switched to a different version, whether response or visual cue,
infusions of the D1 antagonist into the prelimbic-infralimbic areas
impaired learning. These findings indicate that activation of dopamine
D1 receptors in the prelimbic-infralimbic cortices are involved in
learning when changing environmental conditions demand a shift in
strategies.This research was supported by NIH grant (NS2077) to
R.P.K and a NIMH fellowship (MH11741) to M.E.R.
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PRELIMBIC CORTEX AND THALAMIC NUCLEI IN THE RAT: A
ROLE IN VISUAL ATTENTION? Y, Chudasama* and J.L. Muir,
School of Psychology, Cardiff University, CF1 3YG, Wales, UK.
Recent studies have implicated the rat neocortex, in particular the
medial prefrontal cortex, in some forms of visual attentional function in
the rat (e.g. Muir et al., Cerebral Cortex, 6: 470-481, 1996). Whilst
medial prefrontal (prelimbic and pregenual anterior cingulate) lesioned
animals were impaired in terms of choice accuracy and enhanced
perseverative responding in a 5-choice serial reaction time task, lateral
frontal cortical lesions did not significantly disrupt baseline
performance of this task. These results suggested that the medial frontal
cortex may have an important role in attentional function.
It is now well established that the mediodorsal and anterior thalamic
nuclei project differentially to this frontal region and may have
dissociable roles in learning, memory and attention. The present study
therefore investigated the effects of lesions of these thalamic nuclei on
two attentional tasks (the 5-choice serial reaction time task and a
vigilance paradigm), as well as the effect of a more selective frontal
lesion which included damage to the prelimbic region only.
The results revealed that animals with lesions of the prelimbic cortex
showed a selective increase in perseverative responding in the 5-choice
task and were not impaired in terms of choice accuracy. Furthermore,
these lesions reduced sensitivity to the visual target in the vigilance
task. Animals with lesions of the thalamic nuclei were largely
unimpaired on both tasks. These results suggest that particular aspects
of attentional function may be attributable to refined subdivisions of
neocortical regions.(Supported by the Medical Research Council, UK).

FUNCTIONAL DISSOCIATION BETWEEN THREE PREFRONTAL AREAS IN
THE COMMON MARMOSET. J D, Wallis1, R. Dias2, B.J.Everitt2, TW.Robbins2
and AC.Roberts1*. Depts. of Anatomy1 and Experimental Psychology2, University
of Cambridge, Cambridge, UK.
The orbital prefrontal cortex (PFC) has been ascribed a role in the inhibitory and
emotional control of behaviour, although the exact relationship between these two
functions remains unclear. Recent results from oiu laboratory suggest that the lateral
PFC also provides inhibitory control but at a higher-order level of processing than
the orbital PFC. To assess the generality of these findings and to characterise in more
detail the nature of the cognitive processes performed by different prefrontal regions
the present study compared the effects of lesions of the lateral, orbital and medial
PFC in the marmoset on two different versions of the object retrieval task, designed
to differentiate higher-order and lower-order rule learning.
In agreement with our previous findings lesions of orbital and lateral PFC
disrupted performance on the object retrieval task in a manner consistent with the
role of these two regions in lower-order and higher-order rule learning respectively.
Furthermore the impairments were not the result of a failure to extinguish
responding as neither orbital nor lateral lesions of the PFC prolonged responding
during extinction, unlike lesions of the medial PFC which prolonged extinction but
did not disrupt object retrieval. Finally, the relationship between inhibitory control
deficits and emotional changes was assessed using the food preference task, a simple
test of affective learning. Lesions of either the medial or lateral PFC, but not the
orbital PFC, disrupted performance. Taken together these results show that all three
prefrontal areas participate in inhibitory control functions, the precise nature of
which is dependent on the psychological functions of the damaged area. We suggest
that the lateral PFC is responsible for higher-order rule learning, while the orbital
and medial PFC contribute to different aspects of affective processing, their roles
differentiated through the nature of the associations governing behaviour. Research
funded by the Wellcome Trust.

357.13

357.14

EXCITOTOXIC LESIONS OF THE CAUDATE NUCLEUS IN THE
MARMOSET: COMPARISON WITH PREFRONTAL LESIONS ON
DISCRIMINATION LEARNING, OBJECT RETRIEVAL AND SPATIAL
DELAYED RESPONSE.
H.S. Crofts1, M.T. Herrero2. A Del Vecchio1, J.D. Wallis2. P. Collins1. B.J. Everitt1,
TW. Robbins1, AC. Roberts2.
Departments of Experimental Psychology1 and Anatomy2, University of Cambridge,
Cambridge, UK. (SPON: European Brain and Behaviour Society)
Previous work in the marmoset has shown a dissociation between the effects of
selective lesions within the prefrontal cortex (PFC). While lateral PFC lesions were
found to cause a loss of inhibitory control at the level of attentional selection, orbital
PFC lesions led to loss of inhibitory control at the level of affective processing (Dias
et al. 1996 Nature 380, 69-72.). Anatomical evidence, which indicates the existence
of distinct parallel cortico-striatal circuits which link the prefrontal cortex and the
striatum (Alexander et al. 1986 Annu. Rev. Neurosci 9, 357-81.) suggests further
possible dissociations at the level of the striatum. Thus, the current study compared
the effects of selective excitotoxic lesions within the striatum on discrimination
learning, spatial delayed response and object retrieval, tasks previously shown to be
sensitive to damage of the prefrontal cortex.
Bilateral quinolinic acid lesions of the head and body of the caudate nucleus, but
not the head alone, impaired the learning of a series of novel compound
discriminations. In contrast, acquisition of the object retrieval task was sensitive to
combined damage to the head of the caudate nucleus and nucleus accumbens. These
effects of different types of striatal lesion involving different cortico-striatal loops
will be discussed in the context of the differential pattern of input from lateral and
orbital prefrontal and temporal cortices. This work was supported by the Wellcome
Trust.

EFFECTS OF AUDITORY CORTEX LESIONS ON
RECOGNITION AND DIFFERENTIATION OF NATURAL SOUNDS

D.M. Kowalska, P. Kusmierek, A. Kosmal (SPON: European Brain and Behaviour Society) Nencki Inst, Exp. Biol, Pasteur St. 3, 02-093 Warsaw, Poland
Six dogs were trained in the auditory DMS task with trial-unique natural sounds,
and 1.5s inter-stimulus delay to a criterion of 90% correct choices in 100 trials. After
a 2-week break they were retrained, and given performance tests with extended
delays 10, 30, 60 and 90s, in blocks of 100 trials. Next, they were retrained on the
original 1.5s delay. To stabilize dogs' behavior, additional control break and
performance tests were introduced. Then, four dogs (Gr. A) were submitted to
bilateral lesion of auditory association areas including ventral part of posterior
ectosylvian gyrus, posterior composite and posterior Sylvian gyri. Remaining
auditory cortical areas: medial and anterior ectosylvian gyri, which consist of primary
tonotopic auditory cortex, and an area with reverse tonotopy, respectively, were
removed in two dogs (Gr. B). Before surgery, there were no significant differences
between groups in learning, retraining of DMS with original 1.5s, or on the task with
extended delays. After surgery, two dogs (Gr. B) and one dog (Gr. A) failed, whereas
three other dogs (Gr. A) reattained the criterion with elevated number of trials and
errors, in comparison to their presurgery performance. Next, three dogs (Gr. A) and
two dogs (Gr. B) were trained to respond toward a natural sound (CS+), and then to
differentiate between CS+ and another natural sound (CS-), to the 90% criterion in
100-trial block. Dogs from Gr. A learned to localize the acoustic stimulus, and they
were able to make differentiation, whereas dogs in Gr. B were not able to localize the
sound. Our results indicate the role of the auditory association areas in process of
recognition of acoustic stimuli. Moreover, they suggest a diverse contribution of
various auditory cortical areas to localization and recognition of natural sounds.
Supported by J. S. McDonnell Foundation grants: 95-13 and 98-79 EE-GLO.04

357.15

357.16

THE ROLE OF THE PYRIFORM CORTEX IN OLFACTORY MEMORY FORMATION
K.D.Broad1, M.R.Hinton2, E.B.Keveme1, A.P.C.daCosta2^ K.M.Kendrick2. 'Sub-dept of
Animal Behaviour, Univ. Cambridge, Cambridge, CB3 8AA. 2Lab of Cognitive and
Developmental Neuroscience, The Babraham Institute, Cambridge, CB2 4AT. UK.
Sheep form olfactory memories for their lambs within 2h of birth and after this will
violently reject other lambs. We investigated the role of the pyriform cortex in this as it
receives input from the olfactory bulb, projects to the amygdala, mediodorsal thalamus
and entorhinal cortex and shows increased c-fos and zif-268 activation during olfactory
memory formation. We reversibly inactivated the pyriform cortex with bilateral
microdialysed tetracaine (2%), before, during and after birth induced memory formation.
If given 24h before birth it did not significantly attenuate the normal violent rejection of
either a familiar or unfamiliar lamb breed. When given for 4h after birth it significantly
reduced violent behaviours towards strange lambs of the ewes own breed (familiar lamb
odour) compared with controls, but did not reduce the violent behaviours towards lambs
of another breed (unfamiliar lamb odour) (unfamiliar v familiar head butts reduced,
P<0.05). High pitched protest bleats directed at strange lambs were not reduced
demonstrating that the ewes were aware that these lambs were not their own. Olfactory
memory formation was not prevented as if treatment was stopped for lh and the ewes
were isolated from other lambs (to prevent new memory formation), they were able to
reject strange lambs (own and strange breeds) and fully accepted their own (own v
strange, head butts and high pitched protest bleats both increased p<0.05). This suggests
that a functional pyriform cortex may not be required for either formation of olfactory
engrams or to discriminate between dissimilar lamb odours. Its function may be to assist
in the finer discrimination of similar lamb odours .Olfactory outputs from the pyriform
may be more important to allow olfactory output to be integrated into the neural circuits
responsible for aggressive motor responses rather than the perception of unlearned
olfactory memories or differences. (This work was supported by the BBSRC).

CINGULATE CORTEX PROJECTIONS TO THE (PARA)HIPPOCAMPAL
AREA IN THE RAT: AN ANATOMICAL TRACER STUDY.
B.F. Jones* and M.P. Witter. Graduate School for Neurosciences Amsterdam,
Research Institute Neurosciences Vrije Universiteit, Department of Anatomy
Amsterdam, the Netherlands, 1081 BT.
The cingulate cortex and the (para)hippocampal cortex have both been
implicated in learning- and memory processes. Efferent projections from the
cingulate to the (para)hippocampal area have been described by several
researchers and it is by means of these projections that the cingulate cortex
could exert an influence on learning- and memory processes mediated by the
(para)hippocampal cortex. However, not much detailed information is
available with respect to the topographic and laminar characteristics of these
cingulate efferents. In order to examine these projections in detail, the
anterograde tracers Phaseolus vulgaris-Leucoagglutinin and/or Biotinylated
Dextran Amine were injected along the rostro-caudal and ventro-dorsal extent
of the cingulate cortex in the rat. Light microscopic examination revealed that
both the anterior (ACC) and posterior (PCC) cingulate cortex project heavily to
the presubiculum, moderately to the parasubiculum and show a topographival
relation in their projections to the entorhinal cortex such that: ventral ACC
projects to the deep layers of both the lateral (LEA) and medial (MEA)
entorhinal cortex; dorsal ACC projects to the deep and superfical layers of
only the LEA: and ventral and dorsal PCC project mainly to the deep layers of
the MEA. Furthermore, the rostral and caudal extremes of the cingulate cortex
show a stronger projection to the parahippocampal area than the more
intermediate parts. We propose that the topographical differences in the
efferent cingulate projections reflect functional differences with respect to
learning and memory processes mediated by the various subdivisions of the
cingulate cortex.
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RECOVERY OF FUNCTION AFTER FRONTAL LESIONS:
EVIDENCE FOR INTERACTIONS BETWEEN GENDER AND
ENRICHMENT. C. G. EllardTJ. Kim, D, Machacek. Psych Dept,
University of Waterloo, Waterloo, ON, CANADA, N2L 3G1

Memory tasks

There is some evidence to suggest that there are sex differences in
patterns of recovery from brain damage and that there may also be
hormonal influences on the effects of environmental enrichment on
brain organization and behaviour, but little is known about how these
two factors interact. In the present experiment, we trained
Mongolian gerbils in a version of the 8-arm radial maze task.
Following training, we carried out lesions of medial frontal cortex in
one group of animals and sham lesions in a control group. Half of
each group of animals received daily environmental enrichment
following surgery and half did not. Working and reference memory
errors were recorded on nine occasions between the first and 28th day
of recovery. Following this, animals were sacrificed and lesions
were reconstructed. Results suggested that although both males and
females recovered from the effects of frontal lesions, males
responded more strongly to the enrichment procedure than females.
In addition, patterns of deficits and recovery were more closely
related to lesion size in males than in females. These findings
provide further evidence for important sex differences in the
functional organization of frontal cortex in mammals.
This research funded by the Natural Sciences and Engineering
Research Council of Canada

based

on spontaneous

exploratory

activity

: drug and lesions studies

Abdelkader EnnaceurftUniversity of Durham, Department of Psychology, UK

Rat's spontaneous exploratory activity can be used to provide valid measures of
memory function. For instance, object recognition can be investigated by assessing
the preference normal rats display for exploring novel rather than familiar complex
objects and object location memory can be investigated in the same way by assessing
the preference normal rats display for an object in a novel rather than in its previous
location. This preference is seen for delays up to one hour after sample presentation,
and is influenced in a consistent manner by factors such as sample duration and the
spatial rearrangement of common features in the familiar sample stimulus. In these
tasks performance does not depend on the retention of a learnt rule nor is it
influenced by changes in responsivity to reward. These memory tasks are one-trial,
they involve working memory function and are exempt from a reference memory
component. As such, they represent valuable tools for pharmacological and
neurochemical investigation of memory function in rats. The object recognition task
has been widely used for assessing working memory and its sensitivity was
demonstrated in various drugs and lesions studies (publications based on this test at:
http://psv71.dur.ac.uk/abdel/projects/MemoMod/obiect recognitionZBibRef.html).
Furthermore, this test is not limited to non spatial memory. It has been extended to
measure, in comparable conditions, memory of object location (Ennaceur and
Meliani, Behav Brain Res 1992, 51: 83-92), object reconfiguration (Ennaceur and
Aggleton, Exp Brain Res 1994, 100: 85-92), object context recognition (Dix and
Aggleton, Behav Brain Res 1999, 99: 191-200), temporal order (Mitchell and
Laiacona, Behav Brain Res 1998, 97: 107-113).
It has been firmly established that performance of animals in spontaneous exploratory
activity tasks is susceptible to various drug treatments or brain lesions. A summary of
results from both drugs and lesions studies will be presented at this meeting.
Supported by: CeNeS, Cambridge, UK

COGNITION: HIGHER FUNCTIONS—LESION/PATIENT STUDIES
358.1

358.2

EVIDENCE FOR ONTOGENETIC SPECIALIZATION OF HEMISPHERIC
FUNCTION. F. Vargha-Khadem1. E. Isaacs1. K, Watkins1, M, Mishkin2. 'Cognitive
Neuroscience Unit, Institute of Child Health, University College London Medical
School, London, UK WC1N 2AP, laboratory of Neuropsychology, NIMH,
Bethesda, MD 20892. (SPON: European Brain and Behaviour Society)
According to the view that hemispheric specialization of cognitive function
emerges only gradually during ontogeny, cognitive outcome after unilateral brain
injury should vary depending on the age at which the damage occurred. Thus, early
unilateral lesions should yield the same cognitive effects irrespective of lesion side,
whereas comparable lesions sustained later in childhood, but before maturity, should
begin to result in side-dependent deficits resembling those seen in brain-injured
adults. This prediction of the ontogenetic specialization view has been difficult to
test, mainly because sufficiently large groups of children with left and right
hemispheric lesions sustained at different ages have not been available for study.
Here we report on the effects of hemiplegia-causing unilateral lesions in the largest
sample gathered to date, allowing us to compare the effects of side of damage on
Verbal and Performance IQ as a function of age at injury. A total of 196 patients
were divided into six groups (side by age at lesion onset: congenital, < age 5, and age
5-16), with Ns in each group ranging from 21 to 52. Results showed no interaction
between lesion side and IQ type in either the congenital or early acquired group. A
significant interaction did appear, however, in the late acquired group, with VIQ
lower after left and PIQ lower after right lesions, although the absolute VIQ-PIQ
differences (5-6 points) were only half as large as those reported after adult onset
lesions. Our results indicate that when unilateral brain damage is incurred
congenitally or acquired before age 5, the anatomical disposition toward hemispheric
specialization can be overridden by a fairly extensive, hemiplegia-causing lesion.
Effects of lesion side begin to appear only at age 5 or later, supporting the view that
hemispheric specialization for cognitive abilities emerges only gradually during
development.
Supported by UK Medical Research Council and NIMH/IRP.

A COGNITIVE ACCOUNT OF IDEATIONAL APRAXIA. R.L Rumiati1,
S. Zanini1, T. Shallice1,2 and E. Bricolo1*'Programme in Neuroscience,

International School for Advanced Studies, Trieste, Italy; Inst, of Cognitive
Neuroscience, UCL, London, UK.
We studied two patients (DR and RD) with Ideational Apraxia (IA)
on a number of tests assessing action knowledge. In particular, we
observed a dissociation between their impaired ability to produce everyday
actions (Multiple Object Test, MOT) and the ability, spared in these
patients, to sequence photos depicting the same actions. Their difficulties
in performing the MOT was not due to object agnosia, as they could
identify them from sight nor were the difficulties caused by a loss of
objects' functional knowledge, in that they could identify objects from the
description of their functions. Their performance was compared with that
of a patient (WH2) with an executive function disorder and without limb
apraxia. Her pattern of performance doubly dissociated from that of the AI
patients: spared action production on the MOT, but faulty sequencing of
photos. These results show that IA is not due to an inability to sequence
(Poeck & Lehmkuhl, 1980) and they can be interpreted within a contention
scheduling modelling (Norman & Shallice, 1986; Cooper & Shallice, in
press).

358.3

358.4

EXTINCTION ON THE TONGUE IS ASYMMETRIC IN THE TACTILE
BUT NOT IN GUSTATORY DOMAIN S, Aglioti? R, Girelli2, V, Moro3
and G, Berlucchi2*, 'Department of Psychology, University of Roma, “La
Sapienza”, 2Dept. of Neurological and Vision Sciences, Physiology Section,
Univ. of Verona, 30spedale “Sacro Cuore”, Negrar Italy.
For the first time, we assessed tactile extinction on the tongue and gustatory
extinction by asking 12 right brain damaged (RBD) patients to report tactile
or gustatory stimuli applied by squirting a 50 pi volume of distilled water or
sapid solutions on the left or right or simultaneously to both hemitongues.
Tactile stimuli were reported verbally. Gustatory stimuli-(0.1 M citric acid for
sour taste, 1 M NaCl for salty taste, .001 M quinine hydrochlorate for bitter
taste) were reported by pointing to the corresponding name on cards bearing
the names of the three tastes. Subj^.o were assigned to the extinction (E+,
n=5) or non-extinction group (E-, n=7) according to their performance in the
tactile test. In the tactile test, E- outperformed E+ patients mainly because
most of the left sided-stimuli in the double stimulation condition went
undetected in the latter group (only 41% of correct responses). At variance
with the tactile test, E- and E+ patients did not perform differently in the
gustatory test. It is relevant that the higher accuracy in detecting single
compared to double stimuli was not different in the two hemitongues. This
perceptual equivalence may be at least partly explained by the possible
bilaterality of the gustatory inputs from the tongue to the brain and by the fact
that spatial localization may be less important in the gustatory than the tactile
lingual system (Supported by grants from the MURST).

IMPAIRMENT OF SOCIAL AND MORAL BEHAVIOR RELATED TO EARLY
DAMAGE IN THE HUMAN PREFRONTAL CORTEX. S.W. Anderson*, A.
Bechara, H. Damasio, D. Tranel, and A. R. Damasio. Department of
Neurology, Univ. of Iowa; Iowa City, IA 52242.
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In adults with normal premorbid social development and behavior, damage
to prefrontal cortex in orbital and mesial sectors produces severe impairment
of social behavior and decision-making in real life situations, in spite of
maintained knowledge of social-conventions and moral rules. It is not
known, however, whether damage occurring early in infancy will cause the
same results. In this study, we provide a preliminary answer to this
question: 2 young adults with circumscribed prefrontal damage acquired
prior to 16 months of age exhibited severely disrupted social behavior in the
setting of preserved cognitive abilities (i.e., normal intellect, memory,
language, academic achievement, visual perception and visuomotor abilities).
The behavior abnormalities were refractory to multiple intensive treatment
attempts. Both their real life and laboratory setting behaviors were guided
by immediate consequences, and they showed abnormal insensitivity to the
delayed consequences of their decisions. Autonomic responses to
punishment contingencies were defective. By contrast to the effects of
adult-onset prefrontal damage, social-moral reasoning and verbal generation
of responses to social situations were also impaired. The cognitive and
behavioral profile resulting from focal damage in infancy to orbito-mesial
prefrontal cortex bears considerable similarity to developmental sociopathy,
and the fact that these impairments were refractory to intervention suggests
that, given current therapies, other brain regions are not readily able to
compensate for such damage.
Supported by NINDS PO1 NS19632.
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LESIONS OF BASAL FOREBRAIN CHOLINERGIC NEURONS ELIMINATE
THE MODULATORY EFFECTS OF BENZODIAZEPINE RECEPTOR LIGANDS
ON BEHAVIORAL, AND CARDIOVASCULAR REACTIONS IN AN
ANXIOGENIC PARADIGM. J.R. Stowell*, G.G. Bemtson and M, Sarter. Dept.
of Psychology, The Ohio State University, Columbus, OH 43210.
We have previously shown that basal forebrain cortical cholinergic projections
mediate potentiation of the cardiovascular defensive response by the putative
anxiogenic benzodiazepine receptor partial inverse agonist FG 7142 (Bertnson et al.,
1998). The present study assessed the effects of lesions of the basal forebrain
cholinergic neurons on operant responding in a conditioned suppression paradigm
and the modulating effects of benzodiazepine receptor (BZR) ligands in this
paradigm. Nine animals received basal forebrain infusions (0.18 pg/hemisphere) of
the immunotoxin 192 IgG-saporin. Lesioned and control (n=9) animals were trained
in a conditioned suppression paradigm using a tone for the conditioned stimulus (CS)
and a rear panel light for a contextual cue. FG 7142 (8 mg/kg), chlordiazepoxide
(CDP, 8 mg/kg), and vehicle were administered i.p. in subsequent extinction
sessions.
In control animals, operant responding was suppressed during presentation of the
CS and contextual cue. The BZR partial inverse agonist FG 7142 exaggerated this
suppression, while CDP attenuated it. Lesioned animals were less suppressed than
controls across stimulus conditions, with the largest difference between groups
observed during presentation of the contextual cue. Presentation of the contextual
cue was also associated with a cardioacceleratory response in control animals, and
this response was significantly attenuated in lesioned animals. Furthermore, the
modulatory effects of BZR ligands on behavioral and autonomic reactions observed
in control animals were eliminated in lesioned animals. These data support an
important role for cholinergic basal forebrain neurons in the behavioral and
autonomic response to anxiety. Funded by HL54428.

SPECIFICITY OF THE CORPUS CALLOSUM: EVIDENCE FROM
A CALLOSOTOMY PATIENT
Dartmouth College, Hanover, NH 03755
It is widely accepted that the corpus callosum is topographically
organized with anterior regions connecting anterior cortical areas and
posterior regions connecting posterior cortical areas., Studies of
patients with lesions to specific regions of the corpus callosum suggest
that there is an even greater degree of functional specificity within
callosal regions. Suzuki et al. (1998) report that the middle part of the
splenium is involved in transferring picture information whereas the
ventroposterior part is involved in transfer of letter information. We
investigated this claim in callosotomy patient V.P. Although the
surgical report indicated complete resection of her corpus callosum,
post-surgical MRI revealed spared callosal fibers in both the splenium
and the rostrum. The spared splenial fibers are in the ventroposterior
portion of the splenium. Using lateralized presentations, we found no
evidence for transfer of picture information (e.g., color, shape, size).
In contrast, however, we found robust evidence for transfer of letter
and word information in a variety of paradigms. Patient J.W., who
has a complete callosotomy verified by post-surgical MRI, showed no
evidence for interhemispheric transfer with any type of stimuli. These
data support the claim that ventroposterior regions transfer letter
information.
Supported by grants NIH/NINDS P01 NS17778 and NIH ROI
NS31443, and by JS94-46 from the James S. McDonnell Foundation

358.7
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A SEMANTIC DEF1C IT FOR NUMBERS: A CASE OF
ACALCULIA. Thad A. Polk,1* Catherine L. Reed,2 Janice
Keenan,2 Penny Hogarth,3 and C. Alan Anderson.3 1 Dept.of
Psychology, Univ. of Michigan, 2Dept. of Psychology, Univ.
of Denver, 3Dept. of Neurology, Univ. of Colorado Health
Science Center.
We present a detailed case study of an acalculic patient
whose ability to understand, define, retrieve, and manipulate
number information is severely compromised while other
cognitive functions are relatively well preserved. Her MRIs
reveal left frontal abnormalities. The impairment is
multimodal, being manifest whether the tests are visual,
auditory, or tactile and it extends to what might be
considered number skills such as counting and arithmetic
tables as well as to concepts that are related to numbers
(rounding, Roman numerals, decimal points, etc.). Her
impairments are specific to numbers and do not extend to any
other semantic domains that we have tested. Furthermore,
she is not impaired in non-symbolic quantity approximation.
Her case has important implications for models of semantic
memory and number processing.

PREDICTION OF BRAIN INJURY SEVERITY BY SUBSCALES
OF THE ALTERNATIVE IMPAIRMENT INDEX. Arthur
MacNeill Horton? Jr.
Psych Associates, Towson,
Maryland, 21204
A new screening index, the Alternative
Impairment Index(All) reflects the severity of
brain damage with hit rates of 60% with the
Halstead Impairment Index (HII) and 64% with the
General Neuropsychological Deficit Scale (GNDS)
and a cross-validation study found a hit rate
between the All and the HII of 66%. This paper
explores the use of demographic corrections
(e.g., age, education and gender)) to enable
Cognitive(Cog) and Motor (Mot)Subscales of the
All to predict the severity of brain damage. A
sample of 40 normal, psychiatric and brain
damaged subjects with Halstead-Reitan
Neuropsychological Test Battery results was
selected. The GNDS, HII, Cog and Mot were
calculated for each brain damaged patient. There
were 36 males and four women in the subject
group. Ages ranged from 19-66 and years of
education ranged from 8-22. Demographic
corrections produced worse than chance level
results (Cog vs. GNDS = 42.5%, Cog vs. HII =
42.5%/ Mot vs. GNDS = 42.5%, Mot vs. HII = 35%).

358.9

358.10

BRAIN STEM CAVERNOUS HEMANGIOMA ASSOCIATED WITH
FRONTAL LOBE SYMPTOMS. RG. Liwnicz1, B.H. Liwnicz2*. ’Psychiatry
Service, Loma Linda VA Med Ctr, 2Dept. of Pathology, Loma Linda Univ,; Loma
Linda, CA 92357.
Personality changes, including defective social conduct, impaired executive
functions and disturbances in judgment and emotional expression, are associated
with prefrontal pathology. The best known are connections of prefrontal cortex with
widespread regions of cerebral cortex and subcortical gray matter. In addition, in
recent years, cerebellar output projecting via thalamus to prefrontal cortex was
demonstrated. Evidence from functional imaging studies and analysis of deficits
associated with lesions of the cerebellum has confirmed cerebellar contribution to
cognitive functions. We present a case in which lesions of the pons resulted in
prefrontal symptomatology. A 49-year-old man presented for psychiatric evaluation
because of behavioral problems. He had a more than 20-year history of multiple
cavernous hemangiomas of the pons marked by progressive cerebellar symptoms,
worse on the right. Ataxia became so severe that he suffered frequent falls. One year
ago the patient began to show low frustration tolerance, quick flashes of anger and
poor impulse control. This progressed to frequent use of obscenities and episodes of
physical aggression. On examination he had significant dysarthria and strikingly
constricted and superficially cheerful affect. He lacked insight and judgment but
was fully oriented: short and long term memory, naming, found of knowledge and
calculations were grossly intact. MRI showed multiple large mass lesions within the
pons compatible with both acute and chronic hemorrhages. The remaining cerebral
structures appeared normal. SPECT showed well perfused frontal lobes, poorly
perfused cerebellum and occipital lobes, and bilateral perfusion defects in parietal
and temporal lobes. In summary, primary pontine lesions leading to prefrontal
symptomatology show an association between pontine nuclei and frontal lobes.

ELECTROPHYSIOLOGICAL EVIDENCE OF DISINHIBITION AFTER
ORBITOFRONTAL CORTEX DAMAGE IN HUMANS. R.R. Rule*, A.P.
Shimamura, R.T. Knight. Dept. of Psychology, University of California, Berkeley,
CA 94720
Individuals suffering from damage to the orbitofrontal prefrontal cortex
(Orbito-PFCx) have difficulty using past and current experience to evaluate the
consequences of future actions. Additionally, these subjects display abnormal
reactions to emotional and social situations. The current study used event related
potentials (ERPs) to investigate responses to unpredictable, startling stimuli.
Orbito-PFCx patients and control subjects were tested while passively viewing a
subtitled silent film. Subjects were randomly presented (variable ISI 10-20 msec)
with mild electrical shocks to either the median nerve at the wrist sufficient to
cause anopponens pollicis twitch or heard moderately loud brief environmental
noises presented monaurally through headphones. Compared to age matched
controls, the Orbito-PFCx patients generated enhanced amplitude N200- P300
event-related potentials (ERPs) over central and posterior scalp locations (for
P300 at Pz: control 11.34pV, Orbito-PFCx 25.8lpV; p<0.005). This abnormal
disinhibition of ERPs is not observed in patients with damage to the dorsolateral
prefrontal region who typically show decreased P300 responses to startling stimuli.
In addition, across blocks ERPs to the shock stimuli did not habituate in OrbitoPFCx patients as it did in the controls. The combination of initially large ERP
responses to startling stimuli and the lack of habituation with repetitive stimulation
appear to be a unique elecrophysiological marker of Orbito-PFCx damage.
Disinhibition of responses to environmental stimuli may contribute to the
difficulties observed in these patients in emotional control and social decision
making.
Supported by NIH Grants NS21135 and MH48757.
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MRI FINDINGS IN MEMORY-IMPAIRED SURVIVORS OF CARDIAC

DEVELOPMENTAL AMNESIA ASSOCIATED WITH EARLY HYPOXICISCHEMIC INJURY. P.G, Gadian1. J, Aicardi2. K.E. Watkins3. P.A, Porter1. M,
Mishkin4 and F, Vargha-Khadem3. ’Radiology and Physics Unit, 2Neurosciences Unit,
and ’Cognitive Neuroscience Unit, Institute of Child Health, London WClN 1EH,
UK and 4NIMH, NIH, Bethesda MD 20892 USA. (SPON: European Brain and
Behaviour Society)
We recently reported on three young patients with severe impairments of episodic
memory resulting from brain injury sustained early in life (Vargha-Khadem et al.,
Science 1997). These findings led us to hypothesise that such impairments might be a
previously unrecognised consequence of perinatal hypoxic-ischemic injury.
Neuropsychological and quantitative magnetic resonance (MR) investigations were
carried out on five young patients, all of whom had suffered hypoxic-ischemic
episodes at or shortly after birth. All five patients showed severe impairments of
episodic memory with relative preservation of semantic memory. However, none had
any of the major neurological deficits, including cerebral palsy, that are typically
associated with hypoxic-ischemic injury, and all attended mainstream schools.
Quantitative MR investigations revealed severe bilateral hippocampal atrophy in all
cases. Additional investigations using voxel-based morphometry revealed that, as a
group, the patients also showed bilateral reductions in grey matter in the regions of
the putamen and the ventral part of the thalamus. On the basis of their clinical
histories and the pattern of MR findings, we attribute the patients' pathology and
associated amnesia primarily to hypoxic-ischemic episodes sustained very early in
life. We suggest that the degree of hypoxia-ischemia was sufficient to produce the
memory impairments associated with damage to the hippocampi, but was not
sufficient to result in the more severe neurological deficits associated with damage to
motor-related areas that can also follow hypoxic-ischemic episodes. The impairments
in episodic memory may be difficult to recognise, particularly in early childhood, but
this developmental amnesia can have debilitating consequences, and may preclude
the existence of an independent life in adulthood. Supported by the Wellcome Trust.

Blane’, M, Glabus’. J. Best3. 'University of St. Andrews, Cardiology Department,
Royal Infirmary of Edinburgh, ’Department of Psychiatry, Edinburgh University,
Edinburgh, EH10 5HF, UK.
Memory impairment following cardiac arrest is thought to be a consequence
of cerebral hypoxia. In particular, the hippocampus is thought to be particularly
sensitive to the effects of hypoxia because the CAI region is rich in NMDA
receptors. We, therefore, tested the hypothesis that memory impaired survivors of
out-of-hospital cardiac arrest (OHCA) would demonstrate specific hippocampal
damage. We recruited three groups of patients, memory impaired (IMP) survivors
of OHCA (N = 9), memory intact (INT) survivors of OHCA (N = 8), and a control
group of survivors of myocardial infarction (MI) who had never suffered cardiac
arrest (N = 12). Memory impairment was defined as scoring over one standard
deviation below the mean on the Doors and People Memory Test. All subjects
underwent anatomical neuroimaging using a 1.0 TESLA SPE MRI Magnitom
Scanner. Supplementary analysis of the data was carried out using the method of
Statistical Parametric Mapping (SPM '96) which allows for voxel-by voxel analysis
of regional brain differences. There were no differences between the groups for
age, sex ratio or socio-economic status. Similarly, there was no differences
between the groups for intracranial volume. However, whole brain volume was
significantly reduced in the OHCA IMP group - MI whole brain volume (cc)
1144.4 (88.9), OHCA INT = 1232.8 (79.3), OHC IMP 1066.4 (114.2), F = 4.18, p =
0.028. There was, therefore, approximately a 14% reduction in whole brain
volume in the IMP, relative to the INT group. Similar results were obtained for the
left and right temporal lobe and for left and right hippocampal formation.
Ventricular volume was also enlarged in the IMP group. In summary, we conclude
that survivors of OHCA who suffer memory impairment do so because of a
generalised reduction in brain volume. Supported by the British Heart Foundation

359.3

359.4

HIPPOCAMPAL ACTIVATION DURING A CALENDAR
MEMORY TASK IN AN AUTISTIC SAVANT. N. Boddaert. C.
Barthelemy, P. Belin. J.-B. Poline, J. L. Adrien. L. Thivard. Y, Samson and

M. Zilbovicius*. SHFJ. CEA, Orsay and INSERM U 316, CHU
Bretonneau, Tours, France.
« Autistic savant» refers to individuals with autism who have extraordinary
skills. There are many forms of savant abilities, the most common involve
mathematical calculation, memoiy feats, and musical abilities. Brain mechanisms
underlying such extraordinary capacities are still unknown. Here we investigated
GC, a 22 years-old man with a DSM-IV diagnostic of autism, that have a
prodigious aptitude in calendar memoiy, i.e, to associate a date to the
corresponding day of the week. We performed a PET H215O activation study to
detected brain regions involved in calendar memory. Therefore, rCBF was
measured during three conditions : a) rest; b) auditory calendar memoiy (the
investigator gave a date, for example, the May 23, 1986, and GC answered orally
within seconds - Thursday); and c) a control repetition of words. A high
resolution magnetic resonance image (MRI) of the brain was also obtained. Data
analysis was conducted using statistical parametric mapping (SPM96). SPM
maps were thresholded at p <0.001. The calendar memoiy task activated
selectively the left hippocampus, the left orbito-frontal cortex and the left
temporal pole. These results revealed the cerebral circuit specifically involved in
the prodigious calendar memory capacity of GC. This study suggests that during
development autistic persons can have « hypertrophied » a normal cerebral circuit
and develop a prodigious capacity, despite their severe cognitive and behavioral
handicaps. Supported by INSERM network # 4R002B and PHRC 95.

H.M.'S PUZZLING EXPERIENCE. B. Skotko.1 G. Einstein.1 D. Rubin,2 L.
Tupler.’ J.J. Locascio.4* S, Corkin4. ’Dept of Neurobiol, Duke Univ.; Durham, NC
27710; 2Dept of Psychol, Duke Univ.; ’Dept of Psychiat & Behav Sci, Duke Univ.;
4Dept of Brain & Cog Sci, & the Clin Res Cen, MIT; Cambridge, MA 02139.
The amnesic patient H.M. shows normal memory for semantic knowledge acquired
prior to the onset of his amnesia in 1953, but a deficit in semantic knowledge
encountered subsequently. We explored this dissociation by focusing on his lifelong
love of word puzzles. He completed 3 different crossword puzzles that required
retrieval of semantic knowledge acquired either before or after 1953. He attempted
each puzzle on at least 4 consecutive days during each of two experiments, 6 mo
apart. After finishing each puzzle, he used the answer key to change incorrect
responses. He also unscrambled letter strings to form words, a task on which
performance in normals was related to their ability to solve crossword puzzles.
When H.M. was given a puzzle with pre-1953 information, he had a high number
of correct responses (86%), but when he was given clues and answers that relied
solely on post-1953 information, he performed poorly (22%) and showed no
improvement. In contrast, when he was given a puzzle with clues referencing events
that occurred postoperatively, about topics that related to knowledge gained
preoperatively, H.M.'s performance improved significantly over 5 days (p < .001).
(E.g., Clue: childhood disease successfully treated by Salk vaccine [postoperative
knowledge]; Answer: polio [preoperative knowledge]). This improvement may be
related to residual explicit memory capacities and/or priming. On the letter strings,
he scored between 1 and 2 SDs below the mean for 9 normal subjects, placing him at
the low end of the normal range. This level of performance is consistent with his
scores on other tests of semantic knowledge (Boston Naming Test, Wechsler
Vocabulary test), and is likely related to his low educational background.
Support: AFAR; FOCUS, Duke Univ; URS, Duke Univ; Dannenberg, Duke Univ;
P50AGO5128; 1-K08-MH001460; AG06605.

359.5

359.6

HABIT LEARNING AND EXPLICIT MEMORY IN HUMAN BASAL
GANGLIA DISORDERS. C. Hall1, R, Diaz1, P. Vergara1, A. Ochoa2, M. E,
Alonso2 and J. Fernandez-Ruiz1 3*. ’Deptartamento. Fisiologia. Facultad Medicina.
Universidad Nacional Autonoma de Mexico. Mexico D. F. C. P. 04510, 2Depto.
Neurogenetica y Biologia Molecular, Instituto Nacional de Neurologia y
Neurocirugtaand 3Depto. Investigation Clinica y Biomcdica. ISSSTE.
The basal ganglia have been proposed as a possible substrate for habit learning.
The evidence relies on studies on populations of patients with basal ganglia
disorders, such as Huntington’s disease (HD) and Parkinson’s disease (PD). These
patients show procedural and habit learning deficits, although it has been shown that
they also exhibit problems in explicit memory, suggesting the involvement of basal
ganglia circuits and their corresponding cortical connections, in this form of
memory. In the present study, we tested HD and PD patients in a single task that
allowed us to compare between habit learning, visual recognition and free recall
using the same material. Ten HD, ten PD and twenty controls matched for age and
sex were tested on a modified version of the 24 hours concurrent visual
discrimination task used previously in habit learning in monkeys. A set of twenty
pairs of visual images presented in cards was shown to the subjects. Within each
pair, one image was always associated to a reward, changing the left-right
presentation on each trial. The set was presented five consecutive times regardless
of the number of correct responses. At the end of the habit test, recognition and free
recall tests were done. The results showed a significant habit learning difference
between both HD and PD and their control groups. In the recognition test, both the
HD and the PD groups were impaired with respect to their controls. Finally, in the
free recall task HD and PD were also different from their controls. In conclusion,
both basal ganglia disorders showed an impairment of habit learning, visual
recognition and free recall. DGAPA IN-214997, CONACyT 27393-H.

Neural activity during acquisition of cursor control in a locked-in
patient. P.R.Kennedy*. R.A.E.Bakav, M.Moore, KAdams & G.Montgomerv.
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Neural Signals Inc. (PRK) Depts. of Neurology (PRK) & Neurosurgery' (RAEB),
Emory Univ. & GA Inst, of Technology (MM, KA & GM), Atlanta, GA.
We continue to record robust signals from the motor cortex of our second locked-in
patient more than one year after implantation. He has learned to use the rate of neural
firings to control a cursor on a computer screen though recent health problems have
minimized his ability to do so. The long-term recording electrode is based on
principles of regeneration. Our first patient, (NeuroReport, 9:1707-1711, 1998), was
a 52 year old ventilator dependent ALS patient totally paralyzed except for eye
movements. She demonstrated binary control of multi-unit neural activity.
This second patient is a cognitively intact 51 years old who is quadriplegic and
anarthric and demonstrates proportional control of neural activity. As described
previously, he has been implanted in the hand area 4 of the motor cortex. Recordings
began at post-operative day 11 and remain robust at day 385. Multiple signals of
different amplitudes can be recorded unless the patient is tired or toxic when they
cease firing. Activity resumes when the subject revives. Paradoxically, when more
deeply asleep, an increased number of signals fire randomly. Many of these signals
are not apparent when the subject is working on the task. During performance, the
subject moves the cursor across the screen from left to right entering icons or letters
on a screen keyboard. Residual EMG signals drive the cursor down the screen and
also trigger the enter command to cause the letters to appear on a wordpad screen and
spell words. Neural activity is generated by the patient and is converted into pulses
that activate a mouse driver program. At each session the same six to ten waveshapes
appear during task performance. Some or all of these are used to drive the cursor.
Cross correlograms demonstrate correlated firings of several, but not all, waveshapes,
raising the possibility of functional differences between waveshapes within the same
electrode. Supported by an SBIR from the Neural Prostheses Program, NINDS, NIH.
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THE THOUGHT TRANSLATION DEVICE AND THE LANGUAGE SUPPORT
PROGRAM: UNASSISTED COMMUNICATION IN LOCKED-IN PATIENTS
J, Perelmouter*, N.Ghanayim, J. Kaiser, T, Hinlerberger, B. Kotschoubey,
A, Kubler, N. Neumann and N. Birbaumer. Institute of Medical Psychology and
Behavioral Neurobioiogy, University of Tubingen; Gartenstr. 29, D-72074
Tubingen, Germany
Self-regulation of Slow Cortical Potentials (SCP) is used in patients with lockedin syndrome, and allows them to communicate verbally and to manage their
environment by means of a Thought Translation Device (TTD) and Language
Support Program (LSP) [1], Usually, one training session lasts up to 3-4 hours and
needs a trainer's assistance - electrodes fixation, connection with TTD, start of
system etc. - which makes communication slow and bothersome. An unassisted
TTD-LSP spelling with a reliable and prolonged contact "patients-TTD-LSP" was
equipped with a voluntary switch from a "stand-by" mode to a "writing" mode. In
order to start to write and to communicate, patients generate a special SCPresponses sequence (a key to the writing mode) and then write by means of their
own SCP. Patients were specially trained to produce this key sequence without
feedback signals. The key sequence secures an easy and fast enter to the system for
24 hours and avoids accidental unintended switches. The results of two completely
paralyzed patients confirm that it is possible to communicate with the TTD and
with the 24-hours stand-by-system without muscular activity and without
assistance.
Supported by the German Research Society (DFG) and Institut fiir Grenzgebiete
der Psychologie und Psychohygiene (Freiburg, Germany).
[I j Birbaumer N„ Ghanayim N„ Hinterberger T„ Iversen I„ Kotschiubey B.,
Kubler A., Perelmouter J., Taub E., Flor H. - A spelling device for the paralysed,
Nature, vol.398 (25 March 1999), 297-298

IMPAIRED PERFORMANCE ON A CEREBELLAR DEPENDENT
IMPLICIT LEARNING TASK AMONG DYSLEXICS. J.M. Coffin* and IL
Jones, Department of Psychology, Program in Neuroscience, King’s College,
Wilkes-Barre, PA 18711.
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Deficits in verbal learning are a notable symptom in dyslexia. Based
on recent research implicating the cerebellum in some aspect of this
process, the present study examined whether dyslexics would display
deficits in learning and memory tasks that have cerebellar dependency.
Participants were simultaneously tested on a cerebellar-dependent task,
eyeblink classical conditioning (EBCC) in the delay paradigm, and a
verbal memory task (recall of a list of 25 unrelated words, presented
visually). Following the session, immediate recall and then recognition
of the target words was assessed. EBCC data were analyzed and stored
for later comparison. Following a 48 hour interval, all subjects were
retested on EBCC, and asked to recall the list of words presented in the
first test session. Results were then compared to controls. No
significant differences were found on verbal task performance. On the
eyeblink task, dyslexics presented a lower proportion of conditioned
responses (p<0001), and longer response onset times (p<.002). Trials
to the learning criterion of 8/9 CRs were not compared, as only one
participant in the dyslexic group reached criterion over the two
sessions. These data lend support to a model of cerebellar dysfunction
in dyslexia and may implicate differences in the functional architecture
of the deep cerebellar nuclei in the etiology of the disorder.

359.9
PRISM
ADAPTATION
AND
RETENTION USING
BALLISTIC
MOVEMENTS IN PARKINSON’S DISEASE. P. Vergara1? R. Diaz1, C. Hall1,
J. Mischner1, L. Nufiez2, N, Plascencia2 and J. Fernandez-Ruiz1 ’3. 1 Depto.
Fisiologia, Fac. Medicina. Unversidad National Autonoma de Mexico. Mexico.
D.F. 04510, 2Depto. Neurologia C.M.N “20” de Noviembre and 3Jefatura
Investigation Clinica y Biomedica. ISSSTE.
The continuing characterization of the different learning processes that the
motor system is capable of requires the testing of specific tasks in populations of
subjects with different neurological conditions. In a previous work Huntington’s
disease (HD) patients were tested on prism adaptation, a form of motor learning.
During prism adaptation, the motor system adapts to new visuospatial coordinates
imposed by prisms that displace the visual field. Once the prisms are withdrawn,
the degree and strength of the adaptation can be measured by the spatial deviation
of the motor actions in the direction opposite to the visual displacement imposed
by the prisms, a phenomenon known as aftereffect. It was then shown that HD
patients have normal adaptation, but are impaired on the initial aftereffect
magnitude. In this work we report how those variables behave in Parkinson’s
disease (PD) patients using the same throwing technique described previously.
The patients (n=23) showed normal adaptation levels when compared to the
control group (n=23) of subjects matched for age and gender. When tested for the
aftereffect, the PD patients showed a significant reduction (p < 0.05) compared
with the control group. These results suggest that PD, like HD patients, can adapt
effectively when wearing the prisms, but that the aftereffect suffers the same
initial magnitude impairment showed by the HD patients. Overall, these and
previous results suggest a common deficit on the aftereffect in basal ganglia
disorders that could be interpreted as a defective retrieval of previously acquired
information. DGAPA IN-214997 and CONACyT 27393-H.
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USING MEDIAL TEMPORAL LOBE VOLUMETRIC AND SPECTROSCOPIC MRI
DATA TO PREDICT THE RESULTS OF CLINICAL MEMORY TESTING.

THE CYTOARCHITECTURE AND TOPOGRAPHY OF PERIRHINAL CORTEX
(BRODMANN’S AREA 35) IN HUMANS. J.C. Augustinack1, and G.W. Van
Hoesen1,2* Departments of Anatomy & Cell Biology1 and Neurology2, University of
Iowa, Iowa City, IA 52242.
Perirhinal cortex (PC) receives projections from all sensory modalites and has strong
reciprocal connections with entorhinal cortex (EC) and hippocampus. It has been
implicated strongly in recognition and associative memory in the rhesus monkey and
other mammals. Although PC cytoarchitecture has been described in the monkey, it
has not been described fully in the human. Ventromedial temporal lobe blocks from
20 cognitively normal’subjects were sectioned and stained for Nissl substance and
other markers. Five rostrocaudal levels, (1) temporal incisura, (2) rhinal sulcus, (3)
mid-amygdala, (4) uncal hippocampus, and (5) lateral geniculate nucleus, were
studied. The mediolateral and rostrocaudal borders of area 35 were a major focus.
Accentuation of layer II, the presence or absence of layer IV, and relationship to
parasubiculum posteriorly were decisive defining criteria. Area 35 is divisible into a
periallocortical area 35a medially and a proisocortical area 35b laterally. Area 35a
has an accentuated layer II and lacks layer IV while area 35b contains a less
accentuated layer II, an incipient layer IV and darkly stained large pyramidal neurons
in layer V. To define the accentuated layer II, in five cases, we measured the
diameter of layer II neurons at all levels and found that, in area 35a; the mean
diameter was 12.9pm (± 2.7) and in area 35b it was 9.8 pm (± 2.2). Means were
consistent throughout the rostrocaudal and mediolateral topography of PC, and
conversely, they differed from EC layer II neurons medially measuring 18.4 pm (±
3.2) and temporal association area 36 layer II laterally measuring 7.8pm (± 1.8). Our
findings reveal that area 35 arises from the temporal incisura, lies lateral to the rhinal
sulcus, medial to the collateral sulcus, and occupies the medial portion of the
posterior parahippocampal gyrus adjacent to the parasubiculum. Thus, PC surrounds
EC fully and is an extensive cortical entity too large to be labeled transitional.
Supported by NS 14944 and 19632.

Z. Caramanos*, L.M. Li, F. Cendes, M. Jones-Gotman, M, Petrides, and P.L, Arnold.
Montreal Neurological Institute and McGill University, Montreal, Canada, H3A 2B4.

Previously, we found that in unoperated patients with temporal-lobe epilepsy (TLE): (i)
hippocampal volumes and medial temporal-lobe (MTL) levels of the neuronal marker Nacetylaspartate (as determined by proton magnetic resonance spectroscopic imaging)
provided lateralizations of seizure foci that were concordant with those of extensive clinicalEEG investigation; (ii) delayed recall on the most widely-used clinical neuropsychological
tests of verbal and figural memory1 could not; and (iii) whereas neuroimaging measures were
highly interrelated, they were not related to the patients’ memory test scores in a modalityspecific way (SFN '95, 757.14). Our results suggested that performance on those memory
tests should not be considered clinically-useful measures of left and right MTL integrity.
In the present study, we examined the ability of these same MTL neuroimaging measures
to predict individual unoperated-TLE patients’ (n=62) delayed recall performance on the
same neuropsychological tests of verbal and figural memory [verbal material: 90’ recall of
the Logical Memory and Associative Learning tasks from the Wechsler Memory Scale
(WMS), as well as 20’ minute recall of the Rey Auditory Verbal Learning Test; figural
material: 90’ recall of the WMS Visual Reproduction task and 45’ minute recall of the ReyOsterrieth Complex Figure]. A linear multiple regression model based on patients’ left-sided
MTL neuroimaging values was able to account for a small, but statistically significant,
amount of variance in a composite measure of the patients’ delayed verbal recall scores (r =
,42,p = 0.001). Similarly, a model based on their right-sided MTL neuroimaging values was
able to account for a small, but statistically significant, amount of variance in a composite
measure of their delayed figural recall scores (r = .36, p = 0.004).
Our results suggest that these neuroimaging measures of left and right MTL integrity are
indeed related to verbal and figural delayed recall as measured by these most-commonly-used
clinical neuropsychological memoiy tests: this relationship, however is quite weak. It
remains to be seen whether better concordance would be found with more specific measures
of verbal and figural memory than the standard measures we examined in the present study.
1 Jones-Gotman et al. (1993). In Surgical treatment of the epilepsies, 2nd ed. J. Engel Jr., Ed., 245-259.
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SELECTIVE PRESERVATION OF REGIONAL PREFRONTAL GRAY
MATTER WITH HEALTHY AGING BUT NOT ALZHEIMER’S DISEASE:
D.H. Salat*!. J.A, Kave^J., J.S, JanowskyLl. 1 Dept of Behavioral
Neuroscience, 2 Dept of Neurology, 3 Portland VA Medical Center, Oregon
Health Sciences University, Portland OR 97201.
The prefrontal cortex is a functionally, cytoarchitecturally, and hodologically
heterogenous structure that degenerates with both healthy aging and
Alzheimer’s disease. We used volumetric magnetic resonance imaging to
determine if regional prefrontal atrophy differed among healthy oldest old (aged
>84 years; OHE), Alzheimer’s disease (aged 60-75 years; AD) and young
healthy elderly (aged 60-75 years; YHE). An additional group of healthy older
subjects was tested on tasks of prefrontal function to determine if there were
selective alterations in function related to regional changes found in the
volumetric analyses. The prefrontal cortex was defined as all coronal slices
anterior to the genu of the corpus callosum. Relative preservation of prefrontal
region of interest (ROI) volumes were analyzed as a ratio of ROI volume to
prefrontal gray matter volume (all ROIs combined). The orbital region was
relatively preserved in OHE compared to YHE (p<0.02). No regions were
selectively preserved in AD compared to YHE. These data are consistent with
cognitive task performance demonstrating a negative relationship between age
and working memory (r=0.83, p<0.001; lateral prefrontal) but not conditional
association (r=0.48, p>0.14; superior prefrontal) or object alternation (r=0.07,
p=0.85;orbital prefrontal). Current studies will examine the relationship
between regional prefrontal volume and cognitive performance in the same
subjects.
Supported by NIH MH11855 to DHS, NIH AG12611 and a National
Alzheimer’s Disease Association Grant to JSJ, and NIH AG08017 and a VA
Merit Grant to JAK.

The amygdala and anoxic encephalopathy: Functional and anatomical.
Paradoxes. S. Shamsulkottabi. A. Bcchara. H. Damasio, D. Tranel, and J. Barrash*.

Dept Neurology, Uni v. of Iowa, Iowa City, IA, 52242.
Patients who suffer an episode of cerebral ischemia/anoxia may develop an
anterograde memory impairment due to damage of the hippocampus. Whether the
anoxic event also causes amygdala damage remains unclear. Therefore, we tested
whether anoxia is associated with 1) a dysfunctional, and/or 2) a structurally altered,
amygdala. Nine anoxics were tested on 3 tasks of emotional processing, which are
sensitive to amygdala damage: 1) emotional conditioning, 2) emotional memory, and
3) decision-making. One group of anoxics acquired the conditioning, improved their
memory of stimuli charged with emotion, but failed to improve their memory of
stimuli that were repeated several times, and made advantageous decisions. We
called this group (M-E+), i.e. impaired memory, intact emotion. The other group did
not acquire the conditioning, failed to improve their memory of stimuli charged with
emotion, as well as stimuli that were repeated several times, and made
disadvantageous decisions. Hence, we called this group (M-E-), i.e. impaired
memory, impaired emotion. To test whether the amygdala was structurally abnormal,
we used high-resolution magnetic resonance scans (MR) reconstructed as 3dimensional volumes. The amygdala limits were identifed and traced using
multiplanar reslicing of the 3-D brains, and the volume calculated. The same
procedure was used for hippocampal measurement. As predicted, the (M-E+) had
reduced volumes of the hippocampus (reflecting the memory deficit) and normal size
amygdala. However, the (M E ) had reduced volumes of the hippocampus, but the
size of their amygdala was also normal. The results reveal a conflict between
functional data suggesting a dysfunctional amygdala, and anatomical data, which
suggesting a normal amygdala. Supported by NINDS PO1 NS 19632.

360.5

360.6

DIFFERENTIAL ROLES OF THE HIPPOCAMPAL FORMATION AND
ENTORHINAL CORTEX IN THE RECALL OF VERBAL INFORMATION. L.
deToledo-Morrell1,2*, I. Goncharova1, B. Dickerson1, C. Spanovic-Ferrari1 and
R.S. Wilson1,2. ’Department of Neurological Sciences and2 Rush Alzheimer’s
Disease Center, Rush University, Chicago, IL 60612.
Using animal models of amnesia, a number of studies have demonstrated that
in addition to the hippocampal formation (HF), the entorhinal cortex (EC) also
plays an important role in memory function. In the present investigation, we
studied the contribution of these two regions to human memory by examining the
relationship between the extent of entorhinal or hippocampal cortex atrophy and
performance in the “Controlled Learning” task developed by Buschke and his
colleagues (Buschke and Grober, Dev. Neuropsychol., 1986,19:287-307).
Subjects consisted of 13 elderly patients who were evaluated in a clinical setting
for cognitive complaints, but who did not meet criteria for dementia. They were
studied with a high resolution magnetic resonance imaging (MRI) protocol and
the verbal version of the controlled learning task. EC and hippocampal volumes
were computed separately for the right and left hemispheres from gapless, 5mm
coronal slices taken perpendicular to the long axis of the hippocampal formation.
To correct for individual differences in brain size, volumes of regions of interest
were divided by total intracranial volume derived from gapless sagittal images
spanning the entire brain. Linear regression analyses demonstrated the following
double dissociation. Left EC volume was significantly related to immediate free
verbal recall following the third trial of acquisition (R=0.701, p=0.008), but not
delayed recall (R=0.501, p=0.082). In contrast, left hippocampal volume was
associated with delayed (R=0.701, p=0.008), but not immediate (R=0.526,
p=0.065) free recall.
Supported by grants PO1 AG9466 and P30 AG10161 from the NIA.

EFFECTS OF CORTISOL ON MEMORY AND ATTENTION IN
HEALTHY YOUNG AND OLD MEN. Q.T. Wolf ’,3, A, Convit12, A.

Singh1, E. Kandil1, S. de Santi1, C.Y. Tarshish1, R.J. Gruen1*, B.S. McEwen2,
M.J. de Leon12. 'Neuroimaging Lab., Dept of Psychiatry, New York University
School of Medicine, NY, NY 10016; 2Nathan Kline Institute for Psychiatric
Research, Orangeburg, NY. 3 Lab of Neuroendocrinology, Rockefeller
University, NY,NY.
The acute effect of cortisol on cognition in humans is still incompletely
understood. Collectively prior experiments suggest that cortisol may have effects
on hippocampal mediated declarative memory, frontal mediated working
memory or selective attention. Using FDG PET our lab previously reported a
selective reduction in hippocampal glucose uptake after acute cortisol
administration in healthy elderly subjects, thereby demonstrating a possible
mechanism by which cortisol might impair declarative memory functions. The
present experiment was designed to investigate the cognitive effects of the same
cortisol challenge used in the PET study. The specific questions addressed were:
a. ) Are cortisol effects on cognition detectable acutely or after a longer duration?
b. ) Are there different effects on learning, recall, or attention? c.) Are there age
differences in the response to the challenge?
10 young and 10 old men participated in the present placebo controlled double
blind crossover study. Subjects received 0.5 mg/kg cortisol or placebo. Cognitive
tests measuring declarative memory, short-term memory, attention and response
inhibition were administered before and at two time points (30 min. and 165
min.) after injection. Blood samples were drawn in order to monitor cortisol
levels. Preliminary data analysis suggests time and task specific effects of the
steroid. Supported by grants from the NIH/NIA RO1-AG-12101, ROI-AG 13616,
P30- AG-08051

360.7

360.8

INFLUENCE OF GLUCOSE AND DIETARY CARBOHYDRATES ON
MEMORY IN HEALTHY ELDERLY HUMANS. R.J. Kaplan1, G. Winocur2,
T.M.S. Wolever1, C.E. Greenwood1*2*. ’Dept. of Nutritional Sciences, Univ. of
Toronto; 2Baycrest Centre for Geriatric Care; Toronto,Ont,Canada MSS 3E2.
A glucose drink improves declarative memory, especially in the elderly and those
with impaired memory and glucose regulation, relative to placebo. However, the
effects on memory of raising blood glucose with other carbohydrate (CHO) foods
(other than glucose) have not been examined. The present study tested whether type
of CHO, time following consumption, and glucose regulation influence memory in
healthy elderly humans. Following an over-night fast, 10 male and 10 female nondiabetic, cognitively intact subjects (mean = 72.3yrs) consumed 50 g of CHO as
glucose (drink), mashed potatoes or barley, or a placebo (saccharin drink) on 4
separate days. At 15 and 60 min following consumption, immediate word list (WL)
and paragraph recall (IP) and 20min delayed paragraph recall (DP) were tested.
Fasting serum insulin and fasting, 15, 60 and 105 min plasma glucose were
measured. Ingestion of potatoes caused plasma glucose to increase similarly to a
glucose drink, whereas barley caused a smaller increase, but greater than placebo.
Overall performance did not differ among dietary treatments. However, both
placebo (baseline) score and a measure of P-cell (insulin-producing pancreatic cells)
function correlated with improvements on IP and DP (vs. placebo) for all 3 CHO
sources; the poorer the baseline memory and/or P-cell function, the greater the
improvement (stronger correlations at 15 min and on DP). Improvement with each
food on DP (15 and 60 min combined) vs. P-cell function: glucose (r = -0.51, p =
0.02), potato (-0.50, 0.03), barley (-0.54, 0.01). WL data supported paragraph data
but were less robust. These results demonstrate, for the first time, that dietary CHOs
other than glucose (barley, potato) improve declarative memory in healthy elderly
subjects and that deficient P-cell function is associated with the memory-enhancing
effects. Moreover, the effects are independent of plasma glucose concentration and
are more robust at 15 than at 60 min post-ingestion. (NSERC).

A DOUBLE-DISSOCIATION OF BEHAVIOURAL AND EVENTRELATED POTENTIAL EFFECTS OF TWO BENZODIAZEPINES
WITH SIMILAR POTENCIES. S. PompeiaU O.F.A. Bueno!, L.M.
LucchesM, G.M. Manzano^, J.C.F. GaldurozL S. Tufik!- ’Dept. de
Psicobiologia, 2Dept. de Neurologia, UNIFESP; Rua Napoieao de
Barros, 925. Sao Paulo, CEP:04024-002, Brazil.
It has been suggested that benzodiazepine (BZ) potency, or affinity
to BZ receptors, can account for BZ-induced memory alterations. The
behavioural and Event Related Potential (ERP) effects of single oral
doses of 2 benzodiazepines (BZs) with similar potencies were
compared: the atypical compound lorazepam (L; 2.0 mg), which has
been reported to impair episodic memory and priming, and a
standard BZ that only impairs episodic memory, flunitrazepam (F; 1.0
mg). The study followed a placebo-controlled, double-blind, parallelgroup design. Thirty-six healthy subjects completed a test battery
before treatment and at theoretical peak-plasma concentration of
drugs. Although both treatments led to comparable alterations on
psychomotor, subjective and episodic memory measures, lorazepam
was more deleterious in time to identify fragmented shapes and in
indirect-stem completion when compared to placebo. In contrast,
flunitrazepam prolonged ERP latencies to a greater extent than
lorazepam. It is unlikely that peak concentration was missed for ERP
measures. ERPs may yield explanations as to the atypical mnemonic
effects of L.
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PRE-TESTING ADMINISTRATION OF CORTISOL IMPAIRS LONGTERM MEMORY IN HEALTHY HUMAN SUBJECTS. D J-F. de
Ouervain1, B. Roozendaal2, F. Muller-Spahn3, J L. McGaugh' , J. Unger4* and
C. Hock1. ‘Dept. of Psychiatric Research. University of Zurich. 8029 Ziirich
Switzerland; 2Center for the Neurobioiogy of Learning and Memory,
University of California. Irvine USA; 3Dept. of Psychiatry, University of
Basel, 4025 Basel, Switzerland; 4Dept. of Anatomy, University of Munich,
80336 Munich, Germany.
Traditionally, the memory impairing effects of glucocorticoids in animals
and humans have been interpreted as being due to a disruption of the storage
of new information. In a recent study in rats we have reported, however, that
acute stress and glucocorticoids can also impair memory by disrupting retrieval of long-term spatial memory. In the present study we show that glucocorticoids also affect retrieval processes for long-term declarative memory in
healthy human volunteers. The study design was double-blind, placebocontrolled, crossover and counterbalanced. A list of 60 words was presented
on a computer screen for 4 s each and memory for these words was tested 24
hours later. Cortisol (25 mg), administered orally 1 hour before the memory
test, significantly reduced the number of freely recalled words as compared to
placebo. Word recognition and procedural memory were not affected by cortisol. Also an immediate recall test was not influenced by cortisol, indicating
that the impairing effects of cortisol on free recall of long-term memory were
not due to nonspecific effects on cognitive function. In contrast, cortisol (25
mg) administered 1 hour before the learning phase did not affect either immediate or delayed (24h) free recall of the words.
In conclusion, our findings indicate that cortisol administered before memory testing impairs free recall of long-term declarative memory, whereas the
same dose of cortisol administered before learning has no effect on memory
acquisition and consolidation processes.

EFFECTS OF HORMONE REPLACEMENT THERAPY AND AGING
ON MEMORY. D. Wegesin1*, D. Friedman2, N. Varughese1 and Y.
Stem’. ’Department ofNeurology, Columbia University, 2New York State
Psychiatric Institute, New York, NY 10032.
Recent evidence suggests that hormonal changes accompanying
menopause may partly account for memory-loss in aging women and that
these memory effects can be tempered by the use of hormone replacement
therapy (HRT). We examined performance in postmenopausal HRT users
and non-users (60-80 yrs. old), as well as in young, regularly cycling
women (18-30 yrs. old). Participants completed a battery of cognitive tests
covering various memory' and non-memory domains. The memory tests
included a source memory task, in which subjects studied two lists of
sentences (Listl and List2 in sequence). During the test phase, a series of
pairs of sequentially-presented nouns (half seen during study; half new)
were presented. For words judged old, subjects were asked to name the
source of the word, i.e., list 1 or 2. Other memory measures included
subtests of the Wechsler Memory Scale-Ill to assess working memory
(Letter-Number Sequencing), story recall (Logical Memory 1, 2), and
spatial memory (Visual Reproduction 1, 2). The Bushke Selective
Reminding Test assessed verbal list learning, verbal recall and recognition.
Results showed that young women outperformed the HRT non-users, but
not the HRT users on the memory measures, though no differences were
revealed on non-memory measures. These data suggest a positive effect of
HRT use in postmenopausal women that is specific to memory
performance.
Supported by: NIH NRSA (1 F32 AG05807-01)

360.11
FUNCTIONAL NEUROCHEMISTRY USING MRSI IN MENOPAUSAL
WOMEN. P.A. Keenan1*, KA Ginsburg2, G.J. Moore1. Departments of Psychiatry
& Behavioral Neuroscienes1 and Obstetrics & Gynecology2, Wayne State
University School of Medicine, Detroit, MI 48201
'H Magnetic Resonance Spectroscopy Imaging (MRSI) was used to measure
hippocampal and prefrontal cortex of menopausal women, levels of Nacetylaspartate (NAA), creatine compounds and choline compounds which are
putative measures of neuronal viability, energy metabolism, and cell membrane
function respectively. The hippocampus is critical to the formation of new
memories while working memory, attention, and cognitive flexibility among
others are dependent upon the integrity of the prefrontal cortex.
Five women on hormone replacement therapy (HRT) and five nonreplaced
women closely matched for years of menopause, estimated IQ, and education
underwent MRSI and a small battery of neuropsychological tests.
Radioimmunoassay of serum estrogen concentrations confirmed that the hormonal
status of the women on HRT differed significantly from that of the nonreplaced
women (p<.05 for all assays).
There were no differences between groups in measures of hippocampal NAA,
creatine, choline, or any component of memory as tested by list learning and
paragraph recall. In contrast, there were significant group differences in the ratios
of creatine, NAA and choline in the left dorsolateral prefrontal cortex (p< 01)
suggesting a higher level of creatine and hence greater energy metabolism in this
area in the women on HRT. In addition, we found a trend toward a significant
group difference in scores on Trails B, a test of frontal lobe function. The replaced
women were more adept at this task.
These results indicate a possibility of a primary attentional deficit underlying the
reported loss of memory function in nonreplaced, postmenopausal women.
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AEROBIC GLYCOLYSIS IS NECESSARY FOR SYNAPTIC TRANSMISSION IN CA1
OF RODENT HIPPOCAMPAL SLICES BECAUSE IT IS REQUIRED FOR
GLUTAMATE UPTAKE BY GLIAL CELLS. P, LiPton*, L. Nikstad and M. Kane. Dept.
of Physiology, Univ. of Wisconsin, Madison, Wl 53706
In order to prevent desensitization of glutamate receptors glutamate must be
removed from the synaptic cleft by diffusion and uptake by localized glutamate
transporters. Uptake by glia is energy requiring and glial processes at synapses are
quite devoid of mitochondria. Thus aerobic glycolysis might well be an absolute
requirement for glial glutamate transport and, depending on the synaptic structure, for
synaptic transmission. Studies were done to test this hypothesis.
i) ln guinea-pig hippocampal slices, and also in slices from rat that are prepared in a
way that helps preserve morphology, synaptic transmission is very strongly blocked by
2mM iodoacetate (IAA) even in the presence of lactate concentrations that normally
support transmission. In rat slices prepared more casually IAA does not block
transmission.
ii) The glutamate uptake blocker, threo hydroxyaspartate (THA) at ,6mM, rapidly blocks
transmission in slices where IAA blocks transmission but does not block transmission
in slices where IAA is ineffective.
iii) IAA has no effect on overall ATP levels measured in the CA1 stratum radiatum
region.
Our interpretation of these results is that in slices with good morphology the glial
wrap prevents diffusion of glutamate from the synapse and that in the absence of
glycolysis the glia are unable to remove glutamate. Hence receptors desensitize and
transmission is blocked. This hypothesis is being tested with several pharmacological
agents. Supported by U.W. Medical School

NORADRENALINE INDUCES PROTEIN TARGETING TO
GLYCOGEN (PTG) mRNA EXPRESSION IN ASTROCYTES.
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I. Allaman, L. Pellerin and P.J, Magistretti*. Institut de Physiologie and Laboratoire
de Recherche du Service de Neurologie du CHUV, Universite de Lausanne,
Switzerland.
Protein Targeting to Qlycogen (PTG) is a recently discovered protein which is
involved in glycogen metabolism. PTG is a member of a family of proteins that
target protein phosphatase-1 (PP-i) to glycogen particles. PTG is also able to bind to
phosphorylase kinase, phosphorylase a and glycogen synthase, which suggest that it
can serve as a ’’scaffold “ for efficient activation of glycogen synthesis. We have
found that PTG mRNA is present in brain tissue as a single transcript of 3.0 kb. It is
abundantly expressed in primary cultures of cortical astrocy tes but could also be
delected in neuronal cultures. Noradrenaline (NA), which is known to stimulate
glycogen synthesis in astrocytes, induced PTG mRNA expression in cultured mouse
cortical astrocytes in a concentration-dependent manner with an EC,,, = 12.6 nM.
Induction was rapidly observed two hours after exposure to NA and reached a
maximum after four hours while returning to control levels by twenty-four hours.
Cycloheximide and actinomycin D, which inhibit protein synthesis and transcription
respectively, blocked PTG mRNA induction by NA. Isoproterenol, a p-adrenergic
agonist, could mimic the effect of NA while methoxamine, an u,-adrenergic agonist,
could not. Both propranolol and atenolol prevented the induction of PTG mRNA
expression while prazosin was ineffective, indicating that the effect of NA most
likely involved the activation of p,-adrenergic receptors. Insulin, which was also
shown to stimulate glycogen synthesis in astrocytes, had no effect on PTG mRNA
expression. Taken together, these results suggest that PTG is implicated in glycogen
synthesis induced by NA but not insulin in astrocytes.
Supported by FNRS grant 31-40565.94.
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ESTROGEN TREATMENT ALTERS REGIONAL CEREBRAL
METABOLISM OF GLUCOSE. J.T. Metz*. D.A. Colasante, T.F, Brown. L.H,
Kinnunen. D. Cooper. M, Cooper. MIICRO, Inc. and The University of
Chicago.
Estrogens have been reported to affect CNS systems involved in the
regulation of mood, behavior and cognition. Regional cerebral metabolism of
glucose (rCMglu), as measured with FDG/PET, can be used to demonstrate that
administered agents have functional effects on the CNS and where such effects
are located in the brain. We used this method to determine the CNS effects of
subacute treatment with conjugated equine estrogens (Premarin®, Wyeth-Ayerst
Pharmaceuticals).
For two weeks each, eight normal healthy female subjects (aged 63-78)
received estrogens (0.625 mg/day) or placebo in a double-blind crossover study.
At the end of each two week period, subjects participated in an FDG/PET study.
There were no differences between placebo and estrogen conditions for
measures of mood and behavioral performance. There were also no differences
in overall cerebral metabolism (5.32 ± 1.58 mg/lOOg/min for placebo,
5.15 ± 1.00 for estrogen).
The predominant effects of estrogen were significant increases in relative
rCMglu in right frontal and temporal cortices, and a decrease in relative rCMglu
in portions of the left frontal cortex. The beneficial CNS effects of estrogen,
including protection against dementia and other cognitive dysfunctions, may be
mediated through, or indicated by, the metabolic changes induced in these
cerebral regions.

ELEVATION OF NERVE GROWTH FACTOR LEVEL PRECEDES RECOVERY
OF REDUCED GLUCOSE UTILIZATION IN THE RAT FRONTAL CORTEX
AFTER EXCITOTOXIC LESIONING OF THE NUCLEUS BASALIS
MAGNOCELLULARIS
Y.KatS-UmiLT.Hayashi'. T.Nishio3. H.Fukuvama2*. H.Shibasaki2, Dept. of 'Neurology,
2Brain Pathophysiology, and ’Integrative Brain Science, Graduate Sch. of Med.,
Kyoto Univ.; Kyoto, 606-8057
In order to evaluate a role of endogenous nerve growth factor (NGF) on the
recovery from transient hypofunction of the cerebral cortex induced by a lesion of the
nucleus basalis magnocellularis (NBM), we measured the cerebral metabolic rate of
glucose (CMRglc) by using positron emission tomography with 18-F-labeled
deoxyglucose, choline acetyltransferase (ChAT) activity, and NGF level in the rat
frontal cortex at 3 days, 1 month, and 3 months after excitotoxic lesioning of the
NBM by stereotaxic injections of ibotenate. Although the frontal ChAT activity
remained 20 percent lower even at 3 months post lesion than controls which received
pyrophosphate injections into the NBM, the frontal CMRglc with 40% reduction at 3
days returned to normal at 3 months. The frontal NGF level showed over 2-fold
elevation at 3 days, reduction at 1 month, and recovery at 3 months after the lesioning.
Since glucose utilization reflects presynaptic neuronal activity, the discrepancy
between the reduced ChAT activity and normalized CMRglc in the frontal cortex at 3
months suggested that the deafferentiated cortical neurons would have received
presynaptic axon terminals other than the cholinergic afferent projections from the
NBM during 3 months. The accumulated NGF protein in the frontal cortex may have
some effects on synaptic rearrangement in denervated tissues.
Supported by the Grant-in-aid for Scientific Research (A) 08558083 from the
Japan Ministry of Education, Science, Sports and Culture, and Research for the Future
Program (RFTF) JSPS-RFTF97L00201 from The Japan Society for the Promotion of
Science, and General Research Grant for Aging and Health 'Analysis of aged brain
function with neuroimaging'.

Supported by Wyeth-Ayerst Pharmaceuticals.

361.5

361.6

GLUCOSE IS MORE EFFECTIVE THAN LACTATE IN MEETING THE
ENERGY REQUIREMENTS OF NMDA-ACTIVATED HIPPOCAMPAL
NEURONS. E.L, Roberts. Jr.1-2*. J. He2, T.S. Sly2, and C.-P. Chih1. 'Geriatric
Research, Education, and Clinical Center, and Research and Development Office,
Miami VA Medical Center, Miami, FL 33125, and ’Department of Neurology,
University of Miami School of Medicine, Miami, FL 33136
Results from recent studies have led to the hypothesis that lactate released from glia
is the main energy substrate for neurons, particularly during neuronal activation. However,
investigations from this laboratory have shown that glucose supports brain cell function
better than lactate during periods of heightened energy demand. To resolve these differences
between our laboratory and others regarding the roles of glucose and lactate in neuronal
energy metabolism, we exposed rat hippocampal slices from six-month-old Fischer-344
rats to one oftwo experimental conditions: (1) artificial cerebrospinal fluid (ACSF) containing
200 pM N-methyl-D-aspartate (NMDA) and 10 mM glucose or 20 mM lactate as the
metabolic substrate, or (2) ACSF containing 0.2 or 0.5 mM a-cyano-4-hydroxycinnamate
(4-CIN) and glucose as a metabolic substrate. NMDA raises the energy demand in neurons
without stimulating the release of lactate from glia. 4-CIN blocks monocarboxylate
transport across plasma and mitochondrial membranes. In slices exposed to NMDA,
synaptic transmission and ion homeostasis disappeared more slowly when glucose was
present than when lactate was present. Also, after NMDA exposure, slices recovered
synaptic transmission and ion homeostasis more completely in glucose. Since intracellular
pH (pH,) did not change in slices exposed to glucose and NMDA, glucose was probably
metabolized aerobically in both neurons and glia. In experiments with 4-CIN, we found
that 0.2 mM 4-CIN caused significant reductions in synaptic activity and in pH? When
exposed to 0.5 mM 4-CIN for 60 min., slices suffered complete loss of K+ homeostasis
and synaptic transmission. These results are probably due to 4-CIN blocking mitochondrial
oxidative metabolism by inhibiting pyruvate entry, leading to enhanced ‘anaerobic’ glycolysis
and intracellular acidosis. Our findings suggest that hippocampal neurons prefer glucose
over lactate as a metabolic substrate during neuronal activation, and do not support the
hypothesis that lactate is the primary energy substrate for neurons during activation.
(Supported by a grant from the National Institute on Aging (AG08710), and by the Office
of Research and Development (R&D), Medical Research Service, Department of Veterans
Affairs (VA).)

INTERACTIONS BETWEEN GLUCOSE, LACTATE AND ADENOSINE
REGULATE ENERGY SUBSTRATE UTILISATION IN HIPPOCAMPAL
CULTURES. L. J. McIntosh*, T. M. Bliss and R. M. Sapolsky. Dept. Biological
Sciences, Stanford University, Stanford, CA 94305
Glucose is the major energy source during ‘normal’ brain activity. However,
increasingly it is thought that during a necrotic insult, and the subsequent recovery
period, lactate also acts as a prominent energy substrate, with lactate being made
in glia and released for use by neurons. In some cases, e.g. recovery from hypoxia,
it appears that lactate is even dominant over glucose in facilitating neuronal
survival. Our data support this picture. We show that under typical basal
conditions (i.e. where extracellular glucose concentrations are greater than
extracellular lactate) glucose can inhibit neuronal lactate utilisation. Reciprocally,
when the extracellular concentration of lactate is greater than glucose, such as
during an insult, lactate inhibits neuronal glucose uptake. Furthermore, we find
that adenosine, at the elevated concentrations found during an insult, inhibits
glucose uptake by up to 15% under hypoglycemic but not normoglycemic
conditions. This effect is more pronounced in neuronal enriched and mixed
cultures compared to glial cultures, suggesting that adenosine selectively inhibits
neuronal glucose uptake under conditions which bias lactate utilisation. In
contrast, adenosine had no effect on neuronal lactate utilisation. Thus, the relative
concentrations of glucose, lactate and adenosine, which are indicative of the
energy status, influence which energy substrates are utilised. These results support
the idea that during a major insult, such as seizure or ischemia, neurons are biased
in the direction of lactate rather than glucose utilisation and this is accomplished
through a number of regulatory steps. Supported by MRC (UK) and RO,
MH53814.

361.7

361.8

FcFj-ATPASE ACTIVITY FROM RAT BRAIN AND LIVER MITOCHONDRIA AND
NA+, Kf-ATPASE ACTIVITY FROM PORCINE CORTEX USING SPECTRAPHOTOMETER ASSAY: VALIDATION AND EFFECT OF STEROIDS J. Liu and V. D.
Ramirez* Dept Mol. and IntcgraL Physiol., Univ. of Illinois, Urbana, IL 61801
This study validates a coupled assay to examine the enzymatic activity of rat liver and
brain mitochondrial FgF,-ATPase preparations as a first step to study the effects of
steroids. Liver and brain P2 fractions, consisting of mitochondria and lysosomes, were
solubilized with 1% digitonin: liver P2 fraction (DLP2) and brain P2 fraction (DBP2). The
data showed a linear dose response of ATP hydrolysis by liver P2 fraction up to 50 pg of
protein. This ATP hydrolysis could be inhibited with oligomycin and efrapeptin. The
assay conditions lacked Na+ and AMP, so a possible contamination of Na+, K+-ATPase or
adenylate kinase will not affect this assay. Interestingly, with the same amount of protein
(50 pg), DBP2 showed a 75% higher ATP hydrolysis activity than DLP2. Anti-OSCP
antibody recognized a 23 KDa protein (corresponding to OSCP, a subunit of F0FjATPase) with a stronger reaction in the brain P2 than in the liver P2 preparation,
indicating a greater recovery of the F^-ATPase in the DBP2. The ATP hydrolysis by
Na+, K+-ATPase was inhibited (70%) by oligomycine (10 pg), but not by efrapeptin (1.5
pM). 13 pM Resveratrol inhibited the
-ATPase by 75% in DLP2, while inhibiting the
Na+, K+-ATPase by only 23%. DES inhibited the ATP hydrolysis by DBP2 (77%
inhibition with 7 pM DES) as well as that of Na+, K+-ATPase (98% inhibition with 150
pM DES). Progesterone (P) inhibited the Na+, K+-ATPase activity (45% inhibition with
150 pM P, n=2). This study also showed that 150 pM testosterone (T) or 17p-estradiol
(E) inhibited the Na+, K+-ATPase activity by about 34% and 18% (n=2), respectively. In
conclusion, the coupled ATPase assay is a convenient method to study the activity of FJy
ATPase from mitochondrial preparations. Resveratrol can inhibit ATP hydrolysis by a
mechanism to be determined. DES, P, T and E can inhibit the Na+, K+-ATPase activity,
though at pharmacological doses. This study was supported by a NIH grant to VDR.

COMPARATIVE
REGIONAL
DISTRIBUTION
OF
LACTATE
DEHYDROGENASE mRNA ISOFORMS IN THE RAT BRAIN J.,_P,
Laughton1, Y. Chamav1. B. Belloir1, A, Savioz1*. L. Pellerin2. P. J. Magistretti2
& C. Bouras1. 'Department of Psychiatry, Division of Neuropsychiatry, HUG
Belle-Idee, Geneva, Switzerland and laboratory of Neurologic Research, Institute
of Physiology and Service of Neurology, CHUV, Faculty of Medicine, University
of Lausanne, Lausanne, Switzerland.
The importance of lactate as a substrate for brain energy metabolism has been a
subject of growing interest. Lactate produced inside the brain following activity
dependent glucose uptake by astrocytes [Magistretti et al., Science 1999, 283: 496]
might be a suitable substrate for brain energy metabolism. The lactate
dehydrogenase isoforms (LDH 1 and 5) are crucial for lactate metabolism. Using in
situ hybridization histochemistry with [35S]dATP labeled oligonucleotide probes
specific for the two rat LDH isoforms mRNAs, we have examined the regional
distribution of LDH 1 and 5 transcripts in coronal sections through the rat brain.
The autoradiograms revealed that LDH-1 mRNA is highly expressed in a variety of
structures, including the main olfactory' bulb, the piriform cortex, the
hippocampus, several thalamic and hypothalamic nuclei, the pontine nuclei, the
ventral cochlear nucleus, the trigeminal nerve and the solitary tractus nucleus.
Additionally, the granular and Purkinje cell layers of the cerebellum showed strong
labeling. The neocortex exhibited a marked laminar pattern of LDH-1 mRNA
distribution. LDH-5 mRNA expression seemed generally more diffuse in most
brain structures. However, the hippocampal formation (especially the Ammon’s
horn and the dentate gyrus) gave a strong radiosignal. Overall, these data are
compatible with the emerging idea of a lactate shuttle between astrocytes and
neurons.
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KAINIC ACID-INDUCED SEIZURES INCREASE UBIQUITOUS
MITOCHONDRIAL CREATINE KINASE EXPRESSION IN CORTICAL AND
HIPPOCAMPAL NEURONS. J Boero*, Z Khuchua, W Qin, TA Woolsey
and AW Strauss. Depts. of Pediatrics and Neurological
Surgery, Washington University School of Medicine,St.Louis,
MO 63110.
Swiss webster adult male mice showed a marked increase
in ubiquitous mitochondrial creatine kinase (uMtCK) 48 hr.
after a single episode of kainic acid (KA)-induce seizures.
Agarose native gels and western blots from cortical and hippocampal mitochondrial extracts showed a two-fold increase
in uMtCK activity and content. Immunocytochemistry showed
that the number of uMtCK-positive cells is only increased
in CAI pyramidal cells and cortical layers II-III. To distinguish between a direct effect of KA and increased neuronal activity, a second group of mice were pre-treated with
clonazepam, a benzodiazepine agonist that effectively blocked seizures. Clonazepam pre-treated animals showed a
marked reduction of of uMtCK-positive cells in layers II
and III of motor and somatosensory cortex, but no changes
were observed in CAI neurons. These results show that neuronal activity induce the de novo expression of uMtCK in
cortical neurons and that KA directly stimulated CAI cells.
This pattern of expression is similar to that observed in
neonate mice is probably a protective mechanism for excitotoxicity in these cells. Supported by NIH grants HL 52350,
NS 17763, NS 28781, and the McDonnell Center for Studies of
Higher Brain Function.

QUANTITATIVE HISTOCHEMISTRY OF a-KETOGLUTARATE
DEHYDROGENASE COMPLEX (KGDHC) ACTIVITY. L.C.H. Park*, N.Y.
Calingasan, K.-F.R. Sheu, G.E. Gibson. Weill Med. Coll, of Cornell Univ. at
Burke Med. Res. Inst. 785 Mamaroneck Ave., White Plains, NY 10605.

The activity of a key mitochondrial enzyme, KGDHC, declines
severely in the brain of many neurodegenerative diseases such as
Alzheimer’s Disease, as well as in thiamine-deficient (TD) animals. The
decreased activity often occurs without a reduction in protein, which
negates the use of immunocytochemistry to study cellular or regional
changes. Thus, a histochemical method using nitroblue-tetrazolium was
developed. The method was standardized in cultured cells. The KGDHC
histochemical staining was linearly correlated with time and highly
specific for KGDHC. The staining was a particulate dark blue product
(formazan) in the cytoplasm, consistent with mitochondrial localization.
The reductions of KGDHC staining by competitive and non-competitive
inhibitors were consistent with those measured by conventional enzyme
activity assay in cell homogenate. The method was also reliable and
satisfied enzyme kinetic criteria, in mouse brain sections. Although light
staining occurred throughout the brain, discrete neuronal populations
exhibited more intense staining. The pattern of staining differed
markedly from the distribution of KGDHC protein by immunocytochemistry. Generalized decreases in the intensity of staining occurred in
the TD brains compared to controls, which further confirmed that the
histochemical staining reflects KGDHC activity. Thus, the present study
introduces a new, histochemical method to measure KGDHC activity at
the cellular and regional level, which will be useful to determine changes
of in situ enzyme activity. Supported by USPHS grant AG-14600 and

Cornell Univ. Med. Coll. Training Grant

361.11
FOS PROTEIN EXPRESSION IN RAT HIPPOCAMPAL NEURONS
FOLLOWING TREADMILL RUNNING AT MODERATE SPEED. A. Oladehin1*
and R.S, Waters2. Depts. of ‘Physical Therapy, 2Anatomy and Neurobiology, UT,
Memphis, TN 38163
Intnxluction: Although metabolic activity in the hippocampus has been shown to
increase following exercise, no information exists on location and distribution of
activated hippocampal neurons following moderate aerobic exercise. We have used
Fos protein expression to identify activated hippocampal neurons following onehour treadmill running at moderate speed.
Method: Adult male Sprague-Dawley rats (n=32) were divided into four groups: 1)
trained running (TR), 2) trained non-running (TNR), and 3) untrained non-running
(UNR), and caged-bound (CB). Rats in TR and TNR groups were trained to run on a
motor-driven treadmill until criterion performance was reached (speed = 0.35 m/s,
three 20-min running periods, a three-min rest between running periods). After
reaching criterion performance, rats were placed in individual cages and allowed to
rest for two days. Then the TR group was run on the treadmill for one hour, while
TNR and UNR groups were placed on a non-activated treadmill. Following 30
minute-rest in home cages, rats were deeply anesthetized with Nembutal (50mg/kg),
perfused with 4% paraform-aldehyde, brains removed, blocked, and sectioned
coronally into 50 pm thick sections. Every third serial section was processed for
Fos protein immunohistochemistry.
Results/Conclusion: Exercised rats showed significant greater number of fos-like
immunnoreactive (FLI) neurons in dentate, CAI, CA2, and CA3 subregions
compared to tlie three control groups. Labeling in the TNR group was greater than
labeling in the other two control groups. Diffusely scattered FLI neurons were find
in both URN and CB groups. Our observations suggest that hippocampal neurons
may be involved in movement control and regulation of exercise-induced
physiological changes.
(Supported by NSF Grant IBN-9700318 to R.S.W. and UT, Memphis, Dept. of
Physical Therapy to A.O.)

BRAIN METABOLISM AND BLOOD FLOW: VASOREGULATION—HYPOXIA AND ISCHEMIA
362.1

362.2

TRANSIENT EXPRESSION OF HYPOXIA INDUCIBLE FACTOR 1 a
IN THE BRAINS OF RATS EXPOSED TO CHRONIC HYPOXIA.
J.C. Chavez*, F. Agani, P. Pichiule, J.C. LaManna. Department of
Anatomy, Case Western Reserve University, School of Medicine. 10900
Euclid Avenue, Cleveland, OH 44106, U.S.A.
Hypoxia inducible factor 1 (HIF-1) is a heterodimeric transcription
factor formed by a HIF-1 a subunit, which is rapidly induced in response
to hypoxia, and a constitutively expressed HIF-1 p subunit. In this study
we investigate the effect of prolonged exposure to hypobaric hypoxia on
HIF-1 a levels in rat brain. HIF-1 a protein levels were measured by
western blot analysis in control brains and after 1 hour, 6 hours and 1,4,
7 and 21 days of hypobaric hypoxia (0.5 ATM). HIF-1 a was not
detectable in control brains. Significant increases in HIF-1 a levels were
detected after 1 h which remained elevated through 7 days of hypoxic
exposure. At 21 days of hypoxia, no detectable HIF-1 a expression was
observed, despite the persistent environmental hypoxia. These results
suggest that systemic and local compensatory mechanisms triggered by
prolonged exposure to hypoxia, such as polycythemia, angiogenesis and
metabolic changes, might restore normal tissue oxygen tension, causing
HIF-1 a downregulation. Alternatively, HIF-1 a may be regulated by other
non-hypoxic related factors.
Supported by NIH Grant NS37 111.

CEREBROVASCULAR EFFECTS OF IV DOPAMINE IN HYPOXIC PRETERM
FETAL SHEEP.R. D. Robinson1, A. P.Harris1, R. J. Traystman1, and C.A. Gleason2*.
'Depts. Of Pediatrics and Anesthesiology/Critical Care Medicine, Johns Hopkins
Univ., Baltimore, MD and 2Dept. of Pediatrics, Univ. of Washington, Seattle, WA.
Preterm infants often receive IV dopamine for the treatment of hypotension, and
they may also be hypoxic due to lung disease. We have previously shown that
dopamine, at doses high enough to raise blood pressure, causes cerebral
vasoconstriction. We used chronically-catheterized, unanesthetized fetal sheep to test
the hypothesis that dopamine limits hypoxic cerebral vasodilation and causes
decreased cerebral oxygen delivery. We studied five near-term (132 + 1 days
gestation) fetal sheep. We measured mean arterial blood pressure (MAP), cerebral
blood flow (CBF) via radiolabeled microspheres and cerebral arterial O2 content
(CaO2). We calculated cerebrovascular resistance (CVR=MAP+CBF) and cerebral O2
delivery (OD=CaO2xCBF). Measurements were made at two baselines, before and
after a 50% reduction in CaO2, and at three dopamine infusion rates: 2.5, 7.5, and 25
pg/kg/min. Results: (Mean ± SEM)
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CaO2

MAP

CBF

CVR

0.60+0.07
Normoxic Baseline
66 + 2
120+^21
11.8±0.7
0.40+0.02*
65+1
173+18
6.11+0.5*
Hypoxic Baseline
69±4
0.41+0.07
182 + 25
5.08+0.5*
Dopamine 2.5 pg/kg/min
0.45±0.04
74 + 2
179 ±22
5.41+0.5*
Dopamine 7.5 pg/kg/min
0.59+0.09
85 + 2*
5.34+0.5*
161 +26
Dopamine 25 pg/kg/min
♦p<0.05 compared to normoxic baseline; yp=0.055 compared to hypoxic baseline

Cerebral O:
delivery
14.5+3.2
10.6+1.6
8.9+0.9
9.3±0.6

8.2+0.9y

Dopamine, at doses high enough to increase MAP, causes significant alterations in
cerebrovascular responses to hypoxia with increases in CVR and decreases in OD with
increasing doses of dopamine. These data suggest that IV dopamine could be
detrimental to cerebral perfusion and oxygenation in hypoxic preterm infants.
NIH NS34057
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362.4

TIME-OF-FLIGHT MAGNETIC RESONANCE-ANGIOGRAPHY IN
TRANSIENT FOCAL ISCHEMIA IN RAT. M. Besselmann1, M. Liu2, C.
Franke1, W. Schwindt1*, M. Hoehn1. 1Max-Planck-lnstitute for Neurological
Research, Cologne, Germany; 2Wuhan Institute of Physics, PR China.
Time-of-flight MR-angiography (TOF-MRA) was applied to study vascular
patency in a thread occlusion model of transient focal ischemia in male Wistar
rats (n=4). The aim was to validate occlusion and reopening of the middle
cerebral artery (MCA) and to correlate vascular change with flow during 1 h
ischemia and 4 h reperfusion.
TOF-MRA was repeated every 30 min before, during and after unilateral
MCA occlusion (MCAO) without the use of contrast agent, and related to
diffusion- (DWI) and perfusion-weighted images (PWI).
After MCAO complete loss of signal of the MCA was observed in the MRA
of all four animals. After reperfusion flow signal immediately recovered. There
was no evidence for early recirculation disturbances. PWI showed a large
perfusion deficit in the MCA supplying territory during vascular occlusion.
Surprisingly DWI did not reveal a clear ischemic lesion in two out of four
animals, though MRA could not detect any flow-signal in the MCA during
occlusion. Distal branching of the MCA was highly variable between
hemispheres within the same animal and between individual animals.
Collateral flow through communicating arteries was not visualized.
We conclude that MRA without use of contrast agent is feasible and suitable
for investigation of the blood circulation in the main cerebral arteries of
rodents. This information is complementary to the status of tissue perfusion as
provided by PWI. Neither perfusion decrease in PWI, nor complete loss of
flow signal in MRA necessarily resulted in DWI-detectable lesion. This could
be explained by high sensitivity of PWI for microcirculatory changes above the
threshold of DWI alterations and low-flow-detection limit of MRA, which has to
be evaluated in further studies.

ARTERIOLAR VASOCONSTRICTION AND TISSUE ENERGY METABOLISM IN
GERBIL MODEL OF CEREBRAL ISCHEMIA. H. Ueda,1* J.-Y. Li,1 A. Seiyama,2
M. Nakano,1 M. Matsumoto1 and T. Yanagihara1. 'Dept. of Neurology and2Physiology
1, Osaka Univ. Grad. Sch. Med.; Suita, Osaka 565-0871, Japan
We compared the temporal profile of vascular reactivity and tissue oxygen/energy
metabolism in the cerebral cortex of gerbils after bilateral common carotid artery
occlusion for 5 min. Under pentobarbital anesthesia (50mg/kg, ip.; n=20), a closed
cranial window 3 mm in diameter was prepared over the territory of the right middle
cerebral artery. Using a dual-spot microspectroscopy, changes in the total hemoglobin
content (tHb; A A590nm) and the redox state of cytochrome aa3 (cyt.aa3; A A605-590nm)
were monitored, while change in the diameter of a pial arteriole was simultaneously
monitored by a CCD camera and an image analyzer. At various ischemic periods, brains
were fixed in-situ by liquid nitrogen and levels of adenine nucleotides were determined by
HPLC. After induction of ischemia, a decrease of tHb and reduction of cyt.aa3 down to
71.2.% of control (p < 0.01), as well as a decrease of ATP with an increase of AMP
occurred within 30 sec. However, in parallel with the initiation of slow
vasoconstriction of pial arterioles to 14.3 % of control diameter (p < 0.05), slight
restoration of tHb, reoxidation of cyt.aa3 from 71.2 % to 61.0 % of control (p < 0.05) and
restoration of ATP occurred transiently around 1 min. Beyond ischemia for 90 sec, a
decrease of tHb, reduction of cyt.aa3, and decrease of ATP proceeded rapidly again. Fast
vasoconstriction (vasospasm) developed at the same time with reduction of diameter down
to 81.1 % of control (p < 0.01). A maximal decrease of tHb, complete reduction of
cyt.aa3 and depletion of ATP occurred around 3 min after onset of ischemia. Slow
vasoconstriction may contribute to transient improvement of tissue energy metabolism,
but fast vasoconstriction (vasospasm) may result in neurona] death in global ischemia.
Supported by grants-in-aid from the Ministry of Education, Science and Culture ofJapan

362.5

362.6

ASTROCYTE-ENDOTHELIAL CALCIUM SIGNALS: A POSSIBLE MEDIATOR
OF NEUROVASCULAR METABOLIC COUPLING. L. Leybaert* and K. Braet.
Dept. of Physiology and Pathophysiology, University of Ghent, Ghent, Belgium.
In the brain, astrocytes are intermediately positioned between neurons and capillary
endothelial cells, thereby potentially playing a crucial role as a relay station for neuroendothelial signals. Astrocytes, and also endothelial cells, are electrically nonexcitable brain cells that can exchange signals by the propagation of intercellular
calcium waves. Intercellular calcium waves consist of an increase in cytoplasmic
calcium that is propagated to neighboring cells by the diffusion of an intracellular
(inositol trisphosphate [IP3], moving through gap junctions) or extracellular (ATP)
calcium mobilizing messenger. Using astrocyte-endothelial co-cultures, we have
demonstrated that calcium signals can pass between astrocytes and endothelial cells
in the two directions and, depending on the nature of the initiating stimulus, are
communicated by either IP3 or ATP. Astrocyte-endothelial calcium signals thus
constitute a fast (time scale of seconds) communication pathway between both cell
types. Work from other groups has given evidence that astrocytic calcium signals can
be triggered by electrical activity of glutamatergic neurons. Brain capillaty
endothelial cells take up glucose from the microcirculation through tlie GLUT-1
glucose transporter, and experimental work on GLUT-1 containing non-endothelial
cells has demonstrated that the expression of this transporter can be enhanced by
protocols tliat increase cytoplasmic calcium. Recent work of our group on endothelial
cells seem to support this finding. Based on these observations, we propose that
neuro-glio-endotlielial calcium signals, denoting calcium signals initiated in
astrocytes by neuronal activity and propagating to capillary endothelial cells, activate
glucose transport accross the blood-brain barrier and are thereby involved in tlie
coupling between neuronal glucose demand and trans-barrier glucose transport, i.e. in
neurovascular metabolic coupling.
Research supported by the Fund for Scientific Reasearch - Flanders (Belgium) and a
grant from the University of Ghent.

PREVENTION OF PLASMA OSMOLALITY-INDUCED CHANGES IN
CEREBRAL BLOOD FLOW BY INHIBITION OF PROSTAGLANDIN OR
NITRIC OXIDE SYNTHESIS. S. Adler1, D, Williams2, and J.G. Verbalis’*. ’Dept.
of Medicine, Univ. of Pittsburgh, Pittsburgh PA 15213; 2NMR Center for
Biomedical Research, Carnegie Mellon Univ., Pittsburgh PA 15213; ’Division of
Endocrinology and Metabolism, Georgetown Univ., Washington DC 20007.
We previously reported that rapidly raising plasma sodium and osmolality (P0Sm)
increased cerebral blood flow (CBF) in both normonatremic and chronically
hyponatremic rats in the absence of changes in arterial CO2 or blood pressure (BP).
The present experiments were performed to identify potential mediators responsible
for this osmotically-increased CBF. Hyponatremic rats received a rapid 90-min
infiision of a 0.5 M NaCI solution and CBF was measured by ’H-MRI arterial spin
tagging. Control rats (n=l 1) received no pre-treatment; experimental rats received
one of four inhibitors prior to the NaCI infusion: Propranolol (P) 2 mg/kg iv (n=8);
Indomethacin (I) 3 mg/kg iv (n=7); L-NAME (L) 20 mg/kg iv (n=9); or the
adenosine receptor blocker DPSPX (D) 10 mg iv (n=5). Baseline CBF was
significantly reduced by P, I, and L (26%, 29%, and 26%, respectively; p<0.01),
while D caused an insignificant increase of 12%. The NaCI infusion increased CBF
maximally at 60 min by 66% in the control rats. Neither P nor D prevented the
NaCl-induced increase in CBF (p> 0.3). However, I and L each significantly
blocked the NaCl-induced increase in CBF above baseline (i.e., post-inhibitor
administration) levels, in both cortical and subcortical brain regions, without
lowering BP or CO2 tension (p<0.01). These results therefore indicate that the
increased CBF induced by a rapid rise in Posm in hyponatremic rats can be prevented
by blockade of prostaglandin (PG) or nitric oxide (NO) synthesis, suggesting that
both PG and NO play significant roles in osmotically-induced increases in cerebral
blood flow. Supported by NIH grants NS26610, RR03631 and DK38094.

362.7

362.8

NITRIC OXIDE PLAYS A ROLE IN ACTIVATION-FLOW COUPLING
IN BOTH AWAKE AND ANESTHETIZED RATS. J.H. Greenberg, M.Z.
Greenberg, K. Takahashi, M. Reivich*. Cerebrovascular Research Center, Dept.
ofNeurology, School of Med., Univ. of Pennsylvania, Philadelphia, PA 19104
There have been numerous studies examining the role of the nitric oxide
system in the coupling of functional activation and cerebral blood flow (CBF).
The majority of the studies undertaken in anesthetized animals indicate that
following inhibition of nitric oxide synthase, the CBF response to activation is
attenuated, while most of the studies undertaken in awake animals failed to
show such an attenuation of response. Using a well-characterized vibrissae
stimulation model we have addressed the issue of whether anesthetic state alters
the role of the nitric oxide system in activation/flow coupling. Two groups of
rats were studied. In one group, rats were anesthetized with halothane in a
nitrous oxide/oxygen mixture and a laser Doppler flowprobe cemented onto the
thinned skull over the vibrissae barrel region of the right parietal cortex. The
animals were allowed to recover from the anesthetic for 2.5 hours following
which changes in CBF were monitored while the vibrissae on the left side of the
face were stimulated at 4-5 Hz using a mechanical stimulator. L-nitroarginine
(L-NA; 40 mg/kg) was administered iv and changes in CBF again measured 35
minutes later. In a second group, after the surgical preparation the rats were
administered a-chloralose (60 mg/kg ip bolus plus 30 mg/kg/hr) and the
halothane/nitrous oxide removed. Two and one-half hours later the vibrissae
were stimulated and changes in CBF measured both before and 35 minutes
following iv L-NA injection. Nitric oxide synthase inhibition with L-NA
significantly attenuated the blood flow response to stimulation in both the
awake and the anesthetized state with the attenuation being greater in the
anesthetized state. (Supported by NIH grants NS33785 and NS32017)

ENDOTHELIAL NITRIC OXIDE SYNTHASE-DEPENDENT CEREBRAL
BLOOD FLOW EFFECTS OF L-ARGININE AFTER CHRONIC STATIN
TREATMENT. M. Yamada1, T. Dalkara12, Z. Huang1, P.L. Huang1, J.K.
Liao2 and M.A. Moskowitz1*^ ’Massachusetts General Hospital, Harvard
Medical School, Charlestown, MA 02129; 2Hacettepe University Hospitals;
’Brigham and Women's Hospital, Harvard Medical School.
The amino acid L-arginine increases cerebral blood flow (CBF) in rats
and man after intravenous infusion. However, the mechanism is not well
understood. To clarify the importance of endothelial nitric oxide synthase
(eNOS) to L-arginine-induced CBF enhancement, we examined whether Larginine infusion (450 mg/kg, 15 min) augmented flow in eNOS-/- mice
and in SV-129 mice, and following eNOS upregulation by chronic HMGCoA reductase inhibitor treatment (simvastatin, 20 mg/kg/day). Regional
CBF was measured by laser-Doppler flowmetry in urethane anesthetized,
artificially ventilated mice. In eNOS-/- mice, there was no response to Larginine infusion, whereas rCBF was elevated by 25% for 25 min in wild
type mice. In simvastatin-treated wild type mice, L-arginine amplified
hyperemia (30%) for 30-40 min, despite equivalent plasma arginine levels.
Because we showed previously that chronic simvastatin treatment augments
absolute baseline CBF by 30%, a 30% flow increase after L-arginine in
statin treated mice corresponds to a 69% absolute CBF increase. Therefore,
we conclude that L-arginine's augmentation of rCBF is eNOS-dependent
and is significantly enhanced by eNOS upregulation, (supported by NIH
Interdepartmental Stroke Program Project 5P5O NS 10828)
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ESTROGEN INCREASES LEVELS OF ENDOTHELIAL NITRIC
OXIDE SYNTHASE (eNOS) IN RAT CEREBRAL MICROVESSELS.

A.M. McNeill, N. Kim, S.P. Duckies and D.N. Krause*. Dept. of
Pharmacology, College of Medicine., University of California, Irvine,
CA 92697.
Estrogen appears to confer protection against cerebrovascular
disorders such as stroke. It has been postulated that estrogen acts on
blood vessels to increase nitric oxide production and/or function. We
therefore tested the hypothesis that estrogen exposure increases the
levels of endothelial nitric oxide synthase (eNOS) in the brain
vasculature.
Cerebral microvessels were isolated from 7 groups of
animals: females (F), ovariectomized females (O), ovariectomized
females implanted with estrogen capsules for 4 weeks (OE), males (M),
castrated males (C), and castrated males implanted with either
testosterone (CT) or estrogen (CE) for 4 weeks. Levels of eNOS protein
were measured in microvessel lysates using SDS-PAGE/westem blot
analysis.
Both F and OE animals had 17-fold greater levels of
microvessel eNOS protein as compared to O. Intact females also had
significantly more eNOS than males (9-fold higher).
Levels of
microvessel eNOS were similar in M, C, and CT; but estrogen treatment
of castrated males resulted in a 19-fold increase in eNOS protein. Thus
exposure to estrogen, whether endogenous (F) or with exogenous
treatment (OE and CE), increased the amount of eNOS protein in
cerebral microvessels of female and male rats.
Greater ability to
synthesize nitric oxide may contribute to the lower risk of
cerebrovascular disorders observed in young women and post-menopausal
women treated with estrogen.

Supported by NIH grant R01HL50775.

LIMBIC SYSTEM AND HYPOTHALAMUS: ELECTROPHYSIOLOGY I
363.1

363.2

DISPERSAL RATE OF THE ’BEAM’ OF SYNAPSES ACTIVATED BY
STIMULATION OF SCHAFFER-COMMISSURAL FIBERS BEFORE AND
AFTER INDUCTION OF LONG TERM POTENTIATION. F. Brucher1, K.
Shimono1’2. M. Taketani1’2. M. Kessler1*and G. Lynch1. ‘Center for the
Neurobiology of Learning and Memory, University of California, Irvine;
technology Development Center, Panasonic, Cypress, California.
Anatomical studies have established that the Schaffer-commissural projections to
the apical dendrites of hippocampal field CAI are laminated but also emit collaterals
which travel at various angles in the proximo-distal (p-d) dimension. The balance
between lamination and collateralization has not been measured. As a result, the
extent to which the synaptic populations generated by contiguous fibers form a tight
'beam' of synapses as opposed to dispersing with distance remains unclear. The
present study addressed this point using simultaneous recording from 64 sites to
measure current source densities in the p-d and medio-lateral (m-1) axes of the
stratum radiatum. Slices of field CAI were placed on a 64-electrode array and
infused with picrotoxin (50 pM) and saclofen (100 pM) to block GABA receptors.
Low intensity stimulation was used to generate responses that did not contain
components sensitive to NMDA receptor antagonists. Current source densities were
calculated in two dimensions (p-d, m-1) with standard techniques to estimate values
for sites between electrodes. The short latency current sinks generated by weak
stimulation described a compact beam that ran parallel to the pyramidal cell bodies
at the same p-d level as the stimulation electrode. Beams located in the inner portion
of the dendrites were skewed towards the cell bodies; the opposite was the case for
the more distal sinks. These effects are as expected if proximal/distal fibers tend to
have distally/proximally directed collaterals. Scattering of the beam was calculated
by measuring falloff of current density from the center of the beam as a function of
m-1 distance from the stimulation site. By these measures the beams were
surprisingly compact and remained so over considerable distances. The preliminary
estimate or the p-d decay rate was 50% per 85 pm; this did not decrease measurably
over 250-300 pm m-1 segments. Induction of LTP did not change the p-d decay
function or the spread of the beam with distance. This result strongly suggests that
the magnitude of potentiation within a beam does not vary along the axis of the
apical dendrites. The waveforms of current sinks had slightly shorter decay time
constants following LTP. It is concluded that collateralization does not substantially
offset the effects of lamination in dictating the dendritic distribution of synaptic
responses in field CAI. Similarly, LTP despite changing the size and, to a much
lesser degree, the shape of synaptic responses does not significantly affect beam
characteristics. (Supported by ONR grant #N-0609.)

EFFECTS OF POSITIVE MODULATORS OF GABA OR AMPA RECEPTORS
ON RHYTHMIC OSCILLATIONS IN HIPPOCAMPAL SLICES. M. Taketani1-2*,
K. Shimono1’2. F. Brucher1 and G. Lynch1. ‘Center for the Neurobiology of Learning
and Memory, University of California, Irvine; technology Development Center,
Panasonic, Cypress, California.
Carbachol induces beta (~20 Hz) and/or gamma (~ 40 Hz) oscillations in slices of
hippocampus and retrohippocampal cortex. Various lines of evidence indicate that
negative feedback circuits involving glutamatergic activation of GABAergic
intemeurons play critical roles in the generation of these and other rhythms in the
cortical telencephalon. The experiments described here used a 64-electrode recording
array to compare the effects of enhancing inhibitory or excitatory transmission on
rhythmic activity in slices. Positive modulation of GABAa receptors with diazepam
(3pM) markedly increased the amplitude of carbachol induced oscillations and, as
shown with Fast Fourier Transform, almost tripled the power within the beta range of
the frequency spectrum. The benzodiazepine also commonly triggered a secondary
frequency peak corresponding to the 40 Hz gamma rhythm and promoted
synchronous communication between fields CA3 and CAI. Positive modulation of
AMPA-type glutamate receptors with the ampakines GX614 or CX691 (1-10 pM)
had the overall effect of substantially reducing carbachol elicited rhythmic activity. It
also resulted in a secondary frequency peak of about 10 Hz that had a different spatial
distribution than the beta oscillations. Time averaged current source density analysis
showed that the ampakines generated current sinks in the apical dendrites of field
CA3 that were weak or absent in the presence of carbachol alone. Analysis of
individual waves indicated that the sinks had time courses anticipated for populations
of EPSCs. Ampakines also resulted in the appearance of complex population spikes
in fields CA3b,c and increased unit activity in field CAI. The former events occurred
with a frequency of about 0.5 Hz. The ampakine effects were dose dependent with
the frequency of population spikes dropping to 0.1 Hz or lower as drug concentrations
were reduced. In all, positive modulators of AMPA or GABA receptors have the
expected (and opposite) actions on desynchronization vs. synchronization but also
influence the production of secondary rhythms and the distribution of activity across
subdivisions. Factors regulating the balance between different rhythms, and the
manner in which balance affects network level operations, will be discussed.
(Supported by Office of Naval Research grant #N-0825.)

363.3

363.4

ORIGINS AND DISTRIBUTION OF CHOLINERGICALLY INDUCED BETA
RHYTHMS IN HIPPOCAMPAL SLICES. K, Shimono1.2*, F. Brucher1, G. Lynch1
and M, Taketani1’2. ‘Center for the Neurobiology of Learning and Memory,
University of California, Irvine; technology Development Center, Panasonic,
Cypress, California.
Carbachol induced high frequency rhythmic activity was studied in hippocampal
slices with 64 electrode-recording arrays. The muscarinic agonist triggered beta
waves (15-25 Hz) in CA3, CAI, and subiculum of 80% of the slices. The waves had
phase shifts across the cell body layers and were blocked by muscarinic, AMPA, or
GABA receptor antagonists. Current source density analyses indicated that the apical
dendrites had discrete zones which on the average served as sources; time averaged
sinks were located proximal to the cell body layers. Phase shifting between the fields
CA3 and CAI was not in evidence, as expected if the waves were locally generated
in each region. Within the period of one beta wave, a current sink appeared in the
apical dendrites of the pyramidal cells, lasted approximately 10 msecs, and was
replaced by a strong current source which persisted for about 20 msecs. Various
arguments suggest that this is an EPSC/IPSC sequence. Orthodromic activation of
spike discharges in field CA3 was followed by a frequency spectrum dominated by a
20 Hz component. This wave distributed in the same manner as carbachol induced 20
Hz waves and was generated by a current source in the apical dendrites of CA3.
Finally, carbachol induced 40 Hz (gamma) oscillations in the deep layers of the
entorhinal cortex at the same time it triggered beta waves in the hippocampus. It is
concluded that cholinergically driven beta rhythms arise independently in
hippocampal subfields from an oscillatory circuit involving bursts of pyramidal cell
discharges, activation of a subset of 'feedback' intemeurons that project to the apical
dendrites, production of a GABAa mediated hyperpolarization in the stratum
radiatum and moleculare. It is proposed that the rhythm results in temporal windows
during which extrinsic inputs are shunted but associational processing remains intact.
Factors that dictate when beta vs. gamma rhythms are produced by cholinergic inputs
are discussed. (Supported Office of Naval Research grant #N-0609.)

SPATIAL DIMENSIONS OF TETANICALLY INDUCED GAMMA
OSCILLATIONS IN HIPPOCAMPAL AREA CAI. M. Vreugdenhil, E.
Bracci, S.P. Hack, and J.G.R. Jefferys. Dept. of Neurophysiology, University
of Birmingham, Edgbaston, BI 5 2TT,'Birmingham, United Kingdom.
SPON; British Neuroscience Association
Coherent oscillations in the gamma to beta band evoked by tetanic
stimulation of hippocampal area CAI are used as a model to study higher
brain functions including perception. Recent evidence shows that 1) the
underlying depolarisation is GABAAergic and 2) the synchronisation is
mainly by field effects. Here we report spatial dimensions of the response to
a tetanus.
With tetanic stimulation (0.2 s, 100 Hz) in stratum oriens, the basal
dendrites became depolarised, leaky and passive, whereas the apical
dendrites initiated action potentials. The roles were reversed with a tetanus
in stratum radiatum. Cells > 0.4 mm were hyperpolarised and restricted the
active area. Cells at < 0.2 mm from the stimulus electrode fired only if
forced by the field and antidromic spike invasion; Cells in between fired
intrinsically at high rate and synchronised other neurons by a slow (Q.l m/s)
wave of field activity. Apparent synchrony within the focus depends on the
location of the leading area. These neurons recovered quickly from the
GABAAergic loss of resistance and showed a gradual recovery of the IPSPs.
IPSPs delay the next wave of field activity, slowing the frequency to beta.
Intemeurons are activated recurrently either by glutamate or by field effects
Since field effects spread slowly compared with the fast divergence of
action potential driven transmission, IPSPs may be desynchronising, rather
than synchronising, when field-organised synchrony is already high.
Supported by the Wellcome Trust.
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Enrico Bracci, Martin Vreugdenhil, Stephen P. Hack and John G. R. Jefferys*.
Department of Neurophysiology, The University of Birmingham, UK.
Coherent cortical oscillations at gamma (30-100 Hz) and beta (10-30 Hz) frequencies
are implicated in cognitive processes. In vitro models provide insights into the neuronal
networks responsible. In the CAI region of the hippocampal slice, tetanic stimulation
is followed by gamma and beta oscillations, during which pyramidal neurons undergo
a slow depolarization and discharge synchronously and massively. The slow
depolarization has been previously attributed to mGluR activation. However, we found
that (not expected for mGluR activation) such an event was accompanied by a dramatic
drop in input resistance (to 0-40 % of control) and was fully blocked by bicuculline, as
typical of GABAa receptor-mediated depolarizing effects. Synchronization was due to
electric field effects rather than fast synaptic potentials which were severely attenuated
by the drop in input resistance. Synchronous spikes were preceded by negative
deflections, that masked a net transmembrane depolarization, apparent when the local
extracellular polarization induced by the ongoing population spike was subtracted.
Field effects can be modulated by moderate changes in ACSF osmolality. 50 mOsm
increase blocked (or greatly reduced) the oscillations, while 50 mOsm decrease strongly
increased oscillation amplitude and duration and reduced the stimulation threshold.
Principal neurons that did not fire during the oscillation were recruited into rhythmic
population activity (at both gamma and beta frequencies) by hypotonic ACSF. The slow
depolarization was not affected by such osmolality changes. Thus, the effects on
synchrony were specifically linked to modulation of field effects. Rhythmic IPSPs were
observed in neurons >200 pm from the stimulator during the gamma to beta transition
and possibly contributed to prolong the cycle period at that stage of the oscillation.
Supported by Wellcome Trust

TETANIC GAMMA FREQUENCY DISCHARGES IN HIPPOCAMPAL CAI:
ROLE OF DEPOLARISING GABA IN LONG RANGE SYNCHRONISATION.
S.P. Hack1*, M. Vreugdenhil1, E. Bracci1, R.W. Greene2 and J.G.R. Jefferys1.
Dept of Neurophysiology, Div. of Neuroscience, Med Sch., Univ. of
Birmingham, Birmingham, UK, B15 2TT. department of Psychiatry, Harvard
Med. Sch.
Tetanically evoked gamma frequency (30-100 Hz) discharges are mediated by a
slow GABAergic depolarisation. Tetanic gamma oscillations (y) are synchronised
locally by field effects but the mechanism(s) of long-range synchronisation of y are
unclear. We examined the role of depolarising GABA in the long-range
synchronisation of y.
y was evoked in the CAI pyramidal layer by tetanic stimulation (100 Hz/200ms)
at two sites separated by > 1mm in the stratum radiatum. Pyramidal cell recordings
were performed midway between the two sites. Stimulation at a single site at
threshold or twice threshold caused the central pyramidal cells to hyperpolarise.
Two site, twice threshold stimulation caused the central cell to depolarize and fire
action potentials. In several cases action potentials in the central cell lead the
oscillation at the two extremes. The depolarisation was GABAa receptor
dependent. Pharmacological blockade of polysynaptic inhibition (NBQX/D-APV)
prevented depolarisation of the central pyramidal cell and de-synchronised the two
sites. APV alone dose dependently reduced the central depolarisation, reduced the
length of the oscillation and de-synchronised the two foci suggesting a strong
NMDA receptor component of the GABAergic depolarisation.
These data suggest (a) long-range (>lmm) synchronisation of y is mediated by
the merging of two depolarising GABAergic foci each of which would normally
by surrounded by a GABAergic hyperpolarisation; (b) the polysynaptic
GABAergic depolarisation in the center has a large NMDA receptor component.
This may have implications for propagation of epileptic discharges and could
explain why NMDA receptor antagonists such as ketamine de-synchronise y.
Supported by the Wellcome Trust.
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363.7

363.8

VLSI IMPLEMENTATION OF A DYNAMIC SYNAPTIC NEURAL NETWORK.
Y.D, Park, J.-S, Liaw*, B.J. Sheu. and T.W, Berger. Dept. of Biomedical
Engineering and Center for Neural Engineering, Univ. of Southern California. Los
Angeles, CA 90089
We have developed a novel model of a dynamic synapse which incorporates
presynaptic mechanisms such as facilitation, augmentation, depression, and
feedback inhibition. The consequence of these presynaptic mechanisms is that
the probability of release becomes a function of the temporal pattern of action
potential occurrence, and hence, transforms a spike train into another sequence
of release events. Furthermore, when the specific dynamics of presynaptic
mechanisms vary quantitatively across axon terminals of a single neuron, each
terminal transforms the same spike train into a different sequence of release
events, creating a spatio-temporal pattern of synaptic signals. A dynamic
learning algorithm has been developed for modifying presynaptic mechanisms
such that each dynamic synapse performs a particular transformation function
while changes in postsynaptic mechanisms determine how the synaptic signals
are to be combined. We have demonstrated the computational capability of
dynamic synapses by performing speech recognition from unprocessed, noisy raw
waveforms of words spoken by multiple speakers with a dynamic synapse neural
network. We have applied mixed-analog/digital-signal CMOS technology
to design a novel dynamic synaptic neural network chip. A dynamic process is
implemented as a variable current source, a discharging resister, and a
capacitance. The resistor-capacitor exponential decay circuit can be
implemented using capacitance and sampling frequency. The voltage-controlled
current source can be used to achieve the programmability of parameter values
of the dynamic synaptic neural network. The refractory period after a neuron fires
can be implemented by a Shmitt trigger. A basic building block for a dynamic
synapse was designed and simulated with CAD tools A low-power low-voltage
dynamic synapse microchip is being designed for fabrication using 0.5 |im
technology. Supported by DARPA CBS, DARPA TBB, ONR, NCRR and NIMH.

DESIGN OF A SCALABLE AND PROGRAMMABLE HIPPOCAMPAL
NEURAL NETWORK. R.H. Tsai1*, J.C, Tai1, B.J, Sheu2, A.R, Tanguay.Jr,1, and
T.W. Berger2. ‘Dept. of Elec. Engineering, 2Dept. of Biomedical Engineering,
Center for Neural Engineering, University of Southern California. Los Angeles.
CA 90089
The microchip design of a hippocampal neural network model incorporating
biologically realistic nonlinear dynamics and modifiable synaptic weight
connections is presented. The dynamic characteristics of each neuron model areobtained from experiments on slices of rabbit hippocampus, and are represented
as first and second order kernel functions describing the dependence of action
potential output on interpulse intervals of past input events. The precise kernel
functions are programmable, and thus, dynamics for multiple hippocampal cell
populations are readily modeled with the same circuitry and also may be a function
of input and/or network activity. The inputs to the network are assumed to be
pulse trains and may have arbitrary inter-pulse intervals. The architecture of the
neuron microchip contains row and column decoders to access individual neuron
for updating parameter values. The array size is scalable from 2x2 to 128x128,
limited by the cost of silicon area.
Hardware implementation of die
interconnections between neurons is accomplished through another microchip
fabricated with only two layers of metal for local interconnection patterns like 3x3
or 5x5. Flip-chip bonding of Induim bumps deposited onto both die neuron
microchip and the interconnection microchip fuse die two chips into a functional
multi-chip module with highly flexible properties and high computational
capacity. Such a multi-chip module can used to adaptively extract die dymimie
similarity of inputs, a functionality desirable for a wide range of applications,
including speech recognition or dynamic data memory. Supported by ONR,
DARPA CBS, NCRR and NIMH.

363.9

363.10

MULTI-ELECTRODE ARRAY RECORDINGS FROM THE HIPPOCAMPUS
in vitro. T.W. Berger*5*, W. Soussou5, G. Gholmieh*, R, Brinton15, M. Baudry5*.
Center of Neural Engineering, Depts. of Biomedical Engineering1 and Program in
Neuroscience5, Dept of Molecular Pharmacology Toxicology University Southern
California, Los Angeles , CA 90089.
Information in the brain is represented in terms of spatio-temporal patterns of
neuroelectrical activity. To directly study the propagation of spatio-temporal activity
with a high degree of experimental control, we have recorded extracellular activity at
60 anatomical sites from rabbit hippocampal slices simultaneously using a multielectrode array (MEA). The MEA consists of an 8x8 electode array. Each electrode
has a diameter of 30 qm with an inter-electrode distance of 200 jxm. Each channel is
sampled at 25 kHz. Bipolar stimulation of slice regions containing intrinsic afferents
evoked mono- and polysynaptic population EPSP and spike field potentials in
corresponding anatomical locations. Both EPSP and spike components exhibited
reversed polarities with respect to molecular and somatic layers, and population
spikes were associated with individual action potential discharges, consistent with
local generation of the recorded extracellular potentials. Paired pulse stimulation
resulted in enhanced responsivity to the second pulse of each pair, and low frequency
stimulation (10 Hz) led to frequency facilitation of EPSP and spike components.
Finally, high frequency stimulation (e.g., 100-400 Hz) of instrinsic afferents induced
LTP of monosynaptically recorded postsynaptic responses and enhanced the
amplitude of responses propagating throughout polysynaptically activated regions of
the slice. In summary, acute hippocampal slice preparations exhibited normal
electrophysiology. These results lay the foundation for the use of these methods for
investigating the effects of a variety of chemical factors on the spatio-temporal
distribution of activity in the mammalian hippocampus (see adjacent poster,
Gholmieh et al.). Supported by DARPA TBB, DARPA CBS, ONR, and NIMH

MONITORING OF TRIMETHYLOPROPANE PHOSPHATE (TMPP)
NEUROTOXIC EFFECT ON THE HIPPOCAMPAL SLICES USING
MULTI-ELECTRODE ARRAY. G. Gholmieh1. W. Soussou5, R. Brinton15, A.F.
Nordholm*, M. Baudry*5*, T.W. Berger*5*. Tri-Service Neurobio. Tox. US Naw*.
Wright-Patterson AFB, OH, Center of Neural Engineering* Dept. of Biomedical
Engineering*, Program in Neuroscience5, Dept. of Molecular Pharmacology and
Toxicology1, Univ. of Southern California, Los Angeles, CA 90089.
Trimethylopropane phosphate (TMPP) is a neurotoxin formed during the partial
pyrolysis of certain synthetic lubricants or flame-retardant polyurethane foams.
Repeated exposure to TMPP has been shown to facilitate electrical kindling and
formation of tonic-clonic seizures. We used a multi-electrode array (MEA) to monitor
the effects of TMPP on the spatio-temporal electrophysiological properties of rabbit
and rat hippocampus in vitro. The array consists of 8x8 electrodes of 30 pm diameter,
with center to center distance of 200 pm. Properties evaluated included mono- and
multisynaptic activation, paired-pulse facilitation and high frequency stimulation
induced LTP. TMPP increased the amplitude of EPSPs after a delay of approximately
15 s and led to an increase in the amplitude of population spikes. An increase in the
number of population spikes evoked by each impulse also was observed. High
concentrations of TMPP induced spontaneous electrical activity which included spike
bursting. TMPP also was tested on dissociated hippocampal cells cultured on an
electrode array (see adjacent poster, Soussou et al.). Application of the TMPP
produced an increase in the spontaneous firing rate. These results are consistent with
the known seizure-inducing effects of TMPP. They also demonstrate the usefulness
of multi-electrode arrays in detecting and identifying potential toxic substances.
Supported by DARPA TBB, DARPA CBS, ONR, NCRR, and NIMH.
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363.12

CHARACTERIZATION OF DISSOCIATED HIPPOCAMPAL NEURONS
CULTURED ON VARIOUS BIOCHEMICAL SUBSTRATES AND
MULTIELECTRODE ARRAYS, FOR THE CREATION OF NEURONAL
NETWORKS. W. Soussou^ G. Gholmieh1, R. Brinton*5'. and T.W. Berger51*
Depts of Molecular Pharm. and Tox.1, Biomed. Eng?, and Program in
Neuroscience5, Center for Neural Engineering*, Univ. of Southern California, Los
Angeles, CA 90089.
Towards the creation of designer circuits of hippocampal neurons, we have
investigated the impact of select biochemical substrates on the attachment, growth,
and branching patterns of hippocampal neurons. In addition, we have used planar
multi-electrode arrays (MEAs) recordings to characterize the electrophysiological
behavior of these cultured neuronal networks. Hippocampal neurons derived from
El 8 rat fetuses were cultured in Neurobasal Medium onto four substrates: poly-Dlysine (PDL) and polyomithine (PO), polyethylenimine (PEI), and laminin.
Observation of the cell morphology revealed that, singly, each of the substrates
except laminin induced neuronal attachment and very little neuronal clustering or
process fasciculation. In contrast, the combination of PDL and laminin also provided
excellent neuronal attachment while inducing a high degree of neuronal clustering
and process fasciculation. PDL exposed to UV light was found to lose its attachment
properties, thereby making UV exposure an easy method to create patterned
substrates for designer circuits. To assess the impact of substrates on neuronal
process phenotype, neurons were cultured on all four substrates, fixed at 20 days in
vitro, and double stained for GAP-43 and MAP-2. All substrates induced GAP-43
and MAP-2 positive processes, however neurons cultured onto PDL exhibited the
greatest abundance of GAP-43 and MAP-2 positive processes. The
electrophysiological activity of the neurons cultured onto the substrate combinations
was assessed on MEAs. The spontaneous firing patterns and evoked responses of
hippocampal dissociated neurons were recorded at 15 days in vitro. These data
provide the foundation for creating designer neuronal networks using dissociated
neurons patterned on MEAs, and exploring their electrophysiological activity.
Supported by DARPA TBB, DARPA CBS, ONR, NCRR, and NIMH.

ROLE OF LOCATION DEPENDENT INHIBITION IN CONTROLLING SYNCHRONIZED OSCILLATIONS IN HIPPOCAMPAL DENTATE NETWORK
MODELS. I. Aradi* and W. R. Holmes. Neurobioiogy Program, Department of Biological Sciences, Ohio University, Athens, OH 45701.
Interneurons of the hippocampal dentate gyrus can be classified according
to whether their axonal arborizations provide somatic or dendritic inhibition.
Perisomatic inhibition is assumed to play a role in synchronization by controlling the output of the dentate, while dendritic inhibition modulates the
input of granule cells. Here we created network models consisting of multicompartmental neurons and studied the role of location dependent inhibition in
contributing to the emergence of synchronized oscillations.
We found that synchronized neural activity of the inhibitory cells is required
for synchronization of the uncoupled granule cells. To effectively synchronize
the purely inhibitory subpopulation of cells the level of inhibition among cells
had to be somatic and be in a proper range, i.e. not causing disinhibition
though still strong enough to synchronize. When the inhibitory network activity is synchronized, sufficiently strong somatic inhibition on granule cells could
synchronize the output of the dentate as well. Synchronization was still possible with dendritic inhibition but only if it was located close enough to the
soma. However, dendritic inhibition reduced the excitatory drive on granule
cells, thus the size of the granule cell population that could be synchronized.
We conclude that, consistent with experimental suggestions, somatic inhibition is effective and makes a significant contribution to inducing synchronized
oscillations while the level of dendritic inhibition can control the strength of
the synchronized output of the dentate.
(Supported by NIMH grant MH-51081.)

363.13

363.14

A TRANSIENT GAMMA/BETA FREQUENCY SHIFT OF NEURONAL
POPULATION OSCILLATIONS IN THE HIPPOCAMPAL CA3 AREA
F.E.N. Le Beau1*, S.K Towers1, R, D. Traub2 and E.H. Buhl1
1) MRC, Anatomical Neuropharmacology Unit, Oxford, 0X1 3TH, UK.
2) Division of Neurosci., Uni. of Birmingham, Birmingham, B15 2TT, UK.
Tetanic stimulation of the hippocampal CAI area in vitro can elicit
gamma frequency population oscillations (30-100 Hz) which, depending on
stimulus strength, may be followed by a switch to a slower beta rhythm (1025 Hz). Using a different experimental paradigm, puff-applied high
potassium solutions into the molecular layer of the hippocampal CA3 region
in vitro, we find that a moderate depolarization results in the emergence of a
transient gamma oscillation. However, a stronger depolarization of the
network may trigger an initial episode of gamma, which is followed by the
emergence of a transient period of a slower beta rhythm. Notably, gamma
waves are invariably nested within the beta oscillations, which are apparent
in both extracellular field activity and concomitantly recorded pyramidal
neurons. Intracellularly gamma manifests itself as gamma frequency IPSPs,
whereas beta waves in the extracellular field are accompanied by prominent
EPSPs. Individual pyramidal neurons fire phase-related, although generally
only on a fraction of the oscillatory cycles. These data show that the
gamma/beta frequency shift is not only model-independent, but is also
present in several hippocampal and presumably also other cortical areas.
Supported by The Wellcome Trust and MRC.

MODEL OF CARBACHOL- AND KAINATE INDUCED 40 HZ
OSCILLATIONS IN VITRO, DEPENDENT ON AMPA AND GABAa
RECEPTORS, AS WELL AS ON AXON-AXON GAP JUNCTIONS.
R.D.Traub1*. A. Bibbig2. A. Fisahn3and E.H.Buhl3. Div. Neuroscience,
Birmingham Univ. School of Med., Birmingham B15 2TT, U.K.;
2Universitat Ulm, Ulm, Germany; ’MRC Anatomical Neuropharmacology
Unit, Oxford Univ., Oxford, U.K.
Carbachol and kainate induce, in CA3 in vitro, synchronized neuronal
oscillations, at ~40 Hz, with distinctive features: a) persistence for hours;
b) intemeurons in kainate fire at 5-30 Hz, tightly locked to field potential
maxima; c) pyramidal cells fire at frequencies as low as 2 Hz, less tightly
locked to field potentials; d) GABAa and AMPA receptors and also gap
junctions are all required. With a network of 3,072 pyramidal cells and
384 intemeurons, we used computer simulations to examine conditions
under which network oscillations occur with the above properties. Such
oscillations could be generated robustly when gap junctions were located
between pyramidal cell axons, as suggested from studies of highfrequency (>100 Hz) network oscillations in the in vitro hippocampus.
In the model, pyramidal somatic firing is not essential. Critical model
components are a) the plexus of pyramidal cell axons, sparsely
interconnected by gap junctions; b) glutamate synapses onto intemeurons;
c) synaptic inhibition between intemeurons and onto pyramidal cell axons
and somata; d) spontaneous action potentials in pyramidal cells or their
axons. Supported by the Wellcome Trust, MRC & DFG.

363.15

363.16

POSTNATAL DEVELOPMENT OF RAT HIPPOCAMPAL GAMMA (20-80 Hz) RHYTHM
IN VIVO. H. Lahtinen*, M. Palva, S, Sumanen, K. Kaila and T, Taira
Department of Biosciences, P. 0. Box 17, FIN-00014 University of Helsinki, Finland.
Synchronous gamma (20-80 Hz) frequency oscillations may be a central mechanism for
timing and coordinating neural activity during various behavioral states in the adult brain.
So far, however, the ontogeny of gamma rhythmicity has remained unelucidated. We
studied the appearance of hippocampal gamma rhythm in rat pups from postnatal day 5
(P5) to P10 using a chronically implanted tungsten field potential electrode in the CA3
region. In parallel with the EEG recordings (~1h / day), respiration and motor activity were
monitored by a respiration sensor and a static charge sensitive bed for the classification of
animals’ behavioral state (Taira et al., 1991, Peptides 11: 1-4). Hippocampal EEG
recordings taken in segments of 5 seconds and categorized as active sleep (AS) or quiet
sleep (QS) were compared. In time-frequency analysis, gamma frequency oscillations were
detected from P5 to P10 during AS. During QS, gamma oscillations were found only in rats
younger than P8. Initially, at P5, the gamma oscillations occurred in brief bursts of < 500
ms duration. During the course of development, the bursts gained amplitude (like the
overall EEG signal) and grew longer, reaching 5-20 seconds at P8, and being almost
continuous at P10. Averaging amplitude spectra of the 5 s segments within categories
revealed a peak in the gamma-frequency band that emerged progressively as a function of
postnatal days in the AS category but not in the QS category. At P6, the peak was barely
dissociable. At P8 and P10, the gamma peaks during AS were distinct when compared
with the smooth spectra of QS category. During development, the gamma band also
extended to higher frequencies. The ontogeny of hippocampal gamma rhythm may shed
light on the development of sensory integration in the brain as well as on the mechanisms
and role of neonatal sleep. Supported by the Academy of Finland and by the Sigrid
Juselius Foundation.
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of carbachol
-induced gamma activity
. Marco de Curtis. Clayton Dickson. Ferruccio
Panzica and Rita Pizzi - Sponsored by Roberto Spreafico (*). Dept. Experimental
Neurophysiology, 1st. Nazionale Neurologico, via Celoria 11, Milano, Italy.
Gamma oscillations have been proposed to expresses a condition of functional
binding of large ensemble of neurons during a specific cortical representation. We
previously demonstrated that oscillatory gamma activity can be induced in the
medial entorhinal cortex (ERC), but not in the lateral ERC of the isolated guinea
pig preparation maintained in vitro, following application of the muscarinic receptor
agonist carbachol (50-100 pM). Gamma activity was recorded simultaneously at
different sites (up to 5) circa 1 mm apart in the medial ERC. Its frequency varied
between 25 and 30 Hz at 30°C. Local application of bicuculline (10 pM) at one of
these sites determined an abrupt and localized discontinuation of carbachol-induced
gamma oscillations. Similarly, local application of atropine (5 pM) abolished locally
gamma activity. Coherence of gamma activity between remote recording sites was
estimated using a bi-variate autoregressive parametric model on several 500 ms
epochs preceding and following tetanic stimulation of either the CAI region or the
piriform cortex at 20 Hz for 1 second. Low coherence (0.3-0.6) between gamma
activity was observed before the stimulus onset. Coherence values transiently
increased to 0.8-0.9 after tetanic stimulation at both sites. Coherence during theta
oscillations induced by carbachol in the same preparation was high (>0.9) before
and after stimulation. Moreover, indexes like Hurst parameter, correlation
dimension, and determinism in recurrence quantification analysis calculated on
recordings performed at 2 sites show a sharp increase after stimulation. This
increase is maintained after the first tetanization and further grows after subsequent
stimulations. Interpretation of such indexes suggests the existence of a chaotic
organization of gamma activity in the medial ERC, that varies according to the
incoming stimulation.
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ENHANCED GAMMA AND BETA-1 FREQUENCIES IN THE HUMAN
MEDIAL TEMPORAL LOBE. N. HiraiL24*. S, Uchida4, T, Maehara3, Y, Okubo2
and H, Shimizu3.. ‘Dept. of Psychiatry, Tokyo Metropolitan Matsuzawa Hospital;
2Dept. ofNeuropsychiatry, Tokyo Med. and Dent. Univ.;3Dept. ofNeurosurgery, Tokyo
Metropolitan Neurological Hospital; 4Dept. of Psychophysiology, Tokyo Institute of
Psychiatry; Tokyo 156-8585 JAPAN.
In some mammalian hippocampus, rhythmic slow activity (RSA) was observed in
exploratory behavior and paradoxical sleep. In addition, gamma frequency was
observed in rat hippocampus and entorhinal cortex. These frequencies were thought to
play an important role in inducing long-term potentiation (LTP) in hippocampus.
However, studies of hippocampal oscillations have largely limited to animals.
We have been studying electrical activities of human brain, and reported the
existence of gamma (30-150 Hz) frequency in the human medial temporal lobe during
wakefulness1. We also presented a case that there existed gamma oscillation in the
occipital cortex which power is increased during eyes-open condition and decreased
during eyes-closed conditions. From these results, gamma activities are thought to
have a role of information processing in the human brain.
In the human medial temporal lobe, we also found a slower oscillation. The
frequency was ranging 10-20 Hz (beta-1) during wakefulness. The oscillation was
continuous and stable during wakefulness, and unaffected by eyes opening.
Although this beta-1 frequency was faster than animal RSA, it may possibly carry an
equivalent function as animal RSA.
In this presentation, we will further investigate these phenomena and show the
power distributions and the auto- and cross-correlations of these frequencies.
This study was supported by the Research Fund from Tokyo Ikashika Daigaku
Seishinkai no Kai (N.H.), Special Coordination Funds from the Science and
Technology Agency Japan (S.U.) and Grants-in-Aidfor Fundamental Research from
the Ministry ofEducation, Science and Culture (S. U.).
Ref. ’N. Hirai et al., Neuroscience, 1999, Vol. 80 (4), 1149-1155

INVERTEBRATE MOTOR AND SENSORY SYSTEMS II

364.1

364.2

ROLE OF FEEDFORWARD AND LATERAL INHIBITION
IN COMPUTATION OF OBJECT APPROACH BY TWO
WIDE FIELD MOTION SENSITIVE NEURONS. F. Gabbiani*,

INVARIANCE OF THE ANGULAR THRESHOLD COMPUTATION
IMPLEMENTED BY LGMD/DCMD UNDER VARIOUS STIMULATIONS
AND VIEWING CONDITIONS. C.Mo*, F.Gabbiani, C.Koch and G.Laurent,
Div. of Biol. Caltech 139-74, Pasadena, CA 91125.
LGMD/DCMD are a pair of wide-field, visual neurons in the brain of the
locust Schistocerca americana which respond best to objects moving on a
collision course towards the animal. The spike frequency measured during
simulated approach of black squares over a bright background can be described by
the product of an excitatory term, which corresponds to angular velocity, and an
inhibitory term which corresponds to angular size of the expanding objects
(Gabbiani, Krapp and Laurent, J. Neurosci. 19:1122-1141,1999). According to
this model, the time difference between peak activity and collision depends
linearly on the ratio of object size to approach velocity and suggests that
LGMD/DCMD act as angular threshold detectors. We verified that the same
computation is implemented by African locust species (Schistocerca gregaria and
Locusta migratoria) and investigated its invariance under changes in stimulus
parameters or viewing conditions. We presented objects of various shapes and
textures approaching the locust on a collision course (solid squares or circles;
checker-board or concentric patterns). The angular threshold computation remains
unchanged under these conditions. Next, we varied the approaching angle relative
to the body axis from 0° (the locust faces the screen) to 135° (objects approach
from the back) and recorded simultaneously the activity from both DCMDs. Our
results suggest the angular threshold size remained unchanged under these
conditions. The spike numbers remained unchanged from 135° to 45° and
decreased to less than one half from 45° to 0°. The relative number of spikes
between both DCMDs might therefore be used for directional steering during
flight (Robertson and Gray, Soc. Neuros. Abst. 300.12, 1997). Supported by NSF
and Sloan Foundation.

364.3

364.4

FUNCTIONAL NEUROGENESIS AND ODOTOPIC MAPPING OF
OLFACTORY NEURONS IN AESTHETASC SENSILLA OF THE
SPINY LOBSTER. H S. Cate1*, P. Steullet1, W.C. Michel2 and C D.
Derby1. ^Dept. of Biology, Georgia State Univ., Atlanta 30302; ^Dept.

ORIENTATION DISCRIMINATION IN THE VISUAL SYSTEM OF
BLOWFLIES H.R. Campbell* and N. J. Strausfeld Arizona Research
Laboratories, Division of Neurobiology, University of Arizona, Tucson, AZ
85721
Recently we have demonstrated the ability of blowflies to discriminate
between patterns that differ in orientation content. To determine the degree
of orientation that flies are capable of discriminating, we developed a
leaming/memory assay that uses sucrose as the reward stimulus paired with
the positive stimulus, one of two visual gratings having different orientations.
Individual, freely-walking flies with clipped wings are trained to a positive
stimulus in an arena. Analysis of walking trajectories demonstrates that flies
can discriminate between horizontal and vertical gratings, +45° (relative to a
0° vertical) and -45° gratings, and vertical and +5° gratings. Behavioral
analysis of walking flies has revealed patterns of motor activity specific to
the innate searching behavior which is elicited in our behavioral paradigm.
Modulation of this behavior is revealed in frame by frame analysis of each
fly’s locomotion trajectory during behavioral trials. Body orientation with
respect to the positive cue changes from trial to trial within individuals; thus,
no single region of the eye(s) is consistently facing the pattern. During
approaches a range of body orientations, representing mostly frontal eye
regions, are used. This behavioral, as well as a single-cell recording,
approach will allow for the determination of how the visual system as a
whole distinguishes different orientations. Work supported by a grant from
the NIH (RR08688) to N.J.S. and a NRSA from the NIMH (MH11866-01) to
H.R.C.

C. Mo, C. Koch and G. Laurent. Div. of Biol., Caltech 139-74, Pasadena,
CA 91125.
LGMD and DCMD are two identified visual interneurons in the locust’s brain reacting vigorously to looming objects. The firing rate of
LGMD/DCMD in response such stimuli can be described phenomenologically by the product of an excitatory motion-dependent term proportional to the angular velocity of the object and an inhibitory sizedependent term proportional to a negative exponential of its angular
size (Gabbiani et al., J. Neurosci. 19:1122-1141, 1999). Anatomical and physiological data suggest that the inhibitory term might be
implemented by two separate pathways: direct feedforward inhibition
(FI) onto LGMD and a lateral inhibitory (LI) network presynaptic to
LGMD. To investigate the relative role of these two pathways, we presented looming objects and recorded the activity of LGMD/DCMD under two conditions activating maximally FI and LI, respectively (O’Shea
and Rowell, Nature 254:53-55, 1975). In both cases, the number of
spikes elicited per stimulus was significantly reduced with respect to
controls. Activation of LI orily minimally disrupted the computation
performed by LGMD/DCMD whereas activation of FI had a potent
effect on the time-course of LGMD/DCMD firing rates. These results
suggest that FI and LI are differentially involved in the response of
LGMD/DCMD to looming objects. Support: Sloan Foundation, NSF.

of Physiology, Univ. of Utah School of Medicine, Salt Lake City 84108.
The antennule, which is the olfactory organ of the spiny lobster
Panulirus argus, possesses on the distal part of its lateral flagllum over
one thousand aesthetasc sensilla, each innervated by about 300 olfactory
receptor neurons (ORNs). At each molt, new aesthetascs and their ORNs
are bom in the proximal part of the aesthetasc region of the lateral
flagellum and old aesthetascs and their ORNs are lost from the most
distal segments of the flagellum, with an overall net addition. The ORNs
associated with new aesthetascs have high intracellular levels of taurine,
and these levels decrease with age of the ORN such that mature ORNs do
not contain taurine levels detectable with immunocytochemical
techniques. Using agmatine, a channel-permeant cation, as a marker for
activity-dependent labeling, we have found that the odor-dependent
activity labeling is systematically weaker in ORNs of new aesthetascs
than in those of old aesthetascs and is inversely correlated with the
intracellular level of taurine. This suggests a slow and gradual maturation
of ORNs that can last weeks to months. In mature aesthetascs, ca. 1-2%
of the ORNs are labeled by a single odorant such as AMP, ammonium,
cysteine, glycine, proline, or taurine. Mature aesthetascs tend to be
functional repetitive units, each containing representatives of the various
functional types of ORNs, although there is some variability in ratios of
different types of ORNs innervating aesthetascs in some flagella.
Supported by NIH grant DC00312.
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364.6

DYNAMIC FORCES IN SWIM MUSCLES OF MEDICINAL LEECHES
J.A. Murray*. W.B. Kristan Jr.. Dept. Biology, 0357 University of California,
San Diego, La Jolla, CA 92093-0357
We measured longitudinal dynamic forces generated by dorsal body wall of
the leech during swim-like length trajectories with the goal of developing an
analytical model of the hydroskeleton and its function during swimming
behavior.
We have correlated the length changes of the dorsal longitudinal muscles
with the timing of the pattern of the dorsal excitor motor neuron Cell 3 during
normal swimming, and have used these phase and burst properties to
electrically stimulate a section of the dorsal body wall in a natural pattern. The
natural pattern varied between "slow" (750 ms cycle period) and "fast" (400
ms cycle period) and exhibited a correlated decrease in inter-spike interval.
Active force generated in isometric muscle (soaked in 10 M 5HT) could
exceed 300 mN for a single segment of the dorsal muscle after 2 s
stimulation. This muscle can generate forces up to 40 mN when held at linear
contraction rates up to 4 mm/s. Active force was 20-40 mN for each cycle
during 1 Hz sinusoidal length trajectories (work-loop method). Dynamic
forces generated during these smim-like trajectories were increased with
average holding length as well as with length amplitude and were decreased
when the phase of the motor command (25% duty cycle) was delayed from
25% to 40% with respect to the origin of the sine-wave length trajectory.
Without 10 M 5HT in the bath, the muscle did not relax fully in between 25%
duty cycle bursts given at 1 Hz.
Measurement of dynamic forces are sensitive to both length trajectory and
stimulation duration parameters. The presence of serotonin in the muscle is
critical for rapid relaxation associated with normal swimming.
These experiments were supported by an NIH Fellowship (MH10705) to
JAM and an NSF Research Grant (IBN11432) to WBK.

Effect of social experience on reflex responses of serotonergic neurons in crayfish.
P.H. Edwards and J.M, Drummond* Dept. of Biology, Georgia State Univ., Atlanta,
GA 30303.
In the crayfish, Procambarus clarkii, the actions of serotonin at the cellular level are
modified by the social experience of the animal (Yeh et al. 1996 Science 271, 366; Yeh
et al. 1997 J. Neurosci. 17, 697). This study investigates whether social experience
also modifies the neurons that supply serotonin. Possible sources of serotonin in
crayfish are identified pairs of serotonergic neurons in T5 and Al ganglia (5-HT cells)
which have central and peripheral endings. In lobster, 5-HT cells act as ‘gain setters’ in
the postural system (Ma et al. 1992 J. Neurophysiol. 68, 36). Thus, this study aims to
investigate the ‘gain-setter’ role of 5-HT cells in crayfish, and to determine the effects
of social status on activity of 5-HT cells during postural reflexes.
In semi-intact preparations, we recorded from extensor and flexor postural nerves and
5-HT cells in T5 and Al. Electrical and tactile stimulation of sensory afferents and
electrical stimulation of intersegmental intemeurons characterised mechanosensory
responses and postural motor effects of 5-HT cells. Depolarisation of 5-HT cells
enhanced reflex responses of the postural motor neurons during the mechanoreceptive
reflexes and intemeuron stimulation, thus demonstrating a ‘gain-setter’ role for 5-HT
cells in crayfish. We examined the effects of social experience using animals whose
social status was defined as isolate, dominant or subordinate. In isolated (n=8) and
dominant (n—17) animals, 5-HT cells exhibited ‘laterality’ during reflex activation of
the postural motor neurons: the cells were excited by ipsilateral stimuli and inhibited by
contralateral stimuli. By contrast, 5-HT cells in subordinate animals were either
bilaterally excited by both ipsi- and contralateral stimuli (n=7) or inhibited (n=14).
These results demonstrate that the responses of 5-HT cells are highly plastic and
depend on the status of the animal. We conclude that the supply of serotonin by central
neurons is strongly conditioned by the social experience of the animal.
Supported by NSF research grant IBN-9726819

364.7

364.8

EVOLUTIONARY CONVERGENCE OF VISUAL NEUROPILS POSSIBLY INVOLVED IN MOTION PROCESSING. J.K, Douglass* and N.J.
Strausfeld. ARL Division of Neurobiology, University of Arizona, Tucson AZ 85721.
In fast-flying insects, information about panoramic visual motion is collated within
a specialized neuropil, the lobula plate. Although the superior colliculus could be
considered a mammalian counterpart, until recently no analogous neuropil has been
identified in a non-insect arthropod. Now, comparisons of highly visual and maneuverable arthropods reveal similar neuroarchitectural arrangements. In the littoral isopod
Ligia occidentalis, one of four optic lobes is, like the fly’s lobula plate, disc-shaped
and located posteriorly. It receives small retinotopic connections from the medulla and
the anterior lobula, and is endowed with wide-field tangential cells that are structurally
similar to horizontal motion sensitive HS neurons. The centipede Scutigera coleoptrata
L.t from the only chilopod order with insect-like compound eyes, possesses two visual
neuropils. The distal neuropil receives photoreceptor terminals and provides largeaxoned retinotopic efferents to the second, tectum-like neuropil. The latter, like the
lobula plate, is equipped with large horizontally oriented tangential neurons, the axons
of which supply the mid-brain. The primitive flightless archaeognath insect Machilis
also has prominent compound eyes and a tectal second optic neuropil with systems of
HS-like tangentials. The basal branchiopod crustacean Triops has wide-field tangentials
in its lateral protocerebrum, directly supplied by retinotopic neurons from the lamina.
These shared anatomical features - retinotopic small-field efferents onto large
horizontally oriented tangential neurons - suggest common functional roles in
processing panoramic directional motion information. The presence of lobula plate-like
neuropils in disparate arthropod clades suggests that such neuropils are homoplasic
rather than synapomorphic, their evolution having been driven by the requirement to
process wide-field optic flow for visually-guided locomotor control in foraging,
predation, and escape, for example. Their presence as a second optic neuropil in basal
insects and crustaceans, and in a chilopod, suggests that few synapses are required distal
to collator tangentials for the processing of small-field directional motion signals.
Supported by NIH R01 RR08688 to NJS and Univ. of AZ Fdn. 466478 to JKD.

COMPARATIVE STUDIES OF THE CENTRAL COMPLEX OF
INSECTS AND CRUSTACEANS SUGGEST A CARDINAL ROLE IN
COORDINATING MOVEMENT.
N. J. Strausfeld*. ARL Division of
Neurobiology, University of Arizona, Tucson, AZ 85721.
The central complex of the insect brain is best known from locusts and flies. It
comprises discrete linked neuropils at or immediately to each side of the brain’s midline. The central complex’s most prominent components are the protocerebral bridge,
fan-shaped body, and ellipsoid body, all consisting of columnar, tangential and, in the
fan-shaped body and ellipsoid body, fan-like dendritic arrays and terminals. Reiterated
subunits of neuropil in the protocerebral bridge, fan-shaped body, and ellipsoid body are
connected by repeat arrangements of interneurons. These neuropils receive afferents
from many of the higher sensory neuropils of the protocerebrum. Efferents from the
fan-shaped body and ellipsoid body extend to pathways supplying limb motor
neuropils. These relationships suggest that the central complex plays a major role in
assessing sensory information from each side of the body and, as proposed from mutant
studies (Strauss et al., 1992. J. Neurogenet. 8:125), participates in the coordination of
limb movements. Support for a role of the central complex in imposing asymmetries
in limb movements, or decoupling left and right motor outputs, derives from
comparisons of the central complexes of insects that receive similar sensory modalities
but have contrasting motor behaviors. Insects that undertake complex asymmetrical
limb movements, such as species that interactively explore, climb, or use their limbs
for prey capture, have central complexes with elaborate neuroarchitectures occupying a
relatively large volume of the brain. Insects that locomote using symmetrical leg
movements, as in swimming or rowing, have reduced and architectonically simplified
central complex neuropils. Of intermediate status are the central complexes of species
that use their limbs to grasp but rarely to walk. A survey across malacostracan
crustaceans reveals the most “insect-like” central complexes in fast-running and highly
maneuverable littoral isopods. Supported by funds from a John D. and Catherine T.
MacArthur Fellowship.

364.9

364.10

EVOLUTIONARY STASIS AND CHANGE IN SENSORY AFFERENT
PROJECTIONS IN FLIES
C, Gilbert* Dept. Entomology, Cornell University, Ithaca, NY, 14853.

CELL-LINEAGES FROM NUCLEAR MAPS OF THE DEVELOPING CNS IN THE
ASCIDIAN LARVA, CIONA INTESTINALIS. A.G. Cole and I.A. Meinertzhagen*.
Life Sciences Centre, Dalhousie University, Halifax Nova Scotia, Canada B3H 4JI.
Ascidians occupy a critical position close to the ancestral stock of vertebrates. Their
tadpole larvae constitute the simplest body form with chordate characters, most notably
in the development of the central nervous system (CNS). During development,
invariant cleavage patterns partition cytoplasmic factors differentially, so that the
pattern of mitotic descent becomes important in specifying embryonic cell fate. To
examine the relation between lineage and fate we have labeled cell nuclei in
wholemount preparations of the embryo with a fluorescent nuclear probe, BOBO-3
(Molecular Probes), and used confocal microscopy to generate 3-D image stacks. With
these we have reconstructed detailed embryonic cell maps of the larval CNS in Ciona
intestinalis, and we have used consecutive maps to follow cells through development.
We can link nuclei in one map to their progeny in older maps from the locations of
dividing cells. Cell complement at the time of neuropore closure (-60% of embryonic
development), previously estimated at 170 cells, we now find is complete at -130 cells.
The neural tube (NT), derived posteriorly from vegetal blastomere A4.1 and anteriorly
from animal blastomere a4.2, begins as double rows of dorsal and ventral cells, and
single rows of bilaterally symmetrical lateral cells. Posteriorly, the lateral cells — from
the A6.2/4 lineage — divide along the anteroposterior axis in the region of the tail and
visceral ganglion (VG), elongating the NT. Anteriorly, cells derived from the a6.5
lineage will give rise to the sensory vesicle (SV). These divide along the dorsoventral
axis, creating two rows of anterior lateral cells by -60% development. At the time of
pigmentation (-70% of development), the CNS comprises -250 of the final complement of -340 cells, with a few cells within the VG and SV still mitotically active.
After mitosis ceases in the posterior NT (-65% development), presumed epidermal
sensory neurons begin to appear, first at the tip of the tail and then as bilateral pairs
adjacent to the NT. Our plan to derive the lineage of all cells from confocal maps
should facilitate further analysis of ascidian embryogenesis, particularly with respect to
the localization of identified gene products to particular cells. Supported by NSERC
grant OGP0000065 (to I.A.M.) and Dalhousie Graduate Scholarship (to A.G.C.).

Evolution of sense organs de novo, without modification of existing organs, is
a perplexing issue in evolutionary neurobiology. The prosteraal organ (PO) is
absent from primitive flies, but is present as two groups of mechanosensory hairs
in the necks of advanced flies where it participates in proprioceptive control of
head posture [Gilbert & Bauer ‘98, J Exp Biol 201:2735]. The PO apparently is
not a modified mechanosensory organ of primitive flies, as both principal types of
cervical/prothoracic sense organs, leg hair plates (HP) and prosteraal chordotonal
organs (CO), are retained in advanced flies. To make inferences about the
ancestry of the PO, we assume that afferents arising from common neuronal
precursor cells may tend to share pathways into and tracts through the CNS and
perhaps even share some target neuropils. Usir j transmitted light and confocal
microscopy, we examined afferent projections o* these three types of sense organ
in flies from more than 15 families representing the major clades in the Diptera.
Across the flies, projections of sensory afferent? of the CO and HP are highly
conserved, whereas PO afferent projections are not. All three afferent projections
alter the CNS through separate branches of fame nerve, the frontal nerve, but
once in CNS the PO axons have more in common with those of the HP. Most
notably, in primitive flies, PO axons produce u collateral arborization into the
pLAC neuropil, an arborization which is shared v?h HP afferents. In flies higher
in the phytogeny, HP afferents retain the arUrization, but the PO collateral
arborization becomes more and more reduced until in the highest muscoid flies
many individual afferents fail to innervate pLAC
This work was supported by The White “jy 11 Foundation.
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POSTEMBRYONIC DEVELOPMENT OF CENTRAL NEURONS IN THE
VENTRAL NERVE CORD OF THE CRAYFISH CHERAX DESTRUCTOR.
J.M.Sullivan1 and D.L.Macmillan2*. 'Dept. Bio. Sciences, Wellesley College,
Wellesley MA. 02181 and department of Zoology, University of Melbourne,
Parkville, Victoria 3052, Australia.
As crayfish grow during their postembryonic development sensory neurons are
continually added to their sensory nervous systems. To examine ways in which
these increases may be accommodated by the central nervous system we
examined the temporal patterns of neurogenesis in the ventral nerve cord (VNC)
of the crayfish Cherax destructor using the in vivo incorporation of BrdU. We also
examined, using intracellular dye-fills of neurons in animals of a range of sizes,
the postembryonic morphogenesis of three identified non-giant interneurons in the
VNC of C.destructor known to be involved in the processing of sensory input.
Neurogenesis in the VNC of C.destructor was found to occur through late
embryonic development, hatching, and the first two postembryonic stages. The
mitotic activity of neuroblasts ceases, however, on the moult to the third
postembryonic stage. Neurogenesis therefore does not appear to be a feature of the
VNC of C.destructor beyond early postembryonic development. Our
investigations of the postembryonic morphogenesis of crayfish interneurons
indicate that: (1) they are capable of quite different patterns of allometric growth
relative to the growth of the nervous system; (2) individual interneurons have
characteristic growth patterns; and (3) the postembryonic development of the
branching patterns is a dynamic process that can include both the addition and loss
of dendritic branches. The increases in the sizes and numbers of branches may
enable the intemeurons to accommodate the synapses of newly differentiating
sensory neurons during the growth of the crayfish. (Supported by an Australian
Research Council grant to DLM).

REGULATION OF CILIARY ACTIVITY BY SEROTONERGIC NEURONS AS
DETERMINED BY LASER ABLATION IN HELISOMA TRIVOLVIS EMBRYOS.
S. Kuang, C.J.H. Wong* and J.L Goldberg. Dept. of Biological Sciences, Univ. of
Alberta, Edmonton, AB, Canada T6G 2E9.
Helisoma trivolvis embryos have been used as a model system to examine the
roles of serotonin during early development. Previous pharmacological and
morphological studies have indicated that serotonin, released from a pair of early
developing neurons (Embryonic Neurons Cl, ENC1), affects the neurite outgrowth
of ENC1 themselves and the activity of target ciliated cells. However, direct
evidence linking ENC1 to ciliary function is still lacking. In the present study, we
used the laser ablation technique to ablate ENC1 in vivo while monitoring ciliary
activity in identified ciliary bands. Unilateral ablation of ENC1 caused transient
increases in the activity of ciliary bands that are anatomically associated with ENC1
neurites. In contrast, ciliated cells not associated with ENC1 were unaffected by laser
ablation. Between 5 and 10 minutes after ablation, the ciliary beat frequency (CBF)
of dorsolateral, ventrolateral and ventromedial ciliated cells increased by 24%, 45%
and 32%, respectively, over preablation values. In addition, the ciliary beat
amplitude increased after ablation. Furthermore, ablation of ENC1 changed the
ciliary beat rhythm. Prior to ablation, cilia beat at a slow basal level with periodic
increases in beat frequency. After ablation, cilia beat continuously at a rapid rate for
several minutes. These results suggest that ablation of ENC1 causes a prolonged
elevation of ciliary activity in target cells, possibly through the laser induced release
of serotonin.
Supported by NSERC of Canada.

364.13

364.14

CELLULAR BASIS FOR HETEROSYNAPTIC DEPRESSION IN THE CRICKET
GIANT INTERNEURON. H, Ogawa*1>, Y, Baba2> and K, Oka3>, 1) Dept. Biol.,

PATTERN DEPENDENCE OF PEPTIDE TRANSMITTER RELEASE. V,
Brezina* and K.R. Weiss. Dept. of Physiology and Biophysics, Mt. Sinai
School of Medicine, New York, NY.
Synaptic transmitter release, like most biological processes, is pattern
dependent: the output, release, depends on the temporal structure of the input,
the pattern of presynaptic spikes. But quite different pattern dependence is
observed in different cases. The release of peptide transmitters, in particular,
is enhanced by grouping the spikes into bursts, apparently to a much greater
degree, and certainly on a much slower time scale, than the release of classical
transmitters. We have used our general ideas on pattern dependence in
biological processes (Brezina et al., PNAS 94:10444, 1997) to understand the
pattern dependence of peptide release observed in the well-studied ARC
neuromuscular system of Aplysia. In this system, release of peptide
cotransmitters (the small cardioactive peptides and the buccalins) from
motomeuron B15 has been studied by two groups, by Vilim et al. (J. Neurosci.
16:8092, 8105, 1996) and by Whim and Lloyd (PNAS 86:9034, 1989; J.
Neurosci. 10:3313, 1996; 14:4244, 1994), but with apparently conflicting
results. Vilim et al. found that release depended simply on the mean
frequency of spikes, irrespective of their temporal arrangement, whereas
Whim and Lloyd found considerable enhancement of release with bursts of
spikes. We have developed a simple model of the release, consisting of just a
single slow mobilizing or facilitating reaction followed by fast release, that
explains all of the data of Vilim et al. Interestingly, it can also explain the
data of Whim and Lloyd: the higher temperature used shortens the time
constant of the slow reaction so as to bring it into the temporal range of the
firing patterns used, allowing pattern dependence to emerge. This and further
analysis of the model suggests how different tuning of key elementary
processes, such as the intra-terminal Ca2+ dynamics, can readily generate very
different pattern dependence. Different features of the neuronal firing pattern
can thereby differentially control the release of classical and peptide
transmitters from the same terminal. Funded by NIMH.

Saitama Med. Sch., Saitama 3500436, Japan. 2) Neuro-Cybern. Lab., Res. Inst,
for Electronic Science, Hokkaido Univ., Sapporo 0600812, Japan. 3) Dept. of

System Design Engin., Fac. of Sci. and Tech., Keio Univ., Yokohama 2238522,
Japan.
Identified wind-sensitive giant intemeurons in the cricket have bilateral dendritic
branches, and receive synaptic inputs from sensory afferents of
mechanoreceptors on a pair of the cerci. We have reported that tetanic stimulation
of the cereal afferents on one side attenuates the EPSP evoked by presynaptic

stimulation of the cereal nerve on the other side. This heterosynaptic depression
(HSD) is triggered by postsynaptic Ca2+ elevation in the giant interneuron. To

understand the cellular mechanism underlying the HSD, we examined the paired
pulse ratio, resting potential and input resistance at the main neurite of the giant
interneuron, where the intracellular-recording electrode was penetrated, before
and after the HSD induction. The paired pulse ratio was not changed while the
tetanic stimulation attenuates the EPSPs. This finding means that the HSD does

not result from decrease of the transmitter release from the cereal afferent
terminals. And, the tetanic stimulation inducing the HSD, have no significant

effect on the resting potential and input resistance of the giant interneurons.
These results suggest that the membrene property at the main neurite does not

modulated by the Ca2+ elevation inducing the HSD.

364.15

364.16

RELIABILITY OF SYNAPSES THAT CONVEY GRADED POTENTIALS IN
THE OCELLAR PATHWAY OF THE LOCUST. P.J. Simmons. Dept of
Neurobioiogy, University, of Newcastle upon Tyne, NE2 4HH, U.K. (SPON:
BRITISH NEUROSCIENCE ASSOCIATION)

NEUROMODULATION IN MOLLUSCAN TISSUES: A COMPUTER
SIMULATED MODEL. L.P. Collis,1 T.J. Fort,1 R.B. Hill,1* Y. Sun.2
and K.T. Woodruff1, department of Biological Sciences; department
of Electrical and Computer Engineering, University of Rhode Island,
Kingston, RI 02881.
The goal of this modeling effort was to examine how individual
membrane currents determine the repertoire of electrical signals recorded
from molluscan tissues and to elucidate possible mechanisms for
excitation-contraction coupling. Software was developed in C++ and
utilized the Hodgkin and Huxley (HH) model for describing the kinetics
of excitable membranes. A degree of customization was incorporated
into the system so that the user was able to adjust parameters within the
HH model to suit the study specimen. The software was interactive with
the simulation running at a speed up to 20 times real-time. The
morphology of the simulated action potentials was fitted to recordings
from cardiac muscle, proboscis muscle and cells of the pedal ganglion in
Mollusca. Calcium and sodium-dependent spiking, a potassium ionsensitive resting potential, along with prepotentials and plateaus were
generated. Neuromodulation was modeled by simulating the effects of
pharmacological agents via adjustment of the ionic conductances
responsible for their action. Contractile activity was also plotted for
muscle tissues by adjusting the above HH-based model. The model
exhibited high sensitivity to minor alterations in model parameters and
provided quantification of physiological recordings. The simulation
software will be useful for developing hypotheses and interpreting
experimental data.

The probabilistic nature with which quanta of neurotransmitter are released is a
source of unreliability in synaptic transmission. At many synapses in central
nervous systems, the size of a PSP varies quite considerably for successive spikes in
a presynaptic neuron. For synapses that convey graded changes in presynaptic
potential, such variation would restrict the resolution of operation. I have studied the
reliability of synapses that convey graded potentials by recording simultaneously
from pre- and postsynaptic neurons in the ocellar visual system of Schistocerca.
Large second-order neurons (L-neurons) have long space constants, and convey
changes in membrane potential with little decrement throughout their lengths. They
make both excitatory and inhibitoiy output synapses. IPSPs at synapses between Lneurons are discrete events, caused by small rebound spikes of graded amplitude in
a presynaptic L-neuron. For a particular spike amplitude, IPSP amplitude varies by
more than would be expected from background noise alone. At most, these synapses
can convey about ten distinct signal levels. There is no correlation between variation
in IPSPs in two different targets for the same presynaptic neuron, suggesting that
variation arises locally in synaptic terminals. IPSP variation is constant throughout
the operating range of a synapse. This is not consistent with a binomial or Poisson
process in which relatively small numbers of vesicles are released with a probability
determined by the amplitude of presynaptic potential because the standard deviation
of IPSP size would then increase with increasing presynaptic amplitude.

Funded by the BBSRC(UK) Grant no. SO6923.
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UPPER EXTREMITY CONTROL IN STROKE SURVIVORS WITH MILD
IMPAIRMENT. P.S. Pohl,12 * C.W. Luchies3 J. Stoker-Yates1 and P, W.
Duncan1. ’Center on Aging and 2Dept Physical Therapy Education, Univ.
Kansas Medical Center; 3Dept Mechanical Engineering, Univ. Kansas;
Univ. Kansas Medical Center, Kansas City, KS 66160-7691
Motor control deficits have been documented in the ipsilateral upper
extremity (UE) in stroke survivors, however it is not known if these deficits are
related to the severity of impairment of the contralateral UE. The purpose of
our study was to examine motor deficits in the ipsilateral UE of adults post
stroke with mild impairment in the contralateral UE. We hypothesized that
motor deficits would be evident in the ipsilateral UE of those with left
hemisphere damage, but deficits would be evident in the ipsilateral UE of
those with right hemisphere damage only when aiming in conditions with high
visual-spatial demands. Right-handed adults (10 controls, 10 right stroke, 10
left stroke) performed reciprocal aiming movements using a Fitts’ paradigm.
Impairment of the contralateral UE was determined by the Fugl-Meyer UE
motor score. Kinematic analyses were used to determine movement time (MT)
and the three components of MT; acceleration time, deceleration time, and
dwell time. Using planned comparisons, the data from the right stroke and left
stroke were analyzed separately comparing each UE to the same UE of the
controls. Right stroke survivors had prolonged MT only with the left UE due to
longer dwell times. Left stroke survivors had prolonged MT with both UEs as a
result of longer dwell times. Deficits in movement timing are evident in the
ipsilateral UE of adults with left but not right hemisphere damage who have
minimal impairment of the contralateral UE. These findings are consistent with
previous work suggesting that the left hemisphere has a role in the control of
both UEs. Supports KO1 HDO1187-01 from NCMRR/NICHHD/NIH to PSP.

MODIFICATION OF THE SIT-TO-WALK TASK AFTER STROKE. L.Dion,
F.Malouin, B.J.McFadyen, C.L.Richards*. Rehabilitation Department, Laval
University and IRDPQ; Quebec City, Canada.
The initiation of walking from a seated position was compared in ten patients
(mean 58.7 years) who had a stroke 1.74 ±1.9 years earlier and ten age-matched
healthy control subjects (CTL). Bilateral body kinematics (3-D Optotrak) and
ground reaction forces (GRFs) were recorded while the sit-to-walk (STW) test was
performed. Three force plates (AMTI), one under each foot and the third under the
seat, were used to record GRFs. The task was divided into phase I: from the first
change in GRFs to seat-off (SO) and phase II: from SO to second toe-off (TO).
Timing, peak horizontal and peak vertical momentum (PHM and PVM) and ground
reaction impulses were calculated and compared between groups (Mann-Whitney U
test). Although patients took longer to complete both phases (p<0.003), phase II was
nearly twice longer (1.80 s) than CTL subjects (0.97 s). Even though the relative
timing of seat unloading, SO, first TO and second TO varied between groups
(p<0.03), the relative timing of the PHM and PVM did not. The PHM and PVM of
patients, however, were lower (p<0.004) than CTL subjects. The PHM decrease in
patients was related to a smaller trunk forward propulsive impulse compared to CTL
subjects, and although the total braking impulse from the limbs was similar between
groups, it was allocated mostly to the non-paretic limb in the patient group.
Moreover, most of the propulsive impulse in patients originated from their nonparetic stance limb instead of the swing limb. The invariance in relative timing of
the PHM and PVM suggests that they are critical to achieve the STW task.
Diminished momentum stems from difficulty in scaling propulsive and braking
impulses together with a poor contribution of the paretic-limb. (Supported by the
Fonds de Recherche en Sante du Quebec).

365.3

365.4

PARTIAL WEIGHT SUPPORT IMPROVES FORCE GENERATION AND
POSTURAL ALIGNMENT DURING OVERGROUND LOCOMOTION
FOLLOWING STROKE. J. Fung12* H. Barbeau1,2 and S, Roopchand1
School of Physical & Occupational Therapy, McGill University1, Jewish
Rehabilitation Hospital Research Center2, Montreal, QC, Canada H3G 1Y5.
The use of body weight support (BWS) during treadmill walking has
been shown to be an effective gait training approach following stroke
(Visintin et al., Stroke, 1998; 1122-1128). However, it remains unclear as
to how unloading impacts on kinetics, kinematics and muscle activation
patterns, especially during overground locomotion. This study aimed to
determine the effects of BWS on these gait parameters post stroke.
Fourteen subjects, 3 to 18 weeks post stroke, walked over a 7-m walkway
with 0% (full weight bearing), 15%, or 30% BWS provided by an overhead
suspension system. Bilateral ground reaction forces, body and limb
motions, EMGs and temporo-distance factors were recorded over 5
walking trials at each BWS level (0%, 15%, 30%).
From 0% to 30% BWS, subjects showed progressive and significant
increase (p <0.001) in loading force generation in both the paretic and
non-paretic lower extremities, during the load acceptance and push-off
phases of stance. Subjects walked with a significantly more upright trunk
and 20% decrease in sagittal excursion, as well as level shoulders and hips
throughout the gait cycle. In addition, significantly increased knee
extension (35% for the paretic side and 50% for the non-paretic side) was
observed during the loading phase of stance. Bilateral EMG profiles
showed either no change or improved phasing (medial gastrocnemius),
while the average cycle duration and total double support time decreased
progressively (by 5% and 13%, respectively) at increasing levels of BWS.
This study shows that partial unloading can lead to significant and
immediate amelioration of impairments in loading forces and postural
alignment following stroke. (Supported by FRSQ, MRC Canada and CIDA)

KINEMATIC LIMB INSTABILITY MODULATION BY RHYTHMIC AUDITORY
STIMULATION. GP Kenyon, GC McIntosh, MH Thaut*, Center for
NeuroRehabilitation Research, Colorado State University; Fort Collins CO 80523.
The use of rhythmic auditory stmiluation (RAS) to improve gait patterns in patients
with hemiparetic gait disorders is well documented (Thaut et al.,1993, 1997; Hurt et al.,
1998). A conceptual model for the biological process underlying rhythmic facilitation
of motor patterns is that of ‘step-wise limit cycle entrainment’ (McIntosh et al., 1998).
Limit cycle entrainment can be thought of as an optimization process of motor behavior
subject to biological constraints, an optimization criterion, and rhythm as a time
constraint entraining optimal movement frequencies. We applied RAS to retrain gait
with 5 subjects with traumatic brain injury (3 female, 2 male; mean age 32+/-7y; 3 RFI,
2LH). Subjects had pronounced hemiparetic gait, moderate to severe lower limb
spasticity, and visually observable tremors during stance phase. Mathematical analysis
of Residual Absolute Value Sums (RAVS) of the knee angle vs time curve was used to
study knee stability during RAS and noncued walking, based on self-comparison to the
17th degree regression polynomial of the knee joint angle. Results showed statistically
significant RAVS-measured tremor reductions in all subjects during RAS-cuing
(Mean= -39.5+/-22.6%; t=-3.91, t=.017). Tremor reduction was apparent across the
entire stance trajectories of the knee joints, suggesting that RAS enhanced kinematic
stability throughout the entire movement duration. This finding supports coupled
oscillator models in which the motor response becomes frequency locked rather than
‘end-point’ or phase-locked to the stimulus, and the rhythmic sensory information cues
the entire movement cycle, resulting in enhanced kinematic stability. Furthermore, the
rhythmic time constraint provides a necessary element in a well-defined biomechanical
optimization problem, acting as a forcing function to optimize kinematic control, due
to its physiological attractor effect on the motor system.

365.5

365.6

IS THERE NEUROPLASTICITY IN THE MOTOR CONTROL SYSTEM FROM THE
CORTICOSPINAL TO THE RETICULOSPINAL SYSTEM FOLLOWING STROKE?

BILATERAL LIMB ENTRAINMENT AND RHYTHMIC SYNCHRONIZATION
DURING PARETIC ARM MOVEMENT IN STROKE PATIENTS. MH Thaut1. K
Ueno1, CP Hurt GC McIntosh1*. V Hoemberg2 1 Center for NeuroRehabilitation
Research, Colorado State University, Fort Collins CO 80523; 2NeuroIogical Therapy
Center, Heinrich-Heine University Duesseldorf
A rhythmic-acoustical model of rehabilitative motor learning has shown beneficial
effects in recovery of gait and arm function in stroke rehabilitation (Thaut et al., 1999).
To study the dual effect of rhythm and bilateral arm motion as a second entrainment
mechanism, repetitive reaching movements of 10 hemiparetic stroke patients were
analyzed (Mean age=55+/-10y; 5 female, 5 male; 5 LH, 5 RH). Rhythm improved
mean temporal variability (CV) of paretic arm reaching by 21% (p<.05). Simultaneous
movements of paretic and nonparetic arm reduced paretic arm variability by 47%.
Bilateral motion with rhythmic cuing improved the paretic arm by 57%, thus attributing
the largest improvement rate to bilateral training. Rhythm was most effective during
paretic arm-only training, and further enhanced bilateral variability by 10%. Rhythmic
cuing minimized phase and period errors to the internal clock in ipsilateral and bilateral
motions. Individual internal clock rates were computed by minimizing the sum of errors
from each reaching sequence. Using power spectrum analysis of phase errors, the
internal clock revealed a dominant characteristic phase corrective frequency of about
.04 Hz during rhythm and no-rhythm trials. Tight bimanual phase coupling was
observed by computing the power spectrum difference of phase error between paretic
and nonparetic arm which resulted in a single distinct dominant frequency content
However, the paretic arm also produced a single period compensation frequency of 4
Hz to the leading non-paretic arm.

Cerebrovascular lesions affecting the motor areas of the cerebral cortex cause vanous
degrees of motor deficits. Only a small percentage of these stroke patients present a
significant recovery of normal motor function, most of which occurs in the first six weeks
after stroke. Very often, the contralateral unaffected hemisphere can compensate. However,
what becomes of the reticular system? This project was designed to determine if stoke
patients showing a good motor recovery (ambulatory) presented a certain plasticity of the
motor cortex toward the reticular system. Ten spastic hemiparetic volunteers (grade 1 or 2
on the Ashworth scale) (55.5 ±12 yrs) were recruited ( mean 14 months after trauma)and
roughly matched for age to control group. Sixteen healthy subjects ( 48±10 yrs) served as
controls. Each hemiparetic subject presented at least a small EMG response in soleus or
tibialis anterior muscle (10% of non affected limb) after transcranial magnetic stimulation
carried out using a circular coil (Mag-stim 200,9 cm) with the centre positioned flat over
the vertex at Cz . In the present project, we quantified the startle reaction( audiogenic
response) originating from the brain stem by measuring the changes of the soleus reflex
bilaterally both in the control and experimental group. An unexpected sudden conditioning
stimuli was given biaurally and changes were measured in the soleus H-reflex (H/2) using
a standard method. Conditioning audiospinal test intervals were randomly assigned from 0
to 300 ms. at 25 ms. step intervals. The control subject showed comparable results in both
legs in the startle facilitation curve and the normal side of hemiparetic subjects showed a
slight decrease compared to the control group at a delay of 125 ms.. However, in the
hemiparetic leg, the effect of startle reaction was significantly reduced compared to the
normal side and control subjects at the delays of 100, 125, 150 ms. and increased
significantly at delays of 225,250,275 ms. There is a functional change in the nucleus
reticularis. The hemiparetic legs in stroke patients were different to their normal side and
in control subjects. The shape of the startle facilitation curve on H-reflex was significantly
shifted to the right and represents a possible plasticity in response to their condition.
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THE RELATIONSHIP BETWEEN ABNORMAL STATIC TORQUE
SYNERGIES AND DISTURBANCES OF PLANAR ARM MOVEMENTS IN
HEMIPARETIC SUBJECTS: PRELIMINARY RESULTS. R.F.Beer and
J .P.A, Dewald*. SMPP, Rehab. Inst, of Chicago, and Depts. of BME, PM&R,
Northwestern Univ., Chicago, IL 60611.
The purpose of this study was to explore the relationship between abnormal static
torque synergies and disturbances of planar arm movements in stroke subjects
(n=4). A six degree of freedom load cell was used to simultaneously measure
torques at the shoulder (flexion/extension, abduction/adduction, extemal/intemal
rotation) and elbow (flexion/extension) during the generation of maximum voluntary isometric torques. This allowed characterization of “torque synergies” in the
upper limb. In a second paradigm voluntary arm movements were performed from a
central starting point to a series of targets located around the circumference of a circle, with the limb either passively supported by an air bearing apparatus or actively
supported by the subject. Kinematic data were collected using an optoelectric motion analysis system. Joint torques at the shoulder and elbow were estimated using
an inverse dynamics analysis.
Abnormal static torque synergies (e.g. coupling between shoulder abductionexternal rotation and elbow flexion torques) were identified in the impaired arm cf
all subjects. As a result, the ability of subjects to produce static elbow extension
and shoulder abduction torques concurrently was severely compromised. Based on
comparisons of actively and passively supported arm movements, similar manifestations of these abnormal synergies were present under dynamic conditions. Disturbances of actively supported reaching movements (which required shoulder abduction and external rotation torques) were associated with a reduction in the elbow
extension torque, relative to the passively supported condition. The scientific and
clinical implications of these preliminary findings will be discussed

FUNCTIONAL BRAIN CORRELATES FOR PREMOVEMENT PLANNING
AND COMPENSATORY SCALING IN RAPID AIMED MOVEMENTS.
B.E.Fisher* C.J.Winstein. Motor Behavior Lab, University of Southern
California, Los Angeles, CA 90033.
With a timed-response paradigm, we previously showed that response
inaccuracy of subjects with stroke (SS) using the ipsilateral upper limb was due
to a deficit in compensatory scaling of goal-directed aiming movements (Fisher
et al., 1998). This suggests a substantial role for the ipsilateral sensorimotor (SM) areas in the implementation of corrective actions while the effects of the preplanned action are unfolding. That SS did not show deficits in premovement
planning may be due to a more substantial role for the cerebrocerebellum
compared to S-M areas in the planning and initiation of movement. To test this
hypothesis, the responses of 3 SS performing with the ipsilateral upper limb
and 3 subjects with cerebellar stroke (CB) performing with the contralateral limb
were compared to those of age-matched control subjects (CS). Using multiple
regression analyses, the variance in end-point accuracy due to premovement
planning and scaling was determined. Planning was indexed as the average
velocity from movement onset to peak velocity (AV) and scaling by the
additional explanation of endpoint due to the contribution of the goal target to
the regression equation. Absolute error (AE) to 3 flexion targets was greater for
both SS (M = 10.2°) and CB (M = 12.1°) compared with CS (M = 5.9). AV
explained 72% of end-point accuracy for CS compared with 62% for SS and
50% for CB. An additional 14% of the variance in end-point was explained by
scaling for CS compared to 8% and 11% for SS and CB, respectively. Total
variance (plan + scaling) was less for CB than the other two groups. However,
CB paralleled CS more closely than SS in the explanation of end-point
accuracy due to scaling. These results provide evidence that the role of S-M
areas may be to provide ongoing regulation of a motor plan initiated from
subcortical (cerebellar) generators (Macefield & Johansson, 1994). (Supported
in part by a scholarship from the Foundation for Physical Therapy to BEF).

Supported in part by grant HDO1185-01 from NIH and grant H133G980063 from
NIDRR and a postdoctoral American Heart Association grant to Dr. Beer.

365.9

365.10

ENHANCED VOLUNTARY AND TRIGGERED ARM USE FOLLOWING
CONSTRAINT-INDUCED (Cl) MOVEMENT THERAPY IN POST-STROKE
HEMIPARESIS. J.M. Burnfield, C.M. Powers, and C.J. Winstein* Dept. of
Biokinesiology, Univ. of Southern California; Los Angeles, CA 90033.
The purpose of this pilot study was to demonstrate the effect of Cl therapy
on both voluntary and triggered arm responses in a post-stroke hemiparetic
adult (57 y.o., female, 4.5 months post right hemisphere stroke). Prior to
intervention, the subject underwent both functional and biomechanical
evaluation including assessment of: 1) arm motor function (15-item
standardized Wolf Motor Function Test - WMFT); 2) triggered arm responses
to an unanticipated anterior platform perturbation (3.19-3.20 m/s2; 20-36
cm/s; 13-17 cm); and 3) functional reach during standing. Trunk and bilateral
arm kinematics (6-120 Hz cameras, VICON) and EMG (indwelling fine wire)
were recorded during the perturbation and reaching tasks.
Inter-limb
symmetry (correlating absolute angle of right versus left shoulder; and elbow)
was assessed during platform movement. Following a 2-week (5 days/wk, 6
hours/day) Cl therapy intervention, all testing was repeated. Improved
voluntary arm use was documented by a reduced total time on the WMFT
(210.16 s to 71.95 s). Additional improvements in the WMFT were illustrated
by increases in both grip strength (from 5 to 9 kgs.) and weight lifted to a box
(from 2 to 4.8 lbs.). Inter-limb symmetry during the perturbation improved
substantially at the shoulder pre r = 0.095 to post r = 0.266, and at the elbow
pre r = 0.827 to post r = 0.916. However, the inter-limb symmetry did not
reach the level recorded in an age-matched control (shoulder r = 0.991;
elbow r = 0.965) for a similar platform perturbation. Forward functional reach
using the involved arm increased 8.3 cm, while no change was noted for the
uninvolved arm. * Lateral reach to both the involved and uninvolved side
increased (5.2 cm and 8.3 cm, respectively). Cl therapy led to robust
changes in both voluntary and posturally-triggered arm use in a sub-acute
post-stroke adult, (funding provided in part by a grant from the James H.
Zumberge Fund, University of Southern California)

PATTERNS OF LIMB APRAXIA IN STROKE: CLUES TO A MECHANISM. E.A.
Roy,12* M. Heath,1 S.E. Black,3 D. Westwood,2 T. Schweizer,2 M. Dixon,2 L.
Kalbfleisch,' K. Barbour4 and P. Square4. 'Dept. of Kinesiology, 2Dept. of Psychology,
Univ. of Waterloo; ’Cognitive Neurology, Sunnybrook Health Sciences Center;4 Dept.
of Speech Pathology, Univ. of Toronto.
Limb apraxia is a disorder affecting the ability to pantomime and/or imitate gestures.
Previous work has indicated that apraxic performance to pantomime is related to left but
not right hemisphere damage (LHD, RHD; i.e., De Renzi, 1985). In the present
investigation a consecutive sample of 119 unilateral stroke patients (57 LHD, 62 RHD),
and 20 age-matched control participants performed transitive limb gestures in two
conditions: (1) in response to verbal command (pantomime), and (2) when demonstrated
by an examiner (imitation). Performance was assessed using a multi-dimensional error
notation system (Roy et al., 1998). Following Roy (1996), apraxic patients were
classified in one of three categories based on their performance in both conditions. In
the first pattern reflecting apraxic performance to pantomime only, our frequency data
indicated a small but equal percentage of LHD (5%) and RHD (6%) patients. The data
for the second pattern of apraxia involving apraxic performance to imitation but not
pantomime, similarly demonstrated an equal albeit larger percentage of patients in each
stroke group (LHD = 18%, RHD = 23%). The third pattern of apraxia represents the cooccurrence of apraxia in the two conditions. This pattern occurred more frequently than
the other two patterns, particularly in LHD patients (LHD = 40%, RHD = 27%). Thus,
the present data suggest that apraxia in a majority of our patients, particularly those with
LHD was not the result of a conceptual or ideational disorder characteristic of an apraxia
in pantomime alone. Rather, the movement deficit resulted from a disruption in the later
or "executive" stage of gesture production as seen in the co-occurrence of apraxia in both
conditions. Supported by grants from the Natural Sciences and Engineering Research
Council of Canada and the Ontario Mental Health Foundation.

365.11

365.12

PREDICTIVE CONTROL DURING UPPER LIMB PERTURBATIONS IS
IMPAIRED IN CEREBELLAR PATIENTS
J. Konczak1*, S. Richter1, S. Bestmann1, D. Timmann2
1 Dept. of Psychology, Univ. of Dusseldorf;
2 Dept. of Neurology, Univ. of Essen, Germany
Compensating external perturbations during movement execution requires predictive antagonist muscle responses, which are impaired after cooling n. dentatus in monkeys. The aim of the present study was to examine changes in
set-dependent muscle responses to forearm perturbations in humans with
cerebellar lesions. Eight cerebellar patients (age range 11-64) and 8 matched
controls participated. Ss held a handle that pivoted around the elbow. Handle
position was projected onto a screen in front of the Ss. They were instructed to
visually match handle position with a target position on the screen against a
mechanical perturbation. Torque (5Nm) was applied for 140ms (pulse), or for
1400ms (step) through an external motor. All perturbations stretched biceps
and were followed by extension-flexion movements around the elbow joint.
Responses were tested under two different conditions of anticipatory
information. In the “expect pulse" condition, Ss anticipated a pulse. Under
condition "set step-get pulse", Ss expected steps and received unexpected
pulses. Biceps and triceps EMG as well as elbow kinematics were analysed to
quantify effects of prediction. With respect to unexpected pulse perturbations,
all controls but only 33% of the patients reduced amplitude of elbow flexion
during the “expect pul^e” condition. The degree of the amplitude reduction was
smaller in the patient group (20%’ vs. 40%). Cerebellar patients showed a
significantly smaller reduction in antagonist peak-latency in the "expect pulse"
condition than controls. The ability to use prediction for adjusting antagonist
responses following limb perturbation was impaired in cerebellar subjects. Our
findings showed that the integrity of the cerebellum is required to preprogram
muscle responses to expected perturbations.

EVIDENCE FOR A LINK BETWEEN OCULOMOTOR DEFICITS AND ATAXIC
GAIT IN CEREBELLAR PATIENTS.
M.A.Hollands, K.A.Crowdv and D.E. Marple-Horvat (SPON: British Neuroscience
Association*). Dept. Physiology, University of Bristol, Bristol, UK
Healthy human subjects participating in a visually guided stepping task which demands
precise foot placement at every step consistently make a saccadic eye movement to the next
target of footfall just before they lift the foot to be repositioned. These studies have
illustrated a close temporal relationship between the onset of a saccade to a target and the
corresponding footlift and suggest that the oculomotor and locomotor control centres interact
to produce coordinated eye and leg movements. The ability to carry out visually guided tasks
in general is dependent on the integrity of the cerebellum; comparison of cerebellar patients
with healthy subjects performing both a walking task and a visual fixation task (requiring
only eye movements) has provided insight into the cerebellar contribution to the generation of
accurate eye movements and visually guided stepping. Patients showed several general
deficits in their ability to perform the visually guided stepping task. They were generally
slower in their progression along the walkway (with prolonged stance, swing and double
support phases), they were less accurate in their stepping and they exhibited abnormalities in
their saccadic eye movements: A large proportion of saccades were dysmetric and were
accompanied by either one or more corrective saccades (patients >40% cf healthy 10%).
These corrective saccades were larger and more variable in amplitude than those made by
healthy subjects. The occurrence of these additional saccades coincided with both a delay in
footlift (swing onset) and an increase in swing phase duration. Therefore, the increased time
required to generate appropriate eye movements (for target fixation) was paralleled by a delay
in initiating and executing appropriate stepping movements. In addition, the generation of
inaccurate saccades was accompanied by an increased incidence of grossly inaccurate
stepping movements (number of missed steps: additional saccades 20% cf single saccades
10%). When eye movements were studied independently with patients seated and their head
held stationary, again the majority of saccades were dysmetric and followed by corrective
saccades. These results provide supporting evidence for interaction between the oculomotor
control system and the stepping motor controller during visually guided stepping and are
consistent with the proposal that cerebellar patients’ problems with walking are due, in part,
to the stepping motor controller utilising inferior information provided by a deficient
oculomotor control system.
(Supported by Wellcome Trust and MRC, UK)
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REDUCED RANGE OF ISOCHRONIC WRITING SIZE IN PARKINSON’S
DISEASE PATIENTS
A.W.A. Van Gemmert'*, C.H. Adler2, and G.E. Stelmach1. 'Motor Control
Laboratory, Arizona State University, Tempe, AZ 85287-0404, USA; 2Mayo
Clinic Scottsdale, Scottsdale, AZ 85259.
In normal handwriting stroke duration does not increase when stroke size
increases within the range 0.5 and 2.0 cm and is referred to as the isochronic size
range. A previous study at our laboratory suggested that Parkinson’s disease (PD)
patients have a reduced capability to increase movement size for a given duration
in handwriting. PD patients showed a reduced capability to double their stroke
size, while they where quite proficient at maintaining speed, even when required
to write as fast as possible. The present study elaborated onto these findings by
manipulating systematically required writing size. Since preferred writing size is
believed to be at the higher end of the range of isochrony, the goalof the study
was to determine whether the range where PD patients keep stroke duration
constant is smaller than for age-matched controls. PD patients, and elderly adults
performed two different writing patterns LLLUUW and ‘LULL') at six different size
conditions (self-selected, 1, 1.5, 2, 3, and 5 cm). PD and elderly adults were
equally able to keep stroke size at the required size up to 2 cm, but when they
were required to write the patterns at 3 and 5 cm, patients wrote slightly smaller
than required. However, while stroke duration increased monotonically with an
increase of required writing size from 1 cm up to 5 cm for the PD patients, the
elderly increased of stroke duration only for the large 3 and 5 cm writing sizes.
Additionally, peak acceleration and mean acceleration was shown to be smaller
in all size conditions for the patients as compared to the elderly. These results
suggest that impairments of PD observed in handwriting may be related to
impaired force control. This research is supported by NINDS NS 33173.

PHASE DEPENDENT MODULATION OF STRETCH REFLEX RESPONSES BY
RESTING TREMOR IN PARKINSONIAN PATIENTS
U. Kraut, G. Staude, and W. Wolf*
Universitat der Bundeswehr Miinchen, D-85577 Neubiberg, Germany
Former experiments with normal subjects showed a systematic phase relationship
between rhythmic movements and the latencies and amplitudes of short (SLR) and
long latency stretch reflex (LLR) responses evoked by unexpected torque pulses for
both, passive (3-10 Hz) and active (~5 Hz) rhythmic activity (e.g. Kraut et al., Soc.
Neurosci. Abstr., Vol. 24, 1998). A model was presented (e.g. Staude, Dissertation,
1996), which suggests, that threshold modulation at the level of a-motoneurons during
rhythmic movements is equally caused by movement related afferent information and
descending control signals from the CNS. For further investigation, Parkinsonian
resting tremor was chosen as another source of rhythmic motor activity.
The experiment was carried out with 15 Parkinsonian patients. During the experiment,
the subject’s index finger rested in an orthopaedic finger splint fixed on a lever
attached to a torque motor. At randomized time instants, abrupt load changes were
superimposed causing rapid stretch of the first dorsal interosseus muscle. EMG and
finger position were recorded. Subjects were instructed not to intervene voluntarily.
For analysis, all traces were divided into 2 groups, without and with tremor activity (~5
Hz). Major results of group I (no tremor activity) showed an increase of latencies and
durations of the LLR and a reduced SLR activity (only in 3 subjects observable
reponses) compared to the reponses of normal subjects during resting position (former
experiments). Comparing average values of group I and II, the latencies of SLR and
LLR of group II were increased. Additionally, in group II, a systematic phase attraction
of SLR and LLR by the ongoing tremor activity could be shown. Compared to group I,
the latencies were accelerated or delayed for certain tremor phases, the amplitudes
were decreased as well as increased. Compared to the reponses of normal subjects
mimicking tremor, the maximum amplitudes of LLR were achieved earlier in the
rhythmic cycle; referring to our model, this phenomenon can be attributed to the
increased latencies and durations of the LLR for patients. We conclude, that the
presented mechanism reproduces the interaction between phasic stretch reflex reponses
and ongoing rhythmic activity in detail, irrespective of whether the rhythmic
component is voluntary, passive or even pathologic in nature.
(This work was supported by the DFG, Graduiertenkolleg ‘Sensorische Interaktion’.)

365.15

365.16

THE EFFECTS OF A MOVING TARGET VERSUS A TEMPORAL
CONSTRAINT ON REACH AND GRASP IN PATIENTS WITH
PARKINSON’S DISEASE. M, Majsak1’2*, T. Kaminski2. ’Dept. of
Rehabilitation Science, MCP Hahnemann University; Philadelphia. PA 19102;2
Dept. of Biobehavioral Studies, Teachers College, Columbia University.
The bradykinesia of patients with Parkinson’s disease (PD) is influenced by’
factors such as the time and accuracy demands of a task. We have previously
shown that PD subjects are able to reach more quickly to a moving target than to
a stationary one (Majsak et al., 1998). The purpose of this study was to
determine whether a visual motion stimulus had a greater effect on reach and
grasp than a temporal constraint. Eight healthy and 8 PD subjects reached and
grasped a ball under 3 conditions: 1) stationary’ ball, 2) stationary ball that
dropped from view after a brief period, and 3) moving ball that passed out of
view after an equal period. Reaction time (RT), hand paths, and 3-dimension
kinematics of reach and grasp were analyzed. Results indicated: 1) all subjects
had faster RTs when time was constrained, and there were no differences
between groups, 2) PD subjects reached more slowly to the stationary ball than
controls, but were as fast as controls when reaching to the drop and moving balls,
3) PD subjects reached faster to the moving than to the drop ball, and 4) PD
subjects had hand paths that were comparable to controls, but had a higher rate
of failure to grasp the drop and moving balls. The coordination between reach
and grasp was different between groups. PD subjects had delays in the initiation
of hand opening and had a smaller maximal aperture that occurred later in reach.
These findings demonstrate that a moving target has an effect on reaching speed
that cannot be explained as simply a shift in attentional resources. We suggest
that the bradykinesia of patients with PD reflects an impairment in the internal
regulation of motor output. Visual motion stimuli engage alternative circuits of
control that not typically accessed in the performance of self-paced, motor tasks.

THE MOTOR DYSFUNCTION IN HUNTINGTON’S DISEASE MAY
BEGIN AS A DISORDER IN ERROR FEEDBACK CONTROL. Maurice
A. Smith*, Jason Brandt, and Reza Shadmehr. Departments of Biomedical
Engineering and Psychiatry and Behavioral Sciences, Johns Hopkins University,
Baltimore, Maryland 21205-2195.
A steady progression of motor dysfunction takes place in Huntington’s
disease (HD). The origin of this disturbance in relation to the motor control
process is not understood. Here we studied rapid point to point movements in
asymptomatic HD gene-carriers (AGCs) up to 18 years from predicted onset of
disease and subjects with manifest HD. We measured the jerk during movement
in order to characterize the smoothness and efficiency of motion. We found that
while initiation is often normal, movement completion is consistently disturbed
early in the disease course. All subjects symptomatic for HD and half the AGCs
tested had above normal end-movement jerk. In contrast, only a minority of
symptomatic patients and a single AGC had higher than normal early-movement
jerk. Furthermore, we examined the large trial to trial variability that existed in
end-movement jerk and found that it was not random. We found that large earlymovement errors predicted high end-movement jerk in controls and HD subjects,
but the sensitivity of end-movement jerk to early-movement error was greater in
both symptomatic patients and AGCs than in controls. Hence, error handling
and end-movement control are disturbed early in Huntington’s disease, even
before clinical onset. Since feedback corrections during movement are driven by
error and are delayed such that they affect the completion of movement much
more than initiation, these findings suggest that feedback control dysfunction is a
primary motor control deficit in early HD. This dysfunction can be observed
years before clinical onset of disease, and it worsens with disease progression.
Supported by NIH and the Whitaker Foundation.

365.17

365.18

DEFICITS IN PRESHAPING OF HAND CONFIGURATION DURING GRASPING
IN PARKINSON’S DISEASE. L.F. Schettino*, V. Raiaraman, D, Jack. S.
Adamovich, J. Sage and H. Poizner. Center for Molecular and Behavioral
Neuroscience, Rutgers University, Newark, NJ 07102.
Recent studies have shown that hand configuration is gradually preshaped during
a reach to grasp movement, with hand aperture and shape specified at different
points in time as the movement unfolds. We tested the hypothesis that patients with
Parkinson’s disease (PD), who may have particular difficulty in timing and
coordinating parallel motor processes, would be unable to specify different
parameters of preshaping in the temporal course of the movement. PD patients, in
the off-state, and age-matched controls were asked to reach to and grasp three
distinctly shaped objects (square, concave and convex) in three sizes (small,
medium and large). Flexion and extension at the metacarpal-phalangeal and
proximal interphalangeal joints of the fingers and position and orientation of the
hand, wrist, elbow, and shoulder were recorded during the movement. PD patients
exhibited characteristic bradykinesia and abnormal velocity and acceleration profiles
during the reaching movement. Moreover, PD patients, unlike control subjects,
occasionally grasped the wrong surface of an object, or initially directed their arm to
an incorrect location in space, or failed to grasp the object at all. Discriminant
analyses of the joint angle changes of the fingers, for correctly grasped trials,
revealed that control subjects specified hand aperture, as a function of object size,
at approximately 40%-50% of the way through the reach. Specification of hand
shape was achieved at approximately the 60%-70% point in the reach. In contrast,
PD patients showed a complete lack of specification of hand shape as a function of
object shape during the reach. Rather, they appeared to passively mold their
fingers to conform to the shape of the object grasped at contact. The PD patients
did gradually alter hand aperture to object size, albeit later (60-70%) during the
course of the reach than did controls. These results suggest that PD patients were
unable to specify different parameters of the movement in parallel as the movement
evolved. Supported in part by NIH Grant #NS36449.

THE EFFECT OF AFFERENT INFORMATION ON CLONIC-LIKE EMG DURING
STEPPING IN SPINAL CORD INJURED (SCI) SUBJECTS. J. Beres and S.
Harkema*. Dept. of Neurology and Brain Research Institute, UCLA, Los Angeles, CA
90095.
Altered electromyography (EMG) motor firing patterns (MFPs) have been observed in
SCI persons during stepping on a treadmill. These altered MFPs have been referred to
as “clonic-like EMG activity” due to their qualitative similarity with clinical clonus,
oscillatory muscle contractions produced in response to a quick and maintained
dorsiflexor torque about the ankle. These clonic-like MFPs have been implicated as a
compromising factor in achieving successful stepping after SCI.
We studied MFPs from three ASIA A (no sensory or motor function below the lesion),
and two ASIA C (partial preservation of motor ftinction below the lesion) subjects.
During stepping on a treadmill using body weight support, SCI subjects received manual
assistance as needed at varying body weight loads and treadmill speeds. Bilateral
surface EMG was collected from the soleus (SOL), medial gastrocnemius (MG), tibialis
anterior (TA), vastus lateralis (VL), rectus femoris (RF), and medial hamstring (MH).
We observed “packeted” EMG patterns (motor unit discharges separated by quiet
periods) to be present in varying degrees in all muscles and subjects studied during
stepping. In two ASIA A and one ASIA C subject studied, the packets of activity from
the SOL, MG and TA occurred simultaneously during the stance phase of the step-cycle.
Additionally, the VL and RF displayed bursts that were composed of packets that were
in phase with each other, but were alternating with the MH Further, these motor firing
patterns could be modulated by the level of lower limb loading and the treadmill speed.
At higher treadmill speeds the packeting pattern of the SOL, MG, and TA became
desynchronized and the quiescent periods within the bursts were reduced. Increasing
lower limb load also reduced the quiescent periods of the SOL and M. Sensory
information related to stepping can modulate the MFP within a burst in SCI subjects.
Supported by NIH grants NS3684, NS16333, M01RR00865
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GAIT PATTERNS IN PARAPLEGIC PATIENTS WALKING ON THE
TREADMILL WITH WEIGHT UNLOADING: EVIDENCE FOR MOTOR
EQUIVALENCE?. R. Grasso1*M. Zago1, V. Macellari2, F. Lacquaniti1. ‘Human
Physiology Section of the Scientific Institute Santa Lucia and theUnivcrsity of
Rome Tor Vergata, 00179 Rome. 2Istituto Superiore di Sanita. 00184 Rome,
Italy
Seven paraplegic patients with severe lesions in the dorso-lumbar tract of the
spinal cord were trained to make leg movements on a treadmill during partial
weight unloading (70-90%). We have recorded lower limb gait movements (4camera 100Hz ELITE) and EMG activity of the main leg muscles during a)
passive movements obtained with external assistance, b) active movements
generated by the patients. The kinematic motor patterns of either condition were
compared with those generated by normal subjects undergoing the same
experimental conditions. During passive movements leg kinematics displayed
characteristics similar to those of control subjects. Active movements could be
generated by all but one subject who had had an ischemic lesion extending to the
lumbar tract. However, gait kinematics differed from the patterns displayed by
controls in amplitude, time course and intersegmental coordination. A few
patients were followed up after the first recording and daily trained until they
were able to generate leg motion totally independent of external assistance. Their
active kinematic patterns approached those of controls although gait was
sustained by surprisingly different muscle activity patterns and synergies.
Therefore treadmill training in paraplegics may induce the spinal networks
spared by the lesion to restore quasi-normal movements by organising effective,
though atypical, patterns of muscle activity7.

MODELS OF NEGATIVE FEEDBACK CONTROL IN THE
NEURO-MUSCULO-SKELETAL SYSTEM IN PARAPLEGIC
WALKING PROSTHESIS. E. K. Blum12* and P. K. Leung2. ’Depts.of
Biomedical Engineering and Mathematics, Univ. of Southern California ;
2 Compbionics Inc., 880 Leonard Rd., Los Angeles, 90049 California.
Human walking is an unstable motion that is stabilized by feedback
control of the muscles involved. This is a critical component of prostheses for paraplegic walking. We present a neuro-musculo-skeletal
model of human walking which includes a 7-segment biomechanics
model, a 12-muscle musculo-model and a model of the lower-motoneuron control circuits which includes Ia afferents. Spindles are modeled as muscle-length-and-velocity sensors, which provide inputs to
la’s. For a desired gait, spike trains stimulate alpha and gamma neurons. The latter modulate spindle inputs to la’s, forming feedback error
signals fed to the alpha’s through the la’s. Feedforward spike trains to
alpha’s activate muscles by excitation-contraction coupling, using
tension-frequency data from Rack&Westbury. Neurons are spiking
HH neurons. Parameters are kept within physiological ranges. By
computer-simulation, a pattern of feedforward neural stimulation was
generated for a human gait, stabilized by adjusting negative feedback.
This may prove useful in an FES prosthesis for paraplegic walking.

Supported by the Italian Ministry of Health.

POSTURE AND MOVEMENT: LOCOMOTION
366.1

366.2

KINEMATIC COMPARISON OF BACKWARD AND FORWARD WALKING IN
DOGS. J. A. Vilensky* and J. A. Cook. Dept. of Anatomy, Indiana University
School of Medicine, Fort Wayne, IN 46805.
Buford et al. (JNeurophys 64:745-755,1990) reported that during backward
walking (BW) on a treadmill cats adopted an unusual posture characterized by
extreme flexion of the lumbar spine, compared to a horizontal spine during forward
walking (FW). The authors implied that this postural change was adaptive and the
natural one assumed by cats (and presumably other mammals) during BW. The
current study presents kinematic data for 3 dogs dining BW and FW at 6 identical
speeds on a treadmill (0.41, 0.54, 0.68, 0.82, 0.96, and 1.08 m/s). Generally, 10
strides were used to determine temporal parameters for each dog whereas one typical
stride of these 10 at .68 m/s was manually digitized for angular values. The postures
exhibited during FW and BW were identical, i.e., a horizontal spine was maintained.
Hind limb and forelimb stance times decreased exponentially with speed, but were
significantly shorter (p<.01) during backward walking. Swing durations were
constant across all speeds during FW and BW, but again values were significantly
shorter (p< 05) during BW. The angular movements of the hind- and forelimb joints
were grossly similar during FW and BW, with the shoulder and hip joints showing
inverse movements although peak extension during FW occurred significantly earlier
(p<.05) than peak flexion during BW. Further, the displacement patterns for the knee
and ankle joints during BW were highly variable among the dogs and the wrist joint
showed markedly reduced plantarflexion during the swing phase of BW.
Our data demonstrate that BW does not require a marked postural adjustment in the
orientation of the spine but does involve changes in timing and in some joint
displacement patterns. We suggest these changes cannot occur simply by a phase
shift in the neural control parameters that govern FW but rather require complex
modifications in joint/limb/trunk interactions to maintain balance and ensure
propulsion. Nevertheless, certain invariants remain such as the exponential decrease
in stance duration with no change in swing duration as speed increases.

THE EFFECTS OF MUSCLE FATIGUE ON KINEMATIC PATTERNS OF
VERTICAL JUMP. S. Radovanovic,1* M. Ljubisavljevic,1,2 J. Lonn,1 S, Jaric2 and H.
Johansson1. ‘Dept for Musculoskeletal Research, National Institute for Working Life,
907 13 Umea, Sweden; 2Institute for Medical Research, 11001 Belgrade, Yugoslavia.
Vertical jump is a common model for studying various biomechanical and
neurophysiological phenomena, the basic reason being the typical stretch-shortening
cycle of leg extensor muscles, as well as complex interactions and inter-compensations
between the segments of the kinematic chain. Muscle fatigue can reduce the ability to
perform certain movement tasks by reducing muscle force, rate of force development
and muscle power. On the other hand, compensatory mechanisms in muscle fatigue
when performing complex movement task remain mainly unknown. The aim of this
study is to elucidate changes in the neuromuscular strategy when one of the active
muscles is fatigued. Kinematic patterns could be changed in a way to provide more
time for the action of fatigued muscles (i.e., smaller critical angle- loading strategy) or
alternatively, to exclude the action of fatigued muscles, loading additionally other
muscle groups (i.e., bigger critical angle- unloading strategy).
Six trained subjects performed vertical jumps naturally, prior to and after a fatiguing
procedure. We measured the jump height; angles in ankle, knee, and hip; minimal
angles in the longitudinal axes of lower leg, upper leg, and trunk; time intervals
between reaching these angles and duration of the eccentric and concentric phase. In
separate sessions, quadriceps and hip muscles were fatigued on the both sides. Fatigue
was induced in isometric regime until the exerted force fell below 30% of MVC.
Prominent changes in the kinematic chain were obtained. While both loading and
unloading strategies emerged, a switch between the two was also observed, probably
due to recovery after fatigue. The results indicate complex changes in kinematic
pattern, due to muscle fatigue, the type of change being dependent on the initial motor
strategy employed. (Supported by Swedish Sports Research Council and Swedish
Work Environment Fund)

366.3

366.4

UNEXPECTED HEAD YAW PERTURBATIONS RESULT IN STIMULUS
SPECIFIC GAIT PATTERN CHANGES L.A. Vallis* and A. E. Patla Dept.
of Kinesiology, Univ. of Waterloo, Waterloo, Ontario Canada N2L 3G1.
The goal of this research was to examine if responses to a localized rotational
head perturbation (yaw) applied during walking were isolated at the level of
the head/neck or included global modifications of the gait pattern. An air jet
apparatus applied head perturbations (90 PSI; 500 ms duration) about the yaw
axis (left and right); vision was occluded (1 s duration, ~2 steps) to primarily
examine the contribution of the vestibular system. Participants (n=5) were
fitted with the apparatus and full body kinematics were collected as they
walked at their natural cadence. Midway through the walking trial, vision was
occluded at left heel strike and participants either continued walking
unperturbed or received a perturbation. Perturbation direction (left or right)
and delay (0, 150 or 450 ms) were randomly manipulated; trials with no
perturbation were randomly collected. Results indicated that foot placement
was modified to alter COP and thereby modify COM trajectory. Foot
placement modulated the magnitude of the acceleration of the COM laterally
as a function of the direction of the perturbation and when the perturbation
was delivered during the gait cycle (p<0.02). Specifically, head perturbations
to the left resulted in a wider step width to increase magnitude of lateral COM
displacement (greater COM acceleration). Head perturbations to the right
resulted in step width narrowing to decrease magnitude of lateral COM
displacement (reduced COM acceleration). This suggests that movement of
the COM follows orientation of the head which is also observed during normal
steering control. Thus, the CNS interprets the unexpected head yaw
perturbation, in the absence of vision, as a change in the direction of travel.
Research supported by a grantfrom NSERC Canada.

SHORT AND MEDIUM SOLEUS STRETCH REFLEX RESPONSES DURING
HUMAN WALKING
M.J. Grey, A. Lamontagne, J.A, Andersen and T. Sinkiaer*.
Center for Sensory-Motor Interaction, Aalborg University, 9220 Aalborg, Denmark
The objective of this study was to investigate the effect of different stretch velocities
on the magnitude of the short (Ml) and medium (M2) latency stretch reflex responses
during gait. Six healthy subjects walked on a treadmill at approximately 3.5 km/h with
the left ankle attached to a portable stretching device. Small amplitude (~ 6°)
dorsiflexion perturbations were applied 200 ms after heel contact at 5 different
increments in velocity relative to the control steps (from 85°/s to 3007s). In 2 subjects,
an ischemic nerve block was applied at the thigh. During the perturbed steps, the
soleus electromyogram (EMG) showed distinct responses at latencies of 39-42 ms
(Ml; Cl95%) and 70-79 ms (M2; Cl95%). Areas under the EMG traces were calculated
over 30 ms windows starting 40 ms (Ml) and 70 ms (M2) after stretch onset. EMG
increments during perturbed gait were expressed as percent change relative to the
background EMG recorded during control steps.
The magnitude of the Ml response increased with stretch velocity (p<0.001) whereas
that of the M2 remained invariant (p>0.3). The Ml component increased by an
average of 25% at the slowest stretch velocity to 150% at the highest stretch velocity.
The M2 component increased by an average of 76%. Ischemia markedly reduced the
Ml component whereas the M2 remained unchanged.
The onset latencies observed for the Ml and M2 components are consistent with
reflexes reponses mediated by group Ia and group II afferents respectively. Moreover,
the velocity independant behaviour observed for the M2 responses agrees with studies
during static condition that have shown group II afferents are less sensitive to stretch
velocity. Large diameter group 1(a) afferents are more readily affected by the ischemic
block than the smaller diameter group H afferents. The fact that the Ml was strongly
depressed when ischemia was applied whereas M2 was relatively unchanged suggests
that group II afferents contribute importantly to the EMG increments during perturbed
gait. Funded by the Danish National Research Foundation
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366.6

366.5
MUTUAL AND DISTINCT PREMOTOR, PARIETAL AND CEREBELLAR
rCBF-CHANGES DURING IMAGERY OF PACED VERSUS SELF-PACED
CYCLING: G. Wunderlich12, K.M. Stephan12, J. Volkmann1*, L. Tellmann2, H.
Herzog2, H.-J. Freund1 and R.J. Seitz1 ‘Department of Neurology, Heinrich-HeineUniversity Dusseldorf, and institute of Medicine, Research Center Jiilich, Germany.
Bipedal cycling was studied in two groups of normal subjects (n=5, each group).
While lying in a PET-scanner the subjects were advised to (a) perform and (b)
imagine sequential cycling at 0.8 Hz. The first group performed the task self-paced
after training, the second group was externally paced using a metronome. A resting
condition with and without external pacing served as control for both groups,
respectively.
During cycling (a), we observed significant bilateral rCBF increases in the
sensorimotor cortex, adjacent cingulate, thalamus, putamen and cerebellum with only
small differences between both groups. Imagery of cycling (b) activated prefrontal,
premotor, parietal and cerebellar areas in both groups. However, while during selfpaced imagery,, the left inferior parietal cortex became activated, the main parietal
activation was on the right side during externally paced imagery. The maxima of
activation in prefrontal and premotor areas were always in the left hemisphere,
neocerebellar activations always on the right side. However, their exact location
differed between both groups. Anterior cingulate and SMA became only activated
during self-paced motor imagery.
Our results demonstrate that an externally provided temporal structure influences
the neuronal circuitry involved in imaging movements. While such an external cue
may have only a minor influence on the actual execution of such a highly overlearned
task as cycling, mental planning and mental execution of such automated movements
are obviously more susceptible to external influences. The combination of mutual and
distinct characteristics, as demonstrated by the related, but distinct rCBF changes for
the two imagery conditions, may be a key to the successful role of different forms of
motor imagery during training for automatic performance.

THE RELATIONSHIP BETWEEN OBSTACLE HEIGHT AND
ANTICIPATORY LOCOMOTOR ADJUSTMENTS. Hugues
Barbeau* M. Ladouceur1,3 and Bradford J. McFadven2. 'School of P

and O T, McGill University, Montreal, Canada. 2Departement de Readaptation,
Universite Laval, Quebec, Canada. ’Center for Sensory-Motor Interaction (SMI),
Aalborg University, Aalborg, Denmark

During our activities of daily living it is necessary to adapt our gait
to the environmental constraints. The objectives of this study were to
investigate the causes underlying the toe trajectory adjustments in
relation to obstacle height. The experimental tasks consisted of
walking, at their preferred speed, in an unobstructed condition and
with obstacles (height: 0.005 m-10% leg length) placed at the location
of mid-swing. Kinematic patterns, temporal variables and generalised
muscle mechanical power were reconstructed or calculated from video
recordings and force plate recordings. Participants adapted their toe
trajectory to the obstacle by increasing linearly the toe height (linear
regression analysis: R2= 0.55; P< 0.001). This adaptation of the toe
was a product of an increased knee (R2= 0.57; P< 0.001) and hip
flexion (R2= 0.33; P< 0.001) at the location of the forward edge of the
obstacle with no changes in the height of the greater trocanter (F(5>20):
1.28; P: 0.313). Furthermore, the emergence of the K5 muscle power
burst was linearly related to the obstacle height (R2= 0.54; P< 0.001).

Acknowledgments. This research has been supported by NSERC (Canada), FCAR
(Quebec), the Danish National Research Foundation and the Danish Medical
Research Council.

366.7

366.8

CHANGES IN DYNAMIC STABILITY IN RESPONSE TO
ALTERED
GRAVITATIONAL
CONSTRAINTS
DURING
LOCOMOTION. R.L. Cromwell*. Dept. of Physical Therapy, Temple
University, Philadelphia, PA 19140.
Balance of the upper body over the moving lower extremities during
locomotion is crucial for providing a stable platform for the head and
sensory systems. By promoting upper body stability during dynamic
activities, sensitivity to visual and vestibular signals is optimized. This
study examined upper body organization and coordination patterns used
to maintain dynamic balance during walking under conditions of altered
gravitational influence. Eleven healthy, young adult subjects performed
3 walking tasks: level walking, ascending an incline, and descending an
incline. The incline surface was pitched to 8.5°. Sagittal plane
kinematic data were collected using an infrared camera system with
passive reflective markers. Angular positions of the head, neck and
trunk were calculated relative to space and relative to each other. Crosscorrelation techniques determined primary coordination patterns used
during each condition. Results revealed that internal organization of
body segments remained constant over all conditions while external
orientation was adjusted in response to the changes in gravitational
constraints. Head-neck movement was consistent across conditions.
Adjustments in trunk movement contributed to changes in coordination
patterns observed during the incline tasks. ' These data suggest that
semicircular canal information is consistent indicating that otolith
information serves as the primary vestibular input for modifying upper
body movements during incline walking.
Supported by Temple University Dean’s Incentive Funds.

ADAPTING LOCOMOTOR PATTERNS FOR CHANGES IN THE SLOPE OF
THE WALKING SURFACE. S.D.Prentice*, J.S .Frank, J.J.Groves, M.J.Reid &
J.L.Zettle Dept. of Kinesiology, Univ. of Waterloo, Waterloo ON N2N 3B5
The transition from a level to an inclined surface presents a number of
challenges to locomotor control system. Swing limb trajectories must be
modified to ensure safe toe clearance and foot placement as the elevation of the
support surface changes. Similarly, the geometric configuration ofbody segments
and postural support must be altered as the direction at which the ground reaction
forces act upon the foot changes with the support surface orientation. To
investigate these challenges, participants were instructed to walk on a walkway
which included a ramp up to an elevated level walking surface and comparisons
were made between walking on a level surface and approaching ramps of different
inclinations (3°,6°,9°,12°). During the transition onto the ramp, head, trunk, and
swing limb movements were recorded using an OPTOTRAK system. In addition,
the ground reaction forces of the stance limb were recorded using a force plate
positioned in front of the ramp. While findings confirm that stepping onto the
ramp resulted in increased flexion of the swing limb, it was found that these
changes began during early swing with a general increase in limb flexion and any
changes specific to the angle of inclination were introduced during the latter part
of the swing phase. Increases in the slope of the walkway resulted in increased
flexion at all three joints, however changes in the knee and ankle were less evident
at lower slopes. Similarly, the orientation of the foot segment at foot contact was
elevated to further accommodate the steeper ramp angles. Continuing kinetic
analyses will provide further understanding as to how these adjustments are
performed in order to meet the additional challenges of stepping onto a slopped
walking surface. (Supported by: the Dept. of Kinesiology & the Univ. of Waterloo)

366.9

366.10

DYNAMIC MODULATION OF HEAD-TRUNK COORDINATION DURING
LOCOMOTION. Ajitkumar P. Mulavara1, Mary C. Verstraete2, Ine§sa
Kozlovskaya3. Jacob J. Bloomberg*4 ‘Wyle Life Sciences Inc., Houston, TX 77058,
department of Biomedical Engineering, The University of Akron, Akron, OH,
institute for Biomedical Problems, Moscow, Russia, 4Life Sciences Research
Laboratories, NASA, Johnson Space Center, Houston, TX.
During locomotion head and trunk coordination plays a central role in maintaining
gaze stability and in providing a stable reference system for visual-vestibular
integration. To date, the quantification of relative head-trunk coordination during
walking has been performed independent of the events occurring in the gait cycle.
The aim of this study was to determine if head-trunk coordination is dynamically
modulated with respect to different behavioral events within a gait cycle and to
determine the effects of microgravity adaptation on this response. Before and after
long-duration spaceflight six subjects walked on a motorized treadmill while fixating
their gaze on a discreet target. Head-trunk coordination was characterized using a Head
Stability Index (HSI, Nm/deg) which was calculated as the ratio between the change
in the magnitude of the relative net moment to the change in the magnitude of the
relative net angular motion between the head and the trunk. The HSI revealed a
unique and symmetrical pattern of head-trunk coordination during locomotion. The
HSI was significantly increased during the heel-strike phase relative to the swing
phase of the gait cycle reflecting increased head stabilization relative to the trunk
during the heel-strike event. After spaceflight there was a significant asymmetry and
an increase in the magnitude of the HSI relative to preflight across the entire gait
cycle. Thus, the coordination of motion of the head relative to the trunk during
walking is dynamically modulated depending on events in the gait cycle and this
active modulation is modified after exposure to microgravity. We infer that this
dynamic modulation of head-trunk control minimizes perturbations to the head during
the high energy transfer phases during the gait cycle. Supported by NASA.

DEVELOPMENT OF HEAD NYSTAGMUS OCCURS DURING
MATURATION OF OVERGROUND LOCOMOTION IN THE
CHICK G. D. Muir* and T. K. Chu. Department of Veterinary Physiological
Sciences, Univ. Saskatchewan, Saskatoon, Canada.
Head bobbing, or head nystagmus, is considered to be an optokinetic
response in birds which occurs during low velocity motion of the visual field.
We have previously described a pattern of gait maturation in hatchling chicks
during overground locomotion which is also prevalent at low velocity. The
purpose of this study was to examine the development of head bobbing
during locomotion in the chick and to correlate this with the time course of
gait maturation. Young chicks, aged from posthatching day (P) 1 to Pl 4,
were videotaped from a lateral view as they walked and ran unrestrained
overground. Horizontal head movements were measured relative to motion
of the body as well as to an external reference. Kinematic measures of gait
maturation, ie. stride length, duty factor and single leg support were also
obtained from videotape records. Pl chicks produce disproportionately
smaller excursions of the head during head nystagmus compared to older
animals moving overground at equivalent speeds. The pattern of
development of head nystagmus followed the same time course as the
development of walking. Systemic administration of MK-801 (1 mg/kg
daily) caused no changes in maturation of head nystagmus or gait, suggesting
that NMDA-dependent processes are not necessary for development of
these behaviours.
Supported by NSERC of Canada.
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366.12

RE-ORGANIZATION OF POSTURAL PREPARATION BETWEEN
VOLITIONAL AND PERTURBATION INDUCED STEP INITIATION. M.W.
Rogers1,2* and Y.-C. Pai1, ’Programs in Phys. Ther., 2Dept. of Phys. Med. and
Rehabil., Northwestern University Medical School; Chicago, IL 60611.
Volitional step initiation (VS), is accompanied by preparatory postural adjustments
(PPAs) for lateral weight transfer, which may often be absent or diminished during
perturbation induced stepping (IS) initiated for balance recovery. This study
investigated the extent to which differences in the postural organization between the
two forms of step initiation are attributable to different control strategies and/or to
perturbation magnitude. Twelve adults (mean age = 31 yrs.) initiated forward
stepping following an acoustic reaction cue for VS, and in natural response to
stepper-motor induced waist-pulls of different magnitudes for IS. Responses were
characterized using measures of ground reaction forces, kinematics, and muscle
activation patterns of swing limb ankle (Tib. Ant.=TA, Med. Gastroc.=MG) and hip
(Glut. Med.=GM) and stance side GM. Overall, PPAs accompanied all VS trials but
were less frequent across IS trials. Except for one trial, six subjects accounted for the
reduced incidence of PPAs in 67% of their trials. This indicated distinct individual
variations in predictive postural organization during IS vs. VS. Compared with VS,
several temporal and spatial features of the postural and step assembly were
modified in relation to the perturbation magnitude for IS. At least in part, this
response modulation likely reflected adaptive control based on sensory information
about the evolving postural disturbance. In comparison with VS, muscle response
patterns prior to stepping for IS included a reversal in the distal sequencing of TAMG, an earlier onset of stance side GM and reduced timing intervad between interlimb hip responses, and an increased response duration of MG and stance side GM.
This postural re-organization was sensitive to pulling magnitude and appeared
related to whether or not subjects displayed PPAs. Supported by NIA grant KOI
AG00581.

KINETIC DETERMINANTS OF FOOT PLACEMENT FOR CONTROL OF
DYNAMIC STABILITY FOLLOWING
UNEXPECTED PERTURBATIONS
DURING LOCOMOTION. S.W. Hill*. A.E. Patla. and M.G, Ishac. Dept. of
Kinesiology, Univ. of Waterloo, Waterloo, Ontario, Canada N2L 3G1.
The purpose of this study was to examine how the motor control system maintains
dynamic stability in treadmill gait following posterior trunk perturbations applied
during various phases of gait. When an unexpected destabilising perturbation is
experienced during gait, the central nervous system (CNS) must generate a timely
effective intervention to re-establish dynamic stability while continuing locomotion.
In previous research, we have established that following trunk perturbations, the
centre of mass (COM) is corralled by the centre of pressure (COP), as has been
demonstrated for unperturbed gait (Winter, 1991). Foot placement modulation of the
base of support (BOS) is employed to position the COP with respect to the COM to
induce the appropriate acceleration of the COM. The purpose of this study was to
examine joint kinetic patterns employed in foot placement modulation of the COP for
control of the COM. Six healthy adult males (21-24 years) walked on a motorized
treadmill at 3.5 km/h. Intermittently, they experienced a posterior trunk perturbation
of approximately 100N applied during the following phases of gait: double support
(DS), initial swing (ISw), or terminal swing (TSw). A 2-D inverse dynamics analysis
was performed on the swing limb prior to and following the perturbation onset. We
examined the vertical and horizontal translational work at the hip, and the rotational
work at the hip, knee and ankle. Following perturbations, positive hip rotational work
during early-swing increased to enhance pull-off, and negative knee rotational work
was less pronounced during late-swing allow increased step length.
These
modulations provided of foot placement to position the COP further anterior to the
COM to regain stability.
Supported by a grant from NSERC and MRC Canada.

366.13
BILATERAL AVOIDANCE AND ACCOMMODATION GAIT PATTERNS
IN YOUNG VERSUS ELDERLY SUBJECTS. B.J. McFadven1*, F. Prince2,
G. St-Vincent1, J-F. Michaud’ and M. Raiche ’Dept. of Rehabilitation, Laval
Univ.; Quebec, G1K 7P4; 2Dept. of Kinesiology, Univ. of Montreal.
The purpose of this work was to study bilateral gait modifications for both
obstacle avoidance and height accommodation in young versus older adults.
Nine young (mean age: 28.7 yrs) and 9 elderly (mean age: 70.3 yrs) healthy
males were studied during level walking, obstacle (11.75 cm) avoidance and
platform (11.75 cm) accommodation. Three-dimensional kinematic and kinetic
analyses were performed and dynamic and energetic calculations were made
for the joints of both limbs and at the level of L3/L4 for the trunk. Young
subjects walked faster, but walking speed was unchanged across environments
for both groups. For obstacle avoidance, the younger group showed higher toe
clearances by relying more on decreased knee extensor antagonistic power at
toe-off to promote knee flexion in both limbs and using more vertical hip pullup forthe trailing limb. For platform accommodation, young subjects used less
antagonistic power fbr the leading limb only and increased hip pull-up for the
trailing limb to create higher clearance as compared to older adults. Both
decreasing the knee antagonistic power and using more hip abduction can
potentially destabilize body support and equilibrium. The elderly appear to
find this to be more of a concern than assuring higher toe clearances as seen
in the young subjects. Decreased strength may also be a factor for the elderly,
particularly with respect to lifting the body with the leading limb on the
platform. (Financial support from NSERC/MRC of Canada and FRSQ/REPAR
of Quebec).

CEREBELLUM: MANIPULATIONS IN RODENTS
367.1

367.2

CEREBELLAR
MALFORMATION
AFTER
EMBRYONIC
LABELING WITH BROMODEOXYURIDINE IN RAT. G.
Sekerkova* and E. Mugnaini. Northwestern Univ. Inst. Neuroscience,
Chicago, IL 60611.
Time-pregnant rats were injected with multiple pulses of BrDU during
2 consecutive days of pregnancy (from Ell to E21). The cerebella of
the 2-12 months old progeny were histologically processed and
incorporated BrDU was detected using a monoclonal antibody. To
distinguish neuronal populations
in the
cerebellum, BrDU
immunostaining was sequentially combined with calbindin, Rat-303,
calretinin, or GFAP immunostaining to double-label Purkinje cells
(PCs), Golgi cells, unipolar brush cells (UBCs), and astrocytes. Extensive
neuronal labeling was achieved by 5-6 multiple injections of a total of
30-36 mg BrDU, with an 8 h interval between injections. We obtained
strong PC labeling in the early injection groups (El2-13 to El4-15) and
Golgi cell and UBC labeling in the late injection groups (El6-17 to E2021). Some GFAP-BrDU positive astrocytes were detected in the El9-21
groups. We found a significant cerebellar malformation in the El3-14
and El4-15 groups. The cerebellum in these animals was smaller, with
particular reduction of the flocculus/paraflocculus, the number of PCs
was decreased, and ectopic PCs in the granular layer and paracerebellar
regions were more frequent compared to controls. Moreover, several
PCs had small cell body diameters and contained cytoplasmic vacuoles.
The data indicate that, although BrDU labeling by multiple injections is
a reliable means to extensively mark neuronal populations, BrDU
incorporation can affect migration, differentiation, and survival of
neural cells.
Supported by PHS grant NS 09904.

THE EFFECT OF SPACEFLIGHT ON THE ULTRASTRUCTURE OF ADULT
RAT NODULUS. G.R, Holstein*. E. Kukielka. E.D. MacDonald and G.P.
Martinelli. Departments of Neurology, Cell Biology/Anatomy and Surgery;
Mount Sinai School of Medicine, NY, NY. 10029.
The goal of this study was to identify the morphologic alterations in rat
cerebellar cortex that correlate with short-term sensory and motor adaptation to
microgravity. Fisher 344 rats exposed to spaceflight (STS-90, Neurolab) for 24 hr,
and control animals housed in flight-type cages on Earth, were sacrificed by
decapitation. The brainstem was removed and immersion-fixed for 18 days in a
buffered aldehyde solution maintained at 4°C. Parasagittal Vibratome sections of
the entire cerebellum were collected serially and processed for ultrastructural
analysis. Thin sections of the nodulus, from approximately equivalent parasagittal
zones, were obtained from flight and control specimens; encoded to blind the
experimenters concerning tissue source, and analyzed for the present report.
Qualitative observations of this tissue suggest cytoplasmic and neuropil
alterations in the flight tissue that are not apparent in the controls. Throughout
entire nodular Purkinje cells, including somata, dendrites, thorns, and axon
terminals, the smooth ER cisterns are substantially more complex in flight
animals than controls. This results in the formation of long, stacked lamellar
bodies. Occasional enormous mitochondria, >l(im in cross-sectional diameter, are
also present in the Purkinje cell somata of flight animals, and enhanced glial
sheathing between Purkinje cells and granule cells was observed. Neuropil
alterations included frequent, and sometimes large protrusions of neuronal elements
into neighboring profiles, suggesting enhanced fluidity of neuronal shape.
Ultrastructural indications of degeneration and synaptic reorganization were also
observed in the nodular molecular layer of flight animals.
These results provide ultrastructural evidence for neuronal and synaptic
plasticity in the nodulus of adult rats after 24 hr exposure to spaceflight. Since
these morphologic changes are not apparent in control animals, they are not likely
to be due to caging or tissue processing effects. The particular nature of the
structural alterations, including die formation of lamellar bodies and the presence
of degeneration, further suggests that excitotoxity may play a role in the shortterm neural response to spaceflight.
Aided by NIH Grant DC02451 from NIDCD and NASA grant NAG 2-946.
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367.4

Transporters

and Receptors
in Pcd Mice
T.A. Reader12*. C. Strazielle1,3. C. Hebert1 andR. Lalonde24. 'CRSN, Physiologie,Facult6
de Mddecine, Universite de Montreal and 2CHUM/Hotel-Dieu de Montreal, Quebec,
CANADA; 3Universite Henri Poincare-Nancy I, Nancy 54000 and 4Laboratoire de
Neurobiologie de l’Apprentissage, Universite de Rouen, Mont St-Aignan 76821 FRANCE
The "Purkinje cell degeneration" (pcd) mutant, characterized by the loss of Purkinje
cells and a secondary degeneration of cerebellar granule and inferior olivary neurons, has
been considered as a model of heredo-degenerative ataxia. To examine the effects of this
mutation on the noradrenaline (NA) system, the a,-, a2- and P-adrenergic receptors as
well as NA transporters (NATs) were evaluated by autoradiography in control and pcd
mice, using [3H]prazosin,[3H]idazoxan,[3H]CGP12177and [3H]nisoxetine, respectively.
In cerebellar cortex and deep nuclei ofpcd mutants, [3H]nisoxetine labelling of NATs was
higher than in control mice. However, when NAT densities were corrected by surface
area, binding was unchanged in the cerebellar cortex but associated with 25 % and 40 %
lower levels of labelling of a, and P receptors, and an important increase (275 %) of a2
receptors. In deep cerebellar nuclei, surface corrections did not reveal any changes either
in NATs, or in receptor densities. Higher [3H]nisoxetine labelling was found in regions
related with the cerebellum, i. e.: inferior olive, inferior colliculus, the vestibular, reticular,
pontine, raphe and red nuclei, as well as in primary motor and sensory cerebral cortex.
The augmented [3H]nisoxetine binding in these motor regions may reflect an increased
NA innervation compatible with motor compensation for the cerebellar dysfunction.
Increases in NAT labelling was also measured in brainstem regions known to be related
with cardiovascular centers and in dorsal hypothalamus. Other changes were found in
regions affected by the mutation, such as thalamus and the olfactory system; these
alterations implicated both NA transporters and the adrenergic receptors, localized preor post-synaptically. The complete lack of receptor changes in deep cerebellar nuclei, by
contrast to the important variations in cerebellar cortex, suggests that local adaptations
may minimize the consequence of the cerebellar atrophy on motor control. An intense
labelling by [3H]idazoxan of the inner third of the molecular layer was a novel, albeit
unexplained finding, and could represent a postsynaptic subset of a2 adrenergic receptors.
[Supportedby the Association Canadienne de I'Ataxie de Friedreich]

REGIONAL BRAIN VARIATIONS OF CYTOCHROME OXIDASE
ACTIVITY IN REELER MUTANT MICE. C, Strazielle*12, K,
HavzounU M, Derer3 and R, Lalonde1-2’4. 'PSY.CO-EA 1780
Universite
de Rouen,
Laboratoire
de Neurobiologie
de
l'Apprentissage,
76821 Mont-Saint-Aignan
Cedex France,
2Universite de Nancy I, "Universite Pierre et Marie Curie,
4CHU Montreal, Canada.
Cell malpositioning
has been described
in laminated
structures of the spontaneous mutation, reeler, including the
cerebellum,
the hippocampus,
and the neocortex.
The
metabolic consequences of this form of neuropathology were
examined in the present study by means of quantitative
measures of cytochrome oxidase (CO) activity, a mitochondrial
enzyme necessary
for oxidative metabolism of neurons.
Alterations of CO activity were found in specific subregions of
the cerebellum, hippocampus, and neocortex, and in various
brainstem (medial pontine, paramedial reticular, paragiganto
reticular) and limbic (septum, basomedial amygdala) regions
anatomically related to these structures. In the cerebellum, QD
activity was increased in normally positioned Purkinje cells,
leading to decreased metabolic activity of the roof nuclei. I n
the hippocampal
formation
and neocortex,
although
the
overall activity was unchanged, CO alterations occurred in the
dentate gyrus and CAI subregions and in several layers of the
motor, somatosensory, and piriform cortices, but not in striate
and extrastriate visual areas.
(Supported by the Medical Research Foundation of Lorraine
and NSERC Canada)

367.5

367.6

MOTOR PERFORMANCE AND CYTOCHROME OXIDASE ACTIVITY IN
THE CEREBELLUM OF SPONTANEOUS MOUSE MUTATIONS WITH
CEREBELLAR ATROPHY. R, Lalonde*1-2-3 and C, Strazielle1,2
'PSY.CO EA 1780, Universite
de Rouen,
Laboratoire
de
Neurobiologie de l'Apprentissage, 76821 Mont-Saint-Aignan
Cedex France, 2Universite de Nancy I, 3CHUM, Campus HotelDieu, Canada.
Spontaneous
mouse
mutations
with
atrophy
of the
cerebellar cortex (Lurcher, hot-foot, staggerer, and reeler)
were examined for regional brain metabolism, as assessed b y
cytochrome oxidase (CO) activity. In Lurcher and staggerer,
CO activity was increased in the deep cerebellar
nuclei,
presumably because of the lack of inhibitory
GABA input
caused by the severe depletion of Purkinje cells. By contrast,
CO activity in the hot-foot deep nuclei was unchanged, as the
number of Purkinje cells in this mutant seems relatively
preserved. On the contrary, CO activity in the reeler deep
nuclei was decreased. This effect may be due in part to the
augmented
activity
found
in
the
normally
positioned
Purkinje
cells. Correlations
were observed
between
CD
activity in the deep cerebellar nuclei and the performance of
stationary
beam and rotorod motor coordination
tests i n
staggerer. In reeler, abnormal CO activity in Purkinje cells
and abnormally
low activity in the roof nuclei of the
cerebellum were associated with poor performance on the
stationary beam.
(Supported by the Medical Research Foundation of Lorraine
and NSERC Canada)

MULTIPLE PCP2 RNAS AND PROTEINS VIA ALTERNATIVE
EXON 1 USAGE.
R.M, Feddersen and A.J, Beitz*. Dept of
Veterinary PathoBiology; University of Minnesota, St. Paul, MN 55108

Noradrenaline

367.7
CHARACTERIZATION OF A SUBTRACTIVE CDNA LIBRARY FROM
CLIMBING FIBRE DEPRIVED ADULT RAT PURKINJE CELLS.
D. Carulli, A.Buffo. M, LabesA, M, BahU and P, Strata*. Dept of Neuroscience,
University of Turin, 1-10125, Turin, Italy; ADept. of Neurology, University of
Tubingen, 72076, Tubingen, Germany.
The adult phenotype of Purkinje cells depends on the presence of climbing fibres,
the terminal arborization of afferent axons coming from the inferior olive. When the
climbing fibres are deleted as a consequence of a subtotal inferior olive lesion,
Purkinje cells undergo functional and morphological changes that are fully reversible,
they become transiently hyperactive, lastingly hyperspiny and hyperinnervated by
parallel fibres. Moreover, the climbing fibre-deprived Purkinje ceils are able to elicit
sprouting from nearby located spared climbing fibres. This new collateral arborization
restores normal synaptic connections and occurs within the original topographic
projection map. So far the trophic signals likely released by Purkinje cells and the
local cues guiding the reinnervation remain unknown. We aimed at identifying them
by means of a subtractive cloning approach. Climbing fibre deprivation was obtained
by intraperitoneal injection of 3-acetylpyridine.(80 mg/kg b.w.). cDNA libraries were
generated from individual control and climbing-fibre deprived Purkinje cells, the
mRNA being extracted from pools of single cells and amplified by PCR. The resulting
cDNAs were subtracted from each other, and cloned. Individual clones were
sequenced. In the subtractive library we could up to now identify 72 known genes
which are mainly related to the increased metabolical and electrical activity, to new
spine formation and to signal trasduction taking place in our experimental model. In
addition, we could identify various sequences for receptors and membrane proteins
and 42 unknown genes. By means of PCR we could as well show for several among
the known genes and few unknowns a real enrichment in the subtracted cDNA pool
and their upregulation in single climbing fibre deprived Purkinje cells. (Supported by
EC ERBBIO4-CT96-0774 grant)
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Upstream regulatory sequences of pcp2/L7 have been extensively
employed in transgenic mouse studies to target Purkinje cells in the
cerebellum. Using a high resolution northern blot to assess ‘polyA
stripped’ RNAs, we have identified multiple pcp2 mRNAs in the
cerebellum and retina. Unique pcp2 forms result from differential use of
three EXON 1 elements; 2 in the cerebellum and 1 in the retina. EXON
1A results in the production of a 137 amino acid protein in retinal bipolar
cells, while 1C encodes a 121 amino acid protein both of which differ
from the previously reported 99 amino acid Pcp2 protein containing
EXON 1B. Antibodies raised against the newly characterized Pcp2
amino-terminus recognized proteins of predicted size in both the
cerebellum and retina. Developmental northern and western analysis
demonstrated that 1C expression begins around birth, while 1B was not
detected until the second postnatal week. In situ hybridization localized
1C mRNA to the cell bodies and dendrites of Purkinje cells, while 1B was
detected in Purkinje cell bodies and axon tracts (but not granule cel,
layer) of the cerebellum. The Purkinje cell expression construct, PCEV II,
that has been used to clone cDNAs for transgene expression, was used to
generate two lines of mice to investigate potential effects of aminoterminal Pcp2 peptide expression. The EV2 and EV3 lines of mice both
exhibit diminished performance on the Rota-Rod suggesting that pcp2
amino-terminal coding sequences cause Purkinje cell dysfunction in the
absence of cell loss. Conserved sequences in the mouse, rat and human
pcp2 genes suggest that the differential EXON 1 splicing may be
important for overall function. These results require incorporation into
the findings of transgenic studies that employ previously unreported
coding elements of pcp2. SUPPORTED BY NIH R29 NS32320 to R.M.F.
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368.2

RESPONSES OF CEREBELLAR GOLGI CELLS TO TACTILE STIMULI OF
DIFFERENT SIZES. A. Volny-Luraghi, E. De Schutter, B.P. Vos*. Born-Bunge
Foundation, University of Antwerp, Belgium.
Cerebellar Golgi cells in Crus I and II of the anesthetized rat show a robust, accurately
timed spike pattern to punctate stimulation of the face (Vos et al., Eur. J. Neurosci.
1999). These responses are highly reproducible and show an early (8.9±1.7ms) and a
late (19.1 ±3.6ms) component, the latency and amplitude of which varies according to
the exact location of the stimulus in the large receptive field. In the present study we
examined responses of Golgi cells to continuous tactile stimulation of a larger area.
Recordings were made using (2 or more) tungsten electrodes (2MQ), placed in Crus III of the cerebellar cortex of ketamine-xylazine anesthetized rats (male, SpragueDawley, 250-350g). To date, we recorded responses of 13 physiologically identified
Golgi cells to both punctate stimulation of at least 4 facial loci (1 mm solenoid-driven
probe, 1Hz, 2x100 trials), and continuous stimulation of a 15mm2 facial area (2x100s
pseudo-random, using hand-held paintbrush). Stimuli were applied ipsilateral to the
recording site. Golgi cells showed strong modulation by continuous stimulation (57.1
±10.1% increase of firing rate), only if the paintbrush stimulus was positioned around
the point where punctate stimulation evoked responses with a prominent early
component. When the paintbrush stimulus was centered on a facial area from which
punctate stimulation evoked responses with only a late component, Golgi cell firing
was not modulated. The extent of the modulation by stimulation of a larger facial area
was inversely correlated to the latency of the first component evoked by punctate
stimulation applied to the center of this area. The discrepancy between responses of
Golgi cells to punctate versus larger stimuli is hypothesized to be related to the
difference in spatial distribution of trigemino-cerebellar and ponto-cerebellar mossy
fiber terminals, and the more extensive recruitment of local inhibitory circuits when a
greater number of afferents are activated. We are currently assessing the relation
between responses of Golgi cells and those of nearby Purkinje cells.

MODULATION OF COHERENT FIRING BETWEEN CEREBELLAR
GOLGI CELLS BY PERIPHERAL STIMULATION.
B.P. Vos, A. Volny-Luraghi, R. Maex*, E. De Schutter, Born-Bunge Foundation,
University of Antwerp, Belgium.
Cerebellar Golgi cells that are aligned along the parallel fiber axis show coherent
firing while those that are positioned perpendicular to the parallel fiber axis do not
(Vos et al., J.Neurosci., 1999). We tested the prediction of our computer model (Maex
& De Schutter, J.Neurophysiol., 1998) that increased afferent input would enhance the
accuracy and the strength of coherent firing between cerebellar Golgi cells with
common parallel fiber input. In 18 ketamine-xylazine anesthetized Sprague-Dawley
rats (male, 250-350 g), 24 pairs of physiologically identified Golgi cells were
recorded in Crus I or II of the cerebellar cortex with tungsten electrodes (2MQ).
Electrode-pairs were positioned in the transverse (N=14), or the parasagittal plane
(N=10). Cells were recorded at rest (> 2 periods of 100 s) and during continuous
mechanical stimulation of facial dermatomes ipsilateral to the recording site (2 or
more 100 s periods, using a hand-held paintbrush). Normalized cross-correlograms
were calculated, and peak height (z-score) and peak width at half height (ms) were
used as parameters of respectively the strength and the accuracy of coherence.
Although brush stimulation produced variable effects on the firing rate of individual
cells (mean spikes/s at rest: 5.4;with stimulation: 7.3), the increase in average firing
rate per pair was not different between transverse and sagittal pairs (RM-ANOVA,
F=0.016; p=0.89). Only in transverse Golgi cell pairs, increases in the average firing
rate of the cell pair were related to proportional increases in coherence strength
(Spearman Rho=0.675, p<0.05) and to proportional decreases in the width of the
cross-correlogram peak (Rho=-0.701, p<0.05). In sagittal Golgi cell pairs no such
correlations were found (-0.2<Rho<0.3; p>0.4). The results support the hypotheses
that coherent Golgi cell firing results from common parallel fiber input, and that
coherent Golgi cell firing is relevant to the cerebellar processing of mossy fiber input.

368.3

368.4

SPATIO-TEMPORAL ASPECTS OF NEURONAL SPIKE ACTIVITY
RECORDED WITH 2-D MICROELECTRODE ARRAYS IN ACUTE
BRAIN SLICES.

Here we report for the first time recording of single unit spike activity with MEAs in
acute slice preparations of the cerebellum and hippocampus and discuss the recording
conditions in the view of the equivalent circuit commonly used.
Simultaneous recording with tungsten microelectrodes and MEA verified that the
recording characteristics and signal-to-noise ratios of MEA electrodes were
comparable to conventional extracellular electrodes, spike shapes were identical at
both electrodes. We found no detectable overlap between spike signals recorded at
neighboring MEA electrodes (200 pm spacing). Recording conditions were best at 1321 days postnatal.
We conclude that extracellular recording of spike potentials with MEAs is not
prevented by the debris layer and thus expands their range of application to the
analysis of fast network dynamics in acute slices.

RECIPROCAL PROJECTIONS BETWEEN CEREBELLUM AND MOTOR
CORTEX DEMONSTRATED AT THE SINGLE NEURON LEVEL IN THE
AWAKE MONKEY. R.N. Hoi defer. T.C. Houk, and L.E. Miller*
Physiology Dept., Northwestern Univ. Med. Sch., Chicago, IL 60611
Connections between cerebellum and cerebrum have been studied
functionally since the 1930's, but the extent to which they function
reciprocally has not been considered until recently. Viral tracers have
demonstrated discrete, closed, loops interconnecting functionally related
regions (Kelly and Strick, 1998 SFN abs. #555.8), but cannot address
connectivity at the single neuron level.
We have used spike and stimulus-triggered averaging to study functional
connections between cerebellar nucleus (CN) and primary motor cortex (Ml)
of a Rhesus monkey. CN spike-triggered average effects on Ml local field
potentials were seen in a small number of cases. Half the effects preceded
the trigger spike (implying an Ml effect cn CN) and half followed. More
frequent effects were elicited by 25-100 (lamp stimulation.
The
predominant effect of CN stimulation on Ml discharge was facilitation
(35% of 91 units), for which 90% of onset latencies were 2-10 ms (mode = 3.5
ms). Suppression effects occurred in 15% of the units, at 3-18 ms, with no
clear mode. In CN, the strongest effect of Ml stimulation was suppression
(12% of 62 units), with onsets of 5 - 27 ms (mode = 9 ms). However,
facilitory effects were more numerous (22% of units) and occurred at 2.5 - 30
ms. Both facilitation and suppression effects appeared to cluster into short
(< 15 ms) and long latency groups in CN. The fast facilitation is assumed to
result from mossy fiber inputs to the nucleus, while the suppression may be
mediated via cerebellar cortex. There was a statistically significant
tendency for paired sites which yielded strong stimulus effects in CN to
yield strong effects in Ml as well (p < 0.025). These results provide evidence
that at least some cerebro-cerebellar interconnections may be reciprocal a t
the level of single units.
Supported by grant MH 48185-08 from the Nat. Inst. Mental Heath.

368.5

368.6

Formation of Reciprocal Connections between the Cerebellar Nucleus
and Cerebral Cortex is an Expected Outcome of Simple Developmental
Processes. Yong Li, Lee E. Miller, James C. Houk* Department of Physiology and

THE ROLE OF IA IN DENDRITIC SPIKE GENERATION AND CALCIUM
INFLUX IN PURKINJE CELLS. K.-H. Yang*. K.T.Blackwell Computational
Sciences and Informatics, George Mason University, Fairfax, VA 22030
The role of the transient potassium current, IA, in regulating cell excitability is
generally accepted. More recently, experiments have shown that an IA-like current
plays a role in the generation of dendritic calcium spikes in Purkinje cells, and may
mediate learning-specific changes in Purkinje cell membrane excitability (Schreurs et
al. 1998.) In this study, a detailed compartmental model of a cerebellar Purkinje cell
(De Schutter and Bower 1994) is modified to improve the similarity between simulated
and measured Purkinje cell behavior. Current clamp data showing the effect of
negative and positive current injection on dendritic spike latency were used to adjust
the kinetics and channel density of an atypical transient potassium current. IA channels
were added to smooth and spiny dendrites, and the kinetics of IA channels were
modified by decreasing the half-inactivation voltage, and increasing the time constant
of inactivation. Also, half-activation voltage and half-inactivation of both lCaP and IKCa
were increased by 5 mV to increase the dendritic spike baseline. The model was
verified using a unique set of experimental data. Simulations demonstrate that IA plays
a role in the generation of dendritic calcium spikes. Addition of 4-AP, simulated by
setting gKA to zero, significantly decreases the dendritic spike latency during current
injection and allows an increase in calcium influx in the dendrites. Addition of wAgatoxin-IVA, simulated by decreasing g^ to 60% of its control value, eliminates
dendritic spikes and greatly decrease calcium influx. But if gKA is set to zero
simultaneously, dendritic spikes and the associated calcium influx returns. Lastly,
simulations show that a reduction in gKA decreases the amplitude of current injection
required to elicit dendritic spikes, similar to that seen in classical conditioning.
Acknowledgments. The support of this research effort by NIMH is gratefully
acknowledged.

Supported by FWO (Flanders), IUAP (Belgium) and BIOTECH (European Community).

U.Egert, D.H.Heck, and A.Aertsen*. Dept. of Biology III, Neurobiology and
Biophysics, University of Freiburg, Germany

To understand spatio-temporally coordinated activity in neural networks simultaneous
multi-site recording is a prerequisite. Substrate integrated, planar microelectrode
arrays (MEAs) have been developed to monitor spikes and local field potentials.
Equivalent circuits describing the situation for recording spike activity demand
resistances between recording site (i.e. the membrane patch) and reference electrode
(seal resistance Rs) to be much higher than those between the signal source and the
recording electrode. The surface of acute brain slices is covered with a layer of injured
cells and cell fragments produced by the cutting process, preventing close contact
between intact, active neurons and the recording electrode. According to the
aforementioned concept this reduces Rs and thereby degrades the recording situation.

the Neuroscience Institute, Northwestern University Medical School, 303 E. Chicago
Ave., Chicago, IL 60611.

Many areas of the cerebral cortex have relatively private channels of interaction with the
cerebellum. These channels transmit information around loops that appear to function as
macroscopic signal processing modules for regulating the population activity in any given
area of cerebral cortex. Here we test the hypothesis that each macroscopic cerebro-cerebellar
module is comprised of an array of microscopic signal processing modules that are
reciprocally organized. By simulating a simple model of developmental plasticity, we were
able to show that microscopic modules characterized by reciprocity are a natural outcome of
development.
Reciprocity exists when activity initiated in a unit returns to the same unit after traveling
through the multi-synaptic connections of the network. Each cortico-ponto-cerebello-thalamocortical network is comprised of four layers. A random connectivity matrix provided initial
conditions, and synaptic weights were adjusted based on a simple Hebbian rule stabilized by
weight normalization. The cortico-thalamo-cortical interconnections are known to be
reciprocally organized and were sometimes modeled as a single layer with self connections.
Random spontaneous activity in the cerebellum was assumed to drive the early stage of
network development. With these credible assumptions, there was a strong tendency for
perfect reciprocity to form, as expressed by the diagonality of the composite matrix expressing
connectivity around the entire network. When correlated activity was imposed in the cortical
layer by collateral connections, the composite matrix of the cortical layer developed a banded
diagonal structure. Curiously, the composite matrices of the pontine and cerebellar nuclear
layers then developed a complex patchy structure, which included some diagonality and some
off-diagonal symmetry. The diagonality signifies the presence of some first-order reciprocity
whereas the off-diagonal symmetry signifies second-order reciprocity that requires two
transits around the positive feedback loop of the network.
In summary, simple developmental rules would be expected to convert cortical-cerebellar
networks that are organized as macroscopic modules into an array of reciprocally organized
microscopic modules. The latter are well-suited for adult signal processing. This work was
supported by NIH/NIMH grant 5-P50-MH48185 to J.C.H.
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368.8

ELECTRICAL COUPLING IN INFERIOR OLIVE NEURONS
INCREASES INFORMATION TRANSMISSION AND COULD
IMPROVE CEREBELLAR LEARNING. N. Schweighofer* K Doya
and M. Kawato. ERATO Kawato Dynamic Brain Project, JST, Kyoto

MODELING COLLECTIVE OSCILLATIONS IN THE INFERIOR OLIVE.
P, Varona’, J.J. Torres1, H.D.I. Abarbanel1. V.I. Makarenko2, R. Elinas2 and M.I.
Rabinovich1*, ’institute for Nonlinear Science, UCSD, La Jolla, CA 92093-0402;
2New York University Medical Center, NY 10016.
Different mechanisms involved in the modulation of the inferior olive's (IO)
subthreshold oscillations and spiking activity have been studied using a realistic
model of cellular dynamics and network architecture. Single IO neuron modeling
includes INa, INa(p), IK, IK(d), IK(s), IH, IK(Ca), ICa (P/Q), and ICa (T), i.e., the
currents that play a major role in the single cell oscillation. The influence of these
currents, the network electrical coupling degree and extent, and the effect of the
cerebellar nucleus inhibitory loop were the main factors considered in determining
the network dynamics for up to 25000 fully modeled IO neurons. The cerebellar
nuclei were simulated using an integrate and fire paradigm since their detailed
dynamics are not included at this time in our study. Characteristic spatio-temporal
patterns were determined for all simulations, and demonstrated that cluster
synchronization were modulated by the amount of electrical coupling, the extent of
the connections and the feed-back inhibition. Hypothesis relating to the role of the
inferior olive in controlling and coordinating different rhythms through the intrinsic
oscillatory properties of the individual IO neurons and the recurrent inhibition by
the cerebellar nuclei are reviewed and discussed.
This work was supported by M.E.C., Universidad de Granada, O.R.D, Department
of Energy and ONR-N00014-93-0225.

The Purkinje cells, the sole output neurons of the cerebellar cortex,
receive two major excitatory inputs from the granule cells and the
inferior olive. Although it is generally accepted that the granule cells
carry a context for current sensorimotor actions, the inferior olive cells
have been implicated in contradictory functions, such as timing of
movements or motor learning. Inferior olive neurons have several
peculiar neurophysiological characteristics whose functional roles are
presently unclear. First, they fire at ultra-low firing rates, 2 or 3 spikes
per second. Second, they exhibit two types of spikes, dendritic spikes
and somatic spikes. Finally, the presence of electrotonic coupling by
gap junctions, which might be more extensive in the inferior olive than
in any other area of the brain, has yet to be taken into account by
research in cerebellar motor learning. Here, by building small
networks of electrically coupled inferior olive cell models
(Schweighofer et al. 1999, J. Neurophysiol., in press) that receive
realistic synaptic inputs, we show that electrical coupling can, by
generating desynchronizing somatic spikes, maximize information
transmission between high frequency inputs and ultra low frequency
output. According to modem computational theories of cerebellar
learning (Kawato and Gomi, 1993; Miall et al. 1993), the Purkinje
cells must receive error signals with good temporal resolution and
amplitude. Our results suggest that electrical coupling could allow
individual inferior olive cells to faithfully carry high frequency
temporal waveforms error signals for efficient cerebellar learning.
Supported by JST.
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368.9

368.10

A NOVEL MECHANISM FOR THE GENERATION OF SUB-THRESHOLD
OSCILLATIONS IN THE INFERIOR OLIVE VIA SYMMETRY BREAKING
J. Loewenstein’, H. Sompolinsky’* and Y. Yarom2. l,2Center for Neural Computation
’Racah Institute of Physics; institute of Life Sciences, The Hebrew University,
Jerusalem, Israel 91904.
Intracellular in-vitro measurements in inferior olive (IO) slices have revealed the
existence of subthreshold synchronized oscillations in the membrane potential at
frequencies of l-10Hz. Likewise, the action potentials of these cells were shown
in-vivo to exhibit oscillatory activity at similar frequencies, which is correlated with
rhythmic movement. Several considerations lead to the conclusion that a single IO
cell is quiescent, and that the oscillations result from the abundant electrical couplings
between the IO cells. Since electrical couplings tend to equalize the potentials of the
coupled cells it is unclear how they can destabilize the quiescent state. It has been
previously proposed that the oscillations emerge from electrical coupling of IO cells
with heterogeneous channel densities (Manor et al., 1997).
We present a novel mechanism for the generation of oscillations in electrically
coupled homogeneous neuronal networks. Network oscillations in this model occur
via a spontaneous breaking of the spatial symmetry, which destabilizes the
homogeneous state and leads to oscillations via a Hopf bifurcation. This mechanism is
realized in a model of a network of electrically coupled IO cells. These cells are
described by two compartments, an excitable soma, which incorporates the calcium
T-current measured in IO slices, and a passive dendrite. The cells are coupled via
dendro-dendritic gap junctions.
An analytical method for predicting the
spatio-temporal structure of the oscillations near the bifurcation point and in the limit
of strong coupling, has been developed. Using this method, it is shown that near the
bifurcation point the frequency of the oscillations is determined by the single cell
properties, whereas the relative phases and amplitudes of the oscillations are
dependent on the connectivity matrix of the network.

A HYPOTHESIS FOR PARALLEL FIBER CODING IN THE CEREBELLUM.

O. J.-M. D. Coenen1’2’3*, M. Arnold2, M.A. Jabri2, E. Courchesne1 and T.J.
Sejnowski3. ’RNA, San Diego Children's Hosp. Research Ctr.; 2CEL, EE, Univ.
of Sydney; 3UCSD, HHMI, CNL, The Salk Institute, La Jolla, CA 92037.
A hypothesis based on information theory is presented for the parallel fiber
encoding of mossy fiber inputs to the cerebellum. Conditions are derived under which interactions between the mossy fiber inputs, the granule cells, and the
Golgi intemeurons approximate a sparsely-distributed, statistically-independent
representation in the parallel fibers. A representation of this type minimizes
coding redundancy and maximizes the mutual information between the mossy
fibers and the parallel fibers. The number of mossy fiber inputs is much less
than the number of granule cells and a given set activates only a small fraction.
This suggests that the parallel fibers activities are the coefficients of an overcomplete basis set spanning the mossy fiber input space. In an overcomplete basis,
a given input can be represented by multiple patterns of activity on the output
neurons. The pattern which minimizes the number of active granule cells is obtained through inhibitory feedback from the Golgi cells, creating a sparse parallel
fiber code. Learning rules for synaptic plasticity in the granular layer further reduce the redundancy of the parallel fiber code over the ensemble of mossy fiber
input patterns. In this model, the ongoing Golgi cell inhibitory feedback, in addition to setting the firing thresholds of granule cells, can also change in real-time
the direction of the granule cells sensitivity in mossy fiber input space. This modulation may allow the parallel fibers to flexibly encode specific spatio-temporal
patterns of mossy fibers activity. Moreover, a sparse parallel fiber representation simplifies the learning controlled by Climbing fiber inputs at the Purkinje
cells and cerebellar intemeurons. Supported by a McDonnell-Pew Foundation
Grant, a William Girling Watson Fellowship, the Australian Research Council
and Howard Hughes Medical Institute.

VISUAL CORTEX: EXTRASTRIATE—VENTRAL STREAM ATTENTION AND COGNITION
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CAN DELAY PERIOD ACTIVITY EXPLAIN WORKING MEMORY?
S. Sobotka *, S.O’Neill and J.L.Ringo Department of Neurobioiogy &
Anatomy, University of Rochester Med. Ctr., Rochester, NY 14642

PRECISELY TIMED SPIKE PATTERNS IN TE NEURONS RECORDED
DURING SEQUENTIAL MATCH-TO-SAMPLE ARE PREDICTED BY
A SIMPLE STOCHASTIC MODEL USING THE PERISTIMULUS TIME
HISTOGRAM AND SPIKE COUNT DISTRIBUTION. M.W. Oram*', Z,
Liu2, and B.J, Richmond2. ’School of Psychology, St. Andrews University,
Scotland and 2NIMH, Bethesda, MD.
Some have speculated that precisely timed patterns of spikes play a
unique role in higher mental processes such as perception. Recently,
however, it has been shown that the precise patterns of spikes, specifically
triplets and quadruplets, found in LGN and VI neuronal responses during
passive viewing can be exactly predicted using a simple statistical model
using the peristimulus time histogram and the actual distribution of spike
counts (Oram et al, J.Neurophysiol,1999). Here we examine data taken
from neurones in inferior temporal area TE of two monkeys performing a
visual match-to-sample task. As previously reported there are small, but
significant differences in the neuronal responses to visual stimuli related to
whether they appear in the sample, match or non-match condition.
Therefore, it is not surprising that the numbers of these precise patterns are
different in these conditions, also. To play a unique role in higher functions
there should be precisely timed patterns that are not related to the spike
count and PSTH shape. Our measurements show there is information about
the stimuli and conditions in the precisely timed patterns. However, the
information is only about 20% of that carried in the spike count and the
information is completely redundant with the spike count. Furthermore the
precisely timed spike patterns are exactly predicted using the same spike
count matched model used for VI and LGN. Thus, because the precisely
timed patterns are exactly predicted by knowing the spike count and PSTH,
the precise firing patterns seen here can play no unique role in higher
functions.

Working memory tasks often lead to elevated delay period discharge
rates in cortical neurons. This elevated neuronal discharge rate (called delay
activity) shows stimulus specificity and is a good candidate for a neuronal
mechanism of working memory. If this delay activity is indeed the carrier of
memory then electrical stimulation during the delay period which disrupts
delay activity, should also disrupt behavioral performance.
We have begun to test this hypothesis, so far, recording 153 cells from
inferotemporal and ventral frontal cortices of a macaque monkey. Only two
visual images were used in a delayed matching-to-sample task randomly
choosing one as the sample in each trial (10 sec delay). In control trials
(without stimulation) the monkey performed at the level of 75% correct. Three
electrical stimulation levels (mild - 0.25 sec train of electrical pulses; medium
- 1 sec train; strong - 4 sec), provided to the ventral surfaces of frontal and
inferotemporal cortices, decreased the performance to 70%, 61%, and 53%
respectively (all are less than control performance, p<0.001). Significant
(p<0.05), stimulus-specific, delay activity was found in 24 cells (16%). In
these 24 cells the mean difference in delay period spike rate between
preferred and non-preferred images was 0.4 spikes/sec in control trials, 0.7
spikes/sec in trials with mild stimulation, 0.4 spikes/sec with medium
stimulation and 0.2 spikes/sec with strong. The stimulus selective activity
shows a trend (p<0.1) toward reduction following strong stimulation
(compared with mild stimulation) but the data set does not yet have sufficient
power for more statistical assurance. The stimulus-specific, delay-period
activity in trials with mild stimulation (but not with medium or strong
stimulation) showed good correlation (across cells) with those from control
conditions (Pearson, 0.52, p<0.01).
Supported by NIH grant NS24217
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DENDRITIC INTERACTIONS COULD ACCOUNT FOR STIMULUS COMPETITION AND ATTENTIONAL MODULATION IN
VISUAL CORTICAL NEURONS.

MONDAY PM

369.4

K.A. Archie*, Neuroscience Program, USC, MC 2520, and B.W. Mel, Dept.
of Biomedical Engineering, USC, MC 1451, Los Angeles, CA 90089.
Reynolds, Chelazzi, and Desimone (J. Neurosci. 19:1736, 1999) showed
that when two stimuli are presented simultaneously within the receptive field of
neurons in area V2 and V4 in macaque, the firing rate of some cells is a weighted
average of the responses evoked by the two stimuli presented in isolation—
reflecting a fundamentally competitive stimulus interaction. Thus, a stimulus
that boosts the response of the cell when presented alone can suppress the
response of the same cell when presented together with a more effective visual
stimulus. They showed further that attention biased the competition, boosting
cell responses when attention was directed to the more effective stimulus and
suppressing cell responses when attention was directed to the less effective
stimulus. Using a biophysically-detailed compartmental model, we tested the
hypothesis that this form of competition could arise via interactions between
excitatory and inhibitory inputs onto the active dendrites of a single visual
cortical neuron. We observed the appropriate patterns of response boosting
and suppression when it was assumed that each visual stimulus, or attention
to that stimulus, activated both excitatory and inhibitory inputs to the cell—
but on different dendritic branches—i.e., in a wiring pattern consistent with
a Hebbian developmental rule. Given the strong compartmentalization of the
cell, inhibition caused by one stimulus was most effective at suppressing the
active dendritic responses driven by the other stimulus. Supported by NSF.

VISUAL ATTENTION AND COMPETITIVE NEURAL NETWORK MODELS
Vincent P. Ferrer^ Andrei Barborica.
Center for Neurobiology and Behavior, Columbia Unversity, New York, NY 10032
Selective attention produces observable effects on eye movements and on the
responses of neurons in visual cortex. Recent work has suggested that a unitary
explanation of these phenomena may be achieved by a single class of “biased
competition” models. To test this, we implemented a quasi-linear network of
integrate-and-fire neurons with recurrent inhibition. The key features of this model
are a) substractive recurrent inhibition and b) additive or multiplicative attentional
bias. By varying these two parameters, the model provided fits of currently
available data on: a) Vector averaging in a two moving target smooth-pursuit task
(Lisberger & Ferrera 1997). b) Winner-take-all smooth pursuit in the presence of
an attentional bias (Ferrera & Lisberger, 1997). c) The effect of distractors on
response latency (ibid), d) Gain modulation of neuronal responses by spatial
attention without affecting orientation tuning (McAdams & Maunsell, 1999). e) A
linear relationship between response normalization and attentional modulation
(Reynolds et al., 1999). f) Shifting receptive fields when attention is directed away
from the receptive field (Connor et al. 1997). The performance of the network can
be characterized in terms of a transition from vector summation to vector averaging
and a second transition from vector averaging to winner-take-all behavior. The first
transition corresponds to response normalization and can be achieved with
subtractive inhibition alone. The second transition requires an attentional bias
along with the inhibition. The model shows that a weak attentional bias, equivalent
to 25% modulation of the sensory response, can result in winner-take-all behavior
given sufficiently strong inhibition. However, physiological data from visual area
V4 can be modeled with relatively weak inhibition. When attention is directed
outside the receptive field, an additive or multiplicative bias alone results only in a
distortion of the RF; a true spatial shift requires competitive inhibition. On the
other hand, excess inhibition distorts the Gaussian shape of orientation tuning
functions. The model therefore suggests that winner-take-all behavior results from
the cumulative effects of weak inhibition over a series of processing stages rather
than strong inhibition at a single stage. Supported by NIH grant MH59244,
Whitehall and Klingenstein Foundations.

369.5

369.6

LOW-FREQUENCY OSCILLATIONS IN MACAQUE IT CORTEX
DURING COMPETITIVE INTERACTIONS BETWEEN STIMULI
C.R. Olson* and J.E. Rollenhagen. Center for the Neural Basis of
Cognition, Carnegie Mellon University, Pittsburgh, PA 15213 and
Neuroscience Department, University of Pittsburgh, PA 15260.

THE EFFECTS OF V47TEO LESIONS ON RESPONSES OF MACAQUE
AREA TE NEURONS TO TARGETS EMBEDDED IN DISTRACTERS.

Some neurons in inferotemporal cortex (IT) of the alert macaque
monkey respond to onset of a visual stimulus by firing a series of
sharply defined bursts at a frequency of around 5 Hz (K. Nakamura et
al., Neurosci. Res. 12: 293, 1991). One possible explanation for this
phenomenon is that the new stimulus and other elements in the visual
scene compete, with alternating success, for inferotemporal processing
resources. We have examined this possibility by recording from single
neurons in IT during presentation of multiple visual stimuli. While the
monkey maintained central fixation, either or both of the following
could be presented: a central pattern selected to drive the neuron and a
peripheral stimulus to which the monkey was required to attend. We
monitored neuronal activity under four conditions with the following
results. 1) Onset of the peripheral stimulus in the absence of the central
pattern elicited little or no response. 2) Onset of the central pattern in
the absence of the peripheral stimulus elicited a strong response with
only a minor oscillatory component. 3) Onset of the central pattern in
the presence of the peripheral stimulus elicited a strong response with a
marked oscillatory component phase-locked to pattern-onset. 4) Onset
of the peripheral stimulus in the presence of the central pattern elicited a
succession of inhibitory troughs phase-locked to stimulus-onset. We
conclude that competition between stimuli underlies the oscillatory
visual responses exhibited by some IT neurons.
EYl 1831

G. Bertini*, E.A. Buffalo, H. Thakar, B. Jagadeesh, P. De Weerd. R. Desimone and
L.G. Ungerleider. LBC & LN, NIMH, Bethesda MD 20892.
Directed attention to a behaviorally relevant visual stimulus can overcome the
distracting effects of other nearby stimuli, and physiological studies suggest that the
critical attentional mechanisms are located in visual areas of the ventral processing
pathway. This idea was tested in a behavioral study of monkeys with “mosaic”
visuotopic lesions of areas V4 and TEO (De Weerd et al., Soc.Neurosci.Abstr., 1996).
In these monkeys, one quadrant of the visual field lacked input from V4, one quadrant
lacked input from TEO, one quadrant lacked input from both areas, and one quadrant
received normal input. In all lesion quadrants, the monkey’s ability to discriminate a
target stimulus was severely impaired by the presence of nearby distracter stimuli.
These findings suggest that neurons at the next stage of processing in the ventral
pathway, area TE, should receive information about target stimuli in the lesion quadrants that is degraded by the presence of distracters.
To test this, we recorded from TE neurons in one of the operated monkeys described above. The monkey fixated a spot at the center of the computer screen and
attended to stimuli presented in each of the four visual quadrants, with and without
bright white distracters surrounding the targets. Targets were chosen so that they
could be either effective (“good”) or ineffective (“poor”) in driving the neuron when
presented alone. The difference in neuronal responses elicited by good and poor target
stimuli indicated the amount of useful information available for a behavioral response.
Data from 35 neurons suggest that, in parallel with the previously demonstrated
behavioral effects of the lesions, the ability of TE neurons to discriminate between
targets in the presence of distracters is significantly more impaired when stimuli are
presented within the quadrants affected by the lesions than in the normal quadrant.
These preliminary results are consistent with the hypothesis that V4 and TEO provide
a substrate for integrating visual input with an attentional signal that biases the competition among stimuli in favor of those that are behaviorally relevant.
Supported by NIMH-IRP.

369.7

369.8

AN ESTIMATE OF RECEPTIVE FIELD SIZES IN HUMAN VISUAL
CORTEX. M. Pinsk, S. Kastner, R. Desimone, L.G. Ungerleider*. LBC
and LN, NIMH, Bethesda, MD 20892.
Multiple stimuli present simultaneously in the visual field interact in a
mutually suppressive way. Such suppressive interactions are scaled to the
receptive field (RF) size of neurons in visual cortex (Kastner et al.,
Science 1998, 282:108). Here, we investigated if suppressive interactions
could be modulated by increasing the distance between neighbouring
stimuli to yield an indirect measure of RF sizes in multiple visual areas.
Five subjects were scanned in a 1.5 Tesla GE Signa magnet using
gradient echo EPI. Complex images (0.5x0.5 deg) were presented either
sequentially or simultaneously for 250 ms interleaved with blank periods.
Stimulation parameters were the same in the two conditions; suppressive
interactions between stimuli could take place only in the simultaneous
but not in the sequential condition. The four stimuli were presented
maximally separated within a 2x2, 4x4, or 6x6 deg display area, which
was centered at an eccentricity of 4.5 deg in the upper right quadrant.
For the 2x2 deg display, sensory suppression was found to be weak in
VI and strong in all activated extrastriate areas. For the 4x4 deg display,
no suppression was seen in VI, suppression was reduced in V2 and V4,
but unchanged in TEO and V3A. For the 6x6 deg display, suppression
was absent in V2, further reduced but still present in V4, and unchanged
in TEO and V3A. When the 6x6 deg display was centered over a
hemifield instead of a quadrant, suppression was absent in all areas.
In conclusion, RF sizes in human visual cortex increased progressively
and were estimated to be <2 deg in VI, 2-4 deg in V2, about 6 deg in V4,
and confined to a single quadrant in TEO and V3A. These RF sizes are
similar to those measured electrophysiologically in the macaque monkey
at the same eccentricity, suggesting a similar retinotopical organization of
early visual areas in the two species.

NEURONAL ACTIVITY OF MONKEY ANTERIOR TEMPORAL CORTEX
INCLUDING PERIRHINAL CORTEX AND AREA STPa DURING FACE
IDENTIFICATION. Satoshi Eifiiku*. Wania C, de Souza. Hisao Nishijo. Rvoi Tamura,
and Taketoshi Ono, Dept. Physiol., Fac. Med., Toyama Med. & Pharmaceu. Univ.;
Toyama, 930-0194, Japan.
We recorded single unit activity from the anterior temporal cortex including the
rhinal cortex (Rh) and the anterior superior temporal polysensory area (STPa) of
monkeys during a delayed matching-to-sample task based on identification of faces (IDMS task). In the I-DMS task, a sample stimulus was presented after fixation, then test
(“match” or “non-match”) stimuli were followed after a period of inter-stimulus delay.
The visual stimuli were digitized images of faces of persons that were either unfamiliar
or familiar to the monkey. The monkey was required to identify the same person
instructed in the sample; “match” stimuli consisted of seven images of the person
viewed from seven angles (-90°, -45°, -22.5°, 0°, +22.5°, +45°, +90°). Some
intervening (“non-match”) stimuli were presented until the “match” finally appeared.
Also some neutral abstract patterns were used as control. We found mental rotation
effect as shown in Figure 1; the reaction time (lever pressing) was proportional to the
angle between the sample and “match” stimuli.
During the I-DMS task we found various types of face-responsive cells in the Rh and
560 ,
STPa. (Locations of the cells were determined by
Fig.1
magnetic resonance images.) Some cells responded
better to “match” than sample, while others had
opposite responses. Some ceils responded better to
faces that were unfamiliar to the monkey than
familiar ones, while others had opposite responses.
5 460 !
= 440Q
Some face-responsive cells showed selectivity
5
A
> 420 j
depending
on the viewing angle of the faces; some
Hatsuko1207
' 400 J
responded best to 0° or ±45°, others just had broad
tuning. The results suggest crucial roles of the Rh
and STPa for identification of faces.
'
Angle (deg)
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369.9

369.10

RETRIEVAL DYNAMICS OF ASSOCIATIVE MEMORY MODEL CAN
EXPLAIN TEMPORAL DYNAMICS OF FACE-RESPONSIVE NEURONS
IN THE IT CORTEX. M. Okada1*, K. Toya2, T. Kimoto3 & K. Doya1. 1 JST,
Kyoto, 619-0288, Japan. 2Osaka Univ., Osaka, Japan. 3Oita National College of Tech., Oita, Japan.
Recently, Sugase et al. (1998) analyzed the time-course of the information carried by the firing of face-responsive neurons in the IT cortex. They
found that the initial transient firing correlated well with rough categorization (e.g. face vs. nonface stimuli), and the subsequent sustained firing
represented finer information, (e.g. specific person or expression). They divided neurons into three groups, called dual-, fine- and rough-neurons, based
on the information they code. In order to investigate the mechanism of such
temporal dynamics, we employ a simple correlation-type associative memory
model with distributed, hierarchically correlated memory patterns, which
may mimic their input stimuli. The model dynamics is stable not only for
stored memory patterns but also for mixed states, which are superpositions
of memory patterns. We found that the retrieval dynamics can qualitatively
replicate the temporal dynamics of face-responsive neurons as follows. Initially, the network state approaches a mixed state which is a superposition of
patterns representing different persons or expressions. After that it diverges
away from the mixed state and finally converges to a single memory pattern
representing a specific person or expression. The model neurons can be classified into rough-, fine and dual neuron groups according to whether they are
active in the mixed, specific memory patterns or so on. The time constant of
groups having the finer or rougher information is respectively slower or faster.
The neurons in the slowest group tend to become the dual neurons. Based
on this model, we propose a new physiological experiment, where a noisedegraded image is employed as in the work of the Shidara et al. (1995). We
conjecture that there is a critical noise value above which temporal behaviors of fine and dual-neurons dramatically change because the network state
converges not to the memory pattern but to the mixed state. (Supported by
JST)

BRAIN REGIONS INVOLVED IN MAINTENANCE OF ATTENTION AND
SHIFTING BETWEEN GLOBAL AND LOCAL STRUCTURES OF VISUAL
PATTERNS: A PET STUDY IN MACAQUE MONKEYS H.-K. Tanaka1*. H.
Onoe’-4, H. Tsukada5 and I. Fujita12’. 'Dept. Cogni. Neurosci., Med. Sch. and 2Grad.
Sch. Eng. Sci., Osaka Univ., ’CREST, JST, Osaka, 4Dept. Psychol., Tokyo Metropol.
Inst. Neurosci., Tokyo, ’Central Res. Lab., Hamamatsu Photonics, Shizuoka, Japan.
To identify brain areas involved in maintenance of visual attention and shifting
between global and local structures of stimulus patterns, we applied positron emission
tomography (PET) techniques to measure the regional cerebral blood flow (rCBF) in
monkeys during a visual discrimination task. Visual stimuli were large letters (N, Z,
reversed N, or reversed Z; 2.7x2.7 deg2) made of a string of the same small letters (N,
Z, reversed N, or reversed Z; 0.4x0.4 deg2) (e.g., a large N made of 13 small reversed
Ns). Two monkeys (Macaca fuscata) were trained to detect a target (N or Z) which
appeared pseudorandomly at either the global or the local level of the visual stimulus
("global or local trials"). The monkeys were supposed to shift their attention between
the global and local levels of the stimulus patterns when a sequence of trials changed
between global and local trials. The number of switches between global and local trials
was varied from 1 to 9 in the first 24-sec epoch of each scan, while the number of
global trials were kept the same as that of local trials throughout all PET scans. We
identified brain areas whose rCBF changed with the number of target switches using
the SPM 95 software. An increase in the rCBF in the posterior part of the lateral
intraparietal (LIP) area was positively correlated with the number of target switches
between the two levels. On the other hand, an increase in the rCBF in the medial
frontal cortex including Brodmann's areas 14, 24, 25 and 32, was negatively correlated
with the number of target switches. The two areas were the only areas whose rCBF was
significantly correlated with the number of switches in a consistent manner in the two
monkeys. The results suggest that area LIP is involved in the shifting of attention
between global and local levels of visual patterns, whereas the medial frontal areas are
involved in the maintenance of attention at one level, (supported by CREST)
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370.2

IMMUNOHISTOCHEMICAL PARCELLATION OF THE INFEROTEMPORAL
CORTEX AND MEDIAL TEMPORAL LOBE STRUCTURES IN MACAQUE
MONKEYS. K.S. Saleem*andT, Hashikawa. Riken Brain Science Institute, Japan.
In the present study, the regional characteristics, and the architectonic boundaries of
the inferotemporal area TE, and the medial temporal lobe structures (perirhinal cortex
and parahippocampal gyrus) were examined in different macaques (M. fuscata, M.
fascicularis and M. mulatto), using an antibody to neurofilament protein (SMI32) and
the calcium binding protein, parvalbumin.
There was a distinct difference in the laminar density of parvalbumin (PV+)
staining at the border between the rostral parahippocampal gyrus (PHG) and the
posterior ventral TE (TEpv) in different macaques. The staining of both PV+ neurons
and fibers in layers 2 to 6 was sparser in PHG than in TEpv. Such distinction was not
found between the caudal PHG and the TEpv or ventral TEO. The rostral extent of the
PHG was delineated at the caudal end of the rhinal sulcus, because in our previous
WGA-HRP injection studies, the distribution of labeled neurons projecting from PHG
to the dorsal and ventral subregions of anterior TE (TEad and TEav, respectively), was
discontinued at this level. The differential distribution of PV+ labeling was also found
in TEad, TEav, and areas 35 and 36 of the perirhinal cortex (PRC). Also the
cytoarchitectonic border between TEav and PRC was reliably demarcated in Nissl and
parvalbumin stained sections in different macaques. There were also distinct differences
in the laminar distribution of SMI-32 labeled pyramidal neurons in TEad, TEav, and
PRC. In TEad and TEav, labeled pyramidal neurons were found in layers 3B, 5 and 6,
but the highest density of neurons in layer 3B was found in TEad. In contrast, in
PRC, the labeled neurons were mostly found in layers 5 and 6. There was a distinct
laminar distribution of SMI32 labeled pyramidal neurons in the caudorostral extent of
parahippocampal gyrus: mostly layers 5 and 6 in the rostral PHG, and layers 3B, 5 and
6 in the caudal PHG. In contrast, in the laterally adjacent TE (TEpv), the labeled
neurons were found in layers 3A, 3B, 5 and 6. These differential distributions of PV+
and SMI-32 labeled neurons in different subregions of TE, PRC and PHG, together
with our previous connection studies suggest that these architectonic regions are
anatomically distinct. Supported by Riken BSI Grant 57911.

OPTICAL RECORDING OF CHROMATIC PROCESSING
MODULES IN AREA V4. Y. Xiao, A. Zych, and P.J, Felleman*. Dept.
of Neurobioiogy and Anatomy, University of Texas Houston Medical
School. Houston TX 77030.
Previously, we reported that V2 thin stripe and interstripe projections to
area V4 terminate in largely segregated zones with minimal overlap between
them (Xiao and Felleman, ‘96;’97;’98). V2 interstripes terminated in large
fields that averaged 2x4 mm while thin stripes terminated in smaller fields
that averaged 1x2 mm. In the current experiments, optical recording of
intrinsic cortical signals is used to investigate the organization of chromatic
processing in V4. Similar to the strategy used to activate V2 thin stripes,
comparisons of cortical responses to isoluminant color gratings of low
spatial frequency (0.5 c/d) with achromatic gratings of higher frequency (2.0
c/d) revealed chromatic processing modules in V4. Images were acquired
with a focal plane -300-500 below the cortical surface. In most experiments,
an array of 2x2-degree windows that shifted position between trials was
effective in activating restricted portions of V4. In one case, full screen
stimulation was effective in evoking localized responses in V4. In each
case, regions were considered activated if the foci were (1) stimulus
dependent, (2) not associated with blood vessel artifacts, and (3) repeatable
across 2 or more imaging runs that were separated by 1 hour or more. In
agreement with Ts’o and Ghose (’97), activated chromatic modules in
parafoveal V4 were about 1-2 mm by .5 -1.0 mm. In cases with 2 or more
activated regions, foci were separated by 1-2 mm. These results suggest that
the chromatically activated foci may represent the primary projection foci of
V2 thin stripe afferents. Supported by ROI EY-08372 and P30 EY-10608.

370.3

370.4

MONKEY V4 NEURONS INTEGTRATING THE DIRECTIONS OF LOCAL
LUMINANCE GRADIENTS IN SHADED 3-D TEXTURES. A. Hanazawa*. H. Komatsu.
Lab. of Neural Control, Natl. Inst. Physiol. Sci., Okazaki 444-8585, Japan.
Shading is one of the principal cues for recovering three-dimensional (3-D) structures
from the two-dimensional (2-D) visual image. Using shaded 3-D textures, we investigated
the involvement of macaque area V4 in extraction of 3-D shape from shading. While the
monkey was performing a fixation task, single neuronal activities were recorded. Visual
stimuli were presented on a CRT display. We examined responses of the neurons to the
rectangular stimuli of textures covering the receptive field. Each texture comprised multiple
small patches scattered over the rectangle. Each patch consisted of a pair of bright and dark
2-D Gaussian-spots overlapping each other and it looked like a shaded convexity or concavity.
The direction of a single patch was defined as the direction of the luminance gradient from
bright to dark along the axis connecting centers of the Gaussian-spots. When all elementary
patches had the same direction, the entire stimulus was perceived as 3-D texture. When the
directions were randomized, 3-D appearance was abolished, and flat 2-D texture was
perceived instead. Many V4 neurons responded strongly to this type of stimuli, and
exhibited selectivity for size and density of the patches. Interestingly, some of them had
clear selectivity for the direction of the patches; strong response was elicited by a certain
direction of patches and no response by the opposite direction. Stimuli with randomly
directed patches did not elicit the responses. This type of selectivity for patch directions
cannot be explained by complex-cell-like selectivities for orientation and spatial frequency.
Rearrangement of the positions of the patches did not affect the selectivity, which excluded
possibilities that the selectivity might have been due to spatial phase or some particular
arrangement of the patches. These results suggest that V4 neurons integrate the information
about directions of local luminance gradients that might be detected in earlier stages. Such
process may play a prominent role in shape from shading or related perceptual phenomena
such as detection of light source, segregation and grouping of concave and convex patterns.
Supported by JSPS-RFTF96L00202 and Grant 08279102 from Min. of Educ.

COMPLEX CONTOUR FEATURES DICTATE SHAPE
RESPONSES IN MACAQUE AREA V4. A. Pasupathy* and C. E.
Connor. Krieger Mind/Brain Institute, Dept. of Biomedical Engineering
and Dept. of Neuroscience, Johns Hopkins University, Baltimore MD
21218.
We have previously shown that many cells in area V4 are tuned for
simple contour features (convex and concave angles and curves). In the
current study we tested V4 responses to a wide variety of shapes and
found that response patterns can often be explained in terms of tuning
for complex contour features, i.e., combinations of adjoining angles and
curves.
Activity of isolated V4 cells was recorded from two awake fixating
monkeys while stimuli were flashed in the cell’s receptive field. The
stimulus set consisted of 370 shapes constructed by systematically
combining 4 to 8 simple contour features (sharp convex projections,
blunt convex projections, broad convex curves and concave
indentations) at various angular positions. Many V4 cells responded
consistently to shapes with a particular contour configuration at a
specific angular position. We used a modified stepwise regression
procedure to model each cell’s response pattern in terms of simple and
complex contour feature effects. Complex contour features (e.g., a
concave indentation adjacent to a sharp convex projection) explained
the largest percentage of response variance for the majority of cells
analyzed so far.
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370.5
WHICH DISCRIMINATIONS DEPEND ON CORTICAL AREAS V4 OR TEO;
SORTING OUT NON-SPECIFIC EFFECTS OF CORTICAL LESIONS , W, H.
Merigan* Department of Ophthalmology and Center for Visual Science, University
of Rochester, Rochester, NY 14642
Previous reports from a number of laboratories have described both transitory
and permanent perceptual disruptions following lesions of cortical areas V4 or
TEO. Permanent disruptions include failures of perceptual grouping, reduced ability
to detect popout stimuli that are smaller than distractors, and very prominent
masking of orientation discriminations by irrelevant stimuli. Transitory effects
include slow learning of new shape discriminations, and disruption of texture
segmentation. Because these changes are retinotopically matched to the site of the
lesion, they have been considered candidate capabilities that may indicate the
contribution of extrastriate areas V4 and TEO to visual perception.
We now report that both V4 and TEO lesions cause retinotopic disruptions of
a number of perceptual abilities that are unlikely to reflect the unique contributions
of these cortical areas to vision. These disruptions include reductions in acuity,
contrast sensitivity, noise masked contrast sensitivity and texture or contrast
modulated sensitivity. Identification of the neuronal basis of these non-specific
effects of cortical lesions (e.g. altered internal noise or efficiency) will permit a reexamination of published effects of extrastriate lesions to determine which reflect
the function of extrastriate visual areas.
Supported by NIH grant EY08898 and an unrestricted grant from Research to
Prevent Blindness

CUES FOR OBJECT SURFACE ORIENTATION DRIVE NEURAL
RESPONSES IN INFEROTEMPORAL CORTEX. K.P. Purpura*, S.F. Kalik, and
N.D, Schiff. Dept. Neurology and Neuroscience, Weill Medical School of Cornell
Univ.; New York, N.Y. 10021.
The appearances of objects in visual scenes are influenced by viewpoint,
lighting, surface reflectance, and the local and global geometrical relationships
between surfaces. Are all of these factors encoded in the neural activity of the
ventral “what” pathway? Simultaneous single and multi-unit recordings were made
in Vl/TE or V2-4/TE in a monkey trained to perform a pattern recognition task. The
monkey viewed a sequence of arrays of shaded hexagons controlled by a multiinput (8 regions) binary m-sequence, and was rewarded if a bar was released within
500 ms of the presentation of a configuration which was not part of the sequence.
During the sequence a new array was shown on the CRT every 500 ms. For one
configuration, “Y” junctions joined shaded regions of the hexagons. The orientation
of the Y junctions (opening up or down) and the colorings of the joined surfaces
provided cues for the orientations of array elements. The binary states of the msequence were assigned to (a) Y junction up: a cube lighted and viewed from above
(b) Y junction down: a cube lighted and viewed from below. Substituting X
junctions for Y junctions produced a “flat” texture with no appearance of relief. The
target was presented following 4, 8, 10, or 12 exchanges in the 6,h-order m-sequence
(trials randomly interleaved). Standard and inverted sequences were each presented
8 times.
Preliminary results indicate that neurons in TE are selective for X and Y
junctions. Neighboring regions in some of these large receptive fields responded
with opposite changes in mean firing rate to the same (but temporally shifted)
sequence of junction transitions. Transitions between the cues that occurred up to 2
seconds in the past could influence TE responses. Neurons in VI and early
extrastriate cortex were less selective for these visual features.
Supported by: NS36699(KP), EY07138(SK), NS02014(NS)

370.7

370.8

SENSITIVITY OF MACAQUE INFERIOR TEMPORAL NEURONS TO
VARIATIONS IN OBJECT SHADING. R. Vogels1*, I. Biederman2 and M. Bar2.
’Lab. Neuro-en Psychofysiologie, KULeuven, Belgium; 2Dept. Psychology, Univ. of
Southern California, CA.
Primates can recognize objects that are illuminated from different directions. Is this
invariance to image shading reflected in the tuning of inferior temporal (IT) neurons9
The stimuli were gray-level rendered images of 13 two-part objects, of equal mean
luminance, illuminated from one of 5 different directions. Single IT neurons were
recorded in 2 alert monkeys during fixation. Responsive neurons were searched by
presenting frontally illuminated versions of all 13 objects and testing 2-4 of these
objects further with the 5 shaded versions. The responses of 54 (57%) of the 94
responsive neurons differed significantly for the different directions of illumination,
although the preferred direction was not consistent for a given neuron over the
different objects. The median difference in response between the "best" and the
“worst” shading versions of the “best” object was 36% of the response to the “best”
shading version, a value considerably smaller than the median 76% difference
between the mean responses to the “best” and “worst” objects averaged over the
shading conditions. Are neurons that show no shading effects responding merely to
the outer object borders? 55 additional neurons were tested with silhouettes of the
same objects (equal in mean luminance to the shaded images). 17 of these neurons
were unaffected by variation in shading direction but responded significantly
different, usually less, to the silhouettes than to shaded images, indicating that their
illumination-direction invariance was not due to insensitivity for luminance variations
inside the object border. While each neuron responded differentially to 4 objects
when the images were shaded, 6/17 neurons did not differentiate the 4 objects when
these were presented as silhouettes, indicating that these neurons required a
luminance change within the object’s outer border to show a selective response.
Overall, the results show that while some IT neurons are, to a variable degree,
sensitive to the shading pattern of an object image, the response of others is invariant
over changes in direction of illumination.(Supported by FWO. GOA95/99/6, GSKE).

SHAPE DEFINED BY DISPARITY EVOKES RESPONSES IN MONKEY
INFERIOR TEMPORAL NEURONS. H. Tanaka1*, T. Uka2, K Yoshiyama', M Kato2 and I.
Fujita1,2. 'Graduate School of Engineering Science, Osaka University and 2CREST Japan
Science and Technology Corporation. Toyonaka, Osaka 560-8531, JAPAN.
Neurons in the monkey inferior temporal cortex (TI ) have been shown to respond to shape
defined by luminance, texture or motion cues. In the present study, we determined whether IT
neurons respond to shape defined by disparity and how invariant their shape selectivity is for
different visual cues. Extracellular neural responses to random-dot stereograms (RDSs) were
recorded from the IT of two monkeys (Macaca fuscata). Each RDS gave rise to 1 of 8 different
shapes when shown stereoscopically and fiised binocularly. At the beginning of a trial, the entire
screen of the monitor was filled with a random-dot pattern with no shape defined by disparity in
it (prepattem). Wliile the monkeys fixated on a small spot at the center of the screen, a central
rectangular region changed the dot pattern for 2 seconds to form 1 of the 8 shapes. We analyzed
only those neurons whose responses to at least one of the RDSs were significantly different from
those to the prepattern. One-fifth of the neurons showed differential responses to the 8 RDSs
(ANOVA, p<0.05). Tliis response selectivity disappeared when the RDSs were presented
monocularly. Moreover, some of these neurons showed similar response profiles to two different
sets of RDSs that gave rise to the same set of shapes. Ihe results indicate that the observed
response selectivity represents the selectivity to shape defined by disparity, and not the selectivity
to the dot pattern per se. We next analyzed the responses of the neurons to shapes defined by
texture or luminance cues. Of the neurons which showed varying responses to different shapes
defined by disparity or texture, the population which showed excitatory responses to both cues,
on average, maintained similar shape selectivity. The same tendency was observed for disparity
and luminance cues. This indicates that IT neurons encode shape in a cue-invariant manner for
disparity and texture cues, and for disparity and luminance cues. (Supported by CREST, JSPS,
and FUJITSU)

370.9

370.10

HOW SELECTIVE AND RELIABLE ARE VISUAL RESPONSES OF
INFERIOR TEMPORAL CORTEX NEURONS? : COMPARISON BETWEEN
ANAESTHETIZED AND AWAKE CONDITIONS. M. Kato2 3*. T, Uka1.1. Filiita/f.
'Grad. Sch. Eng. Sci., Osaka Univ., 2CREST, JST, Toyonaka, Osaka 560-8531, ’Brain
Func. Res. Grp., KARC, CRL, Nishi-ku, Kobe, Hyogo 651-2401, JAPAN
Neurons in area TE of the monkey inferior temporal cortex have been shown to
respond to complex shapes, color, or texture. The reported degree of response
selectivity, however, markedly differs among previous studies. This difference may
result from a difference in the experimental procedure such as the state of monkeys
during recording (anaesthetized vs. awake conditions) or the number and type of visual
stimuli used in experiments. In order to examine the effect of animal state on
responses of TE neurons, we compared visual responses of neurons sampled in nearly
identical regions of area TE in a monkey (Macaca fuscata) between awake and
anaesthetized conditions. We used a fixed set of 80 predetermined stimuli including
black and white geometrical shapes and photographs of objects.
We obtained 194 and 60 extracellular multiple-unit activities under awake and
anesthetized conditions, respectively, and 99 % of the recorded units showed
statistically significant responses to more than one of the stimuli. The number of
stimuli evoking a statistically significant excitatory response was larger under awake
condition (range, 0-76; median 11) than under anesthetized condition (range, 1-30;
median 3). The tuning width of selectivity measured as the half-peak width of the
stimulus-response curve was not different between the two conditions. The variability
of the response magnitude across multiple presentations of identical stimuli was larger
under anesthetized condition, while the variability of spontaneous firing during a
prestimulus period did not differ between the two conditions. Thus, despite the similar
response tuning between awake and anaesthetized animals, neurons under an
anesthetized condition may respond to a smaller number of stimuli compared to those
under an awake condition due to larger variability of responses across stimulus
presentations, and hence, a lower probability of responses being statistically
significant (Supported by CREST)

FEATURE-BASED REPRESENTATION OF OBJECTS IN
MACAQUE AREA TE REVEALED BY INTRINSIC OPTICAL
IMAGING
K. Tsunoda*. M. Fukuda and M. Tanifuji. Lab. Integrative
Neural Systems, Brain Science Institute, RIKEN, Saitama, Japan
Looking at an object in the visual field, our brain constructs a
representation of the object suitable for visual perception and recognition.
To identify the internal representation of objects, we have studied spatial
patterns of neural activation in area TE by using intrinsic optical imaging.
As shown previously, at least some complex objects are represented by
particular combinations of clusters of neurons, each of which represents a
moderately complex geometrical feature (Tsunoda et al., Neurosci. Abstr.
1998). However, the underlying neuronal mechanism by which complex
objects are represented was not clearly understood because the property of
cells in each spot was not directly examined.
In this study we recorded unit activities of cells from the spots identified
by previously optical imaging, and we could categorize the cellular properties
of spots into two different types: 1) spots which were activated by a partial
geometrical feature without changing their response when different partial
features were added to it, 2) spots which reduced their activities when some
other geometrical features were added to their preferred features.
Based on these findings we proposed that combinations of partial
features are used to represent complex object images in area TE not only in
an additive way (A+B+C), but also in additive plus subtractive way (A±B±
C), where A, B and C represent object features.
Supported by the Japanese Science and Technology Agency.
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370.12

CODING OF OBJECT POSITION IN THE BANKS OF THE
SUPERIOR TEMPORAL SULCUS OF THE MACAQUE.

ACTIVATION OF THE MACAQUE VISUAL CORTEX IN A COLOR
DISCRIMINATION TASK STUDIED BY POSITRON EMISSION
TOMOGRAPHY (PET) N, Katsuvama1, K, Imamura1, H. -K Tanaka2, H. Onoe1’
3*, H. Tsukada4, Y. Watanabe1.
'Dept. Neurosci., Osaka Bioscience Institute,
Suita, Osaka 565-0874; 2Dept. Cogni. Neurosci., Osaka Univ. Med. Sch., Suita,
Osaka 565-0871; 3Dept. Psychol., Tokyo Metropol. Inst, for Neurosci., Fuchu,
Tokyo 183-0042; 4Central. Res. Lab., Hamamatsu Photonics, Hamakita, Shizuoka,
434-8601,Japan.
Lesion studies have shown that the inferior temporal cortex (IT) of the macaque
monkey plays a crucial role in color discrimination. To further elucidate cortical
regions involved in color discrimination, we analyzed changes in regional cerebral
blood flow (rCBF) in the brains of monkeys performing a color discrimination task.
Two Japanese monkeys were trained in a GO/NO-GO color discrimination task in
which the animals had to release (GO) or hold (NO-GO) a bar depending on the
color of the light circle presented at the center of the display. Lever release tasks
without colored stimuli were employed as a control. In addition, changes in rCBF
were examined while the monkeys passively viewed the colored stimuli. In the
passive viewing task, significant activation was localized in areas VI, V2, V4, and a
part of TEO. When monkeys performed the color discrimination task, significant
activation was localized in TE and the ventral bank and/or fundus of the superior
temporal sulcus (STS), in addition to in V4 and TEO. Interestingly, the increases in
rCBF observed in STS and TE were clustered, rather than extended over IT. These
results suggest that: 1) TE and the ventral bank and/or fundus of STS play a crucial
role in color discrimination; 2) the neurons which are activated specifically by a
color discrimination task may be clustered in these areas; and 3) the pattern and/or
magnitude of activation of visual cortex in color discrimination is different from that
in passive color perception.
This work was supported in part by Research for the Future Program (RFTF) JS
PS-RFTF 98L00201 from the Japan Society for the Promotion of Science (JSPS).

370.13

370.14

HIGHER-ORDER AREAS RELATED TO PROCESSES OF PERCEPTUAL
ORGANIZATION OF VISUAL FORMS IN HUMAN EXTRASTRIATE CORTEX.
Y. Eiima1, M. Fukunaga2, T. Azukawa1, H. Yamamoto1. C. Tanaka2. T. Ebisu2. M.
Umeda2 and S. Takahashi3*. 'Graduate school of Human and Environmental studies,
Kyoto Univ.; 2Dept. of Neurosurgery, Meiji Univ. of Oriental Med., Kyoto 6290392, Japan.; 3Kyoto City Univ. of Arts.
Using functional magnetic resonance imaging (FMRI) and cortical unfolding
techniques, we mapped the contralateral and ipsilateral retinotopy together with the
brain locus of perceptual organization or related processes in the same subjects.
Passive viewing of moving grating or checkerboard stimuli in ranges of contralateral
and ipsilateral visual field locations and stationary stimuli involving texture patterns,
Necker cube, and digitized images of object, face and landscape, revealed activities
in distinctive areas in human cortex. These functional mapping distinctions were
used to distinguish among at least four different higher-order areas in human cortex,
for which we specified the stimulus parameters that modulated the activity of
respective areas, i) Areas representing ipsilateral visual field were related to the
construction of a unitary visual percept and/or perceptual field, ii) Lateral posterior
aspects of the occipital lobe were activated by visual features representing 3-D
structure and related to the perception of a whole shape of figure segregated from
ground, iii) The activation of regions of ventral surface depended on the content or
meaning of images and were related to the categorical representation of visual
stimuli, iv) The inferior parietal lobe was involved in perceptual process and was
critical in the division of attention over larger segments of visual field in order to
organize feature-elements into a whole shape.
Supported by JSPS, Grant-Aid from the Japanese Ministry of Edu., Sci. and Cul.,
and Special Coordination Funds from the Sci. and Tech. Agency of the Japanese
Government.

DEVELOPMENT AND FUNCTION OF SPATIALLY INVARIANT
FEATURE HIERARCHIES FOR VISUAL RECOGNITION. Holt*,

T, Jellema* and D.I. Perrrett. School of Psychology, University of St.
Andrews, St. Andrews, KYI6 9JU, UK.
Popular thinking about visual processing in the brain is dominated by the
“what” versus “where” dichotomy, as first proposed by Ungerleider &
Mishkin (1982). Their model envisages a separation of visual processing into
two distinct cortical streams: a dorsal parietal stream, which deals with die
position of objects (the “where” stream), and a ventral temporal stream, which
enables the recognition of objects (the “what” stream). We present data
indicating that coding for the spatial position of an object also occurs in the
ventral stream. A population of cells in the anterior part of the superior
temporal sulcus (STSa) was studied, which typically responded to an
individual walking either forwards (following the nose) or backwards, and
either towards or away from the subject. At least 3 factors contributed to the
responses: (1) the direction of movement (towards or away), (2) the view of
the body (front or back), and (3) the spatial location of the individual (near or
far). Most cells were sensitive to a particular combination of these 3 factors.
Changing the position and/or orientation of the subject relative to the fixed
position of the individual in the room provided evidence for allocentric coding
capabilities of some STSa cells. Spatial coding in the ventral stream could
subserve object and scene recognition using primarily an allocentric coordinate
system, while spatial coding in the dorsal stream could subserve visuomotor
behaviour, using an egocentric coordinate system (Milner & Goodale, 1995).
Supported by HFSP.

370.15
A NEW HIERARCHICAL MODEL OF OBJECT RECOGNITION IN CORTEX. M. Riesenhuber*, T. Poggio. Center for Biol, and Comp. Learning and Dept.
of Brain and Cognitive Sciences, MIT, E25-201, Cambridge, MA 02139, USA.
In the macaque, receptive field size and complexity of preferred features of neurons grow as one ascends the ventral visual stream, believed to be crucial for object
recognition. At its lowest level, in the primary visual cortex, receptive fields are small
and tuned to simple features (oriented bars) whereas at the highest level, in inferotemporal cortex (IT), “view-tuned” (and even view-invariant) neurons have been found to
respond selectively to views of complex shapes (such as faces) while showing great
tolerance to translation and scaling together with a limited tuning to rotation in depth.
We describe a simple hierarchical model that, in the spirit of the original simpleto-complex cell model by Hubei and Wiesel, attempts to explain in a biologically
plausible way how view-tuned neurons can arise from localized simple cell-like inputs. Using the same stimuli as in the experiment, we find that model IT neurons
exhibit tuning properties which closely parallel those of the neurons found by Logothetis et al. (1995) and are also compatible with reports on feature tuning of IT
cells (Tanaka, 1996). The use of different computational mechanisms to achieve the
two goals of increasing invariance and increasing feature specificity is key: While the
latter is best served using a template match, the former requires the ability to select
the best-matching among several afferent, in our model through a “MAX” operation
postulated to be a key module in cortex which selects (an approximation to) the maximum activity over all the afferents. Interestingly, the model also helps to interpret
recent data from several other experiments regarding recognition in clutter (Missal
et al., 1997), or the presence of multiple objects in an IT cell’s receptive field (Sato,
1989), with implications with respect to the “Binding Problem”: As the “MAX” operation ignores non-relevant afferents, recognition in these cases is possible in a purely
bottom-up fashion, without any need for special segmentation processes.
The generality of the model is further demonstrated in a study on viewpointinvariant object recognition in natural object classes (e.g., “cars”) which were created
using a novel 3D morphing system. Here, the model predicts a limiting effect of intraclass object similarity on the viewpoint range under which recognition is possible.
Supported by NSF-KDI/LIS, Honda, and a Merck/MIT Fellowship in Bioinformatics.
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G. R., and Mel, B. W., Biomedical Engineering, USC, MC 1451, LA, CA 90089.
Studies of receptive fields in V4 and IT suggest that visual object recognition is largely accomplished by a hierarchy of feature detectors, where the
features at higher levels are increasingly form-selective but spatially invariant. This simple, largely feedforward scheme is supported by data suggesting
that visual recognition is too fast for complicated network interactions (e.g.,
Fabre-Thorpe et al., Neuroreport 9:303, 1998), and by the practical success of
this class of architectures on some difficult problems (e.g., Fukushima, IEEE
Trans. Sys. Man. Cyber. SMC-13:826, 1983; Mel, Neural Comp. 9:777, 1997).
However, the design principles underlying such a hierarchy remain to be elucidated. What features should be present? What degree of invariance should be
introduced at each level? What nonlinearities should be used to compute the
features? Furthermore, the means for learning the appropriate selectivities and
invariances at each level of the hieararchy remain poorly understood. Building
on work of previous investigators such as Wallis and Rolls (Prog. Neurobiol.
51:167, 1997), we address with simulations (1) how the kinds of nonlinearities
present in biological neurons can be used to best obtain invariance and selectivity, (2) how to break down a particular recognition task into multiple layers
of detectors in order to obtain the most robust recognition and best generalization, (3) how supervised and unsupervised learning should interact with
heuristics to guide the search for good sets of weights in each layer in order to
solve difficult recognition problems. Supported by NIMH and ARO and ONR.
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371.2

NUCLEAR
TRANSLOCATION
OF
NMDA
Rl-LIKE
IMMUNOREACTIVITY AND OTHER INCREASES AFTER KNEE JOINT
INFLAMMATION. K.N. Westlund* and Z. Ye. Department of Anatomy and
Neurosciences and Marine Biomedical Institute, The University of Texas
Medical Branch, Galveston, TX 77555-1069.
Induction of knee joint inflammation with kaolin/carrageenan increases
glutamate in the spinal cord dorsal hom in rats and monkeys measurable by
HPLC and by densitometric image analysis methods. Tlie present study
demonstrates a rapid increase ipsilaterally in stainable levels of glutamate
NMDA Rl (NMDA-1 A) receptor subunit immunoreactivity in all laminae in
the lumbar enlargement region. Light level quantitative densitometry revealed
significant increases in NMDAR 1 4h after induction of inflammation. Parallel
increases in NF B were noted. Significant quantities of NMDA Rl were
localized along the nuclear membrane in animals with inflamed knee joints.
EM localization revealed that NMDAR 1 was located on the inner nuclear
membrane especially at nuclear pore sites. This rapidly available source of
NMDAR 1 at the nuclear membrane may be an important signal transduction
mechanism (1) acting as a calcium trafficking regulatory protein, (2) is an
activated nuclear receptor that can act in parallel with NF B and/or (3) can
have post-translational influence at the nuclear membrane pore site. Since the
glutamate AMPA GluRl and GluR2/3 subunits are not increasing or
translocating, this suggests that the NMDAR 1 subunit may be activated and
have a specific inducible role as a nuclear receptor in rapid response to
cellular stress, such as increasing concentrations of glutamate in the dorsal
hom. This study was funded by RO1 NS 32778.

TYROSINE KINASE INHIBITOR, GENISTEIN, REDUCES SPINAL NMDA
RECEPTOR EXPRESSION INCREASES IN CARRAGEENAN-INDUCED ACUTE
ARTHRITIS MODEL. Y. Lu*, L. P. Zhang and K. N. Westlund Department of
Anatomy and Neuroscience and The Marine Biomedical Institute, University of Texas
Medical Branch, Galveston, TX 77555-1069
Protein tyrosine kinases (PTKS) are widely expressed in the central nervous system.
One of the major functions for PTKS is regulation of ion channels, such as NMDA
receptors. NMDA receptors are a major class of glutamate receptor in the CNS and are
involved in injury-evoked persistent pain states. The present study was conducted to
determine if the PTK inhibitor, genistein, could reduce NMDA receptor stainability
increases that occur after induction of acute arthritis in rats. Joint inflammation was
induced by injecting a mixture of 3% kaolin and 3% carrageenan into the knee joint.
Genistein (6x10’5 M) or vehicle (50% DMSO in aCSF) was administered spinally with
a microdialysis fiber for 1.5h prior to induction of the arthritis. The animals were
sacrificed 4h after induction of arthritis, and frozen sections from the lumbar cord of the
rats were processing for immunocytochemical localization of NMDAR1. The density of
NMDAR 1 immunostaining in the dorsal hom of arthritic animals was significantly
increased compared to normal rats (p<0.05). In the vehicle treated arthritic rats the
NMDAR 1 stain density was also significantly increased in comparison to the normal
rats (p<0.05). The results of the present study showed that genistein partially blocked
the increased expression of the NMDAR 1 in the lumbar spinal cord dorsal hom
compared to vehicle treated arthritic rats (p>0.05). These results are consistent with our
behavioral findings showing that genistein prevents the development of secondary
hyperalgesia evoked in response to applied radiant heat. Together these results suggest
that tyrosine kinase is involved in NMDA channel activation and modulation of
nociceptive and inflammatory responses. Supported by NS 32278.

371.3

371.4

PERIPHERAL INFLAMMATION MODULATES NMDA RECEPTORMEDIATED RESPONSES IN RAT SPINAL DORSAL HORN NEURONS.
Hua Guo1, B. Haber1* and L.-Y. M. Huang1,2. ’Marine Biomedical Institute
and department of Physiology and Biophysics, University of Texas Medical
Branch, Galveston, Texas 77555-1069.
NMDA receptors are known to participate in the development of
hyperalgesia following inflammatory and nerve injuries. The characteristics
of NMDA receptor-mediated responses under these conditions have not been
explored. We therefore examined the voltage-dependence of NMDA
responses in rats with peripheral inflammatory injuries. Complete Freund’s
Adjuvant (CFA) was injected into the hindpaw of 22-26 days old rats. Two to
eleven days later, dorsal hom neurons from lamina I and II of the spinal
dorsal hom were acutely dissociated with papain. NMDA-activated currents
were examined under voltage-clamp conditions in the presence of 2 pM
glycine and 30 pM Mg2+. In normal rats, the peak current-voltage curves of
NMDA responses exhibited a characteristic negative resistance region. The
conductance-voltage curves could be fit with a Boltzmann equation with Vo 5
= -61.7 ± 2.3 mV (n=6). In inflamed rats, the current-voltage curves of
NMDA-evoked currents had a similar shape. The mean reversal potential of
the responses remained unchanged. In contrast to normal rats, however, the
conductance-voltage curve shifted to the hyperpolarizing direction with the
Vo.5 = -73.1 ± 3.7 mV (n=7). The difference in Vo 5 obtained from normal and
inflamed rats was significant (Student’s t test, P < 0.05). This change is
reminiscent of the reduction of Mg2+ block of NMDA responses induced by
elevating PKC in dorsal hom neurons. Supported by grants from NIH,
NS30045, NS11255 and Human Frontier Science Program RG0073/96.

INCREASE OF NMDA-INDUCED Ca2+ TRANSIENTS IN RAT SPINAL DORSAL
HORN NEURONS FOLLOWING SPINAL NERVE INJURY. D. Isaev1, G. Gerber1,
C.H. Hsu1, S. K, Park2. J, M, Chung2* and M. Randiti1, *Dept. of Biomedical Sciences,
Iowa State University, Ames, IA 50011; 2Marine Biomedical Institute, Univ. of Texas
Medical Branch, Galveston, TX 77555.
In this study we examined the potential involvement of Ca2+ signaling pathways in
the cellular response to glutamate activation of dorsal hom (DH) neurons of rats in a
normal state and following spinal nerve injury. Using simultaneous whole-cell patchclamp recording with fura-2-based video imaging we have examined Ca2+ signals
and electrophysiological responses elicited by N-methyl-D-aspartate (NMDA) in the
somatic and dendritic regions of DH (LI-II) neurons in spinal slices of L5-L6
segments obtained from normal rats (17-24-days) and 3-14 days after the L5-L6
spinal nerves ligation. Stimulation of DH neurons with bath application of NMDA
(5-25 pM) elicited dose-dependent inward currents and intracellular Ca2+ transients
in both the somatic and dendritic regions of a majority of DH neurons in normal
rats, and on the ipsilateral side to peripheral nerve-injury. The results show that the
peak amplitude of the Ca2+ response to NMDA (10 pM, 90 s), in the presence of
TTX (0.5 pM) and NBQX (10 pM), was increased in the somatic region (-AF/F:
15.0±3.1%, n=10, control; 25.9±3.9%, n=7) in lamina II neurons after spinal
nerve injury.
We conclude that NMDA-induced Ca2+ transients are differentially regulated in
spinal dorsal horn neurons of neuropathic rats and that this finding may be important
for development of neuropathic pain.
Supported by NSF Grant 1BN-9604654 and the PVA Spinal Cord Research
Foundation.

371.5

371.6

EFFECT OF MK-801 ON DORSAL HORN NEURONS SENSITIZED BY A SURGICAL
INCISION. PK Zahn*. TJ Brennan: Dept of Anesthesia, University of Iowa, Iowa City, IA
52242
Studies suggest an involvement of N-methyl-D-aspartate (NMDA) receptors in the spinal
processing of nociceptive information after tissue injury. We have developed a rat model for
postoperative pain characterized by persistent pain behaviors suggesting mechanical
hyperalgesia (Pain:64:493). The purpose of this study is to examine the effect of spinally
administered MK-801, a noncompetitive NMDA receptor antagonist, on responses of dorsal
horn neurons after incision.
In halothane anesthetized rats, a lumbar laminectomy was performed and a microdialysis
catheter was placed transversely through the dorsal hom (L4-L6) and single dorsal hom
neurons were recorded. These cells were characterized as wide dynamic range (WDR) or high
threshold (HT); subsequently, von Frey filaments (6-265 mN) were applied adjacent and
distant to the intended incision and responses recorded. The extent of the pinch receptive
field (RF) was determined. Then, baseline spontaneous activity was recorded, a 1 cm
longitudinal incision was made in a low threshold area of the RF and one hour later, responses
to von Frey filaments and the pinch RF were determined. Subsequently, the microdialysis
catheter was perfused with 5 mM MK-801 for 1h and responses were again assessed.
Fifteen neurons completed the protocol (11 WDR, 4 HT). Increased background activity
after incision, observed in 5 WDR and 2 HT neurons, was reduced in only 3 cells by
administration of MK-801. The median threshold of WDR and HT cells before incision was 30
and 637 mN respectively; after incision the median threshold was 14 in WDR neurons and 207
mN in HT cells. After administration of MK-801, the median thresholds of WDR and HT were
14 and 637 mN, respectively. Similarly, decreased thresholds to von Frey filaments distant
the incision were not increased by MK-801. In 8 of 11 WDR and 3 of 4 HT neurons the pinch
RF was enlarged outside the injured area; administration of MK-801 reduced the expanded
RF in only in 3 WDR neurons and 1 HT neuron.
This study indicates that responses to mechanical stimuli after incision are not markedly
inhibited by MK-801. These results explain why IT administration of NMDA receptor
antagonists did not increase the withdrawal threshold after incision (Anesthesiol 88:143).
Supported by GM55831 and by DFG Za 214/1-1.

DEXTRORPHAN POTENTIATES THE ANTINOCICEPTIVE EFFECT
OF MORPHINE IN RAT PUPS
M. Neufeld1, H. Frenk1*. 'Department of Psychology, Tel Aviv University,
Ramat-Aviv, Israel 69978.
The NMDA-antagonist dextrorphan is known to potentiate the
antinociceptive effects of morphine in adult rats, supposedly by abolishing
acute tolerance. Since mechanisms of tolerance in pups were considered to be
different from those of adults, morphine potentiation by dextrorphan was
attempted in five days old pups. To investigate this half of the pups were
injected i.p. with either 13.3 mg/kg dextrorphan or equivolume saline. Fifteen
minutes later half of each group was injected (i.p.) with either 2 mg/kg
morphine or saline. The tail-flick responses of the pups to water at 47°C were
recorded before and after injections over a period of 70 minutes. Morphine
alone produced significant nociception, but the dextrorphan-morphine
combination produced a profound increase in nociception compared to
morphine-alone. This enhanced effect was completely reversible by
naltrexone, which demonstrates that opiate receptors mediate this
antinociception. Furthermore, NMDA receptors in pups, like in adults, are
involved in morphine potentiation.
Supported by the Israel Science Foundation, the Israel Academy of Sciences
and Humanities.
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371.8

ANALGESIC MORPHINE TOLERANCE IS INHIBITED AND REVERSED BY
LOW AFFINITY NMDA RECEPTOR ANTAGONISTS. P. Popik.-E, Kozela,1 and
W. Danysz—*. ’institute of Pharmacology, Polish Academy of Sciences, Krakow,
Poland; 2Dept. Pharmacology, Merz+Co. GmbH & CO, Frankfurt /TM, Germany.
V-methyl-D-aspartate (NMDA) receptor antagonists attenuate the development
of morphine (MOR) tolerance in rodent antinociception assays. Some studies (Tiseo
and Inturrisi, JPET 264, 1993) demonstrated that these compounds may reverse the
ongoing MOR tolerance in already tolerant animals. The present study extends
these findings to the effects of clinically available and/or therapeutically promising
low affinity uncompetitive NMDA receptor antagonists, memantine (MEM), MRZ
2/579 and dextromethorphan (DXM). Male Albino Swiss mice were tested for
analgesia in tail-flick test. On day 1, the first analgesia measurement was performed
(test #1), followed by 6 days of twice daily MOR injections. MOR tolerance was
assessed on day 8 (test #2). During subsequent days 9-14, mice were treated twice
daily with NMDA receptor antagonists (each at 10 mg/kg) 30 min prior to placebo
or MOR injections. The effects of NMDA receptor antagonists were determined on
day 15 (test #3). All three compounds (5-10 mg/kg) inhibited the development of
morphine tolerance. In the reversal studies, mice treated with placebo during the
"post-tolerance" period remained MOR tolerant (both test #2 and #3 analgesic MOR
ED50 values differed significantly from the ED50 values on test #1). This residual
MOR tolerance was inhibited by all three NMDA antagonists, because test #3/test
#1 fold shifts (that express the overall effect of both morphine tolerance and its
subsequent inhibition) differed significantly from the test #3/test #1 fold shifts of
control group. MOR tolerant mice that received continuos injections of MOR
between test #2 and test #3, demonstrated greater degree of analgesic tolerance.
With the exception of DXM, the same reversal was seen in mice treated with MOR
during this "post-tolerance" period. These data indicate that low affinity, clinically
available and/or therapeutically promising NMDA receptor antagonists, may be
used to inhibit the ongoing MOR tolerance.

EFFECTS OF NOVEL LOW-AFFINITY NMDA RECEPTOR CHANNEL
BLOCKER AND GLYCINEB RECEPTOR ANTAGONIST ON ANALGESIC
AND REINFORCING PROPERTIES OF MORPHINE IN MICE. M. Sopala1*, W.
Danysz1, O.A. Dravolina2. I.V. Belozertseva-, S.G. Semenova~and A.Y. Bespalov-.
’Dept. of Pharmacol. Res., Merz+Co., Frankfurt am Main 60318, Germany; 2Inst. of
Pharmacology, Pavlov Med. Univ., St. Petersburg 197089, Russia.
Growing body of evidence suggests that antagonists acting at N-methyl-Daspartate (NMDA) receptors modify acute and chronic effects of opioid drugs such
as morphine. NMDA receptor antagonists may increase opioid analgesia while
retarding the development of analgesic tolerance and producing decrement in
reinforcing and motivational effects of opioids. Less is known about their action on
reinforcing effects of opioids. The present study sought to compare the effects of
novel low-affinity channel blocker, MRZ 2/579, and glycineB receptor antagonist,
MR,Z 2/576, on morphine analgesia and i.v. self-administration in mice. Both MRZ
2/576 (1-10 mg/kg, i.p.) and, to the lesser degree, MRZ 2/579 (1-10 mg/kg, i.p.)
significantly increased morphine analgesia (1-20 mg/kg, s.c.) that seemed to last
longer in mice pre-treated with the combination of morphine and NMDA receptor
antagonists (tail-flick test). Development of morphine tolerance (20 mg/kg, 8 days,
once a day) was attenuated by both MRZ 2/579 (1-30 mg/kg) and MRZ 2/576 (10
mg/kg). Tolerance-inhibiting effects of MRZ 2/579 were observed only at dose
levels that decreased acute morphine analgesia. Acquisition of i.v. morphine selfadministration in drug- and experimentally naive mice was inhibited by
pretreatment with MRZ 2/579 (rightward shift of morphine concentration-effect
curve). These results further suggest that NMDA receptor antagonists may have
capacity in increasing the therapeutic safety and effectiveness of opioid analgesics.

(Supported by MERZ+Co. and Fogarty International Research Collaboration Award
#1RO3TWOO714-01)

371.9

371.10

POTENT ANTINOCICEPTIVE EFFECTS OF CONE SNAIL VENOMDERIVED SUBTYPE-SELECTIVE NMDA-RECEPTOR ANTAGONISTS.
A.B. Malmberq1*, G.G. Gurkoff1. H. Gilbert1, L.-M. Zhou2, t. McCabe2, and A.I.
Basbaum1. departments of Anatomy, Physiology and W.M. Keck Foundation
Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143, and
2Cognetix Inc., Salt Lake City, Utah 84108.

MAGNESIUM SUPPRESSES TONIC, BUT NOT ACUTE PAIN IN THE RAT. S.H, Kang.
I. Chung*, J.H. Kim, H.K. Shin, K.S. Kim. Department of Physiology,
College of Medicine, Institute of Biomedical Sciences, Hanyang
University, Seoul, 133-791, Korea.
Magnesium ions are known to have anticonvulsive actions and
neuroprotective effects. The NMDA receptor-gated channels are blocked
by Mg2+ without any effect on the non-NMDA receptor-mediated responses.
Mg2+ also reduces transmitter release, decreases membrane excitability
and increases threshold for exci tat ion. All these Mg2+-induced inhibitory
effects operate together and then result in the blockade of synaptic
transmissions. In behavioral test, Mg2+ suppresses thermal hyperalgesia
and autotomy resul t ing from per ipheral nerve injury. In the present study,
we compared the antinociceptive actions of Mg2+ on the acute and tonic
pain in the normal and morphine tolerant rats. Tonic pain was induced
by subcutaneous injection of 5% formal in into the plantar surface of hind
paw and the pain score was determined according to the predetermined
criteria. Two doses of Mg2+(200mg/kg & 400nig/kg) were intraperitoneally
administered after determination of the control tail flick latency, hot
plate latency and formal in-induced pain score in the normal and morphine
tolerant rats, respectively. Subcutaneous injection of formalin induced
a typical biphasic pain responses, the early short-lasting and the late
sustained pain behaviors. Mg2+ was antinociceptive for the formalininduced tonic pain in the normal rat without any effect on tail flick
and hot plate latencies. Ant inocicept ive effect of Mg2+ on tonic pain was
great ly reduced in the morphine tolerant rat. These exper imental findings
suggest that nociceptive signals can be modified by Mg2+ and that the
different neural substrates are implicated in the acute and tonic pain.

Non-selective NMDA receptor antagonists reduce injury-induced pain
behavior, but produce untoward side effects. In this study, we examined the
antinociceptive and motor effects of cone snail venom-derived peptide
inhibitors, conantokins G and T (conG and T), which are selective inhibitors of
the NR2B or NR2A and NR2B subtypes of the NMDA receptor, respectively.
The effects of con G and T were tested in models of tissue- (formalin test) and
nerve injury-induced (partial sciatic nerve ligation in mice and L5-L6 spinal
ligation in rats) pain. In the formalin test, intrathecal conG or conT suppressed
the ongoing pain behavior [ED50 and 95% Cl: 11 (7-19) and 19 (11-33) pmol,
respectively] at doses that were 17-27 times lower than those required to
impair motor function [rotarod treadmill test: ED50 and 95% Cl: 300 (120-730)
and 320 (190-540) pmol, respectively]. Furthermore, conG reversed the
allodynia produced by nerve injury, displaying greater potency on thermal
[ED50 and 95% Cl: 24 (10-55) pmol] than on mechanical allodynia [59 (33105) pmol]. Moreover, the highest dose of conG (300 pmol) completely
reversed the thermal allodynia; whereas at the tvyo highest doses (100-300
pmol), conG only partially relieved the mechanical allodynia (53-60 %). Taken
together, these results demonstrate that conantokins exhibit potent
antinociceptive effects in models of injury-induced pain. We conclude that
drugs directed against subtypes of the NMDA receptor, by virtue of their
reduced side-effect profile, hold strong promise as novel therapeutic agents
for the control of pain.
Supported by: DA08377, Cognetix Inc. and the PhRMA Foundation.

371.11

371.12

ANALGESIC EFFECTS OF DIFFERENT CLASSES OF NMDA RECEPTOR
ANTAGONISTS. J. Fillhard*1, J.Wiley1, R.M. Woodward2, Z.-L. Zhou/and
L.T. Meltzer1. 1 Parke-Davis Pharmaceutical Res. Div., Warner-Lambert Co., Ann
Arbor, MI 48105,2CoCensys, Irvine, CA 92618
>
Co 101244 (PD 174494) has been identified as a subtype selective NMDA
la/2B receptor antagonist. Due to the involvement of NMDA receptors in
modulating pain responses, we evaluated the effects of Co 101244 in acetic acidinduced writhing (AW) in mice and the formalin footpad test (FT) in rats and
compared these effects to those ofMK-801 and CPP. In the AW test, the number
of writhes occurring 7-12 minutes post acetic acid (0.6%) were counted. In the
FT, time spent licking the injected foot, 2.5% formalin, was summed in 5 minute
blocks for 45 minutes post-formalin. The response was divided into an early
phase, 1-10 minutes, and a late phase, 11-45 minutes, post-formalin. None of the
3 compounds tested were active in the AW at doses that did not produce overt
behavioral effects. In the FT, CPP did not have an effect on the early phase and
only inhibited the late phase at 10 mg/kg IP. MK-801 inhibited both the early and
late phases, but only at 0.3 mg/kg IP, a dose that produced severe ataxia and
motor incoordination. Co 101244 inhibited both the early and late phases of the
formalin effect with minimum effective doses of 10 mg/kg IP. The effects of Co
101244 were not antagonized by naltrexone. In separate studies, Co 101244, at
doses that were active in the FT, stimulated locomotor activity but did not induce
ataxia. These studies suggest that compared to nonselective NMDA antagonists,
NMDA la/2B antagonists have both an improved analgesic and side-effect
profile. Supported by Warner-Lambert & CoCensys.

ANTINOCICEPTIVE AND NMDA-ANTAGONISTIC ACTIVITIES OF SOME
NOVEL ANALOGS OF PHENCYCLIDINE IN MICE. A.A, Alhaider1. LA.
Moukhalati1, O.A. Al-Deeb2 and K, A. Alkadhi’* ‘Departments, of Pharmacology
and Pharmaceutical Chemistry, College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia and ’College of Pharmacy, University of Houston, Houston,
TX 77204-5515. USA
In this study the antinociceptive and NMDA-antagonistic activity of some
phencyclidine (PCP) derivatives were investigated in mice. PCP, and its 4-OH-Ph
(C2) as well as 4-OH-4-Ph-3-Me (C3) derivatives, thionylcyclidine (TCP,C4) and its
4-acetoxy (C5) and 4-OH-4-Ph (C6) derivatives caused a statistically significant dosedependent antinociceptive activity as measured by the hotplate and tail flick tests.
Some of these analogs demonstrated more potent antinociceptive activity and longer
duration of action than phencyclidine and morphine. The antinociceptive activity of
the tested compounds was reversed by pretreatment with naloxone (5 mg/kg. i.p), and
by lesioning the descending noradrenergic and serotonergic pathways suggesting the
involvement of opioid receptors as well as the noradrenergic and serotonergic systems
in the antinociceptive activities of these compounds. On the other hand, intrathecal
administration of the o^-adrenergic antagonist idazoxan (2.5 pg/mouse) antagonized
the antinociceptive activity of the compounds only in the hotplate method, but it
enhanced it in the tail flick test. The NMDA-antagonistic activity was measured by
the inhibition of NMDA-induced biting and scratching behaviors in mice. The
analogs demonstrated a dose-dependent NMDA-antagonistic activity but were less
potent than dizocilpine (MK-801). Pretreatment with 6-hydroxydopamine or the
intrathecal administration of idazoxan attenuated the NMDA-antagonistic activity of
MK-801 and the compounds suggesting a possible involvement of the descending
noradrenergic pathways in the action of these compounds. In conclusion, the results
of the present study demonstrate a pronounced antinociceptive and NMDAantagonistic activity of the PCP analogs.

Society

for

Neuroscience

. Volume

25, 1999

PAIN MODULATION: PHARMACOLOGY—NMDA

922

MONDAY PM

371.13

371.14

MELATONIN DOSE-DEPENDENTLY INHIBITS KETAMINE-INDUCED
ANESTHESIA IN RATS P. Chaiyakul2*, M. Giorgetti1, T.J. Maher2, R.J. Wurtman
and I. V. Zhdanova1. 'Dept. of Brain and Cognitive Sciences, Massachusetts
Institute of Technology, Cambridge, MA 02139; 2 Division of Pharmaceutical
Sciences, Massachusetts College of Pharmacy and Health Sciences, Boston, MA
02115.
The interactions of melatonin with other neuroactive compounds, and the cellular
mechanisms that mediate melatonin’s central effects, remain largely undefined. The
objective of this study was to determine whether this pineal hormone affects the level
of activation attained after administration of ketamine, an NMDA antagonist with
anesthetic properties.
Sprague-Dawley rats (220-290g) were pretreated with different doses of melatonin
(500 pg/kg - 200 pg/kg, i.p.) 20 min before the injection of the anesthetic (100
mg/kg ketamine and 2 mg/kg xylazine, i.p.). Level of alertness, based on the
presence of spontaneous motor activity and the motor response to nociceptive stimuli
5 min after ketamine treatment, as well as the duration of the loss of the righting
reflex, were measured. Low doses of melatonin (50ng/kg- 5 pg/kg) significantly
increased level of alertness (3.3±0.5 vs. 1.6±0.4; p<0.05). Some of the melatonintreated animals preserved spontaneous motor activity after ketamine treatment and
did not lose the righting reflex. However, the duration of the loss of the righting
reflex, if it occurred, was not significantly changed by melatonin. Melatonin doses
below 50 ng/kg, or above 5 pg/kg, within the range tested, did not significantly
counteract or potentiate the ketamine-induced anesthesia.
Administration of
melatonin doses under 5 pg/kg induced plasma melatonin levels below 300 pg/ml,
i.e., within the physiological range of circulating melatonin concentrations in rats.
These results suggest that melatonin, in physiological doses, inhibits ketamineinduced anesthesia in rats, and that dose-dependency of this effect has a biphasic
pattern.
Supported by Center for Brain Sciences & Metabolism Charitable Trust
and N.I.H. grant RO3- AG16080-01 to I.V.Z.

ANTAGONISM OF THALAMIC METABOTROPIC GLUTAMATE (mGlu)
RECEPTOR AND NOCICEPTIVE RESPONSES BY THE NOVEL mGlu5
ANTAGONIST MPEP.
T, E. Salt* K.E, Binns and J. P. Turner. Institute of Ophthalmology, University
College London, LONDON EC1V9EL,UK.
Our previous work has shown that excitatory responses of rat ventrobasal
thalamus (VB) neurones to mGluR agonists and nociceptive stimuli can be blocked
by various broad-spectrum antagonists which are active at Group I (mGlul &
mGlu5) receptors, and by a selective mGlul antagonist. This suggests that mGlul
receptors participate in the mediation of such responses but does not preclude the
possible involvement of other mGlu receptors. We have therefore carried out further
experiments with the novel mGlu5-selective antagonist MPEP.
Extracellular single neurone recordings were made in VB and overlying thalamic
nuclei of urethane-anaesthetised adult Wistar rats using multi-barrel electrodes.
Responses of neurones to iontophoretic applications of the mGlu5 agonist CHPG
were reduced to 23±1.6% of control during continuous iontophoretic application
of MPEP, while responses to the broad-spectrum mGlu agonist IS,3/?-ACPD were
less affected (to 72±11.9% of control) and responses to NMDA were not reduced.
In contrast, the mGlul / mGlu5 antagonist S-4-CPG reduced responses to both
1S,3A-ACPD and CHPG, but not to NMDA. Responses to noxious stimuli (52°C,
20sec, to either the tail or contralateral hindpaw) were reduced to 32±5.8% of
control responses by MPEP when this was applied with iontophoretic currents which
also reduced CHPG responses. These data are consistent with the known in vitro
mGlu5-selectivity of MPEP. Furthermore the reduction of nociceptive responses by
MPEP suggests that mGlu5, in addition to mGlul, is involved in thalamic
nociceptive processing.
Supported by The Wellcome Trust and Novartis. MPEP was supplied by F Gasparini
& R Kuhn (Novartis).
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PARTICIPATION OF A 5-HTIA-LIKE RECEPTOR ON C PRIMARY-AFFERENT
TERMINALS IN SUBSTANTIA GELATINOSA OF SPINAL CORD IN EITHER
OVARIECTOMY-INDUCED HYPERALGESIA OR ITS RELIEF BY
CALCITONIN IN THE RAT. A. Ito12, E. Kumamoto1, M. Takeda2, M. Takeda2, K.
Shibata2. H. Sagai2. N. Takayanagi2 and M. Yoshimura1*. 'Dept. of Physiology, Saga
Med. Sch., Saga 849-8501; 2Lab. for Pharmacology, Institute for Life Sci. Res., Asahi
Chemical Industry Co., Ltd., Shizuoka 410-2321, Japan.
We examined if hyperalgesia in ovariectomized (OVX) rats and its relief by repeated
administration of elcatonin (synthetic eel calcitonin, ECT) are due to a functional change
in serotonergic (5-HTergic) systems in the spinal cord by using blind whole-cell
patch-clamp recordings from substantia gelatinosa (SG) neurons of an adult rat spinal
cord slice with an attached dorsal root and also [3H]-8-OH-DPAT binding analysis in
systems expressing 5-HT receptors. In SG neurons of sham-operated rats, bath-applied
5-HT (40 pM) not only induced an inward or outward current (having amplitudes of 13
and 19 pA, respectively, at -70 mV) but also inhibited presynaptically glutamatergic
excitatory transmission which is induced either spontaneously or by stimulating A8and/or C-afferent fibers (in each of them by about 40 % in amplitude). The 5-HT actions
on postsynaptic neurons and on evoked A8-response remained to be unaltered while the
inhibitory actions of 5-HT on spontaneous release and evoked C-response were
diminished in SG neurons of OVX rats. These OVX effects disappeared in SG neurons
of ECT-treated OVX (OVX+ECT) rats. These results were in parallel with an alteration
in the density of a [3H]-8-OH-DPAT binding site whose receptor is neither 5-HT1A nor
5-HT7, possibly a5-HT]A-like type in the spinal cord. It is concluded that the OVX and
OVX+ECT effects, respectively, are attributed to the elimination and resumption of
presynaptic inhibition of 5-HT in C primary-afferent central terminals. This may be one
of mechanisms for the analgesic effects of ECT in osteoporotic patients.

DISTRIBUTION OF SPINAL SEROTONIN, TRANSPORTER, AND RECEPTOR
SUBTYPES FOLLOWING ACUTE AND CHRONIC HEMISECTION INJURY IN
THE RAT. B.C. Hains*, K.M. Chastain, and C.E. Hulsebosch. Dep. Anatomy and
Neuroscience, and Marine Biomedical Institute, Univ. Texas Medical Branch,
Galveston, TX 77555-1069.
Spinal cord injury (SCI) results in the development of pain syndromes in the
majority of patients. It is well established that descending serotonin (5-HT) spinal
systems, originating in the rostral ventral medulla, mediate diffuse inhibitory control
acting as forms of nocigenic inhibition to suppress incoming noxious input to the
spinal cord. These 5-HTergic terminals associated with elements deriving from
bulbar neuronal somata are located in the gray matter of the dorsal hom. We recently
developed a mammalian SCI model of chronic central pain, in which the spinal cord
is hemisected, resulting in the development of mechanical and thermal allodynia. It
is known that after spinal hemisection 5-HT levels decrease caudal and ipsilateral to
the spinal lesion then increase over the next several weeks although never reaching
presurgical values (Saruhashi et. al, 1996). Little is known, however, with respect to
the distribution of 5-HT receptors or the transporter after injury. Thirty day-old male
Sprague-Dawly rats (n=l 5) were spinally hemisected at T13 and perfused at 3 and 28
days post-injury. Immunocytochemical techniques were used to examine 5-HTcontaining terminals, 5-HT1A, 5-HTj B, and 5-HT2A receptors, and 5-HTt in the
cervical and lumbar enlargement after hemisection. Additionally, the 5-HT content
of cerebrospinal fluid (CSF) was assayed by high-pressure liquid chromatography
(HPLC). Tissue from control animals was processed at concomitantly. Preliminary
results confirm a decrease in 5-HT reaction product followed by a return but not
complete recovery. These and 5-HT receptor and transporter distributions will be
presented. Via HPLC, CSF 5-HT levels should also corroborate these anatomical
results. Insight gained by these studies will aide in the development of possible novel
analgesics which will be useful in treating chronic pain states. Supported by the
Spinal Cord Research Foundation and NIH NS 11255.

372.3

372.4

COMPARISON OF SYNAPTIC AND CELLULAR ACTIONS OF
SEROTONIN, NORADRENALINE, DOPAMINE AND ACETYLCHOLINE IN
DEEP DORSAL HORN NEURONS. S.M. Garraway* & S. Hochman. Dept.
Physiology, University of Manitoba, Winnipeg, MB, Canada, R3E 3J7.
5-HT, NA and DA are descending neuromodulatory transmitters. Another biogenic
amine, ACh, found in spinal cord intemeurons, also modulates spinal sensory
functions. The effects of these transmitters are largely mediated via metabotropic
receptors present at both pre- and postsynaptic sites. We investigated the actions of
these transmitters on synaptic and cellular responses in deep dorsal hom (DDH)
neurons (laminae III-VI) of postnatal (days 10-14) rat spinal cord.
Patch clamp recordings of DDH neurons were obtained from lumbar spinal cord
slices (600pm). Dorsal root electrical stimulation-evoked EPSPs were recorded
before and during bath application of each agonist (10pm).
5-HT, NA and DA had common actions in a given cell, usually causing EPSP
depression. In contrast, ACh usually produced synaptic facilitation. EPSP facilitation
was often related to increases in cell input resistance (Rj„) while depression was
largely unrelated to postsynaptic membrane properties (see Table).
Cells having
EPSP
Cells having
Biogenic
fEPSP Amp
fEPSP Amp
Amine (n)
Amplitude (%)

INTRATHECAL CO-ADMINISTRATION OF THE SEROTONIN2
AGONIST DOI AND SUBSTANCE P AUGMENTS NOCICEPTIVE
RESPONSES
A. Kiorsvik. A. Tiolsen, B. Srebro* and K. Hole. Dept. of Physiology.
University of Bergen, N-5009 Bergen, Norway.
Aim: To investigate whether there is a functional interaction between 5-HT2
receptor agonist (±)-DOI HCI and substance P by analysing the behavioural
syndrome that occurs in rats after intrathecal administration of substance P
and selective 5-HT2AA7 receptor agonist DOI, given separately or in
combination.
Methods: Drugs were given through intrathecal catheters, using a catheterthrough-needle technique in the lumbar region (between L5-L6) under
halothane-anesthesia. The catheters were inserted to the upper thoracic levels
as the 5-HT2a /c receptor density is highest at these segments. Drugs were
dissolved in 0.9% NaCl and a volume of 10 |xl injected. Experiments were
performed 1 day after implantation of the catheters and the behaviour was
recorded during the first 10 min after drug injection.
Results: Individually, DOI (ImM) and substance P (0.74mM) induced a
pain-like behaviour. The pain-like behaviour was markedly increased when
substance P was co-administered with DOI.
Conclusion: The present investigation indicates that there is a functional
interaction between 5-HT2 receptors and neurokinin-1 receptors in the spinal
cord, which results in an increased nociceptive transmission. These findings
are compatible with the hypothesis that 5-HT2A receptor activation increases
the release of substance P from primary sensory neurons involved in
enhancement of nociceptive transmission in the spinal cord.

T |

4

| No A

%RinT | %Rin4 | %NoA %Rj | %RJ | %NoA

89 5
5
50
7
43
ACh (18)
75
25
5-HT (24)
13
40
47
21 79 0
NA (14)
67
33
21 79 0
27
27
45
DA (8)
20
80
25 63 12
Thus, although neurons within the DDH are functionally heterogeneous,
monoamines appear to modulate sensory processing in a rather consistent manner.
Supported by the American Paralysis Association.
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A cAMP DEPENDENT SIGNALING PATHWAY COUPLES 5HT4 RECEPTORS
TO TTX-INSENSITIVE SODIUM CHANNELS IN CAPSAICIN SENSITIVE
RAT SENSORY NEURONS. L.M. Cardenas, and C.G. Cardenas, and R S.
Scroggs*. Department of Anatomy and Neurobiology, University of Tennessee,
College of Medicine, Memphis, TN 38163.
The second messenger pathway coupling 5HT4 receptors to TTX-insensitive Na+
currents was investigated in a subtype of acutely dissociated rat dorsal root ganglion
cell (type 2), which is characterized by sensitivity to capsaicin and expression of an
A-like current evoked upon repolarization to -50 mV following a 1 second
conditioning pulse to -110 mV. Previously we reported that 200 pM
chlorophenylthio-cAMP failed to significantly mimic the increase in TTXinsensitive Na+ currents produced by 5HT in type 2 DRG cells, suggesting that
cAMP might not be involved in the signaling pathway (Cardenas et al., J.
Neuroscience, 1997, 17:7181-7189). However, more recent studies indicate that
cAMP is likely involved. In these new studies the 5HT induced increase in TTXinsensitive Na+ current was mimicked potently by 10 pM forskolin, and weakly by 1
mM 8-bromo-cAMP. In addition, the increase of TTX-insensitive Na+ channels by
5HT was inhibited by the general protein kinase inhibitor H-9, and by Rp-cAMPS,
which is selective for cAMP-dependent protein kinases.
In current clamp mode, 5HT was observed to produce an increase in excitability
of type 2 DRG cells. After exposure to 5HT, less depolarizing current was required
to evoke action potentials. The upshoot of action potentials occurred at more
hyperpolarized potentials after 5HT exposure, suggesting that the increase in
excitability may be due to a shift in the availability of Na+ current to more
hyperpolarized potentials. The above data fits well with earlier in vivo studies
suggesting that 5HT induced increases in cAMP may be involved in the production
of hyperalgesia (Taiwo et al., 1992, Neurosci. 48:479-483).
This work was supported by NIH grant NS-37067 to Reese Scroggs.

EFFECTS OF SUMATRIPTAN ON ACTIVITY OF RAT INTRACRANIAL
MENINGEAL AFFERENT NEURONS A.M. Strassman*, Dept. Anesthes., Beth
Israel Deaconess Med. Ctr. and Harvard Med. Sch., Boston, MA 02215.
Selective 5-HTiaD agonists such as sumatriptan are currently the most effective
agents for the abortive treatment of migraine headache. In addition to
vasoconstriction, such agents are thought to have direct neural effects that include
suppression of neuropeptide release from primary afferent terminals. Previous
results showed that sumatriptan suppresses c-fos expression and neural discharge
of trigeminal nucleus caudalis neurons evoked by meningeal stimulation. In order
to obtain further evidence on the potential mechanisms of action of sumatriptan,
its effects on discharge activity of meningeal primary afferent neurons were
examined in urethane-anesthetized rats. Single-unit microelectrode recordings
were obtained from A-delta and C-fiber neurons in the trigeminal ganglion that
were identified as meningeal afferents by their constant latency response to singleshock stimuli delivered to dural sites on and around the transverse sinus. To
quantify mechanosensitivity, graded forces were applied to the dural receptive
field with a 0.5 mm-diameter probe controlled by a force servo motor (Aurora
Scientific, Ontario). An ascending series of force pulses (3-sec pulse width) was
applied every 2 minutes for 15-30 minutes and sumatriptan was then added to the
dural bathing solution. Sumatriptan at concentrations of 1-10 ng/ml produced a
moderate reduction in the mechanically evoked discharge, while higher
concentrations (1 ug/ml) enhanced the mechanical response and also increased the
ongoing discharge. Modulation of primary afferent activity may be an additional
mechanism by which 5-HT1B/D agents can influence meningeal sensory function.
(Supported by the National Headache Foundation, NIH, and BIDMC Dept.
Anesthes.)

372.7

372.8

A METHIOTHEPIN-SENSniVE RECEPTOR MEDIATES THE SEROTONERGIC
MODULATION OF SPINAL NOCICEPTIVE REFLEXES IN VITRO. G.Hedo and
J.A.Lopez-Garcia. Dept. of Physiology, University of Alcala, 28871 Madrid, Spain.
(SPON: European Neuroscience Association).
Serotonergic terminals from descending fibres are found in the dorsal and ventral horns of the
spinal cord where they serve modulatory functions of somatosensory transmission including
nociceptive reflexes. The aim of the present investigation was to compare the pharmacological
profile of serotonergic receptors involved in the modulation of spinal nociceptive and nonnociceptive reflexes.
Spinal cords were removed from 8-10 day-old rats under urethane anaesthesia, hemisected and
superfused with oxygenated ACSF in a recording chamber. Suction electrodes were used to
stimulate the L4-L5 dorsal root and to record from the corresponding ventral root with a DC
amplifier. High intensity electrical stimuli (single stimuli and trains, 1Hz) were delivered before,
during and after superfusion with 5HT, agonists and antagonists at controlled concentrations. The
effects of the drugs on mono- and polysynaptic components of the signals were evaluated.
5-HT produced a concentration-dependent depression on the integrated area of the cumulative
depolarisation with an EC^ close to 10 pM. All the agonists used had depressant effects on this
variable and the order of potency was 5-CT > a-Met-5-HT > 8-OH-DPAT > 2-Met-5-HT. At a
low concentration 8-OH-DPAT had a strong depressant effect on the monosynaptic transmission
but no effect on the cumulative depolarisation. The antagonist methiothepin blocked the effect of
serotonin and of all other agonists on the cumulative depolarisations. Ketanserin was devoid of
effect on this variable but blocked the effects of the agonists on the monosynaptic transmission.
Ihe data show that the effects of 5-HT on the mono- and polysynaptic spinal transmission can
be separated phaimacologically suggesting the mediation of different receptors. The 5-HT
receptor mediating depression of polysynaptic / nociceptive pathways is blocked by
methiothepin but not by ketanserin.

Modulation of Corneal Nociception by 5-HTj A and 5-HT2A
Receptors. J.M. Dooyema, T. Pierce-Christopoulos, M. Grahek, G.
Livezev, and M.W. Wessendorf*. Dept of Neuroscience, University
of Minnesota, Minneapolis, MN 55455.
Corneal afferents appear to be predominantly nociceptive. Previous
immunohistochemical experiments have shown the presence of 5HTi a and 5-HT2A receptors on corneal afferents located in the
trigeminal ganglia. The present experiments tested the effects of activation of 5-HT1A and 5-HT2A receptors on responses to ocular
administration of KCI (a putative nociceptive stimulus). Groups of 12
male Sprague Dawley rats (100-260g) were conditioned to restraint,
and administered a 10 Jll drop of 1 M KCI onto one eye. Administration of 5-HT receptor agonists and antagonists was timed to provide
peak effects coincident with administration of KCI. The number of
blinks was counted over a 3 min. period. Pretreatment with the 5HTja agonist 8-OH-DPAT (0.05-5 mg/kg s.c.) significantly increased
the number of blinks in a dose-dependent fashion (p=0.0001). This
effect was reversed by the 5-HTIA antagonist NAN-190 (0.5 mg/kg
s.c.). The 5-HT2A/2C agonist DOI (0.1-2.5 mg/kg s.c.) dosedependently attenuated the blink response (p=0.0001) and was antagonized by ketanserin (0,5 mg/kg s.c.), a 5-HT2a /2C antagonist, and
spiperone (0.2 mg/kg s.c.), a 5-HT2a /ib antagonist. From these
experiments we conclude that 5-HT1A and 5-HT2a receptors play a
role in the modulation of corneal nociception. Whether these receptors
are acting centrally or peripherally is not yet known.
Supported by PHS grant DA05466 from NIDA.

Supported by the Ministry of Education (CICYT, SAF97-0104), Spain.

372.9
SYNERGISTIC EFFECTS OF LIDOCAINE AND 5-HT)D AGONISTS IN
A MOUSE HOT-PLATE MODEL. K.W. Locke1*, P. Chaivakul2 and
T.J. Maher2, 'interneuron Pharmaceuticals, Inc., Lexington, MA 02421 and
2Div. Pharmaceutical Sciences, Massachusetts College of Pharmacy and
Health Sciences, Boston, MA 02115.
The class of 5-HTID receptor agonists known as “triptans” have been used
successfully for the treatment of migraine. In this study, we determined the
systemic activity of sumatriptan (S) and zolmitriptan (Z) with and without
lidocaine (L) in the mouse hot-plate assay of analgesia. Hot-plate (50°C)
baseline latencies were determined in male Swiss-Webster mice prior to the
i.p. administration of saline (SAL), L (10 mg/kg), S (24 mg/kg), Z (1
mg/kg), or combinations of L with S or Z. Hot-plate latencies were
subsequently determined at 15, 30, 60, 90 and 120 min after drug
administration. The percent maximum possible effect (%MPE) was
calculated and used in the determination of the area of analgesia (%MPEmin). Although the area of analgesia for either L or Z alone did not differ
significantly from SAL, a significant (p<0.05) synergistic analgesic
response was observed with the coadministration of L and Z. A similar
phenomenon was observed when L was combined with S. While the area of
analgesia for both L and S alone differed slightly, but significantly (p<0.05)
from SAL, a significant (p<0.05) synergistic analgesic response was
observed with the coadministration of L and S. Future research is necessary
to determine whether the synergistic analgesic effect of L and 5-HT!D
agonists is pharmacokinetic or pharmacodynamic in nature.
Supported by Interneuron Pharmaceuticals, Inc.
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THE PRIMATE AMYGDALOID COMPLEX CONTRIBUTES TO OPIOID- AND
CANNABINOID-INDUCED ANTINOCICEPTION. B.H. Manning1*, I.P. Meng1,
N.M. Merin2 and D.G. Amaral2. 'Dept. of Neurology, University of California, San
Francisco, CA 94143 and 2Dept. of Psychiatry, Center for Neuroscience and the California
Regional Primate Research Center, University of California, Davis, CA 95616.
The amygdaloid complex is a forebrain region implicated in fear-related processes. In
the rat, the amygdala is a major contributor to the antinociceptive effects of systemically
administered morphine and cannabinoids. In the present study, we investigated whether
the amygdala also contributes to antinociceptive processes in the primate. Six rhesus
monkeys (Macaca mulatto) received large bilateral ibotenic acid-induced lesions of the
amygdaloid complex. An additional six monkeys served as unoperated controls. For each
monkey, the antinociceptive effects of morphine sulfate and the cannabinoid receptor
agonist WIN55,2l2-2 were assessed on separate days using a warm-water tail withdrawal
assay. A multiple-trial, cumulative dosing procedure was used for each drug such that
dose-effect data was obtained from each monkey on the same day. In control monkeys,
morphine (0.1-3.2 mg/kg, i.m.) and WIN55,212-2 (0.1-1.0 mg/kg, i.m.) dose-dependently
increased tail-withdrawal latencies (i.e., produced antinociception) at two different
noxious water temperatures tested (50, 55°C for morphine; 50, 53°C for WIN55,212-2).
In lesion monkeys, however, both drugs produced less antiiyjciception as compared with
control monkeys, with the reduction reaching statistical significance at the higher water
temperature (e.g., for 0.3 mg/kg morphine: %MPE = 35.1 for control monkeys, -8.7 for
lesion monkeys; for 0.3 mg/kg WIN55,212-2: %MPE = 86.0 for control monkeys, 13.6
for lesion monkeys). Amygdala lesions did not affect baseline tail withdrawal latencies.
Histological examination of the lesions confirmed that four lesion monkeys had relatively
complete bilateral lesions of the amygdaloid complex, while the other two had complete
lesions on one side, with substantial sparing of neurons in several amygdaloid nuclei on
the other side. The present data support the notion that the amygdala contributes strongly
to analgesic processes in primates, including humans. Supported by the Medical Research
Council of Canada and U.S. P.H.S. Grants NS 10816, MH 41479 andRR 00169.

CANNABINOIDS ATTENUATE NGF-INDUCED VISCERO-VISCERAL
HYPER-REFLEXIA (WH) VIA CBi AND CB2 RECEPTORS
W.P.Farquhar-Smith*, S.I.Jaggar. A.S.C.Rice, Pain Research Group, Imperial
College School of Medicine, London W2 1NY, UK.
NGF is a pivotal molecule in inflammatory hyperalgesia of the urinary bladder.
The cannabinoids palmitoylethanolamide (PEA) and anandamide (ANA)
moderate turpentine-induced WH. Therefore, we investigated the action of these
agents on WH induced by exogenous intravesical NGF treatment.
Baseline cystometrograms (CMGs, intravesical pressure-volume relationship
during instillation of saline, 0.05ml/min to 0.7ml) were recorded in 54
anaesthetised (urethane 1.25g/kg i.p.) female Wistar rats. From each CMG the
micturition threshold (Vmic) was derived (intravesical volume at which regular
micturition contractions commence). WH is manifest by a reduction in Vm!C.
Intravesical NGF (0.5ml 20pg/ml for 1 hr) was associated with a reduction of
Vmic to 40% of baseline. ANA(25mg/kg) and PEA(2.5mg/kg) prevented this in a
dose dependent manner. ANA’s effect was totally reversed by the CB] antagonist
(lmg/kg SR141716A, SRI) and partially by the CB2 antagonist (lmg/kg
SR144528, SR2). The effects of PEA were reversed by SR2 but not SRI.
In addition to areas of the central nervous system associated with nociception,
such as the spinal dorsal horn, CBi receptors are present on NGF dependent
primary afferent neurons. Agonists at CB2 receptors prevent NGF-induced mast
cell degranulation and amplification of NGF available for interaction with trkA
receptors. ANA attenuates NGF-induced WH via CBi and CB2 receptors, while
PEA acts via CB2 receptors alone. These data support the notion that endogenous
cannabinoids antagonise the actions of NGF in inflammation.
Funding: W.P.F-S is supported by RCA, UK. SR1411716A donated by NIMH
Chemical Synthesis Program, SR144528 donated by Sanofi Recherche, France.
NGF donated by Genentech, CA, USA.

373.3

373.4

STRAIN-DEPENDENT ANTINOCICEPTION FROM THE CANNABINOID

EFFECTS OF INTRANASAL ADMINISTRATION OF
A9-TETRAHYDOCANNABINOL IN RODENT ANALGESIA MODELS.
U. Pylak,1 I. Acworth2* and T.J. Maher1. 'Div. Pharm. Sci., MCPHS, Boston, MA
02115; 2ESA Inc., Chelmsford, MA 01824.
A9-Tetrahydrocannbinol (A9-THC), the primary psychoactive constituent of the
Cannabis plant has been demonstrated to posses analgesic activity. While drugs used
for systemic analgesic activity are routinely administered by parenteral or oral routes,
these routes may be impractical for daily dosing or not suitable due to pharmacokinetic
limitations and/or hepatic first-pass metabolism. The nasal route has been shown to be
a useful route of drug delivery. Thus the nasal route may be an ideal alternative for the
administration of A9-THC and related cannabimimetic compounds. Initially hot-plate
(50°C) latencies were determined in male Sprague-Dawley rats prior to i.n.
administration of ethanol, A9-THC (1.14-1.33 mg/kg) or anandamide (0.57-0.67
mg/kg). Hot-plate and tail-flick latencies were subsequently determined at 15, 30, 60,
90, and 120 min intervals post drug administration. The percent maximum possible
effect (%MPE) was calculated and used in the determination of the area of analgesia
(%MPE-min). The area of analgesia for A9-THC (2957± 409) was significantly greater
than that for ethanol (-730 ± 457) and anandamide (672 ±401) (p<0.05). When A9THC was administered i.p. (2.86-3.33 mg/kg) there was no significant difference from
control (p<0.05). When A9-THC i.n. was administered with naloxone i.p., A9-THC
continued to produce and analgesic response indicating that this response is not due to a
p opioid receptor mechanism. In contrast, when A9-THC i.n. was administered with
AM281 i.p. (2.5 mg/kg) a cannabinoid receptor antagonist, A9-THC failed to produce
an analgesic response. Tail-flick latencies were also determined in male SpragueDawley rats prior to i.n. administration of ethanol or A9-THC (1.14-1.33 mg/kg). The
area of analgesia for A9-THC (518 ± 286) was significantly greater than that for ethanol
(-37 ± 66) (p<0.05). These results indicate that A9-THC is an effective analgesic -in rats
when given i.n. and suggests a potential for the development of a dosage form for drug
delivery of this compound through the nasal route.

S.G. Wilson, K.A. Melton, R.E.
Wickesberg* and J.S. Mogil. Dept. of Psychology and Neuroscience Program,
University of Illinois at Urbana-Champaign, Champaign, IL 61820.
Cannabinoid receptor agonists exhibit antinociceptive properties after
administration at peripheral, spinal and supraspinal levels, and the clinical use of this
drug class is receiving mainstream consideration. Basal nociception and opioid
antinociception have been shown to vary with genotype, and the responsible genes
are beginning to be identified. We aimed presently to demonstrate a genetic
component to variability in the antinociception produced by the cannabinoid agonist,
WIN 55,212-2 mesylate (WIN). WIN antinociception in 11 common inbred mouse
strains (all Jackson Laboratory substrains) was evaluated using the 49°C
tail-immersion/withdrawal assay. Latencies were determined immediately before,
and 15, 30 and 60 min after an intraperitoneal injection of 6.0 mg/kg WIN, a dose
chosen based on pilot dose-response studies using outbred mice. WIN produced
significant antinociception in all strains, with peak responses occurring between
15-30 min. There was a significant main effect of genotype on WIN percent
antinociception (calculated with respect to the area under the time x latency curve),
corresponding to a heritability estimate of WIN-induced antinociception of A2=0.44,
a value favorable for future gene mapping efforts. The order of sensitivity of the 11
strains was: 129>BALB/c«RIIIS«A>DBA/2«CBA«C58«AKR«C3H/He>C57BL/10
«C57BL/6. Large sex differences were observed in sensitive strains (129 and
BALB/c), with male mice exhibiting increased level and duration of antinociception.
Particularly notable were male 129 mice, who remained profoundly insensitive to
thermal nociception over 3 h post-injection. These data support the emerging
hypothesis that genotype is a critical factor in determining sensitivity to
antinociception from multiple drug classes. Supported by PHS grants DAI 1394 and
DEI2735 (JSM).
RECEPTOR AGONIST, WIN 55,212-2.

373.5

373.6

ANALGESIC EFFECTS OF A MODIFIED HERPES SIMPLEX VIRUS
EXPRESSING HUMAN PREPROENKEPHALIN IN RATS. P.J. Fink12*,
W.F. Goins2, ,J.C. Glorioso2, J.R, Goss'. Depts. of 'Neurology and 2Molecular
Genetics & Biochemistry, University of Pittsburgh, and the VA Medical Center,
Pittsburgh, PA 15213.
Opiate peptides block pain neurotransmission through inhibitory effects at the
spinal level.
A herpes simplex virus (HSV) based vector expressing
preproenkephalin delivered to the DRG by inoculation of the dorsum of the
hindfoot has been demonstrated to have antihyperanalgesic effects in the mouse
(Wilson et al., PNAS, 96(6):3211, 1999). We examined whether a nonreplicating HSV vector could be used to attenuate pain sensation in the rat.
We constructed a replication-incompetent HSV genomic vector (designated
SHPE), deleted for both copies of ICP-4, which contains the human
preproenkephalin gene, in the viral tk locus, under the control of the human
cytomegalovirus immediate early promoter. We injected 30 pi containing 3xl07
pfu SHPE subcutaneously into the plantar surface of the right hindpaw of male
Wistar rats. Control animals were injected with either saline or a similar HSV
vector containing the lacZ gene. One week later, a formalin-induced pain
behavior test was administered to the animals. Rats which received the SHPE
vector demonstrated an attenuation in both phase 1 and phase 2 of the formalininduced response. This study suggests that gene therapy utilizing
preproenkephalin-expressing HSV vectors may be a viable treatment for pain.
Supported by grants from NIH, Dept. of Veterans Affairs, and the GenVec
Corporation.

STIMULUS-DEPENDENT ANALGESIA AFTER APPLICATION OF A
TRANSGENIC HERPES VIRUS ENCODING HUMAN PROENKEPHALIN TO
PRIMATE SKIN D. C. Yeomans* 12, Y. Lu1 , C. Laurito2, P. Kim1, E. G.
Votta-Velis2, M. Peters1, and S. P. Wilson3 Depts. of 1Anatomy and Cell Biology
and 2Anesthesiology, Univ. of Illinois at Chicago, Chicago, Illinois, 60612, USA
and 3Dept. of Pharmacology, Univ. of South Carolina, Columbia, SC, 29208.
We have previously demonstrated, in mice, expression of the transgene as
well as antihyperalgesic effects of cutaneous application of an attenuated herpes
simplex type A virus into which we have inserted the gene for human
preproenkephalin (KHPE). This experiment determined whether similar effects
would be observed in non-human primates. In this way, we would be moving the
treatment one step closer to its use in human pain patients.
Six stump-tailed macques (macaque arctoides) were deeply anesthetized with
ketamine (IM). The dorsal surface of each hindpaw was shaved and abraided
to increase access of viruses to the primary afferent endings. A solution of either
KHPE or a control virus (KZ) was then spread onto these surfaces. At 2 to 4
week intervals thereafter, the animals were lightly anesthetized with IV
Propofol™, and latencies to foot withdrawals in response to high or low rate
radiant skin heating were measured both under basal conditions, and after
topical application of capsaicin. In some sessions, naloxone (0.1 mg/kg) was
administered intrathecally to determine whether effects were opiate-mediated.
In most monkeys, neither KHPE nor KZ significantly affected baseline foot
withdrawals. However, while KZ-infected surfaces demonstrated a pronounced
hyperalgesia after capsaicin, this effect was significantly attenuated on KHPE
surfaces, and effect that lasted at least 14 wks. Naloxone partially blocked this
decrease in hyperalgesia, indicating opiate mediation. Thus, herpes vectors may
provide a means of providing long term relief from localized pain and/or
hyperalgesia. Support: USPHS Grants DA08256 (DCY); IBN-9728736 (SPW).
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ONTOGENY OF ANALGESIA FOLLOWING LOCAL PLANTAR
INJECTION^ OF OPIATES IN THE FORMALIN TEST.
G.A. Barr1’2 , E.L. Limon1, and R.A.Luthmann1. hunter College and
2NY State Psychiatric Institute; New York, NY 10032.
Opiates given locally to a site of injury are potent analgesics in
adults animals, likely acting on receptors on peripheral nerves and
immune cells. Agonists for p, 5 and k opioid receptors are all effective.
Morphine is an effective local analgesic in infants rats, presumably
acting through the same mechanisms. Opioid receptors in brain and
spinal cord, however, develop at different rates in the infant. The goal
of these studies was to determine if agonists specific for these opioid
receptors are analgesic in the infant rat, and to assess on which of these
receptors morphine acts. The model of nociception was the formalin
test (2%/10 pi injected into the hindpaw) and was tested in 3, and 21
day old pups. U-50, 488 (k agonist; 0.4, 2.0, 10.0 pg/injection) was
effective at both ages. The p opioid agonist DAMGO (0.13, 0.63
pg/injection) was also analgesic although with very limited efficacy.
Systemic injected controls (s.c. or i.p.) with similar doses of either drug
were less analgesic, suggesting a local site of action for the intraplantar
injection. 8 Opioid agonists were not tested. To ascertain the receptor
types mediating morphine’s analgesic effect, 10 day old pups were
treated in the hindpaw with morphine combined with specific receptor
antagonists prior to the formalin injection. Morphine induced analgesia
was reversed by the general antagonist naltrexone and the more
specific p opioid antagonist CTOP. The 8 and k opioid antagonists,
naltrindole and nor-BNI, were without effect. Thus morphine induced
local analgesia is mediated p opioid receptors, and opiates targeting k
receptors are effective analgesics at local sites of action in the infant.
Supported by NIH NS 36130 and DA 00325.

FURTHER EVIDENCE FOR THE EXISTENCE OF A PERIPHERAL,
NOVEL, KAPPA-OPIOID-LIKE RECEPTOR LOCALIZED IN THE
COLON.
S.K.Joshi*. X.Su and G.F.Gebhart. Department of Pharmacology, University of
Iowa, Iowa City, IA 52242.
The present experiments were undertaken to test the hypothesis that K-opioid
receptor agonists (k -ORAs ) modulate visceral nociception by interacting with a
novel, peripheral, K-opioid-like receptor which is different from the K-opioid
receptor (KOR) cloned and characterized from the CNS. Antisense
oligodeoxynucleotides (ODNs) targeting the cloned rat KOR were administered
intrathecally (12.5 pg, twice daily for 4 days) into the lumbosacral area. KOR
antisense, but not mismatch, ODN blocked the antinociceptive actions of the k ORAs (EMD 61,753 and U 69,593) in the formalin test, without affecting the
actions of the p-(DAMGO) and 5-(deltorphin) ORAs. In contrast, the ability of
EMD 61,753 to attenuate responses of pelvic nerve afferent fibers to noxious
colonic distension (80 mm Hg) was unaffected in the same rats in which a
behavioral ‘knock-down’ of KOR was demonstrated by the formalin test.
Immunohistochemistry demonstrated that the ODNs accessed the L4-S1 dorsal
root ganglia and KOR knock-down was verified by using immunoblotting and
immunocytochemistry. Additionally, behavioral recovery was tested in rats 10
days after the antisense ODN treatment was terminated. These data support the
existence of a novel, peripheral, K-opioid-like receptor localized in the colon.
Supported by NS 19912.

373.9

373.10

Application
of Morphine
to
the
Temporomandibular
Joint
(TMJ) Region
Suppresses
Glutamate
-Evoked
Jaw
Muscle
Activity
In Male But Not Female Rats . B.E. Cairns*, B.Y. Cai, B.J.
Sessle, J.W. Hu. Faculty of Dentistry, University of Toronto, Toronto,
Ontario, Canada M5G 1Gb.
We have previously demonstrated that activation of peripheral opioid
receptors within the TMJ region can inhibit jaw muscle activity evoked by
TMJ application of the inflammatory irritant mustard oil in male rats
(Neuroreport 9, 3315-3319, 1998). Tne present study investigated whether
local application of morphine would also be effective in suppressing jaw
muscle activity evoked by applying the non-inflammatory excitant glutamate
to the TMJ region and whether such suppression would be sex-dependent.
To evoke electromygraphic (EMG) activity from the ipsilateral jaw muscles,
glutamate (0.25M, luuL) was applied to the TMJ region of anesthetized male
and female Sprague-Dawley rats (n=90; 250-400g). Thirty minutes later, a
second TMJ application of glutamate alone or in combination with morphine
(1, 10, 20, or 40pg) was made. To rule out the possibility of systemic
actions, morphine (40pg) was also given IV 5 mm prior to the second
application of glutamate in 10 rats of each sex. The area under the EMG
activity curve (AUC) evoked by the second glutamate (± morphine)
application was normalized to the AUC evoked by the first application of
glutamate and a dose-response curve constructed.
In male rats, coapplication of morphine resulted in a dose-related reduction of glutamateevoked jaw muscle activity. The estimated median suppressive dose (± SE)
was 13±4 and 14±6 pg for the digastric and masseter muscles, respectively.
In contrast, there was no significant suppressive effect of any of the doses of
morphine on glutamate-evoked jaw muscle activity in female rats. Systemic
administration of morphine (40 ug) had no significant effect in either sex.
The present data suggest that TMJ region inflammation is not a necessary
pre-condition for effective suppression of nociceptive responses by
peripherally applied morphine ana that there are significant differences in the
sensitivity of male and female rats to the suppressive effect of peripheral
morphine application.
Supported by NIH grant DEI1995.

REPEATED SPINAL OPIOID ADMINISTRATION PRODUCES ABNORMAL

373.11
REPEATED SPINAL OPIOID ADMINISTRATION OR PERIPHERAL NERVE

INJURY ELICITS ABNORMAL PAIN IN ICR, BUT NOT IN PKCyKO OR
129SvEv, MICE. M. Ibrahim, T.W, Vanderah, L.R. Gardell, C-M. Zhong, T.P. Malan
Jr.*, J. Lai and F. Porreca. Departments of Pharmacology and Anesthesiology, University
of Arizona Health Sciences Center, Tucson, AZ, USA.
Repeated spinal opioids elicit antinociceptive tolerance as well as unexpected abnormal
pain supporting a mechanistic link between states of opioid tolerance and nerve-injury.
However, 129SvEv mice do not demonstrate antinociceptive tolerance after repeated
opioids and mice lacking the y isoform of protein kinase C (PKCy "knock-out") do not
show neuropathic pain after partial sciatic nerve section. Here, PKCyKO or wildtype
(WT) mice received twice daily spinal saline, [D-Ala2,NMePhe4,Gly-ol5]enkephalin
(DAMGO, an opioid p agonist) or [D-Ala2, Glu4]deltorphin (DELT, an opioid 5 agonist)
for 4 days. On day 5, possible tactile allodynia or thermal hyperalgesia was measured
using calibrated von Frey filaments and the radiant heat paw flick assay, respectively.
Repeated DAMGO or DELT, but not saline, elicited tactile allodynia, thermal
hyperalgesia and antinociceptive tolerance in WT, but not in PKCyKO, mice. Further,
WT, but not PKCyKO mice, showed an opioid-induced increase in lumbar dynorphin
content. Tight ligation of the L5 and L6 spinal nerves elicited both tactile allodynia and
thermal hyperalgesia in ICR, but not in 129SvEv, mice. ICR, but not 129SvEv, mice
showed elevated lumbar dynorphin content following spinal nerve injury. Spinal
administration of dynorphin antiserum reversed thermal hyperalgesia, tactile allodynia and
antinociceptive tolerance seen following repeated spinal opioids or following nerve injury
in ICR mice. The data suggest that elevated levels of spinal dynorphin are associated with
abnormal pain induced by either repeated spinal opioids or by nerve injury and that
pathological levels of spinal dynorphin may represent a common mechanism associated
with both the nerve-injury and opioid tolerant states. The failure to upregulate dynorphin
in some strains after injury may underlie the lack of behavioral signs of tolerance/nerveinjury states. Supported by DA 11823.
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PAIN AND ANTINOCICEPTIVE TOLERANCE WHICH IS REVERSED BY
DYNORPHIN ANTISEURM. L.R. Gardell, T.W. Vanderah, S.E. Burgess, M. Ibrahim,
C-M. Zhong, M.H. Ossipov, J. Lai*, T.P. Malan Jr. & F. Porreca. Departments of
Pharmacology and Anesthesiology, University of Arizona, Tucson, AZ, USA.
Sustained spinal opioid administration has been shown to produce analgesic tolerance
as well as unexpected abnormal pain including hyperalgesia and tactile allodynia.
Animals with peripheral nerve injury show elevated levels of spinal dynorphin as well as
a loss of antinociceptive actions of spinal opioids (i.e., "tolerance") which is reversed by
pretreatment with MK-801 or antiserum to dynorphin. Here, we treated rats with either
saline, or continuously with a p or 8 opioid agonist given intrathecally (j.th.) via an
osmotic minipump for 7 d. We evaluated the rats for possible tactile allodynia (von Frey
filaments) and thermal hyperalgesia (radiant heat paw flick) which were assessed on day
6 during the continuous delivery of spinal agonist to eliminate possibility of withdrawal.
Antinociceptive (52°C hot-water tail-flick test) tolerance was measured on day 7,
immediately after stopping spinal agonist delivery. Spinal saline produced no changes in
any test. Spinal [D-Ala2,NMePhe4,Gly-ol5]enkephalin (DAMGO), an opioid p agonist or
[D-Ala2, Glu4]deltorphin (DELT), an opioid 5 agonist, produced both tactile allodynia and
thermal hyperalgesia as well as significant antinociceptive tolerance. Additionally, lumbar
dynorphin content was shown to be increased in rats treated with spinal opioids.
Administration of antiserum to dynorphin produced no effect in saline treated rats but
effectively reversed both thermal hyperalgesia (to above baseline levels) and tactile
allodynia (to baseline levels); the antinociception observed in the foot-flick response
following dynorphin antiserum may reflect restored spinal opioid agonist activity.
Dynorphin antiserum also reversed established opioid antinociceptive tolerance. Thus,
the data show that spinally, p or 8 opioids regulate dynorphin levels and that elevated
spinal dynorphin is functionally associated with abnormal pain and opioid tolerance.

Supported by DA 11823
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SIZES OF DRG NEURONS EXPRESSING THE mRNAs ENCODING THE
CLONED p- AND 9-OPIOID RECEPTORS. H Wang* and MW
Wessendorf. Dept Neuroscience, Univ Minnesota, Minneapolis, MN 55455
Previous studies have suggested that the mRNAs encoding either the
cloned p-opioid receptor (MORI) or 3-opioid receptor (DORI) exist in the
dorsal root ganglia (DRG) of rats. In the present study, we determined the
sizes of DRG neurons expressing DORI and MORI mRNAs. DRG neurons
were labeled in 3 male Sprague-Dawley rats by applying Fluoro-Gold
(FG) topically to the dorsal surface of the lumbar spinal cord. Five pm
cryostat sections were cut and in situ hybridization was performed using
full-length cRNA probes labeled with 35S-UTP. Of 135 retrogradely
labeled neuronal profiles in DRGs, 64 (47 + 12%, mean ± SD%, n=3 rats)
expressed levels of MORI mRNA significantly (p<.0001, chi-square test)
above background. In a second set of 202 FG-labeled cell profiles from
sections that were hybridized for DORI mRNA, 134 (63 ± 25%, mean ±
SD%, n=3 rats) had grain densities significantly
(p<,0001) above
background. The distribution of sizes of FG- labeled neuronal profiles
ranged from 128-2081 pm2 and appeared to be bimodal, with peaks at 300400 pm2 and 1000-1100 pm2, and a break-point at about 700 pm2. No
significant differences were observed between smaller (<700 pm2) and
larger (>700pm2) FG-labeled neurons in the proportions labeled for either
MORI mRNA (57/116 vs. 7/19, p>.5, chi-square test) or DORI mRNA
(107/171 vs. 27/30, p>.2, chi-square test). Most FG-labeled neurons that
expressed either MORI mRNA or DORI mRNA (89.1% and 79.9%,
respectively ) were smaller than 700 pm2. We conclude that both smaller
and larger DRG neurons express DORI and MORI mRNAs, but that most
cells expressing these mRNAs are small.
Supported by DA05466 & DA09642.

MORI IMMUNOREACTIVITY APPOSES BULBOSPINAL
5HT AND NON-5HT NEURONS IN ROSTRAL VENTROMEDIAL MEDULLA IN MONKEYS. S.A. Schnell*1. R.E,
Novo2 and M.W, Wessendorf1, Dept. of Neuroscience1 and
Dept. of Small Animal Clinical Science2, University of
Minnesota, MN 55455.
Morphine antinociception appears to be mediated in part by
descending pathways originating in the rostral ventromedial
medulla (RVM). However, the relationship of opioid receptors to bulbospinal RVM neurons has not been determined in
primates. We examined this question in Rhesus macaques by
combining immunofluorescence for the cloned p-opioid
receptor (MORI) with retrograde tract-tracing from the spinal
cord. Wheat germ agglutinin-horseradish peroxidase (WGAHRP) was injected into the dorsal lumbar enlargement of
three monkeys. Subsequently, cryostat or microtome sections
of the RVM were processed for simultaneous immunofluorescent detection of MORI, WGA-HRP and serotonin
(5HT). We found that MORI immunoreactive processes
apposed some spinally-projecting neurons in the RVM. In
addition, some of these cells were immunoreactive for 5HT.
These experiments suggest that p-opioid agonists may affect
descending non-5HT and 5HT neurons in the RVM of
primates.
This study was supported by PHS grant DA09642 from
NIDA.

374.3

374.4

DISTRIBUTION OF A SPLICE VARIANT OF THE MU-OPIOID
RECEPTOR-1, MOR-1 D, IN THE MURINE CENTRAL NERVOUS
SYSTEM, C. Abbadie,* Y,X. Pan and G.W. Pasternak. The Cotzias
Laboratory of Neuro-Oncology, Memorial Sloan-Kettering Cancer Center,
New York, NY, USA.
We have recently identified 3 splice variants of the mouse mu-opioid
receptor (MOR-1) gene due to alternative splicing of additional exons (6,7,8
and 9) downstream from the original exon 3. In MOR-1 D the 12 amino acids
(AA) encoded by exon 4 in MOR-1 are replaced by 7 AA derived from the
combination of exons 8 and 9. In the present study, we looked at the
distribution of the splice variant MOR-1 D in rat and mouse CNS using
immunohistochemistry. Antisera were raised against a synthetic peptide
corresponding to the carboxyl terminus of MOR-1 D (Multiple Peptide
Systems). Specificity of the antisera was verified (1) by staining of HEK 293
cells transfected with MOR-1 D, (2) Western blots of membranes of
transfected cells and brain tissue, (3) the absence of staining in both brain
tissue and transfected cells after preabsorption of the antisera with the
cognate peptide. Intense MOR-1 D-like immunoreactivity (MOR-1 D-LI) was
found in the hippocampus (only CA 3), the nucleus of the solitary tract and
laminae I and II of the medullary and spinal dorsal horn. Moderate MOR-1 DLl was observed in laminae lll-VI and X of the spinal cord. MOR-ID-LI
neurons seem to target their receptors preferentially to their somatodendritic
domain. MOR-1 D was expressed in similar structures as MOR-1, but with a
more discrete distribution. However, MOR-1 C-LI (encoded by exons 6, 7
and 9) is intensely expressed in the hypothalamic nuclei. Since the splice
variants are derived from the same gene, the differences in regional
distribution represent region-specific mRNA processing.
Supported by NIDA DA02615 and DA07242.

DOPAMINERGIC SLOW INHIBITORY SYNAPTIC RESPONSE IN
SUBSTANTIA OELATINOSA NEURONS OFTHE ADULT RAT SPINAL CORD.
T. Nakatsuka2*. E. Kumamoto1 and M. Yoshimura1. ’Dept of Physiology, Saga
Medical School, Saga 849-8501 and 2Dept. of Orthopedic Surgery, Wakayama
Medical School, Wakayama 640-8516, Japan
The localization of cell bodies and terminals of dopaminergic (DA) neurons has
been well documented in the rat brain. The All cell group, corresponding to the
dorso-caudal hypothalamus, appears to project to the spinal cord since a considerable
amount of DA terminals are found in the dorsal hom. Consistent with this idea
several lines of evidence have previously suggested a modulatory role of the
diencephalospinal DA system in processing sensory information such as pain. The
present study was designed to address the question of the cellular mechanism for the
sensory transmission in the dorsal hom of the descending DA system, by recording
the synaptic inputs to substantia geladnosa (SG) neurons of adult rat spinal cord
slices. Repetitive stimuli applied to the dorsal root did not elicit any slow IPSCs. In
contrast, repetitive stimuli applied to the deep dorsal hom elicited a slow IPSC in 32
out of 101 SG neurons examined, suggesting an involvement of neurotransmitters
released from either intemeurons or descending fibers. The slow IPSC was
associated with an increase in membrane conductance and reversed its polarity at
around -90 mV close to the Nemst potential for K+, indicating the activation of a K+
channel. Dopamine hyperpolarized a subset of SG neurons; this action occluded the
slow IPSC. In addition, the slow IPSC was partially depressed or abolished by DI
selective antagonists. The present observations suggest that a subset of SG neurons
receive an inhibitory input from dopaminergic descending fibers. Thus, the
dopaminergic as well as serotonergic and noradrenergic descending system may play
an important role in pain modulation.

374.5
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LOCAL INJECTION OF OPIOID AGONISTS INTO CAUDAL MEDULLARY
DORSAL HORN ALTERS THE EXCITABILITY OF TRIGEMINAL
INTERPOLARIS/CAUDALIS
TRANSITION
NEURONS
TO
CO2
STIMULATION OF RAT CORNEA. H. Hirata*. S. Takeshita and P.A, Bereiter.
Depts. Surgery & Neuroscience, Rl Hospital/Brown Univ., Providence, Rl 02903
Chemical stimulation of the cornea (CO2 pulses) excites trigeminal neurons at
the subnucleus interpolaris/caudalis (Vi/Vc) and caudalis/upper cervical spinal ccad
(Vc/Cl) transition regions. Intravenous morphine enhances the response of >50% of
Vi/Vc neurons but reduces the response of all Vc/Cl neurons to CO2 pulses. To
determine if mu opioid receptor agonists act at Vc/Cl to alter the activity of Vi/Vc
corneal units, opioid receptor selective drugs were injected directly into Vc/Cl. In
methohexital-anesthetized male rats, Vi/Vc corneal units were tested with CO2
pulses before and after opioid injection (180-300 nl) into Vc/Cl. Drugs tested were
morphine sulfate (MS; 2.9-4.8 nmol), and 1.8-24.0 pmol of selective mu
(DAMGO), delta (DPDPE), or kappa (U50,488H) agonists. Antagonists were
naloxone (0.2 mg/kg, iv) for mu and delta receptors, and nor-BNI (4.0 mg/kg, iv) for
kappa receptors. Sixteen of 31 Vi/Vc cells were excited by CO2 pulses before opioid
injection and 2 cells were excited only after mu opioid injection. Local MS into
Vc/Cl enhanced the CO2 response of 4 Vi/Vc units and depressed 4 neurons.
DAMGO enhanced 3 cells, depressed 1 neuron and did not affect 2 neurons. DPDPE
and U50.488 failed to affect Vi/Vc responses to CO2 pulses of 4 cells. Changes in
CO2 responses were reversed by selective antagonists. Fourteen of 29 Vi/Vc corneal
units were antidromically driven from sites in the superior salivatory n./facial motor
n. (SSN/VII) region and 7 responded to CO2 pulses (3 type I, 3 type II, 1 with pure
inhibition). None of 3 CO2 responsive Vi/Vc cells projecting to SSN/VII were
enhanced by MS or DPDPE. Four of 21 Vi/Vc units were driven from posterior
nucleus (PO) of contralateral thalamus. One cell was CO2 responsive, but not
affected by local MS. The results indicate that morphine enhances Vi/Vc corneal
unit activity, in part, by acting on mu opioid receptors at the Vc/Cl transition.
Vi/Vc corneal units that were enhanced by local mu opioid agonists did not project to
SSN/Vn or PO. Supported by NIH grant NS26137 and Rl Hospital.

p-OPIOID RECEPTOR ACTIVATION HYPERPOLARIZES MORE
SPINAL LAMINA II NEURONS THAN DOES k OR 8
ACTIVATION. W. A. Eckert III*, & A.R. Light. Cell & Molecular
Physiology Dept., University of North Carolina, Chapel Hill, NC
27599-7545.
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In order to determine the relative abundance of postsynaptic p, k , 5,,
and 82 opioid responses and their possible colocalization on spinal
lamina II neurons, 96 neurons of rat spinal cord slices were recorded in
whole-cell, tight-seal configuration. Bath application of DAMGO,
U50488H or U69593, DPDPE, and Deltorphin II were used for
activation of p, k , S„ and 82 receptors, respectively. Only one agonist
subtype was tested with 42 neurons while 54 had 2 to 4 subtypes tested.
Responses were evoked by each of the agonists and all responses
were inhibitory, i.e.- hyperpolarizations and conductance increases, p,
agonist hyperpolarized 35 of 67 (52%) neurons tested; whereas, only
8/59 (14%) for k , 9/55 (16%) for 8, and 2/45 (4%) for 82. When all 4
subtypes were tested on individual neurons 8 were hyperpolarized only
by p agonist, 1 neuron was hyperpolarized by all four subtype agonists;
2 only by p and 8,; 1 by p, 8b and 82 but not k , and 24 were
unresponsive to all. Other colocalized responses were observed when 2
or 3 agonists were tested including p with 81 and p with k .
These results indicate that 8j and 82 agonists also can hyperpolarize
spinal laminae II neurons, that postysnaptic responses may be
colocalized on individual neurons, and that the relative abundance of
hyperpolarizations are: p»8,>K>82.
Supported by NINDS grant NS16433.
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OPIOID k - AGONIST REDUCES THE MECHANICAL SENSITIVITY OF
DORSAL HORN NEURONS IN A MOUSE MODEL OF NEUROPATHIC
PAIN. M.M. Behbehani, H.Liu, C.S, Tedesco-1", D.E, Coyle+* Dept. of Mol.
and Cell. Physiology, and +Dept. of Anesthesia, University of Cincinnati,
Cincinnati, OH 45267.
Partial sciatic nerve ligation (PSNL) in rodents produces many
characteristics similar to human neuropathic pain. In addition, studies have
shown that following peripheral nerve injury, the expression of dynorphin
mRNA and the level of dynorphin are increased. In this study, we examined
the effects of a kappa-1 receptor agonist, U50488H, on the cellular responses
of dorsal horn (DH) neurons in mice with PSNL. Von Frey hair testing
showed that PSNL mice have an increased sensitivity to mechanical
stimulation compared to sham-operated mice. This hyperalgesia persists for
as long as we have maintained our animals (14 weeks). We also recorded
from single neurons in the DH and used local application of U50488H to
determine the cellular properties of DH neurons in sham-operated and PSNL
animals. Our results show that (1) the receptive field size of DH neurons in
PSNL animals is significantly larger that of sham-operated animals; (2) in
both sham-operated and PSNL animals, local application of U50488H
decreases the baseline firing rate and both the magnitude and the duration of
the response of DH neurons to noxious mechanical stimulation; and (3) DH
neurons in animals with PSNL are more sensitive to U50488H than DH
neurons in sham-operated animals. We conclude that in the mouse, (1) partial
ligation of the sciatic nerve produces persistent mechanical allodynia and (2)
the dynorphinergic system of the DH is involved in the cellular basis of this
condition. This work was supported by NIH grant NS20643.

ANTINOCICEPTIVE ACTION OF MORPHINE IS MODULATED BY L-TYPE CALCIUM
CHANNEL, NMDA RECEPTOR AND PROTEIN KINASE. H.K. Shin* , J.S. Ryu, K.S.
Kim. Department of Physiology, College of Medicine, Institute of
Biomedical Sciences, Hanyang University, Seoul, 133-791, Korea.
Morphine is a strong analgesic but its repeated administration
induces tolerance which is characterized by an increase in cytosol ic Ca2+
level and an activation of protein kinase and adenylate cyclase. In the
behavioral tests, Ca2+ channels and NMDA receptors are known to be
implicated in the development of tolerance and their antagonists
potentiate morphine analgesia. We have investigated the effects of
iontophoretically applied Ca2+, verapamil, Mg2+, 117 and phorbol ester on
the inhibitory action of morphine in dorsal horn cells(DHC). The
responses of DHC to iontophoretical application of NMDA and to C-fiber
stimulation were extracellularly recorded from the wide dynamic
range(WDR) cells in the lumbar enlargement of the anesthetized rats. All
drugs were iontophoretically applied near the recording cells. Single
appl icat ion of morphine, verapamil, Mg2+or H7 produced inhibition of the
NMDA- and C-fiber-induced responses. The inhibitory action of morphine
was potentiated by the combined application of morphine with verapami 1,
Mg2+ or H7 only when the inhibitory action of each drug was less than 30%
of the control responses. Calcium ion showed an inhibitory action on the
NMDA- and C-fiber-evoked responses, but no potentiating effect on the
morphine action. Phorbol 12, 13-dibutyrate(PDBu) augmented the NMDA
responses, but attenuated the inhibitory action of morphine on the NMDA
responses. However, PDBu did not have any apparent effect on the C-fiber
responses. These experimental findings suggest that antinociceptive
effect of morphine can be modified by the changes in the activities of
calcium channels, NMDA receptors and protein kinases in the rat spinal
cord.
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IONTOPHORETIC MORPHINE ENHANCES THE RESPONSE OF DORSAL
HORN NEURONS TO NOXIOUS MECHANICAL STIMULI DURING
FORMALIN EVOKED HYPERALGESIA IN CATS
J.M. Park1, K.W. Li1, S.J. Jung*S.J. Kim1, and J. Kim1*. 'Dept. of Physiology and
Biophysics, Seoul National Univ. College of Medicine, Seoul, 110-799, Korea.;
2Dept. of Physiology, Dankook Univ. College of Medicine, Chun-ahn, 330-180,
Korea
Intradermal formalin can elicit a stereotypic biphasic behavioral response and
induce a hyperalgesic condition in the injected paw. We have investigated the
effects of iontophoretic morphine on the responses of nociceptive spinal neurons,
including spinothalamic tract (STT) neurons, to noxious mechanical stimuli under
a hyperalgesic condition evoked by intradermal formalin in cats. After identifying
single cell activities from dorsal horn, the mechanical threshold and responses to
the peripheral mechanical stimuli (brush, pressure, pinch, squeeze and von Frey
filaments) were observed. Administration of 4% formalin into the corresponding
receptive field in the ipsilateral hind paw evoked two distinctive phases of
spontaneous activity in dorsal horn, which have similar time course with that of
known behavioral responses. The mechanical threshold of the nociceptive neurons
was lowered and the responses to mechanical stimuli were increased after
intradermal formalin, indicating the development of mechanical hyperalgesia.
Iontophoretic morphine did not suppress but rather enhance neural responses to
peripheral noxious mechanical stimuli under a hyperalgesic conditon and the
response was naloxon reversible. This effect of morphine might be due to the
change of central plasticity in spinal cord. This study was supported by Ministry
Health and Welfare Grant #HMP-96-M-2-1041.

THE EFFECT OF SPINAL MORPHINE FOLLOWING LONG-TERM POTENTIATION
OF WIDE DYNAMIC NEURONES IN THE RAT.L.J. Rygh^G.M. Green1. N.

374.11

A. H. Dickenson \

Department of Pharmacology, University

2
College London, Gower ST., London WC1E 6BT, United Kingdom; Department of
Physiology, University of Bergen, Arstadveien 19, N-5009 Bergen, Norway.
Recently it has been shown that long-term increase in excitability may be induced In
single wide dynamic range (WDR) neurones in the spinal dorsal horn of urethane
anaesthetised rats after tetanic stimulation to the sciatic nerve. This sensory event is
possibly an in vivo counterpart of Long Term Potentiation (LTP), described in the brain.
Here we first investigate whether or not this phenomenon also occurs in the halothane
anaesthetised rat and then whether the antinociceptive effects of spinal morphine are altered
when tested on the enhanced evoked activity. Single unit extracellular recordings were
made from 3 different groups of halothane anaesthetised rats (n j= n2= n3=6). In group 1,
the evoked neuronal responses of WDR neurones by a single electrical stimulus to the
peripheral nerve were recorded every 4 min for 1 h before (baseline) and then for a total of
3 h following brief high-frequency conditioning stimulation of the sciatic nerve. In group 2,
morphine was applied onto the spinal cord after LTP had been established. Morphine was
added in cumulative doses until the C-fibre evoked responses were abolished; this was
followed by naloxone reversal. In group 3, the same protocol as in group 2 was used except
that the electrical conditioning was not applied and was substituted by a waiting period. The
C-fibre evoked responses were significantly increased (p<0.001) following conditioning
compared to baseline responses and control animals. Furthermore, significantly higher
doses of morphine (p=O.008) were needed to abolish the C-fibre evoked responses in
tetanised animals than in control animals. LTP of C-fibre evoked responses can also be
induced in halothane anaesthetised rats and morphine seems to be less effective under such
conditions. These data suggest LTP-like mechanisms may underlie some forms of
hyperalgesia associated with reduced effect of morphine.
Source of support: The European Commission; Biotechnology programme B 104-98-0076
and Biomed IIBMH4-CT-95-0172
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DIFFERENTIAL
ACTION
OF
CITALOPRAM
ON
SPINAL
ANTINOCICEPTION INDUCED BY DPDPE OR DELTORPHIN. P.E.
Stewart*, S.H. Knox and F.J. Goldstein. Department of BioMedical Sciences,
Philadelphia College of Osteopathic Medicine, Philadelphia, PA 19131
Previous studies have shown that serotonin can enhance the
antinociception induced by morphine and other mu opioid agonists. In this
study, we investigated the influence of the serotonin up-take blocker,
citalopram (CIT), on the spinal mediated antinociception produced by the
delta 1 opioid receptor agonist, DPDPE and the delta2 opioid receptor
agonist, deltorphin (DELT).
Male Sprague-Dawley rats were implanted with intrathecal (i.t.) catheters
and allowed 7 days before any experimentation. Following baseline tail-flick
latency (TFL) determination, rats were injected i.t. with either DPDPE or
DELT and TFL measurements were obtained over 120 min. The ED50 for
DPDPE was 7.8 pg and 1.9 pg for DELT. Other rats were injected s.c. with
2, 4, or 8 mg/kg of CIT or saline and then injected i.t. with the ED50 dose of
DPDPE or DELT. TFL was determined before injections and at various
times over 120 min. Pretreatment with CIT resulted in an enhanced
response to DPDPE increasing the TFL in a dose-dependent manner from
17% to 45%, 50% and 60% for 2, 4, and 8 mg/kg doses of CIT. In contrast,
CIT depressed the response to DELT from 70% to 28%, 27% and 34% for
the three doses of CIT. These findings suggest that, while both delta opioid
receptors mediate spinal antinociception, their effectiveness can be altered
by the presence or interaction with other neuroactive substances such as
serotonin. Supported by intramural funding from PCOM.
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SPATIAL AND TEMPORAL ANALYSIS OF SPINAL PRODYNORPHINIMMUNOREACTIVITY AFTER UNILATERAL SPINAL NERVE LIGATION. Q.
Tang*, R. Wang, S. Wegert, 'R.P. Elde, T.P. Malan, Jr„ J. Lai and F, Porreca, 'College
of Biological Sciences, University of Minnesota, Minneapolis, MN, 55108 & Department
of Pharmacology, University of Arizona Health Sciences Center, Tucson, AZ 85724.
Unilateral spinal nerve ligation (SNL) at the L5 and L6 level has been shown to elicit
neuroplastic changes in both the peripheral and central nervous systems which include an
increase in spinal dynorphin content across multiple spinal segments. As increased levels
of spinal dynorphin have been shown to be functionally linked to behavioral signs of
neuropathic pain, the present study evaluated the spatial and temporal expression of spinal
prodynorphin following nerve injury. Prodynorphin distribution was evaluated
immunohistochemically in rat lumbar and sacral spinal cord at various times after SNL
or sham-surgery. No difference in prodynorphin immunoreactivity (ir) was found between
non-operated and sham-operated rats. Within 3 days of SNL, prodynorphin-ir increased
ipsilaterally in laminae I-II, IV-V, and in the dorsal commissure around the central canal;
most prodynorphin-ir was concentrated in neuronal somas, with little in fibers and
terminals. Maximal prodynorphin-ir was observed at day 10 after SNL in both cell bodies
and fibers. By day 20, the prodynorphin-ir expression in cell bodies had returned
approximately to normal levels, however high immunoreactivity remained in the fibers
and terminals. Prodynorphin-ir appeared to return to normal levels, both in neuronal
somas and in fibers by day 30 after SNL. At day 10, prodynorphin-ir was seen mainly in
laminae I and II and extended from the L3-L6 spinal segments, in both somas and fibers.
Increased prodynorphin-ir was also seen in laminae IV and V, and was detected from L3
to SI, with highest intensities in L5 and L6. No changes in prodynorphin-ir were detected
in thoracic and cervical segments. These data suggest that the spatial distribution of
prodynorphin correlates well with the time-course observed for the multisegmental
changes in dynorphin upregulation following SNL. Supported by DA 11823.
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INTRACISTERNAL AND HIGH CERVICAL INTRATHECAL INJECTION OF
MORPHINE PRODUCES ANTINOCICEPTION IN THE OROFACIAL
FORMALIN TEST IN THE RAT. T.S. Grabow1, S.S. Dhesi1, H.-R. Weng2, P.M.
Dougherty2*. 'Department of Anesthesiology, department of Neurosurgery, Johns
Hopkins University, Baltimore, MD, 21287, USA.
Head and neck pain can be difficult to treat clinically. The aim of this investigation
was to combine a novel method of intracistemal and high cervical intrathecal (i.t.)
delivery of analgesic with an animal model of phasic and tonic pain of cranial origin.
Male Wistar rats were implanted with i.t. catheters that were advanced cephalad
through a lumbar guide cannula to the high cervical spinal cord (C1-C4). The
orofacial formalin test was utilized to assess antinociception. Vehicle (saline) or
morphine (1 meg, 3 meg, 10 meg) was administered i.t. followed ten minutes later by
injection of 2.5% formalin solution into the vibrissal pad. Ipsilateral facial grooming
time was recorded for fifteen three-minute intervals. Catheter location and function
was verified post-mortem after cervical laminectomy and injection of Evans Blue dye.
Formalin injection after vehicle produced a characteristic biphasic behavioral
response. High cervical and intracistemal injection of morphine produced a dosedependent decrease in the second phase of this behavioral response. The highest dose
of morphine also decreased first phase responses. Naloxone i.t. antagonized the
reduction of both first and second phase responses after the injection of morphine. No
motor dysfunction or obvious behavioral toxicity was observed.
High cervical and intracistemal injection of morphine produced a dose-dependent,
naloxone reversible, antinociception in the orofacial formalin test in rats. Further
investigation in animals will be required to determine the utility and potential of high
neuraxial administration of analgesics for the management of chronic head and neck
pain in humans. Supported in part by NS32386.

THE KAPPA OPIOID AGONIST U50,488H REDUCES C-FOS
EXPRESSION PRODUCED IN FEMALE, BUT NOT IN MALE RATS
AFTER INJURY TO THE TMJ REGION. D.A. Bereiter*, A. Pooler,
D.F, Bereiter, and A.P. Benetti Depts. of Neuroscience & Surgery, Brown
Univ./RI Hospital, Providence, RI 02903
Temporomandibular joint disorder (TMD), a chronic orofacial pain
condition, is more prevalent in females than males.
Although a
biological basis for sex differences in TMD pain is not yet defined, there
is evidence to suggest differential sensitivity to opioid analgesics among
males and females for other types of trigeminal pain. The present study
examined the effect of the kappa opioid agonist, U50,488H, on c-fos
expression among trigeminal spinal nucleus (Vsp) neurons after injury
to the TMJ region, since others have reported that kappa opioid analgesia
was greater in females than males.
Male and female rats were
anesthetized with pentobarbital sodium, given U50,488H (0.03-3 mg/kg,
i.v.) 15 min prior to mustard oil (25 pi, 20% sol.) injection into the TMJ
region (TMJ-MO), and maintained for 2 h. Immunostaining for c-fos
expression after TMJ-MO was greater in females regardless of stage of
estrous cycle than in males. In laminae I-II at the trigeminal subnucleus
caudalis/upper cervical cord transition region (Vc/C2), U50,488H caused
a greater reduction in c-fos among proestrus females than in diestrus
females or males. At the trigeminal subnucleus interpolaris/caudalis
transition (Vi/Vc-vl) and dorsal paratrigeminal nucleus (dPa5) U50,488H
also caused the greatest reduction in c-fos among proestrus females. The
results indicated injury to the TMJ region caused a greater activation of
neurons in laminae I-II at the Vc/C2 transition region in females than
males. This activity was reduced by kappa opioid agonists in females but
not in males. Neurons in laminae I-II at the Vc/C2 transition may
contribute to a biological basis for differential processing of noxious
sensory input from deep craniofacial structures by males and females.
Supported by NIH grant DE12758 and RI Hospital.
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OPIOID PEPTIDE GENE EXPRESSION CORRELATES WITH SUSTAINED
CARRAGEENAN-INDUCED HYPERALGESIA. M. Gamier. P, Zaratin, O,
Angelici and M.A. Scheideler*. SmithKline Beecham Pharmaceuticals, Dept.
Neuroscience Research, Via Zambeletti, 20021 Baranzate di Bollate, Milan,
Italy
The role of the endogenous opioid peptides has been well documented in
pain and stress responses both at the central and peripheral levels [Mansour A.,
Trends Neurosci. (1994) 18:22-29; Konig M., Nature (1996) 383:535-538]. In
particular, preprodynorphin and preproenkephalin gene expression has been
shown to be up-regulated in spinal cord and in specific brain areas following
pain and stress stimuli [Iadarola M.J., Pain (1988) 35:313-326; Weisinger G.,
Biochem. J. (1995) 307:617-629]. As a mean of assessing whether the level of
expression of these peptides can be utilized as a diagnostic marker of pain
response, we attempted to correlate the relative degree of hyperalgesia with the
levels of expression of these genes in different brain areas and in the spinal cord
of rats using the carrageenan-induced peripheral inflammation model.
Hyperalgesia was measured over time using the plantar test and the mRNA
levels for preprodynorphin and preproenkephalin were determined by
quantitative TaqMan™ RT-PCR. Data will be presented which show that both
enkephalin and dynorphin gene expression correlate with the degree of
hyperalgesia and therefore may prove to be sensitive markers of pain response.

TRIGEMINAL EXPRESSION OF PRODYNORPHIN mRNA IN RESPONSE TO
LPS-INDUCED PULPITIS IN THE FERRET E.A. Doutova*1, K.McNaughton-,
P.Gonzalez Robaina1 D.K. Ahn1 A.R. Light2, M.Goy1 and W, Maixner1. Dental
Research Center1, Department of Physiology2, School of Dentistry,3 University of
North Carolina, Chapel Hill, NC, 27599-7455.
Dynorphin A is involved in the central processing of nociceptive information. This
study evaluated the spatial and temporal expression pattern of prodynorphin mRNA
in the trigeminal nuclear complex in an inflammatory model of experimental pulpitis
produced by applying LPS to exposed dental pulp. Lipopolysaccharide (K-12) was
applied to a deep cavity preparation in the labial surface of a maxillary right canine.
In controls, saline was used instead of LPS. Preparations were sealed with composite
resin. Face grooming behaviors were recorded every 24 hours 3 days pre- and 3 and
6 days post-treatment. Ferrets were sacrificed at 3 days and 6 days post-treatment. In
situ hybridization for prodynorphin mRNA was performed using a digoxigeninlabeled riboprobe (215 base-riboprobe homologous to bases 772 to 983 of the rat
prodynorphin sequence). Histological examination of LPS-treated teeth revealed an
acute inflammatory reaction. LPS-treated animals also showed prominent increase in
face grooming activity (i.e., tongue protrusion) directed to the injured tooth compare
with the sham operated group with maximal activity observed 3 days post-LPS
treatment. The number of prodynorphin mRNA positive neurons was greatest in the
trigeminal nucleus caudalis (Vc) and in the transitional region (Vi/Vc) bilaterally in
LPS-treated animals. Positive cells were predominant on the ipsilateral side with
more labelling in the deeper laminae compared to superficial layers. Dynorphinpositive cells were also localized bilaterally in the NTS and VLM. More dynorphin
was expressed at day 3 compared to day 6. This study shows prodynorphin mRNA is
expressed in regions of the trigeminal complex following acute pulpal inflammation
and suggests that dynorphin may be involved in the processing of inflammatory tooth
pain. Supported by DEI 1661 (WM), NS 16433 and NS 14899 (AL).
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ACTIVATION OF SPINAL DELTA OPIOID RECEPTORS RELIEVES
HYPERSENSITIVITY OF FLEXOR REFLEX IN INFLAMED RAT. Y. Hong*,
C.Q. Cao, A. Dray and M. Perkins. Dept. of Pharmacology, Astra Research Center
Montreal, St. Laurent, Quebec, Canada, H4S 1Z9.
The present study has investigated spinal 5-opioid mechanism in pain modulation.
Extracellular recordings of flexor a-motoneurone activity were made from the nerve
to the semitendinosus muscle in decerebrate-spinal rats (male, 240-280 g). The
excitability of the flexor reflex was determined by mechanical threshold and
response to standard light touch and pinch of the hindpaw. The test protocol was
applied at 5-min intervals over the course of the experiment. Drugs were
administered intrathecally (i.t.) at L4 spinal level. Inflammation was induced by an
intra-plantar injection of complete Freund's adjuvant (FCA) into the left hindpaw 24h
prior to testing. Administration of deltorphin II i.t., significantly depressed the
hypersensitivity of FCA rats. The mechanical thresholds were increased by 530 ±
55% (M ± SEM, P<0.005) and the evoked responses to touch, pinch and AP-fiber
inputs were decreased by 69 ± 2%, (P<0.01) 63 ± 9% (P<0.005) and 52 ± 11%
(P<0.01) control respectively, at a dose of 50 nmol, (n=5). These depressant effects
started at approximately 10 min following administration, and lasted for 40-50 min.
The anti-hypersensitivity effect of deltorphin II was completely blocked by i.t.
pre treatment with AR-M100150 (40 nmol, n=4), a novel selective 8-opioid receptor
antagonist, but not by the selective p-opioid receptor antagonist CTOP (1.5 nmol, i.t.
n=4), at a dose that blocked the effect of DAMGO (0.8 nmol i.t.n=5). SNC-80 (100
nmol, n=5), a selective non-peptide 5-opioid receptor agonist, also increased
mechanical thresholds by 339 ± 80% and decreased the evoked responses to touch,
pinch and Ap-fiber inputs by 59 ± 6%, 72 ± 5% and 48 ± 6% control respectively
and this was also blocked by AR-M100150 (40 nmol, i.t., n=4). These results
indicate that spinal 8-opioid receptors play an important role in mediating antihyperalgesia and anti-allodynia in inflamed rats.

ORPHANIN FQ: EFFECTS ON NEUROTRANSMITTERS RELEASE IN
SPINAL CORD DORSAL HORN AND POSSIBLE ROLE IN
NEUROPATHIC PAIN IN RATS'. Y.-O. Wang, CJL_Zhu, S.-E. Xu and £LC. Wu*. State Key Laboratory of Neurobiology, Shanghai Medical University,
Shanghai, 200032, China.
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Since the discovery of orphanin FQ (OFQ) in 1995, much attention has been paid on the role

of OFQ in pain modulation.

Consistent to many reports, our study on rats has also shown that

in contrast to its supraspinal hyperalgesia and antagonism to endomorphin-1 (EM-1,

endogenous

p receptor agonist) induced analgesia, OFQ has significant spinal analgesia and

synergistic effect on EM-1 induced analgesia (Wang et al, Brain Research, 1999).
mechanism underlying these effects remains unknown.

The

The present study was designed to

investigate the effect of OFQ on the action of calcitonin gene related peptide (CGRP) and EM1 at the dorsal hom of rat spinal cord by immunocytochemistry.
after introthecal injection of OFQ

It was found that in 30 min

(20 pg), the immunoreaction (IR) of EM-1 significantly

decreased and that of CGRP increased, in the superficial layer of spinal dorsal hom.

Since

the changes of IR are possibly induced by the changes of transmitter release, the results
suggested that the spinal analgesic effect of OFQ might be induced at least partly by increasing

the release of EM-1 and decreasing that of CGRP.

Moreover, possible roles of OFQ in

neuropathic pain are also to be investigated.

Hence, sciatic nerve constriction injury (SCI)

model of neuropathic pain was applied here.

4 days after the constriction of unilateral sciatic

nerve, obvious hyperalgesia in the foot of the operated lateral was observed.

At the same

time, OFQ IR in the dorsal hom of spinal cord of tire operated lateral was observed to decrease
significantly compared to sham lateral.

Additionally, intrathecal injection of OFQ (20 pg)

attenuated the hyperalgesia score of SCI rats. Together, these results suggest that. OFQ might
play an important role in neuropathic pain. * Supported by NSFC and S ITS.
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374.19
ILLNESS-INDUCED & CONDITIONED HYPERALGESIA
NEUROCHEMISTRY: INTRATHECAL ENDOGENOUS OPIATE
SPECIFIC RECEPTOR ANTAGONIST DOSE RESPONSE STUDIES

E. P. Wiertelak*, A. Murray, 1. Woronezttk, & D. Koski, Department of
Psychology, Macalester College, St. Paul, MN 55105.
We have previously reported (EPW, SFN Abstract, 1996, 1997) evidence
for a spinal opiate mechanism in the hyperalgesic state (tailflick test)
that results from the intraperitoneal administration of
lipopolysaccharides (LPS; pyretic) or lithium chloride (LiCl; emetic) or
through the pairing of a unique flavor with illness, i.e., conditioned
hyperalgesia (CH) The intrathecal (IT) delivery of naltrexone (10 ug) or
equimolar, high doses of mu, delta, and kappa specific receptor-subtype
antagonists antagonized LPS, LiCl, and conditioned hyperalgesias in rats
previously implanted (one week earlier, to allow for recovery) with
indwelling IT catheters.
In the present experiments, the ability of low-dose IT injection of
specific opiate antagonists (CTOP, Naltrindole, Nor-Binaltorphimine)
to block these hyperalgesias was compared to previous high dose specific
antagonists and naltrexone studies of these phenomena. As above, CH
was established in IT-implanted rats in response to a unique taste paired
with illness. In contrast to vehicle controls, low dose FT injections of these
agents differentially affected CH and the illness-induced hyperalgesias
resulting from LPS or LiCl in a dose-dependent manner (considered in
relation to previous high dose studies). To date, the results suggest
differing roles for mu, delta, and kappa opiate receptors in the mediation
of CH, LPS, and LiCl-induced hyperalgesias Supported by grant
DA09289-05 from the National Institute on Drug Abuse at the National
Institutes of Health to EPW.
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CHARACTERIZATION AND OPIOID INHIBITION OF FORMALININDUCED INFLAMMATORY RESPONSES IN RATS: EDEMA, PLASMA
EXTRAVASATION, PLANTAR TEMPERATURE, AND BLOOD FLOW.
B.K. Taylor1*. A.L Basbaum2. ’Dept of Pharmacology, University of MissouriKansas City; 2Depts of Anatomy and Physiology and W.M. Keck Foundation Cntr.
for Integrative Neurosci., Univ. Calif.-San Fran., San Francisco, CA, 94143.
Hindpaw injection of formalin produces acute (Phase-1) and persistent (Phase-2)
nociceptive responses in the awake rat. To evaluate the relationship between
nociceptive and inflammatory responses to intraplantar formalin (5%, 50 ul), we
measured: edema by assessing paw thickness; plasma extravasation with Evans
Blue dye; plantar temperature with a YSI contact thermometer; and skin blood
flow with Laser Doppler Imaging. To determine the antiinflammatory effects of
opioids during Phase 1, we evaluated the effects of remifentanil (30 pg/kg i.v.
bolus, followed 90-s later with a 15 pg/kg/min infusion fcr 13.5 min) on the time
course of edema, plasma extravasation, and blood flow. We found that formalin
increased paw thickness, plasma extravasation, plantar temperature, and blood
flow within minutes of its injection, i.e. during Phase-1. Each of these responses
was blocked by remifentanil. Opioid blockade of the blood flow response was
reversed with a peripherally-acting opioid antagonist, naloxone methiodide,
indicating that remifentanil acted upon peripheral opioid receptors to inhibit blood
flow. Although the administration of remifentanil during Phase-1 did not reduce
the magnitude of inflammatory responses during Phase-2, it did delay the onset
and termination of edema during Phase-2. We conclude that inflammatory
processes are driven during both acute and persistent phases of the formalin test.
Acting at peripheral opioid receptors, remifentanil can inhibit proinflammatory
events during Phase-1, leading to a delay in the temporal profile of persistent
inflammatory Phase-2 responses. Supported by DA10356 to BKT and DA 08377
and NS21445 to AIB.

ATTENUATION OF TOLERANCE TO MORPHINE ANALGESIA BY
COMPLETE FREUND’S ADJUVANT-INDUCED INFLAMMATION.

S. A. Chen* & A. L. Vaccarino. Department of Psychology, University of
New Orleans, LA 70148.
A major concern in the use of morphine to treat pain is the development of
tolerance to morphine analgesia. Using various animal models of persistent
pain, researchers have revealed that a key factor influencing the development
of tolerance to morphine analgesia is the presence or absence of pain. For
example, our lab has shown that tolerance to morphine analgesia does not
develop when morphine is given in the presence of formalin-induced pain. To
examine the generality of these findings, in the present study we examined the
effects of Complete Freund’s Adjuvant (CFA)-induced inflammation on the
development of tolerance to morphine analgesia. Under sodium pentobarbital
anesthesia, male Long-Evans hooded rats were injected with CFA (0.2 ml, s.c.)
into one hindpaw. Starting 24 h after injection of CFA rats received daily
injections of morphine (20 mg/kg, i.p.) or saline for 4 consecutive days.
Twenty-four h later, sensitivity to morphine-induced analgesia was measured
in the tail immersion test. On this day, with the animal loosely wrapped in a
cloth, the distal portion of the tail was immersed in 52 °C water. The latency to
flick its tail was measured, and a 10-sec cutoff period was imposed to avoid
tissue damage. After a baseline measure, a cumulative dosing procedure (2.5,
5, 7.5,10, 12.5, 15, 17.5,20 mg/kg i.p.) was used to generate a dose-response
relation. The findings revealed that CFA attenuated the development of
tolerance to morphine analgesia. Supported by NIDA Grant DA 11839(ALV).

375.3

375.4

ANALGESIC EFFECTS AND MOTOR WEAKNESS PRODUCED BY
INTRATHECAL LOPERAMIDE. Y.Iwase, H.Sekiyama, S.G.Shimada* and
J.G.Collins. Dept. of Anesthesiology, Yale Univ. Sch. of Med., 333 Cedar St., New
Haven, CT 06520.
Loperamide, a meperidine derivative is a peripheral limited p-opioid agonist with
Ca++-antagonistic action. The purpose of this study was to evaluate the analgesic
effects of loperamide administered by the spinal intrathecal route. METHODS: SD
rats were divided into two groups for analgesic and motor studies. Loperamide was
given intrathecally in 50pl of 20% cremophor in saline. Analgesia was estimated by
hind-paw latency time to withdrawal from a radiant heat source (Hargreaves), at
doses of 0, 125, 150, 200, 250 and 300pg. Motor effects were estimated by ability
to climb a 60,45,30,15 or 0 degree inclined slope and modified Bromage scores.
Antagonism was attempted with naloxone intrathecally(50 and lOOnM/lOpl). Data
were obtained as an average of 3 readings every 15 minutes for 2 hours. ANOVA
with post-hoc test(Scheffe) for the analgesic study and Mann-Whitney U test for the
motor study were employed for statistical analysis. P<0.05 was considered
significant. RESULTS: A
steep dose-dependent analgesia was seen
(125pg:13±20%, 150pg:49±36%, 200gg:61±42%, 250pg:87±29%, 300pg:81±26%,
at 30min.) which was significantly attenuated by naloxone pretreatment for 60
minutes. Hind-limb weakness was dose dependent for both duration and severity but
could not be antagonized by the dose of naloxone that reversed analgesic effects.
Analgesic effects lasted longer than motor weakness which subsided at 2 hours.
DISCUSSION: Intrathecally administered loperamide has both analgesic and motor
inhibitory properties. Our results suggest that the initial analgesic effects of
loperamide were mediated by naloxone reversible opioid receptors whereas motor
weakness was not. Studies are now under way to examine the pharmacology of the
analgesic effect beyond 2 hours. (Supported in part by NIH GM 58902)

THE RELATIONSHIP BETWEEN FORMALIN CONCENTRATION AND THE
ANALGESIC RESPONSE IN DEVELOPING RAT PUPS.
R.H, Naiafee* and F.V. Abbott, Dept of Psychiatry, McGill Univ, Montreal, QC,
H3A 1A1, Canada
The behavioural response to a range of intraplantar formalin concentrations,
and the effects of morphine, were examined in 3 and 15 day old (P3 and P15)
rat pups. The effects of two NSAIDs, dipyrone and indomethacin, on pain
produced by moderate formalin concentration were also studied.
Behaviour was recorded for 3 h after 10 pi formalin (P3: 0.5-10%; P15: 120%). For analgesic studies morphine was injected 15 min before formalin,
dipyrone or indomethacin 30 min before formalin, and behaviour recorded for
60 min.
At 1% and 2% in P3 and P15 pups, respectively, paw flexion, shaking and
licking became virtually continuous during the first 30 min. As formalin
concentration increased, the response persisted for nearly 3 hr at 10% in P3
pups, and 2 hr at 20% in P15 pups. Morphine dose-effect relationships shifted
to the right as formalin concentration increased at both developmental stages,
but toxicity prevented achievement of full analgesia at P3. At P15 analgesia
reached a coiling of about 60-80% block of pain and rigidity prevented further
increases in dose. In both groups, hyperalgesia was observed at subthreshold morphine doses. Dipyrone produced analgesia (50-65% reduction in
pain) in both age groups and indomethacin was inactive.
Thus, pain intensity increases with formalin concentration in infant rats, even
though pain scores reach a ceiling, because more morphine is required for
analgesia. At high formalin concentrations full opioid analgesia cannot be
obtained in the infant. Despite the immaturity of the nervous system, mild
analgesics are also active in the infant rat. The data raise ethical questions
about the use of high formalin concentrations in immature animals.
Acknowledgments: Supported by the Natural Science and Engineering
Research Council of Canada & Fraser Research Fund, McGill University.
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CHARACTERIZATION OF THE ANTINOCICEPTIVE ACTIONS OF SoRI

VISCERAL ANALGESIC EFFECTS OF INTRATHECAL (IT) AND
INTRAPERITONEAL (IP) BUTORPHANOL IN RATS: MALE VERSUS
FEMALE. Z. He? B, Tsang,1 I.K. Ho.2 J.H. Eichhom1 and J. Farley2*.
’Depts. of Anesthesiology and 2Pharmcology & Toxicology, University of
Mississippi Medical Center, Jackson, MS 39216, USA
Butorphanol was thought to be more effective in visceral analgesia in females
than in males (1). In this experiment, we compared the visceral analgesic efficacy
of IT and IP butorphanol in male versus female rats.
Male and female rats were randomly assigned to receive a single IT dose of
saline (as control) or butorphanol (52 nmol/rat) or a single IP dose of saline (as
control) or butorphanol (0.03 mg/kg). N = 6-10/group. The rats were then given
IP acetic acid, and the subsequent stretching measured visceral discomfort.
The male and female butorphanol (both IT and IP) groups had significantly (p <
0.05) fewer stretches within 30 min (i.e. greater analgesia) than the male and
female saline groups, respectively (Table). The female IP-saline group has
significant more stretches (p < 0.01) than the male group. The male and female
treated groups (with either IT or IP butorphanol) did not differ .
IP
IT
IP
IT
Female
Male
Male
Female
93 + 11
37 + 5
29 + 7
27 + 7
Saline
14 + 5
7.6 + 5.7
Butorphanol
6 + 3.8
5±3
Data from the IP groups suggest female rats are more sensitive to the acetic-acid
stretching test. Comparing male and female rats, there are about equal visceral
analgesic effects of butorphanol (both IT and IP). This result contrasts with the
earlier evidence showing higher butorphanol efficacy in females .
Ref.: 1. Nature Medicine 2:1248-50, 1996

J.L, Mathews.1
UE,, Bonney? F. Porreca? S. Ananthgn3 and_EJ,_Bjjlsky1.*. 'Department of
Biological Sciences, University of Northern Colorado, Greeley, CO 80639,
department of Pharmacology, University of Arizona HSC, Tucson, AZ 85724 and
3Organic Chemistry Department, Southern Research Institute, Birmingham, AL
35255.
We have been evaluating a series of pyrido- and pyrimidomorphinans synthesized
from the opioid antagonist naltrexone. SoRI 9409, which has an introduced chlorine
atom at the para position of the pendant 5’-phenyl group of the 5'-phenyIpyridine,
possesses both opioid mu agonist and delta antagonist activity in vitro (Ananthan
et al., J. Med. Chem., in press, 1999). It is hypothesized that this mixed opioid
profile may produce analgesia with limited development of tolerance and physical
dependence. Here, we report on some of the in vivo actions of SoRI 9409 in male
ICR mice. When administered by the intracerebroventricular (i.c.v.) or
intraperitoneal (i.p.) route, SoRI 9409 produced partial agonist activity in the 55°C
tail-flick test. In contrast, i.c.v. and i.p. SoRI 9409 produced full agonist effects in
the acetic acid abdominal stretching assay. I.p administration of SoRI 9409 blocked
the antinociceptive actions of the delta agonist DPDPE (30 nmol, i.c.v.) in the
55°C tail-flick assay. Repeated administration of i.c.v. or i.p. SoRI 9409 (-Ago
dose, x2 daily, 3 days), did not result in a significant shift in the respective doseresponse curves. Interestingly, repeated injections of SoRI 9409 produced diarrhea
and mild weight loss across the tolerance regimen. These effects were in contrast to
animals receiving repeated injections of vehicle or morphine. We are currently
assessing the effects of SoRI 9409 on gastrointestinal motility. These studies
suggest that compounds with mixed mu-agonist/delta-antagonist properties may
offer therapeutic advantages over currently available mu opioid analgesics.
9409, AN OPIOID MU AGONIST/DELTA ANTAGONIST.

This research was supported in part by grants from the National Institute on Drug
Abuse and the University of Northern Colorado.

375.7

375.8

K. Ikeda1,2, *, T. Kobayashi3, T. Kumanishi3, H. Niki1 and R. Yano2.
'Lab. for Neurobiol. Emotion, 2Lab. for Cell. Info. Processing, BSI, RIKEN,
Saitama, Japaji, 3Dept. of Mol. Neuropathol., Brain Res. Inst., Niigata Univ.,
Niigata, Japan.
GIRK channel activity is directly regulated by G protein which is
activated by various receptors such as opioid receptors and nociceptin
receptor. Since opening of GIRK channel immediately induces
hyperpolarization of cell membrane and results in inhibition of the cell, this
channel might mediate early phase of analgesia. However, the role of GIRK
channel in analgesia is still largely unknown because of lack of behavioral
analysis. To investigate the function of GIRK channel in vivo, we analyzed
analgesia induced by p-opioid-receptor-agonist morphine and K-opioidreceptor-agonist U50488 in weaver mutant mice having abnormal braintype GIRK channels. In the tail-flick and hot-plate tests, weaver mutant
mice showed lowered analgesia after intraperitoneal (i.p.) administration of
3 or 10 mg/kg morphine when compared with the control C3H/He mice. In
contrast, weaver mutant mice showed almost normal analgesia after i.p.
administration of 10 mg/kg U50488. The signal pathway via GIRK channel
would be important in analgesia mediated by p-opioid receptor, but not so
much in analgesia mediated by K-opioid receptor. Furthermore, weaver
mutant mice showed lowered ethanol analgesia, although they showed
normal ethanol-induced hypothermia, hyperactivity, sedation, hypnosis
and bradycardia. These findings suggest that GIRK channel is also
implicated in ethanol analgesia. GIRK channel may be a critical molecule
in drug-induced analgesia.
Supported by grants from Cooperative Research Program, BSI, RIKEN,
and the Ministry of Education, Science, Sports and Culture of Japan.

GENDER DIFFERENCES IN EFFECTS OF DIAZEPAM DEPENDENCE AND
WITHDRAWAL ON ANTINOCICEPTIVE ACTIVITY OF MORPHINE IN RATS.
E.P. Wala^J.W. Sloan, X. Jing, J.R Holtman, Jr. Dept. of Anesthesiology,
College.of Medicine, University of Kentucky, Lexington, KY, 40536.
Reports on the effects of benzodiazepines (BZ) on morphine (MOR)induced antinociception are controversial. Little is known about the BZ-MOR
interaction with regard to gender. This study determined whether physical
dependence on and withdrawal from diazepam (DZ) affects MOR-induced
antinociception and whether the effect is related to gender. Sprague-Dawley agematched male (cf) and female (?) rats were made BZ-dependent by implantation of
DZ-filled (90mg/week) silastic capsules. Control rats were implanted with empty
capsules. MOR (5 mg/kg IP) was injected daily (for 5 days) both after 3 weeks
exposure to implants and during withdrawal. Analgesia was assessed by the tail-flick
test performed prior to and 15, 30 and 60 min after MOR Total locomotion and
ambulation were measured. Pain threshold and locomotor activity differed between
sexes in control (? > cf) but not in DZ-dependent rats. DZ significantly increased
the pain threshold in cf and decreased locomotion in ? . Daily administration of
MOR did not affect the pain threshold and motor activity (baseline). Analgesic effect
of MOR was related to gender regardless of treatment (cf >?). Tolerance to MORinduced antinociception and reduced locomotion developed more rapidly in ? than
in cf. DZ significantly attenuated MOR tolerance. Withdrawal from DZ did not
influence the analgesic effects of MOR in cf or ?. The present data indicate that ?
were less sensitive to thermally-evoked pain and were more active than cf. Genderrelated differences were abolished by DZ which suggests that anxiety play s a role.
These studies confirm higher sensitivity to MOR in cf than in ? rats and show that
tolerance to MOR could be inhibited by DZ both during chronic treatment and
withdrawal. Supported by Dept. of Anesthesiology.

375.9

375.10

SEX DIFFERENCES IN SYSTEMIC BUT NOT CENTRAL MORPHINE
TOLERANCE. 'E. Hopkins*, *C. Palmese, and 1,2B. Kest. ’Doctoral Subprogram in
Neuro-psychology, Queens College/City University of New York, Flushing, NY
11367; department of Psychology, The College of Staten Island, and CSI/IBR
Center for Developmental Neuroscience, Staten Island, NY 10314.
Although sex differences in morphine analgesia have been documented (males >
females), the consequences of chronic morphine administration on analgesia in male
and female mice remains unknown. Thus, we compared ED50 values for morphine
analgesia in CD-I mice of both sexes following repeated (09:00, 13:00 and 17:00 h)
systemic morphine injections for 3 or 7 days according to an escalating dose schedule.
Mice in a saline control group received an equal number of saline injections and
tested on the last day with morphine injected mice. Although tolerance was observed
for both sexes relative to control mice receiving saline vehicle, females displayed
significantly greater rightward shifts in the morphine dose-response curves than males
following 3 (males: 3.3-fold; females: 5.3-fold) or 7 (males: 4.1-fold; females: 6.1fold) days of morphine. To address the possible role of sex differences in morphine
pharmacokinetics in tolerance, male and female ED50 values for i.c.v. administered
morphine were compared following 3 days of i.c.v. morphine injections. Male and
female mice displayed significant but approximately equal increases in morphine ED50
values relative to controls. Sex differences in morphine sensitivity before or after
chronic administration were not observed. The data indicate that sex may impact on
the magnitude of morphine tolerance following systemic administration, which may
be attributable, at least in part, to sex differences in morphine pharmacokinetics.
Supported by a CSI/IBR SEED grant (BK).

ACUTE AND CHRONIC MORPHINE DEPENDENCE IN MALE AND FEMALE
MICE. ‘C. Palmese*, *E. Hopkins, 1,2B. Kest. ’Doctoral Subprogram in
Neuropsychology, Queens College/City University of New York, Flushing, NY
11367; department of Psychology, The College of Staten Island, and CSI/IBR
Center for Developmental Neuroscience, Staten Island, NY 10314.
Differences in the magnitude of morphine tolerance between male and female mice
suggests sex differences in the adaptive effects to morphine. Thus, CD-I mice of both
sexes were presently compared in acute and chronic morphine dependence/withdrawal
paradigms. Mice were made acutely dependent to morphine following a single
morphine (50 mg/kg, sc) injection. Four hours later, mice received a single naloxone
(50 mg/kg, sc) injection and placed in a plexiglas observation cylinder. The number
of naloxone-precipitated vertical jumps, a sensitive and reliable measure of
withdrawal, was counted over the next 15 min. Vehicle control groups for both sexes
received saline instead of morphine followed by naloxone. The chronic dependence
paradigm was identical except that mice received repeated (09:00,13:00 and 17:00 h)
and escalating doses of morphine (10, 20, and 40 or 20, 40, and 80 mg/kg on days 1,
2, and 3, respectively) systemically for three days prior to the above testing protocol
on day 4. In both the acute and chronic dependence paradigms, significant naloxoneprecipitated jumping was observed for males and females relative to controls.
However, withdrawal jumping was significantly increased in males relative to females
in the acute dependence paradigm. In contrast, significant sex differences in
responding was not observed in either of the two chronic dependence paradigms,
although a small trend towards greater female jumping was observed when higher
doses were used. Naloxone-precipitated jumping was virtually absent in control mice
and there was no effect of sex. The differential responding of male and female mice
in acute but not chronic morphine dependence suggests sex differences in the adaptive
response to morphine under some conditions, and suggests that acute and chronic
morphine dependence may be served by different mechanisms. Supported by a
CSI/IBR SEED grant (BK).

IMPLICATION OF GIRK CHANNEL
ANALYSES OF WEAVER MUTANT MICE.
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MORPHINE TOLERANCE AND DEPENDENCE IN NOCICEPTIN/ORPHANIN
FQ TRANSGENIC KNOCK-OUT MICE.'B. Kest*, ‘E. Hopkins, ‘C. Palmese, 2Z.
Chen. 3J.E. Grisel. 4J.S. Mogil, & 2J.E. Pintar. ‘Dept. of Psychology, The College of
Staten Island & IBR, NY 10314; 2Dept. of Neuroscience & Cell Biology, UMDNJRobert Wood Johnson Med. School, NJ 08854; 3Dept. of Psychology, Furman Univ.,
SC 29613; 4Dept. of Psychology, Univ. of Illinois at Urbana-Champaign, IL 61820.
It lias been hypothesized that morphine tolerance (i.e., increased analgesia ED50
values) and dependence/withdrawal (i.e., naloxone-precipitated jumping) in mice may
reflect a compensatory increase in activity of an anti-opioid system. The endogenous
anti-opioid peptide nociceptin/orphanin FQ (N/OFQ) has been shown to antagonize
morphine analgesia, and we assessed its possible role in morphine tolerance and
dependence by comparing morphine ED50 values and withdrawal jumping in mice
homozygous (knock-out; KO) and heterozygous (HET) for a null mutation of the
Npncl gene encoding the N/OFQ propeptide, and their wild type (WT) littermates.
Relative to morphine naive control mice, significant increases in morphine ED50
values (approximately 2-3 fold) were observed for all genotypes following 3 days of
repeated systemic morphine injections, but no differences between genotypes in the
magnitude of tolerance were observed. In contrast, when morphine withdrawal was
precipitated by a single naloxone (50 mg/kg, sc) injection 3 h following removal of a
morphine pellet (25 mg) implanted subcutaneously for 72 h, KO mice displayed
increased jumping relative to HET and WT. The data demonstrate the differential
involvement of N/OFQ in morphine tolerance and dependence, suggesting specificity
in its functional anti-opioid effects. Supported by DA-09040 (JEP) and a CSI/IBR
SEED grant (BK).

EVALUATION OF ANTINOCICEPTIVE EFFICACY OF DYNORPHIN
ANALOGS IN CAPSAICIN-INDUCED THERMAL NOCICEPTION IN
RHESUS MONKEYS. M.C, Ko*1. K.J, Willmont1, A, Burritt3. V.J. Hrubv3

and J.H, Woods1,2. Depts. of ‘Pharmacology and Psychology, Univ. of
Michigan, Ann Arbor, MI 48109; Dept. of 3Chemistry, Univ. of Arizona,
Tucson, AZ 85721.
An experimental pain model has been established in rhesus monkeys using
capsaicin in a warm water tail-withdrawal assay. The purpose of this study was
to investigate whether local administration of kappa opioid peptides, dynorphin
(DYN) and related analogs, can attenuate capsaicin-induced nociception in
rhesus monkeys. Capsaicin (100 pg) was used to evoke nociceptive responses
manifested as reduced tail-withdrawal latencies in 46°C water, from a maximum
value of 20 sec to 2-3 sec. Co-administration of DYN (1-17) (0.3-10 pg) with
capsaicin dose-dependently inhibited capsaicin-induced nociception. The locally
effective dose (10 pg) of DYN (1-17) did not cause any behavioral changes such
as sedation after injection. In addition, this local antinociception was antagonized
by a small, systemically inactive dose (100 pg) of an opioid antagonist,
quadazocine, in the tail. On the other hand, local administration of the other two
peptides, DYN (2-13) and DYN (2-17), did not inhibit capsaicin-induced
nociception (10-300 pg). These results provide evidence that activation of
peripheral kappa opioid receptors can attenuate capsaicin-induced nociception
in non-human primates. It indicates the possibility of local administration of
kappa opioid peptides for medication of localized nociceptive origin. (Supported
by USPHS Grants DA00254 and DA04248).

375.13

375.14

NOVEL, D-AMINO ACID TETRAPEPTIDES DEMONSTRATE
UNPRECEDENTED k -OPIOID RECEPTOR SELECTIVITY AND
PERIPHERAL ANTINOCICEPTIVE ACTIVITY. T.W. Vanderah*•«, P.J.M.

INHIBITION OF CORTICOSTERONE SYNTHESIS ACCELERATES
THE DEVELOPMENT OF TOLERANCE TO MORPHINE
ANALGESIA. R.D. Soignier, S.A. Chen. R.D. Olson* & A.L. Vaccarino.

Riviere, R. Houghten*, C. Schteingart, J. Trojnar, J-L. Junien, J. Lai8 & F. Porreca8.
Ferring Research Institute, San Diego, USA, *Torrey Pines Institute for Mol. Studies,
San Diego, USA, & 8Dept. of Pharmacology, University of Arizona, Tucson, USA
Selective peptidic x-ligands were recently identified by screening positional
scanning format mixtures of a tetrapeptide combinatorial library using opioid receptor
radioloigand binding assays (rat and guinea pig brain homogenate preparations). An all
D-amino-acid tetrapeptide, ff(D-Nle)r-NH2 (FE 200041) with high affinity, selectivity
and agonist activity at the k , vs. p and 6, human opioid receptors was identified; FE
200041 showed approx. 30,000-fold k vs. p selectivity. Other D-amino acid
tetrapeptide analogs showed agonist activity and more than 90,000-fold k , vs . p or 6,
opioid receptor selectivity. FE 200041 and other tetrapeptides stimulated [35S]GTPyS
binding in an hKOR cells with ECS0’s of approx. 1 nM. After i.v. administration, the
tetrapeptides produced potent antinociception (mouse acetic acid writhing, both phases
of the rat formalin flinch assay, incisional pain) while showing poor activity in the
mouse tail immersion assay (52°C). When compared with enadoline and asimadoline,
non-peptidic k agonists with putative peripheral activity, the tetrapeptides showed
equivalent antinociceptive potency but markedly decreased CNS penetration as
suggested by reduced ability to induce sedation in the mouse rotarod assay. The ratios
of A50's between mouse rotarod and writhing assays after i.v. administration were 2,
4, and up to 647 for enadoline, asimadoline, and the tetrapeptides, respectively. This
D-amino acid tetrapeptide series shows unprecedented affinity and selectivity for k opioid receptors, high antinociceptive potency and excellent peripheral selectivity. The
expected overall therapeutic window of this chemical series is 20- to 100-fold wider
than that of other known K-agonists currently under consideration for clinical
development,

Department of Psychology, University of New Orleans, LA 70148
We previously reported that morphine fails to produce tolerance when
administered in the presence of pain, which may be related to stress-induced
corticosterone activity. Studies have shown that corticosterone activity is
increased after morphine, which tolerates after repeated morphine exposures.
It is possible, therefore, that the development of tolerance to morphine
analgesia is related to corticosterone activity. In the present study, we
examined whether inhibition of corticosterone activity during morphine
administration could accelerate the development of tolerance to morphine
analgesia. Male Swiss Webster mice were injected daily with morphine (20
mg/kg, i.p.) or saline, and analgesia was measured using the hot-plate test 30
and 60 min after morphine. To suppress corticosterone activity, some animals
were injected with the corticosterone synthesis inhibitor, metyrapone (50
mg/kg, i.p.), 30 minutes before morphine injections. It was found that
inhibition of corticosterone synthesis with metyrapone accelerated the
development of tolerance to morphine analgesia. These results suggest that
morphine-induced corticosterone activity may inhibit the development of
tolerance to morphine analgesia. Supported by NIDA Grant DA 11839 (ALV).

supported by Ferring Research Institute Inc.
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Afi AND C FIBER ANTINOCICEPTIVE EFFECT OF NICOTINIC RECEPTOR
ACTIVATION Y. Lu*, J. Huang, and D. C. Yeomans Depts. of Anatomy and Cell
Biology and Anesthesiology, Univ. of Illinois at Chicago. Chicago, IL 60612.
Systemic injection of nicotinic cholinergic agonists produces antinociception,
but the differential effects of this treatment on nociceptive responses of different
physiologies is not well established, nor are the sites of action of these effects.
Previous work in our laboratory has demonstrated that behavioral nociceptive
responses evoked by high rates of skin heating are mediated by Afi nociceptor
activation, whereas responses evoked by low rate skin heating are mediated by
C-fiber activationYeomansandPraudf', Pa'n'68 1996,141'150. The present study was designed
to determine; 1) whether the antinociceptive effect of i.p. epibatidine, a nonselective nicotinic receptor agonist, differentially affects Afi and/or C fiber
mediated nociception; and 2) whether microinjection of epibatidine into the the
Nucleus Raphe Magnus (NRM) produces similar differential effects.
In the first experiment, adult male Sprague-Dawley rats were lightly
anesthetized with pentobarbital (35 mg/kg, i.p.). After baseline foot withdrawal
latency measurements, 30, 150, or 300 nmoles of epibatidine was injected
intrathecally in a 20 pi volume. Latencies were then remeasured over the next
hour. Other animals were anesthetized (pentobarbital 50 mg/kg), the skull
exposed, a burr hole cut, and a microinjection cannula was inserted into the
NRM. After baseline latency testing, 10 nmoles of epibatidine in 0.5pl saline
was injected over one minute, whereupon foot withdraw! latencies were
remeasured. Injection sites were verified histologically.
Systemic injection of epibatidine produced dose-independent, brief
antinociception on Afi and C fiber tests with equal potency, although significant
side effects were observed. Similarly, direct microinjection of epibatidine in the
NRM produced antinociception of approximately equal amplitude on both Afi
and C fiber mediated nociception. Unlike morphine, which is preferential for C
fiber nociception, nicotinic drugs may have equal activity for Afi and C fiber
nociception. Supported by USPHS Grant DA08256

A PRIMATE ASSAY FOR DIFFERENTIAL ASSESSMENT OF Afi OR C
FIBER THERMONOCICEPTIVE RESPONSES G. Votta-Velis, G. D. Pappas*,
C. E. Laurito, Y. Lu, and D. C. Yeomans Depts. of Anatomy & Cell Biology and
Anesthesiology, Univ. of Illinois at Chicago. Chicago, IL 60612.
We have previously demonstrated a rodent assay which differentiates
nociceptive responses mediated by Afi and C fiber thermonociceptors by using
different skin heating ratesYeomans and Proudfit Pain'68 1996 141-150. This approach has
illucidated numerous differences in the efficacy of known and potential
analgesic treatments for these two pain types. However, prior to attempting
novel analgesic approaches in humans, it is important to determine whether
similar effects exist in non-human primates. This investigation compared
effects of treatments known to discriminate between Afi and C fiber
nociceptors on responses to the same stimuli used in our rodent assay.
Stump-tailed macques (macaque arctoides) were lightly anesthetized with
IV propofol. Withdrawal latencies evoked by high (6.5 °C/sec - Afi) or low (0.9
°C/sec - C fiber) rate radiant heating of the dorsum of the hindpaws were
assessed. In some sessions, the skin was then treated topically with a solution
of capsaicin, which has been shown to preferentially sensitize C fiber afferents.
In other sessions, cumulative dose response functions for IV morphine were
generated, as systemic morphine has been demonstrated to preferentially
attenuate C, as opposed to Afi mediated pain and nociception.
Baseline foot withdrawal latencies were similar to those observed in rats for
both low (2.8 sec) and high (10.5 sec) heating rates. Capsaicin preferentially
decreased response latencies for responses to the low rate heating. Morphine
preferentially affected low vs. high rate responses. These data indicate that,
in a non-human primate, responses to low rate skin heating are mediated by
C fiber activation, whereas responses to high rate heating are mediated by Afi
activation.Support by USPHS Grants DA08256 (DCY) and NS28931 (GDP).
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375.18

OPIOID RECEPTORS ARE INVOLVED IN REPEATED SWIM-STRESS
INDUCED HYPERALGESIA. J. Silva, L. Quintero, C.Avila, J. Arcaya, H.
Suarez-Roca*. Section of Pharmacology, Instituto de Investigaciones Clinicas.
Facultad de Medicina, University of Zulia and INBIOMED, Apartado 1151,
Maracaibo 4001-A, Venezuela.
Exposition to environmental stressors produces an acute and brief pain
inhibition both in humans and in animals. Yet, we recently reported that
repeated swim-stress produces long-lasting thermal and chemical
hyperalgesias that are antagonized by the pretreatment with serotoninergic
agents such as antidepressants and tryptophan (Neurosci.Abs.24:882,1998).
We now corroborated that rats subjected to a subchronic stress of 10-20 min
daily sesions of forced-swimming for 3 days showed: a 30 % reduction in the
hot plate latency, measured 24 hours after the last swimming, and 600% and
80% increase in the nociceptive behavior during the interphase and the late
phase of the formalin test, respectively, measured 48 hours after the last
swimming. In addition, pretreatment with naloxone i.p. or s.c., 30 min before
each swim stress, antagonized: the forced-swimming induced immobility over a
dose range of 0.001-1 mg/kg, the thermal hyperalgesia at the dose of 0.001
mg/kg and the chemical hyperalgesia during the interphase and the late phase
of the formalin test at doses of 0.1-1 mg/kg and 1 mg/kg, respectively.
Naloxone did not affect nociception in control rats not sujected to swim stress.
In conclusion, both the immobility and the hyperalgesias, induced by repeated
swim-stress, have a different sensitivity to naloxone, suggesting that they are
mediated by different, and perhaps functionally oppossing, opioid receptors
subtypes. Ongoing experiments are currently evaluating the effect of subtypeselective opioid receptor antagonists. (Supported by CONDES-LUZ 01537-98
and IIC-LUZ).

GENETIC MEDIATION OF ELECTROACUPUNCTURE ANALGESIA IN
MICE: SENSITIVITY OF INBRED STRAINS AND TRANSGENIC
BETA-ENDORPHIN KNOCKOUTS. Y. Wan1’2, J.G. Malpeli1*, J. Han2, and J.S.

Mogil1. ’Department of Psychology and Neuroscience Program, University of
Illinois at Urbana-Champaign, IL 61820, USA.. 2Neuroscience Research Institute,
Beijing Medical University, 38 Xueyuan Road, Beijing 100083, P.R. CHINA.
The analgesia produced by drugs and other manipulations, such as acupuncture, are
known to be highly variable, and affected by genetic background.
Electroacupuncture (EA) at low (2-4 Hz) and high (100-200 Hz) frequencies
produces analgesia that is not only quantitatively different but also neurochemically
distinct. Low frequency EA activates |3-endorphin and met-enkephalin release in the
central nervous system, whereas high frequency EA accelerates the release of
dynorphin in the spinal cord. The present research aims at elucidating the genetic
contributions to EA analgesia. Experiments were performed with common inbred
mouse strains (all Jackson Laboratory substrains) and transgenic P-endorphin
knockout (KO) mice (C57BL/6-Pomc2tmLow). Two pairs of metallic needles were
inserted into specific acupoints ST 36 and SP6, fixed in situ, and connected to an
electric pulse generator (HANS). Electrical outputs were constant current, square
wave pulses, 0.3 ms in pulse width, 2 or 100 Hz in frequency. Tail-flick latency
(TFL) evoked by radiant heat was used to evaluate changes in nociceptive threshold.
The intensities for the strain survey were 1.0-1.5-2.0 mA, 10 min at each intensity.
We found that among the nine inbred strains surveyed, for 2 Hz EA strains 129/J and
C57BL/10J were most sensitive and strains A/J and BALB/cJ were most insensitive;
for 100 Hz EA, AKR/J and RIIIS/J were the most sensitive strains. Two Hz EA
using low intensities was abolished in p-endorphin KO mice, whereas 100 Hz EA at
low intensities was preserved. These findings suggest that genetic factors play an
important role in mediation of EA, and that EA produced by different stimulus
frequencies may have dissociable neurochemical mechanisms. Supported by a
NIDA/INVEST Fellowship (WY) and PHS grants DAI 1394 and DE12735 (JSM).

375.19
ANALGESIC EFFECT OF TENS ON NEUROPATHIC PAIN
PRODUCED BY SCIATIC NERVE INJURY IN THE RAT. J.-H.

Sohn*1, J.-W. Ryu1, B.H. Lee2, B.-O. Kim1. Institute for Brain Research,
Chungnam National University, Taejon, 301-721, Korea; 2Yonsei Clinical
Medical Research Center, Yonsei University, Seoul, 120-752, Korea
Purposes of this study were to establish the standard procedure of
transcutaneous electrical nerve stimulation (TENS), in rats with
selective injury of sciatic nerve branches(Sohn & Lee, 1996), and to
determine if opioid-system was involved in this effect.
Twenty Sprague-Dawley male rats were anesthetized with sodium
pentobarbital and tibial and sural nerves of them were ligated and
unilaterally cut leaving common peroneal nerve intact, von Frey
filament - (8mN) and acetone were used to assess the pain sensitivity
of mechanical and cold allodynia, respectively. One week postinjury,
analgesic effect of TENS were assessed with and without naloxone
(30mg/kg i.p.) pretreatment.
TENS with high (100Hz~3mA) and low (10Hz-3mA) frequencies
showed analgesic effects on mechanical and cold allodynia. It was
found that optimal duration of TENS was 10 minutes. The analgesic
effects of TENS on mechanical and cold stimulation in neuropathic
pain rats were sustained for 60 and 30 minutes, respectively. These
effects of TENS were reversed by naloxone.
Results reveal that TENS with low or high frequencies has
analgesic effects on neuropathic pain in our model rats, in which
opioid-system is involved.
[Supported by MOHW #HMP-98-M~2-0034 to J.-H. Sohn]

PAIN MODULATION: PHARMACOLOGY—EXCITATORY AMINO ACIDS
376.1

376.2

ELECTRON MICROSCOPIC LOCALIZATION OF METABOTROPIC
GLUTAMATE RECEPTORS, MGLUR1 AND MGLUR2/3, IN THE
SUPERFICIAL DORSAL HORN OF THE RAT SPINAL CORD,
INCLUDING LOCALIZATION OF MGLUR1
IN LAMINA I
SPINOTHALAMIC TRACT NEURONS. Z. Ye* and K.N. Westlund.
Department of Anatomy and Neurosciences and Marine Biomedical Institute,
The University of Texas Medical Branch; Galveston, TX 77555-1069.
The mGluRl immunolabeled structures identified in the superficial dorsal hom
(laminae I and II) of the rat spinal cord were cell bodies as well as a large
number dendrites. No axonal terminals stained for mGluRl were identified.
The mGluRl localization was found associated with the post-synaptic
membrane and the rough endoplasmic reticulum. Synaptic contacts opposite
the mGluRl localization in many of the dendritic elements included scalloped
terminals characteristic of C fiber endings. On the contrary, mGluR2/3 staining
was always found pre-synaptically in axonal terminals particularly those
contacting the scalloped endings, although a few dendrites and glial elements
were also labeled for mGluR2/3. Many mGluR2/3 labeled terminals were often
scalloped C-fiber type endings. Other labeled terminal types were also
observed to be in contact with these terminals which together formed the
glomeruli. These data indicate the presence of mGluR2/3 receptors in primary
afferent C-fibers. Double staining in some animals revealed, in addition, that
mGluRl was localized in lamina I STT cells identified with retrograde tracer
WGA-HRP. This study was funded by RO1 NS32778.

INVESTIGATION OF THE ROLE OF METABOTROPIC GLUTAMATE
RECEPTORS IN THE SPINAL CORD DURING ACUTE KNEE INFLAMMATION
L.P. Zhang* and K.N. Westlund Marine Biomedical Institute, University of Texas
Medical Branch, Galveston, TX 77555-1069.
Following the development of acute knee joint inflammation, nociceptive neurons of the
spinal cord became sensitized, increased their background activity, enhanced their
responsiveness to peripheral stimuli and enlarged their reception field. Thus primary and
secondary hyperalgesia and allodynia were a consequences of the knee joint
inflammation. The involvement of NMDA and non-NMDA receptors in the spinal cord
processing of afferent activity from the inflamed knee joint has been studied extensively
in the past few years; relatively less attention has been paid to metabotropic glutamate
receptors. The aim of the present study was to investigate the role of metabotropic
glutamate receptors in the spinal cord during acute knee inflammation. Four hours after
an injection of kaolin and carrageenan into the knee joint, male Sprague-Dawley rats
were anesthetized with urethane. The medial articular nerve (MAN) was dissected
distally and cut. Dorsal root reflexes were evoked by mechanical stimulation of the
hindlimb with 2N-bend force of ven Frey fiber, and recorded from the MAN.
Microdialysis administration of potent group I metabotropic glutamate receptor
antagonists AIDA or LY393053 into spinal cord depressed the evoked dorsal root reflex
(n=12, P<0.001). In contrast, spinal microdialysis injection of AIDA or LY393053 into
the naive rats spinal cord had little effect on the spinal neuronal background activity
recorded from the MAN (n=6). These results suggest that group I metabotropic glutamate
receptors regulate neuronal synaptic changes and functional plasticity in their
hyperexcitable state, but not in their normal basal synaptic activity. (Supported by NIH
Grants NS32778).
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376.3

376.4

THE CONTRIBUTION OF METABOTROPIC GLUTAMATE RECEPTORS ON
ELECTRICAL ACTIVITY IN THE DORSAL HORN OF THE SPINAL CORD.
Elise Morgan and Jeff Bagust*. Cell Sciences, University of Southampton,
Bassett Crescent East, Southampton, SO16 7PX.
Metabotropic glutamate receptor (mGluRO activation in the spinal cord can
result in hyperalgesia and sustained activation of dorsal horn neurons. In this
investigation an in vitro preparation was used to study the effects of the mGluR
group I and II agonist trans-ACPD, the group I antagonist L-AP3 and the group
II antagonist EGLU on the dorsal horn field potentials. Wistar rats weighing
between 40g and 60g were killed by haolthane overdose. The spinal cord was
cooled and rapidly dissected out before being placed in a recording chamber.
Fast wave dorsal horn field potentials were evoked by dorsal root stimulation at
5 times the threshold stimulus. Slow wave dorsal horn field potentials were
evoked by stimulation at 20 times the threshold.
The group I and II mGluR agonist trans-ACPD significantly reduced the
amplitude of the fast wave field potential to 30.3±8.5% and 3.6±2.6°% of
control values at concentrations of 10pM and 100gM respectively (p<0.01
Tukey-Kramer test; n=5) while the mGluR group I antagonist L-AP3
significantly increased the amplitude of the fast wave field potential to
139.9±9.3% of control values at a concentration of 100gM (p<0.05 TukeyKramer test; n=5). The group II mGluR antagonist EGLU had no significant
effect on fast wave field potentials at concentrations up to 10OgM.
Stimulation at 5 times the threshold has been shown, by measuring the
dorsal root volley to activate Ap fibers (Zhang et al. 1998). The results suggest
group I mGluRs possibly act as presynaptic autoreceptors on Ap fibers which
may inhibit the further release of glutamate.
Zhang et al. (1998) J. Neurosci. Methods 79,105-113.
This work was supported by the BBSRC.

A STUDY OF
FUNCTIONAL CONNECTIVITY CHANGES
IN
EXPERIMENTAL MODELS OF PAIN. Maria Luisa Sotgiu* and Gabriele Biella
Istituto di Neuroscienze e Bioimmagini-CNR, Via Fratelli Cervi 93, Segrate (Mi),
Italy. VI Cattedra di Neurologia, Universita di Milano, Italy.
Clinical and experimental observations reported that after peripheral tissue or nerve
injuries pain symptoms may spread to distant body areas. The hypothesis is that
central neuron sensitization injury-provoked allows converging silent or low-effective
‘inappropriate’ afferences to become efficacious. The reversibility of this event and its
characterization in term of excitatory-inhibitory balance impairment has been studied
in animals with acute pain (dilute formaline s.c.), chronic pain (constriction of one
sciatic nerve or CCI) and pharmacological manipulations by iontophoretic application
of substances inducing excitation (NMDA) or disinhibition (strychnine).
Rats anesthetized and curarized were used and extracellular recordings were performed in
the spinal cord from WDR neurons. The baseline activity and the responses to
noxious stimuli applied to ‘proper’ and ‘inappropriate’ areas were analyzed in the
different experimental protocols. The results show that the ‘inappropriate’ afferences
are unmasked in the models of chronic and acute pain, in this last model the
unmasking is related to the induced pain duration. The unmasking can be mimicked
by both excitatory and disinhibitory manipulations, the responses however show
different characteristics depending on increase in excitability or disinhibition.
The convergence of proper and inappropriate afferences is thus an intrinsic property of
the CNS, the inappropriate inputs becoming effective when target neurons changes
their excitability. Furthermore the functional efficacy of unmasked inputs seems to be
more related to the increased excitability than to the release of inhibition.

376,5

376.6

SELECTIVE UPREGULATION OF NMDA RECEPTOR NR2
SUBUNIT mRNA IN THE SPINAL CORD FOLLOWING PERSISTENT
HINDPAW INFLAMMATION IN THE RAT.
O-O. Zhou*, R, Dubner and K. Ren. Dept of OCBS, University of
Maryland Dental School, Baltimore, MD 21201.
Functional N-methyl-D-aspartate (NMDA) receptors consist of at least
two subunits, NR1 and NR2. Although it is known that NMDA receptors
are involved in development of persistent inflammatory hyperalgesia, it is
still unclear whether there are changes in NMDA receptor gene expression
associated with peripheral tissue injury. In the present study, we used
reverse transcription polymerase chain reaction (RT-PCR) technique to
examine the modulation of NR2 subunits of NMDA receptor gene
expression by peripheral tissue inflammation. Inflammation was
introduced into the hindpaw by intraplantar injection of 0.2 ml of complete
Freund's adjuvant (CFA). After CFA injection, dramatic thermal
hyperalgesia and mechanical allodynia appeared and peaked at about 24 h,
and persisted for 2-3 weeks. At 2h, 5h, Id, 3d, 7d, and 14 d after
inflammation, total RNAs from rat spinal cord (L4-5) were extracted,
reverse transcripted, and the resulting cDNA was used for PCR with
primers targeted at 4 NR2 subunits (2A-D) of the NMDA receptor. It was
found that the NR2C mRNAs were selectively up-regulated following
inflammation (ANOVA, p<0.05). The relative mRNA levels of NR2C
subunit were increased to 339±78% of control, (p<0.01, n=3) at 3 d,
remained high (260±91% of control, n=3) at 7 d, and returned to control
level (97±2% of control, n=3) at 14 d after inflammation. The mRNAs for
other NR2 subunits exhibited smaller non-significant changes after
inflammation. These results suggested that an increased NMDA receptor
expression may accompany the later maintenance phase of central
sensitization that develops with inflammation and hyperalgesia. Supported
by DEI 1964 and DA 10275.

Antisense Mediated Downregulation of Spinal NMDA Receptor
Subunit (NR1) Reduces Formalin Induced Behaviors. Mary G. Garry,
Ph.D.*1, Svetlana Bezprozvannya1, and Jay Yang, M.D., Ph.D2. 'Department
of Anesthesiology, University of Texas Southwestern Medical Center, Dallas,
TX 75235 and ’Department of Anesthesiology and Pharmacology/Physiology,
University of Rochester, Rochester, NY 14642.
N-Methyl-D-Aspartate (NMDA) receptors, at the level of the spinal cord,
are known to have a role in pain processing. Due to the toxicity of NMDA
antagonists and the need for long-lasting therapies for chronic pain, we have
used an antisense approach in an attempt to downregulate spinal NMDA-R1
receptors in the rat. In in vitro studies, we determined that PC-12 cells (which
express functional NMDA receptors) incubated for 3 days in 100 pg of an 18Mer oligodeoxynuclotide (CAGCAGGTGCATGGTGCT) showed a decrease
in NMDA receptor immunoreactivity (NR1-IR) when compared to normal
cells. We applied the antisense probe intrathecally (i.t.) in rats to determine
whether this tool would be effective in reducing formalin induced behaviors.
Briefly, male rats were implanted with i.t. cannulae to the lumbar level. Two
days following recovery from implantation, an antisense probe (100200pg/day) or vehicle was administered i.t. for 3 days. Two hrs after the final
i.t. injection, rats were injected with 2% formalin on the dorsal surface of the
hindpaw. In controls, the average # of flinch behaviors in phase II was 26.2
+/- 1.29/5 min (n=6). In contrast, in antisense animals, the average # of flinch
behaviors in Phase II was 9.2+/- 0.94/5 min (nM). This reduction occurred in
a dose-related fashion. Additionally, there were no apparent untoward effects
of the antisense treatment. Finally, we observed a significant decrease in NR1IR in the dorsal horn in animals that were antisense treated vs. those that were
vehicle treated. In summary, these data indicate that an antisense approach is
a useful tool in the downregulation of NMDA receptors in the spinal cord;
resulting in a decrease in NR1-IR and altered behavioral responses to a
persistent noxious stimulation. This work was supported by NIH GM58057.

376.7

376.8

INTRATHECAL MORPHINE AND INTRATHECAL U50,488H ARE
ANALGESIC IN THE FORMALIN TEST DURJNG
DEVELOPMENT J. P. Willi-*, and G, A, Barr*; . US iopsychology
Doctoral Program, Dept. of Psychology, Hunter College-CUNY, NY,
NY 10021 and ~New York State Psychiatric Institute, NY, NY 10032.
Intrathecal application of opioids produces analgesia in adult rats in a
number of different pain assays including the formalin test. This study
examined the effects of intrathecal injection (3 pi /injection) of
morphine (0.3 and 1 pg -3 day old; 1,3, and 10 pg-21 day old) or the
kappa agonist U50,488H (10, 30, and 100 pg; 21 day old only) in the
formalin test Pups were implanted with indwelling intrathecal
catheters. Four hours later the pups that were fully recovered
(exhibiting full locomotive ability) from the surgery were injected with
either opiate or saline via the intrathecal catheter. Twenty minutes after
the drag administration the pups were injected with 10 pi of formalin
(2%) in the right hindpaw. The rat was observed for 39 minutes after
the injection and behavior was recorded at one minute intervals.
Morphine produced analgesia for both 3 and 21 day old pups, with the
major effect in the second phase of responding for the 21 day old pups.
U50,488H was also analgesic at 21 days of age. These results
demonstrate that in very young animals intrathecal application of
morphine or U50,488H produces analgesia against noxious chemical
stimulation and suggest that both p and k opioid receptors in the spinal
cord are functional early in development.
Supported by NIH NS36130 and DA00325.

CALCIUM CHANNEL, NMDA RECEPTOR AND PROTEIN KINASE ARE IMPLICATED IN THE
EXCITATORY ACTION OF MORPHINE. K.S. Kim* , H.K. Shin, K.H. Koo, J.H, Kim.
Department of Physiology, College of Medicine, Institute of Biomedical
Sciences, Hanyang University, Seoul, 133-791, Korea,
Morphine is known to possess a strong inhibitory action on the
nociceptive responses of dorsal horn neurons in the exper imental animals.
However, a considerable portion of the nociceptive dorsal horn neuron
has been reported to show the excitatory responses to opioid substances.
In the rat trigeminal neurons, DAMGO augments the giutamate-activated
inward current which is antagonized by protein kinases C (PKC) inhibi tor ,
but not by protein kinase A inhibitor. In the present study, effects of
iontophoretically applied Ca2+, verapamil, Mg2+, H7 or phorbol ester on
the excitatory action of morphine were studied in the dorsal horn of rat
spinal cord. Wide dynamic range(WDR) cells were periodically activated
by iontophoretical application of NMDA or by electrical stimulation of
afferent C-fiber and then drugs were iontophoretically applied to the
WDR cells that showed augmented NMDA and C-fiber responses to morphine
administration. In about 29.4% of WDR cells tested, morphine induced an
excitatory action on NMDA response. Ca2+, verapamil, Mg2+ and H7 current
dependently suppressed the morphine-induced augmented responses of WDR
cells to NMDA and C-fiber stimulation. Phorbol 12, 13-dibutyrate
produced further increase in the excitatory effect of morphine on the
NMDA responses without any significant effect on the C-fiber responses.
From the results of the present study, we can not elucidate different
mechanisms by which morphine induces excitatory or inhibitory actions.
However, it is suggested that the morphine-induced excitatory action
is under the control of the same factors that are involved in the
inhibitory action of morphine.
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376.10

SYNERGISTIC DRUG EFFECTS ON TACTILE-ALLODYNIA BY
GABA-A RECEPTOR ANTAGONISTS Kawano I. \ T. Ishikawa
O.
Nakanishi ~*, M. Tsukahara 1
'School of Allied Health Sciences, Yamaguchi
University, Yamaguchi 755-8554; ’Dept. of Dental Anesthesiology, Kyusyu Dental
College, Kitakyushu 803-8580, Japan.
Intrathecal (i.t) GABA-A antagonist (bicuculiine; BIC) yields a touch-evoked
allodynia (TEA) and that is blocked by spinal N-methyl-D-aspartate (NMDA)
receptor antagonist (MK-801). The present study characterizes the central mechanisms
of allodynia and extence of synergistic effect of spinally delivered MK-801 and other
drugs, GABA-B receptor agonist (baclofen; BAC), and opioid receptor agonist
(morphine; MOR), respectively, in relation to spinal glutamate release, in a rat model
of BIC-induced taetile-allodynia. Sprague-Dawley rats were prepared with i.t. PE-10
and dialysis catheters under halothane anesthesia. Four days later, rats were
randomized to receive an i.t. injection of BIC (lOpg) or a combination of MK-801
with BAC or MOR.
TEA in relation to spinal glutamate (GLU) release were
determined. I.T. BIC produced transient increase in TEA responses associated with a
transient spinal release of G1U. MK-801 or BAC alone in a high dose attenuated these
effects of 1.1’. BIC while MOR does not affect any.
Codelivery of ineffective dose
of MK-801 and BAC significantly attenuated BIC produced increase in TEA responses
and spinal release of G1U.

TRANSVERSE PUSH PULL MICROPROBE FOR SAMPLING
EXTRACELLULAR FLUID IN THE DORSAL HORN OF THE SPINAL
CORD. S.L Patterson*’1, K.A. Sluka1,2, M.A. Arnold1,3. 'Neuroscience
Graduate Program, 2Physical Therapy Graduate Program, 3Chemistry
Department, University of Iowa, Iowa City, IA 52242.
Extracellular enzymes may be involved in the local formation of adenosine
in the spinal cord. Unfortunately, microdialysis sampling techniques cannot
be used to investigate the conversion of adenine precursors to adenosine
because of low recoveries across conventional microdialysis membranes. A
novel push pull micro-probe is being developed to circumvent this problem
and allow sampling of the extracellular environment in the small area of the
dorsal hom of the spinal cord. This probe has dimensions and orientation of
a transverse microdialysis probe, but includes a small gap where the
sampling takes place. Parameters that influence probe uptake efficiency and
sampling recovery include flow rate of the perfusion solution, diameter of
the probe fibers, and gap distance.
The utility of the probe will be demonstrated by sampling extracellular
fluid in the dorsal hom and measuring the activity of extracellular AMPase
in awake behaving rats after implantation. Basal adenosine and AMP levels
in the spinal cord will be established initially. The presence of AMPase
activity will then be assessed by monitoring changes in these basal levels
upon addition of AMP or AMPase inhibitors to the perfusion solution
(artificial cerebrospinal fluid (ACSF)). Results will address the involvement
of extracellular AMP in the production the inhibitor neuromodulator,
adenosine. Supported by the University of Iowa Center for Biocatalysis and
Bioprocessing.

The development of taetile-allodynia may result from a loss of GABA-A
inhibition and dial is sensitive to NMDA receptor antagonism. Intrathecal GABA-B
agonist may lead to diminish presynaptic glutamate release at Af3 terminal, while
NMDA receptor antagonist inhibits postsynaptic or intemeurons. These diffcient
These different action sites may account for the beneficial synergy observed in the
present study.

RESPIRATORY REGULATION: CHEMOREGULATION
377.1

377.2

FOCAL CO2 STIMULATION IN THE RAPHE PALLIDUS OF
THE UNANESTHETIZED RAT INCREASES BREATHING IN
BOTH WAKEFULNESS AND SLEEP
*Aihua Li, My Dang and Eugene E. Nattie. Department of Physiology,
Dartmouth Medical School, Lebanon, NH 03756-0001

(Supported by HL 28066)

CAROTID BODY FUNCTION IN NADPH OXIDASE-DEFICIENT MICE.
J, Chen,1 L, He,1 B. Dinger.1 K. Sanders,2 J. Hoidal2 and S. Fidone1*. Depts. of
'Physiol, and 2Int. Med., U. of Utah Sch. of Med., Salt Lake City, UT 84108.
The molecular mechanism of O2 sensing in carotid body type I cells is unknown.
However, various heme proteins have been proposed as primary O2 sensors in these
specialized cells. One set of data in particular supports the involvement of a
multicomponent cytochrome b containing NADPH oxidase commonly found in
phagocytic cells. Subunits of this enzyme have been immunocytochemically localized
to type I cells, and inhibitors of the oxidase retard carotid body chemoreceptor
activity evoked by hypoxia (Kummer et al., J. Appl. Physiol. 78: 1904, 1995; Cross
et al.. Biochem. J. 272: 743, 1990). In the present study, immunocytochemical
staining characteristics and chemoreceptor nerve activity (suction electrode, in vitro)
were evaluated in normal mice, and mice deficient in the gp91 subunit of the
phagocyte NADPH oxidase (homozygous knockout [KO]). Immunostaining for
tyrosine hydroxylase (TH) in the normal mouse revealed dark cells of size and
appearance similar to type I cells reported in other species; the staining pattern for
TH was not substantially different in the KO carotid body. Cells in the normal and
KO mouse carotid body were also immunopositive for atrial natriuretic peptide
(ANP), endothelin (ET) and vascular endothelial growth factor (VEGF), vasoactive
agents which we previously demonstrated in rat type I cells. In normal carotid
bodies, basal nerve activity, established at a bath PO2 of 450 Torr, averaged
16.9±2.27 impulses/ sec (X±SEM; n=7). This activity was increased 4-fold when
the bath PO2 was decreased to 120 Torr for 2.5 min. Likewise, exposure to 100 #*M
nicotine for 1 min elevated the activity 3.5-fold. Basal and evoked CSN activity in
KO carotid bodies was not statistically different from normal (n-5). Our data
suggest that the absence of NADPH oxidase in the carotid body does not alter the
expression of functional markers of type I cells, nor the response to natural and
pharmacological stimuli. USPHS grants NS12636, NS07938 and HL50153.

377.3

377.4

EFFECT OF CELL PERMEANT CYCLIC GMP (cGMP) ANALOGS ON
POTASSIUM AND CALCIUM CURRENTS IN CAROTID BODY
CHEMOSENSORY TYPE I CELLS. L. He, B. Dinger* and S. Fidone. Dept. of
Physiology, U. of Utah Sch. of Med., Salt Lake City, UT 84108.
In a previous study we demonstrated that atrial natriuretic peptide (ANP), an
agent stored in O2-sensitive type I cells of the carotid body, depresses voltagedependent Ca2+-currents, and retards the low O2-induced inhibition of K+-currents
in these cells (FASEB J. 11: A130, 1997). Because ANP generates high levels of
cGMP in type I cells, we suggested that chemosensory inhibition elicited by this
peptide involves a cellular mechanism medicated by this cyclic nucleotide.
However, in other tissues ANP effects have been observed which are independent
of cGMP. Therefore, in the present study we have used the whole-cell perforated
(nystatin) patch-clamp technique to investigate the role of cGMP in the inhibition
of type I cell activity. Bath application of cell permeant analogs of cGMP, namely
dibutyryl-cGMP (db-cGMP, 2 mM) and 8-bromo-cGMP (8-br-cGMP, 2 mM),
inhibited ICa in rabbit type I cells by 24.7% and 27.2%, respectively, for the two
drugs; in type I cells from rat, inhibition was 19.9% and 24.1%, respectively
(p <0.0001 vs. control in all cases). Hypoxia (bath solution equilibrated with 100%
N2, plus 1 mM Na dithionite) reduced Ik by -50% in rabbit type I cells, but in the
presence of db-cGMP or 8-br-cGMP, the hypoxia-induced current reductions were
only 29.7% (p <0.0001) and 27.7% (p<0.0001); in rat cells the hypoxia-induced
reduction in the Ik was also - 50%, whereas in the presence of db-cGMP and 8-brcGMP, hypoxia reduced the current by only 23.1% (p<0.001) and 29.1%
(p<0.01), respectively. These data suggest that cyclic nucleotide levels are
important intracellular modulators of type I cell activity, and they conflict with
earlier reports that these agents do not alter currents in carotid body chemosensory
cells (Hatton and Peers, Pflugers Arch.-Eup. J. Physiol. 433: 129, 1996).
Supported by USPHS grants NS 12636 and NS07938.

O2-SENSING AFTER CAROTID CHEMODENERVATION IN RAT: HYPOXIC
VENTILATORY RESPONSIVENESS AND UPREGULATION OF TYROSINE
HYDROXYLASE MRNA IN BRAINSTEM CATECHOLAMINE CELLS M,_. DenayLtSaubie**, J.C. Roux^. S. Dumas3. G. Ghilinik J.M. Pequignot2, J. Mallet 1 IAF,

Experiments in vitro, and in anesthetized animals in vivo, indicate that central
chemoreceptors are present at many brainstem locations, including the
retrotrapezoid nucleus (RTN) and the caudal raphe. In unanesthetized rats, focal
acidification of the RTN, using a microdialysis probe, increased ventilation
significantly by 18% during wakefulness, but not in behaviorally defined sleep.
The increase was predominantly due to tidal volume. In this study, we stimulated
the raphe pallidus at the level of the facial nucleus in the unanesthetized animal in
different arousal states. We administered CO2 focally by perfusing artificial
cerebrospinal fluid equilibrated with 25 or 50 % CO2 through microdialysis
probes placed into the raphe via preimplanted guide cannulae. In a subgroup of
anesthetized rats, the change in pH, measured in the RTN with 25% CO2 in the
dialysate, was limited to within 550 pm of the probe. The pH change at the probe
was like that observed with an increase in end-tidal PCO2 from 28 to 63 mm Hg.
Ventilation, body temperature, and VO2 were monitored continuously over hours.
Some rats also had EEG and EMG recording. The results show that with 25% or
50% CO2 dialysis, ventilation was increased in both sleep and wakefulness and
the response was predominantly frequency. We conclude that chemoreceptors in
the raphe respond to CO2 stimulation by increasing frequency during both sleep
and wakefulness. The response differs from that in the RTN, which was
predominantly one of tidal volume and occurred only in wakefulness.
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CNRS, 91198 Gif-sur-Yvette cedex2, UMR 5578 CNRS, Fac. Med., 69373 Lyon cedex
08 and 3UMR 9923 CNRS, Hosp.Pitie-Salpetrtere, 75013 Paris; 3France
Ventilatory acclimatization to hypoxia is associated with enhanced levels of tyrosine
hydroxylase (TH) within the nucleus tractus solitarius (NTS), the primary termination
site of carotid chemoreceptor afferents. Upregulation occurs at the transcriptional level
in caudally located NTS noradrenergic cells which form part of the A2 group. The
mechanism underlying these adaptations is unknown. Central neurons may develop
appropriate metabolic responses to hypoxia through a direct sensing of low O2 to elicit
excitatory and inhibitory effects on ventilation (Nolan and Waldrop, 1996). Medullary
A2 cells are adjacent to respiratory neurons and are involved in control of ventilatory
output. To determine whether A2 neurons could be activated directly by hypoxia or
secondarily by carotid body inputs, carotid sinus nerve (CSN) transected-rats were
exposed to either normoxia or long-term hypoxia (10% O2 for 2 weeks), i/ TH mRNA
expression in caudal NTS was assessed by in situ hybridization, ii/ the capacity of CSNtransected rats to adapt to hypoxia was assessed by determining hypoxic ventilatory
acclimatization, and iii/ the functional O2-chemosensitivity was evaluated by measuring
the ventilatory response to brief hypoxic challenges. Two days after surgery, CSNtransection produced a blunted ventilatory response to acute hypoxia. In normoxic and
long-term hypoxic rats, ventilatory response to acute hypoxia was progressively
restored within 3 weeks following surgery. Ventilatory acclimatization to long-term
hypoxia was impaired by CSN-transection within the first 3 days of exposure and then
developed to reach a level below the shams. Long-term hypoxia enhanced expression of
TH mRNA to similar levels in NTS of sham and CSN-transected rats. The data suggest
that long-term hypoxia enhanced recruitment of NTS catecholamine cells independently
of carotid chemosensory inputs, consistent with recovery of hypoxic ventilatory
responsiveness and development of central O2-chemosensitive mechanisms.
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377.6

HISTIDINE RESIDUES IN CO2 AND pH SENSING OF R0MK1
CHANNEL. Z. Yang, S. Chanchevalap, N. Cui, Z. Qu & C. Jiang*. Dept.
Biology, Georgia State University, Atlanta, GA 30303.
ROMK1 is an inward rectifier K+ channel (Kir 1.1) cloned in the kidney
and expressed in several organs including the CNS. This K+ channel may be
engaged in the maintenance of membrane potential and K+ secretion, and is
inhibited by hypercapnia and intracellular acidification. A lysine residue
(Lys80) is known to be responsible for the inhibition of ROMK1 by
intracellular protons. Since lysine is not titratable at near physiological pH
levels and since other residues such as Thr71, Cys49 and Cys308 are also
involved in the pH sensing, the original proton reception sites remain
uncertain. Unlike lysine, histidine is an amino acid titratable in pH 6-7. To test
a hypothesis that histidine residues are involved in CO2 and pH sensing in the
ROMK1 channel, we performed experiments by looking at all His residues in
the channel protein using the site-directed mutagenesis. After the mutant and
wild-type ROMK1 were expressed in Xenopus oocytes, effects of CO2 and pH
on K+ currents were studied in excised patches and two electrode voltage
clamp. Two His residues are found in the N terminus. Mutations of both His23
and His31 did not affect channel sensitivity to CO2. Six His residues are
located in the C terminus. Whereas His280 was not involved, substitutions of
His342 and His354 markedly decreased channel sensitivities to CO2 and pH.
Mutation of either residue reduced pH sensitivity by 0.2 pH units. Mutations of
both of them together left-shifted the titration curve by 0.4 pH units and
suppressed CO2 sensitivity by >60%. Mutations of other His residues did not
produce functional channels. These results therefore indicate that His342 and
His354 are involved in CO2 and pH sensing in the R0MK1 channel.

COEXPRESSION OF KIR5.1 WITH KIR4.1 ENHANCES CHANNEL
SENSITIVITIES TO CO2 AND pH; IN XENOPUS OOCYTES. H. Xu*, Z.
Yang, N. Cui and C. Jiang. Department of Biology, Georgia State University,
Atlanta, GA 30302
CO2 chemoreception may be related to the modulation of certain inward
rectifier K+ channels in neurons. Kir4.1 and Kir5.1 are two members in the
inward rectifier K+ channel super-family and may be coexpressed in several
brain regions including the brainstem. To test the hypothesis thatKir4.1 and
Kir5.1 are modulated by CO2 and pH, we carried out experiments by
expressing Kir4.1 and coexpressing it with Kir5.1 in Xenopus oocyte using an
eukaryotic expression vector (pcDNA3.1). Inward rectifying K+ currents were
subsequently studied in excised patches and the two-electrode voltage clamp.
Exposures of the oocytes to CO2 (5, 10, 15%) produced a concentrationdependent inhibition of the whole-cell K+ currents. The inhibition by CO2 was
fast and reversible. Exposure to 15% CO2 suppressed Kir4.1 by -40%,
whereas the same exposure caused an inhibition of the coexpressed Kir4.1 and
Kir5.1 by -60%. The effect of CO2 was likely to be mediated by intracellular
acidification, because selective intracellular but extracellular acidification
lowered the currents to a similar degree at the corresponding pH level to
hypercapnia. The pH sensitivity was also studied in excised inside-out patches.
Exposures of the cytosolic side of membranes to solutions with pH 7.4-5.8
induced a dose-dependent inhibition of the macroscopic K+ currents. The pK
value for this inhibition was -6.6 which was 0.4 pH units higher than that of
the Kir4.1. These results therefore indicate that coexpression of Kir5.1 with
Kir4.1 significantly enhances channel sensitivities to CO2 and pH.
Supported by NIH ROI HL58410-01 and GSU Research Initiation Grants.

Supported by NIH R01 HL5 8410-01 and GSU Research Initiation Grants.

377.7

377.8

SINGLE CHANNEL Kir2.3 CURRENTS ARE INHIBITED BY INTRA- AND
EXTRACELLULAR ACIDIFICATIONS. G. Zhu*, S, Chanchevalap, N, Cui &
C. Jiang. Dept. Biology, Georgia State University, Atlanta, GA 30303.
An inward rectifier K+ channel Kir2.3 is inhibited by hypercapnia, which
may be mediated by decreases in intra- and extracellular pH (pH;, pH0). To
understand if Kir2.3 has two distinct pH sensors and if cytocol-soluble factors are
involved, single channel currents were studied by expressing Kir2.3 in Xenopus
oocytes. In excised inside-out patches, Kir2.3 currents had a high baseline (pH7.4)
open-state probability (Po) with a strong inward rectification. Single channel
conductance at hyperpolarizing membrane potential was 17pS using 150mM K+
applied to both sides of membranes. The channel showed a substate conductance
of ~8pS. Reduction in pH; produced a fast and reversible inhibition of single
channel Kir2.3 currents in inside-out patches. The degree of this inhibition was
concentration-dependent with mid-point inhibition (pK) pH 6.77. The effect of
low pH; on Kir2.3 currents was due to a strong inhibition of Po and a moderate
suppression of single channel conductance. The pK values for both of these single
channel properties were pH 6.78 and 6.67, respectively. The decrease in Po with
low pH; resulted from an increase in the channel mean closed time without
significant changes in the mean open time. Substate conductance was not seen
during low pH;. Decrease in pH0 also caused inhibition of single channel Kir2.3
currents in excised outside-out patches. This effect, however, was clearly different
from that of pH;: the pK (pH 6.70) was about 0.1 pH units lower; more than 50%
channel activity was retained at pH0 5.8; and low pH0 affected mainly single
channel conductance. These results therefore indicate that 1) there are two distinct
pH sensors in Kir2.3, 2) different mechanisms are involved in the modulation of
Kir2.3 through these two pH sensors, and 3) cytosol-soluble factors do not appear
to be engaged in this modulation.

KIR2.3 GATING BY PROTON-DEPENDENT INTERACTIONS OF NAND C-TERMINAL DOMAINS. Z. Qu*, Z. Yang, N. Cui, G. Zhu, Y. Li, J.
Liu and C. Jiang. Department of Biology, Georgia State University, Atlanta,
GA 30302
There are several mechanisms underlying ion channel gating, such as
membrane potential, extracellular ligands and cytosolic second messengers.
Here, we demonstrated a new mechanism for Kir2.3 channel gating by
intracellular protons. Hypercapnia or intracellular acidification at near
physiological pH levels strongly inhibited Kir2.3 channel expressed in
Xenopus oocytes. Although this inhibitory effect relied on the N-terminus of
the Kir2.3 channel protein, the presence of Kir2.3 C-terminus markedly
enhanced the inhibition. Moreover, this enhancement by Kir2.3 C-terminus
was much stronger than by Kir2.1 (pH non-sensitive) C-terminus. From
detailed analysis, we found Kir2.3 C-terminus was essential for full response
of Kir2.3 to CO2/pH;. The result prompted us to speculate that Kir2.3 N- and
C-terminal regions may interact during the CO2/pH; response. The in vitro
protein-protein binding experiments demonstrated a proton-dependent
interaction between the Kir2.3 N- and C-terminal regions. The binding was
weak at pH 7.5 but strong at pH 6.6. Further experiments showed that certain
regions in N- and C-terminus were responsible for the binding. Likewise, the
results from patch clamp on chimeras constructed between Kir2.3 and Kir2.1
also showed that these regions in N- and C-terminus were involved in pH;
sensitivity of Kir2.3. Thus, a novel mechanism for K+ channel gating is
suggested, which involves the N- and C-terminal interaction and protons are
mediators of the interaction.

377.9

377.10

DISTRIBUTION OF BDNF AND Trk B IN THE PETROSAL GANGLION OF
ADULT RATS. Z.-Y. Wang, I. M. Keith, E. H. Vidruk, G. S. Mitchell* and G.
E. Bisgard. (Depts. of Comparative Biosciences and Preventive Medicine,
University of Wisconsin, Madison, WI 53706)
Neurotrophins, such as brain-derived neurotrophic factor (BDNF), regulate
the survival, growth and differentiation of neurons in CNS and periphery.
Neurotrophins act via transmembrane tyrosine kinases (Trk) and BDNF acts
specifically on the Trk B receptor subtype. We examined whether BDNF and Trk
B are expressed in the petrosal ganglion (PG) of rats. Normal adult Sprague
Dawley rats (200-250 g) were anesthetized and perfused with 4 %
paraformadehyde, and PGs were collected and kept in Bouin’s fixative for 4 hr.
The tissues were paraffin-embedded and sectioned (5 pm). Immunocytochemistry
was performed by using a monoclonal anti-BDNF antibody (R&D System) and
a polycolonal anti-Trk B antibody (Transduction Lab). Also, a monoclonal antityrosine hydroxylase (TH) antibody (Incstar Inc.) was used. The results were: 1)
BDNF-like immunoreactivity (-LI) was noted in myelinated nerves of the PG and
appeared restricted to the cytoplasm of myelinating Schwann cells. 2) Trk B-Ll
was detected in the somata of neurons, the most intense immunoreactivity
apparent on small somata. Trk B-LI was also observed in unmyelinated, thin
nerve fibres. Some Trk B-Ll neurons also displayed immunoreactivity for TH, a
presumptive indicator of chemoafferent neurons. Our findings provide direct
evidence of BDNF and Trk B expression in the PG of adult rats. Whether BDNF
is released from the nerve fibres to regulate or maintain the function of
chemoafferent neurons or their post-synaptic targets remains to be established
(Supported by HL 15473).

THE ROLE OF NASAL CO2 CHEMORECEPTORS IN THE VENTILATORY
RESPONSE TO INSPIRED CO2 IN NEONATAL RABBITS: A POSSIBLE
ROLE IN SIDS. E:L. Coates*, L.L. Konczal, and R.R. Drabicki. Department
of Biology, Allegheny College, Meadville, PA 16335
The objectives of this study were to determine: 1) the ventilatory response
to transient increases in inspired CO2 in neonatal rabbits at different
developmental stages and 2) the effects of lesioning the olfactory nerves on the
ventilatory response to inspired CO2. Using plethysmography, ventilatory
responses to 30 seconds of 0, 4, and 8% inspired CO2 were measured in 12
neonatal rabbits from 2 litters (6 rabbits/litter). Ventilatory frequency (0, tidal
volume (Vt), and minute ventilation (VE) were recorded 1,2,3,4,5,7, and 12 days
after birth. On average, neither litter exhibited a depression in ventilation on
any of the days tested. However, three of the rabbits exhibited pronounced
apnea and showed decreases in (and VE on days 1,2, and 3. On day 4 and 5
inspired CO2 caused no apparent change in ventilation, while on day 7 and 12
CO2 caused an increase in f and VE . In the second part of this study, 38
rabbits, from 8 litters were tested for a depression in ventilation in response to
inspired 8% CO2. Six of the rabbits exhibited decreases in f and VE in
response to the inspired CO2 on days 1 and 2. Severing the olfactory nerves
abolished the decreases in (and VE. These data show that the initial inhibition
of ventilation on days 1,2, and 3 is dependent on intact olfactory nerves. It is
hypothesized that the decrease in (and VE is due to the stimulation of the nasal
CO2 chemoreceptors at a time when the central chemoreceptors are not yet
fully mature. The increase in ventilation observed on days 7 and 12 indicates
that by this time the central chemoreceptors may have matured enough to
override the inhibitory effect of nasal CO2 receptor stimulation. Supported by
the Howard Hughes Medical Institute (#711-965-02-502).

Supported by NIH R01 HL58410-01and the United Cerebral Palsy Foundation (R-702-95).
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377.11

377.12

CHOLINERGIC AGENTS MODULATE VOLTAGE-GATED K+
CHANNELS OF CAT GLOMUS CELLS. M. Shirahata* Department of
Environmental Health Sciences, The Johns Hopkins Medical Institutions;
Baltimore, MD 21205.
Depolarization of glomus cells appears an important step for the
hypoxic excitation of the carotid body. Several studies indicate that the
activity of K+ channels modify the excitability of glomus cells. Hypoxia
depolarizes glomus cells, at least partly, due to the inhibition of K+
channels, and induces the release of neurotransmitters from glomus cells.
These neurotransmitters including ACh may in turn modify the
excitability of glomus cells. ACh depolarizes cat glomus cells via the
opening of nicotinic channels, and also may influence membrane
potential via modification of K' channel activity. This study investigated
the latter possibility. Glomus cells were obtained from anesthetized cats,
and cultured for up to 2 weeks. Conventional whole cell patch clamp
techniques were applied to observe voltage-gated K current. Topical
application of ACh, nicotine, and pilocarpine significantly decreased K+
current to 1/3 of the control value. This inhibition was observed even after
nicotinic channels were desensitized after multiple applications of large
doses of ACh and/or nicotine. Atropine perfusion (1 /zM) significantly
increased K+ current (2-3 times larger than control), and did not affect the
inhibitory effect of ACh and pilocarpine. The results suggest a close
relationship between voltage-gated K+ channels and cholinergic
mechanisms in glomus cells. Supported by hl 61596 & HL 50712.

CHRONICH HYPOXIA AND CAROTID BODY NO-CO
C. Di Giulk *A. Grilli®, £ Ciocca, R.C. Capitanio, M. Cacchio , M. Schiavi, E. Di
Pierro and M.Felaco0.
Department of Biomedical Sciences and Anatomy® School of Medicine.
University of Chieti. Italy.
Carbon monoxide (CO) stimulates erythropoiesis and carotid body (CB). During
chronic hypoxia carotid body CO release should be enlianced along with growth. In
hypoxic conditions CO derived from the activity of heme oxygenases could play a role
in regulating the production of growth factors. Twelve Wistar rats were divided in six
rats (group 1) kept for 12 day s in a Plexiglass chamber in chronic hypoxia (10-11 %
inspired O2) and tlie other 6 rats (group 2) served as control (21 % inspired O2). Tlie
distributions of Heme oxygenases and NOS were studied. Diaphorase activity7
distribution and immunohistochemistry for NOS and HO 1 and 2 showed that A) CB
synthesize CO: B) Heme oxygenases 1 and 2 are present in CB; C) CO increases
during chronic hypoxia. If the principal function of CO is to maintain the intracellular
level of cGMP, CO can increase the level of cGMP so modulating CB sensitivity. CO
shares some of the properties of NO. Both are physiologically produced molecules
which increase the cGMP production. According to chromophore theory of
chemoreception, NO-CO could interact with heme resulting in a phy siological balance.
CO-NO colocalization in CB cannot be excluded. Since CO is a regulator of cyclic
GMP level in normoxia. it could acquire a crucial role in regulation of HO during
clironic hypoxia. A tonic inhibition or competition cannot be excluded by CO-NO
interaction. CO can be the trigger for maintaining a basal firing of CB, thus balancing
O2-CO2 homeostasis. NOS and HO react with oxygen just like ty rosine hydroxylase. It
is possible, that NO induces dopamine release, tlie same mechanism can be postulated
for CO. Like CO. NO may involve neuropeptide release, influencing chemoreceptor
discharge. Tlie increase in HO during chronic hypoxia can take part in ventilatory
homeostatic adaptation after chronic hypoxia. Dopaminergic-nitrergic systems and CO
could be modulated by oxygen, but liow does CO work remain controversial.

RESPIRATORY REGULATION: MODULATION OF PATTERN
378.1

378.2

RESPIRATORY-MODULATED NEURONS (RRNs) IN THE FASTIGIAL
NUCLEUS (FN) RESPOND TO CHEMICAL CHALLENGES IN THE RAT.
Xu, F., Z. Zhang, D. Randall*, and D.‘T. Frazier. Department of Physiology,
University of Kentucky, Lexington, KY 40536-0084.
This study was undertaken to test the hypothesis that RRNs exist in the
rat FN and respond to chemical stimuli in a manner independent of
activation of respiratory proprioceptive inputs. A tungsten electrode (~5 MG)
was positioned into the FN to record RRNs in anesthetized adult rats while
monitoring ventilatory motor output. The latter was denoted by measuring
minute ventilation in spontaneously breathing animals and phrenic
neurogram in paralyzed, artificially ventilated rats. When a RRN was
encountered, the animals were exposed to hypercapnia (7% CO2 + 30% O2
Bal. with N2) for 1-2 min and/or transient hypoxia (100% N2) for 5-8 breaths
and the respiratory responses recorded. Our results showed that: 1) both
inspiratory and expiratory neurons could be recorded within the FN; 2) the
neuronal spike rate and burst duration were significantly affected by
exposure to hypercapnia or hypoxia concomitant with changes noted in the
ventilatory motor output; 3) recruited RRNs, silent during eupnea but
exhibiting a phasic bursting pattern in concert with an increased inspiratory
drive, were occasionally observed; and 4) RRNs’ activity and responses to
chemical challenges were not profoundly different between the
spontaneously breathing and paralyzed preparations. Our data clearly
suggest that rat FN contains RRNs and that these neurons are responsive to
chemical challenges concomitant with changes in the ventilatory motor
output.
Furthermore, the presence of FN RRNs activity appears
independent of skeletal (respiratory) muscles proprioceptive inputs.
(Supported by NIH PO1 40369 and ALA RG-021-N).

5-HTIA RECEPTOR ACTIVATION REVERSES APNEA INDUCED BY
NMDA RECEPTOR BLOCKADE IN THE RAT
N. Sahibzada, M. Ferreira, A. M. Wasserman, K. L. Dretchen and R. A. Gillis
(SPON: K. L. Dretchen).Georgetown Univ. Med. Ctr & Univ. of D. C., Wash.
D. C. 20008
We have previously shown that 5-HT]A receptor activation dramatically
reverses opioid-induced apnea (Ferreira, et al., FASEB J. 12.A495) in both
vagotomized and non-vagotomized, spontaneously breathing rats. We report
here preliminary findings that this behavior also extends to apnea elicited by
blockade of the NMDA receptor complex. Studies were performed in
anesthetized, spontaneously breathing vagus intact rats (n=3).
Systemic
administration of the NMDA antagonist, MK-801 (1 mg/kg by constant infusion
over 1 minute) resulted in the complete suppression of diaphragmatic
electromyogram (dEMG) activity. In all cases, this apneic condition was
reversed within 1 min by i.v. infusion of 8-OH-DPAT (lOpg-lOOpg/kg). dEMG
amplitude, previously undetectable, was restored to 51.0 + 32.2 mV compared
with a baseline of 27.0 + 6.5 mV. Inspiratory duration (Ti) was relatively
shorter following 8-OH-DPAT administration (252 + 78.0 msec) than baseline
(457 + .5.2 msec). The mean expiratory duration (Te) during baseline and after
8-OH-DPAT infusion was 594 + 138.7 msec to 603+.89.3 msec respectively.
In cases where MK-801 i.v. infusion (1 mg/kg) evoked a continuous
discharge of dEMG or apneusis (n=2); 8-OH-DPAT (5-30 pg/kg) was just as
effective in restoring the respiratory rhythm. This observation is similar to that
reported by Lalley et al. (1994) in the cat. Our results continue to underscore
the effectiveness of 5-HT]A receptor stimulation in restoring respiratory
disturbances to normal.

378.3

378.4

ALPHA-2 ADRENERGIC RECEPTORS DO NOT APPEAR TO BE
INVOLVED IN THE CENTRAL CONTROL OF BREATHING IN THE
CANE TOAD, Bufo marin us. Julia E. Rives and David G. Bernard*. Dept.

METABOTROPIC GLUTAMATE RECEPTOR AGONIST
MEDIATED CHANGES IN CARDIORESPIRATORY ACTIVITY.
Shenbagam Veeraputhiran, Neal Smatresk* and David G. Bernard.
Dept. of Biology, University of Texas at Arlington, Box 19498, Arlington,
TX 76019.

of Biology, University of Texas at Arlington, Box 19498, Arlington, TX 76019.
Previous work in our laboratory has indicated that both cholinergic and adrenergic
systems play a role in the central control of breathing in Bufo. This study was
undertaken to more finely delineate the types of adrenergic receptors that may
populate the ventral caudal brainstem of Bufo marinus. The selective alpha-2
receptor agonist clonidine was utilized in this study to determine the effect of
possible alpha-2 receptors on the central control of breathing and/or blood pressure.
Adult toads were anesthetized, catheterized (femoral artery), and both lungs
cannulated to unidirectionally ventilate the animal with 1.5% CO2. The brain was
exposed from the olfactory lobes to the first vertebra and a buccal cannula was
inserted through the tympanic membrane to measure buccal pressure. The animal
was decerebrated when a consistent breathing pattern was established. Following a
control period, a filter paper pledget soaked in a 3.75 pM clonidine solution was
placed on the ventral caudal surface of the brainstem. Blood, lung, and buccal
pressures were displayed and stored onto a computer for later analysis. Clonidine
failed to elicit a significant change in any of the five respiratory parameters that were
measured. The data that follows are presented as means ± standard error: number of
buccals oscillations (-2.6% ± 5.5, p = 0.44), buccal amplitude (-33.8% ± 14.0, p =
0.51), lung amplitude (-8.7% ± 6.9, p = 0.45), bout duration (-7.1 % ± 6.2, p = 0.17),
bout frequency (6.7% ± 6.1, p = 0.60). Clonidine did not affect blood pressure. The
results of our study indicate that alpha-2 adrenergic receptors, if present on the caudal
brainstem, may not play a role in the modulation of cardiorespiratory activity in the
cane toad, Bufo marinus. (Supported by AHA-95023030 and UTA-AMP)
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The medullary raphe was examined for changes in blood pressure and phrenic
nerve activity (PNA) in response to injections of metabotropic glutamate
receptor agonist trans- (IS, 3R)-1-amino cyclopentane-1, 3-dicarboxylate [tACPD], Adult male Sprague Dawley rats were anesthetized, vagotomized,
paralyzed and artificially ventilated. The ventral medullary brainstem was
exposed and 20-1 OOnl injections of lOmM t-ACPD were made into the raphe
magnus, raphe pallidus and raphe obscurus. Injection sites were verified by
post- mortem anatomical identification. PNA and mean BP were expressed as
a percent of the pre- injection control. t-ACPD decreased blood pressure when
injected into raphe pallidus and raphe obscurus immediately after injection.
Blood pressure returned to pre-injection levels within 20-30 minutes. The
decrease in mean BP was attributed mainly to a fall in diastolic blood pressure
in both these areas. PNA decreased immediately (1-2 min) after the injection,
returned to baseline and this was followed by a second fall 10 minutes later.
PNA returned to pre-injection levels at 15-20 minutes. These changes were
observed when injections were made in nucleus pallidus and obscurus, but not
in nucleus magnus. These findings suggest that metabotropic glutamate
receptors present in the raphe obscurus and probably raphe pallidus may
mediate the cardiorespiratory changes. (Support by AHA - 95023030)
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RESPIRATORY AND CARDIOVASCULAR RESPONSES TO
MICROINJECTIONS OF GLUTAMATE INTO DIFFERENT
ZONES OF THE nTS IN THE RAT. V, Marchenko and H, N,
Sapru*, Dept. of Neurosurgery, New Jersey Medical School,
Newark, NJ 07103.
In urethane-anesthetized adult male Wistar rats, L-glutamate
(10 mM, 10 nl) was microinjected into different regions of nTS in
order to identify specific types of respiratory and cardiovascular
responses. Seven types of responses were observed: 1) from the
medial subnucleus of nTS, apnea (4-5 sec), depressor (47%
decrease) and bradycardic (58% decrease) responses were elicited,
2) in the medio-caudal region of medial subnucleus, only depressor
(36% decrease) and bradycardic (52% decrease) responses were
observed, 3) from the medial portion of ventrolateral subnucleus
only apnea (3-4 sec) could be elicited, 4) from the rostral portion
of the ventrolateral subnucleus, a short apnea (1-2 sec) and a small
increase (11%) in BP were elicited, 5) from the commissural subnucleus, a decrease (8%) followed by an increase (14%) in BP,
increase in heart rate (23%) and increase in rate of respiration
(34%) were elicited, 6) from a circumscribed region in the
commissural subnucleus only sighs could be elicited, and 7) from
the rostral level of commissural subnucleus, only fast and shallow
breathing was elicited. Support: NIH (HL24347) & AHA (NJ).

ROLE OF CALCIUM-DEPENDENT CONDUCTANCES IN DEVELOPING
PHRENIC MOTONEURONS. M. Martin-Caraballo*& J.J Greer, Dept. of
Physiology, U. of Alberta, Edmonton AB, Canada T6G 2S2.
Phrenic motoneurons (PMNs) undergo a major transformation in their
action potential and repetitive firing properties during the latter stages of rat
embryonic development. The aim of this study was to examine the role of calciumdependent conductances during this transformation. The period studied spanned
from embryonic day (E) 16 to postnatal day(P) 1. During this period, PMNs undergo
considerable and functional and morphological changes including the inception of
rhythmic inspiratory drive at El7, elaboration of dendritic processes and the
completion of diaphragmatic innervation. PMN electrophysiological properties were
investigated using whole cell patch clamp recordings from a cervical slice-phrenic
nerve preparation.
Recordings of PMNs in the current and voltage-clamp configurations
revealed the following characteristics of calcium-dependent conductances: i) at EldEl 8, PMN action potentials had a prominent slowly-decrementing
afterdepolarization (ADP); ii) release from hyperpolarizing holding potentials
revealed a rebound depolarization at early stages of development (El 6-18) which
decreased significantly by birth; iii) both the slowly-decrementing ADP and the
rebound depolarization were sensitive to low levels of nickel (200 pM); iv) by birth,
PMN action potentials had developed a verapamil-sensitive hump like ADP and a gj conotoxin-sensitive medium-duration afterhyperpolatization; v) blockade of outward
currents with intracellular TEA and cesium reveled the presence of high threshold
calcium spikes and plateaus potentials at all ages studied; vi) the peak calcium
current density increased by a factor of two between ages El 6 and El 8 and then
remained at a similar level through to birth. Funded by AHFMR, MRC and
Neuroscience Canada Foundation.

378.7

378.8

HYPERTHYROIDSM AFFECTS OPIOID RECEPTOR
MODULATION OF CO2 PRODUCTION & CONTROL OF
VENTILATION IN HAMSTERS. E, H. Schlenker*. Nfiurnsr.iPnr.fi
Group, Division of Basic Biomedical Sciences University of South
Dakota, Vermillion, SD, 57069.
This study investigated the interaction between hyperthyroidism
and opioid receptor modulation of metabolism and ventilation in
normal male hamsters. Hyperthyroidism (n=8) was induced by
implantation of thyroxine (T4) pellets under the skin. Control
hamsters (n=8) received placebo pellets. After 2 months CO2
production (VCO2), ventilation, tidal volume, and breathing
frequency in air and after exposure to 6% CO2 in oxygen given
saline and the opioid receptor antagonist, naloxone (1 mg/kg). In
T4 treated hamsters VCO2 was increased relative to controls
(3.37±0.14 versus 2.75 ± 0.22 ml/min, P<0.01). Naloxone
reduced ^CO2 in T4 treated hamsters to that of controls who
were unaffected by naloxone. No effects of T4 or naloxone were
noted on any ventilatory parameters when hamsters breathed air.
Control, but not T4 treated hamsters given naloxone exhibited a
stimulation of the ventilatory response to CO2 predominantly due
to an increased breathing frequency. Thus, in hamsters
hyperthyroidism affects opioid receptor modulation of both VCO2
and ventilation in response to hypercapnia.

MODULATION OF RESPIRATORY RHYTHM BY a2-ADRENOCEPTORS
IN THE GOAT. K.P. O’Halloran. J.K. Herman. V. Miletic* & G.E. Bisgard.
Department of Comparative Biosciences, University of Wisconsin, Madison,
WI, 53706.
We have previously shown that systemic administration of a2-adrenoceptor
(a2-AR) agonists modulate respiratory rhythm in awake and anesthetized
goats. We wished to test the hypothesis that a2-AR agonists such as clonidine
directly or indirectly result in the activation of medullary post-inspiratory (PI)related neurons (assessed by motor nerve recordings). Such a finding would
be suggestive of a possible mechanism by which a2-AR agonists disrupt
respiratory rhythm (cf. Ogilvie et al. ’92). In anesthetized, paralyzed,
mechanically-ventilated goats, phrenic nerve activity was used as an index of
neural inspiration. The recurrent laryngeal nerve (RLN) was prepared for
neural recording. Unipolar recordings were made with platinum wire
electrodes from fine filaments of the nerve teased until unique unitary
discharges could be readily identified. Single-units (n=4) with Pi-related
activity were studied.
Ventilatory disturbances induced by clonidine
administration (0.5-3.0 pg/kg iv) were clearly associated with activation of PIrelated RLN units. Tonic activation of RLN Pi-related motoneurons persisted
throughout the duration of prolonged Te intervals and during clonidineinduced apneas. Tonic activation of Pi-related neurons in the RLN was also
observed during dopamine-induced and hypocapnic-induced apneas. These
preliminary findings demonstrate that a2-adrenoceptor stimulation results in
the activation of Pi-related activity and further suggest that a2-adrenoceptors
participate in the control of respiratory rhythm. Supported by NIH Grants HL53969 & HL-10069.

378.9

378.10

HISTAMINERIC MODULATION OF THE RESPIRATORY NETWORK IN
SITU. M. Dutschmann*. AM. Bischoff, D.W, Richter. D, Busselberg, University of
Gottingen, Physiology, Humboldtallee 23, D-37073 Gottingen, Germany.
Histamine is a potent mediator of allergic reactions. For treatment of these
reactions, anti-histaminergics, which cross the blood brain barrier are commonly used.
In the past few years there was growing evidence that histamine is also a potent
modulator of various CNS functions. However, there is scare information of histamine
action on central respiratory functions.
In the present study we examined the effect of histamine and its analogues, in the
working heart brainstem preparation. Systemic tests revealed that histamine (l-5pM)
significantly (p<0.01) increased the frequency of phrenic bursts by 20%, occasionally
induced double bursts and tended to prolong phrenic discharges. Histamine effects
were affected by neither H-2 nor H-3 (l-10pM) receptor antagonists or agonists.
Intracellular recordings of inspiratory neurons reveal increased excitatory drive,
resulting in enlarged and prolonged depolarisation, with additional barrages of EPSPs
between inspiratory bursts. Consequently, inspiratory inhibition on expiratory
neurons was increased. Overall, histamine enhanced excitatory and inhibitory synaptic
activity. Application of H-l receptor antagonist pyrilamine (5-10gM), induced strong
suppression of phrenic bursts activity. This effect of H-l receptor blockade on
respiratory activity is confirmed by a second H-l antagonist (diphenhydramine HCI,
20-30pM). Pyrilamine (lpM) also attenuated the hypoxic response. This indicates
that histamine is released during hypoxic conditions.
In conclusion, modulatory effects of histamine are mediated by H-l receptors,
which couple to adenylate cyclase regulating intracellular cAMP level. Functionally,
histamine is important for the hypoxic response. We speculate that H-l receptor
activation evokes Go-regulated increase of Ca2+-currents and activation of Kc«. This
would mean that the Go-mediated pathway towards adenylate cyclase does not occlude
with the Gi-regulated pathway, which is activated by hypoxic release of 5HT,
adenosine and endorphines. Supported by Deutsche Forschungsgemeinschaft.

RESPIRATORY MODULATION OF VISUALLY CUED, MOTOR TASK
REACTION TIME. 2Clive Ming & 'Duncan L. Turner?1 Exercise Neuroscience
Research Group, South Bank University - London, SE1 0AA, UK & 2School of
Biomedical Sciences, University of Leeds, UK.
We have previously shown that the performance of a visually cued motor task
elicits a phasic facilitation of respiratory motor output (Turner & Claydon, J.
Physiol., 511, 46S, 1998). This suggests that interaction of descending motor
commands may occur and at one or more levels of the neuraxis. Modulation of
respiratory output could be then hypothesized to alter the performance of
visuomotor tasks. In order to address this hypothesis, 8 subjects took part in a study'
given ethical approval (values are mean ± SEM). Each subject breathed through a
pneumotachograph to measure ventilation on a breath-by-breath basis either during
spontaneous breathing (C) or during breathing with an added dead space to increase
respiratory drive (D). Each subject then undertook a number of visually cued (LED
light; 200 ms duration) finger taps on a computer keypad. The reaction time for
finger movement (sec) was compared at different times in the breathing cycle in C
or D breathing conditions. Four epochs of a breath cycle (1-1, early inspiration; 1-2,
late inspiration; E-l, early expiration; E-2, late expiration) were compared and a
significant interaction (epoch * condition) was found for RT using repeated
measure ANOVA (p = 0.03).
1-1
1-2
E-l
E-2
0.32±0.01
0.32±0.01
c
0.34±0.01*
0.32±0.01
D
0.29±0.01f
O.33±O.O1* 0.31±0.01
O.33±O.O1*
Bonferroni corrected paired T-tests (p<0.05; ♦, late vs. early; f vs. C) showed that
early phases of inspiration/expiration had a faster RT than late phases and D
breathing shortened the RT during 1-1. The data suggest that limb and respiratory
motor commands may interact at certain times in the breathing cycle; a potentially
useful coupling of motor systems in fight or flight situations.
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NITRIC OXIDE MODULATES RESPIRATORY ACTIVITY IN THE
ISOLATED TADPOLE BRAINSTEM. M.B.Harris* and J.E, Remmers.
Dept. of Medical Physiology and Biophysics, University of Calgary, Calgary,
Alberta, Canada. T2N 4N1.
In vitro brainstem preparations derived from larval bullfrogs (Rana
Catesbeiana) are small, well oxygenated, relatively non-acidic and well suited
to investigations of central respiratory rhythm genesis in vertebrates. Cranial
nerve recordings illustrate that this preparation exhibits two distinct motorpatterns, putative gill ventilation (PGV) and putative lung ventilation (PLV),
that match the bimodal breathing patterns observed in vivo and which
represent the influences of a central respiratory rhythm generator. Nitric oxide
(NO) is a potent neuromodulator in the central nervous system and has been
shown to influence respiratory rhythm in mammals and adult amphibians. We
used 7-nitro indazol (7-NI), a selective inhibitor of neuronal NO-synthase and
whole-nerve recording of PGV and PLV from the isolated tadpole brainstem,
to investigate the role of NO in the generation and modulation of respiratory
activity. At baseline, PGV occurred at a lower instantaneous frequency (IF,
derived from the interval between successive events) than PLV. 7-NI (0.25
to 0.75 mM) increased the IF of PGV abolishing the difference in IF between
PGV and PLV, and depressed the overall frequency (events per unit time) of
PLV through a substitution by PGV events. Higher levels of 7-NI abolished
both PGV and PLV. These results suggest that NO 1) modifies the rhythm
underlying respiration, resulting in the difference in IF between PGV and
PLV, and 2) facilitates the expression of PGV and PLV activity from this
rhythm. This research was supported by the MRC and NSERC of Canada.

HIGH-FREQUENCY
SYNCHRONIZATION IN INSPIRATORY (I) AND
EXPIRATORY (E) NERVE DISCHARGES
DURING FICTIVE
VOCALIZATION (FV). K. Nakazawa*, A.R. Granata, and M. I.
Cohen. Albert Einstein Coll. Med. Bronx, NY 10461.
In decerebrate and paralyzed cats, respiratory nerve
activities were recorded during FV (a' distinct pattern of
decreased I and E phase durations and marked increases of
I and E activities) produced by electrical stimulation
(0.2 ms pulses, 50-150 Hz, 5-12 sec trains) in the
midbrain periaqueductal gray. Spectral and correlation
analyses revealed three types of high-frequency
oscillation (HFO). a) I activities. Phrenic and recurrent
laryngeal (RL) firing during the control state had HFOs
(frequency range 60-90 Hz) that were coherent between
signals. During FV, IHFO peak power increased markedly,
with only a moderate increase of peak frequency (4-10
Hz). b) RL and superior laryngeal
activities during E.
In recruited discharges, prominent EHFOs (frequencies 4060 Hz) were present and were coherent between signals,
but were not locked to the stimulus frequency, c)
Abdominal (lumbar) activities during E. The recruited
activity had no intrinsic HFO but had an evoked
oscillation locked to the stimulus frequency. Thus the
reorganization of respiratory pattern during FV involves
distinctive changes of synchronization and interaction
within each of several subsystems that produce the
different outputs. (Supported by N.I.H. Grant HL-27300.)

RESPIRATORY REGULATION: NEUROANATOMY
379.1

379.2

HYPERCAPNIA-ACTIVATED NEURONS OF THE FASTIGIAL
NUCLEUS (FN) PROJECT TO MEDULLARY NUCLEUS
GIGANTOCELLULARIS (Gi). Zhang, Z , F. Xu, T, Gibson and
D.T. Frazier*. Dept. of Physiology, Univ. of KY, Lexington, KY 40536.
Previous studies have shown that hypercapnia activates FN neurons
which facilitate respiratory responses to chemical stress. Projections from
the FN have been traced to the Gi. The question posed here is whether FN
hypercapnia-activated neurons synapse directly on Gi neurons. To answer
this question, 200-400 nl 20% horseradish peroxidase (WGA-HRP) was
injected into the Gi of six adult anesthetized rats. After 14 h, conscious
rats were exposed to room air as control (n=2) or a hypercapnic gas
mixture (9.9% CO2, 21% O2 and balance N2, n=4) for 1.5 h and
subsequently anesthetized and perfused. Cerebellum and brain stem
sections were processed with DAB method for HRP labeling and
subsequently with ABC-AP method for fos labeling. HRP-labeled neurons
were found mostly in the contralateral FN when the injection was made in
the ventral Gi (GiV), but mainly in the vestibular nucleus (VN) if the
injection was dorsal to the GiV. Over half of HRP-labeled FN neurons
were also fos labeled in CO2 exposed rats. The results showed that some
FN neurons activated by hypercapnia project directly to the Gi. The
nature of the VN to Gi projections remains obscure. (Supported by NIH
PO1 40369 and ALA RG-021-N).

EXPRESSION OF C-FOS PROTEIN IN THE RAT CENTRAL NERVOUS SYSTEM
ELICITED BY INSPIRATORY OCCLUSION. O.E. Malakhova and P.W. Davenport*.
Dept. of Physiological Sciences, University of Florida, Gainesville, FL 32610
Inspiratory occlusion (IO) has been shown to activate neurons in the various regions
of the spinal cord, brainstem and higher brain regions including the cerebral cortex.
However, identification these neural pathways and various simultaneously activated by
IO information has not been reported. Experiments were performed with urethane
anaesthetized rats to identify neurons in the CNS activated by IO using
immunohistochemical detection of c-Fos proteins. Occlusions were applied every 3-4
breaths for a single inspiration for 45 minutes with the rat respiring through a nonrebreathing valve. c-Fos labeled neurons were found in the spinal cord, brainstem,
midbrain and forebrain. The c-Fos labeled neurons were found in the dorsal hom of the
cervical spinal cord (C3-C5) bilaterally after IO. c-Fos labeled neurons in the thoracic
spinal cord in laminae VIII-IX of the ventral hom and IMM and IML columns. c-Fos
labeled neurons were found bilaterally in the dorsomedial subnucleus of the NTS,
cuneate n. and ventrolateral reticular formation. Rostrally, the lateral parabrachial and
lateral paraaquaductal nuclei also had c-Fos labeled neurons. Neurons containing c-Fos
were found bilaterally in the paraventricular and supraoptic n. of the hypothalamus,
paraventricular thalamic n. and the basomedial n. of amygdala. c-Fos labeled neurons
were found in the Ml, M2 and SI regions of the cerebral cortex. Insular and piriform
regions of the cortex also has c-Fos labeled neurons. Few, if any c-Fos labeled neurons
were observed in the same structures of control animals. These data indicate that IO
information is conveyed in spinal and brain nuclei. The presence of c-Fos in these
structures suggests that these neurons are involved in IO information processing. The
results suggest both proprioceptive and affective processing of IO sensory information.
(Funded by College of Veterinary Medicine, University of Florida)

379.3

379.4

DEFINITION OF NEURONAL CIRCUITRY CONTROLLING THE ACTIVITY OF
PHRENIC AND ABDOMINAL MOTONEURONS IN FERRET USING RECOMBINANT
STRAINS OF PSEUDORABIES virus . I. Billig1*, JM ForisL-L.W, Enquist3. J.P, Card2.
B.J, Yates1,2. 'Depts of Otolaryngol. & 2Neurosci., University of Pittsburgh, Pittsburgh,
PA 15260 and 3Dept. of Mol. Biol., Princeton University, Princeton, NJ 08544.

PERINATAL DEVELOPMENT OF SENSORY INPUTS TO THE
NUCLEUS
TRACTUS
SOLITARIUS:
IMPLICATIONS
FOR
MATURATION OF VENTILATORY CONTROL AFTER BIRTH. C
Mayer and D.M. Katz* Dept. Neurosciences, Case Western Reserve
University School of Medicine, Cleveland, OH 44106.
At birth, ventilatory responses to acute hypoxia are immature, displaying a
biphasic pattern in which ventilation first increases and then falls to or below
control levels. This biphasic pattern matures postnatally, resulting in a
relatively sustained increase in ventilation during acute hypoxia in adults. We
hypothesize that chemoreflex immaturity at birth may be due to immaturity
of peripheral ehemosensory inputs that relay hypoxic ventilatory drive. To
address this possibility we defined development of projections from the
glossopharyngeal petrosal ganglion (PG), which contains the cell bodies of
primary ehemosensory neurons, to the brainstem nucleus tractus solitarius
(nTS) using the lipophillic tracer Dil. We focused in particular on
innervation of the commissural subnucleus (nCom), the principal site of
chemoafferent projections to the brainstem. Dil crystals were placed on the
right PG in paraformaldehyde-fixed animals at various pre- and postnatal
ages. 4-8 weeks later the pattern of afferent labeling was observed in
vibratome sections through the brainstem. At embryonic day (E)l 3, labeling
was restricted to fibers in the tractus solitarius. At El6 many fibers were seen
leaving the tract and entering nTS, including the ipsilateral nCom. By El9,
sparse bilateral innervation of the nCom was seen. However, the density of
nTS innervation, including ipsi- and bilateral projections to nCom, increased
markedly between P0 and P7. These data indicate that primary sensory
projections to nTS in general, and the nCom in particular, are immature at
birth. We propose that postnatal maturation of chemoafferent inputs to nTS is
required for expression of a mature hypoxic ventilatory response. Supported
by NHLBI (DMK) and 5T32NS07118.

Behaviors such as vomiting, postural adjustments and responses to vestibular
stimulation involve simultaneous increases in diaphragm and abdominal muscle
activity. Studies using transynaptic transport of pseudorabies virus (PRV) in ferret
have shown that phrenic and rectus abdominis motoneurons receive inputs from
premotor neurons located in circumscribed regions of the brainstem and spinal cord
with an overlapping distribution in the medial reticular formation (MRF). Considered
with other data demonstrating that lesions of the MRF abolish simultaneous
contractions of diaphragm and abdominal muscles during emesis, these results suggest
that premotor neurons in the MRF provide a common input to the diaphragm and
abdominal musculature. To determine the validity of this hypothesis, we injected
recombinant strains of PRV that express unique proteins into the diaphram and rectus
abdominis. The two strains of virus are isogenic with the attenuated strain of PRV
used in prior studies to define this circuitry and express either beta-galactosidase or
green fluorescent protein. The reporter genes were inserted into the gG gene of the
viral genome. In accordance with previous findings, infected phrenic motoneurons
were located in the 5th and 6th segments of cervical spinal cord and rectus abdominis
motoneurons were distributed from T4 through L3. At longer post-inoculation
intervals (>5 days) both strains of virus passed transynaptically to infect brainstem
neurons and the distribution of these cells corresponded to that demonstrated in single
injection paradigms. Dual labeling immunofluorescence revealed three populations of
neurons: two groups of neurons infected with only one strain of virus and a third
group infected with both viruses. Dual infected neurons were differentially concentrated
in the MRF and in raphe obscures. These results demonstrate a dynamic regulatory
capacity for neurons controlling phrenic and abdominal motoneurons. Further studies
will be required to determine the role of these neurons in co-activating inspiratory and
expiratory motoneurons during emesis and other behaviors.
Supported by NIH grant 4 DC-03732 and NINDS RO1 grant # 33506.
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COMPARATIVE ANATOMY OF GLUTAMATE BINDING TO NMDA AND
NON-NMDA RECEPTORS IN THE VENTRAL MEDULLA OF THE PIGLET
AND HUMAN INFANT. RA Belliveau2. A Panigrahy2. JJ Filiano1, HC Kinney2*.
’Dept. of Pediatrics, Dartmouth Medical Center, Lebanon NH; 2Dept. of Neurology
and Pathology, Children’s Hospital, Boston MA 02115.
The piglet is an excellent animal model of cardiorespiratory development in the
human infant, yet little is known about the comparative chemical anatomy of the
piglet and human medulla, the site of key regions involved in cardiorespiratory
control. We are interested in the glutamate system which mediates several
cardiorespiratory functions. We hypothesized that glutamate binding in the piglet
medulla is homologous to binding in the human infant medulla for NMDA (CGP)
and non-NMDA (AMPA and kainate) receptors. Using quantitative tissue receptor
autoradiography and 3H-CGP, 3H-AMPA. and 3H-kainic acid, we measured
receptor binding in alternate medullary sections from piglets (4 days old, n=4; 12
days old, n=5), human infants (2-4 postnatal months, n=4), and human fetuses (1926 weeks gestation, n=4). Binding patterns were similar in both 4- and 12-day old
piglets for each receptor analyzed, and were comparable to those of human infants
and not human fetuses. CGP binding localized only to the hypoglossal n. and
inferior olive in piglets and human infants. AMPA binding in piglets and human
infants localized only to the n. solitary tract. In piglets, kainate binding heavily
localized to parapyramidal cells, arcuate nucleus-like clusters, and n. solitary tract.
In human infants, binding heavily localized to the arcuate n., n. solitary tract, and
inferior olive. These findings suggest that: 1) NMDA and non-NMDA binding is
homologous in the medulla between the human infant (2-4 postnatal months) and
piglet (< 2 postnatal weeks); 2) kainate is the predominant glutamate receptor
subtype in the piglet and human infant ventral medulla; and 3) 3H-kainate binding is
present in the arcuate n. of the human infant and in several cell populations of the
piglet along the ventral medullary surface. Supported by PO1-HD36379.

TOPOGRAPHY OF DESCENDING PROJECTIONS FROM THE NUCLEUS
KOLLIKER-FUSE AREA TO THE MEDULLARY BRAINSTEM IN THE RAT.
H. Herbert1. B. Bellintani1, M. Dutschmann’ and A, Mack2*. ’Dept. Animal Physiol.,
Univ. of Tubingen, Auf der Morgenstelle 28, D-72076 Tubingen, 2Dept of Anatomy,
Univ. of Tubingen, Osteibergstr. 3, D-72074 Tubingen, Germany.
The Kolliker-Fuse nucleus (KF) has been implicated in a variety of physiological
functions, including control of respiratory rhythm, mediation of cardio-respiratory
reflexes, and evocation of antinociceptive effects. The involvement of the KF in the
processing of these diverse functions is reflected by his prominent descending projections to various nuclei of the pontomedullary brainstem. In the present study, we
employed anterograde and retrograde (double-labeling) tracing experiments to analyze in detail the anatomical location of neurons in the KF area that project to the
functionally diverse brainstem nuclei.
Our tracing experiments showed that descending projections of the KF area are
topographically organized in a rostro-caudal fashion. Counts of retrogradely labeled
cells in the KF area (6 standardized levels) revealed that (i) neurons projecting to the
A5-region, the nucleus raphe magnus, the ‘ventromedial aspect’ of the ventrolateral
medulla, and to the nucleus of the solitary tract are predominatly located in the rostral
1/3 of the KF area, (ii) Neurons projecting to the lateral column of the facial nucleus,
the botzinger/pre-botzinger complex, and the ‘lateral aspects’ of the ventrolateral
medulla are clearly concentrated in the midlevel of the KF area while (iii) neurons
projecting to the spinal trigeminal nuclei are found in the midlevel and particularly
caudally in the KF area. Our retrograde double-labeling experiments demonstrated
that the KF neurons projecting to the various targets apparently represent separate
populations, although partially co-distributed. A considerable number of doublelabeled neurons (30%) was only found after tracer injections into both, the lateral
facial nucleus and the botzinger/pre-botzinger complex. Our data suggest that the KF
area is, most likely, made up of rostro-caudally arranged, functionally distinct groups
of neurons. Supported by DFG grant He 1842/6-1 and /6-2.

GASTROINTESTINAL REGULATION

380.1

380.2

TYROSINE
HYDROXYLASE-IMMUNOREACTIVE DORSAL
MOTOR
NUCLEUS OF THE VAGUS NEURONS PROJECT TO DISCRETE AREAS
OF THE RAT STOMACH. J.J. Guo, K N. Browning & R.A. Travagli*,
Neurogastroenterology Research, Henry Ford Health Sciences Center,
Detroit, Ml 48202
Previous studies have shown that Tyrosine Hydroxylase (TH)
immunoreactive (IR) neurons are localized specifically in the medial aspects of
the caudal dorsal motor nucleus of the vagus (DMV), an area thought to
selectively innervate gastric regions. We reported recently that nitric oxide
synthase (NOS) positive DMV neurons project selectively to the gastric
fundus. Experiments were designed to identify the projections of TH-IR
neurons and ascertain whether they are co-localized with NOS-IR.
Rhodamine filled, retrogradely transported latex microspheres were injected in
the muscle wall of the gastric fundus, corpus or antrum/pylorus (A/P) of 12 day
old rats of either sex. Five-10 days later, rats were injected (i.p.) with a 4%
solution of Fluorgold to identify neuronal cell bodies in the DMV. Three days
later, the brainstems were removed and processed for TH- and NOS-IR.
652 of 5993 (i.e. 11%) of the Fluorogold-positive caudal DMV neurons
were TH-IR. Of the 319 neurons projecting to the corpus, 40 (i.e. 15%) were
TH-IR (n=9) while only 9 of 216 fundus-projecting neurons (i.e. 4%, n=8) and 1
of 41 A/P-projecting neurons (i.e. 2%, n=8) were TH-IR (p<0.05 compared to
corpus). No co-localization of TH- and NOS-IR in gastric projecting neurons
was observed (n=6). These findings provide evidence for discrete phenotypic
subpopulations of vagal motoneurons that project to the different functional
and anatomical areas of the stomach.

EFFECTS OF BACLOFEN ON IDENTIFIED RAT DORSAL MOTOR
NUCLEUS OF THE VAGUS (DMV) NEURONS PROJECTING TO THE
STOMACH OR INTESTINE. R.A. Travagli, M.W. Lewis* & K.N. Browning.
Neurogastroenterology Research, Henry Ford Health Sciences Center, Detroit,
Ml 48202

Supported by NIH Grant # DK-55530 and NSF Grant # 9816662 to AT

The aim of this study was to characterize the effects of baclofen on
identified DMV neurons.
DMV neurons were fluorescently labeled following
application of retrograde tracers to the gastric or intestinal regions of young
rats. Ten-15 days later, whole cell patch-clamp recordings were made from
fluorescent labeled DMV neurons in thin brainstem slices.
80% of the tested gastric neurones responded to baclofen with a
concentration-dependent
hyperpolarization/outward
current
(N=10).
Conversely, only 3 out of the 6 intestinal neurones tested showed an
hyperpolarization/outward current in response to baclofen. In addition, high
frequency stimulation of the nucleus of the tractus solitarius evoked a slowly
decaying outward current, the amplitude of which was reduced by application
of the GABAb antagonist, phaclofen (100pM). These data show that baclofen
excites the majority of gastric-projecting neurons but a smaller proportion of
intestinal-projecting DMV neurones. Also, the release of GABA from NTS
terminals and its interaction with GABAb receptors might exert a prominent
role in the modulation of vago-vagal reflexes. These data imply that the
response of DMV neurones to baclofen may be classified by their specific
projections.

Supported by NIH Grant # DK 55530 to AT.

380.3

380.4

TRH AND 5-HT DECREASE SYNERGISTICALLY GABA-MEDIATED
SYNAPTIC TRANSMISSION BETWEEN THE NUCLEUS OF THE TRACTUS
SOLITARIUS (NTS) AND THE DORSAL MOTOR NUCLEUS OF THE
VAGUS (DMV) OF THE RAT.
K.N. Browning*, & R.A. Travagli. Neurogastroenterology Research, Henry
Ford Health Sciences Center, Detroit, Ml 48202.
A considerable body of evidence has shown that thyrotropin releasing
hormone (TRH) and serotonin (5-HT) act synergistically to increase gastric
motility and acid secretion. We have shown previously that this interaction
does not occur at the level of the postsynaptic DMV neuron (Travagli & Gillis,
AJP 1995). The purpose of this study was to investigate the possible
interaction of these neurotransmitters in the synaptic connections between
NTS and DMV.
Whole cell patch recordings were made from identified gastric
projecting DMV neurons as described previously (Browning et al., J. Physiol.
1999). GABAergic synaptic currents were evoked upon electrical stimulation
of NTS subnucleus centralis. In the DMV neurons where perfusion with either
5-HT (30pM) or TRH (1pM) alone did not affect the amplitude of the GABA
mediated currents, perfusion with a solution containing both 5-HT and TRH
reduced significantly the GABA current by 16 ± 3% (n=2). This synergism was
not observed when the GABA current was reduced by a higher concentration
of TRH (30pM) alone.
These data suggest that the observed synergistic effect of 5-HT and
TRH on gastric motility and acid secretion might be due to withdrawal of
inhibitory inputs from NTS to DMV with a consequent increase in gastric
cholinergic tone.

TRH BINDING CHANGES IN RAT HINDBRAIN AFTER
FOURTH VENTRICULAR TRH RECEPTOR ANTISENSE
OLIGONUCLEOTIDES. L.S.Tedesco. D. Paul*. D.V. Sivarao. P.J.
Hornby . Dept. Pharmacol., LA State Univ. Med. Cr., New Orleans.
There is substantial evidence that thyrotropin releasing hormone
(TRH) in the hindbrain regulates gastric functions, although there are
no selective TRH antagonists. We found that fourth ventricular
application of antisense oligonucleotides to the TRH receptor decreased
the gastric motility responses to TRH microinjected into the dorsal
vagal complex (DVC; Sivarao et al., Am.J.Physiol. 272 :G 1372,1997).
However, the possibility of non-selective effects of oligonucleotides
and the extent to which these agents penetrate into the brain needed to
be resolved. In this study, rats were given fourth ventricular injections
of either antisense (5’GAC GGT TTC ATT CTC CAT3’), mismatch
(5’ GAT GGT CTC ACT CTT CAT3’), nonsense (5’TCT CGA GAT
CTG TAT TCC 3’) or saline. After four days treatment, the DVC and
medullary raphe were dissected for radioligand binding using
[3H]MeTRH (New England Nuclear). Both antisense and mismatch
decreased TRH binding in the DVC by 20-50% compared to saline
control. However, the nonsense control did not significantly reduce
TRH binding in the DVC compared to saline. There was no significant
difference in TRH binding in the raphe nuclei of antisense-treated rats
compared to controls. Therefore, we conclude that nonsense may be a
better negative control than mismatch in this case, and that fourth
ventricular administration locally affects the DVC but not deeper
structures in the hindbrain. Supported by DK41714.

Supported by NIH Grant # 55530 to AT.
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380.5
IMMUNOCYTOCHEMICAL GABAb RECEPTOR STAINING IN
THE HINDBRAIN OF RODENTS. C.M. McDermott? J. Ekstrand2
and P.J. Hornby1*. ’Dept. Pharmacology, LSUMC, New
Orleans,USA; 2Molecular Biol., Astra Hassle, Umea, Sweden.
The human GABAb receptor (r) was cloned and, based on
differences in the sequences of the two splice variants of the receptor,
polyclonal antibodies were generated to the human GABABr la and lb
isoforms. We used these antisera and avidin-biotin complex
immunocytochemistry to localize GABABr-immunoreactive (ir) staining
in autonomic sites of the rat hindbrain. GABAb rib isoform-ir staining
was present in cells in the nucleus tractus solitarius, dorsal motor
nucleus of the vagus (DMN), nucleus raphe obscurus, nucleus raphe
magnus and ventral medulla of rats. This staining was abolished by
preadsorption with the appropriate antigen (10-100|ig/ml). In rats,
cervical vagotomy one week prior to perfusion reduced GABABr-ir
staining in cells in the DMN. Interestingly, in mice, the GABABr la
isoform was highly expressed in the DMN. Elsewhere in the rat brain
GABAb rib was visualized in sites where GABAb receptor would be
anticipated, such as the Purkinje cells of the cerebellum and in the
hypothalamic periventricular area. Thus, antisera generated to the
human GABABr isoforms provide a useful tool for receptor
localization. The presence of GABABr in vagal motor neurons suggests
that this receptor modulates vagal motor output to the gastrointestinal
tract. In addition, the isoforms might be differentially expressed in
different species. Supported by grant from Astra Hassle, Sweden.

MONDAY PM

380.6
IMMUNOCYTOCHEMICAL LOCALIZATION OF GABAb
RECEPTOR IN FERRET DORSAL VAGAL COMPLEX AND
FUNCTIONAL ROLE IN CONTROL OF LOWER ESOPHAGEAL
SPHINCTER PRESSURE. T.P. Abrahams'*. J. Ekstrand2
N.P.Hvland1 and P.J, Hornby1, ‘Dept. Pharmacology, LSUMC, New
Orleans, USA; 2Molecular Biol., Astra Hassle, Umea, Sweden.
The control of lower esophageal sphincter (LES) tone and relaxation
is integrated in the dorsal vagal complex of the hindbrain medulla.
Vagal efferent neurons innervating the LES reside in the dorsal motor
nucleus of the vagus (DMN). In the present study we used a human
GABAb receptor (r)lb isoform polyclonal antibody and avidin-biotin
complex immunocytochemistry to localize the receptor in the dorsal
vagal complex of ferrets (N=4). The GABABr lb isoform was highly
expressed in neurons of the DMN. This staining was abolished by
preadsorption with the antigen (10-100|lg/ml) and ipsilateral cervical
vagotomy. To assess the functional relevance of vagal GABABr in
control of LES pressure, microinjections of L-glutamate (12.5 nmol in
25 nl) were performed in the DMN using glass micropipettes in
decerebrate ferrets, before and after the GABAb agonist, baclofen
(7|±Mol/kg, iv). LES, gastric and esophageal pressures were measured
using a miniaturized manometric device (Dentsleeve, Wayville,
Australia). Decreases in LES pressure induced by DMN glutamate
microinjection were significantly attenuated by pretreatment with
baclofen (-73±8% mmHg before and -37± 10% after baclofen; N=5).
This study demonstrates that the GABABr is synthesized by vagal
preganglionic neurons and may modulate LES relaxation.
Supported by a grant from Astra Hassle, Sweden.

380.7

380.8

NICOTINIC RECEPTORS IN THE MEDIAL SUBNUCLEUS OF THE TRACTUS
SOLITARIUS OF THE RAT THAT DECREASE GASTRIC PRESSURE WORK
VIA A GLUTAMATERGIC SYNAPSE
M. Ferreira, K.J. Kellar. L.W, Dickerson *. and R.A, Gillis. Dept. of Pharmacology,
Georgetown U. School of Medicine, Washington D.C. 20007.
We have previously shown that two populations of nicotinic receptors exist
in the medial subnucleus of the tractus solitarius (mNTS) and modulate autonomic
function in the anesthetized rat. One population, when activated by nicotine causes a
decrease in blood pressure (BP). Another population, when activated elicits a
decrease in intragastric pressure (IGP). Since nicotine is thought to act on
presynaptic nicotinic receptors which mediate neurotransmitter release, the
possibility that one or both of these effects of nicotine were due to glutamate release
was explored. Nicotine dissolved in saline was unilaterally microinjected (60 nl, pH
7.3) into the mNTS while pressure changes from the lumen of the stomach were
monitored using an intragastric balloon. IGP responses were recorded as a percent
change from baseline. BP was recorded from the carotid artery as the change in mean
arterial pressure (MAP). Nicotine was microinjected (10 picomoles in 60 nl, pH 7.3)
to confirm pipette placement in the mNTS and caused a decrease in BP (36.2 ±5.4
mm Hg, n=4) and IGP (12.2 + 3.6 %, n=4). Upon microinjection of nicotine for a
second time (20-30 minutes following first dose of nicotine) a decrease in the IGP
(11.8 + 3.9 % (n=4)) and a decrease in MAP (30.8 ± 4.5 mm Hg (n=4)) were
recorded. In a second group of rats, kynurenic acid (180 picomoles in 60nl, pH 7.3)
was microinjected following the first nicotine microinjection. Kynurenic acid, alone,
at this dose had no effect on IGP or BP. However, upon microinjection of nicotine
for a second time the decrease in the IGP was completely blocked but a decrease in
MAP (comparable to first injection) was still recorded. These data indicate that
ionotropic glutamate receptors are involved with nicotine's effects on the IGP but do
not appear to play a role in the BP response elicited by nicotine from the mNTS.
Supported by a grant supplement and NIH grant NS 28130.

SUBSTANCE P-IMMUNOREACTIVITY IN THE HUMAN GASTRIC MUCOSA.
A-C. Ericson1*, S. Kechagias2 and S-E. Sjostrand1. 'Div. of Cellbiology, Dept. of
Biomedicine & Surgery, Faculty of Health Sciences and 2Div. of Gastroenterology &
Hepatology, Linkoping University Hospital, Sweden.
The innervation of the epithelial cells of the gastric mucosa is not fully
understood. Previous work reveals that axonal elements within the mucosa contact
smooth muscle cells of for example the mucscularis mucosae and the vascular bed of
the gastric wall. Close associations between neuronal processes and mast cells or
some immune cells have also been shown. Further, there is evidence that these cell
types also express substance P (SP) receptors on their cell surfaces. In the gut, SP is
mainly found in neurons belonging to the enteric intrinsic nervous system but also in
extrinsic primary afferents that are sensitive to capsaicin. A protective role has been
proposed for SP in the gut. This presentation describes the pattern of distribution of
SP-immunoreactive fibers in the human healthy gastric mucosa at the light and
electron microscopic level. Biopsies are taken during gastroscopic examination and
the tissue is fixed in 4% paraformaldehyde for 2 hours. Immunohistochemistry with
fluorescent markers and DAB are used for the detection of SP-immunoreactivity (SPIR). As shown before, the SP-IR is more dense in the antral than in the corporal
mucosa. A delicate network of SP-IR axons are observed in the muscularis mucosae
and around capillaries. Small bundles of immunoreactive neural processes with
boutons-of-passage in the lamina propria are frequent. Some axons seem to terminate
in close association to the cells of the gastric glands. At the neck region the SP-IR
axons branch and project along the basement membrane of the glandular epithelial
cells reaching the surface mucous cells. Contacts between axons and mucous cells are
confirmed at the ultrastructural level. Some terminals even “bulge into” the cell
membrane of the epithelial cells. All examined SP-IR axons are unmyelinated. This
work is sponsored by ASTRA AB.

380.9

380.10

THORACIC SPINAL AFFERENT PROJECTIONS TO THE RAT DUODENUM: AN
ANTEROGRADE TRACING STUDY. X. Qiao, Z. Chenq, M.K, Jarvinen, and T.L.
Powtev*. Purdue University, W. Lafayette, IN 47907.
The spinal visceral afferent innervation of the rat duodenum was characterized
using different anterograde tracer strategies. Methods: Male Sprague-Dawley rats
received dorsal root ganglia (DRG) injections of dextran tetramethylrhodamine JTMR
(3k; n=5) or TMR-B (3K; n=11)] or Dil (n=5) unilaterally from T6 through T10. Two to
five weeks after the injections, animals were perfused and their duodena were
prepared as wholemounts tor confocal microscopy or digitization (Eutectics).
Enteric ganglia were counterstained (1 mg Fluorogold systemically 5 days before
sacrifice for TMR and Dil groups; cuprolinic blue staining postmortem for TMR-B
group). Results: (1) DRG fibers produced extensive networks of exceptionally fine
varicose fibers in the different layers of the duodenal wall. (2) DRG afferent axons
coursed through the myenteric plexus, supplying simple varicose collaterals, and
occasionally more branched and complex processes, that ended in apposition to
myenteric neurons. (3) DRG axons also supplied simple, relatively unbranched free
endings both in circular and longitudinal muscle layers. (4) Polymorphic axons, i.e.,
individual fibers with collateral^) ending in enteric ganglia and other collateral(s)
ending in the muscle, were also identified. (5) Additionally, DRG afferents supplied
simple, varicose processes to submucosal ganglia. (6) Axons and free endings
from DRG fibers were also found coursing with blood vessels in the submucosa.
Summary: The present observations highlight similarities as well as significant
differences between spinal and vagal (previously described) visceral afferents in the
proximal GI tract Both DRG and vagal afferents innervate the enteric plexuses and
the muscle layers, but, for each of these different targets, spinal afferents typically
form simpler, less extensively branched endings than their vagal counterparts.
DK27627 andMH01023

TRANSNEURONAL LABELING OF NEURONS IN THE CAT SPINAL CORD
FOLLOWING INJECTION OF PSEUDORABIES VIRUS INTO THE COLON. J.R.
ROPPOLO*, V. L. ERICKSON, C. TAI, A.M. BOOTH, P. CARD & W.C. de GROAT.
DEPT. OF PHARMACOLOGY, UNIVERSITY OF PITTSBURGH, SCHOOL OF
MEDICINE, PITTSBURGH, PA 15261
The purpose of this study was to determine the location and distribution of spinal
efferent neurons and intemeurons which control colonic function. Pseudorabies virus
(PRV, Becker strain 7 x 108ppu/ml) was injected into the distal and middle colon of
halothane anesthetized male cats. In order to avoid injections into the striated muscle of
the external anal sphincter the distal most 6cm (measured from anus) was not injected.
Fifty-5^1 injections of PRV were made into the remaining distal and middle colon.
Animals were perfused with fixative 80-104 hrs following injection and the spinal cord
tissue cut, reached with PRV antibody and processed using standard techniques. PRV
infected (PRV-I) neurons were located at several levels of the spinal cord and dorsal root
ganglion (DRG) including: sacral (S, - S3), lumbar (L, - L4) and thoracic (T13) levels. The
majority of PRV labeled neurons were seen in sacral(S2 & S3) & lumbar (L2, L3, & L4)
segments of spinal cord and DRG. In the sacral cord, PRV-I neurons were seen medial
and dorsal in sacral parasympathetic nucleus (SPN) although a few PRV-I neurons were
also seen near the lateral edge, primarily in the S3 segment. PRV-I intemeurons were
located near the central canal (CC) and in the dorsal commissure (DC). The SPN of the
caudal S, segment contained only a few PRV-I neurons, however labeling in DC and
around the CC extended to middle and rostral S,. No labeled neurons were observed in
Onuf s nucleus or deep in the ventral homs. PRV-I neurons were seen in lumbar spinal
cord in the intermediolaterai cell column (IML) near the lateral edge of the grey matter.
PRV-I labeled neurons are also found near the CC and DC. In many sections the area
between the IML and CC contained a few neurons forming a bridge between the IML and
CC. The location of labeled PRV-I efferent neurons and intemeurons from the colon is
similar to that seen with PRV labeling in the urogenital system. Supported NIH/N1NDS
contract #N01-NS-8-2301.
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TRANSNEURONAL LABELING FROM RAT DISTAL COLON: EVIDENCE
FOR REGULATION OF THE DISTAL COLON BY A PONTINE
CORTICOTROPIN-RELEASING FACTOR (CRF) SYSTEM. R.J. Valentino*, M.
Kosboth, M. Winogren, and R.R. Miselis1. Dept. of Psychiatry, Hahnemann Univ.,
Philadelphia, PA 19102; Dept. Animal Biology, 'Univeristy of Pennsylvania,
Philadelphia, PA 19104.
Neural circuits that are positioned to regulate distal colon function were identified
by transneuronal labeling from pseudorabies virus (PRV) injections into the rat distal
colon. The distribution of PRV-immunoreactive neurons was examined in spinal
cord and brain at various times (72-118 h) after injection. At earliest survival times
(72-80 h) PRV-labeling was confined to the spinal cord; in the region of the
parasympathetic preganglionic neurons in the lumbosacral spinal cord and in the
intermediolateral column of the thoracic spinal cord. Transsynaptic labeling of
neurons in the medullary raphe nuclei, parapyramidal region, A5, Barrington’s
nucleus and A7 was identified after somewhat longer survival times (88-91 h).
Substantial labeling of the locus coeruleus, periaqueductal gray and forebrain regions
(eg., hypothalamus and preoptic area) occurred at later survival times (>96 h).
Double immunohistochemical labeling to visualize PRV and CRF revealed dense
varicose CRF terminal labeling surrounding transsynaptically labeled neurons in the
lumbosacral spinal cord. A substantial number of neurons in Barrington’s nucleus
that were transsynaptically labeled from the distal colon were also CRFimmunoreactive (~ 23%), implicating Barrington’s nucleus as a source of CRF in the
sacral parasympathetic nucleus. The present results, taken with previous studies,
support a convergence in transneuronal labeling from different pelvic viscera that
may be related to coordination of different pelvic visceral functions. The dual
labeling studies provide an anatomical substrate for an impact of CRF from
Barrington’s nucleus that may be involved in normal and pathophysiological
functions of the distal colon. Suppported by DK 53232, GM27739 and MH00840.

IDENTIFICATION OF COMMON SEROTONERGIC AND CATECHOLAMINERGIC CNS PROJECTIONS TO VISCERAL ORGANS WITH TWO
PSEUDORABIES (PRV) MUTANTS IN THE RAT. M, Yang* 1 , DL. Broussard1, L.
Enquist2, L. Luo', and S. Alschuler1 'Division of G.I & Nutrition, Children’s Hospital
of Philadelphia, 2Dept.of Molecular Biology, Princeton University
Gastrointestinal activities are required coordination of multiple muscle groups. Using
transsynaptic tracing with two PRV mutants and immunofluorescent triple labeling
protocol, we have identified potential neurons containing 5-HT or catecholamine (CA)
enzames that may play a role in the integration of the central control of swallowing,
gastric, and colonic acitivities. Pairs of visceral organs including cervical esophagus
(CE) and tongue, CE and pharynx or CE and stomach, and the stomach and descending
colon were injected with two PRV mutants. PRV-green fluorescent protein (PRVGFP) and PRV-Bablu are derived from PRV Bartha strain with GFP and p-galactosidase
((3-gal) incerted into their genes, respectively. Following survival times of 72-96 hours,
frozen brain and spinal sections were incubated with chicken antiserum to GFP, mouse
antibody to f3-gal, and rabbit antibody to 5-HT or DBH, or PNMT, and subsequently
incubated in the appropriate secondary antibodies conjugated to FITC, TRITC, and
AMCA, respectively. Transsynaptic transport to the parasympathetic motor neurons
was viscerotopic organization within the DMV and NA. In contrast, within the spinal
cord the majority of the sympathetic preganglionic motor neurons project to either one
organ, but a few double labeled neurons for both PRV mutants project to both vicera.
The closer the location and function of two viscera are, the greater number of double
labeled neurons that are observed in the spinal cord. There were PRV doubel labeled
neurons at the distinct levels of the CNS, including NTS, reticular formation groups,
raphe nuclei, Al, 2, 5, 6, 7 noradrenergic groups and Cl, 2, 3 adrenergic groups, PVN,
LH, CeAm, BNST, insular cortex, etc. A variable number of triple labeled neurons for
5-HT or CA enzames were seen in the distinct levels of CNS suggests that these
neurotransmitters may play a role in the functional coordination of multiple organs.
The protocol employed in this study provides a good tool for analysis of the integrating
effects of the CNS on any peripheral organs with functional coordination. Supported by
NIH Grant DK-44487 (S.M.A).

380.13

380.14

MODULATION OF COLON INTRALUMINAL PRESSURE BY
MICROSTIMULATION OF THE SACRAL SPINAL CORD. C. TAI*, A.M. BOOTH,
W.C. de GROAT & J.R. ROPPOLO. DEPT. OF PHARMACOLOGY, UNIVERSITY OF
PITTSBURGH, SCHOOL OF MEDICINE, PITTSBURGH, PA 15261
The purpose of this study was to determine the stimulation parameters and the location
of sites within the sacral spinal cord where focal electrical stimulation produced colon
contractions in the cat. Adult male cats anesthetized with either pentobarbital (35mg/kg)
or «-chlorolose (60mg/kg) were used in this study. Intraluminal colon pressure (ICP) was
recorded via two saline filled balloon catheters, one placed in the distal colon and the other
in the proximal colon. Each sacral ventral root (S, - S3) was stimulated with a hook
electrode to determine the spinal segment which produced the largest amplitude ICP
response. Stimulation of the S2 and S3 ventral roots typically produced the largest ICP
response ranging from 15 - 40 cm H2O pressure in distal colon and much smaller (5-10
cm H2O) ICP or no response in proximal colon. The S, ventral root produced very small
or no ICP responses. The segments (S2 and S3) which produced the largest ICP response
were probed with fine-tipped (300 - 400/? surface area) activated iridium microelectrodes
advanced from the dorsal surface of the spinal cord in 200/z increments. Stimulation sites
which produced the largest ICP responses were 1.2 - 2.2 mm from the S2 or S3 cord surface
and 300 - 400/z medial to the lateral edge of the grey matter. Superficial sites near the cord
surface at the dorsal root entry zone also produced small responses which were thought to
be reflexes due to afferent stimulation. The responses evoked by spinal cord stimulation
occurred at a latency of 3 - 15 seconds and had an amplitude of 10 - 20 cm H2O. The
frequency and intensity of microstimulation were also important in producing maximal
response. The optimal frequency was between 10 and 20 Hz using 0.2 msec pulses at an
intensity of 50 - 150/zA. The threshold for colon activation was 50 - 60/zA, typically
higher than those for bladder and penile responses seen in our previous experiments.
These studies suggest that colon responses are more difficult to elicit by cord
microstimulation than either bladder or penile responses, and may require several
electrodes positioned in the sacral cord to produce a larger response. Supported by
NIH/NINDS contract # N01-NS-8-2301.

INNERVATION OF LEVATOR ANI MUSCLE (ILIO- AND PUBOCAUDALIS)
OF THE FEMALE RAT. R.E. Bremer*, P.C. Dolber, K.W. Coates and K.B. Thor.
Urology & Ob/Gyn, Duke U. Med. Ctr., Durham, N.C. 27710; Ob/Gyn, Scott &
White Clinic, Kimble, TX 76508, and GenuPro, Inc., Morrisville, NC 27560
Relying on gross dissection and indirect evidence, the clinical literature asserts
that the pudendal nerve (PudN) provides the primary innervation of the levator ani
muscle, the major divisions of which are the iliococcygeus (IC) and pubococcygeus
(PC) muscles. This study examines the innervation of the IC and PC in female rats
by dissection, histology, retrograde tracing, neurectomy and immunohistochemistry.
Gross dissection showed that the PudN innervated the clitoris, urethra, and urethral
and anal rhabdosphincters; no PudN branches were traced to the IC or PC. Their
innervation was traced from a branch of the lumbosacral trunk that, upon entering
the peritoneal cavity, gave rise to the ventrally projecting pelvic nerve and a
caudally projecting branch we call the levator ani nerve (LAN). (A similar nerve
has been oxymoronically called the “somatic branch of the pelvic nerve”.) The
LAN coursed caudally along the ventral surface of the IC to its midpoint, where it
bifurcated. One branch entered the belly of the IC, while the other continued
caudally along the fascial plane separating the IC and PC until it entered the belly of
the PC. Histology showed muscle spindles in IC and PC in continuity with the LAN
as described above. No nerve fibers originating in the IC or PC were traced to
PudN. LA neurectomies eliminated neurofilament staining in vestigial nerve within
the ipsilateral IC and PC, while PudN neurectomies did not. Choleratoxin B (CTB)
injection into the IC and PC labeled large motor neurons in the ventral nucleus of
the L6/S1 cord, while no labeling was seen in the dorsolateral or dorsomedial nuclei
(the locations of all motor neurons with axons in the PudN). Importantly, dendritic
or axon collateral labeling was seen in the neuropil of these PudN nuclei, suggesting
an anatomical substrate for the physiological coordination of the IC and PC with the
urethral and anal sphincters. PudN neurectomy had no effect on CTB labeling. In
conclusion, the PudN does not innervate the IC or PC, while the LAN does.
(Supported by funds from Eli Lilly.)

380.15
LEVATOR ANI MUSCLE OF THE RAT: RAISING AWARENESS OF THE
NOMENCLATURE MISTAKE. K.B. Thor , P C. Doherty, R.E. Bremer, K. Coates
and P.C. Dolber. Urology & Ob/Gyn, Duke U, Durham, NC 27710; Ob/Gyn, Scott
& White Clinic, Kimble, TX 76508; GenuPro, Inc., Morrisville, NC 27560
The levator ani muscle (LA) of humans is composed of the iliococcygeus, the
pubococcygeus, and the puborc ilis. Every mammalian species ever studied (e.g.
monkeys, dogs, cats, rats) has an anatomically and functionally similar group of
muscles. In all species except rat, there is universal acceptance of the nomenclature
“LA” to describe these muscles. However, in the rat, the nomenclature “LA” has
been applied to the muscles that attach to the penis. These muscles are property
referred to as the bulbocavernosus (BC) and bulbospongiosus (BS) muscle.
Because the motor neurons that innervate the BC and BS show hormonal
sensitivity, they are of great interest to neuroscientists and were the subject of a
Donald B. Linsey Prize project. However, in outstanding publications by esteemed
neuroscientists, these muscles are mistakenly referred to as the LA. The source of
this misnomer appears to be Greene EC (Anatomy of the rat. NY: Hafner, 1963), in
which the LA was mislabeled. Previous publications, “The so-called ‘levator ani’
of the rat” (Hayes KJ, ‘65), “M. levator ani in the rat: does it really lif. .he
anus?” (Poortsman A, Wyndaele JJ, ‘98), and “Physiology and mechanics of rat
levator ani muscle...” (Holmes and Sachs, ’93) have attempted to correct this
mistake. However, the term LA continues to be applied to the BC and BS. The
clinical implications of this misnomer are quite important. Because the rat BC,
wrongly called the LA, is innervated by the pudendal nerve, much confusion has
arisen in attempts to correlate rat and human LA innervation. Additionally, the BC
and BS, wrongly called the LA, are vestigial in female rats whereas the LA is
critical to proper pelvic floor function in human females. The purpose of this
abstract is to 1) raise awareness of the mistake and 2) reclaim LA as an accepted
name for the pubocaudalis and iliocaudalis muscles of the rat (homologous to the
pubo- and iliococcygeus of the human), so that publication of pelvic floor muscle
studies can maintain consistency across species. (Supported by Eli Lilly.)
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MECHANISMS OF THE UPREGULATION OF THE CORTICOTROPINRELEASING FACTOR RECEPTOR, TYPE 1 (CRFR1), PRODUCTION IN
SPLENIC NEUTROPHILS OF THE MOUSE.
M. RadulovicTC. Weber and J. Spiess.
Dept. Molecular Neuroendocrinology, Max Planck Institute for Experimental
Medicine, Hermann-Rein-Str. 3, 37075 Goettingen, Germany
Corticotropin-releasing factor (CRF) plays a major role in regulating the
stress response through the hypothalamic-pituitary-adrenal (HPA) axis. The
action of CRF is exhibited through the CRF receptors CRFR1 and CRFR2,
expressed centrally and peripherally. We have previously found a dramatic
increase in CRFRI production of mature neutrophils in mouse spleen after an
acute stress. The present study was initiated to investigate whether the HPA axis
or the adrenergic system were responsible for the upregulation of CRFRI in
spleen after stress. Affinity-purified polyclonal rabbit antibody (Ab) specific for
the extracellular, N-terminal domain of CRFRI was used for
immunohistochemical analysis of spleens of C57BL/6N mice.
The number of CRFRI + mature neutrophils in the spleen was transiently
increased by nearly eightfold of the starting baseline level, reaching maximal
values 1.5 - 3 hr after 90 minutes of immobilization. Preliminary data of
pretreatments (i.p.) of the mice with catecholaminergic inhibitors (propranolol,
nadolol, yohimbine, prazosine) were suggestive for the involvement of (3adrenergic mechanisms. In agreement with this suggestion, no significant effect
of chemical sympathectomy on the production of CRFRI on neutrophils by 6hydroxydopamine was found. Whether the HPA axis is involved, remains
unclear. However, the current experiments favor the assumption that the splenic
CRFRI upregulation may be mediated by adrenergic mechanisms. (Supported by
the Max Planck Society)

TISSUE SPECIFIC MODULATION OF IL-18 IN RESPONSE TO ACTH S,
Sugama, B, Conti*. Y. Kim. H, Kim. C. Tinti. H Baker and T, H, Ioh,
Cornell University Medical College at The Burke Medical Research
Institute, White Plains, NY, USA.
Interleukin 18 (IL-18), originally interferon gamma inducing factor (IGIF),
is a proinflammatory cytokine and a costimulator of the cell-mediated
immune response produced by the adrenal cortex and by immune cells. IL-18
is also proposed to be a modulator of immune functions in response to stress
since its production in the adrenal cortex is stimulated by acute stress or
ACTH treatment. However, the effects of these treatments on the
production of IL-18 in immune cells were never evaluated.
This study compared the effects of ACTH treatment in vivo on the levels of
IL-18 mRNA and protein in rat adrenal gland and the spleen, which was
used as source of immune cells. At 4 hours ACTH (40 U/kg) stimulated the
production of IL-18 mRNA in the adrenal gland but not in spleen. However,
the treatment elevated the levels of IL-18 protein in both tissues. Northern
blot analysis demonstrated that adrenal gland and spleen produce IL-18
mRNAs of different size. Analysis of the open reading frame of the cDNA
and of Western blots indicated that both tissues encode for and synthesize
the same IL-18 peptide. These data indicate that ACTH regulates IL-18
mRNA synthesis in the adrenal gland through control of either mRNA
transcription and/or stability. In contrast, the ACTH-stimulated induction
of IL-18 in the spleen appears to be regulated at a post transcriptional
level. (Supported by MH24285 and The Burke Foundation).

381.3

381.4

ACTH STIMULATES THE PRODUCTION OF IL-18 IN THE ADRENAL
CORTEX. C, Tinti*, S. Sugama, H. Kim, Y. Kim, H. Baker B. Attardi.T, H.
Ioh and B. Conti. Cornell University Medical College at The Burke
Medical Research Institute, White Plains, NY, USA.
Interleukin 18 (IL-18), or Interferon-gamma Inducing Factor (IGIF), is a
proinflammatory cytokine and stimulator of the cell mediated immune
response. Rat IL-18 was cloned from the adrenal gland and was localized in
the zona reticularis and the zona fasciculata of the adrenal cortex, the
same zones that synthesize glucocorticoids (GC). Like GC, IL-18 production
in the adrenal cortex is enhanced by reserpine treatment or acute cold
stress, but its biological activity on immune functions is opposite to that of
GC. Thus as stimulator of immune functions after stress, IL-18 may
counterbalance the immunosuppressive actions of GC. This study
investigated the mechanisms that regulate the production of IL-18 in the
adrenal cortex after stress in vivo. Adult male CD rats (250-300 g) received
subcutaneous implants of corticosterone-releasing pellets (400 mg/animal)
and/or injection of ACTH (40 USP/Kg in ACIHar gel). At 4 hours ACTH
treatment induced a robust elevation of IL-18 mRNA and protein whereas 6
days of chronic corticosterone treatment did not change the level of IL-18
mRNA and slightly reduced that of the protein. Finally, chronic
corticosterone regimen did not prevent the ACTH stimulated elevation of
IL-18 mRNA and protein. ACTH stimulates the production of IL-18 as well
as that of GC indicating that these two molecules may be produced at the
same time during stress in response to the same stimulus. GC do not directly
impair the production of IL-18. The synthesis of GC and IL-18 is therefore
"coupled" but their actions on the immune system opposite and
independent. (Supported by MH24285 and The Burke Foundation).

SOLUBLE PROTEIN ANTIGEN IMMUNIZATION INCREASES EFFERENT
SYMPATHETIC ACTIVATION, IN IMMUNE ORGANS. Y.Tang1, A.P. Kohm2,
V.M. Sanders2 and S.B. Jones1*. ’Dept of Physiolgy; 2Dept of Cell Biology,
Neurobiol. and Anatomy. Loyola Univ. Stritch School of Med., Maywood, IL 60153.
Immune challenge may involve activation of efferent sympathetic nerves, but most
such adrenergic responses involve only non-adaptive immune mechanisms. This lack
of sympathetic responses involving adaptive immune mechanisms may be due to the
low frequency of antigen-specific T and B cells responding to a specific antigen. In
the present study we have utilized an antigen-specific animal model to overcome such
difficulties to test the hypothesis that adaptive immune mechanisms do mediate
increased efferent sympathetic responses to soluble protein-antigenic challenge.
SC1D mice (severe combined immunodeficient) were reconstituted with TNP-specific
B cells enriched from spleens of unimmunized mice and a clone of KLH-specific Th2
cells. Two weeks after reconstitution, mice were immunized with either TNP-KLH in
adjuvant, an irrelevant antigen (FLU-OVA) or adjuvant only and followed for the
next 25 hrs for activation of bone marrow (BM), spleen (S) and heart (H) sympathetic
nerves as determined by norepinephrine (NE) turnover. Sympathetic tissues were
loaded with 25 pCi 3H[NE] 1 hr prior to turnover measurements. Mice were
euthanized and tissues taken either at 1 and 8 hrs or at 18 and 25 hrs after antigen
(separate experiments). NE turnover was not different between the three test groups
at the early time points. At the later time points, BM and S NE turnover were
significantly increased in tlie TNP-KLH group (BM=0.35, S=199ng/g/hr) vs FLUOVA (BM=0.11, S=143ng/g/lir) and adjuvant only (BM=0.10, S=98ng/g/hr), but not
in H. We conclude that a soluble protein antigen challenge elicits an efferent sympathetic response in immune organs. Such evidence for in vivo NE release in these
tissues during tlie early stages of T and B cell responses to a soluble protein antigen
support the physiologic relevance of in vitro findings demonstrating adrenergic effects on immune function. Support: NIH AI37326(VMS) and MH53562(SBJ).

381.5

381.6

SUBSTANCE P (SP) LEVELS ARE ALTERED IN LYMPHOID ORGANS IN
AUTOIMMUNE PRONE MICE. C. Lubahn* S. Almond. Y, Zhu. S. Hoffman, and
D, Lorton Sun Health Research Institute, Sun City, AZ 85351 and the Depts. of
Molecular and Cellular Biol, and Microbiol., Arizona State Univ., Tempe, AZ 85287.
SP innervation of spleen and thymus in MRL/lpr (lupus prone), and MRL/mp
(control) mice at 1, 2 and 4 months of age was examined with radioimmunoassay. SP
levels were significantly elevated (4 fold) in whole spleen of MRL/lpr at 4 months
compared with MRL/mp mice. However, when SP levels were expressed as pg SP/wet
tissue weight, the SP concentration in spleens of MRL/lpr mice was only 30% less than
the SP concentration in the MRL/mp mice at 4 months. Despite the large increase in
spleen volume due to splenomeglia that occurs in MRL/lpr mice, there was an increase
in SP levels. No significant differences in splenic SP levels between groups were
observed at earlier times. In contrast, whole thymus tissue levels of SP were not
different in MRL/lpr and MRL/mp mice. When SP levels were expressed as pg SP/gm
wet tissue weight, we did find a significant decrease in SP concentration (-27%
decrease) in the thymus of 4 month MRL/lpr compared to MRL/mp mice. Since tlie
total SP in whole thymus of MRL/lpr mice is comparable to MRL/mp mice, this
decrease in thymic SP concentration of MRL/lpr mice can be attributed to an increase
in thymus volume that occurs with autoimmune disease development. This suggests
that thymocytes in the MRL/lpr mice are exposed to lower SP concentrations. Using
immunocytochemistry, we did not find changes in the distribution of thymic SP+
immune cells and nerve fibers. However, we did observe qualitative differences in the
numbers of splenic SP+ nerves in MRL/lpr and MRL/mp mice. There was a striking
SP innervation of the capsule and trabecular regions in autoimmune prone MRL/lpr
mice spleens compared to that of MRL/mp mice. We propose that differences in SP
concentration and changes in density of SP innervation within spleens and thymuses of
autoimmune prone MRL/lpr mice may play a role in development of lupus-like
syndrome in these mice. Supported by NIMH 1R29MH49050-03, ADCRC 9614, and ASU,
RIA-223-96.

ACTIVATION MARKER EXPRESSION BY NORMAL AND AUTOIMMUNE
LYMPHOCYTES FOLLOWING SUBSTANCE P STIMULATION. S.G. Almond, O.
Myhre, F. Capilla, J, Ripoche-Jolys, S.A. Hoffman*. Laboratory of Neuroimmunology,
Department of Microbiology, Arizona State University, Tempe, AZ 85287-2701
Neuro-immune interactions modulate lymphocyte function. Neuropeptide, substance
P (SP), when acting together with mitogen, enhances the activation state of normal
lymphocytes (i.e. T and B cell proliferation; IL-2 release; Ig secretion). Elevated levels
of SP characterize chronic inflammatory states. We propose that beyond the established
role of SP in neurogenic inflammation, SP plays a part in breaking tolerance in disease
susceptible individuals. This has led us to test the idea that SP enhances immune
activation status, making the system susceptible to an autoimmune state. We have been
testing the effects of SP on activation marker and adhesion molecule expression by
murine lymphocytes to detect differences between normal and autoimmune cells.
Normal BALB/c, low disease MRL/mp and autoimmune MRL/lpr mice were
compared. Splenocytes depleted of red blood cells were incubated at 1 X 107 cells/ml
in media alone or with optimal or sub-optimal doses of either mitogen concanavalin A
(ConA) or lipopolysaccharide (LPS). SP (10'7 -10'nM) was added to cultures. Flow
cytometric analyses were performed to determine the expression of activation markers
(CD25 , MHC II and CD69) together with either T or B cell subset markers. Normal T
and B cells did not respond to SP by increased expression of early activation marker
CD69. There was a similar lack of up-regulation in CD25 expression by normal T
cells. In autoimmune MRL/lpr mice, however, SP (1(T7 M) caused a significant
reduction in the percentage of CD4+ T cells expressing CD25. An immunoregulatory
role has been ascribed to CD4+CD25+ T cells, as elimination of CD25+CD4+ T cells
leads to development of autoimmune disease. Our research suggests that lymphocytes
from autoimmune mice may be more susceptible than normal cells to the effects of SP.
Down regulation of CD4+CD25+ cells by SP may block T cell mediated control over
self-reactive lymphocytes. The effects of SP on activation markers in autoimmune and
non-autoimmune mice will be further discussed. Supported by ASU, RIA- 223-97
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EFFECT OF SENSORIAL NEUROPEPTIDES ON THE PRONOCICEPTIVE
CYTOKINES SECRETION OF HUMAN LYMPHOCYTES. M. C. Cuesta* L.

GENDER SPECIFIC CHANGES IN Gctyn PROTEIN AND ITS MEDIATORS
IN MURINE SPLEEN CELLS. M. A. Ansari* and J. D. Jacobson. Section of
Endocrinology, Children’s Mercy Hospital, University of Missouri-Kansas City
School of Medicine, and University of Missouri-Kansas City School of Medicine,
Kansas City, MO 64108.
We have previously demonstrated that gonadotropin releasing hormone (GnRH)
exerts gender specific effects on the immune system in mice in vivo and in vitro.
Female mice respond to GnRH with an increase in T lymphocyte proliferation,
whereas males respond with a suppression of T lymphocyte proliferation. GnRH
exerts its actions through G proteins, largely through Gaq/11. Gaq/n, in turn, exerts
actions through inositol 3-phosphate (IP3). We have previously demonstrated that
female mice express more of the mRNA and protein for Gaq /n. Herein, we report
gender differences in production of the second messenger, inositol 3-phosphate
(IP3), in normal DBA/2 mice in response to exposure to GnRH. We exposed whole
spleen preparations from male and female mice to GnRH or vehicle and quantitated
IP3 levels in the supernatants using a radioreceptor assay kit. No differences were
found in IP3 levels between males and females with exposure to vehicle (female 3.9
± 2.5 pmol/108 cells versus male 7.8± 4.2 pmol/108 cells). Incubation with GnRH
(10'6 M), however, increased the IP3 levels in females six-fold over vehicle (24 ± 4
pmol/108 cells). In males there was no significant increase in IP3 levels after
incubation with GnRH (10.9 ± 9 pmol/108 cells). We speculate that gender
differences in exposure to gonadal sex steroids leads to gender specific alterations
in G protein levels in immune cells, resulting in increased responsiveness to GnRH
in females. These results further support our previous observations that GnRH
exerts gender specific actions in immune cells.
This work was supported by NIH grant 1R29AR43152.

Quintero, H. Pons, H. Suarez-Roca. Section of Pharmacology, Instituto de
Investigaciones Cllnicas y Centro de Cirugla Experimental. Facultad de
Medicina, University of Zulia. Apartado 1151, Maracaibo, Venezuela.
There is a mutual relationship between the immune and nervous systems
through soluble mediators such as neuropeptides and cytokines. In this
study, the effect of substance P (SP), calcitonin gene-related peptide (CGRP)
and the opioid peptide dynorphin A (1_17) (Dyn) was evaluated on the basal or
lipopolysaccharide (LPS)-induced secretion of the proinflammatory cytokines,
interleukin-1 p (IL-ip), interleukin-6 (IL-6) and tumor necrosis factor alpha
(TNFa) from peripheral human blood lymphocytes in culture. Cultured
lymphocytes were stimulated with increasing concentrations of SP, CGRP
and Dyn for 24 hours. The basal secretion of IL-1 (3 and IL-6 were
significantly increased in a concentration dependent manner up to 400% and
100%, respectively, by either SP or CGRP over a concentration range of
0.1 pM to 1pM. SP and CGRP also increased up to 300% and 100%,
respectively, the basal secretion of TNFa over a concentration range of
0.1 pM to 1pM. There was an apparent synergism between SP and CGRP
(0.1 pM) to increase 650% the secretion of TNFa. Dyn in a concentration
range of 0.1 to 1pM, did not modify the basal secretion of IL-1p, IL-6 or
TNFa. None of the neuropeptides, at the concentrations used in this study,
increase [3H] thymidine uptake of the lymphocytes in culture. LPS 10ng/ml
induced increases in the secretion of IL-1 p, IL-6 and TNFa that were not
significantly altered by any of the neuropeptides tested at 0.1 pM. Thus SP
and CGRP increase the production of proinflammatory cytokines from
lymphocytes only at supraphysiological concentrations, probably through low
affinity receptors. (Supported by CONICIT S1-97000966 and IIC-LUZ).
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LITHIUM INCREASES N-ACETYL-ASPARTATE (NAA) IN THE
HUMAN BRAIN: IN VIVO EVIDENCE IN SUPPORT OF LITHIUMINDUCED CNS BCL-2 INCREASES ? G.J. Moore*, J.M. Bebchuk, K.
Hasanat, G. Chen, N. Seraii-Bozorqzad, I.B. Wilds, M.W. Faulk, L.
Jolkovsky, S.Koch, H.K. Manji, Cellular and Clinical Neurobioiogy
Program, Wayne State Univ School of Med, Detroit, Ml 42801, USA.
Recent preclinical studies have shown that lithium (Li) robustly
increases the levels of the major neuroprotective protein, Bcl-2 in
rat brain and in cells of human neuronal origin. These effects are
accompanied by striking neuroprotective effects in vitro and in the
rodent CNS in vivo. We have undertaken the present study to
determine if lithium exerts neurotrophic/neuroprotective effects in
the human brain in vivo. Using quantitative proton magnetic
resonance spectroscopy, NAA levels (a putative marker of
neuronal viability and function) were investigated in 21 adult
subjects (9 healthy volunteers, and 12 medication-free bipolar
disorder patients). Regional brain NAA levels were measured at
baseline and following 4 weeks of lithium (administered in a
blinded manner). A significant increase in total brain NAA
concentration was documented (p<0.05). NAA concentration
increased in all brain regions investigated including the frontal,
temporal, parietal and occipital lobes. This study demonstrates for
the first time that Li administration at therapeutic doses increases
brain NAA concentration. These findings provide intriguing indirect
support for the contention that lithium also increases bcl-2
expression in the human brain, and suggests that some of Li’s long
term beneficial effects may be mediated by
neurotrophic/neuroprotective events.

REGULATION OF THE EXPRESSION OF WILD-TYPE AND MUTANT
FORMS OF MARCKS IN TRANSFECTED RAT HIPPOCAMPAL CELLS:
COMPARISON OF MOOD STABILIZERS AND DIFFERENTIATING
AGENTS. D.G. Watson1*. L, Wang2 &R.H. Lenox2. 1Dept. of Psychiatry,

Supported by NARSAD and the Stanley Foundation.

Univ. of Florida, Gainesville, FL, and 2Dept. of Psychiatry, University of
Pennsylvania, Philadelphia, PA.
The myristoylated alanine-rich C kinase substrate (MARCKS) is a
prominent PKC-substrate in brain which has been implicated in brain
development, cytoskeletal remodeling, calcium/calmodulin signaling and
neuroplasticity. The sequence of the Macs gene has two highly conserved
regions, i.e., a 5’ myristoylated region and a 25AA phosphorylation site
domain (PSD) which regulates its membrane association, as well as serinedependent PKC phosphorylation which regulates its calcium/calmodulin
binding and F-actin-membrane cross-linking properties. Studies in our
laboratory have documented that mood stabilizers used for the treatment of
manic-depressive illness down-regulate the expression of both the MARCKS
mRNA and protein in the hippocampus of the rat and immortalized
hippocampal cells in culture. Using site-directed mutagenesis we have
designed studies to address the roles of MARCKS phosphorylation and
myristoylation in the regulation of this phosphoprotein. Constructs
containing either murine wild-type MARCKS, a myristoylation-defective
MARCKS mutant, or a MARCKS protein in which the phosphorylatable
serines within the PSD-site have been replaced with aspartates, were stably
transfected into an SV40 retrovirus-transduced immortalized rat hippocampal
cell line (H19-7). Expression and intracellular distribution of the MARCKS
proteins were assessed following exposure to mood stabilizers as well as
phorbol ester and retinoic acid, known regulators of MARCKS expression.
Our findings suggest that the myristoylated and PSD regions are critical for
not only membrane/cytosol partitioning but also the differential regulation of
the expression of MARCKS by these agents. (Supported by NIMH Grant
RO1 MH 56247 (RHL).

382.3

382.4

LOCALIZATION OF GENE EXPRESSION FOR NOVEL AND ATYPICAL
PROTEIN KINASE C (PKC) IN EMBRYONIC AND POSTNATAL RAT
BRAIN. H.Minami. Y.Qwada*and H.Kondo Div. Histol., Dept. Cell
Biol., Graduate Sch. Med. Sci., Tohoku Univ. Sendai, JAPAN
The gene expression for novel (n-) and atypical (a-) PKC
isoforms was weak both in the mantle and ventricular zones of
embryonic brain with that for the 6 and 0 much less clear. In
early postnatal brain, the expression for the e, £ and X was
evident in various gray matters such as the olfactory bulb, and
the cerebral, hippocampal and cerebellar cortices, while the
expression for the 8, r|, 0 and p was positive selectively in gray
matter loci such as the olfactory bulb (8), the thalamus (tj ), the
superior colliculus (0) and the caudate/putamen (p). At young
adult stage, the expression decreased more or less as compared
with the preceding stage for all the isoforms, and the
expression for several isoforms remained appearant in
selective loci: the thalamic nuclei and cerebellar Purkinje cells
for the 8, the hippocampal and dentate gyrus neurons for the e,
and the cerebellar Purkinje and granule cells for the
Asuming that the expression at mRNA levels represents largely
that at protein levels, the present finding suggests that nand
a-PKC isoforms are involved in normal differentiation
processes of postmitotic and immature neurons such as neurite
extension and synapse formation in isoform-specific manners
and loci, but that most of PKC isoforms are unlikely to be
dominantly involved in cell proliferation of neuronal and glial
lineages in vivo during normal ontogeny unlike previous in
vitro findings.

PATTERNS OF GENE EXPRESSION IN ASSOCIATIVE LEARNING.
C, P, Donahue1, U. Berger1, J. F, Cazorla2, T. J. Shore2 and K. S. Kosik1* ‘Center for
Neurological Disease, Brigham and Women's Hospital; Boston, MA 02115 2Depart
Psychology & Center for Neurosci., Rutgers Univ.; Piscataway, NJ 08854.
While the requirement for the hippocampus in the processing of long term memory
has been recognized for decades, the molecular mechanisms of memory processing
are only dimly understood. It is likely that a complex process such as memory
requires the interaction and synchrony of multiple intracellular pathways.
Understanding the changes in expression patterns over a wide range of genes during
the learning process will provide insight into the pathways required for memory
storage. We are using the Clontech Atlas cDNA expression arrays to quantitatively
evaluate the expression of 588 genes in the rat hippocampus during an associative
learning task, classical eyeblink conditioning. Groups of rats were trained either with
paired or unpaired stimuli using either a trace or delay paradigm. For trace
conditioning, the conditioned (CS) and unconditioned stimulus (US) were separated
in time by 500 ms. Acquisition of this task is dependent on the hippocampal
formation. For delay conditioning, the CS and US overlapped and coterminated. This
task is hippocampal-independent. All groups were exposed to 200 trials a day for 4
days and immediately sacrificed. Preliminary results indicate a quantitative
difference in the expression of several genes present on these arrays that suggest
regulatory changes in specific pathways. Interestingly, the majority of genes found on
these arrays showed less than 1.5 fold change in expression. Furthermore, we are
employing differential display techniques to identify other targets that are
differentially regulated during associative learning. Thus far, 40 different primer
pairs have identified a number of genes that are either turned on or off during
learning. We are using in situ hybridization to confirm changes in gene expression
and to detect possible regional specific patterns. (Supported by NIH MH 59970 to
TJS and KSK)
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DIFFERENTIAL GENE EXPRESSION AND FUNCTION IN THE
DORSAL AND VENTRAL HIPPOCAMPUS.
K.S. Kosik1.
C.P. Donahue1. O. Lu1* and M.G. Baxter24. Center for Neurological
Disease, Brigham and Women's Hospital; Boston, MA 02115, department
of Psychology, Harvard University; Cambridge, MA 02138.
Studies have shown that lesions to the dorsal hippocampus disrupt spatial
learning, whereas identical lesions to the ventral hippocampus do not affect
behavior in spatial learning tasks. These results support a regional
difference in the function of the hippocampus. The dorsal and ventral
hippocampi also have anatomical differences. The dorsal hippocampus
projects into the perihinal and entorhinal cortices while the ventral
hippocampus is essentially connected to the amygdala.
Utilizing differential display we have identified a number of genes differentially expressed under basal conditions between the dorsal and ventral
hippocampus of naive male rats. Differences in basal expression between
these two regions may suggest functional differences other than spatial
learning in the dorsal and ventral hippocampi. Additionally, we are
currently using the Clontech Atlas cDNA expression arrays and differential
display to identify differentially expressed genes in the dorsal and ventral
hippocampi associated with spatial learning. Male Long-Evans rats are
trained to locate a hidden platform in the Morris water maze, or are exposed
to the same sensory and motor aspects of the task without encountering an
escape platform in a stable location. Differential gene expression between
these two groups, in dorsal and/or ventral hippocampus may provide insight
into the pathways required for long term memory storage. [Supported by
NAG-2-964 to KSK]

DIFFERENTIAL GENE EXPRESSION IN HIPPOCAMPAL
CULTURES EXHIBITING BDNF-ENHANCED SYNAPTIC
TRANSMISSION. S. Thakker-Varia*, J. Alder, R.A. Crozier, M.R.

382.7

382.8

THE EFFECT OF ENRICHED ENVIRONMENT ON THE
EXPRESSION OF THE 67kD FORM OF GLUTAMIC ACID
DECARBOXYLASE (GAD67) IN THE RODENT BARREL
CORTEX. A. E. Pletsch*. K. J. Mack. Neuroscience Training
Program, Waisman Center, Univ. of Wisconsin; Madison, WI
53705.
Sensory experience has been shown to upregulate the expression
of both EGR family members and the 67kD form of glutamic acid
decarboxylase (GAD67) in primary sensory cortices. Transcription
from the GAD67 gene may be regulated in part by the EGR family
of transcription factors. These studies asked if the EGR
transcription factors play a role in the physiological regulation of
GAD67. This study used simple whisker brushing, environmental
enrichment and texture discrimination maze learning to examine the
relationship between Egr-1 and GAD 67 expression. Preliminary
results show an increase of GAD 67 expression under conditions of
environmental enrichment. These results support the hypothesis
that GAD 67 expression is regulated by experience under
physiologic conditions.
Supported by NIH NS 33913.

CHANGES IN THE LEVEL OF THE GABAa RECEPTOR y4SUBUNTT mRNA AFTER IMPRINTING TRAINING
M.G. Parlison1*. R.J. Harvey1. O. Hanncmann1, B.J, McCatelapd
G. Hom2. Unstitut fur Zellbiochemie und klinische Neurobiologie,
Universitat Hamburg, 20246 Hamburg, Germany; 2Department of
Zoology, Sub-Department of Animal Behaviour, University of
Cambridge, Madingley, Cambridge CB3 8AA, England.
Imprinting is a process in which the young of certain species learn to
recognize a stimulus as a result of being exposed to it (training). In the
domestic chick (Gallus domesticus), a restricted part of the forebrain
known as the intermediate and medial part of the hyperstriatum ventrale
(IMHV) is believed to play an important role in visual imprinting.
Interestingly, the chicken GABAa receptor y4-subunit gene is highly
expressed in brain areas that are part of, or receive inputs from, visual
and auditory pathways, including the IMHV. We have, therefore, used
in situ hybridization to examine the effect of imprinting training, on a
visual object, on the level of the corresponding transcript. We have
observed a highly-significant, time-dependent, decrease (25% to 40%) in
the amount of the y4-subunit mRNA in the eetostriatum, IMHV and
posterior medial neostriatum in trained birds relative to dark-reared
controls. To determine whether this effect is directly related to learning
rather than a result of other factors such as differences in sensory
experience, we have compared the level of the y4-subunit mRNA in
birds with either a high or a low preference score (a measure of the
strength of imprinting). Our data suggest that GABAergic transmission is
regulated in a brain region-specific manner as a consequence of
imprinting training. (Supported by the DFG (SFB444/A5), FCI,
BBSRC and Wellcome Trust)

382.9

382.10

EXPRESSION OF mt, MELATONIN RECEPTOR mRNA IN
HYPOTHALAMIC GT 1-7 NEURONS. L.P, Niles1*. L. Shen1, J. Wang1 and
D. Lobb2. ’Dept. Psychiatry and Behavioural Neurosciences;2 Dept. Obstetrics
and Gynecology, McMaster University, Hamilton, Ontario, L8N 3Z5, Canada.
The pineal hormone, melatonin, influences mammalian circadian, retinal
and neuroendocrine physiology, via at least two high-affmity receptors now
designated as mt, (Mella) and MT2 (Mel,b). These G protein (G;)-coupled
receptors mediate inhibition of the adenylyl cyclase-cAMP pathway, with
consequent changes in protein kinase A (PKA) activity and cellular function.
Recent studies have utilized primary cultures of sheep pars tuberalis cells
or transfected cells to examine the regulation of melatonin receptor expression.
In view of melatonin's action on target neurons in the CNS, it would be
beneficial to also utilize neuronal cell lines in studies of its receptor regulation.
Therefore, we have used a reverse transcriptase-polymerase chain reaction
(RT-PCR) procedure to determine whether the mt, receptor subtype is
expressed in immortalized mouse hypothalamic GT 1-7 neurons.
Neurons were grown in DMEM supplemented with 10% fetal calf serum,
4.5 mg/ml glucose and 1% antibiotic/antimycotic. Cultures were maintained
at 37°C in a humidified atmosphere (5% CO2-95% air). Total RNA was
isolated using the RNeasy total RNA kit (QIAGEN) and cDNA was produced
using a Superscript II RT kit (Gibco BRL). Amplification of cDNA with
primers based on the cloned mouse mt, receptor, indicated that GT 1-7 neurons
express mt, receptor mRNA. Co-amplification of P-actin with intron spanning
primers indicated no DNA contamination. Studies of the regulation of mt,
expression in GT1-7 neurons are currently underway.
(Supported by NSERC Canada).

REGULATION OF NITRIC OXIDE SYNTHASE GENE EXPRESSION IN
CULTURED BRAIN TUMOR CELLS. H.-W, SUH*. J.-S. WON. D.-K. SONG, S.O. HUH, and Y.-H, KIM. Department of Pharmacology and Institute of Natural
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Plummer and I.B Black. Dept. of Neuroscience and Cell Biology,
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ and FAS
Division of Life Sciences, Rutgers University, Piscataway, NJ. 08854
Our previous studies indicated that the neurotrophin BDNF, long known
to govern neuronal survival and development, also acutely modulates
synaptic transmission in the hippocampus. However, the molecular
mechanisms underlying neurotrophin-induced synaptic enhancement are
unknown. Gene expression associated with BDNF enhancement of
transmission in dissociated rat hippocampal cells was studied using a
combination of whole-cell patch clamp recordings and differential display
techniques. Increased synaptic transmission was elicited with BDNF and
gene expression was examined in sister cultures. We have identified a
number of known and novel genes whose expression is altered following a
3 hour treatment with BDNF. One of the known genes that shows
increased expression belongs to the Ras-related, guanine nucleotidebinding Ypt/Rab family of proteins. These molecules appear to regulate
vesicular protein trafficking. Furthermore, two novel genes show 99%
homology to rat ESTs. The actions of BDNF were specific, since NGF,
another member of the neurotrophin gene family had no effect on synaptic
transmission or expression of the foregoing genes. We are currently
investigating the role of these genes in enhanced synaptic transmission.
Further analysis of differentially expressed genes in the hippocampal
model system may help delineate the genomic basis of synaptic plasticity
associated with learning and memory. (Supp: NICHD 23315)

Medicine, Hallym University, Okchun-Dong I, Chunchon, Kangwon-Do, 200-702,

South Korea

Nitric oxide (NO) produced by inducible nitric-oxide synthase (iNOS) in different
brain cells in response to various cytokines plays an important role in the
pathophysiology of stroke and other neurodegenerative diseases. This study
underlines the importance of protein kinase A (PKA) in inhibiting the induction of
NO production by lipopolysaccharide (LPS) in C6 rat glioma cells. Forskolin (FSK)
that increase cAMP was found to inhibit LPS-mediated production of NO as well as
the expression of iNOS, whereas H-89 that decrease protein kinase A (PKA) activity
recovered the FSK-induced inhibition of the production of NO and the expression of
iNOS in C6 rat glioma cells. LPS also increased the active phosphorylated forms of
p38 mitogen activated protein kinase (p38) and JNK1/2, but not ERK1/2, and which
were dose dependently inhibited by pretreatment with FSK. The p38 pathway is
specifically involved in LPS-induced iNOS expression and NO production, since
iNOS gene expression and NO production were dramatically diminished in the
presence of a specific inhibitor of p38, SB203580. In contrast, PD98059, a specific
inhibitor of MEK1 had no effect on iNOS gene expression. FSK and SB203580
dependent inhibition of NO production and iNOS gene expression was not coupled
with NFk B and AP-1 activation. In the gel shift assay, NFk B DNA binding activity
was enhanced by LPS, and which was not affected by FSK and SB203580 as well as
PD98059. In addition, although FSK reduced LPS-induced AP-1 DNA binding
activity, it was not affected by SB203580 while markedly reduced by PD98059.
These data suggest that PKA-evoked inhibition of LPS-induced iNOS gene
expression and NO production depend on p38 pathway, in which a yet undetermined
transcriptional factor, rather than NFk B and AP-1, is involved.
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382.11

382.12

REGULATION OF HUMAN SEROTONIN 5-HTzc RECEPTOR cDNA
EXPRESSldN BY THE REVERSE TETRACYCLINE-TRANSCRIPTIONAL
ACTIVATOR: A MOLECULAR TOOL FOR EXAMINING THE
RELATIONSHIP BETWEEN AGONIST EFFICACY AND RECEPTOR
RESERVE. J.P. Patterson, L.W. Fitzgerald, D.P, Tran, G. Iyer, B.L.
Lament*, P.R. Hartig, and G.J. Jonak. CNS Diseases Research, The
DuPont Pharmaceuticals Research Laboratories, Experimental Station,
Wilmington, DE 19880-0400.
Agonists may display a range of potencies and efficacies in different
tissues and recombinant expression systems, depending on the degree of
“receptor reserve.” We utilized the reverse tetracycline-transcriptional
activator (rtTA) to investigate the relationship between receptor reserve and
agonist behavior by placing expression of the human 5-HT2C receptor cDNA
(VNV isoform) under the inducible control of the rtTA system in HEK293
cells. [3H]5-HT saturation isotherms revealed that inducible expression of the
5-HT2C receptor was significantly increased with no impact on the affinity
(Kd ) for 5-HT. Both high and low 5-HT affinity states were detected in
membranes but only a single, significantly weaker 5-HT affinity state was
observed in whole cells. Phosphoinositide hydrolysis measurements
revealed that the potencies for 5-HT and the partial agonist LSD, as well as
the intrinsic activity for LSD, significantly increased with increasing receptor
density. These results demonstrate that the rtTA system can be used to
conveniently control receptor reserve in a heterologous expression system.
This approach will reveal the effects of receptor reserve on agonist potency
and efficacy, and can be used to match laboratory receptor expression
systems to the degree of reserve and the partial agonist properties found in
native tissues.

RESTRAINTED STRESS INDUCES 0-AMYLOID PRECURSOR PROTEIN mRNA
EXPRESSION IN THE RAT BASOLATERAL AMYGDALA. M.L.N, M, Rosa1*.
F.S, Guimaraes2. R.M.W, de Oliveira2, C.M. Padovan2, R.C.A.Pearson3 and E. A. Del
Bel1 ’Department of Physiology, FORP, and department of Pharmacology, FMRP,
Campus USP, Ribeirao Preto, SP, 14049-900, Brazil; department of Biomedical
Science, University of Sheffield, Sheffield S10 2TN, UK.
The beta-amyloid protein precursor (beta-APP) is well-conserved across different
species and may fulfill important physiological functions within the CNS. Alternative
splicing of a transcript of amyloid precursor protein (APP) gene generates at least
three types of mRNA coding for APP770, APP751 and APP695. Despite intense interest,
there is limited knowledge about their physiological functions. Increases in APP have
been shown to occur in models of neuronal damage and may have apparent trophic
activity in vitro. Of the various APP isoforms, APP695 is the predominant form found
in neurons in rat brain. Restraint stress has been shown to induce behavioral and brain
morphological changes. This observation led us to examine the brain expression of
APP695 mRNA levels after acute or chronic restraint stress. Male Wistar rats (n=46/group) were submitted to 2 or 6h of restraint during one (acute), seven (2 h daily) or
twenty-one (6 h daily) days. Twenty-four h after the last restraint period the animals
were sacrificed and their brains prepared for in-situ hybridization (ISH). A 35S labeled
oligonucleotide probe was used to localize and quantify the mRNA encoding the
APP695 in the hippocampus and amygdala. No changes were found in the
hippocampus. In the basolateral amygdaloid nuclei 6 h of restraint increased APP695
mRNA after one (34% increase) or twenty one (55% increase, ANOVA, p<0.01)
immobilization periods. This increase could be related to plastic changes in this
region, suggested to play a key role in emotional behavior.
Supported by FAPESP and CNPq.

382.13

382.14

THE
ADENYLYL-CYCLASE
(AC)
SYSTEM
IN
HUMAN
LYMPHOCYTES: AN IMMUNOHISTOCHEMICAL AND WESTERNBLOT APPROACH. C, Hiemke. T. Pauly. U. Schmitt. N, Dahmen. A,
Szegedi and K, Mann*. Department of Psychiatry, University of Mainz, D55131 Mainz, Germany
Besides measurable AC-activity in human lymphocytes, the composition of
the AC-system so far is unknown. Therefore, we investigated the expression
of AC-isoforms I-VIII and G-proteins Gas, Gai and Gp in lymphocytes by
immunohistochemical staining, using identical concentrations of cells,
primary and secondary antibodies. For Western-blot analysis different
concentrations of membrane protein, primary and secondary antibodies were
used. The specificity was controlled by blocking peptides as well as omitting
primary antibodies. Immunoreactivity revealed that all AC-isoforms except
types VII and VIII were present. Type VII seemed to be restricted to
platelets. Furthermore, the intensity of staining revealed the expression of
AC-isoforms in distinct areas of the cellular membrane, exclusively reported
for polarized cells. No such distribution was found for the G-proteins.
Normalized data of the Western-blot immunoreactivities ranked the ACexpression as: V>»IV>II>VI. Faint signals of ACI and III did not allow
precise quantification. ACVII and VIII were not detected by Western-blot
analysis. G-protein subunit expression was Gas»Gai=G0 from normalized
immunoreactivity data. These data indicate that human lymphocytes express
a distinct pattern of AC-isoforms and G-proteins, whereby ACV seems to be
the most relevant isoenzyme and Gas the predominant G-protein.
(BMBF grant 01EB9416/0)

REGULATION OF PROENKEPHALIN A GENE EXPRESSION BY
DEPOLARIZATION IN CHROMAFFIN CELLS REQUIRES CALCINEURIN.
S.H. Ilahin*, H.W. Lee1. L. MacArthur2 and L.E. Eiden1*. 'Section on Molecular
Neuroscience, LCMR, NIMH, Bethesda, MD 20892; 2Dept. of Cell Biology,
Georgetown University, Washington, D.C. 20007
The proenkephalin A gene is regulated by cell depolarization in neurons and
neuroendocrine cells. The functional signal transduction pathway leading from cell
depolarization to enkephalin gene activation has not been elucidated. K*-evoked
stimulation of enkephalin secretion and biosynthesis in bovine chromaffin cells is
dependent on calcium influx through L-type calcium channels. Up-regulation of
proenkephalin (PEnk) mRNA levels by 40 mM KCI was not blocked by 0.5 pg/ml
cycloheximide, and therefore does not depend on immediate early gene induction, in
contrast to stimulation of PEnk mRNA by forskolin or phorbol myristate acetate. 40
mM KCl-induced up-regulation of the enkephalin gene was blocked by cyclophilinbinding immunosuppressant agents that inhibit the calcium/calmodulin-dependent
protein phosphatase calcineurin (cyclosporin A, ascomycin, and L-683590, ICJ0 ~
10, 0.5, and <0.1 nM, respectively) but not by cyclophilin-binding
immunosuppressants without calcineurin inhibitory activity (rapamycin and L685818 at 0.1-100 nM). Ascomycin blocked up-regulation of enkephalin
biosynthesis elicited by 40 mM KCI with no effect on enkephalin secretion,
indicating calcineurin involvement downstream of calcium entry. Nuclear extracts
from both unstimulated and KCl-stimulated chromaffin cells gelshifted the
proenkephalin putative calcium-response element, ENKCRE-2. Supershift assays
demonstrated the presence of constitutively expressed Fos- and Jun-related proteins
in ENKCRE-2 complexes formed by chromaffin nuclear extracts. Thus, signaling to
the enkephalin gene initiated through cell depolarization likely involves calcineurindependent activation of Fos- and/or Jun-related proteins directly through
serine/threonine dephosphorylation, or indirectly via dephosphorylation and
activation of as-yet unidentified intermediate proteins in the calcium-calcineurinAP-1 signaling cascade.

382.15

382.16

ACUTE ADMINISTRATION OF ANTIPSYCHOTICS MODULATES
HOMER STRIATAL GENE EXPRESSION DIFFERENTLY

STIMULATION IN HIPPOCAMPAL PYRAMIDAL NEURON EVOKES INCREASES
IN HCNP PRECURSOR PROTEIN MESSENGER RNA IN CAI FIELD OF RAT
HIPPOCAMPAL SLICE.
T, Iwase? N.Matsukawa? H. Nishino? T. Yamamoto,2 H, Okada1 and K, Ojika1*. 'Nagoya
City University Medical School; 2Choju Medical Institute, Fukushimura Hospital
Hippocampal cholinergic neurostimulatingpeptide (IICNP) is an undecapeptide isolated
from the hippocampus of young rats. HCNP enhances the cholinergic development in rat
medial septal nucleus in vitro. The HCNP precursor protein is a 21 kDa protein that binds
Mg-ATP, and is associated with the ojxad-bmdmg protein. The highest expression of the
HCNP precursor protein messenger RNA (HCNP mRNA) is in hippocampal pyramidal
neurons. The N-methyl-D-aspartate (NMDA) receptor specifically mediates release of
HCNP from hippocampal neurons in vitro. The neurotrophic factors such as nerve growth
factor (NGF) and brain-derived neurotrophic factor (BDNF) modulates synaptic activity and
their expression are modulated by neuronal activity. Hippocampal long-term potentiation
(LTP) has been studied as a model for the neuronal basis Of learning and memory. In this
presentation, we show the effects of neural activity on expression of the HCNP mRNA. We
selected the model of long-term potentiation in rat hippocampal slices, and used nonradioisotopic in situ hybridization. We stimulated the Shaffer collateral-CA 1 pyramidal
neural synapse in adult rat hippocampal slice with extracellular recording techniques. One
slice received only test stimuli delivered at 0.1 Hz, at an intensity that evoked a lmV
population spike; the other slice received tetanization consisted of 2 trains cf stimuli (1 s long
at 100 Hz separated by 20 s) as well as test stimuli. In situ hybridization revealed both
stimuli increased expression cf the HCNP mRNA in CAI cf rat hippocampal slice. The
NMDA^eceptor antagonist, D-2-amino-phosphonovalenc add (APV) did not eliminate the
enhancement of expression cf tlie HCNP mRNA. Although the release of HCNP from
hippocampal neurons is specifically mediated by NMDA receptor, these results indicate that
the other mechanisms may regulate the HCNP mRNA level.

A. de Bartolomeis*. L. Aloi. A. Ambesi, D, Bravi.#A. Amato de
Serpis, D. Polese, G, Muscettola and P. Barone. University
School of Medicine Federico II, Via Pansini 5, 80131 Napoli
Italy; #Eli Lilly Medical Division, Via Gramsci 731, 50019 Sesto
Fiorentino Fi Italy.
Homer, a density protein at glutamate metabotropic synapses,
is induced as an early gene and may modulate directly
neuronal plasticity. We studied the effect of acute
antypsychotics administration on Homer gene expression.
Putative changes in gene expression of relevant presynaptic
(DAT) and postsynaptic (DIR and D2R) dopaminergic markers
were also investigated. Male Sprague-Dawley rats (220-250 g)
were injected with haloperidol lmg/Kg, olanzapine 0.5mg/Kg,
or NaCl 0.9% and sacrificed 3 hours later. Brain sections (12pm)
were processed for in situ hybridization using synthetic
oligodeoxyribonucleotides radiolabeled with 35S-dATP and
complementary to specific sequences of the target mRNAs.
Homer gene expression was significantly increased (ANOVA,
p<0.05) in specific subregions of the caudate-putamen and in
both the core and shell of the accumbens of haloperidol treated
rats compared to saline and olanzapine injected animals.
Olanzapine treatment increased Homer mRNA only in the core
of the accumbens. No changes in gene expression were
detected for DIR and D2R in any of the striatal subregion
analyzed or for DAT in VTA and SNc. A.D.B. and P.B. were
partially supported by an Eli Lilly Italia grant.
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382.17

NEUROTRANSMITTER-DEPEN DENT REGULATION OF
TRANSLATION IN CORTICAL NEURONS.
N. Takei* and H. Nawa
^Dept. of. Molecular Neurobioiogy, Brain Res. Inst., Niigata Univ.
Niigata 951-8585 Japan

Local control of protein synthesis is implicated in synaptic plasticity
and learning/memory processes. Various types of extracellular
stimuli influence rates of translation both positive and negative
directions independent of transcription. Changes in translation rates
are known to be controlled by the protein phosphorylation of various
signaling molecules which are involved translational machinery. In
this study, we investigated the effects of neurotransmitters on the rate
of protein synthesis in cortical neurons of primary culture.
Glutamate, an excitatory transmitter, induces rapid reduction of 35Smethionin incorporation. Immunocytochemical staining and Western
blot analysis using phosphospecific anti-eEF2 antibody revealed that
rapid and local phosphorylation of eEF2 in response to glutamate. In
contrast, acetylcholine increases protein synthesis and induces
dephosphorylation of eEF2.
These results suggest that
neurotransmitters regulate translation rate possibly parallel with
acting on translation elongation process in CNS
Supported by Japan Society for Promotion of Science (RFTF96L0023)

SECOND MESSENGERS AND PHOSPHORYLATION: NO AND cGMP SIGNALING
383.1

383.2

EFFECTS OF ACUTE AND REPEATED DOSING WITH PCP ON
LOCOMOTION IN nNOS KNOCKOUT MICE J.L. Wiley*. C.P.
Kogut, and J.R. Witherell, Dept. of Pharmacology and Toxicology,
Virginia Commonwealth University, Richmond, VA 23298.
Nitric oxide (NO) may play a dual role with respect to
neurotransmission at NMDA glutamatergic receptors, serving both as
an intracellular messenger that mediates the effects of glutamate and
as a retrograde messenger that may inhibit the release of glutamate.
Previous research has shown that inhibitors of nitric oxide synthase
(NOS) share behavioral effects with the NMDA antagonist
phencyclidine (PCP) in some procedures and attenuate PCP's effects
in others. Recently, genetically engineered mice that lack the gene for
production of neuronal NOS (nNOS) have been developed. In the
present study, we examined the effects of acute and repeated dosing
with PCP in these nNOS (-/-) knockout mice and in C57BL/6J control
mice. Whereas C57BL/6J mice showed a dose-dependent increase in
locomotion following acute injection with PCP, the locomotor
behavior of nNOS knockout mice was not affected by PCP. Further,
preliminary data suggest that repeated dosing with PCP may also
produce different effects in control and nNOS knockout mice. These
results suggest that irreversible interference with nNOS activity may
produce fundamental changes in the effects of PCP (and perhaps those
of other NMDA antagonists) on behavior. Research supported by
NIDA grant DA-05274.

THE NO-CGMP PATHWAY IN RAT DORSAL ROOT GANGLIA: Zhi-Qing
David Xu*, Tie-Jun Sten Shi, Xiao-Song Ma, Jan de Vente#. Harry
Steinbusch# and Tomas Hokfelt, Dept. of Neuroscience, Karolinska Institute, S171 77 Stockholm, Sweden. #Department of Psychiatry and Neuropsychology,
European Graduate School of Neuroscience, PO Box 616, 6200 MD Maastricht,
Netherlands
It has been proposed that nitric oxide (NO) may function as a signaling molecule
between neurons and satellite cells in sensory ganglia. Our previous study has shown
that axotomy induces a parallel upregulation of NO synthase (NOS) in dorsal root
ganglion (DRG) neurons and cGMP in satellite cells, suggesting an involvement of
the NO-cGMP pathway after peripheral nerve injury. However, there is so far no
direct evidence to show that endogenous release of NO results in elevation of cGMP
levels in satellite cells of DRGs. In the present study NOS inhibitors were used to
block NO synthesis, and the distribution of cGMP was investigated in lumbar 5
DRGs of untreated rats and rats treated with NOS inhibitors 1, 3 and 7 days
following sciatic nerve section. NOS inhibitors or sterile saline were applied
intraperitoneally with an osmotic pump (ALZET). In contral rats, a few cGMPimmunoreactive satellite cells were found contralaterally with an increased number
ipisilaterally and a peak 3 days after axotomy. In rats treated with nitro-L-arginine
methyl estre (L-NAME), an inhibitor of NOS, cGMP-like immunoreactivity (LI)
was completely abolished in both contralateral and ipisilateral sides at all time points
after axotomy. Application of aminoguanidine, an inhibitor of inducible NOS, did
not significantly change cGMP-LI on either side when compared with the untreated
axotomized rats. These data suggest that: (1) basal levels of cGMP are induced by
release of NO, and NO is an endogenous regulator of guanylyl cyclase in rat DRGs;
(2) the increase in levels of cGMP after axotomy is due to increased release of NO,
presumably synthesized in DRG neuros as a consequence of increased NOS levels
after axotomy and (3) the accumulation of cGMP in DRG satellite cells is caused by
NO synthesized by constitutive NOS but not inducible NOS. (This study was
supported by the Swedish MRC 04X-2887).

383.3

383.4

THE ATYPICAL SOLUBLE GUANYLYL CYCLASE, MsGC-p3, APPEARS TO
EXIST AS A MONOMER IN VIVO AND INHIBITS THE NITRIC OXIDESENSITIVE HETERODIMERIC GUANYLYL CYCLASE IN COS-7 CELLS. DB,
Morton*. Dept of Biological Structure and Function, OHSU, Portland, OR 97201.
The biochemical properties of the Manduca sexta guanylyl cyclase, MsGC-J33,
differ from other soluble guanylyl cyclases in two major ways. When expressed in
COS-7 cells it does not require co-expression of additional subunits for activity and it
is insensitive to stimulation by nitric oxide (NO) (Nighom et al, (1999) J. Biol. Chem.
274:2525-2531).
Guanylyl cyclases need to form dimers for activity - either heterodimers in the case
of the NO-sensitive soluble cyclases or homodimers for the receptor guanylyl
cyclases. The structure of the catalytic domains of adenylyl cyclase, also supports the
model that the catalytic domains of these closely related proteins need to form dimers
for activity. To determine whether MsGC-P3 exists as a homodimer, HPLC-size
exclusion chromatography was carried out using Manduca nervous tissue
homogenates. The primary sequence of MsGC-fB gives an estimated size of 106kDa,
yet MsGC-P3 immunoreactivity eluted from the size exclusion column at about 73
kDa. Western blot analysis confirmed that the eluted material was not degraded and
had an estimated mass of 1 lOkDa. These data suggests that MsGC-P3 exists as a
monomer in vivo. The majority of the enzyme activity eluted with an estimated size
of 134 kDa similar to the predicted size of the al/pi heterodimer of 146 kDa.
Co-expression of MsGC~p3 in COS-7 cells with either the al subunit or the pi
subunit alone, does not produce a higher level of enzyme activity compared to
expression of MsGC-P3 only, nor does it result in the generation of nitric oxidesensitive activity. However, when MsGC-P3 is co-expressed with both the al and the
Pl subunit together, there is a reduction in the level of both basal guanylyl cyclase
activity and NO-stimulated activity. This suggests that MsGC-P3 is capable of
forming inactive heterodimers with either the a 1 or the pi subunit in COS-7 cells.
Supported by grants from NIH and the Medical Research Foundation of Oregon

MODULATION OF TEP OSCILLATIONS IN THE MALPIGHIAN TUBULE BY
cGMP AND EXTRACELLULAR AMINO ACIDS. E.M. Blumenthal* and G.P.
Block. Dept. of Biology, University of Virginia; Charlottesville, VA 22903.
The Malpighian tubule of Drosophila melanogaster is a model system for
studying the modulation of ion channel and pump activity by second messenger
systems. We have used sharp electrode recording to measure the transepithelial
potential (TEP) from acutely isolated tubules of adult Canton-S flies. The TEP is
not constant in these tubules but undergoes large oscillations with a period of
roughly 30 seconds. The ionic basis and physiological role of these oscillations are
both unknown. Addition of 1 mM cGMP to the bathing solution eliminates the TEP
oscillations, while 1 mM cAMP has no effect. Both of these nucleotides are known
to increase fluid transport by stimulating an apical ATP-ase, but their differential
effect on the oscillations suggests additional targets for cGMP. Levels of cGMP in
the tubule are known to be increased by nitric oxide, and the availability of genetic
tools for manipulating the components of these pathways should allow us to define
more completely the role of cGMP in modulating TEP oscillations.
TEP oscillations are nearly always seen when the tubule is bathed in standard
recording solution, which contains 50% Schneider's Drosophila media, but they are
absent when the extracellular solution contains only saline. The ability of
Schneider's media to stimulate oscillations is both rapid and reversible, and it is due
entirely to the amino acids present in the media. A combination of the three
aromatic amino acids is sufficient to induce normal oscillations, whereas their Disomers do not cause oscillations. Our results suggest that at least one amino acid
transporter is involved in the generation of oscillations; we are currently
investigating this transport activity by studying the ability of individual amino acids
to support oscillations. Our results suggest an interaction between extracellular
amino acids and the NO/cGMP system that may be important in modulating the
electrical properties of the tubule and, potentially, of excitable cells as well.
Supported by NIH NS 15264 to GDB.
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383.5

383.6

EFFECT OF DEHYDROEPIANDROSTERONE ON CYCLIC GMP
MOBILIZATION IN RAT C6 GLIOMA CELLS.
M. Takebavashi*. A. Kaaava. M. Inaaaki. Y. Tawara. H. Jitsuiki. T. Kozuru.
Y. Okamoto. J. Horiauchi and
Yamawaki, Dept. of Psychiatry and
Neurosciences, Hiroshima Univ. Sch. Med.;Hiroshima 734-8551
Dehydroepiandrosterone (DHEA), one of neurosteroids, is known to be
associated with neurophysiological functions such as memory, anxiety and
mood, but the mechanism is unclear. Our purpose is to investigate effects of
neurosteroids on intracellular signaling systems in CNS. We reported that
DHEA had no acute effects on Ca2+ mobilization in C6 glioma cells
(Takebayashi et al., Soc. Neurosci. Abstr. 24: 115:1998). In this study, we
studied effects of DHEA on sodium fluoride (NaF: an activator of G proteins)induced cyclic GMP (cGMP) mobilization using enzyme immunoassay. Acute
treatment with NaF increased cGMP generation in a dose-dependent
manner. This increase was abolished by pretreatment with W-7, a calmodulin
antagonist, and NG-Nitro-L-arginine, a inhibitor of nitric oxide synthase
(NOS). Acute treatment with DHEA inhibited NaF-induced cGMP generation
dose-dependently. But, DHEA-sulfate or dexamethasone did not inhibit it
significantly. Acute treatment with sodium nitroprusside (SNP), a NO donor,
also increased cGMP generation. DHEA, DHEA-sulfate and dexamethasone
had little effect on SNP-induced cGMP generation. These results indicate
that DHEA may have an acute inhibitory effect on intracellular cGMP
mobilization via calmodulin and/or NOS-dependent pathways. (Supported by
grants from the ministry of education, science and culture and the ministry of
welfare of Japan)

PROTEIN KINASE G (PKG) MEDIATES THE INHIBITORY EFFECT OF
NITRIC OXIDE ON NEUROTRANSMITTER RELEASE FROM MOSSY
FIBER SYNAPSES S.M.Sequeira3*, G. Lonartb, C.M., Carvalho3, A.P.
Carvalho8 and T.C. SudhoC. “Center for Neuroscience of Coimbra, University
of Coimbra, 3000 Coimbra, Portugal. bCtr. for Basic Neuroscience, Dept. of
Molecular Genetics, HHMI, UT Southwestern Med. Ctr., Dallas, TX 75235
We investigated the regulatory role of PKG on neurotransmitter release from CA3
hippocampal synaptosomes.We have previously shown that nitric' oxide inhibits the
release of different neurotransmitters in the hippocampus. In this study, we show that
in hippocampal nerve terminals, glutamate and GABA release evoked by hypertonic
stimuli (0.5M sucrose) is inhibited by the cGMP analog, 8-BrcGMP as opposed to
BrcAMP which enhances release. The specific PKG inhibitor RpCPTcGMP reversed
the effect of cGMP ’whereas the phosphatase inhibitor, okadaic acid, further enhanced
the inhibition, thus suggesting the involvement of protein kinase G. We studied the
effects of cGMP on the phosphorylation of several synaptic proteins, as well as PKA
target phosphoproteins, that are known to be involved in the stimulatory effects of
cAMP on release. Our results show that PKG and PKA do not act on the same
synaptic proteins to affect release, and that accordingly,cGMP activates PKG in a
distinct inhibitory pathway to regulate the release of synaptic vesicles.
Supported by the Foundation for Science and Technology, Portugal, and by
KOI MHO 1505.

383.7
IDENTIFICATION OF AN ESSENTIAL RESIDUE IN THE
CATALYTIC DOMAIN OF CYCLIC GMP-DEPENDENT
PROTEIN KINASE TYPE II
V. Viswanathan*, P. Fretier, S.R. Vincent. Kinsmen Laboratory of
Neurological Research, University of British Columbia, Vancouver,
B.C. Canada V6T 1Z3.

cGMP-Dependent protein kinase type II (PKG II) is widely expressed in the brain
suggesting an important role for it in Nitric Oxide (NO)/ cGMP signaling pathway in
the central nervous system. PKG I and II are most closely related to cAMPDependent protein kinase(PKA). It has been shown that Aspartate-184 is an essential
residue in the catalytic subunit of PKA. This residue is conserved in PKG II. To
examine if alteration of the conserved Aspartate residue in PKG II leads to kinase
inactivation, we mutated the Aspartate residue to Asparagine. BPDEtide (PKG
substrate) was used for phosphorylation studies. The wild type catalytic domain
phosphorylated the peptide indicating that the catalytic domain is constitutively
active. However, the mutated catalytic domain failed to phosphorylate the peptide.
The phosphorylation studies indicate that the mutation leads to inactivation of the
kinase and that the conserved Aspartate is an essential residue in the active site of the
catalytic domain of PKG H Recently it was shown that mutating the conserved
Aspartate to Asparagine in the tyrosine kinase domain of Erb-3 led to an increased
affinity for its substrates. We are testing the interaction of mutated and wild type
catalytic domain of PKG II with known substrates in yeast by measuring induction
of P-galactosidase.(Supported by MRC).

DOPAMINE: EFFLUX CHARACTERIZATION AND MEASUREMENT
384.1

384.2

CHRONIC TREATMENT WITH ANTIDEPRESSANT DRUGS REDUCES
STRESS-INDUCED INCREASE IN BASAL CORTICAL DOPAMINE AND
ACETYLCHOLINE RELEASE: A MICRODIALYSIS STUDY. L, Dazzi*. J.D,
JentschL F, Spiga, C. Acquas. C. Floris. F. Pibiri, G. Biggio. }Dept. of Neurobiol., Yale
Univ. School of Med., New Haven, CT and Dept of Exp. Biol., Univ. of Cagliari,
09100 Cagliari, Italy.
The effect of chronic treatment with three antidepressant drugs (ADDs) with
different mechanism of action, imipramine (IMI) (a noradrenaline and serotonin
reuptake inhibitor), fluoxetine (FL) (a selective serotonin reuptake inhibitor), and
mirtazapine (MI) (an a2 adrenergic receptor antagonist) on stress-induced increase in
dopamine (DA) and acetylcholine (ACh) release from the prefrontal cortex (PFC), was
evaluated by microdialysis in freely moving rats. Animals were treated for 14 days
with IMI (10 mg/kg, i.p. twice daily), FL (10 mg/kg, i.p. once daily), MI (10 mg/kg,
i.p. once daily) or the respective vehicle. In the control rats foot-shock (0.2 mA/500 ms
per s delivered for 8 min) produced a marked increase in both basal DA (+100%) and
ACh (+70%) output in the PFC. The foot-shock-induced increase in DA and ACh
release was significantly reduced by repeated administration of ADDs. In fact, the
maximal stress-induced increase observed in ACh output was about +40% with all
three ADDs. IMI- and Ml-chronically treated rats showed an attenuated response also
in DA release (-50% and -40% vs control rats, respectively) while FL-treated rats
showed not significant changes. In ADDs treated rats the changes in DA and ACh
output were associated with changes in the plasma and brain content of the
progesterone metabolite allopregnanolone (AP). Recent experimental data showed that
in pazients with major depression, neurosteroid levels in plasma and cerebrospinal
fluid are significantly lower than in control subjects and tliat clironic treatment with
ADDs is able to correct this alteration. As AP modulates DA and ACh release in the
PFC (Motzo et al., J.Psychopharmacol. 10/4:266-272, 1996; Dazzi et al., Brain Res.
710:275-280, 1996), and ADDs increase brain content of this neurosteroid, the role of
AP and ADDs in the altered sensitivity of DA and ACh neurons to the action of stress
will be discussed.

EFFECTS OF (-)-OSU6162 ON NIGRAL AND STRIATAL
DOPAMINE OUTPUT IN THE RAT
H. Ponten*A Carlsson, C. Sonesson and N Waters
Dept. of Pharmacology, Goteborg University, Medicinaregatan 7, 413 90
Goteborg, Sweden
Our goal is to find new ways to pharmacologically control dysregulated
distributed brain systems by regulating the activity of dopaminergic systems.
S-(-)-3-(3-methylsiuphonyl-phenyT)-N-n-propyl piperidine, (-)-OSU6162, was
found in this researdi (Sonesson, 1994 Hansson, 1995). It has antipsychotic like
effects as determined by estimates of dopamine (DA) synthesis, release and
metabolism but its behavioural effects in rodents, differ from those of
antipsychotics. This study was aimed at elucidating ( )-OSU6162 actions at the
mesencephalic and striatal levels with respect to DA release. We used microdialysis
for the administration of drugs and sample collection for subsequent HPLC
analysis of DA and its metabolites.
Infusion of 0-OSU6162 into s.nigra induced an increase in nigral dialysate
DA levels but a slight decrease in striatal dialysate DA levels. When 0-OSU6162
was infused alone into the striatum an increase in dialysate DA was observed.
Combination of nigral and striatal infusion produced the same increase of DA in
the striatum as did striatal infusion alone. The full DA D2 receptor agonist
[5-hydroxy-2-(di-n-propylamino)tetralin], (-)-5-OH-DPAT infused into s.nigra
reduced striatal DA output. 0-OSU6162 counteracted the reduction in strital DA
output induced by (-)-5-OH-DPAT infusion into the s.nigra.
The present results indicate that ( )-OSU6162 has the property to inhibit D2
receptor function both in the nigra and the striatum. Ihe result on DA output in
the striatum after application of (-)-OSU6162 in the nigra seems to be tone
dependent since ( )-OSU6162 slightly reduces striatal DA when infused in the nigra
but^M^^counteracts the reduction in striatal DA after nigral infusion of
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Sonesson et al, 1994, J. Med. Chem. 37, 2735, Hansson et al. 1995, J. Med.
Chem. 38,3121.
Supported by grants from the Faculty of Medicine, Goteborg University.
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384.4

DIFFERENTIAL SPONTANEOUS AND WITHDRAWAL-INDUCED EFFLUX OF
CATECHOLAMINES IN NUCLEUS ACCUMBENS SHELL OF MORPHINETREATED RATS. C. R. McKittrick1*, J. M. Delfs2, G. Aston-Jones2 and E. D.
Abercrombie1. ’Ctr. for Molecular and Behavioral Neuroscience, Rutgers Univ.;
Newark, NJ, 07102 and 2Dept. Psychiatry, Univ. of Penn.; Philadephia PA 19104.
The shell subregion of the nucleus accumbens (NAS) receives numerous limbic and
subcortical projections and is believed to play an important role in pathways involved
in motivation and reward. This region receives a prominent dopaminergic input from
the ventral tegmental area; it has recently been shown to receive significant
noradrenergic input as well. In vivo microdialysis was used to examine the effects of
short-term morphine administration and pharmacologically-induced withdrawal on
catecholamine levels in NAS of awake behaving animals. Morphine or placebo pellets
were implanted subcutaneously in male rats (275-300g) and a microdialysis probe was
sterotaxically implanted into NAS 5-7 days later. The following day, extracellular
levels of norepinephrine (NE) and dopamine (DA) were monitored simultaneously
using HPLC with electrochemical detection. Animals were injected with the opioid
receptor antagonist naltrexone (NTX; 1 mg/ml, i.p.) in order to induce withdrawal;
dialysate was collected at 20 min intervals for the next 4 hours. Although basal levels
of NE did not differ between the morphine and placebo groups, NTX elicited a
significant increase in NE in the morphine-treated animals that followed the temporal
pattern of the withdrawal behaviors. NE was maximally increased 2-fold within 20
min post-NTX and remained elevated for the next 60 min. Basal levels of DA were
twice as high in the morphine-treated rats compared to placebos; this difference was
abolished by NTX treatment, however, as DA levels in morphine-treated rats were
decreased to control levels by 60 min post-NTX. These results suggest that NE and
DA are likely to mediate different aspects of drug addiction and withdrawal and that the
NAS may be an important site of interaction between the two catecholaminergic
systems. Supported by NRSA postdoctoral fellowships DA05820 (CRM) and
DA05810 (JMD), and PHS grants DA06214 (GAJ) andNS19608 (EDA).

PHARMACOLOGICALLY-INDUCED BURST FIRING OF NIGRAL DOPAMINE
NEURONS ELICITS INCREASED STRIATAL DOPAMINE EFFLUX.
B.J. Mattson, J.M. Tepper, & E.D. Abercrombie*. Center for Molecular & Behavioral
Neuroscience; Prog, in Cell. & Mol. Biodynamics, Rutgers Univ., Newark, NJ 07102.
Substantia nigra dopaminergic neurons exhibit three firing patterns in vivo that
range along a continuum with regular, pacemaker firing at one end and bursting at the
other. It is thought that firing pattern of nigral dopamine (DA) cells is an important
determinant of striatal DA efflux. Previous studies have shown that infusion of the
GABAa antagonist, bicuculiine (BIC), into globus pallidus (GP) causes a marked
increase in burst firing of nigral DA neurons lasting on the order of minutes (Celada et
al, 1999). This shift in firing pattern occurs without significant changes in the firing
rate of the DA neuron. In order to determine if such a change in firing pattern affects
DA release in striatum, we monitored the firing pattern of substantia nigra DA
neurons with extracellular single unit recordings while simultaneously measuring
extracellular DA levels in striatum using in vivo microdialysis' in urethaneanesthetized rats. BIC (1 mM) was infused into GP at the rate of 100 nL/min for 4
min, and extracellular DA levels in striatum were measured in 5 min samples. Firing
pattern was classified as regular, random or bursty based on autocorrelogram analysis,
percentage of spikes fired in bursts, and coefficient of variation (CV). For the 2 cells
studied thus far, the initial firing pattern was classified as regular with 0% of spikes
fired in bursts (CV=.38). Following infusion of BIC, both neurons switched to a burst
firing pattern with an average of 29% of spikes occurring in bursts (CV=.74). BIC
infusions did not produce any gross changes in firing rate. Microdialysis revealed an
average increase of 72% in striatal DA levels that correlated temporally with the onset
and duration of the burst firing. Control infusions of vehicle had no significant effect
on any parameter measured. Thus, independent of firing rate, burst firing of
dopaminergic neurons in vivo is associated with increased extracellular DA levels in
striatum. These results strongly support the hypothesis that firing pattern is a relevant
physiological mechanism for the modulation of neurotransmitter release. (Supported
by NS-19608 and NS-34865.) Celada et al. (1999) Neuroscience 89: 813-825.

384.5

384.6

EXTRASYNAPTIC DOPAMINE RELEASE BY A RETINAL AMACRINE
CELL. M, Puopolo1, S. E, Hochstetler2. S. Gustincich1. R.M. Wightman2 and
E. Raviola1* ’Department of Neurobiology, Harvard Medical School, Boston, MA
02115; department of Chemistry CB#3290, Chapel Hill, NC 27599.
When the vertebrate retina is stimulated by light, dopaminergic (interplexiform)
amacrine (DA) cells release dopamine, the modulator largely responsible for neural
adaptation to light. To study dopamine release by DA cells, retinas were obtained
from a transgenic mouse line in which catecholaminergic neurons carry human
placental alkaline phosphatase (PLAP) on the outer surface of their membrane.
After dissociation of the retina, solitary DA cells were identified by staining with a
monoclonal antibody to PLAP conjugated to Cy3. Dopamine release was
measured by amperometry with carbon fiber electrodes, a technique that permits
real time detection of quantal events at the surface of catecholaminergic cells.
Dopamine exocytosis occurred upon depolarization of the cell membrane to -10
mV, induced either by extracellular administration of a 60 mM K+ solution or
intracellular current injection through a patch electrode. Measurements from the
perikaryon of DA cells in which all processes had been amputated during
trituration showed that dopamine release was quantal in nature and Ca2+dependent, because it was prevented by removing Ca2+ from the extracellular
solution or application of Ca2+ channel blockers. The exocytosis events were
rapid, having 0.5-1 ms half-width durations. Integration of the amperometric
spikes revealed that the number of molecules released upon exocytosis varied from
10 to 10 . Staining with an antibody to the vesicular monoamine transporter 2
(VMAT2) showed that dopamine was probably released from a small number cf
minute organelles situated near the cell surface. Because electron microscopy
showed that the perikaryon of DA cells is not presynaptic at specialized contacts,
the release events described here are by necessity extrasynaptic. Supported by NIH
Grants EY-01344 and NS-15841.

THE EFFECT OF CYTOCHROME P450 2E1 INHIBITION ON EXTRACELLULAR DOPAMINE: A COMPARISON BETWEEN SUBSTANTIA
NIGRA AND VENTRAL TEGMENTAL AREA. H, Nissbrandt*. F. Bergouist
and J, Jonason, Department of Pharmacology, Goteborg University, P.O. Box
431, SE 405 30 Goteborg, Sweden.
We have earlier presented measurements of dopamine synthesis and catabolism
in the substantia nigra suggesting that a substantial part of nigral synthesised
dopamine is metabolised by unknown non-classical metabolic pathways.
Previously we have shown that administration of a cytochrome P450 2E1
inhibitor, like diallyl sulfide or phenylethyl isothiocyanate, increases the
extracellular dopamine concentration in the substantia nigra but not in its terminal
region, the striatum. These experiments were initiated by the finding that a
relatively high density of cytochrome P450 2E1 has been detected in the SN and
suggest a role for this enzyme in the metabolism of dopamine.
The finding that inhibition of cytochrome P450 2E1 induced an increase of
extracellular dopamine only in the substantia nigra and not in the striatum could
imply that the enzyme is involved in dopamine metabolism only in dopaminergic
cell bodies/dendrites and not in terminals. To further investigate the specificity of
the effect of cytochrome P450 2E1 inhibition on extracellular dopamine we have
started to study the influence of diallyl sulfide and phenylethyl isothiocyanate on
dialysate dopamine in the ventral tegmental area, the nucleus adjacent to
substantia nigra that also consists of dopamine containing cell bodies/dendrites.
Preliminary results indicate that the effects of diallyl sulfide and phenylethyl
isothiocyanate on dopamine metabolism seems to be more pronounced in the
substantia nigra as compared to the ventral tegmental area.
Supported by Swedish Medical Research Council and Ahlen, Golje and
Lundstrom Foundations.

384.7

384.8

INVOLVEMENT OF VOLTAGE-GATED CALCIUM CHANNEL SUBTYPES IN
STRIATAL DOPAMINE EFFLUX ON SINGLE PULSE ELECTRICAL
STIMULATIONS IN VITRO. P.E.M. Phillips & J.A, Stamford*. Neurotransmission
Lab, Academic Department of Anaesthesia and Intensive Care, St Bartholomew’s &
the Royal London School of Medicine & Dentistry, London El IBB, UK

RECEPTOR QPERATED.CALCIUM. CHANNEL^.^NB_SOMAT.OPENDRITIC
DOPAMINE RELEASE IN THE SUBSTANTIA NIGRA
F. Bergquist* and H. Nissbrandt. Department of Pharmacology, Goteborg
University, Box 431, SE-405 30 Goteborg, Sweden.
Spontaneous somatodendritic dopamine (DA) release in the rat substantia nigra
(SN) in vivo is calcium dependent and can be inhibited by tetrodotoxin. In contrast
to terminal DA release it is not inhibited by selective blockers of N- or P/Q-type
voltage sensitive calcium channels. Neomycin or R-type VSCC-blocking
concentrations of mibefradil can inhibit somatodendritic DA release; suggesting that
R-type VSCC or other calcium channels contribute to a calcium influx initiating
DA-release.
We have tested the hypothesis that the spontaneous somatodendritic DA release is
initiated by calcium influx through nicotine or NMDA operated ion channels.
DA release was measured by in vivo microdialysis in the SN. Nicotinic receptor
antagonists or NMDA-receptor antagonists were administered via the dialysis
membrane and the effect on spontaneous release was determined. After blocking DArelease and firing activity with tetrodotoxin and mibefradil, nicotine or NMDA was
used to provoke release.
The combination TTX+mibefradil inhibited DA release by 70%. Release could be
provoked by a short application of 0,05 mM NMDA or 10 mM nicotine. MK801,
mecamylamine, or d-tubocurarine did not inhibit spontaneous DA release. With dtubocurarine there was a tendency to a late increase, which was followed by increases
in metabolites.
Although nicotine or NMDA were capable of provoking somatodendritic DA
release, the idea of a tonic influence via nicotinic receptors or NMDA receptors was
not supported.
Supported by: Swedish Medical Research Council and Ahlen, Lundstrom and
Golje Foundations.

Although previous studies have addressed the involvement of voltage-gated calcium
channels (VGCCs) in dopamine (DA) release in the neostriatum (CPu), DA release
was typically evoked by elevated K+ or long (several minutes) electrical trains With
real-time electrochemistry, DA can be measured online in discrete subregions of the
CPu for much more subtle electrical stimulations.
This study simultaneously compared the role of N-, P-, and Q-type VGCCs in DA
release in dorsolateral and medial CPu evoked by a single electrical pulse stimulation
(0.1ms, 10mA) using fast cyclic voltammetry at two carbon-fibre microelectrodes in
rat slices following co-conotoxin GVIA (lOOnM), co-agatoxin IVA (15nM or 200nM)
and co-conotoxin MVIIC (500nM) in various combinations.
In both subregions, co-conotoxin GVIA (lOOnM), alone or in combination with the
other toxin(s), abolished DA efflux, co-agatoxin IVA reduced DA efflux at 15nM (by
20-40%, P < 0.001) with further effect at 200nM (P < 0.01). The effect of 15nM
co-agatoxin IVA was greater in dorsolateral CPu (P < 0.05) than its medial axis.
These data support a role of N-, P- and Q-type channels in striatal DA release, and
suggest that N-type channels have a greater involvement than P/Q-type channels on
DA release following single action potentials. The relative magnitude of P- and Qtype channels cannot be easily dissected out, but the data suggest the P-type channel
represents a greater part of the P/Q-component in dorsolateral than medial subregions
of the CPu, two regions thought to have a differential A9/A10 dopaminergic
innervation [1], These findings may form a basis for differential modulation of DA
release from the two subregions of the striatum.
This study was supported by the University of London Central Research Fund.

1. Davidson C. & Stamford J.A. (1993) Brain Res. 615, 229-239.
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IN VIVO STRIATAL INTRACELLULAR CALCIUM OSCILLATIONS ARE
REGULATED BY MEDIAL FOREBRAIN BUNDLE STIMULATION: DETECTION
BY A FLUORESCENT PROBE USING FIBER OPTIC DEPTH RECORDINGS.
M. Duff Davis*. Parke-Davis Research Division, WarnerLambert Co., 2800 Plymouth Road, Ann Arbor, MI 48105.
The nigrostriatal dopamine (DA) projections (NSP)
terminate on predominantly GABAergic medium spiny neurons.
The role DA plays in their regulation is unclear and we
have examined the influence of the NSP on intracellular
calcium flux using a calcium-sensitive fluorescent dye and
recorded by an extracellularly placed fiber-optic probe.
Rats were anesthetized and a 200um diameter fiber-optic
probe (FOP) with an infusion cannula cemented to it was
inserted into the striatum. Oregon-Green (OG)(lOuM) was
infused for 1-2 hrs and the fluorescence due to Ca++/OG
binding was monitored by back-reflectance using a photon
counter. In 82% of the FOP recordings, calcium flux yielded
synchronous oscillations of from 1-2 Hz.
Stimulation of
the MFB (10Hz) for lOsec resulted in a complete cessation
of oscillations, followed by immediate (65%), delayed (23%)
or no (12%) recovery.
IV administration of the DA receptor
antagonists, fluphenazine (2mg/kg) or haloperidol
(0.5mg/kg), produced an increase in both oscillation
amplitude and frequency and blocked the MFB stimulationinduced inhibition.
This study suggests that DA released
from NSP terminals residing in the striatum has a
predominantly inhibitory effect on calcium flux in
postsynaptic elements.
It also demonstrates the utility of
in vivo, real-time subcortical optic-based measurements
employing ion-sensitive dyes.

IMPROVED CATECHOLAMINE DETECTION UTILIZING A C
FAST CYCLIC VOLTAMMETRY WITH PHASE SENSITIVE
DETEC TI ON. A. St rick holm* Medical Sciences Program, Indiana
University, Bloomington, IN 47405
Polarographic methods are currently used to detect neurotransmitters
and their synaptic release. Of the polarographic methods, fast cyclic
voltammetry is currently used to provide some specificity for
determining catecholamine release. Shown here, is that improvement of
resolution is obtainable by the addition of a.c. voltammetric methods to
fast cyclic voltammetry, and utilizing either phase sensitive detection or
a phase locked loop for the a.c. current signal detection. Both the inphase and quadrature phase component detection was examined in
addition to utilizing phase locked loop circuitry detection. The
advantages obtained with this approach is that averaging of the
background and oxidation signal, followed by subtraction to obtain the
desired signal, can often be omitted. This results since the a.c. oxidation
and reduction signals can readily be obtained without having to remove
or subtract out the background current. Often also not previously
observable in standard polarography, but detected here with the fast
cyclic a.c. techniques, are intermediate components of oxidation and
reduction, as is seen with dopamine. In addition, with a.c. voltammetry,
the resolution obtainable for neurotransmitter concentrations is
increased by at least one order over standard fast cyclic voltammetry.
This research has been supported by grant NIH R21RR13341.

384.11

384.12

WAVELET TRANSFORM OF CYCLIC VOLTAMMETRY SIGNALS IN THE
DISCRIMINATION OF CATECHOLAMINES. P.W. Tsang*, E.L. Ohayon, H.C.
Kwan and A.M. Sun. Dept. of Physiology, Univ. of Toronto; Toronto, ON, M5S 1A8
Previously, our lab demonstrated that striatal transplantation of microencapsulated
bovine chromaffin cells leads to behavioural improvements in the rat 6-OHDA model
of parkinsonism. To correlate levels of striatal catecholamine with behaviour, a rapid
and sensitive method is necessary to detect their presence and to quantify the levels of
the different catecholamines secreted by these transplanted cells. The aim of this study
was to develop a technique to discriminate catecholamines through the use of
voltammograms derived from electrochemical recordings.
Voltammetry can be used to assess changes in the millisecond range. In vitro
calibration showed that carbon fibre microelectrodes (30pm fibre diameter) were
capable of detecting catecholamine concentrations in the nanomolar range, but the
detection was non-specific. To address this limitation, cyclic voltammetry, with applied
periodic waves at 10Hz and 100Hz, with a-1 to +1V sweep, was used to measure
catecholamines of varying concentrations in vitro. Oxidation and reduction currents
were digitized and recorded with a custom-programmed, acquisition and analysis
system. When the background charging currents were subtracted, the resulting
voltammograms for dopamine and noradrenaline did not show any obvious differences
in the shape of the waveform or the occurrence of peaks in relation to the applied
potential. However, following processing of the voltammograms using wavelet
analysis, differences in the waveforms became apparent. Selected spectral components
were then used to differentiate the catecholamines.
The results indicate that wavelet processing of electrochemical signals is an effective
addition to the study of catecholamines. This approach allows for the discrimination of
the different catecholamines secreted by microencapsulated bovine chromaffin cells, as
well as the comparison of striatal catecholamine levels with the behavioural
improvement seen following transplantation.
This work was supported by the Medical Research Council of Canada.

IN VITROZ\\KElKZIURXZM\On OF TEMPERATURE DEPENDENCE OF

CHRONOAMPEROMETRY SIGNALS. C, Marcangione*1, R.B, Lennox2, and P.B.S. Clarke1.

‘Department of Pharmacology & Therapeutics, department of Chemistry, McGill University,
Montreal, Quebec, Canada H3G 1Y6.
Several in vivo electrochemical methods have been developed for measuring interstitial
levels of neuroactive substances in the brain. Validation procedures, to date, have tended to
focus on neurochemical selectivity, and virtually no attention has been directed to the
possibility that temperature modulates the electrochemical signals. We now report that
electrochemical signals can indeed be affected by temperature changes. Nafion™-coated
carbon paste electrodes, uncoated carbon paste electrodes, and stainless steel electrodes
were all used as working electrodes. Each electrode was tested by immersion in 0.1 M
phosphate buffered saline (pH=7.4) until a baseline chronoamperometric signal was
established. The buffer was then warmed from 23 to 45°C over 45 min and allowed to cool to
approximately 28°C. For all working electrodes tested, the chronoamerometric signal

changed with changes in temperature. The temperature sensitivity (nA/°C) was determined
for the ascending and descending phases. Temperature sensitivity differed across the three
electrode types and between the two phases. Mean values (ascending and descending,
nA/°C) were as follows; 2.2 and 5.2 (stainless steel), 0.01 and 0.02 (carbon paste), 0.03 and

0.05 (Nafion-coated carbon paste). Relative sensitivity to temperature was determined as a
percentage of baseline current. Mean values (ascending and descending, nA/°C) were as
follows: 4.6 and 10.8 (stainless steel), 11.7 and 23.4 (carbon paste), 8.8 and 14.6 (Nafioncoated carbon paste). We conclude that temperature can affect baseline electrochemical
signals in vitro. Further experiments are in progress to determine whether temperature
sensitivity is quantitatively important in vivo.
Supported by Natural Sciences and Engineering Research Council of Canada.

384.13

384.14

UTILITY OF A TRIPOLAR STIMULATING ELECTRODE FOR
ELICITING DOPAMINE RELEASE IN THE RAT STRIATUM. B.P.
BERGSTROM AND P.A. GARRIS*. Dept. of Biological Sciences,
Illinois State Univ, Normal, IL 61790.
The present study evaluated tripolar stimulating electrodes for
eliciting dopamine release in the rat brain in vivo. Stimulating
electrodes were placed either in the medial forebrain bundle or in
the ventral mesencephalon associated with the ventral tegmental
area and substantia nigra. The concentration of extracellular
dopamine was monitored in dopamine terminal fields at 100 ms
intervals using fast-scan cyclic voltammetry at carbon-fiber
microelectrodes. To characterize the stimulated area, recordings
were collected in several striatal regions including the caudateputamen and the core and shell of the nucleus accumbens. The
tripolar electrode was equally effective in stimulating dopamine
release in medial and lateral regions of the striatum. In contrast,
responses evoked by a bipolar electrode were typically greater in
one mediolateral edge versus the other. The added size of the
tripolar electrode did not appear to cause complications as signals
were stable over the course of the experiment (three hours).
Subsets of mesostriatal dopamine neurons could also be selectively
activated using the tripolar electrode in excellent agreement with
previously described topography. Taken together, these results
suggested that the tripolar stimulating electrode is well suited for
studying the regulation of midbrain dopamine neurons in vivo.
Supported by AHA 97-GB-09 and NS 35298.

DETERMINATION OF THE SYNAPTIC CLEFT CONCENTRATION OF
DOPAMINE. R.Rogoz, S.J. Gatley, N.D.Volkow and A.N.Gifford*. Brookhaven
National Laboratory, Upton, NY.
The D2 receptor PET radioligand [11C]raclopride is frequently used to detect
changes in synaptic cleft DA. We propose that superfused striatal slices
might be a good model system for improving understanding of the relationship
between DA concentration and radioligand binding. The equation: (1/B1)/1/B2
= 1 +[DA]/Kj {DA)i where Bi and B2 are specifically bound radioligand in brain
tissue treated with reserpine and vehicle, respectively, relates the change in
DA concentration to the change in [3H]raclopride binding produced by DA
depletion. This requires knowledge of the Ki for dopamine. We measured Kf
values for several D2 receptors agonists in superfused rat striatal slices and
in homogenates. In slices Kf values were 0.87 nM, 53 nM and 13 nM for
bromocriptine, quinpirole and apomorphine, respectively. In homogenates Kj
values were 20 nM, 1450 nM, 1540 nM, respectively, for these agonists and
350 nM for dopamine. Since exogenous dopamine is rapidly metabolized in
intact tissue its Kj value in the slice was obtained relative to those of the other
dopamine agonists which are assumed not to be metabolized. This approach
gave an estimated value of 11 nM.
In related in vivo binding experiments mice were administered ^HJraclopride
via a tail vein and sacrificed 30 min later. In mice in which synaptic dopamine
has been depleted using either reseroine plus a-methyl-p-tyrosine or 4hydroxybutyrate striatal binding of the LH]raclopride was increased by 79 %
and 290 %, respectively, when compared to untreated mice. Using our
estimated Ki value of 11 nM it was calculated that synaptic cleft dopamine
decreased by 19 nM for reserpined animals and by 42 nM for 4hydroxybutyrate.
(DOE/NIDA)
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ISOLATION AND MOLECULAR CHARACTERISATION OF A PURE
POPULATION OF PRIMARY DOPAMINE NEURONS.

DOPAMINERGIC PHENOTYPE OF hNT NEURONS IN VITRO.
T. Zigova1*, A.E. Willing1, S. Saporta1,2, T.B. Freeman1, M.P McGrogan3
and P.R. Sanberg1. ’Dept. of Neurosurgery and the Neuroscience Program,
2Dept. of Anatomy, Univ. of South Florida, Tampa, FL 33612;3Layton
BioScience Inc., Atheron, CA, 94027.
It has been previously demonstrated that neurons derived from the
human teratocarcinoma cell line (hNT) were able to respond to tyrosine
hydroxylase (TH) inducing cues (Iacovitti and Stull, NeuroReport, 8;
1471, 1997, Othberg et al., Cell Transplant, 7; 157, 1998). Recent findings
from our lab (Zigova et al., in press, 1999) showed that lithium chloride
induced (up to 7 fold) the expression of TH in hNT neurons cultured for
5 days. To further characterize the dopaminergic nature of TH-positive
hNT cells, the cultures were labeled with antibodies to dopamine
transporter (DAT), the plasma membrane protein involved in the specific
reuptake of dopamine, for DARPP-32 (DI receptor) and dopamine. In
addition, hNT cultures were examined for the presence of aldehyde
dehydrogenase (AHD-2) an enzyme exclusively expressed by
dopaminergic ventral mesencephalic precursors. Our results indicate that
TH-positive hNT neurons express dopaminergic markers as well as AHD2. These data suggest that hNT cells contain the machinery of functional
dopaminergic neurons and therefore are a better source of dopaminergic
cell for cell replacement therapies then other cells that do not express all
the markers of ventral mesencephalic dopamine neurons. Supported by
Layton BioScience, Inc.

T. Barrett*, D.L. Rowley, D.M. Donovan. Transgenic & Knockout Facility
Section, IRP, NIA, Baltimore MD 21224

The aim of this investigation is to develop a protocol to isolate a pure
population of dopamine neurons from embryonic mouse tissues in order that
a molecular profile of this important cell type may be assembled. Transgenic
mice (THB) harboring 4.8 Kb of the rat tyrosine hydroxylase promoter fused
to the B-galactosidase reporter have been constructed. The tyrosine
hydroxylase promoter has been demonstrated to express in adult dopamine
neurons. Tyrosine hydroxylase is expressed in all catecholaminergic cells, of
which dopamine cells are a subset. Analysis of the B-galactosidase
expression patterns in the brains of THB 14-day embryo reveals reliable
expression in the ventral midbrain - a pattern temporally and spatially
consistent with dopamine neurons. This region of the day 14 embryonic brain
is isolated and the tissue dissociated to a single cell suspension. Fluorescent
B-galactosidase substrates and flow cytometiy are being utilized to isolate a
pure population of these embryonic dopamine cells. Sorted B-galactosidasepositive cells will first be tested immunohistochemically in order to verify the
presence of dopamine neuronal markers. Subsequently, a cDNA library
constructed from these cells will be used to address questions concerning
molecular aspects of dopamine neuron gene expression, physiology and
biochemistry.
Supported by NIA Intramural Research Program.

384.17
CATECHOLAMINES IN BONE MARROW DERIVED MAST
CELLS AND MASTOCYTOMA CELLS. J.G. Freeman, N.
Narasimhachari, P. Mirmonsef, J.J. Ryan, and J.K. Stewart*. Dept. of
Biology, Virginia Commonwealth Univ., Richmond, VA 23284-2012.
Recently other laboratories reported detection of catecholamines in
bone marrow and in polymorphonuclear cells isolated from whole
blood. In this study we measured catecholamines in murine bone
marrow derived mast cells (BMMC) that are dependent on IL-3 and in
a factor-independent murine mastocytoma cell line (MMC-34).
Catecholamines were measured with HPLC-EC in alumina extracts of
cells and cell media. High levels of a compound co-eluting with
dopamine (100 - 1000 pg/million cells) and lower levels of a
compound co-eluting with norepinephrine (7 - 87 pg/million cells)
were detected in the bone marrow derived mast cells. Dopamine was
also detected in the mast cell media but not in media without cells. No
dopamine was detected in the mastocytoma cells, but these cells
contained a compound co-eluting with norepinephrine (150-180
pg/million cells). These findings suggest differential synthesis of
norepinephrine and dopamine in murine mast cells and mastocytoma
cells. Supported by NSF IBN 9870382, Jeffress Trust Fund Grant J457, and American Cancer Society Grant IN-105.

DOPAMINE: MODULATION BY INTRACELLULAR AND EXTRACELLULAR FACTORS AND DRUGS
385.1

385.2

CYCLIC-AMP MODULATES THE DISCHARGE RATE AND PATTERN OF
NIGRAL DOPAMINE (DA)-CONTAINING NEURONS IN VITRO. Mark W.
Lewis, Aloke Dutta* and David K. Pitts. Department of Pharmaceutical Sciences,
College of Pharmacy & AHP, Wayne State University, Detroit, MI 48202.

POSTNATAL INORGANIC LEAD EXPOSURE DECREASES THE
NUMBER OF SPONTANEOUSLY ACTIVE MIDBRAIN DOPAMINE
(DA) NEURONS: ELECTROPHYSIOLOGICAL STUDIES IN VIVO.
Mahboubeh Tavakoli-Nezhad and David K. Pitts*. Department of
Pharmaceutical Sciences, College of Pharmacy and Allied Health
Professions, Wayne State University, Detroit, MI 48202.
Previous studies have shown that postnatal exposure to inorganic lead (Pb)
alters dopamine release in the forebrain. This could result from alterations
in impulse generation or loss of DA neurons. Rats were exposed to Pb
through drinking water containing Pb for 3 to 6 weeks after weaning. The
effect of 100, 250, and 500 ppm Pb acetate exposure on the spontaneous
activity of dopamine (DA)-containing neurons in the ventral tegmental area
(VTA) was examined. Controls received Na acetate. The number of
spontaneously active DA neurons per electrode track was determined from
18 tracks through the VTA using an extracellular recording technique in
chloral hydrate anesthetized rats. 100 ppm exposure did not apparently
affect the activity DA neurons relative to controls. However, the average
number of active DA neurons was significantly reduced in rats exposed at
the 250 ppm level (Na: 1.28 + 0.09, n=21; Pb: 0.82 + 0.08, n=28; pc.001)
and 500 ppm level (Na: 0.94 + 0.05, n=14; Pb: 0.61 + 0.05, n=15, p<.001).
Immuno-histochemistry indicated no significant Pb-effect on the number of
tyrosine hydroxylase positive cells at the 250 ppm level of exposure. These
results suggest that the 250 ppm level exposure for 3 to 6 weeks alters
activity, but does not induce cell death. [EHS Center Grant P30 ES066394]

Midbrain dopamine (DA) neurons discharge in an irregular single-spike and
burst-discharge mode in vivo. DA neurons are spontaneously active in vitro, and
discharge in a slower, more regular pacemaker-like pattern in 2-week-old and
older midbrain slices. We have observed that the DA neuron discharge rate
increases both in vitro and in vivo in an age-dependent fashion over the
postnatal period. Since afferent activity is disrupted in the midbrain slice, this
suggests that part of the age-dependent increase in the spontaneous activity of
DA neurons is mediated intrinsically. The hypothesis that the adenylate cyclase
system modulates nigral DA neuron activity was tested in vitro using both
extracellular and whole-cell patch-clamp recording techniques. 8-Br-cAMP (8Br) and forskolin (FSK) elicited excitatory, inhibitory, and biphasic (excitation
then inhibition) responses. The responses were found to be both drug
concentration- and age-dependent. FSK and 8-Br were also found to change the
irregular discharge pattern of 1-week-old DA neurons to a more regular
pacemaker-like pattern. In whole-cell patch-clamp studies both bath-applied 8Br and FSK, and pipette-applied cAMP caused depolarization and altered
discharge pattern. Increased intracellular cAMP was found to elicit: (1) TTXand ionotropic glutamte receeptor-insensitive depolarization, (2) an increase in
conductance, and (3) a decrease in die amplitude of the after-hyperpolarization.
The evidence also suggests that most inhibitory responses are caused by
depolarization inactivation. [DKP Support: MH47857 & WSU Career
Development Chair Award]
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THE EFFECT OF CYCLO-OXYGENASE INHIBITION ON INDICES OF
DOPAMINERGIC FUNCTION. B.M. Ross*, R. Brooks, M. Lee. P.J. Fletcher. S.J.
Kish and S. Turenne. Centre for Addiction and Mental Health, Toronto, Ontario,
Canada. M5T1R8.
The sequential action of phospholipase A2 and cyclo-oxygenase (COX) leads to the
production of prostaglandins in the brain. Various in vitro and in vivo studies have
suggested that this signal transduction system may modulate dopaminergic
neurotransmission. In particular, behavioral studies have demonstrated that the COX
inhibitor indomethacin (IND), which causes a reduction in brain prostaglandin levels,
can antagonise haloperidol (HAL)-induced catalepsy, suggesting that COX inhibition
may stimulate the brain’s dopamine system. We have extended this work to examine
the effect of IND and a second COX inhibitor, piroxicam (PIR), on several indices of
dopaminergic function in adult, male, Sprague-Dawley rats. Both IND (5 mg/kg ip)
and PIR (4.7 mg/kg ip) significantly (p < 0.05) inhibited catalepsy induced by HAL
(0.5 mg/kg ip) in agreement with previous studies, as well as that induced by the
dopamine D2 receptor antagonist raclopride (6 mg/kg ip) and the dopamine DI
receptor antagonist SCH 23390 (0.3 mg/kg ip). Neither IND or PIR induced catalepsy
when administered alone. IND did not significantly alter brain HAL levels suggesting
that the reduction of HAL-induced catalepsy by COX inhibitors is not due to
decreased uptake and/or increased catabolism of HAL. In contrast, neither IND or PIR
altered the amphetamine (AMPH) (3 or 5 mg/kg ip) induced reduction of pre-pulse
inhibition of the startle reflex (PPI). PIR did significantly potentiate apomorphine
(0.25 mg/kg ip) induced disruption of PPI, but this effect was not observed using IND.
Both IND and PIR, however, inhibited the acute stimulation of locomotor activity by
AMPH (0.3 mg/kg ip), although neither PIR or IND affected locomotor activity when
administered alone. The reduction of AMPH-stimulated locomotor activity suggests
an anti-dopaminergic effect of COX-inhibitors, and contrasts with the data obtained
using catalepsy measurements. In summary, our data indicates that while COXinhibitors do modulate the behavioral effects of various dopaminergic antagonists and
agonists, the manner by which this occurs is unlikely to be due to a simple direct
action at the dopaminergic synapse. This work was supported by OMHF.

ATYPICAL NEUROLEPTICS INCREASE DIALYSATE DOPAMINE IN THE
BED NUCLEUS OF STRIA TERMINALIS: A MICRODIALYSIS STUDY.
E. Carboni* M.T.P.Rolando, A Silvagni and G.Di Chiara. Dept. of Toxicology,
Univ. of Cagliari, Viale Diaz 182,08126 Cagliari, ITALY.
Neuroleptics are known to stimulate dopamine (DA) release in neostriatal terminal
areas. In tlie present study we have investigated by brain microdialysis in freely
moving rats tlie effect of typical and atypical neuroleptics on DA transmission in the
bed nucleus of stria terminalis (BNST), a dopamine terminal area belonging to the
limbic system and recently assigned the so called extended amygdala. Mean basal
dialysate DA values were 14.3 fmoles/20 pi sample. DA output in dialysates was
increased dose-dependently by clozapine (max + 158 %, 298 % and 461 % of basal
at 5, 10 and 20 mg/kg i.p. respectively), risperidone (max + 115 % and 221 % of
basal at 1 and 3 mg/kg i.p. respectively), olanzapine (max + 138 % and 235 % of
basal at 3 and 6 mg/kg i.p. respectively), BIMG 80 (max + 64 % and 164 % of basal
at 3 and 5 mg/kg i.p. respectively), amperozide (max + 110 % and 194% of basal at
3 and 6 mg/kg i.p. respectively). The selective dopamine D4 antagonist L-745,870
increased dialysate dopamine but at rather high doses and not as effectively as
clozapine (max + 32 %, 89 %, and 130 % of basal at 3, 6 and 12 mg/kg i.p.
respectively). Tlie typical neuroleptics haloperidol (0.1 and 0.5 mg/kg s.c.) and
raclopride (0.2, 0.8 and 3 mg/kg s.c.), the serotonergic 5-HT2 antagonist ritanserin
(0.5 and 1.5 mg/kg i.p.), and tlie adrenergic oq antagonist prazosin (1 and 3 mg/kg
i.p.) did not affect dialysate dopamine in the BNST. Therefore, atypical neuroleptics
share tlie ability of stimulating DA transmission in the BNST but this property is not
mimicked by any drug which selectively act on individual receptors among those
which are affected by atypical neuroleptic. These observations raise the possibility
that tlie property of increasing DA transmission in the BNST is the result of
combined blockade of DA, serotonin and noradrenaline receptors and that might be
predictive of an atypical neuroleptic profile.

385.5

385.6

ELECTROPHYSIOLOGICAL EFFECTS OF THE POTENTIAL
ANTIPSYCHOTIC BELAPERIDONE ON DOPAMINE NEURONS.

ESTROGEN HAS DIFFERENT EFFECTS ON AMPHETAMINE (AMPH) INDUCED STRIATAL DOPAMINE DEPENDING ON RAT STRAIN.

K. Wicke1, H.-J. Teschendorf1, F.K. Weddige2 A.S. Freeman2*.
‘Knoll-AG, D-67008 Ludwigshafen, Germany, 2Dept. Pharmacology, Texas
Tech Univ. HSC, Lubbock, TX 79430.
Belaperidone (LU 111995), a D4/5-HT2A receptor antagonist, is being
developed for the treatment of psychosis. In anaesthetized rats, belaperidone
was injected in cumulative iv doses (0.128-32.768 mg/kg) to reverse iv
quinpirole-induced inhibition of the firing rate of substantia nigra
dopaminergic (A9 DA) neurons (n=7). The ED50 value for reversal of
inhibition was 1.66 mg/kg. Haloperidol had an ED50 of 0.04 mg/kg and
clozapine an ED50 of 3.58 mg/kg. Thus, belaperidone was ~ twice as potent
as clozapine and ~ 40-fold less potent than haloperidol. These results are
consistent with antidopaminergic properties of belaperidone. In chronic
experiments, rats were injected sc with either water, 0.5 mg/kg haloperidol,
or belaperidone (0.03-3 mg/kg) daily for 21 days (n=10/group). Then, the
number of spontaneously active A9 and A10 (ventral tegmental area) DA
cells per electrode track (CpT) was determined. At 0.3, 1, and 3 mg/kg/day,
belaperidone reduced the numbers of A9 and A10 DA CpT. In awake rats,
belaperidone (up to 215 mg/kg, po) did not induce catalepsy.
Belaperidone is a potential antipsychotic drug with a novel mechanism of
action. Preclinical electrophysiological studies would predict a propensity for
this drug to induce extrapyramidal side effects (EPS). Even in high doses,
however, no catalepsy was observed. These data suggest that the decrease of
spontaneously active CpT in A9 may not be predictive for EPS in all classes
of antipsychotic drugs. (Supported by Knoll AG)

D.L, Hummer* and J.B. Becker. Dept Psychology, Reprod. Sci., and
Neuroscience Pgm, Univ. of Michigan, Ann Arbor, MI, 48109.
Dopamine (DA) in striatum is sensitive to the effects of estrogen (E).
There is estrous cycle-dependent variation in basal extracellular DA, and
in AMPH -stimulated DA release and behaviors (Xiao & Becker (1994).
Neuroscience Lett. 180: 155; Becker & Cha (1989). Behav. Brain Res. 35:
117). Ovariectomy (OVX) eliminates, while E treatment restores these
effects. In addition, OVX rats treated with E exhibit enhanced AMPHstimulated striatal DA release (Becker (1990). Neuroscience. Lett. 118:
169; Becker (1990). Synapse. 5: 157). Thus E plays an important role in
modulating AMPH-stimulated DA release.
The present work explores the possibility that the effects of E may vary
with the strain of rat tested. OVX rats of each strain were pretreated
with 5 pg estradiol benzoate (EB) or OIL each day for three days prior to
microdialysis. Twelve hours before testing began, microdialysis probes
were implanted into the lateral striatum. Basal extracellular DA
concentrations were determined and analyzed by HPLC-EC, then females
received 5 pg EB or OIL followed 30 minutes later by 2.5 mg/kg AMPH.
Extracellular DA concentrations were enhanced in the striatum of SD
females pretreated with EB relative to females pretreated with OIL,
confirming results previously described. Preliminary data reveal that LE
females pretreated with EB exhibit reduced AMPH-induced striatal DA
concentrations compared to OIL pretreated animals. Thus, there are
strain differences in the effects of estrogen on AMPH-induced DA release.
[BNS9514888 to JBB, NSF predoc to DLH]

385.7

385.8

EFFECTS OF ESTROGEN ON THE BEHAVIORAL RESPONSE OF MICE
TO AMPHETAMINE N.C. Brown. L.R.Jackson. T.B.Becker*, Dept. Psych,
Reprod Sci & Neurosci Progs, Univ. of Michigan, Ann Arbor, MI 481091109
Repeated administration of amphetamine (AMPH) elicits an increase in
its psychomotor stimulant effects. This phenomenon is known as
behavioral sensitization, in rodents this is observed as enhanced
stereotyped behavior and locomotor activity. Ovariectomy (OVX)
attenuates, while estrogen treatment in OVX females rapidly enhances
the behavioral response to AMPH. Although estrogen does not directly
activate striatal dopamine (DA) release or specific behaviors (i.e.
locomotor activity), given a suitable environment (e.g., a running wheel)
estrogen modulates the activity of the nigrostriatal DA system. The
mechanism(s) through which estrogen affects AMPH-stimulated striatal
DA release is not yet understood.
To determine if repeated AMPH treatment, in the presence of estrogen,
enhances the behavioral response to subsequent AMPH in OVX C57BL/6J
female mice, we investigated the following: 1) estrogen effects on the
induction and magnitude of the behavioral response to repeated AMPH
exposure (i.e., behavioral sensitization) and 2) specific behavioral
responses to AMPH (e.g. dose-dependent behaviors). Behavioral testing
was conducted for 4 consecutive days/wk for 3 weeks. Mice received 5 pg
estradiol benzoate (EB) or oil, followed by AMPH (2.5 mg/kg) or saline 30
min later. One week after the final test session, all mice received a
challenge dose of 2.5 mg/kg of AMPH preceded by either oil or EB. Mice
were videotaped throughout the experiment. Preliminary data suggest
behavioral sensitization is enhanced by prior treatment with estrogen.
[ Rackham Graduate School, BNS 951488; NIH T32 HD07048-25].

ROLE OF THE NUCLEUS ACCUMBENS IN PACED COPULATORY
BEHAVIOR IN FEMALE RATS. W.J, Jenkins* and T.B. Becker. Dept.
Psych, Reprod Sci & Neurosci Prog, Univ of Michigan, Ann Arbor, MI.
Female rats engage in a series of approach and avoidance behaviors of
male rats during copulation in order to prolong the rate of copulation,
thereby maximizing the vaginocervical stimulation received. This
behavioral pattern is known as pacing. Pacing is characterized by both
sensorimotor and motivational components that are measured by percent
exits (# times a female leaves the male after receiving a sexual
stimulus/# sexual stimuli) and return latency (time to return to male after
exit), respectively. Direct application of estradiol (E2) to nucleus
accumbens (NAcc) enhances return latency without affecting percent exits.
This suggests modulation of motivational aspects of pacing by the nucleus
accumbens as well as a role of E2 activity in NAcc during pacing behavior
(Xiao & Becker, Horm & Behav (1997) 32: 114). Extracellular dopamine
(DA) in NAcc increases during pacing of sexual behavior (Mermelstein &
Becker, Behav Neurosci (1995) 109: 354), so it might be the case that E2's
modulation of DA in NAcc is important for motivational aspects of pacing
behavior. Clearly, NAcc modulates specific components of pacing
behavior. It is unclear, however, if NAcc is necessary for pacing behavior.
Ovariectomized, Long-Evans rats received bilateral quinolinic acid (120
nmoles/.5 pi phosphate buffer) or sham in the NAcc. Sexual receptivity
was induced by systemic injections of 10 pg of 176-estradiol benzoate 48
hours before and 500 pg progesterone 4 hours before testing. Pacing
behavior was recorded and compared to presurgery measures.
Preliminary data suggest that bilateral quinolinic acid lesions of the
NAcc do not disrupt pacing behavior. Thus, it appears the NAcc is not
necessary for pacing behavior. [BNS9514888 to JBB; NSF predoc to WJJ]
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INFLUENCES OF GONADAL HORMONES ON BEHAVIORAL
SENSITIZATION TO COCAINE IN RATS. H. A, Molenda, K. A, Frev*,
A. M. Ligon, T. B. Becker, Depts. Psychology & Neurology, Neurosci &
Reprod Sci Prgs, Univ. of Michigan; Ann Arbor, MI 48109.
Psychomotor stimulant drugs such as amphetamine and cocaine produce a
progressive increase in behavioral responsiveness with repeated drug
administration, a process known as sensitization. In rodents, behavioral
sensitization results in increases in both frequency and duration of
psychomotor behaviors such as stereotyped grooming, headbobs, and
forelimb movements. Interestingly, females display greater motor output
and stereotyped behaviors in response to psychomotor stimulants than do
males. Likewise, females in estrous show an increase in amphetamineinduced behaviors such as rotations relative to other days of the estrous
cycle. Such findings indicate that estrogen facilitates behavioral
responses to psychomotor stimulants. The influences of gonadal hormones
on the development of behavioral sensitization to cocaine were
investigated in male and female Sprague-Dawley rats. Four groups were
compared; ovariectomized (OVX) females, OVX females treated with 5
pg estradiol benzoate, castrated (CAST) males, and SHAM castrated
males. Cocaine (15 mg/kg i.p.) or saline was administered for four
consecutive days followed by three days without treatment, for a period
of three weeks. An increase in such behaviors as headbobbing and
forelimb movements was observed in female rats receiving estradiol
benzoate treatment relative to untreated OVX females or either male
group. This suggests that estrogen enhances behavioral sensitization to
psychomotor stimulants such as cocaine. [BNS 9514888].

ROLE OF DOPAMINE IN THE BEHAVIORAL SENSITIZATION TO
AMPHETAMINE AND COCAINE : PRESYNAPTIC ASPECTS
Cristina Cadoni* and Gaetano Di Chiara

385.11

385.12

SEROTONERGIC REGULATION OF NIGROSTRIATAL CHOLINERGIC NEURONS IS ALTERED BY
PRENATAL COCAINE EXPOSURE. Bolanos, C.A.*, Glatt, S.J., Trksak, G.H., and Jackson, D.
Psychology Department; Northeastern University; Boston, MA 02115 USA.
Prenatal cocaine (pCOC) exposure produces variable effects on brain monoaminergic neurons. The
observation that pCOC exposure induces hyperinnervation of striatal serotonin (5-HT) terminals has led
to speculation that serotonergic function in these animals may be altered. This study examines the role
of endogenous 5-HT on striatal acetylcholine (ACh) release from prenatal saline- (pSAL) and pCOCexposed female rats in diestrus (DI) or proestrus (PRO). Pregnant rats received injections of saline (1
ml/kg, s.c.} or cocaine (40 mg/kg; split dose, ^.c.) from embryonic days 15-21. ACh release studies
were conducted with superfused slices (350 pm) from rats that had previously been labeled with
tritiated choline. Basal and electrically-evoked tritium efflux [low intensity stimulation (LOW) 10 mA, 1
Hz/2 min or high intensity stimulation (HIGH) 14 mA, 8 Hz/1 min] were used as measures of ACh
release. Basal or evoked ACh overflow were unaffected by pCOC. Endogenous 5-HT levels were
increased by superfusion with fluoxetine (FLU, 10 pM) during electrical stimulation. Irrespective of
estrus phase or stimulation intensity, FLU produced a significant decrease in ACh overflow in slices
from pCOC, but not pSAL, rats. FLU significantly inhibited evoked ACh overflow (LOW) in slices from
pCOC rats in PRO or DI; however, this treatment significantly increased ACh overflow in slices from
pSAL rats in PRO. ACh overflow (LOW) from slices from pSAL rats in DI were marginally inhibited by
FLU. FLU significantly inhibited evoked ACh overflow (HIGH) from slices prepared from pCOC rats in
PRO or 01. In contrast, FLU had negligible effects on ACh release (HIGH) in slices prepared from pSAL
rats; however, this effect was expected due to elevated 5-HT levels released by high-intensity
stimulation.
Collectively, these results suggest that depolarization-induced activation of
hyperinnervated 5-HT terminals in pCOC rats can have inhibitory effects on postsynaptic striatal
neurons; however, high-affinity 5-HT reuptake masks this event. Release of presumably high levels of
5-HT in these animals failed to produce saturating postsynaptic effects of endogenous 5-HT. FLU's
opposing effects on evoked ACh release (LOW) in striata of pSAL rats (an increase during PRO and a
decrease during DI) were unexpected. We are presently investigating the hypothesis that dopamine
mediates this interaction.
Supported by NIDA 1R29DA10933

PRENATAL COCAINE EXPOSURE IMPAIRS ENDOGENOUS DOPAMINE RELEASE FROM
NIGROSTRIATAL NEURONS; A DEVELOPMENTAL ANALYSIS S. J. Glatt*, C. A. Bolanos,

Department of Toxicology, University of Cagliari and Center for Neuropharmacology,
CNR, Viale Diaz 182, 09126 Cagliari, Italy

Although several authors retain that the behavioral sensitization to psychostimulant
and to opiates is the result of a sensitization of dopaminergic transmission at the
presynaptic level this notion is debated. In a recent study on morphine sensitization
(Neuroscience 1999, 90 (2) 447-455) we found that the behavioral sensitization is
associated to an increased stimulation of dopamine (DA) transmission in the caudateputamen and in the nucleus accumbens (NAc) core but not in the NAc shell where the
DA transmission appeared indeed decreased. Here we present the results of a similar
study on animals sensitized to amphetamine (AMPH) and to cocaine (COC). The
behavioral sensitization to AMPH has been obtained injecting male Sprague-Dawley
rats with 1 mg/kg s.c. of AMPH once a day for 10 days. Microdialysis experiments
were performed after 10-14 days from the last injection. The sensitization to COC has
been induced administering 10 mg/kg i.p. of COC twice a day for 14 days and the
microdialysis experiments performed 7-10 days after the last injection. With both the
schedules of treatment we obtained a clear behavioral sensitization to a challenge of
0.25 and 0.5 mg/kg of AMPH and to 5 and 10 mg/kg of COC respect to control
animals. While the animals behaviorally sensitized to AMPH showed sensitization of
DA transmission in the NAc core but not in the NAc shell, animals behaviorally
sensitized to COC did not show sensitization of DA trasmission neither in the core nor
in the shell of Nac. These results suggest that different mechanisms mediate the
behavioral sensitization to AMPH and COC and that presynaptic changes are not
solely responsible of this phenomenon.

G. H. Trksak, and D. Jackson. Psychology Dept.; Northeastern Univ.; Boston, MA 02115 U.S.A.
Prenatal cocaine (PCOC) exposure produces a complex pattern of alterations in the
neurobehavioral profile of afflicted subjects. The neural substrates underlying these behavioral
alterations remain to be fully characterized; however, the nigrostriatal dopaminergic pathway is a
key component in normal behavioral functioning and has subsequently been identified as a
major site which may be susceptible to the actions of PCOC. The current investigation
examines the effects of PCOC exposure on dopamine (DA) and dihydroxyphenylacetic acid
(DOPAC) release from superfused striatal slices prepared from postnatal day (PD) 20-23 and
adult male offspring. Pregnant Long-Evans rats received bi-daily injections of 0.9% saline (1
ml/kg s.c.) or cocaine-hydrochloride in saline (20 mg/kg/ml s.c.) from gestational days 15-21.
Striatal slices (350 pm) were exposed to 10 p.M cocaine and electrical stimulation (1 Hz/8 min or

8 Hz/1 min, 14 mA bipolar pulses, 2 msec duration, 0.5 msec delay). Superfusate samples were
then analyzed for DA and DOPAC content with HPLC/EC. PCOC exposure had no impact on
basal DA or DOPAC release at PD 20-23; however, PCOC exposure led to significant reductions
in basal DA release in adult rats. Electrical stimulation significantly increased DA and DOPAC
overflow from tissue from prenatal saline- (PSAL) and PCOC-exposed rats of both ages.
Electrically-evoked DA release from striatal tissue prepared from PD 20-23 and adult PCOCexposed rats was equivalent to release from PSAL-exposed rats after the 1 Hz stimulation;
however, DA release in response to 8 Hz stimulation was dramatically reduced compared to that
of the PSAL-exposed groups. Cocaine superfusion increased basal DA release from all groups.
PCOC exposure significantly enhanced this effect by approximately 400% in slices from adult
rats, but did not alter cocaine’s effects on overflow evoked by the 8 Hz stimulation. These
findings illustrate that PCOC exposure produces functional alterations in the nigrostriatal
dopaminergic system, and that these alterations are apparent early in life and persist into
adulthood. The selectivity of the observed effects underscores the sublety and complexity of
PCOC-induced neurochemical alterations and associated abnormal behavioral patterns.

Supported by NIDA 1R29DA10933

385.13

385.14

REDUCTION OF SEROTONIN CONCENTRATION IN THE BRAIN DOES NOT
AFFECT EXTRACELLULAR DOPAMINE DERIVED FROM EXOGENOUS LDOPA IN THE STRIATUM OF 6-OHDA-TREATED RATS. K. Kannari*H.
Tanaka, T. Maeda, M. Tomiyama andM, Matsunaga . Dept. of Neurology, Hirosaki
Univ. Med. Sch.; Hirosaki, 036-8216, Japan.
Recently we reported that extracellular dopamine (DA) derivedfrom exogenous L
DOPA in the striatum with dopaminergic denervation was significantly reduced by
further destruction of serotonergic neurons. To determine whether this result is caused
by reduced serotonin content rather than serotonergic denervation, we monitored
extracellular DA levels derived from exogenous L-DOPA in the dopaminergic
denervatedrats with reducedbrain serotonin content.
Three groups of rats were prepared: rats with dopaminergic denervation by 6hydroxydopamine (6-OHDA); 6-OHDA-lesioned rats with further serotonergic
denervation by 5,7-dihydroxytryptamine; and 6-OHDA-lesioned rats treated with pchlorophenylalanine (PCPA) to prevent synthesis of serotonin. L-DOPA (50 mg/kg
i.p.) was administered and extracellular DA levels in the striatum were determined by
in vivo microdialysis coupled with HPLC. Extracellular DA levels after L-DOPA
administration in additional serotonergic denervation group were markedly reduced
compared to those in single 6-OHDA-lesioned group. However, in PCPA-treated
group, L-DOPA-induced extracellular DA levels were not significantly different from
those in single 6-OHDA-lesioned group.
These results suggest that in the striatum with dopaminergic denervation,
serotonin itself does not modulate extracellular DA derivedfrom exogenous L-DOPA
and that serotonergic nerve terminals are exclusively important for the conversion of
exogenous L-DOPA to DA that can be released into the extracellular space.

DOPAMINERGIC NEURONS ARE LESS RESPONSIVE TO
AMPHETAMINE BUT SEROTONERGIC NEURONS ARE EQUALLY
RESPONSIVE TO FENFLURAMINE IN DIABETIC AS COMPARE
WITH NORMAL RATS. E. Murzi*. L.E. Gonzalez. Q, Contreras. D,
Paredes1. S. Tucci. N. Menesini and L. Hernandez. Dept. of Physiology,
Medical School, Los Andes Univ., Merida; ’Clinic. Res. Institute, Medical
School, Zulia Univ., Venezuela.
Diabetic rats exhibit low dopamme (DA) and locomotion increase after
intraperitoneal injection of amphetamine (1,2). In the present report we
evaluated DA and serotonin (5-HT) release in the prefrontal cortex after
systemic or local administration of amphetamine and fenfluramine in
streptozotocin diabetic rats. DA and 5-HT were monitored by microdialysis
and high pressure liquid chromatography with electrochemical detection.
Intraperitoneal administration of amphetamine induced less release of DA
and fenfluramine less release of 5-HT in diabetic rats than in normal
[F(l,49)= 39.1; p< 0.001 and F(l, 49)= 20.8; p< 0.001, respectively]. This
difference between diabetic and normal dissapeared when fenfluramine was
injected locally by reverse microdialysis. However, after local injection of
amphetamnine, diabetic rats still released less DA than normal [F(l,49) =
8.09; p< 0.01], These results seem to indicate that fenfluramine does not
cross the blood-brain barrier in diabetic rats and that dopaminergic neurons
are less responsive to amphetamine in diabetic rats.
1) Marshall, J.F., et al. Brain Res., 111 (1976) 428-432
2) Murzi, E., et al. Neurosci. Lett., 202 (1996) 141-144
Supported by CDCHT-ULA M-632-99 and CONICIT G-97000820
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STRIATAL DOPAMINE (DA) RELEASE IN RESPONSE TO STIMULATION PATTERNS AND ITS CONTROL BY D2 DA AUTORECEPTORS
Y.Schmitz 1*, C.Schmauss2 and D.Sulzer12, 1 Depts Neurology &
^Psychiatry, Columbia University, NYSPI, NY, NY 10032
Striatal DA release is inhibited by activation of D2 DA autoreceptors,
which enhances potassium currents and inhibits voltage-dependent
calcium currents. We used pairs of electrical stimulations to study
recovery of DA release, in the presence and absence of autoreceptor
effects. DA release was recorded with 5pm carbon fiber electrodes in
mouse caudate putamen slices using fast-scan cyclic voltammetry.
Pairs of single pulses (400pA, 1msec) or pairs of 10 pulse trains (20Hz)
were applied with time intervals from 2.5 to 60 sec. For single pulse
pairs, full recovery of DA release required >60sec. The time course of
recovery was fit by a double exponential with a fast time constant
Tf=6sec and a slow time constant xs=25sec (n=17). There was no
change in the recovery rate for single pulse pairs in the presence of
the D2 receptor antagonist sulpiride, 10pM (Ts=27sec, n=9) or in D2 DA
receptor deficient (-/-) mice (Ts=25sec, n=3). In contrast, with pairs of
pulse trains the recovery rate was doubled with Ts=13sec (n=14), and
autoreceptor-regulated, so that recovery in sulpiride followed a single
exponential with x=5sec (n=7). This demonstrates that DA release
recovery is a) stimulation-dependent
and b) controlled by D2
autoreceptors. In both cases calcium influx through voltage-gated
calcium channels might be the critical signal. In addition to effects on
recovery rate, we found that autoreceptors prevent mass release of DA
in response to repetitive stimulation trains (30 10pulse trains @1Hz).
While under control conditions DA release was almost undetectable
after about 5 pulse trains (n=3), in the presence of sulpiride (n=3) or in
D2 -/- mice (n=2) this stimulation pattern evoked DA release "30 fold
greater than release evoked by the first pulse train. We propose that
different vesicle populations are released dependent on the amount of
calcium influx, which is in turn controlled by autoreceptors.

SHORT- AND LONG-TERM HETEROLOGOUS SENSITIZATION OF
RECOMBINANT ADENYLATE CYCLASES BY D2L DOPAMINE
RECEPTORS V.J, Watts* and M.G. Cumbay Department of Medicinal Chemistry
and Molecular Pharmacology, School of Pharmacy and Pharmacal Sciences, Purdue
University, West Lafayette, IN 47907.
D2 dopamine receptor activation results in short-term heterologous sensitization
of recombinant and endogenous adenylate cyclases in several host cell types.
Sensitization is blocked by D2 receptor antagonists and pertussis toxin pretreatment.
In a recent study, we have provided evidence that there are mechanistic differences
between short- and long-term sensitization of endogenous adenylate cyclase in
HEK293 cells. In an effort to explore these differences further, the current study
examined and compared short- and long-term sensitization of recombinant adenylate
cyclases by D2 receptors. This goal was accomplished by constructing cell lines
stably expressing D2 receptors in combination with recombinant isoforms of
adenylate cyclase (ACI, II, V, VIII, or IX). Similar to our previous studies, shortand long-term sensitization mediated by the D2 receptor resulted in differential
sensitization of recombinant adenylate cyclases. Long-term sensitization of Ca++stimulated (A23187) ACI was enhanced compared to short-term sensitization. In
contrast, another Ca4+-stimulated adenylate cyclase, ACVIII, was not sensitized
following short- or long-term agonist treatment. We also found that the activity of
ACII was markedly enhanced following long-term agonist treatment. In our studies
with D2/ACV cells, agonist treatment resulted in an enhanced basal level of cyclic
AMP accumulation, which was not observed with the other isoforms. Lastly, we
found that agonist treatment of cells expressing D2L receptors and ACIX results in
time-dependent heterologous sensitization of adenylate cyclase activity. These new
data provide evidence that D2 receptor activation results in differential sensitization
of adenylate cyclase activity that is isoform- and time-dependent. The observation
that sensitization occurs with ACI, ACII, ACV, and ACIX, but not ACVIII, supports
a hypothesis that heterologous sensitization involves Gas and that only adenylate
cyclases that show synergistic responses are capable of being sensitized. These
studies provide additional information on the ability of subacute and chronic D2
receptor activation to modulate specific isoforms of adenylate cyclase.
(Supported by a NARSAD Young Investigator Award and Purdue University)

386.3
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CONSTITUTIVE ACTIVATION OF DOPAMINE D2 RECEPTOR BY A
SUBSTITUTIVE MUTATION LEADS TO SUPERSENSITIVITY OF
ADENYLATE CYCLASE. C. Bullock, C. Li, J. Bermak, and Q.-Y. Zhou*.
Department of Pharmacology, University of California, Irvine, CA 92697.
Overactivated dopamine systems have been implicated in pathophysiology of a
number of neuropsychiatric diseases. In order to generate a transgenic mouse model
of hyperdopaminergia, we have been searching for constitutively active dopamine
D2 receptors. We have been focusing on mutations within the third cytoplasmic
loop as this region is important for receptor coupling to G proteins and mutations in
the corresponding regions have been shown to confer constitutive activation for a
number of G protein-coupled receptors. We have extensively characterized one of
the mutant D2 receptors. D2T344k - (1) The mutant D2 receptor displays agonistspecific increased affinity. We have further demonstrated that the specific increase
in agonist affinity is an inherent property of the mutant D2 receptor as it is
insensitive to the treatment of pertussis toxin. (2) The mutant D2 receptor displays
increased potency of dopamine in eliciting acute inhibition of cAMP production
induced by forskolin. More interestingly, we have shown that, in the absence of
agonist, the mutant D2 receptor causes supersensitivity of adenylate cyclase, a
phenomenon that has been observed in D2 receptors in response to long-term
receptor activation by agonists. Expression of the mutant D2 receptor was found to
cause increased activation of adenylate cyclase by forskolin stimulation and the
activation of Gs-coupled PGEI (prostaglandin El) receptors. Taken together, all
these results indicate that the constitutive activation of dopamine D2 receptor by a
substitutive mutation leads to supersensitivity of adenylate cyclase. The availability
of this mutant D2 receptor will be useful for generating hyperdopaminergia in
transgenic models and facilitate the understanding of DI and D2 receptor interaction,
(supported by NIMH and Sloan Foundation)

EFFECT OF ACUTE ENDOGENOUS DOPAMINE DEPLETION ON IN VIVO
[123i]iBZM BINDING IN RODENTS. N. Guo*. R. Waterhouse. Y-Y. Huang. Y
Zea-Ponce, J, J. Mann and M, Laruelle. New York State Psychiatric Institute,
Columbia University, New York, NY 10032.
In humans, acute exposure to the tyrosine hydroxylase inhibitor a-methyl-ptyrosine (AMPT) results in a significant increase in the D2 receptor binding potential
(BP = Bmax/KD) measured in vivo with
(Laruelle et al.,
Neuropsychophamacol, 1997,17:162). To further characterize the effect of
endogenous dopamine (DA) on D2 receptor binding, in vivo [123ijib ZM binding
was measured in DA-depleted animals. Male Sprague-Dawley rats were pretreated
with a combination of reserpine (5 mg/kg i.p.) and AMPT (400 mg/kg i.p.).
Neurochemical analysis demonstrated that the drug manipulation produced 95+2.5
% reduction of striatal DA. The specific binding of [_123i]iBZM in vivo was
assessed 70 min following radiotracer injection. [123i]iBZM BP, calculated as
(striatum/cerebellum)-1, was significantly higher in DA-depleted animals (4.6 ±1.1,
n = 5) compered to controls (3.1 ± 0.39, n = 5, p = 0.03). Furthermore, in vitro
binding of [3H]raclopride in treated and control animals was performed to determine
the effect of DA depletion on the KD and Bmax of striatal D2 receptors. When
membranes were washed at 0°C (incomplete removal of endogenous DA), control
animals showed significant higher Kd (p = 0.03) and lower Bmax (p = 0.004) than
DA-depleted animals. However, when membranes were washed at 37°C (removal
of endogenous DA), no significant difference was observed in KD or Bmax between
the two groups. These results indicate that 1) the increase in [123i]iBZM BP
measured in vivo following acute DA depletion is due to removal of endogenous DA
but not upregulation of D2 receptors. The magnitude of this effect might provide
measurement of endogenous DA level; 2) the presence of endogenous DA affects
both the KD and the Bmax of [3H]raclopride, indicating the existence of both
competitive and noncompetitive interactions. Implication of these data for
schizophrenia and substance abuse PET research will be discussed. Supported bv
NIDA
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CHARACTERIZATION
OF
125I-IABN,
A
RADIOLIGAND
SELECTIVE
FOR
D2-LIKE
DOPAMINE RECEPTORS.
R.R. Lnedtke1*. R.
Freeman1, V.A, Boundv2, Y, Hoang, and R.H, Mach3.

FUNCTIONAL SELECIVITY OF DIHYDREXIDINE AT DOPAMINE D2
RECEPTORS IS NOT PREDICTED BY BINDING TO THE HIGH AFFINITY
RECEPTOR STATE OR STIMULATION OF GTPyS BINDING.
E.G.
Arrington*, B.L. Blake, D.E. Nichols, R.B. Mailman and C.P. Lawler. Univ.
of North Carolina, Chapel Hill, NC 27599.
Recent studies suggest that, for many G protein-coupled receptors, certain 'atypical'
agonists are able to activate selectively a subset of effector pathways linked to a single
receptor isoform. The dopamine receptor agonist DHX provides a novel example of
this phenomenon. The1 affinity of DHX for D2-like receptors is similar to that of the
typical D2 receptor agonist quinpirole, yet the functional profiles of these two
compounds are markedly different. DHX and quinpirole are potent full agonists at D2like receptors that couple to inhibition of adenylyl cyclase in striatum. Quinpirole
demonstrates robust inhibition at D2-like autoreceptors that control cell firing in the
substantia nigra, where as DHX has little or no action. The present studies were
designed to determine whether the disparate functional effects of DHX and quinpirole
are reflected in differences in binding to the high affinity state of the D2 receptor, or in
G-protein activation. We measured the affinities of DHX and quinpirole for [3H]-NPA
labeled sites and their abilities to stimulate [35S]-GTPy-S binding in rat striatum and
substantia nigra (SN). Surprisingly, we found that, in both brain areas, the affinity of
DHX for [3H]-NPA binding sites and its ability to stimulate D2 receptor-mediated
[35S]GTPyS binding were similar to those of quinpirole. These findings suggest that
the failure of DHX to inhibit SN cell firing is not due to a general inability to bind to
the D2 autoreceptor, or to activate the pool of G proteins in this brain area. The current
approach, however, did not allow assessment of individual members of the G-protein
pool in the SN, and thus leaves open the possibility that DHX may selectively activate
specific G protein isoforms coupled with the receptor conveying a functionally
selective profile. These mechanisms may explain the atypical D2 behavioral effects of
DHX and its D2 selective analogs. (Supported by MH53356, MH40537, MH42705,
HD03110, MH33127, and Training Grant NS07166).

Supported by PDF and NIDA

Department of Pharmacology, University of North Texas Health
Science Center. Fort Worth, TX; 2Ergo Science Corporation,
Charlestown, MA; ’Departments of Radiology and Physiology
and Pharmacology, Wake Forest School of Medicine, WinstonSalem, NC.
125I-IABN, was developed as a high affinity radioligand
selective for D2-like (D2, D3 and D4) dopamine receptors. °25IIABN binds with picomolar affinity and nonselectively to rat D2
and D3 dopamine receptors expressed in Sf9 cells (Kd = 50 pM
and 40 pM, respectively). 125I-LABN binds with lower affinity to
human D4.4 dopamine receptors expressed in HEK 293 cells (Kd
= 610 pM). Dissociation constants (Kd) calculated from kinetic
experiments are in agreement with Kd values obtained from
equilibrium binding studies. Scatchard plots of the binding of
12SI-IABN with rat caudate homogenates exhibit low nonspecific
binding and are linear, suggesting that the ligand is binding
primarily to D2 dopamine receptors. Quantitative autoradiographic
studies using rat brain slices indicate that 125I-IABN selectively
labels the striatum and the olfactory tubercle area. 127I-IABN
inhibits PGE,-dependent stimulation of D2 or D4.4 receptors
expressed in HEK cells in a dose dependent manner. Therefore,
125I-IABN appears to be a high affinity, selective antagonist at D2like dopamine receptors. Supported by the Scottish Rite
Schizophrenia Program and NIDA (DA 09142 and DA 09147).
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THE EFFECT OF ZINC ON BRAIN DOPAMINE (D2) RECEPTOR
BINDING KINETICS IN RATS. T.Y.Tumer* and M.R.I. Soliman.
College of Pharmacy and Pharmaceutical Sciences, Florida A&M
University, Tallahassee, FL 32307.
Previous studies in our lab have indicated that oral administration of
zinc chloride for 15 days at doses of 25, 50, or 100 mg/kg resulted in an
impairment of spatial reference memory. The present study was designed to
evaluate the effect of zinc on brain dopamine (D2) receptor binding kinetics.
Male Sprague-Dawley Rats (104-134g) adapted to 12-hour light: 12-hour
dark illumination cycles were used. Treated animals were given zinc chloride
(25 mg/kg, 50 mg/kg, or 100 mg/kg) by oral gavage for 15 days at 08:45 hr.
Control rats received equivalent volume of saline. One hour after the last
oral gavage exposure, the animals were sacrificed by decapitation, their
brains were immediately removed and dissected into various regions.
Dopamine (D2) receptor kinetics were evaluated in specific brain regions
using the ligand 3H-YM-09151-2. Receptor binding results indicated that
zinc chloride administration produced a decline in the binding affinity
(increased Kd) of the D2 receptors in the frontal cortex, hippocampus, and
midbrain. However, at these same dosages, there was a significant increase
in the D2 receptor binding capacity (Bmax) in the hypothalamus,
hippocampus, midbrain, and frontal cortex. These findings clearly indicate
that administration of high doses of zinc to rats resulted in alterations in
dopamine receptor binding kinetics, which may in part explain the observed
deficit in spatial reference memory. (Supported by NIH grant RR03020)

LORAZEPAM DOES NOT ALTER THE IN VIVO BINDING POTENTIAL OF THE
DOPAMINE D2 RECEPTOR RADIOTRACER, [I8F]FCP. R.H. Mach.12* H.D.
Gage.1 R.L. Ehrenkaufer.1 K.A. Grant.2 and M.A, Nader12. Departments of ‘Radiology
and 2Physiology & Pharmacology, Wake Forest University School of Medicine,
Winston-Salem, NC.
Positron Emission Tomography (PET) is a functional imaging technique that permits
the study of the interaction between two different neurotransmitter systems in vivo.
PET studies in anesthetized nonhuman primates have shown that drugs that potentiate
GABAergic function, such as y-vinyl GABA and lorazepam, increase the binding
potential of [“CJRaclopride ([“C]RAC) (J. Neurosci. 12: 3773; 1992). These data are
consistent with an increase in D2 receptor availability caused by a decrease in synaptic
dopamine levels through GABA-induced inhibition of dopaminergic terminal activity.
However, a recent study demonstrated that lorazepam did not alter the binding potential
of [“C]RAC when given orally to humans (Psychopharmacology 132: 361; 1997).
This discrepancy in results was attributed to differences in experimental design between
the two studies (awake humans versus anesthetized nonhuman primates).
The goal of the current study was to determine if lorazepam altered the binding
potential of [18F]4-fluoroclebopride ([18F]FCP), a PET radiotracer that has similar in
vitro and in vivo binding properties to that of [“C]RAC (Synapse 24: 322; 1996).
Test/retest PET imaging studies were conducted in isoflurane-anesthetized rhesus
monkeys (n = 12) under both baseline conditions and 30 min after intravenous
administration of lorazepam (1 mg/kg). The binding botential of [18F]FCP, measured as
the ratio of the distribution volume of the basal ganglia and cerebellum (DVR), was
2.63 ± 0.33 for the baseline test and 2.75 ± 0.44 for the baseline retest studies. Ihe
test/retest variability for the baseline study was 5.3%. The DVR’s of the lorazepam
study were 2.46 ± 0.33 for the test and 2.59 ± 0.31 for the retest studies. The
test/retest variability for the lorazepam study was 6.8%. These data suggest that the
reduction in synaptic dopamine levels caused by this dose of lorazepam are not sufficient
to alter the in vivo binding potential of [18F]FCP. Supported by DA 08468.

386.9
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PRESYNAPTIC TARGETING OF D2 DOPAMINE RECEPTORS IN
NUCLEUS ACCUMBENS NEURONS IN VITRO. T. Masson12,
J.Y. Lee1, J.A, Javitch13 and S. Rayport1'2*. ‘Dept. Psychiatry, 2Anatomy
& Cell Biology, Pharmacology, 2Ctr. Neurobiology & Behavior; 3Ctr.
Molecular Recognition, Columbia Univ.; 12'3Dept. Neuroscience, NYS
Psychiatric Institute, NY 10032.
Dopamine (DA) modulates GABAergic nucleus acumbens (nAcc)
via post- and pre-synaptic mechanisms. We have shown by
fluoroprobe labeling (Wong et al., Neuroscience, 1999) and FM1-43
destaining (Feldman and Rayport, Soc Neurosci Abstr, 1998) that
presynaptic DI and D2 receptors differentially modulate GABA
synapses. To examine the targeting of D2 receptors in nAcc neurons,
we transfected postnatal nAcc neurons, using Effectene (Qiagen), with
a dopamine D2 receptor fused at its cytoplasmic end to green
fluorescent protein (D2-GFP). At 24 h, about 1% of neurons showed
perinuclear, punctate GFP fluorescence, presumably reflecting sites of
early protein processing. At 48 h, D2-GFP fluorescence showed
predominantly a membrane distribution and was concentrated at
presynaptic varicosities, identified by the activity-dependent
endocytic marker FM4-64. Other observations have suggested that DA
receptors may be differentially distributed on the presynaptic
varicosities of nAcc neurons. The present results confirm that D2
receptors are expressed presynaptically, and should make it possible
to examine the differential distribution of D2 receptors on single
neurons; similar experiments with DI-constructs should reveal the
relative distribution of different DA receptors in the same neuron.
Support: DA08675, MH57324, MH54137, NARSAD, Burroughs
Wellcome Fund.

D2 DOPAMINE RECEPTORS ACTIVATE MAPK SIGNALING IN
CENTRAL NEURONS. Z, Yan*, J. Feng and P, Greengard, Lab. of
Molecular & Cellular Neuroscience, The Rockefeller University, New York,
NY 10021.
Dopamine, by activating D,-class and D,-class receptors, plays a significant
role in regulating neuronal excitability and gene expression. In this study, we
provide evidence showing that D2 receptors can activate mitogen-activated
protein kinase (MAPK) signaling in central neurons. Treatment of brain slices
with the D, agonist quinpirole or propylnorapomorphine (NPA) induced a
rapid phosphorylation and activation of MAPK. The antipsychotic drug
eticlopride, a selective D, receptor antagonist, blocked the quinpirole-induced
phosphorylation of MAPK, confirming the mediation by D, dopamine
receptors. In the presence of the PKC inhibitor chelerythrine and the
intracellular Ca2+ chelator BAPTA/AM, quinpirole failed to phosphorylate
MAPK. Preincubation with the MAPK kinase inhibitor PD98059 eliminated
the quinpirole-induced phosphorylation of MAPK. These data suggest that D,
receptors may couple to the Gq/PLC0 cascade and phosphorylate MAPK by a
pathway involving activation of PKC, elevation of intracellular Ca+ and
activation of MAPK kinase. Since phosphorylated MAPK can induce the
expression of various transcription factors, our results suggest that activation
of D2 receptors may induce gene expression in neurons through the MAPK
signaling cascade. This work was supported by a National Parkinson
Foundation grant (Z.Y.) and U.S. Public Health Service Grants MH 40899
and DA 10044 (P.G.).
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KINETIC CONSEQUENCES OF RECEPTOR RESERVE ON DOPAMINE D2
RECEPTOR-GIRK2 CHANNEL COUPLING. B. Griffith and G.S. Oxford*. Dept.
of Cell & Molecular Physiology. Univ. of North Carolina, Chapel Hill, NC 27599.
The individual proteins involved in the G protein mediated signaling of dopamine
D2 receptors have been well characterized. In contrast, the stoichiometric and
physical relationships between activated G protein subunits (G*), receptors (R), and
effectors (E) and their consequences on signaling have largely been unexplored. In
view of the strong biochemical associations between G and R in many systems, the
question arises as to what extent the R, G, and E are organized into functionally precoupled complexes, or whether G* predominantly diffuses away from R* and interacts
promiscuously with any E encountered. Previous studies have suggested that
adenosine receptors exist in pre-coupled states with adenylyl cyclase, while 0adrenergic receptors act through a diffusional mechanism (Tolkovsky et al. 1978a,b).
We have re-examined this issue in a signaling system which permits more rapid
measurements of E activation and control over the relative levels of expression of R
and E. Dopamine D2s receptors and hKir3.2 potassium channels were co-expressed in
CHO cells at various ratios (based on transfection input DNA). Whole cell inward
potassium currents were monitored during challenge with the D2 agonist, quinpirole,
and activation kinetics and current amplitudes analyzed to attempt to distinguish
between two general classes of model. Activation kinetics in a pre-coupled model
should be independent of the R:E ratio, whereas the R:E ratio should alter activation
kinetics if proteins interact in a purely diffusion limited manner. We observe an
increase in activation rate with increasing R:E ratios, inconsistent with exclusive
precoupling of R, G, and E elements in this system. In addition, the magnitudes of
both agonist dependent and agonist independent current are altered by the R:E ratio.
This evidence suggests that in this heterologous expression system increasing the level
of spare receptors drives effector activation in a manner consistent with interactions
governed in part by diffusional mass action. (Supported by NIH grant NS 18788).

DYNAMIN
AND
RAB5
REGULATE
GRK2-DEPENDENT
INTERNALIZATION OF DOPAMINE D2 RECEPTORS. K, Iwata. K, Ito.

Society

for

Neuroscience

. Volume

25, 1999

H, Tsuga*. A, Fukuzaki. K. Inaki. and T. Haga. Department of Neurochemistry,
Faculty of Medicine, University of Tokyo, Hongo, Tokyo 113-0033, Japan

Dopamine D2 receptors (D2R) expressed in COS-7 cells are internalized in an
agonist-dependent manner only when G protein-coupled receptor kinase (GRK) is
coexpressed. We have examined the effects of dynamin, a small molecular weight
GTP-binding protein rab5A, and their mutants on the internalization of D2Rs in the
presence of both dopamine (10 or 100 pM) and GRK2. The rate and extent of D2R
internalization were increased or decreased by coexpression of dynamin I or a
dominant-negative dynamin I (dynamin I K44E), respectively. The effects of
coexpressing these two dynamins were more prominent at 10 pM dopamine. In the
presence of 10 pM dopamine, internalization of D2R was completely suppressed
when dynamin I K44E was coexpressed, and the half life of D2R internalization
decreased relative to cells not expressing dynamin from 82 to 29 min when dynamin
I was coexpressed. Internalization of D2Rs was facilitated or suppressed by
coexpression of a constitutively active rab5A (rab5A Q79L) or a dominant-negative
rab5A (rab5A S34N), respectively. The half life of D2R internalization at 10 pM
dopamine decreased from 82 to 16 min in cells coexpressing rab5A Q79L. The effect
of coexpression of rab5A S34N was more apparent at 100 pM dopamine than at 10
pM; the half life of D2R internalization at 100 pM dopamine increased from 20 to
56 min and the proportion of internalized D2Rs after 120 min decreased from 53 to
28%. These results indicate that the GRK2-dependent internalization of D2Rs occurs
through a process involving dynamin, and that the internalization rate is regulated
by the action of rab5A. (Supported by CREST and JSPS).
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MODELING AND MUTATIONAL ANALYSIS OF A PUTATIVE
SODIUM BINDING POCKET ON THE DOPAMINE D2 RECEPTOR.
K.A. Neve*, M.G. Cumbay, V.J. Watts, K. Thompson, C.J. DuRand, and
M.M. Teeter. Oregon Health Sciences University and VA Medical
Center, Portland, OR; Purdue University, West Lafayette, IN; VA
Medical Center, Bedford, MA; and Boston College, Chestnut Hill, MA.
Homology modeling of the dopamine D2 receptor has suggested the
presence of a pyramidal sodium-binding pocket defined by residues D80,
S121, N124, and S420 at each vertex of the base, and N423 at the apex.
N52 is positioned close to the sodium pocket where it could interact with
D80. Binding of sodium to the D2 receptor reduces affinity for agonists,
enhances affinity for certain antagonists, and is also important for
activation of the receptor. Thus, mutation of D80 alters agonist binding,
sensitivity to sodium, and coupling to G proteins. We now report that
mutation of two additional residues within this pocket, N52 in TM1 and
S121 in TM3, profoundly alters the properties of the receptor. The
mutants N52A, N52L, and S121L exhibited no detectable binding of
radioligands, although receptor immunoreactivity in the membrane was
similar to that in cells expressing the wildtype D2 receptor. The mutant
N52Q, which retains hydrogen-bonding capability at this residue, was
similar to the wildtype receptor in affinity for ligands and ability to
inhibit adenylate cyclase. S121A and S121N had decreased affinity for
agonists, but increased affinity for the antagonists haloperidol and
clozapine. Interestingly, the affinity of these mutants for substituted
benzamide antagonists was decreased only in the presence of sodium,
indicating a loss of sodium sensitivity. (VA Merit Review)

RESIDUES IN THE FOURTH MEMBRANE-SPANNING SEGMENT (M4) OF
THE DOPAMINE D2 RECEPTOR ACCESSIBLE IN THE BINDING-SITE
CREVICE. J. A. Javitch*, J. Chen, V. Chiappa, and M.M. Simpson. Ctr. Mol. Rec.,
Psychiatry & Pharmacology, Columbia U.; NYS Psychiatric Inst., NY, NY. 10032
The binding site of the dopamine D2 receptor, like that of other homologous G
protein-coupled receptors, is contained within a water-accessible crevice formed
among its seven membrane-spanning segments. Using the substituted-cysteine
accessibility method, we have previously mapped the residues,in the M2, M3, M5,
M6, and M7 membrane-spanning segments that are accessible in this binding-site
crevice. We determine whether a series of substituted cysteines is at the wateraccessible surface of the binding site by testing accessibility to small, charged
sulfhydryl-specific derivatives of methanethiosulfonate (MTS). These reagents react
covalently with water-accessible cysteines, and if the engineered cysteine faces into
the binding-site crevice, the reaction will affect antagonist binding irreversibly and
will be retarded in the presence of ligand. We have now mutated to cysteine, one at
a time, twenty-two consecutive residues in the fourth membrane-spanning segment
(M4). N-methylspiperone (NMS) bound to all the mutants with an affinity within 2fold of that of the background construct, Cl 18S. In contrast, the antagonist sulpiride
bound to P169C with more than 100-fold lower affinity and to several other
mutants with 10-fold lower affinity than to C118S. Thus NMS and sulpiride may
have different steric contacts, and/or these mutations may affect the interconversion
of conformational states of the receptor, which are differentially recognized by
sulpiride and by NMS. Eleven of the mutants reacted with the MTS reagents, and
nine were protected from reaction by sulpiride. Thus, we infer that the side chains
of these nine residues (W160, S163, F164, 1166, S167, L170, L171, G173, N175)
are in the water-accessible surface of the binding-site crevice. The pattern of
accessibility is Consistent with an a-helical conformation continuing a turn past the
highly conserved P169. Supported by MH57324, MH54137, and the Mathers trust.

386.15
TRANSMEMBRANE DOMAINS 1, 2, 3, 6, AND 7 ARE NOT REQUIRED FOR
THE FORMATION OF DIMERS BY D2 DOPAMINE RECEPTORS. S.P. Lee13*,
G. Varghese1, T. Nguyen3, B.F. O’Dowd13, and S.R. George1’23. Depts. of
'Pharmacology and 2Medicine, Univ. of Toronto, Toronto, Canada, M5S 1A8; 3The
Centre for Addiction and Mental Health, Toronto, Canada, M5S 2S1
We have shown in previous studies that the D2 dopamine receptor (D2DR) and
other G protein-coupled receptors form homodimers and higher order homooligomers. We have also shown that two D2DR fragments, one consisting of amino
acids 1 through 373 (N-terminus to intracellular loop 3) and the other consisting
amino acids 212 through 414 (intracellular loop 3 to C-terminus), antagonize D2DR
function when either fragment is co-expressed with the full length D2DR. Although
the mechanism by which this antagonism occurs is not well understood, the D2DR
fragments may form hetero-oligomeric structures with the full length D2DR and
thereby disrupt receptor function. In this study, we demonstrated using successive
truncations that D2DR fragments containing transmembrane (TM) domains 4 and 5
and the third intracellular loop have the necessary site(s) of interaction to undergo
dimerization. The N-terminus fragment consisting of amino acids 1-373 and further
truncated forms of this fragment lacking the N-terminus and TM 1, lacking the Nterminus and TM domains 1 and 2, or lacking the N-terminus and TM domains 1, 2,
and 3 formed homodimers and higher order oligomeric structures. However, the Cterminus fragment (amino acids 212-414), despite being well-expressed like the
other D2DR fragments, existed only as monomers. These findings indicate that
TMs 1, 2, 3, 6, and 7 are not required for the formation of dimers by the D2DR and
suggest that critical areas for receptor oligomerization may lie with the TM 4, TM
5, and/or intracellular loop 3.
(This work is supported by grants from the Medical Research Council of Canada
and the National Institute on Drug Abuse.)
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NEUROTENSIN KNOCK-OUT MICE ARE HYPERSENSITIVE TO
ALCOHOL P.R, Dobner1,3*, R.E. Carrawav2, and N.C, Deitemever1.
Departments of ’Molecular Genetics and 2Physiology, 3Program in
Neuroscience, Univ. Massachusetts Med. Sch., Worcester, MA 01655.
Neurotensin (NT) is a thirteen amino acid peptide that has been
implicated in a number of signaling functions in the both the CNS and
gastrointestinal tract. The nigh affinity NT receptor is expressed at
nigh levels in dopamine neurons and NT has been demonstrated to have
neuroleptic-like effects when administered either i.c.v. or in the nucleus
accumbens. Analysis of mouse strains that display different
sensitivities to alcohol have also implicated NT as a possible mediator
involved in alcohol sedation. To explore NT function in vivo, we have
generated NT knock-out mice using gene targeting methods. NT
mRNA is not detectably expressed in either the brain or gastrointestinal
tract of homozygous NT knock-out mice and HPLC analysis of tissue
extracts confirmed that NT is not detectably expressed in these mice.
Homozygous NT knock-out mice display no obvious abnormalities and
reproduce normally. To directly ascertain whether the NT knock-out
afreets responsiveness to alcohol sedation, NT knock-out and wild type
mice were injected with 3.5 g/kg alcohol and the duration of the loss of
righting reflex was measured. Both male and female NT knock-out
mice were found to be considerably more sensitive to alcohol sedation
(2- to 3:fold) than their wild type counterparts. NT knock-out and wild
type mice metabolized alcohol at the same rate indicating that the
increased sensitivity of the NT knock-out mice is not due to a
difference in alcohol metabolism. In contrast to the clear difference in
alcohol sedation, NT knock-out and wild type mice displayed
equivalent cataleptic responses to the neuroleptic drug, haloperidol.
These results indicate that NT antagonizes alcohol sedation in vivo and
that removal of this antagonistic signal in the NT knock-out mice
enhances alcohol sedation. Furthermqre, NT is not required for
haloperidol-induced catalepsy.(supported by HHMI Genetics Pilot
Grant)

VOLTAMMETRIC STUDY OF HIPPOCAMPAL NOREPINEPHRINE
FOLLOWING LOCUS COERULEUS INFUSION OF CRF.
V. S, Palamarchouk. J. J. Zhang. A, H. Swiergiel. and A. J, Dunn*. Dept.
Pharmacology, LSU Medical Center, Shreveport, LA 71130-3932.
Brain norepinephrine (NE) can affect corticotropin-releasing factor
(CRF)-containing neurons and vice versa. It has been suggested that CRF
directly activates locus coeruleus (LC) NE neurons. Icv CRF increases the
firing of LC-NE neurons and cortical and hippocampal NE secretion
assessed by in vivo microdialysis and voltammetry, but the
electrophysiological response of LC-NE neurons to local application of
CRF is controversial. We have used voltammetry to study the changes in
extracellular NE in rat hippocampus following infusion of CRF into LC.
A 100 ng infusion induced a rapid small decrease and after about 6
minutes, a significant increase in the oxidation current. The current
reached a peak at 13 minutes and returned to baseline within 30 minutes
after CRF infusion. Injection of CRF into other brain areas rarely elicited
hippocampal voltammetric responses. By contrast, intra-LC application of
glutamate increased the oxidation current with a delay of less than 1 min
and a peak at 2 min, indicating that activation of LC-NE neurons produces
a rapid NE release in the hippocampus. The response to glutamate was
markedly augmented by pretreatment with the NE reuptake blocker,
desipramine, suggesting that the observed current resulted from NE
oxidation. The time course of the hippocampal NE response to CRF was
similar to that observed following icv CRF, but somewhat faster. These
results indicate that CRF may act in or close to the LC to induce release of
hippocampal NE, but the delay in the response suggests that CRF does not
directly activate LC-NE neurons.
[Supported by MH50947]
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INTERFERON-ALPHA MODULATES CALCIUM CURRENTS IN HIPPOCAMPAL

ACTIVATION OF GIRK CHANNELS BY NEUROPEPTIDE Y AND GABAb
RECEPTORS IN THALAMIC NEURONS: IMPLICATIONS FOR RHYTHMIC
OSCILLATIONS. Qian-Quan Sun*, John R. Huguenard and David A, Prince
Dept. of Neurol. & Neurol. Sciences, Stanford University, Stanford CA, 94305.
Using whole-cell patch clamp recordings, infrared videomicroscopy and
fast focal solution exchange methods, the actions of NPY were examined in
thalamic slices of postnatal rats (P12-18). In current clamp mode, NPY produced a
hyperpolarization of resting membrane potential (4.37 ± 0.22 mV, n=10)
associated with an increase in conductance in neurons of the ventral basal
complex (VB) and nucleus reticularis (nRT). The effects of NPY were mediated
by NPY1 receptors. NPY produced -60% reduction in the incidence of rebound
spikes which are normally triggered by GABAa inhibitory input (n=6) and a -30%
decrease in spikes triggered by excitatory inputs by (n=ll). In voltage-clamp
mode, NPY activated a conductance in neurons from both VB (20/29) and RTN
(19/25). The NPY activated currents were purely K+ selective, required G-protein
activation and showed inward rectification. In 30 mM extracellular K+, the NPYsensitive currents had identical kinetics to those produced by GABAb receptor
agonist, baclofen (0.01 mM, n=12), and both conductances were totally blocked by
Ba2+ (ImM). In neurons pre-perfused with Ba2+ (ImM), NPY-sensitive currents
were virtually abolished (n=5). The NPY baclofen and Ba2+ sensitive current also
showed slow voltage-sensitive relaxation (n=4). Thus NPY and GABAb receptoractivated current are likely produced by activation of channels containing KIR3.1
subunits. We conclude that the activation of GIRK channels by NPY could play
important role in shaping the firing patterns within thalamocortical circuitry.
Supported by NIH grant NS12151 from the NINDS and the Pimley Research and
Training Fund.

Centro de Investigaciones Biom6dicas del Sur. IMSS. ^Departamento de
Fisiologia, Facultad de Medicina. UNAM. Mexico.
During Interferon-a (IFN-a) treatment, patients experiment neurotoxic actions,
such as anorexia, hyperthermia, paresthesia, adynamia, and reduced gonadal function
which are indicative of a direct action on some specific neural structures. Although
IFN-a modifies the excitability of several brain nuclei, mainly hypothalamus and
hippocampus, its mechanisms of action are unknown. The present study describes the
action of this cytokine on the transmembranal fluxes of calcium, detected through
voltage-dependent Ca2+ currents. These currents were recorded using the whole-cell patch
clamp technique, using conventional techniques and equipment, in pyramidal
hippocampal cultured cells from embryonic animals of 21 gestation days. The
application of pulses with increasing voltage steps induced inward Ca2+ currents whose
amplitudes were dependent on the culture time; then, between 200 and 750 pA were
recorded in cells of 7 culture days. IFN-a reduced 67.6% Ca2+ currents in a
concentration-effect fashion. Such action was observed in either, current-voltage and
temporal course protocols. Furthermore, the current-voltage relationship showed a 10 mv
shift in presence of IFN-a, and the current began to activate at more negative potentials.
The analysis of mean current, showed that the cytokine can reduced the amplitude of the
current and displace it to more positive values. Steep of inactivation increased under IFNa suggesting that L-type Ca2+ channel were mainly affected. These effects were specific
since they were not observed in superior cervical ganglion cells. IFN-a effects on
hippocampal cells were no completely reversible, suggesting a modification on the
protein channel which is different to the actions of others blockers. These results
indicate that hippocampus is a target organ for IFN-a actions and that the excitability
changes induced by the cytokine could result from modification of Ca2+ fluxes through
the cell membrane. The intracellular signaling mechanisms involved in the depressing
action on Ca2+ current, remain to be elucidated. Supported by DAGAPA IN-203798.
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HYPOTHALAMIC OXYTOCIN AND VASOPRESSIN GENE AND
RECEPTOR INCREASE POSTPARTUM IN PARENTAL MALE
AND FEMALE PRAIRIE VOLES. Z.X, Wang1*. Y. Liu1, L, Young2,
T.R, Insel2. ’Dept. of Psychology. & Neurosci. Prog., Florida State
Univ., Tallahassee, FL 32306; T)ept. of Psychiatry & Behav. Sci.,
Emory Univ., Atlanta, GA 30322.
The prairie vole (Microtus ochrogaster) is a monogamous species that
exhibits pair bonding and biparental care. Earlier studies have shown
that oxytocin (OT) and vasopressin (AVP) are involved in the regulation
of social behavior in prairie voles. In the present study, OT and AVP
mRNA and receptor binding were examined in the brains of male and
female prairie voles at three time points: sexually naive, on the day of
litter birth, or six days postpartum. OT mRNA labeling in the
paraventricular (PVN) and supraoptic (SON) nuclei, and OT receptor
binding in the ventromedial hypothalamus (VMH) increased in females,
but not in males, following parturition. In addition, AVP mRNA in the
PVN and SON increased in both male and female prairie voles when
they became parents. No effects were detected on AVP receptor
binding. A parallel experiment was also performed on promiscuous
montane voles (M. montanus) in which males do not exhibit parental
care. At parturition, hypothalamic OT mRNA and receptor binding was
increased in females (as in prairie voles), but hypothalamic AVP mRNA
was not increased in male montane voles. Together these data suggest
that an increase in the hypothalamic OT mRNA and receptor binding
was associated with the female’s parturition and lactation, whereas an
increase in the AVP mRNA in male prairie voles was associated with
their parental behavior, (supported by NIMH 54554 and 56539)

PROLACTIN RELEASING PEPTIDE (PRRP) SUPPRESSES ABSENCE
SEIZURES BY MODULATING NEUROTRANSMISSION THROUGH AMPA
RECEPTORS. S.H.S. Lin1? A. Arai3, M. Vergnes5, H-P Nothaker1, J.R. Huguenard6,
F.M, Leslie 1,2 and O. Civelli 1,4 . ’Department of Pharmacology, 2Anatomy and
Neurobiology, 3Psychiatry, and developmental and Cellular Biology, College of
Medicine, University of California, Irvine, CA 92697; 5U. of INSERM, Strasbourg,
France; department of Neurology and Neurological Sciences, Stanford University
School of Medicine, Stanford, CA 94305
Recently, a 31 aa peptide called Prolactin Releasing Peptide (PrRP) was
identified to be the ligand for the orphan G-protein coupled receptor (GPCR) GPR10
by directly coupling receptors present on pituitary cells, thereby mediating prolactin
release. We present data to suggest that GPR10 has central functions. In situ
hybridization reveals that GPR10 is highly expressed in the reticular thalamic
nucleus (RTN). Furthermore the receptor contains residues at the c-terminus that
resembles the sequence found in AMPA receptors shown to be sufficient to interact
with the PDZ domain protein GRIP (Glutamate Receptor Interacting Protein)
Biochemical studies demonstrated that GPR10 does indeed interacts with GRIP and
GRIP-Iike proteins. We postulated that the functional significance of this interaction
would be AMPA modulation by GPR10 activation. This hypothesis was tested
electrophysiologically. The peptide significantly reduced AMPA mediated currents
of whole cell recordings in RTN neurons, as well as thalamic oscillations generated
in vitro. ICV injection of the peptide into rats with spontaneous absence seizures
caused a dose dependent suppression of seizure activity. These results suggest a
novel mechanism by which GPCRs modulate neurotransmission through AMPA
receptors and implicate GPR10 as a therapeutic target in the treatment of absence
seizures and sleep disorders.
Supported by the Nelson endowed chair in Neuropharmacology and Hoffman-La
Roche, A.G.
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SUBSTANCE P STIMULATES GABA-MEDIATED SYNAPTIC
TRANSMISSION IN
THE
GUINEA
PIG
BASOLATERAL
AMYGDALA IN VITRO. K.A. Maubach, K. Martin, D. Smith, Ali, Z.* &
G.R. Seabrook. Merck Sharp & Dohme, Neuroscience Research Centre,
Terlings Park, Eastwick Rd, Harlow, Essex, CM20 2QR, U.K.
The amygdala is involved in emotional behaviour and may be a site that
contributes to the antidepressant effects of substance P receptor
antagonists. Immunohistochemical studies show high levels of
substance P (SP) and tachykinin NKi receptors in the amygdala, however
few studies to date have characterised their functional role(s) within this
nucleus. The aim of the present study was to investigate the effects of SP
within the basolateral complex (BLC) of the amygdala.
Coronal brain slices of guinea pig amygdala were maintained in vitro
and conventional intracellular voltage recordings were made from
neurones within the BLC, using electrodes filled with biocytin for
subsequent morphological identification. These neurones displayed a high
degree of spontaneous inhibitory postsynaptic potentials (IPSPs). These
IPSPs were abolished by the GABAa receptor antagonist, bicuculiine and
thus were due to spontaneous GABA release from presynaptic inhibitory
neurones. SP had little direct effect on these neurones but caused a robust
increase in IPSP frequency that was blocked by bicuculiine. The increase
in IPSP frequency was also antagonised by the NKi receptor antagonist,
L-760,735 but not by its less active enantiomer, L-781,773 or the NK3
receptor antagonist, L-769,927.
Taken together, these data demonstrate that NKi receptors modulate
inhibitory synaptic activity in the BLC of the amygdala.

TACHYKININERGIC REGULATION OF SYNAPTIC TRANSMISSION IN
THE RAT AMYGDALA. H. SUZUKI1-3- * and S, KONISHI2’3. ’Department of
Pharmacology, Nippon Medical School, Tokyo 113-8602, 2Molecular
Neurobiology Laboratory, Mitsubishi Kasei Institute of Life Sciences, Tokyo
194-8511,3CREST, JST (Japan Science and Technology), Japan.
The amygdala is thought to be a key brain structure associated with
emotional behavior, such as anxiety and fear.
Recently, tachykinin
antagonists have been reported to alleviate anxiety and depression in the
human, although their action mechanism has been poorly understood. It has
been postulated that one target for tachykinin antagonists to exert their
psychopharmacological actions would be the amygdaloid complex. However,
the actions of tachykinins and their related agents have not been investigated at
the cellular level. Thus, to assess possible roles of tachykinins in the
amygdala, we have carried out electrophysiological and biochemical studies to
examine how synaptic transmission in the amygdala is influenced by
tachykinins and what subtypes of tachykinin receptors are expressed in these
nuclei. Using transverse brain slices from rats, synaptic responses evoked by
focal electrical stimulation were obtained from principal neurons of the
basolateral amygdala (BLA) by whole-cell recordings.
Application of
substance P by superfusion increased the strength of transmission in the BLA,
and, in particular, enhanced inhibitory postsynaptic currents that occurred
spontaneously in the BLA neurons. To identify tachykinin receptor subtypes
responsible for the modulation of BLA transmission, we performed
competitive RT-PCR analyses. NK, and NK3 tachykinin receptor mRNAs
were amplified in the amygdala. These data suggest that tachykininergic
synaptic modulation plays a critical role in neural integration associated with
emotional responses involving the amygdaloid complex.
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HYPOCRETIN INCREASES THE EXCITABILITY OF LOCUS
COERULEUS NEURONS IN RAT BRAIN SLICES. A Y, Ivanov*. A.
van den Pol1, T. Kilduff2, and G. Aston-Jones. Dept, Psychiatry, University of
Pennsylvania, Philadelphia; PA 19104, IDept. Neurosurgery, Yale University, New
Haven, CT 06520 and 2Dept. Biological Sciences, Stanford University, Stanford,
CA 94305.
A strong innervation of locus coeruleus (LC) by hypocretin (HCRT)immunoreactive axons (Peyron et al, 1998) and localization of HCRT receptor
mRNA within the LC (Trivedi et al, 1998) indicate that LC cells may be responsive
to this peptide. To determine the effect of HCRT on LC physiology, intracellular
recordings were obtained with sharp electrodes from LC neurons in rat brain slices.
Bath application of HCRT (0.1, 1.0, and 10.0 pM) dose-dependently and reversibly
increased the tonic discharge rate of all tested cells (up to ~5 Hz, n=12) and slightly
(~3 mV) depolarized tested cells. All neurons were also activated by local ‘puff’
application of HCRT, and depolarized by HCRT in the presence of TTX (1 pM),
indicating that these responses were produced by activation of HCRT receptors on
LC neurons. We found that the increased spike frequency produced by HCRT was
associated with a decreased amplitude of the afterhyperpolarization following single
spikes (20.3 ± 4.9% of control, n=6). Depolarization evoked by puff (6.9 ± 0.8 mV;
n=5) or bath (3.5 + 0.3 mV; n=4) application of HCRT-2 to LC neurons persisted in
ACSF containing TTX (1 pM), Ba++ (1 mM), TEA (10 mM), and Co++ (1 mM)
or Cd++ (1 mM). Hyperpolarization of LC neurons to —90 mV suppressed the
HCRT-evoked depolarization (n=3). The apparent input resistance of LC neurons was
slightly increased (16.2 ± 4.9%; n=6) during the HCRT-evoked depolarization.
Together, these finding indicate that HCRT-2 may directly increase the excitability
of LC neurons by suppressing a potassium conductance. Supported by the PHS
grant NS24698.

METABOLIC CONSEQUENCES OF CHRONIC CENTRAL CRF AND UCN
ADMINISTRATION: SIMILARITIES TO STARVATION. Mary Jane Cullen, Len
Yeng, Zi-Xian Lu, Marge Lorang. Dimitri E. Grigoriadis, Alan C. Foster and Mary
Ann Pelleymounter*. Neurocrine Biosciences, Inc.; San Diego, CA 92121.
Corticotropin releasing factor (CRF) or urocortin (UCN) (0.05-5ug/day) were
administered into the lateral ventricle to male Long Evans rats for 7 or 14 days via
osmotic minipump. Both peptides dose- dependently reduced body weight and food
intake, although the reduction in food intake was transient, reaching vehicle levels
within 6-7 days. The CRF binding protein inhibitor, CRF (6-33) (25-100 ug/day)
did not significantly affect body weight or food intake. Similarly, deamidated CRF,
which does not bind to the CRF receptor, but does inhibit the CRF binding protein,
did not affect either body weight or food intake. In addition, CRF significantly
increased corticosterone (CORT), adrenocorticotropic hormone (ACTH) and
adrenal weight, while reducing retroperitoneal and inguinal fat pad weight after 7
days of administration. After 14 days of administration, CRF also reduced liver and
heart weight. Concurrent administration of the high affinity, mixed CRF antagonist,
cyclic urotensin (12-41) (cUTSN 12-41) (200nmol/day) significantly attenuated the
weight loss induced by CRF by about 60%. The K; values for cUTSN(12-41)at the
CRF, and CRF2alpha receptor are 7.6nM and 15.9nM, respectively. Cyclic UTSN
(12-41) also attenuated the effects of CRF on thymus weight, but not adrenal, fat
pad or organ weight, suggesting that the effects of CRF on organ weights that occur
with prolonged administration might be a function of prolonged elevations in
corticosterone, as opposed to direct central effects of CRF. These effects of chronic
CRF, such as weight loss, organ wasting and prolonged elevations in corticosterone
may suggest that chronic CRF administration could be characterized as a model of
wasting or starvation.
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CRF AND ANIMAL MODELS OF ANOREXIA NERVOSA. Margaret Joppa*, Len
Yeng, Zi-Xian Lu, Chen Chen, Marge Lorang, Dimitri E. Grigoriadis, Alan C. Foster
and Mary Ann Pelleymounter. Neurocrine Biosciences, Inc.; San Diego, CA 92121.
We have attempted to explore the role of corticotropin releasing factor (CRF) in
anorexia by assessing the effects of CRF antagonists on stress-induced appetite
suppression and exercise-induced anorexia. Further, we have characterized the
behaviors that accompanied CRF-induced appetite suppression. CRF (0.006-0.63
nmol; icv/5ul) potently suppressed food intake 1 hr after injection in female CD1
mice, with a half-maximal dose of 0.06nmol. In addition, these mice displayed a
reduction in exploratory behavior, with the same half-maximal dose required to
reduce food intake. Finally, these mice also showed a dose-dependent increase in
freezing behavior and piloerection. The CRF general antagonist, cyclic urotensin
(UTSN) (12-41), which has a high affinity to both CRF receptors (Ki=7-15nM),
attenuated all of these effects with a half-maximal dose of lnmol (icv). In contrast,
the CRF] antagonist, NBI27914, (Kj= 4-9nM), did not attenuate CRF-induced
appetite suppression or any of the behaviors above. Stress-induced appetite
suppression was induced in food-deprived rats by creating a 1:1 contingency between
a bar press for food and footshock on Day 1, and then measuring food intake (bar
presses) the next day when shock was not presented. Cyclic UTSN (12-41) (lOnmoI,
icv) significantly attenuated the reduction in food intake normally observed on Day 2,
whether it was given prior to the bar press session on Day 1 or on Day 2. The role of
CRF was also explored in the exercise-induced anorexia syndrome, which is
characterized by a dramatic increase in wheel running, a rapid reduction in body
weight, a dramatic reduction in thymus weight, an elevation in adrenal weight, and
the presence of severe gastric ulcers. Cyclic UTSN (12-41) showed a trend toward
attenuation of the changes in adrenal weight and wheel running, and completely
eliminated the formation of gastric ulcers. Taken together, these data suggest that
CRF plays an important role in stress and exercise-induced anorexia.

EFFECT OF PERIPHERAL CORTICOTROPIN-RELEASING FACTOR (CRF) AND CRF
ANTAGONIST ON GASTRIC VAGAL AFFERENT DISCHARGE IN RATS.
H.P.Kosoyan*, J.Y.Wei, Y.Tache. UCLA, CURE/DDRC, VAMC and Dept. of Med. and
Brain Res. Inst., Los Angeles, CA 90073.
Our previous functional studies indicate that iv CRF decreases intraluminal pressure in part
through vagal pathways (J.Gastrointest.Motil. 2:265, 1990) and decreases gastric vagal efferent
discliarges (Gastroenterology, 106: A526, 1994). CRF bindings sites have also been
cliaracterized on vagal afferents (J. Neuroendocr. 4:281, 1992). Aim: To assess the influence
of CRF and CRF antagonist (Astressin-B) injected intravenously (iv) on gastric vagal afferent
discliarge (GVAD). Method: Male SD rats (280-320 g) were anesthetized with urethane and
implanted with an intrajugular catheter for iv (0.1 ml) injection. A flexible, latex balloon was
placed in tlie stomach via the incisure for gastric distention (GD, 5 nJ saline at 37° C). A strand
of ventral gastric branch of the vagus was cut proximally to record afferent discharge. Nerve
signals were sent to a window discriminator and counted on computer. One minute maximum
peak values from preinjection basal GVAD were calculated (Mean ± SEM). Results: In
control experiments 5 consecutive injections of saline at 12-35 min intervals did not cause
significant change in basal GVAD (101 ±0.9%, 99.8±0.3%, 99± 1.1 %, 98.8±0.6% and
98.5± 1.8%, F5,18=0.858, P=0.531), while the GD applied after iv injections significantly
increased GVAD to 400.3 ±23.9% (F6,21 = 154.530, P<0.05, n=4). Consecutive iv CRF
(6.3, 21, 63 and 126 pmol) significantly and dose-dependently increased GVAD to
113.3± 1.4%, 128±2.9%, 147.5±4.7% and 186±9.1 % (F4,25=93.348, P<0.05, n=6),
respectively, compared with the iv injection of saline (97.7 ±1.1%) before CRF. In another
group of animals (n=5) iv injections of distilled water and astressin-B, followed by saline and
CRF (21 anti 63 pmol) at 20* min and 120th min, respectively, after the astressin-B had no
significant effect on GVAD. CRF (63 pmol), injected at 50th min and GD performed at 150th
min after the CRF antagonist significantly increased GVAD to 132.8± 12.8% (F5,24 = 3.994,
P<0.05) and 366.2 ±28.1% (F6,28 = 65.330), respectively. In the control group of animals
pretreated with astressin-B, four coasecutive injections of saline did not change GVAD. In
contrast, GD applied after saline injections, produced significant increase of GVAD
(590.4 ±83.5%, n=5, F6,28 = 34.598, P<0.05). Conclusion: Peripheral CRF dosedependently activates gastric vagal afferent terminals tliat also respond to gastric distention.
These data and our previous findings suggest tliat iv CRF can alter gastric functioas via vagovagal reflex. (Supported by NIH grant DK30110).
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NEUROPEPTIDE-Y IN BRAINS OF THE FLINDERS SENSITIVE LINE RAT, A
GENETIC MODEL OF DEPRESSION. EFFECTS OF ELECTROCONVULSIVE
STIMULI AND d-AMPHETAMINE ON PEPTIDE LEVELS AND LOCOMOTION. P.A.
Jimfenez1*, P. Salmi2, S. Ahlenius3, A.A. Math61. 1Karolinska Institutet, Inst. Clin.
Neuroscience, St. Gdran's Hospital, 112 81 Stockholm, Sweden; 2Karolinska
Institutet, Center for Genomics Research; ’Karolinska Institutet, Dept. Physiology
& Pharmacology
Background: Previous clinical and experimental studies have demonstrated that
neuropeptides, in particular neuropeptide Y (NPY), might be involved in depression
and psychotic processes as welt as in the mechanisms of action of
electroconvulsive treatment (ECT), lithium and antipsychotic drugs. In a further
series of experiments, we explored whether (1) there are differences in baseline
regional brain neuropeptide concentrations between Flinders Sensitive Line (FSL)
rats, an animal model of depression, and Flinders Resistant Line (FRL) controls,
(2) effects of ECS on locomotion and brain neuropeptides are different between the
'depressed* FSL and control FRL animals, (3) amphetamine affects behavior in
’depressed’ and control rats in a distinct and different fashion, and (4) ECS
pretreatment will modify amphetamine’s effect on behavior, and if so, wl
’depressed” and control animals be differentially affected.
Methods: FSL and FRL animals were divided into two groups receiving ECS or
sham (8 treatments, every other day). Twenty four hours after the last session,
animals were habituated in activity boxes for 45 min before given d-amphetamine
(1.5 mg/kg, sc) or vehicle. Locomotor activity was then recorded for additional 45
min. The day after locomotor experiments, animals were sacrificed by focused high
energy microwave irradiation, the brains dissected, neuropeptide extracted and
measured by radioimmunoassays.
Results and Comment: Specific patterns of behavioral and neuropeptide
changes were found. The results will be discussed with regard to the hypothesis
that (1) neuropeptides may play a role in depression, (2) one of the ECT's
mechanism of action is effect on NPY, and (3) the dopaminergic system interacts
with NPY.
Supported by Swedish Medical Research Council, grant 10414, Karolinska
Institute, and Theodore and Stanley Vada Foundation.

CORTICOTROPHIN RELEASING FACTOR EXCITES NEURONS
OF THE RAT MEDIAL SEPTUM/DIAGONAL BAND REGION:
INVOLVEMENT OF SEPTOHIPPOCAMPAL NEURONS. M. Wu, M.
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Shanabrough, A. Kumar*. C. Leranth, and M. Alreia. Depts. of Psychiatry,
Neurobioiogy & Obst. & Gynec., Yale Univ. Sch. Med., New Haven, CT.
Corticotrophin releasing factor (CRF), via its receptors, plays a primary role in
coordinating the overall response of the body to stressors. The medial septal diagonal
band region (MSDB), which is involved in learning and memory mechanisms via the
septohippocampal pathway, is especially rich in CRF) receptors; local administration of
CRF into the MSDB decreases hippocampal acetylcholine turnover. CRF actions on
MSDB neurons may therefore contribute to stress-related learning and memory disorders. In this study, we tested the electrophysiological effects ofCRF on MSDB neurons.
The effect of bath-applied CRF (0.5 or 1 pM) was studied using cell-attached (n=25)
and/or whole-cell recordings (n=24) in brain slices. CRF increased the firing rate in
42.8% (21/49; mean incr.=l 10%) and decreased the firing rate in 14% of the neurons
tested (7/49; mean decr.=43%). An increase in spontaneously occuring EPSPs was also
observed in 2/24 whole-cell recordings. 8-Br-cAMP (2 mM), a phosphodiesterase
resistant analog of cAMP, mimicked all CRF-induced effects (n=6). To determine if
CRF-affected neurons project to the hippocampus, we tested the effect of CRF on 6
retrogradely labeled septohippocampal neurons (SHNs); 2/6 SHNs were excited by
CRF and 1 inhibited; the remaining SHNs were not affected by CRF. Additionally, using
the technique of double-labeling (lucifer yellow and choline acetyl transferase) we
determined the phenotype of 3 cells tested with CRF. All 3 neurons were found to be
non-cholinergic (presumably, GABAergic); 2/3 cells were excited by CRF and 8-BrcAMP. In conclusion, CRF alters the activity of septohippocampal and non-cholinergic
MSDB neurons; its effect on cholinergic neurons remains to be determined. These
effects ofCRF on MSDB neurons may contribute to stress-related alterations in learning
and memoty functions. Supported by DA 09797& a NARSAD award.
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THE CARDIOVASCULAR EFFECTS OF PFRF-AMIDE AND
PFR(TIC)-AMEDE, A POSSIBLE AGONIST AND ANTAGONIST OF
NEUROPEPTIDE FF (NPFF). E. Y.-K Huang3. J.-Y. Li3. K.-W.Liang1.
C.-H. Wong3, P. P.-C. Tan3. R.-C. Huang2* and J.-C. Chen1. ’Dept. of
Pharmacology; 2Dept. of Physiology, Chang Gung University; 3Dept. of
Anesthesiology, Chang Gung Memorial Hospital, Kwei-Shan, Tao-Yuan
333, Taiwan, R. O. C.
Neuropeptide FF (NPFF) was generally thought to be a neuromodulater which is highly related with opiate tolerance and dependence.
In addition, NPFF showed significant effects on cardiovascular system. It
has been reported that NPFF could elevate arterial blood pressure (BP)
and heart rate (HR) in rats. In autoradiography, NPFF receptors were
demonstrated to be located in heart tissue. To characterize tlie functions
of NPFF, we synthesized two novel NPFF analogues, PFRFamide
(putative NPFF agonist) and PFR(Tic)amide (putative NPFF antagonist),
and examined their cardiovascular effect on BP and HR. Rats (S.D. male.
250g) were used and the arterial mean BP and HR were measured by way
of direct femoral artery catheterization. Peptides were dissolved in saline
and injected in an ascending dosage delivered via femoral vein. The
results showed that PFRFamide increased BP in a dose-dependent manner,
but had no effect on HR. In contrast, PFR(Tic)amide decreased both BP
and HR. These results revealed the possibility of PFRFamide and
PFR(Tic)amide to be NPFF agonist and antagonist, respectively.
Although their affinity to NPFF receptors has not yet been determined,
these two NPFF analogues may possess great potential in drug design and
the NPFF system could be very important in mammalian cardiovascular
function.

OREXIN-A DEPOLARISES RAT LOCUS COERULEUS NEURONES VIA A
DIRECT MEMBRANE ACTION. M.L, Evans*. M. Hanies. S.PateL R. Leslie and
C D. Benham. Neuroscience Research, SmithKline Beecham Pharmaceuticals, New
Frontiers Science Park, Harlow, Essex CM 19 5 AW, U.K.
Immunocytochemical studies reveal a high density of orexin-A positive varicositybearing fibres throughout the locus coeruleus (LC) of rats. We investigated the
effects of exogenously applied orexin-A on LC neurones in rat brain slices in vitro
using intra- and extracellular recording of spontaneously firing LC neurones. Using
extracellular recording we observed an increase in cell firing in response to application
of orexin-A over the range 0.03 to 3 pM. At 1 pM, the firing rate increased by 2.87
+ 0.5 (s.e.m, n = 6) fold over baseline. The response reached a peak within 2 min and
only slowly declined during maintained perfusion of orexin-A. Firing rate returned to
near baseline levels on washout of orexin-A, and similar amplitude responses could be
obtained after a further 10 mins of wash. The EC50 value was 100 nM. Intracellular
recordings revealed a depolarisation to 1 pM orexin-A application of 6.50 + 0.8 mV
(s.e.m., n = 5). Injections of hyperpolarising current did not reveal a clear
conductance change at the peak of the response, suggesting the involvement of
multiple ion channel species. Tetrodotoxin (TTX, 3pM) was applied to the slice
while recording from identified LC neurones to eliminate action potential dependent
transmitter release. In these conditions 1 pM orexin-A caused a depolarisation of
similar magnitude to control responses in untreated slices. This suggests that orexinA acts directly on receptors on the cell membrane of LC neurones.

387.17

387.18

OXYTOCIN BINDING AND NEURONAL SENSITIVITY IN SUB-NUCLEI OF
THE AMYGDALA AND BED NUCLEI OF THE STRIA TERMINALIS (BST).
B.C. Wilson1, M.G.Terenzi2 and C.D.Ingram1*. 'Dept. of Anatomy, University of
Bristol, Bristol, UK BS8 1TD; 2Dept. Ciencias Fisiologicas, CCB, Universidade
Federal de Santa Catarina, 88040-900, Florianopolis, SC, Brazil.
A high level of oxytocin (OT) binding is detected in the central nucleus of the
amygdala (CeA) and associated dorso-lateral sub-nucleus of the BST (BSTLD), while
lower binding density is detected in the medial amygdala (MeA) and antero-medial
BST (BSTMA). This study compared neuronal responses to OT in these sub-nuclei of
the extended amygdala. Extracellular recordings were made from brain slices from
virgin female rats. OT (10'9-10'6M) caused a dose-dependent increase in firing in a
proportion of neurons from all four nuclei. OT (lO^M) excited 22% of neurons in
BSTLD and 36% of neurons in the CeA but responses were small and transient
(respective mean peak responses =1.1 and 3.4 sp/s), and quickly declined back to
baseline with no response to further application of OT. This desensitization was
homologous as responses to NMDA showed no tachyphylaxis. In contrast, neurons in
the BSTMA (n=24) and MeA (n=71) showed excitatory responses in 46% and 19% of
neurons respectively, which were much larger (mean peak responses = 3.4 and 4.5
sp/s) and more sustained than those in the BSTLD or CeA. There was no evidence of
tachyphylaxis when tested with repeated pulses of 10'7M OT, however, a small
reduction was seen with lO^M OT. Although autoradiographic studies using an
iodinated OT receptor antagonist showed a higher density of binding in the CeA and
BSTLD than in other sub-nuclei, neurons in these regions displayed much lower
sensitivity to OT: equipotent responses were obtained with a dose of KT6 M in CeA
and 10'8 M in MeA, and neurons in the CeA and BSTLD were almost insensitive to
doses smaller than 10"6 M OT. The BSTLD is considered to be a morphological
extension of the CeA, and the BSTMA an extension of the MeA. These data show that
excitatory responses to OT vary considerably between these nuclei, but the relative
expression of OT binding sites and the patterns of response reflect these associations
within the extended amygdala. Funded by the BBSRC.

MELATONIN REDUCES EPILEPTIC-LIKE DISCHARGES OF PYRAMIDAL
CELLS IN HIPPOCAMPAL-PARAHIPPOCAMPAL SLICES. Velazquez, M,
Martinez. J.L, Prieto-Gbmez. B*, and Reves-Vazquez, C, Departamento de Fisiologla,
Facultad de Medicina, UNAM., Mexico 04510, D.F.
Seizure susceptibility is increased in pinealectomized animals and highly
reduced by systemic and local melatonin administration; suggesting that this hormone
acts as an endogenous anticonvulsant substance. However, neither the mode of action,
nor the site of this effect has been well understood. Combinated hippocampalparahippocampal rat slices were employed to study the effect of melatonin on the
complex epileptiform activity discharges after Schaeffer collateral stimulation in vitro.
Extracellular and intracellular electrical activity was recorded from CAI neurons. With
repeated stimulation, slices generated several different types of epileptiform discharges,
linked to the proceeding stimulus. Melatonin (IC50 234.4 pM), GABA (IC50 2.7 pM)
and Clonazepam (IC50 567.8 pM) application reduced all types of epileptiform activity.
GABAa receptor blockers, biccuculine (10-6 M) and picrotoxin (10-7 M); and
flumazenil, a benzodiazepine receptor blocker (10-8 M), reduced the inhibitory effects of
GABA and clonazepam, respectively; but had no effects on melatonin suppressing
actions. In CAI pyramidal cells intracellular recordings, melatonin (10-8 to IO 4 M)
decreased the amplitude of excitatory postsynaptic potentials and reduced the probability
of firing action potentials upon synaptic activation. In nominally Mg2+-free solution,
Melatonin (100 pM) reduced in aproximately 55% NMDA receptor-mediated synaptic
excitatory postsynaptic potentials isolated by the presence of 10 pM of 6-cyano-7nitroquinoxaline-2,3-dione, and 10 pM bicucculline. These effects contribute to decrease
excitatory synaptic transmission and are likely to limit neuron recruitment and
propagation of epileptic discharges. These results indicate that melatonin exert an
important anticonvulsive action independent from GABAergic mechanisms. Supported
by DGAPA IN-203798.
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Expression of Orexin 1 and orexin 2 Receptor mRJlfA are differentially
regulated in the rat brain by Food deprivation.

NOCISTATIN SELECTIVELY REDUCES INHIBITORY NEUROTRANSMISSION IN THE RAT SPINAL CORD DORSAL HORN AND INDUCES
STRONG HYPERALGESIA AFTER INTRATHECAL INJECTION. H.U._
Zeilhofer*, S, Ahmadi, K. Erb and U, Muth.-Selfracfr Dept. of Exp. and
Clin. Pharmacology, University of Erlangen-Niimberg, Fahrstrasse 17, D91054 Erlangen, Germany.
The modulatory actions of nocistatin (NST) and nociceptin/orphanin FQ
(N/OFQ) on excitatory and inhibitory postsynaptic currents (EPSCs and
IPSCs) were studied in transverse slices of the rat lumbar spinal cord. EPSCs
and IPSCs were evoked by extracellular electrical stimulation and recorded
from neurons in the superficial layers of the dorsal hom in the whole-cell
configuration of the patch-clamp technique.
NST (10 pM) reversibly reduced average IPSC amplitudes by 40.5+2.7 %, but
had no effect on EPSCs (n=10). By contrast, N/OFQ (10 pM) selectively
reduced EPSC amplitudes by 43+3.2 % (n=14) with no effect on IPSCs.
Inhibition by NST occurred in a concentration-dependent manner with an
ICgo of 526 nM and a Hill coefficient of 1.51. GABA and glycine-mediated
IPSC components were reduced equally. Analyses of changes in the variation
coefficient of IPSC amplitudes induced by NST suggest a presynaptic site of
action. Inhibition by NST was completely suppressed by preincubation of
the slices with pertussis toxin, a specific inhibitor of G-proteins of the
Gi/Go subtype.
In the rat formalin test NST dose-dependently increased the number of
flinches at doses ranging from 1 pmole to 10 nmoles/rat, when applied
intrathecally to the lumbar spinal cord via surgically implanted catheters.
In contrast to NST, N/OFQ exhibited significant antinociceptive effects at
10 nmoles/rat.
In concert with N/OFQ, NST presents as a modulatory machinery capable of
tuning the spinal nociceptive system to states of both increased and
decreased sensitivity to painful stimuli.
Supported in part by the Deutsche Forschungsgemeinschaft (Ze 377/4-1).

Xin-Yun Lu1, Didier BagnolV, Corinne Bagnoll, Fu-Min Lei2, Sharon Burkel, Huda AkiH
and Stanley J. Watsonl. 1Univ. Of Michigan Sch. Med., Mental Hlth. Res. Inst., Ann Arbor,
Ml 48109; 2 Inst. Of Zoology, Chinese Academy of Sciences, Beijing 100080, China.
Two novel neuropeptides, orexins A and B have been recently identified as appetitestimulating factors. Orexin receptors are classified into two subtypes, e.g. orexin 1 receptor
subtype which is selective for orexin A, and orexin 2 receptor subtype which binds to both
orexins A and B. To further understand the functions of the orexin system in feeding
behavior, we examined the expression and regulation of orexin receptor mRNAs at the
hypothalamic level by using quantitative in situ hybridization. Four groups of animals with
different feeding states were used in this study, e.g. freely feeding (n=6), 14 hours of fasting
(n=6), 14 hours of fasting followed by 6 hours refeeding (n=6) and 20 hours of fasting (n=6).
Levels of orexin 1 receptor mRNA in the ventromedial hypothalamus and medial amygdala

was significantly increased by 138±4.7% and 148±17.6%, respectively, whereas no
changes were detected in the dorsomedial hypothalamus, basolateral amygdala and
hippocampal area after 20 hours of fasting. No significant alterations in orexin 1 receptor
mRNA levels were detected following 14 hours of fasting. Orexin 2 receptor mRNA was
enriched in the paraventricular, ventromedial and arcuate hypothalamic nuclei as well as in
the amygdaloid area, CA3 hippocampal area and cerebral cortex. In contrast to orexin 1
receptors, none of brain regions examined displayed significant changes in orexin 2 mRNA
levels following short-term (14 or 20 hours) fasting. These results suggest that the orexinsignaling pathway mediated via orexin 1 receptors may play a key role in the control of food
intake. Supported by NIMH 42251.
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SOMATOSTATIN IS AN INHIBITORY NEUROMODULATOR IN
RAT DENTATE GYRUS. M. K. Tallent*, S. G. Madamba, and G.
R. Siggins. Department of Neuropharmacology, The Scripps Research
Institute, La Jolla, CA 92037
A consistent characteristic of epileptic hippocampus is the loss of
somatostatin (SST) containing intemeurons from the hilus of the
dentate gyrus. We have shown that SST depresses epileptiform activity in CAI and CA3; however, its actions in the dentate are unknown.
Therefore, we used electrophysiological recordings to characterize the
effects of SST on neuronal excitability and synaptic transmission in
dentate using the hippocampal slice preparation. SST depressed population (pop) spikes evoked by stimulating the perforant path and
recorded extracellularly in the granule cell layer. SST increased
paired-pulse facilitation of dentate pop spikes, suggesting presynaptic
inhibition of glutamate release. With whole-cell patch-clamp, we
found that SST reduced excitatory postsynaptic currents recorded
from dentate granule cells. However, in contrast to our past findings
in CAI and CA3, we detected no action of SST on postsynaptic
conductances. Our results suggest that SST is an inhibitory neuromodulator in dentate, and that the loss of SST function in epileptic
tissue contributes to hippocampal hyperexcitability. Suppported by
NIH grant MH44346.

SUBSTANCE P MODULATES SPECIFIC CELLULAR PROPERTIES
IN IDENTIFIED MOTONEURONS AND CC-INTERNEURONS IN
THE LAMPREY SPINAL CORD. E. Svensson. D. Parker, and S. Grillner*.

Dept. of Neuroscience, Division for Neurophysiology, Karolinska Institutet,
Stockholm, Sweden.
Immunohistochemical investigations have shown that the spinal cord contains a high
density of tachykinin immunoreactivity in the ventromedial part of the spinal cord, and
immunoreactivity is found in close apposition onto dendrites and cell bodies of spinal
neurons. Substance P potentiates the frequency of NMDA-induced fictive locomotion,
an effect that lasts for more than 24h (Parker et al. J. Neurosci. (1998) 18: 4800-4813)
We have studied the cellular modulatory effects of substance P in inhibitory CCinterneurons (caudal and contralateral projecting interneurons) and motoneurons.
To investigate the modulation of rebound spiking, physiologically identified neurons
were impaled with K-acetate (3 M) filled sharp electrodes. Rebound spikes were
evoked by hyperpolarizing current pulses (1-5 nA, 100 ms). Bath application of
substance P (1 pM) increases the number of rebound spikes in motoneurons, but
reduces it in CC-interneurons. In simulations rebound spiking has been shown to be
important for regulating burst frequency, and this effect could thus contribute to the
substance P-mediated network modulation.
To investigate the modulation of calcium conductances, neurons were impaled with
CsCl (3 M) filled electrodes. Calcium spikes were evoked in the presence of the sodium
and potassium channel antagonists tetrodotoxin (1.5 pM), tetraethylammonium chloride
(10 mM), and 4-aminopyridine (200 pM). Bath application of substance P (1 pM)
increases the duration of the calcium spikes in motoneurons but reduces it in CCinterneurons. These results suggest that substance P increases high-voltage activated
calcium conductances in motoneurons, but reduces them in CC-interneurons. The
subtypes of calcium channels that are modulated are under study.
Supported from MFR (3026, 12584)

388.3

388.4

GALANIN HYPERPOLARIZES NEURONS IN THE DORSAL
MOTOR NUCLEUS OF THE VAGUS.
S.M, Krasnow. J.A.
O’Brien, and A.J. Berger*. Department of Physiology and
Biophysics, University of Washington, Seattle, WA, 98195-7290.
Neurons in the dorsal vagal motor nucleus express galanin receptors
and are innervated by galanin-containing fibers. We investigated the
effects of galanin on vagal neurons using whole-cell patch clamp
recordings in a visualized rat (P9-13) brainstem slice preparation.
During current-clamp recordings, from a resting membrane potential
of —47.3 ±6.7 mV (mean ± SD), bath application of galanin (100-500
nM) induced a hyperpolarization in 11 out of 12 vagal neurons. The
average membrane hyperpolarization was 6.9 ±3.6 mV. The effects
of galanin persisted in the presence of TTX, CdCb, DNQX, AP5,
strychnine and bicuculline, suggesting that galanin acts directly on
vagal neurons (n=4). Hyperpolarizing current steps, measured before
and during the galanin-induced hyperpolarization, revealed an
increase in conductance in 6 out of 6 cells. Current-voltage
relationships recorded before and after the galanin-induced
hyperpolarization intersected (i.e. reversed) at -84 ±1.7 mV (n=3),
which is close to the expected K+ reversal potential (Ek = -100 mV).
These data suggest that galanin hyperpolarizes vagal neurons, for the
most part, by increasing a K+ conductance.
Supported by NIH NS 14857 and NIH Training Grant
5T32GM07108.

MODULATION OF SPONTANEOUS [Ca2+], OSCILLATIONS BY VASOPRESSIN
IN ISOLATED RAT SUPRAOPTIC NEURONES. N. Sabatier. N. Hussy* and G.
Dayanithi. CNRS UPR-9055, 141 rue de la Cardonille, 34094 Montpellier, France.
Magnocellular vasopressin (AVP) neurones of the hypothalamic supraoptic (SO)
and paraventricular nuclei express phasic electrical activity that induces the release of
the AVP from the neurohypophysis. AVP neurons of the SO nuclei are autoregulated
by the peptide they synthesize. AVP released at the soma and dendrites modulates the
phasic firing pattern of AVP neurones by exerting excitation or inhibition, depending
on the initial firing pattern. At the subcellular level, AVP increases the intracellular
Ca2+ concentration ([Ca2*];) in freshly dissociated SO neurones. Simultaneous
measurements of changes in [Ca2*]; and electrophysiological parameters have revealed
that the phasic bursting activity of AVP neurones is related to an increase in the
[Ca2+L In our preparation, two types of AVP-responsive neurones are usually
observed: neurones with a stable resting [Ca2*]; (non-oscillating cells) and neurones
displaying spontaneous oscillations of [Ca2*]; (oscillating cells). We investigated
whether AVP, in addition to its direct effect to evoke [Ca2*];, could modulate the
resting [Ca2*]; levels. Measurements of [Ca2*]; were made using the Fura-2
microspectrofluorimetry in freshly dissociated cells. In some cases among nonoscillatory neurones the typical [Ca2*]; increase induced by AVP was immediatly
followed by [Ca2+]; oscillations. Among neurones exhibiting spontaneous [Ca2*];
oscillations, two effects of AVP were observed: AVP either totally blocked the
oscillations or changed the oscillatory pattern. In 3 spontaneously oscillating neurones
the [Ca2*], increase in response to AVP decayed to resting level and then stayed stable.
On the other hand, the frequency of [Ca2*]; oscillations was increased following the
[Ca2*]; response to the AVP in 7 oscillating neurones. In one case a decrease in the
frequency was observed after AVP. In conclusion, AVP acted differently on the
resting [Ca2*]; levels depending on the initial behaviour (stable or oscillating) of the
neurone and this may be related to the different effects of AVP observed on the
electrical activity of AVP neurones in vivo. These multiple actions might lead to an
optimal systemic release of the AVP.

388.5

388.6

EFFECT OF VASOPRESSIN ON THE INPUT-OUTPUT PROPERTIES OF
FACIAL MOTONEURONS OF THE RAT. P. Pierson1-2 and M, Raagenbass1*.
department of Physiology, University Medical Center, CH-1211 Geneva 4,
Switzerland; 2 Laboratoire Theramex, 98007 Monaco Cedex, Monaco.
In facial motoneurons, vasopressin can generate a persistent inward current
which is concentration-related, Na+-dependent and TTX-insensitive and which
is modulated by the membrane potential (Raggenbass et al., J. Neurosci. 1991,
11:1609-1616). In order to investigate how this peptide-induced current can
affect the motoneuron repetitive discharge, we used brainstem slices and
current-clamp whole-cell recordings. The location of the recorded neurons
within the facial nucleus was ascertained by biocytin labeling, followed by
histological processing of the slice. Repetitive firing was evoked by injecting
depolarizing current pulses of varying amplitude. In the presence of
vasopressin, the motoneuron excitability was enhanced. The current intensity
needed to attain the firing threshold was decreased and the frequency-current
(F/l) relationship underwent a parallel shift to the left. Similar effects were
observed in the presence of Cd++ or when recordings were carried out using
patch pipettes filled with a Cs-containing solution. In addition, the effect of
vasopressin differed from that of apamin, a blocker of small conductance
Ca++-activated K+ channels, which enhanced motoneuron excitability by
causing both a shift to the left and an increase in the slope of the F/l
relationship. These results suggest that the vasopressin-induced shift in the F/
I relationship was solely due to the peptide-evoked Na+-dependent current and
not to possible effects of the peptide on Ca++ or K+ channel activity. It is
tempting to speculate that by modifying the input-output properties of facial
motoneurons, endogenous vasopressin, probably of hypothalamic origin, may
modulate the activity of facial muscles. Work supported by the Swiss National
Science Foundation (Grant 31.43436.95).

VTA DOPAMINE NEURONS ARE DIRECTLY EXCITED BY CRF
P.L. Cameron1* and E.D, Nalivaiko2 'Dept. Anatomy & Histology and 2Dept.
Human Physiology, ‘'2Centre for Neuroscience, School of Medicine,
Flinders University, GPO Box 2100, Adelaide 5001, Australia
Dopamine neurons in the ventral tegmental area (VTA) are thought to mediate the
rewarding properties of many drugs of abuse. Recently, attention has focussed on
the interaction between environmental stress and the formation of compulsive drugseeking behavior. One possible mechanism for this interaction involves the action of
the so-called “stress-hormones” on VTA neurons. We describe a direct excitatory
action of corticotropin releasing factor (CRF) on identified VTA dopamine neurons.
Under halothane anaesthesia, rats were decapitated, brains removed and mesencephalic slices (300pm) containing the VTA were prepared. Both extra- and
intracellular recordings were made using conventional methods. Putative dopamine
neurons (spontaneous, regular action potentials with pronounced, long-lasting afterhyperpolarizations; AHPs) increased their firing rate in response to CRF (3 lOOnM). A maximal response at was obtained at lOOnM, with some neurons were
observed changing from tonic to burst firing patterns. CRF failed to alter membrane
potential or input resistance but did induce a concentration-dependent reduction in
the slow component of the AHP. These effects were mediated postsynaptically as
they were sustained in the presence of a low Ca**, high Mg** perfusate.
Following recording, neurons were juxtacellularly or intracellularly labeled with
neurobiotin and examined for tyrosine hydroxylase (TH) immunoreactivity. The
majority of neurons that responded to CRF were TH-positive, whereas those that
failed to respond were TH-negative. These results show that CRF has a direct and
long-lasting excitatory effect on VTA dopamine neurons.
(This work was supported by the Australian NH&MRC).
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EXCITATORY ACTION OF OREXIN A ON RAT DORSAL MOTOR
NUCLEUS OF THE VAGUS (DMNV) NEURONS IN VITRO.
L.L.Hwang? C.-T.Chen and N.J.Dun. Dept. of Pharmacol., James H.
Quillen Col. of Med., East Tennessee State Univ., Johnson City, TN
37614.
Immunohistochemical studies showed that the rat DMNV receive a
moderately dense network of orexin A-immunoreactive fibers. Wholecell patch recordings were made from DMNV neurons in 500 gm thick,
coronal medullary slices of 8-12 days old Sprague-Dawley rats. DMNV
neurons had a mean resting membrane potential of -54±1 mV, input
resistance of 844+119 Mft and spike height of 74+2 mV (n=44). A
portion of the neurons discharged spontaneously. Superfusion of orexin
A (0.1 gM) caused a slow depolarization (2 to 14 mV) with or without
neuronal discharges in 10 of the 44 neurons tested. The response was
not affected by tetrodotoxin (TTX, 0.5 gM) in 5 of the 7 neurons but
was smaller in the other 2 neurons. The depolarization was associated
with a moderate decrease in membrane resistance. Orexin A increased
the frequency of spontaneous discharges, without causing a detectable
change in membrane potential in 2 neurons. In addition, orexin A
increased spontaneous excitatory and inhibitory synaptic potentials in 4
neurons. Our results show that the peptide directly depolarizes a portion
of DMNV neurons and causes a release of excitatory or inhibitory
transmitters from neurons presynaptic to the recording neurons.
(Supported by NS18710 and HL51314).

INCREASED BLOOD PRESSURE RESPONSE TO ADRENERGIC
STIMULATION
IN
TRANSGENIC
RATS
OVEREXPRESSING
NEUROPEPTIDE Y. M. Michalkiewicz*. West Virginia University,
Department of Physiology, Box 9229, Morgantown, WV 26506.
Using a copy of the rat structural neuropeptide NPY gene, transgenic NPY
rats (NPY+) have been generated to investigate the role of NPY in
cardiovascular regulation. A number of the transgenic cardiovascular
tissues, including the blood vessels, heart, or kidney, demonstrated higher
NPY concentrations (p<0.05). Basal plasma levels of NPY were not different
between the genotypes, but the circulating NPY response to cold stress was
52.0% higher (p<0.05) in NPY+ males. It is likely that the transgenic NPY
expression sites and its release are subjected to the same physiological
regulation as its endogenous counterpart. At all ages tested, systolic (tail)
blood pressure was 17-21 mm Hg higher (p<0.05) in NPY+ males than in
their non-transgenic siblings. In NPY+ males, pressor responsiveness to
increasing doses of norepinephrine was significantly increased. The
norepinephrine ED50 in NPY+ mutants was 1.3 ±0.1 vs. 2.3 ±0.2 nmole/Kg
(p<0.05) in wild genotype. We investigated the effect of NPY overexpression
on cardiovascular responsiveness to a cold water stress. Together with a
higher level of circulating NPY during stress (p<0.05) the pressor and the
heart rate responses to stress were significantly (p<0.05) higher in NPY+
males. We have shown here that genetically increased NPY signaling leads
to a mild hypertension and enhanced cardiovascular responsiveness to
afta2 stimulation and stress. The mechanism of the hypertension in the N.PY
transgenic rats may involve a direct activation of the vascular Yi receptor
and it could involve an increased sensitivity of the vascular adrenoceptor.
Our results establish the importance of endogenous NPY signaling in the
regulation of cardiovascular functions. NPY+ rats will facilitate studies on the
role of NPY in the physiopathology of hypertension. (Support: NIH, AHA).

388.9
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OXYTOCIN MODULATES
THE
CENTRAL
CARDIOVASCULAR
RESPONSES MEDIATED BY <x2-RECEPTORS. R.Garrido. Z.Pfaz-Cabiale, P,
Marcos, M. Garcia-Coronel, R. Covenas, K. Fuxe1. S. Gonzalez-Baron and J.A.
Narvaez*. Dept. de Fisiologia, Facultad de Medicina, Universidad de Malaga
(Spain) and ‘Dept. of Neuroscience, Karolinska Institute, Stockholm (Sweden)
There is evidence for a direct projection from oxytocin containing neurons in the
paraventricular hypothalamic nucleus to the nucleus tractus solitarius (NTS) and in
this way it has been suggested a cardiovascular role for oxytocin (OXY). We have
investigated if OXY participates in central cardiovascular regulation and its
possible role on the modulation of cardiovascular responses mediated by a2receptors. Different doses of Oxytocin (OXY) [1 to 20 pmol, dissolved in artificial
cerebrospinal fluid (aCSF)] were microinjected into the NTS of urethane
anesthetized rats. Other group of rats were coinjected with threshold doses of OXY
[1 pmol] together with an ED50 dose of clonidine (CLON) [200 pmol]. Control
rats received a CSF alone. Mean blood pressure (MAP) and heart rate (HR) were
recorded during 30 minutes after microinjections from a femoral catheter. Oxytocin
10 pmol elicits a significant increase (p<0.001) in MAP and HR five minutes after
injections and this effect is maintained during the whole recording period. No
significant changes are observed at doses of 1 pmol or 20 pmol although at this
dose a late significant (p<0.01) increase of MAP and HR is found-at 30 minutes.
Threshold doses of OXY [1 pmol] significantly blocks (p<0.001) the vasodepressor
and bradycardic responses elicited by the ED50 dose of CLON. These results
demonstrate that OXY has a role on central cardiovascular regulation and it blocks
the cardiovascular responses elicited by clonidine. Thus, it could be suggested that
OXY could modulate the sympatholytic effects induced by a2-receptors activation
within the NTS. This work is supported by the Spanish CICYT (PB96-1467).

POTENTIAL SOURCES OF PITUITARY ADENYLATE CYCLASEACTIVATING POLYPEPTIDE-IMMUNOREACTIVITY (PACAP-IR) IN
GUINEA PIG CARDIAC GANGLIA. M.A. Calupca*, M.A. Vizzard, and R.L.
Parsons. Dept. of Anat. & Neurobio., Univ. of Vermont, Burlington, VT 05405.
PACAP has been shown to depolarize and increase membrane excitability of
guinea pig cardiac ganglia neurons (Braas et al., J. Neurosci., 18:9766, 1998). The
present study investigated the origin of PACAP-IR fibers innervating guinea pig
cardiac ganglia. Immunohistochemistry was performed on cardiac ganglia whole
mounts, stellate, nodose, and dorsal root ganglia (DRG; T)-T4), and caudal medulla.
In control, whole mount cardiac ganglia preparations, only 4% of the intrinsic
neurons were PACAP-IR, although most ganglion cells exhibited a pericellular
network of PACAP-IR fibers. After 3-7 days in explant culture, virtually all
PACAP-IR fibers had degenerated, demonstrating that the major source of the
PACAP-IR fibers was extrinsic. PACAP-IR was colocalized with choline acetyl
transferase (ChAT)-IR in fibers within the stellate ganglia, but not within
neuropeptide Y (NPY)-IR cell bodies and fibers. PACAP-IR cells and fibers were
present in the nodose ganglia, some of which were also substance P (SP)-IR.
PACAP-IR was present in fibers and primarily small neurons in thoracic DRGs and
was often colocalized with SP-IR. In situ hybridization demonstrated the presence of
PACAP mRNA within neurons in the region of the dorsal motor nucleus of the
vagus and nucleus ambiguus. PACAP-IR was commonly colocalized with ChATIR, but not with NPY-IR or SP-IR, in fibers within cardiac ganglia. We conclude
that PACAP containing fibers innervating the postganglionic parasympathetic
neurons in guinea pig cardiac ganglia are primarily preganglionic parasympathetic
axons. Supported in part by AHA grant 975043N and grant NS-23978.
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LATERAL HYPOTHALAMUS: HYPOCRETIN (OREXIN)
PEPTIDE, RECEPTORS, AND LOCAL RESPONSE.
A.N. van den Pol^ P.Patrvlo. P.Ghosh, X.B.Gao
Dept.
Neurosurgery, Yale Univ. Med. Sch., New Haven, CT 06520.
Hypocretin is synthesized in the CNS only by neurons in the lateral
hypothalamic (LH) area (deLecea et al, 1998;Sakurai et al,1998), a
region of the brain implicated in energy homeostasis. Hypocretin
immunoreactive axons not only make synaptic contact with neurons in
the medial hypothalamus (Horvath et al,1999) and many other brain
regions (Peyron et al,1998), but local axons terminate on other LH
neurons. Slices of the rat LH were recorded with sharp electrodes.
Hypocretin (1 uM) evoked a reversible increase (over 400%; p<0.01) in
postsynaptic potentials (>5 mV) in recorded cells. With KCI electrodes,
hypocretin evoked an increase in spike frequency in some cells in LH
slices. In parallel studies with voltage-clamped LH cultures, hypocretin
increased the frequency of both glutamate mediated inward and GABA
mediated outward PSCs, suggesting both excitatory and inhibitory LH
cells had functional hypocretin receptors, similar to the medial
hypothalamus (van den Pol et al,1998). Developmentally, hypocretin
was expressed during the week of birth. Similarly, hypocretin and a
primary receptor, OXR1, mRNA was detected with Northern blots
during the first week of development. Physiologically, neurons as
young as 7 days responded to hypocretin in slices and cultures,
indicating that the peptide is active during the period when rats begin
to regulate energy homeostasis. These data support the hypothesis that
hypocretin modulates neuronal activity locally within the LH where it
may serve to orchestrate and modulate LH neurons involved in similar
functions.
Supported by NIH NS31573, NS34887 and NSF.

SORTING AND PACKAGING OF VASOPRESSIN-NEUROPHYSIN
-EGFP FUSION PROTEINS INTO LARGE DENSE CORE
VESICLES (LDCVs) IN PC-12 CELLs.
B, Zhang1. M. Yamashita1.
R, Fields1, K, Kusano1, J.-H, Tao-Cheng2 and H, Gainer1*,
Lab. of Neurochemistry and2 the EM-Facility, NINDS, NIH, Bethesda, MD 20892
PC-12 cells were transfected with various vasopressin (VP) gene constructs that
contained enhanced green fluorescent protein (EGFP) as reporters, and the sorting
and packaging of the fusion proteins into the large dense core vesicles (LDCVs) in
the cells was studied. The intracellular routing of the fusion proteins were followed
by fluorescence microscopy and electron microscopic immunocytochemistry
(EMICC). The EGFP containing constructs, each driven by a CMV promoter, were:
(1) the EGFP protein alone, (2) the first exon of the VP gene (containing the signal
sequence and the vasopressin peptide) fused to EGFP(VP-I-EGFP) or (3) a protein
containing all 3 exons of the VP gene (signal sequence, VP, neurophysin and a Cterminal glycopeptide) fused to EGFP in the 3rd exon (VP-III-EGFP). Both the
immunofluorescence and the EMICC data showed that : (1) when EGFP is
transfected (without a signal sequence), it is found primarily in cytosolic and nuclear
compartments, (2) when VP-I-EGFP is transfected, the fusion protein enters the
rough endoplasmic reticulum (RER) and is associated with golgi, small clear
vesicles and smooth endoplasmic reticulum, but is not found appreciably in
LDCVs, and (3) when VP-III-EGFP is transfected, the fusion protein was also
routed through the RER and golgi into LDCVs. These data suggest that the
molecular information for routing of the protein to LDCVs requires the amino acid
sequences that are downstream of exon 1 encoding the neurophysin (chaperone)
protein. The presence of VP-III-EGFP fusion proteins in the LDCVs of the PC-12
cells, permits the study of calcium dependent secretion from individual cell processes
by imaging techniques.
Supported by funds from the intramural program of the NINDS/NIH.
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SUBSTANCE P AND PROTEIN GENE PRODUCT 9.5 LABELING OF NERVE
FIBERS IN MAXILLARY SINUS MUCOSA DURING SINUSITIS IN RABBITS.
B. Hu1*, E. Young3. J. Goldman3. H. Hu1 and K. Kajander1 2. ‘Departments of Oral
Science, 2Cell Biology & Neuroanatomy, and ’Otolaryngology, and 2Graduate Program
in Neuroscience, University of Minnesota, Minneapolis, MN 55455
The role that the nervous system plays in the pathophysiology of chronic sinusitis is
largely unknown. Nerve fibers containing substance P (SP) mediate neurogenic
inflammation, but a role for these fibers during sinusitis has not been determined. The
number of nerve fibers, as evidenced by Protein Gene Product (PGP) 9.5 labeling,
decreases during inflammation. Thus, the purpose of this study was to determine if the
number of SP-containing fibers decreases in a model of maxillary sinusitis in rabbits.
In New Zealand White rabbits (2.5-3.0 kg, n=8), the left sinus was opened, the ostium
was blocked, and Bacteroides fragilis (lxlO8CFU/ml) was injected to induce
inflammation. Rabbits were killed at 14 (n=4) or 21 (n=4) days after the surgery and
perfused. Frozen sections (15^m) of sinus mucosa were immunohistochemically
double labeled for SP and PGP 9.5. The number and length of labeled fibers were
determined from digital confocal images. All fibers with SP-LI also exhibited PGP 9.5LI. In inflamed mucosa, both the total number and total length of fibers with PGP 9.5LI were less than that found in control mucosa (93 vs 173,1878 vs 2036 mm). In
contrast, for fibers with SP-LI, although there were slightly fewer fibers in inflamed
mucosa than in control mucosa (92 vs 103), there was an increase in total length of
fibers (1424 vs 1042 mm). Additionally, the proportion of fibers with SP-LI increased
in inflamed mucosa (fiber length SP-LI/PGP 9.5-LI, 0.80 ± 0.19, mean ± SD) compared
to control mucosa (0.43 ± 0.15, P < 0.01). These data suggest that, although there were
fewer nerve fibers in inflamed sinus mucosa, the proportion of fibers with SP-LI
increased. Thus, nerve fibers containing SP may play a role in the pathophysiology of
chronic sinusitis. This study was supported by NIH Grant NS33908 and the Academic
Health Center Strategic Research Initiative, Neuroscience Group.

FUNCTIONAL INTERACTION OF NEUROPEPTIDES TPEPs WITH
SEROTONIN
CONTROLLING EARLY EMBRYOGENESIS. G.A.
Buznikov,2*. L.A.Nikitina,2 V.V. Bezuglov3 and A.O.D.Willows,1 .
'University of Washington, Friday Harbor Laboratories, Friday Harbor, WA
98250; 2 Institute of Developmental Biology; institute of Bioorganic
Chemistry, Moscow, Russia
The antagonists of 5-HT receptors ritanserin and inmecarb block
cleavage divisions and disrupt normal pattern of development of cleaved
embryos of nudibranch mollusk Tritonia diomedea. These cytostatic and
teratogenic effects are specific; they are prevented by 5-HT and, especially,
by highly lipophilic amides of 5-HT and polyenoic fatty acids. The
neuropeptides TPEPs isolated from neurons Pd5 and Pd6 of pedal ganglia of
adult Tritonia, especially, TPep-PLS, protect early embryos against 5-HT
antagonists. It was found earlier (Buznikov, 1967) that 5-HT promotes
ciliary beating in embryos of gastropod mollusks. These data were
confirmed now for Tritonia embryos. TPep-PLS potentiates corresponding
stimulatory activity of 5-HT; another similar neuropeptide TPep-NLS
inhibits it. These neuropeptides may be functionally coupled with 5-HT not
only in adult Tritonia (Willows et al., 1997,1998) but during early (prenervous) embryogenesis as well.
NIH Grant R01 NS22974 (1), Grass Foundation (2), RFBR Grant 96-0449191 (2,3), INTAS Grant 96-0987 (3)
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CORTICOTROPIN RELEASING FACTOR (CRF) INDUCES PROLIFERATION
OF CEREBELLAR ASTROCYTES. Byeong Keun Ha1*, G. A, Bishop1'2, J. S.
King1'2, and R. W. Burry12, Neuroscience Graduate Program1, and Division of
Neuroscience2, The Ohio State University, Columbus, OH 43210
In the adult cerebellum, CRF, which is localized in climbing fibers, mossy fibers,
and a fine varicose plexus along the Purkinje cell layer, modulates the
responsiveness of Purkinje cells to excitatory amino acids. During development,
CRF has been detected in the primitive cerebellar anlage as early as embryonic day
(E) 11, and is continuously expressed throughout embryonic and postnatal cerebellar
ontogeny. We used cerebellar cultures from El8 mouse embryos to investigate a
possible trophic role for CRF during cerebellar development. Our culture paradigm
used serum-free defined medium to suppress cell proliferation. CRF induced
proliferation of cells in a dose dependent manner in a range of concentrations
between 0.1-10pM. The proliferating cells were identified as astrocytes based on
their expression of vimentin and GFAP. BrdU incorporation confirmed the
mitogenic effect of CRF. However, the mitogenic effects of CRF appeared to be
primarily on immature astrocytes determined by their differential expression of
vimentin and GFAP. As astrocytes mature, GFAP immunoreactivity was detected
in their cell bodies and extending processes. The finding that GFAP expression
followed vimentin expression in proliferating astrocytes is consistent with the invivo finding that GFAP expression is not observed until several days after birth in
the cerebellum. In cultures treated with CRF (> lpM concentrations), well
differentiated astrocytes with multiple radiating processes were evident, which
could not be detected in control culture. Astrocytes at more advanced stages of
development, as determined by extent of process outgrowth and GFAP expression,
incorporated less BrdU compared to immature astrocytes. In conclusion, CRF
induced proliferation followed by differentiation of astrocytes derived from the
developing cerebellum. Our finding of a gliotrophic role for CRF on developing
astrocytes suggests it may be an essential trophic factor during cerebellar ontogeny.
(Supported by NS08798)

CELL-SPECIFIC LOCALIZATION OF CORTICOTROPIN-RELEASING
FACTOR RECEPTORS. IN THE ADULT MOUSE CEREBELLUM. C. M.
Seelandt2, G. A. Bishop1* and J. S. King1. Division of Neuroscience1 and the
College of Medicine and Public Health2, The Ohio State University,
Columbus, OH 43210
Studies have shown that corticotropin releasing factor (CRF) is present in
climbing fibers and mossy fibers in the mammalian cerebellum and that it
enhances the responsiveness of Purkinje (PK) cells. Two distinct CRF
receptors, CRF-R1 and CRF-R2, have been identified in the nervous
system. The intent of this study was to use antibodies to the two receptors
to determine their lobular and cellular distribution in the adult mouse
cerebellum. Both receptors are present throughout the adult mouse
cerebellum, however they have a differential cellular distribution. To identify
cells that express CRF receptors, tissue sections were simultaneously
processed with antibodies to the two types of CRF receptors and antibodies
to either calbindin (to identify PK cells), GFAP (to identify glial processes), or
GABA or GAD (to identify GABAergic neurons or their terminals). CRF-R1
is expressed by PK cell bodies, radial glial processes in the molecular layer,
as well as glial processes in the granule cell layer and white matter. CRF-R2
is present on the axons and axon terminals of parallel fibers, and on the cell
bodies, primary dendrites, and initial segments of PK cells in all lobules of
the cerebellum as well as the cell bodies and the initial segments of basket
cells, Golgi cells and cerebellar nuclear neurons. In conclusion, the data
indicate that both CRF-R1 and CRF-R2 mediate the effects of CRF in the
cerebellum. Further, the cellular distribution of the two types of CRF
receptors suggests that CRF can influence both neuronal and glial cells in
the adult mouse cerebellum and, finally, that the peptide’s influence on
neurons is both pre- and post-synaptic. (Supported by NS-08798 and the
Roessler Foundation, OSU College of Medicine and Public Health).

388.17

388.18

CORTISTATIN AND SOMATOSTATIN mRNAS ARE
DIFFERENTIALLY REGULATED IN RESPONSE TO KAINATE
M. Calbet1, A. Guadano-Ferraz' A.P. Spier1, R. Przewlocki2 and L. de
Lecea1*. 'Dept. of Molecular Biology. The Scripps Research Institute.
La Jolla, CA 92037.2Dept. of Molecular Neuropharmacology. Polish
Academy of Sciences. Krakow, Poland
Cortistatin is a presumptive neuropeptide that shares 11 of its 14
amino acids with somatostatin. Cortistatin and somatostatin are
expressed in partially overlapping but distinct populations of cortical
intemeurons. In the hippocampal formation, most cortistatin-positive
cells are also positive for somatostatin. In contrast to somatostatin,
administration of cortistatin into the rat brain ventricles reduces
locomotor activity and specifically enhances slow wave sleep.
Intracerebroventricular injection of cortistatin or somatostatin has
been shown to protect against the neurotoxic effects of kainic acid.
Here we show that cortistatin and somatostatin mRNAs respond
differently to kainate-induced seizures. Furthermore, comparison of
the upstream sequences from the cortistatin and somatostatin
precursor genes reveal that they contain binding motifs for different
transcriptional regulatory factors. Our data demonstrate that
cortistatin and somatostatin, which are often co-expressed in the same
neurons, are regulated by different stimuli. Supported by NIMH.

THE EFFECT OF N-ACETYLASPARTYLGLUTAMATE (NAAG) AND
INHIBITORS OF NAALADASE ON MEMBRANE POTENTIAL OF GLIA
ASSOCIATED WITH THE CRAYFISH MEDIAL GIANT AXON,___ B
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Gafurov. A. Urazaev, ’R.M. Grossfeld, & E.M Lieberman*, Dept of Physiology, East
Carolina U. Sch. Med., Greenville, NC 27858 and ’Zoology Dept. North Carolina State
U., Raleigh, NC 27695.
Recent studies from our laboratories have shown that NAAG is a major metabolic
product of glutamate (GLU) and glutamine (GLN) and is released to the extracellular
space. This investigation tested the hypothesis that NAAG and GLU, resulting from
NAALADase hydrolysis of NAAG, have the requisite properties to serve as mediators
of axon-to-glia signaling, as proposed for GLU in squid and crayfish nerve fibers
(Lieberman et al. Prog. Neurobiol.,1994).
NAAG (10’7M), PNAAG (10'4M), a non-hydrolyzable analog of NAAG and
competitive inhibitor of NAALAdase, and GPI-5000 (10'9M), a potent specific
NAALADase inhibitor (a gift of Guilford Pharmaceuticals, Baltimore, MD), produced
5-10mV depolarizations rapidly followed by hyperpolarizations of ~10, 18, and 22mV,
respectively. NAAG, in combination with PNAAG or GPI, produced a significantly
larger (25mV) and more prolonged hyperpolarization than either agent alone. Since
ACh is a mediator of GLU-induced glial hyperpolarization, glial responses were studied
in the presence of the ACh receptor blocker d-tubocurarine (lO^M) in older to analyze
the early depolarizing response to GLU and its analogs. NAAG (10'7M), PNAAG
(lO^-lO^M), and GPI (10'9-10‘5M) all generated depolarizations similar to that
expected with GLU or stimulation. NAAG in combination with either pNAAG or GPI
produced larger and more prolonged depolarizations. The results suggest that NAAG
itself may participate in axon-glia signaling and that glial-associated NAALADase
acting on axonally released NAAG could generate GLU as an intercellular signaling
agent. Further studies of NAALADase activity regulation and GLU and NAAG
receptor-mediated signal transduction and ion channel regulation in glia are ongoing.
Supported by NIH NS34799 to EML & RMG.
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SYNTHESIS, STORAGE AND RELEASE OF N-ACETYLASPARTYLGLUTAMATE (NAAG) BY AXONS AND GLIA OF CRAYFISH MEDIAL GIANT
NERVE FIBERS: IMPLICATIONS FOR AXON-GLIA SIGNALING. A. Urazaev1,
P.L. Fletcher2, H. Speno3, R.M. Grossfeld4, R.H. Ray1* and E.M. Lieberman1. Depts. of
'Physiology and immunology and Microbiology, East Carolina Univ. Sch. Med.,
Greenville, NC 27858; 3DepL of Psychiatry, McLean Hosp., Harvard Med. Sch..
Belmont MA 02478; 4Zoology Dept., NC State Univ., Raleigh NC 27695.
Previous studies (Lieberman et al, Prog. Neurobiol., 1994) showed that glutamate
(GLU) initiates metabolic and ionic changes in the adaxonal glial cells following
excitation of the Medial Giant Axon. Our recent work indicates that the neuroactiv e
substance released from the axon during stimulation may be NAAG, not GLU. Both
NAAG and its hydrolysis product, GLU, hyperpolarize the glial cells.
Axoplasm and glial sheath samples from crayfish nerve fibers incubated with [14C]
GLU were analyzed by HPLC. They contained a similar distribution of radiolabeled
GLU, NAAG, glutamine (GLN), aspartate, and GABA, i.e. 55, 19, 18, 7 and <1.4 %,
respectively, of total recovered radioactivity. Expressed per volume of sample collected, glia/axoplasm ratios (G/A) of radiolabel were about 162, 49, 114, and 30.
respectively (excluding GABA). This indicates that the glia are the primary site of
uptake and metabolism of GLU. [14C] NAAG accounted for a greater fraction of radioactivity, i.e. 56%, in superfusates than in axons or glia. Following stimulation at 50 Hz
for 5min, [14C] NAAG was effectively depleted from axoplasm and, as % of total [14C],
approximately halved in glia, thus increasing its G/A to ~103. Axoplasmic and glial
[14C] GLU also were reduced, decreasing its G/A to 44. GLN was increased in
axoplasm from ~18 to 27% but did not change in glia, although there was a doubling of
GLN radiolabel. The GLU/GLN ratio fell from 7.5 to 3 in glia and from 11 to 2 in
axoplasm as a result of stimulation-induced metabolic changes. The results of this
study are consistent with release of NAAG into the periaxonal space during stimulation, where NAALADase could cleave it to GLU and NAA. NAAG and GLU could
act on glial receptors to initiate metabolic and electrophysiological events that preserve
periaxonal space ionic homeostasis. Supported by NIH NS34799 to EML & RMG.

FUNCTIONAL AND MOLECULAR DIVERSITY OF PACAP/VIP
RECEPTORS IN CORTICAL NEURONS AND TYPE I ASTROCYTES
Sebastiano Cavallarol,2*and Maurizio Grimaldi1. 'Laboratory of Adaptive
Systems, NINDS, National Institutes of Health, Bethesda, MD 20892, USA;
2Institute of Bioimaging and Pathophysiology of the Central Nervous System,
Italian National Research Council, 95123 Catania, Italy.
Messenger RNA-expression of PACAP/VIP receptors in primary cultures of rat
cortical neurons and type I astrocytes and the effects of VIP and PACAP38 on
adenylyl cyclase, inositol phospholipid hydrolysis and intracellular calcium
homeostasis were studied. As previously reported, PACAP38 and VIP
stimulated cAMP formation in both neurons and type I astrocytes. In addition,
PACAP38 concentration dependently (1 nM-100 nM)-increased inositol
phospliate (InsP) accumulation and intracellular calcium concentration ([Ca2+]i) in
neurons but not in type I astrocytes. PACAP-induced increase of [Ca2+]i was
characterized by a spike, compatible with InsP3-induced calcium mobilization
from intracellular stores, and a plateau pliase, sustained by activation of
capacitative calcium entry triggered by depletion of InsP3 sensitive calcium stores.
In absence of extracellular calcium only the spike pliase ’was present, while the
plateau pliase was clearly reduced. In addition, in the absence of extracellular
calcium, thapsigargin abolished PACAP38-induced [Ca24], rise. Treatment with 1
pM VIP did not affect [Ca2+]; in both neurons and type I astrocytes. Using
reverse transcription polymerase chain reaction, we found the mRNAexpression of PACi-HOP variant and VPAC2 in neurons, whereas the PACi-R
variant, VPACi and VPAC2 in astrocytes. Our data indicate both a functional and
molecular diversity of PACAP and VIP receptors expressed in neurons and
astrocytes and support tlie view that tlie PACi-HOP variant may be responsible for
phospholipase-C activation and [Ca2+], elevation in cortical neurons.
This work was supported in part by EC grant No. BIO4-CT98-0517 to SC.

388.21
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TWO NOVEL HYPERACTIVITY CAUSING CONUS TEXTILE PEPTIDES.
M.B, Lirazan1. A.G. Craig2, B.M. Olivera3, D. Hooper3, J.M. McIntosh3-4 & L.J.
Cruz3 5*. ’Dept. of Phys. Sciences & Math., U. P. Manila, 2Clayton Found. Lab.
Peptide Biol., Salk Inst., San Diego, CA, 3Dept. of Biol. & 4Dept. Psych., Univ.
Utah, SLC, UT 84112,5Marine Sci. Inst., UP Diliman, Q. C. 1101, Philippines.
The main component of Conus textile venom is a peptide (Kingkong peptide
or S-conotoxin TxVIA) that induces an aggressive posture in lobsters and delays
inactivation of Na channels in molluscan neurons (Hillyard et al., Biochem. 28:
358, 1989; Fainzilber et al., Biochem. 33: 9523, 1994). Although this cone snail
is a mollusc-hunter, its venom contains many peptides that are active upon i.e.
injection into mice; three were previously characterized including peptides that
cause convulsions, Scratching and rapid running (Cruz et al., Biol. Bull. 183:
159,1992; Olivera et al., Science 249: 257, 1990; Cruz et al., Proc. SEA-WP
Reg. Mtg. Pharmacol., 1995). We purified and characterized two novel
conotoxins from C. textile venom that cause various manifestations of
hyperactivity upon ic injection into mice. One of them is a 31-amino acid
peptide with bromotryptophan and a disulfide framework like the to-conotoxins.
The second peptide (Tx5.2, 13 amino acid residues) has an exceptionally high
density of post-translational modifications: 2 y-carboxyglutamates (y), an Oglycosylated threonine (T§), a hydroxyproline (O), a 6-bromotryptophan (W+)
and two disulfide bonds. The sequence yCC yDGW+CCDAAO contains a
disulfide framework (CC—CC) characteristic of a novel group of conotoxins,
the T-superfamily (Walker et al., submitted). In contrast to its excitatory effect
on mice, Tx5.2 causes suppression of the aggressive behavior in the male
Siamese fighting fish, Betta splendens. (Supported by a U. S. NIH Grant
GM48677 to BMO & a Philippine DOST-ESEP scholarship to MBL)

EFFECT OF NEUROTENSIN RECEPTOR AGONIST CONTULAKIN-G
ON DOPAMINE RELEASE FROM RAT STRIATAL^ SYNAPTOSOMES.

388.23
ROLE OF PROLACTIN IN PROSTATE CELL GROWTH R Skryma1, F Van
Coppenolle1, JC Beauvillain1, JP Dupouv 2, L.Prado de Carvalho3 and N Prevarskava*
'Laboratory of Cell Physiology, INSERM EPI-9807, Lille laboratory of
Neuroendocrinology, University of Lillie 1, INSERM U-261, Institut Pasteur, Paris, France
The neuropeptide hormone prolactin (PRL) is one of the non-steroid factors assumed to be
involved in die proliferation of prostate cells and in the development and regulation of BHP
and prostate cancer. However, the mechanisms of PRL action on the prostate remained poorly
understood. We studied the effects of PRL action in prostate cells using in vivo (rat) and in
vitro (androgen-sensitive human prostate cancer cells, LNCaP) models. The action of PRL.
alone or associated with androgens (testosterone (T) or dihydrotestosterone (DHT), was
characterized on the rat prostate gland. The effects of PRL and androgens were investigated
over a period of 30 and 60 days in 22 groups of 5 Wistar rats : control, castrated, castrated
with a substitutive implant of T or DHT, and sham operated. Hyperprolactinemia was
induced with chronic injections of sulpiride (40 mg/kg/day), which enhance PRL release.
Hyperprolactinemia increased the weight of the lateral prostate (LP) after 30 and 60 days in
control (by factors of 4.1 and 2, respectively), in castrated-T implanted (by factors of 2.4 and
3, respectively) and in castrated - DHT implanted rats (by factors of 1.6 and 3.2.
respectively). Histologically, sulpiride produced a glandular hyperplasia in the LP associated
with inflammation. These results show that the growth of the rat prostate is under PRL
control in synergy with androgens. To investigate the mechanism of PRL action at the
cellular level we have studied LNCaP cells using the patch - clamp technique. Our previous
observations showed that these cells express voltage-gated and Ca2+ -inhibited potassium
channels which are involved in cell proliferation. Now we show that exposure of cells to 5
nM PRL led to the stimulation of K+ channel activity due to increasing the channel open
probability. The effect was direct as it was observed also in excised patch experiments. The
effect of PRL on K+ channel was inhibited by tyrosine kinase inhibitors: genistein.
lavendustin A and herbimycin. We conclude from these findings that PRL stimulates the
growth of prostate cells and that one of the mechanisms included in this stimulation is the
K+ channel activation.
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Olivera1, department of Biology, University of Utah, Salt Lake City,
UT 84112. 2The Clayton Foundation Laboratories for Peptide Biology, The
Salk Institute, La Jolla, CA 92037. 3Cognetix, Inc., Salt Lake City, UT
84108.
Contulakin-G is a 16-amino acid O-glycosylated peptide isolated from
Conus geographus venom and a novel example of the neurotensin family of
peptides found in a non-vertebrate (Craig, AG, et al., "Contulakin-G, an
O-Glycosylated Invertebrate Neurotensin," J. Biol. Chem., 1999, in press).
The non-glycosylated and glycosylated forms of contulakin-G are potent
agonists of rat NTR1 expressed in CHO cells with EC50s of 0.6 nM and 25
nM, respectively. In vivo, contulakin-G is active at 10-fold lower doses
than non-glycosylated contulakin-G and both agonists are more potent
than neurotensin in nociception assays. In contrast, in vitro binding assays
of various NTR subtypes indicates affinities an order of magnitude lower
than neurotensin for non-glycosylated contulakin-G, and even weaker
affinities for glycosylated contulakin-G.
In rat striatal synaptosomes, neurotensin activation of presynaptic NTRs
present cn dopamine terminals facilitates [K+]- or nicotine-stimulated
release of dopamine. We are examining the efficacy of contulakin-G
(glycosylated and non-glycosylated) compared with neurotensin in both
elevated [K+]- and nicotine-stimulated dopamine release from rat
striatal synaptosomes.
Supported by NIH Grant GM48677 and Cognetix, Inc.

MONDAY PM

GABA RECEPTORS: STEROIDS, BENZODIAZEPENES AND ETHANOL

389.1

389.2

PROGESTERONE REGULATION OF ANTIBODY-TAGGED GABAb
RECEPTORS IN FEMALE RAT CORTEX. R. H. Thalmann* and M,
H. Jalilian Tehrani.. Baylor Coll, of Med., Houston,TX 77030

ROLE FOR NEUROMODULATORY STEROIDS IN SIMPLE
LEARNING. A, Disney and M.B. Calford*. Psychobiology Laboratory, Div.
of Psychology, Australian National University, Canberra, ACT, 0200,
Australia.
Synthesis of neuromodulatory steroids has been shown to be triggered by neural
trauma, or by exposure to anxiety-provoking stimuli; suggesting a
neuroprotective role for such steroids in the mammalian CNS. The purpose of
the current study was to determine, using habituation as a simple learning
paradigm, whether the field of action of neuroactive steroids extends beyond
neuroprotection. Evoked potentials were recorded from the inferior colliculus (IC)
of fourteen anaesthetized male Dark Agouti rats during a series of recording runs
of 25 minutes duration. Each of these habituation runs involved repetition of a
click stimulus at a rate of 5 presentations per second. After a baseline recording,
rats were given an intraperitoneal injection of either finasteride+vehicle, or
vehicle-only. Finasteride is an inhibitor of 5a-reductase, which mediates the
penultimate stage of the biosynthetic pathway leading to the production of two
neuroactive steroids; 3a-hydroxy-5a-dihydroprogesterone and 3a,5atetrahydrodeoxycorticosterone. Both steroids are positive modulators of the
inhibitory effects of y-aminobutyric acid (GABA) at its a-type receptor. Blockade
of steroid synthesis in this manner temporarily increased the amplitude of evoked
potentials recoided from the IC during repeated auditory stimulation and altered
the time-course of habituation. The results therefore suggest that repeated
stimulation was sufficient to trigger the synthesis of effective levels of
neuromodulatory steroids in a sensory pathway of the intact mammalian brain.
Supported by a grant from the Australian NH&MRC.

We found that physiological levels of progesterone alone, without
the necessity of estrogen priming, increased the apparent density of
GABAb receptors in neocortex, as assayed by [3H]-baclofen binding.
Our present aim is to identify the specific cells in which these effects
occur. Our initial work evaluated a commercially available antibody
(Chemicon) to a COOH terminal sequence that is common to both the
GABAbRIA and R1B receptor. Western blots crude homogenates of
neo cortex showed two major bands, one at approximately 117kD,
and one at approximately 97kD, presumably corresponding to
GABAblA and -1B receptors, respectively. An initial experiment
showed that 4 hours of in vivo exposure to progesterone increased
the density of both bands. Immunocytochemical analysis used’ the
same antibody [1/15000 dilution], and a secondary antibody that is
cross adsorbed to rat (Jackson Immunolabs). Staining independent of
the secondary antibody appeared to be localized in interneurons in the
two test areas examined: anteromedial frontal lobe, and the dentate
gyrus of hippocampus. Further work will determine whether the
progesterone effect can be identified with certain cell subtypes or loci.
Supported by NIH Grant 21713.

389.3
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The interaction of neurosteroids with recombinant GABAa receptors. Delia Belelli*,
Anna Casula, Helen Callachan, John A. Peters, and Jeremy J. Lambert. Neurosciences
Institute, Department of Pharmacology and Neuroscience, University of Dundee,
Ninewells Hospital and Medical School, Dundee, DD1 9SY.

ROLE OF NITRIC OXIDE IN THE MODULATION OF THE
BINDING CHARACTERISTICS OF VARIOUS RADIOLIGANDS
OF GABAa RECEPTORS BY 5a-PREGNAN-3a-OL-20-ONE IN
THE RAT BRAIN REGIONS. A.K. Mehta* and M.K. Ticku.
Department of Pharmacology, The University of Texas Health Science
Center, San Antonio, TX 78284-7764
Chronic administration of 7V“-nitro-L-arginine methyl ester HCI, i.e.,
L-NAME HCI (20 mg/kg, i.p., twice-a-day for 12 days), an inhibitor
of nitric oxide synthase, diminished die ability of micromolar
concentrations of 5a-pregnan-3a-ol-20-one, a neurosteroid, to
potentiate the [3H]muscimol (5 nM) binding in the rat hippocampus
(E^: 38.8 ± 3.5% versus 51.8 ± 3.3%, p < 0.05) but not in the
cerebellum or cerebral cortex. This effect of NAME was stereospecific
and susceptible to reversal by the pre-treatment of rats with L-arginine
HCI (600 mg/kg, i.p., twice-a-day for 12 days), a precursor of nitric
oxide. Notably, chronic administration of L-arginine HCI did not affect
the neurosteroid modulation of binding characteristics of various
radioligands of GABAa receptors by itself.
However, chronic
administration of L -NAME HCI did not affect the modulation of the
[3H]flunitrazepam (2 nM) or [35S]TBPS (4 nM) binding by 5apregnan-3a-ol-20-one in any of the rat brain regions investigated in this
study. These results suggest that nitric oxide may be involved in some
of the effects of neurosteroids in hippocampus.
Supported by NIH-NIAA grant #AA 10552.

Certain neurosteroids such as the progesterone metabolites 5a- or 50-pregnan-3a-ol20-one (5a3a, 503a respectively) are potent allosteric modulators of the GABAa
receptor. Some of the pharmacological properties of the GABAa receptor are
dependent upon the subunit composition of the receptor. The influence of subunit
composition of the human GABAa receptor upon the enhancement of GABAA-evoked
responses by 5a3a has been examined using the Xenopus laevis oocyte expression
system and the two electrode voltage-clamp technique. Steroid potency (EC50- the
concentration of steroid evoking a half maximal potentiation of the peak inward
current response to GABAa , applied at a concentration which produces a response
10% of the GABA maximum, is little affected by the a-isoform present within the
ternary complex ax0,y2L (x = 1-4,6) although the maximal effect was favoured by the
a6 -containing receptor. Similarly, the 0- isoform (ax0Yy2L; x=l,6; y=l-3) does not
influence the GABA-modulatory effect of the neurosteroid. The presence of y-subunit
is essential for the positive allosteric effect of benzodiazepines. By contrast, the EC50
of 5a3a is only modestly influenced by the omission of the y2 subunit (a^y^ u? a,0,)
and indeed the maximal effect is favoured by the binary complex. In contrast to the
potent actions of 5a3a and 503a to enhance GABAa receptor mediated responses,
their sulphated derivatives produced a monophasic inhibition of GABAa (a!0,y2L)
receptor-mediated currents (5a3a sulphate IC50 = 1.3 ± 0.2 pM; 503a sulphate IC50 =
4.9 ± 1.4 pM; n = 4). Hence, the positive allosteric effects of 5a3a and 503a could
potentially be negated by sulfatransferase enzymes in vivo.
Supported

by

an

EC

Biomedicine

&

Health

Grant

BMH4-CT97-2359
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MODULATION OF GABAA RECEPTOR-MEDIATED CURRENTS BY
ANABOLIC ANDROGENIC STEROIDS IN FEMALE RAT FOREBRAIN.

SUBUNIT DEPENDENCY OF THE 8-HEXACHLOROCYCLOHEXANE
LOCUS IN THE GABAa RECEPTOR: A COMPARISON WITH THE
BARBITURATE SITE. P.D. Maskell?* K.A. Wafford2 and I. Bermudez1. ’School
of Biological and Molecular Sciences, Oxford Brookes University, Gipsy Lane
Campus, Oxford. OX3 0BP. UK. 2Merck, Sharp and Dohme Research Laboratories,
Neuroscience Research Centre, Terlings Park, Harlow. Essex. CM20 2QR. UK.
We have previously shown that 5-hexachlorocyclohexane (8-HCH), a depressant
isomer of the insecticide y-Hexachlorocyclohexane (Lindane) enhances GABAa
receptor action by probably interacting with the barbiturate site or a separate site (8HCH locus) that incorporates regions of the barbiturate site. To further define the
relationship between these two sites we have studied the influence of the subunit
composition of the GABAa receptor on the allosteric and direct effects of 8-HCH in
comparison with the subunit determinants of barbiturate effects. Human GABAa
receptors containing different a(l, 4 or 6) and 0(1-3) sub-units with or without a y2S
subunit were expressed in Xenopus oocytes and the allosteric and direct effects of 8HCH on these subunit combinations were investigated using two-electrode voltageclamping. The allosteric effect of 8-HCH was not affected by changes in a or 0
subunit, with no significant differences in EC50 or maximum potentiation on oocytes
expressing a(l,4,6)0(l-3)y2S GABAa receptors. This is in contrast to the allosteric
effect of pentobarbital, that is significantly influenced by the type of a subunit
present. The direct effect of 8-HCH was, however, influenced by both the type of a
and 0 subunit present. In the presence of the a4 subunit, which abolishes the direct
effects of barbiturates, 8-HCH did not activate GABA responses. Similarly, the
presence of the al subunit completely eliminated the direct effect of 8-HCH. 8-HCH
potentiation did not require the y2 subunit, however larger direct effects were evoked
on a0 GABAa receptors than on a0y2S receptors. Overall these results support the
proposal that although the barbiturate and 8-HCH sites are different they probably
share one or more regions.

Jorge-Rivera1*. K.L, McIntyre2, and L, P, Henderson1’2, ^pt. of Physiology
and 2Dept. of Biochemistry, Dartmouth Medical School, Hanover, NH 03755.
A myriad of compounds induce CNS effects via allosteric modulation of yaminobutyric acid type A (GABAa ) receptors. We have previously shown that 3aDiol and three anabolic androgenic steroids (AAS: stanozolol, 17a-methyltestosterone (17Me-T), and nandrolone) modulate GABAergic synaptic currents in the
medial preoptic area (mPOA) and the ventromedial nucleus of the hypothalamus
(VMN) in female rats (Jorge-Rivera and Henderson, 1998). Surprisingly, AAS
enhanced peak synaptic current amplitudes in the VMN and diminished them in the
mPOA. We have now examined AAS modulation of currents elicited by ultrafast
perfusion of GABA (ImM, 3 ms) to neurons acutely isolated from the mPOA and
the VMN of female rats. 17Me-T (lOnM to 50pM) showed a dose-dependent
potentiation of current amplitudes, accompanied by an increase in noise, and a
prolongation of the fast component of current decay (xl) for responses elicited from
neurons of the VMN. 17Me-T elicited dose-dependent decreases in peak amplitude, a
decrease in noise, and an increase in the percentage of the peak current attributed to
xi in neurons from the mPOA. To determine if these opposing effects could be
attributed to region-specific expression of receptor^ containing yl versus y2
subunits, recordings were made from human embryonic kidney (HEK293) cells
transiently expressing a203yl or a203y2 subunits, as well as green fluorescent
protein (GFP). Co-application of 17Me-T with GABA induced a reversible increase
in peak current amplitudes in HEK293 cells expressing a203y2 recombinant
receptors whereas the same AAS produced a reversible decrease in peak current
amplitude in cells expressing a203yl recombinant receptors. These results are
consistent with the preferential expression of the y2 subunit in the VMN versus the
yl subunit in the mPOA. We conclude that AAS act as allosteric modulators of the
GABAa receptor and that the differential expression of the y subunit contributes to
the region-specific effects of AAS on GABAergic neurotransmission. Supported by
the NSF (DBI-9707828) and the NIH (R01-NS28668).
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NOVEL FLAVONOIDS BINDING TO THE
BENZODIAZEPINE SITE OF THE GABAa RECEPTOR
COMPLEX: A STRUCTURE-ACTIVITY RELATIONSHIP
AND MOLECULAR MODELLING STUDY.
K. Dekermendjian1, M.-R. Witt1*, P. Kahnberg2, O. Sterner2, T.
Liljefors3 and M. Nielsen1. 'Research Institute of Biological Psychiatry, Set.

UNCOUPLING OF BZD BINDING FROM POTENTIATION:

Hans Hospital, DK-4000 Roskilde, Denmark; 2 Dept. of Organic Chemistry 2,
University of Lund, P.O. Box 124, S-221 00 Lund, Sweden; 3Dept of Medicinal
Chemistry, Royal Danish School of Pharmacy, Universitetsparken 2, DK-2100
Copenhagen, Denmark
The affinities for the benzodiazepine binding site of the GABAa receptor of
twenty-one flavonoids have been studied using 3H-flumazenil binding to rat
cortical membranes in-vitro. We show that flavonoids with high affinity for the
benzodiazepine receptor spanning the efficacy range from partial agonists (6methyl-3’,5-dinitroflavone K; value 1,9 nM, GABA ratio 1,4) to partial inverse
agonists (6-methyl-3’-nitroflavone K, value 5,6 nM, GABA ratio 0,7) can be
synthesised. The receptor binding properties of the flavonoids studied can
successfully be rationalised in terms of a comprehensive pharmacophore model
recently developed by Cook and co-workers , supporting the validity of this
model. The analysis of the binding affinities of 3’- and 4’-substituted flavones in
terms of the pharmacophore model has yielded new information for the further
development of the pharmacophore model.
1#Zhang, W.; Koehler, K. F.; Zhang, P.; Cook J. M. Drug Design and Development
1995,72,193-248.

IDENTIFICATION OF GABAA RECEPTOR DOMAINS REQUIRED

FOR BZD ALLOSTERIC MODULATION. A.J. Boileau and C.
Czajkowski*. Dept. of Physiol., Univ. of Wisconsin, Madison, WI 53706.
GAB A A receptor 7 subunits are important for benzodiazepine (BZD)

binding and modulation of the GABA-mediated CT current (Ig ABA)Our previous studies using 72/04 chimeric subunits (/) demonstrated that

the 72 regions required for BZD binding are distinct from regions
necessary for allosteric coupling of BZD and GABA binding sites (Mol.

Pharm. 53: 295, 1998). A x containing the N-terminal 161 residues of
72, when expressed with wild-type 04 and P2 subunits, exhibited wild-type

BZD binding but drastically impaired BZD potentiation of Iqa BAthis study, we constructed additional %’s, expanding the length of the N-

terminal 72 portion. We identified two main regions, 7223-236 (pre-Ml)
and particularly 7256-297 (M2 and surrounding loops), that are required
for coupling BZD binding to potentiation of Ig ABA- Unlike positive
modulatory BZD’s, the negative modulator DMCM (a 3-carboline)
exhibited full wild-type efficacy for all chimeric receptors tested,
indicating that the structural determinants required for allosteric coupling
by 3-carbolines is distinct from BZD positive modulators. The effects of
mutating specific amino acids in these identified regions will also be
presented. Funded by NINDS grant NS34727 to C.C.

389.9

389.10

IDENTIFICATION OF BENZODIAZEPINE BINDING SITE

ELUCIDATING THE STRUCTURE OF THE BENZODIAZEPINE

RESIDUES IN THE 72 SUBUNIT OF THE GABAa RECEPTOR A.M.
Kucken. J.A. Teissere. P.A. Wagner*. A.J. Boileau and C. Czajkowski.

BINDING SITE ON THE GABAA RECEPTOR BY ENGINEERED
SULFHYDRYL MODIFICATION. J, A. Teissere1*, A, J, Boileau2. and C,

Dept. of Physiology, University of Wisconsin, Madison, WI 53706.
GABAa receptor 7 subunits are important for benzodiazepine (BZD)

University of Wisconsin, Madison, WI 53706.

Czajkowski2. ’Neuroscience Training Program and 2Dept. of Physiology,

by utilizing 72/cq chimeric subunits, we identified two domains of 72

The GABAa receptor 7 subunit is necessary for high-affinity
benzodiazepine (BZD) binding. Residues from this polypeptide have been

binding and modulation of the GABA-mediated Cl" current. Previously,
subunit, K41 - W82 and R114 - D161, that are, in conjunction, necessary

implicated in the formation of the BZD binding site by chimeric studies and

and sufficient for high affinity BZD binding (Mol. Pharm. 53: 295,

site-directed mutagenesis. Specifically, mutations at 72 F77 have been shown

1998). In this study, by using additional 72/ai chimeric subunits and

to affect BZD modulation of the GABA-gated Cl' current (Iqaba )use ^
the substituted cysteine accessibility method to gain structural insights into

point mutations, we focused on identifying residues within the 72 K41 -

W82 region which contribute to BZD binding. Mutant 72 and 72/otl
chimeric subunits were expressed with wild-type aj and P2 subunits in

the putative binding domain surrounding and including 72 F77. Residues in

HEK 293 cells and the binding of BZDs measured. We present evidence

type 04 and P2 subunits in Xenopus oocytes. A biotinylated derivative of the
sulfhydryl-specific reagent methanethiosulfonate (MTSEA-Biotin) was used

that four residues, 72 M57, Y58, N60 and 162, are important determinants
for flunitrazepam binding and, in particular, 72 M57 and 72 Y58 are
essential for conferring high affinity flunitrazepam binding. In addition,

this region were individually mutated to cysteine and expressed with wild-

to covalently modify engineered cysteine residues. Receptors were assayed

determinants for high-affinity Rol5-4513 and Rol5-1788 binding.
Funded by NINDS grant NS34727 and a grant from the Alcoholic

for changes in BZD potentiation of Iqa BA following MTSEA-Biotin
incorporation. An examination of the effects of this reagent identifies a
subset of amino acids in this region as accessible to modification. The
identified pattern of accessibility yields insight into the structural

Beverage Medical Research Foundation to C.C.

determinants of the BZD binding site.

we identify two additional residues, 72 A79 and T81, which are important

Funded by NINDS grant NS34727 to C. C.
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GABA AND ACTIVATING CONCENTRATIONS OF PROPOFOL
INDUCE SIMILAR CHANGES IN THE ACCESSIBILITY OF GABAa
RECEPTOR M3 SUBSTITUTED CYSTEINE a,E303C D.B. Williams*
and M.H. Akabas Ctr. Mol. Recog. Columbia Univ. New York, NY 10032.
At low concentrations many general anesthetics potentiate GABA-induced
currents; at higher concentrations these same drugs directly activate GABAa
receptors, whereas benzodiazepines and ethanol only potentiate GABAinduced currents. We sought to investigate the relationship between druginduced and GABA-induced conformational changes. Previously, using the
substituted-cysteine-accessibility method we showed that the sulfhydrylspecific reagent, pCMBS’, reacted with cysteines substituted for 6 residues
in the rat oti M3 segment. Reaction at 4 of these positions, F298C, A300C,
L301C and E303C, was state-dependent; it only occurred in the presence of
GABA in the open/desensitized states. We used the state-dependent
accessibility changes of these mutants as a marker for GABA-induced
conformational changes. In oocytes expressing aiE303CPiy2, a 1-min
application of 50 pM propofol (activating) + 0.5 mM pCMBS irreversibly
inhibited the subsequent GABA-induced currents to a similar extent as coapplication of GABA + pCMBS' (propofol -38 + 12%; GABA -33 + 4%).
Co-application of pCMBS' with either 0.5 pM propofol (a concentration that
potentiates but does not activate), 1 pM diazepam or 200 mM ethanol did
not alter subsequent GABA-induced currents. Thus, drugs that activate
GABAa receptors may induce similar conformational changes to those
induced by GABA but drugs that potentiate GABA-induced currents do not
seem to induce these conformational changes. Supported by NIH NS30808.

SUBTYPE DEPENDENT
ACTIVITY OF
CHLORMETHIAZOLE
AT
RECOMBINANT HUMAN GABA-A AND NMDA RECEPTORS. K.A. Wafford*,
M. Usala, S.A. Thompson & P.J. Whiting, Merck Sharp & Dohme Research
Laboratories, Neuroscience Research Centre, Terlings Park, Eastwick Road, Harlow,
Essex, CM20 2QR.
Chlormethiazole has long been used for the treatment of alcohol-withdrawal
symptoms, and demonstrates neuroprotective properties in models of ischaemia. The
drug shows sedative/anxiolytic properties consistent with potentiation of GABA-A
receptors. Recombinant human GABA-A receptors and NMDA receptors were
expressed in Xenopus oocytes and used to evaluate the pharmacological effects of
chlormethiazole. Potentiation of a GABA EC20 was observed on al(3ly2 and al(32y2
receptors with similar efficacy (264% and 298%) and EC50 (22pM and 47pM
respectively). Much greater potentiation was observed on a6P2y2 (942%) and a4p3y2
(646%) receptors with a higher EC50 value of 189pM at a632y2. The GABA
concentration-response curve on al32y2 receptors could be shifted to the left (7-fold)
by co-application of chlormethiazole (300gM) with no change in the maximum
response. This profile most closely resembled that of the barbiturate pentobarbital,
however direct activation of aip2y2 receptors by pentobarbital was still potentiated by
chlormethiazole, suggesting that this compound does not act via the same binding site.
Unlike pentobarbital and other anaesthetics, which can elicit currents in the absence of
GABA, chlormethiazole did not activate the receptor at high concentrations.
Chlormethiazole weakly inhibited both NRla+NR2A and NRla+NR2B NMDA
receptors with IC50’s of 545pM and 726pM respectively, with no subtype selectivity.
Thus chlormethiazole appears to be >10-fold more potent at GABA-A receptors than
NMDA receptors, and shows receptor subtype selectivity in its magnitude of
potentiation. The GABA receptor activity can account for the sedative/anxiolytic
profile and could explain the utility in reducing alcohol withdrawal. It is also possible
that the neuroprotective activity is through a GABAergic mechanism, due to the very
low affinity of chlormethiazole at NMDA receptors. Funded by M.S.D.
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NEUROSTEROIDS ALLOW ETHANOL ENHANCEMENT OF GABA RESPONSES
IN VITRO FROM SNR CELLS. H.E. Criswell*T.J. McCown, J. Ming, and G.R.
Breese. Center for Alcohol Studies & the UNC Neuroscience Center, UNC School
of Medicine, Chapel Hill, N.C, 27599
Ethanol enhances the inhibition of neural activity mediated by GABAa receptors
in vivo. However, utilizing whole cell patch clamp, ethanol has mostly failed to
enhance GABA-gated currents in vitro. Because cells are continually washed
during patch clamp recording, endogenous soluble components would be present in
reduced amounts. Therefore, one possible explanation for the discrepancy between
results obtained with ethanol on GABA function in vitro versus in vivo could be the
absence of a factor or factors in vitro. Evidence presented will suggest that one
factor added to isolated neurons allowing ethanol to enhance responsiveness to
GABA may be neurosteroids. For this investigation, currents evoked by 5 pM
GABA were recorded by whole cell patch clamp from SNR neurons dissociated
from 14-21 day old rats. Ethanol (100mM) alone only enhanced the GABA response
from 2/20 neurons. The neurosteroid 3a5aTHDOC and the synthetic neurosteroid,
alphaxalone, enhanced-gated current from all neurons. From cells where ethanol
did not influence GABA responses, ethanol was capable of enhancing the
GABA-gated current in the presence of low concentration of neurosteroid in a
dose-related fashion. Ethanol enhanced responses to GABA a concentration
as low as 25mM in the presence of neurosteroid. Thus, one mode by which ethanol
enhancement of GABA-induced inhibition occurs in vivo may involve an interaction
between ethanol and endogenous neurosteroids. Further studies will be required to
define the basis of this interaction. (Supported by USPHS Grants AA0253
and AA-09122).

INTERACTIVE
BENZODIAZEPINE
SITE
FLAVONES
FROM
SCUTELLARIA BAICALENSIS GEORGI. K. M. Hui, X. H. Wang and H.
Xue. Dept. of Biochemistry, Hong Kong University of Science and
Technology. SPON: The Hong Kong Society of Neurosciences.
Scutellaria baicalensis Georgi is one of the most important medicinal herbs
in traditional Chinese medicine. It possesses anti-bacterial activity, sedative
effects and finds application in the treatment of a range of conditions including
diarrhea and hepatitis. Radio-receptor binding assay was used to guide the
isolation of chemical constituents in Scutellaria baicalensis Georgi capable of
binding to the benzodiazepine site (BZD-S) of the GABAa receptor. One
active compound, Wogonin (Kj = 2.02 pM), was purified from the
dichloromethane extract on the silica gel preparative column. Three other
moderately active compounds, Baicalin (Kj = 77.10 pM), Baicalein
(Ki = 5.69 pM) and Scutellarein (Ki = 12.00 pM) were purified from the
methanol extract using both silica gel and Sephadex LH-20 columns. All four
compounds contain the flavonoid phenylbenzopyrone nucleus, whch represents
a relatively new class of BZD-S ligands. The present study has uncovered
Scutellarein and Baicalin as two new BZD-S ligands from Scutellaria
baicalensis Georgi that can serve as useful compounds for further
pharmacological and physiological investigation. The project is supported by
the Industry Department of Hong Kong (grant AF/140/96)

389.15

389.16

CHRONIC EXPOSURE TO ETHANOL ALTERS GABAa AND NMDA
RECEPTOR RESPONSES IN THE PIRIFORM CORTEX. A. P. Signore*, H. H.
Yeh. Dept. of Pharmacology and The Alcohol Research Center, UConn Health
Center, Farmington, CT 06030.
Chronic exposure to ethanol alters GABA and glutamate receptor mRNA and
protein levels in brain but the functional implication of such changes in vivo remain to
be elucidated. We have initiated a study to address this issue and report altered
GABAa and NMDA receptor function in the piriform of rats chronically exposed to
ethanol.
Adult male Sprague-Dawley rats were fed ad libitum a 30-day regimen of either a
liquid diet containing 5% ethanol or pair-fed a control diet in which isocolaric
maltose-dextran replaced ethanol. Coronal brain slices 250-500gm thick containing
the piriform cortex were obtained using a vibroslicer and maintained in an artificial
CSF solution (aCSF). Blood alcohol levels at the time of sacrifice averaged 152
mg/dL. GABA and NMDA was applied by pressure and the resultant current
responses were recorded under whole cell patch clamp conditions in the presence of
aCSF with or without different concentrations of ethanol.
Pyramidal cells in layer II of piriform cortex, identified in the slices under Hoffman
Modulation Optics, were selected for testing. No difference in the maximal response
for GABA or in the EC50 was found between the ethanol-treated and control rats
(24 pM versus 20 pM). In both control and ethanol-treated groups, the GABAinduced currents were positively modulated by acute exposure to ethanol (10lOOmM), as indicated by an increase in the peak amplitude of the QABA response.
The ethanol-induced potentiation was significantly greater in the ethanol-treated
versus the control group at all concentrations tested (p<0.01). In contrast to GABA
responses, NMDA-induced responses in ethanol-treated rats showed a leftward shift
in the ECJ0 (from 420pM to 290pM) and the maximal response was greater than in
control rats. In addition, acutely applied ethanol (25mM) modulated NMDA
responses to a greater extent in the ethanol-treated group than in the control group
(p<0.05).
These results demonstrate that alterations in mRNA and protein levels of GABAa
and NMDA receptors following chronic ethanol are associated with
electrophysiologically-demonstrable changes in their functional properties.
Supported by PHS grant AAO351O.

A NOVEL MECHANISM OF VARIANT ETHANOL POTENCIES ON GABAa
RECEPTORS. T. Mori, G. Aistrup, W, Marszalec, T, Narahashi*. Dept. Molecular
Pharmacol, and Biol. Chem., Northwestern Univ. Med. Sch. Chicago, IL 60611
GABAa receptor is believed to be one of the crucial target sites for alcohols and
general anesthetics. However, data in the literature using various preparations are
very controversial as to whether ethanol modulates the activity of the GABAa
receptors. We have previously shown that the potency of n-alcohols to potentiate
GABA-induced currents is correlated with their carbon chain length. We now
report that the activity of the GABAa receptors from various preparations is
potentiated by higher n-alcohols but with different potency-carbon chain length
relationships resulting in variable potencies for ethanol. Whole-cell patch clamp
experiments were performed using rat dorsal root ganglion (DRG) neurons and
two human embryonic kidney (HEK) cell lines expressing the al02y2S and
al02y2L subunits. Coapplications of GABA and ethanol (10-1000 mM), nbutanol (1-100 mM), n-hexanol (30-1000 pM) or n-octanol (3-100 pM) enhanced
peak currents in a dose-dependent manner. The potencies of n-alcohols to
augment currents increased with increasing carbon chain length and was well
correlated with the membrane/buffer partition coefficients and anesthetic
potencies. The potencies of n-octanol were similar in the three types of cells,
whereas other three alcohols were less potent in the al02y2S and al02y2L
subunits than in DRG neurons. The ethanol concentrations to increase currents to
125% of the control in DRG neurons, al02y2S and al02y2L subunits were 169,
781 and 501 mM, respectively. Since the a2 subunit is known to be distributed in
DRG neurons more ubiquitously than the al02y2S or al02y2L subunits, the
differences in potencies of n-alcohols between DRG neurons and the two types of
subunit combination may be due to differences in subunits. Different slopes
relating the potency to carbon chain length may explain the controversial data in
the literature using various preparations. Supported by NIH grant AA07836.
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EXPRESSION OF hNP22 AND GABAa RECEPTOR ISOFORM
GENES IN HUMAN ALCOHOLIC CEREBRAL CORTEX.
S Tracey Buckley. Sara Smith. Li Fan1. Peter A Wilce1*. Peter R Dodd
Neuroscience Ifnit and Alcohol Research Unit, Department of
Biochemistry, University of Queensland, Q 4072, Australia.
Chronic alcohol abuse damages specific regions and cell populations in
human cerebral cortex. Abnormalities in GABA neurotransmission may
underlie this neuropathology. Previous studies in our laboratory have
shown significant differences in the expression of a subset of GABAa
receptor a subunit genes in the superior frontal cortex (SFC) of human
alcoholics when compared with matched controls, whereas motor cortex
showed no differences between the groups. An internally standardized
competitive RT-PCR assay has now been developed to quantify the
expression of the GABAa Pi , 02 and 03 subtype genes. A single set of
primers amplifies all three 0 isoform genes; the 02 and 03, but not the 0i,
amplimers span HindHA sites. An internal standard (IS) was designed that
is identical to the 0i sequence except for a 61bp deletion and an introduced
77/nJIII site. Restriction enzyme digestion subsequent to PCR
amplification allows all three targets and the IS to be separated. Known
amounts of IS are co-amplified with each unknown; equal amplification of
all templates ensures accurate quantitation. Application of the RT-PCR
method to extracts of human cortical mRNA resulted in bands of the
expected sizes. In most samples the 02 band predominated, although
occasionally a strong 0i band was observed. A novel gene, hNP22,
highly homologous to the rat NP25 gene except for a 19-amino-acid
truncation of the C terminus, has been identified in human brain tissue.
PCR-differential display revealed increased expression of hNP22 mRNA
in alcoholics that was localized to the SFC, whereas motor cortex from the
same cases showed no difference. Supported by NHMRC and AAB.

BRAIN REGIONAL ANALYSIS OF GABAa RECEPTOR 02 SUBUNIT
mRNA EXPRESSION AND REGULATION BY CHRONIC ETHANOL IN
C57BL/6J (B6) AND DBA/2J (D2) MICE. M.T. Reilly and K.J. Buck*
Portland Alcohol Research Center, VAMC and Oregon Health Sciences
University, Portland, OR, 97201.
There is an accumulating body of evidence to suggest that GABAa receptors are
involved in mediating some of the effects of ethanol. The 02 subunit is widely
expressed in the mammalian brain, and plays a key role in receptor activation by
GABA. Previous studies show increased or no change in 02 subunit mRNA and/or
peptide following chronic ethanol exposure in rats. In the present study we
examined 02 mRNA content in ethanol-naive and ethanol-treated B6 and D2 mice.
The D2 inbred strain is a well characterized animal model of severe ethanol
withdrawal severity, while the B6 strain displays mild withdrawal. Male mice were
exposed to ethanol vapor (3-9 mg ethanol/liter air) and were injected daily with an
alcohol dehydrogenase inhibitor (pyrazole) to stabilize blood ethanol concentrations
(BECs). Control groups and ethanol- treated mice were killed at 72 hrs, the cerebral
cortex and cerebellum were dissected, and poly(A)+ mRNA was isolated for analysis
using RNase protection analysis. Control groups, air-saline (AS) and air-pyrazole
(AP) did not differ in 02 mRNA content for either strain. Following ethanol
treatment, cerebellar 02 mRNA expression was highly correlated with BEC (r =0.79)
in B6 mice, but was not significantly correlated with BEC in D2 mice. For example,
cerebellar 02 mRNA content differed between B6 and D2 with BEC<1.0 mg/ml (21.3 ± 4.5 % vs. 3.3 ± 3.0 %, % change vs. AP, respectively) and BEC between 1.01.5 mg/ml (7.8 ±3.6 % vs. 26.7 ± 7.9 %), but was similarly increased in both B6 and
D2 mice with BEC between 1.5-2.0 mg/ml (29.7 ± 16.4 % vs. 31.5 ± 13.5 %). In
summary, our data show that the B6 and D2 strains differ in ethanol regulation of 02
mRNA content. Analysis of cerebral cortex and hippocampus 02 mRNA content are
in progress. Supported by R29AA11114 to K.J.B. and a T32 to M.T.R.

Society

for

Neuroscience

. Volume

25, 1999

965

GABA RECEPTORS: STEROIDS, BENZODIAZEPENES AND ETHANOL

966

MONDAY PM

389.19

389.20

ETHANOL MODULATION OF GABA-A RECEPTOR FUNCTION
REGULATES SUBUNIT-SPECIFIC GENE EXPRESSION.
D. Shpektor, T.T. Gibbs*, S.J, Russek and D.H, Farb. Laboratory of
Molecular Neurobioiogy, Dept. of Pharmacology, Boston University School
of Medicine, Boston MA 02118.
Neuronal inhibition in the central nervous system is mediated
predominantly through the type A receptor for y-aminobutyric acid
(GABAa R). Studies from a number of laboratories have shown that chronic
exposure of neurons to GABAa R agonists or ethanol modulates the GABA
response, alters GABAa R receptor number and mRNA levels. Recent
results show that certain ion channels and signal-transduction systems are
particularly important target sites of ethanol. In an effort to understand the
mechanism(s) of ethanol action in the central nervous system, we have used a
quantitative RNase protection assay to study the effect of chronic ethanol
treatment on GABAa R al and 01 subunit mRNA levels in primary cultures
of rat neocortical neurons. Chronic treatment with ethanol (lOOmM, 48h)
results in a down-regulation of al (41%) and up-regulation of 01 (80%)
subunit mRNAs. The effect of ethanol on GABAa R mRNA levels is
blocked by SR 95531, an antagonist of the GABAa R. In agreement with the
changes in GABAa R subunit mRNA levels, activity of the a 1 promoter is
decreased (37%) and the pi promoter is increased (70%) by chronic
exposure to ethanol. Our results suggest that chronic ethanol exposure
regulates the expression of GABAa R subunit mRNAs in a subunit-specific
manner that is dependent upon GABAa R activation and occurs at the level
of transcription. Supported by NIAAA grant 1438-5.

QUALITATIVE DIFFERENCES AMONG ALLOSTERIC MODULATORY
(COUPLING) PATHWAYS IN THE GABAa RECEPTOR COMPLEX (GABAa R)
SUGGESTED BY HYPERBARIC STUDIES. RL, Alkana ♦. M.T. Ha, H, Hekmatjou
and D.L. Davies. Dept Molecular Pharmacology/Toxicology, School of Pharmacy,
University of Southern California, Los Angeles, CA 90033, USA
Fast inhibitory synaptic neurotransmission in the CNS is primarily mediated by yaminobutyric add (GABA) which acts by binding on the GABAa R GABA’s efficacy is
allosterically modulated by several classes of compounds acting at distinct but interacting
sites on the GABAa R The mechanism of allosteric modulation (coupling) between
GABA and the allosteric sites is not well understood. Initial, in vitro, single
concentration studies found that exposure to 12 times normal atmospheric pressure
(ATA) of helium-oxygen gas (heliox) antagonized flunitrazepam (Flu: 10 pM) and
pentobarbital (Pento: 50 pM) enhancement of GABA-activated ^Cl uptake, but did not
antagonize 3a-hydroxy-50-pregnan-2O-one (3a,50-P: 1 pM). The present study extends
this investigation by testing responses of these agents to pressure across a range of
concentrations to determine if differences in responses to pressure are qualitative or
quantitative. To accomplish this, we measured the effects of 12 ATA heliox versus 1
ATA air on Flu-, Pento- and 3a,50-P- enhancement of GABA-activated ^Cf uptake in
LS mouse brain vesicles (microsacs) at several concentrations. Microsacs were added to
a solution containing 10 pM GABA, ^Cf and either Flu (0, 0.1, 0.5, 1 and 10 pM),
Pento (0, 0.1, 0.5, and 1 pM) or 3a,50-P (0, 0.1, 0.5, and 1 pM) at 35°C for 5 secs.
Exposure to 12 ATA heliox significantly antagonized Flu and Pento, but not 3a,50-P
enhancement of GABA-activated *C1 uptake. In addition, pressure did not alter the
effects of GABA per se. These findings extend initial studies to suggest that there are
qualitative differences among coupling pathways in the GABAa R and that pressure can
be used as a tool to identify and study the basis of these differences. (Supported by
NIAAA/NIH RO1AA03972, NSF IBN-9818422 and the Alcoholic Beverage Medical
Research Foundation).

389.21
Analysis of a C. elegans GABAA-like receptor reveals two structural
determinants for neurosteroid modulation

Bruce A. Bamber’, Tina Rutar2, Annette M. L. McClellan2 and Erik M.
Jorgensen1, * ’Dept. ofBiology, 2Dept. ofPharmacology, Univ. of Utah, Salt

Lake City, UT84112.

Neurosteroids have significant potential as neuroactive drugs, and are
candidate endogenous neuromodulators. The GABAa receptor is a major
target of the neurosteroids, however, receptor sites mediating neurosteroid
modulation have not yet been reported. By characterizing the C. elegans
UNC-49 GABA receptor, we have defined two discrete neurosteroid
modulatory sites at the amino acid level.
The unc-49 gene produces two GABA receptor subunits, UNC-49B and
UNC-49C, which function at the C. elegans neuromuscular junction. UNC49B can form a homomeric GABA receptor which is relatively insensitive to
the inhibitory neurosteroid pregnenolone sulfate (PS). UNC-49B can also coassemble with UNC-49C to form a heteromeric GABA receptor which is
effectively inhibited by PS. By constructing chimeric UNC-49B/C subunits,
we demonstrated that the UNC-49C transmembrane domains are required for
PS sensitivity. With a second set of chimeric subunits, we demonstrated that
PS acts through two discrete sites, one of which impairs GABA binding and
the other impairs receptor activation. We were then able to narrow down
both sites to one or two amino acids by site-directed mutagenesis. These
results identify, for the first time, residues within a GABA receptor subunit
which are critical for neurosteroid modulation. These results also hint that the
answers to many other receptor structure-function questions may lie within
the C. elegans genome.
Support: NIH grants NS34307 and NS31519, and the Klingenstein Fund.

GABA RECEPTORS: SECOND MESSENGERS
390.1

390.2

PI3-KINASE BINDS TO AND MODULATES THE GABAa RECEPTOR S.M.

EXPRESSION OF FUNCTIONAL GABA-B RECEPTORS IN CHO CELLS
CONTAINING CHIMERIC AND PROMISCUOUS G PROTEINS. W. Gion,
J.R. Bostwick and D. S. Hartman*, AstraZeneca, Worcester, MA 01605
Functional expression of GABA-B receptors (GBR) requires coexpression of
two subunits, GBR1 and GBR2. Activation of GBR can be monitored by
measuring modulation of voltage operated calcium and potassium channels in
native and recombinant cells. However, changes in these signals are typically
small relative to nou-modulated current and require laborious assay techniques.
A cell line expressing a promiscuous or chimeric G protein can be a suitable
format for measuring activation of GPCRs because receptor activation is
coupled to release of intracellular calcium ([Ca**]!). Since [Ca**! is very low in
non-stimulated cells, elevation of [Ca**]j gives a robust signal for measurement
of GPCR activation and is easily detected in high throughput format with
fluorescent calcium indicator dyes using a Fluorescence Imaging Plate Reader
(FI2PR).
cDNAs encoding GBR1 and GBR2 were engineered to contain
optimized Kozak consensus sequences at the initiation codon of each and were
subcloned into pcDNA3.1 expression vectors (Invitrogen). Plasmid DNAs
were transfected at different ratios into Liveware (MDC) cells expressing either
Gal6 or G^s protein. GBR expression was detected by stimulation of cells using
GABA or baclofen as agonist Release of calcium was detected by fluorescence
of Fluo-3 dye. A robust transient increase in calcium was seen in cells
transfected with both GBR1 and GBR2 but not in cells transfected with either
subunit alone or in mock transfected cells. This confirms that both subunits are
required for expression of a functional receptor and shows that activation of
recombinant GBR can transduce its signal through chimeric or promiscuous G
proteins in CHO cells.

D’Souza1*. G. Ahmadian1, H.Y. Man1, M. Wymann2. Y.T. Wang1, ‘Hosp.:. for Sick
Children Research Institute & Dept. of Lab. Med. Pathobiol., Univ. Toronto, Toronto,
Canada M5G 1X8, and 2Univ. Fribourg, Institute of Biochemistry, Fribourg, Switzerland.
Phosphoinositide 3-kinase (PI3-K) is a lipid kinase that is involved in diverse
cellular signaling pathways and plays a critical role in cytoskeletal rearrangements,
cellular differentiation and protein trafficking. Activation of PI3-K has recently been
shown to regulate the function of voltage-gated calcium channels, suggesting a role for
this kinase in modulating neuronal activity. In the present work, we have investigated
the physical and functional interaction of PI3-Ka with the GABAa (type A yaminobutyric acid) receptor, the principal receptor mediating synaptic inhibition in the
CNS. We found that recombinant PI3-K complex, as well as the N-terminal SH2 domain
of the p85 subunit of PI3-K, could pull-down GABAa receptors from hippocampal slice
homogenates. Pre-treatment of slices with the protein tyrosine phosphatase inhibitor
pervanadate (100 pM; 10 min) dramatically increased the amount of GABAa receptor
precipitated. Thus PI3-K appears to complex with GABAa receptors in situ in a tyrosine
phosphorylation-dependent manner. In vitro binding ofpurified proteins revealed that the
major intracellular loops in the a 1, 02 and y2 subunits of the GABAa receptor (located
between the third and fourth transmembrane domains) all show weak constitutive binding
to PI3-K. The protein tyrosine kinase c-SRC can phosphorylate both 02 and y2 loops in
vitro, but such phosphorylation only increases 02 loop-PI3-K binding and has no effect
on binding of y2 loop to PI3-K. Point mutations identified tyrosine residues 396 and 403
in the GABAa receptor 02 loop as critical determinants for this binding. Consistent with
the functional importance of the physical association, perfusion of purified PI3-K into
hippocampal CA 1 cells in slice preparations resulted in potentiation of GABAa receptormediated inhibitory postsynaptic currents. These results suggest that PI3-K complexes
with GABAa receptors in a tyrosine kinase-dependent manner, and this binding may
permit PI3-K modulation of the receptors. This modulation may mediate the insulininduced rapid recruitment of GABAa receptors to postsynaptic domains that we have
reported recently. (Supported by HSFO and Canadian MRC)
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INSULIN INCREASES GABAa CURRENTS THROUGH A MECHANISM
INVOLVING TYROSINE PHOSPHORYLATION. J, Feng*, Z. Yan and P.
Greengard. Laboratory of Molecular and Cellular Neuroscience, The Rockefeller
University, 1230 York Avenue, New York, NY 10021.
Insulin plays important roles in non-neuronal tissues, such as cell metabolism,
proliferation and differention. However, its functions in the central nervous system
are unclear. We have now found that application of insulin causes a rapid and
reversible increase in GABAa channel conductance in acutely dissociated
neostriatal and cortical neurons. This effect appears to be specific for insulin, as
other growth factors such as BDNF, NGF and NT3 did not affect GABAa currents.
Combined electrophysiological and biochemical studies were used to elucidate the
molecular mechanisms underlying this observation. Application of Genistein, a
broad-spectrum tyrosine kinase inhibitor, reversibly blocked the increase of GABAa
currents caused by insulin. On the contrary, addition of Daidzein, the inactive
structural homologue of Genistein, had no effect. When rat brain slices were treated
with insulin, the (3 subunit of the insulin receptor was strongly tyrosine
phosphorylated. The downstream targets of activated insulin receptor, such as IRS-1
and She, were also inducibly phosphorylated on tyrosine residues. These results
suggest that tyrosine phosphorylation caused by application of insulin was
responsible for the increase in GABAa conductance. To test the possible
involvement of various signaling pathways downstream from the activated insulin
receptors, the PI-3 kinase inhibitor Wortmannin, the MAPK kinase inhibitor
PD98059, and the PLCy inhibitor U73122 were tested in patch clamp recordings.
None of these drugs had any effect on the insulin-induced increase of GABAa
currents. These results suggest that the increase in GABAa currents may be due to
direct tyrosine phosphorylation of the channel by the activated insulin receptor
tyrosine kinase. Supported by N.I.H. grants MH40899 and DA 10044.

MODULATION OF GABAc RECEPTORS BY PROTEIN KINASE A
AND C IN DISSOCIATED CONE-HORIZONTAL CELL AXONTERMINALS FROM CATFISH RETINA. Sun-Sook Paik1. Sung-Jong Lee1.
Chang-Sub Jung1. Sun-Ho Bai.1 and Shin Hee Yoon*2. 'Department of
Physics and Biophysics; department of Physiology, College of Medicine,
The Catholic University of Korea, Seoul 137-701, Korea.
We found a run-up regulation of GABA responses in catfish retinal
cone-horizontal cell axon-terminals possessing the GABAC receptor. Using
whole-cell voltage-clamp techniques, we investigated the protein kinase
modulation of GABA,.-activated currents relating to this run-up regulation
in dissociated cone-horizontal cell axon-terminals from catfish retina.
GABA induced an inward chloride current in cells clamped at minus 70 mV.
With repetitive 10 pM GABA applications, the peaks of GABA responses
increased up to approximately 140 percent of the control responses.
Intracellular application of forskolin, an adenylate cyclase activator,
decreased the run-up regulation of GABAc responses, while H8
dihydrochloride, a cAMP inhibitor, induced an acceleration of up to 200
percent of the control responses. Along with intracellular application of H8,
the ultimate peak of responses by repetitive 10 pM GABA came to almost
the same as the responses when using a saturating concentration of 300
pM GABA.
l-oleoyl-2-acetyl-sn-glycerol (OAG), a protein kinase C
(PKC) activator, accelerated the run-up of GABAc responses. GF-109203X,
a protein kinase C inhibitor, decreased the run-up like protein kinase A
(PKA) analogues. The GABAc-aetivated run-up currents were enhanced by
PKC and suppressed by PKA. These results suggest that retinal GABAc
responses in cone-horizontal cell axon-terminals are modulated by both
protein kinase A and C.

390.5

390.6

REGULATION OF GABAa -RECEPTORS BY PHOSPHORYLATION
AND ASSOCIATED PROTEINS
N.T.Brandon, T.M.Uren.T.T.J.Kittler, A.HosieA, T.G.SmartA and S.T. Moss*
MRC Laboratory of Molecular Cell Biology and Department of
Pharmacology,University College London, Gower St, London. WCIE
6BT. UK. AThe School of Pharmacy, Department of Pharmacology, 29-39
Brunswick Square, London,WC1N 1AX, UK.

The heteromeric GABAB receptor recognizes G-protein a
subunit C-termini
Jaroslav Blahos*, Miloslav Franek, Adriana Pagano, Klemens
Kaupmann, Bernhard Bettler and Jean-Philippe Pin

GABAa receptors are the major sites of fast synaptic inhibition in the
brain and can be assembled from 5 subunit classes: a(l-6), P( 1 -4),y( 1 -3),
8 and £. Subunits share a common structure which includes 4
transmembrane regions, a large extracellular amino-terminus and a
large intracellular domain between transmembrane regions 3 and 4.
Previous studies have identified sites within the intracellular domain of
various subunits which are phosphorylated by second messenger
dependent kinases such as c-amp dependent protein kinase, and
protein kinase C , and also the tyrosine kinase pp60v_src. This study has
utilised fusion proteins of the intracellular domains to probe for kinases
and kinase anchoring molecules, in brain lysate, which are associated
with the GABAa - receptor. PKA and PKC are seen to associate with
receptor in brain, along with the anchoring molecules RACK-1 and an
unknown A-kinase anchoring protein (AKAP), contributing to the
specificity of the interactions. The role of these proteins with respect to
channel modulation by phosphorylation is currently under
investigation.

The recently cloned GABAb receptors are related to the metabotropic
glutamate receptors, the Ca^+-sensing receptor, some vomeronasal
receptors and taste receptors. The GABAb receptors likely function in
an heterodimeric form, constituted of BRI and BR2 proteins. This
novel feature in G-Protein coupled receptors (GPCRs) structure rises
question on the mechanism of recognition of G-proteins by such
receptors. The GABAb BRI and BR2 subunits form a functional
receptor that recognizes extreme C-termini of the Gai and Gao proteins
when expressed in HEK293 cells. The amino acid residue at position 4 within the C-terminal sequence of Gai and Gao proteins is critical
for specifying the coupling selectivity with the receptor and residue -5
influences the coupling efficacy.
Interestingly, these findings
correspond to data obtained with mGlu2 receptor, a distant relative of
GABAb proteins. This shows that the same molecular determinants of
the G-protein a-subunits are involved in the specific recognition of
both the heteromeric GABAb receptors and the other GPCRs.
CNRS, FRM

This work was supported by the UK Medical Research Council.

CNRS UPR9023, Montpellier 34094, France
Novartis Pharma, Basel, Switzerland

390.7

390.8

NEUROSTEROID MODULATION OF GABAergic IPSCs IS
PHOSPHORYLATION DEPENDENT. A. F*ncsik* and J.G. Tasker.

INFLUENCE OF PKA MEDIATED PHOSPHORYLATION ON
RECOMBINANT
GABAa
RECEPTOR
ACTIVATION,
DEACTIVATION, AND DESENSITIZATION.

Dept. of Cell & Molecular Biology, Tulane University, New Orleans, LA 70118.
The neurosteroid allopregnanolone facilitates y-aminobutyric acid A (GABAa )
receptor mediated inhibitory postsynaptic currents (IPSCs) through allosteric
modulation of the GABAA-receptor. Whole-cell voltage-clamp recordings were
conducted in coronal slices of rat hypothalamus to record spontaneous, GABAmediated IPSCs in magnocellular neurons of the supraoptic nucleus (SON). The
decay phase of averaged IPSCs was best fitted by a double exponential. Bath
application of allopregnanolone (1 pM) caused a significant increase (67.3 ± 14.8%,
n=21) in the slow component of the decay time constant of the IPSCs. Bath
application of the physiologically inactive isomer, isopregnanolone, or intracellular
application of allopregnanolone via the patch pipette had no effect, suggesting that
the steroid’s effect is stereospecific and that its locus of action is at an extracellular
membrane site. Inclusion of GDP-J3-S (500 pM), a G-protein antagonist, into the
patch pipette solution blocked allopregnanolone’s effect on the decay phase of
IPSCs, indicating that the allopregnanolone modulation of IPSCs is dependent on
G-protein activation. Inhibition of cAMP-dependent protein kinase (PKA) with H89
(1 pM) attenuated the effect by 54%, and inhibition of protein kinase C with
bisindolylmaleimide (500 nM) completely blocked the effect of allopregnanolone on
IPSCs, whereas the inhibition of G-protein dependent protein kinase (PKG) with 8Br-cGMPS (5 pM) did not alter allopregnanolone’s effect. Application of the Gprotein agonist GTP-y-S (100 pM) and treatment of the slices with the PKC
activator PMA (40 nM) had no effect alone, but augmented the facilitatory effect of
allopregnanolone on spontaneous IPSCs. These results suggest that
allopregnanolone alters GABAa receptor-mediated synaptic currents in SON
magnocellular neurons through a G-protein and protein kinase-dependent
mechanism. Supported by a grant from Tulane CBR and an NIMHfellowship.
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P.J. Hinkle1* and R.L. Macdonald2,3
’Neuroscience Program and Departments of 2Neurology, and 3Physiology,
University of Michigan, Ann Arbor, MI 48104-1687

Cyclic AMP-dependent protein kinase (PKA) activation results in
enhancement or reduction of GABA activated Cf current depending
on the cell type, receptor subunit combination, and method of PKA
activation. Generally, investigators have examined PKA effects on
GABAa receptors by measuring peak GABA elicited current at
submaximal GABA concentrations. We examined the effect of PKA
on GABAa receptor activation, deactivation, and desensitization
kinetics using rapid (200 psec) agonist application. Recombinant
otipiy2L and aip3y2L GABAa receptors were transiently expressed
in the human embryonic kidney 293 cell line. Both maximal and
submaximal GABA concentrations were applied to excised patches for
400 msec and 6 sec durations in the presence or absence of
cytoplasmic cAMP or PKA, with or without the protein kinase
inhibitory peptide (PKIP). Our findings indicate that PKA activation
altered GABAa receptor kinetics in both aipiy2L and aip3y2L
subtype-containing GABAa receptor channels.
Supported by NIH grant R01 NS 33300 (RLM) and T32-DA07281-04
(DJH)
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EVIDENCE THAT IN RAT FRONTAL CORTEX GABAb
RECEPTORS POTENTIATE CRH-STIMULATED ADENYLYL
CYCLASE VIA G PROTEIN f3y SUBUNITS. M.C. Olianas* and P.
Onali, Section of Biochemical Pharmacology, Department of
Neuroscience, University of Cagliari, Cagliari, Italy.
We have recently reported that in membranes of specific layers of rat
olfactory bulb GABAb receptors directly stimulate adenylyl cyclase
activity through G protein Py subunits (GPy) (Olianas and Onali, Br. J.
Pharmacol. 126, 657, 1999). Here, we report that a similar coupling
mechanism occurs in rat frontal cortex. Thus, in a cortical membrane
preparation the GABAb receptor agonist (-)-baclofen caused a marked
enhancement of adenylyl cyclase activity stimulated by corticotropinreleasing hormone (CRH). The (-)-baclofen potentiation was mimicked
by GABA, but not by (+)-baclofen, and was antagonized by the GABAb
receptor antagonist CGP 55845A and by tissue treatment with pertussis
toxin. Membrane incubation with either the QEHA peptide or the GDPbound form of the a subunit of transducin, two Gpy scavengers,
significantly reduced the (-)-baclofen facilitatory effect. These data
indicate that in rat frontal cortex GABAb receptors can amplify the Gsmediated CRH signalling by promoting the release of GPy from Gj/G0
and enhancing the activation of GPy-stimulated adenylyl cyclase
isoforms. (Supported by Italian MURST).

GABAc RECEPTOR pi SUBUNIT IS PHOSPHORYLATED BY
AN ENDOGENOUS cAMP DEPENDENT PROTEIN KINASE
Y ZONG? H. FORTENBERRY and D. WEISS. Dept of
Neurobioiogy, Univ. of Alabama at Birmingham, Birmingham, AL
35294
The fusion protein of GST and the intracellular loop in between
TM3-TM4 of GABAc pi subunit (GST-IC) was constructed to
investigate phosphorylation of pi subunits by endogenous protein
kinases in a stable pi HEK 293 cell line or brain. The GST-IC
fusion protein was purified from E. coli. and bound to sepharose
beads. The beads were incubated with the whole cell lysates of
stable pi HEK cells or brain, then in vitro phosphorylation assays
were performed without adding exogenous kinases. A cAMP
dependent phosphorylation was detected, which could be inhibited
by PKA specific inhibitor KT 5720. No PKC or tyrosine kinase
activities were detected in this system. PKA was identified within
the GST-IC-bead complex by an anti-PKA antibody. PKA could
also be co-immunoprecipited with full length pi subunits by a
polyclonal anti-pi antibody. These studies suggest that GABAC
receptors are phosphorylated in vivo by an associated PKA.
(Supported by NIH grants NS35291 and 36195)

390.11

390.12

REGULATION OF GABAb RECEPTORS BY PHOSPHORYLATION AND
INTERACTING SIGNALING PROTEINS. A. Couve**, J. M. Ureir. I, T.
Kittler*, F. S. Walsh£ and S. I. Moss*. MRC/LMCB and Dept.
Pharmacology, University College London, Gower Street, London WC1E
6BT, U.K.*. Dept. Neuroscience, Smith-Kline Beecham, New Frontiers
Science Park, Harlow, Essex CM19 5AW£.
y-amino-butyric acid type B (GABAg) receptors mediate the transmission
of slow and prolonged inhibitory signals in the central nervous system. Two
G protein-coupled GABAg receptors, GABAgRl and GABAgR2, have been
recently identified and shown to function as heterodimers. We have used
epitope tagged versions of GABAg receptors and Glutathione S-Transferase
(GST) fusion proteins of the carboxy-terminal tails of GABAgRl and
GABAgR2 to investigate the possible role of phosphorylation in receptor
regulation in neurons and non-neuronal cell types. We have found that the
carboxy-terminal domain of GABAgRl is phosphorylated predominantly
by PKC in vitro and in vivo. Phosphorylation occurs on serine and threonine
residues. We have also identified a PKC dependent interaction between
GABAgRl and members of the 14-3-3 family of proteins in both recombinant
and neuronal systems. 14-3-3 proteins are involved in a variety of events
including subcellular targeting of protein kinases such as PKC. In addition,
we have demonstrated that the GABAgR2 carboxy-terminal domain is
phosphorylated in vitro and in vivo by cAMP dependent protein kinase
(PKA) cn serine residues. Finally, we have established that GABAgR2
interacts with the PKA anchoring molecule AKAP 150. The role of
phosphorylation and relevance of the interactions with 14-3-3 and AKAP
150 are currently under active investigation.
This work was supported by the MRC and The Wellcome Trust.

ACTIVATION OF PROTEIN KINASE C BY PHORBOL DIBUTYRATE
MODULATES GABA RECEPTOR BINDING IN RAT BRAIN SLICES. &
Oh1*. C, G. Jang2, T, Ma2 and I. K, Ho2.1College of Medicine, Ewha Womans
University, Seoul, Korea; 2Dept. Pharmacol. & Toxicol., University of
Mississippi Med. Center., Jackson, MS 39216
Effects of activation of protein kinase C (PKC) on
GABA/benzodiazepine receptor-chloride complex function were analyzed by
qualitative autoradiography using [3H]muscimol, [3H]flunitrazapam and
[35S]TBPS in rat brain slices. The density of [3H]muscimol binding was
highest in cerebellar granule layers and high in frontal cortex and thalamus,
but binding levels in hippocampus were low. After activation of PKC by 100
nM phorbol-12-13-dibutyrate (PDBu), [3H]muscimol binding was decreased
in frontal cortex, striatum and thalamus, but binding levels were not changed
in hippocampus and cerebellum. The density of [3H]flunitrazepam binding
was high in cortex, hippocampus and molecular layers of cerebellum, but low
in thalamus. PDBu increased the [3H]flunitrazepam binding only in striatum
and in part of cortex and thalamus after activation of PKC. After activation
of PKC by PDBu, [35S]TBPS binding was increased in most areas, but
binding levels were not changed in brainstem and cerebellum. The
receptor binding was markedly decreased in almost all areas by addition of
2.5 mM Mg2*. The elevated [35S]TBPS binding produced by PDBu was
significantly inhibited by addition of Mg2*. These results suggest that
activation of PKC potentiates benzodiazepine and TBPS binding, but
decreases muscimol binding in a region-specific manner in the rat brain.

EXCITATORY AMINO ACID RECEPTORS: LIGAND-GATED CHANNELS I
391.1

391.2

GATING OF GLUR1 AMPA RECEPTORS IS ALTERED BY
INTRODUCTION OF THE “LURCHER” MUTATION.
F.A. Tavcrna1'3*, Z.G. Xiong1. M.W. Salter1,3, J.C. Roder1,2, and J.F. MacDonald1.
'Fac. of Medicine,.Univ. of Toronto; 2Mount Sinai Hospital, Toronto, ON; 'Hospital
for Sick Children, 555 University Avenue, Toronto, ON, Canada M5G 1X8.
Neurodegeneration of Purkinje cells in the “Lurcher” mouse mutant results from a
point mutation (A654T) in the glutamate receptor 82 (GluR82) gene. Wild-type (WT)
GluR82 receptors lack channel function whereas “lurcher” GluR82 receptors are
spontaneously gating, non-selective cation channels. In order to better understand its
effects on channel function, we introduced the “lurcher” mutation into the related
GluRl subunit (GluRlA636T). Xenopus oocytes expressing GluRlA636T, unlike
those expressing WTGluRl, exhibited large inward currents (without adding agonists)
which were dependent on extracellular sodium and sensitive to AMPA channel
blockers GYKI-52466 and N-(4-hydroxyphenylpropanoyl)-spermine. However, the
currents gradually inactivated over 20 min. Thus, like the GluR52A654T,
GluRlA636T seems to be spontaneously gating, at least initially, although this
activity is subject to a time-dependent inactivation. Application of the agonist
glutamate rapidly and profoundly desensitizes WTGluRl mediated currents but this
rapid desensitization was reduced in oocytes expressing GluRlA636T. Responses of
GluRl A636T to maintained applications of glutamate (and to kainate, an agonist that
induces non-desensitizing currents from WTGluRl), demonstrated a slow form of
inactivation (x=32s). This slow inactivation was eliminated by removing extracellular
calcium, by replacing calcium with barium, or by pre-injecting oocytes with the
calcium chelator, EGTA. In addition to these changes in channel responses, the
potency of kainate is increased 44 fold by the A636T lurcher mutation (EC5Os=O.8nM
vs 35nM for WT).
Glutamate- and kainate-evoked currents mediated by
GluRlA636T were blocked by non-competitive AMPA channel blockers but
surprisingly the AMPA receptor antagonist CNQX acted as an agonist (EC5O=5OnM).
Our results demonstrate that the alteration of just a single amino acid just downstream
of the third transmembrane domain can dramatically alter the gating of AMPA
channels. This region must be important in coupling the signal of ligand binding to
receptor activation and desensitization. Funded by the MRC (Canada) and the
Hospital for Sick Children.

GLUTAMATE RECEPTOR MODULATION MONITORED BY EEGq
IN THE PREFRONTAL CORTEX OF CONSCIOUS RATS.
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M. Spedding(1)*, A. Egyed(2), B. Tesolin-Decros(3). C. Sebban(3).
(1), IRI SERVIER, 192, ave Charles-de-Gaulle, 92200 Neuilly sur Seme.
France.(2) EGIS Pharmaceuticals, Budapest, Hungary',(j) Hopital Charles Foix
7 avenue de la Republique, 94205 Ivry sur Seine, France
We have shown that antipsychotic agents demonstrate distinct profiles in
EEG power spectra predictive of clinical EEG profiles. These studies are
extended to modulators of glutamate receptors. Power spectra (0-30 Hz) were
recorded from electrodes implanted bilaterally in the prefrontal cortex (PFC).
and also in sensorimotor cortex (SC). Drug effects on EEG were calculated as
the spectral power following drug administration divided by the spectral power
after vehicle administration, 24 h later. The AMPA receptor antagonists, GYKI
52466 (1, 5, 10 mg/kg ip) and GYKI 53655 (1 and 5 mg/kg ip) synchronised
the EEG (1-20 Hz), but the effects of low doses lasted longer than those of high
doses, indicating desensitisation, rather than rapid metabolism.
The effects of GYKI 52466 were greater than those of GYKI 53655 and effects
in PFC were greater than in SC. MK 801 (0.1 mg/kg ip) desynchronised the
EEG (8-30 Hz) and PCP synchronised the EEG with a major increase in
power. A full range of competitive and non-competitive NMDA and AMPA /
kainate modulators show consistent
EEG changes.

Figure 1. EEG changes (1-30 Hz) in rat PFC
following GYKI 52466 lmg/kg (95% CI)
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Response of immediate early gene expression in rat brain to acute and chronic
phencyclidine

KETAMINE MODULATION OF AMPHETAMINE-INDUCED STRIATAL
DOPAMINE RELEASE IN HEALTHY VOLUNTEERS. L, S, Kegeles*. Y, ZeaPonce. A. Abi-Dargham, J. Rodenhiser, D. Schneider, J. J. Mann. M. Laruelle.
Depts. of Psychiatry and Radiology, Columbia University, New York, NY 10032
The activity of dopaminergic neurons in the VTA is regulated by glutamatergic
projections from the prefrontal cortex. In rodents, pretreatment with the NMDA
antagonist MK-801 produces a near doubling of amphetamine (AMPH)-induced DA
release measured with microdialysis (Miller et al., Brain Res Bui, 1996, 40:57-62).
Therefore, the increased AMPH-induced DA release previously measured with SPECT
and PET in patients with schizophrenia (Laruelle et al., PNAS, 1996, 93,:9235-40;
Breier et al., PNAS, 1997,94:2569-74, Abi-Dargham et al., AJP 1998, 155:761-67)
could be related to an NMDA deficiency at the level of the VTA. The goal of this
study was to test the existence of such an interaction in the human brain.
In eight healthy volunteers, we compared striatal AMPH-induced (0.25 mg/kg) DA
release, as measured by the AMPH-induced displacement of the D2 antagonist
[123IJIBZM, under control conditions and under sustained NMDA deficiency
conditions (ketamine i.v., 0.2 mg/kg bolus followed by 0.4 mg/kg/hr for 4 hours).
Ketamine significantly increased AMPH-induced decrease in [123IJEBZM binding
potential, from 5.5 ± 3.5% under control conditions to 12.8 ± 8.8% under ketamine
pretreatment (repeated measures ANOVA, p = 0.023). The enhancement of AMPHinduced DA release induced by ketamine was comparable in magnitude to the
exaggerated response seen in schizophrenic patients (2 fold increase).
These data indicate that a state of NMDA deficiency is a plausible working
hypothesis to explain the increased DA response to amphetamine in schizophrenia.
However, ketamine-induced symptoms were reduced by amphetamine, suggesting that
increased DA activity is not the mechanism mediating ketamine-induced dissociative
symptomatology. SUPPORTED BY SCOTTISH RITE FOUNDATION and NIMH.

Xue-Min Gao* and Carol. ATamminqa. Maryland Psychiatric Research Center,
University of Maryland School of Medicine, Baltimore MD 21228
Phencyclidine (PCP)-induced neurochemical changes in CNS have been proposed
as a useful paradigm for studying psychosis. Previously, we have reported that PCP and
MK801 induce cfos and zif268 mRNA expression change in rat brain at acute and
delayed times (Gao et al 1998). PCP produces an early 1 h induction of cfos and zif268
mRNA and a delayed suppression of zif268 mRNA at 24 h in rat brain. In the present
study, we examined changes in the mRNA levels for the IEG cfos and zif268 in rats
treated chronically with PCP and compared them to the responses to acute PCP.
Acutely, rats were given 2mg/kg PCP 1 or 24 hours before sacrifice. For chronic
treatment, animals received PCP once daily at a dose of 2mg/kg, i.p. for 14 days.
Animals received the last drug dose 1 hour or 24 hours before sacrifice. We employed
in situ hybridization techniques and quantified the cfos and zif268 mRNAs levels in
cortical, subcortical, and hippocampal regions. Acute PCP induces an increase in cfos
and zif268 mRNA in neocortex (MPC and DFC) and limbic cortex (ACC and PCC) at 1-3
hours after administration. In contrast, after chronic PCP the one hour zif268 mRNA
increase was blocked in SMC and PC and the cfos increase blocked in neocortex,
limbic cortex, SMC, PC, CP, and NA. In addition, chronic PCP produced a significant
decrease in zif268 in MPC (13%), DFC (14%), ACC (11%) and PCC (14%) and a
decrease in cfos mRNA in ACC (11%). We will report additional results produced by
chronic PCP on IEG expression within 24 h after the last injection. The current study set
out to characterize the chronic effects of PCP. These chronic changes could be
representative of the specific cellular and molecular adaptations responsible for the
pharmacologic and behavioral consequences of chronic PCP.
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CHRONIC BENZODIAZEPINE TREATMENT EFFECT ON EXCITATORY
AMINO ACID RECEPTOR (EAAR) STRUCTURE AND FUNCTION.
B.J. VanSickle, X.J Zenq, S. Chen, A.S. Cox, K. Schak and E.l. Tietz*
Dept. of Pharmacology, Med. College of Ohio, Toledo, OH 43614, USA.
Studies of GABAR function in CA1 pyramidal cellsof flurazepam (FZP) treated rats revealed increased mono^naptically-evoled EPSP amplitude
and a late GABAR-mediated depolarizing potential after high-intensity
orthodromic stimulation. EAARs were studied using structural and
functional approaches Changes in AMPA receptor (AMPAR) and NMDA
receptor (NMDAR) mRNA were studied using in situ hybridization. Changes
were examined immediately (0 days), 2 and 7 days after ending 1 week
oral FZP treatment. At 2 days, NMDAR subunit NR2B mRNA expression
decreased in hippocampal areasCA1 (-19.4%) and CA2 (-24.1%). At 7
days, AMPAR subunit GluR2 mRNA decreased in CA1 H3.5%) and CA2
(-37.0%). No significant changes were found for NR1 or NR2A mRNA.
Quantitative immunohistochemistry at 2 days detected decreases in NR2B
immunoreactivity in area CA1: stratum oriens (-17.7%); stratum pyramidale
(-18.8%) and CA2: stratum oriens (-25.8%); stratum pyramidale (-25.3%).
EAAR-mediated function was examined in CA1 pyramidal cellsfrom rats 2
days after ending FZP treatment using whole-cell voltage clamp
techniques, Miniature (m)EPSCswere recoided in 10 pM glycine 10 pM
bicuculiine, 25 pM CGP-35348, and 1 pM TTX. At Vh = -80mV there
were no significant differences in the amplitude of fast AMPAR-mediated
events (CON:-9.7 pA; FZP: -9.7 pA), decay constant (16.3 ms, 16.6 ms), or
rise time (2.5 ms, 2.1 ms). Events detected with slow rise times were also
not different: amplitude (CON: -9.4 pA; FZP: -8.8 pA), decay constant (22.3
ms, 20.3 ms), or rise time (5.7 ms, 6.3 ms). Further studies will examine
potential changes in the AMPA- and NMDA-mediated components of
spontaneous and evoked EPSCs Support: NIDA grant R01-DA04075.

CONFOCAL MICROSCOPIC ANALYSIS OF GLUTAMATE
RECEPTORS IN 6-HYDROXYDOPAMINE-LESIONED RAT.
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IMMUNOHISTOCHEMISTRY REVEALS RESISTANCE OF IONOTROPIC
GLUTAMATE RECEPTORS TO GLOBAL RETINAL ISCHEMIA BEFORE
CELL DEATH.
R.J, Clarke* B, Magrys and L.K, Friedman Neuroscience
Department, Seton Hall University/NJ Neuroscience Institute, S Orange, NJ 07079.
NMDA and Ca2+ permeable AMPA receptors (lacking the GluR2 subunit) have
been implicated in delayed hippocampal neurodegeneration associated with global
cerebral ischemia and excitatory amino acid neurotoxicity of the retina. Using
immunohistochemical techniques we examined the post-ischemic expression of
glutamate receptor distributions within the retina after temporarily ligating the blood
supply to the eye caudal to the globe for 30-80 min. Retinas were removed after 48
hrs. Functional loss was measured using the consensual pupillary reflex comparing
responses to light before and after experimental ischemia. Glial cell acidic fibrillary
protein (GFAP) immunolabeling was highly upregulated in Muller cells in our
model, hence, GFAP immunohistochemistry was used as a sensitive positive marker.
In control eyes, AMPA and NMDA subunits were widely distributed in' most cell
types but with different immunoreactive patterns. In contrast to reported decreases in
AMPA mRNAs at 24-72 hrs after cerebral ischemia, GluRl, GluR2, and GluR3
receptor subunit proteins were unchanged throughout retinal inner and outer
plexiform layers. Noticeable upregulations in NRI immunoreactivity occurred
within the inner plexiform layer in animals exhibiting marked increases in GFAP.
NR2A/B immunolabeling was unaltered at this time. Nissl staining showed no
change in morphology or cell loss in any retinal layer. Data indicate that (1)
downregulations of mRNA reported in other models of global ischemia may not be
translated; (2) Ca2+ permeable AMPA receptors do not form or contribute to delayed
cell death in the retina; and (3) increases in NRI immunoreactivity, presumably
within ganglion cell dendrites, may lead to delayed hyperexcitability of surviving
Supported in part by Fight for Sight and NIH-NS-38069
neurons.

IMMUNOHISTOCHEMICAL CHARACTERIZATION OF AMPA AND NRI
RECEPTORS IN HUMAN TEMPORAL LOBE EPILEPSY.
1>2 R.A. Zappulla*, 1M. Nadkami, 1R. Rivas, 1B. Magrys, and ^L.K. Friedman
1 Departments of Neuroscience and 2Neurosurgery, NJ Neuroscience Institute/ Seton
Hall University, NJ 08820
Selective loss of the GluR2 subunit may contribute to status epilepticusinduced hippocampal neurodegeneration in rodents. In the present study, single and
double immunohistochemistry with glutamate specific antibodies was used to
characterize expression of AMPA and NRI receptors in resected epileptogenic
hippocampus and temporal neocortex. Within the hippocampus, surviving cells of
the pyramidal cell layer were intensely immunoreactive against GluRl, weakly
stained for NRI, and nearly absent in GluR2 and GluR3 expression similar to
observations in rats. In vulnerable CA1-CA3 areas, double labeling revealed GluRl
immunofluorescence was intense in cell somata and proximal dendrites, whereas
GluR2 somatic labeling was weak with little or no labeling of dendrites. EEG
recordings demonstrated that seizures originated from the hippocampus with a
pattern of low voltage fast beta activity. Within the resected temporal neocortex,
GluRl and GluR2 were co-localized. GluR2 and GluR2/3 immunolabeling revealed
loss of protein in many pyramidal cells of cortical layer III, whereas GluRl amd
NRI immunoreactivities were intense. Histological assessment confirmed marked
hippocampal pyramidal cell loss and partial sparing of the dentate granule cell layer.
Cytoarchitecture in neocortex was indistinguishable from postmortem control
tissue. These results suggest that in human temporal lobe epilepsy, GluRl and
NRI receptors predominate in surviving epileptogenic hippocampus and neocortex.
Excitability and excitotoxicity within hippocampal and neocortical epileptogenic
regions may be mediated by those receptors due to possible cell-specific increases in
the GluRl:GluR2 protein ratio and sustained levels of NRI.
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Y.C. Tse and K.K.L. Yung*. Dept. of Biology, Hong Kong Baptist Univ.,
Hong Kong, China.
In an animal model of Parkinson’s disease, namely the 6hydroxydopamine-lesioned rat, immunoreactivity for ionotropic glutamate
receptors was revealed in the basal ganglia by laser scan confocal
microscopy. Perfuse-fixed sections of the neostriatum and the substantia
nigra were used. After two weeks of lesion, immunoreactivity for GluRl,
GluR2, GluR2/3, GluR5/6/7, NMDAR 1 and NMDAR2B receptors was
found to reduce in the lesioned side of the substantia nigra pars compacta. In
the neostriatum, there was a decrease in intensity of GluRl, GluR2, GluR2/3,
GluR4, GluR5/6/7, NMDAR 1 and NMDAR2B immunoreactivity in the
lesioned side. After one year of lesion, immunoreactivity for GluRl, GluR2,
GluR2/3, GluR5/6/7, NMDAR1 and NMDAR2B were also found to reduce
in the lesioned side of the substantia nigra pars compacta. However, no
difference in the intensity of the glutamate receptor immunoreactivity was
found in the neostriatum of the lesioned side. These results indicate that the
dopaminergic neurons express most of the ionotropic glutamate receptor
subunits in the substantia nigra. In addition, our results also indicate that
there may be a down regulation of glutamate receptor proteins in the
neostriatum after a short period of lesion. The levels of glutamate receptor
expression may then be up regulated after a longer period. These results may
provide information about the change of ionotropic receptor expression
during the course of Parkinson’s disease.
Supported by HKBU2006/97M, Hong Kong Research Grant Council.
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EFFECTS OF MULTIPLE NEONATAL SEIZURES ON IONOTROPIC
GLUTAMATE RECEPTORS, EPILEPTOGENESIS, AND PRE-MATURE
NEURONAL VULNERABILITY. L.K. Friedman* Department of Neuroscience,
Seton Hall University/ NJ Neuroscience Institute, South Orange, NJ 07079
Numerous epilepsy models in rodents indicate that seizure-induced brain damage
within limbic structures first appears around the fourth week of life, then
progresses with maturation. In neonatal and young rat pups, AMPA and NRI
protein remain constant in CA3 neurons following one long-lasting seizure
episode, possibly contributing to their survival. To investigate whether a certain
number of seizure episodes (1, 2, 3 or 4) in postnatal (P) development may lower
the seizure threshold, alter ionotropic glutamate receptors, or precipitate premature brain damage, kainate (KA) was administered s.c. to pups on P5, P7, P10,
or P13. Animals were sacrificed 72 hrs after the last seizure. Histological
analyses revealed signs of neurodegeneration selective to ectorhinal and lateral
entorhinal cortical neurons and to a specific group of hippocampal intemeurons
after 3 or 4 seizures, different from the adult pattern of damage. After two
seizures, pups required lower doses of KA to induce status epilepticus and reduce
mortality. Immunohistochemistry showed selective and bilateral upregulations of
NR2A/B receptor protein within vulnerable cortical regions exhibiting marked
increases in Nissl stain. NRI immunoreactivity was also increased but to a lesser
degree; GluRl and GluR2 AMPA proteins were unaltered.
Within the
hippocampus, AMPA and NMDA immunohistochemistry was indistinguishable
from age-matched controls. Therefore, in contrast to one seizure, a highly
selective but different pattern of neuronal vulnerability emerges much earlier
within the developing limbic system, which depends upon the number of neonatal
seizures. Two episodes of status epilepticus in early development are sufficient to
lower the seizure threshold possibly by allosteric potentiation of NMDA receptors
within excitable hippocampal afferent pathways. Supported by NIH-NS-38069

KAINIC ACID-INDUCED STATUS EPILEPTICUS DECREASES GLUR2
PROTEIN IN HIPPOCAMPAL PYRAMIDAL CELLS PRIOR TO
NEURONAL DEATH. S.Y. Grooms*, K. Oquro, T. Opitz, M.V.L. Bennett
& R.S. Zukin. Dept. Neurosci., Albert Einstein College of Medicine,
Bronx, NY 10461.

Kainic acid (KA)-induced status epilepticus is associated with delayed,
selective neuronal death in the hippocampal CA3 and, to a lesser extent, in
CA1. We examined possible changes in AMPA receptor subunit expression by
Western blot analysis and immunocytochemistry with subunit-specific
antibodies. At times after status epilepticus, tissue was microdissected from
CA1, CA3a-b and DG-CA3c. Protein extracts were prepared and subjected to
SDS-PAGE and Western blotting. Relative abundance of receptor subunit was
assessed by chemiluminescence and computer-aided densitometry. Western
analysis revealed 30% reduction of GluR2 (Ca2+ limiting AMPA receptor
subunit) in CA3a-b and 15% reduction in CA1 at 20 h after status. The
reduction in GluR2 in CA1 and CA3a-b was first evident at 16 h and maximal
at 20 h. GluRl subunit expression was unchanged in CA3a-b as late as 20 h,
but exhibited a modest reduction (presumably due to cell loss) at 24h. No
changes in GluR2 protein were detected in DG-CA3c. Immunocytochemistry
revealed a reduction in GluR2 immunolabeling per neuron in the pyramidal
layer, and an increase per neuron in the granule cell layer of dentate gyrus.
Thus, down regulation of GluR2 protein was specific to vulnerable neurons.
These data support a role for regulation of GluR2 gene expression and Ca2+permeable AMPA receptors in neurodegeneration after status epilepticus.
Supported by UNCF/Merck (SYG) and NS31282 (RSZ).
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CaEDTA PREVENTS GLUR2 DOWN REGULATION AND DELAYED
CELL DEATH IN THE HIPPOCAMPAL CA1 AFTER GLOBAL
ISCHEMIA. A.Calderone*, K.Oquro, M.V.L. Bennett, R.S. Zukin. Dept.
Neuroscience, Albert Einstein College of Medicine, Bronx NY 10461.
Transient global ischemia induces selective delayed cell death in the
hippocampal CA1. Cell death requires an early translocation of Zn2+
from presynaptic fibers to the cell bodies of vulnerable postsynaptic
neurons (Koh etal., Science272:1013-16,1996) and a delayed rise in
intracellular Ca2+, which may be mediated by Ca2+ permeable AMPA
receptors. To examine molecular mechanisms underlying Zn2+ toxicity,
we administered the cell-membrane impermeant chelator CaEDTA or
saline i.c.v. to adult male gerbils and induced global ischemia by 5 min
bilateral carotid occlusion. Neuronal death was assessed by histological
analysis and AMPA receptor subunit expression by quantitative
Western blot analysis. Global ischemia induced selective, delayed
neuronal death and a pronounced down regulation of GluR2 (the
subunit that limits Ca2+ permeability of AMPA receptors) in CA1 prior to
the onset of cell death. Pretreatment with CaEDTA significantly
reduced ischemia-induced damage and down regulation of GluR2
protein expression. These findings are consistent with a mechanism
whereby early Zn2+ influx acts to down regulate GluR2 gene expression
and thereby promote delayed Ca2+ influx via AMPA receptors into
vulnerable CA1 neurons. Supported by NIH grant no. NS 31282.

ESTROGEN AFFORDS NEUROPROTECTION AGAINST ISCHEMIAINDUCED DAMAGE AND REDUCES EXPRESSION OF P75NGFR IN
GERBIL HIPPOCAMPUS. N. Oquro, K. Oguro*, T. Kojima, Y. Lin,
T.Jover, M.V.L.Bennett, A.M.Etqen & R.S. Zukin. Dept. Neurosci.,
Albert Einstein Coil. Med., Bronx NY 10461.
Estrogen is thought to afford neuroprotection against the delayed,
selective neuronal death associated with stroke. To examine
neuroprotective actions of estrogen, we administered estradiol to
ovariectomized gerbils and induced global ischemia by temporary (5
min) bilateral occlusion of the carotid arteries. Neurodegeneration was
monitored by histological analysis. Both chronic (14 d pretreatment) and
acute (i.c.v. injection at -1, 6, and 12 h after reperfusion) estradiol
afforded pronounced neuroprotection against delayed ischemia-induced
apoptotic cell death in the hippocampal CA1. A mechanism thought to
trigger apoptotic cell death is regulation of neurotrophin receptor p75
and trkA expression. To examine mechanisms underlying estrogen
actions, we measured trkA and P75NGFR in CA1 by quantitative Western
blot analysis. Estrogen (14 d) significantly reduced P75NGFR protein to
ca. 75% control value. TrkA protein expression was not detected in
CA1. These findings suggest that estrogen may afford neuroprotection
against ischemia-induced damage by reducing P75NGFR expression and
inhibiting apoptosis. Supported by NIH grants NS 31282 and HD29856.
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REGULATION OF ALTERNATIVE SPLICING OF THE NMDA
RECEPTOR NR1 GENE BY ESTROGEN. C.C.-H. Lee. S.Y.Grooms,
A. Etqen and R.S. Zukin*. Dept. Neuroscience, Albert Einstein Coll.
Med., 1300 Morris Park Ave., Bronx NY10461.
NMDA-type glutamate receptors are thought to mediate some effects
of estrogen on morphological plasticity and related physiological and
cognitive processes in the brain. Administration of estradiol to
ovariectomized rats increases spine density (J. Neurosci.; 16(13); 405968), synapse number (J. Neurosci.; 12(7): 2549-54), and NMDA
receptor protein expression in the CA1 subfield of the hippocampus (J.
Neurosci.; 16(21): 6830-8). The present study examined regulation by
estrogen of alternative RNA splicing of the NMDA NR1 gene in
ovariectomized rats. The NR1 mRNA has three alternatively spliced
exons: 5,21 and 22, which affect the physiological and pharmacological
properties of the receptor, as well as membrane targeting, clustering
and anchoring of the receptor protein to cytoskeleton. Expression of
NR1 splice variants in subfields of the hippocampus (CA1, CA3, dentate
gyrus) was assessed by in situ hybridization with oligonucleotide probes
which detect the presence or absence of each of three alternatively
spliced exons. NR1 splice variant expression was quantitated by
computerized densitometry with NIH IMAGE 6.1 software. Two-day
estradiol treatment did not alter expression of exon 5, which encodes
a 21 amino acid insert in the N-terminal domain of the NR1 protein, in
any subfield of the hippocampus or in thalamus. Studies of estrogen
effects on C-terminal splicing of NR1 are underway. Supported by NIH
grants NS20752 and R37MH41414.

REGULATION OF AMPA RECEPTOR COMPLEX FORMATION
EXAMINED BY A TWO SITE ENZYME IMMUNOASSAY
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K. Ibaraki* and H. Nawa; Dept. of Molec. Neurobiol., Brain Res. Inst.,
Niigata Univ., Niigata 951-8585, Japan.
The AMPA receptor channel plays important roles in fast
synaptic transmission and synaptic plasticity in the brain. This channel
forms a tetrameric structure comprizing two or more of the AMPA
receptor subunits (GluRl-4). However, it is poorly understood how the
AMPA receptor complex is made and how the process of the complex
formation is regulated. We therefore addressed these questions using a
novel sandwich enzyme immunoassay (EIA) for the AMPA receptor
complex. First, we assessed the effect of neural activity on an interaction
between GluRl and GluR2-3 proteins. Seizures was induced in young
SD rats with picrotoxin, a GABA receptor antagonist. The EIA detected
the complex of GluRl and GluR2-3 by sandwiching it with an antiGluR23-C-terminal Ab and biotinylated anti-GluRl-N-terminal Ab in
control hippocampal extracts and revealed that the level of the AMPA
complex was increased by seizures. In agreement, immunoblotting
done under non-reducing condition displayed 300-500 kDa bands that
were immunoreactive to both the antibodies against GluRl and GluR23. Moreover, the intensity of these bands was enhanced by seizures.
These results suggest that neural activities regulates the interaction
between these AMPA receptor subunits, leading to formation of the
functional receptor complexes. Supported in part by JSPS-RFTF96L00203.
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NEURONAL CELL LINES DERIVED FROM NORMAL AND TRISOMY 16
MOUSE HIPPOCAMPUS EXHIBIT NEURONAL MARKERS AND CENTRAL
NEUROTRANSMITTER RECEPTORS. P, Caviedes12*, C. Arriagada1, R. Alvarez3,
J, Cortes3. S.I. Rapoport4. R. Caviedes1 and A.M. Cardenas3. 'Physiology &
Biophysics Program, ICBM, Fac. Medicine, Univ of Chile; 2Centro de Estudios
Cientificos de Santiago; ’School of Medicine. Univ. of Valparaiso, Chile; and
4NIA/NIH, Bethesda, MD 20892..
Murine trisomy 16 (Tsl6) is a model of human Down syndrome (DS). We have
successfully established continuously growing cell lines from the hippocampus of
normal and Tsl6 fetal mice, using an original protocol. The cell lines, named Hlb
(derived from a normal animal) and HTk (derived from a Tsl6 fetus), grow on
monolayers, with a doubling time of approximately 14 hrs when cultured in 12.5%
serum. By immunohystochemistry, both cell lines exhibit neurological markers
(neuron specific enolase, synaptophysin, MAP-2, neurofilament, CHAT), and lack
glial markers (GFAP, galactocerebroside). We also studied the intracellular Ca2+
response ([Ca2+],) in cells loaded with the fluorescent Ca2+ indicator Indo-1. Basal
Ca“+ levels were 93.7±3.9 nM for H4b ceils (X±SEM, n=62) and 96±3.8 for HTk
(n=50). Nicotine, when applied externally in excess of 60 mM, induced a rapid
increase in [Ca2+], in both cell types, with responses that exhibited two or three
components in the decay phase. The cells also responded to glutamatergic stimuli
(glutamate, NMDA, AMPA, kainate:60-250 mM) with mostly single exponential
kinetics for the decay of the Ca2+ response, with values of time constants of 34±10 sec
(X±SEM, n=19) for Hlb and 36.4±7 sec for HTk cells (n=25). 3 HTk cells examined
exhibited responses with decays of two or three components. Finally, some cells were
also sensitive to histamine and noradrenaline. All responses to the agonists
mentioned above were prevented by the application of specific antagonists. The
results show that Hlb and HTk cells retain a neuronal phenotype and respond to
specific neurotransmitter stimuli. The HTk cell line could constitute an in vitro model
for the study of the neuronal pathophysiology of DS.
Funded by grants from Fondecyt 1980906, DIPUV 0398 (Chile).

EXPRESSION OF NON-NMDA RECEPTORS AND HEME OXYGENASE
GENES IN HIPPOCAMPUS OF STREPTOZOTOCIN-INDUCED DIABETIC
RATS M.S. Leung*. H.P. Kwan and C.C. Wong. Department, of Physiology, The
Chinese University of Hong Kong, Shatin, NT, Hong Kong SAR
The mechanisms by which chronic hyperglycemia affects cognitive function are not
well-established. It is known that the glutamate receptors and retrograde messengers
play a critical role in the processes of learning and memory. In this study, gene
expression at transcription level of different non-NMDA receptor subtypes and the
enzyme heme oxygenase (HO) in the hippocampus of diabetic rats was examined.
Diabetes was induced by injecting male Sprague-Dawley rats of about 250 g body
weight with 75mg/kg streptozotocin (i.p.) and they were sacrificied 6 weeks and 12
weeks after the treatment. Hippocampal tissues were collected and total RNAs were
extracted using Qiagen RNeasy Mini Kit. Expression of AMPA receptor subtypes
GluR 1,2,3,4, kainate receptor KAI and HO-1 mRNA were measured using a semiquantitative 32P-labeled dCTP reverse transcription-polymerase chain reaction (RTPCR) approach. Expression of housekeeping gene b-actin and PCNA were used to
correct the unequal amount of RT-product added into the PCR tubes. The radiolabeled RT-PCR products were separated with 8% native polyacrylamide gel
electrophoresis and semi-quantified with a BioRad Phosphorimager.
Expression of GluR-2,3 and HO-1, corrected by expression of P-actin were reduced
significantly (19%, 22% and 14% respectively) in diabetic rats after 6 weeks of
treatment. Expression of KAI that corrected by expression of PCNA was reduced
significantly (19%) in diabetic rats after 12 weeks of treatment. The glutamate
receptors and retrograde messengers are involved in the cognitive processes, the
reduction in the expression of specific glutamate receptor subtypes and retrograde
messengers during chronic hyperglycemia in this study may lead to a better
understanding of mechanisms underlying learning and memory impairment in
diabetes, (supported by CUHK Direct Grant: 2040570)
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GENOMIC IMPRINTING OF THE HUMAN KAINATE RECEPTOR
GLUR7. H.H. Schiffer*, G.T. Swanson, E. Masliah* and S.F. Heinemann,
Molecular Neurobioiogy Laboratory, Salk Institute, Department of
Neurosciences UCSD, La Jolla, CA.
Recent advances in molecular genetics have directed attention to the role
of genomic imprinting in normal development and human disease.
Genomic imprinting is an epigenetic mechanism causing differential
expression of maternal and paternal alleles of a gene. We have recently
identified an exonic genetic polymorphism in the human kainate receptor
GluR7 gene GRIK3, which results in a single amino acid change in the
extracellular domain. Using this polymorphism as genetic marker, we were
able to analyze the expression level of GluR7 alleles in the human brain.
Interestingly, we discovered unequal expression levels of the two GluR7
alleles, with the ratio varying in different brain regions. For example, the
expression level of GluR7 alleles differed by 12.6 fold in one cerebellum
analyzed. These results indicate that the human GluR7 gene GR1K3 on
chromosome 1 at p33-34 is among the ca. 25 genes so far known to be
affected by genomic imprinting. The analysis of genotype distribution and
allele frequencies shows that the polymorphism in the GR1K3 gene is
common among American Caucasians (heterozygosity 0.428). No
functional difference between the recombinant human receptor isoforms
was detected. However, we found that homomeric human GluR7 receptors
are ca. 2 fold less sensitive to L-glutamate compared to the highly
conserved rat GluR7 receptor. Interestingly, the rat and human mature
receptor subunits differ only at 11 amino acid positions. These findings are
important for studying genomic imprinting in general, but especially for
elucidating the function of GluR7 receptors in the brain and their potential
role in neurological diseases. This work was supported by the NIH, the John
Adler Foundation and the McKnight Foundation.

CONTRIBUTION OF THE AMPAR SUBUNIT GiuR-A IN
SYNAPTIC PLASTICITY IN GENE MANIPULATED MICE.

391.19
EXPRESSIONS OF THE AMPA RECEPTOR AND BRAIN-DERIVED NEUROTROPHIC FACTOR IN RAT BRAINS FOLLOWING SCIATIC NERVE INJURY.
Y.H. Lee1*. C.C. Peng1, C.H. Wu2, J.C. Hsu3, F.C. Wei4. 'Dept. of Physiology, and
2Dept. of Anatomy, Taipei Medical College, Taipei; 3Dept. of Anesthesiology, and
4Dept. of Plastic Surgery, Chang Gung Memorial Hospital, Taoyuan, Taiwan.
AMPA receptors and brain-derived neurotrophic factor (BDNF) are responsible
for the synaptic plasticity in CNS and their activities can be mutually regulated. In
this study, expressions of these proteins in CNS following peripheral nerve injuries
were examined. We use male Sprague Dawley rats with sciatic nerve sham-operated
on the left side and crushed or ligated on the right side, sacrificed on day 3 and day 7
to investigate the physiological and biochemical changes in the brain. Functional
analysis showed significant gastrocnemius atrophy, reductions of both the range of
hindlimb motion and the amplitude of somatosensory evoked potential on the injured
side compared with the sham-operated side. Western blot analysis of the expression
of plasticity-related proteins in sensorimotor-enriched cortex respective to the injured
nerve show a transient up-regulation of GluR2/3 subunits of the AMPA receptor on
day 3 but not on day 7. On the other hand, expression of BDNF receptor TrkB was
down-regulated in both sensorimotor and temporal lobe-enriched cortex till day 7.
These results suggest that sciatic nerve injury may enhance synaptic efficacy in the
sensorimotor cortex by increasing AMPA receptor expression, which may increase
BDNF release and resulted in ligand-mediated downregulation of TrkB.
Furthermore, immunohistochemistry showed crush injury of the right sciatic nerve
increased expressions of GluR2/3, BDNF, and growth-associated protein GAP43 on
the left side of striatum and hippocampus, implicating an increase of neuronal
plasticity in these regions. In conclusion, sciatic nerve injury may increase neuronal
plasticity in brain regions responsible for primary sensorimotor processing, motor
planning and learning, which may contribute to the functional reorganization of the
sensorimotor- and recognition-related circuitries. (Supported by National Science
Council, Taiwan, NSC88-2314-B-038-125.)
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R. Sprenael1*, D. Zamanillo1. N. Burnashev2. A. Rosov2. K, KaisetifcLL
Kdster2. T, Borchardt1. 0, Hvalbv3. V. Jensen3. P. Kelly4. J. Lubke4, EL
Worlev5. P. Andsersen3, P, H. Seeburo1 and B. Sakmann! 'Dept. of
Molecular Neurobioiogy and 2Dept. of Zellphysiology, Max-PlanckInstitute for Medical Research, 69120 Heidelberg, Germany; 3Dept. of
Physiology, Institute of Basic Medical Sciences, University of Oslo,
Noway; 46ept. of Anatomy, University of Freiburg, Albertstr. 17, D79104 Freiburg, Germany, 5Novartis Pharma AG, Basel, Switzerland;
’Depts. of Neuroscience and Neurology, Johns Hopkins University,
School of Medicine, Baltimore MD21205
Mice which lack the AMAP receptor subunit GluR-A do not express
LTP in brain slices of adutt mice at Schaffer collateral/CA1 synapses after
single 100 Hz tetanic stimulation and display escape latencies in the
Morris water maze which are comparable to wild-type littermates.
Similarly, in GluR-A'' mice synapitc transmission, NMDA mediated
dentritic and synaptic Ca2* influx, induction of NMDA receptor activity
dependent genes and fine structure of the synapses was like in wild
type. However, in nucleated patches of CA1 we found a stong
reduction of AMPA receptor mediated currents.
To establish the function of the GluR-A subunit we investigated LTP in
GluR-A'A mice at different times of development and at different
synapses (e.g. at the perforant path/granule ceil synapse of the
hippocampus) and identified synapses in the GluR-A'' mice which show
GluR-A independent LTP. Our data might indicate that not the GluR-A
subunit itself but the amount of AMPA receptor at extrasynaptic sites
seems to be important for the establishment of LTP.
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A REVISED KINETIC SCHEME FOR ACTIVATION AND
DESENSITIZATION OF AMPA RECEPTORS. D. K. Patneau.*
Committee on Neurobiology and Dept. Pharmacological and
Physiological Sciences, University of Chicago, Chicago, IL 60637.
The AMPA-preferring subtype of glutamate receptor responds to
a pulse of glutamate with a rapid and large depolarization that
quickly (t 1-10 ms.) desensitizes in the continued presence of
glutamate to - 1% of the peak response. Kinetic models of AMPA
receptor gating and desensitization have commonly included 2
glutamate binding steps, desensitization from closed states, and one
principal open state. Several recent papers challenge previous
assumptions incorporated in these models. The number of binding
sites for glutamate, the number of open states and their
conductances, and the relationship between gating and
desensitization have all been questioned, and suggest the need to
revise previous kinetic models to incorporate the new findings.
A revised kinetic scheme for gating and desensitization of
AMPA receptors was developed, with constraints provided by
physiological recordings from neuronal and recombinant AMPA
receptors and parsimony. Among the constraints imposed, the
scheme had to model multiple open states varying in receptor
occupancy and conductance, the agonist-dependence of both gating
and desensitization, the double-exponential onset of desensitization,
and the effects of various modulators on desensitization. Relevant
kinetic schemes and modeled data will be presented.
This research was supported by grants from the American Heart
Association and Brain Research Foundation.

A POINT MUTATION IN THE AMPA RECEPTOR GLUR-D SUBUNIT
GLUTAMATE BINDING POCKET DECREASES GLUTAMATE AFFINITY OF
THE RECEPTOR
A. Kuusinen1-2, K. Keinanen12, and M. Pasternack2*
’Department of Biosciences (Division of Biochemistry) and institute of
Biotechnology, POBox 56, FIN-00014 University of Helsinki, Finland
We have previously shown using an AMPA receptor GluR-D subunit S1-S2 domain
soluble fusion protein that the Glu727 residue is critical in glutamate binding via it’s
interaction with the a-amino group of the ligand (Lampinen et al., 1998). The
replacement of Glu727 with a non-charged residue resulted in total loss of [3H]AMPA
binding to the S1-S2 fusion protein, whereas the substitution of Glu727 with aspartate
(E727D) increased AMPA affinity, but decreased glutamate affinity substantially. In
the present study we have introduced the E727D mutation into a full length GluR-D
cDNA construct. We investigated the apparent glutamate affinity of the wild type (wt)
and E727D GluR-D receptors in HEK-293 cells transiently expressing the receptors
using the patch-clamp technique and a rapid perfusion system on outside-out patches.
Due to high expression levels the patches usually contained numerous AMPA receptors
and displayed a macroscopic current with an amplitude of 100-200 pA when activated
with saturating agonist concentrations. The glutamate concentration-response
relationship of the wt receptor was surprisingly steep under these conditions, the
current peaking at slightly above 1 mM glutamate, while no current was observed with
concentrations below 50 pM glutamate. In agreement with our previous findings, the
E727D receptors displayed a dramatic decrease in apparent glutamate affinity when
compared to the wt receptor (ECS0 around 500 pM for the wt receptors and above 10
mM for the E727D receptor).
Lampinen, M., Pentikainen, O., Johnson, M.S. and Keinanen, K. (1998). EMBO J.
17:4704-4711.
This work was supported by the Academy of Finland

392.3

392.4

A POINT MUTATION IN THE AGONIST BINDING DOMAIN OF AMPA
RECEPTORS WHICH CONTROLS RECEPTOR DESENSITIZATION IS
DOMINANT IN HETEROMERIC COMPLEXES OF MUTATED AND
WILDTYPE RECEPTOR SUBUNITS. A, Thalhammer, N, Strutz, and
M, Hollmann*. Glutamate Receptor Laboratory, Max-Planck-Institute for
experimental Medicine, D-37075 Gottingen, Germany
Recently, it has been shown that a single leucine-to-tyrosine mutation in
the agonist binding domains of the AMPA receptors GluR3 and GluRl is
sufficient to completely block receptor desensitization (Stern-Bach et. al.,
1998, Neuron 21: 907-18).
In the present study we show that the equivalent mutation (L483Y) in the
AMPA receptor subunit GluR2 has the same effect, demonstrating that
edited, non-calcium permeable AMPA subunits such as GluR2 utilize the
same desensitization mechanism as non-edited calcium permeable
subunits such as GluRl and GluR3.
Furthermore, for both point mutations, GluRl-L479Y and GluR2-L483Y,
we observed an inversion of the ratio of maximal amplitudes of glutamateand kainate-elicited steady-state current responses from below unity (0.10.6) for wildtype receptors to well above unity (4.9-8.7) for mutant receptor.
The same inversion was observed in heteromeric subunit combinations
containing the leucine-to-tyrosine mutation in at least one of the subunits
and indicates that glutamate is a full agonist while kainate is only a partial
agonist. Moreover, in all receptor complexes containing at least one
mutated subunit the AMPA receptor desensitization blocker cyclothiazide
no longer elicited potentiation of steady-state agonist responses.
Our results show that the block of desensitization afforded by the L-to-Y
mutation in the agonist binding domain of AMPA receptors is dominant in
heteromeric subunit complexes, irrespective whether the mutation resides
in the GluRl or GluR2 subunit of the receptor complex.
Supported by SFB 406.

TESTING A COMBINATORIAL MODEL OF AMPA RECEPTOR
ASSEMBLY BY SINGLE CELL PCR IN PRIMARY NEURONS. IR.
Brorson1* and W. VandenbergheL 2. IDept. of Neurology, The University
of Chicago, Chicago, IL 60637, and 2Dept. of Neurology, University of
Leuven, Leuven, Belgium.
AMPA receptors in cultured cerebellar neurons were characterized by
whole-cell electrophysiological studies and single cell PCR-based analysis
of subunit mRNA expression. Purkinje neurons consistently expressed high
levels of GluR2 and AMPA receptors with low, but non-zero, Ca2+
permeability. Other cerebellar neurons expressed AMPA receptors with
widely variable Ca2+ permeability and fractional GluR2. These properties
correlated on a cell-by-cell basis. For a population of channels, the reversal
potential of the ensemble current-voltage relationship, more than the
calculated relative Ca2+ permeability, is expected to approximate the linear
average of contributions of individual receptors. In the cerebellar neurons,
the relationship of overall reversal potential to fractional GluR2 expression
in individual cells was well fit by a modified combinatorial model based on
mRNA levels which assumed stochastic assembly of subunits and GluR2
dominance in controlling divalent cation permeation. We infer that to a first
approximation, AMPA receptor properties in individual neurons may be
determined primarily by relative levels of subunit transcription. Supported
by the Brain Research Foundation of the University of Chicago and the
F. W. O. - Vlaanderen.

392.5

392.6

COASSEMBLY OF KAINATE RECEPTOR SUBUNITS GluR5, GluR6 AND
GluR7. C. Cui*. M. L. Mayer. LCMN, NICHD, National Institutes of Health,
Bethesda, MD 20892.
GluR5, GluR6 and GluR7 are obligate kainate receptor subunits which show
overlapping distribution throughout the brain. However, it has not been established
whether GluR5-GluR7 can coassemble to form heteromeric receptors with novel
functional properties. Here we used the GluR5 selective agonist (S)-5-iodowillardiine,
and changes in rectification on coassembly of Q and R edited forms, to demonstrate
that GluR5, GluR6 and GluR7 can coassemble to form functional heteromeric
receptors. (S)-5-iodowillardiine evoked inward rectifying responses in HEK cells
transfected with GluR5(Q) but no response for GluR6(R). In cells cotransfected with
GluR5(Q) and GluR6(R) at various ratios, (S)-5-iodowillardiine responses were
outward rectifying. This indicates formation of heteromeric receptors containing both
Q and R subunits. Changing the DNA transfection ratio of GluR5(Q) to GluR6(R)
from 1:1 to 5:1 failed to influence the rectification of (S)-5-iodowillardiine evoked
currents, most likely due to very high levels of expression of GluR6. A dominant
effect of the R over Q form was excluded by coexpression of GluR5(Q) with
GluR5(R) and GluR6(Q) with GluR6(R). Dominance of GluR6 over GluR5 was
excluded by coexpression of GluR5(R) with GluR6(Q).
Both kainate and (S)-5-iodowillardiine mediated currents showed less desensitization
in cells cotransfected with GluR5(Q) and GluR6(R) DNA compared to responses for
cells transfected with GluR6(R) or GluR5(Q) alone indicating that kainate receptor
heteromers have novel functional properties. A similar approach was used to
demonstrate formation of heteromeric receptors by coassembly of GluR5(Q) with
GluR7(R) and GluR6(Q590E) with GluR7(R). We noted that GluR7(R) affected the
gating of both GluR5(Q) and GluR6Q(590E) in the way that decreased the amplitude
of responses to kainate when these subunits coassemble. Our results suggest that
assembly of heteromeric kainate receptors is one mechanism which can explain
differences in the functional properties of kainate receptors in neurons versus those
previously reported for recombinant homomeric kainate receptors. Supported by
NICHD.

INVESTIGATION OF DOMAINS INVOLVED IN KAINATE RECEPTOR ION
CHANNEL FUNCTION. C. Villmann*1. N. Strutz.2 A. Thalhammer2. and
M, Hollmann2. ’Institute for Biochemistry, University of Erlangen-Niirnberg,
Fahrstr. 17, D-91054 Erlangen, Germany; 2Glutamate Receptor Laboratory, MaxPlanck-Institute for Experimental Medicine, D-37075 Gottingen, Germany
The glutamate receptor subunits GluR6 and GluR7 both belong to the kainate
receptor subfamily and share 86% sequence identity. Whereas GluR6 shows large,
desensitizing currents in both transfected mammalian cells and Xenopus oocytes,
GluR7 does only respond to unphysiologically high concentrations of agonists, and
responses are only detectable in mammalian cells but not in oocytes. In this study
we set out to investigate the determinants of the functional differences between
GluR6 and GluR7 as they might provide clues to the molecular mechanism of
kainate receptor function.
We previously have shown that the functional differences between GluR6 and
GluR7 are linked to the domain C-terminal of transmembrane domain (TMD) B,
the second of three true TMDs. To rule out the domain downstream of TMD C (=
FC domain) we now constructed GluR6 chimeras containing the FC domain of
GluR7, and also engineered the reverse construct. Electrophysiological analysis of
these chimeras revealed that the FC domain is not responsible for the functional
differences. Therefore, we focused on the extracellular domain between TMDs B and
C (= S2 domain). A chimera containing the S2 domain of GluR7 in GluR6 gave
only small currents whereas those of the reverse construct (with the S2 domain
originating from GluR6) were comparable to GluR6 wild type (wt). Another
chimera composed of GluR7 except for the second half of the S2 domain which was
derived from GluR6, displayed reduced current amplitudes as compared to GluR6
wt. Interestingly, a GluR7 mutant with a single amino acid exchange in the second
half of the S2 domain was capable of forming functional ion channels. The same
point mutation when introduced into GluR6 produced current amplitudes
comparable to GluR6 wt. Our data demonstrate that key amino acids in the second
half of the S2 domain are involved in the efficient translation of ligand binding into
ion channel activity in GluR7. Supported by SFB 406.
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392.8

THE ION PORE DOMAINS OF THE NON-CHANNEL-FORMING HIGHAFFINITY KAINATE RECEPTOR SUBUNITS KAI AND KA2 ARE
INTRINSICALLY FUNCTIONAL ION CHANNEL DOMAINS. N, Strutz',
C. Villmann2, T, Moitlf, R. Enz*2, and M, Hollmann1. 'Glutamate Receptor
Laboratory, Max-Planck-lnstituie for Experimental Medicine, Hermann-Rein-Str. 3,
D-37075 Gottingen, Germany, institute for Biochemistry, University of ErlangenNurnberg, Fahrstr. 17, D-91054 Erlangen, Germany,
The high-affinity kainate receptor subunits KAI and KA2 share significant (3743 %) sequence identity with the low-affinity kainate receptors GluR5-GluR7 as
well as with AMPA receptors, particularly in the region starting 120 bp upstream of
TMD A through TMD C. In contrast to these other subunits, formation of
homomerically functional ion channels could not be shown for KAI or KA2.
However, it has been reported that KA2 does form functional ion channels with
distinct properties when expressed in heteromeric combinations with either GluR5 or
GluR6. Protein expression and ligand binding have been convincingly shown for
both KAI and KA2. Thus, reasons for lack of homomeric channel formation might
be a) no functional ion channel, or b) a communication problem between ligand
binding and opening of the pore.
Therefore, we set out to investigate whether the hypothetical ion pore domains
of KAI or KA2 in principle are capable of conducting ionic currents. We excised the
ion pore domains KAI and KA2 and inserted them into the kainate receptor subunit
GluR6. In both cases the chimeric receptors upon expression in Xenopus oocytes
formed functional ion channels activated by kainate and glutamate. A rectifying
current-voltage relationship was determined for both chimeras, the ion channels are
permeable for calcium and can be blocked by philanthotoxin (PhTx). We conclude
that the ion channel domains of KAI and KA2 are intrinsically capable of conducting
current, provided they receive an appropriate gating signal from the ligand binding
domain. Lack of channel function in homomerically expressed KAI or KA2 may
thus be due to an inability of these proteins to communicate agonist binding to the
ion channel domain. Supported by SFB 406.

CHARACTERIZATION OF THE AMPA AND KAINATE
RECEPTORS IN CORTICAL NEURONS IN CULTURE. Caterina
Marchetti 2 . Alida Spalloni 2 , Patrizia Longone 2. Nicola Mercuri 1>2,
Giorgio Bemardi 12, Cristina Zona 1,2>* 1 Dept. Neuroscience, Univ.
Rome "Tor Vergata";2IRC.C.S. Clinica "S. Lucia", Via Ardeatina, 306,
Roma, Italy.
The goal of our work is to characterize the currents induced by kainate
and AMPA in rat cortical neurons in culture using the whole-cell
configuration of the patch-clamp technique combined with single-cell
reverse transcription (RT-PCR) of the mRNA encoding for each AMPA
and kainate receptor subunits. When cortical neurons are voltageclamped at -80 mV, bath perfusion of 100 p.M of kainate induces inward
currents in almost all neurons. Current gated by kainate does not
desensitize. Indeed the current induced by 30pM of AMPA increases
rapidly and then decreases to a constant value. GYKI 53655 (100 |±M), a
new noncompetitive antagonist of AMPA receptors, minimally affects
kainate-induced responses at kainate receptors while completely blocking
AMPA receptor-mediated currents, making it possible to separate the
responses mediated by each receptor. The cytoplasm of recorded neurons
is harvested into the recording pipette and single-cell reverse
transcription is performed. Preliminary results show that the cortical
neurons express the AMPA subunits and the kainate subunits particularly
the GluR7 and GluR6 subunits. These studies may help to correlate the
function of the AMPA and kainate receptors in cortical neurons with
their molecular structure.

392.9

392.10

NBQX INSENSITIVE INCREASE IN CORTICAL DIALYSATE
ACETYLCHOLINE BY KAINATE. A. Zapata. J. Bove and R, Trullas*
Neurobiology Unit, IIBB/CSIC, IDIBAPS, 08034 Barcelona, Spain.
The effect of AMPA/kainate receptor activation on acetylcholine
(Ach) and choline (Cho) efflux was investigated in rat prefrontal cortex using
"in vivo” microdialysis. Perfusion of kainate (1-50 pM) by retrodialysis
increased Ach efflux in a concentration dependent manner (maximal increase,
61% over control, at 50 pM). In contrast, higher concentrations of kainate
left unaltered or reduced (to 69% of baseline at 200 pM) dialysate Ach levels.
On the contrary, AMPA (1-200 pM) did not consistently modify dialysate
Ach levels but induced a concentration dependent increase in dialysate Cho.
A small but significant reduction of dialysate Ach (to 81% of baseline) was
observed after a long perfusion interval (80 min after beginning drug
perfusion) with the higher concentration of AMPA (200 pM). This reduction
was antagonized by NBQX, an AMPA/kainate receptor antagonist.
Simultaneous perfusion of AMPA (10 pM) with cyclothiazide (10 pM) did
not significantly change dialysate levels of Ach, indicating that the lack of
effect of AMPA on cortical Ach efflux was not due to rapid receptor
desensitization. Surprisingly, the increase in Ach evoked by low
concentrations of kainate (10 pM) was not antagonized by NBQX. However,
NBQX was able to prevent kainate induced changes in dialysate choline in
the same animals. Moreover, NBQX in the presence of kainate (10 or 200
pM) but not AMPA (200 pM) increased dialysate Ach to 230% of basal
levels. The present results indicate that low concentrations of kainate, but not
AMPA, increase Ach release by a mechanism that is not antagonized by
NBQX. Supported by CICYT grant, SAF98-0063.

NEUROCHEMICAL CHARACTERIZATION OF NEURONS THAT
EXPRESS AMPA RECEPTORS IN THE RAT VISUAL SYSTEM.

392.11

392.12

QUANTITATION OF AMPA RECEPTOR SURFACE EXPRESSION IN
THE CAI REGION OF THE ADULT RAT HIPPOCAMPUS.
Coultrap* and M.D, Browning. Dept. of Pharmacology, University of
Colorado Health Sciences Center; Denver, CO 80262.
Previous studies have used proteolysis of extracellular domains to
quantitate the surface expression of AMPA-type glutamate receptors in
cultured fetal hippocampal neurons. We have used this technique to
determine the percentage of GluRl and R2 subunits that are expressed at
the membrane surface in situ in the CAI region of the hippocampal slice.
Hippocampal CAI mini slices were prepared and incubated for 90 min in
medium containing oxygenated artificial cerebrospinal fluid (ACSF). Theslices were then exposed to ACSF containing 1 mg/ml chymotrypsin fror
30 minutes to proteolyze the -40,000 kD extracellular N-terminal domain
of either GluRl or GluR2. The slices were then sonicated in 1% SDS.
Western blot analysis with antibodies specific for the C-termini of either
GluRl or GluR2 was used to quantitate the percentage of each receptor
subunit that had its N-terminal domain cleaved by chymotrypsin. The
intracellular proteins synapsin I and calcium/calmodulin dependent kinase
II were also examined to insure that chymotrypsin’s effects were confined
to the extracellular space.
Our results indicate that 90% of total GluRl subunits and 45% of total
GluR2 subunits are expressed at the membrane surface in the CAI region
of the hippocampus. Such data suggest that there is a large intracellular
pool of GluR2 subunits that could conceivably be inserted into the plasma
membrane in forms of plasticity like LTP or in certain pathological
conditions. Supported by NIH NIAAA 09675,11428.

GluR5 AND GluR6 SUBUNITS OF KAINATE .RECEPTORS ARE
COEXPRESSED BY HIPPOCAMPAL NEURONS AND FORM
HETEROMERIC RECEPTORS. A, V. Patemain. M.T. Herrera, M. A.
Nieto* and J. Lerma. Instituto Cajal, CSIC, 28002-Madrid, Spain
Radioactive in situ hybridization studies have shown that GluR6 is heavily
expressed by hippocampal pyramidal neurons and dentate granule cells.
Similarly, a population of intemeurons in the hippocampus, mainly in the
stratum oriens, express the GluR5 subunits. We have carried out nonradioactive double in situ hybridization studies to determine whether GluR6
and GluR5 subunits might be expressed by the same type of hippocampal
cells. GluR6 was abundantly expressed by pyramidal cells and dentate granule
neurons, whereas GluR5 was prominently expressed by non-pyramidal cells
(GAD-expressing cells). Many GAD-expressing cells outside and within the
pyramidal cell layer contained GluR6 transcripts, not only at CAI but also in
CA3. Consequently, the possibility that both subunits are coexpressed in the
same cell exists. Then, we studied whether GluR5 and GluR6 subunits may
combine to form heteromeric channels in HEK293 cells. Responses evoked by
rapid application of either glutamate, ATPA (the selective agonist o GluR5
receptors) and AMPA in cells cotransfected with GluR6(R) and GluR5(Q)
presented a similar degree of outward rectification. This can only be
attributable to the fact the all receptors have at least one GluR6(R) subunit in
their structure, which would confer outward rectification, and at least one
GluR5(Q), which will confer sensitivity to ATPA and AMPA. These results
indicate that a population of intemeurons in the hippocampus may express
receptors made up of both GluR5 and GluR6 subunits. Supported by grants from
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A. Laudanna* and L.R.G. Britto. Dept. Physiol. Biophys., Inst. Biomed.
Sci., Univ. Sao Paulo, Brazil.

Glutamate is the most widespread excitatory neurotransmitter in the
vertebrate visual system. Accordingly, AMPA-type ionotropic glutamate
receptors have been found to be widely distributed in visual structures. We
investigated some aspects of the neurochem ica, characterization of neurons
that express AMPA-receptor subunits in the rat visual system, by means of
the evaluation of the expression of some calcium-binding proteins and nitric
oxide synthase (NOS) in the same neurons. Double-labeling
immunohistochemical experiments were performed on brain sections from
adult Lister hooded rats. Antisera against AMPA-receptor subunits (GluRl,
GluR2/3, GluR4) were used in conjunction with antisera against calbindin
(CB), parvalbumin (PV), calretinin (CR), and NQS. In agreement with
previous data, immunoreactivity for AMPA subunits was found within
retinorecipient and visual cortical areas. GluRl-positive neurons were also
labeled in some cases for CR, in a few cases for NOS, and rarely for CB.
GluR2/3 immunoreactivity was frequently found in CB-positive cells, and in
a few cases also in CR and NOS-positive cells. The GluR4 subunit
colocalized with CR in some cells but was not found in CB and NOSpositive neurons. No AMPA-receptor subunits were found in PV-positive
cells. This study suggests a complex pattern of colocalization between
AMPA-type glutamate receptor subunits, calcium-binding proteins, and
NOS within visual neurons of the rat brain.

Supported by FAPESP, CNPq, PRONEX/MCT.

DGICYT (PM96-0008) and CAM (08.5/0042/1998)
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392.14

392.13
TWO POPULATIONS OF KAINATE RECEPTORS WITH
SEPARATE SIGNALING MECHANISMS IN HIPPOCAMPAL
INTERNEURONS.
A, Rodriguez-Moreno, J.C. Lopez-Garcia, L.C. Barrio* and J. Lerma.
Institute Cajal, CSIC, 28002-Madrid, Spain
Consistent with the epileptogenic and deleterious effects of the potent
neurotoxin kainate, we and others have found that the activation of kainate
receptors reduces the synaptic inhibition induced by GABA. Extrapolating
from these data has led to the conclusion that kainate receptors are located
presynaptically. However, kainate is also directly responsible for the
depolarization of inhibitory intemeurons causing them to fire repeatedly. This
effect might indirectly decrease the size of IPSC recorded from pyramidal cells
and places in doubt the presynaptic location for kainate receptors. We have
reexamined the effect of kainate receptor activation on the activity of CAI
intemeurons and on IPSCs in rat hippocampal slices, and found that both
effects, membrane depolarization and the reduction of inhibitory potentials,
can be dissociated by several means, among others by the natural agonist of
kainate receptors, glutamate. Unlike kainate and ATPA, low concentrations, of
glutamate did not depolarize intemeurons, nor caused repetitive firing but
decreased the size of evoked IPSC in pyramidal cells. Kainate-induced
depolarization was still present after either Pertussis toxin treatment or PKC
inhibition, a situation in which kainate was unable to reduce the evoked IPSC.
Thus, these results indicate that CAI intemeurons contain two populations of
kainate receptors each with different agonist sensitivity and coupled to distinct
signaling pathways. Supported by grants from DGICYT (PM-0008/96) and CAM
(08.5/0042/1998).

Kainate Receptor Mediated Heterosynaptic Facilitation in the Amygdala

He Li*.t and Michael A. Rogawskit *Dept. of Psychiatry, Uniformed
Services University of the Health Sciences, 4301 Jones Bridge Road, and
jNeuronal Excitability Section, Epilepsy Research Branch, NINDS/NIH,
Bethesda, MD
Activity-dependent changes in synaptic efficacy are believed to underlie the
long-term functional modifications in brain circuits that allow behavior to be
altered in response to experience. In the best studied examples of activitydependent enduring synaptic plasticity, synaptic strengthening is produced by
high frequency stimulation whereas weakening may occur with low frequency
stimulation, and induction of both forms of synaptic plasticity requires
activation of N-methyl-D-aspartate (NMDA)-type ionotropic glutamate
receptors. However, in basolateral amygdala neurons prolonged low frequency
activation of excitatory afferents in the external capsule (EC) produces an
enduring enhancement in the amplitude of EC-evoked excitatory synaptic
responses. Here we show that induction of this novel form of synaptic
plasticity requires activation of kainate-type ionotropic glutamate receptors.
There is also enhancement in the strength of excitatory synaptic responses
evoked by a convergent, unstimulated input pathway from the basal amygdala
(BA). Kainate receptor-mediated synaptic facilitation contrasts with other types
of activity-dependent enduring synaptic facilitation (such as hippocampal longterm potentiation) in that it develops slowly and generalizes to include inactive
afferent synapses on the target neuron. Such heterosynaptic spread of synaptic
facilitation could account for adaptive and pathological expansion in the set of
critical internal and external stimuli that trigger amygdala-dependent behavioral
responses.
(Sponsored by NINDS/NIH)

392.15

392.16

COCHLEAR NUCLEAR FUSIFORM CELLS HAVE AMPA RECEPTORS WITH
DIFFERING PROPERTIES ON BASAL AND APICAL DENDRITES S.M.
Gardner, L.O. Trussell, and D. Oertel*. Dept. of Physiology, University of
Wisconsin-Madison.
The fusiform cell of the dorsal cochlear nucleus receives two, anatomically
segregated glutamatergic inputs. Terminals from the auditory nerve end on the basal
dendrites while parallel fibers, the axons of granule cells, synapse on spines of the
apical dendrites. Immunohistochemical studies of receptor subunit distribution
suggest that AMPA receptors which mediate the excitation from the two sources are
kinetically distinct as a function of selective targeting of subunits, but may have
similar permeation properties (Rubio and Wenthold, 1997).
Whole-cell voltage-clamp recordings from the somata of seven fusiform cells were
made while 0.5 M sucrose was applied to the proximal basal and apical dendrites to
elicit spontaneous release of transmitter from the terminals that end there. The
single exponential fit to the decay of events that arose from the basal dendrites (0.58
+ 0.35 ms) was significantly faster than the decay time constant for events evoked
from the apical dendrites (0.91 + 0.71 ms) (p < 0.01, t test).
The rapid application of glutamate to excised, outside-out patches of somatic
membrane was used to study the permeation properties of AMPA receptors in
fusiform cells in general. Patches were stepped to voltages that ranged from +80 to 80 mV with pipettes that contained 100 pM spermine. The current-voltage
relationships were not strongly rectifying; the mean rectification ratio (I+eo/I-eo) was
1.07 and ranged from 0.86 to 1.2 (N=4).
These data support immunohistochemical findings that the GluR4 subunit is
selectively targeted to the basal dendrites and leads to AMPA receptors with rapid
gating kinetics and that the GluR2 subunit exhibits a non-specific distribution
lending low calcium permeability to both populations of receptors. (Supported by
NIH DC-00176 and DC-02004)

KAINATE RECEPTOR MEDIATED CURRENTS IN LATERAL SUPERIOR
OLIVE NEURONS OF THE RAT H. Vitten1, E. Friauf1, L. Peichl2*, and S.
LOhrke1.1lnst. Physiol. Ill, Univ. Frankfurt, 60596 Frankfurt/M, Germany; zMaxPlanck-lnstitut for Brain Research, Frankfurt/M, Germany.
Lateral superior olive (LSO) neurons of the auditory brainstem play a role in
sound localization by integrating interaural intensity differences. They receive
inhibitory, glycinergic input from the contralateral ear via the medial nucleus of
the trapezoid body, and excitatory, glutamatergic input from the ipsilateral ear
via the cochlear nucleus. Several studies showed that LSO neurons possess
NMDA as well as non-NMDA receptors. In the present study, we investigated
the relation of AMPA receptors and kainate receptors in these neurons.
Agonist-induced currents were measured by whole-cell patch-clamp
recordings performed on visually identified LSO neurons in acute brainstem
slices of postnatal rats (P2-10). All drugs were applied via a gravity-driven
eight channel perfusion system, allowing fast solution exchange in a region
expanding almost the size of the LSO. The specific AMPA receptor blocker
GYKI 52466 (100 pM) completely blocked AMPA-evoked (200 pM) currents in
all cells tested (n = 14). In contrast, in the same cells kainate-evoked (100 pM)
currents were reduced to -10%, indicating that this residual GYKI 52466insensitive current component was mediated by kainate receptors.
Concanavalin A (0.3 mg/ml), known to selectively inhibit kainate receptor
desensitization, potentiated glutamate-evoked (1 mM) currents in 15 out of 17
cells. The specific GluR5 subunit agonist ATPA (1-100 pM) elicited currents in
all cells tested (n = 14). Additionally, the kainate receptor antagonist GAMS
(100 pM) reduced kainate-induced currents to -70% (n = 3), while having no
effect on AMPA-induced currents. Our results provide good evidence for the
presence of functional kainate receptors in LSO neurons during early postnatal
development.

392.17
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KAINATE RECEPTORS MODULATE SENSORY SYNAPTIC TRANSMISSION
IN THE MOUSE SPINAL CORD. G. Gerber1*, D.H. Youn1, G.T. Swanson2, A.
Sailer2. S. Heinemann2 and M Randid1. Dept. of Biomedical Sciences, Iowa State
University, Ames, IA 50011 and zMolecular Neurobiology Laboratory, The Salk
Institute for Biological Studies, La Jolla, CA 92037
Kainate receptor-mediated sensory synaptic transmission has been recently
demonstrated in the rat spinal cord (Li et al., Nature, 397, 161-164, 1999). Here we
further investigated the presence and the physiological role of glutamate receptors of
the kainate type in the spinal cord dorsal horn of wild-type mice and mice deficient in
the GluR5 or GluR5/GluR6/KA-2 receptor subunits. Kainate receptors expressing the
GluR5 subunit of glutamate receptor are present at high levels on small diameter
primary afferent neurons, but their contribution to the AMPA receptor-mediated spinal
sensory transmission has yet to be elucidated.
Here synaptic transmission between primary afferents and neurons in the lumbar
dorsal horn (LI-II) was examined by conventional intracellular recording in transverse
spinal slices. Excitatory postsynaptic potentials (EPSPs) evoked by electrical
stimulation of the A- and C-primary afferents resulted mainly from the activation of
AMPA receptors. Bath-applied kainate (1 pM, 2 min) induced a short or long-lasting
potentiation or long-lasting depression of the peak amplitude of evoked EPSPs in
wild-type mice, whereas mice lacking GluR5 or GluR5/GluR6/KA-2 receptor subunits
responded with a long-lasting depression of EPSPs or no effects.
This study demonstrates a modulatory function for GluR5-containing kainate
receptors in AMPA receptor-mediated sensory transmission in the superficial dorsal
hom of the mouse spinal cord. Supported by NSF grant IBN-9604654 and PVA Spinal
Cord Research Foundation to MR, an NRSA fellowship to GTS, a DFGfellowship to
AS, and grants from the NIH and the McKnight Foundation to SFH.

SYNAPTIC ACTIVATION OF KAINATE RECEPTORS IN GOLGI
CELLS OF THE RODENT CEREBELLUM
I. Bureau1. S, Dieudonne2, F. Coussen1 and C. Mulled
1 CNRS EP 2078, Bordeaux;5 CNRS URA 1857, Paris, France

Society

for

Neuroscience

, Volume

25, 1999

Supported by the DFG (SFB 269) and Graduiertenkolleg "Neumnale Plastizitht" (H.V.)

Kainate receptor subunits are differentially expressed in neuronal
populations of the rodent cerebellar cortex. In order to analyse the
functional role of kainate receptors, we performed whole-cell
recordings of Golgi cells located in the granular layer in cerebellar
slices from PN13-26 mice. Single stimulations of parallel fibers evoke
postsynaptic currents (EPSCs) which are resistent to GYKI 53655
(50pM) and are not observed in GluR6 -/- mice, indicating that these
EPSCs are mediated by GluR6-containing kainate receptors. EPSCs
mediated by kainate receptors slowly decay with 20-80% decay time of
3 lms.These EPSCs summate during repetitive stimulations suggesting
that kainate receptors are far from being saturated by synaptically
released glutamate. We demonstrate that this lack of saturation is due to
the low affinity of kainate receptors for glutamate which are located at
the postsynaptic site. Experiments testing the effects of blockers of the
glutamate transport and of glutamate scavenger on EPSCs mediated by
kainate receptors provide evidence that only postsynaptic kainate
receptors are activated after single and repetitive stimulations and not
kainate receptors located extrasynaptically. The slow decay rate of
EPSCs is due to the slow deactivation of kainate receptors which are
located at postsynaptic sites.
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AMPA-TYPE GLUTAMATE RECEPTORS IN MIGRATING CEREBELLAR
GRANULE CELLS. T, Caitlin Smith* and J.R. Howe, Interdepartmental
Neuroscience Program and Dept. of Pharmacology, Yale University, New
Haven, CT, 06520.
We have used patch-olamp recordings to study AMPA receptors expressed
by granule cells in acute cerebellar slices. Whole-cell recordings showed that
during postnatal development, granule cells begin to express AMPA-type
currents about the time they leave the external germinal layer. Outside-out
patches (n = 6) from granule cells migrating through the molecular layer
showed detectable AMPA-receptor single-channel activity. Typically the
channels visited at least three open levels. Open levels varied slightly from
patch to patch, suggesting differences in subunit composition, and ranged
from 3-5, 8-10, and 12-20 pS. The conductance sublevel in which the
channels spent most of their open time depended upon the agonist
concentration, as shown recently for recombinant AMPA receptors.
Openings to smaller sublevels were predominant at low agonist
concentrations, while a high probability of opening to the largest level was
observed at saturating agonist concentrations. The mean conductance of
AMPA receptors at the mossy-fiber to granule-cell synapse has been
estimated previously at 10-20 pS. It is possible that the AMPA receptors we
observed in patches from migrating granule cells are similar to those that will
eventually be localized to postsynaptic densities in mature granule cells. In
support of this, we never observed detectable single-channel openings in
outside-out patches from mature IGL cells (>P40). The results suggest that
AMPA receptors, similar to those restricted to synapses in mature neurons,
are expressed somatically during granule cell migration.
Supported by NS 37904 to JRH.

EXCITATORY AMINO ACID RECEPTORS: METABOTROPIC III
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ACTIVITY OF Y-ACETYLASPARTYLGLUTAMATE AT HUMAN
RECOMBINANT GLUTAMATE RECEPTORS. S.D. Hess*, R, Pasiecznv,
S.P. Rao, C. Jachec, M.A. Varney, and E.C, Johnson, SIBIA Neurosciences, Inc.,
La Jolla, CA 92037.
A-acetylaspartylglutamate (NAAG), a glutamate precursor present in synaptic
terminals, has been reported to be an mGluR3-selective agonist, although earlier
reports have shown activity at NMDA receptors on mouse spinal neurons. We
characterized the activity of NAAG on human recombinant NMDA receptors
expressed in Xenopus oocytes, and on recombinant mGluRs expressed in
mammalian cell lines. When tested at 100 (lM, a dose used to study native
mGluRs, NAAG had no effect on Ca2+ levels in cell lines expressing mGluRl or
mGluR5, or on [35S]-GTPyS binding in cell lines expressing human mGluR2 or
mGluR4. In contrast, NAAG displayed full agonist activity in GTPyS binding at
mGluR3, with an EC50 of 26 pM. In voltage-clamped oocytes, 100 pM NAAG also
potentiated responses of NMDAR 1A/2D to EC50 Glu/EC]00 Gly up to threefold,
while no consistent potentiation was observed with this dose of NAAG at
NMDAR1A/2A or NMDAR1A/2B receptors. We obtained EC50 values of 35 pM
for NAAG at NMDAR 1A/2D, and 108 pM at NMDAR 1A/2B, determined in the
presence of saturating glycine. At saturating concentrations, NAAG had an
efficacy of 1.2 relative to an EC50 Glu/ECioo Gly at NMDAR1A/2D, and an
efficacy of 0.6 at NMDAR1A/2B. We also tested the activity of NAAG at the
glycine site of NMDAR1A/2A, NMDAR1A/2B and NMDAR1A/2D receptors.
The response to 100 pM NAAG/EC100 Glu, normalized to that of EC100 Gly/GIu,
was 0.007 ± 0.009 (mean ± SD, n = 4) at NMDAR1A/2A, 0.027 ± 0.026 (n = 3) at
NMDAR1A/2B and 0.12 ± 0.05 (n = 6) at NMDAR1A/2D. Because of reports that
NMDAR 1A/2D and mGluR3 co-occur in the neocortex, hippocampus, striatum,
substantia nigra, and cerebellum, the effects of NAAG may be mediated by
mGluR3 and NMDA receptors in these, and possibly other, brain regions.
Supported by SIBIA Neurosciences, Inc.

SYNTHETIC ANALOGS OF NAAG ARE POTENT BLOCKERS OF NAAG
PEPTIDASE (GLUTAMATE CARBOPEPTIDASE II) EXPRESSED IN CHO
CELLS B. Wroblewska*1, T, Bzdega1, J. H. Neale', J.T. Wroblewski2, S.
Pshenichkin 3, F. Nan3, A. P. Kozikowski3, 'Dept. Biology, 2Dept. Pharmacology
and 3GICCS, Georgetown University, Washington DC.
The dipeptide N-acetylaspartylglutamate (NAAG) is an metabotropic glutamate
receptor type 3 (mGluR3) agonist found in high concentration in the nervous
systems of vertebrates.This neuropeptide is hydrolyzed by an extracellular
peptidase activity following synaptic release to produce N-acetylaspartate and
glutamate. Following up on the report of Carter et al., (1996), we cloned a
peptidase from a rat hippocampal cDNA library using human prostate specific
membrane antigen cDNA as a probe (Bzdega et al., 1997). CHO cells transfected
with this rat gene express high levels of peptidase activity against NAAG. This
activity is inhibited by quisqualate, pteroylglutamate and (3-NAAG, a structural
analogue of NAAG. The activity is not inhibited by aspartylglutamate or pteroic
acid. The reuptake of synaptic NAAG is very limited relative to its extracellular
hydrolysis. The peptidase provides a significant site for the development of
pharmacological agents that will regulate the synaptic levels of the peptide and
alter its physiological actions. We designed, synthesized and tested a series of
analogs of NAAG and evaluated the interaction of these analogs with the cloned rat
hippocampal glutamate carboxypeptidase II as expressed in stably transfected CHO
cells. All six analogs (FN1-6) of NAAG inhibited the peptidase activity at
micromolar concentrations (23-97% inhibition). The most potent NAAG analog
(FN6) inhibited peptidase activity with In IC50 value of about 4 nM. This analog
had no detectable effect on mGluR 1 and 5 that are coupled to Pl hydrolysis. FN6
activated mGluR3 at micromolar concentrations. Optical isomers of FN6 have been
explored to further resolve the peptidase inhibition and mGluR3 activation qualities
of FN6. The optical isomers of FN6 offer promise as high potency inhibitors of the
peptidase activity that hydrolyzes NAAG in the synaptic space.

393.3

393.4

ABSOLUTE CONFIGURATION AND PHARMACOLOGY OF THE MGLUr
ANTAGONIST (2S,3S,4S)-2-METHYL-2-(CARBOXYCYCLOPROPYL)
GLYCINE (MCCG). H. Paiouhesh1, S. Alagarsamy2, H. Schauffhauser2, PJ.
Conn2, J. Trotter3, K. Curry1*. ’iGT Pharma, CNS Research Division, 311-2386
E. Mall, Vancouver, B.C., V6T 1Z3, Canada; department of Pharmacology,
Emory University, 1510 Clifton Road, Atlanta, GA, 30322, USA; ’Department of
Chemistry, University of British Columbia, Vancouver, B.C. V6T 1Z1, Canada.
MCCG is a widely used mGluR2 antagonist and its stereochemistry reported
(Ma et al. 1997, Tetr. Assym. 8 (6) 889-893). As part of our ongoing research we
have synthesized MCCG by our own route. We discovered that the optical
rotation of our product did not match the published values for the 2S,3S,4S-isomer
but instead were more consistent with the 2S,3R,4R-isomer. Since our
methodology would not allow for any other isomer, and the nmr data was
consistent with the compound having the 2S,3S,4S-configuration, we have
obtained the x-ray crystal structure which assigned the configuration as 2S,3S,4S.
The optical data is consistent with the published values for 2S,3R,4R and it
appears that the original assignment of stereochemistry for MCCG was incorrect
and that the compound currently in use as 2S,3S,4S-MCCG is in fact 2S,3R,4RMCCG. This finding may have wide-reaching implications for groups involved in
the SAR of this compound type and the computational design of mGluR ligands.
WC have tested our 2S,3S,4S-MCCG on CHO and HEK 293 cells, transiently
transfected with mGluR2 receptors. The results indicate a very similar profile to
that of commercially available MCCG with IC50 of 1.6 pM in CHO and 8.0 pM in
HEK293 cells. These findings emphasize the importance of accurate assignment
and corroboration of absolute stereochemistry. We now understand from our work
that the relative stereochemistry of the cyclopropyl ring is not a strong determinant
in the pharmacological actions of this class of compound.

IDENTIFICATION OF ESSENTIAL RESIDUES INVOLVED IN THE GLUTAMATE
BINDING POCKET OF THE GROUP II METABOTROPIC GLUTAMATE
RECEPTOR AS PROBED BY THE RADIOLABELLED SELECTIVE AGONIST, (3H)LY354740. P. Malherbe*, C, Broger, S, Ohresser, G, Adam, H, Stadler, J.A,
Kemp and V. Mutel, Pharma Division, Preclinical CNS Research, F.
Hoffmann-La Roche Ltd, CH-4070 Basel, Switzerland.
The metabotropic glutamate receptors (mGluRs) are believed to
play central roles as modulators of both glutamate and other major
neurotransmitter systems in the CNS. They belong to a family of Gprotein coupled receptors that include GABAb , Ca2+-sensing receptor
and pheromone receptors. The mGluRs have an unusually large Nterminal extracellular region, which is highly conserved among various
mGlu subtypes, and forms the binding pocket for glutamate. We have
utilized tritiated (+)-2-aminobicyclo-(3.1.0)-hexane-2,6-dicarboxylate
(3H-LY354740), which is a potent and selective group II agonist, as a
probe for the glutamate recognition site. By site-directed mutagenesis,
we have identified amino acids in the extracellular domain of rat
mGluR2 and 3 that contribute to the glutamate-binding site. The (3H)LY354740 saturation analysis and the GTP-/5S-binding functional assay on
the membranes of HEK-293 cells transfected with different mutants were
used to assess the effect of mutations. Five mutants have a deleterious
effect on the binding of LY-354740 to group II mGluRs, six mutants shift
the potency and three mutants had no effect. The residues, which are
crucial for the glutamate-binding site, will be discussed in regard to a
model based on the three-dimensional structure of the bacterial
periplasmic amino acid-binding proteins.
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[3H]LY354740 BINDING TO mGlu2/3 RECEPTORS IN THE PERFORANT
PATH: EFFECTS OF IONS AND LESIONS. G.A. Higgins, J.G. Richards*, K.
Lundstrom, J. Messer, P. Malherbe, S, Ohresser and V, Mutel. Pharmaceuticals
Division, Preclinical CNS Research, F. Hoffmann-La Roche Ltd., CH-4070 Basel,
Switzerland.
Metabotropic receptors, regulating the release of glutamate from terminals of the
perforant path projecting into the hippocampus, are thought to be mGlu2
autoreceptors. The binding properties of the selective group II agonist
[3H]LY354740 to rat brain homogenates and sections have been reported
(Schaffhauser et al., 1998, Mol. Pharmacol., 53: 228-233). Evidence was presented
for its preferential but not exclusive affinity for mGlu2 over mGlu3 receptors.
We have now examined the influence of Mg2+, Ca2+, Cd2+ and Zn2+ ions on its
binding selectivity for the one versus the other receptor in membranes of cells
transfected with the rat mGlu2 and mGlu3 receptors, as well as in membranes of
cells transfected with different chimerae and mutants of these two receptors.
Interestingly, ZnCl2 which inhibited the [’HJLY354740 binding on mGlu2,
differentially increased it on mGlu3 receptors and the effect of this ion was via its
action on a site which is present on the N-terminal domain. The differential
properties of these ions have been used to study in details the [3H]LY354740 binding
in the rat perforant path and entorhinal cortex. Furthermore, we have evaluated the
influence of unilateral perforant path lesions in rats, with survival times of 6 and 60
days, in combination with ZnCl2 to reveal the effect of this lesion on the mGlu2 and
mGlu3 component of this binding. Perforant path lesions were made using a knife
cut approach (see Kirkby & Higgins, 1998, Eur. J. Neurosci., 10: 823-838, for
detail). Following such a lesion, there was a robust decrease in [3H]LY354740
binding in layers of the hippocampal formation innervated by the perforant path on
the lesioned side relative to the unoperated side.

CHARACTERISATION
OF
[3H]-QUISQUALATE
BINDING
TO
RECOMBINANT RAT METABOTROPIC GLUTAMATE la & 5a RECEPTORS
AND TO RAT AND HUMAN BRAIN SECTIONS. V. Mutel*1, G. J. Ellis2, G.
Adam1, A. Klingelschmidt1, J. Messer1. E.-J. Schlaeger1, B. S. Roughley2 and J. G.
Richards1 1 Pharma Division Preclinical CNS Research, F. Hoffmann-La Roche
Ltd., CH-4070, Basel, Switzerland and 2Amersham Pharmacia Biotech Ltd, Cardiff
Laboratories, Forest farm, Whitchurch, Cardiff, Wales CF4 7YT.
Saturation isotherms performed with membranes of HEK 293 cells transiently
expressing recombinant rat metabotropic glutamate la and 5a receptors and [3H]quisqualate (SA 35Ci/mmol) were monophasic and gave Kd values of 27 ± 4 and 81
± 22 nM and Bmax values of 6 ± 1.2 and 5 ± 1.6 pmoles/mg protein for mGlula and
mGlu5a respectively. Several compounds inhibited the binding concentrationdependently with Ki values from llnM for quisqualate to 900pM for CdCl2 on
mGlul and 30nM for quisqualate to 400pM for CHPG on mGlu5. 2-methyl-4-CPG
was 16 fold more potent on mGlul than mGlu5 whereas CdCl2 was 34 times more
potent on mGlu5 than mGlul. Interestingly, CHPG and AIDA did not show any
preferential inhibitory action on one receptor. Finally GTPyS did not inhibit [3H]quisqualate binding on both receptors and several compounds with unexpected
activity on these receptors were identified. The distribution and abundance of
binding sites in rat and human brain sections was studied radioautographically using
lOnM [3H]-quisqualate. In rat brain, the rank order of high density binding sites
(0.5-2.2 pmol/mg prot) was cerebellar molecular layer, dentate gyrus, cerebral
cortex, striatum and thalamus. [3H]-quisqualate binding to ionotropic glutamate
receptors was inhibited by 30pM kainate leaving mGlul & 5 receptors unaffected.
ImM kainate + 30 pM CdC12 inhibited the binding to ionotropic and mGlu5
receptors leaving mGlul receptor unaffected. Finally, lOOpM s-DHPG inhibited the
binding to mGlul+5, leaving the binding to ionotropic receptors unaffected.

393.7

393.8

CHARACTERIZATION OF SIB-1757 AND SIB-1893: HIGHLY SELECTIVE
NON-COMPETITIVE ANTAGONISTS AT METABOTROPIC GLUTAMATE
RECEPTOR SUBTYPE 5 (mGluR5). M.A Varney*, N. Cosford, C. Jachec, S.
Rao, A. Sacaan, E. Santori, *H. Allgeier, *F. Gasparini, *P. J. Flor, *R. Kuhn?
S.D. Hess, G.Velicelebi & E. Johnson. SIBIA Neurosciences, Inc., La Jolla, CA
92037, & *Novartis Pharma , Nervous System Research, Basel, Switzerland.
Understanding the roles of group I mGluRs (mGluRl and mGluR5) in
normal and pathophysiology has been hampered by the lack of potent and
selective ligands for these receptors. Here we report the identification of highly
selective mGluR5 antagonists. Stable cells lines expressing recombinant
human mGluRl b and mGluR5a were used as targets in an automated HTS
system that detects changes in Ca2+. One compound, SIB-1757 (6-methyl-2(phenylazo)-3-pyridinol), was identified as an antagonist at hmGluR5 with an
IC50 of 0.37 pM, but >100 pM at hmGluRlb. Testing of analogs of SIB-1757
led to the identification of SIB-1893 ((E)-2-methyl-6-(2-phenylethenyl)pyridine), which selectively inhibited hmGluR5 with an IC50 of 0.29 pM and
>100 pM at hmGluRI. Both compounds inhibited hmGluR5 through a noncompetitive mechanism. The activities of SIB-1757 and SIB-1893 were
evaluated at additional glutamate receptor subtypes. Using cAMP and [35S]GTPyS measurements, the agonist and antagonist potencies of SIB-1757 and
SIB-1893 at group II and III mGluRs were found to be >30 pM at recombinant
hmGluR2, 3, 4, 6, 7 and 8. No agonist or antagonist activities (>30 pM) of SIB1757 and SIB-1893 were observed at ionotropic glutamate receptors including
recombinant AMPA , kainate and NMDA receptors. In rat striatal tissue slices,
DHPG (10 pM) evoked an increase in IP accumulation. SIB-1757 inhibited 68 ±
9 % of the DHPG-induced IP accumulation with an ICso of 3.3 pM. In contrast, in
the cerebellum, a brain region that has a low expression of mGluR5 and a
higher expression of mGluRl, 100 pM SIB-1757 inhibited a maximum of 4 ± 10
% of DHPG-induced IP accumulation. Therefore these compounds should be
useful tools to elucidate the role of mGluR5 in native preparations.
Supported by SIBIA Neuroscience, Inc.

DUAL MODULATION OF GROUP I METABOTROPIC GLUTAMATE
RECEPTORS BY DIVALENT CATIONS. S. Pshenichkin*. A. Surin. E. Surina
and J. T, Wroblewski, Dept. of Pharmacology, Georgetown University Medical
Center, Washington, DC 20007.
Group I metabotropic glutamate receptors (mGluRs) activate phospholipase C
and intracellular Ca2+ mobilization, while the remaining mGluRs inhibit cAMP
formation. In cell lines expressing group I mGluRs (mGluRl a, and 5a) increase of
Ca2+ concentration (0.1-20 mM) enhanced agonist-induced responses. In contrast,
Ca2+ had no effect on agonist-induced responses in cells expressing group II and III
receptors (mGluR2, 3, 4, 6, 7 and 8 were tested). In cells expressing group I
mGluRs, Ca2+ enhanced the potency of agonists, but not their maximal effects.
Changes of Ca2+ within the physiological range (0.5-1.5 mM) produced a significant
increase in the potency of agonists to induce PI hydrolysis, and increased the
sensitivity of intracellular Ca2+ responses to mGluR agonists. In CHO cells
expressing mGluRl a, Ca2+ also enhanced the potency of glutamate to increase
cAMP formation, confirming that the modulatory effect of Czr does not depend on
the type of signal transduction system activated by the receptor. Two chimeric
receptors, in which the extracellular N-terminal domain of mGluR la was replaced
by the corresponding domains of the Ca2+-insensitive mGluR2 or mGluR3 showed a
Ca2+ sensitivity similar to mGluRl, indicating that Ca2+ interacts with mGluRl
receptor domains other than the N-terminal glutamate-binding domain. Among
other cations, Zn2+ inhibited noncompetitively agonist-induced responses in cells
expressing mGluRl a receptors but not group II or III mGluRs. Inhibition by Zn2+
was also observed in cell expressing the chimeric receptors, suggesting that,
similarly to Ca2+, the Zn2+ binding site is not located on the N-terminal domain of
mGluRl. Dose response curves of the modulatory Ca2+ effect in presence of various
Zn2+ concentrations suggested that the action of Zn2+ is also noncompetitive towards
Ca2+, suggesting that the two cations interact with different binding sites. In studies
of intracellular Ca2+ responses in cells expressing mGluRl a, Ca23 (0.1 to 5 mM)
increased the average amplitude of [Ca2+]j responses to ACPD and the number of
responding cells. Zn2+ inhibited ACPD responses and their potentiation by Ca2+
ions. It may be proposed that Ca2+ and Zn2+ may constitute the positive and negative
branches of a regulatory mechanism which controls the ability of glutamate to
activate group I mGluRs. (Supported by NIH grants NS28130 and NS01720.)
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CHARACTERISATION AND CELL-SURFACE EXPRESSION OF A
FUNCTIONAL METABOTROPIC GLUTAMATE RECEPTOR 5 - GREEN
FLUORESCENT PROTEIN CHIMERA

MOLECULAR CLONING AND CHARACTERIZATION OF HUMAN
METABOTROPIC GLUTAMATE RECEPTOR 5D; A SPLICE VARIANT
WITH REDUCED DESENSITIZATION PROPERTIES. C, Levinthal, L,
Storiohann, L.G. Hammerland, B.C.P. Hung. K.J. Krapcho, M.A. Logan. S.T.
Moe, P.L. Smith. R. Trovato, B.C. VanWagenen and T.M. Stormann*. NPS
Pharmaceuticals Inc., Salt Lake City, UT 84108.
The Group I mGluRs (mGluRl and mGluR5) couple through Gaq to mobilize
intracellular calcium and liberate diacylgycerol which subsequently activates protein
kinase C (PKC).
Activation of these mGluRs enhances glutamatergic
neurotransmission in the central nervous system (CNS). Three splice variants cf
mGluR5 have been described to date: mGluR5a, mGluR5b and mGluR5c. We
have identified a novel splice variant, human mGluR5d (hmGluR5d), from
hippocampal cDNA. A full length cDNA was constructed which encodes a protein
of 943 amino acids and is identical to human mGluR5b up to residue 876 with a
deletion of 270 amino acids within the C-terminal cytoplasmic tail.
Rat mGluR5a and mGluR5b rapidly desensitize with repeated agonist exposure
primarily due to PKC-mediated phosphorylation of five consensus sites (Gereau and
Heinemann, 1998). Two of the five PKC consensus sites in the cytoplasmic tail
are absent in hmGluR5d. Neutralization of the same two sites in mGluR5b via
mutagenesis dramatically reduces desensitization. Application of 10-100 pM Lglutamate or (S)-3,5-dihydroxyphenylglycine (DHPG) to Xenopus oocytes
expressing hmGluR5d evoked calcium-activated chloride currents. Upon repeated
application of 100 pM L-glutamate or DHPG, desensitization was minimal. The
existence of multiple splice variants of mGluR5, including mGluR5d with reduced
desensitization properties, suggests that mGluR5 activation in the CNS may
produce a variety of physiological responses during development, normal synaptic
function and pathological conditions. Supported by NPS Pharmaceuticals, Inc.

V.Coutinho, M. Tones*; N. Manion*; LMHenley.

MRC Centre for Synaptic Plasticity, Department of Anatomy, * Department of
Pharmacology, University of Bristol, Bristol, BS8 1TD, U.K.; * Pfizer, Sandwich, Kent,
CT13 9NJ, U.K
The G-protein coupled metabotropic glutamate receptors (mGluR) are classified
according to their signal transduction mechanisms, sequence similarity and
pharmacology. The Group I metabotropic receptors, including mGluRl and mGluR5
couple to phosphoinositide hydrolysis to subsequently liberate calcium from
intercellular stores. Group I mGluRs play a role in the mechanisms underlying synaptic
plasticity and certain neurological disorders; implicated in the induction of long-term
potentiation (LTP) and the potentiation of NMDA-mediated LTP. Our knowledge
however, of the trafficking, surface expression and recycling of these receptors is
sparse. To evaluate these questions, we have generated a fusion of mGluR5 tagged with
the highly sensitive red-shifted green fluorescent protein (GFP). We have demonstrated
that a functional C-terminal mGluR5-GFP can be engineered. This chimera was
expressed in HEK 293 cells and visualised under 488nm illumination with a Bio-Rad
MRC1024 confocal microscope. The mGluR5-GFP displayed a distinct membrane
associated distribution whereas, GFP alone transfected cells were ubiquitous.
Glutamate evoked an increase in intracellular calcium in cells transfected with mGluR5GFP at doses similar to the native receptor. The Homer family of proteins bind to
group I mGluRs and are thought to play a pivotal role in cellular protein distribution.
We are investigating the effects of the original immediate early gene form of Homer
(Homer-la) and other novel members of the Homer protein family, impart on the cellsurface expression levels of mGluR5-GFP in mammalian cell lines.

This work was supported by a BBSRC-Case Studentship with Pfizer.
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MOLECULAR CLONING AND FUNCTIONAL EXPRESSION OF CHICK
METABOTROPIC GLUTAMATE RECEPTOR 5 SPLICE VARIANTS.
L. Storiohann*12, C. Levinthal2, T.M, Stormann2 and T.N, Parks1. ’Dept. of
Neurobiology and Anatomy, University of Utah School of Medicine, Salt Lake City,
UT 84132 and 2NPS Pharmaceuticals, Inc., Salt Lake City, UT 84108.
Neurons of the avian cochlear nucleus, nucleus magnocellularis (NM), receive a
single excitatory input from the vestibulocochlear nerve and have been used
extensively as a model system for studying the role of glutamate receptors in
development and maintenance of CNS neurons. In addition to ionotropic glutamate
receptors, Western blots of protein isolated from NM show relatively high expression
of the metabotropic glutamate receptor 5 (mGluR5). This Group I mGluR is
coupled through the Gaq class of G proteins to phospolipase C and mobilization of
intracellular calcium.
In order to further characterize the role of mGluR5 at these synapses, cloning of
chick mGluR5 was undertaken using a combination of degenerate primer PCR and
library screening of chick brain cDNA. These procedures yielded multiple splice
variants of chick mGluR5, including one that is novel. Functional activity of the
recombinant receptors was assessed by cRNA expression in Xenopus oocytes and by
transfection into mammalian cells.
Application of L-glutamate to oocytes
expressing chick mGluR5 splice variants evoked calcium-activated chloride currents.
Measurement of increases in intracellular calcium in response to L-glutamate (0.3 30 pM) confirmed a dose-dependent activation of the receptors transiently expressed
in HEK293 cells. Further pharmacological characterization of the chick mGluR5
splice variants is currently underway. (Supported by NIH grant DC00144 and by
NPS Pharmaceuticals.)

2-methyl-6-(phenylethynyl)-pyridine (MPEP): A Novel Potent,
Highly Selective and Systemically Active Antagonist at
Metabotropic Glutamate Receptor Subtype 5. F. Gasparini' , K.
Lingenhoehl1, P.J. Flor', N. Stoehr', M. Heinrich , I. Vranesic1. H. Allgeier1, M.
Schmutz', W. Spooren', M. Varney', E. Johnson2, S. D. Hess2, A. Sakaan2, G.
Velicelebi2 & R. Kuhn'. TA Nervous System, Novartis Pharma AG, CH-4002
Basle. Switzerland. :SIBIA Neurosciences Inc.. La Jolla, CA 92037. USA
Metabotropic glutamate receptors (mGluR) are a heterogeneous family of
G-protein-coupled receptors linked to multiple second messengers and
modulation of ion channel functions in the nervous system. However, mGluR
pharmacology is hampered by the lack of subtype-specific compounds.
Here, we report on the discovery, selectivity,
in vitro and in vivo activity of 2-methyl-6(phenylethynyl)-pyridine (MPEP), a novel
antagonist for the mGluR subtype 5
MPEP
(mGluR5).
In recombinant L-tk cells expressing the human mGluR5a MPEP inhibits
quisqualate-stimulated phosphoinositide (PI) hydrolysis with an IC5„ of 36 nM.
MPEP (up to 100 pM) had no effect at the recombinant human mGluR lb, -2, 3, -4a, -7b and -8a or the recombinant ionotropic glutamate receptors
hNMDA,A,A, hNMDA1A,B, rat AMPA (GluR3) or human kainate (GluR6)
receptors. MPEP inhibited DHPG-induced PI hydrolysis with an IC5„ of 8 nM in
hippocampal slices from neonatal rats. Extracellular recordings from
hippocampal CAI neurons of adult anaesthesized rats demonstrated that MPEP
(6 mg/kg, i.v.) inhibited microiontophoretically applied DHPG-induced
excitation, but not the excitation induced by AMPA.
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Supported by Novartis Pharma AG
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THE
POTENT
MGLUR5
ANTAGONIST
2-METHYL-6(PHENYLETHYNYL)-PYRIDINE (MPEP) ACTS AT A NOVEL SITE
IN THE TRANSMEMBRANE REGION. A. Pagano12, D, Ruegg1, S.
Litschig1, N. Stoehr', C. Stierlin', I. Vranesic', M. Heinrich', P.J, Flor', F.
Gasparini', and R. Kuhn'*. NOVARTIS Pharma AG, Nervous System
Research, CH-4002 Basel, Switzerland; Dept. of Chemical Sciences,
University of Catania, Italy.

METABOTROPIC GLUTAMATE RECEPTORS TYPE 4a AND 8a
SHARE VERY SIMILAR PHARMACOLOGICAL PROFILES.

Classical ligands for metabotropic glutamate receptors (mGluRs) are amino
acid-like compounds acting at the glutamate binding site located in the large
N-terminal extracellular domain. In the present study we have used the
novel, highly selective and potent mGluR5 antagonist MPEP, which is
structural unrelated to classical mGluR ligands, to investigate its mechanism
of inhibition and site of action.
MPEP inhibited glutamate-stimulated PI hydrolysis in
hmGluR5a expressing cells with an IC.O of 39 nM, but
not in cells expressing human mGluR lb (ECS0 and
mpep
ic Q values were > 100 pM).
Schild analysis indicated that MPEP acts in a non-competitive manner at
hmGluR5a by dose-dependently decreasing the efficacy of glutamate-induced
PI hydrolysis without significantly affecting the EC50 value or Hill coefficient
of glutamate. Measurements of intracellular [Ca2+] in HEK293 cells
transfected with hmGluRlb, hmGluRSa or chimeric hmGluRl/5a and
hmGluR5/lb receptors revealed that the inhibitory activity of MPEP is
mediated by the transmembrane segments of hmGluR5a.

Cyril De Colle1, Thierry Galvez1, Anne-Sophie Bessis3, Olivier Soriani*2,
Francine Acher3 and Jean-Philippe Pin7?

1 CNRS UPR9023, Montpellier 34094, France
2 Institut de Recherche Jouveinal Parke-Davis, Fresnes, 94265, France
2 URA400-CNRS, Paris 75270, France
Among the eight metabotropic glutamate receptors (mGluRl-8) that
have been cloned, the pharmacological profiles of only some of them
have been characterised. Group III mGluRs (mGluR4, mGluR6, mGIuR7
and mGluR8) are by far the less well known in terms of pharmacology. If
mGluR4a has been the subject of several studies, almost nothing is known
about mGluR8a. It has been proposed that its pharmacological properties
could be not only close to the one of mGluR4a (group III) but also to the
one of mGluR2 (group II). We have carefully tested 25 compounds on
mGluR8 as agonists or antagonists. We report here that there is a strong
correlation between mGluR8a and mGluR4a pharmacological profiles,
but not between mGluR 8a and mGluR2 ones. However we have identified
a few drugs that display slightly different potencies on mGIuR4a and
mGluR8a. We proposed a model for the binding sites of mGluR4a and
mGluR8a based on a 3D modelisation method. This allowed us to identify
two residues within the putative binding pocket which are different
between mGluR4 (S, G) and mGluR8 (A, A). We have swapped these two
residues and we are characterising the pharmacological properties of the
mutated receptors in order to know whether these two residues are
responsible, at least in part, for the pharmacological differences observed
between mGluR4a and mGluR8a.

Supported by NOVARTIS Pharma AG

393.15
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TRUNCATED GROUP III METABOTROPIC GLUTAMATE RECEPTORS
V. Peltekova, G. Han, G. Hornby, N. Soleymanlou, and D.R. Hampson*
Faculty of Pharmacy, University of Toronto, Toronto, Ontario, Canada M5S 2S2
Group III metabotropic glutamate receptors operate as presynaptic receptors that
inhibit neurotransmitter release. Agonists at this subclass of receptors have been
shown to possess anti-epileptic and neuroprotective properties. The glutamate
binding site on mGluRs is thought to be contained within the large (approximately
67 kDa) amino terminal domains of the protein. To study the tertiary structures of
the amino terminal domain of mGluRs, we have produced a water soluble truncated
form of the mGluR4 receptor subtype (JBC 274: 10008, 1999). The truncated
soluble receptor displayed the basic pharmacological profile of the full-length
membrane-bound receptor, although the affinity for agonists was higher while the
affinity for antagonists was lower compared to the wild-type receptor. The latter
observation suggested that sequences downstream of the truncation site may
influence the affinity of ligands for mGluR4. Although the truncated mGluR4
receptor contains several consensus sequences for asparagine-linked glycosylation,
deglycosylation of the soluble receptor did not affect the binding of the radiolabeled
agonist, [3H]L-AP4. We have extended our analyses of truncated receptors to other
mGluRs. Our results show that the mGluR8 receptor can also be expressed as a
soluble receptor that retains the basic features of the wild-type pharmacology.
However, as with mGluR4, the soluble form of mGluR8 also shows higher affinities
for agonists and lower affinities for some antagonists. Additional constructs are
being examined to define the limits of truncation of the amino terminal domains of
mGluRs. Supported by the Medical Research Council of Canada.

OPTIMIZATION OF INTRACELLULAR CALCIUM MEASUREMENT IN
CELLS EXPRESSING METABOTROPIC GLUTAMATE RECEPTORS.
M.J.Chamberlain, G.M. Kelly, J.P. Burnett, N.G. Mayne, and M.P. Johnson*
Department of Neuroscience, Eli Lilly and Co., Indianapolis, In 46250.
Metabotropic glutamate receptors (mGluR’s) currently include eight different
subtypes which are grouped based on amino acid sequence homology and their
ability to affect second messengers and ion channels via G-proteins. Calcium is an
important second messenger in the signal transduction pathway. Group I mGluR’s
couple to calcium mohilization through Gaq, whereas Groups II and III couple to
Gai, which is not normally associated with calcium mobilization. A technique was
necessary to evaluate calcium mobilization responses at all 8 of the receptors. By
transiently transfecting promiscuous G-proteins into stable Gai coupled HmGluR
cell lines, intracellular calcium release could be measured more efficiently on the
FLIPR (Fluorecence Imaging Plate Reader). This report details optimization of the
intracellular calcium assay using cell lines expressing each of the eight human
mGluR subtypes. The object was to standardize as many parameters as possible
with all the receptors. Parameters that were investigated included transfection
conditions, cell density, dye loading and wash buffer components, dye loading time,
dye loading temperature and running temperature. Temperature effects and
requirement for a surfactant were major factors influencing fluorescent dye loading
and signal intensity. A majority of the cell lines gave a better signal when dye was
loaded and run at 25°C. Exceptions to this included the HmGluR5 line, which
showed a preference to 35°C for loading and the HmGluR7 line, which ran better at
35°C. All lines gave a markedly increased response when the surfactant Pluronic
acid was used in conjuction with Fluo-3 dye loading. All the lines also gave an
increased response when serum was added to the loading buffer. This technique
ultimately provides a means to study the effects of mGluR agonists and antagonists
at all eight receptor subtypes.
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OVERCOMING RECEPTOR DESENSITIZATION BY ENDOGENOUS
GLUTAMATE IMPROVES IN VITRO MEASUREMENT OF AGONIST EFFECTS
AT CERTAIN GROUP II AND III METABOTROPIC GLUTAMATE RECEPTOR
SUBTYPES G, M. Kelly*. J. P. Burnett, M. Chamberlain, B.G. Johnson, N.G.
Mavne. D D. Schoepp and M.P. Johnson. Neuroscience Research, Lilly Research
Laboratories, Lilly Corporate Center, Indianapolis, IN 46285
Measurement of second messenger effects such as the hydrolysis of membrane
phosphoinositide or mobilization of intracellular calcium are effective means to
assess effects of drugs acting at metabotropic glutamate receptors. Using
radiolabeling/ chromatographic separation for measuring IP accumulation and a
fluorometric imaging plate reader for calcium flux, we encountered deficiencies in
signal intensity while studying effects at three of the eight metabotropic glutamate
receptor subtypes. Agonist stimulation of a non-neuronal cell line RGT (AVI2-664
containing the glutamate/aspartate transporter GLAST) expressing Group I mGluRs
(HmGluRl and 5) resulted in IP accumulation that was 25-30 x basal levels.
Receptors not linked to PLC (Group II and III) were manipulated using transfection
with promiscuous G protein, Gal5 and chimeric G protein constructs (Gaqo5,
Gaqi5). HmGluR2 and 6 expressing cells coupled adequately to Gal5 but initially
these approaches were unsuccessful in cells expressing HmGluR3, 4, or 8. Basal
levels of [3H]-IP accumulation in these cells were elevated as much as 3-4x. An
mGluR antagonist, LY341495 markedly decreased the basal [3H]-IP in these cells,
suggesting endogenous receptor stimulation by cellular release of glutamate.
Glutamate displacement from [3H]LY341495 labelled sites showed that the
HmGluR3 receptor has a higher affinity for glutamate than other mGluR’s. The
idea that the receptor was still undergoing desensitization by endogenous glutamate
stimulation was explored by inserting GLT-1, an additional high affinity glutamate
transport protein. A better signal, approx. 6x basal, was observed in the HmGluR3GLT/Gal5 cells following agonist stimulation.

METABOTROPIC GLUTAMATE RECEPTOR 1a MEDIATES
PHOSPHOLIPASE D ACTIVATION IN CHO CELLS.
S. Kanumilli, N.J. Toms and P.J. Roberts*.
Department of Pharmacology, University of Bristol, BS8 1TD, U.K.
Activation of various neurotransmitter receptors leads to a rapid increase in
phospholipase D(PLD) activity, thus forming phosphatidic acid and diacylglycerol.
In order to determine whether cloned mGlu receptors stimulate PLD activity, we
investigated Group I mGlula receptors stably expressed in CHO cells. PLD activity
was measured by production of [3H]phosphatidylbutanol (|®H]PtdBut), a specific
product via transphosphatidylation. Following the labelling of cells with [3H]palmitic
add (4ud/ml) for 18 hrs, the cells were washed with Krebs bicarbonate buffer and
pre-incubated in buffer containing butanol (0.3%v/v) for 10 minutes. Agonists were
added for 10 minutes and the reaction was stopped by addition of ice-cold
methanol. Cells were scraped and subjected to chloroform water extraction and the
[3H]PtdBut was isolated by TLC and quantified by liquid scintillation counting.
L-glutamate increased [3H]PtdBut accumulation in a time and concentrationdependent fashion in CHO cells expressing mGlula receptors. Maximal [3H]PtdBut
formation was achieved after 10 minutes exposure to L-glutamate. Among the
agonists tested, L-quisqualate was the most potent (EC50=1.27±0.51/J\/l), with Lglutamate being slightly less potent (EC5o=7.O6±O.99//M). The mGlu receptor
selective agonists (1 S,3R)-1 -Aminocyclopentane-1,3-dicarboxylic acid (1S,3RACPD) and (S)-3,5-Dihydroxyphenylglycine(S)-DHPG both induced concentrationdependent increases in [3H]PtdBut formation with EC50s of 28.5±0.38wM and 36.4
±0.09/JVI respectively. Further studies, with the group I mGlu receptors antagonist
(S)-a-methyl-4-carboxyphenylglycine (MCPG) (1mM) showed a significant
reduction (60-70%) in L-glutamate (10,uM) induced [3H]PtdBut formation.
From our results, we conclude that group I mGlula receptors expressed in CHO
cells activate PLD.
Supported by EC Biotech .

393.19

MEMBRANE TOPOLOGY ANALYSIS OF METABOTROPIC
GLUTAMATE RECEPTORS. G. Bhave, B. Nadin and R.W. Gereau
IV*. Division of Neuroscience, Baylor College of Medicine. Houston,
TX 77030
The membrane topology of metabotropic glutamate receptors
(mGluRs) is generally accepted to consist of seven transmembrane
domains by analogy to other G-protein coupled receptors, such as
rhodopsin and p-adrenergic receptors. However, it is becoming
increasingly evident that mGluRs belong to a distinct family of Gprotein coupled receptors which includes GABAb receptors, Ca2+
sensing receptors, and others. Among the main distinguishing
features of this class of receptors are a large N-terminal ligand binding
domain and the distinct location of G-protein coupling domains. Given
these evolutionary and structural differences, the membrane topology
of these receptors may also differ. We have begun to test this
hypothesis using mGluR5a in N-glycosylation, protease protection,
phosphorylation, and immunocytochemical studies. Preliminary work
using truncated fusion constructs of mGluRSa to GFP indicates that
the hydrophilic loop between the second and third transmembrane
domains is likely to be intracellular. If other approaches confirm this
finding, then mGluRs consist of a maximum of five transmembrane
domains. We are currently conducting experiments to verify our
preliminary results and further refine the topological model for
mGI uRs. This work is supported by the Gillson Longenbaugh Foundation (RWG).

ACETYLCHOLINE RECEPTORS: NICOTINIC III
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6-[lsF]F-A-85380, A NOVEL TRACER FOR THE NICOTINIC ACETYLCHOLINE
RECEPTOR. A.G. Horti1, S. Chefer1, U. Scheffel2, A.O, Koren1, A.G. Mukhin1,
J.M. Links1, D. Gundisch1, V. Kurian1, P, Finley2, R.F. Dannals2 and E.D, London1,2*,
‘Brain Imaging Center, NIDA, Baltimore, MD 21224 and 2Div. Nucl. Med. & Rad.
Health Sci., Johns Hopkins Med. Insti., Baltimore, MD 21205.
In a continued effort to develop a tracer for non-invasive imaging of nicotinic
acetylcholine receptors (nAChRs) in human brain, we performed radiosynthesis and in
vitro and in vivo evaluation of 6-[18F]fluoro-3-(2(S)-azetidinylmethoxy)pyridine (6[18F]F-A-85380), an analog of A-85380. Radiosynthesis of 6-[18F]F-A-85380 was
performed by no-carrier-added Kryptofix 222®-assisted reaction of [18F]fluoride with
6-iodo-3-((l-tert-butoxycarbonyl-2(S)-azetidinyl)methoxy)pyridine [Koren et al., 1998
J.Med.Chem. 47:3690] in DMSO solution followed by acidic deprotection. The
radiochemical yield of 6-[lsF]F-A-85380 was up to 22.1%, and specific radioactivity
was 2500-5400 mCi/pmol. Scatchard analysis of 6-[18F]F-A-8538O binding in rat
membrane P2 fraction demonstrated the presence of a single population of binding
sites with KD = 28 ± 2 pM and Bmax = 153 ± 17 fmol/mg protein. The tracer
specifically labeled nAChRs in mouse brain in vivo with greater binding in nAChRrich than in nAChR-poor areas, and its specific in vivo binding was higher than that of
2-[lsF]F-A-85380 [Horti et al., 1998 Nucl.Med.Biol. 25:599]. Compared to previously
published nAChR tracers, [18F]FPH ((+/-)-exo-2-(2-[18F]fluoro-5-pyridyl-7azabiocyclo[2.2.1]heptane) and 2-[lsF]F-A-85380, 6-[lsF]F-A-85380 accumulated
more slowly and remained substantially longer in nAChR-rich regions. In positron
emission tomographic imaging studies in Rhesus monkey, 6-[18F]F-A-85380
specifically labeled central nAChRs with greatest accumulation in nAChR-rich
thalamus. At 4 h after injection, the ratio of accumulation of radiotracer in thalamus to
that in cerebellum was 4.2. In displace-ment studies with cytisine, radioactivity in
nAChR-rich regions rapidly declined to the level of that in cerebellum. The acute
toxicity of 6-F-A-8538O was substantially less than that of the previously described
nAChR ligand, FPH. Supported by NIDA Intramural Research Program.

6-[lsF]F-A-85380 — A NOVEL PET LIGAND FOR THE o402 SUBTYPE
OF NICOTINIC ACETYLCHOLINE RECEPTORS: IN VITRO
CHARACTERIZATION. A.O. Koren, D. Gundisch, A.G. Horti, A.G. Mukhin *
and E.D. London. Brain Imaging Center, Intramural Research Program,
National Institute on Drug Abuse, Baltimore, MD 21224.
In a search for radioligands suitable for in vivo imaging of neuronal nicotinic acetylcholine receptors (nAChRs) by positron emission tomography
(PET), we synthesized 6-[18F]fluoro-3-(2(S)-azetidinylmethoxy)pyridine
(6-[lsF]F-A-85380), a fluoro analog of the recently identified nAChR ligand
A-85380. The affinity of 6-[18F]F-A-8538O for nAChRs in rat brain mem-
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branes at 23 °C was characterized by a Kd value of 30 ± 3 pM. Similar high
affinity binding of this ligand to the membrane fraction of postmortem tissue
of human cortex was observed at 37 °C (Kd ca. 50 pM). The affinity of
6-[lsF]F-A-85380 is comparable to that of a fluoro analog of epibatidine
(exo-2-(2-[18F]fluoro-5-pyridyl)-7-azabicyclo[2.2.1 jheptane, [18F]FPH), a
compound recently proposed as the best ligand yet developed for the in vivo
study of nAChRs using PET. In contrast to FPH, 6-F-A-85380 is clearly
subtype-selective, having at least 1,000-fold higher affinity for the a4p2
subtype than for the a3-subunit-containing, a7, or muscle nAChR subtypes.
The specific binding of 6-[lsF]F-A-85380 is completely reversible. The rate
of the receptor-ligand complex dissociation, determined in human cortex
membranes at 37 °C, is characterized by a t^ diss value of 3.6 min. These
results, together with data from in vivo studies with 6-[lsF]F-A-85380 (Horti
et al., this volume), suggest that this compound is a promising radioligand
for in vivo studies of the a4(32 nAChRs using PET. Supported by NIDA
Intramural Research Program.
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2-[18F]F-A-85380: A PET RADIOLIGAND FOR THE (X4P2 NICOTINIC
ACETYLCHOLINE RECEPTORS. S.L Chefer*, A.G, Horti, A.O. Koren,
D. Gundisch, J.M. Links, V. Kurian, A.G. Mukhin and E.D. London. Brain Imaging
Center, Intramural Research Program, NIDA, Baltimore, MD 21224.
Noninvasive in vivo studies of central nicotinic acetylcholine receptors (nAChRs)
have been impeded by the absence of appropriate radiotracers. In the search for high
affinity ligands for these receptors, our group synthesized a series of halogenated
analogs of A-85380. Some of these compounds, including 2-fluoro-(3-(2(S)azetidinylmethoxy)pyridine (2-fluoro-A-85380) showed subnanomolar affinity for the
oc 4P2 subtype of nAChRs. In the present study we evaluated 2-[lsF]F-A-8538O in in
vitro binding assays with membranes of rat brain and in vivo by PET in Rhesus
monkey. Studies of 2-[lsF]F-A-85380 binding to nAChRs in P2 fraction of rat brain
membranes over a concentration range of 1 to 800 pM demonstrated the presence of a
single population of binding sites with KD = 50 ± 3 pM. In vivo studies with 2-[18F]FA-85380 in Rhesus monkeys showed that the ligand crossed the blood-brain barrier
and distributed in the monkey brain in a pattern consistent with that of the
a4[32 nAChRs. The level of radioactivity measured was highest in the thalamus,
intermediate in the cortex and lowest in the cerebellum. Rapid loss of radioactivity
from the thalamus and the cortex was observed following administration of cytisine, a
partial agonist at nAChRs. At 180 min after cytisine administration, the levels of
radioactivity in the thalamus and cortex fell to nearly that in the cerebellum where
there was no significant effect of cytisine. This observation is consistent with the
reported low density of the a4(32 nAChRs in the monkey cerebellum (Cimino et al.,
1992). Using the cerebellum as a reference region the specific/non-specific binding
ratio was calculated. It increased steadily, reaching a value of 3.3 in the thalamus at 4 h
after radioligand administration. The binding of 2-[18F]F-A-85380 to plasma proteins
was low and represented 20% of the total ligand concentration in the plasma. These
results, in combination with data demonstrating low toxicity of 2-[*T]F-A-85380,
indicate that this radioligand shows promise for PET studies in human subjects.
Supported by NIDA Intramural Research Program.

CARDIOVASCULAR EFFECTS OF 5-I-A-8538O, A POTENTIAL SPECT
RADIOTRACER FOR IMAGING NICOTINIC ACETYLCHOLINE RECEPTORS
(nAChRs). D.B. Vaupel1*, S. Telia2, A.G. Horti1, and A.O. Koren1. 'Brain Imaging
Center, National Institute on Drug Abuse, NIH, Baltimore, MD 21224. department
of Pharmacology, Georgetown University Medical Center, Washington, D.C. 20007
5-I-A-85380 (5-iodo-3-(2(S)-azetidinylmethoxy)pyridine) is a nicotinic agonist with
high affinity and selectivity for ot4(32 nAChRs that is suitable as a SPECT imaging
radioligand when labeled with 1-123. The effects of 5-I-A-853$0 and nicotine were
determined on cardiovascular responses, electrocardiograms, and body temperatures in
four unanesthetized, male rats using data telemetry. 5-1-A-85380 (17, 53, 174, 347
pmol/kg IV) and nicotine (20, 60, 201, and 502 qmol/kg IV) produced dose-dependent
linear increases (P < 0.05) in mean arterial pressure within 1 min of dosing, with
5-I-A-8538O being 2.2 (95% CL: 0.3 - 38.2) times as potent as nicotine. Increases of
32 + 5 and 37 + 13 mm Hg were produced by 347 and 502 pmol/kg of 5-I-A-85380
and nicotine, respectively, with only the later increase differing from the saline
response, a 6 ± 1 mm Hg-increase (P < 0.05). Concomitant increases in systolic and
diastolic pressures were observed. Heart rate (HR) was reduced dose-dependently (P <
0.05) only by nicotine, an effect that developed within 5 min of dosing. Compared to
the saline vehicle, the highest dose of nicotine transiently slowed HR by 212 ± 39
beats/min (bpm) (P < 0.01). For comparison, the highest dose of 5-I-A-85380
evaluated, 347 pmol/kg, reduced HR by 80 ± 41 bpm (NS). Saline was associated
with a 33 ± 13 bpm-reduction in HR (baseline = 322 ± 26 bpm). Body temperature
was unaffected. Over this dose range, 5-1-A-85380 did not elicit the profound
decrease in HR observed with nicotine, which may represent cardiotoxicity. The
estimated 30 pmol/kg human imaging dose of 5-[I-123]I-A-8538O is therefore 10,000
times lower than vasoactive doses. Although 5-I-A-85380 was more potent than
nicotine in elevating blood pressure, it was less efficacious than nicotine in producing
bradycardia. Analysis of the electrocardiogram and matched experiments in female
rats are in progress to confirm that 5-I-A-85380 is less cardiotoxic than nicotine.
Supported by NIDA Intramural Research Program.

394.5
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Novel Interactions at the a7 Nicotinic Receptor as Measured by [3H]Methyllycaconitine (MLA). L. Cortes-Burgos? M. Stone, P. Tinholt and
E.H.F. Wong. Nicotinic a-7 acetylcholine receptors (nAChRs) in the vertebrate
brain are ligand-gated, Ca2+ selective channels, formed by 5 homooligomers of
the al subunits. This nicotinic receptor has been extensively studied using
[125I]a-bungarotoxin until recently when the [3H]-methyllycaconitine (MLA)
became available (Davies et al, 1999, Neuropharmacol, in press). In the present
study we report the use of [3H]-MLA to label the a-7 receptor in rat brain
membranes. [3H]-MLA labels a single population of sites with high affinity, Kd
= 3.0 + 0.4 nM and B^ = 559 + 76 fmol/mg protein. Specific binding
represents 60-70% of total binding. Binding of [3H]-MLA is characterized by
rapid association, t1/2 =1.0 min and dissociation, tI/2 = 2.55 minutes. The
pattern of ligand selectivity of [3H]-MLA-labeled sites exhibits an a-7 profile,
in that nicotinic antagonists exhibits a rank order of: MLA > a-bungarotoxin >
a-cobratoxin > (+)-tubocurarine » mecamylamine. The Hill coefficients are
close to unity. This is in good agreement with a specificity observed with
[125I]a-bungarotoxin. While the rank order of affinity of agonists is:
epibatidine > anatoxin a > GTS-21 > (-) nicotine > cytisine > (+) nicotine >
methylcarbamylcholine > lobeline, the Hill coefficients are greater than unity.
The muscarinic antagonist atropine failed to exhibit affinity for the [3H]-MLA
site. These results suggest that while [3H]-MLA clearly labels a nicotinic a-7
acetylcholine receptor, agonists might interact with the site labeled by this
radioligand in a non-competitive manner.

NOVEL RADIOLABELED ARSENYLATING AGENTS FOR NICOTINIC
RECEPTORS. R, Moaddel*, J. Najim, P. Modadugu, R. Hanson, and R.H. Loring
Dept. Pharm. Sci., Northeastern University, Boston, MA 02115.
All characterized nicotinic receptors contain a-subunits with adjacent halfcystines in the agonist binding site. We previously demonstrated that trivalent
aromatic arsenical compounds form stable complexes with reduced, but not native,
nicotinic receptors (e.g. Loring et al., 1992 Mol.Brain Res. 15:113). Furthermore,
these covalently-bound arsenicals protect nicotinic receptors against irreversible
alkylation with bromoacetylcholine (BAC), but are easily removed with
antiarsenical dithiols. We synthesized a series of trivalent arsenical compounds to
test as potential radiolabeling agents for nicotinic receptors. The unlabeled
compounds were then assayed for their ability to prevent 125I-a-bungarotoxin (125IBGT) binding to immunoprecipitated Torpedo nicotinic receptors after reduction
with dithiothreitol. A Bolton-Hunter derivative was synthesized; [4- [[3-(4hydroxyphenyl)-l-oxopropyl]amino]phenyl] arsonous acid (BH-APA). The
monoiodinated version, IBH-APA, was also made. Surprisingly, although BH-APA
blocked 125I-BGT binding (IC50 300 nM) to reduced receptors to the same extent as
BAC alkylation, IBH-APA failed to block 125I-BGT binding at concentrations up to
10 pM. This is not simply an effect of iodination, since 4-iodobenzoyl-4-aminophenylarsonous acid (IB-APA) blocked 125I-BGT binding with an IC50 of 100300nM, and protected against irreversible alkylation by BAC. We expect to test the
radioiodinated version of IB-APA shortly. To probe the amino acids near the
agonist binding site, we produced a photoactivatable benzophenone (p-[benzoyl]
benzoylaminophenyl arsonous acid, BEN-APA) that blocks 125I-BGT with an IC50 of
1 pM. We also tested acetylated p-aminophenyl arsonous acid (AC-APA), which
blocks 125I-BGT with an IC50 of 30 nM. We will be testing [3H]AC-APA on
reduced nicotinic receptors shortly. Supported by NIH NS22472.

394.7

394.8

EVOKED RELEASE OF GLUTAMATE IN THE CHICK VENTRAL
LATERAL GENICULATE NUCLEUS CAN BE ENHANCED BY
NICOTINIC AGONISTS. C.Y. Kang* and V.A. Chiappinelli. Dept. of
Pharmacology, The George Washington Univ. Sch. of Med. and Health Sci.,
Washington, D.C. 20037
The chick ventral lateral geniculate nucleus (LGNv) is a retinorecipient
nucleus that contains cholinergic fibers and nicotinic receptor binding sites
(JCN 323:1-12, 1992). It has been shown that application of nicotinic agonists
increases the frequencies of spontaneous GABA and glutamate currents
recorded in LGNv neurons (J. Neurosci. 18:1963-1969, 1998). We now use
whole cell patch clamp recordings in chick brain slices to examine whether
nicotinic agonists can enhance electrically evoked glutamatergic
neurotransmission in this nucleus. Stimulation of the optic tract evokes a
response in LGNv neurons which has early and late components. Bicuculline
(lOpM) treatment blocks most of the later evoked response but only part of an
early fast component. A combination of DNQX (40pM) and AP5 (50pM)
blocks the remaining component. DNQX (40pM) and AP5 (50pM) in the
absence of bicuculline will eliminate the evoked response completely.
Application of 30pM carbachol in the presence of 10pM bicuculline and lpM
atropine increases the amplitude of evoked glutamate currents. This is probably
a presynaptic effect, since experiments using this preparation have indicated
that most nAChRs in the LGNv are presynaptic (J. Neurophys. 71:826-829,
1994). Since cholinergic fibers are found in the LGNv, endogenously released
acetylcholine may modulate glutamate release in this nucleus.
Supported by NIH grant NS 17574 to V.A.C.

LONGTERM
NICOTINE
APPLICATION
ENHANCES
TTXINSENSITIVE GABA RELEASE IN THE LATERAL SPIRIFORM
NUCLEUS. P.J. Zhu* and V.A. Chiappinelli. Dept. Pharmacology, The
George Washington University Medical Center, Washington, DC 20037.
The effects of nicotine on spontaneous GABA release were studied by using
whole-cell recordings in chick lateral spiriform nucleus (SpL) neurons. A
brief exposure (1-2 min) of slices to nicotine (0.5-1 pM) produced a dramatic
increase in the frequency of spontaneous postsynaptic GABAergic currents.
This effect was suppressed in the presence of 0.5 pM tetrodotoxin (TTX),
indicating the existence of “preterminal” nicotinic receptors (Neuroscience
59:689, 1994). However, a prolonged application of nicotine (>3 min) caused
TlX-insensitive enhancement of spontaneous GABAergic currents,
suggesting that nicotinic receptors are also located on the presynaptic
terminals. Such TTX-insensitive enhancement was blocked by nicotinic
antagonists dihydro-(3-erythroidine (DH3E; 30 pM, n=7), but not
methyllycaconitine (MLA, 50-100 nM, n=8), indicating that activation of
high affinity nicotine receptors is responsible for this effect. This
enhancement was suppressed by high threshold Ca2+ channel blocker
cadmium (100 pM, n=8), but not dantrolene or ryanodine (10/10 pM).
Further, TTX-insensitive enhancement by nicotine was suppressed by
cAMP/cGMP dependent protein kinase inhibitor, HA1004 (30 pM, n=8) and
facilitated by forskolin (10 pM). These data suggest that nicotine
enhancement of GABA release can operate on both “preterminal” and
presynaptic terminal levels; and the second messenger cascade may be
involved in this TTX-insensitive enhancement by nicotine.
Supported by NIH Grant NS 17574 to V.A.C.
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LOCALIZATION OF CHOLINERGIC FIBERS AND THE ALPHA7 NICOTINIC
RECEPTOR SUBUNIT IN THE NUCLEUS SPIRIFORMIS LATERALIS AND
SELECTED REGIONS OF THE CHICK MESENCEPHALON.
EM .Sorenson*. D.G.EI-Boqdadi. Y. Nong and V.A. Chiappinelti. Dept. of
Pharmacology, The George Washington University Medical Center,
Washington, DC 20037.
Presynaptic regulation of neurotransmitter release has been proposed to be
an important role of alpha7-containing nicotinic receptors in the brain.
Immunohistochemical evidence has indicated that the neurons within the chick
nucleus semilunaris (Slu) express the alpha7 nicotinic receptor subunit (JCN
317:325-340, 1992). A separate study has shown that Slu neurons are
cholinergic (JCN 281:641-657,1989). We sought to determine whether
cholinergic Slu axon terminals in the lateral spiriform nucleus (SpL) express
alpha7-containing nicotinic receptors which could modulate acetylcholine
release from the terminals during nicotinic neurotransmission. To test this
possibility choline acetyltransferase (ChAT), the synthetic enzyme for
acetylcholine, and the alpha7 subunit were colocalized using indirect
immunofluorescence and laser scanning confocal microscopy. In sequentially
obtained images of the same double labeled section, it was found that the
ChAT fibers in the SpL did not contain the alpha7 subunit, even though ChATpositive neurons in the Slu were labeled for the alpha7 subunit. In addition,
evoked nicotinic neurotransmission recorded from SpL neurons in slices was
not modulated by methyllycaconitine (100 nM), a nicotinic antagonist specific
for alpha7-containing nicotinic receptors at the concentration used. Localization
of ChAT and the alpha7 subunit in other selected areas of interest was also
examined. We conclude that the alpha7 nicotinic receptor subunit expressed in
the soma of Slu neurons is not transported down to their axon terminals in the
SpL, suggesting it may mediate postsynaptic responses in Slu neurons.
This work was supported by NIH grant NS 17574 to VAC.

FAST EXCITATORY NICOTINIC TRANSMISSION IN THE CHICK LATERAL
SPIRIFORM NUCLEUS. Y. None*. E.M. Sorenson and V.A. Chiappinelli.
Department of Pharmacology, The George Washington University Medical Center,
Washington DC 20037
The lateral spiriform nucleus (SpL) in the chick mesencephalon contains functional
nicotinic receptors and receives a cholinergic projection (Neuron 5: 307-315,1990).
We now use double label immunohistochemistry to demonstrate that choline
acetyltransferase (ChAT) immunopositive fibers in the SpL, and in the cholinergic
fiber tract lateral to the nucleus, are associated with fibers expressing the alpha5 and/or
alpha3 nicotinic subunit. This morphological evidence suggests that there are synapses
between cholinergic fibers and alpha5 containing dendrites of SpL neurons. Whole cell
patch clamp recordings were used to characterize nicotinic responses in SpL neurons
while stimulating the cholinergic fiber tract lateral to the SpL. In current clamp mode,
stimulation of cholinergic fibers evoked excitatory postsynaptic potentials (EPSPs) that
were significantly reduced by the nicotinic antagonist dihydro-0-erythroidine (DH0E).
In the presence of an antagonist cocktail that contained AP5 (50gM), DNQX (40|lM),
bicuculiine (lOpM), and atropine (lpM) to block the glutamatergic, GABAergic, and
muscarinic receptor responses, the evoked nicotinic EPSP or excitatory postsynaptic
current (EPSC) was isolated. In some neurons, the evoked nicotinic EPSP resulted in
the generation of an action potential. The nicotinic nature of the evoked response was
confirmed by blockade of the EPSPs or EPSCs with nicotinic antagonists including
DH0E (30pM), D-tubocurare (30pM), and mecamylamine (lOpM). Methyllycaconitine
blocked the evoked response at 30 pM but not at 100 nM, indicating that the response
was not mediated by typical alpha7-containing nicotinic receptors. Eserine (lOpM), an
acetylcholinesterase inhibitor, dramatically prolonged the evoked nicotinic response.
The results demonstrated that endogenously released acetylcholine generates EPSPs
that can elicit action potentials by acting at postsynaptic nicotinic receptors on SpL
neurons.
Supported by NIH Grant NS 17574 to V.A.C.

394.11

394.12

ACETYLCHOLINE EVOKES MLA-SENSITIVE NICOTINIC CURRENTS IN
RAT SUPRAOPTIC NEURONS. M. Zaninetti, C, Blanchet, E. Tribollet, J.J,
Drpifuss*, D-._Bertrand.an.dL.. M-.R_agg.enba§§. Department of Physiology,
University Medical Center, CH-1211 Geneva 4, Switzerland.
When injected into the supraoptic nucleus (SON) of the hypothalamus,
acetylcholine (ACh) stimulates the release of vasopressin (AVP), an effect that
can at least in part be mimicked by nicotine. To investigate the neuronal
mechanism of action of ACh, we carried out whole-cell voltage clamp
recordings in hypothalamic slices of 3- to 4-week-old rats. SON neurons were
visualized using IR videomicroscopy. Brief pulses of ACh (100-200 ms) were
delivered by pressure-ejection from a patch pipette positioned close to the
recorded neuron. In the presence of atropine, ACh (0.1 -1 mM) evoked a rapidly
rising inward current, whose amplitude ranged between 30 and 500 pA. This
ACh-evoked current was not affected by the blockers of glutamatergic synaptic
transmission, NBQX and D-AP5, nor by the calcium channel blocker, Cd++. Its
current-voltage relationship was linear at negative potentials and rectified
inwardly at positive potentials. The ACh-evoked current was insensitive to
micromolar concentrations of the competitive antagonist DH0E but was
abolished by 1 -10 nM MLA. Similar results were obtained in acutely dissociated
SON
neurons.
Consistent with the
electrophysiological results,
autoradiography revealed the presence in the SON of binding sites for
[125l]a-bungarotoxin, a ligand of a7-containing neuronal nicotinic ACh
receptors (nAChRs), but not of [3H]epibatidine, a ligand of a4- or a3-containing
nAChRs. SON neurons are thus endowed with functional nAChRs whose
pharmacological profile is reminiscent of that of a7-containing receptors; they
could play a role in regulating AVP release. Work supported by the Swiss
National Science Foundation (Grants to D.B. and M.R.).

DISTRIBUTION OF NICOTINIC ACETYLCHOLINE RECEPTOR SUBTYPES IN
THE OPTIC TECTUM OF RANA PIPIENS. C.M, Butt1*. J.R, Paulv2, and E.A,
Debski1. 'School of Biological Sciences, and 2Div. of Pharmaceutical Sciences,
College of Pharmacy, University of Kentucky, Lexington, Kentucky 40506.
Acetylcholine (ACh) is important for eliciting visually evoked behaviors that are
mediated by the optic tectum in the frog Rana pipiens. However, the mechanisms
through which ACh exerts its effects are unknown. Nicotinic ACh receptors
(nAChRs) exist in the optic tectum, but their subtype identity, which confers
differences in neuronal physiology and activity, has not been assessed (Fite and Wang
(1986) Brain, Beh. & Evol. 25:198-206; Sargent et al. (1989) J. Neurosci. 9:565573). We examined the binding characteristics of [125I]a-bungarotoxin (BTX), which
binds the a7 nAChR subunit in mammalian systems, and [3H]cytisine (Cyt), which
binds with high affinity to the a4 nAChR subunit, in the optic tectum with
quantitative autoradiography. Saturation binding analyses demonstrated that BTX
bound with a dissociation constant (KD) of 0.81 ± 0.19 nM, while the KD for Cyt was
0.47 ± 0.04 nM. These pharmacokinetic parameters in the frog brain are similar to
those demonstrated for BTX and Cyt in several mammalian species. The binding
patterns of BTX and Cyt were different from one another. BTX had high levels of
specific binding in the nucleus isthmi, pretectal neuropil, and anterior thalamus,
intermediate levels in the midbrain tegmentum and tectal layers 8 and 9, and very low
densities in the deeper tectal layers. Cyt demonstrated high specific binding in layer
9, intermediate densities in layer 8, pretectal neuropil, and anterior thalamus, and low
binding in layers 1-7. These results indicate that BTX and Cyt bind with high affinity
in the frog optic tectum to presumed a7 and a4 nAChR subunits. Since the binding
patterns are different, it is likely that a7 and a4 nAChRs have different physiological
roles in the frog brain. Studies looking at the effects of development and optic nerve
lesions on the expression of these nAChR-like binding sites are currently underway.
Supported by NIH Grant # EY11913.

394.13

394.14

VISUALIZATION OF CHOLINERGIC INPUT, PRESYNAPTIC
NICOTINIC ACHR-LIKE MOLECULES AND SYNAPTIC SITES IN
THE OPTIC TECTUM. E.A. Debski12* and P.B. Sargent2. ‘School of
Biological Sciences, University of Kentucky; 2Neuroscience Program,
UCSF, San Francisco, CA 94143.
Presynaptic nicotinic acetylcholine receptors (nAChRs) are found in a
variety of sites in central nervous systems including the frog optic tectum,
where they have been identified on retinal ganglion cell terminals (Sargent
et al., J. Neurosci. 9:565-573, 1989). An important role of such nAChRs
may be to modulate synaptic transmission by regulating neurotransmitter
release. We have performed an immunofluorescence study using confocal
microscopy to assess the relationship between cholinergic input, nAChRs
and synaptic sites within the tectum. NAChR-like molecules were
visualized using either monoclonal antibody (mAb)22 or mAb306 (gifts
of Dr. Jon Lindstrom). In other systems, these antibodies are known to
recognize the main immunogenic region of nAChRs and the a7 subunit,
respectively. Synaptic sites were identified with a mouse monoclonal
antibody against the synaptic vesicle protein SV2 (gift of Dr. Steven
Carlson), and cholinergic terminals, which originate from the nucleus
isthmi, were identified with a goat anti-choline acetyltransferase (ChAt)
polyclonal antibody (Chemicon). Secondary antibodies conjugated to
either alexa488, cyanine 3.18 or cyanine 5.18 were used, and images were
collected with a Bio-Rad MRC-1024 laser scanning confocal microscope.
MAb22 binding sites were present in clusters in retinorecipient sublaminae
c and e. These clusters were associated with but not coincident with
synaptic sites. ChAt immunoreactivity colocalized with mAb306 but not
mAb22 staining. Our results indicate that different classes of nAChRs are
present on retinal ganglion cell terminals and the cholinergic terminals
arising from the nucleus isthmi. Supported by NIH grants EY11913
(E.A.D.) and NS24207 (P.B.S.).

THE RAT PINEAL GLAND EXPRESSES A NICOTINIC RECEPTOR WITH THE
CHARACTERISTICS OF THE a3/04 RECEPTOR SUBTYPE. S.C, Hernandez'*.
J.M, Musachio2. Y. Wang1. M.L Davila-Garcia1. S.N, Ebert'. B.B. Wolfe1 and K.J.
Kellar1. 'Dept. of Pharmacology, Georgetown University, Washington, DC 20007;
2Division of Nuclear Medicine, Johns Hopkins, Baltimore, MD 21287.
In mammals, the pineal gland functions in response to stimuli from photoreceptor
cells in the retina and endogenous oscillators within the suprachiasmatic nucleus to
produce and secrete melatonin at night. Norepinephrine from the superior cervical
ganglion is the primary neurotransmitter that stimulates melatonin synthesis;
however, the pineal gland also contains neuronal nicotinic acetylcholine receptors
(nAChRs). The expression of mRNA encoding the a3 (Wada et al. J. Comp.
Neurol. 284:314, 1989) and 04 (Zoli et al. J Neurosci. 15:1912,1995) subunits has
been demonstrated in the pineal, and the presence of nAChRs was previously
demonstrated by immunocytochemistry (Reuss et al. Brain Res. 573:114,1992) and
radioligand binding studies (Marks et al. JPET 285:377, 1998). However, the subunit
composition of the receptor(s) remains to be determined. In this study, we have
characterized the subtype of nicotinic receptor in the pineal gland. We have used
subunit specific antibodies and examined the binding of [125I]EB, an analog of
epibatidine with high affinity and specificity for neuronal nicotinic receptors.
Western blot and immunohistochemistry studies indicate the presence of a 04
subunit. The pineal expresses a high density of [125I]EB labeled binding sites with a
Kd ~220 pM. Binding competition curves show that the site labeled by [123I]EB
displays a pharmacological profile similar to the a304 receptor, as indicated by the
low affinity for cytisine, A8538O and DH0E. Others (Yamada et al. J Neurosci
18:4946, 1998) have reported that nicotine decreases melatonin synthesis, and we are
currently conducting studies to determine if these effects by nicotine on the pineal are
mediated by an a304 receptor. Supported by NIH DA06486.
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394.15
MAPPING OF NICOTINIC RECEPTOR SUBUNITS (a4, <x7) IN THE
RAT SPINAL CORD
K. Schnell1. Y. Korkmaz1. J. Lindstrom2. H. Schroder1, A. Wevers1'*
‘Institut II fur Anatomie, Univ. zu Koln, Koln, FRG and 2Univ. of
Pennsylvania Medical School, Dept. Neuroscience, Philadelphia, PA, USA

Nicotinic acetylcholine receptors (nAChR) have been established to play
an important role in supraspinal signal transmission, only little is known,
however, about the cellular localization of nAChRs in the spinal cord.
Therefore we investigated the distribution pattern of two different nAChR
subunits (a4, a7) in the spinal cord of male Wistar rats.
After PFA-fixation (4%) and paraffin embedding 10 pm sections of the
cervical, thoracic, and lumbar spinal levels were cut. The localization of the
neurons within the sections was assessed by NeuN-immunolabeling and
Nissl staining. Using monoclonal antibodies mAb299 (a4) and mAb306
(a7) followed by visualization using the ABC-technique the nAChR subunit
expression pattern was analyzed on adjacent sections.
A high percentage of all neurons displayed the nAChR subunit proteins
with a similar pattern on all spinal levels. In regard to anatomical layers, a
similar distribution of a4- and a7-expressing neurons were found for motor
neurons (layers 8, 9) and dorsal hom neurons (layers 2-4). In the white
matter a larger number of cells was immunoreactive for a7 than for a4.
Our mapping revealed a widespread distribution of a4- and a7-expressing
neurons in the rat spinal cord. Their role in signal conduction and modulation beyond classical recurrent inhibition mechanisms needs to be elucidated.

NICOTINIC

ENHANCEMENT OF

EXCITATORY

SYNAPTIC

TRANS-

J.R. Genzen1* and D.S.
McGehee1'2 Cmte on Neurobiology1 and the Dept of Anesthesia & Critical Care2,
University of Chicago; Chicago, IL 60637.
Recent studies have implicated neuronal nicotinic acetylcholine receptors
(nAChRs) in the enhancement of excitatory synaptic transmission. Although nAChRs
have been localized to sensory ganglia, their exact physiological role in these neurons
is unknown. To investigate the contribution of nAChRs to sensory transmission,
whole-cell patch clamp recordings were made from dorsal hom neurons in transverse
slices of neonatal rat lumbar spinal cord. Bath applications of 1 pM nicotine increased
the frequency of miniature excitatory postsynaptic currents (mEPSCs) in 18 of 38
cells tested. The average increase in mEPSC frequency was 293% ± 39% of control
levels. This increase was not associated with an increase in mEPSC amplitude,
indicating a presynaptic site of action. All experiments were performed in the
presence of lpM TTX to block action potential propagation. Methyllycaconatine
citrate (MLA), an a7-specific antagonist, inhibited the nicotine-induced increase in
mEPSC frequency in 3 of 4 cells tested. a-Bungarotoxin (a-BGT), another «7specific antagonist, also inhibited the nicotine-induced increase in mEPSC frequency
in 4 of 4 cells tested. A non-NMDA glutamate receptor antagonist, DNQX,
eliminated all of the mEPSCs, both in the presence and absence of nicotine.
These results indicate that presynaptic a7-containing nAChRs can enhance
glutamate release in the dorsal hom of the spinal cord. The dorsal hom receives much
of its glutamatergic input from sensory afferents, and experiments using physiological
and anatomical approaches are underway to determine which classes of sensory
neurons express these presynaptic nAChRs. Since dorsal hom neurons are also
known to express many different nicotinic receptor subtypes, the physiological role
and subunit composition of the somatodendritic nAChRs are also being investigated.
[Supported by Graduate Training Grant in Growth and Development #T32HD07009
(JG), NIH #NS35090 (DM), and the Brain Research Foundation (DM).]
MISSION IN THE DORSAL SPINAL CORD.

394.17

394.18

NICOTINIC RECEPTOR MEDIATED SIGNAL TRANSDUCTION
AGAINST ETHANOL AND AMYLOID CYTOTOXICITY. Y.Li*.
E.MMever and M.A.King. Dept. of Neuroscience and Pharmacology,
Univ. of Florida, Gainesville, FL 32610
Selective alpha7 nicotinic receptor agonists such as DMXB (also known
as GTS - 21) improve memory - related behaviors and protect against
neurotoxicity induced by trophic factor deprivation, excitotoxicity, in vivo
ischemia and axotomy. Our studies show that PC12 cell cultures exposed
to 100 mM or higher concentrations of ethanol exhibited significant cell
loss by* 24 hr, which was associated with increased intracellular levels of
calcium, hydrogen peroxide, but not nitric oxide (NO). Prior exposure to
low a concentration of DMXB attenuated this cell loss and the elevated
intracellular calcium and hydrogen peroxide, which in turn were blocked
by the alpha7 selective antagonist MLA Cultures exposed to A-beta also
exhibited significant cell loss, which was associated with increased
hydrogen peroxide, and low concentration of DMXB attenuated this ceil
loss and the elevated hydrogen peroxide levels. The role of NO in this
model is being investigated. Low concentration of DMXB induce small,
protracted elevations in receptor -mediated calcium influx, which was
associated with PKC-activation, but not NO levels. Higher concentrations
of DMXB reduced cell survival in association with tyrosine kinase
activation and increased NO. These results indicate: 1) Differential
activation of alpha7 nicotinic receptor is associated with different signal
transduction pathways; 2) DMXB may be therapeutically useful in
preventing ethanol and amyloid cytotoxicity. The role of nitric oxide
synthase, manganese superoxide dismutase, JNK and ERK families of
MAP kinase in ethanol and amyloid cytotoxicity as well as in DMXB induced protection are being investigated. (Supported by T32 AA07561)

SELECTIVE ALPHA7 NICOTINIC AGONISTS DMXB AND 40H-DMXB PROTECT AGAINST AMYLOID TOXICITY AND INCREASE BCL-2 LEVELS:
ROLE OF PKC. E.M. Meyer*, C. Meyers, Y. Li, V. Uteshev, V.
Putg, J. Watterson, T. Nutter and R.L. Papke. Dept. of
Pharmacology, Univ. of Florida, Gainesville, FL, 32610
Brain alpha7 nicotinic receptors have both neuroprotective and memory-enhancing actions in a variety of systems.
This study investigated several intracellular processes
that appear to be triggered by these receptors and important for their neuroprotective actions. Human SK N SH
cells and rat PC12 cells were found to be differentially
sensitive to the neuroprotection conferred by the selective agonist DMXB against amyloid, but similarly responsive to its principle metabolite 40H-DMXB. This species
difference was due to the binding affinities of these
agonists at alpha7 receptors. DMXB and 40H-DMXB each
increased PKC activity in PC12 cells as measured by
translocation, while only 40H-DMXB did so in human cells.
Bcl-2 levels were elevated in SK N SH cells by a 24 hr
exposure to a protective concentration of 40H-DMXB, but
not to DMXB. The PKC-isozyme dependency of this bcl-2
elevation is being studied. To address these questions
directly in the absence of other receptor subtypes, HEK
cells were transfected with human or rat alpha7 receptorgenes and screened for alpha-bungarotoxin binding (over
200 micromoles/mg protein, each species). Functionality
was assessed by patch-clamp determinations to various
agonists. Calcium levels are currently under study as
well. Funded by NIH AG 10485 and NS 32888.

394.19

394.20

EXPRESSION OF NICOTINIC RECEPTOR SUBUNITS IN CULTURED MOUSE
NEURONS VIA ADENOVIRUS. Mark Jareb, Daniel Crossman, Thomas I. Davis,*
and Loma Role. Department of Anatomy and Cell Biology in the Center for
Neurobiology and Behavior, Columbia University, 1051 Riverside Dr., NY, NY 10032.
The proper development and formation of the pre- and postsynaptic
elements in the billions of synapses in the central nervous system are fundamental
to CNS function. Cholinergic synapses are distributed widely throughout the brain
and may act postsynaptically to mediate fast synaptic transmission or presynaptically
to modulate synaptic transmission. Numerous studies demonstrate that activation of
nicotinic acetylcholine receptor channels (nAChR) enhances synaptic transmission
(rev. Role and Berg, 1996; McGehee and-Role, 1996; McDermott et al., 1999). For
example, nanomolar concentrations of nicotine enhance glutamatergic transmission
in cultured interpeduncular neurons by activation of presynaptic receptors thought to
be composed in part by the a7 subunit (McGehee et al., 1995). Similar enhancement
of glutamatergic transmission by nicotinic activation of a7-containing presynaptic
nAChR occurs in hippocampal neurons (Gray et al., 1996). The functional properties
and the distribution of distinct nAChR necessarily result from their subunit
composition. Therefore, understanding the mechanisms that regulate subunit
composition and targeting of distinct nAChR channels is critical in understanding the
development and formation of cholinergic synapses. To address this issue we have
expressed epitope-tagged nicotinic receptor subunits in cultured mouse neurons via
replication-deficient adenovirus.
Preliminary data suggest that cell-surface
expression of FLAG-tagged a7-containing nAChR is polarized to axons in cultured
hippocampal neurons. In contrast, FLAG-tagged a7-containing nAChR appear
predominantly localized to the cell body in cultured interpeduncular neurons. It is
unclear whether the fluorescent FLAG immunostaining represents nAChR normally
expressed by these neurons or nAChR of novel composition induced by
overexpression of a7 nicotinic receptor subunits.

USE OF THE MAJOR IMMEDIATE-EARLY ENHANSER/PROMOTER
OF HUMAN CMV TO INVESTIGATE NICOTINE-INDUCED GENE
EXPRESSION IN LIVING NEURONS. Damian G. Wheeler* and Ellis
Cooper, Dept. of Physiol., McGill University, Montreal, Canada. H3(j 1Y6.

Supported by NS10583.

The major immediate-early enhancer/promoter (MIEP) of human
cytomegalovirus (hCMV) is commonly used to express foreign genes
constituatively in a wide variety of mammalian cell types. However, this
promoter does not always function well in neurons. Results from
transgenic mice indicate that the MIEP is active in only a small subset of
randomly distributed neurons, suggesting that the promoter’s activity is
regulated. Consistent with this idea, the MIEP contains consensus sites for
several regulated transcription factors, including 5 CREB binding sites.
Therefore, we hypothesize that stimuli that lead to CREB phosphorylation,
such as those that increase intracellular Ca** or activate PKA, are important
regulators of the MIEP in neurons. To test our hypothesis, we infected
primary cultured sympathetic and hippocampal neurons after 7-10 days in
vitro with a recombinant adenovirus containing an MDEP/GFP reporter
construct. Initially, we observed that GFP signals were restricted mainly to
non-neuronal cells; however, treating neurons with depolarizing stimuli
induced bright GFP signals in over 85% of the neurons. This induction was
prevented by inhibitors of L-type Ca** channels and CaM Kinase, and was
mimicked by forskolin. In addition, preliminary results with sympathetic
neurons indicate that increasing intracellular Ca** by activating nicotinic
AChRs with 1-5 pM nicotine similarly induced GFP signals. We conclude
that: (1) the MIEP is highly regulated in neurons; (2) low levels of nicotine
induce gene expression in sympathetic neurons; and (3) expression of this
MIEP/GFP construct provides a sensitive assay to measure Ca**-dependent
gene expression in living neurons and may have wide-spread applications.
Supported by MRC of Canada and FRSQ-FCAR.
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MOUSE HOMOLOG OF SLOB BINDS TO THE MOUSE EAG
POTASSIUM CHANNEL AND C-ABL TYROSINE KINASE. £
Ding. M, H. Holmqvist. and I. B. Levitan*.
Department of
Biochemistry and Volen Center for Complex Systems, Brandeis
University, Waltham, MA 02454.
Ion channel modulation can be mediated by channel binding proteins.
Slob, a Drosophila Slowpoke potassium channel binding protein, also
binds to the Drosophila Ether-a-go-go (Eag) potassium channel in
cotransfected cells. We have cloned mouse and human homologs of
Slob. Mouse Slob has two splice variants, a shorter brain-specific
version and a full length version found only in other tissues.
Surprisingly, neither of these mouse Slob variants binds to the mouse
Slowpoke channel Mbr5. However, the brain-specific mouse Slob
homolog binds strongly to the mouse Eag channel, whereas the full
length variant shows only much weaker binding to mouse Eag, as
measured by coimmunoprecipitation assays in cotransfected cells.
Additionally, the brain-specific mouse Slob homolog but not the full
length variant binds to the tyrosine kinase c-Abl in cotransfected cells.
These results suggest that the brain-specific mouse Slob homolog is a
potential potassium channel modulatory protein. Supported by a
research grant from NIH.

CLONING OF MAMMALIAN HOMOLOGS OF SLOB, THE
DROSOPHILA POTASSIUM CHANNEL BINDING PROTEIN. M
H. Holmqvist*, C, Ding, W. M, Schopperle. R, F. Waitkus and I. B,
Levitan. Department of Biochemistry and Volen Center for Complex
Systems, Brandeis University, Waltham, MA 02454.
Slob is a Drosophila protein that interacts with the Drosophila
Slowpoke and Ether-a-go-go (Eag) potassium channels. We searched
for mammalian homologs of Slob in the expressed sequence tag (EST)
database. Several human ESTs with high homology to Drosophila Slob
were identified and used to clone a full-length human Slob homolog. We
also cloned mouse homologs of Slob using a combination of phage
library screening and RACE. Two tissue specific splice variants of Slob
are conserved in human and mouse. One variant codes for a protein of
581 amino acids and is found in all tissues except brain. The second
variant codes for a protein of 515 amino acids and is found only in
brain. Although we have yet to detect any interaction between the
mammalian Slob homologs and mammalian Slowpoke channels, the
brain-specific mouse Slob homolog does bind to the mouse Eag channel.
Supported by a research grant from NIH.

395.3

395.4

EXPRESSION AND LOCALIZATION OF Kv4.2 AND Kv4.3 VOLTAGEGATED K+ CHANNELS IN MAMMALIAN BRAIN. K.J. Rhodes, M.M,
Monaghan*, K.I. Mattsson, L.C, Doliveira, B.W, Strassle, D. Antonucci1 and J.S.
Trimmer1. Neuroscience Division, Wyeth-Ayerst Research; Princeton, NJ 08853,
and ’Dept. Biochem. Cell. Biol., SUNY; Stony Brook, NY 11794.
Voltage-gated K+ channels containing Kv4-family a-subunits are thought to
underlie the rapidly inactivating (A-type) K+ conducatance found in the somata
and dendrites of central neurons. Here we examined the expression and
distribution of two Kv4-family a-subunits, Kv4.2 and Kv4.3, in adult rat brain
using in situ hybridization, immunoblotting and immunohistochemical techniques.
In situ hybridization using [35S]-labeled riboprobes revealed that Kv4.2 and Kv4.3
mRNAs are widely and heterogeneously distributed in rat brain in a partly
overlapping manner.
Kv4.2 mRNA is highly expressed in the striatum,
hippocampus, habenula and cerebellum, while Kv4.3 mRNA is highly expressed in
posterior cingulate cortex, substantia nigra, hippocampus, and cerebellum. To
examine the pattern of expression of these subunits, immunoblots of membranes
prepared from grossly dissected rat brain regions were probed using affinitypurified rabbit polyclonal antibodies or mouse mononclonal antibodies. These
immunoblots revealed that the pattern of Kv4.2 and Kv4.3 protein expression
matched the pattern of expression of the corresponding mRNAs.
Immunohistochemical staining indicated that Kv4.2 and Kv4.3 immunoreactivity
are concentrated in neuronal somata and dendrites, and that the pattern of
immunoreactivity for these two subunits overlaps in many brain regions. Taken
together, these data provide strong support for the contention that Kv4-family asubunits underlie somatodendritic A-type currents and indicate that
heteromultimeric channels containing Kv4.2 and Kv4.3 subunits may exist in
some brain regions.

IDENTIFICATION OF A NOVEL FAMILY OF NEURONAL CALCIUM
SENSOR HOMOLOGS THAT BIND THE N-TERMINUS OF Kv4-FAMILY aSUBUNITS. W.F. An*. J. Cao. M.R. Bowlbv* M, Betty1, IL-P. Ling1 K.L
Mattsson1 and K.J. Rhodes*. Millennium Pharmaceuticals; Cambridge, MA 02139
and ‘Neuroscience Division. Wyeth-Ayerst Research; Princeton, NJ G8543.
Kv4-family a subunits form rapidly inactivating (A-typej <o!tage-gated K*
currents when expressed in heterologous cells. These subunits are thought to
underlie the dendritic A-current in central neurons and the transient outward
current (IJ in cardiac myocytes. Here we used the yeast twc-hybrid system to
identify modulatory subunits of Kv4 channels. We screened an oligo dT-primed
rat midbrain cDNA library using amino acids 1-180 of the rat Kv4.3 subunit as
bait. Interacting clones were examined for specificity by testng their ability to
interact with Kv4.2, Kvl.l and other unrelated baits. Among the interactors that
bound selectively to Kv4 a-subunits were two members of a novel gene family
having significant sequence homology to known neuronal calcium sensors (e.g.,
NCS-1). We call these novel proteins K+ Channel Interacting Proteins KChIPl
and KChIP2. KChIPl
and KChIP2 encode 216 and 252 amino acid
polypeptides, respectively, that have divergent N-termini but share 74% identity
throughout a C-terminal 185 amino acid “core” domain that contains three EFhand motifs. Library screening uncovered rat, mouse and human homologs as
well as alternatively-spliced isoforms of both genes. Northern blots indicated that
KChIPl is expressed predominantly in brain while KChIP2 is expressed
predominantly in brain and heart. Coexpression of KChIPl or KChIP2 with Kv4
a-subunits in COS, CHO cells or Xenopus oocytes revealed that they coassociate
with Kv4 subunits and dramatically alter the current density, inactivation and
recovery from inactivation of Kv4 channels. Thus, KChIPl and KChIP2 are
novel regulators of Kv4 channels that may play a critical role in regulating
neuronal and cardiac A-type potassium currents.

395.5

395.6

MODULATION OF Kv4 -FAMILY K+ CHANNELS BY A NOVEL FAMILY OF
NEURONAL CALCIUM SENSOR HOMOLOGS. M.R. Bowlbv, G, Mendoza, J.
Hinson, W.F. An1, J. Cao1, J. Wardwell-Swanson, K.I, Mattsson and KJ, Rhodes.
Neuroscience Division, Wyeth-Ayerst Research; Princeton, NJ 08543, and
’Millennium Pharmaceuticals; Cambridge, MA 02139.
Using the yeast two hybrid system, we identified a novel family of neuronal
calcium sensor homologs that interact with the N-terminus of Kv4-family asubunits (An et al., this meeting). Here we examined in detail the effects of two of
these proteins, KChIPl and KChIP2, on the electrophysiological properties of rat
Kv4.2 and Kv4.3 channels expressed in CHO cells and Xenopus oocytes.
Coexpression of either KChIPl or KChIP2 with Kv4.2 in CHO cells produced a
dramatic increase in the current density, a slowing of the inactivation kinetics, a
speeding of the recovery from inactivation, and a leftward shift in the activation VH
when compared to cells expressing Kv4.2 and vector controls. Similar effects on
current amplitude and kinetics were observed when the human Kv4.3 channel was
expressed with KChIPl in oocytes. Examination of Kvl.4 and Kv2.1 current
amplitude and kinetics revealed no alteration in any parameter examined when
coexpressed with KChIPl in oocytes, indicating that the modulatory actions of
these novel proteins may be specific for Kv4 channels. Deletion of the N-terminus
of the two KChIP proteins did not alter their modulatory actions on Kv4.2 current
amplitude and kinetics when coexpressed in CHO cells, indicating that the variable
N-termini of these genes are not responsible for their modulatory actions.
However, point mutations of the KChIPl EF-hand domains dramatically reduced
the modulatory effects of this gene; coexpression of the KChIPl EF-hand mutant
with Kv4.2 produced a much smaller increase in current than the wild type
KChIPl and had very little effect on other kinetic parameters of the channel.
Thus, the EF-hand, ca- putative Ca2+ binding domains, of KChIPl appear to have a
critical role in the modulatory actions of the KChIP genes.

EFFECTS OF TWO NOVEL NEURONAL CALCIUM SENSOR HOMOLOGS
ON SURFACE EXPRESSION OF KV4 a-SUBUNITS IN COS1 CELLS. L.C.
Doliveira*, S.P. Nawoschik, W.F. An1, M.R, Bowlbv, J.S. Trimmer2, and K.J.
Rhodes. Neuroscience Division, Wyeth-Ayerst Research; Princeton, NJ 08853,
’Millenniuim Pharmaceuticals; Cambridge, MA 02139; 2Dept. Biochem. Cell.
Biol., SUNY; Stony Brook, NY 11794.
We identified two neuronal calcium sensor (NCS) homologs, termed KChIPl
and KChIP2, that interact with Kv4-family K+ channels and modulate the
electrophysiological properties of these channels in heterologous cells. Because
one of the major effects of these NCS homologs is to dramatically increase the
density of Kv4 current, we examined the ability of KChIPl to enhance the surface
expression of Kv4 channels by monitoring its ability to promote the formation of
surface co-clusters of Kv4 channels and PSD-95. To facilitate the interaction
between Kv4.3 and PSD-95, we generated a chimeric Kv4.3 subunit (Kv4.3ch) in
which the C-terminal 10 amino acids from rKvl.4 (SNAKAVETDV) were
appended to the C-terminus of Kv4.3. Expression of Kv4.3ch in COS1 cells
revealed that the Kv4.3ch polypeptide is trapped in the perinuclear cytoplasm;
there is little detectable Kv4.3ch immunoreactivity at the outer margins of the cell.
When Kv4.3ch is coexpressed with PSD-95, PSD-95 becomes trapped in the
perinuclear cytoplasm and colocalizes with Kv4.3ch. However, when KChIPl is
coexpressed with Kv4.3ch and PSD-95, large plaque-like surface co-clusters of
Kv4.3ch, KChIPl and PSD-95 are observed. Triple-label immunofluorescence
confirmed that these surface clusters contain all three polypeptides, and reciprocal
coimmunoprecipitation analyses indicated that the three polypeptides are
coassociated in these surface clusters. Control experiments indicated that
KChIPl. 1 does not colocalize with Kvl.4 and PSD-95 in surface clusters. Taken
together, these data suggest that KChIPl may promote the efficient transit of
Kv4.3 to the cell surface.
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VOLTAGE-GATED ION CHANNEL CLUSTERING IN
CULTURED HIPPOCAMPAL NEURONS J. S. Trimmer*. D.
Antonucci, B. Gong and S. Lim. Dept. Biochem. & Cell Biology,
SUNY, Stony Brook, NY 11794.
Previous studies have provided evidence for clustering of voltagegated ion channels at precise locations in a variety of central and
peripheral neurons. Here we investigated the clustering of endogenous
voltage-gated Na+ and K+ channels in cultured rat hippocampal
neurons. Kv2.1, the predominant delayed rectifier K+ channel in these
cells was present in large (up to 2 pm in diameter) clusters that were
found predominantly on the somal and proximal dendritic membranes
in contact with the substratum. These Kv2.1 clusters did not colocalize
with a number of neuronal cytoskeletal and adhesion protein markers
tested. However, these plasma membrane clusters were juxtaposed to
calcium-containing organelles, consistent with previous EM studies of
cortical neurons which showed Kv2.1 clusters at plasma membrane
sites adjacent to subsurface cistemae. Kv4.2, a major A-type K+
channel in these cells, was present in much smaller clusters on the
soma and throughout the extent of the dendrites. Dendritic clusters of
Kv4.2 were similar in appearance to synapses, but did not colocalize
with synaptic markers. Voltage-gated Na+ channels were found
clustered at high density in the axon initial segment. Acute
pharmacological disruption of microfilaments (with cytochalasin D and
latrunculin A) and microtubules (with colchicine) did not dramatically
alter clustering of these channels, suggesting mechanisms of channel
aggregation and/or maintenance independent of these major neuronal
cytoskeletal systems. Supported by NIH NS34383 and NS34375.

KIR CHANNEL INTERACTION WITH PDZ DOMAIN PROTEINS OF THE
PSD-95/SAP90 FAMILY. F, Poring1, R. Nehring1, E, Wischmeyer1. M, Sheng2
and A. Karschin1*. ’Max-Planck-Institute for Biophysical Chemistry, 37070 Gottingen, Germany; 2Howard Hughes Medical Institute, Massachusetts General Hospital,
Boston; MA 02114.
A highly conserved carboxyterminal PDZ domain recognition motif mediates binding of voltage-dependent Kv channels to members of the PSD-95/SAP90 family of
membrane-associated cytoskeletal proteins and directs their clustering at specific neuronal locations. Several family members of inwardly rectifying K+ (Kir) channels also harbor this terminal consensus sequence (X-S/T-X-V/I) and thus are candidates for
binding to PSD-95 family members (Cohen et al., 1996; Horio et al., 1997). Because of their fundamental importance for neuronal excitability and finetuning of synaptic transmission in the CNS we analyzed the potential interaction for constitutively
active Kir2 as well as G protein-gated Kir3 channels. The C-termini of Kir2.1(+),
Kir2.3(+), Kir2.4(-), Kir3.1(-), Kir3.2(+), Kir3.3(+) and Kir3.4(-) subunits (+, motif
present; -, motif absent) were used as baits in the yeast-two-hybrid system to screen
rat brain libraries as well as constructs for in vitro interaction with PDZ domains 13 of PSD-95. In contrast to Kir2.1 and Kir2.3 (as well as NMDAR2 and Kvl.4 performed as controls), all Kir3 fragments failed to bind PSD-95 in this assay which
was supported by the unsuccessful attempt to coimmunoprecipitate these proteins. A
subsequent detailed cross-hybrid analysis between Kir2.1 and Kir3.2 subunits provided evidence that the classic PDZ-binding motif in Kir3 channels may not be a sufficient prerequisite for binding of PDZ domains. Kir2.1 and Kir2.3 subunits on the
other hand coprecipitate with PSD-95. To explore the functional consequences of
this interaction, both proteins were coexpressed in a bicistronic IRES expression
vector in HEK-293 cells. Macroscopic and elementary current analysis revealed that
PSD-95 present in the recombinant system suppressed the activity of Kir2.3 channels by >50% by predominantly affecting single-channel conductance.

395.9

395.10

NMR STRUCTURE AND FUNCTIONAL CHARACTERISTICS OF THE
HYDROPHILIC N-TERMINUS OF THE K+ CHANNEL 0-SUBUNIT
Kvpl.l
R. Wissmann. Th. Baukrowitz. H. Kalbacher, D. Oliver. C. Antz, J. Ludwig*
and B, Fakler. Dept. of Physiology and Physiological Chemsitry, University
of Tubingen, 72074 Tubingen, Germany.

ASSOCIATION OF Kv4 FAMILY CHANNELS WITH 0 SUBUNITS
E.K. Yang, M. Alvira, E.S. Levitan and K. Takimoto* Dept. of
Pharmacology, Univ. of Pittsburgh, Pittsburgh, PA 15261
The auxiliary 0 subunits bind to a highly conserved N-terminal T1
domain of Kv1 family a subunits. This association increases channel
protein stability and cell surface expression, and alters voltage
dependent gating. 0 subunits can also associate with Kv4.2 proteins in
transfected ceils. However, functional consequences and molecular
mechanism of 0 subunit association with Kv4 family channels remain
unknown. Here we report that association of 0 subunits with Kv4
family a subunits is distinct from that with Kv1 family a subunits.
Coexpression of 01 or 02 produced no marked effects on voltage
dependence of activation or steady state inactivation, or on
inactivation kinetics. However, coexpression led to a 2~3-fold increase
in the current density. This increase in current density was associated
with elevated Kv4 a subunit proteins. To identify the region of Kv4 a
polypeptide important for association with 0 subunits, chimeric
proteins between Kv4.3 and Kv2.1 were constructed. Replacing the Nterminus of Kv4.3 with that of Kv2.1 did not affect interaction with 0
subunits. In contrast, substituting the C-terminus disrupted the
association. Finally, anti-Kv4.3 monoclonal antibody
coimmunoprecipitated a fraction of 0 subunits from rat brain extract.
Thus, Kv4 family proteins are, at least in part, present in association
with Kv0 subunits in native cells. Unlike their association with Kv1
family channels, interaction of 0 subunits with Kv4 family channels
requires the C-terminus of the a subunit, and solely affects
expression. Grant support: KT (AHA Grant in Aid), ESL (NIH, AHA Est.
Inv.), EKY (KOSEF Post-doc. fellowship)

Rapid N-type inactivation of voltage-dependent potassium (Kv) channels
controls membrane excitability and signal propagation in central neurons and
is mediated by protein domains (inactivation gates) occluding the open
channel pore from the cytoplasmic side. Inactivation gates are donated either
by the the pore-forming a-subunit or certain auxiliary 0-subunits. Upon
coexpression, Kvpl.l was found to endow non-inactivating members of the
Kvla family with fast inactivation via its unique N-terminus. Here we
investigated structure and functional properties of the Kvpl.l N-terminus
(amino acids 1-62; 0N(l-62)) using nuclear-magnetic resonance (NMR)
spectroscopy and patch-clamp recordings. pN(l-62) showed all hallmarks of
N-type inactivation: it inactivated non-inactivating Kvl.l channels when
applied to the cytoplasmic side as a synthetic peptide, its interaction with the
a-subunit was largely independent of voltage, was competed with
tetraethylammonium and displayed an affinity in the lower micromolar
range. However, different from the known Kva-inactivation gates showing
well-defined three-dimensional structures, PN(l-62) behaved like a
randomly coiled peptide and showed no compactly folded structure in
solution.
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395.11

395.12

COLOCALIZATION AND COASSOCIATION OF A NOVEL FAMILY OF
NEURONAL CALCIUM SENSOR HOMOLOGS WITH Kv4-FAMILY K+
CHANNELS IN MAMMALIAN BRAIN. K.I, Matteson*, M.M, Monaghan, B.W.
Strassle, W.F. An1, M.R. Bowiby, J.S. Trimmer2 L. Buchwalder2 and K.J. Rhodes.
Neuroscience Division, Wyeth-Ayerst Research; Princeton, NJ 08853, Millennium
Pharmaceuticals; Cambridge, MA 02139: 2Dept. Biochem. Cell. Biel., SUNY;
Stony Brook. NY 11794.
We recently identified a novel family of neuronal calcium sensor (NCS)
homologs that interact with the N-terminus of Kv4 K+ channels and modulate tlie
electrophysiological properties of these channels in heterologous cells. Here we
used in situ hybridization, immunohistochemistiy and coimmunoprecipitation to
examine the expression, distribution and coassociation of two NCS homologs.
KChIPl and KChIP2, with Kv4.2 and Kv4.3 in adult rat brain. In situ
hybridization using [35S]-riboprobes revealed that KChIPl and KChIP2 are widely
expressed in rat in a pattern that overlaps extensively with Kv4.2 and Kv4.3.
Single- and double-label immunohistochemistry revealed that the NCS and Kv4
polypeptides are precisely colocalized in many of the cell types and brain regions
where NCS and Kv4 mRNAs are coexpressed. For example, KChIP2 colocalized
with Kv4.2 in the somata and dendrites of hippocampal granule and pyramidal
cells, neurons in the medial habenular nucleus and in cerebellar basket cells, while
KChIPl colocalized with Kv4.3 in layer II neurons of posterior cingulate cortex,
hippocampal interneurons, and in a subset of cerebellar granule cells.
Immunoprecipitation analyses indicated that KChIPl and KChIP2 are coassociated
with Kv4 a-subunits in rat brain membranes. Taken together with our other
electrophysiolgical and biochemical data, the present findings suggest that KChIPl
and KChIP2 are integral components of native Kv4 channel complexes and are
likely to be key regulators of A-type currents in mammalian brain.

IDENTIFICATION OF SMALL MOLECULE INHIBITORS OF N-TYPE K+
CHANNEL INACTIVATION USING A YEAST TWO-HYBRID (YTH)
INVERSE SELECTION SCREEN. K.H. Young*, M. Modi. G. Mendoza, M,
Bowiby. W. Childers and K.J. Rhodes. Wyeth Neuroscience, Princeton, NJ
08543.
In certain voltage-gated K+ channels (Kv channels) rapid inactivation is mediated
through binding of an N-terminal inactivation domain of the pore-forming asubunit, or an associated 0-subunit, to a cytoplasmic acceptor located at or near the
channel pore (N-type inactivation: Hoshi et al. (1990) Science 250:533). Here, we
used the YTH system to demonstrate that fusion protein pairs encoding the Nterminus and S4-S5 cytoplasmic linker of the human Kvl.4 a-subunit, or the
human Kv01 0-subunit and the S4-S5 cytoplasmic linker of human Kvl.l asubunit, functionally interact in yeast. We reasoned that small molecules that
inhibit the protein-protein interaction between an N-terminal inactivation domain
and the S4-S5 cytoplasmic linker would slow or prevent N-type inactivation, thus
keeping channels open longer. To identify inhibitors of this protein-protein
interaction, we developed an inverse selection (rescue) assay in which a functional
protein-protein interaction resulted in cycloheximide sensitivity, and yeast cell
death, on selective media. Inhibition of the protein-protein interaction, via small
molecule application, rescues yeast cell growth on selective media. Using this
assay, we identified inhibitors of the interaction between Kv01 and the S4-S5
cytoplasmic linker of human Kvl.l. These inhibitors eliminate N-type inactivation
in homomeric Kvl.4 channels, and in heteromeric channels containing Kvl.l and
Kv01, in a potent (IC5o > 0.3p.M) and dose-dependent manner. These findings
indicate that this inverse-selection YTH approach can be used to identify small
molecule inhibitors of intracellular protein-protein interactions. Moreover, these
inhibitors of K+ channel inactivation (“disinactivators”) provide novel tools to
explore the function of rapidly inactivating Kv channels in native cells.
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396.1
ROLE OF POTASSIUM CHANNEL LEUCINE HEPTAD REPEAT REGION IN 4AP SENSITIVITY. S.I.V, Judge12. J.E. Goolsby12. J.Z. Yeh4. M.J, Monteiro2-3 and
C.T, Bever1,2*. ’Research and Neurology Services, VA Maryland Health Care System;
2Dept. of Neurology, Univ. of Maryland Sch. of Med. ; 3Univ. of Maryland
Biotechnology Institute, Baltimore, MD 21201; 4Dept. of Molecular Pharmacology
and Biological Chemistry, Northwestern Univ. Med. Sch., Chicago, IL 60611.
In a rapidly inactivating human brain Kvl.4 potassium (K+) channel (hKvl.4), we
showed that mutation of the fourth heptad leucine (L4), viewed as a critical
component of the 4-AP binding site, to phenylalalnine (L478F) resulted in a
dramamtic 400-fold increase in 4-AP sensitivity (Judge et al., Brain Res., in press).
Approximately a six-fold slowing of inactivation, a five-fold acceleration of
deactivation, and 10 mV depolarizing shifts in the voltage dependence of activation
and steady-state inactivation accompanied the L478F mutation. These results are
consistent, not only with changes in the 4-AP binding site, but also with stabilization
of the channel closed state conformation, which could contribute to the observed
increase in 4-AP sensitivity. Here, in hKvl.4, we show that individual substitutions
of phenylalalnine for the L2 (L464F) and L5 (L485F) heptad leucines, not considered
part of the 4-AP binding site, also increase 4-AP sensitivity 400-fold, slow current
inactivation by approximately six-fold, and produce approximately 20 mV (L464F) to
30 mV (L484F) depolarizing shits in the voltage dependence of both activation and
steady-state inactivation. Together, these results support the role of the K+ channel
leucine heptad repeat region in regulating channel conformation and demonstrate that
the effect of the presence of phenylalanine instead of leucine in this region is
primarily to stabilize the channel closed state. Thus, the increased blocking potency
seen following each of the phenylalanine for leucine substitutions likely results from
the trapping of 4-AP in the bound state.
Supported by grant AG11386 from the NIH to MJM, and by grant RG2127A2 from
the NMSS and Merit Review Funding from the VA to CTB.

WITHDRAWN

396.3

396.4

SINGLE-CHANNEL ANALYSIS OF N TERMINAL FUNCTION IN HERG CHANNELS
((Jinling Wang, Cena Myers and Gail A. Robertsor^ Dept. of Physiology, University of
Wisconsin-Madison, Madison WI 53706))
The HERG polypeptide is a component of cardiac IKr and forms channels with
properties similar to those of the native current when expressed heterologously in oocytes or
mammalian cells. A slow deactivation process is critical for the physiological role of 1^ in the
terminal repolarization of the cardiac action potential. In a previous study, we showed that the
amino (N) terminus slows deactivation by an interaction with the S4-S5 linker. (Wang et al., J.
Gen. Physiol. 112:637, 1998). This interaction also increases the rate of C-type inactivation and
stabilizes the inactivated state. Although these properties are reminiscent ofN-type inactivation
in Shaker channels, the HERG N terminus does not cause inactivation nor does it block the
channel pore. In addition, the modulation of deactivation and inactivation by the N terminus are
functionally separate processes, as the modulation of deactivation is not affected by a mutation
that removes C-type inactivation. They are also physically separable, as a large deletion (A2-354)
alters both deactivation and inactivation rates whereas a smaller deletion (A2-16) affects
deactivation but leaves inactivation unchanged.
Our recent studies tested the hypothesis that the N terminus selectively stabilizes the
open state using single channel recording techniques. In a background with C-type inactivation
removed (the S620T mutant), we find that removing the N terminus (S620TA2-354) causes a
significant decrease in channel open times. Open and closed time distribution analysis shows
that there are two open states and two closed states. The N-terminus specifically increases the
mean duration of both open states. It does not affect the mean duration of the closed states, nor
does it introduce an additional closed state. These observations are consistent with a stabilizing
effect on the open state without blocking the channel. Single channel conductance is not affected
by removing the N-terminus. Application of the Shaker N terminal peptide to excised
macropatches causes rapid inactivation of the HERG current but does not slow deactivation,
indicating that the ability to modulate deactivation is specific to the HERG N terminus.
[Supported by predoctoral fellowships from AHA-Wisconsin (JW), an NSF CAREER Award, an
AHA Established Investigator award and NIH grant HL55973 (GAR).]

REGULATION OF P/C-TYPE INACTIVATION IN SHAKER POTASSIUM
CHANNELS BY METHIONINE OXIDATION. J. Chen*, V. Avdonin, S. H.
Heinemann and T. Hoshi. Physiology and Biophysics, Univ. of Iowa,
Iowa City, USA and AG. Molekulare und Zellulare Biophysik am
Klinikum der Univ. Jena, Jena, Germany.
We previously showed that N-type inactivation of the ShC/B K+
channel is regulated by oxidation of methionine in a reversible manner
involving the enzyme methionine sulfoxide reductase (MsrA) (Ciorba et
al., 1997, PNAS 94, 9932). To further demonstrate physiological roles of
methionine oxidation, we examined P/C-type inactivation of the
ShBA6-46:T449S channel. We found that the inactivation time course is
variable when expressed in Xenopus oocytes. It was approximated by a
sum of two exponentials with the slow fraction ranging from 10 to 50% in
different patches. Furthermore, patch excision accelerated the overall
inactivation time course by decreasing the slow component fraction
without markedly altering the time constant values. Patch cramming did
not restore the inactivation time course. H2O2 application in the
cell-attached configuration (0.03 to 0.1%) mimicked the effect of patch
excision by decreasing the slow inactivation fraction. Perfusion with the
solution aerated with 100% O2 also accelerated inactivation. We
hypothesized that oxidation of methionine at position 440 (ShB
numbering) in the P-segment might be responsible of the observed
acceleration of inactivation kinetics. Consistent with this hypothesis, the
inactivation time course of the ShBA6-46:M440L:T449S channel was
not markedly affected by patch excision, H2O2 or high O2. The results
suggest that oxidation of methionine can play critical roles in regulation
of cellular excitability (Supported by NIH GM57654).

396.5

396.6

DISTINCT DOMAINS OF CALMODULIN ARE RESPONSIBLE FOR CA2+INDEPENDENT ASSOCIATION AND CA2+-DEPENDENT ACTIVATION OF
SMALL AND INTERMEDIATE CONDUCTANCE CALCIUM-ACTIVATED
POTASSIUM CHANNELS. Torben Neelands*1, Radwan Khawaled1, John Keen1,
Chris Bond1, Andre Rivard1, John Adelman1 James Maylie2. Vollum Institute1 and
Department of Obstetrics and Gynecology , Oregon Health Sciences University,
Portland, OR. 97201-3098

CALMODULIN GOVERNS BOTH GATING AND ASSEMBLY OF
SK CHANNELS. W. J. Joiner1. R. Khanna2. L. C, Schlichter2*. and L. K.
Kaczmarek^. 1 Departments of Cellular and Molecular Physiology and
Pharmacology, Yale University School of Medicine, New Haven, CT
06520, and ^Toronto Western Hospital and Department of Physiology,
University of Toronto, Canada M5T2S8.
Members of the recently cloned family of small conductance
Ca2+-activated K+ (SK) channels regulate neuronal excitability by
generating the slow afterhyperpolarization that commonly follows trains
of action potentials. They are also important in non-excitable cells such as
lymphocytes, where they regulate proliferation and cell volume. Unlike
BK channels, SK channels are believed to be gated indirectly by Ca2+ via
calmodulin tethered to the channels' cytoplasmic domains. We now
show that the gating selectivity of SK channels for different metal ions
matches that for activation of calmodulin. In addition, we have mapped
the binding site for calmodulin to the proximal part of the C-terminus of
SK4 (a.k.a IK1). When coexpressed with wild-type channels, this domain
acts as a dominant negative and reduces whole-cell currents, whereas
other regions of SK4 are ineffective. Electrophysiological and
coimmunoprecipitation experiments indicate that this region allows
calmodulin to link SK subunits together and that in the absence of this
auxiliary subunit, SK channels cannot assemble properly. Together these
data suggest a novel calmodulin-dependent mechanism for regulating
ion channel activity and cell excitability.
1 Supported by NIH Grant DC01919
2 Supported by MRC Grant MT-13657

Small and intermediate conductance calcium-activated potassium channels
(SK and IK channels) are coassembled complexes of pore-forming a subunits
and calmodulin. A model for channel activation postulates that calcium
(Ca2+) ions bind to calmodulin and induces conformational rearrangements in
calmodulin and the a subunits resulting in ion conduction. The constitutive
association of calmodulin as an intrinsic, Ca2+ sensing component of the
channels is different than the mechanism through which calmodulin affects the
activities of other substrates. Electrophysiological recordings of SK and IK
channels in membrane patches from oocytes coexpressing mutant calmodulins
revealed that channel gating is mediated by Ca2+ binding to the first and
second E-F hand motifs in the N-terminal domain of calmodulin. Two-hybrid
experiments showed that constitutive, Ca2+-independent calmodulin
interaction with the a subunits requires only the C-terminal domain of
calmodulin, and is mediated by two noncontiguous subregions; the ability of
the third and fourth E-F hands to bind Ca2+ is not required. Mutagenesis
experiments identified a subunit residues required for Ca2+-independent
interactions with calmodulin, and suggest that each a subunit must be
associated with a molecule of calmodulin for channel function. These results
further support the model for Ca2+ gating in SK and IK channels and show
distinct contributions by different domains of calmodulin for Ca2+-dependent
and Ca2+-independent interactions.
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SINGLE-CHANNEL GATING KINETICS OF BK CHANNELS IN 0 pM
Ca2+ ARE INCONSISTENT WITH GATING MODELS BASED ON
THE MONOD-WYMAN-CHANGEUX (MWC) MODEL FOR
TETRAMERIC ALLOSTERIC PROTEINS. C. M. Nimigean. B. L.

INHIBITION BY EXTERNAL BA2+

Moss* and K, L, Magleby. Dept. of Physiology and Biophysics, Univ. of
Miami School of Medicine, Miami, FL 33101
BK channels are tetrameric proteins with one or more putative Ca2+-binding
sites per subunit. BK channels are activated by Ca2+ with a Hill coefficient of

typically 2-5. The MWC model for tetrameric allosteric proteins has been
used to describe the gating of BK channels for low to intermediate levels of
Ca2+. The MWC model predicts that in 0 pM Ca2+ the gating will be confined

to one closed and one open state, with one transition pathway involved in the
gating. We examined the predictions of the MWC model by studying the
gating of mSlo BK channels in nominally 0 pM Ca2+ in solutions containing
10 mM EGTA, 10 mM HEDTA and no added Ca2+. Fitting exponential
components to dwell-time distributions of open and closed intervals indicated
that the channel typically gates among at least 2-3 open and 3-5 closed states
in 0 pM Ca . Apparent correlations among adjacent open and closed
intervals suggested a minimum of two independent transition pathways
among open and closed states. These observations are inconsistent with the
MWC model or any model that does not allow gating among multiple open
and closed states with multiple transition pathways among the states. These
observations are consistent with models in which each channel subunit can
undergo a conformational change and bind Ca2+. Supported by grants from
the NIH, AHA and MDA.

396.9

SUGGESTS

SOME SK

L. K.
Kaczmarek*, W. J. Toirter, and R. I. Knox. Departments of Cellular and
Molecular Physiology and Pharmacology, Yale University School of
Medicine, New Haven, CT 06520.
Using CHO and HEK cell lines stably transfected with cDNAs
encoding rSK2, rSK3, and hSK4, we have shown that SK channels are
inhibited by external Ba2+ in a way that can be partially, but not entirely,
explained by simple voltage-dependent occlusion of the pore by a
nonpermeant ion. In particular, a component of inhibition appears more
prominently at depolarized potentials, where Ba2+ should be electrically
expelled from the pore. This was most obvious during washout of Ba2+
from hSK4 channels, where recovery of current at hyperpolarized
potentials was complete within tens of seconds. In contrast, recovery of
current at very depolarized potentials took many minutes. Ca2+-imaging
and other experiments suggest that this apparent voltage dependence
cannot be explained by Ba2+ leaking into cells and blocking from the
intracellular side. Together, our data suggest that some SK channels may
have a voltage sensor that is normally uncoupled from gating and that
shifts channel equilibrium away from the normal open, conducting
conformation at depolarized potentials in the presence of external Ba2+.
Supported by NIH Grant DC01919
CHANNELS MAY POSSESS A VOLTAGE SENSOR.

396.10

IDENTIFICATION OF A K+ BINDING SITE WITHIN A K+ CHANNEL
PORE THAT AFFECTS GATING BUT NOT PERMEATION
M.L. Chapman*. H.S. Krovetz* and A.M.J VanDonqen.
Dept of Pharmacology and Cancer Biology, Duke Univ. Med. Center,
Durham, NC 27710 and #Dept of Anatomy, Physiology, and Radiology,
College of Veterinary Medicine, NCSU, Raleigh, NC 27606
K channels achieve an exquisite ion selectivity without jeopardizing
efficient permeation by employing multiple, interacting K binding sites.
Recent structural advances have provided insight into the location and
nature of these sites. We have isolated and characterized an additional,
externally accessible K binding site via introduction of a novel cadmium
binding site in the vestibule of the drk1 K channel. The external K binding
site was outside the membrane electric field, bound impermeant ions
poorly, and efficiently distinguished between K and Rb ions. Point
mutations localized the K binding site to the aspartate in the GYGD
signature sequence. A conservative mutation at this position (D378E) did
not affect whole cell parameters such as activation midpoint or selectivity
but did introduce a marked degree of inward rectification. At the single
channel level, mean open time was reduced approximately ten fold but
permeation rate was largely unaffected. These data demonstrate that the
primary role for K binding at this site is to stabilize the gate that opens and
closes the channel.
Supported by NINDS grant NS31557 to AMJVD

Expression of chimera between potassium channels and green fluorescent
protein in mammalian cells.

T, Behnisch.1* M, Zaccolo.2 T, Pozzan.2 and T, Knopfel.1

’Brain Science Institute, RIKEN, 2-1 Hirosawa, Wako-shi, Saitama 3510198, Japan,2 University of Padua, Dept. of Biomedical Sciences, Italy

During recent years green fluorescent protein (GFP) has been recognized as a very useful marker of gene expression and protein localization.
In addition, there is the general concept to exploit GFP fluorescence for
probing the local microenvironment. Different laboratories have shown that
the properties of GFP variants can be used to measure factors such as local
pH and Ca2+-concentrations.
We explored the technical feasibility to use chimeras of potassium
channels and GFP as genetically encodable voltage sensors (Siegel and Isacoff, 1997). To this end we generated various chimeras between Kv2.1
potassium channel mutants and GFP mutants. cDNAs coding for these
chimeric proteins as well as the cDNA of FlaSh (Siegel and lsacoff, 1997)
were subcloned into mammalian expression vectors and expressed in HEK
cells or in rat primary cerebellar cultures. Using high-speed (up to 1 kHz)
CCD camera systems we recorded GFP fluorescence in voltage-clamped
cells and found significant fluorescence changes upon depolarization of the
membrane using different constructs. We demonstrate that part of these
signals are mediated via an intrinsic pH-sensitivity of GFP fluorescence
while other components might be related to voltage gating and/or inactivation of the attached potassium channel components.

SYNAPTIC PLASTICITY: LONG-TERM POTENTIATION VI
397.1

397.2

DENDRITIC CALCIUM DYNAMICS AND SUSCEPTIBILITY TO LTP
ARE CORRELATED IN DEVELOPING HIPPOCAMPAL CAI
PYRAMIDAL CELLS. Y. Isomura and N. Kato*. Dept. of Integrative

Low -frequency

Brain Science, Grad. Sch. of Medicine, Kyoto University, 606-8501 Kyoto, Japan

Intracellular calcium increases are required for induction of long-term
potentiation (LTP), an activity-dependent synaptic plasticity. In hippocampal CAI
pyramidal cells, susceptibility to LTP is known to increase during the second and
third postnatal weeks in the rats. However, little is known about changes in
intracellular calcium dynamics during the same postnatal weeks. Here, by wholecell patch-clamp recordings and calcium imaging with the Ca2+ indicator fura-2,
we investigated postnatal development of intracellular calcium dynamics in the
apical dendrites of CAI pyramidal cells. Dendritic calcium increases induced by
action potentials were only small during the first postnatal week, and then
gradually became robust up to 3-6 fold during the second and third postnatal
weeks. These calcium increases were blocked by 250 pM CdCl2, a nonspecific
blocker for high-threshold voltage-dependent calcium channels (VDCCs). Under
the voltage-clamp condition, calcium currents and dendritic calcium
accumulations induced by step-depolarization were both larger at the late
developmental stage (P15-18) than the early (P4-7), indicating developmental
enhancement of calcium influx mediated by high-threshold VDCCs. Moreover,
theta-burst stimulation (TBS) simultaneously induced robust LTP and prominent
dendritic calcium increases at the late, but not the early, developmental stage.
Thus, the present developmental study has implicated a good correlation between
VDCC-mediated calcium dynamics and LTP induction. This work was supported
by a PRESTO project of toe JSTC and grants from the Ministry of Education,
Science, Sports and Culture of Japan.
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Ca** CHANNELS IN ADULT RAT HIPPOCAMPUS REDUCES NEURONAL EXCITABILITY AND
INDUCES LTD. D.P.Marsden, J.E.Chad and H. V. Wheal*. Neuroscience, University
of Southampton, SO 16 7PX, UK.
Induction of LTD by low frequency stimulation produces a reduction in both the
slope of the field excitatory post-synaptic potential (fEPSP) and the population
spike amplitude (PS). Paradoxically, the output neurones appear to become more
excitable (Bernard & Wheal, 1995. J. Neurosci., 15, 10, 6542-6551). Transverse
slices (400pm) from .adult (45-52 days) male Wistar rat hippocampi were maintained submersed in a chamber perfused with artificial CSF containing (mM) 117.8
NaCl, 26.0 NaHCO3, 21.0 glucose, 3.3 KCI, 2.5 CaCl2, 1.0 MgCl2 & 1.26
NaH2PO4, 95% O2-5% CO2, 30-32°C. Evoked field potentials were recorded from
both stratum radiatum and s. pyramidale following stimulation of the Schaffer
collateral-commissural fibres at 60s intervals (duration 0.1 ps) using a bipolar
stimulating electrode. Low frequency stimulation (LFS; 1Hz, 900 pulses) produced
significant depression of the fEPSP (70.9 ±6.8% of control, P<0.01) and of the PS
(48.7 ±2.3%, P<0.001) (mean ±sem , n=7). In 3/7 slices the E-S curve potentiated
and in 2/7 slices it was depressed. Addition of 50pM NiCl2 reduced both fEPSP
(77.4 ±7.9%) & PS amplitude (56.8 ±7.4, n=6, P<0.05). LFS in the presence of
NiCl2 reduced PS amplitude (39.5 ±7.7%) and fEPSP (62.0 ±4.7%, n=6, P<0.001),
with E-S depression in 4/6. Addition of nimodipine (10pM) had no significant effect
on fEPSP (95.6 ±7.4%) but reduced PS (77.9 ±5.8%, n=5, P<0.05). LFS in the
presence of nimodipine reduced fEPSP (70.0 ±10.6%, n=5, P<0.05) and PS amplitude (25.8 ±10.8%, P<0.001), with E-S depression in 4/5. Thus LTD can be produced by LFS in adult hippocampal slices and when inhibition is intact the net E-S
shift is variable. Neither the R/T-type VDCC blocker NiCl2 nor the L-type VDCC
blocker nimodipine prevented induction of LTD. However in both cases there
appears to be a predominance of E-S depression. Funding; Wessex Medical Trust
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SPATIAL RANGE OF CALCIUM ACTION IN CEREBELLAR LONGTERM DEPRESSION STUDIED WITH LOCAL PHOTOLYSIS OF
CAGED CALCIUM. L. Khiroug*, G. Ellis-Davies and G.J. Augustine. Dept

Neurobiology, Duke Medical Center, Durham, NC 27710 and Dept.
Pharmacology/Physiology, MCP Hahnemann University, Philadelphia, PA.
A postsynaptic Ca2+ signal is necessary for induction of long-term synaptic
depression (LTD) in cerebellar Purkinje cells. To characterize the spatial range
of Ca-+ action during LTD, we combined patch clamp measurements of parallel
fiber (PF) synaptic transmission with local, UV laser-based photolysis of caged
calcium (DMNPE-4) in single Purkinje cells. Resultant Ca2+ concentration
([Ca’+]j) rises were measured by imaging a fluorescent indicator dye, Oregon
green 488 BAPTA-1, with a high speed confocal microscope. Uncaging of
Ca2+ in Purkinje cell dendrites caused [Ca2+f to rise to approximately 0.6 pM

(0.9±0.1 AF/F(), n= 12) when measured 150 msec after the UV flash. This rise in
[Ca2+], was larger than that induced by depolarization (0.2 pM, or 0.5±0.1
AF/F0, n=3). The region of elevated [Ca2+], was restricted to an area that was
17±2 pm in diameter. Pairing such local elevation of [Ca2+]j with PF activity (1
Hz, 1-2 min) caused PF synaptic currents to depress by 43±10% (n=6). This
LTD occurred within 5 min of ending the light-induced rise in [Ca2+]j and
persisted for more than 30 min. The LTD produced by uncaging Ca2+ was
restricted to the region of [Ca2+], elevation, because PF synapses more than 10
pm away from the uncaging site exhibited no LTD. Remarkably, this Ca2+induced local LTD did not require PF activity because it was observed even
when PFs were not active during the period of [Ca2+], elevation. These results
indicate that (1) a sufficiently large rise in postsynaptic [Ca2+1 is adequate to
cause LTD and (2) the spatial range of LTD is restricted in part by the spread
of Ca2+ within Purkinje cells. Supported by NIH NS-34045.

CALCIUM STORES IN PURKINJE CELL DENDRITIC SPINES ARE

REQUIRED FOR LONG-TERM SYNAPTIC DEPRESSION. E.A. Finch*,
M. Miyata, L. Khiroug, K. Hashimoto, M. Kano, Y. Takagishi, and G.J.
Augustine. Dept. Neurobiology, Duke Med. Center Durham, NC 27710, Dept.
Physiology, Tokyo Women's Med. Univ., Dept. Physiology, Kanazawa Univ.
Sch. Med., and Res. Inst. Environmental Med., Nagoya Univ.
Cerebellar long-term synaptic depression (LTD) involves production of the
second messenger IP3 in postsynaptic Purkinje cells. Because IP3 receptors are
located throughout the Purkinje cell, the location of the relevant IP3-sensitive
Ca stores is unclear. We have addressed this question in myosin V-mutant rats
and mice in which IP3 receptors are absent from dendritic spines, but are
expressed normally in the dendritic shafts of Purkinje cells. This mutation
prevented LTD produced by pairing parallel fiber (PF) and climbing fiber (CF)
synaptic activity yet did not otherwise affect transmission at PF or CF
synapses. Mutant Purkinje cells had a normal density of the voltage-gated Ca
currents needed for LTD induction but IP3-mediated Ca signaling was
defective in the dendritic spines of these cells. Focally uncaging IP3 in the
dendrites of mutant Purkinje cells caused Ca signals in spines, but these
occurred with a significant delay relative to spine Ca signals in normal Purkinje
cells. The longer latency and slower rise time of spine Ca signals in the
mutants presumably was due to the time required for Ca released in the shaft to
diffuse into adjoining spines. The loss of LTD in mutant animals was rescued
by focally uncaging Ca, which demonstrates that the absence of LTD was due
to mislocalized IP3-mediated Ca signaling rather than some other consequence
of the myosin V mutation. These results indicate that LTD requires EPSmediated Ca release in dendritic spines, with shaft IP3 receptors less than 0.5
pm away from the spine unable to support LTD. Thus, one function of
dendritic spines is to target IP3-mediated Ca release for LTD induction.
Supported by NIH NS-09586 and NS-34045 and CREST.

397.5

397.6

5 HZ STIMULATION INDUCES A CALCIUM-INDEPENDENT LTD OF
NMDA RECEPTOR-MEDIATED EPSCS IN HIPPOCAMPAL CAI
PYRAMIDAL CELLS. H.J, Carlisle1* and T.J, O’Dell2, ’interdepartmental
Ph.D. Program for Neuroscience; 2Dept. of Physiology, UCLA School of
Medicine, Los Angeles, CA 90095.
While brief trains (150 pulses) of 5 Hz stimulation induce LTP of AMPA
receptor-mediated EPSPs at excitatory synapses onto hippocampal CAI
pyramidal cells, longer trains (>300 pulses) have little lasting effect on synaptic
strength (Thomas et al., J. Neursci. 18, 1998). To examine how these
stimulation trains affect the NMDA receptor-mediated component of synaptic
transmission we used whole-cell voltage-clamp techniques to record EPSCs
evoked by synaptic stimulation in the presence of CNQX and picrotoxin. 150
pulses of 5 Hz stimulation induced a small, long-term depression (LTD) of
NMDA receptor-mediated EPSCs (responses were 86±10% of baseline 30
minutes post 5 Hz stimulation, N=6) in mouse hippocampal slices from 5-6
week old mice. Significantly larger LTD (p < 0.05) was induced by longer 5
Hz trains (EPSCs were 70±2% (N=3) and 68±3% (N=5) of baseline following
300 and 900 pulses of 5 Hz stimulation, respectively). 900 stimulation pulses
delivered at 1 Hz induced only a transient depression of NMDA receptormediated EPSCs (30 minutes post 1 Hz stimulation EPSCs were 95±4% of
baseline, N=5).
The Ca2+ chelator BAPTA (10-25 mM in the electrode-filling solution) did
not inhibit LTD of NMDA receptor-mediated EPSCs (responses were 69±5%
of baseline following 900 pulses of 5 Hz stimulation, N=6). In contrast, 10 mM
BAPTA completely blocked pairing-induced LTP of AMPA receptor-mediated
EPSPs (N=6). Our results suggest that increases in postsynaptic Ca2+ are not
required for 5 Hz stimulation-induced LTD of NMDA receptor-mediated
EPSCs in CAI pyramidal cells. Support: NIMH and Pew Charitable Trusts

VISUALIZATION OF CONSTITUTIVELY ACTIVE CaM
KINASE
II
IN
HIPPOCAMPAL
LONG-TERM
POTENTIATION. Kohii FukunagaMie Liu and Eishichi Miyamoto
Dept. of Pharmacol., Kumamoto Univ. Sch. of Med., Kumamoto 8600811, Japan
The observation that autophosphorylation of threonine at position
286 (Thr-286) in CaM kinase II converts it from the Ca2+-dependent
form to the Ca2+-independent form (constitutively active form) have led
to the hypothesis that the formation of Ca2+-independent form of the
enzyme could encode the frequency of synaptic usage and serve as a
molecular switch of "memory". We previously reported with 32P-labeled
hippocampal slices that high, but not low frequency stimulation applied
to CAI afferents resulted in increases in autophosphorylation of both a
and 0 subunits of CaM kinase II 1 hr after LTP induction (J. Biol.
Chem. 270: 6119-6124, 1995). Here, we prepared a specific antibody
which recognizes the autophosphorylation of Thr-286. The antibody
could define localization of the constitutively active CaM kinase II in
cultured hippocampal neurons following the NMDA-receptor stimulation.
We further confirmed with the antibody that the maintenance phase of
LTP as well as its induction phase was associated with increases in
immunofluorescent intensity in the cell bodies and dendrites in the CAI
pyramidal neurons after LTP induction. The strong immunoreactivities
for the active CaM kinase II were co-localized with immunoreactivities
against NMDA receptor in the CAI regions. Consistent with our
previous studies, the constitutively active CaM kinase II is relatively
stable during the maintenance of LTP in the hippocampal CAI regions.

397.7

397.8

INHIBITION OF CaMKII WITH KN62 DOES NOT INHIBIT LTP OR LTD
INDUCTION IN THE DENTATE GYRUS, BUT DOES REVEAL A DHPGINDUCED LONG-LASTING POTENTIATION R. Anwyl*, M. Rowan, N.
Breakwell and N, Camodeca. Dept of Physiology and Pharmacology, Trinity
College, Dublin, 2, Ireland.

DISRUPTION OF THE DENDRITIC LOCALIZATION OF CaMKIIa mRNA
WITH TARGETED MUTAGENESIS. S.Miller*and M.Mavford. Department of
Neurosciences, University of California San Diego, La Jolla, CA 92093-0691.
Long-lasting synaptic plasticity requires new protein synthesis, yet changes in
synaptic strength can occur at individual synapses independently of other synapses on
the same neuron. Given the complex morphological specialization of neurons and
their large number of synapses, how are new proteins localized to strengthened
synapses without altering the function of every synapse of that neuron? One possible
mechanism is through local production of proteins only at appropriate synapses.
Although the bulk of mRNA species are present only in the cell bodies of neurons, a
small subset are also present at appreciable levels in dendrites. Of these, CaMKIIa
mRNA is particularly abundant and encodes a protein whose importance in synaptic
plasticity and learning has been well-documented. Studies using fusion genes
between portions of CaMKIIa and a GFP/lacZ reporter demonstrated that the 3’
untranslated region (UTR) of CaMKIIa contains the targeting signal for the
localization of CaMKIIa message to dendrites (Mayford et al., 1996. PNAS
93:13250-13255). To disrupt dendritic localization we have now used homologous
recombination in ES cells to knock out the 3’UTR of CaMKIIa and knock in an
unrelated shorter 3’UTR/polyadenylation signal from bovine growth hormone. The
coding region of the CaMKIIa gene was left intact. Chimeras were generated by
blastocyst injection and standard breeding was used to produce mice homozygous for
the mutation. Northern blotting of brain tissue demonstrates that the knock-out mice
produce only a shorter CaMKIIa message of the expected size. In situ hybridization
shows that dendritic localization of CaMKIIa mRNA is selectively abolished. For
example, in the hippocampus CaMKIIa hybridization signal is absent in the stratum
radiatum, stratum oriens, and stratum moleculare while intense labeling remains over
the CA1-CA3 pyramidal cell body layers and the dentate gyrus granule cell layer.
These mice will be a useful model for directly examining the functional importance of
dendritic translation of CaMKHa. Supported by grants from the NIH & Klingenstein and

The effects of the CaMKII inhibitor KN62 was studied on synaptic
plasticity in the medial perforant path of the dentate gyrus in vitro in rats
aged 3-4 weeks. In control media, LTP measuring 153 ±11 %, n=8, was
induced by high frequency stimulation (HFS) (8 trains of 8 stimuli at 200 Hz)
and LTD measuring 33 ±3 %, n = 8, was induced by low frequency
stimulation (LFS). Moreover, DHPG evoked a long-lasting depression of 2030 % when applied at concentrations of 20-100 pM for 20 min, and no effect
when applied at a concentration of 10 pM for 3 min. In the presence of the
CaMKII inhibitor KN62 (3 pM),the amplitude of HFS-induced LTP and LFSinduced LTP were not significantly altered. However, application of DHPG
(10 pM for 3 min) evoked a small significant iong-lasting potentiation of 10 20 %, although 20 - 100 pM DHPG applied for 20 min still evoked a longlasting depression in KN62. The effects of inhibition of CaMKII on LTP and
LTD in the dentate gyrus contrasts with previous studies in CA1, in which
inhibition of CaMKII has been shown in many studies to block LTP
induction, and also in certain studies to block LTD induction.
Supported by the EU (BI04CT960049) and Wellcome Trust

McKnight Foundations.
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CAM KINASE II ACTIVATION INDUCED WITH TETANIC INPUT IS LIMITED BY
NMDA RECEPTOR DESENSITIZATION. W.R. Holmes* and Y. Li.
Neurobioiogy Program, Dept. of Biological Sci., Ohio U., Athens, OH 45701.
Long-term potentiation (LTP) is typically induced by short stimulus trains
of 100-400 Hz, while CaMKII activation seems to be optimal with calcium
signals of 1-10 Hz. The resolution of this paradox is to consider each short
high frequency train as a single calcium signal with the repetition interval
between trains being the relevant variable for CaMKII activation. However, if a
short train is repeated at 1-10 Hz, NMDA receptor channels activated by one
train may still be desensitized when the next train arrives. Here we use
models at the neuron, synapse, and dendritic spine levels to study the role
NMDA receptor desensitization may have on CaMKII activation.
8 pulse 400 Hz tetani repeated 10 times at 4 or 10 second intervals
produced significant CaMKII activation in the dendritic spine model, while 8
pulse 20 Hz tetani repeated 10 times at the same intervals did not. (Intervals
between tetani are calculated from the time of the first pulse in consecutive
tetani). Shortening the interval between the tetani in the 8 pulse 20 Hz case
to 1 second or 400 ms increased CaMKII activation levels when NMDA
receptor desensitization was assumed to recover completely between tetani.
In fact the level with the 400 ms interval was similar to those found with high
frequency tetani repeated at 4 second intervals. However, when NMDA
receptor kinetics were computed continuously between tetani, CaMKII
activation levels with the 20 Hz tetani were lowest with the 400 ms repetition
interval because of NMDA receptor desensitization.
Although repetition of a short tetanus is necessary to achieve significant
CaMKII activation levels in the model, NMDA receptor desensitization may
play a limiting role on CaMKII activation when repetition intervals are 1-10 Hz.
(Supported by NIMH grant MH-51081).

POSTSYNAPTIC PERFUSION OF CaMKII INHIBITOR DOES NOT BLOCK
MAINTENANCE OF LTP INDUCED BY TETANUS IN CAI NEURONS OF
THE HIPPOCAMPAL SLICE H.-X. Chen, N. Otmakhov and J. Lisman*. Dept. of
Biology, Brandeis Univ., Waltham, MA 02454
Biochemical work suggests that constitutive CaMKII activity is required for
maintenance of LTP, but the attempts to inhibit previously induced LTP by CaMKII
inhibitors have yielded controversial results. Previous work from this lab has shown
that postsynaptic perfusion of CaMKII inhibitory peptide does not affect preestablished LTP induced by pairing procedure. These experiments were done on
hippocampal slices from 2-3 week old rat at room temperature. However, there had
been a report (Feng, 1995) showing that postsynaptic application of CaMKII
inhibitory peptide blocked pre-established LTP induced by a tetanus in 6 weeks or
older rat at high temperature (32 to 33 °C). To test whether any of these
experimental conditions are important factors in this controversy, we conducted
experiments in the hippocampal slice from 6 to 8 week old rat at 32 °C using
whole-cell current-clamp recording and LTP was induced by a tetanus (100 Hz).
Intracellular perfusion of CaMKII inhibitory peptide (2 mM) completely blocked
induction of LTP, but did not affect pre-established LTP. Perfusion of control
peptide affected neither the induction nor the maintenance. We next tested if
CaMKII inhibitory peptide affects NMDA currents. It was found that perfusion of
the inhibitory peptide had no significant effect on the NMDA-mediated EPSCs
either in 6 to 8 week old rat at 32 °C or 2 to 3 week old rat at room temperature. The
results then indicate that these differences in experimental conditions are not the
factors accounting for the controversy over the effect of CaMKII inhibitory peptide
on the maintenance of LTP Supported by NIH grant # 1 ROI NS35083 and # 5 ROI
NS 27337.

397.11

397.12

LONG-TERM DEPRESSION IS UNIMPAIRED IN HIPPOCAMPUS OF ADULT
a-CAMKllI286A MICE. w, Kras!1, K,P, Gisss2, AJLSilvatand EF, Chapman1.*‘Cardiff School of Biosciences, Cardiff University, Cardiff, CF1 3US, UK,
department of Anatomy and Developmental Biology, University College London,
WC1E 6BT and 3Depts. of Neurobiol. and Psych., UCLA, Los Angeles, CA 90095.
Multiple converging lines of evidence suggest that the calcium-calmodulin
dependent-kinase II (CaMKII) plays an important role in synaptic plasticity. Null
mutations to the aCaMKII affect long-term potentiation (LTP), as well as short-term
plasticity (e.g., PTP). More recently, Giese et al. (Science, 1998, vol. 279) have
demonstrated that preventing autophosphorylation of aCaMKII by replacing
threonine286 with alanine blocks NMDA-receptor mediated LTP while severely
impairing learning in the water maze. As a means of assessing the relative
contributions of LTP and long-term depression (LTD) to behavioural learning, we
tested whether adult mice carrying the T286A mutation were capable of expressing
LTD to repeated presentations of paired stimuli.
Hippocampal slices were prepared from 6-month old mice using standard methods.
Recordings were made at 30°C in a submersion-type chamber by stimulating Schaffer
collaterals with a bipolar Ptlr electrode and recording with a saline-filled pipette. We
attempted to induce LTD by delivering 900 paired pulses (50 msec inter-pulse
interval) at 1 Hz (LFS), and LTP by using 3 “theta” trains of 10 high-frequency bursts
at 5 Hz. Consistent with the previous results of Giese et al (1998), theta-burst
stimulation that induced LTP in +/+ mice (142±8% of baseline 30 min. post-tetanus)
failed to produce any significant enhancement in aCaMKII7286*-/- mice (95±7% of
baseline 30 min. post-tetanus). In contrast, LFS produced LTD in aCAMKII7286*-/mice (85±4% of baseline 30 min. post-LFS) that was indistinguishable from +/+
controls (83±3% of baseline 30 min. post-LFS). These results indicate that an
important form of plasticity is not dependent on aCaMKII autophosphorylation, and
that behavioural deficits observed in these mice may be related to more restricted
impairments of long-term and/or short-term potentiation. Supported by MRC (PFC)
and HFSPO (WK).

SUBCELLULAR CHANGES OF CAMKII AS A FUNCTION OF
CHEMLTP. J.K. Chotiner1*, M, Makhinson1, T.J, O’Dell2, and J.B.
Watson3. 1 Interdepartmental Ph.D. Program for Neuroscience; 2Dept. of
Physiology; 3Dept of Psychiatry and Biobehavioral Sciences, UCLA
School of Medicine, Los Angeles, CA, 90095.
Previously we have reported a NMDA receptor-dependent chemical
induction of LTP (chemLTP) that consists of a brief treatment with
forskolin (FSK) followed by Mg2+-free ACSF containing elevated levels
of K+ and Ca2+ (Makhinson et al., J Neurosci 19: 2500, 1999). This
cAMP/adenylyl cyclase activating protocol is particularly well suited for
biochemical studies since it activates CaMKII signaling pathways, is
electrical stimulation-independent, and potentiated responses were
recently found to last for at least 6 hours with no major indication of
decay. Consistent with previous results from Western blots, we found
that the levels of phospho-aCaMKII increased in both the neuronal cell
body layer and stratum radiatum in CAI, while the total levels of the
enzyme did not significantly change one hour after chemLTP treatment.
We are now addressing the hypothesis that the local translation of
proteins encoded by dendritic mRNAs such as CaMKII and MAP2, are
regulated both temporally and spatially as a function of chemLTP.
Translational regulation is also being addressed by measuring the overall
phosphorylation state of eukaryotic elongation factor 2 (eEF-2, gift of
Angus Nairn). Support: NIH and Stein-Oppenheimer UCLA Award
(JBW); ARCS Foundation Award (JKC); UCLA NIH Medical Scientist
Training Program (MM); NIMH and Pew Charitable Trusts (TJO).
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Specific

AMPA receptor
-mediated
transmission
by
aCAMKII AT HIPPOCAMPAL EXCITATORY SYNAPSES.
J.C. Poncer*, J.A. Esteban and R. Malinow. Cold Spring Harbor Laboratory.
Cold Spring Harbor, NY 11724.
potentiation

of

The calcium/calmodulin-dependent protein kinase II (CamKII) appears as a major
determinant of plasticity and maturation of excitatory synapses. Overexpressing
aCamKII increases synaptic transmission and occludes LTP in hippocampal slices,
whereas LTP is largely compromised in aCaMKII deficient animals. Yet, it is not
clear by which mechanisms aCaMKII activity potentiates synaptic transmission.
Using a Sindbis virus expression system, we transfected CAI pyramidal cells in
hippocampal slices with a consitutively active aCaMKII tagged with GFP.
Overexpression of the recombinant protein led to a marked increase in Ca2+independent kinase activity in infected slices within about 6 hours of infection.
Recordings from pairs of neighboring infected and non infected cells were made
possible by GFP fluorescence and allowed direct comparison of synaptic
transmission evoked from the same set of afferents. Although aCaMKII overexpression had little or no effect on NMDA-mediated EPSCs, EPSCs mediated by
AMPA receptors were significantly increased in infected cells as compared to non
infected cells. This effect was accompanied by a reduction in the proportion of silent
synapses, as determined by comparing transmission failures at hyperpolarized and
depolarized potentials. In addition, miniature EPSCs evoked after substitution of
Ca2+ for Sr2* were significantly larger in infected cells, suggesting an increase in the
number of receptors per synapse, or an increase in the unitary conductance of the
receptor-associated channels. Our data are consistent with aCaMKII enhancing
synaptic transmission by promoting synaptic delivery of functional AMPA receptors.

Supported by the Human Frontier Science Program (JC.P)
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COEXPRESSION OF GLUR1 AND CONSTITUTIVELY ACTIVE aCaMKII

IN RAT HIPPOCAMPAL NEURONS A.Piccini, Y.Hayashi, S.-H. Shi, K.
Svoboda and R. Malinow*. Cold Spring Harbor Laboratory, Cold Spring Harbor,
NY 11724.
We have previously described the use of the Sindbis pseudovirus expression system
to deliver recombinant proteins (e.g. GFP fusion proteins) into hippocampal neurons
in cultured brain. We see little obvious adverse effect on cells morphology up to 5
days after infection. By visualizing infected neurons with two-photon laser scanning
microscopy (TPLSM), we can monitor, at high resolution, the distribution
characteristics of GFP fusion proteins within neurons. However, there is no
established approach to express two genes into a single neuron in organotypic slice
culture. The Sindbis pseudovirions mediated transfection technique was exploited to
introduce two recombinant proteins in the same hippocampal neuron. We designed a
Sindbis virus vector that allows the coexpression of GluRl-GFP and the catalytic
domain (aa 1-290) of the rat aCaMKII (Ca2+-calmodulin dependent protein kinase
II). An internal ribosome entry site (IRES) genetic element was cloned between the
GluRl and truncated aCaMKII coding sequence. TLPSM imaging data confirmed
that GluRl-EGFP was expressed. Using a selective CaMK substrate it was possible
to measure an increase in Ca2+-independent activity in extracts of hippocampal slices
infected with the virus carrying the bicistronic mRNA compared to extracts of
hippocampal slices transfected with GluRl-GFP. Electrophysiological data (Shi et
al, this meeting) showed that the expression of both GluRl-GFP and truncated
aCaMKII occurs in the same pyramidal neuron. This indicates that the use of the
IRES element in combination with Sindbis virus expression allows the introduction
of two heterologous proteins into neurons. This strategy could be useful in testing'
specific hypotheses concerning the role of proteins in synaptic physiology.
Supported by NIH, Mathers Foundation.
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INCREASES IN cGMP INHIBIT LTP INDUCTION BY OPPOSING
ACTIVATION OF THE PKA-DEPENDENT GATE. M. Makhinson1 and
T.J. O’Dell2 * 'interdepartmental Ph.D. Program for Neuroscience; 2Dept. of

PROTEIN KINASE INHIBITORS PREVENT NMDA RECEPTOR
INDEPENDENT LTP WITHOUT ALTERING THE POST-TETANIC
DECREASE IN PAIRED-PULSE FACILITATION. L.M. Grover*, Chen Yan and
E. Wang. Dept. of Physiology, Marshall Univ. Sch. of Med., Huntington, WV
25704.
Extracellular recordings (population EPSPs) were made from stratum radiatum of
area CAI in rat hippocampal slices. EPSPs were evoked by paired stimulation (50
msec inter-stimulus interval) of Schaffer collateral/commissural fibers, resulting in
paired-pulse facilitation (PPF). NMDA receptor independent LTP was induced by
four 200 Hz, 0.5 sec stimulus trains (5 sec inter-train interval; 100 (iM AP5 present).
Tetanization in AP5 alone induced a slow onset LTP which reached a maximal
level at 20-30 min post-tetanus. At 60 min post-tetanus, EPSPs were increased by
33±1% (n=37) compared to pre-tetanus baseline. PPF was reduced immediately
after tetanization, and recovered in a rapid phase, lasting 1.5-2 min, followed by a
slow phase which was complete within 60 min. Staurosporin (1 pM, n=8)
significantly reduced NMDA receptor independent LTP (EPSP increase at 60 min
post = 9±3%, p<0.02 vs. AP5 alone), but did not affect the post-tetanic decrease in
PPF. NMDA receptor independent LTP was also prevented by KN-62 (10 pM,
n=10; EPSP increase at 60 min post = I±5%, p<0.001 vs. AP5 alone), with no
alteration of the post-tetanic decrease in PPF. Two other protein kinase inhibitors
were examined: H-89 (10 pM, n= 13) and cheierythrine (10 pM, n=l 1). H-89 and
cheierythrine were without effect on either NMDA receptor independent LTP or the
post-tetanic decrease in PPF. These results support a role for a protein kinase,
perhaps Ca2+/calmodulin-dependent protein kinase II, in NMDA receptor
independent LTP, but provide no support for protein kinase involvement in the posttetanic decrease in PPF. Supported by NIH grant NS34650.

Physiology, UCLA School of Medicine, Los Angeles, CA 90095.
The induction of LTP by 5 Hz trains of synaptic stimulation in the CAI
region of the hippocampus requires activation of a protein kinase A (PKA)dependent, gate-like signaling pathway that suppresses protein phosphatase
activity (Thomas et al., Neuron 17, 1996). Because cGMP can stimulate
cAMP hydrolysis by activating type II phosphodiesterases (PDE), we examined
whether elevated cGMP levels might inhibit LTP induction by opposing
activation of the PKA-dependent gate. While 150 pulses of 5 Hz stimulation
induced LTP in control slices (N=6), it had no lasting effect on synaptic
transmission in slices where the NO donor SNAP (1 mM) was used to activate
guanylyl cyclase (N=5). LTP was also inhibited in slices where the cGMPspecific phosphodiesterase (PDE) was inhibited with 50 uM zaprinast (ZAP,
N=5). Consistent with the notion that cGMP production antagonizes LTP
induction by stimulating PDEs, the non-selective PDE inhibitor IBMX
prevented the inhibition of LTP by ZAP (N=6). ZAP did not inhibit LTP
induction in slices exposed to the phosphatase inhibitor calyculin A (N=6).
Increasing cGMP levels with SNAP (N=5) and ZAP (N=5) also blocked the
ability of the {3-adrenergic receptor agonist isoproterenol (1 pM) to enable the
induction of LTP by 900 pulses of 5 Hz stimulation. In contrast, ZAP did not
inhibit LTP induction when 900 pulses of 5 Hz stimulation were delivered in
the presence of a PDE-resistant cAMP analogue (1 mM 8-Br-cAMP, N=5).
Our results suggest that synaptic processes that elevate cGMP levels may
potently regulate LTP induction by opposing activation of the PKA gate.
Support: NIMH and the Pew Charitable Trusts.

397.17
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PROTEIN TYROSINE KINASE IS REQUIRED FOR THE INDUCTION OF LONGTERM POTENTIATION IN THE HIPPOCAMPUS. K.S.Hsu* and C.C. Huang.
Department of Pharmacology, College of Medicine, National Cheng-Kung University,
Tainan City, Taiwan 70101.
Protein tyrosine phosphorylation is thought to play an important role in the
regulation of neuronal function. Previous work has shown that protein tyrosine
kinase (PTK) inhibitors can inhibit the induction of long-term potentiation (LTP), a
candidate synaptic mechanism involved in memory formation, in hippocampus.
However, how PTK activity might contribute to LTP induction remains elusive. To
understand the role of PTK pathways in the development of long-term synaptic
plasticity better, a set of studies was implemented in area CAI of rat hippocampal
slices using both intra- and extracellular recordings. We shown here that bath
application or injection into postsynaptic cell of PTK inhibitors, genistein and
lavendustin A, blocked the induction of LTP produced by high-frequency tetanic
stimulation. Application of lavendustin A 10 min before or 3 min after induction
effectively blocked LTP. However, application at 10 min or 30 min after induction
had no detectable effect on potentiation. Moreover, neither the pharmacologically
isolated N-methyl-D-aspartate (NMDA) receptor- nor a-amino-3-hydroxy-5-methyl-4isoxazolepropionic acid (AMPA) receptor-mediated synaptic response was altered by
PTK inhibitors.
PTK inhibitors pretreatment did not affect the long-lasting
enhancement of synaptic response produced by phorbol 12,13-dibutyrate (PDBu),
forskolin/3-isobutyl-I-methylxanthine (IBMX), or tetraethylammonium (TEA). In
contrast, PTK inhibitors significantly blocked postanoxic LTP. EPQ(pY)EEIPIA, an
activator of non-receptor PTK Src, produced a gradual and robust increase in the
synaptic response and occluded LTP. These results suggest that PTK activity is
required for the induction of LTP at the Schaffer collateral-CAl synapses, and identify
Src as a potential component of PTKs involved in LTP induction.
Supported by National Health Research Institute grant: DOH88-HR-837.

PKC INHIBITORS BLOCK THE SETTING OF THE MOLECULAR SWITCH
BUT NOT LTP AT CAI SYNAPSES. Z.A. Bortolotto. WAV. Anderson* mid
G.L. Collingridge. MRC Centre for Synaptic Plasticity. Univ. of Bristol. Dept of
Anatomy, School of Medical Sciences, Bristol BS8 1TD, UK.
In tlie past tlie use of different inhibitor of protein kinase C (PKC) lias indicate
a role for PKC in the induction and maintenance of long-term potentiation (LTP)
in the hippocampus. Previously, we reported that two PKC inhibitors K-252b
(Nature, 368, 740-743. 1994) and cheierythrine (J. Physiol., 515.P. 6IP. 1099)
block the induction of LTP and the setting of an niGluR-dcpendent molecular
switch in CAI region of tlie hippocampus. Now wc report the effects of two
more selective PKC inhibitors (Ro-31-8220 and Go 6983) on both the induction
of LTP and setting of the molecular switch. Experiments were performed using
standard two inputs extracellular recordings on slices from 6 - 10 weeks old rats
Bath perfusion of Ro-31-8220 or Go 6983 (30 pM; 20 - 60 min) had no effect
on basal synaptic transmission, on LTP induction or on pre-established LTP.
followed for up to three hours (n = 5 and n = 4, respectively). However, much
lower concentrations, of Ro-31-8220 (0.3 pM, n = 5) or Go 6983 (0,1 pM. n = 4)
was sufficient to completely prevent the setting the molecular switch. Thus, the
induction of further LTP in die same input was blocked by (S)-MCPG (200 uM)
in a reversible manner. In contrast, in tlie control pathway, were LTP was
induced before perfusion of Ro-31-8220 or Go 6983, (S)-MCPG failed to block
subsequent LTP.
Collectively, Ro-31-8220 and Go 6983 block all known isoforins of PKC
Since these antagonists failed to prevent tlie induction of LTP at concentration of
100 - 300 times those that were active in the preparation it can be concluded that
activation of PKC is not essential for LTP at CAI synapses. PKC does, however,
seems to be involved in tlie setting of tlie mGluR-dependent molecular switch.
Supported by : MRC and EU (Biotnedic & Biolcc)
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A CRITICAL ROLE FOR EXTRACELLULAR SIGNAL-REGULATED KINASE
2 IN LONG-TERM DEPRESSION IN THE ADULT HIPPOCAMPUS IN VIVO
E. Thiels,* B.I. Kanterewicz, G. Barrionuevo, and E. Klann. Department of
Neuroscience and Centerfor the Neural Basis of Cognition, University of Pittsburgh,
Pittsburgh, PA 15260.
Increased and decreased protein phosphorylation have been implicated in long-term
potentiation (LTP) and long-term depression (LTD) of synaptic strength, respectively.
Extracellular signal-regulated kinase (ERK) has been suggested to play a critical role in
activity-dependent regulation of synaptic strength based on findings of increased ERK2
activity in association with LTP in hippocampal slices (J. Biol. Chem. 271: 24329) and
of hippocampal LTP dependence on ERK activation (J. Biol. Chem. 272; 19103). Here,
we tested the hypothesis that LTD in the adult hippocampus in vivo is accompanied by
a decrease in ERK2 activity, an effect that could serve to amplify the LTD-associated
changes in phosphatase function we reported previously (Neuroscience 86: 1023).
LTD was induced at the commissural input to CAI pyramidal cells in anesthetized
adult rats using our standard protocol of three trains of paired-pulse stimulation. Tissue
from dorsal (LTD) and ventral (control) area CAI was analyzed in Western blot analysis
using an antibody specific to dually-phosphorylated, activated ERK. We found that
ERK2 immunoreactivity for dorsal area CAI was comparable to control levels before
LTD induction, increased nearly 4-fold above control levels 5 min after the final LTDinducing train, and returned to control levels within 35 min after LTD induction. The
increase in ERK2 immunoreactivity was attenuated greatly when paired-pulse stimulation
was delivered during pharmacological blockade of the NMDA receptor, a manipulation
that prevents the induction of LTD. Importantly, the development of LTD was blocked
in animals treated with SL327, a specific inhibitor of the ERK-activating kinase MEK.
Collectively, our findings suggest that LTD is accompanied by a transient increase,
rather than decrease, in ERK2 activity, and that activation of ERK2 is a critical element
in the signaling cascades that underlie LTD in the adult hippocampus in vivo.
Supported by NINDS grants 36180 (ET), 34007 (EK), and 24288 (GB).

DIRECT ASSOCIATION BETWEEN PP2A AND ERK: A POSSIBLE
INTEREACTION BETWEEN ERK AND PP2A IN LTD IN THE ADULT
HIPPOCAMPUS IN VIVO. E. D. Norman*, E, Thiels, G. Barrionuevo, and E. Klann.
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Department of Neuroscience. University of Pittsburgh, Pittsburgh, PA 15260.
We are interested in the regulation of protein kinases and phosphatases in
hippocampal plasticity. We recently observed a decrease in the immunoreactivity of
extracellular signal-regulated kinase 1 and 2 (ERKl and ERK2) in association with
paired-pulse induced LTD in the adult rat hippocampus in vivo. We have simulated
the decrease in ERK immunoreactivity by incubating either hippocampal
homogenates or recombinant ERK2 with alkaline phosphatase, a general phosphatase,
and protein phosphatase 2A (PP2A). We hypothesized that the PP2A-mediated
decreases in ERK immunoreactivity was due to dephosphorylation of sites other than
the dual threonine/tyrosine site needed for full enzymatic activation. PP2A has been
shown to tightly regulate the activation of ERKs and to exhibit increased activity
following the induction of LTD (Neuroscience 86:1023). Therefore, we investigated
ERK activation following LTD (Thiels et al., this meeting) as well as the regulation of
ERK activity by PP2A. To address whether the PP2A-mediated decreases in ERK2
immunoreactivity correlated with changes in ERK2 activity, we measured the activity
of ERK2 thiophosphorylated at the dual threonine/tyrosine site. The activity of
thiophosphorylated ERK2 was reduced following incubation with PP2A. Microcystin
blocked the PP2A-mediated decrease in ERK2 immunoreactivity, but not the decrease
in ERK2 activity. Thus, we investigated whether the decrease in ERK2 activity was
mediated by a direct interaction between PP2A and ERK2. Using a microcystinSepharose resin we found that ERKl and ERK2 were associated with PP2A in
hippocampal homogenates. Collectively, our findings suggest that PP2A can
modulate ERK activity through direct association with ERK. Although decreases in
ERK immunoreactivity do not appear to be responsible for decreases in ERK activity,
the decrease in ERK immunoreactivity associated with LTD may signal an interaction
between PP2A and ERK in LTD. Supported by NINDS 34007 (EK) and 36180 (ET).
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POSTSYNAPTICALLY APPLIED cAMP ANALOGS BLOCK
INDUCTION OF PAIRING - INDUCED LTP, POSSIBLY BY
A PKA INDEPENDENT MECHANISM. N. Otmakhov*, H.-X.

Differential activation of PKC isoforms by 14-3-3
in NGFdifferentiated PC 12 cells Laura Gannon-Murakami and Kentaro

Chen, J.E. Lisman. Volen Center for Complex Systems, Brandeis
University, Waltham MA, 02454

Previous studies demonstrated that postsynaptic, pre-tetanus
application of a cAMP analog (Rp-cAMPS), which is known as a
competitive inhibitor of PKA, abolishes the early phase of LTP induced
by three tetani (Blitzer et al., 1995; 1998). We recently reported that
induction of LTP by a single pairing procedure was completely blocked
by postsynaptic, pre-pairing application of Rp-cAMPS (4mM in the
patch pipette)(Otmakhov, Lisman, NSM 1998). Here we show that
similar application of cAMP analog (Sp-8-OH-cAMPS, 4mM), which is
known as a PKA activator, also completely abolishes LTP induction.
Both Rp-cAMPS and Sp-8-OH-cAMPS did not significantly affect the
pharmacologically isolated NMDA component of EPSC at the time of
pairing, though this component decreased later on. Postsynaptically
applied non-competitive inhibitor of PKA (PKI) did not dramatically
affect LTP induction by the pairing procedure. The data suggest that
induction of LTP might be controlled by a cAMP-dependent process that
is not dependent on PKA.

NIH grant # 5RO1 NS27337.

Murakami*
Department of Biology,
Burlington, VT 05405.

University

of Vermont,

The 14-3-3 protein is a family of highly conserved acidic proteins
found in a wide range of eukaryotes from yeast to mammals. The 14-33 protein interacts with many signaling molecules including protein
kinase C (PKC). Although 14-3-3 was originally characterized as an
endogenous PKC inhibitor, it was reported to activate PKC in vitro and
it is not clear whether this isoform is a physiological regulator of PKC
in vivo. To examine the regulation of PKC by 14-3-3 in the cell, we
have generated a sub-cell line that stably expresses flag-epitope tagged
14-3-3
isoform in PC 12 cells. Immunoprecipitation experiments
revealed that PKC-a and PKC-s become associated with 14-3-3 C, when
the cells are neuronally differentiated by NGF, with no apparent change
in the expression levels of these PKCs in PC 12 cells. Interestingly, we
found that the flag antibody immunoprecipitates contain nPKC activity
that does not require any PKC activators.
This indicates that
association with 14-3-3 alone may be sufficient for PKC activation.
In contrast, this immunoprecipitated sample has no Ca2+-dependent
cPKC activity despite the presence of PKC-a, even with higher
concentrations of PMA, indicating that the inhibitory effect of 14-3-3 £
on PKC-a. Our results suggest that 14-3-3 £ differentially regulates
cPKC and nPKC in PC 12 cells.

398.3

398.4

A PROTEIN FACTOR RELEASED DURING THE
INDUCTION OF PKC DEPENDENT LONG-TERM
SYNAPTIC ENHANCEMENT.

DHPG-INDUCED LTD AND DHPG-INDUCED POTENTIATION OF NMDA
ACTIONS ARE ABSENT IN MICE LACKING MGLU5 RECEPTORS
R. Schnabel1, I. C. Kilpatrick2, Z. JiaJ, J. C. Roder3, F, Conquet4 and G. L.
Collingridge1*. 'Department of Anatomy, School of Medical Sciences, University
Walk, Bristol, BS8 1TD, UK. 2Knoll Pharmaceuticals, Research and Development.

SxN.KudolitR, Nagai. K, Kiyosue. T. Kawasaki, T. Taguchi
Lab. of Neurotechnology, Osaka National Research Institute (ONRI),
Ikeda.563-8577, Japan

We already reported that NMDAR dependent synaptic
potentiation was induced by a transient exposure to a Mg2+free condition for 15 min. In addition, a conditioned medium
(CM) prepared by the Mg2+-free treatment had a potential to
induce the similar synaptic potentiation. We previously
reported that Calphostin C, a selective inhibitor for PKC,
inhibited the induction of the potentiation of SEPSCs by Mg2+free condition, but it could not inhibit the induction by the CM.
Similar synaptic potentiation was also induced by phorbol 12myristate 13-acetate (PMA), activator of PKC. Frequency and
amplitude of SEPSCs increased by PMA. The enhancement of
amplitude sustained for not less than 30min, though frequency
of SEPSCs reduced gradually to base level within lOmin.
These results indicate the induction mechanism involves
NMDAR activation, Ca2+-entry, second messenger cascades,
secretion of a factor(s) and activation of synaptic sites by the
factor(s) in this order.

Pennyfoot Street, Nottingham, UK.
JSamuel Lunenfeld Institute, Mount Sinai
Hospital, Toronto, Ontario, Canada. 4GlaxoWellcome Experimental Research SA,
IBCM, Rue du Bugnon 9, Lausanne, Switzerland.
Activation of group I metabotropic glutamate (mGlu) receptors by the selective
agonist, (RS)-3,5-dihydroxyphenylglycine (DHPG), results in long-term depression
(LTD) of synaptic transmission in adult rat hippocampal slices [Palmer et al.,
Neuropharmacology 36, 1517-1532, 1997],
In addition, DHPG can selectively
potentiate responses induced by N-methyl-D-aspartate (NMDA) in adult rat
hippocampal slices [Fitzjohn et al., Neurosci Lett. 203, 211-213, 1996].
We
performed experiments on mutant mice lacking mGlu, receptors. 400 pm hippocampal
slices were used, with the CA3 removed, from adult mice. The grease-gap technique
was applied to record stimulus-evoked, field excitatory post-synaptic potentials
(fEPSPs) from the CAI region. In control mice (mGlu5+/+), DHPG (100 pM, 10 min)
induced LTD of fEPSPs of 50 ± 10 % (mean ± s.e.mean, n = 7), measured 30 min
after washout, in a similar manner to that seen in rats. However, in the mice lacking
mGlu5 receptors (mGlu,7"), DHPG (100 pM, 10 min) failed to induce LTD (-1 ± 7 %, n
= 4; p < 0.05, Student’s t-test). Additionally, DHPG induced a dose-dependent and
reversible enhancement of NMDA-evoked responses in mGlu5+/+ mice, similar to that

seen in rats. The dose ratio for 50 pM DHPG was 0.75 ± 0.04 (n=5). In mGlu,7' mice,
DHPG caused little or no potentiation of responses to NMDA (dose ratio 0.94 ± 0.05;
n=5; p < 0.05, Student’s t-test). These results suggest that both DHPG-induced LTD
and potentiation of responses to NMDA by DHPG are mediated via the mGlu5 receptor
subtype.
(Supported by the Medical Research Council and Knoll Pharmaceuticals).

398.5

398.6

P-ADRENERGIC RECEPTOR (PAR) ACTIVATION RESUCES HIPPOCAMPAL CAI LTP IN NR2AAC MUTANT MICE. T. D. Moody1*, A M.
Watabe2, S.G.N. Grant3 and T.J, O’Dell2, ’interdepartmental Ph D. Program for
Neuroscience; 2Dept. of Physiology, UCLA School of Medicine, Los Angeles, CA
90095; Centre for Genome Research and Centre for Neuroscience, Univ. of
Edinburgh, Edinburgh UK.
The C-terminal domains of the NR2 subunits of the NMDA receptor interact
with postsynaptic density proteins such as PSD-95 and may be involved in
NMDA receptor localization, signaling, and modulation. To explore the
importance of these interactions in NMDA receptor-dependent forms of
synaptic plasticity we examined CAI LTP in hippocampal slices from mice
where the C-terminus of the NR2A subunit was truncated (NR2AAC mice).
As reported previously (Sprengel et al., Cell 92, 1998) die induction of LTP
by 100 Hz stimulation was reduced in NR2AAC mutant mice. Similarly, 150
pulses of 5 Hz stimulation induced less LTP in NR2AAC mutant slices (45 min
post 5 Hz stimulation fEPSPs were 179 ± 24% of baseline in wild-type slices
(N = 5) and 115 ± 2% (N = 14) in NR2AAC mutant slices). Although 150
pulses of 5 Hz stimulation in the presence of the 0AR agonist isoproterenol
(ISO, 1 pM) did not significantly enhance LTP induction in wild-type slices,
ISO enabled LTP induction in NR2AAC mutants (fEPSPs potentiated to 165.2
± 7%, N = 12). ISO also enabled the induction of LTP in NR2AAC mutant
slices in response to 900 pulses of 5 Hz stimulation (5 Hz alone: fEPSPs were
96.1 ± 7%, N = 6; 5 Hz + ISO: fEPSPs potentiated to 200 ± 16%, N = 4). The
cellular and synaptic mechanisms underlying the ability of 0AR activation to
restore normal LTP induction in NR2AAC mutant mice are being investigated.
Support: Wellcome Trust, BBSRC, NIMH, Pew Charitable Trust.

CO-ACTIVATION
OF
0-ADRENERGIC
AND
MUSCARINIC
RECEPTORS HAS SYNERGISTIC EFFECTS ON LTP INDUCTION AND
MAP KINASE ACTIVATION. AM. Watabe* and T.J. O’Dell. Dept of
Physiology, UCLA School of Medicine, Los Angeles CA, 90095.
Activation of 0-adrenergic receptors (PAR) or muscarinic acetylcholine
receptors (mAchR) modulates LTP induction in the hippocampal CAI region.
To explore how the signaling pathways associated with these receptors interact
with those responsible for LTP we examined the effects of the 0AR agonist
isoproterenol (ISO) and the mAchR agonist carbachol (CCh) on LTP induction
in mouse hippocampal slices. 0.2 pM ISO or CCh alone (n=6 for both) did not
significantly modulate the effects of brief 5 Hz stimulation train (25 pulses)
that alone had little effect on synaptic strength (fEPSPs were 120±7% of
baseline 45 min. post stimulation, n=6). In contrast, robust LTP was induced
by 5 Hz stimulation in the combined presence of ISO and CCh (fEPSPs were
176.4±11%, n=6). Although 0AR and mAchR couple to different signaling
pathways, activation of both types of receptors can lead to MAP kinase
(MAPK) activation. We thus examined whether the synergistic effects of ISO
and CCh on LTP induction were due to a synergistic activation of p42 MAPK.
Using Western immunoblot analysis and antibodies specific for phosphorylated
activated MAPK or total MAPK we found that levels of phospho-MAPK were
not significantly changed by ISO or CCh alone but increased approximately
11-fold following co-application of ISO and CCh (p < 0.01, no change in total
MAPK levels were detected). Consistent with a role for MAPK in LTP
induction, the induction of LTP by a stronger 5 Hz stimulation train (150
pulses) was significantly inhibited by the MEK inhibitors PD098059 and
U0126. Our results suggest that modulation of MAP kinase activity may
represent an important mechanism that contributes to the regulation of LTP
induction by modulatory transmitters. Support: NIMH and Pew Charitable Trusts
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INHIBITION OF THE RAPAMYCIN- SENSITIVE
TRANSLATIONAL SIGNALING PATHWAY BLOCKS LTP.
J. Cracco. P.J, Bergold*. S. Hrabetova and T.C. Sacktor. Depts of
Pharmacology and Neurology, SUNY Health Science Center at
Brooklyn, NY 11203.

DOWNREGULATION OF INTERNEURONAL NA+/K+ ATPASE FUNCTION
AND LONG LASTING AMPLIFICATION OF INHIBITION IN THE
DENTATE GYRUS. S.T. Ross*, Z. Toth, J.-M. Jeng, and I. Soltesz. Department
of Anatomy and Neurobioiogy, University of California, Irvine, CA 92697-1280.
Recent data indicate that die excitatory inputs to hippocampal intemeurons may
not exhibit classical, direct forms of activity-dependant synaptic plasticity. Since
inhibitory intemeurons synapsing on principal cells play a central role in the
regulation of hippocampal input-output function, the perturbation of the excitatory
drive on the dentate intemeuronal network is likely to play a pivotal role in the
development of post-traumatic pathological states.
Blind and visualized whole-cell, cell attached, and perforated patch clamp
recordings were obtained from intemeurons and granule cells of the dentate gyrus to
investigate post-traumatic alterations in intemeuronal functions. Na+/K+ ATPase
activity was investigated using the specific antagonists oubain and strophanthidin.
The data show that a single pressure wave-transient delivered to the neocortex
(mimicking moderate concussive head injury) results in a characteristic, selective,
rapid depolarizing shift of approximately 12 mV in the resting membrane potential
of dentate intemeurons related to a trauma-induced decrease in the activity of the
electrogenic Na+/K+ ATPase. The selective depolarization of intemeurons, but not of
the neighboring dentate granule cells, enables intemeurons to effectively amplify the
incoming EPSPs beyond firing threshold, even without changes in the frequency,
amplitude, and kinetics of the sEPSCs, and the resulting increase in intemeuronal
firing dramatically enhances tonic inhibition of the granule cells of the early posttraumatic dentate gyrus.
Therefore our data suggest that these intemeurons are capable of enhancing the
functional efficacy of their glutamatergic inputs when challenged by insults in
pathological conditions. Supported by the NIH (NS35916), and by the American
Epilepsy Society (EFA-24106).

Upregulation of translation in dendrites could provide a mechanism for rapid
de novo protein synthesis during LTP. The rapamycin-sensitive signal
transduction pathway provides a key mechanism for translational control.
Rapamycin when bound to FK binding protein (FKBP), blocks this pathway
by inhibiting FRAP (FKBP - rapamycin associated protein) which is essential
in the upregulation of translation of a specific subset of mRNAs. In order to
examine the role of translational upregulation in hippocampal LTP, we used
rapamycin to block activation of this pathway during the induction of LTP.
Field EPSPs were recorded from the CAI stratum radium in rat hippocampal
slices. LTP was induced by two 100Hz, Is trains, 20s apart Experimental
slices were preincubated in rapamycin or an inactive analogue of rapamycin
(Vertex Pharmaceuticals) which binds to FKBP but does not interact with
FRAP. EPSP slopes were compared in control and treated slices at 40-50 min
post-tetanization. Application of rapamycin (200nM), 2 hr prior to tetanus,
resulted in a progressive decline in the level of LTP; in control slices,
potentiation was 185.07 ± 15.93 (baseline set at 100%, mean ± SEM, n=7) and
in rapamycin slices, 118.87 ± 7.39. However, the inactive analogue of
rapamycin had no effect on LTP; in control slices, potentiation was 156.73 ±
8.58 and in inactive compound, 158.75 ±5.35, n=5.
These data indicate that inhibition of the rapamycin-sensitive signaling
pathway blocks hippocampal LTP. This suggests that translational upregulation via this pathway is critical for the induction of LTP.
* Supported by NIMH(T.C.S.)

398.9

398.10

THE rd MUTATION IN cGMP PDE-VI DOES NOT AFFECT
SYNAPTIC PLASTICITY IN MOUSE HIPPOCAMPUS.
F.Kuenzi*, F. Thomsit, T.W. Rosahl, P.J. Whiting, R.A, Morton2,
S.M. Fitziohn2, G.L. Collingridge2, & G.R. Seabrook. Merck Sharp &
Dohme Neuroscience Research Centre, Terlings Park, Eastwick Road,
Harlow, Essex, CM20 2QR, U.K. department of Anatomy, University of
Bristol, University Walk, Bristol, BS8 1TD, U.K.
Cyclic GMP has been implicated in the formation of long-term
potentiation (LTP) and depression in the hippocampus. Of the two cGMP
specific phosphodiesterases (PDE-V and PDE-VI), approximately 20% of
laboratory mice carry a PDE-VI loss-of-function mutation (rd). To
determine whether PDE-VI affects synaptic transmission in the
hippocampus we studied the formation of LTP in rd-/- mice and the
effects of the cGMP PDE inhibitor Zaprinast.
The rd mutation did not affect glutamate-mediated synaptic
transmission in the CAI region (maximal fEPSP = 1.19±0.30 & 1.22±0.17
V/s, n=9 & 29, in wild-type and rd-/- respectively) or in the dentate gyrus
of the hippocampus. Likewise it did not affect paired pplse facilitation in
the CAI region or theta-burst (10x4 events @ 100 Hz, every 200 ms)
induced LTP (196±16 & 200±22%, n=10 & 13). Inhibition of cGMP PDE
by Zaprinast causes synaptic depression, presumably as a consequence of
elevating intracellular cGMP levels. In both wild-type and rd-l- mice
Zaprinast (lOpM) caused a slowly developing and sustained depression of
field synaptic potentials (to 68±6% & 76±6%, n=10 & 8). This suggests
that in the CAI region cGMP levels are regulated by the PDE-V isoform.
Supported by a Merck Sharp & Dohme / MRC LINK grant G9710681.

SELECTIVE DISRUPTION OF LATE-PHASE LTP IN MICE UNDEREXPRESSING PRESENILIN-1. R.A. Morton, F. Kuenzi2, S.M. Fitziohn, T.W.
Rosahl, H. Zheng, E.J. Coan*, G.L. Collingridge, & G.R. Seabrook2. Department
of Anatomy, University of Bristol, Bristol, BS8 1TD, U.K. 2Merck Sharp & Dohme
Neuroscience Research Centre, Terlings Park, Harlow, Essex, CM20 2QR, U.K.
A large proportion (70-80%) of early onset Alzheimer’s Disease cases are linked to
loci within a region of chromosome 14, which encodes presenilin-1 (PS-1). PS-1 is
involved in developmental signalling pathways and regulates the cleavage of
amyloid precursor protein. Homozygous deletion of PS-1 in mice is embryonically
lethal. However, heterozygous PSI-null mice, which have reduced PS-1 levels, are
fertile and survive to adulthood (Wong et al., 1997, Nature 387, 288). In this study
we investigated the consequences of under-expression of PS-1 on hippocampal
synaptic transmission and long-term potentiation (LTP) in heterozygote PS-1 null
mice at 12-14 months of age. Extracellular field EPSPs were recorded in the CAI
region following stimulation of the Schaffer collateral commissural pathway using
standard techniques.
There was no significant difference in stimulus-response relationship between PS-1
null mice (28 slices, n=8) and wild-type littermate controls (24 slices, n=8). Pairedpulse potentiation (25 to 300 ms intervals) was also unaffected. When a theta-burst
protocol (10x4 stimuli @ 100Hz, every 200ms) was used to induce LTP, there was
no difference between potentiation in wild-type (157±14%; 8 slices, n=3) and PS-1
null slices (195+13%; 10 slices, n=4). In contrast, when a saturation protocol (4 x
100 stimuli @ 100Hz, every 5 min) was used to induce late-phase LTP, potentiation
three hours after the last tetanus was 190±22% in wild-type controls (16 slices; n=5)
compared to 129± 17% in PS-1 null mice (11 slices, n=4J.
These results show that reduced expression of PS-1 in heterozygote PS-1 null mice
selectively reduces tetanus induced late-phase LTP and not theta-burst induced LTP.
Supported by a Merck Sharp & Dohme / MRC Link grant G9710681.

398.11

398.12

BDNF-INDUCED PHOSPHORYLATION OF TrkB RECEPTORS IN
HIPPOCAMPAL SLICES AND SYNAPTIC EXCITABILITY.
W. Jarolimek, S. Pollack, S. Harper, R.G. Hill, F, Hefti, &
G.R. Seabrook*, Merck Sharp & Dohme, Neuroscience Research Centre,
Terlings Park, Eastwick Road, Harlow, Essex, CM20 2QR, U.K.
Neurotrophins including brain-derived neurotrophic factor (BDNF)
have an established role in cell survival, neurite outgrowth, and may
regulate synaptic transmission in the CNS. To further investigate the
effects of BDNF on synaptic excitation we correlated electrophysiological
recordings with TrkB receptor phosphorylation in mouse and rat
hippocampal brain slices. Application of BNDF (50-100ng/ml) at a high
perfusion rate (120-200ml/min) for 30 min did not change the amplitude
of excitatory postsynaptic field potentials (fEPSP) in the CAI area of
either species. Similarly BDNF did not affect hyperexcitability in CA3
area upon paired-pulse (lOx 40 ms at 1Hz; 30V) or tetanic stimulation
(100Hz for Is). Whilst there was no change in synaptic excitation we
could demonstrate TrkB receptor phosphorylation in the same slices
using antibody labelling but a large proportion of TrkB receptors
remained un-phosphorylated, possibly because of the limited diffusion of
BDNF into slices. Acute application of BDNF enhanced both the
frequency and amplitude of spontaneous synaptic events in neurones
from hippocampal cultures. BNDF (lOOng/ml for 4 hrs) caused robust
TrkB receptor phosphorylation but LTP in CAI area remained
unaffected. These data show that BNDF can induce TrkB receptor
phosphorylation in hippocampal slices, without a change in synaptic
transmission, yet can enhance transmitter release in cultured neurones.

IMPAIRED GLUTAMATERGIC NEUROTRANSMISSION IN CAI
HIPPOCAMPAL AREA OF TRANSGENIC MICE WITH REDUCED
CALBINDIN D28K EXPRESSION. J.M, Billard *fl), B. Potier (1), F, JazatPoindessous (1). P. Dutar (1), A. Slama fl). J, Epelbaumfl). N. Menhabi (2) and S.
Ferrari (3). (1) INSERM U159, 75014 Paris France; (2) Hopital Lariboisiere, 75010
Paris, France and (3) Univ. di Modena, 41100 Modena, Italia.
We previously reported that long-term potentiation (LTP) of synaptic transmission
was altered in hippocampal CAI area of transgenic homozygous mice with reduced
Calbindin D28K (CaBP) expression. We further investigated the possible
mechanisms underlying this impairment in the ex vivo hippocampal slice
preparation using extracellular electrophysiological recordings and autoradiographic
binding studies. The N-methyl-D-Aspartate receptor (NMDAr)-mediated field EPSPs
recorded in a magnesium-free medium also containing the non-NMDAr antagonist
CNQX (10 pM) and the GABAAr antagonist bicuculline (50 pM) were significantly
weaker in CaBP deficient mice. In addition, the coagonist glycine (10 pM) facilitated
LTP induced by 100 Hz tetanic stimulation in wild-type animals but further
depressed the potentiation recorded in transgenic mice. Using (3H) glutamate as £
radioligand and NMDA (100 pM) as a competing drug, no significant modifications
of NMDAr binding sites were found. These results suggest that the functional
properties of NMDAr but not their density are altered in the absence of CABP.
The metabotropic glutamate receptor antagonist MCPG (500 pM) blocked LTP in
wild-type mice whereas it remained without significant effect on the potentiation
recorded in transgenic animals. An NMDAr independent form of LTP induced by £
200 Hz tetanic stimulation in the presence of 2-APV was recorded in both groups ol
animals. This LTP was blocked by MCPG and its magnitude was significantly
reduced in the CaBP deficient mice. These results suggest that, besides NMDAr.
alterations of metabotropic glutamate receptors also occur in transgenic animals. The
involvement of one or several subtype of receptors is currently under investigation.
These results emphasize the contribution of calcium binding proteins such as
CaBP in neuronal plasticity by modulating the activation of NMDA and
metabotropic glutamate receptors.
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CARBACHOL-INDUCED LONG-LASTING DEPRESSION IN THE
PERIRHINAL CORTEX IN VITRO. P.Massey, G.Bhabra, M W.Brown and
Z.I.Bashir*. Dept of Anatomy, MRC centre for Synaptic Plasticity, University of
Bristol, BS8 1TD, UK.

LTD INDUCTION IN RAT PREFRONTAL NEURONS INVOLVES
CONVERGING ACTIVATION OF MAP KINASES BY DOPAMINE- AND mGLURECEPTORS. S.Otani*. N.Auclair. J.M.Desce. M.P.Roisin & F.Crepel. Universite
de Paris VI and Hopital Cochin, Paris, FRANCE.
We showed (Neurosci.Abstr.24,2024,1998) that dopamine receptors (DA-Rs) tod
group I&II metabotropic glutamate receptors (mGluRs) cooperate for long-term
depression (LTD) induction in layer I-II - layer V pyramidal ,neuron synapses of rat
prefrontal cortex (PFC). Particularly, coapplication (10-15 min) of DA (100 /iM) and
group I&II mGluR agonist 1S,3R-ACPD (100 pM) was sufficient to induce LTD. To
characterize interaction between DA-Rs and mGluRs in LTD, we used this protocol
and measured mitogen-activated protein kinases (MAP-Ks; ERK1 and 2) in PFC
tissue, by the use of immunoblot method with antibody anti-active ERKs. In nonstimulated PFC, there was no detectable phosphorylated ERK1, while moderate levels
of ERK2 phosphorylation were observed (n=6). After 2/5 min exposure to ACPD, a
phosphorylated ERKl band appeared, while ERK2 phosphorylation increased. DA did
not increase ERK1 level but moderately increased ERK2 level (n=6). Coapplication of
ACPD+DA increased ERK1 phosphorylation significantly more than ACPD alone,
thus showing synergism (n=3). Their effects on ERK2 phosphorylation were additive.
Supporting these data, bath-application of PD98059, specific ERKl and 2 inhibitor,
Mocked LTD induction by DA+ACPD coapplication (-4.9 ± 5.8% at 40 min, n=6). In
a separate set of experiments, we further observed similar patterns of synergistic/
additive increases of ERKl and 2 phosphorylation using DA, and group I agonist
DHPG (100 //M) instead of ACPD (n=4). Consistently, while DHPG only transiently
depressed synaptic responses (n=4), DA+DHPG coapplication induced LTD (-29 ±
8.9%, n=5). Our results show that converging activation of MAP-Ks by DA-Rs and
group I mGluRs may be a condition that induces LTD in PFC. Research is under way
to identify subtypes of DA-Rs involved in MAP-K activation, as well as precise roles
of group II mGluRs in MAP-K activation and LTD. Supported by Biotech (96-0049).

Decreases in perirhinal cortex neuronal firing and Fos expression occur with
stimulus repetition during visual recognition memory (Brown and Xian, Prog
Neurobiol. 55, 149-189). The mechanisms underlying such a decrement in
neuronal activity are not known. In this study we provide evidence that carbachol
induces long-lasting depression of synaptic transmission in the perirhinal cortex
in vitro.
Experiments were carried out using standard extracellular recording
techniques. Field potentials were recorded in layers II/III in response to stimuli
delivered to the entorhinal and temporal sides of the perirhinal cortex. Pairedpulse stimulation (50 ms PPI) was delivered to the temporal side throughout the
experiment. The application of 50 pM carbachol resulted in an initial large
depression (to 55 ± 5 % of baseline in temporal and 50 ± 6 % in entorhinal
inputs) of synaptic response amplitude in both inputs. Following washout of
carbachol a sustained depression, which was similar in both inputs, was observed
(to 83 ± 6% temporal and 87 ± 5 % entorhinal; 50 min after washout).
Surprisingly, the lasting depression induced by carbachol was reversed by the
application of scopolamine (to 114 ± 6 in temporal and to 106 ± 2 % of baseline
in entorhinal input). The application of scopolamine prior to the addition of
carbachol completely prevented any synaptic depression. These results suggest a
possible role for acetylcholine in synaptic plasticity in the perirhinal cortex.

Supported by the BBSRC.

398.15

398.16

INVOLVEMENT OF PRESYNAPTIC VOLTAGE-DEPENDENT K*
CHANNELS IN THE MAINTENANCE OF LONG-TERM POTENTIATION
AT VISUAL CORTICAL INHIBITORY SYNAPSES. Y. Komatsu* and Y,
Yoshimura. Dept. of Visual Neurosci., Research Institute of
Environmental Medicine, Nagoya University, Nagoya 464-8601, Japan.
High-frequency stimulation of presynaptic fibers induces input-specific
and associative long-term potentiation (LTP) at inhibitory synapses in
developing rat visual cortex. In this study, we examined the maintenance
mechanism of LTP by recording inhibitory postsynaptic potentials evoked
by layer 4 stimulation in layer 5 cells under a pharmacological blockade
of excitatory synaptic transmission. LTP never occurred in the control
solution containing 2.4 mM Ca2+. The incidence of LTP increased with
the increase of Ca2* concentration and LTP occurred in all of tested cells
at 4 mM, indicating that the amount of Ca2* entry is an important factor
for LTP generation. Although the production of LTP did not depend on
postsynaptic membrane potential, the incidence of LTP increased with
the decrease of extracellular K* concentration, which is thought to
hyperpolarize presynaptic membrane potentials, suggesting involvement
of voltage-dependent channels in LTP generation. Those channels
seemed to be K* channels since LTP was produced in the presence of K*
channel blocker Cs* (1 mM) or charybdotoxin (60 nM) even in the control
solution. High Ca2+ or Cs+ was required during the maintenance phase
but not during high-frequency stimulation. These results suggest that
presynaptic Ca2* entry, which is regulated by voltage-dependent K*
channels, is required for the maintenance of LTP. Supported by a Grantin-Aid for Scientific Research Project 08458271 from the Japanese
Ministry of Education, Science, Sports and Culture.

DIFFERENTIAL INDUCTION OF LTP AND LTD IS NOT DEPENDENT
ON INSTANTANEOUS Ca2+ ELEVATION: ESSENTIAL SIGNIFICANCE
OF A TEMPORAL FACTOR. T. Mizuno*. M. Sakurai. Dept. of Physiol.,
Teikyo Univ. Sch. of Med., Tokyo, Japan
Ca2+ influx through NMDA receptor channels is necessary for induction
of both LTP and LTD in the CAI hippocampus. A currently prevailing
model proposes that large Ca2+ influx leads to LTP and moderate one
leads to LTD. Although a strong brief conditioning stimulus induces LTP
if it causes sufficient Ca2+ influx, it has not been decided whether a
weaker brief conditioning stimulus induces LTD. To address this issue,
the following methods were used: 1. Schaffer collateral / commissural
fibers were stimulated and basal responses were recorded in normal
artificial cerebrospinal fluid (ACSF); 2. As conditioning, the same fibers
were stimulated at 1Hz ten minutes after the wash-in of Mg2+-free
medium with or without glutamate receptor antagonist(s); 3. After the
conditioning, normal ACSF was re-introduced and the difference between
pre- and post-conditioning responses were determined. Whole-cell
recording revealed perfusion with Mg2+-free medium sufficiently
unblocked NMDA receptors. In Mg2+-free medium, a single pulse as well
as 2 to 600 pulses induced LTP. In Mg2+-free medium with lOpM CNQX,
low-frequency stimulation induced occasional LTP but never LTD. In
Mg2+-free medium with 2pM D-AP5 and lOpM CNQX, only prolonged
(>120 pulses) low-frequency stimulation induced LTD and brief
stimulation produced no change. In conclusion, LTP and LTD induction
requires large and moderate Ca2+ elevation, respectively. However, while
LTP can be induced by transient rise in [Ca2+]i, LTD induction further
requires prolonged or repetitive increment in [Ca2+]i. Thus, the way of
Ca2+ signaling involved in LTP induction is amplitude modulation but
that in LTD induction is both amplitude and temporal mode.

398.17

398.18

Short term potentiation ofminiature excitatory postsynaptic currents in the supraoptic
nucleus: role of presynaptic terminal and calcium channels. M. Hirasawa’*, S.B.
Kombian2 and QJ. Pittman1.1 Neuroscience Research Group, University of Calgary,
Calgary, Canada & 2Faculty of Pharmacy, Kuwait University, Safat, Kuwait.
The supraoptic nucleus (SON) is strongly influenced by various types of
synaptic inputs. We have reported a novel, unique form of synaptic plasticity in this
nucleus (Kombian et al., 1998 SFN Abstr. 620.16). High frequency stimulation
(HFS: 100Hz, lsecx2) of afferent fibers induced a short term potentiation (STP) of
NBQX-sensitive miniature EPSCs (mEPSCs) that lasted for 5 to 20min. To
determine the locus for the effect, as well as possible mechanism, we recorded
mEPSCs in magnocellular neurons in a SON slice, using nystatin perforated whole
cell patch recording.
After HFS, frequency of mEPSCs increased, and amplitude distribution was
skewed towards larger value with equidistant peaks, indicating appearance of
multiquantal events, with no change in the amplitude of the smallest peak. This,
together with the observation that postsynaptic AMPA or kainate receptor sensitivity
remained unchanged with HFS, in addition to the lack of dependence of STP on
postsynaptic cell membrane properties, suggested that locus of induction and
maintenance of STP was the presynaptic terminal.
Because calcium is crucial for transmitter release, role of voltage-dependent Ca
channels in STP was examined. Nickel (5QuM, n=6) reduced both the basal frequency
of mEPSCs and magnitude of STP by 20 and 30%, respectively, while cadmium
(5Q«M, n=5) blocked STP by 70% without affecting basal frequency, w-conotoxin
GVIA (lOOnM-1/4 M, n®9) and w-agatoxin TK (200nM-l/zM, n=8) had no effect on
mEPSCs. In 75% of 16 neurons tested, nifedipine (lQuM) induced 900% increase in
basal mEPSCs, and this effect occluded induction of STP. Thus, it is suggested that
presynaptic T and/or R type Ca channels are partially responsible for STP. Supported
by MRC and JSPS.

DIFFERENT TYPES OF CALCIUM CHANELS PARTICIPATE IN NICOTINIC
LTP OF RAT SYMPATHETIC GANGLIA. 1.1. Licona, F. Fernandez de Miguel
and M.A. Morales* Inst. Inv. Biomed. & Fisiol. Cel. UNAM, 04510, Mexico D.F.
In this paper we explored the contribution of different types of calcium
channels in nicotinic long-term potentiation (LTP) of rat superior cervical
ganglia (SCG). Ganglia removed from anaesthetized rats were placed in a
chamber with oxygenated ringer Krebs at room temperature. Muscarinic
transmission was blocked with atropine. Stimulation of presynaptic fibers and
recording of postsynaptic compound action potentials were carried out with
suction electrodes installed in preganglionic and postganglionic (internal
carotid) nerves. Three consecutive LTPs were induced in each ganglion by 5s,
40 Hz trains, after partial block of nicotinic transmission with hexamethonium.
The second LTP was induced in the presence of one of the following toxins: wconotoxin (5pm), sFTX (10 pm) and nifedipine (10 pm) that block N, P and L
type channels respectively. In control LTPs, the conditioning train increased
the peak amplitude 5.7 ± 0.4 times over the baseline. LTP decayed in 90%
within 44.2±7.6 min. Decay was biexponential with time constants of 1.1 and
102.1 min. All tested toxins reduced the 90% decay time and the long
exponential decay without affecting the peak amplitude or the short time
constant, co-conotoxin, sFTX and nifedipine reduced the 90% decay time to
8.5±0.8, 13.1±2.8 and 13.6±3 min, and the long time constants to 57.0, 59.9
and 79.4 min respectively. In addition, when sFTX was washed right after the
conditioning train, the LTP was similar to that in controls. These data suggest
that different calcium channels contribute to LTP of SCG with a similar degree
of involvement. In addition, P type channels seem to be involved in the
maintenance rather than in the induction of LTP. Although most of the
evidence points to presynaptic mechanisms, the possible participation of
calcium channels in postsinaptic events cannot be ruled out. Supported by
PAPIIT, DGAPA, UNAM, Mexico, IN213196.
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GLUTAMATE RELEASED DURING HIGH-FREQUENCY
STIMULATION DOES NOT OVERWHELM TRANSPORTERS ON
HIPPOCAMPAL ASTROCYTES. J.S. Diamond* and C.E. Jahr, Vollum
Institute, Oregon Health Sciences University, Portland, OR 97201.
In addition to maintaining the extracellular glutamate concentration at
low ambient levels, high-affinity glutamate transporters also play a direct role
in synaptic transmission by speeding the clearance of glutamate from the
synaptic cleft and limiting the extent to which transmitter spills over between
synapses. Transporters are expressed in both neurons and glia, but glial
transporters are likely to play the major role in removing synaptically released
glutamate from the extracellular space. The role of transporters in synaptic
transmission has been studied directly by measuring synaptically-activated,
transporter-mediated currents in neurons and astrocytes. We have recorded
from astrocytes in the CAI region of hippocampal slices and elicited synaptic
transporter currents with high-frequency (100 Hz) stimulus trains of varying
length to determine whether transporters are overwhelmed by stimuli that
induce long-term potentiation. We find that, at near-physiological
temperatures (34°C), high-frequency stimulation does not affect the rate at
which transporters clear glutamate from the extrasynaptic space. Thus, while
spillover between synapses during “normal” stimulation may compromise the
absolute synapse specificity of fast excitatory synaptic transmission, spillover
is not exacerbated during high-frequency stimulation. Transporter capacity is
diminished somewhat at room temperature (24°C), although transmitter
released during brief, “theta burst” stimulation is still cleared as quickly as
following a single stimulus, even when transport capacity is partially
diminished by pharmacological means.
Supported by the NIH and the Burroughs Wellcome Fund.

Metabotropic glutamate receptors probe slow clearance of synaptically released glutamate in the cerebellar molecular layer.

W. Reichelt.* and T. Knopfel. Brain Science Institute, RIKEN, 2-1 Hirosawa, Wako-shi, Saitama 351-0198, Japan.
It is generally assumed that synaptically released glutamate acts locally
on postsynaptic receptors and is cleared from the synaptic cleft within a
few milliseconds. Much less clear is the time course of synaptically released glutamate in the extracellular space or following high frequency
presynaptic activity.
Here, we investigated the synapse between parallel glutamatergic fibres
and Purkinje cells in the mouse cerebellum (P18-P36) and employed the
peri- and extrasynaptically localized metabotropic glutamate receptor,
mGluRi, to probe glutamate concentrations. A slow mGluRj -mediated excitatory postsynaptic current (sEPSC) was induced by stimulation of parallel fibers (10 pulses @100 Hz) in Purkinje cells in the whole-cell voltage-clamp configuration. Analysis of the dose dependent antagonism of
this sEPSC by the mGluR antagonist MCPG indicated that peri/extrasynaptic glutamate reached a concentration in the order of 10 pM
and decayed with a time constant in the order of 100 ms. This surprisingly
slow clearance was further delayed in the presence of the glutamate uptake
blocker D-aspartate.
We conclude that clearance of synaptically released glutamate from the
extrasynaptic space is much slower than hitherto assumed and that glutamate uptake efficiently controls the activation of peri-/extrasynaptically
located mGluRs.

399.3

399.4

GLUTAMATE UPTAKE BLOCK ALTERS THE TIME COURSE AND
LATERAL SPREAD OF DENDRODENDRITIC INHIBITION IN THE
OLFACTORY BULB, N. E. Schoppa* and G. L. Westbrook. Vollum Institute,
Oregon Health Sciences Univ., Portland, OR 97201.
Inhibition of mitral cells at dendrodendritic synapses in the olfactory bulb is
characterized by its unusually slow time course, in part reflecting the slow kinetics
of NMDA receptor-mediated excitation of granule cells. To examine how alterations
in free glutamate affect the timing of inhibition in the bulb, we measured whole-cell
IPSCs in mitral cells in the presence of the glutamate uptake blocker THA. A
standard Ringer bath and KCl-containing pipette solutions were used. Bipolar
stimulation (100 V, 100 ps) of single glomeruli elicited IPSCs with a main kinetic
component that was greatly prolonged (from 1=0.20+0.02 sec, n=9, to x=0.80±0.22
sec, n=4) by THA (100 pM). THA also caused a 2.1+0.6-fold (n=3) prolongation of
granule cell EPSCs. The multiphasic time course of the EPSCs in THA was
consistent with a self-excitatory action of glutamate on mitral cell NMDA or
metabotropic glutamate receptors resulting in prolonged glutamate release.
THA also increased the lateral spread of inhibition. The spatial extent of
inhibition was examined by varying the lateral distance (DJ between the stimulated
glomerulus and the test mitral cell (between 0 to 800 pm). Under control
conditions, the magnitude of inhibition decayed monotonically with increasing Dh
with the IPSC charge for D,=400 pm being 18±8% of that for D,=0 (n=5). In THA,
the IPSC for D,=400 pm was increased 9.2+3.8-fold (n=5) compared to a small
46±30% increase (n=4) for D,=0. An increase in the field of excited granule cells
could result if glutamate released locally at distant dendrodendritic synapses is more
efficacious or, alternatively, by the generation of a large cloud of free glutamate. The
slower and enhanced lateral spread of inhibition observed in THA implies that
increases in free glutamate during odorant-induced repetitive spiking of mitral cells
would profoundly impact the output of the olfactory bulb. Supported by NS26494.

BEHAVIOR OF NMDA AND AMPA RECEPTOR MEDIATED MINIATURE
EPSCs AT SYNAPSES IDENTIFIED BY CALCIUM IMAGING. NL
Umemiya?* M. Senda1 and T.H. Murphy2. ’Dept of Neurophysiol. Tohoku Univ.
Sch. Med.; Sendai 980-8575 Japan, 2Kinsmen Laboratory, Dept of Psychiatry,
Univ. British Columbia Faculty of Med.; Vancouver, BC, V6T 1Z3, Canada.
Simultaneous recording of intracellular calcium concentration at the synapse
and synaptic currents from the cell body allows mapping of miniature EPSCs
(mEPSCs) to single synapses. Using this approach we have recorded mEPSCs
from identified synapses of the cultured cortical neuron. In the absence of
extracellular Mg2+, 77% of synapses had mEPSCs with fast and slow components,
attributed to AMPA and NMDA type glutamate receptors (AMPARs and
NMDARs, respectively) and 22% of synapses had only slow components. A
strong positive correlation between the amplitude of the calcium transient and the
NMDAR mediated mEPSC was observed, indicating that the mEPSCs originate
from an identified synapse. At synapses that had both components, the AMPAR
component was positively correlated with charge influx mediated by NMDARs
during repeated synaptic events. No periodic failure in the AMPAR mEPSC was
observed at synapses expressing both receptor components. A significant positive
correlation between the average amplitude of NMDAR and AMPAR components
of mEPSCs is observed across different synapses. We suggest that factors
effecting both receptor classes, such as the amount of transmitter in synaptic
vesicles, might contribute to the variation in mEPSC amplitude during repeated
miniature events. Therefore, it is suggested that both AMPARs and NMDARs are
not saturated by glutamate from single synaptic vesicles. Although the average
postsynaptic response at different synapses can vary in amplitude, there appears to
be a mechanism to keep the ratio of each receptor subtype within a narrow range.
MU is supported by the Ministry of Education, Science, Sports and Culture of
Japan. THM is supported by the MRC of Canada.

399.5

399.6

AMPA AND NMDA RECEPTORS DISPLAY SIMILAR AFFINITY DURING RAPID
SYNAPTIC-LIKE GLUTAMATE APPLICATIONS. G.R. Dube* and G. Liu. Center for

USE OF PARAMETRIC SPECTRAL ANALYSIS TO EVALUATE
NUMBER AND KINETICS OF POST-SYNAPTIC RECEPTORS.
K. Krnievic1,2’* and M.I. Glavinovic14. Departments of Anaesthesia Research’ &
Physiology2 McGill University, Montreal P.Q., H3G 1Y6 Canada.
In a variety of central synapses the level of activation of post-synaptic receptors
during a single unitary quantal event is still controversial. However, it has been
suggested that at least in some cases it is high, reaching saturating levels. A
knowledge of the level of receptor saturation is important for an accurate
evaluation of the single channel conductance, but also to know whether a power
spectrum of the non-stationary current fluctuations will yield a ‘mean or an
effective mean open time’. If the level of receptor activation reaches high levels
the probability of opening of post-synaptic channels will be neither low nor
constant during the time course of the unitary event. As a result the power
spectrum of the non-stationary current fluctuations will change over the same time
course. Whether the changes in the power spectrum occur and the extent of change
is of additional interest as it provides an indication of the level of receptor
saturation. The inefficiency of traditional non-parametric spectral analysis
precluded such an analysis. In this study we use parametric spectral analysis that
requires far fewer data points (Glavinovic et al., Neuropharmacol. Conf. 7, 95,
1998) first on fast excitatory post-synaptic currents simulated using Monte Carlo
methods with a known level of activation of post-synaptic receptors and then on
post-synaptic currents recorded from rat hippocampal pyramidal neurons in slices
using whole cell clamp technique. The analysis shows that the level of activation
of post-synaptic receptors producing an individual quantal event can be evaluated
using this technique and that it varies widely from one quantal event to another.
Supported by a loan from Faculty ofMedicine.

Learning and Memory and Dept. of Brain and Cognitive Sciences, MIT, Cambridge,
MA 02139.
During normal synaptic transmission, glutamate is available for binding only for a
short time and may not reach equilibrium with its receptors. Yet studies investigating
glutamate binding and affinity of receptors are often performed under equilibrium
conditions. To delineate the biophysical properties of synaptic AMPA and NMDA
receptors during synaptic transmission, we investigated their function at single
synapses using fast iontophoretic application of glutamate that mimicked endogenous
synaptic transmission. We assessed the affinities of synaptic AMPA and NMDA
receptors for glutamate by determining a dose-response relationship for each receptor
at single synapses of cultured hippocampal neurons. Surprisingly, the estimated EC50
for evoked NMDA currents (at +40mV) was similar to the EC50 for evoked AMPA
currents recorded at -60mV (in ImM Mg2+). These results predict that AMPA and
NMDA currents from individual synapses should co-vary as glutamate concentration
is varied. Indeed, we found that, under conditions where both currents can be
measured concomitantly, synaptic AMPA and NMDA peak currents increased
proportionally and in parallel for incremental doses of glutamate. To explore the
possible mechanisms underlying this covariance, we examined the kinetics of
activation and deactivation of AMPA and NMDA currents. NMDA currents
displayed relatively slow activation (rise time ~7ms) and relaxation (>200ms) phases,
in contrast to those of AMPA currents (rise time <lms and decay time <8ms). These
measurements suggest that the relatively small Kd of NMDA receptor for glutamate
under equilibrium conditions is largely a result of a slow unbinding rate for
glutamate. To determine whether endogenous activation of AMPA and NMDA
receptors also exhibited similar properties, we examined the variations of AMPA and
NMDA currents from single synapses during synaptic transmission. Preliminary
results suggest that evoked synaptic transmission could produce co-varying AMPA
and NMDA currents. Together, our results suggest that AMPA and NMDA receptors
may have similar affinities to glutamate under non-equilibrium conditions. If so, a
single package of transmitter may be insufficient to saturate not only AMPA
receptors (Liu et al., Neuron 1999), but also NMDA receptors.
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THE EFFECTS OF NMDA RECEPTOR ACTIVATION ON EXCITABILITY IN SPINAL CORD
LAMINA II NEURONS FROM POSTNATAL RATS. R. Bardoni1*, P.C. MaqherinF and A.B.
MacDermott2.1 Dept. Biomedical Sciences, University of Modena , Italy,2 Dept. of Physiology &
Cell. Biophys. and Center for Neurobio. & Behavior, Columbia University, New York, NY 10032
NMDA receptors are known to mediate glutamatergic synaptic transmission in spinal cord
lamina II in both neonatal and adult rats (Bardoni et al., 1998: Yoshimura & Jessell, 1990) yet
their contribution to neuronal excitability is still not clear. We have recorded glutamatergic
EPSCs and EPSPs from lamina II neurons in spinal cord slices obtained from post-natal rats
(P1-P15) and investigated the role of synaptically activated NMDA receptors in the generation of
action potentials (APs). Post-synaptic responses were evoked by focal stimulation in lamina II
and recorded in the presence of 10 pM bicuculiine and 5 pM strychnine. In 8 lamina II neurons,
no AMPA EPSCs were evoked by 0.5 Hz low intensity stimulation. When these 8 cells were
studied under current clamp at their resting potential, repetitive stimulation at 20-40 Hz evoked
large, summated EPSPs with APs superimposed. The application of 50 pM D-APV blocked AP
firing in all 8 neurons. Although no AMPA EPSCs were observed at 0.5 Hz stimulation in these
cells, in many cases 20-40 Hz stimulation evoked both slow, NMDA- and fast, AMPA-mediated
EPSPs, suggesting that the AMPA receptor-mediated synapses could be facilitated by high
frequency stimulation. In 5/8 neurons, a residual D-APV-insensitive response was observed
during train stimulation that could be blocked by 10 pM CNQX or NBQX (n=2). In 5 cells where
an AMPA EPSC was detected at 0.5 Hz, APs evoked by 20-40 Hz stimulation were not
completely blocked by application of 10 pM CNQX or NBQX, showing that AMPA receptor
activation was not necessary to evoke APs. Furthermore, EPSPs evoked in these cells in the
presence of NBQX or CNQX were mediated by NMDA receptors and completely blocked by DAPV (n=3). Our data suggest that NMDA receptors play an important role in the firing of APs by
lamina II neurons during high frequency synaptic activation. Under these conditions, NMDA
receptor activation does not necessarily require a contribution from AMPA receptors to induce
AP firing, suggesting an active role for pure NMDA synapses at potentials close to the neuron
resting potential. Funded by MURST to R.B. and P.C. M. and by NSF to A.B.M.

WHAT IS THE ROLE OF NMDA RECEPTORS IN CEREBELLAR
MOLECULAR LAYER INTERNEURONS?
Beverley A. Clark* & Stuart G. Cull-Candy
Dept. Pharmacology, University College London, London WC1E 6BT, UK.
At most central excitatory synapses glutamate activates both NMDA and
non-NMDA receptors. The receptor subtypes present influence the timecourse of excitatory postsynaptic currents. We have examined the
involvement of different glutamate receptors at parallel fiber to interneuron
synapses in P18 rats. In ‘Mg2+-free’ conditions, both spontaneous EPSCs
and those evoked with threshold stimulation decayed with a rapid timecourse at both positive and negative potentials. No significant difference was
observed between spontaneous and evoked currents and their decay time
constants (t ) were pooled. At 25°C mean weighted t values, were
0.96±0.08ms at -60mV (n=14), and 1.34±0.11ms at +50mV (n=10). The
EPSC decay was unaffected by the NMDAR antagonist AP5 (50pM).
However, NMDA channels were present in somatic outside-out patches;
characteristics of some events were consistent with the expression of NR2D
subunits. At -60mV, trains of evoked EPSCs (4 shocks, 30Hz) revealed a
small slowly decaying component of -28.6±4.5pA (n=5) that was insensitive
to CNOX (10pM) and blocked by AP5. NMDA (10pM) increased mIPSC
frequency by 526±119% (n=8) (see also Glitsch & Marty 1999). Since these
mIPSCs originate from interneuron-interneuron connections, this suggests
that NMDARs may be present in the axonal segment of these neurons. We
are currently investigating whether modulation of GABA release can be
mediated by excitatory synaptic activity and whether receptors incorporating
the NR2D subunit, which show a high affinity for glutamate, are adapted to
such a role. We conclude that EPSCs in these intemeurons are mediated
solely by AMPARs. Activation of NMDARs appears to result only from bursts
of parallel fiber activity, or from recruitment of large numbers of synaptic
inputs. Supported by The Wellcome Trust.

399.9

399.10

IDENTIFICATION OF CA2+- PERMEABLE AMPA RECEPTORS AT
CEREBELLAR PARALLEL FIBRE-STELLATE CELL SYNAPSES. S-q J. Liu*
and S. G. Cutl-Candy, Department of Pharmacology, University College London,
Gower Street, London WC1E 6BT, UK
Fast excitatory synaptic transmission in the CNS is mediated primarily by AMPAtype glutamate receptors (AMPARs). AMPARs lacking GluR2 subunit are highly
Ca2+ permeable. In the present study, we examined the kinetic properties and calcium
permeability of AMPA receptors at a cerebellar interneuron synapse: the parallel
fiber input to stellate cells. Cerebellar stellate cells express mRNA for GluR2 and
GluR3, suggesting that the AMPA receptors at this synapse may exhibit low calcium
permeability. Intracellular polyamines, such as spermine, have been shown to
selectively block calcium permeable AMPA receptors at the positive (but not
negative) membrane potentials, resulting in a rectifying current-voltage relationship
(I-V curve). We included 100 pM of spermine in the pipette solution and examined
spontaneous or evoked excitatory post-synaptic currents (sEPSC or eEPSC) at
various holding potentials in stellate cells in thin cerebellar slices. In the presence of
GABAa and NMDA receptor blockers (20 pM biccuculine, 100 pM picrotoxin and
20 pM AP-5), sEPSCs exhibited fast kinetics with a decay time constant of 0.82 +
0.30 ms (Mean + SD, n = 4) at -60 mV. The eEPSCs were completely blocked by 25
pM GYKI53655, thus fast synaptic EPSCs are predominantly mediated by AMPA
receptors. The amplitude of sEPSCs decreased from -57 pA to -23 pA as the holding
potential increased from -80 mV to -20 mV. At positive potentials, the amplitude of
sEPSCs was greatly reduced (10 + 4 pA at +40 mV), compared with currents
recorded at negative potentials (-39 + 10 pA at -40 mV) (p <0.001, n = 5, two tailed
student-t test). This result is consistent with a rectifying I-V curve. Furthermore,
joro spider toxin blocked the evoked EPSCs, whereas pentobarbital had little effect
on the EPSCs. Our data suggest that the AMPA receptors mediating fast synaptic
transmission at the parallel fibre - stellate cell synapses are calcium permeable, and
hence that the GluR2 subunit is largely absent from the synapse. (This work is
supported by the Wellcome Trust)

ANALYSIS OF SYNAPTIC CURRENT ELICITED BY OLFACTORY NERVE
STIMULATION: PATCH CLAMP RECORDINGS FROM MITRAL/TUFTED
CELLS IN RAT OLFACTORY BULB SLICES. D. Xiao and J.-W. Lin*.
Biology, Boston University, Boston, MA 02215
Synaptic current mediated by olfactory nerve (ON) input is recorded from
mitral/tufted (M/T) cells in olfactory bulb slices prepared from 10 to 20 day old rats.
(The pipette solution contains Cs+ as the main cation, to optimize space clamp, and
includes 10 mM BAPTA, to block reciprocal dendrodendritic interactions).
Bicuculiine and picrotoxin (5 pM) inhibit a Cl dependent current which occurs after
an initial excitatory inward current. EPSCs recorded in the presence of the GABAa
receptor blockers exhibit both AMPA and NMDA components. I-V plots of the
EPSC show that both components invert at 0 mV. In order to isolate ON mediated
EPSC, strychnine (stry) (5 pM) is introduced, in addition to bicuculiine and
picrotoxin, to block possible glycine dependent inhibition. However, stry inhibits
an inward current whose time course overlaps significantly with ON mediated
EPSC. The stry effect could be mediated by nicotinic receptors because it has been
shown that stry is a competitive antagonist for nicotinic receptors in CNS
(Matsubayashi et al., J. Pharmcol. Exp. Ther. 284:904-, 98). This hypothesis is
consistent with the finding that synaptic currents can still be elicited with strong
stimuli when GABAa , NMDA and non-NMDA receptors are blocked (residual
current). The residual current can be partially blocked by stry. Our findings could
partly be accounted for by assuming that ON stimulation nonspecifically stimulates
cholinergic axons in glomeruli which synapse on M/T cells. However, since
previous studies observed only non-synaptic cholinergic contacts on M/T cells (Kasa
et al., Neurosci. 67:677-, 95), our observation could also be, at least partially, due
to a cholinergic modulation of ON terminals which is tonic and excitatory in nature
(Alkondon et al., J. Pharmcol. Exp. Ther. 278:1460-, 96). Further studies are
underway to determine the role of nicotinic receptors in our findings. (Supported by
BU startup fund).

399.11

399.12

AMPA-R-MEDIATED EPSCs IN CA1 NEURONS EVOKED BY
SYNCHRONOUS GAMMA FREQUENCY BURSTS OF CA3 REGION
IN THE P0-P2 RAT HIPPOCAMPUS. K. Lamsa*, M. Palva, K. Kaila and
T. Taira Department of Biosciences, Division of Animal Physiology, P. O.
Box 17, FIN-00014 University of Helsinki, Finland.
Electrophysiogicai recordings in the newborn rat hippocampal slices
employing various stimulation protocols have indicated that most of the
CA3-CA1 AMPA synapses are functionally silent until P2-3. Instead of
using traditional stimulation patterns we studied the synaptic events
during spontaneous neuronal bursts likely to represent the pattern of
activity occurring in the newborn rat hippocampus in vivo (see Lahtinen
et al. Soc Neurosci Abstr 25). Periodical (burst interval 16±1 s)
spontaneous firing of pyramidal cell population was seen in extracellular
recordings as bursts consisting of 2.9±1.2 population spikes at gamma
(20-80 Hz) frequencies. The spikes were accompanied by AMPA-R
mediated EPSCs in simultaneously whole cell clamped CA3 or CA1
neurons. In single CA1 pyramidal cells synchronous discharging of CA3
circuitry produced a barrage of AMPA currents at gamma frequencies
thus demonstrating a tight synchrony in CA3-CA1 connections already at
birth. The GABA* R-mediated depolarization and the consequent
shunting appeared to be a critical mechanism in the rhytmic inhibition of
the pyramidal cell activity as shown by the hypersyncnronization of the
CA3 output by the GABAa -R antagonist bicuculiine. Surgical removal of
CA3 abolished the barrages of AMPA currents in CA1 neurons. We next
tested for the role of stimulation pattern in the activation of developing
CA1 synapses. Single-puise stimuli applied at CA2 regularly failed to
evoke EPSCs in CA1 neurons. However, upon pulse train stimulation at
“endogenous" CA3 frequencies (40-80 Hz, 4 pulses), 85+10% of stimuli
produced EPSCs and a prominent frequency facilitation in CA1 neurons,
whereas <20 Hz or >100 Hz frequencies were much less effective. We
conclude that spike trains produced by synchronous discharging of CA3
are reliable way to convey glutamatergic CA3-CA1 transmission in the
newborn rat hippocampus. Supported by the Academy of Finland.

CHARACTERISATION
OF
SYNAPTIC
TRANSMISSION
BETWEEN PAIRS OF NEURONS IN LAYER II OF THE RAT
BARREL CORTEX. C.R.L. Simkus and C. Stricker.’' Institute of
Neuroinformatics. Univ. of Zurich / ETH. Winterthurerstr. 190, CH 8057
Zurich, Switzerland.
Cellular interactions were examined between neurons of layer II in rat
barrel cortex. 12-22 day old rats were decapitated, their brains
removed and placed in ice-cold artificial cerebrospinal fluid (ACSF).
300 pm para-sagittal slices were cut and incubated at 36°C for 1 hour.
Afterwards slices were maintained at room temperature until transferal
to the recording chamber. Cells were visualised using the IR-DIC
method. Whole cell recordings were made at 34 ± 1 ’C in the presence
of 10 pM bicuculiine from pairs of neurons in which a current pulse of
0.1-0.3 nA delivered to one cell evoked a synaptic current in the
second cell. Evoked currents had an amplitude of -7.5 ± 6.75 pA (mean
± SD), and a CV of 0.9. Most paired recordings displayed a high level
of spontaneous activity which persisted in the presence of 1 pM TTX.
These mEPSCs had a peak amplitude of -7.4 ± 5.18 pA, a CV of 0.7
and a frequency of 37.7 ± 22.4 Hz (n = 73). This prevented an
accurate measurement of both the evoked amplitude and the
corresponding baseline noise. The majority of these events were
blocked by the application of 1 mM kynurenic acid. To date the
application of glutamine [1 mM], K+ [0.1 mM], Mg2+ [6 mM] or Cd2+ [0.1
mM] to the ACSF has not produced a significant reduction in the
frequency of mEPSCs. However, comparison between the frequency
of mEPSCs recorded in different cell types suggests that bi-polar cells
receive a significantly lower rate of miniature events (15.65 ± 3.97 Hz
versus 47.57 ± 19.78 Hz) than other cell types. Thus the bipolar cell
type is more suitable for examining synaptic interactions in layer II rat
neocortex. Supported by Swiss National Science Foundation (SNF
5002-242787)
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TRANSIENT OCCLUSSION OF EPSPS DURING REPETITIVE
ORTHODROMIC ACTIVATION OF CAI PYRAMIDAL CELLS IN
SITU. L. Lopez*, J.M. Ibarz. and O. Herreras. Dept. Invest., Hosp. Ramon
y Cajal, Madrid 28034, SPAIN.
We studied the modulation of CAI pyramidal cells during repetitive
Schaffer activation in anaesthetized rats by intracellular and field
recordings. Twin pulses were delivered at 1-5 Hz in the ipsilateral CA3
region. Activation at 1-3 Hz yielded multiple population spikes (PSs), and
blockade of pair pulse inhibition. Above 3 Hz, a complex sequence of events
occurred. After a few seconds, a large fEPSP developed in the conditioning
pulse and disappeared in the test volley delivered up to 60 ms later.
Simultaneously, pair pulse inhibition was restored. When antidromic
volleys were used as a test, the a-PS was also abolished. This situation is
self-limited, terminating after 6-10 seconds. Intracellular recordings showed
a depolarizing envelope during the stimulating period. Successive pulses
caused the occurrence of a giant EPSP of ~50 mV and 30-40 ms, that was
followed by a longer steady depolarization that overlapped to the next
pulse, constituting the depolarizing envelope. Antidromic APs were blocked
for 150 ms after each conditioning volley. When the stimulation frequency
decreased, the Vm slowly reached -90 mV before returning to resting value,
abolishing orthodromic APs. The cycle of events can be viewed as a
sequence of hyper-hypotransmission built up by the concurrence of fast,
medium and slow events in different cell subregions. Spanish DGCYT
PB97/1448, CAM 15.

STRUCTURE-FUNCTION RELATIONSHIPS IN LOCAL FEED-FORWARD
EXCITATORY INPUTS TO LAYERS II-III FAST-SPIKING NEURONS IN
PREFRONTAL CORTEX. L.S. Krimer* and P.S, Goldman-Rakic, Sect, of
Neurobioiogy, Yale Univ. Med. Sch.; New Haven, CT 06510.
Intemeurons of the prefrontal cortex are involved in working memory and other
cognitive functions (Rao et al., J Neurophysiol. 1999, 81:1903-16). This role greatly
relies on specific afferents to interneurons. 18 neuronal pairs consisting of local
(center to center distance of 14-64 pm) pyramidal cells monosynaptically connected
to fast spiking interneurons (FSIs) were characterized using dual whole cell patch
clamp recording and complete anatomical 3-D reconstruction.
FSIs were morphologically categorized into small, medium and large arbor basket
cells, as well as chandelier and dendrite-targeting neurons. Approximately each 4th
pyramidal neuron tested was connected to a FSI. Firing of presynaptic pyramidal cells
produced strong postsynaptic responses in targeted FSIs with average amplitudes of
1.2+0.59 mV reaching lmV in most of them. Anatomical analysis revealed strong
correlation (coefficient of correlation 0.94) between the number of putative synaptic
contacts and the amplitudes of the unitary EPSPs. One contact was found in pairs with
postsynaptic responses of <lmV while a maximum 5 contacts produced the strongest,
2.5 mV, mean unitary EPSPs. Pairs with 3 and 4 synaptic contacts had EPSPs of 1.51.7 and 2.0-2.1 mV, respectively. The magnitude of the unitary EPSPs (as well as
number of synaptic contacts) appears to depend on the morphological subtype of FSI.
Using paired-pulse stimulation of presynaptic pyramidal cells at high frequencies
(50-230 Hz) we also found a prominent depression of consecutive EPSPs, which
excluded their summation. The degree of depression was proportional to EPSP
frequency such that the amplitude of the consecutive EPSPs was always filtered to
roughly match the amplitude of the first EPSP, and could not be exceeded even at the
highest firing frequencies of the presynaptic stimulation.
We conclude that local pyramidal neurons provide significant excitatory input to
fast spiking interneurons in the prefrontal cortex and their synaptic operation is
strictly related to synaptic architecture. Supported by MH38546 and MH 44866.

399.15

399.16

OBSERVATIONS ON EPSP-TRAFFIC ALONG THE APICAL DENDRITE^OF
RAT NEOCORTICAL LAYER V PYRAMIDAL NEURONS. Hans-R, Luscher*and
Matthew E. Larkum Department of Physiology, University of Bern, Switzerland and
MPI for Medical Research, Heidelberg, Germany.
We examined the spread and attenuation of spontaneous EPSPs along the apical dendrite of layer V pyramidal neurons in both the somatofugal and somatopetal
directions. Simultaneous triple-recordings were made in whole-cell configuration in
300 pm thick slices of rat (p28) cortex at 34°C. The first electrode was located at the
soma (or proximal dendrite), the second electrode at the mid-dendritic region and the
third electrode just proximal to the large bifurcation in layer II/III (mean distance
between the first and third electrode; 453 pm, range; 370-540 pm, n=6).
EPSPs originating either in the apical tuft or basal dendrite (and soma) could
be distinguished by the succession of attenuation of the EPSPs at the three recording
sites. For EPSPs traveling from dendrite to soma, peak amplitudes measured at the
distal dendrite were always linearly related to the peak amplitudes measured at the
soma over a wide range of EPSP amplitudes (1 to 10 mV, measured at dendrite).
The same linearity in the attenuation was found for EPSPs traveling in the opposite
direction. Mean attenuation from distal dendrite to soma was 4.49 (range; 3.3 to 6.6;
n=5) and from soma to dendrite 2.86 (range 1.7 to 4.1; n=5). Mean 1/e attenuation
for EPSPs was calculated to be 302 pm (range; 250 to 350 pm; n=5) and 468 pm
(range; 320 to 780 pm; n=5) for EPSPs traveling from dendrite to soma and from
soma to dendrite, respectively. Evaluating the 1/e attenuation separately for the
proximal and distal dendritic segments resulted in similar attenuation properties in
two neurons but stronger attenuation in the distal compared to the proximal segment
in the other three neurons. This could be explained by a smaller diameter of the
distal segment and/or different passive membrane properties in the two dendritic
segments. These observations on spontaneous EPSP-traffic in the apical dendrites of
layer V pyramidal neurons are compatible with linear membrane properties.
Supported by SNF Grant No.3100-042055.94

RELIABILITY IN INTRINSICALLY NOISY AND OSCILLATORY
NEURONS OF THE MEDIAL ENTORHINAL CORTEX. J.S. Haas* and
J.A. White. Dept. of Biomedical Engineering and Center for BioDynamics,
Boston University, Boston, MA 02215.

399.17
HIPPOCAMPAL CAI PYRAMIDAL CELLS FROM C57BL/6N MICE
REVEAL HIGH NEURONAL EXCITABILITY
T. Blank* , I. Niiholt and J, Spiess.
Department of Molecular Neuroendocrinology, Max Planck Institute for
Experimental Medicine, Hermann-Rein-Str. 3, 37075 Goettingen, Germany.
In agreement with previous studies we showed by electrophysiological
recordings using conventional intracellular techniques that when Wistar rat
CAI pyramidal cells were excited by prolonged depolarizing current pulses
(0.2-1 nA, 600 ms), they responded with spikes during the first 200 ms.
After that the cells remained silent for the duration of the pulse (spike
frequency adaptation). CAI pyramidal cells from C57BL/6N mice, however,
responded to the same pulse protocol with spiking which persisted
throughout the duration of the depolarization. If a 50-ms intracellular
depolarizing current pulse was applied with an intensity just sufficient to
elicit four Na+ action potentials a prominent biphasic afterhyperpolarization
(AHP) was detected in rat CAI pyramidal cells. This AHP could be divided
into a rapidly decaying medium AHP (mAHP) followed by a long-lasting
slow AHP (sAHP) that decayed over a period of several hundred
milliseconds. In mouse CAI pyramidal cells the amplitudes of both
components were drastically reduced. This finding might account for the
limited spike frequency adaptation since especially the sAHP is important
for the inhibitory control of neuronal excitation. Surprisingly, h/r
corticotropin-releasing factor (250 nM), which is known to increase
hippocampal neuronal excitability in rats was still able to enhance the
spiking behavior of mouse CAI pyramidal cells in response to depolarizing
current pulses by significantly reducing sAHP amplitudes with no effect on
mAHPs. Our overall finding might also be important for the use of both
species across multiple behavioral tasks to evaluate the general role of the
hippocampus in learning. (Supported by the Max Planck Society)
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Neurons of layer 2 of the medial entorhinal cortex, which deliver
information from the neocortex to the hippocampus, are believed to act as
intrinsic neuronal oscillators that participate in the theta rhythm, a 4-12 Hz
rhythm important in learning and memory. In past work, we have proposed
that the stochastic gating of voltage-sensitive persistent Na+ channels in
these cells gives rise to macroscopic noise that contributes crucially to the
cells’ oscillatory dynamics. Here, we examine the effects of this natural
noise source on spike rate and reliability in MEC layer 2 cells. In stochastic
models, intrinsic noise affects both spike rate and reliability; both effects
depend on the frequency content of the stimulus. We have begun exploring
these issues by recording responses of cells in brain slices to repeated
injections of fluctuating currents. Preliminary experimental results are
similar to those from simulations; we find that MEC cells are significantly
unreliable unless fluctuations in input current are large, and that reliability
depends on frequency content of the fluctuating input. These results are
consistent with the hypothesis that MEC cells respond relatively unreliably
to broadband inputs, but more reliably to stimuli with significant energy
within the theta band. In experiments to date, we have modeled synaptic
input as a noisy current source; future work will focus on responses to
artificial synaptic conductance sources.
Supported by grants from NIH and The Whitaker Foundation (to JAW)
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NEURONAL SENSITIVITY TO TETANUS TOXIN REQUIRES
GANGLIOSIDES. K.E, Bateman*. L.C, Williamson and E.A. Neale.
Laboratory of Developmental Neurobiology, National Institute of Child
Health and Human Development, National Institutes of Health, Bethesda,
MD 20892-4480.
Tetanus toxin produces spastic paralysis in situ by blocking inhibitory
neurotransmitter release in the spinal cord. Although di- and
trisialogangliosides bind tetanus toxin, their role as productive toxin
receptors remains unclear. We examined toxin binding and action in
spinal cord cell cultures grown in the presence of fumonisin B, an inhibitor
of ganglioside synthesis. Mouse spinal cord neurons grown for three
weeks in culture in 20 pM fumonisin develop dendrites, axons, and
synaptic terminals similar to untreated neurons, even though thin layer
chromatography shows a greater than 90% inhibition of ganglioside
synthesis. Absence of tetanus and cholera toxin binding by toxinhorseradish peroxidase conjugates or immunofluorescence further
indicates loss of mono- and polysialogangliosides. In contrast to control
cultures, tetanus toxin added to fumonisin-treated cultures does not block
potassium-stimulated glycine release, inhibit activity-dependent uptake of
FM1-43, or abolish immunoreactivity for vesicle-associated membrane
protein, the toxin substrate. Supplementing fumonisin-treated cultures
with mixed brain gangliosides completely restores the ability of tetanus
toxin to bind to the neuronal surface and to block neurotransmitter release.
These data demonstrate that fumonisin B1 protects against toxin-induced
synaptic blockade and that gangliosides are a necessary component of the
receptor mechanism for tetanus toxin.

SYNTHESIS, ASSEMBLY, AND TURNOVER OF a AND p-ERYTHROID AND
NONERYTHROID SPECTRINS IN RAT I-IIPPOCAMPAL NEURONS.
J.Sangerman, A. Shah and SR.Goodman*. Dept of Structural and Cellular Biology.
University of South Alabama College of Medicine. Mobile, AL 36688.
The synthesis and turnover of a-erythroid (aSpIS*) P-erythroid (pSpIS2) anonerythroid (aSpIIEl) and P-nonerythroid (PSpIISl) spectrins was investigated in
cultured hippocampal neurons. [”S]-methionine and subunit specific antibodies were
used to label and immunoprecipitate newly synthesized spectrins in 12-14-day-old rat
hippocampal neurons in culture. Synthesis experiments, performed under the normal
resting conditions of hippocampal neurons in culture showed that the ratio of newly
synthesized aSplS*/pSpIS2 and aSpIISl/pSpIISl spectrins is 1/1 (mol/mol) both in
the soluble and insoluble fractions. Turnover experiments indicated that soluble and
insoluble aSpIS* and pSpIS2 spectrins turnover rapidly (half-life= 16-24 min). The
turnover of neuronal aSpIIEl and PSpIISl spectrins is unique. Soluble aSpIEl (halflife=80 min) and pSpIIE 1 (half-life=53 min) turnover more slowly than their insoluble
contcrparts (30-34 min). The aSpIIEl turnover was significantly different (p<0.05)
from the other measurements except for p Spl IE 1 spectrin. These results revealed that
aSpIIEl and PSpIISl turn over more rapidly once they move from the cytoplasm to the
membrane skeleton. This may occur because membrane bound proteases, specific for
aSpIIEl and PSpIISl, such as calpains are more active in the insoluble versus soluble
fractions. Since aSpIIEl and PSpIISl subunits exist as heterodimers or tetramers when
they enter the membrane skeleton, not only aSpIIEl but also pSpIIEl is quickly
degraded by the membrane bound proteases.
This work was supported by grant R01 NS35937 from National Institutes of Health to
S.R.G.

400.3

400.4

ENHANCED MEMBRANE UPTAKE OF A LIPOPHILIC FLUORESCENT
PROBE FOLLOWING INTRAHIPPOCAMPAL OUABAIN ADMINISTRATION:
A POSSIBLE IN VIVO MARKER OF MEMBRANE DAMAGE. A.I. Omar. V.V,
Senatorov and B. Hu* Loeb Healtb Research Institute, Ottawa Hospital - Civic Campus,
Ottawa, Canada K1Y 4E9
Transient brain ischemia induces significant alterations in lipid structures of neuronal
membrane, which is believed to result from lipid peroxidation and free radical attack. Such
a membrane structural change may serve as an important histological marker of cell injury.
In this study, we have used ouabain-induced Na+, K+-ATPase inhibition and fluorescent
lipophilic Dil to examine whether persistent changes in membrane lipophilicity can be
detected at early stages of cell injuiy. Ouabain (ImM) was stereotaxically co-administered
with either l,r-dioctadecyl-3,3,3',3'-tetramethylindo-carbocyanine perchlorate ‘Dil’
(50pg/ml), ethidium homodimer (4pM) or fluorogold (4% in PBS) into the granule cell
layer (GCL) of the adult rat hippocampus. Tissue was cryosectioned and examined with
epifluorescence microscopy at 1, 2, 3, 4, 6, 8, and 72 hours post-injection. Alternate
sections were stained with Thionine or Haematoxylin and Eosin to evaluate morphological
changes. Ouabain-induced pump inhibition resulted in a dramatic increase in Dil
fluorescence in GCL neurons as early as 4 hours post-injection. This increase in Dil
incorporation coincided both spatially and temporally widi the appearance of reactive
changes characterizing early neuronal injury. However, the fluorescence increase was not
a result of nonspecific membrane leakage because non-lipophilic fluorescent substances
such as ethidium homodimer and fluorogold applied in a similar fashion failed to show any
fluorescence changes. These findings indicate that pump inhibition results in a specific
increase in membrane lipophilicity possibly due to altered lipid structure. Suppoted by the
Medical Research Council (MRC) of Canada and partially by the Heart and Stroke
Foundation of Canada.

EXPRESSION OF INTEGRIN a2 IN RECEPTIVE ENDINGS OF

CUTANEOUS NEURONS. M. Hadiiargyrou, W. Ahrens and P.S. Khalsa*,.
Dept. of Bioengineering, State University of New York, Stony Brook, NY 11794.
Mechanically sensitive neurons in skin respond to in-plane stretch when the
mechanical stress exceeds their thresholds1. This mechanical load is largely carried by
a network of collagen (Type 1) and elastin fibers. Hence, there is likely some physical
connection between the receptive endings of mechanoreceptors and collagen fibers. A
candidate is a transmembrane protein, integrin a2-Pb that is known for many cells to
couple the cytoskeleton with collagen2. The purpose of this study was to establish the
presence of integrin a2 in cutaneous neurons. Skin specimens were obtained from
anesthetized, adult, Spraque-Dawley rats, and were frozen and then sectioned at 10
pm. They were double-labeled with primary antibodies against integrin a2 (rabbit
polyclonal; Chemicon) and peripherin (monoclonal; Chemicon), a neuron specific
protein. Secondary antibodies of goat anti-rabbit biotinylated IGG was used for
integrin a2 and goat anti-mouse rhodamine conjugated IGG for peripherin. To obtain
green immunofluorescence for the integrin a2, streptavadin conjugated to FITC was
added. Images of the specimens were viewed with a confocal laser scanning
microscope using transmitted and the appropriate filtered light.
Fluorescent staining for peripherin demonstrated axons terminating in globular
clusters, similar to a Ruffini ending, or in single endings. Fluorescent staining for
integrin a2 showed the presence of the integrin on the receptor endings but not the
axons. Computer overlays of the peripherin and integrin images indicated colocalization of integrin a2 and peripherin. Transmitted light images showed no
apparent artifacts. Images taken at sequential 2 micron planes demonstrated the
relative course of the axon(s) through the 3 planes and the presence of the larger
receptor ending. These data indicate that integrin a2 is expressed in the receptive
endings of cutaneous neurons. Work is ongoing to examine which types of
mechanically sensitive neurons express this integrin and the neurophysiological roles
it may play in coupling mechanical loads to the receptive endings, and to verify the
role of integrin pt.
1. Khalsa et al., J Neurophys nfl)‘A92-5Q5, 1997. 2. Messent et al., J Cell Sci
111(8):1127-1135,1998.
(Supported by Whitaker RG97-0175)

400.5

400.6

THE FLUIDITY OF OUTER HAIR CELL LATERAL WALL MEMBRANES
COVARIES IN RESPONSE TO OSMOTIC CHALLENGE. H.B, Zhao*, J.W. Kutz
Jr. and W.E. Brownell. Dept. of Otolaryngology, Baylor College of Medicine,
Houston, 77030.
The motility of an outer hair cell (OHC), which can enhance auditory sensitivity
and frequency selectivity, depends on membrane tension and potential. Membrane
tension can be manipulated by changing extracellular osmolarity. Osmotic effects on
the lateral diffusion in OHC membranes are evaluated by fluorescence recovery after
photobleaching. Isolated guinea pig OHCs are incubated with di-8-ANEPPS and
NBD-C6-ceramide dyes which stain the plasma membrane and the subsurface
cisterna, respectively. An intense laser beam is used to bleach a portion of the lateral
wall membrane. The diffusion coefficient is measured from the fluorescence
recovery of the bleached spot as surrounding unbleached dye molecules diffuse back
in. Osmotic challenges are performed by extracellular perfusion of hypotonic and
hypertonic solutions. With either di-8-ANEPPS or NBD-C6-ceramide staining,
hypotonic solutions, which shorten cells, decrease lateral diffusion, and hypertonic
solutions, which elongate cells, increase lateral diffusion; diffusion coefficient
changes range between -30% to +50% at extreme changes (265 and 365 mOsm).
Lateral diffusion in NBD-C6-ceramide stained cells is 2 times faster than that in di-8ANEPPS stained cells. Extracellular perfusion of 10 mM salicylate reduces the rate
of lateral diffusion about 50% in di-8-ANEPPS stained cells and about 20% in NBDC6-ceramide stained cells, but the diffusion coefficient still increases in response to
hypertonic solutions. The changes in lateral diffusion with different osmotic
solutions are similar to those measured in response to different membrane potentials.
Depolarization, which shortens OHCs, decreases diffusion, and hyperpolarization,
which elongates OHCs, increases diffusion. This data supports a hypothesis that the
OHC motility is related to its lateral membrane rippling.
Supported by research grants from the NIH and NSF.

CHOLESTEROL DEPENDENT LOCALIZATION OF NAP-22 ONA
NEURONAL MEMBRANE MICRODOMAIN (RAFT)

£* MAEKAWA1,2*. C. SATO3. K. KITAJIMA3, H. KUMANOGOH2. N.

EUNATSU2. AND Y. SOKAWA2. 1 Div. of Bioscience, KobeUniversity, Graduate School, Kobe 657-8501,2Dept. of Applied Biol.
Kyoto Institute of Technology, Kyoto 606-8585,3Dept. of Bioagricultural
Sci., Nagoya-University, Graduate School, Nagoya 464-8601, Japan
Rat brain derived raft(a Triton insoluble low-density fraction) contains
two calmodulin-binding proteins, NAP-22 and GAP-43(neuromodulin), in
addition to signal-transducing molecules and cytoskeletal proteins. The
assembly of cholesterol and sphingolipids are thought to be responsible
for its resistance to the treatment of detergent, the precise assembly
mechanism of raft is, however, unknown. To know the molecular
mechanism of the protein-lipid interaction in raft, several lipid extraction
methods were applied to raft. Butanol extraction was useful to solubilize
NAP-22 and GAP-43. This result suggested lipid mediated localization of
these proteins on raft. Furthermore, we found that cholesterol extraction
from raft with methyl-p-cyclo-dextrin(MCD) resulted in the concomitant
solubilization of NAP-22. Liposome binding experiments showed a
cholesterol dependent liposome binding of NAP-22. Since NAP-22 is one
of the major protein of brain raft and MCD specifically solubilize NAP-22,
this protein was judged to be important to the assembly of cholesterol in
raft. Interestingly, the binding of NAP-22 to cholesterol containing
liposome was inhibited by Ca2+-calmodulin. Addition of Ca2+-calmodulin
to raft fraction resulted in the solubilization of NAP-22. These results
suggest that the components of raft be under the regulation of Ca2+
signalling. This work was supported by Grants-in-Aid for Scientific Research
from the Ministry of Education, Science, Sports, and Culture of Japan.
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400.8

B-50/GAP-43 STIMULATES ACTIN REORGANIZATION AND
PINOCYTOSIS IN DETERGENT-INSOLUBLE GLYCOLIPIDENRICHED MEMBRANES

EGF INDUCES ACTIN STRESS FIBER FORMATION, AND LPA
INDUCES ACTIN POLYMERIZATION TO FORM LAMELLIPODIA
IN INFANTILE PITUITARY CELLS IN CULTURE. C. Toral, M.-C.
Solano, and M.-E. Mendoza*. Dept. Physiology, Biophysics and
Neurosciences, CINVESTAV-IPN, 07300, Mexico D.F., Mexico.
During the second and third week of postnatal development in the
rat (infantile period) the anterior pituitary presents changes in the
distribution of their different cell types throughout the gland to
acquire the mature cytoarchitecture. This changes in tissue
conformation support important modifications in cell-substratum and
cell-cell contacts. Furthermore, the epidermal growth factor (EGF)
and the lysophosphatidic acid (LPA) are well known regulator factors
of adhesion complexes. We have analyzed changes in actin
organization of pituitary cells of infantile rats cultured on collagen or
collagen/fibronectin in defined medium without or with EGF (30
ng/ml) or LPA (100 ng/ml), and with fetal bovine serum (10 %). At
48 h of culture cells were fixed with paraformaldehyde (4 %) and
actin-F was visualized with FICT-conjugated phalloidin. The labeled
cells were viewed on a confocal laser scanning microscope. Two
major types of alteration are observed- the assembly of stress fibers
with EGF, and an increase in polymerized actin at the plasma
membrane forming membrane ruffles with LPA treatment in either
collagen or collagen/fibronectin matrix. These results suggest that
EGF and LPA participates in the regulation of the adhesion
complexes that have to be involved in the pituitary tissue
reorganization.
Supported by CONACYT (1318P-N9507) and CINVESTAV.

400.9

400.10

NOVEL VARIANTS OF THE GENE ENCODING PNUT/SEPTINLIKE PROTEIN EXPRESSED IN ADULT RAT BRAIN.
S. TODA'-2*Y. KAJII1. K, KANEDA1. A, UMINO1. M, SATO2, and

LIS1 ASSOCIATES WITH CDK5 AND IS ENRICHED IN NEURONAL
GROWTH CONES. Deanna Smith*1, Martin Niethammer1, Lorene
Lanier2, Frank Gertler2, and Li-Huei Tsai1. ’Dept. of Pathology, Harvard
Medical School, Boston MA, 02115,2 Dept. of Biology, MIT, Cambridge
MA, 02139.
Loss of Lisl is lethal to developing embryos, and partial loss
results in brain malformations thought to stem from altered neuronal
migration (Hirotsuni et. al., Nat. Genet. 19, 1998; Hattori et. al., Nature,
370, 1994; Reiner et. al., Nature, 364, 1993). Lisl associates with
microtubules and can influence microtubule stability (Sapir et. al.,
EMBO 16, 1997). Using an affinity purified Lisl polyclonal antibody
we demonstrate a dramatic enrichment of the Lisl protein in neuronal
growth cones. In both cultured embryonic neurons and regenerating
adult DRG neurons Lisl colocalizes with tyrosinated microtubules in
axon endings but is relatively scarce in axon shafts (regions rich in
acetylated microtubules). The protein is present at similar levels in
both membrane and cytosolic fractions of adult and embryonic brain
extracts, as well as in preparations of synaptosomes and growth cones.
Immunoprecipitation experiments demonstrate an interaction between
lisl and p35/cdk5, a serine-threonine kinase whose activity is critical
for brain development. Moreover, cdk5 and Lisl are colocalized to a
great extent in growth cones. Both lisl and cdk5 are present in MAPrich tubulin preparations from adult bovine brain. Our data suggests
that Lisl and cdk5 may contribute to the regulation of microtubule
dynamics throughout embryonic and adult life.

L.H. Schrama*, L.H.J. Aarts, P. Verkadet, J.J.W. van Dalen, A. J, van Rozen, W. H.
Gispen and P. Schotman., RMI for Neurosciences, Utrecht University, Utrecht, The
Netherlands. $ Cell Biology Programme, EMBL Heidelberg and Max Planck Institute
for Molecular Cell Biology and Genetics, Dresden, Germany.
B-50 (GAP-43) is a neural, membrane-associated protein that has been implicated
in neurite outgrowth and guidance. Following stable transfection of Rati fibroblasts
with B-50 cDNA the distribution of B-50 immunolabel in flattened resting cells was
mainly disperse. In contrast, motile cells exhibited high concentrations of B-50 at the
leading edge of ruffling membranes, coinciding with actin polymerization. Time-lapse
studies on Rati-fibroblasts transiently transfected with B-50/EGFP revealed that large
vesicles originated from the ruffling membranes. These large vesicles (pinosomes)
were found positive for Thy-1, a GPI-anchored protein and for rab-7, a late endosome
marker, but negative for rab-5, an early endosome marker. B-50 transfection both
stimulated the expression of Thy-land the number of pinosomes.
In primary hippocampal neurons B-50 also colocalized completely with the
detergent-insoluble glycolipid-enriched (DIG) membrane marker Thy-1,both after
permeabilization with saponin- and Triton-X-100. In Triton-permeabilized cells B-50
was present in varicosities. When, in hippocampal neurons, the extracellular
membrane bound Thy-1 was clustered by antibody-mediated cross-linking,
intracellular membrane bound B-50 staining became redistributed to the Thy-1
immunolabeled membrane patches as well. Rhodamine labeled-transferrin (binding to
its non-raft receptor) was mainly located outside the patches. Our conclusion is,
showing that B-50 is associated with rafts and is not endocytosed via the early
endosomal pathway. This work was supported by NWO grant 903-42-006 and by the
Prinses Beatrix fonds, grant 95-1008.

T, NISHIKAWA*

'Mental Disorder Research, National Institute of Neuroscience, NCNP, 4-1-1,
Ogawahigashi, Kodaira, Tokyo 187-8502, Japan, 2Dept. of Psychiatry, Tohoku
Univ.Graduate School of Medicine, 1-1 Seiryo, Aoba, Sendai 980-8574, Japan
To identify genes contributing to developmental changes of brain function, we
have performed RNA arbitrarily primed PCR to compare the resulting fingerprints
of infant (postnatal day (PD)8) and adult (PD 50) rat neocortex. A cDNA band that
was specific to PD50 was cloned, shown to be a gene fragment with significant
homology to genes of septin family. Semi-quantitative RT-PCR confirmed that it
was expressed more abundantly in PD50 rat neocortex than in PD8. 5'-rapid
amplification of cDNA ends revealed that there were two variants of transcripts
with different 5’-end and they seemed to encode polypeptides of about 370 amino
acids with different N-termini. Eighty-nine % of nucleic acids, and 98% of amino
acids encoded of a transcript with one 5’-end were identical to those of human
CDCrel-1/PNUTLl, thus the former transcript seemed to be the counterpart of the
latter. Northern blot analysis confirmed that the transcripts with another newly
identified 5’-end were expressed specifically in adult brain. As reported in the
human case, the longest transcript including another adjacent 3'-gene, rat Platelet
Glycoprotein lb beta (rPGIbp), was also identified. A transcript with adult specific
5’-end had an unusual fused structure. It consisted of CDCrel-1 transcript without
the putative last exon connected to the second exon of rPGIb0. This untypical
structure might cause a frame shift leading to a truncated protein lacking a coiledcoil domain at C-terminal region. [Supported in part by the Research Grant
#100109 from the Ministry of Health and Welfare, Japan (MS)]

400.11

400.12

DMAP-45: A NOVEL CYTOSKELETON-ASSOCIATED PROTEIN, WHICH
MAY PLAY A ROLE IN MORPHOLOGICAL PLASTICITY. K.A, Chanev1*.
T.L. Karr2. W.T. Greenough3. M.M. Rasenick4.
‘Dept. of Physiology and
Biophysics, Univ. Of Illinois College of Medicine; 2Dept. of Anatomy and
Organismal Biology, Univ. of Chicago; 3Depts. of Psychology, Cell and Structural
Biology, Neuroscience Program and Beckman Institute, Univ. of Illinois; 4Depts. of
Physiology and Biophysics and Psychiatry, Univ. of Illinois College of Medicine.;
Chicago, IL 60612.
DMAP-45, Drosophila Microtubule Associated Protein, is a protein of
approximately 45 kD that associates with microtubules in vitro. Originally
identified in Drosophila melanogaster, DMAP-45 is found in other species and cell
lines and increases markedly in expression during synaptogenesis and dendntic
outgrowth in the rat brain and in response to visually-driven increases in activity.
The distribution and expression of DMAP-45 was studied in PC 12 cells.
Immunofluorescence data revealed that DMAP-45 was diffusely distributed
throughout the cell soma, but concentrated in the lamellopodia, filopodia and
growth cones. Also, DMAP-45 co-loealized with both 0- and y -actin isoforms in
peripheral areas of the cell. This peripheral colocalization was most prominent in
areas undergoing significant structural changes. Actin co-purified with DMAP-45
during the immunoprecipitation of DMAP-45 and DMAP-45 was a minor
component of purified actin preparations. These data suggest DMAP-45 may play a
significant role in microfilament function either as an actin binding protein or as a
unique form of actin. DMAP-45 may also be important for microtubule formation
and function, as DMAP-45 colocalizes with y -tubulin at the centrosome and copurifies with microtubules. Finally, differentiation of PC 12 cells with Nerve
Growth Factor (NGF) increased the expression of DMAP-45. Colocalization of
DMAP-45 with both actin and tubulin suggests that DMAP-45 may be involved in
the coordination and function of microtubules and microfilaments. Furthermore,
changes in DMAP-45 expression seen during neurite outgrowth and differentiation
give rise to the possibility that DMAP-45 plays a role in regulating structural
changes such as those seen during cell differentiation and neuronal development.

RACl IS INVOLVED IN DYNAMICS OF DENDRITIC ARBOR IN VIVO
Z. Li1-2*, L. Van Aelst2 and H. T. Cline2. ‘Department of Neurobiology and
Behavior, SUNY at Stonybrook, NY 11790; 2Cold Spring Harbor Laboratory, 1
Bungtown Road, Cold Spring Harbor, NY 11724.
The small GTPase Rac is a member of the Rho family GTPases. It regulates
cytoskeletal reorganization. Our interest is to determine the possible function of
Rac in neural plasticity. We investigate this issue in albino Xenopus tadpoles, an
experimental system known to exhibit structural plasticity.
We made use of recombinant vaccinia virus to express myc epitope tagged,
constitutively active human Racl, RacV12 in optic tectal cells of tadpoles.
RacV12 is expressed in tectal cells starting one day after viral infection as indicated
by myc immunostaining. Single tectal cells are visualized by labeling with the
fluorescent dye, DiICI8. Confocal images of labeled cells are collected every two
hours over an eight-hour period during the second day after viral infection. Entire
neuron structures are obtained by three-dimensional reconstruction of the confocal
images.
By superimposing the three-dimensional reconstructions of cells collected over
the eight-hour period, we found dendritic branches were added and retracted
dynamically in both RacV12 expressing animals and control animals. Interestingly,
tectal cells added and retracted significantly more dendritic branches in
experimental animals than in control animals. In addition, the lifetimes of dendritic
branches decreased in the experimental group. Based on the morphological data,
we conclude that Racl is involved in the dendritic arbor dynamics in tectal
neurons. The dendritic arbor became more dynamic with elevated Racl activity.
Supported by the NIH (HTC).

Div. of Biol. Sciences at Univ. of Chicago,NIA,NIMH,NIHLB
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400.14

DIFFERENTIAL GENE EXPRESSION AFTER MECHANICAL OPTIC NERVE
INJURY. D.C. Dieterich1*, M. Kreutz1, C.L Seidenbecher1*, T.M, Bockers12, E.D.
Gundelfmger1 and M.R. Kreutz'. 'Leibniz-Inst. for Neurobioiogy, 39118 Magdeburg;
*Inst. Pharmacol., O.-v.-G.-Univ. Magdeburg, 2Inst. Anat.,WWU Munster, Germany.
Mechanical damage of the optic nerve induced by a calibrated crush device leads to
axon shear, stretch and membrane rupture. Despite this structural damage rat optic
nerves exhibit extensive reorganization processes at the ultrastructural level within 1
week post-injury. From a screen for differentially expressed genes in the retinal
ganglion cell layer and the optic nerve we identified several candidate genes associated
with cytoskeletal components, signal transduction and transcriptional regulation. In
situ hybridization and reverse northern blot analysis were performed to show the
upregulation of candidate genes. These experiments showed that the DNA binding
protein RYB-a is upregulated in response to mechanical injury. RYB-a is known to
be a growth inducible gene that encodes a protein with a conserved cold-shock domain
and participitates in transcriptional regulation. Moreover, nedd5, a mammalian
GTPase / septin which is a cytoskeletal component interacting with actin-based
structures and found in neurites and growth cones, was found to be differentially
expressed and its expression seems to be growth factor-dependent. In addition, aactinin-2 and MAP-lb seem to be differentially expressed, a-actinin-2 belongs to the
actin-based membrane cytoskeleton which takes part in forming a meshwork beneath
the cytoplasmatic surface of the growth cone membrane and therefore is supposed to
be involved in adhesion of growth cones and in neuronal plasticity. MAP-lb is a
component of cross-bridges between microtubules in neurons. Furthermore, kinases
interacting with the cytoskeletal proteins (ppl25FAK, CAK8/PYK2) as well as
members of the MAP-kinase and Jun-kinase pathway are regulated by crush injury.
Supported by grants from the DFG (KR 1879/1-1) and from the Fritz-ThyssenStiftung.

MAP-2c AND SRC FAMILY OF NON-RECEPTOR TYROSINE
KINASE INTERACTIONS

S. P. Zamora-Leon1. K. O’Guin1. G. Lee2 and B. Shafit-Zagardo1*. ’Dept. of
Pathology, Albert Einstein College of Med.; Bronx, New York 10461. 2Dept. of
Internal Medicine, Univ. of Iowa College of Med.; Iowa City, Iowa 52242.
Microtubule-associated protein 2 (MAP-2) is a member of heat-stable, structural
MAPs that is developmentally expressed in neurons and oligodendrocytes. MAP-2
functions in cytoskeletal dynamics, neuronal plasticity and dendritic elongation, and
process outgrowth in oligodendrocytes. MAP-2 is composed of a projection domain
that regulates its interactions with other cellular proteins, and a short microtubule
binding domain. Upstream of the microtubule binding domain is a stretch of PXXP
repeats and a class I proline-rich motif consistent with a SH3 binding domain of Src
family members of non-receptor tyrosine kinases. Transient transfections with human
MAP-2c cDNA in COS cells, and the subsequent incubation of the cell lysates with the
SH3 domain of different GST-fusion proteins (Fyn, Src, PLCy, and spectrin),
demonstrated that MAP-2c is able to interact with Fyn and Src. Experiments using
purified bacterially expressed human MAP-2c confirmed this result, as well as showing
an interaction of MAP-2c with Grb2 (spectrin, Lck, PLCy, Abl, Crk, were identified as
non-interactions in this system). Blot overlay experiments of MAP-2c and the nonreceptor tyrosine kinases and Grb2, showed that the affinity of the interaction of MAP20 is Fyn > Grb2 > Src. Two-dimensional gel electrophoresis demonstrated that MAP20 from a human neuroblastoma heat-stable homogenate is phosphorylated on
tyrosine(s). We hypothesize that the binding between MAP-2c and Fyn and MAP-2c
and Grb2, in response to extracellular signals, leads to activation of intracellular
pathways that can alter microtubule dynamics by regulating the state of
phosphorylation of the cytoskeleton.
This work is supported by grants from the National Institutes of Health (NS38102) and
The Multiple Sclerosis Society (RG3020).

400.15

400.16

CLONING AND CHARACTERIZATION OF MUSCLE ALP

NEURONAL ACTIN DYNAMICS AND ISCHEMIC STRESS.
B.W. Bernstein* and J.R. Bamburg. Department of
Biochemistry and Molecular Biology and Molecular, Cellular,
and Integrative Neurosciences Program,
Colorado State University, Fort Collins, CO 80523.
Calcium and H+ homeostasis are disrupted early in the
cascade of ischemic injury. Because the maintenance of
filamentous actin (F-actin) levels is critical for normal functioning
of transmembrane proteins involved in controlling intracellular
Ca++and H+ concentrations, we probed the effect of modulating
actin dynamics on the ability of cells to survive transient
depletion of ATP. Cultured neurons, dissociated from 11 d
chick ciliary ganglia, were incubated for 40 min in PBS (+/-)
ATP-depleting reagents (10mM NaN3/6mM 2-deoxyglucose).
ATP depletion increased the number of necrotic cells ~10x
(assessed by propidium iodide permeability). This increase was
blocked by 45 min pretreatment with 2pM jasplakinolide, a
membrane permeable, sponge cyclodepsipeptide that stabilizes
actin filaments. This jasplakinolide treatment appears to
stabilize filaments in ciliary cells since it reduces depolarizationinduced neurotransmitter vesicle cycling which is dependent on
actin assembly/disassembly. (Supported in Part by Research
Grant No. 6-FY98-92 from the March of Dimes Birth Defects
Foundation (BWB) and by NIH grant GM35126 (JRB)).

400.17

400.18

SUBCELLULAR LOCALIZATION OF NEUROFIBROMIN:
FUNCTIONAL IMPLICATIONS. D. Mangoura*. Y, Cheng, and C. Li.
Pediatrics, Committee on Neurobioiogy, and Committee on Cell
Physiology, The University of Chicago, Chicago, IL 60637.
The protein product of the neurofibromatosis (NF-1) gene,
neurofibromin (NF1), is abundantly expressed in the cerebral cortex
during development, but its physiological function remains unknown. We
have explored the expression, subcellular localization and targeting of
NF1 in developing telencephalic neurons as means to understand its
function. Western blot analysis in homogenates of telencephali throughout
emhryogenesis revealed that NF1 expression increased with days in
development, with two peaks, a 5-fold increase of expression at E10 and
an 8-fold increase at E18 over expression at E6. Further comparative
analysis using astrocytic and neuronal cultures, derived from relevant
embryonic days, supported the idea that NF1 upregulation occurred after
the peak of proliferation of neurons and astrocytes in the chick
telencephalon, respectively. Confocal microscopy of immunostained
neurons showed intense NF1 staining in close association with the inner
plasma membrane and the cortical cytoskeleton (CC), in particular at the
soma and major processes. Examination of Triton X-100 solubilities were
employed to further investigate the subcellular localization of NF1. The
following subcellular fractions were established: a Triton-soluble, a Triton
insoluble at 100,000 x g and a Triton insoluble at 15,000 x g (RIPA
soluble). Analysis of the fractions using protein markers for intermediate
filaments, microtubules, or cortical cytoskeleton proteins revealed that,
albeit some differences in developmental regulation and cell type-specific
abundance, NF1 mostly colocalizes with CC proteins, in particular
vinculin. Our data suggest that NF1 may have a role in the differentiation
of the membrane cytoskeleton (support: HD09402 to DM).

CNR, CADHERIN-RELATED NEURONAL MOLECULE, FAMILY HAVE

BINDING PROTEIN (MAB). R, C. Bunn2. H. Xia1. and D. S. Bredt2*.
^Dept. of Pharmacology and ^Dept. of Physiology, Univ. of California at
San Francisco, San Francisco, CA 94143.
Fascioscapulohumeral muscular dystrophy (FSHD) is the most
common autosomal dominant muscular dystrophy. The chromosomal
locus for FSHD has been mapped to a deletion within a non-coding,
subtelomeric region of chromosome 4, suggesting that the disease arises
from altered expression of a nearby gene. One gene that lies near the
FSHD locus encodes the actinin-associated LIM protein (ALP), whose
expression is upregulated in FSHD. ALP contains multiple proteinbinding domains that may nucleate a multi-protein complex in muscle.
Here we report the cloning and characterization of a component of the
ALP complex, a novel protein named muscle ALP binding protein
(MAB). MAB shows significant homology to the Ig-like repeats found
in another cytoskeletal protein, titin, which may be indicative of a role for
MAB in cytoskeletal organization. MAB is highly enriched in cardiac
and skeletal muscle and is expressed at lower levels in other tissues. We
show by in vitro and in vivo binding assays that the C-terminus of MAB
interacts with the PDZ domain of ALP. Furthermore, MAB co-localizes
with ALP at the Z-lines of cardiac and skeletal muscle. We conclude that
MAB is an authentic component of the ALP complex in vivo. Because
the ALP complex may be disrupted in a common form of muscular
dystrophy, future studies will analyze the role of this protein complex in
muscle development and cytoskeletal organization.
This work was done during the tenure of a research fellowship from the
American Heart Association, Western States Affiliate.
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A

DIFFERENT

LOCALIZATION

MECHANISM

TO

SYNAPTIC

MEMBRANE AGAINST THE OTHER CADHERINS. T. Mutoh andT.Yagi*
Lab. of Neurobioiogy and

Behavioral Genetics,

National

Institute for

Physiological Sciences, Okazaki 444-8585, Japan.
The subcellular spatiotemporal targeting of neuronal adhesion molecules is

crucial for building the neuronal network formation. We previously reported a
novel family of cadherin-related neuronal receptor (CNR) which binds to
Fyn-tyrosine kinase. CNR1 protein is located at the synaptic plasma membrane

(Kohmura et al., Neuron 20, 1137-1151, 1998). To investigate adhesion activity
of CNR family, we over-expressed the intact CNR1 or CNR1-GFP proteins in

L and Neuro2A cell lines. Both proteins were, however, concentrated in the

endoplasmic membrane but not in the plasma membrane. On the other hand, E-

cadherin could be transported to the plasma membrane. To investigate the
transporting mechanism to the plasma membrane of CNR family, we over-

expressed the CNR1 protein into the other cell lines (COS7, CHO, HEK293

and CHP212). Interestingly, only in the HEK293 the half of CNR1 proteins
could be transported to the plasma membrane. It is reported that CNR1, E- and
N-cadherins localize at the synaptic membrane in vivo.

These results

suggested that CNR1 has different localization mechanism to the synaptic
membrane against the other cadherins. These different mechanisms may play
different roles for building neuronal network formation.

MEMBRANE STRUCTURE AND CYTOSKELETON: TRAFFIC, TURNOVER AND DEVELOPMENT
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400.20

GAPl INOSITOL (1,3,4,5)-TETRAKISPHOSPHATE BINDING PROTEIN IS
LOCALIZED TO THE NEURONAL GOLGI APPARATUS. M.J, Schell* and
R.F. Irvine. Dept. of Pharmacology, Tennis Ct. Rd, University of Cambridge, UK.
The status of inositol (l,3,4,5)-tetrakisphosphate (IP4) as a second messenger
remains controversial due to the lack of molecularly-defined target proteins capable of
transducing the IP4 signal. Recently, a mammalian family of GTPase-activating
proteins related to the Drosophila protein GAPl have been shown to bind IP4 with
high affinity and selectivity via a pleckstrin homology domain that prefers 3phosphorylated inositides. Although GAP11P4BP is expressed in most tissues, highest
expression occurs in neurons. Using an affinity-purified polyclonal antibody directed
against the C-terminus of GAP1IP4BP, we find the protein concentrated in the cell
bodies of all brain neurons, with lesser amounts in dendrites. In cultured
hippocampal neurons we observe a prominent staining of thfc Golgi apparatus.
Confocal microscopic analysis of neurons double-stained with a battery of marker
antibodies indicates that GAP1IP4BP is localized to the cytosolic face of the cis Golgi,
where it colocalizes with 58K, a marker recently identified as formiminotransferase
cyclodeaminase. Perturbation of Golgi structure with nocodazole or okadaic acid
fragments the organelle, but preserves its stacked structure as units of "micro-Golgi",
which disperse throughout the neuronal cell body and stain positively for GAP1,P4BP.
In striking contrast, disruption with brefeldin A (BFA) causes a rapid (5 min)
dispersion of GAPlIP4BP-positive structures which no longer co-localize with the
Golgi markers, except for a partial overlap with 58K. These structures persist even
after 30 min of BFA treatment, a time when most of the Golgi has collapsed into
the endoplasmic reticulum. Our results hint that IP4 (or PIP3) acting via a GAPl
protein, could regulate membrane traffic near the ER-Golgi interface; small Gproteins (in addition to rabs) could be involved in this process. (MJS is a recipient
of a Burroughs-Wellcome Fund Hitchings-Elion Fellowship).

GLYCOLIPID-LIKE MOLECULAR MIMICRY OF A HUMAN PROTEIN.
M.A. Gama Sosa, R. DeGasperi, E.H. Kolodny*. Dept. of Neurology,
New York University School of Medicine, New York, NY 10016.
It has been shown that certain peptide sequences can mimic
structurally and functionally carbohydrate antigenic determinants. We
have cloned an unusual human cDNA containing an Alu cassette and
coding for a type II transmembrane protein (GCP) with a peptide
sequence which can structurally mimic a galactosylceramide/sulfatide-like
epitope. Galactosylceramide and sulfatide have been implicated in
important functions including cell adhesion, cell differentiation and cell
recognition by pathogens. Sulfatide in particular, is known to interact with
several protein ligands including cell adhesion molecules, blood clotting
factors and leukocyte homing receptors. We have investigated the tissue
distribution of GCP using immunohistochemical analysis. These studies
showed GCP-immunoreactivity present mainly in the vascular
endothelium; in the brain white matter, oligodendrocytes, and basal
ganglia; in the kidney medulla, in the Henle's loop and in the basolateral
membrane; and in the epidermal basal membrane. In order to investigate
if the structural glycolipid-like molecular mimicry of GCP extends to
functional mimicry, we prepared a recombinant GCP (rGCP) and tested its
binding to the adhesion molecule L-selectin, a known sulfatide binding
protein. Our results show that rGCP binds to L-selectin. This binding
mimics that of sulfatide to L-selectin since pre-incubation of rGCP with the
anti-sulfatide monoclonal antibody R-mAb decreases rGCP binding.
These results suggest that the glycolipid-like molecular mimicry of GCP
may be involved in leukocyte adhesion and inflammation processes by
virtue of its ability to bind to selectins as sulfatide is known to do.

400.21
POTASSIUM INDUCES BILAYER-MOBILITY IN SYNAPTOSOMAL MEMBRANE OF SQUID BRAINS.; K, SunavashikiKusuzaki L T. Kikukawa2, and T. Araiso2.: ’Adaptive Systems,
HOKUHAI Institute of Recycling. 2Center for Advanced Science and
Technology, Hokkaido University.; Sapporo, Japan.

In order to define whether the effect of fluidity evoked by KCI on bilayers
responses in
the maintenance of synapses, we have studied the
relationships between mobility of synaptosomal membrane (MSP) and the
factor of depolarization with the synaptosomes (SPMs) by the method of the
time-resolved fluorescence depolarization (TRFD) with 1,6-Diphenyl-1,3,5hexatriene (DPH). (1) There was a significant increase in the anisotropy
response within bilayers of SPMs relative to controles. (2) The changes of
MPS with K + ( 8 mM) induced a rapid increase of vesicles followed by a
decay towards a plateau in vitro. The effect at second phase may be
partially due to a non-specific effect.
The present observation provided that the first anisotropy-demonstration
which MSP was capable of synaptosomal fluidity and polysomes activities
with cations on transition by the TRFD. These results suggest that at the
concentration used DPH is partial to dense-types which do not belong to the
non-specific type. The activity of polysomes within the membrane
presumably contribute to ductile functions in synaptogenesis and synaptic
plasticity as well in the central nervous system.

NEUROGLIA AND MYELIN IV

401.1

401.2

DEVELOPMENT OF AN IN VITRO MODEL OF THE NODE OF
RANVIER. M. R, Kaplan*. M. H. Cho. B. A, Barres. Dept. of
Neurobiology, Sherman Fairchild Science Building, Stanford Univ.,
Sch. of Med., Stanford, CA 94305-5125.

PROTEINS ASSOCIATED WITH ION CHANNEL CLUSTERING DURING
AXONAL DEVELOPMENT. A.W. Custer1*. S. Poliak2. E. Peles2. T. Sakurai3. M,
Grumet3. and P. Shrager1. 'Dept. of Neurobiology & Anatomy, Univ. of Rochester
Med. Ctr., Rochester, NY 14642,2Weizmann Inst., Rehovot, Israel, 3NYU Med. Ctr.
The role of several associated proteins in ion channel clustering was studied in
developing myelinated axons. Ankyrin^ and NrCAM are localized along with voltagegated Na+ channels (NaCh) at the node of Ranvier., Fluorescence immunocytochemistry was used to examine the distribution of ankyrinG, NrCAM, Caspr, and
NaChs in teased and cryosectioned rat sciatic nerve. Dramatic changes in expression
were noted during the first postnatal day. We have previously demonstrated that NaCh
clusters invariably form at the edges of ensheathing Schwann cell processes. Caspr is
a component of the axoglial junctions that form in the paranode. On day PO just 31 %
of the early NaCh clusters were adjacent to Caspr-positive sites. However, by Pl this
number had risen to 76%. Ankyrin^ colocalized with NaChs at just 14% of sites at P0,
but by Pl ankyrin^ and NaCh immunoreactivity overlapped precisely at 90% of sites.
This suggests that a) fully formed paranodes are not required for initial NaCh
clustering and b) ankyrinG may be recruited to NaChs after the latter have already
clustered. Clusters of NrCAM appear as early as PO, usually associated with NaChs.
At P0 >90% of NaCh clusters are colocalized with NrCAM. The zone of NaCh
immunofluorescence is smaller than and nested within that of NrCAM labeling,
potentially implicating NrCAM in early NaCh clustering.
Kvl.2 clustering was studied during development of the optic nerve from P12-P47.
The number of Kvl.2 clusters per field of view rose from 0.3 at P12 to 28 at P47.
Caspr2, a protein homologous to Caspr, is found in the juxtaparanode. Caspr2
overlapped precisely with Kvl.2, but was clearly seen at only half of the Kvl.2
immunoreactive sites. At the other 50% of sites Caspr2 was too weak to allow an
unambiguous determination. This molecular association may have functional
consequences. Supported by NIH and the National Multiple Sclerosis Society.

Saltatory conduction depends on the formation of regularly-spaced
clusters of sodium channels at nodes of Ranvier. We have previously
shown that oligodendrocytes, but not astrocytes, have the ability to
induce sodium channel clusters at the predicted interval when cocultured
with purified rat retinal ganglion cell neurons (RGCs) for two weeks
(Kaplan et al, 1997, Nature 386). Here we present a revised experimental
model which is more amenable to manipulation. We have found that
concentrated oligodendrocyte-conditioned medium can induce 4-5X more
sodium channel clusters than control medium in RGCs that have been
aged in culture for 1 week. This clustering occurs in as little as two days.
A large number of oligodendrocytes can be obtained by expanding
oligodendrocyte precursor cels (OPCs) purified from postnatal rat brain.
Oligodendrocytes, once differentiated, start to secrete the cluster inducing
activity in approximately one week. The activity of the conditioned
medium is enhanced by adding additional amounts of an irrelevant
protein, BSA, to the medium prior to collection. The medium is
concentrated by centrifugation through a lOkD molecular weight cutoff
filter. Using this new system, we are now investigating the role of
different cytoskeletal components in the development and maintenance of
clustering. In addition, we are using protein synthesis/targetting inhibitors
to determine the source of the clustered channels.
Funding sources: National Multiple Sclerosis Society, Epilepsy Training
grant
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401.4

INTERACTIONS OF Nr-CAM ARE CRITICAL FOR CLUSTERING OF
ANKYRIN AND SODIUM CHANNELS AT THE NODE OF RANVIER.
M, Lustig.* G. Zanazzi, T. Sakurai. C, Blanco. J. Salzer, and M, Grumet.
Depts. of Pharmacology and Cell Biology, NYU Medical Center, 550 First
Avenue, New York, NY 10016.
High concentrations of voltage-gated sodium channels are
specifically clustered at nodes of Ranvier, allowing saltatory conduction of
action potentials from node to node down the axon. Although the
mechanisms involved in concentrating the sodium channel at the node are
unclear, its interaction with the cytoskeletal protein ankyrin-G, which is
also clustered at the node, appears to be crucial for node formation.
Interactions of ankyrin-G with neurofascin and Nr-CAM, two members of
the LI family of cell adhesion molecules (CAMs), suggest that the early
expression and localization of these proteins at the node of Ranvier may
be a critical step in regulating node formation. We tested the effects of
Nr-Fc, a chimera of the ectodomain of Nr-CAM with the constant region
of human Ig, in node formation in vitro using myelinating co-cultures of
rat Schwann cells and DRG neurons. Nr-Fc inhibited clustering of sodium
channels and ankyrin whereas control treatments with human Ig and LlFc had no effect on node formation. Nr-Fc perturbation of nodal
clustering was specific in that it did not affect myelination as detected by
immunoreactivity for myelin basic protein, or Schwann cell proliferation
measured by incorporation of BrdU in the co-cultures. Our data suggest
that Nr-CAM interactions may be important in the development of the
node of Ranvier. Supported by grants from NIH and National Multiple

SODIUM CHANNEL CLUSTERING AT THE NODE OF RANVIER
REQUIRES CONTACT WITH MYELINATING SCHWANN CELLS.
W, Ching1, G, Zanazzi1*, S.R, Levinson2, and J.L. Salzer1.
'Dept. of Cell Biology, NYU School of Medicine, New York, NY 10016;
2Dept. of Physiology, Univ. of Colorado Health Sci. Center, Denver, CO 80262

401.5

401.6

CASPR AND CONTACTIN CO-LOCALIZE IN THE PARANODAL AND
INTERNODAL MEMBRANES OF MYELINATED AXONS. J.C. Rios'*, M,
Lustig1, M. Grumet1, L. Gollan2, E. Peles2, J.J. Hemperly3, and J.L. Salzer1. 1 Depts.
of Cell Biology and Pharmacology, NYU Medical Center, NY, NY, 10016; 2Dept.
of Molecular Cell Biology, The Weizmann Institute of Science, Rehovot, Israel;
3Becton Dickinson Research Center, Research Triangle Park, NC 27709.
Caspr and contactin have been shown to interact laterally in the plasma
membrane of neurons (Peles et al., EMBO 16: 978-988). In previous studies, we
demonstrated that Caspr, but not contactin, redistributes to the paranodal junctions
(PNJs) in myelinating Schwann cell-neuronal co-cultures (Einheber et al., JCB
139: 1495-1506). Using new antibodies to contactin, we have reexamined the
distribution of this protein in rat teased sciatic nerve and co-cultures. We now
report that contactin is co-localized with Caspr at the paranodes and in a spiral in
juxtaparanodal and internodal regions. The contactin staining is blocked by preincubation with a contactin-Fc fusion protein demonstrating its specificity.
Developmental studies performed on rat sciatic nerve and in myelinating cocultures demonstrate that contactin and Caspr cluster at the paranode with a
similar time course. The localization of contactin at the PNJs was also confirmed
using an Fc-fusion protein of the carbonic anhydrase domain of receptor-like
protein tyrosine phosphatase 0 (PC-Fc) which is known to bind contactin. We
next used the PC-Fc to examine the cis interactions of Caspr and contactin in cocapping experiments. PC-Fc efficiently induced the clustering of contactin and
Caspr on the surface of cultured dorsal root ganglion (DRG) neurons. In
preliminary studies, anti-Caspr antibodies effectively clustered all the Caspr, but
only a portion of the contactin staining. These results are consistent with the
existence of two contactin pools: one Caspr-associated, the other free, both of
which are targeted to the PNJs. Supported by NIH grant NS38208.

ISOLATION OF A HIGH MOLECULAR WEIGHT COMPLEX FROM THE
PARANODAL JUNCTIONS: EVIDENCE FOR AN ASSOCIATION OF
CONTACTIN AND CASPR. C.V, Melendez-Vasquez1, S.Einheber1* E.Peles2
and J.L. Salzer1. ‘Department of Cell Biology, N.Y.U. Medical Center, New
York, NY10016; 2 Department of Molecular Cell Biology, The Weizmann
Institute of Science, Rehovot. Israel.
The paranodal junctions (PNJs), are specialized structures that form
between the terminal loops of the myelin sheath and the axon. They are
believed to provide a barrier to ion flow that is critical for saltatory conduction
and may mediate local axon-glia signaling. We recently identified the first
major component of these junctions, contactin-associated protein (Caspr), an
axonal protein which re-distributes to the paranodal regions of the axon during
myelination (Einheber et al. JCB 139:1495-1506). To further elucidate the
molecular composition of the PNJs, we have isolated detergent complexes
enriched in Caspr and have characterized their size and protein composition.
Membrane fractionation experiments showed that Caspr and contactin are
enriched in the "heavy" myelin fraction purified from adult rat brain, which is
known to contain axolemma and glial plasma membranes. Furthermore, both
proteins are co-extracted by non-ionic and zwitterionic detergents from this
fraction. Preliminary data show that Caspr and contactin can be coimmunoprecipitated from these “heavy” myelin detergent extracts and from
extracts of primary DRG neurons and myelinating Schwann cell-neuronal cocultures. Sizing in sucrose gradients indicates that whereas Caspr migrates as
part of a large complex with an average MW of 550 kDa, contactin migrates
over a much wider range of molecular weights. These results suggest that Caspr
and a subpopulation of contactin co-associate in neurons before myelination and
maintain this association at the PNJs. Supported by NIH grant NS38208.

401.7

401.8

A TEST FOR THE INTERACTION OF CONTACTIN AND CASPR WITH Na+
CHANNELS IN REMYELINATING AXONS. K. Kazarinova1*, Z.C. Xiao1, E.
Berglund2, B. Ranscht2, L. Gollan3, E. Peles3, L. Mattei4, L. Isom4 and P. Shrager1.
’Depts. of Biochem./Biophysics & Neurobiol./Anat., Univ. of Rochester Med. Ctr.,
Rochester, NY 14642; 2Bumham Inst; 3Weizmann Inst., 4Univ. Michigan.
The distribution of the glycosylphosphatidylinositol (GPI)-anchored recognition
molecule contactin/F3/Fl 1 and of the contactin-associated transmembrane receptor
Caspr/paranodin was followed in remyelinating axons. Demyelination was induced
by injection of lysolecithin in the adult rat sciatic nerve. The interaction of contactin
and Caspr with Na+ channels (NaCh) was studied with immunofluorescence at new
nodes of Ranvier forming during remyelination. At 9 days postinjection (dpi) the
distribution of both Caspr and contactin was continuous in demyelinated fibers. At
9-13 dpi, remyelination began, as confirmed by positive myelin-associated
glycoprotein (MAG) labeling. At that time, Caspr and contactin formed broad
clusters at the edges of Schwann cell processes. By 13 dpi as new paranodes
formed, Caspr clusters appeared on the axonal surface within them, pointing to this
molecule as an important component of axoglial junctions during remyelination.
From its homology with NaCh 02 subunits, contactin has been suggested as a
possible modulator of these channels. In normal adult axons, contactin is found in
paranodal zones, but not in the node. However, during remyelination contactin was
seen at paranodal regions of new nodes, but was also found within the nodal gap,
where it colocalized with NaCh clusters. This overlap between NaChs and contactin
may imply interaction between the two. This idea is being further tested by patchclamp recording from Chinese hamster lung (CHL) cells transfected with both
contactin and the different subunits of Na channels.
Internodal lengths were measured by labeling either Caspr or NaCh clusters.
These correlated very well and were found to triple between 9 and 36 dpi. Sites of
new nodes thus are not predetermined by the axon, but rather change as Schwann
cells grow. Supported by NIH and the National Multiple Sclerosis Society.

EVIDENCE FOR IONOTROPIC P2X NUCLEOTIDE RECEPTOR ON
SCHWANN CELLS IN SITU FROM CHANGES IN INTRACELLULAR
CALCIUM AND SODIUM ACTIVITY. C. Mayer, F. Rucker, R. SanchezBrandelik and, P. Grafe*. Department of Physiology, University of Munich,
Pettenkoferstr. 12, D-80336 Munich.
The paranodal Schwann cell region is of major importance for the function of a
myelinated axon. In the present study we searched for a possible ionotropic effect of
extracellular ATP in this Schwann cell compartment.
Confocal Ca2+ imaging of myelinating Schwann cells in rat spinal roots, stained
with Calcium Green and Fura Red, showed that ATP, UTP, and 2'-3'-O-(4benzoylbenzoyl)-adenosine 5'-triphosphate (BzATP) induced a rise in the free
intracellular Ca2+ in the paranodal Schwann cell cytoplasm. Other agonists at P2
nucleotide receptors such as a,0-meATP, and 2-(methylthio)-adenosine 5'triphosphate (2-MeSATP) were without any effect. In contrast to the known
metabotropic effect of UTP at these Schwann cell regions, the BzATP-induced Ca2'
signal was not transient, unaffected by depletion of intracellular Ca2+ stores and
dependent on the presence of extracellular Ca2+. Additional photometric experiments
were performed on isolated rat spinal roots, stained with the Na~-sensitive dye SBF1.
Bath application of BzATP and high concentrations of ATP showed a rise in the free
intracellular Na+ concentration, while UTP, a,0-meATP, and 2-MeSATP did not
alter the intracellular Na+ activity. This effect was absent in Na+ free solution. The
P2 antagonist suramin reduced the BzATP-induced Ca2+ and Na+ signals.
These results suggest that an ionotropic ATP receptor coupled to an unspecific
cation channel with pharmacological characteristics of the P2X7 nucleotide receptors
subtype is functionally active in myelinating Schwann cells of peripheral nerves.
Such a receptor might contribute to Schwann cell reactions in nerve injury or
neuropathy.
Supported by the DFG (SFB 391/A1).
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Efficient and rapid conduction of action potentials by saltatory conduction
requires the clustering of voltage-gated sodium channels at nodes of Ranvier.
This clustering requires interactions between neurons and .myelinating glia,
although it has not been established whether this glial signal is contactdependent or soluble.
To investigate these possibilities, we used a myelinating co-culture system
consisting of embryonic rat dorsal root ganglion neurons and Schwann cells.
Cultures maintained under conditions promoting or preventing myelination were
immunostained with antibodies against the a subunit of the sodium channel and
against ankyrin G, a cytoskeletal protein associated with these channels.
Consistent with previous in vivo studies (Vabnick et al. (1996), J. Neurosci.
16:4914), clusters of sodium channels form with the onset of myelination and
are present at the ends of the myelinating Schwann cells, later appearing to fuse
at mature nodes. In contrast, sodium channels and ankyrin G do not cluster in
neurons grown alone or in co-cultures where myelination is precluded by
incubation in defined media. Finally, conditioned media from myelinating cocultures was insufficient to induce sodium channel or ankyrin G clustering in
cultures of neurons alone. These results strongly suggest that sodium channel
clustering at the node of Ranvier in peripheral neurons depends on contact with
myelinating Schwann cells. Supported by NIH grant NS38208.
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GFAP-mRNA POSITIVE GLIA ACUTELY ISOLATED FROM RAT
HIPPOCAMPUS PREDOMINANTLY SHOW COMPLEX CURRENT
PATTERNS

NEURON-GLIA
SIGNALLING
VIA
a,-ADRENOCEPTORMEDIATED CA2+ RISE IN BERGMANN GLIA IN SITU
A. Kulik, M. Ltickermann, A, Haentzsch, W, Reichelt & K. Ballanvi*

M. Zhou'^G. Schools1’2, H. K. Kimelberg1’2. ‘Div. of Neurosurgery, and 2
Dept. of Pharmacology and Neuroscience, Albany Medical College, Albany,
NY 12208.

Electrophysiologically complex glial cells have been studied in slices and
as acutely isolated single cells from mouse and rat hippocampus. However,
the lineage of this glial type has not been defined. It has been speculated to
be an immature astrocyte because it has not been possible to show staining
for the commonly accepted mature astrocytic marker, glial fibrillary acidic
protein (GFAP). Because post-experimental staining of GFAP can be
difficult, we combined patch-clamp technique with single cell RT-PCR for
GFAP mRNA in acutely isolated cells. In fresh cell suspensions from the
CAI region of 4 - 12 postnatal day rats, electrophysiologically complex glial
cells were the dominant cell type (65%). We found that the majority of the
electrophysiologically complex cells examined were GFAP mRNA positive
(74%), indicating that the majority of these cells from the hippocampus, at
least in the age range studied, represent a population of astrocytes. We also
found that the same cells showed current responses to AMPA and GABA..
We also found that mGluR agonist ACPD (200 pM) significantly
increased the desensitization time constant of the AMPA response (12 vs 18
ms, n=10, p< 0.05) when ACPD was pre-applied for 30 seconds, suggesting
a modulating role of mGluR on AMPA receptor kinetics in astrocytes.
Supported by NIDS grant NS 19492 to H.K.K.

II. Physiol. Inst., University of Gottingen, D-37073 Gottingen, FRG

Adrenoceptors are one of the most abundant classes of neurotransmitter
receptors in glial cells. To analyse whether these receptors are involved in
glial responses to nerve activity, we have measured [Ca2+Ji and membrane
potential or current in Bergmann glial cells of mouse cerebellar slices.
Tetanic stimulation with bipolar electrodes (20-100 V, 10-50 Hz, 0.2-2
s) in the granular cell layer caused an inward current of up to -0.5 nA or a
depolarisation by up to 25 mV, accompanied by a mean [Ca2+]j increase
of 100 nM. No difference in the amplitude of the [Ca2+], response was
observed under current-clamp or voltage-clamp. Block of synaptic
transmission with TTX or a nominally Ca^-free superfusate suppressed
the stimulus-evoked inward current and abolished the [Ca2+]i transient. A
mixture of the glutamate receptor blockers CNQX, APV and MCPG did
not affect the evoked [Ca2+]; rise, but attenuated the membrane response
by 30%. Norepinephrine mimicked the stimulus-evoked [Ca2+]; rise.
Depletion of intracellular Ca2+ stores with cyclopiazonic acid abolished
the stimulus- and noradrenaline-induced [Ca2+]1 rises, while the synaptic
glial current was not affected. The glial Ca2+ transients were also blocked
by the a,-adrenoceptor antagonist prazosin, whereas antagonists of a2(yohimbine) and fB-adrenoceptors (propranolol) had no effect.
The results indicate that evoked synaptic activity leads to a rise of glial
[Ca2+]j due to a,-adrenoceptor-mediated Ca2+ release from intracellular
stores.
Supported by the DFG

401.11
Ion channels in astrocytes in situ', comparison of different CNS regions.
H. Sontheimer* and A. Bordey, Dept. of Neurobioiogy, Univ. of Alabama at
Birmingham. Birmingham, USA.
Ion channel expression was studied in glial cells using whole-cell patch-clamp
recordings in slices from different CNS regions: the hippocampus (CAI, CA3 and
dentate gyrus), different layers of the cerebral cortex, the spinal cord and the
cerebellum. Recorded glial cells had predominantly a stellate morphology typical
of astrocytes. Most of the recorded cells displayed a similar profile of current
Expression. However, cell-to-cell differences in the current amplitudes and
channel expression could be observed. Three distinct potassium (K+) currents
could be identified: sustained, transient outward K+ currents and inwardly
rectifying K+ currents (Kir). Fast, inward sodium currents were also observed in
astrocytes from every CNS region. In layers II-V of the cerebral cortex, LuciferYellow fillings of all recorded cells indicated dye coupling. Current shut through
gap junctions resulted in “passive” membrane behavior. However, off-line leak
subtraction revealed the presence of voltage-dependent K+ currents in coupled
cells. In addition, cells appearing to have a “passive” current expression profile
under whole-cell configuration were revealed to have single channel activity in
cell-attached mode. Developmental changes were studied in astrocytes in layer I
of the cortex for two age groups P8-10 and Pl7-20. Morphological changes
constituted an increase in the length and number of cell processes associated with
an over-all increase in cell size and membrane capacitance. Specific conductances
for Kir currents significantly increased while the conductance of sodium and
sustained outward K+ current significantly decreased. These data suggest
common age-dependent changes in the pattern of channel expression in glial cells.
We continue to question the existence of cells without any time- or voltagedependent ion channels. (Supported by R01-NS-31234).

REGENERATION: EFFECTS OF MYELIN AND GRAFTS
402.1

402.2

APPLICATION OF IN-1 ANTIBODIES TO THE ADULT RAT CEREBELLUM
INDUCES THE OUTGROWTH OF INTACT PURKINJE CELL AXONS
A. Buffo, M, Zagrebelskv, A, Skerra, M.E. Schwab, P. Strata and F, Rossi*. Dept of
Neuroscience, University of Turin, 1-10125 Turin Italy.
The strong inhibitoiy action exerted by CNS myelin on axon growth is thought to
be aimed at restricting structural plasticity within defined brain areas and stabilising
mature neuronal connections. Myelin-associated inhibitory molecules primarily act
on growth cones. However, application of neutralising IN-1 antibodies against one of
such molecules induces the expression of several injury/regeneration-associated
genes in intact Purkinje cells, suggesting that these proteins may also regulate the
intrinsic axon growth program in adult CNS neurones. Thus, we asked whether the
cellular changes produced by IN-1 antibodies are associated with the outgrowth of
intact Purkinje cell axons. The Fab fragment of the IN-1 antibody (1-2 pi of a 5
mg/ml solution) was pressure injected into the intact cerebellum of 16 Wistar rats
(b.w. 200-250 g), whereas a mouse anti-human IgG Fab fragment was applied to 16
control animals. Alternate series of cerebellar sections were stained by anti-c-jun
antibodies and NADPH diaphorase histochemistry to detect reactive Purkinje cells,
and by anti-calbindin antibodies to stain Purkinje axons. In the cortical lobules close
to the IN-1 Fab fragment injection site, numerous Purkinje cells were
immunolabelled for c-jun or reactive for NADPH diaphorase and their axons in the
granular layer displayed a profuse outgrowh of fine processes with sparse
varicosities. By contrast, in the control cerebella very few Purkinje cells were
reactive and no axon growth was observed. In the lobuli affected by IN-1 antibodies,
the number of Purkinje axon profiles and the total axon length increased up to
139.6% and 169.2% of control at 7 days. These phenomena were reversible and
returned to control values at 30 days. Thus, the IN-1 antiboby-induced cellular
changes of Purkinje cells are associated with axon growth processes, indicating that
IN-1 antigens constitutively regulate the intrinsic plastic properties of mature CNS
neurons. (Supported by Italian Telethon and Institute for Paraplegia P47/98).

MYELIN-ASSOCIATED GLYCOPROTEIN (MAG) EXPRESSED FROM THE
P75 PROMOTER RETARDS PNS REGENERATION IN TRANSGENIC MICE
M. E. DeBellard*. S. Weerth. J. Griffin# and M.T. Filbin
Dept. of Biology, Hunter College of CUNY, 695 Park Avenue, New York,
N. Y. 10021; #Dept. of Neurology, John Hopkins Medical School, Baltimore, MD
Myelin-associated Glycoprotein (MAG) is a potent inhibitor of axonal
regeneration from a variety of neurons when presented on transfected CHO cells
or in immobilized membranes. However, it remains to be shown definitely that
MAG can inhibit axonal growth in vivo during regeneration. Here we demonstrate
that MAG can affect axonal regeneration in vivo. This was done by genetically
engineering mice such that MAG was expressed from the p75 NGF receptor
promoter. In the p75-MAG mice, after sciatic nerve injury, MAG should be upregulated and axonal regeneration, retarded. The sciatic nerves of the wild type and
transgenic mice were injured and the level of MAG expression and the rate of
axonal regeneration compared. There was a 50% increase in the expression of
MAG in the p75-MAG mice compared to wild type. Importantly, after either 7 or
14 days post injury the number of neurofilament and GAP43-positive fibers
regenerating was strongly reduced (80 and 50% respectively) in the p75-MAG
mice compared to WT. Similarly, electron microscopy of the crushed sciatic
nerves (7 days post injury), showed that the number of regenerated fibers was
dramatically reduced in the p75-MAG mice. The amount and pattern of expression
of NCAM, LI, laminin and tenascin in the sciatic nerves of p75-MAG mice were
unchanged in the p75-MAG mice after injury. Therefore, lower levels of these
adhesion molecules cannot account for the lack of axonal regeneration in the p75MAG mice. These results show for the first time that MAG can directly affect
axonal regeneration in vivo. Supported by the grants from the National Multiple
Sclerosis Society and NIH (NS 37060).

Society

for

Neuroscience

, Volume

25, 1999

REGENERATION: EFFECTS OF MYELIN AND GRAFTS

MONDAY PM

1001

402.3

402.4

cAMP LEVELS DICTATE THE EFFECT OF MYELIN-ASSOCIATED
GLYCOPROTEIN (MAG) ON AXONAL REGENERATION DURING
DEVELOPMENT AND AFTER INJURY D, Cai*, J. Oiu and M. T. Filbin.
Biol. Dept., Hunter College, CUNY, 695 Park Ave., New York, N. Y.10021
The inability of the mature mammalian CNS to regenerate is largely due to the
presence of myelin inhibitors of axonal growth. MAG is a bifunctional molecule. It
inhibits regeneration of a wide variety of post-natal neurons, but promotes axonal
growth from all embryonic neurons studied and neonatal dorsal root ganglion (DRG)
neurons up to PND4. Recently we showed that priming neurons with neurotrophic
factors blocks the inhibitory effects of MAG and myelin. The effect of priming is
mediated through elevation of cAMP and activation of a cAMP-dependent pathway.
Here we explore the importance of cAMP levels in neuronal response to MAG and
other myelin inhibitors. First, we assessed if a difference in cAMP levels is responsible
for the different effects of MAG on axonal outgrowth from neurons at different
developmental stages. We found that endogenous cAMP levels of RGC and DRG
neurons decline during development: cAMP levels in embryonic RGC and in neonatal
DRG neurons are two fold higher than that in postnatal RGC and DRG neurons.
Furthermore, we showed that inhibition of axonal growth from post-natal RGC and
DRG (older than PND4) was reversed by artificially elevating cAMP levels of the
neurons. On the other hand, promotion of axonal growth from embryonic RGC and
neonatal DRG neurons by MAG was blocked by protein kinase A inhibitors. Second,
we measured cAMP in DRG neurons before and after injury. Peripheral transection in
sciatic nerves was performed and, 24 hours later, cAMP levels and axonal growth of
injured DRG neurons were compared with their contralateral controls. We found that
cAMP levels in injured neurons were elevated by two fold or more and that axonal
outgrowth from these neurons was not inhibited by MAG. These results indicate that
cAMP levels dictate the effect of MAG on axonal outgrowth during development and
after injury. This, with no doubt, has significant implications in improving nerve
regeneration in CNS after damage. NS37060, MS Soc., AHA, RCMI

SOLUBLE. MAG RELEASED FROM ADULT MOUSE BRAIN IS A
CHEMOREPELLENT FOR AXONAL REGENERATION
S. Tang*. E, Nikulina and M.T. Filbin Biology Dept., Hunter College, The
City University of New York, New York, NY 10021, U.S.A.
Inhibitors in myelin are partially responsible for the lack of regeneration
in the mammalian CNS after injury. We showed that myelin associated
glycoprotein (MAG), when expressed by CHO cells or added in a soluble
form, either MAG-Fc (MAG extracellular domain fused to Fc region of
human IgG), or dMAG (extracellular domain of MAG, released from myelin
after injury), is a potent inhibitor of axonal growth from a variety of postnatal
neurons. Here, we (a) assessed if soluble factors, released from damaged
CNS tissue affect axonal regeneration, and (b) if dMAG contributes to this
inhibition. Using a collagen gel assay system, we first showed that neurites
from a PND5 DRG explant were deflected from COS cells secreting MAGFc. Neurites were not deflected by a control Fc-chimera. By Western blot
we then showed that 6-fold more dMAG was released from crushed spinal
cord than the uncrushed. In collagen gels, explants of crushed brain from
wild-type mice deflected DRG neurites whereas MAG -/- brain didn't;
neurites grew into the MAG -/- tissue. In addition, the neurite length on the
side facing the wild-type brain was shorter than the neurites facing the MAG
-/- brain. Importantly, when MAG monoclonal antibody was included in the
media, neurites were not turned away from the wild-type brain, and some
neurites even grew into the brain tissue. Taken together, we conclude that the
soluble form of MAG released after brain or spinal cord injury inhibits
axonal outgrowth and may, along with MAG in the membrane, contribute to
the lack of regeneration of the CNS. Supported by the grants from the
National Multiple Sclerosis Society and NIH (NS 37060).

402.5

402.6

NEUREGULIN EXPRESSION IS ISOFORM SPECIFICALLY MODULATED IN
NEURONS AND GLIA CELLS AFTER CNS INJURY. G. Kerber, G. Hager, F.W. Schwaiger and G.W, Kreutzberg (sponsored bv GNS), Max-Planck-lnstitute of
Neurobiology, Dept. of Neuromorphology, 82152 Martinsried, Germany.
Neuregulins are a family of extracellular matrix proteins expressed in a variety
of embryonic and adult tissues. They are coded by 3 different genes (Nrg-1, -2 and
-3) and modified by alternative splicing. The neuregulins are involved in the
regulation of AChR expression in myotubes, Schwann cell proliferation and
differentiation of neural crest cells. Two splicing sites in the common EGF-like
domain characterize neuregulin isoforms (a and P, 1-5). This study focuses on the
cell-type specific regulation of Nrg-1 splice variants in the facial motonucleus after
transection of the facial nerve. RT-PCR using splice-specific primers, applied to
brain and cell-type specific cDNAs, revealed the expression of all p-isoforms in
motoneurons. Nrg-pi was the predominant isoform in motoneurons, whereas
astrocytes expressed Nrg-a2 exclusively. Semiquantitative RT-PCR using cDNA
obtained from tissue of operated and intact facial nuclei showed a differential
regulation pattern of Nrg-p splice variants. Nrg-p2 and P5 were downregulated 1
day after transection of the nerve. Decreased mRNA-levels persisted more than 2
weeks. In contrast Nrg-pi mRNA levels were transiently decreased between the 3rd
and the 7th day post axotomy. Nrg-P3 and P4 showed no regulation.
Immunocytochemistry experiments in combination with RT-PCR provide evidence
for an enhanced expression of Nrg-a2 in astrocytes starting 3 days after axotomy
and continuing until the 4th week. The downregulation of p-isoforms might be due
to the loss of the synaptic target connections, suggesting these splice variants as
the functional neuregulin isoforms at the neuromuscular junction. However, the
short time interval for the Nrg-p 1 downregulation and the expression of Nrg-a2 in
astrocytes suggest multiple functions of neuregulins in the response to CNS injuiy.

THE EFFECT OF CRUSH INJURY ON LIPOPROTEIN LIPASE EXPRESSION
IN RAT SCIATIC NERVE. P.J.U. Huey, K.C. Waugh, T. Marcell, L.D.M.C.-B.
Ferreira, K. Schaller*, and R.H. Eckel. Dept. of Medicine, Div. of Endocrinology
and the Neuroscience Program, University of Colorado Health Sciences Center,
Denver, CO 80262

402.7

402.8

A ROLE FOR RETINOIC ACID IN NEURITE PLASTICITY: RA IS
PRODUCED BY OLIGODENDROCYTES AND ENHANCES BDNFINDUCED Neuronal
Regeneration
. J. Mev1. S, Hammelmann1,

DEVELOPING PHARMACOLOGICAL STRATEGIES FOR PROMOTING
NEURONAL SURVIVAL AND REGENERATION FOLLOWING CNS INJURY:
ROLE OF ASTROCYTE ENDOTHELIN B RECEPTORS. TD Pomonis1*, TL
Salak-Tohnson1, H Hagiwara2, TR Ghilardi1, SD Rogers1 and PW Mantvh1.
’Veterans Affairs Medical Center and Neurosystems Center, University of
Minnesota, Minneapolis, MN 55455 and 2Tokyo Institue of Technology,
Yokohama, Japan 226-8501.
The endothelins (ETs) are peptides with potent vasoconstrictor and
neurotransmitter actions. One effect of ETs on the CNS is the induction of
reactive astrogliosis, while injection of ET receptor antagonists into injured
CNS blocks the development of astrogliosis. Depending on their state,
astrocytes have been shown to be both permissive and nonpermissive for
neuronal growth. Hence, understanding what factors influence glial states may
provide insight into new therapeutic targets for CNS injury treatment. Here we
use the the rabbit crushed optic nerve injury model along with confocal
microscopy to show that the effects of ETs on astrogliosis appear to be
mediated by the endothelin B receptor (ETBR). Infusion of ET-1 or optic nerve
injury resulted in increased expression of the astrocyte marker glial fibrillary
acidic protein (GFAP), an effect that was abolished by infusion of the ETR
antagonist Bosentan into the site of injury. The number of ETBRimmunoreactive astrocytes increased following infusion of ET-1 or nerve crush,
an effect that was blocked by Bosentan. Double labeling showed that while
ETBR was expressed exclusively by astrocytes, not all astrocytes expressed
ETBR. These results suggest that astrocytes represent a specific cellular target
for ET-mediated effects on reactive gliosis and that a similar approach can be
used to identify novel therapeutic targets on oligodendrocytes and microglia in
the CNS response to injury. Further, the cellular specificity of ETBR expression
along with the robust effect of ETBR antagonism on reactive gliosis suggest that
ETBR may be a potential therapeutic target for nerve injury treatment.
Supported by the Department of Veterans Affairs and the Spinal Cord Society

N, Rombach1 and M.B, Lees2*, ’institut fur Biologie II der RWTH
Aachen, 52074 Aachen, Germany; 2Shriver Center, Waltham, MA
We are studying the role of retinoic acid (RA) in signal transduction
after nerve injury. RA synthesis was investigated in rat optic nerve and
OLN93 cells, an established oligodendrocyte cell line. Retinoids were
separated and identified with HPLC and RA-responsive reporter cells.
Using IEF, SDS-PAGE and Western blotting, we detected a class I
aldehyde dehydrogenase in nerves and in the cytosolic fraction of
OLN93 cells. With 13-cis, 9-cis and all-trans retinal as substrates in vitro, optic nerves and oligodendrocytes were found to synthesize alltrans RA but no other isomers of RA. Longer incubation times resulted
also in the accumulation of polar compounds, but no 4-hydroxy-RA
isomers were detected. To study effects of RA on neurite growth we
injected all-trans RA onto the chorio-attantoic membrane of stage E16
chick embryos. Following explantation of the retinas 24 hrs later,
nerve regeneration was monitored in organ cultures supplemented with
BDNF. RA enhanced BDNF-dependent regeneration of retinal
ganglion cells more than 3-fold. The dose-dependent and highly
significant effect was observed only after application of RA in ovo and
subsequent use of the neurotrophin. Treatment with RA alone or as a
supplement to the medium produced no increase in fiber numbers. At
present, the effect of RA on the expression of neurotrophin receptors is
being studied at the transcriptional and protein level. OLN93 cells were
provided by C.Richter-Landsberg, reporter cells by U.C. Drager and
P. McCaffeiy. (Supported by the DFG, grant Me 1261/3-1).
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We have previously shown that lipoprotein lipase (LPL) is expressed in the rat
sciatic nerve and is upregulated in response to crush injury, possibly to facilitate
triglyceride or phospholipid uptake and utilization by the regenerating peripheral
nerve. To determine the site of LPL upregulation, we subjected adult (-250 g)
male Sprague-Dawley rats to unilateral sciatic nerve crush and assessed LPL
expression in the nerve segments both proximal and distal to the crush site at
various times post-injury. Heparin-releasable LPL activity was increased by Day
4 in the distal portion of the crush-injured nerve vs. the uninjured nerve (5.23 ±
0.75 vs. 3.40 + 0.56 nEq FFA/min/g tissue, p - 0.03). Immunohistochemical
localization of LPL protein was performed in transverse and longitudinal sections
of uninjured and injured rat sciatic nerve on Days 2 and 4 post-crush. These
experiments revealed that the enzyme protein is located within the endoneurium of
the nerve and increases by Day 4 in response to crush injury. In situ hybridization
was performed on crush-injured and uninjured sciatic nerve using a riboprobe
specific for rat LPL. Transverse sections of injured sciatic nerve showed that LPL
mRNA was greatly increased in the distal segment and at the crush site on Day 2
following injury. The periaxonal localization of LPL mRNA suggests that
Schwann cells are responsible for the increase in LPL mRNA levels following
nerve crush.

This work was supported by NIH award DK42266.

1002

REGENERATION: EFFECTS OF MYELIN AND GRAFTS

MONDAY PM

402.9

402.10

THE SYNTHETIC PURINE AIT-082 ENHANCES RECOVERY
AFTER ACUTE SPINAL CORD CRUSH INJURY IN RATS.
Middlemiss. P.J.. Imitiaz, M.. Jiang, S.. Mintz. A.. Almas. C.. Crocker. C..
Virk. T.P.S. and * Rathbone. M.P. Dept. Med., McMaster Univ. Health
Sci. Centre 4N25, 1200 Main Street West, Hamilton, Ontario, Canada
L8S 3Z5.
Extracellular purines, particularly non-adenine based purines, exert
important neurotrophic and neuroprotective effects. The synthetic
purine 4-[[3-( 1,6 dihydro-6-oxo-9-purin-9-yl)-1 -oxypropyl]amino]
benzoic acid (AIT-082, leteprinim potassium, Neotrofin t ^) stimulates
neurite outgrowth, enhances production of trophic factors by astrocytes
and protects against glutamate excitotoxicity in vivo and in vitro. Adult
Wistar rats received T10 laminectomy and spinal cord crush with 3 mm
wide coverslip forceps closed to a gap of 1.4 mm for 15 sec. This
produced almost total hind limb paralysis 1 day after crush which
gradually improved to approximately 20% of control scores on an open
field walking task after 21 days. Administration of AIT-082 (60 mg/kg
i.p. daily, first dose 15 min. after crush) substantially and significantly
reduced impairment determined by open field, foot orientation, hind
limb placement, and inclined plane scores over control at all times from
1-21 days postoperatively. Recovery after 21 days was to 60 - 90% of
normal. Cords from animals treated with AIT-082 macroscopically
showed less swelling caudal to the crush and histologically significantly
less necrosis and fewer reactive astrocytes surrounding the lesion. We
conclude that AIT-082 is a potential therapeutic agent for acute spinal
injury in humans.
Support: Canadian Spinal Research Organization.

ENHANCING NEURONAL REGENERATION FROM KYNURENIC ACID
AFTER SCIATIC NERVE REPAIR. N.H. Liou^.S.C. Lee1. S.S. Hsu2, F.-J.
Wan3. ’Dept of Biology and Anatomy, institutes of Nursing; 3Undersea and
Hyperbaric Medicine, National Defense Medical Center, Taipei, Taiwan.
To elucidate the panorama related to neuroregeneration phenomenon, long-term
sciatic nerve transection with repair model in male sprague-dawley rats has been
employed (Soc Neurosci Abs 24: 674.7, 1998). For that set of experiment,
gastrocnemius being chosen as target injected with horseradish peroxidase (HRP),
preliminary data concerning amplified neuronal regeneration signals distributed along
ipsilateral L4-6 dorsal root ganglia (DRGs) and spinal ventral horns (SVHs) was
observed by histochemical HRP reaction at the time of two months after surgery
through sciatic nerve repair plus kynurenic acid (KYNA) administration. No cross
innervation from contralateral side of primary origins could be detected. In line with
above-described initial work, we have completed repeated experiment and quantitative
analysis (one-factor ANOVA) to compare differences in neuronal regeneration among
following experiment groups. The results from normal control indicated primary
origins for sciatic nerve and target muscle majorly located in the region between
ipsilateral L4-6 DRGs and SVHs. Atrophied target muscle exhibited very few
connections with primary origins in lesion control. In this group, counted HRPlabeled neurons from ipsilateral L4-6 SVHs displayed significant decrease in number
as compared with normal control. Repair control (epineurial suturing between
proximal and distal stump right after nerve transection) disclosed insignificantly more
regenerated neurons within primary origins than those found in lesion control.
Again, no significant differences were noted from regenerated neurons between repair
control and normal control. Dramatic facilitating effect for neuronal regeneration
within primary origins was observed in repair plus KYNA group. There were
prominent increase of regenerated neurons and intensified signals from primary origins
when compared this group to those three controls. Taken together, KYNA plays a
pivotal role in enhancing neuronal regeneration by which situation established after
sciatic nerve transection with repair. (Funded by a grant from Taiwan government)
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Nimodipine

promotes

regeneration

and functional

recovery

P. MattSSOn
(1), A.M. Janson (2), B.M. Bellander (1), B. Meijer (1), H. Aldskogius (3), and
M. Svensson *(1). (1) Dept of Clinical Neuroscience, Section for Neurosurgery,
Karolinska Institutet and Karolinska Hospital, Sweden (2) Dept of Neuroscience,
Karolinska Institutet, Sweden.(3) Dept of Neuroscience Biomedical Center, Uppsala
Facial nerve palsy may occur as a result from head trauma or neurosurgery
involving the skull base. We have previously reported that the calcium channel
blocker nimodipine (Bayer) prevent neuronal cell death following proximal injury of
the facial nerve. The aim of the present study was to evaluate putative effects on
regeneration of nimodipine in rats subjected to proximal facial nerve injury. The
nerve was crushed close to the brainstem in adult rats, followed by quantitative
analysis of motor neuron survival, myelinated axonal numbers and the absolute size
distribution of these axons using the optical fractionator and the 2-D nucleator.
Functional restitution was analyzed using a four-graded score system of the vibrissae
movements. The injury caused a significant ipsilateral neuronal cell death at 28 days
post lesion (dpi) in both control and nimodipine-treated animals. The number of
myelinated axons at 21 and 28 dpi, was significantly higher in nimodipine-treated
animals in comparison to non-treated animals. In addition, the areas of individual
myelinated axons measured on transverse semithin sections were greater following
nimodipine treatment both on ipsi- and contralateral sides. Evaluation of possible
effects of nimodipine on the contralateral side showed that axons as well as myelin
sheaths were larger compared to untreated animals. Nimodipine treated rats began to
move their vibrissae 10-11 dpi and untreated rats 17-18 dpi. The functional score at
sacrifice was also significantly higher after nimodipine treatment. We suggest that
nimodipine posses neurotrophic effect on myelin and axonal growth, which should
be further evaluated for clinical use following peripheral nerve injuries. This project
was supported by grants from Karolinska institutet.

FOLLOWING INTRACRANIAL FACIAL NERVE CRUSH IN THE ADULT RAT.

ADMINISTRATION OF EXOGENOUS PHOSPHOLIPID MIXTURE INCREASES
PERIPHERAL NERVE REGENERATION. C.F. Da-Silva* Neurobiology Lab, Dept.
of Histology, University of Sao Paulo, SP 05508-900, Brazil.
It has been shown that phospholipids and their fatty acid components play
a central role in most cell-signaling systems. Administration of exogenous cerebral
phospholipids results in increased endogenous phospholipid synthesis accompanied
by an increase in neurotransmitter turnover, free glucose levels, acetylcholine
release and Na+,K+-ATPase activity. Here we tested the effects of a purified
phospholipid mixture extracted from pig brains on regenerating peripheral neurons in
adult animals. The sciatic nerve of 12 adult male C57BL/6J mice was transected and
its proximal and distal stumps were sutured into a polyethylene tube (PT), leaving a
4-mm gap. The animals were divided into 3 groups of 4 mice each and implanted
with according to the following distribution: (1) PT filled with a purified preparation of
collagen (Vitrogen, 2.4 mg/ml); (2) PT filled with collagen + porcine phospholipid
mixture (1:1 in volume, with 10 mg/ml of phospholipids in the tubes); (3) collagen +
systemic injection of porcine phosholipid mixture (30 mg/kg/day, ip) for 6 weeks.
After 6 weeks, the PTs with the regenerated nerve cables were processed for total
myelinated axon counts. The Ls dorsal root ganglion (DRG) was also removed and
serially sectioned for sensory neuron counts.________

TREATMENT
# MYELINATED AXONS « SENSORY NEURONS
Local Collagen
2519+142
528 ± 42
Local Phospholipid Mixture
3QD4± 71
682 ± 44
Systemic Phospholipid Mixture
3029± 66
650 ± 27
Non-Operated
4368± 21
1175± 63

Animals treated with both local and systemic exogenous cerebral phospholipids
regenerated significantly more axons compared to controls (P<0.05). No significant
difference was found in the number of sensory neurons among the experimental
groups, but all had significantly fewer neurons compared to non-operated animals
(P<0.01). These results indicate that administration of exogenous cerebral
phospholipids stimulates peripheral nerve regeneration in adult animals, and that
this positive effect is probably due to a neurite-promoting activity and not a survival
action on axotomized neurons.
Supported by FAPESP and CNPq grants.
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ELEVATED SURVIVAL RATIO OF THE SPINAL NEURONS AFTER
TREATMENT OF ACIDIC FIBROBLAST GROWTH FACTOR ON THE
TRANSECTED CERVICAL ROOTS IN RATS. K-C. Chen',H-ILKu1,M.-C.
Huang2, Y-S. Lee2, L.-S. Lee2, S.-M. Yu1* and Henrich Cheng2. 'Institute of
Anatomy & Cell Biology, National Yang-Ming University, Taiwan; 2Neural
Regeneration Lab., Neurologic Institute, Veterans General Hospital-Taipei,
Taiwan
It is widely accepted that avulsion of nerve roots from the spinal cord is
intractable. Although microsurgical techniques have notably unproved the
treatment of lesions in the peripheral nerves, the results of brachial plexus surgery
still have not fulfilled expectations. In this study, by using the horseradish
peroxidase (HRP) retrograde axonal tracing method, the survival ratios of the
motor neurons between the ipsilateral (left) and contrlateral (right) ventral homs
were evaluated. The left C6 and C7 were exposed and cut at their junction with
the spinal cord. A segment of intercostal nerve was used to bridge the lesion sites
and acidic fibroblast growth factor (mixed with fibrin glue) was applied to the
surgical area of cervical roots in experimental rats. The right side remained intact.
In control animals, the roots were severed without grafting. Six months latter,
HRP (12 mg in 60 pi saline) was injected into both left and right infraspinatus,
deltoid, biceps, brachialis and triceps muscles. The neuronal survival ratio
increased to 30% in experimental groups as compared to 7% in controls. The
results suggest that the application of trophic factor along with surgical
techniques may produce significant advances in the treatment of brachial plexus
injury.
(supported by NIDA, NSC and NHRI)

NGF AND NT-3 RELEASING GUIDANCE CHANNELS PROMOTE
REGENERATION OF THE TRANSECTED DORSAL ROOT.
J. Bloch, M, Borkenhagen, J, L. Tseng*, A. D. Zum, P, Aebischer, Division of
Surgical Research and Gene Therapy Center, CHUV, Pavilion 4, 1011 Lausanne,
Switzerland
Nerve guidance channels releasing neurotrophic factors are being evaluated in an
attempt to overcome the limited regeneration of transected dorsal root. Spray coated
guidance channels made of Ethylene-Vinyl-Acetate (EVA), bovine serum albumin
(BSA), and 1% of a neurotrophin (NGF, BDNF or NT-3) were first tested in vitro for
their ability to release the neurotrophins. The ELISA results showed that each
neurotrophin was continuously released with an initial burst and a progressive decline
over one month. The nerve guidance channels were then used in vivo to bridge a 4
mm gap in a transected rat dorsal root. While BDNF had a limited effect on axon
regeneration, NT-3 showed a significant increase in the number of myelinated axons
compared to controls. The most impressive results were obtained in the NGF group, in
which the number of myelinated as well as unmyelinated axons was even higher than
in the intact dorsal root_________________________________________________
BDNF1%
NGF 1%
NT-3 1%
Controls
(n=6)
(n=6)
(n=6)
(n=6)
293±87
1843±118
863±495
1495±1400
Number of
myelinated axons
1
55±11
4±2
5±2
8±6
Unmyelinated axons
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The present study suggests that EVA-BSA-neurotrophin nerve guidance channels are
able to release neurotrophins over a period of at least 30 days. It also demonstrates
that sustained and local release of NT-3 or NGF is able to overcome the limited
regeneration of transected dorsal root.
Supported by the Swiss National Science Foundation.
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CHOROID PLEXUS EPENDYMAL CELLS PROMOTE NEURITE
OUTGROWTH FROM THE DORSAL ROOT GANGLION
NEURONS. S. Chakrabortty*, M. Kitada, N. Matsumoto. C. Ide.
Department of Anatomy and Neurobioiogy, Kyoto University Graduate
School of Medicine, Kyoto, Japan 606-8501.
In fishes and amphibians, the ependymal cell migrates and
proliferates after the spinal cord injury and helps in die axonal
regeneration. The purpose of the present study is to reveal the role of
ependymal cells on axonal regeneration in the mammalian central nervous
system. The choroid plexuses from postnatal day-l~5 mice were
mechanically dissociated, and plated in fibronectin coated dishes with a
serum free culture medium. After 3~6 weeks of culture, one group of
cells were fixed and prepared for light and transmission electron
microscopy. A complete ependymal cell monolayer was formed at 3
weeks after culture. Dorsal root ganglia (DRG) from day-14 mouse
embryos were dissociated and cultured on ependymal cell monolayer,
and also on astrocyte monolayer or on laminin coated plates as control.
After 4.5 hours of coculture, the cells were fixed and
immunocytochemistry for neurofilament protein was done, and the
projecting neurite was examined for their number, length, caliber and
branching pattern. Electron microscopy showed ependymal cell
microvilli, cilia with basal bodies and intercellular junctions. The neurite
number, length, thickness and branching were significantly increased on
the ependymal cell monolayer as compared to those of DRG neurons
cultured on the laminin or astrocytes. These results suggest that the
choroid plexus ependymal cells have the capacity to promote neurite
outgrowth from DRG neurons in mammals. (Supported by a grant from
the Ministry of Education, Science and Culture, Japan).

BLOCK COPOLYMER MICELLES CAN EFFECTIVELY DELIVER AGENTS
TO ENHANCE THE RATE OF RECOVERY IN INJURED PNS. C. Allen,2 D.
Mavsinger?* A. Eisenberg,2 N. Kucic? J. Mrsic?. ’Dept. of Pharmacology and
Therapeutics, McGill University; 2Dept. of Chemistry, McGill Univ.; Montreal, QUE
H3G 1Y6.
The aim of this work was to prepare, chrarcterize and test in vitro I in vivo a novel
delivery system formed from the biocompatible and biodegradable copolymers
polycaprolactone-6-poly(ethylene oxide) (PCL-6-PEO).' The physico-chemical
characterization of the micellar delivery vehicle revealed them to be spherical in
shape with a diameter of 25 nm. The stability of the micelles in both PBS and cell
culture medium (DMEM, RPMI) was confirmed over a three month period by both
dynamic light scattering measurements and electron microscopic analysis. The
loading capacity, partition coefficient and release kinetics of several incorporated
drugs have been studied including FK506. Results from in vitro experiments with
MCF-7, PC 12 and HeLa cells or primary neuronal and glial cultures show that the
micelles are biocompatible. Also, the cellular internalization of the PCL-b-PEO
micellar delivery vehicle in PC12 cell cultures was found to fulfill the basic criteria
for endocytosis in that it was time, temperature, pH and energy dependent. Also,
pharmacological manipulations such as inhibition by hypertonic treatment and
Brefeldin A further provided evidence for this. The micelle-incorporated FK506 was
found to retain its biological activity as it potentiated NGF effects in PC 12 cell
cultures. Moreover, experiments with rats (sciatic nerve lesion) provide evidence
that demonstrates that micelle-incorporated FK506 enables faster functional
recovery. Together these results demonstrate the suitability of the PCL-b-PEO
micelles as a potentially useful drug carrier for neuroactive agents. (NSERC)

402.17
THE IMPORTANCE OF GEOMETRIC DESIGN FOR NERVE REGENERATION THROUGH IMPLANTED MICROMACHINED SILICON SIEVE

ELECTRODES. L. Wallman1, Y-Z Zhang2, T. Laurell1 and N. Danielsen2 .

’Dept. of Electrical Measurements, Lund Institute of Technology and 2Dept. of

Physiological Sciences, Lund University, Lund, Sweden.

Previous studies have demonstrated that peripheral axons regenerate through implanted sieve electrodes and that it is possible to record action potentials from such
electrodes. In this study we tested how the geometric design of sieve electrodes influenced nerve regeneration. The sieve electrodes were microstructured from a pdoped <100> silicon wafer. The pattern for the via holes was defined on one side
and the wafer was etched in KOH solution. The fabricated sieve electrodes (0=3
mm) had a transparency factor (total hole area/total electrode area x 100) of either
20 or 30% comprising 30, 60 or 90 pm holes. The sieve electrode was glued between two silicone rubber tubes and this device was used to bridge the gap in a transected rat sciatic nerve. After 12 weeks of regeneration the isometric tetanic contractility force of the gastrocnemius muscle was recorded and expressed as a percentage
of the uninjured side. The sieve electrodes with a hole size of 30 pm and a 30%
transparency displayed the best regained muscle force (45% ± 10) and this figure
was significantly different from electrodes with 90 pm holes (24% ± 5), even though
the transparency was the same. Light microscopy from the nerve structures distal to
the sieve electrodes revealed myelinated axons in a mini-fascicular pattern and a
thickened perineurial-like cell layer. This study demonstrated that the best functional
regeneration through an implanted sieve electrode is obtained with a large
transparency factor and small via holes (30 pm). A sieve electrode with the identical transparency factor but with larger holes (90 pm) will influence regeneration
negatively. This negative influence is probably due to the fact that larger holes, and
thereby also fewer holes, are situated more apart from each other causing a physical
block and deflection of the regenerating axons. NUTEK & Swedish MRC supported.
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THE ROLE OF NITRIC OXIDE AS A MODULATOR OF RETINAL
GANGLION CELL AXON MORPHOLOGY DURING XENOPUS VISUAL
SYSTEM DEVELOPMENT. J. Cogen*, J. Kim, and S. Cohen-Cory, MRRC,

EARLY DEVELOPMENT OF THE IPSILATERAL RETINOCOLLICULAR
PROJECTION IN NORMAL C57-BL/6 AND DOUBLE ENDOTHELIAL AND
NEURONAL NITRIC OXIDE SYNTHASE GENE KNOCKOUT MICE H.H. Wu*,X.
Cheng, R.J. Cork, K.M. Renneberg and R.R. Mize. Dept. of Cell Biology and Anatomy
and the Neuroscience Center, Louisiana State Univ. Med. Ctr; New Orleans, LA 70112.
The development of topographically correct retinocollicular projections involves an
activity dependent refinement process. We have previously shown that this refinement
is delayed in double knockout mice in which the genes for endothelial and neuronal nitric
oxide synthase have been disrupted. Thus, the ipsilateral retinocollicular projection (IRP)
in these animals is much more extensive at P21-P42, although it is fully refined in adults.
In the present study we have extended our observations to include the earliest stages of
IRP refinement in perinatal animals. E,nNOS double knockout and C57-BL/6 normal
mice were examined at ages P4, P6, P9, P12 and P15. The animals were perfused 20-24
hr (<P10) or 44-48 hr (>P10) after injection of the anterograde tracer wheatgerm
agglutinin-horseradish peroxidase (WGA-HRP) into the right eye which was used to label
retinal terminals in the superior colliculus (SC). Tissue was processed with 3-3',5’5’
tetramethylbenezidine (TMB) and examined using dark field optics. Our results show
that, at P4, the double knockout mice have a more extensive IRP as compared to normal
mice. At P4, the IRP in both normal and double knockout mice was distributed
throughout the dorsal-ventral extent of the superficial gray layer (SGL), however, in the
double knockouts the IRP was found at locations further caudal than seen in the normal
mice. By P9, the pathway was found located in the ventral SGL in both normals and
double knockouts, showing that in both types of mouse the refinement process is in
progress during this developmental period before eye opening. Thus we conclude that
the refinement process, although delayed in e,nNOS double knockout mice, begins well
before eye opening, as it does in normal animals. Supported by USPHS NIH EY02973
and NS36000.

Depts. of Psychiatry and Neurobioiogy, UCLA, Los Angeles, CA 90095.
We have examined the developmental expression and anatomical
localization of nitric oxide (NO) producing neurons in the optic tectum of the
developing Xenopus tadpole by NADPH-diaphorase histochemistry. Diaphorasepositive neurons are relatively rare in tadpoles prior to stages 37/38, when retinal
ganglion cell (RGC) axons are first projecting to the tectum. The numbers of
diaphorase-positive cells increase substantially during stages 41-45, when retinal
axons are branching extensively. Co-labeling experiments in which HRP was used
to anterogradely label retinal axons demonstrates that retinal axons are sometimes
in close contact with diaphorase-positive processes from tectal neurons.
To answer questions about the exact role of NO in controlling the
dynamics of axon branching in vivo, experiments were performed in which
individual Dil-labeled RGC axons were followed over time by confocal
microscopy in animals in which NO levels in the tectum were manipulated by
injection of one of two different NO donors, DETA-NONOate (ImM) and SNAP
(lOOpM). Axon arbors were imaged at sequential 2-hour time points after NO
donor administration and analyzed using Metamorph software (Universal Imaging).
Increasing NO levels in the tectum increased the dynamic nature of axonal
branching when observed over the course of a 4-hour time period. When compared
with controls, axons in animals given injections of the NO donors had significantly
greater numbers of new branches added (2.83±.43 vs. 1.48±.21), and significantly
fewer branches that remained stable (3.24±.34 vs. 5.37±.54). These anatomical and
morphological results suggest that NO produced by target neurons in the brain
plays a role in the processes that modulate RGC axon dynamics during
development. Supported by grants from the NICHD (J.C.) and NEI (S.C-C.).
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PATTERNS OF nNOS EXPRESSION IN THE SUPERFICIAL LAYERS OF THE
MOUSE SUPERIOR COLLICULUS DURING POSTNATAL REFINEMENT OF THE
RETINOCOLLICULAR PROJECTION. R. J. Cork? T. Calhoun, H.H. Wu, X. Cheng
and R.R. Mize. Dept. of Cell Biology and Anatomy and Neuroscience Center, Louisiana
State Univ. Med. Ctr; New Orleans, LA 70112.
We have previously shown that nitric oxide synthase (NOS) is involved in the
refinement ofthe mouse ipsilateral retinocollicular pathway (IRP). In normal mice, coarse
patterning of the projection is largely completed between postnatal day 15 (P15) and P21,
while in animals in which the genes for neuronal and endothelial NOS are disrupted, there
is an exuberant IRP which is still not fully refined even at P42. Although NOS is
involved in retinal pathway refinement, we do not yet know when nitric oxide is
expressed in postsynaptic cells in the superficial layers of the superior colliculus (SC)
during this refinement process or whether the expression is transient. We have therefore
examined the expression patterns of neuronal NOS (nNOS) in SC, and correlated them
with the development of the retinocollicular projection. We labeled nNOS
immunocytochemically in sections from adult animals and pups at ages Pl, P5, Pl 1, P15,
and P21. The antibody was identified using the chromagen diaminobenzidine. The IRP
was labeled with tetramethylbenzadine (TMB) after intravitreal injections of WGA/HRP
24-48 hours before sacrifice. At P5 there were already significant numbers of nNOS cells
in the superficial layers of the SC in the region occupied by the retinocollicular projection.
The number of nNOS cells in the superficial layers increased through P21, and then
decreased in adult animals. Many of the nNOS labeled cells were located in the ventral
superficial gray layer and had horizontally oriented dendrites. Other nNOS labeled cells
were of various neuronal morphologies, including wide and narrow field vertical, vertical
fusiform, and stellate neurons. Expression of nNOS thus corresponds to the period in
which the retinocollicular pathway undergoes refinement. Supported USPHS NINDS
NS36000 and a Howard Hughes undergraduate fellowship.

NMDAR-2A SUBUNIT DETERMINES FULL EXPRESSION OF EXPERIENCEDEPENDENT PLASTICITY BUT NOT THE CRITICAL PERIOD TIMECOURSE.
M. Fagiolini1*. H. Mori2. M. Mishina2, and T.K. Hensch1. ‘Lab for Neuronal Circuit
Development, BSI-RIKEN, Saitama; 2Dept. Pharmacol., Univ. Tokyo, JAPAN.
Activation of postsynaptic NMDA-type glutamate receptor (NMDAR) channels has
been proposed to specifically mediate experience-dependent plasticity. A postnatal
shortening of NMDAR kinetics results from a developmental switch in their
predominant subunit composition. We examined the hypothesis that the activitydependent increase in NMDAR 2A/2B subunit ratio determines critical period (CP)
plasticity of the visual cortex in vivo.
Extracellular single-unit recordings from the binocular zone of visual cortex in
mice lacking the el (NR2A) subunit revealed normal sensoiy responsiveness and
orientation selectivity similar to C57BL/6 mice (WT). The distribution of ocular
dominance in adult animals was also identical (CBI=0.74±0.01 vs. 0.73±0.02, 3 KO
and 5 WT mice; p=0.6, t-test). NR2A gene disruption, therefore, preserved robust
visual cortical activity, unlike the profound silencing produced by pharmacological
NMDAR antagonists, allowing fiirther characterization of a specific role in plasticity.
Mice were then monocularly deprived (MD) for 4 days at the peak of the CP (P25P28). The loss of deprived-eye input was significant but greatly reduced in mutants
(CBI=0.62±0.03 vs. 0.45±0.05, 3 KO and 4 WT mice; p0.05, t-test). A similarly
weak effect was observed with MD spanning the entire CP (P17-P37), indicating that
plasticity had been saturated and the CP had not shifted earlier (CBI=0.58±0.03 vs.
0.45±0.02, 3 mice each; p<0.05, t-test). Finally, to investigate whether the capacity
for synaptic modification was retained into adulthood, a brief period of MD was
initiated after P55. At this age, both KO and WT mice no longer responded to
sensory perturbation (CBI=O.71±ft.O2 vs. Q.69+0.02, 3 mice each; p=0.49, t-test). We
conclude that NR2A insertion is necessary for a complete expression of plasticity
during the CP, but not for its termination.
Supported by BSI, RIKEN.

403.5

403.6

RETINAL GANGLION CELL DENDRITIC FIELD EXPANSION IS REGULATED
BY N-METHYL-D-ASPARTATE RECEPTOR-MEDIATED ACTIVITY. Marie
McCarthy, Gianna Muir-Robinson, Jessica Schafer. Anne Goj and Stefan
Bodnarenko* Department of Psychology/Neuroscience Program, Smith
College, Northampton, MA 01063.
Glutamate activity mediated through retinal ionotropic N-methyl-D-aspartate
(NMDA) receptors is known to play a crucial role in the segregation of ON and
OFF retinal ganglion cell (RGC) axon terminals in the dorsal lateral geniculate
nucleus of developing ferrets. In the present study, we have investigated the
role of retinal NMDA receptors in regulating the growth and remodeling of
developing RGC dendrites within the inner plexiform layer (IPL) of the retina.
Postnatal ferrets were injected intraocularly, with D,L-2-amino-5phosphonovalerate (APV) into one eye daily for nine days, during the third
and fourth postnatal weeks when RGC dendrites are increasing in size,
complexity, and are stratifying within ON or OFF sublayers of the IPL. Animals
were sacrificed within 48 hours after completing treatment and
paraformaldehyde-fixed treated and normal retinas were implanted with Dil in
the optic nerve stump to label developing RGCs. The effects of blocking
glutamatergic activity mediated through NMDA receptors were determined by
visualizing RGCs using scanning confocal microscopy and assessing RGC
dendritic stratification patterns and dendritic field size.
Whereas APV treatment had no effect on ON and OFF RGC dendritic
stratification (APV-treated vs. Normal % multistratified RGCs: 26% vs. 28%),
APV-treated RGC dendritic fields were significantly larger than normal RGC
dendritic fields (APV-treated vs. Normal mean dendritic field area pm2: 6200
vs. 4300, t= 5.73; df=39, p<.001). Our results demonstrate that NMDA
receptor-mediated activity regulates the expansion of dendritic fields, a
fundamental feature of developing RGC dendritic morphology. (Supported
by the Picker Fellowship at Smith College)

NMDA RECEPTORS HAVE A CRITICAL FUNCTION IN THE
DEVELOPMENT OF ORIENTATION SELECTIVITY OF VISUAL
CORTICAL NEURONS. A.S. Ramoa*, P. M. Cook, Dept. Anatomy, Medical
College of Virginia, Virginia Commonwealth University, Richmond, VA 23298.
The NMDA receptor is known to play a critical role in ocular
dominance plasticity. It may function as a coincidence detector, strengthening
neural inputs that fire in synchrony with the postsynaptic neurons while
permitting the loss of inputs that exhibit uncorrelated firing. We hypothesize
that NMDA receptors play a similar role regulating the maturation of receptive
field properties of cortical neurons. Specifically, we have examined whether
NMDA receptors are required in the development of orientation selectivity.
Intracortical infusion of antisense oligodeoxynucleotides (ODNs) targeted to the
NMDAR1 subunit was used to reduce NMDA receptor function in the primary
visual cortex of ferrets (J. Neurophysiol. 80:1021, 1998). Antisense or control
sense ODN was injected from P21 to P50, when development of orientation
selectivity occurs. Quantitative in vivo recordings of cortical responses were
then performed. A moving bar of light was presented to each eye-individually at
5-10 orientations and an orientation selectivity index (OSI) calculated: the
responses at 45° or 90° from the optimal were divided by the response at the
optimal orientation and the results subtracted from one. Antisense ODN
treatment prevented the development of orientation selectivity in visual cortex.
All cells (n=37) studied in the antisense ODN-treated cortex responded similarly
to stimuli presented at different orientations (OSI <0.6 at 90°). In contrast, most
cells in sense ODN-treated and normal cortex were highly selective (OSI>0.6) to
stimulus orientation (63% of 25 cells and 70% of 55 cells, respectively). The
effects did not result from a disruption of sensory responses because maximum
responses of cortical cells were relatively unaffected. These results show for the
first time that NMDA receptors play a critical role in the development of
orientation selectivity of visual cortical neurons. (RO1 EY-11508-01A2 toASR).

403.7

403.8

CALCINEURIN REGULATES THE FALL TIME OF THE
NMDA RECEPTOR CURRENT AT A KEY TIME IN THE
REFINEMENT OF THE RETINO-COLLICULAR
PROJECTION M. Constantine-Paton*, J. Shi. M. Townsend. Yale
University, Department of MCD Biology, New Haven, CT 06520.

OCULAR DOMINANCE PLASTICITY IN RATS WITH ENHANCED
CHOLINERGIC TRANSMISSION IN THE VISUAL CORTEX. M. Caleo,

During the development of the retinal projection to the superficial layer of
the superior colliculus (sSC), N-Methyl D-Aspartate (NMDA) receptor activity is
critical for refinement of the topographic map (Simon et. al. '92). By postnatal day
11 (Pl 1), most of the rat retino-collicular arbors have restricted their connections to
discreet regions in the sSC. We have previously reported (Shi et al. ’97) that the
decay time of the NMDAR synaptic current is shortened by 20 milliseconds between
P10 and Pl 1 in the sSC. The subunit composition of the NMDA receptor can affect
the fall time of the NMDAR current when transfected into heterologous cells. Others
have shown an association between increased NR2A expression and decreased
NMDAR current decay in several developing CNS regions. However, in the sSC the
developmental changes in the NR2A mediated synaptic current as well as changes in
NR2A protein levels are too slow to account for the observed, abrupt change in
NMDAR function. Instead, we find that blockade of the calcium dependent
phosphatase calcineurin (CaN) eliminates the difference between the fall times of the
NMDAR current on P10 and Pl 1. Studies by others on isolated patches have shown
that CaN is closely associated with the NMDAR channel and is capable of decreasing
channel open time and open probability (Lieberman et al. ’94). Taken together, these
data suggest that a local CaN dependent regulation of the NMDA channel may be
responsible for the large and rapid decrease in the NMDAR synaptic current on Pl 1
in the sSC. However, changes in the levels of CaN protein are not correlated with
the Pl 1 decrease. Thus we suggest that the completion of map refinement increases
NMDAR mediated synaptic activity in the sSC, and this rapidly initiates a prolonged
change in CaN efficacy. The latter represents a potent post-translational mechanism
for the reduction in the NMDAR currents during development.
Work supported by NIH grant NS32290 (MCP) and NIDA DA 07290-03S1 (MT)
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N. Berardi*, A. Viegi and L. Maffei. Scuola Normale Superiore and Istituto di
Neurofisiologia del CNR, Via S. Zeno 51, 56127 Pisa (Italy).
Cholinergic inputs to cortical neurons are well known modulators of cortical
plasticity. In particular, cholinergic afferents from the basal forebrain to the visual
cortex (VC) could be a common target for neurotrophins in their action on visual
cortical plasticity since they express trkA, trkB and p75. Indeed acetylcholine
(ACh) release is increased by neurotrophins. We have studied whether an
enhancement of cholinergic transmission in rat VC is sufficient to modulate the
outcome of a classical paradigm of developmental visual cortical plasticity, i.e.
monocular deprivation (MD). To potentiate cholinergic transmission we exploited
AF-DX384, a selective M2 antagonist known to increase ACh release and eserine,
an acetylcholinesterase inhibitor. AF-DX384 (50gM-30mM), eserine (50mM) or
saline as control were continuously infused into the visual cortex contralateral to
the deprived eye via a minipump (ALZET, 0.5 pl/h) throughout MD period (P22P29). At P29, electrophysiological recordings from single cells in the binocular
portion of the treated VC were performed under urethane anesthesia and ocular
dominance, orientation selectivity and cell responsiveness were determined. Basal
and KCl-evoked ACh release were assessed in the recording zone with respect to
the contralateral, saline-treated cortex, by means of microdialysis in vivo in a
separate set of animals (N=4). We have found that AF-DX384 and eserine, both
separately (N=3 for each dose) and conjointly (N=3) administered, significantly
counteracted in a dose dependent manner the shift in ocular dominance
distribution induced by MD in control (N=4) with respect to normal (N=5)
animals. (Supported by EEC grant BMH4CT96-1604, CNR Targeted ProjectBiotechnology and MURST 40%)

VISUAL SYSTEM DEVELOPMENT: EFFECTS OF TRANSMITTERS,
TRANSMITTER RECEPTORS, NITRIC OXIDE

MONDAY PM

1005

403.9

403.10

THE ROLE OF NMDA RECEPTORS IN RETINAL DEVELOPMENT.
S. Schmid, E.Guenther (SPON: European Neuroscience Association)
Dept. Exp. Ophthalmology, Univ. Eye Hospital, Roentgenweg 11, D-72076
Tubingen, Germany
In the present study the regulation of NMDA receptor (NMDAR)
currents during retinal development and the underlying mechanisms of this
regulation were examined.
Whole-cell patch-clamp recordings showed that during the first 2-3
postnatal weeks large NMDAR currents with a mean amplitude of -92 pA
(±86 pA SD, n=32) are expressed in retinal ganglion cells (RGCs) of
pigmented rats. Around eye opening (P14-P18), the NMDAR currents are
downregulated so that only a subset (43%) of RGCs express NMDAR
currents at P26-30, and these currents have very small amplitudes with a
mean of -8pA (±1,5 pA SD, n=8).
In visual deprivation experiments, where animals were held in
complete darkness for the first 3-4 postnatal weeks, the downregulation of
NMDAR current was prevented. AHI RGCs investigated still showed
NMDAR currents with a mean amplitude of-52 pA (±28 pA SD, n=15). We
therefore conclude that NMDA receptors mainly mediate plastic processes
during retinal development, and that visual input after eye opening
terminates the period of large plasticity and triggers the downregulation of
NMDAR currents.
Intraocular injections of NMDAR antagonists during early postnatal
development are conducted in order to examine the effects of NMDAR
blockade during the period of large plasticity on the development of inner
retinal circuitries.
Sponsored by DFG, SFB 430

NMDA RECEPTOR RESPONSES DURING DEVELOPMENT OF VISUAL
CALLOSAL CONNECTIONS IN NORMAL AND DEAFFERENTED
RATS. J. F. Olavarria*, J.F.M. van Brederode, and W. J. Spain. Depts. of
Psychology and Neurology, University of Washington, Seattle, WA 98195,
and Puget Sound VA Health Care System, Seattle, WA 98108.
The distribution of visual callosal neurons is diffuse in neonatal rats, and
it progressively achieves its restricted, mature distribution by the end of the
second postnatal week, before the eyes open (Olavarria & Van Sluyters,
‘85). Moreover, callosal fibers connect points that are in retinotopic,
rather than anatomic, correspondence (Lewis & Olavarria, ‘96). Neonatal
removal of retinal input leads to the development of abnormal pattern of
callosal linkages (Olavarria & Li., ‘96), which supports the idea that
interhemispheric correlated activity driven by spontaneous retinal activity
guides the stabilization of retinotopically corresponding callosal linkages.
Using a slice preparation in which callosal cells had been previously
labeled with fluorescent tracers, we investigated the involvement of NMDA
receptors in the activity-dependent specification of callosal linkages. In
voltage-clamped callosal cells, we compared excitatory postsynaptic currents
mediated by NMDA receptors (NMDA-EPSCs) at different ages in normal
pups and in pups enucleated at birth.
In normal pups we found that the duration of NMDA-EPSCs in 19-23
day-old pups was significantly reduced compared to that of NMDA-EPSCs
in 5-12 day-old pups. In contrast, there was no obvious difference in timecourse in the NMDA-EPSCs of enucleated pups from both age groups, and
these NMDA-EPSCs were similar to those in die older normal group. These
results suggest that spontaneous retinal input guides the stabilization of
retinotopically corresponding callosal linkages during a time when NMDA
receptor responses are enhanced, and that a comparable enhancement in
NMDA receptor responses does not occur in the absence of retinal input.
Supported by a VA Merit Review and NIH grant NS 34769.

403.11
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NMDA RECEPTOR BLOCKADE IN DEVELOPING SUPERIOR
COLLICULUS PREVENTS MAP PLASTICITY WITHOUT BLOCKING
RETINOTECTAL TRANSMISSION. L. Huang and S.L. Pallas*. Dept. cf
Biology, Georgia State University, Atlanta, GA 30303.
Developmental plasticity in the mammalian visual system is thought to involve
NMDA-Receptor-dependent LTP. However, this is difficult to test in visual
cortex because blockade of NMDA-Rs blocks geniculocortical transmission. We
have instead employed a rodent retinotectal paradigm to study the role of NMDARs in mammalian developmental plasticity. Using in vivo iontophoresis cf
glutamate antagonists on the superior colliculus (SC, or optic tectum), we found
that most (-80%) of its visual response was carried by AMPA-Rs and not NMDARs. Furthermore, chronic treatment of the SC with APV effectively and selectively
blocked NMDA-Rs without blocking visual responses. This allowed us to test fix
a specific role for the NMDA-R in retinocollicular map development and plasticity.
Partial ablation of the SC in neonatal hamsters compresses the retinotectal map
but paradoxically does not affect the receptive field size of single SC neurons
(Pallas & Finlay, ‘89). We report here that receptive fields of SC neurons subject
to NMDA-R blockade from birth were significantly larger than those of normal SC
neurons (p<0.001), demonstrating that the NMDA-R is involved in the functional
refinement of the normal retinotectal map. Additionally, NMDA-R blockade
combined with partial SC ablation resulted in further significant increases in
receptive field size of SC neurons (p<0.001), demonstrating that NMDA-Rs are
also involved in the ability of the retinotectal map to adjust to changing afferent
availability. We hypothesize that the NMDA-R allows SC neurons to control the
number and receptive field location of their retinal inputs, even when excess
afferents are available, thus maintaining afferent/taiget matching and conserving
receptive field properties. This mechanism of population matching is likely to be
of general importance during brain development
Supported by the Georgia Research Alliance.

LONG-TERM TREATMENT WITH APB INDUCES PERMANENT
CHANGES IN RETINAL GANGLION CELLS.
S, Peplanp 1. C. Gargini2-3L, M, Chalupa4 and S. Bisti3>5* 1 Dept.
DIBISAA, Universita Genova,2Dept. PNFB, Universita Pisa,3lst. di
Neurofisiol. C.N.R., Pisa, Italy.4Sect. Neurobiol. Physiol. & Behavior, UC
Davis 95616 and 5 Dept. STB, Univ. L'Aquila, Italy.
Long-term treatment with APB, the metabotropic glutammate agonist,
(intraocular injection from P2 until P30, with a 2-day respite during the
week-ends) has shown that about 40% of the neurons recorded from
optic tract and from the A and Al LGN laminae innervated by the APBtreated eye responded with ON-OFF discharges (Bisti et al., 1998). The
aim of the present study was to analyse the morphology of ganglion cell
in both normal and APB-treated retinae and to correlate morphological
and electrophysiological data. In two cats HRP was injected in the LGN,
after the electrophysiological measures, the retinae were then removed,
reacted and analysed. Camera lucida drawing of a cells were made from
corresponding areas (from central to dorsal periphery) of treated and
untreated retinae. In accord with the electrophysiological results, a large
fraction (44,4%) of the a cells in the APB-treated eye presented
multistratified dendrites. The multistratified morphology of the dendritic
arborization was asymmetric in the sublaminae of the IPL. Moreover the a
cells presented different forms of multistratification. These findings
indicate that long-term treatment of the neonatal retina with APB induces
permanent modification in the pattern of dendritic stratification, which, in
turn, is reflected in a functional change of the response properties of
single neurons.
Supported by: NATO; MURST (ex 40%)
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RECEPTIVE FIELD PROPERTIES OF VISUAL NEURONS IN THE
SUPERIOR COLLICULUS OF SEROTONIN1B RECEPTOR KNOCKOUT
MICE. M. Ke*, R.D, Mooney, R.W. Rhoades. Dept. of Anatomy and
Neurobiology, Medical College of Ohio, Toledo OH 43699
Previous work from this laboratory suggested that serotonin (5-HT) levels in
the superior colliculus (SC) of neonatal rodents can affect postnatal refinement
of the retinotectal pathways. The present experiments were undertaken to
further test the basis of this interaction and specifically to test whether a lack of
the 5-HT1B receptor subtype on retinal axon terminals would influence the visual
properties of SC neurons. In vivo electrophysiological recordings of single cells
were performed on urethane-anesthetized adult (age > 4 months) wild type
(129/Sv-ter, +/+) and 5-HT1B receptor knockout mice (-/-). Results to date
indicate that receptive field diameters of SC neurons in -/- mice (N = 27) are
significantly larger than those in the +/+ group (N = 58) (mean ± s.d.: 13.8° ±
3.4° and 11.5° ± 2.6°, respectively, p<0.005). This difference was apparent at
all receptive field positions (azimuth) but was more pronounced as temporal
eccentricity increased. In most other respects, the visual receptive fields were
similar in both groups, the cells responded best to moving stimuli with a
majority showing wideband velocity tuning (5 to 80 deg/sec) and most produced
on-off or off responses to stationary stimuli. In this small sample, directionally
selective receptive fields (responses to preferred stimulus direction z 3 times
average of other directions) were more common in the -/- animals (50%, 7 of 14
tested) than in +/+ mice (21% , 7 of 33 tested) (p<0.05). The basis for the
difference in receptive field size is not yet clear but may reflect a reduction in
presynaptic inhibition at retinotectal terminals in -/- mice.

AN EXPANDED IPSILATERAL RETINOTECTAL PROJECTION IN
SEROTONIN 1B RECEPTOR KNOCKOUT MICE. T.A. Cmko-Hoppenjans*,
R.D. Mooney, R.W. Rhoades. Dept. of Anatomy and Neurobiology, Medical
College of Ohio, Toledo OH 43699
We have previously shown that elevation of serotonin (5-HT) in the superior
colliculus (SC) of neonatal hamsters resulted in modifications of the crossed and
uncrossed retinotectal pathways. In order to determine whether the 5-HT1B
receptor subtype was involved in this alteration, the ipsilateral projection in
adult (age > 8 weeks)‘wild type (129/Sv-ter, +/+, N = 4) and 5-HTiB receptor
knockout mice (-/-, N = 5) was labelled by intraocular injection of horseradish
peroxidase (HRP), and sections of the SC were analyzed by densitometry of
HRP-reaction product in video-captured images. Measurements were made from
3 sections from the anterior SC ipsilateral to the injected eye of each animal, and
these values averaged and compiled into group averages. The cross-sectional
area of the superficial SC laminae (stratum griseum superficiale and stratum
opticum) was not significantly different between the two groups. However,
there was a significant difference between groups in the area of labelled axons
and terminals: in +/+ mice, the median was 2824 pm2 (range 821 to 4157 pm2),
and that in the -/- group was 6662 pm2 (range 3315 to 8862 pm2) (p<0.03).
Qualitatively, the labelling in -/- mice appeared to be more extensive and the
fibers extending into the zones between dense patches were more numerous.
Experiments to determine how lack of the 5-HT1B receptor influences
development of the retinotectal pathway in mice in which 5-HT levels have been
modified at birth are in progress.
Supported by EY 11481.

Supported by EY 11481.
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SELECTIVE INDUCTION OF M2 MUSCARINIC RECEPTORS IN
OVO BY A SECRETED FACTOR PRODUCED BY EMBRYONIC
CHICK RETINAL CELLS.
K. K Belmont^. 30d JL, M_. Nathanson.
Dept. of Pharmacology, University of Washington, School of Medicine, Seattle, WA
USA 98105
Muscarinic acetylcholine receptors (mAChRs) are important for proper development
of the embryonic retina, and they modulate visual processing signals in the mature
retina. The level of expression of different mAChR subtypes changes during
development of the embryonic retina. However, the location of these receptors, and
the cell types that express these receptors during development is not known. We have
used subtype specific antibodies for the chick M2, M3 and M4 mAChR subtypes
(along with cell-specific markers) to identify the cell types expressing the various
mAChRs in the developing retina (E6-posthatch day 10). While significant levels of
M4 mAChRs could be detected as early as E6, and M3 mAChRs could be detected as
early as E9, there was little, if any M2 mAChR expression detected in the embryonic
retina until E12-14. We have previously shown that treatment of freshly dissociated
retinal cultures with conditioned media (CM) taken from mature retinal cultures (in
culture six days or more) results in a rapid increase in M2 mAChR protein and mRNA
levels compared to retinal cultures grown in control medium, while having no effect
on M3 or M4 mAChRs (McKinnon & Nathanson, 1998, J. Neurosci. 18(1) 59-69).
When CM was concentrated and injected into developing eggs at E6, significant M2
mAChR expression could be detected as early as E8-9, while M3 and m4 receptor
expression appeared the same as controls. This precocious M2 mAChR expression
codocalizes with tenascin expression in the inner plexiform layer of the retina,
suggesting that a population of cells affected by the M2-inducing factor in CM appears
to be amacrine cells. This pattern of expression appears to be similar to the pattern of
M2 mAChR expression normally seen at E14. Thus, the M2-inducing factor found in
retinal cell CM may be important for the normal developmental appearance of M2
mAChRs in the retina.
Supported by NIH grant R01-HL30636 & T32- NS07332

THE SOLUBLE GUANYLYL CYCLASE - PROTEIN KINASE G PATHWAY IS
A TARGET OF NITRIC OXIDE DURING ON/OFF SUBLAMINATION IN THE
RETINOGENICULATE PROJECTION. C. A. Leamey* and M, Sur, Dept. of Brain
and Cognitive Science, MIT, Cambridge, MA 02139.
Previous studies have shown that the segregation of on/off retinal ganglion
cell axons in the dorsal lateral geniculate nucleus (dLGN) of the ferret requires the
activity of both NMDA receptors and nitric oxide synthase (NOS). We have also
reported that cGMP, which is produced by a putative target of nitric oxide (NO),
soluble guanylyl cyclase (sGC), is upregulated in cells and neuropil during the period
of on/off sublamination (postnatal weeks 3-4), and that this expression is regulated
by the activity of NMDA receptors and NOS. We here examine whether cGMP is
present in pre-synaptic terminals, whether the sGC-cGMP pathway is involved in the
segregation of retinal axons into on/off sublaminae in vivo, and further, whether a
potential intracellular target of cGMP, protein kinase G (PKG) is also involved.
Fluorescent confocal microscopy was used to analyse tissue double-labeled with
antobodies to cGMP and the pre-synaptic protein synaptophysin and revealed
colocalization of the two signals. Osmotic minipumps were used to focallv
administer the specific inhibitor of sGC, ODQ (lOmM), the PKG inhibitor KT5823
(2mM), or control vehicle solution to the dLGN during weeks 3-4. Retinal axons
were labelled by an intraocular injection of the anterograde tracer WGA-HRP.
Treatment with ODQ and KT5823 significantly disrupted sublamination. In other
cases, the axonal arbors of individual retinal ganglion cells from control and ODQtreated animals were labeled with HRP and their positions plotted with respect to the
intersublaminar boundaries. Axons were alloted a sublamination index which
reflected the proportion of the arbor present in a given sublamina. The sublamination
indices from ODQ-treated animals were significantly lower than those from controls.
We conclude that cGMP is present in presynaptic terminals in the dLGN, and that
the activity of the sGC-cGMP-PKG pathway is required for the activity-dependent
structural changes which occur during pattern formation in the ferret retinogeniculate projection.
Supported by NIH Grant EY 11512.
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RAPID NUCLEAR RESPONSES TO TARGET DERIVED NEUROTROPHINS
REQUIRE RETROGRADE TRANSPORT OF LIGAND-RECEPTOR COMPLEX.
F.L, Watson^H-M-Heerssen1. D.B.Moheban1, M.Z.Lin1, C.M.Sauvageot1, A.

Axonal Transport of Antibodies to Neurotrophin Receptors Within the
Somatosensory Projections to the Thalamus. D.P. Crockett*, P.M. Morcos,
F.D. Perry. A, Sen. S.L. Harris and M.D. Egger. Dept. Neuroscience and Cell
Biology, UMDNJ-Robert Wood Johnson Med. Sch., Piscataway, NJ 08854.
Transient, vibrissae-related patterns of p75-immunoreactivity (IR) were
observed postnatally within the ventral posteromedial nucleus (VPM) of the
thalamus. Intense p75-IR was seen as early as embryonic day 15.5 and as late
as postnatal day 10 (P10), but was undetectable shortly thereafter. Clear
patterning emerged on P4. p75-IR was never detected within the ventral
posterior lateral nucleus. Antibodies to p75 stereotaxically injected (<1.0 ml;
250-500 pg/ml; Boehringer-Mannheim) into the VPM of P4-P5 rat pups
labelled numerous cells within the contralateral trigeminal principal sensory
nucleus (PrV), 1-2 days following injections. We injected polyclonal pan-trk
antibodies (Santa Cruz, 4 ml, 100 pg/ml) into the ventrobasal complex of P4P5 and adult rats. Following a survival of 24-72 h, numerous cells and
processes were detected in a narrow band that paralleled the needle track. In
the infant rat, no evidence of long-distance transport of the pan-trk antibodies
was detected. However, in the adult, there was some evidence of retrograde
transport of the pan-trk antibodies. Labelling could be traced within the
medial lemniscus throughout the midbrain in preparations in which the tip of
the needle penetrated the medial lemniscus. And, in one well-stained
preparation, cellular labelling was detected in the dorsal column nuclei and
PrV These investigations suggest an important trophic interaction between
ascending somatosensory fibers and the thalamus, mediated by the retrograde
transport of neurotrophin receptors, that may continue into adulthood.

Bhattacharyva3. S.L.Pomeroy* C.D.Stiles3 R.A.Segal1. zDept. Neurobioiogy.
Harvard Medical School; 2Dept. Pediatric Oncology, and 3Dept. Cancer Biology,
Dana Farber Cancer Inst, 44 Binney St., Boston, MA.
Target derived neurotrophins initiate signals at nerve terminals that cross long
distances to reach cell bodies and regulate gene expression. Neurotrophin receptors
(Trks) serve as retrograde signal carriers. It is not yet known if the retrograde
propagation of Trk activation reflects movement of Trk receptors from neurites to cell
bodies or serial activation of stationary Trk molecules. We show that neurotrophins
applied to distal neurites of sensory neurons rapidly induce phosphorylation of the
transcription factor CREB, and a slower increase in Fos protein expression. Both
nuclear responses require activation of Trks at distal nerve endings and retrograde
propagation of Trk activation to nerve cell bodies. Using photobleach and recovery
techniques to follow biologically active GFP-tagged TrkB in live cells during
retrograde signaling, we show that TrkB-GFP moves rapidly from neurites to cell
bodies. This rapid movement requires ligand binding, Trk kinase activity, and intact
axonal microtubules. When they reach the cell bodies, the activated TrkB receptors
are complexed with ligand. Thus the retrograde propagation of activated TrkB from
neurites to cell bodies, though rapid, reflects microtubule-dependent transport of
pTrk-ligand complexes. Moreover, the relocation of activated Trk receptors from
nerve endings to cell bodies is required for nuclear signaling responses. These data
support a model of retrograde signaling whereby rapid vesicular transport of ligandreceptor complex from the neurites to cell bodies mediates the nuclear responses.

404.3

404.4

AN INTERACTION BETWEEN THE TRK RECEPTOR AND DYNEIN LIGHT
CHAIN, A COMPONENT OF THE RETROGRADE MOTOR COMPLEX. IL
Yano1, F. Lee1, H, Kong1. J.C, Arevalo2, P, Perez2. C.-H, Sung3, and M.V. Chao1*.
‘Skirball Institute, New York Univ., NY, NY 10016; 2Instituto de Microbiologia
Bioquimica, Universidad de Salamanca, Salamanca, Spain; 3Dept. of Cell Biology and
Anatomy, Dyson Institute, Weill Medical College of Cornell Univ., NY, NY 10021.
Retrograde axonal transport plays an important role in neurotrophin signaling.
However, the molecular mechanism by which transport from the nerve terminal to the
cell body in the axon occurs remains unclear. We have cloned a 14-kD Dynein light
chain (DLC) protein, also called Tctex-1, by yeast two-hybrid screening of a rat DRG
library using the TrkB juxtamembrane region as a bait. The DLC is a component of
cytoplasmic dynein, a motor protein complex implicated in a broad range of cellular
functions, including retrograde axonal transport and other vesicle trafficking events.
The interaction of DLC with TrkB observed in yeast was confirmed in
immunoprecipitation experiments using lysates prepared from 293T cells
overexpressing both DLC and TrkB receptor. DLC was also shown to interact with
other Trk family members, TrkA and TrkC. Deletion of the TrkA juxtamembrane
region abolished association with DLC, indicating that this interaction is mediated
specifically through sequences in the juxtamembrane region of the Trk receptor. To
narrow down the DLC-binding region of Trk, further binding analysis was performed
using various TrkA mutants, including ones which have mutations in identical amino
acid sequences among all Trk members. The results indicated that the Trk
juxtamembrane region distal to the transmembrane domain was required for this
association. Autophosphorylation of the TrkA receptor was not necessary for this
interaction. The p75 neurotrophin receptor modulates ligand binding as well as
signaling by Trk receptors and forms a complex with Trk receptors on the cell surface.
Interestingly, DLC also was co-immunoprecipitated with p75 after transfection in
293T cells. Our results raise the possibility that 14-kD DLC may be a component of
neurotrophin receptor retrograde transport complex.

ANTEROGRADE AND RETROGRADE TRANSPORT OF NGF AND BDNF IN
THE ADULT RAT VISUAL SYSTEM. S. Chierzri, M. CaleofM. C. Cenni?, E.
Menna1 and L. Maffei*]>2. 0) Scuola Normale Superiore,
(2) Istituto
Neurofisiologia CNR, Via S. Zeno 51, 56127 Pisa (Italy).
We have analyzed the anterograde transport of exogenous NGF and BDNF
injected into the eye in the adult rat. Using immunohistochemical techniques, we
found that both neurotrophins (5 pg) were taken up by retinal ganglion cells
(RGCs) and transported anterogradely along optic nerve fibers. In addition, we
found that BDNF but not NGF was able to elicit the expression of c-Fos and
Zif268 in the contralateral superior colliculus (SC) at 6-8 hr following intravitreal
administration. Induction of c-Fos was blocked by co-injection of axonal transport
blockers (colchicine, monensin). c-Fos-positive cells were found to be neurons, as
demonstrated by colocalization with the neuron-specific antigen NeuN. We
conclude that intravitreal BDNF is anterogradely transported by RGCs and rapidly
induces functional responses in post-synaptic neurons.
We also analyzed neurotrophin retrograde transport from central targets to
RGCs. Optic nerve ligations were performed to arrest axonal flow. NGF or BDNF
(300-600 ng) were stereotaxically injected into the lateral geniculate nucleus
(dLGN) and revealed by immunohistochemistry. The results show that both
neurotrophins were retrogradely transported: exogenous BDNF was detected in a
great number of optic nerve fibers, while exogenous NGF was present in a more
limited axonal population. We also found that a specific anti-p75 antibody (REX
IgG) was retrogradely transported along the optic nerve when injected into the
dLGN. This suggests that the common low-affinity p75 receptor is involved in
NGF and BDNF retrograde transport.
Supported by Telethon project #934 and EEC grant BIO4-CT96-0774.
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BDNF-DEPENDENT EFFECTS ON VESICLE RECYCLING AT INDIVIDUAL
SYNAPTIC SUES. J. Bradley*, O. Spoms. The Neurosciences Institute, 10640
John Jay Hopkins Drive, San Diego, CA 92121 USA.
Brain-derived neurotrophic factor (BDNF) is involved in the acute modulation of
synaptic plasticity and has been reported to have both pre- and postsynaptic effects.
Using the styryl dye FM1-43 we previously demonstrated that populations of
synapses treated for 1-3 hours with BDNF showed an enhanced exocytotic response
compared with untreated populations (Brain Res. 815, 140). In the present study, we
investigated this BDNF-dependent effect at individual synaptic sites which were
monitored for prolonged periods of time. Synapses of cultured cortical neurons of
embryonic rats (El9, 10-12 DIV) were labelled with FM1-43 (15 pM in 90 mM K+
for 1 min). After washout (10 min), destaining was evoked by the addition of 30
mM K+ or 90 mM K+. BDNF (20 ng/ml) was added and cells were maintained for
90 min (37°C and 95% O215% CO2). Then the loading / destaining procedure was
repeated. Images of fluorescence were captured from identical synaptic fields
following loading and following destaining. Destaining responses were calculated
from sites that were present before and after BDNF addition. After 90 min in the
presence of BDNF we found that identified synapses showed a significant increase
in the extent of FM1-43 labelling whereas untreated cells showed a decrease in the
extent of labelling. In addition, BDNF enhanced the destaining response of
identified sites when cells were treated with either 30 mM K+ or 90 mM K+. In
contrast, corresponding destaining responses of untreated cells were reduced. For
individual synapses, we found a significant correlation between the increase in
labelling intensity and the increase in K+-evoked destaining responses following
treatment with BNDF.
These results indicate that BDNF may enhance
neurotransmitter release by increasing the pool of synaptic vesicles in the
presynaptic terminal. (Supported by Neurosciences Research Foundation)

AFFERENT-SPECIFIC MODULATION OF SYNAPTIC PLASTICITY BY
NEUROTROPHINS IN THE DENTATE GYRUS
K.Olofsdotter. F.Asztelv* M.Kokaia, U.Ortegren and O. Lindvall
Section of Restorative Neurology, Wallenberg Neuroscience Center,
University Hospital, S-221 85 Lund, Sweden
Neurotrophins modulate synaptic transmission and plasticity in the adult
brain. We here show a novel feature of this synaptic modulation, i.e., that
two populations of excitatory synaptic connections to granule cells in the
dentate gyrus, lateral perforant path (LPP) and medial perforant path (MPP),
are differentially influenced by the neurotrophins BDNF and NT-3. Using
field recordings and whole cell patch-clamp recordings in hippocampal
slices, we found that paired-pulse depression (PPD) at MPP-granule cell
synapses was impaired in BDNF knock-out (+/-) mice, but not paired-pulse
facilitation (PPF) at LPP synapses to the same cells. In accordance, scavenging of endogenous BDNF with TrkB-IgG also impaired PPD at MPP-granule
cell synapses, but not PPF at LPP-granule cell synapses. Conversely, in
NT-3 +/- mice, PPF was impaired at LPP-granule cell synapses while PPD
at MPP- granule cell synapses was unaffected. These deficits could be
reversed by the exogenous neurotrophins in an afferent-specific manner.
Our data suggest that BDNF and NT-3 differentially regulate the synaptic
impact of different afferent inputs onto single target neurons in the CNS.
Supported by the Swedish MRC and the Swedish National Network in Neuroscience.
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NORMAL HIPPOCAMPAL SYNAPTIC TRANSMISSION AND LONG-TERM
POTENTIATION IN MICE WITH CONDITIONAL DELETIONS OF THE NT-3
GENE.
Gerald Reis’, Long Ma2, Luis F, Parada2, Erin M. Schuman1*
lCaltech/HHMI, Division of Biology 216-76, Pasadena, CA 91125; 2UT Southwestern
Medical Center, Center for Developmental Biology, 5323 Harry Hines Boulevard,
Dallas, TX 75235-9133.
Neurotrophic factors, including BDNF and NT-3, have been implicated in the
regulation of synaptic transmission and plasticity. For example, NT-3 has been found
to enhance synaptic transmission at the neuromuscular junction (Lohof & Poo, 1992)
and in area CA1 in the hippocampus (Kang & Schuman, 1995). Previous attempts to
analyze synaptic transmission and plasticity in mice lacking the NT-3 gene have been
hampered by the early death of the NT-3 knock-out animals. We have bypassed this
problem by examining synaptic transmission in mice in which the NT-3 gene is deleted
later in development, by crossing animals expressing the CRE-recombinase driven by
the synapsin I promoter to animals in which the NT-3 gene is floxed. We conducted
blind field potential recordings at the Schaffer collateral-CAl synapse in hippocampal
slices from homozygous knock-out and wild-type mice (age 31-53 days). We examined
the following indices of synaptic transmission: i) input-output curve; ii) paired-pulse
facilitation iii) post-tetanic potentiation and iv) LTP: induced by two different
protocols: a) 2 trains of 100 Hz stimulation; b) theta-burst stimulation. We found no
difference between the knock-out and wild-type mice in any of the above measurements.
These results suggest that NT-3 does not play an essential role in normal synaptic
transmission and some forms of plasticity in the mouse hippocampus, although the
possible compensation by other molecules cannot be ruled out.

THE EFFECTS OF NEUROTROPHINS ON RESTING MEMBRANE
POTENTIAL OF PC 12 CELLS K. Shimazu1. H, Jiang1, Z. Yu2 M, Jia3. MX.
Li3. P.G. Nelson3* and G. Guroff1 ‘Section on Growth Factors, NICHD,
2Pathology Section, NHLBI and ’Laboratory of Developmental Neurobiology,
NICHD, NIH, Bethesda, MD20892
The acute actions of the neurotrophins nerve growth factor (NGF) and
brain-derived neurotrophic factor (BDNF) on resting membrane potential (RMP)
were studied in individual PC12 oells. We measured RMP using the
potential-sensitive bisoxonol dye bis(l,3-dibutylbarbituric acid) trimethine oxonol
[DiBAC4(3)]. We also measured changes in membrane conductance and membrane
currents using the perforated whole cell patch clamp technique. Confocal laser
microscopy (CLMS) was employed to visualize and measure changes in RMP using
DiBAC4(3). Calibration changes in DiB AC4(3) can be done by adding gramicidin
in isotonic balanced salt solution containing a varying ratio of Na+ and
W-methyl-D-glucamine. Although the loading of DiBAC4(3) into PC 12 cells was
somewhat heterogeneous, the mean depolarization of RMP produced by treatment by
NGF (lOOng/ml) and BDNF (200ng/ml) was 21.74 ±5.58 mV (±SE, N=25) and
20.16 ± 3.48 mV (±SE, N=13), respectively.
The activation of inward currents by NGF were observed using both voltage-ramp
and square pulse protocols by the perforated whole cell patch clamp method. A
corresponding depolarization of the membrane potential at zero current was seen. An
increasing number of reports indicate that neurotrophins can induce transient calcium
influx within minutes after application. In addition, our recent studies show that
current through L-type calcium channels is acutely enhanced by both of NGF and
BDNF in PC12 cells. Therefore, these results might indicate that neurotrophins can
activate voltage-gated calcium channels by depolarizing the RPM itself as well as by
directly modulating these channels.
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ROLE
OF
INTRACELLULAR
CALCIUM
STORES
AND
CALCIUM/CALMODULIN DEPENDENT KINASES IN NT3-INDUCED
SYNAPTIC POTENTIATION AT THE DEVELOPING NEUROMUSCULAR
SYNAPSE. X.P. He1, F. Yang1*, Z.P. Xie2 and B. Lu1 .‘Unit on Synapse
Developement and Plasticity, Laboratory of Development Neurobiology, NICHD,
NIH, Bethesda, MD 20892.; ^)ept. of Biology, Tsinghua Univ., Beijing, China.
Neurotrophin-3 (NT3) has been shown to acutely potentiate synaptic transmission
at the developing neuromuscular junction (NMJ), but the underlying signaling
mechanisms remain largely unknown. Here we have characterized the role of
intracellular Ca2+ stores and Ca27calmodulin-dependent kinases (CaMKs) in NT3mediated synaptic potentiation, using Xenopus nerve-muscle co-culture. Application
of high K+ solution at the terminals of motoneurons elicited a marked increase in
neurotransmitter release at the NMJ. The CaMK inhibitor KN62 significantly
reduced the high K+ effect, but did not affect the basal levels of spontaneous
synaptic currents (SSCs). KN62 also reduced the amplitude of impulse-evoked
synaptic currents (ESCs). Thus, CaMKs are involved in the regulation of synaptic
transmission at the developing NMJ, and the effects of CaMKs depend on nerve
terminals Ca2+ concentration ([Ca2+]i). Inhibition of CaMKs completely prevented
the acute effect of NT3. However, in either Ca2+-free medium or in the presence of
the Ca2+ channel blocker Cd2+, NT3 was still capable of enhancing synaptic
transmission. Depletion of intracellular Ca2+ stores by thapsigargin prevented the
NT3-induced synaptic potentiation. Pre-treatment of the cultures with the ryanodine
receptor inhibitors ryanodine or TMB-8, or the IP3 receptor inhibitor XeC, also
blocked the NT3 effects. The potentiation of synaptic activity requires a continuous
activation of CaMKs, because application of KN62 reversed the previously
established NT3 effect. These results suggest that NT3 potentiates synaptic
transmission by stimulating Ca2+ release from internal stores through ryanodine and
IP3 receptor, leading to an activation of CaMKs.

SUPPRESSED EPILEPTOGENESIS IN GFRa2 MUTANT MICE
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M. Saarma 2 M. Airaksinen2 and Q, Lindvall1 *
'Section of Restorative Neurology, Wallenberg Neuroscience Center, University
Hospital, Lund, Sweden; institute of Biotechnology, University of Helsinki,
Finland.
Recently, a new family of neurotrophic factors has been identified, comprising
glial cell line-derived neurotrophic factor (GDNF), neurturin (NTN), persephin
and artemin. Signalling of these neurotrophic factors is mediated by a two-component receptor complex: the Ret tyrosine kinase functional receptor and a co-receptor
called GDNF family receptor (GFR) a.Using in situ hybridization we have previously shown that kindling-induced seizures lead to region- and cell -specific
changes of mRNAs for GDNF, NTN and their receptors in the adult rat brain.
We hypothesised that the changes in endogenous levels of NTN and their receptors
following seizures may influence the development of epileptic syndromes. To test
this possibility, GFRa2 knock out mice (GFRa2 -/-) have been subjected to daily
stimulations according to the conventional hippocampal kindling paradigm. GFRoc2
preferentially mediates NTN signalling. We found that the development of kindling
was markedly suppressed in GFRoc2-deficient mice. These animals did not reach the
fully kindled state (3 grade 5 seizures) until after 38±4 days of stimulation as
compared to 21±2 days in the wild-type mice. Test stimulations performed 4-6
weeks after the fifth grade 5 seizure, revealed that increased excitability was maintained in mutant mice, but the magnitude was lower as compared to wild-type mice.
We are currently investigating electrophysiological and morphological properties of
GFRa2 -/- mice brains which might be responsible for the observed reduction of
seizure susceptibility.
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MORPHOLOGICAL CHANGES AT NODES OF RANVIER IN MOTOR
AXONS OF ADULT CNTF NULL (-/-) MUTANT MICE. K.P, Gatzinsky1*.
R,. Holtmann2 B. Daraie1, C.-H, Berthold1 and M, Sendtner2. ‘Dept. of
Anatomy and Cell Biology, Goteborg University, Sweden; 2Dept. of Neurology,
University of Wurzburg, Germany.
Ciliary neurotrophic factor (CNTF) is a cytosolic molecule expressed
postnatally in myelinating Schwann cells. Although CNTF prevents lesionmediated and genetically determined motor neuron degeneration, its influence
on the structure and function of adult motor neurons has remained elusive. In
this study we have investigated the morphology of large myelinated motor axons
in adult CNTF -/- mice and age-matched CNTF +/+ controls. Nine-month-old
CNTF -/- and +/+ mice were perfused with 4% paraformaldehyde. The lumbar
ventral roots were dissected out, prepared for ultrastructural analysis and
investigated by electron microscopy. Several degenerative changes, being most
prominent at the nodes of Ranvier, were seen in the CNTF -/- mutants. Two
major changes were outlined: i) The so called paranodal axon-Schwann cell
networks (ASNs) which are regular features at nodes of Ranvier of adult
mammalian motor axons and have been shown to take part in the removal and
disposal of degenerate organelles and materials from the axoplasm, were
atrophic or absent in most axons of CNTF -/- mice, ii) The axoplasm in many
nodal regions lacking ASNs was crammed with large degenerating organelles
and membranous debris. These observations suggest that CNTF plays an
important role for the maintenance of normal structure, function and integrity
in adult motor axons. Further experiments in CNTF-/- and +/+ animals of
different ages will reveal how CNTF exerts its effects on the maintenance of
specific axonal structures which are in direct functional contact with Schwann
cells. Supported by the Swedish MRC and Deutsche Forschungsgemeinschaft.
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P2 RECEPTOR ACTIVATION INDUCES UPREGULATION OF CYCLOOXYGENASE 2 mRNA AND GLIOSIS IN RAT CORTICAL ASTROCYTES R.
Brambilla1*, J.T. Neary2,4, F. Cattabeni1, G. DTppolito2,3,4. M.P. Abbracchio1 and P.
Schiller2,3,4, 'inst. Pharm. Sci., Univ. Milan, Italy; 2Research Service and 3GRECC,
VA Medical Center, Miami, FL; 4Univ. Miami, School of Med., Miami, FL 33125.
Cyclooxygenase 2 (COX-2) is strongly activated in neurological diseases
characterized by a marked inflammatory component and astrocytic activation. We
have previously demonstrated that the stimulation of a novel P2Y receptor induces
reactive astrogliosis and upregulation of the COX-2 enzyme in rat brain primary
astrocytes (Brambilla et al., 1999, Br. J. Pharmacol. 126: 563-567). Based on these
findings, we addressed the present study to a detailed investigation of the gliotic
response to ATP and underlying mechanisms in primary astrocytes from rat cortex,
by both measuring functional parameters, such as elongation of astrocytic processes,
and determining COX-2 gene expression. A brief (2 h) challenge with the hydrolysis
stable ATP analog a(3meATP resulted, after 72 h in culture, in a concentrationdependent elongation of cellular processes, with a maximal effect at 1-10 pM. The
gliotic effect was preceded by a marked time-dependent upregulation of COX-2
mRNA synthesis, an effect already detectable 6 h after treatment with a|3meATP and
maximal within 12 h. Stimulation of COX-2 mRNA expression decreased after 24 h
and returned to basal level after 48 h. Gene expression was evaluated by semiquantitative RT-PCR, and COX-2 expression normalized to elongation factor-la
(EF-la) expression, which was not affected by the treatment. Moreover, preliminary
data suggest that formation of AP-1 transcriptional complexes may contribute to
otpmeATP induction of COX-2 gene expression. Collectively, our findings indicate
the presence of an atypical P2Y receptor in cortical astrocytes, which mediates
reactive gliosis and acts via modulation of COX-2 expression. On this basis, selective
antagonists to this receptor may be effective in counteracting pathological COX-2
activation in inflammatory neurological deseases.

A PHASE II ENZYME INDUCER UPREGULATES THIOREDOXIN
REDUCTASE ACTIVITY IN ASTROCYTES. E Eftekharpour*1,2,3 and, B.
H. J. Juurlink 12. 3 Ministry of Health, Iran. ° Dept. Anat. Cell Biol, and
Cameco MS/NS Research Centre, Univ. Saskatchewan, Saskatoon,
SK, S7N 5E5, Canada.
During oxidative stress, reactive oxygen species change the redox
status of the cell. Sulfhydryl groups of many key proteins involving
with vital functions such as those in mitochondrial membrane proteins
are oxidized. This will cause intermolecular disulfide bonds amongst
these proteins, often resulting in formation of the mitochondrial
permeability pore. This will result in release of cytochrome C initiating
the caspase cascade.. Regeneration of sulfhydryl groups is known to
be dependent upon thiol reductases {i. e., thioredoxin reductase (TR)
and glutathione reductase (GR)}. In this study, total thiol-reductase
activity of the mouse cortical astrocytes and cortical neurons was
examined by the reduction of 5,5’- dithiobis-(2-nitrobenzoic
acid)(DNTB) as has been reported by Wudarczyk, et al.,( Arch.
Biochem. Biophys. ,327, 215-221., 1996). We show that this reaction
is catalyzed by both TR and GR.
Furthuemore, tertiaryButylhydroquinone (t-BHQ), a phase II enzyme inducer, increases the
thiol-reductase activity of astrocytes to more than 2 folds over the
controls. T-BHQ had no effect cortical neurons. TR assay, using
Thioredoxin as electron donor ( Arner, ESJ. et. al., Methods, in
Enzymol. 300, 226. 1999), showed that this increase is due to
upregulation of TR activity in these cells. T-BHQ had little effect on GR
activity in astrocytes. Upregulation of TR as a potential peroxide
scavenger as well as a disulfide reducer might have some therapeutic
importance. Supported by MRC of Canada and MHME of Iran.
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LOCALIZATION OF BONE MORPHOGENETIC PROTEINS (BMPs) IN
NORMAL AND ISCHEMIC ADULT RAT BRAIN. C.A. George, D.T.
Stephenson, J.A. Clemens, D. Lodge, and L.K. Nisenbaum*. Lilly Research
Laboratories, Eli Lilly and Company, Indianapolis, IN 46285.
Bone morphogenetic proteins (BMPs) are members of the transforming
growth factor-p superfamily and induce bone formation from mesenchymal
cells. In addition, BMPs have been implicated in neural cell differentiation
during development. More recently, one member of this family, BMP-7, has
been implicated in recovery of function following ischemia (Kawamata et al.,
1998). We utilized in situ hybridization histochemistry to examine mRNA
expression levels of several members of the BMP family (BMP-2, BMP-6,
and BMP-7) in the normal adult rat (n=5) as well as following 1,3 or 7 days
(n=4-5 per group) of focal cerebral ischemia induced by permanent
occlusion of the middle cerebral artery (MCAO). In normal adult rat brain,
BMP-6 showed a widespread localization pattern throughout the brain with
relatively higher expression levels in the cortex, hippocampus and choroid
plexus. In contrast, BMP-2 expression was localized to the striatum,
substantia nigra, habenula, amygdala, and arcuate nucleus whereas BMP-7
expression was restricted to the choroid plexus. In rats subjected to MCAO,
BMP-6 expression decreased in the ischemic infarct area at 1 and 3 days,
but returned to near control levels by 7 days. In contrast, BMP-2 expression
increased 1 day post-occlusion in the cortical region surrounding the infarct.
However, by 3 days this increase was no longer detected. The expression of
BMP-7 remained unchanged at 1 day but was increased 3 and 7 days postocclusion in the infarct area. Thus, the individual members of the BMP family
have distinct localization patterns in the adult brain which are differentially
altered in response to ischemic injury.

SELECTIVE IMPACT OF DIABETES ON SUBSETS OF UNMYELINATED
CUTANEOUS AND VASCULAR INNERVATION IN STREPTOZOTOCIN
TREATED RATS. M.J. Patel* and F.L. Rice. Dept. of Pharmacology and
Neuroscience, Albany Medical College, Albany NY 12208.
Peripheral neuropathy is a major complication of diabetes mellitus. Innervation
affected by diabetes primarily has been assessed by testing behavior, examining
nerve biopsies, measuring nerve conduction velocity or evaluating biochemical
properties such as levels of neuropeptides. In this study, immunofluorescence was
used to determine which of the many sets of nerve endings are affected in the skin
of rats with diabetes induced six weeks earlier by a single IV injection of
streptozotocin (65 mg/kg i.v.). Cutaneous and vascular innervation was analyzed in
the whisker pads, hindpaws and tail. Previous studies proposed that unmyelinated
(C) and lightly myelinated (A5) innervation as a whole was affected. Since all of
this innervation is dependent upon nerve growth factor (NGF) for survival,
problems involving NGF availability, uptake or transport have been implicated in
the etiology diabetic neuropathy. Importantly, we found that only two of the many
sets of NGF dependent unmyelinated innervation are clearly lacking. One set is the
nonpeptidergic penicillate innervation to the epidermis. The other is the CGRP
containing sensory innervation to the vasculature. These losses were seen in all
three locations examined, including the mystacial pad, and not just the more distal
hindpaw and tail. The loss of the sensory vascular innervation may be of particular
relevance to circulatory problems in diabetics because this innervation contains
potent vasodilators, CGRP and Substance P. Surprisingly, the NGF dependent
sympathetic innervation is spared which may result in unopposed vasoconstriction
thereby impairing blood flow. This might contribute to later, more severe
neuropathies and other pathological conditions such as skin ulcers. The specificity
of the initial losses of innervation after induced diabetes favors a more intricate
pathophysiology than a general problem involving NGF. NIH R01-NS34692.
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of GDNF, GFR-a and RET in the colon
of SCID mice after
INDUCING INFLAMMATORY BOWEL DISEASE THROUGH REPOPULATION WITH CD4+
LYMPHOCYTES. M. Steinkamp1, G. Pezeshki-, J. Reimann3, J. Engele-, I. Geerling1,

J. Lakshmanarr* and M. Reinshagen1. ’Department for Internal Medicine,
University of Ulm, Germany; department of Anatomy and Cellbiology,
University of Ulm, Germany; department of Immunology, University of Ulm,
Germany; division of Gastroenterology, Harbor-UCLA-Medical Center,
Torrance-CA.
Background and aim: Balb/c scid/scid (SCID) mice develop ulcerative colitis
after repopulation with congenic CD4+ lymphocytes. In this study we investigated
the expression of GDNF and its receptor and coreceptor, RET and GFR-a in the
colon of SCID mice with mild or severe colitis. Material and methods: SCID mice
were repopulated with either lxlO6 or 50xl06 CD4+ lymphocytes obtained from
the spleen of congenic CBl7 Balb/c mice. After development of mild or severe
colitis, the mice were sacrified and colonic tissue was dissected and processed for
RT-PCR, immunoblotting, and immunohistochemistry (IHC). Results: In Controls
(CBl7, non repopulated SCID) a low level of GDNF expression could be
observed. SCID mice with mild colitis showed a slight increase and SCID mice
with severe colitis had a strong upregulation of the GDNF immunoreactive band.
In IHC, expression of GDNF, GFR-a and RET was noted in the colonic
epithelium, furthermore in the submucous and myenteric plexus. A slight increase
of GFR-a mRNA and its immunoreactive band was observed in mice with severe
colitis. In contrast, there was no significant alteration of RET expression in IBD.
Discussion: GDNF and its receptor components are differentially regulated in an
immunologically defined model of IBD, suggesting a possible regulatory role of
GDNF in IBD.
This work was supported by the German Research Foundation: Re 789/2-3.
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405.7

405.8

COMPARISON OF PEPTIDERGIC AND NON-PEPTIDERGIC SMALL
PRIMARY SENSORY NEURONS IN DIABETIC NEUROPATHY C.L, Patterson*,
J.T, McDonald, J.A, Carlsten, and D.E, Wright. Dept. Anatomy and Cell Biology,
Univ. Kansas Med. Ctr, Kansas City, KS 66160.
Peripheral nerve disorders that develop in diabetes involve a variety of causative
mechanisms. New evidence suggests impaired NGF and NT-3 support may contribute
to diabetes-induced sensory axonopathies. Recently, a subpopulation of nonpeptidergic nociceptive sensory neurons has been characterized that switch their
neurotrophin requirements postnatally from NGF to GDNF. To determine how
GDNF-responsive DRG neurons are comparatively affected in diabetes, we examined
peptidergic (CGRP) and non-peptidergic (IB4/TMP) neuronal populations at different
times following diabetes induction with streptozotocin. Two month old male
C57B1/6 mice were injected with streptozotocin (180 mg/kg, IP). By two weeks post
injection (PI), diabetic (DB) mice lost 46% of their body weight and had a 2.5-fold
increase in blood glucose levels at sacrifice compared to sham-injected controls (DB =
24. 8±1.5; Ctrl = 9.98±0.8). Mice were perfused with Zamboni’s and spinal cord and
L5/6 DRG’s were processed for IB4 binding, thiamine monophosphatase (TMP)
histochemistry, and CGRP immunohistochemistry. Examination of lumbar DRG’s
at 3 weeks PI revealed no significant changes in the percent of IB4/TMP and CGRP
neurons. However, analysis of spinal projections in the lumbar dorsal horn revealed a
noticeable loss of IB4 and TMP terminals in the medial portion of lamina Hi. At 4
weeks PI, analysis of lumbar dorsal horn revealed near complete loss of IB4/TMP
terminals in lamina Hi, while CGRP projections were mostly intact with the
exception of the medial lamina I. At 6 weeks PI, terminations in the lumbar dorsal
horn for IB4/TMP, and CGRP were absent analogous to that seen at 4 weeks. These
losses affect DRG neurons that possess long axons more severely since IB4/TMP, and
CGRP terminations in 6 week thoracic dorsal horn are less affected. Our results
suggest that GDNF-responsive neurons may have increased sensitivity to diabetes
compared to CGRP neurons, and these deficits are consistent with a distal sensory
axonopathy. Current studies are underway to assess how IB4 and CGRP neurons
respond to GDNF and/or NGF in diabetic mice. Supported by NINDS NS 38844-01.

Thl AND Th2 CYTOKINE TREATMENT IN EXPERIMENTAL SPINAL
CORD INJURY. Matt Fraidakis* and Lars Olson. Dept. of Neuroscience,
Karolinska Institutet, S-171 77 Stockholm, Sweden
Th 1 and Th2 are different cytokine-specific immune reactions that play
certain roles in infections by different pathogens. Furthermore, they have
been shown to be primarily involved in the pathogenesis of autoimmune diseases such as rheumatoid arthritis and multiple sclerosis, with Th 1 cytokines
specifically implicated as the demyelinated agents in the latter. We wanted to
test the effects of these two different sets of cytokines in a mechanical CNS
injury setting this time, specifically SCI. As a first step we injected different
sets of cytokines (TNF-a and IL-P, IFN-y, IL-4 and IL-10, IL-12) in the intact rat spinal cord at midthoracic level, while control rats were injected with
PBS or a nonspecific proinflammtory compound, an endotoxin (LPS from
Salmonella enteritidis). The animals were perfused at various timepoints (6
hours, 1 day, 4 days, 8 days, 14 days). We studied the perfused material using
immunohistochemistry for neuronal and non-neuronal markers as well as
TUNEL staining to detect induction of apoptosis by specific cytokines. Preliminary results seem to support the notion that Th2 cytokines have a protective role in SCI, while individual Thl cytokines (such as IFN-y) may also
have a regulatory role in preventing astrogliosis and scar formation. Ongoing
experiments aim at studying the effect of Thl and Th2 cytokine injection on
the expression of growth factors and ECM elements locally in the injured
spinal cord. Behavioral studies of rats and mice treated with Thl or Th2 cytokine cocktails after a midthoracic crush SCI are also under way.
(Supported by the Swedish MRC, AFA, AMF, Hedlunds stiftelse,
Swiss IRP, and USPHS.)

405.9

405.10

PREVENTION OF FETAL ALCOHOL SYNDROME WITH ADNF-LIKE
PEPTIDES. CY Spong*^DT Abebe, I Gozes, DE Brenneman, JM Hill. SDMP, LDN,
NICHD, NIH; Bethesda MD 20892 and Sackler Medical School, Tel Aviv, Israel
Fetal alcohol syndrome (FAS) is characterized by growth restriction and
microcephaly and is a major cause of mental retardation. The most devastating effects
of alcohol exposure occur during organogenesis/nervous system development, at the
time when vasoactive intestinal peptide (VIP) regulates mouse embryonic growth. Both
ethanol treatment and blockade of VIP result in fetal growth restriction and
microcephaly. Alcohol treatment results in cell death in the embryonic
neuroepithelium, where VIP receptors are located. Thus, ethanol may destroy the sites
of VIP action with a loss of VIP-stimulated embryonic growth. In this study, two
peptides (SAL and NAP) derived from proteins related to VIP action, activity
dependent neurotrophic factor (ADNF) and activity dependent neuroprotective protein
(ADNP), were tested for their ability to prevent FAS in a well-characterized mouse
model. Pregnant C57B16J mice were injected (IP) on embryonic day (E)8 with 25%
alcohol or vehicle. Others were pretreated with VIP or NAP+SAL prior to alcohol.
Animals were sacrificed at 6 and 24h for mRNA and VIP determinations and at El8.
The fetal demise rate was higher in the alcohol (n=30, 35%) than control (n=30, 4%,
P<.001). NAP+SAL pretreatment decreased the number of demises to control (n=19,
10%, P=.4) and less than alcohol (Pc.OOl). Pretreatment with VIP had an intermediate
effect (n=12, 27%). Alcohol decreased the pup weight compared to control (0.94±.03
vs 1.05±.02 gm, Pc.OOl). Pretreatment with NAP+SAL significantly improved pup
weight vs alcohol (1.02±.02 gm, Pc.Ol) and VIP had an intermediate effect
(.99±.03gm, P=.l). Fetal brain weight was significantly smaller in the alcohol litters
than control, NAP+SAL, or VIP. VIP mRNA was 58% of control in the alcohol pups
6h after treatment (Pc.02). However, in the NAP+SAL pretreatment, VIP mRNA was
87% of control (P=NS). VIP levels in the pups were not different between the groups at
6h, however they were lower in the alcohol treated pups at 24h (.01±.01 vs ,09±.01
ng/mg protein, Pc.Ol). Our findings suggest that some of the abnormalities in FAS
result from a decline in VIP levels. Pretreatment with VIP partially ameliorated the
effects of alcohol. A combination of ADNF-like peptides prevented alcohol-toxicity
suggesting that these peptides may be of value in the treatment of conditions, like FAS,
in which oxidative stress is implicated. Supported by the NICHD Intramural Program.

A SINGLE INSTRASTRIATAL GDNF INJECTION INCREASES IN VIVO
DOPAMINE FUNCTION IN RESPONSE TO K+ INFUSIONS. K XU* and
D. E. DLUZEN. Dept. of Anatomy, Northeastern Ohio Universities College
of Medicine, Rootstown, OH 44272.
In vivo dopamine (DA) and dihydroxyphenylacetic acid (DOPAC)
output in response to two pulse infusions of K+ (70 mM) were examined in
rats which received a single unilateral intrastriatal injection of glial cell linederived neurotrophic factor (GDNF) or brain-derived neurotrophic factor
(BDNF). Immediately following cannula implantation GDNF (1 or 10 ug),
BDNF (3 ug) or their respective vehicles were infused into the left striatum.
Microdialysis was performed on the same side a week later. DA output to the
second K+ infusion was significantly increased, compared with that of first
infusion, in GDNF 10 ug (n=6), but not vehicle (n=12) or GDNF 1 ug (n=4)
treated rats. Moreover, there was a significantly greater overall DOPAC
response to the two pulse K+ infusions and DA and DOPAC tissue contents
were both significantly higher in GDNF 10 ug treated rats compared with
vehicle or GDNF 1 ug treated rats. No such differences were obtained
between BDNF 3 ug (n=5) and vehicle treated rats. These data demonstrate
that a single injection of 10 ug GDNF is able to augment DA function, while
GDNF at lug or BDNF 3 ug fail to achieve this same goal.
(Support: OBR Research Grant.)

405.11

405.12

NEUBLASTIN - EXPRESSION IN THE RAT AND TROPHIC EFFECTS ON
CULTURED PORCINE DOPAMINERGIC NEURONS
M. Meyer1*, M. Grenborg2, C. Hansen3. N. Blom4. C. Rosenblad5, J. Johansen2, T. E.
Johansen2, and J, Zimmer’. 'Dept. of Anatomy and Neurobioiogy, USD-Odense University,

NEUROCHEMICAL EFFECTS OF GDNF FAMILY MEMBERS ON
ADULT RAT DOPAMINERGIC NEURONS AFTER STRIATAL,
NIGRAL, OR VENTRICULAR INJECTION. P.L. Choi-Lundberg1*.
B.A, Horger1. M, Nishimura1. M.P. Armanini1. B.Devaux2. H.S.
Phillips1. Dept. of ’Neuroscience and 2Antibody Technologies,
Genentech, Inc., 1 DNA Way, South San Francisco, CA 94080.
The glial cell line-derived neurotrophic factor (GDNF) family
members, GDNF, neurturin (NTN), persephin (PSP), and artemin
(ART), are potent neurotrophic factors for dopaminergic neurons. To
determine effects on normal adult rat dopaminergic neurons in vivo, we
measured tissue content of dopamine (DA) and the DA metabolite
dihydroxyphenylacetic acid (DOPAC) 7 days after a unilateral injection
of 10 pg GDNF, NTN, PSP, or ART into the striatum, substantia
nigra, or lateral ventricle (icv). GDNF and NTN increased DOPAC and
DOPAC/DA ratio in the striatum following striatal, nigral, or icv
injection, suggesting an enhancement of DA utilization. The magnitude
of the effects of GDNF and NTN was similar, with striatal injection
leading to larger increases than icv and nigral delivery. In contrast, PSP
and ART did not affect DA utilization. GDNF diffused farther than
NTN after striatal and
ventricular delivery,
based
on
immunohistochemistry and the anatomical distribution of neurochemical
effects. Rats that received icv GDNF or NTN, or striatal or nigral
GDNF, gained weight more slowly. These results suggest that GDNF
and NTN, but not PSP and ART, upregulate adult rat DA neurons, with
delivery at nerve terminals being more effective than at cell bodies, and
provide additional support for the potential utility of GDNF and NTN
for the treatment of Parkinson’s disease. Supported by Genentech, Inc.

2NeuroSeareh A/S, 3The Panum Institute, 4The Technical University, Denmark, 5Wallenberg
Neuroscience Center, Lund University, Sweden.

The glial cell line-derived neurotrophic factor family had until recently three
members - GDNF, Neurturin and Persephin. Searching the High Throughput Genome
Database for sequences similar to Persephin we identified a new member named
Neublastin (NBN). This factor was found to be identical to Artemin (Baloh et al 1998,
Neuron 21, 1291-1302). Here we studied the NBN expression in rats by in situ
hybridization. NBN was expressed in several brain regions including the forebrain
during embryonic and postnatal development. At embryonic age E14. NBN mRNA
was expressed in the eye, dorsal root ganglia, the trigeminal ganglia, and kidneys,
lungs, heart, and intestines. In newborn rats, marked NBN expression was seen in
cortex, trigeminal ganglion and striatum. In 7-dav-old rats, NBN mRNA was
expressed in hippocampus and cerebellum, whereas in the adult brain marked
expression was seen in hippocampus only. We also tested the effect of NBN on the
survival of fetal (E28) porcine mesencephalic dopaminergic neurons in culture. Brain
slices were grown on porous membranes with serum containing medium. At day 0,
7000 transfected, immortalized and temperature sensitive NBN-releasing HiB5 cells
(HiB5-NBN) or 7000 non-transfected HiB5 cells (HiB5-C) were seeded on each
tissue slice. The co-cultures were first grown in an incubator at 33°C for 48 hours for
the HiB5 cells to proliferate, and then placed in an incubator at 37°C, causing the
HiB5 cells differentiate. At day 12, HPLC analysis revealed that medium from HiB5NBN co-cultures contained 84% more dopamine than medium from HiB5-C cocultures. At day 21 the difference was 78%, and cell counts showed that HiB5-NBN
co-cultures contained 66% more tyrosine hydroxylase-immunoreactive neurons than
HiB5-C co-cultures (p<0.05). A similar effect has been found previously for GDNFproducing HiB5 cells using the same experimental setup. We conclude, that NBN is a
potent neurotrophic factor for cultured fetal porcine dopaminergic neurons.
Supported by the Danish Parkinson. Foundation.
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ADENOVIRAL GENE THERAPY IN A RODENT MODEL OF
HUNTINGTON'S DISEASE. V. Mittoux,1 S. Quary,1 C. Monville,2 F.
Lisovoski,2 F. Conde/ E. Brouillet,1 A. Trembleau,y M. Peschanski2 and P.
Han traye1? URA CEA CNRS 2210, SHFJ, DRM, DSV, 4 place du Gal Leclerc,
91401 Orsay cedex, France; 2INSERM U421, IM3, 94010 Creteil cedex, France;
3URA CNRS 1414, ENS, 75230 Paris cedex, France.
The potential therapeutic efficiency of adenoviral gene delivery of ciliary
neurotrophic factor (CNTF) as a treatment for Huntington's Disease (HD) was
evaluated using a recently described rodent model of progressive striatal
degeneration (Brouillet et al. 1998, Neurosci. Abstr. 24: 970). Lewis rats
received unilateral or bilateral intrastriatal injection of adenoviruses
recombinant for the CNTF or the C-galactosidase (fi-gal) gene. Ten, 30 or 90
days following intra-striatal transfection, animals were implanted subcutaneously with osmotic pumps delivering 3-nitropropionic acid (3NP, 38
mg/kg/ day) for 6 days. In the unilateral transfection paradigm, the onset
and development of neurological symptoms were significantly delayed in the
CNTF-treated rats, compared to t’-gal or sham-operated animals. Histological
studies performed after 6 days of 3NP intoxication demonstrated a significant
neuroprotection in the CNTF-infected striata compared to the controlateral
side or to the S-gal-infected ones, at each of the time-points considered. In the
bilateral transfection paradigm, in addition to a neuroprotective effect on
striatal neurons, CNTF treatment also significantly improved the
bradykinesia and leg dystonia typically observed in this lesion model. These
results demonstrate that in vivo CNTF gene therapy can be effective against a
HD-like progressive striatal neurodegeneration and its associated motor
symptoms.
Supported by CNRS, CEA, INSERM and AFM.

EFFECTS OF NEUROTROPHINS ON SYNAPTIC FUNCTION

406.1

406.2

EFFECTS OF DARK REARING IN WILD TYPE AND BDNF OVEREXPRESSING MICE.

THE ROLE OF BDNF IN ACTIVITY-DEPENDENT EXCITATORY AND
INHIBITORY NEURONAL NETWORK FORMATION G.J.A. Ramakers*.
B.M, Oosterlee. P, van Hulten. I, van Welie and M.G.P. Feenstra, Neurons &
Networks, Netherl. Inst. Brain Res., Amsterdam, The Netherlands.
Previous work from our laboratoiy has indicated that electric activity
modulates the balance between excitatory and inhibitory synaptic transmission in cultured cerebral cortex. Chronic suppression of spontaneous electric
activity in culture induced stereotyped bursting, a firing pattern that could
also be elicited by acute inhibition of GABA-A receptors. HPLC studies
indicated a preferential loss of GABA as compared to excitatory amino acids
after chronic blockade of electric activity. These observations suggest a
homeostatic feed-back loop by which electric activity limits its own levels by
stimulating GABAergic differentiation. Since evidence indicates that electric
activity acts through brain-derived neurotrophic factor (BDNF) to stimulate
the differentiation of both GABAergic and excitatory neurons, we investigated whether BDNF has a differential effect on GABAergic and excitatory
network development in neocortical cultures. Treatment with BDNF for 4
days did not affect the total number of astrocytes or neurons, or the number
of GABAergic neurons. However, the content of GABA showed a dosedependent increase starting at 2 ng BDNF/ml. The content of glutamate or
aspartate were not affected by BDNF up to 50 ng/ml. The release of GABA,
but not of glutamate or aspartate was stimulated only at 50 ng BDNF/ml.
Application of anti-BDNF IgY selectively decreased GABA content, indicating that BDNF is at least partly involved in GABAergic differentiation
under normal growth conditions. Effects of BDNF on the densities of
GABAergic neurites and synapses are under investigation.

L. Gianfranceschi1. R, Siciliano1. Z.J. Huang2. S. Tonegawa2 and L. Maffei1. 'Scuola
Normale Superiore and 1st. di Neurofisiologia CNR, Via S.Zeno, 51 Pisa, Italy.
2Dept. of Biology and Center for Learning and Memory, MIT, Cambridge, MA,
USA. (SPON: European Brain and Behaviour Society)
Visual experience during early postnatal life regulates developmental processes in
the visual system. In particular dark rearing slows down the maturation of the visual
cortex, impairing the development of its functional properties. It is known that
exogenous supply of NGF during dark rearing prevents its negative effects on visual
development (Pizzorusso et al., 1997, Neuroscience, 80: 307-311). In this study we
explore the hypothesis that also BDNF may prevent or mitigate the effects of dark
rearing using transgenic mice overexpressing BDNF in the postnatal forebrain.
Previous reports showed that such mice have a precocious maturation of visual
acuity, an early developmental decline of layer III LTP and an accelerated maturation
of inhibitory intemeurons and their connectivity (Huang et al., Soc. Neurosci Abs.
24: 600.4, 1998). Wild Type (WT) and BDNF overexpressing (BDNF) mice were
reared either in lightness (LR) or in total darkness (DR) from P6 to P40-P45.
Functional properties of binocular primary visual cortex were evaluated by
electrophysiological recordings of both single-cell activity and visual evoked
potentials in response to alternating gratings of different spatial frequencies. As in
other mammals, in WT mice the development of visual cortical properties is altered
by dark rearing. Visual acuity is significantly reduced with respect to that of LR WT
mice. In addition, the receptive field sizes are larger. Preliminary results suggest that
dark rearing does not affect the development of visual cortical properties in BDNF
mice. Visual acuity and receptive field size obtained in DR BDNF and LR WT and
LR BDNF animals do not show substantial differences. These results suggest that the
overexpression of BDNF can counteract the detrimental effects of DR on the
development of visual functional properties.

406.3

406.4

BDNF INCREASES THE NUMBER OF DOCKED VESICLES IN
THE ACTIVE ZONE OF CAI EXCITATORY SPINE SYNAPSES IN
HIPPOCAMPAL SLICES.
W,J, Tyler1’2. E, Phillips1. M, W. Quick1*, and L. Pozzo-Miller1.
Department s of Neurobiology1 and Psychology2, University of Alabama
at Birmingham; Birmingham, AL 35294.

BDNF REGULATES THE INTRINSIC EXCITABILITY OF CORTICAL
NEURONS. NS, Pmi*^LC-Ruth.erford, and g,.G..Tumgianp- Biology
Dept., Brandeis University; Waltham, MA 02454-9110.
Recently we demonstrated that cortical pyramidal neurons respond to
prolonged activity blockade by modulating their balance of inward and
outward currents so as to become more sensitive to synaptic input, possibly
as a means of homeostatically regulating firing rates during periods of
intense change in synapse number or strength. Here we show that this
activity-dependent regulation of intrinsic excitability is mediated by the
neurotrophin brain-derived neurotrophic factor (BDNF).
Whole-cell patch recordings were obtained from neurons in dissociated
cultures of P4-6 rat visual cortex after 7-9 DIV. Neurons that had been
deprived of activity for 48 h prior to experimentation, by incubation in 0.5
pM TTX, responded to injected current by firing more rapidly and in
response to smaller amounts of current: the initial slope of the f-I curve
increased by 100±14%, while the threshold (rheobase) current decreased by
45±12%. These effects could be blocked by co-application of 20 ng/ml
BDNF, and could be reproduced by reducing the endogenous activation of
TrkB receptors for 48 h by incubation in 10 pg/ml TrkB-IgG fusion protein.
Most of these effects were also observed in bipolar intemeurons, indicating a
very general role for BDNF in regulating neuronal excitability.
Earlier work has demonstrated that BDNF plays a similar role with
respect to a different kind of homeostatic plasticity also observed in this
preparation: scaling of the quantal amplitude of AMPA-mediated synaptic
transmission as a function of activity. Taken together these results suggest
that BDNF may mediate a coordinated regulation of intrinsic and synaptic
properties aimed at allowing cortical networks to adapt to long-lasting
changes in activity. (Supported by NIH, NSF, and the Sloan Foundation.)

Neurotrophic factors have been implicated in modulating highfrequency synaptic transmission and plasticity. Specifically, BDNF
enhances synaptic transmission between cultured hippocampal neurons,
and is sufficient to prevent synaptic fatigue in CAI neurons during highfrequency stimulation. Furthermore, BDNF knockout mice exhibit
pronounced synaptic fatigue at CAI synapses, and display less docked
vesicles in the active zone of CAI synapses. To demonstrate that BDNF
modulates the number of vesicles docked at the active zone, we
performed quantitative electron microscopy of CAI spine synapses in
hippocampal slices taken from postnatal day-7 rats and cultured up to 13
days. The number of docked vesicles (dv) in the active zone was
significantly higher (p < 0.0001) in BDNF treated (250 ng/ml in serumfree medium between days 8-13 in vitro', 15.64 ± 0.43 dv/pm) versus
control slices (serum-free medium between days 8-13 in vitro: 10.68 ±
0.53 dv/pm). There were no differences in the total number of vesicles
(tv) in the CAI terminals between the BDNF treated (187.92 ± 5.90
tv/pm2) and control (189.11 ± 6.47 tv/pm2) slices. These results
suggest that BDNF enhances high-frequency synaptic transmission by
modulating the number of vesicles docked at the active zones of
excitatory CAI spine synapses in hippocampus.
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406.6

BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) INFLUENCES GABAa
RECEPTOR EXPRESSION IN CULTURED CEREBELLAR GRANULE CELLS.
Yeh, H.H*, Haythomthwaite, A.R. and Yeh, P.W. Depts. Pharmacology,
Neurology and Program in Neuroscience, UCHC, Farmington, CT 06030.
More is known about the trophic influence of BDNF on the survival and
morphology of developing neurons than about its potential influence on
functional development. We have initiated a study to investigate the effect of
BDNF on GABAa receptor expression in cultured cerebellar granule cells.
Cerebellar cells derived from postnatal day 6 rat pups were maintained in
culture (105 cells/12mm poly-D-lysine/laminin-coated glass coverslips) with or
without BDNF (20 ng/ml) in medium containing either physiological (5 mM) or
high (25 mM) potassium (K+) concentration. Morphologically, exposure to
BDNF enhanced neuronal survival and neurite extension as early as 24 h after
plating. This effect was observed to greater advantage in cultures maintained in
5 mM K+-containing medium. Initial experiments also examined GABAa
receptor-activated whole-cell current responses using patch clamp recording.
Granule cells maintained in 5 mM K+ and treated with BDNF displayed at 3-4
days in culture peak amplitudes of GABA-activated current responses that were
significantly greater those observed in control (non-BDNF treated) cultures (0.15
+ 0.03 nA vs 0.33 + 0.05 nA). The overall GABAa receptor density did not
appear to change, as there was a concomitant increase in whole-cell capacitance.
Whereas diazepam potentiated consistently the GABA responses, preliminary
data suggest a precocious emergence of sensitivity to the a6 subunit-selective
modulator, furosemide, in a subset of BDNF-treated cultured granule cells.
These observations are being pursued further using a combination of patch
clamp electrophysiology, immunohistochemistry and single-cell immuno-PCR.

ACCELERATED DEVELOPMENTAL TRANSITION AT A CEREBELLAR
GABAERGIC SYNAPSE IN BDNF TRANSGENIC MICE. L. Chen*1, S,
Bao1, X, Qiao1, C. Suri2, G.D. Yancopoulos2, and R, F. Thompson1. 1.
Neuroscience Program, Univ. of Southern Calif., Los Angeles, CA 900892520; 2. 2.Regeneron Pharmaceuticals, 777 Old Saw Mill River RD #10,
Tarrytown, NY 10591.
Brain-derived neurotrophic factor (BDNF) has been shown to promote
synapse formation and maturation in neurons of many brain regions, especially
for inhibitory synapses. In the cerebellum, the Golgi cell-granule cell
GABAergic synaptic responses undergo developmental transition from slowdecaying to fast-decaying kinetics, which parallels with the developmental
increase of GABAa receptor a6 subunit expression in the cerebellar granule
cells. In culture, BDNF accelerates the expression of GABAa receptor a6
subunit expression in granule cells (Lin et al., 1998). Here we examined
synaptic GABAa response kinetics in BDNF transgenic mice. The mutant
mouse, which carries a BDNF transgene under a P-actin promoter, overexpresses BDNF (2- to 3-fold increase compared to wild-types) in all brain
regions from as early as embryonic day 18. Recordings of the spontaneous
GABAa responses indicate that the decay time constant of the GABAergic
responses decreases during early postnatal development; this transition is
accelerated in the BDNF transgenic mouse. The amplitude of the spontaneous
GABAa responses was also larger in the transgenic mouse than in the wildtype mouse. However, the frequency of the spontaneous GABAa responses
were not different between the two groups. Our results suggest that BDNF
may modulate GABAergic synapse maturation. Supported by grants from NSF
(IBN-9215069), NIMH (5P01-MH52194), and Sankyo Co. Ltd. to RFT.

406.7

406.8

NEUROTROPHIN-3 MODULATES NMDA- AND 5-HT - EVOKED
RESPONSES OF MOTONEURONS IN NEONATAL RAT SPINAL CORD. V.L.
Arvanov*, J, Fernandez & L.M, Mendetl. Dept. of Neurobiology & Behavior
SUNY, Stony Brook, NY 11794.
In previous studies NT-3 was found to facilitate monosynaptic EPSPs
elicited by stimulation of dorsal root afferents (DR-EPSPs) in the neonatal rat
spinal cord via an NMDA- dependent mechanism (Mendell & Arvanov, this
volume). The combined activation of NMDA and 5-HT receptors promotes
locomotor-like activity in the neonatal spinal cord. In this study we investigated
whether NT-3 modulates responses evoked by NMDA and 5-HT, applied
together or separately. Motoneurons (MNs) in the in vitro neonatal rat
hemisected spinal cord were recorded intracellularly. Bath application of
NMDA (5 pM) and 5-HT (20 pM) induced MN depolarization and bursts of
action potentials. NT-3 (0.2 pg/ml) increased the peak amplitude and
decreased time to peak of the NMDA/5-HT-induced depolarization. NT-3 also
facilitated depolarization induced by NMDA alone. However, the depolarization
and GABAa receptor- mediated EPSP bursts induced by 5-HT were inhibited
by NT-3. The NT-3- evoked effects on MN resting membrane potential and
input resistance were too small to explain the changes in NMDA /5-HT
response amplitude. These results indicate that NT-3 is a modulator of
excitability within the neonatal spinal cord. NT-3 significantly enhanced the
NMDA receptor-mediated depolarization of MNs, a major contributor to
locomotor activity. We propose that NT-3 may function as a modulator of
motor activity, including locomotion, in neonates. Supported by NIH. NT-3
courtesy of Regeneron Pharmaceuticals.

SYNAPTIC EXCITATION OF MOTONEURONS IS MODULATED ACUTELY
BY NEUROTROPHINS IN NEONATAL RAT SPINAL CORD. L.M. Mendell* &
V.L. Arvanov. Dept. Neurobiology & Behavior, SUNY, Stony Brook, NY 11794.
We determined the acute effects of neurotrophins (NTs) on EPSPs elicited
by electrical stimulation of dorsal root afferents (DR) and ventrolateral
funiculus (VLF) axons in individual lumbar motoneurons (MNs). NTs were
bath-applied (0.2 pg/ml) to hemisected spinal cords from rats aged 1-13 days.
NT-3 elicited significant facilitation of the monosynaptic DR-EPSP in MNs with
resting membrane potential (RMP) < -67 mV, but not in MNs with more
negative RMP. NT-3 produced greater facilitation of DR-EPSPs in a single MN
when it was depolarized by intracellular current injection. This suggested a role
for the NMDA receptor as confirmed by the complete blockade of NT-3’s
action by NMDA receptor antagonist D-AP5. VLF-EPSPs were not altered by
NT-3. BDNF also did not elicit any significant change in the VLF- EPSP.
However, BDNF did induce a complex action on the monosynaptic DR-EPSPs,
causing a decrease, no effect or an increase in different MNs in otherwise
unreated preparations. However, in the presence of D-AP5, BDNF elicited
consistent facilitation of monosynaptic DR-EPSPs. In the presence of the
GABAA-receptor antagonist bicuculline consistent depression of the DREPSPs was noted. However, there was no effect when NMDA- and GABAAreceptor antagonists were combined. The polysynaptic component of DREPSPs was enhanced by BDNF in most MNs. NGF and NT-4/5 did not
significantly alter the DR-EPSPs, but both facilitated VLF-EPSPs. These
results indicate that NTs produce a differential modulatory action on the
synaptic activity in the developing spinal cord and suggest a role for NMDA
receptors in the action of NT-3, and for both NMDA and GABAa receptors in
the action of BDNF. Supported by NIH. We thank Regeneron for NT-3 and
BDNF and Genentech for NGF and NT-4/5.

Supported by PHS grant NS24830. ARH is a U. of Bath Placement Program Fellow.

406.9

406.10

INCREASED EXCITABILITY IN THE HIPPOCAMPUS AND ENTORHINAL
CORTEX OF BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF)
TRANSGENIC MICE. H.E. Scharfman*1. J.S. Rudge 2. C. Suri2. M.V.
Simmons2, R.M. Lindsay2, G.D. Yancopoulos2. S.J. Wiegand2, and S.D,
Croll2. ‘Helen Hayes Hosp. & Depts. of Pharmacol.& Neurol., Columbia
Univ., NY, NY and 2Regeneron Pharmaceuticals Inc., Tarrytown, NY.
It is well-documented that BDNF has neurotrophic actions. BDNF also
appears to have acute actions to enhance excitatory transmission. We tested
the hypothesis that BDNF overexpression would affect excitability and behavior using transgenic mice overexpressing BDNF from the p-actin promoter. Transgenics had no obvious deformities or behavioral abnormalities
compared to wild type littermates. However, after kainate administration,
transgenics had worse motor seizures than wild types. In slices, extracellular recordings were made in each hippocampal subfield, as well as the entorhinal cortex. Increased excitability in transgenic slices, but not wild type
slices, was evident in the epileptiform responses of CA3 pyramidal cells to
mossy fiber stimuli and responses in the entorhinal cortex to white matter
stimulation. Behavioral impairment in passive avoidance was also demonstrated in transgenics in vivo, consistent with changes in area CA1 plasticity in vitro. In area CA1 of transgenic slices, a tetanus (100Hz, lsec) to the
Schaffer collateral input often led to spreading depression, unlike wild type
slices. If spreading depression did not occur, potentiation followed the tetanus, but was short-lived. The in vivo and in vitro data support the hypothesis that increased BDNF may lead to hyperexcitability of limbic circuits
as well as specific learning impairments. Supported by NS 37562 to H.E.S.
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NEUROTROPHIN EFFECTS ON NEUROPHYSIOLOGY OF CULTURED
GENICULATE AND TRIGEMINAL GANGLION CELLS FROM EMBRYONIC
RAT. S.M. Al-Hadlaq‘, R.M. Bradley1, D.K, MacCallum2. and C.M. Mistretta1 *.
‘School of Dentistry and 2Medical School, Univ. of Michigan, Ann Arbor, MI 48109.
To learn about neurotrophin effects on ganglion cell neurophysiology dining the
period of neurite extension to taste organs, we have compared cultured trigeminal and
geniculate ganglia from embryonic rat. The trigeminal ganglion provides innervation
for anterior tongue epithelium and nongustatory epithelium of the fungiform papillae,
whereas the geniculate ganglion extends nerve fibers to taste buds in fungiform
papillae. Embryos were removed from anesthetized pregnant rats at gestational day
16, a stage when neurites have reached the lingual and fungiform papilla epithelium.
Ganglia were dissected, explanted onto matrix-coated coverslips and maintained in
culture for 4 to 8 days. Culture medium was supplemented with 10 ng/ml BDNF for
geniculate ganglia (ggBDNF), and either 10 ng NGF or 10 ng BDNF for trigeminal
ganglia (tgNGF and tgBDNF). Whole cell recordings were made from 64 ggBDNF,
72 tgNGF, and 63 tgBDNF cells. Resting membrane potential did not differ across
cell types, whereas input resistance was lower in tgBDNF compared to tgNGF or
ggBDNF cells. Action potential amplitude was larger in tgNGF than in tgBDNF or
ggBDNF cells. The threshold was higher, and the slope of the falling phase of the
action potential was greater, in both tgNGF and tgBDNF compared to ggBDNF cells.
In general, geniculate cells tended to have smaller action potential amplitudes, lower
thresholds, and a slower falling phase of the action potential than trigeminal cells.
Importantly, for the trigeminal ganglion, tgBDNF cells had a smaller input resistance,
smaller action potential amplitudes, and shorter action potential half widths than
tgNGF. In addition, whereas all tgNGF cells had an inflection on the falling phase of
the action potential, 22% of tgBDNF cells had no inflection; this is comparable to
22% of ggBDNF cells that also had no inflection. Results indicate that
electrophysiological properties of developing embryonic ganglion cells are different
between sensory ganglia and are influenced by the specific neurotrophin to which
they are exposed. Supported by NIDCD, NIH Grant DC00456 to CMM.
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ACUTE EXPOSURE TO NERVE GROWTH FACTOR ENHANCES
ACETYLCHOLINE RELEASE FROM PRIMARY SEPTAL CULTURES
D.S.Auld* & R.Ouirion Douglas Hospital Research Centre, Depts. of Neurology &
Neurosurgery & ofPsychiatry, McGill University, Montreal, Quebec, Canada, H4H1R3
Nerve growth factor (NGF) is important in the development and maintenance of
basal forebrain cholinergic neurons. It is well established that long-term exposure
(hours to days) to NGF enhances several measures of cholinergic function that are
typically associated with protein synthesis and/or gene transcription. Increasingly,
however, the neurotrophins are recognized as acute (seconds to minutes)
modulators of synaptic activity. As such, these factors are predicted to play a
broader role in synaptic plasticity that encompasses both acute modulation of
activity and efficacy, as well as their traditionally established trophic functions.
Using primary rat septal cultures, we have investigated the acute (<5 - 100
minutes) effects of PNGF exposure. pNGF (1 - lOOng/mL) enhanced spontaneous
and K+-evoked endogenous acetylcholine (ACh) release. Both effects were
blocked by vesamicol (5pM), indicating a vesicular pool of released ACh.
Preliminary evidence also indicates that the tyrosine kinase inhibitor K252a
(lOOnM) blocked PNGF enhanced release, suggesting TrkA receptor involvement.
Application of tetrodotoxin (lOpM) did not alter the effect of pNGF on K+-evoked
release, implying that the action of PNGF was at the level of the nerve terminal.
Under these conditions, choline acetyltransfease activity was not changed
following exposure to PNGF. Together, these data provide evidence that acute
apllication of NGF can potently and robustly enhance vesicular ACh release from
intact basal forebrain cholinergic neurons, and that this effect is likely effected by a
TrkA dependent mechanism(s) at the level of the nerve terminal. This relationship
could potentially play an important role in regulating hippocampal and cortical
cholinergic transmission. Supported by the Medical Research Council of Canada.

BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) ENHANCES
NMDA RECEPTOR CHANNEL ACTIVITY IN EXCISED MEMBRANE
PATCHES. J.E. Kolb and E.S. Levine*, Dept. Pharmacology and Program
in Neuroscience, Univ. Connecticut Health Center, Farmington, CT 06030.

Members of the neurotrophin gene family, in addition to promoting
neuronal survival and differentiation, modulate neuronal activity and
synaptic transmission throughout the nervous system. BDNF, in particular,
enhances N-methyl-D-aspartic acid (NMDA)-mediated responses and
increases phosphorylation of specific NMDA receptor subunits. In our
previous work using cell-attached patches, we found that the NMDA
receptor open probability is increased in cells pretreated for 15 min with
BDNF. In the present studies, excised membrane patches from cultured
hippocampal neurons were used to characterize the acute effect of BDNF on
NMDA receptor channel activity. Single-channel recordings were obtained
from outside-out patches in the presence of 10 pM NMDA and 3 pM
glycine. Application of BDNF to the extracellular face of the patch resulted
in an immediate increase in NMDA channel open probability (baseline =
0.016 ± 0.003, BDNF = 0.020 ± 0.005, n = 6). Single channel conductance
was unaffected by BDNF. The BDNF-induced increase in open probability
was mediated by trkB receptor activation, and not by direct effects of
BDNF on the NMDA receptor itself, because application of the trk tyrosine
kinase inhibitor K-252a (200 nM) blocked the effect. Ongoing studies are
using this preparation to identify the signaling pathways underlying the
interaction between trkB and NMDA receptors. (Supported by NINDS
NS39167)

406.13

406.14

BDNF INHIBITS AMPA RESPONSES AT PRIMARY AFFERENT SYNAPSES.
A. Balkowiec*, P.L. Kunze and D.M. Katz. Department of Neurosciences, Case
Western Reserve University School of Medicine, Cleveland, OH 44106.
Brain-derived neurotrophic factor (BDNF) is expressed by many primary sensory
neurons that no longer require neurotrophins for survival, suggesting that BDNF
may be used as a signaling molecule by the afferents themselves. BDNF can be
released from sensory neurons under depolarizing conditions in culture, and the
BDNF receptor, TrkB, is expressed in the central targets of many primary afferent
fibers. BDNF-containing neurons are particularly abundant in cranial sensory
ganglia, including the nodose-petrosal ganglion complex (NPG) of primary visceral
afferents (Brady et al.,1999'). NPG neurons, many of which are glutamatergic,
project centrally to the brainstem nucleus tractus solitarius (nTS), which is rich in
TrkB-positive neurons. We investigated the possibility that BDNF modulates
glutamatergic transmission at primary afferent synapses, using nTS as a model
system. Perforated patch, voltage-clamp recordings of responses to AMPA [150
pM] were obtained at a holding potential of -60m V from dissociated P0 and P5 rat
nTS neurons. In some experiments, P5 nTS neurons used for recordings were
specifically identified as second-order relay neurons by prelabeling presynaptic
afferent terminals with the anterograde tracer DiA (Mendelowitz et al., 1992).
Application of AMPA alone (2 sec) activated a rapidly decaying inward current
followed by a prolonged component of lower amplitude, both of which were
blocked by CNQX [20pM], Following BDNF application [50ng/ml], AMPA
responses were reversibly abolished (42 cells) or markedly inhibited (64 cells) in
106 out of 150 unlabeled P0 nTS neurons. Similar results were obtained in labeled
cells (AMPA response: abolished in 5/12 neurons, markedly inhibited in 4/12
neurons). These effects of BDNF were mimicked by Neurotrophin-4, but not NGF,
and blocked by the tyrosine kinase inhibitor K252a [200nMJ, consistent with a role
for TrkB activation. Together, these data support a previously undescribed role for
BDNF in regulating synaptic transmission between primary sensory neurons and
their postsynaptic targets by acute modulation of non-NMDA glutamatergic
responses. Supported by PHS (NHFBI) grants to DMK and DLK.

BLOCKADE OF NR2B-CONTAINING NMDA RECEPTORS PREVENTS
BDNF ENHANCEMENT OF GLUTAMATERGIC TRANSMISSION IN
THE HIPPOCAMPUS. R.A. Crozier*, IB. Black, and M.R, Plummer. FAS
Division of Life Sciences, Rutgers University, Piscataway, NJ and Dept.
Neuroscience & Cell Biology, UMDNJ/Robert Wood Johnson Medical
School, Piscataway, NJ.
In addition to long-term actions on cell survival and differentiation,
neurotrophins are now known to play a key role in dynamic modulation of
synaptic transmission. Brain-derived neurotrophic factor (BDNF) has been of
particular interest because of its ability to rapidly enhance excitatory
transmission in hippocampal neurons. Our efforts have focused on clarifying
the post-synaptic effects of BDNF on glutamatergic synapses. In the present
study, we iontophoretically-applied glutamate to cultured embryonic
hippocampal neurons in the presence of BDNF. In confirmation of previous
results (Levine et al, PNAS, 1998), BDNF (20ng/ml) increased glutamateevoked currents by almost two-fold (182+10%, n=9). Simultaneous
application of BDNF and AP-5, however, significantly reduced the magnitude
of the BDNF effect (117+7.4%, n=4), thus implicating NMDA receptor
involvement. To assess subunit specificity, BDNF was co-applied with
ifenprodil, an NR2B-selective antagonist. NR2B inhibition also markedly
reduced the BDNF effect (117+7.2%, n=4). The near-identity of blockade by.
AP-5 and ifenprodil suggests that BDNF predominantly acts on NR2Bcontaining NMDA receptors, an effect in agreement with previous
biochemical studies of NMDA receptor phosphorylation (Lin et al., Mol Brain
Res, 1998). These data further suggest that age-dependent effects of BDNF
may correlate with developmentally regulated changes in NMDA receptor
subunit expression. Supported by grants from the NIH (HD23315, NS34061).

406.15

406.16

BLOCKADE OF BDNF EXPRESSION ACCELERATES HIPPOCAMPAL
KINDLING IN THE RAT
S. Reibel Foisset1. B.T. Le1, Y, Larmet2, C. Marescaux1. J. Carnahan3 *, A.
Depaulis1. 'INSERM U398, Strasbourg, France; 2CNRS-UMR7519, Strasbourg,
France; 3Amgen, Thousand Oaks, USA.
Neurotrophin expression is modulated by convulsive seizures in different
models of epilepsy in the rat. In particular, brain-derived neurotrophic factor
(BDNF) is strongly increased in the hippocampus. We have shown previously
that chronic intrahippocampal infusion of BDNF delays kindling of the
hippocampus in the rat. In order to better understand the role of endogenous
BDNF in kindling epileptogenesis, we studied how blockade of its expression by
antisense oligonucleotides affects hippocampal kindling progression. Efficacy of
two oligonucleotides chronically infused in the hippocampus for three days was
first verified in animals submitted to kainic acid-induced status epilepticus which
has been shown to increase BDNF expression. BDNF immunoreactivity and
protein content measured by ELISA were reduced in the hippocampus of animals
treated with the antisense hybridizing to the terminal portion of BDNF mRNA.
Chronic intrahippocampal infusion of this antisense in the hippocampus during
the first seven days of hippocampal kindling aggravated electroencephalographic
expression of the seizures. Conversely, chronic infusion of the antisense
hybridizing to the initiation codon or of the mismatch sequence did not modify
BDNF expression in the hippocampus and did not affect kindling progression.
These results are in accordance with the effects of exogenous BDNF infusion on
kindling progression. They suggest that the seizure-induced increase in BDNF
expression in the hippocampus may constitute an endogenous protective
mechanism against hippocampal epileptogenesis.
Supported by INSERM and the Fondation pour la Recherche Medicale.

THE UP-REGULATION OF POSTSYNAPTIC DENSITY PROTEINS BY
NEUROTROPHIC FACTORS IN CULTURED NEOCORTICAL NEURONS.
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H. Jourdi *, H. Xiong. M, Narisawa-Saito and H. Nawa. Department of
Molecular Neurobioiogy, Brain Research Institute, Niigata University, 1757 Asahi Machi Dori, Niigata 951-8585, JAPAN.

The Postsynaptic Density (PSD) proteins, including PSD-95 and GRIP,
have been suggested to mediate receptor clustering and/or anchoring at
excitatory synapses and, as such, are implicated in neural plasticity. In the
present study, we found that BDNF (50ng/ml) up-regulated PSD protein
levels and increased the mRNA levels of PSD-95 and GRIP in neocortical
neuronal cultures. Furthermore, BDNF mutant mice had impaired PSD-95
and GRIP protein levels. Recently, we have also shown that Src-family
Protein Tyrosine Kinases (PTK) mediate the BDNF-dependent up-regulation
of AMPA-type Glutamate Receptor subunits GluRl and GluR2/3 f Then we
hypothesized that this up-regulation might be associated with an increase
in PSD proteins, in line with the Src-family PTK effects on GluRl&2/3. The
results showed that PP1&PP2, Src-family PTK inhibitors, completely
reversed the BDNF-dependent up-regulation of PSD proteins. Taken
together, these results implicate Src-family PTK in the BDNF-dependent
up-regulation of PSD proteins. Currently, we are investigating the exact
kinases that are specifically involved in this up-regulation. These results
might provide a molecular basis for the BDNF effects on synaptic
development and plasticity.
Supported by: The Japan Society for the Promotion of Science (RFTF 96L00203).
I. M. Narisawa-Saito et al., Proc. Natl. Acad. Sci. USA 1999 Mar
2;96(5):246I-6.
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MONITORING RELEASE OF NEUROTROPHINS USING BDNF-GFP
TRANSFECTED CORTICAL NEURONS. V. Lessmann*, M, Hartmann. W.
Haubensak. F. Narz, K.S. Erdmann and R. Heumann. Ruhr-University Bochum,
Dept. of Molecular Neurobiochemistry, NC7/132, 44780 Bochum, Germany.
Exogenous application of neurotrophins (NGF, BDNF, NT-3, NT-4/5) or of
neurotrophin-neutralizing agents has recently been found to modulate synaptic
transmission in the rodent hippocampus and neocortex. Since synaptic activity
regulates the expression especially of BDNF and NGF in cortical neurons these
neurotrophins are hypothesized to function as synaptically released endogenous
mediators of synaptic plasticity.
Thus, to elucidate the subcellular localization and the synaptic release of BDNF
from living cortical neurons in real time, we have constructed a cDNA coding for a
fusion protein consisting of N-terminal rat prepro-BDNF and C-terminal green
fluorescent protein (GFP). When expressed in COS cells, the resulting BDNF-GFP
fusion protein shows intracellular localization, processing of the precursor and
release of mature BDNF-GFP which is indistinguishable from the results obtained
with untagged BDNF. As verified by fluorimetric methods, processed mature
BDNF-GFP retains the GFP fluorescence. In addition, mature BDNF-GFP shows
full biological activity, as indicated by its ability to promote fiber outgrowth of
TrkB expressing PC 12 cells.
Upon transfection of cortical neurons, green fluorescent BDNF-GFP containing
secretory granules of the regulated pathway of secretion are found predominantly in
the dendrites of transfected neurons, where they accumulate in the vicinity of
synapsin I immunoreactive presynaptic terminals, thus suggesting synaptic release
from postsynaptic structures.
Using time lapse video microscopy we presently investigate the stimulus-induced
secretion of BDNF-GFP from cortical neurons.
(Supported by the DFG, SFB 509/C9)

DEVELOPMENTAL REGULATION OF PRESYNAPTIC ACTION POTENTIALS
AND K+ CURRENTS BY POSTSYNAPTIC ACTIVITY AND NT-3. TA Nick* and
AB Ribera. Dept Physiol & Biophys, Univ Colorado Hlth Sci Ctr; Denver, CO 80206
Although the efficiency of neuronal communication depends critically on the shape
and frequency of action potentials in the presynaptic cell, investigations of the
developmental regulation of synaptic efficacy have focused almost exclusively on
structural and secretory parameters. We now examine the control of presynaptic
excitability and ion currents by postsynaptic targets. Using whole-cell patch clamp in
co-cultures of Xenopus embryonic spinal neurons and myocytes, we have found that in
neurons with neuromuscular junctions (NMJs) blockade of neuron-myocyte
communication by the nicotinic blocker a-bungarotoxin (a-BgTx; 15-24 hr): (1)
Increases the falling duration of action potentials (by 73%; p<0.006); (2) Decreases
the amplitude of action potentials (by 7%; p<0.003); (3) Depolarizes the resting
membrane potential (by llmV; p<0.0001); (4) Effectively decreases delayed-rectifier
K+ current (@ -10 to OmV; p<0.03) by shifting the voltage-dependence of activation
to more positive potentials (~9mV; p<0.0005); and (5) Decreases the membrane
capacitance (by 27%; p<0.003). NMJ blockade may prevent release of a myocyte
retrograde signal that affects presynaptic excitability. Like a-BgTx, the tyrosine
receptor kinase blocker K252a decreases delayed-rectifier K+ current (p<0.004),
which indicates the involvement of a neurotrophin in this process. In the presence of
a-BgTx, NT-3: (1) Decreases the falling duration of action potentials to control levels
(compared to a-BgTx: p<0.008); (2) Hyperpolarizes the resting membrane potential to
control levels (p<0.004); and (3) Increases delayed-rectifier current (@ -10 to OmV;
p<0.0005) by shifting the voltage-dependence of activation to control levels (p<0.03).
NT-3 appears to act specifically, since two related neurotrophins, NGF and BDNF, do
not affect K+ current. Collectively, these data support the hypothesis that neuronal
activation of myocytes through nicotinic receptors induces the release of NT-3 which,
in turn, produces a set of electrophysiological changes in motoneurons. This study was
supported by NIH grants NS 10331 (to TAN) and NS25217 (to ABR).

406.19
BDNF ENHANCES VOLTAGE-GATED DENDRITIC Ca2+ TRANSIENTS IN
CAI NEURONS OF HIPPOCAMPAL SLICES.
L. Pozzo-Miller*, Department of Neurobiology, University of Alabama at
Birmingham, Birmingham, AL 35294.
Neurotrophins, including brain-derived neurotrophic factor (BDNF), have been
implicated in modulating neuronal excitability and synaptic plasticity. Through the
regulation of voltage-gated conductances, BDNF could influence intracellular free
Ca2+ concentration. To characterize the role of BDNF on neuronal Ca2+ levels, I
performed simultaneous measurements of membrane potential and intracellular free
Ca2+ concentration in apical dendrites of CAI pyramidal neurons. Transverse
hippocampal slices were prepared from 7 day-old rats, and maintained for 14 days in
vitro (div). Starting at 7 div, slices were exposed to BDNF (250ng/ml in serumfree medium) for 5-7 days, while control slices were maintained in serum-free
medium. Intracellular recordings were performed in the whole-cell configuration,
using patch pipettes containing 500pM bis-fura-2 in K+-gluconate-based
intracellular solution. Digital imaging was restricted to proximal apical dendrites,
clOOpm from the somata. To prevent excessive network activity, CNQX (lOpM)
was routinely added to the ACSF. No differences were found in resting membrane
potential (-56±2mV vs. -56±3mV; control vs. BDNF-treated cells; n=13), input
resistance (76±6M£2 vs. 72+7MQ), and resting Ca2+ concentration (140±5nM vs.
149±9nM). Long depolarizing current pulses (1 sec, 0.1-0.5nA) sufficient to
trigger 5-10 spikes, induced dendritic Ca2+ transients of larger magnitude in BDNFtreated neurons (180±16nM vs. 305±41nM; p=0.004). However, when neurons
were driven to spike threshold by trains of short (5ms) depolarizing pulses at 20Hz,
no significant differences were observed in dendritic Ca2+ transients (180±22nM vs.
163±7nM). The observation that BDNF enhances Ca2+ transients evoked by
prolonged depolarizations suggests that it differentially modulates high-voltage
activated Ca2+ channels, or Ca2+-activated K+ conductances. Such selective
mechanism of action may contribute to the effects of BDNF in neuronal
excitability and synaptic plasticity in the hippocampus.

EXPRESSION AND REGULATION OF NEUROTROPHIC FACTORS: NEUROTROPHINS II
407.1

407.2

IDENTIFICATION OF TWO NEW CIS-ELEMENTS REGULATING NERVE
GROWTH FACTOR GENE EXPRESSION. A.M. Colangelo1*, P.F. Johnson2 and I,
Mocchetti1. ‘Dept. of Cell Biology, Georgetown Univ. Sch. of Med.; Washington DC
20007 and 2Eukaryotic Transcriptional Regulation Group, ABL-Basic Research
Program, NCI-FCRDC, Frederick, MD 21702.
We previously reported that cAMP increases Nerve Growth Factor (NGF)
transcription in C6-2B glial cells and that a CCAAT/Enhancer Binding Protein
(C/EBP)8 element located in the region -90/-59 of the promoter plays a crucial role in
the cAMP-mediated activation of NGF transcription. However, in proximity of the
C/EBP5 binding site, we have identified two additional cis-regulatory elements, a
CGTCA motif that corresponds to a half canonical cAMP responsive element (CRE)
and a GC box that could represent a Spl binding site. The identity of the CRE site in
this region of the promoter was confirmed by the binding of synthetic CREB
(CREBl-bzip) to an oligonucleotide homologous to the segment -72/-60 (NGF-CRE)
of the promoter. To examine whether CREB participates in the activation of the NGF
gene by cAMP we have analyzed nuclear extracts from C6-2B cells using an
oligonucleotide corresponding to the consensus CREB site (cCREB). Addition of aP-CREB antibody generated a phospho-CREB (P-CREB) complex only in cells
exposed for 5 and 15 min to dibutyryl cAMP. Induction of P-CREB binding was also
observed with the NGF-CRE oligonucleotide and was totally competed by cold
cCREB oligo. We have also found that nuclear proteins from C6-2B cells form two
specific complexes with an oligonucleotide probe corresponding to the region -101/72 of the NGF promoter, which includes the putative Spl and C/EBP6 sites. One
band was competed by increasing amounts of an unlabeled Spl binding site, and a
second high molecular weight complex was supershifted by a-C/EBP5 antibody. The
presence of both complexes was dependent on the GC box sequence, suggesting that
Spl or a related protein binds to the GC element and that C/EBP5 binding to the
promoter is facilitated by the Spl-like factor. Supported by HHS NS 29664.

GUANOSINE AND RELATED DRUGS STIMULATE THE PRODUCTION OF
NEUROTROPHIC FACTORS FROM RAT CULTURED ASTROCYTES BY
INVOLVING MITOGEN-ACTIVATED PROTEIN KINASE PATHWAY, ‘if
Ciccarelli, ‘P. Di Iorio, ‘i. D'Alimonte, ‘S. Kleywegt, ‘P. Ballerini, 2M.P. Rathbone,
3Poli A.*, ‘F. Caciagli. ‘Dept. Biomedical Sciences, Univ. Chieti, 66013 Chieti. Italy.
2Dept. Medicine, McMaster Univ., Hamiton, ON L8N 2S1, Canada. 3Dept. Biology,
Univ. Bologna. 40100 Bologna. Italy.
Trophic effects exerted by exogenous guanosine (Guoe) in vitro may be related to its
ability of stimulating the production of neurotrophic factors (NFs) from astrocytes.
Indeed, Guoe (10-500 pM) dose- and time-dependently increased the production of
nerve growth factor (NGF) and transforming growth factor (3 (TGFP) evaluated either
by Western blot analysis on cell lysates or ELISA assays on the medium from rat
cultured astrocytes. These effects were almost completely prevented by pretreatment of
the cells with 0.5 pg/ml cycloheximide (CHX), an inhibitor of protein synthesis, 100
nM wortmannin or 10 pM PD 098,059, inhibitors of mitogen-activated protein kinase
(MAPK) pathway. A maximal ERK 1/2 MAPK activation, evaluated by Western blot
analysis, occurred within 10 min of astrocyte exposure to Guo; this effect was
substantially reduced by pretreatment (6 hr) with 100 ng/ml pertussis toxin. Thus, the
Guoe-induced production of NFs likely involves MAPK activation through a G-proteinmediated mechanism. The hypoxanthine derivative (AIT-082) (4-[[3-(l,6-dihydro-6oxo-9-purin-9-yl)-l-oxopropyl]amino] benzoic acid) showed effects similar to Guo.
Moreover, the conditioned medium (CM) of cultured astrocytes, exposed to 300 pM
Guo or 100 pM AIT-082 and collected 6 or 24 hr after drug removal, prevented the
death of cultured hippocampal neurons induced in vitro by a 10 min pulse with 100 pM
NMDA. The CM neuroprotective effect was lost by pretreating Guo- or AIT-082stimulated astrocytes with CHX or MAPK inhibitors or adding to the CM neutralizing
antibodies specific for NFs. Therefore, Guo and AIT-082 may be neuroprotective by
increasing the production of NFs from astrocytes and this may provide the basis for a
novel therapeutic strategy in acute or chronic brain damages.
Support; M.U.R.S.T., Italy; NeoTherapeutics Inc., Irvine, CA, U.S.A.
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MECHANISM OF NERVE GROWTH FACTOR REGULATION BY
RECOMBINANT HUMAN TRANSFORMING GROWTH FACTOR-pi IN C6
GLIOMA CELLS. G, Yu* and M. Fahnestock. Dept. of Psychiatry and
Behavioural Neurosciences, McMaster University, Hamilton, Ontario, Canada
L8N 3Z5
Nerve growth factor (NGF) is an important neurotrophic factor for neuronal
development, survival, and function. Recent investigations have revealed that
TGF-P, an inflammatory cytokine that has neuroprotective activity, may exert
its neuroprotective actions by upregulating NGF production in CNS cells in vitro
and in vivo. In the present study, we examined rhTGF-pl-regulated NGF
synthesis/secretion and the possible involvement of several signal transduction
pathways in this regulation using rat C6-glioma cells. Our results indicate that
TGF-pi induces NGF secretion up to 6.5-fold in a dose-dependent manner. NGF
mRNA levels reach a maximum after 6 h of stimulation (4.5-fold increase),
whereas extracellular NGF protein accumulates up to at least 48 h. rhTGF-pi
inhibits cell proliferation while inducing NGF production. H-7 (a potent
inhibitor of serine/threonine kinases) and apigenin (an inhibitor of the MAP
kinase cascade) strongly repress TGF-P-induced NGF production. Therefore, the
mechanism of NGF induction by TGF-P may involve TGF-P receptors, which
have serine/threonine kinase activity, activating the MAP kinase cascade.
Increasing levels of cAMP by using the membrane-permeable compound dbcAMP, an activator of protein kinase A, increases basal NGF production and
enhances TGF-pi-induced NGF production, indicating that protein kinase A is
involved in a separate pathway of NGF production in C6 glioma cells. These
results suggest that multiple signal transduction pathways are involved in TGFP-dependent and TGF-P-independent NGF upregulation in C6 glioma cells.
Supported by a grant from the Medical Research Council of Canada to M.F.

L-TYPE VOLTAGE-SENSITIVE CALCIUM CHANNELS MEDIATE
ACTIVITY-DEPENDENT BDNF EXPRESSION IN CORTEX BUT
NOT HIPPOCAMPUS. J.C. Lauterborn*1, G. Lynch2, and C.M. Gall1

Depts. of ‘Anatomy and Neurobiology & 2Psychiatry and Human
Behavior, University of California, Irvine CA 92697-4292.
Neocortical expression of brain-derived neurotrophic factor (BDNF) is
largely dependent upon activation of L-type voltage-sensitive calcium
channels (VSCCs) and the concomitant involvement of CaM kinase IV and
CREB. However, it is not clear if the same mechanism predominates in
forebrain neurons outside the neocortex. The present study investigated
this question using cultured hippocampal/entorhinal cortex slices and in
situ hybridization/ densitometric analysis. In 2-week old cultures treated
with the positive AMPA receptor modulator CX614 (50pM) for 3 h, BDNF
cRNA labeling was markedly elevated in neuronal layers with 3.4- and 9fold increases in the dentate gyrus granule cells and entorhinal cortex
layers II/III, respectively. In cultures co-treated with the L-type VSCC
blocker nimodipine (Nim, 20pM) and CX614 for 3 h, cRNA labeling in
entorhinal cortex was significantly lower than in cultures treated with
CX614 alone (p <0.0001) and not different from that in vehicle-treated
controls. In contrast, in the same explants nimodipine had no significant
effect on CX614-induced BDNF expression by hippocampal neurons:
labeling densities in the granule cells were 7.35 ± 1.1 pCi/g (CX614 group)
vs 5.56 ± 1.96 pCi/g (CX614+Nim group). Nimodipine alone had no
effect on BDNF mRNA content in either field. These data suggest that, as
in neocortex (Ghosh et al., ’94), activity-dependent BDNF expression is
mediated by L-type VSCCs in entorhinal cortex. However, within
hippocampus other mechanisms appear to direct BDNF expression
indicating that the involvement of L-type VSCCs in this event is regionspecific. (Supported by grants NS26748 from NINDS and CP22357 from
Cortex Pharmaceuticals.)

407.5

407.6

INTEGRINS REGULATE HIPPOCAMPAL NGF AND NT-3 mRNA

EXPRESSION. C.M. Gall1*. J.K. Pinkstaff1. J.C. Lauterbom1. G. Lynch2,
and Y. Xie1. Depts. of ‘Anatomy and Neurobiology & 2Psychiatry and Human
Behavior, University of California, Irvine, CA 92697-4292.
Integrin adhesion receptors are involved in both cell-matrix and cell-cell
recognition, and in signal transduction via pathways shared by growth factor
receptors. While integrins are differentially expressed in adult brain and
thought to be critical for LTP, little is known about their signaling activities in
mature central neurons. We recently demonstrated that integrin antagonism
increases neuronal BDNF and trkB expression thereby suggesting that the
adhesion receptors tonically suppress the expression of these growth-related
genes. The present study examined integrin effects on NGF and NT-3
mRNAs. Rat hippocampal slices were explanted to culture on P9 and treated
with 3 mM GRGDSP (a peptide antagonist of integrins binding the “RGD”
sequence) or vehicle on P20-23. As shown by in situ hybridization, the
integrin antagonist increased both NGF and NT-3 mRNA content specifically
within the dentate gyrus granule cells. With continuous treatment, NGF
mRNA levels were increased at 12 h, maximal (>3-fold) at 18 h, and declining
toward control levels at 24 h. NT-3 mRNA levels were increased by 16 h,
reached maximal values at 24 h and remained well-elevated through 48 h.
These and earlier results indicate that RGD-binding integrins suppress
neurotrophin and neurotrophin receptor gene expression in a cell-specific
fashion. Together with evidence that brain integrins are concentrated in
regions of synaptic contact, the results suggest that integrin-signaling
contributes to the suppression of neurotrophin gene expression that occurs
during postnatal synaptogenesis. (Supported by NINDS grant NS37799 to
C.M.G.)

INDUCTION OF bFGF AND NGF mRNA BY REPEATED NONINJURIOUS
ELECTROCONVULSIVE SHOCK. A.Kondratvev*. R.Ved. N.Sahibzada. K.Gale.
Dept. of Pharmacology, Georgetown University Med. Ctr.; Washington, DC 20007.
Induction of mRNA for nerve growth factor (NGF) and basic fibroblast growth
factor (bFGF) has been documented to occur acutely following noninjurious seizures
evoked by low-intensity (minimal) electroconvulsive shock (ECS). Since repeated
ECS has been shown to cause changes in synaptic transmission and to decrease
vulnerability to neural injury, it was of interest to determine whether the ECS-evoked
induction of mRNA for NGF and bFGF is sustained with chronic treatment. In the
present study we compared the effect of acute (1 day) vs repeated (over 7 days) ECS
treatment on levels of mRNA for NGF and bFGF in rhinal and frontal cortices,
hippocampus, and olfactory bulbs. Minimal ECS was administered via corneal
electrodes (200 msec, 30 - 40 mA). A single treatment session consisted of 3 ECS
seizures, given at 30 min intervals. Control (sham) animals received the same
handling, but no current was passed through the electrodes. Animals were
behaviorally observed to ensure that minimal limbic motor seizures lasting 5-10 sec
occurred after each ECS. Acute treatment consisted of 1 ECS session. Repeated ECS
consisted of daily treatment (1 session per day given in the morning) for 7 days. At 8
hr after acute ECS, mRNA levels increased by 60% for bFGF and 136% for NGF in
rhinal cortex, 32% for bFGF and 36% for NGF in frontal cortex, and 0% for bFGF
and 13% for NGF in hippocampus. After 7 days of ECS treatment the respective
increases were: rhinal cortex: 72% and 80%, frontal cortex: 53% and 38%, and
hippocampus: 0 and 28%. The increases observed after repeated ECS were not
significantly different from those after acute ECS. Olfactory bulbs showed no
increases after either treatment regimen. Moreover, the duration over which mRNAs
for bFGF and NGF were elevated was comparable in the acute and repeated ECS
groups. Our results demonstrate that the ECS-evoked induction of mRNA for NGF
and bFGF is sustained with chronic treatment. These results suggest that this sustained
increase in trophic factors may confer resistance to neural injury and mediate changes
in synaptic transmission evoked by repeated ECS. Supported by NIH grant NS36035.

407.7

407.8

INCREASE OF NGF IN THE RAT PAW SKIN BY CARRAGEENAN
AND ANTIGEN - EFFECTS OF TREATMENT WITH INDOMETHACIN
AND TERBUTALINE. R. Schuligoi* and R. Amann. Dept. of Exp. & Clin.
Pharmacology, University Graz, Univ. Platz 4, A- 8010 Graz, Austria.

MEMORY FACILITATION AND STIMULATION OF ENDOGENOUS
NERVE GROWTH FACTOR SYNTHESIS BY THE ACh RELEASER
PG-9 1V. Marchese, ‘N. Galeotti, ‘C. Ghelardini, ‘A. Bartolini, 2D.
Manctti, 3S. Furukawa, 3A. Nitta, 2F. Gualtieri - ‘Dept. of Pharmacol.,
Univ. of Florence, Italy, 2Dept. of Pharm. Sci., Univ. of Florence, Italy,
JDept. of Mol. Biol., Gifu Pharm. Univ. Japan - SPON: EBBS*
5
The effects of the ACh releaser a-tropanyl 2-l(4-bromo)phenyl]
'propionate propionate labeled PG-9 on memory processes and nerve
growth factor (NGF) synthesis were evaluated. In the mouse passiveavoidance test PG-9 (10-30 mg kg 1 i.p.), administered 20 min before the
training session, prevented amnesia induced by both the non selective
antimuscarinic drug scopolamine (1 mg kg1 i.p.) and the Mi selective
antagonist S-(-)-ET-126 (0.1 pg per mouse i.c.v.). In the same
experimental conditions PG-9 (5-20 pg per mouse i.c.v.) was also able
to prevent antimuscarinic-induced amnesia, demonstrating a central
localization of the activity. At the highest effective doses, PG-9 did not
produce any collateral symptoms as revealed by the Irwing test and it did
not modify spontaneous motility and inspection activity, as revealed by
the hole board test. PG-9 was also able to increase the amount of NGF
secreted in vitro by astrocytes in a dose-dependent manner. The maximal
NGF content obtained by PG-9 was 17.6-fold the control value. During
culture, no morphological changes were found at effective concentrations
of PG-9. This work indicates the ability of the ACh releaser PG-9 to
induce beneficial effects on cognitive processes and stimulate activity of
NGF synthesis in astroglial cells. PG-9 therefore could be a potentially
useful drug, able to improve the function of impaired cognitive processes.

Nerve growth factor (NGF) has been regarded as an important factor for
the development of inflammatory hyperalgesia. Therefore, we have examined
effects of putative anti-inflammatory drugs on inflammation-induced increase of
the tissue content of NGF. 3 h after intraplantar (iplt) application of carrageenan,
paw volume was increased by 28 ± 4 %, and the concentration of immunoreactive
NGF in the skin was 142 ± 11 % higher than in the contralateral, non-injected paw.
Indomethacin (0.67 - 2 mg/kg) suppressed ex-vivo prostaglandin biosynthesis in
the paw skin, and paw edema, but did not significantly affect the carrageenaninduced increase of NGF. Terbutaline (0.3 mg/kg) caused moderate reduction of
carrageenan-induced edema, but no significant effect on the skin content of NGF
(109 ± 16 % increase over contralateral paw). 3 h after iplt. injection of antigen
(ovalbumin) in sensitized rats, paw volume was increased by 32 ± 4%; the
concentration ofNGF in the paw skin was increased by 126 ± 15 %. Indomethacin
(2 mg/kg) had no detectable effect on antigen-induced edema, or on antigeninduced increase of NGF in the paw skin. Terbutaline (0.3 mg/kg) suppressed
antigen-induced edema and antigen-induced NGF increase (54 ± 19 % increase
over contralateral paw). These results suggest that in inflammation, prostanoids
do not contribute to the NGF increase. The observed marked inhibition by
terbutaline of the NGF increase in allergic inflammation probably relates to
inhibition of antigen-induced mast cell activation.

(Supported by the Austrian Research Council FWFP13512-Med)
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EFFECTS OF NGF CONJUGATE TREATMENT ON NGF BRAIN
LEVELS IN AGED RATS. Sonya K.A. Juthberg1,3. David
S.Albeck1,3'. Michael H. Mesches2’3,4. Paula C. Bickford2'3,4. Michael
Browning2,3 and, A-Ch. Granholm*1,2,3. Dept. of Basic Science1 and
Pharmacology2, The Neuroscience Training Program3, UC HSC, and
The VA M.R.S.4, Denver, Colorado.
We investigated the effects of treatment with exogenous nerve growth
factor (NGF) on aged rats (23 mo.) with spatial memory defects. NGF
conjugated to an antibody (OX-26) against the transferrin receptor was
administered via the tail vein. The rats were injected weekly for four
weeks with either NGF conjugate or a vehicle control containing
unconjugated NGF and OX-26. Young animals and aged
unimpaired/untreated animals served as controls. The animals were
tested in the hidden platform version of the Morris water maze directly
before treatment and immediately before the forth injection. The animals
were then sacrificed and the brain was removed for dissection. Tissue
from basal forebrain (BF), area CAI of the hippocampus, parietal,
entorhinal, and cingulate cortices were removed. The tissue was then
analyzed for NGF levels with an ELISA. Levels of NGF in the BF were
higher in the NGF-conjugate treated animals than the vehicle treated
animals. Both young and cognitively unimpaired aged rats had higher
BF NGF levels than NGF conjugate treated rats. NGF levels were
lower in the hippocampus of the young, the unimpaired aged, and the
NGF-conjugate treated animals compared to the vehicle treated animals.
The findings in this study suggest that exogenous NGF administration
may be upregulating endogenous NGF levels following long-term
treatment. Supported by NIH grants AG04418, AG12122, and AG10755

THE GLUTAMATE RECEPTOR-MEDIATED REGULATION OF
BRAIN-DERIVED NEUROTROPHIC FACTOR PRODUCTION BY
CYTOKINES IN CENTRAL NERVOUS SYSTEM
H. Xiong*, M. Narisawa-Saito, H. I ourdi. H. Nawa
Department of Molecular Neurobioiogy, Brain Research Institute,
Niigata University, Japan

Brain-derived neurotrophic factor (BDNF) plays many crucial roles
in the survival and differentiation of various neuronal populations in
CNS. Nevertheless, the regulation of BDNF by other cytokines
remains unclear so far. In the present study, we found BDNF gene
expression can be up-regulated by NT-4/5 and BDNF itself, besides,
NT-4/5 enhanced five times more BDNF protein than control in the
neocortical neurons. AP-5 and CNQX completely inhibited NT-4/5induced BDNF production, while TTX significantly reduced NT-4/5
induced-BDNF production. But NGF and NT-3 had no effects on
BDNF production and there was no significant change of BDNF
protein level in NT-3 mutant mice. We also found that NT4/5 and
BDNF enhanced the expression of AMPA receptor proteins in this
system. Conversely, EGF down-regulated AMPA receptor protein
expression as well as BDNF production in neocortical cultures. Taken
together, these observations imply that cytokines might up-regulate and
down-regulate BDNF production in a glutamate receptor-dependent
way.
This study was supported by the Japan Society for the promotion of
Science (RFTF-96L00203).

407.11

407.12

EFFECTS OF CORTICAL BDNF, NT-3, AND GDNF INFUSIONS ON THE
EXPRESSION OF BDNF AND TRKB mRNA IN CORTICAL LAYERS 2/3/5 AND
CORTICOSPINAL NEURONS IN VIVO.
A, Schutte1*, P. Mestres1,0. Yan2, and KM. Giehl1. 'Department of Anatomy, Univ.
of Saarland, Homburg, Germany; 2Amgen Inc. Thousand Oaks.
Survival of central neurons is regulated by complex mechanisms.
Neurotrophins seem to play an important role in this regulation. We have shown
recently that axotomized corticospinal neurons (CSN) require endogenous cortical
BDNF for survival, and GDNF treatment can rescue CSN from axotomy induced
death only if endogenous cortical BDNF is present. In addition, the cortical
expression patterns of BDNF and trkB suggest a paracrine rather than an autocrine
mechanism for the endogenous BDNF-support of CSN since only a portion of CSN
express BDNF but virtually all trkB. To further analyze these trophic support
mechanisms, we have now investigated BDNF and trkB mRNA expression in several
cortical layers and axotomized CSN with semi-quantitative in situ hybridization
analysis after cortical BDNF and GDNF infusions at doses that result in complete
rescue of axotomized CSN. Since NT-3 is also involved in the regulation of the
survival of axotomized CSN, we included NT-3 treated cortices in our study. Fast
Blue labelled CSN have been axotomized and treated for 1 week with the respective
neurotrophic factors. Neither BDNF, GDNF, or NT-3 had a detectable effect on
BDNF and trkB mRNA expression in axotomized CSN. In contrast, BDNF mRNA
expression in cortical layers 2 and 3 was significantly increased after BDNF infusions
as compared to vehicle or lesion only animals. NT-3 or GDNF did not have an effect
and full-length trkB expression was not affected in any of the examined experimental
situations. Taken together with our observation that virtually all CSN express trkB
while only few have detectable levels of BDNF mRNA and the fact that the apical
dendrites of CSN reach up to cortical layer 1, these data suggest that BDNF from
cortical layers 2/3 might contribute to an inducible paracrine support mechanism for
axotomized CSN in vivo. Supported by the Deutsche Forschungsgemeinschaft (DFG).

A POSSIBLE MECHANISM OF NEUROTROPHIN-3 GENE
EXPRESSION IN RAT CULTURED VASCULAR SMOOTH MUSCLE
CELLS. S. Miyata.T, Uevama,1 M, Sekimoto, F, Nemoto. E. Senba,1 M, Degawa
and K, Nemoto*. Dept. of Health Science, Faculty of Pharmaceutical Sciences,
Univ. of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan, 'Dept. of Anatomy and
Neurobioiogy, Wakayama Med. College, Wakayama 641-0012, Japan.
We have previously reported that in rat cultured vascular smooth muscle cells
(VSMCs), neurotrophin-3 (NT-3) gene expression was suppressed by TPA (12-0tetradecanoyl phorbol-13-acetate), an inducer of AP-1 transcription factor
(Biochem. Biophys. Res. Commun. 245, 648-652, 1998). In the present study, to
clarify the mechanism for TPA-mediated downregulation of NT-3 gene
expression, effects of cycloheximide and dexamethasone (Dex) on the TPAmediated downregulation were examined in VSMCs. Pretreatment with
cycloheximide, an inhibitor of protein synthesis, or simultaneous treatment with
Dex, an inhibitor of AP-1, suppressed the TPA-mediated downregulation of NT-3
gene expression. Co-transfection of c-fos and c-jun expression vectors into
VSMCs also resulted in decrease in the NT-3 gene expression. These findings
suggest that TPA-induced AP-1 de novo synthesis causes the downregulation of
NT-3 gene expression in VSMCs. We further examined the promoter activities in
VSMCs by use of the luciferase reporter genes fused to different upstream regions
of the NT-3 gene (fragments containing about 1.8 kbp, 1.3 kbp and 0.7 kbp from
the initiation codon in exon IB). The promoter activities of all constructs were,
significantly reduced by co-transfection of c-fos and c-jun expression vectors,
suggesting that the fragment of 0.7 kbp contains the cis-element(s) for the
downregulation of the NT-3 gene expression by AP-1. In addition, the result from
transfection with each construct demonstrated that the promoter activity of the
construct with 1.3 kbp upstream region was about 10 times higher than those of
other two regions. This suggests that the negative and positive regulatory ciselements for the NT-3 gene expression might exist in the regions of 1.8 to 1.3 kbp
and 1.3 to 0.7 kbp upstream from the initiation codon in exon IB of the NT-3
gene, respectively.

407.13
THE TRANSCRIPTION FACTOR CREB PARTICIPATES IN BOTH SURVIVAL-PROMOTING SIGNALING AND BDNF GENE TRANSCRIPTION IN
RAT SPIRAL GANGLION NEURONS. S.H. Green1*. X.-M, Zha1. M.R, HanUniversity of Iowa, Iowa City, IA 52242; 2NINDS, NIH, Bethesda, MD 20892
We have previously shown that depolarization supports survival of cultured
spiral ganglion neurons (SGNs) in large part via Ca2+/calmodulin-dependent protein kinases (CaMKs). Because the transcription factor CREB is activated by
CaMKs, we tested the role of CREB itself in the survival-promoting effect of depolarization. Transfection of either of two different dominant-negative mutant
CREB constructs (KCREB, CREBM1) into SGNs significantly reduces the survival-promoting effect of depolarization. As a convergence point for several intracellular signal pathways, including neurotrophin- and cAMP-dependent pathways, CREB may be generally involved in trophic signaling.
CREB is also involved in regulation of BDNF transcription in SGNs. The
BDNF gene consists of four 5' exons, each with its own promoter, alternatively
spliced to a 3' exon that contains the coding sequence. Thus, four distinct promoters alternatively regulate BDNF transcription. We transfected into cultured
SGNs reporter constructs consisting of BDNF promoters fused to CAT and then
quantified expression in individual transfected SGNs by immunocytochemistry
using fluorescently labeled anti-CAT. We detected high constitutive expression
of CAT from promoters III and IV. CAT expression driven by these promoters was
significantly reduced by cotransfection of dominant-negative CREBs: KCREB or
CREBM1. BDNF, NT-3, cpt-cAMP and depolarization all caused endogenous
CREB phosphorylation, the former two weakly and the latter two strongly.
Remarkably, reporter expression was not affected by any of these trophic stimuli.
Thus, CREB is necessary for constitutive BDNF expression in SGNs but CREB
phosphorylation due to various trophic stimuli does not result in significant
change in BDNF gene transcription in SGNs.
Supported by NIH grant DC02961 and training grant DC00040.
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PD 151307 ANALOGS: SUBSTITUTED PEPTIDYLAMINES AS
NOVEL N-TYPE CALCIUM CHANNEL BLOCKERS: Lain-Yen
Hu*. Todd R. Ryder8. Gregory W. Campbell8. David J. Dooley*. Joann
J. Geer8*. Dennis Homb. Susan M. Lotarski*. George P, Miljanichb.
Elizabeth Millermanb, David M. Rock*. Yuntao Song*. Sally J, Stoehr*.
Balazs G. Szokeb. Charles P. Tavlor*. Mark G. Vartanian*. Mark L.
Weber*. Michael F. Rafferty*. ‘Parke-Davis Pharmaceutical Research,
Division of Warner-Lambert Company, 2800 Plymouth Road, Ann
Arbor, MI 48105, U.S.A. and ’’Elan Pharmaceuticals, Inc., 3760 Haven
Avenue, Menlo Park, CA 94025, U.S.A.

PROGRESSION OF EXCITATORY CAPABILITIES IN APLYSIA
CALIFORNICA BAG CELLS ASSOCIATED WITH SEXUAL
MATURITY. L. A. Fieber*. Division of Marine Biology and Fisheries,
Univ. of Miami Rosenstiel School, Miami, FL 33149.
The bag cells of Aplysia release egg laying hormone in sexually
mature animals. Bag cells are incapable of sustaining the long-lasting
excitatory afterdischarge required for hormone release before the developmental period of sexual activity is reached (Nick et al, J. Neurosci.
16:882, 1996; Fieber, J. Exp. Biol. 201:745, 1998). Whole cell currents
were assessed using the patch clamp technique in bag cells from hatchery-raised Aplysia derived from 3 egg masses raised at 13-15 °C. K currents were recorded in a KCl-containing intracellular solution while Na+
and Ca2+ currents required CsCl. Ca2+ currents were recorded in a bath
solution containing Ba2+ and tetraethylammonium ion (Ba-TEA). Bag
cell K current amplitude decreased significantly at 6.75 mos, -3 mos before the onset of reproductive behaviors, corresponding roughly to the
first appearance of Na+ and Ca2+ currents in -50% of bag cells. K currents did not decrease significantly in response to treatment with cAMP
analogs until Aplysia were within 4 wks of the onset of sexual activity.
However, the proportion of bag cells exhibiting Na+ and Ca2+ currents
after phorbol ester treatment was increased 6-8 wks before sexual activity and Na+ and Ca2+ current amplitudes were increased by phorbol
ester -6 wks before sexual activity. These observations support the
hypothesis that bag cell excitability is not fully developed until shortly

Selective N-type Voltage Activated Calcium Channel (VACC)
blockers have shown utility in several models of stroke and pain.
Currently, SNX-111 is in clinical trial for pain treatment. In the
process of searching for small molecules as N-type calcium channel
blockers, we have identified a series of N,N-dialkylpeptidylamines
with potent functional activity at N-type VACC. The most active
compound discovered in this series is PD 173212 (IC50 = 37 nM in
IMR32 assay). Syntheses, SAR, and pharmacological evaluation of
the series are presented.

before copulation and egg laying. Funded by NIH RR10294 & ES05705.

408.3

408.4

INTERSTITIAL AND INTRAPYRAMIDAL CARBONIC ANHYDRASE
ACTIVITY IN THE RAT HIPPOCAMPUS DURING EARLY POSTNATAL
DEVELOPMENT. E. Ruusuvuori K. Kaila and J. Voipio*. Dept. of Biosciences,
Div. of Animal Physiology, Univ. of Helsinki, FIN-00014 Helsinld, Finland.
Intracellular and interstitial carbonic anhydrase (CA) activities play a major role
not only in pH buffering but also in the generation and shaping of changes in pH
and in the concentrations of CO2 buffer species, that are caused by transmebrane
movements of acid-base equivalents (Voipio, 1998, pp. 45-65 in pH and Brain
Function, ed. K Kaila and B Ransom, Wiley-Liss, Inc.). We used pH
microelectrodes to measure interstitial pH (pLLo) transients induced by brief
iontophoretic pulses of NaOH into rat hippocampal slices. The dependence of the
pHo response on benzolamide (BA, 10 pM, a poorly permeant CA inhibitor) was
used as an indicator of interstitial CA activity. Intracellular CA activity was
detected in acutely isolated pyramidal neurons by the ethoxyzolamide (30 pM, a
permeant CA inhibitor) dependence of intracellular pH responses, recorded using
the fluorescent probe BCECF upon step changes in CO2 partial pressure.
Significant interstitial CA activity was not seen in stratum radiatum and stratum
pyramidale of areas CA1 and CA3 before postnatal day 6 (P6), whereas after P8
BA usually increased the pR, transients by 100% or more in all these areas.
Experiments on neurones isolated from the CA1 region indicated the presence of
intracellular CA activity starting at Pl6. Measurements carried out on CA3
neurones suggest a similar developmental profile. Supported by the Academy of
Finland.

EFFECTS OF K+ CHANNEL OVEREXPRESSION ON THE DEVELOPMENT OF EXCITABILITY IN HIPPOCAMPAL NEURONS.
S.H, Williams1* & M.L. Sutherland2, ’Dept. of Psychiatry and Inst, for Dev.
Neuroscience, J.F. Kennedy Ctr, 2Dept of Pharmacology, & Center for Molecular Neuroscience, Vanderbilt University, Nashville, TN 37203.
Voltage-gated ion channels play an important, though incompletely understood role during nervous system development. We have examined the effects
of overexpressing a K+ channel on development of excitability mechanisms
in hippocampal neurons using a transgenic mouse which expresses an A-type
Shaker channel from Aplysia in hippocampus and neocortex.
Hippocampal slices were islolated from 5-21 day old mice and whole-cell
patch clamp recordings performed from CA1 and CA3 pyramidal neurons. Animals were split into three groups according to age, P5-9, P10-14 and P15-21.
In both CA1 and CA3 wild-type (wt) cells time course of the action potential
(AP) became briefer with increasing age. AP waveforms were quantified by
measuring maximal upward and downward slopes. In CA3 neurons from transgenic animals the duration of the AP was briefer than wt for both the P5-9 and
P10-14 groups, with a significantly greater repolarization rate. The slope of
the upstroke was not significantly different. The effect was most pronounced in
the youngest age group, but by age Pl5-21 AP kinetics were identical. There
were no significant differences between wt and transgenic CA1 cells in any of
the age groups.
The enhanced rate of AP repolarization is consistent with an increased density of A-type K+ current in CA3 neurons during a critical period of postnatal
development. The lack of effect in CA1, however suggests that the effects of
altered ion channel expression depend on the phenotypic background of individual cells examined.
(Supported by DA07954 (SHW) and March of Dimes (MLS)).

408.5

408.6

A LONG-TERM-POTENTIATION-LIKE' FACILITATION
OF HIPPOCAMPAL NEUROTRANSMISSION INDUCED BY
NEFIRACETAM. T. Nishizaki,1 * S. Matsuyama,2 T. Kondoh,3 T.

CHARACTERIZATION OF THE RESPIRATORY CHEMICAL DRIVE IN THE
ISOLATED CNS OF NEWBORN MOUSE. J. Eugenln*, C. D. Infante and I,
Llona. Laboratory of Neural Systems, Univ. of Santiago, Casilla 40, Correo 33,
Santiago, Chile.
We studied how the chemical drive modifies the pattern of fictive
respiration in the isolated CNS of newborn mouse and whether this chemical drive
may abolish the effects of somatostatin, a respiratory inhibitor. The brainstemspinal cord preparations were obtained from newborn mice Swiss Rockefeller (1-2
days old) and superfused at continuos flow of 0.6 -1.2 ml /min with BME (Basal
Medium of Eagle's, Gibco) equilibrated with O2: CO2 (95% : 5%, pH 7.37 -7.40) at
room temperature (19-24 °C). Spontaneous activity from C3-C5 ventral roots were
recorded using glass suction microelectrodes. Electrical signals were amplified,
integrated, displayed on an oscilloscope, and analyzed with AD data acquisition
system. The pH of the brainstem superfusion was obtained by gassing BME in
presence of different final concentrations of bicarbonate (13, 26, and 40 mM, giving
pH of 7.1, 7.4, and 7.6, respectively). During acidic superfusion (pH 7.1), BME
containing somatostatin at a final concentration of 1 pM was added to the bath.
Switching the brainstem superfusion from BME pH 7.4 to BME pH 7.1
increased the frequency (in 50%) and decreased the amplitude (in 27%) of fictive
respiration. Changes in frequency depended on changes in expiratory duration, but not
on inspiratory duration. Somatostatin 1 pM applied into the brainstem superfusion
(BME pH 7.1) reduced both the frequency and the amplitude of fictive respiration.
These results indicate that in newborn mice, chemosensitive structures of the
brainstem control fictive respiration, likely controlling “expiratory - off switch” events.
The increase in the chemical drive produced by superfusing with BME pH 7.1 is not
enough to counteract the respiratory inhibiting effects of somatostatin.

Shiotani,4 S. Watabe4 and M. Yoshii5. Dept. of1 Physiology ,
2Pharmacology and 3Neurosurgery, Kobe Univ. Sch. of Med., Kobe, Japan;
4Tokyo R&D Center, Daiichi Pharmaceutical Co. Ltd.; 5Dept. of
Neurophysiology, Tokyo Institute of Psychiatry.

Nefiracetam, a pyrrolidone derivative developed as a
cognitive enhancer, induces a long-term-potentiation-like'
facilitation of hippocampal neurotransmission as mediated
via nicotinic ACh receptors under the influence of protein
kinase C. The evidence is further substantiated by a marked
increase in the glutamate release from presynaptic terminals
as a result of persistent enhancement in the activity of
nicotinic ACh receptors. Such a facilitatory action is still
found in the hippocampus with selective cholinergic
denervation using 192 IgG-saporin, likely a model of the
aged and Alzheimer brain. Drugs functionally targeting
nicotinic ACh receptors in the brain like nefiracetam thus
could be developed as promising therapeutic agents for
senile memory disturbance or Alzheimer's disease.

Sunnorted hv grants FONDECYT 1980819 and DTCYT 029743EL
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AGE-DEPENDENT VASOPRESSIN MODULATION OF EXCITABILITY IN
RAT SPINAL LATERAL HORN NEURONS. M. Kolai*. M. Oz and L.P. Renaud.
Neuroscience, Loeb Research Institute, Ottawa Hospital-Civic Site and University
of Ottawa, Ottawa, Ontario, CANADA K1Y 4E9
In the spinal cord, arginine vasopressin (AVP) may mediate neurotransmission
to spinal lateral horn cells, including spinal preganglionic neurons (SPNs). In
neonatal rat lateral horn cells, we recently reported that AVP acting at Via type
receptors can induce membrane depolarization through one or two conductances,
either closing of potassium channels and/or opening of non-selective cationic
channels (Kolaj and Renaud, 1998, J. Neurophysiol. 80:1900). Using whole-cell
patch-clamp recordings obtained from SPNs and other lateral horn neurons in
spinal cord slices obtained from rats aged P5-P22, we now detect an age-dependent
patterning in their AVP responses. In slices from ages P5-P7, bath or local
pressure-applied AVP (IgM) typically induced a TTX-sensitive increase in
membrane noise without significant membrane depolarization or conductance
change.
In slices from ages P8-P10, cells responded with membrane
depolarizations or inward currents, and this was associated in 70% with a nonselective cationic conductance, and rest of tlie cells showing a contribution from
both conductances. However, in slices from ages P18-P22, 90% of responded with
depolarization and inward current in association with reduction in a potassium
conductance, with no apparent contribution from activation of non-selective
cationic conductances. These observations imply an age-dependent plasticity in tlie
conductance mechanisms whereby rat spinal lateral horn neurons respond to AVP
in this early time window, changes that may be important for CNS regulation of
development in spinal cord sympathetic autonomic nervous system function.
Supported by MRC and the Heart and Stroke Foundation of Canada.

DEVELOPMENTAL CHANGES OF LIGAND-GATED RESPONSES
IN NTS NEURONS RECEIVING AORTIC BARORECEPTOR
Akaike-k ^Dcpt. of Physiol., Fac. of Med., Kyushu Uuiv., Fukuoka 812-8582,
Japan and 2Dept. Of Physiol, aud Pharm., Oregon Health Sci. Univ., Portland,
Oregon, 97201, USA.
Arterial baroreceptor (BR) information from the aortic arch of the rat is
transmitted to the nucleus of the solitary tract (NTS) via axons in the aortic
depressor nerve (ADN). In the present studies, NTS neurons receiving ADN
projections were identified 5-7 days after placing Di-I on cervical ADN. Ligandgated responses in acutely dispersed, fluorescently labeled neurons were investigated.
Mechanically dissociated NTS neurons retained attached, functioning synaptic
endings. NTS neurons receiving ADN label were spindle shaped (<15um). Effects
of exogenous glycine, kainate, GABA, nicotine and ATP were studied using
perforated nystatin patch recordings at two stages (2 wks and 4 wks old rats). In our
conditions, ([Cl’]j=101mM, [Cl’]o=161mM, Vjj=-60mV), each agonist induced
inward currents. Except for ATP, all currents increased in density from 2- to 4 wks.
The density of current induced by nicotine increased from 2 to 4 wks (u= 10/18). In
addition, kainate, nicotine aud ATP increased the frequency of spontaneous
postsynaptic currents (sPSC) without altering the current amplitude distribution
(u=8/18, 5/18, 3/13 respectively) suggesting a presynaptic effect. We evoked
postsynaptic currents (ePSC?) in identified NTS neurons in slices by stimulating
the tract. Two kinds of neurons were found: some had only CNQX-sensitive ePSC
(n=6/13), and others had two components which were sensitive to CNQX aud
strychnine (u=6/13). Our results suggest that 1) nicotinic ACh receptor density
increases in early development, 2) kainate, nicotinic or ATP receptors exist on BR
endings, and modulate transmitter release, 3) second order NTS neurons have
glutamatergic or glutamatergic excitatory plus glycinergic inhibitory synapses.

408.9

408.10

EXPRESSION AND FUNCTION OF Goa SPLICE VARIANTS IN RAT
PRIMARY NEURONS CHANGE DEVELOPMENTALLY AND IN
CULTURE . I, Song, J.H, Yoo, H. Sheng, K.E, Hall and J.W, Wiley*. Dept.
Int. Medicine, U. of Michigan, 48109, VA Medical Center, Ann Arbor, 48105
At least two splice variants of the neuronal inhibitory G protein Go have been
identified: Goa, and GoCt2. The Gott2 variant regulates calcium channels in
cultured pituitary somatotrophs and PC12 cells. Little is known about their
expression and functional role in primary neurons, in which Go modulates
calcium influx and neuro-transmitter release. Specific RNA primers for the
Gottl and Go«2 splice variants were used in conjunction with RT-PCR and
resultant oligomers were sequenced. Gottl was the dominantly expressed splice
variant in all rat neuronal tissues screened, including cerebral cortex, cerebellum, hippocampus, pituitary, spinal cord, and dorsal root ganglia (DRGs).
Endogenous expression of Gott2 was greatest in prenatal neurons, decreased
markedly in postnatal neurons, but increased in cultured postnatal DRG
neurons. Sequence data supported the presence of at least three splice variant
isoforms of Go«. Functional coupling of splice variants to calcium channels
was evaluated by assessing opioid receptor-mediated inhibition of calcium
currents in DRGs after transfection with antisense or missense oligomers
designed to “knock-down” expression of Gottl or Gott2. Opioid-mediated
inhibition by 1 |iM DAGO of peak calcium currents was 48+9% in controls
(n=17), 46+6% in missense-treated (n=10), 28±3% in Gottl antisense-treated
(n=9,p<0.05), and 25+5% in Goa2 antisense-treated (n=8, p<0.05). Conclusions:
1. Expression of Gott splice variants is regulated developmentally; 2. At least 3
splice variants are expressed in primary neurons; 3. Goa, is the dominantlyexpressed isoform in postnatal primary neurons in situ: 4. In culture, primary
neurons express G a, and Gott2 isoforms that regulate calcium channel function.
Support: NIH grant (JWW) and ADHF Industry Scholar Award (KEH).

BDNF

M. Guerra-Crespo, P. Joseph-Bravo.
J.L. Charli*and L. Perez-Martinez . Departamento de Genetica y Fisiologia
Molecular, Instituto de Biotecnologia, Universidad National Autonoma de Mexico,
A.P. 510-3, Cuernavaca, Mor., 62271, Mexico.
Hypothalamic neurons control a variety of important hormonal and behavioral
functions. Little is known, however, about the neurotrophic factors that the
peptidergic neurons may require for survival and/or differentiation. This issue was
examined using primary cell cultures derived from 17-day-old fetal rat hypothalamus as
a model for studying the effect of different neurotrophins on developing thyrotropinreleasing hormone (TRH)-producing neurons. Cells were seeded in serum free-medium
(Neurobasal plus B27) at a density of 750 cells per mm2. Addition of BDNF at the
time of seeding increased survival of hypothalamic cells at 4 DIV (from 79% for
control to 84%). NT-3 was ineffective. BDNF led to an increase in TRH mRNA
levels as revealed by RT-PCR. After 1 DIV TRH mRNA levels increased 1.7 fold, at
2 DIV, 2.2 fold and at 4 DIV. 3 fold. NT-3 did not increase TRH mRNA expression.
Since the biological effects of neurotrophins are mediated by the Trk family of receptor
tyrosine kinases, we investigated the expression of the neurotrophin receptors TrkB
and TrkC mRNAs in untreated primary hypothalamic cell cultures. RT-PCR assays
indicated that both receptor mRNAs were expressed throughout the culture period.
Western blots and immunocytochemical studies confirmed the expression of the
catalytic proteins. The presence of TrkB mRNA at the t ellular level was studied by in
situ hybridization. At 4 DIV, a small number of cells (2%) expressed TRH mRNA; 48
% of this cell population contained the TrkB mRNA. The number of TRHergic cells
was not changed by BDNF treatment suggesting that BDNF may directly affect TRH
biosynthesis but not the survival of these neurons. In the same way we observed that
BDNF treatment increased TRH mRNA levels only in those cells that express TrkB
mRNA. In conclusion we have shown that BDNF may contribute to the phenotypic
differentiation of a TrkB+ population of hypothalamic TRHergic neurons. (Supported
in part by DGAPA-IN216496).

408.11

408.12

NEONATAL BASAL FOREBRAIN LESIONS ALTER THE
IMMUNOHISTOCHEMICAL DEVELOPMENT OF PLC AND PKC IN MOUSE
NEOCORTEX B. Logan*, A. Hannan2, P, Cordery,2 C. Blakemore2 and C. F.
Hohmaun* *, Morgan State Univl., Baltimore, MD 21251, University Lab. of
Physiol 2, Oxford, 0X1 3PT, UK.
Muscarinic receptor mediated activation of phospholipases [PLC and PLD]
and their associated second messenger cascade, including protein kinase C [PKC], is
elevatedin early postnatal rodent cortex. Moreover, expression of PLC-pi and PKC
activity have been correlated with developmental plasticity in postnatal cortex by
several of tlie present authors and other groups. This study examines the effects of
early postnatal lesions to basal forebrain cholinergic [nBM] afferents on the
immunohistochemical distribution of PLC-|31 and PKC a,y and t isoenzymes in
mouse cortex. Similar neonatal lesions have been shown by us in the past to result
in permanent alteration of cortical morphology and behavior. Male and female
BALB/cByJ mice received unilateral electrolytic lesions to tlie right nBM area 12-24
hours after birth (controls received hypothermia anesthesia only). Mice were sacrificed
by transcardial formaldehyde perfusions at various postnatal ages, brains were
sectioned and processed for immunohistochemistry [IH] on free floating sections
according to the ABC (Vectastain) method. Adjacent sections were processed for Nissl
staining. In control mice, PLC-pi IH reveals a barrel like pattern in layer IV of
neocortex during tlie first posUiatal week; this expression is absent in nBM lesioned
mice. PKC IH shows cortical distribution patterns in control animals that are age
dependentbut substantially similar for all isoenzymes. Neonatal nBM lesions result
in pattern changes of PKC, ipsilateral to the lesion, during the first postnatal month;
these IH changes vary with age but not substantially between isoenzymes. Our data
suggest that PLC-pi and various isoenzymes of PKC, via muscarinic receptor
activation, may be involved in tlie activity dependent differentiation of cortical neurons
and that this process becomes disrupted by neonatal nBM lesions. Supported by:
2SO6GM51971, 1P20RR11606 1 and the MRC and Nuffield Medical Trust2.

NEONATAL NBM LESIONS STUNT PLASTICITY IN MOUSE
BARREL FIELD CORTEX. A. Nishimura1*, C.F.Hohmann2, M.V.
Johnston1 and M.E, Blue1. 'Kennedy Krieger Institute and Johns
Hopkins University School of Medicine, Baltimore, MD 21205 and
2Dept. of Biology, Morgan State University, Baltimore, MD 21251.
Previous studies have shown that neonatal lesion of basal forebrain
cholinergic projections (nBM) in mice leads to a transient cholinergic
depletion of neocortex and to permanent alterations in cortical
cytoarchitecture and in cognitive performance. The present study
examined whether neonatal nBM lesions modify neocortical plasticity.
Using cytochrome oxidase histochemistry, we compared cross-sectional
areas of individual barrels in rows A-E in the somatosensory cortex of
four groups of postnatal day 8 (P8) old mice that received 1) right nBM
lesions or 2) left C row 1-4 whisker follicle ablations or 3) combined
treatments on Pl (12-24 hours after birth) and in 4) untreated controls.
The size of barrels in nBM lesioned animals was not significantly
different from controls, and in fact tended to expand in both hemispheres
in the unilaterally nBM lesioned animals. Despite this trend toward larger
barrels, the plastic response to whisker removal was stunted in nBM
lesioned animals. The ratios of Row B/Row C and of Row D/Row C
areas were reduced significantly in the combined nBM lesioned/follicle
ablation group. Compared to whisker lesioned mice, the expansion in B
and D rows was diminished and C row size was reduced less. The
present findings correspond to those from a study of rats injected with
the cholinergic immunotoxin, IgG192-saporin (Zue and Waite,Cereb.
Ctx. 8:63-72, 1998). These results suggest that cholinergic inputs play a
role in mouse barrel cortex development and plasticity. Supported by
NIH grants HD24448 and 2SO6GM51971 and IP20RR11606.
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SEX DIFFERENCES IN THE NEUROGENESIS OF BASAL FOREBRAIN
CHOLINERGIC NEURONS IN MICE
L.A. Burlingame and J. Berger-Sweeney*
Department of Biological Sciences, Wellesley College, Wellesley, MA 02481.

TIME COURSE OF a-BUNGAROTOXIN BINDING IN DEVELOPING RAT
HIPPOCAMPUS. C.E. Adams*, T.A. Henderson and R. Freedman. Dept.
Psychiatry, UCHSC, Denver, CO 80262.
The a7 nicotinic receptor subtype has been implicated in brain development.
We examined the distribution and time course of developmental changes in
binding of a-bungarotoxin (a-BTX), an antagonist at the a7 receptor, as a first
step in understanding the role of the a7 receptor in hippocampal ontogeny.
Binding of a-BTX is initially observed on embryonic day 15 (El5) in the dorsal
third of the anlage of stratum oriens (SO). By El6, a-BTX binding is present
throughout the SO and is also found more superficially in the anlage of the
stratum radiatum and stratum lacunosum/moleculare (SR/LM). On El7, aBTX binding is homogeneously distributed and of a similar intensity in both the
developing SO and SR/LM. The pattern of binding is essentially the same
between El 8 and El9, except for the presence of some a-BTX binding in the
newly formed stratum pyramidale (SP). A dramatic shift in the pattern of aBTX binding is observed on P0. At this time, binding of a-BTX is greater in
the inner half (nearer the SP) of SR than in the more superficial half. Dense aBTX binding is still observed in the SO and SP as well as scattered along the
border of the hippocampal fissure in SLM. By P4, the pattern of a-BTX
binding in the SO has shifted from a homogenous distribution to a more
clustered, cell-like distribution, while the pattern of labeling in the SR and SLM
is essentially unchanged from P0. a-BTX binding is diffusely distributed in SR
on Pl 2, but has decreased to an essentially adult-like pattern of binding by P24.
At no time was a-BTX binding observed in the neuroepithelium. These data
suggest a role for the a7 receptor in neuronal migration, but not in neurogenesis
since a-BTX binding is never seen in the neuroepithelium, the region of cell
generation. Supported by 5 P5 0 MH44212.

The major source of cholinergic input to neocortex and hippocampus arises from
subcortical neurons residing in the basal forebrain (BF). The BF cholinergic system
has been linked to a number of cognitive processes, such as learning, memory, and
attention. Males and females perform differentially on cognitive tasks thought to
involve the BF cholinergic system, for example, males are better at some spatial
memory tasks than females. Additionally, sexual dimorphisms have been noted in
the adult and developing cholinergic system. It has not be determined, however, if sex
differences in the cholinergic system exist from inception, that is birth of the
cholinergic neurons in the BF. The purpose of this study is to compare neurogenesis
(birthdate) of cholinergic neurons of the BF in male and female BALB/cBYJ mice.
Pregnant dams were injected with 5-bromo-2’ deoxyuridine (BrdU), a birthdating agent
which is incorporated into the DNA of actively mitotic (in S phase) fetal cells. Dams
were injected with BrdU on one of eight embryonic days (E10-E17) during which BF
cholinergic neurons were previously reported to be bom (Sweeney et al., 1989). The
offspring from these dams were allowed to grow to adulthood, at which time they
were perfused transcardially with 4% paraformaldehyde. Brain sections from these
offspring are currently being processed via immunohistochemistry in order to develop
the BrdU label. The sections will also be processed for choline acetyltransferase
(ChAT) immunoreactivity, in order to determine which of the BrdU positive neurons
are cholinergic. Double labeled cells within the medial septal and nucleus basalis
magnocellularis regions of the BF will be counted and compared between the sexes
through the use of an image analysis system. Supported by the Beckman Foundation
and NSF Young Investigator Award.

408.15

408.16

ACQUISITION OF FUNCTIONAL NICOTINIC ACETYLCHOLINE
RECEPTORS DURING EMBRYONIC DEVELOPMENT OF THE
MOUSE CEREBRAL CORTEX A.S. Schneider*, Q. Shen, W. Barnes,
P.Atluri, S.J. Mah, S. Temple, and M.W. Fleck. Dept. Pharmacology
and Neuroscience, Albany Medical College, Albany NY 12208.

ONTOGENY OF P/Q-TYPE Ca2+ CHANNELS IN HIPPOCAMPAL NERVE
TERMINALS: AGE-DEPENDENT INCREASES IN SENSITIVITY OF
SYNAPTOSOMAL 45Ca2+ INFLUX AND [3H]GLUTAMATE RELEASE TO BLOCK
BY o-CONOTOXIN MVIIC. C.A. Meacham and T.J Shafer*, Neurotoxicology Division,
NHEERL, U.S. Environmental Protection Agency, Research Triangle Park, NC 27711.
To examine the ontogeny of P/Q-type Ca2+ channels in hippocampal nerve terminals, the
sensitivity of depolarization-dependent (41 mM K+, 2 sec) 45Ca2+ influx to block by oconotoxin MVIIC (MVIIC) was examined in synaptosomes prepared from hippocampi
of Long-Evans hooded rats on postnatal days (PND) 4, 7, 10, 14, and 21, and compared
to 45Ca2+ influx in synaptosomes from adult rat hippocampi. In the absence of MVIIC,
45Ca2+ influx increased from 29 ± 6 and 32 ± 1 pmol/mg protein on days 4 and 7,
respectively, to 53 ± 7,64 ± 4,68 ± 5 and 67 ± 5 pmol/mg protein on PND 10,14,21 and
adult (n = 3-8), respectively. In the presence of 100 nM MVIIC, 45Ca2+ influx was 31 ± 3,
29 ± 1, 41 ± 2, 52 ± 3, 53 ± 5 and 53 ± 4 pmol/mg protein in PND 4, 7, 10, 14, 21, and
adult synaptosomes, respectively. Thus, MVIIC-sensitive influx increased from 0% in
PND 4 and 7 to 21% in PND 10,14,21 and adult synaptosomes. To determine the extent
to which ontogenic changes in Ca2+ influx correlated with changes in the sensitivity of
glutamate release to MVIIC, depolarization-induced release of [3H]glutamate was
examined in PND 7 and adult synaptosomes. In adult synaptosomes, net depolarizationinduced [3H]glutamate release was 0.39 ± 0.04 % of total [3H]glutamate content, and this
was significantly reduced to 0.13 ± 0.01 % (n = 4) of total [3H]glutamate content in the
presence of200 nM MVIIC. By contrast, in PND 7 synaptosomes depolarization-induced
[3H]glutamate release was 0.15 ± 0.02 % and 0.23 ± 0.06 % (n = 4) total [3H]glutamate
content in the absence and presence, respectively, of 200 nM MVIIC. These results
demonstrate that: 1) functional expression of P/Q-type Ca2+ channels increases in
hippocampal nerve terminals between postnatal days 7 and 10; 2) coupling of P/Q-type
Ca2+ channels to glutamate release in hippocampal nerve terminals also increases during
development. (This abstract does not reflect EPA policy.)

408.17

408.18

FETAL HUMAN HYPOTHALAMUS. 1. Koutcherov1. J.K. Mai3, K.W.S. Ashwell2
and G, Paxinos1*. Schools of Psychology1 and Anatomy2, University of New South
Wales, Sydney, 2052, NSW, Australia. School of Anatomy, University of Dusseldorf,
Germany-^.
The structural organisation of the hypothalamus was studied in 29 human fetuses
from 9 weeks gestation (wg) to birth using immunohistochemistry for calbindin (Cb),
calretinin, neuropeptideY (NPY), neurophysin, GAP43, synaptophysin and for the
sugars CD 15 and spectrin. The fetal hypothalamus was organized into three
lateromedial differentiation zones: I) The reticular hypothalamus gave rise to the
lateral hypothalamus (LH), posterior hypothalamus, lateral tuberal (LTu) and
perifornical (PeF) nuclei. The PeF developed from LH neurons which were displaced
medially by the developing fornix. The LTu arose from within the ventral LH and
migrated medially to form a compact group of small Cb positive cells. II) The core of
the fetal hypothalamus gave rise to the ventromedial (VMH), dorso-medial (DM),
medial preoptic (MPO) and intermediate (or sexually dimorphic) (IN) nuclei. The
size of MPO changed little as the volume of the anterior hypothalamus increased. The
IN was first detected in the anterior hypothalamus at 16 wg. As the VMH
differentiated (10-18 wg), three principal parts (dorsal, ventral and shell) could be
identified. The DM was well defined at 10 wg and consisted of compact and diffuse
parts. The supramammillary nucleus was identified at 16 wg, but not after 17 wg.
Differentiation of the mammillary body into lateral and medial parts was also seen at
16wg. Ill) The midline fetal hypothalamus gave rise to the paraventricular (Pa),
supraoptic (SO), arcuate (Arc) and suprachiasmatic (SCh) nuclei. The developing Pa
expanded anteroventral ly. Magnocellular part of Pa, as well as SO and accessory cells
differentiated as early as 10 wg, while the parvicellular part of Pa was distinguishable
only at 23 wg. Expression of NPY by the cells of Arc was first evident at 21wg, while
at 23wg the Arc-medial eminence tract was evident. The SCh was divided into dorsal
and core parts at 16 wg.
This study is supported by The Australia National Heart Foundation and NHMRC.

wvGirk2 INHIBITS NEURITE OUTGROWTH IN A CNS-DERIVED
NEURONAL CELL LINE. J.C. Schein J.K.T. Wang and S.K. RofflerTarlov*. Dept. of Neuroscience, Tufts Univ. Sch. of Med., Boston, MA

We report evidence of functional nicotinic ACh receptors in fetal
mouse cerebral cortex as early as embryonic age E10, when the cortex
consists mainly of dividing stem and progenitor cells. Functional
nicotinic receptors were detected in terms of receptor-mediated
cytosolic Ca2+ signals and independently by patch-clamp electrophysiology. Nicotine and ACh evoked an inwardly rectifying current,
with a reversal potential near 0 mV, characteristic of nicotinic
receptors.Three different nicotinic agonists, DMPP, nicotine and ACh,
evoked rises in cytosolic Ca2+ and the response was blocked by the
nicotinic antagonist, DHBE. Receptor-mediated responses were
detected in cultured cortical cells removed from fetuses at embryonic
ages ranging from E10 to P0. The Ca2+ signal decay kinetics varied
with embryonic age, being very slow in E10 progenitor cells (t1/2 > 2030 sec), but much faster in differentiated E18 cells (t1/2= 5-15 sec). This
suggests that the younger cells lack a Ca2+ buffering ability that is
present later in development. Nicotine evoked prolonged cytosolic Ca2+
oscillations in some of the (E18-P0) fetal cortical cells. The results are
relevant to a possible role of nicotinic receptors in cerebral cortical
development and have implications for the fetal nicotine syndrome.
Supported in part by NIH grant NS33529.
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Weaver, a naturally occurring mutant mouse, exhibits developmental deficits and cell
death in several neuronal classes in the cerebellum and among the dopamine-containing
cell groups in the ventral midbrain. Weaver (wv) has been identified as a point
mutation in the pore-forming region of the G protein-coupled inwardly rectifying
potassium channel, Girk2 (Patil et al., 1995 Nature Genetics 11, 126). Girk2 protein
is expressed in all neuronal types visibly affected by wv as well as in many other
neurons. Wv affects vulnerable neurons after their proliferation at the time of final
differentiation during postnatal life: affected neurons fail to extend normal processes and
cell death ensues for many. One of the puzzles is why the mutated channel becomes
lethal at this time.
To begin to assess the impact of wvGirk2 on neuronal proliferation and development,
we introduced DNA encoding the wild-type and mutant channel into immortalized
tyrosine hydroxylase-positive CNS neurons (CAD cells). CAD cells express many
neuron-specific proteins and, in serum free media, cease proliferation to undergo
morphological differentiation growing long neurites (Qi et al., 1997 J. Neurosci. 17,
1217). We found that CAD cells do not express endogenous Girk2. Using a lipidmediated method, we transfected CAD cells with wild type Girk2 or wvGirk2
expression vectors in pTracer (Invitrogen). A GFP expression vector at 1/10 the
amount was used as an independent marker for transfection. The preliminary results
show that CAD cells are more tolerant of wvGirk2 during proliferation than during
differentiation and that wvGirk2 reduces neurite outgrowth. Neurite outgrowth,
assessed by percentage of transfected cells that elaborate neurites, was reduced by - 50%
in CAD cells transfected with wvGirk2 and examined after 1, 2, and 3 days of
differentiation in serum free media. Supported by NIH NS20181.
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CULTURED MURINE SENSORY NEURONS HAVE L-TYPE VOLTAGE-GATED
CALCIUM CHANNELS ALONG AXONS AND N-TYPE CALCIUM CHANNELS
ON CELL BODIES. E.B. George*. W.-J. Chen sad L.-P. DS0g- Depts. of Neurology,
Wayne State University and die John Dingell VA Medical Center, Detroit, MI 48201

DEVELOPMENTAL CHANGES IN K+ CHANNEL EXPRESSION
AND ELECTRICAL EXCITABILITY IN POSTNATAL RAT CAJALRETZIUS CELLS. J.-M. Mienville1,1. Marie2*, D. Marie2 and J.R,
Clay2. ‘The Psychiatric Institute, Dept. of Psychiatry, Univ. of Illinois
at Chicago, Chicago, IL 60612; 2Lab. of Neurophysiology, NINDS,
NIH, Bethesda, MD 20892.
The role of Cajal-Retzius (CR) cells, if any, in the electrical activity
of the neocortex has yet to be determined. We have found that early
postnatal CR cells from rat neocortex express a rapidly inactivating K+
current (k-type) whose molecular substrate appears to be the Kvl.4
channel. Electrophysiological and immunocytochemical experiments
demonstrated a downregulation of Ia in vivo during the first two weeks
of the postnatal period with a virtual disappearance of the current at
postnatal day 13 (P13). At P13 CR cells exhibited repetitive firing (~20
Hz) in response to sustained depolarizing current in contrast to CR cells
at Pl from which only a single action potential (AP) was elicited under
similar conditions. A comparison of the AP's at Pl and Pl3 suggested
an upregulation of the fast-activating Na+ channel, La. A large fraction
of CR cells at Pl3 displayed spontaneous spiking activity, a result which
was never observed from CR cells at Pl. The addition of 4-aminopyridine, a blocker of Ia , to the external solution of Pl CR cells did not
induce repetitive firing in response to sustained depolarizing current.
Computer simulations using a mathematical model of the ion current
components in these cells suggested that upregulation of La and
downregulation of Ia during the P1-P13 period are both required for
repetitive activity at P13 to occur.

Multiple types of calcium channels have been found on neurons freshly
removed from rodent sensory ganglia. In our previous work, we have found that
injury to the axons extended by cultured sensoiy ganglion cells results in a
calcium-mediated axonal degeneration which is inhibited by calcium channel
antagonists selective for L-type calcium channels. Recently we have measured
depolarization-induced calcium influxes along these cultured axons which can
be blocked by L-type calcium channel inhibitors. Surprisingly, antagonists for
N-type calcium channels had no detectable effect on either the calcium-mediated
axonal degeneration or depolarization-induced axonal calcium influxes,
although N-type calcium channels are the most abundant calcium channels
found in freshly obtained sensory neurons.
We now report that in cultured sensory neurons, depolarization-induced
calcium influxes at the cell soma are largely, but not completely, inhibited by toconotoxin GVIIA and other N-type calcium channel blockers, and the residual
somatic calcium influx is not significantly reduced by the addition of L-type
calcium channel blockers. These data suggest that in sensory neurons actively
extending axons, the calcium channels showing an L-type pharmacology are
preferentially present on the axonal membrane while the calcium channels
displaying an N-type pharmacology are preferentially retained on the surface of
the neuronal cell body.
Supported by the Fundfor Medical Research & Education, Wayne State
University

408.21

408.22

OPTICAL EVIDENCE FOR CALCIUM-DEPENDENT ACTION
POTENTIALS TRANSIENTLY APPEARED IN THE EMBRYONIC
RAT BRAINSTEM

PREWEANING COCAINE AFFECTS THE EXPRESSION OF
ENKEPHALIN AND DYNORPHIN mRNA AND THE UPREGULATING EFFECTS OF HALOPERIDOL IN STRIATUM IN
ADULT RAT. D, Dow-Edwards? X. Shi1 and Y. Hurd.2 ‘Dept. of Pysio
& Pharm, SUNY, Brooklyn, NY 11203.2Dept. of Clin Neurosci, Psych
Sect, Karolinska Institute, Stockholm, Sweeden.
The exposure to cocaine during the preweaning period has long-term
effects on function in multiple neurotransmitter systems. These studies
examined the effects of preweaning cocaine at 50mg/kg/day or water
during postnatal days(PnD) 11-20 on the expression of enkephalin and
dynoiphin mRNA in striatum following haloperidol (2mg/kg/day) or
saline injection during PnD 75-90. The rats were sacrificed in PnD 93 and
the brains were frozen and later processed to determine proenkephalin or
prodynoiphin mRNA with in situ hybridization histochemistry using
cDNA oligonucleotide probes. The results show that haloperidol
increased enkephalin expression in all 15 subregions examined in
striatum. Only two structures (accumbens core and shell at 1.2) show
interactions between cocaine and haloperidol. For the dynoiphin mRNA,
the accumbens core showed an interaction between cocaine treatment and
haloperidol injection, while the accumbens shell only showed an
interaction between gender and haloperidol. Interactive effects were also
seen in dorsal striatum. The results indicate the preweaning cocaine
differentially affects enkephalin and dynorphin mRNA expression in the
various striatal subregions following chronic haloperidol injection.
Supported by NIH grants DA04118, DA10990 and DA04293.

K, Sato*. Y, Momose-Sato, H. Mochida. I. Yazawa and K, Kamino
Department of Physiology, Tokyo Medical and Dental University School ofMedicine,
Tokyo 113-8519, Japan
Using multiple-site optical recording of transmembrane potential changes, we have
found a novel type of calcium-dependent action potential expressed transiently in the
embryonic rat dorsal motor nucleus of the vagus nerve. Slice preparations were
dissected from 12 to 16 days old embryonic (E12-E16) rat brainstems, and they were
stained with a voltage-sensitive merocyanine rhodanine dye (NK2761). We identified
two types of action potential-related optical signals in response to vagal stimulation.
One corresponds to sensory nerve activity (Type I) and the other reflects the action
potential in the dorsal motor nucleus of the vagus nerve (Type II). The Type I-signal
and the Type II signal in early developmental stages (E12-E13, and some preparations in
E14) were not altered in a Ca2+-free bathing solution, and were eliminated by
tetrodotoxin. However, the Type Il-signal in later developmental stages (E15 E16, and
some preparations in E14) did depend upon Ca2+: it was eliminated in Ca2+-free solution,
blocked by Cd2+, Ni2+ or Mn2+, and elicited in Sr2+-Ringer’ s solution where CaCl2 was
replaced with SrCl2. These results suggest that the cation which dominates the
motoneuron action potential changes from Na+ to Ca2+ during development, and this
change occurs around E14. With pharmacological analysis using Ca2+ channel
blockers, it was suggested that the Ca2+ channel mediating the motoneuron action
potential is distinct from T-, L-, N-, P- or Q-type channels.

408.23
ANATOMICAL DISTRIBUTION OF THE NITRIC OXIDE SYNTHASE AND NADPH-D IN THE
DEVELOPMENT OF THE CNS OF THE AXOLOTL, Ambystoma mexicanum ’Sanchez-Islas E. •

Anton B*2 and 'Ledn-Olea M. ILab. de Histologia y M E. 2 "Lab. de Neurobilogia Molecular,
Div. de Neurociencias, Inst Mex. de Psiquiatria. Av. Mex-Xochimilco No.101, CP14370, Mex.,
D.F.,Mex.

Nitric oxide (NO) has been proposed to play a role in the differentiation and growth of
the CNS. It has also been involved in processes of learning and regeneration. The aim of
this work was to determine the anatomical distribution and localization of neuronal nitric
oxide synthase immunoreactivity (nNOS-IR) and NADPH-diaphorase staining (ND-st)
during brain development of the axolotl, A. mexicanum. Distributions were examined in
the axolotl brain at days (d) 6, 8, 12, 16, 30, and months (m) 6 and 10. NADPH-d
histochemical (Vincent and Kimura, 1992) and NOS immunohistochemical techniques
were run in all animals. Results showed a co-localization of ND-st and nNOS-IR in the
majority of the cerebral nuclei (n.), with exception of the olfactory bulb. The first
positive neurons appeared at d8 localized in the caudal rhombencephalon (n. reticularis
inferior (NRi)). At dl2, positive neurons were found in NRi and posterior trigeminal n.
tract By dl6, the number of areas with ND-st and nNOS-IR increased, such as n.
solitarius tract motor trigeminal n., dorsal tegmentum, dorsal thalamus, anterior preoptic
n., hippocampal commisura, anterior commissura and strio-amygdaloid n. Day 30
showed a similar distribution to that observed at dl6, with addition staining observed in
the tegmentum isthmic, paraventricular-hypothalamic n., ventral thalamus, preoptic n.
and hippocampal pallium. By m6 and mlO, the number of positive neurons increased.
Additionally, in these months appears staining in the septal n., pyriform and dorsal
pallium, and anterior olfactory n. From the d8 to ml 1, there is a progressive increment
of ND-st in the fibers of the olfactory bulb. Our results demonstrate an early expression
of ND-st and nNOS-IR, suggesting a possible role of nitric oxide in the development of
the SNC of the J. mexicanum.

Acknowledgments: Dr. E. Piers kindly donated the anti-nNOS antibody. Supported by grants
IMP-3290, DGEPPA-UNAM-201377, CONACYT-MLO-29151. TELMEX-ESI and CONACYT-ESI
scholarships. marthalo@neuroserver.imp-neuro.edu.mx
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CONDITIONAL REGULATION OF MuSK EXPRESSION USING
CRE RECOMBINASE. B. A. Hesser. B. Sakmann* and V, Witzemann.

Max-Planck-Institut fur Medizinische Forschung, Abt. Zellphysiologie, Jahnstr. 29, D69120 Heidelberg, Germany.

The muscle specific kinase (MuSK) as component of the putative agrin
receptor complex is required for the formation of the neuromuscular
junction. Synapse formation was blocked in genetically engineered mice
lacking MuSK which die shortly after birth (DeChiara et al., 1996). To
investigate the functional role of MuSK during synapse formation and
postnatal development in more detail one needs to be able to alter MuSK
gene expression at birth or at later developmental stages. We have
generated a gene targeting vector where the MuSK kinase domain located
on the last exon of the MuSK gene was flanked by loxP sequences.
Embryonic stem cell clones carrying the targeted gene region were isolated
and used to generate transgenic mice. Homozygous
MuSld^oxPkinase^oxP) mice containing the mutated MuSK gene develop
normally and are bred to produce mice where expression of functionally
intact MuSK can be abolished by Cre recombinase. Using the direct gene
transfer where DNA is injected into individual muscle fibers (Jones et al.,
1997; Sander et al., in preparation) we will express Cre recombinase in
vivo to delete the MuSK kinase gene fragment in single muscle fibers of
adult muscle. In these muscle fibers lacking MuSK we can test whether
existing synapses require the continued presence of MuSK. Furthermore it
will be possible, by expressing MuSK mutants by direct gene transfer, to
analyse the functional and structural roles of MuSK ecto- and cytodomains
for interaction with the putative ligand agrin, the interaction with other
postsynaptic components such as AChR, and rapsyn, and the induction of
postsynaptic specializations such as AChR clustering.

MONDAY PM

409.2
ATF-3 AND CREB ARE EXPRESSED IN DEVELOPING MOUSE MUSCLE
FIBERS AND AT NEUROMUSCULAR JUNCTIONS. E. Cresiski, D. M. Kopp
and R. J. Balice-Gordon*. Dept. Neuroscience, Univ. Pennsylvania School of
Medicine, Philadelphia, PA 19104.
Schwann cells play important roles in the development and reinnervation of
mammalian neuromuscular junctions. Schwann cells are known to express members
of the CREB/ATF family of transcription factors, whose expression has been
reported to be modulated by electrical activity as well as by neuregulin. Activitydependent nerve-Schwann cell interactions may lead to the upregulation or
phosphorylation of ATF-3 and/or CREB, perhaps via neuregulin signaling. As a first
step in evaluating this hypothesis, we have used immunohistochemistry in whole
mounts of mouse stemomastoid muscle to characterize the expression patterns of
ATF-3 and phosphorylated CREB (PCREB) during development, in adults and after
adult denervation. At postnatal day 4 (P4), ATF-3 was expressed in nuclei of
developing muscle fibers. Expression appeared to be decreased by P14 and was
barely detectable by P30. No ATF-3 expression was observed in 2 month old adult
muscle. However, three days after denervation of adult muscle, ATF-3 was
expressed in presynaptic nuclei at junctions and in nuclei within the denervated
nerve. The number of labeled nuclei at junctions and in the nerve was increased at 7
days and further increased at 30 days after denervation. These nuclei are probably in
Schwann cells, and we are evaluating this directly. PCREB immunoreactivity
showed a similar pattern of expression in neonatal and adult muscle, and was also
expressed in presynaptic and nerve nuclei after denervation. Our data suggest that
ATF-3 and PCREB expression are developmentally regulated in muscle fibers, and
are regulated by cell-cell interactions at junctions after denervation. Future work
will explore the mechanisms that underlie these interactions. Supported by NIH
grant NS34373 to R. B.-G. and NIH NRSA NS 10624 to D. M. K.

409.3

409.4

ELECTRICAL ACTIVITY REGULATES THE EXPRESSION OF MuSK
AND CNTFRa IN SKELETAL MUSCLE. F.C.F. Ip*, T. Cheung, and
N.Y. Ip. Department of Biology and Biotechology Research Institute,
Hong Kong University of Science and Technology, Clear Water Bay,
Hong Kong, China.
Muscle-specific kinase (MuSK) and ciliary neurotrophic factor
receptor alpha component (CNTFRa) have been demonstrated to be
highly expressed in skeletal muscle. Following peripheral nerve
injury, the mRNA expression of both MuSK and CNTFRa was upregulated in rat muscle. While elevated expression of MuSK was
detected in denervated chick muscle, down-regulation of CNTFRa
transcript was observed after nerve injury. To study the regulatory
mechanism of these two muscle receptors, their expression was
examined using in vitro primary myotube culture and in vivo animal
model system after the application of neurotoxin. The expression of
MuSK and CNTFRa was regulated in tetrodotoxin (TTX)-treated chick
myotube culture, in a manner similar to that observed in denervated
skeletal muscle. In addition, similar results were obtained in chick
muscle paralyzed by TTX, which was continuously delivered from an
automatic pump implanted in vivo. Our findings suggest that the
mRNA expression of MuSK and CNTFRa may be regulated by
electrical activity. [Supported by the Research Grants Council of
Hong Kong (HKUST 568/95M and 6107/98M) and the Biotechnology
Research Institute of HKUST.]

ASSEMBLY OF THE NEUROMUSCULAR SYNAPTIC CLEFT
STUDIED IN LAMININ (32 TRANSGENIC MICE
Y, Yin1. J. H. Miner2, and J. R, Sanes*1 . *Dept. of Anatomy and
Neurobiology, 2Dept. of Internal Medicine (Renal Division), Washington
Univ. Med. Sch., St Louis, MO 63110.
All basal laminae contain laminins (heterotrimers of a, (3, and y
subunits), but they differ in subunit composition. Synaptic basal lamina at
the skeletal neuromuscular junction and glomerular basal lamina in kidney
contain laminins with the (32 subunit, whereas most other basal laminae in
muscle and kidney contain (31 laminins. The importance of this selective
localization is demonstrated in the laminin (32 knockout mice: (31 laminins
appear at synapses and glomeruli in mutants, but the mice die because
both structures develop and function abnormally (1-3). To determine how
basal laminae acquire distinct laminin isoforms, we generated transgenic
mice expressing the rat laminin (32 cDNA under the control of a broadly
active promoter. Distribution of the rat protein precisely mirrored that of
the endogenous protein in both muscle and kidney. Thus, protein
localization occurs post-transcriptionally, and signals for (32 localization
probably reside in its primary sequence. Previous studies in cultured
myotubes used (31/(32 chimeras to map a putative synaptic localization
signal to the C terminus of (32 (4). We are generating transgenic mice
using these chimeras to test the significance of this signal in vivo. (1:
Nature 374,258-262,1995; 2: Nat Genet 10,400-406,1995; 3: Nature 393,
698-701,1998; 4: Science 269,413-416,1995. This work was supported
by grants from the NIH.)

409.5

409.6

LAMININ a4 LOCALIZES ACTIVE ZONES AT THE NEUROMUSCULAR JUNCTION.
B.L.o PattonJ.M., Cunningham+, J.

STRUCTURE, DISTRIBUTION AND FUNCTION OF
AGRIN ISOFORMS WITH DISTINCT AMINO
TERMINI. RobeQ W, Burgess*1. William Skarnes2, and
Joshua R, Sanes . Dept. Anatomy and Neurobiology,
Washington U. Med. School, St. Louis, MO, 63110 and 2Dept.
Molecular and Cellular Biology, UC Berkeley, CA, 94720
Agrin is a heparan sulfate proteoglycan that is present in a distinct
subset of basal laminae throughout the body. Agrin synthesized by motoneurons
is secreted into the basal lamina of the synaptic cleft at the neuromuscular
junction, and acts as a critical organizer of postsynaptic differentiation. Functions
of agrin at other sites are unknown. Alternative splicing near the 3' end of the
transcript is precisely regulated and has dramatic effects on agrin's heparin binding
activity and its ability to induce postsynaptic differentiation. Heterogeneity in the
5' end of the mRNA has also been noted, but is less well characterized. We now
report the existence of two mouse agrin RNAs that differ at their 5' ends:
common sequences are preceded by 49 and 149 amino acids of unique sequence
that match previously reported N-termini of rat and chicken agrin, respectively.
In the mouse genome, exons encoding the chick-like (CL) N-terminus are 8 kb
upstream of the rat-like (RL) exon, which in turn is 0.5 kb upstream of the first
common exon. The genomic structure suggests that RL- and CL-agrin RNAs are
transcribed from different promoters. Northern analysis indicates that CL-agrin is
widely distributed, whereas RL-agrin is largely confined to the central nervous
system. An ES cell line was identified in which an insert containing 6galactosidase (lacZ) eliminates the CL-agrin transcripts without a detectable effect
on RL agrin expression. Homozygous mutant mice generated from these cells die
at birth and lack agrin in muscle, kidney, and blood vessels. Analysis of lacZ
expression in heterozygotes is allowing us to map CL-agrin expression, and
phenotypic analysis of homozygous mutant mice is allowing us to determine CLagrin function. (This work was supported by grants from the NIH.)

Kortesmaa°/o, R. Soininen%, L. Wang% K. Tryggvason%, and J.R. SanesL
^Oregon Hlth. Sci. Univ., CROET, Portland, OR 97201; %Karolinska
Institutet, MBB/Matrix Biology, Stockholm, Sweden; +Washington Univ.
Sch. Med., Dept. Anatomy & Neurobiology, St.Louis, MO 63110.
At the skeletal neuromuscular junction, active zones in the nerve terminal
form directly opposite junctional folds in the muscle fiber surface. This
precise apposition of pre- and postsynaptic specializations implies the
existence of transsynaptic organizing signals. Laminins (a(3y heterotrimeric
glycoproteins) containing the (32 (s-laminin) subunit are among these signals:
they are concentrated in the basal lamina that occupies the synaptic cleft, and
laminin (32 null mutants show multiple synaptic defects (Nature
374:258,1995; 393:698,1998). However, the synaptic cleft appears to contain
three (32 laminins, distiguished by their alpha-subunits (a232yl, a4(32yl and
a5(32yl, named laminins-4, -9, and -11, respectively). The biological role of
laminin-9 was examined using laminin-a4 deficient mutant mice. Mutant
mice displayed mild muscular atrophic changes but were viable and fertile.
Mutant neuromuscular junctions bore normal numbers of active zones and
junctional folds. However, few active zones were located opposite junctional
folds in mutants, the incidence of active zones at folds being more than 3fold greater in mutants than in normal mice. Thus, laminin-9 helps coordinate
the precise apposition of active zones and junctional folds. However, these
deficits are much milder than those in (32 mutant mice, suggesting that
laminins-4 and -11 provide additional signals for synaptic development.
(Supported by NIH.)
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409.8

SYNAPTIC ORGANIZATION OF THE NEUROMUSCULAR JUNCTION
AS DETERMINED BY IMMUNOFLUORESCENCE MICROSCOPY:
IMPLICATIONS FOR CELL SIGNALING MECHANISMS. J.C. Trinidad1,
G.P. Fischbach2*, J.B. Cohen1. 'Dept. of Neurobioiogy, Harvard Medical
School; Boston, MA 02115; 2NINDS, NIH; Bethesda, MD 20892.
The neuregulin/erbB receptor and agrin/MuSK pathways are critical for the
intercellular communication that establishes the precise topological
arrangement of muscle cell, axon, and Schwann cell at the neuromuscular
junction (NMJ). We have examined NMJs from gastrocnemius muscle of
adult rat using immunofluoresence confocal microscopy to characterize the
distribution of components in these signaling pathways. The erbB receptor
family members erbB2, erbB3, and erbB4 are all found concentrated at the
NMJ. ErbB2 is found almost exclusively within the secondary junctional
folds on the postsynaptic muscle membrane. Postsynaptically, erbB4 is
enriched predominantly within the secondary junctional folds. In contrast,
erbB3 is not found on the muscle cell, but rather is localized presynaptically.
This distribution strongly argues that erbB4 homodimers and/or erbB2/erbB4
heterodimers are the functional neuregulin receptors on muscle cells.
Neuregulin is concentrated predominantly in the secondary junctional folds
and is not found within the primary gutter region. Agrin, on the other hand, is
found in the basal lamina associated with the primary gutter region, and not in
the secondary junctional folds. Agrin’s ability to induce clustering of NMJ
components has been thought in part to involve a direct interaction with
neuregulin. While small levels of neuregulin may colocalize with agrin, the
different distribution patterns of these molecules argues against a direct
interaction of the signaling pathways, at least at the level of receptor/ligand
recognition.
Supported in part by USPHS NS-18458

A NEURONAL INHIBITORY DOMAIN IN THE N-TERMINAL
HALF OF AGRIN. K.D. Baerwald*, C. Wang, F. Rathien1, M.A.
Ruegg2, J.L. Bixby . Dept. of Molec. & Cell. Pharmacology and
Neuroscience Program, U. of Miami School of Medicine, Miami, FL
33101; 1Max-Delbriick-Centrum fiir Molek. Medizin, Berlin,
Germany; 2Biozentrum, U. of Basel, Basel, Switzerland.
Agrin is an extracellular matrix protein present at the neuromuscular
junction that induces numerous aspects of postsynaptic differentiation.
Agrin also fulfills the criteria for a motor neuron "stop signal", since
agrin is adhesive for motor neurons, inhibits neurite outgrowth, and
induces clustering of synaptic vesicles in vitro. Agrin is a large protein
with multiple domains, the neuronal actions of which are unknown.
Our experiments reveal that full-length agrin, but not the C-terminal 95
kDa of agrin (c95), inhibits neurite outgrowth in a dose-dependent
manner when chick ciliary ganglion (CG) neurons are plated onto the
neurite-outgrowth-promoting substrates laminin or N-cadherin.
Additionally, the c95 fragment is adhesive for CG and forebrain
neurons, while full-length agrin is less adhesive than c95. These
results indicate that the N-terminal half of agrin contains domain(s) that
inhibit neuronal adhesion and neurite outgrowth. To identify agrin
binding partners (putative receptors), we performed experiments using
protein-coated beads to bind to agrin-expressing cells. In these
experiments, differential agrin interactions with various members of
the immunoglobulin superfamily of cell adhesion molecules (IgSF
CAMs) could be observed. However, antibody blocking experiments
suggest that these IgSF CAMs are not critical for neuronal adhesion.
Experiments are underway to determine if these or other receptors are
involved in inhibition of neurite outgrowth. Supported by the NIH.

409.9

409.10

LACK OF DYSTROPHIN IN MDX3CV MUTANT MICE LEADS TO A
REDUCTION IN DYSTROGLYCAN IN BRAIN. H, Moukhles and S,
Carbonetto*. Centre for Research in Neuroscience, McGill University and
Montreal General Hospital Research Institute, 1650 Cedar Avenue, Montreal,
Quebec H3G 1A4, Canada.
Patients with Duchenne and Becker muscular dystrophy have cognitive
impairments which are thought to result from defective dystrophin
expression. In muscle, dystrophin links the cytoskeleton to the extracellular
matrix through its interaction with P-DG, a transmembrane protein, and aDG, a peripheral membrane protein. Our aim is to determine if dystrophin is
complexed with dystroglycan in brain and to assess its function. We
examined mdx3ev mice which have a mutation in the dystrophin gene
resulting in a severe reduction of all dystrophin isoforms. Immunoblots of
hippocampal extracts show 30% reduction in a- and P-DG levels in cortex,
hippocampus, cerebellum and spinal cord. The levels of syntrophin, a
dystrophin binding protein, remain unchanged suggesting a requirement for
dystrophin in the formation of dystrophin-dystroglycan but not dystrophinsyntrophin complexes. Since the reduction in P-DG is only partial and less
pronounced than in muscle, we hypothesize that utrophin or other
dystrophin-like proteins compensate for the loss of dystrophin and interact
with dystroglycan in brain. The intensity of P-DG immunolabeling is also
clearly reduced in brain vasculature. In electron microscopy, our
preliminary data show that a-DG is concentrated at postsynaptic sites in
pyramidal cells of hippocampus in normal mice. Electron microscopy
studies are in progress to determine if the absence of dystrophin in mdx3cv
mice disrupts the localization of a-DG at synaptic sites in the hippocampus.
These studies may bear on the cognitive impairment seen in patients with
muscular dystrophy which may involve a disruption of dystrophindystroglycan interaction. Supported by Medical Research Council of
Canada.

DIFFERENTIAL EXPRESSION AND DEVELOPMENTAL REGULATION OF A
NOVEL a-DYSTROBREVIN ISOFORM IN MUSCLE. R.E. Enigk*and M.M.
Maimone. Dept. of Anatomy and Cell Biology, SUNY Health Science Center @
Syracuse, Syracuse, NY 13210.
a-Dystrobrevin is a dystrophin-related protein expressed primarily in skeletal
muscle, heart, lung, and brain. Alternative splicing of the a-dystrobrevin gene
generates multiple transcripts encoding three classes of proteins: a-DBl, a-DB2,
and a-DB3. In muscle, various a-dystrobrevins are localized at the sarcolemma and
neuromuscular junction (NMJ), presumably through interactions with dystrophin and
utrophin; however, their physiological functions remain unknown. We have cloned
a novel a-dystrobrevin cDNA encoding a protein (referred to as a-DB2b) with a
unique 11 amino acid C-terminal tail. Using RT-PCR, we show that several splice
variants of a-DB2b are expressed in muscle, heart, and brain. In brain, two a-DB2b
splice variants are expressed at similar levels. In muscle and heart, the major splice
variant expressed contains exons 12 and 13. This is consistent with the expression
of exons 12 and 13 in other a-dystrobrevin isoforms in muscle and heart. Similarly,
in a-DBl the first 21 nucleotides of exon 18 are expressed in muscle and heart but
not in brain. In addition, we used RT-PCR to show that the expression of a-DB2b
isoforms is developmentally regulated in muscle; during differentiation of C2C12
cells, a-DB2b expression switches from a splice variant lacking exons 12 and 13 to
one containing them. We demonstrate similar developmental upregulation of exons
12, 13, and 18 in a-DBl and of exons 12 and 13 in a-DB2a. Together, these data
suggest that alternatively spliced variants of the new dystrobrevin isoform, a-DB2b,
are differentially expressed in various tissues and developmentally regulated during
muscle cell differentiation in a fashion similar to previously described a-dystrobrevin
isoforms. Supported by grants from the NIH (NS34070) and American Heart
Association, New York State Affiliate.

409.11

409.12

ACCUMULATION OF VOLTAGE-GATED SODIUM CHANNELS AT RAT
NEUROMUSCULAR JUNCTIONS. S. Awad, A. Bucket R.N. Lightowlers, T,
Lomo, M.A. Stocksley, S.J. Wood, C. Young and C.R. Slater*. Dept. of
Neurobioiogy, Univ. of Newcastle Med. Sch., Newcastle upon Tyne NE2 4HH, UK.
Voltage-gated sodium channels (VGSC) are concentrated in the postsynaptic folds
and the perijunctional membrane at the mammalian neuromuscular junction (NMJ)
where they facilitate neuromuscular transmission. During development, VGSCs are
first detectable by immunolabelling at birth in a perijunctional region which extends
about 50pm away from the NMJ in all directions. In the first 4 weeks after birth,
VGSC labelling appears in the non-junctional membrane and becomes very highly
concentrated at the NMJ itself. Our aim is to identify the cellular and molecular
factors that account for VGSC accumulation at the NMJ.
VGSC accumulation could be influenced by an interaction with cytoskeletal
proteins. Ankyrin and syntrophin both bind VGSCs in vitro and are both concentrated
at the mature NMJ. Immunolabelling reveals that the distribution of ankyrinG closely
parallels that of VGSCs throughout normal development and during the postsynaptic
differentiation of regenerating denervated muscle fibres in the absence of the nerve.
AnkyrinG is thus a strong candidate for a direct interaction with VGSCs. By contrast,
both during development and regeneration, syntrophin is highly concentrated at the
NMJ itself and is present at a lower level around the rest of the muscle fibre but is
never increased in the perijunctional region.
A second likely influence on VGSC accumulation is localized synthesis at the
NMJ. RNA in situ hybridization reveals that SkMl mRNA is concentrated at the NMJ
in adult muscles. SkM2 mRNA is undetectable unless the muscle is denervated, when
its level increases throughout the muscle but particularly at the NMJ. This increase in
SkM2 mRNA is abolished by direct stimulation of denervated muscles.
These observations suggest that both structural and metabolic factors influence the
accumulation of VGSCs during development of the NMJ.

Funded by a European Commission Biotech grant to CRS and TL.
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SINGLE CELL ANALYSIS OF DROSOPHILA
NEUROMUSCULAR SYNAPTIC DIFFERENTIATION

B. Hoang, B.D. Wolf & A. Chiba* Dept. Cell & Struct. Biol.,
Univ. of Illinois, Urbana, IL 61801.

In each embryonic half-segment, 37 uniquely identified
motoneurons establish specific connectivities with 30
muscles. Subsequent synaptic maturation/modification,
however, has not been analyzed with the same cellular
resolution, limiting our understanding of dynamic synaptic
regulations. Here we report a systematic analysis of
individual neuromuscular synapses in larvae, through dye
injection followed by immuno counter-labeling. We provide
evidence for reproducible synaptic elimination,
respecification and/or competition, similar to vertebrate
neuromuscular systems.
Drosophila, with its numeric
simplicity, fast development (4 days of larvagenesis) and
available genetics, offers an ideal model in which molecular
mechanisms underlying synaptic plasticity can be analyzed
with single cell resolution. Supported by NIH.
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409.13

409.14

TERMINAL SCHWANN CELL NUMBER AND MORPHOLOGY AT
DENERVATED, REGENERATED, AND TARGET-DEPRIVED FROG
NEUROMUSCULAR JUNCTIONS. S. Kralian. R. Freitas, and E, A.
Connor*. Dept. of Biology, Neuroscience and Behavior Graduate
Program, Univ. of Massachusetts, Amherst, MA 01003.
Given that frog motor nerve terminals persist at synaptic sites in the
absence of muscle fibers, cues for nerve terminal stabilization likely arise
from the synaptic basal lamina or terminal Schwann cells. We marked
terminal Schwann cells with fluorochrome-tagged peanut agglutinin and
examined their number and morphology at altered synaptic sites of frog
cutaneous pectoris muscles. After chronic denervation, terminal
Schwann cells extended processes that contacted neighboring synaptic
sites while their number was unchanged. Transient loss and regeneration
of nerve terminals induced a mitotic increase in terminal Schwann cell
number; 10X more presynaptic nuclei were labeled by BrdU than at intact
synapses. Terminal Schwann cell processes were more frequent at
regenerated synapses but otherwise resembled those at denervated sites.
When target muscle was removed, terminal Schwann cells decreased in
number and were generally restricted to synaptic sites. Loss of nerve
terminals in the absence of muscle resulted in strikingly different terminal
Schwann cell process morphology. Terminal Schwann cells at
denervated and reinnervated target-deprived synaptic sites extended
processes along the axes of former muscle fibers, rarely contacting
neighboring synaptic sites. At reinnervated sites, the processes extended
several hundred micrometers. Thus, terminal Schwann cells respond to
nerve terminal loss and regeneration with cell division and process
extension, the orientation of which depends on the presence of muscle
fibers. Supported by NSF 9602136.

FOCAL APPLICATION OF a-BUNGAROTOXIN LEADS TO LONG-LASTING
SUPPRESSION OF NEUROTRANSMITTER RELEASE IN FROG
NEUROMUSCULAR JUNCTIONS. V. Pitaevski* and A.A, Herrera. Dept. of
Biological Sciences, Univ. of Southern California, Los Angeles, CA 90089-2520.
To study activity-dependent synaptic plasticity we used the pectoral muscle of
Xenopus laevis. There are 2 neuromuscular junctions (NMJs) on each muscle fiber,
which makes it possible to selectively manipulate one or both of the synaptic inputs
that converge onto the same postsynaptic cell in living animals. We blocked the
activity of only one NMJ on a fiber while leaving the other NMJ intact, or we
blocked both NMJs, or left both intact. NMJs were blocked by focally applying
fluorescently labeled a-bungarotoxin (BTx) via a micropipet placed close to the
NMJ in anesthetized frogs. NMJs were visualized with file vital dye FM-4-64.
Intracellular electrophysiological recordings were made in dissected muscles to
study the effects of synaptic blockade on identified NMJs.
Blocking both NMJs rendered fibers inactive, but activity progressively
returned as the NMJs recovered. If only a single NMJ was blocked on a given fiber,
that fiber remained active due to the second unblocked NMJ. Blocked NMJs on
active fibers recovered their endplate potential (EPP) amplitudes much more
slowly, which suggested that active NMJs can suppress transmission at inactive
NMJs on the same fiber. A preliminary analysis of quantal content showed that
diminished EPP amplitudes were probably due to decreased transmitter release.
Quantal content could not be directly measured in these preliminary experiments
due to the presence of action potentials or the incomplete recovery of miniature
endplate potentials (MEPPs). To overcome these limitations, experiments are
underway to measure quantal content in low-Ca solutions (to eliminate action
potentials), in smaller diameter fibers (which have larger initial MEPP amplitudes),
and at longer times after BTx application (to allow more time for synaptic
recovery). (Supported by NIH grant 24805).

409.15
REGULATION OF THE COLLAGEN TAILED FORMS IN FAST AND
SLOW MUSCLES
C. Lega^E. Kreici1, J. Sketelj2 P. Paoletti1 and J. Massoulie1. 'URA1857, CNRS,
ENS, 75005 Paris. France; institute of Pathophysiology, Ljubiana, Slovenia.
The collagen-tailed forms of acetylcholinesterase (AChE) represent the
functionally active enzyme that is anchored in the synaptic basal lamina of
the mammalian neuromuscular junction by a specific collagen, ColQ. In
these heteromeric molecules, each strand of the triple helix may be
associated with a tetramer of catalytic subunits of type T (AChEy),
generating A4, As and A12 forms, depending on the number of tetramers.
These three forms are expressed and distributed differently in the rat fast and
slow muscles: the fast stemomastoid (STM) muscle contains essentially the
A12 form, which is restricted to endplates, while the slow soleus (SOL)
muscle also contains A4 and Ag forms, in both junctional and extrajunctional
regions. By analyzing the distribution of transcripts in the newborn and in
the adult, we show that the distribution of ColQ transcripts can explain this
difference: these transcripts become exclusively junctional in the adult STM,
but remain uniformly expressed in the soleus. In addition, the soleus
contains comparable levels of transcripts ColQl and ColQ la, which result
from the use of alternative transcription sites, while the STM only contains
ColQ la. We were able to reproduce the observed patterns of A4, As and A12
forms by co-injecting Xenopus oocytes with appropriate mixtures of AChEy
and ColQ mRNAs, demonstrating that they are determined by the
stoichiometry of the catalytic and collagen subunits. Supported by grants
from AFM and CNRS.
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410.1

410.2

FGF-2 INCREASES COLLATERAL BRANCHES LOCALLY ON AXONS
OF CORTICAL NEURONS. G. Szebenvi1, J. L. Callaway1. C. W. Sevs1 and
K, Kalil*1,2. 'Dept. of Anatomy and 2Neuroscience Training Program, University
of Wisconsin, Madison, WI 53706.
Increasing evidence shows that diffusible factors in target regions of the CNS
influence growth and guidance of developing axons and their branches. In a
preliminary survey we found that FGF-2 was particularly effective in promoting
collateral axon branching. It is possible that FGF-2 could affect axon branching
by acting either at the growth cone or on the axon shaft. Therefore we bath
applied FGF-2 to cortical cultures and used morphometric imaging techniques to
measure changes in growth cone areas and development of axon branches on
living cultured neurons over time. FGF-2 treatment significantly increased
growth cone size compared to untreated controls. In addition, rates of growth
cone extension declined to about half that of untreated controls. FGF-2
preferentially induced branches on the distal region of the axon suggesting that
regions of the axon close to the growth cone are more responsive to signals that
induce branching. To determine whether direct application of FGF-2 can act
locally to induce branches anywhere along the axon shaft, we applied FGF-2
coated beads to cortical cultures. These beads promoted branching in close
proximity to the bead in contrast to BSA control beads that had no effect FGF-2
coated beads were able to elicit branches from the axon shaft as well as the growth
cone. However, the closer the bead was to the growth cone the more likely a
branch was to develop. Taken together these results show that FGF-2 acts on
localized regions of the axon to elicit axon branching which occurs preferentially
in distal regions of the axon.
Supported by NIH Grant 14428 to K.K.

GROWTH CONES ARE NOT REQUIRED FOR ALTERNATION OF
AXON BRANCH GROWTH OR INITIAL ESTABLISHMENT OF
POLARITY IN CULTURED HIPPOCAMPAL NEURONS. Gordon Ruthel*
and Peter J. Hollenbeck. Dept. of Biological Sciences, Purdue University, West
Lafayette, IN 47907.
The branches of cultured rat hippocampal axons exhibit alternating differential
growth in the absence of external cues. Growth cone activity likewise alternates
such that growing branches display elaborate and dynamic growth cones while
non-growing branches frequently show diminished or inactive growth cones. In
order to test if growth cone activity leads to branch growth or if growth cone
activity is a secondary response to branch growth, we treated neurons with 0.2
Aig/ml cytochalasin E. This concentration sufficed to eliminate growth cone
activity, but still allowed axon growth. Elongation occurred more rapidly, with
a smaller axon caliber, and in a winding pattern, but remained capable of
alternation between branches in the absence of growth cones. A similar apparent
competition for growth occurs among minor processes to give rise to a single
axon. We therefore also treated neurons with cytochalasin prior to axon
formation to test if growth cones were necessary for determination of a single
axon. Although cytochalasin treatment yielded overall longer processes, a
similar proportion of both untreated and treated neurons developed a single
longer and more rapidly growing process over similar video-recording periods.
Staining with anti-dephospho-tau, an axonal marker, demonstrated that these
single dominant processes were axons. These results suggest that branch growth
alternation and establishment of a single axon are not dependent on growth cone
motility.
This work was supported by NIH grant NS27073 and a Harvard Mahoneyfellowship.
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410.3

410.4

MEMBRANE RECYCLING IN THE NEURONAL GROWTH CONE:
TWO DISTINCT POOLS REVEALED BY FM1-43 LABELING. P.B.
Guthrie*. T.J, Diefenbach. H. Stier. B, Billups, and S. B. Kater. Dept.
Neurobio. & Anat., University of Utah, Salt Lake City, UT 84132.
Membrane dynamics within the neuronal growth cone were
investigated using the membrane impermeant dye FM1-43. The results
demonstrate the existence of two distinct endocytotic pathways occurring
locally in the growth cone. An extracellular calcium-dependent,
depolarization-evoked endocytosis was observed that shared many
properties with synaptic vesicle recycling at the presynaptic terminal.
Subsequent depolarization or latrotoxin treatment resulted in the
disappearance of these endosomes. Constitutive endocytotic activity was
also observed that was entirely distinguishable from evoked endocytosis.
This constitutive endocytosis occurred in the presence of calcium channel
blockers. Constitutive endosomes were not released by depolarization or
by latrotoxin. Constitutive endocytosis accounted for large amounts of
membrane retrieval; the equivalent of the entire growth cone surface area
could be internalized within a 30 min period. Endosomes generated
through both pathways were highly motile and could move considerable
distances both within the growth cone and out to the neurite. Rapid
discrete disappearance events were observed that suggest the ability to
directly visualize exocytosis of these vesicles. While the evoked pool is
highly reminiscent of the synaptic vesicle pool, the constitutive pool
appears to represent a novel and previously unrecognized process within
the neuronal growth cone.
This work was supported by NIH Grant NS24683 (S.B.K.), the
Human Frontier Science Program (B.B.) and the Alexander von Humbolt
Foundation (H.S.).

CHROMOPHORE-ASSISTED LASER INACTIVATION OF GMP23-48K/50KDA SUBUNIT OF DYNACTIN ON DORSAL ROOT GANGLION
NEURONS.
T.K. Abe»*, T. Honda', K. Takeis K. MikoshibaL D. HoffmanKim4*, P.G. Jay4*, and R. Kuwano1. 'Res. Lab. for Mol. Genet., Niigata Univ.,
Niigata 951-8510, ^Calciosignal Net Project, ERATO, Japan Science and
Technology Corporation (JST), Bunkyo-Ku, Tokyo 113-0021, ’Dept. of Mol.
Neurobiol., Institute of Medical Science, Univ. of Tokyo, Minato-Ku, Tokyo 1088639, and Calciosignal Net Project, ERATO, JST, 4Dept: of Molecular and
Cellular Biol., Harvard Univ., Cambridge MA 02138, USA.
We have previously isolated gmp23-48k/5O-kDa subunit of dynactin complex
from mouse brain growth cone-enriched subcellular fraction, and raised a
polyclonal antibody against the gmp23-48k peptide. Dynactin complex consists
of at least nine polypeptides including three major proteins, pl5O«'“^(15O kDa),
50-kDa subunit and centractin (45 kDa). The presence of gmp23-48k on the
growth cones of mouse and chick dorsal root ganglion (DRG) neurons was
confirmed by immunocytochemistry using the antibody against gmp23-48k. To
investigate a role of gmp23-48k in neurite extension, chromophore-assisted laser
inactivation (CALI) of gmp23-48k was performed using DRG cell culture system.
In time-lapse observation of mouse and chick DRG neurons, microscale-CALI
inhibited extension or caused retraction of growth cones at the laser irradiation area.
Neurite length of chick DRG neurons significantly decreased after irradiation of
large scale-CALI. Immunoprecipitation of gmp23-48k following irradiation of the
mouse brain Triton extract caused decrease of the amount of precipitated pl50«'“<A
These findings suggest the dynactin complex plays an important role in neurite
extension at the growth cone. Supported in part by grants from the MESSC,
Japan. * Present address: Dept. of Surgery, Brown Univ. School of Medicine,
Providence, R.I. 02903 USA. * Present address: Dept. of Physiology, Tufts Univ.
School of Medicine, Boston MA 02111 USA.

410.5

410.6

PHOSPHATASE ACTIVITY AND THE ROLES OF LAR-LIKE
RECEPTOR TYROSINE PHOSPHATASES IN LEECH
DEVELOPMENT. S, C, Biswas. M, W, Baker. E, R. Macagno*.

HOMOPHILIC INTERACTIONS OF A LAR FAMILY TYROSINE PHOSPHATASE
MAY MEDIATE INHIBITORY INTERACTIONS BETWEEN ISONEURONAL
PROJECTIONS IN THE EMBRYONIC LEECH. J. Kuhn*. M.W. Baker, S.C.

Dept. of Bio. Sci., Columbia University, New York, NY 10027.
Tyrosine phosphorylation, controlled by activity of tyrosine kinases and
tyrosine phosphatases, is thought to play an important role in process outgrowth and
growth cone guidance and target innervation during nervous system devfcfoprflent.
Two LAR-like receptor tyrosine phosphatases (designated HmLARl and 2) are
expressed selectively by neurons and peripheral muscle tissues in developing
embryos of medicinal leech. Injections of antibodies raised against the eetodomains
of the receptors and recombinant ectodomain of the receptors have revealed
abnormal pathfinding and arborizations by motomeurons which normally innervate
HmLARl expressing muscle fibers, and an abnormal and reduced outgrowth by
some cells expressing HmLAR2.
To examine whether the inactivation of phosphatase domains of these
receptors mimics these perturbations, we treated embryos with the tyrosine
phosphatase inhibitor pervanadate. Confocal microscopy showed
similar
phenotypic errors in navigation and growth of Comb cells as those observed after
injection of antibody or recombinant ectodomain. Biochemical data also showed
that embryonic levels of many phophotyrosine proteins were elevated by vanadate
treatment. In order to identify the possible substrates of the HmLARs receptor
tyrosine phosphatases we have constructed Fc and GST tagged HmLARl & 2
intracellular domains. The Fc-tagged phosphatases were found to catalytically
active in COS cells. Preliminary results of Fc/GST "Pulldowns" from labeled
embryonic leech extracts show a number of potential intracellular binding partners
of the HmLARs, some of them phosphotyrosine proteins. Ongoing efforts to
identify these potential targets will provide insight into the molecular mechanisms
of HmLAR receptor function in neuronal guidance and growth cone signalling.
This work is supported by an NSF grant.

Biswas and E.R. Macaqno. Dept. of Biol. Sci., Columbia University, New
York, NY 10027.
Accumulating evidence supports the hypothesis that receptor tyrosine
phosphatases (RTPs), along with kinases, play major roles in growth cone
migration. In the body wall of the embryonic medicinal leech, a unique
neuron-like cell, the Comb cell (CC) extends multiple growth cone-tipped
processes which form an oblique lattice around the animal. These processes
maintain strict non-overlapping parallel trajectories that later act as templates
for the developing oblique muscle layer (Jellies and Kristan, 1988 J. Neurosci. 8: 3317).
Previously, we reported that the growth cones of the CC express high levels
of a LAR-like RTP, HmLAR2, and that antiserum perturbation of the receptor’s
ectodomain results in reduced growth as well as cross-over between CC
prOCesses(Gershon et al., 1998. J. Neurosci. 18;2991. Gershon et al., 1998, Dev. 125. 1183).

Here, we show that the same cross-over phenotype results when embryos
are injected with a soluble recombinant HmLAR2 ectodomain protein.
Furthermore, Fc-tagged ectodomain proteins bind specifically to the
processes and growth cones of the CC, suggesting that the receptor’s
endogenous ligand is also found upon the CC processes. In culture, HmLAR2
transfected COS cells were found to bind selectively the Fe-tagged HmLAR2
recombinant protein, but not the recombinant chimera of the closely related
HmLARl protein. On the basis of these and prior observations, we propose
that HmLAR2, through a homophilic receptor-ligand interaction, is key to the
mechanism that keeps the CC processes growing in parallel, without
overlapping or crossing over each other. We are currently testing this
hypothesis using in vivo time-lapse imaging of the CC’s growth cones under
different conditions and by selectively cutting CC processes with a laser
microbeam.
(Supported by grants from NSFand NIH to ERM.)

410.7

410.8

GLYCOGEN SYNTHASE KINASE 3p PHOSPHORYLATION OF
MAP1B REGULATES MICROTUBULE DYNAMICS IN THE
GROWTH CONE. R. Owen and P. R. Gordon-Weeks*. D.B.R.C.,
King's College London, 26-29 Drury Lane, London WC2B 5RL, U.K.
MAP1B is a major microtubule-associated protein that regulates
microtubules in growing axons and growth cones. We have shown
that glycogen synthase kinase 3(3 (GSK3p) phosphorylates MAP1B
in vitro and in cultured cerebellar granule cells and that non-neuronal
cells, transfected with MAP1B and GSK3p, express high levels of
phosphorylated MAP1B (MAP1B-P) generated by GSK3p (Lucas et
al., J. Cell Sci., 11, 1351-1361, 1998; Goold et al., J. Cell Sci., in
press). Expression of MAP1B-P was associated with a decrease in
microtubule stability and a loss of detyrosinated (stable)
microtubules in these cells but not with changes in the microtubule
binding of MAP1B. These findings suggest that MAP1B
phosphorylation by GSK3p may act as a switch that regulates
microtubule stability during axonogenesis. To test this idea we
examined the effects of inhibition of GSK3p on axonogenesis and
microtubule dynamics in cultured neonatal mouse sensory neurons.
Loss of MAP1B-P in these neurons correlated with a massive
increase in detyrosinated (stable) microtubules, attentuation of
axonogenesis and giant growth cones. Our findings suggest that a
primary role of MAP1B-P in growing axons may be to maintain
growth cone microtubules in a dynamically unstable state; a known
requirement of growth cone microtubules during pathfinding. This
project was supported by the BBSRC and The Wellcome Trust.

CHARACTERIZATION
OF A NOVEL
CALCIUM
INFLUX
PATHWAY IN GROWTH CONES OF DEVELOPING SPINAL
NEURONS. Paul A, Kingston* and Nicholas C. Spitzer. Department of Biology
and Center for Molecular Genetics, UCSD, La Jolla, CA 92093.
Spontaneous growth cone Ca2+ waves control the rate of neurite extension in
embryonic spinal neurons, but the mechanism by which they are generated is
unknown. Waves require Ca2+ influx across the neuronal plasma membrane via a
pathway that is active under resting conditions (X. Gu, unpublished observations),
supporting a homeostasis model in which the Ca2+ leak through a constitutively
active pathway is balanced by efflux through Ca2+ pumps and exchangers. We are
using pharmacology and Ca2+ imaging to investigate this Ca2+ influx pathway in
cultured Xenopus neurons.
By screening pharmacological agents used to test Ca2+ handling mechanisms in
other systems, we have constructed a pharmacological profile of the Ca2+ influx
pathway. Neurons are cultured from neural plate-stage embryos for 6-18 h and
loaded with the Ca2+ indicator dye fluo-4 AM. Resting [Ca2+k varies with [Ca2+]G, an
observation consistent with the Ca2+ homeostasis model. Compounds that block
this influx pathway should decrease [Ca2+],. Consistent with this prediction, resting
fluorescence is reversibly suppressed by the inorganic Ca2+ channel blockers Gd“
(20-50 pM, n=13) and La3+ (50-200 pM, n=14), and by ruthenium red (10 pM,
n=3). The organic compound SKF 96365 (10 pM, n=6) also produces decreases in
resting fluorescence.
Significantly, 50 pM La3+ and Gd3+, and 10 pM SKF 96365 each suppress or
eliminate spontaneous waves (n>3 for all). Several other ion channel antagonists
including to-conotoxin, verapamil, and DIDS do not block waves or the Ca2+ influx
pathway. The permeability of the Ca2+ influx pathway to other divalent cations was
assessed by substitution of Ca2+0 with Ba2+ and Sr2+. Fluorescence increases were
observed in the presence of Ba2+ (n=8), but not Sr2+ (n=10 of 11). Data from these
and further pharmacological experiments allow us to exclude a number of candidate
mechanisms, and will direct our effort to identify and clone the molecular
components of the Ca2+ influx pathway.
Supported by NIH NINDS T32 NS07220 (PAK) and NIH NINDS NS37002
(NCS).
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410.9

410.10

TYPE-SPECIFIC DISTINCT ROLE OF INOSITOL 1,4,5-TRISPHOSPHATE
RECEPTORS IN NEURONAL GROWTH CONE BEHAVIOR. K, Takei.1* C,
Hirashima.2 and K. Mikoshiba.1 2 'Calciosignal Net Project, ERATO, Japan Sci.
& Tech. Corp., Tokyo 113-0021, Japan; 2Dept. of Mol. Neurobiol., Inst, of Med
Sci., The Univ. of Tokyo, Tokyo 108-0071, Japan.
A transient increase in intracellular Ca2+ is a key step in the signaling cascade for
nerve growth. Inositol 1,4,5-trisphosphate (IP3)-induced Ca2+ release (I1CR) from
internal Ca2+ stores medates many cellular functions, but the extent of involvement
of IP3 signaling in neuronal growth cone behavior remained to be determined The
IP3 receptors (IP3Rs) act as an lP3-gated Ca2+ release channel. We found that types 1
and type 3 IP3 receptors (IP3R1 and IP3R3) were enriched in growth cones of chick
dorsal root ganglion neurons cultured on laminin. We previously reported that
IP3R1 in the growth cones has a crucial role in neurite outgrowth. Here we show
that IP3R3 may function in growth cone navigation. Immunocytochemistry showed
that IP3R3 was abundantly distributed in the entire region of the growth cone
includng filopoda. This dstribution pattern of IP3R3 dfferedfrom that of IP3R1.
We asked if IP3R3 in the growth cone is required for neurite extension by observing
growth cone behavior in response to the acute and localized loss of IP3R3. For this,
we used a chromophore-assisted laser inactivation (CALI), a potent method of protein
ablation, with high spatial and temporal specificity. CALI of IP3R3 resulted in a
significant reduction of IICR activity in vitro. Making use of microscale-CALI
(micro-CALI) in living neurons, temporal loss of functions of IP3R3 in growth cone
caused a drastic growth cone turning, whereas micro-CALI of 1P3R1 caused neurite
retraction. Control CALI with nonspecific antibodes dd not affect growth cone
motility. These findngs suggest that IICR in growth cones may play important
roles in growth cone behavior in a IP3R type-specific distinct manner.

CYCLIC NUCLEOTIDE MODULATION OF GROWTH CONE
COLLAPSE INDUCED BY SEMAPHORIN HL P.J.L.M. Striibos, R. Priniha,
D. Simmons, S.D. Skaper, S.E. Moore, F.S. Walsh*. Department of
Neuroscience, SmithKline Beecham Pharmaceuticals, Harlow, Essex CM 19
5AW. UK.
Neuronal growth cones establish connections with their targets during
development by responding to attractive, repulsive or inhibitory guidance cues.
Recent investigations into the cellular and molecular mechanisms underlying
these opposing chemotropic guidance events have suggested that cAMP/cGMP
second messenger systems may be critically involved.
We have studied the participation of cyclic nucleotides in the growth cone
collapse activity of semaphorin III (sema III) in vitro. Growth cones of cultured
chick E7 dorsal root ganglion neurones collapsed within 30min following
exposure to sema III. Pharmacological manipulation of neuronal cyclic nucleotide
concentrations prior to sema III application, with membrane-permeable analogues
of cAMP/cGMP, activators of adenylate/guanylate cyclase, or inhibitors of
phosphodiesterase activity, prevented subsequent growth cone collapse. In the
absence of sema III, cyclic nucleotide antagonists also caused growth cone
collapse. These data suggest that modulation of neuronal cyclic nucleotide
concentrations may lead to axonal/dendritic regeneration.

410.11

410.12

BDNF protects growth cones from NO-induced collapse via a PKA-dependent
mechanism. G. Gallo*, A. Ernst, S.C, McLoon and P.C. Letoumeau. Dept. Cell Biol.
Neuroanat., U. of Minnesota, Minneapolis, MN 55455.
Nitric oxide (NO) and brain-derived neurotrophic factor (BDNF) are important mediators of
neurodevelopment and neuroplasticity. NO mediates the pruning of inappropriately targeted
axons of some neuronal projections (e.g., the chick retinotectal projection) and causes growth
cone collapse in vitro. BDNF promotes retinal axon branch sprouting within the optic
tectum. It is possible that BDNF and NO determine whether an axon is retained or pruned
during development. We have previously reported that BDNF protects chick embryonic
retinal growth cones from NO-induced collapse in vitro, and that the combined signaling of
BDNF and NO stabilizes retinal axon growth cones. In order to better understand the cellular
mechanism of BDNF-mediated protection from NO-induced growth cone collapse, we
investigated the role of protein kinase A (PKA) activity in the establishment and maintenance
of BDNF-mediated protection. Retinal ganglion cell and dorsal root ganglion axon growth
cones are fully protected from NO-induced collapse after a 45 min pretreatment with BDNF.
Removal of BDNF after a one hour treatment, and subsequent treatment of cultures with NOdonors one hour after BDNF removal resulted in growth cone collapse. In the continued
presence of BDNF, growth cones are protected from NO-induced collapse even 24 hours
after the initial exposure to BDNF. However, if BDNF is removed after a 24 hr continuous
exposure, and cultures are treated with NO-donors 1-2 hr after BDNF removal growth cones
collapse in response to NO. Therefore, the protective effects of BDNF are reversible.
BDNF-mediated protection was blocked when the PKA inhibitors rp-cAMP (100 pM) or
KT5720 (100 nM) were administered at the same time as BDNF. However, addition of PKA
inhibitors one hr prior to exposure to NO to cultures treated with BDNF for 24 hr did not
block the protective effects of BDNF and growth cones did not collapse in response to NO.
The PKA inhibitors alone did not cause growth cone collapse. These data suggest that PKA
activity is required to establish but not maintain BDNF-mediated protection from NOinduced growth cone collapse. The reversible nature of BDNF-mediated protection also
indicates that the interactions between BDNF and NO signaling are dynamic and that BDNF
does not permanently alter the responsiveness of growth cones to NO.

ALPHA-LATROTOXIN INDUCES GROWTH CONE COLLAPSE IN A
CALCIUM-INSENSITIVE MANNER. M. Igarashi1*, Y. Komiya1 & S. Terakawa2.
’Dept. Molec. Cell. Neurobiol., Gunma Univ. Sch. Med., Maebashi, Gunma 3718511; and 2Photon Med. Res. Ctr., Hamamatsu Univ. Sch. Med., Hamamatsu,
Shizuoka 431-31, JAPAN.

The growth cone is considered to be responsible for accurate axon guidance and
synaptogenesis. a-Latrotoxin is a spider venom forcing exocytosis, by binding to its
specific presynaptic receptors; a Ca2+-dependent receptor, neurexin Ia, and a Ca2‘independent receptor, CIRL/latrophilin. To examine the effect of LTX to
synaptogenesis, we applied LTX to the cultured chick dorsal root ganglion (DRG)
and retinal neurons. Surprisingly, LTX caused growth cone collapse of both DRG
and retinal neurons. The requirement of LTX concentration was very low, i.e., even 1
pM of LTX induced almost 100% of growth cone collapse in both DRG and retinal
neurons within 15 min after administration. Nonneuronal cells, such as Schwann
cells, did not any morphological changes in the presence of LTX. Even nominally
free Ca2+ in the medium, LTX still induced growth cone collapse. The growth cone
collapse induced by LTX first caused filopodial retraction, indicating that LTX first
acts in the peripheral domain of the growth cone. These results suggest that the
signaling pathway mediated by CIRL/latrophilin be involved in regulation of the
growth cone motility.

410.13

410.14

O-linked V-Acetylglucosamine (O-GlcNAc) is on the cytosolic form
of Collapsin Response Mediator Protein-2 (CRMP-2) Robert N.

STIMULATION-INDUCED
CHANGES
IN
FILOPODIAL
DYNAMICS DETERMINE THE ACTION RADIUS OF GROWTH
CONES IN THE SNAIL HELISOMA. S. Van Wagenen, S. Cheng and V.
Rehder*: Department of Biology, Georgia State University, Atlanta, GA 30302.
Filopodia on neuronal growth cones play an important role in neuronal
development. They constantly extend and retract, thereby fiinctioning as both sensory
and structural devices that allow a growth cone to navigate to its target. To better
understand filopodial dynamics and their regulation by encounter with molecules from
the environment, we have investigated filopodial dynamics of identified B5 neurons
from the buccal ganglion of the snail Helisoma trivolvis before and after treatment
with nitric oxide (NO). We have previously demonstrated that treatment with several
NO-donors caused a transient increase in [Ca2+]j which was causally related to an
increase in filopodial length and a reduction in filopodial number (Van Wagenen and
Rehder, J Neurobiol. 39:168-185). We here demonstrate that these effects were the
result of distinct changes in filopodial dynamics. To this end we tracked all filopodia
on a given growth cone at 30 s intervals and accounted for all filopodia that were lost
and that were newly inserted during the control and experimental periods. Treatment
with the NO-donor SIN-1 caused a significant increase in the rate at which filopodia
extended, whereas the retraction rate of filopodia remained unchanged. Moreover,
filopodia, which frequently switch between episodes of extension and retraction spent
significantly more time extending after treatment with SIN-1. These results explain
the overall increase in filopodial length observed in earlier experiments. While the
rate of insertion of new filopodia and the loss of previously existing filopodia was
balanced under control conditions, the overall loss of filopodia after treatment with
SIN-1 could be explained by the fact that insertion of new filopodia into growth
cones was significantly reduced, whereas the loss of older filopodia after treatment
remained unchanged. Filopodial dynamics appeared to be independent upon the
location of a filopodium on the growth cone. These results suggest that NO can
regulate filopodial dynamics on migrating growth cones and that NO might function
as a messenger to adjust the ‘action radius’ of a growth cone during pathfinding.
Source of Support: NIH Grant NS33697 to V.R.

Cole* and Gerald W. Hart. Dept. of Biol. Chem., Sch. of Medicine,
Johns Hopkins Univ., Baltimore, MD 21205.
The addition of the monosaccharide TV-acetylglucosamine (GlcNAc)
to Ser/Thr of intracellular proteins is postulated to mediate the
assembly of protein complexes. We are examining the role of OGlcNAc in the nerve terminal by identifying O-GlcNAc-containing
proteins and their distribution in synaptosomes. Product analysis of
radiolabeled terminal GlcNAc on a myriad of synaptosomal proteins
showed that over 60% of the label was on Ser/Thr O-linked GlcNAc.
One of these proteins (MW 65 kD) is highly glycosylated and appears
to distribute equally between the synaptosomal cytosol and crude
synaptic vesicle membranes. The cytosolic form, however, is modified
by O-GlcNAc. Mass spectrometric sequence analysis of tryptic peptides
from the 65 kD protein identified 5 peptides present in the neuron
specific CRMP-2 protein. CRMP proteins are a family of highly
developmentally regulated proteins that may transduce the intracellular
signals regulating axon outgrowth and neuronal plasticity. CRMP-2
associates with synaptic vesicle membranes and is found in
neurofibrillary tangles. The differential expression of O-GlcNAc on the
cytosolic versus membrane form of CRMP-2 suggests that O-GlcNAc
modulates CRMP-2 function. We are examining the effect of OGlcNAc on CRMP-2 association with membranes in the nerve terminal.
(Supported by NIH R01 HD13563 and the American Health Assistance Foundation)
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GABA RELEASE FROM AXONAL GROWTH CONE IN GFP
TRANSGENIC MICE. Xiao-Bing Gao*and Anthony N. van den Pol.
Department of Neurosurgery, Yale University, New Haven, CT 06520.
The release of GABA from axon growth cones was detected with
outside-out patches containing GABA receptors in developing
hypothalamic neurons. One group of neurons from transgenic mouse
embryos that expressed GFP was cultured on the poly-lysine coated
petri dishes for 3-7 days for growth cone study. A second group was
cultured for one to two weeks as donors for outside-out patches.
Spontaneous release of GABA from growing axons was detected and
could be completely blocked by the GABA-A receptor antagonist
bicuculline (30 (iM). The events recorded generally had rather brief
open-time with amplitude from 1.08 pA to 2.94 pA (average 1.90±0.04
pA, n=59); detection was distance-sensitive. To evoke action potentials,
a second pipette formed a loose membrane seal on the soma of the
parent neuron; the evoked release of GABA was also distance-sensitive
and could be eliminated completely by 30 pM bicuculline. The
frequency of spontaneous activity of GABA was increased dramatically
by 1 nM alpha-latrotoxin, suggesting that spontaneous GABA activity
originated via GABA release from vesicles in growth cones. In another
experiment, PDBu (2|iM), an activator of PKC, enhanced the frequency
of spontaneous GABA events, suggesting that GABA release could be
modulated by protein phosphorylation. In single neuron cultures, the
growing axon contacted the parent cell; tetanic stimuli induced a shortterm potentiation (STP) of GABA currents. Our data suggest that
GABA is released from growing axons via a vesicular mechanism
which can be modulated by neuronal activity and PKC. (Supported by
NIH NS 31573, NS 34887 and the National Scientific Foundation).

PROCESS OUTGROWTH. GROWTH CONES AND SPROUTING: CYTOSKELETON
411.1

411.2

EXPLOITING INVARIANT GUIDANCE RESPONSES. M.B.
Steketee and K.W. Tosney*. Neuroscience Program and Biology
Department, The University of Michigan, Ann Arbor, MI 48109.
To examine cytoskeletal dynamics and signaling pathways that
mediate motile responses to guidance cues, we have exploited the
predictive power of two invariant guidance responses. Filopodial
contact with two physiologically relevant, cellular cues alters sensory
growth cone motility specifically and differentially. On contact with
posterior sclerotome, veil extension is locally inhibited. In contrast, on
contact with Schwann, veil extension is locally induced. Both
opposing responses are invariant. Every contact induces the same
response, providing us with predictive power: we know how each
subsequent contact will alter veil extension. By exploiting their
invariance and predictability, our current results reveal that each
response correlates with discrete and consistent differences in the state
of f-actin and substrate bound phosphotyrosine. We have also
evaluated the role of tyrosine kinase and tyrosine phosphatase
activities. Our results show that tyrosine kinase and/or tyrosine
phosphatase dependent signaling pathways mediate both invariant
responses differentially. Our data support the hypothesis that an
equilibrium between tyrosine kinase and tyrosine phosphatase activity
modulates filopodial adhesion and veil extension. Moreover, our data
provide new insight into mechanisms underlying the regulation of veil
extension by different cellular cues. Supported by NIH #NS21308.

REGULATION OF ACTIN CYTOSKELETON BY ABL TRYOSINE KINASE
AFFECTS FILOPODIA AND GROWTH CONE DYNAMICS AND NEURAL
ADHESION. P. Taft1. M. A, Joiner1*.. J.-L. Juang2, F. M, Hoffman2 and C.-F. Wu.1
‘Dept. of Biological Sciences, Univ. of Iowa, Iowa City, IA 52242; 2McArdle Lab for
Cancer Research, Univ. of Wisconsin Med. Sch., Madison, WI, 53706.
Dynamics of actin cytoskeleton formation promote filopodia and growth cone
movement. Regulation of actin in the growth cone appears to be influenced by a
number of signaling pathways. The Drosophila abl gene that encodes the Abl tyrosine
kinase has been proposed to be involved in regulating axon guidance by affecting
actin filament assembly via a number of other molecules. The lethal stage of abl
mutants occurs in pharate or young adults. Suppressors of the abl mutation, such as
enable
(end) can compensate for the abl mutation and allow fully fertile adults to develop.
Cellular mechanisms underlying axon growth and guidance can be examined in
isolated neurons in dissociated primary CNS cultures. The properties of neural
cells in culture that can help to understand aspects of axon guidance include
morphological and behavioral changes in neurite outgrowth. Primary cultures of abl
mutant larval CNS cells show a striking enhancement in the number of filopodia.
Significantly, growth cones maintained a high level of motility despite their phasedense appearance; whereas, wild-type growth cones became phase dense and
immobile in more mature cultures. These cultures appeared different in adhesion
properties and in the number of nodular adhesion sites along neurites in abl~ cell
cultures. When neurons are plated on substrates such as laminin, the morphology of
cells of wild-type cultures resembles that of abl mutant cells that are plated on glass
alone. Immunohistochemistry reveals spatial features in staining patterns of
antibodies against Abl or Ena in neural cultures from abl" and wild-type flies. Our
evidence from in vitro analysis implies a role for abl and its modifying genes in cell
adhesion and in filopodia formation and growth cone motility, which may contribute
to abnormal axonal pathfinding during nervous system development. This work was
supported by NIH grant number HD 18577 to C-FW.

411.3

411.4

MYOSIN IIB REGULATES GROWTH CONE SHAPE AND
PROTRUSIVE ACTIVITY. P.C. Bridgman*,2 A.N. Tullio? Q. Wei? R.S,
Adeistein1. ’Laboratory of Molecular Cardiology, NIH/NHLBI; department,
of Anatomy and Neurobiology, Washington University School of Medicine,
St. Louis, MO 63110.
Nonmuscle myosin II has been implicated as a regulator of the growth
cone actin cytoskeleton, but its exact role is unknown. Nonmuscle myosin IIB
is the most abundant isoform of myosin II in neurons. Targeted gene
disruption was used to ablate nonmuscle myosin heavy chain B in mice.
Superior cervical ganglion neurons from P0 mice homozygous for the gene
knockout that were grown in cell culture had slower outgrowth rates (-15%)
and abnormally shaped, small growth cones. Video-enhanced DIC time-lapse
observations of growth cones indicated that the altered shapes were a result of
abnormal protrusive activity at the growth cone margin. The mean area of
protrusions was significantly reduced, but the frequency of protrusion
increased. The shape and site of protrusion were also altered. Protrusions
were more spike-like and less focused at the leading edge. Immunofluorescent
staining or expression of a green fluorescent-myosin DB fusion protein in
neurons revealed a cortical location throughout most of the neuron. In growth
cones, myosin IIB was most concentrated at the peripheral margins of the rear
1/3 and the ventral surface. This suggests that myosin IIB may contribute to
cortical form and stiffness through its ability to form contractile networks with
actin. This may serve to regulate the spreading of the cone, as well as the
frequency and site of protrusion. The alterations observed in the knockout
growth cones are likely to contribute to less efficient locomotion that could
lead to the observed decreases in nerve outgrowth rate.

TAU-GREEN FLUORESCENT PROTEIN CONJUGATES (TAU/GFP) BIND
MICROTUBULES AND INDUCE PROCESS OUTGROWTH IN PC 12 CELLS. E
Z Yu1. J Kuret2 and M M Rasemck13*. Depts. of Physiology and Biophysics’ and
Psychiatry 3. University of Illinois,College of Medicine, Chicago, Illinois 60612.
Dept. of Medical Biochemistry2,Ohio State University School of Medicine,
Columbus, Ohio
Tau proteins are a developmentally regulated family of neuronal phosphoproteins
that promote the assembly and stabilization of microtubules. Tau is also a component
of paired helical filaments and is capable of self-assembly. Availability of functional
tau tagged with Green Fluoresenct Protein (GFP) allow the measurement of the
various properties of the tau protein in living cells. To construct TAU/GFP, GFP
cDNA without the stop codon was first amplified from the plasmid pGREEN
LANTERN™-1 by PCR. The PCR fragment was spliced to the 5’-end of the human
tau cDNA and then the GFP/TAU cDNAs were subcloned into the PcDNA3 vector.
When PC 12 cells were transfected transiently with GFP or TAU/GFP, GFP
demonstrated a diffuse fluoresence, but the TAU/GFP was discretely distributed.
Immunofluorescent staining of transfected cells shows that both TAU/GFP23 (three
repeat tau) and TAU/GFP24 (four repeat tau) were localized along microtubule
arrays, but no extensive reorganization of microtubules was observed, Similar results
were seen in cells transfected unmodified human tau23 and tau24. Microtubules in
TAU/GFP-transfected PC 12 cells were stabilized against a microtubule
depolymerizing reagent (Nocodzaole, 10pm) and TAU/GFP24 was more efficient
than TAU/GFP23 for this. Overexpression of tau stimulates process outgrowth in
PC 12 cells as soon as 5 hours after transfection, TAU/GFP24-transfected PC 12 cells
showed significantly more outgorwth than TAU/GFP23. A truncation mutant lacking
microtubule binding domains showed this domain of tau is essential for promotion of
cell process. This approach and the fidelity of the biologic properties of TAU/GFP
demonstrated that real-time optical measurements of tau protein interactions and
dynamics in living cells are feasible. Supported by USPHS NIMH and NIA.

Supported by NIH and NS26150.
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411.5

411.6

CELL-EXTRACELLULAR MATRIX INTERACTION INDUCES ASSOCIATION
OF THE PDZ DOMAIN PROTEIN CASK/LIN-2 WITH CORTACTIN.
S.Kaukinen, T.Kinnunen, S.E.Lauri and H.Rauvala*. Institute of Biotechnology and
Department of Biosciences, P.O.Box 56, 00014 University of Helsinki, Finland.
Extracellular matrix (ECM) molecules have been shown to direct the growth of
neurites during brain development. One such ECM molecule is heparin-binding
growth-associated molecule (HB-GAM), which was identified as a neurite outgrowth
promoting protein of perinatal rat brain. N-syndecan (syndecan-3) is a transmembrane
heparan sulphate proteoglycan identified as a receptor for HB-GAM. N-syndecan
transmits signals from heparan sulphate binding proteins of the ECM to the
cytoskeleton of growing neurites. The cytosolic tail of N-syndecan recruits several
soluble cytosolic proteins upon ligation on HB-GAM matrix.
We show h( re that in the adult rat hippocampus the multiprotein complex
associating with N-syndecan contains cortactin, Cask/Lin-2 and the tyrosine kinase
fyn. In cells grown in vitro Cask/Lin-2 associates transiently with cortactin upon
contact with HB-GAM matrix. Furthermore, Cask/Lin-2 and cortactin are colocalized
in cortical cell structures and cell-substratum contact sites.
Cortactin is a cytoplasmic, F-actin binding protein, which has been shown to
transmit signals from cell surface receptors to the cortical cytoskeleton. We have
previously shown that cortactin associates with N-syndecan and becomes
phoshorylated upon N-syndecan ligation by HB-GAM. Cask/Lin-2 is a multidomain
protein enabling it to function as a scaffolding molecule and recruiting several
proteins to the specific membrane sites. The PDZ domain of Cask has been shown to
bind directly to a family of neuronal transmembrane proteins called neurexins and to
the cytosolic tail of sy.ndecan-2. The present results suggest that Cask/Lin-2 also binds
to N-syndecan and is involved in the mechanisms of N-syndecan mediated extension
of neurites. Supported by the Finnish Academy and by Sigrid Juselius Foundation.

CLIPIN C, A NEURALLY-ENRICHIED NOVEL ACTIN BINDING PROTEIN,
REGULATE CELL ADHESION, MOTILITY AND NEURITE OUTGROWTH.
K. Takeuchi1*, T. Nakamura2, H. Takezoe1, S. Kuwagata1, N. Mori3, N.Tamamaki4
and N. Takahashi1.
’Dept. of Cell Biol., Nara Institute of Science and Technology ;
Ikoma, Nara 630-0101, Japan.; 2Sumitomo Electric Industries; Yokohama 244-8588,
Japan.; 3 Dept.of Molecular Genetics, Natl. Inst, for Longevity Sci., Oobu, Aichi 4748522, Japan.;4 Dept.of Morphological Brain Science, Faculty of Medicine. KyotoUniv.
Kyoto 606-8315, Japan.
Cell adhesion, neurite outgrowth and signal transduction are coordinated processes
that may be linked through regulatory elements such as actin-binding proteins. Clipin C
is a brain-enriched actin binding protein that shows a close sequence similarity to the
Dictyostelium discoideum actin-binding protein coronin. In Dictyostelium, coronin is
enriched at the leading edge of the cells and in projection of the cell surface, and that
involved in cellular process such as mitosis, cell locomotion, and phagocytosis. In
addition, Clipin C accumulated at focal adhesions, stress fibers and neurite tips in neural
cultured cells. In this presentation, we describe immunohistochemistry studies of
developmental expression pattern and analysis of Clipin C functions in neural cells.
In the mouse embryo, Clipin C was abundantly expressed in the cerebral cortex and the
thalamus. In the PI brain, immunoreactivity was observed in cerebral cortex,
hippocampus, thalamus, optic nerve, olfactory bulb and olfactory epitheliums. Intense
immunoreactivity was also observed in the cells in ventricular zone that known as
neural stem cells. Furthermore, here we show, Clipin C bound to vinculin, which is
major component of focal contacts and is impl icated in control of adhesion and motil ity.
To further dissect Clipin C function, we expressed GFP-fragmented Clipin C fusion
protein in neural cell lines. The GFP-N-terminal Clipin C localized at focal contacts and
stress fibers and showed similar localization pattern using anti-Clipin C antibodies.
However, overproduction of GFP-full length Clipin C or myc-tagged Clipin C led to the
perturbation of stress fibers and cell adhesions and to the inhibition of neurite
outgrowth. These findings suggest that Clipin C may play important roles in cell
adhesion, motility and neurite advance in the discrete expression areas in the brain.

411.7

411.8

DYNAMIC RELATIONSHIP BETWEEN THE MICROTUBULE AND ACTIN
CYTOSKELETON DURING DEVELOPMENT OF INTERSTITIAL AXON
BRANCHES. 'E.W. Dent*. I 2P.W. Baas and l 2K. Kalil. ’Neuroscience Training
Program and 2Dept. of Anatomy, University of Wisconsin; Madison, WI 53706.
Interstitial branching is an important mechanism whereby cortical axons innervate
distant targets. In previous studies we found that microtubules (MTs) reorganize
during directed axon outgrowth from the terminal growth cone and at branch points.
In both regions transitions from quiescent to growth states were accompanied by
reorganization of MTs from looped or bundled arrays to dispersed arrays and
fragmentation of long MTs into short MTs. Individual MTs moved independently
in both anterograde and retrograde directions to explore developing processes. A
major unanswered question is the relationship between the centrally located MT
cytoskeleton and the actin cytoskeleton in peripheral regions of the growth cone and
axon shaft. We therefore characterized dynamic changes in the distribution of MTs
and filamentous actin (F-actin) during all stages of branching from the growth cone
and the axon shaft. We dissociated and cultured early postnatal sensorimotor
cortical neurons and then microinjected them with fluorescent tubulin together with
fluorescent phalloidin or actin. Time-lapse imaging was then carried out under low
light level conditions with a cooled CCD camera in order to visualize changes in the
organization of the cytoskeleton. In parallel experiments we also stained fixed
cortical neurons with markers for both cytoskeletal elements. Preliminary results
from both approaches show that F-actin becomes selectively concentrated in distal
regions of growth cone lamellipodia where active growth of new branches is
occurring. Short exploratory MTs appear to colocalize with regions of high actin
concentration. These results suggest the possibility that MTs are directly coupled to
F-actin. We are now exploring this possibility by application of reagents that
selectively perturb F-actin in living neurons.
Supported by NIH Grants NS 14428 to K.K., NS 34270 to P.W.B and K.K and
training grant award GM07507 to E.W.D.

DISTINCT NEURONAL EXPRESSION OF THE SCG10 FAMILY, A
MICROTUBULUE DESTABILIZING PROTEIN.
H. Morii1*. T.
Yamada1. and N. Mori1,2. ’CREST, JST; 2Dept. of Mol. Genet., National
Institute for Longevity Sciences (NILS), Oobu city, Aichi 474-8522, Japan.
SCG10 is one of the neurite growth associated proteins. Recently, RB3
and SCLIP have been found as new members of the SCGlO/stathmin family.
Although those deduced amino acid sequences are highly conserved,
differences in physiological function and distribution among the family
members remain unknown. We here demonstrate the microtubule (MT)destabilizing activity and the regional distribution of SCG10 family
members. The SCG10 family proteins induced a catastrophic effect on MT
in in vitro assay. Further analysis of SCG 10 deletion mutants revealed that
the coiled-coil domain was indispensable for the MT-destabilizing activity.
In contrast to similar effects of the SCG10 family on MT, The SCG10
family exhibited distinct gene expression profiles in the rat brain. SCG10
and stathmin mRNA showed the highest expression around the birth,
followed by a rapid decrease in postnatal 2-3 weeks. In contrast, mRNA
encoding SCLIP and RB3 remained high throughout the adulthood. SCLIP
was the most prominent member among the SCG10 family in almost all the
regions of adult brain, whereas the expression of other members (SCG10,
RB3, and stathmin) was restricted to the neuronal subsets. The SCG10
family proteins are thus suggested to be neuronal modulating factors of MT
in cell-specific and/or subcellular specific manners.
[Supported by CREST, JST]

411.9
REGULATION OF MAP2 SYNTHESIS AND LOCALIZATION IN
SYMPATHETIC NEURONS BY NGF AND KCL.
A.R. Vaillant and F.D. Miller*. Center for Neuronal Survival, Montreal
Neurological Institute, Montreal, Canada H3A 2B4
The survival of sympathetic neurons can be maintained equally in either 10 ng/ml
NGF or 50 mM KCI. However, NGF supports continued neurite outgrowth in
culture and KCI does not. We are investigating how NGF and KCI affect the
organization of cytoskeletal components in sympathetic neurons. Our preliminary
data focuses on the microtubule-associated protein 2 (MAP2), which promotes the
stabilization of neuronal microtubules.
Immunofluorescence microscopy of neurons showed that MAP2 staining in the
presence of 10 ng/ml NGF was found in the soma and proximal neurites while in the
presence of KCI was weaker and localized more distally along neurites. In addition,
cotreatment with 10 ng/ml NGF and 50 mM KCI gave bright staining localized more
distally along neurites. These patterns were observed with antibodies to dentritespecific (clone AP20) and all forms (clone HM-2) of MAP2 suggesting a
reorganization of MAP2 in both axons and dendrites. Staining intensity was
corroborated by quantitative dot blotting of neuronal lysates, which showed that
MAP2 levels were 1.5-2 fold higher in the presence of 10 ng/ml NGF than 50 mM
KCI. Finally, western blotting of neuronal lysates using a MAP2 antibody sensitive
to ERK mediated phosporylation (clone API8) showed that inhibition of L-type
calcium channels (stimulated by external K+) resulted in a rapid (<15min) reduction
of MAP2 phosphorylation. Since phosphorylation of MAP2 regulates its binding to
microtubules, we hypothesize that NGF mediates the synthesis of MAP2 while KCI
(depolarization) mediates, perhaps via ERKs, the ability of MAP2 to bind to and
stabilize microtubules, which in turn may establish neuronal polarity. We are
currently testing this hypothesis. This work was supported by a MRC grant to FDM
and a Neucoscience Canada Fellowship to ARV.
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412.1

412.2

NOTCH ACTIVATION PREVENTS NEURITE OUTGROWTH IN
PC 12 CELLS. O.A. Levy*. J.J. Lah and A.I. Levey. Dept. of
Neurology, Emory Univ. Med. Sch.; Atlanta, GA 30322.

The Notch signaling pathway influences cell fate decisions in the
developing nervous system and interacts with the presenilins, which are
linked to familial Alzheimer’s disease. To better understand Notch’s role in
mammalian neuronal biology, we studied Notch’s effect on NGF-induced
PC 12 cell differentiation, a well-studied model of neuronotypic
differentiation and function. PC 12 cells were transiently transfected with
several Notch constructs: 1) Nl, the full length human Notch 1; 2) AEN1, a
constitutively active form with a large deletion of the extracellular domain;
3) AEAARN1, with the large extracellular deletion and an additional
deletion of the ankyrin repeats, which are critical for activation of RBP-J, a
downstream component of the Notch signaling pathway. We confirmed that
these different Notch proteins are expressed by Western blotting and
immunocytochemistry. Using an RBP-J transactivation reporter assay, we
showed that AEN1 had strong signaling activity (25X control), Nl had mild
activity (4X control) and AEAARN1 had minimal activity (1.5X control).
Measuring neurite outgrowth as a marker of PC 12 cell differentiation, we
found that AEN1 expression caused a 30% reduction in both neurite length
and number in response to NGF treatment. Neither Nl nor AEAARN1 had
any effect on neurite extension. In summary, Notch activation inhibits
NGF-induced PC 12 cell differentiation, thus establishing PC 12 cells as a
model system to clarify Notch’s role in neuronal function and the nature of
the Notch-presenilin interaction. Supported by Glenn/AFAR Scholarship
and NRSA 1F31MH12256-01 (NIMH).

POLYSIALIC ACID (PSA) MODULATES MORPHOLOGICAL
CHARACTERISTICS OF NEUROBLASTOMA SH-SY5Y CELLS. E.R
Marcotte*. R, Ouirion. and L.K, Srivastava. Depts. of Psychiatry and
Neurology and Neurosurgery, Douglas Hospital Research Centre, McGill
University, Montreal, PQ, H4H 1R3, Canada.
PSA is a developmentally-regulated carbohydrate polymer found mainly on the
neural cell adhesion molecule (NCAM). It is present in embryonic tissues and
regions of the adult nervous system, where it modulates cell adhesion, cell
migration, and axon fasciculation. PSA is also expressed in the neuroblastoma
cell line SH-SY5Y, which may serve as a useful model for the study of PSA
modulation of cell survival, proliferation and cell-cell interactions. PSA
immunoreactivity was greatly reduced in both control and retinoic aciddifferentiated SH-SY5Y cells following incubation with endoneuraminidase N
(Endo N, a generous gift from Dr. U. Rutishauser, Case Western). Additionally,
removal of PSA by 24 hr incubation with Endo N significantly reduced the mean
number and length of neurite projections in SH-SY5Y cells (-25% , p<0.001).
Cell proliferation was moderately reduced in these cells as measured by Trypanblue exclusion hemocytometry (-13%, p<0.05), although no significant change
in total metabolic activity was observed using the MTT assay of mitochondrial
function. Retinoic acid-induced differentiation was unaffected by Endo N
treatment, with comparable changes in neurite length and cell proliferation
observed for both groups. Taken together, these findings support the conclusion
that PSA expression can modulate cell morphology and process outgrowth in
cultured SH-SY5Y cells. Further studies of the interactions between growth
factors and neurotransmitters with PSA are in progress. Supported by MRC
Canada and the Schizophrenia Society of Canada.

412.3

412.4

Cell Autonomous Regulation of Mammalian Neurite
Development by Notch 1 and Delta 1. J.L, Franklin,

Notch Signaling Prevents Neurogenesis in the
Postnatal Rat Subventricular Zone

B.E.Berechid, F.B,CultiPg. A.- Presented ^Chambers. and_J.S. Nye*

C.B. Chambers* and J.S. Nye. Dept. of Molec. Pharmacol. &
Pediatrics, Northwestern Univ. Med. Sch., Chicago, IL 60611.
Our recent work has shown that Notch signaling regulates the
number of precursors that generate neurons in the embryonic murine
forebrain. Notch signals result in a retention of cells within the
subventricular zone (SVZ) and a dimunition of cells that populate the
olfactory bulb (OB). To further elucidate the role of Notch signaling in
olfactory bulb precursors, we stereotaxically injected hicistronic
retroviral vectors encoding activated Notch 1, dominant negative
Delta 1 (Delta 1-EC) or a control at age P2 into the anterior SVZ, a
major site of postnatal generation of OB cells. At 2 days post injection
(dpi), approximately 5-fold more cells were found in the brains of
animals that received the control retrovirus compared to the activated
Notch 1. At 5 dpi, brains injected with control virus showed
approximately 100-fold more infected cells than brains injected with
activated Notch. These observations were confirmed by injecting a
mixture of control and activated Notch 1 retroviruses. The numbers of
positive cells resulting from Delta 1-EC retroviral infection were
comparable to the control infection. These experiments reveal that
the activated Notch 1 retrovirus produces a rapid decline in the
number of SVZa precursor cells destined for the OB while the
dominant negative Delta 1 may have more subtle effects on SVZa cell
fate. We are currently exploring rates of cell death and proliferation
as a consequence of Notch signaling in postnatal SVZa cells.
Supported by NIH NS35566 and AG00260.

412.5

412.6

NEURAL CELL ADHESION MOLECULE (N-CAM) BINDING INHIBITS
PROLIFERATION OF HIPPOCAMPAL NEURAL STEM CELLS AND
STIMULATES THEIR DIFFERENTIATION TOWARDS THE NEURONAL
PHENOTYPE,
M.C.Amoureux,
B.A.Cunninqham,
G.M.Edelman
and
K.L.Crossin*. Department of Neurobioiogy, The Scripps Research Institute, La
Jolla, CA 92037.
Cell adhesion molecules (CAMs) play a major role during the development of
the nervous system. We have previously reported that the neural CAM, NCAM, inhibits astrocyte proliferation. We hypothesized that N-CAM may
influence the balance between the proliferation and the differentiation of neural
stem cells. Neural stem cells from the embryonic rat or mouse hippocampus in
culture are dependent on basic fibroblast growth factor for proliferation and
express nestin, a marker of neural stem cells. These cultures can generate
glia and neurons as exemplified by expression of GFAP or MAP2 respectively.
Addition of N-CAM reduced stem cell proliferation in a dose dependent manner
by up to 80 %, with no evidence of apoptosis. This was accompanied by a
doubling of the ratio of MAP2+ cells with no change in the number of glia.
Experiments using stem cells from N-CAM knock-out mice provide evidence
that endogenous N-CAM on the cell surface is not required for such
physiological effects, suggesting that N-CAM binds to a heterophilic receptor.
Additionally,
N-CAM
bound
to these
cells
as
observed
by
immunocytochemistry and overlay methods revealed proteins specifically
interacting with N-CAM. These results support a role for N-CAM in inhibition of
hippocampal neural stem cell proliferation, and suggest that N-CAM promotes
differentiation of these cells towards neurons in vitro. Supported by USPHS
grants HD16550, HD09635, NS/OD34874, a grant from the Mathers
Foundation, and support from the Skaggs Institute.

THE HYALURONAN-BINDING FRAGMENT OF BEHAB IS A COMPONENT OF
PERINEURONAL NETS. G.M. Kelly. M. Lo. and S. Hockfield*. Section of
Neurobioiogy, Yale. Univ. Sch. Med., New Haven, Ct 06510.
'
The extracellular matrix molecules, hyaluronan (HA) and chondroitin sulfate
proteoglycans, are the major constituents of perineuronal nets (Celio et al.,1998). The
molecular composition of these lattice networks is heterogeneous, and subsets of
neuronal populations are defined by the composition of their perineuronal nets. It has
been suggested that the differential distribution and composition of perineuronal nets
could play an important role in the communication between astrocytic end-feet and the
membrane-cytoskeleton. The elaboration of perineuronal nets parallels major events in
neuronal maturation, and can be modified by changes in neuronal activity during
development. BEHAB (Brain Enriched HA-Binding), also named brevican, is a CNSspecific extracellular proteoglycan that contains an aggrecan-like HA-binding domain.
BEHAB/brevican (B/b) is detected as a full-length protein and as cleavage products,
where the N-terminal fragment contains the HA-binding domain (Zhang et al., 1998).
To follow the distribution of the N-terminal, HA-binding fragment of B/b, we
developed an antisera (B50) to the neoepitope revealed by the cleavage of the fulllength protein at Glu400-Ser401. Immunohistochemical analyses with B50
demonstrate that the N-terminal fragment of B/b localizes to perineuronal nets of the
adult rat spinal cord, with more labeling in the ventral than in the dorsal horn. Like
other neuronal cell surface chondroitin sulfate proteoglycans described by us and
others, B50 binding is detected on neuronal cell bodies and dendrites. As early as
postnatal day 1, antibody labeling is detected in the developing motor neuron pools.
Perineuronal binding of B50 increases during postnatal development and reaches adult
levels around postnatal day 60. The developmental expression of the N-terminal
fragment detected with the B50 antibody parallels the expression of the mRNA
detected by in situ hybridization.These results suggest that, like other chondroitin
sulfate proteoglycans, BEHAB is a constituent of perineuronal nets and may
contribute to the acquisition of mature neuronal phenotype through changes in the
spatial and biochemical organization of the extracellular matrix. Supported by
RO1EY06511.

Dept. Molec. Pharmacology & Pediatrics, Northwestern Univ.,
Chicago, IL 60611.
Notch and Delta are required for axonal development in young
Drosophila neurons but their exact role is not defined. We therefore
studied the ability of components of the Notch signaling pathway to
modulate neurite formation in mammalian cells. We observe that
neuroblastoma cells (N2a) expressing an activated intracellular
Notch 1 produce shorter neurites, while lines expressing a putative
dominant negative Delta 1 construct (Delta 1-EC) elaborate a greater
number of primary neurites per cell with more branches than cells
expressing control constructs. Cell lines expressing Delta 1 or
Notch 1 EC, a dominant negative, also produce longer neurites than
control lines. In transient transfection assays Delta 1 and Delta 1-EC
act similarly to inhibit the effect of activated Notch-1 on HES-1
promoter activity. Notch 1-EC acts as a dominant inhibitor when
cotransfected with the activated Notch 1, but unlike Delta-1
constructs it inhibits Notch-1 signaling completely. Its ability to
inhibit signaling fully is dependent upon the EGF-like repeats. These
results demonstrate that Notch signaling has a role in regulating
neurite length, number, and branching in neuroblastoma cells. We
propose that cells extending neurites utilize the Notch pathway to
discriminate between ligands expressed on the nearby cells versus
those on the same cell.
Supported by NIH NS35566.
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CLONING AND CHARACTERIZATION OF A NEW MAMMALIAN
TRANSMEMBRANE PROTEIN SPECIFIC TO THE NERVOUS SYSTEM.
M, Koch1, M.Belaoussoff1. W.Jin1. F.A. White1. S. Sturm1. W.J. Brunken1'2*.

and R.E. Bureeson1. ’CBRC/MGH, Harvard Univ.,Charlestown, MA 02129;
2Dept. Biology., Boston College, Chestnut Hill, MA 02167.

We have identified a novel gene from the dBEST database; the
domain structure of the predicted amino acid sequence is the following:
a signal peptide, 1 EGF-like repeat, a serine-rich stretch, an unknown
domain, 71/2 EGF-repeats, a transmembrane domain, and a 75 AA
cytoplasmic C-terminus of unknown homology. The extracellular
domain was subcloned into a PCEP vector and transformed into 293EBNA cells; the expressed protein was about 45 kD larger than
predicted and Western blots indicate that it is heavily glycosylated.
Semi-quantitative RT-PCR demonstrated a restricted expression to
various neuronal tissues begining with embryonic day 9.5 to 10.5.
Anatomical localization of transcripts in whole mount mouse embryos
labeled the neural tube, dorsal root ganglia, and the ear placode. One
extra-neural site, was seen in the developing forelimb.
This new transmembrane cell surface proteoglycan is expressed by
differentiated neuronal cells as it is not detectable in the proliferating
zones of the neuronal cell layers in cross sections of the forebrain. The
message was detectable in differeniating motorneurons pools in the
cord; and dorsal root ganglia.
Supported by PHS grants AR35689 (REB) and core funds of the
Cutaneous Biology Research Center, Massachusetts General Hospital.

NEURONAL SPECIFICATION AND DIFFERENTIATION: SIGNALS
413.1

413.2

MECHANISMS REGULATING NEURONAL LINEAGE ELABORATION FROM
POSTNATAL CEREBRAL CORTICAL MULTIPOTENT PROGENITORS. O. Song.
S. Gokhan, P.C. Mabie, J, Veliskova*. J.A. Kessler and M.F, Mehler, Depts. of
Neurology and Neuroscience, Albert Einstein Coll. Med., Bronx, N.Y. 10461
We have previously shown that the postnatal cerebral cortex independent of the
subventricular zone (SVZ) contains distinct multipotent progenitor (MPP) pools. To
examine the mechanisms regulating neuronal lineage elaboration, graded cytokine
induction paradigms (neurotrophins, NTs, alone or with co-application or pre-treatment
of basic fibroblast growth factor, bFGF) were combined with immunocytochemistry using
antibodies to specific neuromodulators. When compared with epidermal growth factor
(EGF)-responsive MPPs derived from the SVZ, cortical MPPs generated a smaller
complement of neuronal progenitors, and distinct basal and induced profiles of neuronal
subtypes (somatostatin,SS; tyrosine hydroxylase,TH; serotonin,SER; substance P,SP;
gamma amino butyric acid,GABA; choline acetyltransferase,ChAT). Solitary application
of NTs (neurotrophin-3,-4/5, brain-derived neurotrophic factor) did not alter the profiles
of elaboration of neuronal subtypes, whereas exposure to NTs following bFGF
withdrawal selectively potentiated the expression of SS, SER and TH, and factor coapplication additionally enhanced the expression of SP, GABA and induced de novo
expression of ChAT. SVZ-derived MPPs displayed greater environmental responsiveness
using all cytokine paradigms when compared to cortical-derived MPPs. Distinct profiles
of neuronal subtypes were generated from FGF-responsive cortical MPPs. The cumulative
profiles of neuronal subtypes derived from postnatal cortical MPPs were also distinct
from those generated from embryonic (E16) EGF- and FGF-responsive cortical MPPs.
These cumulative observations suggest that postnatal cortical MPPs are under strict
environmental control, may contribute to terminal sculpting of regional microdomains
during normal forebrain development, and may be an important source of differentiated
progeny to precisely match the complement of regional neural cell types lost in a
spectrum of neurological and neuropathological disorders. Supported by NINDS/NIH.

IDENTIFICATION OF GENES INVOLVED IN PROGENITOR CELL
LINEAGE
COMMITMENT
AND
RESPONSES
TO
BONE
MORPHOGENETIC PROTEINS. S.Y. Yung1*, D. Zhang1 and J.A. Kessler1’2
'Dept. of Neuroscience, 2Dept. of Neurology, Albert Einstein College of
Medicine, Bronx, NY 10461.
Although neural progenitor cells in the germinal layers of the cortex remain
multipotent throughout development and in the adult, their bias towards glial
differentiation increases during development, and their responses to identical
extracellular signals may vary. For example, treatment of cultured ventricular
zone (VZ) progenitor cells with bone morphogenetic protein 2 (BMP2) increases
neuronal differentiation at lower doses and promotes apoptosis at higher doses.
By contrast, BMP2 treatment of cultured subventricular zone (SVZ) progenitor
cells promotes astroglial lineage commitment. To help define the cell-intrinsic
mechanisms that may underlie such changes in cellular responses to the BMPs,
we examined expression in cells from different embryonic ages of transcription
factors thought to be involved in neural development. We have found two
transcription factors, Sox2 and Zicl that are expressed in progenitor cells
cultured from El 1 mouse forebrain but not in progenitor cells isolated from El8
SVZ. We have also used a gridded microarray cDNA chip to identify genes
induced by BMP treatment in cultured SVZ progenitor cells after 2 hours of
treatment. mRNAs encoding two previously unknown genes were found to be
rapidly induced by BMP2 treatment of SVZ progenitor cells. We are currently
examining how Sox2, Zicl, and the two unidentified genes may influence
neurogenesis and whether expression of these genes is important in determining
cell fate.

413.3

413.4

IN VIVO TRANSDUCTION OF THE ADULT RAT VENTRICULAR ZONE WITH
AN ADENOVIRAL BDNF VECTOR INCREASES NEURONAL PRODUCTION
AND RECRUITMENT TO THE OLFACTORY BULB A. Benraiss1*, K. Lerner1, E.
Chmielnicki1, N. Hackett2, R, G. Crystal2. S. A. Goldman1 Depts. of 'Neurology &
Neuroscience, and 2Medicine, Cornell Univ. Medical College, NY, NY 10021.
Neural progenitor cells persist throughout the adult forebrain subependyma, and
neurons generated from them respond to brain-derived neurotrophic factor (BDNF)
with enhanced migration, maturation and survival in vitro (PNAS 92:210-4, 1995).
Similarly, infusion of BDNF into the adult ventricular system enhances neuronal
recruitment to the olfactory bulb in the month thereafter (Zigova et al, MCN 11:23445, 1998). To achieve a more directed and sustained expression of BDNF in the adult
subependyma, we used an adenoviral vector to transduce the forebrain ependymal
wall to constitutively express BDNF. To this end, a AE1 type 5 adenovirus was made
to express BDNF, under the control of the CMV promoter, and hGFP, under IRES
control. This Ad5CMV:fo/z?/:IRES:/jg#? virus was injected into the lateral ventricles
of 5 adult rats. The rats were injected daily for 18 d thereafter with the mitotic marker
bromodeoxyuridine (BrdU), 100 mg/kg ip. Controls (3 rats each) were injected with
either AdCMV:GFP or PBS. By 3 wks after injection, CSF BDNF levels of the
AdBDNF-injected animals averaged 869 ± 350 pg/gg protein. In contrast, BDNF was
undetectable in the PBS and AdCMV:GFP controls. The animals were sacrificed and
cut as 15 pm sagittal sections, that included the olfactory bulb and rostral migratory
stream. The sections were then immunostained for BrdU and the neuronal markers
Pill-tubulin and/or MAP-2. The AdBDNF-injected olfactory bulbs harbored 2.52 ±
0.1-fold the number of BrdU+, piII-tubulin/MAP-2-defined neurons as their Adnulland PBS-injected controls. Thus, a single injection of a BDNF-expressing adenovirus
substantially augmented the recruitment of new neurons into the adult rat brain. The
persistence of progenitors in the adult ventricular zone makes intraventricular delivery
of viral vectors an attractive strategy for targeting resident progenitor cells.
Supported by NINDS, NHLI, the Mathers Foundation, and the Natl. MS Society.

COORDINATED INTERACTION OF NEUROGENESIS AND ANGIOGENESIS
IN THE ADULT SONGBIRD BRAIN S. A. Goldman*, D. Roh. S, Rao, C.
Leventhal Dept. of Neurology & Neurosci., Cornell U. Medical Center, NYC, 10021.
Neurogenesis proceeds throughout life in the mediocaudal neostriatum of the
adult songbird brain, including a region involved in vocal control and song learning,
designated the higher vocal center (HVC). HVC is extraordinarily permissive to the
recruitment of new neurons. We have previously noted that testosterone treatment,
which induces song in otherwise non-singing female canaries, is associated with the
rapid induction of capillary endothelial cell proliferation. In this study, we
investigated the basis for testosterone-induced angiogenesis in the adult canary HVC,
and asked whether it was causally-associated with the recruitment of new neurons
from the adjacent ventricular zone. Using 2 matched samples of 6 adult female
canaries each, half given testosterone silastic implants and the other half cholesterol
controls, we found that testosterone treatment yielded the production of vascular
endothelial growth factor, VEGF, by androgen-receptive cells in HVC. The resultant
local VEGF surge was rapid in onset; RT-PCR revealed that HVC VEGF mRNA rose
sharply within 4 days after testosterone implantation, peaked between 6-8 days, and
fell thereafter. Induced VEGF mRNA was sharply circumscribed to HVC, within
which its rise was associated with a discrete burst in mitotic angiogenesis, followed
by the proliferative expansion of the HVC microvasculature. These endothelial cells,
harvested by fluorescence-activated sorting of Dil-LDL-tagged dissociates of adult
canary HVC, were found to both synthesize and secrete the neurotrophin BDNF. In
vivo, HVC BDNF mRNA and protein levels both rose during the third week after
testosterone administration, and were temporally associated with the recruitment of
new neuronal migrants into the HVC parenchyma. These findings suggest a trophic
interaction of, and interdependence between, testosterone-induced angiogenesis and
neurogenesis in the adult songbird brain.
Supported by the Mathers Charitable Foundation, NINDS, and the Natl. MS Soc.
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413.5

413.6

NOGGIN IS A NEGATIVE REGULATOR OF NEURONAL
DIFFERENTIATION IN NEOCORTEX.
W. Li*, I. f. LoTurco. Department of Physiology and Neurobiology,
University of Connecticut, Storrs, CT 06269.
Previously, we provided evidence that BMPs trigger neuronal
differentiation of neocortical precursors within the ventricular zone(VZ).
BMP protein is concentrated at the VZ surface and BMPs rapidly promote
the differentiation of neocortical precursors in both dissociated cell and
explant cultures. When we blocked BMP signaling by introducing a
truncated BMP type I receptor with retrovirus-mediated gene-transfer, V Z
cells were prevented from differentiating in both dissociated cell cultures
and explant cultures. These results suggest that endogenous BMPs directly
promote neuronal differentiation of neocortical precursors, however, leave
open the possibility that the truncated receptor blocked signaling by some
other member of the TGFJ3 superfamily. To more specifically address
whether BMP-2 and -4 are the endogenous triggers of neuronal
differentiation in the VZ, we used human recombinant noggin protein.
Noggin binds to BMP-2 and-4 with high affinity, and prevents binding to
their cell surface receptors. In dissociated cell cultures noggin inhibits the
differentiation of neocortical neurons: noggin decreases the number of MAP2 positive cells after 24 hours of treatment, yet has no effect on
proliferation and cell numbersin the cultures. Noggin also significantly
decreases the neurite extension of MAP-2 positive cells. In addition, using
western blot analysis we show that noggin protein is present in developing
cortex at E15. These results are consistent with previous results suggesting
that endogenous BMPs trigger neuronal differentiation and also suggest
that a balance of noggin and BMP regulates the generation of neocortical
neurons. (Supported by NIH grant MH56524 to J J.L)

CHRONIC ANTIDEPRESSANT ADMINISTRATION INCREASES
GRANULE CELL GENESIS IN THE HIPPOCAMPUS OF THE ADULT
MALE RAT. J.E. Malberg*, A.J. Eisch, E.J. Nestler, R.S. Duman. Division
of Molecular Psychiatry, Yale University School of Medicine, New Haven, CT
06508.
The finding that hippocampal neurogenesis occurs in the adult brain of many
species, including humans, has been well established. In addition, granule cell
neurogenesis is reported to be decreased by a number of variables including aging
and stress. In this study, the effect of antidepressants on proliferating cells in the
dentate gyrus of the adult male rat was investigated, using the thymidine analog
2-bromo-5-deoxyuridine (BrdU). Male rats received a chronic administration of
electroconvulsive shock (ECS; lx/day for 4 or 10 days) or antidepressant drugs
(14-21 days), including fluoxetine, tranylcypromine or reboxetine, a
norepinephrine selective reuptake inhibitor. Rats were injected with BrdU 5 days
after the last ECS or drug treatment and brains were examined 24 hours after the
BrdU injections. Using a modified stereology protocol to count the number of
BrdU-positive cells, we report that the antidepressant treatments all produced
increases in the number of BrdU-positive cells in the dentate gyrus and hilus.
Acute treatment (1 day) with fluoxetine did not increase the number of BrdUpositive cells, indicating that the induction of neurogenesis is dependent on
chronic treatment, consistent with the therapeutic time course for antidepressant
treatment. In addition, chronic treatment with haloperidol (21 days) did not
increase the number of BrdU-positive cells, pointing to the specificity of this
affect for antidepressants. The induction of neurogenesis may be one of the
mechanisms by which antidepressants block the stress-induced atrophy and death
of hippocampal neurons. (Supported by MH-50384)

1029

413.7

413.8

PDGF-REGULATED GENES INVOLVED IN NEURONAL
DEVELOPMENT. C. M. Smith*1, J. A. Alberta2, W. Liu2, C. D.
Stiles2, and B. P. Williams’. ‘Dept. of Molecular Pathology, The
Windeyer Institute, University College London, London W1P 6DB,
UK, and 2Dept. of Microbiology and Molecular Genetics, Harvard
Medical School and Dana Farber Cancer Institute, Boston, MA
02215, USA.
Experiments have been initiated to examine how neurons are
generated in the cerebral cortex. Exposing cultures of embryonic day
14 rat cortical cells to platelet derived growth factor (PDGF) induces
the differentiation of neuroepithelial cells in the culture into neurons
(Williams et al., Neuron, 18: 553, 1997). We have used a
combination of subtractive hybridization and PCR to identify genes
that are regulated in these cortical cultures in response to exposure to
PDGF. Clones that are up- or down-regulated in response to PDGF
were isolated and sequenced. These clones were then used to
generate digoxygenin-labeled probes for in situ hybridization on
frozen sections of developing rat cortex. The expression patterns of
some of these genes suggest that they play a role in cortical
neurogenesis.
Supported by the Wellcome Trust (to BPW) and the NIH (to CDS).

IDENTIFICATION OF NEURON-SPECIFIC GENES THAT ARE
INDUCED BY BONE MORPHOGENETIC PROTEIN AND RETINOIC
ACID. MATSUOKA Ichiro*, KAWANO Hiromi. KOBAYASHI Miwako.
NAKATANI Toshiyuki and KURIHARA Kenzo Graduate School of
Pharmaceutical Sciences, Hokkaido University, Sapporo 060-0812 Japan
Sympathetic neurons of superior cervical ganglia (SCG) that are derived
from the neural crest cells show early responsiveness to neurotrophin-3 (NT-3)
for their survival before they become dependent on the targetsierived NGF.
We have previously reported the cooperative roles of bone morphogenetic
protein-2 (BMP2) and retinoic acid (RA) in the induction of NT-3responsiveness of SCG neurons. A neuroinductive role of BMP2 on the
neural crest cells has been also reported. To identify genes specifically
involved in the BMP2/RA-induced neuronal differentiation, we performed a
series of the mRNA differential-display-PCR on cultured rat embryonic SCG
neurons.
Consequently, we found several genes that are induced by
BMP2/RA. As a typical of these genes, clone-8g encodes a novel -800 kDa
protein that has no homology with other proteins on databases. Expression of
clone-8g is restricted to neuronal cells in both the PNS (sympathetic and
sensory neurons) and CNS (brain and spinal cord). Expression of clone-8g
was detected from embryonic period and continued through adulthood. In
situ hybridization analysis on adult rat brain indicated that the expression
pattern of clone-8g well overlapped with that of BMP receptors (type I and II)
and NT-3 receptor (TrkC). Accordingly, 8g was highly expressed in
hippocampus, olfactory bulb, cerebral cortex and cerebellar Purkinje cells.
Supported by grants from Ministry of Education, Science, Sports and
Culture (Monbusho), Japan.

413.9

413.10

WNT GENE EXPRESSION IN THE POSTNATAL MOUSE
FOREBRAIN J, VanSant and E. A. Grove*
Dept. Neurobiology,
Pharmacology and Physiology, University of Chicago, Chicago, IL, 60637, USA.
Multiple Wnt genes are expressed in the vertebrate embryo, regulating tissue
specification and growth. Little is known regarding the expression and function of
these powerful developmental control genes in the postnatal animal. To begin to
address this issue, we analyzed expression of Wnt genes in the postnatal forebrain,
focusing on those Wnt family members previously identified in embryonic
forebrain. Brains were examined at birth and at one, three and six weeks after birth.
At birth, Wnt2b, 3a, 5a and 8b are expressed in the remnant of the cortical hem, a
transient developmental structure that lies between the hippocampus and choroid
plexus. At this age, the Wnt-rich hem remnant consists of cells along the lateral
edge of the developing fimbria-fornix. Wnt8b is additionally expressed within the
hippocampus. At postnatal ages, Wnt8b is expressed in cell groups that correspond
to sites of embryonic expression: in the fimbria fornix and along the inner surface
of the dentate gyrus granule cell layer. Expression diminishes at later ages, but
persists until at least 6 weeks. By contrast with Wnt8b, other Wnt genes are
upregulated at several new sites in the postnatal forebrain. Wnt2b, 5a and 7a are
expressed in the olfactory bulb. Wnt5a and 7a appear in the hippocampus, and both
Wnt2b and 5a are expressed in layered patterns in neocortex. Wnt2b is additionally
expressed in other structures of the limbic system, including piriform and entorhinal
cortex, the habenula, lateral hypothalamus and mammillary bodies. Wnt5a is
expressed in the hypothalamus and the thalamic reticular nucleus. Expression of
Wnt2b,5a and 7a is still detectable at these sites at six weeks, the latest age
examined. These observations indicate that Wnt genes play as yet undetermined
roles in postnatal development, and in the functions of the young adult brain.
Several Wnt genes are expressed in the olfactory bulb, which is therefore a
promising system in which to analyze the postnatal fimctions of Wnt signaling.
Supported by NIH, and the Brain Research Foundation.

INHIBITION OF HMG-COA REDUCTASE INDUCES NEURONAL
DIFFERENTIATION AND RAPID APOPTOSIS IN A PRIMITIVE NEURONAL
PROGENITOR TUMOR CELL LINE. J.S, KimJ* F, PimiaJ P. Nguyen J S.J,
LssJ YJL.Choi.1 EL KflegperJ M, ...Ispkps,2 1,W, Schylte,3 and J.B, TrepelJ
Medicine Branch, laboratory of Pathology, and 3Pediatric Branch, Division of
Clinical Sciences, National Cancer Institute, National Institutes of Health, Bethesda,
Maryland 20892
Ewing’s sarcoma is a poorly differentiated small, round cell tumor derived from
primitive neuronal progenitor cells. Although the prognosis of localized tumor has
improved with multimodality therapy, locally relapsed or metastatic disease is poorly
responsive to current therapies. In an effort to develop a new approach to the
treatment of Ewing’s sarcoma we have evaluated the effect of the HMG-CoA reductase
inhibitor lovastatin on the Ewing’s cell line CHP-100. Lovastatin has been used as
a tool for inducing reversible G1 arrest in a variety of cell types, and has been shown
to have anti-cancer activity. Within 6 h after the addition of lovastatin to the
Ewing’s sarcoma cell line CHP-100, there was a marked induction of neuronal
morphology. This morphologic conversion was completely inhibited by
actinomycin D, suggesting the induction of a new program of neuronal gene
expression. Immunophenotypic studies showed that lovastatin induced expression of
chromogranin B, 68 kDa neurofilament protein, and neuron-specific enolase.
Following neuronal differentiation the cultures underwent massive apoptosis, which
was essentially complete by 48 h, as determined by DNA laddering and
ultrastructural analysis. These data demonstrate unexpected modulation of gene
expression by blockade of the HMG-CoA reductase pathway and suggest a new
approach to the treatment of primitive neuronal progenitor tumors. Furthermore, this
system presents a convenient continuous culture model for the examination of the
genes regulating neuronal differentiation and for examination of the mechanisms of
neuronal apoptosis.
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SONIC HEDGEHOG AND FGF8: INADEQUATE SIGNALS FOR THE
DIFFERENTIATION OF A DOPAMINE PHENOTYPE IN CULTURE.
N. D. Stull* and L. Iacovitti
Department of Neurology, Thomas Jefferson
University Medical College, Philadelphia, PA. 19107
Previous studies from this laboratory have demonstrated that 80% of the GABAergic
neurons of the developing striatum can differentiate in culture into neurons expressing
traits of a dopamine (DA) phenotype, including the enzyme tyrosine hydroxylase
(TH). TH induction required the obligate synergy of two agents: a specific member of
the fibroblast growth factor family (FGF1>FGF4» FGF9=FGF2) and any of a
number of different co-activators (ie. DA, PKA or PKC activators) (Du and Iacovitti,
1994). Similarly, it has recently been suggested that the differentiation of DA neurons
in vivo also depends on the cooperation of two signals, FGF-8 and sonic hedgehog
(Shh) (Ye et al., 1998). In the present study, we sought to determine whether FGF-8
and Shh can likewise signal TH expression in cultured brain neurons. El3 mouse
striatal neurons were grown 1 hr in culture in defined media prior to an overnight
treatment with FGF1, FGF2, FGF4 or FGF8 (10-100ng/mI) and either DA (20pM), or
PKA activators [IBMX (0.25mM), Forskolin (50pM)], PKC activator [TPA (200nM)]
or Shh (l-100ng/mI). We found that the combination of FGF8 and Shh, even at the
highest concentrations tested (lOOng/ml), induced TH expression in only 20% of
striatal neurons. When the activity of FGF8 was tested with other known co-activators
(DA, TPA, IBMX, Forskolin), and Shh was tested as a co-activator of other effective
FGFs (FGF1, FGF2, FGF4), TH induction did not reach half maximal activity.
Moreover, no additivity was observed when Shh was added to a mixture of other coactivators, suggesting that Shh shares a common signaling pathway. We conclude that
FGF8 and Shh, the presumptive endogenous differentiators of DA neurons in vivo,
operate, at best, as weak signals for the differentiation of a DA phenotype in vitro.
Thus, these agents may not be nearly as effective as other known compounds in the
quest to differentiate cultured human stem cells into DA neurons for use in
transplantation therapy (Supported by NIH NS 24204; NS 32519).

LYSOPHOSPHATIDIC
ACID
INDUCES
MULTIPLE
CELLULAR
RESPONSES IN EARLY EMBRYONIC RAT TELENCEPHALIC CORTICAL
NEUROEPITHELIAL CELL CULTURE. O, Hu*, L. Zhang. Y.H. Chang and J.L.
Barker. Lab. of Neurophysiology, NINDS, NIH; Bethesda, MD 20892.
Lysophosphatidic acid (LPA) has been shown to elicit diverse cellular responses in
many cell types. During neurogenesis, ventricular zone gene-1, which encodes a Gprotein coupled LPA receptor, also has an expression pattern restricted to the cortical
VZ. Here, we examined the effects of LPA on neuroepithelial (NE) cells cultured from
the embryonic day 12 (El2) rat telencephalon in a defined medium.
Morphological responses to LPA were observed on nestin+ NE cells after 12 hours
growth in Neurobasal/B27 with bFGF. LPA triggered an actin-based morphological
change, which could not be prevented by Ca -free medium, or pre-incubation in
pertussis toxin (PTX) or forskolin. LPA also induced transient intracellular Ca2+
release in about 25% of the cells in a PTX-insensitive and dose-dependent manner.
Depletion of stored Ca2+ by prior thapsigargin (TG) treatment abolished the response
and activated capacitative Ca2+ entry. However, Ca2+ release evoked by LPA did not
abolish the TG response nor activate capacitative Ca2+ entry. Hence, LPA released
Ca2+ from TG-sensitive stores, but it did not empty stores sufficiently to activate storeoperated Ca2+ channels.
Long-term effects of LPA on cell proliferation and differentiation were also
observed. NE cells proliferated and differentiated into a virtually pure neuronal
population within 7 days in Neurobasal/B27 without bFGF. In the absence of added
bFGF, LPA inhibited cell proliferation, and induced cell death, but had little effect on
cell differentiation of surviving cells though a few GFAP+ astrocytes were observed.
Adding bFGF greatly enhanced cell proliferation while permitting cell differentiation.
After 7 days, about 50% of the cells were TUJ1+ neurons, while the remaining cells
were nestin+ cells or double-negative cells. Although co-application of LPA and bFGF
showed little effect on cell proliferation, the combination dramatically inhibited cell
differentiation. After 7 days less than 15% of cells were identified as neurons (TUJ1+)
Or astrocytes (GFAP+), and greater than 80% of the cells remained nesting
Thus, the current study demonstrates that exogenous LPA can trigger multiple
effects on NE cells, which depend on the state of the cell and the presence of bFGF.
Endogenous LPA or LPA-like molecules may play important roles during the early
phases of cortical development as proliferating precursors commit to neuronal fates.

413.13

413.14

LYSOPHOSPHATIDIC ACID/SPHINGOSINE 1-PHOSPHATEINDUCED CELL AGGREGATION/CLUSTER FORMATION OF A
NEOCORTICAL NEUROBLAST CELL LINE. I. Ishii*, and J,
Chun. Department of Pharmacology, Univ. of California, San Diego;
La Jolla, CA 92093-0636.
Changes in neuroblast shape during embryonic development are
intimately associated with the normal formation of the nervous system.
Lysophosphatidic acid (LPA) and sphingosine 1-phosphate (SIP) are
bioactive lipid factors abundant in serum, that are capable of altering
cell morphology. Previously, we established a neocortical neuroblast
cell line (TR) from embryonic mouse brain by serial introduction of
oncogenes (SV40 large T antigen and v-ras) using retroviruses, from
which we cloned the first LPA receptor gene, lp^/vzg-1. Here we
have examined the effect of exogenously applied LPA and SIP on the
morphology of the neuroblast cells, and the effects of overexpressing
their cognate receptors.
After exposure of LPA or SIP, cells aggregated together and formed
cell clusters. This process could be mediated by multiple receptors
since, by northern blotting, members of the LPA receptor gene family
(LPai receptor) as well as SIP family (LPbi receptor) were also
expressed in TR cells. To determine the roles of LPai and LPbi in
forming lysophospholipid-dependent clustering, we overexpressed
either receptor by retroviral transduction. Overexpression of LPai or
LPbi increased cell aggregation/cluster formation, indicating that
LPAi/LPsi-activated cellular signaling can account for these
morphological changes.
Supported by the NIMH.

MUTAGENESIS OF LPA1 - A G PROTEIN-COUPLED RECEPTOR
FOR LYSOPHOSPHATIDIC ACID (LPA).
Y. Kimura1, H,
Kimura2* and J. Chun? 'Department of Pharmacology and Program
in Neurosciences, School of Medicine, University of California, San
Diego, La Jolla, CA 92093-0636. 2Salk Institute for Biological
Studies, 10010 N. Torrey Pines Rd. La Jolla, CA 92037
The lpM/ vzg-i gene encodes a G protein-coupled receptor for the
bioactive phospholipid lysophosphatidic acid [LPA; Hecht et al.,
(1996), J. Cell Biol. 135(1071); Fukushima et al. (1998), P.N.A.S:,
95(6151)]. In the embryonic central nervous system, expression of
LPA1 is enriched in the proliferative ventricular zone of the cerebral
cortex.
Expression of LPA1 is correlated with neurogenesis.
Activation of this receptor by LPA induces actin-based shape changes
and depolarization in cortical neuroblasts [Dubin et al., (1999), J
Neurosci. 19(1371)]. LPA1 activates at least two signaling pathways
(Rho dependent and Gj dependent) to signal multiple biological
activities of LPA [Fukushima et al. (1998), P.N.A.S., 95(6151)]. To
understand the potential effects and signaling mechanisms of this
receptor in the nervous system, mutant LPA1 receptors are being
developed. Chimeric receptors were constructed by swapping domains
of LPa 1 with corresponding regions of muscarinic 2 (m2) or m3
receptors.
These chimeric receptors are being expressed
heterologously to identify those showing functional changes. Two
chimeric receptors have been identified that, in contrast to the wildtype receptor, do not produce stress fiber formation despite receptor
protein expression. We are now analyzing these chimeric receptors
for their effects on cortical neuroblasts [Supported by the NIMH and
NIH].

413.15

413.16

LYSOPHOSPHATIDIC ACID (LPA)
SIGNALING
REGULATES
MORPHOLOGY AND GROWTH OF CORTICAL NEUROBLASTS. N.
Fukushima*, J. A. Weiner and J. Chun, Dept. of Pharmacol. UCSD, La Jollal
CAW093-0&6.
--------------------During mammalian brain development, cortical neuroblasts in the
ventricular zone (VZ) undergo a stereotyped series of morphological
changes, called “interkinetic nuclear migration,” that is linked to
neurogenesis. We recently demonstrated restricted expression of lpA1tvzg-l,
a G protein-coupled receptor for the growth factor-like phospholipid
lysophosphatidic acid (LPA), in the cortical VZ. Therefore, the effects of
LPA signaling on cortical development, focusing on neuroblast morphology
and growth. We used an intact, embryonic brain explant culture that allowed
precise control of exogenous LPA concentration, followed by histological or
electron microscopic examination of the explants. This revealed that
extracellular LPA (1-5 pM) induced cell rounding, process retraction and
microspike formation in cortical neuroblasts in the VZ, which normally
exhibited a radially-oriented fusiform morphology. Time-lapse recording of
neuroblast cluster from dissociated cell cultures showed similar
morphological changes which required the activation of Rho and ROCK
(Rho kinase), but not G^. These morphological changes resembled the
transition from S- to M-phase during interkinetic nuclear migration. In
addition, LPA (0.01-1 pM) stimulated DNA synthesis in neuroblasts from
the cortex, but not from the midbrain or hindbrain, implying growth
regulation of cortical neuroblasts by LPA. Finally, we found that the
conditioned medium of postmitotic neuron-enriched cortical cultures
contained significant concentrations of LPA, indicating endogenous
production of LPA by cortical neurons. These findings implicate
physiological LPA as a novel signal that allows postmitotic neurons to
influence and possibly control neuroblast morphology and cell fates during
cortical neurogenesis. [Supported by the NIMH and UEHARA fund].

CONSERVED GENOMIC ORGANIZATION FOR lpB RECEPTOR
GENES ENCODING A SUBFAMILY OF LYSOPHOSPHOLIPID
RECEPTORS
THAT
INTERACTS
WITH
SPHINGOSINE-1PHOSPHATE. G. Zhang. J.J.A. Contos. and J. Chun*.
Department of
Pharmacology, School of Medicine, University of California at San Diego, La Jolla,
CA 92093-0636.
Through studies of the embryonic cerebral cortex, we have previously identified the
first receptor for a lysophospholipid, a receptor for lysophosphatidic acid (LPA) called
Ipfjvzg-l. Based on this identification, we subsequently isolated and functionally
characterized three murine homologues of this LPA receptor gene that interact with the
structurally similar but distinct lysophospholipid known as sphingosine-1-phosphate
(SIP). These genes are referred to as: /pBV (pB2, and lpB3 (corresponding to human
orphan receptors edg-1, H218/AGR16, and edg-3, respectively). Genomic structure
analyses of these genes confirms the organization of a previously characterized murine
edg-1 genomic clone, and indicate that lpB2 and lpm also have at least two exons, with
the entire ORF contained within the second exon. This organization contrasts with
that for the LPA receptor gene family, known as LPA that contains a conserved
intron within TMD VI. For all three genes, an intron with variable lengths (1.6kb,
7.5kb and 9.5kb for lpB1, lpB2 and lpB3 respectively) is located just upstream of the
initiation codon, separating a very short exon I (100-200bp) and a relatively long exon
II (2.6-3.6kb). The 3-UTR for each of the lpB genes accounts for more than 60% of
the transcript's length. Approximately 2kb of promoter sequence has been determined
for each receptor gene and possible transcription factor binding sites are being
analyzed. Chromosomal locations have been determined for each of the receptor
genes. Experiments are in progress to determine the transcription start sites and the
function of these receptors in brain function and development. Supported by the
NIMH and Allelix Biopharmaceuticals.
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ANALYSIS OF LYSOPHOSPHATIDIC ACID RECEPTOR (ZpA1)
KNOCKOUT MICE. J,J.A, Contos*. J.A. Weiner. N. Fukushima, and J.
Chun.
Department of Pharmacology, School of Medicine, University of
California at San Diego, La Jolla, CA 92093-0636.
The lysophospholipid receptor AI gene (ZpA1, also called vzg-HEdg-2) was the
first identified G-protein coupled receptor (GPCR) for the ligand lysophosphatidic
acid (LPA). Nervous system expression of the Ip^i transcript is primarily in the
proliferative zone of the embryonic cerebral cortex and the myelinating cells of the
postnatal CNS and PNS (oligodendrocytes and Schwann cells). LPA can activate a
variety of intracellular pathways through the lpM receptor, leading to rapid
cytoskeletal changes and longer-term increases in proliferation. The in vivo
function of LPA has been difficult to address due to its ubiquitous intracellular
presence, lipid nature, and lack of specific antagonists. We have employed an
alternative strategy to investigate the role that LPA signaling has in normal
nervous system development, by generating mice with a targeted deletion of ZpA1.
Approximately half of lpAf''mice die perinatally, while those that survive have
craniofacial defects and reduced total body mass. As expected, both cultures of
cortical neuroblasts or Schwann cells derived from lpM(''mice showed reduced or
absent responses to exogenous LPA exposure. Partial LPA responses still present
could be explained by the expression of at least one other known LPA receptor
(lpA2) in these cultures. Both development of the cortex and peripheral nerves are
currently being assessed using a variety of techniques. Our results demonstrate that
LPA signaling through LPA1 has detectable consequences for normal cell
biological processes in the developing nervous system, and that extracellular lipid
signaling through this receptor is essential for normal development. Supported by
the NIMH, and a grant from Allelix Biopharmaceuticals.

DIFFERENTIATION
OF
INDIVIDUAL
PC 12
CELLS
CHARACTERIZED BY EGFP-DERIVED FLUORESCENCE
AND IMMUNOHISTOCHEMICAL STAINING.
U. Gausmann, A. P. Aschoff, N. Barth, K. Schmoranz and G. F.
Jirikowski*. Dept. of Anatomy II, University of Jena, D-07743
Jena, Germany.
Proliferating PC 12 cells (rat pheochromocytoma) were
transfected with pEGFP-N 1 (Clontech) by electrdporation resulting
in the expression of green fluorescent protein in approximately 10%
of the cells. Subsequently the cells were exposed to NGF in low
serum medium for differentiation. The fluorescence persisted for
the whole differentiation period and was used for the identification
of individual cells. Thus the time course of morphological changes
could be observed easily. One portion of the NGF treated cell
population reacts with the outgrowth of dendrites and neurites,
sometimes with varicosities. Another portion did not respond to
NGF with morphological alterations. This different behaviour is the
basis for studies on NGF mediated differentiation processes.
We employed immunohistochemistry with antibodies against
proliferation and cell cycle markers, neuronal markers and NGF
receptors for colocalization studies on semithin serial sections of
PC 12 cell cultures. Control experiments were performed with
proliferating, non-differentiated cells.

1031

413.19
EXPRESSION PATTERNS OF AGGRECAN DURING CHICK BRAIN
DEVELOPMENT SUGGEST A ROLE IN GLIOGENESIS. M, Domowicz1*, T.A.
Sanders2, C.W. Ragsdale2 and N.B, Schwartz13. Depts. of 'Pediatrics, 2Neurobiology
Pharm. Phys., 3Biochem. Mol. Bio., University of Chicago, Chicago, IL 60637.
Aggrecan is the major proteoglycan of chick cartilage and is also expressed in
embryonic CNS. By Northern and Western blot analysis, aggrecan expression is
detected in brain from embryonic day 7 (E7), progressively increases to El 3, declines
markedly after El6, and is not evident in hatchling brains. The time course of
aggrecan expression suggested that it might play a role in late events in brain
development, possibly including gliogenesis. We therefore compared aggrecan gene
expression with that of another extracellular matrix marker (tenascin-C), a putative
glial cell marker (glutamine synthetase) and a marker of neurons (class III P-tubulin).
Wholemount in situ hybridization detects aggrecan mRNA by E6 in the ventricular
zone of the ventral midbrain. By E7, hindbrain and forebrain are labeled as well.
Aggrecan message in the E7 ventricular layer is highly patterned, with arcuate bands
in ventral midbrain and longitudinal zones in the hindbrain. In addition, at sites of
strong expression, streams of labeled cells are seen extending into the mantle layer.
Tenascin-C and glutamine synthetase are also expressed in the E7 ventricular layer,
but their expression patterns differ from that of aggrecan. Glutamine synthetase
mRNA is more homogeneously distributed, whereas the patterning heterogeneity of
tenascin-C is pronounced but clearly distinct from that of aggrecan. From E8,
aggrecan labeling in the ventricular layer becomes very dense and spatial patterning is
progressively obscured. Sections from E12 chick brains demonstrate that ventricular
expression of aggrecan continues, but that cell-labeling is now more broadly
distributed throughout the brain. Interestingly, in some nuclei, intense aggrecan
labeling is largely complementary to neuronal clusters identified by P-tubulin
staining. Our findings establish a complex regulation of gene expression in the
ventricular layer during the period of gliogenesis, and suggest that aggrecan may play
an important role in late embryonic brain patterning events. Supported by the NIH.
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HOXC10 IS DIFFERENTIALLY EXPRESSED IN DEVELOPING MOUSE
SPINAL CORD. E, M, Carpenter1'2* and D, D. Tieu1. Depts. of Psychiatry1 and
Neurobioiogy2, UCLA Sch. of Med., 760 Westwood Plaza, LA, CA 90024
Members of the Hox family of transcription regulators are expressed in broad
overlapping domains within the developing spinal cord. We have examined the
expression of HoxclO in the mouse lumbar spinal cord using a lacZ gene integrated
into the HoxclO locus by gene targeting. HoxclO spinal cord expression begins at
the level of the T13 vertebra and continues caudally through lumbar and sacral spinal
segments. At the rostral end of the domain, HoxclO is expressed in several groups
of cells within the intermediate and ventral gray. Slightly more caudally, HoxclO is
expressed in a thin band in the dorsal marginal zone, in the roof plate, and in the
dorsal ventricular zone to the level of the sulcus limitans. Opposite the L2 vertebra,
HoxclO is expressed in most of the intermediate gray and some of the ventral gray.
Expression in these regions is patchy, with clusters of cells expressing high levels
of B-galactosidase interspersed with lower- and non-expressing cells. HoxclO
expression is excluded from the dorsal horn with the exception of a thin dorsally
projecting finger positioned lateral to the ventricular zone. Ventrally, HoxclO
expression is excluded from the ventrolateral region of the ventral gray
corresponding to the position of the lumbar lateral motor column (LMC) and from
the ventral ventricular zone. More caudally, HoxclO expression becomes evident in
the ventral horn, overlapping the position of the caudal portion of the LMC.
Double labeling with sonic hedgehog demonstrates that the lateral margin of sonic
hedgehog floorplate expression corresponds with a region of high HoxclO
expression, with scattered cells expressing HoxclO within the floorplate. Future
studies will examine the overlap of HoxclO expression with regional or cell typespecific markers including HoxdlO, Pax6, and Islet-1. These studies were supported
by a UCLA Frontiers of Science Faculty Research Award to EMC.

SIMULTANEOUS DISRUPTION OF HOXD9 AND HOXD10 RESULTS IN
MODIFICATIONS OF THE LUMBAR LATERAL MOTOR COLUMN. C. C. de
la Cruz1, E, S, Schweitzer3* and E, M. Carpenter1'2 3. Depts. of Psychiatry1,
Neurobioiogy2, and the BRI3, UCLA Sch. of Medicine, LA, CA 90024
Previously, we examined the phenotype generated by creating a double mutation
in the Hoxd9 and HoxdlO genes. These studies showed alterations in hindlimb
innervation in mutant embryonic mice such that the distal portion of the tibial nerve
is disorganized or truncated and contains fewer nerve fibers than in wild-type litter
mates. In addition, the peroneal nerve is reduced in diameter in mutant mice. These
reductions suggest a decrease in the population of motor neurons contributing to
these nerves. We examined the lumbar spinal cord to determine if the reduction in
nerve size was due to the lack of individual motor neurons. Initial observations
suggest that the diameter of the lumbar spinal cord is significantly reduced in double
mutant animals, but that laminar structure and organization appear to be intact.
Transverse sections through the spinal cord of newborn mutant animals revealed a
decrease in the diameter of individual motor pools in lumbar segments 1 (LI) and 2
(L2). Also observed were alterations in the layout of the cells within the motor
pools. Motor pools in wild-type mice contained a more diffuse array of cell bodies,
whereas the mutant mice exhibited a more compact arrangement within single motor
pools. Two different motor pools which both innervate the quadriceps femoris in L2
were counted and revealed a 26% reduction in cell number in mutant motor pools.
No other cellular alterations were seen in the spinal cord; additionally, the dorsal
root ganglia were of expected size and in the expected position relative to the spinal
cord. These data suggest that the decrease in width and size of the peripheral nerves
observed in Hoxd9 and HoxdlO combined mutants are due to a reduction in the
number of motor neurons contributing to these nerves. These studies were
supported by a UCLA Frontiers of Science Faculty Research Award to EMC.
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INTERSPECIFIC VARIABILITY WITHIN THE REPRESSOR DOMAIN OF
BARX2, A HOMEOBOX PROTEIN EXPRESSED IN NEURAL AND
CRANIOFACIAL TISSUES. D. Edelman? R. Meech2 and F.S. Jones2*.
’The Neurosciences Institute; San Diego, CA 92121; 2Dept. of Neurobiology, The
Scripps Research Institute; La Jolla, CA 92037.
Barx2, a member of the Bar class of homeobox proteins, is expressed during neural
and craniofacial development. Barx2 was first identified through Southwestern
screening with a regulatory element from the gene which encodes the neuron-glia cell
adhesion molecule (Ng-CAM), suggesting that Barx2 may be an important regulator
of cell adhesion molecules (CAMs) during development. In support of this notion, we
have determined that the genes for three CAMs of the immunoglobulin superfamily N-CAM, Ng-CAM, and LI - all contain binding sites for Barx2. We have begun to
dissect the functional domains of Barx2 and have determined in co-transfection
experiments that it is both a repressor and activator of the N-CAM and LI promoters
in neural and non-neural cell lines. By analyzing the activity of a series of Barx2
deletion constructs, we have identified a repressor domain in the amino-terminal
region of the protein. This domain includes a polyalanine tract which may be
necessary for repressor activity. Comparison of the murine and human Barx2 protein
sequences indicated that the region that included the polyalanine tract exhibited the
greatest variability in the protein. To examine this variability in more detail, we
isolated and cloned the polyalanine regions of Barx2 from 21 different mammalian
species. Sequence comparisons across these species indicated significant variability
in the number of alanines comprising this tract. Currently, we are examining the
possibility that the species-specific composition of this tract influences the extent of
Barx2 repressor activity. Such variability in Barx2 structure and function might
underlie phylogenetic differences in neural and craniofacial morphologies. Supported
by the Neurosciences Research Foundation and by the NSF (IBN-9816896).

PERINATAL LETHALITY IN MSAL 1 MUTANT ANIMALS.

414.5

414.6

CONSERVED MOLECULAR MECHANISMS OF EMBRYONIC
BRAIN DEVELOPMENT IN DROSOPHILA AND MAMMALS.
F. Hirth*. B. Hartmann. S. Leuzinger. B. Egger, D. Gerlich. D.
Acampora, A. Simeone, T. C. Kaufman, W. J, Gehring and H.
Reichert. Institute of Zoology and Biocenter, University of Basel,
CH-4051 Basel, Switzerland; International Institute of Genetics and
Biophysics, 1-80125 Naples, Italy; HHMI, Indiana University, IN
47405, USA.
Specific sets of segmentation genes and homeotic genes control
patterning and regionalization of the embryonic brain in Drosophila.
Patterning of the posterior brain neuromeres is controlled by the
homeotic genes such as labial. Mutational elimination of this gene
results in the complete lack of neuronal identity in the affected brain
neuromere. Comparable defects have been described in mice where
targeted elimination of the labial homologs Hoxal and Hoxbl causes
hindbrain defects due to the failure to specify segmental neuronal
identity. Patterning of the anterior brain neuromeres in Drosophila is
controlled by segmentation genes such as orthodenticle. In the
absence of this gene, neurogenesis in the anterior head region does
not occur and a brain forms that lacks the anterior neuromere. The
mammalian homolog of orthodenticle, Otx2, has been shown to be
similarly involved in patterning and regionalization of the embryonic
mammalian brain. Indeed, genetic rescue experiments demonstrate
that these genes are functionally interchangeable between mammals
and Drosophila. Our results provide further evidence for the idea that
the insect and vertebrate brain derived by descent from a common
ancestral brain. Supported by the Swiss NSF.

EXPRESSION AND FUNCTION OF THE PAX6 GENES EY AND
TOY IN DROSOPHILA EMBRYONIC BRAIN DEVELOPMENT .
Lars Kammermeier*, R. Leemans, U. Wenger. U. Walldorf. W. J.
Gehring, and H. Reichert. Institute of Zoology and Biocenter,
University of Basel, CH-4051 Basel, Switzerland.
The Pax6 genes play important roles in the development of the eye
and brain. In Drosophila, two Pax6 genes have been discovered,
namely the eyeless (ey) and the twin of eyeless (toy) genes. To study
their role during embryonic brain development in Drosophila, we first
carry out a detailed spatio-temporal immunocytochemical analysis of
both ey and toy expression. This analysis shows that both genes are
expressed from early embryonic stages onwards in the procephalic
neurogenic region that gives rise to the brain and in the ventral
neurogenic region that gives rise to the ventral nerve cord. Later in
embryogenesis they are expressed in subsets of neuroblasts and their
neural progeny. The regionalized spatial and temporal expression
patterns of the two Pax6 genes in the embryonic brain are largely
distinct, but also show regions of partial overlap. In the neuromeres
of the ventral nerve cord, both ey and toy are expressed in segmentally
reiterated subsets of neurons. To investigate the functional role of the
two genes, the CNS phenotypes of loss-of-function and gain-offunction mutants are characterized using standard genetic techniques
as well as RNA interference. Targeted misexpression studies are
carried out to test for functional equivalence of the two genes.
Supported by the Swiss NSF.

414.7

414.8

THE ROLE OF THE HOMEOBOX GENE EMS IN EMBRYONIC
NERVOUS SYSTEM DEVELOPMENT OF DROSOPHILA EL
Hartmann*, F. Hirth, U. Walldorf and H. Reichert. Institute of
Zoology, University of Basel, CH-4051 Basel, Switzerland.
We are studying the molecular mechanisms underlying CNS
development in Drosophila. Here we report on the role of the
homeobox gene empty spiracles (ems). The ems gene is known to
have several patterning functions during embryonic head
development. To determine if these patterning functions are also
relevant for embryonic CNS development, we have used high
resolution molecular neuroanatomical techniques to analyse ems
expression patterns and mutant phenotypes. In the developing brain,
ems is expressed in specific brain neuromeres. In ems null mutants,
the corresponding neuromeres are absent because no neuronal
progenitors are generated. In the developing ventral nerve cord, ems
is expressed in a segmentally reiterated subset of interneurons. In
ems null mutants, these interneurons are present, but have aberrant
axonal projections. Ubiquitous overexpression of ems can rescue the
brain phenotype and to a lesser extent the ventral nerve cord
phenotype. Ubiquitous overexpression of the murine homolog Emx2
can only rescue the brain phenotype. To further clarify the roles of
ems during embryogenesis, different enhancer constructs were fused
to a reporter gene and their spatio-temporal embryonic expression
patterns were examined. The results of our experiments are
discussed with respect to concepts of segmentation gene function in
the CNS. Supported by the Swiss NSF.

MOLECULAR CORRELATES OF MIDLINE FUSION IN THE CHICK
CEREBELLUM. L. Toole, and R.J.T. Wingate*. Department of Developmental
Neurobiology, GKT School of Biomedical Sciences, King’s College London,
Guy's Hospital Campus, London SE1 9RT, UK.
A key feature of the development of the cerebellum is its transformation from an
initially paired structure into one that is fused across the dorsal midline. Absence
of a midline structure is almost unique to the cerebellum amongst CNS structures
and is of central importance of its mature functional organisation. In the chick, the
paired lobes of the cerebellum are apparent at E5 and remain separated by a
median longitudinal furrow until E10. Fusion takes place along the rostral
cerebellar rhombic lip, a highly proliferative, dorsally-derived region of the
neuroepithelium which gives rise to migratory derivatives including granule cell
precursors. To begin to understand the mechanism underlying dorsal fusion, we
have examined a number of genes expressed in the developing cerebellum and, in
particular, the rhombic lip.
The persistence of the median longitudinal furrow allows a detailed
analysis of the molecular events surrounding cerebellar fusion. In situ
hybridisation with labelled riboprobes reveals that Otx2 and Wntl become
restricted to caudal cerebellar rhombic Up when the median longitudinal furrow
forms. This corresponds with an upregulated expression of Wnt3a, restricted to the
furrow, which persists until the cerebellar lobes fuse at E10. The most rostral
cerebellar territory, anterior to the midline furrow, is characterised by a broadened
domain expression of EgflS, a gene that is initially restricted to the
midbrain/hindbrain isthmic organiser and which is implicated in cerebellar
induction. These observations suggest that the partitioning of Otx2, Wntl, and
Wnt3a prefigure the region of rostral rhombic lip which will fuse later in
development. The persistence of FgfB expression anterior to this region raises the
possibility that the isthmic organiser has a role in patterning cerebellar fusion.
[Supported by the Wellcome Trust]
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M, Parrish. T, Ott. A. Pimento*, and A.P. Monaghan Department of Neurobiology;
University of Pittsburgh School of Medicine; Pittsburgh, PA 15261.
Msal 1, the murine homologue of the Drosophila transcription factor Spalt, is
one of a family of genes characterized by three pairs of zinc finger motifs and
glutamine and proline transactivation domains. It is expressed on embryonic day 7
in the primitive streak mesoderm and subsequently in the notocord,
neuralepithelium of the forebrain, midbrain, motor and sensory neurons of the
spinal cord and in the heart, limbuds, and kidney. Targeted disruption of msal 1,
via homologous recombination, results in a failure to feed and perinatal lethality
for homozygous null animals. We have now found that mutants exhibit defects in
the development of peripheral nerves including the hypoglossal nerve as evidenced
by wholemount neurofilament 160 antibody staining and neuroanatomy of the
brain stem which may explain the perinatal lethality. Although the phenotype of
the msal 1 knockout is severe, most structures in mutant animals develop normally
suggesting the possibility of compensation by other functionally similar proteins.
The msal gene family has grown to include at least three highly homologous
members in both the human and murine genomes. Of these three, msal 3 has an
expression pattern that is remarkably similar to that of msal 1. Msal 3 expression
begins on embryonic day 7 in the primitive streak mesoderm and neuralepithelium
of the forebrain, midbrain, hindbrain and spinal cord. As the embryo matures,
msal 3 becomes expressed in the kidney, gut, limbuds, inner ear, and urogenital
system. By embryonic day 9, msal 1 and 3 are expressed in\overlapping domains
in the ventricular zone throughout the brain and spinal cord and in both the
midbrain / forebrain and midbrain I hindbrain boundaries. We have analyzed the
expression pattern of msal 3 in msal 1 - / - animals to determine if a compensatory
relationship exists between msal 1 and 3. The specific role that msal 3 plays in
development of the CNS is being addressed using conditional mutagenesis in the
CNS. Funded by the University of Pittsburgh.
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414.9

414.10

DEVELOPMENTAL ANALYSIS OFTHE CEREBELLUM IN SWAYING (Wnt1sw)
MUTANT MICE. M, Sekiguchi-1, H, Abe1, M. Zhou1, O. Tanaka1, N.L. Haves2
T. Inoue1, and R.S. Nowakowski2.1Dept. of Morphology, Tokai University School
of Medicine, Bohseidai, Isehara, Kanagawa 259-1193, Japan and 2Dept. of
Neuroscience and Cell Biology, UMDNJ-Robert Wood Johnson Medical School,
Piscataway, NJ 08854, USA
The murine mutation swaying is a mutant allele of the Wnt1 gene (Wnt1s")
which occurred spontaneously in the Jackson Labs in the 1960’s and which has
a single base pair deletion that terminates translation of the Wnt1 protein. The
adult phenotype of swaying (and also of Wnt1 knockout mice) is characterized
primarily by a deletion of the caudal part of the midbrain and the anterior part
of the cerebellum which is detectable as early as embryonic day 10 (E10). We
have analyzed a developmental series of swaying mice to evaluate the
sequence of primary vs secondary effects of the absence of Wnt1 •*. At E14 the
swaying cerebellum is small and does not contain either a recognizable vermis
or hemisphere. By postnatal day 0 (PO) the hemispheres are clearly seen, but
the midline fusion to form the vermis does not occur until between P5 and P7.
Meanwhile the anterior lobes of the cerebellar hemispheres appear to fuse with
the midbrain around P5. Around P10-P15 laminar abnormalities become
recognizable. Also, from P5 onwards asymmetries in the size of the cerebellar
hemispheres are clear and are accompanied by asymmetries in the lamination
of the inferior olivary nucleus. These findings indicate that the abnormal
development in the cerebellum of the swaying mouse proceeds in an orderly
way and, in particular, indicates that asymmetric development of the inferior
olive is secondary to asymmetric development of the cerebellum. (Supported
by Ministry of Education, Science and Culture of Japan 10680710 and NIH
NS33443 and NASA NAG2-0950.)

EPH AND EPHRIN EXPRESSION IN THE DEVELOPING CHICK
CEREBELLUM. S.D. Karam1, E.B. Pasquale2, M. Bothwell1*. ’Dept. of Physiology
and Biophysics. Univ. of Washington, Seattle, WA 98195; 2The Burnham Institute, La
Jolla, CA 92037.
Eph receptors and their cell-associated ephrin ligands regulate cell migration, axonal
pathfinding, and hindbrain compartmentation through repulsive interactions. Purkinje
cells (PCs) in the adult cerebellar cortex are organized into parasagittal zones of cells
that differ biochemically and functionally. Earlier evidence suggested that these zones
might arise by segregation of early- and late-born PC precursors (Ozol & Hawkes, 1997;
Feirabend, 1985). In the developing chick cerebellum, the initial period of migration of
granule cell precursors in “raphes” between PC clusters also had been postulated to
compartmentalize PCs (Feirabend, 1990). Using immunocytochemical techniques, we
show differential spatiotemporal expression of EphA4, eprhinBl, and EphB2 in the
developing chick cerebellum. EphA4 expression begins in the cerebellar anlage as early
as E3. Heterogeneous EphA4 expression in parasagittal bands of PCs is first observed at
E8 and continues into adulthood. Birthdate experiments reveal partial colocalization of
late-born PCs in EphA4 negative regions at El 1. EphrinBl expression in the developing
chick cerebellum is first seen at E9. Until El5, eprhinBl expression is localized to the
premigratory zone of the external granular layer, the migrating granule cell raphes, and
the parallel fibers in the molecular layer. A similar expression pattern is observed for
EphB2. We propose that repulsive interactions between early bom PCs expressing the
EphA4 receptor and late-born cells expressing an EphA4 ligand (not yet identified) may
prevent intermixing and promote parasagittal organization of PCs. In addition, repulsive
signals mediated by the EphA4/ephrinBl may prevent mixing of PCs and migrating
granule cells, thereby restricting die PCs to compartments. Finally, our data shows a
complementary expression between ephrinA5 and EphA4 at the anterior boundaiy of
the cerebellar anlage. We suggest that rostrally, ephrinA5 may act as a stop signal for
EphA4 positive cells, enforcing the anterior boundary of the cerebellar anlage.
Supported by NIH DC 02863.

414.11

414.12

QUANTITATIVE ANALYSIS OF p75 AND ZEBRIN II/ALDOLASE C
mRNA EXPRESSION IN THE DEVELOPING RAT CEREBELLUM BY
QUANTITATIVE IN SITU AND NORTHERN BLOT HYBRIDIZATION.
H.T. Yang1, S. K. Chung2, H, K. Yip1. (SPON: The Hong Kong Society of
Neurosciences). ’Department of Anatomy and 2The Institute of Molecular
Biology, The University of Hong Kong, Hong Kong, China
The parasagittal bands of rat cerebellum are developmentally formed and are
recognized by zebrin II/Ald C. Our previous study has shown that p75 protein
was transiently expressed and co-localized with zebrin II/Ald C in the
developing cerebellum. It suggested that p75 may play a role in the
compartmentalization of the cerebellum. Here, we performed more detailed
quantitative analysis to compare the expression profiles of p75 and zebrin
II/Ald C mRNAs in the developing cerebellum. Using quantitative Northern
blot and in situ hybridization analysis, the mRNA expressions of p75 and zebrin
II/Ald C were determined in embryonic, postnatal and adult cerebellums. Our
results showed that the expression of p75 mRNA was prominent in embryonic
(E-18) and early postnatal (PN-1, -7, -14) cerebellums and was down-regulated
in the late postnatal cerebellums. Zebrin II/Ald C mRNA was gradually
expressed from the first to the third postnatal weeks. Furthermore, the peak
expression of p75 mRNA was at PN-7 and that of zebrin II/AldC mRNA was at
PN-21. The results showed that 1) expression of p75 mRNA preceded those of
zebrin/Aid C II mRNA; 2) the peak expression of p75 mRNA was earlier than
that of zebrin II/Ald C. They suggested that p75 may be one of the genes in a
cascade that is linked to the compartmentalization in the developing
cerebellums.
[Supported by the grants from CRCG and Croucher Foundation]

IMMUNOHISTOCHEMICAL LOCALIZATION OF PLASMINOGEN ACTIVATOR IN
THE DEVELOPING CHICK OPTIC TECTUM. G. Scicolone*1, G Magarinos2, J.L.
Ferran1, S. Pereyra-Alfonso1, V. Sanchez1, V, Flores1. 1 Inst of Cell Biology and Neurosci.
“Prof. De Robertis”. B. A. Univ. Med. Sch. 2Pathology, B. A British Hospital. Buenos Aires.
1121. Argentina
INTRODUCTION. Plasminogen activators (PA) are serine proteases involved in neuronal
migration and neuntogenesis. In previous biochemical studies we demonstrated a typical
developmental pattern of urokinase-PA (u-PA) activity in the chick optic lobe (OL). Proteases
were postulated to be involved in the generation of developmental gradients. We
demonstrated the existence of the polarized expression of u-PA activity along the rostrocaudal (r-c) axis of the developing OL. The present work describes the topographic expression
of u-PA in the optic tectum (OT), the cortical portion of the OL which expresses a polarized
architectural development along the r-c axis.
METHODS. Chick OTs of 12 and 18 days of incubation (E12-E18) were fixed with
parafonnaldehide 4%, embedded in paraplast and cut along the r-c axis. The u-PA expression
was demonstrated by using an immunohistochemical method with an anti-chick u-PA
policlonal antibody (provided by I Quigley, Stony Brook, USA).
RESULTS. At the r tectal pole, the most developed region, uPA expression is evident in
layers “a” to “h” and “SGC”. Immunolabelling decreases caudally, and gradually disappears.
However, at tire c pole, immunolabelling is again evident at sites where tectal lamina are still
segregating. Images observed at c tectal regions at E18 correspond to images observed halfway between r pole and c pole at E12.
CONCLUSIONS. These results are consistent with our hypothesis about: a) the existence of a
polarized expression of PA and b) the occurrence of two waves of PA expression during the
TO development.
This work was supported by grants from UBACYT and CONICET. Argentina

414.13

414.14

REGIONAL SPECIFICATION OF THE MIDBRAIN AND HINDBRAIN IN
THE DEVELOPING CHICK EMBRYO. Chambers. .
Irving.
Shamim. .H« .AYalshe. .JL.&.Masflik .1* MRC Brain Development Prog.,
Dept. of Dev. Neurobiology, UMDS, King's College London, SE1 9RT UK
The isthmus (midbrain/hindbrain junction) is an organising centre responsible for
the production of signals which regulate the polarised patterning of the midbrain and
anterior hindbrain. Fibroblast growth factor 8 (Fgf8)is expressed specifically at the
isthmus and there is now good evidence that it forms at least part of the patterning
signal. Introduction of ectopic FGF8 into anterior midbrain or posterior
diencephalon induced expression of genes normally associated with posterior
midbrain (En-1, En-2, Pax-2, RAGS, elf-1 and Wnt-1), converted diencephalon to a
midbrain fate and re-specified anterior midbrain to posterior. We have also shown
that Fgf-8 has a role in the regional specification of the anterior hindbrain
(rhombomere 1). The introduction of ectopic FGF-8 in the chick hindbrain induced
expression of En-1, En-2 and Pax-2 adjacent to the FGF-8 bead. In contrast, FGF-8
was able to inhibit expression of Wnt-1 in the hindbrain whereas it promoted
expression in the midbrain. We propose that FGF-8 is part of the isthmic activity
that patterns both the midbrain and anterior hindbrain, but these regions interpret
the signal in a distinct manner. We will present further evidence for the role of Fgf-8
in the patterning of the anterior hindbrain. To further elucidate the relationship
between the posterior midbrain and rhombomere 1 a differential display reverse
transcription PCR analysis using RNA isolated from midbrain, rhombomere 1 and
hindbrain has been performed. We have identified at least three different novel genes
which are expressed in the midbrain and rhombomere 1 territory but not in the
posterior hindbrain of a PH stage 10 embryo. We will present evidence for the
identity of these molecules and their expression during regionalisation of the neural
tube. Supported by the MRC, Human Frontier Science Program and Wellcome Trust.

MOUSE EMBRYOS MUTANT FOR EPHB2 (NUK) AND EPHB3 (SEK4)
RECEPTOR TYROSINE KINASES HAVE ABNORMALITIES OF THE
VENTRAL MESENCEPHALON. G.S. Mastick1*, X. Cao2, M. Henkemeyer2
and E. Nilsson1. ’Dept. of Biology, Univ. of Nevada Reno, Reno, NV
89557; 2Center for Developmental Biology, Univ. of Texas Southwestern
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Medical Center, 6000 Harry Hines Blvd., Dallas, TX 75235-9133.
EphB2 and EphB3 are members of the large Eph-related family of receptor
protein-tyrosine kinases. Mice mutant for the EphB2 and EphB3 genes
exhibit a number of abnormalities, including defects in the migration of
axons forming the anterior commissure and corpus callosum. In the early
embryo, EphB2 shows very strong expression in ventral regions of the
rostral neural tube specifically in domains of the forebrain and
mesencephalon, especially near the cephalic flexure. In this study,
embryonic day 10.5 double mutants were examined to determine whether
any abnormal phenotypes could be identified at earlier periods of
development. We found that the ventral mesencephalon near the cephalic
flexure of the neural tube exhibited an extra keel of tissue. Labeling the
double mutants with the motor neuron specific antibody Isl-1 revealed a shift
of motor neurons to more lateral regions of the rostral neural tube.
Furthermore, HNF3-beta-positive floorplate and adjacent neuroepithelium
was expanded, and Tujl positive axon tracts were altered. These results
suggest that EphB2 and EphB3 function to regulate neuroepithelial cell
proliferation or identity in the mesencephalon.
Supported by NIH grant NS33337, and Univ Nevada, Reno.
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414.15
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414.16

ROLE OF OTX2 AND GBX2

FOR DEVELOPMENT OF CHICK OPTIC

TECTUM
T, Katahira, T, Sato, S. Sugiyama, T. Okafuji, I. Araki, J, Funahashi and H, Nakamura*,
Dept. of Molecular Neurobioiogy, Institute of Development, Aging and Cancer, Tohoku

Univ.;
Otx2 is expressed in the prosencephalon and mesencephalon, and Gbx2 is expressed in

the isthmic region. We carried out gain of function experiment of these genes by in oxo
electroporation to look at role of these genes in the tectum development. When Otx2 was
ectopically expressed at the metencephalon, the alar plate transformed into the tectum. On

the other hand, when Gbx2 was ectopically expressed at the mesencephalon, caudal limit of

the tectum shifted rostrally. We have examined the effect of Otx2 and Gbx2 on tectum and
isthmus related molecules. Otx2 and Gbx2 repressed each other’s expression. Ectopic Otx2
induced Fgf8 in the metencephalon, where Gbx2 is endogenously expressed. Ectopic Gbx2
induced Fgf8 in the mesencephalon, where Otx2 is expressed endogenously. These results
indicate that Fgf8 is induced at the interface of Otx2 and Gbx2 expression, that is,
interaction between Otx2 and Gbx2 determines the site of Fgf8 expression. Induced Fgf8 in

turn induced En-2 expression. Our study indicates that the brain vesicle, which expresses

Otx2 and En, differentiates into the tectum under the influence of isthmus oiganizing signal.

Consequently, the caudal limit of the tectum coincides with the caudal limit of the Otx2

expression.

EMX2 IS REQUIRED FOR GROWTH BUT NOT PATTERNING OF
THE HIPPOCAMPUS S. Tole*l, G. Goudreau2, P. Gruss2, and E, A.
Grove3 ITata Institute of Fundamental Research, Mumbai, India; 2Max Planck
Institute of Biophysical Chemistry, Gottingen, Germany; 3Dept. Neurobioiogy,
Pharmacology and Physiology, University of Chicago, Chicago, IL, 60637, USA.
The medial wall of the telencephalon gives rise to the hippocampal formation,
which includes the subiculum, fields CAI and CA3, and the dentate gyrus. We
have previously established that these regions are specified early, displaying regionspecific molecular markers at E (embryonic day) 15.5. A candidate source of signals
that regulate hippocampal development is the cortical hem, a putative signaling
center at the edge of the medial telencephalon. Intriguingly, the cortical hem is
delineated by the nested expression of the homeobox genes, Emxl and 2: only
Emx2 is expressed in the cortical hem, whereas both are expressed in the rest of the
presumptive cortex. Emx2 may therefore play direct and indirect (via the hem) roles
in hippocampal development. Previous studies indicated that mice lacking
functional expression of Emx2 display a shrunken cortex, and an apparent loss of
the dentate gyrus. We probed Emx2 mutant brains at El8.5 with a panel of
molecular markers that identifies distinct hippocampal regions, including markers
for the dentate gyrus. The results reveal a clear patterning of the mutant
hippocampus, where each marker in our panel, including those for dentate gyrus
cells, is expressed in a smaller, but regionally appropriate manner compared with
control mice. A widespread slowing of development in the Emx2 mutant cortex
may hinder the formation of a morphologically identifiable dentate gyrus.
Consistent with this scenario, the cortical ventricular zone and cortical plate appear
immature at all ages examined, and although regional markers appear in a spatially
accurate manner, they are temporally delayed. These observations indicate that
Emx2 is required for the growth and maturation, but not the patterning of the
hippocampus.
Supported by NIH, the Brain Research Foundation and the Committee on Cancer
Biology, U. Chicago.

SYMPOSIA

TUESDAY AM

416

417

SYMPOSIUM. REPERCUSSIONS OF EARLY BRAIN INSULTS AND
MALDEVELOPMENT. J. Bachevalier, Univ. of Texas (Chairperson); B. Kolb,
Univ. of Lethbridge; B. Payne, Boston University; F. Vargha-Khadem, University
College London.
For over 60 years it has been known that the behavioral effects of brain injury are
less severe when brain insult is incurred early in life compared to in adulthood. This
symposium will present recent evidence indicating that early brain insults yield
additional, non-adaptive, unexpected, and negative repercussions on distant
structures normally connected to the damaged region. Thus, although the immature
brain has a substantial latent flexibility to overcome major challenges to its normal
development, in some instances, this flexibility is at a price. B. Kolb will present
data on early cortical lesions in rats that are associated with significant sparing of
functions but also that are characterized by a broader spectrum of behavioral loss not
seen with similar removals in adulthood. These behavioral changes are accompanied
by distinct anatomical and morphometric changes. B. Payne will describe the
repercussions of early visual cortex lesions in cats. These early lesions induce
specific and ordered rewirings of brain pathways that can be linked to neuronal and
functional compensations, as well as death of specific neuron populations that are
associated with permanent deficits in visually guided behaviors. J. Bachevalier will
characterize the long-term effects of early medial temporal lobe lesions on memory
processes and social behavior in monkeys and will present new evidence on the
widespread repercussions of these early lesions. F. Vargha-Khadem will describe
and characterize the memory loss found with patients with early insult to the
hippocampus. Together, the information is significant for understanding etiology of
developmental disorders in humans.

SYMPOSIUM. INSULIN AND RELATED FACTORS IN CNS
DEVELOPMENT AND DEGENERATION. K. Talbot, Univ. of
Pennsylvania (Chairman); R. Schechter, Univ. of Oklahoma; A.J. D’Ercole.
Univ. of North Carolina, Chapel Hill; K. Vekrellis, Harvard Inst, of
Medicine; S. Craft, Univ. of Washington.

Contrary to earlier views, insulin and related factors are now known to
have potent and direct actions on the CNS. Yet many neuroscientists may
still be surprised to learn that (1) the brain itself appears to synthesize insulin
(e.g., Schechter et al., Brain Res. 736: 16-27, 1996), (2) that insulin
produced by the brain may be critical in fetal neurofilament distribution
(Schechter et al., Brain Res. 808: 270-278, 1998), (3) that insulin-like growth
factor 1 (IGF 1) profoundly affects neuronal proliferation and survival
(D’Ercole et al., Mol. Neurobiol. 13: 227-255, 1996), capable even of
rescuing cultured hippocampal neurons from beta amyloid toxicity (Dore et
al., PNAS 94: 4772-4777, 1997), (4) that insulin degrading enzyme (IDE)
appears to be the principal protease responsible for metabolizing beta
amyloid (Qiu et al., J. Biol. Chem. 273: 32730-32738, 1998), and (5) that
there is a consistent relationship between insulin metabolism and
apoliprotein E genotype in Alzheimer’s disease (Craft et al., Neurology 50:
164-168, 1998). Those findings will be discussed in this symposium by some
of the principal investigators in the field. They will explain the research
involved, address the controversies it has raised, and address its therapeutic
implications for degenerative disorders such as Alzheimer’s disease.

OPIATE RECEPTORS II
420.1

420.2

STATISTICAL PARAMETRIC MAPPING OF AGE AND SEXASSOCIATED CHANGES IN BRAIN MU OPIOID RECEPTOR
BINDING IN NORMAL HEALTHY MALES AND FEMALES.
B. Bencherif, N, Ilein, J.L, Musachio, H.T Ravert, , W.B, Mathews, R.F.
Dannals, and J.J Frost* .The Johns Hopkins University School of Medicine.
Baltimore, MD.
Age and sex-related changes in brain structure ar.d function have been
described, but little is known about their effect on human brain mu opioid
receptor (mOR) binding. Regional mOR binding was measured in normal
healthy controls using 1 'C-carfentanil and PET scan. Twenty two males,
age 44±17 years (21-74) and 20 females, 41 ±29 years (19-78)) were
studied. A thermoplastic mask and MRI were used for PET localization
and for partial volume correction for the effect of atrophy on PET
measurements. Parametric images of (region-occ.ctx)/occ.ctx from 35-82
min were spatially normalized to a standard space, smoothed
(FWHM=10mm) and analyzed using Ancova (threshold: size k> 62 voxels
and magnitude Z>3.09, p<0.001 uncorrected). Significant positive
correlation between mOR and age was found in both sexes bilaterally in
the anterior gyrus cingulate, the frontal and parietotemporal cortex. A
similar pattern of negative correlation between mOR binding and age was
found in both sexes in the hypothalamic region, the amygdala and the
periacqueductal gray matter. After correction for atrophy using
coregistered MRI these findings persisted or were more prominent. Similar
age-related changes in mOR occur in both sexes likely related to a primary
change in mOR and/or to an adaptation of the receptor to a decrease in
opioid peptide transmitters.

IDENTIFICATION AND CHARACTERIZATION OF A NOVEL SPLICE
VARIANT (MOR-1F) OF THE MOUSE MU OPIOID RECEPTOR. Y.-X, Pan*, J.
Xu. A. Chang, E. Bolan, L, Mahurter, G. Rossi and G.W. Pasternak. Cotzias
Laboratory of Neuro-Oncology, Department of Neurology, Memorial Sloan-Kettering
Cancer Center, New York, NY 10021, U.S.A.
Recently, increased evidence has suggested that the mouse MOR-1 gene undergoes
extensive splicing. Five MOR-1 splice variants (MOR-1 A, MOR- IB, MOR-1C, MOR1D, MOR-IE), differing only at the intracellular carboxyl terminus, have been
identified. Here we report isolation of an additional MOR-1 splice variant, MOR-IF,
using an RT-PCR approach. Sequence analysis of the MOR-IF cDNA indicates that
MOR-1F contains another new exon (exon 10) with an exon composition of 1, 2, 3,
10, 6,7, 8 and 9. Exon 10 has been mapped between the exons 4 and 6 in the mouse
genomic BAC clones containing the MOR-1 gene. Exon 10 is predicted to encode 58
amino acids in the C-terminal of the MOR-1F, which is longest among the variants.
Exons 6, 7, 8 and 9 are not translated in MOR-1F. Northern blot analysis of mouse
brain total RNA using an exon 10 probe showed a diffuse band, ranging in size from
approximately 3 to 4 kb. This was distinguished from the single transcript of
approximately 12 kb recognized by an exon 4 probe from the original MOR-land a
band of approximately 6-9 kb hybridized by a probe containing exons 7, 8 and 9.
Expression of the MOR-IF mRNA in different brain regions determined by RT-PCR
indicated that all the regions expressed MOR-1F with higher levels in hypothalamus
and PAG. Binding studies in CHO cells transfected with the MOR-1F construct
suggest that MOR-IF encodes a mu opioid receptor. This work is supported by
DA00296 (Y.-X. P.) and DA02615 and DA00220 (G.W. P.).

Society

for

Neuroscience

, Volume

25, 1999

OPIATE RECEPTORS II

TUESDAY AM

1035

420.3

420.4

PERIPHERAL INFLAMMATION INCREASES THE EXPRESSION
OF mRNA THAT CODIFIES FOR THE p-OPIOID RECEPTORS IN
MICE INTESTINE. O. Pol and M.M. Puig*. Anesthesiology Research
Unit, IMIM, Hospital Universitario del Mar, Barcelona, Spain, 08003.
We have shown that intestinal inflammation induces a ten time
increase in the inhibitory effects of p/8 opioids on intestinal transit
and permeability. These effects are mediated by peripheral opioid
receptors (OR) that could be “sensitized” or “up-regulated” during
inflammation. Our aim was to evaluate changes in the expression of
mRNA that codifies for p-OR during intestinal inflammation.
Inflammation was induced by intragastric croton oil; five days later,
animals were sacrificed, the small intestine removed and total RNA
extracted with RNAzol reagent. The expression of p-OR mRNA in the
whole gut was assessed by semiquantitative reverse-transcriptase
polymerase chain reaction (RT-PCR); p-actin was coamplified as
internal standard. The PCR products were separated by
electrophoresis, visualized under ultraviolet light and analyzed using
the Diversity database program. The data show that inflammation of
the gut induces a significant increase (approximately 30 %) in the
levels of p-OR messenger RNA. These results suggest that the
enhanced effects of p-opioids observed during inflammation, are
mediated by an increase in the synthesis of the receptor protein.

SEXUAL BEHAVIOR INDUCES MU-OPIOID RECEPTOR INTERNALIZATION
IN THE MEDIAL PREOPTIC AREA OF THE MALE RAT. L.M, Coolen1. L,
Yu*1. M.T, Shipley2 and M.N, Lehman1. *Dept. Cell Biol., Neurobiol. & Anat.,
Univ. Cincinnati, Cincinnati OH 45267; 2Dept. Anat & Neurobiol, UMB, Baltimore,
MD 21201.
The role of opioids in the expression of male sexual behavior has been a topic of
research for many years. Pharmacological studies have investigated the neural sites
where local injections of ligands impair sexual behavior, and where antagonists
facilitate copulation. Taken together, these studies lead to the hypothesis that
endogenous opioid peptides (EOP) are released during copulation. The present study
investigates the medial preoptic nucleus (MPN) as a possible target area for these EOP.
First, the distribution of mu opioid receptors was compared with that of Fos-positive
neurons induced by copulation using a dual immunoperoxidase technique with
antibodies recognizing the mu receptor (DiaSorin) and Fos (Santa Cruz). A striking
overlap was found between the location of mu receptors and Fos in the MPN and other
areas critical for male sexual behavior, thus suggesting a role for this opioid receptor
subtype in mediating the effects of EOP on copulation. Subsequently, the activation of
mu receptors in MPN as a result of male copulation was investigated. Opioid receptors
are typical G-protein coupled receptors that undergo agonist-induced receptor
internalization. This phenomenon of receptor internalization was used as a marker for
neural activation. Interestingly, there was a dramatic induction of internalization of mu
receptors in the MPN of male rats that displayed copulation compared to control males
that were placed in a test cage without the presence of a female. Confocal microscopy
demonstrated the translocation of mu receptor immunoreactivity from the plasma
membrane in control males to the cytoplasm in mated males. In addition, matinginduced internalization resulted in a two-fold increase in density of mu receptor
immunoreactive neurons and fibers in MPN. These results provide evidence for the
release of EOP in the male rat at the cellular neuroanatomical level. Finally, this study
represents the first demonstration of the use of receptor internalization as a marker for
EOP action during a naturally occurring behavioral situation.
Supported by NIH/NIDA R01-DA11891 (LY) and USDA 97-35203-4766 (MNL).

Supported by CICYT # PM96-003 and Marato TV3 # 2032/97, Spain

420.5

420.6

DALARGIN DEPRESSES THE EXCITATORY EFFECTS OF LGLUTAMATE AGONISTS IN FROG SEMICIRCULAR CANALS. G.N.
Andrianov*, I.V. Ryzhova and T.V. Tobias, Lab. of Physiology of
Reception, Pavlov Institute of Physiology, Russian Academy of
Sciences, StPetersburg 199034, Russia.
Previous studies have shown that the neurotransmitter Lgiutamate (L-GLU) is involved in opioid action at the semicircular
canals of the frog. The present investigation attempts to further
characterize synaptic opioid receptors by examining the effects of
synthetic opioid peptide dalargin (DAL) (Tyr-D-Ala-Gly-Phe-Leu-Arg)
on responses induced by L-GLU agonists kainate (KA), N-methyl-Daspartate (NMDA) and D,L-a-amino-3-hydroxy-5-methylisoxazole-4propioinic acid (AMPA) at the afferent synapses of the isolated
semicircular canals of the frog Rana temporaria. Bath-applied KA
(0.1-10 pM), NMDA (1-10 pM) and AMPA (0.1-10 pM) caused a
considerable and reversible increase in resting frequency. In the
presence of DAL (1 nM), the effects of KA (5 pM), NMDA (50 pM)
and AMPA (0.5 pM) on the afferent fibre activity were reduced by
68.0±7.5% (P<0.05, n=10), 71.2 ±7.4% (P<0.05, n=17) and
69.1±7.7% (P<0.05, n=13) of the control level of L-GLU agonists
application, respectively. Thus, these results are consistent with the
hypothesis that opioid peptides may act as neuromodulators
interacting with both NMDA and non-NMDA types of membrane
receptors at the peripheral vestibular system of the frog.
Supported by the Russian Foundation of Basic Researches Grant
No. 99-04-49535.

MECHANISM OF KAPPA AND MU OPIOID MODULATION OF C6
GLIOMA CELL PROLIFERATION C.J. Coscia*. L.M. Bohn and M.M,
Belcheva. Dept. Biochem. & Mol. Biol., St. Louis Univ. Sch. of Med St Louis
MO 63104.
In examining signaling mediated by the endogenous k opioid receptor (OR)
in C6 glioma cells, an astrocytic model system, we found that the K-selective
agonist, U69,593, stimulated phospholipase C (PLC), extracellular signalregulated kinase (ERK) phosphorylation, PYK2 phosphorylation and DNA
synthesis. U69,593-stimulated ERK activation was shown to be upstream of
DNA synthesis as inhibition of pertussis toxin-sensitive G proteins, L-type Ca2+
channels, PLC, intracellular Ca2+ release, PKC and ERK kinase blocked ERK
activation and cell proliferation. By overexpressing dominant-negative or
sequestering mutants, we provided evidence that ERK activation is
Ras-dependent and was transduced by Gpysubunits. C6 cells also contain p
opioid receptors. Chronic treatment of C6 cells with p agonists attenuated k
mitogenic signaling. To investigate the role of receptor endocytosis in signaling,
we examined the effects of dynamin suppressor mutant (K44A) on opioid
modulation of ERK activity. K44A overexpression did not affect k opioid
activation of ERK, but it blocked the inhibitory action on k signaling mediated
by the p opioid receptors. Our results are consistent with a growing body of
evidence of the opposing actions of p and k opioids and provide insight into the
role of opioid receptor trafficking in signaling. Supported by NIDA grant
DA05412.

420.7

420.8

IMMUNOLOGICAL CHARACTERIZATION OF THE DELTA OPIOID
RECEPTOR IN NG108-15 SUBCELLULAR FRACTIONS. M. M, Belcheva*.
E.G. Ignatova1. H.D, Chung2* and C. J, Coscia1. ’Dept. Biochem. and Mol. Biol.,
and 2Dept. of Pathology and Psychiatry, St. Louis Univ. Sch. of Med. St. Louis, MO
63104
In NG 108-15 neuroblastoma-glioma hybrid cells most 6 opioid binding sites are
found in plasma membrane-containing fractions, but a detectable number are
located in preparations enriched in ER/Golgi, nuclear membranes and nuclear
matrix. To determine the relative size of 6 opioid receptor (DOR-1) in these 4
subcellular fractions, a C-terminal (CTe)-directed anti-DOR-1 antibody (Ab) was
generated and used to characterize them. Since DOR-1 has 2 sites for N-linked
glycosylation on its N-terminal (NTe), membrane proteins from NG 108-15 cells
were solubilized and purified by wheat germ agglutinin chromatography to isolate
glycoproteins. Both the anti-CTe and an anti-NTe Ab (Signal Transduction Labs)
detected a single band (68 kDa) in N-acetyl-D-glucosamine eluates indicating that
this is intact, monomeric DOR-1. Deglycosylation of the purified proteins showed
a decrease in the molecular size of DOR-1 to 38 kDa as detected by both anti-CTe
and anti-NTe Abs. The 38 kDa molecular size is in close agreement with the
predicted molecular weight based on amino acid sequence (40.5 kDa). DOR-1 was
immunoprecipitated from the 4 subcellular fractions with anti-CTe Ab and
immunoblotted with a biotinylated form of the same Ab. Extravidin-HRP was used
for detection. In all subcellular fractions a major 68 kDa band was detected. The
results suggest that all subcellular fractions contain the intact form of the receptor.
However, the presence of truncated forms of DOR-1 devoid of epitope remain a
possibility. Supported in part by NSF grant IBN-9728416.
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+REGULATORY CHANGES INDUCED BY CHRONIC MU-OPIOID AGONIST
TREATMENTS IN RAT BRAIN. M. Szucs1, B. Bozo1, E. Kicsi1, J. Farkas1, G.
Toth1, M. Macsav2, G, Szabo2. ’Biological Research Center;2 SZOTE Medical
University, Szeged, Hungary (SPON: European Neuroscience Association)
In this work, changes in the binding parameters, G-protein coupling and the
molecular weight of mu-opioid receptors were evaluated after sustained
agonists exposure. Repeated injection of the mu-opioid agonist peptides,
DAMGO (Tyr-D-Ala-Gly-MePhe-Gly-ol) and DAMCK (Tyr-D-Ala-Gly-MePheCH^CI) at 10 pg for 8 days twice daily icv resulted in the internalization of m25%
of fHjDAMGO binding sites. Desensitization was not observed by measuring
DAMGO-stimulated i SjGTPyS binding. When analgesic tolerance was
induced by increasing doses of morphine twice daily sc, the number of surface
mu-opioid binding sites was not altered, however increased by 50% in a 'light
membrane' fraction sedimented at 100,000 x g. These up-regulated
intracellular sites displayed enhanced coupling to G-proteins measured with
DAMGO-stimulated [55S]GTPyS binding. In vitro covalent labeling of the muopioid receptors with [3H]DAMCK followed by SDS-PAGE and fluorography
indicated that it is the ~50 kDa binding subunit and not a fragment of the muopioid receptor that participated in receptor trafficking. It is concluded that
chronic opioid treatments elicited ligand-specific regulation of mu-opioid
receptors in rat brain. (TET-564, OTKA T-016084 research grants.)
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420.9

420.10

CIRCULATORY AND BODY TEMPERATURE RESPONSES DURING
DEPENDENCE AND WITHDRAWAL FROM MORPHINE (M) AND
BUTORPHANOL (B): A BIOTELEMETRY STUDY. T. Nakai, K, Polk, I.K. Ho, and
R.W. Rockhold*. Department of Pharmacology and Toxicology, University of
Mississippi Medical Center, 2500 N. State St., Jackson, MS 39216-4505.
Arterial blood pressure (BP), heart rate (HR), body temperature (BT) and behavioral
responses were compared using implantable transmitters (Data Sciences, Inc.) during
induction of dependence (3 day intracerebroventricular, i.c.v., infusion by osmotic
minipump) on B or M (26 nmol/pl/hr) and during naloxone-precipitated (N-pptW: 48
nmol/5 pi) or naturally occurring withdrawal (NOW). Male Sprague-Dawley rats (300350 g; 5-6/group) were used. An i.c.v. saline infusion (lpl/hr) served as control for
opioid dependence induction and i.c.v. saline (5 pi) as control for the naloxone
challenge. M, but not B or saline, increased BT and mean BP, effects that were
sustained for the 3 days of infusion. Diurnal variations, evident in BT, were abolished
during M, but not B or saline, infusion. Diurnal variations in other recorded variables
were not evident during the i.c.v. infusion period. Neither HR, Q-A interval, nor
biotelemetry-monitored physical activity (PA) changed dramatically among groups
during i.c.v. infusion. M-dependent rats only showed immediate hypothermia with
recovery in the first 2 hr following N-pptW, while NOW did not change BT during that
pcricd hi a:;y treatment group. Mean EP ’.vas e'evated in M, but not B or saline groups
for tlie first 2 hr following NOW, but did not differ greatly among groups during NpptW. Behavioral withdrawal was noted in both M and B-treated rats in the first 30
min. following N-pptW, but not over a similar period in NOW. HR, Q-A interval and
PA, did not change during N-pptW or NOW. The i.c.v. infusion of M, but not B, elicits
significant circulatory and BT responses during induction of dependence and
withdrawal. (Supported by NIDA 05828)

FUNCTIONAL EXPRESSION OF ZFOR1, A RECEPTOR FROM
ZEBRAFISH WITH HIGH HOMOLOGY TO 6
OPIOID
RECEPTOR. A. BarralloHL F. Garcia-Maivartl. L, McFayden#. R, Gony^lezSarmiento§. J.R. Travnor#. R.E. Rodrfguezll*. §Dept. Medicine and 5Dept.

420.11

Biochemistry and Molecular Biology , University of Salamanca, Spain, and
#Dept. Pharmacology, University of Michigan.

We have recently cloned a gene from zebrafish (Dartio rerio) with high
homology to the mammalian 8 opioid receptor, DOR. To characterize this
receptor and to compare its pharmacological profile to DOR, we stably expressed
ZFOR1 in HEK293 cells. Saturation binding experiments with [3H]diprenorphine yielded a K<j value of 3.39±0.61 nM and Bmax of 2031±61
fmol/mg protein. Specific binding (86.2±8.7%) was defined with naloxone (10'6
M), confirming the opioid nature of ZFOR1. Competitive binding studies with
several opioid ligands were also performed to further classify this new opioid
receptor. ZFOR1 presented low affinity (>1000 nM) for the classical synthetic
opioid selective ligands DAMGO, DPDPE and U69,593, but showed higher
affinity for the 8-agonist BW373U86 (Ki 89nM) and the non-selective lignads
EKC (Ki 27 nM) and bremazocine (Ki 4.5 nM). In functional psS]-GTPyS
experiments, BW373U86 was found to be a good agonist, with an EC50 of
0.94±0.25 x 10+ M and a maximal stimulation of 86.6±2.2% over basal levels.
This investigation supports the existence of a functional 6-opioid receptor in
anamniote vertebrates, although there are clear differences in the binding
properties compared to the classical mammalian receptor.

Funded by Fundacion Ramon Areces, Junta de Castilla y Leon and FISS.

420.12

MORPHINE-INDUCED MAPK ACTIVATION IS MODULATED BY
TYROSINE KINASE SRC IN PRIMARY NEURONS D. Mangoura13.
J.C. Poczatek1. N, Sakellaridis4*. and C. Wheat1. 1 Pediatrics,
2Committee on Neurobiology, and 3Committee on Cell Physiology, The
University of Chicago, Chicago, IL 60637; 4Pharmacology and
Neurology, Indiana University, GNW Center, IN 47408.
We have previously shown a novel coupling for the G-protein p-opioid
receptor to tyrosine kinase activation, which is upstream to Phospholipase
D and PKC-e activation. Moreover, we have provided evidence that metenkephalin activates both tyrosine kinases Src and FAK, and the MAP
kinase ERK. We are currently investigating whether the two signaling
events crosstalk. These alternate signaling effectors were activated by
morphine (InM - 1//M) in cultured postmitotic neurons derived from E8
embryonic telencephalon. Morphine-induced MAPK activation was
prolonged, as compared to met-enkephalin and lasted for over 1 hour.
Activation was measured both as electrophoretic mobility retardation of
MAPK and as increased phosphorylation in in-gel MBP phosphorylation
assays. The activation was completely inhibited by naloxone, pertussis
toxin, and the selective MAPK/ERK kinase 1 inhibitor PD 98059.
Tyrphostin AG1478, an inhibitor of EGFR’s tyrosine kinase domain, had
no effect. In contrast the Src inhibitor PPI significantly attenuated the
morphine-induced MAPK activation. The PKC inhibitor cheierythrine did
not have any significant effect. The duration of the morphine-induced
MAPK activation was similar to that observed with EGF in differentiated
telencephalic neurons. These data suggest that the Src signaling is a major
pathway for opioids. Furthermore, it indicates that the activation of
MAPK may occur primarily through a Src-ras pathway. The physiological
role of this pathway is expected to be in modulating membrane functions
(support: BRF to DM).

ORL1-RECEPTOR ACTIVATION BY THE OPIOID BUPRENORPHINE IN

cRNA-INJECTED OOCYTES P. Bloms-Funke1, C. Gillen2, F. Hucho3*, S.
Wnendt2, 1Dept. of Pharmacology and 2Dept. of Mol. Pharmacology,
GRONENTHAL GMBH, 52078 Aachen, Germany: 3 Inst, of Biochemistry:
Free University Berlin, Thielallee 63, 14195 Berlin, Germany.
The nociceptin/orphanin FQ (N/OFQ) receptor (e.g. the human ortholog
ORL1) has been shown to be pharmacologically distinct from classical
opioid receptors. There are currently only a few non-peptidic ORL1 agonists
which, however, have a low or moderate potency in binding or functional
assays. Recently, we have identified buprenorphine as a relatively strong
ORL1 agonist using a reporter gene assay. For further analysis, the effect
of buprenorphine on the ORL1 receptor has been investigated in a Xenopus
oocyte expression assay.
After co-injection of cRNA encoding ORL1 and rat GIRK1, membrane
currents were recorded with a conventional voltage clamp technique
(holding potential: -70 mV, high potassium buffer).
Buprenorphine induced inward currents in oocytes co-expressing ORL1
with GIRK1. The agonistic effect of buprenorphine was concentrationdependent with an EC50 of about 100 nM. In native oocytes, which express
neither N/OFQ receptors nor GIRK1, buprenorphine was without effects in
concentrations up to 10 pM. For comparison, N/OFQ displayed an EC50 of
about 8 nM in ORL1-GIRK1-coexpressing oocytes.
These results show that the opioid buprenorphine has agonistic properties
at the ORL1 receptor expressed in cRNA-injected oocytes and essentially
confirm our investigations with a functional reporter gene assay, in which
buprenorphine has been shown to be only tenfold less potent than
nociceptin. The N/OFQ receptor agonism might contribute to actions of
buprenorphine in pain models in vivo besides its p- or K-opioid receptor
mediated effects.

UPTAKE AND TRANSPORTERS: TRANSPORTERS
421.1

421.2

CONSTITUTIVE ION FLUXES OF THE HUMAN EXCITATORY AMINO
ACID TRANSPORTERS
Wendy A. Fairman* & Susan G. Amara. HHMI, Vollum Institute, Oregon Health
Sciences University, Portland, OR 97201.
Excitatory amino acid transporters (EAATs) in the CNS are important for
the clearance of synaptically released glutamate and may contribute to the
termination of synaptic transmission. Additional ion fluxes associated with these
carriers, including a ligand-gated anion conductance and an arachidonic acidstimulated proton flux may also contribute to modulating synaptic excitability.
Zinc is released at high concentrations at some glutamatergic synapses and has
been reported to modulate the activity of a variety of membrane proteins. In
Xenopus oocytes expressing EAAT1, EAAT2, EAAT4 and EAAT5, the
application of micromolar concentrations of zinc in the absence of exogenously
applied substrate blocks a nonselective cation conductance. In addition, with the
cerebellar specific isoform, EAAT4, zinc can block not only a constitutive cation
leak, but also an anion leak.
The relative magnitude of the zinc-blocked conductances vary between carrier
subtypes with a rank order of magnitude of EAAT5 > EAAT4 > EAAT2 >
EAAT1 and indetectable for EAAT3. Furthermore, anion substitution experiments
suggest that external anions may modulate the relative magnitude of the zincblocked conductance. The rank order of potency for anions to modulate the zincblocked cation conductance (methylsulfate > bicarbonate >cyclamate > nitrate >
chloride > methanesulfonate > gluconate > thiocyanate »carbonate) is distinctly
different from the rank order of permeation for the substrate-gated anion
conductance (nitrate > thiocyanate > chloride > carbonate > bicarbonate >
cyclamate > methanesulfonate > gluconate). These data suggest that anions
modulate the zinc-blocked leak conductance at a site distinct from that associated
with the substrate-gated anion conductance for the EAA carriers.
Supported by NS33273 and HHMI.

ASTROGLIAL HIGH-AFFINITY GLUTAMATE TRANSPORTERS ARE
DIFFERENTIALLY REGULATED BY NEURONAL FACTORS.
G. Gegelashvili1*, N. C. Danbolt2, A, Schousboe 1 .‘The Royal Danish School
of Pharmacy, Department of Pharmacology, DK-2100 Copenhagen, Denmark;
2University of Oslo, IBMS, N-0317 Oslo, Norway.
Low concentration of neurotransmitter glutamate in the synaptic cleft is maintained by several high-affinity glutamate transporters (GLAST, GLT1, EAAC1,
EAAT4, and EAAT5). Aberrant expression and functioning of these carrier
proteins may lead to elevated, excitotoxic levels of glutamate and, thus, induce
neurodegeneration. GLT1, an astroglial transporter that is the most abundant
glutamate carrier in the brain, was hardly detectable in pure astroglial cultures , but
was up-regulated in the presence of neurons. The induction of GLT1 protein and
mRNA was reproduced in astroglial cultures supplemented with conditioned
media from cortical neuronal cultures. Several growth factors of neuronal origin
exhibited differential effects on GLT1 expression in astroglial cultures. The
GLAST transporter, being robustly expressed in pure astroglial cultures, was
slightly up-regulated in the presence of neurons, but not in the presence of neuronconditioned media. Long-term treatment of astrocytes with glutamate, kainate or
dBcAMP resulted in selective up-regulation of GLAST expression and uptake
activity, whereas activation of metabotropic glutamate receptors by trans-ACPD
altered only the GLAST mRNA levels. Glutamate receptor-sensitive regulation of
GLAST seemed to involve primarily translational and intracellular trafficking
mechanisms, whereas the cAMP-dependent pathway utilized transcriptional
mechanisms as well. In conclusion, the expression of GLAST and GLT1 in
astroglia may be differentially regulated by neuronal factors via distinct signalling
pathways and expression mechanisms.
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421.4

OVEREXPRESSION OF THE GLUTAMATE TRANSPORTER, EAAT2 IS
NEUROPROTECTIVE AGAINST EXCITOTOCITY-INDUCED APOPTOTIC CELL
DEATH. L.R. Hirsch and M.L. Sutherland*. Department of Pharmacology, Center for
Molecular Neuroscience, Vanderbilt University, Nashville TN 37232.
EAAT2 is the predominant glial subtype of excitatory amino acid transporter present
in the adult murine central nervous system. Down-regulation of glutamate transport
occurs following seizure induction, anoxia and in human neurodegenerative disorders
such as amyotrophic lateral sclerosis and Alzheimer’s disease. The role of EAAT2
regulation in neurological disease states is unknown, although one hypothesis is that
reduction of glutamate transport contributes to excitotoxic cell death.
To determine if overexpression of EAAT2 can be neuroprotective under various
neuropathological conditions, we developed a transgenic model of EAAT2
overexpression where the EAAT2-GFP fusion construct is driven by the astrocytespecific GFAP promoter. In situ hybridization and immunohistochemical analysis
demonstrate glial-specific expression of the EAAT2 transgene mRNA and protein,
respectively in the adult EAAT2 transgenic CNS.
Histologically, adult transgenic
animals have a smaller cerebellum and cerebrocortex, although there is no alteration in
supraficial organization of cortical layers. Synaptosomal uptake analysis demonstrates
a 3-5 fold increase in the Vmax for glutamate uptake in the cerebral cortex and
hippocampus of EAAT2 transgenics, while there is no significant change in the Kms or
in the Kj for dihyrokainate inhibition. To test if increased glutamate uptake can protect
against excitotoxic cell death following convulsant-induced status epilepticus, agematched adult transgenic and wild-type animals were injected with 25 mg/kg kainic acid
and sacrificed 1 day and 7 days post injection. TUNEL analysis of these animals
demonstrates a significant decrease in the number of apoptotic cells in the hippocampus
of EAAT2 transgenic animals. Reduction in apoptotic cell death following seizures
correlates with attentuation of c-jun mRNA and protein induction. This work was
supported by the ALS Association, Methodist Foundation Grant and MH57981.

INHIBITION OF Na+-K+-2C1' COTRANSPORTER IN
ASTROCYTES ENHANCES INTRACELLULAR [3H]-ZGLUTAMATE ACCUMULATION AND ATTENUATES [3H]-DASPARTATE RELEASE IN HIGH [K+]o. G. Su, R. J. Dempsey and
D. Sun? Departments of Physiology and Neurological Surgery, University

421.5

421.6

DOPAMINERGIC INNERVATION OF THE PRIMATE MEDIODORSAL
THALAMIC NUCLEUS. D.S. Melchitzky1* and P.A. Lewis12. Depts. of
Psychiatry1 and Neuroscience2, University of Pittsburgh, Pittsburgh, PA 15213.
Previous studies have revealed a projection from the substantia nigra to the
mediodorsal thalamic nucleus (MDTN) in the primate. However, it is not known
whether dopamine (DA) axons innervate the MDTN. In order to address this
question, we utilized immunocytochemical methods and an antibody against the
dopamine transporter (DAT) to examine the distribution of DA axons in the MDTN
of macaque monkeys. DAT-immunoreactive (IR) axons were distributed quite
heterogeneously in the MDTN, and did not strictly adhere to subdivision boundaries.
In coronal sections, the ventral and lateral portions of the MDTN, which included
parts of the parvicellular, magnocellular, and multiform subdivisions, had the
greatest density of DAT-IR axons. In contrast, the dorsomedial portion, which
primarily included the magnocellular subdivision, had a much lower density of
labeled axons. Saggital sections through the MDTN revealed a rostral to caudal
gradient of decreasing DAT-IR axon density laterally and an increasing density
ventrally. In some portions of the MDTN, isolated, dense clusters of DAT-IR axons
(50-70 /zm in diameter) were present, and these extended for up to 800 pm in the
rostral-caudal plane. In contrast to the MDTN, the distribution of DAT-IR axons in
other thalamic nuclei was much different. For example, the ventral anterior nucleus
had a homogeneous distribution of DAT-labeled fibers, whereas the lateral
geniculate nucleus was devoid of labeled axons. These findings indicate that DA
axons innervate the monkey MDTN in a specific but spatially heterogeneous
fashion. Comparisons of the DA innervation of thalamic nuclei with that of their
cortical target regions suggest that DA may differentially regulate separate
thalamocortical pathways at both the level of the thalamus and cortex. Supported
by MH00519 and MH43784.

A FRAGMENT OF THE HUMAN CHOLINERGIC GENE LOCUS
DIRECTS EXPRESSION OF THE VESICULAR ACETYLCHOLINE
TRANSPORTER (VACHT) TO MOUSE SOMATOMOTOR NEURONS
IN VIVO. B. Schutz,1* L Chen,1 M.K.-H, Schafer,2 E. Weihe,2 and L.E.
Eiden1. 'Section on Molecular Neuroscience, Lab. Cell. Molec.
Regulation, Natl. Inst. Mental Health, Natl. Inst. Health, Bethesda, MD
20892; 2Dept. of Anatomy and Cell Biology, Philipps Univ., D-35033
Marburg, Germany.
The cholinergic gene locus consists of the contiguous genes encoding
the vesicular acetylcholine transporter (VAChT) and the biosynthetic
enzyme for acetylcholine synthesis choline acetyltransferase (ChAT).
To study the structural elements of the cholinergic gene locus that
might be important in regulation of VAChT expression in vivo, nucleic
acid and antibody reagents were characterized that reliably distinguish
between human and mouse VAChT mRNA and protein, and transgenic
mice created that contain germline copies of 8.7kb of the human
cholinergic gene locus including VAChT itself, together with sequences
approx. 5kb upstream and 1.8kb downstream of the VAChT orf.
Expression of human VAChT mRNA and protein was detectable in mouse
cholinergic somatomotor neurons in spinal cord and brain stem, but not
in other cholinergic neurons in the central and peripheral nervous system.
The restricted distribution of the human VAChT transgene in the mouse
indicates that sequences responsible for appropriate somatomotor neuron
expression are contained in this 8.7kb fragment, but that additional
sequences located upstream or downstream are required for appropriate
expression in both central and peripheral non-somatomotor cholinergic
neurons. Supported by the German Research Foundation, Volkswagen

of Wisconsin-Madison, School of Medicine, Madison, WI. 53792.

We characterized the Na+-K+-2CF cotransporter in morphologically
undifferentiated and differentiated rat cortical astrocytes. Basal
activity of the cotransporter was significantly increased in
morphologically differentiated, dBcAMP-treated astrocytes (p<0.05).
This largely attributed to an up-regulation of the cotransporter protein
expression (97% increase in dBcAMP-treated astrocytes). TheNa+-K+20' cotransporter in astrocytes has been suggested to play a role in K+
uptake. In 75 mM [K+]o the cotransporter-mediated K+ influx was
stimulated by 147% in non-treated cells and 79% in dBcAMP-treated
cells (p<0.05). Intriguingly, blocking of the cotransporter activity by
bumetanide significantly increased intracellular [3H]-L-glutamate
accumulation and attenuated [3H]-D-aspartate release from astrocytes
in 75mM [K+]o. These results suggest that the cotransporter in
astrocytes may be important in regulation of K+ uptake and could
contribute to swelling-induced glutamate release in high [K+]o.
Supported by AHA, HHMI Research Resources Program for UW-Med.
School and a research grant from the UW-Madison Graduate School.

Foundation, Kempkes Stiftung Marburg, and by the NIMH Intramural
Research Program.

421.7

421.8

FUNCTIONAL MULTIMERIZATION OF THE SEROTONIN
TRANSORTER. G. Rudnick* and F. Kilic.
Department of Pharmacology, Yale University, New Haven, CT 0620-8066.
Two epitope tagged forms of the serotonin transporter (SERT) were
constructed. An N-terminal c-myc tag was added to mutant II 72C, which
was sensitive to inactivation by (2-aminoethyl)methanethiosulfonate
(MTSEA) and a C-terminal FLAG tag was added to mutant Cl09A, which
was insensitive to inactivation. These mutants were called sens-myc and
res-FLAG, respectively. Immunoprecipitation experiments demonstrated
association between the two mutants. The res-FLAG mutant was
precipitated with anti-myc antibody only when co-expressed with sens-myc,
but the unrelated VSV-G protein was not precipitated under the same
conditions. The association between sens-myc and res-FLAG forms of
SERT was found for both cell-surface and intracellular SERT.
To test the functional consequences of SERT self association, sens-myc
and res-FLAG were co-expressed at various ratios and treated with
MTSEA. The actual amount of each mutant was determined by quantitative immunoblotting using a form of SERT containing both tags as a
standard. If there were no functional consequence to the interaction, the
amount of inactivation by MTSEA is expected to be a linear function of the
fraction of sens-myc. MTSEA inactivated less than the expected fraction
of activity over a range of sens-myc concentrations. The results are
consistent with association of SERT to form multimers in which not all
subunits are required for full function of the complex.
(Supported by grants from the National Institute on Drug Abuse)

THE DROSOPHILA INEBRIATED/ROSA TRANSPORTER: DUAL ROLES IN
THE CONTROL OF NEURONAL FUNCTION AND OSMOTIC STRESS
RESPONSE.
lX, Huang, ly. Huang. Il , Huff, 2m . Burg. ^W. Pak, Im . Stern* 1 Department
of Biochemistry and Cell Biology, Rice University, 6100 Main St. Houston, TX
77005, (713) 285-5351. ^Department of Biological Sciences, Purdue University,
West Lafayette.
Members of the Na+/Cl" dependent neurotransmitter transporter family perform
re-uptake of neurotransmitter released into synapses and thus control the duration of
synaptic transmission. In addition, studies in cultured cells have shown that
neurotransmitter transporters enable osmolyte accumulation and are required for the
maintenance of normal cellular structure and function under hypertonic stress. The
Drosophila inebriated(ine)/rosA gene encodes a Na+/CT neurotransmitter
transporter that controls neuronal excitability at the neuromuscular junction and
photoreceptor cells. The ine/rosA gene produces two transporters that differ only in
their N-terminal intracellular domain. One form, ine/rosA-1, contains an additional
unique sequence of 300 amino acids at the N-terminus compared to the second
form, ine/rosA-s.
Here we show that ine/rosA mutant flies are more sensitive to a hypertonic
environment, providing the first in vivo evidence for the role of a neurotransmitter
transporter in water and salt metabolism. The osmotic stress sensitive phenotype
can be rescued by either form of ine/rosA, whereas certain neuronal excitability
phenotypes can be rescued only by ine/rosA-1. Because members of the Na+/Cl"
dependent neurotransmitter transporter family are targets of psychoactive drugs such
as cocaine and Prozac, and are linked to diseases such as Autism, these studies will
contribute to the further elucidation of neurotransmitter transporter function and
may present new targets and clues for treatment of neurological disorders. (Funded
by NIH, grant number R20110)
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422.2

INOSITOL PHOSPHATE SIGNALING DRIVES MOTOR
PATTERNS DURING OVULATION IN C. ELEGANS.
Yen K. Bui. Minqin Wang. Maureen Barr.* Paul W. Sternberg, HHMI

DUAL ROLES FOR CELL B52 IN A CENTRAL PATTERN GENERATOR (CPG)
MEDIATING FICTIVE FEEDING IN APLYSIA. R. Nargeot*, D.A. Baxter & J.H.
Byrne. Dept. of Neurobiology & Anatomy, W.M. Keck Center for the Neurobiology of
Learning & Memory, Univ. of Texas-Houston Medical School, Houston, TX 77303
The buccal ganglia of Aplysia contain a multifunctional CPG that generates several
different types of buccal motor patterns (BMPs), which in turn, mediate different
aspects of feeding (e.g., ingestion and rejection). The mechanisms that underlie the
genesis of different BMPs are not well understood. The goal of the present study was
to identify cells whose activity may contribute to the distinguishing features of BMPs.
BMPs in the isolated buccal ganglia are composed of a protraction phase followed
by a retraction phase. BMPs were classified as ingestion- or rejection-like based on
the relative overlap of closure activity with the retraction phase. BMPs also differed
with respect to the relative duration of their protraction and retraction phases (e.g.,
ingestion-like BMPs have a longer retraction phase than rejection-like BMPs). The
present study examined the role(s) of cell B52 in the generation of different BMPs.
The results indicated: 1) B52 fired two bursts of spikes during BMPs; one during
protraction phase and another at the end of the BMP; 2) The number of spikes in B52
during the protraction phase was positively correlated to the duration of that phase;
3) B52 fired significantly fewer spikes during the protraction phase of ingestion-like
BMPs; 4) B52 made an apparently monosynaptic inhibitory connection with the
retraction generator B64. These results and those from ongoing computer
simulations (Baxter and Byrne this volume) suggest two roles for B52: 1) Relatively
high levels of activity in B52 during the protraction phase may delay the onset of the
retraction phase and thereby contribute to the generation of rejection-like BMPs; and
2) the final burst of activity in B52 may terminate spiking in B64 and thereby help
terminate BMPs. Supported by NIH grant MH58321.

422.3

422.4

A REAL-TIME NEUROMORPHIC ANALOG VLSI-SPINAL CORD INTERFACE
FOR RHYTHMIC MOTOR CONTROL. R. Jung1, E. J. Brauer2, and J.J. Abbas1*
'Center for Biomedical Eng., University of Kentucky, Lexington, KY 40506-0070 and
2Dept. of Electrical Eng., Northern Arizona University, Flagstaff, AZ. 86011-5600
We present a novel neuromorphic analog VLSI-spinal cord interface system that can
be used to investigate neural mechanisms of motor pattern generation. The lamprey
spinal cord has a distributed motor pattern generator, which can be described as a chain
of coupled unit pattern generators. Our CMOS aVLSI circuit is based on a
mathematical model of a lamprey spinal unit pattern generator and utilizes 6 neurons, 4
excitatory synapses, 8 inhibitory synapses, and 6 tonic synapses. It has been designed,
fabricated using the 2.0 |im n-well process, and tested. The circuit maintains stable
oscillations over a wide range of parameter values and it’s oscillation frequency can be
controlled by changing the tonic drive to one or more of the various neurons.
Sensitivity analysis of the circuit closely matched bifurcation analysis of the
mathematical model on which it is based. The aVLSI circuit was interfaced in real time
with the isolated spinal cord of the lamprey in both an open loop and a closed loop
mode. "Fictive" locomotor rhythm was induced in the in-vitro isolated lamprey brainspinal cord preparation by excitatory amino-acid stimulation of the spinal cord. In one
open loop mode, the fictive locomotor rhythm dynamically modulated and entrained
the activity of the aVLSI circuit. In a second open loop mode, the output of the aVLSI
circuit was used to electrically stimulate the spinal cord and obtain 1:1 phase drifting
entrainment both above and below the intrinsic frequency of the fictive motor rhythm.
In the closed loop mode outputs from spinal segments ipsilateral and closest to the
stimulation site and the aVLSI circuit became phase locked. This phase locking
occurred within 10 to 15 cycles of stimulus onset and was sustained until the loop was
opened. The frequency of the coupled spinal cord-aVLSI circuit system during phase
locking was different from the intrinsic frequency of either of the coupled components.
Finally, the aVLSI circuit could also bridge the activity of two disassociated active
pieces of the spinal cord. Support: NIH-RR12588.

DOPAMINE MODULATION OF LOCALIZED CA++ ACCUMULATION IN
IDENTIFIED
MOTONEURONS
MONITORED
BY
MULTI-PHOTON
EXCITATION MICROSCOPY. P. Kloppenburg1*, W.R. Zipfel2, W.W. Webb2 and
R.M, Harris-Warrick1, ‘Section of Neurobiology and Behavior; 2Developmental
Resource for Biophysical Imaging and Opto-Electronics, An NIH/NCRR Resource,
Dept. of Applied and Engineering Physics; Cornell University, Ithaca, NY 14853.
Calcium plays a critical role both in synaptic transmission and in the control of
the intrinsic firing properties of neurons. Consequently, Ca++ levels are a major target
of neuromodulators. However, modulation of Ca++ channels can be difficult to detect
by voltage clamp of the soma if Ca++ channels are selectively modulated at distal
regions of the neuron. The crustacean stomatogastric ganglion has served very
successfully as a model for neuromodulation of small neural networks at the cellular
and synaptic level of analysis. This preparation combines the advantages of easy
accessibility and well known circuitry. A combination of multiphoton excitation
microscopy and voltage clamp recording was used to evaluate the modulation of
voltage-dependent Ca++ accumulation by dopamine in the two pyloric dilator (PD)
neurons of the pyloric network in the lobster (Paiiulirus interruptus). The PD
neurons form (along with anterior burster (AB) neuron) the pacemaker group. We
monitored [Ca++1, in fine distal neuronal branches more than 350 pm below the
surface of the ganglion. To maximize spatio-temporal resolution, we used line scan
mode with a frequency of 500 Hz. Ca++ accumulation was stimulated by controlled
voltage steps in voltage clamp. Ca++ accumulation originated mostly from small,
fairly infrequent, spatially restricted varicosities on distal neuritic arborizations. Ca++
diffuses from these point sources into adjacent regions. Varicosities with the same
morphology have previously been shown to be sites of synaptic contacts. In about
40% of the varicosities, the voltage-activated Ca++ accumulation was reversibly
reduced by exogenous dopamine (DA, 104M), which reduces synaptic transmission
from PD output synapses. DA decreased the peak amplitude of Ca++ accumulation but
had no effect on the rise- and decay-time. We conclude that DA reduces chemical
synaptic transmission from the PD neurons at least in part by decreasing Ca++ entry
at neurotransmitter release sites.
Supported by NIH NS 17323 (RMH) and NIH RR04224 (WRZ, WWW).

422.5

422.6

PATTERN GENERATION IN THE SACRO-COCCYGEAL SPINAL CORD OF
THE NEONATAL RAT. A. Lev-Tov* and E. Kremer. Dept. of Anatomy and Cell
Biology, The Hebrew University Medical School, Jerusalem, Israel.
Rhythmic motor activity characterized by an alternating left-right abduction of the
tail and treading of the hindlimb could be induced in the neonatal rat spinal cordhindlimb preparation by mechanical stimulation of the tail, or by electrical stimulation
of sacro-coccygeal dorsal roots. The alternating rhythmic abduction of the tail persisted
after transection of the cord at the L6-S1 junction. EMG recordings during the rhythm
revealed an alternating activation of the left and right tail muscles, and synchronized
activation of flexor, abductor, and extensor muscles at a given side of the tail. The
left-right alternating rhythm induced in the lumbar cord by sacro-coccygeal dorsal
root stimulation was not perturbed following hemisection of the cord from its rostralmost region down to the rostral S2 level. Unilateral transection of the lateral quadrant
of the cord at the L4-L5 junction, abolished the rhythm induced in the ipsilateral
rostral lumbar segments by stimulation of ipsilateral sacro-coccygeal dorsal roots,
without affecting the rhythm in the contralateral side. Our results suggest that intrinsic
neural networks in the sacro-coccygeal cord produce rhythmic activation of the tail
muscles. The rhythm spreads to the lumbar cord via ascending propriospinal pathways.
The phase relation between the left and right lumbar segments under these conditions
is not mediated by the cross connectivity that is used to set its alternation during the
neurochemically induced locomotor like rhythm.

A COUPLED OSCILLATOR MODEL FOR THE NEURONAL
CONTROL OF RESPIRATION IN TADPOLES. R.J.A Wilson,
C. Straus. M. B. Harris & J.E. Remmers. Department of
Biophysics & Physiology, Faculty of Medicine, University of
Calgary, Calgary, Alberta Canada. T2N 4N1.

and Dept. of Biology. California Institute of Technology. Pasadena, CA 91125.
How are rhythmic movements generated, regulated, and genetically controlled?
Ovulation in C. elegans hermophrodites is a rhythmic motor pattern dependent on
LET-23/EGF receptor tyrosine kinase (RTK) signaling, which stimulates IP3 induced
calcium release from internal stores. At ovulation, the noninnervated spermethecal
tissue dilates, allowing release of a mature oocyte from the ovary; calcium levels are
critical for proper control as mutants with inadequate or excess calcium signaling
show defects. We are taking a genetic approach to understand the circuit driving the
rhythmic contractile behavior of the spermetheca. We previoussly showed that LFE1/ITR-l; an inositol 1,4,5-triphosphate receptor (IP3 R), acts as a positive effector of
LET-23 RTK, while LFE-2/IP3 kinase acts as a negative effector to mediate
ovulation. To identify more components of this fertility pathway, we screened for
suppressors of the semi-sterile Ife-l(gf); lfe-2(lf) mutant are characterizing them. To
investigate whether altered membrane potential may affect ovulation by altering IP-3
induced calcium release, we constructed double mutants of lfe-1 with ion channel
mutants and found ERG subfamily K+ channels are indeed important for regulating
ovulation whereas SHAW K+ channels may not be critical. Because IP3-induced
increases in intracellular calcium concentrations are important for a number of
receptor signaling pathways, studying how various components regulate calcium
mobilization should increase our general understanding of calcium signaling.
-This work is supported by an NIH NRSA 5T32GSGM-07737 and HHMI, with which
P.W. S. is an investigator

Supported by grant # 724/97 from the Israel Academy for Sciences and
Humanities, Jerusalem, Israel.
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The evolutionary origin and the development of the vertebrate
respiratory circuit are largely unknown. We propose that gill ventilation
in aquatic vertebrates is produced by a chain of coupled neuronal
oscillators. We hypothesize that this circuit is the phylogenetic and
developmental ancestor of the respiratory circuit of adult air-breathing
vertebrates and that during development, some oscillators belonging to
the chain become more specialized while others are lost.
According to this hypothesis, in the frog tadpole which ventilates with
both lungs and gills, the circuit exists in an intermediate state in which
most of the chain is intact but some oscillators are specialized for airbreathing.
We note that in isolated tadpole brainstem preparations: (1) when lung
bursts occur they are phase locked to the ongoing gill rhythm, (2) microinjecting small doses of AMPA into a site we have identified as crucial
to the generation of lung breaths accelerates the lung rhythm and the gill
rhythm, and (3) gill frequency after a spontaneous episode of lung
breaths is greater than that before it.
We conclude that the lung rhythm generator constitutes a “gate-able
lead oscillator”: a specialized part of the same circuit that produces the
gill rhythm.

CIRCUITRY AND PATTERN GENERATION
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422.7
THE CPG FOR LOCOMOTION: WHAT CAN WE LEARN FROM
EXCITOTOXIC LESIONS? HS,K, MagnmoVB. AbJuMi, Y.P. Jflwg

and D. Burke, Department of Neurological Surgery, University of Louisville School
of Medicine, Louisville, KY 40202.
We have induced lasting paraplegia in rats secondary to intemeuronal loss within
the central gray of the L2 and L3 spinal cord segments. Adult rats received bilateral
microinjections of kainic acid (KA) directly into lamina VII. Locomotion was
assessed weekly using the BBB 21-point locomotor scale. Descending motor
pathways and hindlimb motor neurons were evaluated using transcranial magnetic
motor evoked potentials (tcMMEPs) recorded in gastrocnemius and quadriceps
muscles at 1 and 4 weeks. None of the rats showed changes in tcMMEPs following
KA injection illustrating that descending pathways and motor neurons serving the
gastrocnemius and quadriceps muscles were intact. Seven rats with two or more
injections bilaterally encompassing the L2-L3 segments showed severe locomotor
deficits with a mean BBB score of 3.7 ± 0.9. Rats with lesions rostral to the L2-L3
segment were able to walk and had a mean BBB score of 14.6 ±1.3 (4). Three rats
that received only one injection bilaterally at L2 had a mean BBB score of 3.2 ± 1.1.
Histological examination of the spinal cords from these three rats revealed that motor
neuron loss was minimal, even at the injection sites.
These findings suggest that the CPG is arranged hierarchically, at least with respect
to descending locomotor command pathways. Thus, the neural circuitry remaining
after an L2 KA lesion is not able to generate a locomotor pattern in vivo despite in
vitro evidence which illustrates drug-induced rhythms in isolated caudal portions of
the lumbar spinal cord. This preparation is now serving as a model of spinal cord
injury where severe locomotor deficits result in the absence of white matter damage,
allowing gray matter transplantation strategies to be evaluated. Supported by the
Kentucky Spinal Cord and Head Injury Research Trust.
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423.2

CHOICE OF INITIATION CODON DETERMINES THE
SUBCELLULAR FATE OF Elk-1AND DRIVES NEURONAL
DIFFERENTIATION. P. Vanhoutte1, B Brag1, M. Garcia 2, MJ.

THE NEUROTROPHIC ACTIVITY OF IMMUNOPHILIN LIGANDS AND
BENZOQUINONE ANSAMYCINS IS MEDIATED BY DISSOCIATION OF THE
FKBP-52/HSP-90/STEROID RECEPTOR COMPLEX AUGMENTNG THE
MITOGEN-ASSOCIATED PROTEIN (MAP) KINASE SIGNALING PATHWAY.
B.G. Gold*. Center for Research on Occupat. & Environ. Toxicology (CROET) and
Dept. Cell & Develop. Biology, Oregon Health Sciences Univ., Portland, OR 97201.
The neurotrophic activity of the neuroimmunophilin ligands (FK506) and
benzoquinone ansamycins (geldanamycin) has recently been shown to be mediated by
the dissociation of chaperone components of steroid receptor complexes (Gold et al.,
JPET 289(3), 1999). In human neuroblastoma SH-SY5Y cells, the neurotrophic
action of FK506 is completely prevented by addition of a monoclonal antibody (50100 nM) to the immunophilin FKBP-52 (also known as FKBP-59 or hsp-56), a
component of mature steroid receptor complexes; the FKBP-52 antibody alone is also
neurotrophic. Geldanamycin (which disrupts mature steroid receptor complexes,
releasing p23 from hsp-90) is also neurotrophic (0.1 nM-10 nM), whereas it reduces
the neurotrophic activity of FK506 and steroid hormones (dexamethasone and (3estradiol). Conversely, 20 mM molybdate (which prevents the disruption of mature
steroid receptor complexes) decreases the neurotrophic activity of FK506, FKBP-52
antibody, dexamethasone and |3-estradiol. Here I show that the selective MAP kinase
kinase (MEK) inhibitor PD 098059 (0.1-10 ptm) blocks the neurotrophic activity of
both FK506 and geldanamycin in a concentration-dependent fashion; treatment of SHSY5Y cells with PD 098059 on day two, to allow cell differentiation by NGF (10
ng/ml), did not block NGF activity yet inhibited neurite outgrowth by FK506 (10
nM) and geldanamycin (10 nM), the outgrowth in the presence of 10 (dm PD 098059
being no different from NGF alone. It is suggested that following dissociation of the
complex, one or more of the components (FKBP-52, Hsp-90 and p23) elicits a gainof-function, augmenting the MAP kinase signal transduction pathway. Components
of steroid receptor complexes represent screening tools for the identification of new
structural classes of compounds with neurotrophic activity. Reduction to practice is
demonstrated by the discovery, based on this model, of a new class of compounds
which accelerate neurite outgrowth in SH-SY5Y cells. Supported by CROETfunds.

Besson*1, R.A. Hipskind * and J.Caboche1. 11DN-UMR 7624. Paris. 2IAF.
UPR 2212, Gif sur Yvette, 3IGM, UMR 5535, Montepellier.

On cell line models, activated MAP kinases can drive gene
regulation upon phosphorylation of the nuclear transcription factor
Elk-1. Although Elk-1 is typically studied in the context of cell
proliferation and differentiation, it remains highly expressed in
post-mitotic neuronal cells, and this expression is both cytoplasmic
and nuclear (Sgambato et al, 1998; 18:214-226 J.Neurosci). Here
we show that this subcellular localization is linked to the
expression of a new antigenically-reiated isoform of Elk-1 (45 Kd
instead of 52Kd). This isoform, that we called sElk-1, is restricted,
contrasting with the full length protein, to neuronal tissues,
including NGF-differentiated PC12 cells. We demonstrate that sElk-1 is produced by a neuronal-specific use of an internal initiation
site leading to a deletion of a part of the DNA-binding ets domain.
Overexpression of sElk-1 in PC12 cells drives the full length
protein into the cytoplasm and potentiates neuronal differentiation.
Thus, sElk-1 may have a crucial role in intracellular signaling
leading to the regulation of genes implicated in ceil cycle arrest
and/or neuronal differentiation. This is under investigation.
This work was supported by CNRS, ('Association pour la
Recherche contre le Cancer and ministere de I'dducation nationale
et de la recherche.

423.3

423.4

GDNF FAMILY LIGANDS RECRUIT RET SIGNALING
COMPLEXES INTO RAFT MEMBRANE MICRODOMAINS VIA
THE GFRa CORECEPTORS, M.G. Tansey*R.H,Baloh, J. Milbrandt and

NGF-INDUCED TRKA-MEDIATED CLATHRIN COATED VESICLE
FORMATION MAY CONTRIBUTE TO THE GENERATION OF A “SIGNALING
ENDOSOME.” C.L. Howe*, E.C. Beattie, W.C. Mobley. Dept of Neurology and
Neurological Sciences, Stanford University School of Medicine 94305.
Nerve growth factor (NGF) binding to the receptor tyrosine kinase TrkA signals to
promote the survival, differentiation, and phenotypic maintenance of specific
neuronal populations. The signaling endosome hypothesis postulates that the
signaling cascades responsible for these events may be initiated or mediated in part by
endocytosis and retrograde transport of vesicular structures containing activated TrkA
bound by NGF. Using PC12 cells as a model, we tested the hypothesis that TrkA,
bound NGF, and associated signaling complexes are internalized from the plasma
membrane via clathrin coated vesicles (CCVs). Biochemical analyses of a highly
purified CCV population indicate that TrkA activation induces the formation of CCVs
that contain TrkA, radiolabeled NGF, and several associated signaling molecules,
including PLCy and PI3 kinase. These data are consistent with our previous
observation that TrkA signaling induces membrane redistribution and
phosphorylation of the clathrin heavy chain (CHC). Extending these observations, we
found that NGF induced an increase in the formation of complexes containing TrkA,
phosphoorylated CHC, AP2, and pp60src. The role of pp60src in such complex
formation was further elucidated by our finding that internalization of radiolabeled
NGF was significantly inhibited in cells over-expressing a dominant-negative form of
chicken pp60src (srcDN2 PC12). Finally, disparity between the absolute amount of
internalized radiolabeled NGF and the extent of CCV formation suggests that TrkA
may regulate the internalization of other surface receptors via a global increase in
CCV trafficking. We propose a model in which TrkA signals to recruit several
proteins involved in CCV-mediated endocytosis to the plasma membrane to create a
signaling endosome in which internalized NGF and activated TrkA can be retrogradely transported. Supported by a HHMI Predoctoral Fellowship (CLH), the Adler Found-

E.M. Johnson, Jr. Washington University School of Medicine, Departments
of Neurology, Molecular Biology & Pharmacology, and Pathology, St.
Louis, MO 63110.
The GDNF-family ligands (GFLs), comprised of glial cell line-derived
neurotrophic factor (GDNF), neurturin (NRTN), persephin (PSPN), and artemin
(ARTN), represent a subfamily of proteins structurally related to transforming
growth factor-(3 that function as neurotrophic factors both in vitro and in vivo.
These ligands signal through a multi-component receptor system, composed of
a GPl-linked liigb-affinity ligand binding component (GFRal -GFRa4) and a
signaling component (RET). Although these ligands share a common
signaling receptor (RET), biochemical and genetic data suggest that each
GFL has a preferred RET/GFRa but some cross-talk can occur. Recent
evidence suggests that lipid fractions in mammalian membranes rich in
cholesterol and sphingolipids separate from the phospholipid-rich phase that
constitutes the rest of the membrane to form distinct liquid ordered
microdomains also known as “lipid rafts” characterized by Triton-X-100
insolubility. The association of membrane proteins with raft lipid
microdomains has emerged as an important regulator of signal transduction.
Since GPI-linked proteins incorporate into rafts, we investigated whether the
GFRa’s also serve to co-localize RET to these rafts and whether RET/GFRa
association with lipid rafts is necessary for RET signaling functions. [This
work was supported by a grant from the National Parkinson Foundation
(M.G.T.).]
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423.6

NOVEL APPROACHES TOWARDS THE DEVELOPMENT OF
SPECIFIC INHIBITORS OF PROPROTEIN CONVERTASES. N.G.

Chick embryonic neurons were protected against staurosporine-induced apoptosis by
ligand binding to trkA and p75NTR . B. Ahlemeyer*.
R. Hi'ihne and J. Krieglstein. Institut fur Pharmakologie und Toxikologie, PhilippsUniversitat Marburg, Ketzerbach 63, 35032 Marburg, Germany.
The role of trkA and p75NTR in NGF-mediated block of cell death is still a matter
of discussion. We have examined whether ligand binding to trkA and p75
modulates staurosporine-induced apoptosis in chick embryonic neurons. Exposure of
chick neurons to staurosporine (200 nM, 24 h) increased the percentage of apoptotic
neurons (evaluated by nuclear staining) to 80% compared to 15% in controls.
Whereas NGF alone did not protect the neurons from staurosporine-induced
apoptosis, a combined treatment with retinoic acid (RA, 5 pM) and NGF (20 pg/ml)
reduced the percentage of apoptotic neurons to 42%. TrkA protein level (analyzed
by Western Blot) in chick neurons was markedly reduced by staurosporine, but was
found to be elevated in the presence of RA and NGF compared to staurosporinetreatment alone. The antiapoptotic effect caused by RA and NGF was due to an
upregulation of trkA and an enhanced tikA-signaling transduction, because the
effect was abolished by the tyrosine kinase inhibitor K-252a, anti-trkA antibodies
and anti-NGF antibodies. We found neither any change in the p75NTR protein level
by staurosporine nor under control conditions in the absence and presence of RA
and NGF. Treatment of the neurons with RA (5 pM), NGF (20 pg/ml) and antip75NTR antibodies completely protected the neurons against staurosporine-induced
apoptosis, but anti-p75NTR antibodies also enhanced neuronal survival when added
to cultures treated with staurosporine, staurosporine and NGF or staurosporine and
RA. Thus, protection of chick neurons against staurosporine-induced apoptosis
required upregulation of trkA protein with an increased NGF-mediated trkAsignaling transduction and can be further enhanced by occupying p75NTR with antip75NTR antibodies. In conclusion, our data suggest that ligand-binding to trkA and
p75NTO resulted in an additive neuroprotection independent of each other.

Seidah,1 M. Zhong,1 S. Benjannet,1 A. Basak,1 B.B Toure,1 A.M. Mamarbachi,1 L. Van
Rompaey,3 P, Marynen,3 A. Prat,1 S.J. Mowla.1 R.A. Murphy,2 and M. Chretien1*.
’Clinical Research Institute of Montreal; 2Montreal Neurological Institute, McGill
University, QC, Canada; 3Center for Human Genetics, University of Leuven, Belgium.
Proprotein convertases (PCs) [furin, PCI, PC2, PACE4, PC4, PC5 and PC7] are
mammalian subtilisin-like serine proteinases implicated in the processing of a wide
variety of precursors including neurotrophins, growth factors, neural and endocrine
hormones and cell surface proteins. Processing occurs within the general motif (R)-X(K/R)R4. The recent identification of the novel subtilase SKI-1 revealed that it can
process pro-brain derived neurotrophic factor (proBDNF) or sterol regulatory element
binding proteins (SREBPs) at the general motif R-X-(aliphatic>(L,T) 4 (Seidah et al,
PNAS 96, 1321, 1999). This work summarizes attempts to develop novel strategies to
inhibit PCs and SKI-1 which could have a significant impact in the treatment of various
pathologies. As a model substrate comprising both kinds of cleavages we used proBDNF
which is cleaved by PCs into the 14 kDa BDNF and by SKI-1 into a 28 kDa form. We
compared the efficacy of various inhibitors by cellular expression of their cDNA
recombinants. These included the a 1-antitrypsin derivative al-PDX and a2
macroglobulin (a2M) derivatives containing either the R-X-X-R (a2M-F) or the R-X-L(L,T) (a2M-S) motif within the bait region. In addition, since in vitro the pro-segments of
convertases were shown to be good and relatively specific inhibitors, we analysed the ex
vivo inhibitory effect of the pro-segments of furin, PC7, PC5 and SKI-1. This has also
allowed us to define their intracellular biosynthesis and specificity, as well as their
intracellular cleavage. The available data show that pro-furin, a2M-F and al-PDX
effectively inhibit the production of the 14 kDa BDNF in COS-1 cells, suggesting that
this approach may provide a promising strategy to inhibit cellular precursor processing.
Supported by MRC Canada (RAM,MC,NGS), PENCE (NGS,MZ,JSM,MC) & MCHE (SJM)

423.7

423.8

GALANIN PLAYS A TROPHIC ROLE TO SENSORY NEURONS IN
CULTURE
SA Mahoney, FE Holmes, NCH Kerr, TC Harding, JB Uney, N Shanks* and D
Wynick, Division of Medicine, University of Bristol, BS2 8HW.
The neuropeptide galanin is widely distributed throughout both the central and
peripheral nervous systems and is upregulated 120-fold after nerve injury. In adult
dorsal root ganglia (DRG) galanin is expressed at low levels in approximately 2-3% of
DRG cells and confined to the small fibre neurons. However, after axotomy DRG the
peptide is expressed by 40-50% of all neurons, suggesting a role in survival and/or
regeneration of damaged neurons.
To date few studies have addressed the role of galanin in the regeneration of sensory
neurons following injury. Previous work from our laboratory has shown that galanin
knockout mice have impaired regeneration of the sciatic nerve after a crush injury. To
further investigate the role played by galanin in sensory neuron regeneration we are
using dispersed DRG cultures from wild type and mutant animals.
Preliminary data shows that wild type dispersed DRG cultures contain a higher
percentage of neurite-bearing cells (60±7) after 8 hours in culture, compared to those
from knockout mice (34±9). However, after 24 hours knockout cultures contain a
similar percentage of neurite-bearing cells (71 ±6) to wild type cultures (75±6),
suggesting that galanin plays a role in the rate of neurite initiation. Neurites in wild
type cultures are significantly longer than those in knockout cultures at both 8 hours
(109±8 and 62±5 pm) and 24 hours (354±26 and 268±23 ). Further, initial data shows
that overexpression of galanin using an adenovirus in knockout cultures increases the
percentage of neurite bearing neurons at 8 hours in culture to wild type levels (33+3%
control, 62.21 ±6% overexpression). These results suggest that galanin does indeed
play a trophic role in sensory neurons in culture.
Studies looking at expression of neuropeptides and galanin receptors in wild type and
knockout cultured neurons are underway.
This research was funded by grants from the MRC and the Wellcome Trust.

TRANSGENIC ANALYSIS OF THE AXOTOMY RESPONSE ELEMENTS
OF THE MURINE GALANIN GENE A Bacon, FE Holmes and *D Wynick
Division of Medicine, University of Bristol, BS2 8HW.
Galanin, a 29 amino acid peptide, is widely distributed in the central and
peripheral nervous system where it has a variety of functions e.g. pain modulation,
cognition, neuroendocrine secretion, appetite and sexual behaviour. Galanin is
normally expressed in only 2-3 % of primary sensory neurones in the dorsal root
ganglia (DRG). However after nerve injury the level of galanin in the DRG rises
approximately 120 fold in over 50% of DRG cells and remain elevated during
neuronal regeneration. LIF and IL-6 have both been demonstrated to up-regulate
galanin expression, signalling via the STAT3 transcription factor.
To further characterise the expression pattern of galanin during development and
in the adult after axotomy we have generated transgenic mice by the micro injection
of a construct containing the galanin gene and 20 kb of 5’ up-stream sequence
marked by the insertion of the reporter gene LacZ. Five transgenic lines have been
generated and the expression of LacZ mapped. Expression was observed in the
brain, DRG and gut. In the three lines tested axotomy produced a substantial
increase in LacZ staining in the DRG and motor neurons in the spinal cord. The
developmental expression pattern in the DRG is also recapitulated with the majority
of El 7 DRG cells staining blue.
To further map the necessary regulatory elements for the axotomy response we
have also generated transgenic mice which carry the galanin gene with only 1.9 kb
of the upstream sequence, tagged with LacZ. Preliminary evidence would indicate
that the axotomy response element is not within the first 1.9 Kb of upstream
sequence. This up-stream region lacks a STAT3 consensus binding site. Further
studies on other intermediary size constructs and the use of the expression cassette to
ectopically express other dominant acting molecules are planned.
This research was funded by grants from the MRC and the Wellcome Trust.

423.9

423.10

BRADYKININ INDUCES INTERLEUKIN 6 EXPRESSION IN ASTROCYTES
THROUGH ACTIVATION OF NF-k B. M. Schwaninger, S. Sallmann, S. Prinz,
M. Spranger, B. Wildemann*. Pent, of Neurology, Univ. of Heidelberg, Im
Neuenheimer Feld 400, 69120 Heidelberg, Germany.
Bradykinin, a mediator of inflammation, is produced in the brain in trauma,
stroke, and other diseases. One of the key functions attributed to bradykinin in
neurological diseases is to open the blood brain barrier. The mechanism is not yet
clearly understood. We have, therefore, investigated the effect of bradykinin on
the secretion of interleukin 6 (IL-6), a putative modulator of the blood brain barrier. Bradykinin stimulated the secretion of IL-6 in murine astrocytes, the EC50
being 3.4 pM. To investigate IL-6 transcription primary astrocytes were
transiently transfected with a reporter fusion gene containing the human IL-6
promoter (-1179/+9) linked to the luciferase gene. Bradykinin also stimulated IL-6
gene transcription. The effect of bradykinin was blocked by KN-93, an inhibitor of
Ca2+/calmodulin-dependent protein kinases, and by bisindolylmaleimide 1, an
inhibitor of protein kinase C (PKC) suggesting the involvement of these protein
kinases. The promoter element that mediates the effect of PKC and Ca2+ mobilization in astrocytes was mapped through an array of internal mutations within
the human IL-6 promoter. Mutations of the multiple response element and the
binding site for NF-k B interfered with induction of IL-6 transcription. The involvement of NF-k B was further supported by overexpression of nmlKBa, a stable inhibitor of NF-k B, that blocked induction of IL-6 by bradykinin. Bradykinin
could activate NF-k B in primary astrocytes as shown by increased DNA binding
of NF-k B. These data demonstrate that bradykinin stimulates IL-6 expression
through activation of NF-k B. Activation of NF-k B may explain also other inflammatory effects of bradykinin.
This study was supported by the DFG.

NEURONAL, ASTROGLIAL AND MICROGLIAL CYTOKINE CROSSTALK
FOLLOWING AN EXCITOTOXIC LESION IN THE IMMATURE RAT BRAIN. R
Gonzalez, L. Acarin. A.J. Castro* and B. Castellano. Unit Medical Histology,
Autonomous University Barcelona, 08193 Spain; Cell Biology, Neurobioiogy and
Anatomy, Loyola University Chicago, IL 60153.
Cytokines are important intercellular messengers involved in neuron-glia
interactions and in the microglial-astroglial crosstalk, modulating the glial response to
brain injury and the lesion outcome. In this sense, the balance between proinflammatory cytokines like IL-1, IL-6 and TNFa and the anti-inflammatory cytokine
TGF-6 is thought to control the expression of several key genes implicated in
inflammation, glial activation and scar formation. In this study, excitotoxic lesions
were induced by the intracortical injection of 7-methyl-D-aspartate in postnatal day
nine rats, and analyzed at different survival times ranging from 2 hours to 14 days.
Floating cryostat sections were processed for the immunocytochemical demonstration
of IL-IB, IL-6, TNFa and TGF-B, and cytokine-expressing glial cells were identified
by means of double labelling with glial fibrillary acidic protein (GFAP) or tomato
lectin binding.
Both neurons and glia were capable of cytokine production and very different patterns
were observed in the excitotoxically damaged area versus the non-degenerating
surrounding gray matter. Excitotoxically-damaged neurons showed upregulation of IL-6
and downregulation of TNFa and TGF-B before they degenerated. Moreover, in the
surrounding gray matter an increased expression of neuronal IL-6, TNFa and TGF-B
was observed. A subpopulation of microglial cells, located in the surrounding gray
matter, and showing IL-IB and TNFa expression were the earliest glial cells producing
cytokines, at 2-10 hours post-injection. Later on, cytokine positive glial cells were
found inside the excitotoxically damaged area: reactive astrocytes expressed TNFa and
IL-6 and microglia/macrophages mainly showed IL-18, but also TGF-B. This maximal
glial cytokine production paralleled the period of neuronal cell death, the peak of
microglial reactivity and the onset of astroglial GFAP overexpression and hypertrophy.
Finally, the expression of all cytokines analyzed was maintained in the glial scar until
the last time examined. This specific pattern of cytokine production suggests an
implication of these molecules in the evolution of excitotoxic neuronal cell death and
the associated glial response during the inflammatory process.
Supported by DGICYT PB95-0662 and F.P.I. fellowship of the U.A.B.
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423.12

EFFECTS OF ESTROGEN AND PROGESTERONE ON THE LEVELS OF BDNF
mRNA AND PROTEIN IN DIFFERENT REGIONS OF THE RAT BRAIN. R.B.
Gibbs*. University of Pittsburgh School of Pharmacy, Pittsburgh, PA, 15261.
Quantitative RT-PCR and ELISA assays were used to examine the effects of acute
estrogen and progesterone replacement on relative levels of BDNF mRNA and protein
in different regions of the adult rat brain.
Ovariectomized animals received either a single injection of 17-6-estradiol (E; 10
pg in sesame oil, s.c., n=24) or oil (n=8). Eight E-treated animals were killed 53 h
later (E53). Remaining E-treated animals received progesterone (500 pg in sesame
oil, s.c.) 48 h after receiving estrogen and were killed 5 h (E53P; n=8) or 24 h (E72P;
n=8) later. Tissues from the olfactory bulbs, frontal cortex, septum/vertical limb of
the diagonal band, nucleus basalis/ventral pallidum, and pyriform cortex were
collected. Tissues from the right hemisphere were processed for RT-PCR analysis of
BDNF mRNA. Corresponding tissues from the left hemisphere were processed for
the quantification of BDNF protein using a commercially available ELISA kit.
Significant increases in BDNF mRNA were detected in the pyriform cortex of E53(25.4%) and E53P- (79.6%) treated animals, and in the hippocampus of E53- (45.0%)
and E72P- (72.5%) treated animals relative to controls. A corresponding increase in
BDNF protein (138.9%) was detected in the pyriform cortex of E72P-treated animals.
In contrast, significant decreases in BDNF protein were detected in the hippocampus
of E53P- (-34.7%) and E72P- (-29.3%) treated animals. No significant changes in
BDNF mRNA or protein were detected in the olfactory bulbs or frontal cortex.
Levels of BDNF mRNA and protein in the nucleus basalis/ventral pallidum were too
low to detect reliably. Levels of BDNF mRNA in the septum/diagonal band were
likewise extremely low; however, an increase in BDNF protein (59.1%) was detected
in the septum of E53-treated animals. This may indicate an increase in the retrograde
transport of BDNF from the hippocampus to the septum, which could account for the
decrease in BDNF protein detected in the hippocampus following hormone treatment.
These findings demonstrate significant effects of acute hormone replacement on the
levels of BDNF mRNA and protein within specific regions of the adult brain.
Supported by NSF Grant IBN-9630851.

GABAb RECEPTOR ANTAGONISTS SELECTIVELY ALTER NEUROTROPHIN mRNA AND PROTEIN LEVELS IN ADULT RAT BRAIN AND SPINAL
CORD. R. Bemasconi*. K, Heese1. P, Mathivet C. Marescaux and U„QttenlUnite
1NSERM U. 398, F-67084 Strasbourg,1 Dept. of Physiology, Uni. Basel,
Vesalanium, CH-4051 Basel.
Zafraet al. (Proc.Natl.Acad.Sci. USA 1991, 88, 10037-41) have demonstrated that
the balance between the activity of the glutamatergic and GABAergic systems controls the physiological levels of brain-derived neurotrophic factor (BDNF) and nerve
growth factor (NGF) mRNAs in subpopulations of neurones in the central nervous
system. As presynaptic GABAb receptors regulate glutamate and GABA release, we
have tested this hypothesis by treating rats with various doses of the high affinity
(binding assay IC50 = 2 nM) GABAb receptor antagonist CGP 56999A and by measuring NGF and BDNF mRNA levels 6 and 24 hrs following treatment. NGF and
BDNF mRNA levels were significantly increased by 2-4 fold in the cortex, hippocampus as well as in the spinal cord at the indicated times. A maximal response was
already reached after administration of a single, non-convulsive dose of 1 mg/kg i.p.
CGP 56999A. Changes in NGF and BDNF mRNA expression were followed by
transient increases in neurotrophin protein levels. Peak levels of both neurotrophins
occur between 24-72 hours depending on the brain areas investigated. In all brain
areas examined the increase in NGF preceded that of BDNF. On the other hand,
cortical and hippocampal NT-3 protein concentration was decreased significantly
(50%) of control values within 48-96 hours. The decrease in NT-3 protein levels in
spinal cord (30%) was not significant. Other GABAb receptor antagonists, including
the low-affinity (IC50 = 35 pM) CGP 36742 and the intermediate-affinity (IC50 =
107 nM) CGP 56433A produced similar increases in NGF and BDNF expression at
non-convulsive doses. These data suggest that specific GABAB receptor antagonists
could be a valuable new approach to selectively increase endogenous neurotrophin
levels in the central nervous system opening up a new therapeutic strategy for the
treatment of neuropathological disorders such as nerve injury and dementia.

RETINA AND PHOTORECEPTORS: NEUROPHYSIOLOGY AND MODELS I
424.1

424.2

CALCIUM CURRENTS IN STARBURST AMACRINE CELLS
OF THE RABBIT RETINA E.D. Cohen* Yale Vision Res. Center,
Yale University Medical School, New Haven, CT 06520-8061
Calcium currents were studied in DAPI-labeled ON-center
starburst amacrine cells in the rabbit retina using whole-cell
recording techniques. ON-center starburst amacrine cells were
voltage clamped at -80mV in a retinal slice preparation. Addition of
barium and tetrodotoxin to the external Ringer solution blocked
sodium and potassium currents. Stepping of the membrane potential
positive to -50mV revealed a series of sustained inward currents.
The inward currents were sensitive to the snail toxin co-conotoxin
MVIIC, and were totally blocked by 200pM Cd2+. These results
suggest that in addition to sodium currents, starburst amacrine cells
display several high-voltage activated calcium currents that may
play a role in neurotransmitter release and the direction-selective
process.
Supported by NIH EY10617 and the Zeigler foundation.

LIGHT RESPONSE OF MAMMALIAN OA-BIPOLAR CELL
REQUIRES Goa. N. Vardi*1, A. Lyubarsky2, M. Jiang3, E. N. Pugh,

Jr.2, L. Birnbaumer3, and P. Sterling1. *Dept. of Neuroscience, Univ.
of Pennsylvania, Philadelphia, PA 19104; 2Dept. of Psychology,
Univ. of Pennsylvania;3 Dept. of Anesthesiology, UCLA.
At the first synapse in the visual pathway, light depolarizes rod
bipolar and ON cone bipolar cells via a metabotropic glutamate
receptor (mGluR6). The receptor was hypothesized to act via the
trimeric G-protein, Go, because the two molecules colocalize at the
dendritic tips. We tested this by measuring the electroretino-gram in
knockout mice negative for Gooc. Knockouts studied three weeks
postnatally showed normal retinal layering. Rod bipolar cells were
immunonegative for Goa but normal in morphology and spatial
density. A dim flash (20 R*/rod) in wild type (WT) evoked a b-wave
from rod bipolar cells (100 - 200 jlx V); in knockout mice this response
was absent. The knockout’s lack of a b-wave was not due to rod
dysfunction because an intense flash (1% bleach) caused a negative awave of similar amplitude to the saturating a-wave in WT. An intense
flash on a rod-saturating background in WT evoked a b-wave from
cone bipolar cells (-100 pV); in knockout mice this response was
absent. We conclude that to generate the ON response in rod bipolar
and cone bipolar cells, mGluR6 requires Goa.
Supported: EY11105; EY00828; EY-02660.

424.3

424.4

NONLINEAR RESPONSE FROM THE FAR PERIPHERY
MODULATES DIFFERENT ION CHANNELS IN ON AND OFF
MAMMALIAN RETINAL GANGLION CELLS.
J.B. Demb*, L. Haarsma, P. Sterling, and M.A. Freed.
Dept. of Neuroscience, Univ. of Pennsylvania, Phila., PA 19104.
When a grating positioned far peripheral to a ganglion cell dendritic
field reverses contrast, the cell responds transiently at twice the
stimulus frequency (F2). This peripheral F2 is relayed to the ganglion
cell from an amacrine cell axon via action potentials. We sought to
identify the reversal potential of the current modulated in the ganglion
cell. We recorded intracellularly (sharp electrodes) from ganglion cells
in intact guinea pig retina, in vitro, and stimulated with a peripheral
grating (ID=2-2.5mm, 2Hz). Electrode resistance was balanced with
the amplifier’s bridge circuit. We measured light responses in the
membrane potential (F2 amplitude) while injecting DC current. Both
ON and OFF cells hyperpolarized at each reversal of the grating and
spiked as the membrane returned to rest. In OFF cells (n=9) the
peripheral F2 showed a positive I-V slope with a 0.8%/mV (±0.1)
change in amplitude. In ON cells (n=3) the peripheral F2 showed a
negative I-V slope with a -0.7%/mV (±0.2) change in amplitude. Thus,
spiking amacrines drive ON and OFF cells differently. A GABAergic
axon from the periphery might contact an OFF ganglion cell and
directly modulate a current with a negative reversal potential (CF or
K+). The same axon might contact an ON bipolar terminal, modulate
its glutamate release on to an ON ganglion cell, and thus modulate a
current in the ganglion cell with a positive reversal potential (Na+/Ca+).
Support: NIH F32-EY06850, T32-EY07131, EY00828, EY11138.

DISTINCT SPACE-TIME PATTERNS OF ACTIVITY MEASURED AT THE
DIFFERENT GANGLION CELL POPULATIONS OF THE MAMMALIAN
RETINA. B. Roska* and F.S. Werblin. Dept. of Molecular and Cell Biology, Univ. of
California at Berkeley; Berkeley, CA 94720.
We were interested to determine how simple objects are represented at the different
ganglion cell layers in or close to the visual streak of the rabbit retina and how the
differential representation is achieved by different retinal circuitries.
We measured the activity generated in individual ganglion cells “scanned” by a 600
pm2 (3.5 visual angle) square, flashed for 1 second, at an array of retinal locations
from the flat mount rabbit retina preparation. Spiking activity is measured by using
the lose cell-attached patch clamp technique. Inhibitory and excitatory components of
ganglion cell input were measured in the whole cell or perforated patch clamp
configuration. Playing back hundred of these responses simultaneously at appropriate
spatial locations yielded different patterns of space-time activity for each cell type.
The representation of the square at two different subpopulations of ON-OFF
ganglion cells were strikingly different. One type, earlier termed a “local edge
detector,” seemed to detect changes in the space domain. The response pattern
elicited by a stimulus square consisted of very precise firing activity at the
representation of the edges but not at all at the interior of the representation of the
square. The firing was maintained throughout the duration of the stimulus
presentation. This cell type received a strong surround inhibition without apparent
delay. The other type of cell seemed to detect changes only in the time domain: It
represented the full stimulus square at both at the edges and interior, but fired only
transiently at the onset and termination of the stimulus. This cell type received a
local, delayed feed forward inhibition from amacrine cells. This differential
processing of visual information is mediated, at least partly, by amacrine cells
providing spatially and temporally different feed forward inhibition to ganglion cells.
Supported by EY 00561
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424.6

FAST OUTWARD CURRENT RATE PRECLUDES REPETITIVE SPIKING
IN RETINAL GANGLION CELLS. A. Piqnatelli* & A.T. Ishida. Neurobiology,
Physiology, & Behavior. University of California. Davis, CA 95616.
During patch-clamp recordings from fish retinal ganglion cells, excess
depolarization by inward current passage across uncompensated series
resistance can give rise to the appearance of fast and tetrodotoxin-blockable
outward K+ current activation (Pignatelli & Ishida Soc. Neurosci.Abstr. 24:
1026, 1998). This fast outward current component was detected during
recordings without series resistance compensation, but not if 80% series
resistance compensation was applied. Also, we noted that this outward
current increased in amplitude at rates resembling those of previously
reported Na+-activated K+ currents. Because previous voltage-clamp studies
suggested that Na+-activated K+ current contributes to spike repolarization in
neurons, we calculated membrane potential changes produced by
depolarizing current injections into cells modelled by measured values of
voltage-gated Na+ and K+ conductances, leak conductance, and whole-cell
capacitance. When outward current activation rate was set as fast as that of
the tetrodotoxin-sensitive outward component, repetitive spikes were not
elicited at any stimulus current intensity, and spikes that overshoot zero mV
could not be generated. If, instead, these calculations incorporated K+
current activation rates measured with 80% series resistance compensation,
current injections of 8-100 pA elicited repetitive spiking at frequencies (IQ85 Hz) resembling those recorded from ganglion cells in various
preparations. Our calculations imply that whole-cell outward K+ current
activation rates recorded without series resistance compensation are
inordinately rapid, and that Na+-activated K+ currents are unlikely to
repolarize single spikes.
Supported by NIH Grant #EY08120

OPTICAL IMAGING OF GANGLION CELL SOMATIC, AXONAL
AND DENDRITIC RESPONSES IN RABBIT RETINA. FR Amthor*
Dept. of Psychology, Univ. Ala. at Birmingham, Birmingham, AL
35294.
Heretofore, optical imaging of photically driven responses in intact
retina has been difficult or impossible because of damage from the
illumination used for optical probes. Infrared and two photon
approaches have drawbacks either in terms of limitation of dyes that can
be used or the complexity of the measurement apparatus.
Photic responses of ganglion (and other) retinal neurons have been
measured with a high spatial resolution cooled CCD video camera by
using the epi-illumination source both as the light stimulus and for the
excitation of either calcium or potentiometric dyes. An external shutter
in the epi-illumination pathway whose opening is varied with respect to
the internal shutter in the CCD camera generates brief light steps (< 100
ms) allowing observation of both calcium and potentiometric responses
as differences between fluorescence during initial time after the external
shutter opens before any response occurs vs the following time bins, at
resolutions up to about 5 ms. Frame averaging at high spatial resolution
has revealed signals in multiple cells with dyes such as calcium green
dextran and di-8-ANEPPS applied extracellularly. Current work is on
improving resolution of dendritic potential changes with other dyes.
Supported by EY05070.

424.7

424.8

AGE-DEPENDENT AND
RECEPTOR
TYPE-SPECIFIC
ROLE
OF
ACETYLCHOLINE IN SPONTANEOUS WAVES OF RETINAL EXCITATION.
Z. Jimmy Zhou1,2'* and Dichen Zhao1. Dept of 'Physiology and Biophysics and
2Ophthalmology, Univ. of Arkansas for Medical Sciences, Little Rock, AR 72205
Acetylcholine (ACh) and cholinergic amacrine cells have recently been shown to
play an important role in the production of the spontaneous rhythmic activity in the
mammalian retina during certain developmental periods. This study investigated the
pharmacological and physiological effect of ACh on spontaneous retinal waves in
neqnatal rabbits. Ca2+ imaging and patch-clamp recordings from ganglion and
displaced amacrine cells in a wholemount retinal preparation showed that correlated
excitation, propagating as a wave in the ganglion cell layer, occurred spontaneously
in rabbits younger than postnatal day P5 (similar waves could be induced in P5-8
rabbits by blocking GABAa receptors). While exogenous ACh and neostigmine
nearly completely abolished the rhythmic wave at all ages tested (E30 to P8), curare
or hexamethonium blocked the wave only in rabbits <P3, but not in those >P3. In
contrast, atropine effectively abolished the rhythmic wave in rabbits >P3, but not in
those < P2. The effect of atropine could be mimicked by the Ml receptor antagonist
pirenzepine (2.5 pM), but not by galiamine, a M2 receptor blocker. Similarly, the
ionotropic glutamate receptor antagonist kynurenic acid (200 pM) inhibited the wave
in P5-P7 rabbits but had no effect on the wave in rabbits < P4. These results indicate
that the cholinergic system uses different receptors (nicotinic vs. muscarinic) to
mediate the spontaneous retinal activity during different developmental stages.
While the major fast excitatory neurotransmitter system switches from the
cholinergic to the glutamatergic after the appearance of bipolar cell ribbon synapses
in the inner plexiform layer, ACh, through its action on Ml receptors, continues to
function as a critical neurotransmitter for the rhythmic retinal waves.
Supported by grants to Z.J.Z. from the National Eye Institute (EY 10894) and RPB.

STIMULUS-SPECIFIC SYNCHRONIZATION BETWEEN ALPHA GANGLION
CELLS IN A COMPUTER MODEL OF THE MAMMALIAN RETINA. G.T.
Kenyon1'2*, K.R. Moore2, P.W. Marshak1. 'Dept. of Neurobiology and Anatomy,
Univ. of Texas Med. Sch., Houston, TX 77030; 2Los Alamos National Laboratory,
Los Alamos, NM, 87545
Alpha ganglion cells in the cat retina fire synchronously when activated by a continuous stimulus, but fire asynchronously when activated by discontinuous stimuli. A
computer model was used to investigate whether this stimulus-specific synchronization could result from known synaptic connections in the inner plexiform layer of the
adult mammalian retina. The release of transmitter from graded neurons was modeled
as a probabilistic process that depended on membrane potential and an integrate-andfire process was used to model spiking neurons. The model contained three different
amacrine cell types, all of which were inhibitory and made feedback connections onto
bipolar cells (BPs) as well as feedforward connections onto ganglion cells (GCs) and
onto other amacrine cells. A non-spiking narrow-field amacrine (NA) cell generated
local inhibition that desynchronized spontaneous firing activity. A second nonspiking amacrine cell (SA), representing the smaller of the two amacrine cell types
tracer-coupled to alpha cells, had a relatively large receptive field and mediated a
conventional surround. A third amacrine cell (LA), representing the large, polyaxonal
amacrine cell tracer-coupled to alpha cells, was activated via electrical synapses with
the GC cells. Because the LA cells were also coupled to one another and had long
axons, they provided strong, synchronous inhibition over a large area. The GC cells
fired synchronously following this inhibitory input. For large stimuli, the auto- and
cross-correlation histograms exhibited prominent oscillatory components that were
not phase-locked to the stimulus onset. The activity of GC pairs responding to discontinuous stimuli was much more asynchronous. It was also possible to synchronize
GC cells via their electrical synapses with LA cells if chemical synaptic transmission
was greatly reduced. Supported by EY06472 from the NEI.

424.9

424.10

SYNCHRONIZED FIRING BY GANGLION CELLS IN MONKEY RETINA
E J. .Chlehilntsky and -DA. Baylor*
Dept. of Neurobiology, Stanford University, Stanford CA 94305
Action potentials that occur nearly simultaneously in different neurons may play
an important role in neural signalling and have been observed in retinal ganglion
cells of several species. Does synchronized firing contribute to visual signalling in
the primate retina? We made multi-electrode recordings from ganglion cells in
isolated retinas from macaque monkeys that were donors in lung transplant
experiments. Small pieces of isolated peripheral retina were laid flat on a planar
array of 61 microelectrodes which recorded action potentials from ganglion cells as
the retina was stimulated with the optically reduced image of a computer display.
White noise stimulation and reverse correlation were used to determine the spatial,
temporal, and spectral responsiveness of individual ganglion cells. In darkness and
during steady illumination, neighboring ganglion cells often fired synchronized
spikes (window ±5 msec) at about twice the rate expected by chance. The rate of
synchronized spikes from two ganglion cells decreased with distance between their
receptive field (RF) centers to chance at 200-300 pm. The first spike was equally
likely to arise in either cell, suggesting that synchronized spikes were generated by
common or reciprocal synaptic input. Spikes from pairs of nearby ON or OFF cells
were synchronized above chance, but spikes from ON-OFF pairs were not. When
ganglion cells with large and small RFs (possibly corresponding to the parasol and
midget cell types) were simultaneously recorded, spikes from pairs of nearby large
RF cells were synchronized above chance, but spikes from pairs of small RF cells
were not. Synchronized activity persisted during white noise stimulation. RFs of
synchronized spikes tended to be slightly smaller than the combined RFs of the
individual cells, perhaps consistent with the suggestion from salamander recordings
that synchronized spikes carry fine-grained spatial information. Thus synchronized
spikes in the primate retina are created by separate local retinal circuitry in the ON
and OFF pathways, and contribute significantly to visual messages in large but not
small RF cells. Their specific role in transmission of visual information to the
brain is yet to be determined.
Support: NEI grant EY05750 and a Helen Hay Whitney Postdoctoral Fellowship

ORIENTATION-BIASED EXTENDED SURROUND BEYONG THE
CLASSICAL RECEPTIVE FIELD CENTER MAY HELP THE RETINA
DETECT TEXTURE SEGMENTATION. T. Shou, '■2 ‘ W. Wang ,2 H, Yu 2>.1
Vision Res. Lab and Liren Lab, Ctr. Brain Sci. Res., Sch. Life Sci., Fudan Univ.,
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Shanghai 200433, China; 2 Vision Res. Lab., School of Life Sci., Univ. Sci.
Tech. China, Hefei 230027, China
The main function of the retinal ganglion cells is to extract luminance
contrast through a center-surround antagonistic structure of receptive field (RF).
The disinhibitory surround beyond the classical RF of retinal ganglion cells has
been reported (Ikeda & Wright, 1972). However, whether the center and the
extended surround outside the classical center process more complex patterns
remains unknown. To study this, responses of 128 retinal ganglion cells to
grating stimuli presented independently on the center and the extended surround
of the RF, were recorded from the cat optic tract. The center and the extended
surround of most cells showed different orientation bias and preference when
tested with gratings at different spatial frequencies. Accordingly, some cells
possessed a more complex RF property, which may be responsible for detecting
sophisticated figure segmentation (e.g. texture segmentation). This is a function
often found in the visual cortex. Moreover, in about one quarter of the cells
studied the center did not exhibit orientation bias. The extended surround alone
thus determines the cells’ orientation bias. The results suggest that the extended
surround allows retinal ganglion cells to process more complex information in a
large scale than what we thought.
Supported by a grant of National Natural Science Foundation of China to TS
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PHOSPHENE PERCEPTION THRESHOLDS TO DIRECT STIMULATION OF A
HUMAN OPTIC NERVE SHOWS SPATIAL AND TEMPORAL SUMMATION
J, Delbeke, S. Panini. Q. Glineur, A. Vanlierde. C, Veraart*. Neural Rehabilitation
Engineering Lab, Univ. of Louvain, Brussels, Belgium
A four contact spiral cuff electrode has previously been implanted around the
right optic nerve of a blind retinitis pigmentosa patient (Veraart et al.,1998, Brain
Res., 813: 181-186). A total of 196 thresholds for phosphene perception obtained at
regular interval from day 2 to day 189 after surgery are now analysed. For each
contact, the domain explored includes 1 to 33 pulse trains of 25 to 400 ps duration
with frequencies from 40 to 1000 Hz with corresponding currents of 20 to 2850 pA.
As expected, shorter pulses require stronger currents. Also, a higher stimulation
frequency or number of pulses lowers the perception threshold indicating temporal
summation. Similarly, spatial summation can be deduced from the recruitment
effect of intensity. Neglecting localisation aspects and considering only a uniform
population of typical axons to be involved, a rough model of phosphene perception
threshold mechanism can be constructed. The strength-duration equation is
combined with an S shaped axon recruitment curve and a synapse-like spatial and
temporal summation mechanism assuming exponential EPSPs and no weighting.
Results show for the ‘typical’ axons a mean chronaxy of 115 ms and a mean
rheobase of 8.6 pA. For a single pulse of long duration, the current required to
activate half the target axon population is 318 pA. Moreover, with a single pulse,
47 % of the target axons must be stimulated before perception threshold is reached.
The EPSP time constant is 39 ms. For trains of 33 pulses of 100 ps at 330 Hz,
phosphene threshold can be as low as 30 pA.
Notwithstanding a good fit (r2 = 0.87), the figures above should only be seen as
indicative, remembering the drastic simplifications above as well as the limited
number of data points obtained in a single volunteer with abnormal optic nerve.
Support: CEU ‘Esprit’ grant # 22 527 and FMSR grant # 3.4584.98.
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425.1

425.2

SOMATA OF NOCICEPTIVE NEURONS IN AN ENZYME-FREE
PREPARATION OF RAT DRG SHOW SMALL RESPONSES TO
CAPSAICIN AND PROTONS. A. Scholz1, U. Krause , G. Reif and W.

DEVELOPMENTALLY
REGULATED
VANILLOID
RECEPTOR
(VR1)
EXPRESSION
IN
SENSORY
NEURONS: INDUCTION OF THERMAL HYPERALGESIA
BY VR1 PROTEINS IN NEUROPEPTIDE CONTAINING
NOCICEPTORS
A. Guo1*, D. A. Simone2, L. S. Stone1, J, Wang1 and R, Elde1. 1 Dept.
of Neuroscience, 2Dept. of Psychiatry, Division of Neuroscience
Research, University of Minnesota, Minneapolis, MN 55455.
The recently cloned VR1 can be activated by capsaicin and by
noxious thermal stimuli. Using antibodies that are specific against
different regions of the VR1 molecule, we show that the appearance of
VR1 protein in nerve fibers and terminals in different laminae of the
spinal cord is developmentally regulated and corresponds to the
development of subpopulations of neurons in dorsal root ganglia that
express VR1. We also show that there is a reciprocal association of VR1
with the glia cell line-derived neurotrophic factor (GDNF) receptor
tyrosine kinase, Ret, and the nerve growth factor (NGF) receptor
tyrosine kinase, Trk A. Our results indicate that neurotrophins may
regulate the extent to which the populations of dorsal root ganglion
neurons express VR1. Finally, we have tested the role of VR1 in a
subpopulation of primary afferent neurons that provide nerve fibers and
terminals to lamina I. We provide data that allow us to infer that VR1
proteins targeted to nerve fibers and terminals in lamina I are
predominantly, if not exclusively, responsible for intraplantar capsaicininduced thermal hyperalgesia. This study is supported by grants from
NIDA-NIH.

425.3

425.4

REGULATION OF DRG p-PREPROTACHYKININ mRNA LEVELS BY
ESTROGEN. F.J. Liuzzi*, S.A. Scoville and S.M. Button. Division of Anatomy,
Eastern Virginia Medical School, Norfolk, VA 23501.
Our laboratory showed that 90 days of daily estrogen injections to
ovariectomized (OVX) rats coordinately decreases trkA (high affinity NGF
receptor) and p-preprotachykinin (p-PPT) mRNA levels in lumbar dorsal root
ganglion (DRG) neurons. Since NGF is known to regulate DRG p-PPT mRNA
levels, we postulated that estrogen modulates p-PPT mRNA levels by altering
the sensitivity of DRG neurons to NGF through its effect on the trkA gene.
To test our hypothesis, we divided 20 OVX rats into four groups. The first
two groups received bilateral sham sciatic nerve transection (SSNT), while
the other two groups underwent bilateral sciatic nerve transection (SNT) to
eliminate target-derived NGF. Seven days later one SSNT group and one
SNT group received two days of daily estradiol benzoate (EB) injections
(10pg in 0.1ml sesame oil). The other two groups received sesame oil alone.
Twenty four hours after the second injection, the animals were killed, perfused
with 10% buffered formalin and their L4 and L5 DRGs harvested for
processing, paraffin embedding and sectioning. Antisense and sense [33P]labelled RNA probes were synthesized from a 560bp PPT cDNA containing
the substance P encoding region. The cDNA was a gift from Dr. James E.
Krause. These probes were used for quantitative in situ hybridization.
Two successive days of EB injections significantly increased the mean DRG
p-PPT mRNA level in OVX rats. SNT caused a significant decrease in the
mean DRG p-PPT mRNA level in OVX rats compared to that for SSNT.
Estrogen replacement in SNT rats had no effect on p-PPT mRNA levels in
axotomized DRG neurons. These data suggest that estrogen acts in synergy
with NGF to regulate DRG p-PPT mRNA levels.

NEUROTROPHINS ACUTELY ALTER INTRACELLULAR CALCIUM LEVELS
IN DORSAL HORN NEURONS OF THE RAT SPINAL CORD. A. Meriqhi1*, M.
Zonta2 and G. Carmiqnoto2.1Dip. Morfofisiologia Veterinaria, Torino and 2Dip.
Scienze Biomediche e Sperimentali, Padova, Italy - UE.
Many converging lines of information now indicate that sensory pathways
are subject to modulation via the actions of neurotrophins (NTs), most notably
NGF, BDNF, and NT-3. Up to now most of the evidence has been at the
periphery, and putative central actions of NTs have therefore been excluded or
viewed as indirect. We here advance the hypothesis that BDNF and NGF may
directly contribute to the processing of sensory information in the substantia
gelatinosa (lamina II), the major site of integration for nociceptive information
in the spinal cord. We used a confocal fluorescence microscope and acute
spinal cord slices from young rats (post-natal day 7-10) loaded with the Ca2+
indicator indo-1 to examine the possible effects of these NTs on the
concentration of intracellular Ca2+ ([Ca2+]j) within the neurons from the
superficial laminae (l-ll) of the dorsal horn. In a sub-population of cells, BDNF
(100-500 ng/ml) rapidly triggered a complex pattern of [Ca2+]; changes, from a
single elevation characterized by a slow rise and decay, to repetitive [Ca21}
peaks with faster kinetics. Preliminary results suggest that NGF (500 ng/ml)
likely exerts similar effects, but on a different subset of gelatinosa neurons. By
in situ hybridization and immunocytochemistry, we are currently establishing the
cell types which express the different trk receptors. The rapid effects of BDNF
and NGF on the [Ca2+], of lamina II neurons, support the hypothesis that the
different NTs, besides the well recognized effects on peripheral nociceptors,
may have a central action in the dorsal horn and therefore contribute to the
processing of nociceptive information.

Vogel1 *. 1Physiologische Institut, Justus-Liebig-Universitat, Aulweg 129, D35392 Giessen, Germany. * Faculty ofBiology, University ofBucharest, Romania.
A subpopulation of nociceptors expresses the vanilloid receptor type 1 (VR1),
which is activated by capsaicin, protons or noxious heat; this might underlie the
sensation of burning pain in injured tissue. We have studied the presence and
properties of VR1 for the first time in a thin slice preparation (150 pm) of dorsal
root ganglia (DRG), without enzymatic treatment.
In whole-cell patch recordings (n = 85) about 68 % of C- and A5-type neurones
showed small, slowly activating inward currents (15-100 pA; 1-2 min to peak)
after application of capsaicin (1-10 pM). These currents could however be
blocked by the VR1 antagonist capsazepine (5 pM, n = 8). In only 24 % of the
neurones were amplitudes between 100 and 600 pA observed, and just 5 %
responded with amplitudes of 600-1900 pA. In about 9 % of these neurones we
could not detect any response to capsaicin. Five neurones showed a slow
depolarization (1-2 min to peak) induced by protons (pH 5.5 or 6.0), which was
not blocked by capsazepine. Usually, the inward current elicited by protons was
substantially smaller than the response to capsaicin, but in three neurones the
opposite was the case.
In contrast u previous reports, we found only 5 % of DRG neurones responding to capsaicin with large and fast currents, whereas in enzymatically
dissociated neurones it is about 60 %. In our thin slice preparation the majority of
responses to capsaicin were 5 - 1Q0 times smaller than in dissociated and cultured
neurones of the same type. One explanation might be that VR1 is up-regulated in
culture after enzymatic treatment. Alternatively, it is possible that VR1 is
functionally expressed at the site of axotomy of the corresponding nerve fibre, and
therefore not in the soma: preliminary results showed an inverse correlation of
axon length and current amplitude in soma.

Supported by a Grant from the Jeffress Trust Foundation to FJL.
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LONG-TERM POTENTIATION (LTP) OF THERMAL NOCICEPTION IN
NEONATAL RATS PERSISTS INTO ADULTHOOD
C.L. Cleland*, R.P. Stewart, J.C. Brien and A.R. Hawkins. Department of
Biology, James Madison University, Harrisonburg, VA 22807
Previously, we demonstrated that brief neonatal inflammatory injury of the
paw by injections of Freund's adjuvent between PO and P7 can cause
permanent thermal hyperalgesia. The resulting hyperalgesia, however,
could have arisen from either changes in the central (CNS) or peripheral
nervous system (PNS). The goal of these experiments was to determine if
the CNS alone can sustain permanent hyperalgesia induced by electrical
stimulation of the hind paw.
Neonatal rats (P4) were briefly anesthetized with halothane and their left
hind paw was electrically stimulated (1 Hz, 10 mA, 5 ms duration) for 5
minutes with surface electrodes. Prior to and following conditioning, thermal
nociception was tested by comparing the withdrawal latencies of the treated
and untreated paws to radiant heat. The possibility that the electrical
stimulation altered sensory transduction of the foot was tested by blocking
the sciatic and femoral nerves proximally during electrical stimulation.
Electrical stimulation caused an immediate and profound decrease in
latency (1.92 + 0.36 s, n=9, p<0.001) of the stimulated leg. Continued
testing revealed that the hyperalgesia persists through at least age 50 days
(0.86 + 0.14 s, p<0.001). Block of the sciatic and femoral nerves by local
anesthetic during the 5 minutes of stimulation abolished hyperalgesia (0.41
+ 0.21 s, n=5, p=0.12). No visible changes in the foot were seen.
These results demonstrate that a brief nociceptive experience in neonatal
rats can lead to permanent hyperalgesia that is mediated by the CNS. Thus,
it is likely that the permanent hyperalgesia caused by inflammatory injury
also arises from plasticity in the CNS rather than from changes in the PNS.
Supported by James Madison University and NS32261 to CLC.

SUPRASPINAL FOS EXPRESSION IN NEONATAL RAT PUPS FOLLOWING
GRADED INFLAMMATORY PAIN B.W. Newton*, C.R. Rovnaghi. Y. Golzar
KJ.S. Anand. Dept. of Anatomy & Pediatrics, Univ. of Arkansas for
Medical Sciences, Little Rock, AR 72202
Supraspinal processing of inflammatory pain has not been investigated
in neonatal rats. We studied neuronal activation induced by formalin
(4%, 10%, 20%) injected subQ in the right dorsal forelimb of rats on
postnatal day 1 (Pl, n=30), P7 (n=30) or P14 (n=30); controls were
untreated (Pi: n=10, P7: n=6, P14: n=6). Rat pups were sacrificed and
perfused at lh or 4h after stimulation, brains were cryosectioned (20
gm) & stained with Fos immunocytochemistry. At Pl, moderate Fos
expression occurred in the para- & periventricular hypothalamus; the
VPL, VPM, ventromedial, & central thalamic nuclei, with adjacent areas
of CAI and CA3 hippocampus. Abundant Fos staining occurred in the
amygdala and piriform cortex, whereas little or no staining was apparent
in tne somatosensory parietal cortex. Compared to Pl, Fos staining at P7
was less widespread, but associated with increased cell numbers in the
thalamic and hypothalamic nuclei associated with pain processing or
stress regulation. Moderate staining occurred in the amygdala and
piriform cortex, and mild staining appeared in the parietal & insular
cortex, olfactory & preoptic areas. At P14, Fos expression in the parietal
(SI, SII), insular, frontal, and cingulate cortical areas was highly
abundant, with moderate staining in bed nucleus of the stria terminalis,
in addition to the thalamic and hypothalamic nuclei. At all ages, Fos
expression was greater at lh than at 4h, and in the areas and nuclei
contralateral to tne stimulated limb. We postulate that these patterns of
Fos expression signify developmental changes in supraspinal pain
processing, progressing from a sub-cortical to a cortical predominance
in neonatal rat pups from Pl to P14.
Supported by NICHD 01123-03.

425.7

425.8

LEVELS OF SPINAL a28 PROTEIN AND mRNA IN A RAT MODEL OF
NEUROPATHIC PAIN. L. Philp, E. Holloman, M. J. Field and R. G. Williams*.
Parke-Davis Neuroscience Research Centre, Cambridge University Forvie Site,
Robinson Way, Cambridge, CB2 2QB, U.K.
Chronic constriction injury1 (CCI) of the rat sciatic nerve produces allodynia
and hyperalgesia which are blocked by the anti-epileptic gabapentin
(Neurontin®)2. However, in control animals gabapentin does not show analgesic
activities. The mechanism of action of gabapentin is unknown, but it has been
shown to bind to the a2S subunit of voltage dependent calcium channels (VDCC)3.
We investigated the levels of a28 protein using immunocytochemistry and
a28 message by i« situ hybridisation in the rat spinal cord 28 days after CCI.
Optical density measurements were obtained from the dorsal horn (DH) in L4-6
spinal sections. In control rats a28 immunoreactivity and mRNA were localised to
the superficial laminae of the DH, extending medially into lamina X. In CCI rats
(n=6) a25 immunoreactivity showed a significant increase in the DH ipsilateral
(1370±114 AUC) to the surgery compared to the contralateral side (1278±121
AUC paired t-test p<0.05). In contrast, a28 message (n=5) showed a significant
decrease ipsilateral (92280±6340 AUC) to the surgery compared to the
contralateral side (100400±6866 AUC paired t-test p<0.05). Hypersensitivity after
CCI surgery peaks at 14-28 days, this may cause the increase in the level of a25
protein. The decrease in the level of a2S message may be due to a feedback
mechanism as a result of the increased a25 protein or it may reflect the start of the
recovery period from CCI. The increase in the a2S protein following CCI may be
relevant to the anti-hyperalgesic activity of gabapentin. (This work was supported
by Parke-Davis, Warner Lambert.)
1. Bennett & Xie, (1988) Pain 33(1):87-107
2. Xiao & Bennett, (1995) Soc. Neurosci. Abstr. 21:356
3. Gee etal., (1996) J. Biol. Chem. 271(10): 5768-5776

DESCENDING ANTIANALGESIC ACTION OF NOCICEPTIN
AGAINST MORPHINE IS MEDIATED BY SPINAL PGE2 IN MICE.
J.M. Fujimoto* and J.J. Rady Research Service. Zablocki Veterans
Affairs Medical Center, Milwaukee, WI 53295.
Nociceptin, 5.5 pg, administered intracerebroventricularly (i.c.v.) at
10 min. to mice antagonized the antinociceptive action of intrathecal (i.t.)
morphine, 1 pg, given 5 min. before the tail flick test. The duration of
action of nociceptin is about 1 hr. This action of nociceptin is eliminated
in a dose dependent fashion by i.t. PGD2, 10 ng, 5 min., indicating that
PGE2 is mediating the antianalgesic action. PGE2 given i.t. with
morphine was antianalgesic at 1-100 ng. The duration of action of
PGE2, 100 ng, was 1 hr. This action of PGE2 was eliminated by the
coadministration, i.t., of PGD2, 10 ng. Minami et al. (Brit. J.
Pharmacol. 122: 605, 1997) had shown that the allodynic effect of i.t.
nociceptin was eliminated by the i.t. PGD2 and demonstrated that PGE2
was the mediator of the allodynia. Thus, the present findings are
consistent with their result except that the antianalgesic action of
nociceptin involves a descending system. Nociceptin acting in the
brain, activates a descending system which releases PGE2 in the spinal
cord where PGE2 then produces an antianalgesic action against
morphine. Spinal release of substance P appears not to be involved in
that 1 hr pretreatment with i.t. substance P antiserum had no effect on
the nociceptin response even though the antiserum treatment eliminated
the antianalgesic action of i.t. substance P (0.1 pg, i.t. 5 min before the
tail flick test). Evidence indicates that this system is separate from that
which involves the antianalgesic action of dynorphin A (1-17) through
spinal cholecystokinin release. Supported by VA Medical Funds.

425.9

425.10

Pain Modulation by Release of the Endogenous Cannabinoid Anandamide J.M. Walker*, S.M. Huang, N.M. Strangman, K. Tsou, and M.C.
Sahudo-Peria. The Alan M. Schrier Research Laboratory, Depts. of
Psychology and Neuroscience, Brown University Providence, Rhode Island 02912U.S.A.

NALOXONE AND FORMALIN-PAIN, BUT NOT ESTRADIOL, AFFECT THE
GONADECTOMY-INDUCED MODIFICATIONS OF CHAT ACTIVITY IN MALE
RATS. A.M, Aloisi* and I. Ceccarelli. Institute of Human Physiology, University of
Siena, 53100 Siena Italy
The hippocampal cholinergic system is known to be involved in attention, learning
and memory; in addition, mounting evidence suggests an important involvement in
phasic and persistent pain processes. Painful stimuli were found to change cholinergic
parameters in a sex-dependent manner. To better define whether these differences are
mediated by gonadal hormones, we studied the activity of cholineacetyltransferase
(ChAT), the enzyme of synthesis of ACh commonly used as an index of activation of
the cholinergic system. Male Wistar rats were gonadectomized or left intact. The
animals were then icv injected with estradiol (1 pg/5gl) or saline at Day 20 and 21 after
GDX or sham treatment and they received naloxone (2.5 pg/5pl) or saline at Day 22,
15 min before the start of the formalin test (50 pi of dilute formalin at 5% in the dorsal
paw). At the end of the test (60 min) the animals were killed by decapitation and the
right and left hippocampi were dissected and immediately frozen for subsequent
determination of ChAT activity (by the Fonnum method with slight modifications).
ChAT activity was not affected by estradiol, naloxone or formalin pain in Intact
animals. In GDX/pain-free animals, ChAT was increased in both saline- and estrogentreated groups; naloxone pre-treatment completely counteracted this increase. In
formalin-treated animals, the GDX-induced increase in saline-treated animals was not
present, nor was a naloxone-induced decrease; thus the levels remained higher than in
Intact animals. In conclusion, by depleting testosterone, gonadectomy appears to
enhance the biosynthetic activity of the hippocampus through an opiate-dependent
system. However, this effect is changed by a condition of persistent pain.
(This research was supported by MURST and University of Siena. 40 and 60% funds)

Synthetic cannabinoids produce behavioral analgesia and suppress
pain neurotransmission, raising the possibility that endogenous cannabinoids serve naturally to modulate pain. An improved method for measuring endocannabinoids, utilizing liquid chromatography/atmospheric pressure chemical ionization mass spectrometry, permitted measurement of
the release of the endogenous cannabinoid anandamide in the periaqueductal gray (PAG) by in vivo microdialysis. Electrical stimulation of the dorsal and lateral PAG produced CB1 cannabinoid receptor-mediated analgesia accompanied by a marked increase in the release of anandamide
in the PAG, suggesting that endogenous anandamide mediates the behavioral analgesia. Furthermore, pain triggered by subcutaneous injections of the chemical irritant formalin substantially increased the release
of anandamide in the PAG. These findings indicate that the endogenous
cannabinoid anandamide acts as a trans-synaptic chemical messenger
within a non-opiate, cannabinergic pain suppression system located in
the dorsal and lateral PAG. The existence of a cannabinergic pain-modulatory system may have relevance for the treatment of pain, particularly in
instances where opiates are ineffective. The authors are grateful for the financial support provided by the US Public Health Service: NIH/NIDA:
K02DA00375, DA10043, DA10536.
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ADJUVANT
ARTHRITIS
(AA)
IN
RATS
AFTER
THE
BROMOCRIPTINE TREATMENT OF DIFFERENT PHASES OF THE
DISEASE
RRokytad^ V. Hole£ek(2), I. KoneCna(l), J. Jur£ovicova(l), S. Parara(l),
J. Racek(2), K §vik(3), L. Trefil(2).
Department of Normal, Pathological and Clinical Physiology. 3rd Faculty of
Medicine, Charles University, Prague, Czech Republic(l); Department of
Clinical Biochemistry and Laboratory Diagnostic, Faculty of Medicine,
Charles University, Plzeft, Czech Republic(2); Research Institute for
Rheumatic Diseases, PieSt’any, Slovakia(3).
In male Lewis rats complete Freund’s adjuvant induced hyperactivity of
immune functions and triggered AA. This was accompanied by hind paw
swelling, enhanced core temperature, thymolysis, activation of
corticosterone (CORT), reduction of circulating prolactin (PRL) but not
PRL mRNA, enhanced production of NO radical and reactive oxygen
species (ROS). Bromocriptine (BRC), a dopaminergic D2 agonist
inhibiting PRL expression and release, was injected daily in a dose of 5 mg
per kg s.c. from day -3 to day 11 of AA and had a mitigating affect on
hind paw swelling till the end of the studied period, day 23. On the 23rd
day these animals displayed potentiation of CORT levels and NO
production and the same malondialdehyde (MDA) concentration and
antioxidative capacity (AOC) in spleen comparing to rats with AA BRC
treatment in the whole time course of AA (day -3 till 22) prevented hind
paw swelling, enhanced core temperature and thymus weight loss, but NO,
MDA and AOC remained at the level of rats with AA. These results show
that blockade of PRL with the benefitial effect on AA did not prevent the
risk of tissue damage by ROS.
Supported by GACR 305/98/1064

Unexpected and anticipated pain: Identification of specific brain
activations by correlation with reference functions derived from
conditioning theory. A. Ploghaus1’2, S. Clare1. F.A. Wichmann2 , J.N.P.

Rawlins2, P.M. Matthews1, and I. Tracey1 (SPON: British Neuroscience
Association). 'Centre for Functional MRI of the Brain, and Experimental
Psychology, Oxford Univ.; Oxford OX3 9DU, UK.
Anticipation of pain is an important factor in the development of chronic pain and
depends upon learning associations between pain and predictive cues. Conditioning
theory suggests that such learning only occurs during trials where the pain is less
than perfectly predicted. Previously, we have shown that unexpected relative to
anticipated pain activates BA 7 and 9, whereas anticipated relative to unexpected
pain activates SI (1). To determine whether activation in BA 7 and 9 reflects trialby-trial changes in associative strength of the light-pain association, whereas
activation of SI reflects cumulative storage of that association, we employed a dual
differential crossover conditioning task (2). Six subjects (4 m, 2 f) underwent fMRI
(3T) while observing changing contingencies between 4 coloured lights and 2
intensities of thermal stimulation to the back of the left hand (painful hot, nonpainful warm). fMRI time series data were correlated with predicted trial-by-trial
changes in expectancy as derived from conditioning theory. The highest negative
median correlation coefficient was observed in BA 7 (x = 2, y = -40, z = 45; median
Pearson r = -0.25), whereas the highest positive correlation coefficient was observed
in SI (x = 42, y = -20, z = 43; median Pearson r = 0.23). This observation is in
agreement with our proposal that activation in BA 7 and 9 reflects trial-by-trial
changes in associative strength of the light-pain association, whereas activation of S1
reflects cumulative storage of that association.
(1) Ploghaus, A. et al. Neuroimage (in press).
(2) Ploghaus, A. (1997). Klassische Konditionierung und Schizophrenic. Berlin: Logos-Verlag.
A.P. holds a Rhodes Scholarship. I.T. and S.C. are funded by the MRC (UK).

425.13
PERCEPTUAL AND CNS RESPONSES TO VISCERAL PAIN IN PATIENTS
WITH INFLAMMATORY BOWEL DISEASE L, Chang, S.W.G. Derbyshire, J.
Munakata, B. Naliboff, M.A. Mandelkem, E.A. Mayer*.
U CLA/CURE
Neuroenteric Disease Program, and WLA VA PET Center, Los Angeles, CA 90073.
Based on animal and human models, acute inflammatory visceral inflammation is
commonly associated with hyperalgesia. The effect of chronic visceral inflammation
on visceral perception is not well understood. In order to characterize the
mechanisms underlying altered brain gut interactions in chronic mucosal
inflammation, we compared perceptual and regional brain activation responses
between patients with inactive-mild ulcerative colitis (UC) and healthy controls.
Visceral perception was measured in 11 UC patients and 13 healthy controls using a
dual-balloon catheter (1 rectal and 1 sigmoid) and an electronic distention device
(Synectics). Rectal perceptual thresholds to discomfort were measured before and
after a 10-min intermittent, rapid sigmoid conditioning stimulus (SCS, 60 mm Hg, 30
sec pulses, 30 sec intervals). Cerebral blood flow (rCBF) in response to an actual
rectal distention (45 mm Hg) and an anticipated but undelivered stimulus (0 mm Hg)
was studied in 7 UC patients and 7 healthy controls using H2I5O - positron emission
tomography (PET). Discomfort thresholds to rectal distention were similar in UC
and controls at baseline (39.6±2.9 vs. 32.5+2.6 mm Hg) but were significantly higher
in UC after the SCS (42.5±3.4 vs. 32.7±2.4 mm Hg, P < 0.05). Compared with
controls, UC subjects had significantly greater activation in the perigenual anterior
cingulate cortex (BA 24, 32), insula (BA 20), and medial frontal cortex (BA32/9/8)
in response to actual and anticipated rectal distentions. Activation of these areas is
correlated with sensory intensity ratings and has been shown in somatic and visceral
pain studies. Activation of these cortical areas in UC may represent activation of
antinociceptive pathways by the conditioning stimulus. This may explain the finding
of visceral hypoalgesia in mild UC.
Supported by NIH DK 48351 (EAM).
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STUDIES OF PRESENILIN-1 FUNCTION IN NEUROGENESIS
AND THE ADULT BRAIN. J, SHEN*, H. YU, M, HANDLER. X.
YANG, J. KESSLER. Center for Neurologic Diseases, Brigham and
Women’s Hospital and Harvard Medical School, Boston, MA 02115.
Presenilin-1 (PSI) is the major gene responsible for early-onset
familial Alzheimer's disease (FAD). Studies of PSI homologs in
C. elegans and Drosophila indicate that PSI interacts with the LIN12/Notch signalling pathway, which is important for cell fate
determination during development. Previously, we reported that PS 1 is
required for normal neurogenesis, based on the analysis of the PS/-null
mice (Shen et al., Cell 89, 629-639). Further examination of the PS1null mice revealed that impaired neurogenesis in the P5/-null brain is due
to premature differentiation of neural progenitor cells and is associated
with reduced Notch signalling. This result demonstrates that PSI is
involved in cell fate determination between neural progenitor cells and
postmitotic neurons through the Notch signalling pathway during neural
development. Furthermore, understanding of the normal function of
PSI in the adult brain is critically important for the elucidation of the
pathogenic mechanism of FAD-linked PSI mutations. However, the
perinatal lethality of the PSI-null mice precludes the study of PSI
function in the adult brain. We therefore employ the Cre-loxP system to
generate conditional PSI knockout mice in which PSI is eliminated in
die specific regions of the adult brain. We have thus far generated the
floxed (flanked by the loxP sites) PSI mouse, in which PSI exons 2 and
3 are flanked by two loxP sites. Upon breeding of the floxed PSI
mouse to transgenic mice expressing Cre recombinase, PSI function will
be eliminated in those cells expressing Cre. Analysis of the PSI
conditional knockout mice will be presented.

REDUCED EXPRESSION OF PRESENILIN 1 LEADS TO EPITHELIAL
HYPER-PROLIFERATION IN TRANSGENIC MICE
H, Zhsnfc1^, Y, WuL A. Fletcher2 and §, Qian2, ‘Huffington Center on Aging,
Baylor College of Medicine, Houston, TX 77030; 2 Merck Research Labs,
Rahway, NJ 07065.
Presenilin 1 (PSI) is important for mammalian development and is required
for extracellular production of AP peptides. Transgenic mouse lines expressing
either the wild-type human PSI protein or human PSI with the A246E familial
Alzheimer’s disease (FAD) mutation, under the transcriptional control of the
neuronal specific human Thy-1 promoter, can rescue the PSI knockout mouse
from embryonic lethality and restore AP expression. Here we report that
although a low-level expression of human PSI is sufficient to support PSI
developmental activity, reduced PSI level leads to epidermal proliferation in
adult human PSI transgenic mice on murine PSI null background. The PSI
rescue mice exhibit various abnormalities including enlarged paws, rough back
hair coat and thick ridges in eyelids and nose. Microscopic examinations
revealed numerous lesions in the skin which include formation of epithelioid
cysts, epithelial hyperplasia, hyperkeratosis and epithelial neoplasm comprised
of squamous epithelium with abundant keratin production. These phenotypes
are, to some degree, similar to those seen in transgenic mice expressing a
stabilized p-catenin. Since PSI interacts with p-catenin in vitro, our results
suggest that PSI may be important in skin tissue proliferation and that this
activity may be linked to p-catenin signaling pathway.
Supported by Merck Research Laboratories and a start-up fund from Baylor
College of Medicine.
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426.3

426.4

CHARACTERIZATION OF PRESENILIN 1 D385A IN TRANSGENIC MICE.
W.T. Kimberly1. W. Xia1. H. Yu1. D. Watson2*,
J. Shen1, and P.J. Selkoe1. ’Center for Neurologic Diseases, Brigham
and Women’s Hospital and Harvard Medical School, Boston, MA;
2University of Pennsylvania, Philadelphia, PA 19103.
Mutagenesis of either of two transmembrane aspartates of
presenilin 1 (PSI) interferes with amyloid beta protein (Ap)
production in a dominant negative manner. Stable cell lines
expressing these mutants recapitulate a PSI knockout biochemical
phenotype. To verify this finding in vivo and study its mechanism,
we have generated transgenic mouse lines that contain PSI with an
aspartate to alanine mutation at residue 385. The gene is under the
control of the platelet-derived growth factor (PDGF) B-chain
promoter, which restricts expression primarily to neurons. We have
developed four lines with different copy number of the transgene
inserted into the genome (up to ~10 copies vs. mouse PSI). The mice
are viable, and founder mice are being bred to create homozygous
aspartyl mutant mice. We are currently characterizing these mice to
determine PSI RNA and protein expression levels. Such mice will be
of interest for breeding to APP transgenic mice to attempt to
ameliorate or slow the progressive cerebral fLamyloidosis of the latter
by chronically suppressing y-secretase activity. (Supported by NIH
AG06173)

IMPAIRMENT OF RESPONSE TO ER STRESS IN PRESENILIN I KNOCK-IN
MICE. T.Kudo1*. K.Imaizumi’. Y.Nakano12. H.Tanimukai1. T.Katayama3. N-SaloL

T.Morihara13.__ M.Tohyama; J.Takeda2._ and_ M.Takeda1. 'Dept.of Clinical
Neuroscience; 2Dept.of Social and Environmental Medicine; ’Dept.of Anatomy

and Neuroscience, Osaka Univ. Graduate Sch. of Med., Suita, Osaka, Japan.
Missense mutations in the presenilin-l (PSI) gene on chromosome 14 are
known to cause early-onset familial Alzheimer disease (FAD). FAD-linked PSI
variants alter proteolytic processing of the amyloid precursor protein and cause an

increase in vulnerability to apoptosis induced by various cell stress. However the
mechanisms responsible for these phenomena are not clear. We established “knockin” mice with the I213T PSI missense mutation found in a Japanese family
(Eur.J.Neurosci. in press). Our study with primary neuronal culture cell from

“knock-in” mice brain shows that the neurons with PSI mutation is vulnerable to

ER stress. It is reported that GRP78, a molecular chaperone present in the
endoplasmic reticulum (ER), is induced to ER stress. The induction in the neurons

with PSI mutations is impaired in gene-dose dependent manner to make the
neurons vulnerable. Overexpression of GRP78 in neuroblastoma cells bearing PSI
mutation almost completely restored resistance to ER-stress equal to the level of

wild-type of PSl-expessing cells. These results suggest that the impairment of
response to ER stress in neurons with mutant PSI may cause their vulnerability. It
is also suggested that the regulation of GRP78 could allow for the development of
therapeutic strategies for FAD.

426.5

426.6

PRESENILIN-1 P264L KNOCK-IN MUTATION: EFFECT ON CORTICAL

ENHANCED VULNERABILITY TO CELL DEATH IN LYMPHOCYTES
FROM PS-1 MUTANT TRANSGENIC MICE. A. Eckert1*, K. Schindowski1,
S. Leutner1, C. Czech2 and W.E. Muller1. ’Dept. of Pharmacology, Biocenter,
University of Frankfurt, Germany; 2Rhone-Poulenc Rorer, Centre de Recherche de
Vitry-Alfortville, Vitry-sur-Seine, France.
Many cases of early-onset familial Alzheimer's disease (FAD) result from
mutations in the presenilin-l (PS-1) gene located on chromosome 14. Increased
vulnerability to cell death appears to be a pathogenic mechanism of PS-1
mutations in AD. Very recent findings indicate that the expression of PS-1
mutation in PC 12 cells and in PS-1 mutant knock-in mice sensitises PC 12 cells
and neurons to the induction of cell death. In our study, lymphocytes from
transgenic mice expressing two different human Alzheimer-linked PS-1
mutations (single and multiple mutations) exhibited an increased susceptibility
to apoptosis compared to cells from wild type (wt) PS-1 mice or littermate
controls. Hereby, basal levels of apoptotic cells were significantly elevated in
quiescent lymphocytes from PS-1 mutant mice. No difference was present
between w/PS-1 mice and littermate controls. In addition, we determined the
enrichment of apoptotic cells as a function of time in culture to characterize in
vitro apoptosis in the presence or absence of stimuli triggering apoptosis. In all
experiments, lymphocytes from transgenic mice bearing multiple PSI
mutations, which express the highest levels of full-length PS-1 due to impaired
roteolytic processing, exhibited the highest rate of cells undergoing apoptosis,
tudying the same cell system, we could recently demonstrate that lymphocytes
from sporadic AD patients showed an enhanced vulnerability to apoptotic death
compared to non-demented controls. Thus, our present findings suggest that
common mechanisms in the regulation of the cell death program might be
disturbed by genetic and sporadic risk factors and finally lead to enhanced cell
death in AD, which can be detected not only in brain cells, but also in peripheral
cells from patients and PSI-transgenic mice. Mechanisms underlying the
endangering action of mutant PS-1 might accelerate this process.
(supported by grants from Fond der Chemischen Industrie and from the Dr. Robert
Pfleger Stiftung)

R. Siman*1. A. Reaume,
M..J. Savage, R.W. Scott and D.G. Flood. 1 Dept. Pharmacology, Univ. Pennsylvania
School of Medicine, Phila., PA 19104, and Cephalon, Inc., W. Chester, PA 19380.
The pathogenic mechanism by which mutations in presenilin-1 (PS-1) cause
familial Alzheimer's disease (FAD) is uncertain, but has been proposed to include
increased neuronal sensitivity to degeneration, and enhanced production of the highly
amyloidogenic A (31-42 variant. We introduced a P264L FAD-linked mutation into the
mouse PS-1 locus by gene targeting, and evaluated potential pathogenic mechanisms in
primary cortical neuronal culture The P264L knock-in mouse expresses PS-1 mRNA at
normal levels, and endoproteolytic processing of mutant PS-1 is qualitatively similar to
wild-type. Vulnerability to apoptosis was compared for P264L/P264L and wt/wt
primary neurons treated with staurosporine, A|3l-40, or H202- Based on assessment of
chromatin condensation, there was no difference in the background level of apoptosis
between the two genotypes. The three treatments triggered apoptosis in a dosedependent manner, and neither the dose-responses nor the maximal extent of apoptosis
differed between mutant and wild-type neurons. The lack of effect of the P264L knockin mutation was confirmed by quantitation of basal and staurosporine-induced caspase
3-like activity in neuronal extracts. Neuronal vulnerability to necrosis was evaluated
following 24 hour glutamate exposure. Glutamate induced a dose-dependent necrosis
that did no. differ quantitatively between neurons of the two genotypes. Furthermore,
glutamate-stimulated activation of calpain, a calcium-dependent protease involved in
necrotic neurodegeneration, was not altered by the P264L mutation. In contrast to the
lack of effect on neuronal vulnerability, cortical neurons cultured from P264L knock-in
mice secreted an increased amount of A(342 in comparison with neurons wild-type for
PS-1. Moreover, co-expression of the P264L mutation with an APP transgene
selectively :ncreesed A(342 levels in the mouse brain and accelerated amyloid deposition
even as a single PS-1 mutant abele. The results indicate that an FAD-linked mutant PS1 expressed at normal levels does not generally increase cortical neuronal sensitivity to
apoptosis or necrosis. Instead, enhanced amyloidogenic processing of APP likely is
critical to PS-1-linked AD pathogenesis.
Supported by Cephalon, Inc.
NEURONAL VULNERABILITY TO DEGENERATION.

426.7

426.8

Progression of neuropathology in several transgenic mice
expressing a single gene or two genes linked to familial
Alzheimer’s disease: APP, PS-1 or both proteins

LYSOSOMAL SYSTEM ACTIVATION IN PRESENILIN 1-LINKED FAMILIAL
ALZHEIMER’S DISEASE. P. M. Mathews. A. M. Cataldo. K. E. Duff. Y. Jiang, C.
M. Peterhoff. M. J. Picciano. M, E. Beard. R. A. Nixon* Nathan Kline Institute, Dept
of Psychiatry, New York Univ. Medical Center, Orangeburg, NY, 10962.
Neuronal expression of lysosomal proteases (e.g. cathepsins) is strongly
upregulated, along with a marked increase in the number of lysosome, in all forms of
Alzheimer’s disease (AD). In individuals carrying familial AD (FAD)-linked
mutations in presenilin 1 (PSI), lysosomal system activation within neurons was
found to be greater than in sporadic AD cases. Expression of mutant PSI (M146L) in
transgenic mice similarly resulted in activation of the lysosomal system, reflected in
an increased number of lysosomes, increased immunolabeling for cathepsins D and
B, and increased expression of lysosomal acid phosphate (LAP) within neurons.
Introduction of a second transgene containing the Swedish mutation of amyloid
precursor protein (APPswe) potentiated this lysosomal system activation. In
addition, extensive expression of cathepsins, LAP, and a lysosomal membrane
protein (LAMP-1) was detected in and around P-amyloid deposits in these
PSI Mi 46L/APPswe transgenic mice, as we have previously described in human AD
brain. Expression of mutant PSI in cell lines resulted in upregulation of autophagy,
a degradative pathway by which cellular contents are sequestered within an ERmembrane derived vesicle and trafficked to the lysosome for metabolism. Labeling
with monodansylcadaverine, a specific fluorescent marker of autophagic vacuoles
(AVs), showed increased numbers of AVs in cells expressing mutant PSI when
compared to control cells or cells overexpressing wild-type PSI. These data suggest
that lysosomal system activation in PS1-FAD may occur in part as the result of
increased autophagic degradation, a pathway distinct from the endosomal system
pathway known to be stimulated in sporadic AD (see Cataldo et al., this meeting).
Thus, while lysosomal system activation is always seen in AD, different forms of the
disease appear to affect the lysosomal system through different pathways.

S. Moussaoui*, V. Blanchard, B. Bonici, C Czech, GL Tramp, N.
Touchet, L. Pradier, and A. Imperato
Rhone-Poulenc Rorer S.A., CNS Programme, Centre de Recherche de
Vitry-Alfortville, 94403 Vitry sur Seine, France
We have generated several transgenic mouse lines expressing a
single gene or two genes linked to familial AD under the control of
different promoters: HMG (triple mutant APPessSDL, wild-type PS1,
single mutant PS1M146L, PS1M5 with 5 mutations, APP695SDL x
PS1WT, APP^SDL x PS1M146L, APP695SDL x PS1M5), PDGF
(APPessSDL, APP^SDL x PS1M146L, APP695SDL x PS1M5) and
prion (APP695SDL). We are performing neurohistopathological studies
on these transgenic mice at different ages: 3, 6, 9, 12, 15 and 18
months. The results demonstrate that the different transgenic mouse
models, which express a single or two genes under the control of
HMG promoter, showed a level of transgene expression similar to the
endogenous APP level. They also don’t develop amyloid plaques in
the brain even at the age of 18 months. Similar results were obtained
with 3-9 months old mice expressing APPsgsSDL x PS1M5 and 3-14
months old mice expressing APPessSDL under the control of HMG
and prion promoters, respectively. Interestingly, mice expressing
APP695SDL alone or in combination with PS1M146L or PS1M5, under
the control of PDGF promoter, showed high levels of transgene
expression in the brain. Analysis of amyloid plaque formation,
neuronal death and inflammatory changes in all these mouse lines is
in progress.
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PRESENELIN-1 (PS-1) IN ALZHEIMER’S DISEASE (AD):
RELATIONSHIP WITH 8-AMYLOID (AB) AND APOLIPOPROTEIN E (APO E) GENOTYPE. M, Gearing1*. C. Heilman2. S.S.
Mirra3, H, Mori4. B. Wainer1, and A.I. Levev2. ‘Dept. of Pathology &
Laboratory Medicine and 2Dept. of Neurology, Emory Univ., Atlanta,
GA 30322; 3Dept. of Pathology, SUNY Health Sci. Ctr., Brooklyn, NY
11203; and 4Dept. of Neuroscience, Osaka City Univ., Osaka, Japan.
Mutations in PS-1 are linked to familial AD by a mechanism possibly
involving an increase in the secretion and deposition of AB, specifically
A842. The e4 allele of ApoE also increases the frequency of AB-positive
plaques, as well as the risk of developing AD. In the present study, we
investigated the relationships among ApoE genotype and A842, AB4(), and
PS-1-immunoreactive (IR) senile plaques in 33 AD cases. Paraffin
sections of neocortex, striatum, and cerebellum were labeled with antibodies to PS-1, AB42 and AB4(). Immunoreactive plaques were counted in
three 100X fields on each section of neocortex; striatal and cerebellar
plaques were assessed semiquantitatively. Only a subset (37%) of
cortical AB42-IR plaques, both cored and non-cored, labeled with antiPS-1 (pc.OOl); a slightly larger proportion (47%) labeled with anti-AB40.
Striatal diffuse plaques, which label with AB42 but not AB^, were PS-1IR in 10 of the 33 cases; only 2 cases exhibited PS-l-IR plaques in the
cerebellum. PS-l-IR cortical plaques were more frequent in e4/4 cases
than in e3/3 or e3/4 cases (pc.05); similar findings were noted with antibodies to AB42 and AB40, as reported previously. The presence of PS-1
immunoreactivity in a subset of senile plaques may indicate a local role
for PS-1 in plaque progression. In addition, the relationship between
ApoE genotype and PS-l-IR plaques suggests that these two factors are
both involved in the evolution of AD changes. Supported by AG10130.

A PRESENILIN-1 INTRON 4 SPLICE DONOR SITE MUTATION
RESULTING IN INSERTION/DELETION TRANSCRIPTS C. De Jonghe1, M.
Cruts1, E. A Roeaeva2, C. Tvsoe3, A, Singleton4, H. Vanderstichele5, W. Meschino7.
B. Dermaut1, I, Vanderhoeven1, E. Vanmechelen5, C, M, Morris4, J. Hardv6. D. C.
Rubinsztein3, P. H. St.George-Hvslop2, C. Van Broeckhoven1* ‘Dept. of Molecular
Genetics, Flanders Interuniversity Institute for Biotechnology and Laboratory of
Neurogenetics, Born-Bunge Foundation, Univ. of Antwerp, E>ept. of Biochemistry,
Antwerpen, Belgium.2 Div. of Neurology, Centre for Research in Neurodegenerative
Disease, Univ. of Toronto, Canada.3 Dept. of Medical Genetics, Cambridge Institute
for Medical research, Addenbrooke’s Hospital, Cambridge, U.K. 4 MRC
Neurochemical Pathology Unit, Newcastle General Hospital, Newcastle upon Tyne,
U.K. 5 Innogenetics Inc., Zwijnaarde, Belgium.6 Mayo Clinic Jacksonville, Florida,
USA. 7Dept. of Medical Genetics, North York General Hospital, North York,
Ontario, Canada.
We previously described a splice donor site mutation in intron 4 of presenilin-1
(PSEN1) in 2 patients with early-onset Alzheimer’s disease (AD). Here we
demonstrate that the intron 4 mutation produces 3 different transcripts, 2 deletion
transcripts (A4 and A4CTyptic) and 1 insertion transcript (insrAc) by aberrant splicing.
The deletion transcripts result in the formation of C-truncated (~7 kDa) PSEN1
proteins while the insertion transcript produces a full-length PSEN1 with one extra
amino acid (Thr) inserted between codons 113 and 114. In vitro, HEK-293 cells
overexpressing A4, A4cryptic or insrAC PSEN1 cDNAs showed increased AB42
secretion only for the insrAc cDNA construct. Our data indicate that in case of the
intron 4 mutation, the AD pathophysiology results from the presence of the PSEN1
Tl 13-1 Mins protein comparable to cases carrying dominant PSEN1 missense
mutations. Supported by FWO-F, COT-04, IUAP P4/17, IARF, BIO2-CT96-0743,

Focused Giving Program of Johnson & Johnson, Addenbrooke's NHS Trust, Medical
Research Council, States Education Council Guernsey and the Mayo/USF Program
Project grant on presenilins (JH). CDJ is a research assistant and MC a postdoctoral
fellow of FWO-F. D.CR. is a Glaxo Wellcome Research Fellow.

426.11

CARBOXYL-TERMINUS OF PRESENILINS IS REQUIRED
FOR OVERPRODUCTION OF AB42 THROUGH STABILIZATION OF PRESENILINS. T. Iwatsubo*, T. Tomita, R.
Takikawa, Y. Morohashi, N. Takas ugi, A. Koyama. Department of
Neuropathology and Neuroscience, Univ. of Tokyo, Tokyo, Japan
Mutations in presenilin (PS) 1 or PS2 genes account for the majority
of early-onset familial Alzheimer’s disease (FAD), and these mutations
increase production of the most amyloidogenic species of amyloid B
peptide (AB) ending at residue 42 (AB42). To identify a subdomain of
PS2 that is required for the overproduction of AB42, we constructed
cDNAs encoding modified forms of PS2 engineered at the C-terminus
and examined the secretion of AB42 as well as processing and
stabilization of PS2 proteins in neuro2a cells transfected with these genes.
C-terminally truncated PS2 with N141I FAD mutation (mt PS2)
extending to residues 411, 441 or 445 of PS2 did not overproduce AB42,
and the truncated PS2 proteins were not cleaved nor stabilized. Addition
of six His residues to the C-terminus of full-length mt PS2 similarly
abolished AB42 overproduction as well as processing and stabilization of
PS2 proteins. Substitution of the very C-terminal residue of mt PS2
(Ile448) by Arg attenuated AB42 overproduction. In contrast, PS2
lacking the N-terminal cytoplasmic domain was processed, stabilized and
increased the production of AB42. These data suggest that: (i) the
condition under which nascent PS proteins are stabilized and properly
cleaved to produce standard NTF and CTF is the prerequisite for the
pathological (i.e., A642 overproduction) function of PS; and (ii) the
integrity of the C-terminal structure of PS2 is essential for its proper
cleavage and stabilization as well as pathologic effects to increase AB42.

VISUAL CORTEX: STRIATE—LGN AND STRIATE RECEPTIVE FIELDS

427.1

427.2

THE ROLE OF THE PRIMATE LATERAL GENICULATE NUCLEUS IN
THE PROCESSING OF VISIBILITY AND INVISIBILITY. S.L. Macknik*
and S. Martinez-Conde. Department of Neurobiology, Harvard Medical
School, Boston, Massachusetts 02115.

COMPARISON
BETWEEN
VISUAL
ACTIVITY
INDUCED
BY
MICROSACCADES AND BY FLASHING BARS IN THE LGN OF THE
MACAQUE MONKEY. S. Martinez-Conde*, S.L. Macknik, and D.H. Hubei.
Department of Neurobiology, Harvard Medical School, Boston, Massachusetts
02115.
We trained a rhesus macaque to fixate on a small spot, and we monitored its eye
movements and recorded from single cells in the lateral geniculate nucleus (LGN)
while a bar with optimum width sat motionless within the receptive field of each
cell. Most eye movements during fixation were about the same or larger than the
receptive field size in the LGN, so these bars were sometimes located over the
receptive fields centers, and sometimes not.
When the visual stimulus was present, activity increased subsequent to
microsaccades. When the visual stimulus was removed, the correlation between
microsaccades and spikes disappeared, indicating that neural activity was induced
by the stimulus, and not by anything directly related to the production of
microsaccades. We compared the increase in activity we saw after microsaccades
with the activity induced by a flashing bar (1 second on, 1 second off) onset. The
correlation between flashes and spikes was on average more than 10 times higher
than the correlation between microsaccades and spikes.
These results demonstrate that microsaccades induce excitatory visual activity at
as early a level in the visual pathway as the LGN. This could help explain the
fading of our perception when images are artificially stabilized on the retina. Neural
responses to microsaccades were nevertheless smaller than the responses to the
same visual stimulus flashed on the cells’ receptive fields, perhaps because of the
abruptness of the flash stimuli.
We will show video demonstrations of these results.

Illusions of invisibility form a class of phenomena in which visible stimuli
are rendered invisible, given the appropriate conditions. We wondered if such
illusions could be used to help explore the neural mechanisms that lead to
visibility. We recorded from neurons in the awake macaque lateral geniculate
nucleus (LGN), an intermediate step in the neural pathway between the retina
and the cortex, and stimulated these neurons with an illusion in which an
elongated target (a bar of light) was rendered invisible by two flanking bars,
called masks, that both preceded and followed the target. This sequence
continues in cyclic alternation so that each individual presentation of the target
suppressed perceptually. Neural responses to the target were inhibited in the
LGN when the masks and targets were presented to the same eye, but
responses to the target were unaffected when targets were presented to one eye
and masks were presented to the opposing eye. We confirmed, however,
previous psychophysical experiments in humans that show that visibility of the
target is diminished when mask and target were presented to separate eyes.
Neither inter-ocular transfer of inhibition nor binocular inhibitory feedback
was therefore found in the LGN. We conclude that neural responses within the
LGN are not sufficient to generate target visibility.

Supported by grants from the NEI to D.H. Hubei, as well as training grants
from the NEI and the MEC (Spain) to SLM and SM-C.
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Supported by a grant from the NEI to DHH and training grants from NEI and FPIMEC (Spain) to SLM and SM-C.
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427.3

427.4

THE SYNAPTIC STRUCTURE OF THE SIMPLE RECEPTIVE FIELD.

DIRECT RESPONSES FROM BEYOND THE CLASSICAL RECEPTIVE
FIELD OF NEURONS IN PRIMATE VI TO STATIC AND DYNAMIC
stimuli . Wx.-Li'L.. E,_Thisc2 and C, Wehrhahn1. ’Max-Planck-institut fhr

Luis M. Martinez*, R. Clay Reid, Jose-Manuel Alonso and Judith A. Hirsch.

Laboratory of Neurobiology, The Rockefeller University, New York, NY, 10021.
At the first stage of processing in the cat's visual cortex, cells acquire the capacity
to resolve oriented contours. This ability is thought to be rooted in the
transformation from the thalamic receptive field's center-surround structure to the
simple receptive field's separate, elongated subregions. We have made patch
recordings from many simple cells (n=27) to map the spatial distribution of
excitation and inhibition in their receptive fields; stimuli were flashed dark and
bright squares (0.8-1.6°) (Jones and Palmer, 1987, J Neurophys 58:1187).
Companion extracellular recordings from the thalamus were made as well.
AH labeled simple cells (n=20) were located where thalamic afferents terminate or
had dendrites that ramified in those regions. Simple receptive fields all had a
similar structure: in each subregion, opposite stimuli (light vs. dark) evoked
opposite responses (push-pull). For both simple and thalamic cells, the difference
between the latency of responses to centrally vs. peripherally placed stimuli ranged
from 0-25 ms. These results are consistent with the idea that thalamic input is the
principal source of excitation to simple cells. Finally, the layout of synaptic
excitation matched the shape of the receptive field calculated from action potentials.
Layer 4 included both the most elongated and the most compact receptive fields in
our sample. There, the length to width ratios for individual subregions ranged from
1.3-4.43 (2.6 ± 1.1, mean ± SD; n = 14). Similar values were obtained from
recordings in lower layer 2+3 (range 1.8-3.28; 2.6 ± 0.7; n=3) while there was a
trend towards larger ratios in layer 6 (range 2.5-3.5; 2.9 ± 0.5; n=3).
Feedforward models of orientation tuning require simple cells with long receptive
fields. Our results support the idea these can be generated by mechanisms present at
first stage of cortical processing. (NIH grants EY09593 and EY05253, the
Klingenstein Fund and the Human Frontier Science Program Organization).

biologische Kybemetik and 2Neurologische UniversitStsklinik, Tubingen, Germany.
In the primary visual cortex (VI), stimuli placed outside the classical receptive
field (CRF) not only modify cell responses, but also evoke some direct responses, as
is revealed by changing luminance (Rossi et al., Science, 1996) or by presenting
static patterns (Rossi et al., Soc.Neurosci.Abstr., 1998; Wehrhahn et al., IOVS
suppl., 1999) in the regions outside the CRF. It is not known, however, whether the
two types of direct responses have the same neuronal basis. In order to address this
question, we recorded multiunit activity in VI of awake monkeys by presenting
static patterns of various configurations outside the CRF, or by modulating with
temporal sinusoids the luminance of the regions outside the CRF.
About 38% of the units gave direct excitatory responses, although rather weak, to
the onset of surround static patterns with latencies 2-3 times longer than observed for
the onset of stimuli inside the CRF. For most units, luminance modulation in the
surround more or less directly modulated neuronal responses. For those units (about
30%) that gave clear modulated responses to surround luminance modulation, the
response phase, as revealed by FFT analysis, was roughly in counterphase with
respect to the responses to luminance modulation inside the CRF. The latencies of
the modulated responses were calculated based on FFT analysis of responses to
differenttemporalfrequencies.Nosignificantdifference was found between center and
surround luminance modulation.
Our data suggest that direct cell responses to luminance modulation outside the
CRF could originate from sources within VI or earlier. On the other hand, the much
later responses to the onset of surround static patterns most probably involve
feedback from higher cortical areas.
Supported by DFG (SPP Physiologie und Theorie neuraler Netze).

427.5

427.6

RECEPTIVE FIELD PROPERTIES AND SURROUND INTERACTIONS IN
VI NEURONS IN INFANT MACAQUE MONKEYS. J. Anthony Movshon1,
Lynne Kiorpes*. James R. Cavanaugh and Michael J. Hawken. HHMI1 and
Center for Neural Science, New York University, New York, NY 10003.
In adult monkeys, striate cortical neurons respond selectively to the
orientation, direction, spatial and temporal frequency of drifting sinusoidal
gratings. In many neurons, these responses are inhibited by stimulation of
nearby retinal regions outside the classical receptive field; this inhibition is
usually greatest for surround stimuli whose orientation is parallel to the
neuron’s optimum, and weak or absent for orthogonal surrounds. We have
studied stimulus selectivity and surround modulation in V1 neurons recorded
from anesthetized, paralyzed infant pigtail macaque monkeys aged 7-10 days.
Infant neurons showed roughly adult tuning widths for orientation,
direction, and spatial and temporal frequency selectivity, but on average they
preferred and resolved substantially lower spatial and temporal frequencies
than adult neurons. Neuronal firing rates and contrast sensitivity were lower in
infants than adults. Stimulation of the receptive field surround often inhibited
responses in infant neurons, but only a minority of neurons showed the normal
adult pattern of surround specificity. Many neurons were inhibited by surround
stimuli of any orientation, and neurons inhibited by orthogonal surrounds were
as common as those inhibited by parallel surrounds.
We conclude that while classical receptive field properties are well
established shortly after birth, influences from the nonclassical receptive field
mature later in life. This late development may be related to the late
development of long-range spatial interactions that we and others have
observed behaviorally. Supported by HHMI and the National Eye Institute.

OPTIMAL STIMULUS SIZE CHANGES OVER TIME IN
MACAQUE VI NEURONS
J.R. Cavanaugh, W. Bair1, J.A. Movshon’1. New York University and Howard
Hughes Medical Institute1.

427.7

427.8

NON-MONOTONIC FLANKER EFFECTS IN CONTRAST
DISCRIMINATION B. Zenger*, C. Koch, and J. Braun. Computa-

DIFFERENTIAL CODING BY SINGLE STRIATE CELLS OF
CONTRAST AND ORIENTATION. II Polat T Kasamatsu*, M. Pettet,

tion and Neural Systems, Caltech, Pasadena, CA 91125.

We report how contrast discrimination of a Gabor patch is affected
by collinearly aligned Gabor flanks. In a spatial 2AFC design, two Gabor targets appeared simultaneously to the left and right of fixation
(4 deg eccentricity). Observers reported which contrast was higher (‘left’
or ‘right’), and discrimination thresholds were plotted as a function of
pedestal contrast. Aligned Gabor flankers (40% contrast) were placed
at a fixed distance (3 times Gabor period) above and below each target.
Discrimination thresholds follow a “W-shaped” function (see Figure).
The psychophysical data can be used to make physiological predictions
if one assumes that discrimination between two stimuli (left vs right)
is possible whenever the response
difference between the two units
in visual cortex responding to the
targets is above a certain criterion level. Our W-shaped curve
suggests that, in the presence
of flankers, the contrast response
function of the target assumes a
double-sigmoidal shape, with two
steep regions on either side of a flat
region. The two steep regions explain the two local minima in the
“W-function”.
Supported by NSF, NIMH, and
ONR
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Neurons in primary visual cortex of macaque monkeys respond well to stimuli
contained within their classical receptive fields (CRFs), but are often suppressed
when these stimuli extend into the area surrounding the classical receptive field.
These neurons are tuned for stimulus size because of the geometry and relative
strength of the excitatory center and suppressive surround mechanisms. We noticed
that size tuning is not static, but changes during stimulation over periods of about
one second: responses to stimuli confined to the CRF decline more than responses
to stimuli extending outside the CRF.
We tested neurons in primary visual cortex of anesthetized, paralyzed macaque
monkeys with optimally oriented drifting sinusoidal gratings. We compared
responses to both central and extended stimuli, and also used stimuli of reduced
contrast within the CRF to obtain firing rates comparable to those elicited by highcontrast stimuli extending beyond the CRF.
We found that responses to stimuli extending beyond the CRF adapted less than
responses to central stimuli, even when the stimuli were adjusted in contrast to yield
equal initial firing rates. This difference in central and peripheral adaptation leads to a
change in size tuning with time in VI neurons - large stimuli become relatively
more effective with time. If we assume that responses to large stimuli reflect a
balance between central excitation and peripheral inhibition, our results suggest that
adaptation has a more profound effect on the peripheral component of the responses.

Supported by HHMI.

A.M. Norcia. The Smith-Kettlewell Eye Research Institute, San Francisco,

CAM! 15-1^13.

Striate-cell responses are facilitated or suppressed by a pair of collinear
flankers placed outside the classical receptive field (CRF) (Polat et al.,
1998). The sign of the modulation varies depending on cellular activity:
facilitation at low activity levels (near contrast threshold) and suppression
at high activity levels. However, low activity can be generated by either a
low-contrast stimulus at optimal orientation, or a high-contrast stimulus at
non-optimal orientation. Here we asked how non-optimal stimulus
orientations affected flanker modulation. We used Gabor patch target
stimuli optimized for each CRF for size, location, orientation, spatial and
temporal frequency, and spatial phase. Orientation tuning functions were
measured at low and high target contrast, both with and without flankers.
We found that: 1) Orientation tuning parameters obtained by stimulation with target plus collinear flankers were not significantly different
from those with target alone. 2) The incidence of flanker-induced
facilitation and suppression was independent of target orientation. 3) We
calculated modulation ratios (response amplitude with target plus flankers
divided by response amplitude with target alone) and plotted them against
the response amplitude from the target-alone condition. These modulation ratios did not significantly deviate from unity at low activity levels
generated by non-optimal target orientations. 4) This finding differs from
the results of a similar analysis of contrast response data, in which significant elevations in modulation ratio occurred at low activity levels generated by low contrast, optimally oriented target stimuli (Polat et al., in
prep.). Taken together, these results indicate that flanker facilitation at low
contrasts is mainly collinearity-dependent, suggesting that striate cortical
cells encode contrasts and orientations differently.
(Supported by NEI EY11711)
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427.9

427.10

ORIENTATION AND DIRECTION OF MOTION INTERACTIONS IN LOCAL
CONTEXT FACILITATIONS.
M. Pirelli* Department of Neurological and Visual Sciences, University of Verona,
37134 Verona, ITALY.
Visual sensitivity to detect an oriented bar can be enhanced by the proximity of a
flank of the same orientation, providing that the target and the flank are aligned along
the collinear axis at an optimal distance. The primary visual cortex has been
indicated as a potential locus for this enhancement (Kapadia et al. 1995), possibly at
the level of the Long Range Horizontal Connections (LRHC), even though feedback
inputs from higher visual areas cannot be ruled out. Interactions between target and
flank might be strengthened if they are moving along the collinear axis, and therefore
the visual sensitivity for the target, in the presence of the flank, improved. In this
study the direction of motion of both target and flank was manipulated as a function
of their orientation. Three experimental conditions were used: 1) Static presentation,
as in Kapadia’s study; 2) Motion along the collinear axis; 3) Motion orthogonal to
the collinear axis. Motion of the target and the flank, when present, had exactly the
same onset, speed, and duration. Visual sensitivity overall improved in both motion
conditions relative to the static condition, for both target+flank and target alone. This
might be an aspecific effect of motion that is independent from the local context, but
there was an additional sensitivity enhancement in the motion along the collinear
axis condition relative to the motion orthogonal to the collinear axis for the
target+flank vs. target alone. This result suggests that the effect of the local context
(the flank) might depend onto the direction of motion relative to the orientation of the
collinear axis. Given that motion is involved in this manipulation, one candidate
mechanism for this pattern of results, in addition to the LRHC in the primary visual
cortex, might be the feedback inputs from the middle temporal visual area (MT) to
the primary visual cortex.
Supported by Grant of the Italian M.U.R.S.T.

TRACING OF LATERAL CONNECTIONS IN MACAQUE VI
MEDIATED BY ADENOVIRAL VECTORS. D. Stettler and C.D.

Gilbert*, The Rockefeller University, NY, NY 10021.
Long-range horizontal connections intrinsic to V1 have been implicated in
neuronal interactions which may contribute to visuospatial integration.
Understanding the functional consequences of these connections requires
accurate measurement of their distribution and relationship to cortical
functional architecture. Existing extracellular tracing methods can suffer from
technical limitations including diffusion from the injection site, partial uptake,
incomplete filling of neuronal processes and labeling of fibers of passage.
Because such limitations interfere with reliable quantification of the extent
and arrangement of the horizontal connections, we have implemented a new
tracing method based upon gene delivery by adenoviral vectors to adult
cortical neurons. A replication deficient adenovirus bearing a gene encoding
an enhanced version of green fluorescent protein, when injected into cat and
macaque VI, produces brightly fluorescing cell bodies and dendrites restricted
to a small locus at the injection site from which project axons extending for
considerable distances. The full extent of the arbor is reconstructed over
serial sections with confocal microscopy. The long-range connections are
anisotropically arranged, arborize in discrete patches, and can extend as far as
2.5 mm from the center of the injection site, which approaches the longest
projections of intracellularly filled neurons. The use of this tracing technique,
combined with functional mapping in the same tissue, helps clarify the
functional architecture of lateral connections in VI and thereby elucidates
their role in visual processing. Supported by NSF grant IBN 963 0506 and
NIH grant 5T32 GM 07524.

427.11

427.12

LATERAL INTERACTIONS IN CORTICAL AREA VI AND THEIR

THE ROLE OF PERCEPTUAL LEARNING IN OBJECT ORIENTED

ROLE IN PERCEPTION. M.K. Kapadia* M. Sigman, C.D. Gilbert. The
Rockefeller University, NY, NY 10021.
One of the fundamental tasks of the visual cortex is to integrate local features
into global percepts such as contours and surfaces. We studied the integrative
properties of V1 neurons by constructing spatial maps of lateral interactions
between stimuli that varied in orientation, contrast and spatial relationships.
Neuronal responses in alert primates were sensitive to interactions between
stimuli inside and outside the neurons’ receptive fields (RFs). The sign
(excitatory or inhibitory) and magnitude of the interactions were regulated in a
dynamic manner that depended on the orientations, contrasts and figure-ground
relationships of the stimulus features. Contextual interactions showed
cascading non-linearities, such that the influence of a stimulus in one part of
the RF surround depended in turn on the placement of stimuli elsewhere in the
visual field. While interactions were strongest for iso-oriented stimuli,
orthogonal stimuli exerted significant effects over similar distances. Excitatory
interactions were located along the collinear axis for iso-oriented stimuli.
Facilitation was less common for orthogonal stimuli, but when present
occurred along different axes than those seen for iso-oriented stimuli,
consistent with a role in processing comers.
From these results we developed a computational model of visual processing.
Incorporating the dynamic nature of the interactions improved the ability of
current models to extract contours from natural images.
These findings demonstrate that VI neurons are not passive filters, but are
dynamic entities that can represent complex stimulus features and play an
active role in visual processing. Supported by NIH grants EY07968 and
MH11394.

427.13
Context -Sensitive
Processing
in the Laminar
Circuits
of Vi and V2:
Interacting
Attention
, Collinear
Grouping
and Orientation
-Contrast
EFFECTS. (R.D.S, Raizada and S. Grossberg*) Department of Cognitive and Neural
Systems, Boston University, Boston, MA, 02215.
An anatomically realistic neural model of the laminar structure of VI and V2 is presented, proposing functional circuits through which contextual stimuli from outside the
classical receptive field (CRF) can influence neural responses. Recent neurophysiological studies of visual cortex have revealed several interacting types of extra-CRF effects:
long-range collinear facilitation (Kapadia et al., Neuron, 1995), medium-range lateral
suppression through end-stopping and side-stopping (Born & Tootell, PNAS, 1992),
contrast-dependent interactions of collinear facilitation and suppression (Polat et al.,
Nature, 1998), the effect of attention on lateral suppression (Reynolds et al., J.Neurosci., 1999), the effect of attention on collinear facilitation (Ito et al., Neuron, 1999;
Roelfsema et al., Nature, 1998), and orientation-contrast effects through cross-orientation disinhibition (Knierim & Van Essen, J.Neurophys., 1992; Sillito et al., Nature,
1995; Nothdurft et al., Vis.Neurosci., 1999). Interacting model laminar circuits mediating a range of these extra-CRF effects are described and simulated: (1) long-range facilitation and perceptual grouping from collinear flanking stimuli, via monosynaptic longrange horizontal excitatory and short-range disynaptic inhibitory connections in layer
2/3 (Grossberg et al., TINS, 1997); (2) medium-range suppression from flanking stimuli
via a layer 6 to layer 4 on-center off-surround circuit, with short-range, modulatory oncenter projections from layer 6 pyramidal cells onto layer 4 spiny stellates, and
medium-range, extra-CRF off-surround projections from layer 6 to layer 4 inhibitory
interneurons; (3) top-down attentional on-center off-surround modulatory feedback,
going from V2 layer 6 into VI layer 6 (Sandell & Schiller, J.Neurophys., 1982) via layer
1 apical dendrites of VI layer 5 cells, and from layer 5 into the 6-to-4 on-center, off-surround path. Interlaminar feedback from groupings in layer 2/3 also passes into the layer
6-to-4 circuit, allowing both top-down attention and preattentive perceptual groupings
to inhibit inconsistent bottom-up input and suppress weaker groupings, while they only
subliminally prime their own selected locations. Supported in part by DARPA/ONR
N00014-95-1-0409, ONR N00014-92-J-1309, ONR N00014-95-1-0657, NSF IRI-9401659, NSF IRI-97-20333.
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ATTENTION. M.Sigman, G.Westheimer*and C.D.Gilbert. The Rockefeller
University, NY, NY 10021
Attention can be directed towards a location in space or towards a specific
object. We designed a stimulus array to study object-oriented attention, how
it is established as a result of learning, and its specificity for position in the
visual field and for the orientation of the attended object. The task was to
recognize a triangle (the object) whose orientation had been previously cued
and which was embedded in a random location within a 5x5 array of other
triangles each with randomly one of the other three orthogonal orientations
(distractors). The fixation spot was in the center of the array. The array was
presented briefly in order to highlight pre-attentive processing. Subjects were
trained on a specific target orientation by performing the task hundreds of
times over several days. All subjects showed a large and significant
improvement in their ability to detect the trained orientation, with up to a
three-fold change in percentage detection, but they did not change their
ability to detect triangles of the untrained orientations. The learning showed
a progression in the visuotopic specificity of the training effects. The initial
improvement was localized in two or three positions near the fixation spot,
and the improvement then expanded radially to cover the full area of the
stimulus array. The initial visuotopic specificity of the learning suggests the
involvement of early cortical processing, and the progression of the learning
across the visual field suggests a multiple representation of the trained object
across the cortical area. We propose that the ability of rapid object
recognition involves an improvement in the ability to drive attention towards
that object. The plasticity in performance on this task may reflect a shift in
the cortical representation of complex features towards earlier stages in the
visual pathway. Supported by NIH grant EY07968.
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428.1

428.2

MODULATION OF InsP3-GATED CONDUCTANCES IN FISH OLFACTORY
CILIA AND CALCIUM DYNAMICS. H. Cadiou1, D, Vaudry2, G. Molle1 and H.
Duclohier’^UMR 6522 CNRS and 2INSERM U413 (IFRMP 23) - Universite de
Rouen, 76821 Mont-Saint-Aignan, France.
Odorants binding to olfactory receptors trigger both second messengers cAMP
and InsP3. If CNG channels have been extensively studied, the role of the InsP3
induced calcium signaling is increasingly recognized. However, the specific
contribution of these two mechanisms remain unclear and apparently variable upon
the species considered. In particular, the molecular identification of the involved
InsP3 receptors subtype remains elusive in olfactory cilia. In addition to this,
calcium appears as a ‘third messenger’ modulating those mechanisms at several
levels. In order to investigate the interaction between odorant, InsP3 and calcium in
fish, reconstitution methods were first carried out. Olfactory rosettes from carp
(Cyprinus carpio) were deciliated by calcium shock and ultracentrifugation on a
sucrose cushion. Membrane fragments were then fused to the c/s-side of solventfree neutral planar lipid bilayers (POPC/DOPE: 7:3) at the tip of patch pipettes.
Addition of the amino acids Arg and Ala (potent odorants in fish) to the cri-side
and cAMP to the frans-side induced several conductances levels. On the other
hand, addition of 10 gM IP3 disclosed one main conductance level (170 pS) in 120
mM NaCl whereas two levels (20 and 70 pS) using barium (53 mM) as a current
carrier. The open probability’ Po was maximal for a Calcium internal
concentration of 100 nM, and found to be inversely correlated with free {Ca2+],
Calcium flux were followed using a CLSM and the probe Fluo-3. Carp olfactory
receptors neurones were mechanically dissociated and were identified by their
bipolar shape. The amino acids mixture Arg+Ala+Glu induced a calcium wave
propagating through the knob after a ten seconds latency, whereas a single amino
acid failed to evoke a response. Supported by a Ph-D. grant from Region HauteNormandie (to H.C.) and by GdR 790 CNRS.

ODORANT RESPONSIVENESS CORRELATES WITH ODORANT
RECEPTOR EXPRESSION IN MOUSE OLFACTORY SENSORY
NEURONS. T.C. Bozza*, P. Feinstein, C. Zheng, P. Mombaerts.

428.3

428.4

OPTICAL RECORDING OF ODORANT RESPONSES FROM RAT
OLFACTORY BULB.
M. Meister*12 and T, Bonhoeffer1, ‘MPI of Neurobiology, MunichMartinsried, Germany and 2Harvard University, Cambridge, MA.
The olfactory sense is unique in that it is mediated by a very diverse
array of receptors, comprising a few thousand different types. How
the activity of these neurons encodes the identity of chemical stimuli
is still largely unknown. Given the extreme heterogeneity of the
population, it would be of great advantage to monitor the responses
of many receptor types simultaneously. We have achieved this by
recording intrinsic optical signals from the surface of the olfactory
bulb. In anesthetized rats, the dorsal olfactory bulb was imaged using
705 nm light and focussing 200 gm below the surface. Within 2-3 s of
an odor sniff, one or more small dark spots appeared in the image.
The spot diameter was 150-200 gm and their closest spacing
~150 gm. They likely correspond to individual glomeruli, each of
which is known to collect the axon terminals from a single receptor
type. We estimate that the activity of ~500 glomeruli may be
monitored in this way. Pure odorants produced up to seven visible
spots. The pattern was different for each odorant tested but generally
mirror-symmetric on the left and right bulbs, and reproducible
between individuals. Two odorants closely related in chemical
structure sometimes activated distinct neighboring glomeruli. Given
the local inhibitory connections between glomeruli, this may account
for the observed functional inhibition between related odors.
Supported by the Max-Planck Society and a grant from
DARPA/ONR to MM.

INTRINSIC SIGNAL IMAGING OF RAT OLFACTORY BULB
REVEALS ODOR MAPS. B.D. Rubin* and L.C. Katz. Howard Hughes
Medical Institute, Department of Neurobiology, Duke University Medical
Center, Durham, NC 27710.
In the mammalian olfactory system, information is represented as distinct
patterns of activity at the level of the olfactory bulb. Classic metabolic labeling
studies, such as 2-DG, can only reveal the organization of a single map, making
it impossible to reveal how the responses to multiple odor stimuli are
represented. To obtain multiple odor maps in single animals, odor-induced
intrinsic signals were recorded from the dorsal surface of the rat olfactory bulb.
Intrinsic signals appear within three seconds of the initiation of odor stimulation
as both broad regions of activation and discrete spots -100-200 um in diameter.
These spots likely represent activated glomeruli: their size and shape correspond
well to the characteristics of individual glomeruli, and extracellular single unit
recordings targeted for imaged regions selective for a particular odorant yielded
neurons that responded to the predicted odorants. Furthermore, when the odor
concentration is increased, additional spots appear but existing spots remain
unchanged in size and shape.
Odor maps are roughly stereotyped among animals exposed to the same
odorant, and are roughly mirror-symmetric between bulbs of the same animal.
Intrinsic signal activity is highly distributed: odorants typically activate multiple
glomeruli, and a single glomerulus may be activated by multiple odorants.
Individual glomeruli respond to odorants that share particular stereochemical
features. For example, many glomeruli in the dorsal bulb respond to members of
a series of homologous aliphatic aldehydes containing between 3 and 10
carbons. Nearly all activated glomeruli responded selectively to 2-3 consecutive
members of this series. This approach enables us to determine coding principles
underlying odor maps by comparing bulbar activity in response to a wide range
of stimuli.

428.5

428.6

DEPENDENCE OF OLFACTORY BULB RESPONSE ON THE DURATION
OF ODOR EXPOSURE REVEALED BY FUNCTIONAL MAGNETIC
RESONANCE IMAGING. X. Yang1*, F. Xu1’2, R, Renken1, F. Hyder1, C.A.
Greer3, G.M. Shepherd2, R.G. Shulman1 . ’Depts. of Molecular Biophysics and
Biology, 2Neurobiology, 3Neurosurgery, Yale Univ., New Haven, CT 06520.
In previous studies (PNAS, 95:7155), we demonstrated that the odor-induced
activation in the rat olfactory bulb (OB) could be mapped by functional
magnetic resonance imaging (fMRI) in naturally sniffing rats during prolonged
exposures to iso-amyl acetate, based on blood oxygenation level dependent
(BOLD) contrast. We showed that under these conditions, the activation was
most dominant in the lateral and ventral outer layers, and persisted minutes
after the termination of odor stimulation. To optimize the fMRI for functional
mapping in the olfactory system, we have now implemented externally
controlled and short odor exposures. During exposures of 36s, we observed
highly reproducible activation within and across animals. However, the
activation showed significantly different spatial and temporal pattern from
previous long exposures (5-20minutes).
Spatially, the activation was
predominantly dorsal, with little activity in the ventral and lateral area.
Temporally, upon the termination of odor-stimulation, the activation returned
to baseline within 9s. During long exposures, the dorsal activation dominated
during the first minute, but the lateral and ventral activation quickly increased
and was invariably the dominant activation after 2 minutes of exposure. These
results indicate that the fMRI activation during short exposures has sufficient
reproducibility for reliable mapping of odor responses, and the exposure
duration should be an important consideration in interpreting responses in OB.
Supported by grants from NIH (R01 DCO371O, DC/NS 03972, DC00210).

FUNCTIONAL ROLE FOR INTRINSIC SUBTHRESHOLD
OSCILLATIONS IN THE MAIN OLFACTORY BULB. David
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The Rockefeller University, New York, NY 10021.
Olfactory sensory neurons (OSNs) that express the same odorant
receptor (OR) gene converge onto defined glomeruli in the
olfactory bulb. Glomeruli are thought to integrate information from
functionally similar OSNs. However, the odorant response
properties of OSNs expressing a given OR have not been well
characterized in any species, and the degree to which odorant
responsiveness correlates with OR gene expression in intact OSNs
is not known. Gene targeting was used to produce two mouse
strains in which OSNs that express a given OR gene are vitally
labeled with the green fluorescent protein (GFP). GFP-labeled
OSNs were acutely dissociated and assayed for odorant
responsiveness using fura-2 calcium imaging. We have
characterized the response properties of OSNs that express either
the M71 OR gene or the rat 17 OR expressed from the M71 locus.
M71-expressing OSNs responded to a defined set of odorant stimuli
and exhibited similar odorant response profiles. Furthermore,
substituting the M71 coding sequence with the rat 17 coding
sequence in OSNs resulted in a concomitant change in odorant
responsiveness. These data provide the first functional
characterization of OSNs that project to molecularly defined
glomeruli, and provide a direct demonstration that OSN
responsiveness correlates with OR gene expression.
Supported by grants from NIH and HFSPO.

Desmaisons, Alan Carleton,. Jean-Didier Vincent* and Pierre-Marie Lledo.
CNRS, Institut Alfred Fessard, 91198 Gif-sur-Yvette Cedex, France.

Intrinsic oscillations of neural membrane potential have been
reported in a large number of brain structures. Their physiological
significance, however, remains unclear. This study was aimed at
understanding the role of subthreshold oscillations in mitral cells, the
output neurons of the main olfactory bulb.
We report here that mitral cells exhibit TTX-sensitive intrinsic
oscillations (10-50 Hz, depending on the holding potential). To evaluate
their pertinence in information processing, we have investigated their
interaction with synaptic inputs. First, we found that subthreshold
oscillations can act as a timing device in integrating excitatory postsynaptic
potentials (EPSPs) into spikes. Second, we found that inhibitory
postsynaptic potentials (IPSPs) are able to reset the subthreshold oscillations
phase. Third, we found that IPSPs were able to generate "rebound" spikes
with a constant latency.
In conclusion, we propose that interactions between the intrinsic
properties of mitral cells and synaptic inputs can be an effective way of
synchronizing mitral cell spiking activity, a mechanism which may be
relevant for odor processing.
Supported by the CNRS, a grant from the Direction des Recherches et Etudes
Techniques to D. Desmaisons, and a grant from the French Minisfere de la Recherche et de
l’Enseignement to A. Carleton.
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428.8

SEGREGATED EFFERENTS AND CENTRIFUGAL AFFERENTS OF THE
ANTERIOR AND POSTERIOR DIVISIONS OF THE ACCESSORY OLFACTORY
BULB. A, Martinez-Marcos*. I, Ubeda-Banon and M, Halpern. Dept. Anatomy and
Cell Biology, HSCB, State Univ. of New York, Brooklyn, New York, NY 11203.
The vomeronasal system (VNS) has been described as anatomically segregated
from the vomeronasal epithelium to the accessory olfactory bulb (AOB). To analyze
whether this segregation is preserved further caudally in the amygdala, conjugated
dextran-amines were iontophoretically injected into the anterior and posterior
divisions of the AOB of opossums (Monodelphis domestica). The efferent projections
from both divisions of the AOB are similar throughout the vomeronasal recipient
amygdala. In the medial amygdaloid complex (Me), both divisions project to lamina
IA of layer 1 of the posterodorsal, anterodorsal, anteroventral and posteroventral
nuclei. The posterior division alone, however, projects to lamina IB and layers 2 and
3 of the three latter nuclei. Concerning the centrifugal afferent connections, injections
affecting the posterior division of the AOB gave rise to retrogradely labeled cells in
the bed nuclei of the accessory olfactory tract and stria terminalis and in the
anterodorsal medial and posteromedial cortical (PMCo) amygdaloid nuclei. Injections
restricted to the anterior division of the AOB yielded similar results but no cells were
observed in the PMCo.
These results show that the anatomical segregation in the VNS is also preserved at
the level of the amygdala. The efferent projections of the AOB arise from
mitral/tufted cells. Previously, anterior and posterior populations of mitral/tufted cells
have been recognized. This study shows that these two populations differentially
project to the ventral division of the Me as defined in rats. It has been also previously
described that the centrifugal afferents to the AOB, especially those arising from the
PMCo, mainly reach the granule cell layer of the AOB. The present study also
demonstrates a differential input from the PMCo to the caudal, but not to the rostral
granule cell layer. Therefore, the present results provide an anatomical substrate in the
amygdala supporting the functionally dual VNS. Supported by NIH grant DC02745.

TO EACH NOSTRIL THE WORLD SMELLS DIFFERENTLY: EVIDENCE FOR
CHROMATOGRAPHIC ODORANT-SEPARATION IN THE HUMAN N.Sobel*1
E.V. Sullivan2’1, J.D.E. Gabrieli2’1. Prog, in Neuroscience 1, Depts. of Psychiatry
& Behavioral Sciences2, and Psychology2, Stanford University, Stanford, CA 94305.
For an odorant to act on the olfactory receptors it first must cross the olfactory
mucosa. In the Bull frog, different odorants cross the mucosa at different rates, i.e., a
given odorant will have a given mucosal sorption rate. Furthermore, in the Bull frog,
an odorant's sorption rate interacts with the flow-rate at which it flows across the
mucosa, to induce different magnitudes of response in the olfactory nerve, as follows:
A high-sorption-rate-odorant will induce a strong response when flowing at a high rate,
and a smaller response when flowing at a lower rate. In contrast, a low-sorption-rateodorant will induce a small response when flowing at a high rate, and a larger response
when flowing at a lower flow rate.
In humans, at any given point in time, one nostril may have a higher air flow rate
than the other nostril. Considering the above findings from the Bull frog, we predicted
that in the human the nostril with higher flow rate would be more sensitive to highsorption-rate-odorants, and the nostril with lower flow rate more sensitive to lowsorption-rate-odorants. To test this, 20 subjects used either the high or low flow-ratenostril (as measured with digital anterior rhinometry) to smell an equal mixture of the
high-sorption-rate-odorant 1-carvone and the low-sorption-rate-odorant octane. Subjects
were led to believe that the mixture was slightly different on each of 10 trials,
following which subjects judged the content of the mixture on a proportion scale
(100% octane to 50/50 to 100% 1-carvone). As predicted, 17 of the 20 subjects (p <
.001) judged the same mixture to have more 1-carvone when they used the high-flowrate-nostril, and more octane when they used the low-flow-rate-nostril. These findings
demonstrate that during a given sniff each nostril in fact projects a slightly different
olfactory image to the brain. It remains to be shown how the brain combines these
competing images into a single olfactory percept. Finally, these findings show that
chromatographic separation affects the olfactory percept in humans.
Supported by grants # NIH-AA10723

428.9

428.10

THE NATIVE RAT OLFACTORY CYCLIC NUCLEOTIDE-GATED
CHANNEL IS COMPOSED OF THREE DISTINCT SUBUNITS.

EXPRESSION OF PEPTIDYLGLYCINE-a-AMIDATING MONO OXYGENASE
(PAM) AND AMIDATED NEUROPEPTIDES IN DEVELOPING AND ADULT
RAT OLFACTORY EPITHEILUM. D.E, Jawprgky, B.A, EippST, .and GX..RgPnett^

J. Bradley*1. W, Boniek2. F. Muller2. F. Sesti2.1. Boekhoff3. G. Ronnett4. U.B.
Kaupp2. and S, Frings2. 1 Neurobiologie, Ecole Normale Superieure, 75005 Paris,
France; 2Forschungszentrum, IBI, 52425 Jiilich, Germany; ^Universitat Hohenheim,
Institut fur Zoophysiologie, 70574 Stuttgart, Germany; ^Dept. of Neuroscience,
Johns Hopkins Univ., Baltimore, Maryland 21205 .

(Supported by the DFG, European Community, HFSPO, and NIH)

Dept. of Neuroscience, Johns Hopkins Univ. Med. Sch.; Baltimore, MD 21205.
Amidated neuropeptides function to regulate cellular proliferation and differentiation
in certain cell lines, although their role in regulating neurogenesis, neuronal
differentiation and neuronal survival has not been well characterized. In order to identify
the role of neuropeptides in these processes, we examined amidated neuropeptide
expression in the rat olfactory system; this system is a good model for neurogenesis
and axonal regeneration, since the olfactory epithelium (OE) continually regenerates
throughout the lifetime of the organism and correctly re-establishes proper connections
to the olfactory bulb. We examined amidated neuropeptide expression patterns in glia,
as well as regenerating and mature neurons of the developing and adult rat olfactory
system both in vivo and in vitro. In addition, we examined Peptidylglycine-aAmidating Monooxygenase (PAM) expresssion as a global marker for bioactive
peptides, since PAM is the only enzyme known to catalyze carboxy-terminal
neuropeptide amidation. Throughout development of the OE, we identified robust
expression of the amidated neuropeptides Pituitary Adenylate Cyclase-Activating
Polypeptide (PACAP) and Neuropeptide Y (NPY), which segregated into two distinct
populations in the adult OE. The distribution of PAM mRNA and protein remained
elevated throughout development and adulthood and overlapped with amidated
neuropeptide expression, although PAM expression remained more widespread.
Enzymatic activity of the monooxygenase domain of PAM changed with olfactory
epithelial maturation and the alternatively spliced PAM-1 form appeared to be the
predominant form expressed in the OE. Using primary olfactory receptor neuron
cultures which contain a mixed population of neurons and glia, we further characterized
PAM, PACAP and NPY expression and co-localization, as well as PAM secretion rates
in vitro. Support: DA.00266.

428.11

428.12

EPIDERMAL GROWTH FACTOR RECEPTORS CONTROL THE
DIFFERENTIATION OF FUNIGFORM TASTE RECEPTOR CELLS.
B, Oaklev*and H. Sun. Dept. of Biology, Univ. of Michigan, Ann
Arbor, MI 48109-1048.
To characterize the gustatory deficits produced by egfr null mutation,
we examined the tongues of egfr1' mice previously reported to have
fewer fungiform papillae and taste buds (Threadgill et al, 1995). In P5
and P7 egfr4' and wild-type mice we counted ftmgiform papillae, the
number and diameter of their solitary taste buds, the prevalence of
missing or poorly differentiated taste cells, and the incidence of ectopic
filiform-like spines, all as a function of rostro-caudal tongue location.
As the earliest differentiation marker of taste cells, the antibody TromaI can identify a solitary, young gustatory cell. Taste cells within 1mm
of the tongue tip in egfr4' mice were wholly absent in 29% of the
fungiform papillae and poorly differentiated in 31% of the other
fungiform papillae. Compared with wild-type mice, ectopic filiformlike spines (those arising from a fungiform papilla) were 6 time more
frequent in egfr4' mice where one third of all fungiform papillae had an
ectopic spine. Whereas taste cell defects were 4-5 times more likely in
the rostral 50% of the fungiform field, ectopic spines were more
evident in the caudal 75%. Other gustatory papillae and taste buds
appeared normal in egfr null mutants. We conclude epidermal growth
factor receptors contribute to taste bud formation at the tip of the
tongue and to suppression of ectopic filiform spines more caudally.
Supported by grants: NSF DBI-9413211 and NIH DC-00083.

LOW pH ACTIVATES A HYPERPOLARIZATION-ACTIVATED INWARD CURRENT IN RAT CIRCUMVALLATE TASTE
CELLS. David R, Stevens* and Bernd Lindemann. Physiology Dept,
Saar University, D-66421 Homburg, Germany,
Conflicting mechanisms have been reported for the transduction of
sour taste in rodents. We have studied responses to sour stimuli (10
mM citrate, pH 3-5), pressure applied to the apical poles of
circumvallate (CV) taste cells in slices of rat tongue, using whole cell
recording. A subset of CV taste cells responded to sour stimuli with an
inward current (10-70 pA) associated with an increase in conductance,
which was inwardly rectifying, approaching 0 pA near -30 mV. The
time and voltage-dependent inward current was enhanced fourfold
(recorded at -100 mV) by sour stimuli Both the rate of activation and
amplitude of this current were increased by hyperpolarization.
Activation was fit by a single exponential with a time constant near
100 ms at -140 mV. Although reminiscent of the hyperpolarizationactivated-current (HAC) observed in heart cells and neurons, unlike
HAC, the current in taste cells was enhanced by low pH. Sour stimuli
shifted activation in the positive direction. Significant current could be
activated by sour stimulation at -50 mV, which was below the
threshold of HAC in controls. The activation of inward current by
sour stimuli will depolarize taste cells and elicit action potentials. The
strong activation by low pH indicates a function in the transduction of
sour taste in CV taste cells.
—Supported by DFG Li-126/8

Olfactory sensory neurons (OSNs) express cyclic nucleotide-gated
(CNG) channels that play a central role in signal transduction. In
previous studies two homologous CNG channel polypeptides were
identified in rat olfactory epithelium, here designated <x3 and a4
subunits. We report the cloning of a third olfactory subunit (Plb), a
short splice variant of the previously characterized retinal rod
photoreceptor p subunit (pla). In situ hybridization and RNase
protection show mRNA expresion of the 3 subunits in OSNs . Western
blotting and immunohistochemistry show the 3 channel polypeptides
localized to the sensory cilia. In order to reconstitute a CNG channel
with properties closest to those we recorded of the native channel,
heterologous coexpression of all 3 olfactory subunits (a3, a4, and pib)
was necessary. Properties of gating, single-channel conductance, ion
selectivity, and ligand sensitivity for were used for comparison. We
conclude that the native olfactory CNG channel is composed of three
subunits, and suggest that pib expression in OSNs contributes
significantly to its activation, permeation, and modulation characteristics.
Finally, a common principle emerges: CNG channels expressed in both
photoreceptors and olfactory neurons result from coassembly of specific
a subunits with forms of an alternatively spliced p subunit.
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428.13
REPRESENTATION OF ELECTRIC TASTE IN HUMAN CORTEX: AN fMRI
STUDY J.C. Gatenbv1, J.D. Zeiger2, J.C. Gore1, and M.A. Barry2*. 1Dept. of
Radiology, Yale Medical School, New Haven, CT, 06510; and 2Dept. of
BioStructure and Function, Univ. Conn. Health Center, School of Dental
Medicine, Farmington, CT, 06030-3705.
Functional MRI was used to map the regions of cerebral cortex showing
hemodynamic responses to focal electric taste stimulation of the fungiform
taste field in 7 female and 4 male right-handed subjects. Two 8mm diameter
anodes were placed on the anterior tongue tip about 1cm apart straddling the
midline. Stimuli were 1 second square pulses {25-50 pA) chosen to be
detectable, yet at least 2 dB below that causing mild tingling. Single pulses
were presented to the left or right sides in a pseudo-random pattern.
Imaging was performed with a 1.5 Tesla scanner. A T-weighted mid-sagittal
image was used to place 10 axial slice planes (7mm thick, 1-2.5 mm skip
distance, Talairach system). For functional imaging, fast T*2-weighted echoplanar gradient sequences (1.65 sec repetition time, 10 slice planes) resulted
in 3.1 x 3.1 mm in-plane resolution. Activated areas were identified by using
the cross-correlation of each voxel's signal time course with a template
function derived from an earlier fMRI study of auditory cortex. For composite
maps, the anatomical and corresponding functional maps were first warped to
Talairach coordinates. Correlation coefficients were normalized to z-scores,
and compared to a ‘background” generated by a randomization procedure
(uncorrected p<0.01). Significant areas of activation included the anteriorinferior insular cortex and adjacent frontal operculum, the right superior insula,
and the inferior frontal gyrus (area 44), all predominately on the right side. The
superior temporal gyrus (opercular part) was activated primarily ipsilateral,
whereas activation of the post-central gyrus (facial region) was mostly
contralateral to the stimulus. The pattern of activation suggests that electric
taste is a complex stimulus that may have somatosensory as well as gustatory
components.
Supported by NIH DC00168-17 and NS33332-04.

SENSORY SYSTEMS: VISUAL PSYCHOPHYSICS
429.1

429.2

THE EFFECT OF GABOR ELEMENT ORIENTATION AND
SPATIAL FREQUENCY BANDWIDTH ON CONTOUR
DETECTION. J.S. Nafziger1, L.H. Finkel2, and L.A. Palmer1,■

SIMULTANEOUS CONTRAST IN FLICKER INDUCED
GEOMETRICAL HALLUCINATIONS AND MACKAY EFFECTS.
V.A. Billock1*, P.R. Havig1 & B.H. Tsou2. ’Logicon Technical Services, Inc.;
2U.S. Air Force Research Laboratory, WPAFB, OH 45433.
We combine several visual phenomena to create a fascinating and illustrative
new illusion. Geometrical illusory color patterns - especially fan-shapes,
spirals, and concentric circles - are seen in empty flickering fields. These
multistable forms are predicted by Ermentrout & Cowan’s (Bio, Cyber.. 1979)
neural network model; it would be useful to elicit a specific stable pattern for
detailed study. The geometries evoked by Ganzfeld flicker are also evoked by
adaptation to other geometrical figures; MacKay (Nature. 1957) found that
concentric circles are opponent to fan-shaped patterns and clockwise spirals are
opponent to counterclockwise spirals. We found MacKay patterns bias (via
simultaneous contrast) perception of Ganzfeld flicker; when the MacKay
stimulus (e.g., concentric circles) was presented in the center of the flickering
display, the surround percept was usually the opponent pattern (e.g., fan shapes
radially arranged around the central circles). Similar results obtain when the
MacKay stimulus surrounds centrally presented flicker. Our findings suggest:
(a) Some patterns are indeed opponent; perceptually opponent patterns map to
cortex as orthogonal gratings (after compensating for cortical magnification).
(b) Induced pattern processing is local and cortical-orientation dependent and
subject to the same laws of simultaneous and successive contrast that govern
ordinary pattern perception, (c) The interplay between stimulus induced
illusions and self-organized pattern formation suggest an intermediate regime
of vision, where impoverished stimuli and cortical dynamics interact to
influence perception of geometry and symmetry.
No externalfunding.

‘Department of Neuroscience; 2Department of Bioengineering, University of
Pennsylvania, Philadelphia, PA 19104.
Previously, we have shown that contour detection thresholds depend upon
the relative spacing of contour and background elements rather than upon
absolute inter-element distance (Nafziger et al., 1998). These thresholds
also appear to be independent of the peak spatial frequency of the Gabor
elements. Presently, we have investigated the local mechanisms of contour
detection as discrete functions of either orientation or spatial frequency
(SF). Three subjects performed a 2IFC task to detect contours embedded in
stimuli composed of randomly oriented Gabor patches extending over an
area equal to the contour length. The orientation and spatial frequency
bandwidths of individual Gabor patches were controlled by modulating the
Gabor's 2D Gaussian component (SFpeak= 7.5 cpd). This produced sets of
elements narrowly tuned in SF and orientation (SFBW=1.1 octaves; 0HW=22°),
broadly tuned in SF and orientation (SFBW=1.6 octaves; 0HW=4O°), and
combinations of the two. Psychometric (Weibull) curves were calculated by
maximizing the likelihood fit to the subject’s data. Significance was
evaluated by a relative likelihood statistic. For all subjects, sharpening the
orientation bandwidth of the stimuli significantly increased the interelement threshold spacing, suggesting that the recruitment of additional
cells and/or sharpening of the orientation response extends the range of
contour integration. Conversely, sharpening the bandwidth in the spatial
frequency domain did not significantly effect the detection threshold.
Supported by ONR (N00014-97-1 -0212-P00001) and NSF.

429.3

429.4

SPATIAL PAIRING AFFECTS MOTION RIVALRY AND REPULSION
N. Matthews1*, B.J. Geesaman2, & N. Qian1. ‘Center for Neurobiology &
Behavior, Columbia University, New York, NY, 10032; 2Dept. of
Medicine, Massachusetts General Hospital.

TEMPORAL LIMITS IN THE ATTENTIONAL TRACKING OF AN INVISIBLE
MOVING OBJECT. J. Elfar. I, H. Lee, and J. A, Assad*, Dept. of Neurobiology,
Harvard Medical School; Boston MA, 02115.
Natural scenes often contain moving objects that become temporarily occluded
yet we are able to keep track of these objects in their absence. We have previously
described cells in monkey posterior parietal cortex that fire in a direction-selective
manner to an occluded visual stimulus, as if maintaining a representation of the
invisible motion. To test this idea further, we have examined the temporal limits of
mental tracking in human subjects.
Subjects viewed a dot moving along a circular path about a central fixation point.
After 90 degrees arc-length of visible motion at a constant speed, the dot disappeared
for 500-5000ms (occluded period) and then reappeared either at the location
appropriate for the initial speed or angularly displaced ±15-180 degrees arc-length
from the appropriate location (angular offset). Subjects were instructed to maintain
fixation and mentally track the dot’s movement after it disappeared. In the first
experiment, the time to react to the dot’s reappearance was measured as a function of
angular offset. Reaction times were fastest for appropriate reappearance and increased
systematically with larger angular offsets. However reaction time was independent of
angular offset for occluded periods >3000ms. In the second experiment, subjects were
asked to judge whether the dot reappeared ahead of or behind the appropriate location
using a two-alternative forced choice paradigm. The slope of the resulting
psychometric functions (% ahead/behind vs. angular offset) was steep for short
occluded periods but steadily decreased with longer occluded periods so that by
3000ms, subjects performed no better than chance. These data suggest that attentional
tracking of an invisible moving stimulus decays markedly within ~3000ms.

We investigated the extent to which binocular motion rivalry and
motion repulsion depend on the distance between moving elements. The
stimuli were two sets of spatially intermingled random-dot displays that
moved across each other. The distance between the dots moving in
different directions was manipulated by spatially pairing the dot
trajectories with various precisions. Data from Experiment 1 indicated
that motion repulsion occurred reliably only in the unpaired condition.
When the dots were precisely paired, a single global direction
intermediate to the two actual directions was perceived. This result
suggests that, at a relatively small spatial scale, interaction between
different directions favors motion attraction, while interaction at a
somewhat larger scale generates motion repulsion. Similarly, data from
Experiment 2 indicated that binocular motion rivalry was significantly
diminished by pairing the dots, which moved in opposite directions in the
two eyes. This supports the recent proposal that rivalry occurs at or after
the stage of binocular convergence, since monocular cells could not have
directly responded to our interocular pairing manipulation. Together,
these findings suggest that the neural mechanisms underlying motion
perception are highly sensitive to the spatial relationship between the
moving elements.

Supported by NIH grants #MH15174-22, MH54125, and a Sloan
Research Fellowship.
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429.5

429.6

THE SPEED OF SEGMENTATION IN THE HUMAN MOTION PATHWAY
AND ITS ROLE IN SOLVING THE MOTION CORRESPONDENCE PROBLEM. P. U. Tse and M. E. Sereno*. Max Planck Institute for Biological Cybernetics, Spemannstrasse 38, Tubingen, Germany, 72076.
Transformational Apparent Motion occurs when a figure is replaced all at
once by an overlapping figure. Rather than an abrupt change, a smooth transformation between initial and final shapes is perceived. Tse and Cavanagh
(1995) reported that this effect follows from grouping procedures that parse
and match new portions of an image to already existing portions. We studied
an ambiguous apparent motion stimulus that could be biased by segmentation
cues. Two squares fully occupying diagonally opposite quadrants of an imaginary square were presented for 200ms in frame 1. In frame 2 two rectangles,
each occupying half the imaginary square, replaced frame 1. The rectangles lay
either in a vertical or horizontal orientation. Frame 3 consisted of two squares
occupying the two quadrants not occupied in frame 1 presented for 200ms.
The duration of frame 2 was varied and a psychometric function was obtained
for several experiments designed to determine the conditions under which segmentation can contribute to solving the correspondence matching problem. Results: Segmentation in the motion pathway takes 120ms. Segmentation can bias
matching when the squares have different equiluminant colors whether they are
equiluminant with the background or not. If frame 1 and frame 3 squares differ
in luminance, the motion signal due to luminance can conflict with that due
to segmentation. Which cue dominates depends on luminance contrast and
the duration of frame 2. In conclusion, the solution to the motion correspondence problem is influenced by segmentation in the motion processing pathway,
although other factors, such as motion-energy and attention also play a role.
Supported by the McDonnell-Pew Foundation, the Max Planck Society, and
the Alexander von Humboldt Foundation

METRICS OF HUMAN GAZE SHIFTS AND REFERENCE ANCHORS
J.H. Fuller* Coll. Dent, M/C 829, University of Illinois, Chicago IL 60612

Human subjects were previously (Fuller EBR 1992) divided into
two groups depending on their head movement gain (head
movement/target movement). It was suggested that low gain head
movers mainly select the sagittal plane of their head as their stable
reference anchors, whereas high gain movers mainly select an artificial
vertical meridian fixed in the external world. High gain movers
typically monitor ocular orbital position, and vary the onset of the
ocular saccade based on orbital reserve at the beginning of the gaze
shift (expediting the saccade if little reserve exists) or at the end of the
shift (slowing the saccade, allowing the head to lead the shift, thus
counter-rotating the eye and increasing reserve at the end of the shift).
This dependence on orbital sensitivity is less in low gain movers, and is
higher in cats. The inference is that the internally limited oculomotor
range (IOR) in high gain mover humans is similar to the cat, in which
the IOR is very small. This human preference for IOR, and its
circumstantial linkage to stable reference anchors may have a counterpart in humans with unilateral or hemispatial neglect with right (nondominant) posterior parietal cortical lesions. Some investigators find
these patients use the trunk sagittal plane as a coordinate anchor, while
others have provided evidence that patients use externally based
(earth-fixed) anchors. It is proposed that this variation in patient
populations may be based on prelesional head movement gain.

429.7

429.8

EXTRAPOLATION INVOLVED IN THE ’FLASH-LAG
EFFECT' R. H. Cai*. M, Schlag-Rev & J. Schlag Brain Research
Institute, UCLA, Los Angeles, CA 90095-1763
A moving object is perceived as located ahead of its physical
location along its motion trajectory ('flash-lag effect'). Nijhawan
suggested that this phenomenon is due to an active extrapolation
process. However, several recent papers have suggested that this
phenomenon is merely a passive consequence of the difference in
afferent time between the moving and non-moving (flashed) objects.
In the present experiment, we investigated whether an extrapolation
process is involved in this phenomenon. Subjects fixate on a central
fixation point in otherwise total darkness. A vertical is set in
horizontal apparent motion. As it passes a certain point, a second
bar is flashed. The two bars are spatially aligned. As the second bar
is flashed, the first bar becomes longer. It resumes its original
length when the second bar is extinguished. Is there a misalignment
between the flashed bar and the longer bar? Under the extrapolation
hypothesis, there should be a misalignment. Under the passive
mismatch hypothesis, there should be no misalignment. Our results
indicate that there is indeed a misalignment between the flashed bar
and the longer bar, suggesting that an extrapolation process is
involved in the flash-lag effect. Our results also demonstrate the
crucial role of the relative stimulus timing in this process.
(Supported by McDonnell-Pew grant 98-37 and USPHS grants
EY05879, EY02305)

MODEL OF V4 CONFIGURAL UNIT NETWORKS FOR FORM
VISION Hugh R, Wilson* Visual Science Center, University of
Chicago, Chicago IL 60613.
Recent physiological and psychophysical evidence supports the
existence of units optimally sensitive to either quasi-concentric or Xshaped configurations in the retinal image. Both physiology and human
fMRI studies indicate that such units are localized in extrastriate area
V4. Psychophysical studies also show that such units interact via
competitive inhibition.
Here we develop a quantitative neural model of such V4 units and
their competitive interactions. The model has characteristics of a
spatially regional, “winner-take-all” network that incorporates spike
frequency adaptation of excitatory units. Model capabilities include:
(1) prediction of scintillating visual illusions, (2) localization of
possible faces in natural scenes, (3) sparse population encoding of head
shapes, and (4) extraction of bilateral symmetry information. The
model network can be easily biased via modulation of spike frequency
adaptation, and this enables the model to account for aspects of spatial
selective attention. Finally, a very similar model may explain the visual
basis of precision grasping of free-form shapes.
Support: NIH #EY02158 to HRW.

429.9

429.10

DETECTION OF SMALL CHROMATIC STIMULI IN HUMAN OBERVERS.
C. Wehrhahn* and H. Teufel. Max-Planck-Institut fiir biologische Kybernetik,
Tubingen, Germany.
What chromatic visual mechanisms govern the detection of colored surfaces? We
investigated the detection of small colored isoluminant rectangles presented to the
fovea and parafovea of human observers. Isoluminant stimuli were selected by
using heterochromatic flicker photometry. The contours of detection thresholds
plotted in an opponent cone contrast space (DKL-space) resemble an ellipse, but
may be fitted by line segments as well. Extending an earlier method (Chaparro A et
al., Nature 361:348-50, 1993) we used the slopes of these line segments to determine contribution of cone signals to the two chromatic psychophysical mechanisms. Color naming at detection threshold was used to indicate which mechanis
had been used.
Results: The blue-yellow mechanism subtracts S-cone contrast from luminance
contrast. The red-green mechanism subtracts L-cone from M-cone contrast. This
mechanism is also influenced by S-cones which contribute with the same sign as
L-cones. Rescaling the cone fundamentals transformed the detection ellipse in
cone difference space with respect to the cone excitations of the white background
into a circle. In this rescaled color space equal angular increments within the isoluminant plane are equivalent to preceptual steps of approximately equal saliency.
Supported by Deutsche Forschungsgemeinschaft (DFG) SFB 307/A5.

AFTERIMAGES REVEAL MULTIPLE SURFACE REPRESENTATIONS IN NEON
S. Shimoio.* and Y. Kamitani. Biology/CNS, California Institute
of Technology, Pasadena, CA 91125.
When the missing wedge portions of "pacmen" in a Kanizsa-type illusory rectangle
are filled with color, it spreads into the central portion of the array, forming a global
impression of a semi-transparent colored surface (neon color filling-in). The central issue
has been whether a neural representation of such a filled-in surface exists, independently
of the representation of the inducing stimulus. We have found that after prolonged
adaptation (>10 sec.) to this configuration, an afterimage of the filled-in surface in its
opponent color is observed. Two hypotheses were considered about the underlying
mechanism for this phenomenon, (a) The Local Hypothesis: the "local" afterimages of
the inducers are formed, which are, in turn, fed into the usual neon-color mechanism to
yield filling-in and transparency, (b) The Global Hypothesis: adaptation to the filled-in
surface directly induces its "global" afterimage. Note that a specific and independent
representation of the filled-in surface is necessary in this case. A series of experiments
(N=5) provided evidence against (a), and for (b): 1) The afterimage of the filled-in surface
and those of the inducers occurred independently during the time course that followed the
termination of the display. There were periods when the global afterimage was visible
without local afterimages of the inducers. 2) Even when both the global and the local
afterimages were perceived, the global one appeared opaque, rather than transparent, the
latter being the case when neon color is produced by a real stimulus. 3) When the
contrasts of the afterimages of the inducers were simulated in real stimuli, little color
filling-in was observed. 4) When the luminance contrasts of the inducers were
manipulated, the perceived strength of the global afterimage was correlated with that of
color filling-in during adaptation. The results were confirmed with another configuration
of an adapting stimulus, in which vertical stripes were perceptually completed, through
neon color filling-in, on top of horizontal inducers. We conclude dial there are separate
neural representations for the multiple surfaces that are perceived in displays producing
neon color.

COLOR FIT .T.TNG-TN,

Funding Source: NSF EEC-9402726
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429.11
DISCRIMINATION AND VISUAL SEARCH WITH RADIAL
FREQUENCY PATTERNS. F, Wilkinson*, C.E, Marchionni. & F. Fleury.
Dept. of Psychology, McGill University, Montreal QC H3A 1B1
In recent work using sinusoidally modulated circles (radial frequency or
RF patterns), we reported that human subjects cannot accurately identify
shapes having more than 6 cycles of modulation. Here we use two
additional approaches - visual search and same/different discrimination to examine discrimination of these forms in situations in which
identification or labelling is not required. Methods: In the visual search
task, subjects searched for a target RF pattern (RF5 or RF7) in a circular
array of eight elements. Distractor sets of RF2 to RF10 were examined. On
a given trial, all distractors were of the same RF, but radial phase of both
target and distractors varied randomly. In the same/different task, RF
patterns were compared in a two-alternative temporal forced-choice
paradigm. Phase was random and two modulation amplitudes (3x and 25x
detection threshold) were tested. Results: For visual search, rapid
reaction times were found for radial frequencies 2,3, and 4 in all
circumstances and for higher radial frequencies when the distractors
differed by at least 2 cycles. For adjacent target /distractor pairings (eg.
target RF7, distractors RF6 or 8) reaction times and error rates were
significantly elevated. In same/different judgments, discrimination was
>90% for RF3-5 and fell off dramatically thereafter reaching chance
levels by RF8 for the lower amplitude patterns. Conclusions: These results
provide further evidence that human subjects show rapid and accurate
discrimination of quasi-circular shapes with up to 5 lobes, suggesting that
these might form a basis set for shape perception. These findings will be
related to studies in our lab on head-shape discrimination.
Supported by NSERC grant ##OGP0007551 to FW.
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430.1

430.2

THE DISTRIBUTION OF PROTEIN PHOSPHATASE-1 (PP1) ISOFORMS
DEFINES SUBPOPULATIONS OF DENDRITIC SPINES IN PRIMATE
PREFRONTAL CORTEX. E.C. Mulv*, K. Sziaeti. P, Greenaard and P.S.
Goldman-Rakic. Depts Psychiatry & Neurobiol, Yale Univ Sch Med, New
Haven, CT; Lab Molec & Cell Neurosci, Rockefeller Univ, New York, NY.
The actions of many receptors, including the D, receptor, are mediated
through complex second messenger cascades. The cascade activated by the
D, receptor has been extensively investigated and includes Gs, PKA, DARPP32 and PP1. PP1 exists in multiple isoforms which have different subcellular
localizations and are differentially regulated. PP1 has been localized to
dendritic spines in the rat and D, receptors are found in spines of primate
cortex. To determine their relationship, we have examined the distribution of
two isoforms, PP1a and PP1y1, along with the D, receptor in macaque
prefrontal cortex with immunoelectron microscopy. We quantified the
percentage of dendritic spines labeled by each antiserum individually as well as
by cocktails of two antisera. We also used double-label methods to examine
colocalization of the D1 receptor and PP1 isoforms.
The three antisera differentially label dendritic spines (PP1a, 72.9±15.7%;
PP1y1, 37.2±20.4%; Dn 18.8+10.4%). A cocktail of antisera to both PP1a
and PP1y1 does not stain significantly more spines than PP1a alone,
suggesting that the two isoforms are found in overlapping populations.
Cocktails of D, and PP1a or PP1y1 do not label more spines than the PP1
isoform alone and double-label experiments confirm colocalization of D, with
both PP1 isoforms.
These findings both demonstrate diversity of cortical spines based on their
content of second messenger components, and extend our understanding of
D, receptor action. It remains to be determined whether other receptors or
afferent input are differentially associated with these subpopulations of spines.
The anatomical localization of these isoforms may have implications for the
repertoire of possible responses at a particular site in a neuron. Supported by
NIMH P50 MH44866 and a Pfizer Postdoctoral Fellowship (ECM).

PHYSIOLOGICAL
AND
ANATOM :CAL
EVIDENCE
FOR
COLOCALIZATION OF NEOSTRIATAL DI AND D2 DOPAMINE
RECEPTORS. H, Brismar. O, Aizman. P, IJhkn. R, Diaz Heijtz*, H, Forssberg.
E, Zettergren, P, Greengard. A. Aperia. 'Deiartment of Woman and Child
Health, Karolinska Institutet, Astrid Lindgren Children’s Hospital, Q2:09, 171
76 Stockholm, Sweden, ’Laboratory of Molecular and Cellular Neuroscience,
The Rockefeller University , New York, NY 1002 -6399.
Of the vast number of biogenic amines and peptide neu; transmitters utilized
by the mammalian brain, dopamine has received by far the most attention. This
is due in part to the fact that abnormalities of dopaminergic nt /retransmission
have been implicated in the etiology of Parkinson's disease, schizophrenia,
attention deficit hyperactivity disorder and drug abuse. Despite the central
importance of understanding the cellular basis of dopamine signalling, the issue
as to whether the two major subclasses of dopamine receptors exi' on the same
or distinct population of neurons has remained a subject of intense dispute.
Here we report through the use of confocal micrescopy that virtually all
striatal neurons, both in vitro and in vivo, contain both classes of dopamine
receptors. We also provide functional evidence for such colocalization. Thus the
DI agonist, fenoldopam, and the D2 agonist, quinpirole, through distinct
mechanisms, affect sodium metabolism both via Na channels and Na+,K+ pump
in virtually all neurons examined. We conclude that virtually all
dopaminoceptive neurons within the basal ganglia have the capacity for
intracellular functional interactions between DI and D2 classes of ligands.

430.3

430.4

Cataleptic Intensity Predicts the Extent of Dopamine D2 Receptor UpRegulation Following Low-Dose Administration of Haloperidol
Simone Silvestri1, Marie-Louise Waddenberg’^Philip Seeman1 2
^Centre for Addiction and Mental Health, Clarke Division, 250 College St.,
Toronto, Ontario, M5T 1R8, Canada
department of Pharmacology, Medical Science Building, University of
Toronto, Toronto, Ontario, M5S 1R8, Canada
Several clinical studies have suggested a relationship between the
severity of extrapyramidal symptoms at the beginning of neuroleptic
treatment and the risk for developing tardive dyskinesia (TD). Previous
studies in rats using moderate to high doses of neuroleptics have not been
able to show a relationship between the degree of catalepsy - accepted as a
predictor for extrapyramidal symptoms in humans - and the extent of D2
receptor upregulation. In the present study adult male Sprague-Dawley rats
were either treated with haloperidol 0.05, 0.1, 0.8 mg kg'1 i.p., or vehicle for
21 days. Catalepsy was assessed on the first treatment day after acute
haloperidol administration and again on day 21. Three days after haloperidol
withdrawal the striata were assayed for 3H-spiperone receptor binding. The
increase of D2 receptors induced by haloperidol was dose-dependent.
Furthermore, there was a positive correlation between the extent of D2
receptor upregulation and the degree of catalepsy scores. The catalepsy
scores decreased significantly between day 1 and day 21. The relationship
between the intensity of catalepsy on day 21 and D2 receptor upregulation
was weaker. The results indicate that employing appropriate neuroleptic
doses the degree of catalepsy may indeed predict the extent of neurolepticinduced D2 receptor upregulation. Since D2 receptor upregulation remains
the main current model explaining a central mechanism underlying TD the
results of the present study corroborate clinical evidence that implicate early
exrapyramidal symptoms in the risk for developing TD.

CLONING AND PHARMACOLOGICAL CHARACTERISATION OF
THE RAT DOPAMINE D4 RECEPTOR
D. Feuerbach, C. Nunn, D. Hoyer, P, Schoeffter, L. Gazi and A. Enz*
Nervous System Research S-386/725 Novartis Pharma AG, CH 4002
Basel, Switzerland.
The rat D4 receptor was cloned from rat retina. Sequence comparison
revealed identity with the published sequence of Ashgari (accession nr.
U03551), including the two amino acid insertion (V-Q) at position 92
which are not present in the sequence of O’Malley (accession nr.
M84009).
The receptor was stably expressed in CC139 Chinese hamster lung
fibroblast cells. Rat D4 receptor bound [3H]spiperone: pK<j=8.74±0.14,
Bm.x=2370±546 fmol/mg protein. Forskolin-stimulated adenylate cyclase
activity was inhibited by dopamine (pEC5o=6.77±O.O8), quinpirole (pEC5o=7.5±0.09) and apomorphine (pEC5o=8.7±0.12), maximal inhibition 53,
50, and 32% respectively. The effect of dopamine was blocked by
pertussis toxin. Antagonist pKB values obtained against dopamine in this
system were determined for spiperone (8.18+0.12), clozapine
(7.04+0.13), haloperidol (7.18+0.16) and raclopride (>5). We
demonstrate coupling of the receptor to the serum responsive element
using luciferase expression as a reporter gene. However, the receptor
does not stimulate phosphoinositide turnover or increase intracellular
Ca2+. This robust second messenger coupling provides a system for the
functional characterisation of agonist and antagonist properties of rat D4
receptor ligands.
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430.5

430.6

THE BINDING-SITE CREVICE OF THE D4 DOPAMINE RECEPTOR
IS COUPLED TO THREE UNIQUE SITES OF ALLOSTERIC
MODULATION. J. A. Schetz* and D. R. Sibley. Molecular
Neuropharmacology Section, NINDS/NIH, 9000 Rockville Pike,
Bethesda, MD 20892.
All biogenic amine receptors contain a conserved aspartic acid residue
positioned near the intracellular side of the second transmembrane
spanning domain that is the primary site of allosteric modulation by
sodium ions and pH (Horstman etal., 1990; Neve etal., 1991). Recently,
zinc ions and amiloride derivatives were also found to allosterically
modulate antagonist binding to dopamine receptors (Schetz and Sibley,
1997; Hoare and Strange, 1997) in a fashion distinct from sodium ions.
In this study, the wild type D4 dopamine receptor showed a 7-fold
decrease in zinc affinity in the presence of 120 mM NaCl, but the binding
of zinc to the neutral D4-D77N mutant was completely sodium-insensitive.
In contrast to zinc, methylisobutylamiloride (MIA) binding to the wild type
D4 receptor was virtually unaffected by sodium. An even more compelling
distinction between zinc and MIA binding sites was revealed by
substituting D2 receptor residues into a D4 receptor background. Zinc,
but not MIA, binding properties were altered in the D4-L87W mutant, while
the opposite was true for the D4-M107V mutant. Additionally, the binding
affinity of MIA to the wild type D4 receptor was unchanged in the
presence of an IC50 concentration of zinc and vice versa. These findings
demonstrate for the first time the existence of three unique sites of
allosteric modulation within a G protein-coupled receptor (supported by
NIH).

REGULATION
OF
D4
RECEPTOR-MEDIATED
PHOSPHOLIPID
METHYLATION BY PROTEIN KINASES. A.Sharma* and R.C. Deth.
Department of Pharmaceutical Sciences, Northeastern University, Boston, MA
02115.
The involvement of D4 receptors in mediating phospholipid methylation
(PLM) via the enzymes utilized in methionine metabolism has been previously
documented. Some of these enzymes, including methionine adenosyl transferase
(MAT), are known to be regulated by protein kinases such as PKC. In order to
investigate kinase regulation of D4 receptor mediated PLM, the effects of specific
PKC and PKA stimulators and inhibitors were studied. PDBu, an activator of PKC,
and forskolin, an activator of PKA, each stimulated basal PLM at concentrations of
1 uM and 10 uM, respectively. When added together, no further increase in PLM
was observed indicating that a common mechanism might be involved. In addition,
PDBu and forskolin abolished the ability of a low concentration of dopamine (DA;
1 uM) to stimulate PLM. However, at higher concentrations of DA, PDBu shows
an additive effect in stimulating PLM. Calphostin C, a PKC inhibitor, had no effect
on basal PLM at 0.1 uM, but significantly inhibited DA-stimulated (1 uM) PLM.
At 1 uM, calphostin C inhibited the basal PLM to a small extent and completely
inhibited DA-stimulated (1 uM) PLM. Chelerythrine, another PKC inhibitor, did
not show any effect on basal or DA-stimulated PLM at a concentration of 1 uM,
but at a higher concentration of 0.1 mM, chelerythrine strongly inhibited both basal
and DA-stimulated PLM. Rp-cAMP, an inhibitor of PKA, did not affect basal or
DA-stimulated PLM at a concentration of 0.1 mM. Taken together, these results
illustrate the ability of PKC and PKA to regulate both basal and DA-stimulated
PLM. The failure of Rp-cAMP to show any effect might indicate that basal PKA
activity is low while basal PKC activity is higher. Further studies are needed to
establish the specific mechanism of kinase regulation.

430.7

430.8

GLUCOCORTICOID RESPONSIVENESS OF THE RAT PHENYLETHANOLAMINE N-METHYLTRANSFERASE GENE. D.L. Wong*, A.K. Bloom.
T.C, Tai, R.A. Bell and S, Her. Dept. of Psychiatry, Harvard Med.
Sch./McLean Hosp., Belmont, MA 02178-9106
Two glucocorticoid response elements (GREs) have been identified at
-759 and -773 bp in the 5’ upstream sequences of the rat
phenylethanolamine N-methyltransferase (PNMT, 2.1.1.28) gene promoter.
Transient transfection assays with deletion PNMT promoter-luciferase
reporter gene constructs and the PC12-derived RS1 cells showed that these
GREs, rather than the originally identified -513 bp GRE, underlie the
glucocorticoid (GC) sensitivity of the PNMT gene. Antibody supershifting of a
protein-DNA complex formed between a 40 bp oligonucleotide containing
both GREs and a glucocorticoid receptor (GR) peptide confirmed that GRs
bind to these target sequences. Mutation of the -759 or -773 bp GRE
reduced dexamethasone (DEX) activation of luciferase by 67% and 83%
respectively but GC sensitivity was only fully abolished by mutation of both
sites. While the -759 bp GRE appeared more important for GC activation,
the GREs have approximately equivalent affinities for GRs. When the wildtype construct pGL3RP790 was transfected into PC12, Neuro2A or COS1
cells, GC activation of the PNMT promoter was not observed. Western
analysis showed that GC insensitivity was due to lower GR expression in the
PC12 and Neuro 2A cells and no apparent expression in the COS1 cells.
Co-transfection of a GR expression construct along with the PNMT promoterreporter gene construct conferred GC responsiveness to the PNMT promoter
in each of the cell lines, consistent with this interpretation.

DK51025-04

CAN DOPAMINE BE SYNTHETIZED BY NON-DOPAMINERGIC
NEURONS IN CO-OPERATION?
M, Ugrumov.1’2* V. Melnikova.1 I. Balan? P, Ershov?3 and A, Calas3. ‘Inst. cf
Developmental Biology RAS; 2Inst. of Normal Physiology RAMS; Moscow
117808, Russia; 3Dept. de Cytologie, Univ. P. et M. Curie; Paris Cedex 05, France.
This study has evaluated the differentiation and fiinctional significance of the
neurons of the arcuate nucleus (AN) expressing the enzymes of dopamine (DA)
synthesis, tyrosine hydroxylase (TH), aromatic L-amino acid decaiboxylase (AADC)
or both of them in male rats from the 17th embryonic day (E) till adulthood.
Immunocytochemistry, image analysis, confocal microscopy, HPLC, dissociated cell
culture, perifosion system and radioimmunoassay were used to solve this problem.
TH-containing neurons were initially observed on E18 locating in the ventrolateral
AN whereas AADC- and AADC-&TH-expressing neurons first appeared at E20 in
the dorsomedial AN. At E21, these neuron populations accounted for 45.3%, 53.8%
and 0.9%, respectively. In spite of an extremely small number of DArgic neurons,
the dissected AN (ex vivo) and its primary cell culture (in vitro) contained a
surprisingly high amount of DA and L-DOPA which were released in response to
membrane depolarization. Furthermore, DA production in the AN of fetuses was high
enough to provide an inhibitory control of prolactin secretion, as in adults. The
above data suggest that DA could be synthetized, at least in the AN of fetuses, by
non-DArgic neurons, containing either TH or AADC, in co-operation. This
hypothesis may be extended to adult animals as their AN contains the same
populations of the neurons expressing DA-synthetizing enzymes as in fetuses but in
the modified proportion (TH : AADC : TH&AADC = 23.2% : 39.7% : 37.1%).
Furthermore, the TH- and AADC-containing neurons in the course of thendifferentiation establish intimate axosomatic contacts that would facilitate the LDOPA transport from the former to the latter. Thus, in the AN DA appears to be
synthetized not only by DArgic neurons but also by TH- and AADC-expressing
neurons in co-operation.

430.9

430.10

EFFECTS OF A NON-PEPTIDE NK1 RECEPTOR ANTAGONIST ON THE
FIRING ACTIVITY OF RAT DORSAL RAPHE 5-HT NEURONS AND
LOCUS COERULEUS NORADRENERGIC NEURONS.

a2-AUTORECEPTORS IN CULTURED MOUSE SYMPATHETIC NEURONS
BELONG TO THE a2A SUBTYPE, 3A.U. Trendelenburg, k. Hein, gB. Volk*, -K.
Starke. 1Dept. of Pharmacology, Univ. of Wurzburg; 2Dept. of Neuropathology,
3Dept. of Pharmacology, Univ.of Freiburg, D-79104 Freiburg
The majority of presynaptic a2-autoreceptors have been suggested to belong
to the genetic ccza /d subtype of adrenoceptors. However, in some tissues the
existence of non-o^-autoreceptors in addition to azA^-autoreceptors has been
suggested. With the availability of transgenic mouse strains lacking individual
a2-receptor subtypes, there is now a new approach to test which subtypes
regulate transmitter release. We have investigated presynaptic a2autoreceptors in cultured sympathetic neurons derived from the thoracolumbal
paravertebral ganglia of normal mice (NMRI strain) and azA-deficient mice. After
dissection the ganglia were dissociated in medium containing nerve growth
factor and serum. The cell suspension was plated on cover slips and incubated
for seven days. Celis were then preincubated with 3H-noradrenaline and
subsequently superfused. The effect of the selective a2 agonist UK 14,304 on
release elicited by electrical stimulation with either 18 pulses/3 Hz or a single
pulse was determined. In cultures from NMRI mice, UK 14,304 inhibited release
by 18 pulses/3 Hz maximally by about 76% and release by a single pulse
almost completely (98%). The release-inhibiting effect of UK 14,304 was
attenuated in the presence of a2 antagonists. Under both stimulation conditions
phentolamine was more potent than rauwolscine, indicating that the presynaptic
a2-autoreceptors were a2D, the mouse version of the genetic ciza /d subtype. In
cultures from azA-deficient mice, UK 14,304 (1 -10,000 nM) did not significantly
inhibit release by either 18 pulses/3 Hz or a single pulse. It is concluded that
presynaptic a2-autoreceptors in cultured mouse sympathetic neurons belong
exclusively or almost exclusively to the genetic ccza /d subtype.
Work was supported by the Deutsche Forschungsgemeinschaft SFB 355&1523

P. Blierand N. Haddieri*. Neurobiological Psychiatry Unit, McGill University,
Montreal, Quebec, H3A 1A1, Canada.
Non-peptide substance P antagonists have been recently proposed to
constitute a new class of antidepressant drugs (Kramer et al., Science, 281:
1640, 1998). The aim of the present study was to assess, using an in vivo
electrophysiological paradigm, the effects of intravenous administration of the
non-peptide NK1 receptor antagonist WIN 51,708 on the spontaneous firing
activity of rat dorsal raphe (DR) 5-HT and locus coeruleus noradrenaline (NA)
neurons. A dose of 1 mg/kg of WIN 51,708 did not modify the firing activity
of DR 5-HT neurons nor prevented the suppressant effect of the 5-HT
autoreceptor agonist LSD (10 pg/kg, i.v.) and the selective 5-HT1A receptor
agonist 8-OHDPAT (5 pg/kg, i.v.). On the other hand, the suppressant effect
of the a2-adrenoceptor agonist clonidine (10 pg/kg, i.v.) was prevented by
WIN 51,708, thus implying that this ligand could act in part via NA neurons.
In the locus coeruleus, WIN 51,708 (1 mg/kg, i.v.) did not modify by itself the
firing activity of NA neurons but shifted to the right the dose-response curve
of clonidine (1 -5 pg/kg, i.v.) on the firing activity of NA neurons (IC50 value for
controls: 1.9 ± 0.3 pg/kg; WIN 51,705: 5.5 ± 0.6 pg/kg). In rats having a
lesion of NA neurons induced by the neurotoxin DSP-4 (40 mg/kg, i.p.), WIN
51,708 (1 mg/kg, i.v.) inhibited only by 17% the firing activity DR 5-HT
neurons. Preliminary results indicate that WIN 51,708 shares these effects
with other non-peptide substance P antagonists.
Although the exact mechanism of action of these agents in major
depression with marked anxiety is not yet defined, the present study
suggests that NK1 receptor antagonists have profound effects on the NA
system via an attenuation of the function of presynaptic a2-adrenoceptors
and, consequently, may also modulate 5-HT neurotransmission.
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430.11

430.12

ADRENERGIC RECEPTOR REGULATION OF NEURON-DERIVED TUMOR
NECROSIS FACTOR ALPHA. AE.Renauld and R.N,Spengler*. Dept. of
Pathology, SUNY at Buffalo; Buffalo, N.Y. 14214.
Presynaptic responsiveness to TNFa is coupled to the sensitivity of a2adrenergic receptors, activation of which is a primary regulator of
neurotransmitter release. In addition, this proinflammatoiy cytokine has been
localized to neurons, and levels of TNFa are altered following administration of
psychoactive drugs or the development of pain syndromes, conditions under which
alterations in neurotransmitter regulation is implicated. A neuron-like cell line
and cultured hippocampal neurons are examined for TNFa expression to
determine the potential production of TNFa by neuronal cells and its regulation
by a2-adrenergic receptors. Levels of cell associated and supernatant TNFa are
determined by bioassay, and immunocytochemistry is used to localize TNFa
within SH-SY5Y cells and hippocampal neurons. Messenger RNA specific for
TNFa is localized to neurons by in situ hybridization. These methods detect
constitutive TNFa present in both SH-SY5Y cells and cultured hippocampal
neurons. In addition, both expression and release of TNFa by SH-SY5Y cells are
increased following phenotypic differentiation of these cells by culturing with a
phorbol ester (PMA). Following eight days of PMA exposure differentiated SHSY5Y cells are stimulated with graded concentrations of the a2-adrenergic
receptor agonist Brimonidine (1x 10'9-3x 10'8M). Alpha2-adrenergic receptor
activation results in a concentration-dependent depletion of intra-neuronal TNFa
localization within 15 minutes of receptor activation, with return to baseline levels
within 24hrs. These findings demonstrate a unique autocrine role for a neuronderived proinflammatory cytokine. Neuron-derived TNFa is associated with the
development of immature neurons, and regulates mature neuronal functioning.
Funding Source: PVA, grant #RFA008

BETA ADRENERGIC RECEPTORS IN THE HIPPOCAMPUS ARE
INVOLVED IN THE ANTIDEPRESSANT-LIKE EFFECTS OF
ISOPROTERENOL ON BEHAVIORS UNDER A DIFFERENTIALREINFORCEMENT-OF-LOW-RATE (DRL) SCHEDULE IN RATS.
H.T. Zhang*, S.A. Frith. J.M. O’Donnell. Dept. of Pharmacology and
Therapeutics, Louisiana State Univ. Medical Center, Shreveport, LA
71130.
Central administration of isoproterenol, a non-selective beta adrenergic
agonist, has been shown to exert antidepressant-like effects on DRL
behavior in rats. However, the central sites at which isoproterenol acts
are not known. In the present study, we investigated the effects of sitespecific administration of isoproterenol on DRL behaviors in rats.
Isoproterenol, injected bilaterally into the hippocampus at doses of 1-30
pg for each side, increased reinforcement rates and decreased response
rates in a dose-dependent manner. The minimum effective dose of
isoproterenol required for producing antidepressant-like effects was 6
pg; this was somewhat lower than that required when administered icv
(10 pg) and much lower than when administered directly into the frontal
cortex or amygdala (60 pg). The effect of isoproterenol, 10 pg injected
bilaterally into the hippocampus, was antagonized by pretreatment with
the beta adrenergic antagonist propranolol (1 mg/kg, ip). These data
suggest that the hippocampus may be one of the principal sites involved
in the antidepressant-like behavioral effect of isoproterenol which are
mediated by beta adrenergic receptors.
Supported by grants from NIMH.
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Alteration of expressed afA Ca2+ channel currents arising from expanded trinucleotide repeats in

MULTIPLE SCA6-ASSOCIATED aIA SPLICE FORMS MAY HAVE
ALTERED ACTIVATION/INACTIVATION KINETICS. S. Restituito1, R.
Thompson2, P. Chamet1, C. Gomez2. 1 CRBM, CNRS UPR 1086, Montpellier
Fr. and 2Dept Neurology Univ. of MN, Minneapolis, MN 55455.
Spinocerebellar ataxia (SCA6) is an autosomal dominant neurological disorder
characterized by Purkinje cell degeneration. SCA6 has been associated with
moderate expansion (CAG 21-30) of a polyglutamine tract predicted to occur in an
alternatively-spliced C terminal domain of the aIA subunit of the P/Q-type
voltagc-gatcd Ca2+ channel. To explore the distribution of the SCA6-associated
mutation we have generated antisera to a highly conserved epitope (LCT1) adjacent
to the polyglutaminc tract. aIA subunits were precipitated from mouse
cerebellum or forebrain using either anti-LCTl, or anti-musCNA3, which binds to
an alternatively spliced domain in the LII-II cytoplasmic loop, and studied by
immunoblot. Anti-LCTl delects at least 4 distinct splice forms of aIA, 2
precipitated by each antiserum, ranging from 135-220 kd. Sequential
immunoprecipitation suggests that at least one epitope is obscured in situ by
protein folding. To explore the properties of the SCA6-associated mutation we
have inserted the C termini containing the wild type (gin 13) or mutant (gln22,26,
and 30) polyglutamine tract into the rabbit al A subunit (BI-1). We compared the
functional properties of the chimeric P/Q-type channels expressed in Xenopus
oocytes with the a2-8 subunit and either the (32 or the (34 subunits.
Electrophysiological characterization demonstrated that all 4 polyglutaminecontaining al A subunits are expressed in oocytes and can interact with auxilliary
a2-5 and (3 subunits. Preliminary studies have detected modification in the
voltage-dependence of activation and kinetics of inactivation without modification
of the reactivation properties or responses to high frequency of stimulation in
mutant compared with wild type aIA subunits. The effect appears to be
dependent on co-expression with the (34 (neuron-specific) subunit. Altered kinetics
of activation/inaclivation of one or more aIA splice forms containing the SCA6
mutation may contribute to the pathogenesis of SCA6. NIH NS37211/NS36809,
Association Frangaise contre les Myopathies and Association pour la Recherche
sur le Cancer.

spinocerebellar ataxia type 6 (SCA6). E.S. Redras-Renteria1 *, K. Watase23, H.Y. Zoghbi23. C.C. Lee2 and

R.W. Tsien1. ’Departments of Molecular and Cellular Physiology, Stanford University Medical Center,
Stanford CA, 94305; 2Moiecular and Hunan Gaieties, Baylor College of Medicine, Houston, IX 77030,
and 3Howard Hughes Medical Institute.
Ihe molecular defect in patients with SCA6 has been traced to polyglutamine tract expansions in the

carboxyl terminal region of aiA, but it is unclear whether this might affect the behavior of the
corresponding P/Q-type Ca2+ channels. We have compared the properties of currents supported by

au subunits containing CAG repeats of different lengths, varying from 4 or 11 (normal individuals) to
23 or 27 (typical of SCA6 patients), to 12. (exaggeration of diseased state). When these constructs

were expressed in HEK293 cells stably transfected with a?7S and p subunits, similar Ba2+ currentvoltage relationships were found in all cases. Activation and inactivation rates and other kinetic

parameters were not significantly altered by the polyglutamine expansion. While the voltagedependence for steady-state inactivation was comparable for all constructs, voltage-dependent
activation of aiA's with 23 and 72 repeats showed a modest shift (6 to 8 mV) to more negative
potentials compared to controls. More significantly, dearcut increases in current density were observed

with SCA6, from 12.8+0.7 and 9.8±0.7 pA/pF in the CAG« and CAGn controls to 28.3±2,27.9±1.9

and 24.7±2.3 pA/pF for CAG23, CAG27 and CAG72, respectively (p<0.05 for any pairwise comparison
between normal and SCA6 isoforms). Localization of FLAG-tagged aiA protein demonstrated a
corresponding two-fold increase in surface membrane expression of SCA6 isoforms (CAG23 and CAG72)
over control (CAGn). These indications of a gain-of-function phenotype are consistent with the

dominant nature of SCA6. Altered Ca2+ homeostasis in Purkinje neurones due to elevated Ca2+ entry
through mutant P/Q Ca2* channels might contribute to the pathogenicity and neurodegeneration

observed in SCA6, although cellular toxic effects due to polyglutaminopathy must also be considered.
Supported by NIH, McCormick Foundation and HHMI.

431.3

431.4

THE R-TYPE CALCIUM CURRENT OF RAT CEREBELLAR GRANULE
CELLS COMPRISES THREE COMPONENTS WITH DISTINCT
BIOPHYSICAL AND PHARMACOLOGICAL PROPERTIES. A.Tottene1,
S.G. Volsen2 and D, Pietrobon1*. ’Dept. Biomedical Sciences, Univ. of
Padova, 35121 Padova, Italy; ’Lilly Research Centre, UK.
Using whole-cell patch-clamp recordings we have characterized the calcium
current remaining in rat cerebellar granule cells in primary culture after
application of saturating concentration of nimodipine, co-CgTx-GVIA and oCTx-MVIIC (R-type current). Application of SNX-482, a new selective
blocker of recombinant calcium channels containing aiE subunits (Newcomb
et al., 1998), showed that the R-type current of these neurons comprises three
components with different sensitivity to SNX-482. The two components with
higher affinity for the toxin (component A: IC50 = 6 nM; component B: IC50 =
75 nM) were very sensitive to Ni2+ block, while the component with lower
affinity (component C: IC50 >300 nM) was less sensitive to Ni’+ block.
Component B activated at more positive voltages than component A and
component C at more positive voltages than component B. The steady-state
inactivation properties of the three components were similar. Our data are
consistent with the conclusion that alE subunits are the pore-forming subunits
of the calcium channels underlying components A and B of the R-type current
of rat cerebellar granule cells, and that two of the three components of the Rtype current correspond to G2 and G3, the two R-type calcium channels
previously characterized at the single channel level in these neurons. To
investigate the molecular basis of component C of the R-type current we are
currently testing the effect of antisense oligonucleotides against aiE subunits.
Supported by Telethon, Italy, n. 720

N-TYPE CALCIUM CHANNEL BLOCKERS - TOOLS FOR
MODULATION OF CEREBRAL FUNCTIONAL UNITS?
C.Hatfbrich1*, V.Frirtingsdprf.*-R,Schwartmg4, H,Schrader2, S.Herzig3,
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V.Sturm1. J.Voges1. Depts. of 'Stereotactic and Functional Neurosurgery,
’Anatomy and ’Pharmacology, Univ. of Koln, FRG, 4Dept. of
Physiological Psychology, Univ. of Dusseldorf, FRG.
By selective block of N-type calcium channels, m-conotoxins may
inhibit the release of distinct neurotransmitters. To find out whether this
pharma-cological effect changes control of specific neurological
functions e.g. motor activity, we chronically applied co-conotoxin GVIA
(co-ctx) uni-laterally to the rat striatum. Our study showed that the
continuous two week intrastriatal application of co-ctx (6 pM) causes
specific motor symptoms in a reversible manner. co-Ctx did not change
striatal dopamine level, but was accompanied by a slight increase of D2dopamine receptor expression within the ipsilateral striatum.In correlation
with intrastriatal microdialysis studies revealing a substantial decrease of
dopamine release by co-ctx, our in-vivo and in-vitro results would point
to a depression of dopaminergic transmission. The present study suggests
that co-ctx is a potent tool for the unilateral and reversible intracerebral
modulation of neuronal circuits. Intracerebral application of co-ctx could
possibly open the way to local pharmacotherapeutic interventions as to
neurological functions.
Supported by Koln-Fortune-Program, Medical School, Univ. ofKoln
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431.5

431.6

PROPERTIES OF HUMAN P- AND Q-TYPE CALCIUM
CHANNELS
H.S. Krovetz*. T.D. Helton. A.L. Crews and W.A. Home
Department of Anatomy, Physiological Sciences, and Radiology,
College of Veterinary Medicine, North Carolina State University,
Raleigh, North Carolina 27606.
P- and Q-type neuronal calcium channels are widely distributed
throughout the brain and spinal cord. Located in presynaptic nerve
terminals, these channels play a major role in excitatory
neurotransmission. P- and Q-type channels differ with respect to
their pharmacological and biophysical properties. Our laboratory
seeks to understand the molecular basis of these differences.
Three human spinal cord alA subunits, varying in the
composition of the C-terminus, have been identified (Krovetz et
al., 1998). One of these variants, Q8, contains a previously
unidentified combination of exons. A comparison of Q8 to a
variant isolated from the brain, P2, reveals differences in the rates
of channel inactivation (P2 > Q8). In addition, the rates of recovery
from negative potentials are distinct. P2 is fully recovered within
500 msec while Q8 is only 85% recovered after 1 second (P2 xrec =
96 msec versus Q8 Trec = 214 msec). Thus, splice variation of the
C-terminus of the alA subunit may contribute to the biophysical
properties that distinguish the P- and Q-type calcium channels.
Supported by NCSU FR&PD Grant 09223.

CALCIUM INFLUX THROUGH P-TYPE CALCIUM CHANNELS MEDIATES
SYNTAXIN-1A EXPRESSION. K.G. Sutton1, J.E. McRory1, H. Guthrie1, T.H.
Murphy2 and T.P. Snutch1*. Biotechnology Laboratory1, Kinsmen Laboratory of
Neurological Research2, University of British Columbia, Vancouver, B.C. Canada.
V6T 1Z3.
Ca entry through L-type Ca channels has been shown to play a critical role in
controlling gene transcription. In the present study we demonstrate that transient
transfection with aiA (P-type) Ca channel subunits induces syntaxin-1A expression
in human embryonic kidney (HEK) cells. Western blots confirmed the induction of
syntaxin-lA in aiA-transfected cells. RT-PCR revealed the appearance of syntaxin1A mRNA coincides with and parallels that of the a1A calcium channel. Initiation of
transcription is both rapid (<30 min) and short-lived (<4 hr), requiring a specific
level of P-type calcium influx. Experiments carried out in both HEK cells and
cultured cerebellar granule neurons show the response is blocked by incubation with
co-Agatoxin IVA (20-100 nM) and o-Conotoxin MVIIC (200 nM) but not
o-Conotoxin GVIA (1 pM) or nifedipine (lOpM). Fura-2-based fluorescent imaging
revealed that HEK cells tranfected with a!A Ca channels exhibit significantly
elevated resting Ca levels due to P-type-specific Ca influx. The P-type Ca signal is
transduced through Ca release from IP3-sensitive intracellular Ca stores and acts via
CaM K II/IV-, PKA- and MAPKK-dependent phosphorylation of CREB. Syntaxin
ultimately forms a functional interaction with aiA Ca channels causing an ~10 mV
hyperpolarizing shift in voltage-dependent steady-state inactivation (V50inact = -69.2
±1.6 mV; n = 17). Syntaxin interaction with a1A is abolished by a 24 hr incubation
with Botulinum Toxin C or cotransfection with syntaxin antisense (V50mac = -59.7 ±
1.7 mV and -63.1 ± 1.3 mV, respectively; n = 11, 18). The results define a novel,
activity-dependent pathway for regulating syntaxin-1A expression that also provides
a means of controlling neuronal excitability through regulation of P-type Ca influx.
Supported by grants from the ALS Society of Canada, MRC of Canada.

431.7

431.8

MODULATION OF P/Q-TYPE Ca2+ CHANNELS THROUGH DIRECT

THE EFFECT OF NOREPINEPHRINE ON THE AMPLITUDE OF
SINGLE N-TYPE CALCIUM CHANNEL CURRENTS. Hve Kvung
Lee* & Keith S. Elmslic. Dept. of Physiology, Tulane University
Medical School, New Orleans, LA 70112 and Dept. of pharmacology,
Chonbuk University Dental School, Chonju, Korea 561-756.
N-type calcium channels recorded from frog sympathetic neurons
typically gate in a ‘willing4 mode (Po ~ 0.8; Lee & Elmslie J. Gen.
Physiol. 113: 111, 1999). Norepinephrine (NE) inhibits by placing
channels into a gating state from which they are reluctant to open (Po <
0.2). This gating can be observed during voltage steps > +40 mV.
Consistent with the voltage dependence of NE inhibition, depolarization
converts the reluctant gating to willing (Fig.). Here we examine the
hypothesis that reluctant openings have a smaller single channel current
than willing ones (Kuo & Bean, Nature 365: 258, 1993). Cell-attached
patches containing single N-channels were recorded in the presence of
30-100 (iM NE (n=4). Current amplitude was estimated from openings
longer than 0.67 ms (2X the filter rise time). The amplitude of reluctant
events was slightly smaller (average 9%) than the willing events (Fig.).
Thus, the major effect of NE appears to be on N-channel gating arid not
N-channel permeation.
Supported by LEQSF & NIH.

INTERACTION WITH Ca2+/CALMODULIN. A, Lee/ S.T. Wong, D. Gallagher. B.
Li. D.R. Storm. T, Scheuer. and W.A. Catterall. Dept. of Pharmacology, University of
Washington, Seattle, WA 98195-7280.
Neurotransmitter release at many central synapses is initiated by Ca2+ influx through
P/Q- type Ca2+ channels which are densely localized in nerve terminals. Because
neurotransmitter release is proportional to the fourth power of Ca2+ concentration,
regulation of Ca2+ entry can profoundly influence neurotransmission. N- and P/Q- type
Ca2+ channels are inhibited by G proteins, and recent evidence suggests feedback
regulation of P/Q- type channels by Ca2+. Although Ca2+-dependent inactivation of Ltype channels is well-documented, little is known about how Ca2+ modulates P/Q-type
channels. Here we report a Ca2+-dependent interaction between the ubiquitous Ca2+binding protein calmodulin and a novel binding site in the intracellular C-terminal
domain of the pore-forming a1A subunit of P/Q- type Ca2+ channels. P/Q-type Ca2+
channels expressed in tsA-201 cells co-immunoprecipitate with calmodulin and bind to
calmodulin-agarose in a Ca2+'-dependent manner. Inactivation is more complete when
Ca2+ permeates the channel and accumulates intracellularly compared to when Ba2+ is
used as the permeant ion or intracellular Ca2+ is strongly buffered with EGTA.
Recovery from inactivation is also increased by Ca2+ influx and is accompanied by a
longlasting facilitation of the Ca2+ current. These effects are prevented by
overexpression of a calmodulin-binding inhibitor peptide and by deletion of the
calmodulin binding domain. Our results reveal an unexpected association of
Ca27calmodulin with P/Q-type Ca2+ channels that may contribute to Ca2+-dependent
modifications in synaptic plasticity. Supported by a NRSA postdoctoral fellowship
(A.L.) and research grants (D.R.S. and W. A.C.) from the National Institutes of Health.

+40.-------------------------<------------------ 1 +70,--------- ------ ---------1 +40
—>-80 mV
I------ 1
io ms
1-----Fig. Single N-channel exposed to 100 pM NE. The amplitude of the reluctant event
is similar to that of willing openings. The open level is 0.6 pA
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Regulation
of N-, P/Q-, and SNX-482 Sensitive
r -type Calcium
Currents
By Opioids , Neurotransmitters
, G-Proteins , and Protein
Kinase C in Human NT2-N NEURONS. A.P.J. King*1, Torben Neelands2, and

N-METHYL-D-ASPARTATE (NMDA)-MEDIATED SUPPRESSION OF
NEUTROPHIL ACTIVITY. W.K. Kim-Park*, M.A. Moore and M.J. Kowolik.
Department of Periodontics, Indiana University School of Dentistry, Indianapolis, IN
46202.
Neutrophil activation via NADPH oxidase requires Ca2+-mediated phosphorylation
to generate reactive oxygen species as a host defense mechanism. NMDA congeners,
have been implicated in various aspects of central nervous system plasticity, as a Ca~+
-entry channel and NMDA-mediated respiratory burst activity is EGTA- and AP7sensitive (Kim-Park et al. 1997), indicating that human neutrophils may possess an
NMDA channel as Ca2+ entry. It was of interest to test further if NMDA congeners
may cause host cell damage when the transient Ca2+ levels via the receptor are
excessive. Since kinases and phosphatases differ in Ca2+ requirement for activation, it
was hypothesized that if the NMDA-mediated Ca2 ^-influx were excessive, the kinase
activity could be masked via overly activated phosphatases. In addition, NMDA and
vanadate-mediated apoptosis of primed cells were compared morphologically and
with respiratory burst activity. The respiratory burst activity of primed neutrophils
was measured as Luminol-dependent chemiluminescence (CL). All data were
recorded as 60-minute integrals (millivolts.min) and compared by a two-tail Student’s
t-test. Unlike known stimulants, (F-Met-Leu-Phe (FMLP) or PMA), NMDA or
glutamate (10 -7M) alone did not stimulate the CL generation. However, there was a
significant sensitivity to inhibitors of kinases (p<0.001) as seen with known
stimulants of CL This Ca2+-mediated phosphorylation was further tested with an
inhibitor of tyrosine phosphatase. 5mM sodium vanadate in preincubation for 15 min
at 37° C, significantly stimulated CL generation (p<0.001) with or without NMDA,
indicating the presence of active phosphatase in human neutrophils. NMDA-mediated
cell damage was dose-related but vanadate-mediated apoptosis was highly significant
(p<0.001), indicating that excessive activation of the NADPH oxidase via kinases can
damage host tissue. These results indicate that NMDA-mediated Ca2’ flux can
suppress a host defense mechanism via activation of endogenous phosphatase and
may cause cell damage when the kinases are overly activated. The study provides
some evidence of NMDA-receptor involvement in host defense mechanisms via
regulating neutrophil respiratory burst activity. Supported by Indiana University
Research Grant.

R.L. Macdonald1'2'3 ’Dept. Neurology, 2Neuroscience Program, 3Dept.
Physiology, University ofMichigan Medical School, Ann Arbor, MI 48104.
The human teratocarcinoma cell line NT2 (hNT, NTera2) differentiates into a
neuron-like phenotype (NT2-N) and expresses high-threshold voltage-activated
calcium currents that increased in amplitude from 0.25-1.25 nA in 1 to 9 weeks
post-differentiation. L- (20-25%), N- (30%), and P/Q-type currents (15%), and a
toxin-resistant current (30%) were isolated, and relative subtype proportion did
not change with age. The “R-type” blocker SNX-482 inhibited total NT2-N
calcium currents by approx. 30% (IC50 = 194 nM) and “toxin-resistant” current
by 75-90%. Calcium current amplitude was rapidly and reversibly inhibited 1530% by application of 1 pM morphine, U50,488, or dynorphin (DYN); 10 pM
norepinephrine (NE) or UK-14,304; or 100 pM baclofen (BAC); but not 1 pM
DPDLE or 10 pM isoproteronol, dopamine, or 5-HT; suggesting the functional
expression of p- and K-opioid, a.2-adrenergic, and GABAb receptors. Agonistinduced inhibition was accompanied by a slowing of apparent activation kinetics
and was abolished by overnight pre-treatment with PTX. 0.3 mM GTP-y-S in
the recording electrode decreased apparent activation kinetics and current
amplitude. BAC, DYN, and NE inhibition was partially attenuated by coconotoxins GVIA (10 pM) and MVIIC (1 pM), and by 1 pM SNX-482,
suggesting the receptors of these agonists couple to N-, P/Q-, and R-type calcium
channels. BAC, DYN, and NE inhibition was abolished by 250 nM PMA,
suggesting that protein kinase C blocks neurotransmitter receptor coupling to
calcium channels in this human neuronal cell line..-, Supported by NIDA Grant
R01-DA0412211 (R.L.M.), NIDA Postdoctoral Fellowship 2T32DA07268 (A.P.J.K.)
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432.1

432.2

EFFECT OF APO E GENOTYPE ON FGF-2 AND i C3b
IN EARLY VS ADVANCED ALZHEIMER’S DISEASE. NL

APOE promoter/enhancer polymorphisms and APOE allele expression
are independent of Alzheimer disease status. G. William Rebeck*,
Whitfield B. Growdon, Amy Deng, Bonnie S. Cheung. Steven M.
Greenberg, and Bradley T. Hyman. Dept of Neurology, Massachusetts
General Hospital, Boston, MA.
Several studies have indicated that the levels of apoE might
alter the risk of AD, particularly in APOE heterozygous individuals. We
addressed this hypothesis with two approaches: examining whether
APOE promoter/enhancer polymorphisms were associated with AD; and
examining whether there was an allelic imbalance in the mRNA of
APOE-e3/4 individuals. First we analyzed one APOE promoter
polymorphism (position -219) and one intron 1 polymorphism (IE-1).
Both polymorphisms were in disequilibrium with the APOE e2/3/4 sites;
thus we analyzed these polymorphisms controlling for APOE
genotypes. We determined the -219 genotypes for 137 APOE-e3/4
individuals (85 AD and 52 control) and 186 e3/3 individuals (44 AD and
142 control), and found no association with AD. We determined the IE1 genotypes for 136 APOE e3/4 individuals (85 AD and 51 controls)
and 192 APOE e3/3 individuals (52 AD and 140 control), and again,
found no association with AD. Second, we examined levels of specific
APOE alleles by RT-PCR/restriction digest of mRNA from post-mortem
brain tissue of APOE-e3/4 individuals. We analyzed mRNA from 42
individuals (28 AD and 14 non-AD), and found that the average APOEe4/total APOE ratio was 0.51 for both AD and control brains.
Furthermore, we observed a tight distribution of ratios among the 42
individuals, suggesting that in general there is little imbalance of APOE
alleles in APOE heterozygotes.
Supported by NIH R29 AG 14473 and P50 AG05134.

Stephens 1 M.Vitek2. S. Cortez1*. C. Hulette2, C. Rosenberg 2 .V. Kuo-Leblanc,1
T, Berzin.1 A.Rifai1 and E.G. Stopa1. 'Brown University School of Medicine,
Providence, RI and 2Bryant Alzheimer Ctr, Duke University School of Medicine,
Durham, NC
Apo E4 homozygosity has been associated with an increased risk of
sporadic Alzheimer’s disease through a mechanism which has yet to be
defined. Recent evidence has also suggested that complement activation may
be a critical factor in the pathogenesis of AD-related dementia, as well as a stimulus
for growth factor release during tissue injury. To assess the possible
relationships between complement, growth factors and ApoE genotype, we
examined these parameters in brains from patients with varying Braak and Braak
stages. Frozen prefrontal cortex was used in ELISA assays for basic fibroblast
growth factor (FGF-2) and inactive complement factor 3b (iC3b). ELISA assays
demonstrated an increase in FGF-2 content in advanced (Braak and Braak V-VI) (32.8
ng/mg TP, p< .02) vs early (Braak and Braak I-II) (24.0 ng/mg TP) disease. iC3b
levels were similarly increased in advanced (182ng/mg TP, p< .009) vs early (43
ng/mg TP) cases. The three Apo E genotypes examined (3,3 3,4 and 4,4) had
similar FGF-2 and iC3b levels, although both were found to be elevated as a
function of the severity of the disease process. These data support the
hypothesis that elevated inflammation and growth factor levels are
important factors in the pathogenesis of AD-related dementia and
indicate that this increase is closely related to the disease severity.

(Supported by AG 10682)

432.3

432.4

APOLIPOPROTEIN E e 4 ALLELE IS ASSOCIATED WITH ATROPHY OF THE
AMYGDALA IN ALZHEIMER’S DISEASE. M. Basso . J. Yang, J. Gelemter, L.
M. Half. M. G. MacAvov. and C. H. van Dyck* Yale University School of
Medicine, New Haven, CT, 06520.
Previous investigators have reported atrophy of the hippocampus and amygdala in
Alzheimer’s disease (AD) as well as greater atrophy of these structures in AD patients
who carry the apolipoprotein E e4 (ApoE e 4) allele. We performed MRI-based
volumetric measurements of the hippocampus and amygdala in 57 patients with
probable AD (28 M, 29 F; 71.2 ± 8.4 years) and 39 cognitively normal elderly
control subjects (18 M, 21 F; 73.2 ± 6.8 years). The diagnosis of AD was made
according to NINDS/ADRDA criteria. Subjects were scanned with the 1.5-tesla GE
Signa system. Volumetric MRI measurements of the hippocampus and amygdala
were made from a spoiled gradient echo pulse sequence (slice thickness = 1.5 mm)
and ANALYZE software on a UNIX-based Sun SPARCstation 2. Hippocampal and
amygdala volumes were normalized for intersubject variation in head size by dividing
structure volume (in cubic mm) by the total intracranial volume (in cubic cm) of that
particular subject.
Analysis of variance revealed that the normalized volumes of left and right
hippocampus and amygdala were significantly smaller in AD patients than control
subjects (p«.001). When AD patients were subdivided according to the presence or
absence of ApoE £4, the ApoE e 4+ patients demonstrated significantly smaller
amygdala volumes (left: p = .002, right: p = .003), but no significant difference in
hippocampal volumes (left: p = .076, right: p = .235), compared to the ApoE £4patients. Differences in amygdala volumes persisted after controlling for age, sex, and
duration of disease. When ApoE e 4 "dosage" effects were considered, this effect
appeared to accrue from a difference between the 0e 4 and each of the other two AD
groups, with no significant difference between the 1e 4 and 2e 4 AD groups.
These results are interesting in light of the importance of the amygdala for memory
as well as noncognitive behavioral disturbance.

STRAIN DEPENDENT, REGION-SPECIFIC INDUCTION OF
APOLIPOPROTEIN E GENE EXPRESSION BY KAINIC ACID IN MICE.
S, Grehan,1 and J.M. Taylor1’2*. Gladstone Institute of Cardiovascular Disease and
2Dept. of Physiology, Univ. of California, San Francisco, CA, 94110.
We found that apolipoprotein (apo) E mRNA expression in mouse astrocytes is
increased by kainic acid (KA) excitotoxicity in specific regions of the brain in a
strain-specific and time-dependent manner. Previous studies showed that strains of
mice differ in their susceptibility to neuronal death following KA administration; and
that in rats, immunoreactive apoE increased in the hippocampus in response to KA
administration. We injected FVB/N and C57BL/6 mice intraperitoneally with KA or
saline, and used in situ hybridization to assess apoE mRNA levels in various regions
of the brain 3 days and 6 days later. In control mice of both strains, apoE mRNA
was most intensely expressed near the nuclei of Bergmann glia (astrocytes), located at
the interface of the granular layer and the molecular layer of the cerebellum, and in
astrocytes in the olfactory bulb. Strong apoE mRNA expression was also detected in
astrocytic glial cells of the gray matter throughout the brain, in epithelial-like cells
of the meninges, in cells on the surface of the choroid plexus, and in cells lining the
ventricles. Following KA administration to FVB/N mice, apoE mRNA expression at
3 days was increased in cells throughout the brain, mainly in the hippocampus and in
cells lining the ventricles. After 6 days, apoE mRNA expression had returned to
control levels in most regions of the brain, but was further increased in the CAI and
CA3 regions of the hippocampus and in the lining of the ventricles. In contrast, KAinjected C57BL/6 mice showed no significant change in apoE mRNA expression at 3
or at 6 days. This strain-dependent expression of apoE in response to KA may affect
the evaluation of neurodegenerative mechanisms in mouse models of
neuropathological disorders.

432.5

432.6

MARKED NEURITIC DEGENERATION IS APOLIPOPROTEIN EDEPENDENT IN THE APPV717F MOUSE MODEL OF ALZHEIMER’S
DISEASE. D. M. Holtzman1*, T. I. Tenkova3, K. R. Bales4, S. M, Paul4, J. W.
Olney3, D. W, McKeel4, D. F. Wozniak3.
Dept. of 'Neurology, 2Pathology, and 3Psychiatry, Washington University School
of Medicine, St. Louis, MO 63110 and 4Neuroscience Discovery Research, Lilly
Research Laboratories, Indianapolis, IN 46225
APPV717F transgenic mice develop age and region dependent amyloid-^ (A{3)
deposition in the brain similar to that seen in Alzheimer’s disease (AD). Abnormal
neurites surrounding A(3 deposits have been demonstrated in these mice with
immunohistochemistry and electron microscopy. Utilizing the de Olmos silver
technique, severe plaque-associated neuritic pathology with large distended
dystrophic neurites was visualized in both hemizgyous APPV7I7F transgenic and
AD brain. In the mice, degenerating neurites surrounded thioflavine-S-+,
AP deposits by 12 months of age. Apolipoprotein E (apoE) modulates the level of
AP deposition and is required for the development of thioflavine-S-+ (fibrillar) AP
deposits in APPV717F transgenic mice (Nature Genetics 17:263,1997). APPV7I7F,
apoE -/- mice have less AP deposition on average than APPV7I7F, apoE +/+ mice.
Substantial AP deposition does however occur in the absence of apoE within the
hippocampus, and in some cases, the AP load in this brain area equals that seen in
apoE +/+ mice. Interestingly and despite this, only diffuse but not neuritic plaques
were observed in mice lacking apoE by 12 months of age. These findings
demonstrate severe plaque-associated neuritic degeneration in APPV7I7F transgenic
mice which is similar to that seen in AD and suggest that apoE can induce
structural changes in AP in vivo which may be required for the development of
neuritic plaques, (supported by NIH AG13956, Ruth K. Broad Foundation,
Alzheimer’s Association RG3-96-26)
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AND A|342 CLEARANCE IN A TRANSGENIC MOUSE MODEL
EXPRESSING HUMAN APOE3 AND APOE4. BPermanne1, Yong Ji1,
D.MHoltzman3, B.Frangione1, T. Wisniewski,1,2* Dept. of Pathol.1 and Neurol.2,
N Y U. Med.Center, N.Y. 10016. Dept. of Neurol.3, Washington Univ. School of
Med., St-Louis , M.O. 63110.
Amyloid {3(A(3) 140/42) is a major constituent of amyloid deposits in Alzheimer
disease (AD); however, these peptides are also present in normal biological fluids
where they are called soluble A(3 (sA(3). The inheritance of the apolipoprotein
(apo)E4 allele increases amyloid deposition; however, the role of apoE in AD
remains unclear. We previously demonstrated the presence of apoE/A p and
apoE/sAp complexes in amyloid plaques and brain supernatants respectively. In this
study we analyzed the clearance of APi_40 and AJ), 42 from the brains of wild-type,
apoE knockouts (KO) and human apoE3 or E4 expressing transgenic mice (on a
murine apoE KO background). One pi of 125I-APi _40 or 125I-APi _42 (1-5 pmoles) was
injected stereotaxically into the lateral ventricle of wild type (C57BL/6), apoE KO
(E-/-) or transgenic mice (hE3+ and hE4+). 14C-PEG 4000 and reverse Ap^,., were
used as controls. Sixty percent of l25I-Ap,_40 cleared from the brain in the 10 first
min, while only 20 % of 1 25I-APi _42 was cleared from tlie brain after 45 min. The
reduced clearance of Api.42, compared to Apt.4O was confirmed in hE3+ and hE4+
animals. Preliminary studies indicate that brain AP clearance is modulated by the
expression of human apoE. Currently, intra-amygdala injections of APi _42 are also
being performed in apoE KO and human apoE expressing transgenic mice to
determine if Ap-induced histopathological changes are influenced by apoE genotype.
We hypothesize that under conditions of high local concentrations, apoE can
promote AP fibrillogenesis ; however, apoE also has a positive normal role in the
clearance of brain Ap peptides, where apoE4 is less effective than apoE3. Supported
by AG15408, AG05891, AG08721, AG13956 and Alz. Assn grant RG3-9626.
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DIFFERENTIAL EFFECTS OF APOLIPOPROTEIN E ISOFORMS ON A(3INDUCED COGNITIVE IMPAIRMENTS IN HUMAN AMYLOID
PRECURSOR PROTEIN TRANSGENIC MICE. J, Raber1’2*. D, Wong1. M,
Buttini1’2, R. E. Pitas1’3, R. W. Mahley1’3, and L. Mucke1’2 . Gladstone
Institute of Neurological Disease & departments of Neurology & Pathology,
University of California, San Francisco, CA 94141-9100.
Compared with apolipoprotein (apo) E3, apoE4 increases the risk of cognitive
impairments and of developing Alzheimer’s disease (AD). Women appear to be
more susceptible to these detrimental apoE4 effects than men. To better understand
the role of apoE isoforms in brain function and AD pathogenesis, we analyzed
transgenic mice that lack endogenous mouse apoE (Apoe~'~) and express human
apoE3 or apoE4 under control of the neuron-specific enolase (NSE) promoter
(Raber et al. 1998, PNAS 95: 10914-10919). Spatial learning and memory, which
are severely impaired in AD, were examined in the mice with the water maze test.
ApoE4, but not apoE3, significantly impaired spatial learning and memory.
Interestingly, apoE4-induced impairments in water maze performance were seen
only in female mice, suggesting a greater susceptibility of females to the
detrimental effects of apoE4. To assess whether interactions between apoE4 and
other etiologic factors might contribute to the development of AD in males, we
analyzed male mice transgenic for the human amyloid precursor protein (hAPP).
The hAPP-derived amyloid (3 (A3) peptide appears to play a central pathogenic role
in AD. We assessed the behavior of hAPP/apoE bigenic mice that coexpress
human Afi together with either apoE3 or apoE4. ApoE3, but not apoE4, prevented
Ap-induced behavioral deficits. These findings demonstrate that distinct human
apoE isoforms have differential effects on brain function and on the susceptibility
to AP-induced cognitive impairments. (Supported by NIH Grant AG 11385)

ISOFORM-SPECIFIC EFFECTS OF APOE ON LIPID METABOLISM.
M.J. Ghosh, J. McGuire, and R.E. Pitas*.
Gladstone Institute of Neurological Disease, Univ. of California, San
Francisco, San Francisco, CA 94141.
The three common isoforms of apolipoprotein E (apoE2, apoE3, and
apoE4) are associated with different risks for developing Alzheimer’s
disease and have different effects on neurite outgrowth in vitro. To
investigate potential mechanisms for these effects, we assessed the
potential impact of the apoE isoforms on lipid metabolism. The
incorporation of [14C]oleate into cholesterol esters and triacylglycerols by
transfected RAW-264 murine macrophages and CHO cells (two cell lines
which do not normally express apoE) expressing similar levels of apoE2,
apoE3, or apoE4 was examined. Compared with nonexpressing cells,
apoE2-expressing cells incorporated 50% more [14C]oleate, and apoE3and apoE4-expressing cells incorporated ~40% less. These results
suggested that differences in [l4C]oleate availability to intracellular
enzymes may be responsible for differences in lipid synthesis. In fact, we
found that the apoE2-expressing cells internalized more [14C]oleate than
control cells, whereas apoE3- and apoE4-expressing cells internalized less.
We also found that medium from apoE2-expressing cells enhanced the
uptake of [l4C]oleate by nonexpressing cells, whereas medium from
apoE3- and apoE4-expressing cells decreased uptake. This demonstrated
that the differences in fatty acid uptake resulted from apoE secreted into
the medium rather than by intracellular apoE. Exogenous recombinant
apoE added to nonexpressing cells had similar effects, confirming our
observation. We have since replicated these results in Neuro-2a cells. The
apoE isoforms had differential effects on the uptake of fluorescent fatty
acid analogs by the cells after 2 minutes of incubation. Our data suggest
that the apoE isoforms may differentially affect the availability of
substrate for lipid synthesis or the uptake and distribution of essential
fatty acids in the brain. (Supported by NIH AG 13619-05).

432.9
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GENETIC FACTORS CONTRIBUTE SUBSTANTIALLY TO THE ELEVATED
PLASMA A8 IN TYPICAL LATE ONSET ALZHEIMER’S DISEASE. N. Ertekin
Taner*, M. Baker, L. H. Younkin, N. Graff-Radford, M, Hutton, S.G. Younkin,
Mayo Clinic Jacksonville, Jacksonville, FL 32224, USA
Plasma AB40 and A842 are significantly elevated in patients with typical late
onset AD and their first-degree relatives (see Younkin et al., these meetings).
Plasma AB40 and AB42 were also significantly elevated through 3 generations of 5
families where the proband was a first-degree AD relative with elevated plasma AB.
Importantly, the probands had no FAD-like mutations in the coding region of PS-1,
PS-2, or the APP exons encoding AB. To determine the magnitude of the genetic
influence on plasma AB and to assess its mode of inheritance, we collected 7 more
typical late onset AD families. Segregation analysis, using the REGC program of
the Statistical Analysis for Genetic Epidemiology (S.A.G.E.) software, was
uninformative, suggesting a complex, polygenic mode of inheritance. The
“Polygenic” analysis of the SOLAR (Sequential Oligogenic Linkage Analysis
Routines) software was used to calculate the polygenic heritability of plasma AB in
all 12 families. The heritability of plasma AB42, AB40, Iog(AB42), and log(AB40)
were found to be, 35% (p<0.0001), 10% (p=0.067), 52% (p<0.0001), and 41%
(p<0.0001), respectively. When the ApoE, e4 allele dosage was included as a
covariate, it was found to have an insignificant effect (p=0.5-0.97), and it led to
negligible alterations in the heritability values (0.01% decrease-2% increase).
Collectively, these findings indicate that: 1) genetic determinants, other than
ApoE4, account for a substantial percentage of the phenotypic variance in plasma
AB42 and AB40, 2) these determinants act in a complex, non-Mendelian fashion, 3)
at least some of these determinants increase plasma AB42 and AB40 in typical late
onset AD, and 4) genetic linkage analysis of late onset AD families, using plasma
AB as a quantitative trait, may be an excellent way to identify novel loci that are
important in typical late onset AD. (Support: NIA AG06656, AG12685)

GENOME-WIDE LINKAGE DISEQUILIBRIUM MAPPING OF LATE ONSET
ALZHEIMER’S DISEASE. M. Hiltunen,1,2 A. Mannermaa,2 M. Pirskanen12
A.M. Koivisto,1 M. Lehtovirta,1 S. Helisalmi,1,2 M. Ryynanen,3 P. Riekkinen Sr4 and
H. Soininen1*. department of Neurology; ’Chromosome and DNA laboratory; 3Unit
of Clinical Genetics; 4A.I. Virtanen Institute; Univ. Hospital and Univ of Kuopio,
P.O. Box 1777, FIN-70211 Kuopio, Finland.
Alzheimer’s disease (AD) is a complex neurodegenerative disorder, for which
several disease-associated loci have been located on various chromosomes. In order to
find novel susceptibility genes for late onset AD, we have performed a population
based genome-wide search using linkage disequilibrium mapping. To avoid
population stratification, late onset AD patients and age-matched controls were
carefully chosen from the same geographical area in Eastern Finland, where the
population is mainly descended from a small group of original founders.
Initial results from genome-wide search indicated regions in chromosomes 1, 3, 6,
8, 10, 13, 14, 18, 19 and 22 to be in linkage disequilibrium in the AD population The
more precise examination of the chromosome 13ql2 region indicated association with
two adjacent microsatellite markers D13S292 and D13S787. Stratification of the AD
patients and controls into the groups according to the apolipoprotein E, sex, and
familial/sporadic status indicated that 13ql2 locus was associated with female familial
AD patients regardless of ApoE genotype. Based on the physical data from the region
13ql2, markers D13S292 and D13S787 were estimated to reside in a 810 kb long
YAC clone 754h7 together with two infant brain-derived ESTs and the H,K-ATPase
a-subunit protein gene.
The localization of these sequences at the linkage disequilibrium region suggests
that they may be candidate genes involved in a sex-specific effect during development
of AD.

432.11

GENETIC ASSOCIATION OF CST3 WITH SPORADIC ALZHEIMER'S
DISEASE R.M.Nitsch,*1,2 U. Finckh,3 A. Gal? J, Velden,2 H, von der
Kammer,2 T. Muller-Thomsen4, K. Zuchowski , U. Mann4, J. Zhang2, J.
Zurdel3, H.-J, StOrenburg5, C. Buhmann5, C. Eggers6, H. Staehelin ,G.
Binetti7 A. Deng,8 C. Hock1,6 and J.H. Growdon’. ‘'Department of
Psychiatry Research, University of Zurich, Switzerland 2Center for
Molecular Neurobiology, Departments of ’Human Genetics, 4Psychiatry
and 5Neurology, University Hospital Eppendorf, University of Hamburg,
Germany; ’University of Basel, Switzerland; 7lnstituto Scientifico Sacro
Cuore, Brescia, Italy; ’Department of Neurology, Massachusetts General
Hospital, Boston, MA.
Cystatin C (CC) is a potent extracellular cysteine protease inhibitor
involved in inflammatory reactions and in neuronal responses to brain
lesions. CC is also present in brain B-amyloid deposits. Therefore CST3
may be considered a candidate gene for Alzheimer’s disease (AD). 313
patients with sporadic late-onset AD, .208 age-matched and 204 younger
and cognitively nomal control subjects from 4 centers (Basel, Switzerland;
Boston, MA; Brescia, Italy; Hamburg, Germany) were collected for genetic
association studies. We found an association of homozygous BB
genotype of the CC-encoding gene CST3 with sporadic Alzheimer’s
disease (OR 6.28, 95% Cl 1.44-27.38). There was an excess of the BB
genotype in AD patients from all four centers. BB was underrepresented in
cognitively nomal elderly subjects. Logistic regression and survival
analyses revealed an age-associated risk increment for AD in association
with CST3 BB that was independent of the APOE genotype. CST3 seems
to be a recessive risk gene for age-associated disorders contributing to
approximetaly 5 % of sporadic AD. (Funded by DFG grant Nl 486/2-1).
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MODULATION OF ISCHEMIC BRAIN DAMAGE IN MICE LACKING
CONDITIONALLY CEREBRAL EXPRESSION OF THE TRANSCRIPTION
FACTOR c-JUN. J, Schenkel1. A. Behrens2. S. Kleber1, E.F, Wagner2, R, Klein3, M.
Zimmermann1* and A. Martin-Villalba1, ’institute of Physiology II, University, D69120 Heidelberg, Germany; institute of Molecular Pathology, A-1030 Vienna,
Austria; ’European Molecular Biology Laboratory, D-69117 Heidelberg, Germany
Focal cerebral ischemia, caused by a transient occlusion of the arteria cerebri
media and subsequent reperfusion serves as an in v/vo-model for stroke. It results in
areas of irreversible damage surrounded by areas „at risk“ that may, with time,
undergo apoptosis. In the latter areas the transcription factor c-Jun is upregulated and
phosphoiylated at its serine residues 63 and 73 by stress associated protein kinases
(SAPK/JNK). Activation of c-Jun after ischemia and other neuronal stress conditions
has been associated with both neuroprotection and neurodegeneration. The
determinants of the biological function of c-Jun remain to be elucidated.
Since the k.o.-mutation of c-Jun causes in vivo lethality, transgenic mice lacking
brain specific c-Jun were generated by conditional mutagenesis: The c-Jun locus was
flanked by /oxP-sites and these animals were subsequently bred to mice expressing
Cre under control of the nestin-promoter as described previously. c-Junflox/flox/NestinCre+ mice were identified by Southern blotting and PCR analysis, including a PCR
assay showing c-Jun to be conditionally knocked out in the brain.
Preliminary data show a dramatic increase of the infarcted volume in cJunflox/flox/Nestin-Cre+ mice when compared to nontransgenic littermates, following
focal ischemia. Therefore, the lack of c-Jun seems to favor neurodegeneration. In
contrast, mice expressing a mutant c-Jun without any possibility of phosphorylation
(Behrens et al. Nat Genet (1999) 21:326) exhibit neuroprotection after glutamate
excitotoxicity. We conclude that the availability of c-Jun without phoshorylation
would lead to neuroprotection and that the general lack of c-Jun would lead to
neurodegeneration.

P38 MAPK IN FOCAL STROKE: SELECTIVE INHIBITOR REDUCES BRAIN
INJURY AND NEUROLOGICAL DEFICITS. ’F.C. Barone*, 2E.A. Irving, ’E.H.
Ohlstein, }R.F. White, *G.Z. Feuerstein, 1S. Kumar, U.C. Lee, ’B.R. Smith, ’J.L.
Adams, 2J. Roberts, 2A.D. Reith, 2A.J. Hunter, 2S.J. Hadingham and 2A.A. Parsons.
SmithKline Beecham Pharmaceuticals, ’King of Prussia, PA 19406 and 2New
Frontiers Science Park, Harlow, Essex, CM 19 5AW, UK
p38 MAPK cell signaling is involved in inflammatory cytokines expression and
apoptosis produced by cell stress. No data is available on the role of p38 in focal
ischemia. Here we evaluated p38 activity and the effects of a very potent and selective
p38 inhibitor on outcome following focal stroke in the rat. MCAO models of
moderate and severe brain injury were utilized. Brains were processed
immunohistochemically to detect phosphorylated p38 following stroke. Biochemical
analysis of p38 activity following MCAO was also utilized. A potent (IC50=44nM),
selective (500-fold vs a panel of kinases) and low clearance (ti/2=75 minutes) p38
inhibitor (SB 239063; trans-l-(4-hydroxycyclohexyl)-4-(4-fluorophenyl)-5-(2
methoxypyrimidin-4-yl)imidazole) was selected and evaluated for neuroprotective
activity (i.e., infused i.v. 15 minutes post-stroke for 6 hours to provide plasma levels
of 0.38, 0.75 and 1.5 gg/ml). Total infarct volume (mm3) and global neurological
deficits (GND) were determined after 24 hours. Increased immunostaining of
phosphorylated p38 was observed for up to 6 h after MCAO. Biochemical analysis
also verified the increased p38 activity. Significant protection from brain injury and
neurological deficits was demonstrated by SB 239063. In moderate stroke brain
injury (N=7-16/group), all three plasma levels reduced brain injury compared to
vehicle (e.g., 0.75 |ig/ml provided a maximum decreases in infarct (-41%; p<0.01)
and GND (-35%; p<0.01)). In severe stroke brain injury (N=14-15/group), this same
plasma level also reduced the much larger (+62%, p<0.01) infarcts (-27%; p<0.05)
and GND (-27%; p<0.01). Since significant activation of p38 follows focal stroke
and robust neuroprotection is produced by SB 239063, these data support the
importance of p38 MAPK in focal ischemia-induced brain injury.

433.3

433.4

HYPOTHERMIA DURING REPERFUSION AFTER CEREBRAL ISCHEMIA INCREASES ACTIVATION OF ERK IN HIPPOCAMPUS. SD Hicks*, DB DeFranco , CW Callaway. Depts. of Emergency Medicine and
Neurosciences, Univ. of Pittsburgh, Pittsburgh, PA 15213.
Induction of hypothermia during reperfusion after cerebral ischemia reduces neuronal injury in the hippocampus.
This study examined whether hypothermia also affected the
activation of mitogen activated protein kinase (MAPK) signaling pathways (ERK, JNK/SAPK and p38 MAPK) after ischemia.
Normothermic (36.8°C) cardiac arrest (complete cerebral
ischemia) was induced in halothane-anesthetized rats using
8 minutes of asphyxia. Cardiac arrest was reversed by
chest compressions, mechanical ventilation and administration of epinephrine and bicarbonate. Normothermic rats
were maintained at 36.8°C, whereas hypothermic rats were
cooled to 33°C after 60 minutes of reperfusion. Hippocampi were collected at 6,12 and 24 hours for assay of active (-phosphorylated) MAPKs by immunoblotting with phosphospecific antibodies.
Cerebral ischemia produced a sustained increase in actice ERK levels in hippocampus, and hypothermia potentiated
this increase. In contrast, small, transient increases in
JNK/SAPK and p38 MAPK activity were unaffected by hypothermia. These data suggest that induced hypothermia increases
intracellular signaling via the ERK pathway and are consistent with other studies in which this pathway is important
for neuronal survival mediated by trophic factors.
Supported by American Heart Association Grant-in-Aid.

CYTOSOLIC CYTOCHROME C EXPRESSION OF RAT VULNERABLE
CAI NEURONS AFTER TRANSIENT GLOBAL ISCHEMIA. T. Sugawara*,AL

Fujimnra, Y. Morita-Fujimura and P. H. Chan Departments of Neurosurgery, Neurology
and Neurological Sciences and Program in Neurosciences, Stanford University School of
Medicine, Palo Alto, CA94304.
Release of cytochrome c from mitochondria into the cytosol is a critical step in
apoptotic cell death after focal cerebral ischemia. The cell death cascade involving the
release of cytochrome c to the cytosol, binds to Apaf-1 causing caspase-9 activation,
followed by caspase-3 activation and subsequent apoptotic cell death.
The relationship between cytochrome c release, selective vulnerability and delayed
neuronal death of hippocampal CAI neurons after transient global ischemia is not
clear and is a subject of this study. Global ischemia was induced in SD rats by 10 min
of bilateral common carotid artery occlusion and hypotension. Cytosolic expression
of cytochrome c was evaluated by immunohistochemical and Western blot analyses,
before and 2h-5d after ischemia. Apoptosis after global ischemia was also
characterized by DNA electrophoresis and terminal deoxynucleotidyl transferasemediated uridine 5’-triphosphate biotin nick end labeling (TUNEL) staining.
Immunohistochemistry showed no cytochrome c expression before ischemia,
however, prominent cytosolic cytochrome c expression was seen exclusively in CAI
neurons in the hippocampus as early as 6h after ischemia. At the same time points,
Western blot analysis revealed a band (15kDa) of cytochrome c in the cytosolic
fraction and a corresponding decrease of cytochrome c in the mitochondrial fraction.
DNA electrophoresis showed a significant amount of DNA fragmentation, and
TUNEL positive cells appeared only in the CAI pyramidal cell layer in the
hippocampus 3d after ischemia, but not at Id. Our data provide the first evidence that
cytochrome c was released into the cytosol from mitochondria in CAI neurons as
early as 6h after global ischemia and that it precedes DNA fragmentation. These
findings suggest that cytochrome c plays an important role in delayed neuronal death
of hippocampal CAI neurons in rats after transient global ischemia. (Supported by
NIH grants NS 14543, NS 25372, NS 36147 and NS38653)
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GROUP I METABOTROPIC RECEPTORS SELECTIVELY DOWNREGULATE NITRIC OXIDE INDUCED CPP32 ACTIVITY. SHL
Lin*. A, M. Vincent. T. Shaw, J. Wright, and K. Maiese, Neurology, Anatomy and
Cell Biology, Ctrs. for Molecular Medicine and Toxicology, Wayne State Univ.
School of Medicine, Detroit, MI 48201.
Invoking the modulation of parallel cellular pathways, the G-protein
metabotropic glutamate receptors (mGluRs) and nitric oxide (NO) have been shown
to require a host of cellular pathways to modulate neuronal programmed cell death
(PCD). Since the cysteine protease caspase-3 (CPP32) is one of the principal
mediators of PCD, we investigated whether CPP32 activity was linked to both NO
induced PCD and mGluR neuroprotection in primary rat hippocampal neurons.
Neuronal injury was assessed by both a 0.4% trypan blue dye exclusion survival
assay and with TUNEL for PCD assessment 24 hours following treatment with the
NO generators SNP (300pM), SIN-1 (300pM), or NOC-9 (300pM). CPP32 activity
was determined through spectrophotometry with the substrate Ac-DEVD-pNA.
Following exposure to NO, CPP32 activity progressively increased from a baseline
of 2.1+0.7 pmol/min to a maximum of 8.3+0.7 pmol/min within the initial 6
hours. The activity of CPP32 remained at least three fold greater (12 hour period) and
two fold greater (24 hour period) than baseline over a 24 hour course. This increase
in CPP32 activity was intimately associated with the induction of PCD, since
application of the CPP32 inhibitor DEVD-CHO significantly decreased the
expression of PCD from 72+4% (NO only) to 24+3% (DEVD/NO). Activation of
each of the mGluR subgroups (Group I (DHPG), II (LCCG-I), and III (L-AP4))
increased neuronal survival and prevented the induction of PCD during NO exposure.
Yet, only the Group I agonist DHPG (750pM) selectively decreased CPP32 activity
from 7.9+0.5 pmol/min (NO only) to 1.2+0.4 pmol/min (DHPG/NO). Activation
of mGluR groups II and III as well as mGluR antagonism with AIDA did not alter
CPP32 activity. We demonstrate that NO induced neuronal PCD involves activation
of the cysteine protease CPP32, but that it is the selective and unique modulation of
CPP32 activity by the Group I mGluR system that appears to offer a potential
cellular target for the mGluR system to avert neuronal injury.
Supported by the Alzheimer's Association, AHA (National), Boehringer
Ingelheim Award, J&J Focused Giving Award, and NIH NIEHS.

Cell Death Gene Expression
in the Penumbra
and Thalamic
Fields after
Permanent
Occlusion
of the Middle
Cerebral
Artery
in Wild -Type and
Bcl -2 Transgenic
Mice . F. de Bilbao.1 E. Guarin.2 P. Nef.2 P, Vallet.1
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p„ QiannakQPQulQ?1" and M, Pubois-Pauphin1- 'Univ. Hospital Geneva, Dept. cf
Psychiatry, 2, Chemin du Petit Bel-Air, 1225 Geneva; 2Geneva Univ., Dept. cf
Biochemistry, Science II, 30 quai Ernest Ansermet, 1205 Geneva, Switzerland.
Previous studies have suggested that various apoptotic-related proteins could be
involved in the death process induced by cerebral ischemia. In order to clarify their
role and examine how the anti-apoptotic protein Bcl-2 could influed in this process,
the mRNA expression of various cell death genes (bcl-xl, box and cpp32) were studied
from 1 to 14 days following permanent occlusion of the middle cerebral artery in wildtype (WT) and Bcl-2 transgenic mice. No significant differences of the infarct and
penumbra sizes were observed between the two groups of mice, showing that the
extent of neuronal injury could not have been lowered by the Bcl-2 transgene. Seven
days after the ischemic insult, the mRNA expression of the two cell death gene
effectors cpp32 and box were dramatically upregulated in the penumbra and this
phenomenon was also observed in Bcl-2 transgenic mice. Interestingly, the cpp32
transcript was markedly induced from 3 days in the ipsilateral thalamus of WT and
transgenic mice. However, as assessed by the TUNEL method, apoptotic bodies were
observed in the thalamic field of WT but not transgenic mice. This suggests that
cpp32 mRNA may be induced in an attempt to kill the injured cells and, in contrast
to the penumbra, cell death in the thalamus may be prevented in Bcl-2 transgenic
mice. Based on these results, the pathophysiological mechanisms that underly
neuronal damage following ischemia need consideration in order to evaluate the extent
of neuroprotection that may be afforded by the Bcl-2 anti-apoptotic protein. The
present study suggests that Bcl-2 may constitute a possible treatment for areas of the
brain remote from those directly affected by ischemia.
Supported by the Swiss National Foundation for Scientific Research (4038-44006).
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PRO-CASPASE-8 ACTIVATION FOLLOWING SPINAL CORD ISCHEMIA IN
MICE. K. Matsushita, Y. Wu, L. Lang-Lazdunski, L.B Jacoby*, M.A, Moskowitz.
Massachusetts General Hospital, Harvard Medical School, Charlestown, MA 02129
USA
Caspases mediate ischemic cell death in central nervous system. Pro-caspase-8
(FLICE, MACH), a. 55 kDa protein, is activated by Fas/TNFa family receptormediated mechanisms. Little is known about its expression or role in experimental
ischemia. We therefore examined time-dependent expression and cleavage of procaspase-8 in a transient (11 min) model of spinal cord ischemia promoting cell and
tissue death predominantly in gray matter. Ischemia was induced in C57/BL6 mice by
aortic and left subclavian artery cross clamping performed under tightly controlled
physiological monitoring conditions. Tissues were processed at 6, 18 and 24 hr after
reperfusion for immunohistochemistry and immunoblotting using selective rabbit
polyclonal antisera, TUNEL staining, in situ hybridization and RT-PCR. A band
corresponding to the proform (p55) was present on Western blots of normal spinal
cord homogenates and detected by immunohistochemistry within neurons>glia,
predominantly in intermediate gray and dorsal horn. Evidence for constitutive
expression corroborated by RT-PCR and by overlapping distribution of mRNA
hybridization signal in normal spinal cord. The cleaved product (pi8) was visualized
at 6 hr after reperfusion within degenerating neurons in intermediate gray matter, pi8
appeared on immunoblot between 6 and 18 hrs after reperfusion. At 24 hrs, TUNEL
positive cells were readily detected within intermediate and dorsal horn. Caspase-8
mRNA hybridization signals increased within the same areas of spinal cord beginning
6 hr after reperfusion. Pro-caspase-8 expression and cleavage following ischemia
within spinal cord tissue containing TUNEL positive cells suggests possible
participation in cell death following spinal cord injury. (Supported by NIH Stroke
Program Project - 5 P50 NS 10828).

DNA METHYLTRANSFERASE AND CEREBRAL ISCHEMIA.
M. Endres1,D. Biniszkiewicz3, G. Fan3, K. Prass1, K. Ruscher1, U. Reuter1,2, R.
Jaenisch3, M.A. Moskowitz2, U. Dimagl1, A. Meisel1*. ’Exp. Neurology Charite,
10098 Berlin, Germany; ’Stroke Lab, MGH, Harvard Medical School, Charlestown,
MA 02129, ’Whitehead Institute, Cambridge, MA 02142
DNA methylation is important for regulating the profile of gene expression and
is catalyzed by DNA (cytosine-5) methytransferase (MTase, E.C. 2.1.2.37). Because
cerebral ischemia causes DNA damage and changes in gene expression we analyzed
(1) MTase expression and activity and DNA methylation after experimental brain
ischemia and (2) determined if reduced levels of MTase would be neuroprotective
after stroke. To do so we used constitutive (+/-) and conditional neuronal knockout
(CamKII, cre-lox) mice expressing reduced MTase levels. Cerebral ischemia was
induced by filamentous MCA occlusion.
(1) MTase protein levels and catalytic activity remained unchanged after 30 min
ischemia and various times of reperfusion (l-72h). Total DNA methylation,
however, was increased in the ischemic territory (striatum and cortex) compared to
the contralateral side in wildtype (WT) mice. In MTase heterozygote (+/-) mice,
MTase protein and catatylic activity was 50% of WT levels. In contrast to WT,
however, DNA methylation did not increase following cerebral ischemia. (2) In
addition, lesion size was significantly smaller in MTase heterozygote mice and the
density of viable cells within the lesion was 2.4 fold higher. Accordingly, lesion size
was also reduced by 32% after MCA occlusion/reperfusion in conditional neuronal
MTase heterozygote mice (+/-) compared to controls. Group differences in
physiologic parameters were not noted under any experimental condition.
We demonstrate the DNA methylation increases in vivo after brain ischemia and
that reduced levels of MTase in brain protect from ischemic injury. Results from
conditional neuronal MTase (+/-) mice favor a primarily neuronal mechanism. The
molecular pathways may relate to gene expression changes (epigenetic theory)
and/or direct mutagenic effects of MTase (genetic theory).

433.9

433.10

GPI-6150, A Potent PARP Inhibitor , REDUCES INFARCT SIZE
Following
Permanent
and
Transient
Focal
CEREBRAL
ISCHEMIA. L. Williams*, S. Liang, S. Lautar, J.-H. Li, and J. Zhang.
Guilford Pharmaceuticals, Inc., Baltimore, MD 21224.
Poly (ADP-Ribose) Polymerase (PARP) is activated in the pathophysiologic cascade following cerebral ischemia in response to oxidative
damage to DNA. Inhibition of PARP by knockout or pharmacological
agents, reduces cerebral infarction in rodent models of stroke. GPI-6150
is a recently discovered, potent inhibitor of PARP with an IC50 of 100 nM
compared to an IC50of 12 uM for benzamide. In a Long Evans rat model
of distal MCA permanent occlusion, GPI-6150 administration at 40
mg/kg i.p. 30 min. post occlusion resulted in a significant, 25% reduction
in infarct volume as measured by TTC histochemistry 24 hrs post MCAO
by both direct and indirect methods. In the SHR intraluminal thread
model of 90 min transient MCAO, GPI-6150 administered 30 min. post
occlusion resulted in a significant 40% reduction of infarct volume.
Efficacious treatment of ischemic stroke may be achieved by inhibition
of PARP.

3-AMINOPROPANAL- MEDIATED APOPTOSIS INVOLVES FAS/FASL
INDUCTION. S. Ivanova*1, F. Batliwalla3, L.V. Borovikova1. P.K. Gregersen3 and
K.J. Tracey1,2. 'Lab. of Biomed. Sci., The Picower Inst, for Med. Res., 2Dept. of
Surgery, 3Div. of Biol, and Human Gen., NSUH; Manhasset, NY 11030.
Recently we identified 3-aminopropanal, a cytotoxic product of polyamine
oxidase activity, as a mediator of brain damage in cerebral ischemia. Cytotoxic
levels of 3-aminopropanal accumulate in the ischemic cerebrum and induce
apoptosis in glial cells. Although cerebral ischemia induces upregulation of Fas
(CD95/Apol), it was previously unknown whether 3-aminopropanal is a stimulus to
Fas induction. Flow cytometric analysis revealed a significant increase in apoptosis
(by TUNEL) and Fas expression (by FITC-labeled anti-Fas antibody) in human

433.11

A NOVEL APPROACH TO ANALYZE DNA DAMAGE IN
BRAIN USING VACCINIA TOPOISOMERASE I.
D.S. Baskin,* V.V. Didenko, and H.S. Cho. Dept. of
Neurosurgery, Baylor College of Medicine, and VAMC,
Houston, TX 77030
We introduce a novel approach to selectively visualize
specific types of DNA damage in tissue sections. The
approach utilizes a new property of vaccinia topoisomerase
I, and permits detection of DNA alterations characteristic for
apoptosis that are undetectable by conventional TUNEL
staining.
Application of the new technology to study brain tumors
and stroke resulted in fluorescent detection of
subpopulations of brain cells with unusual type of DNA
cleavage. The data indicates participation of DNAse II but
not DNAse I type endonuclease in apoptotic DNA
degradation in those cells. The new approach is a useful
tool for detailed in situ analysis of DNA alterations present in
diseases of brain accompanied by DNA rearrangements
and damage.
Supported by NIH R01 CA78912, and THECB 004949-054
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Western blotting for FasL (CD95L) of glial cells similarly showed a significant
induction in FasL immunoreactivity in 3-aminopropanal (300 pM for 2 h), but not
in vehicle-treated cells. Next, 3-aminopropanal was chemically inactivated by
incubation with V-2-mercaptopropionyl glycine (V-MPG). Electron ionization
mass spectroscopy (EIMS) confirmed that reaction of 3-aminopropanal with MPG
formed a hemithioacetal product (m/z 237.3). V-MPG (1 mM), but not vehicle,
abrogated both TUNEL positivity (4.2% V-MPG vs. 92.5% vehicle) and Fas
upregulation (4.0% /V-MPG vs. 63.2% vehicle) in 3-aminopropanal-treated (300
pM) glial cell cultures. These results implicate a Fas/FasL-dependent induction of
glial cell apoptosis by 3-aminopropanal. Moreover, they suggest a strategy for
directly neutralizing 3-aminopropanal in the treatment of cerebral ischemia.
(Supported by The Picower Insitute for Medical Research funding.)
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LONGITUDINAL DECLINE IN DHEA IS INDEPENDENT OF COGNITIVE
STATUS AND COGNITIVE DECLINE IN HEALTHY ELDERLY MEN. Scott D,
Moffat*. Alan B. Zonderman. S. Mitchell Harman. Marc R, Blackman & Susan M.
Resnick.Gerontology Research Center, National Institute on Aging, Baltimore MD,
21224.
The observation that dihydroepiandrosterone (DHEA) concentrations decrease
markedly with age has led to the hypothesis that declining DHEA levels may
contribute to age changes in cognition and to the development or progression of
Alzheimer’s Disease. Elderly individuals frequently self-prescribe this steroid,
available as an over-the-counter supplement, to reduce age-related cognitive as well
as physical change. The present longitudinal study was designed to investigate the
relationship between declines in endogenous DHEA concentrations and cognitive
outcome in a sample of non-demented elderly men. We followed a sample of 897
men ranging from 22 to 91 years of age (mean age = 53.2 years), for a mean
duration of 12 years. We obtained longitudinal measures in multiple cognitive
domains and obtained contemporaneous plasma DHEA measures every 2 years.
Cognitive tests included measures of verbal and visual memory, 2 tests of mental
status, phonemic and semantic word fluency, and visuomotor scanning and
attention. Plasma DHEA concentrations were determined by standard RIA. Results
demonstrated that both DHEA concentrations and cognitive performance declined
with age, as expected. However, neither the rate of decline in DHEA nor the withinindividual mean DHEA concentration were related to cognitive status or cognitive
decline in our sample. Moreover, an extreme-groups comparison between the
highest and lowest DHEA quartiles revealed no cognitive differences, despite the
fact that these groups differed in endogenous DHEA concentration by more than a
factor of 4 for an average duration of 12 years. Our longitudinal results extend
previous cross-sectional studies suggesting that endogenous decline in DHEA is
unrelated to cognitive status and cognitive decline in healthy aging.

HORMONAL INTERACTION WITH COGNITION DURING AGING.
A. L. Markowska* and D. Grinnell, Department of Psychology, The Johns
Hopkins University, Baltimore, MD 21218, USA.
Spatial memory deteriorates markedly with age in a variety of mammals,
including humans and rodents. In females, a major change that takes place with
age is a mid-life alteration in the circulating levels of ovarian hormones, which
coincides with changes in cognitive function. Some of these cognitive declines
are attenuated by hormone replacement therapy, suggesting a possible link
between reproductive and cognitive senescence. There is no substantial decline
in cognitive function immediately after menopause or following an
oophorectomy in women. Our previous results, obtained from a rat model,
indicated that the onset of cognitive deficit following the removal of the source
of circulating ovarian hormones (surgical ovariectomy, OVX) is delayed in
young and middle-aged female rats. The cognitive decline following OVX is
postponed for a longer period of time in young females than in middle-aged
females. Furthermore, we have found that estrogen replacement prevents the
impairment in the spatial alternation task in both age-groups: young and
middle-aged. In the present experiment, aged female rats at defined natural
stages of estropause (constant estrous with moderate and stable levels of
estrogen or in constant diestrus or pseudopregnancy with moderate and
constant levels of estrogen and progesterone) were tested. In contrast to
younger age-groups, the surgical removal of ovaries in old female rats did not
produce additional cognitive decline other than the one already present in the
old females with intact ovaries. In aged females, estrogen replacement was not
effective in improving memory. This data suggests that the susceptibility to
estrogen dependence changes with age and endocrine status. Supported by NIA
RO1-AG15947

434.3

434.4

PROGESTERONE REVERSES ESTROGEN’S ENHANCEMENT OF VERBAL
MEMORY J. S, Janowskv1*, P.E. Carello*, E. Orwoll2. Depts. of 'Neurology;
2Medicine, Oregon Health Sciences Univ., Portland, OR 97201.
Studies using animal models show that estradiol and progesterone have opposing
effects on synaptogenesis in the hippocampus. Sex steroids modify cognitive
performance in postmenopausal women, and over the menstrual cycle in younger
women. Studies have not previously isolated the brain systems that mediate sex
steroid effects, examined effects in older women treated for many years, nor examined the effects of estrogen and progesterone together, although this is a common
clinical treatment. Thus, we studied the effects of long term (> 4 years, average
years = 19 ) estrogen (E; N= 21), estrogen and progesterone (E+P; N—15) or no
replacement (NONE; N = 18) on cognition in older, healthy, community dwelling
women (age 71.6, range 60-80 yrs). Groups were matched for age and education and
excluded for comorbidities such as dementia or depression. Cognitive measures were
chosen to isolate particular brain systems and cognitive processes. Sex steroids
significantly affected performance on paragraph recall (medial temporal lobe; p<
.01), working memory (prefrontal cortex; p< .08) and mental rotation (posterior
parietal; p< .05). Groups did not differ on memory for object names or spatial
location. Specifically, women on E showed superior performance on paragraph
recall than women on no replacement (p< .01). However, progesterone reversed
this advantage as the E+P group performed no different than women on NONE
(p >. 10). This directly parallels studies using rat models in which E increased
synaptogenesis and E+P did not. In contrast, women on E and E+P showed
superior performance to women on NONE for working memory and mental rotation.
Together these data suggest that sex steroids can modify cognition in aging, however, the mechanism of action may differ among cognitive processes and the brain
systems that mediate them. This data has significant implications for modifying
normal age-related cognitive decline as well as the interpretation of studies showing
a protective effect of postmenopausal estrogen replacement against the risk for
Alzheimer’s Disease. Supported by NIH AG12611 & 5 M01 RROO334

LONG-TERM OVARIECTOMY AND COGNITION IN AGED FEMALE
RHESUS MONKEYS. A. Lacreuse,2 J.G. Herndon.2 M.B, Moss? and J.
Tigges2*. 'Dept. of Anatomy and Neurobiology, Boston Univ. Sch. Med.;
2Yerkes Regional Primate Research Ctr., Emory Univ., Atlanta, GA 30322.
Memory deficits occur in women lacking normal estrogen levels, whether
hormone levels are reduced by removal of the ovaries, or by natural
menopause. The neurobiological basis of these deficits can be clarified by
studies of animal models of cognitive function, which are free of
confounding inherent in studies of humans. We compared cognitive
performance of 6 aged (19 to 27 years of age), long-term ovariectomized
(OVX-A) female rhesus monkeys with that of 8 age-matched females with
intact ovaries (INT-A). We also studied 5 young (4 to 7 years) intact
females (INT-Y). All monkeys were tested in a Wisconsin General Testing
Apparatus for performance on a standard battery of cognitive tests including
the Delayed Non-Matching to Sample (DNMS) with delays of 2 and 10
min, and the spatial condition of the Delayed Recognition Span Test
(DRST). Age-related deficits, relative to INT-Y, were observed on the
DNMS-2min and DNMS-lOmin. The OVX-A and INT-A monkeys
performed at the same level on the 2 min DNMS, but the OVX-A monkeys
were significantly more impaired on the DNMS-10 min. In contrast, the
OVX-A group was less impaired than INT-A on the DRST-spatial, a test of
spatial recognition memory. We also gave tests of learning and executive
function, but OVX-A and INT-A monkeys performed at the same level on
these. These results suggest that long-term estrogen deficiency leads to
impairments in object recognition memory, but also protects against the
development of spatial memoiy deficits in old age.
(Supported by NIH grants RR 00165 and AG00001)

434.5

434.6

NEUROPROTECTIVE EFFECTS OF ESTRADIOL IN AGING FEMALE RATS.
P.M. Wise* and D.B. Dubai. Dept. of Physiology, University of Kentucky,
Lexington, KY 40536.
Estrogen replacement therapy in postmenopausal women can ameliorate
cognitive dysfunction and decrease the risk and/or severity of neurodegenerative
conditions such as Alzheimer’s disease and stroke. Furthermore, estradiol exerts
profound neuroprotective effects in a variety of in vitro and in vivo models of brain
injury. We have previously shown that physiological levels of estradiol attenuate
ischemic injury in young female rats. However, since neurodegenerative events
occur more commonly in the postmenopausal years, we developed a model to test
whether estradiol protects against cerebral ischemia in aging female rats. Sprague
Dawley rats (9-12 months) were ovariectomized and then inserted with a Silastic
capsule containing 17p-estradiol (lmg/ml) or oil (vehicle). This estradiol treatment
produced 70 pg/ml in serum, a high physiological level comparable to estradiol
levels observed on proestrus of the rat estrous cycle. One week later, rats underwent
permanent cerebral ischemia via insertion of a 3/0 intraluminal suture through the
internal carotid artery to the base of the middle cerebral artery. Regional cerebral
blood flow was monitored over the parietal cortex by laser Doppler flowmetry.
Twenty-four hours after the onset of ischemia, rats were killed. Brains were
sectioned and stained with TTC to quantify infarct volume. Our results indicate that
in aging female rats, a high physiological dose of estradiol decreases ischemic injury
by almost 50%, compared to oil-treated controls (p<0.04). Furthermore, our data
suggest that estradiol acts in aging rats via blood flow-independent mechanisms, as
ischemic regional blood flow was equivalent between estradiol- and oil-treated rats.
These data demonstrate that physiological estradiol can protect against strokerelated injury in aging female rats. Supported by NIH AG00242 and AG02224.

AGING AND CORTISOL TREATMENT DIFFERENTIALLY AFFECT BRAIN
METABOLITES: A MRS STUDY IN TREE SHREWS. T. Michaelis1, G. de
Biurrun1. J, Frahm1. F. Ohl2 and E. Fuchs2*. 'Biomed. NMR Forschungs GmbH,
Gottingen; 2German Primate Center, Gottingen, Germany.
In male tree shrews we examined whether aging or chronic treatment with the
glucocorticoid hormone cortisol (GC) alter cerebral metabolite levels as measured
by proton magnetic resonance spectroscopy (MRS). GC treated animals (n=5)
received the hormone via the drinking water at a dosage of 5 mg/day for 28 days.
Age-matched controls (n=5) received tap water. The mere effects of aging were
investigated in untreated old animals (n=5, ~ 6.5 years of age). Localized proton
spectra (STEAM, TR/TE/TM= 6000/20/10 ms, 245 pL, 64 averages) were obtained
at 2.35 T (Magnex, Bruker ABX 11) using a set of Helmholtz and surface coils
from anesthetized animals. The volume-of-interest (VOI) was centrally placed in
the cortex including corpus callosum. Spectral evaluation was performed by
LCModel taking brain water as a reference. Typical proton MR spectra exhibited
resonances of A-acetylaspartate (NAA), total creatine (Cr), choline-containing
compounds (Cho), and myo-inositol (Ins). Aged animals revealed elevated Cho
levels reaching significance for the Cho/Cr ratio (p<0.01), which is independent
from CSF contributions. This might be explained by an increased number of glia
cells [1]. In contrast, chronic GC treatment caused a significant decrease of both
Cho/Cr (p<0.05) and Ins/Cr (/?<0.05) with Cr remaining constant. Decreased Ins/Cr
was also reported in a human study of GC therapy [2]. However, in view of the cell
volume loss induced by GC that may increase the cellular density in the VOI, this
finding is unexpected. Although one may speculate about a reduction of e.g.
astrocytes, it seems more likely to hypothesize about a specific but still unknown
mechanism of GC-induced Ins reduction.
Ref.: [1] Soher et al., MRM 35: 356 (1996); [2] Auer et al., ISMRM p.407 (1997)
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GLUCOCORTICOIDS STIMULATE THE CNS 5-LIPOXYGENASE
GENE EXPRESSION AND PROTEIN TRANSLOCATION. T. Uz*.

ACUTE STRESS AND NEUROACTIVE STEROIDS IN AGED RATS
M.G. Pisu1, M, Littera1, M.L. Barbaccia2, R.H. Purdy3 and M. Serra1* Dept.
of Experimental Biol., Univ. of Cagliari, 09100 Cagliari, Italy; 2Dept.
Neurosci., Univ. of Rome “Tor Vergata”, 00133 Rome, Italy; 3 Dept. of
Psychiatry, Univ. of California, San Diego, CA 92161
Brain cortical and plasma neuroactive steroids concentrations in 18 monthold male rats during stressed and non stressed states were studied. No
changes in the basal levels of pregnenolone (PRE),
THDOC and
dehydroepiandrosterone (DHEA) was found in the cerebral cortex of aged
rats when compared to the adult (2 month-old) animals. The cerebral cortex
levels of progesterone (PRO) and allopregnanolone (AP) were increased by
35% and 33%, respectively, although, this enhancement was not statistically
significant. These differences were not detected in the plasma of the same
animals, where in agreement with previous observations, basal plasma
corticosterone content in 18-month aged rats was increased by 22%.
However, the plasma levels of DHEA were decreased (-38%), respect to
adult, but not significantly. Five-minute foot-shock stress delivered to rats
sacrificed immediately after, elicited a marked increased in plasma and
cortical PRE, PRO, AP, and THDOC content, as well as in plasma
corticosterone content, but foiled to significantly alter DHEA levels. Footshock increased in plasma and brain content of PRO (+505%) and PRE
(+190%) in aged rats sacrificed immediately after stress and AP (+881%) and
THDOC (+492%) in aged rats sacrificed 30 min after stress, was much
greater than in adult animals. Given that PRO metabolites potently modulates
the function and plasticity of GABAa receptor, the changed basal brain level
of these steroids may play a role in the changes in physiological and
cognitive processes frequently associated with aging.

Y, Dwivedi, P.D. Savani. F, Impagnatiello, G, Pandey and H, Manev, The Psychiatric
Institute, Dept. Psychiatry, University of Illinois at Chicago, Chicago, IL 60612.
5-Lipoxygenase (5-LO), the enzyme crucial for the biosynthesis of eicosanoids,
leukotrienes, is present in neurons, and its expression in the rat brain increases during
aging. In the brain, leukotriene synthesis and 5-LO mRNA content and 5-LO protein
translocation also increase during seizures or after stroke. Protection of the brain from
injury has been achieved with 5-LO inhibitors. Response element sequence similarities
of several hormones, including glucocorticoid, on 5-LO gene promoter suggest that 5LO expression might be regulated by glucocorticoids. To test this hypothesis, we
treated male Sprague-Dawley rats with either corticosterone (1.19 and 2.38 mg/day,
subcutaneously) or dexamethasone (1 mg/kg, subcutaneously) for 10 days. 5-LO
mRNA expression was measured in the hippocampal and cerebellar samples taken
from drug treated and control rats, using quantitative RT-PCR with internal standards.
To investigate the translocation of 5-LO protein, we used a polyclonal 5-LO antibody
and Western immunoblotting. We found increased hippocampal and cerebellar 5-LO
mRNA and protein contents after 10 days of continuous treatment with
glucocorticoids. Compared to results with the vehicle-treated controls, both
glucocorticoid treatments decreased 5-LO protein content in cytosol while increasing
the content of 5-LO protein in the corresponding membrane fractions. This 5-LO
protein translocation from cytosol to membrane is, probably, an indication of its
activation. Our results suggest that an enhancement in the 5-LO pathway in the brain
might be triggered by hormonal alterations such as hyperglucocorticoidemia, which
also occurs during aging. It is warranted that pharmacological strategies targeted to 5LO protein action and/or 5-LO grene expression should be seriously considered for
their possible role in altering the pathobiology of aging- and glucocorticoid/stressassociated neurodegenerations. Supported by RO1-AG15347 (H.M.).

434.9

434.10

CHANGED EXPRESSION OF NEUROTROPHINS AND NEUROTROPHIN
RECEPTORS IN PERIPHERAL SENSORY PATHWAYS DURING AGING.
E. Bergman1*, B.T. Fundin2, Y. Ming1, E. Edstrom1 and B. Ulfhake1. ’Dept. of
Neuroscience, Karolinska Institutet; 2Dept. of Molecular Biophysics and
Biochemistry, Lab. Molecular Neurobioiogy, Karolinska Institutet, S-171 77
Stockholm, Sweden.
Aging is accompanied by declined sensory perception, paralleled by widespread
dystrophic and degenerative changes in sensory pathways. Several lines of evidence
indicate that neurotrophic interactions are of importance for a maintained plasticity
in the adult and aging nervous system, and that changes in the expression of
neurotrophins (NTs) and/or their receptors may underpin senile neurodegeneration.
We have here examined the expression of neurotrophin receptor (p75NTO, trkA, trkB
and trkC) mRNA and protein in intact and axotomized primary sensory neurons
(PSN) of young adult (3 months) and aged (30 months) rats. In intact aged rats a
decrease in trk (A/B/C) mRNA and protein was observed. In contrast, a small
increase of p75NTR expression was evident in aged PSN. Following axotomy, a
downregulation of mRNA and protein levels was observed for all neurotrophin
receptors in both young adult and aged rats. In the peripheral target tissues, a region
specific loss of NT-3 and NT-4 expression was evident in the follicle-sinus complex
of aged rats. Furthermore, RT-PCR showed that NT mRNAs (NGF, BDNF, NT-3
and NT-4) were downregulated in the target muscles. Taken together, the results
suggest an attenuated NT signaling between target tissues and PSN in senescence.
Moreover, the degree of NT decrease in the target tissues seems to co-vary with the
extent of sensorimotor disturbances. In the peripheral nerves of aged rats, a
reciprocal regulation of NTs was recorded with increased levels of NGF, BDNF, and
NT-4 mRNAs. It is suggested that aging-related axon lesions induce an upregulation
of NTs in the supportive cells of the peripheral nerve and that this does not affect the
trk expression in the PSN. Our results support the notion that target tissue derived
NTs regulate the expression levels of trk in adult and aging sensory neurons.
(Supported by Swedish MRC 10820)

PHENOTYPIC CHANGES AND ALTERATIONS IN TROPHIN SIGNALING IN
AGED SENSORY NEURONS.
B. Ulfhake* and E. Bergman, Dept. of Neuroscience, Karolinska Institutet, S-171 77
Stockholm, Sweden
Aging is associated with sensorimotor dysfunction, decreased peripheral sensory
innervation and increased thresholds for tactile, thermal and vibratory sensations.
We have previously shown that aged rats of both sexes disclose only a small
decrease (—12%) in the number of dorsal root ganglion (DRG) neurons but that
aging is associated with a selective atrophy of large myelinated primary sensory
neurons. By use of double and triple labeling immunohistochemistry, the expression
of several neuropeptides, RT97 and B4 was examined in young adult and aged (30months old) rat DRGs, using a confocal microscope equipped with enhanced
spectral separation. In the aged rats, no change in the proportion of profiles being
RT97+, B4+ or RT97-/B4-, respectively, could be detected. The most marked
change in neuropeptide expression in aged rats was the downregulation of CGRP.
This change affected mainly the B4+/RT97- neurons but to a lesser extent also B4/RT97+ and B4-/RT97- neurons. Another conspicuous change in neuropeptide
expression was the upregulation of NPY among aged rats. No significant change in
SP, somatostatin or GMAP expression was evident in the aged rats.
As described in adjacent Abstracts, a decreased neurotrophin-trk signaling occurs
in parallel with an increased GDNF-GFRa-l/RET signaling in aged DRG neurons.
This age-specific pattern of regulation may explain some of the phenotypic changes
observed in sensory neurons. GDNF can protect the B4 phenotype as well as the
axon conduction velocity of C-fibers; GFRa-1 is preferentially expressed in the
small B4+ sensory neurons. In contrast, the large/myelinated/RT97+ proprioceptive
neurons, which are not protected by GDNF, become more severely affected during
aging. Moreover, the changes seen in aged sensory neurons with a robust
downregulation of CGRP and an upregulation of NPY, fit well with decreased
neurotrophin-trk signaling.
(Supported by Swedish MRC 10820)

434.11

434.12

Evidence

for

decreased

neurotrophin

-trk

signaling

in aged

MOTONEURONS.

E. Edstrom*, H. Johnson, Y. Ming. E. Bergman and B. Ulfhake. Dept. of
Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden
Several lines of evidence indicate that adult neurons remain dependent on
neurotrophins (NTs) and that changes in tissue expression of neurotrophins and/or
their receptors may play a role in senile neurodegeneration. In this report we show
that the p75 receptor is upregulated in aged rat motoneurons (30 month old) and that
a further upregulation can be induced by peripheral nerve transection. We also
confirm and extend earlier findings that both trkB and trkC are downregulated with
advancing age and, furthermore, we provide new evidence that no significant change
in the expression pattern can be recorded after sciatic axotomy in a majority of the
aged animals. Combined it seems that in senescence there is a dissociation in the
regulation of p75 and trk’s, that is not evident in young adult animals. The
expression of p75 in aged motoneurons could serve to enhance the signaling efficacy
of a diminished amount of available trk ligands, and it certainly could enhance axon
transport of neurotrophins from a target source.
By use of RT-PCR we found that aged rat hind limb muscles show a
downregulation of NTs matching the aforementioned downregulation of the cognate
receptors in the motoneurons. Moreover, the degree of downregulation appears to
reflect the extent of behavioral sensorimotor incapacitation of the individual cases.
The results support the notion that target tissue derived NTs regulate the expression
levels of trk mRNAs in adult and aging motoneurons.
In contrast, the peripheral nerve showed an upregulation of neurotrophins, with
increased levels of NGF, BDNF, and NT4/5 mRNAs in the aged rats. It is suggested
that aging-related axon lesions induce an upregulation of NTs in the supportive cells
of the peripheral nerve and that this does not affect the trk expression in the parent
motoneurons.
(Supported by Swedish MRC 10820)
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EVIDENCE FOR INCREASED GDNF-GFRa-l/RET SIGNALING IN
AGED SENSORY AND MOTOR NEURONS
Y. Ming*, E. Bergman. E. Edstrom, S, Kullberg and B. Ulfhake. Department of
Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden
With advancing age sensorimotor functions become impaired, including
poorer sensing and disturbed motor behaviour. Both skin and muscle show
signs of atrophy and attenuation of the peripheral innervation. The decreased
innervation of both muscle and skin is not explained by a complementary loss
of dorsal root ganglion (DRG) neurons or spinal cord motoneurons. Instead,
the behavioural deficits correlate with loss of target contact(s), axon
dystrophy/degeneration and dys-/demyelination.
Several lines of evidence suggest that attenuated neurotrophin signaling may
account for some of the aging-related phenotypic changes observed in motor
and sensory neurons. Glial-derived neurotrophic factor (GDNF) signals
through the GFRa-l/RET receptor complex and has trophic effects on both
primary sensory neurons and, in particular, motoneurons. In this study we
provide evidence using RT-PCR that GDNF, but not neurturin, is strongly
upregulated in target muscles (800%) and to a lesser extent also in the
peripheral nerves of aged rats. We also show, by use of in situ hybridization
and immunohistochemistry that RET and GFRa-1 mRNA as well as GFRa-1
protein-like immunoreactivity are upregulated in spinal motoneurons, and in
dorsal root ganglion neurons of 30-month-old rats.
Increased GDNF signaling in a situation of decreased neurotrophin signal
transduction (see adjacent Abstracts) may explain some of the phenotypic
characteristics of aging DRG- and motoneurons, why cell loss is small and why
proprioception is more severely affected than nociception.
(Supported by Swedish MRC 10820 and Wenner-Grenska Samfundet)
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EVIDENCE FOR REDUCED TRANSPORT OF EXOGENOUS NGF
BY AGED NEURONS IN THE SUPERIOR CERVICAL GANGLION.
A.Kudwa, S.Shoemaker, K. Hearring, R.G. Sherman*. A. Shealy, S.
Colombo, and L.G. Isaacson. Center for Neurosci, Dept Zoology,
Miami Univ, Oxford, OH 45056.

DEVELOPMENT OF AN EFFECTIVE IN VIVO NEUROTROPHIN GENE
THERAPY FOR AGING-RELATED MEMORY LOSS. K, Yang ''2*. K. Ozol ' 2.
H. Lu ''2, Y, Long l 2, B.J, Baumgartner1. L,L, Zou l,z, ‘Department of Neurosurgery;
2Center for Cell and Gene Therapy, Baylor College of Medicine, Houston, TX77030.
Aging is characterized by a progressive deterioration of memory function. Such
cognitive dysfunction affects the daily life of many aged people. In aged rodents,
memory deficit is accompanied by cholinergic neuron loss that occurs in the medial
septum area and nucleus basalis magnocellular region. Nerve growth factor (NGF)
has been shown to counteract the cholinergic neuron loss and age-related cognitive
deficit in rats through continuous intraventricular infusion using osmotic minipumps
or cell-based (ex vivo) NGF gene transfer. However, neither of the two approaches
produced results satisfactory enough to be applied clinically due to the
inconvenience associated with minipump implantation or cell rejection reaction
incurred by ex vivo cell transplantation. An alternative approach, which is safe,
relatively convenient, and offering sustained source of NGF over a long period, is
needed for clinical application. The present study evaluated liposome- and
adenovirus-mediated reporter gene transfer in aged Fischer-344 rats (20 months old)
to develop an effective in vivo gene transfer of NGF. Both virus and nonvirus vector
systems were compared in terms of transduction efficiency, toxicity, persistence and
endurance of transgene expression. Our preliminary results indicated that adenovirus
gave better transduction efficiency than liposome/plasmid complexes as determined
by the expression of the Lac Z reporter gene. In contrast, liposome/DNA showed less
toxicity than the adenovirus vector based on microglial activation assay (0X42
immunostaining). In summary, these results suggested that the aged brain does not
compromise gene transfection mediated by either virus or non-virus vector systems.
Further effort is required to decrease virus vector toxicity via virus reconstruction or
increase liposome transduction efficiency through optimization of liposome/DNA
formulation (Supported by grants: NIH R01-NS35502-02, NIH RO3-AG16033-01,
and ATP 004949-049).

434.15

434.16

INSULIN-LIKE GROWTH FACTOR-1 MODULATES LEARNING AND MEMORY.
P.L. Thornton,1’2 A. Ng2, A.S. Khan2, W.E. Sonntag2*. 'Institute for Brain Aging and
Dementia, University of California, Irvine, CA; "Department of Physiology and
Pharmacology, Wake Forest University School of Medicine; Winston-Salem, NC
27157-1083.
Studies indicate that insulin-like growth factor-1 (IGF-1) has an important role in
neuronal maintenance and survival, neuronal differentiation, synaptogenesis, dendritic
architecture, and neural transmission. Studies in our own laboratory have demonstrated
that plasma and cortical IGF-1 decline with age and this decline is hypothesized to
contribute to many changes associated with brain aging. Recent studies also suggest
that replacement of IGF-1 in aged animals attenuates the age-related decline in spatial
working memory. In the present experiment, the role of IGF-1 in learning and memory
was assessed by infusing an IGF-1 antagonist (JB-1; 5 or 50 ng/0.5 /zL/hour), IGF-1 (50
ng/0.5 /zL/hour), or vehicle (0.5 /zL/hour, icv) in young (4 months) male Brown
Norway rats or by infusing IGF-1 (50 ng/0.5 /zL/hour) or vehicle (0.5 /zL/hour) into old
28 month male Brown-Norway rats previously shown to be deficient in IGF-1. Spatial
learning and reference memory were assessed in the Morris water maze on days 10-13
and 25-28 post-surgery. Our data indicate that antagonism of IGF-1 in young rats
results in a decline in spatial learning and reference memory after 4 weeks of treatment
(p<0.05) while IGF-1 treatment to young rats had no effect on either measure. In
addition, 4 weeks of IGF-1 administration reversed the age-related decline in spatial
learning and memory (p<0.05). These results confirm and extend the previous studies
on the effects of IGF-Ion memory deficits in aged animals and clearly support the
hypothesis that IGF-1 is an important factor in maintaining mechanisms of learning and
memory throughout life. Supported by NIH grant AG11370; PLT was supported by a
predoctoral fellowship from the PhRMA Foundation.

PROPENTOFYLLINE AFTER FOCAL CORTICAL LESION: IMPACT
ON FUNCTIONAL RECOVERY AND BASIC FIBROBLAST GROWTH
FACTOR (bFGF) EXPRESSION K. A. Buvtaert*, A. E. Kline. S. Montanez,
C.J, Millar. E.L. Likler. V. Bowie. C. Brannigan. T. Walsh. A. Selwyn,
J, Suozzi and T.D. Hernandez. Behavioral Neuroscience Program, Department of
Psychology, University of Colorado, Boulder, CO, 80309-0345.
Propentofylline (PPF), has been shown to be neuroprotective after ischemia
and have functional benefit, perhaps stemming from the drug's ability to increase
cerebral blood flow and nerve growth factor expression. The purpose of the
present study was to investigate whether PPF administration would modulate the
temporal and spatial expression of another growth factor, bFGF, after unilateral
anteromedial cortex lesion and to assess the functional consequences of such
modulation. Previous data from our laboratory has found that bFGF expression
peaks at 6 days after anteromedial cortex lesion, corresponding to the end of the
post lesion critical period when the recovery process is exquisitely vulnerable to
manipulation. Male Long-Evans hooded rats sustained unilateral anteromedial
cortex lesions and 24 hours after the surgery, a 7 day regimen of PPF (10 mg/kg
per day) or saline was initiated. Functional recovery was assessed with the
bilateral tactile stimulation tests, and animals were prepared for bFGF
immunohistochemistry at several post-operative time points. We found an
increase in bFGF expression in the cortex, and a decrease in the striatum of PPF
treated animals. Furthermore, there was a trend towards facilitation of recovery
of function, though not significant, in PPF treated animals. The clinical
implications of these findings will be discussed as will the potential
consequences of other doses.
Supported by an unrestricted grant from Hoechst Marion Roussel.

In the young adult (YA), we have provided evidence that,
following a 2 wk intracranial infusion of nerve growth factor (NGF;
15 pg), NGF-responsive sensory fibers preferentially form
pericellular baskets around intracranial projection neurons in the
superior cervical ganglion (SCG) that have retrogradely transported
exogenous NGF and released it locally. In the present study, we
examined the potential for transport of exogenous NGF and
subsequent remodeling of CGRP fibers by aged SCG neurons.
Young adult (3 mo) and aged (24 mo) SD female rats received
infusion of NGF or cyto C (VEH) and were perfused for CGRP and
NGFp immunohistochemistry. In the aged SCG, there was no
increase following NGF infusion in CGRP baskets (0.85% VEH
vs. 1.27% NGF) or NGF immunopositive cell bodies (3.57% VEH
vs.3.62% NGF), yet significant increases in baskets and NGF cell
bodies were observed in YA SCG following NGF (compared with
YA VEH). NGF immunoreactive perivascular axons were observed
in YA after NGF infusion, yet NGF immunostaining was
diminished in aged cerebral vessels. Because our
previous studies show that aged sensory and sympathetic axons
retain responsivity to exogenous trophic factors, these results
suggest that aged cerebrovascular neurons may have reduced ability
to transport and/or release exogenous NGF into the local ganglionic
SCG environment. (Supported by NIH NS 36403 to LGI)

434.17
IgM-ANTIBODY TO A 205-kDa NERVE-SPECIFIC
SIALO-GLYCOPROTEIN IN IgG-MGUS NEUROPATHY

E.B, Stubbs, Jr. and G.J. Siegel*. Neurology Service, Edward Hines, Jr. VA
Hospital, Hines, IL 60141; Depts. of Neurology, Molecular and Cellular
Biochemistry, Loyola University Chicago, Maywood, IL 60153.

Previous studies have identified several peripheral nerve
glycoconjugates as potential target antigens in patients with idiopathic
peripheral neuropathy associated with IgM-paraproteinemia (IgMMGUS neuropathy). Antigenic specificities in IgG-MGUS neuropathy,
however, are less well defined. In this study, serum antibodies from 16
patients with IgG-MGUS neuropathy (72.4 ± 7.9 y/o), 9 patients with
IgM-MGUS neuropathy (71.7 ± 5.3 y/o), and 10 age-matched healthy
subjects (69.2 ± 10.5 y/o) were analyzed for reactivity toward
glycoconjugates present in human peripheral nerve. Antibodies in 8 of
16 serum samples from IgG-MGUS neuropathy patients reacted with a
205-kDa protein selectively expressed in human peripheral nerve. Anti205-kDa antibodies present in the sera of most of these patients were
IgM-paraproteins, rather than the monoclonal IgG-paraprotein. Serum
antibodies from none of 9 IgM-MGUS neuropathy patients and from
only 1 of 10 control subjects reacted with this protein. Neuraminidase
treatment abolished serum IgM antibody reactivity, indicating that the
205-kDa nerve-specific protein is a sialylated glycoconjugate. Injection
of reactive, but not control, serum antibodies into sciatic nerve of rats
reduced evoked compound muscle action potential amplitudes by 70%,
suggesting antibody-mediated injury to peripheral nerve. These data
support the possibility that a sialylated nerve-specific 205-kDa
glycoconjugate may be an antigenic target in IgG-MGUS neuropathy.
Supported by grants from CARES (Hines VAH) and BANE Charitable
Foundation (Loyola University).
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435.2

E-5842, A POTENTIAL ATYPICAL ANTIPSYCHOTIC AND
SIGMA RECEPTOR LIGAND, REGULATES THE mRNA
EXPRESSION OF Oi AND GLUTAMATE RECEPTOR SUBUNITS
IN RAT BRAIN. X. Guitart*, D. Zamanillo, F. Andreu, A.J. Farr6,
Dept. Neuropharmacology,ESTEVE,S.A. Barcelona-Spain.
E-5842 is a new sigmai (Qi ) receptor ligand with preclinical atypical
antipsychotic activity. It has been postulated that part of the
therapeutical effect of antipsychotics could be related to long-term
action on glutamatergic transmission. Recent findings suggest a
functional modulation of glutamate receptors by a receptor ligands. In
our work we examined the effects of a chronic treatment (21 days) with
E-5842, on the <Ji receptor mRNA and some mRNAs coding for
different ionotropic glutamate receptor subunits. Total RNA was
extracted from several brain areas. Expression changes of Gi receptor
and GluRl, GluR2, GluR3, NR1, NR2A, NR2B glutamate receptor
subunits were determined by northern blotting hybridization. Chronic E5842 treatment significantly up-regulates <Ji receptor mRNA in the
striatum and frontal cortex with no effect on cerebellum. Changes in
mRNA glutamate receptor subunits were also found: NR2A showed a
tendency to increase in frontal cortex and striatum, and GluR2 in the
frontal cortex. The adaptative changes and the regional distribution that
take place after a prolonged exposure to E-5842 may be relevant for its
therapeutical effects, especially in relation to its long-term effects on
brain function.

IHE TRANSCRIPTION FACTOR NGFI-B IS DIFFERENTIALLY
MODULATED BY HALOPERIDOL AND CLOZAPINE IN RAT
BRAIN. I. Weppe, G. Beaudry. C. Rouillard* and D. Levesque,
Neuroscience Unit, CHUQ Research Centre (Pavilion CHUL), Quebec,
QC, Canada, G1V 4G2 and Faculty of Medicine, Laval University,
Quebec, Canada.
Nerve-Growth Factor-Inducible gene B (NGFI-B or NurTT) is an
orphan nuclear receptor of the steroid/thyroid hormone receptor
family that modulates gene transcription. NGFI-B mRNA was recently
observed in target structures of dopaminergic pathways. Thus, in order
to verify if NGFI-B mRNA levels can be modulated by antipsychotic
agents, haloperidol (1 mg/kg, i.p.) and clozapine (20 mg/kg, i.p.) were
administered to rats. Their brains were dissected 1, 3, 12 and 24 h
following antipsychotic administration and frozen sections were
prepared. NGFI-B mRNA levels were evaluated by in situ hybridization
techniques using a specific [35S]UTP-labeled complementary RNA
probes. The results indicated that NGFI-B mRNA levels were rapidly
increased (maximal after 1 h) in nucleus accumbens and striatum, as
well as in prefrontal and cingulate cortices. NGFI-B mRNA levels
return to basal levels at 24 h. Interestingly, the effect of clozapine is
more pronounced in the shell of nucleus accumbens and cingulate
cortex, as compared to haloperidol. On the contrary, haloperidol
effects are more important in the dorsolateral portion of the striatum.
These results are similar to what was observed with c-fos expression
and suggest that NGFI-B expression may represent a new class of
transcription factor that is differentially modulated by typical and
atypical antipsychotics. This work is supported by the “Fonds de la
Recherche en Sante du Quebec (FRSQ)” and the Medical Research
Council (MRC) of Canada.

435.3

435.4

DOES CLOZAPINE REGULATE TYROSINE HYDROXYLASE GENE EXPRESSION?. P, Teiedor-Real ,
S. Dumas , N. Faucon-Biguet* M. Basseville, J. Mallet. UMR 9923 C.N.R.S. Laboratoire
Moleculaire de la Neurotransmission et des Processus Neurodegeneratifs. Hopital de la Pitie
Salpetriere.. 83, Bv. De I’Hopital, 750 13 Paris.
Antipsychotic drugs are traditionally classified as typical or atypical on the basis of their
property to cause or not to cause extrapyramidal side-effects. Clozapine (CLZ) is an atypical
antipsychotic, being effective against both positive and negative symptoms of schizophrenia
while producing few extrapyramidal side-effects. An accepted selectivity for the mesolimbic, vs.
the nigrostriatal, dopaminergic system has been postulated to underlie the existence of
minimal or no extrapyramidal side-effects during treatment with atypical neuroleptics.
Although genes play a major role in the etiology of schizophrenia, no major genes involved in
this disease have been identified. It is well known that increased dopamine (DA) activity is
central to the current understanding of the pathophysiology of schizophrenia In this sense, the
level of tyrosine hydroxylase (TH), the enzyme rate-limiting step in the synthesis of DA level, is
considered as a good phenotypic marker. Its activity can be regulated at different levels, at
short-term, by phosphorylation and the catecholamines itself, and at long-term by
transcriptional mechanisms In this study, we examined the effect of acute and chronic CLZ in
the expression of TH gene in both the substantia nigra (SN) and the ventral tegmental area
(VTA). Rats received an acute (1 dose) or a chronic (21 days) treatment with CLZ (10
mg/Kg/day). In situ hybridization of the SN and VTA rat brain sections were performed with 35Slabeled TH oligonucleotide probes. Ten hours after acute CLZ administration, quantitative
analysis of autoradiograms indicated a rapid decrease in TH-mRNA in both structures. This
effects was also observed after 21 days of treatment. Our results suggest that the
antipsychotic effect of CLZ could be due, at least in part, to TH gene regulation. Unexpectedly,
the SN was more affected that the VTA after both treatments.

ACUTE EFFECTS OF ANTIPSYCHOTICS AND PCP ON CYTOKINE
EXPRESSION IN THE RAT BRAIN G.J. Paterson1, Y. Ohashi1, T.W. Stone2*, B.J.
Morris1'2 and J.A. Pratt1,3. ‘Yoshitomi Research Institute of Neuroscience in
Glasgow, University of Glasgow, Glasgow, G12 8QQ; ’institute of Biomedical and
Life Sciences, University of Glasgow, Glasgow, G12 8QQ; 3Dept. of Physiology and
Pharmacology, University of Strathclyde, Glasgow, G4 ONR.
A broad range of circulating proinflammatory cytokines and soluble cytokine
receptors have been reported to be dysregulated in the plasma of schizophrenia
patients. Some of this data has been controversial and the roles played by neuroleptic
drug administration and variations in disease state are unclear. Cytokines have also
been shown to interact with certain neurotransmitters and second messengers in the
brain and are involved in alterations in behaviour. The aim of this study was to
examine the effects of acute drug administration on the levels of cytokines in the
brain.
Semi-quantitative PCR was used to detect changes in cytokine gene expression in
distinct areas of the rat brain five hours after acute i.p. administration of clozapine
(20mg/kg), haloperidol (1 mg/kg), phencyclidine (PCP) (2mg/kg) and vehicle (3%
glacial acetic acid in 0.9% saline, pH4-5). Levels of mRNAs encoding TNFa, IL2,
IL6, TGFp 1,2,3, IL3 and GM-CSF were measured in the prefrontal cortex, cortex,
thalamus, hippocampus, striatum and nucleus accumbens of male hooded Long Evans
Rats. Results demonstrate that antipsychotic drugs and PCP significantly reduce the
levels of TNFa in the prefrontal cortex compared to vehicle treated animals. The
levels of all the other cytokines measured in this study remained unchanged. A further
experiment involving measuring TNFa mRNA levels in the prefrontal cortex 2 and 24
hours after a single i.p. injection of PCP (2.58mg/kg) showed that TNFa dropped to
approximately 25% of control concentrations at 2 hours. TNFa levels increased over
time but were still only about 50% of control levels 24 hours after a single dose of
PCP.

435.5

435.6

THE EFFECT OF ACUTE AND CHRONIC ANTIPSYCHOTIC TREATMENT ON
MUSCARINIC Ml, M2, AND M3 MRNA LEVELS IN RAT BRAIN. L.J.Steward1*,
J.A.Pratt1,3 & B.J.Morris1,2.
’Yoshitomi Research Institute of Neuroscience in
Glasgow, University of Glasgow, Glasgow, G12 8QQ & ’institute of Biomedical and
Life Sciences, University of Glasgow, G12 8QQ & ’Department of Physiology and
Pharmacology, Strathclyde Institute for Biomedical Sciences, University of
Strathclyde, Taylor Street, Glasgow G4 ONR
The atypical antipsychotic clozapine (CLOZ) is effective at treating schizophrenic
symptoms without the induction of extrapyramidal side effects. Clozapine has high
affinity for many receptors, including the D2, 5-HT2A, and the muscarinic Mb M2 and
M3 receptors. However, the mechanism of its antipsychotic action remains unclear The
present study investigates the effect of acute and chronic CLOZ and HAL treatment
upon Mb M2, and M3 receptor mRNA.
Osmotic minipumps were used to deliver chronic 21-day CLOZ (20 mgKg ’day’),
HAL (1 mgKg‘1day1) or vehicle. On day 21 all animals were injected with either
vehicle (chronic CLOZ, HAL and control groups), or with CLOZ (20mgKg1) or HAL
(lmgKg1; acute groups). Animals were killed 45 min post-injection. In-situ
hybridisation was performed using oligonucleotides selective for Mb M2 or M3
receptor mRNAs.
Chronic CLOZ treatment significantly decreased hippocampal Mi mRNA in the CA1
field by 20%, whereas chronic HAL produced an increase of 25% in the CA2 field
compared to control. Acute HAL and CLOZ increased Mi mRNA in the striatum by
approximately 130% of control. M2 and M3 receptor mRNA were unchanged by the
treatment regimes, with the exception of acute HAL which significantly increased M2
mRNA in the cingulate cortex (182%). CLOZ, a muscarinic antagonist, produces
alterations in Mi mRNA, with no effect on M2 or M3, whereas HAL, an antipsychotic
with no muscarinic properties also produces changes in Mi and M2 mRNA. Changes
in these mRNAs may have implications for the differing effects of these drugs on
cognition.

INDUCTION OF FRA 1 AND FRA 2 mRNA EXPRESSION AFTER TYPICAL
AND ATYPICAL ANTIPSYCHOTICS.
C.E. McKerchar1; S.M.Cochran1; K. Yamagami1*; B.J.Morris1,2 & J.A.Pratt13,
’Yoshitomi Research Institute of Neuroscience in Glasgow, University of Glasgow,
Glasgow, G12 8QQ & ’institute of Biomedical and Life Sciences, University of
Glasgow, G12 8QQ & ’Department of Physiology and Pharmacology, University of
Strathclyde, Glasgow, G4 ONR
The atypical antipsychotic, clozapine, shows clear improvements in the treatment of
schizophrenia compared to typical antipsychotics. The brain areas important in
mediating clozapines superior efficacy remains elusive. Comparison of the patterns
of immediate early gene induction by haloperidol and clozapine may provide a better
understanding of the brain regions involved. The aim of this study was to examine the
effects of antipsychotic drug upon the induction of the immediate early genes fra 1
and fra 2 using the technique of in situ hybridisation.
Haloperidol (lmg/kg) or clozapine (20mg/kg) or vehicle (0.5% glacial acetic acid in
saline) was administered by ip injection to adult male hooded Long Evans rats 45
minutes before sacrifice. In situ hybridisation was carried out according to Simpson
and Morris (J Neurochem 63: 5 1955-1961, 1994). Fra 1 mRNA was not detected in
any brain regions. A differential pattern of fra 2 mRNA was observed after treatment
with the antipsychotic drugs. Most notably clozapine caused a significant increase in
fra 2 mRNA within cortical regions compared to controls. Haloperidol did not show
any differences in Fra 2 mRNA in cortical regions. A significant increase in fra 2
mRNA was also observed in the lateral septal nucleus (120%) and the
supramammillary nucleus (256%) following clozapine treatment compared to
controls. The supramammilary nucleus innervates septal nuclei that project to the
hippocampus and modulate hippocampal theta activity (Borhegyi et al., Brain Res Bui
15 46 (5) 453-459, 1998). The ability of clozapine to influence fra 2 mRNA
expression in this reciprocal pathway may be relevant to its improved cognitive
effects.
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435.8

PREPROTACHYKININ-A AND NEUROKININ 1 RECEPTOR mRNA
EXPRESSION ARE UNCHANGED IN RAT FOREBRAIN AFTER
CHRONIC ANTIDEPRESSANT ADMINISTRATION
S.C. Stout*. M.J. Owens. C.B. Nemeroff, Laboratory of
Neuropsychopharmacology, Department of Psychiatry and Behavioral
Sciences, Emory University School of Medicine, Atlanta, GA 30322

EFFECTS OF CHRONIC TREATMENT WITH THE CRF, RECEPTOR
ANTAGONIST CP-154,526 ON CRF RECEPTORS AND CRF AND UROCORTIN
mRNA IN RAT BRAIN. L. Arborelius*. K.H. Skelton, D.W. Schulz. M.J. Owens. Dept.
of Psychiatry, Emory University School of Medicine, Atlanta, GA 30322, USA.

The recently demonstrated antidepressant efficacy of a substance P receptor (NK1)
antagonist (Science 281:1640-45, 1998) served as the major impetus to determine
whether antidepressant drugs produce their therapeutic effect, in part, by altering
substance P neurotransmission. Reduced substance P immunoreactivity was
previously reported in the amygdala and other rat brain structures after chronic
antidepressant treatment (Brain Res. 739:70-8. 1996). In the present study,
preprotachykinin-A (PPT-A) and neurokinin 1 receptor (NK1) mRNA expression
were measured in the rat forebrain after antidepressant treatment. Male SpragueDawley rats were treated for 26 days with venlafaxine (25 mg/kg/day), fluoxetine (4
mg/kg/day), reboxetine (6.5 mg/kg/day), tranylcypromine (1.85 mg/kg/day), or
saline via osmotic minipumps. In situ hybridization studies revealed that PPT-A
mRNA expression was high in the medial habenula and medial amygdala,
intermediate in caudate, and relatively low in the medial preoptic area, ventromedial
and dorsomedial hypothalamic nuclei. NK1 mRNA was measurable in the medial
and lateral habenula, and the central nucleus of the amygdala (CeA). No statistically
significant effects of any antidepressants were observed, though there was a trend
towards decreased NK1 expression in the CeA. If antidepressants induce alterations
in substance P neurotransmission as part of their therapeutic mechanism, they likely
do so without regulating gene expression of the peptide or its receptor.
Supported by NIH MH-42088.

CRF, receptor antagonists have been suggested to represent a novel class of
antidepressants and/or anxiolytics. The behavioral, neuroendocrine and
neurohistochemical effects of a two week treatment with the selective CRF, receptor
antagonist CP-154,526 at a low (3.2 mg/kg/day) and a high (32 mg/kg/day) dose
administered via osmotic minipumps was investigated in the rat. In our previous study
chronic treatment with CP-154,526 did not affect basal or stress-induced increases in
plasma ACTH or corticosterone, but produced anxiolytic-like effects in the defensivewithdrawal test. In the present study, a significant and dose-dependent decrease in CRF,
receptor binding in parietal cortex and cerebellum in CP-154,526 treated rats was noted
in comparison to control animals. This effect is most likely an artifact related to residual
bound drug. This suggests that a substantial amount of CP-154,526 had penetrated into
the brain during chronic treatment. Chronic treatment with CP-154,526 did not alter
CRF^ receptor binding. The higher, but not the lower dose of the CRF, receptor
antagonist significantly decreased CRF mRNA expression in the hypothalamic
paraventricular nucleus (PVN) and Barrington’s nucleus, but not in the central nucleus
of the amygdala nor the bed nucleus of stria terminalis. No change in urocortin mRNA
in the Edinger-Westphal nucleus was observed. The present findings suggest that
chronic treatment with CP-154,526 decreases the production of CRF in the PVN and
Barrington’s nucleus. Previous postmortem studies have revealed increased CRF peptide
and mRNA levels in the PVN in depressed patients and is postulated to play a role in
the hyperactivity of the HPA axis observed in many depressed patients. In view of the
possible use of CRF, receptor antagonists in the treatment of depression, the present
finding that continuous 14 day CP-154,526 administration decreases CRF mRNA
expression in the PVN is of considerable interest.
Supported by a grant from Pfizer Inc. and NIH DA08705.

435.9

435.10

LITHIUM IONS MODULATE CYSTEINE STRING PROTEIN GENE
EXPRESSION IN RAT BRAIN.
M.L.Cordeiro*, l.A.Umbach,
C.B.Gundersen. Department of Molecular and Medical Pharmacology and
The Crump Institute for Biological Imaging, UCLA School of Medicine,
Los Angeles, CA 90095.
Lithium salts are used in the treatment and prophylaxis of manicdepressive illness. However, the mechanism of action of this cation
remains elusive. Cysteine string proteins (csps) are a novel family of
proteins that are associated with synaptic vesicles and other regulated
secretory organelles [TINS, 20, 223 (1997)]. We report a link between csp
gene expression in rat brain and therapeutic levels of lithium ions.
Sprague Dawley rats were fed a lithium carbonate diet (Li+ serum
0.88+0.06 mM) for 7, 15, 21, and 25 days. Data from Northern blot
analysis reveal that csp, but not synaptophysin, mRNA is significantly
up-regulated in rats treated chronically with lithium carbonate (both
mRNAs were normalized to cyclophilin as an internal control).
Furthermore, we examined the lithium-csp interaction in three brain
areas: olfactory bulb, pre-frontal cortex, and cerebellum. Western data
show that csp content but not SNAP-25 increases in response to chronic
lithium, and remains increased four days after lithium diet
discontinuation in the pre-frontal cortex and olfactory bulb but not in the
cerebellum. These data suggest that csps are an important target of
lithium actions, and provide new insight into the mechanism of the
therapeutic action of lithium.

NLRG, A SIMILAR PROTEIN OF NITROGEN PERMEASE REGULATOR
WAS INCREASED BY LITHIUM IN RAT BRAIN. J.F. Wang*, B. Chen and
L.T. Young. Dept. of Psychiatry and Behavioural Neurosciences, McMaster
University, Hamilton, Ontario, Canada, L8N 3Z5.
Lithium is a highly effective treatment for bipolar disorder, but despite
many years of investigation, the mechanism of its therapeutic action is poorly
understood. It is widely acknowledged that chronic lithium treatment is
required for a therapeutic response and that long- term changes in neuronal
synaptic function are related to induction of gene expression. Differential
display PCR was used to identify genes regulated by mood stabilizer lithium
in rat cerebral cortex. A differentially displayed lithium regulated gene
fragment was isolated in rat cerebral cortex after chronic treatment with
lithium (1.69 g/kg, p.o.) for three weeks. A 1216-nucleotide cDNA for a novel
lithium regulated gene (NLRG) was isolated from a rat brain cDNA library
with RACE (rapid amplification of 5’ cDNA end) PCR using a prime from the
differentially displayed NLRG gene fragment. The deduced protein sequence
was 321 amino acids long, and shows a significant homology with yeast
nitrogen permease regulator 2 (NPR2). NLRG expression induced by lithium
was confirmed by Northern and slot blot analysis in rat cerebral cortex and
neuroblastoma X glioma NG 108-15 cells, respectively. In situ hybridization
revealed that chronic treatment with lithium increased NLRG gene expression
in frontal cortex and hippocampus, but not in striatum, hypothalamus and
thalamus regions of rat brain. These results suggest a novel target for lithium
which may be relevant to its mechanism of action.
This work was supported by a Stanley Foundation Research Grant
(L.T.Y.).

Supported by UCLA Brain Research Institute Training Grant (MLC), Department
of Molecular and Medical Pharmacology, and National Institutes of Health grant
NS31934 (JAU).

435.11

435.12

MODULATION BY LITHIUM OF p53 AND THE bel-2 FAMILY IN SHSY5Y CELLS. R. Lu, C.A. Grimes, L. Song,, and R, S. Jope*. Department
of Psychiatry and Behavioral Neurobioiogy, Univ. of Alabama at
Birmingham, Birmingham, AL 35294-0017.

DIFFERENTIAL EXPRESSION OF A NOVEL SPLICE VARIANT
OF HEAT SHOCK COGNATE PROTEIN 70 AFTER CHRONIC
ANTIDEPRESSANT TREATMENT IN RAT FRONTAL CORTEX.
M. Yamada1^ Mi. Yamada?- Y. Kiuchi3. K. Nara4. K, Momose2K. Oguchi4. K. Kamijimai and T. Higuchi-S . >Dept. of Psychiatry
and 4Pharmacology, School of Medicine, 2Dept. of Pharmacology and
3Pathophysiology, School of Pharmaceutical sciences, Showa
University, Shinagawa, Tokyo, 142-8555. 5National Center of
Neurology and Psychiatry, Kohnodai Hospital, Chiba 272-8516
Japan.
Depression is one of the major neuropsychiatric disease. Although
blockade by antidepressants of monoamine uptake is one of the
cornerstones of the monoamine hypothesis of depression, the exact
mechanism of action of antidepressants remains uncertain. In the
present study, we identified a novel splice variant of 70 KDa heat
shock cognate protein (HSC70), while screening of differentially
expressed molecules in rat brain after chronic antidepressant treatment.
This clone, named HSC49, lacked 470 bp of nucleotides of rat
HSC70. HSC49 encoded 442 amino acid residues with a calculated
molecular mass of 48.6 KDa. Treatment with antidepressant,
imipramine or sertraline, induced a 38.5% or 22.5% increase in the
mRNA levels in frontal cortex when compared to controls,
respectively. Immunoblot analysis revealed that the expression of
HSC49 was induced after antidepressant treatments. Our data suggest
that HSC49 may be one of the common molecules induced after
chronic antidepressant treatment.

Lithium has neuroprotective effects in a number of model systems which
may contribute to the therapeutic effects of lithium in mood disorders.
Because the tumor suppressor p53 is linked to cell death and the bcl-2
family can regulate cell survival or cell death, we tested if lithium
administration to human neuroblastoma SH-SY5Y cells modulated the
activation of p53 or the levels of bcl-2-related proteins. Lithium treatment
did not change basal levels of p53, bcl-2, bcl-x, Bad, or Bax. After
treatment of cells with H7 (25, 50, and 75 pM), nuclear p53 levels were
increased to 464, 816, and 1079% of basal levels, respectively. A 24 hr
pretreatment with 5 mM lithium reduced these increases by 69, 61, and
28%, respectively. Pretreatment with 2 mM lithium for 1 or 14 days
reduced the 25 pM H7-induced elevations of nuclear p53 by 40 and 70%,
respectively, and even a 14 day pretreatment with 1 mM lithium caused a
significant 16% reduction. Since increased nuclear p53 is a critical
intermediate step in many signaling processes that culminate in cell death,
attenuation of p53 activation by lithium reveals a mechanism by which
lithium may support neuronal survival.
Supported by NIH grant MH38752.
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435.14

KINETIC CHANGES IN PRESYNAPTIC CaM KINASE II AFTER
LONG TEIjtM ANTIDEPRESSANT TREATMENTS.

Chronic

N. Brunello *, C. Dorigo2, M. Verona2, G, Racagni, M. Popoji.
Center of Neuropharmacology, Univ. of Milano; Department of
Pharmaceutical Sciences, University of Modena; 2IRCCS S. Giov. di Dio,
Sacred Heart Hospital-FBF, Brescia (Italy).
Antidepressants are thought to exert their effects on mood, motivation and
cognition by increasing efficacy of synaptic transmission and transmitter
release in central monoaminergic areas. It has been shown that long term (but
not acute) treatment with various antidepressants induces a sustained increase
in the activity of CaM kinase II in nerve terminals of limbic and cortical areas.
We found that this increase in the kinase activity may be accounted for by
different changes depending on the brain area affected. In the striatum
desmethylimipramine (DM!) induced a nearl) 2-fold change in the amount of
the kinase associated with synaptic vesicles. Conversely in the hippocampus
antidepressant treatment induced kinetic changes in CaM kinase II. For
instance paroxetine and fluvoxamine (two selective serotonin reuptake
inhibitors) induced a 3-fold increase in the affinity of the soluble presynaptic
kinase for ATP. In paroxetine-treated animals Km for ATP was 1.62±0.69 pM
(controls: Km=4.97±1.16 pM, p<0.05). In fluvoxamine-treated animals Km
was 2.1 ±1.0 pM (controls: Km=6.0±1.0, p<0.05). This is to our knowledge
the first report of kinetic changes induced by antidepressants.
CaM kinase II is known to be responsible for modulation of transmitter
release at nerve terminals. These results suggest that antidepressants may
increase release of monoaminergic transmitters by modifying the
expression/translocation or the kinase, or by inducing changes in the kinase
affinity for ATP. Supported by a grant from IRCCS S.Giov. di Dio.
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RESPONSE ELEMENT BINDING PROTEIN IN THE BRAIN OF TRANSGENIC MICE WITH
IMPAIRED GLUCOCORTICOID RECEPTOR FUNCTION F, Tascedda3*, P. Muzzioli3, S. Carra3,
N. Bardenb, N. Brunello8, and J.M.C. Blom36; aDept of Pharmaceutical Sci., Univ. of Modena
bDept. of Neuroscience, CHUQ, Laval, Quebec, Canada; cI.R.C.C.S. di Brescia, San Giovanni
di Dio-Fatebenefratelli, Brescia, Italy.
Based on the hypothesis that the apparent lack of sensitivity to corticosteroids observed in
major depression is causally linked to the pathogenesis of depression as well as to the
therapeutic effectiveness of antidepressant drugs, a transgenic animal model of depressionassociated neuroendocrine changes was developed. Long-term treatment of the transgenic
mice with antidepressant drugs caused an increase in GR gene expression, produced
significant reversal of the changes noted in ACTH and resulted in the normalization of the
HPA system hyperactivity through restoration of functional glucocorticoid inhibitory feedback.
Another explanation for the common action of antidepressants is that they have a modifying effect
on the regulation of postreceptor pathways and genes related to the cAMP cascade. The nuclear
function of the transcription factor cAMP response element binding protein (CREB) is increased
by cAMP and thus the enhanced production of cAMP by antidepressant induced activation of 5HT and NE receptors may stimulate CREB. Consequently, we tested the hypothesis that
upregulation of CREB is an important variable in the therapeutic action of antidepressant drugs.
Using a sensitive RNase protection assay, the gene expression of CREB was evaluated in
different brain areas following a 21 day ip treatment of adult transgenic and wild type mice with
antidepressant drugs. Chronic treatment with desipramine and fluoxetine increased the
expression of CREB mRNA in the hippocampus of wild type mice while in the hippocampus of
transgenic mice, CREB expression was enhanced only by fluoxetine. CREB gene expression
did not change in the cortex of treated wild type mice. However, in the cortex of transgenic mice,
antidepressant treatment significantly enhanced the mRNA levels of CREB. These findings
suggest that upregulation of CREB is brain region specific and that life-long central
glucocorticoid receptor dysfunction results in an altered sensitivity with respect to the effects
of antidepressants on the expression of CREB. (Funding Source; University of Modena)

DRUGS OF ABUSE: OTHERS—NICOTINE
436.1

436.2

NEURAL ACTIVITY CORRELATES OF DRUG CRAVING IN HUMAN
NICOTINE DEPENDENCE T.D. Ely*1, J.B. Schweitzer1, R.E.
Gross1, L. Siklossv3, K.P. Drexler13, C.D. Kilts12.1Dept, of Psychiatry,
-Emory Center for PET, Emory University, Atlanta, GA 30322, 3Atlanta
VA Medical Center, Atlanta, GA 30033,
Nicotine dependence is a highly prevalent and relapsing
condition. The neural correlates of the altered incentive motivation
that drives nicotine addiction was addressed in a Positron Emission
Tomography (PET) neuroactivation study of nicotine craving in
dependent individuals. 15OH2 PET studies of neural activations
associated with the script-guided imagery of autobiographical
memories of nicotine use, or anger or nicotine-free control
experiences, were acquired in nicotine-dependent men. Compared to
the neutral control condition, nicotine use imagery was associated with
significant increases in self-rated nicotine craving and heart rate, and
increases in regional cerebral blood flow (rCBF) in the left nucleus
accumbens medial and dorsolateral frontal cortex, lenticulate and
insula. Compared to the anger control condition, internally cued
nicotine craving was associated with cerebellar, cingulate and frontal
regions related to cognitive/motor planning. Neither contrast revealed
a nicotine craving-related activation of the amygdala. Compared to
imagery-induced cocaine craving, nicotine craving was associated with
a lesser conditioned autonomic and craving response, and a similar
ventral striatal and distinct limbic activation. These results provide
novel insights into the neurobiology of altered drive states that underlie
the chronic relapsing nature of nicotine addiction. Supported by
DA11771.

EFFECTS OF NICOTINE AND MECAMYLAMINE PRE-TREATMENT ON RAT
MODELS OF NICOTINE DEPENDENCE. M. Tessari, L. Costa, C. Motta,
C.Marcon, C. Chiamulera*. Dept. Pharmacology, GlaxoWellcome S.p.A. Medicines
Research Centre, via Fleming 4, 37135 Verona, Italy.
This paper describes the effects of nicotine agonists or antagonists in two rat
models of nicotine dependence: nicotine self-administration and nicotine-seeking
relapse which are predictive of smokers behavior. Male Wistar rats trained to lever
press for i.v. nicotine self-administration (0.03mg/kg/infusion, lh/day) were pretreated with nicotine (0.03 or 0.045mg/kg i.v), or mecamylamine (1 or 2mg/kg s.c.),
respectively at 0 or 30 min and 30 min prior beginning of the self-administration
session. Nicotine pre-treatment induced opposite effects depending on the dose and on
pre-treatment time: when given 30 min prior the session, nicotine 0.03mg/kg
significantly reduced (p<0.05, Student’s test, n=6), whereas at the dose of 0.045mg/kg
significantly increased (p<0.05, Student’s test, n=6) self-administration behavior. At 0
min prior the session, both doses failed to induce significant effects (n=6). On the
other hand, mecamylamine significantly reduced (ANOVA F[2,17]=6.035, p<0.05)
nicotine self-administration behavior. In order to study relapse to nicotine, rats were
exposed 24 hrs after the last self-administration session to a multiple schedule
consisting of two components: i) a 30min phase with exposure to environmental cues
previously paired to nicotine infusion and ii) to a non-contingent s.c. 0.15mg/kg
nicotine injection followed by a 180min phase (priming component). Both nicotine
(0.03mg/kg i.v.) or mecamylamine (lmg/kg s.c.), given respectively 30 min or
immediately prior the session, significantly reduced the nicotine priming-induced
lever pressing respectively of 49.3% (p<0.05, Student’s test, n=6) and 68% (p<0.05,
Student’s test, n=5) compared to vehicle pre-treatment but not the responding induced
by re-exposure to environmental cues. These data suggest that both agonist and
antagonist pre-treatment can reduce nicotine-related responding probably mediated by
a functional deactivation of nicotinic receptors.

436.3

436.4

[123I]P-CIT SPECT IMAGING OF DOPAMINE AND SEROTONIN
TRANSPORTERS IN TOBACCO SMOKERS. J.K. Staley*, S, Krishnan-Sarin.
S. Zoghbi. G. Tamagnan, J.P. Seibyi, P. Jatlow, S. O’Malley, and R.B. Innis.
Yale University School of Medicine, New Haven, CT 06511
Tobacco has profound effects on monoaminergic neurotransmission which
may contribute to the reinforcing, appetite suppressant and antidepressant
properties reported by tobacco smokers. Since nicotine, a principal component
of tobacco, indirectly inhibits dopamine (DA) (Izenwasser et al, J Neurochem
50: 1123-1130, 1991) and serotonin (5-HT) reuptake (Rausch et al, Prog
Neuropsychopharmacol & Biol Psychiatr 13: 907-916, 1989), smoking may
alter transporter availability. In the present study, DA and 5-HT transporters
were measured using [l23I]0-CIT with SPECT imaging in healthy smokers who
meet DSM-IV criteria for nicotine dependence (n=9; 36.3 + 7.7 yrs) and age-,
race- and gender-matched nonsmokers (35.2 + 8.1 yrs). Smokers smoked
cigarettes for an average of 21.4 yrs (range 11-32 yrs), had a mean score of 5.6
+ 1.9 (range 3-8) on the Fagerstrom Test for Nicotine Dependence and tested
positive for plasma cotinine (328.8 + 100.8 n'g/mL). Subjects were injected with
[123I]P-CIT (6.0 mCi) and imaged during equilibrium at 21 + 3 h. Brain regions
including the striatum, brainstem and cerebellum were defined using the
individual’s MRI coregistered to their [123I]P-CIT image. Striatal and brainstem
[123I]P-CIT uptake were assessed by V3"=[(striatum or brainstem-cerebellum)/
cerebellum], A trend for increased brainstem (V3"=1.66 + 0.24 vs 1.47 + 0.29
respectively), but not striatal [i23I]p-CIT uptake (V3"=7.50 + 1.03 vs 7.62 + 0.51
respectively) was observed in smokers compared to nonsmokers. Plasma parent
and nonspecific cerebellar uptake did not differ between smokers and
nonsmokers. These preliminary findings suggest that tobacco smoking may alter
brainstem 5-HT transporter but not striatal DA.transporter availability.
Supported by VA Mental Illness Research, Education, and Clinical Center.

ROLE OF DOPAMINE AND GLUTAMATE RECEPTORS IN THE
NICOTINE-INDUCED CHANGES OF MET-ENKEPHALIN. R. Isola1, A.-M.
Duchemin1, G.A.Teiwani2, SATiioe2*, N.H. NefFand M. Hadiiconstantinou1-2
Departments of Psychiatry1 and Pharmacology2 The Ohio State University
College of Medicine and Public Health. Columbus, OH 43210.
A single dose of nicotine induces early and late changes in the content
of met-enkephalin (MET-ENK) in the striatum, apparently reflecting altered
peptide release and synthesis. We investigated the role of dopamine (DA)
and glutamate (GLU) receptors for the nicotine effect in the dorsal (caudate)
and ventral (accumbens) striatum. Soon after nicotine administration, METENK content decreases in ventral > and dorsal striatum, followed by an
elevation of the peptide in ventral > dorsal striatum. Pretreatment with DA2
but not DA, receptor antagonists prevents the nicotine-induced early and
late changes of MET-ENK in both dorsal and ventral striatum.
Administration of a NMDA receptor antagonist reverses the nicotine effect
in both regions of the striatum. After AMPA/kainate antagonists a more
complex picture emerges. In ventral striatum, pretreatment with NBQX has
no effect on the early decrease of MET-ENK by nicotine, while it prevents
the late increase of the peptide. In the dorsal striatum, NBQX appears to
have the opposite action. Taken together these data suggest that both DA
and GLU mechanisms are involved with the action of nicotine on MET-ENK.
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436.5

436.6

BEHAVIORAL SENSITIZATION TO NICOTINE IN THE SEROTONIN
DEPLETED RAT. P. Olausson*. J.A. Engel, B. Soderpalm Department of
Pharmacology, Goteborg University, Box 431, SE-405 30 Goteborg, Sweden.
Drugs of abuse, like nicotine, activate the mesolimbic dopamine system, and,
consequently, stimulate locomotor activity in rats. Repeated exposure to these drugs
progressively enhances the locomotor response. This behavioral sensitization has been
implicated in the acquisition and maintenance of drug abuse, and, especially, in
addictive behaviors. These includes craving, compulsive drug intake, decreased impulse
control, and relapse. The present study investigated the involvement of serotonin (5HT) in the development of locomotor sensitization to nicotine, and the effects of
repeated daily nicotine treatment for 15 days was evaluated in male 5,7-DHT lesioned
Sprague-Dawley rats. Moreover, the locomotor stimulatory effects of different direct
and indirect dopamine receptor agonists were also investigated in the 5-HT
depleted/nicotine-sensitized animals.
Acutely, nicotine (1 mg/kg sc) stimulated locomotor activity, and repeated daily
nicotine treatment sensitized the locomotor response. Depletion of brain 5-HT did not
alter the acute or the sensitized locomotor response to nicotine. In the postsensitization tests, the locomotor activity induced by amphetamine (0.5 mg/kg sc) was
augmented in the nicotine-sensitized animals. Also, the amphetamine-induced response
was greater in sham-operated than in 5-HT depleted rats. Furthermore, the locomotor
stimulation produced by the direct DI agonist SKF 38393 (10 mg/kg sc), the D1/D2
agonist apomorphine (1 mg/kg sc) and the D2/D3 agonist quinpirole (1 mg/kg sc) was
significantly greater in sham-operated than in 5-HT depleted rats. Prior nicotinesensitization did, however, not alter the response to the direct dopamine agonists.
In summary, the present results indicate that nicotine-sensitization is not altered by
a profound (85%) depletion of 5-HT. Moreover, these findings also suggest that 5-HT
depletion decreases the responsiveness in postsynaptic mesolimbic dopamine receptors.
This study was supported by the Swedish MRC (grants no. 4247 and 11583).

CHOLINERGIC REGULATION OF NICOTINE SELF-ADMINISTRATION IN
THE RAT - A CORRELATIVE NEUROANATOMICAL AND BEHAVIORAL
STUDY. AJ. Lanca12*K.L. Adamson1, K.M. Coen1, B.L.C. Chow1, and W.A.
Corrigall1,3,4,5. 1 Addiction Research Foundation - Centre for Addiction and Mental
Health, Departments of 2Pharmacology, 3Physilogy, 4Psychiatry and institute of
Medical Science, University of Toronto, Toronto, Ontario M5S 2S1, Canada
The pedunculopontine tegmental nucleus (PPTg) has been implicated in the
acquisition of drug-seeking behavior and conditioned place preference. The PPTg,
and adjacent laterodorsal tegmental nucleus (LDT) comprises a cholinergic
population that projects heavily to the substantia nigra and ventral tegmental area
which, in turn, send descending projections to the PPTg and LDT. Our goal was to
study the role played by the PPTg in the maintenance of nicotine self-administration.
Male Long Evans rats (n=49), were trained to self-administer for nicotine over a
3 week period, after which they were assigned to three different groups and
stereotaxically injected bilaterally with either saline (0.3/rl, n=19), ibotenic acid (2/zg •
in 0.3//1, n=8), or the cholinotoxin AF-64A (2nmoles in 0.3/rl, n=22). After a 2 week
recovery time, the animals were re-tested to determine the degree of nicotine selfadministration, and subsequently the brains were processed for histology.
Our results revealed that both AF-64A-injected, and ibotenic-injected rats reduced
nicotine self-administration by 60-80%, when compared to both their own pre-surgery
values, or to the saline-injected group. In the saline-injected group, the rate of
nicotine self-administration remained unchanged throughout the whole experiment.
Cell counts of the cholinergic/NADPH-diaphorase-positive neurons showed 40-80%
reductions, when compared to the saline group. Additionally, cell counts of Nisslstained sections showed that the reduction in the number of neurons in the AF64Ainjections was accounted for by the reduction of cholinergic cells.
In brief, our results suggest that the cholinergic neurons of the PPTg play an
important role in nicotine self-administration, as their selective destruction results in
a sustained attenuation of this behavior. (Supported by NIDA grant #DA09577).

436.7

436.8

NICOTINE AND NORNICOTINE INCREASE DOPAMINE
UTILIZATION IN MESOLIMBIC TERMINAL FIELDS. T.A. Green1*,
S. B. Phillips1, L.P. Dwoskin2, and M.T. Bardo1.1Dept. Psychology
and ’College of Pharmacy, University of Kentucky, Lexington, KY
40506.
Previous in vivo and in vitro work has shown that nicotine
involves release of dopamine in the nucleus accumbens.
Furthermore, nomicotine, the N-demethylated metabolite of
nicotine, has been shown to displace [3H]nicotine binding in brain
homogenates and to evoke dopamine release from rat accumbal
brain slices in vitro. The present study administered nomicotine in
vivo in order to determine its effect on dopamine utilization in both
limbic and striatal terminal regions. Rats were injected with 0, 5, or
10 mg/kg (±)nornicotine or 0.8 mg/kg (-)nicotine (free base wt.; SC)
and then were killed 30 min later. Results indicated that both
nicotine and nomicotine significantly increased DOPAC levels, as
well as DOPAC/dopamine ratio, in the nucleus accumbens and
olfactory tubercle, but not in striatum. Thus, nomicotine, like
nicotine, acts to increase dopamine utilization in the limbic system,
suggesting a possible role for nornicotine in the pharmacological
effects of tobacco.
(Supported by USPHS grants DA05312 and DA08656.
T. A.G. supported by the Research Challenge Trust Fund)

BEHAVIOURAL SENSITIZATION TO NICOTINE IS NOT ACCOMPANIED
BY ALTERED DOPAMINE TRANSPORTER OR TYROSINE
HYDROXYLASE mRNAS - A COMPARISON WITH COCAINE. T, Fysh1, M.
Jones1, I.P. Stolerman2 & M. Shoaib2 & M.Rattrav1* 1 Neuroscience
Research Centre, GKT School of Biomedical Sciences, King’s College
London, Guy’s Hospital, London SE1 9RT, U.K., ’Section of Behavioural
Pharmacology, Institute of Psychiatry, KCL, London SE5 8AF, U.K.
Repeated nicotine administration causes adaptations to the psychomotor
effects that may be reflected in altered activity of mesolimbic dopamine
neurones and include regulation of expression of tyrosine hydroxylase (TH),
and the dopamine transporter (DAT). For repeated administration, groups of
rats (n = 8 per group) were injected with nicotine (0.4 mg/kg, s.c.) or cocaine
(10 mg/kg, i.p.) once daily for 14 days and on day 15 challenged with
nicotine (0.4 mg/kg, s.c.) or cocaine (5 mg/kg, i.p ). Single dose groups were
injected with saline for 14 days then challenged with saline (control group),
nicotine (0.4 mg/kg) or cocaine (5 mg/kg). Single doses of nicotine and
cocaine enhanced locomotor activity (ambulation) compared to saline
controls. Repeated administration of cocaine or nicotine produced similar
elevated enhancements of locomotor activity (sensitization) compared to the
single dose groups. Brains were sectioned, and probed with ^S-labelled
oligonucleotide probes to DAT and TH mRNAs to measure gene expression
in dopamine neurons. Image analysis of emulsion autoradiographs revealed
that whilst repeated cocaine administration caused significant upregulation
of DAT and TH mRNAs in neurons of the substantia nigra pars compacta
and ventral tegmental area, nicotine administration did not. The results
suggest that alterations in expression of TH or DAT genes in dopamine
neurones does not underlie sensitization to nicotine.
Funded by MRC and Special Trustees of St Thomas’ Hospital

436.9

436.10

PASSIVE IMMUNIZATION AGAINST NICOTINE ATTENUATES NICOTINE
DISCRIMINATION. C. Alverado1, K.S. Woodhouse1, H. Karp1, P. Applebv1, W.D.
Moon1*, E. Urdiales1, D. Lav1, S, Ennifar’, L. Basham2, A. Fattom2, and P.H. Malin1
1Univ. of Houston-Clear Lake; Houston, TX. 77058, 2Nabi, Rockville, MD.
This is one of a series of studies to determine whether organisms can be
immunized against the effects of nicotine, the main addictive ingredient in tobacco
smoke. IgG containing 6.2% nicotine specific antibody was isolated from rabbits
immunized with Nabi-Nic-Vax™ (3’ aminomethyl-nicotine conjugated to a carrier
protein). Seven rats were trained in a two lever operant chamber to press different
levers after a nicotine injection (0.14 mg/kg s.c.) or a saline injection. Over 42 daily
sessions, the ratio of lever presses to reinforcements was gradually increased from
1 to 10. Thereafter, the rats were tested after a saline injection and a nicotine
injection on a concurrent FR10 FR10 schedule with reinforcement available on
either lever. Four rats were then injected i.p.. with 150 mg nicotine specific IgG,
while three received the same amount of control IgG from non-immunized rabbits.
On successive days, they were retested after a saline injection, a full dose nicotine
injection and a half dose nicotine injection (0.07 mg/kg s.c.). Each rat’s
discrimination score was % presses on the nicotine lever after a nicotine challenge
Discrimination Scores (M + SEM)
Nic IgG
Significance
Challenge Dose
Control IgG
47 + 25%
0.05<p<0.10
0.14 mg/kg nic
98+ 2%
83 + 17%
0.07 mg/kg nic
18+16%
p<0.02
The 3 control rats were then immunized against nicotine and retested after saline
and 0.4 mg/kg nicotine challenges. The discrimination score for ali 7 rats was 92 +
3% before immunization and 32 + 16% after immunization. This difference was
significant by 1- sample t-test, p<0.01. Clearly, immunization can attenuate the
stimulus properties of nicotine. Other studies have shown it to attenuate nicotine’s
pressor, locomotor and nicotine abstinence-relieving effects. This raises the
possibility that an immunized smoker might fail to experience the rewarding effects
of smoking, contributing to extinction of smoking. Sponsor: Nabi, Rockville, MD

PASSIVE IMMUNIZATION AGAINST NICOTINE PREVENTS
NICOTINE ALLEVIATION OF NICOTINE ABSTINENCE SYNDROME.

J.R.Lake*\ A. Lin1, M. Saldana1, L. Balch1, L. Laredo1, H. Chandrasekara1,
C. Alverado1. S. Ennifar2. L.Basham2. A. Fattom2 and P.H. Malin1.
’Univ. of Houston-Clear Lake; Houston, TX. 77058,2 Nabi, Rockville, MD.
This is one of a series of studies to determine whether organisms can be
immunized against the effects of nicotine. IgG containing 6.2% nicotine specific
antibody was isolated from rabbits immunized with Nabi-Nic-Vax*” (3’ aminomethyl-nicotine conjugated to a carrier protein). Twenty male S-D rats, 419-468
grams, were rendered dependent by 7 days continuous s.c. infusion of nicotine
tartrate via one 2ML1 Alzet osmotic minipump (3.15 mg/kg/day as the base).
Infusion was terminated by pump removal under halothane anesthesia and each
rat was then injected i.p. with 150 mg of IgG from normal serum (n=13) or from
nicotine antiserum (n=7). Twenty-two hours after pump removal, all rats were
observed for 15 min. for nicotine abstinence signs. Seven rats pre-treated with
control IgG and 7 rats pretreated with nicotine specific IgG were then challenged
s.c. by 0.12 mg/kg nicotine (as the base). Six rats pretreated with control IgG
were challenged with saline alone (a control for spontaneous changes in signs
between pretest and retest). All rats were then observed again for abstinence
signs. Each rat’s abstinence reversal score was the total number of signs postiryection as a % of signs pre-injection. As shown in the table, nicotine injection
was significantly less effective in relieving nicotine abstinence signs in passively
immunized rats. In fact, the effect of a nicotine injection in immunized rats was
similar to the effect of a saline injection in non-immunized rats. This raises the
possibility that immunization against nicotine might prevent smokers from
experiencing relief from smoking. (Sponsor: Nabi, Rockville, MD)
Post-injection abstinence signs as % of pre-injection signs (M + SEM)
Pretreatment:
Control IgG
Nic. IgG
Control IgG
s.c. Injection:
nicotine
nicotine
saline

♦ p<0.05 (LSD test)
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436.12

THE EFFECTS OF LONG TERM NICOTINE INGESTION ON SPATIAL
LEARNING, ANXIETY, AND HIPPOCAMPAL CELLS IN RATS, G.H.
Beaglev* and B.L. Becker. Depart, of Psychology. Alma College; Alma,
MI 48801.
This study examined the effects of long-term nicotine ingestion on
learning, anxiety-related behavior and changes to cells in the
hippocampus of rats. 5 male Sprague-Dawley rats aged 2 months were
given ad lib 30|im/ml nicotine solution in tap water and sugar (NR).
Control rats (CR) rats drank water and sugar. After 4 weeks rats were run
in the Morris Water Maze (MWM) to test spatial learning abilities, and
given a general anxiety test by counting number squares entered on a grid
covered table. Fewer squares entered indicated higher anxiety. Rats were
killed by lethal injection. Stomachs were analyzed for ulcers. Brains
were removed, embedded in resin and examined by electron microscopy for
changes in pyramidal cells in hippocampal CAI area.
There was a significant difference in MWM performance on days 1-3,
and on day 5, when the platform was moved. NR learned more slowly
than CR with less coordination, and lower movement-initiation. NR also
scored higher for anxiety, entering a mean of 18 squares in 3 minutes; CR
entered a mean of 42 squares Examination of stomachs showed more ulcers
for NR than for CR. Preliminary histological examination of brain tissue
shows an increase in synapses on pyramidal cells in the CAI area of the
hippocampus of NR rats and nicotine related cell damage. Results suggest
nicotine caused deficits in spatial learning, increased anxiety related
behavior (including stomach ulcers) and induced morphological changes
in the hippocampus.
Supported in part by NSF 9850447

EFFECTS OF CHRONIC NICOTINE ADMINISTRATION ON BEHAVIORAL
RESPONSES CAUSED BY PHENCYCLIDINE IN RATS A. Baba1*. H.
Kurita1. T. Suzuki1. S, Abe1 and H. Shiraishi1 1 Dept. of Psychiatry, Inst, of
Clinical Medicine, Univ. of Tsukuba, Tsukuba City, Japan.

In the present study, we examined the effects of chronic
continuous administration of nicotine to rats on {he behavioral
responses caused by phencyclidine (PCP). Male Wistar rats were used
and nicotine was administered via implanted microosmolar pump (NIC
group). After 14 and 28 days of implantation, saline and PCP (0.3, 1.0,
3.0 mg/kg) were injected intraperitoneally and behavioral responses
including increased locomotor activity and stereotyped behavior were
monitored. Sham operated animals were compared as the control
group. In the experiment on the 14th day, locomotor activity was
dose-dependently increased in both groups. After 0.3 and 1.0
mg/kg-PCP injection, the locomotor activities of NIC group were
significantly greater than those of control group. After 3.0 mg/kgPCP injection, though maximum behavioral responses were recorded
in both groups, there was no significant difference between the
groups. No significant difference in two groups was found in assessing
stereotyped behaviors. Similar results were found in the experiment
on the 28th day. These findings suggest that nicotine may augment
the hyperlocomotive effect of PCP without enhancing the maximum
response.

436.13

436.14

DISSOCIATION BETWEEN DOPAMINE RELEASE AND LOCOMOTION
ELICITED BY LOCAL NICOTINE INJECTION IN N. ACCUMBENS OR VTA M
Zoli*1,2, R. Ferrari1. N, Le Novere2, C. Torn.1, J.P. Changeux2. ’Dept. of Biomedical
Sci., Univ. of Modena, Italy; 2Lab Molecular Neurobioiogy, Inst. Pasteur, France
The dopamine (DA) mesolimbie pathway is a main target of nicotine and is
thought to mediate its reinforcing and locomotor-stimulating effects. Following a
single systemic (0.4 mg free base, i.p.), intra-accumbens (Acb, ImM, 60min
perfusion) or intra-ventral tegmental area (VTA, 10pg/p.l/rat) administration of
nicotine in adult Sprague-Dawley rats, we have examined several parameters related
to the mesolimbie DA pathway: acute and prolonged (24 hr) changes in extracellular
DA levels in the Acb and locomotor activity in a habituated environment. DA
extracellular levels in awake freely-moving rats were monitored by intracerebral
microdialysis using a concentric cannula (500 pm outer diameter, 2mm membrane,
CMA12, Carnegie Medicine). A single i.p. administration of nicotine caused both an
increase in extracellular DA levels in Acb, and an increase in habituated locomotion,
but no significant changes in extracellular DA levels in Acb 24 h post-injection. A
dissociation between these effects occurred when local injection of nicotine was
performed in different sites of the mesoaccumbens pathway. Both intraVTA and
intraAcb nicotine administration were able to increase extracellular DA levels in Acb
acutely. In contrast, while intraAcb nicotine administration caused no prolonged
changes in extracellular DA levels, intraVTA nicotine administration caused a more
than 2-fold increase in Acb DA 24 hr following injection. In addition, whereas either
i.p. or intraVTA injection of nicotine resulted in an increase in locomotion, intraAcb
injection was ineffective in altering this behavior. These data show that nicotineelicited increase of DA extracellular leveles in the Acb is not sufficient to cause
locomotion. Furthermore, nicotinic receptor populations in the VTA but not in the
Acb can cause plastic changes in DA neurons leading to prolonged increase in
accumbal DA extracellular lev els up to 24 hr after nicotine local administration.

DIFFERENTIAL EFFECTS OF SELF-ADMINISTERED AND YOKED
NICOTINE ON BLOOD PRESSURE AND HEART RATE IN RATS USING
TELEMETRY IMPLANTS E.C. Donny1, A.R. Caggiula*1'3, M, Gharib1, V,
Maldovan1, S. Boothl, A, Sved1'2, M.M, Mielke1, A.S. Hoffman1, R, White1, C.K.
Kost Jr4. Departments of’Psychology &2Neuroscience, University ofPittsburgh,

To date, studies examining the physiological and behavioral effects of nicotine
in rats and the changes that occur with chronic exposure (i.e., tolerance and
sensitization) have relied upon the assumption that these effects are not altered
as a function of whether the drug is self- or non-contingently administered.
Work from other drugs of abuse, however, has shown that the effects of a drug
can greatly differ as a function of how it is administered. Here, we use a triple
yoked design and telemetry implants, which continuously monitor heart rate,
blood pressure and activity, to investigate the cardiovascular effects of selfadministered nicotine, yoked nicotine and yoked saline in male Sprague-Dawley
rats. Animals received nicotine (0.06mg/kg/infusion) or saline for 1 hour per day
for 20 days. Results indicate that both self-administered and yoked nicotine
produce increases in blood pressure, but little change in heart rate relative to
saline. In the first session, yoked animals showed an earlier and larger response
to nicotine as compared to self-administration animals. However, with repeated
daily sessions, this pattern reversed; self-administered nicotine produced a
larger effect on blood pressure than yoked nicotine. There was some evidence
of chronic tolerance in both nicotine groups over the 20 days. Blood pressure
and heart rate effects could not be easily explained by differences in activity
related to lever pressing behavior. These results suggest that self-administration
of nicotine produces reliable changes in blood pressure that appear to differ
from when it is passively received. Supported by NIDA grant DA-10464.

436.15

436.16

PERFORMANCE AND EEG EFFECTS OF PLACEBO CIGARETTES IN A
SPACED SMOKING PARADIGM. W, B, Pickworth*. E, D. O’Hare. E. T.
Moolchan, R, C, Taylor, R, V, Fant and S. J. Heishman. NIH, NIDA, Intramural
Research Program, Baltimore, MD 21224.
In chronic smokers, nicotine abstinence produces performance decrements and EEG
changes. Short term smoking abstinence has become more common with the
adaptation of occupational and environmental smoking bans. Previous research has
shown that the amount of smoke inhaled, and the physiologic and subjective effects of
smoking were directly related to the time since the last cigarette. The relationship
between effect and time since last cigarette is a function of the rate of delivery of
nicotine and the disappearance of nicotine tolerance. The availability of a new
denicotinized (“placebo”) cigarette has made it possible to test the role of nicotinedelivery relative to that of tar and other components of tobacco smoke in the spaced
smoking paradigm. Volunteers participated in six sessions of 4 hr. Research
cigarettes (placebo or standard) were smoked at intervals of 30, 60 or 240 min.
Sessions were randomized according to a Latin square design. Physiologic (blood
pressure, heart rate, EEG), performance (verbal attention, information processing),
subjective (cigarette liking, craving) and smoking topography (puff volume, puff
velocity) measures were collected. Preliminary results indicate that the placebo
cigarettes did not increase heart rate but cigarettes that delivered nicotine increased
heart rate as a function of the interval since the last cigarette. Conversely, subjective
measures (e.g. alleviation of tobacco craving) were affected equally by each type of
cigarette. EEG measures of arousal and performance (speed and accuracy) will be
evaluated in relationship to heart rate and subjective variables.
Supported by NIDA intramural funding.

MESOLIMBIC NEURAL RESPONSES DURING CHRONIC NICOTINE
TREATEMENT AND NICOTINE WITHDRAWAL. L. Chen*, J.Y.Chang
and P.J. Woodward. Dept. of Physiology and Pharmacology, Wake Forest
University, School of Medicine. Winston-Salem, NC 27157
Only 2.5% of smokers stop smoking annually. The major reason for this
disappointment result of quitting smoking habit is the urge to relieve the
withdrawal syndrome associated with smoking cessation. Extensive studies have
been conducted to illustrate the behavioral and neurochemical bases for nicotine
withdrawal. The goal of this study is to investigate the neural responses in the
mesolimbie system during the process of developing nicotine addiction and
during nicotine withdrawal. Using chronic implanted stainless steel microwires,
the current study recorded the ensemble neuronal activity in the medial frontal
cortex (mPFC) and nucleus accumbens (NAc) during chronic nicotine treatment
and nicotine withdrawal. Nicotine addiction was induced by either passive
infusion of nicotine from subcutaneously implanted minipump (3mg/kg/day for 7
days) or unlimited access via lever press for nicotine self-administration (15ug/kg
per infusion for 7 days). At day seven, mecamylamine (1 mg/kg i.p.) was given to
precipitate nicotine withdrawal after 30 min baseline recording. Neural activity
were recorded in one hour session every day during 7 day passive nicotine
treatment. Significant neuronal activity changes were observed in some mPFC
and NAc neurons one day after the start of nicotine treatment. These neural
activity changes inclined towards, but did not reach control levels during the rest
of chronic nicotine treatment period. Long lasting neuronal responses, both
excitatory and inhibitory, occurred in subpopulations of the mPFC and NAc
neurons during mecamylamine precipitated withdrawal. Principal component
analysis assessed the patterns of ensemble activity in each area during nicotine
withdrawal. This study suggests that neural activity patterns within the
mesolimbie system may regulate altered homeostasis related to nicotine addiction
and Withdrawal. (Supported by DA-10370 to JYC and DA-2338 to DJW)
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ACQUISITION
OF
COCAINE
SELF-ADMINISTRATION
IN
THE
NORADRENALINE TRANSPORTER KNOCKOUT MICE B.A. Rocha1*, Fei Xu2,
R.R. Gainetdinov2,Y.M. Wang2 and M.G. Caron2 . ‘Behavioral Neuroscience,
National Institute on Drug Abuse/ Intramural Research Program, Baltimore, MD
21224; 2 Howard Hughes Medical Institute Laboratories, Departments of Cell
Biology and Medicine, Duke University Medical Center, Durham, NC 27710.
The successful generation of mice lacking the noradrenaline transporter (NET)
through homologous recombination produced animals that are hyper-responsive to the
locomotor stimulating properties of cocaine (Xu et al., unpublished). The present
study tested the hypothesis that noradrenergic neurotransmission plays a role in the
propensity to self-administer cocaine. C57BL/6xl29SvJ NET knockout (KO) male
mice, heterozygous and wild type (WT) littermates were initially trained to press a
lever for food (condensed milk), and subsequently implanted with a permanent
indwelling jugular catheter.
Two days after surgery, mice started cocaine (2.0
mg/kg/inj) self-administration under a fixed ratio 1 (FR1) schedule of reinforcement.
All three genotypes required a comparable number of sessions to acquire cocaine selfadministration (75% of active lever pressings within 3-h session, for three consecutive
days); however, both NET KO and heterozygous mice took 2-3 times more
reinforcers during this period. A one-way repeated measure ANOVA confirmed a
significant effect of genotype on the total number of injections obtained per session
over the acquisition period (four days). These preliminary results suggest that
noradrenergic neurotransmission can modulate the reinforcing potency of cocaine,
and cocaine taking behavior.

EFFECTS OF ALPHA-NORADRENERGIC RECEPTOR ANTAGONISTS ON
COCAINE-INDUCED SENSITIZATION. C.A.JIMENEZ-RIVERA*, D.BLOOM,
G.SOLER. I.PEREZ, M, RAMOS AND C. MEJIAS - Universidad Central del

Caribe, Baymdn, Puerto Rico 00960.
Repeated cocaine administration results in an enhancement of locomotor activity
and stereotyped behavior in rats, a phenomenon called sensitization. It is agreed that
cocaine sensitization forms part of the basic pathological mechanism involved in drug
addiction. Our previous studies have demonstrated that norepinephrine (NE) plays a
permissive role in the development of cocaine sensitization. The present study was
aimed at investigating whether alpha-noradrenergic receptor blockade can modulate
the development of cocaine sensitization. Two separate experiments were performed.
Each experiment consisted of four groups of animals. Their basal locomotion was
measured using an infrared photocell box coupled to a computer with specially
designed software for locomotor behavior. Experimental animals were injected with
either prazosin (PRZ) (0.5 mg/kg i.p.) or Idaxozan (IDZ) (0.25 mg/kg i.p.) 10 min.
before cocaine administration (15 mg/kg i.p./ twice per day). Another group was
injected with PRZ or IDZ prior to saline treatment for 7 days. A 3th group of animals
was treated with cocaine 15 mg/kg per day for 7 consecutive days. A saline injection
was administered to a 4th control group (for 7 days/ twice per day). On day 9th all
groups were challenged with cocaine (15 mg /kg) i.p. and their locomotion was
assessed. The results demonstrated that animals treated with PRZ prior to cocaine
administration did not express locomotor sensitization when compared to cocaine
treated rats (One-Way ANOVA & Newman-Keuls, p < 0.001). It was apparent that
the drug also abolished the acute enhancement of locomotor activity. IDZ also
blocked the development of cocaine sensitization (one-way ANOVA & NewmanKeuls, p < 0.05), although it was not as potent as PRZ. Neither drug exerted
locomotor actions by themselves since IDZ nor PRZ control groups had similar
locomotor responses to the saline control group. Overall, the results of the study
contribute to the idea that NE neurotransmission plays an important role in the
development of cocaine sensitization. Supported by RCMI 03055 &GM 50695.

437.3

437.4

A NOVEL IN VIVO ASSAY FOR EFFECTS OF COCAINE (COC) AND GBR12909
ANALOGS ON DOPAMINE TRANSPORTER ACTIVITY OF SUBSTANTIA
NIGRA (SN) AND VENTRAL TEGMENTAL AREA (VTA) DOPAMINE (DA)
NEURONS. M.A. Hinerth, H.A. Collins, M.L. Baniecki. R.N. Hanson and B.L.
Waszczak*. Dept. ofPharmaceut. Sci., Northeastern Univ., Boston, MA 02115.
A hallmark feature of COC pharmacology is inhibition of DA transporter (DAT)
activity resulting in elevated levels of extracellular DA. To assess the effects of COC
on DA cell firing, COC was administered in increasing i.v. doses (0.06-16 mg/kg) and
extracellular single unit activities of SN and VTA DA neurons were monitored in
chloral hydrate anesthetized rats. COC caused a dose-dependent inhibition of firing of
both DA cell groups. However, COC had a significantly higher potency on VTA than
SN DA cells (ED50’s for inhibition were 1.2 and 8.8 mg/kg, respectively) and inhibited
VTA cells to a greater extent (to 4.7±4.5% versus 41.3±6.3% of baseline rates at 16
mg/kg, respectively). With the aim of establishing an in vivo electrophysiological
assay for potential “COC antagonists”, we next evaluated GBR12909 (GBR), a
piperazine analog that binds with high affinity and slow dissociation at the DAT, but
only modestly inhibits DA reuptake. Such a drug should only weakly inhibit DA cell
firing, but should shift the dose-response curve to COC to the right. We evaluated the
effects of GBR on only VTA DA cells since these neurons were more potently and
fully inhibited by COC and are implicated in its rewarding effects. GBR modestly
inhibited VTA DA cells (to 59.0±4.6% of baseline at 8 mg/kg). Consistent with an
antagonist profile, pretreatment with a low (0.5 mg/kg) dose of GBR, which depressed
firing only slightly, resulted in a >2-fold rightward shift in the dose response curve to
COC (ED50 2.6 mg/kg). We conclude that the inhibition of VTA DA cell firing by
COC-like drugs may serve as a robust in vivo assay for assessing compounds expected
to behave as functional “COC antagonists” in the brain’s DA reward system. This
assay may thus be a good candidate for evaluation of future DAT ligands aimed at
treating cocaine abuse. Supported by NS 23541 to BLW.

COCAINE INCREASES CYCLIC GMP LEVELS IN RAT CSF VIA A
DOPAMINERGIC MECHANISM. M. Giorgetti* and I. V. Zhdanova.
Department of Brain and Cognitive Sciences, Massachusetts Institute of
Technology; Cambridge MA 02139.
The mechanisms through which chronic cocaine administration induces longterm plastic changes in the brain are not fully understood. This study shows that
an acute injection of a behaviorally effective dose of cocaine increases the levels
of guanosine-3' 5'-monophosphate (cGMP) in the cerebrospinal fluid (CSF)
collected from the cisterna magna of ketamine anesthetized rats. Following an
acute injection of cocaine (15 mg/kg ip) the levels of cGMP in 100 (.tl of CSF
were 295.8+15 fmol, whereas in saline pretreated rats they were 186+9.1 fmol
(P<0.001). The pretreatment with the highly selective blocker of dopamine (DA)
reuptake GBR 12909 (10 mg/kg ip) mimicked the effect of cocaine; however
neither the selective blocker of serotonin reuptake fluoxetine (5 mg/kg ip) nor the
blocker of norepinephrine reuptake desipramine (10 mg/kg ip) induced
significant changes in CSF cGMP levels. The pretreatment with the selective
antagonist of DA DI receptor SCH 23390 (0.2 mg/kg ip) inhibited the ability of
cocaine (15 mg/kg ip) to increase CSF cGMP content, whereas the antagonist of
D2 receptor raclopride (1 mg/kg ip) did not. Finally, the agonist of DI receptor
SKF 38393 (7.5 mg/kg sc) induced an increase in cGMP levels comparable to
that obtained with cocaine. This study shows that acute cocaine increases CSF
cGMP levels through the activation of DA DI receptor. This effect might be
related to some of the neuroplastic changes induced by cocaine, since cGMP is
involved in different forms of synaptic plasticity.
Supported by Center for Brain Sciences & Metabolism Charitable Trust and
N.I.H. grant RO3- AG16080-01 to I.V. Z.

437.5

437.6

LONG-TERM COCAINE SELF-ADMINISTRATION ALTERS DOPAMINE
RECEPTORS IN PRIMATE STRIATUM J.B. Daunais*. H R, Smith. M.A.
Nader and L.J. Porrino. Department of Physiology and Pharmacology, Wake
Forest University School of Medicine, Winston-Salem, N.C. 27157.
The present study was undertaken to assess the effects of long-term cocaine
self-administration on DA receptors in the striatum of rhesus monkeys. Adult
male rhesus monkeys (n=4 per group) self-administered food, 0.03 or 0.3
mg/kg/infusion under a FI 3min schedule of responding for 100 days . Following
the final session, the animals received a lethal bolus of sodium pentobarbital and
the brains were removed and flash frozen at - 35 °C. DA D2 receptors, identified
with [3H]raclopride, were significantly reduced as a result of cocaine selfadministration compared to control values. Decreases in D2 binding sites
appeared to be focused predominantly in areas of the precomissural striatum
where the nucleus accumbens shell and core are well defined. The greatest
percent changes occurred in the shell and core of the nucleus accumbens and in
the caudate. The decreases in [3H]raclopride binding confirm earlier positron
emission tomography reports, and extend those findings by describing the
anatomical localization of these changes. Previous studies from our laboratory
reported significant decreases in both DA D, and D2 binding sites in the
macaque striatum following chronic (2 yrs), but not shortterm (5 days), cocaine
self-administration. In the present study, the alterations in D2 receptors are
consistent with our prior findings, whereas, if anything, Dj receptors appeared
to increase in a generalized fashion. Taken together, these data suggest that time
of exposure plays a critical role in cocaine’s effects, and that alterations in the
DA receptor system undergo different stages. Supported by DA09085 (LJP)

Characterization of the interaction between D2 dopamine receptor
antagonists and cocaine-induced locomotor activity. A. L. Chausmer*
and J, L. Katz. Psychobiology Section, National Institute on Drug
Abuse, Baltimore, MD 21224.
The current experiment examined the ability of several D2 dopamine
receptor antagonists to attenuate cocaine-induced locomotor activity.
In previous work, this laboratory has reported that several D, dopamine
receptor antagonists attenuated cocaine hyperlocomotion at doses that,
by themselves, did not produce motor deficits. The current study
investigated the effects of treating Swiss-Weber mice with haloperidol
(0-1 mg/kg i.p.), sulpiride (0-100 mg/kg i.p.), (+)-eticlopride (0-1.0
mg/kg i.p.), (-)-eticlopride (0-1.0 mg/kg i.p.) and raclopride (0-1.0
mg/kg i.p.) prior to cocaine (0-40 mg/kg i.p.). Immediately following
cocaine administration, a 60-min locomotor activity session was run.
The stereoselectivity of these effects were demonstrated by the
effectiveness of (-)-eticlopride, but not (+)-eticlopride, suggesting that
the antagonism was receptor-mediated. All active antagonists shifted
the cocaine dose-effect curve to the right, and decreased cocaine's
maximal effect. However, active doses of all antagonists when
administered alone produced motor deficits. Therefore, the attenuation
of cocaine-induced locomotor activity produced by D2 receptor
blockade, differs from that produced by D, receptor antagonists, and
may be in part due to the opposing direct effects that the antagonists
produce themselves. (Supported by NIDA.)
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COCAINE-INDUCED CHANGES IN DOPAMINE UPTAKE DYNAMICS
ASSESSED BY FAST-SCAN CYCLIC VOLTAMMETRY COUPLED WITH
IONTOPHORESIS IN AWAKE, UNRESTRAINED RATS. G.V. Rebec*. D.E.
Kivatkin and E.A, Kivatkin. Program in Neural Science and Dept. Psychology,
Indiana University, Bloomington, IN 47405.
Dopamine (DA) reuptake into presynaptic terminals is an important mechanism for
regulating DA transmission; inhibition of this mechanism is considered a major factor
underlying the behavioral effects of cocaine. To study DA uptake under behaviorally
relevant conditions, we coupled fast-scan cyclic voltammetry (FSCV) with iontophoresis in awake, unrestrained rats. Our electrodes consisted of a glass-insulated carbon
fiber (30 pm diameter; 150-200 pm length) incorporated within a four-barrel glass
pipette (between-tip separation of -10-60 pm) and placed in a microdrive for freely
moving electrophysiology. In contrast to pressure-injection, which has been used in
combination with chronoametrometry (see Gerhardt et al., 1999; J Neurosci Meth, 87,
67-76), iontophoresis permits precise control of drug retention and ejection. Our
electrodes were highly sensitive to iontophoretic DA showing consistent changes in
oxidation and reduction currents during multiple ejections. DA responses were detected
at an ejection current as low as 0 nA (spontaneous diffusion) and increased linearly
with current. Response magnitude and duration (1-15 pM, 20-180 s) strongly depended
on the distance between ejection site and carbon fiber. We also found that in nucleus
accumbens electrochemical responses to DA increased in amplitude and decay time after
systemic cocaine (15 mg/kg, sc). Brief local cocaine application (20-30 s) did not alter
the basal electrochemical signal but slowly potentiated DA responses (peak at 4-6
min). DA responses also were potentiated after local amphetamine application, but
unlike cocaine, amphetamine elevated the DA baseline. Experiments are underway to
measure the time-course of DA uptake inhibition induced by cocaine at selfadministered doses (0.5-2.0 mg/kg; iv). Our results suggest that the combination of
FSCV and iontophoresis can be used to study the pattern and time-course of druginduced changes in DA efflux and uptake in an intact, fully functioning neural system.
Supported by NIDA (DA02451, NS35663, and DA 00335)

CHARACTERIZATION OF DOPAMINE TRANSPORTER OCCUPANCY BY
COCAINE WITH POSITRON EMISSION TOMOGRAPHY (PET) IN RHESUS
MONKEYS. L.L. Howell1,2* J.M. Hoffman3,5, J.R. Votaw4, C.D, Kilts2, L,
Martarello4 and M, Goodman4. ]Yerkes Regional Primate Research Center and
Departments of ’Psychiatry, ’Neurology, 4Radiology and 5PET Center, Emory
University, Atlanta, GA 30322.
The dopamine transporter (DAT) is a critical molecular site of action linked
to the additive properties of cocaine. Considerable effort has been devoted to the
development of radioligands to label the DAT using positron emission
tomography (PET) in order to quantify cocaine-induced functional changes in
DAT in vivo. The present study investigated the use of 8-(2-[18F]fIuoroethyl)-2pcarbomethoxy-3p(4-chlorophenyl)nortropane (FECNT) as a PET ligand for
quantifying DAT occupancy by cocaine following acute intravenous administration. In vitro binding and displacement experiments demonstrated that FECNT
is a selective ligand with low nanomolar affinity for the DAT. Dynamic PET
imaging experiments in awake rhesus monkeys also demonstrated that FECNT
has a distribution pattern consistent with selective binding to the DAT. Peak
uptake was obtained in caudate and putamen at 60 and 75 min postinjection,
respectively. Moreover, FECNT exhibited high uptake in caudate and putamen,
and very little uptake in the hypothalamus/midbrain, cortex and cerebellum. The
striatial/cerebellar ratio was approximately 12 to 1 at 125 min postinjection.
Importantly, dose-dependent displacement studies with cocaine in rhesus
monkeys demonstrated that FECNT and cocaine bind to the same site in striatum.
Doses of cocaine (0.1 and 1.0 mg/kg) that are reliably self-administered by rhesus
monkeys displaced FECNT binding by 36 ± 3 and 70 ± 4 percent, respectively.
The results demonstrate that cocaine-induced displacement of FECNT binding
can be used to quantify the percent occupancy of the DAT by cocaine.
Supported by USPHS grants DA 10344 and RR00165.

437.9

437.10

COCAINE SENSITIZATION: CHANGES IN LOCOMOTOR ACTIVITY AND DOPAMINE CLEARANCE MEASURED CONCURRENTLY IN FREELY MOVING RATS. J. Sabeti1, G.A. Gerhardt* 1,2,3,
N.R. ZahniserL3 Depts. of 1 Pharmacology and ^Psychiatry and ^Neurosci.

OPPOSING EFFECTS OF D1- AND D2-LIKE DOPAMINE AGONISTS IN
MODULATING THE PRIMING EFFECTS OF COCAINE. T.V. Khrovan, R.L.
Barrett-Larimore. J.K Rowlett, and R.D. Spealman*. NERPRC, Harvard
Medical School, Southborough, MA 01752.
Dopamine (DA) neurotransmission in the brain is thought to play a critical
role in mediating relapse to cocaine-seeking behavior. The following study
examined the role of D1- and D2-like DA receptors in mediating cocaineinduced relapse in nonhuman primates. Squirrel monkeys were trained to
self-administer cocaine under a second-order fixed-interval (FI) fixed-ratio
(FR) schedule. Completion of each FR produced a brief visual stimulus, and
the first FR completed after expiration of the FI produced an intravenous
injection of cocaine paired with the stimulus.
Subsequently, animals
underwent a period of extinction during which saline was substituted for
cocaine and the cocaine-paired stimulus was omitted. Following extinction,
priming injections of cocaine, DA agonists, and cocaine combined with DA
agonists were assessed for their ability to reinstate extinguished cocaineseeking behavior. Cocaine-induced reinstatement was dose-dependent,
approaching levels of responding similar to those maintained by cocaine
self-administration. Priming injections of the nonselective DA agonist R(-)apomorphine, and D2-like agonists (R(-)-propylnorapomorphine and
quinpirole) alone induced robust reinstatement of cocaine-seeking behavior,
whereas D1-like agonists (SKF 81297, SKF 82958, SKF 83959, and SKF
38393) alone did not mimic the priming effects of cocaine. Furthermore, R()-propylnorapomorphine enhanced the priming effects of cocaine, whereas
SKF 81297, SKF 82958, and SKF 83959 attenuated the priming effects of
cocaine. These results suggest that D1- and D2-like receptor mechanisms
play opposing roles in the relapse process, (supported by DA11054,
DA00499, and RR00168).

Prog., Univ. of Colorado Health Sci. Center, Denver, CO 80262.
Repeated cocaine administration results in augmented drug-induced
locomotor activity, termed “behavioral sensitization”. We are studying the
role of the dopamine transporter (DAT) in mediating this behavioral change
during long-term cocaine exposure.
Single Nafion-coated carbon-fiber
recording electrodes were coupled to stainless steel guide cannulae and
chronically implanted in nucleus accumbens of male rats. Three to four days
post surgery, rats were injected with 10 mg/kg (-)cocaine-HCl (i.p.) once
daily for 7 days, followed by a challenge cocaine injection one week later.
Horizontal distance traveled was monitored every other day. Results
confirmed that cocaine-induced locomotor sensitization is expressed using
this regimen. During behavioral recordings, DAT activity was assessed by
monitoring in vivo chronoamperometric clearance responses to repeated
intraaccumbal DA ejections (200 pM; 100-1200 nl). There was a 16%
increase above baseline in peak DA signal amplitude during the 30 min
following the first cocaine exposure (n = 5) vs. a 46% increase on day 7 of
repeated exposure and no change on day 15 following withdrawal/cocaine
challenge. The signal time courses (Tgo) were prolonged (9-23% increase)
on all days of repeated cocaine exposure, including day 15. These preliminary
results suggest that changes in DAT activity, in particular decreased clearance
rate, contribute to the persistent expression of cocaine-induced behavioral
sensitization. (Supported by DA04216, DA00174, and AG06434).

437.11

437.12

EFFECTS OF INTRA-ACCUMBENS INFUSIONS OF Di AND D2
DOPAMINE RECEPTOR AGONISTS ON RELAPSE TO COCAINESEEKING BEHAVIOR. P.A. Karanian*. E.F, Schmidt and P.W. Self.
Div. of Molecular Psychiatry, Yale University School of Medicine, New
Haven, CT USA,

EFFECTS OF PRIOR EXPOSURE TO DOPAMINE AGONISTS ON
COCAINE SELF-ADMINISTRATION. J.A. Del Rio*, J.D. Belluzzi, and L.
Stein. Dept. of Pharmacology, University of California, Irvine, CA 92697.
Cocaine and certain dopamine agonists are readily self-administered by rats
which are first trained to work for food. Here we compare the rate of selfadministration of cocaine (750 pg/kg/inj) in rats without prior food training, but
with prior training in self-administration of either cocaine or a dopamine agonist.
Rats with chronically .indwelling catheters in the external jugular vein were first
tested for acquisition of self-administration when either a lever-press or a nosepoke response was required for drug delivery. Each rat was offered one of the
following drugs (pg/kg/inj): cocaine (750); SKF 82958 (10); (+)PHNO, (1); or
an SKF 82958/PHNO combination (10/1) for five days. All rats were then tested
on cocaine (750) for three days. Nose-poke animals acquired baseline response
rates sooner than lever-press animals and their response rates for all three cocaine
tests were significantly greater (p<.05). Nose-poke animals exposed to the prior
SKF/PHNO combination responded
more on their first cocaine test
(Fig., p<.05), however all groups
responded equally by their third
cocaine test. This result suggests
that prior exposure to a D,/D2
combination may reduce cocaine’s
initial rewarding effects.
(Supported by NIGMSgrant GM-162 78
and NIDA grants DA07747 and
DA05107)

Previously, we reported that systemic injections of Di and D2 dopamine receptor
agonists produce opposing effects on relapse to cocaine-seeking behavior (Self et al.,
Science 271:1586, 1996). In this study, E>2, but not Di, dopamine receptor agonists
induced robust cocaine-seeking behavior following extinction from cocaine selfadministration. In contrast, pretreatment with Di, but not D2, agonists completely
suppressed cocaine-seeking behavior induced by priming injections of cocaine itself.
In the present study, we infused the full Dj(Di ^-selective agonist SKF 81297, and
the full D2(D2,3)-selective agonist (±)7-OH-DPAT, directly into the core and shell
regions of the nucleus accumbens (NAc) during a within-session reinstatement
paradigm. Intra-NAc infusions of the D2 agonist 7-OH-DPAT (1.0-10.0 gg/0.5 pi)
induced a moderate level of cocaine-seeking behavior as indicated by non-reinforced
lever-press responding at the drug-paired lever, while similar infusions of the PBS
vehicle had no effect. Interestingly, intra-NAc infusions of the Dj agonist SKF
81297 also induced a moderate level of cocaine-seeking behavior, but only at the
highest dose tested (3.0 pg/0.5 pi). Both core and shell infusions of the Di and D2
agonists induced somewhat lower drug-paired lever responding than induced by an
intravenous priming injection of cocaine (2.0 mg/kg). Preliminary data suggests that
pretreatment with intra-NAc infusions of the D2 agonist 7-OH-DPAT may potentiate
relapse to cocaine-seeking behavior induced by an intravenous priming injection of
cocaine, while intra-NAc pretreatment with the Di agonist SKF 81297 does not alter
cocaine priming. Theses results suggest that relapse to cocaine-seeking behavior can
be induced by activation of either Di or D2 receptors in the NAc, and that attenuation
of cocaine-seeking behavior by systemically administered Di receptor agonists may be
mediated by Dj receptors located in other brain regions.
Supported by NIDA grant DA 10460 and the Abraham Ribicoff Research Facilities.
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IN VIVO EVALUATION OF [”C]SCH 23390 AND Di AGONISTS R/S- & /?-[’’C]SKF 82957 IN RAT BRAIN FOLLOWING CHRONIC COCAINE TREATMENT.
J.N. DaSilva1-2*, E. Greenwald2, A.A. Wilson1 and S. Houle1. PET Centre, Centre for
Addiction and Mental Health, Depts. of ’Psychiatry and 2Pharmacology, Univ. of
Toronto, Toronto, Ontario, Canada, M5T 1R8.
Full Di agonists can substitute for cocaine in self-administration animal behavioral
paradigms, suggesting that stimulation of Di receptors acts as a powerful reinforcer.
Chronic treatment with cocaine in rats produces a dopamine (DA) Di receptor
behavioral supersensitivity. However, using in vitro methods, inconsistent results
were obtained with increases, decreases or no change in Di receptor densities in the
striatum and nucleus accumbens (NAc). Cocaine effect on Di high-affinity state
remains unknown, and changes in the functional state may explain the Di
supersensitivity. In the present study, the in vivo binding of Di agonist and antagonist
radioligands was evaluated in rats treated chronically with cocaine in different
paradigms. Cocaine (20 mg/kg, daily, i.p.) was administered over three dosing
protocols: A) 14 days, radioligand injected 20 min after last cocaine administration,
B) 14 days, followed by 14 day withdrawal, or C) 5 days, followed by 2 day washout.
[UC]SCH 23390, or the selective Di agonists R- or /^-[“CjSKF 82957 was injected
via a lateral tail vein, and rats were sacrificed 45 min later (n = 7-24). Compared to
controls (vehicle), regional brain uptake and the region-to-cerebellum (area devoid of
Di receptors) ratios for the three tracers were unchanged in all treatment protocols in
all brain regions, including the Di-rich striatum and NAc. These results indicate that
[“CJSCH 23390, R/S- and /?-[nC]SKF 82957 bind similarly in vivo following chronic
cocaine treatment. These results also suggest that the Di supersensitivity may be the
result of changes in components of signal transduction downstream of Di receptors.
Indeed, levels of Gi (coupled to D2) have been reported to be decreased following
chronic cocaine, and this reduced inhibitory influence on adenylyl cyclase may
enhance Di-mediated cAMP production. Di receptor internalization may also partly
explain these results. Supported by the MRC of Canada MT-I3258.

DOPAMINE D1
RECEPTOR SIGNALING IN THE NUCLEUS
ACCUMBENS: RELATIONSHIP TO COCAINE-SEEKING BEHAVIOR.
D.C. Cooper*1 and F.J. White2 Depts. of Neuroscience1 and Cell. & Mol. Pharmacology
Finch Univ. of Health Sciences/ Chicago Medical School, North Chicago, IL 60064.

Dopamine DI receptor signaling in medium spiny neurons (MSN) of the nucleus
accumbens (NAc) is involved in mediating the rewarding effects of cocaine (COC).
Postsynaptic DI receptor activation produces biphasic (excitation/inhibition) effects in
MSNs. Protein kinase A (PKA) phosphorylation of glutamate receptor subunits and Ltype Ca2+ channels likely mediates the excitatory effects of DI receptor signaling.
Whereas PKA-induced phosphorylation of Na+ and inwardly rectifying K+ channels
likely inhibits the MSN. To determine if the alterations in the biphasic response to DI
receptor activation was associated with COC-seeking behavior, we first trained rats to
nose-poke (NP) for COC (0.5 mg/kg) or saline (SAL) for 7 days. We then used a
novel COC-seeking procedure in which rats responded to an intermittent
noncontingent presentation of a drug-associated stimulus light in the active hole at
various withdrawal days (1-28). Rats acquired the response on the first day and
maintained stable levels of COC intake (10-12 mg/kg/day) from days 3 to 7. During
the COC-seeking task, no COC or SAL was available and active hole NPs were used
as an index of drug-seeking. Active responses were greater than inactive and COC
trained rats responded more than the SAL group across all days. Following behavioral
testing, rats were anesthetized to allow us to record the extracellular activity of MSNs
in the core or shell regions of the NAc. The DI agonist, SKF 81297 (SKF), produced
excitation at low to moderate currents (1-16 nA) in 92% of cells and inhibition at high
currents (32-64 nA) in 69% of cells. The DI antagonist SCH 23390 blocked the
biphasic effects of SKF. We are currently investigating mechanisms responsible for
the response to SKF (and to COC) and comparing rats withdrawn from COC to those
withdrawn from SAL. An association between DI receptor signaling in the NAc and
COC-seeking behavior is being investigated using this new model. Supported by
NRSA DA05794 (DCC), DA04093 and DA00207(FJW).

437.15

437.16

EFFECTS OF DOPAMINERGIC AND KAPPA-OPIOID MANIPULATIONS ON
COCAINE-SEEKING PRODUCED BY VARIOUS DRUG PRIMES S. Schenk*,
C. Grahlmann and B. Partridge. Texas A&M University , Dept. Psychology, College
Station, TX, 77843.
Male Sprague-Dawley rats were trained to self-administer cocaine (0.5
mg/kg/infusion) during daily 2 hr tests. Once responding was stable, the ability of
various drugs to produce cocaine-seeking was measured. This test was conducted in
a single day and consisted of 3 phases. The first phase was comprised of a one hr
period of cocaine self-administration (0.5 mg/kg/infusion, FR-5 schedule of
reinforcement). After the one hour self-administration period, the cocaine solution
was replaced with saline (extinction) and responding was monitored for 3-5 hrs. At
the start of the third phase, in which again saline but not cocaine was available,
separate groups of animals (n=4-6 per group) received an injection of cocaine HC1
(5.0, 10.0 or 20.0 mg/kg EP), d-amphetamine sulfate (0.3,1.0 or 3.0 mg/kg), GBR
12909 (3.0, 10.0 or 30.0 mg/kg) or caffeine (5.0, 10.0 or 20.0 mg/kg). Additional
groups were pretreated with the DI antagonist, SCH 23390 (0.001-0.05 mg/kg), the
D2 antagonist, eticlopride (0.01 - 0.3 mg/kg) or the kappa-opioid agonist, U69593
(0.16 or 0.32 mg/kg) prior to the drug prime at the start of Phase 3. Priming
injections of all drugs produced a dose-dependent reinstatement of responding that
was attenuated by pretreatment with both SCH 23390 and eticlopride. These data
suggest a common dopaminergic mechanism underlying drug-produced cocaineseeking. In contrast to the non-specific effects of dopamine antagonists, U69593
attenuated cocaine-produced cocaine-seeking but failed to alter cocaine-seeking
produced by the other drug primes. The attenuation of cocaine-induced cocaineseeking produced by U69593 was reversed by pretreatment with the kappa-opioid
antagonist, nor-BNI (30 ug icv). These data demonstrate a specific interaction
between cocaine and kappa-opioid agonists and suggest that the interaction may be
at the level of the cocaine binding site on the dopamine transporter. Supported by
DA 10084.

DISSOCIATION IN CONDITIONED DOPAMINE RELEASE IN THE CORE
AND SHELL SUBREGIONS OF THE NUCLEUS ACCUMBENS IN RATS SELFADMINISTERING COCAINE UNDER A SECOND-ORDER SCHEDULE OF
REINFORCEMENT. R.ITO*, J.W.DALLEY, S.R.HOWES, T.W.ROBB1NS,
B.J.EVERITT. Dept. of Experimental Psychology, University of Cambridge,
Downing Street, Cambridge, CB2 3EB, UK
The dopaminergic innervation of the nucleus accumbens is generally agreed to
mediate the primary reinforcing and locomotor properties of psychostimulants, but
there is less consensus concerning the role of conditioned dopamine (DA) release in
mediating cue-controlled drug-seeking behaviour. We have therefore combined a
second-order schedule of cocaine reinforcement with in vivo microdialysis to
investigate the neurochemical correlates of drug-seeking behaviour under the control
of a drug-associated cue (a light CS+), as well as the neurochemical response to noncontingent presentations of the CS+ in the core and shell subregions of the nucleus
accumbens in rats. Male Lister Hooded rats (300-400g) were trained to selfadminister cocaine under a continuous reinforcement schedule where a response on
one of two identical levers led to an intravenous cocaine infusion (0.25mg/kg) and a
20s presentation of a light CS+. The response requirement for cocaine and the CS+
were then progressively increased until stable responding was established under a
second-order schedule of reinforcement [FR10(FR10:S)j. On the microdialysis test
day, rats were presented non-contingently with a set of 10s CS+ and neutral tone
stimulus (CS-) prior to and after 90min during which they responded for cocaine
under a second-order schedule [FI20(FR10:S)J. The results showed that: 1) nucleus
accumbens dopamine (DA) was markedly increased following IV cocaine selfadministration. 2) there was a differential DA response in the core and shell
subregions in relation to non-contingent CS+ exposure; a DA response was observed
selectively in the core region. 3) there was no change from baseline in extracellular
DA levels during cocaine-seeking behaviour. (Supported by the MRC, UK)

437.17

437.18

D3 RECEPTOR PARTIAL AGONIST REDUCES COCAINE- BUT NOT
HEROIN-SEEKING BEHAVIOUR MEASURED USING A SECOND-ORDER
SCHEDULE OF REINFORCEMENT.
M. Pilla1, M. Arroyo1, P. Sokoloff2, J.C. Schwartz2 and B.J. Everitt1*.
'Dept Experimental Psychology, Cambridge University, CB2 3EB, UK
2Unite de Neurobiologie at Pharmacologie de l’INSERM, France
Previous studies in our laboratory have established a second-order schedule of
intravenous cocaine and heroin reinforcement, as a method for investigating drugseeking behaviour. In the present study, we have studied the effects of drugs acting
primarily at the D3 dopamine receptor on this cue-controlled drug-seeking
behaviour. In particular, we have evaluated the effects of a dopamine D3 receptor
partial agonist (BP 897) , and a dopamine D3 receptor antagonist (U99194A) on
responding for cocaine and heroin under second-order schedule of reinforcement.
Pre-treatment with the dopamine D3 receptor partial agonist BP 897 (0.05, 0.5, 1.0
mg/kg, i.p.) reduced cocaine-seeking behaviour, as responding for cocaine decreased
significantly and dose-dependently. This effect was long-lasting and highly specific,
the drug having no measurable effect on other behavioural measures such as
locomotor activity. Moreover, BP 897 at the same doses did not affect cocaine selfadministration itself and was not self-administered when substituted for cocaine. By
contrast, injections of the D3 receptor antagonist U99194A (8, 16, 32 mg/kg, i.p.)
did not affect cocaine-seeking behaviour. Pre-treatment with BP 897 was also
without effect on heroin-seeking behaviour at any dose.
The results show that the selective D3 receptor partial agonist BP 897 reduced
cocaine- but not heroin-seeking behaviour, and is itself without primary reinforcing
effects. This may suggest that such drugs may have therapeutic potential in the
treatment of aspects of cocaine addiction.
Supported by Biomed II and the Medical Research Council.
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B.A, Mattingly*, A, Caudill, S. Ha^nq, M. Abel, N, Melahn, & L.
Leontieva . Department of Psychoiv^y, Morehead State University,
Morehead, KY 40351.
Recent research suggests that dopamine D3 receptors may play an
important role in the rewarding and stimulating effects of cocaine. For
example, the putative dopamine D3 receptor agonist, 7-OH-DPAT, has
been reported to attenuate cocaine self-administration in rats and to
reduce the incentive motivational properties of cocaine. Repeated
treatments with high, but not low, doses of 7-OH-DPAT result in
behavioral sensitization. However, repeated 7-OH-DPAT treatment does
not increase subsequent sensitivity to cocaine or apomorphine. The
purpose of the present study was to determine whether concurrent
treatments with a low dose of 7-OH-DPAT would attenuate the
development of behavioral sensitization to cocaine and apomorphine.ln
two experiments, rats were tested for activity daily for seven days after
treatment with 7-OH-DPAT (0.0 or 0.05 mg/kg, SC) combined with
either cocaine (0.0 or 15.0 mg/kg, IP) or apomorphine (0.0 or 1.0
mg/kg, SC). At the conclusion of repeated testing, all rats were tested
after a challenge injection of cocaine (10.0 mg/kg, IP) or apomorphine
(1.0 mg/kg, SC). Although 7-OH-DPAT initially suppressed locomotor
activity, concurrent treatments with 7-OH-DPAT did not block the
development of behavioral sensitization to either cocaine or
apomorphine as measured during the pretreatment phase or on the
challenge test.
This research was supported by NIDA grant DA 09687.
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INVOLVEMENT OF DOPAMINE D2 RECEPTORS IN THE MEDIAL
PREFRONTAL CORTEX IN BEHAVIORAL SENSITIZATION TO COCAINE.
C.E. Beyer* and J.D. Steketee. Department of Pharmacology & Therapeutics,
Louisiana State University Medical Center, Shreveport, LA 71130-3932.
Repeated exposure to commonly abused drugs such as cocaine produces behavioral
sensitization, which is characterized by an augmented motor response to a
subsequent drug challenge. Recent evidence suggests that sensitization to cocaine
may partly be mediated by decreased dopamine ft)A) levels in the medial prefrontal
cortex (mPFC). However, characterization of cortical DA receptors contributing to
the effects of cocaine-induced DA in this region has yet to be accomplished. We
have shown previously that intra-mPFC injections of the DA D2 agonist quinpirole
blocked the acute motor-stimulant response to cocaine. The present study, therefore,
determined the effects of intra-mPFC quinpirole microinjections on the development
of cocaine sensitization. Sprague-Dawley rats received bilateral cannula implants
above the mPFC one week prior to the commencement of experiments. Following
recovery, animals received bilateral injections of saline or quinpirole (5 nmol/side)
in the mPFC 5 min before peripheral saline or cocaine (15 mg/kg) injections.
Motor activity was monitored 2 hr post-injection. For the next three days, animals
received the same treatment in their home cages. One week following the last
injections, animals received a systemic challenge of cocaine, without prior
intracortical pretreatment, and motor activity was again observed. Preliminary data
suggest that repeated cocaine administration produced a sensitized-motor response
that was blocked by intra-mPFC quinpirole pretreatment. These data provide
additional support for a role of the mPFC in the initiation of sensitization, in
particular, a role of cortical DA receptors in contributing to cocaine-induced
sensitization.
Supported by a grant from the National Institute on Drug Abuse (DA08079).

MAO-B ACTIVITY IS MARKEDLY DECREASED POST MORTEM
IN HUMAN, CHRONIC COCAINE USERS. O. Ouvang1*. J, Pablo1.
S. Izenwasser1. A.M. Elkashef2. F.J, Vocci2. and D.C. Mash1. ‘Dept.
Neurology., U Miami Sch. of Medicine, Miami, FL 33136; ’Medications
Development Division, NIDA/NIH, Bethesda, MD 20857.
Monoamine oxidases (MAO type A and B) are mitochondrial enzymes
involved in the degradation of monoamine neurotransmitters. MAO
exists in two distinct forms: Type A which preferentially degrades
serotonin (5-HT) and norepinephrine (NE), and Type B which
preferentially degrades phenylethylamine and dopamine (DA). Cocaine
blocks the reuptake of monoamines, resulting in increases in synaptic
DA, NE and 5-HT concentrations and turnover. Since MAO-A and B
play important roles in the metabolism of intracellular and extracellular
monoamines, chronic cocaine exposure may affect regional levels of
these enzymes. In this report, MAO-B activity was measured in cerebral
cortical and striatal regions from cocaine overdose victims (N=5) and
age-matched and drug-free controls (N=5). MAO-B activity was
significantly decreased in the nucleus accumbens (-51%; p<0.05),
putamen (-58%; p<0.01), and the cingulate cortex (-56%; p<0.02) of
cocaine overdose victims as compared to age-matched and drug-free
control subjects. In contrast, no significant changes were seen in the
caudate nucleus, or the frontal or temporal cortices. These findings
suggest the possibility that chronic cocaine exposure leads to depletion of
DA content in these brain regions, with a compensatory reduction in
MAO-B activity. These findings suggest that possible clinical benefits of
the MAO-B inhibitor deprenyl for cocaine dependence may be due, in
part, to the immediate therapeutic effects of amphetamine-like metabolites
of the drug. (Supported by NIDA/MDD)

437.21
DI-LIKE DOPAMINE ANTAGONISTS: RELATION BETWEEN ANTAGONISM
OF COCAINE BEHAVIORAL EFFECTS AND BINDING AFFINITIES. T.A.
Kopajtic and J.L. Katz* NIDA IRP, Baltimore, MD 21224 USA
The behavioral effects of cocaine are mediated by indirect dopamine receptor
agonist actions initiated by a blockade of dopamine reuptake. Previous studies
indicated that these effects are blocked by the administration of selective DI-like
dopamine antagonists. The present study compared antagonism of the locomotorstimulant and discriminative-stimulus (DS) effects of cocaine by several DI-like
antagonists (SCH 23390, SCH 39166, A69024) and low efficacy agonists (SKF
77434, (±)-SKF 38393 and (+)-SKF 38393). Each of the drugs shifted the cocaine
dose-effect curve for stimulation of locomotor activity in a dose-related manner. In
contrast, antagonism of the DS effects of cocaine was maximal at intermediate doses
of the DI ligands. Because the antagonism of the DS effects was limited, the
antagonist affinities (apparent KB values) at their most effective doses were computed
and related to binding affinities, to determine if the effects were related to actions at
DI receptors. The K, values were determined in rat brain homogenates of striatum by
displacement of 0.3 nM [3H]SCH 23390 in the presence of 1 pM mianserin.
Nonspecific binding was determined using 1 pM fluphenazine. Ki values were: 1.16,
0.61, 10.0, 14.4, 21.3, and 10.1 nM for SCH 23390, SCH 39166, A69024, SKF
77434, (±)-SKF 38393 and (+)-SKF 38393, respective-ly. The KB values for
antagonism of locomotor stimulant effects were: 0.14, 0.20, 0.75, 5.56, 40.0, 16.3
pmol/kg, respectively. For antagonism of DS effects the respective KB values were:
0.08, 0.12, 0.19, 4.44, 58.5 and 22.0 pmol/kg. A comparison of the logs of these
values indicated that the apparent antagonist affinity was closely related to the Kj
values: r2=0.752 for antagonism of locomotor-stimulant effects, and 0.620 for
antagonism of DS effects. The present results indicate that the antagonism of both
behavioral effects of cocaine by these compounds is a result of their antagonist
actions mediated by Dl-like receptors. The lack of further antagonism of DS effects
at higher antagonist doses suggests a component of these effects that is not sensitive
to DI dopamine receptor antagonism. (Supported by NIDA.)

ALCOHOL: ADENOSINE, ACETYLCHOLINE, DOPAMINE AND GLUTAMATE
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INTERACTIONS BETWEEN THE ACTIONS OF ADENOSINE AND ETHANOL
ON RAT SUPERIOR COLLICULUS SLICES L.H. Diao*, L.D. Martinez and T.V,
Dunwiddie. Dept. of Pharmacology and Neuroscience, Univ. of Colo. Hlth. Sci. Ctr.,
VA Med. Ctr., Denver, CO 80262.
Previous studies have suggested that ethanol (EtOH) can increase extracellular
adenosine (ADO) concentrations by inhibiting ADO uptake through the NBTIsensitive equilibrative (es) nucleoside transporter, and that ADO may be an important
mediator of the effects of EtOH in the brain. However, our previous studies of EtOHADO interactions in the hippocampus did not support the hypothesis that EtOH
significantly affects extracellular ADO concentrations in this brain region, perhaps
because the es transporter is expressed in this brain region in relatively low
concentrations. In the present of study, we characterized ADO-EtOH interactions in
the superior colliculus, a brain region reported to express particularly high levels of the
es transporter. Evoked field excitatory postsynaptic potentials (fEPSPs) were recorded
in the rat superior colliculus slice preparation from Sprague-Dawley rats. As we have
previously reported, ADO produced both excitatory and inhibitory effects on fEPSPs
in a concentration-dependent manner. The effects of ADO were blocked by the
selective A, receptor antagonist 8-cyclopentyl-l,3-dipropylxanthine (DPCPX, 100
nM), but not by the selective A2a receptor antagonist 7-(2-phenylethyl)-5-amino-2-(2furyl)-pyrazolo-[4,3-e]-l,2,4-triazolo[l,5-c]pyrimidine (SCH 58261, 100 nM),
suggesting that both the excitatory and inhibitory effects of ADO may be mediated by
Ai receptors. S-(4-Nitrobenzyl)-6-thioinosine (NBTI, 100 nM), which selectively
inhibits the ADO es transporter, produced a significant potentiation of both the
excitatory and inhibitory effects of ADO. Like NBTI, EtOH (80mM) produced a
leftward shift in the ADO dose response curve, without producing any effect of its
own. These results are consistent with the hypothesis that EtOH may inhibit ADO
uptake via the es transporter, and that this effect may be physiologically significant in
brain regions with relatively high concentrations of this transporter.
Supported by NS 29173 and the Dept. of Veterans Affairs Medical Research Service.

Ethanol-indued motor impairment modulation by mouse striatal Ai adenosinergic syst •* M.S. Par*Dept of Pharmacology, School of Medicine,
East Carolina University, Greenville, NC 27858.
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Many reports from our laboratory have shown modulation by cerebellar Ai
adenosine receptors of motor impairment produced by ethanol. The data in
the present study demonstrate an important role of striatal Ai adenosine receptor in the modulation of ethanol (2 g/kg; i.p.)-induced motor impairment
(EIMI). Direct intrastriatal (IS) administration of Rol5-4513 (0.25, 0.50, 1.0
ng), a partial reverse agonist of benzodiazepine, significantly and nearly
dose-dependently attenuated EIMI thereby suggesting that striatum is one of
the brain area involved in the expression of EIMI. Direct IS microinfiision
of Ai-selective agonists, CHA (1,2,4 ng), R-PIA (2,4,8 ng) and the mixed
Ai =A2 agonist, NECA (1.5,3,6 ng) as well as Ai-selective antagonist,
DPCPX (25,50,100 ng) dose-dependently enhanced and attenuated, respectively, the EIMI suggesting an important role of striatal adenosine. Adenosine modulated EIMI in the striatum via Ai receptors because IS Aiselective antagonist, DPCPX, antagonized CHA-, R-PIA- and NECAinduced enhancement of EIMI as well as it attenuated EIMI. There was no
change in the normal motor coordination when A!-agonists CHA, R-PLA or
NECA were microinfused followed by saline instead of ethanol. When Ar
antagonist, DPCPX (100 ng) or Rol5-4513 (100 ng) were microinfused
alone intrastriatally there was no change in the normal motor coordination
or locomotor activity, indicating relative selectivity of their behavioral interaction with ethanol. The data suggest that striatum is one of the brain
area mediating the motor impairing effect of ethanol. The data also suggest
that the modulation of EIMI is via the striatal Ai adenosine receptors.
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PERIPHERAL MECHANISMS INVOLVED IN INCREASED DISINHIBITED
BEHAVIOR AFTER NICOTINE. M, Ericson*. P. Olausson. J.A, Engel and B,
Soderpalm. Dept. of Pharmacology, Goteborg, Sweden
We have previously suggested that ethanol-induced activation of the mesocorticolimbic dopamine system as well as ethanol reinforcement involve indirect stimulation
of central nicotinic acetylcholine receptors (nAChR). This interaction may provide a
neurochemical basis for the often observed co-abuse of ethanol and nicotine in man.
Furthermore, subchronic nicotine treatment enhances ethanol intake and preference in
ethanol low- and medium-preferring rats. These findings suggest that subchronic
nicotine treatment results in “cross-sensitization” to ethanol. The mechanisms involved in this cross-sensitization are, however, unknown. In a previous study we
surprisingly found that the development of nicotine-induced cross-sensitization to
ethanol, as measured by enhanced ethanol intake and preference, may involve blockade
of peripheral nAChR rather than stimulation of central nAChR. It is well known that
subchronic nicotine treatment produces sensitization to its locomotor stimulatory
effects. However, subchronic nicotine is also associated with development of nicotineinduced disinhibitory behavior. In the present study we investigated whether
stimulation or blockade of peripheral and/or central receptors are involved in the
induction of these two behavioral consequences of repeated nicotine. Male rats received
nicotine (0.4 mg/kg s.c. daily; 15 days) or vehicle alone or in combination with
hexamethonium (10 or 20 mg/kg i.p.) or mecamylamine (4 mg/kg i.p.) and woe
tested for locomotor activity and for disinhibited behavior using the elevated plusmaze. Only rats treated with nicotine or the combination of nicotine and
hexamethonium developed locomotor sensitization to nicotine. On the contrary, all
groups but the vehicle treated developed a disinhibitory behavior in response to
nicotine challenge. These results indicate that central nAChR are involved in the
development of locomotor sensitization to nicotine, whereas, just as is the case with
nicotine-induced enhancement of ethanol intake, the development of a nicotine-induced
disinhibitory behavior may involve intermittent blockade of peripheral nAChR.

The
Effects
of
Alkanols
on
Human
Neuronal
Nicotinic
Acetylcholine
Receptors
Expressed
in Xenopus
Oocytes
Correlates
with
Molecular
Volume .
E.L.Gonzales1. R.A.Harris1'2'’, and T.V.
Dunwiddie1,2*.
'University of Colorado Health Sciences Center, Depts. of
Pharmacology & Neuroscience and 2VA Medical Center, Denver, CO 80262,
’University of Texas, Institute for Cellular and Molecular Biology, Austin, TX
78746.
Nicotinic acetylcholine receptors (nAChRs) are members of the neurotransmittergated ion channel superfamily. Also included in this superfamily are the yaminobutyric acid, glycine, glutamate, and 5- hydroxytryptamine receptors. Several
groups have investigated the effects of ethanol and longer chain alcohols on these
receptors and suggested that they are involved in the behavioral actions of alcohol.
We report the effects of alcohols on human neuronal nAChRs heterologously
expressed in Xenopus oocytes. Consistent with previous reports for muscle-type
nAChRs, short-chain alcohols such as ethanol, propanol, and butanol potentiated
ACh-induced currents in both a2p4 and a4p4 nAChRs. Longer-chain alcohols,
however, inhibited currents in these receptor subtypes. Differences in alcohol
chain-length responsible for “cross-over” from potentiation to inhibition was
observed. For a2p4, butanol clearly potentiated while pentanol inhibited AChinduced current, whereas propanol potentiated, butanol had no discernable effect,
and pentanol inhibited a4p4 receptor function. Fluorinated analogs of ethanol,
propanol, and butanol were used to test if these observed effects with the alcohols
were dependent upon chain length, and therefore correlate with hydrophobicity, or
if another attribute such as molecular volume is the defining characteristic. The
pharmacological effects of these agents generally support the hypothesis that for
both a2p4 and a4p4 receptor subtypes, molecular volume is one determinant for
modulation of nAChR function. Supported by NIH grant #AA11428.

438.5
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EFFECTS OF NICOTINE ON THE ALCOHOL INTAKE OF ADULT RATS
AFTER NEONATAL CLOMIPRAMINE TREATMENT. D. Martinez-Gonzalez,1*
M, Ladrdn de Guevara-Mendez? M. Kuri-Chalita? V.C. Murray-Walpole? Q,
Prospdro-Garcia. and R. Drucker-Colin? . ’Grupo de Neurociencias, Depto. de
Fisiologia, Facultad de Medicina, and 2Depto. de Neurociencias, Institute de
Fisiologia Celular, UNAM, Apdo. Postal 70-250, Mexico D.F , 04510, Mexico
Depressed patients have a higU tendency to consume alcohol. Therefore, depression
may facilitate this tendency. Since nicotine improves depression, it may prevent
alcohol intake. To investigate this potential relationship, we decided to evaluate
alcohol intake in rats pretreated with clomipramine (CLI). We used neonatal male
Long-Evans rats which received CLI (30 mg/kg/day, subcutaneous) from p8 to p21;
while control rats received saline. At the age of three months, rats were tested on
motor activity and aggressive behavior to detect rats affected by CLI. Once rats were
evaluated, both control and CLI rats were divided in two groups: one was implanted
with an osmotic minipump to administer nicotine (0.25 mg/kg'day) for a period of 4
weeks (CLI n=9, control n=5). The other group remained intact (CLI n=25; control
n=26). Immediately after the implantation of the minipump, all groups of animals
were exposed to alcohol (10% v/v) intake during 7 days. Upon the completion of this
period, rats had the option to ingest fresh water and/or alcohol for the following 4
weeks. Fluid intake was scored daily at 10:00 AM and body weight was evaluated
weekly. Statistical significance of the data was evaluated with a t-student test. The
index of preference of alcohol intake was calculated as the following: p i =(EtOHv./Et-OHv.+H2Ov.)(100). Results indicate that CLI rats have a significantly
higher alcohol preference than controls. In addition, nicotine reduces this alcohol
preference (22.4+5.2 vs 36.2+6.0, p<0.05). Likewise, CONTROL rats with nicotine
have a significantly lower alcohol preference than CONTROL rats without nicotine
(13.3+4.12 vs 20.5+3.83, p<0.05). These results suggest that neonatal clomipraminetreated rats consumed a greater amount of alcohol as opposed to controls and those
groups treated with nicotine. Supported by DGAPAIN207396 to RDC.

Ml MUSCARINIC RECEPTORS INHIBIT WHILE M2 MUSCARINIC RECEPTORS
INCREASE ’H-GABA RELEASE IN RAT HIPPOCAMPUS: EFFECTS OF CHRONIC
ETHANOL. M, Hu*D, W, Walker. T. W, Vickrov. and J. Peris . Depts. of
Pharmacodynamics, Neuroscience and Physiological Sci., Center for Alcohol Research,
Univ of Florida and VA Medical Center, Gainesville FL,32610
Continuous ethanol treatment (CET) for 28 weeks significantly alters muscarinic
regulation of electrically-stimulated ’H-GABA release from hippocampal slices in a
complicated manner. Whereas carbachol increased ’H-GABA release in a concentrationdependent manner, atropine at higher concentrations (3-30 pM) decreased ’H-GABA
release while 1 pM atropine increased ’H-GABA release. When the effects of these agents
were tested in rats 48 hrs after withdrawal from CET, the biphasic effects of atropine were
decreased whereas the facilitating effects of carbachol were significantly increased. These
results indicate that different subtypes of muscarinic receptors may modulate GABA release
and CET may selectively alter these subtypes. We measured electrically-stimulated
’H-GABA release from preloaded superfused hippocampal slices of naive rats in the
presence of selective agonists and antagonists for muscarinic receptor subtypes. We found
that McNA-363, a selective Ml muscarinic receptor agonist, significantly deceased
’H-GABA release while pirenzipine, a selective Ml muscarinic receptor antagonist,
significantly increased release, both in a dose-dependent manner. On the other hand,
oxotremorine, a selective M2 muscarinic receptor agonist, significantly increased
’H-GABA release and AF-DA-116, a selective M2 muscarinic receptor antagonist,
significantly decreased release, also dose-dependently. Pirenzipine (1.0 pM) significantly
blocked the effects of McNA336 but not oxotremorine. AF-DX-116(1.0 pM) significantly
blocked the effects of oxotremorine but not McNA336. These results suggest that Ml
muscarinic receptors inhibit GABA release, while M2 muscarinic receptors facilitate GABA
release in rat hippocampus. Future studies will focus on how CET affects muscarinic
receptor subtype regulation of GABA release in hippocampus. Supported by U SPHS grants
AA 09115, AA01480, AA 00135 and AA 00200 and by Medical Research Services of the
Veteran’s Administration.

438.7

438.8

THE EFFECTS OF ACUTE OR REPEATED ADMINISTRATION OF NICOTINE
ON LOCOMOTOR ACTIVITY AND RELEASE OF DOPAMINE IN THE NUCLEUS
ACCUMBENS OF THEALCOHOL-PREFERRINGAA AND ALCOHOL-AVOIDING
ANA RATS. K. Kiianmaa1*, P. Hvvtia1, P. Tuomainen1, N, Makova2, T. Seppa3, T.P,
Piepponen3, J.A.V. Mikkola3, L. Ahtee3.1 National Public Health Institute, Helsinki,
Finland; institute of Biochemistry, Grodno, Belarus; ’Department of Pharmacy,
University of Helsinki, Helsinki, Finland.
The aim of the study was to investigate the importance of the interaction of central
dopaminergic and cholinergic mechanisms in thd control of voluntary ethanol consumption by studying the effects of nicotine on locomotor activity and release of dopamine
in the nucleus accumbens of the alcohol-preferring AA (Alko Alcohol) and alcoholavoiding ANA (Alko Non-Alcohol) rats with in vivo microdialysis. Nicotine was
administered acutely (0.25,0.50, or 0.75 mg/kg, SC) or repeatedly once daily (0.5
mg/kg, SC) for eight days. Microdialysis samples were collected from freely moving
animals every 10 minutes, and concentrations of the monoamines and their metabolites
were determined in the dialysate with micro bore EC-HPLC. The plasma concentrations
of nicotine and cotinine were also estimated. An acute dose of nicotine increased
locomotor activity and the extracellular levels of dopamine, DOPAC and HVA in
a dose dependent mannersuggesting stimulation of dopamine release by nicotine.
No difference in the extent of stimulation of locomotor activity or dopamine release
by nicotine was found between the rat lines. The concentrations of nicotine and cotinine
in the plasma were identical, as well.The rats treated repeatedly with nicotine also
showed an increase in locomotion and accumbal levels of dopamine and its
metabolites. The stimulation of locomotor activity and dopamine release was, however,
similar in both rat lines; nor was it different from that from rats receiving injections
of saline repeatedly. These data suggest that differences in the interaction of central
dopaminergic and cholinergic mechanisms cannot explain differences in ethanol
consumption by the AA and ANA rats.

COMBINED EFFECTS OF SYSTEMIC ALCOHOL AND CENTRAL
NICOTINE ADMINISTRATION ON DOPAMINE RELEASE IN THE
SHELL REGION OF NUCLEUS ACCUMBENS. R.L, Copeland Jr\,
V.A, Louis and Y. Tizabi Dept. of Pharmacology, Coll, of Med., Howard
Univ., Washington, DC 20059
A strong positive association between alcohol consumption and cigarette
smoking (nicotine intake) is suggested by epidemiological studies. The
reinforcing effects of both alcohol and nicotine is believed to be mediated
through the mesolimbic dopaminergic pathway. This study was undertaken
to determine whether simultaneous administration of systemic alcohol and
microinjection of nicotine into the ventral tegmental area (VTA) would
result in exaggerated release of dopamine (DA) in the shell region of
nucleus accumbens (NACC). Using adult male Wistar rats and applying
microdialysis technique and HPLC-EC, it was initially established that
nicotine (0.25-1.0 ug into VTA) and ethanol (0.5-2 g/kg i.p.) dosedependently increased DA release in the NACC. Nicotine (0.25 ug) and
ethanol (0.5 g) alone resulted in approximately 12 and 15% increase,
respectively, in DA release in the NACC. However, the combination of
these two drug doses resulted in approximately 42% increase in DA
release. The data suggests possible synergistic interaction between ethanol
and nicotine on DA release in the shell region of NACC. This interaction
could have a significant role in observed association between heavy
drinking and smoking. (Supported by NIAAA and ORMH).
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Ethanol Stimulates Dopamine Release in the Nucelus
Accumbens Shell through Glutamate-Mediated Disinhibition in
the Ventral Tegmental Area. Z.L. Rossetti*, D. Isola and F. Fadda.

MODULATION OF EXTRACELLULAR DOPAMINE LEVELS IN THE
NUCLEUS ACCUMBENS BY ETHANOL AND D2 RECEPTOR
ANTAGONISM.
J.N. Jaworski* and R.A. Gonzales.
Division of
Pharmacology and Toxicology, University of Texas, Austin, TX. 78712.
Dopamine (DA) in the mesolimbie system is known to be modulated by
non-dopaminergic cells as well as by autoreceptors of the D2/D3 type.
However, the relationship between these two factors is unclear. This study
examined the dopaminergic response in the nucleus accumbens to either
ethanol (1 g/kg, i.p.), which is thought to modulate neural input in the
ventral tegmental area, or by the D2/D3 antagonist sulpiride (i.p.) in male
Sprague-Dawley rats. Extracellular DA and ethanol concentrations in the
nucleus accumbens were monitored at 10 min intervals using in vivo
microdialysis. DA was determined by HPLC-EC, and
ethanol was
measured using gas chromatography. Ethanol enhanced extracellular DA
by 32% (p<0.05). Ethanol levels in the dialysate peaked at 4.7 mM in the
first sample after the injection. However, the dopamine response declined
significantly faster than ethanol levels (p<0.05) over the next two hours.
Sulpiride (25 and 50 mg/kg) increased dialysate DA by 50% and 87%
respectively (p<0.05), and this increase was maintained for at least 3 hr. In
a separate experiment, rats were given an injection of saline (i.p.) 1 hr after
receiving 25 mg/kg sulpiride or vehicle (i.p.). This second injection
increased dialysate DA in the sulpiride-pretreated group by 30% (p<0.05),
whereas there was no effect in the control group. These results suggest that
D2/D3 receptor antagonism unmasks the stimulation of extracellular DA
levels in the nucleus accumbens by an i.p. injection. Moreover, the ability
of ethanol to modulate DA activity undergoes desensitization within 60
min. The time course of the DA response in the ethanol-treated rats is
similar to that found for the saline-treated rats after sulpiride, suggesting
that ethanol may interact with D2 receptors. (Supported by NIAAA grants
AA08484 and AA07471.)

Dept. of Neuroscience, University of Cagliari, 09124 Cagliari, Italy.
Ethanol activates VTA dopamine (DA) neurons and increases
DA release in terminal areas. The stimulation of the DA system is
thought to be relevant to the euphoriant and rewarding properties of
ethanol. However the mechanism by which ethanol stimulates the DA
system is still unknown. By using the two-probe microdialysis
technique in freely moving rats, we confirmed that application of
ethanol in the anterior VTA (>-5.0 mm from bregma) caused DA
release in the VTA, evidence for activation of DA neurons. VTA
ethanol produced a concentration-dependent (5-50 mM) increase of
DA release in NAS shell (maximum increase, 245 ± 33% of baseline
at 50mM), with an EC50 of 6.8 mM. The NMDA receptor antagonist
dizocilpine concentration-dependently (10'7-1CT4 M) increased
extracellular DA both in VTA (maximum increase, 210±22% of
baseline) and in NAS (450±65% of baseline). Combined application
of ethanol (10mM) and dizocilpine (10"6 M) in the VTA resulted in the
summation of the effect of each drug when given alone. Similarly,
combined application in the VTA of ethanol (10mM) and the GABAa
receptor antagonist picrotoxin (5x1 O’6 M), which when given alone
increased DA release in NAS (163±19% of baseline), also resulted in
the summation of the effect of each drug. On the contrary, the GABAa
receptor indirect agonist diazepam (1 mg/kg s.c.) fully reversed the
increase of NAS DA caused by VTA ethanol (20mM). These results
show that ethanol acts in the VTA to increase DA release in NAS
shell, apparently through a disinhibition mechanism involving inhibition
of NMDA receptors rather than activation of GABAa receptors.

438.11

438.12

THE EFFECTS OF ETHANOL ON DOPAMINERGIC NEURONS
FRESHLY DISSOCIATED FROM THE VENTRAL TEGMENTAL
AREA OF RATS. J.H.Ye*. Dept. of Anesthesiology, Depts. of
Pharmacology & Physiology, New Jersey Med. Sch.; UMDNJ,
Newark, NJ 07103-2714.
Dopaminergic neurons in the ventral tegmental area (VTA) play a
pivotal role in mediating the rewarding effects of ethanol and many
other drugs of abuse. On the basis of evidence that ethanol induces
increase of the firing rate and membrane depolarization of VTA
dopaminergic neurons, both in vivo and in brain slices, it is suggested
that ethanol acts directly on dopaminergic neurons to do so (Brodie MS
et al., 1990). If the effects of ethanol are indeed direct, ethanol should
have similar effects on isolated neurons. The present study tested this
hypothesis in freshly isolated VTA neurons of rats using whole-cell
current clamp techniques. At 21 °C, isolated putative dopaminergic
neurons spontaneously fired broad action potentials at a slow rate
(0.24-1 Hz) with a regular interspike interval. Ethanol (10 mM)
induced membrane depolarization, increased the rate of spontaneous
firing, and reduced the amplitude and duration of the action potentials.
These changes were reversible and could be obtained repeatedly in the
same neuron. This direct action of ethanol may be important for its
rewarding effects. (Supported by grant AA 11989 from NL4AA and
UMDNJfoundation grant.)

DOPAMINERGIC NEURONS OF THE VENTRAL TEGMENTAL AREA OF
C57BL/6J AND DBA/2J MICE DIFFER IN THEIR SENSITIVITY TO ALCOHOL
EXCITATION. M. S, Brodie. M. A. McElvain and S. B. Appel*. Dept. of Physiology
and Biophysics, University of Illinois at Chicago, Coll, of Medicine, Chicago, IL 60612.
The dopaminergic (DA) neurons of the ventral tegmental area (VTA) have been
implicated in the rewarding effects of ethanol. Ethanol increases the spontaneous firing
rate of rat VTA DA neurons measured in brain slices and in vivo. Coronal brain slices
(400 pm thick) containing the VTA were prepared from C57BL/6J and DBA/2J mice (5-6
weeks old, Jackson Lab.). Extracellular single unit recordings were obtained from VTA
neurons identified as dopaminergic by their action potential shape and slow, regular,
spontaneous firing rate (1-4 Hz). VTA DA neurons from C57BL and DBA mice did not
differ significantly in their basal spontaneous firing rate, which was 2.6 ± 0.4 Hz (n=6)
and 2.2 ± 0.3 Hz (n=6), respectively (t test, p>0.05). Bath application of known
concentrations of ethanol (10 - 160 mM) increased the spontaneous firing rate of VTA
DA neurons from both mouse strains in a concentration-dependent manner. The ethanol
concentration-response curve for VTA DA neurons from DBA mice was shifted to the
left and above the concentration response curve from C57 mice, indicating that the DBA
neurons were more sensitive to ethanol excitation than C57 neurons (two-way ANOVA,
p< 0.001). For example, the mean percent increase in firing rate caused by 80 mM
ethanol was 8.8 ±1.3% in C57 neurons (n=6) and 17.8 ± 4.3% in DBA neurons (n ;6),
while in the same neurons, 120 mM ethanol caused increases of 14.4 ± 2.1% and 30.2 ±
6.7%, in C57 and DBA neurons, respectively. Behaviorally, DBA mice show much
stronger place preference conditioning with ethanol than C57 mice; this could be due to
the fact that a given dose of ethanol causes greater excitation of VTA DA (reward)
neurons in DBA mice than C57 mice. C57 mice have a much higher voluntary intake
(preference) for ethanol than DBA mice; the present data indicate that C57 mice would
have to drink much more ethanol than DBA mice, to achieve the same level of excitation
of VTA DA reward neurons. Grant Support: AA05846 (S.B.A.) and AA09125 (M.S.B).

438.13

438.14

ELEVATED D3 DOPAMINE-RECEPTOR DENSITIES IN ALCOHOLPREFERRING VERVET MONKEYS: POTENTIAL TRAIT MARKER
FOR VULNERABILITY TO ALCOHOL ABUSE. J.L. Haracz1*. R.M.
Palmour2,3. F.R, Ervin2,4. D.C. Mash1.’Dept. Neurology, UM Sch Med,
Miami FL 33136; Depts.2Psychiatry ^Biology & Human Genetics, McGill
U, Montreal, Canada H3A 1A1; 4Caribbean Primates Ltd, St. Kitts, W.I.
Along with addictive opiate and psychostimulant drugs, ethanol shares
the capacity to produce neurocnemical changes in the mesolimbie
dopamine (DA) system with chronic administration (Synapse 21:289,
1995). D3 DA receptors, preferentially enriched in human ventromedial
striatum (J. Neurosci. 16:6100, 1996), play a key role in drug
reinforcement (Science 260:1814, 1993; J. Neurochem. 67:1078, 1996).
We report here on the level of D3 receptor densities in alcohol-preferring
vervet monkeys (Cercopithecus aethiops) under conditions of chronic
alcohol drinking, withdrawal, and prolonged abstinence. Monkeys were
divided into alcohol-preferring (N=ll) and alcohol-avoiding (N=5)
groups. Alcohol-preferring monkeys were sacrificed after 6 months of
alcohol abstinence (N =5), immediately after (N=3) or 24 hr after (N=3)
35 days of unlimited access to 15% etnanol. Quantitative autoradiography
of [3H]-(+)-7-OH-DPAT binding revealed significantly elevated D3
receptor densities in the nucleus accumbens (p<0.05), ventromedial
caudate (p<0.01), and dorsolateral prefrontal cortex (p<0.05) of abstinent
alcohol-preferring monkeys compared to avoiding subjects. Preferring
monkeys exposed to ethanol steadily increased consumption, often drank
to unconsciousness, and showed behavioral signs of withdrawal upon
removal of ethanol. However, neither ethanol exposure nor withdrawal
affected D3 receptor densities in cortical or striatal brain regions. These
results suggest that elevated D3 receptor density may be a trait marker for
vulnerability to alcohol abuse in vervet monkeys. These results provide
further evidence for altered baseline DA neurotransxnission in abstinent
alcohol-preferring monkeys. (Supported by AA09562)

ALCOHOL AFFECTS GLUTAMATE LEVELS IN DIALYSATE OF
ISCHEMIC RATS.
L, Favalli.E,.M^$QerQ ’. A, Roaa.'. E, CattangOL-.* ^nd S.-Govoni1
1 Institute of Pharmacology, University of Pavia, 2 Institute of Pharmacological
Sciences, University of Milano.
It is known that heavy alcohol intake is associated with an increased risk of
cerebral stroke. Chronic alcohol consumption appears to be a risk factor for stroke
even if the relashionship between ethanol intake and greater vulnerability of
cerebral tissue to damage has not yet been elucidated. Alcohol may affect different
neurotransmitter systems which play a significant role in onset and progression cf
tissue damage. From a theoretical point of view it may be hypothesised that acute
doses of alcohol may reduce ischemia-induced glutamate release exerting a
protective effect. On the other hand, chronic ethanol, upon withdrawal, may induce
an excess of tissue reaction to excitatory neurotransmitters. The aim of the present
study was to understand possible mechanisms through which alcohol acts on the
vulnerability of CNS to an ischemic event. In particular, we first evaluated
glutamate levels following ischemia induction in rats acutely treated with alcohol.
Focal ischemia in right frontal cortex of rats associated with microdialysis tecnique
in order to evaluate aminoacid level in dialyzate was performed as described by
Buccellati et al (Neurosci. Lett. 257, 123-126, 1998). Alcohol was administered
intraperitoneally at 1.5 g/kg and 3.0 g/kg for acute treatment. Chronic oral
treatment was performed giving alcohol to the animals in the drinking water. The
results show that the acute treatment with alcohol dose-dependently reduced the
levels of glutamate release following ischemia induction compared with control
animals (1.5 g/kg: -18.3%, 3.0 g/kg: -70.5% at the peak of glutamate release). It is
relevant to note that these “in vivo" studies demonstrate for the first time that
glutamate release is acutely inhibited by high doses of alcohol. Furthermore, the
diminished concentrations of this aminoacid during ischemia induction may reduce
the extension of the damaged area.
Acknowledgments-, this work was supported by a grant from MURST (40%).
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CALPHOSTIN C EFFECTS ON ETOH INHIBITION OF NMDAR-MEDIATED
CURRENTS IN PRIMARY CULTURED CGC NEURONS. R.L. Popp* and
D.M, Lovinger. Dept. of Molecular Physiology and Biophysics, Vanderbilt Med.
Sch., Nashville, TN 37232.
The mechanism(s) by which physiologically relevant concentrations of ethanol
(EtOH) inhibit the N-methyl-D-aspartate receptor (NMDAR) remains undetermined.
NMDAR function can be modulated not only by EtOH but also by other
substances including ions, polyamines, drugs and endogenous kinases and
phosphatases. The purpose of this study was to assess the effect of calphostin C, a
protein kinase C (PKC) inhibitor, on acute EtOH inhibition of NMDAR function.
Using whole-cell (WC) and perforated patch-clamp (PP) electrophysiological
techniques, the effect of 100 nM calphostin C applied for 8 minutes on EtOH (10
and 100 mM) inhibition of current induced by 100 pm NMDA and 10 pM glycine,
in primary cultured cerebellar granule cells was assessed. Using WC
electrophysiological methods, calphostin C significantly reduced 100 mM EtOH
inhibition of steady-state current (ISS) from 31.3±3.5 to 21.4+2.7% and
significantly reduced inhibition of Peak current (iPk) from 23.2+3.7 to 14.3+5.4%;
n=10-13. Preliminary results indicate that inhibition by 10 mM EtOH may also be
reduced by calphostin C. In PP-cIamp experiments EtOH inhibition of NMDA
ISS was significantly decreased from 38.3±3 to 25.3+4.5%; n= 13 for 100 mM
EtOH, and inhibition produced by 10 mM EtOH was completely negated (n=9-10)
However, calphostin C did not reverse EtOH inhibition of IPk for 100 mM
(30.0+1.6 compared to 27.1 + 3.8% inhibition pre and post calphostin C,
respectively) nor 10 mM EtOH: 12.3+3.1 and 9.4+2.3% inhibition pre and post
calphostin C, respectively. Calphostin C in the absence of EtOH had no effect on
NMDA-induced currents. The differences observed in the WC vs. PP experiments
suggest a possible interaction between PKC and an intracellular or structural
component in EtOH inhibition of NMDAR function. Supported by AA08986 and
AA05458.

NMDA RECEPTORS ARE DIFFERENTIALLY REGULATED BY
ETHANOL IN INBRED LONG-SLEEP AND SHORT-SLEEP MICE.

T. Hanania*, C.A. Negri, T.V. Dunwiddie and N.R. Zahniser, Department
of Pharmacology and Neuroscience Program, University of Colorado
Health Sciences Center and VAMC, Denver, CO 80262.
Inbred long-sleep (ILS) and short-sleep mice (ISS) mice were selected
for differential initial sensitivity to high doses of ethanol. Here we used
these two mouse strains to study potential differences in responsiveness to
low doses of ethanol, specifically investigating the role of N-methyl-Daspartate receptors (NMDARs). Upon an acute injection of either ethanol
(1.5 - 2.5 g/kg, i.p.) or the NMDAR antagonist MK801 (0.3 mg/kg), ISS
mice showed a marked increase in locomotor activity compared to ILS
mice. These behavioral effects could be due to strain differences in the
number or function of NMDARs. To test these possibilities, extracellular
recordings of excitatory postsynaptic potentials from the stratum radiatum
in the CA1 region were studied in hippocampal slices from ILS and ISS
mice. The amplitude of basal NMDA and AMPA currents did not differ
between ILS and ISS mice. However, NMDA currents recorded in ISS
slices were inhibited to a significantly greater degree by 50 mM ethanol. It
has been suggested that the inhibitory actions of ethanol on NMDA
currents are most pronounced on receptors incorporating the NR2B
subunit.
Preliminary experiments showed that the NR2B subunit
antagonist ifenprodil also inhibited NMDA currents in ISS slices to a
greater degree than in ILS slices. These data suggest that there are
functional differences in NMDA receptors in ILS and ISS mice, which
could contribute to the behavioral differences observed with low doses of
ethanol. (Supported by NIAAA 03527 and Denver VAMRS)

438.17

438.18

ETHANOL MODULATES SENSITIVITY OF SOMATOSENSORY (SI)
CORTICAL NEURONS TO NMDA. Shao-Ming Lu* and Hermes H. Yeh.
Depts of Pharmacology and Neurology, Program in Neuroscience, UCONN
Health Center, Farmington, CT 06030.
We are investigating the effect of ethanol on responses of SI cortical neurons
to AMPA and NMDA. We have previously reported that ethanol modulates
non-NMDA receptor mediated responses in these neurons. Specifically, an agedependent modulation of AMPA-induced current by ethanol was observed
among large layer V pyramidal cells. In this report, we focus on the modulation
of ethanol on NMDA-induced currents responses in these neurons.
Slices (200-250 gm) were obtained from the rat SI cortex. Neurons, visualized
and identified under Hoffman Modulation Optics, were selected for whole-cell
patch clamp recording. An 8-barrel drug pipette assembly was used to deliver
test agents to the immediate vicinity of the neuron under study. Ethanol (25
mM) either positively or negatively modulated NMDA-induced current in
approximately 70% of SI cortical neurons tested. Ethanol exerted little
influence on currents induced by NMDA at lower concentrations (10-60 pM),
but enhanced or attenuated the currents induced by NMDA at higher
concentrations (100-600 pM). The degree of modulation was typically modest,
the change in the peak amplitude of the NMDA-induced current responses
during ethanol exposure deviating 15-70% from the control current response.
Unlike our observation with the AMPA-induced current, we did not find an agedependence in the modulatory effect of ethanol on NMDA-induced currents in
layer V pyramidal neurons. Overall, the results indicate that ethanol exerts
modulatory effects on NMDA receptors expressed in cortical neurons. Ongoing
experiments are aimed at correlating ethanol sensitivity with NMDA receptor
subunits expressed in SI neurons.

ETHANOL INHIBITS AMPA CURRENTS IN MS/DB NEURONS:
EFFECT OF ETHANOL TOLERANCE AND DEPENDENCE.
G.D. Frye? A.S. Fincher Dept. of Med. Pharmacol. & Toxicol. Texas
A&M Health Sci. Ctr., College Station, TX 77843-1114
Native and recombinant non-NMDA glutamate receptors vary in
their sensitivity to inhibition by ethanol. In this study, currents activated by AMPA or KA (100 pM) were reversibly inhibited by ethanol
100-300 mM by 20-50%, in acutely isolated medial septum /diagonal
band (MS/DB) neurons. Flop-type AMPA receptors were likely
involved since: AMPA or kainate currents were blocked by
GYK152466; SYM8021 did not activate significant current; and
AMPA currents were potentiated by 100 pM but not 10 pM cyclothiazide. Inhibition of kainate currents was sustained over 5 min of
continuous lOOmM ethanol perfusion, suggesting acute tolerance did
not develop. Neurons isolated from ethanol tolerant / dependent rats
or liquid diet controls exhibited concentration-dependent responses to
kainate (3-3000 pM). Kainate response-relationships did not differ
significantly in threshold / maximum responses or EC50 values. Also,
acute ethanol (100-300 mM) inhibition of kainate currents was not
blunted in neurons from ethanol tolerant / dependent animals. These
results suggest native AMPA receptors on MS/DB neurons are inhibited by pharmacologically-relevant ethanol concentrations, but do not
appear to undergo adaptation with sustained ethanol exposure.
Supported in part by Public Health Service grant AA 10067 to GDF.

Supported by PHS grants AA035J0

438.19
ALTERATIONS IN AMPA RECEPTOR BINDING
FOLLOWING
WITHDRAWAL FROM CHRONIC DIAZEPAM IN RAT BRAIN. C. Allison and
J.A.Pratt*. Department of Physiology and Pharmacology, Strathclyde Institute
for Biomedical Sciences, University of Strathclyde, Glasgow, G4 ONR, U.K.
Changes at the level of the GABAa receptor do not provide an adequate
explanation for the neuroadaptive processes which underlie benzodiazepine
(BZ) dependence. An alternative explanation is that compensatory increases
in glutamatergic transmission occur after chronic BZ treatment. The aim of
the present study was to determine if there were regionally selective changes
in the binding of [3H]AMPA to the AMPA receptor in rat brain following chronic
diazepam (DZP) treatment.
Quantitative pHjAMPA autoradiography was carried out on male Hooded
Long Evans rats. Animals were randomly assigned to one of three treatment
groups: control (daily vehicle injection for 28 days), 14 days DZP (5 mg/kg i.p.)
or 28 days DZP (5 mg/kg i.p.). Rats were killed 24 hours after their last
injection, brains removed and prepared for [3H]AMPA autoradiography.
Withdrawal from DZP produced regionally selective increases in specific
[3H]AMPA binding. For example, there were increases in binding in the CA2
field of the hippocampus after 14 and 28 days DZP treatment compared to
controls. Similar increases in binding occurred in the frontal cortex after 28
days of DZP treatment. Since [3H]AMPA binding may reflect binding to only a
sub population of AMPA receptors, further studies have examined alterations
in antagonist binding using the AMPA selective ligand [3H] Ro48 8587. These
data support the involvement of AMPA receptors in the neuroadaptive
processes underlying BZ dependence.
We thank the MRC for financial support.
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SELECTIVE BREEDING FOR ALCOHOL PREFERENCE IS ASSOCIATED
WITH INCREASED SENSITIVITY OF THE VTA TO THE REINFORCING
EFFECTS OF ETHANOL. Z.A. Rodd-Henricks*; D.L. McKinzie: J.M. Murphy,
W.J. McBride: L. Lumeng; T.-K. Li. Depts. Psych. & Med. Indiana Univ. Sch. Med.,
VAMC and Dept. of Psychol., Purdue Sch. Science, IUPUI, Indianapolis, IN 46202.
The objective of this study was to test the hypothesis that rat lines
selectively bred for high alcohol consumption are more sensitive to the reinforcing
effects of ethanol (E) than are unselected Wistar rats. The intracranial selfadministration (ICSA) technique was employed to evaluate the reinforcing effects of
50-200 mg% E directly into the posterior VTA of adult female Wistar and selectively
bred alcohol-preferring P rats. One week after surgery to implant guide cannulas
aimed at the posterior VTA, subjects were placed into standard operant chambers
equipped with two levers (active and inactive). Wistar and P rats were randomly
assigned to one of seven groups (Wistar: n=2-5/group; P: n=3-5/group) which selfadministered (FR1 schedule) either artificial CSF (aCSF), or 50, 75, 100, 150, or
200 mg% E in aCSF. Subjects received assigned infusate for the first four sessions
(acquisition), aCSF in sessions 5 & 6 (extinction), and the originally assigned
infusate during session 7 (reinstatement). P rats self-administered E into the
posterior VTA at concentrations ranging from 75-200 mg%, readily discriminated
the active from inactive lever, extinguished lever responding when aCSF was
substituted for E, and reinstated responding when E was restored. In contrast, ICSA
of E into the posterior VTA was only observed in Wistar rats at the two highest
concentrations of E (150-200 mg%). Moreover, P rats, given 100 and 150 mg% E,
administered 2-fold the number of infusions after extinction than prior to extinction.
Overall, the data suggest that the posterior VTA of the P rat is more sensitive to the
reinforcing effects of E than is the VTA of Wistar rats, and that the reinforcing
properties of E in the VTA may be enhanced in P rats following extinction.
(AA10721, AA07611, AA10717 & AA07462)

BEHAVIORAL SENSITIZATION TO THE LOCOMOTOR
STIMULANT EFFECTS OF ETHANOL AND MORPHINE IN 5HT1B KNOCKOUT AND WILD-TYPE MICE.
K.E, Browman*, J.C, Crabbe. C.S, McKinnon and T.J. Phillips. Dept. of
Behavioral Neuroscience, Oregon Health Sciences University; Portland
Alcohol Research Center; VA Medical Center, Portland, OR 97201.
Repeated administration of addictive drugs commonly results in an
increase in the locomotor stimulant response induced by acute
administration. Termed behavioral sensitization, it is hypothesized that
this augmentation may reflect a change in the reinforcing effects of
addictive drugs. Recent evidence suggests that the serotonin IB (5HTib ) receptor subtype may modulate some drug-related behaviors,
including ethanol (EtOH) and cocaine self-administration. We were
therefore interested in investigating differences between 5-HTib
knockout and wild-type mice in sensitization to the stimulant effects of
EtOH and morphine. In Exp. 1, male and female knockout and wildtype mice received daily injections of either 2.5 g/kg EtOH or saline for
a total of 10 injections. Following chronic administration both saline
and EtOH pretreated animals were challenged with 2.0 g/kg EtOH (a
dose combination previously found to produce robust EtOH
sensitization). In Exp. 2, mice of both genotypes were administered 15
mg/kg morphine or saline every other day for 10 days and challenged
with 15 mg/kg. The genotypes exhibited similar susceptibility to EtOH
sensitization. Conversely, knockout mice sensitized to the locomotor
stimulant effects of morphine whereas wild-type mice did not. Our data
suggest that the 5-HTib receptor does not play a role in sensitization to
the stimulant effects of EtOH, but may influence sensitization to
morphine. These results suggest that the sensitized responses to EtOH
and morphine are mediated by at least partially different mechanism(s).
(Supported by Grants AA11322 and T32AA07468)

439.3

439.4

EFFECTS OF ACAMPROSATE ON SENSITIZATION TO ETHANOLINDUCED LOCOMOTOR ACTIVITY IN MICE SELECTIVELY BRED
FOR HIGH (HAP) AND LOW (LAP) ALCOHOL PREFERENCE. J. A.
Chester*, N, J. Grahame. L. Lumeng, T. -K. Li and J. C. Froehlich.
Indiana University School of Medicine, Indianapolis, IN 46202.
Locomotor sensitization, defined as a progressive increase in drug-stimulated
locomotor activity, has been suggested to play an important role in the
development of drug craving. Acamprosate has received wide attention for its
anti-craving effects in recovering alcoholics, and has recently been shown to
reduce sensitization to the locomotor-stimulant effects of morphine (Spanagel et
al., 1998). The purpose of the present study was to investigate whether
acamprosate alters sensitization to ethanol’s locomotor-stimulant effects in two
new lines of mice selectively bred for high (HAP) and low (LAP) alcohol
preference. HAP (n=39) and LAP (n=40) mice received repeated exposure to 3
g/kg (i.p.) ethanol or saline at 48-hr intervals for a total of 6 treatments, with each
followed by a 10-min exposure to the locomotor activity apparatus. Ethanolinduced locomotor sensitization was assessed 48 hrs after the last ethanol or
saline treatment. Mice were pretreated with either saline or acamprosate (400
mg/kg) at 14 and again at 2 hrs prior to a challenge injection of 2 g/kg ethanol.
Immediately after the ethanol test injection, locomotor activity was assessed for
20 min. While both HAP and LAP mice showed sensitization to ethanol’s
locomotor-activating effects (ethanol-treated vs saline-treated), acamprosate
reduced ethanol-induced locomotor sensitization in HAP but not LAP mice
(p<0.05). Acamprosate also reduced ethanol-stimulated locomotor activity in
saline-treated LAP but not HAP mice. These data suggest complex effects of
acamprosate on ethanol-stimulated locomotor activity that depend on genotype
and ethanol treatment conditions [Supported by AA07611-12 and AA4682908].

EVIDENCE FOR SENSITIZATION TO THE STIMULATORY
EFFECT OF ETHANOL IN SPRAGUE-DAWLEY RATS
CLASSIFIED AS HIGH RESPONDERS TO NOVELTY
Hoshaw. B*.; Hua, K. and Lewis. M. Psychology Department, Temple
University; Philadelphia, PA 19122
Behavioral sensitization, in a video monitored open field, has been
proposed to be a key factor in drug and alcohol addiction. Though it
has been shown in rats with repeated administration of cocaine and
amphetamine, it has only been shown with ethanol in mice. In the
current experiment, rats were divided into either high or low responders
to novelty, based on their locomotor activity scores after their first hour
in the locomotor boxes. Half of each group was given intraperitonial
injections of 1.0 g/kg ethanol for fifteen days, while the other half
received saline injections. Prior to sensitization testing, all rats were
placed in the locomotor boxes for an hour for acclimation. Next, they
were given a saline injection, and placed in the boxes for a half hour.
Sensitization was tested by giving all four groups a challenge dose of
0.25 g/kg of ethanol prior to being placed in the boxes for another halfhour. Activity scores during the last session were compared by
ANOVA. We found that the ethanol treated rats that were classified as
high responders to novelty had significantly higher scores during the
first ten minutes, as compared to the other three groups (ANOVA,
p<0.01). These data show that response to novelty, which has been
used to predict amphetamine and ethanol self-administration, can also
predict sensitization to the stimulatory effect of ethanol.

439.5

439.6

SENSITIZATION OF ELECTROGRAPHIC (EEG) ACTIVITY AND
BEHAVIORAL SEIZURES FOLLOWING REPEATED ETHANOL
WITHDRAWALS IN DIFFERENT MOUSE STRAINS. L.M. Veatch,

INHIBITION OF NEURONAL NITRIC OXIDE SYNTHASE
ALLEVIATES THE SIGNS OF ALCOHOL DEPENDENCE IN
THE RAT.
F.J. Beauqe*, G, Aufrere and Ph. Dinqeon, Centre de Recherche Pernod-Ricard, 94015 Creteil,FRANCE.

P.S. Coykendall, and H.C. Becker*. Charleston Alcohol Research
Center, Center for Drug & Alcohol Programs, Medical University of
South Carolina and VAMC, Charleston, SC 29425.
This study examined changes in electrographic activity and handlinginduced convulsions (HIC) following repeated ethanol (EtOH)
withdrawals. C3H/He, C57BL/6, and DBA/2 mice were prepared
with chronically implanted electrodes in hippocampus and cortex.
After recovery from surgery, baseline EEG recordings were obtained.
Mice were then assigned to one of two EtOH exposure paradigms. A
multiple withdrawal (MW) group received four cycles of 16h exposure
to EtOH vapor separated by 8h periods of abstinence; a single
withdrawal (SW) group was withdrawn after a single 16h EtOH
exposure. EEG recordings and HIC responses were collected hourly
in separate animals during each withdrawal episode. Spontaneous high
voltage activity (repeated spike and sharp waves of amplitude at least
twice baseline) differed among strains (DBA>C3H>C57). Abnormal
(epileptiform) EEG activity progressively increased with successive
withdrawal episodes in all mice, although this effect was much less
robust in C57 mice. The time course of this change in electrographic
activity was similar to the progressive increase in the withdrawal HIC
response.
These data suggest that cortical and sub-cortical
abnormalities in electrographic activity progressively intensify with
successive episodes of EtOH withdrawal, and this EEG activity may
relate to sensitization of HIC responses following repeated EtOH
withdrawals in mice. Supported by NIAAA and VA Medical Research.
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Recent studies have suggested that nitric oxide (NO) might play
a role in the development of ethanol dependence. Rats intoxicated
by inhalation of ethanol vapour can develop two aspects of this
dependence i.e.: physical dependence characterized by appearance of
a withdrawal syndrome at alcohol removal and psychological or
behavioural dependence evidenced by occurrence of an alcohol
seeking behaviour. The effect of the administration of
7-nitroindazole (7NI), a relatively selective inhibitor of the
brain NOsynthase (NOS 1) on these signs of dependence was
investigated. Male Wistar rats were exposed for 4weeks to ethanol
vapour. In a first experiment, 7NI was acutely administered i.p.(40
and 80mg/kg bwt) to rats during the withdrawal period and resulted
in a significant reduction of the total ethanol withdrawal score.
In a second experiment, the 4week inhalated rats were exposed to
the two bottle choice (water/10%ethanol) paradigm. When the
dependent alcohol intake was stabilized, 7NI was administered i.p.
(5 to 50 mg/kg bwt) once a day for 3 consecutive days and resulted
in a substantial dose-related (20 to 60%) decrease of alcohol
consumption in terms of both absolute intake and preference. These
findings support the need for investigation of specific NOsynthasel
inhibitors for their potential therapeutic values in prevention or
treatment of alcohol dependence.

1077

ALCOHOL: SENSITIZATION, TOLERANCE, DEPENDENCE, LEARNING AND REWARD

1078

TUESDAY AM

439.7

439.8

DEVELOPMENT OF ETHANOL DEPENDENCE AFTER SELFADMINISTRATION IN ALCOHOL PREFERRING P RATS. J.E. Kralic,
D.B. Matthews, A.B. Kampov-Polevoi, D.H. Overstreet, L.R. Gause, T.J,
McCown*, A.L. Morrow. UNC School of Med., Bowles Center for Alcohol
Studies, UNC, Chapel Hill, NC 27599-7178.
Previous studies of the mechanisms of ethanol dependence have
employed forced ethanol administration.
Ethanol dependence, as
measured by a significant reduction in bicuculline-induced seizure
thresholds, can be produced following two weeks of forced ethanol
consumption. This paradigm of ethanol dependence may be complicated
by confounding variables such as stress that may support behavioral and
neurochemical changes. A model using selectively bred alcohol preferring
rats (P rats) that self-administer ethanol eliminates the possibibilty that
changes may arise from such variables. P rats consumed either tap water
or were initiated to ethanol before having the choice between 10% (w/v)
ethanol or tap water for either 2, 4 or 6 weeks. All animals had free access
to food and water throughout this time. Six weeks, but not 2 or 4 weeks,
of chronic ethanol self-administration resulted in a 30% decrease in
bicuculline-induced seizure threshold (p<.05). The drinking patterns of a
separate group of P rats was monitored 23 hours every day for 6 weeks via
a drinkometer system. Following 6 weeks of ethanol self-administration,
the drinking pattern shifted to a binge-like pattern (fewer drinking bouts,
more ethanol per bout). GABAa receptor peptide levels (i.e., a-1, a-4, $2/3) were compared in control versus dependent P rats. Our results suggest
that the development of ethanol dependence in P rats is associated with
binge drinking and
changes in GABAa receptor gene expression.
Supported by NIAAA grants.

RAPID ACUTE NEURONAL TOLERANCE TO ETHANOL DECLINES WITH
AGE. Ronald K. Freund1, Barry J. Pearson2, and Michael R. Palmer1,2*. ’Dept. of
Pharmacology and 2Neuroscience Program, Univ. of Colorado Health Sci. Ctr.,
Denver, 80262
We recently identified a form of rapid tolerance to ethanol (EtOH) on single
neurons in vivo. This rapid acute neuronal tolerance (RANT) to EtOH can be
observed generally within 5-7 min. following either repeated local applications of
depressant doses of EtOH to cerebellar Purkinje neurons, applied once every 1-2
min., or following a single large (maximally depressant) dose of EtOH. Thus,
RANT should decrease neuronal sensitivity during an initial systemic dose of EtOH.
Among high alcohol sensitive (HAS) and low alcohol sensitive (LAS) rats, the
incidence of RANT is much higher for LAS Purkinje neurons. Therefore, we used
LAS rats to investigate whether this form of EtOH tolerance changes with age.
Urethane-anesthetized LAS rats, varying in age from 1 to 18 months, were placed in
a stereotaxic apparatus and animals were surgically prepared for single unit
recording from cerebellar Purkinje neurons using multibarrel micropipettes. EtOH
was applied by micropressure injection from one barrel of a double-barrel
micropipette. For each neuron studied, the other barrel was filled with 5M NaCI for
recording of extracellular action potentials. The test dose of EtOH applied was
adjusted to give a 50% inhibition (30-70% response window) of Purkinje neuron
firing. Then a single large (270 psi x sec) conditioning dose was applied. Upon
recovery of cell firing, the test dose was reapplied to determine whether the
neuronal response to EtOH had diminished (RANT) following the prior EtOH dose.
We found that the incidence of RANT to EtOH on LAS Purkinje neurons declined
markedly from about 80% in animals between 1-2 months of age to zero at 18
months of age. These data suggest that individuals who express RANT to EtOH
lose that phenotype with age, and in doing so they may become more sensitive to
alcohol as they get older. [Supported by USPHS grants AA11465, AA05868, and
AA03527]

439.9

439.10

TOLERANCE DEVELOPS TO THE STIMULATION OF HEART
RATE BY ALCOHOL. Bell. R.L *. Jones, A.E., McKinzie, D.L.,
McBride, W.L., & Murphy, J.M. Depts. Psychiat. & Psychol., Inst.
Psychiat. Res., Indiana U. Sch. Med., Purdue Sch. Sci., IUPUI,
Indianapolis, IN, 46202.
The objectives of this study were to examine the effects of acute and
repeated ethanol (E) injections on heart rate (HR) in male Wistar rats.
Animals were double-housed on a 12/12 h light/dark cycle
(0700/1900), with ad lib food and water except during testing. HR
radiotelemetry devices were surgically implanted in the intraperitoneal
(IP) cavity at least 5 days before testing. Animals were tested for 5
consecutive days. On each test day, animals were placed in plexiglas
test cages and 30 min baseline HR values were taken. After baseline,
animals were injected IP with either saline or 2.0 g/kg E. HR was
monitored for an additional 150 min. Test period HR scores were
averaged across 5 min blocks and converted to % change from baseline
scores. A 2 x 5 x 30 (Dose x Day x Time) mixed ANOVA revealed a
significant Dose x Day x Time interaction. Dose, Day, and Time main
effects were also significant. The E group differed significantly from
the control group on test days 1 to 4, but not on test day 5. Similarly,
percent change in HR for the E group on test day 1 (~+8.5%) did not
differ from subsequent days until test day 5 (—7.0%). The data indicate
that HR is stimulated by high dose E and tolerance develops to this
effect after 5 E treatment days. (Supported by AA10717; AA07611;
AA07462).

INFLUENCE OF ALCOHOL ON SINUS ARRHYTHMIA AND ATTENTION
T, Schulte*, H. Warzef1 S. Westphal,2 J. Dierkes2, E. Muller-Oehring and B.A
Sabel. Institute of Medical Psychology, ’institute of Physiology and institute of
Clinical Chemistry, Otto-von-Guericke University, Medical Faculty, Leipziger
Str. 44. 39120 Magdeburg, Germany.
We investigated the effect of acute alcohol consumption on sinus arrhythmia
(RSA) and behavioral performance of working memory, divided attention, and
shift of covert attention (Posner paradigm) in 45 subjects. The purpose of this
study was to identify sensitive parameters for the influence of acute moderate
alcohol doses on attention skills and cardiovascular response. The design of the
study involved a double-blind trial with an alcohol and placebo condition in
healthy volunteers who did not show signs of chronic alcohol abuse. Measures
were assessed before and after an oral dose of 0.6 g/kg alcohol (Vodka and
orange juice mix) versus placebo. As described previously (Warzel and Krell,
1984, Eur J Appl Physiol, 53) auditory stimuli were triggered by the first R-wave
occurring after a change in the respiratory-cycle, thus separating RSA and the
acoustic heart-rate response, a non-invasive measure of CNS control over RSA.
Attention performance was measured by a computer-test system (TAP,
Zimmermann and Fimm. 1989). We found a significant decrease in RSA with
auditory stimulation in the alcohol group but not in the placebo group. In
contrast, there was no change in RSA without stimulation. Moreover, there
were significant prolonged reaction times in divided attention and a loss of
inhibition (invalid cue) in the shift of covert attention. The latter was found to be
lateralized after alcohol consumption. In conclusion, the results suggest that
changes in the acoustic heart-rate response under the influence of alcohol are
mediated by central mechanisms which is further supported by the effects of
alcohol on divided attention and a shift of covert attention. (Supported by a
grant of the State Sachsen-Anhalt.)

439.11

439.12

THE EFFECT OF ETHANOL ON NAVIGATIONAL STRATEGIES IN RATS.
B. Givens*, R, Mears, H. Sabolek, and J. Masters. Dept. of Psychology, Ohio State
University, Columbus, OH 43210.
The effects of acute ethanol on the selection of search strategies used by rats to solve
a navigational task were examined. Previous studies have shown that ethanol disrupts
spatial navigation strategies, due to effects within the hippocampus.
Rats were trained on a plus maze with four arms. The west (goal) arm contained water
reinforcement and the south arm was used as the start arm during training trials. The
rats could use one of three search strategies to locate the goal arm: a place strategy, a
response strategy, or a cue strategy based on the spatial location of the goal, turning
angle, or a salient tactile proximal cue within the goal arm, respectively. Four training
trials were given per day, and on each trial, selection of any of the three strategies lead
to the same goal arm. Once the rat chose the goal arm on four consecutive trials, a fifth
trial or probe, was given. The rat was started from the north arm and the cue was placed
in the south arm. On the probe trial each strategy led to a distinct goal arm choice,
indicating the rats’ preferred strategy. On the next day in which four correct choices
were made, the rat was injected with saline or one of three doses of alcohol (0.5, 1.0,1.5
g/kg) and then given a second probe trial, and their arm choice indicated the search
strategy used under ethanol. On the initial probe trial, the majority of rats used a cue
strategy, while on the second probe trial, ethanol produced dose-dependent effects. Rats
were unaffected at the moderate dose, switched to a place strategy at the low dose, and
made an apparent random selection of search strategy at the high dose. The results from
this study support previous findings that high doses of ethanol have disruptive effects on
navigational strategies in general, although a specific effect on spatial strategies was not
observed. The finding that low doses of ethanol increased the probability of selecting a
spatial strategy taken with previous data suggests that ethanol has.distinct effects on the
hippocampus at low and high doses. Supported by the ABMRF.

ETHANOL REVERSES DEFICITS IN ACTIVE AVOIDANCE
LEARNING OF HIGH-ALCOHOL-DRINKING (HAD) RATS IN
SIGNALED BAR PRESSING TASKS L.M. Rorick*, P.R. Finn, J.E.
Steinmetz Department of Psychology, Program in Neural Science; Indiana
University, Bloomington, IN 47405
Animal models of alcoholism have become valuable research tools for
studying the genetic, neural, biochemical, and physiological correlates of
alcohol preference. Unfortunately, little is known about the behavioral
tendencies of these rats and the effects of ethanol on those behaviors. Our
research has shown that alcohol-naive high-alcohol-drinking (HAD) and
low-alcohol-drinking (LAD) strains of rats perform comparably on an
appetitive signaled bar pressing task, but that the same HAD rats cannot
learn to avoid a signaled footshock in an aversive version of the task. In the
present study, HAD and LAD rats were used to assess the effects of ethanol
on performance of these standard appetitive and aversive signaled barpressing tasks. Previous results were replicated for the control (saline)
groups and preliminary findings indicate that when administered 1.0 g/kg
ethanol, learning of the appetitive task in HAD and LAD rats was
comparable to the controls. However, HAD rats given 1.0 g/kg ethanol
learned the aversive task at rates comparable to the LAD rats (i.e., ethanol
significantly improved aversive learning in HAD rats). Ethanol doses of 0.5
g/kg and 1.5 g/kg are currently being evaluated. The results of this study
suggest that the improvement in performance of HAD rats in the aversive
task was not the result of generalized motor enhancement or increased
stimulus salience, but perhaps the result of reduction of fear and anxiety by
ethanol. [Supported by NIAAA grant #R01A A 10120-01A1 ]
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439.13

439.14

A RELATIONSHIP BETWEEN LEARNING ABILITY AND
ETHANOL INTAKE IN RATS. L. M. Pratt. S.K.E. Gates. B, R, Smith
and Z, Amit*, Centre for Studies in Behavioral Neurobiology,
Concordia University, Montreal, Quebec, Canada H3G 1B8.
Several strains of rats exhibiting high ethanol intake and preference
have been developed as an animal model of high ethanol consumption.
The phenotype of preference and high ethanol intake has thus been
postulated to be heritable and mediate the drinking behavior of
selected strains. It has been observed that Tryon Maze Bright rats
selected for maze learning ability consumed larger amounts of ethanol
than the average amount of ethanol consumed by ethanol-preferring
strains (Amit & Smith, 1992). It was thus hypothesized that an
animal's innate learning ability could be a behavior related to
development of preferential ethanol intake. In order to assess whether
learning processes were a plausible phenotype underlying increased
ethanol intake, a non-selected strain was employed. 30 male LongEvans rats where run for 21 consecutive trials in a 16-arm T-maze
followed by an ethanol acquisition and maintenance (10% v/v) period.
Animals were subsequently separated into two groups of "high" and
"low" drinkers. A significant negative correlation between ethanol
intake and maze errors for the "high" drinkers indicated that low maze
errors was related to increased ethanol intake. No significant
correlation was obtained for the "low" drinking group. A t-test further
suggested that "high" drinkers committed significantly less errors than
the "low" drinkers. These preliminary results suggest that individual
variation in learning ability appears to be related to alcohol preference.
Thus, innate learning processes may be a relevant trait when
attempting to understand the behaviors related to ethanol intake and
preference.

NICOTINE AND THE a7-SELECTIVE NICOTINIC AGONIST,
DMXB,
ATTENUATE
CHRONIC
ALCOHOL-INDUCED
DEFICITS IN LEARNING. N.C. de Fiebre*, P.M. Seymour, C.M.
de Fiebre. Univ. of North Texas HSC, Fort Worth, TX 76107-2699.
Alcoholics are almost invariably smokers; yet, little is known
whether nicotine, via smoking, may modulate the neurotoxic
properties of ethanol. At this meeting last year we reported that
chronic nicotine attenuated deficits in learning produced by chronic
alcohol. Here we replicate this finding and show that the a7-selective
nicotinic agonist, DMXB, also attenuates alcohol-induced deficits.
Male Long-Evans rats were treated for 24 weeks with either a
Sustacal-based, ethanol-containing or isocaloric, sucrose-containing
liquid diet as the sole source of nutrition and were given twice daily
injections (i.p.) of saline, nicotine (0.2 mg/kg), or DMXB (1 mg/kg).
After 3 weeks of withdrawal from all drugs, rats were tested in an
active avoidance paradigm and were subsequently tested in the Morris
Water Maze. Results from both paradigms suggest that nicotine can
protect against alcohol-induced deficits in learning. Similar results
with DMXB implicate the a7 nicotinic receptor subtype in this effect
of nicotine. The known neuroprotective effect of a7 activation
suggests that nicotinic agonists may attenuate ethanol-induced deficits
in learning because these agents protect against ethanol-induced
neurotoxicity. Histological analyses are being conducted to confirm
this. Further studies of this type may lead to a better understanding of
why alcoholics are almost invariably smokers and may lead to better
treatments for this common form of polydrug abuse.
This project was supported by a grant from the NIAAA (AA-11597)..

Supported In pat?t by a NSERC CANADA grant to Z Amit

439.15

439.16

LATERAL HYPOTHALAMIC-HIPPOCAMPAL ETHANOL
INTERACTIONS AND LTP. S. Ikeda, B.G. Smith, D.L. Armstrong, M.J.
Wayner ^Division of Life Sciences, The University of Texas at San Antonio,
San Antonio, TX 78249-0662 USA.
In 1997 we reported that angiotensin containing neurons of the lateral
hypothalamus (LH) project to the hippocampus. These LH neurons were very
sensitive to ethanol, 5 mM when perfused at a rate of200 nl per min for 30 min,
and inhibited long term potentiation (LTP) in medial perforant path-granule cell
synapses in vivo. We also found that 30 mM ethanol, a higher dose that
completely blocked LTP, had no effect when it was applied to the dentate gyrus.
These data demonstrate that the ethanol applied to the LH could not have been
blood bom or diffused to the dentate gyrus and produced a direct effect either
presynaptically or postsynaptically in the dentate granule cells. The purpose of
the present study was to determine the dose related inhibitory effects of ethanol,
when perfused for 30 min at a rate of 200 nl per min, directly into the granule
cell layer of the dentate gyrus, on medial perforant path-granule cell LTP
induction in urethane anesthetized rats. Methods and procedures are similar to
those in our previously published report. New data on 30,50,70, and 100 mM
ethanol administered directly into the dentate gyrus will be presented and
compared with the results obtained when the LH is perfused. These data are
significant because they establish a physiological and meaningful low dose
ethanol effect related to learning and memory. This research was supported by
a grantfrom The Councilfor Tobacco Research-VS.A., Inc., #4038.

EFFECT OF p-1 OPIATE ANTAGONIST ON ETHANOL’S DISCRIMINATIVE
AND REINFORCING EFFECTS. Holloway F. A.*, Ning LM Carl K., Wollan
M.O., Mechanic J.A., Wasilewski J.A., Mhatre MX. Dept. of Psychiatry and
Behav. Sciences, Univ. Oklahoma Health Sciences Center, Oklahoma, OK
73190.
Biochemical and behavioral evidence suggests that drugs interacting
with the opiate system may influence the regulation of alcohol
consumption. The opiate antagonist, naltrexone has shown some
efficacy in reducing the reinforcing properties of ethanol in humans.
Naloxone and naltrexone are nonselective opiate antagonists, known to
bind to ali three major opioid receptor types, mu, delta and kappa. In the
present experiments, the ability of selective m opiate receptor antagonist,
naloxonazine to block the discriminative effects of ethanol was
investigated in rats trained to discriminate ethanol (1.25 g/kg, i.p.) from
saline. Naloxonazine (0.56,1,1.8 mg/kg) blocked ethanol appropriate
responding when administered 15 min prior to ethanol (ED75 dose)
administration, without affecting rate of responding. In oral ethanol
consumption paradigm, naloxonazine (1 mg/kg) significantly increased
ethanol self-administration in Sprague Dawley rats with high ethanol
intake. On the other hand, nonselective opiate antagonist, naltrexone
(0.56,1,1.8,10 mg/kg) did not have any significant effect on ethanol
discrimination but significantly suppressed alcohol intake in these rats.
These results therefore indicate that though p 1 opiate receptors mediate
some of the discriminative effects of ethanol, these receptors may not be
involved in ethanol drinking behavior. (Supported by OCAST H97-112;
NS10601-C1; NIDA 5T31DAO7248)

439.17
CHANGES IN PHASIC NEURAL ACTIVITY ARE REINFORCER-SPECIFIC IN
AN ETHANOL\SUCROSE DUAL-REWARD PARADIGM. K.K. Anstrom,1*
P.H. Janak2 and P.J. Woodward1. ’Dept. of Physiology and Pharmacology, Wake
Forest Univ. Sch. Of Med., Winston-Salem, NC 27157;2 Cellular Neurobiology
Branch, NIDA, Baltimore, Md.
The goal of this study was to determine if changes in phasic neural coding can be
detected in multiple components of the mesolimbic reward system in rats orally
self-administering alternate reinforcers made available sequentially at a single
spout. Rats were trained to self-administer 10% alcohol or an alcohol/sucrose
cocktail. Once a stable baseline self-administration pattern was established, arrays
of 50 micron teflon-coated microwires were chronically implanted into the medial
prefrontal cortex (MPC), the lateral agranular insular cortex (a presumptive taste
association area; LAI), and/or the nucleus accumbens (NAC). The rat was then
exposed to the dual-reinforcer paradigm consisting of: a valid nosepoke, a variable
delay of .5 to 1.5 seconds, a tone of .5 seconds, a fixed delay of .5 seconds, and the
delivery of a 0.1 cc drop of one of the paired fluid reinforcers delivered at a single
spout. Throughout this operant task, an alcohol reinforcer was available for a threeminute period, followed by a two-minute period of sucrose or water. Extracellular
spike activity was recorded and superimposed on the behavioral data at a
millisecond resolution. As is seen in other studies of the mesolimbic system, a
subset (10%) of surveyed neurons displayed reinforcer-specific changes in phasic
neural coding in all regions studied. In the LAI and MPC, most changes were noted
after the delivery of the reinforcers. NAC neurons also displayed differences around
the nosepoke, but also after reinforcer delivery. Even if both fluids were positive
reinforcers (i.e. 10% alcohol vs. 10% sucrose), these neurons displayed marked
differences in neuronal firing patterns. These results indicate that a subset of
neurons in frontal cortex and NAC encode task components where taste context
predictive of reward substance is used to select ensuing behavioral strategies.
Supported by AA10980and DA2338 to DJW
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ALCOHOL ALLIESTHESIA: FOOD RESTRICTION INCREASES THE
PALATABILITY OF ALCOHOL THROUGH A CORTICOSTERONEDEPENDENT MECHANISM. SoderpaIm*A.H.V., and S. Hansen. Dep. of
Psychology, Goteborg University Box 500,SE 405 30 Goteborg, Sweden.
Rats subjected to food restriction exhibit increased alcohol intake. We investigated
ethanol drinking at 3-hr intervals throughout the day. The results indicated that
although food restricted animals drink much ethanol at all times of the day, they
retain a definite daily rhythm such that peak intake occur during the dark hours.
After that, we tested the hypothesis that chronic food restriction is accompanied by
positive alliesthesia for the taste of alcohol. To answer this question we employed
the taste reactivity method to measure hedonic and aversive reactions to 6%
ethanol as a function of nutritional status. It was found that two weeks of food
restriction, which approximately doubled the voluntary intake of ethanol, was
associated with a significant increase in the hedonic response elicited by intraoral
infusions of ethanol. Alcohol also elicited fewer aversive responses in food
restricted subjects. Because chronic food restriction increases adrenal
corticosterone secretion, we used the corticosterone synthesis inhibitor metyrapone
as a tool to assess the importance of adrenal corticosterone secretion for the
increased payability of alcohol observed during food restriction. The third
experiment demonstrated that attenuation of corticosterone synthesis significantly
reduced the hedonic taste reactions to alcohol observed in food restricted rats; this
drop in alcohol taste reward was accompanied by a non-significant increase in the
aversive reaction to alcohol. The final experiment investigated the effect of
prolonged exposure to exogenous corticosterone on the taste reactivity to ethanol
in freely fed subjects. Adrenalectomized animals bearing corticosterone implants
since three weeks found the taste of alcohol more pleasant than did intact or
adrenalectomized rats implanted with blank pellets. Taken together, the present
results suggest that food restriction is associated with an apparent increase in the
sensory reward positive alliesthesia derived from alcohol; this effect appears to be
mediated by increased adrenal corticosterone secretion. Supported by the Swedish
Council for Research in the Humanities and the Social Sciences and The Royal
Swedish Academy of Sciences.

TASTE AVERSION AND THE HIGH ETHANOL PREFERRING (HEP) RAT. L
A, Cuthbcrtson, B, A. McMillen. R. D, Myers*. Dept. of Pharmacol., Sch. of
Medicine, East Carolina Univ., Greenville, NC 27858
Recently, Myers and co-workers developed a new line of animals, the High
Ethanol Preferring (HEP) rat, that consumes excessive amounts of ethanol and
offers a new animal model for examining genetic biochemical and behavioral
differences. Other strains that consume high amounts of ethanol (P rat, TAR rat,
and C57bl mouse) do not exhibit a learned taste aversion to ethanol. In this study,
both the male and the female HEP rat were compared to outbred controls in a taste
aversion paradigm with saccharin and ethanol solutions used as the novel tastes.
Rats were adapted to a two hour access to water. The following paradigm was
employed: day one and two, the animal was presented with water; day three the
animal was given either 0.05% saccharin (v/v) or 7% ethanol (w/v) as a novel
solution for one hour after which the fluid was removed and either 0.5M NaCl or
0.5M LiCl was injected (i.p.); day four the animal received a two hour presentation
of water; day five the animal was tested with presentation of the novel solution for a
second time for one hour. After receiving LiCl injections, saccharin consumption
declined 21.6% in the female S-D, 9.5% in the female HEP, 33.3% in the male
Wistar, and 38.3% in the male HEP rats. For ethanol, consumption declined 88.5%
in the S-D, 30% in the female HEP, 45% in the male Wistar, and 52% in the male
HEP rats. The male HEP rat, male Wistar, and female S-D rats learned an aversion
to both saccharin and ethanol as reflected by a significant decrease in consumption.
The female HEP rat did not learn an aversion to either saccharin or ethanol. These
HEP rats were then screened on a 10 day 3% to 30% ethanol vs. water step-up
procedure. Those male HEP rats trained with ethanol for taste aversion, but not the
female HEP rats, drank less ethanol at the lower concentrations than rats trained
with saccharin. Thus, the female HEP rat consumes copious amounts of ethanol,
but the basis for this consumption may be different from that of the male HEP rat.

440.3

440.4

ETHANOL SENSITIZATION REDUCES ETHANOL-INDUCED
CONDITIONED TASTE AVERSION
C.N. Lessov,1,2’3 F.O. Risinger1,2 and T.J. Phillips1’2’3*. ’Dept of Behavioral
Neuroscience, Oregon Health Sciences University; Portland Alcohol Research
Center; 3VA Medical Center; Portland, OR 97201
Repeated administration of low doses of ethanol (EtOH) may lead to the
development of sensitization to its initial locomotor stimulant effects. Some have
suggested that sensitization reflects neuroadaptive changes in systems associated
with brain reinforcement processes. Since EtOH can be both reinforcing and
aversive, it is possible that sensitization also reflects neuroadaptive changes in
systems associated with aversion. We examined the effect of EtOH sensitization
on subsequent acquisition of EtOH-induced conditioned taste aversion, a
procedure used for assessment of the aversive properties of EtOH. Genetically
heterogeneous female mice were kept under water restriction conditions (2 hr
daily access). The conditioned taste aversion procedure consisted of six
conditioning trials, 48 hours apart, during which mice were exposed to 0.2M
NaCl for one hour. Except for the first and sixth trials, immediately following
NaCl exposure, independent groups of previously EtOH-sensitized and nonsensitized mice received i.p. administration of saline, 1,2, or 4 g/kg EtOH. A
decrease in the amount of NaCl consumed was a measure for the development of
taste aversion. Saline- and 1 g/kg EtOH-treated groups showed no taste aversion.
At 2 g/kg EtOH, sensitized mice showed significantly less taste aversion than
their non-sensitized controls. At 4 g/kg EtOH, both sensitized and non-sensitized
mice showed maximal taste aversion. Thus, EtOH sensitization appears to alter
sensitivity to subsequent development of EtOH-induced conditioned taste
aversion. By diminishing an aspect of the aversive properties of EtOH,
sensitization may contribute to increased EtOH reinforcement and potentially
EtOH abuse.
Supported by NIAAA grants T32AA07468 and 1F31AA05520 and Dept
of Veterans Affairs.

ROUTE OF CHRONIC NALTREXONE TREATMENT
DIFFERENTIALLY AFFECTS ALCOHOL RESPONSES IN RATS.
K.G. Hilt H.J. Kaczmarek, & S.W. Kiefer*. Kansas State University,
Manhattan KS 66506-5302.
The effects of chronic naltrexone (NAL) treatment on consumption of
and taste reactivity to 10% alcohol were examined. NAL was administered for three weeks via either Alzet mini-pump (implanted subcutaneously) or daily i.p. injections at a dosage of 3 mg/kg bw. LongEvans rats were given initial experience with 10% alcohol for 3 weeks
prior to the beginning of drug treatment. Animals were then assigned to
one of four treatment groups: NAL mini-pump (n=16), NAL injection
(n=16), saline mini-pump (n=6), or saline injection (n=6). 10% alcohol
was freely available throughout drug treatment and for 3 weeks after the
termination of treatment. The effects of NAL on alcohol consumption
was assessed by daily measures of alcohol and water intake. Alcohol
payability was determined by reactivity testing conducted repeatedly
during and after drug treatment. After 3 weeks of treatment, NAL
injections were more effective at decreasing ingestive responding and
increasing aversive responding to alcohol. Conversely, NAL minipumps were more effective at suppressing alcohol consumption. The
data indicate that the specific mode of naltrexone administration
differentially affects alcohol consumption and alcohol payability.
Supported by NIAAA grant AA11867.

440.5

440.6

EFFECTS OF NICOTINE TREATMENT AND WITHDRAWAL ON
ALCOHOL PALATABILITY IN RATS. J.J. Sable* and S.W. Kiefer.
Dept. of Psychology, Kansas State Univ.; Manhattan, KS 66506.
The present study examined the effects of chronic nicotine treatment
and withdrawal on alcohol consumption and taste reactivity in rats.
Male Wistar rats had access to either water (control) or 10% ethanol
and water for 36 days. Following a 12-day baseline, nicotine (or saline
control) was administered subcutaneously for 12 days via osmotic
minipumps, followed by 12 days of withdrawal from the drug. Water
and ethanol consumption were monitored daily throughout the study.
Taste reactivity to 10% ethanol was tested in all rats at the beginning
and end of baseline and every third day during treatment and
withdrawal (4 tests each). Nicotine treatment had no significant effects
on alcohol consumption, but consumption increased significantly
during nicotine withdrawal. No significant drug effects on taste
reactivity were found. Nicotine treatment appeared to significantly
reduce alcohol-induced weight loss. Drug novelty and the presence of
one drug in the system at use onset of the other drug appear to be
important factors in assessing alcohol-nicotine interactions.
Research supported by Kansas State Univ. Dept. of Psychology.

THE EFFECTS OF ALCOHOL PREEXPOSURE ON COCAINE AND
ALCOHODINDUCED TASTE AVERSION. B.-F, X, Sobel*. I, Grakalic and A, L,
Riley. Psychopharmacology Laboratory, American Univ.; Washington, DC 20016
Although the potentiating effects of alcohol and cocaine have been well
documented, there has been no examination of alcohol or cocaine history on this
interaction. The present study attempted such an investigation. Specifically, rats were
given five exposures to alcohol (3.5 g/kg administered intraperitoneally every fourth
day) prior to taste aversion conditioning during which subjects were allowed access to a
novel saccharin solution to drink and then given an intraperitoneal injection of 0.56
g/kg alcohol and a subcutaneous injection of 25 mg/kg cocaine for a total of eight
conditioning trials. Saccharin consumption of preexposed, conditioned subjects (i.e.,
Group A/A+C) was compared with that of non-preexposed, conditioned subjects
(Group W/A+C) and of subjects in two control groups that were injected with distilled
water during conditioning (Groups W/W and A/W). Subjects preexposed to water and
conditioned with alcohol and cocaine (i.e., Group W/A+C) displayed aversions to the
alcohol and cocaine-associated saccharin solution, drinking levels significantly less than
non-conditioned subjects in Group W/W throughout conditioning. Subjects
preexposed to alcohol and conditioned with alcohol and cocaine (i.e., Group A/A+C)
displayed a retarded acquisition of the aversion, drinking significantly less than nonconditioned control subjects (Group A/W) on Conditioned Trials 4 through 8. Further,
subjects in Group A/A+C drank levels significantly greater than nonpreexposed,
conditioned subjects on Conditioning Trials 3 and 6 (and marginally on Trial 5). Under
these conditions, preexposure to alcohol attenuated (and did not potentiate) subsequent
aversions induced by the cocaine and alcohol combination. These findings may have
implications for the combined use and abuse of alcohol and cocaine in subjects with an
alcohol history.
Acknowledgements: Supported by a grant from the Mellon Foundation to ALR
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440.8

VOLUNTARY RUNNING MODULATES ETHANOL PREFERENCE.

ENVIRONMENTAL FACTORS DIFFERENTIALLY
ALCOHOL INTAKE IN THE NAPLES RAT LINES.

M. Werme1. S, Lindholm2. J. Franck2. P. Thoren3. G, Fisone*1 and S,
Brend1. Depts. of ^Neuroscience, 2Clinical Neuroscience, and 3Physiology and Pharmacology, Karolinska Institutet, 171 77 Stockholm,
Sweden.
The genetically inbred Lewis rat strain is prone to self-administer
several addictive drugs including ethanol, and to run in running wheels
in a compulsive manner. In this study we analyzed ethanol preference
in Lewis rats with free access to running wheels.
Initially animals were given access to running wheels to habituate
them to running during two weeks. After this, the animals were trained
to self-administer ethanol in a two-bottle choice paradigm in which
they had free access to ethanol and water but not running wheels. In
the next phase, animals were deprived from ethanol but given free access to running wheels during one, two or four weeks. This was followed by one week of free access to both running wheels and ethanol.
In the control groups, the animals had the same access to ethanol but
not to running wheels. During the last week of the experiment the
impact of voluntary running on ethanol preference was analyzed. We
compared ethanol preference in the groups of animals with access to
both running wheels and ethanol to the groups of animals with access
to ethanol but not running wheels. From our experiments, we conclude
that voluntary running in running wheels can modulate ethanol preference. (Supported by the Swedish MRC.)

1081

AFFECT

M.P.Pellicano , G. De Filippis, G. Grammatikopoulos. M, Pignatelli and
A.G.Sadile, (*SPON: EUROPEAN BRAIN AND BEHAVIOUR
SOCIETY). *Lab. Eating Behaviour, Food Science & Technol. Inst., CNR,
Avellino, I; Lab. Neurophysiol. Behav. & Neural Networks, Med. School, II
Univ. Naples, Italy.
The aim of this project is to investigate the role of genetic determinants
and environmental factors on alcohol addiction behavior. The rat models used
here are represented by the Naples High- (NHE) and Low-Excitability (NLE)
lines, selectively bred for divergent arousal level in a Lat-maze. Adult male
NHE, NLE and random-bred controls (NRB) were housed two/cage with
access to a 3-bottle system with tap water, 5% or 20% alcohol solution during
a 6-week period. Alcohol intake and body weight were measured twice-aweek. The results demonstrated that (i) total alcohol intake was lower in both
NLE and NHE, compared to NRB rats, (ii) the preference for the two alcohol
solutions was the 20% in the NLE and the 5% in the NHE, whereas NRB
showed an equal preference for either. Therefore in comparison with previous
experiments on single-housed rats, showing a high alcohol intake with the
preference for the 20% alcohol solution in the NLE rats (Soc. Neurosci. Press
Book, Part2, 357-358, 1997), these findings showed a differential genotypedependent effect of social interactions on alcohol addiction behavior.

(Supported by CNR grant).

440.9

440.10

ENVIRONMENTAL STIMULI POTENTLY REINSTATE ALCOHOL-SEEKING
BEHAVIOR: EFFECT OF REPEATED ALCOHOL INTOXICATION. F, Weiss*:
R. Ciccocioppo. The Scripps Research Institute, Dept. of Neuropharmacology, North
Torrey Pines Rd, La Jolla, CA 92037.
Environmental stimuli associated with ethanol consumption are thought to be an
important factor in exacerbating drug-seeking behavior in abstinent individuals. In
the present study, employing male Wistar rats, we investigated the effect of alcoholrelated cues on alcohol-seeking behavior in nondipendent rats and in animals with a
history of ethanol dependence. Rats were trained to operantly self-administer 10%
ethanol or water in 30 min daily session on a FR-1 schedule. Ethanol availability was
signaled by the odor of a banana extract, which served as a discriminative stimulus
(SA) for ethanol. In addition, each lever press, resulting in delivery of 0.1 ml of
ethanol, was paired with illumination of the house light for 5 s. For water, anise odor
and a 5 s white noise served as SA and contiguous stimuli, respectively. At the end of
this training phase, the mean number of responses was 51± 4.56 for ethanol and 20 ±
3.03 for water. The rats were then given dJly extinction sessions during which lever
presses had no scheduled consequences. The mean number of responses at the end of
this 10-day phase was 6.8 ± 0.99. Subsequentely, re-exposure to the ethanol cues
alone significantly reinstated responding (27.5±2.52, p<0.01). The rats then were
divided into 3 groups and housed in ethanol vapor chambers for 1 month. One group
was subjected to 4 cycles of 3 days of ethanol intoxication followed by 5 days of
room air. The second group was exposed to ethanol vapor for 12 consecutive days,
while the third group was exposed to room air only. One week after removal from
the vapor chambers, the rats were again allowed to operantly self-administer ethanol
or water in the presence of cues, and then subjected to another extinction cycle. Reexposure to the ethanol paired cues alone reinstated lever-pressing with a higher
levels of responding in rats subjected to repeated withdrawal (15.4 + 4.19) compared
the other two groups (10.5 ±3.5 and 10.8+3.9, respectively). The results demonstrate
that ethanol-predictive cues can elicit robust alcohol-seeking behavior and that a
history of repeated ethanol intoxication and withdrawal may modify responsiveness
to ethanol-associated environmental cues. (Supported by NIAAA AA 10531).

NAIVE RATS VOLUNTARILY SELF-ADMINISTER LOW DOSES OF
ETHANOL IN THE OPERANT RUNWAY PARADIGM. S.C, Steffensen*,
R.S, Lee, R.A, Gallegos, J.R, Criado and S.J, Henriksen. Alcohol Research
Center, The Scripps Research Institute, La Jolla, CA 92037.
Environmental stimuli are important motivating factors in determining
the reinforcing properties of drugs of abuse including opioids and alcohol. In
the operant runway paradigm, animals perform reliable discriminations
between olfactory stimuli predictive of heroin versus saline administration
(McFarland and Ettenberg, 1995). The motivation for the reinstatement of
heroin reinforcement is not dependent upon dopaminergic substrates. Here
we describe a novel method utilizing the operant runway wherein subjects
rapidly initiate self-administration of low doses of ethanol coupled with
distinctive stimuli. Adult male rats were implanted with jugular catheters and
trained in the operant runway, which consisted of a narrow alley separating
start and goal boxes. In the goal box the rats received either 3 or 5 injections
(separated by 2 min) of 10 mg/kg intravenous ethanol or an equal volume of
saline. Administration of ethanol or saline in the goal box was paired with
distinctive visual, olfactory, and tactile cues located in the operant runway.
Following just two to three sessions, excursion times in the runway markedly
decreased in association with ethanol administration and markedly increased
in association with saline administration in the goal box; however, it often
required more than 6-7 sessions to reach extinction. In some animals, we
recorded the spontaneous activity of ventral tegmental area non-dopamine
neurons in the ethanol operant runway and observed that their firing rate
moderately increased in association with the conditioning stimuli that
predicted ethanol, but not with the stimuli that predicted saline, reward in the
goal box. This behavioral task may thus prove to be useful in probing the
neural substrates underlying ethanol-seeking behavior. This work was
supported by PHS grant #'s AA10075 to SCS and AA06420 to SJH.

440.11

440.12

EFFECTS OF THE k -OPIOID RECEPTOR AGONIST U50,488H
ON VOLITIONAL ETHANOL INTAKE IN THE LEWIS RAT
S. Lindholm M. Werme2. S. Brene2 and J. Franck **
Departments of Clinical Neuroscience1,and Neuroscience2,
Karolinska Institutet, Stockholm, Sweden
The volitional intake of ethanol in experimental animals is modulated
by selective opioid ligands acting at p- and/or 5- receptors, presumably
by interacting with mesolimbie dopamine neurotransmission. Nonselective opioid receptor antagonists are already used in the treatment
of ethanol dependence in humans Previously, K-receptor agonists have
been shown to reduce the self-administration of addictive drugs such as
cocaine and morphine in rodents. In this study, we investigated the
effects of a peripherally administered K-receptor agonist on volitional
ethanol intake using a two-bottle restricted access model in the Lewis
rat. Once the rats had acquired stable intake of ethanol (10% v/v) in
the two hour limited access paradigm, the ethanol intake during three
consecutive days was assessed as the baseline level (0.9 ± 0.2 g/kg/2h).
During this period the rats received a saline injection (i.p.) five min
prior to ethanol access. During the following four days treatment
period the control group was given saline injections, and the treatment
group received U50,488H dissolved in saline. Animals treated with the
K-opioid receptor agonist had significantly attenuated ethanol
preference and drank less ethanol compared to the control group.
These results indicate that the K-opioid receptor system is relevant for
ethanol-induced reward. This study was supported by the Swedish Alcohol
Research Fund.

EFFECTS OF CORTICOSTERONE, AND OF CHRONIC ETHANOL INTAKE,
ON OPERANT SELF-ADMINISTRATION OF ETHANOL: H.J. Little*,
S. Lindgren and S.P. Brooks. Drug Dependence Unit,
Psychology Department, Science Laboratories, South Road,
Durham, DHI 3LE, UK.
Stress is known to play a role in the development of
dependence on alcohol but the mechanisms involved are not
understood. The present studies examined the effects of
corticosterone on operant responding for alcohol after
chronic alcohol consumption. Hooded Lister rats were
trained in operant self-administration of ethanol by the
sucrose fading method. When steady responding for 10%
ethanol was obtained, on an FR4 schedule, chronic ethanol
treatment by liquid diet (12-15g ethanol/kg/24h), or a
control diet, was given for 28 days. Following this
chronic treatment there were no differences in the
baseline responding for alcohol. Administration of
corticosterone, i.p. at lOmg/kg increased responding in
the control group only. Although these data indicate that
corticosterone was less effective in increasing responding
after chronic ethanol consumption, observations of the
behaviour of the rats suggested that the results may have
been due to qualitative differences in the effects of
corticosterone after chronic consumption of ethanol.
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440.14

EFFECT OF LOCAL INTRACEREBRAL CORTICOSTERONE
IMPLANTS ON ALCOHOL INTAKE. C, Fahlke* and S, Hansen.
Department of Psychology, Goteborg University, Box 500, SE - 405 30
Goteborg, Sweden.
Corticosterone acts within the brain to stimulate alcohol consumption in
the rat. The experiments reported here aimed at identifying where in the
brain corticosterone acts to facilitate ethanol drinking. The daily fluid
intake of male Wistar rats with simultaneous access to 6% ethanol and
water was determined during a 1-week pre-operative baseline period and
following implantation of corticosterone in various brain areas. Animals
bearing unilateral or bilateral implants of corticosterone in the ventral
striatum showed increased ethanol consumption compared to cholesterol
treated controls. Ethanol intake was not affected when corticosterone was
implanted into septum, hippocampus or thalamus. Neither were changes in
fluid intake detected in animals bearing ventral striatal implants of two
related steroid hormones, aldosterone and testosterone. These results
indicate that corticosterone partly acts within the ventral striatopallidal
system to facilitate alcohol consumption in the rat.

PUERARIN REDUCES ALCOHOL INTAKE IN ALCOHOLPREFERRING RATS AND MONKEYS. P.H, Overstreet*. Y
Yang. A H. Rezvani and D.Y-W. Lee1. Ctr. Alcohol Stud., UNC,
Chapel Hill, NC 27599-7178; Natural Pharmacia International &
Research Triangle Institute, Research Triangle Park, NC 27709.
Puerarin is an isoflavonoid that is a major component of kudzu, a
plant used in China to control alcohol problems. We have isolated a
large quantity of puerarin from kudzu by countercurrent
chromatography and the present report summarizes our findings with
this compound in alcohol-preferring rats and monkeys. Acutely,
puerarin dose-dependently reduced alcohol intake by approximately
25% in all three alcohol-preferring rat strains (P, High Alcohol
Drinking, Fawn-Hooded) tested. At higher doses, food intake was
also reduced. In vervet monkeys that drink substantial amounts of
alcohol voluntarily, puearin administered orally in a sweetened
solution (0.1% saccharin) also dose-dependently reduced alcohol
intake. By gavage, it was determined that 200 mg/kg puerarin was
the optimal dose for suppression of alcohol intake in High Alcohol
Drinking rats. A short-term chronic study indicated that puerarin (150
mg/kg, i.p) continued to suppress alcohol intake throughout the 7-day
treatment period. A longer (21 days) period of chronic treatment of
puerarin (300 mg/kg, by gavage) indicated transient changes in food
and water intake and body temperature, but there was no evidence of
liver toxicity. These findings indicate that puerarin is an effective
suppressor of alcohol intake with little evidence of toxicity.
Supported by a contract from NIAAA.

440.15

440.16

Kava-kava decreases free-choice ethanol consumption in
C57BL/6J mice.
J.R. Bales? W. M. Lowder, V.LTurgeon , and J.E. Grisel

SELECTIVE D4 ANTAGONIST L-741-742 EFFECTS ON
ETHANOL CONSUMPTION IN SPRAGUE-DAWLEY RATS
A.C. May. A.N. Starosta and M.J, Lewis*
Temple University, Department of Psychology, Philadelphia, PA, 19122
Dopamine antagonists have been found to suppress ethanol selfadministration (ESA) in rats. Rats trained to self-administer ethanol
show significant decreases in administration after ip injections of the
D2-like antagonist haloperidol over a broad dose range. This study
examined the effects of the D4 antagonist L-741,742 on ESA using a
limited access paradigm. 15 male Sprague-Dawley rats were maintained
on ad lib. food and water throughout the experiment. Subjects were
trained to self-administer ethanol using a 30 min. limited access
paradigm beginning at 2% ethanol and increasing 2% until each animal
acquired a preference forlO%. Animals continued ESA at 10% for one
week prior to administration of L-741,742 (2.5, 5.0 and 7.5 mg/kg, ip).
All animals were injected lOmin. prior to access to a two-bottle choice
in the home cage. Both the 5.0 and 7.5 mg/kg doses decreased ethanol
consumption during the entire 30-minute period. Unexpectedly, the 2.5
mg/kg dose of the D4 antagonist increased ethanol consumption during
the initial 10-min interval and did not decrease consumption during
either of the two remaining 10-min periods. While this was a
preliminary finding, this experiment does provide evidence for the role
of D4 receptors in ethanol’s reinforcing effects. (#DA07237).

Department of Psychology, Furman University, Greenville SC 29613
Kava-kava, an extract of the pepper plant Piper methysticum has been
extensively used in the Pacific Islands for its analgesic, anxiolytic and
sedative properties. Pharmacological evidence (Jussofie et. al 1994)
Suggests that the effects may be mediated by the GABAa receptor. We
examined whether C57BL/6J (C57) mice will self-administer this root in
a two-bottle free choice paradigm and whether Kava would substitute for
ethanol (EtOH). C57BL/6J mice were individually housed and given
home-cage, two-bottle choice access to water and a solution containing
7% and then 10% EtOH (vol/vol) for 4 days each. From these data
baseline EtOH drinking was determined, and then only water was
available for a 4 day “wash-out” period. Then 2 concentrations of Kava
were tested, first 4 days of 5mg/ml and then 8 days of 10 mg/ml from
which baseline consumption and preference were determined, again
followed by a “wash-out” period of 4 days. Finally, a three-bottle test
paradigm was employed during which mice had access to water, ethanol
(10%), and Kava (10 mg/ml). Independently, mice demonstrated similar
preferences (about 80% of their fluid was consumed from the drug-filled
tube) for EtOH and Kava. In the three-bottle choice, Kava access
decreased EtOH preference and consumption, supporting the hypothesis
that Kava may serve as a substitute for EtOH.

ALCOHOL: EFFECTS ACROSS THE LIFE SPAN
441.1

441.2

EFFECTS OF FETAL ALCOHOL EXPOSURE ON SIZES AND
DIMENSIONS OF FETAL FOREBRAIN IN C57BL/6 MICE. Y. Sari1*.
C.R. Goodlett2. T.-K, Li3 and F.C. Zhou1. ’Department of Anatomy;
’Department of Psychology; ’Department of Medicine; Indiana University;
Indianapolis, IN. 46202.
Exposure to ethanol during gestation is known to cause defects in the
developing central nervous system. In the present studies, weight-matched
pregnant dams were divided into three groups on gestation 8 day: one received
a chocolate sustacal (supplemented with vitamins and minerals) liquid diet
containing 20% (3.74%) or 25% (4.49%) ethanol-derived calories as the sole
source of nutrients, the second received an isocaloric liquid diet and were
pair-fed to individual dams in the ethanol-fed group (PF), and the third was
chow fed (chow). On embryonic 15 day, the brains of fetuses were extracted.
Our data demonstrated that fetal alcohol exposure resulted in a lower fetal
brain weight, in a dose-dependent manner. Images analyses showed
differences in volume and size in different fetal brain structures in the alcohol
supplemented liquid diet group as compared to PF and chow C57BL/6 mice.
Our neuroanatomical studies showed that fetal brain volumes were reduced in
dorsal striatum (15%, caudate putamen neuroepithelium, putamen, and basal
telencephalic neuroepithel), ventral striatum (10%, dorsal striatum including
globus pallidus) and septal nucleus (20%). These data suggest that the
caudate-putamen and septal nucleus are vulnerable to fetal alcohol exposure.
At the level of cerebral cortex, our findings demonstrated that the frontal
cortex was more affected (-26%) than the cingulum cortex (-13%). In
contrast, the lateral ventricle was enlarged by 28% in the alcohol group as
compared to PF and chow. No differences were found between the pair-fed
and chow groups.
The present data show that prenatal exposure to alcohol results in a dosedependent brain weight loss, shrinkage of dorsal, ventral striatum, and septal
nucleus, thinning in frontal and cingulum cortex, and enlargement of the
lateral ventricle. Supported by PHS P50AA 7611-12

SPATIAL LEARNING AND DENTATE GYRUS SYNAPTIC MODULATION
IN ADULT RATS PRENATALLY-EXPOSED TO MODERATE LEVELS OF
ETHANOL. M.J. Thomas*, Y. Wu, J.G. Stain. D.D Savage, & R.J. Sutherland. Depts
of Psychology & Neurosciences, University of New Mexico, Albuquerque, NM 87131.
Hippocampal synaptic plasticity and certain forms of learning by adult rats are
disrupted by prenatal exposure to moderate levels of ethanol. GABAa receptors in the
hippocampus of adult rats prenatally-exposed to ethanol respond to allosteric
modulators in a different manner than in controls. Postsynaptic inhibition in the
hippocampal dentate gyrus is mediated by GABAa receptors and can be studied using a
paired-pulse stimulation and evoked potential technique. Inhibition and facilitation of
dentate gyrus evoked potentials produced by paired-pulse stimulation of perforant path
was measured in adult rats from three maternal diet conditions: 5% ethanol (vol/vol;
26%EDC, n=20), pair-fed control (n=20), and ad libitum control (n=21), were
examined. Paired-pulse intervals from 10 to 1000 ms were tested and recordings were
made from the ipsilateral hilar region of the dentate gyrus. Measurements of field
EPSPs and population spikes were made in anesthetized rats before and after injection
of the GABAa modulators picrotoxin (0.5 mg/kg, n=18), diazepam (2.0 mg/kg n=21),
or alphaxalone (4.0 mg/kg n=22). We found that these measures are correlated with
performance in the moving hidden platform version of the Morris water task. In
addition the effect of picrotoxin on Morris water task performance was tested.
Diazepam and alphaxalone significantly increased inhibition in all three diet groups
and at most paired-pulse intervals. Diazepam increased inhibition significantly less in
the rats prenatally-exposed to ethanol. Pictotoxin significantly increased the
improvement in Morris water task performance between trial 1 and trial 2 in rats
exposed to ethanol prenatally. This demonstrates that a differential GABAa receptor
responsiveness may produce dysfunctional inhibitoiy input to neural networks and may
cause a disturbance in processes of learning and memory. Supported by AA11333 and
AA06548.
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441.3

441.4

THE EFFECTS OF PRENATAL ETHANOL EXPOSURE AND POSTNATAL
HANDLING ON SPATIAL NAVIGATION IN AGED ANIMALS. K. Gabriel12*,
S. Johnston1, and J. Weinberg1,2. Depts. of ’Psychology and 2Anatomy, Univ. of
British Columbia, Vancouver, BC V6T 1Z4, Canada.
Previous research has found that rodents prenatally exposed to ethanol (E) exhibit
deficits in Morris water maze performance as both young (60 d) and old (1 yr)
adults, suggesting that E animals have long-term impairments in spatial processing.
In contrast, an early postnatal manipulation, termed early handling (H), has been
shown to attenuate spatial deficits on the Morris water maze which emerge with age
in animals that are not handled (NH). In part, this may be due to age-related rises in
basal corticosterone (CORT) levels in NH but not in H animals which may play a
role in hippocampal cell loss. The present study investigated the hypothesis that
handling would attenuate spatial deficits in aged animals that were prenatally
exposed to ethanol and that spatial learning may be influenced by CORT levels
during the task. Sprague-Dawley male offspring from E, pair-fed (PF) and ad libfed control (C) groups were handled or nonhandled from 1 to 15 d of age and tested
on the Morris water maze at 12-14 months of age. After 1 d of familiarization,
animals were trained to find a submerged platform; following 3 d (5 trials per d) of
training, search pattern (platform removed) and swimming ability (latency to reach
visible platform) were assessed. On d 4, the submerged platform was moved to a
new location. Following testing, blood samples were collected for determination of
CORT levels. Overall, E animals showed longer latencies to find the platform
compared to PF and C animals on some days. Since no differences were found in
swimming ability, this study supports previous findings that E animals show
impairments in spatial navigation. Handling did not appear to attenuate these
impairments in the aged animal. However, preliminary results indicate that CORT
levels were lower in H than in NH animals across all groups, suggesting that
handling may reduce physiological responsiveness to the aversive aspects of this
task.
Supported by AA07789 to JW and AA05499 to KG from NIAAA

IN UTERO ETHANOL EXPOSURE REDUCES SIOOB-IMMUNOPOSITIVE
ASTROCYTES IN NEONATAL RATS. THIS EFFECT IS PREVENTED BY
ADMINISTRATION OF A 5-HTIA AGONIST. J.L. Eriksen*, R.A. Gillespie, M.
Druse-Manteuffel. Molecular and Cellular Biochemistry, Loyola University
Chicago, Stritch School of Medicine, Maywood, IL 60153.
Our laboratory has previously demonstrated that in utero ethanol exposure
markedly damages the development of the 5-HT system, leading to a reduction in
CNS levels of 5-HT. Numerous studies have shown that the reduction of 5-HT in
fetal brain can significantly impair the development of 5-HT neurons, leading to
persistent damage of this system. Fetal 5-HT acts as a neurotrophic agent whose
presence is required for the proper development of the 5-HT system. This effect is
mediated through 5-HT,A receptors present on glial and neuronal cells. We
hypothesized that a decrease in fetal 5-HT levels would reduce the production of
5-HTIA-stimulated neurotrophic protein SIOOB, a glial growth factor that is
required for the proper development of serotonergic neurons. During
development, a reduction in the production of S100B could contribute to the
damage of the serotonergic system. Our research also suggested that
administration of a 5-HTi A agonist might be able to reverse a reduction of SIOOB.
We used a rat model of chronic alcoholism in which Sprague-Dawley rats were
pair-fed a control or 6.6% ethanol liquid diet for six weeks prior to mating and
throughout gestation (G). Pregnant rats were injected with saline or a 5-HT,A
agonist from G13 to G20. Immunohistochemistry was used to detect S100Bpositive cells within the midline raphe glial structure (MRGS), a large but
transient structure that is proximate to 5-HT nuclei. The results from this study
indicated the in utero ethanol exposure damaged the MRGS, significantly
reducing (20 - 50%) the number of SlOOB-immunopositive astrocytes proximate
to 5-HT nuclei. Administration of a 5-HT1A agonist ameliorated the damaging
effects of ethanol. This research was supported by USPHS-AA03490-18.

441.5

441.6

THE REINFORCING PROPERTIES OF ALCOHOL IN THE FIRST
SUCKLING EPISODE Sarah J. Cheslock. Elena I. Varlinskava*.
Evgeniy S, Petrov and N. E. Spear, Department of Psychology,
Binghamton University - SUNY, Binghamton, NY 13902-6000.
The present study examined the circumstances under which alcohol
functioned as a reinforcer for suckling in the newborn rat using a
surrogate nipple technique. Cesarean-delivered rat pups tested before
.any suckling experience attached to and voluntarily ingested 5%
ethanol through the surrogate nipple. Patterns of attachment and
ingestive behavior during exposure to ethanol through the surrogate
nipple were similar to those during exposure to milk. Pups that
previously consumed 5% ethanol or milk from the surrogate nipple
subsequently showed sustained attachment to an empty surrogate
nipple, but those previously given water did not. Similarly, prior
pairing of intraoral infusions of 5% ethanol or milk (US), but not
water, with lemon odor (CS) also resulted in subsequent sustained
attachment to the empty surrogate nipple in the presence of the odor
CS. Sustained attachment, however, was not observed in unpaired,
CS-only or US-only control groups. Inasmuch as ethanol mimics the
reinforcing properties of milk, the conditioned sustained attachment to
the empty nipple may be viewed as a behavioral assay for the
reinforcing properties of ethanol in early conditioning. The similarity
of effects produced my milk and ethanol suggest a certain unity in their
reinforcing mechanisms in the context of the first suckling episode.
Supported by grants AA1022304 and AA1196001 to N.E.Spear and
HD36782 to E.S.Petrov.

EFFECT OF ALCOHOL EXPOSURE DURING THE THIRD TRIMESTER
EQUIVALENT ON THE VENTROLATERAL NUCLEUS OF THE THALAMUS
IN THE RAT BRAIN. D.J, Livy*: S.E. Maier. J.R. West. Anatomy &
Neurobiology, Texas A&M University HSC, College Station, TX 77843.
Children diagnosed with Fetal Alcohol Syndrome have been shown to display a
reduction in size of the thalamus. Rat pups show a reduction in volume and number
of neurons in the ventrolateral nucleus of the thalamus (VLN) following exposure to
binge-like ethanol during embryonic (E) days 14-15 (the period of VLN
neurogenesis), but not when exposure is expanded to include the second ten days of
gestation (El 1-20; the second trimester equivalent) nor most of gestation (El-20;
first two trimester equivalents). The goal of this study was to determine whether
alcohol exposure during the third trimester equivalent, as well as throughout
gestation, would affect VLN volume and cell number.
Timed-pregnant rats were exposed to binge-like alcohol via intragastric gavage
during El-33 (all three trimester equivalents) and E27-33 (the third trimester
equivalent). Control animals were exposed once daily to an isocaloric-equivalent
maltose dextrin solution and pairfed to alcohol exposed dams from each treatment
group. Untreated control dams were also used. All pups were perfused using 3%
glutaiuldehyde/1% paraformaldehyde on E33 (usually postnatal day 10). Following
perfusion, representative half-brains of randomly chosen individuals from each group
were processed for cell counting by infiltrating and embedding tissue blocks in glycol
methacrylate. An optical disector was used to obtain VLN cell densities, while
Cavalieri’s principle was used to calculate VLN volume (in histologically prepared
tissue). The product of the density and volume provided unbiased estimates of VLN
neuron numbers.
Alcohol exposure during the third trimester equivalent did not affect VLN volume
or neuronal cell numbers. Similarly, alcohol exposure during all three trimester
equivalents did not affect VLN volume; neuronal cell numbers were reduced relative
to controls, but this difference was not significant in a 2x2 ANOVA. These results
indicate that alcohol exposure during the third trimester does not affect VLN volume
or neuronal cell number. Supported by grant AA10090.

441.7

441.8

UNBIASED ESTIMATES OF PARAMEDIAN LOBULE VOLUME, TOTAL
PURKINJE CELL NUMBER AND SYNAPSE PER PURKINJE CELL RATIO
AFTER BINGE-LIKE NEONATAL ALCOHOL EXPOSURE AND
REHABILITATION. A.Y. Klintsova1*, C.L.Skamra1, C.R.Goodlett5. R.M.A,
Napper6 and W.T, Greenough1,23,4. ‘Beckman Inst., Depts. of 2Psychol. and
’Psychiatry, and 4Neurosci. Prog., Univ. of IL, Urbana IL 61801,5Dept. of Psychol.,
IUPUI, Indianapolis, IN 46202 and 6Univ. Otago, Dunedin, New Zealand
Neonatal alcohol exposure in rats induces permanent reductions in Purkinje and
granule cell numbers in cerebellum, accompanied by impaired motor behavior. We have
demonstrated that 20 days of rehabilitation involving complex motor skill training
(RC) in adulthood was sufficient to eliminate differences in motor performance between
rats given neonatal binge alcohol exposure and controls (Klintsova et al., 1998). The
purpose of the present study was to determine whether the RC produced morphological
plasticity in the paramedian lobule (PML) of male and female cerebellum. On postnatal
day 4, rats were assigned randomly to an alcohol exposure (AE) group, a gastrostomy
control (GC) group, or a suckle control (SC) group. The AE group was given
4.5g/kg/day of ethanol in a binge-like manner via artificial rearing on postnatal days 49. The GC group was artificially reared without alcohol exposure, and the SC group
was reared normally by dams. At 6 months of age, rats in the three groups were
assigned either to the RC or to a standard laboratory cage condition. After perfusion,
cerebellum was sectioned and processed for electron microscopy. Stereological methods
were used to obtain the following measures from the PML: 1) total volume; 2) total
number of Purkinje cells; 3) number of parallel fiber synapses per Purkinje cell.
Alcohol exposure resulted in a significant reduction in both PML volume (significant
effect of GROUP, males: F(5,34) = 5.67, p<0.01; females: F(5,43) = 15.68, p<0.01)
and total Purkinje cell number in the PML (significant effect of GROUP, males:
F(5,34) = 8.34, p<0.01; females: F(5,43) = 28.15, p<0.01). (Supported by PHS
AA09838).

ALCOHOL TREATMENT DURING LACTATION PRODUCES AN ADVANCE IN
THE ONSET OF PUBERTY. J. Juarez*, E. Barrios de Tomasi and Vazquez C.
Institute de Neurociencias, Univesridad de Guadalajara, Guadalajara, Jal., Mexico,
C.P. 44520.
It has been described that alcohol delay the onset of puberty, which depends on an
action on hypothalamus that produce a decrease in the plasmatic levels of LH. During
development there are critical periods with different susceptibility to hormonal and
drug action. In female rats there is a period between 13 and 21 days of age, where
high levels of LH are observed. This period coincide with a different susceptibility of
the GnRh-LH system to the action of different substances. Considering that GnRh-LH
system is affected differentially by several neurotransmitters depending on the period
of administration, it is possible that alcohol has a different action on the onset of
puberty during the period where there is evidence that exist a different sensitiveness
to the pharmacological action. With this hypothesis, Wistar female rats were divided
in three groups and maintained in standard lactation condition until weaning at 22
days of age. From 13 to 18 days of age, two groups of female were treated with either,
two daily doses of 2.5 g/kg of ethanol each (AG group) or two daily doses of an
isocaloric sweetened solution (VG group). Both liquids were administered
intragastrically by a feeding needle. The third group was maintained in standard
lactation condition without any treatment (CG group). Alcohol treatment produced
an advance in vaginal opening (VO) and in the occurrence of first vaginal estrous.
Nevertheless the advance in VO, the age at first behavioral estrous was practically the
same in the three groups. Therefore, the average of days elapsed between VO and the
occurrence of the first behavioral estrous was higher in the AG than in the other two
groups. There were not differences in the body weight between the different groups,
neither, previously, during nor after alcohol treatment. Results support the hypothesis
that the studied period comprised between 13 to 18 days is a critical period with a
different sensitiveness to alcohol action. SUPPORTED BY CONACyT, N°: 4178P-H
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ADOLESCENT ALCOHOL ALTERS COCAINE CONDITIONED PLACE
PREFERENCE LATER IN ADULTHOOD.
Morin, B.*, Siciliano,
D., Hernandez, J., Cruise, M., Boal, J., and Smith,
R.F..
Department of Psychology, George Mason
University, Fairfax, VA 22030

BINGE ETHANOL TREATMENT CAUSES GREATER BRAIN DAMAGE
IN P (PREFERRING) RATS THAN IN NP (NON-PREFERRING) RATS.
F.T. Crews1*, C.J, Braun1, R.C. Switzer, III2, ‘Center For Alcohol Studies,
University of North Carolina at Chapel Hill, CB# 7178, Chapel Hill, NC
27599-7178, ^Neuroscience Associates, Knoxville, TN 37922.
Human alcoholics are known to suffer from a loss of brain function and
mass. A single 4 day binge ethanol treatment of rats is known to cause brain
region specific damage. As a test of the hypothesis that the development of
alcoholism is related to ethanol induced brain damage, a rat model of
alcoholism (i.e. P, alcohol preferring rats) was studied and compared to the
genetic control (i.e. NP, alcohol non-preferring rats). P and NP rats were
treated with a 4 day binge ethanol dependence model. Average blood alcohol
concentrations (BAC) between 350-450 mg/dl were obtained in both P and NP
groups. Animals were sacrificed after 4 days of treatment while still
intoxicated, transcardially perfused, fixed, brains removed, sectioned, and
stained using the amino cupric silver stain of DeOlmos. Damage was
quantitated using image analysis software to measure silver stained area.
Significant brain damage was found in the olfactory bulbs, posterior perirhinal
cortex, and posterior entorhinal cortex in both P and NP rats. In the olfactory
bulbs, no significant differences were found between P and NP rats. P rats
were found to have significantly greater brain damage in the posterior
perirhinal and posterior entorhinal cortices, being 239%± 50% (p< 0.02) and
219% ± 46% (p< 0.01) of NP respectively. These findings indicate that with
an equivalent ethanol treatment P rats, a genetic model of alcoholism, show
greater brain region specific damage than their genetically controlled NP
counterparts. (Supported by NIAAA.)

We previously reported that alcohol [EtOH] in
adolescence alters later cocaine (COC)-stimulated
activity.
The present study examined a different
COC-associated behavior after adolescent EtOH.
Long-Evans hooded rats were given 5% or 10% EtOH in a 1
hr window daily from P22 to P70.
This regimen produced
mean peak BACs on P25, P45, and P65 of .33%, .18%, and
.15% for the 5% group, and . 33%, .21%, and .18% for
the 10% group. After P105, subjects were tested for
COC conditioned place preference
(CPP) in a
two-compartment apparatus with arms having vertical and
horizontal B/W stripes, respectively. When the
COC-paired arm was horizontally striped, there was a
highly significant interaction of adolescent EtOH dose,
gender, and time [pre/post conditioning](F(3,28)=5.57,
p<.005); the 5% dose decreased CPP, and the 10% dose
decreased CPP in females. However, there were no
significant effects involving dosing when the
COC-paired arm was vertically striped. As with our
previous report on dosing with adolescent cocaine,
adolescent EtOH affects later COC conditioning, and may
alter development of systems affecting cue salience.
Supported by NIDA DA11833-01.

441.11

441.12

NEURON LOSS IN THE NUCLEUS ACCUMBENS:
EXCESSIVE
ALCOHOL
DRINKING
AND
ENHANCED IMPULSIVITY. A. K. Johansson* and S.

SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY AND
NEUROPSYCHOLOGICAL STUDIES IN LONG-TERM ABSTINENT
ALCOHOLICS

Hansen. Goteborg University, Department of Psychology,
Goteborg, Sweden.
Our previous research has shown that extensive neuron loss in the
basal forebrain of the rat, including the ventral striatum and septal
area, is associated with significant increases in alcohol intake,
aggression and impulsive behavior. The present experiment
assessed the behavioral effect of considerably smaller excitotoxin
lesions, affecting primarily the nucleus accumbens. Male Wistar
rats, showing stable home cage consumption of 6% alcohol and
water, were given bilateral infusions of either ibotenic acid
(0.15pg/0.15pL) or PBS vehicle in the ventral striatum. Weekly
measurements of postoperative alcohol consumption revealed that
the lesion caused a robust and significant increase in voluntary
alcohol drinking during the subsequent weeks. Following removal
of the alcohol bottles, the rats were tested in a passive avoidance
task in which licks at a water spout were associated with
punishment. In this mixed-incentive situation, rats with nucleus
accumbens excitoxin lesions were impaired at withholding
consummatory responses and showed significantly less inhibition
of ongoing activity. These perseverative errors are suggestive of
increased cognitive impulsivity. Our findings suggest that ventral
striatal neuron loss may disinhibit alcohol drinking and alter the
response to aversive events. It is interesting to note in this context
that certain forms of alcoholism are associated with impulse control
disorders. Supported by the Swedish Council for Research in the
Humanities and in the Social Sciences.

M. Sekimoto . T. Qhnishr. R. Muramatsir, H. Mitsushio, T. Aoki. H. Matsuda.
Y. Minabe'*. T. Komiyama Div. of Psychiatry and Div. of Nuclear Medicine. Nat'l C ent.
Hosp. for Mental, Nervous and Muscular Disorders; ’Div. of Cortical Function Disorder,
Nat'l Inst, of Neurosci., NCNP, Kodaira, Tokyo, Japan
There are few studies that have examined cerebral blood flow (CBF) and frontal lobe
function in long-term abstinent alcoholics, while CBF abnormalities and neuropsychological
dysfunction have been investigated in alcoholics after detoxified. In order to clarify
alcoholic persistant brain damage, we examined frontal lobe function and CBF in long-term
abstinent alcoholics. Sixteen alcoholic patients who were abstinent for more than twelve
months (mean value of abstinent period = 23.4 months) were compared with sixteen agematched normal subjects on frontal lobe function and on global and regional CBF.
Neuropsychological test-buttery for estimating frontal lobe function consisted of Wisconsin
Card sorting test (WCST), Trail-making test (TMT), Verval fluency test (VFT), and
Nonverbal fluency test (NVFT). CBF was measured by single photon emission tomography
(SPECT) using technetium-99m ethyl cysteinate dimer (99mTc-ECD). Statistical parametric
mapping (SPM) was used for image manipulation and data analysis. Remarkable deficit of
the frontal lobe function was found in alcoholic patients in each test except for NVFT.
Alcoholic patients showed a significant reduction in global CBF compared with normal
subjects. Moreover, regional CBF in alcoholic patients decreased in medial prefrontal region,
right parietal lobe, and cerebellum. There was reverse correlation between CBF of medial
prefrontal region and duration of alcohol consumption as well as amount of daily intake in
alcoholic patients. Our data suggests that cerebral blood flow abnormalities, particularly in
medial prefrontal region and frontal lobe dysfunction persist more than twelve months after
abstinence. And it may make difficulties at rehabilitation of some alcoholic patients
This was supported by the grants from Japanese Mnistry of Health and Welfare.

NEUROTOXICITY: EXCITATORY AMINO ACID ANTAGONISTS AND AGONISTS
442.1

442.2

DIFFERENTIAL EFFECTS OF DIZOCILPINE ON BDNF MRNA
LEVELS IN THE RETROSPLENIAL CORTEX OF MALE AND
FEMAL RATS. H. MATSUKI1,2). Y. SHIRAYAMA0. K, HASHIMOTO1 *<

SEX DIFFERENCES IN NEUROPATHOLOGY AND ACUTE
INTOXICATION IN RESPONSE TO A SINGLE ADMINISTRATION OF
MK-801 FOLLOWING HORMONE MANIPULATIONS. K.M. Knitowski*
& L.M. Savage. Behavioral Neuroscience Program, Department of
Psychology, State University of New York, Binghamton, NY 13902.
The noncompetitive N-methyl-D-aspartate receptor antagonist MK-801
produces a range of effects, albeit dose-dependent, including learning and
memory impairments, glutamate-induced neurotoxicity protection, and
neuropathological changes in the posterior cingulate/retrosplenial (PC/RS)
cortex. Sex differences in acute and long-term effects of MK-801 indicate
female rats are more susceptible than males; however, the mechanism of
increased susceptibility is unknown. We examined the effect of hormone
manipulations, ovariectomy + estradiol benzoate (10 pg/day sc for 2 days), on
sex differences in the acute behavioral symptoms following a single dose of
MK-801 (5.0 mg/kg ip) as compared to intact male and female rats. Hormone
manipulations within female groups had no effect on MK-801-induced weight
loss, ataxia, or recumbency; however, there was greater female sensitivity as
compared to intact males. Neuropathology, as assessed by glial fibrillary
acidic protein (GFAP) immunocytochemistry on coronal sections (10 pm) of
PC/RS cortex 14 days following MK-801, indicated that increased GFAP
expression depended upon the region examined, and females exhibited a
greater increase than males. In conclusion, robust sex differences exist in
response to MK-801 in both neuropathology and acute behavior which were
unaffected by ovariectomy, alone or in combination with estrogen treatment.
[This project was funded by a SUNY faculty grant awarded to L. M. S.]

A. TANAKA2) & Y, MINABE0: !)Natl. Inst. Neurosci., NCNP, Tokyo 1878502, & 2)Dept. of Psychiatry, Tokyo Women’s Medical College, Tokyo, Japan.
The non-competitive NMDA receptor antagonists such as (+)-MK-801
(dizocilpine), phencyclidine (PCP) and ketamine have been shown to cause
neuropathological changes in the retrosplenial cortex of rat brain, although the
precise mechanism underlying the neurotoxic actions of these agents is currently
unclear. It has been reported that these compounds cause the expression of
brain-derived neurotrophic factor (BDNF) in rat retrosplenial cortex, suggesting
that marked expression of BDNF mRNA may be an compensatory response of
the retrosplenial cortical neurons to neurotoxicity (Hashimoto et al., 1998;
Castren et al., 1993). Furthermore, age dependence and sex differences to the
neurotoxicity of NMDA receptor antagonists have been reported (Olney &
Farber, 1995). Therefore, we have examined the effects of sex or age on the
expression of BDNF mRNA in rat retrosplenial cortex after administration of
dizocilpine. Vehicle or dizocilpine were administered into male or female SD
rats (6 w, 12 w or 6 months). Rats were killed by sacrifice 4 hours after
injection of dizocilpine. Levels of BDNF mRNA in the brain were determined
by using in situ hybridization. Significant age and sex differences in the
expression of BDNF mRNA in the retrosplenial cortex following administration
of dizocilpine were observed. These results suggest that age or sex differences
in the expression of BDNF mRNA in the retrosplenial cortex by dizocilpine
might be associated with these differences in the neuropathologicalchanges in
the same regions. [Supported by the Ministry of Health and Welfare]
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442.4

CYSTEAMINE CAN INCREASE OR DECREASE NMDA ANTAGONIST
INDUCED NEURODEGENERATION DEPENDANT ON BRAIN
REGION. K.K. Noguchi* and G.D, Ellison, Department of Psychology.
University of California. Los Angeles. 405 Hilgard Ave. Los Angeles. CA
There has recently been, much interest into the possible etiology of Nmethyl-D-aspartate (NMDA) antagonist-induced neurodegeneration because
of the ability of drugs in tins class to be neuroprotectants and induce a
schizophrenia-like psychosis. The degeneration seen following
administration of NMDA antagonists includes the posterior cingulate and
retrosplenial cortices but also encompasses other areas including the
hippocampus, entorhinal, and piriform cortices, albeit less frequently. One
theory postulated by this lab is that this toxicity may be produced by excess
glutamate/aspartate caused by NMDA antagonism which subsequently leads
to excitotoxicity and seizures mediated through non-NMDA glutamate
receptor stimulation. In order to test this hypothesis cysteamine, a drug
known to produce seizures, was given concurrently with MK-801 and
degeneration was assessed through silver staining. The results indicated that
cysteamine greatly enhanced the toxicity in the hippocampus, entorhinal, and
piriform cortices but had varying effects in the posterior cingulate and the
retrosplenial cortices. The following results support the hypothesis that the
toxicity induced by MK-801 may be mediated through seizure generation.
Much of the current research has been devoted to blocking this
neurodegeneration pharmacologically and then inferring the causes based on
known connections in the brain. Unfortunately, little has been done to
potentiate the degenerative ability of these drugs which may be just as
informative.

PRENATAL PHENCYCLIDINE INDUCES HEIGHTENED APOPTOSIS
IN SOME BRAIN REGIONS, ESPECIALLY DURING 2ND TRIMESTER,
BUT NEUROPROTECTION IN OTHERS. Azadeh Kokabi. Larry Butcher*.

and-Gayloid Ellisan,. Dept Psychology, UCLA. .405 Hilgard Ave, Los
Angeles, CA

Continuous phencyclidine (PCP) induces degeneration in a number of brain
regions in adult rats. We sought to investigate effects of this same neurotoxic
dose on newborn rat pups when it was given to the pregnant females during
either the 2nd or third trimester. Pregnant rats were treated with PCP
continuously for 5 days via minipumps, and the rats were sacrificed
immediately after birth and silver-stained for degeneration by R. Switzer of
Neuroscience Associates.
In the newborn pups, there was a substantial increase in the number of
agrophilic cells in several brain regions which similarly evidence
degeneration when the PCP is given to adults, such as entorhinal cortex and
postsubiculum. This effect was generally greatest when the drug was given
during the 2nd trimester. However, in the ventromedial nucleus of the
hypothalamus, both the 2nd and 3rd trimester PCP pups had significantly
fewer degenerating neurons than the controls. Thus, prenatal PCP can have
either neurodegenerative or neuroprotective effects depending upon brain
region.
Behavioral tests of rotorod, open field, and radial arm maze performance in
similarly treated pups allowed to mature indicate decreased motor
coordination and hyperactivity in the 3rd trimester PCP pups, (supported by
NIDA DA07344)

442.5

442.6

EFFECT OF CHOLINERGIC IMMUNOTOXIN LESION ON NMDA
ANTAGONIST-INDUCED NEUROTOXICITY IN RAT CINGULATE
CORTEX. C.L. Willis1*, D.E. Ray1, C.N. Kind2, H. Marshall2, E.C, Pearson2, J.G.

Fluoxetine Prevents MK-801-and Phencyclidine-Induced
HSP 70 Expression. Midori Tomitaka*, Shinichiro Tomitaka,

Evans2 and T.G. Hammond2. ‘MRC Toxicology Unit, University of Leicester, LEI
9HN; 2Safety Assessment, Astra Chamwood, Loughborough, LEI 1 5RH, U.K.
In models of excitotoxic damage, neuronal injury may be reduced by NMDA
receptor antagonists.
However, several antagonists are neurotoxic: inducing
cytoplasmic vacuoles and expression of stress protein Hsp72 in layers III/IV of the
posterior cingulate and retrosplenial cortex. Olney has proposed that NMDA
antagonists inhibit GABAergic neurones, reducing inhibition of a tonic cholinergic
stimulation of cingulate neurones, thus resulting in cholinergic hyperstimulation and
pathological changes. We used 192-IgG-saporin, a highly selective immunotoxin, to
lesion the cingulate cholinergic input to examine the effect on NMDA antagonistinduced vacuolation. Female Fisher rats, 12 weeks of age, received a unilateral
injection in the basal nucleus of Meynert of either 192-IgG-saporin (80 ng) or
phosphate buffered saline. Seven days later they were given a subcutaneous injection
of MK-801 (5 mg/kg) or saline. After a further 6-27 h, the brains were fixed in
buffered 4% paraformaldehyde and processed for assessment of vacuole formation
and immunohistochemical detection of choline acetyltransferase (ChAT) immunoreactivity and Hsp72 mRNA. 192-IgG-saporin treatment resulted in a large reduction
in ChAT immunoreactive cells in the ipsilateral nucleus of Meynert compared to the
uninjected contralateral nucleus.
Six hours after MK-801 administration the
contralateral posterior cingulate pyramidal layer showed a marked increase in Hsp72
mRNA expression which was largely absent in the ipsilateral cingulate and in 192IgG-saporin treated rats dosed with saline. These results support the hypothesis that
cholinergic input to the cingulate is an important factor in influencing NMDA
antagonist neurotoxicity and demonstrate that 192-IgG-saporin injected rats may
provide a useful model to investigate the mechanism of MK-801 induced vacuoles.
Research supported by Astra Chamwood.

Frank R.Sharp
Department of Neurology, University of
California and Veterans Affairs Medical Center, San Francisco,
California
The NMDA receptor antagonists, MK-801 and phencyclidine
(PCP), have been investigated fortheir therapeutic potential in
brain ischemia and other neuropathological diseases. However,
these NMDA antagonists cause neuronal injury and reversible
neuron swelling in cingulate cortex and retrosplenial cortex in rat
brain. It is proposed that serotonin may play an important role
in the neurotoxicity of NMDA receptor antagonists. To clarify the
mechanism of serotonergic neurons in the neurotoxicity of
NMDA antagonists, the experiments were designed to examine
the neurotoxic potential of MK-801 and PCP using HSP-70 as a
marker of neuronal damage. Female rats were given fluoxetine
intoraperitoneally (i.p.) in doses of 0, 5, 10, and 20mg/kg
followed 1h later by MK-801 (1 mg/kg, i.p.) or PCP (50mg/kg
i.p.). Pretreatment with fluoxetine (20mg/kg,i.p.,1h before MK801) prevented the induction of HSP-70 by MK-801 in
cingulate cortex and retrosplenial cortex. Furthermore, pretreatment with fluoxetine (10 or 20mg/kg,i.p.,1h before PCP)
also prevented the induction of HSP-70 by PCP in cingulate
cortex and retrosplenial cortex. These result show that
fluoxetine prevents the neurotoxicity of NMDA
receptor
antagonists in rat brain. The sites where fluoxetine act to
protect limbic cortical neurons is unknown.
Supported by NIH.NINDS NS28167-01 grant to FRS.

442.7

442.8

A TIME COURSE STUDY OF KAINIC ACID INDUCED NEURONAL AND
MYELIN DEGENERATION IN THE RAT FOREBRAIN. K.J. Hopkins* and
L.C. Schmued. Div. of Neurotoxicology, FDA, National Center for
Toxicological Research, Jefferson, AR 72079-9502.
The excitatory amino acid glutamate has been implicated in central
nervous system disorders ranging from MSG sensitivity to stroke, epilepsy,
Alzheimer’s, and Huntington’s disease. Treatment with kainic acid (KA), a
potent analog of glutamate, known to activate AMPA/KA glutamate
receptors, has been widely used in research as a model of epilepsy.
Systemic administration of KA (10mg/kg) in experimental animals results in
multifocal seizures with a predominant limbic localization.
In this study, two techniques were used to directly visualize and monitor
the neurotoxic damage that occurred throughout a two month period after
KA induced status epilepticus in adult Sprague-Dawley rats. Observed time
points include 2 hr, 4 hr, 8 hr, 2 days, 2 weeks, and 2 months. Fluoro-Jade
B, a green fluorescent dye which labels the cell body, dendrites, axons and
axon terminals of degenerating neurons, was observed throughout the
forebrain. Stained areas within cortex, hippocampus, thalamus, basal
ganglia, and amygdala were apparent by 4 hours post-treatment. The
densest labeling was seen in the piriform cortex, hippocampus, and
thalamus. Myelin changes in the rat forebrain following KA treatment were
also examined using the myelin-specific Black-Gold stain.
Varicose
myelinated fibers were observed in the Fluoro-Jade positive regions, but
also appeared at an earlier time point (2 hours). Both stains showed a
temporal progression of brain damage throughout the affected areas.
Supported by FDA protocol #7013.01.

THE EFFECT OF DAPSONE ON QUINOLINATE-INDUCED STRIATAL
MORPHOLOGICAL LESIONS AND LIPID PEROXIDATION. J. Villeda,2 E,
Rodriguez? F. Rodriguez? M. Mendez,2 R, Barroso-Moguel,2 S, Galvan,1 C, Rios'
and A. Santamaria1*. 'Dept. of Neurochemistry; 2Lab. of Neuromorphology, Natl.
Inst, of Neurology and Neurosurgery; Mexico City, MEX 14269.
Increasing doses of dapsone (DDS) were tested as pretreatments on rats
intrastriatally administered with quinolinic acid (QUIN) in order to evaluate a
possible protective action of this drug on the striatal lesions produced after the
excessive activation of N-methyl-D-aspartate (NMDA) receptors. Morphological
lesions were evaluated 7 days after the striatal injection of QUIN (240 nmol/pl) by'
light microscopy', and the ratio of neuronal damage per field was also estimated as a
quantitative index of the striatal toxicity. QUIN alone produced extensive necrosis
and loss of striatal neurons. No protective effects on the striatal tissue from QUINtreated rats were observed at lower doses of DDS (6.25 and 9.375 mg/kg). However,
at higher doses (12.5 and 25 mg/kg), DDS significantly prevented the striatum from
QUIN toxicity. DDS alone had no effect on the striatal tissue from control rats. A
single dose of DDS (12.5 mg/kg) was also tested on the index of lipid peroxidation
two horns after the striatal injection of QUIN, resulting in a significant protection (78
% vs QUIN). Findings of this study', in accordance with our previous reports,
demonstrate the ability of DDS to prev ent the neuronal damage associated with the
excitatory action of QUIN via overactivation of NMDA receptors and provide
evidences to support the hypothesis that this drug is acting against the pattern of
toxicity elicited by agonists of glutamate receptors.

Society

for

Neuroscience

. Volume

25, 1999

NEUROTOXICITY: EXCITATORY AMINO ACID ANTAGONISTS AND AGONISTS

1086

TUESDAY AM

442.9

442.10

CALBINDIN OVEREXPRESSION BUFFERS HIPPOCAMPAL METABOLISM
FROM THE DISRUPTIVE EFFECTS OF GLUTAMATE EXPOSURE.
T.J. Meier*. M.L. Monie and R.M, Sapolsky. Department of Biological Sciences,
Stanford University, Stanford, CA 94305.
A dramatic rise in free cytosolic calcium concentration is thought to be a central
event in the pathogenesis of glutamate excitotoxicity. We have previously
demonstrated that gene transfer of the calcium-binding protein calbindin D28k via a
herpes simplex amplicon vector decreases the rise in intracellular calcium and
promotes cell survival following glutamatergic challenge. In order to begin addressing
the underlying mechanism of calbindin neuroprotection, this study explores the effect
of calbindin transgene expression on cellular metabolism following glutamate
excitotoxicity. Because excitotoxic insults are often so energetic in nature, and because
calcium sequestering and extrusion place such heavy energy demands on a cell, we
hypothesized that calbindin expression may positively impact cellular energy levels.
Silicon microphysiometry, a technique which allows real time measurement of
metabolic rate in cultured cells, was used to measure metabolic rate of mixed primary
rat hippocampal culture cells before, during, and after 300uM glutamate exposure (30
min.). The cells were transfected with either a hopes simplex vector bearing the
calbindin gene and a beta-galactosidase reporter gene or a herpes simplex vector
bearing only the beta-galactosidase reporter gene 12 hours prior to each experiment.
Hippocampal cells treated with the control vector (bearing only the reporter gene)
exhibited a decrease in metabolic rate following glutamate exposure. In contrast, the
decline in metabolic rate following glutamatergic challenge was attenuated in cells
treated with the calbindin-bearing vector. Two way ANOVA using 10 minute average
blocks yields a significant difference between treatment and control groups, (p <
0.0001.) The results indicate that calbindin expression helps preserve cellular energy
state following glutamate excitotoxicity, which may help explain the neuroprotective
effects of calbindin.
(sponsored by NIH ROINS32848)

CALBINDIN D28K GENE TRANSFER 30 MIN OR 1 HOUR AFTER
EXCITOTOXIC INSULT DECREASES HIPPOCAMPAL DAMAGE IN
vivo. RG Phillips*., LC.Giulk.TJ Meier and RM Sapolsky, Department of
Biological Sciences, Stanford University, Stanford, CA 94305.
Increases in cytoplasmic Ca2+ concentration ([Ca2+],) can lead to
neuron death. Preventing a rise in [Ca2+], by removing it from the extracellular

442.11

space or by adding Ca2+ chelators to the cytosol of target cells ameliorates the
neurotoxicity associated with [Ca2+], increases caused by various neurological
insults. We have previously demonstrated that overexpression of the gene for
calbindin D28K via herpes simplex amplicon vectors increases the survival of
hippocampal neurons if simultaneously infected with vector and exposed to
kainic acid. Since most acute neurological insults are unpredictable in their
onset, it is essential to demonstrate protection when a transgene is delivered
after an insult for this method of gene therapy to be useful clinically. We now
report that application of the neuroprotective calbindin vector 30 min or 1 hour
after excitotoxic insult increases hippocampal neuronal survival. Rats were
injected unilaterally with lpl of kainic acid (,06pg/pl) and then infected
bilaterally with calbindin or control vector either 30 min or 1 hour later. Both
30 min and I horn- delay groups that received the calbindin vector had
significantly greater sparing of CA3 neurons, as compared to groups receiving
the control vector. The amount of kainic acid-induced excitotoxic damage in
animals overexpressing calbindin was approximately half that of animals
overexpressing only the reporter gene. Thus, the extent of neurotoxic damage
associated with [Ca2+], increases can be reduced by calbindin D28K gene-therapy,
even if initiated up to 1 hour after neurological insult. Supported by
R01NS32848.

442.12

INCREASED RESISTANCE OF GSHPx KNOCKOUT MICE TO
KAINIC ACID-INDUCED NEURODEGENERATION CAUSED BY
OXIDATIVE DOWN-REGULATION OF NMDA RECEPTOR
ACTIVITY. D, Jiang, G, Akopian. X, Qiao, Y-S, Ho. J, Walsh, and J.K, Andersen*
Andrus Gerontology Center, University of Southern California, Los Angeles, CA
90089-0191

Systemic administration of kainic acid (KA) results in limbic seizures
accompanied by neuronal damage particularly in hippocampal CA3. Oxidative
stress has been implicated in KA-associated neuron loss. In this study, we tested
the effects of KA on knockout mice with reduced levels of the hydrogen peroxidescavenging enzyme glutathione peroxidase (GSHPx). Based on previous studies we
predicted that GSHPx knock-outs would be more susceptible to KA. Surprisingly,
we found that although these knockouts have elevated oxidative stress, they
displayed decreased KA-induced seizure activity and neuronal cell death compared
with wild-type control especially in brain regions other than the CA3 sector. Since
activation of the NMDA receptor is important in KA-induced neurotoxicity and the
function of the NMDA receptor can be reduced by oxidizing its redox modulatory
site in vitro, we proposed that the redox site of NMDA receptor in knock-outs
might be oxidized due to increased oxidative stress therefore causing less
neurotoxicity in response to KA. In order to examine this hypothesis, we measured
NMDA receptor activity via glutamate-stimulated [3H]-MK-801 binding and
electrophysiological effects of the reducing agent (DTT) on NMDA receptors in
cortical neurons. Our results suggest that NMDA receptor in GSHPx knockouts is
less active than that in wild-types. This does not appeared to be due to a loss in
NMDA receptor numbers based on examination of immunocytochemical staining
in various brain regions using antibodies against both the NR1 and NR2 subunits.
We concluded that decreased KA-induced neurotoxicity in knock-outs appears to be
due to decreased NMDA receptor function as a result of thiol oxidation of the
receptor and that NMDA receptor activation is critical for the effects of KA
particularly in brain regions other than the CA3. (NIH grants: R29AG121141)

DOWNSTREAM EFFECTS FOLLOWING EXCITOTOXIC LESIONS OF THE
RAT PREFRONTAL CORTEX: IN VIVO ‘H-MRS AND IN SITU
HYBRIDIZATION FINDINGS. J.L. Roffman,12 B.K. Lipska,’ A. Bertolino,1 P. Van
Gelderen,3 A.W, Olson.3 F. Karoum4*, and D.R. Weinberger1. ’Clinical Brain
Disorders Branch, NIMH; 2HHMI-NIH Research Scholars Program; 3NMR Research
Center; “Neuropsychiatry Branch, NIMH; NIH, Bethesda MD 20892.
Proton magnetic resonance spectroscopy (’H-MRS) studies of patients with
schizophrenia demonstrate reductions of N-acetylaspartate (NAA), a marker of
neuronal integrity, in the prefrontal cortex and hippocampus. It has been suggested
that prefrontal NAA reductions might reflect a consequence of primary lesions
upstream in the hippocampus. The present study tested whether changes in NAA
levels can indicate remote as well as local sequelae of neuronal injury. Adult male
Sprague-Dawley rats were given ibotenic acid lesions of the medial prefrontal cortex
(mPFC) or sham infusions. Animals were assessed with in vivo ’H-MRS at 4.7 Tesla
(STEAM pulse sequence, TR 3000 ms, TE 12 ms) for changes in NAA both within
the mPFC and in the striatum, a structure receiving substantial prefrontal innervation.
Significant reductions of NAA were observed in lesioned animals both in the mPFC
(p=.0005) and in the striatum (p=.O19) two weeks following surgery; these findings
persisted at eight weeks. Postmortem morphometry of the striatum indicated no
difference in size between groups, suggesting that striatal NAA losses do not simply
reflect tissue shrinkage due to deafferentation. However, in situ hybridization in the
striatum revealed significantly lower levels of glutamate decarboxylase-67 mRNA
expression in lesioned rats (p=.01), providing evidence of postsynaptic cellular
changes in the same region where reduced NAA losses were found. These findings
suggest that changes in NAA can signify transsynaptic events, and support the
possibility that reduced prefrontal NAA reflects downstream pathology in
schizophrenia. (Supported in part by the HHMI-NIH Research Scholars Program.)

442.13

442.14

THE CONUS PEPTIDE KAPPA-PVIIA CONFERS PROTECTION
AGAINST DELAYED GLUTAMATE-INDUCED NEUROTOXICITY. K. E.
Pemberton1*, L. Zhou2, Yan Xiong2, J.R. Howe3, T. McCabe2 and A. CornellBell1. ’Drug Discovery, Viatech/Cognetix Inc., Ivoryton, CT 06442,2Cognetix
Inc. Salt Lake City, UT 84108 and 3Dept. of Pharmacology, Yale University,
New Haven CT 06520. The effects of kappa-PVIIA, a peptide isolated from
Conus Purpurascens (the purple cone snail), were studied in primary cultures of
neonatal rat cortex using both fluorimetric and electrophysiological techniques.
Incubation ofprimary cultures of cortex with kappa-PVIIA significantly reduced
the degree of delayed cell death associated with a 30 min. exposure to glutamate
(l-1000uM) as measured fluorimetrically using the “dead cell” dye Ethidium
Homodimer-1. Kappa-PVIIA was highly potent in this excitotoxicity assay with
an IC50 of approximately 8pM. Using the potassium-sensitive dye PBFI,
exposure to kappa-PVIIA was shown to result in a significant drop in
intracellular potassium. This was accompanied by a hyperpolarization of the
preparation (determined fluorimetrically with the potentiometric dye Di-8ANEPPs). The kappa-PVIIA induced hyperpolarization was sensitive to
antagonists of the KATP channel (tolbutamide and glibenclamide). Patch clamp
recordings further confirmed the sensitivity ofthe kappa-PVHA-induced currents
to the Katp antagonists. Exposure to tolbutamide also reversed the kappa-PVIIA
induced neuroprotection. Thus these findings strongly suggest that the
neuroprotective ability of kappa-PVIIA occurs primarily as a result of the
activation of KATP channels.

MINOCYCLINE IS NEUROPROTECTIVE IN CELL CULTURE MODELS OF
NEURONAL DEGENERATION. Tiina M. Tikka’*. Taina Usenius’, Riitta Keinanen’
and Jari Koistinaho1,2. ’A.I.Virtanen Institute for Molecular Sciences, University of
Kuopio, 2Neurology Clinic, Kuopio University Hospital, P.O. Box 1627, FIN-70211
Kuopio, Finland.
Minocycline (MC) is a tetracycline derivative with multiple anti-inflammatory effects
unrelated to its antimicrobial action as inhibition of interleukin-lp-converting enzyme,
inducible nitric oxide synthase, cyclo-oxygenase-2, neutrophil adhesion and microglial
activation. In order to examine whether MC has direct effects on brain cells and
whether MC protects neurons against apoptosis and excitotoxicity, experiments using
primary neuronal cultures were performed.
Two different mixed cell culture models were used: (1) an irradiation model of
enriched neuronal cell culture and (2) an excitotoxicity model of spinal cord cell
culture. Both culture types were dissected from rat embryos (E14). The cultures were
pretreated with MC 30-60 min before irradiation (lGy), glutamate or NMDA exposure.
24 hours after the challenge the cultures were processed for analyses of LDH release,
NO2 and IL-1 P production, DNA fragmentation or for immunocytochemistry.
MC prevented cell death and microglial activation in both models. LDH release was
decreased to the control level in MC-treated cultures. MC decreased apoptotic DNA
fragmentation by 56% in irradiation model and 86% in excitotoxicity model. MC
reduced the number of OX-42- and phosphotyrosine-immunoreactive cells by 86% in
irradiation model, 120 % in glutamate- and 181% in NMDA-exposured cultures. In a
pilot experiment of the excitotoxicity model IL-lp levels were lower in MC-pretreated
cultures. MC treatment diminished also NO2 production by 89% in glutamate- and 97%
in NMDA-exposured cultures.
These results suggest that minocycline provides neuroprotection against irradiationinduced apoptosis as well as excitotoxic neuronal death by inhibiting proinflammatory
enzymes and microglial activation.
The study was supported by Bioabsorbable Concepts, Ltd., Finland.
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PREVENTION
OF
GLUTAMATE-INDUCED
DEATH
OF
HIPPOCAMPAL NEURONS BY CORTICOTROPHIN RELEASING
HORMONE: IN VITRO. C.R.Elliott-Hunt, J.KazIauskaite, G. Wilde, and

ORGANOTYPIC BRAIN SLICE CULTURES USED FOR NEUROTOXICITY
TESTING. J.Zimmer12*, B.W.Kristensen1,2, B.Jakobsen2 J.B.Gramsbergerr and
J.Noraberg1, 'NeuroScreen Ltd. and 2Anatomy and Neurobiology, Inst. Med. Biol.,
SDU-Odense University, Denmark.
Organotypic brain slice cultures, derived from early postnatal rats, were used for 1)
neurotoxicological screening, 2) dose-response studies, and 3) mechanism studies. For
screening, dose-response and time studies, hippocampal slice cultures were acutely
exposed to the neurotoxin trimethyltin (TMT), the excitotoxic glutamate agonist
NMDA and the non-NMDA agonists kainic acid (KA), AMPA and ATPA.
Corticostriatal cultures were exposed to KA and AMPA. For mechanism studies, the
role of presynaptic mossy fibers for KA-induced CA3 pyramidal cell degeneration was
tested by removing the fascia dentata at the time of explanation. Cellular uptake of
propidium iodide (PI) (Noraberg et al, Brain Res Prot, 3, 270-290, 1999) was used to
monitor neuronal degeneration in all studies. Other markers were lactate dehydrogenase (LDH) release to the culture medium, Nissl staining, Fluoro-Jade (FJ) staining
for degenerating neurons, microtubule-associated protein 2 (MAP2) immunostaining
for structural changes, NeuN immunostaining for neurons, determination of glutamic
acid decarboxylase (GAD)-activity for GABA-ergic neurons, and Timm staining for
hippocampal fiber projections. For astroglial reactivity changes in glial fibrillary acidic
protein (GFAP) was measured by ELISA. In hippocampal and corticostriatal cultures
PI uptake revealed a dose and time dependent effect of toxins. Hippocampal cultures
showed the same differential neuronal vulnerability to TMT, NMDA and KA as in
vivo. PI uptake, LDH release, FJ staining, loss of MAP2 staining were correlated in all
studies, when compared. Based on the PI uptake EC50 values for the excitotoxins
could be calculated and compared. In tissue homogenates of KA-treated hippocampal
cultures (10 pM KA for 48 h; 7-14 days recovery) GAD activities were reduced to
20% of control, and GFAP levels increased to 148% of control. Removal of
hippocampal mossy fibers did not reduce KA-induced CA3 neurodegeneration in these
experiments. Conclusion: For rapid neurodegenerative screening PI uptake and LDH
release are recommended, while the other markers can be included both for more in
depth neurotoxicity testing and mechanism studies. - Supported by the EU-Biotech
Program (BIO4-CT97-2307) and the Danish MRC.

E.Hillhouse. Molecular Medicine Research Institute, Univ. of Warwick, UK.
(SPON; British Neuroscience Association).
Glutamate, the primary excitatory neurotransmitter in the mammalian central
nervous system, is implicated as a neurotoxic agent in several neurological
disorders, including ischaemia, epilepsy and certain neurodegenerative disease.
Corticotrophin releasing hormone (CRH), which is released during stressful
episodes (including ischaemia), has been shown to increase the excitability and
spontaneous discharge of hippocampal neurons in vitro, via hippocampal calciumdependent CRH specific receptor sites, which has been suggested though not
proven to contribute to neurological injury during ischaemia.
In light of these observations, using organotypic hippocampal slice cultures we
investigated the involvement of CRH in attenuating neuronal damage during
glutamate toxicity. When present during the insult, CRH family peptides afforded
significant neuronal protection over a concentration range of 2pM to 2nM, whilst
giving no significant protection at 200fM cm - below. Preincubation of the cultures
with CRH did not have any neuroprotective effect. The effect was significantly
attenuated using immunoblocking of the peptide. This work provides in vitro
evidence for the involvement of CRH in neuroprotection from glutamate toxicity in
hippocampal neurons. Although we have demonstrated a neuroprotective effect of
CRH on neurons in vitro, the mechanism is still unknown, however CRH has been
reported to stimulate cAMP accumulation in neuronal cell cultures, and therefore
possible activation of PKC.

NEUROTOXICITY: NITRIC OXIDE AND AMYLOID
443.1

443.2

THE INHIBITORY EFFECTS OF ANESTHETIC AGENTS FOR NITRIC
OXIDE- INDUCED CYTOTOXICITY IN PRIMARY CULTURED NEURONS.
T, Shimizu1. S. Shibuta1,2, J. Knsaka3*. and T. Mashimo1.1 Dept. Anesthesiology,
Osaka Univ. Med. Sch.; Osaka 565-0871, JAPAN: T)ept. Anesthesiology.
Toyonaka Municiple Hsp.r Osaka .560-0055, JAPAN 3Dept. Anatomy, Okayama
Univ. Med. Sch.. Okayama 700-8558, JAPAN.
At ischemic or hypoxic conditions, neurons in CNS are damaged irreversibly
through various mechanisms. Nitric Oxide (NO), usually functioning as a
neurotransmitter in CNS, acts an important part with cytotoxic manner at such
situations. Intravenous or volatile anesthetics have been used for brain
protection at such cases, and various literatures reported the efficacy of them in
vivo. However, its mechanism is still unknown. In this study, we examined
whether or not each anesthetics can attenuate NO-induced neural death. NOreleasing compound (30pM NOC-5) was added into primary cultured cortical
neurons isolated from E16 rat More than 80% of neuron were damaged at 24
hours after NOC-5 addition Pentobarbitone sodium, thiopentone sodium,
halothane and isoflurane were administered to neurons with NOC-5. Only
thiopentone sodium promoted the survival rate from 11.2 ±4.2% to 65.3±3.5%
and showed protecting effect for neurons. We conclude that among anesthetics,
only thiopentone sodium inhibits NO-induced neurotoxicity in vitro.
Contract grant sponsor, the Ministry of Science, Education, Culture and
Sports of Japan.

GLUTAMATE TRANSPORTER IS INVOLVED IN REGULATION
OF NITRIC OXIDE METABOLISM IN THE STRIATUM IN 3NITROPROPIONIC ACID-INTOXICATED RATS. H. Hida*, K.
Nakajima, H. Baba and H. Nishino. Dept of physiology, Nagoya
City Univ. Med. Sch., Nagoya 467-8601, Japan.

443.3

443.4

RESISTANCE TO NITRIC OXIDE (NO)-MEDIATED
CYTOTOXICITY. Josh E. Lehrer-Graiwer, Bonnie L. Firestein, Peter

PROTECTIVE AND RESCUING ABILITIES OF RED WINE CONSTITUENTS
AGAINST NITRIC OXIDE TOXICITY IN HIPPOCAMPAL CELLS.
S. Bastianetto* and R, Ouirion. Douglas Hospital Research Centre, Dept.
Psychiatry, McGill University, Montreal, Qc, H4H 1R3 Canada.
Increased production of nitric oxide (NO) is likely associated with various central
nervous system (CNS) disorders including cerebral ischemia. Numerous
epidemiological studies have reported a negative correlation between moderate red
wine consumption and various diseases including cardiovascular disease and,
interestingly, Alzheimer’s disease (AD). (Orgogozo J.M. et al., Revue Neurol.,
153:185-192, 1997). The aim of this study was to investigate the effects of different
red wine constituents against the toxicity induced by NO donors on hippocampal
cells that are particularly vulnerable to damage.
A 20 hour exposure of rat primary mixed hippocampal cell cultures to sodium
nitroprusside (SNP, 100 pM) induced both cell death (MTT assay) and reactive
oxygen species (ROS) accumulation (DCF assay). Red wine constituents such as
the stilbene resveratrol (1-25 pM) and the flavonoids quercetin (1-25 pM) and (+>
catechin (1-25 pM) completely blocked both events initiated by SNP. Similar
protective effects were observed when cells were treated with another NO donor 3morpholinosydnonimine (SIN-1, 5 mM). Interestingly, all three compounds were
also able to rescue hippocampal cells pre-exposed for 2 hours to SNP (1 mM). The
protective/rescuing effects of red wine constituents were shared by chelerythrine
chloride (1 pM), an inhibitor of protein kinase C, but not by inhibitors of
cyclooxygenase (indomethacin, 1-10 pM) and lipoxygenase (MK 886, 1 pM).
Taken together, these data suggest that the protective and rescuing abilities of red
wine constituents may be attributable not only to their antioxidant properties, but
also to their ability to modulate PKC activity. Supported by MRCC.

W. Hickmott* and David S. Bredt. Department of Physiology, UCSF,
San Francisco, CA 94143-0444.
Neurons that express nNOS are selectively spared from NOinduced cytotoxicity in acute cerebral ischemia as well as chronic
neurodegenerative conditions such as Huntington’s and Alzheimer’s
diseases. Several groups have postulated that these neurons may produce
gene products which confer resistance to the high levels of NO which
they produce. To search for potential NO-resistance conferring genes, we
performed polymerase chain reaction (PCR)-based subtractive
hybridization on a mouse macrophage cell line (RAW 264.7) treated with
an inhibitor of NOS (controls) or treated with an NO donor (DEA-NONO
200 micromolar). The subtractive hybridization suggested that
cytochrome c oxidase (CcO) expression was induced by NO treatment in
these cells. This was subsequently confirmed by Northern blotting, and
increased protein levels were shown by Western blotting. These results
correlate well with previous work showing that CcO is specifically
inhibited by NO and that energy depletion by this mechanism may be
responsible for NO-mediated neurotoxicity. In addition, genetic defects
in CcO have been correlated Alzheimer’s disease and isolated motor
neuron degeneration. (Supported by NIH, MDA, SCRF, AHA)
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3-Nitropropionic acid (3-NPA) has known to produce specific
striatal lesions similar to those in Huntington’s disease. To know the
mechanism of the striatal specicfic lesions, we measured the nitric oxide
(NO) metabolism and investigated the relation of enhanced NO
metabolites to the activity of glutamate transporter. Using in vivo
brain microdialysis tequnique, the level of NO metabolites (NO2 and
NO3) in dialysates from striatum, cerebellum and thalumus of concious
rats was investigated before and after 3-NPA (20 mg,kg) intoxication.
The basal level of NO2 and NO3 before 3-NPA administration as well
as after 3-NPA treatment (recovery phase) was significantly higher in
the striatum as compared to those in the cerebellum and thalumus.
The level of NO2 and NO3 in recovery phase after 1st treatment was
well related to the appearance of motor symptoms (rolling, paddling)
after 2nd administration. To inhibit the expression and the function
of glial glutamate transpoters (GLAST/EAAT1,GLT-1/EAAT2) in vivo,
chronic antisense oligonucleotide administration (1 pl/hr of 2.5 mgml
for 7 days) of each subtype was carried out using mini-osmotic pumps,
and then the level of NO metabolism was investigated in 3-NPA treatedrats. The level of NO metabolites in recover phase was kept in high
for longer time in antisense-treated group.
Data suggest that
accelation of NO metabolism may underlie the specific lesions in
striatum and glial transporters may be deeply involved in regulation of
NO metabolism in striatum.
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ERYTHROPOIETIN (EPO) PROTECTS AGAINST NITRIC OXIDE (NO)INDUCED NEURONAL APOPTOSIS VIA A JAK-2/NF-k B SIGNALING
PATHWAY. Murat Diqicavlioqlu* and Stuart A. Lipton. CNS Research Institute,
Brigham & Women’s Hospital and Program in Neuroscience, Harvard Medical
School, Boston, MA 02115.
EPO is produced in the mammalian brain, and its receptor (EPO-R) is
exclusively expressed by neurons. In mixed neuronal/glial cerebrocortical
cultures, preincubation with EPO (10 U/ml, 3h) decreased neuronal apoptosis
induced by the nitric oxide donor S-nitrosocysteine or endogenously-generated
nitric oxide from 44 ± 2% to 24 ± 8%. Concomitantly, EPO dramatically
increased NF-k B activation in neurons, assessed by DNA binding in
electromobility shift assays (EMSA), and by nuclear accumulation of NF-k B in
Western blots of nuclear extracts and immunocytochemistry. Blocking NF-k B
activation with 5 pM pyrrolidine dithiocarbamate (PDTC) reversed the
protective effects of EPO. The cell-permeable synthetic peptide SN50 (50
pg/ml, 3h) inhibits nuclear translocation of NF-k B. Preincubation in SN50 prior
to EPO incubation prevented EPO neuroprotection from NO-induced
apoptosis. In nonneuronal cells, EPO binding results in homodimerization of
EPO-Rs and activation of the tyrosine kinase JAK-2. Immunoprecipitation of
neuronal cell lysates with anti-EPO-R or anti-JAK-2 antibodies resulted in
coimmuno-precipitation of JAK-2 and EPO-R. Moreover, incubation of the
same blot with specific antibodies showed that Ik B kinase (IKK) was also
associated with the EPO-R/JAK-2 complex. This suggests that JAK-2 plays a
role in IKK mediated Ik B phosphorylation, with consequent NF-k B activation.
Blocking JAK-2-catalyzed phosphorylation with the tyrphostin, AG490,
decreased nuclear accumulation of NF-k B in response to EPO and decreased
NF-k B DNA binding activity. Taken together, our results suggest that JAK-2 is
an intermediate in EPO-induced NF-k B activation, resulting in neuroprotection.
Supported by NIH P01 HD29587 and R01 EY09024.

ROLE OF iNOS IN MPTP NEUROTOXICITY. Gabriel Liberatore1*, Vemice
Jackson-Lewis1, Geoff McAuliff3, Allan Mandir2, Ted Dawson2 and Serge
Przedborski' ’Dept of Neurology & Pathology, Columbia Univ., New York, NY
10032, 2Depts of Neuroscience and Cell Biology, Johns Hopkins Univ., Baltimore,
MD 21205; and ’Robert Wood Johnson Medical School, Piscataway NJ 08854.
l-Methyl-4-phenyl-l,2,3,6-tetrahydropyridine
(MPTP)
damages
the
nigrostriatal dopaminergic pathway as seen in Parkinson’s disease (PD). Recent
reports of activated glial cells in PD prompted us to examine the glial response to
MPTP in mice. Furthermore, a number of studies has implicated both oxygen free
radicals and nitric oxide (NO) in MPTP toxicity. However, the mechanism of this
neurotoxicity is not well understood Here we show that MPTP-induced changes in
the ventral midbrain are accompanied by a dramatic gliosis characterized by activated
microglial cells and reactive astrocytes. Along with the induction of the microglial
reaction, an increased expression of inducible nitric oxide (iNOS) is observed which
reaches its maximum 24-48 hours post MPTP. Activated microglia/macrophages, not
astrocytes are the cell group responsible for iNOS upregulation. In addition, iNOS
mRNA levels and catalytic activity are also increased significantly in the ventral
midbrain of treated mice during a similar time frame. Following MPTP, the most
pronounced microglial reaction and subsequent iNOS induction preceded signs of
maximal dopaminergic neuron loss. In addition mice that lack iNOS (iNOS'7') are
partially protected against MPTP when compared to wild type littermates. This
protection is not due to altered striatal levels of MPP+ in iNOS mice. Our results
suggest that MPTP administration increases iNOS expression, which in turn may
participate in, but not initiate, the propagation of the MPTP neurotoxic process. This
is further supported by the partial protection against MPTP seen in iNOS'7 mice.

443.7

443.8

REGULATION OF NITRIC OXIDE SYNTHESIS BY TETRAHYDROBIOPTERIN RELEASED FROM CATECHOLAMINE CELLS. 'H.J.Choi, 1,2J.D. Lee.
3T.H.Joh and 1,2Onyou Hwang*. 'Dep. of Biochemistry, Univ. of Ulsan Coll, of
Med. and 2Biomedical Brain Res. Center, NIH, Seoul, Korea and 3Burke Med. Res.
Inst., Cornell Univ. Med. Coll., White Plains, N.Y, U.S.A.
We have previously shown that neurons expressing neuronal nitric oxide
synthase (nNOS) do not co-express GTP cyclohydrolase I, the enzyme responsible
for synthesis of its cofactor tetrahydrobiopterin (BH4), but that they are located in
close proximity to BH4-producing dopaminergic nerve terminals. We hypothesized
that for nNOS activity, BH4 might be released from the cells of synthesis and taken
up by the nNOS cells and that nitric oxide (NO) produced in excess might exert
damaging effects on these BH4-containing dopaminergic terminals.
In the present study, BH4 was shown to be dramatically released from
unstimulated BH4-synthesizing catecholaminergic cell line CATH.a and primary
cultured bovine adrenal medullary cells at similar ratio between the released to
intracellular BH4. This release was independent of calcium, as various stimulators
of calcium influx such as depolarizing concentration of potassium, sodium channel
activator veratridine, a calcium channel activator Bay K 8644 and calcium
ionophore A23187 did not enhance the release. BH4 was readily taken up into the
nNOS-expressing TGW-nu-I cells in a linear, dose-dependent and time-dependent
manner and caused elevation of NO production. The NO donor S-nitroso-N-acetylD,L-penicillamine caused CATH.a cell death accompanied by DNA fragmentation.
Taken together, we propose that in vivo the BH4-containing neuronal processes
might provide BH4 to the nearby nNOS cells and that under aberrant conditions,
NO overproduction due to abnormality in BH4 synthesis and uptake might play a
role in neurodegeneration as in Parkinson’s Disease, (supported by BM 97-144 of
Ministry of Education and the 98 Good Health R&D Project (HMP-98-N-1-0011)
of Ministry of Health and Welfare, ROK)

RETINOIC ACID-MEDIATED DIFFERENTIATION OF CHOLINERGIC
SN56 CELLS ESTABLISHES A NITRIC OXIDE-SENSITIVE
PROAPOPTOTIC STATE. David Personett, Kiran Panickar*. Uwe Fass.
John Gonzales and Michael McKinney. Dept. of Pharmacology, Mayo Clinic
Jacksonville, Jacksonville, FL 32224.
We have shown earlier (Soc. Neurosci. Vol. 24, p. 1842) that differentiation
of SN56 cells, a mouse medial septal cholinergic clone, with all-trans retinoic
acid (RA) enhances the cholinergic and nitrergic phenotypes of these cells. In
addition, we reported that dexamethasone (DEX) blocked the up-regulation of
neuronal nitric oxide synthase of SN56. We show here that differentiation
with RA also promotes an apoptotic response in cells when exposed to excess
nitric oxide (NO). Using TUNEL as an apoptotic marker, we found
undifferentiated SN56 cells were resistant to excess exogenous NO supplied
by 1 mM S-nitro-N-acetyl-D, L-penicillamine (SNAP), exhibiting 11.3% ±
1.6% TdT-labelled nuclei. But after RA treatment the cells exhibited
increased nuclear-localized TUNEL signals (35.5% + 0.9%) in response to
SNAP. RA treatment of SN56 cells also increased their level of caspase 3
activity, and a caspase 3 inhibitor blocked the TUNEL response to SNAP
(14.1% + 2.0%) confirming that NO excess causes the differentiated
cholinergic cells to initiate apoptosis. Specific inhibition of nNOS activity
with 100 pM S-methyl-L-thiocitrulline, or down-regulation of nNOS
expression by 1 jxM DEX, potentiated the apoptotic response to SNAP (47.8%
±3.1% and 63.4% + 5.4%, respectively), suggesting that endogenous NO
tonically inhibits caspase function. SN56 cells may be a useful cell culture
model for studying mechanisms of cholinergic vulnerability to oxidative
stress.
SUPPORTED BY THE MAYO FOUNDATION AND NIH
AG12653.

443.9

443.10

I I H i INFLUENCE OF THE TIMING OF ADMINISTRATION OF THIOPENTONE
SODIUM ON NITRIC OXIDE-MEDIATED NEUROTOXICITY IN VITRO. K
Shibuta.12* J. Kosaka,3 T. Shimizu,1 T. Inoue? K, Tomi2 andT. Mashimo1. 'Dept. of
Anaesthesiology, Osaka Univ. Med Sch.; Osaka 565-0871, JAPAN; 2Dept of
Anaesthesiology, Toyonaka Munidple hosp.; Toyonaka, Osaka 560-0055, JAPAN;
JDept of Anatomy, Okayama Univ. Med. Sch.; Okayama 700-8558, JAPAN
We have shown that thiopentone sodium, acts as a free radical scavenger, is one of
the best of the currently available pharmacological agents for neuroprotection against
cerebral ischaemia. However, not all patient is always administered thiopentone sodium
before cerebral ischaemiaoccurs, actually. In this study, we investigated the influence of
timing of thiopentone sodium administration on the neurotoxicity induced by nitric
oxide (NO) using our established model of primary brain cultures. Cortical neurones
prepared from 16-day gestational rat foetuses were used after 13-14days in culture. The
cells were exposed to an NO-donor, NOC-5 at 30 pM. Thiopentone sodium administered
at 30, 10 min before or 5, 10, 15 min after exposure to NOC-5, but not thereafter,
significantly attenuated NO-induced neurotoxicity compared with controls. The survival
rate of the neurones that thiopentone sodium administered at 15 min after exposure to
NOC-5 was 55.7±2.4%, on the other hand, the survival rate of the neurones that
thiopentone sodium administered at 30 min after exposure to NOC-5 was 10.0+1.6%.
These finding demonstrate that thiopentone sodium, which protects cerebral cortical
neurones against NO-mediated cytotoxicity, should be given as soon as possible in case
ischaemic or hypoxic neuronal damage is predicted.
Contract grant sponsor; the Ministry of Science, Education, Culture and Sports of Japan
Ref. Br J Pharmacol (1998) 124: 804-810.
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Supported by the NINDS, the Department of Defense, the PDF, and the Lowenstein
and Smart Foundations.
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D.Maniotis,'* H.M. Charlton1 and L.A. Phylactou2. 1 Department of Human Anatomy
and Genetics, University of Oxford, South Parks Road, Oxford OXI 3QX, U.K..;
2 Department of Molecular Genetics, The Cyprus Institute of Neurology and Genetics, 6
International Airport Avenue, 1683 Nicosia, Cyprus.

Catalytic RNA molecules (ribozymes) have been widely used specifically to
suppress gene expression. The hammerhead ribozyme (<40 ribonucleotides) can be
designed to bind and cleave, theoretically, any RNA molecule. Neuronal nitric oxide
synthase (nNOS) is an important molecule in the central nervous system involved in
healthy (e.g. vasodilation, neurotransmission, etc.) and disease conditions (e.g.
oxidative stress). Therefore, downregulation of nNOS gene expression by
hammerhead ribozymes may offer new insights into its function and form the basis
of therapeutic strategies against neurological diseases.
Two antisense ribozymes, nNOS-RZl and nNOS-RZ2, have been designed and
constructed against the 5' end and the middle part of the nNOS mRNA, respectively.
In vitro (cell-free) experiments demonstrated the ability of both ribozymes to cleave
shorter versions of the nNOS RNA targets as detected by autoradiography. The
efficacy of both ribozymes on the endogenous nNOS mRNA targets was determined
in human TGW-I-nu neuroblastoma cells. Cells were transfected with presynthesised ribozymes, or ribozyme-containing constructs. Down-regulation of the
endogenous nNOS gene expression from ribozyme-transfected cells was more
evident in the cells treated with nNOS-RZ2 ribozyme. Ribozyme-adenoviral vectors
have also been constructed. Further experiments will demonstrate the ability of
adenoviruses to deliver and express anti-nNOS ribozymes in cell culture and in vivo.
The above results suggest that hammerhead ribozymes can be important tools for
the regulation of nNOS gene expression and the development of gene therapy
protocols for neurological disease. (Supported by the Anatomical Society of Great Britain
and Ireland, UK and the A.S. Onassis Public Benefit Foundation, Greece)
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THE NEUROACITVE STEROID PREGNENOLONE POTENTIATES,
WHEREAS
DEHYDROEPIANDROSTERONE
ATTENUATES,
THE
BEHAVIORAL IMPAIRMENTS IN MICE AFTER EXPOSURE TO CO GAS
T, Maurice*. V.-L, Phan and A. Urani. INSERM U. 336, Behavioral
Neuropharmacology group, 34296 Montpellier, France.

EFFECT OF PROINFLAMMATORY MOLECULES ON NEURONAL
DEATH INDUCED BY P-AMYLOID.
Rvon Bemhardi1*. R. Toro1, IJara1, K.Hananias1, P.Repetto1 and J.Eugenin2.
’Faculty of Medicine Universidad de los Andes, Santiago, Chile. 2Biology
Department U. de Santiago, Santiago, Chile.
Neuronal degeneration is one of the neuropathological features of Alzheimer
Disease. We examined neuronal apoptosis induced by amyloid P peptides
(A~P) and the effect of pro-inflammatory molecules on the neurodegenerative
process. We used hippocampal cell cultures from rat E-18 embryos and primary
glial cultures of neonatal cortex. Cells were identified by immunocytochemistry of
specific markers and apoptosis by the TUNEL method. We observed apoptosis not
only after exposing the hyppocampal cultures to A-P (up to 2 pM), but also when
hippocampal cells were exposed to conditioned media obtained from glial cultures
previously treated with A-P. Exposure of hyppocampal cultures to A~P produced a
dramatic increase in the number of apoptotic cells. However, when proinflammatory molecules (i.e. IFy), were also present, the number of apoptotic cells
was reduced by more than 60%. A similar apoptotic response was observed with
conditioned media obtained from pure microglial cells previously exposed to the
same compounds, while media from mixed glial cell cultures were unable to
induce apoptosis in the hippocampal cells. We also noted that activation of
microglia (i.e. iNOS expression) after exposure to A~P was greater in pure
microglia cultures than when co-cultured with astrocytes. Conditioned media able
to induce apoptosis on hippocampal cultures was obtained for several hours after
we ended the treatment of glial cells with A-J3. We suggest that inflammatory coactivation of glial cells is not necessarily deleterious for the neurodegenerative
process. Inflammatory activation may have a role in the prevention of cell death
induced by A-P peptides depending on the glial cell population being activated.
Support: grant FONDECYT 1971132 (RvB).

443.13

443.14

AMYLOID BETA PEPTIDE INDUCED OLIGODENDROCYTE
DEATH INVOLVES OXIDATION. J. Xu*, S. W. Chen and C. Y. Hsu
Department of Neurology, Washington University School of Medicine, St.
Louis, MO 63110
Amyloid P-peptide (AP) has been extensively studied in neuronal
degeneration. The probable cytotoxic role of Ap in oligodendrocytes
(ODCs) has not been fully delineated. We studied the effects of AP on
ODCs in primary cultures derived from cerebral cortex of 1-2 day old rat.
AP 1-40 and 25-35 induced ODC death with approximately equal
potencies based on the MTT assay and DNA fragmentation ELISA with
cytotoxicity noted at 2pM or higher. AP-induced ODC death was
accompanied by an increase in NF-k B binding activity and characterized
by reduction in galactocerebroside immunoreactivity, positive TUNEL
staining, DNA laddering, and mitochondrial cytochrome c release.
However, caspase 3 activity was not increased following Ap treatment.
zVAD, a caspase inhibitor, failed to protect ODC from Ap cytotoxicity.
While N-acetyl-cysteine (NAC), an antioxidative agent which inhibited
NF-kB activation, reduced AP-induced cell death. Results suggest that Apinduced ODC death is likely mediated by an increase in oxidative stress
but probably does not involve the caspase 3 mediated apoptotic pathway.
(Supported by NIH grants NS25545, NS28995, and NS37230).

INTRA-VITREAL INJECTION OF Ap,.42 CAUSES NEURODEGENERATION IN
THE RAT RETINA: A MODEL OF Ap,_42 INDUCED NEUROTOXICITY

Neurosteroids exert a wide-range neuromodulation in the brain, affecting several
neurotransmitter systems. In particular, pregnenolone (PREG) and dehydroepiandrosterone (DHEA) act as negative allosteric modulators of the GABAa receptors, and as
positive modulators of acetylcholine, N-methyl-D-aspartate (NMDA) and sigma,
receptors. These neurosteroids also modulate intracellular calcium homeostasis. As a
consequence, pregnenolone was recently showed to potentiate the NMDA-induced
neurodegeneration on in vitro models, such as neuronal primary cultures or the
isolated retina. On the contrary, DHEA was reported to attenuate the neuronal damage
observed in cultures after NMDA administration or oxidative stress. We examined
here the effects of these neuroactive steroids using an in vivo model of hypoxia. Mice
were exposed 3 times to CO gas (40 ml/min, 70-90 s, 1 hr interval) and then kept on a
hot plate in order to maintain their body temperature and to avoid the hypothermia
that lessens the hypoxia-induced damages. Working memory performances were
assessed by recording spontaneous alternation behavior in the Y-maze. Long-term
memory was examined using the step-down passive avoidance task. After CO
exposure, mice showed a progressive deterioration of their learning ability, reaching
significance after 3 days and being maximal after 7 days. PREG (20 mg/kg), injected
s.c. before CO exposure, significantly facilitated the hypoxia-related deficits, since
they could be measured 1 day after CO and appeared maximal after 3 days.
Dizocilpine (0.1 mg/kg i.p.) completely blocked the deficits, showing that PREG
facilitated the NMDA receptor-dependent excitotoxicity. On the contrary, DHEA
(20 mg/kg), injected s.c. before CO, completely blocked the deficits, up to 7 days
after CO. Interestingly, the sigma, receptor antagonist NE-100 (1 mg/kg s.c.) failed to
affect the DHEA-induced protection, showing the lack of involvement of sigma,
receptors. These results confirmed, using an in vivo hypoxia model, the previous
observations made in vitro. The neuroactive steroids PREG and DHEA, although
being similarly involved in modulating the excitatory/inhibitory balance in the brain,
do not equally affect the extent of excitotoxic insults.
Supported by INSERM

443.15
LONGTERM REPETITIVE TRANSCRANIAL MAGNETIC
STIMULATION: EVIDENCE FOR A NEUROPROTECTIVE
EFFECT IN VIVO AND IN VITRO.

A. Post*, M.B. Muller, M. Engelmann, and M.E. Keck. Max Planck
Institute of Psychiatry, Munich, Germany.
In recent years, repetitive transcranial magnetic stimulation (rTMS) of
the human brain has been used as a therapeutic tool in a variety of
psychiatric and neurological disorders. However, to understand the
mechanisms underlying any potential therapeutic effects, and possible
adverse effects, studies are necessary on how magnetic stimuli induced
by rTMS interact with central nervous system regulation. In the current
study, we failed to find cognitive impairments or structural alterations in
rat brains after 11 weeks of long-term treatment with rTMS, which if
present would indicate neuronal damage. In contrast, our in vitro studies
showed that magnetic stimulation analogous to TMS increased the
overall viability of mouse monoclonal hippocampal HT22 cells and had a
neuroprotective effect against oxidative stressors such as amyloid beta
(Ap) and glutamate. The treatment increased the release of secreted
amyloid precursor protein (sAPP) into the supernatant of HT22 cells and
into cerebrospinal fluid from rats. HT22 cells preincubated with
cerebrospinal fluid from rTMS-treated rats were found to be protected
against Ap. These findings suggest that neurochemical effects induced
by rTMS do not lead to reduced neuronal viability, and may even reduce
the detrimental effects of oxidative stress in neurons.
Supported by MedNet (BMBF).
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D.T.Walsh, R.M.Montero, L.G.Bresciani, PD.Leclerq. S.M.Gentleman and L-S.Jen*. Dept of
Neurodegenerative Disorders, Imperial College, Charing Cross Campus, London, W6 8RP.

Aggregated Api_42 is directly toxic to cultured neurons and we have recently
demonstrated that it is toxic to retinal neurons in vivo (Jen et al Nature 1998, 392,
140). We have now extended these findings to assess the time course of events after
intra-vitreal injection of either APi.42 or the control peptide Ap42_],
The effects of intravitreal injection of APb42 and Ap42u (2 and 5nmoles/3pl) on
retinal cells and neurons was investigated using a variety of immunohistochemical
markers at time points ranging from 6 hours to 5 months after injection. TUNEL
staining and Western blotting for p53 was performed to confirm apoptosis at 48h.
Using fluorescinated ApM2 and immunostaining for Ap we have shown that the
injected peptides do not appear to cross the glial barrier into the retinal tissue itself.
We observed TUNEL staining in the inner and outer nuclear layers of Apb42 injected
retinas at 48h. In Ap42_] injected eyes, occasional staining was seen in the outer nuclear
layer. Positive staining for GFAP, OX-42 and OX-6 was first seen at 48 hours with
ApM2 and Ap42.b the latter two markers associated with infiltrating macrophages.
This staining was still evident 5 months after injection of both peptides with OX-42
and OX-6 associated with microglia. After just 6 hours there was a decrease in
parvalbumin (PV, a calcium binding protein) staining in both injected and uninjected
retinas in Apb42 injected animals. In the uninjected retinas at 48h, PV staining
returned to control levels but Apt.42 injected levels were significantly reduced
compared to uninjected controls. At 5 months., there was also a significant reduction
in PV staining in eyes injected with Ap42.(. Similar changes were also seen in neurons
expressing ChAT. We conclude that Apb42 causes acute and chronic damage to
specific neuronal populations and that the retina is a useful model for studying
neurodegeneration associated with Ap.
Supported by the Wellcome Trust and Special Trustees of Charing Cross Hospital.
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INTRACEREBRAL MICRODIALYSIS - UREA AS AN ENDOGENOUS
REFERENCE COMPOUND
E. Ronne-Engstrom* K. Cesarini, P, Enblad, G. Hesselager N. Marklund, P.
Nilsson, K. Salci, L. Persson, L. Hillered. Dept of Neurosurgery, Uppsala University
Hospital, Sweden
Introduction When evaluating the results from intracerebral microdialysis
(MD) a number of methodological issues have to be considered, such as the
recovery of the MD probe. One way to estimate in vivo recovery is to
measure the dialysate levels of an endogenous reference compound, a
substance with stable levels independent of the specific brain injury and that
equilibrates freely between fluid compartments. To test urea as an
endogenous reference substance we compared the levels of urea in dialysates
from the brain (CNS), subcutaneous tissue (SC) and in serum samples (S).
Methods 41 patients with cerebrovascular or traumatic brain injury were
included. Microdialysis was done with CMA/70 (10 mm membrane) and
CMA/60 (30mm membrane) probes in CNS and SC respectively. Mock CSF
was used, with perfusion flow of 0,3pl/min. Samples were taken hourly from
dialysate and daily from serum. Urea was analyzed enzymatically; for
microdialysate on a CMA/600 analysator and for serum on a Hitachi 717.
Results The correlation coefficient for CNS/SC (n=1187) was 0.81,
CNS/S (n=l 13) was 0.87 and SC/S (n=57) 0.89. The ratios did not change
over time. The correlation coefficient between the two analytical methods
was 0,99.
Conclusion There was a high degree of correlation between urea values in
CNS, SC and S. These observations suggest that monitoring of the CNS/SC
ratio can be used to control for changes in CNS-probe recovery.

ACUTE SPINAL CORD INJURY : EARLY CARE AND TREATMENT IN A
MULTICENTER STUDY WITH GACYCLIDINE.
M. Tadte1, P. d’Arbigny2, J.F. Mathe3, G. Loubert4, C. Saint-Marc5, Ph.
Menthonnex6, Y. Christen2*, P. Carli7
’CHU Bicetre; 2 Beaufour-Ipsen Les Ulis; 3CHU Nantes; 4CHU R. Poincare
Garches; 5CHU Rennes; 6CHU Grenoble; 7CHU Necker Paris; France.
280 patients with acute spinal cord injury (SCI) were enrolled within 2 hours after
their accident. Aged of 18 to 65, with an ASIA motor score from 0 to 15 inclusive
at the lower limb the most injured, without experience of episode of low blood
pressure for more than 15 minutes. After informed consent, they were,
randomized into 4 strata : level (cervical (Tl inclusive) or thoracic), severity
(complete or incomplete lesion) and assigned to 4 groups of treatment in a double
blind manner : placebo, 0.005 mg/kg, 0.01 mg/kg, 0.02 mg/kg of gacyclidine. The
treatment was injected IV and repeated once after 4 hours. Gacyclidine is a non
competitive NMDA antagonist. When needed the patients underwent surgery for
early decompression, recanalization and stabilization of the spinal cord within 6
hours. Follow up was one year.
A high rate of patients with complete lesion (72%) contributed to define a very
severely injured population with poor prognosis.
At one month a trend is observed in an overall analysis (p=0.08), with the dose of
0.02 mg/kg identified as the best dose; but not confirmed at one year. The
cervical incomplete strata shows positive results of large magnitude with a gain of
more than two metameric levels on the motor score compared with placebo at one
month. This difference is maintained at one and half metameric level at one year.
The safety profile of gacyclidine was good at the different doses.
The rapidity of the initial care, the improvement of the care management, the
early decompression of the spinal cord, the care coordination could have
contributed to make the patients recover quite well in the different strata, when
compared with literature data.

444.3

444.4

PROTEC: A DOSE-EFFECT STUDY OF GACYCLIDINE IN PATIENTS
WITH SEVERE TRAUMATIC BRAIN INJURY.
P. d'Arbigny1, M. Tadie2, B. Vigue2, J.F. Mathe3, P.E. Chabrier1*, P Carli4.
’Beaufour-Ipsen Les Ulis; 2CHU Bicetre; 3CHU Nantes; 4CHU Necker Paris;
France.
Gacyclidine is a non competitive NMDA antagonist, in clinical development. 48
patients presenting with confirmed severe traumatic brain injury (TBI) with a
Glasgow Coma Scale (GCS) from 4 to 8 inclusive were enrolled within 2 hours
after the trauma in a multicenter French clinical study.
Patients were assigned to placebo or one of the 3 doses of gacyclidine: 0.005
mg/kg, 0.01 mg/kg, 0.02 mg/kg injected IV and repeated once after 4 hours.
The primary endpoint was the Glasgow outcome scale (GOS) at 3 months and
one year. The GOS was dichotomized into favorable and unfavorable outcome.
Taking into account the a priori defined outcome prognosis factors: lesion
severity on the CT-scan, occurrence of low systolic blood pressure on day of
injury, GCS prior to enrollment, time interval accident-treatment first
administration, a dose-effect is observed (see fi
If the limited number of patients does not
allow to reach the significance threshold,
the magnitude of the difference between
the placebo group (20% of favorable outcome)
and the group treated with the best dose
0.02 mg/kg (41 %of favorable outcome)
leads to double the rate of favorable
outcome. With the regimen of administration tested gacyclidine was well tolerated.
Gacyclidine appears to be a promising
treatment for patients presenting with TBI, to
be confirmed in phase III studies.

EFFECTS OF GACYCLIDINE, A NON-COMPETITIVE NMDA RECEPTOR
ANTAGONIST, IN HUMAN HEALTHY VOLUNTEERS. M. Muzet'.P.
d’Arbigny2, R. Luthringer1, M. Jhanwar-Uniyal1, P.H. Boeijinga1*, J.M. Andrieux2
and J.P. Macher1. 1 FORENAP-PHARMA, Rouffach 68250 France;2
BEAUFOUR-IPSEN Les Ulis 91966 France.
The effect of several single doses (0.005 mg/kg to 0.05 mg/kg) of gacyclidine on
overall safety and pharmacodynamic parameters (cognitive responses,
psychomotor performances and EEG activity) was investigated in 9 subjects per
dose. The biological, as well as cardiovascular, safety profile was good (slight
transient increase of blood pressure and heart rate). The first CNS effects started 20
minutes after intravenous administration and disappeared in a dose dependent
manner. Psychomotor tests showed a modification after high doses, while short and
long term memory (Buschke test) was disrupted by the lowest doses only. An
increase of alertness going with an impairment of contentedness and calmness
(Bond and Lader scale) was observed in subjects administered with the higher
doses. ARCI49 scale revealed an euphoria-like effect at the intermediate dose,
while sedative effects were reported with higher doses. Dysphoric and
psychotomimetic effects appeared at the intermediate dose, increasing with doses,
while stimulating effects were described only for the intermediate one. Analysis of
EEG profiles showed an increase in alpha activities and a decrease in low
frequencies after the intermediate doses, while for the high doses a decrease in
alpha power was observed at 1 hr of injection. In conclusion, gacyclidine revealed
a rapid cerebral biodisponibility showing only acceptable peripheral effects and
psychoactive effects as expected. This safety profile allowed fiirther development
in patients presenting with acute severe traumatic brain injuries.

444.5

444.6

CASPASE 9 TRANSLOCATION FROM CYTOSOL TO NUCLEI OF
NEURONS UNDERGOING APOPTOSIS FOLLOWING HUMAN
TRAUMATIC BRAIN INJURY. B. Fahv,1 S. Krajewski? J.C. Reed,2 A.
Bethel? H, Eisenberg3’* and G. Fiskum.4 ’Dept. of Anesthesiology and
3Dept. of Physiology,
Univ. of Maryland, Baltimore, MD 21201;
2Burnham Institute, La Jolla, CA 92037

NEUROPHYSIOLOGICAL TOOLS FOR THE EVALUATION OF HEAD
INJURY IN ELITE ATHLETES. F. Dupuis*, M. Lassonde1, M. Lavoie1, N.
Gosselin1, and K.M. Johnston2*Pent. of Psychology. University of Montreal1, C.P.
6128, succ. A, Montreal, Que. H3C 3J7 and Dept. of Neurosurgery, McGill
University", Montreal, Quebec, Canada
In recent years, there has been increased interest in cerebral concussions suffered in
sports competitions. There is, however, considerable controversy concerning the
evaluation of the severity and of their cognitive sequelae. The goal of the current
study was to develop a standardized method to evaluate the cognitive effects of
concussions on college football and hockey players. Concussions were graded
according to the New McGill System and correlations were made between subjects’
performance and severity of concussion. Cerebral activity in these athletes was
studied using, the evoked potential visual oddball paradigm, one of the most
extensively used method to explore neural substrates of human cognitive processes. In
this paradigm, two kinds of stimuli that occur at different frequencies are presented.
Independently of the sensory modality of stimulation, the infrequent stimuli elicit a
larger P300 component, especially at parietal sites. This so-called ‘oddball effect’ is
thought to he related to evaluation, memory updating and attentional processes. Athletes
having suffered a concussion were seen one week and one month after having
suffered a concussion. In some cases long-term follow-ups were done if the athlete
was still symptomatic. Two groups were also formed as a basis of comparison : one
consisted of athletes with no concussion history (n=10) and another consisted of
athletes having suffered one or more concussions less than four but more than one
month ago, who where asymptomatic (n=5). Correlations were conducted between
neurophysiological findings and several variables (concussion grade, severity of
symptoms, and time elapsed since the concussion). The severity of postconcussion
symptoms seems to be the crucial factor in determining abnormal
electrophysiological response, regardless of the time elapsed since the concussion.
Use of event-related potentials (which includes the possibility of 3D brain-mapping)
may have potential in predicting clinical course and outcome not only in athletes but
also in other head trauma victims, when a retum-to-work decision must be made.
Supported by NSERC (Canada) and FCAR (Quebec).

Apoptosis contributes to neuronal death in animal models of traumatic brain
injury. Apoptotic caspase activation and subcellular redistribution, e.g., from
cytosol to nucleus, results in the activation of other factors that generate the
biochemical and morphological hallmarks of apoptosis. This study used
histological and immunohistochemical techniques to probe for such changes
in cortical neurons present in the human brain within a few hours to two days
following traumatic brain injury. Samples were obtained during craniotomies
and immediately placed in Bouin’s fixative. Samples could be categorized as
either composed of mainly necrotic cells with essentially no viable neurons
or; composed of neurons with variable degrees of damage. In this latter
category, there was surprisingly little immunostaining for caspase 3 and 6 and
Bclx_i or Bcl-2. However, there was robust caspase 9 immunostaining, that
shifted from cytosol to nuclei in many injured, but viable neurons. In these
neurons, there was also a similar nuclear staining for DNA fragmentation
factor. In necrotic neurons, no immunostaining of caspases or Bel family
proteins was apparent. We conclude that caspase 9 translocation from cytosol
to nuclei of affected neurons is an early event in neuronal death after head
trauma and that this redistribution could trigger apoptosis, as confirmed by
nuclear staining for DNA fragmentation factor.
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HYPOTHERMIA THERAPY FOR SEVERE TRAUMATIC BRAIN INJURY.
M. Imanishi *, S. Miyamoto T. Konobu \ Y. Nosaka \ H. Hirabayashi 2, T.
Sakaki 2. 1 Depts. of Emergency and Critical Care Medicine and 2

fMRI STUDY; TOWER OF LONDON TASK DEFICITS AFTER
TRAUMATIC BRAIN INJURY. F. Cazalis1*2 A. Fevdv3 S. Granon4* J.L.
Anton1 R. Carlier3 O, Jolivet5 J, Bittoun5 L. Pierot6 P. Azouvi2 Y, Bumod1

Neurosurgery, Nara Medical University, Kashihara, Nara, Japan 634-8522
Traumatic brain injury (TBI) causes lots of death and neurological
disabilities. Recently, it has been reported that hypothermia can affect the

1 INSERM U.483, Univ. F6,75005 Paris, France, 2R&ducation neurologique and 3Imagerie

mddicale, Garches, 4Institut Pasteur, Paris, 5CIERM, Kremlin-Bicetre, 6CMC Foch, Suresnes.

the severe TBI patients presenting with intracranial hematoma.

Goal: Location, using functional Magnetic Resonance Imaging (fMRI), of
the cortical areas activated in patients with prefrontal sub-cortical lesions.
Subjects and Methods: 6 traumatic brain injury (TBI) patients, with diffuse axonal lesions, were compared to 16 healthy control (CNT) subjects.
Functional BOLD contrast sequences were acquired on a standard 1,5 T.
MRI machine. The task was derived from the "Tower of London" test, carried out in two conditions (easy, difficult), in order to vary the working
memory load. All subjects gave their written consent.
Results: CNT subjects exhibited activation of the dorsolateral prefrontal
cortex (BA 9) and of the cingular area. Activations in both areas were more
extended in the difficult condition than in the easy one. The task also activated the cortex around the intraparietal sulcus in all conditions. TBI
patients performed poorly the task. They exhibited the same activity pattern than CNT subjects in the easy condition. However, in the difficult
condition, they showed diffuse and unstable activations.
Conclusion: Sub-cortical lesions impair realization of a task implying
constant attention, actions plans and a high working memory load, and
modify prefrontal cortex activity.

444.9

444.10

IMMUNOHISTOCHEMICAL ANALYSIS OF AB, BAPP, GFAP, TAU,
NEUROFILAMENT AND a-SYNUCLEIN IN HUMAN BRAIN FOLLOWING
HEAD TRAUMA. T.J. Grenfell1, E. Spooner1, L. Flanagan2*, T. Iwatsubo3, P.J.
Selkoe1 and C.A. Lemere1. 'Center for Neurologic Diseases, department, of
Experimental Medicine, Brigham & Women’s Hospital, Harvard Medical School,
Boston, MA 02115; department of Neuropathology and Neuroscience, Faculty of
Pharmaceutical Sciences, University of Tokyo, Tokyo 113, Japan.
Using immunohistochemical methods, we examined the brains of 19 head
trauma (HT) patients, ages 19 - 65 years and with survival times of 1 day to 11
years, for immunoreactivities (IR) to amyloid-B protein (AB), 8-amyloid precursor
protein (BAPP), GFAP, tau, neurofilament and a-synuclein. Six anti-AB antibodies,
including 2 specific for AB ending at residue 42, were utilized in our study. In
contrast to previously published reports, AB plaque IR was observed in brain tissue
from only 2 of the 19 HT patients (both aged 65 years); AB plaque IR was not
observed in any of the patients under 65 years of age. When the injury site was
present in the tissue sections sampled, GFAP IR was detected in and around the sites
of injury in most of the HT cases. Staining with tau antibodies was largely negative.
Axonal beading, dystrophic neurites and some cytoplasmic neuronal staining was
observed with antibodies to phosphorylated neurofilament protein, BAPP and
ubiquitin. A polyclonal antibody, TI17, raised against a synthetic peptide of the Nterminus of oc-synclein, also detected focally neurons, axona, beading and dystrophic
neurites; however, this pattern of staining could not be confirmed using several
antibodies with epitopes in the mid-region or C-terminus of a-synclein. Absorption
of antibody TI17 with its synthetic peptide antigen markedly diminished the
immunoreactivity both in HT brain tissue and in Lewy bodies in Parkinson’s disease
brain. Conformational or epitope differences may account for this discrepancy.
Further analysis of a-synclein IR is underway. Our results thus far indicate that AB
deposition is not generally induced by head trauma in patients under 60 years of age
despite the presence of gliosis and neuronal degeneration. Funding:AG06173.

DETECTING RESIDUAL COGNITIVE FUNCTION IN PERSISTENT
VEGETATIVE STATE (PVS) USING FUNCTIONAL NEUROIMAGING.
AM-QwgP-?, DK.Mgnon, E,J„ Williams,, P.$. Minb3sJ.$„, John$rude,,,
Scott. C.M.C, Allen. S.J, Boniface. I, V. Kendall. S.P.M.J, Downey. N.Antoun,
J.C, Clark. T, Manly. J.D, Pickard, MRC Cognition and Brain Sciences Unit
and Wolfson Brain Imaging Centre, University of Cambridge, U.K. Functional
Imaging Laboratory and Institute of Cognitive Neuroscience, London, U.K.
Despite converging agreement about the definition of persistent vegetative
state (PVS), recent reports have raised concerns regarding accuracy of this
diagnosis in some patients, and the extent to which, in some cases, residual
cognitive functions may remain undetected. While the investigation of such
patients using resting blood flow and glucose metabolism as markers of neural
capacity or potential is important, establishing that such activation is related to
the presence of residual cognitive function is of greater significance. Objective
assessment of residual cognitive function can be extremely difficult since motor
responses may be minimal, inconsistent, and difficult to document in many
patients, or may be undetectable in others because no cognitive output is possible.
Here we describe strategies for using 15-Oxygen PET activation studies to study
covert cognitive processing in patients with a clinical diagnosis of PVS. Three
cases will be described in detail. Of these, two exhibited clear and predicted rCBF
responses during well documented activation paradigms which we have shown to
produce specific, robust and reproducible activation patterns in normal volunteers
(face recognition and speech perception). Some months after scanning, both
patients made a significant recovery. In a third case, where no reliable blood flow
changes could be recorded, no significant improvement in symptoms has been
observed. Such studies are methodologically complex and present multiple
logistic and procedural problems. However, the detection and elucidation of
residual cognitive function in patients diagnosed as PVS has such major clinical
and scientific implications that we believe that such an effort is clearly justified.
Supported by the Medical Research Council.

444.11

444.12

SPORADIC THETA: NEUROIMMUNE-MODULATED
MECHANISM OF COGNITIVE VARIABILITY AFTER MILD
HEAD TRAUMA? F.F.LeFever*. Helen Hayes Hospital,
West Haverstraw, NY 10993.
Sporadic theta rhythms are "normal variants" of "no diagnostic significance" for epilepsy, but increased rate in many
patient groups argues for closer looks at (1) potential value
as a marker, (2) underlying mechanisms, (3) possible impact
on cognitive functions. Ades (1962) found they predict more
pilot error in high-g and stressful flying; Gibbs & Gibbs (1964)
cite association with complaints similar to postconcussion
syndrome; Varney et al. (1989) saw high rates in symptomatic
mild head injury. Neural inhibition in normal hippocampal
theta may gate input to insure registration of specific events,
but sporadic "rogue" bursts may cause interference resulting
in the variable attention or memory seen in postconcussion
syndrome. Experimental studies show lapses during inhibitory
more than excitatory phases of biphasic activity. Slow wave
abnormalities in viral challenge, IL-1 inhibitory influences on
synaptic transmission and/or LTP, via GABA mechanisms or
independently, suggest possible convergence with views of
chronic mild head trauma symptoms in terms of tonic and/or
.phasic neuroimmune activity (LeFever, 1995,1996,1997,1998).

LOSS OF CELLS IN THE HUMAN NUCLEUS BASALIS FOLLOWING
TRAUMATIC BRAIN INJURY. A.P. Mark. J, Duflou and P.M.E. Waite*.
Neural Injury Res. Unit, School of Anatomy, UNSW, Sydney 2052, Australia.
A consistent neuropathological result in Alzheimers Disease (AD) is a loss
of cells in the Nucleus Basalis (NB), a cholinergic nucleus found in the basal
forebrain. The decline in cognitive function in AD is believed to be at least
partly due to cholinergic dysfunction. Similar cognitive deficits commonly
occur following Traumatic Brain Injury (TBI). Animal models of TBI have
shown a loss of cells in NB in the rat but, as yet, there have been no reported
studies in humans on the effect of TBI and NB. The present study examines
the human NB in 14 cases of fatal TBI (2F, 12M; mean age 32y, range 1656y). Cases were divided into 3 groups based on post-trauma survival times:
nil survival (0-1 hour, n=4), short survival (2-27 days, n=6) and long survival
(over 6 months, n=4). At post-mortem, brains were fixed in 10% formalin for
4 weeks. Blocks containing NB were coronally cryo-sectioned at 50pm
throughout the rostrocaudal extent of the nucleus. Sections were Nissl-stained
(Cresyl Violet) or immunoreacted for calbindin, a known marker of NB cells.
The total number of cells in NB was calculated using an unbiased
stereological technique, the optical fractionator. The results (mean neuron
number ± SE) for the 3 groups were: nil survival, 470,487±56,500; short,
394,391±33,513; long, 303,381 ± 31,460. Analysis of variance showed a
significant difference between the nil and long survival groups (F=6.67,
p<0.05). Although the number of cells after short survival times was less than
in the nil group, this difference did not reach significance (F=1.54, p>0.2).
This study suggests there is a progressive loss of cells in the human NB

mortality of TBI in Japan. We treat by mild hypothermia (32-34°C) for
severe TBI patients and compared with barbiturate based on Glasgow
Outcome Scale (GOC). The purpose of this study was to analyze the outcome
of severe TBI patient treated by mild hypothermia compared with

barbiturate. We treated 25 patients, whose initial Glasgow Coma Scale
(GCS) on admission, is under 8 with or without surgical treatment. Their
age was from 6 to 86. Fifteen patients were treated by Barbiturate (3-5

mg/kg/hr) (group B), mean age 37.7 and 10 patients were treated by mild
hypothermia (group H), mean age 35.9. The mean GCS on admission was 5.3
in group B and 5.0 in group H. In the head-CTevaluation, 8 in group B showed

evacuated mass (group Evac-B) and 6 in group H showed evacuated mass
(group Evac-H). The results was performed by ANOVA. There was no
significant difference between group H and group B (p = 0.3). There was
significant difference (p < 0.1) between group Evac-H and Evac-B. These

results shows that mild hypothermia therapy can improve the outcome for
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445.1

445.2

ADENOVIRUS MEDIATED OVEREXPRESSION OF HEAT SHOCK
PROTEIN 72 PROTECTS NEURONS AGAINST HEAT STRESS IN
ORGANOTYPIC HIPPOCAMPAL SLICE CULTURES (OHSC). M.Y.
Lee . J, Unev. G. Wilde. E, Hillhouse*Medical Research Institute, Department
of Biological Sciences, University of Warwick, UK. Department of Medicine,
University of Bristol, UK.
It is well known that elevated temperature and a variety of other stresses
such as hypoxia, hypoglycemia and ischaemia induce the synthesis of Heat
Shock Proteins 72 (HSP72). The exposure of organisms to a mild stress which
induces HSP72 expression protects cells against the effects of a subsequence
more severe stress. Organotypic hippocampal slice cultures (OHSC), which
retain much of the intrinsic neuronal connectivity of the mature hippocampus,
and preserve the complex glial matrix, is a valid model for the study of
ischaemic-related neuronal damage.
We demonstrate that the damage of hippocampus cells in OHSC, induced by
heat stress, can be reduced by a preconditioning heat stress. This suggests that
the expression of HSP72 induced by heat preconditioning protects OHSC
against a subsequent severe heat shock. We also demonstrate that
overexpression of HSP72 by adenovirus mediated gene transfer in OHSC
confers protection against heat stress. However, it should be noted that in using
the adenovirus at a titer high enough to confer good protein expression, cellular
resistance to an insult is compromised, as witnessed in our beta-galactosidase
control group.
We demonstrate that the in vitro model of OHSC can be used for
investigating the role of HSP72 in the induction of heat tolerance using
adenoviral gene transfer. This model will now be used to comprehensively
investigate the overexpression of HSP72 protein in OHSC and assess
neuroprotection against hypoxia, ischaemia and glutamate toxicity.

POTENTIAL APPLICATION OF GENE SWITCH VECTOR IN GENE THERAPY
FOR TRAUMATIC BRAIN INJURY. L.L. Zou1’2*. H. Lu1'2. M. Coleman3. R.
Abruzzese3, J. Nordstrom3. J. Wang3. K. Ozol1’2. D. Shine1. R. Haves4. K, Yang12,
’Department of Neurosurgery; 2Center for Cell and Gene Therapy, Baylor College of
Medicine, Houston, TX 77030; 3Valentis, Inc., The Woodlands, TX 77381;
4Department of Neurosurgery, University of Texas Medical School-Houston,
Houston, TX77030.
A major consequence of traumatic brain injury (TBI) is loss of cholinergic
neurons in the medial septum. We have recently demonstrated that liposomemediated NGF gene transfer (Zou et al., Gene Therapy, in press) could attenuate
cholinergic neuron loss. Although NGF gene therapy rescued cholinergic neurons
following TBI, long-term overexpression of this or other neurotrophic factors in
brain could be deleterious. Hence, we investigated a regulatable gene expression
system responsive to the anti-progestin mifepristone in the present study. Plasmid
containing the regulatable gene expression cassette encoding alkaline phosphatase
(AP) was formulated with liposomes for transfection of NIH 3T3 cells and primary
cultures of septo-hippocampal cells. Twenty-four hours after gene transfection
varying concentrations of mifepristone were added to culture medium. Addition of
the mifepristone ligand elicited a dose-dependent increase in AP expression that
peaked at 24-48 hour post-induction. Persistent expression was observed for six days
in the presence of mifepristone. AP expression decreased to baseline following
removal of mifepristone and could be re-induced by subsequent re-introduction of
mifepristone into the culture medium. Maximal AP expression was observed at a
mifepristone concentration of 10'8 M. No apparent cytotoxicity was observed with
this system. These results suggest that the regulatable gene expression system
described herein may be useful for developing gene therapies to treat TBI (Supported
by grants: NIH ROI-NS35502-02, NIH RO3-AG16033-01, ATP 004949-049).

445.3

445.4

PARP INHIBITORS REDUCE NEURONAL CELL DEATH INDUCED
IN VITRO BY TRAUMA WITH OR WITHOUT METABOLIC
IMPAIRMENT. S. M. Knoblach* and A. I. Faden, Georgetown Institute for
Cognitive and Computational Sciences, Georgetown University Medical Center,
Washington, DC 20007
Poly (ADP-Ribose) polymerase (PARP) is an enzyme involved in chromatin
stabilization and repair. Activation of PARP may also facilitate cell death via
depletion of cellular bioenergetic status. Treatment with PARP inhibitors
appeal's to be neuroprotective after cerebral ischemia. Brain trauma impairs
cellular bioenergetics and causes varying degrees of ischemia. We compared
the effects of PARP inhibitors on cell viability 18 hr after neuronal-glial cocultures (19-21 DIV) were subjected to either mechanical injury alone or
combined with glucose deprivation and metabolic inhibition with 3nitropropionic acid. Benzamide, a relatively non-selective PARP inhibitor,
reduced neuronal cell death in both models (100-500 uM). A structurally
unrelated PARP inhibitor 3,4-Dihydro-5-[4-(l-piperidinyl)butoxy]-l(2H)iosquinolinone (DPQ), which is more selective than benzamide, also reduced
cell death at lower concentrations (1-200 uM). DPQ did not provide greater
efficacy than benzamide (maximum protection -50-60%), suggesting that the
neuroprotective effects of benzamide are related to PARP inhibition specifically.
These data suggest that PARP activation contributes to traumatic as well as
ischemic neuronal cell death. Supported by NIH NS37313 and DOD DamD
17-93-V-3018.

EFFECT OF CHYMOTRYPSIN-LIKE SERINE PROTEASE INHIBITORS ON
CULTURED NEURONAL CELLS AND POSTTRAUMATIC RECOVERY
AFTER BRAIN INJURY. Movsesyan V.*, Yakovlev A.,Fan L., and Faden A.L
Georgetown Institute for Cognitive and Computational Sciences, Georgetown
University Medical Center, Washington, DC 20007.
The chymotrypsin-like serine protease (CSP) inhibitor N-tosyl-L-phenylalanyl
chloromethyl ketone (TPCK) prevents DNA-ffagmentation and apoptotic cell
death in certain blood cell lines, and was recently reported to reduce neuronal
loss caused by cerebral ischemia. We have examined the influence of CSP
inhibitors on recovery after fluid percussion induced traumatic brain injury (TBI)
in rats and in a variety of neuronal cell cultures subjected to apoptosis. TBI
markedly increased CSP activity levels, which were significantly reduced by
treatment with the caspase inhibitor z-DEVD-fmk. TPCK did not prevent
apoptotic neuronal cell death induced by serum/K+ deprivation or by application
of staurosporine, thapsigargin or etoposide in cultured rat cerebellar granule
cells, rat cortical neurons or the human neuroblastoma SH-SY5Y cell line.
However, at doses from 10 to lOOpM TPCK was cytotoxic in all cultures tested.
Similar results were obtained in cultures treated with another CSP inhibitor 3,4dichloroisocoumarin (DCI). Surprisingly, TPCK and DCI at concentrations
shown to be toxic enhanced the protective effect of the caspase inhibitor z-VADfmk in SH-SY5Y cells treated with etoposide. Introcerebraventricular
administration of TPCK to rats after TBI exacerbated motor dysfunction but
reduced deficits of spatial learning and memory after injury. These data suggest
that CSP may either contribute to or reduce neuronal cell death, depending upon
the experimental conditions.
Supported by DOD grant DAMD 17-93-V-3018.

445.5

445.6

A COMPARISON OF THE EFFECTS OF SKF 10,047 AND MK-801 ON
BEHAVIORAL RECOVERY FROM SENSORIMOTOR CORTEX
DAMAGE IN RATS. J.A, Konen, M.E. Fritts, G.W. Davis, & T.M.
Barth*, Department of Psychology, Texas Christian University, Fort
Worth, TX 76129.
Damage to the brain following a head injury is comprised of more than just the
trauma due to the primary insult. In the hours following the initial injury, there are
secondary excitotoxic processes which result in subcortical degeneration and
contribute significantly to the overall amount of irreversible brain damage. NMDA
antagonists such as MK-801 have been shown to reduce the amount of subcortical
degeneration following cortical lesions, resulting in significantly less severe
sensorimotor and cognitive deficits than would normally have been observed.
However, MK-801 is associated with many negative side effects including
neurotoxicity at high doses and memory impairments. Sigma agonists such as SKF
10,047 are effective reducers of excitotoxicity and protect against secondary cell
death. The goals of the present study were to assess the capability of SKF 10,047 at
facilitating recovery of sensorimotor function in rats, to compare the effectiveness of
SKF 10,047 to MK-801, and to investigate any synergistic effects on recovery when
SKF 10,047 and MK-801 were administered in combination. Following a small
electrolytic lesion to the sensorimotor cortex, rats were randomly assigned to a
treatment group (SKF 10,047, MK-801, SKF 10,047 + MK-801, Saline) and given
3 injections over a period of 48 hours. Recovery of function was assessed in ten
trials over a period of 43 days using the foot fault task. The data indicate that SKF
10,047 does have a beneficial effect on recovery of function following sensorimotor
cortex injury. MK-801 was not found to have a significant effect, nor were any
synergistic effects found. The findings suggest that SKF 10,047 has significant
promise as an effective agent in the treatment of traumatic brain injury.

COMPARISON OF MONOTHERAPY VS COMBINATION
TREATMENT USING HYPOTHERMIA AND AN NMDAANTAGONIST FOR BRAIN INJURY IN RATS. C.G. Markgraf*.
S.F. Chaney and G.L. Clifton. Univ, of Texas Houston Med. School.
Dep’t of Neurosurgery, Houston TX 77030
We evaluated efficacy of the combination of moderate hypothermia
and Cerestat, an NMDA antagonist, on neurologic outcome in a rodent
model of traumatic brain injury (TBI).
Rats (n=10-14/group)
underwent cortical impact injury and were treated as follows:
hypothermia alone (30° C for 3 h, 2 h rewarming) vs normothermia
(37°C for 5 h); Cerestat alone (3 mg/kg i.v.) vs saline (0.6 ml i.v.);
hypothermia + Cerestat concurrently vs normothermia + saline, or
hypothermia followed by Cerestat vs normothermia followed by saline.
Each pair was evaluated compared to a sham operated group.
Hypothermia and Cerestat each significantly attenuated neurologic
deficits measured by a battery of tests 24 h after injury. Concurrent
administration also reduced significantly behavioral deficits, but no
synergistic effect was noted—the magnitude of the effect was the same
as for each treatment alone. Serial treatment did not reduce neurologic
deficits, but interpretation of these results was confounded by drug
effects still present 24 h later. Although hypothermia and Cerestat are
each efficacious treatment for TBI, the current study does not provide
evidence of synergy for improving early functional outcome.
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445.8

L-ARGININE RESTORES THE SUPPRESSED CO2 REACTIVITY
FOLLOWING MILD HEAD INJURY. E, M, Golding. I. Skaribas1. C.S.

ALPHA-MELANOCYTE
STIMULATING
HORMONE
(a-MSH)
ACCELERATES FUNCTIONAL RECOVERY IN A TRAUMATIC
PERIPHERAL NEUROPATHIC MODEL. B. Zhao,* H.Y, Wang. M,
D’Andrea, J, Hall, S, Watson, B, Dubinsky. A, Vaidya. D, Rosenthal. J.
Crooke. and C.R. Plata-Salaman. The R.W. Johnson Pharmaceutical
Research Institute, Spring House, PA 19477.
Alpha-MSH has neurotrophic effects in vitro. However, the precise
mechanisms involved as well as its in vivo efficacy are unclear. In this
study, we investigated the effects of a-MSH in a facial nerve
compression model. The facial nerve of male Long-Evans rats
(140~160g) was subjected to a controlled unilateral mechanical
compression. The results show that the subcutaneous administration
of a-MSH (70 pg/kg every 48 h for 14 days) accelerated the recovery
time to restore whisker muscle movement in the lesioned rats as
compared to the vehicle controls (n = 8, p< 0.05). RT-PCR data show
that the MC4 receptor (MC4R) was the only detectable MC receptor
subtype in the facial nerve system (facial nuclei and facial nerve), and
was up-regulated approximately twofold at the lesioned site. Based on
the in vivo data, we also studied the effects of a-MSH in an in vitro
model. In this model, PC12 cells were stably transfected with human
MC3R, MC4R, or MC5R. The transfectants over-expressing MC4R,
but not MC3R or MC5R, exhibited an increase in neurite-like
processes upon 48 h treatment with 1 pM a-MSH. This a-MSHinduced effect was correlated with the expression levels of MC4R that
is functionally coupled to GaS in these cell lines. The data suggest
that: 1) a-MSH stimulates MC4R to facilitate neurite outgrowth in vitro,
and the MC4R is involved in the accelerated functional recovery time
after nerve injury in vivo, 2) modulators of the MC4R may have a
therapeutic application for peripheral neuropathies. (Support by PRI)

Robertson. R.G. Grossman*, and R. M. Bryan. Jr.1. Departments of Neurosurgery
and Anesthesiology1, Baylor College of Medicine, Houston, Texas 77030 USA
Mild controlled cortical impact (CCI) injury suppresses the cerebrovascular
response to hypercapnia. We tested the hypothesis that the suppressed CO2
reactivity following head injury is due to a limitation of L-arginine, the precursor
for nitric oxide (NO). CO2 reactivity was tested in pial arterioles by allowing the
animals to breathe 10% CO2 for 10 minutes (mean pCO2=69.3±1.2 mmHg,
n=12).
In the first group of rats (n=7), the dilation to hypercapnia preinjury was found
to be 38±5% which was reduced both at 1 hr (23±6% dilation) and at 2 hrs
(11±7% dilation; p<0.05 compared to preinjury) following mild CCI injury. In
the second group of rats (n=6), L-arginine was administered (10 mM topical
suffusion; 300 mg/kg iv infusion) at 1 hr postinjury. The dilation to hypercapnia
was found to be partially restored to 30±2% at 2 hrs postinjury. In the third group
of rats (n=6), D-arginine was administered (10 mM topical suffusion; 300 mg/kg
iv infusion) at 1 hr postinjury. In this case, the dilation to hypercapnia was found
to remain diminished at 18±4% at 2 hrs postinjury. In the fourth group of rats
(n=5), the NO donor, SNAP (10'8M topical suffusion), was administered at 1 hr
postinjury. In this case, the dilation to hypercapnia remained diminished at
5±3%. The results of the present study demonstrate that L-arginine partially
restores the diminished response to hypercapnia following mild CCI injury. The
lack of beneficial effect of D-arginine suggests that L-arginine is acting via the
NO pathway. Supported by PHS PO1 NS 27616.

445.9

445.10

A CYCLOOXYGENASE INHIBITOR, INDOMETHACIN, INHIBITS PROTEINASES (CALPAIN). N- Banik*, P- Mafeelte, E, Tgny, Q, Wilfqrd, E, Hogan.
Dept Neurology, Medical University of SC, Charleston SC 29425 USA
We previously demonstrated inhibition of calpain by methylprednisolone, a
glucocorticosteroid which is beneficial to multiple sclerosis and spinal cord
injury patients (Banik gt ai., 1997). In order to examine whether non-steroidal
anti-inflammatory drugs also inhibit proteolysis in vitro, we studied the effect
of indomethacin on purified calpain and on Ca2+-mediated degradation of cytoskeletal proteins (neurofilament, NFP) in spinal cord homogenate. Purified
calpain was incubated with 14C-casein in 50mM Tris-HCI buffer, pH 7.6, 2mM
IJ-mercaptoethanol, 5mM CaCI2 with and without indomethacin. The soluble
radioactivity in the samples minus EGTA control was taken as activity. A
dose-dependent inhibition of purified calpain activity was observed. A 50%
inhibition of 14C-caseinolytic activity was obtained with less than 1.1 mM
indomethacin. It was completely inhibited at 3.3mM concentration. The effect
of Ketorlac, another non-steroidal drug, on calpain was less than that of indomethacin. Indomethacin also inhibited the Ca2+-mediated degradation of 68kD
NFP in spinal cord homogenate. The extent of NFP degradation was
analyzed by SDS-PAGE and the inhibition shown by indomethacin was less
than that found with the calpain inhibitor E64-d. The degradation of myelin
basic protein (MBP) by cathepsin B, a lysosomal cysteine protease, was
significantly inhibited by indomethacin. These results suggest that indomethacin, an anti-inflammatory drug and cyclooxygenase inhibitor, also inhibits
proteinases, including cathepsin B and calpain. Supported by NIH-NINDS
(NS-31622), NMS Society (RG-2130), and AHAF Glaucoma Foundation.

EARLY POSTTRAUMATIC HYPOTHERMIA PROVIDES PERSISTING
AXONAL PROTECTION AND IMPROVES BEHAVIORAL OUTCOME.
E.Suehiro. H.Koizumi and J.T. Povlishock?Dept.of Anatomy, Medcal College of
Virginia, Virginia Commonwealth University, Richmond, VA 23298.
In a previous communication, we reported that pre and postinjury hypothermia
provide axonal protection in the early posttraumtic period. Currently, we evaluate if
the protective effects of moderate hypothermia extend into more prolonged survival
periods, while translating into behavioral protection. Male Sprague-Dawley rats were
subjected to traumatic brain injury (TBI) induced by impact-acceleration. In one group
(n=8), body temperature was maintained at normothermic levels (38°C). In another
group (n=10), moderate hypothermia (32°C) was induced immediately after TBI for 1
h followed by controlled rewarming. Behavioral testing related to motor function was
assessed prior to and 7 days after TBI. Performance on the beam balance task was
decreased postinjuiy in both the normothermic and hypothermic groups, with no
significant improvement in the hypothermic group. In contrast, performance on the
beam walk and rotarod tests showed significant improvement in the hypothermic
group. (p< 0.05) Quantitative APP immunocytochemistry, denoting axonal damage,
was also performed at 7 days postinjury in the medial longitudinal fasciculi (MLF), the
medial lemnisci (ML), and the corticospinal tracts (CSpT). In contrast to our previous
findings at 24 h postinjury, the number of damaged axons in the CSpT at 7 days
postinjury was remarkably reduced in both the normothermic and hypothermic groups,
with no evidenceof hypothermic protection. However, in both the MLF and the ML,
the density of damaged axons was significantly decreasedin the hypothermic group, (p
< 0.01) These immunocytochemical findngs paralleled the observed behavioral
protection, collectively indicating the continuing/prolonged protective effects of
hypothermia following TBI. (supported by NS 20193)

445.11

445.12

HEME OXYGENASE-1 INDUCTION PROTECTS CORTICAL
ASTROCYTES FROM HEMOGLOBIN TOXICITY R.F, Regan* and
Y.P. Guo. Division of Emergency Medicine, Thomas Jefferson
University, Philadelphia, PA 19107
Exposure to micromolar concentrations of hemoglobin (Hb) for several
hours is toxic to cultured murine cortical neurons, but not to glia. One
specific glial defense against heme-mediated oxidative injury may be
heme oxygenase-1 (HO-1), which catalyzes the breakdown of heme to
iron, carbon monoxide, and the antioxidant biliverdin. In this study, we
tested the hypothesis that HO-1 induction contributes to glial resistance
to Hb. Within hours of exposure to 5 pM Hb, immunoblotting
demonstrated a marked increase in HO-1 in confluent pure glial cultures
(>95% GFAP +). Consistent with prior observations, 30 h Hb exposure
had no effect on glial viability, as assessed by LDH release. Concomitant
treatment with Hb plus 10 pM cycloheximide (CHX) blocked HO-1
induction and resulted in release of 54±3% of glial LDH; CHX alone was
nontoxic. The nonselective HO inhibitor tin protoporphyrin-IX (1-10
pM) also rendered glia vulnerable to Hb, with release of about two thirds
of glial LDH at 10 pM. A similar effect was provided by a novel peptidic
HO-1 inhibitor composed of the D-amino acids rvnlrialry (Iyer et al., J.
Biol. Chem. 273:2692-7). These results are consistent with the hypothesis
that HO-1 induction protects cortical astrocytes from Hb toxicity.
Supported by Thomas Jefferson University

EXPRESSION OF EXTRACELLULAR MATRIX PROTEINS FOLLOWING THE
INSERTION OF MODEL NEURAL PROSTHETIC DEVISES. B.A. Sipple1*, J.N.
Turner1. H.G. Craighead2. M. Isaacson2, A W, Spcncc2. W, Shain1 'WadswortIt
Center. Albany. NY 12201-0509. 2School of Applied Engineering and Physics.
Cornell University. Illiica. NY 14853-2501.
The insertion of model neural prosthetic devises (probes) into the cortex ol adult
rats induces a glial reactive response that leads to the functional isolation of the
probe. This response consists of airly and prolonged reactive responses Prev ious
work has demonstrated differences in the organization of astrocytes and microglia
around insertion sites We report on changes in Ihe expression of extracellular matrix
(ECM) proteins during these responses. Fluorescent immunochemislry and confocal
microscopy were used to analyze the expression of laminin, fibronectin. and
chondroitin sulfate proteoglycan in 100-pm thick tissue sections. Increases in
laminin and fibronectin immunoreactivity during the early response occur within the
vasculature surrounding the probe site indicating a role for these ECM proteins
during an early vasculature inflammatory response. Increased expression ol all 3
ECM proteins within the compact glial scar in the prolonged response suggests a role
for these proteins in the functional isolation of the probe from the surrounding neural
tissue. C urrent work is seeking Io identify the cells responsible for producing these
ECM proteins during the early and prolonged responses using fluorescent in situ
hybridization techniques in conjunction with fluorescent imimmochcmistrx. The
differential expression of ECM proteins following probe insertion support the
hypothesis that different molecular mechanisms underlie the early and prolonged
reactive responses Supported in part by NIH. NCRR. RR 10957
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EFFECTS OF DIFFERENT SURFACE CHEMISTRIES ON REACTIVE RESPONSES TO MODEL NEURAL PROSTHETIC DEVICES
J.N, Turner1*. P H Szarowski1, B.A Sipple1. A.W Spence2. H.G
Craighead2, M Isaacson2. S. Lasek*. W, Shain1. 1 Wadsworth Center and
School of Public Health, University at Albany, Albany NY 12201 -0509,
2School of Applied and Engineering Physics, Cornell Univ . Ithaca NY
Insertion of microfabricated neural prosthetic devices into the cortex
results in a two-phase reactive response. The early response is characterized
by a large volume of cellular reaction with prominent stellate reactive
astrocytes. The prolonged response develops after the early response and
is maintained for as long as prosthetic devices are present This response
involves a compact, high resistance sheath of cells immediately around the
prosthetic device and may be triggered by cells attached to the prosthetic
device and cells in the sheath. We have tested this model by modifying the
surface chemistry of the neural prosthetic devices to contain positively
charged surfaces that promote astrocyte attachment /// v/7/o (DETA),
aliphatic surfaces that permit selective protein attachment hut do not
promote cell attachment in vitro (OTS), and a polymer surface that permils
minimal protein attachment and does not support astrocyte attachment ///
vii/o (PEO/PDMS)
Reactive
responses
are
assessed
using
immunohistochemistry and confocal microscopy to analyze thick (100 pm)
sections. These results will help develop new fabrication strategies for
successful tissue compatibility and integration of neural prosthetic devices
Supported in part by NIH, NCRR, RR10957
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446.2

STEREOLOGICAL POINT COUNTING OF MAGNETIC RESONANCE
IMAGES (MRI) OF THE BRAIN IN A LONGITUDINAL STUDY INDICATE A
LOSS OF WHITE MATTER VOLUME IN A NON-HUMAN PRIMATE MODEL
OF CEREBROVASCULAR DISEASE. J.J. Wisco,* D.L. Rosene, R.J. Killianv, H.
Waldron, and M.B. Moss. Department of Anatomy and Neurobiology, Boston
University School of Medicine; Boston, MA 02118.
In a non-human primate model of cerebrovascular disease, the aorta of 9 adult
male rhesus monkeys was coarcted to achieve a sustained systolic blood pressure
over .150 mm Hg (normal systolic blood pressure = 120 mm Hg). MRI scans of the
brain were acquired once pre-operatively and twice post-operatively (12-months
and 24-months). In addition, the monkeys tested on a battery of cognitive tasks preoperatively (Delayed Non-matching to Sample [DNMS]) and post-operatively
(Attention ftinction; DNMS basic, 2-minute delay, 10-minute delay; Delayed
Recognition Span Task [DRST] spatial condition, object condition). Total forebrain
volume was calculated from the MR image slices. This volume excluded
cerebellum and the brainstem posterior to the superior colliculus. Stereological
point counting in a systematic sample of images through the forebrain classified
tissue as gray matter, white matter or ventricle space. Using the pre-operative scan
from each subject as its control, Matched Sample t-test analysis indicated that at 24months post-op there was a small but consistent loss of total brain volume as well as
a significant loss of white matter (t = 3.89, p = 0.0046), but no significant change in
gray matter. Further analysis indicated that white matter volume loss showed a
trend toward significance within the first 12 post-operative months (t = 1.78, p =
0.12), and reached significance between 12 and 24 months (t = 4.43, p = 0.0022).
Correlation of ranking by white matter loss with a composite score of cognitive
impairment revealed a statistically significant relationship between the degree of
white matter loss and severity of cognitive impairment at 24-months post-op (r =
0.929, p < 0.01). These results suggest that cognitive impairment produced in this
non-human primate model of cerebrovascular disease may be due to white matter
pathology as indicated by the loss seen on MRI. (Supported by NIH grant
NS31649)

HYPERTENSION-RELATED LONGITUDINAL CHANGES IN MEMORY IN
A NON-HUMAN PRIMATE MODEL OF CEREBROVASCULAR DISEASE.
RJ Killiany*, DL Rgsene and MB Moss Dept. of Anatomy and Neurobiology,
Boston University School of Medicine, Boston MA 02118
Hypertension has long been suspected to produce progressive
impairments in cognitive function. In this study we have used a model of
untreated hypertension to longitudinally assess changes in cognition. The
subjects were 18 adult male rhesus monkeys. Thirteen underwent surgical
coarctation of the thoracic aorta and 5 served as controls. Of the 13 coarcted
monkeys, 9 developed sustained hypertension (systolic BP 150 mmHg)
while 4 had an initial rise in blood pressure which was not sustained (NH systolic BP ranged from 124 to 148 mmHg). The 9 monkeys with sustained
hypertension were subdivided into two groups, one maintained on a regular
diet (H) and one on a atherogenic or high fat diet (HA). The monkeys were
behaviorally tested preoperatively and then at 6,12 and 36 month postoperative
time intervals using the delayed non-matching to sample (DNMS) and the
delayed recognition span (DRST) visual recognition memory tasks. Significant
differences (ANOVA p's < 0.05) in performance were found between the
hypertensive monkeys (NH, H & HA) and the controls on the spatial DRST
at the 12 and 36 month test intervals. Longitudinal analyses revealed a
significant decline (p < 0.05) in performance from the 6 to the 12 month
testing on the Spatial DRST for group H along with a significant decline (p <
0.05) in performance from the 12 to the 36 month testing on DNMS delays (2
& 10 min) for group H. Correlational analyses revealed several significant
(p's < 0.05) linear relationships between cognitive performance and systolic
blood pressure. The main finding of this study demonstrates, in a non-human
primate model, that hypertension produces a significant and progressive
impairment in memory function. (Supported by NIH grant PO1NS31649)

446.3

446.4

CASPASE 3 ACTIVATION IN BABOONS AFTER FOCAL
ISCHAEMIC INJURY A.J. Thomas, N. Cookson, F. Yang, C.
Crumrine, N.B. Patel, N. Ferrier, W.R.S. Selman, W.D. Lust, G. Cole
and R.N. Kalaria (Spon: Soc Neurosci of Africa) Institute for Primate
Research, Kenya; IHE and Department of Psychiatry, University of
Newcastle upon Tyne, UK; Department of Neurological Surgery, Case
Western Reserve University, Cleveland, OH 44106; Department of
Neurology, UCLA, VA Medical Center, Sepulveda, CA 91343, USA.
Recent advances suggest that neurones exposed to ischaemic or
traumatic injury express several markers characteristic of protracted
cell death or apoptosis. However, the extent and sequelae of events,
which lead to cell death subsequent to such injury is not clear. The
caspases are a group of enzymes activated in cells vulnerable to death.
Here, we assessed caspase-3 like activation in brain tissue from
baboons (papio) and guinea pigs subjected to middle artery occlusion
(MCAO). We used our previously characterised antiserum to ffactin in
relation to amyloid precursor protein (APP) accumulation within cells.
Immunocytochemical examination showed intense accumulation of
ffactin reactive product in several neurones in the perifocal region of
the infarct and adjacent neocortical areas. The product was localised
within the neuronal cytoplasm but there was no evidence to suggest
that glial cells were immunoreactive. Our observations suggest caspase
-3 like activity in APP accumulating neurones subjected to ischaemic
injury. Supported by grants from the NINDS and Alzheimer’s
Association (USA).

CADASIL LINKED-NOTCHS MRNA EXPRESSION IN HUMAN
BRAIN VASCULAR TISSUES AND NEURAL CELL LINES
T. Mizuno. N.J. Cookson. C.M. Morris, R.N. Kalaria Institute for
health of the Elderly and Department of Psychiatry, University of
Newcastle upon Tyne, Newcastle upon Tyne, NE4 6BE, UK
The NOTCH gene encodes a large transmembrane protein which
is believed to function as a cell surface receptor mediating signals
between cells. Mutations in the NOTCHS gene are associated with
CADASIL. Recently, Notch has also been implicated to interact with
presenilins associated with AD. Here, we describe the expression of
NOTCHS mRNA in human brain, cerebral vessels and neural cell
lines by RT-PCR to understand the pathogenic mechanism involved
in CADASIL. RNA was derived from frozen brain, isolated cerebral
vessels, placenta, vascular smooth muscle cells, THP-1, Jurkat, and
neuroblastoma cells. RT-PCR was performed by AMV Reverse
Transcriptase and Tfl polymerase with specific primers for
NOTCH). We designed two oligoprimer sets which cover exon 31
and 32 or exon 31 to 33 of NOTCH'S. We observed the expression of
NOTCH) mRNA in placenta, human brain, cerebral vessel, vascular
smooth muscle cells, Jurkat and neuroblastoma by either primer set.
Although NOTCHSis expressed widely, especially at high level in
proliferating neuroepithhum, expression is downregulated at later
stages of the embryo. However, expression of NOTCH'S mRNA in
most human brain tissues indicated that NOTCHS continues to be
expressed in adult human brain. In addition, expression of
NOTCHS mRNA in human cerebral vessels and vascular smooth
muscle cells in particular were interesting in the relation to the
mechanisms of CADASIL.
(SPON: SONA)
Supported by grants from MRC (UK), NIH (NIA) & ADRDA (USA)
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446.5
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PROBLEM OF NEURONAL SUBPOPULATIONS,

Buee1, C. Mailliot', T. Bussiere1'3, N.
Sergeant1, M.-A. Cordolianf, A. Wattez1, C.A. Maurage2, M.M. Ruchoux2, P.R.
Hof, F. Pasquier, P. Vermersch', A. Delacourte , P. Lacombe*. INSERM
U422, F-59045 Lille, France; 2Hop. R. Salengro, CHRU, F-59037 Lille, France.
’Neurobioiogy of Aging Lab., Mt Sinai Med Ctr, NY NY 10029. 4Fac.
Lariboisiere, F-75010 Paris, France.
Aggregation of tau proteins are commonly found in neurodegenerative disorders.
Neuropathologists distinguish intracellular inclusions such as Pick bodies (in Pick
disease (PiD)) and neurofibrillary tangles (NFT). NFT are found in Alzheimer’s
disease (AD); corticobasal degeneration (CBD), progressive supranuclear palsy
(PSP), and sometimes in fronto-temporal dementia. They are also seen in myotonic
dystrophy (MyD). Tau belong to the microtubule-associated proteins family. In
human brain, they constitute a family of six isoforms with three (exon 10-) or four
(exon 10+) microtubule-binding regions.
In AD NFT, their biochemical analysis reveals the presence of the six
phosphorylated tau isoforms characterized by immunoblotting by a triplet of tau
proteins (55, 64 and 69) and a minor 74 kDa variant. However, in PSP and CBD,
tau aggregates correspond to a doublet (Tau 64 and 69 and a minor 74 kDa variant)
composed exclusively of the 3 exon 10+ isoforms. In PiD, tau from Pick bodies
correspond to another doublet (Tau 55 and 64 and a minor 69 kDa variant) only
containing the 3 tau isoforms without exon 10. Finally, in MyD, a genetic disorder
with CTG repeats, only the fetal tau isoform aggregate in temporal cortex. In PSP,
a tau polymorphism was described that may explain aggregation of tau exon 10+
isoforms. These data suggest that genetic factors may be involved. However,
another explanation of this disease-specificity is that different tau isoforms (with
or w/o exon 10) are expressed either in subsets of neurons that exhibit different
vulnerability among neurodegenerative disorders or in a non-proper cell
compartment (axonal or somato-dendritic).
CELL TRAFFICKING OR POLYMORPHISMS? L,

MORPHOLOGICAL CHANGES IN TWO TAU STABLY TRANSFECTED
SY5Y CELL LINES. C. Mailliot A. Delacourte aid L. Buee*. INSERM U422,
59045 Lille FRANCE.
Tau proteins belong to the microtubule associated proteins family. In human
central nervous system, six tau isoforms are generated by alternative splicing
from a single gene located on chromosome 17. These isoforms differ from each
other by the presence or not of a 29 or 58 amino-acids sequence in the aminoterminal part of the molecule, and the presence or not in the carboxy-terminal one
of 3 or 4 repeated microtubule binding domains. Filamentous aggregates of tau
proteins are a common feature of number of neuro degene native disorders including
Alzheimer’s disease, Pick's disease, corticobasal degeneration and progressive
supranuclear palsy. Moreover, these aggregated tau proteins are abnormally
hyperphosphorylated. Our previous works showed that vulnerable subpopulations
of neurons degenerating in the different neurodegenerative disorders are
characterized on the one hand by a specific subset of tau isoforms (containing or
not the additional exon 10 encoded repeat in the carboxy-terminal part of the
molecule) and on the other hand by a specific pattern of kinases whom
misexpression induces a desequilibrium in the kinases/phosphatases balance and
then is responsible for the abnormal tau phosphorylation. In the present study,
we raised the question of a relationship between tau isoforms and cell
morphology. To answer this question, we have established two stably transfected
human neuroblastoma SKNSH-SY5Y cell lines with tau isoforms containing
either 3 or 4 microtubule bonding repeats. We present here their characterization.
This work was supported by CNRS, INSERM, CHR-U Lille and Pole
Neuroscience. C. M. is tire recipient of a fellowship from the French Research
Ministry'.

446.7

446.8

RELATIONSHIP OF THE EXTENDED TAU HAPLOTYPE TO TAU
ISOFORM EXPRESSION AND NEUROPATHOLOGY IN PROGRESSIVE
SUPRANUCLEAR PALSY. W.-K. Liu, S.-H. Yen. L. Younkin*. J. Hardy,
M. Hutton, M. Baker & D.W. Dickson, Department of Research, Mayo Clinic
Jacksonville, Jacksonville, FL 32224.
We recently described an extended tau haplotype for the Tau gene and
significantly increased frequency of the Hl haplotype in progressive
supranuclear palsy (PSP) compared to normal controls (Baker, et al. Hum.
Mol. Gen. 8:711, 1999). To determine the influence of haplotype on tau
isoform expression in PSP, we analyzed postmortem brain tissue that had been
genotyped (Hl/Hl, H1/H2, H2/H2) and characterized neuropathologically.
Alzheimer type pathology, including neocortical senile plaques and/or
neurofibrillary tangles, were detected in some cases; others were considered to
be typical PSP. Sarkosyl-insoluble tau isolated from basal ganglia of typical
PSP was composed of tau species of 68 and 64kDa, while mixed cases had
additional tau immunoreactive bands of 60-64 kDa. The tau proteins from
basal ganglia were further characterized by immunoblotting after extensive
dephosphorylation with phosphatase. Typical PSP cases contained four-repeat
tau, while cases with mixed pathology contained a mixture of three- and fourrepeat tau. Cases with mixed pathology were H1/H2, H2/H2 or Hl/Hl, while
all typical PSP cases were Hl/Hl. The results suggest that the Hl/Hl genotype
may be required, but not sufficient for the development of typical PSP and that
Alzheimer type pathology and expression of tau isoforms in PSP are
influenced by Tau haplotype.
(Supported by Troxel Memorial Fund SPSP Brain Bank and NIH AG04145.)

TRANSGLUTAMINASE-INDUCED CROSSLINKING OF TAU PROTEIN
IN PROGRESSIVE SUPRANUCLEAR PALSY. M. O. Zemaitaitis*1, J. M.
Lee12, N. A. Muma1. Dept. Of Pharmacology1, Dept. Of Pathology2 Loyola
Univ. Med. Center, Maywood, IL 60153
Several neurodegenerative disorders such as Alzheimer’s Disease (AD)
and Progressive Supranuclear Palsy (PSP) are neuropathologically characterized
by neurofibrillary tangles, which are intraneuronal aggregates of microtubule
associated protein tau. In PSP, phosphorylated tau is polymerized to form either
straight or paired helical filaments in neurofibrillary tangles. However, the
mechanisms underlying the abnormal tau polymerization are not known. There
is evidence suggesting that calcium dependent transglutaminase-induced
crosslinking of tau may contribute to the pathological changes in AD. To
determine if transglutaminase-induced crosslinks exist in other
neurodegenerative disorders we examined neurofibrillary tangles in brain tissue
from patients with PSP. Insoluble protein fractions from the brainstem from
PSP (n=5) and normal age-matched controls (n=4) were used to immunoaffinity
purify proteins containing e-(y-glutamyl)lysine crosslinks. The immunoaffinitypurified proteins were then examined on immunoblots with antibody directed
against abnormally phosphorylated tau (PHF-1 from Peter Davies). There were
significant levels of crosslinking in tau filaments in all PSP cases but not in any
controls. In vitro tau has been previously demonstrated to be an excellent
substrate for transglutaminase. Based on the previous studies and present data,
we hypothesize that transglutaminase-induced crosslinking may be a
contributing factor to the abnormal polymerization of tau into straight and paired
helical filaments leading to neurofibrillary tangle formation in PSP as well as in
Alzheimefs Disease.

446.9

446.10

FUNCTIONAL CONSEQUENCES OF THE EXPRESSION OF TAU WITH
FTDP-17 MUTATIONS IN INTACT CELLS. V.Vogelsberg-Ragaglia*, J.
Bruce, C. Richter-Landsberg, M. Hong, J.Q. Trojanowski and V, M-Y, Lee.
Center for Neurodegenerative Disease Research Pathology, University of
Pennsylvania School of Medicine, Philadelphia, PA 19104.
Mutations in the tau gene have been identified in several families with
frontotemporal dementia and parkinsonism linked to chromosome 17 (FTDP-17).
Pathologically, FTDP-17 is characterized by abundant filamentous tau inclusions
in neurons and glia cells associated with neuron loss. To determine the impact of
these mutations on normal tau function and to assess whether or not they promote
tau aggregation in intact cells, we established Chinese Hamster Ovary (CHO) cell
lines stably expressing FTDP-17 tau mutations: N279K, A280K, P301L, S305N,
V337M, R406W, as well as a triple mutation, VPR (P301L, V337M and R406W).
The R406W tau protein was less phosphorylated, as judged by reduced
electrophoretic mobility and decreased immunoreactivity at the Ser396/404
phosphorylation sites, than tau in CHO cells expressing wild type and other
mutants. This phenotype was also seen in the VPR clone, bearing the triple
mutation, suggesting dominance of the R406W mutation in altering tau
conformation at the C-terminus. When expressed alone, only the deletion A280K
mutant significantly reduced the binding of tau to microtubules (MTs). However,
the VPR triple mutant tau also showed a dramatic reduction in the affinity for
MTs, suggesting the V337M, P301L and R406W mutations acted in concert to
reduce binding. Significantly, the reduced MT binding of A280K and VPR mutant
tau resulted in the formation of tau aggregates as detected by indirect
immunofluorescence microscopy. We conclude that CHO cells stably transfected
to express mutant tau proteins recapitulate aspects of tau dysfunction as seen in
FDTP-17. Supported by grants from the NIA.

Mechanisms for deregulating 4 repeat tau expression by disease mutations
I. D’Souza1 M. Hamblin2** and G.P, Schellenberg31,
1Dept. of Med., 2Dept. of Psychiatry, 3Depts. of Neurology and Pathology Univ. of
Washington, Seattle WA 98195 and ‘GRECC (182B), Veterans Affairs Puget Sound
Health Care System, Seattle Division, Seattle WA 98103.
Tau is a microtubule-associated phosphoprotein expressed from an alternatively
spliced transcript. Tau gene mutations cause autosomal dominant frontotemporal
dementia with parkinsonism-chromosome 17 type (FTDP-17) by altering either
protein function or the level of 4 repeat tau. In both FT DP-17 and alzheimer’s disease
abnormal tau aggregates, mainly neurofibrillary tangles, cause neurodegeneration.
Tau exon 10(E10) is alternatively spliced in adult brain and encodes the 4th
microtubule landing domain.FTDP-17 mutations identified within tau exon 10 and
the downstream intron stimulate E10 inclusion through at least 3 different c/s-acting
sequences. Using heterologous and minigene splicing templates we have shown these
regulatory sequences to include a juxtaposed exon splicing enhancer (ESE) and exon
splicing silencer (ESS) sequence as well as an intron inhibitor sequence (ISS) located
in the downstream intron. We have undertaken mutational and functional studies to
characterize the interactions between these splicing sequences. The relative
contributions of these sequences on E10 selection were also assessed. Our results
indicate that E10 inclusion is ESE-dependent even when the ESS or the ISS is
compromised. Strengthening the nonconsensus E10 5’ splice site, as seen in two
FTDP-17 mutations, obviates the need for an ESE and overrides the inhibitory effects
of both the ESS and the ISS. In addition to the ISS we have also identified at least two
conserved intron sequences that positively affect E10 splicing The relevance of these
c/j-acting sequences in the developmental control of E10 inclusion is currently being
investigated. (Supported by NIA grant AG11762)

Society

for

Neuroscience

. Volume

25, 1999

DEGENERATIVE DISEASE: OTHER VI

1096

TUESDAY AM

446.11

446.12

EXTENDED INVESTIGATION OF THE TAU GENE AND SCREENING OF
MUTATIONS IN OTHER CANDIDATE GENES ON CHROMOSOME 17q21 IN A
SWEDISH FTDP-17 FAMILY. S. Froelich? P. Axelman, A. Almkvist. L. Lannfelt.
Karolinska Institutet, Dept. of NEUROTEC, Section of Geriatric Medicine, S-141 86
Huddinge, Sweden.
Frontotemporal dementia and Parkinsonism linked to chromosome 17 (FTDP-17)
is an autosomal dominant condition clinically characterized by behavioral, cognitive
and motor disturbances. In many cases, the affected brain regions also display
neurofibrillary tangles (NFT) composed of the microtubule-associated protein tau.
Until now, at least 15 different FTDP-17 families have been published. All families
show linkage to a region of 2 cM on chromosome 17q21, flanked by the markers
D17S8OO and D17S791. We and others have recently discovered that 5’ splice
mutations and missense mutations in the exons coding for the microtubule-binding
domains of tau is a major cause of FTDP-17. However, in a few FTDP-17 families no
such mutations have been identified.
In the present study, we further investigated abnormalities in the tau gene in a
Swedish FTDP-17 family, where no mutations in the tau gene previously were
identified. Initially, we searched for larger deletions by Southern blot hybridization. In
addition, we investigated possible abnormal splicing events by RT-PCR from brain
tissue of affected individuals. No pathological changes in the tau gene were however
observed using these methods.
Furthermore, we investigated the presence of mutations in other genes in the
FTDP-17 candidate region on chromosome 17q21. Glial Fibrillary Acid Protein
(GFAP), Human dual specificity phosphatase tyrosine/serine (VHR), Gamma-tubulin,
and Rap-interacting protein 8 (RPIP8) are genes that initially were screened for
mutations. So far, no mutations segregating with the disease have been detected.
Further investigation of extended intron sequences of the tau gene and additional
candidate genes on chromosome 17q21 therefore seems to be necessary in order to
identify the cause of disease in this FTDP-17 family.

NO ASSOCIATION WITH TAU POLYMORPHISMS IN A CLINICAL
POPULATION WITH FRONTOTEMPORAL DEMENTIA. M, Ingelson* S.
Froelich. L. Lilius, M, Viitanen, L-Q. Wahlund. L. Lannfelt. Karolinska Institutet.
Dept. of Clinical Neuroscience, Occupational Therapy and Elderly Care Research,
Novum, KFC, 141 86 Huddinge, Sweden.
A number of polymorphisms in the tau gene have been described. Eleven of these
were in linkage disequilibrium with each other and alleles were segregating as two
extended haplotypes, A and B (Lilius et al., Neurobiol. Aging 1998; 19 (4S): 68).
In another population, seven polymorphic sites, including five of those described
by Lilius et al., defined two extended haplotypes, Hl and H2. Hl was found to be
overrepresented among patients with progressive supranuclear palsy (PSP) (Baker et
al., Hum. Mol. Genet. 1999; 8: 711-715). Furthermore, another polymorphic site
with five alleles of 11-15 dinucleotide repeats (A0-A4) was described and AO
homozygotes were more prevalent in the PSP group compared to controls (Conrad et
al., Ann. Neurol. 1997; 41: 277-281).
In this study, we investigated if tau polymorphisms were associated with FTD.
All patients (n=52) were clinically assessed according to DSM-IV. As controls
(n=53), we used sex and age matched individuals. For the A0-A4 site, the sequence
was amplified by PCR. The PCR product was run on an ABI sequencer and analyzed
by Genescan (Perkin-Elmer). For the A/B polymorphism, we performed restriction
fragment length polymorphism according to Lilius et al.
AO was overrepresented in FTD, although the difference was not statistically
significant. 73% (38/52) of FTD subjects were AO homozygotes compared to 57%
(31/53) of controls. The distribution of alleles was also not statistically different
between the two groups but the A3 allele was almost twice as prevalent among
controls with an allele frequency of 20% compared to 11% among FTD subjects. For
the A/B polymorphism, we found a similar slight overrepresentation of the A allele
among FTD subjects, but also here the difference did not reach statistical
significance.

446.13

446.14

ENHANCED AGGREGATION OF RECOMBINANT MUTANT TAU
PROTEIN: IMPLICATIONS FOR FRONTOTEMPORAL DEMENTIA
AND ALZHEIMER’S DISEASE. J.M. Rockwood*, G. A. Jicha, and P.
Davies. Departments of Pathology and Neuroscience, Albert Einstein
College of Medicine, Bronx, N.Y. 10461
Several coding mutations in the tau gene have recently been identified
from patients with frontotemporal dementia with Parkinsonism linked to
chromosome 17 (FTDP-17). Initial work from our lab has shown that
these mutations, as well as a mutation in the C-terminal region of tau,
have altered retention times during HPLC purification compared to wild
type tau, suggesting that the single amino acid change can drastically
effect the physical properties of tau. Further analysis by circular
dichroism (CD) demonstrated a shift from the random coil structure that
is characteristic of wild type tau, to an a helical structure. However, while
the CD data indicates a shift from random coil structure, it is also possible
that the change in HPLC retention time and CD profile may reflect an
intermolecular aggregation of the mutant tau rather than an
intramolecular conformational change. To address this question, crosslinking experiments using disuccinimidyl suberate (DSS, a chemical
cross-linker) were performed using both wild type and mutant tau with
and without heparin. Previous reports have shown that heparin can
promote tau aggregation, presumably by inducing a conformational
change in the tau molecule. Cross-linking experiments using DSS in the
presence of heparin, have shown that the conformationally altered tau
will form high molecular weight, mutimeric complexes. Immunoblot
analysis of the recombinant mutant tau demonstrates that the mutant tau
cross-links more readily in the absence of heparin, forming high
molecular weight complexes. This data suggests the mutant tau proteins
may already be in an aggregated conformation as compared to normal
recombinant tau.Supported by NIH training grants T32AG00194 and
NS07098 and by NIMH38623 and AG06803.

THE TAU MUTATION (VAL337MET) DISRUPTS CYTOSKELETAL
NETWORKS OF MICROTUBULES
N. Sahara1*. S, Arawaka1, T, Tomivama1 G. Lee2. G.D. Schellenberg3 and H.

Mori1. ’Department of Neuroscience, Osaka City University Medical School, 14-3, Asahimachi, Abenoku, Osaka 545-8585, Japan. 2Center for Neurologic
Diseases, Brigham and Women’s Hospital, Harvard Medical School, Boston,

MA 02115. 3Division of Gerontology and Geriatric Medicine, University of
Washington, Seattle, WA 98195

The missense point mutation found in the tau gene, which was segregated
in a family with frontotemporal dementia with parkinsonism linked to
chromosome 17 (FTDP-17), has proved to be the causal molecule for widely
spread dementia diseases. Of two types of tau mutations (splicing and
missense), we predominantly focused on the pathological significance of the
latter. Here we examined the effects of the tau mutation using confocal imaging
of COS7 and CHO cells. When wild-type tau cDNA was introduced into COS7
cells, extensive cell processes and well-developed thick bundles of microtubules
were induced. On the other hand, when altered tau cDNA with mutation
(val337met) was introduced to COS7 cells, cell lost processes and microtubule
networks resulted in more round cell shape but showed intact mitochondria or
endoplasmic reticulum. These data suggest that the tau mutation (val337met)
primarily affects the microtubules and resultantly causes the loss of cellular
organization and function due to microtubule disruption.

446.15

446.16

STABLE EXPRESSION IN CHINEASE HAMSTER OVARY CELLS OF
MUTATED TAU GENES CAUSING FRONTOTEMPOLAL DEMENTIA AND
PARKINSONISM LINKED TO CHROMOSOME 17 (FTDP-17). Nobutaka
Matsumura . Tsuneo Yamazaki *. and Yasuo Ihara Department of Neuropathology,
Faculty of Medicine. University of Tokyo, Bunkyo-ku. Tokyo 113-0033, Japan
Extensive neuronal loss and aggregation of tau as cytoplasmic inclusions in
neurons and glia in selected cortical and subcortical regions is the most striking
characteristic of frontotemporal dementia and parkinsonism linked to chromosome
17 (FTDP-17), which is caused by exonic or intronic mutation in the tau gene.
Here, we examined the effects of four exonic mutations (G272V, P301L, V337M.
R406W) in four-repeat tau using stably transfected Chinese hamster ovary (CHO)
cells. The proportion of polymerized tubulin was the largest in tauP301L
transfectant. G272V and P301L transfectants showed greater stability of
microtubules in the presence of Colcemid than wild-type tau, tauV337M or
R406W transfectant. Thus no consistent abnormal phenotypes were observed
among mutant tau transfectants in terms of microtubule assembly state and
stability in vivo.
Unexpectedly, tauR406W showed very low and negligible levels of
phosphorylation at Thr 231 and Ser 396, respectively, in the transfectant. This
presents a sharp contrast to the observation that the tau aggregates in the
tauR406W-affected brain are heavily phosphorylated at these two sites. The okadaic
acid treatment enhanced phosphorylation at these two sites of tau, which was
preferentially recovered in microtubule-free fraction. Furthermore, a much larger
popuration of okadaic acid-treated cells underwent mitosis, during whichThr 231
and Ser 396 appear to be phosphorylated even in the R406W transfectant.

A NOVEL CAG TRINUCLEOTIDE REPEAT EXPANSION ADJACENT
TO A GENE ENCODING A SUBUNIT OF PROTEIN PHOSPHATASE 2A
IS ASSOCIATED WITH A PROGRESSIVE NEUROLOGICAL
DISORDER. S.E. Holmes', E, O’Hearo2 3, M.G, McInnis1. N.G, Kwak1, D.
Gorelick-Feldman1. J.K. Kleiderlein1. C, Callahan1, M, Sherr', A.H, Sharp'.
A, Sumner Sr.4, R.G, Ashworth5, U, Ananth6, W. Seltzer6. O. Reiss7, C.A.
Ross13. R.L. Margolis'*. 'Dept. of Psychiatry, 2Dept. of Neurol., 3Dept. of
Neurosci., ’Inst. Med. Genet., Johns Hopkins U. Sch. of Med., Baltimore,
MD 21287; 4Dept. of Neurol., Louisiana State U. Sch. of Med.; 6Athena
Diagnostics; 7Dept. Med. Genet., U. of Rostock.
We have ascertained a large family (pedigree R) with a progressive
autosomal dominant disorder with a variable age of onset. The phenotype,
also variable, includes tremor, ataxia, cerebellar and basal ganglia signs, and
dementia. An expansion of a CAG trinucleotide repeat in genomic DNA of
affected individuals was detected with RED (repeat expansion detection). All
known CAG expansions were excluded, including SCA8. A segment of
genomic DNA containing the repeat was cloned, and a PCR assay of repeat
length was developed. The repeat is located in an untranscribed region 5’ to
the first known exon of a regulatory subunit of protein phosphatase 2A. The
repeat is 9 to 24 triplets in length in control populations, with a
heterozygosity of >60%. Affected individuals in pedigree R, but not
unaffected family members older than age 60, have an expanded repeat >70
triplets ( maximum lod = 4.5 at theta = 0). We hypothesize that this repeat
expansion is the mutation responsible for the hereditary neurological disorder
in pedigree R.
This work was supported in part by NS 16375, MH01275, and
MH50763.

Supported by CREST (Core Research for Evolutional Science and Technology) of
the Science and Technology Corpolation.
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DESPITE DEGENERATION OF ASTROCYTES, THE BLOOD-BRAIN
BARRIER IS MINIMALLY COMPROMISED IN FRONTOTEMPORAL DEMENTIA.
J.A. Martin* and C.W. Cotman.
Department of Neurobiology & Behavior, University of California,
Irvine, CA 92697-4540.
Frontotemporal dementia (FTD) is likely the second most common
cause of progressive dementia in the population under 70 years of age.
It is characterized by personality and behavioral changes, and
neuropathologically involves neuron loss, gliosis and microvacuolation.
We found that several cases of FTD not only had numerous reactive
astrocytes but also had degenerating astrocytes, indicated by glial
fibrillary acidic protein (GFAP) fragmentation and DNA breakdown.
Because many regions of superficial cortex showed significant numbers
of degenerating astrocytes, we predicted that the blood-brain barrier
(BBB) would likely be compromised in these regions.
To assess BBB compromise, we immunohistochemically stained
sections from FTD and non-demented, aged control brains for
extravasation of human serum proteins IgG and albumin. We also colabeled sections for GFAP to determine if the leakage was co-localized
with regions of astrodegeneration. Numbers of leaky vessels per area,
identified by immunoreactive perivascular halos, and percent leakage
areas were calculated using light microscopy and NIH Image software.
Some vessel leakage was visible in almost all FTD cases and two cases
showed relatively uniform staining of cortex, however, the numbers of
leaky vessels and leakage areas did not differ significantly between FTD
cases and Controls. There was no correlation between leakage and
post-mortem intervals.
The finding that vessels surrounded by
degenerating astrocytes did not show increased leakage raises important
questions about the resiliency of the BBB and the possibility that the
vasculature may be altered in FTD.
Supported by NIA grant #: AG 13007

FRONTOTEMPORAL DEMENTIA: DISTINCTIVE DYSTROPHIC
NEURITES AND OLIGODENDROCYTE DEGENERATION. J.H.
Su*, J, A. Martin and C. W. Cotman, Brain Aging and Dementia Institute.
University of California, Irvine. Irvine, CA 92697-4540 USA
Frontotemporal dementia (FTD) is a rather widespread illness. It is characterized
by personality and behavioral disturbances that lead to mutism and dementia. The
pathogenesis is uncertain, but at autopsy the brain show mild cortical atrophy of
the frontal and temporal lobes. Histological changes observed in the atrophic
cortex are non-specific, with variable cell loss, astrogliosis and spongiform
changes affecting chiefly in cortical laminae I-III. Unlike AD, these cases
notably lack amyloid plaques and neurofibrillary changes. We have shown that
numerous nuclei are TdT-positive in all FTD brains. Activated caspase-3
immunoreactivity is detected in both neurons and astrocytes and was elevated in
FTD cases as compared to control cases. A subset of astrocytes are positive for
activated caspase-3 and co-localized with robust TdT-labeling. Many of these
degenerating astrocytes are detected in white matter (Su '98,’99). To understand
the mechanism of neuronal loss and astrogliosis, and their relationship, we
examine neurites and oligodendrocytes in FTD brain. The results demonstrate
that a constant feature in all cases consisted of swollen neurofilament -positive
neurites in both superficial and deep layers of the frontotemporal cortex, though
the number was diverse from case to case. These dystrophic neurites were
ubiquitin-positive but could not be labeled with antibodies against
phosphorylated tau. Many terminals of these dystrophic neurites were positive
for synaptophysin. In addition, the cell bodies of a subset of oligodendrocytes
showed enlarged shapes and were positive for activated caspase-3. TdT-labeled
nuclei were detected within these oligodendrocytes. Interestingly, these
degenerating oligodendrocytes were present around degenerating astrocytes in the
white matter. Taken together with our previous findings (Su '98,’99), these data
suggest that dystrophic neurites and degenerating glia cells might contribute to
neuronal cell death in FTD brain.

446.19

446.20
GFAP IS A CASPASE TARGET IN VITRO AND IN
AGED HUMAN BRAIN. C.J. Pike*. K.E. Nichol, P.H, Cribbs, and

IMPAIRED DECISION-MAKING AND REVERSAL LEARNING IN PATIENTS
WITH MILD FRONTAL VARIANT FRONTOTEMPORAL LOBAR
DEGENERATION. S. Rahman? B.J. Sahakian.’^f.R, Hodges? R.D. Rogers.3 T.W.
Robbins3 . Departments of'Psychiatry, 2Neurology and ’Experimental Psychology,
Univ. of Cambridge, Cambridge. UK.
Eight patients with a clinical diagnosis of relatively mild frontal variant
frontotemporal lobar degeneration (fvFTLD) were compared with age- and IQ-matched
control volunteers on a computerised neuropsychological test battery. This battery
included tests of pattern and spatial recognition, spatial span, spatial working memory,
planning (based on the Tower of London task), decision-making and attentional setshifting. We found that patients with fvFTLD demonstrated marked cognitive deficits in
the decision-making paradigm. They exhibited genuine risk-taking behaviour through
their willingness to bet larger proportions of their accumulated point scores over all
contingencies of the paradigm than controls, and analysis of their performance revealed
that they did not exhibit simple impulsive behaviour. We also found that these patients
demonstrated deficits on the attentional set-shifting paradigm specific to the reversal
stages. It was noteworthy that these patients were relatively unimpaired on all the other
tests, including the tests of planning and spatial working memoiy previously found to be
sensitive to dorsolateral prefrontal lobe function. Given the known importance of the
ventromedial prefrontal cortex in decision-making and risk-taking (1) and the reversal
stages of the attentional set-shifting task, we postulate that, relatively early in the course
of fvFTLD, the ventromedial prefrontal cortex is a major locus of dysfunction. This has
important ramifications for our basic understanding of the human ventromedial
prefrontal cortex, and the possibility of the development of a framework for
understanding the relationship between behaviour and the flexibility of stimulusreinforcement learning and decision-making in both health and disease. Clinically, these
results have particular importance in the use of neuropsychological assessment to assist
diagnosis of patients with fvFTLD in the mildest stages of disease. Funded by the
Wellcome Trust and the Medical Research Council. Reference: (1) Bechara, A,
Damasio, AR, Damasio, H, Anderson, S. Cognition 1994; 50:7-12.
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C.W, Cotman. Institute for Brain Aging & Dementia, University of California,
Irvine, CA 92697 USA.
Apoptosis is believed to underlie much of the cell death that occurs in brain, both
during development and in age-related neurodegenerative disease states. Although
neurons are the most frequent target of apoptosis in brain, glial cells are also
vulnerable. To begin investigating apoptosis-related pathways in glia, we
examined the activation of caspases in astrocytes both in vitro and in aged brains
from non-pathological and diseased brain tissue. We report here that the astrocytespecific protein glial fibrillary acidic protein (GFAP) is an apparent caspase target.
Treatment of cultured rat cerebrocortical astrocytes with the apoptotic insult
staurosporine caused cell loss and proteolysis of 50 kD GFAP into a predominant
-25 kD breakdown product. Both astroglial degeneration and GFAP proteolysis
were robustly inhibited by pretreatment with the caspase inhibitors zVAD (10-300
pM) and DEVD (30-300 pM). Proteolysis of GFAP into this caspase-dependent
-25 kD breakdown product was not induced by the necrotic insult A23187. To
investigate whether degenerative events in human brain may involve caspase
activation in astrocytes, post-mortem frontal cortical tissue from cases of
frontotemporal dementia, Alzheimer's disease, ischemia, and non-pathological
controls were probed by western blot for GFAP. The caspase-dependent -25 kD
GFAP breakdown product was observed in many of the neurodegenerative cases but
was largely absent in the controls. Immunohistochemical examination revealed the
presence of morphologically fragmented GFAP-immunoreactive cells in most of
the neurodegenerative cases but not the controls, however there was not a strong
correlation between the levels of GFAP proteolysis and morphological
fragmentation. Together, these data suggest that (1) GFAP is a target of caspase
proteolysis, (2) neurodegenerative conditions involve caspase activation and perhaps
apoptotic cell loss of astrocytes. (Supported by NIA AG 13007)
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PRODUCTION AND CHARACTERIZATION OF TAU TRANSGENIC
MICE C, Zehr*. N. Mehta, E. McGowan, M, Hutton, and J, Lewis
Neurogenetics Laboratory, Mayo Clinic Jacksonville, FL 32224

AGE-DEPENDENT EMERGENECE AND PROGRESSION OF A TAUOPATHY
IN TRANSGENIC MICE ENGINEERED TO OVEREXPRESS THE SHORTEST
HUMAN TAU ISOFORMS. T. Ishihara*. M, Hong. B. Zhang. Y. Nakagawa.
M.K. Lee. J.Q, Trojanowski. V.M.-Y. Lee. Center for Neurodegenerative Disease
Research, University of Pennsylvania School of Medicine, Philadelphia, PA 19104.
Intracytoplasmic aggregates of tau filaments are neuropathological hallmarks of
neurodegenerative tauopathies exemplified by frontotemporal dementia and
parkinsonism linked to chromosome 17 (FTDP-17), amyotrophic lateral
sclerosis/parkinsonism-dementia complex (ALS/PDC) and progressive supranuclear
palsy (PSP). Six tau isoforms are expressed in the mature human brain, and tau
gene mutations that cause FTDP-17 alter the levels or functions of tau. To develop
models of tauopathies, we overexpressed the shortest human tau isoform in the
central nervous system of mice using a transgene containing a tau cDNA driven by a
murine prion protein promoter. Transgenic (Tg) mice overexpressing human tau
acquired an age-dependent tauopathy similar to FTDP-17, PSP and ALS/PDC.
These Tg mice developed argyrophilic intraneuronal inclusions of 10-20 nm
filaments most prominently in proximal axons of spinal cord neurons, but they also
accumulated in cortical and brainstem neurons. Antibodies to tau, neurofilament and
tubulin proteins immunostained these filamentous inclusions, and the degeneration
of spinal cord ventral root axons was accompanies by gliosis, motor weakness and a
loss of microtubules in the remaining ventral root axons. Similar to tauopathies,
brain and spinal cord tau became insoluble and abnormally phosphorylated in the Tg
mice. Recapitulation of phenotypic features of neurodegenerative tauopathies in
these Tg mice suggests that overexpression of human tau isoform results in
filamentous intraneuronal inclusions and the selective degeneration of affected
neurons as well as their axons. Since similar tau pathology occurs in Alzheimerfs
disease (AD), studies of these Tg mice may elucidate mechanisms that lead to the
selective degeneration of neurons in related tauopathies including AD. Supported

The microtubule associated protein tau, which promotes microtubule
assemble and stabilization, has been implicated in various neurodegenerative diseases such as frontotemporal dementia and Alzheimer’s
disease. Six different isoforms of tau are produced by alternative splicing
of exons 2, 3, and 10. In order to explore the role of wild-type and mutant
tau isoforms in the neurodegenerative process, we have created multiple
lines of tau transgenic mice expressing one of four different tau cDNAs
(wild-type 3 repeat, wild-type 4 repeat, V337M 3 repeat, and P301L 4 repeat).
The tau cDNAs driven by the mouse prion promoter (moPrP) were
individually injected into fertilized eggs (C57BL/DBA2/SW) to yield
founder lines. Western analysis using a human exon 1 (El) specific antibody
demonstrated ubiquitous human tau expression in the forebrains of tau
transgenic mice. Based on Western analysis with an antibody that
recognized human and murine tau isoforms, we have demonstrated a range
of expression from endogenous to 10 fold overexpression of human tau
when compared to murine tau. In situ hybridization showed the highest
levels of expression in the hippocampus, cortex, striatum, and the thalamus.
This work was supported by the Mayo Foundation to M.H.

by grants from the NIA.
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447.3

447.4

NON-TRANSGENIC ANIMAL MODEL OF AZHEIMER NEUROFIBRILLARY DEGENERATION: POSSIBILITIES AND LIMITATIONS.
M, Bennecib, C.-X. Gong, J. Weaiel, M. Lee, I, Grundke-lqbal and K,
Iqbal* New York State Institute for Basic Research in Developmental
Disabilities, 1050 Forest Hill Road, Staten Island, New York 10314.
In Alzheimer Disease (AD), the microtubule associated protein tau
is abnormally hyperphosphorylated and constitutes the major component
of neurofibrillary tangles. Because an imbalance in the protein
kinase/phosphatase activity is believed to be involved in the pathological
tau phosphorylation, we examined the effect of protein phosphatase (PP)
inhibitors on the phosphorylation of tau. Various protein phosphatase
inhibitors were delivered into the left ventricle of 3 months old female
Wistar rats either chronically by using Alzet Mini-osmotic pump or by a
single injection. Immunostaining showed that one month Treatment with
okadaic acid (PP2A/PP1 inhibitor) induced phosphorylation of tau at the
Tau-1 site (Seri 98/Ser199/Ser202) in CA3 neurons of the hippocampal
formation, but no neuronal staining was found with other phosphodependent tau mAb such as 12E8, PHF1 or AT8. Although we did find a
decrease of PP2A activity 3 hours after single injection, Western blots
showed only an increase in phosphorylation of tau at the PHF-1 site
(Ser396/Ser404) but not at Tau-1, 12E8 (Ser262/Ser356) or R145
(Ser422) sites, which are highly phosphorylated in AD. Thus, unlike in vitro
and cell culture studies (Tanaka et al, FEBS Letter, 1998) where inhibition
of PP could induce AD-like hyperphosphorylation of tau , in rat brain
infusion with phosphatase inhibitors is not sufficient to generate a useful
animal model for AD.
[Supported by the New York State Office of Mental Retardation
and Developmental Disabilities, and NIH Grants AG14875, AG05892 and
NS18105]

IN VITRO ANALYSIS OF FTDP-17 MISSENSE MUTATIONS IN 3 AND
4 REPEAT TAU IN NEURONAL AND NON-NEURONAL STABLE CELL
LINES.
M. van Slegtenhorst, N. Mehta, T, Koothan* and M. Hutton. Neurogenetics
Laboratory, Mayo Clinic Jacksonville.
Mutations in tau have recently been found associated with Fronto-temporal
Dementia with Parkinsonism linked to chromosome 17 (FTDP-17). The
majority are missense mutations and exon 10 splice-site mutations that effect
the ratio of Tau containing 3 and 4 microtubule binding domains. We have
created stable lines in CHO and human neuroblastoma M17 cells
overexpressing mutant and wild type Tau constructs. They express Tau with 3
or 4 microtubule binding domain repeats and a series of missense mutations
(V337M, R406W and P301L).
Western blot analysis shows high expression levels in all lines tested. The
CHO lines have been tested for the distribution of mitochondria and
preliminary data suggest that there is clustering in all lines overexpressing tau.
No qualitative effect on mitochondrial transport could be detected for the
different mutations or between Tau with 3 or 4 microtubule binding domains.
We are in the process of analyzing the stable lines for differences in free
versus bound Tau and the relative cellular levels of Glu-tubulin and Tyrtubulin.
In addition we have generated GFP-tau in lines with an inducible promotor
(Tet-on) to study the effect of the different mutations on microtubule
dynamics.

This study was supported by the Kendall Fellowship, Mayo Foundation.

447.5

447.6

“ALTERNATIVE SPLICING OF tau EXON 10: EXAMINATION OF CISAND TRANS-ACTING CONTROL ELEMENTS”
A. Grover1, H. Houlden1, M. Baker1, J. Adamson1. J. Lewis1, G. Prihar1, S.
Pickering-Brown2, K. Kennellv1*’ K. Duff3 and M. Hutton1. From the 1: Mayo
Clinic Jacksonville, Jacksonville, Florida 32224, 2: Division of Neuroscience,
School of Biological Sciences, University of Manchester, Manchester Ml3
9PT UK, 3: Nathan Kline Institute, Orangeburg , New York 10962.
In the microtubule-associated protein tau gene, exon 10 encodes for one of the
imperfect repeats that mediates the interaction between tau and tubulin.
Alternative splicing of this exon leads to products encoding either three or
four microtubule binding repeats. Mutations downstream of the 5’-slice site of
exon 10 have been shown to increase the inclusion of Exon 10 in tau mRNA,
and therefore 4-repeat Tau protein, and are associated with the
neurodegenerative disease Fronto-temporal Dementia with Parkinsonism
linked to chromosome 17 (FTDP-17). We have employed a number of
techniques, including in vitro splicing assays, RNA secondary structure
mapping, and gel shift assays to demonstrate i) that the alternative splicing of
exon 10 is in part due to a stem-loop structure that can sequester the 5’-splice
site, ii) that the FTDP-17 mutations downstream of the 5’-splice site act
through disruption of this stem-loop structure, and iii) that a number of other
cis- and trans-acting factors are involved in regulating the alternative splicing
of this exon, both in the adult and fetal brain.
This study was supported by the NINDS Project Grant RO1 NS37143-01, by
the Smith Scholar Program, and by the Mayo Foundation (all to M.H.).

TANGLED AREAS OF ALZHEIMER BRAIN HAVE
UPREGULATED LEVELS OF EXON 10 CONTAINING TAU mRNA
P.L. McGeer*, K.Yasoiima and E.G. McGeer Kinsmen Laboratory of
Neurological Research, Department of Psychiatry, University of British
Columbia, Vancouver, B.C. Canada, V6T 1Z3.
Self-aggregation of tau is responsible for the neurofibrillary tangles
which cause neuronal death in Alzheimer disease (AD). Key elements
are exons 9, 10, 11 and 12, which contain the microtubule binding
motifs that are also involved in tau-tau interactions. Type 1 mRNA
corresponds to transcripts that include only exons 9, 11 and 12. Type II
mRNA corresponds to transcripts that also include exon 10. Overexpression of Type II mRNA could promote pathological tau-tau
interaction. In order to test for this possibility, we evaluated the relative
levels of Type I and Type II tau mRNAs in normal and AD cases using
the RT-PCR technique. Affected areas of AD brains showed a dramatic
upregulation of Type II mRNA and downregulation of Type I mRNA
compared with control brains. The average relative level of Type II
mRNA in the entorhinal cortex, hippocampus, midtemporal gyrus and
midfrontal gyrus, which are areas with a high tangle burden, was 3.4fold higher in AD than in controls, while Type I mRNA was 1.9-fold
lower in AD than in controls. In the occipital cortex, motor cortex,
caudate and cerebellum, which are areas with relatively few tangles, the
increase in Type II mRNA was reduced to 1.87-fold. The Type I mRNA
did not show a significant difference between groups in these regions.
The reason for this dramatic shift in mRNA splicing in areas developing
tangles may reside in factors which determine intron-exon splicing.
Supported by a grant from the Jack Brown and Family Alzheimer's
disease research fund.

447.7

447.8

CONFORMATIONS OF PHOSPHORYLATED AND NON-PHOSPHORYLATED
TAU PEPTIDES IN THE PRESENCE OF CALCIUM AND ALUMINUM. L
Tarbox and W.J, Goux*. Dept. of Chemistry, Univ. of Texas at Dallas, P.O. Box
830688, Richardson, TX 75083-0688.
Neurofibrillary tangles (NFT) are prevalent in the brains of patients suffering from
Alzheimer’s disease (AD) and are composed of paired helical filaments (PHF).
Numerous studies suggest that PHF are aggregates of a hyperphosphorylated form of
tau (PHF-tau). Because phosphorylation is the only notable difference between PHFtau and tau from normal individuals, it has been suggested that phosphylation induces
a conformational change in the protein, catalyzing its self-association into PHF.
Because the self-associative behavior of full-length
tau has made spectroscopic
characterization difficult or impossible, we have chosen to study conformations of
peptide segments of tau predicted to display secondary strucuture or previously
implicated to be epitopes of PHF-tau. Using circular dichroism (CD) spectroscopy,
we have characterized conformations of phosphorylated and non-phosphorylated
peptides in the presence of a model membrane system and aluminum and calcium.
While the peptides assume a random coil and polyproline II conformations in aqueous
solvent, in hydrogen bond promoting solvents, such as trifluoroethanol (TFE), they
display a CD pattern characteristic of Type I p-turn structure. Many of these spectra
undergo significant changes with added aluminum and calcium, suggesting
conformational changes in the peptide promoted by metal-ion chelation. Minimal
effects on conformation are seen upon phosphorylation, suggesting that
phosphorylation, while decreasing the affinity of tau to microtubules, has little effect
on protein conformation. (Funding: NIA-NIH 1R03AG16042-01)

TAU FILAMENT FORMATION VIA PATHOLOGICAL
CHAPERONES: IMPLICATIONS FOR ALZHEIMER’S DISEASE
PROGRESSION
M.E. King1*, L.I. Binder1, and J. Kuret2. 'Dept. of Cell and Molecular
Biology, Northwestern Univ. Med. Sch., Chicago, IL 60611; 2Dept. of
Medical Biochemistry, Ohio State Univ. College of Med., Columbus, OH
43210.
The formation of filaments of the microtubule associated protein tau is the
intracellular pathological hallmark for Alzheimers disease and many other
neurodegenerative diseases. Several anionic molecules have been characterized
as potent inducers for tau polymerization in vitro. The mechanism through
which arachidonic acid induces the polymerisation of tau protein into filaments
under near physiological conditions was characterized through a combination of
fluorescence spectroscopy and electron microscopy. Results show that
polymerization follows a ligand-dependent mechanism, where binding of
arachidonic acid is an obligate step preceding tau-tau interaction.
Homopolymerization begins with rapid (on the order of seconds) nucleation,
followed by a slower elongation phase (on the order of hours). Although the
resultant filaments have straight morphology, they adopt paired helical
morphology over a period of days. These results define a novel mechanism of
tau filament formation under reducing conditions, where oxidation may
contribute to final paired helical morphology, but is not a necessary prerequisite
for initial nucleation or elongation of tau filaments.
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TRANSGLUTAMINASE-INDUCED CROSSLINKS IN HUMAN TAU PROTEINS IN
VITRO AND IN ALZHEIMER'S DISEASE. Zainelli GM?Norlund, MA, and Muma, NA ,
Dept. of Pharmacology; Loyola Univ. Med. Center; Maywood, IL 60153
The neuropathology of Alzheimer’s disease (AD) includes both beta-amyloid
containing plaques and neurofibrillary tangles (NFTs) which are composed of paired
helical filament tau (PHF-tau) proteins. Tau proteins normally do not self-polymerize, but
bind to microtubules. In the diseased state, tau proteins self-polymerize to form large
aggregates of PHF-tau proteins found in NFTs. Transglutaminases are a family of
calcium-activated enzymes that catalyze the formation of s-(y-glutamyl)lysine
crosslinks. In order to examine the crosslinking of tau proteins by transglutaminase, we
have undertaken an in vitro study in which we incubate human recombinant tau isoforms
with guinea pig liver tissue transglutaminase. Western blots reveal the formation of
aggregates greater than 200 Kd that are immunoreactive with the anti-tau monoclonal
antibodies, T46, Tau 5 and MC-1. Some of the tau polymers that form are so large that
they are unable to migrate from the stacking gel. These large tau polymers have been
shown both by Coomassie staining as well as by immunoreactivity with anti-tau
antibodies. All of the tau isoforms with four microtubule binding domains have been
shown to form these high molecular weight complexes. Incubation of tau protein with
transglutaminase for 18 hours results in a decrease in the amount of tau monomer as
well as an increase in the high molecular weight polymers. In contrast, incubation of tau
and transglutaminase for shorter times such as 30-60 minutes, result in a tau protein that
migrates in SDS-PAGE gels more rapidly with an apparent molecular weight of
approximately 45 Kd. Immunoprecipitation of products of the reaction of tau and
transglutaminase (after 30-60 minutes) with a crosslink-directed antibody, 81D4, also
resulted in a tau immunoreactive band at 45 Kd. Immunoprecipitation using the 81D4
antibody demonstrated that tau in PHFs contains high levels of transglutaminase-induced
crosslinks. Normal soluble tau protein contains much lower levels of these crosslinks.
Taken together, these results suggest that transglutaminase-induced crosslinking of tau
may play a role in the formation and/or stabilization of NFTs in AD.

TAU IS MODIFIED BY TISSUE TRANSGLUTAMINASE IN SITU:
POSSIBLE
FUNCTIONAL
AND
METABOLIC
EFFECTS
OF
POLYAMINATION. J. Tucholski1*, J, Kuret2, and G.V.W Johnson1.
’Dept. Psychiatry and Behavioral Neurobiology, Univ. of Alabama at
Birmingham, Birmingham, AL, 35294; 2Medical Biochemistry, Ohio State
Univ. Med. Sch., Columbus, OH, 43210.
Tau, a major protein component of neurofibrillary tangles (NFTs) in
Alzheimer’s disease (AD) brain, has been shown to be an in vitro substrate
of tissue transglutaminase (tTG). Because tTG is up-regulated in AD brain
and co-stains neurofibrillary tangles with the tau protein, this study was
carried out to determine if tau is modified by tTG in human neuroblastoma
SH-SY5Y cells, stably overexpressing tTG (SH/tTG), and whether in vitro
tTG-catalyzed tau polyamination modulates the function and/or metabolism
of tau. TTG co-immunoprecipitated with tau.
Elevating intracellular
calcium levels with maitotoxin (MTX) resulted in a 52 ± 4 % increase in the
amount of tTG which co-immunoprecipitated with tau. The increase in
association of tTG with tau corresponded directly to a distinct perinuclear
co-immunolocalization of tTG and tau in cells treated with MTX. Further,
tau was modified by tTG in situ in response to MTX treatment. In vitro
polyaminated tau was significantly less susceptible to p.-calpain proteolysis.
TTG-mediated polyamination of tau did not significantly alter the
miocrotubule binding capacity of tau. Thus tau interacts and is modified
by tTG in situ, and modification of tau by tTG alters its metabolism. These
data indicate that tau is likely to be modified physiologically and
pathologically by tTG, and tTG may play a role in AD.
Supported by NIH grant AG 12396

447.11

447.12

DEVELOPMENTAL DISTRIBUTION OF TAU PROTEIN KINASE l/GLYCOGEN
SYNTHASE KINASE-38 AND THE PHOSPHORYLATED TAU IN RAT BRAIN.
M. Takahashi*K. Tomizawa, Mitsubishi Kasei Institute of Life Sciences,
Machida-shi, Tokyo 194-8511, JAPAN.
The level of phosphorylation of tau depends on the balance between the
amount of kinases and phosphatases in vivo. To elucidate the role of tau
protein kinase I (TPKI)/Glycogen Synthase Kinase -38 (GSK-3) developmental
changes in TPKI/GSK-38, phosphatase 2A and 2B (PP2A and PP2B) in rat
brain were examined by immunoblotting. This time, brain extracts were
prepared by homogenizing with 50 mM Tris -HCI, pH 7.5, containing 0.15M
NaCl, 1% Triton X-1OO and 2% SDS. As already shown in the extracts under
the conditions for isolating microtuble associated protein, the expression of
TPKI peaked at postnatal days 8-11 and decreased to a low level after 5 weeks.
PP2A had a similar pattern to TPKI, which increased until postnatal day 14 and
decreased thereafter. On the other hand, PP2B was almost undetectable at
the juvenile stage, increased rapidly until 5 weeks and maintained a high level
during the adult stage. These results supported that the phosphorylated tau
was detected in juvenile brains, but detected little in adult brains.
The immunohistochemical distribution of TPKI and the phosphorylated tau
was studied by the PAP method after the microwave treatment of frozen
sagittal sections of rat brain. Both gray and white matter were relatively
homogeneously immunoreactive for anti-TPKI in most parts of the brain fixed at
postnatal days 3 - 21. TPKI immunoreactivity became restricted to the gray
matter after 5 weeks and continued to exhibit a similar distribution at 9 weeks, 1
and 2 years. The phosphorylated tau at Ser 199, Ser 396 and Ser 413 are
distributed mostly similar to the pattern of TPKI during the developmental
stages.
These results confirm that TPKI is expressed primarily by neurons and
suggest that an imbalance between phosphorylation and dephosphorylation
causes hyperphosphorylation of tau and forms paired helical filaments in
Alzheimer's disease brains.

SIMULATION OF TAU PHOSPHORYLATION IN VITRO AND IN
CELLS J. Eidenmuller1. T. Fath1, J, Jaszai2*, and R. Brandt1 ’Department
of Neurobiology, Institut fiir Anatomie und Zellbiologie, Univ. of Heidelberg,
INF 345, 69120 Heidelberg, Germany,
Paired helical filaments (PHFs), a hallmark of Alzheimer disease, are
insoluble, almost indigestible deposits in the cell body. PHFs are
composed of highly phosphorylated tau proteins which show a decreased
electrophoretic mobility in SDS-PAGE and are unable to bind and stabilize microtubules (MT). The 10 major phosphorylation sites in PHF-tau
are localized in two regions flanking tau's repeat domain (1). To analyze
the role of phosphorylation sites we mutated the residues from Ser/Thr to
glutamate to simulate phosphorylation at these positions (2). Four constructs were prepared with either no mutation (wt), or mutations in region
A (mutant A), B (mutant B) or in both regions (mutant AB). Tau constructs were expressed in E.coli and purified. Mutations in either region
caused a reduced electrophoretic mobility similar to what has previously
been observed for PHF-tau. Also the ability to nucleate microtubules in
vitro is lost in constructs carrying the mutations in region A. However,
mutant AB still can polymerize into PHF-like filaments in vitro. To
analyze the effect of the mutated tau on cells, virus-mediated expression
of tau mutants in polar human NT2N-cells has been performed. The
results indicate that mutations of Ser/Thr to Glu provide a useful tool to
study the effect of PHF-like tau phosphorylation since they induce conformational changes, reduced MT nucleation activity but still allow tau to
assemble into PHF-like filaments. The constructs will be futher analyzed
for their ability to form filaments in vitro and in vivo and their effects on
polar human neurons will be determind.
(1) Morishima-Kawashima, M et al. (1995), J. Biol. Chem. 270, 823 (2) Ldger,
et al (1997), J. Biol. Chem. 272, 8441 Supported by the DFG
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A 54 kD NON-TAU PROTEIN IS ABNORMALLY HYPERPHOSPHORYLATED
IN AD BRAIN. S.Viiavan , I.Grundke-Iqbal*and K.Iqbal*. ’New York State
Institute for Basic Research in Developmental Disabilities, 1050 Forest Hill Road,
Staten Island, New York 10314, USA. and 2CSI/IBR Center for Developmental
Neuroscience, The Graduate School and University Center of the City University of
New York, NY, USA.
Microtubule associated protein tau, the major protein subunit of Alzheimer paired
helical filaments, is abnormally hyperphosphorylated (Grundke-Iqbal et al., Proc.
Natl. Acad. Sci., USA, 83:4913-17, 1986) and an imbalance in the kinasephosphatase system has been implicated in the abnormal phosphorylation.
Furthermore, the activities of phosphoseryl/phosphothreonyl protein phosphatases 1,
2A and 2B, which are expressed in neurons and regulate the phosphorylation of
neuronal proteins phosphorylated at serines and threonines, are decreased in
Alzheimer s disease (AD) brain (Gong et al., J. Neurochem., 61:921-927, 1993; ibid,
65: 732-738, 1995; Pei et al., Brain Res., 655:70-76, 1994). We undertook a study to
investigate whether proteins other than tau are also hyperohosphorylated in the AD
brain. Frontal gray matter from AD (n=7) and age-matched control (n=5) cases were
homogenized and centrifuged at 100,000 x g for 30 min. Both 100,000 x g pellet and
supernatant were colorimetrically assayed for phosphoprotein phosphate. While the
supernatant had no significant difference in the phospnate levels between the two
groups, the pellet from AD cases showed an increase of -11 pmoles phosphate per
microgram protein over the control cases'. The hyperphosphorylated protein(s) were
examined by employing antibodies to phosphoserine (P-Ser) and phosphothreonine
(P-Thr) on Western blots. Phosphoserine immunoreactivity increased by -112%,
while phosphothreonine immunoreactivity increased by -16% in the pellet. There
were several tau positive bands that showed increased immunorectivity with
antibodies to P-Ser and P-Thr in the AD pellet as compared to the controls.
Interestingly, a 54 kD non-tau protein band, which did not label with anti-tau
antibodies, also showed a -36% increase in phosphoserine immunoreactivity in the
AD brain compared to the age-matched control. These data support the hypothesis
that there is an imbalance in the phosphorylation-dephosphorylation system in the
AD brain resulting in the hyperpnospnorylation of several proteins including tau.
[Supported in part by the NY State office of Mental Retardation and Developmental
Disabilities and NIH Grants AG05892, AG08076 and NS 18105]

PKA PHOSPHORYLATION OF TAU: DEVELOPMENTAL
STUDIES IN THE MOUSE. C. Andorfer, G.A. Jicha and P. Davies*.
Departments of Pathology and Neuroscience, Albert Einstein College
of Medicine, Bronx, N.Y. 10461.
PKA phosphorylations of tau may be an early event in the
development of neurofibrillary pathology in Alzheimer’s Disease (AD).
Serines 214 and 409 of tau are highly phosphorylated in PHF-tau, but
are not phosphorylated to any significant extent in adult human brain.
Both sites are phosphorylated in human fetal brain tissue. A
developmental study was undertaken to examine temporal changes in
phosphorylation of these sites in the mouse brain. Expression patterns
of PKA and CREB were also examined. Immunoblot analysis of
postnatal and adult mouse brains with monoclonal antibodies specific
for phosphoserine 214 and phosphoserine 409 revealed a marked
decrease in phosphorylation of both sites that occurred at Pl 1. Staining
for SNAP25 revealed the reverse trend, with an increase in expression
evident from P8 onwards. Immunoblots with a pan-tau antibody, TG5,
revealed uniform expression of tau during postnatal development, and a
switch in tau isoform composition occurring between P8 and P11.
PKA was expressed uniformly throughout post natal development. The
expression of CREB remained low from birth to Pll, and then
increased, suggesting a possible relationship between increased CREB
expression and a decreased PKA phosphorylation of tau. The
appearence of these phosphoepitopes of tau in the AD brain suggests
that a disruption of PKA regulation may be an early feature of the
disease, and this may have significant effects on proteins like CREB
and the functions these proteins serve in brain. Supported by NIA
06803 and NIMH38623.
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Mammalian Cell Expression of Human CDK5/P25, or GSK3P Resu'ts in
Phosphorylation of Tau Protein at Alzheimer’s Disease-Relevant Epitopes. Ed
Guilmette, Karl Richter, Tom Smith, Bob Williams. Jim Cook, Joel Schachter,
Michael Ahlijanian, and David Aiiperin*CNS Discovery, Pfizer Central Research,
Groton, CT 06340.
Two proline dependent protein kinases, CDK5 and GSK30. have been
demonstrated to phosphorylate tau protein in-vitro on epitopes observed to l ?
phosphorylated in the neurofibrillary tangles of Alzheimer’s Disease (AD),
thereby implicating these kinases in the pathogenic mechanisms of the disease.
We have developed a whole-cell system expressing sufficient quantities of kinase
and tau for detailed quantitative analyses of tau phosphorylation by these kinases.
High-level expression was achieved through simultaneous transient transfection
with the cDNAs encoding human tau protein and CDK5/P25 or GSK3(3 in Chinese
hamster ovary (CHO) cells. Using a solution sandwich immunoassay (IGEN
International) to measure phosphotau, simultaneous transient expression of both
kinase and substrate resulted in high-level phosphorylation of tau protein on
several AD-relevant epitopes. The selective cdk5/cdk2 inhibitors roscovitine and
olomoucine inhibited the phosphorylation of tau in cells transfected with
CDK5/P25. LiCl, previously reported to selectively inhibit GSK3f3 activity in
transfected cells, blocked tau phosphorylation in our transfected cells with an ICM
value close to that reported by others (2 mM). These results demonstrate the
utility of transiently transfected cells to examine tau phosphorylation by prolinedependent protien kinases.

INDUCIBLE EXPRESSION OF CDK5/P25 AND TAU PROMOTES
TAU PHOSPHORYLATION IN A STABLE MAMMALIAN CELL
LINE. J.M. Cook, K.E.G. Richter, E.R. Guilmette, K.M. Wood, D.P.
Auperin, LF. Lau, M.K. Ahlijanian, and J.B. Schachter*. Dept. of
Neuroscience, Pfizer Central Research, Groton, CT 06340
Hyperphosphorylated tau is the major component of the neurofibrillary
tangles of Alzheimer’s disease (AD) brain. Proline-dependent protein
kinases such as cdk5 have been implicated in the phosphorylation of tau
at AD-relevant epitopes.
This is supported through both in vitro
phosphorylation of tau by cdk5 complexed to its activator p25, as well as
through transient triple transfection of mammalian cell lines with cDNA
encoding tau, cdk5, and p25. This observation has not been reported for
stable cellular expression of these proteins and numerous attempts in our
laboratory to generate stable cell lines failed to show increases in tau
phosphorylation, in spite of a clear overexpression of all three proteins.
We have utilized a tetracyclin-inducible expression system to produce
stable CHO cell lines, carrying inducible expression of cdk5, p25 and tau.
Uninduced cells displayed minimal leakage of protein expression and
kinase activity, while induced cells exhibited more than a 7.5-fold increase
in cdk5 activity, measured by an IP-kinase assay. As determined by
sandwich ELISA with a detection
antibody
specific for tau
phosphorylation at Ser 202/Thr 205, these cells displayed an 11-fold
increase in phosphotau. This study confirms that tau is a substrate for
cdk5/p25 in a cellular environment. This cell line will be useful in the
characterization of biological consequences of tau phosphorylation.

447.17
REGION-SPECIFIC EXPRESSION OF CDK5, P35 AND CDK5-ASSOC1ATED
KINASE ACTIVITY IN THE DEVELOPING RAT BRAIN. D.C. Wu, J.K. Lam,
N.T.K. Lee, Y.P. Yu, H.M. Chung, J.H.C, Wang, Y.F, Han. (SPON: The Hong
Kong Society of Neurosciences). Dept. of Biochemistry, Hong Kong University of
Science and Technology, Hong Kong.
Cyclin-dependent kinase 5 (cdk5) was initially isolated by homology to the key
cell cycle regulator cdc2 kinase and later identified as a neuronal kinase that
phosphorylates histone H1, tau and neurofilaments. This kinase is localized in axons
of the developing and mature nervous system. To understand the role of cdk5 in the
CNS, we investigated the expression of cdk5 and its regulatory subunit, p35, in
different regions of the developing rat brain from embryonic day 12 (El2) to 18
months after birth(18M) by Western blot analysis, reverse transcription and
polymerase chain reaction (RT/PCR). Western blot analysis showed that the
expression of cdk5 was very low on El2 and increased until dayl postnatal (Pl) and
then remained at a prominent level from Pl to 18M. RT/PCR and Western blot
demonstrated that the expression of p35 mRNA and protein was low on El2, and
was prominent in the E18-P14 rat brain; the expression was decreased in the adult
and aged rat brain from 3M to 18M. The expression of p39 mRNA has the similar
expression pattern as p35, but it reached the maximum level later than that of p35.
The cdk5 protein was expressed at the same level from the cortex, hippocampus,
cerebellum and striatum of rat brain. The p35 expression and cdk5-associated kinase
activity were higher in the cortex and hippocampus, but were lower in the
cerebellum and striatum. These results suggest that cdk5 and p35 may play regionspecific and developmental stage-specific functional roles in rat brain, [supported by
grants from the Research Grant Committee, Hong Kong, and the Biotechnology
Research Institute, Hong Kong Univ. Sci. & Tech.]
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MOLECULAR ANATOMY OF TAU INCLUSIONS IN AD BRAIN

USING TAU ISOFORM-SPECIFIC ANTIBODIES.

T. Tomivama. S.

Arawaka and H. Mori*. Department of Neuroscience, Osaka City University

Medical School, 1-4-3 Asahimachi, Abeno-ku, Osaka 545-8585, Japan.

Tau inclusions, such as neurofibrillary tangles (NFTs) and Pick
bodies, are pathological hallmarks of some type of neurodegenerative
disorders called ‘tauopathy’, including Alzheimer’s disease (AD).
There are six isoforms of tau expressed in human brain. It has been
shown that NFTs in AD brain contain all six tau isoforms and that
recombinant tau isoforms with three repeats form paired helical-like
filaments in vitro, whereas tau isoforms with four repeats give
straight filaments. However, which tau isoform(s) preferentially
contributes to NFT formation in AD brain is unclear. To address this
question, we prepared a panel of antibodies that specifically recognize
tau isoforms with or without exon 2, exon 3 or exonlO, as reported
previously (Abstract of Neuroscience meeting, 1998, 671.3). With
these antibodies, we examined brain samples from AD patients by
immunohistochemistry and Western blotting analysis and found an
inequality in their amount among six tau isoforms in NFTs. Our
results indicate that these antibodies are useful for identification of
tau isoform(s) associated with pathology of each tauopathy.
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EXPRESSION OF FERRITIN
H
IN
NEURONS
WITH
NEUROFIBRILLARY CHANGES IN ALZHEIMER’S DISEASE
J.M. Weimer, N. Chow, S. Hurley*, and P.D, Coleman. Department of
Neurobioiogy and Anatomy, University of Rochester School of
Medicine, Rochester, NY 14642
Ferritin has been shown to serve as a major intracellular iron storage
protein in the brain, helping to protect against oxidative stress.
Immunohistochemical studies have shown that Ferritin is robustly
associated with senile plaques in Alzheimer’s disease (AD) brain
tissue. Additonal findings have shown alterations in the cellular
distribution of both ferritin H, a neuron and oligodendrocyte specific
isoform, and ferritin L, a less abundant glia specific isoform, in AD
compared to control brain samples. These findings of a disruption of
the normal cellular distribution of ferritin lend to the hypothesis that
oxidative stress and the disruption of iron homeostasis may play a
major role in neurodegenerative diseases such as Alzheimer’s disease
(AD). In this study, message level of ferritin H was examined in
conjunction
with
immunohistochemical
characterization
of
neurofibrillary changes in neurons, a hallmark of AD, using the PHF1
antibody. In situ hybridization with a radioactive probe to ferritin H
was employed to compare message expression in neurons which are
PHF1+ with those which are PHF1-. Preliminary analysis suggests a
higher level of expression of ferritin H message in CAI than in the
hilus of the dentate gyrus. Observations also suggest a decrease in
expression of message in neurons immunohistologically positive for
neurofibrillary changes. . Quantitative results as well as discussion of
the role of ferritin in AD will be presented. Work supported by the
Lucille Markey 'Foundation, RO1 AG14441, AG09016, and the
Rochester Alzheimer Disease Center (AG08665).
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THE DISTRIBUTION OF ACTIVE FORM OF MITOGEN ACTIVATED
PROTEIN (MAP) KINASE IN ALZHEIMER'S NEUROFIBRILLARY
PATHOLOGY. J-J. Pei1*, E. Braak2. H. Braak2. I, Grundke-Iqbal3, K. Iqbal3,
B. Winblad1 and R.F. Cowbum1. ’Karolinska Institute, Dept of Clinical
Neuroscience, Occupational Therapy and Elderly Care Research, Huddinge,
Sweden; department of Anatomy, J.W. Goethe University, Frankfurt,
Germany; 3NYS Institute for Basic Research in Developmental Disabilities, S.I.,
NY, USA.
Abnormally hyperphosphorylated tau in the form of paired helical filaments
(PHFs) in neurofibrillary tangles is one of the major neuropathological
hallmarks of Alzheimer’s disease (AD). Abnormally hyperphosphorylated tau
were also found in neuropil threads and dystrophic neurites. Mitogen activated
protein (MAP) kinase has been implicated as a candidate responsible for the
hyperphosphorylation of PHF-tau. The present study determined the
intracellular and regional distributions of active MAP kinase in brains staged
for neurofibrillary changes [Braak and Braak, Acta Neuropathol, 82 (1991),
239-259]. Six brain blocks including entorhinal, hippocampal and temporal
cortices at stage 0/0, 4 at stage I/II, 5 at stage III/IV, and 9 at stage V/VI, were
sectioned and immunostained with polyclonal antibody to active MAP kinase
or monoclonal antibody to PHF-tau (AT8). The first sign of neurons with
tangle-like inclusions positive for active MAP kinase appeared in the Pre-a
layer of the entorhinal cortex and extend to the hippocampal CA1, temporal
cortical layer III and V, and other cortical regions, which is co-incident with the
progressive sequence of neurofibrillary changes. With double staining, the
tangle-like inclusions positive for active MAP kinase were proven to be NFTs
by AT8. Intracellularly, active MAP kinase was found to initially accumulate in
the cytoplasm of pretangle neurons. These data provide direct in situ evidence
which is consistent with the idea that MAP kinase is involved in the formation
of tau hyperphosphorylation.

ALZHEIMER’S DISEASE: CURLY FIBER AND TANGLE-LIKE FIBRILLARY
CHANGES IN SEVERAL OTHER ORGANS THAN BRAIN.
J. Miklossv1*, R. Kraftsik2, O. Pillevuit1, M. Campiche1. ‘University Institute of
Pathology 1011, CHUV, Lausanne (Switzerland) and Institute of Cellular Biology and
Morphology (IBCM), University of Lausanne (Switzerland).
The most important histological changes of Alzheimer's disease (AD) are
accumulation of senile plaques, formation of neurofibrillary tangles and deposition of
P-amyloid protein in the brain. Recently, fibrillary changes, ultrastructurally
indistinguishable from neurofibrillary tangles were also found in astrocytes. Similar
fibrillary changes are known to occur in the ependymal layer and in epithelial cells of
choroid plexus. Cells of other organs besides the brain, produce B-APP and generate
potentially amyloidogenic APP fragments. The deposition of B-amyloid-protein and
phosphorylated Tau-protein were both reported to occur in extraneural tissues.
In search of curly fiber or tangle-like fibrillary changes outside the CNS, 395
blocks from 21 different tissues of 24 AD cases, 5 cases with discrete AD-type cortical
changes and 10 control cases without plaques or tangles were studied. Accumulation
of pathological argyrophilic filaments with histochemical properties of amyloid
showing morphological similarity to curly fibers and/or tangles was found in several
organs (e.g. adrenal, liver, pancreas, ovary, testis, thyroid, striated muscle) in 20 of the
24 AD cases and in 4 of the 5 cases with discrete AD-type cortical changes. We did
not find them in the 10 control cases. These extraneural “tangles” or “curly fibers”
were immunoreactive with antibodies to P component, Tau-protein, ubiquitin,
fibronectin and Apolipoprotein-E, and were negative with antibodies to neurofilament
proteins. Ultrastructurally they consisted of densely packed straight and paired helical
filaments, similar to those of neurofibrillary tangles. To understand the pathogenetic
interest of these fibrillary changes occurring outside CNS, further investigations of
their biochemical and molecular properties will be necessary.
The results suggest that Alzheimer's disease might be a systemic disorder or
fibrillary changes similar to tangles and curly fibers may also be associated with other
amyloidosis than B-amyloidosis.

448.5
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BIOCHEMICAL ANALYSIS OF TAU ISOFORMS IN FAMILIAL PICK’S
DISEASE.
V.A. Zhukareva1*, C.F. Lippa2, P. St. George-Hyslop3, J.Q. Trojanowski1,
V.M-Y. Lee1. ’Center for Neurodegenerative Disease Research, Depart, of
Pathology and Laboratory Medicine, University of Pennsylvania School of
Medicine; Philadelphia, PA 19104;2 Dept. of Neurology, MCP-Hahneman
University, Philadelphia, PA;3 Dept. of Neuroscience, University of Toronto,
Ontario.

CSF TAU-PROTEIN DIFFERENTIATES BETWEEN PATIENTS WITH
ALZHEIMER’S DISEASE, MAJOR DEPRESSION AND HEALTHY
CONTROLS IN YOUNG OLD, BUT NOT IN OLD OLD. K.BUrger nee Buch*1,
F.Padberg1, T. Nolde1, S. StUbner1, M.J. Schwarz1, S.J. Teipel1, A. Haslinger1,
T.Sunderland2, H.Arai3, H.-J.MOller1 and H.Hampel1. *Dept. of Psychiatry,
Dementia Research Section, Ludwig-Maximilian University, 80336 Munich.
National Institutes of Health, National Institute of Mental Health, Geriatric
Psychiatry Branch, Bethesda 20892, USA. ’Department of Geriatric Medicine,
Tohoku University School of Medicine, Sendai, 980-77 Japan
Elevated levels of tau protein in cerebrospinal fluid (CSF) are found in
Alzheimer’s disease (AD) and other neurodegenerative disorders. Some studies
reported an age-dependent increase of tau in healthy controls (HC) but not in ADpatients. The aim of the present study was 1) to replicate previous findings of CSF
tau levels increasing with age in HC-subjects and 2) to test the hypothesis that the
discriminative power of CSF tau is different in younger and older elderly. CSF
levels of tau were determined in young old (<70 yrs) and old old (>70 yrs) patients
with probable AD (NINCDS-ADRDA; Ny0Ung oid/oid old= 15/23), elderly patients with
MD (DSM IIIR/ICD-10; Nyoung oid/oid old = 7/12), and age-matched HC-subjects
(Nyoung oid/oid old = 12/6) using an enzyme-linked immunosorbent assay. In AD
patients, CSF tau levels were significantly elevated as expected, whereas no
significant difference was found between MD and HC. Tau levels were increasing
with age in MD and HC (MD: r = 0.561, p < 0.012; HC: r = 0.533, p < 0.023). This
correlation was not found in AD. When groups were stratified for age, the difference
between AD and MD/HC remained stable in young old. In contrast, no statistical
significant difference between groups was found in old old. Our findings indicate
that (1) tau is increasing with age in HC and MD, (2) the discriminative power of
CSF tau is different in young and old old. We suggest to consider age-dependent
changes of CSF tau levels in studies investigating its role as a putative marker of
neurodegenerative disorders.

Disruption of the normal 1:1 ration of 4-repeat (4R) to 3-repeat (3R) tau may
result in the development of fronto-temporal dementia (FTD) syndromes. We
describe a 55-year-old patient who died after seven years of a progressive
expressive aphasia, documented with serial neurophysiological assessments
and MRI’s. The analysis of the brain revealed focal fronto-temporal atrophy
with severe neuronal loss and number of Pick cells (PCs) and Pick’s Bodies
(PBs). Immunocytochemical staining for hyperphosphoiylated tau showed
intensive staining in PB, PC, and some morphologically normal neurons.
Biochemical analysis of tissue form different brain regions revealed an
increase in the ratio of 4R:3R tau isoforms in soluble fractions of affected
brain. Tau in sarcosyl insoluble material was represented by a distinct pattern
with a substantial increase in 4R-ON over all other isoforms. 4R-2N isoform
were not detected in this preparation. Sequencing analysis of the tau gene at
exon 10 and adjacent regions did not reveal mutations expected from the
biochemical patterns. These data suggest that changes in the ratio of tau
isoforms may occur independently of mutations in exon 10 or its splice site in
the tau gene.
Supported by grants from the NIA and Alzheimer’s Association
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PHOSPHORYLATED TAU IN HUMAN CEREBROSPINAL FLUID AS A
DIAGNOSTIC MARKER FOR ALZHEIMER'S DISEASE
K. Ishiguro1*, H. Ohno2, H. Arai\ H. Yamaguchi4, K, Urakami5, H, Kohno2 and K,
Imahori' 'Mitsubishi Kasei Institute of Life Sciences, Machida, Tokyo 194-8511,
Japan/Mitsubishi Chemical Corporation, Pharmaceuticals and Diagnostics
Company. Shinagawa, Tokyo 140-0002, Japan; 'Tohoku University School of
Medicine, Sendai, Miyagi 980-8574, Japan; 4Gunma University School of Health
Sciences. Maebashi, Gunma 371-8511, Japan; 'Tottori University, Yonago, Tottori
683-8504,Japan
Tau is a microtubule-associated protein in neuron, and a component of paired
helical filaments (PHF), neuronal abnormal fibrils in the Alzheimer’s disease (AD).
Tau is detectable in cerebrospinal fluid (CSF). CSF-tau has been established as a
reliable diagnostic marker for AD. because many research groups have confirmed the
elevated CSF-tau levels in AD patients. The total CSF-tau concentration in AD
patients, however, overlaps with that of non-AD control subjects. In order to
improve diagnostic accuracy, we tried to detect phosphorylated form of CSF-tau
because PHF-tau is usually phosphorylated in AD brains. First, we analyzed
phosphorylation of tau in CSF.
CSF-tau from AD patients was immunoprecipitated with monoclonal anti-tau, which was independent to phosphorylation
site, and then analyzed by immunoblot using biotinylated polyclonal antibodies
against phosphorylated tau. We revealed that CSF-tau was a 32 kDa N-terminal
fragment, and was partially phosphorylated at least at Seri99, Thr231 and Ser235
(tau 441). These sites were also phosphorylated in PHF-tau of the AD brains.
Based on these data, we developed sandwich ELISA for measuring double
phosphorylation species at Thr231/Ser235, and found that phosphorylated CSF-tau
concentration was significantly higher in AD than in non-AD control subjects.
There was still an overlap between AD and non-AD control groups, but it was
smaller in phosphorylated CSF-tau than in total CSF-tau. We assume that the
phosphorylated CSF-tau level can be a more specific diagnostic marker for AD than
total CSF-tau level.

TAU-POSITIVE CYTOSKELETAL PATHOLOGY AFFECTING NEURONS,
ASTROCYTES, AND OLIGODENDROCYTES OF AGED BABOONS (PAPIO
IIAMADRYAS) C. Schultz1. D R. Thai1, G. B. Hubbard2. E. Braak1*. and H, Braak1
1 Department of Anatomy, J.W. Goethe University, D-60590 Frankfurt, Germany
2 Southwest Foundation for Biomedical Research, San Antonio, Texas, USA
Cytoskeletal changes associated with abnormally phosphoiylated tau protein are
histopathological hallmarks of a variety of human neurodegenerative disorders. This
study documents the existence of tau-positive cytoskeletal abnormalities in neurons
and glial cells of aged nonhuman primates. The brains of four baboons (Papio
hamadryas, mean age: 25 years) were examined using the modified Galiyas silver
staining technique for neurofibrillary changes and a panel of phosphorylationdependent anti-tau antibodies (AT8, Alz-50, PHF-1, TG-3) Conspicuous
cytoskeletal changes were noted in two animals, 26 and 30 years of age. In both
animals a combination of neuronal and glial cytoskeletal pathology was seen
preferentially affecting limbic brain areas such as the hippocampal formation and
the amygdala. In the hippocampus of the older animal, numerous tau-positive
inclusions were seen in the granule cells of the fascia dentata. The granule cells even
exhibited an accumulation of argyrophilic neurofibrillary tangles. The cytoskeletal
changes of glial cells, so far unreported in aged animals, affected both astrocytes
and oligodendrocytes. Astroglial involvement was confirmed by confocal
microscopical analysis of sections double-stained with anti-GFAP and AT8. Taupositive astrocytes were seen predominantly in perivascular, subpial, and
subependymal locations. Based on their distinctive morphology and distribution,
additional inclusions were classified as oligodendroglial in origin. They
preferentially occurred in limbic fiber tracts including the entorhinal perforant path
and the fornix. In conclusion, this study indicates the potential usefulness of aged
baboons for experimental investigation of neuronal and glial tau pathology. This
species may provide valuable information pertinent to the broad spectrum of human
tauopathies.
Supported by the Deutsche Forschungsgemeinschaft
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NEUROFIBRILLARY TANGLE-ASSOCIATED
COLLAPSIN
RESPONSE MEDIATOR PROTEIN-2 (CRMP-2) IS HIGHLY
PHOSPHORYLATED ON THR509, SER518 AND SER522 Y. Gu4

CONFORMATIONAL REQUIREMENTS FOR THE MONOCLONAL
ANTIBODY
TG3
REACTIVITY
AND
SPECIFICITY
FOR
ALZHEIMER’S
DISEASE
ELUCIDATED
THROUGH
NMR
SPECTROSCOPY. C.L. Weaver2. S. Cahill3, D.P. Purpura* & P. Davies12.
Departments of Pathology1 and Neuroscience2; Department of
Physiology and Biophysics3, Albert Einstein College of Medicine, Bronx,
N.Y. 10461.
Conformational changes in the tau protein have recently been
implicated as disease-specific events in Alzheimer’s disease. ELISA and
circular dichroism (CD) studies have demonstrated the requirement of
solvent-induced structural alterations for the binding of the
phosphorylation-dependent monoclonal antibody TG3 with a peptide
containing phosphothreonine 231. Since CD has limitations with regards
to local conformational changes within a molecule, we have run 2D
proton homonuclear and heteronuclear NMR experiments for detailed
structural analysis of this peptide in water vs. trifluoroethanol (TFE).
Spectra were recorded in the phase-sensitive mode at 25°C on a Bruker
DRX600 spectrometer.
Double-quantum filtered COSY (HH-DQFCOSY), HH-TOCSY, and
HH-NOESYhomonuclear,
and
HCheteronuclear single quantum coherence (HC-HSQC) spectra were
recorded by standard methods. No long-distant NOEs (from the NOESY
spectrum) were generated from the peptide in water, suggesting no
predominant secondary structure. However, the two adjacent prolines
appear to impart a natural bend in the peptide. All prolines were found
to be in their ‘trans’ conformation in water. Upon the addition of TFE,
preliminary data indicates the isomerization of prolyl groups, while
numerous NOEs suggests a more ordered structure. A large chemical
shift in one of the phospha’e groups during phosphorous-decoupling
experiments suggests a drasti' alteration in its orientation. These studies
will help understanding of cc lformational changes of tau in Alzheimer’s
disease. Supported by NS07098, NIA 06803 and NIMH38623.

F. Oyama* and Y. IharaH Department of Neuropathology, Faculty of
Medicine, University of Tokyo; Hongo 7-3-1, Bunkyo-ku, Tokyo 1130033, TfCore Research and Revolutional Science and Technology, Japan
Science and Technology Corporation, Saitama 351-0198
The 3F4 antibody raised against purified PHF strongly stained
neurofibrillary tangles, some plaque neurites. Its antigen was shown to be
collapsin response mediator protein-2 (CRMP-2) by sequencing the
immunoaffinity-purified 65 kDa antigen. This result was also confirmed
by immunoblotting and immunoprecipitation using other CRMP-2specific monoclonal antibodies. The 3F4 antibody did not recognize
human CRMP-2 transfectionally expressed in COS-7 cells, but recognized
its phosphorylated form that was difficult to dephosphorylate with
alkaline phosphatase. Phosphatase PP-1 and/or PP-2A seems to be
involved in its dephosphorylation in vivo. Using matrix-assisted laser
desorption/ionization (MALDI) time-of-flight (TOF) mass spectrometry
(MS), we further mapped the phosphoepitope to the C-terminal portion
of CRMP-2. Rat brain homogenate was able to catalyze the formation of
the 3F4 phosphoepitope on a fragment of amino acid residues 486 to 522
fused to GST. Site-directed mutagenesis of this fragment showed that
phosphorylations of all the three sites Thr509, Ser518 and Ser522 are
required for the full binding activity to 3F4 antibody. Our result supports
the notion that an imbalance of phosphorylation/dephosphorylation
occurs in tangle-bearing neurons. We suggest that phosphorylation of this
particular portion C-terminal to the basic region of CRMP-2 plays an
important role in regulating its activity.
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STAINING FOR THE “MEMBRANE ATTACK COMPLEX” OCCURS
IN ADVANCED STAGES OF ALZHEIMER’S DISEASE. S.M. Sifers and
J.L. Price*. Dept. of Anat. & Neurobiol., Washington Univ. Sch. of Med.,
St. Louis, MO 63110
It has been suggested that the neurotoxicity seen in Alzheimer’s Disease
(AD) may be at least partially due to an inflammatory response around
plaques, mediated by microglia. Sections from several stages of dementia
were stained with antibodies against components of the complement
cascade. Cases were examined that had been assessed in the ADRC of
Washington University, and assigned a Clinical Dementia Rating (CDR).
Three non-demented (CDR 0), 4 very mildly demented (CDR 0.5) and 4
severely demented (CDR 3) cases were stained with antibodies against
complement cascade component 4d (antibody C4d, Quidel) and the
membrane attack complex (MAC, antibody SC5b9, Quidel).
Staining for component 4d was seen extensively in plaques in 2 of 3
CDR 0 cases, and in the demented cases. In contrast, staining for the MAC
was found in 4 of 4 CDR 3 cases but in only 1 of 4 CDR 0.5 cases and none
of the CDR 0 cases. The one CDR 0.5 case with staining had extensive
pathological change (Braak stage V). Where present, the MAC was found
in dystrophic neurites within only a subset of the neuritic plaques. Even in
CDR 3 cases, only about 1/3 of the neuritic plaques were positively stained.
It appears that the early stages of the complement cascade may occur even
before cognitive decline, but that the final destructive stage of the cascade
may occur only in severely demented cases.
Supported by NIH grant AG03991

CLUSTERIN AND COMPLEMENT COMPONENTS, Clq AND C3,
DEPOSITS INCREASED AT VERY EARLY STAGES OF
ALZHEIMER DISEASE (AD). H.S. Zanjani1*: A.S, Lanzrein1; D.W,

449.3

449.4

UPREGULATION OF THE SIGNAL TRANSCRIPTION FACTOR C/EBP IN
ALZHEIMER’S DISEASE COMPARED TO NONDEMENTED ELDERLY
CORTEX. R. Strohmeyer2*, Y. Shen2, P.J. Magistretti1, J.-R. Cardinaux1, J.-L.
Pellerin1, and J. Rogers2. ‘Institute de Physiologie, University of Lausanne; 2Sun
Health Research Institute, Sun City, AZ 85351.
C/EBP (CCAAT/Enhancer Binding Protein) is a family of signal transcription
factors known to play important roles in both cellular energy metabolism and
inflammation. For this reason, we have begun to explore the possibility that
C/EBP might link the brain energy hypometabolism and inflammation that are
characteristic of Alzheimer’s disease (AD). Previous studies by Magistretti and
colleagues, for example, have demonstrated that C/EBP is expressed by
astrocytes and may help regulate astrocytic coupling to neuronal energy
metabolism. In particular, upregulation of C/EBP shunts glucose metabolism
toward glycogen sequestration and away from the production of important energy
substrates for neurons. Glycogen sequestration by astrocytes is readily observed
in the AD brain. Likewise, complement proteins, many of which are under at
least partial C/EBP control in the periphery, are increased in the AD brain.
In the present study, Western blots demonstrated a significant elevation of
C/EBP in AD compared to ND neocortex homogenates. In some blots, a novel
immunoreactive band was also detected just below the major band for C/EBP.
The former was prominent in most of the AD samples, but faint or absent in ND
samples. C/EBP immunohistochemistry revealed immunopositive neurons in AD
and ND frontal neocortex, temporal cortex, and cerebellum. Astrocytes were
observed in both cortical gray and white matter, particularly in association with
blood vessels. C/EBP immunoreactive microglia were only observed in AD
cortical sections, where they were highly associated with amyloid plaques.
(Supported by the Arizona Alzheimer’s Center).

COMPLEMENT DEFENSE PROTEIN CD59 IS DEFICIENT IN THE
ALZHEIMER’S BRAIN. L-B Yang*. R, Li. J, Rogers and Y. Shen, L. J. Roberts
Center for Alzheimer’s Research, Sun Health Research Institute, Sun City, Arizona
85351, USA.
Many studies demonstrate that inappropriate activation of complement causes cell
injury. In the nervous system, for example, neurodegeneration in Alzheimer’s disease
(AD) is partially mediated by complement activation and formation of the membrane
attack complex (MAC). The MAC is a macromolecule made up of complement
component C5, C6, C7 and C8 fragments plus multiple C9 molecules. Once formed, the
ring-like structure of the MAC opens a pore in the membrane of targeted cells, resulting
in cell death. A major defense mechanism for MAC attack is the production of CD59.
CD59 is a cell surface glycophosphoinositol anchor protein that inhibits MAC
formation by capturing complement component C8. Here we present evidence that
CD59 protein levels are significantly decreased in the AD compared to non-demented
elderly (ND) cortex using a highly sensitive ELISA. To further verify the CD59 deficit
in the AD brain, we used Pi-specific phospholipase C (PIPLC) to cleave CD59 from
brain slices. After measuring cleaved CD59, we again found that CD59 levels were
significantly decreased in AD brains. To further examine our hypothesis that CD59
protects neurons against complement attack, we transfected CD59 cDNA into a human
neuronal NT2 cell line. We found that overexpression of human CD59 protected the
cells against complement activation. By using ribonucleus protection assays and
ELISA, we also found that amyloid P peptide (AP) downregulated CD59 expression at
both mRNA and protein levels. Taken together, these results suggest that CD59
deficiency may be a mechanism that permits complement pathology in the AD brain.
Supported by NIA AGO-7367 (JR), a Zenith Award from the Alzheimer’s Association
(JR) and Arizona Alzheimer Center (YS).
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McKeel2: J.C. Morris2 and C.E. Finch1. ‘Andrus Gerontology Center, Dept.

Biological Sciences, USC, Los Angeles, CA 90089. 2ADRC, Department of
Neurology, Washington University, St. Louis, MO 63110.

Senile plaques (SP) are associated with activated microglia and contain
many inflammatory proteins [ clusterin (ApoJ); complement proteins such

as Clq, C4 and C3; and cytokines] which suggests that chronic
inflammation is ongoing in AD. We examined the deposits of AB peptide,
Clq and C3, and clusterin in the superior temporal cortex of subjects with
severe and early stages of AD with Clinical Dementia Rating (CDR) 0.5 to

3 vs. age matched normal controls. Semi-quantitative immunohistochemical
analysis shows these proteins increase in SPs in early stage of AD vs. age

matched controls. Deposits of C3 and clusterin in the SPs increase with
dementia severity. Because clusterin (ApoJ) enhances AB toxicity (Lambert

et al., PNAS 1998) and because microglia and astrocytes contain receptors

for C3, we suggest that increased amount of C3 and clusterin in early AD
contributes to the neurotoxicity of AB and progression of the disease.

Supported by AG 13499 to C.E.F.
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HUMAN COMPLEMENT PROTEIN, C1Q, TOXICITY IN MOUSE BRAIN:
INFLUENCE OF GENOTYPE AND DOSE. K.L.Wright*. M.Gordon. G.DiCarlo,
D.Morgan. Alzheimer Research Laboratory, Univ. of South Florida, Tampa, FL
33612.
Complement (C) proteins circulating in the blood play a vital role in the immune
defense of the human body. Complement may also play a significant role in
inflammation in the brain as it is one of several inflammatory markers that is found colocalized with plaques in Alzheimer's Disease (AD) brain. There is also in vitro
evidence that the plaque component, AP, may exhibit its neurotoxicity through
interaction with complement. AP has also been shown to activate the C-cascade to
produce the cell-lysing membrane attack complex (MAC). However, transgenic
models of AD such as the doubly transgenic PSAPP mice (Tg2576 x PSlmutant)
which have been shown to develop AD-associated pathology (Ap deposits) at earlier
time points and to a greater extent than the singly transgenic Tg2576 mice, have no
evidence of neurotoxicity. We have hypothesized that this is due to the lack of Cactivity in the background strains of the standard doubly transgenic mice (C57BL/6,
DBA, Swiss Webster, and SJL). Our laboratory has previously shown that breeding
PSAPP mice with C-sufficient, BUB/BnJ, mice results in a widespread increase in
microglial immunoreactivity indicating an enhanced inflammatory response. Other
data also indicates that Clq injected into the brains of these mice was neurotoxic.
To further explore whether this toxicity is exacerbated in mice with the BUB/BnJ
background, we stereotaxically injected non-transgenic mice with 0% (primarily
C57BL/6J) and 50% BUB background with either lmg/mL, 0.1 mg/mL, or 0.01
mg/mL human Clq into the hippocampus and cortex. A standard Nissl stain as an
indicator of cell degeneration revealed that mice with a contribution from the BUB
background have greater toxicity in response to Clq than do mice with no BUB
background and this toxicity appeared to increase in a dose-dependent manner. This
data suggests that transgenic mice bred onto the BUB/BnJ background may provide a
better model for studying the role of inflammation in the pathogenesis of AD.
Supported by the Benjamin Alzheimer's Disease Research Trust.

IN VIVO EFFECTS OF NIMESULIDE TREATMENT ON BRAIN
INFLAMMATORY REACTION INDUCED BY INTRACEREBRAL INJECTION
OF QUISQUALIC ACID IN ADULT RATS. C. Scali, F. Casamenti, C.Prosperi,
and G. Pepeu *. Dept. of Pharmacology, University of Florence, Italy.
Recent studies have reported that brain inflammatory processes contribute to the
etiology, pathogenesis and clinical expression of Alzheimer’s disease (AD) and that
NSAIDs have a protective effect in the disease. The present research was carried out
with the aim of investigating the effects of treatment with NSAIDs on glial reaction,
alterations on iNOS and COX-2 expression and neurotransmitter functions induced
by intracerebral injection of the excitotoxin quisqualic acid (QUIS). QUIS (0.5pl of
0.12 M solution) was stereotaxically injected into the right nucleus basalis (NB) of
adult rats and nimesulide was administered (i.m.) at the dose of 10 mg/kg/day for 7
days. QUIS injection was followed by a rapid activation of both microglial cells and
astrocytes. At the peak of microglia reaction (24 h and 7 d post injection) many
iNOS-positive cells were observed in the injected site. COX-2 immunoreactivity in
the NB microglial cells was detected 7 d after injection. Microdialysis investigations
revealed a transient increase in reactive nitrogen intermediates, a significant 45%
decrease in ACh release and no changes in glutamate and GABA release in the
ipsilateral cortex, at 7 days post-injection. Seven days of treatment with nimesulide
produced a strong attenuation of microglia reaction, a significant reduction in the
number of iNOS-positive cells and no changes in the astrocyte reaction. The
production of PGE2 in the NB area was reduced by treatment with nimesulide,
while brain COX-2 immunoreactivity, both in the neurons and microglial cells, was
unaffected by the treatment. Seven days of treatment with nimesulide had no
protective effects on cholinergic neurons. The effects of longer periods of treatment
with nimesulide as well as other COX-2 inhibitors on neurotransmitter functions are
under investigations.
The financial support of Telethon-Italy (Grant n°E.821) is gratefully acknowledged.

449.7
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EXPRESSION OF COMPLEMENT MESSENGER RNAs BY HUMAN BRAIN
ENDOTHELIAL CELLS. A. Klegeris-, C.J. Bissonnette? K. Dorovini-ZisS.-C. Sung-*, E.G. McGeeri and P.L. McGeeri. 'Dept. of Pathology and
Laboratory Medicine, Vancouver General Hospital; 2Kinsmen Laboratory of
Neurological Research, Dept. of Psychiatry, Univ. of British Columbia,
2255 Wesbrook Mall, Vancouver, B.C., Canada, V6T 1Z3.
The complement system is a phylogenetically ancient host defence
mechanism. However, if improperly directed, it can also play a deleterious role
by acting against host tissue. A fine balance may exist between beneficial and
harmful effects. It has been shown that complement mRNAs and their protein
products are present in brain tissue, and that the complement system becomes
activated in non-infectious situations such as Alzheimer’s disease. The result is
deposition of complement activation products, such as C3d, C4d, and membrane
attack complex (MAC) on host tissue. Numerous studies have shown that several
brain cell types including neurons, astrocytes, and microglia are capable of
synthesizing most, if not all of the complement proteins. Little is known,
however, about the role played by brain endothelial cells.
This study evaluated complement mRNA expression in human brain
microvessel endothelial cells (HBMEC), and human umbilical vein endothelial
cells (HUVEC). Endothelial cells expressed detectable levels of complement
gene mRNAs for the Clq B-chain, Clr, Cis, C2, C3, C4, C5, C7, C8
gamma-subunit and C9, not C6 mRNA. HUVEC also failed to express Clq
mRNA. These, results indicate that endothelial cells may be a source of
complement proteins in all organs of the body, including brain, and that human
cerebral endothelial cells thus could contribute to the pathogenesis of several
neurodegenerative diseases, including Alzheimer’s disease.
Supported by a grant from the Jack Brown and Family Alzheimer’s disease
research fund, and the Alzheimer Society of Canada.

SIGNAL TRANSDUCTION IN CLUSTERIN-INDUCED
MICROGLIAL ACTIVATION. Z. Xie*. P.A. Wals, T.E,
Morgan, and C.E. Finch. Andrus Gerontology Center and
Department of Biological Sciences, University of Southern
California, Los Angeles, CA 90089-0191.
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Targeting gene expression and signal transduction pathways
for inhibition of glial activation

SOLUBLE PRODUCTS RELEASED BY ACTIVATED MICROGLIA INDUCE
CELL CYCLING AND DEATH IN CULTURED CORTICAL NEURONS
Qian wu1, Steven B. Canady1, Colin Combs2, David Geldmacher3, Karl Herrup 1,2,3 *
’Alzheimer Research Laboratory’2’ Dept of Neuroscience’3, Dept. of Neurology, Case
Western Research University, School of Medicine, Cleveland, OH 44106

Tanuja.Koppal12*, Tatiana Petrova1, Keith Akama1. and Linda Van Eldik1-2
Department of Cell and Molecular Biology, and Northwestern Drug Discovery Program, Northwestern
University Medical School, Chicago, IL 60611.

Chronic glial activation has been directly linked to the neurotoxicity in Alzheimer’s
disease (AD) and other neurodegenerative disorders. Activation of glial cells, both
astrocytes and microglia, leads to the overexpression of pro-inflammatory cytokines like
interleukin-13 (IL-13) and tumor necrosis factor-a (TNFa), and inflammation and
oxidative stress related enzymes like cyclooxygenase-2 (COX-2) and inducible nitric
oxide synthase (iNOS). Both inflammation and oxidative stress are known to be
contributors to the neuronal damage observed in AD. Hence, examining and identifying
the gene expression profiles and the pathways involved in glial activation may provide
insight into the mechanisms involved in the neuropathology of AD. The use of nonsteroidal anti-inflammatory drugs (NSAIDs) for reducing the incidence of AD in patients
has led us to examine the role of cyclooxygenases and their products, the prostaglandins
(PGs), in glial activation cascades. We have.found that in both, primary rat microglia
and astrocytes, and in a murine microglial cell line BV-2, the cyclopentenone PGs,
especially 15-deoxy-A1214-prostaglandin J2(15d-PGJ2) showed anti-inflammatory effects.
15d-PGJ2 blocked the induction of iNOS and cytokines like IL-1 p and TNFa in BV-2
cells stimulated by lipopolysaccharide. These results suggest that the role of PGs in
brain is more complex than just being pro-inflammatory, and that the cyclopentenone
PGs may actually be involved in a feedback mechanism triggering glial deactivation.
We are currently examining other pathways that might be instrumental in chronic
gliosis. Our data highlight the need for investigating in greater detail the gene
expression and signal transduction profiles of activated glia as potential drug discovery
targets. Also the complexity of the pathways involved demands greater selectivity and
specificity of action in compounds being developed as inhibitors of glial activation.
(Supported in part by NIH AG 13939).
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Clusterin (apolipoprotein J) is found in increased levels in
degenerating regions of AD brains (May and Finch, 1992; TINS
15:391-6). We have shown that clusterin can activate cultured
microglial cells (Xie et al. 1998 SFN). To identify the signal
transduction pathways involved, kinase inhibitors were applied to
microglial culture together with clusterin, or another microglial
activation agent, lipopolysaccharide (LPS). Nitrite in the cell
culture medium was used to assay microglial activation. PD98059,
a MAP kinase kinase (MEK) inhibitor, dose-dependently inhibits
both clusterin- and LPS-induced microglial activation (IC50 = 50
pM). PKC, a possible upstream mediator of MEK-ERK pathway,
was also required for microglial activation. However, pertusis
toxin (PTX), an inactivator of G/Go protein, does not prevent
microglial activation, suggesting that clusterin-induced microglial
activation is not mediated by G/Go protein-coupled receptors.
Supported by grants to CEF (AG-13499), and TEM (Alzheimers
Association/Estate of Ann Clark Hobson, FSA 95033).

Alzheimer’s disease is a devastating dementia of late life that afflicts
approximately 40% of all humans over the age of 85. The pathological
hallmarks of the diseas are a dense accumulation of neuritic plaques and
neurofibrillary tangles. In addition, substantial nerve cell loss is round in
the hippocampus, entorhinal cortex, the basal nucleus of Meynert, the
dorsal raphe and the locus coeruleus.Immunocytochemical studies in
postmortem material have shown that many ofthe neurons at risk for
degeneration in these areas are marked by the ectopic expression of cell
cycle components. As evidence from both in vivo and in vitro studies
suggests that a postmitotic neuron that re-enters the cell cycle will die, a
crucial question is the source of the influence that drives susceptible
neurons to initiate these events. We have pursued the question oy
focussing on the role of the inflammatory events triggered by the brain
microglia. Stable cultures of E16.5 mouse cortical neurons were cultured
with p-amyloid alone, microglial cell alone, or microglial cells activated
by p-amyloid. Increased cell death was found after each addition, but
only the amyloid activated microglial treatment lead to a dramatic
increase in the number of neurons that were positive for cell cycle
markers such as PCNA or cyclin D and showed direct evidence of DNA
synthesis through the incorporation of BrdU. These results further
support the inflammatoty model of disease progression in Alzheimer’s
disease.
Sopport for this work was provided by a grant from the Blanchette
RocKeffller Foundation (AG 08012) to KH
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UBIQUITIN INCLUSIONS AND INFLAMMATION: CAUSES OF
NEURODEGENERATION IN ALZHEIMER’S DISEASE? M.E. FigueiredoPereira*, H, Yuan, and P, Rockwell. Dept. of Biological Sciences, Hunter
College of CUNY, New York, N.Y.10021
A hallmark of neurodegeneration is the abnormal occurrence of
intraneuronal inclusions consisting of ubiquitin-protein conjugates that form
by unknown mechanisms. To investigate these mechanisms, we developed
a model system in which mouse neuronal (HT4) cells, cultured in the
presence of an inhibitor (PSI) of the ubiquitin (Ub)/proteasome pathway,
produce intracellular inclusions containing ubiquitinated protein conjugates.
Failure to remove these aggregates leads to cell death. To explore causes
of the PSI-induced cytotoxic effect, we looked for signs of inflammatory
reactions, which are thought to play an important role in neurodegeneration.
The inducible form of cyclooxygenase (COX-2) is an enzyme involved in the
production of prostaglandins (PGs) that promote tissue damage during
inflammation. Our studies demonstrate that PSI elicits upregulation of COX2 at the gene and protein level. This PSI-induced transcriptional activation
occurs in a concentration dependent but differential manner. Low PSI
concentrations upregulate gene and protein expression. However, higher
levels of the inhibitor result in a loss of COX-2 mRNA expression, while
protein levels remain high. The changes in COX-2 gene expression may be
attributed to deregulation of the NFkB pathway which depends on the
Ub/proteasome pathway to degrade its inhibitor IkB, for functional activity.
Changes in COX-2 protein levels may be also controlled by its turnover rate.
These results may define new therapeutic targets for the neurodegenerative
pathway.
This work was supported by the NIH (NS34018 to M.E. F.-P.)

CHRONIC NEUROINFLAMMATION REPRODUCES THE TEMPORAL
LOBE ATROPHY SEEN IN ALZHEIMER’S DISEASE: A MRI STUDY IN
YOUNG RATS. B. Hauss-Wegrzyniak1*, J.P. Galons2, G.L. Wenk1, 'Division
of Neural System, Memory & Aging, 2Dept. of Radiology, Univ. of Arizona,
Tucson, AZ.
We examined the effect of chronic neuroinflammation on temporal lobe
structures in young rats. Neuroinflammation was produced by chronic infusion
of lipopolisaccharide (LPS) from E. coli (serotype 055 :B5) for 37 consecutive
days, into the 4th ventricle of young rats. Coronal magnetic resonance images
(MRI) were obtained at the end of the period of infusion, followed by the
immunohistochemical examination of perfusion-fixed brains. Chronic
neuroinflammation produced a significant enlargement of the ventricular space
of LPS-infused rat brain, which was accompagnied by volumetric changes
within temporal lobe structures. Control rats demonstrated no MRI changes
indicative of the enlargement of the ventricles, and no significant atrophy of the
hippocampus and entorhinal cortex. These results parallel what has been
reported for humans with Alzheimer’s disease (AD), where quantitative studies
of MRI data suggest that there is a severe shrinkage of the brain as evidenced by
greater dilation of the cerebral ventricles and enlargement of the sub-arachnoid
space as well as an atrophy of the hippocampal formation and the entorhinal
cortex. Taken together, the results of these studies indicate that LPS produces an
extensive inflammation within the brain, particularly within the temporal lobe
regions, that reproduces many of the inflammatory and neuropathological
changes seen in the brain of AD patients. These data are consistent with the
hypothesis that die pathophysiological mechanism in AD is ftmdamentally an
inflammatory one. Non-steroidal anti-inflammatory drug (NSAID) therapies that
lack gastrointestinal side effects will be investigated using MRI technique.
Supported by AG 10546 and the Flinn Foundation.
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THE XI1 AND FE65 PROTEINS IN ALZHEIMER’S DISEASE. D.M.
McLoughlin1’2*, K.-F, Lau1, N. Irving1, J.P. Brion3, C.C.J. Miller1. ‘Dept. of
Neuroscience and 2Section of Old Age Psychiatry, Institute of Psychiatry,
London SE5 8AF; 3Universite Libre de Bruxelles, B-1070 Bruxelles, Belgium.
The carboxy-terminus of APP has been shown to interact with members of
both the XI 1/Mint and FE65 protein families. The interactions are mediated
via phosphotyrosine binding (PTB) domains in these proteins and sequences
encompassing the YENPTY re-intemalisation motif in APP. The XI1 proteins
display close homology in their C-termini, comprising one PTB domain and
two PDZ domains, but diverge in their N-termini. The presence of both PTB
and PDZ domains in the XI1 proteins (and PTBs in the FE65s) suggests that
APP may be part of a multimeric signalling complex. XI1 and Xll-L are
neuron-specific whereas the FE65 proteins are widely distributed. Both the
XI1 and the FE65 proteins have been shown to differently alter the trafficking
and processing of APP and the generation of Ap. Here we demonstrate that in
primary cortical neurons Xll-L and APP share highly similar distributions.
Similarly, Xll-L also co-localises with APP in transfected CHO cells. In XI1L/APP co-transfected cells Xll-L reorganises the subcellular distribution of
APP and also increases the steady state level of APP. Finally, we demonstrate
that XI1-L is associated with the neuritic plaques found in Alzheimer’s disease
but not with neurofibrillary tangles. These results are consistent with a role for
the XI1 proteins in metabolism and trafficking of APP and possibly in the
pathogenesis of Alzheimer’s disease.
Acknowledgements: This work was supported by the Wellcome Trust and the
MRC.

THE AP BINDING PROTEIN BBP1 IS A MEMBER OF A FAMILY OF
STRUCTURALLY NOVEL APOPTOSIS MODULATORS.
C.F. Lo, E.M.
Kajkowski, S. Walker, S.C. Smith, A. Wood*, J. Finley, K. Rhodes, J. Bard,
J.S. Jacobsen and B.A. Ozenberqer. Wyeth Neurosciences, Princeton, NJ
Integral membrane proteins which modulate the activity of heterotrimeric G
proteins typically have a common topology, transversing the membrane seven
times. These proteins constitute a diverse superfamily of G protein-coupled
receptors (GPCRs) serving as essential transducers of extracellular signals
supplied by circulating hormones, growth factors, neurotransmitters, etc. G
proteins can also modulate signalling pathways regulating cell proliferation/
apoptosis, but the proteins controlling these events have not been defined.
We have identified a novel family (presently containing three members
denoted BBP1, BBP2 and BBP3) of proteins containing key elements
conserved in members of the GPCR family. The BBP proteins are predicted
to transverse the membrane twice via a structural module that is related to
transmembrane domains 3 and 4 of GPCRs. The remaining sequences of the
BBP proteins share no significant homology with known proteins. The BBP
genes are widely expressed, with prominent neuronal expression in
neocortical and limbic regions of the brain. Recombinant expression of BBP
cDNAs protects cells from apoptotic induction. Substitution of a key amino
acid in the BBPs that is required for G protein activation in GPCRs attenuates
the antiapoptotic activity, suggesting that the BBPs are structurally unique G
protein regulators. Importantly, cells transfected with the BBP1 subtype
exhibit increased vulnerability to the toxic effects of Ap peptide, suggesting
involvement in the pathophysiology of Alzheimer’s disease. The Ap-mediated
induction of apoptosis in BBP1 transfected cells can be abolished by
treatment with pertussis toxin or caspase inhibitors. We conclude that BBPs
modulate programs of cell death through a G protein-dependent pathway.
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SYNAPSE LOSS MODEL IN A PRIMARY HIEEQCAMPAL COCULTURE SYSTEM. LM Callahan*. EL Foley. PD Coleman.
University pfJ&oghgster.ltochgster, NY 14642,
Synapse loss is a hallmark pathology of AD. Terry et al. have
shown a strong correlation (0.77) of decreased synaptic protein
immunoreactivity with increased dementia. We previously reported
decreased synaptophysin mRNA, but increased cathepsin D mRNA,
in AD NFT neurons. We hypothesize neurons with disrupted axonal
transport (as proposed for NFT neurons) undergo specific molecular
and morphologic changes. To better understand individual neuronal
response to disrupted axonal transport, we developed a primary hippocampal co-culture model for synapse loss using the microtubule
inhibitor, nocodazole. We are particularly interested in understanding
the early events of this model. Day 14 E18 rat primary hippocampal
neurons treated with 10 ug/ml nocodazole show progressive loss of
synapsin 1 puncta ICC. Synapsin 1 puncta represent synaptic vesicle
accumulations at synapses (Fletcher et al.). Synapsin 1 puncta loss
occurs at 6 hrs of 10 ug/ml nocodazole treatment for many neurons.
All neurons show puncta loss by 24 hrs. Acetylated tubulin (a
posttranslational modification leading to maturation of microtubules)
shows a progressive alteration from process "beading" (6 hrs) to only
cell body and proximal dendrite localization (24 hrs). This model
provides a tool to analyze a synapse loss cascade resulting from
axonal transport disruption, and should provide markers for single cell
analyses of AD neurons. Quantitative and ultrastructural analyses are
underway. Support: NIH R29 NS36689 to LMC, ADC AG08665,
the Lucille Madkey Foundation, and R01 AG14441 to PDC. 5

mRNA EXPRESSION OF UBIQUITIN-BINDING p62 IS INDUCED
DURING NEURONAL APOPTOSIS IN VITRO. E. Kuusisto*, S. Kyrylenko,
and A. Salminen. Dept. of Neuroscience and Neurology, Univ. of Kuopio, FIN70211 Kuopio, Finland.
Neuronal apoptosis is involved in various acute and chronic neuropathological conditions. However, the molecular mechanisms of neuronal
apoptosis are still incompletely understood. In this study, we have identified
genes differentially expressed during neuronal apoptosis in vitro. We induced
apoptosis in Neuro-2a cell cultures by serum deprivation and detected changes in
gene expression using a cDNA array technique. One of the genes upregulated was
the ubiquitin-binding protein p62. Using Northern analysis, the p62 mRNA level
was found to be markedly increased during apoptosis of Neuro-2a cells induced
by a variety of treatments including okadaic acid, etoposide, anisomycin, and
trichostatin, in addition to serum deprivation. Furthermore, p62 mRNA was
upregulated during okadaic acid-induced apoptosis of primary cultured rat
hippocampal cells.
The p62 gene is an early response gene encoding a protein previously
shown to interact with ubiquitin, protein kinase p56/ci, and protein kinase C
isotypes. The exact ftinction of the p62 protein remains unclear, but according to
recent studies, p62 likely regulates the fates of ubiquitinated proteins in a signaldependent manner. In support of this hypothesis, proteasome inhibitors
lactacystin, PSI and MG-132, when applied to Neuro-2a cells, caused a
prominent induction of p62 mRNA. Accumulation of ubiquitinated proteins is
commonly detected in Alzheimer’s disease as well as other neurodegenerative
diseases. Our data thus suggest a role for p62-regulated proteolytic pathways in
pathological neuronal death. (Supported by the Academy of Finland.)
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CALPAIN MODULATES SECRETION OF SOLUBLE APP IN HUMAN
RETINOBLASTOMA (Y-79) CELLS. P.S. Mohan*, N.Terio, M, Achilleos, R.A.
Nixon. Nathan S. Kline Institute for Psychiatric Research, New York University
Medical Center, 140 Old Orangeburg Road, Orangeburg, NY 10962
The calpain proteolytic system is activated early in Alzheimer’s disease and
may contribute to neuronal destruction well before neurons degenerate. Calpains
down-regulate Protein Kinase C and might, therefore, be predicted to alter regulated
secretion of soluble APP. To investigate the role of calpain in this process further we
analyzed cultured human retinoblastoma (Y-79) cells in which we can induce a
controlled level of calpain activation following calcium exposure while maintaining
viability of the cells (Soc. Neurosci. 22: 1918, 1996). Y-79 cells secreted soluble
APP recognized by N-terminal antibody 22C11 and 6E10 that detects an epitope
around amino acid 11 of Ap. When these cells were exposed to elevated calcium (>4
mM), the secretion of sAPP was markedly reduced. Calpain inhibitors, calpeptin, E64d and calpain inhibitor I, inhibited calpain activation and blocked the effect of
calcium on the secretion of sAPP, implicating calpain in the secretory process. MG132, a selective inhibitor of the proteasome complex, was ineffective indicating that
the proteasome complex was not involved in the inhibitory effects of these inhibitors.
Finally, uptake of the 27-mer-calpastatin peptide, which has been shown to be
specific inhibitor of calpain, also blocked calpain-induced reductions of soluble APP
secretion. The decline in APP secretion after calcium exposure is delayed for 6
hours despite immediate activation of calpain suggesting that the modulation of
secretion by calpain is indirect. These findings strongly implicate calpain in
modulating the secretion of APP under disturbed calcium homeostasis and are
relevant to Alzheimer’s disease where calpains have been shown to be abnormally
activated. (Supported by AG-10916 to RAN)

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: INFLAMMATION AND CYTOKINES
450.1

450.2

AMYLOID-BETA PEPTIDE INDUCES CYCLOOXYGENASE-2
EXPRESSION AND ACTIVITY IN BRAIN-DERIVED CELLS.
M.A. Hilfers*and S.A, Moore , Department of Pathology, The
University of Iowa, Iowa City, IA 52242-1181
A proposed cause of neurodegeneration in Alzheimer's disease (AD)
is the extracellular deposition of amyloid-beta peptide (A0) which may
induce an inflammatory reaction. Since epidemiologic show beneficial
effects of NSAIDs in AD patients and cyclooxygenase-2 (COX-2)
mRNA is elevated in AD brain, COX-2 may be a component of the
inflammatory reaction. To evaluate the relationship between A3 and
COX-2 we assayed COX-2 expression and prostaglandin (PG)
production in cultured cerebrovascular cells and astrocytes (As)
following continuous incubation with aggregated synthetic Apl-42
peptide (10 pM). There was no change in smooth muscle (SM) COX-2
protein expression after incubations ranging from 4 to 72 h, while
endothelial (En) COX-2 protein was increased by 4 h. This increase
was still evident at 48 h, but COX-2 had returned to basal levels by 72
h. In As COX-2 was not induced until 18 h in culture with A(3,
however, increased COX-2 was maintained for at least 72 h. Increases
in PG production by As and En followed time courses similar to COX2 protein. In As COX-2 protein expression increased with larger doses
of A()l-42 between 100 nM and 20 pM. Similarly, when En was
incubated with A{325-35 (100 nM-20 pM) there was a dose-dependent
increase in COX-2 mRNA. No COX-2 mRNA response was observed
in SM. These results suggest that Af3 has differential effects on COX-2
in brain-derived cells. Moreover, they suggest that the inflammation
observed in AD may result from the induction of COX-2 by Ap in glia
and cerebral En. Supported by AHA 96-50661N, NS24621, and T32 AG 00214.

ACTIVATED PATHWAY OF MOUSE PRIMARY MICROGLIA BY FIBRILLAR
AB 1-42 PEPTIDE. K.Ishii1, T.Hartmann1, M.Jensen*2. F.Muhlhauser3 K.Fassbender3,
C.L.Masters4 and K. Bevreuther1,
'ZMBH and Neurology Department Univ. Heidelberg, INF 282, D-69120 Heidelberg,
Germany, 2Karolinska Institutet, Novum, KFC, S-14186 Huddinge; 4Dept. of
Pathology, Univ. Melbourne, Parkville, Australia.
Microglia play an important role in inflammatory reactions and this inflammatory
reaction might be involved in neuronal cell death or neuronal degeneration in
Alzheimer’s disease (AD). It is well-established that AB peptide activates microglia and
induces local inflammatory reactions in the AD brain. Activated microglia cells are
found in great abundance in moderate and severe AD, indicative for a role of microglia
cells at least during the late phase of AD. However, it is unclear whether the fibrillar
form of the AB peptide activates microglia cells more strongly than the soluble form
of AB, and how AB peptides stimulate the microglia cells. One of the candidate
mechanism is related with CD 14 receptor which expresses on the microglia,
macrophage and monocyte. Usually CD 14 binds lipopolysaccharide and gives rise to
an inflammatory reaction in the presence interferon gamma. Therefore, understanding
the microglia activating pathway via CD14 and AB offers a potential to block AB
binding and lead to the possibility of AD therapy.
We used AB 1-42 peptide in fibrillar and non-fibrillar form. AB was added to the cell
culture medium of primary mouse microglia cells. The conformation of the fibrillar
and soluble AB peptide was confirmed in each case by electronmicroscope analysis.
The microglia activation was detected by nitrite assay of the conditioned medium. We
found fibrillar AB 1-42 to activate microglia cells more strongly than soluble AB. This
result implicates that fibrillar AB 1-42, the main component of senile plaques is more
potent to damage to neurons via activation of microglia cells than non fibrillar AB 142.
We also examined the effect of Indomethacin (COX inhibitor), L-Nil (NOS
inhibitor) or anti CD 14 antibody on AB on activated microglia. These suppressed the
activation of microglia by fibrillar AB 1-42, especially L-Nil completely blocked the
generation of nitrite. We suggest that CD 14 takes a key role of microglia activated
pathway mediated by fibrillar AB 1-42 on AD brain.

450.3

450.4

p-AMYLOID STIMULATION OF INDUCIBLE NITRIC OXIDE SYNTHASE IN
ASTROCYTES IS INTERLEUKIN-IP-DEPENDENT AND INVOLVES A
TRAF6-DEPENDENT SIGNALING MECHANISM. K.T. Akama*1 and L.J. Van
Eldik12. 'Dept. of Cell and Molecular Biology, and Northwestern Drug Discovery
Program, Northwestern University Medical School; Chicago, IL 60611-3008.
Neuritic plaques in Alzheimer’s disease (AD) are surrounded by activated
astrocytes and microglia. A growing body of evidence suggests that activated glia
contribute to neurotoxicity through induction of proinflammatory cytokines such as
interleukin-lp (IL-IP) and augmented production of neurotoxic free radicals, mediated
in part by the increased expression of inducible nitric oxide synthase (iNOS) and
generation of nitric oxide (NO). We recently reported that P-amyloid 1-42 (AP) can
activate cultured astrocytes and stimulate the expression of iNOS, and that the APstimulation of iNOS expression and NO production occurs through an NFk Bdependent mechanism. This demonstration of how Ap couples an intracellular
signal transduction pathway involving NFk B to a potentially neurotoxic response
provided a key mechanistic link between Ap and the generation of oxidative damage.
However, the molecular coordination involved in Ap-stimulated iNOS induction has
not been defined. In the current study, we addressed the possibility that APstimulated iNOS expression might be mediated through an induction of IL-1 p, a
cytokine that is stimulated by Ap and observed to be overexpressed in AD, and that
can itself induce iNOS expression in astrocytes. We found that in cultured
astrocytes, Ap-stimulated IL-1P production occurs before iNOS production, and that
new protein synthesis was required for the iNOS mRNA induction. We also
demonstrate that treatment of cells with AP in the presence of an IL-1 receptor
antagonist blocked the iNOS induction. Likewise, dominant-negative forms of
TRAF6 and NIK, two intracellular proteins involved in IL-1 receptor signaling
cascades, inhibited the AP-stimulated NFk B activity and iNOS production. Our data
suggest that AP stimulation of iNOS in astrocytes is mediated through an IL-iPdependent mechanism and involves a TRAF6-dependent signaling mechanism,
(supported in part by NIH AG 13939)

A COMPARISON OF AMYLOID PEPTIDE-INDUCED CYTOKINE AND
CHEMOKINE SYNTHESIS. S.L. Yates*, P.B. Embury, J.M. Angle and K.R,
Brunden. Gliatech Inc., 23420 Commerce Park Rd., Cleveland, OH 44122.
Amyloid p (Ap)-containing senile plaques within the cognitive centers of
the brain are the hallmark of Alzheimer’s Disease (AD). Activated microglia
in the vicinity of these plaques appear to synthesize increased amounts of
inflammatory cytokines and chemokines that likely contribute to AD
pathology. We have previously reported that fibrillar Ap causes a dosedependent increase of interleukin-1 p (IL-1 p) and tumor necrosis factor a
release from lipopolysaccharide (LPS)-treated THP-1 cells (a human
monocytic cell line). Moreover, the diabetes-associated amyloid peptide,
amylin, also induces elevated production of these cytokines by THP-1 cells.
It has recently been demonstrated that Ap fibrils can initiate chemokine
synthesis, and we find that both amylin and Ap potentiate the release of the
chemokines MIP-1a, MIP-ip and IL-8 from LPS-treated THP-1 cells.
Interestingly, it appears that distinct or divergent Ap-initiated signal
transduction pathways lead to cytokine and chemokine synthesis in THP-1
cells. For example, Ap-induced IL-1p and MIP-1a/p expression were
differentially affected in THP-1 cells treated with the src family tyrosine
kinase inhibitor, PP2, or the MEK inhibitor, PD98059. These studies provide
additional evidence that fibrillar amyloid peptides can initiate signaling
pathways in cells of the monocytic lineage that result in the production of
pro-inflammatory proteins. (In collaboration with Janssen Research
Foundation)
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PROSTAGLANDINS INDUCE APOPTOSIS AND INCREASE LEVELS

INTERLEUKIN-1 (IL-1) INDUCES GLIAL-NEURONAL CHANGES
THAT HAVE IMPLICATIONS FOR ALZHEIMER PATHOGENESIS.
J.G. Sheng.* R.E. Mrak, and W.S.T. Griffin. McClellan VA Med Center
and University of Arkansas for Medical Sciences, Little Rock, AR 72205.
Chronic microglial overexpression of interleukin-1 (IL-1) has been
implicated in the pathogenesis of neurofibrillary changes - neurofibrillary
tangles, dystrophic neurites in P-amyloid plaques, and neuropil threads - in
Alzheimer’s disease and in other conditions manifesting accelerated
appearance of Alzheimer-type neuropathological changes. Slow release IL1 p-impregnated pellets were implanted in cerebral hemispheres of 16 rats to
model chronically elevated intracerebral levels of IL-1. Results from rats
implanted with IL-1 pellets were compared to rats (n = 15) that received
inert pellets [shams] or were unoperated (n = 10). IL-1 pellets significantly
increased tissue levels of the microtubule-associated protein tau and tau
mRNA. This overexpression was dramatically illustrated in neuronal cell
bodies and in swollen dystrophic neurites that also overexpressed phosphorylated and nonphosphorylated neurofilament epitopes. Surprisingly,
these rats showed focal immunoreactivity for hyperphosphorylated tau
(paired helical filament epitope) that was not present in sham or unoperated
animals. These changes were accompanied by an increase in the numbers
of activated astrocytes, overexpressing the neurite growth promoting
cytokine SlOOp (p < 0.001). Our results are consistent with an important
driving role for IL-1, and for the molecular cascades that IL-1 induces, in the
pathogenesis of Alzheimer-type neuropathological changes. Supported in
part by AG12411.

OF |3-AMYLOID AND UBIQUITIN IN PRIMARY CULTURES OF
HIPPOCAMPAL NEURONS. Kedar N, Prasad2*. Francisco L, La Rosa2.
Judith E. Prasad2. Bipin Kumar2. Curt R. Freed1 and Edward D. Clarkson1
Center for Vitamins and Cancer Research2, Department of Radiology2 and
Medicine , School of Medicine, University of Colorado Health Sciences
Center, Denver, CO 80268
The mechanisms by which neurons degenerate in the brain of patients
with Alzheimer’s disease (AD), are not well understood. Prostaglandin (PG)Ei
and PGAi, are secretary products of inflammatory reactions which have been
implicated as one of the important etiological factors in the development of AD. In
vitro, PGEi and PGAi are neurotoxic to differentiated neuroblastoma (NB) cells
(Neurochem. Res. in press) and also to rat ED-18 hippocampal cells. Since
hippocampal cells are considered primary targets for degeneration in AD we chose
to investigate the mechanisms of prostaglandins in primary cultures. PGEi and
PGA, increased [3-amyloid and ubiquitin levels in ED-18 hippocampal cultures
(similar to those observed in NB cells) as determined by immunohisto-chemistry
and they increased the rate of apoptosis. The role of p-amyloid and ubiquitin for
neuronal degeneration in AD has been proposed; however, the mechanisms of
interaction are not known. We have proposed that binding of p-amyloid with
proteasomes may reduce proteasome-mediated degradation of ubiquitin-conjugated
abnormal proteins, and thereby increase the accumulation of abnormal proteins
within the cells that eventually leads to cell death.
Supported by USPHS RO1 NS 29982, RO1 NS 35348, RO1 NS18639, the
NPF, NIH MOI RR00069 and the Program to End Parkinson’s Disease.

450.7

450.8

AMYLOID P SYNERGIZES WITH IL-1 p TO STIMULATE CYTOKINE SECRETION AND
GENE EXPRESSION IN HUMAN ASTROCYTOMA CELLS. C.D. Carlson* and B.D.
Gitter. Neuroscience Research Division, Eli Lilly and Company: Indianapolis IN, 46285.
The Amyloid Hypothesis states that Ap deposition in the CNS is an early and
necessary event in the pathophysiology of Alzheimer’s Disease (AD). In the brains of AD
patients, inflammatory processes, mediated by the interaction of AP and glial cells, may play a
major role in the progression of neurodegeneration and dementia. It has been demonstrated
that hurrtan astrocytes respond to AP and interluekin-1 (IL-1) by producing inflammatory
cytokines that may influence the progression of AD pathology. In addition, both Ap and IL-1
affect APP processing in astrocytes. Therefore, we wished to study the effect of AP and IL-1
co-treatment on APP processing, cytokine expression and secretion in astrocytes.
Treatment of U-373 MG human astrocytoma cells with Ap (1-40), in a conformation
and concentration-dependent manner, causes an increase in interlekin-8 (IL-8) and interleukin6 (IL-6) secretion 2-4 fold above control values. Maximal activity is observed after
preincubation (aging) of Ap at 37C for 24 hours or less prior to addition to astrocytoma
cultures. The inflammatory cytokine interleukin-ip (IL-1 P) produces a robust stimulation of
both IL-8 and IL-6 secretion from human astrocytoma cells. IL-1 P’s effect on cytokine
secretion can be further enhanced by co-stimulation with aggregated Ap. Both the IL-1
mediated effect and the synergy with Ap are due to an increase in cytokine mRNA expression.
The contribution of transcriptional stimulation and nuclear DNA binding proteins to the
observed increases in cytokine mRNA are being determined. We have shown previously that
AP inhibits neuroprotective/neurotrophic aAPPs secretion and increases cell associated APP
from U-373 MG cells while interleukin-lp has the opposite effect of stimulating aAPPs
secretion and decreasing cell associated APP. When added in combination with Ap, IL-ip can
still stimulate aAPPs secretion but cell associated APP levels remain elevated at similar levels
seen with Ap treatment alone. Taken together, these data suggest that Ap may contribute to
Alzheimer’s associated neuropathology by enhancing the effect of interleukin-1 on neurotoxic
inflammatory cytokine secretion and expression in glial cells. In addition, elevation of
intracellular full-length APP may provide increased substrate for generation of amyloidigenic
peptide within astrocytes.

TOXIC MECHANISMS OF Ap and C-TERMINAL FRAGMENT OF AMYLOID
PRECURSOR PROTEIN THROUGH CHRONIC INFLAMMATION.

J.-C. Rah‘?Y.-S. Kim1, S.S Kim2, J-H Bach2, C.H Park1. S-J.Jeong1 and Y.-H, Suh1
‘Dept. of Pharmacol., Coll, of Med, Seoul Nat'l Univ.; 2Dept. of Anatomy, Coll, of
Med., Chung-Ang Univ.; Seoul 110-799, Korea

In Alzheimer's disease (AD) brain, activated glial cells are observed surrounding
amy'oid plaque.

Although amyloid P protein (AP), a major constituent of amyloid

plaque, activates the glial cell in the mechanism of neuronal toxicity, it could not be

ruled out that other metabolites, for example, C-terminal fragment of APP, might be

involved in neurotoxic process

To elucidate the indirect effect of C-Terminal fragment of APP (CT105) on
neuron through the inflammation, we examined the alteration of inflammatory

mediators in rat cortical astrocyte and microglia treated with CT105 or Ap. We

found that iNOS and NO were highly induced by CT105, compared with Ap, in time
and dose dependent manner. Cytokines were increased simultaneously with iNOS.
We also found that neuronal death is indirectly caused by CT105 in co-culture
system with neurons and astrocytes. These results suggest that CT105 may exert a
toxic a toxic effect to neurons through the strong inflammatory response by glial

cells, exacerbating the fundamental pathology in AD.

450.9

450.10

P-AMYLOID-STIMULATED PROINFLAMMATORY RESPONSES AND
NEUROTOXICITY ARE BLOCKED BY ACTIVATORS OF THE TRANSCRIPTION
FACTOR PPARy. C. K, Combs*. D, E. Johnson. J, C, Karlo. G. E. Landreth. Depts. of
Neuroscience and Neurology, Case Western Reserve University; Cleveland, OH 44106
The pathogenesis of Alzheimer’s Disease (AD) involves inflammatory processes as
evidenced the presence of abundant reactive microglia and their secretory products in
the brain. Moreover, individuals on long-term non-steroidal anti-inflammatory drug
(NSAID) treatments exhibit a dramatic (60%) reduction of risk for AD and delayed
progression of the disease. An unappreciated target of NS AIDs action is the
transcription factor, peroxisome proliferator activated receptor gamma (PPARy), whose
transcriptional actions are activated upon binding of these drugs, its natural lipid ligands
and drugs of the thiazolidinedione class. PPARy binds to the promoter elements of a
number of proinflammatory genes and regulates, their expression. Exposure of microglia
or monocytes to fibrillar forms of AP results m the activation of complex tyrosine
kinase-based signaling cascades resulting in a broad range of proinflammatory
responses. We report that exposure of monocytes and microglia to PPARy agonists
inhibits the AP-stimulated synthesis of the cytokines TNFa and IL-6, and induction of
cyclooxygenase-2 expression. PPARy agonists blocked the AP-mediated secretion of
microglial proinflammatory products responsible for neurotoxicity and astrogliosis.
PPARy agonists also blocked macrophage differentiation. These data provide evidence
that PPARy plays a critical role in inhibiting proinflammatory responses and may
provide a novel therapeutic approach to the treatment of AD. This work was supported
by a grant from the NIH (AG08012) to G. E. L. and from the Blachett Hooker
Rockefeller Foundation. C. K. C. is supported by a training grant (HD07104) from the
NIH.

FIBRILLAR FORMS OF THE AMYLOID 8-PROTEIN BIND PROTEASE
NEXIN-2/AMYLOID 8-PROTEIN PRECURSOR AND STIMULATE ITS
INHIBITION OF COAGULATION FACTOR Xia.
Matthew R, Wagner . Jerry P, Melchor, and William E, Van Nostrand*
Depts. of Medicine and Pathology, State University of New York
Stony Brook, NY 11794-8153
Cerebrovascular deposition of fibrillar 39-42 amino acid amyloid B-protein
(AB), also known as cerebral amyloid angiopathy (CAA), is a key pathological
feature of Alzheimer's disease and related disorders including hereditary cerebral
hemorrhage with amyloidosis-Dutch type (HCHWA-D). Severe cases of CAA,
particularly in HCHWA-D, lead to recurrent and often fatal hemorrhagic
strokes. Although the reasons for this pathological consequence remain
unclear, alterations in proteolytic hemostasis mechanisms have been
implicated. For example, fibrillar AB can stimulate the activity of tissue
plasminogen activator.
In addition, protease nexin-2/amyloid B-protein
precursor (PN-2/ABPP), which is elevated in cerebral vessels with AB deposits,
is a potent inhibitor of several key enzymes in coagulation cascade. These
combined pro-fibrinolytic and anti-coagulant activities could contribute to the
development of intracerebral hemorrhages.
Here we show that fibrillar AB binds PN-2/ABPP in a dose-dependent manner
with a Kd of ~3ChM. Binding to non-fibrillar AB was much weaker. PN2/ABPP bound to fibrillar AB is active in inhibiting coagulation factor Xia
(FXIa). Quantitative kinetic measurements revealed that fibrillar AB enhanced
the inhibition of FXIa by PN-2/ABPP with an IC50 of «2/xM.
This
effectively lowered the Ki of the reaction « 50-fold. These findings suggest that
fibrillar AB deposits in cerebral vessels can serve to localize and enhance the
anticoagulant properties of PN-2/ABPP thereby contributing to a
microenvironment conducive to hemorrhaging.
This work was supported by NIH grants HL49566 and HL03229.

Society

for

Neuroscience

, Volume

25, 1999

TUESDAY AM

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: INFLAMMATION AND CYTOKINES

1107

450.11

450.12

THE HHQK DOMAIN OF AMYLOID BETA IS REQUIRED FOR
GLIAL ACTIVATION BUT NOT ACTIVITY IN CULTURED
NEURONAL CELLS W. B. Stine4*. L, Kulans4. C. J. Park4. Ml
Lambert4. S. Kondubhotla4, J. Hu2. L. J. Van Eldik2. C. E. Finch3. W. L.
Klein1. G. A. Krafft4. 'Pent, of Neurobiology and Physiology, 2Dept.
of Cell and Molecular Biology, Northwestern University; T)ept. of
Neurogerontology, University of Southern California; 4ENH Research
Institute, Evanston, IL 60201.
The primary sequence of the amyloid beta peptide (AB) contains
specific regions implicated in the pathological role AB plays in
Alzheimer’s disease. One such region of the peptide is the HHQK
domain at positions 13-16. This domain has been shown to play an
important role in glial activation and the subsequent microglial
induced killing of neurons. Activated glia, in addition to dystrophic
neurons, has been found to be associated with neuritic and core
plaques. Previous studies have implicated histidines at position 13 and
14 as necessary for AB activation of glial cells. However in the absence
of glial cells, no direct activity on neurons was reported. Here we
present data that histidines at position 13 and 14 are not required for
direct neuronal cell activation in vitro. Toxic responses in cultured
neuronal NT2 cells, measured by MTT reduction assay, could be
activated by soluble oligomeric preparations of AB (ADDLs) - with or
without histidines 13 and 14. Glial cell activation was only measured
when these histidines were present.

SOLUBLE AMYLOID p PEPTIDE CONCENTRATION AS A PREDICTOR OF
SYNAPTIC CHANGE IN ALZHEIMER’S DISEASE. L.-F, Lue*1. Y.-M, Kuo2. A.
E, Roher2. L. Brachova1. Y, Shen1. L, Sue3. T. Beach3, J, H, Kurth4, R, Rvdel5. and J.
Rogers*. 'Roberts Center, 2Haldeman Laboratory, 3Civin Laboratory for Alzheimer’s
Research, Sun Health Research Institute, Sun City, AZ 85351; 4Phenogenex, La Jolla,
CA 92037; 5Athena Neuroscience, San Francisco, CA 94080.
Several previous studies have reported observing pateints who had no overt
symptoms of dementia antemortem but at autopsy were found to have profuse plaques
and tangles sufficient to otherwise qualify for the diagnosis of Alzheimer’s disease
(AD). Based on these characteristics, we have termed such patients “high pathology
controls” (HPC) as compared to nondemented elderly controls (ND). We have
characterized amyloid P peptide (AP) concentration, Ap deposition, paired helical
filament formation, cerebrovascular amyloid angiopathy (CAA), apolipoprotein E (Apo
E) allotype, and synaptophysin concentration in entorhinal cortex and superior frontal
gyrus of ND, AD, and HPC patients. The measures of AP deposition-thioflavin
histofluorescent plaques, A3 immunoreactive plaques with and without cores, and
concentrations of insoluble Ap—failed to distinguish HPC from AD patients and were
poor correlates of synaptic change. By contrast, concentrations of soluble AP clearly
distinguished HPC from AD patients and were a strong inverse correlate of synapse
loss. Further investigation revealed that Api-40 was a particularly useful measure for
classifying ND, HPC, and AD patients compared to Apl-42. Api-40 is known to be
elevated in cerebrovascular amyloid deposits, and Api-40 (but not Api-42) levels,
CAA, and ApoE4 allele frequency were highly correlated with each other. Although
paired helical filaments also distinguished HPC from AD patients, they were less
robust predictors of synapse change compared to soluble AP, particularly soluble Api40. Previous experiments attempting to relate A3 deposition to the neurodegeneration
that underlies AD dementia may have failed because they assayed the classical, visible
forms of the molecule, insoluble neuropil plaques, rather than the soluble, unseen forms
of the molecule. Supported by NIA AGO736 (JR).

Supported by the National Institute on Aging and the Alzheimer’s
Association.

450.13

450.14

AMYLOID 8 PEPTIDE SECRETION: POTENTIAL ROLE OF C1Q AS AN
a-SECRETASE ANTAGONIST IN ALZHEIMER’S DISEASE. J. Rogers2*, L.B. Yang2, S. Webster1, S. Gurevich2, A. Roher2, Y.-M. Kuo2, L.-F. Lue2, L.
Brachova2 and X, Shen2. ’Dept. of Molecular Biology and Biochemistry, Univ.
California, Irvine; 2Sun Health Research Institute, Sun City, AZ 85351.
Amyloid precursor protein (APP) is a transmembrane protein that contains
within it amyloid 8 peptide (A3). Normally, APP is cleaved by an a-secretase
at an extracellularly-exposed site corresponding to A316-17 such that intact A3
cannot be formed. Failing a-secretase cleavage, APP is presumably internalized
for recycling. Recent studies have also demonstrated a second pathway for APP
processing wherein intact A3 may be generated by the actions of a 3- and a ysecretase at APP sites corresponding to the A3 N- and C-termini, respectively.
Although substantial progress has been made toward identifying 3- and ysecretase, how this pathway might account for the differential, massive deposition
of A3 in Alzheimer’s disease is not yet understood. Here we present evidence
that Clq, a large (450 kD), highly-charged complement component, may play a
role in A3 production by blocking access of a-secretase to its A316-17 cleavage
site, thereby shunting APP processing toward the 3- and y-secretase pathways.
1) Clq binds A3 and APP through charge-based coupling with anionic sites
present on A31-16. 2) HEK293 cells transfected to overexpress APP bind
significantly more Clq at the cell surface than wild-type HEK293 cells. 3)
Cultured SY5Y and hNT neurons show dose-dependent increases in secreted A3
after exposure to physiologic concentrations of Clq. 4) These cells also exhibit
highly correlated increases in cell lysate APP, presumably resulting from
enhanced recycling of uncleaved APP. 5) Unlike other inflammatory mediators,
which are upregulated only after A3 deposition, Clq is present from the earliest
stages of plaque formation.

RESPONSES OF ALZHEIMER’S DISEASE AND NORMAL ELDERLY
MICROGLIA TO AMYLOID 3 PEPTIDE EXPOSURE IN CULTURE. Y.
Shen4*, L.-F. Lue4, L. Brachova4, L.-B. Yang4, H. Hampel1, R.E. Rydel2,
Barbara Sahagan3 and J. Rogers4. ’Geriatric Psychiatry, Ludwig Maximillian
University; 2Elan Pharmaceuticals; 3Pfizer Pharmaceuticals; “Sun Health Research
Institute, Sun City, AZ 85351.
Complement, pro-inflammatory cytokines, and chemokines are reportedly
upregulated in Alzheimer’s disease (AD) compared to normal elderly (ND)
cortical samples. Microglia are a likely endogenous source since activated
macrophages, a related peripheral cell type, are known to secrete these same
factors. In the present study we used isolated microglial cultures from rapid
autopsies of 7 AD and 8 ND patients in order to evaluate the- capacity of these
cells to secrete inflammatory mediators. After exposure to 0, 100, 1000, or
10000 nM aggregated amyloid 3 peptide (A31-42) for 24 hours, conditioned
medium from the cultures was subjected to ELISA assays of complement
component Clq, the cytokines 11-6 and TNF-a, and the chemokines MIP-la and
MCP-1. Clq production was not sensitive at all to A3 exposure, but was
constitutively elevated by more than two-fold in AD compared to ND microglia,
an effect that held across all A3 concentrations, including 0 nM A3 (vehicle).
By contrast, IL-6, TNF-a, MIP-la, and MCP-1 increased in a significant dosedependent manner after A3 exposure, but there was no constitutive difference
between AD and ND microglia in such production. These data suggest that
increased secretion of IL-6, TNF-a, MIP-la, and MCP-1 by microglia in the
AD brain follows from exposure of these cells to the increased presence of A3
in the AD brain. The elevated Clq in AD cortex, however, owes either to
stimulatory factors other than A3 or, possibly, to an inherent difference between
microglia in AD and ND patients. (Supported by NIA AGO7367, a Zenith
Award from the Alzheimer’s Association, and Pfizer Pharmaceuticals).

450.15

450.16

THE B-CLASS SCAVENGER RECEPTOR CD36 AND THE INTEGRIN
ASSOCIATED PROTEIN CD47 MEDIATE INTERACTIONS WITH BETAAMYLOID FIBRILS IN THP1 MONOCYTES. M.E, BAMBERGER AND G.E.
LANDRETH*. Departments of Neuroscience and Neurology, Case Western Reserve
University School of Medicine, Cleveland, OH 44106.
Alzheimer’s disease (AD) is characterized by the presence of senile plaques in the
brain comprised of fibrillar forms of 3-amyloid (AP) protein. These senile plaques are
foci of local inflammatory processes and are associated with activated microglial cells.
Interaction of Ap fibrils with microglia cells activates intracellular signal transduction
cascades resulting in cellular activation and induction of a robust proinflammatory
response.
The aim of the present study was the identification of the microglial cell surface
receptor(s) that bind AP fibrils, resulting in the subsequent activation of intracellular
proinflammatory pathways. We suggest a model by which AP interacts with multiple
classes of cell surface receptors, including B-class scavenger receptor CD36 and
integrin associated protein (IAP), CD47. Preincubation of monocytes with a fragment
of CD36 (residues 93-120 fused to GST) inhibits THP1 monocyte adhesion to fibrillar
forms of AP25-35 and Api-40, as well as AP-stimulated activation of tyrosine kinasebased signaling pathways. Specifically, CD36 pretreatment inhibited the activation of
the tyrosine kinase Lyn, to which it is physically associated in THP1 monocytes. In
addition, preincubation of THP1 monocytes with the IAP agonist 4N1K also inhibited
AP-stimulated activation of tyrosine kinase-based signaling pathways. Identification
of the cell surface molecules that interact with AP fibrils represents a potential
intervention point in the treatment of Alzheimer’s disease.
Support for this work was provided by a grant from the National Institute on Aging
(AGO8O12) to GEL.

GLIAL AND INFLAMMATORY PROTEIN IMMUNOREACTIVITIES (IR)
REFLECT AB PLAQUE BURDEN AND ARE REDUCED IN PD-APP TG MICE
AFTER MUCOSAL TREATMENT WITH AB 1-40 PEPTIDE. C. Mori, R. Maron.
S. Issazadeh, T.J, Grenfell, E. Spooner, J.M. Soos. M. Lu*. H.L. Weiner, P.J.
Selkoe and C.A. Lemere, Center for Neurologic Diseases, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA 02115.
Mucosal administration of proteins has been shown to decrease organspecific autoimmune processes in several autoimmune models, including those
affecting the nervous system (eg., EAE) by inducing anti-inflammatory immune
responses both systemically and at the target organ. In Alzheimer’s disease (AD)
brain, amyloid-B protein (AB) accrues in deposits and incites an inflammatory
reaction. The effects of mucosal administration of synthetic AB 1-40 peptide and
control proteins (OVA, MBP) were tested by treating PD-APP tg mice intranasally
(5 or 25 pg) or orally (10 or 100 pg) on a weekly basis from -5 mos to ~12 mos of
age. Mice treated nasally with 25 pg AB showed a significant reduction in AB
deposition by quantitative image analysis (p=O.O37) and decreased ABx-42 levels in
brain homogenates by ELISA (p=0.02) as compared with untreated and control
(MBP) treated animals. We examined the brains of the treated mice for IR to
markers of inflammation. Plaque-associated IR to MAC-1 and CD45 (activated
microglia), GFAP (reactive astrocytes), Apo J, and Clq correlated directly with AB
plaque burden, regardless of treatment group; mice with high AB plaque burdens
had greater IR for markers of inflammation than mice with low AB plaque burdens.
Because AB nasally-treated mice, as a group, had significantly lower AB plaque
burdens, IR for markers of inflammation were also lower in these animals. Rare AB
nasally-treated mice with high AB plaque burdens had glial, Apo J and Clq IR.
Analysis of cytokine IR in these brains is underway; however, 12 mos old mice may
be too young to detect such changes in response to AB. Our results suggest that
mucosal treatment with AB peptide may decrease the pathogenic process in AD.
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PREVENTION OF NMDA-INDUCED NEURONAL CELL DEATH BY
INHIBITION OF PROTEIN KINASE C£ ISOZYME IN MIXED CORTICAL
CULTURE. S. Koponen1’*, D. Mochly-Rosen2, P.H. Chan3 and J. Koistinaho13’. 'A.I.
Virtanen Institute for Molecular Sciences, University of Kuopio, Finland. 2Dept. of
Pharmacology and ’Dept. of Neurosurgery, Stanford University, CA.
Activation of protein kinase C (PKC) can promote both survival and apoptotic death
of neurons. Because multiple members of PKC family are present within a neuron but
in different subcellular sites, substrate-specificity for each PKC isozyme is likely to
exist. In this report, we used isozyme-selective translocation inhibitors to compare the
role of different members of PKC family in NMDA-mediated excitotoxicity.
Dissociated cortices of 15-day-old mouse embryos were plated onto a previously
established glial monolayer. After 2 weeks in vitro, the cultures were exposed for 5
min to 100 uM NMDA. The cultures were treated with a peptide inhibitor specific for
classical PKCs (a,|3, and y), PKC8, PKCe or PKC£. The cell viability was assessed by
measuring lactate dehydrogenase release at 24 hours. The nuclear morphology was
studied by bis-benzimide staining. Immunocytochemical localization of PKC
subspecies was determined using confocal microscopy.
The NMDA-toxicity was completely prevented by a continuous (starting 20 min
before and throughout the NMDA exposure) treatment with PKC£ inhibitory peptide.
The pretreatment with this peptide 20 min prior the exposure alone, or the posttreatment starting upon NMDA exposure, were not neuroprotective. None of the other
PKC inhibitory peptides had effect on NMDA neurotoxicity. The neuronal death was
necrotic as judged by the nuclear morphology. Confocal microscopy revealed a
translocation of PKC£ from the cytosol of the cell body to the neurites upon NMDA
exposure, suggesting PKC£ activation.
PKC£ isozyme is likely to mediate the NMDA-induced neurotoxicity, and inhibition
of this PKC member may be beneficial in the neuronal injury involving activation of
NMDA-receptors.

EFFECT OF ANGIOTENSIN II ON NMDA-INDUCED CELL DEATH IN
PRIMARY NEURONAL CULTURES.
J. Gao. T. Grammatopoulos, W.R.
Schelman. P, Ferguson and J A. Wevhenmever*. Department of Cell and Structural
Biology, University of Illinois, Urbana, Illinois, 61801.
Our previous results demonstrated that angiotensin (AT) receptors mediate a
decrease in NMDA signaling in both PC12W and NG108 cells, which provided the
first evidence for a functional interaction between AT and NMDA receptors. In the
present study, primary cultures from hypothalamus/thalamus/septum/midbrain
(HTSM) area, which express both NMDA and the two primary AT receptor subtypes,
ATI and AT2, were used to investigate the effects of angiotensin II (Angll) on
NMDA toxicity in mammalian brain. Cell type characterization was done by
immunohistochemical staining for MAP-2 and GFAP. After 10-15 days in vitro,
>95% of cells were identified as neurons. After 30 min exposure to NMDA (10 pM10 mM) in Mg2+-free Hank’s buffered salt solution, neuronal viability decreased
significantly (cytotoxicity index increased 10-15%) as measured by MTT
(mitochondrial dehydrogenase) assay. This NMDA-induced toxicity could be partially
attenuated by 10-100 nM Angll, with a maximum effect at 10 nM Angll. This effect
was blocked by the AT2 receptor antagonist PD123319, but not by the ATI receptor
antagonist losartan. Labeling with TUNEL revealed significantly more apoptotic
neurons in the NMDA-treated group when compared with controls. Pretreatment with
10 nM Angll decreased the number of apoptotic cells induced by NMDA. This Angll
effect was attenuated by the specific antagonist of AT2 receptors, PD 123319. DNA
laddering also revealed that 10 nM Angll could partially block NMDA-induced
apoptotic cell death in HTSM cultures. In this study we have shown that PD123319
could significantly reverse the inhibitory effect of Angll on NMDA-induced
neurotoxicity, which suggests that AT2 receptor is mainly responsible for mediating
the protective effects of angiotensin II in HTSM neuronal cultures.

451.3

451.4

THE AMPA/KAINATE ANTAGONIST NBQX PROTECTS AGAINST
OLIGODENDROGLIAL AND AXONAL DAMAGE IN EXPERIMENTAL
AUTOIMMUNE ENCEPHALOMYELITIS (EAE). D. Pitt1, P. Werner2 and C.S.
Raine12 * Depts. Pathology and Neurology, A. Einstein Coll. Med., Bronx, NY 10461.
The mechanisms leading to demyelination, oligodendrocyte death and axonal damage
in EAE and multiple sclerosis (MS) are still unknown. During inflammation, large
quantities of glutamate are released by activated leukocytes and microglia. Glutamate
can cause excitotoxicity by overstimulation of the ionotropic glutamate receptors, the
NMDA and AMPA/kainate receptors. Both types are found on neuronal cell bodies and
axons, whereas glial cells display only AMPA/kainate receptors; oligodendroglia share
with neurons a high vulnerability to AMPA/kainate receptor-mediated death.
To investigate whether glutamate excitotoxicity mediated by the AMPA/kainate
receptors has a role in EAE, adoptively transfered EAE in SJL mice were treated s/c
with NBQX, a prototypic AMPA/kainate receptor antagonist. Treatment with 900pg
NBQX per diem resulted in a highly significant (p<0.001) reduction of clinical
impairment. Histologic examination of the neuraxis in both groups showed similar
degrees of inflammation, indicating that NBQX does not alter inflammatory activity.
This conclusion was supported by studies in vitro showing no effect of NBQX on
lymph node cell proliferation. However, NBQX did increase survival of
oligodendrocytes in the proximity of EAE lesions as shown by immunohistochemistry.
Furthermore, axonal damage was evaluated by Western blot analysis of heavy chain
neurofilament (NF-H) dephosphorylation, characteristic for axonal distress. In NBQXtreated, animals non-phosphorylated NF-H was significantly reduced, indicative of
axonal protection. This is in keeping with a protective effect of NBQX on
excitotoxicity brought about by elevated glutamate. These findings reveal a new
effector mechanism for the demise of oligodendrocytes and axonal damage in EAE and
possibly in MS. Glutamate antagonists therefore may be a promising therapeutic
approach in MS treatment. Supported by NS35745, NS08952, NS11920 and the Singer
Foundation. D.P.is a DFG fellow.

PAI-1 AS A POSSIBLE MEDIATOR OF THE NEUROPROTECTIVE
EFFECT OF TGF-p AGAINST EXCITOTOXIC LESION IN RATS. F.
DOCAGNE. O. NICOLE. S. KOMESLI? A. RUOCCO. E.T. MacKENZIE*. A.
BUISSON and D. VIVIEN. University de CAEN, CNRS UMR 6551, IFR 47, bd H.
Becquerel, BP 5229, 14074 CAEN France? Laboratoires FOURNIER, 50 rue de
Dijon, 21121 DAK, FRANCE.
The tissue type plasminogen activator (t-PA) activity in the central nervous
system is regulated via serine protease inhibitors (serpins) such as the plasminogen
activator inhibitor (PAI-1). Recently, we demonstrated in murine cortical cell
cultures, that an up-regulation of PAI-1 in astrocytes mediates the neuroprotective
effect of TGF-P against NMDA-induced excitotoxic necrosis. In the present study,
we have determined the expression pattern of TGF-P and PAI-1 following an
excitotoxic lesion in the rat brain. We showed that die intrastriatal injection of
NMDA induced an up-regulation of the expression of both TGF-pi and PAI-1
mRNAs. In order to further investigate the influence of both TGF-P and PAI-1 in
cerebral ischemia, we used a model of intrastriatal injection of 75 nmol of NMDA in
the presence of either a soluble TGF-p type II receptor (as a TGF-p antagonist) or a
synthetic t-PA inhibitor (t-PA stop). In vivo, when co-injected with NMDA, the
soluble TGF-P type II receptor increased by 2.2 fold the lesion size. In contrast, the
co-injection of t-PA stop reduced the lesion size by 70%. Similar effects were
observed in an in vitro model of NMDA-mediated excitotoxicity. In conclusion, by
antagonizing the effect of TGF-P in the brain subjected to excitotoxic lesions, the
resulting extent of tissue loss was markedly exacerbated, suggesting a
neuroprotective action of endogenously produced TGF-p. Moreover, mimicking the
activity of PAI-1 following an excitotoxic lesion in vivo resulted in a reduction in
lesion size. Given our present results and in keeping with the in vitro litterature, we
postulate that PAI-1 could be involved in the neuroprotective activity of TGF-P 1
against excitotoxic insults in vivo.

451.5

451.6

IGF-I PREVENTS THE DEVELOPMENT OF SENSITIVITY TO KAINATE
NEUROTOXICITY IN CGC. M, L, Leski*, S, L, Valentine and ,1. T, Coyle.
Laboratory of Molecular Neuroscience, Consolidated Department of
Psychiatry, McLean Hospital and Harvard University, Belmont, MA 02178.
This study reports on the prevention of the development of sensitivity to
kainate in cultured cerebellar granule cells (CGC) by insulin-like growth factor
type-I (IGF-I). Vulnerability to kainate develops 5-6 days after switching
cultures to a serum-free medium. Addition of either IGF-I or insulin to the
serum-free medium at the time of the switch prevented the development of
sensitivity to kainate, while BDNF, NT-3, NT-4 and NGF were ineffective. The
dose response curves yielded ECM values of 100 ng/ml for insulin and 1 ng/ml
for IGF-I, consistent with mediation by the IGF-I receptor. The
phosphatidylinositol 3-kinase (PI 3-K) inhibitors wortmannin (100 nM) and LY
294002 (3 pM) abolished the protection afforded by IGF-I. Transient
transfection of CGC with a dominant negative form of PDK-I, a kinase
activated downstream of PI 3-K, also abolished IGF-I protection. In addition,
the p70 S6 kinase (p70S6k) inhibitor rapamycin (5 nM) abolished the protection
afforded by IGF-I. Western analysis indicated that MAP kinase was not
activated by IGF-I. While GluR2 mRNA levels decreased following serum
withdrawal, no difference was observed between control and IGF-I-treated
samples at any time. Joro spider toxin, an inhibitor selective for calciumpermeable AMPA receptors, did not prevent kainate neurotoxicity. These
results indicate that IGF-I prevents the development of sensitivity towards
kainate neurotoxicity in cerebellar granule cells through a signal transduction
pathway involving PI 3-K, PDK-1 and p70S6k. The development of kainate
sensitivity is not due to altered GluR2 expression. Supported by NIH grant
number 5-RO1NS13584G17 to J. T. C.

A SMALL PEPTIDE FROM HUMAN PIGMENT EPITHELIUM-DERIVED FACTOR
(PEDF) PROTECTS MOTOR NEURONS FROM CHRONIC GLUTAMATEMEDIATED DEGENERATION. M.M, Bilak*, A.M. Corse. P. Becerra, and R.W. Kuncl,
Johns Hopkins University School of Medicine, Baltimore, MD 21287 and National Eye
Institute, Bethesda, MD.
Slow glutamate-mediated neuronal degeneration is implicated in the pathophysiology
of motor neuron disease. Incubation of organotypic spinal cord cultures with the
glutamate transport inhibitor threo-hydroxyaspartate (THA, 100 pM) produces a useful
model of slow motor neuron degeneration. Using this model, we examined
neuroprotective effects ofhuman recombinant PEDF (rhuPEDF), with the goal of eventual
clinical trials. It had been shown before that a region toward the amino-terminus of the
PEDF polypeptide (BA, amino acid positions 44-121) exhibits neurotrophic activity using
a retinoblastoma cell system. Therefore, we tested two contiguous peptides derived from
this region for their potential neuroprotective effect in order to locate the domain that
retains neuroprotective activity for motor neurons.
Two peptide fragments of PEDF (34-mer: amino acids 44-77; and 44-mer. amino acids
78-121) were designed from BA, and chemically synthesized. Cultures prepared from
postnatal rats were incubated in the presence of THA plus either rhuPEDF or one of the
two fragments of PEDF for 4-5 weeks. Motor neuron survival was assessed by phase
contrast microscopy, motor neuron counts, and ChAT assays.
Both rhuPEDF and the 44-mer, but not the 34-mer, at 4 nM dose: (1) reproducibly
prevented the gross thinning and granularity of spinal cord cultures which is typical of
THA intoxication; (2) rescued motor neurons from cell death (determined by motor
neuron counts) (p<0.02), and (3) increased ChAT activity when compared to THA
controls (p<lxlO's). PEDF alone did not change ChAT activity or gross morphology
compared to controls, indicating that the observed effect was neuroprotective, not merely
a constitutive effect on ChAT. Our results demonstrate that rhuPEDF is neuroprotective
against chronic glutamate-mediated motor neuron degeneration, and the neuroprotective
domain resides in the 44-mer peptide from the amino-terminal region of the PEDF
molecule. Such data may allow design of the most potent and simplest form of PEDF for
clinical trials. (Supported by Cal Ripken/Lou Gehrig Fund and Jay Slotkin Fund for
Neuromuscular Research.)
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XIAP Overexpression Attenuates Barrel Rotations, tonic-clonic forepaw
movements and Neuronal Death produced by intrastriatal Quinolinic acid. C.J.
Lee*Y. Zhu4, S.J. Crocker', P. Liston3, D.W. Nicholson4, S. Roy4, R.G. Korneluk2,3,
G.S.Robertson1,4. Departments of Cellular and Molecular Medicine1 and Biochemistry2,
University of Ottawa, KIH 8M5 Canada; Apoptogen Inc.3, Ottawa, KIH 8L1 Canada;
Department of Pharmacology4, Merck Frosst Canada Inc. Kirkland, Quebec, H9R4P8,
Canada.
Unilateral intrastriatal injection of quinolinic acid (2,3 pyridine decarboxylate;
QA) in the rat produces episodic barrel rotations and tonic-clonic forepaw movements,
lasting for several hours. These QA-induced behaviours are followed by a loss of
medium spiny neurons in the striatum. We have recently shown that overexpression of
the mammalian inhibitor of apoptosis (IAP) proteins attenuate neuronal death and
resultant behavioural deficits in animal models of stroke and Parkinson’s disease.
Given that intrastriatal administration of QA produces DNA fragmentation and other
hallmarks of apoptosis, the effects of X-linked IAP (XIAP) overexpression on QAinduced behaviours and striatal neuron loss were examined. Recombinant adenoviral
constructs containing either xiap or lacZ (3 pg; 1 x 106 particles pi'1) were injected into
the right dorsal striatum of male Wistar rats (n=6-8 per grohp) seven days before a
single injection of QA (120 nmol in saline) into the same site. Behavioural measures
revealed that QA-induced barrel rotation and tonic-clonic forepaw movements were
significantly attenuated in animals which received the XIAP adenovirus compared to
lacZ treated controls. Immunohistochemical detection of the neuron-specific marker,
NeuN, confirmed that XIAP treated animals also displayed less neuronal damage
following QA injections than lacZ controls. The neuroprotective effects of XIAP
overexpression were also associated with a reduction in apoptotic markers such as
active caspase-3 and DNA fragmentation. These results suggest that treatments capable
of elevating XIAP expression may be useful in preventing neuronal damage associated
with excitotoxic injury.
This study was supported by a grant from the Ontario Neurotrauma Foundation
(GSR).

INHIBITION OF TISSUE TYPE
PLASMINOGEN ACTIVATOR
DECREASES NMDA INDUCED EXCITOTOXICITY. O. NICOLE*, F-

DOCAGNE, C. ALL E.T. MacKENZIE, D, VIVIEN and A. BUISSON*. University
de CAEN, CNRS UMR 6551, IFR 47, Bd Becquerel, BP 5229,14074 Caen, France.

Tissue type plasminogen activator (t-PA) is a serine protease used as a
thrombolytic agent in the treatment of acute stroke. Independently of this
thrombolytic activity, various studies have shown that t-PA treatment may increase
the volume of neuronal death induced either by an excitotoxic insult or by focal
cerebral ischemia in mice. Moreover, t-PA deficient mice subjected to focal cerebral
ischemia exhibit a reduction of infarcted volume when compared to wild type mice.
Accordingly, it has been suggested that t-PA may provoke neurotoxic effects during
cerebral ischemia. Here, we investigated the influence of t-PA on excitotoxicity and
on apoptosis, two different cell death pathways involved in ischemia-induced
neuronal death. We examined the effect of two inhibitors of t-PA activity: t-PA
stop, a synthetic antagonist of t-PA; and the recombinant form of the type 1
plasminogen activitor inhibitor (rPAI-1) on excitotoxicity and apoptosis in murine
cortical cultures. First, by using western blotting, we demonstrated that during
NMDA exposure there is an important increase in t-PA protein levels in the bathing
medium. Co-application of t-PA stop or rPAI-1 attenuated slowly-triggered NMDAinduced excitotoxic neuronal death, but did not affect slowly-triggered excitotoxicity
induced by AMPA or kainate. Moreover, apoptotic paradigms were not modified in
the presence of t-PA inhibitors. Secondly, to investigate the mechanism by which tPA exerts its neurotoxic effect, we performed a cross immunoprecipitation of the
NR1, subunit and western blotting with an antibody raised against t-PA. We
demonstrated that t-PA interacts with the NR1 subunit of the NMDA receptor. This
interaction was abolished when the imunoprecipitation was performed in the
presence of the rPAI-1. Overall, our results are consistent with the idea that t-PA
may promote neurotoxic effects during NMDA-induced neuronal death.
* Supported by a fellowship from the Commissariat A l’Energie Atomique

451.9

451.10

INVOLVEMENT OF THE p50 SUBUNIT OF NF-k B IN
RESISTANCE
OF
HIPPOCAMPAL
NEURONS
TO
EXCITOTOXICITY. Z, Yu*, D, Zhou, A, J, Bruce-Keller, M, S. Kindy and
M, P, Mattson. Sanders-Brown Research Center on Aging, and Depts. of Anatomy
& Neurobioiogy and Internal Medicine, University of Kentucky, Lexington, KY
40536.
The transcription factor NF-k B is activated in neurons in the brain following
various insults including cerebral ischemia and epileptic seizures. The prototypical
NF-k B complex consists of the p50-p65 heterodimeric transcription factor in
association with an inhibitory subunit called 1-k B. Although cell culture studies
have suggested that activation of NF-k B can prevent neuronal apoptosis, the role of
NF-k B in neuronal injury in vivo is unclear, and the specific k B subunits involved
are unknown. We report that mice lacking the p50 subunit of NF-k B exhibit
increased damage to hippocampal pyramidal neurons following administration of the
excitotoxin kainate. Gel-shift analyses showed that p50 is required for the vast
majority of k B DNA-binding activity in hippocampus. Kainate-induced increases
in levels of TNFa and Mn-SOD in pyramidal neurons were reduced in p50-/- mice
consistent with a reduced induction of KB-responsive neuroprotective gene products.
Intraventricular administration of KB decoy DNA prior to kainate administration in
wild-type mice resulted in an enhancement of damage to hippocampal pyramidal
neurons indicating that reduced NF-k B activity was sufficient to account for the
enhanced excitotoxic neuronal injury in p50-/- mice. Cultured hippocampal neurons
from p50-/- mice exhibited enhanced elevations of intracellular calcium levels and
increased levels of oxidative stress following exposure to glutamate, and were more
vulnerable to excitotoxicity than were neurons from p50+/+ and p50+/- mice. Our
data demonstrate an important role for the p50 subunit of NF-k B in protecting
neurons against excitotoxic cell death. Supported by the NIA and NINDS.

THE NEUROPROTECTIVE CAPABILITIES OF VIRAL ANTIAPOPTOTIC GENES M. Roy* and R.M. Sapolsky. Department of
Biological Sciences, Stanford University, Stanford, CA 94305.
In necrotic neurological insults, a subset of cells display morphological
features of apoptosis. Although it is unclear how much the underlying
apoptotic processes contribute to cellular dysfunction, there is opportunity
for intervention. A potentially powerful class of tools are viral antiapoptotic genes which have evolved to inhibit host cell responses in the
interest of proliferation. Relatively little has been done to understand the
efficacy of these genes in the face of neuronal excitotoxic and metabolic
insults.
Our goal is to examine if viral genes confer enhanced
neuroprotection and if so, by what mechanism. This study is being
carried out to understand the nature of insult-induced neuronal death.
We have tested the protective capabilities of Cowpox Virus crmA,
Baculovirus p35 (both caspase inhibitors), Herpes Virus Ks-Bcl2 (viral
homolog of Bcl-2) and Herpes Virus y( 1)34.5 (prevents protein synthesis
shutoff). We have utilized Herpes Simplex Virus 1 (HSV 1) amplicon
vectors to deliver genes of interest to primary rat hippocampal neurons.
With the admistration of Domoic Acid (DA, a glutamate analog and
kainate receptor agonist) we report the following main findings:

% Survival
(p<.01)

control
crmA

5pm DA_____ 7.5pm DA
72%
49%
95%
72%

In addition, p35 and y( 1)34.5 show marginal protection while viral and
endogenous Bcl-2 are the same as control.
This latter finding is
surprising, as previous studies have indicated that Bcl-2 is protective
against Kainic Acid insults. Studies are ongoing to test the vectors against
other cellular insults to establish detailed mechanisms of protection.
Supported by NIH RO1 NS32848

EPILEPSY: BASIC MECHANISMS III
452.1

452.2

PENTRAXIN 3 (PTX3) IS INDUCED IN RAT CNS AFTER LIMBIC SEIZURES:
TIME-DEPENDENT CHANGES IN GLIA AND NEURONS. A. Vezzani1 *, T.

DIFFERENTIAL REGULATION OF APOPTOSIS-RELATED
GENES IN
RESISTANT AND VULNERABLE SUBFIELDS OF THE RAT EPILEPTIC
HIPPOCAMPUS. AJJkcksr1, F., Gillardon 2, I, Blilmcke D, LangendOrfer3,
H, Beck3 and O.P, Wiestler
1 Dept. of Neuropathology, Univ. Bonn Medical
Ctr; 2 Dept. of Experimental Neurology, Max-Planck-Institute for Neurological
Research, Koln ;3 Dept. of Epileptology, Univ. Bonn Medical Ctr, 53105 Bonn,
F.R.G.
Animals exposed to kainic acid (KA) induced status epilepticus display a
striking pattern of selective neuronal vulnerability in the hippocampus. Neurons in
the hilus/CA3 and CAI subfields appear particularly sensitive whereas dentate
gyrus (DG) granule cells are resistant. The molecular basis for this differential
susceptibility remains largely unknown. Recently, an involvement of nitric oxide,
c-Jun amino-terminal kinases (JNK) and interleucin-1 B converting enzyme (ICE)related proteases has been proposed in KA induced neuronal cell death. In the
present study, we have determined the regional expression of transcripts for two
modulating genes operating in these pathways, i.e. the endogenous protein
inhibitor of neuronal nitric oxide synthase (PIN), and a cytoplasmic inhibitor of
the JNK signal transduction pathway, designated JNK interacting protein-1 (JIP-1)
and of the gene for the apoptosis-executing protease Caspase-3 in KA treated
animals.
The expression of PIN and JIP-1 was found significantly upregulated in granule
cells of the resistant DG. In contrast, an induction of the ICE-related protease
Caspase-3 was observed in vulnerable hippocampal regions, i.e. CAI, CA3 and
hilus. These results point towards PIN and JIP-1 as antiapoptotic factors
contributing to selective resistance of granule cells, whereas Caspase-3 may be
involved in cell death of hippocampal CAI, CA3 and hilar neurons in the kainate
epilepsy model. The work is supported by the Deutsche Forschungsgemeinschaft
(SFB 400 & Be 2078/1-1) and the BONFOR program of the University of Bonn
Medical Center.

Ravizza1, D. Moneta1, J.L. Humphries1, G. Peri^, B. Bottazzi^ and A.
Mantovani^. 1 Dept. of Neuroscience and ^Dept. of Immunology and Cell
Biology; Mario Negri Inst, for Pharmacol. Res., Milano, IT 20157.
PTX3 is a prototypic long pentraxin induced by primary
proinflammatory signals in various cell types, most prominently
macrophages and endothelial cells. It has recently been shown to be highly
expressed in brain following intracerebral LPS or IL-ip injection. Since
limbic seizures induce a large production of IL-1JS in CNS microglia
(Vezzani et al., J. Neurosci., in press), we investigated whether PTX3 is
expressed in rat brain after a systemic injection of 12 mg/kg kainic acid
inducing status epilepticus. In saline-treated rats, PTX3 was not
constitutively expressed in the limbic system as assessed by
immunocytochemistry. Six hours after seizure induction, PTX3
immunoreactivity (IR) was enhanced in glia particularly in the dentate
gyrus and alveus and in the entorhinal cortex. At 24 h, in addition to glial
staining, "apoptotic-like" neurons staining for PTX3 were observed
throughout the hippocampus, the entorhinal and temporal corteces. CAI
and CA3 pyramidal neurons were heavily IR for PTX3 at 24 and 48 h after
seizures. These neurons were also stained by Fluoro-Jade, a marker for
degenerating cells. Northern blot analysis of mRNA showed a marked
induction of PTX3 transcript 6 h after seizures. At 24 h, mRNA was still
increased although to a lesser extent. At all time points examined, IL-1 (3
IR was enhanced in glia and resident microglial cells were activated in all
brain regions expressing PTX3.
Our data suggest that PTX3 is possibly induced by IL-Ip in (micro)glia
following seizures. PTX3 released by glia may play a role in seizurerelated apoptotic and necrotic cell death.
Telethon Onlus Foundation E#573
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USE OF GENE CHIPS TO STUDY EPILEPTOGENESIS.
Ray Dingledine* and Janies J. Doherty. Department of Pharmacology, Emory University
School of Medicine, Atlanta, GA 30322.
Despite successes in developing therapies for existing epilepsies, our understanding of
the sequence of events that causes a normal brain to become epileptic is very limited. Lack
of information concerning the molecular basis of epileptogenesis directly limits the
development of treatments that might prevent epilepsy in individuals at risk. We have begun
to investigate the utility of high density DNA chip arrays for detecting changes in expression
of many genes simultaneously in pilocarpine-treated mice that have developed epilepsy. The
overall goal is to identify the genetic programs triggered by intense seizures that predispose
the brain to subsequent seizures. To begin, the dentate granule cell layer was microdissected
from hippocampal slices prepared from 4 groups of control mice and mice treated with
pilocarpine 30 days previously. Each group had 4-5 mice. mRNA was isolated from each
group, reverse-transcribed with a (dT)24-T7 primer, and amplified RNA was synthesized
with T7 RNA polymerase. 7 out of 8 pools showed similar size range RNA (400-4200
bases). Equal amounts were then combined into two grand pools, representing control and
pilocarpine treatment, and sent to Genome Systems, who prepared probes from each sample
for competitive hybridization to a mouse chip. Out of 8700 genes on die chip, 2811 showed
signals above background. Internal sensitivity controls demonstrated that the quality of our
RNA was sufficient to detect RNAs of 1:100,000 abundance. A histogram of log
(pilo/control) for these 2811 genes was normally distributed with a mean near zero and S.D.
= 0.076. A total of 18 genes lay outside + 3 SD from the mean, compared with the expected
4 genes if the two samples were identical. Most of the genes whose expression was
potentially changed were unknown EST’s, but several known genes (e.g., neuropeptides,
surface glycoproteins involved in cell adhesion/migration, and cysteine protease inhibitors)
could be at least plausibly related to the epileptic state. Subsequent experiments will
examine gene expression at different times after pilocarpine, and in additional epilepsy
models, to identify functionally-related clusters of genes in common with all models.

SHORT TERM PLASTICITY AT SYNAPTIC INPUTS TO INTERNEURONS
IN THE RAT DENTATE GYRUS. James J. Doherty* and Ray Dingledine. Dept. of
Pharmacol., Emory Univ., Atlanta, GA.
Synaptic responsiveness is influenced by recent history of activation at many
central synapses. This form of synaptic plasticity has most often been examined at
excitatory inputs to principal neurons. However, short term plasticity at excitatory
synaptic inputs onto inhibitory intemeurons is also likely to influence information
flow within cortical networks by regulating intemeuron firing. Changes in short term
plasticity at excitatory synapses onto intemeurons in the dentate gyms would,
therefore, be expected to alter network activity within the hippocampus and perhaps
contribute to the disinhibition observed in various models of epilepsy. We have
examined short term plasticity at three different excitatory inputs onto visually
identified intemeurons at the hilar/granule cell border in the dentate gyrus in slices
taken from juvenile, adult, and pilocarpine (PILO)-treated epileptic rats. Brief (500800ms), high frequency (5-50 Hz) stimulation of either perforant path axons or
dentate granule cells resulted in a progressive depression of evoked EPSCs. At 20 Hz,
depression of granule cell input was well fit by a single exponential function (decay
tau: 153+28 ms) with a plateau amplitude at 39+5% of the initial amplitude (n= 15).
In contrast, high frequency stimulation of CA3 pyramidal cells produced an initial
facilitation, followed by depression. Granule cell and perforant path inputs displayed
paired pulse depression, whereas CA3 pyramidal cell inputs showed paired pulse
facilitation. In PILO-treated rats, short term depression of granule cell and CA3
pyramidal cell inputs to intemeurons was enhanced over a frequency range of 5-20
Hz. These data indicate that excitatory synapses onto hilar border intemeurons
undergo an activity dependent short term depression, presumably contributing to a
transient increase in granule cell activity. This short tenn depression is enhanced
over a specific frequency range in PILO-treated epileptic rats.
Supported by NIH and the American Epilepsy Society (JD).

452.5

452.6

BDNF AND EPILEPTOGENESIS: AN ANALYSIS OF FLUROTHYL KINDLING
IN MUTANT MICE. C.D. Applegate1* R.J. Ferland1 and S. Croll2. ‘Program in
Neuroscience, University of Rochester School of Medicine, Rochester, NY 14642 and
2Regeneron Pharmaceuticals, Tarrytown, NY 10591.
We have developed a model of epileptogenesis based on the convulsant actions of
flurothyl in mice (Samoriski & Applegate, J. Neurosci., 17 5581-5590, 1997). In this
model, 8 generalized forebrain (F) seizures result in a rapid and long lasting reduction
in generalized seizure threshold (GST) that is maximal by the 5th trial and remains
lowered for at least 70 days. Flurothyl seizures also initiate a slowly evolving process
that results in a change in the behavioral seizure type from a generalized F seizure
to a F seizure that rapidly progresses into a brainstem (FB) seizure. The change in
seizure type is observed in 90% of mice by 4 wks following the 8th trial. BDNF
synthesis is regulated in an activity dependent manner and seizures potently increase
BDNF protein in the CNS. Since BDNF has been shown to increase neural network
excitability, we hypothesized that seizure-induced elevations of BDNF protein are
involved in epileptogenesis. To test this hypothesis, we examined the flurothyl
kindling characteristics of mutant mice that either over- (N=7) or under-express
(N=4) BDNF. Mice obtained from Regeneron, received 8, daily generalized flurothyl
seizures and were reexposed to flurothyl at 1, 2, 4, 6 and 8 weeks. In comparison
with wildtypes (WT; N=6), reductions in GST were unaffected by genotype. By
contrast the time course of change in seizure phenotype was significantly influenced
by genotype. Mice over-expressing BDNF exhibited the change in seizure type more
rapidly than WT with over 80% expressing FB seizures at 2 weeks compared to 33%
of WT. BDNF under-expressors exhibited the change in seizure type more slowly than
WT with only 25% expressing FB seizures at 8 weeks compared to 100% of controls.
These data indicate that processes underlying the change in seizure propagation in
flurothyl kindling are predictably altered by BDNF availability supporting a role for
BDNF in epileptogenesis. Supported by the Rita J. & Stanley H. Kaplan Foundation.

INCREASED NEUROGENESIS IN THE HIPPOCAMPUS OF ADULT C57BL/6J
MICE EXPOSED TO THE FLUROTHYL KINDLING MODEL OF
EPILEPTOGENESIS. R.J. Ferland*, R.A. Gross, and C.D. Applegate. Program in
Neuroscience, University of Rochester School of Medicine, Rochester, NY 14642.
Repeated flurothyl-induced generalized forebrain seizures (FBS - clonic) result in a
progressive and permanent lowering of the flurothyl generalized seizure threshold
(GST) following 8 seizure trials, as well as an increase in the percentage of animals
expressing forebrain-brainstem seizures (FB-BSS - tonic) when rechallenged with
flurothyl after a stimulation-free incubation period (SFIP). The aim of this study was
to determine whether there were any differences in the amount of hippocampal
neurogenesis, during the SFIP, in mice exposed to flurothyl kindling. Eleven adult
mice were exposed to 8 flurothyl-induced FBS (1/day) and 6 adult mice served as
controls. Thirty minutes, 24-h and every 3-d following the last of 8 seizures, all mice
were administered injections of bromodeoxyuridine (BrdU-50 mg/kg, IP) to assess the
amount of neurogenesis in the hippocampus during the SFIP. Fourteen days following
the last seizure, all mice were retested with flurothyl, and immediately perfused with
PBS and 4% paraformaldehyde. Brains were cut sagitally (50 pm), processed for
BrdU immunohistochemistry, and counted using stereological methods.
Mice
experiencing 8 flurothyl-induced generalized FBS and a subsequent 14-d SFIP
demonstrated a lowering of their GST that was maintained throughout the SFIP in ali
mice as well as a switch in their seizure phenotype from a FBS to a FB-BSS in 61% of
the mice. Overall, mice experiencing flurothyl-induced seizures were observed to have
increases in neurogenesis (BrdU positive cells) in the hippocampus as compared to
control mice. Future BrdU birthdating studies will determine when this window of
neurogenesis is beginning and ending. These data suggest that 1) flurothyl-induced
generalized seizures (changes in synaptic activity) are capable of altering neurogenesis
in the hippocampus of adult mice during the SFIP and 2) hippocampal neurogenesis
might be involved in the maintenance of the GST in mice exposed to flurothyl
kindling.
Supported by the Kaplan Foundation Fund & 132 MH 19963 (RJF).

452.7

452.8

CHANGES IN NEURONAL CONDUCTANCE DURING DIFFERENT
COMPONENTS OF CORTICALLY GENERATED SPIKE-WAVE SEIZURES. D.
Neckelmann , F. Amzica*and M. Steriade, Lab. Neurophysio!., Sch. Med., Laval
University, Quebec, Canada G1K 7P4.
The neuronal conductance was studied in anesthetized cats during cortically
generated spike-wave seizures arising from the slow (<1 Hz) sleep oscillation. Single
and dual intracellular recordings from neocortical neurons were used. The changes
were similar whether the seizures occurred spontaneously, or evoked by electrical
stimulation, or induced by bicuculline. In all seizures, the conductance increased from
the very onset of the seizure and returned to control values only at the end of the postictal depression. Simultaneous intracellular recordings from two neurons showed that
the neuron leading the other neuron displayed the largest increase in membrane
conductance. The changes in neuronal conductance during the two phases of the slow
sleep oscillation, i.e. highest during depolarizations and lowest during
hyperpolarizations, were similar to those occurring during the “spike” and “wave”
components of seizures, (a) Maximal conductance was found during the paroxysmal
depolarizing shift corresponding to the EEG “spike” (median: 252 nS; range: 90 to
more than 400 nS). It was highest at the onset of the depolarized plateau and decreased
thereafter, (b) During the hyperpolarization corresponding to the EEG “wave”, the
conductance was significantly lower (median: 71 nS; range: 41 to 140 nS). (c) The
conductance was elevated during the fast runs (median: 230 nS; range: 92 to 350 nS)
which occurred in two-thirds of the seizures, (d) The conductance values during postictal depression were situated between those measured during the seizure
hyperpolarizations and during sleep hyperpolarizations. The conductance decreased
exponentially back to the values of the slow sleep oscillation over the total duration of
the post-ictal depression. Data suggest that the major mechanism underlying the
“wave”-related hyperpolarizing component of spike-wave seizures-sloes not mainly
rely on active inhibition, but on a mixture of disfacilitation and potassium currents.
Supported by the MRC of Canada, FRSQ and NRC.

SYNAPTIC ACTIVITY IN CHRONICALLY INJURED NEOCORTEX. H, F, Li*
and D. A. Prince. Dept of Neurol, and Neurol. Sci., Stanford Univ. Med. Sch., Palo
Alto, CA 94305
We quantitatively assessed the synaptic ftinction in chronically injured neocortex
from 20 lesioned and 20 control Sprague-Dawley rats aged p36-63. Partial
somatosensory neocortical isolations with intact blood supply were made at p21-25
and brain slices from the injured area were examined 2-6 weeks later using standard
techniques. Whole cell excitatory and inhibitory postsynaptic currents (EPSCs and
IPSCs) were recorded in layer V pyramidal neurons. The frequency of
spontaneous(s) EPSCs in injured slices was significantly higher than in control (8.7
± 1.1 Hz vs. 6.4 ± 0.6 Hz, student /-test, p < 0.05). In contrast, the frequency of
sIPSCs was lower in injured slices (19.9 ± 1.2 Hz vs. 26.4 ± 1.9 Hz, p < 0.05). No
significant difference was observed in rise time, decay time or half width. The ratio
of miniature(m) EPSC to mIPSC frequency (mEPSCs/mIPSCs), recorded in TTX,
was also significantly higher in injured slices than control (0.88 ± 0.29 vs. 0.28 ±
0.05, p < 0.05). At 2X threshold stimulus intensity for evoking a synaptic current,
the peak amplitude of the non-NMDA component of evoked EPSCs in injured slices
was larger than that in controls (-199.2 ± 29.7 pA vs. -103.3 ± 22.2 pA, p < 0.05),
however, the NMDA component was not significantly different between the two
groups. This suggested that most of the increase in EPSCs in undercuts was
mediated by non-NMDA receptors. Taken together the above results suggest a shift
in the weights of synaptic events so that there is an increase in excitatory and
decrease in inhibitory synaptic input onto pyramidal cells in the injured area. These
alterations in chronically injured cortex may play a critical role in the
epileptogenesis that occurs in this model, and after serious cortical trauma in man.
Supported by grants NS12151 and NS06477 from the NINDS and the Pimley
Research Fund.
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EFFECT OF CHRONIC ELECTROCONVULSIVE SHOCK ON THE
EXPRESSION OF PLC ISOTYPES IN RAT BRAIN. K.H. KO*. C.Y. SHIN. HS.
INN, J.R. RYU, P.O. SEP, K.H. Park Department of Pharmacology, College of
Pharmacy, Seoul National University, and Center for Biofunctional Molecules,
POSTECH, Korea.
The purpose of the present study was to determine the effect of chronic
electroconvulsive shock (ECS) on the expression of phospholipase C (PLC)
isotypes in rat brain. Two groups of animals were prepared: sham and ECS treated
groups. Rats in ECS treated groups received maximal ECS (70mA, 0.5second,
60HZ) by constant current stimulator through ear-clip to induce tonic extension
seizures for 12 consecutive days. The expression of PLC isotypes in rat brain was
determined by immunohistochemical procedure using saggital section of rat brain.
The immunoreactivity of PLC- R 1 was observed in corpus striatum, hippocampus,
thalamus, frontal cortex, parietooccipital cortex and that of PLC- / 1 in corpus
striatum, hippocampus, thalamus, frontal cortex, parietooccipital cortex, limbic
forebrain, pons, medulla, superior colliculus, inferior colliculus, rest of midbrain.
Chronic ECS reduced the immunoreactivity of PLC- ft 1 in corpus striatum,
hippocampus, thalamus, frontal cortex, parietooccipital cortex but had little effect
on PLC- / 1. To quantify this change, quantitative Western blot using antibodies
against PLC- ft 1 and PLC- y 1 was conducted. The immunoreactivity of PLC- ft 1
in ECS treated rat whole brain was decreased by 40 % in cytosolic fraction and
26 % in membrane fraction but no significant change was observed in either
fraction for PLC-yl. This different effect of ECS on PLC isotypes may results from
the difference of their activation mechanisms and the different effects of ECS on
them. The results from the present study suggest that chronic ECS primarily
affects PLC pathways involved in inositol-1,4,5-triphosphate (IP3) signaling in rat
brain.

KINDLING CHRONICALLY DEPRESSES L-TYPE Ca2+ CHANNEL
ACTIVITY AND L-TYPE a1D GENE EXPRESSION: SINGLE CELL
CORRELATIONS IN HIPPOCAMPAL CA1 NEURONS. E.M. Blalock*,
K-C. Chen, P.W. Landfield, and J.T. Slevin.
Department of
Pharmacology, University of Kentucky College of Medicine; Lexington,
KY 40536
Voltage-sensitive Ca2+ channel (VSCC) currents have been studied in
relation to the development of kindling, but few studies have examined
the chronic state after kindling is established. In the present study we
focused on VSCC alterations associated with the chronic state of kindling
(>1 month after kindling), and assessed single channel activity and gene
expression in the same CA1 neurons. We utilized the partially
dissociated “zipper” slice preparation to facilitate cell-attached patch
clamp recording and single cell RT-PCR. The “zippefr slice preparation
allows collection of the entire neuron with its full complement of mRNA
transcripts, and therefore provides a novel preparation for more accurate
estimates of gene expression in functionally characterized single adult
brain neurons.
We found a significant reduction in L-type VSCC
current in kindled rats (control x=43.9 ±9.5 pA; kindled x=17.1 ±3.6 pA;
p<01). Moreover, patch current from individual neurons was significantly
correlated with RT-PCR estimates of a1D mRNA expression in the same
cells (p< 01, Spearman’s test). In sum, L-type VSCCs appear to be
down-regulated in chronically seizure-prone brain cells, in turn
suggesting the hypothesis that a consequent reduction in Ca2+dependent afterhyperpolarization amplitude could provide a mechanism
for lowered seizure threshold (supported by AG10836, AG040542).

452.11

452.12

OVER EXPRESSION OF Ca2+- PERMEABLE AMPA RECEPTOR
IN R * T DENTATE GYRUS BY HVJ-LIPOSOME MEDIATED GENE
TRANSFER
CAUSED
HYPER-EPILEPTOGENICITY
AND
NE URCDEGENE RATION. M.Saji,1 N. Yamada,3 S. Kobayashi,13
M.Yosh.da,1 M. Iwakuma,13 K. Tsuzuki,2 Y, Kaneda,4 S. Ozawa.*2 1 Dept.
Physiol, Sch. Allied Health Sci., Kitasato Univ., Sagamihara 228-8555,
2Dept. Physiol., Gunma Univ., Sch. Med., Maebashi 372-8511, 3Dept.
Neurob ol., Sch. Life Sci., Tottori Univ., Fac. Med., Yonago 683-8503,4Div.
Therapy, Grad.Sch., Osaka Univ. Sch. Med., Suita 565-0871, Japan.
To examine whether increased formation of Ca2+ permeable AMPA
receptoi makes hippocampal neurons more vulnerable to EAA-induced
status epilepticus, we delivered cDNA of the unedited form GluR2
(GluR2Q) under the control of CAG promoter by using HVJ-liposome
mediated gene transfer technique. The GluR2Q cDNA was injected into rat
dentate gyrus (DG) prior to induction of status epilepticus by application
of quisqualate to the amygdala. This treatment caused hyperepileptogenicity and severe damage of neruons in the entire hippocampus
including DG. Neurons in the thalamus, septum, cerebral cortex and
substantia nigra were also severely damaged. We suggest that
overexpression of GluR2Q in DG increases the sensitivity of DG neurons
to excitatory inputs and amplifies the outputs to the other brain region,
thereby naking the animal more liable to epileptic seizure that causes
neuro degeneration in the wide area of the brain. Supported by Core
Resea-r a for Evolutional Science and Technology of Japan Science and
Technology Corporation.

SYNAPSIN
I
HYPOTHALAMIC
KNOCKDOWN
REVEALS
MECHANISM FOR HIPPOCAMPAL CA3 NEURON DAMAGE
FOLLOWING INTRA-AMYGDALA KAINATE INDUCED STATUS
EPILEP7ICUS . M. Ogata,1 S. Kobayashi,13 M. Yoshida,1 M, Iwakuma,13
Y. Kareda,3 and M.Saji.*1
!Dept. Physiol., Sch. Allied Health Sci.,
Kitas.? ) Univ., Sagamihara 228-8555; 2Dept. Neurobiol., Sch. Life Sci.,
Tottori IJniv., Fac. Med., Yonago 683-8503; 3Div. Gene Therapy, Grad.
Sch., O<aka Univ. Fac. Med., Suita 565-0871, Japan.
The nypothalamic afferent inputs to the hippocampus acts to open the
gate for signal flow at the dentate gyrus (DG), permitting the limbic seizure
activitit s to enter into the hippocampus from the entorhinal cortex. To test
whether chronical modulation of the hypothalamic afferents regulates the
seizure-t.iduced damage of hippocampal neurons, a delivery of synapsin
I antisense oli go deoxynucleotides (AS-ODNs) in the rat supramammillary nucleus (SuM) of hypothalamus by cationic HVJ-liposome
mediated gene transfer was performed to chronically facilitate the
hypothalamic inputs via the enhanced transmitter release prior to
inducuon of status epilepticus by injection of kainic acid (KA) into the
basolateral amygdala. Synapsin I supramammillary knockdown resulted
in deter oration of hippocampal neurodegeneration converting the CAI
damage into the CA3 damage following KA-induced status epilepticus. We
conclude that synapsin I hypothalamic knockdown activates chronically
the DG gate for seizure propagation and amplifies the glutamate
neurotransmission to the CA3, leading CA3 neuron loss that leaves the
most vulnerable CAI neurons intact by interrupting the down stream of
seizure activity at the CA3. Supported by Grant-in-Aid for Science
Researc; 09671424(MS) from Monbusho Japan.

452.13

452.14

SEIZURE-INDUCED POTENTIATION OF
NMDA
RECEPTOR
FUNCTION VIA ENDOGENOUS REDUCTION OF THE REDOX SITE.
R.M. Sanchez*, C, Wang, and F.E. Jensen. Div. of Neurosci., Children's
Hospital & Harvard Medical School, Boston, MA 02115
The N-methyl-D-aspartate subtype of glutamate receptor (NMDAR) critically
contributes to the generation and maintenance of seizures, and thus, compounds
that modulate NMDAR function can alter seizure activity. NMDARs are
allosterically modulated by redox-active compounds such that reduction of the
NMDAR redox site increases and oxidation decreases NMDAR-mediated
activity (Aizenman et al. 1989, Neuron 2:1257). We previously reported that
exogenous compounds that oxidize the NMDAR redox site inhibit seizure
activity both in vivo and in vitro (Sanchez et al. 1998, Soc. Neurosci. Abs.
23:2422), whereas reducing agents have been shown to precipitate ictal activity
in vitro (Tolliver 1987, Brain Res. 404:133). The accumulation of reducing
equivalents in brain tissue is a prominent metabolic consequence of seizures,
raising a possible role for endogenous redox potentiation of NMDARs in the
expression of ictal activity. We investigated whether endogenous reduction of
NMDAR redox sites occurs as a consequence of ictal activity by comparing the
redox status of NMDARs in hippocampal CAI neurons in control slices to that
in slices exposed to an epileptogenic condition. Whole-cell voltage-clamp
recordings from neurons in control slices (in 1 mM extracellular Mg++)
revealed mild inhibition of pharmacologically isolated NMDAR-mediated
synaptic currents (nEPSCs) by the oxidizing agent 5,5’-dithio-bis(2nitrobenzoic acid) (DTNB; 0.5 mM) (mean decrease in peak nEPSC = 17.8 ±
6.1%). In slices that exhibited spontaneous ictal bursting for 30 min in Mg++free medium before being returned to Mg++-containing medium, DTNB
exerted significantly greater inhibition of nEPSCs (45.8 ± .85%; p<.004),
indicating a significant increase in the number of NMDAR redox sites that
were reduced. These results suggest that potentiation of NMDAR function via
reduction of redox sites occurs as an acute consequence of seizure activity, and
reveal a potential novel mechanism that could regeneratively exacerbate or
prolong seizures, (supported by NIH NINDS R01 31718 & NIH NIA T32 AG00222).

ASSESSMENT OF DENTATE INHIBITION AND EPILEPTIFORM ACTIVITY
IN FREELY-BEHAVING RATS DURING THE FIRST WEEK AFTER
KAINATE TREATMENT J.L, Helllerr, P.R, Patrvlo2. P. Dou1, M. Nett1, G.M.
Rose3, and F.E, Dudek1:1Dept. of Anat. and Neurobiol., Colo. State Univ., Ft.
Collins, CO; 2Sect. of Neurosurgery, Yale Univ. School of Med., New Haven,
CT; and 3Neurosci. Drug Disc., Bristol-Myers Squibb Co., Wallingford, CT.
Mossy fiber reorganization has been hypothesized to restore or enhance
inhibition months after kainate treatment. The time course in which inhibition
recovers directly after kainate treatment, however, has not been well
established. We tested the hypothesis that if inhibition is decreased following
kainate treatment, it is restored within the first week when little or no mossy
fiber reorganization has occurred. Chronic in vivo recordings were performed
in the septal dentate gyrus before and 1, 4, 7-8 days after treatment. Rats
were given hourly injections of kainate (IP; 5 mg/kg; n=17) or saline (n=11). At
7-8 days after treatment, rats were either euthanized for histology or allowed
to survive to confirm they became epileptic. Histological analysis revealed that
kainate-treated rats had a significant decrease in the number of hilar neurons
along the septotemporal axis of the hippocampus, compared to controls
(F<0.05). Timm staining, however, revealed little to no mossy fiber
reorganization within the hippocampus at this time. The first day after kainate
treatment, some rats showed multiple population spikes (35%), prolonged
field postsynaptic potentials (76%), and loss of paired-pulse inhibition (29%)
to perforant path stimulation. By 7-8 days after treatment, however, nearly all
kainate-treated rats showed partial or full recovery in single and paired-pulse
responses. These results suggest that a decrease in synaptic inhibition in the
dentate gyrus is not a prerequisite for epileptogenesis, and that the initial
recovery of inhibition is not correlated temporally with Timm staining in the
inner molecular layer.
Supported by NIH Grant 16683 to F.E.D. and Veterans Affairs Medical
Research Service.
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Resistance to Exdtotoxin-induced Seizures and Neuronal Death in Mice Lacking the
Preprotachykinin A Gene. H. Liu*, Y. Cao, A.I. Basbaum, A.M. Mazarati, R. Sankar
and C.G. Wasterlain. VAMC, Sepulveda, Depts of Neurology and Pediatrics, UCLA
School of Medicine, Los Angeles, CA and Depts of Anat. and Physiol., UCSF, CA.
Substance P (SP) plays an important role in the generation of limbic seizures and
in hippocampal selective neuronal vulnerability. In the present study, we examined the
role of tachykinins in limbic seizure activity and neuronal death in mice with a deletion
of the preprotachykinin A (PPT-A) gene, which encodes SP and NKA. Twenty-five
mg/kg of kainate (KA) i.p. caused 55 + 13 min of stage 4-6 seizures in PPT-A (+/+)
mice, but much milder and shorter seizures (5+2 min) in the PPT-A (-/-) mice. 35
mg/kg of KA caused stage 6 seizures in more than 70% of PPT-A (+/+) mice and 30%
died from continuous tonic-clonic convulsions. However, stage 6 seizures and death
occurred in only 10% of PPT-A (-/-) mice. After KA (35 mg/kg), H&E staining
showed acidophilic cytoplasm with shrunken, pyknotic nuclei in CA1, CA3 neurons in
7 of the 10 PPT-A (+/+). In contrast, 4 of the 6 PPT-A (-/-) mice displayed no evidence
of acute neuronal injury of the hippocampus, in the remainin mice, injury was mild and
restricted to the CA3b. Three days after KA (35 mg/kg), we detected significant
numbers of TUNEL-staining neurons in CAI and a small number in CA3 in PPT-A
(+/+) mice. In contrast, we found no IUNEL-staining neurons in the hippocampus of
KA-treated PPT-A(-/-) mice. By 3 days after KA (35 mg/kg), bax-ir pyramidal neurons
in PPT-A (+/+) mice increased by 37 + 7% in CAUand 69 + 8% in CA3. In contrast,
there was no significant increase either in the number of bax-ir cells, or in the density
of bax-ir staining in the PPT-A(-/-) mice. Three days after KA, we observed a
pronounced increase in caspase 3-ir in pyramidal neurons in both CA3 (79 + 11%) and
CAI (83 + 9%). In contrast, no significant increase in caspase 3-ir was sfeen in PPT-A
(-/-) mice. These results suggest that neurokinins are critical to the control of
hippocampal excitability, of hippocampal seizures and of hippocampal vulnerability.
Supported by: NS 13515, NINDS andNIDR andRS of VHA.

ANTIAPOPTOTIC EFFECT OF MK-801 AND RETGABINE IN RATS
WITH KAINATE-INDUCED STATUS EPILEPTICUS. C. Brandt, U. Ebert
and W. Loscher (SPON: European Neuroscience Association). Dept. of
Pharmacology, Toxicology and Pharmacy, School of Veterinary Medicine,
Biinteweg 17, D-30559 Hannover, Germany
Kainate (KA) treated rats develop seizures similar to that in human temporal lobe
epilepsy (TLE). After KA-induced status epilepticus (SE) neurodegeneration occurs
mainly in parts of the limbic system. We and others showed previously that this
neurodegeneration is due to apoptosis at least to some extent. We now investigated
whether the NMDA-receptor antagonist MK-801 and the new anticonvulsant drug
retigabine exhibit a neuroprotective effect in rats with KA induced SE. Adult female
Wistar rats were treated with 10 mg/kg KA intraperitoneally (i.p ). MK-801 (0.1
mg/kg) or retigabine (20 mg/kg) were administered i.p. 90 min after the
development of a SE. Rats without drug treatment following KA-induced SE served
as controls. SE was terminated after 100 min with an i.p. injection of diazepam in
the MK-801 and the control group. If retigabine alone was able to terminate SE the
respective rats did not receive a diazepam injection. The rats were perfused 48h after
the first generalized seizure. The brains underwent immunohistochemical processing
for the detection of Bax and Bcl-2 by polyclonal antibodies. Additionally, brain
sections were treated with the TUNEL-staining method.
The extent of lesions which occurred in the piriform cortex and the amygdala after
KA-induced SE were markedly reduced in MK-801-treated rats, but not in rats
treated with retigabine. A reduction of Bax and Bcl-2 stained neurons could be
detected in the piriform cortex, the amygdala and to a lesser extent in the
hippocampus only in MK-801-treated rats. In addition, TUNEL-stained neurons
were decreased in the piriform cortex in rats treated with MK-801. Because of these
results we assume that MK-801 but not retigabine suppresses apoptosis resulting in
a neuroprotective effect in the KA model of TLE when administered after the
development of a SE.
Supported by German BMBF (AZ: 0310972)

452.17

452.18

KAINATE TREATMENT ALTERS TGF-P3 GENE EXPRESSION IN THE

ELC. Kim1*. G, Bing2. SJ. Kim3. M.B. Wie4. S.H. Cha5. W.K, Jhoo1 and J-S. Hong6. 'Dept.
of Pharmacy, College of Pharmacy, Kangwon National University, Chunchon 200-701,
KOREA; 2Free Radical Biology & Aging Research Program, Oklahoma Medical research
Foundation, Oklahoama, OK 73104, USA; 3Lab. of Cell Regulation and Carcinogenesis,
NCI/NIH, MD 20892, USA; 4Dept. of Veterinary Medicine, Cheju National University,
Cheju 690-756, KOREA; 5Division of Food Science & Biotechnology, Kangwon National
University, Chunchon 200-701, KOREA; 6Lab. of Pharmacology and Chemistry,
NIEHS/NIH, NC 27709, USA.
In order to evaluate the putative role of transforming growth factor (TGF)-P3 during the
neurodegenerative process, we examined the levels of mRNA and immunocytochemical
distribution for TGF-P3 in the rat hippocampus after systemic kainic acid (KA)
administration. Hippocampal TGF-P3 mRNA level was reduced 3 h after KA injection.
However, elevated levels of TGF-P3 mRNA were observed 1 day post-KA which lasted for
at least 30 days, indicating an association between and KA-induced neurodegeneration and
elevated levels of TGF-P3 mRNA. A strong TGF-P3-like immunoreactivity (TGF-P3-IR)
was observed in the Ammon’s horn and dentate granule cells of the normal hippocampus.
The CAI and CA3 neurons lost their TGF-P3-IR, while TGF-p3-positive glia-like cells
mainly proliferated throughout the CAI sector and had an intense immunoreactivity at 7, 15,
and 30 days after KA. This immunocytochemical distribution of TGF-P3-positive nonneuronal populations were similar to that of glial fibrillary acidic protein (GFAP)-positive
cells or S-100-protein positive cells. Double labeling immunocytochemical analysis
demonstrated co-localization of TGF-P3 and GFAP or S-100 protein immunoreactivity in
the same cells. These findings suggest a compensatory mechanism of astrocytes for the
synthesis of TGF-P3 protein in response to KA-induced neurodegeneration. The results
suggest that TGF-P3 play some roles in repair mechanisms during KA-induced
neurodegeneration (supported by Korea Research Foundation 1988-019-F00050).

OXIDATIVE INJURY IN SEIZURE INDUCED RAT BRAIN USING
KAINIC ACID. M.R. Gluck. E. Jayatilleke, S. Shaw. A.J. Rowan and V.
Haroutunian*. Departments of Neurology and Psychiatry, Bronx
Veterans Medical Center, Bronx, New York 10468.
Glutamate excitotoxicity has been shown to incite mitochondrial
dysfunction as a result of excess calcium sequestration. The resultant
influx of calcium into mitochondria leads to an increase in free radical
production due to perturbation of normal electron transport chain activity.
The excess production of free radicals leads to oxidative damage to lipids,
proteins and nucleic acids. The aim of our seizure study was to determine
the extent of oxidative injury in three month old male Fischer 344 rats
after treatment with kainic acid (KA). Systemic injection of kainic acid
(15mg/kg) resulted in decreased activity, front and hindlimb extension
and generalized tonic-clonic convulsions consistent with a generalized
seizure. Groups of 5-7 rats each were sacrificed either four or twenty four
hours after KA injection. The brain was removed and dissected into
hippocampus, cortex, and cerebellum. In our four hour group oxidative
injury to proteins as measured by protein carbonyl content showed
increases of 50%, 40% and 80% in hippocampus, cerebellum and cortex
(p<0.02), respectively. Lipid oxidation as measured by TBARs showed
similar increases as that observed with the protein carbonyls. Virtually
similar increases in protein and lipid oxidative markers were observed in
our 24 hour survival group. Our data demonstrate that KA treatment in
this age group leads to increases in protein and lipid oxidative markers
that remain persistent after 24 hours. (This work was supported by the
Veterans Administration Career Development Award Program)

452.19

452.20

HIGH TEMPERATURE INDUCES SPREADING DEPRESSION IN THE
IMMATURE RAT HIPPOCAMPAL SLICE J. Wu1, N. Kamimura2 and
R. S. Fisher1* ’Neurology, Barrow Neurological Institute, Phoenix, AZ 85013. 2Dept

MODULATION OF RAT MEDIAL PREFRONTAL CORTEX: EFFECT ON
LIMBIC MOTOR SEIZURES.
P.S, Pazdalski and K. Gale*. Interdisciplinary Program in Neuroscience;
Dept. of Pharmacology, Georgetown Univ. Med. Center.; Washington, DC
20007.
We have previously found that an enhancement of 5HT transmission in
the region of piriform/prefrontal cortex has anticonvulsant effects and
produces alterations in exploratory behaviors. In an effort to explore
potential substrates for this action, we examined the influence of inhibitory
and excitatory manipulations in medial prefrontal cortex (mPFC). Inhibition
was induced with focal infusion of muscimol (400 pmol), NBQX (1 nmol),
kynurenic acid (40 nmoles), or lidocaine (1 pi 5%) whereas excitation was
induced with focal infusion of the GABA antagonist bicuculline (118-300
pmol). The seizure model used in these experiments involved the infusion of
bicuculline methiodide Into the area tempestas (AT), a seizure-generating
site in the anterior piriform cortex.
Bicuculline applied unilaterally to mPFC evoked myoclonic movements of
the mouth, face, and forelimbs limited to the side contralateral to the
injection; these manifestations were distinct from seizures evoked from AT.
These seizures were of rapid onset and short duration. Seizures resembling
AT-evoked seizures were evoked only upon bilateral application of
bicuculline to medial prefrontal cortex. AT-evoked seizures were not altered
by any of the inhibitory or excitatory treatments in mPFC. The lack of effect
of modulation (either excitation or inhibition) of mPFC on AT-evoked seizures
suggests that this region, although activated by AT-evoked seizures, is not a
component of the circuitry required for their generation. This makes the
mPFC an unlikely substrate for the anticonvulsant effect of 5HT-elevating
agents. Attempts are underway to determine whether activity alterations in
other regions of prefrontal cortex affect AT-evoked seizures.
Supported by 1F30MH12423-01 and NS28130.

HIPPOCAMPUS OF RATS

of Physiology, Hirosaki University School of Medicine, Hirosaki, Japan
Objectives: To investigate the mechanisms of febrile seizures we performed
extracellular and intracellular recordings from region CAI of hippocampal slices
from 23 immature and adult Sprague-Dawley rats. Methods: Evoked population
spikes (PS) and intracellular pyramidal cell potentials were recorded at 34° C and
at 1.0° C intervals to 39° C. Results: Spreading-depression (SD) - like events were
observed in all 11 slices from animals 11-59 (mean 32.7 ± 15.4) days old, but in
none of the slices from 8-16 day-old (n=8), and in none of the slices from animals
older than 60 days (n=4). SDs occurred at a mean of 38.7 ± 0.6° C. Extracellular
negative shift averaged 19.0 ± 4.6 mV, duration 72.7 ± 11.4 seconds. Intracellular
depolarization averaged 37.0 ± 7.8 mV (n=7). Input resistance of pyramidal
decreased to less than 10% of baseline. During the SD, PS could not be elicited.
Increases of fields to a level 205.0 ± 26.6 % of baseline were seen after return of
temperature from 38° C to 34° C, and increases persisted for at least 40 minutes.
SDs were reversible with return of temperature to 34° C, except in two slices from
older rats, age 53 and 59 days. Conclusions: We conclude that increasing
temperature of hippocampus produces spreading depression - like events in rats of
a critical age. SDs may be involved in the pathophysiology of febrile seizures.
Supported by The Sandra Solheim Aiken and Marjorie Newsome Funds for Epilepsy and
The Womens’ Board of the BNI.
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CAN SPECTRAL ANALYSIS OF EEGS FROM MOUSE AUDITORY
CORTEX PREDICT SEIZURES? C.B. Hart, S.P, Dear.* Dept. of Neuroscience and
Anatomy, The Pennsylvania State University College of Medicine; Hershey, PA
17033
Recent work has suggested that the correlation dimension (a measure drawn from
non-linear systems theory) applied to EEG recordings may be capable of predicting
individual seizure events prior to their occurrence. Unfortunately, the correlation
dimension can be very sensitive to small changes in the number of samples taken from
the EEG recordings as well as to assumptions about the dynamical state of the system.
These restrictions are eliminated if a power law characterization, a measure that can be
used to quantify synchronization strength across different sized clusters of neurons, is
used to analyze the EEG recordings. We tested the hypothesis that power law analysis
is capable of identifying individuals who may be susceptible to epileptic seizure events
using an audiogenic seizure mouse model. DBA/2 mice are an inbred strain of mice
that suffer from a high incidence of audiogenic seizures at a young age, but experience
a decline in the incidence and severity of seizures with increasing age. We compared
EEG recordings made in the auditory cortex of awake DBA/2 mice with those made
from non-seizure prone C57BL/6 mice. EEG recordings were subjected to a spectral
analysis in which the power spectrum was fit to a power law decay of the form
-frequency"®. The spectral exponent n was found to be significantly smaller in young
DBA/2 mice genetically predisposed to audiogenic seizures than in non-seizure prone
C57BL/6 mice of the same age using a Kolmogorov-Smirnov test (K-S = 0.49
p<0.0001). This implies a greater level of synchronization across all different sized
groups of neurons. With increasing age, the spectral exponents of DBA/mice
increased until they were no longer statistically distinguishable from those of
C57BL/6. This result suggests that the spectral exponent may be a correlate of seizure
activity in DBA/2 mice. Such a result holds out the possibility that power law
characterization of EEGs could be used to identify human patients who are susceptible
to epileptic seizures prior to attacks.

Kainic Acid-Induced Ictal Behavior in Estrus and Diestrus Rats and
Effects on 5 Alpha Reductase and 3 Alpha Hydroxysteroid
Dehydrogenase mRNA. Jonathan Madara, Cheryl A, Frvel and Jacob P.

1113

Harney*. Department of Biology, University of Hartford, West Hartford, CT 06117
and ’Department of Psychology, The University at Albany-SUNY, Albany, NY .
Steroids have anti-seizure effects that are mediated through the production of local
metabolites in the central nervous system. Progesterone’s (P) antiseizure actions
have been demonstrated to occur as a result of its metabolism by 5 alpha reductase
(SAR) and 3 alpha hydroxysteroid dehydrogenase (3A HSD). The purpose of the
present study was to (1) confirm results that support the anti-seizure effects of P and
(2) characterize the distribution of 5AR and 3A HSD mRNAs in estrus and diestrus rats
induced to seize with kainic acid. Thirty two ovariectomized Long Evans rats received
silastic implants SC containing estradiol benzoate (E) and P sufficient to provide
levels of E and P in the diestrus range. Sixteen of the rats were brought into
behavioral estrus by sex hormone injections (30 pg EB; 2.5 mg P 24 h
later). Half of the estrus and diestrus rats received kainic acid (32 mg/kg SC) and
half vehicle. Ictal behavior was monitored for 2 h after kainic acid and then rats were
sacrificed and brains rapidly frozen on dry ice. Coronal tissue sections (12 pm)
throughout the brain were collected for in situ hybridization histochemistry. Ictal
behavior (including latency to, frequency and duration of chewing, drooling,
grooming, partial and full seizure) was quantified using a scoring system and data were
analyzed by ANOVA for effects of hormonal status. Results indicate that estrus rats
had lower ictal behavior scores (P<0.05) than diestrus rats. In situ hybridizations
were performed using [35S]-UTP-labeled probes that were transcribed from
rat 5AR I and II (kindly provided by Dr. David Russell) and 3A HSD (kindly provided
by Dr. Trevor Penning) cDNAs. Abundant mRNA for 5ARI and II and 3A HSD was
localized to regions of the cortex and hippocampus. Quantitation of mRNAs in these
regions between treatment groups is in progress. Results further support the antiseizure effects of P and suggest that generation of neuroactive metabolites may be
occuring in several regions of the brain. Supported by the Patrick and Catherine
Weldon Donaghue Medical Research Foundation to CAF and JPH.

453.3

453.4

THE EXTERNAL CORTEX OF THE INFERIOR COLLICULUS IN
PRIMED, AUDIOGENIC SEIZURE-PRONE RATS. M.C. Zrull, K.E
Mengle. M.M. Hall. W.D. Hairston and M.J. Sedivec1*. Depts. of
Psychology and ’Biology, Appalachian State Univ.; Boone, NC 28608.
The external cortex of the inferior colliculus (ECIC) in primed,
audiogenic seizure (AGS)-prone Long-Evans rats may play a role in the
propagation of sound-induced seizures. Cohorts of Long-Evans rats were
exposed to intense sound (10 kHz, 120+ dB) on postnatal day 18 (pnd 18)
and tested for AGS susceptibility on pnds 32, 90 and 100 (2-20 kHz, 120+
dB). In 12 rats, ECIC afferents were examined using the retrograde tracer
peroxidase labeled wheat germ agglutin. Following unilateral injections,
histology revealed more extensive afferents to the ECIC of AGS-prone
rats from brainstem somatosensory nuclei and central nucleus of IC than
observed in normal, non-AGS-prone rats. In 16 AGS-prone rats, lesions
(1.2 mA DC, 10 s) were made within ECIC («=8) or sham operations
were conducted («=8). Post-surgery tests of AGS susceptibility were
conducted on pnds 170, 180 and 190. Seizure severity (rated via Jobe’s
scale) was reduced and latency to seizure onset increased for AGS-prone
rats With lesions (/?<.O5) but remained unchanged for sham operated
controls (p>.50). ECIC lesions reduced clonic seizures (Jobe Md-3) to
rare occasions of wild running (Jobe Md=Q) induced by the noise
stimulus. Tract tracing results suggest that the ECIC of primed, AGSprone rats may contribute to seizure activity through the receipt of
excessive tactile input in addition to anomalous auditory input. The
mitigation of sound-induced seizures following lesions supports this role
of the ECIC in AGS propagation.
Supported by an ASU URC Small Research Grant.

TESTING THE DISINHIBITION HYPOTHESIS IN GERBILS WITH
INHERITED EPILEPSY. P.S. Buckmaster1*, A.L. Jongen-Relo2, and S.B. Davari3
‘Dept. of Comparative Medicine, Stanford University, Stanford, California 94305;
2Behavioral Biology Lab., Swiss Federal Institute of Technology, Zurich,
Switzerland; ’School of Medicine, University of California, Davis, California 95616.
The disinhibition hypothesis contends that gerbils with inherited epilepsy have an
excess of GABAergic intemeurons in the dentate gyrus, and that the excess
intemeurons inhibit other intemeurons thereby reducing inhibition of granule cells.
This proposed mechanism may be relevant to temporal lobe epilepsy. Gerbils were
screened for seizure susceptibility by exposing them to a novel environment, then
seizure-resistant (SR) and seizure-sensitive (SS) gerbils were compared. To test this
disinhibition hypothesis, the optical fractionator ihethod and non-isotopic in situ
hybridization were used to estimate the number of neurons that express mRNA for
GAD67, an enzyme that synthesizes GABA. There was no significant difference (t
test) in the number of GAD67-mRNA-positive neurons per dentate gyms in SR (n=5,
18,104 ± 1310 cells, mean ± s.e.m.) and SS gerbils (n=6, 18,804 ± 1246 cells). In
addition, there was no significant difference (t test) in the average density of GABAimmunoreactive soma profiles in the dentate gyms of SR (n=5, 175 + 9 profiles/mm2)
and SS gerbils (n=5, 170 + 9 profiles/mm2). Functional inhibition of granule cells
was assessed with current-clamp recording of inhibitory postsynaptic potentials
(IPSPs) in urethane-anesthetized gerbils. IPSPs were evoked by perforant path
stimulation standardized at 1.5 times the threshold intensity for evoking a population
spike in the dentate gyms. In SR (n=l 1) and SS gerbils (n=l 1), the conductance and
reversal potential of the fast IPSP (20 msec latency, 21 ± 5 vs. 22 ± 3 nS, -67 ± 2 vs.
-70 ± 1 mV, respectively) and the slow IPSP (150 msec latency, 5 ± 1 vs. 6 ± 1 nS,
-83 ± 3 vs. -85 ± 4 mV, respectively) were not significantly different (t test),
indicating similar levels of inhibition. These findings do not support the disinhibition
hypothesis in gerbils with inherited epilepsy. Supported by the Epilepsy Foundation
ofAmerica and the Burroughs Wellcome Fund.

453.5

453.6

TRANSGENIC
RATS
OVEREXPRESSING
CYSTATIN
B,
HUMAN
PROGRESSIVE MYOCLONUS EPILEPSY (EPM1) GENE, IN THE NERVOUS
S Y STEM. I, Arbatova1. L^Alhonen1. A, Kalda. V.-P. Korhonen1. T.-L, Rasanen1. A,
Jarvinen1, R, Sinervirta*. A. Zharkovskv2, P, Riekkinen Sr.1*, A.-E, Lehesjoki3. M,
Reeben1. ‘A.L Virtanen Inst., Univ. of Kuopio, FIN-70211 Kuopio, Finland; 2Dept. of
Pharmacology, University of Tartu, EE2400 Tartu, Estonia; 3The Folkhalsan Inst, of
Genetics, FIN-00280 Helsinki, Finland.
Defects in the gene encoding cystatin B (CSTB), a cysteine protease inhibitor,
underlie progressive myoclonus epilepsy (EPM1) in humans. It is not yet understood
how lack of cystatin B causes the disease phenotype. One way of addressing this
question is the development and characterization of animal models, such as cystatin B
deficient mice (Pennacchio et al., Nature Genetics, 20 ,251-8, 1998). We have
previously demonstrated that cystatin B is regulated by neuronal activity after systemic
kainic acid injection and rapid hippocampus kindling in rat brain and have hypothesized
that CSTB regulates neuronal apoptosis. To study this hypothesis further we have
produced rats that overexpress cystatin B in the nervous system. Four independent
transgenic rat lines overexpressing cystatin B under the control of the rat light
neurofilament gene regulatory regions were produced. According to Western analysis
they overexpress cystatin B around two- to four-fold in cortex, hippocampus and
cerebellum. Preliminary analysis demonstrated that cerebellar granule cells from seven
days old transgenic rats were approximately 20% more sensitive to the neurotoxic
effects of glutamate (30gM) and colchicine (0.8pM) as compared with wild-type
littermates. These results are somewhat surprising as simple logic suggested that
neuroprotection would have been the expected result. One reason for these results could
be a stable overexpression of CSTB in the transgenic rats, not regulated by neuronal
activity, opposite to the physiological circumstances of CSTB expression. Currently,
we are characterizing the transgenic rats in more detail and are producing transgenic rats
and mice overexpressing cystatin B under the calcium-calmoduline kinase II (CamKII)
promoter that is known to be regulated by neuronal activity.
This work was supported by grants from the Academy of Finland.

HIPPOCAMPAL DISORGANIZATION AND DENDRITIC ATROPHY
FOLLOWING ABNORMAL NEURONAL MIGRATION IN LIS1DEFICIENT MICE: a quantitative
analysis
of golgi -stained
TISSUE. T. Pindell1*, R.F. Mervis1 J. McKeon1.M.W. Fleck2,S.
Hirotsune3, M. Gambello3, A. Wynshaw-Boris3, A C.J. McBain4.
‘Neuro-Cognitive Research Labs, Columbus, OH 43212; 2Dept. Pharm. A
Neurosci., Albany Med. Coll. Albany, NY 12208; 3Lab of Gen. Disease
Res. NHGRI and 4Lab. of Cellular A Molecular Physiology, NICHD. NIH,
Bethesda, MD 20892
Huihan Type I lissencephaly is a severe neuronal migration disorder that
results from mutation or deletion of the gene encoding the p subunit of
platelet-activating factor acetylhydrolase (Lisl). Mice with a
heterozygous deletion of Lisl show abnormal neuronal migration. In the
hippocampus of Lisl+f- mice both normally located, and a “stranded"
subgroup of CA1 pyramidal neurons are found. We characterized
dendritic parameters of both populations of CA1 neurons. Formalin-fixed
coronal blocks from mutants (N=4) and wild type (WT) controls (N=7)
were Golgi stained. From coded slides, normally located CA1 pyramids
(in the str. pyramidale) and stranded CAls were randomly selected for
analysis. Camera lucida drawings were quantified. Dendritic analysis
showed that normally located CAls in both the KO mice and WT
controls were not structurally different. However, stranded CAls were
significantly atrophic and had far more simplistic dendritic arbors.
Nevertheless, spine density on these stranded CA1 neurons was normal.
Such structural abnormalities may explain in part the reduced electrographic seizure threshold observed in Lisl+/~ mice. (Supported by NIH).
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HIPPOCAMPAL ABNORMALITIES AND A REDUCED ELECTROGRAPHIC
SEIZURE THRESHOLD IN A MOUSE MODEL OF LISSENCEPHALY. M.W.
Fleck*1, E. Philips-Tansey1, G. Suares1, S. Hirotsune2, M. Gambello2, A.
Wynshaw-Boris2, & C.J. McBain1. 1Lab. of Cellular & Molecular Physiology,
NICHD, and 2Lab of Gen. Disease Res. NHGRI, NIH, Bethesda, MD 20892
Isolated lissencephaly sequence and Miller-Dieker syndrome are human
cortical malformation syndromes characterized by a smooth cerebral surface
and a paucity of gyri. Mutation or deletion of the US1 gene at chromosome
17p13.3 is responsible for lissencephaly. Here we demonstrate severe
disruption of hippocampal anatomy and function in a transgenic murine
model of lissencephaly. Similar to the human lissencephalic hippocampus,
neuronal dysplasia and heterotopia was observed throughout the granule
and pyramidal cell layers in Lis1+I- mice. BrdU birthdating experiments
revealed that most presumed pyramidal cells in Lis1+/- hippocampus are
born between E14-15, as in wild type, but fail in migration to form a single
coherent pyramidal cell layer. Immunohistochemical analysis revealed
somatostatin and parvalbumin containing inhibitory interneurons displaced
into the str. radiatum. Spontaneous electrographic seizure activity was not
observed in Lis1+I- hippocampal slices in vitro. However, extracellular CA1
field potential recordings from the Lis1+f- hippocampus demonstrated an
increased excitability and a reduced threshold for interictal activity in the
“High-K+” model of status epilepticus. All Lis1+l- hippocampi demonstrated
robust interictal bursting at 6.5mM [K+]o compared to fewer than 20% of
wildtype. In 8.5mM [K+]o, interictal bursts were observed in the Lis1+/hippocampus with a 4-fold greater intensity than those seen at any [K+]o in
wildtype hippocampus. These anatomical and physiological defects may
contribute to the cognitive impairments and seizures associated with
lissencephaly. Supported by NIH.

FRAGILE X KNOCKOUT MICE EXHIBIT AUDIOGENIC SEIZURES. L. Chen*.
E. Sibille. and M. Toth. Dept. of Pharmacology, Weill Medical College of Cornell
University, New York. NY 10021.
Fragile X syndrome is the most common chromosomal abnormality associated with
mental retardation. The condition results from the inactivation of the fmr-1 gene
located at Xq27.3. The FMR protein (FMRP) encoded by the fmr-1 gene is an RNA
binding protein, presumably involved in mRNA transport and translation. Although
the main clinical features are moderate mental retardation and macroorchidism, 25-45%
of fragile X syndrome patients show epileptic seizures. Similar to human disease,
knockout of Fmrp(Fmrp KO) in mice results in learning deficit and macroorchidism.
Here we studied whether Fmrp KO mice exhibit epileptic seizures or have an increased
seizure susceptibility. Fmrp KO mice displayed no spontaneous seizures but had
severe audiogenic seizures. A 105 dB white noise induced running followed by
massive myoclonic thrusts that quickly progressed into tonic convulsions. Seizures
in Fmrp KO mice resembled sound-induced brainstem seizures described for genetically
epilepsy prone rats. In addition to the behavioral characteristics of the seizures,
involvement of a brainstem circuitry in the seizures of KO mice is supported by a
high c-Fos immunoreactivity in brainstem structures. Immunostaining in the
hippocampus and other limbic structures was low indicating that the forebrain is not
involved and/or not recruited in seizures. This notion was further supported by the
fact that Fmrp KO mice showed no increased limbic seizure susceptibility to kainic
acid. Taken together, these data indicate that Fmrp KO mice have a genetically
determined seizure predisposition in the brainstem but not in the forebrain. Because
the genetic defect in fragile X patients and KO mice is identical, the generalized tonic
clonic seizures most often associated with fragile X syndrome could have a brainstem
origin. Since the function of Fmrp is relatively well characterized, the Fmrp KO
animal model provides an opportunity to specify the cellular and molecular processes
that lead to brainstem seizures.

453.9

453.10

GENETIC MODIFICATIONS OF SEIZURE SUSCEPTIBILITY IN
DROSOPHILA: A MODEL FOR MAMMALIAN SEIZURE DISORDERS. D.
Kuebler*, H. Zhang and M.A. Tanouye. Department of Molecular and Cell Biology,
University of California Berkeley, California 94720.
Despite the frequency of seizure disorders in the human population, the genetic and
physiological basis for these defects remains unclear. Although seizures can occur in
most anyone, individuals vary in what constitutes a sufficiently intense stimulus
required to produce a seizure. Since it is impractical to quantify levels of seizure
susceptibility across a diverse human population we have turned to Drosophila
because, in addition to its genetic and molecular advantages, it gives us the ability to
accurately measure seizure susceptibility across genotypes and over time. We have
used this system to investigate the genetics of seizure susceptibility, in particular by
taking advantage of a group of mutants, the bang-sensitives (BS), which display an
increased susceptibility to seizure compared to wild type. The increase in
susceptibility and the bang-sensitive phenotype seen in the BS mutants can be
suppressed genetically in two ways. The first is by generating double mutants with
Na+ channel mutants. This treatment, which reduces the excitability of the nervous
system, most likely acts in a similar fashion as some anti-epileptic drugs. The second
way is by generating double mutants with shakB4 flies, which have non-functional
electrical synapses. Since many synaptic connections are removed in these mutants,
its effect on seizures is presumably similar to surgical removal of neurons to control
seizures in humans. We have also screened other mutants for seizure susceptibility
changes and obtained some surprising results. Different Sh alleles, which should
increase excitability, show a higher seizure threshold than wild type. Other
excitability mutants showed a similar effect. One mutant that increases susceptibility
is ben, a ubiquitin kinase mutant that affects axon guidance. We are currently
investigating other more drastically effected guidance mutants such as netrin and
frazzled to determine if they also display increased seizure susceptibility. Supported
by USPHS grant NS31231 to M. A. T.

ASSOCIATION OF SEIZURES AND AGGRESSION WITH FEAR
IN EL (EPILEPTIC) MICE. Y. Nakamoto*1. G, Muaishima1»2.
S. Nakavama1. H. Niki3 and M, Yoshii1.1Dept. of Neurophysiol.,
Tokyo Inst, of Psychiatry, Tokyo 156-8585, 2Dept. of Psychology,
Waseda Univ., Tokyo 162-8644, and 3Lab. for Neurobiology and
Emotion, Brain Science Inst., Riken, Saitama 351-0198, Japan.
We have previously reported that some cognitive enhancers
are capable of ameliorating epileptic seizures and increased
fear responses of EL mice possibly by interacting with
peripheral-type benzodiazepine receptors (Nakamoto et al.,
Soc. Neurosci. Abstr. 24, 715, 1998). In the present study, we
investigated how fear and aggression are associated with
seizures developed in EL mice. In the elevated plus-maze
(EPM) test, female EL mice spent more time on the open arms
than male. In restraint-induced aggression experiments, EL
mice showed a much higher frequency of biting attacks than
DDY mice (control animal). In EL mice that had experienced
fear on a metal mesh every week (without subsequent toss-up
stimulation) since 3 weeks of age, their seizure thresholds were
lowered after approximately 25 weeks of age. The procedure
delayed onset of seizures, in female particularly, several weeks
as compared with those that had received the additional toss-up
stimulation. The results suggest that experience of fear during
development of EL mice, in particular for male, might be a
crucial factor determining their epileptogeneis, increased fearresponse and aggressive behavior.

453.11

453.12

GENE REGULATION OF COX-2, cPLA2, BAX AND BCL-2 IN KINDLING.
B. Tu*, V.L. Marcheselli and N.G. Bazan. Louisiana State University Medical
Center, Neuroscience Center, New Orleans LA 70112.
Kindling is an experimental model of temporal lobe epilepsy. The mechanisms
of synaptic rearrangements induced by kindling are not well understood. In this
study, we investigated the expression of COX-2 (the inducible cyclooxygenase),
cPLA2 (cytosolic phospholipase A2,), BAX (an apoptosis inducer), and BCL-2
(apoptosis inhibitor) gene expression before, during, and after kindling
development. Kindling was achieved by implanting a bipolar electrode in the
right ventral hippocampus of adult male Wistar rats. Kindling stimuli were
applied 12 times daily for 4 days, with 30 minute intervals between stimulation,
and all rats developed the first of 5 consecutive stage 5 seizures on the 2nd or 3rd
day. COX-2, cPLA2, BCL-2 and BAX mRNA abundance in hippocampus and
cortex of both sides were measured before and 1, 2, 4, 6, 12 24 hours after a
single stimulation in non-kindled rats and in rats kindled more than one month,
as well as 2 hours before and after each day's kindling. The results demonstrate
that in non-kindled rats, a single stimulation slightly increased (2~3 folds) COX-2
and c PLA2 gene expression in both side of hippocampi, but not in cortices. In
rats kindled one month previously, COX-2 and cPLA2 gene expression increased
slightly (2 to 4 fold) in both hippocampi and cortices. BCL-2 and BAX did not
change significantly after a single stimulation. During kindling, COX-2 and
c PLA2 significantly increased more than 10 fold in both hippocampus and cortex,
and this increase become most evident after the 3rd day of kindling, when the rats
began to have 5 consecutive stage 5 seizures. In addition, BAX and BCL-2
decreased more than 10 fold in left hippocampus, the opposite side of
stimulation, after the 2nd and 3rd day of kindling, respectively. These results
demonstrate that COX-2, cPLA2, BAX, and BCL-2 gene regulations are involved
in the kindling process, implicating these genes in kindling-induced permanent
changes. (Supported by NIH NS23002)

PHYSICAL MAPPING OF MASS1 AUDIOGENIC SEIZURES IN FRINGS
MICE. Shana L. Skradski*1, H, Steve White12, Louis J. Ptacek3. 'Dept.
Pharmacology and Toxicology, 2Anticonvulsant Screening Project, ’Howard
Hughes Medical Institute, Depts. Neurology and Human Genetics, University of
Utah, Salt Lake City, UT, 84112.
The Frings audiogenic seizure-susceptible mouse is a model of sensorvevoked reflex seizures. The seizure phenotype arose from a spontaneous
mutation on a swiss albino background, and has been shown to be due to the
recessive inheritance of a highly penetrant single gene. Initial linkage mapping
associated the Frings seizure-susceptibility gene, named massl for monogenic
audiogenic seizure-susceptible, with MIT microsatellite markers in the middle
of chromosome 13. Construction of a physical map of the interval and
identification of novel polymorphic markers narrowed the massl region to a
single bacterial artificial chromosome (BAC) clone. Subcloning the BAC into
cosmid clones of 32-40 Kb, produced a set of five overlapping clones that
spanned the interval. Identification of 2 additional polymorphic markers
established that the final massl region is contained on two overlapping cosmids
with a total maximum distance of 80 Kb. These cosmids are currently being
used to screen mouse brain cDNA libraries and as sequencing templates to
identify candidate genes for massl. Candidate genes will then be analyzed for
the genetic mutation responsible for seizures in Frings audiogenic seizuresusceptible mice.
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PIRIFORM CORTICAL BRAIN SLICES FROM SOXI GENE-DEFICIENT
MICE SHOW ABNORMAL EPILEPTIFORM ACTIVITY. M. Postlethwaite*,
A. Constanti, S. Maias1 & V. Episkopou-. Dept. of Pharmacology, The School of
Pharmacy, Univ. London, 29-39 Brunswick Square, London, WC1N 1AX, UK., and
fMRC Clinical Sciences Centre, Imperial College Sch. Med., Hammersmith Hospital,
Du Cane Road, London W12 ONY, UK.
Targeted deletion of the Sox! transcription factor gene in mice has been found to
result in behavioural abnormalities and lethal spontaneous epileptic seizures. The
cause of this epileptiform syndrome, however, is currently unknown. In this study,
intracellular recordings were obtained from piriform cortical neurones of 12 mutant
SoxI gene-deficient mice and also from 4 littermate controls for comparison. Resting
membrane properties of the mutant mouse neurones were not significantly different
from those of normal mice, although the former cell type exhibited a ~60 % larger
resting membrane input resistance and a higher background level of spontaneous
synaptic activity. In 5 Sox/-null neurones, spontaneous epileptiform discharges
lasting for -20 s were observed; such activity was not seen in the control neurones.
This activity was blocked by application of tetrodotoxin (1 pM) or the NMDA
glutamate receptor antagonist CNQX (5 pM), suggesting a presynaptic origin. Focal
electrical stimulation of synaptic inputs in all Sox/-null slices produced abnormally
prolonged synaptic potentials (with superimposed spikes) similar to those previously
reported in the presence of 4-aminopyridine. Manipulation of membrane potential
during orthodromic stimulation revealed little fast or slow GABA-mediated inhibitory
synaptic components, although cells responded normally to bath-applications of
GABA or the GABAB receptor agonist baclofen. We propose that the increase in
epileptogenic capacity in the Sox J-null piriform cortex neurones may contribute to
the seizure generation in the whole animal, and might be explained by a deficiency in
local inhibitory intemeuronal cell development or function.

ANTICONVULSANT EFFECTS OF PHENYTOIN IN THE GUINEA-PIG
KINDLING MODEL OF EPILEPSY. T.H. Gilbert*, V, Bharadia, & G.C. Teskev,
Behav. Neurosci. Res. Grp., Dept. of Psychology, University of Calgary, Calgary,
AB, Canada T2N 1N4.
Similar to rats, guinea-pigs express progressive growth of afterdischarge (AD)
and intensification of seizures subsequent to daily kindling stimulation. However,
unlike rats, guinea-pigs become arrested at partial seizures and do not progress to
fully generalized convulsions during regular single-site kindling. This suggests that
guinea-pig kindling may be a better model for human partial epilepsy because the
majority of humans with partial epilepsy also do not progress to fully generalized
convulsions. We attempted to ascertain the effectiveness of the conventional
anticonvulsant drug, phenytoin, in the guinea-pig kindling model and thus elucidate
the usefulness of this model for pharmacological screening of new anticonvulsant
drugs.
We analyzed plasma concentrations of phenytoin at different times after i.p.
injection of either 50 or 75 mg/kg. Assessment of behavioural toxicity was examined
30 minutes post-injection, using bracing, righting, and swimming tests. Bilateral
stimulating/recording electrodes were implanted into the amygdala of mixed-strain
guinea-pigs. Kindling stimulation was applied once daily until 50 ADs were evoked
from the amygdala. Phenytoin (50 and 75 mg/kg) was administered 30 minutes prior
to kindling stimulation. The anticonvulsant effects of phenytoin were evaluated from
measurements of afterdischarge threshold (ADT), afterdischarge duration (ADD),
and behavioural seizure severity (SS).
Plasma levels of phenytoin corresponded to the human therapeutic range at the
time of behavioural testing and kindling. Phenytoin was found to have little or no
sedative and ataxic effects in guinea-pigs on our<behavioural tests. We found that
phenytoin increases ADT and reduces ADD and SS, indicating that the guinea-pig
model correctly predicts phenytoin’s anticonvulsant effect. Supported by NSERC.

453.15

453.16

METABOTROPIC GLUTAMATE RECEPTOR (mGluR) ANTISENSE
SUPPRESSES KINDLING AND REDUCES mGluR PROTEIN SYNTHESIS
Z. Fan. R. B, Meeker, and R. S. Greenwood* Depts. Neurology and Pediatrics and
the Neurobioiogy Curriculum, UNC School of Medicine, Chapel Hill, NC 27599
The hippocampus is the most common site for partial onset seizures in humans.
Considerable evidence has accumulated to indicate that glutamate receptors mediate
limbic kindling. In previous work we have found that amygdala-kindled rats
developed a sustained increases in mGluRl and mGluR2/3. We have previously
found that mGluRl antisense inhibits hippocampal kindling and mGluR3 antisense
reduces after discharge AD duration. In die present study we analyzed the ability of
mGluRl and mGluR3 anitsense to reduce mGluR receptor protein and compare the
contribution of mGluRl and mGluR3 receptors to hippocampal kindling.
Male Long-Evan rats received daily, hippocampal kindling and
oligodeoxynucleotide injections of mGluRl or mGluR3 antisense
oligodeoxynucleotide or non-sense (controls). Rats receiving mGluRl kindled at
significantly slower rate than control animals. Rats receiving mGluR3 required a
significantly greater number of stimulations to reach the early seizure classes and
showed decreased average after-discharge duration relative to control animals. For
immunohistochemistry (IH) studies, rats received intrahippocampal injections of the
antisense or nonsense oligonucleotides. Coronal brain sections from these rats were
processed for anti-mGluRl or anti-mGluR3 IH. IH comparison of antisense-injected
rats with nonsense-injected rats revealed a significant reduction in mGluRl and
mGluR3 receptors around the injection site in the hippocampus.
These results show that mGluRl antisense reduces mGluR translation in the
hippocampus adjacent to the injection site. We also confirmed our previous findings
that mGluRl antisense impedes kindling. These studies suggest that the effect of
antisense on kindling is a result of the reduction in the production of mGluRl
receptors. These results offer hope for a novel method for the treatment for partial
epilepsy. Supported in part by UNC Epilepsy Program Research Fund.

IN VIVO EVALUATION OF METABOLIC PLASTICITY IN THE
RAT FOLLOWING HEMIDECORTICATION USING MICROPET.

K.J. Tatsukawa1*, S.R. Cherry1'3, A.J. Annala1. D.M. Arauio1’3, M.E.
Phelps 1,3,4 and H, I, Kornblum1,2’3’4. Depts. of Pharmacology’,
Pediatrics , The Crump Institute for Biological Imaging3 and the Brain
Research Institute4, UCLA School of Medicine, Los Angeles, CA, 90095.
Cerebral hemidecortication is performed for children with
intractible seizures. Previous positron emission tomography (PET)
studies demonstrate that there is a certain degree of metabolic plasticity
that occurs in children following hemidecortication. However, until now,
it has been impossible to perform similar studies in rodents, due to
limitations of scanner resolution.
In the current study, we used
microPET, a new high resolution PET scanner with a novel detector
system to assess metabolic plasticity in the rat brain following
hemidecortication. We found that adult hemidecortication resulted in
diminished relative glucose metabolism in the neostriatum and thalamus
ipsilateral to the lesion, with significant (p<.05) but incomplete recovery
of metabolic function by 30 days post lesion. In contrast, lesion of 6day old rat pups resulted in a significant recovery of the striatum
(p<.05) after 30 days and yet a marked (pc.Ol) and persistent metabolic
depression of the ipsilateral thalamus when compared to the adult
lesioned animals. This indicates a diminished capacity of the thalamus to
respond to lesions in the very young rat. These studies demonstrate that
microPET can be used to repeatedly assess metabolic function of
individual animals in vivo with a minimal degree of invasiveness.
Supported by DoE contract DE-FC03-ER60615

453.17

453.18

TRIGEMINAL NERVE STIMULATION AS A METHOD FOR REDUCTION
OF PTZ-INDUCED SEIZURE ACTIVIY IN RATS Erika E, Fanselow*. Ashlan
P. Reid. Miguel A. L. Nicolelis. Dept. of Neurobioiogy, Duke University, Durham,
NC 27710
Stimulation of the vagus nerve has been demonstrated to reduce or
eliminate seizure activity in both animals and humans. However, vagus nerve
stimulation can also result in life-threatening side effects by altering
cardiovascular functions. Here we demonstrated that similar seizure reduction
effects can be obtained by stimulation of the infraorbital (IO) branch of the
trigeminal nerve in awake rats. Seizures were induced by i.p. injection of 50mg/ml
pentylenetetrazole (PTZ). Epileptic activity was then recorded in the ventral
posterior medial thalamus (VPM) and primary somatosensory cortex (SI) via
chronically-implanted microwires. Bipolar nerve cuff electrodes surgically
implanted around the IO nerve were stimulated using a variety of stimulus
protocols ranging from 20-500Hz, 0.2-2ms pulse durations and 1-15mA. When the
IO nerve was stimulated with 0.5ms pulses at a rate of 333Hz at sufficient current
amplitudes (amplitudes varied from animal to animal, range 6-14mA), seizure
activity was reduced an average of 75±7% (±SEM, p<lxl0"6) compared to periods
when no stimulation was administered. Longer interstimulus intervals and pulse
durations were less effective. These results suggest that stimulation of the IO nerve
may be equally effective as vagal nerve stimulation for reduction of seizure
activity. In addition, because the IO nerve is not involved in vital cardiovascular
functions, it may become a substantially safer alternative to vagal nerve
stimulation for the alleviation of epileptic seizures.

CHARACTERIZATION OF A PHENYTOIN-RESISTANT MOUSE SEIZURE
MODEL. M.E. Barton*, H.H. Wolf, and H.S. White. Anticonvulsant Screening Project, Department of Pharmacology and Toxicology, University of
Utah, Salt Lake City, UT 84112.
Phenytoin is a first-line drug in the treatment of complex partial seizures
with secondary generalization. Unfortunately, many patients are resistant to
the anticonvulsant effect of phenytoin. Identifying compounds that may be
effective in "phenytoin-insensitive" patients has been hindered by the lack of
drug-resistant animal models. Originally described as a model of "psychomotor" seizures (Brown et al., 1953), the 6 Hz stimulation was abandoned
shortly after its description due to a lack of phenytoin sensitivity. This
observation is the basis of the present study designed to validate the 6 Hz
test as a pharmacological model of phenytoin-resistant seizures.
Electrical stimulation (6 Hz, 32 mA, 3-sec.) of CF#1 mice via corneal
electrodes produces a seizure that is characterized by stun, forelimb clonus,
twitching of the vibrissae, and Straub-tail. While phenytoin and lamotrigine
are quite potent in the maximal electroshock (MES) model (ED50: 5.6 and
7.5 mg/kg, i.p., respectively), doses several fold higher are far less effective
in the 6 Hz model. For example, at behaviorally toxic doses (60 mg/kg, i.p.)
both compounds failed to produce >50% protection. In contrast, 6 Hz
seizures are blocked by clonazepam, phenobarbital, and valproic acid
(ED50: 0.043, 14.7, and 126 mg/kg, i.p., respectively). Moreover, 6 Hz
seizures are readily blocked by the novel investigational drug levetiracetam
(ED50: 19.4 mg/kg, i.p.). Conversely, levetiracetam is inactive against
MES-induced tonic extension seizures at doses of 500 mg/kg, i.p. The
relative phenytoin resistance and high sensitivity to levetiracetam suggests
that the 6 Hz model may be a useful tool to identify therapeutic compounds
for the management of phenytoin-resistant seizures. Supported by NINDS
contract N01-NS-42311.

Supported by the Klingenstein Foundation (M.A.L.N.), a Whitehead Scholar
Award (M.A.L.N.) and an NSF Predoctoral Fellowship (E.E.F.).
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THE EFFECTS OF CALLOSAL AGENESIS ON THE
SUSCEPTIBILITY
TO
SEIZURES
ELICITED
BY
PENTYLENETETRAZOL IN ADULT MALE BALB/cCF MICE A.C.
Manhaes, A.E. Medina, F. Bastos de Oliveira & S.L. Schmidt* Dep.
Fisiologia, Universidade do Estado do Rio de Janeiro, Rio de Janeiro,
Brazil, RJ 20551-030

Functional MRI Detects Residual Eloquent Cortex in Patients
with Unilateral Perinatal Stroke

TUESDAY AM

S. R. Browd*, R. W, Briggs, S. N. Roper, B. Crosson, E.J. Auerbach, S.
Eisenschenk, R. L. Gilmore, L.M. Maron, J. Latimer,
University of Florida Brain Institute Gainesville, FL 32610

Unilateral perinatal infarction of the middle cerebral artery (MCA) distribution
is characterized by contralateral upper & lower limb paresis. These patients
demonstrate a large degree of functional reorganization on clinical examination,
including purposeful movements of the paretic hand and foot. Many of these
patients present with intractable seizures and may be candidates for functional
hemispherectomy. Although removal of the damaged hemisphere in young
patients carries a good prognosis, older patients are known to recover poorly
following a similar surgical insult. Using fMRI, we evaluated sensorimotor
cortex in two patients, ages 16 and 52, who presented with perinatal MCA
occlusion and current intractable seizures. Tasks involved simple finger tapping
and toe/foot tapping paradigms. Foot tapping of the paretic limb activated the
contralateral foot motor homunculus in both patients. Additionally, the 52 y/o
patient demonstrated activation within the residual left motor cortex during
testing of the paretic right hand. Wada testing in this patient correlated with fMRI
results, demonstrating right hemiplegia on left internal cerebral artery injection.
Wada results are pending for the 16 y/o patient. Patients with perinatal MCA
infarcts may retain eloquent cortex on the side of infarction. These findings
suggest that unilateral neural reorganization may not occur in all patients
following perinatal stroke, and that fMRI may prove useful for presurgical
mapping in adolescent and adult patients considered for hemispherectomy.

In humans, callosal agenesis is frequently associated with epilepsy.
Here we tested adult male mice from a strain in which 20% to 30% of
the animals have partial or total callosal agenesis. We injected 40 mg/kg
(n = 42) or 50 mg/kg (n = 43) of pentylenetetrazol (PTZ; i.p.) and
videotaped all tests. We used the following classification: 1) no
abnormal behavior; 2) myoclonic jerks; 3) running bouncing (RB)
clonus; 4) tonic hind limb extension. For the 40 mg/Kg dose we
obtained the following distribution of classification in acallosal mice (n
= 11): 18.2% had no abnormal behavior; 18.2% presented myoclonic
jerks and 63.6% presented RB clonus. For the normal mice (n = 31) the
observed distribution was: 54.8% had no abnormal behavior; 16.1%
presented myoclonic jerks and 29% presented RB clonus. For the 50
mg/Kg dose, all acallosal mice (n = 12) had RB clonus, whereas in
normal mice (n = 31) 9.7% had no abnormal behavior; 9.7% presented
myoclonic jerks and 80.6% presented RB clonus. These results suggest
that susceptibility to epileptic seizures induced by PTZ is higher in
acallosal mice.

GENETIC MODELS III
454.1

454.2

AN INDUCIBLE CELL MODEL FOR THE STUDY OF POLYGLUTAMINE
TOXICITY. A. R. V. McCampbell1*, D. E. Merry2, K. H. Fischbeck1.
'Neurogenetics Branch, NINDS, NIH Bethesda, MD 20892; 2Dept. of Neurology,
University of Pennsylvania, PA 19104.
Spinal and bulbar muscular atrophy (SBMA) is a member of the trinucleotide
repeat disease family that includes Huntington's disease and several of the
spinocerebellar ataxias. These diseases are genetically defined by expansion of a
repeated CAG codon within the coding region of the disease gene, leading to an
expanded polyglutamine tract in the protein. In SBMA, the number of CAG repeats
within the AR increases from 11-33 in normal individuals to 40-62 in affected
individuals. Currently the link between the expansion and the neurodegeneration is
not well understood. The generation of a reliable cell culture would be a useful tool
for understanding SBMA. Our attempts to generate such a model have used the
motor neuron-neuroblastoma hybrid line' MN-1. For a stable cell line to be
developed an inducible system is necessary, as the expanded repeat AR constructs
are toxic in transient transfections of MN-1 cells. Screens of MN-1 lines containing
the tet-off transactivator with transient transfections of a reporter plasmid identified
one line with approximately 2000-fold induction.
A secondary round of
transfection and selection was conducted using constructs derived from the Nterminus of the AR, containing the first 100 amino acids flanking a 65 glutamine
tract. Single clones were isolated and expression assayed by Western blot analysis.
21 of the 42 clones screened initially demonstrated inducible expression of AR;
however, within 6 weeks, all expressing cells were lost. The expressed protein size
varied between the clones, suggesting repeat length instability during the selection
process. Leaky expression of the toxic gene product is the most likely cause of
expression loss. Experiments to address expression loss and to identify clones
containing 16 and 112 repeats are underway. Supported by NINDS DIR.

THE DEVELOPMENT OF ABNORMAL EXPLORATORY
BEHAVIORS IN TWO LINES OF HUNTINGTON S DISEASE (HD)
TRANSGENIC MICE.
V.J. Bolivar*, K. Manley and A. Messer. Wadsworth Center, New
York State Department of Health, David Axelrod Institute, Albany,
NY, 12201-2002
Mice transgenic for exon 1 of an abnormal human HD gene
display HD-like intracelluar aggregates and thus provide an
excellent model system for studying this disease. Establishing the
onset of behavioral abnormalities will give researchers
investigating the mechanisms of neuropathology a time period in
which to expect early subtle changes. We have examined the
development of exploratory activity abnormalities in two lines of
HD transgenic mice (R6/2 display neurological symptoms starting
at 8-9 weeks of age and R6/1 at 18-21 weeks of age). Our
behavioral assay consists of 5-minute exposures to a dark open
field over three consecutive days. We have tested R6/2 mice from
3-12 weeks of age and R6/1 mice from 12-20 weeks of age (16
transgenics and 16 littermate controls for each age group and line
tested). Exploratory abnormalities are evident at 4 weeks of age
in the R6/2 line and at 12 weeks in the R6/1 line. We are currently
studying younger mice of the R6/1 line to determine exactly when
abnormalities appear. In conclusion, it appears that both early
and late onset lines display activity deficits in advance of the more
obvious HD-like symptoms.
(Supported by the Hereditary Disease Foundation)

454.3

454.4

INTERMEDIATE STAGE HETEROZYGOTE MICE WITH
EXPANDED CAG REPEATS DO NOT DISPLAY A LOSS OF
STRIATAL NEURONS. E.-Y. Chen1*, V. Charles2, P.H. Reddy2,
P.A, Tagle2, and J.H, Kordower1, ‘Dept. of Neurological Sciences,
Rush Presbyterian Med. Ctr., Chicago, IL 60612. 2Genetic and
Molecular Biology Branch, National Human Genome Research
Institute, National Institute of Health, Bethesda, Maryland 20892.
Huntington's disease (HD) is an autosomal dominant inherited
human neurodegenerative disorder resulting from a genetic defect at the
short arm of chromosome 4; specifically the IT15 gene locus. This
genetic aberration- creates selective neuronal vulnerability within the
caudate, putamen and select extra basal ganglia sites. Recently,
transgenic mice have been established that contain 16, 48, or 89
expanded CAG repeats. Mice with 48 or 89 CAG repeats demonstrate
progressive behavioral and motor deficits. Just prior to death, these
mice display striatal neuronal loss. In an attempt to better understand
the temporal pattern of neuronal loss in striatum, the present study used
an unbiased stereological procedure to estimate the total number of
NeuN-immunoreactive (ir) striatal neurons in mice with non-endstage
(intermediate) behavioral changes. Three groups of mice comprised
this study: Group 1: HD48 (n=7), HD89 (n=9), and wild-type (n=5)
mice. There were no significant changes in total number of NeuN-ir
striatal neurons in both HD48 mice (984,637+98,373), and HD89
mice
(986,037+71,558)
compared
to
wild
type
mice
(983,440+79,591). Tiiese data indicate that early behavioral changes
seen in HD mice are likely due to neuronal dysfunction rather than
neuronal loss. (Supported by: NS35078).

BEHAVIORAL ANALYSIS OF FULL-LENGTH (1-67 EXONS) AND
TRUNCATED (1-3 EXONS) TRANSGENIC MOUSE MODELS FOR
HUNTINGTON’S DISEASE. P.A, Tagle*. V. Charles. J, Ayoub. L,
Romantseva, and P.H, Reddy. NHGRI, NIH, Bethesda, MD 20892.
Huntington's Disease (HD) is an adult onset,
autosomal dominant disease,
characterized by hyperkinetic involuntary movements including motor
restlessness and chorea, and intellectual impairment. The underlying genetic
mutation is the expansion of polyglutamine repeats to 36-121 in exon 1 of the HD
gene. In order to model HD, we recently created transgenic mice using human
full-length and truncated (first three exons) cDNA with either 16, 48 or 89 CAGs
under CMV promoter transcriptional control. Only mice carrying either 48 or 89
repeat expansions manifested a progressive behavioral phenotype and selective
neuronal loss. Full-length transgenic animals heterozygote for the transgene
exhibited a progressive phenotypic behavior, including feet clasping at 8-10
weeks of age and hyperactivity (unidirectional circling, backflips and excessive
grooming) at 4-7 months of age. Hyperkinesia is immediately followed by a
period of decreased activity lasting for 1-2 months which eventually leads to
death. Transgenic animals with truncated version of htt cDNA also showed
similar feet clasping and hyperactive behavior but with a prolonged period of
hyperactivity. In addition, these animals rapidly transition from hyperactivity to
endstage. Quantitative measures, including rotarod, open-field and inverted
screen test, indicated an increase in both horizontal and vertical activities in
transgenic mice (at 4-15 months) compared to age-matched control animals.
Neuronal loss correlate with onset of hypoactivity in full-length htt mice but no
such changes were seen in truncated htt mice. This suggests that early behavioral
abnormalities are due to neuronal dysfunction caused by expanded polyglutamine
repeats. However, selective neuronal loss occurs in the context of holoprotein
with expanded CAG repeats.
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NEUROCHEMICAL AND MORPHOLOGICAL CHANGES IN
HUNTINGTON’S DISEASE TRANSGENIC MICE EXPRESSING
MUTATED FULL-LENGTH HUNTINGTIN PROTEIN. V.Charles’^P-H
Reddv1. W.O. Whetsell, Jr,2. J. Avoub1. and D.A. Tagle1.
1 NIH-NHGRI,
Bethesda, MD., 20892; 2Vanderbilt Univ., Nashville, TN, 37232.
Huntington’s Disease (HD) is caused by expansions of CAG repeats in the gene
that encodes the protein huntingtin. The genetic cause for HD is known,
however, much remains to be elucidated regarding the role of mutant huntingtin
in the early neurodegeneration of HD. Recently, our lab generated transgenic
mice expressing full length huntingtin protein with 48, and 89 expanded CAG
repeats, showing progressive phenotypic behavior and endstage neuronal loss and
gliosis in a pattern similar to human HD.
Using conventional
immunocytochemical methods, the present study sought to evaluate early (preendstage) neuronal and astrocytic changes in HD mice using antibodies for GAD,
ChAT, NeuN, and GFAP. Heterozygote mice examined for changes in GABAergic (GAD) and cholinergic (ChAT) neurons revealed atrophy of neurons in the
striatum, cerebral cortex, and hippocampus relative to wild type controls. These
changes were exhibited by a reduction of cell soma and processes of GAD-ir in
striatal projection neurons and hippocampal and cortical local projection neurons.
A decrease in immunoreactivity for the neuron-specific antigen, Neu-N was
exhibited in the hippocampus, cerebral cortex, and striatum without a
concomitant increase in GFAP, suggesting early neuronal compromise. Golgi
impregnation studies revealed changes in dendritic morphology of HD48 and 89
animals relative to wild type as evidenced by a thickening of proximal portions of
dendritic shafts in cortical neurons and striatal projection neurons. These data
suggest that mutant huntingtin may cause profound morphological and
neurochemical changes early in the HD disease process.

SEQUENCES FLANKING MUTANT POLYGLUTAMINE REPEAT MAY
PLAY A ROLE IN SELECTIVE NEURONAL LOSS.
P, H, Reddy’,*V, Charles1, J. Ayoub1, M, Williams1, G, Miller2, W.O,
Whetsell.Jr..3, and D, A, Tagle1. 1 NHGRI, 2 Veterinary Resources Program,
NIH,3 Vanderbilt University, Nashville, TN 37232.
Huntington disease (HD) is one of eight inherited and progressive neurological
disorders caused by an unstable polyglutamine repeat expansion. Despite
widespread expression of the proteins in each of these diseases, regional and
selective neuronal loss characterizes these disorders. In orcier to study the
neurobiological mechanisms involved in HD, we recently generated transgenic
mouse models using human full-length cDNA (1-3144 amino-acids) with either
16, 48 or 89 poly glutamine repeats (Reddy et al Nat. Genet. 20, 198-202, 1998)
which exhibits similar human HD. Further, to study the role of huntingtin (htt)
sequences flanking the polyglutamine tract, a truncated version of cDNA (first
three exons 5.6% of htt) transgenice were made on the same CAG repeat lengths
as in full-length transgenic mice. Like the full-length transgenic animals, mice
expressing truncated htt show progressive behavioral abnormalities consisting of
feet-clasping starting at 2 months of age and followed by a period of
hyperactivity beginning at 4 months. However, unlike the full-length transgenic
mice which becomes hypoactive and akinetic starting at 10 months of age,
truncated transgenic mice have prolonged period of hyperactivity and rapidly
transition from hyperactivity to endstage. Moreover, neuropathological analyses
by H&E-, GFAP-, and TUNEL-staining showed neuronal loss in full-length
models but not in the truncated htt mice. These results suggest that the sequences
flanking the polyglutamine repeats may be involved in cell-specific
neurodegeneration in HD and it is possible that these sequences can promote
abnormal protein interactions that is modulated by polyglutamine repeat length.

454.7

454.8

NEUROPATHOLOGICAL CHANGES IN THE STRIATUM AND
CEREBRAL CORTEX OF TRANSGENIC MICE EXPRESSING FULLLENGTH HUNTINGTON’S DISEASE cDNA. *W.O. Whetsell, Jr.1, V.
Charles2. P.H. Reddv2, D.A, Tagle2. ’Vanderbilt University, Nashville, TN,
37232; NIH / NHGRI Bethesda, MD, 20892.
Huntington’s disease (HD) is an adult-onset,
autosomal dominant
neurodegenerative disorder, characterized by abnormal motor activity, cognitive
impairment and selective neuronal loss and gliosis most marked in the striatum
and cerebral cortex. Transgenic mice expressing the full-length human HD c DNA
with either 16-, 48-, or 89- CAG repeats were recently developed showing a
similar pathophysiology to HD (Reddy et al, Nature Genetics 20: 1998). HD-48
and 89 transgenic mice exhibit a progressive behavioral phenotype consisting of a
hyperactive phase, hypoactive phase (slowing and paucity of motor behavior),
and an akinetic phase (end-stage). Previously we reported that akinetic end-stage
HD-48 and 89 mice show a significant neuronal loss in small/medium striatal
neurons (20-30%) and frontal cortical neurons (20-40%) relative to age-matched
wild-type control mice. The present study sought to investigate possible
morphological changes in behaviorally characterized hypoactive HD-48 and 89
transgenic mice using a modified Golgi impregnation method. A total of 14
animals; wt-control (n=4), HD48 (n=6) and HD89 (n=4) were phenotypically
characterized in measures of vertical I horizontal activities and hindlimb
weakness. HD48 and HD89 exhibited decreased motor activity in these measures
relative to wild-type control mice but were not yet akinetic. Subsequent Golgiimpregnation studies on hypoactive HD48 and HD89 mice demonstrated a
swelling of primary dendritic processes and a decrease in dendritic spines of
striatal and cerebral cortical neurons in mice relative to wild-type controls. These
data suggest that changes in dendritic morphology may disrupt normal neuronal
connectivity in basal ganglia circuitry resulting in motor impairment in HD
transgenic mice. (Supported in part by USPHS grant NS 28236 [WOW])

SUSCEPTIBILITY TO METABOLIC TOXIN-INDUCED
STRIATAL
DEGENERATION IS GENOTYPE-DEPENDENT IN INBRED MOUSE
STRAINS. P.E. Schauwecker*. Dept. of Cell and Neurobiology, Univ. of Southern
California, Los Angeles, CA 90033.
Previously, we had reported that Susceptibility to the neurotoxic effects of
excitotoxin administration is strain-dependent (Schauwecker and Steward, 1997).
Administration of mitochondrial toxins have been utilized as efficient striatal
neurotoxins in rodents and produce a toxic response similar to glutamate-like drugs.
However, it has been unclear whether strain-related gene products may play a similar
role in providing protection against drugs that produce mitochondrial impairment of
function. Thus, we have examined the effect of mouse strain on susceptibility to
mitochondrial injury following systemic administration of 3-nitropropionic acid (3NP), a metabolic toxin that produces both energy depletion and bilateral striatal
lesions, in two strains of mice that show differential vulnerability to excitotoxin
administration. 3-NP was administered systemically (50 mg/kg, i.p., b i d.) to 8
week- and 6 month-old male C57BL/6 and FVB/N mice for a duration of 5 or 7
days. Twenty-four hours following the last injection, striatal lesions were identified
by staining tissue for Nissl substance and a Fink-Heimer silver degeneration stain.
While FVB/N mice (susceptible) demonstrated bilateral atrophy in the dorsolateral
striatum consistently following 7 consecutive days of injections, C57BL/6 mice
displayed no evidence of cell loss or degeneration. Mice exhibiting 3-NP-induced
lesions also showed a pronounced astrogliosis in the penumbra and core of the
lesions, while no astrogliosis was observed in the striata of C57BL/6 mice. Straindependent alterations in cytochrome oxidase, a marker for mitochondrial energy
metabolism, were also observed. These results suggest that there are genetically
determined differences in energy metabolism in protected mice such that ATP stores
in mitochondria and within the cytoplasm are maintained. Supported by the Howard
Hughes Med. Inst. Res. Resources Grant and the James H. Zumberge Research
Fellowship.

454.9

454.10

SPECIES DIFFERENCES IN THE DEGREE OF ECTOPIC DENDRITOGENESIS
ON CORTICAL PYRAMIDAL NEURONS IN NEURONAL STORAGE
DISEASES. M. Zervas, and S.U. Walkley*. Department of Neuroscience, Rose F.
Kennedy Center, Albert Einstein College of Medicine, Bronx, NY 10461
A remarkable and unprecedented phenomenon known to occur in a variety of
human lysosomal storage diseases affecting brain is the re-initiation of dendritic
sprouting by cortical pyramidal neurons. Ectopic dendrites emerge from axon hillocks
or from enlargements of this region known as meganeurites. The new membrane
possesses spines and synapses and the altered synaptic connectivity is a likely cause
of cortical dysfunction, including mental retardation. We are investigating the role of
gangliosides in the induction of dendritic sprouting. Using the rapid Golgi method,
we have documented the presence of ectopic dendrites in feline, canine, and ovine
GM1 and GM2 gangliosidosis (GSD), feline Niemann-Pick disease (NP) types A and
C, feline and canine mucopolysaccharidosis (MPS) type I, and feline a-mannosidosis
(a-man). The ectopic dendrites appeared qualitatively similar to that observed in
human storage diseases, although the overall degree of sprouting was less robust.
Using ganglioside immunocytochemistry, we have recently correlated the growth of
ectopic dendrites, as well as dendritic sprouting in normal developing neurons, with
heightened intra-neuronal expression of GM2 ganglioside. We are now investigating
murine models of storage diseases for this phenomenon. Studies have been carried out
on knockout mouse models of GM1 and GM2 GSD and NP-A, and on spontaneous
murine models of NP-C, MPS III A and VII and guinea pig a-man. We find that
cortical neurons in rodent models exhibit ganglioside storage and swollen axon
hillocks, but consistently fail to generate the growth of new dendrites. These findings
suggest that there are significant differences in factors controlling dendritic plasticity
during the postnatal period in rodents vs. higher mammalian species. (We thank Drs.
A. d’Azzo, A. Crawley, J. Hopwood, P. Pentchev, R. Proia, E. Schuchman, P.
Stanley, and K. Suzuki for access to their models). Supported by the NIH and the Ara
Parseghian Medical Research Foundation.

GANGLIOSIDE KNOCKOUT MICE HAVE IMPAIRED MOTOR COORDINATION AND STARTLE AND INCREASED ANXIETY. M, P. McDonald1* ,
M. Gutshall2, H. Kawai3. R. L. Proia3. & J. N. Crawley2.
’Department of Pharmacology and Center for Molecular Neuroscience, Vanderbilt University, Nashville, TN; 2Section on Behavioral
Neuropharmacology, ETB, NIMH, NIH; 3Section on Biochemical Genetics, GBB, NIDDK, NIH, Bethesda, MD 20892.
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Gangliosides are sialic-acid containing glycolipids that are particularly abundant in neurons. Although gangliosides are believed
to participate in several important processes such as cell-to-cell
interaction and signal transduction, their precise roles are only
beginning to be clarified. To address this question, we created mice
null for N-acetylgalactosaminyltransferase (GalNAcT), the glycosyltransferase required for the synthesis of complex gangliosides.
To assess the functional consequences of ganglioside elimination i n
the whole animal, we tested mice on a battery of behavioral tasks.
Knockout mice exhibited deficits in balance and coordination, as
measured by the rotorod and wire hang tasks. In the open field,
knockout mice had normal locomotor activity but a severe deficit i n
rearing behavior, which may be related to problems with balance
and coordination. Startle response and sensorimotor gating were
significantly impaired in knockout mice, compared to wild-type
controls. The GalNAcT knockout mice also exhibited abnormalities
on the light-dark exploration test, suggestive of increased anxiety.
Possible mechanisms for these phenotypes will be explored.
Funded by the NIMH and NIDDK Intramural Research Programs.
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MICE LACKING COMPLEX GANGLIOSIDES EXHIBIT
MOTOR AND BEHAVIORAL DEFICITS. J, Sun1. S.

GANGLIOSIDE EXPRESSION IN CNS NEURONS IN VITRO FROM MICE
WITH NIEMANN-PICK DISEASE TYPE C. M, Gondte*, S.U. Walkley, and K.
Dobrenis. Department of Neuroscience, Rose F. Kennedy Center, Albert Einstein
College of Medicine; Bronx, NY 10461.
Niemann-Pick disease type C (NPC) is an autosomal recessive disorder that results
in neurological deficit due to die functional absence of the NPC1 protein. NPC is
most commonly described as a disorder of cholesterol homeostasis. However, like
many other lysosomal storage disorders (LSDs), cortical neurons of NPC patients and
animal models have also been found to contain high levels of ganglioside. We have
developed a culture system to study subcellular events in NPC as compared to other
LSDs and normal developing neurons. In this report, we present an in vitro study of
GM2 ganglioside expression in normal and NPC cortical neurons from embryonic
day 15 (El5) mice. To ensure that only pure populations of -/- or +/+ neuronal
cultures were established, we used a hibernation medium to individually store
dissected cortices or cerebelli prior to genotype determination. Using
immunofluorescence microscopy and electron microscopy, we analyzed GM2
ganglioside expression patterns in cortical cultures of up to seven weeks in vitro.
Our results indicate that at 6 days, ~60% of neurons in both -/- and +/+ groups were
positive for GM2. Over time, there were greater numbers of GM2 positive neurons in
NPC mutant cultures as compared to normal cultures which showed a progressive
absence of GM2 immunoreactivity. In addition, the robust accumulation of GM2 in
-/- cultures was observed primarily in perikarya of neurons, and far exceeded the
levels seen in normal cells at any point during this developmental study. These
results demonstrate that GM2 ganglioside accumulation is a major feature of NPC1
loss-of-function in cortical neurons. It will be important to determine the precise role
of NPC1 in ganglioside metabolism and trafficking through the use of this NPC in
vitro system. (Supported by a grant from the Ara Parseghian Medical Research
Foundation and by a UNCF/Merck Graduate Dissertation Fellowship.)

454.13

454.14

NEURONAL DEATH AND REACTIVE GLIAL CHANGES IN THE BRIIN OF
THE NIEMANN-PICK DISEASE TYPEC MOUSE. Y- P Wu, A Kubota and
K Suzuki*. Dept. Path & Lab Med, University of North Carolina at Chapel Hill NC
27599-7525
Niemann-Pick disease type C (NP-C) is an autosomal recessive neurovisceral lipid
storage disorder caused by a unique error on cellular trafficking of exogenous
cholesterol. As the result, low-density lipoprotein derived cholesterol accumulate in
macrophages that show strong fluorescence under UV light with filipin stain. Strong
filipin fluorescence is also detected in the storage neurons in the NP-C brain. Despite
marked neuronal storage, the brain of the NP-C patients as well as NP-C mouse show
various degree of atrophy. Furthermore, loss of cerebellar Purkinje cells is
conspicuous neuropathological features in both. These findings strongly suggest
progressive neuronal degeneration, possibly resulting from programmed cell death, in
the brain of NP-C. We investigated spaciotemporal pattern of neuronal degeneration
using TdT labeling method (ApopTag peroxidase and Fluorescein kits) for
identification of apoptotic cells, and associated reactive glial changes in NP-C mouse
brain. Individual glial cells were identified by immunofluoresence or
immunocytochemistry with antibodies, Mac-1, GFAP or Pi from glutathione-S
transverse (pi-GST). Apoptotic Purkinje cells were detected in the cerebellar vermis
as early as 30 days of age prior to the development of neurological symptoms. The
numbers of apoptotic cells increased gradually with age and recognized in the frontoparietal cortex, corpus callosum, internal capsule, and thalamus in addition to the
cerebellum. All apoptotic cells are positive with filipin fluorescence. In the areas
where many apoptotic cells were identified, microglia and astrocytes with intense
immunoreactivity with Mac-1 or GFAP were detected. Some apoptotic cells were
immunoreactive with Mac-1 suggesting glial cell as well as neurons undergo
apoptotic cell death. (Supported in part by USPHS grants NS 24453 and HD-03110).

STUDIES OF THE NMDA RECEPTOR AND PROTEIN KINASE C
SUBTYPES IN MU OPIOID RECEPTOR KNOCKOUT MICE.
S. Tanaka, L.W, Fan. T, Ma, C.-G, Jang, Y, Park, J.A. Love* and I.K. Ho.
Dept. of Pharmacology and Toxicology, Univ. of Mississippi Med. Ctr.,
Jackson, MS 39216-4505.
Evidence accumulated suggests that the NMDA receptor plays a role in
opioid analgesia, tolerance and dependence. Genetic approaches are
available to delineate the contribution of other neurotransmitter receptors in
opioid function in vivo. The absence of the mu opioid receptor may produce
changes in the expression of other opioid receptor types or NMDA receptors.
It may also cause changes in signal transductions.
The mu opioid receptor knockout and wild type mice were used for the
study. The mu opioid knockout mice were verified by the absence of
[3H]DAMGO binding. In this study, we examined whether the amount of
NMDA receptor subunits (NR2A and 2B) and Ca2+ dependent protein kinase
(PKC) isozymes (a, P, y) would be changed in mu knockout mice using
western blotting method. The results obtained reveal that there \yere no
differences in expression of NMDA receptors or PKC isozymes between the
mu opioid knockout and wild type mice. These results indicate that basal
level of NMDA receptor and PKC are not different between the mu opioid
receptor knockout mice and the wild type.

Chiavegatto2,3. S.E. Fromholt1. R.J. Nelson2,4, and R.L. Schnaar1,4*. Depts.
of1Pharmacology, 2Psychology, 3Neurology and 4Neuroscience, The Johns
Hopkins Sch. ofMed., Baltimore, MD 21205
Gangliosides, sialic acid-containing glycosphingolipids, are abundant in
the mammalian nervous system. Although they have been proposed to play
key roles in the nervous system, their physiological functions remain poorly
defined. Mice which express only simple gangliosides (GM3/GD3) were
generated by disrupting the gene for GM2/GD2 synthase, a key enzyme in
complex ganglioside biosynthesis. In prior studies, we reported that these
mice develop Wallerian degeneration and myelination defects at 12-16 wks
of age [Sheikh, K.A., et al. (1999) Proc. Natl. Acad Sci. USA in press]. We
now report that GM2/GD2 synthase knockout mice display marked and
significant motor deficits at 7-9 months of age, including loss of hindlimb
reflex extension, which may indicate motor neuron degeneration. Balance is
also impaired as measured by deficits in rotarod (motor coordination) and
balance beam performance. These mice also exhibit abnormalities in
walking patterns, including reductions in their base of support and stride
length, and increased hindpaw print length. Compared to controls, knockout
animals tend to walk in small labored movements. Based on the motor
deficits and increased Wallerian degeneration and dysmyelination in these
animals, we conclude that complex gangliosides are involved in
physiologically important aspects of axon and myelin maintenance. Supp.
by grants from FAPESP (Brazil), the Nat. Multiple Sclerosis Soc., National
Science Foundation, and National Institutes of Health.

NEUROPEPTIDES AND BEHAVIOR: FEEDING AND OTHER
455.1

455.2

CHRONIC INTRACEREBROVENTRICULAR ADMINISTRATION OF
RECOMBINANT CART(42-89) PEPTIDE INHIBITS FOOD INTAKE AND
CAUSES WEIGHT LOSS IN LEAN AND OBESE ZUCKER RATS
♦Philip J. Larsen1,2. Niels Vrang1, Poul Christian Petersen3 and Peter Kristensen4
’institute of Medical Anatomy, University of Copenhagen, Blegdamsvej 3, 2200
Copenhagen, Denmark. Departments of 2Neuroendocrine Pharmacology, ’Diabetes
Statistics and ^Histology, Novo Nordisk A/S, Copenhagen, Denmark

NPY AND CRF INTERACTION IN FEEDING AND ACTH REGULATION:
DISSOCIATION OF RECEPTOR SUBTYPES. Y. Lee*. K.L. McNicholas. and D.W.
Gallaeer. Dept of Pharmacology, Neurogen Corporation, Branford, CT 06405.
Central administration ol neuropeptide Y (NPY) induces feeding in a wide range
of vertebrates, and increases adrenocorticotropin (ACTH). Previous work from our
laboratory showed that NPY-induced ACTH release appears to be mediated by Yl-like
receptors. We also reported that Astressin, a corticotropin releasing factor (CRF)
antagonist, almost completely blocked NPY-induced ACTH release, suggesting that
NPY activates the CRF system to release ACTH. With respect to feeding behavior,
however, CRF has been reported to play an opposite role to NPY. In the present
studies, we measured plasma insulin and ACTH in the same animals and examined the
interaction between NPY and CRF in these measures.
In healthy, non-food deprived rats, icv injection of NPY increased both plasma
insulin and ACTH levels in a dose-dependent manner. Increased insulin level, but not
ACTH, was contingent upon free access to food and water, suggesting that it might be
a consequence of NPY-induced feeding. In contrast to NPY, icv injection of CRF
increased ACTH without affecting insulin levels. Pretreatment with Astressin completely blocked NPY-induced ACTH, whereas the antagonist further increased insulin
levels in the same animals. Pretreatment with CRF did not change NPY-induced ACTH
release, while it completely blocked NPY effects on plasma insulin. Taken together,
these data demonstrate that the orexigenic effect of NPY can be clearly dissociated
from NPY effects on ACTH modulation in the same animals. Furthermore, NPY positively interacts with the CRF system to modulate ACTH, but works antagonistically in
feeding, suggesting dissociation of circuitry involving these two peptides in these
measures. Subsequent studies with NPY analogs showed that NPY, LeuProNPY or
DTrpNPY significantly increased plasma insulin levels, but only NPY and LeuProNPY
were effective in increasing ACTH. NPY03-36) was ineffective in both measures.
Based on these data, we hypothesize that Yl-like receptors are critical for both NPYinduced feeding and ACTH modulation, while Y5 receptors appears to be
involved in NPY-induced feeding only.

Hypothalamic neuropeptide CART (cocaine-amphetamine-regulated-transcript) is a
leptin dependent endogenous satiety factor in the rat, and single central injections of
recombinant CART(42-89) lowers food intake in rats and mice. In the present study
we have examined the effect of continuous infiision of recombinant CART(42-89)
(12.5 pg/day or 4.8 pg/day) delivered via osmotic minipumps to the lateral ventricle
of adult male rats for 10 or 7 days respectively. The effect of CART42-89 was studied
in both lean (+/?) and obese Zucker (fa/fa) rats. Animals receiving the high doses
displayed overt motor disturbances while the low dose was devoid of such
behavioural side effects. Both doses significantly lowered food intake with maximal
effect on days 3-5 of the infusion period and dramatic accompanying effects on body
weight was seen in both lean and obese animals receiving the high dose. Thus, body
weight of lean animals treated with 12.5 pg/day dropped to approximately 85% of
start level at days 3-5 whilst weight of obese Zucker rats dropped to approximately
95% of the initial weight. In animals receiving 4.8 pg/day moderate effects on body
weight were seen between day 4 -6 of the treatment period, but soon after termination
of the treatment period animals regained lost weight. Effect of subchronic CART(4289) treatment on plasma glucose and lipids and a number of endocrine parameters is
also presented.
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455.4

EFFECTS OF CORTICOTROPIN-RELEASING FACTOR (CRF) AND THE CRF
BINDING-PROTEIN LIGAND INHIBITOR, CRF(6-33), ON ACUTE FOOD
INTAKE AND BODY TEMPERATURE IN RODENTS. S.C. Heinrichs1 ’2-*, D.L.
Li. J. Katner and S. Iyengar. Lilly Research Laboratories, Lilly Corporate Center,
Indianapolis, IN 46285, ^eurocrine Bioscienees, Inc., San Diego, CA 92121,
2Current Address: Dept. Psychology, Boston College, Chestnut Hili, MA 02467.
Corticotropin-releasing factor (CRF) receptor agonist and CRF binding-protein
(CRF-BP) ligand inhibitor peptides have similar, stress-like actions in animal models
of arousal but produce differing effects on measures of cardiovascular tone or
emotionality. The present studies were designed to extend the dissimilar efficacy
profiles of a CRF agonist, r/h CRF(1-41), versus a CRF-BP ligand inhibitor, r/h

FOS EXPRESSION INDUCED BY LITHIUM CHLORIDE IS
REDUCED IN GLUCAGON-LIKE-PEPTIDE-1 RECEPTOR
KNOCKOUT MICE. J.L, Lachey3, C.D, Foradori3, M. M, Hagan3*. L.A.
Scrocchi1. P.J. Drucker1, P.A. D’Alessio2. R.J, Seeley3. !Dept. of
Medicine, Univ. of Toronto; 2Dept. of Medicine, Univ. of Washington;
3Dept. of Psychiatry, Univ. of Cincinnati, Cincinnati, OH 45267.
LiCl, in humans, causes nausea and vomiting. In the rat, it causes a
spectrum of symptoms that indicate visceral illness. Central
administration of glucagon-like-peptide-1 (GLP-1) produces some effects
similar to peripheral administration of lithium chloride (LiCl). In order to

CRF(6-33), into mouse and rat models of energy balance and anxiety in order to
establish a between species, multiple paradigm profile of in vivo efficacy for these

CRF system ligands. In normal CD-I mice, food intake was significantly attenuated
3 h after acute administration of low doses of r/h CRF(1-41) [6.9-230 pmoles,
i.c.v.], but not r/h CRF(6-33). In obese Ob/Ob mice, both r/h CRF(l-4l) [6.9 -230
pmoles, i.c.v.] and r/h CRF(6-33) [23-2300 pmoles, i.c.v.] significantly attenuated
basal feeding, 3 and 6 h after acute peptide administration. In rats, r/h CRF(1-41)
[1,050-4,200 pmoles i.c.v.] and r/h CRF(6-33) [1,510-37,750 pmoles i.c.v.]
infusion significantly increased rectal temperature. In normal CD-I mice, low doses
of r/h CRF(1-41) [6.9-69 pmoles i.c.v.J, but not r/h CRF(6-33), significantly
decreased open arm visitation in the elevated plus maze. Similarly in rats, r/h
CRF(1-41) [210-5,250 pmoles i.c.v.], but not r/h CRF(6-33), significantly decreased
percent time spent on open arms of the plus maze. These results suggest that
anorexic and thermogenic effects of CRF receptor agonist administration in mice and
rats are coincident with potent and non-specific anxiogenesis. In contrast, CRF
binding protein inhibitor administration appears to suppress food intake in a mouse
strain selective manner and to produce thermogenesis in rats without accompanying
anxiogenic-like effects.
Supported in part by grant DK 51983 to SCH.
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explore the hypothesis that the central GLP-1 pathway mediates the

effects of LiCl, we are using mice with a targeted disruption of the only
identified GLP-1 receptor gene (GLP-1R -/-). In this experiment, mice
were administered 2% of the body weight of either isotonic saline or LiCl.
After two hours, the mice were perfused, and their brains processed for
Fos immunoreactivity in the nucleus of the solitary tract (NTS). In wildtype mice, peripheral administration of LiCl increased Fos expression in
the NTS by 700% compared to saline-treated mice. In GLP-1 R -/- mice,
however, LiCl failed to produce significant increases in Fos
immunoreactivity. These results are consistent with the hypothesis that
GLP-1 receptors mediate effects of LiCl to alter neuronal activity in the
NTS. This grant is supported by NIH grant # RO1 DK54890 to R.J.S.

455.5

455.6

LOCAL, IN VIVO, REGULATION OF HYPOTHALAMIC
INSULIN CONCENTRATION K. Gerozissis*, C. Rouch, and
M. Orosco, CNRS ESA 7059, Universite Paris 7, Paris, France

Natural peripheral signals, including balanced or exclusively
carbohydrate meals, increase serotonin (5-HT) and insulin
levels
specifically in the hypothalamus (Orosco et al, Brain Res. 1995, Gerozissis
et al, Physiol. Behav. 1998, Rouch et al, Physiol. Behav. 1999).
In the present study, using the microdialysis technique in male adult
Wistar rats bearing a jugulo-cardiac catheter, we investigated the effects of
locally injected substances by reverse dialysis, on the extracellular
hypothalamic insulin (HI) levels. Insulin was measured by RIA and 5-HT
by electrochemical detection, after HPLC separation.
1) An 8 or 16 mM glucose concentration increased by 3 to 7 times HI
levels in the first 15 min microdialysis sample obtained during glucose
infusion. Neither glycemia nor insulinemia were affected by glucose
administration, suggesting a local regulation of HI.
2) Administration of 80 pM dexfenfluramine that increased
hypothalamic 5-HT by 10 to 20 times, induced a four times HI increase.
The above data suggest a local activation by 5-HT of the mechanism(s)
resulting in an increase of HI in the extracellular fluid and a further
interaction of 5-HT and HI, both involved in general satiety and specific
nutrient intake.
In conclusion, the present study demonstrates a local regulation of HI
concentration that seems to be largely independent of pancreatic insulin
regulation. We can speculate that peripheral stimuli, meals in particular,
may modify extracellular HI levels, at least partly via local molecular
factors. Modification of the amounts of glucose and/or 5-HT reaching the
PVN-VMH area, could transduce those peripheral messages.

ELECTROPHYSIOLOGICAL ACTIONS OF ANGIOTENSIN TYPE-1 RECEPTOR
SPECIFIC NON-PEPTIDE ANTAGONISTS; POSSIBLE IMPLICATIONS IN
SODIUM APPETITE. S.N. Thornton*. H. Deixler. F.P, Martial. F. Lienard and S.
Nicolai'dis. I.E.S.G.C.A., CNRS UPR 9054, 15 rue H. Picardet, 21000 Dijon, France.
The AT-1 receptor mediates the effects of central administration of angiotensin II
(Angll) ie. thirst, sodium appetite and blood pressure responses. Both long and short
term inhibition by endogenous Angll has also been demonstrated in our
electrophysiological experiments using iontophoretic application of the Angll type-1
(AT-1) receptor specific non-peptide antagonist losartan in the forebrain of urethane
anaesthetised rats. DOCA pre-treatment enhanced neuronal sensitivity to Angll due to
an increase in the number and/or affinity of Angll receptors, and also to removal of the
long-term inhibition. In addition, DOCA pre-treatment increased the number of
neurons responding to losartan with short-term excitation (Angll-induced inhibition).
We have compared these responses with those to another Angll type-1 receptor
specific antagonist Irbesartan in the preoptic/medial septum region using a 7 barrelled
micro-iontophoretic electrode sealed to a recording electrode in urethane
anaesthetised, DOCA pre-treated and non-pretreated male Wistar rats.
At the same mole for mole ration irbesartan (Irb) does not have the same action as
losartan. In control rats, 93 neurons were tested for responses to Angll and Irb. Of
these, 28 responded to both Angll and Irb, and in 9 local application of Angll did not
produce excitation until after application of Irb. Furthermore, in 8 neurons where
Angll produced no response or inhibition, subsequent application of Irb produced
substantial excitation. Following DOCA pre-treatment the number of these complex
interactions is reduced and Irb is able to inhibit the action of locally applied Angll.
These results could be interpreted as evidence for a complex of Angll type-1 (and
perhaps AT-2) receptors with variable properties and it is the interaction of Angll on
different (sub)types of these receptors, and the modulation by DOCA, that could be
responsible for synergy-induced sodium appetite in conscious behaving rats.
(Support: MH 43787 and Evian)

455.7

455.8

ACTIVATION OF THE PARAVENTRICULAR NUCLEUS OF THE
HYPOTHALAMUS
BY
NEUROPEPTIDE-Y
POTENTIATES
ETHANOL CONSUMPTION IN THE RAT. C. W, Hodge* & S.P, Kelley.
Department of Neurology & Ernest Gallo Clinic and Research Center,
University of California, San Francisco, San Francisco CA 94110.
The Paraventricular nucleus (PVN) of the hypothalamus is known to
modulate the consumatory aspects of feeding, drinking and ethanol selfadministration. Neuropeptide-Y (NPY), which is released endogenously by
neurons projecting to the PVN, increases food consumption when
administered locally in the PVN. The purpose of this study was to
determine if administration of NPY directly in the PVN potentiates ethanol
self-administration in a manner analogous to the NPY-mediated effects
reported in other studies. Rats (N=12) were trained to self-administer
ethanol via a sucrose fading procedure during daily sessions. Guide
cannulae aimed at the PVN were then implanted and micro-injections of
NPY (100 pmol & 200 pmol) were administered in a randomized order,
including sham injections. Both doses of NPY significantly increased
ethanol consumption (g/kg) as compared to sham injections. There was no
significant NPY effect on water consumption. Additionally, NPY increased
ethanol preference in a dose-dependent manner with ethanol preference
being greatest at highest NPY dose (200 pmol). These results suggest that
NPY activation of the PVN modulates ethanol consumption and may
further expand the role of the hypothalamic nuclei in drug seeking
behavior.

NEUROPEPTIDE Y (NPY) PRODUCES A MODEST INCREASE IN
ETHANOL INTAKE IN RATS. M.F. Callahan*, K.Anstrom, A.Azarov, DJ.
Woodward. Department of Physiology/Pharmacology, Wake Forest
University/Baptist Medical Center, Winston Salem NC USA 27157-1083.
NPY is a potent orexogenic peptide which may play a role in ethanol intake.
Ethanol preferring rats have significant lower levels of immunoreactive NPY
in brain tissue. Recently, it was shown that mice lacking the NPY gene display
increased ethanol intake. The current study was undertaken to more directly
test the effects of centrally administered NPY on operantly controlled ethanol
intake. Fifteen male Long- Evans rats were trained to drink 10% ethanol by
the Samson sucrose fading technique. The operant task (nose poke) alternated
between delivery of 100 pi of either 10% EtOH or water, for 5 and 1.5 minutes
respectively. Once stable baseline intakes were established, rats were
implanted with a stainless steel cannulae directed at a lateral cerebral ventricle.
On test days, the rats received an injection (5 pi) of either 10 pg porcine NPY,
100 ng Angiotensinll or 0.9%saline i.c.v. NPY produced a modest increase in
ethanol reinforced responding from 17±3 to 25±4 nosepokes. Water reinforced
responding increased from 4±1 to 6±1 nosepokes. In contrast, the dipsogen
Angiotensin II caused a pronounced increase in both ethanol and water
reinforced responding, 20±4 to 66±7 responses and 4±1 to 11±1 responses
respectively.
The modest increase in EtOH intake in the current study contrasts with other
research suggesting that NPY inhibits ethanol intake. This modest increase
may be related to competing actions of NPY as a potent appetite stimulant
and anxiolytic agent [Supported by AA 10980 and DA 2338 to DJW]

Supported by a grant from the National Institute on Alcohol Abuse and
Alcoholism (AA11854) and by funds from the State of California for
Alcohol and Addiction Research to CWH.
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ROLE OF SATIETY IN LIMITING GALANIN-STIMULATED FOODINTAKE. N.B. Ramsey* and L.T. Meltzer. Parke-Davis Pharmaceutical Res.
Div., Warner-Lambert Co., Ann Arbor, MI 48105
It is unclear why the increased food consumption induced by ICV galanin (Gal),
has a relatively short duration, typically less than 1 h. Hypotheses such as rapid
peptide degradation, receptor desensitization or intraneuronal sequestration have
been proposed to account for the relatively short duration of increased food
intake. In an attempt to establish which of these or other mechanisms may limit
the duration of Gal stimulated food intake we established a two injection
paradigm, in which rats were injected with either ICV saline or ICV Gal (3 nmol)
and 1 hr later, received a second injection of ICV Gal (3 nmol). In some
experiments, food was available after both injections, while in some experiments
food was available only after the second injection. When food was available after
both injections, rats injected with Gal-Gal, ate significantly less after the second
Gal injection, compared to rats injected with Sal-Gal, suggesting that peptide
metabolism was not involved in the short duration and that receptor mediated
changes might be involved. However, when rats were not offered food after the
first Gal injection, the 2nd Gal injection induced the normal amount of galaninstimuated feeding. These data indicate that satiety factors may play a role in
limiting tlie duration of Gal-stimulated food intake. Supported by WarnerLambert Co.

EFFECTS OF LEPTIN AND OREXIN-A ON THE NEURONAL ACTIVITY
OF THE ARCUATE NUCLEUS (ARC) IN RATS.
K. Sasaki1-, *N. Kawahara? M. Ishibashi? L.-M. Kow1, T. Shiraishi-, K.
MuramotoT and Y. Oomura? 'Fac. Eng., Toyama Univ., Toyama 930-8555,
2Fac. Med., Tokai Univ., Kanagawa 259-1100, 3Fac. Eng., Kanazawa Univ.,
Ishikawa 920-8667 and 4Fac. Med., Kyushu Univ., Fukuoka 812-0054, Japan.
Leptin and orexin-A have been suggested to be involved in the regulation
of feeding behavior through their actions on the ARC. Hence, effects of
these two peptides on the neuronal activity of the ARC in rat brain slice
preparation were examined. Bath application of 10" M leptin to 45
neurons recorded in medial ARC (mARC) inhibited 17 (37.8%), excited 3
(6.7%) and did not affect 25 (55.5%), whereas 10’10 M leptin administered to
30 mARC neurons inhibited 22 (73.3%), excited 2 (6.7%) and did not affect 6
(20.0%). Neurons in lateral ARC (1ARC) were less responsive to leptin.
Application of 10" M leptin to 20 1ARC neurons inhibited and excited only
2 (10.0%) each, and did not affect the remaining majority (80.0%), and that
of 1040 M leptin to 33 1ARC neurons inhibited 5 (15.2%), excited 3 (9.1%)
and did not affect 25 (75.8%). In contrast to leptin, orexin-A appeared to be
excitatory. Of the 20 mARC neurons tested with 10’" M orexin-A, 3 (15.0%)
were excited and 17 (85.0%) were not affected. The effect was dose
dependent: orexin-A at 10"'° M excited 31.3% of the 16 units tested and had
no effect on the remaining 11 (68.8%) units. These results suggest that
leptin may regulate feeding with a predominantly inhibitory action
exerting mainly on mARC, whereas orexin-A's regulatory action appears to
be excitatory.
(Supported in part by the Japanese Ministry of Education, Science, Sports
and Culture via grants-in-Aid for Scientific Research, grant no. 09470015.)

455.11

455.12

MODULATION OF SYNAPTIC ACTIVITY BY HYPOCRETIN (OREXIN) IN
THE RAT DORSAL VAGAL COMPLEX IN VITRO. B.N, Smith1* and A.N,
van den Pol2, 1Dept. Anatomy and Neurobiology, Colorado State Univ.,
Fort Collins, CO 80523 and 2Dept. Neurosurgery, Yale Univ. School of
Medicine, New Haven, CT 06520.
Neural circuits in the caudal nucleus tractus solitarius (NTS) and dorsal
motor nucleus of the vagus nerve (DMNX) are likely to participate in
regulation of autonomic functions, including those related to energy
homeostasis. Hypocretin (orexin) is a hypothalamic neuropeptide that has
been associated with increased feeding in rats. We tested the hypothesis
that hypocretin modulates synaptic interactions in vagal complex areas
usually associated with
gastrointestinal
regulation.
Hypocretinimmunoreactive fibers were observed throughout the caudal NTS, including
the medial and dorsomedial areas of the nucleus. A relatively lower density
of fibers was found in the DMNX. Whole-cell patch-clamp recordings were
made in transverse brainstem slices (400 pm) from mature rats to examine
the effects of hypocretin on synaptic activity in the caudal NTS and DMNX.
Bath-applied hypocretin (1pM) increased the amplitude of EPSCs evoked
by electrical stimulation of the tractus solitarius. In the presence of TTX (2
pM) to block action potential-dependent synaptic transmission, hypocretin
reversibly increased the frequency of spontaneous miniature EPSCs in
NTS neurons. In addition, the frequency of miniature IPSCs was increased
up to five-fold in DMNX neurons. These data suggest that hypocretin can
alter fast synaptic transmission in the dorsal vagal complex. The synaptic
modulation may involve activation of presynaptic receptors and occurs in a
manner consistent with hypocretin’s putative involvement in energy
homeostasis. This work supported by NIH grant NS-31573 and NSF.

HYPOTHALAMIC HYPOCRETIN (OREXIN) PROJECTIONS TO BRAINSTEM
TARGET THE DORSAL VAGAL COMPLEX (DVC). M.K, Jarvinen*, A.M. Rovce,
A.N, van den Pol1, and T.L Powtev. Purdue U., W. Lafayette, IN 47907; 1t)ept.
Neurosurgery, Yale U., New Haven, CT 06520.
In an examination of hypothalamic hypocretin (hcrt) projections to the medulla, 16
rats were perfused (0.9% saline, 4% paraformaldehyde), and frozen coronal
brainstem sections (56 p) were collected and processed immunohistochemically for
hcrt peptide expression as reported previously (de Lecea et al., 1998). At four
standard levels throughout the brainstem, the lengths, branching patterns, and
numbers of ali hcrt-positive fibers were digitized (Eutectics). Separate measures
were made for discrete regions (e.g., n. of the solitary tract, dorsal motor n., area
postrema, spinal trigeminal n., vestibular n., dorsal column nuclei, hypoglossal n.,
reticular formation). Additionally, hcrt immunohistochemistry was combined with
tract tracing, with dextran tetramethylrhodamine injected into the vagus nerve (to
label DVC and examine hcrt targets more precisely) or into the DVC (to demonstrate
hcrt fibers in the DVC originated in the hypothalamus and to evaluate possible
reciprocal connections between hcrt neurons and the DVC). Of the areas quantified,
the n. of the solitary tract and the dorsal motor n. had the highest densities of hcrt
fibers: With number of labeled fibers in the reticular formation as an index, hcrt
projections varied from 3X baseline at the rostral pole of the DVC to 8X baseline
caudal to the obex. Dextran labeling verified (double labeled somata) that
hypothalamic hcrt neurons were the source of the DVC projection and indicated that
the n. of the solitary tract projected reciprocally to the hypothalamic hcrt-positive ceil
field. The present observations (in conjunction with the earlier analysis of the spinal
projections of hcrt fibers, van den Pol, 1999) suggest that hypothalamic hcrt neurons
provide exceptionally strong projections to, and receive inputs from, CNS autonomic
circuits, in the case of the vagal complex, the hcrt projections presumably modulate
visceral-autonomic reflexes, both by gating 1st- and 2nd-order afferent activity and
by providing direct pre- and/or post-synaptic inputs to the motor neurons constituting
parasympathetic outflow.
NIH DK27627, NIMH MH01023, and NS315731

455.13

455.14

ASSOCIATIVE CONDITIONING OF ENKEPHALIN mRNA LEVELS IN NEURONS
OF THE CENTRAL AMYGDALAR NUCLEUS. G.D, Petrovich*. A.P, Scicli. R.F.
Thompson and L.W. Swanson. NIBS Program, USC, Los Angeles, CA 90089-2520
The goal of this experiment was to examine plasticity in peptide mRNA levels,
specifically corticotropin releasing hormone (CRH) and enkephalin (ENK), associated
with conditioned fear to context. CRH expressed in non-neuroendocrine neurons has been
implicated in behavioral responses to stress, fear and anxiety, whereas ENK is an opioid
peptide involved in pain perception, analgesia, and other functions. Twenty-four adult
male Sprague-Dawley rats were randomly assigned to one of three groups; experimental
(A) and two control (B, C). Animals in the experimental group were trained in a
contextual chamber for two days. Each day three 1mA footshocks were delivered through
the grid floor in one training session. Rats were left undisturbed in a colony on the third
day and were brought back to the experimental chamber on the fourth day, for behavioral
testing, when no footshocks were delivered. Freezing was used as a behavioral measure
for the expression of conditioned fear. After testing rats were perfused and the brains
collected and pretreated for anatomical procedures. Control group B followed the same
protocol as the experimental group, except that animals received no footshocks. In
contrast, control group C was treated exactly as the experimental group, including the
footshocks, except the animals were not taken to the experimental chamber for testing
but instead they were perfused at the time of testing. Peptide mRNA was detected using
in situ hybridization. Interestingly, no differences in CRH mRNA levels were detected in
the central amygdalar nucleus in the three groups. In contrast, ENK mRNA levels were
significantly (ANOVA, post hoc test) increased in the lateral and capsular parts of the
central amygdalar nucleus in the experimental group as compared to either of the two
control groups. No significant difference was found between the two control groups. The
ENK mRNA increase in the experimental animals appears to be region specific because
we did not find a significant change in the medial part of the central amygdalar nucleus,
or in the ventromedial hypothalamic nucleus.
Our result suggest that ENK is associated with contextual conditioned fopr, although
underlying mechanisms remain to be determined. Supported by NIH grant NS-16686 to
L.W.S. and NIH AG05142 and Sankyo grants to R.F.T.

NEUROCHEMICAL EFFECTS OF OLFACTORY BULBECTOMIES
IN THE RAT PIRIFORM CORTEX AND OLFACTORY
TUBERCLES.
S.D. Primeaux* and P.V. Holmes.
Dept. of
Psychology, Univ. of Georgia; Athens, GA 30602-3013.
Bilateral olfactory bulbectomy (OBX) in rats produces a well
characterized syndrome of behavioral, physiological, and
neurochemical changes identical to those seen in depression that is
reversed by chronic antidepressant administration. Previous
experiments using in situ hybridization histochemistry have
demonstrated that OBX increases prepro-neuropeptide-Y and
prepro-enkephalin mRNA levels in limbic structures. The present
experiments further examined the nature and anatomy of
neuropeptide alterations following OBX.
Neuropeptide Y-like
immunoreactivity was measured by radioimmunoassay in
bulbectomized rats and sham-operated controls. Neuropeptide Ylike immunoreactivity was significantly elevated in the piriform
cortex following OBX. The effects of OBX on prepro-enkephalin
mRNA in the piriform cortex were examined by in situ
hybridization. Prepro-enkephalin mRNA levels were significantly
increased in the piriform cortex of bulbectomized rats as compared
to controls. These data reveal that OBX-induced increases in
neuropeptide-Y like immunoreactivity occur concomitantly with
increases in prepro-neuropeptide-Y mRNA. The effect of OBX on
other markers of neuropeptide transmission are underway.
Supported by NIMH grant #MH59317-01 to P.V.H.
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CHANGES IN IMMUNOREACTIVITY FOR AVP, CRH, NOS AND GFAP
IN THE MURINE BRAIN AFTER TUMOR NECROSIS FACTOR-a
TREATMENT. S, Hayley1,W.A, Staines*2. Z, Merali 2,3 and H, Anisman1,
Institute of Neuroscience , Carleton University1, Department of Cellular and
Molecular Medicine2 and School of Psychology3, University of Ottawa,
Ottawa, Ontario, Canada
We previously demonstrated that the cytokine, TNF-a, provokes a timedependent sensitization of neuroendocrine and neurochemical processes. It
was of interest to determine if a single TNF-a injection has protracted effects
on immunoreactivity for the hypothalamo-pituitary-adrenal (HPA) axis
modulating neuropeptides, arginine vasopressin (AVP) and corticotropin
releasing hormone (CRH), as well as nitric oxide synthase (NOS). Following
injection of recombinant human (4.0 pg) CD-I mice were reexposed to either
1.0 pg of TNF-a or vehicle 1, 7, 14 or 28 days later. Immunoreactivity for
AVP and CRH, and their colocalization, within cell terminals of the external
zone of the median eminence (ZEME) varied with the passage of time after
the initial TNF-a treatment. In the central amygdala, CRH-ir increased upon
reexposure to TNF-a. Within the dorsal hippocampus and dentate gyrus, the
number of cells displaying NOS-ir was elevated after acute treatment with
TNF-a. Glial fibrillary acid protein (GFAP)-immunoreactivity was not visibly
altered by the TNF-a treatments in any of the brain regions investigated.
These data suggest that some of the sensitization effects previously
demonstrated for TNF-a may stem from variations in the HPA regulating
neurochemicals AVP, CRH and NOS, which may subserve specific timedependent actions of TNF-a.
Supported by NSERC and MRC of Canada

IMPROVEMENT BY LOW DOSES OF NOCICEPTIN / ORPHANIN FQ ON SCOPOLAMINE-INDUCED IMPAIRMENT
OF LEARNING AND/OR MEMORY IN MICE. M. Hiramatsu*
and K. Inoue. Dept. of Chem. Pharmacol., Meijo Univ., Nagoya 4688503, Japan.
When administered intracerebroventricularly to mice, nociceptin/orphanin FQ induces hyperalgesia and suppresses opioid-mediated
analgesia depending on the dosage used. Recently, we reported that
nmol amounts of nociceptin decreased the percent alternation in the Ymaze and shortened the step-down latency in passive avoidance tests.
We examined here, the effects of fmol doses of nociceptin (1, 10, 100
and 1,000 fmol/mouse, i.c.v.) on scopolamine-induced impairment of
learning and/or memory in mice using spontaneous alternation of Y-maze
and step-down type passive avoidance tasks. While nociceptin (1, 10,
100 and 1,000 fmol/mouse, i.c.v.) alone had no effect on spontaneous
alternation or passive avoidance behavior in normal mice, administration
of nociceptin (10 and/or 100 fmol/mouse) 30 min before spontaneous alternation performance or the training session of the passive avoidance
task, significantly improved the scopolamine-induced impairment of
spontaneous alternation and passive avoidance behavior. This ameliorating effect was not antagonized by nocistatin (0.5 and 5.0 nmol/mouse,
i.c.v.), naloxone benzoylhydrazone (2.3, 11.2 and 22.4 pmol/kg, s.c.)
or nor-binaltorphimine (4.9 nmol/mouse, i.c.v.). These results indicated
that very low doses of nociceptin ameliorate impairments of spontaneous
alternation and passive avoidance induced by scopolamine, and suggested
that this peptide has bidirectional modulatory effects on learning and
memory: impairment at high doses and amelioration at low doses.
(Supported by Grants-in-Aids for Scientific Research from the Ministry
of Education, Science, Sports and Culture, Japan).
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456.2

Tonic Locus Coeruleus Output and Signal Transfer through Somatosensory Cortical
Circuits: I Quiet Resting. D. M. Deviibiss* and B. D. Waterhouse Dept. Neurobiology and
Anatomy, MCP Hahnemann University, Philadelphia, PA 19129

Tonic Locus Coeruleus Output and Signal Transfer through Somatosensory Cortical
Circuits: II Locomotion. B. D. Waterhouse* and D. M. Deviibiss Dept. Neurobiology and
Anatomy, MCP Hahnemann University, Philadelphia, PA 19129

Microdialysis studies have shown that forebrain tissue levels of norepinephrine (NE) increase
in direct proportion to increased tonic output from the nucleus locus coeruleus (LC). Reports from
our laboratory as well as others have revealed a variety of actions of synaptically- or
iontophoretically released NE on individual forebrain sensory neurons. The goal of the present
study was to contrast the effects of tonic LC activation on single cells versus ensembles of
simultaneously recorded neurons in whisker-related regions of the rat somatosensory cortex.
Spike train activity was recorded from multiple single neurons in barrel field cortex of
awake, behaving male rats. Chronically implanted bipolar electrodes were employed to
stimulate the ipsilateral LC and the contralateral whisker pad. Cell activity was recorded during
whisker pad stimulation and while the animal alternated between 15 min periods of quiet resting
and treadmill walking. In subsequent walk/rest periods, the whisker pad was again stimulated
but in this case in conjunction with tonic (0.5 - 3.0 Hz) activation (<200 uA) of the contralateral
coeruleo-cortical pathway. Within an experimental subject tonic LC stimulation suppressed,
facilitated, or had no effect on peripherally driven responses of individual cortical neurons.
Despite the variable nature of these effects on single units, there was a consistent facilitation of
the population response to whisker pad stimulation at low frequencies of LC activation and
suppression of this response at higher frequencies.
Our preliminary conclusion from these data is that although tonic output from the LC
differentially modulates the responsiveness of individual cortical neurons to a common
peripheral input, the net impact of this pathway on sensory cortical networks is predictable and
follows an "inverted U dose/response relationship", i.e. facilitation followed by suppression of
stimulus evoked activity. As such, these findings are consistent with reports of diverse actions
of NE on individual cortical neurons, yet at the same time supportive of the idea that tonic
output from the LC produces an overall enhancement of signal transfer through sensory
circuits. Supported by NIH NS-32461 to BDW.

In our companion study, we described the effects of tonic locus coeruleus (LC) stimulation
on individual and ensemble cortical neuronal responsiveness to perithreshold receptive field
stimulation during quiet resting. In the present study, we have examined the effects of tonic LC
activation on stimulus evoked responses in the same neuronal population but during treadmill
walking. The goal of this aspect of the work was to compare LC-mediated effects on neuronal
responsiveness during different waking behaviors.
Spike train activity was recorded from multiple single barrel field cortical neurons in awake,
behaving male rats. Chronically implanted bipolar electrodes were employed to stimulate the
ipsilateral LC and the contralateral whisker pad. Cell activity was recorded during whisker pad
stimulation and while the animal alternated between 15 min periods of quiet resting and
treadmill walking. In subsequent walk/rest periods, the whisker pad was again stimulated but in
this case in conjunction with tonic (0.5 - 3.0 Hz) activation (<200 uA) of the contralateral
coeruleo-cortical pathway. As seen in the accompanying report, tonic activation of LC
suppressed, facilitated, or had no effect on individual cellular responses. Population responses
to whisker pad stimulation were enhanced at low frequencies of LC activation and suppressed
at higher frequencies. In contrast to the effects observed during quiet resting, LC stimulation
produced modulatory effects of greater magnitude during active treadmill walking.
A preliminary conclusion based on available data suggests that the capacity of output from
the LC to modulate signal transfer through somatosensory circuits is dependent on the initial
behavioral state of the animal. It is possible that the task of treadmill walking produces a
behavioral condition that is more sensitive to LC modulatory influences than quiet resting. As
such, these studies identify an important interaction between state dependent neuronal activity
and modulatory influences of LC afferent projections. Supported by NIH NS-32461 to BDW.

456.3

456.4

DYNAMICS OF INTERACTION BETWEEN MEDIAL AGRANULAR
CORTEX AND LOCUS COERULEUS IN BEHAVING RATS T. Shinba . L.

AMINERGIC MODULATION OF 200 HZ OSCILLATIONS IN
THE HIPPOCAMPUS IN VIVO A. Knoche, H. Yokoyama, R.
Brown* and H.L. Haas Department of Physiology, Heinrich-HeineUniversity, POB 101007, D-40001 Dusseldorf, Germany
The hippocampal EEG pattern is modulated by various subcortical
systems. We have investigated the influence of aminergic projections on the 200 Hz oscillation-pattern (ripples) in the CAl-region
of the hippocampus in the behaving rat. A decisive role in memory
trace formation is attributed to this synchronized interaction between
pyramidal cells and interneurons which occurs during consummatory behaviours and slow wave sleep. A multi-electrode was
implanted in the hippocampal CA1 area and spontaneous ripples
were counted. Drugs were injected in the ipsilateral ventricle in 1 /d
portions through a stainless steel canula. Histamine caused a
reduction of ripple occurrence. Ketotifen and pyrilamine (Hlantagonists) and scopolamine induced a dose-dependent increase up
to 300%. No change was observed after the injection of the H2antagonist cimetidine, the H3-antagonist thioperamide, the Dlantagonist SCH 23390 and the 5-HT3 antagonist Y-25130. The
5HT1A antagonist WAY100635 reduced ripple occurrence.Thus
200 Hz oscillations in the hippocampus are under subcortical control
by aminergic systems.

Briois, S.J, Sara (SPON: European Brain & Behaviour Society) Institut des
Neurosciences, Univ P & M Curie, 9 quai St.Bernard 75005 Paris, France.
Anatomical and behavioral studies indicate that the medial agranular frontal
cortex (FR2) of the rat corresponds to the primate frontal eye field and is
engaged in cognitive functions including attention. The locus coeruleus (LC)
receives projections from FR2 and an interaction between these regions has
been described in anesthetized rats (Lestienne et al 1997, J. Physiol, 91, 273284). To characterize the functional relation between FR2 and LC during
wakefulness, we recorded EEG, and spontaneous and sensory evoked single
unit activity in these areas simultaneously, and analyzed the correlative
activity in relation to arousal level and sensory stimulation.
In the low-arousal state, 25% (14/56) FR2 neurons showed a tonic increase
in spontaneous firing rate and 9/56 presented a clear inhibitory response to
tone (latency 38ms, duration 200ms). Cross-correlation analysis of pairs of
FR2 and LC units during low arousal, excluding activity during the actual tone,
showed a strong negative correlation from 120ms before to 170ms after FR2
discharge in 5/63 pairs. Significantly, 4/5 of the FR2 neurons having this
negative correlation with LC were included in that population which inhibited
to tone.
In addtion to the 9 FR2 neurons showing state-dependent inhibitory
responses, 15 FR2 neurons showed an excitatory response to tone, as did
most LC neurons. These excitatory evoked responses in LC and FR2 were,
unlike the inhibitory responses, not markedly influenced by changes in EEG.
Thus a significant proportion of FR2 neurons respond to sensory stimuli by
excitation or inhibition, the inhibitory response being observed only in lowarousal state. LC reponses are excitatory and independent of arousal state.
The negative correlation in spontaneous activity, as well as their differential
responses to tone, suggests an interaction between a select population of
FR2 neurons and the LC during the low-arousal state, (supported by CNRS
UMR 7624 and ‘poste rouge’ to T.S.).
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456.5

456.6

HETEROGENEITY OF NEURONS RECORDED IN THE VENTRAL
TEGMENTAL AREA (VTA) OF THE RAT USING CHRONIC MICROWIRE
ELECTRODES. A.E.K. Kosobud, M. Hardesty, G. Frommer* and G.V.
Rebec. Department of Psychology, Program in Neural Science, Indiana
University, Bloomington, IN 47405.
In electrophysiological studies using anesthetized animals, neurons in the
VTA have generally been found to fall into two classes, dopamine (DA) and
non-DA. Within these classes, further subtyping is suggested by differences
in receptors, connections, colocalization of neuropeptides, and response to
pharmacologic treatments. Recently, Kiyatkin and Rebec (1998, Neurosci.
85(4):1285-1309), using driveable electrodes combined with iontophoresis in
the awake, freely moving rat, identified at least 3 subtypes of “DA-like” long
spike neurons. Here, we evaluated the subtyping possible for single neuron
data obtained with chronically placed microwire electrodes. Single neurons
from neighboring regions were evaluated for comparison. An initial sample of
22 neurons (17 VTA; 5 other) included a broad distribution of action potential
shapes and durations (400-1800 ms), firing rates (range 0.97-46. j spikes/s)
and coefficients of variation (18%-227%). However, these formed a
continuum, rather than providing an indicator of grouping. A few neurons
showed characteristics consistent with specific neuron types identified by
Kiyatkin and Rebec (1998): 2/6 long-spike VTA neurons were silent for
extended periods of time (15 min-1 hr), and may correspond to Type III longspike units; 1/6 long-spike VTA neurons showed phasic activations related to
movement, while 3/6 did not; these may correspond to Type II and Type I
long-spike neurons, respectively. Although unambiguous subtyping may not
be possible in all cases, a set of criteria applicable to recordings from
chronically-placed microwire electrodes would be useful for functional
interpretations of the role of the VTA in behavior. Supported by NIDA grants
DA 08349, DA 10285 and DA02451.

DORSAL RAPHE NUCLEUS INACTIVATION BY 8-OH-DPAT AND LIDOCAINE
PROMOTES SPECTRAL UNCOUPLING AMONG NEOCORTICAL AREAS IN
WISTAR RATS. G.Ballester*, E.T.Fonoff, R.Zigaib, and C.Timo-Iaria. Functional
Neurosurgery Laboratory, School of Medicine, University of Sao Paulo, Brazil.
Wakefulness and desynchronized sleep of sub-primate mammalians are
characterized by theta rhythm in most brain structures. In close relation to behaviors,
theta waves regularity and spectral parallelism between structures rise. We intended to
assess the influence on this process of the fiber contingent from dorsal raphe nucleus
to neocortex, which hypothetically controls the formation and stability of functional
cortical modules spatially distributed, thus providing its temporal organization.
From digitized electro-oscillograms we studied frequency variation of theta waves in
cortical areas 10, 3 and 17, in hippocampal CAI and in the dorsal raphe nucleus,
taking samples from wakefulness and after injection in dorsal raphe of 8-OH-DPAT
(to inhibit the serotoninergic projections) and Lidocaine (to inhibit the whole nucleus).
After 8-OH-DPAT injection an intense motor agitation takes place, without
organized behaviors. There was concomitant rising of the electro-oscillograms
voltage, enlargement of the frequency variation band, and the synchrony between
areas 10, 3 and 17 was clearly lost. Such effect lasts about 5 minutes, diminishing
progressively with the repetition of injections (10-min intervals), remaining just
frequencies above 20 Hz after the fourth injection. Full return to normal theta rhythm
occurs after 4 hours. The effects of lidocaine were homologue, but, according to
pharmacological differences, changes appeared around 5 seconds after the injection
and there was a mean duration of two minutes. Behavioral changes were not so
intense, but phenomenologically similar to those associated to 8-OH-DPAT.
The suppression of spectral coupling between studied areas after serotoninergic
inhibition with two drugs, with different pharmacological properties, points to the
influence of dorsal raphe nucleus projections to the neocortex in local genesis and
synchronization of potentials.
Supported by FAPESP, HCFMUSP and FFM.

456.7

456.8

NORADRENERGIC MODULATION OF WAKING: INVOLVEMENT OF ar
AND P-RECEPTORS. C.W. Berridge*, R. A. Espana. Psychology Dept., Univ.
Wisconsin, Madison, WI 53706.
The locus coeruleus (LC)-noradrenergic system participates in the modulation of
behavioral state. For example, in the anesthetized rat LC activation or stimulation
of P-receptors within the basal forebrain elicits forebrain EEG activation. In the
unanesthetized rat, stimulation of P-receptors in the basal forebrain enhances
behavioral/EEG indices of waking (Berridge & Foote, 1996). P-receptor blockade
within the basal forebrain does not decrease behavioral/EEG indices of arousal in
unanesthetized animals (unpublished observations). It has been well documented
that suppression of noradrenergic neuronal discharge activity and NE release, via
treatment with a2-agonists, is sedative. One possible interpretation of these
observations is that actions of multiple subtypes of noradrenergic postsynaptic
receptors are involved in the behavioral state-modulatory actions of central
noradrenergic systems. In the current studies, we examine the EEG and behavioral
effects of ar, P- and combined cii/p-receptor blockade in the unanesthetized rat.
Rats were treated with either: vehicle; the a!-antagonist, prazosin (PRAZ;
intraperitoneally (IP), 0.5mg/kg); or the P-antagonist, timolol (TIM;
intracerebroventricularly (ICV), 150 pg/2pl). Four groups of rats were tested: 1)
ICV artificial extracellular fluid (AECF) + IP saline (AECF/SAL); 2) ICV TIM +
IP saline (TIM/SAL); 3) ICV AECF + IP 0.5mg/kg Prazosin, (AECF/PRAZ); 4)
ICV TIM - IP PRAZ (TIM/PRAZ). Preliminary analyses indicate the following:
1) P-receptor blockade alone does not alter behavioral and EEG measures; 2) cc,receptor blockade alone elicits a substantial increase in high-voltage spindle EEG
activity in association with behavioral inactivity; 3) Combined ar and P-receptor
blockade elicits increases in slow wave activity (0.33-2.0Hz) in association with
decreased behavioral activity. These results indicate that ar and P- receptors exert
distinct and synergistic actions that are necessary for normal EEG and behavioral
indices of normal active waking. Supported by NIH (DA 10681).

THE OPIOID ANTAGONIST NALOXONE SUPPRESSES VACUOUS
CHEWING MOVEMENTS IN A RODENT MODEL OF TARDIVE
DYSKINESIA
S.E, McCormick and A.Jon Stoessl*. Neurodegenerative Disorders Cent.,
Vancouver Hospital, University of British Columbia, CANADA.
Chronic neuroleptic treatment leads to the development of tardive dyskinesia
(TD) in 20-30% of patients. While the precise mechanism involved in the
development of this drug-induced dyskinesia remains to be elucidated,
evidence has suggested altered opioid peptide function in both the direct and
indirect pathways of the basal ganglia with its emergence. Using a rodent
model of TD, vacuous chewing movements (VCMs) induced by chronic
neuroleptics, we have previously shown that subcutaneous injections of the
opioid antagonist naloxone (NAL) suppress this response. As well, we have
shown that intranigral infusions of the kappa opioid antagonist norbinaltorphimine (nor-BNI) attenuates sensitization in a rodent model of
levodopa-induced dyskinesia. In order to clarify the relative contribution of
enkephalin and dynorphin to the emergence of VCMs, we have infused either
NAL into the globus pallidus (GP) or nor-BNI into the substantia nigra pars
reticulata (SNr) of rats chronically treated with fluphenazine decanoate (FLU)
or its vehicle (VEH), sesame oil, and measured the effects on VCMs. Rats
were treated with FLU (25 mg/kg in a volume of 1 ml/kg, i.m.) or VEH for a
minimum of 18 weeks. Surgery was then performed to place indwelling
guide cannulae bilaterally in the GP or the SNr. After recovery, animals were
infused with either NAL (0.5, 2.0, and 5 nmol/pl), nor-BNI (1.0, 2.0, and 5
nmol/pl) or saline and tneir behavioural response measured. The opioid
antagonist NAL significantly blocked VCMs wnen infused into the GP at all
doses; however, infusion of nor-BNI into the SNr failed to attenuate VCMs.
These results indicate a critical role for increased striatopallidal enkephalin in
the emergence of TD and suggest that further research be conducted into the
effects of selective mu and delta opioid antagonists on VCMs.
Supported by the Medical Researcn Council of Canada and the Natural
Science and Engineering Research Council of Canada.

456.9

456.10

DIFFERENTIAL REGULATION OF EXTRACELLULAR DOPAMINE AND
GLUTAMATE IN THE RAT NUCLEUS ACCUMBENS FOLLOWING CUED
FOOD DELIVERY. Samuel Park, Mary Ann Chapman? John Roll, Charles
Schuster and Matthew P. Galloway, Psychiatry & Behavioral Neurosciences, Wayne
State Univ Sch Med, Detroit, MI 48202
Although the importance of mesotelencephalic dopamine (DA) systems in drug
self-administration is established, several recent reports have demonstrated the
importance of glutamate (GLU) transmission in the acquisition of reinforced
behaviors. Given the responsiveness of DA and GLU systems to various reinforcing
stimuli, we examined extracellular (EC) DA and GLU in an associative learning
paradigm during the actual reinforcing stimulus (presentation of food) and in the
presence of cues that predict the reinforcing stimulus. Food-deprived male rats were
trained 20-25 times to expect food delivery after 3 consecutive 10 min tones whereas
cued-controls were exposed to tones but no food, and controls were naive to any
training regimen. After surgery and placement of guide cannulae, animals were
given 3 additional sessions while attached to the microdialysis tether. Prior to the 4“'
session post-surgery, microdialysis probes (2 mm exposed membrane) were inserted
via the cannulae into the accumbens shell. Compared to cued-controls, trained
animals exhibited a shorter latency to collect food (p<0.05) and spent a greater time
in the vicinity of the feeder during the tones (p<0.05), demonstrating that the
training regimen was effective. EC-DA increased (p<0.05) immediately following
food consumption in both trained and control subjects but presentation of tones did
not alter either EC-DA or EC-GLU in any of the subjects. However, EC-GLU
decreased following food consumption (p<0.05) only in trained animals. The results
delineate further the interactions between associative learning processes and GLU
and DA in the accumbens. Moreover, although subjects learned a specific
association with an appetitive stimulus, neither EC-DA or GLU was altered by
predictive cues. Support: NIDA-04120 (MPG)

ANTAGONISM OF DOPAMINE DI RECEPTORS IN NUCLEUS ACCUMBENS
DECREASES LEVER PRESSING FOR FOOD BUT INCREASES CHOW
CONSUMPTION ON A CONCURRENT FR5/CHOW FEEDING PROCEDURE.
K.L. Nowend*, B.B. Carlson, and J.D. Salamone. Dept. of Psychology, University
of Connecticut, Storrs, CT, USA 06269-1020.
Dopamine (DA) in the nucleus accumbens is involved in aspects of motor control
and motivation. Although interference with DA systems can suppress lever pressing
for food reinforcement, it is not clear that this effect occurs because of a general
disruption of food motivation. One way of assessing this is a choice procedure, in
which a rat responds on an FR5 schedule for preferred Bioserve pellets while a less
preferred lab chow is concurrently available in the operant chamber. Untreated rats
will consume little of the chow, preferring to respond for the Bioserve pellets.
Previous studies have shown that depleting DA in the accumbens substantially
decreased lever pressing while increasing chow consumption. Systemic administration
of selective DI antagonists SCH 23390 and SKF 83566 also decreased lever pressing
and increased chow consumption. In the present study, microinjections of low doses
(0.0625 - 1.0 /xg) of SCH 23390 into the nucleus accumbens produced similar
results. Even at very low doses (0.25 /xg), a decrease in lever pressing and a
corresponding increase in chow consumption was observed. The amount of chow
consumed was negatively correlated with the total number of responses. Thus, the
blockade of DI receptors in nucleus accumbens decreases lever pressing for food
reinforcers, but rats remain directed toward the acquisition and consumption of food.
These results indicate that accumbens DI antagonism does not decrease lever
pressing because of a general reduction in food motivation. Nevertheless,
interference with accumbens DA does appear to set constraints upon which responses
are selected for obtaining food, and may impair the ability of animals to overcome
work-related response costs in order to obtain food.
(Research supported by a grant to J.S. from the NSF)
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EFFECTS OF PARASITE INFESTATION ON BRAIN MONOAMINERGIC
ACTIVITY IN THE THREE-SPINED STICKLEBACK, GASTEROSTEUS
ACULEATUS L.
S.Winberg'O.Overli', M.Pall2, B.Borg2 and MJobling3, 'Dept. Animal Develoment
& Genetics, Uppsala University, SE-752 36 Uppsala, Sweden, 2Dept. Zoology,
Stockholm University, SE-106 91 Stockholm, Sweden, NFH, University of Tromsp,
9037 Tromsp, Norway.
The three-spined stickleback is an intermediate host of the tapeworm,
Schistocephalus solidus. Maturation of the parasite occurs in a piscivorous bird, the
definitive host, and it has been suggested that the parasite might manipulate the
behavior of the intermediate host in such a way that the chance of transfer to the
definite host is increased. In agreement with this, alterations in predator avoidance,
foraging and shoaling behavior have been reported in sticklebacks infested with S.
solidus. Brain monoamines play an important role in the control of food intake, mood
and motivation so the behavioral changes induced by parasite infestation might be a
reflection of changes in brain monoamines in the stickleback host. Concentrations of
serotonin (5-HT), dopamine (DA), 5-hydroxyindoleacetic acid (5-HIAA), 3,4dihydroxyphenylacetic acid (DOPAC) and 3-methoxy-4-hydroxyphenylglycol
(MHPG) were measured in the telencephalon, hypothalamus and brain stem of
parasitized and non-parasitized sticklebacks held in the laboratory. 5-HT activity (5HIAA/5-HT ratio) was significantly higher in the telencephalon, hypothalamus and
brain stem of parasitized sticklebacks, and NE activity (MHPG/NE ratio) was elevated
in the hypothalamus of parasitized fish. On the other hand, DA activity (DOPAC/DA
ratio) was decreased in telencephalon of parasitized sticklebacks. The parasitized fish
were able to maintain the same body weight as the uninfested ones, even though they
were supporting ca.25% extra body mass in the form of the parasite. This suggests that
food intake may have been elevated in the parasitized fish. Interestingly, NE has been
suggested to have a stimulatory effect on food intake in mammals, whereas DA has
been reported to have the opposite effect.
Supported by the Norwegian Research Council and the Swedish Council for Forestry,
and Agricultural Research.

BEHAVIORAL EFFECTS OF NOREPINEPHRINE INFUSION INTO NUCLEUS
ACCUMBENS SHELL. A.E. Kelley1’2, V.P. Bakshi1*, S. Smith-Roe1, N.H.

1123

Kalin1 and C.W. B erri dge2.1 Dept. of Psychiatry; 2Dept. of Psychology, Univ.
Wisconsin at Madison, Madison, WI 53719.
The nucleus accumbens shell (AcbSh), a critical forebrain structure linking
prefrontal cortical and limbic regions, has been hypothesized to coordinate various
goal-directed behaviors that are fundamental to an organism’s basic behavioral
repertoire. Recent studies have revealed a dense concentration of dopamine p
hydroxylase-containing neurons specifically and discretely within AcbSh, suggesting
a strong noradrenergic (NE) innervation of this structure. The behavioral effects of
NE within AcbSh, however, are unknown. Thus, after receiving bilateral infusions of
NE (0, 2, or 20 pg/ 0.5 pi/ side) into AcbSh, separate groups of male rats were tested
for 30 min. in either a familiar open field or in clear plastic cages following 18 h of
either food or water deprivation. Several exploratory and ingestive behaviors were
scored by an experimenter blind to the treatment. In all 3 paradigms, NE produced a
dose-dependent and biphasic effect on locomotor activity and rearing that was
characterized by an initial suppression and a subsequent elevation, compared to
vehicle treatment. In food-deprived rats, NE dose-dependently increased feeding
(increased total duration, increased mean bout duration, and decreased latency to
begin feeding) but did not affect water intake. Surprisingly, NE produced an identical
profile of enhanced feeding behavior in water-deprived rats; in this case, drinking
(bouts, duration, and total mL intake) was markedly suppressed due to initial
elevations in feeding and subsequent elevations in exploratory behaviors. Total gram
intake was not affected. The present results indicate that NE within AcbSh strongly
and rapidly activates feeding, regardless of prior deprivation state, and also produces a
delayed increase in exploratory behaviors. Future studies will assess the behavioral,
anatomical and pharmacological specificity of these effects to determine if the same
circuitry previously described to regulate AcbSh GABA-induced feeding is activated
by AcbSh NE. Supported by DA04788 (AEK) and MH40855 (NHK)

456.13

456.14

THE EFFECT OF D2 DOPAMINE ANTAGONIST
RACLOPRIDE ON GOAL-TRACKING BEHAVIOR OF
RATS. Y.S, Evny, J. Chen, J.C. Horvitz*. Behavioral
Neuroscience Laboratory, Department of Psychology, Columbia
University, NY. NY. 10027
Food deprived rats received presentations of an auditory
conditioned stimulus (CS) that signaled the immediate delivery
of food. Head entries into a food trough were measured both in
response to the CS and during pre-CS baseline periods. After 16
days of training, rats were pre-injected with either 0, .2, or .4
mg/kg of raclopride, a D2 antagonist. Raclopride caused an
attenuation of baseline head entries, however latencies to
respond to the CS were unaffected. The present finding
demonstrates that although disruption of D2 activity does reduce
overall behavioral activity, a well-learned food-directed behavior
possessing low response requirements is maintained. Supported
by NIDA grant R29DA11653.

EFFECTS OF SCH23390 AND RACLOPRIDE ON A RUNCLIMB-RUN BEHAVIORAL TASK IN RATS. R.-M, Liao*. J.-Y.
Lin. R.-K, Cheng & H.-C. Wang. Department of Psychology,
National Cheng-Chi University, Taipei, Taiwan, R.O.C.
The present study was designed to compare the putative
differential behavioral consequences of treatment with SCH23390 (a
selective DI receptor blocker) and raclopride (a selective D2 receptor
blocker) by employing a run-climb-run (RCR) behavioral task (Fowler
& Senyuz, 1993). Rats were trained to run down a floor alleyway
(150 cm), climb a vertical rope (130 cm), and run across an upper
board (100 cm) to access water for the reinforcement. At the doses
of 0.05, 0.10 and 0.15 mg/kg administered (IP, 60 min), SCH23390
significantly increased the time to complete task in a dose-related
fashion. By analyzing behavioral performances on different
segments of RCR task, that impairment appeared only when the
subject shifted motion from the end of floor alleyway to the rope
hopping. In contrast, raclopride administered with the same dose
treatment as that of SCH23390 did not produce any behavioral deficit.
Afterward, when a shorter rope (70 cm) being introduced, the rats
significantly completed the task in a faster way. Neither SCH23390
nor raclopride could affect RCR behavior under such condition.
These data indicate that SCH23390 is more potent to affect RCR
behavior than raclopride. However, such impairment could be
diminished as the cost of motoric demands reduced in the RCR task.

456.15

456.16

CHANGES IN PATTERNS OF MOTOR BEHAVIOR, BUT NOT IN PREPULSE
INHIBITION', IN DOPAMINE TRANSPORTER KNOCKDOWN MICE. R.J.
Ralph*,1 M.P, Paulus? X. Zhuang? R.R, Gainetdinov? M.G. Caron? R. Hen? and
M.A. Geyer1. ’Dept. of Psychiatry, UC San Diego, La Jolla, CA 92093-0804;
2Center for Neurobiology & Behavior, Columbia University, New York, NY 10032;
3HHMI, Dept. of Cell Biology, Duke University MC, Durham, NC 27710.
The dopamine transporter (DAT) has been implicated in the pathophysiology of
several psychiatric disorders, including schizophrenia, which are characterized by
gating deficits and perseverative behaviors. In animal studies, stimulation of the
dopamine (DA) system results in disruptions of prepulse inhibition (PPI), an
operational measure of sensorimotor gating, and changes in activity levels and
patterns of motor behavior such that sequences of movements become more
perseverative. Previous studies have shown that DAT (-/-) mice have disrupted PPI
and show highly perseverative patterns of locomotor behavior. A recently
developed DAT “knock-down” mouse enabled us to investigate the hypothesis that
PPI disruption and perseverative patterns of locomotor behavior are directly related
to the amount of DAT expressed. Therefore, we characterized these knockdown
mice to ascertain if the same behavioral profile would be present. The DAT knockdown mice did not differ from the wild-type mice in PPI or acoustic startle
habituation, but the knock-down mice had higher startle reactivity than wild-type
mice. In tests of locomotor activity, DAT knock-down mice were significantly
more active than wild-type mice; moreover, the knock-down mice showed
significantly higher levels of perseveration in their motor behavior compared to the
wild-type controls. These results support the hypothesis that the DAT exerts a genedosage effect on locomotor activity and patterns, but not on PPI, suggesting that DA
concentration is proportional to locomotor effects but not to a disruption ofPPI.
This work was supported by MH12086, DA02925, DAI 1277 and NARSAD.

EXTRA-ACCUMBENS MECHANISMS UNDERLYING THE LOCOMOTOR
EFFECTS OF NICOTINE AND AMPHETAMINE IN RATS
AAA Pradhan^S Boye and PBS Clarke. Department of Pharmacology and
Therapeutics. McGill University, 3655 Drummond St., Montreal, H3G 1Y6.
Our aims were to re-examine whether the locomotor stimulant effects of nicotine and
amphetamine are dependent on dopaminergic transmission in the posterior medial
caudate or on noradrenergic tone in the frontal cortex.
First, the neurotoxin 6-OHDA was infused bilaterally into the medial posterior
caudate, resulting locally in a 85% loss of 125I RTI-55 binding to the plasmalemmal
DA transporter. Locomotor responses to nicotine and amphetamine, however, were
not significantly altered, suggesting that the posterior medial caudate does not regulate
the stimulant effects of these drugs.
We next tested the effect of systemic prazosin (alpha-1 adrenergic antagonist) on
locomotor responses to nicotine and amphetamine. Prazosin significantly decreased
the locomotor stimulant effects of nicotine, with a similar trend for amphetamine. To
test for a more general inhibitory effect we studied the effect of prazosin in rats treated
with the muscarinic antagonist scopolamine. Prazosin (0.5 and even 0.06 mg/kg ip)
significantly decreased locomotion in scopolamine-treated rats, implying that prazosin
has a rather general locomotor depressant effect.
In order to assess possible central noradrenergic regulation of nicotine- and
amphetamine-induced locomotion, we tested the . effects of pretreatment with the
neurotoxin DSP-4 (75 mg/kg ip), known to lesion noradrenergic afferents to the frontal
cortex. No significant change was seen in spontaneous or drug-induced locomotion.
These results fail to support the hypothesis that dopamine released/in the medial
posterior caudate contributes to the locomotor stimulant effects of nicotine and
amphetamine. Furthermore, they fail to confirm a noradrenergic component to these
drug-induced behavioural effects.
This research was supported by the MRC, FCAR and FRSQ.
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CCKa and CCKB ANTAGONISTS DO NOT AFFECT THE INDUCTION
OF AMPHETAMINE-INDUCED LOCOMOTOR SENSITIZATION IN
THE PREWEANLING RAT. A.R, Zavala. A. Nazarian, P.E. Karper, S.A.
McDougall, and C.A. Crawford*. Department of Psychology, California
State University, San Bernardino, CA 92407.
CCK and DA are co-localized in a subset of neurons projecting to the
nucleus accumbens, and there is evidence suggesting that CCK receptors
modulate dopaminergic functioning in this brain region. The purpose of the
present study was to determine whether CCK receptor stimulation is
necessary for the induction of amphetamine-induced sensitization in
preweanling rats. In the first experiment, rats (10 days old at initial
injection) were injected on five consecutive pretreatment days with saline
or amphetamine (1.0 mg/kg, IP) and locomotor activity was assessed for 45
min. Twenty min prior to amphetamine pretreatment rats were injected
with the CCKA antagonist lorglumide (0, 0.1, 0.3, or 1.0 mg/kg, IP). The
test day occurred 48 hr later, with locomotor activity being assessed for 60
min after a single challenge injection of amphetamine (1.0 mg/kg). In the
second experiment, the same procedures were used except that on the five
pretreatment days rats were injected with the CCKB antagonist CI-988 (0,
0.1, 0.3, or 1.0 mg/kg, IP) 5 min prior to amphetamine administration. In
both experiments, preweanling rats exhibited amphetamine-induced
locomotor sensitization on the test day. In neither experiment did the CCKA
or CCKB antagonist affect the sensitized responding of preweanling rats.
Thus, CCK receptor stimulation is not necessary for the induction of
amphetamine-induced locomotor sensitization during the preweanling
period. This contrasts with a study using adult rats, in which a CCKA
antagonist was found to attenuate locomotor sensitization.

PERSEVERATION AND THE ROLE OF DOPAMINE IN THE MEDIAL
PREFRONTAL CORTEX
M.G. Lanser?2 A.R. Cools? F.G. Zitman,2 B.A. Ellenbroek1*, ‘Dept. of
Psychoneuropharmacology, University of Nijmegen, The Netherlands;2
Dept. of Psychiatry, St. Radboud Hospital, Nijmegen, The Netherlands.
There is evidence that perseveration in schizophrenic patients is related to
dopaminergic (DA) underactivity in the dorsolateral prefrontal cortex (PFC)
compared to normal controls, and to a decreased DI receptor density in the
PFC.
It is known that animals and humans with PFC lesions show perseveration,
but data on the effects of DA loss and DA receptor blockade in the PFC are
contradictory. However, a number of studies have shown that PFC DI
receptors are involved in working memory and it has been suggested that
intact working memory is necessary for behavioral flexibility.
To study the role of PFC DA in perseveration, male Wistar rats were
bilaterally implanted with guide cannulae aimed at the prelimbic part of the
PFC. After 10 days of recovery the rats were placed on a large open field
(160 x 160 cm) with no walls. Rats were injected with either saline, the
selective DI antagonist SCH39166, the selective D2 antagonist, (-) sulpiride
or the dopamimetic d-amphetamine and placed on the open field for 60
minutes. Perseveration was studied by looking at the organization of behavior
during exploration, e.g. the number of repeated routes on the field. The
results show that these drugs differentially affect the organization of
locomotor activity on the open field.

456.19

456.20

SITE-SPECIFIC EFFECTS AND DISSOCIATION OF RU 24969-INDUCED
CHANGES IN LOCOMOTOR ACTIVITY AND INVESTIGATORY HOLEPOKES
D.L. Martinez*1 and M.A. Geyer1,2. Graduate Program in Neuroscience1 and
Department of Psychiatry2, University of California, San Diego, La Jolla, CA, 920930804.
The behavioral profile induced by systemic administration of the direct 5-HTia /ib
agonist RU 24969 in rats has been characterized using the Behavioral Pattern
Monitor (BPM) to examine locomotor and investigatory behavior. Briefly, rats treated
with RU 24969 exhibit robust increases in locomotor activity, changes in the
geometry of locomotor patterns, and decreases in investigatory holepokes and
rearings. Studies in this and other laboratories have attempted to elucidate the
neural substrates underlying these RU 24969-induced changes in behavior.
Systemic studies of RU 24969 with 5-HTia and 5-HT1B receptor antagonists, WAY
100,635 and GR 127,935 respectively, have produced evidence of a complex
interaction between these two 5-HTi receptor subtypes. To elucidate the neural
circuitry underlying the RU 24969-induced behavioral profile, intra-cerebral dose
response studies have been conducted at sites known to possess high densities of
5-HTib receptors, the subthalamic nucleus (STN) and the substantia nigra (SN). A
previous study (Martinez & Geyer, SFN 1998) demonstrated that activation of STN 5HTib receptors contributes to RU 24969-induced increases in locomotor activity, as
well as changes in the geometric locomotor patterns. Following the testing protocol
of the STN study, the current study examined the effects of bilateral intra-SN
infusions of RU 24969 (0, 3.0, 10.0 pg/pl; 0.5 pl/side) on locomotor activity, locomotor
patterns, and investigatory behaviors of the rat. Intra-SN infusion of RU 24969 (10.0
pg/gl) produced systemic- and intra-STN RU 24969-like increases in locomotor
activity. Intra-SN RU 24969, however, failed to produce any changes in locomotor
patterns or investigatory holepokes. These results indicate that activation of SN 5HTib receptors may mediate RU 24969-induced increases in locomotor activity,
thereby providing evidence for multiple-site mediation of the locomotor-activating
effects of RU 24969. In addition, these data provide further evidence for dissociation
of the neural substrates underlying locomotor and investigatory components of the
RU 24969-induced behavioral profile. Supported by grants from NIDA and NIMH
(DA02925 and MH01223).

INTERACTION BETWEEN D2/D3 AND D4 RECEPTORS IN
EFFECTS OF DOPAMINE ANTAGONISTS ON APOMORPHINEINDUCED CLIMBING BEHAVIOR IN MICE. K. Nakato, T. Morita,
J. Ohomori, F. Wanibuchi* and T. Yamaguchi. Institute for Drug
Discovery Research, Yamanouchi Pharmaceutical Co., Ltd., Tsukuba,
Ibaraki 305-8585, Japan.
Climbing behavior induced by apomorphine, a nonselective
dopamine agonist, has been used as a behavioral measure sensitive to
antipsychotics. Many antipsychotics have been considered to inhibit
the climbing behavior via antagonism on dopamine D2-like receptors,
such as D2, D3 and D4 receptors.
Contribution of each D2-like receptors in effects of dopamine
antagonists on apomorphine-induced climbing behavior was examined.
Climbing behavior was induced by subcutaneously injection of
apomorphine hydrochloride (2 mg/kg). The induction of the climbing
behavior was inhibited by each of structure-related dopamine
antagonists, YM-43611, YM-47727 and YM-50001. These inhibition
did not correlate to the affinity of compounds for individual D2-like
receptors. However, interaction among D2-like receptors is likely to
contribute the inhibition of the climbing behavior. A D2/D3 antagonist,
4-bromo-N-[(4-(2-methoxyphenyl) pyrazine-1-yl) butyl] benzamide
inhibited the climbing behavior at 10 mg/kg.
Concurrent
administration of a D4 selective antagonist, YM-50001, with the D2/D3
antagonist potentiated this inhibition of the climbing behavior.
These results suggest interaction between D2/D3 and D4 receptors
in effects of dopamine antagonists on apomorphine-induced climbing
behavior.

456.21

456.22

TIME-DEPENDENT EX VIVO INCREASE IN STRIATAL PUNCH DOPAMINE
PRODUCTION IN RIGHT TURNING MICE COMPARED TO LEFT TURNING
MICE. N.M. Filipov, P.A. Lawrence and R.F, Seegal*. Wadsworth Center, New York
State Dept. of Health; Albany, NY 12201.
Spontaneous turning preference in rodents is due to asymmetries in striatal dopamine
(DA) content. We initially determined if BALB/c mice with right (R), left (L), and no
turning preference (NP) responded differentially to polychlorinated biphenyls (PCBs),
an environmental toxicant shown to alter dopamine (DA) function. We exposed striatal
punches from R, L and NP mice ex vivo to varying concentrations of PCBs for 4h and
noted a dose-dependent decrease in punch DA which was not influenced by turning
preference or punch location (i.e., L vs. R punch). However, punch DA content from
R mice was significantly higher than in punches from other mice. To examine this
phenomenon, striatal punches from R, L, and NP mice were incubated in medium w/o
PCBs for up to 6 h. DA content in punches from all mice increased as a function of
time, and as seen previously, punches from R mice had more DA at 4 and 6 h than
punches from L and NP mice. This difference was not due to DA turnover or
cytotoxicity (measured by LDH release). To determine if the effect was due to
increased DA synthesis, punches from R, L, and NP mice were incubated for 2,4, and
6 h in the presence of 20 (iM NSD-1015 (an AAAD inhibitor). Accumulation of LDOPA was measured as an indicator of TH activity (the rate-limiting enzyme for DA
synthesis). At 4, but not at 6 h, R mice produced more L-DOPA suggesting that the
greater DA content in punches from R mice is due to enhanced DA synthesis. This
phenomenon, if present in vivo, may contribute to the differential responses of R vs. L
mice to various stimuli, including differential immune reactivity and sensitivity to stress.
N.M.F is supported by NIEHS training grant ES 07251.

THE ROLE OF DI AND D2 DOPAMINE RECEPTORS IN
MODULATING FIXED INTERVAL SCHEDULE-CONTROLLED
BEHAVIOR PRODUCED BY INTRA NUCLEUS ACCUMBENS
DOPAMINE.
M.Thiruchelvam*1______ and
D.A.Cory-Slechta2.
‘Interdepartmental Program in Neuroscience £ "department of
Environmental Medicine, University of Rochester School of Medicine and
Dentistry, Rochester, NY 14642.
Nucleus accumbens (NAC) dopamine (DA) plays a critical role in
modulating fixed interval (FI) schedule controlled behavior. Intra NAC
administration of DA (20 & 40 ug/side) increases overall FI response rates
in most subjects while decreasing rates in a small group of subjects.
Increases in rates produced by DA is primarily due to a decrease in mean
postreinfocement pause time (PRP), since interresponse time (IRT)
actually increases. Rate decreases following DA are produced by increases
in IRT. Intra NAC microinjection of the selective DI (SKF 38393) and
D2 (quinpirole) agonists produce similar rate-dependent effects as seen ‘
with DA. Neither appears to entirely account for the entire effect of DA,
suggesting a possible interaction between the two receptors. To further
investigate the role of DI and D2 DA receptors in the modulation of FI
performance in the NAC, specific DI (SCH 23390 - 3 ug/side) and D2
(eticlopride - 0.3 ug/side) DA antagonists were bilaterally microinjected
into the NAC, either alone or in combination with DA (20 ug/side). Both
SCH 23390 and eticlopride alone decreased FI response rates. Rate
decreases produced by both antagonists derived from increases in PRP
and IRT. Administration of SCH 23390 in combination with DA
decreased response rates to a similar extent as SCH 23390 alone. Intra
NAC delivery of eticlopride and DA produced increases in response rate
and similar decreases in PRP comparable to those observed with DA
alone. The DA mediated increases in FI response rate are not reversed by
D2 receptor blockade, suggesting an essenti al role of DI receptors in
modulating FI performance. ES05017, ESO59O3 and ES01247.

Society

for

Neuroscience

, Volume

25, 1999

TUESDAY AM

STRESS: PHYSIOLOGICAL RESPONSES

457.1

457.2

Power Spectral Analysis of Heart Rate Variability as an Indicator of Anxiolytic
Efficacy. Mark E. Clement*, Robert B. McCall. Recently there have been
attempts to apply measures of heart rate variability (HRV) in clinical medicine
as a non-invasive means of examining the pathophysiology of a variety disease
states including stress, panic disorders, and generalized anxiety. Heart rhythms
have also been implicated in the ability of the brain to process information,
including decision-making, problem solving and creativity. Decomposition of
the HRV signal into spectral components has led to the definition of distinct
components including a low frequency (LF) component, which is thought to
represent a marker of vasomotor sympathetic tone, and a high frequency
component (HF), thought to reflect parasympathetic activity. Normalized
spectral density functions are used to compare LF to HF components yielding a
relative indication of the proportional sympathetic to parasympathetic outflow.
A plot of the dynamic LF:HF ratio shifts represents the relative balance of
autonomic outflow and can be used as an indicator of the physiologic responses
to stress. In this regard, a number of studies have shown an increase in
sympathetic activity and a decrease in parasympathetic activity during mental or
emotional stress. Using a telemeterized preparation, we have examined
coherence patterns and LF:HF ratio shifts within the power spectra of conscious
freely moving rats. Current studies with prototypical anxiolytics reflect the
LF:HF shifts and harmonic peak distribution observed in stress vs. non-stress
states.

ROLE OF CORTICOTROPIN-RELEASING FACTOR IN REPEATED RESTRAINT
STRESS-INDUCED CHANGES IN THE BARORECEPTOR REFLEX. L.H. Conti*.
M.H. Shannon and M.P, Printz. Dept. of Pharmacology, Univ. California, San Diego,
La Jolla, CA 92037.
The baroreceptor reflex (BRR) is inhibited by activation of the locus coeruleus (LC)
at the nucleus tractus solitarius (NTS). The LC is activated by acute stress or
corticotropin releasing factor (CRF), but is desensitized by repeated stress or CRF.
The present study was designed to examine the effect of repeated stress on the BRR
and the role of CRF in stress-induced alterations ofthe reflex. Male Wistar-Kyoto rats
were instrumented with ICV guide cannula and femoral arterial and venous catheters.
On each of 5 consecutive days, two groups received an ICV infusion of saline and two
groups an ICV infusion of the CRF antagonist, Astressin. One saline- and one
Astressin-treated group experienced 20 min of restraint stress 10 min after the ICV
infusion. The other saline- and Astressin-treated group were replaced into the home
cage. Twenty-four hrs after the last session of restraint and /or ICV infusion, baseline
mean arterial pressure (MAP) and heart rate (HR) were recorded. Rats then received
3 doses of phenylephrine (IV) while MAP and HR continued to be recorded.
Phenylephrine produced an equivalent increase in MAP in each of the 4 treatment
groups. The reflex decrease in HR was significantly greater in the saline-treated,
repeatedly restrained group than in the non-restrained saline-treated group. This effect
of repeated restraint was blocked by administration of Astressin (ICV) prior to each
session of restraint. In a separate experiment, Astressin did not attenuate the increases
in MAP and HR which occurred during each session of restraint stress. The results
suggest that repeated stress increases the sensitivity of the BRR and that CRF has a
role in the stress-induced change in the BRR. One explanation is that repeated stress,
via CRF release, desensitizes the LC and thus, decreases the inhibitory influence of
the LC over the NTS and the BRR. Astressin then, blocked this effect of repeated
stress. Supported by NIH HL35018
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EFFECT OF RESTRAINT STRESS ON HEART RATE, BLOOD PRESSURE AND
VASOPRESSIN V,a RECEPTORS IN WKY AND SHR. SJ McDougall, JR Paulk RE
Widdop, & AJ Lawrence*, Dept. of Pharmacology, Monash Uni, Clayton, VIC 3168.
Using a restraint stress paradigm, both normotensive Wistar Kyoto (WKY) and
spontaneously hypertensive rats (SHR) underwent acute (lh restraint in a perspex tube),
chronic (lh restraint for ten consecutive days) or no restraint (control) stress. Rats which
experienced chronic restraint stress were implanted with telemetric probes (under
methohexitone anaesthesia, 60mg/kg, i.p.) 11 days prior to the regime beginning. The
telemetry system was used to measure heart rate (HR) and mean arterial pressure
(MAP) throughout each restraint session. Following each regime, rats were decapitated
and their brains and kidneys removed and frozen. Autoradiography using [1251]-HOLVA (30pM), was employed to determine the density of vasopressin V]A receptors in
sections (14pm) of rat brain and kidney. Restraint stress caused tachycardia and
increases in MAP in both WKY and SHR rats, with a secondary peak in HR and MAP
on release from restraint. Analysis of the telemetry data indicated a graded reduction in
the duration of restraint-induced tachycardia in SHR (from 10380±311 at day 1 to
6632±772beats/min.min at day 10, n=5, P<0.01), with the duration of tachycardia
decreasing to WKY levels at day 7 of the 10 day stress regime. HR responses in WKY
rats did not differ between day 1 and 10, but WKY HR and MAP responses to restraint
stress were significantly less than equivalent responses in SHR rats. Autoradiography
revealed specific binding of [,25I]-HO-LVA in the hypothalamus, thalamus,
hippocampus, locus coeruleus, nucleus tractus solitarius (NTS), area postrema and
kidney. Analysis of the autoradiograms indicated changes in the density of radioligand
binding in chronically-stressed rats, as compared to controls, in regions such as the
hippocampus (increase of 20±4% in WKY and a decrease of 8±3% in SHR); NTS
(decrease of 8±1% in WKY and an increase 5±1% in SHR); kidney medulla (increases
of 37±5% in WKY and 54±7% in SHR); and cortex (increases 51+6% in WKY and
58+5% in SHR) (n=5 and P<0.05 in all cases). These data show that adaptation of the
HR response to restraint stress is associated with changes in vasopressin V1A receptor
density within specific brain nuclei and kidney.

SEARCH
OF
GENETIC
DETERMINANTS
OF
STRESS-RELATED
PHENOTYPES IN MICE. S. Thifaultl*, R. LalondeL, E. Skamenel and
P. Hametl. Research Center, CHUM, Physiology Department, University
of Montreal1 and MUHC, Me Gill University2, Quebec, Canada.
Previous observations of the early manifestations of
hyperactivity in the open-field and reduced fear responses in
the elevated plus-maze by hypertensive compared to normotensive
inbred
mice
(Society for
Neuroscience
Abstracts
23(2): 1871, 1997) have lead us to test the hypothesis of genetic
determinants
of
these
phenotypes.
Therefore,
the
same
behavioral measurements were assessed in two inbred strains
(A/J and C57BL/6J) for which genetic models are available. In
addition, radiotelemetry was used to monitor body temperature
during the behavioral tests and immobilization stress, when
the mice were fed on normal and high salt diet. ANOVAs
revealed that, compared to the C57BL/6J, the A/J strain was
characterized by a marked inhibition of activity in both
behavioral tests (p<0.0001),
and by a steeper
hypothermia
during
immobilization
(p<0.0001)
with
maximal
difference
between strains reaching 2,0°c
at the end of the stress. This
latter difference was attenuated
by the high salt diet (p<0.001).
By contrast, the high salt diet increased strain differences in
body
temperature
change
over time
in
the
plus-maze
(p<0.0001), with a maximal difference between strains of 0,5°c.
Further dissection of genomic loci bearing these phenotypes
is being evaluated in a model of recombinant congenic strains
with C57BL/6J and A/J as progenitors. *Supported by the
MRC
and HSFC.

457.5

457.6

BLOOD PRESSURE AND HEART RATE RESPONSES TO PSYCHOLOGICAL
STRESS IN FREELY MOVING NORMOTENSIVE AND HYPERTENSIVE RATS:
A RADIO-TELEMETRY STUDY
M, van den Buuse1*. N, Ross1. S, van Acker2. M, Fluttert2 and E.R. de Kloet2,
’Neuropharmacology Laboratory, Baker Medical Research Institute, Melbourne,
Australia; 2Leiden/Amsterdam Centre for Drug Research, Leiden University, Leiden,
The Netherlands.
Mental stress, acutely increasing sympathetic outflow to the heart and blood vessels,
is an important risk factor in cardiovascular disease. We developed a new model of
psychological ‘novelty’ stress in freely moving rats allowing simultaneous
measurement of blood pressure and heart rate by radio-telemetry and behaviour by
automated video tracking analysis. At least ten days after telemetry surgery, the rats
were transferred from the home cage to a 90 cm diameter ‘open-field’ for 15 min.
Normotensive wistar rats showed marked increases in blood pressure (22%) and heart
rate (32%) for the duration of the open-field stress. Repeated exposure on four
consecutive days induced similar cardiovascular responses while behavioural
hyperactivity (distance moved, velocity of movement) was attenuated. Pretreatment
with atenolol blocked the tachycardia whereas pentolinium pretreatment attenuated the
pressor response, indicating the involvement of the sympathetic nervous system.
Pretreatment with the anxiolytic diazepam abolished the novelty stress-induced pressor
response. Blood pressure and hearts rate increases in the open field were markedly
greater in spontaneously hypertensive rats (36 mmHg and 175 b/min, respectively)
than in normotensive wistar-Kyoto rats (19 mm Hg and 88 b/min) or sprague-dawley
rats (15 mmHg and 73 b/min). In conclusion, the psychological stress of exposure to an
‘open-field’ induces a marked and prolonged pressor response and tachycardia which
are mediated by sympathetic hyperactivity.

LEPTIN DOES NOT PREVENT STRESS INDUCED WEIGHT LOSS
IN RATS. T.M, Mitchell, J. Simpson and R.B.S, Harris*. Pennington
Biomedical Research Center, Baton Rouge, LA 70808.
It has been reported that intraperitoneal (i.p.) injection of leptin inhibits
activation of the hypothalamic pituitary axis during immbolization stress
(Heiman et al., 1997 Endocrinology). In this study we determined
whether chronic treatment of rats with leptin would prevent stress
induced weight loss. Forty eight male Sprague Dawley rats (350 g) were
fed a 40% kcal fat diet for 10 days. An Alzet pump was placed i.p.
delivering 0, 30 or 100 ug leptin/day for 4 weeks. The high dose of leptin
tripled serum leptin concentrations (5 vs. 17 ng/ml) but had no effect on
food intake or body weight of the rats during the first 21 days of infusion.
Within each leptin treatment group rats were either unstressed controls or
were subjected to 3 hours of restraint on each of three days, starting from
day 22 of infusion. Corticosterone release during restraint was partially
inhibited by 100 ug/day leptin. Restraint caused a transient inhibition of
daily food intake and similar weight loss in all rats. Four days after the
end of stress, restrained rats weighed less than their controls but the
difference in body composition was primarily lean tissue in 0 and 30
ug/day leptin groups and primarily fat in the 100 ug/day group. Serum
leptin was five fold higher in the 100 ug/day group than the 0 ug/day rats.
These reuslts suggest that although leptin does not inhibit weight loss it
may have a protective effect on lean body mass in conditions of stress.
(Supported by US Army grant DAMD 17-97-2-7013)

Supported by a block institute grant of the NH&MRC of Australia
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DIAZEPAM REVERSES NOVEL ENVIRONMENT-INDUCED FEEDING
SUPPRESSION WITHOUT BLOCKING AMYGDALOID CRH RELEASE.
S, Khan1, P.S. Michaud1, H. Anisman? and Z. Merali12*. 1 Sch. of Psychol., 2Dept.
of Cell. & Mol. Medicine, Univ. of Ottawa, Ont. KIN 6N5 and 3Neurosci. Inst.,
Carleton Univ., Ottawa, Canada, K1S 5B6.
Placing rodents in a novel test environment robustly suppressed consumption of
palatable food (by over 50%), and this effect lasted for 5 days. This novelty-induced
suppression was reversed by the benzodiazepine, diazepam. The mechanism(s)
underlying novelty-induced feeding suppression or its attenuation by diazepam,
remain unknown. A variety of stressors have been shown to enhance the release of
CRH at the amygdala, and CRH is known to have anorexic effects. The objectives
of the current study were 1) to determine if amygdala CRH is involved in the
mediation of the effects of the novel environment, and 2) to determine whether
reversal of this effect by diazepam involves attenuation of CRH release at the
central nucleus of the amygdala (CeA). Placing the rodents in the novel cage
produced an 80% increase in CRH release at the CeA, as measured by in vivo
microdialysis followed by solid-phase radioimmunoassay. Despite this increase,
however, central administration of various CRH antagonists failed to reverse the
novel environment-induced anorexia. We then assessed whether diazepam effects
involved attenuation of CRH release at CeA. In a subsequent microdialysis study it
became apparent that although pre-treatment with diazepam (2.0 mg/kg) increased
amygdala GABA levels, subjects still showed a 75-80% increase in CRH release at
the CeA, when placed in the novel cage. These data suggest that, in this particular
model of stress or anxiety, the actions of benzodiazepines do not involve an
attenuation of amygdalar CRH release. Thus, CRH activation may serve as part of a
preparatory or arousal mechanism activated in response to salient changes in the
animal’s environment. However, attenuation of amygdala CRH activation, is not
necessary for reversing some of the behavioral responses to novelty-stress,
including the ingestion of palatable food. Supported by an NSERC grant to Z.M.

TUESDAY AM

457.8
BLOOD
GLUCOSE
CONCENTRATIONS
FOLLOWING
RESTRAINT, ESCAPABLE AND INESCAPABLE SHOCK. M.
Rowe1, D. Hovda2, and T. Minor1*. Dept. of Psychology, Univ of
California, Dept. of Neurosurgery, Univ of California, Los Angelos,
90095-1563
Two experiments examined the effect of escapable shock,
inescapable shock, or restraint on blood glucose concentrations in rats
in order to determine basal levels and their stress-induced depletion.
In Experiment 1, we administered 20, 60, or 100 escapable shocks
(ES), inescapable shocks (IS) or an equivalent amount of restraint to
independent groups in a 3 x 3 complete factorial design. Rats
receiving ES had higher blood glucose concentrations than the
restrained rats after 60 and 100 shocks. IS rats’ blood glucose
concentrations were indistinguishable from the other two conditions
after 20 shocks. A significant drop in blood glucose concentration in
IS rats was found from 60 to 100 shocks; being indistinguishable
from the ES group after 60 shocks and the restraint group after 100
shocks. Experiment 2 examined blood glucose concentrations from
the same three groups with a within subject design. Escapable shock
again produced higher blood glucose concentrations than restraint. IS
produced glucose concentrations that were intermediate between the
other two groups. Funding: NIH training grant and the UCLA
academic senate grant.

457.9

457.10

BEHAVIORAL
EFFECTS
OF
HYPERTHERMIA
AND
ACUTE
TRYPTOPHAN OR PROTEIN DEFICIENCY.
SK Yeghiavan*, JH Georgelis. AE Rogers. HR Lieberman. United States Army
Research Institute of Environmental Medicine, Natick, MA 01760.
Single meals that are deficient in various dietary amino acids have been shown to
significantly alter neurochemistry. Behavioral changes produced by these dietary
manipulations are generally dependent on the level of basal neuronal activity.
Since increased activity of the 5-HT system (e.g., turnover) may be an adaptive
response to various stressors, we used hyperthermia (i.e., a core body temperature
increase of ca. 2-3 °C elicited by exposure to elevated ambient temperature) as an
environmental stressor to perturb neuronal activity and rat behavior. We examined
the effects of two acute dietary manipulations on behavior in a forced swim test
during heat stress. After a 16 hour fast, male, Fisher 344 rats (n = 77) were fed a
meal that was deficient in L-tryptophan (TRYP-free to decrease 5-HT levels) or
protein (PROT-free to increase 5-HT levels). Control meals contained 0.2%
TRYP or 20% PROT, respectively. In both experiments, a significant main effect
for hyperthermia (F, 34/35 = 14.7 and 4.83, p < 0.001 and .05, respectively) was
found. Heated rats showed performance decrements (increased immobility duration)
in the swim procedure. A significant main effect for meal was also found in both
experiments (F, 34/35 = 3.93 and 4.43, p < 0.05, respectively). Rats given either a
TRYP-free or PROT-free meal vs. appropriate control meals showed improved
performance (decreased immobility duration). The meal x heat interaction did not
reach statistical significance, but a trend toward improved performance (decreased
immobility) in hyperthermic rats given either the TRYP-free or PROT-free meal
vs. controls was found. It can be concluded that rats given either a single TRYPfree or PROT-free meal show improved performance (decreased immobility
duration) in a forced swim procedure.

FACTORS CONTROLLING RESTRAINT-INDUCED HYPOTHERMIA IN THE
MOUSE: A COMPLEX STRESS. E.A. Johnson,*1 C. Gordon2, D.B. Miller1.
1 Chronic Stress Laboratory, Tox. and Mol. Biol. Branch, CDC-NIOSH.
Morgantown, WV 26505 2 Neurotoxicology Div, US EPA, RTP, NC 27711
Restraint procedures are routinely used in many disciplines as a convenient means
of inducing stress as the length of die restraint period, and thus the degree of stress,
can be easily manipulated. These procedures are considered to model stressors of both
a psychological and physical nature and are known to activate a number of hormonal
and neural pathways (e.g., release of CRH, glucocorticoids and elevated brain
dopamine turnover). 50 ml centrifuge tubes are often utilized as restraint devices for
the mouse as they allow limited movement (i.e., rotation from a supine to a prone
position) but do not completely immobilize the animal. Utilizing this method we
have shown that mice display a restraint-induced hypothermia and that this decrease
in body temperature will provide protection from the striatal dopaminergic
neurotoxicity induced by the substituted amphetamines. In examining restraintinduced neuroprotection in various mouse strains we have noted 13 to 100%
protection of brain dopamine and metabolites and speculated this wide range may be
due to size or body weight differences. Here we examined the factors controlling the
extent of restraint-induced protection and hypothesized that as body weight increased
within a limited range, restraint-induced hypothermia would increase leading to
greater neuroprotection. Surprisingly, body weight makes only a minor contribution
to the degree of restraint-induced hypothermia or to neuroprotection which suggests
(1) body weight is not the best predictor of the degree of stress induced by the
restraint procedure or (2) other variables such as pre-restraint handling and housing
contribute to the degree of stress engendered. Preliminary data suggest pre-restraint
handling may foster the development of restraint-induced hypothermia and future
work will utilize telemetry procedures to monitor the effects of restraint in handled
and unhandled animals. Support: CDC/NIOSH

457.11

457.12

SWIM STRESS-INDUCED ANALGESIA: EFFECT OF HYPOTHERMIA, OR OF
FEAR OF DROWNING? I.B. Lapp1. B. Sadowski1, A.H. Swiergiel2 , M.
Konarzewski3. ’Inst, of Genetics & Animal Breeding, Polish Academy of
Sciences, Jastrz$biec, 05-551 Mrokow, Poland; ^Dept. of Pharmacol.,
Louisiana State Univ. Med. Ctr, Shreveport, LA 71130; institute of Biology,
Univ. of Bialystok, Poland.

BODY TEMPERATURE AND CORTICOSTERONE RESPONSE TO RESTRAINT STRESS IN
MORPHINE-DEPENDENT RATS. H. Houshvar, J.H, Woods*. Department of Pharmacology,
The University of Michigan Medical School, Ann Arbor, Ml 48109-0632.
Morphine dependent monkeys are more vulnerable to the effects of restraint stress on body
temperature (TEMP) as compared to non-dependent monkeys (Holtzman and Villarreal, JPET,
166:125-133,1968). The purpose of our investigation was to evaluate this phenomenon in
rats and determine the mechanism underlying such exaggerated responses. Continuous
monitoring of TEMP using implanted transmitters, showed that the TEMP of rats during the light
cycle increased from 37.3 to 37.7°C. During this time, plasma CORT levels rose from 4 to 14
ug/ml. Restraining rats for 15 min or 4 hr increased both TEMP (38.5°C) and CORT (50 ug/ml)
levels similarly regardless of the duration of the restraint. Twice daily injections of increasing
doses of morphine (10-100 mg/kg, s.c.) for 17 days resulted in a slightly decreased TEMP
(37.0°C) and increased baseline CORT (25 ug/ml) as compared with control animals.
Administration of maintenance dose of morphine in dependent rats increased TEMP above
control levels and briefly reduced CORT to control levels. Spontaneous morphine withdrawal
did not alter TEMP in dependent rats, but did increase CORT levels from a baseline of 25 to 65
ug/ml at 12 hrs after their omitted morphine injections. Neither 15 min nor 4 hr restraint, at the
time of omitted morphine injection, altered TEMP of rats undergoing withdrawal. CORT
response to 15 min restraint in withdrawn rats was similar to that observed in naive rats.
However, the CORT response to 4 hr restraint in withdrawn rats was much exaggerated as
compared with naive rats, both in terms of the increment (60 vs. 50 ug/ml) and duration (8 hr
vs. 2 hr). These data indicate that (1) there is no correlation between TEMP and CORT
responses to stress and that (2) CORT response to prolonged restraint stress is exaggerated in
morphine-dependent rats. The mechanism underlying the exaggerated CORT response to
restraint stress in morphine-dependent rats will be explored. Supported by USPHS Grants
DA00254 and DA05799.

Swimming is a stress condition producing a decrease in pain sensitivity
in laboratory rodents, known as swim stress-induced analgesia (SSIA). Mice
selectively bred for magnitude of SSIA also differ in the thermoregulatory
response to swim stress; that is, high analgesia (HA) mice manifest greater
post-swim decrease in core temperature as compared to low analgesia (LA)
mice. Thus, a question arises what is stressful: the swim as a kind of
emergency condition, or an abrupt hypothermia that necessarily develops
at water temperatures below animal's thermoneutrality. We examined the
effects of cold (5’C) and warm (32 *C) acclimation for 6 weeks after
weaning, and of repeated swimming (3 min daily at 20 “C or 32’ for 14
days) on magnitude of analgesia and hypothermia produced by 2O°C/5 min
swimming, and by 15 min exposure to -2.5°C in 79% He / 21% O2 (Helox)
in the HA and LA lines. Cold acclimated HA and LA mice displayed lower
post-Helox analgesia and hypothermia as compared to nonacclimated
controls, inversely, warm acclimation caused an increase in analgesia and
hypothermia. The effect of cold or warm acclimation on SSIA and postswim hypothermia was significant only in the LA line. Chronic swimming
attenuated post-swim hypothermia in both the HA and the LA line, and
SSIA only in HA mice. Post-Helox analgesia and hypothermia were modified
only in HA mice. These findings point to the role of hypothermia as an
important component of swim stress to induce SSIA in the mouse.
However, they do not exclude the significance of an emotional factor,
which seems to play a greater role in HA than LA mice. We assume that the
genetic difference in the magnitude of SSIA between HA and LA mice may
depend on a differential sensitivity of these lines to the analgesic effect of
swim hypothermia, and to their differential emotional responsiveness to the
emergency condition of swimming as well. Supported by the Polish
Committee for Scientific Research (KBN), grant 6PO4C01616.
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457.14

EXPOSURE TO INESCAPABLE STRESS PERSISTENTLY ELEVATES
CORE BODY TEMPERATURE AND URINARY CORTICOSTERONE IN
RATS. K. Beck*, J. Cerrone, Q. Zhang, G. Zhu, D. Beldowicz, R.J. Servatius
and J.E. Ottenweller. Dept. of Neuroscience, NJMS-UMDNJ and
Neurobehavioral Unit (127A), DVA Med. Ctr.-NJHCS, E.Orange, NJ 07018.
Exposure to inescapable stress persistently affects physiology and behavior
of rats; elevated basal corticosterone (CORT) and heightened reactivity have
been observed from 1-7 days after stress cessation. Here, we addressed
whether exposure to inescapable stressors affects urinary CORT and
circadian rhythms of temperature and activity. Rats were outfitted with
telemeters for temperature measurement and placed in metabolic cages for
the collection of urine. In this manner, we noninvasively measured CORT,
temperature, and activity. Rats were either exposed to 3 daily sessions of
tailshock stress (40, 2-mA tailshock over a 2-hr period) or served as
nonstressed controls. Exposure to stress resulted in temperature elevations
that persisted for 4-5 days after stressor cessation. Stress-induced elevations
were apparent at both the peak and trough of the temperature rhythm.
Urinary CORT levels were elevated for 5 days after stressor cessation.
Activity was reduced during the evenings of stressor exposure, but was not
persistently affected by stress. A second study examined whether CORT
levels prior to stressor exposure predicted the degree of CORT and
temperature alterations observed after stress. The degree of elevation in
temperature levels was not related to plasma CORT levels prior to stress or
to the degree that stress elevated urinary CORT levels. Further work will
determine whether there is a relationship between altered hypothalamic
pituitary adrenal function and persistent stress-induced temperature
elevations. Supported by funds provide by DVA Medical Research.

ACUPUNCTURE-INDUCED ANALGESIA AND c-1 OS EXPRESSION IN RATS
“HABITUATED” TO IMMOBILIZATION STRESS. Mello, L.E.A.M* and
Medeiros, M.A. Department of Physiology - UNIFESP, Sao Paulo, Brazil.
Acupuncture in laboratory animals can only be performed under anesthesia or
restraint immobilization. Both conditions lead to numerous physiological alterations
that impair the adequate study of acupuncture’s physiological effects. Here we tested
whether repeated exposure lo restraint could diminish stress-related effects and allow
effects specific to acupuncture to manifest more clearl} Adult, Wistar EPM-1, male
rats were divided in 2 groups: A) kept in their home cage without handling (nonhabituated); B) subject to repeated immobilization for 1 hour/day during 6 consecutive
days (habituated). On the 7th day, both groups were f urther subdivided in three
groups: 1 - immobilized and submitted to electroacupuncture (EA; 100Hz, 2 to 4 V) in
the acupoint S36 (Zusanli); 2 - immobilized and submitted lo EA in a local considered
non-point; 3- only immobilized. Animals were then either tested for analgesia with
the tail-flick test or processed for c-Ees expression (immunohistochemistry - Ab5,
Oncogene Sciences). All non-habituated animals showed ;uialgesia irrespective of the
subsequent treatment, in the following order: group A1=A2>A3. After “habituation”,
only group 1 showed analgesia with groups 2 and 3 showing no or little response.
“Habituation”, thus blocked stress-induced ;uialgesia in groups 2 and 3. Assessment of
e-Eos immunoreactivity revealed a similar picture, with non-habituated animals having
all the same basic expression pattern, possibly triggered by the stress itself and not
reflecting resjx>nses that could be specific for each group “Habituation” on the other
hand allowed a marked increase on c-Eos expression in thalamus intralaminar nuclei to
be seen id ler acupuncture. c-Fos expression in these same nuclei was much smaller for
groups 2 and 3 habituated animals. We suggest that “habituation” to restraint stress
allow I’or acupuncture-induced responses to be separated from stress-induced responses.
The interactions between stress and acupuncture must be taken into account if a better
understanding of the physiological effects of acupuncture is desired.

457.15

457.16

EFFECT OF ELECTROACUPUNCTURE ON IMMOBILIZATION STRESS RESPONSE.
CTLYano*, G.T, Golden, B.B, Lee. H.S. Jung. 1. Shim. P.U. Roh . Departments of Pharmacology and Public Health, College of Oriental Medicine and
Graduate School, Kyungsan University, School of Medicine, Korea
University, Department of Veterans Affairs Medical Center, Coatesville, PA.
Acupuncture as a therapeutic intervention is widely practiced in the United
States and eastern countries. Studies in animals and humans have demonstrated that acupuncture can cause multiple biological responses that occur
locally and at a distance. Immobilization has been shown to be a simple and
effective stressor which produces large increases in heart rate, blood
pressure and plasma levels of norepinephrine (NE), epinephrine (EPI). This
study was carried out to investigate the effects of electroacupuncture on
changes in blood pressure, heart rate and plasma catecholamine levels in
rats challenged with immobilization stress. Male Sprague-Dawley rats
received electroacupuncture (3Hz, 0.2ms pulses, 1 mA) for 30 min after
start of immobilization stress (180 min). Needle points corresponded to
Shaohai (He.3) and Neiguan (Pe.6) on the heart and pericardium channel.
These are points used to treat mental and psychosomatic disorders and are
known clinically to produce a sedation effect. Blood pressure and heart rate
were monitored with indwelling carotid catheter and blood samples were
taken from jugular vein. Blood (for HPLC determination of NE, EPI), mean
blood pressure and heart rate were sampled at rest and during the
immobilization stress at 15, 30, 60, 90, 120, 150, and 180 min.
Electroacupuncture at He.3 and Pe.6 points but not at control points (SJ.5 ,
U.11, and tail) significantly reduced the expected increases in blood
pressure, heart rate and attenuated the increase in plasma levels of NE and
EPI in response to 3 hrs of immobilization stress. Results provide strong
evidence that electroacupuncture effectively reduces blood pressure and
heart rate increases and plasma catecholamine increases in rats challenged
with immobilization stress. (Funded by Kyungsan University, Korea)

EFFECTS OF SUBJUGATION STRESS DURING ADOLESCENCE ON
COGNITION AND NEUROENDOCRINOLOGY D.S. Peters. C.F. Ferris. T.L.
Stolberg.Y. Delville. and J.A, King* Neuropsychiatric Sciences Program,
Department of Psychiatry, University ofMassachusetts Medical School,
Worcester, Massachusetts 01655
Social subjugation was used to determine whether stress during adolescence
(postnatal days 24-42) would result in cognitive, behavioral, and neuroendocrine
modifications in male golden hamsters. Several weeks after the cessation of
adolescent subjugation, i.e. threat and attack by older conspecifics, hamsters were
monitored in the 8 arm radial maze task, a measure of spatial cognition, learning
and memory. Sibling controls performed better than animals with a history of
adolescent subjugation. In a resident/intruder test for aggression, subjugated
hamsters attacked younger intruders significantly more than their sibling controls.
Conversely, when tested against intruders of equal size and age, subjugated
hamsters were less likely to attack and showed submissive behavior as compared
to controls. Basal levels of testosterone and cortisol were no different between
groups. However, following the maze test subjugated animals showed less
plasma cortisol than controls but more cortisol following the aggression test.
These data support the significant role of adolescent subjugation stress on
cognitive behavior and context dependent neuroendocrinology. All animals were
acquired and cared for in accordance with the guidelines published in the Guide
for the Care and Use of Laboratory Animals (NIH publication No. 85-23, revised
1985). This work was supported by NIMH-MH52280 to CFF.

457.17

457.18

THE BEHAVIORAL SIGNIFICANCE OF DRUG-INDUCED CHANGES IN
RAT PUP ULTRASONIC VOCALIZATIONS. C.L. Rvan1. T.A, Doucette2.
R.A.R. Tasker2*.1 Department of Psychology, UPEI;2 Department of Anatomy
and Physiology, UPEI; Charlottetown, PEI, Canada, CIA 4P3.
When separated from the nest, young rats emit high rates of ultrasonic
vocalizations (USV), often referred to as distress calls. Many drugs have rate
altering effects on these USV. It has been proposed that determining druginduced changes in UV rates is an ethologically relevant paradigm for
discerning psychotrophic drug profiles. However, it could be argued that the
relationship between call rate and affective state of the pup needs to be validated
through the exploration of other ethologically relevant parameters, such as
maternal retrieval. The purpose of the present study was to investigate the
relationship between drug-induced changes in various parameters of neonatal
USVand maternal responses to these calls. On P10, pups received either
clonidine (0.20mg/kg, s.c.) or saline injection (n=30 pups/group). Twenty
minutes later, individual pups were placed into a grid-marked retrieval box,
adjacent to, and initially separated from, the dam. USV were recorded for 4 min
and total USV rate, frequency-specific call rates, maternal activity levels, and
maternal retrieval latency were determined. Clonidine had an overall rate
increasing effect on USV as well as altering specific call parameters. Although
the relevance of these changes in USV is not clear, there was a tendency for
altered maternal responses to these clonidine pups. Delayed retrieval and altered
maternal activity, irrespective of pup gender, was observed. Collectively, the
findings suggest that the relevance of these calls, as an indicator of the affective
state of the pup, may be more complex than a simple relationship between rate
and distress.

ON THE SENSITIVITY TO PERIODONTITIS IN WISTAR RATS: GENETIC
AND EARLY POSTNATAL EFFECTS F. Sluvter1 . M. Hof1, T. Breivik2, and
A.R. Cools1.
’Dept. Psychoneuropharmacology, Univ. Nijmegen, The Netherlands 2Dept.
Periodontology, Univ. Oslo, Norway (SPON: International Behavioural and
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Neural Genetics Society).

Differences in the reactivity of the hypothalamic-pituitary-adrenal (HPA)
axis to stressful stimuli play an important rote in the outcome of the immune
responses to microbial challenges. The HPA reactivity is determined by both
genetic and environmental factors. Especially manipulations during the early
postnatal days may lead to permanent changes. In this study we tested two
hypotheses: [1] genetically selected rats characterized by high HPA-axis
reactivities (abbreviated APO-SUS) are more sensitive to ligature-induced
periodontal disease than their low HPA-axis responding counterparts
(abbreviated APO-UNSUS) and [2] maternal deprivation increases the
susceptibility to periodontitis in APO-UNSUS rats whereas crossfostering
has a decreasing effect in APO-SUS rats. The latter early postnal
manipulations have shown to affect the susceptibility to the dopamine
agonist apomorphine (the original selection criterion) in these rat lines. The
results show that both hypotheses are correct. In fact, maternally deprived
APO-UNSUS rats show similar levels of periodontal breakdown to APO-SUS
rats. Conversely, crossfostered APO-SUS rats display comparable levels as
APO-UNSUS males and females. These findings indicate that both genetic
and early postnatal environmental factors affect the pathogenesis of
periodontitis.
FS was supported by a PULS Grant from the Life Sciences Foundation
(SLW), subsidized by the Netherlands Organization for Scientific Research
(NWO).
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458.2

FORAGING, A CYCLIC GMP-DEPENDENT KINASE GENE IN DROSOPHILA,
MODIFIES HABITUATION OF THE GIANT FIBER ESCAPE RESPONSE. J.E.
Engel1*. X.-J. Xie1. M.B. Sokolowski2. C.-F. Wu1. ’Dept. Biological Sciences,
Univ. Iowa, Iowa City IA 52242; 2Dept. Zoology, Univ. Toronto, Toronto Ontario
The Drosophila foraging gene encodes a cGMP-dependent protein kinase (PKG).
Two alleles isolated from a wild population differ in behavioral and biochemical
phenotypes: for1* adults and larvae travel more while foraging and have higher PKG
activity than foP animals. Two mutant alleles, for^ andfoP^, most closely
resemble foP in both phenotypes.
The Drosophila "giant fiber" jump-and-flight escape response is a model for
genetic analysis of both physiology and plasticity of a sensorimotor behavioral
pathway. Given repetitive (5 Hz) electrical stimulation, the giant fiber response
normally habituates within a few hundred pulses. Rate of habituation appears
correlated with PKG activity. Response likelihoods for stimuli 46-55 (means ± SD)
were: for1* (N=15), 0.69 ± 0.446;/or* (N=12), 0.41 ± 0.505;/or*7 and/or*2 (N=6),
0.33 ± 0.480; and in a sample of Canton S flies (N=18), 0.47 ± 0.490. The five
strains did not differ markedly for other parameters of habituation (recovery and
dishabituation) nor for giant fiber response latency and refractory period. The present
finding of a more resilient response in/or^ contrasts with a previous study in which
/or* larvae showed greater excitability and terminal arborization at neuromuscular
junctions than for1* larvae.
We previously showed that cAMP signaling pathways affect habituation rate of
the giant fiber response. The present results suggest that modulation of this behavior
is complex and could involve the counterbalancing of multiple second messenger
systems. This study demonstrates that behaviorally-relevant plasticity of an identified
neural circuit can be influenced by a single-locus genetic polymorphism (for1* and
/or* alleles) existing in a natural population of Drosophila.
Funded by NIH grants NS 18500 and NS26528 to CFW.

A ROLE FOR cGMP-DEPENDENT PROTEIN KINASE IN BEHAVIORAL
PLASTICITY. Y, Ben-Shahar1*, G.E. Robinson1,2, MB, Sokolowski3. ’Dept. of
Entomology, Univ. of Illinois; 2Neuroscience Program, Univ. of Illinois; 3Dept of
Zoology, Univ. of Toronto; Urbana, IL 61801.
The cGMP-dependent protein kinases (PKG) are a family of second messenger
dependent kinases that have been implicated in a variety of signal transduction
pathways in the cell. The foraging (for) gene has been shown to encode dg2, one of
the two PKG genes in the fruitfly. fof* (rover) andfor5 (sitter) are two naturally
occurring alleles offor/dg2 which result in differences in the length of larval and
adult foraging paths in the presence of food. Sitters, with shorter foraging trails,
have a reduction in the abundance offor/dg2 transcripts and lower PKG activity
than do rovers. Thas,for/dg2 plays a role in a naturally occurring allelic variation in
foraging behavior in the fly. Foraging behavior in larvae and adult flies also exhibit
behavioral plasticity in response to environmental changes such as altered food
availability. Here we ask whether PKG plays a role in behavioral plasticity. We
address two questions: 1) Doesfor/dg2 regulates behavioral plasticity in response to
food availability in larval and adult flies? 2) Does the honey bee version of the
foraging g&as. differ in bees who have different roles in the colony?
In Drosophila, we have found that the abundance offor/dg2 changes in response
to changes in time to last meal. As predicted, when food availability is reduced
rover behavior becomes more sitter-like and dg2 abundance is reduced. for/dg2 is a
complex alternatively spliced gene with three major transcripts. The behavioral
response to environmental change (time since last meal) may be transcript specific
in that it ms$> rtlfcdiated by one of these transcripts. We have cloned the bee version
of dg2/for, which we call AmG2. Our data suggest that changes in AmG2
expression are associated with the behavioral maturation of the worker bee. We
suggest that PKG mediates behavioral plasticity in both of these organisms and
speculate about the mechanisms involved in these forms of behavioral plasticity.
Supported by NIH grant to GER and MRC grant to MBS.

458.3

458.4

MATHEMATICAL MODELS OF CHEMOTAXIS IN C. ELEGANS .
T. M. Morse*, J. T. Pierce-Shimomura, S. E. Owens, M. L. Moravec, A.
B. Bates, T. C. Ferree1, and S. R. Lockery. Institute of Neuroscience,
1254 University of Oregon, Eugene, OR 97403-1254. ’EGI, 1900
Millrace Dr., Eugene, OR 97403
Chemotaxis in C. elegans involves a series of abrupt turns (pirouettes)
triggered by movement down a gradient of chemical attractant2. Analysis
of the time series of concentration change experienced by a worm,
together with its pirouette record, suggests a three-stage chemotaxis
mechanism in which chemical concentration (C(t)) is differentiated
(dC(t)/dt), smoothed (q(t)), and converted into pirouette probability by a
nonlinear function (P(q[t])). To test the plausibility of this mechanism,
we constructed a computer model (with no free parameters) in which the
smoothing filter and the nonlinearity were estimated from the time series
of dC(t)/dt and the pirouette records of real worms. Pirouettes were
modeled by sampling randomly, via a Poisson process with probability
P(q[t]), from the distribution of direction changes caused by pirouettes in
real worms. The chemotaxis index (time-average of normalized C(t)) of
model worms closely matched the chemotaxis index of real worms. Thus
the three-stage mechanism is quantitatively sufficient to account for
C. elegans chemotaxis. To determine the form of the smoothing filter
and nonlinearity directly, we have devised a new behavioral assay that
subjects unrestrained worms to negative-going impulses in dC/dt. As
predicted by the model, impulses in dC/dt induce pirouettes and this
effect increases with impulse size. The model provides a well-defined
theoretical framework for the neuronal analysis of chemotaxis in
C. elegans, currently in progress.
2Pierce, J.T., and Lockery, S.R., J. Neurosci. (Submitted)
Supported by NIMH, NSF, ONR, and The Searle Scholars Program.

COMPUTATIONAL SIMULATION OF COST-BENEFIT
ANALYSIS IN FORAGING BEHAVIOR OF THE PREDATORY
SEA-SLUG Pleurobranchaea. Mikhail Voloshin, Rong-Chi Huang,
Nathan Hatcher, Leonid Moroz and Rhanor Gillette*. Dept. of
Molecular and Integrated Physiology, University of Illinois; Urbana,
IL 61801.
Hunger/satiation state interacts with appetitive and noxious
chemostimuli to determine feeding and avoidance responses of the
predatory marine snail Pleurobranchaea. Feeding thresholds vary
directly with satiation state. However, feeding stimuli elicit avoidance
at thresholds that are relatively low and fixed. In hungry animals with
low feeding thresholds, food-induced avoidance and locomotion were
interrupted and suppressed by active feeding. Noxious chemostimuli
usually stimulated avoidance, but in hungrier animals elicited feeding
behavior. A simple cost-benefit computation may regulate behavioral
switching in foraging behavior, where food stimuli below the incentive
level for feeding in partly satiated animals tend to induce avoidance,
preserving the animal from other predators and saving needless energy
outlay. Pain-induced orienting and attack in the hungriest animals may
reflect risk-taking that enhances prey capture success. A simple,
hedonically-structured neural network model captures this computation
in software simulation. An interactive animated model coupled to an
artificially intelligent learning algorithm is under construction, with the
aim of eventual application to autonomous robots with flexible costbenefit decision making capacity.

458.5

458.6

SATIATION OF FOOD INTAKE IN APLYSIA CALIFORNICA IS
DETERMINED BY OROSENSORY DECREMENT AS WELL AS
STRETCH OF THE CROP. C.C. Hom*, C.R. Geizhals. and I. Kupfermann.
Center for Neurobiol. and Behav., Columbia. Univ., New York, NY 10032.
There is substantial evidence that satiation of feeding in Aplysia is controlled by
stretch of the crop, a distensible organ of the alimentary tract. In the present study
crop volume did not decrease by 6 hr after a meal, and in fact there was a 20%
increase in volume due to an increase in water content. Furthermore, animals that
were presented with food after this delay consumed a second meal, although the
second meal was smaller than the first meal (2.5 g vs. 8.4 g). This result shows that
a factor other than gut distension must also contribute to satiation. We investigated
the possible contribution of orosensory input as a factor in satiation. In order to
assess the activity of the orosensory pathways we recorded the activity of the
metacerebral cell (MCC) during lip stimulation with seaweed (SW) in free-moving
animals that were implanted with chronic cut-end or en passant electrodes on a
cerebral-buccal connective. The MCC of Aplysia is a bilaterally paired serotonergic
neuron whose activity accounts for aspects of food-induced arousal, and is excited
by chemosensory stimulation of the lips. We applied SW repeatedly (approximately
every 5 sec) for 1-2 hr (the normal duration of a meal) without allowing an animal
to consume food. For each 2 s after a stimulus was applied, the total number of
MCC spikes that were evoked was determined. Substantial response decrement
occurred over the 1-2 hr of lip stimulation with SW. In preliminary experiments
animals were injected with non-nutritive gel into the crop following a 1 hr
stimulation test run. During a second test run the initial MCC activity was lower
compared to the pre-test, and the MCC decrement with repeated stimulation
occurred at a faster rate compared to the pre-test before filling the crop with gel.
The current data suggests that orosensory decrement may play an important role in
satiation, and may interact with crop stretch to determine satiation in 'Aplysia.

MRI IMAGING AND KINEMATIC MODELING OF FEEDING
RESPONSES OF THE BUCCAL MASS OF APLYSIA
CALIFORNICA. H. J. Chiel*. D, M, Neustadter, G. Sutton. R. F,
Drushel, and P, E, Crago. Depts. of Biology, Neuroscience, Mechanical
Engineering, Biomedical Engineering, Case Western Reserve University, Cleveland, OH 44106 and GE Medical Systems, Haifa, Israel.
We are studying the coupling of neural control and
biomechanics during feeding in Aplysia. To measure buccal mass
kinematics, we have developed a novel MRI imaging interface that
allows a user to pursue a moving object during continuous real-time
imaging, as well as obtaining parallax-free images of the object. Using
this interface, we have obtained MRI images of the buccal mass in
intact animals during biting, swallowing, tugging, and rejection. To
understand the kinematics of the buccal mass during these behaviors,
we are using a model of the buccal mass that incorporates a kinematic
model of the structure used to grasp and ingest food, the radula/
odontophore (Chiel et al., Soc Neurosci Abstr 1998). Using high spatial
resolution MRI, we have extracted parameters that constrain the
volumes and positions of structures in the resting buccal mass. We are
currently extracting parameters from high temporal resolution images
during swallowing movements. Using these parameters in the
kinematic model permits the estimation of the lengths and velocities of
intrinsic buccal muscles during swallowing. By normalizing the
resulting model frames to the cycle times of muscle activations
recorded in intact animals, we can estimate each muscle's potential for
force generation and its changing mechanical advantage during a
swallowing cycle.
Supported by the Whitehall Foundation (M97-12).

[This research was supported by NIH grants MH11586 and MH35564.]
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458.7

458.8

NO/cGMP/PKG PATHWAY CONTRIBUTES TO LTP OF SENSORY
NEURON SYNAPSES IN APLYSIA. X.-I, Song* and E, T. Walters.
Dept Integrative Biol., Univ. Texas - Houston Med. School, TX, 77030.
NO and cGMP can induce LTP in mammalian brain (e.g. Hawkins et al.,
Prog. Brain Res., 118:155, 1998). A NO/cGMP/PKG pathway is critical
for inducing long-term hyperexcitability of Aplysia smsory neurons
(SNs)(Lewin and Walters, Nat. Neurosci. 2:18, 1999). Because these
cells also display LTP (Lin & Glanzman, Proc. R. Soc. Lond. B, 255:215,
1994), we examined possible NO/cGMP/PKG contributions to LTP of their
synapses onto tail motor neurons (MNs). Connections from two SNs onto a
MN were recorded simultaneously in excised ganglia. LTP (expressed as
a percentage of the untetanized SN EPSP) was induced by tetanic
stimulation of one SN paired with artificial depolarization of the MN
in a high divalent cation solution. Bath application of 8-Br-cGMP
(200uM, n=7, or 500uM, n=5) during tetanization enhanced LTP for at least
1 hr (150±12% and 402±85% vs 125±15%, respectively). Conversely, a
guanylyl cyclase inhibitor, ODQ (15uM, n=5; 30uM, n=6), a cGMP
antagonist, Rp-8-pCPT-cGMPS (100uM, n=5) and a PKG inhibitor,
KT5823 (5-10uM, n=7), significantly inhibited induction of LTP. An NO
donor, S-nitrosocysteine (100-200uM, n=7), paired with tetanization
(without MN depolarization) enhanced LTP for at least 60 min (187±24%
vs 135±10%). An active NOS inhibitor, L-NMMA (ImM, n=7), but not
the inactive isomer, D-NMMA (ImM, n-3), significantly reduced LTP,
from 181±23% to 133±16% at 60 min.
The participation of a
NO/cGMP/PKG pathway in LTP induction in invertebrates as well as
vertebrates suggests that this is a primitive and fundamental pathway
for memory induction. Supported by NIH grants NS35979 and NS35882.

LONG-TERM HYPEREXCITABILITY AND SYNAPTIC FACILITATION
IN APLYSIA SIPHON SENSORY AND MOTOR NEURONS "AFTER
SIPHON INJURY. M. A. Ungless* and E. T. Walters. Dept. of Integrative
Biology, Univ. Texas- Houston Medical School, TX, 77030.
To examine central mechanisms underlying long-term memory of
peripheral injury, we are investigating alterations produced by siphon
injury in sensory neurons, motor neurons and intemeurons in the abdominal
ganglion of Aplysia. When tested in artificial seawater (ASW) 1 day
after siphon injury, LE sensory neurons exhibited hyperexcitability and
facilitated synaptic responses in L14 ink motor neurorts. These EPSPs are
primarily polysynaptic, suggesting the involvement of plasticity at
interneuronal sites. We also recorded EPSPs in LFS siphon motor neurons.
Surprisingly, these EPSPs were not facilitated after siphon injury.
We next developed an isolated siphon-abdominal ganglion preparation
to facilitate cellular analysis of nociceptive memory. As in the whole
animal, when LE cells were tested 1 day after siphon injury, they
exhibited hyperexcitability and synaptic facilitation (in L14, but not LFS
motor neurons). Preliminary experiments revealed that blocking
interneuronal activity with a high divalent cation solution during testing
did not prevent expression of LE hyperexcitability, suggesting that it
involves long-term changes intrinsic to the sensory neurons. However, no
facilitation was observed at monosynaptic LE-L14 or LE-LFS connections
tested in this solution, suggesting that the changes seen during testing in
ASW involve intemeuronal alterations. Siphon injury also increased
excitability of LFS motor neurons, but decreased the input resistance of L14.
These results show that siphon injury causes diverse, long-lasting effects
at multiple loci within networks controlling defensive behavior.
Supported by NIH grant NS35882.

458.9

458.10

INTERRUPTION OF LONG-TERM HYPEREXCITABILITY OF
SENSORY NEURONS BY METHIOTHEPIN SUGGESTS THAT
NOCICEPTIVE MEMORY IN APLYSIA INVOLVES PERSISTENT 5-HT
RELEASE X. Liao*. C. Brou and E, T. Walters, Dept. of Integrative
Biology, Univ. Texas- Houston Medical School, TX, 77030.
Noxious stimuli produce long-term hyperexcitability (LTH) of Aplysia
sensory neurons (SNs). We are testing the contribution of 5-HT to
induction and maintenance of LTH, using methiothepin, a potent 5-HT
antagonist that blocks 5-HT-induced adenylyl cyclase activation in
Aplysia SN membranes (Cohen et al., Soc. Neurosci.Abstr. 23:1237, 1997),
as well as blocking other Aplysia 5-HT receptors (Li et al. J. Neurosci.
15:7585, 1995; Angers et al., J. Neurosci. 18:5586, 1998). Methiothepin
(50-100uM) largely blocked immediate hyperexcitability induced by 15uM 5-HT. However, treatment with methiothepin (50uM) during
noxious nerve crush or nerve shock did not block induction of LTH; indeed
it caused a significant enhancement of LTH induced by repeated nerve
crush in the absence of anesthesia. These and other data suggest little or
no contribution of 5-HT to induction of LTH by noxious stimulation.
Conversely, application of methiothepin (20-50uM) during excitability
tests 24 hr after repeated, unanesthetized nerve crush, consistently
reduced expression of LTH.
Methiothepin (lOOuM) also blocked
expression of LTH induced by pinching the intact animal. Together with
evidence that LTH involves persistent neural activity (Gasull et al.
Soc.Neurosci.Abstr. 23:1958), and noxious stimulation increases 5-HT in
hemolymph 24 hr later (Levenson et al., Soc. Neurosci.Abstr. 24:1701),
these data suggest that nociceptive memory involves long-lasting release
of 5-HT. Supported by NIH grants NS35979 and NS35882.

MINIMAL CONTRIBUTION OF VESICLE DEPLETION TO
DEPRESSION AT APLYSIA SENSORY NEURON SYNAPSES AS A
CONSEQUENCE OF UNIVESICULAR OR LIMITED MULTIVESICULAR RELEASE. T.D. GoverfX.-Y. Jiang, and T.W. Abrams.
Depts. of Pharmacology & Anesthesiology & Program in Neuroscience,
Univ. of MD Sch. of Medicine Baltimore, MD 21201
Homosynaptic depression (HSD) at the connections from Aplysia sensory neurons contributes to behavioral habituation. A popular hypothesis
for HSD is depletion of the readily releasable pool of vesicles. However,
Jiang & Abrams (1998) found that during HSD there was not the decrease in release probability that would be expected to accompany vesicle
depletion. Using a computational model, we explored which presynaptic
changes, including depletion, might account for HSD. Unlike earlier
models of HSD, we incorporated a general property of most synapses
that have been analyzed: during each spike, exocytosis at individual release sites is restricted - once one vesicle has exocytosed the probability
of further fusions is greatly reduced. We studied models in which HSD
resulted from decreases in one of 3 parameters: 1) the no. of readily
releasable vesicles (i.e., depletion), 2) the probability of an individual
vesicle undergoing exocytosis, and 3) the no. of functional release sites.
In these models, we also varied which one of these three factors was
responsible for differences in initial synaptic strength. In cellular studies,
we recently found that initially strong (> 8 mV) and weak (< 8 mV)
synapses undergo HSD at identical rates. In contrast, in 8 of 10 models,
strong and weak synapses underwent HSD with distinct time courses.
Only 2 models, which involved a spike-dependent (rather than a releasedependent) decrease in the no. of release sites, produced HSD that was
independent of initial synaptic strength. Supported by ROI MH5588O.

458.11

458.12

DISHABITUATION OF SWIM CYCLE NUMBER IN THE MARINE
MOLLUSC, TRITONIA DIOMEDEA.
D.L, Mongeluzi* & W.N. Frost.
Department of Neurobiology & Anatomy, University of Texas-Houston Medical
School, Houston, TX 77225.
Although the marine mollusc Tritonia diomedea shows many of the
parametric features of habituation common to vertebrates and other
invertebrates, one key feature, dishabituation, has been surprisingly difficult to
obtain. We recently suggested (Frost et al, 1996) that this difficulty in
demonstrating dishabituation might be due to interference from the short-term
sensitization that normally co-occurs with habituation in this preparation. The
goal of the present study was to test this hypothesis.
After first confirming earlier findings that sensitization is shorter-lasting than
habituation, we designed a protocol that tested for dishabituation while
habituation was in effect, but after sensitization had dissipated. Eight animals
received 7 habituation-training sessions, with 4 hrs between the onset of each
session. Each session consisted of 10 tail stimuli (0.15 mi 4M NaCl) delivered
with a 2 min intertrial interval. Five minutes before the start of the seventh
training session, with habituation fully present, animals were given a single
swim-eliciting head stimulus (0.5 to 2 ml 4M NaCl). Comparing the cycle
number responses of the first trial of the sixth and seventh habituation
sessions indicated that the head stimulus produced significant cycle number
dishabituation (p< .001).
This demonstration of dishabituation, together with our previous
findings (Frost et al, 1996), indicates that habituation in Tritonia is
parametrically similar to habituation in other organisms. The observation that
extant sensitization prevents the development of dishabituation in Tritonia
suggests that these two forms of nonassociative learning may be mediated by
similar or identical cellular mechanisms in this animal.
Supported by NIH grants NS36500 and NS07373.

ACTIVITY-DEPENDENT FACILITATION OF MONOSYNAPTIC SENSORY
NEURON-MOTOR NEURON PSPs CONTRIBUTES TO CLASSICAL CONDITIONING OF THE APLYSIA SIPHON-WITHDRAWAL REFLEX IN A SIMPLIFIED PREPARATION. I, Antonov.* I. Antonova, and R, D, Hawkins. Ctr. Neurobiol. & Behav., Columbia Univ., NY, NY 10032.
We have investigated mechanisms contributing to classical conditioning of the
siphon withdrawal reflex in a new simplified preparation consisting of the siphon,
tail, and central nervous system of Aplysia in which it is relatively easy to record the
activity of identified neurons during behavior (Antonov et al., S.N. Abstr. 23, 1333,
1997; S.N. Abstr. 24, 1189, 1998). Paired training in which the CS (mechanical
stimulation of the siphon) occurred just before the US (a shock to the tail) produced
a greater increase in the withdrawal reflex than unpaired, CS alone, or US alone
training. Paired training also produced a greater increase in evoked firing of LFS
siphon motor neurons than unpaired training, and greater facilitation of monosynaptic PSPs from LE siphon sensory neurons that fired during the siphon stimulation
(on-field) but not of PSPs from LE neurons that did not fire (off-field). In addition,
paired training produced less of a decline in the siphon withdrawal produced by intracellular stimulation of an LFS neuron. These results provide direct evidence that
the conditioning is due in part to activity-dependent facilitation of monosynaptic
sensory neuron-motor neuron PSPs and in part to peripheral mechanisms. The central facilitation in turn could be due to either activity-dependent presynaptic neuromodulation or Hebbian plasticity. To attempt to distinguish between these possibilities, we perfused the abdominal ganglion with the PKA inhibitor KT5720 or the
NMDA antagonist APV during training, and found that either drug blocked behavioral conditioning. These results are consistent with the idea that the activitydependent facilitation contributing to conditioning involves a hybrid pre- and postsynaptic mechanism (Bao et al., 1998). (Supported by MH26212.)
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458.14

OVEREXPRESSION OF apCAM IN APLYSIA SENSORY NEURONS BLOCKS
5-HT-INDUCED LONG-TERM FACILITATION Bong-Kiun Kaang1*. Jin-Hee
Han1. Eric R. Kandel2. 'Molecular Neurobioiogy Lab., Instit. of Molecular Biol. &
Genet., Dept. of Biology, Seoul National Univ., Seoul, 151-742, Korea; 2Howard
Hughes Med. Instit., Columbia Univ., NY, NY 10032, USA.
Cell adhesion molecule (apCAM) plays an important role for the synaptic growth
that accompanies 5-HT-induced long-term presynaptic facilitation. 5-HT induces
internalization of the transmembrane isoform of apCAM in the sensory neurons. This
process is thought to cause axonal defasciculation and to be important for the
initiation of axonal outgrowth required for synaptogenesis. To examine the
functional role of apCAM in synaptic growth, we overexpressed the apCAM in the
sensory neurons by DNA microinjection. Using the dissociated sensory-motor
coculture of Aplysia kurodai, we analyzed the effect of apCAM overexpression on
synaptic facilitation by measuring EPSP from the postsynaptic motor neurons.
When apCAM was overexpressed in the sensory neuron, five pulses of 5-HT
failed to produce long-term facilitation (% change, -11.4 ± 8.2%, n = 5). In control
experiments, the same protocol but without apCAM overexpression produced normal
long-term facilitation (62.7 ± 27.1%, n = 8). The results showed that the
overexpression of the transmembrane isoform of apCAM in the sensory neuron
blocked the long-term facilitation induced by 5-HT. Furthermore, the synaptic effect
of apCAM overexpression was specific for long-term facilitation. It did not block the
5-HT-induced short-term facilitation (172.9 ± 69.0%, n = 5). Our results indicate that
the transmembrane isoform of apCAM can act as a repressive factor preventing the
structural modifications that accompany long-term facilitation. This is consistent
with the idea that down-regulation of a cell adhesion molecule in the sensory neuron
is one of the molecular changes important for aspects of long-term synaptic
facilitation. (Supported by BSRP and HHMI.)

A NOVEL NEUROACTIVE PEPTIDE IN THE REPRODUCTIVE
TRACT AND CENTRAL NERVOUS SYSTEM OF APLYSIA.
Frederick Wm. Kauer1, Connie R. Timenez3, Katherine A. Foster1,
Valerie L. Begnoche1, Allan I. Basbaum1,2, and Earl Mayeri1*.
Depts. of ‘Physiology, 2Anatomy and ’Pharmaceutical Chemistry,
University of California, San Francisco, CA 94143-0444, USA.

The atrial gland (AG) is an exocrine gland located in the reproductive
tract of the marine mollusk Aplysia californica. It contains large
quantities of biologically active peptides of the egg-laying hormone
(ELH) gene family. We recently isolated from the AG a novel
neuroactive peptide comprised of 31 amino acids. In the present
study, mass spectrometry and electrophysiology indicate that the
synthetic and naturally occurring peptides are identical.
Administration of peptides R15al and ELH to an excised AG induces
release of the peptide. Using antisera directed against the peptide,
immunoreactivity is widespread in Type I AG exocrine cells, which
have previously been shown to contain peptides of the ELH gene
family. It is also in fine nerve fibers distributed in the outer muscular
layers of the AG and red hermaphroditic duct, but not in the white
hermaphroditic duct. Immunoreactivity also occurs in the central
nervous system. The presence of immunoreactivity in both the
reproductive tract and CNS suggests a further connection between
the atrial gland secretory products and reproductive control.
(Supported by NSF grant 9807914)

458.15
DISSOCIATED ARTERIAL CELLS ISOLATED FROM APLYSIA HAVE
NEUROTROPHIC ACTIONS ON REGENERATING NEURONS IN TISSUE
CULTURE. M. Marsh, M. Montgomery, and M.D, Kirk*, Division of Biological
Sciences, University of Missouri, Columbia, MO 65211.
Soluble and substrate factors influence axonal growth and synapse formation
during development and regeneration. We have grown in culture, cells dissociated
from the anterior aorta of Aplysia and tested the influence of these dispersed arterial
cells on neurite regeneration by co-cultured Aplysia neurons.
The anterior aortas from 90-125 gram Aplysia californica were digested in
collagenase, and the arterial cells were rinsed, triturated, plated on glass coverslips
coated with poly-L-lysine and grown in medium consisting of L-15 supplemented
with salts and glutamine (SL-15). In some experiments, the dissociated arterial cells
were plated only on one-half of the coverslips. Neurons dissociated from the pleuralpedal ganglia of juvenile (10-20 grams) Aplysia were plated over the entire surface of
the cover slips. Regeneration of primary neurites was measured using an occular
micrometer, and the number of primary neurites per neuron and the length between
the soma and the tip of each primary neurite were recorded. Growth was defined as
any primary neurite that exceeded one soma width in length. Comparisons were
made between neurons grown on coverslips with and without arterial cells. For
cultures with arterial cells only on one-half of the coverslip, comparisons were made
between neurons grown in contact with arterial cells with respect to neurons in the
same cultures that did not overlap with arterial cells. Neurons co-cultured with
arterial cells exhibited extensive neurite regeneration, relative to neurons grown in
SL-15 alone. By 48 hours after plating the neurons in cultures with arterial cells on
one-half of the coverslip, no significant differences were observed for the percentage
of neurons with growth, for the number of neurites, and for the length of neurites
when comparing neurons overlapping arterial cells with neurons grown on the
opposite side of the coverslip. These results suggest that soluble factor(s) mediate
the neurotrophic actions of dispersed arterial cells. Supported by NIH grant
R01NS30832.

BIOLOGICAL RHYTHMS AND SLEEP: MOLECULES PHOTIC INPUT

459.1

459.2

MOLECULAR CORRELATES OF THE REST-ACTIVITY CYCLE IN
DROSOPHILA MELANOGASTER
P. Shaw*, C. Cirelli, and G. Tononi The Neurosciences Institute, San Diego, CA 2121
Rest periods in Drosophila melanogaster share several attributes with mammalian
sleep including quiescence, increased arousal threshold and rebound of rest following
prolonged waking (see companion abstract). Recently, differences in gene expression
associated with sleep and waking have been discovered in the rat (Cirelli and Tononi,
Mol Brain Res, 56:293, 1998). These genes fall into clusters that may underlie
functional correlates of sleep and waking at the molecular level. It is important to
establish whether such molecular correlates hold across evolutionary boundaries. With
this in mind, we have begun to evaluate changes in gene expression during
spontaneous waking and rest in Drosophila using mRNA differential display. Restactivity patterns were monitored in four-day-old virgin female wild type (Canton-S)
flies (n=400) and sacrificed when they met criteria for the following experimental
groups: A) 3 hours afid 11 hours of spontaneous activity during the light period, B) 3
hours and 11 hours of spontaneous rest during the dark period, and C) 3 hours and 11
hours of rest-deprivation during the dark period. Flies were considered to be
spontaneously awake if they were active for at least 66% of the light period and active
for 100% of the final recording hour. Flies were considered to be spontaneously
resting if they were quiescent for at least 66% of the dark period and resting for 100%
of the final recording hour. Differential display was performed on RNA extracted from
whole heads. An estimated -5-10,000 RNA species were screened using 104
combinations of primers. In agreement with previous results in the rat, the majority of
transcripts were not modulated by the rest-activity cycle; 128 transcripts were
differentially expressed. Of these, 42% were expressed at higher levels during waking
than during rest, 22% were higher during rest, and 37% appeared to be modulated by
circadian factors. Further characterization of these transcripts may reveal similarities
in the molecular correlates of behavioral states across phylogeny. (Supported by
Neurosciences Research Foundation)

HOMEOSTATIC ASPECTS OF THE REST-ACTIVITY CYCLE IN DROSOPHILA
MELANOGASTER
C. Cirelli*, P. Shaw and G. Tononi The Neurosciences Institute, San Diego, CA 92121
In mammals, sleep is characterized using both behavioral and electrophysiological
criteria. Because such electrophysiological criteria are difficult to meet in
invertebrates, the identification of sleep-like states depends primarily upon behavioral
analysis. The essential behavioral criteria for sleep include quiescence, increased
arousal threshold, and sleep rebound following prolonged waking. The latter criterion
is essential because it indicates that sleep is not merely inactivity but is under
homeostatic control. Virgin female, wild type (Canton-S) flies were visually
monitored by four independent observers and showed sustained periods of both
activity and quiescence. During periods of quiescence, flies were unresponsive to mild
external stimuli, but could be quickly aroused with stronger stimulation. In order to
determine whether flies exhibit a rest rebound following rest deprivation, activity
patterns were monitored using both infrared and ultrasound technology in flies
maintained on a 12:12 LD cycle. The infrared system recorded activity each time a fly
crossed a low-level infrared light beam whereas the ultrasound apparatus produced a
continuous measurement of fly activity. Both systems revealed a similar circadian
organization, with rest occurring predominantly during the dark period. Rest
deprivation (RD) was performed on 5-day-old flies using an automated system that
produced intermittent mechanical stimulation. Only those flies (52.5 ± 2.5% of total)
that had been active for > 66% of the light period and quiescent for > 66% of the dark
period were considered. In 10 independent experiments, flies (n=286) were subjected
to 12 hours of RD during the dark period. During the first six hours of the following
light period the amount of rest was increased by 301.8 ± 60.2% over baseline values.
In contrast, RD during the light period (n=36) reduced the amount of rest by 15.9 +
4.1% during the first six hours of the following dark period. These results suggest that
rest periods in Drosophila are under homeostatic control and that it is the loss of rest
per se, rather than the activity level during RD, that results in rest rebound. (Supported
by Neurosciences Research Foundation)
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459.4

CLOCK MUTANT MICE SHOW INCREASED SUSCEPTIBILITY
TO THE EFFECTS OF AGE ON THE CIRCADIAN TIMING
SYSTEM. D.E. Kolker*1, E.M. Fruechte1. M.H. Vitaterna1. J.S,
Takahashi1 \ and F.W. Turek1. 'Dept. Neurobiology and Physiology,
Northwestern Univ. and 2Howard Hughes Medical Institute, Evanston,
IL 60208.
Aging leads to a breakdown in the mammalian circadian timing
system. To investigate the role of the Clock gene in this process, we
studied the circadian rhythm of locomotor activity of wild-type (+/+),
heterozygous (Clock!A and homozygous (Clock/Clock) mutant mice
when they were young (< 6 mos. old) and again when they were old (>
18 mos. old). There was a significant main effect of age on
fragmentation and wheel-running activity (ps < 0.05) and a trend
towards an effect of age on the onset of activity and onset stability in a
12:12 light:dark cycle (ps < 0.15). Compared to +/+ mice, Clock
mutant mice showed a more severe age-related increase in rhythm
fragmentation (age-by-genotype interaction p < 0.10) and a more severe
age-related decrease in the amount of activity per day (p < 0.05). There
was a significant main effect of genotype, but not age, on mPerl mRNA
expression in the suprachiasmatic nucleus as measured by in situ
hybridization (p < 0.05). The effect of genotype on mPer2 mRNA
expression approached significance (p < 0.10). These data suggest that
Clock or an interacting gene fails to ftinction appropriately in old age,
leading to the age-related changes in circadian behavior. Supported by
NIH grant AG11412.

EXPRESSION OF CIRCADIAN “CLOCK GENES” IN THE PINEAL GLAND
OF RAT.
Abdul-Manaf A. Ibrahim, James L Dirden and Gianluca Tosini*. Neuroscience
Institute Morehouse School of Medicine, 720 Westview Dr. Atlanta, GA 30310.
Circadian clocks are endogenous oscillators that control daily rhythms in
physiology and behavior. In mammals only the retina and the suprachiasmatic
nucleus of the hypothalamus (SCN) have been shown to contain a circadian
oscillator. The molecular mechanism driving circadian rhythmicity in mammals
involves a transcriptional feedback loop which requires a series of genes (clock,
bmall, timeless and perl), all expressed in the retina and SCN. The pineal gland has
been shown to have a clock in non-mammalian vertebrates, but in mammals such
clock function has been lost during the course of the evolution.
We hypothesized that the loss of the oscillatory capability in the pineal is due to
the absence of one, or more, of these “clock” genes. To investigate this possibility,
we examined, using RT-PCR, the expression of perl, timeless, bmall and clock in
rat pineals. Our data show that all these genes were present in freshly-isolated
pineal, and the expression in vitro persisted for up to 48 hours (i.e., for the length of
the experiment). Surprisingly one the genes (perl) appeared to be rhythmically
regulated during the first 24 hours (peak around 5 p.m.).
Our results demonstrated that all the genetic components thought to be essential
for the molecular mechanisms responsible for the circadian oscillation are present in
the rat pineal. Furthermore, the rhythmic expression of perl suggests the presence
in this organ of a weak oscillator. These observations suggest that the pineal may be
lacking other clock component s) that have not yet been described or alternatively
the fine tuning of the components is inappropriate.

459.5

459.6

CYTOARCHITECTURE OF THE SUPRACHIASMATIC NUCLEUS IN
WILD-TYPE AND CLOCK-MUTANT MICE. ED. Herzog*. C. Harrer, J.
Williamson, M. Grace and G.D. Block Dept. of Biology, NSF Center for
Biological Timing, Univ. of Virginia, Charlottesville, VA 22903
Recent advances in molecular techniques have made the mouse an important
model for the study of genetic and cellular basis for circadian behavior. The
suprachiasmatic nucleus (SCN), the pacemaker that drives most daily rhythms
in behavior and physiology, has not been well studied in the mouse. As a first
step, we compared the expression of vasoactive intestinal polypeptide (VIP)
and arginine vasopressin (AVP) in the brains of wild-type and C/ocL-mutant
mice. The semidominant, autosomal, Clock mutation disrupts circadian
timing. Brains fixed midday were cryosectioned at 25 pm and labeled by
immunoperoxidase procedures. From postnatal day 5 (P5) to P21, the SCN
volume nearly doubled primarily by lateral expansion. AVP was expressed in
two clusters of cells in die dorsal SCN (-1000 cells total) which sent
projections dorsally by P5. The Clock mutation did not significantly alter the
dimensions or shape of the SCN, but, as previously reported (Cell 1999; 96:
57-68), reduced AVP expression specifically in the SCN. VIP was expressed
in neurons along the ventral margin of the SCN (-450 cells). The Clock
mutation did not significantly change the number of VIP-ir cells in the SCN or
fiber density in the central amygdala, but may have reduced the intensity of
VIP staining. These results indicate that the full complement of VIP-ir and
AVP-ir cells are present in the neonatal mouse SCN, which is often used in
cell culture studies, and in C/ocL-mutant mice.
Supported by the NSF Centerfor Biological Timing

IDENTIFICATION OF ZEBRAFISH CIRCADIAN CLOCK MUTANTS.
J. DeBruyne, Y. Tan, M.W. Hurd, DE. Wells, and G.M. Cahill*. Dept. of
feiology and Biochemistry, Univ. of Houston; Houston, TX 77204.
We have initiated a screen for dominant mutations that affect the
periodicity of behavioral circadian rhythms of larval zebrafish. Random
point mutations were induced in male spermatogonial stem cells using Nethyl-N-nitrosourea. Treated males were then crossed to wild type females,
and the resulting (GJ progeny are each heterozygous for a unique set of
mutations. The swimming activity in constant conditions of G, larvae
(days 10-17 post fertilization) was measured continuously with an
automated video image analysis system, and the average time of the
circadian activity peaks from days 5-6 was measured. Among the first
1275 G, individuals screened, we have identified two mutants that transmit
short period phenotypes to their progeny. When these Gj mutants were
outcrossed to wild type, the distribution of F, period phenotypes was
consistent with a 1; 1 ratio. F? progeny generated from an F, mutant
intercross had a phenotype distribution ratio consistent with 1:2:1. This is
consistent with a semi-dominant mutation. Periods of heterozygous
individuals for either mutation were shortened by 0.5-1 hours and the
periods of homozygous individuals were shortened by 1-1.5 hours. We
tested the effect of one mutation on the period of melatonin production
rhythms from cultured pineal glands. Pineals from homozygotes had a
significantly shorter period (23.8 ± 0.1 hours, n=7) than pineals from wild
type siblings (24.4 ±0.1 hours, n=7). This indicates that this mutation
affects circadian rhythmicity at the tissue level, as well as the behavioral
level. Linkage mapping using simple sequence length polymorphisms
indicates that these two mutations are on different linkage groups.
Together, these findings demonstrate that behavioral rhythmicity provides
an efficient screen for zebrafish clock mutants. This work was funded by
grants from AFOSR and the Texas Advanced Research Program.

459.7

459.8

LUCIFERASE REPORTED EXPRESSION OF CLOCK AND
CLOCK-CONTROLLED GENES WITHIN IMMORTALIZED SCN
CELLS. G. Allen*, R. Walline, D. Earnest. Dept. of Human Anatomy &

DARK PULSES RESET TAU AND WILD-TYPE HAMSTER RHYTHMS
FL Piggins, M, Maynard. H, Reed*. J.A.Stirland. and A.S.I, Loudon. School of
Biological Sciences, University of Manchester, Manchester M13 9PT
The tau mutation of the Syrian hamster reduces the period of behavioural rhythms of
this species from ~24h to ~20h. In addition, the tau mutation alters the magnitude of
the phase-resetting effects of photic and non-photic stimuli. Previous investigations
have shown that dark pulses cause large phase shifts in the locomotor rhythms of wildtype Syrian hamsters, but the effects of dark pulses on behavioural rhythms of tau
mutant hamsters are unknown. In this study, we examined the phase-resetting effects
of dark pulses on tow‘and wild-type Syrian hamsters free-running in constant light.
Wild-type and tau mutant hamsters (6-8 weeks of age) were obtained from the
University of Manchester breeding colony, placed in cages equipped with runningwheels, and housed under constant light conditions (LL). After 15 days in these
conditions, tau mutant and wild-type animals manifested stable behavioural rhythms
of 20.1h and 23.9h respectively. For the following 12 weeks, they were exposed to
dark pulses (6 circadian hours long) randomly across the circadian cycle at 10-20
circadian cycle intervals. In both wild-type and tau mutant hamsters, dark pulses
beginning during the subjective day induced large phase advances (>2 circadian
hours), whereas dark pulses given during the subjective night had few effects in either
genotype. Preliminary analysis indicates that tau mutants showed significantly larger
phase advances to dark pulses during the middle phase of the subjective day than did
wild-type hamsters. Tau mutant hamsters also showed a much higher incidence of
spontaneous and dark pulse induced splitting of the locomotor activity rhythm than
wild-type hamsters. These early findings indicate that the tau mutation alters the
magnitude of phase advances to dark pulses given during the subjective day and
increases the probability of splitting under LL. Further studies are required to
precisely characterise the phase-response curve of tau mutant hamsters to dark pulses.
Supported by BBSRC.

Neurobiology, Texas A&M University Health Science Center, College
Station, TX 77843
Our recent findings indicate that immortalized cells derived from the
rat suprachiasmatic nucleus (SCN) retain the capacity to generate
molecular and physiological rhythmic outputs. Current analysis using
luciferase reporter gene technology has allowed for non-invasive
temporal analysis of clock-controlled gene (ccg) expression in living
SCN cells. Using the promoter region of the c-fos immediate early gene
linked to a luciferase reporter, we have shown a distinct circadian
oscillation in luciferase-reported c-fos expression.
Importantly, the
administration of a 2-hour serum pulse prior to luminescence recording
resulted in increased rhythm amplitude from immortalized SCN cells as
well as the synchronization in the phasing of the c-fos rhythm among
different cultures. In the present study, we extended this non-invasive,
real-time measurement of gene expression to other clock-controlled
elements as well as to putative clock genes. Specifically, cells will be
transfected with constructs encoding the luciferase gene fused to the
promoter fragments of arginine vasopressin (VP), vasoactive-intestinal
polypeptide (VIP), brain-derived neurotrophic factor (BDNF), the family
of mammalian period homologs (mPer) and the mammalian blue-light
photoreceptor cryptochromes (cry). Together with the circadian
properties of our immortalized cells, this approach should provide a
unique model by which to manipulate putative core elements of the SCN
clock mechanism and study ensuing effects on its circadian outputs.
Supported by NSF IBN9511238 (DJE).
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459.10

OSCILLATION AND LIGHT INDUCTION OF TIMELESS MRNA IN THE
MAMMALIAN CIRCADIAN CLOCK. S.A. Tischkau1'2, J.A. Barnes1'2, F.-J. Lin1'3,
E.M. Myers1,3, J.W. Soucv2, E.L. Meyer-Bernstein3, W.J. Hurst2, P.W. Burgoon2, D,
Chen3, A. Sehgal3 and M.U. Gillette2' *. ’equal contribution by these authors;
department of Cell and Structural Biology, University of Illinois at UrbanaChampaign, Urbana, IL 61801; 3Howard Hughes Medical Institute, University of
Pennsylvania School of Medicine, Philadelphia, PA 19104.
Circadian rhythms in Drosophila melanogaster depend upon a molecular feedback
loop generated by oscillating products of the period (per) and timeless (tim) genes. In
mammals, three per homologs are cyclically expressed in the suprachiasmatic nucleus
(SCN), site of the circadian clock, and two of these, mPerl and mPer2 are induced in
response to light. While this light response distinguishes the mammalian clock from
its Drosophila counterpart, overall regulation, including homologous transcriptional
activators, appears to be similar. Thus, the basic mechanisms used to generate
circadian timing have been conserved. However, contrary to expectations, the
recently isolated mammalian tim homolog was reported not to cycle. In this study, we
examined mRNA levels of the same tim homolog using a different probe. We
observed a significant (~3-fold) diurnal variation in mTim expression within mouse
SCN using two independent methods. Peak levels were evident at the day-to-night
transition in light-entrained animals and the oscillation persisted on the second day in
constant conditions. Furthermore, light pulses known to induce phase delays caused
significant elevation in mTim mRNA. In contrast, phase-advancing light pulses did
not affect mTim levels. The mTim expression profile and the response to nocturnal
light are similar to mPer2 and are delayed compared to mPerl. We conclude that
temporal ordering of mTim and mPer2 parallels that of their fly homologs. We
predict that mTIM may be the preferred functional partner for mPER2, and that
expression of mTim and mPer2 may, in fact, be driven by mPERl. The work was
supported by NINDS grants NS22155, NS33240 and NS35859 to M.U.G., NS10170
to S.A.T., NIH grant NS35703 and NSF grant IBN-9723035 to A.S.

EFFECTS OF INCREASING DOSAGE OF PER AND TIM ON
LOCOMOTOR RHYTHMS IN DROSOPHILA. L. Hickman, M.
Emmerson, Y. Chen. A.Sehgal.* Department of Neuroscience,
Univ. of Pennsylvania, Philadelphia PA 19146.
Of the identified circadian clock genes, period (per) and timeless
(tim) are the best characterized. The temporal profile of per and tim
mRNA is the same, and their transcription is coregulated through
negative feedback that requires both proteins. However, it is not yet
known how overall periodicity is generated, or specifically, what
factors mediate the delays necessary to maintain a 24-hour cycle.
The current model for clock function suggests that period length
may be dependent on PER and TIM protein levels. In support of
this, previous studies have demonstrated that increasing PER levels
by several means shortens the period, and decreasing PER levels
lengthens period.
This study demonstrates that this dosedependency of the period is apparently not true for changes in TIM
dosage. Promoter-swapping experiments, in which tim is driven by
the per promoter and vice versa, also have effects on period,
suggesting that these proteins, while partially coregulated, also have
differences in their regulation which may be spatial or quantitative,
and these differences are important for mediating periodicity.
Further results will be presented at the meeting.
This work was supported by funding from the HHMI, NIH, and
NSF.

459.11

459.12

AGE-RELATED INCREASE IN PERIOD (PER) PROTEIN
LEVELS IN THE HONEY BEE BRAIN
Guy Bloch1, Susan E, Fahrbach2, and Gene E. Robinson2*, l)

SPATIAL AND TEMPORAL PATTERNS OF mperl PROTEIN EXPRESSION
IN MOUSE BRAIN AND RETINA. M.A. Sloan*1, A.M. Michel1. F.L. Kolakowski3.
M, Ali4. and M. A. Rea1'2'3. 1BRAIN Research Inst., Brooks AFB, TX 78235,
2Dept of Biology and Biochemistry, Univ. of Houston, Houston, TX 77204,
3Dept. of Pharmacology, UTHSCSA, “Alpha Diagnostic Int., San Antonio, TX
78240.
The first bona fide circadian clock component, the period gene (per), has
been extensively studied in Drosophila. Recently, per homologs were cloned in
several mammalian species, including mouse and human. Consistent with the
proposed role of these genes in circadian rhythm generation, other
investigators have shown that mRNA of two mouse per homologs, mperl and
mper2, display circadian rhythms in abundance in mouse brain and retina.
Herein, we describe the immunocytochemical distribution of an mperf-like
protein (PER1) in the mouse brain and retina. A polyclonal antiserum was
generated in rabbit against a 20-amino acid epitope located near the Cterminus of the mperl gene product. Western analysis of in vitro translated
mperl cDNA revealed a single 180 kDa band recognized by the mperl
antiserum. A similar band was detected in Western blots of cos7 cells
transiently transfected with mperl cDNA. Preabsorption of the antiserum with
the peptide antigen selectively blocked labeling of the 180 kDa band in mouse
brain extract Western blots, and completely blocked PER1-like
immunoreactivity (PER1-ir) in histological sections of fixed brain and retina.
Widespread expression of the protein was observed throughout the brain, with
intense labeling in the suprachiasmatic nucleus (SCN), hypothalamic
paraventricular nucleus, hippocampus and cerebellum. Within the retina, PER1ir was localized to the ganglion cell layer and the inner nuclear layer. A
circadian rhythm in the distribution of PER1-ir cells within the SCN and retina
was not apparent in animals maintained under constant darkness. This
antiserum should provide a valuable tool for the investigation of the
biochemistry of PER1 in the mouse. Supported by AFOSR 92-AL-004 (MAR)

Department of Entomology, 2) Department of Entomology and Neuroscience
Program, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA.

The in-hive jobs of young adult worker honey bees are performed
around the clock, with no daily rhythm, while older bees forage with a
strong daily rhythm. Recently it has been shown the mRNA levels of the
clock gene, period (per), cycle in the bee brain throughout adult
behavioral development, but that levels are significantly higher in older
bees than in younger bees. Immunocytochemistry performed with
antibodies generated against the Drosophila or Antheraea pernyi PER
protein stained large lateral neurons in the bee protocerebrum. These
neurons appear similar in morphology and location to the lateral
neurosecretory PER-expressing cells previously described in other
insects. Staining was mainly evident in the cell cytoplasm. Comparisons
of immunoreactivity in old and young bees under controlled conditions
(N = 4-9 brains per time point) indicate that PER levels oscillated in
circadian fashion in all bees. Peak expression was at CT16 to CT22.
More PER positive cells and more intense staining were found in old
bees relative to young bees. These last results suggest that behavioral
development in adult honey bees is associated with increased PER levels.
Funding source: Fulbright and BARD fellowships for GB, NIH grant for GER.
Key words: APIS MELLIFERA, CIRCADIAN RHYTHM, CLOCK
GENE

459.13

459.14

GENE EXPRESSION PROFILING OF THE RESPONSE TO SLEEP
DEPRIVATION IN MICE. A- Teraa*1, K. Hyder2, H. Q. Heller3, T.g. Kilduff1,
‘SRI International, Menlo Park, CA 94025, 2CLONTECH Laboratories, Inc.,
Palo Alto, CA 94303, 3Dept. of Biological Sciences, Stanford Univ., Stanford,
CA 94305.
To identify molecular correlates that distinguish wakefulness from sleep,
C57BL/6 mice were surgically implanted with EEG and EMG electrodes for
sleep recording. After 6h of sleep deprivation (SD) beginning at ZT0, significant
increases in sleep bout length and EEG delta power were observed during the
following recovery phase. Experimental and control mice were sacrificed at
ZT6, just after the 6h SD period, and at ZT10, after a 4h period of recovery
sleep following SD. Brains were dissected into 7 regions and total RNA was
isolated from individual tissue samples. Aliquots of total RNA from at least 10
individuals from each group were pooled for poly A+ mRNA purification using
magnetic beads. [32P]-labeled cDNA probes were synthesized, hybridized to
replicate Atlas Mouse cDNA Expression Arrays and exposed on a phosphor
imager. Optical densities (O.D.s) were measured for all genes detected and
ratios calculated using the average O.D. as denominator. Of the 588 genes
examined, only two genes were increased at least 2-fold in the cortex between
the SD and control groups in duplicate comparisons: nur/77 arid fos-B. The
increased expression of these genes in the SD group was confirmed by RT-PCR.
A third IEG, egr-1, showed a 1.6-fold increase in one comparison and a 5.7-fold
increase in a second comparison; this increase was also confirmed by RT-PCR.
Increased expression of nur/77 and eg r-7 after 6h SD are consistent with results
we previously reported in the rat using Northern analysis (O’HafU et al., 1993,
Sleep 16: 1-7); increased expression of fos-B is a novel observation. Analysis of
the recovery sleep group is ongoing (Supported by NIH ROI HL/MH59658).

CIRCADIAN RHYTHM OF THE ELECTRORETINOGRAPHIC RESPONSE
(ERG) AND THE EFFECT OF PINEALECTOMY IN Iguana iguana
Miranda-Anaya, M*, Bareli, P. A^ Yamazaki
and Mgnakgr, M_,
Dept. of Biology and NSF Center for Biological Timing; University of Virginia;
Charlottesville, VA 2290.3.
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The green iguana (Iguana iguana) has several circadian oscillators in the lateral eye,
parietal eye, pineal gland, and the brain (J.Neurosci., 18(3) 1105-14, 1988) and is
therefore an exceptionally favorable model system in which to study circadian
organization at the system level. Knowing that the isolated retina produces melatonin
with a circadian rhythm we asked whether the amplitude of the ERG was rhythmic in
the intact animal and, if so, whether this rhythmicity was intrinsic to the retina or was
under the control of the pineal gland. ERGs in response to a light pulse (260ms.;
50pW/cm2.) were recorded every 15 minutes from a total of 24juvenile iguanas while
under long-term anesthesia. Four different conditions were tested: Constant darkness
(DD; n=7), dim light-dark cycles (dLD; n=6), constant dim light (dLL; n= 6), and
pinealectomized in DD (Pin-x; n=5). Data were analyzed for periodicities using the fast
Fourier transform non-linear least squares method of estimation. Our results show
that the b-wave component of the lateral eye ERG posses a circadian rhythm in DD,
with a circadian period(t) =23.31±1.43h.; dLL T=25.87±1.32h and entrains to dLD.
The a-wave component was arrhythmic in most of the cases tested. Our results also
show that the oscillator responsible for the ERG circadian rhythm is not located in the
pineal gland, as pinealectomy does not abolish its circadian expression. The iguana’s
pineal does, however, participate in the regulation of the circadian rhythm of the ERG
response as its removal significantly increases the amplitude of the rhythm. These
findings are in contrast with what has been reported in another iguanid lizard, Anolis
carolinensis (J. Interdiscipl. Cycle Res. 18(3) 147-68, 1987).
Supported by grants AFOSR F49620-97-1-0012 and NIH 1 ROI MH56647
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459.16

SEROTONERGIC MODULATION OF RETINAL INPUT TO THE
SUPRACHIASMATIC NUCLEUS (SCN). G.E. Pickard*. B.N, Smith,
F.E, Dudek and P.J, Sollars. Dept. of Anatomy and Neurobioiogy,
Colorado State University, Fort Collins, CO 80523-1670.
The SCN receives glutamatergic afferents from the retina and
serotonergic afferents from the midbrain that modulate retinal input.
The distribution, subcellular. localization, and nature of the particular
serotonin (5HT) receptor subtypes in the SCN responsible for the actions
of 5HT on modulating retinal input are not well understood.
We examined the effects of 5HT receptor activation on optic nerve
input using whole-cell patch-clamp recordings from SCN neurons in
horizontal slices of the hypothalamus from C57BL/6J and 5HT1B receptor
knock-out (KO) mice. We tested the hypotheses that 5HT reduces the
effect of retinal input to the SCN by acting at 5HT1B receptors on retinal
terminals and 5HT7 receptors on SCN neurons.
Application of the 5HT1A/1B receptor agonist TFMPP reduced the
amplitude of EPSCs evoked by stimulating selectively the optic nerve in
C57BL/6J mice but had no effect in 5HT,B receptor KO mice.
Application of 8-OH-DPAT, a 5HT1A/7 agonist, reduced the amplitude
of EPSCs evoked by optic nerve stimulation in both wild-type and 5HT1B
receptor KO mice, indicating the response is not due to activation of
5HT1B receptors. Further pharmacological studies currently underway
will support either a 5HT1A or 5HT7 mediated mechanism in addition to
the 5HT1B receptor mechanism. Supported by NS 35615.

IN MONKEYS, INTRAOCULAR CHOLERA TOXIN B INJECTIONS
REVEAL MASSIVE RETINAL PROJECTIONS TO DIFFERENT
HYPOTHALAMIC AND FOREBRAIN NUCLEI AND RETINOPETAL
DORSAL RAPHE NEURONS. S. Piano.1* B. Horvath.2 and T.L. Horvath,1 ‘Dept. of

Obstetrics and Gynecology, Yale University School of Medicine, New Haven CT, and
2Div. of Pediatric Anesthesiology, Aladar Petz Hospital, Gyor, Hungary
We studied the projections of retinal ganglion cells in the hypothalamus, limbic
system and brain stem of African green monkeys (Cercopithecus aethiops, n=3)
following unilateral intraocular administration of CTB. Massive retinal projections
were detected in the SCN, the marginal zone of the hypothalamic supraoptic nucleus
and the bed nucleus of the stria terminalis. Extensive retinal projections were also
observed in the retrochiasmatic area, lateral hypothalamus and the thalamic
paraventricular nucleus. A moderate number of retinal fibers were found in the
preoptic area, anteroventral periventricular nucleus, the thalamic nucleus of reuniens, a
region just lateral to the arcuate nucleus of the hypothalamus, the stria terminalis and
amygdaloid nuclei. The projections were to both the ipsi- and contralateral sides with
contralateral dominance. No retinal fibers were observed caudal to the midbrain, in
the medial nuclei of the pons and the medulla. However, a distinct population of
dorsal raphe serotonin neurons were consistently labeled retrogradely from the retina.
In the hypothalamus and other forebrain regions, the predominant targets of retinal
fibers were calbindin-containing neurons. However, asymmetric synapses established
by CTB labeled retinal axons were also observed on dopaminergic cells and
luteinizing hormone-releasing hormone-producing neurons of the hypothalamus.
Our results indicate a widespread and massive retinal innervation of different
hypothalamic and forebrain regions. It is suggestive that visual signals are more
directly involved in hypothalamic and limbic functions, including endocrine regulation
of the pituitary and related behaviors, than previously suspected. The direct projection
of a substantial number of dorsal raphe serotonin cells to the monkey retina indicates
that this monoamine system may directly control retinal function. (Supported by NSF
grant IBN-9728581)

459.17

459.18

COLOCALIZATION OF NPY AND GAD65 OR GAD67 IN NEURONS OF THE
INTERGENICULATE LEAFLET IN THE 13-LINED GROUND SQUIRREL. L.
Vidal. L. Camacho, and N, Lugo*. Institute of Neurobioiogy and Dept. of
Anatomy, Univ. of Puerto Rico Med. Sci. Campus; San Juan, PR 00901.
The suprachiasmatic nucleus of the hypothalamus (SCN) houses the principal
pacemaker of the mammalian circadian visual system. The SCN receives direct
visual information from a specific population of retinal ganglion cells, and indirect
retinal information from the intergeniculate leaflet (IGL) of the ventral thalamus.
Among the neuroactive substances reported in these nuclei, GABA appears to be
the principal neurotransmitter, found in both cell bodies and axon terminals in
both the SCN and the IGL. In addition, an NPY projection originating in the IGL
exerts a modulatory influence on SCN cells. We were interested in comparing
GABA- and NPY-like neurons in the IGL of a diurnal, wild-caught rodent, the 13lined ground squirrel (Spermophilus tridecemlineatus). To identify NPY- and
GABA-like cells, 30 pm thick coronal sections through the thalamus were
incubated with antibodies against NPY and/or one of the two isoforms of GABA’s
synthethizing enzyme, GAD65 and GAD67. NPY-like immunoreactive soma
profiles in the IGL were round or oval in shape, with diameters ranging 6-20 pm
(average = 14 pm). GAD65-like profiles were also round or o\ 'll. Their diameters
ranged 4-15 pm, (average = 9 pm). They were sparse and lightly stained. GAD67like profiles were more numerous and deeply stained. Their diameters ranged 3-20
pm (average =10 pm). The overlapping size ranges of NPY-like cells and GADlike cells suggested the possibility of co-expression by some cells. In fact, when
colocalization experiments were performed, cells immunoreactive for both NPY
and GAD65, as well as for NPY and GAD67 were found. These findings suggest
a functional interaction between NPY and GABA in some IGL cells. (Supported by
NIH grants MH-48190 and RR-03051.)

ELECTRICAL STIMULATION OF THE SUPERIOR COLLICULUS
ATTENUATES LIGHT-INDUCED CIRCADIAN PHASE SHIFTS. E. G.
Marchant* and L.P. Morin. Dept. Psychiatry, Health Science Center, SUNY,
Stony Brook, NY 11794.
The deep superior colliculus (DSC), which has reciprocal connections with
the intergeniculate leaflet and dorsal raphe nucleus, has recently been
implicated as a mediator of benzodiazepine-induced circadian rhythm phase
shifts in hamsters. Here we report the effects of DSC electrical stimulation on
circadian rhythmicity and light-induced phase shifts. Hamsters, unilaterally
implanted with bipolar stimulating electrodes aimed at the DSC, were
housed in complete darkness for two weeks, prior to any manipulations.
During this time, circadian wheel running behavior was monitored and
recorded. Forthe electrical stimulation, intensity was started at 150pA (20Hz)
and raised slowly until the hamsters exhibited behavioral freezing and
defensive posturing (max=300pA). Forty-five minutes of electrical
stimulation, starting at either CT6 or CT19, failed to modify circadian wheel
running behavior. However, 45 minutes of electrical stimulation, starting 15
minutes before a 15 minute 400 lux light pulse, was able to significantly
attenuate (64%) light-induced phase shifts at CT19. We further investigated
this effect by examining light-induced c-Fos protein expression in the SCN
with or without concurrent electrical stimulation. The data indicates that
electrical stimulation of the DSC at CT19 can attenuate light induced phase
shifts without a decrease in light-induced Fos protein expression in the SCN.
This data, in combination with the recent report that the DSC is necessary
for benzodiazepine-induced phase shift, indicates that this structure is part
of the hamster circadian rhythm system.
Supported by a grant from the AFOSR and NIH grant NS22168.

459.19

459.20

SEPARATE POPULATIONS OF NPY OR ENKEPHALIN INTERGENICULATE
LEAFLET (IGL) NEURONS PROJECT TO PRETECTUM AND SUPRACHIASMATIC NUCLEUS (SCN). J.H. Blanchard* and L.P. Morin. Dept. Psychiatry,
SUNY, Stony Brook, NY 11794.
Neuropeptide Y (NPY) and enkephalin (ENK) neurons in the IGL project to
the hamster SCN. We have previously established that neurons containing
these peptides also project to the posterior limitans and other nuclei of the
pretectum. The present triple label study was designed to determine
whether individual neurons in the IGL project to both the pretectum and the
SCN and whether they contain NPY or ENK. Adult male hamsters were
anesthetized with pentobarbital and stereotactically given an iontophoretic
injection of cholera toxin 3 fragment into the SCN and a FluoroGold injection
into the pretectum. About 72 hr later, each animal was re-anesthetized with
pentobarbital and given bilateral intraventricular colchicine injections
followed 24 hr later by an anesthetic overdose, perfusion and brain
processing for immunofluorescence. The results showed that 57% of CT-plabeled neurons were also immunoreactive to NPY and 14% for ENK; 3% of
FluoroGold-labeled neurons were also immunoreactive to NPY and 4% for
ENK. No IGL neurons were unquestionably labeled by both FluoroGold and
CT-3 suggesting that none of the IGL neurons project to both pretectum and
SCN. The results suggest different functions for classes of IGL neurons with
dorsal projections to midbrain visual structures compared with those having
projections to the circadian clock in the SCN.

NEUROTENSIN AND NPY NEURONS IN THE HAMSTER
INTERGENICULATE LEAFLET HAVE SIMILAR PROJECTION PATTERNS TO
THE SUPRACHIAS-MATIC NUCLEUS. L.P. Morin* and J.H. Blanchard. Dept.
Psychiatry, SUNY, Stony Brook, NY 11794.
NPY neurons in the IGL project to the SCN through the geniculohypothalamic tract. NPY appears to functionally regulate circadian rhythm phase in
response to certain non-photic stimuli. In the hamster, the IGL contains
enkephalin neurons that also project to the SCN and there are IGL neurons
containing GABA. The latter presumably project to the SCN as they do in the
rat. We now report that the hamster IGL contains abundant neurotensinimmunoreactive (NT-IR) neurons that apparently project to the SCN.
Male golden hamsters were anesthetized, given intraventricular colchicine,
then about 36 hr later, re-anesthetized, perfused and their brains processed
for immunohistochemistry. NT-IR neurons are distributed throughout the full
extent of the IGL. Furthermore, the distribution pattern within the IGL is very
similar to what is normal for NPY neurons, even to the extent of a few NT-IR
neurons being located in the ventromedial part of the IGL, medial to the
VLG. There is also great similarity between the distributions of NT-IR and
NPY terminals in the SCN, including the dorsomedial zone in which both
types of terminals are sparse. Neurotoxic lesions of the IGL eliminated NT-IR
terminals in the SCN, but bilateral enucleation had no effect on the SCN
terminal plexus. An NT-IR projection also extends dorsally from the IGL to
the pretectal posterior limitans nucleus as previously described for NPY. We
are presently pursuing the extent of NPY, GABA and NT co-localization in
IGL neurons, as well as retrograde tracer analysis of NT neurons projecting
to SCN.
Supported by grant NS22168.

Supported by grant NS22168.
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LIGHT—INDUCED FOS AND CREB PROTEIN EXPRESSION IN
SUPRACHIASMATIC NUCLEUS (SCN) AND INTERGENICULATE
LEAFLET (IGL) OF NEONATAL RATS L A. Becker1*, L.R. Bonaventura2,
and M.-T, Romero2. ’Psychology Dept., Univ. of Evansville, Evansville, IN,
47722; Psychology Dept., Binghamton Univ.-SUNY, Binghamton, NY,
13902.
Exposure to light induces expression of the immediate-early gene protein
product Fos (Fos) in both the ventrolateral SCN and IGL in the adult rat.
Light- induced Fos is also detected in the neonatal rat SCN. However, the
neonatal pattern of light-induced Fos differers from the adult pattern in that
Fos is expressed throughout the neonatal rat SCN. Expression of the c-fos
gene is promoted by phosphorylation of cAMP response element-binding
protein (P-CREB) (Sheng, McFadden, & Greenberg, 1990). We wanted to
determine the ontogeny of the adult-pattern of light-induced Fos and its
relation to the expression of P-CREB in the neonatal SCN and IGL. Postnatal
(P) day 2-15 rats (DOB= Pl) housed in 12/12 light/dark cycle were
sacrificed either 6-hours after light onset (ZT6), ZT18, or after a one-hour
light pulse at ZT18 (ZT18+LIGHT). Immunocytochemical determination of
Fos and P-CREB was examined in adjacent sections of the SCN and IGL.
Light induced Fos throughout the SCN at ZT6 or ZT18+LIGHT from P2 P10, after which an adult-specific ventrolateral expression of Fos was noted.
Few cells expressed Fos in the SCN and IGL of animals at ZT18 compared to
the ZT18+LIGHT group. Basal P-CREB levels were identified in ZT18,
while P-CREB staining was intense in the ventrolateral SCN of P4 subjects at
ZT18+LIGHT. This suggests that the photic induction of P-CREB and Fos in
the neonatal rat may have a different time course and distribution in the SCN
and IGL.
Supported by the Research Foundation of SUNY

BIOLOGICAL RHYTHMS AND SLEEP: TRANSMITTERS AND HORMONES IN SLEEP
460.1

460.2

AN NFk B-INHIBITORY PEPTIDE INHIBITS SLEEP. T, Kushikata *J. Fang and
J M. Krueger Dept. of VCAPP, Washington State University, Pullman. WA
99164-6520
Sleep regulation is dependent, in part, on changes in gene expression and
production of sleep regulator}' substances. Several somnogenic substances, e.g.;
interleukin 1-fS (IL-1(1), tumor necrosis factor-a, nene growth factor, epidermal
growth factor, activate tlie heterodimeric transcription factor, nuclear factor kappa
B (NFk B). In contrast, several substances that inhibit sleep e.g.; IL-4, -10, inhibit
NFk B activation. NFk B activation promotes production of several additional
substances thought to be involved in sleep regulation e.g. nitric oxide. These
results suggest NFk B activation could be involved in sleep regulation. We
hypothesized inhibition of NFk B might affect sleep status. Twenty-three Male
Sprague-Dawley rats weighing 330-380g kept on 12:12 light-dark cycle were used.
The animal received intracerebroventricular (icv) injection of 4 pi of pyrogen free
saline (PFS) as control on a separate day. the same animals were given icv
injection with one of two doses: 5 pg (n = 7), 50 pg (n = 8) of a cell-permeable
NFk B inhibitor (Calbiochem Biochemicals; La Jolla. CA) at light onset (L). Five
days later, tlie animals received the same dose of control peptide (Calbiochem
Biochemicals: La Jolla, CA). Additionally, 8 rats were icv injected with the NFk B
inhibitor and the control peptide at dark onset (D) in the same maimer. EEG.
EMG, brain temperature (Tbr) were recorded for 23-h after the injections. Fifty pg
of the NFk B inhibitor injected at L attenuated nonrapid-eye movement sleep
(NREMS) and REMS compared with PFS or the control peptide across the entire
recording period. The same dose of the inliibitor injected at D only decreased
NREMS compared with PFS. The control peptide increased NREMS compared
with PFS or the inliibitor. Tbl and EEG-slow wave activity were not affected by
any of the treatment. Results are consisted with the hypothesis that sleep regulation
involves multiple gene events, some of which include enhanced production of
sleep regulator}' substances w hose actions involve NFk B activation

MODAFINIL
ACTIVATES
AROUSAL
AND
AUTONOMIC
REGIONS I, Estabrooke1. T. Chou1, M. Miller2, C. Saper1. and T. Scammell1*
'Department of Neurology, Harvard Medical School, Beth Israel Deaconess Medical
Center, Boston, MA 02215; and 2Cephalon, Inc., West Chester, PA 19380
Modafinil is a novel wake-promoting agent that increases wakefulness through
unknown mechanisms. Unlike amphetamines, modafinil has not been reported to
activate striatal neurons, but it may increase neuronal activity in the anterior
hypothalamic area (PNAS 93:14128, Neurosci. Lett. 241:95). To determine regions
involved in this wake-promoting effect, we used Fos immunohistochemistry to
identify neurons activated by intraperitoneal injection of modafinil.
Sprague-Dawley rats were instrumented for EEG and EMG recordings and allowed
to recover for 2 weeks. Modafinil (75, 150, or 300 mg/kg ip) or vehicle (0.25%
methylcellulose) was administered at: CT5 on a 12:12 LD cycle; CT5 in DD (to
minimize neuronal activation by light); or CT17 on a 12:12 LD cycle (to compare
spontaneous wake with modafinil-induced wake). Two hours later, the rats were
sacrificed for Fos immunohistochemistry.
Modafinil dose-dependently increased wakefulness under all conditions and induced
a striking pattern of Fos expression. Rats treated with modafinil had clear increases
in Fos expression in the tuberomammillary nucleus and the lateral hypothalamus.
Conversely, the ventrolateral preoptic area, a region thought to promote sleep, had
less Fos immunoreactivity following modafinil. Modafinil also induced Fos in
several area implicated in autonomic regulation including the paraventricular nucleus
of the hypothalamus, the laterodorsal subnucleus of the bed nucleus of the stria
terminalis, the lateral subdivision of the central nucleus of the amygdala, and the
external lateral subnucleus of the parabrachial nucleus. At a dose that slightly
promoted wake (75 mg/kg), modafinil did not induce Fos in the striatum, but striatal
Fos was common at higher doses. These observations suggest that modafinil may
promote wake through activation of hypothalamic arousal pathways.
This research was supported by a grant from Cephalon, Inc. to T.S. and C.S.

460.3

460.4

EFFECTS OF A NOVEL, SELECTIVE, AND POTENT HISTAMINE H3
RECEPTOR ANTAGONIST, GT-2331, ON RAT SLEEP/WAKEFULNESS
AND CANINE CATAPLEXY C.E. Tedford*, D.M. Edqar+, W.F. Seidef, E.
Miqnof, S. Nishinof G.P. Pawlowski, and S.L. Yates Gliatech Inc.,
Cleveland OH 44122 and +Stanford Sleep Disord. Cntr., Stanford CA 94305.
A therapeutic role for the use of histamine H3 receptor antagonists has
been indicated in the treatment of sleep/wake and arousal/cognitive
disorders. GT-2331 ((7R,2R)-frans-4-(2-(5,5-dimethylhex-1-ynyl)cyclopropyl)imidazole) is a member of a novel series of H3 receptor antagonists
developed at Gliatech. We have previously shown that GT-2331 has high
affinity (K,=120 pM) and selectivity for the H3 receptor and a good CNS
penetration profile (Tedford et al., JPET, 289:1160-8, 1999). To more fully
characterize the therapeutic potential of GT-2331, we evaluated its effects in
a sleep/wake bioassay using male Wistar rats and a food elicited cataplexy
test using genetically narcoleptic Doberman Pinschers. Treatment with 1 and
3 mg/kg (i.p.) GT-2331 resulted in a significant wake-promoting profile as
measured by cumulated wakefulness. These wake-promoting effects were
maintained for several hr following the 1 and 3 mg/kg doses, with minimal
changes in water intake and core body temperature. Compensatory sleep
was gradual and sustained as the wake-promoting effects subsided. GT2331-induced wakefulness was not associated with increased locomotor
activity intensity, in contrast to significant increases seen following
administration of CNS stimulants. GT-2331 (0, 10, 40, 160, and 640 p.g/kg,
i.v.) was further evaluated in the narcoleptic canine model. GT-2331
produced a dose-dependent decrease in the number of cataplectic attacks
and the time spent in cataplexy with no significant fluctuations in heart rate,
rectal temperature, or blood pressure. These results combined suggest that
GT-2331 may provide a beneficial clinical profile in the treatment of
sleep/wake disorders or conditions associated with arousal/attentional
complications. (Supported in part by NINDS #R44 NS33808-03.)

GABAERGIC CONTROL OF THE SEROTONERGIC NEURONS FROM THE
RAT DORSAL RAPHE NUCLEUS DURING THE SLEEP-WAKING CYCLE.
D. Gervasoni, P. Fort, and P-H. Luppi*. INSERM U480, Univ. Cl Bernard, 8 Av.
Rockefeller, 69373 Lyon, France.
It has been shown in cats that the serotonergic (5-HT) neurons of the dorsal raphe
(DRN) discharge tonically during wakefulness (W), decrease their activity during
slow wave sleep (SWS) and nearly cease firing during paradoxical sleep (PS).
Anatomical and pharmacological data in eats and rats suggest that GABA may play
a key role in the modulation of activity of the 5-HT neurons across the sleepwaking cycle. In order to test this hypothesis, we combined extracellular single-unit
recordings of DRN 5-HT neurons with iontophoretic injections of the specific
GABAa antagonist bicuculline (BIC) in the awake head-restrained rat.
Serotonergic neurons of the DRN were identified by their typical broad spikes,
inhibition by iontophoretic applications of 8OH-DPAT, a 5HT1A agonist and
discharge rate correlated to the sleep-waking cycle. 5-HT neurons (n=33) were
recorded during one of the three sleep stages under both control conditions and the
effect of BIC. Iontophoretic ejection of BIC (35-100nA) induced an increase in the
firing rate of the 5-HT neurons: from 1.86±0.10 to 4.99±0.55Hz during W (n=14),
0.69+0.15 to 4.95± 1.06Hz during SWS (n=13) and 0.05+0.03 to 6.06+1.45Hz
during PS (n=6). During the study of 12 other 5-HT neurons, the rats displayed
microarousals in between periods of SWS. These neurons spontaneously presented
a low discharge rate of 0.88+0.14Hz during SWS and a significant increase
(p<0.05) during microarousals (1.72±0.27Hz). During the effect of BIC the
discharge rate of these neurons during SWS and W was no longer statistically
different (7.02+1.35Hz during SWS and 7.30+1.43Hz during microarousals). In two
more neurons the effect of BIC appeared during a PS episode and continued during
the subsequent W. In control, these neurons were nearly silent during PS and had a
high firing rate during W (0.01 vs 2.40Hz, 0.01 vs 0.80Hz), while they discharged
at the same rate in these two stages during the effect of BIC (3.67 vs 3.57Hz, 4.23
vs 4.18Hz). Altogether these results indicate that DRN 5-HT neurons are under a
tonic GABAergic inhibition during W, SWS and PS. They further suggest that the
decrease of activity of these cells during SWS and PS is due to an increase of this
GABAergic tone.
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460.5

460.6

CALCIUM BINDING PROTEINS CONTAINED IN CORTICALLY
PROJECTING AND GABAERGIC BASAL FOREBRAIN NEURONS.
I. Gritti1 , L. Mainville2 & B.E, Jones2 Department of PreClinical
Sciences LITA, University of Milan, 1-20157 Milan, Italy1; Montreal
Neurological Institute, McGill University, Montreal, Quebec, Canada
H3A 2B42.
Cortically projecting basal forebrain neurons are comprised of both
cholinergic (—1/3) and non-cholinergic neurons (—2/3), including an
important population of magnocellular GABAergic neurons (—1/3) in the
rat. In the present study, the presence of different calcium binding
proteins was examined in cortically projecting neurons and in
GABAergic neurons to determine whether cortically projecting
GABAergic cells might contain a particular calcium binding protein.
Retrograde transport of cholera toxin b subunit (CT) was examined from
the prefrontal cortex and from the parietal cortex in 3 rats from each site
and combined with immunohistochemistry for calcium binding proteins.
Adjacent sections were processed sequentially with the peroxidase-antiperoxidase technique for dual-immunostaining of CT and parvalbumin
(Parv), calbindin (Calb) or calretinin (Calret). In another series, sections
were dual-immunostained for glutamic acid decarboxylase (GAD) and
these proteins.
A significant proportion (>30%) of the cortically
projecting (CT+) neurons was found to be Parv+, and most Parv+ cells
were relatively large and GAD+. A smaller proportion (<30%) of CT+
cells was Calb+; only a few Calb+ cells were GAD+. A very small
proportion of CT+ cells (<5%) were Calret+; most Calret+ cells were
small and GAD+. These results suggest that cortically projecting, large
GABAergic neurons contain predominantly Parv, whereas non-cortically
projecting, smaller GABAergic neurons contain predominantly Calret.

ACTIVATION OF PONTINE GABAERGIC NEURONS DURING WAKEFULNESS.
M.-C. Xi, S. Sampogna. F. R. Morales and M. H. Chase*. Department of
Physiology and the Brain Research Institute, UCLA School of Medicine, Los
Angeles, CA 90095.
We have recently reported that microinjections of GABA and GABA agonists into
the nucleus pontis oralis (NPO) produce wakefulness, whereas microinjections of
GABA antagonists produce active sleep (Xi et al., Soc Neurosci Abstr 23: 1066,
1997). These findings indicate that a brainstem GABAergic system plays a critical
role in the control of sleep and waking states. Specifically, these data suggest that a
GABAergic system must be activated in order for the state of wakefulness to be
generated and maintained and that activation of this system prohibit the occurrence of
sleep. Because the location of the GABAergic cell bodies of this system is unknown,
the present study was undertaken to determine the distribution of activated GABAergic
neurons within the pons during wakefulness using c-fos immunocytochemistry as a
functional marker of neuronal activity.
Two adult cats were used in this experiment. The animals were prepared for
monitoring behavioral states as previously described (Yamuy et al., J. Neurosci
13:2703, 1993). In experimental sessions, the animals were kept awaking for
approximately 2 hours. Subsequently, the animals were deeply anesthetized with
Nembutal and perfused for immunocytochemical studies. Brainstem sections were
immunostained with a GAD antiserum or a GABA antiserum in addition to a Fos
polyclonal antiserum in order to double-label neurons that were both GABAergic and
Fos immunoreactive.
The combination of Fos and GAD or GABA
immunocytochemistry revealed that a high proportion of Fos+ cells that were activated
during waking state were GABAergic. These double-labeled neurons were small to
medium-sized and were located in the lateral part of the NPO.
The present results demonstrate that there exists a group of GABAergic neurons
within the NPO that are activated during wakefulness. We therefore suggest that these
cells may be the neurons that comprise the pontine GABAergic system which is
responsible for generating and maintaining the waking state.
Research supported by USPHS grants MH43362, NS 23426 and NS09999.

(Supported by Canadian MRC.)

460.7

460.8

INVOLVEMENT OF DIENCEPHALIC DOPAMINERGIC CELL GROUPS IN THE
REGULATION OF CATAPLEXY IN CANINE NARCOLEPSY M. Qkura, K.
Honda, J. Riehl, E. Mignot, and S. Nishino*. Center for Narcolepsy, Dept. of
Psychiatry and Behavioral Sciences, Stanford University, Palo Alto, CA, 94305
The dopaminergic (DA) D2/3 receptor is one of the most important receptor
subtypes involved in the regulation of cataplexy. Systemic and local perfusion of D3
agonists into the ventral tegmental area (VTA; A10) and the substantia nigra (SN; A9),
significantly aggravate cataplexy. The mesolimbocortical, mesostriatal and descending
DA pathways from the VTA and SN may therefore be critically involved regulating
cataplexy. In addtion to midbrain DA nuclei, DA cell groups (Al 1-14) are also located
in the diencephalic system. Al 1 is in the periventricular gray matter of the caudal
thalamus and is widely distributed along the rostrocaudal axis in the posterior and dorsal
hypothalamic areas. Other cell groupes are the tuberal cell group (A12), the dorsal
hypothalamic cell group (A13), and the periventricular hypothalamic cell group (A14).
Among these, the All cell group is the source of the ventral DA innervation in the
spinal cord. DA cell groups in the diencephalon may directly regulate the activity of
spinal motoneurons during cataplexy. We therfore assessed the roles of the diencephalic
DA cell groups in cataplexy using microdialysis and immunocytochemical techniques
in narcoleptic dogs.
Local perfusion of the D3 agonists, quinpirole and 7-OH DPAT (10-4 - 10-2 M),
into the dorsal part of the VTA, where a number of TH-positive cells and fibers are
located, dose-dependently aggravates cataplexy. In contrast, perfusion of D3 agonists
into the dorsal part of the SN, where no TH positive cells were observed, did not
modulate cataplexy. D3 agonists were also perfused into the periventricular gray of the
caudal thalamus, and cataplexy was significantly aggravated. These results suggest that
the acting sites for D3 agonists on cataplexy are likely to extend to the mesencephalic
periaqueductal area and further to the periventricular area of the caudal thalamus
(corresponding to Al 1). Since some of the diencephalic DA nuclei receive projections
from the amygdala, one of the most important structures relative to emotion, the
diencephalic DA cells may also play important roles for the emotional-triggering of
cataplexy.
(This work was supported by NS 27710, NS23724 and MH01600)

THE EFFECT OF DOPAMINE DEPLETION ON SLEEP-WAKE
CONTROL IN THE NON-HUMAN PRIMATE. J.T. Daley*. R.S. Turner,
D.L. Bliwise. and D.B. Rye. Neuroscience Prog, and Dept. of Neurology,
Emory University Sch. Med., Atlanta, GA 30322.
There is a growing body of evidence implicating a role for dopamine in
the basal ganglia in the control of sleep physiology. Our experiments
support the hypothesis that dopamine sensitive basal ganglia circuits
modulate nocturnal movement and the maintenance of daytime alertness.
Acutely following treatment with l-methyl-4-phenyl-l, 2,3,6tetrahydropyridine (MPTP), the monkey demonstrated decreased rapid
eye movement (REM)-sleep, increased electromyographic (EMG) activity
in the forelimbs during REM-sleep, and excessive daytime sleepiness.
These signs resolved as motor function improved. Chronic dopamine
depletion with MPTP led to an increase in the percentage of REM
occupied by EMG activity, and a period of impaired daytime alertness.
These disruptions occur without significant changes in total sleep time,
percentage of the night in REM-sleep, or REM efficiency. Drugs which
increase synaptic dopamine, both a dopamine precursor and an inhibitor
of dopamine transport, reversed the daytime sleepiness while a direct D2
agonist had no effect. Therefore, impaired daytime alertness does not
seem to be a direct result of disrupted sleep, but rather may be a
consequence of decreased dopaminergic transmission in the basal ganglia.
Further treatment with MPTP produced a stable dopamine depletion. At
this time point, no excessive daytime sleepiness was observed, which
follows clinical experience with Parkinson's disease patients. The role that
specific dopamine circuits and receptors play in normal and pathological
wake/sleep patterns is being elaborated in additional subjects. Supported
by NS-35345.

460.9

460.10

DAILY RHYTHM OF TRYPTOPHAN HYDROXYLASE-LIKE
IMMUNOREACTIVITY
IN
CRAYFISH
RETINA
DURING
DEVELOPMENT. C.C. Garcia-Rivera, E.G. Escamilla-Chimal and M.L
Fanjul-Moles*. Laboratorio de Neurofisiologia Comparada. Facultad de
Ciencias, UNAM. PO. BOX 41630, Mexico, D. F.
The present work was undertaken to investigate daily cyclic changes on
tryptophan hydroxylase (TPH)-like immunoreactivity in Procambarus
clarkii retina during ontogeny. Twenty-four postembryonic instar two
(P02) and twenty-four juvenile animals kept under LD 12:12 cycles were
used. All animals previously dark-adapted were anesthetized and
decapitated at six times of day. The isolated eyestalks were processed by
immunohistochemical methods. TPH-immunoreactivity in the retina was
qualitatively and quantitatively determined using computer-based
analysis. Results indicated TPH-immunoreactivity cyclic differences
between the two crayfish’s instar studied. Student’s t test revealed
statistical significant differences related to time of day in each crayfish
instar that indicate an unimodal daily rhythm in P02 (maximal peak at
24:00, p< 0.05) that seems to become bimodal in the juvenile animals
(maximal peaks at 12:00 and 24:00, p< 0.05). These changes seem to be
related to the accessory reflecting pigment and indicate a diurnal cyclic
regulation of TPH.

HIPPOCAMPAL SEROTONIN AND THE SLEEP-WAKE CYCLE: A COMBINED
IN VIVO MICRODIALYSIS/EEG STUDY IN RATS. R.G. Pefialva. M. Lancet C.
Flachskamm, J.M.H.M. Reul, F. Holsboer and A.C.E. Linthorst*. Max Planck Institute
of Psychiatry, Section Neuropsychopharmacology, D-80804 Munich, Germany.
Several research groups have provided evidence for an involvement of brain
serotonergic neurotransmission in the regulation of sleep-wake behavior. Most studies
have focussed on the measurement of the firing rate of serotonergic cell bodies in the
raphe nuclei. It has been shown that the firing rate of the raphe nuclei is highest during
states of arousal and progressively decreases going from quiet waking to slow wave
sleep and, finally, to REM sleep. The consequences of these changes in neuronal firing
rate for serotonergic neurotransmission at the level of the forebrain terminal regions are,
however, not very well characterized. We, and others, have found that extracellular
levels of serotonin (5-HT) in the hippocampus are highly correlated with the behavioral
activity of rats. At present, no data are available on the relationship between
hippocampal extracellular levels of 5-HT and specific sleep-wake stages in the rat.
Because of technical considerations, most researchers have addressed the correlation
between 5-HT levels and sleep-wake stages by pooling samples of specific sleep stages
or by selecting few samples with a clear EEG pattern. Thus, until now, the putative
correlations between sequential changes in sleep patterns during the whole sleep-wake
cycle and 5-HT levels could not be elucidated. Therefore, we have developed a new
combined in vivo microdialysis/EEG method to measure simultaneously and
sequentially EEG and extracellular concentrations of 5-HT. Because this setup is online combined with a highly sensitive microbore HPLC system with electrochemical
detection, sampling periods of 3 minutes can be used. The 5-HT levels in such samples
are in the low attomol range. Thus, this method also allows to construct more precise
time courses of the effects of various experimental manipulations on serotonergic
neurotransmission and vigilance in the rat. Preliminary data show that during baseline
conditions extracellular concentrations of 5-HT in the hippocampus are highest during
waking states and decrease going from slow wave sleep to REM sleep.

Supported by PAPfiT IN-209397
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460.11

460.12

IN VIVO MICRODIALYSIS MEASURES OF SEROTONIN IN THE RAT
HIPPOCAMPUS DURING SLEEP-WAKEFULNESS, S.P. Park.1 F. LopezRodriguez,2* C.L.Wilson?-5 N. Maidment,2-5 Y, Matsumoto? J. Engel Jr34-5 .
‘Dept. of Neurology, Kyungpook National Univ. Med. Sch., Taegu, 700-721,
South Korea; and 2Dept. of Psychiatry and Biobehavioral Science, 3Dept. of
Neurology, 4Dept.of Neurobioiogy, and 5Brain Research Institute, UCLA Med.
Sch., Los Angeles, CA 90024, USA.
Serotonin (5-HT) has been implicated in the regulation of the sleep-wake cycle.
The firing rate of the raphe nucleus (RN) during the sleep-wake cycle has been
described to be higher during active waking (AW), lower in slow wave sleep (QS),
and lowest or absent during rapid eye movement sleep (REM). The experiment was
designed to determine whether 5-HT release in the hippocampus, which receives
strong projections from serotonin neurons of the RN, is correlated with stages of the
sleep-wake cycle. 5-HT levels were investigated in the posterior hippocampus of 5
rats by means of in vivo microdialysis and high-performance liquid chromatography
(HPLC) with electrochemical detection. Stages of the sleep-wake cycle were
determined with polygraphic recordings. The 5-HT level was highest during AW
(181±7 pM) and progressively lower during quiet wakefulness (QW; 78% of AW),
QS (51% of AW) and AS (39% of AW). There were statistically significant
differences in 5-HT levels between all the states (one way ANOVA, and posthoc
analysis with Newman-Keuls procedure; p<0.05). The sleep-related changes in 5-HT
levels in the hippocampus parallel raphe unit firing, supporting the conclusion that
these changes reflect 5-HT synaptic release during different sleep-wake states.
Funded by NIH NS 33310 & NS28208. F L-R was supported by a PMRTP
Fellowship (NIMH, MH 19126).

SEROTONERGIC AND NON-SEROTONERGIC PROJECTIONS FROM THE
BRAINSTEM TO THE SUPRAMAMMILLARY NUCLEUS IN THE RAT.
E. Rodriguez-Veiga* and R.P. Vertes, School of Veterinary Medicine,
Complutense University of Madrid, Spain, and Center for Complex Systems and
Brain Sciences, Florida Atlantic University, Boca Raton, FL 33431.
Neurons of the supramammillary nucleus (SUM) have been shown to
discharge rhythmically in phase with the hippocampal theta rhythm and are
thought to be directly involved in the generation of the theta rhythm (Vertes and
Kocsis, Neuroscience 81 ;893-926,1997). The aim of this study was to examine
the possible connections of brainstem/midbrain nuclei with SUM. Twenty-eight
adult Sprague-Dawley rats were used. The rats received injections of 30 to 40
nl of wheat germ agglutinin (WGA-HRP in 5% solution) by means of a 1 ul
Hamilton syringe into SUM and were sacrificed 24 hours later. WGA-HRP
retrograde tracing was combined with 5-HT immunohistochemistry. With the
most medial SUM injections, we found large numbers of retrogradely labelled
neurons in the ventral tegmental nucleus of Gudden (VTg); with injections further
laterally in SUM, VTg neurons appeared more ipsilateral and with the most
lateral injections we did not find any labelled cells in VTg. In all cases, we found
consistent retrograde labelled cells in the dorsal raphe nucleus (DR) and
laterodorsal tegmental nucleus (LDT). In both nuclei the retrograde labelling was
predominantly ipsilateral. A small to medium number of cells were found in MR,
and fewer in the central grey, parabrachial nucleus, interpeduncular nucleus
and, in a few cases, the substantia nigra. The double-labeled cells (WGA-HRP
+ 5-HT) were situated predominantly in DR and LDT and some in MR and the
interpeduncular nuclei. The results indicate that the SUM is modulated by
numerous cell groups of the brainstem and that DR and LDT, but much less so
MR, serotonergic and non-serotonergic cells exert a significant influence on the
SUM, possibly involved in the control of the EEG activity of the hippocampus.
Supported by NIH grant NS35883 and NIMH grant MH10476.

460.13

460.14

GANGLIOSIDE TURNOVER IN SLEEP-RELATED SUBREGIONS
OF YOUNG AND AGED RAT BRAIN. D. M. Byers. L. N, Irwin*.
R. Cabeza. Dept. Biol. Sci., Univ. of Texas at El Paso, TX 79968
Gangliosides are known to be developmentally regulated and
regionally variable, but their turnover has not been shown to vary
among precisely defined nuclei of the brain in relation to either aging
or function. We have sought to correlate ganglioside turnover with
age-related changes in specific brain regions known to control sleep
patterns. Young (2 mo) and aged (12 mo) rats were injected into the
fourth ventricle with 2.5 (iCi D-[6-14C]glucosamine and sacrificed 42 h
later. Gangliosides were extracted and counted from micropunched
regions of the locus coeruleus (LC), dorsal raphe (DR), lateral dorsal
tegmentum (LD), and pedunculopontine tegmentum (PT). Ganglioside
synthesis in the pons overall was 42% higher in young than in old rats
— a trend particularly strong in the LC. No age differences in
ganglioside turnover were seen in the LD or PT. Only the DR showed
a tendency for a higher rate of ganglioside synthesis in aged versus
young rats. Striking subregional differences in rates of label uptake
were observed among the pontine nuclei (LD > DR,LC >PT). These
results show a high level of differentiation in ganglioside turnover at
specific anatomical sites linked to the regulation of REM sleep — a
function of the brain known to change with aging. Supported by RCM1NIH G12RR01824 and an endowment from J. Edward and Helen Stern.

PREOPTIC HISTAMINE LEVELS DURING NATURAL SLEEP -WAKE
CYCLES AND PROLONGED WAKEFULNESS: A MICRODIALYSIS STUDY
IN THE CAT. R. E. Strecker*. J. Nalwalk L.J, Dauphin. Y. Chen, R. W. McCarlev
& L. B. Hough 1. Dept. Psychiatry, Harvard Med. Sch.& VAMC, Brockton, MA, and
‘Dept. Pharmacology, Albany Med Col., Albany, NY, USA.
The preoptic area of the hypothalamus (POA) contains a population of neurons that
discharge preferentially during slow wave sleep (SWS), and lesions of this area
produce significant reductions in SWS. Furthermore, the recent identification of a
cluster of neurons in the rat ventrolateral preoptic area (VLPO), that selectively express
cFos during sleep, supports a role for the POA as a CNS sleep center. POA neurons
receive a dense innervation from the histamine (HA) neurons of the tuberomamillary
nucleus, and this input may be important in control of behavioral state. We thus studied
HA concentrations in microdialysate samples from histologically confirmed POA sites
in male cats prepared for chronic sleep studies. One day after implantation,
microdialysis probes were perfused with artificial CSF and samples collected during
naturally occurring episodes of wakefulness (W) and SWS (10 min samples). HA was
also measured (20 min samples) during 6 h of continuous wakefulness produced by
gentle handling/playing and for up to 3 hours of recovery sleep that followed, and
finally, to verify return to baseline, a final period of W. Samples were acidified, frozen
on dry ice, and assayed for HA content by radioenzymatic assay. HA levels during
SWS (0.23 pg/ul; N=3) declined to less than half the level observed during W (0.60
pg/ul) (p<0.05; 1-tailed). Prolonged W did not produce changes in HA levels from
those observed in shorter-duration episodes of W (N=3). The invariant level of POA
HA observed during prolonged wakefulness suggests that changes in HA do not relay
a “sleep need” signal to the VLPO neurons. However, this HA signal may play a role
in state control, if HA input is inhibitory, by suppressing the activity of sleep-active
neurons during W.
Support: DA-03816; NIMH 39683; Dept Vet. Aff.

460.15
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HIVgp120-INDUCED REM SLEEP INCREASE IS PREVENTED BY A MAPK
(Erk1/Erk2) INHIBITOR
Diaz-Ruiz O.1. Navarro L.1, Sanchez-Alavez M.\ Sanchez-Narvaez F.\
Bloom FE. 2, Sanna PP. 2 and Prospero-Garcia O.*1 1 Grupo de
Neurociencias, Depto. de Fisiologia, Facultad de Medicina, UNAM, Mexico,
2Dept. of Neuropharmacology, TSRI, La Jolla, CA, USA.

THE EFFECTS OF IMMOBILIZATION STRESS ON SLEEP ARE
MEDIATED BY p-ENDORPHINS BUT NOT CORTICOSTERONE.
G. Vazquez-Palacios, H. Bonilla-Jaime, S. Retana-Marquez & J.
Velazquez-Moctezuma*. Dept. Biol. Reprod. Universidad Autonoma
Metropolitana- Iztapalapa, Mexico.
it is well known that the stress response is mainly mediated by three
systems: the adrenergic, the opioidergic and the hypothafamic-pituitary-adrenal
axis. In addition, the impact of stressful situations on the sleep-wake pattern
has been analyzed over the last decade. Recent studies have shown that
immobilization stress (IMB) in rats induce a clear increase of REM sleep stage
and slow wave sleep II (SWS II). Studies from our laboratory reveal that a low
dose of corticosterone (C) elicited only slight and transient changes in the
sleep-wake pattern. In the present study we analyzed the participation of the
endogenous opioids, in the mediation of the effects of stress on sleep.
Furthermore, the results were contrasted with those obtained with the
administration of three doses of C. Male adult Wistar rats were implanted for
standard sleep-wake recording. A 24h record was obtained to determine the
baseline characteristics of their sleep pattern. Subjects were then randomly
assigned to one hour IMB or to the administration of naltrexone (NTX, 3
mg/kgbw) followed by IMB. A different group of animals were injected with a
low (0.2 mg), medium (2 mg) or high (4 mg) dose of corticosterone. All animals
were recording for 24h and all treatments were applied just before the onset of
the light period. Results showed that the NTX prevents the effects of
immobilization on sleep-wake pattern while that administration of C in medium
and high doses produces an increase of total time of wakefulness with a
reduction in the SWS II. These data suggest that the effects of IMB stress
could be centrally mediated by endogenous opioids and not by the increase of
corticosterone.
This study was partly supported by CONACyT (JVM) 400200-5-2644M

Human
immunodeficiency
virus
(HTV)
infection
can
induce
different
neurological/neurophysiological alterations, including sleep abnormalities. Several viral and
cellular proteins could be responsible for this brain alteration. Among them envelope
glycoprotein HIVgpl2O alters sleep in rats by increasing both SWS2 and REM sleep. On the
other hand, it has been recently observed that HTVgpl20 induces rapid and sustained
activation of ERK mitogen-activated protein kinases in human neurons cultures. Therefore in
this work, we were interested in testing if the changes induced by HIVgpl20 on sleep may be
mediated by Erkl/Erk2 MAPK pathway. Forty male Wistar rats were implanted under
phenobarbital anesthesia with a set of microelectrodes for conventional sleep recordings and
with a cannula aimed to the lateral ventricle. After surgery, rats were housed individually and
allowed to recover for at least one week. They were maintained in a controlled light-dark cycle
(12/12, lights on 8:00 am) and with food and water ad libitum. On the experimental day, rats
were randomly assigned to one of the following groups: Control (5 pi vehicle); HTVgpl20boiled (100 ng); HIVgpl20 (100 ng); U0126 a novel inhibitor of Erkl/Erk2 MAPK pathway,
(6 pg); U0126 + HTVgpl20. Immediately after drug administration sleep was recorded during
four hours (10-14 h). Our results show that HTVgpl20 increases REMS, with little effect on
other sleep phases. This HTVgpl20 REMS increasing effect was reduced by U0126. Our
results suggest that changes produced by HIVgpl20 on sleep can be mediated, in part, by
MAPK/ERK pathway.
This work was supported by grant IN209797 from DGAPA-UNAM, 25488N and 25128 from

CONACyT to OPG andLN.
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BIOLOGICAL RHYTHMS AND SLEEP: TRANSMITTERS AND HORMONES IN SLEEP

460.17

460.18

SLEEP CHANGES IN THE FEMALE MOUSE ESTROUS CYCLE. S.E.M.
Battle, M. Koehl*, D.E. Cohen, M.H. Vitaterna, T. Horton, and F.W.
Turek. Dept. Neurobiology and Physiology, Northwestern University,
Evanston, IL 60208.
Variations in the endocrine state of both animals and humans are
correlated with changes in sleep. For example, major reproductive
events such as pregnancy and menopause have been known to alter
sleep in humans. To explore these phenomena in the mouse, we studied
various sleep parameters over the estrous cycle in young (8-12 week old),
sexually mature female C3H/HeJ mice (n=5). Animals were
anesthetized and implanted with EEG and EMG electrodes. Cycle
staging was determined by daily vaginal saline lavage between 15:00
and 18:00 in a 12:12 light-dark cycle (leucocytes and nucleated epithelial
cells in diestrus; epithelial cells in proestrus; cornified cells in estrus).
Results from the present study show a trend of increased wakefulness
during proestrus compared to diestrus and estrus (12.3 hours of
wakefulness during 24-hour proestrus; 11.3 hours during both diestrus
and estrus in 24-hour stages). Sleep returns to diestrous levels during
estrous. Sample size will be increased to further investigate this trend.
In addition, current experiments include analyzing sleep in progesterone
receptor knockout mice. These data suggest that progesterone, which
surges during proestrus, may be involved in the timing and regulation of
sleep. Supported by NIH grant HL-96-015.

EFFECTS OF ACUTE EXOGENOUS MELATONIN ON REM AND
NONREM SLEEP IN RATS. I.C.Sumava1*, D.E. Moss1. C, Moreno 2 &
R.Cabeza2 Dept. of Psychology1 and Dept. of Biological Sciences2,

1137

University of Texas at El Paso, El Paso, TX 79968
In rodents, chronic administration of melatonin (MEL) has been found to
reduce REM sleep; however, these results were found with exposure to a short
photoperiod (8:16 L/D) (Deboer & Tobler, 1997). To investigate MEL's effect
under a 12:12 L/D photoperiod and the effects of acute administration,
exogenous melatonin (1,3,10, 30,100mg) was administered in drinking water.
Three-month old male Sprague-Dawley rats (n=5, 270-280g) were first
implanted with a standard set of EEG and EMG electrodes then allowed to age
to six months. In a cross-over design, rats received each dose of MEL or
vehicle with one week between treatments during lights off at 18:00 hrs prior
to a 4 hour recording of sleep/wake activity (wakefulness, drowsy, SWS and
REM) beginning at 9:00 hrs and ending at 13:00 hrs. Treatment order was
random. No significant differences in REM sleep (duration, REM latency, or
interval) were found with MEL treatment (at any dose) as compared to control
or baseline. MEL treatment averaged 10% REM sleep as compared to 9%
REM for control and baseline during the 4 hr recording periods. Furthermore,
no significant differences were found in wakefulness, SWS or drowsy. These
data suggest that under acute administration, even at high doses, MEL does
not exert an effect on REM and other sleep parameters in rodents. (Supported
by RCMI NIH G12RR01824 & i.c.s. by NIH 1F31NS10811-01).

460.19

460.20

EFFECTS OF PROLACTIN-RELEASING PEPTIDE (PRRP) ON
SLEEP REGULATION IN RATS. S.-O. Zhang, S. Inoue and M.

POTENTIATION OF INTRACEREBROVENTRICULAR PROLACTIN AND
MELATONIN EFFECTS ON SLEEP IN OLFACTORY BULBECTOMIZED
WISTAR RATS. F. Mailliet, D. Rageot, F. Despert and F. Sanna just* Dept of
Neuropharmacology. EA-2641, Faculty of Pharmacy, Tours, France.
Numerous studies have shown that prolactine (PRL) is involved in sleep regulation
and can enhance paradoxical sleep (PS) duration in pontine cats, rabbits and
hypoprolactinemic mutant rats when administered during light period. Moreover,
despite conflicting reports, it has been suggested that melatonin (MT) could exert
selective actions on rhythms of sleep-wake cycle in rats and humans. Therefore, we
determined the influence of intracerebroventricular (i.c.v.) administration of PRL and
MT on sleep in insomniac Wistar rats maintained in constant ambient temperature
(21±1°C) and standard photoperiod [12-h light (L)/12-h darkness (D), light on: 08:00
am, 150+20 lux]. Using chronically implanted radiotelemetric device (TL10M3F50EET), we simultaneously examined the i.c.v. effects of PRL (lOOng), MT (350pg)
and combination of PRL+MT administered at circadian time (CT:3.5) on
electrocorticogram (ECoG) [waking (W), Slow Wave Sleep (SWS), Paradoxical Sleep
(PS)] in 6 freely moving adult Wistar rats with bilateral olfactory bulbectomy (OBX).
We found that OBX did not modify SWS but significantly (p<0.05) decreased PS
duration during L period. No modification in duration and rate of SWS were observed
after MT or PRL i.c.v. treatments in OBX rats but, MT significantly (p<0.05)
increased the rate of PS episodes [12.2+2. vs 2.9+1.2 episodes/hr] and normalized
sleep quality during the first 2-hr period following injection. PRL and MT enhanced
(p<0.05) PS duration [6.4+2 vs 2.2+1 %/hr; 11.3+3 vs 2.2±1 %/hr respectively] with a
6-hr delay whereas PRL+MT significantly (p<0.01) increased duration and rate of PS
[10.9+2 vs 3+1 %/hr; 6.5+1 vs 1.2+0.5 episodes/hr respectively] predominantly during
the first 3 hr post-injection. Therefore, PRL+MT completely reversed the sleep
perturbations induced by OBX.
In conclusion, these results show that, in adult OBX Wistar rats, MT potentiates the
central effects of PRL on PS and suggest that, a combined MT+PRL treatment could
prevent severe insomnia.

Kimura* . Inst, of Biomat. & Bioeng., Tokyo Med. & Dent. Univ., Tokyo
101-0062, Japan.
Prolactin-releasing peptide (PrRP) was demonstrated very recently as a new
hypothalamic peptide that specifically induces the release of pituitary prolactin
(PRL). Heretofore, other physiological roles of this peptide have remained
unknown. The present study, therefore, examined whether PrRP participates
in sleep regulation like the other pituitary hormone-releasing peptides in the
hypothalamus. Under pentobarbital anesthesia, adult male rats were implanted
with EEG and EMG electrodes, a brain thermistor, an ICV cannula into the
third ventricle, and an indwelling catheter through the jugular vein. PrRP was
infused ICV at the onset of dark for 10 hours, and the baseline recording was
done on the day before PrRP treatment during the saline infusion. Blood
samples were collected during the 12-h dark period at 1-h intervals, and
plasma levels of PRL were analyzed by ELISA. At low doses, 0.1 nmol of
PrRP increased only REM sleep (58.1%) during the dark period, whereas J
nmol of PrRP increased both nonREM sleep (28.6%) and REM sleep
(79.2%). At a high dose (10 nmol), however, PrRP did not affect REM sleep,
but enhanced nonREM sleep (27.2%) with febrile responses. The levels of
plasma PRL were elevated during the infusion of PrRP at the low doses but
tended to decrease at the high dose. The results showed that PrRP affected
sleep in a dose-dependent manner. Increases in REM sleep could be due to the
action of PRL stimulated by PrRP .
Supported by Monbusho (08771311) and Science and Technology Agency.

COGNITION: HIGHER FUNCTIONS—METHODS
461.1

461.2

DECOMPOSITION OF BRAIN SIGNALS INTO PHYSIOLOGICAL EVENTS
UNDERLYING PHASE TRANSITIONS IN THE HUMAN BRAIN
J.A.S. Kelso1, A. Fuchs1, J.M. Mayville1, A.J. Nash*, D. Cheyne2, H. Weinberg2
and L. Deecke3.
*’1 Center for Complex Systems and Brain Sciences, Florida Atlantic University,
Boca Raton FL 33431; 2Simon Fraser University, Vancouver; 3AKH, Vienna
A full-head 143-channel SQuID (Superconducting Quantum Interference Device) was used to study changes in the magnetic activity of the human brain during performance of an auditory-motor coordination task in which subjects performed paced finger movements as the rate of the auditory stimuli was increased
systematically. Previous research using the same task paradigm demonstrated
that spontaneous switches in timing behavior are accompanied by qualitative
changes in spatiotemporal brain activity measured by electro- and magnetoencephalography (EEG, MEG). Here we show how these patterns can be decomposed into basic physiological events, i.e. evoked brain responses to acoustic
stimuli and self-initiated finger movements. The frequency dependence of the
amplitudes of these component brain activities recorded from a typical subject
is shown in the figure where solid and open circles correspond to auditory and
motor activity, respectively.
As frequency increases the auditory brain response drops
A
.........
whereas the motor contribution stays approximately con•
stant. Around the point where the amplitudes are comsoa *
*
parable all subjects show a spontaneous switch in coordi0 o o ° °
°
nation mode from syncopation to synchronization. This
*"
e
e
observation may shed new light onto why spontaneous
* •
timing transitions occur in the first place.
i.o i.s 2.0
f

INDEPENDENT COMPONENTS ANALYSIS OF FUNCTIONAL MRI DURING A
VISUAL ACTIVATION PARADIGM: DERIVATION OF VARIANCE SOURCES
AND COMPARISON WITH STATISTICAL PARAMETRIC MAPPING.
T.P. PONS, J. SIMERAL, Y.-F, YEN, L, HERNANDEZ, R.E, HAMPSON and S.A.
DEADWYLER* Departments of Physiology and Pharmacology, Radiology, and
Neurosurgery, Wake Forest University School of Medicine, Winston-Salem, NC.

Research supported by NIMH and the Human Frontier Science Program.
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Current methods of analyzing functional magnetic resonance imaging (fMRI) data
rely upon the a priori specification of a probable activation waveform and multi-trial
averaging. For repetitive, on-off paradigms in which a neural activation function can be
anticipated with reasonable accuracy, correlation analyses and ANOVA-based statistical
parametric mapping (SPM) have achieved widespread use. However, investigation of
neural processing underlying more complex tasks and single-trial events will benefit from
analytical techniques which do not rely on averaging or assumptions about time course.
Independent component analysis (ICA), a high-order multivariate linear
decomposition technique which requires neither signal averaging nor a priori waveform
specification, has recently been demonstrated to be a powerful tool in the analysis of fMRI
data (McKeown et al., Proc Natl Acad Sci, 95, 803, 1998). In the current study, ICA
evaluation was extended by applying both SPM and ICA to fMRI data sets acquired from
normal subjects during a visual activation paradigm. Without constraining the analysis to
preconceived waveforms, ICA automatically isolated one time series component
corresponding to the stimulus block design. The corresponding regions of activation
identified by ICA overlapped on average 85% with those identified by SPM. Unlike SPM,
ICA simultaneously separated additional components corresponding to respiration and
head movement, as well as components that were only transiently correlated to the task,
and may have reflected cognitive variability. Thus, ICA increases the potential for
investigation of single-trial, transient, or otherwise unpredictable neural activity.
[Supported by NIHgrants HD35955 (TPP), MH 11989 (JDS) and DA03502 & DA00119
(SAD)]
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461.3

461.4

THE HEMODYNAMIC RESPONSE IN RAPID EVENT-RELATED fMRI
DESIGNS. F.M, Miezini*, L. Maccotta2. J.M. OllingeU, S.E, Petersen. 1.2,3,4 a .L,
Sanders2, and R.L. Buckner 2.3,4 iDept of Neurol.; 2Dept. of Psych.; 3Dept. of Radiol.;
4Anat. & Neurobiol.; Washington Univ. School of Medicine, St. Louis, MO. 63110
Rapid presentation event-related fMRI allows different trial types spaced a few
seconds apart to be randomly intermixed and/or sorted post-hoc based on subject
performance (Dale & Buckner, 1997 HBM). In two studies involving 20 subjects,
parameters associated with rapid event-related fMRI were explored using a trial type
consisting of full-field visual stimulation conjoint with a key-press response. Wholebrain imaging was performed on a Siemens Vision 1.5 Tesla MRI scanner. Estimates
of the hemodynamic response in primary visual and motor cortex were compared
across paradigms that varied the rate of trial presentation. The temporal profile of the
response was estimated across overlapping events by solving a set of linear equations
within the general linear model. No assumptions about the shape were made in solving
the equations. Following estimation of the profile, the amplitude and timing (time-topeak) were modeled using a gamma function (Boynton et al., 1996 J. Neurosci.).
Results indicated that (1) within a region, for a given subject, the
hemodynamic
response is extremely stable both in amplitude (r2=.98) and timing (r2=.95) across
separate measurements. (2) As the rate of trial presentation changes, the hemodynamic
response shows a small, but significant, change in amplitude. Trials spaced 5 seconds
apart (on average) show a 17% reduction in amplitude compared to trials spaced 20
seconds apart. Power analysis indicates the increased numbers of trials at the fast rates
outweighs this small decrease in amplitude if response detection is the goal. (3) Across
subjects, response amplitude showed no correlation with response timing (r2=.13 and
.02 across the two studies). (4) Most importantly, the within-region stability of the
response was sufficient to allow a 700 msec temporal offset of the response to be
detected. This finding places rapid event-related fMRI methods in a position to answer
questions about relative changes in hemodynamic response timing that are fractions of
a second. Support: MH57506, NS06833, NS32979 and McDonnell Center for HBF.

UNEVEN VARIANCE DISTRIBUTIONS OF THE RESTING BRAIN ACTIVITY
AND ITS TEMPORAL CONSTANCY IN AWAKE HUMANS, A VIEW FROM
FMRI STUDIES. Y, Liu* and P.T. Fox. Research Imaging Center and Department
of Physiology, University of Texas Health Science Center, San Antonio, TX 78284
The brain activity of an awake human is sustained for maintaining his/her
consciousness and internal homeostasis. The spontaneous fluctuations of neural
activity in a resting brain have been suggested to be associated with the local
hemodynamic changes as detected by functional MRI (fMRI). We hypothesized that
a temporal constancy (with a zero mean) of the resting fMRI signal changes would
reflect a level of baseline brain activity maintained. The fMRI data were collected
from 56 subjects during a control state (remaining still and not engaging any type
of mental activities). The eye-movement was controlled by a factorial analysis
design (eyes open with a fixation; eyes closed with or without a blindfold). The
results demonstrate that the temporal distribution of the voxel-wise fMRI signal
changes has a central tendency of zero when they are normalized to a resting baseline
of magnetic resonance signal intensity. However, the variance (mean square) of the
fMRI signal changes are unevenly distributed across the brain with the highest level
of variance in the structures that have been implicated in conscious awareness, such
as the superior colliculus, the thalamus, and also the midbrain red nucleus, but not
the prefrontal cortex. In particular, the variance in the red nucleus was correlated
with the levels of eye-movement. A higher level of the variance was also found in
other medial deep gray matter, including the hypothalamus and the brain-stem nyclei
that are critical for regulating the cardiac and respiratory functions as well as other
basic physiological processes. These results indicate that the uneven spatial
distribution of resting brain activity in awake humans may provide a neuroimaging
frame for searching the neural bases of consciousness. (NIH/NIMH P20 DA52176)

461.5

461.6

CORTICAL STRUCTURAL CORRELATES OF AGE-SPECIFIC BEHAVIORS
IN POSTNATAL HUMAN DEVELOPMENT FROM BIRTH TO 72 MONTHS;
INVERSE RELATION BETWEEN LAYERS 3 AND 6 CORTICAL
THICKNESS. WR Shankle, MS MD*1’2, JH. Fallon, PhD3, BH Landing, MD4.
Cognitive Science, SSPB, UC Irvine, CA 92697-5100, 2Information and
Computer Science, 3Anat. & Neurobiology, UC Irvine, “Pediatrics and Pathology,
USC School of Medicine.
The relation between the development of cortical structure and its function has been
an elusive target We examined Conel's data on cortical layer width, neuron
density, proximal dendrite and myelinated fiber densities, and number of neurons
per layer under 1 mm2 of cortical surface for 23 areas of the postnatal human
cerebral cortex from birth to 72 months to determine whether any consistent
relation exists between any of these features and the acquisition of age-specific
behaviors with well characterized cortical localizations. We examined the
following age-specific behavioral acquisitions: depth perception, motor control of
head, hands, trunk and legs, four developmental stages of fear, taste discrimination,
language development, and object recognition. We found that:
1. In primary sensory, motor and unimodal association cortices, a reciprocal
relation occurs between layers 3 and 6 in cortical thickness at about the age of
acquisition of a new behavior. Usually 3 gets thicker and 6 gets thinner.
2. Neuron packing density develops independent of any of the behaviors studied.
Initially, packing density decreases sharply followed by a slight increase.
3. High order association cortices show a more complex relation between layers 3
and 6 cortical thickness, consistent with their inputs from multiple cortical
areas.
4. Myelinated and proximal dendrite fiber densities usually show steep slopes
very near the age of acquiring a new behavior; their slopes then become much
flatter.
Work supported by Dr. Ben Landing.

MEASURING THE SUPRAMARGINAL GYRUS IN CHILDREN.
L. A. Rowe & C.M, LeonardfU Florida Brain Institute, Gainesville, FL 32611.

461.7

461.8

A SYSTEM LEVEL NEURAL NETWORK MODEL WITH BIDIRECTIONAL CONNECTIONS. M, Ichikawa* and Q.. Matsrnnoto,
Brainway Group, Brain Science Institute, RIKEN, Hirosawa 2-1, Wako,
351-0198, Japan.
A brain computer system architecture consisting of sensory and motor
networks, association networks and control networks was studied. We
employ a bi-directional neural network model for sensory and motor
networks, which has been proposed by E. Koerner originally (1997 SFN
514.2). The sensory networks convert sensory input signals to internal
symbols in our model brain and can retrieve raw input signals from
internal symbols by top-down backward projection. The motor networks
send symbols as command signals to actuators. These symbols described
planned movement, while the relationship between actual movements and
symbols is adaptively adjusted. The bi-directional neural network puts
these functions into practice by using very similar generic networks. The
association networks link related symbols to each other. Any link is bidirectional because activation of some part of related symbols can drive
absence symbols which were consisted a concept. A main problem of the
model is explosion of activity, because backward projection increases the
number of active neurons. The control networks inhibit this explosion of
neural activities by using evaluation networks and abstract prediction
networks. The function of the control networks might be some similarities
to attention mechanism in brain. We demonstrate this idea by both
computer simulation and hardware implementation and discuss homology
between the system and real brain.
[Supported by BSI, RIKEN]
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Recent functional imaging evidence suggests that the supra
marginal gyrus (SMG) opposite to the dominant hand is active
during number processing in adults. There is no normative
information on the morphological characteristics of the SMG in
either adults or children. The most commonly used cortical
parcellation method (Kennedy, 1997) failed to develop a reliable
method for separating SMG from the more posterior angular gyrus.
We are developing a quantitative method for reliably measuring the
SMG in children, with an eventual aim of examining quantitative
measures of the SMG in developmental math disabilities. In a
sample of normal children, ages 5-9 (N= 71), the intraparietal
sulcus which forms the superior boundary is readily identified when
it emerges between Talairach coordinates 48 and 60 on axial MR
images. In 80% of the cases the inferior boundary of SMG was
easily identified as the level where the intraparietal sulcus becomes
discontinuous. In these cases, there was no mean lateral asymmetry
in SMG area in either dextral or adextral children. The lack of
structural asymmetry is somewhat surprising given the well
documented hemispheric specialization of this structure. Whether
symmetry is due to developmental factors or measurement choices is
under investigation. Supported by NIH R01 DCD 2922.

THEORETICAL EVIDENCE FOR ELECTROCORTICAL PHASE TRANSITIONS IN GENERAL ANESTHESIA. M.L. Steyn-Ross1, D.A. Steyn-Ross1,
J.W. Sleigh2 and D.T.J. Liley3*. 'Dept. of Physics and Electronic Engineering, Univ. Waikato; 2Dept. of Anaesthetics, Waikato Hospital; Hamilton, New
Zealand; 3Sch. Biophysical Sciences and Electrical Engineering, Swinburne Univ.
Technology, Hawthorn, Victoria 3122, Australia.
A previously developed mean field theory of electrocortical dynamics is modified to include the effects of stochastic fluctuations in neuronal input in order to
model the effects of general anesthetic agents. The effect of a stereotypical general anesthetic agent is incorporated as a parametric variation in inhibitory neurotransmitter kinetics. Stochastic differential equations are derived for the state
variable he (the mean excitatory soma potential), coherent fluctuations of which
are believed to be the source of scalp-measured EEG (electro-encephalographic)
signals. Using this stochastic approach a stationary (long-time limit) fluctuation spectrum for he is derived. Results of this model predict that there will be
three distinct stationary (equilibrium) regimes for cortical activity in response
to variations in anesthetic effect. In Region I corresponding to strong inhibitory
anesthetic effect, he is single-valued, large and negative, so that neuronal firing
rates are suppressed. In Region II for zero or small anesthetic effect, he can take
on three values, two of which are stable (enhanced and suppressed firing rates).
For Region III, corresponding to negative anesthetic (i.e., analeptic) effect, he
again becomes single-valued, but is now small and negative, resulting in strongly
elevated firing rates. If Region II is postulated to be associated with the conscious
state of the cortex, then the model predicts that there will be a rapid transit
between the active-conscious and comatose-unconscious states at a critical value
of anesthetic concentration, suggesting the existence of phase transitions in the
cortex. Further it is predicted that low-frequency spectral EEG power will increase strongly during the initial stage of anesthesia induction, before collapsing
to much lower values after the transition into comatose-unconsciousness. These
qualitative predictions are consistent with widely accepted clinical measurement.
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HOW DO PREFRONTAL NERUONS PARTICIPATE IN SELECTING A
MOTOR TARGET IN ACCORDANCE WITH TWO BEHAVIORAL RULES?
E. Hoshi ’-^K. Shima and J. Tanii1-2 . 'Dept. of Physiology, Tohoku Univ. Sch. of

DISTINCT RIGHT AND LEFT BRAIN SYSTEMS SUPPORT DEDUCTIVE
AND PROBABILISTIC REASONING. L. M. Parsons'*and D. Osherson2.
'Research Imaging Ctr, Univ. Texas Health Science Ctr, San Antonio, TX,
78284; 2Dept. Psych., Rice Univ., Houston, TX, 77251-1892.
A dissociation between deductive and probabilistic reasoning was
demonstrated by measuring task-related changes in regional cerebral blood
flow with positron emission tomography. A comprehension control task
along with two different reasoning tasks were performed with identical
propositional logic stimuli (which, unlike the syllogistic arguments studied
in most previous work, do not generally accommodate visual diagrammatic
analysis).
Almost no overlap was observed between brain structures
associated with deductive and probabilistic reasoning. Deduction activated
mostly right brain areas whereas probabilistic reasoning activated mostly
left, and in neither case were the activations caused by spill-over from
overtaxed, left language areas. Deduction was subserved specifically by
right cortical areas in middle temporal lobe, in inferior, dorsolateral, and
superior frontal lobe, in superior prefrontal lobe, as well as by right basal
ganglia. The functions of the most strongly activated areas are unspecified
by the literature and their strong activation implicates them in deduction.
The amygdala, which registers emotional significance, activated only during
deduction, and only on the right side, which is consistent with subjects'
responses to a post-session questionnaire indicating sudden insight for
logical but not probabilistic reasoning.
Probabilistic reasoning was
subserved by left cortical areas in the inferior frontal lobe, in posterior
cingulate, in parahippocampus, in medial temporal lobe, and in superior and
medial prefrontal lobe. These areas are associated with recalling and
evaluating a range of world knowledge, operations required during
probabilistic thought. Our findings indicate that making deductive and
probabilistic inferences are distinct processes, contrary to current theories of
reasoning. They also suggest that deduction is largely independent of
language, contrary to common belief in the cognitive sciences.

Med., Sendai, 980-8575, Japan; foundation for Miyagi Industry Development.
We asked monkeys to select a motor target according to two rules,
involving either a shape match or location match for two sets of cues
displayed separately. Specifically, we first gave a sample cue of either a circle
or triangle at the top, right or left part of a monitor screen, requiring animals to
remember the shape and location of the sample cue. After a delay of 3 s, we
presented a choice cue. If the choice cue was made of three circles or
triangles, monkeys had to select an object whose location matched that of the
sample cue (a location match). If, on the other hand, the choice cue was a
pair of circle and triangle, they had to select an object whose shape matched
that of the sample cue (a shape match). We found that the lateral prefrontal
cortex is crucially involved in performing this task, because muscimol injection
into the lateral bank of the principal sulcus (or adjacent inferior convexity)
impaired the task performance. How, then, do prefrontal neurons behave at
the time of motor selection, immediately following appearance of choice cue?
We found three types of neuronal activity at this critical period; (1) activity
reflecting the shape or location of the memorized sample cue, (2) activity
reflecting spatial arrangements of visual objects constituting the choice cue,
and (3) activity reflecting location of the future target. We interpret that each
type of activity is useful for promptly processing the visual information to work
out and specify the target to be selected, and propose a hypothetical neural
circuit that can be operated in the prefrontal cortex.

Supported by Miyagi Joint-Research Project for regional intensive.

462.3

462.4

EEG ACTIVITY DURING PERFORMANCE OF A DECISIONMAKING TASK IN POSTMENOPAUSE AND DURING
MENSTRUATION IN WOMEN. S. Solis-Ortiz and M. CorsiCabrera*. Instituto de Investigaciones Medicas, Universidad de
Guanajuato, Leon, Guanajuato, Mexico; Facultad de Psicologia,
Universidad Nacional Autonoma de Mexico.
Psychophysiological studies have shown deficits in concentration and
in short-term memory tasks in postmenopausal women attributed to fall
in estrogens. These symptomes are related with functions of the frontal
lobes, however, very little work have been conducted to assess
executive functions of frontal lobes in postmenopausal women. We
recorded EEG activity during rest and during performance of a task
that evaluate frontal lobe functions, the Wisconsin Card Sorting Test
(WCST), in comparison with women during menstruation characterized
also by a fall in estrogen. Absolute power, relative power,
interhemispheric and intrahemispheric EEG correlations were obtained.
Performance in WCST was significantly worse in postmenopausal
women.
Menopausal
women
showed
significantly
higher
interhemispheric correlation in the delta band and lower in alpha and
beta bands during rest and during performance of the WSCT.
Present findings show alterations in interhemispheric coupling
associated with unsuccessful" search for solutions in menopausal women
indicating either a failure to supress random decisions and/or deficits in
working memory suggesting impairment in frontal lobe functioning.

DYSPHORIA AND DECISION-MAKING: DOES MOOD AFFECT
MAKING ADVANTAGEOUS CHOICES? J. A. Pineda*, C. Karns, A.

Vankov. Cognitive Neuroscience Laboratory, Department of Cognitive
Science, University of California, San Diego (UCSD), La Jolla, CA 92093.
Making advantageous choices requires a sensitivity to short- and longterm consequences of one’s actions. Furthermore, it requires a mechanism to
link such representations to appropriate behaviors. Sensitivity to outcomes
may trigger a conscious process to guide behavior, or it may proceed below
the level of conscious awareness, but still provide a guiding influence on our
actions. One factor that may affect advantageous decision-making is mood,
especially negative states such as depression. This investigation examined
the relationship between mood, decision-making, and the accompanying
electrophysiological correlates, primarily the P300 and Readiness Potential
components of the event-related potential (ERP). Twenty nine normal
undergraduate students at UCSD were assessed for mood using the
Beckman’s Depression Inventory (BDI). Their brain electrical activity was
recorded while being exposed to a computerized gambling task that
simulated real-life situations in terms of making choices based on rewards
and punishments. Pre- and post-stimulus EEG responses to feedback stimuli
(i.e., wins/losses), as well as behavioral performance, were assessed.
Preliminary analyses show no correlation between BDI scores and
performance. However, the P300 and RP show changes related to the
feedback.
This suggests that mood is neither advantageous nor
disadvantageous with respect to conscious choices but may affect
nonconscious processes mediating decision-making.
This work was
supported by a grant from NIDA (DAI 1731-02).

462.5

462.6

EVIDENCE FOR SELECTIVE EXECUTIVE DYSFUNCTION IN VIOLENT
OFFENDERS. A.H, Bergvall1 and S, Hansen2*. 1 Dept Forensic Psychiatry,
National Board of Forensic Medicine, Box 4024, SE 422 04 Hisings Backa and
2 Dept Psychology, Goteborg University, Box 500, SE 405 30 Goteborg,
Sweden

Inhibitory Control in Young and Older Adult Subjects as Measured by
Event-related fMRL K. A. Nielson1,2*, H. Garavan2, & S. M. Rao2. ’Marquette
University, and 2Medical College of Wisconsin, Milwaukee, Wisconsin, USA

The present study examined two distinct tests of executive function in a
group of violent offenders. The subjects were incarcerated male violent offenders
(n=9) undergoing forensic psychiatric assessment with average IQ; their test performance was compared to that of departmental staff (n=7) of comparable IQ and
age (22-40 yr). Two tests of executive functioning from the CANTAB computerized test battery (version 2.3, CeNeS Ltd; see Fray et al., Int. J. Geriat.
Psych, 1996, 11, 329) were used, both of which are sensitive to prefrontal
dysfunction. Higher level planning ability was investigated using the Stockings
of Cambridge (SOC) test, which is derived from the Tower of Hanoi test. The
second, intra-dimensional/extra-dimensional (ID/ED) shift, is essentially similar
to the Wisconsin Card Sorting test. The groups did not differ on the SOC test
performance. For example, the two groups made an equal number of perfect
solutions when asked to rearrange a number of balls to match a goal
arrangement shown on the computer screen. In contrast, the groups differed
significantly on the ID/ED shift test. While the groups made a similar number
of errors on the ID shifting task, the violent offenders showed great difficulty in
the ED shifting phase of the task in that they made about twice as many errors
as controls before reaching criterion. Thus, attentional set-shifting appears to be
selectively impaired in this group of offenders. This research was supported by
Radman Ernst och Fru Collianders Stiftelse, Stiftelsen Soderstrom-Konigska
Sjukhemmet and the National Board of Forensic Medicine in Sweden.

Successful performance of many cognitive tasks may be critically dependent upon
inhibitory control (IC). Indeed, IC is disrupted in a number of clinical pathologies, and
as much as its onset is considered a milestone in cognitive development, its loss is
prominent in aging and has been proposed to underlie age-related cognitive decline.
Neuroimaging may be an ideal method for testing this hypothesis and assisting in the
development of effective and appropriate interventions. As such, we investigated the
neuroanatomical bases of IC using fMRI with a Go/No-Go task in young (M age = 32)
and older (M age = 72) adult subjects.
Subjects were presented with a serial stream of letters, each every 500 msec (ISI = 0).
A button response was required for targets (X or Y) that occurred in alternation (e.g., X Y). Consequently, inhibition was required when a target matched the preceding target
(e.g., X - X; “lures”). Subjects completed four runs (250 letters each) with a 6 target: 1
lure ratio (targets averaged every 3.5 sec, lures averaged every 20 sec). Contiguous 7 mm
sagittal echo-planar slices were collected (TR = 2000 msec) on a 1 5T GE Signa scanner
with spoiled GRASS anatomic images for co-localization. Images time-locked to lures
provided mean response for each voxel, which were modeled with a gamma-variate
function, non-linear regression, and best-fit percent area averaged across subjects.
Young subjects were faster and more accurate. Young subject averages revealed
predominantly right-lateralized activation in middle and inferior frontal gyri, angular
gyrus, inferior parietal lobule, insula, frontal limbic area, and fusiform gyrus. Functional
activation of older subjects showed: similar signal magnitud and right-lateralized
prefrontal, insular, and parietal activations, and additional left hemisphere prefrontal
activations. This “frontal recruitment” may reflect IC changesin aging and is consistent
with previous reports of more diffuse task-induced activations in older subjects.
This researdi was supported in part by a grant to KAN from the Foley Center for Aging and
Development, Department of Psychiatry and Behavioral Medicine, Medical College of Wisconsin.
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ALCOHOLICS SHOW IMPAIRED DECISION MAKING ON THE IOWA
GAMBLING TASK. E. Kaiser. D. Johnson, D. Hommer* National

Institute on Alcohol Abuse and Alcoholism, DICBR, Laboratory of
Clinical Studies, Bethesda, MD 20892-1256
The Iowa Gambling Task (Bechara et al., 1994) has been associated
with damage to the ventro-medial frontal cortex. A computerized
version of this task was performed by 45 alcoholic inpatients (34
males and 11 females) and 24 healthy controls (9 males and 15
females). All were between 28 and 60 years of age. The alcoholics
had been hospitalized and were alcohol free for at least three weeks.
In this task, subjects made selections from four decks of cards. They
were told that the goal was to win as much money as possible.
Choices from two of the decks resulted in greater immediate gains but
ultimately yielded a net loss (i.e. “bad” decks) while choices from the
other two decks resulted in smaller immediate gains but ultimately
yielded a net gain (i.e. “good” decks). There were 200 trials.
Overall, alcoholic subjects made significantly more choices from the
“bad” decks than the controls. This effect was largely due to the
second hundred trials. The controls tended to make more good choices
in the second hundred trials, while the alcoholics generally showed no
improvement. These results indicate that the alcoholics may be more
sensitive to short term rewards and/or less sensitive to future negative
outcomes than those in the control group. Structural MR images
obtained from these subjects will be analyzed to determine if there is
an association between the volume of the mesial prefrontal and orbital
cortices and performance on this task.
(Funded by NIAAA, DICBR)

ACTIVATION OF THE HUMAN AMYGDALA IN AUTOMATIC
EVALUATIONS OF RACIAL GROUPS
E.A. Phelps LKLO’Ccnnor1^/,A, Cunningham1. M, Banaji1. J.C, Gatenby2
and J.C, Gore.2 Depts. of Psychology1 and Radiology^, Yale Univ. and Med.
Sch.: New Haven, CT 06520
Although expressions of prejudice toward Black Americans have steadily
declined in the United States over the last several decades, evidence of negative
attitudes continue to be observed on indirect measures of implicit or automatic
evaluation. In two experiments, we used fMRI to examine the neural substrates
involved when responding to racial groups. We examined activity in the
amygdala, a subcortical structure that has been shown to play a role in emotional
learning and evaluation. Both experiments used a block design. White subjects
were required to make a simple recognition judgment on a series of Black and
White faces with neutral facial expressions.
In Experiment 1, we compared activation to unknown White and Black
male faces. We found significantly more activation in the right amygdala when
Comparing Black faces to White faces for most subjects. In Experiment 2, we
compared amygdala activation to faces of White and Black famous male
individuals who have positive images in the media (e.g., John F. Kennedy and
Martin Luther King). In this comparison, there was no consistent pattern of
differential amygdala activity. There are two possible interpretations of these
results. First, the amygdala activity observed in Expt. 1 is a reflection of the
automatic, negative evaluation of Black males observed on behavioral tasks.
Therefore, amygdala activity is attenuated in Expt. 2 when positively evaluated
White and Black faces are viewed. Second, it is possible that the amygdala
response is modulated by familiarity. For the White subjects unknown Black faces
as a category may be less familiar than unknown White faces. Finally, it is also
possible that familiarity contributes to the emotional evaluation of these stimuli.
We compare these findings with behavioral results from the same subjects to
further specify some of the factors related to the observed activation.
[This research was supported by McDonnell-Pew 97-26 to EAP]

462.9

462.10

CHRONIC SLEEP FRAGMENTATION AND COGNITIVE DYSEXECUTIVE
SYNDROME. Bernadette Naegele , Stephanie Mazza , Jean-Louis Pepin , Patrick
L6vy , Claude Feuerstein*. Sleep laboratory, Neuropsychological Unit, Joseph
Fourier University and Hospital, 38043 Grenoble, France.
Background: Obstructive Sleep Apnea Hypopnea Syndrome (OSAHS) is
characterized by upper airway collapse leading to different levels sleep fragmentation.
Excessive daytime sleepiness is the most common daytime symptom in OSAHS
patients. Previous studies have suggested that severe OSAS is associated with a broad
range of neuropsychological deficits1, particularly a dysexecutive syndrome2.
However, the impact of milder degrees of Sleep Disorder Breathing (SDB) (i.e.
moderate OSAHS) on cognitive functions has been less studied. One study found that
subjects with mild Respiratory Disturbance Index (RDI) showed cognitive outcomes
in planning, attention, visual memory and mental flexibility, but an other study found
very discrete neuropsychological deficits’. Aim: to assess the question of whether
subjects with mild SDB (as defined by respiratory disturbance index (RDI) of 9-3 8/h)
perform better in cognitive tests than patients with higher SDB (RDI in die range of
45.5-126.7). Patients and Methods: 41 OSAS patients prospectively studied by
polysomnography were compared to 30 matched controls using an extensive battery
of frontal lobe-related functions tests. OSAS patients were divided in two groups
depending on their severity as determined by RDI, desaturation and sleep
fragmentation: severely impaired Vs mildly impaired. Results: OSAHS patients with
mild RDI do not differ from severely impaired patients in their cognitive
performances. Furthermore, mild OSAHS patients perform significantly worse than
their matched controls. Conclusion: These results suggest that mild sleep
fragmentation is sufficient to cause cognitive deficits.

THE EXCEPTIONAL BRAIN OF ALBERT EINSTEIN. S. F, Witelson* . D, L, Kigar
and T, Harvey. Dept. of Psychiatry & Behavioural Neurosciences, McMaster Univ.,
Hamilton, ON, L8N 3Z5.
The long-standing issue of the neurobiological basis of variation in intelligence
remains unresolved despite major technological and theoretical advances in
neuroscience. Elucidation of this issue may be facilitated by comparison of extreme
cases with control groups within the framework of specific hypotheses. Albert Einstein
is one of the intellectual giants of recorded history, and the preservation of his brain
provides the opportunity of a possibly important case study. We present the first study
of the gross anatomy of his brain since his death in 1955. Our investigation was guided
theoretically on the basis of cortical localization of cognitive functions, specifically the
generation and manipulation of multidimensional imagery and the representation of
mathematical concepts which are mediated predominantly by right and left posterior
parietal regions. Caliper measurements were made directly from Einstein's brain
following fixation and from calibrated photographs of the whole brain and dissected
hemispheres. We compared measurements made of Einstein's brain with those from all
available male specimens (n = 35) from the Witelson Normal Brain Collection.
Statistically significant differences were defined as those measures at least 2 SDs from
the control mean. Einstein's brain was similar to the control group on most measures
(including brain weight, length and height; corpus callosum area; and frontal and
temporal lobe measurements). In contrast, the parietal lobes showed striking qualitative
and quantitative differences. In each hemisphere of Einstein's brain, the Sylvian fissure
terminated uncharacteristically within the postcentral sulcus, resulting in a larger expanse
of the inferior parietal lobule. This morphology was unique compared to the 35 male
and also 56 female brains. In addition, Einstein's brain was 15% wider over each parietal
lobe compared to controls. The greater expanse of the posterior parietal lobes in
Einstein's brain may be associated with his exceptional abilities. This hypothesis may
be examined through brain imaging studies. The results also point to specific
microscopic studies of Einstein's brain. (Grant NS 18954)

462.11

462.12

PLASTICITY OF NEURONAL FIRING IN MEDIAL PREFRONTAL CORTEX
OF RATS ENGAGED IN AN OPERANT CONDITIONING TASK
R.E. Nordquist, A.B, Mulder, E. Muller. O.B, Orgut, H, Uvlings*, C.M.A Pennartz
Netherlands Inst, for Brain Research, Amsterdam, The Netherlands (ENA sponsored)
The Prefrontal cortex (PFc) plays an important role in associative learning
motivated by various reinforcers. Furthermore, a role in response flexibility has been
proposed. In order to investigate neural correlates of these behaviors, firing activity
of multiple single units was recorded in the medial PFc (mPFc) with tetrodes in male
Wistar rats performing an associative learning task in a Skinner box. The box was
fitted with a food tray, with two CS-lights and corresponding levers located on either
side. The task consisted of three phases: an initial learning phase, a reversal and an
extinction phase. In the learning phase, the naive, food deprived rats were required to
press the right lever while the right CS-light was illuminated, leading to food
delivery. Pressing the left lever during left CS-light illumination resulted in a mild
foot shock (0.5 sec, 0.25 mA). After acquisition was completed, the reinforcement
contingencies were switched, with ‘Left’ responses leading to reward and ‘Right’
responses to shock (reversal; requires response flexibility). After the reversal phase,
the extinction phase began. Now, pressing the levers led to neither reward nor shock.
So far, of 251 neurons recorded in the mPFc of 8 rats, 117 neurons (47%) showed
changes in firing in relation to various time points of the task, such as reward
delivery (53) and CS-light presentation (49). Furthermore, 10 neurons showed clear
firing increases after, but not time locked to, reward and 5 neurons showed
movement related activity. Changes in firing rate during the entire period of task
execution, i.e., between CS-light presentation and reinforcer delivery, were seen in
23 neurons of the recorded population. Of these neurons, 13 could be followed over
sessions and long-lasting modulation of activity was observed during the time course
of the acquisition phase or after reversal occurred. In the beginning of the acquisition
phase, these cells responded only to reward delivery. After acquisition of the task,
responses had developed to CS-light presentation. In the majority of these cells, the
CS-light correlate disappeared following task reversal. Thus, neurons in the mPFc
show plasticity with ongoing learning and when response flexibility Is at play. This
indicates that neurons in the mPFc are involved in associative learning as well as
response flexibility and may form a neuronal basis of these functions.
Support: HFSP, Van den Houten Foundation.

“COGNITIVE WAVES” FROM CRAYFISH BRAIN: OMITTED STIMULUS
POTENTIALS. F. Ramon§, O.H. Hernandez1 and T.H. Bullock*. Neurobioiogy Unit,
Scripps Inst. Oceanography & Dept. Neurosciences, Univ.Calif., San Diego, La Jolla, CA
92093; §Div.Posgrado, Fac. Medicina, Univ.Nacion.Auton.Mexico, Mexico City &
+Centro Invest.Enferm.Tropic., Univ.Auton.Campeche, Cam., Mexico.
Cognitive functions presumably represent brain processing at relatively higher levels.
In vertebrates some are associated with cognitive “waves” or “Event-Related Potentials”
as distinct from simple stimulus-evoked potentials. We tested the hypothesis that
invertebrates have such waves by investigating expectancy in the crayfish Procambarus
clarkii, using semi-microelectrodes in chronic, implanted and acute, restrained
preparations. Stimuli were trains (1-20+ s in duration) of light flashes at frequencies of
3-40 Hz. After the first missing flash, medium-size and large spikes occur in some loci,
single or in a burst peaking at 40-120+ ms. Latency after the due time of the first omitted
stimulus is nearly constant for each preparation - as though some network “expects” a
stimulus on schedule. In some preparations or conditions this Omitted Stimulus Potential
(OSP) only appears after conditioning flash trains between 5-12 Hz, in others 4-40 Hz.
They are found in many parts of the brain, including loci with and loci without responses
evoked by each flash. OSPs can be very local - appearing at one locus and not <0.5mm
away. They may demand some ambient light but depend little on flash intensity or train
duration above ca.6 flashes. Pattern-reversal (checker-board or stripes) can show OSPs
with longer latency. OSPs can occur during walking, eating or the defense posture. These
results suggest that flashes in a train have an inhibitory effect on a circuit that quickly
“learns” the stimulus interval so that the OSP ready to happen after the learned interval
is prevented by each flash until released by a missing stimulus. Supported by
NIH/NINDS, the Guggenheim Foundation (F.R.) & CONACYT, Mexico.

1 Engleman, H. et Joffe D. Neuropsychological function in obstructive sleep apnoea. Sleep
Medecine Reviews, 1999, 3,1: 59-78.
2 Naggeld, B., Thouvard, V., Pgpin, J.L. et al. Deficits of cognitive executive functions in
patients with sleep apnea syndrome. Sleep, 1995,18: 43-52.
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MODULATION OF PREFRONTAL CORTEX (PFC) AND FUSIFORM
FACE AREA (FFA) RESPONSES TO INCREASED WORKING MEMORY
DEMAND FOR FACES. T.J. Druzgal* & M, D’Esposito. Department of
Neurology, University of Pennsylvania, Philadelphia, PA 19104.
Previous fMRI studies of human visual working memory tasks have
suggested that extrastriate visual areas have a predominant role in perceptual
processing while PFC has a predominant role in working memory. In contrast,
neurophysiology studies in monkeys have shown evidence of a role for extrastriate
visual areas in the working memoiy component of the tasks performed. In this study
we tested whether activity in both the PFC and FFA changes with increasing
demands of an n-back task for faces. The n-back task allowed us to control the
perceptual demands of the task since the stimulus presentation was identical across
conditions, with working memory demand as the only difference between conditions.
During whole-brain BOLD fMRI scanning, subjects were required to perform a
blocked n-back task for grayscale faces. At the beginning of each 30-second block,
subjects were shown an instruction to perform one of three tasks: 0-back, 1-back, or
2-back. Each face stimulus was presented for 1 second with an intertrial interval of 1
second. In the 0-back conditions, subjects were instructed to respond to a target face
presented prior to scanning. In the 1-back and 2 back conditions, subjects were asked
to respond if each stimulus was the same as that presented one or two stimuli back,
respectively. A general linear model for correlated observations was used to assess
fMRI signal changes in the 1-back and 2-back conditions, relative to the 0-back
condition. This study replicated the result that activity within PFC increases directly
with the working memory demands of the task. The novel finding is that subjects
demonstrated FFA activation which also increased directly with working memory
demands. Since the perceptual demands were equal across the three task conditions,
these findings suggest that FFA, an extrastriate region, plays a significant role in
both perceptual and non-perceptual processes required for working memory.
Supported by the American Federation for Aging Research and NIH grants
NS01762 and AG13483.

CEREBRO-CEREBELLAR INTERACTIONS DURING VERBAL WORKING
MEMORY: AN fMRI STUDY. J.E, Desmond.*1'2 S.A, Bunge.3 E.V, Sullivan.4
A, Pfefferbaum.5 J.D.E. Gabrieli.2 & G.H. Glover.1 Departments of ’Radiology,
Psychology, and “Psychiatry, and ’Neurosciences Program, Stanford University,
Stanford, CA 94305, arid sSRI International, Menlo Park, CA 94025.
Our prior fMRI studies have revealed that verbal working memory (VWM)
produces a superior (HVI, sup HVIIA) and an inferior (HVIIB) cerebellar
hemispheric activation (Desmond et al., J Neurosci, / 7:9675,1997). Based on
known cerebro-cerebellar connections we hypothesized that the superior activations
reflect frontal input and that the inferior activation reflects temporo-parietal input.
Further, building upon the work of Paulesu et al. (Nature, 362:342,1993) we
hypothesized that the frontal/superior cerebellar activations represent cerebrocerebellar networks subserving a VWM articulately control system and that
temporo-parietal/inferior cerebellar activations represent a similar network for the
phonological store. To test these hypotheses we replicated Paulesu et al. to
examine cerebro-cerebellar activations. The key contrast was between a VWM
task, requiring both articulatory control and phonological store systems, and a
rhyming (RHY) task, requiring only the articulatory control system. For VWM,
6 consonants were presented sequentially (ISI = 900 ms, duration = 750 ms),
followed by a 2 sec maintenance period, followed by a 2 sec probe period
requiring subjects to indicate if the probe matched a studied letter. The RHY task
required subjects to respond if a letter rhymed with “B” (ISI = 1 sec, duration =
750 ms). Functional MRI (fMRI) data were acquired with a T2*-weighted
gradient echo spiral pulse sequence (1.5T, TR=3000 ms, TE=40 ms, flip=89°,
inplane resolution=3.75 mm, thickness=6 mm). Results from 2 subjects revealed
greater activation in both left supramarginal gyrus and right inferior cerebellum
when subtracting RHY activation from VWM, whereas both frontal and superior
cerebellar activations were evident on both tasks. These results provide tentative
support for the role of cerebro-cerebellar networks in verbal working memory.
Supported by NIA (AG 12995) and NIAAA (AA05965, AA10723).

463.3

463.4

AN FMRI STUDY OF THE PREFRONTAL CORTEX ACTIVATION DURING
RETRIEVAL PROCESS OF WORKING MEMORY TASKS. T.Takahashi*1'2. R.Xiao1’2.
M.Inaseu. T.Tsukiura1'3. K.Kawano12. T.ljjima1-2. 'Electrotechnical Lab, Tsukuba 3058568, Japan; 2CREST, Japan Science and Technology Co., Kawaguchi 332-0012, Japan;
’Dept. of Neuropsychology, Tohoku Univ. School of Medicine, Sendai 980-8575, Japan.
We examined the activation in the prefrontal cortex using fMRI during retrieval
conditions after two kind of encoding conditions which requires different degree of
monitoring process (Petrides, M., 1996), during the non-spatial verbal working memory
(WM) tasks. Subjects performed two kind of tasks which is composed of control,
encoding and retrieval condition, and requires different degree of monitoring processes
during the encoding condition. During the encoding condition in task 1, a set of alphabets
were presented to the subjects one after another. One of the letters was marked in every
presentation and the subjects were required to memorize the marked letters in the
presented order. This task requires monitoring a sequence of memorized letters
maintained within WM in order to prepare for updating it on next presentation. In task 2, a
set of alphabets were similarly presented, but no letter was marked. The subjects were
required to select a different letter in each presentation and to memorize the letters in the
selected order. This task requires monitoring the letter sequence within WM in order to
prepare for actively selecting a new letter on next presentation and for updating
maintaining a letter sequence. Just after each trial, the subjects were asked to recall the
memorized letters in the correct order (retrieval condition). In the common control
condition, the subjects were required to just point to a marked letter in each presentation.
Functional imaging was performed on a 3.0 Tesra GE Signa scanner with Advanced NMR
echo-planar system (Gradient echo-EPI sequence, TR = 4000 msec, TE = 20 msec, Flip
angle = 90 degrees, matrix size = 64 x 64, FOV = 20 cm, thickness = 7 mm, gap =3 mm,
15 coronal slices). Data were analyzed using SPM96 software. During the retrieval
conditions, regardless of same requirement for the subjects in both tasks, the activation in
the right prefrontal cortex in task 1 was grater than that in task 2. This result suggests that
degree of monitoring processes during encoding condition would effect on the activation
in the right prefrontal cortex during successive retrieval condition. (Supported by CREST
of Japan Science and Technology Cooperation)

FUNCTIONAL NEUROANATOMY OF AUDITORY WORKING MEMORY IN
SCHIZOPHRENIA: RELATION TO THOUGHT DISORDER AND BEHAVIOR.
R.T. Anagnoson13 , V, Menon1?G.H. Glover2, A. Pfefferbaum4. 'Dept. of
Psychiatry and Behavioral Sciences, Stanford Univ. Sch. of Med., Stanford, CA
94305-5550; 2Dept. of Radiology, Stanford Univ. Sch. of Med.; 3Palo Alto VA
Health Care System, Palo Alto, CA 94304; “SRI International.
Working memory (WM) is the ability to hold and manipulate information online
in the brain. It is among the most severely disrupted cognitive deficits in
schizophrenia. The dorsolateral prefrontal cortex (DLPFC) is most often the focus
of investigations into the neural mechanisms of WM and its dysfunction. We used a
two-back WM paradigm in a functional MRI study to investigate WM impairment
in schizophrenia. Brain activation was investigated in relation to behavioral
performance and psychiatric rating of schizophrenic disorder. Schizophrenic
subjects (n = 11) showed a consistent profile of deficits in the left and right DLPFC,
left and right frontal pole, right orbitofrontal gyrus, and left superior parietal cortex
when compared to controls (n = 13). Reaction times were significantly slower in
schizophrenic subjects and were inversely correlated with brain activation in
prefrontal and parietal cortex areas. Behavioral performance during the WM task
was significantly worse in patients and was correlated with decreased brain
activation bilaterally in the DLPFC, right inferior parietal, and left superior parietal
cortex. These results indicate that dysfunction of both prefrontal and parietal
cortices underlies WM deficits in schizophrenia. Thought disorder was correlated
with decreased activation of the right DLPFC. This finding supports the hypothesis
that WM deficits may, at least partly, underlie thought disorder in schizophrenia.
This research was supported by the Department of Veterans Affairs, grants from
NIH (AA05965, MH30854, MH58007), and a NARSAD Young Investigator award
to Vinod Menon.

463.5

463.6

AUDIOSPATIAL WORKING MEMORY TASK PERFORMANCE ACTIVATES
PREFRONTAL AND PARIETAL CORTICAL AREAS: AN FMRI STUDY. S,
Martinkauppi.1 P. Rama.2 A. Korvenoja? H.J. Aronen1-4 and S, Carlson25*. 'Dept.
Radiol., Helsinki Univ. Centr. Hospital, 2Inst. Biomed., Dept. Physiol., Univ.
Helsinki, 3BioMag Laboratory, Helsinki Univ. Centr. Hospital, 4Dept. Clin.
Radiol., Kuopio Univ. Hospital, 5Cognit. Brain Res. Unit, Dept. Psychol., Univ.
Helsinki, Finland.
The aim was to detect brain areas engaged in audiospatial working memory
processing. Functional magnetic resonance imaging (fMRI) was conducted in
subjects performing an audiospatial n-back task with three load levels (1-, 2-, and
3-back tasks). Auditory stimuli were sinusoidal tones (2250 Hz, duration 100 ms,
ISI 3000 ms) presented binaurally and mimicking one of three spatial locations
(middle, left and right). In the 1-back task the subjects pressed the left button of
a mouse whenever the stimulus was in the same location as the previous one (two
trials back in the 2-, and three trials back in the 3-back task) and when in a
different location, the right button. The MR images were acquired with a Siemens
Vision 1.5 T scanner ecquipped with gradient-echo EPI capability. T-test
comparisons between tasks with different memory loads revealed significantly
activated areas in the inferior, middle and superior frontal gyri and in the superior
frontal sulcus, bilaterally in the intraparietal sulcus and in the inferior parietal
lobule. An area in the middle temporal gyrus was also activated. Except for the
temporal cortex, these areas have earlier been found to be engaged in visuospatial
working memory (e.g. Belger et al. Hum Brain Map 6:14:1998, Carlson et al.
Cerebral Cortex 8:743:1998). The results indicate that these areas also have a role
in audiospatial working memory processing. (Supported by Univ. Helsinki Grant
1127/62/96, HUCH, The Academy of Finland).

WORKING MEMORY PROCESSING OF EMOTIONAL UTTERANCES: AN
FMRI STUDY. P, Rama.1* I, Liimankoski.1 S, Martinkauppi.2 H.J, Aronen.23 S.
Carlson1’4, 'Inst. Biomed., Dept. Physiol., Univ. Helsinki; 2Dept. Radiol., Helsinki
Univ. Central Hospital; 3Dept. Clin. Radiol., Kuopio Univ. Hospital; “Cognit.
Brain Res. Unit, Dept. Psychol., Univ. Helsinki, Finland.
Facial and vocal expressions of fear and disgust have been shown to activate
the amygdala and anterior insula, respectively (Phillips et al., Proc R Soc Lond B
Sci 7:1809, 1998). In the present work we studied mnemonic processing of vocal
emotional expressions using fMRI. The subjects performed an n-back task with
three load levels in which emotional utterances were used as memoranda. The
stimuli were the Finnish name [Saara] uttered in astonished, angry, frightened,
commanding, and scornful mode. Emotion-related acoustic variations of the
[Saara] stimuli have earlier been studied (Leinonen et al., J Acoust Soc Am
102:1853, 1997). In the 0-back task, the subject was instructed to press the left
button whenever the stimulus had a predetermined emotional connotation. In the
1-back task, the left button was pressed whenever the stimulus had the same
connotation as the previous one (or two trials back in the 2-back task) and the
right button in other cases. EPI images were acquired on a 1.5 T Siemens system
(TR=3.55 s, TE=70, flip angle=90°) with 16 axial slices (voxel size 4 mm x 4
mm x 5 mm). Post processing was done in an external workstation using XDS-,
MatLab, and MedX-softwares. Different load levels were compared and unpaired
t-tests were calculated. The results showed that the middle and superior frontal
gyri as well as areas in the posterior parietal lobe were activated load-dependently
during the task performance indicating that prefrontal and parietal areas have a
role in mnemonic processing of emotional utterances. Supported by University of
Helsinki Grant and the Academy of Finland.
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463.8

A fMRI STUDY OF TEMPORAL AND PREFRONTAL
ACTIVATION DURING THE PERFORMANCE OF A
COMPLEX PICTURE TWO-BACK TASK.
S.J. Sherman*. B.A. Kirchhoff. M.E. Hasselmo & C.E.
Stern Dept. Psychology, Boston University, Boston, MA 02215 and MGH-NMR

AN FMRI STUDY CHARACTERIZING THE NEURAL BASIS OF
VERBAL WORKING MEMORY WITH A DELAYED SERIAL RECALL
TASK. JM Chein & JA Fiez*. Department of Psychology, Univ. of
Pittsburgh & Center for the Neural Basis of Cognition, Pittsburgh, PA 15260.
In this study, we have employed an event related, fMRI paradigm to
examine regional brain activation during the performance of a delayed serial
recall task. Use of this task allowed for the temporal separation of the
encoding, maintenance, and retrieval phases of verbal working memory.
During each trial, subjects were visually presented with five items, and
maintained these items, through covert rehearsal, for a period of 20 seconds.
At the conclusion of the maintenance period, an overt verbal recall response
was collected, followed by a 20 second baseline period (rest). Items on each
trial were drawn from one of four stimulus sets (1-syllable phonologically
distinct words, 3-syllable phonologically distinct words, 1-syllable
phonologically distinct nonwords, and 1-syllable phonologically similar
words), which enabled further consideration of the data with respect to the
classic behavioral effects of word-length, lexicality, and phonological
similarity. A comparison of activation during the maintenance interval to the
post-trial baseline period revealed significant differences in working memory
regions, including the dorsolateral prefrontal cortex (BA 9/46), inferior
frontal cortex (BA 44), SMA, and cerebellum. Most of these areas were also
active during encoding and retrieval phases of the trial in agreement with
previous studies. During the maintenance phase, activation in several regions
also showed an interaction with stimulus condition. The effects of stimulus
condition may be an important method for drawing distinctions between areas
that collectively support verbal working memory, and use of a delayed serial
recall task compliments prior work using alternative paradigms.

Center, Charlestown, MA.
Previous studies of working memory using the two-back task have typically
demonstrated activation of the prefrontal cortex (PFC) but not the medial temporal
lobe (MTL). These studies used simple stimuli (letters, spatial, visual stimuli) that are
repeatedly presented. We tested the hypothesis that parahippocampal structures in the
MTL might provide a buffer for complex novel stimuli - a working memory for novel
stimuli - whereas PFC might be specialized for the maintenance and manipulation of
highly familiar stimuli for which cortical representations already exist. To test this
hypothesis, we designed a two-back task using novel and familiar complex visual
stimuli. There were four conditions: Novel 2-back, familiar 2-back, novel target, and
familiar target. Prior to scanning, subjects were trained to identify the target stimuli
and were repeatedly shown the 11 complex pictures that together formed the familiar
set. The 16 novel stimuli sets were each comprised of 23 trial-unique complex scenes.
Four subjects (3M, IF) were studied using fMRI (3T GE Signa scanner, EPI,
3x3x7mm, 16 axial slices parallel to AC-PC line, TR=2, TE=30). Behavioral
accuracy and reaction time data suggested that the familiar 2-back task (80.6%) was
more difficult than the novel 2-back task (87.5%); a result that most likely reflects an
interference effect with the familiar scenes. Both the novel and familiar two-back
tasks activated PFC compared with baseline target conditions. MTL activation was
stronger for novel than for familiar stimuli in the two-back task, which is consistent
with our hypothesis that regions within the MTL act as a buffer for novel stimuli.
Surprisingly, MTL activation was strongest for the familiar target condition. This
suggests that the MTL may be particularly important for the matching of stimuli with
items from long-term memory, rather than for the matching of items from working
memory, as in the two-back task. Supported by the Alzheimer’s Association.

Supported by the Center for the Neural Basis of Cognition, U Pittsburgh.

463.9

463.10

SPATIAL WORKING MEMORY IMPROVES FROM LATE CHILDHOOD
TO ADULTHOOD: EYE MOVEMENT & fMRI STUDIES B, Luna*, N.J.
Minshew, M.S. Keshavan, E.P. Merriam, W.F. Eddy. K.R. Thulborn, and
J.A. Sweeney. University of Pittsburgh, Pittsburgh, PA 15213.

INTERSUBJECT VARIABILITY IN VERBAL WORKING MEMORY: A
COMBINED PET AND MEG STUDY EMPLOYING SINGLE SUBJECT
ANALYSIS (SPON: European Brain and Behavior Society) H. Hautzel1, F.M.
Mottaghy1, B.J. Krause1, J. Dammers2, F. Boers2, L. Tellmann2, H.-W. MullerGartner1 ’Department ofNuclear Medicine, Heinrich-Heine-University, Dusseldorf
Germany, 2Institute ofMedicine, Research Centre Jiilich, Germany
Functional imaging studies have identified brain regions involved in verbal
working memory predominantly located bilaterally in the prefrontal and the parietal
cortex. The aim of this study was to assess the intersubject variability of activation
patterns in single subjects performing a 2-back verbal working memory paradigm
using positron emission tomography (PET) and magnetencephalography (MEG).
Six right-handed healthy male subjects underwent regional cerebral blood flow
(rCBF) measurement with 15O-Butanol using a CTI/Siemens ECAT EXACT HR+
scanner. Group and single subject analyses were carried out using SPM96. In
addition, whole head MEG measurements (BTi Magnes 2500 WH with 148
magnetometers) were recorded in the same six subjects performing the same verbal
working memory task. A spatio-temporal source analysis was performed employing
a multiple dipole fit.
The group analysis of the PET data shows regions of increased rCBF in the
medial and superior parietal cortex bilaterally and in the left and right dorsolateral
prefrontal cortex. However, the single subject analyses of the PET data revealed
important intersubject differences in parietal, prefrontal and cingulate cortex
involvement. The individual spatio-temporal source analyses of the MEG data
provide further evidence for the intersubject variability in working memory.

463.11

463.12

STEADY STATE VISUALLY EVOKED POTENTIAL TOPOGRAPHY IN A
SPATIAL WORKING MEMORY TASK. R.B. Silberstein1*, A. Pipingas1, P.
Harris’, G. Nield1, M Saling2, B. O’Sullivan3. 1 Brain Sciences Institute Swinburne
University of Technology, Melbourne Australia, 2University of Melbourne,
Melbourne Australia, 3Royal Prince Alfred Hospital, Sydney, Australia.

SPATIOTEMPORAL SOURCE IMAGING OF BRAIN MAGNETIC FIELDS
EVOKED DURING A DELAYED PAIRED COMPARISON TASK. S,
Nakagawa1, S. Iwaki1, S. Ueno2, and T. Imada3*. ‘Life Electronics Research Center,
Electrotechnical Lab., 3-15-1 Nakoji, Amagasaki-shi, Hyogo 661-0974; 2Graduate
School of Medicine, Univ. of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-0033;
’Communication Science Lab., Nippon Telegraph and Telephone Corp., 3-1
Morinosato-Wakamiya, Atsugi-shi, Kanagawa, 243-0198, Japan.
To investigate the characteristics of visual short-term memory in humans, brain
magnetic fields evoked during a delayed paired comparison task were recorded using
a whole-head neuromagnetometer. The visual stimulus consisted of a circle with
different colors in each quadrant. In the memory condition, subjects reacted with the
index finger, when the first stimulus (Sample) was identical in color configuration to
the second stimulus (Test), and with the middle finger when they differed. For the
control condition, the subjects ignored the Sample, and moved the index or middle
finger alternately in response to the Test. To avoid difficulty in estimating the source
distribution associated with higher-order brain functions, including visual short-term
memory processes, due to the lack of detailed a priori information about the generator
profile, we performed multiple signal classification (MUSIC) analyses, which were
able to make use of spatiotemporal properties of measured data. Extremely low
frequency components of brain magnetic fields were observed 500 ms after the Sample
onset in the temporal and/or the occipital region in the memory condition, but not in
the control condition. The electrical source distributions in both the memory condition
and the control condition were estimated for each subject, and the statistically significant
differences in source distribution between the two conditions were assessed by Student'st test. Statistically significant differences in the two conditions were observed in the
inferior part of the occipital lobe, in the vicinity of the supramarginal gyrus and the
angular gyrus, and the inferior frontal gyrus. The results suggest that the activities in
the inferior part of the occipital lobe controls the storage process of short-term visual
memory.

Significant brain maturation and cognitive development occur during late
childhood and adolescence. Our previous fMRI studies indicate that improvements
in voluntary inhibition might be subserved by maturation of striato-thalamic and
cerebello-thalamic modulation of higher-order cortical regions. To characterize
changes in brain function subserving the maturation of spatial working memory we
tested children, adolescents, and adults using an oculomotor spatial working memory
task. We measured eye movements during a memory guided saccade (MGS) task in 215
8-45 year old subjects to evaluate age-related changes in performance. We then studied
activation in a subgroup of these subjects during an MGS task using whole brain fMRI
in a 3T magnet. Behavioral results demonstrated significant improvements in accuracy
until approximately 20 years of age. fMRI studies indicated that all subjects exhibited
task related activity in pre-SMA, dorsolateral prefrontal cortex, precuneus, and inferior
parietal cortex. Both children (8-13 years old) and adolescents (14-17 years old)
demonstrated activity in additional areas including basal ganglia and thalamus. Brain
function in children was less laterahzed than in older subjects and included activation in
anterior cingulate cortex. Adolescent subjects demonstrated extended activation in
premotor and posterior parietal areas. Activation in adults was distinguished by a
greater degree of right-hemisphere lateralization than in younger subjects. These results
suggest maturational specialization of brain function subserving spatial working
memory into late adolescence.
Supported by NARSAD, NS35949, HD35469, MH42969, & MH45156.

Previous research has demonstrated cognitive task dependent changes in the scalp
topography of the Steady State Visually Evoked Potential (SSVEP) elicited by a
uniform visual flicker. Increases in visual vigilance have been shown to be
associated with reductions in the amplitude of the 13Hz SSVEP recorded at parietal
and occipital sites while set changes in a planning task are associated with transient
SSVEP reductions at prefrontal sites. In this study we examined changes in the
SSVEP amplitude and latency topography associated with a spatial working
memory task. Seventeen right-handed male subjects performed a spatial location
working memory task and a matched perceptual control task. In the working
memory task, subjects were required to hold in memory for 3 seconds the location
of 3 dots briefly displayed on video monitor. Brain electrical activity was recorded
from 64 scalp sites and the SSVEP elicited by a spatially diffuse 13Hz sinusoidal
flicker. Compared to the perceptual control task, the working memory task was
associated with an increase in the SSVEP amplitude at prefrontal and occipital sites
during the 3-second period that spatial information had to be held in working
memory. In the working memory interval, the latency of the SSVEP at prefrontal
and occipital sites was also reduced by approximately 6msec. These results will be
discussed in the context of the proposed contribution of thalamo-cortical and
neocortical re-entrant loops in the generation of driven rhythmic EEG activity and
the possible functional role of such loops. This work was supported by a Project
Grantfrom the Australian Research Council.
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463.14

THE STERNBERG TASK EVOKES THETA OSCILLATIONS IN HUMAN
INTRACRANIAL RECORDINGS. 5. Raghavachari1, J. B, Caplan1, M. Kirschen1, M.
J. Kahana12, J. R. Madsen*2'3,1 and J.E. Lisman1. 1 Volen Center for Complex Systems,
Brandeis University, Waltham MA, 02454,2Department of Neurosurgery, Children’s
Hospital, Boston MA 02115 and ’Department of Surgery, Harvard Medical School,
Boston MA 02115
Network oscillations in the theta range (4-8 Hz) have been clearly
identified in the rat and shown to have a role in the coding of spatial information. Work
in humans using MEG (Tesche et al. 1998) has demonstrated theta in humans and
recent work using intracranial recordings has linked the appearance of theta episodes to
a spatial navigation task (Kahana et al. 1999). The Sternberg memory recognition task
has been extensively used to explore the retrieval of information from short term
memory. Models have been developed that account well for the psychophysical data in
terms of a buffer in which theta oscillations are key. However, the existence of human
theta oscillations during the Sternberg paradigm has not been previously investigated.
Here, we investigate the presence and role of theta in this task using intracranial
recordings from epileptic patients.
Data were collected from 128 electrodes on the brain surface while the
subject performed the Sternberg task. The subject performed this task with nearly 100%
accuracy. In specific locations, rhythmic theta activity could be observed by visual
inspection. A joint time-frequency analysis indicated that the theta oscillations were
task related. Further task correlates of theta are investigated.
Supported by NSF IBN-9723466, NIH MH55687, the M.R. Bauer Foundation and
the Alfred P. Sloan Foundation.

IMPAIRMENTS IN THE EXECUTIVE CONTROL OF WORKING MEMORY
FOLLOWING PREFRONTAL DAMAGE: A CASE STUDY. S.L, ThompsonSchill4*. J, Jonides1. C, Marshuetz1. E.E, Smith1. M, D’Esposito5. I.P. Kan4.
R.T. Knight2. & D. Swick3. ’Dept. of Psychology, University of Michigan; 2Dept.
of Psychology, University of California, Berkeley; 3Dept. of Neurology, University
of California, Davis; Depts. of Psychology and 5Neurology, University of
Pennsylvania, Philadelphia, PA 19104.
Performance on delayed matching and item recognition tasks has been linked to
prefrontal cortex (PFC) function in both humans and non-human primates.
However, studies of the effects of PFC lesions in humans on the ability to perform
simple, verbal delayed response tasks have not uniformly supported the necessity of
PFC for the maintenance of information across a brief delay (D’Esposito & Postle,
1999). Recently, Jonides et al. (1998) reported that interference introduced by a
modified version of a verbal delayed response task was associated with increased
blood flow in PFC. Specifically, increased activity was found in the left inferior
frontal gyrus (BA 45) on trials in which the probe did not match a target letter (and
therefore required a “no” response) but did match a target letter of the previous trial.
Increased activity in this region may be related to increased executive demands (e.g.,
inhibition or response competition) due to proactive interference. We examined this
interference effect in a patient with damage to the area identified by Jonides et al.
(1998). Patient R.C. is a 51 year old, right handed male who had an arteriovenous
malformation removed in 1981. As a result of this surgery, R.C. has a 53 cc lesion
in left PFC, including the middle and inferior frontal gyri (corresponding to BAs 6,
9, 44, 45, 46). R.C.’s performance on this task was compared with groups of intact
and neurological controls (i.e., PFC lesions sparing 45/46). Under conditions
without interference (i.e., a simple delayed response task), R.C.’s performance was
normal. However, R.C. had a marked impairment, in both response time and
accuracy, on interference trials, resulting in a significantly exaggerated interference
effect. This finding has implications for theories of the role of PFC in working
memory and executive control.
(Supported by the James S. McDonnell Foundation and the National Institute on Aging)

BRAIN METABOLISM AND BLOOD FLOW: IMAGING
464.1

464.2

BOLD SIGNAL CHANGE IN THE OCCIPITAL CORTEX DURING VISUAL AURA IN
MIGRAINE. N. Hadiikham1>, M, Sanchez del Rio2. D. Bakker, Q, Wu2. R.B.H. Tootell1. B.
Fischl1, D. Schwartz1, K.K. Kwong1, FM. Cutrer2, BR. Rosen1, MA, Moskowitz2. G, Sorensen1.
1 Nuclear Magnetic Resonance Center, 2 Stroke and Neurovascular Laboratory , Massachusetts
General Hospital, 14913th St, Charlestown, Mass. 02129.
Migraine is a common disorder, in which the pathophysiology is incompletely understood. In
some cases, the headache is preceded by an aura. Typically, auras are a flickering percept
beginning in the center of the visual field, moving towards the penphery, followed by a scotoma of
same progression, within one hemifield. This episode usually resolves in 15 to 40 minutes,
followed by a headache in the side opposite to the affected hemifield. Here for the first time, we
were able to study the early changes of metabolism and blood flow that characterize migraine, and
to relate them to the retinotopic organization in the same subject
A patient with visual auras was studied during two exercise-induced episodes. Data were
acquired before, during, and after the aura, and late: during interictal periods. The subject was
scanned in a 3T GE scanner, using EPI. 16 slices 4 mm thick were collected in an oblique axial
plane, using a gradient echo sequence (TE 50 ms; TR 4000 ms; in-plane resolution 3.1 x 3.1 mm;
512 images/slice/scan). The visual stimulus was a radial checkerboard flickering at 2Hz, presented
in 16 sec epochs, alternating with epochs of black screen. A central fixation point was present at all
times. Interictally, we also acquired maps of retinotopic polar angle and eccentricity in this subject
The BOLD signal dropped in the entire hemisphere contralateral to the visual aura at the
beginning of the aura, except for a retinotopically-coherent ‘wave’ of BOLD signal change
crossing occipital cortex. This change consisted of an increase of the baseline level and a reduction
of the amplitude of the signal change. The initial rise in the BOLD signal suggests that the aura is
not due to vasoconstriction, but rather to increases in neural activity. The BOLD changes appeared
first in the representation of the fovea, then moved towards the representation of the periphery in
VI, V2, V3 and VP. In VI, the BOLD wave propagated across the cortical surface at ~5 mm per
minute. The aura-related decreases in V1 may induce the observed decreases in higher order visual
areas. Alternatively, this spread of cortical depression may cross area borders transparently.
This work was supported by NEI 96-7464 and NIH IPONS35611-01

BRAIN ACTIVATION IMAGING IN NORMOXIC AND HYPOXIC SUBJECTS
USING BLOOD OXYGENATION LEVEL SENSITIVE MR IMAGING E. Rostrup,
P. Born, H.B.W. Larsson and O.B. Paulson* MR-department, Hvidovre University
Hospital, Copenhagen, Denmark.
Neurocogniti ve studies have shown alterations in brain function of individuals having
stayed for a prolonged period at high altitude (1), but the extent and biological basis of
these changes have not been defined. Therefore it is of interest to investigate the
mechanisms of brain activation in normoxia and hypoxia in states of high- and lowaltitude adaptation. However, when using blood oxygenation level dependent (BOLD)
fMRI scanning, effects of baseline oxygen saturation, hematocrite etc. are anticipated
(2). The aim of the present study is to investigate how hypoxia influences the activation
induced by simple motor and visual tasks, and, if possible, to detect an effect of altitude
adaptation. Methods: 11 young healthy Danish subjects were scanned within 24 hours
after their return from about 7 weeks stay at 5200 m in Bolivia, and again 6 months after
re-adaptation to sea level; in each case during both normoxia and hypoxia (inspiration
of 8-10% O2). FMRI was performed using BOLD and flow weighted measurements
(FAIR) during simple visual (checkerboard at 8 Hz), or motor (complex finger tapping)
stimulation. The volume and average signal change of the activated area (based on crosscorrelation statistics) were used as a measures of activation intensity. Results: The
average volume activated by visual stimulation at the initial examination during heightadaptation was 23.6±7.1 cm3 (normoxia) and 7.12±5.66 (hypoxia, avg. arterial sat. 75%);
after sea level adaptation it was 34.2± 15.5 and 15.46±17.8 cm3 (p<0.05 using Wilcoxons
test). Similar differences were found for the flow weighted measurements as well as for
the motor paradigm. It is concluded that adaptation to high altitude (chronic hypoxia)
leads to lower fMRI-activation per se. Acute hypoxia leads to considerably lower fMRIactivation in both states. This effect may be specific to adaptation or influenced by the
BOLD mechanism at the low arterial oxygen saturation. Ref. 1. Hombein TF, et al.
1989;321:1714-9. 2. Bandettini PA, et al. NMR Biomed 1997; 10(4-5): 197-203.

464.3

464.4

A REFRACTORY PERIOD IN THE HEMODYNAMIC RESPONSE:
EVIDENCE FROM A PAIRED-STIMULUS FMRI STUDY. S.A, Huettel & G,
McCarthy*. Brain Imaging & Analysis Center, Duke Univ., Durham, NC 27708.
Dissociating the signal contributions of individual stimuli is the central problem in
event-related fMRI studies. Using a design common to evoked potential studies, we
investigated the effects of paired presentations of visual stimuli upon the BOLD
response in visual cortex. The stimulus was a 500ms high-contrast checkerboard
pattern, presented singly or with an inter-pair interval (DPI) of 2s or 4s, followed by an
inter-trial interval of 16-20s. Subjects were scanned at 1.5 T, using a gradient-echo
echo-planar imaging sequence. For single-stimulus trials, a standard hemodynamic
function was observed, with rise observed at 3s, peak activation at 5s, and return to
baseline around 10s. On paired-stimulus trials, we subtracted activation of the singlestimulus condition to isolate the independent contribution of the second stimulus. If
fully additive, the second response should be a time-shifted replica of the single
stimulus response.
We found no evidence for linear additivity when stimulus pairs were separated by
short IPIs. Die figure presents percent signal change over seconds since stimulus onset
(lines represent IPI: 0s, 2s, 4s). Instead,
the data suggest that a refractory period
exists.
This refractory period is
characterized by two changes in the
hemodynamic response. First, following Qg
a 2s IPI, the latency to maximum
amplitude is increased. Second, the qq .
amplitude of the hemodynamic response
is partially suppressed, with greater ^5.
suppression following short IPIs.
Supported by NIMH Grant MH-05286.

DIFFERENT TIMECOURSES FOR ACTIVATIONS AND
DEACTIVATIONS MEASURED WITH FMRI. C.E. Bredfeldt. C.S.
Furmanski & S.A, Engel*. Dept. of Psychology, UCLA, Los Angeles, CA.
Many fMRI studies have characterized the positive hemodynamic
response using a brief, strong visual stimulus. However, negative
responses have been less well characterized and may follow a different
timecourse, making it difficult to correctly quantify deactivations. We
compared positive and negative fMRI responses (PR and NR) to
determine whether the same functional form describes both responses. In
a single trial design, functional images were acquired while subjects
viewed a 7x10 degree rectangle of 6 Hz contrast-reversing black-white
checkerboard. Each scan consisted of 6 consecutive trials of a single type
and stimulus contrast (25, 50, or 95%). PR trials consisted of a 5s stimulus
followed by 22.5s of mean field. NR trials consisted of 5s of mean field
followed by 22.5s of stimulus. Active pixels were selected using a separate
block-design scan using a high contrast stimulus. fMRI timecourses for
active pixels were averaged by stimulus condition across multiple scans to
produce mean responses. Response amplitudes were measured as
maximum absolute signal change from baseline. Amplitudes of both PR
and NR increased with stimulus contrast. However, the shape of the
responses differed. The NR had smaller amp-litudes than the PR and thenwidth was narrower. The fact that positive and negative signals show
different shapes indicates that the simplest linear model can not account
for both positive and negative responses. Such nonlinearities may lead to
an underestimation of signal change in other event-related studies which
measure decreases in neural activity.
Supported by NIH EY11862 and Sigma Xi
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A COMPARISON OF SOME ANALYTIC STRATEGIES FOR MULTI-SUBJECT
FMRI STUDIES Z.Zhao*1. J. E . Desmond2' R.A.Poldrack1.
J.D.E.Gabrieli1. Dept. of Psychology1 and Radiology2, Stanford
University, Stanford, CA 94305.
In multi-subject fMRI analysis, different statistical methods have
been proposed for generating maps that represent activation common
to a group of individuals. In this study, we quantitatively compared
several group data analysis strategies using fMRI data from a visual
stimulus task. Twenty subjects were scanned in the study in which
18 sec. of checkerboard stimuli and 18 sec. of fixation were
alternately presented 7 times. FMRI data were collected with a
gradient echo spiral pulse sequence with TR = 3 sec, TE = 40 msec,
inplane resolution = 1mm, slice thickness = 4mm. ROIs of primary
visual cortex and non-primary areas were identified in each subject's
anatomical images. Separate average time courses across these ROIs
were computed for each subject. Four group analysis strategies were
evaluated by using the average time course data - (1) fix-effect
model; (2) random-effect model; (3) conjunction analysis; (4) ttests testing that the timeseries/reference correlation is zero across
subjects.
A bootstrap procedure was used to investigate the
sensitivity and specificity of these different analytical approaches.
Sub-group samples of size 4-20 were drawn with replacement 1000
times from the population (20 subjects), and statistical power and
false-positive rates were calculated for each sample size. We
observed that approach (2) and (4) gave similar results, and results
were stable when sample size was large; approach (1) gave
reasonable results while approach (2) and (4) are conservative when
sample size was small.

A Multivariate Approach to fMRI Activation Foci Detection T. Lei, M. Simard*,
and J. K. Udupa, Univ of Maryland, Baltimore, Univ of Pennsylvania

Functional MRI (fMRI) is a means of analyzing localized brain activity. The
image data used for this type of study are characterized by time series models
(in time) and multivariate Gaussian probability distribution (in space). However, the currently used analysis methods, e.g., spm, etc., take an univariate
approach. That is, both temporal and spatical correlations are ignored. Our
previous studies developed a sliding window approach and eigenstructure approach to handle temporal and spatial correlations, respectively. The progress
reported in this abstract is a continuation of the eigenstructure approach - not
only detection of activation foci but also locating them.
This approach is based on Principal Component Analysis (PCA). The imagewise covariance matrix is used for PCA calculations. Loadings and Scores of
this covariance matrix are computed and put in a decsending order. From
the previously developed eigenstructure approach, the non-zero loadings are
determined. Thus, the corresponding score images are created. Because the
loadings follow image intensity, the first and second score images are always the
weighted average of the most intense original images. In fMRI brain function
studies, they represent the activation areas. This approach has been tested
by simulated brain phantom images and real fMRI data. Results obtained by
applying this approach to a longitudinal study on motor stroke recovery are
included. A comparison with the univariate approach shows that this new
approach is more accurate and more effective.

464.7

464.8

CORRELATION OF REGIONAL CEREBRAL BLOOD FLOW (rCBF) AND
GLUCOSE METABOLISM (rCMRglc) DURING REST AND AUDIOVISUAL
STIMULATION IN HEALTHY HUMAN SUBJECTS. E. Ricciardi2, G.E.
Alexander1, M.L. Furey1. G. Giovacchini2, M, Guazzelli2. M.B. Schapiro1, S.L
Rapoport1, P. Pietrini12*. 'Laboratory of Neurosciences, NIA, NIH, Bethesda MD
20892; 2Universily of Pisa Medical School, 1-56100 Pisa, Italy.
Both rCBF and rCMRglc represent indices of neuronal synaptic activity and are
highly correlated in the resting state (eyes covered/ears plugged; no sensory
stimulation). To determine whether the relation between rCBF and rCMRglc is
maintained under conditions of brain stimulation, we measured rCBF and rCMRglc
in 13 healthy young, right-handed adult males (mean±s.d. = 26±3 yr) in a sequence of
!5O-water and 18Fluoro-deoxy-glucose positron emission tomography (PET) scans
which alternated between resting and audiovisual stimulation (AS) (watching and
listening to a colorful movie) during the same PET exam session. Changes in
response to AS relative to rest were observed in similar brain regions for both rCBF
and rCMRglc, and they were highly significant in primary and association visual
cortical areas. Absolute and normalized to global rCBF and rCMRglc values were
significantly correlated both at rest (p< 0.03 to p< 0.0001) and during AS (p<
0.0001) across 43 brain regions in each individual subject. The mean values for rCBF
and rCMRglc of the 13 subjects also were highly correlated across regions at rest (n=
0.84, p< 0.0001) and during AS (r= 0.87, p< 0.0001) and the correlation coefficients
did not differ between the two conditions. Ratio values of rCBF to rCMRglc for each
region did not differ between rest and AS (paired t-test; p= ns). These results indicate
that measures of rCBF and rCMRglc are highly correlated both at rest and during
audiovisual stimulation in healthy young adults. That the magnitude of correlation
did not differ between conditions suggests that the functional relation between rCBF
and rCMRglc is maintained under conditions of increased neuronal/synaptic activity
during auditory and visual stimulation. Thus, measures of blood flow related
processes, as obtained with functional brain imaging methodologies, provide a valid
index of neuronal metabolic activity in humans. (Supported by NIA-IRP).

EFFECTS OF THE HEALTHY AGING PROCESS ON THE RELATION OF
REGIONAL CEREBRAL BLOOD FLOW (rCBF) TO GLUCOSE METABOLISM
(rCMRglc) DURING REST AND AUDIOVISUAL STIMULATION IN HUMANS.

S.L Rapoport1. G.E. Alexander1. ‘Laboratory of Neurosciences, NIA, NIH, Bethesda
MD 20892; 2University of Pisa Medical School, 1-56100 Pisa, Italy.
In young healthy subjects rCBF and rCMRglc, which both reflect neuronal
synaptic activity, are highly correlated in the resting state (eyes covered/ears plugged;
no sensory stimulation) and during audiovisual stimulation (AS) (Ricciardi et al., Soc
Neurosci 1999, submitted). To assess the effects of the healthy aging process on the
relation between rCBF and rCMRglc in these two conditions, we compared 13 elderly
(mean±s.d.= 65±4 yr) with 13 young (26±3 yr) right-handed healthy males. Positron
emission tomography with sequential injections of 15O-water and lfiFluoro-deoxyglucose was used to obtain quantitative measures of rCBF (in ml/lOOg/min) and
rCMRglc (in mg/lOOg/min) while subjects alternated between resting state and AS
(watching and listening to a colorful movie). Rating scales indicated that both groups
attended to the content of the movie equally well. There were no group or condition
differences in pCO2 levels during the rCBF scans. The regression coefficients for the
mean absolute values of rCBF and rCMRglc were highly significant in each group (p
< 0.0001) and did not differ between young and older subjects both at rest (young:
slope = 5.01; older: slope= 4.65, p= ns) and during AS (young: slope= 4.53; older:
slope= 5.71, p= ns). The older subjects showed significantly smaller percent changes
during AS over rest for rCMRglc in auditory and visual cortical areas, but not for
rCBF, compared to young subjects. These results indicate that the relation between
rCBF and rCMRglc is preserved in healthy aging both in the resting and the sensory
stimulation conditions. The differential response to AS relative to rest for rCBF and
rCMRglc in the elderly may be due to the different time course in assessing brain
activity with rCBF (1 min) as compared to rCMRglc (35 min). This may be related to
differences in the brain response to short versus prolonged sensory stimulation in the
elderly and may reflect a plastic reorganization of brain function or habituation
processes which occur with aging. (Supported by NIA IRP).

464.9

464.10

MRI STUDIES OF THE EFFECTS OF IMPLANTATION OF A
MICRODIALYSIS PROBE INTO A RAT BRAIN. K. Hyodo1*. J,
Echigo2 and K. Homma'. 'Biomechanics division, Mechanical
Engineering Laboratory, Agency of Industrial Science and Technology
(AIST), Ministry of International Trade and Industry (MITI); Tsukuba
City, Ibaraki 305-8564, JAPAN. 2Tsukuba Univ. Medical School.
This study was performed to examine whether the effects of
implantation of a microdialysis probe into the striatum of rats were
reflected in Magnetic Resonance Imaging (MRI) such as T2 weighted
or diffusion weighted imaging. As an index of biochemical effects,
monoamines in the striatum were also monitored by means of
microdialysis. MR Imaging was performed by a 2 Tesla Magnetic
Resonance Imaging apparatus for three hours immediately after the
probe insertion. The intensity of T2 weighted and diffusion weighted
images were changed around the dialysis probe. Introduction of
microdialysis probe produced a reaction in the brain. It was reported
that rise in levels of monoamines suggested activation of the
metabolism of monoamines induced by surgical trauma to
monoaminergic terminals in the striatum. In addition to the effects of
the surgery, the perfusion itself may produce mechanical and chemical
activation of the metabolism of the area. They were reflected in the
change of the intensity of T2 or diffusion weighted MR Imaging.
Supported by AIST, MITI, Japan.

A METHOD FOR THREE-DIMENSIONAL ANATOMICAL
STANDARDIZATION OF BASAL FOREBRAIN STRUCTURES ON
MRI IMAGES I.O. Poole1. J.H, Fallon1. L.M, Kitzes1*. M.S,
Buchsbaum. ’Department of Anatomy and Neurobiology, University
of California, Irvine; 2 Department of Psychiatry, Mount Sinai School
of Medicine, New York
Pixel-by-pixel statistical analysis of human brain images requires
standardization of individuals’ MRI scans to common coordinates.
Rectangular transformations are commonly used to adjust for
individual differences in brain height, width and length. However, for
high-resolution examination of parts of the basal forebrain and
thalamus, non-linear transformations based on local landmarks are
more precise. We present a method based on four sequential steps:
First, we resection the raw MRI images on the AC-PC plane. Second,
we select 42 specific and consistent anatomical landmarks with high
interrater reliability in axial and coronal sections. These include fixed
midline locations (for example, anterior and posterior commissures,
mammillary bodies, genu and splenium of the corpus callosum) and
peripheral cortical points (vertices, bases, anterior and posteriormost
extents, lateral standard points, etc.). We then morph the sections using
a 3D thin-plate spline method, and resection them in the coronal
plane. Finally, we identify a second set of landmarks in 10
standardized coronal planes and carry out a second 3D morphing.
This technique yields standardized images with reliable x,y,z positions
for basal forebrain structures. Mean images (n=5) resolve small basal
forebrain structures (e.g. globus palidus interna, and externa.,
uncinate fasiculus, claustrum, fornix and bed nucleus of the stria
terminalis) and have significantly reduced pixel-by-pixel variation in
comparison to linear brain bounding-box based methods.
Supported by PHS grant # MSMC-25103
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IN VIVO BRAIN IMAGING OF SIGNAL TRANSDUCTION USING
[HC]ARACHIDONIC ACID AND POSITRON EMISSION TOMOGRAPHY
(PET) S.L Rapoport1*, M.C, Chang1, K, Connolly1. R.E, Carson2, W.C. Eckelman2. ‘Laboratory of Neurosciences, National Institute on Aging and
‘PET Department, Clinical Center, NIH, Bethesda, MD 20892, USA.
Receptor mediated signal transduction involving phospholipase A2 (PLA2)
releases arachidonic acid (AA) from the stereospecific numbered 2 (sn-2)
position of brain phospholipids. Studies in awake rats indicate that this
process can by quantified and localized, at rest and in response to specific
neurotransmitter agonists or functional activation, by injecting [3H]AA i.v.
and measuring regional brain radioactivity by autoradiography at 15 min.
Tracer entering brain is virtually completely incorporated into the sn-2 position of phospholipids within 1 min, in proportion to unlabeled AA released. PET imaging of brain PLA2 activation was first done in anesthetized
monkeys with the positron-emitting isotope [l-"C]AA. The average tracer
incorporation coefficient k* (brain radioactivity/integrated plasma'radioactivity) was 1.1 x 10'4 ml ’.sec 'g 1 and found independent of regional cerebral
blood flow, consistent with theory, thus representing only brain metabolism.
In young humans (n=4) with eyes and ears open, following 3-min i.v. infusion of 25 mCi [1-“C]AA, plasma radioactivity and metabolites were measured and [h C]CO2 was found to be negligible. Brain radioactivity peaked
within 10-15 min as measured by PET (GE Advance, FWHM 6 mm, 3D).
After correcting for intravascular tracer, PET k* images of brain were obtained in which neocortical k* averaged 1.0-1.4 x IO’4 ml '.sec ’g ‘. k* in
the thalamus (particularly the pulvinar) and primary striate cortex was some
30% higher than in other regions, suggesting increased PLA2 mediated signaling associated with visual-auditory activation of these regions. This is the
first time that imaging of PLA2 signal transduction has been accomplished
in the human brain in vivo. REFS: Chang et al. Brain Res 55, 74, 1997;
Rapoport et al. Ann. NY Acad Sci 820, 56, 1974.

CELLULAR MECHANISM OF HMPAO-Tc’9m RETENTION IN THE
BRAIN: INSIGHTS FROM PRIMARY CULTURES. S. Zerarka1, L.
Pellerin1*, D. Slosman2 and P.J. Magistretti1. Institut de Physiologie, Universite de
Lausanne1, and Departement de Radiologie, Universite de Geneve2, Switzerland.
HMPAO (HexaMethyl Propylene Amine Oxime) chelated with Tc99™ is used as a
tracer for SPECT (Single Photon Emission Computed Tomography) imaging of
regional cerebral blood perfusion. No indication exists as to the precise cellular site of
HMPAO-Tc99"1 retention. We have thus characterized and compared HMPAO-Tc99m
retention in primary cultures of cortical neurons and astrocytes. We have found that
HMPAO-Tc99™ accumulates in a time-dependent manner through a saturable process
which is temperature sensitive in both cell types. We observed that the retention of
HMPAO-Tc99™ is approximately three times higher in astrocytes (0.306 + 0.121
fmol/mg protein) than in neurons (0.0911 ± 0.0189 fmol/mg protein). It has been
suggested that glutathione (GSH) could play a role in HMPAO-Tc99m retention. In
keeping with the rate of HMPAO-Tc99m retention, we have indeed found that levels of
GSH were also three times higher in astrocytes than in neurons. We then examined
the effect of substances known to deplete intracellular GSH levels. Diethyl Maleate
(DEM) and Ethacrynic Acid (EA), two compounds known to react with intracellular
GSH, strongly decreased HMPAO-Tc99"1 retention in astrocytes in a concentrationdependent manner with IC50 of 9.75.10 7M and 7.39.10'5M respectively. A similar
concentration-dependent effect was observed in neurons for both DEM and EA. As
expected, we observed concomitant decreases in total glutathione levels. Buthionine
Sulfoximine (BSO), an inhibitor of GSH synthesis, also caused a concentrationdependent decrease in HMPAO-Tc99m retention with an IC50 of 10'4M. However, when
total glutathione levels were determined, a complete depletion was already obtained at
l'0|iM, a concentration of BSO which has no effect on HMPAO-Tc99™ retention.
These results indicate that astrocytes are critically involved in the retention of
HMPAO-Tc99™. Supported by FNRS grant 4038-044074 (PNR38).

464.13

464.14

DEVELOPMENT OF THE HUMAN CAROTID BIFURCATION FROM POSTNATAL AGE TO ADULTHOOD: A MORPHOMETRIC STUDY. Andreas R. Luft*,
Afehin A. Divani, Barruch B. Lieber, Ajay K. Wakhloo, Dept. of Neurosurgery, State
University of New York at Buffalo, Buffalo, NY 14209
The bifurcation of the common carotid artery harbors a dilated vessel segment, the
carotid bulb. The presence of the dilatation in human has been interpreted to aid blood
pressure sensing’, as hemodynamic windkessel2, or as embryologic remnant3. It is
frequently observed that the bulb does not exist in newborns. The bulb may develop
postnatally as the blood flow to the brain increases.
We investigated the morphological development of the bulb in 3 age groups (0-2
years, 10-18 years, 40-60 years, 4 subjects each) using digital subtraction angiography. Vessel diameters and angles were measured using ‘NIH Image’ software. Each
image was segmented by thresholding and superimposed onto the images of other
individuals of the same age group after correction for scale, position, and rotation. A
‘morphological average’ of the bifurcation outlines was calculated based on each vessel’s centerline.
Significant morphological differences were found between age groups I and II. The
bifurcation angle was larger in I than in II (P<0.05). The diameter of the ICA origin
and the maximum diameter of the bulb (normalized for CCA diameter), were significantly smaller in I than in II (P<0.05). The distal ICA diameter was significantly
smaller in III as compared to I and II (P<0.05). The ‘average morphology’ analysis
graphically reflected the statistical results. The results demonstrate that the dilatation
of the carotid bulb develops in teenage years. The bifurcation angle is wider early in
life possibly reflecting the origin of the vessel segment from the 3rd aortic arch4.
1. Hering, H.E. Munch. Med. Wschr. 71, 1265-1266 (1924).
2. Cavazzzmi, E. Atti Acad. Sci. med. nat. Ferrara 79,23-27(1905).
3. Adams, W.E. Thomas, Springfield, IL (1958).
4. Schwalbe, G. Jena ZNaturw. 12,267-301 (1878).

DIRECTLY MEASURING CEREBRAL CAPPILARY DIAMETER USING LSM
K Davies1*, Z Zhang2, A Matheny1, C Hinson1, J Fenstermacher1, M Chopp2
1Dept. of Anesthesia, 2Neurology, Henry Ford Hospital, Detroit, Ml 48202
Previous measurement of cerebral capillary diameter utilizing micrographs has
been based on a two-dimensional capillary profile. Three-dimensional capillary
pictures have been produced by scanning electron and laser confocal
microscopes (LSM), but at present the measurement of capillary diameter on
these instruments is limited to cross-sectional (cross-capillary) distance in a twodimensional flat representation of the original image. Recently, we developed a
fully automated system capable of analytically measuring the structural
characteristics of vessels rendered in three dimensions.
Three-dimensional images of the cerebral capillaries were produced using rat
cortical tissue specimens injected with FITC-dextran and examined under a BioRad 1024 laser confocal microscopy. Multidimensional Image Rendering with
Analytic Geometrical Evaluation, new software for direct analysis of an entire
three-dimensional picture, was then applied to each confocal image to determine
the structure of the capillaries. Capillary diameter is continuously measured as
the center of the vessel is traced by using the length of twenty-four divergent
vectors each perpendicular to this axis of flow. Once the confocal pictures are
loaded into the image analysis system, the above process is entirely automated.
Automated measurement of 8930 capillary diameters in normal rat cortex
(4.15pm+1.24) produced results similar to a previous sample (1) of two thousand
manually measured capillary profiles (4.26pm), and was completed in seconds
rather than days.
1).Gesztelyi G, Finnegan W, DeMaro JA, et.al. Brain Research 611 249257,1993.

MUSCLE AND MOTOR UNITS
465.1

465.2

CHANGES IN MUSCLE MECHANICAL PROPERTIES FOLLOWING
CHRONIC SACRAL SPINAL CORD INJURY IN RATS. M. Stephens*, J.
Bobet, Y. Han, L. Sanelli & P.J. Bennett Division of Neuroscience, Faculty of
Rehabilitation Medicine, Univ. of Alberta, Edmonton, AB,T6G 2S2.
Recently, we have found that chronic transection of the low sacral spinal cord
in rats provides a very convenient model to study muscle spasticity, since bladder
or locomotor function are unaffected, and clear hyperreflexia and hypertonus
develop in the tail musculature (Bennett et al., 16:69-84, J. Neurotrauma, 1999).
Here we would like to further validate this model by determining if the changes
in tail muscle properties after long term spinal cord injury are similar to those
found in hindlimb muscles.
In normal and chronic sacral spinal rats (6-8 months post lesion), a segmental
tail muscle was exposed under sodium pentobarbital anesthesia and the distal
tendon tied to a muscle puller/force transducer. The nerve to the muscle was
placed on hook electrodes for stimulation. Compared to normal, the injured rat
muscles were more fatigable and had a greater twitch/tetanus ratio, consistent
with a conversion toward a fast fibre type. Further, the twitch was slower and
tetanus occurred at a lower frequency, consistent with a paradoxical slowing of
the excitation-contraction coupling seen in other muscles after spinal cord injury.
Muscle stiffness per unit force increased and maximal tetanic tension decreased,
while twitch tension was unchanged. In general, these results suggest that rat tail
muscles respond to chronic spinal cord injury similarly to hindlimb muscles, with
a predominant shift to a fast fatigable fibre type and a slowing of the contraction
time, an odd combination, which would certainly contribate to muscle
dysfunction and spasticity. Supported by NSERC, MRC and AHFMR.

BRAIN ACTiy^TION DURING MUSCLE FATIGUE. J.Z. Liu1*. J.^I. Dai1,
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V. ^iemionow ’ , V. Sahgal , V.K, Ranganathan , and G.H, Yue ’ .Depts
of Biomedical Engineering and Rehabilitation Medicine, The Cleveland
Clinic Foundation, Cleveland, OH 44195
Despite considerable gains in knowledge of the peripheral mechanisms
underlying fatigue, very little is known about how the brain, the control center
of any neuromuscular operation, modulates the activity of the fatiguing
muscle. Human brain activation was measured by functional MRI (fMRI)
while joint force and surface EMG were recorded during sustained and
intermittent hand-grip fatigue tasks involving high and low forces. The force
signal was measured by a hydraulic pressure-transducer system that contains
no metal components. The EMG signals were recorded with silver-silver
electrodes and shielded wires with the amplifiers and data-acquisition
hardware and software located outside of the MR room. Subjects could
maintain the grip force on a target level through a visual feedback system.
During low-force fatigue tasks, the force was constant and EMG increased, the
total brain activation volume increased. However, the change in the activation
volume varied among the individual cortical fields. Those high-order cortical
areas, such as prefrontal cortex, showed most substantial increase. During the
high-force fatigue tasks, although the force and EMG declined, the volume of
brain activation either increased or remained unchanged. The increase in
cortical activity during low-force fatigue may reflect an increase in voluntary
effort and processing in fatigue-related sensory information. The change in
brain activation during high-force fatigue may be largely contributed by
processing additional sensory information.
Supported by NIH grants (NS 35130, NS37400).
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MUSCLE SPINDLE ACTIVATION CAN SUSTAIN MOTOR UNIT
FIRING RATES DURING SUBMAXIMAL FATIGUE. L, Griffin. S.J.
Garland* and T. Ivanova. School of Physical Therapy, Univ. of Western
Ontario, London, ON, Canada, N6G 1H1
Motor unit firing rates decline during a sustained 20% maximal voluntary
contraction (MVC) of the triceps brachii muscle (Garland et al. 1997) but do not
decline if the contraction incorporates arm movements (Miller et al. 1996, Griffin
et al. 1998). It is possible that muscle spindle activation associated with limb
movement served to maintain motor unit discharge rate during dynamic fatigue.
The present study was designed to determine if periodic muscle spindle activation
by vibration could maintain motor unit discharge rate during a fatiguing
isometric contraction. The distal tendon of the triceps brachii muscle was
vibrated for 2s every 10s during a sustained isometric 20% MVC. Subcutaneous
fine-wire electrodes inserted over the lateral head of the triceps brachii muscle
were used to record the activity of 30 motor units from 10 subjects. Twenty
motor units were recorded from the start of the task and 10 were newly recruited
as the muscle fatigued. Fifteen of the 20 motor units increased (4/20) or did not
change (11/20) their discharge rates with fatigue. Three motor units displayed a
reduction in discharge rate that later returned to starting values. Two motor units
displayed a reduction in discharge rate by approximately 3 Hz by the end of the
task. The 18 units that did not reduce their firing rates by the end of the fatigue
task had higher recruitment thresholds (13.5 ± 4.8 vs 5.9 ± 1.5% MVC) and
lower initial firing rates (10.6 ± 2.3 vs 13.8 ± 4.8 Hz) than the two motor units
that displayed a decline in firing frequency. The results of this study indicate that
repeated muscle spindle activation can sustain motor unit discharge rates during
a submaximal fatigue task. Supported by NSERC Canada.
References: Garland et al. Neurosci. Lett. 23925-28, 1997.
Griffin et al. J. Appl Physiol. 85:1684-1692, 1998.
Miller etal. J Neurophysiol, 75: 1629-1636, 1996.

PROPORTIONS OF SLOW MYOSIN HEAVY CHAIN-POSITIVE FIBERS IN
MUSCLE SPINDLES AND ADJOINING EXTRAFUSAL FASCICLES, AND
THE POSITIONING OF SPINDLES RELATIVE TO THESE FASCICLES.
A. Maier. Dept. of Cell Biology, University of Alabama at Birmingham,
Birmingham, Al 35294-0019.
Chicken leg muscles were examined with immunohistochemical methods
to calculate the percentages of slow myosin heavy chain (MHC)-positive
fibers in spindles and adjacent extrafusal fascicles, and to clarify how
muscle spindles are positioned relative to these fascicles. Unlike mammals,
in chicken leg muscles slow-twitch MHC and slow-tonic MHC are expressed
in intrafusal and in extrafusal fibers, suggesting a dose developmental
connection between the two populations. In 8-week-old muscles the
proportions of slow MHC-positive extrafusal fibers that ringed spindles
ranged from 0 to 100%. In contrast, proportions of slow MHC-positive
intrafusal fibers in spindles ranged from 0 to 57%. Similar differences in
fiber type composition between intrafusal fibers and surrounding extrafusal
fibers were already apparent at E15 and E16, the dates when intrafusal fiber
types can be clearly identified. If both fiber types derive from a common and
phenotypically uniform intrafusal/extrafusal precursor pool, then the
differences in slow/fast fiber percentages between intrafusal and extrafusal
fibers may result from transformation of fiber types. Alternately, the
precursor pool from which intrafusal and extrafusal fibers are recruited may
be already populated by cells from different lineages at the time of
recruitment. Muscle spindles were rarely observed within single fascicles,
but were predominantly seen at points where several fascicles converged.
The frequent extrafascicular location of spindles suggests migration of
intrafusal myoblasts, perhaps along a neurotrophic gradient established by
sensory axons that are advancing in the extrafascicular space.
Supported with departmental funds.

465.5

465.6

DYNAMIC SPECTRAL ANALYSIS OF SURFACE EMG REVEALS
SYNERGISTIC COACTIVATION OF KNEE MUSCLES DURING
ISOKINETIC ANKLE MOVEMENT. I.S. HWANG1*. L.P. ABRAHAM2.
S.W. CHOU3 ^ept. of Physical Therapy, National Cheng Kung University,
Tainan 701, Taiwan,2Kinesiology and Health Education Dept., The
University of Texas at Austin, TX 78712, USA,3Dept. of Physical Medicine
and Rehabilitation, Chang Gung Memorial Hospital, Tao-Yuan 333, Taiwan
Motor irradiation, a patterned spread of muscle coactivation during
strenuous voluntary contraction, is of clinical value in securing facilitation
of partially paralyzed muscles. An irradiated response in knee muscles can
be induced by either isokinetic dorsiflexion or isokinetic plantarflexion with
maximal resistance applied on the ankle joint. Eleven healthy subjects, in a
standard position using the Biodex system for testing ankle isokinetic
contraction, participated in this study. Knee electromyographic signals were
collected, with surface EMG electrodes over the rectus femoris and biceps
femoris during ankle isokinetic contraction in two directions at four
different ankle speeds (30, 60, 120, and 240°/sec). Surface EMG was
processed using joint time frequency analysis, or dynamic spectrum
analysis. The recruitment patterns of the irradiated knee muscles during
isokinetic contraction were addressed in terms of the median frequency
trace, which was extracted from every median frequency across the time
frame in the EMG dynamic spectrum. These data strongly suggested that
the recruitment pattern of the irradiated knee muscles was time dependent,
but varied across trials and subjects, and was independent of ankle
contraction speed.

THE SOUND-GENERATING MOTOR SYSTEM IN CATFISHES:
DESIGNOF SWIMBLADDERMUSCLES INDORADIDS AND PIMELODIDS
F. Ladich. Inst, of Zoology, Univ. of Vienna, 1090 Vienna, Austria;
Catfishes have evolved a diversity of swimbladder muscles serving in sound
generation and probably other acoustic functions. In the doradid Platydoras soundgenerating (drumming) muscles (DM) originate at the occipital bones and insert
on an 'elastic spring' that vibrates the swimbladder (SB). Pimelodids (Pimelodus)
have two SB muscles. The DM originates on a vertebral process and inserts on the
ventral surface of the SB. The small tensor tripodis muscle (TT) attaches to the
occipital skull and inserts via a long tendon on the rostral surface of the SB near
the tripus, the most caudal Weberian ossicle. Schachner (1977) stated that it
dampens oscillations of the tripus during SB vibrations.
Ultrastructural properties of these muscles were investigated quantitatively
and compared to their vocalizations and acoustic functions. Fibers of all three
muscles were characterized by an extensive development of sarcoplasmatic
reticulum (SR) in association with very thin myofibrils (MF). The arrangement of
SR, MFs and mitochondria, however, differed widely. In Platydoras ribbons of
MFs are arranged radially around a central core. Mitochondria were found within
the core and the peripheral sarcoplasm. Pimelodus did not have a differentiated
core. The cross-sectional area of DM-MFs is about 15 % larger in pimelodids, as
determined by stereological measurements. This might result in stronger muscle
contractions and presumbly is an indication of the higher sound pressure level of
pimelodids. The TT resembles DM fibers in doradids in its content of MF but
lacks the radially oriented arrangement. It possesses more mitochondria than DMs
and they are primarily found between MFs. The similarity of the TT to DMs
indicates its ability to contract at high rates, which, when synchronized with the
contractions of the DM, might function to protect the ears during vocalization.
(Austrian National Bank Grant 6789).

465.7

465.8

NAD(P)H IN TYPE I AND TYPE II MUSCLE FIBERS UPON HYPOXIC
HYPOXIA. A. D. Sperfeld^M, Buchner, A, C. I.udolph. M.W. Riepe
Department of Neurology’, University of Ulm, 89075 Ulm, Germany

PERCENTAGE OF INVOLUNTARILY ACTIVE THENAR MOTOR UNITS
AFTER HUMAN CERVICAL SPINAL CORD INJURY. G. Nelson' I. Ziidewind.2
L. Than1 and C.K. Thomas'* 'The Miami Project to Cure Paralysis, Univ. of
Miami Sch. of Med., Miami, FL 33136; 2Dept. of Medical Physiology, Univ. of
Groningen, The Netherlands.
Involuntary muscle activity is common in human muscles paralyzed by spinal
cord injury. Our aim was to document the numbers of thenar motor units that were
active involuntarily in seven males and one female who had sustained C5-C7 spinal
injuries 3-15 years ago. Thenar surface EMG, intramuscular EMG and force were
recorded while the subjects sat in their wheelchairs. The number of thenar motor
units present in their muscles was then counted by increasing the stimulation current
delivered to the median nerve in a stepwise manner until a maximal M-wave was
attained. Off-line analysis of the EMG increments showed there were 13 to 45
thenar motor units per muscle, whereas over 100 motor units were reported in
control thenar muscles (Yang et al., Ann. Neurol., 28:496-502, 1990). For most
subjects, only one or two units were spontaneously active simultaneously, but many
different motor units were active at some point during the four-hour recording
session. On average, up to 22 % of the thenar motor units were active involuntarily
during these experiments. This spontaneous muscle activity may be one mechanism
that helps maintain muscle integrity after chronic paralysis induced by spinal cord
injury.
Supported by NS-30226, The Miami Project to Cure Paralysis and the Faculty of
Medicine, University of Groningen.

Fluorometric determination of NAD(P)H is an established in vitro method
for evaluation of muscle energy metabolism. The goal of the present study
was to investigate whether it is possible to use distinguish hypoxic increase of
NAD(P)H in type I and type II muscle fibers in muscle biopsies from rats
with a fibre optic.
Muscle biopsies were optained from rat (150 - 200g) soleus muscle and
extensor digitorum longus muscle. The prior is known to have predominantly
type I muscle fibers, the latter is known to have predominantly type II muscle
fibers. The fluorescence spectrum was measured upon excitation with a
pulsed nitrogen laser (a exc = 337 nm). Excitation light was coupled into a
200 pM optical fibre.
Upon 6 min hypoxia NAD(P)H fluorescence increases to 204 ± 34 % in
extensor digitorum muscle and 269 ± 50 % (p < 0.05) in soleus muscle. After
10 min of posthypoxic recoveiy NAD(P)H fluorescences decreases to 131 ±
40 % in extensor digitorum muscle and to 144 ± 72 % (not significant) in
soleus muscle.
We conclude that fibre optic determination of NAD(P)H fluorescence can
distinguish between hypoxic increase of NAD(P)H in type I and II muscle
fibers.

Supported by a grant from the Deutsche Forschungsgemeinschaft and an
grant from the University of Ulm to MWR.
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PATTERNS OF INVOLUNTARY MOTOR UNIT BEHAVIOR AFTER HUMAN
CERVICAL SPINAL CORD INJURY. I. Ziidewind.2* L. Than*, G. Nelson' and
C.K. Thomas1 iThe Miami Project to Cure Paralysis, Univ. of Miami Sch. of
Med., Miami, FL 33136; 2Dept. of Medical Physiology, Univ. of Groningen, The
Netherlands.
Injury to the human spinal cord typically induces paralysis of muscles below the
damage, leaving the person unable to control these muscles voluntarily. Muscles that
are paralyzed by spinal cord injury are not always quiescent, however. A few weeks
after injury, it is common for paralyzed muscles to spasm or to contract
involuntarily. Our aim was to describe patterns of involuntary thenar motor unit in
individuals with chronic ( > 1 year) cervical spinal cord injury from intramuscular
EMG, surface EMG and force records. Motor units that the subjects were unable
to stop or start on command were considered involuntarily active. These motor units
either: 1) fired tonically at low rates (< 10 Hz); 2) produced an occasional potential
( < 1 Hz); 3) began firing by gradually increasing their rate up to about 6 Hz over
several seconds then fired tonically at this rate; 4) fired repetitive doublets
(interspike interval ^10 ms). Although the subjects were unable to change die
firing rates of these motor units by voluntary effort, it was possible to increase,
decrease, stop or start the activity of some of these units with inputs that were
ineffective in control subjects. These included light touch, heat, cold, electrical
stimulation of the median or ulnar nerve, coughing, deep hraathing and/or stretch
of the contralateral limb. This modulation of motor unit activity with different
stimuli suggests that there are still sufficient inputs to some spinal motoneurons after
chronic spinal cord injury to modulate muscle activity even though the excitation
does not necessarily arise from descending systems.
Supported by NS-30226, The Miami Project to Cure Paralysis and the Faculty
of Medicine, University of Groningen.

IMMOBILIZATION OF SKELETAL MUSCLE INDUCES A REDUCTION IN
MAXIMAL FIRING RATE OF HUMAN MOTOR UNITS. K.Seki1-2*. T.Kizuka2.
and H.Yamada2’3. 'Dpt. Physiol. & Biophysics, Univ. of Washington, Seattle,
WA98195; 2Human-Environment System Dpt., National Inst. Biosci. Human-Tech.,
Tsukuba, Japan; 3Grad. School of Health & Sports Sci., Univ. of Tsukuba, Japan.
While immobilization of skeletal muscle is known to alter muscle properties, its
neural effects are still unclear. We earlier showed that the force-firing rate relationship
for human motor units is affected by immobilization (Seki et al., 1997), but it is
unknown whether the maximal firing rate that can be achieved by maximal effort is
also affected. We therefore examined the effect of one-week’s immobilization on the
firing rate of motor units in the first dorsal interosseous (FDI) during maximal
voluntary contraction (MVC). In six subjects, FDI was immobilized in a shortened
position for one week, and the maximal firing rate of many motor units was recorded
immediately before (pre) and after (post) the immobilization period. Recovery from
immobilization was also examined (one week later). Subjects produced several MVCs
for 5-8 sec by isometric abduction of their index finger while we recorded muscle fiber
action potentials (a tungsten microelectrode being advanced from the superficial to
deeper portions of FDI). The cross sectional area of FDI in each experimental period
was also measured using MRI (1.0 tesra, TR 500ms, TE20ms). In pre, post, and
recovery periods, mean firing rates were 39.6+10.3Hz (n=405), 34.6±9.9Hz (n=298),
and 41.5±10.2Hz (n=270) (mean ±SD), respectively, the decrease after immobilization
being significant (p< 0.01). The MVC force values were 3.85±1.20kg, 3.05+0.86kg,
and 3.92±1.35kg, respectively, the post-immobilization value were also being
decreased significantly (p< 0.01). Furthermore, a significant correlation was found
between the relative decrease in mean firing rate and that in MVC (r=0.98, p<0.01). In
contrast, little change was observed in cross sectional area (less than 2% of pre). We
conclude that the decrement in MVC force observed after a one-week immobilization
resulted from the reduction in the maximal firing frequency of motor units, not from a
reduction in muscle volume.
Supported by MESSC and Meiji Foundation for Health Science.

465.11

465.12

HUMAN LATERAL PTERYGOID MUSCLE IS INVOLVED IN FINE
JAW MOVEMENT CONTROL. I.Phanachet*, G.M. Murray, J.Y. Chan,
K. Wanigaratne. Fac. of Dentistry, Univ. of Sydney, Westmead Hospital,
Westmead, NSW, Australia 2145.
We recently provided multiunit evidence for a role of the lateral
pterygoid muscle in precise jaw movement control (Arch Oral Biol.
44;269, 1999). The aim of this study was to provide single motor unit
(SMU) evidence for such a role and to study the association between SMU
firing rate and jaw displacement. SMU activity was recorded from sites
within the superior and inferior heads of the lateral pterygoid during
protrusion and lateral jaw movement with the teeth apart (sampling rate =
10,000 samples/s, bandwidth = 100 Hz - 1 kHz), and together with
recordings of condylar and mid-incisor point movement (JAWS3D
tracking system, Metropoly, Zurich). Subjects (n = 3) moved the jaw in
small increments (0.4 - 1.8 mm) to the side or forwards during recordings.
To standardize movements, one subject was instructed to track a target on
a video screen. Muscle recording sites were verified by computer
tomography. All five SMUs exhibited large changes in firing rate during
small increments in horizontal displacement. For example, in one subject,
the firing rates of a SMU increased by 19 ± 4 (mean ± SD) impulses/s for
1 mm displacement. These data support the hypothesis that the lateral
pterygoid is involved in the fine control of jaw movement in the horizontal
plane. Supported by Australian NHMRC, Dental Board of NSW, and
Australian Dental Research Foundation, Inc.

CONTRACTILE CHANGES WITH AGE IN AN ANTAGONIST
AGONIST MUSCLE PAIR. J.M, Jakobi1 and C L, Rice' ^Centre for
Activity and Ageing,1 Lawson Research Institute2, Faculties of Health
Sciences and Medicine3, University of Western Ontario, London, Canada,
N6G 2M3.
There are numerous reports in the literature that with age skeletal muscle is
slower and weaker contracting. However, no comparisons have been made
across the same individuals for an upper limb agonist/antagonist muscle pair.
The purpose was to determine whether age-related changes for a variety of
contractile measures were similar in the elbow flexors and extensors of men
>75y compared with men <25y. Subjects visited the laboratory on two
occasions and on each visit electrically stimulated contractions were evoked, and
5 maximum voluntary contractions (MVCs) were performed and assessed with
the twitch interpolation technique. Voluntary activation did not differ between
muscles or due to age, although MVC force was reduced -42% and -57% in the
biceps and triceps of old men, respectively. Evoked twitch forces in both
muscles were reduced - 40% with age. Contraction and relaxation rates were
significantly slower (p< 0.05) in the old men for both muscles. Comparisons
within an age group indicated a non-significant difference between triceps and
biceps voluntary and evoked forces. Contractile rates in young muscles were
similar, but in old men the triceps rates were faster than the biceps. These
results suggest that age-related changes in contractile properties are affected
differentially in a pair of upper limb muscles which show similar contractile
characteristics in the young adult.
Supported by NSERC Canada.

465.13

465.14

MOVEMENT DEPENDENT MECHANICAL PROPERTIES OF SINGLE MUSCLE
FIBERS ARE PREDICTED WITH A CROSSBRIDGE MODEL. D.C. Lin* and
T.R. Nichols. Department, of Physiology, Emory University, Atlanta, GA 30322
Previous studies in our laboratoiy have shown that the mechanical properties of
single cat soleus muscle fibers during continuous movements differ from those
manifested after the isometric state. Specifically, if a fiber is first shortened, shortrange stiffness decreases and yield (i.e. loss of an elastic response) is reduced during
a subsequent stretch. The significance of this observation is that the combined
intrinsic muscle and reflex response remains well-behaved under varying conditions.
The objective of this study was to determine whether a crossbridge model can
predict movement dependent mechanical properties. We used the distribution
moment (DM) model, an approximation of Huxley’s crossbridge model (Zahalak,
1981). First, in order to identity the model parameters, force-velocity and forcelength data were collected from chemically skinned single fibers of a cat soleus
muscle. Next, we used the model to simulate experiments where constant velocity
stretches were applied subsequent to varying amplitudes of prior shortening.
In agreement with the experimental -data, model simulations demonstrated that in
comparison to the isometric response, prior shortening decreased stiffness (i.e. slope
of the force response) and extended the range of the elastic response during a
subsequent stretch. In the model, prior shortening not only decreased the number of
attached crossbridges, but also shifted the mean position of their bond length to a
shorter length. The decrease in the number of attached crossbridges effectively
decreased the stiffness to the subsequent stretch. However, the remaining attached
crossbridges, which were at a shorter mean bond length, could be stretched to a
greater relative distance before they reached the length where the detachment rate
dramatically increased. Hence, the extent over which crossbridges provide elasticity
was increased. These simulations reveal how movement interacts with crossbridge
cycling to express complex and varying mechanical properties.
REFERENCES: Zahalak, Math. Biosci., 1981. Work supported by NIH HD32571-03.

HYPOGLOSSAL NERVE AND NUCLEUS ACTIVATION OF THE RAT TONGUE
STYLOGLOSSUS MUSCLE. S.J. Goldberg*. T.G, Sutlive and J.R. McClung. Dept.
of Anatomy, Virginia Commonwealth Univ., MCV, Richmond, VA 23298-0709.
Precise tongue movements control chewing, respiration, speech, and swallowing. We
therefore sought to determine, for the first time, whole muscle and motor unit
contractile properties of an isolated tongue muscle in vivo.
The contractile properties of the whole styloglossus muscle (n=9) were measured in
response to stimulation of the hypoglossal nerve branch (lateral) to the muscle. In 7
separate experiments, the contractile properties of single motor units (n=37) were
measured in response to extracellular stimulation of motoneurons within the
hypoglossal nucleus. Muscle fiber typing was determined in 3 animals based on the
myofibrillar ATPase reaction at pH 9.8, 4.6 and 4.3. Descriptive statistics were
calculated for the whole muscle and single unit contractile properties. Total muscle
fiber counts and the percentages of each fiber type were determined.
In the whole muscle experiments, the average twitch tension was 3.30 ± 0.72 g, with
a mean contraction time of 13.81 ± 1.11 ms. Mean fusion frequency was 109 ± 15.29
Hz. Maximum tetanic tension averaged 19.66 ± 5.68 g. The fatigue index [(FI); ratio of
tension remaining after two minutes of tetanic stimulation to the initial tension]
averaged 0.76 ± 0.09 g (n=3). In the single units, the average twitch tension was 35.7 ±
14.98 mg. The mean contraction time was 12.46 ± 1.46 ms. Tetanic and fatigue
responses were measured in 27 of the units. The mean fusion frequency was 92 ± 9.74
Hz. Maximum tetanic tension averaged 177.78 ± 82.03 mg. The FI averaged 0.74 ±
0.22. Muscle fiber typing showed the styloglossus to be composed of 99% type IIA
fibers and 1% type I. The innervation ratio of single motor units was estimated at 1:20.
We can now begin to compare and contrast the individual muscles of this critical
motor control system to the contractile characteristics of the muscles and motor units in
other movement systems.
This work was supported by NIH-NIDCD grant 5 ROI DC 02008.
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465.16

Importance of proprioception in producing EMG to control a multifunction
myoelectric arm. M.L. Santa-Cruz and R.R. Riso*. Ctr. for Sensory-Motor
Interaction, Aalborg Univ., Denmark .
EMG signals recorded simultaneously from the residual muscles of BE prosthesis
users is a promising technique to obtain voluntary command signals for control of
multidegree of freedom powered limbs. This study sought to demonstrate the utility
of proprioception and phantom limb perceptions on a user’s ability to produce
consistent EMG based command signals. Percutaneous coiled wire electrodes were
implanted chronically (30days) into 8 residual limb muscles in a female subject. The
subject was told to contract her forelimb muscles to mimic (with her phantom hand)
the motions of an animated hand display. Preliminary studies, suggested the paired
signals from Flex Dig and Ext Dig were useful as potential control signals for
precision grip, while the paired signals from Flex Dig and Ext Policis Longus
appeared to be useful to control keygrip. Without knowledge of the EMG, the
subject was asked to state after each of 75 trials if she felt she had produced “good”
or “poor” EMG signals for that trial. The investigator later correlated the “quality”
of the EMG from each trial (in terms of the ease with which that EMG could serve
to distinguish the intention of key vs. precision grip) with the user’s subjective
judgement. A pair of EMG signals was considered optimal for prosthesis control if
the activity was reciprocal for grasp opening vs. closing. Results showed the subject
had good judgement about the quality of the EMG signals produced (as demonstrated by a close agreement between the experimenter and the subject on the majority of the trials) when the task was for precision grip (p<.005) but less so when the
task was for key grip (p<.07). This was determined by applying a binomial one tailed test. The results suggest that prostheses users will be able to make consistent
EMG based commands when they experience phantom limb movements in conjunction with the activation patterns that they produce in their residual muscles.
This study is part of an effort to develop an EMG system to simultaneously control 4
axis of hand motion. Support - Danish Nat. Res. Foundation.

MOTOR UNIT FIRING PROPERTIES IN THREE TYPES OF CONTRACTION OF
HUMAN FINGER MUSCLES. P.A. McNulty*1. A G. Cresswell2 & V.G. Macefield1.
'Prince of Wales Medical Research Institute, Sydney, NSW 2031, Australia, and
2Department of Neuroscience, Karolinska Institute, S-l 14 86 Stockholm, Sweden.
Tlie motor repertoire of tlie liand requires tlie finger muscles to generate static
(isometric) forces, unloaded dynamic (isotonic) movements, or to overcome resistive
loadings (loaded dynamic movements). To assess whether systematic differences exist
in tlie behaviour of single motor units across motor tasks we used tungsten
microelectrodes to record intramuscular EMG from 20 low-threshold motor units
(recruited at <1% MVC) in flexor digitorum superficialis during ranip-and-hold
voluntary finger flexions during: (i) unloaded flexions against a displacement
transducer (isotonic), (ii) against a force transducer (isometric), (iii) with a resistive
load placed between tlie force and displacement transducers (loaded dynamic). For
93% of motor units recruitment occurred at lower force/position levels than derecruitment in all contraction types. However, this difference was abolished in isometric
conditions when tlie muscle was prestretched. For both unstretched and prestretched
conditions recruitment levels were highest and firing rates were generally lowest for
unloaded dynamic movements; 4 units not activated by ramp-and-hold contractions
were recruited during low amplitude (2-8 nun) oscillatoiy movements (3-8 Hz), firing
a single spike per cycle. Loaded dynamic contractions had a lower recruitment
tlireshold than in tlie unloaded condition - with firing frequency of the motor unit
following tlie changing stiffness of the imposed load - while isometric contractions
had tlie lowest recruitment threshold. This suggests that in isometric conditions motor
units must take up all in-series compliance before generating measurable force.
Conversely, in isotonic (unloaded) contractions muscle shortening can presumably
occur without in-series compliance being completely taken up, hence tlie higher
recruitment tliresholds and lower firing rates. We conclude that motor units are
recruited earlier and with higher firing rates as tlie load on tlie muscle is increased,
which can be explained by the amount of in-series compliance tlie muscle must
overcome to perform tlie required task. [Supported by the NHMRC of Australia ]

465.17

465.18

MAGNETIC RESONANCE IMAGING T2 TIMES OF EXTENSOR CARPI
RADIALIS LONGUS AND BREVIS AFTER ISOMETRIC EXERCISES.
B.P. Livingston1*, R.L. Segal1-2, A.W. Song3, K. Hopkins3, A.W. English4
and C.C. Manning5. 'Neurosci. Prog., 2Div. Phys. Ther., Depts. 3Radiol. and
4Cell Biol., Sch. Med. and 5Sch. Pub. Hlth., Emory Univ., Atlanta, GA.
Electromyography (EMG) has traditionally been used to study patterns of
muscle activation in human subjects. However, the spatial distribution of
active muscle fibers is often difficult to assess using EMG recordings.
Magnetic resonance imaging (MRI) transverse relaxation times (T2) recently
have been shown to depict the spatial distribution of active muscle fibers due
to exercise. The purpose of this study was to quantitatively assess the
exercise-induced T2 changes in the radial wrist extensors following isometric
radial deviation and extension. Three able-bodied subjects performed random
sequences of 30% and 60% of maximum in each of the two directions. T2weighted images of the forearm were obtained using a standard four echo
pulse sequence. The images were digitized and the average T2 values for the
anatomical regions of interest were determined. A 2-way analysis of variance
was used to assess across exercise and across section differences. The results
indicate a significant difference across exercises and across sections (p<0.05).
These results suggest that within the same muscle there may be nonhomogeneous (subvolume-based) activation during an exercise and
differential activation of the same muscle by the two exercise trajectories (one
trajectory preferentially activates muscle over another trajectory). These
results could help facilitate EMG electrode placement and the type of
rehabilitation exercises used to improve recovery of muscle function after
injury. Partially supported by NICHD NCMRR grant HD 32571.

ANATOMICAL PARTITIONING OF THREE HUMAN FOREARM
MUSCLES. R.L. Segal1’, P.A. Catlin1, E.W. Krauss1, K.A. Merick1, J.B.
Robilotto1.1 Div. of Phys. Ther., Dept. of Rehab. Med., Emory University
School of Medicine, Atlanta, Georgia, 30322.
The purpose of this study was to determine if the human extensor carpi
ulnaris (ECU), flexor carpi ulnaris (FCU) and flexor digitorum profundus
(FDP) are anatomically partitioned. Evidence for or against anatomical
partitioning was determined by observation of the architectural and
innervation characteristics of each of the investigated muscles. Twelve
samples of each specific muscle type were harvested from perfused human
cadavers. The architectural characteristics of tendinous boundaries, muscle
fiber direction, and muscle fiber orientation angle were observed, measured
and documented. Microdissection was used to investigate the primary nerve
branching pattern throughout each muscle. A primary nerve branch to a
specific muscle region indicated possible partitioning by innervation. The
ECU was found to have a variable number of primary nerve branches. The
ECU may have four partitions by innervation alone or three congruent
partitions by innervation and muscle fiber architecture. The nerve to the FCU
clearly innervates two architectural partitions within the muscle. The
innervation pattern to the FCU is congruent with muscle fiber architecture
characteristics indicating consistent anatomical partitioning within the FCU.
Two muscle nerves innervate the FDP with branches innervating the medial
and lateral regions of the muscle. Four digital tendons defined four
architectural partitions in a mediolateral direction in the FDP. This
investigation was partially supported by the NICHD NCMRR Grant
HD32571.

465.19

465.20

MYONUCLEAR NUMBER, SIZE AND MYOSIN HEAVY CHAIN CONTENT IN
RAT SOLEUS MUSCLE FIBERS AFTER INACTIVITY. H, Zhong1. R.R. Roy1*.
B. Siengthai2. E.J. Grossman2. R.J. Talmadge2 and V.R. Edgerton12. ’Brain Research
Institute and department of Physiological Science, UCLA, Los Angeles, CA 90095
The effects of neuromuscular inactivity on myonuclear number, size and myosin
heavy chain (MHC) content in isolated rat soleus fiber segments were studied using
confocal microscopy and gel electrophoresis. Inactivity was produced via spinal cord
isolation (SI), i.e. complete transections at a mid-thoracic and high sacral level and
bilateral deafferentation between the transection sites. The sample of fibers isolated from
control soleus was comprised of 94, 4, 1, and 1 % pure type I, I+IIa, I+IIa+IIx and only
Ila MHC. After 4 days of SI, these values were similar to control: 94, 2, 1 and 3%.
However, after 60 days of SI, these values were 40, 16, 16 and 0%. The 60-day samples
included 20% type I+IIx, 2% pure IIx and -5% fibers expressing some lib MHC (all
from one rat). Thus, there was a shift to faster MHC isoforms after 60, but not 4 days
of SI. The mean size of type I and type I+IIa fibers were 39 and 21% smaller than
control after 4 days and 66 and 56% smaller after 60 days of SI. Thus, atrophy occurred
at an earlier time point than the shift in MHC profile. The number of myonuclei was
-30% higher in type I than type I+IIa fibers in control soleus; after 60 days of SI these
values were similar. The number of myonuclei/mm in type I fibers was significantly
decreased (29%) after 60 days of SI, whereas there was no change in type I+IIa fibers.
Thus, myonuclei were eliminated from fibers containing only type I MHC, but not
from fibers having some type II MHC. Since the magnitude of the loss of myonuclei
was less than the level of atrophy, the myonuclear domains (mean cytoplasmic
volume/myonucleus) of both type I and type I+IIa fibers were significantly lower
(-55%) than control. Thus, chronic (60 days) inactivity results in smaller, faster fibers
that contain a higher than normal complement of genetic machinery (more
myonuclei/cytoplasmic volume). These data suggest that absence of activation of
muscle fibers that are normally the most active (pure type I fibers) enabled most, but
not all, of these fibers to express multiple MHC isoforms, including some not
normally expressed in the soleus. (Supported by NIH Grant NS 16333).

FROG URINE BLADDER SMOOTH MUSCLE ACTIVITY WHILE
CHANGING OF HYDROSTATIC PRESSURE A.V.Didenko ', D.A.Sibarov2,
N.N.Kamardin2, A.D.Nozdrachev2^
1 I.P.Pavlov Inst, of Physiol. RAS, 2 Dept.General Physiol., St.Petersburg. State
Univ., 199034, Makarova, emb. 6, St.Petersburg, Russia.
The influence of metasympathetic ganglion on contractility of Rana
temporaria urine bladder wall smooth muscles was investigated. Urine bladder was
exposed to increasing hydrostatic pressure keeping intact links with CNS and in
isolated object, electric stimulation of bulb nerve, while potassium contracture and
under papaverine treatment which disables smooth muscle contraction. The work
of smooth muscle cells deformation was calculated using method of measuring the
square under the curve demonstrating the dependence of pressure - volume.
The comparison of works concerning deformation of urine bladder having
central links with isolated objects revealed their similarity. Consequently, the
behavior of the system “ganglion-smooth cells” in urine bladder doesn’t depend on
central signals. Blocking of neuronal synaptic influence significantly decreases the
tension of bladder wall smooth muscle. Besides, an application of 60-70
mm.water, hydrostatic pressure to isolated object leads to contraction of bladder
wall muscle. This effect can be suppressed with synaptic transmission blockade.
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466.2

MOTOR UNIT AND MUSCLE FIBER CHARACTERISTICS AFTER
REINNERVATION BY E14-15 VENTRAL SPINAL CORD CELLS. S, Sesodia?*
R.M. Grumbles1. D.E. Erb2 and C.K. Thomas1 'The Miami Project to Cure
Paralysis, 2Div. of Physical Therapy, Univ. of Miami Sch. of Med., Miami, FL
33136; 3Sch. of Graduate Medical Studies, Barry Univ., Miami Shores, FL 33161.
Completely denervated adult rat medial gastrocnemius muscle shortens repeatedly
for hours, without electromyographic failure, after it is has been reinnervated by
axons that grow from embryonic day 14-15 ventral spinal cord cells transplanted in
nearby peripheral nerve (Thomas et al., Exp. Neurol. 153:383, 1998). Our aim was
to compare reinnervated motor unit and muscle fiber properties. Physiological
counts revealed 7 ± 1 motor units per muscle (9 % control). Digital subtraction of
EMG and force increments, each representing a single motor unit showed: 1) EMG
latencies (time from stimulus to EMG onset) of 1.2-8.4 ms across 10-15 mm
distances, times unlikely to delay muscle contraction substantially; 2) mean twitch
forces of 12.0 ± 6.7 mN and contraction times of 57.0 ± 19.1 ms. Unit strength
was comparable to that of control fast fatigue resistant units, but contraction times
were longer than any control slow type units (Gardiner, J. Neurophysiol. 60:1160,
1993). EMG latency and twitch contraction time were inversely correlated to twitch
force, suggesting that faster conducting axons reinnervated stronger motor units with
faster twitch contraction times, size-related correlations expected from control data.
Some reinnervated motor units also contracted spontaneously, demonstrating their
intrinsic excitability. Cross-sections of reinnervated muscles stained for myofibrillar
adenosine-triphosphate (ATPase) after acid pre-incubation (pH 4.5) showed type I,
IIA and IIB fibers, with median cross-sectional areas ranked I<IIA<IIB. Further
analysis will reveal whether glycogen-depleted muscle fibers are type I and/or IIA,
as suggested by the physiological data.
Supported by the Hollfelder Foundation and The Miami Project to Cure Paralysis

ELECTROCARDIOGRAFICAL
NOMOGRAM
FOR
THE
CONTROL OF
CURATIVE PROCESS
A.N. Volobuev* P.I.
Romanchuk. Dept. of Biophysics, State Medical Univ., Samara.
RUSSIA
The purpose of research - finding of the most specific and sensitive
parameter cardial electrogenesis and valuation on its basis the efficiency
of treatment with the help electrocardiografical monitoring. Is shown,
that such parameter is electrical quality factor (Q':factor) of the heart.
This parameter serves the integrated characteristic of inductance,
capacity and active resistance myocardium. It characterizes also of the
cyclic frequency rotation of the integrated electrical vector heart during
cardiocycle. On the basis of the analysis Q-factor has managed to create
nomogram, enabling to monitor
adequacy of the treatment. In the norm
Q-factor varies within the limits 3,9j I !
)
/
4,4.
[r
/
!
Supervising with the help nomogram
7
/
/
the tendency of change Q-factor of the
J
s' ■^2 / <14 A.
heart during some time and having
cl
found out, for example, its reduction, it
is possible to judge about development
of the pathological process even if the
other controllable parameters electrocardiogram are within the limits of
the norm. This control can be executed on any lead, but best on second
standart lead, since in this case measuring biopotential occurs
approximately along the electrical axis of the heart.

466.3

466.4

MOTOR UNITS COURSING THROUGH THE MEDIAL
HYPOGLOSSAL NERVE ARE REGIONALLY LOCALIZED IN
THE RAT TONGUE BODY. A. J, Sokoloff*Dept. of Physiology,
Emory Univ., Atlanta, GA 30322.
Independent control of different tongue regions is observed in many
oromotor behaviors. Previously we have shown that many motor units
(MUs) that course through the lateral hypoglossal nerve branch of the
rat are localized to anterior, middle or posterior tongue regions. Here
we report a similar localization of MUs that course through the medial
hypoglossal nerve branch (mHGN). Single MUs were activated via
microelectrode stimulation of individual axons in the mHGN, MU
location was determined by electromyographic recordings from anterior,
middle and posterior tongue regions and MU force was measured by a
transducer attached to the protruded tongue tip. Electromyographic
signatures of individual MUs were observed in only one of the three
tongue regions. MUs produced 20-169 mg tetanic tension (mean = 71
mg), 5-50 mg twitch tension (mean = 21 mg), and reached peak twitch
tension in 11-16 msecs. Contractile measures were the same whether
MUs produced protrusive force (60% of sample) or retrusive force.
These data suggest that mHGN MUs are comprised of few muscle
fibers and are localized to a small region of the tongue body. Selective
activation of individual mHGNs may thus contribute to regional control
of tongue body movement.
Supported by NIH grant DC03302.

INTER-TENDONOUS CONNECTIONS PLAY A MINOR ROLE IN THE
BROAD DISTRIBUTION OF MOTOR UNIT FORCE IN EXTENSOR
DIGITORUM. P.A. Keen* and A.J. Fuglevand. Dept. Physiology, Univ. of
Arizona, Tucson, AZ 85721.
Extensor digitorum (ED) is a multi-tendoned muscle that extends digits II
through V. While multi-tendoned muscles like ED may consist of distinct
functional compartments that govern the motion of different digits, we have
recently shown that motor unit force in ED is not concentrated on a single
tendon but is broadly distributed across many tendons (Keen et al. Soc.
Neurosci Abstr. 1998). The purpose of this study was to determine whether
this broad distribution in motor unit force is due to linkages between distal
tendons of ED. To test this we measured the force exerted on digits II through
V resulting from direct muscle stimulation using microelectrodes inserted into
human ED. Isometric force evoked with weak electrical stimulation was
measured from each finger separately with four transducers. Stimulus pulse triggered averaging of each of the four force channels yielded the force
contribution to each of the digits due to the contraction of a small contiguous
set of muscle fibers. The summed force across the fingers ranged from 21.5
mN to 680.9 mN with a mean (± SD) of 120.5 ± 88.4 mN for 108 stimulation
sites. A selectivity index from 0 (for a site which distributes force evenly
across the digits) to 1.0 (a site that contributes all of its force to one digit) was
computed to describe the biomechanical coupling of force in ED. The
selectivity index resulting from electrical stimulation of ED averaged 0.70 ±
0.21 which was nearly double that found previously for ED motor units (0.38 ±
0.13). These findings suggest that inter-tendonous connections explain only a
part of the broad distribution in force. We hypothesize that extensive
branching of motor axons and/or divergent common inputs to motor neurons
supplying different compartments of this muscle contribute to the coupling of
force across multiple tendons. Supported by NIAMS 42893.

466.5

466.6

INDEPENDENCE OF FINGER MOVEMENTS IN NORMAL SUBJECTS AND
IN CONCERT-LEVEL PIANISTS. T.L. Robinson and A.J, Fualevand*. Dept.
Physiology, Univ. of Arizona, Tucson, AZ 85721
Motor unit force in finger extensor muscles of primates recently has been
shown to be distributed across several tendons (Schieber et al. J. Neurosci.
1997; Keen et al. Soc. Neurosci Abstr. 1998). This observation suggests that
significant coupling of finger movements might occur when attempting to move
a single finger. Little information, however, is available to characterize the
degree to which fingers can move independently of one another and whether
this capability is shaped by experience. The purpose of this study, therefore,
was to measure the relative independence of finger movements across the
four fingers, between dominant and non-dominant hands, and between normal
subjects and concert-level pianists. Subjects were instructed to flex or extend
just one of the four fingers from a semi-flexed resting position. Angular
displacements of the metacarpophangeal joint of the instructed finger as well
as the non-instructed fingers were recorded with electrogoniometers. Based
on the angular displacements, an index of movement independence was
calculated. This index reflects the degree to which other fingers remained
stationary during instructed movements of a particular finger.
An
independence value of 1.0 indicates that only the instructed finger moved,
whereas a value of 0.0 indicates that all the other fingers moved as much as
the instructed finger. The movement exhibiting the greatest independence
was index finger extension (0.90±0.06) whereas extension of the ring finger
was the least independent (0.51±0.17). Comparison between dominant and
non-dominant hands and comparison between normal subjects and pianists
revealed no significant differences in the ability to move fingers independently.
These results show that no finger moves altogether independently of others
and that the amount of independence appears to be little affected by training.
Supported by NIAMS 42893

COORDINATION OF MULTIPLE MUSCLES IN THE ELABORATION OF
INDIVIDUAL FINGER MOVEMENTS. C.R, Rose, P.A. Keen, G.F. Koshland*,
and A.J. Fuglevand. Dept. Physiology, Univ. of Arizona, Tucson, AZ 85721
Extrinsic hand muscles cross a series of joints and create torque about all
these joints when active. Multi-tendoned muscles of the hand also appear to
act on joints in parallel because the force from single motor units is distributed
across more than one tendon (Keen et al. Soc. Neurosci. Abstr. 1998). Given
the diffuse action of these muscles, it seems likely that co-activation of many
muscles must occur in order to achieve isolated movement of any one digit
(Schieber J. Neurosci. 1995). How multiple muscles are actually coordinated
during individual finger movements in humans, however, is not known. To
address this issue, low impedance tungsten electrodes were inserted into 24
muscles/muscle compartments including wrist flexors and extensors, extrinsic
flexors and extensors of the fingers, and intrinsic finger muscles. After
verifying electrode placement by electrical stimulation, electromyographic
activity (EMG) was recorded from ail the muscles during repeated flexion and
extension movements of the metacarpophalangeal (MCP) joint of individual
digits. EMG signals were normalized as a percentage of maximal voluntary
contraction for each muscle. Electrogoniometers fixed across the MCP joint of
each Finger measured angular displacement (~40 deg. flexion and ~40 deg.
extension). On average, 15 (±6) of the 24 muscles were significantly active (>
3 SD above resting level) for each movement. For example, flexion of digit 4
involved activity in 16 of the 24 muscles including all the compartments of the
long flexors of the fingers. This activity was counterbalanced by activity in
several extensor muscles including the compartments of extensor digitorum
supplying digit 3 and digit 5. Therefore, it appears that “simple” single joint
movements involve a complex orchestration of activity in multiple muscles.
The fundamental rules by which this coordination is enacted, however, are yet
to be resolved. Supported by NIAMS 42893.
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466.7

466.8

CHANGES IN NEUROMUSCULAR FATIGUE MECHANISMS WITH
AGING. S.S. Gaitonde, M. Bilodeau*. Physical Therapy Graduate Program,
University of Iowa, Iowa City, IA, 52242.
The purpose of the study was to assess age-related changes in neuromuscular
fatigue mechanisms. Fourteen young (22-35 years, 7 women) and twelve older (>
65 years, 7 women) volunteers were tested. Measures of neuromuscular function
were taken before, during and after a fatiguing task. This task involved the
production of intermittent isometric contractions in elbow flexion performed at
50% of maximum until the target force could no longer be reached. Force and
surface EMG signals from the biceps brachii, brachioradialis and triceps brachii
muscles were recorded before and after fatigue during the performance of brief
maximal efforts. Changes in the central command were assessed by using the
interpolated twitch technique.
Changes in M-wave amplitude provided
information about failure in neuromuscular propagation. A ratio of the torque
produced during low versus high frequency electrical stimulation of the biceps
and brachioradialis was calculated to quantify the contribution of excitationcontraction coupling mechanisms to fatigue. The EMG median frequency was
also evaluated to quantify the extent of metabolite accumulation within the
muscle following fatigue. Results showed no significant difference in endurance
time between young and older subjects.
However, several measures of
neuromuscular function suggested a greater involvement of the central command
to the fatigue observed in older compared to young subjects. There was also a
significant reduction in M-wave amplitude that was more pronounced in the older
compared to the younger subjects. Therefore, it appears that the mechanisms
contributing to fatigue induced by intermittent submaximal contractions can
change with aging.
This project was supported by a grantfrom the College ofMedicine, University of
Iowa.

NEUROMUSCULAR FATIGUE CHARACTERISTICS OF ELBOW FLEXOR
MUSCLES OF DOMINANT AND NON-DOMINANT ARMS IN HEALTHY
HUMANS. D.M. Williams*, S.S. Gaitonde, M. Bilodeau. Physical Therapy
Graduate Program, University of Iowa, Iowa City, IA 52242.
The purpose of this study was to assess potential differences in fatigue
characteristics of elbow flexor muscles between dominant and non-dominant
arms of healthy subjects. Eight right hand dominant volunteers (22 -43 years;
5 males, 3 females) were recruited. Testing was conducted twice on the right
upper extremity and once on the left upper extremity, all sessions were
separated by one week. Measures of neuromuscular function were taken
before, during, and after a fatigue task, consisting of a continuous isometric
maximum voluntary contraction into elbow flexion until force dropped below
50% of the prefatigue maximum. Force and surface EMG signals of the
biceps brachii (long and short heads), brachioradialis, and triceps brachii were
collected before and after fatigue during the performance of brief maximal
efforts.
Variables of interest included MVC force, endurance time,
assessment of central activation with the interpolated twitch technique,
assessment of neuromuscular propagation through M-wave amplitude,
assessment of excitation contraction coupling with the twitch to tetanus ratio,
and evaluation of metabolite collection with frequency analysis of the EMG
signal. Results showed a significant decrease in activation level and M-wave
amplitude in the non-dominant but not the dominant arm immediately postfatigue. There was a greater decrease in the biceps brachii twitch to tetanus
ratio of the non-dominant arm that persisted throughout the recovery period.
In conclusion, it appears that mechanisms involved in producing fatigue
during sustained maximum voluntary contractions can vary significantly
between dominant and non-dominant arms.

466.9

466.10

SYNCHRONY IN THE MOTOR CORTEX: MUTUAL INFORMATION
THEORY PREDICTS MOVEMENT RELATED SYNCHRONY WHICH
DIFFERS FROM WHAT IS EXPECTED IF THE BRAIN IS USING
SYNCHRONY TO AUGMENT TEMPORAL SUMMATION IN THE
DOWN STREAM NEURONS. D.M. Taylor' and A.B.Schwartz12*.
’Dept. of Bioengineering, Arizona State Univ., Tempe, AZ, 85287-6006;
’The Neurosciences Institute, La Jolla, CA, 92121
Many researchers have found movement related changes in spike timing
synchrony, but how or if the brain uses this synchrony in controlling
movement is still a subject of debate. By calculating the maximum
theoretical mutual information content of synchronous pairs of Poisson
neurons for a range of rate and synchrony preferred directions (PDs), we've
shown mutual information due to synchrony alone is maximized when the
PD of synchrony is perpendicular to the plane containing the PDs of the rate
codes.
Spike trains recorded from the macaque motor cortex during arm
movements contained many pairs of neurons with significant movementrelated synchrony. This synchrony provided information about movement
which was not redundant with the individual rate codes of the pairs. Many
synchrony PDs were approximately perpendicular to the plane containing
the pair's rate PDs. If synchrony was only being used by the brain to
increase the effectiveness of the rate code by augmenting temporal
summation in the down stream neurons, synchrony PDs would have to be
similar in direction to the rate PDs. Finding significant synchrony PDs
perpendicular to the rate PDs may indicate that the brain is capable of doing
more sophisticated information coding closer to its theoretical maximum
potential.
Funded by: Whitaker Fellowship and NINDS# N01-NS6-2347

MOTOR UNIT SYNCHRONY AND MUSCLE TREMOR TYPES
S. Erimaki and C.N. Christakos*. Laboratory of Systems Physiology, Medical
School, University of Crete, Heraklion 71110 , Crete, Greece.
We studied motor unit (MU) synchrony in constant-force contractions of a
hand muscle, and its relation to tremor properties. The employed method (C.N.
Christakos, J. Neurophysiol. 78, 3453, 1997) uses unit-to-aggregate coherence
and correlation analysis to estimate the parameters of population synchrony.
Our analyses were performed on 110 MUs, whose discharges were recorded
together with the muscle force signal and the EMG (aggregate activities).
According to the results, the presence and degree of MU correlations is related
to the type of tremor that is present in a contraction in two basic ways: (1}
Regular tremor - Strong MU synchrony: For narrow-band force tremor, MUs
show strong and widespread correlations at the tremor frequency and are
roughly in phase. (II) Irregular tremor - Uncorrelated or partially correlated
MUs: For broad-band tremor, the MUs are uncorrelated; or they show partial
correlations, in which case the irregular tremor has a fairly regular component
within its frequency band. This partial MU synchrony and the respective tremor
component are centered at the frequency of the regular tremor of a subject.
Thus, subjects can show regular and large tremor, whose cycles are formed by
nearly coincident MU twitches. They can also show purely irregular and small
tremor, which is due to the uncorrelated activities of large and fast active MUs.
But sometimes the tremor combines a broad-band frequency content and a
fairly regular component whose cycles are formed by partially overlapping MU
twitches. Finally, in order to check the possible involvement of muscle spindles
in the genesis of the MU synchrony, we used the ischaemic manoeuver. In all
cases, the blocking of the large afferent fibers from the spindles drastically
reduced MU synchrony and changed the tremor from regular to irregular. This
suggests a key role for the spindles in the generation of regular tremor.
(Supported by grant 95ED-1254 from the Greek Seer. Res. & Tech.)

466.11

466.12

MOTOR EVOKED POTENTIAL AMPLITUDE IS NOT DEPRESSED AFTER
FATIGUING MOTOR POINT STIMULATION OF HUMAN FIRST DORSAL
INTEROSSEOUS. Julia B. Pitcher* and Timothy S. Miles. Department of
Physiology, The University of Adelaide, Adelaide, SA 5005, AUSTRALIA.
Following a fatiguing voluntary muscle contraction, the magnitude of the
motor evoked potential (MEP) elicited with transcranial magnetic stimulation
(TMS) is transiently reduced. .Because a-motoneuron excitability is
apparently not reduced, this depression is thought to be due to changes in
the motor cortex or higher brain centres that reduce cortico-spinal output.
Our aim was to determine, whether TMS-evoked MEP depression could be
demonstrated in resting human hand muscles when fatigue is induced
without volurttary muscle activation. TMS-evoked MEPs at resting threshold
and 10% above threshold, maximum M-wave (Mmax), F-wave prevalence and
amplitude, and maximal voluntary contraction force (MVC) were recorded
from the right first dorsal interosseous muscle (FDI), adductor digitorum
minimus (ADM) and adductor pollicus brevis (APB; MEPs only) of ten
subjects before and after fatigue was induced in FDI by motor point
stimulation. Trains of electrical stimulation (20 Hz) at a supra-Mmax intensity
were applied over the motor point of FDI until the maximum-evoked twitch
force was reduced by at least 70%. Following the stimulation, TMS-evoked
MEP magnitude in the three muscles was not reduced at either stimulus
intensity and resting threshold was unchanged. Pre-stimulus (i.e., resting)
EMG and F-waves were unchanged, suggesting that spinal motoneuron
excitability was not significantly altered. FDI Mmax was significantly reduced in
2 subjects immediately after the fatiguing stimulation although in both cases
this recovered when MVC force recovered (within 2 minutes). The absence
of MEP depression following fatiguing motor point stimulation supports the
idea that depression occurs only when the target muscle is fatigued by
voluntary activation.

ADAPTATION TO ALTERED KINEMATICS AND DYNAMICS IN REACHING
MOVEMENTS BASED ON COMPOSITION AND DECOMPOSITION OF
LEARNED INTERNAL MODELS. E. Nakano1'4*. J. R. Flanagan2. H. Imamizu3. R.
Osu3. T. Yoshioka3. M. Kawato3,4. ‘ATR-International, Kyoto, 2Dept. of Psychol.
Queen’s Univ., Kingston, 3ERATO KDB, JST, Kyoto, 4ATR HIP, Kyoto.
Humans acquire behaviors adaptive to a wide variety of environments and tools
and have no difficulty in switching among environments or tools after acquisition.
Recently Kawato & Wolpert (in Sensory Guidance of Movement. 1998) have
proposed that the properties of different environments may be stored in distinct
modules each of which is an internal model of the behavior of the environment. In
order to explore this notion, the learning process of reaching movements was
examined under novel kinematic and dynamic environments. We hypothesized that
previously learned internal models can be combined or decomposed when adapting
to novel environments that feature components of these learned models. Hand
position in Cartesian coordinates was projected on a CRT screen as a cursor and
subjects were required to make movements between successively presented targets.
We used a kinematic transformation in which cursor was rotated 60° and a dynamic
transformation in which hand was perturbed by a viscous force field (Shadinehr &
Mussa-Ivaldi, J. Neurosci., Vol. 14, 1994). We also used a combined transformation.
After learning, hand paths always appeared straight and accurately reached the target.
When subjects were exposed to the combined transformation after learning the
kinematic and dynamic transformations separately, target errors and trajectory
curvatures were smaller than without prior separate learning. When subjects were
exposed to the kinematic or dynamic transformations after learning the combination,
target errors and trajectory curvatures were smaller than without prior learning.
These results suggest that the brain learns multiple internal models to compensate
for each transformation and composes or decomposes these models as occasion calls.
The ability to combine and decompose previously learned internal models may help
us cope with novel environments and tools having different kinematic or dynamic
properties.
(Supported by Special Coordination Funds for promoting Science and Technology
of the Science and Technology Agency of the Japanese Government and HFSP)
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466.13

466.14

REFLEX ACTION OF THE HAMSTRINGS MUSCLES AT THE
FELINE ANKLE MEDIATED BY THE CRURAL FASCIA. L. A.
Hyde, T.J. Burkholder and T.R. Nichols*. Department of Physiology,
Emory University, Atlanta, GA 30322.
The semitendinosus, gracilis and posterior biceps femoris muscles of
the cat cross the hip and the knee and they also transmit forces to the
ankle by way of the cruralfascia. Medial and lateral tendinous bands
of the fascia converge near the ankle and insert medially on the
calcaneus. We utilized these bands to evaluate forces generated by the
above muscles at the ankle and investigate heterogenic reflex linkages
among the muscles in decerebrate cats. During the flexion-withdrawal
reflex, the posterior biceps muscle exerted up to 15N through the crural
fascia, a force that is comparable to that produced by the soleus muscle.
Excitatory and inhibitory reflex interactions were observed using
controlled stretches of medial and lateral bands of the crural fascia.
Reflex interactions between the posterior biceps and semitendinosus
muscles were predominantly excitatory. These results show that
muscles transmit significant forces through fascia in addition to tendons
and that these muscles exert substantial forces at the ankle in addition
to hip and knee. The resulting actions of hip extension, knee flexion
and ankle extension on the three joints are fimctionally appropriate for
several tasks. Furthermore, we suggest that these muscles play an
important role in mediating responses to postural perturbations by
virtue of their connections to all three joints. (Supported by NS20855).

THE MECHANICAL ACTION OF SPINAL LENGTH AND FORCE FEEDBACK
IN A MODEL OF THE CAT HINDLIMB. T.J, Burkholder* and T.R. Nichols. Dept.
of Physiology, Emory University; Atlanta, GA 30322.
Autogenic and heterogenic (intermuscular) feedback of length and force among
muscles of the cat hindlimb are important components of postural and locomotory
tasks. The electrophysiological and mechanical mapping of this feedback between
pairs of muscles has been well described, but it has remained difficult to relate this
description of neural control with the mechanical inputs and outputs of the intact limb.
We developed a three segment, 3-D model of the cat hindlimb to evaluate the effect of
different feedback patterns on whole limb force production. The model was subjected
to virtual perturbations in the horizontal plane, which impose a combination of limb
stretch and rotation. Both the kinematic behavior and endpoint force response of the
limb were affected by the different control models. Under the influence of muscle
intrinsic properties alone, the limb responded with a surprising combination of knee
extension and ankle flexion as the limb rotated at the pelvis. Adding autogenic length
feedback resulted in a more natural pattern of knee and ankle extension. Changes in
endpoint force were generally oriented along a caudal-lateral line. Both heterogenic
length feedback (HLF) and heterogenic force feedback (FFB) furthered this pattern of
coordinating joint angle changes. Heterogenic feedback also tended to reduce the
laterally directed component of endpoint force.
The coordination of joint
displacements suggests that these reflex pathways are an important adaptation
correcting for the very different intrinsic properties of the longer proximal muscles and
shorter distal muscles. They also suggest that spinal reflexes and limb mechanics are
sufficient to account for the alignment of endpoint force production observed
following experimental horizontal displacements. This alignment of force response
independent of the direction of perturbation indicates that the tuning of endpoint force
production by the pattern of activation of distal muscles is an important part of
postural tasks.
This work was supported by NS20855 and NS 10520.

SPINAL CORD AND BRAINSTEM: LOCOMOTION
467.1

467.2

ORGANIZATION OF MOTOR POOL ACTIVITIES DURING FICTIVE
SCRATCHING AND LOCOMOTION. V.V. Turkin and T.M. Hamm*, Barrow
Neurological Institute, St. Joseph’s Hospital, Phoenix, AZ.
We have compared the patterns of activity during fictive scratching and locomotion
by examining the cyclic distributions of motor pool activities and the coherence
spectra between rectified neurograms and scratching drive potentials (SDPs) or
locomotor drive potentials (LDPs) in decerebrate cats. A significant coherence
between the activities of neurograms and drive potentials is assumed to indicate the
presence of a common drive to motor pools, providing information on the
organization of spinal pattern generators. Differences in the distribution of motor
pool activity between fictive scratching and locomotion include: 1) consistent activity
of semitendinosus with extensors during scratching; 2) peroneus longus was coactive
with extensors in scratching, with some overlap with flexors, unlike its flexor pattern
during locomotion; 3) flexor digitorum longus is active during much of the late
flexion phase and part of the extension phase of the scratch cycle, unlike its transition
- early flexor activity in locomotion. In general, reciprocal activity between
extensors and flexors was less pronounced in fictive scratching than in locomotion.
Activities in hip and ankle extensors are coherent in both scratching and locomotion.
Activity in peroneus longus is coherent with that of extensors in scratching, and with
flexor activity in locomotion. In both scratching and locomotion, the activities of
digit muscles (flexor and extensor digitorum longus) are not coherent or only weakly
coherent with those of coactive motor nuclei. The differences in the motor patterns
of fictive scratching and locomotion suggest that differences exist in the spinal
networks that generate these two rhythmic activities. However, in both activities,
common commands are distributed to most coactive motor nuclei, and digit motor
nuclei receive individualized commands. These common features suggest that the
two networks have similar organizational principles.
Supported by USPHS grants NS22454 and NS07309

ACTIVITY PATTERNS IN IDENTIFIED SPINAL NEURONS
DURING SPONTANEOUS MOTOR BEHAVIORS OF THE
ZEBRAFISH EMBRYO.
L. Saint-Amant and P. Drapeau*. CTR. Res. Neurosci., McGill Univ. &
Montreal Gen. Hosp. Res. Inst., Montreal, Quebec, Canada, H3G 1A4.
We are interested in defining the network underlying early motor
behaviors in zebrafish embryos. When freed from the egg prior to 24 hours
of development, zebrafish embryos show spontaneous alternating coiling.
The alternating contractions start at 17 hours post fertilization (hpf) peak in
frequency at 19 hpf (~1 Hz) and gradually decline over 5-6 hours. We
studied five types of neurons with extensive branching at this stage of
development: primary motoneurons (PMN), commissural primary
ascending intemeurons (CoPA), dorsolateral ascending intemeurons
(DoLA), ventrolateral descending intemeurons (VeLD) and ipsilateral
caudally directed intemeurons (IC). We recorded the electrical activity of
these neurons by whole cell patch clamping in-vivo in the spinal cord of
curarized embryos. The resistance of all embryonic spinal neurons was high
(>1GO) and the resting membrane potential was in the range of -35 to -65
mV. All neurons showed rhythmic activity except for the DoLA that was
silent. The activity consisted of two types of events: rhythmic excitatory
waves that gave rise to bursts of spikes and rhythmic bursts of glycinergic
synapses. The frequency and nature of these events were behaviorally
relevant. Since complete hindbrain ablations did not remove either type of
activity, we postulate that they constitute a spinal CPG.
(Supported by the MRC and NSERC of Canada)

467.3

467.4

PROPERTIES OF SYNAPTIC CURRENTS AND FICTIVE MOTOR
BEHAVIORS IN NEURONS OF THE LOCOMOTOR REGIONS OF THE
DEVELOPING ZEBRAFISH. R R Buss*. D, W. Ali & P. Drapeau. Ctr. Res.
Neurosci. & Dept. Biology, McGill Univ. Montreal, Canada, H3G 1A4.
The present study examines the properties of fictive motor behaviors and mPSCs in
motoneurons (MN) and reticulospinal neurons (RSN) of 1 to 5 day old zebrafish. In
both MNs (n=29) and RSNs (n=28), AMPA/kainate (A/K) and NMDA synaptic
currents were observed. Approximately half of the synapses had only an NMDA
component (silent synapses) while the remainder contained a combination of A/K
and NMDA components. The kinetics of A/K mPSCs were similar in RSNs & MNs
(mean rise-time (RT)=0.22 ms; half-width (HW)=0,96 ms) and did not vary with
development whereas event frequency tended to be higher at later stages. The
NMDA component of the events had RTs an order of magnitude slower and
decayed with a biexponential timecourse (x,=5-10 ms, t 2=30-70 ms, 20-40%). The
frequency and amplitude of the NMDA component doubled in RSNs but not in
MNs. Glycinergic and GABAergic mPSCs were examined in larval MNs (n=13).
At day 2, the frequency=l Hz, RT=0.3 ms, mean amplitude=83 pA and HW=4.8
ms. By day 5, the frequency had doubled and a second population of lower
amplitude and faster events was observed. GABAergic synapses were observed in a
minority (3/13) of MNs and had mean RTs, HWs and amplitudes of 0.55 ms, 28
ms, and 10 pA respectively. In MNs, bursts of currents occurred spontaneously or
when the lights were dimmed.The holding potential (n=3) or[Cl‘] was varied to
reveal a mixture of Cl' and cationic currents in these bursts. The bursts were
abolished by glutamatergic antagonists. In bridge mode, MNs fired bursts of action
potentials at the same rate as contractions during swimming. Use of the gramicidin
perforated patch technique revealed only depolarizing IPSPs (5/5 cells) at resting
potential (—65 mV); TTX and glutamatergic antagonists were present In 3 of 3
cells examined, 1 mM glycine depolarized the cells 10 to 20 mV positive to the
resting membrane potential. (Supported by the MRC and NSERC of Canada)

NEUROPHYSIOLOGICAL STUDIES OF “DIWANKA”, A ZEBRAFISH
LOCOMOTOR MUTANT. E, Brustein* & P. Drapeau. Ctr, Res. Neurosci.,
McGill Univ. & Montreal Gen. Hosp. Res, Inst.. Montreal. Oc. Canada. H3G 1A4,
The zebrafish mutant “Diwanka” ( diw) is a member of the “accordion” class
of mutants in which the embryos and larvae show strong, bilateral contractions
resulting in vibrations at rest and ineffective swimming, either spontaneously or in
response to touch. The diw embryos have also atypically short motoneuron axons
(Granato et al. 1996). Therefore, to determine the functional deficits of the diw, we
performed whole cell patch clamp recordings of miniature endplate currents
(mEPCs) from muscle cells in 4-6 days old larvae (n=6). At that stage, we have
shown (Nguyen et al. 1999) that wild type (wt) larvae have mainly fast events, with
rise times (RT) of ~0.25ms, monoexp. decays with x-lms and variable amplitudes
(AMP) of -100 pA. In contrast, diw showed two distinct types of mEPCs. The first
were large, fast events that resembled the wt mEPCs and had RT of 0.18+0.02 ms,
AMP of 86+43 pA and predominantly (88%) monoexp. decay of Xj = 1.1+ 0.3 ms.
The second and main type of events had two-fold slower RT (0.43+0.08 ms), decay
values (2.3+1.0 ms) and much smaller AMP (14.9+4.5 pA). These observations
suggest less efficient synaptic transmission at these abnormal endplates. Because
accoidion-like deficits are observed after application of strychnine to wt embryos, it
was suggested (Granato et al. 1996) that these mutations resulted from central
defects in glycinergic transmission. We therefore attempted to isolate mIPSCs in
spinal neurons (n=4) of 4 days old larvae, (paralyzed with 15pM d-tubocucarine) in
the presence of the blockers ImM kynurenic acid, IftM TTX and 25pM
biccuculine. Surprisingly, we detected glycinergic mIPSCs in diw (eliminated by
lpM strychnine) which resembled those of wt in terms of the kinetics, amplitudes
and frequency of occurrence. In the absence of blockers, we observed bursts of
PSCs that may be related to episodes of ‘fictive’ swimming. We suggest that the
locomotor deficit in diw may also result from deficient activity in other locomotor
related regions, such as the hindbrain. (Supp MRC, NSERC Canada).
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SPINAL CORD MICROSTIMULATION: ACTIVATION OF

SPINAL CORD MICROSTIMULATION: LONG-TERM STABILITY OF
IMPLANTED MICROWIRES. Vivian K. Mushahwar* and Arthur Prochazka.

CONTRALATERAL MUSCLES. Arthur Prochazka* and Vivian K.
Mushahwar. Div. Neuroscience, University of Alberta., Edmonton AB Canada.
In our study of intraspinal microstimulation to restore motor function (Mushahwar,
Collins & Prochazka, Soc. Neurosci. Abstr. 24: 916, 1998), we were surprised to find
that some of the implanted electrodes strongly activated contralateral muscles. We have
now explored this in more detail in 4 chronically-implanted awake cats and in 4
pentobarbital-anesthetized cats. In the chronic cats, 6 to 12 microwires (30 or 40 pm
dia., 50 to 100 pm exposed tips) were implanted in the spinal cord lumbar enlargement
and muscle activation by these electrodes was monitored for up to 6 months. In the acute
cats, 40 pm microwires were inserted to different depths and at different distances lateral
to the midline. Electrodes inserted 1-2 mm lateral to the midline to a depth of 3.5-4.5 mm
typically evoked strong ipsilateral muscle contractions: 50 /s trains of 300 ps, 50-300 pA
pulses could elicit enough force to support the cat’s hindquarters. Electrodes inserted 0.51 mm lateral to the midline often evoked strong contralateral and/or bilateral muscle
contractions. These did not produce aversive reactions in the awake cats. Various
electrode configurations were used to rule out stimulus spread to the contralateral side of
the spinal cord. This included bipolar stimulation between closely spaced active and
indifferent electrodes, to limit current to the ipsilateral side. Sensory activity recorded
from the medial electrodes usually came from both legs whereas in the lateral electrodes
it was usually restricted to the ipsilateral limb. We conclude: 1) Spinal
microstimulation close to the midline indirectly activates contralateral motor areas
in awake as well as anesthetized cats; 2) Lamina VIII neurons giving rise to
commisural axons may mediate this contralateral activation. If nociceptive flexorcrossed extensor pathways are involved, they are evidently activated downstream
from neurons that project to higher centres mediating pain sensation. 3) Crossed
spinal connections may be stronger and more functionally significant than is
generally supposed. Supported by AHFMR, MRC and Alberta Paraplegic Foundation.

Div. Neuroscience, University of Alberta, Edmonton, AB Canada.
Since March 1998 we have been developing an implantable spinal cord microstimulation
system. The spinal cord is delicate and can move within the vertebral column, so special
attention was given to electrode design and fixation to the vertebrae and dura mater.
Microwires of varying diameter (17-50 pm) and stiffness were implanted in 6 adult cats
for up to 6 months in two configurations: 1) comb arrays of 6 microwires (4-5 mm long,
spaced 1-2 mm apart) bonded with silicone rubber; 2) 6-12 pre-bent, loose microwires
temporarily held in a silastic gig, which allowed
each wire to be inserted separately. Inserting the
comb array caused excessive dimpling of the cord.
Bending of a single wire in the comb rendered the
whole array dysfunctional. The loose microwires
took longer to implant, but caused minimal
dimpling and allowed more flexibility in
positioning. In recent implants, after insertion, the
connecting portions of the microwires lay in an
orderly manner flush with the dural surface. Plastic
film glued over the wires prevented regrowth of
muscle, avoiding dislodgement of wires over time.
Post-mortem dissections indicated that electrode
tips were usually close to their ventral horn target,
though there localization could still be improved. The cats were unconstrained in their
activities of daily life, so the stability of microstimulation over many months indicates
that the method of fixation and strain relief was effective. This should dispel any
lingering doubts about the stability of implanted microwire arrays for neuroprosthetic
applications. Supported by AHFMR, MRC and Alberta Paraplegic Foundation.

467.7

467.8

REAL-TIME MEASUREMENT OF MONOAMINE RELEASE IN THE CAT
LUMBAR SPINAL CORD DURING BRAINSTEM-EVOKED FICTIVE
LOCOMOTION. B.R. Noga1*, R. Mesigil1, I.P. Hentall12 and D. Hesse1. 'The Miami
Project, Univ. Miami School Med., Miami, FL 33136 and 2U. Illinois Coll. Med.,
Rockford, IL 61107.
Using a relatively new technique for the real-time measurement of monoamine
transmitter release (fast-scan cyclic voltammetry, FCV), we developed a sensitive
carbon-fiber microelectrode biosensor (30 pm diameter, insulated to tip) and measured
the release of monoamines in the lumbar spinal cord (L4-L6) of the decerebrate cat
during fictive locomotion evoked by electrical stimulation of the mesencephalic
locomotor region. FCV scans were generated using a Millar Voltammeter at 4 Hz
(triphasic waveform between -1.0 to +1.0 or+1.4V) with each scan lasting 15 msec. Peak
oxidation and reduction currents were measured and identified by comparison to those
generated by the monoamine transmitters and their metabolites in vitro. To date we have
detected indolamine and catecholamine release (up to 400 nM) at localized sites within
the lumbar spinal cord. The release has been found in areas known to contain locomotoractivated neurons (intermediate zone and ventral horn) and in other areas (dorsal horn)
where it may be important for the inhibition of unwanted reflex circuits during
locomotion. Increases in the levels of monoamines were observed within 6-8 seconds of
the onset of locomotion and persisted throughout each trial, gradually returning to
baseline within 5-10 seconds of the end of locomotion. Microinjection of the MAO
inhibitor (pargyline) and the monoamine uptake inhibitors (imipramine, desipramine and
bupropion) at sites close to the recording electrode considerably increased the magnitude
of the oxidation signal and prolonged its rate of decay following the bout of locomotion.
These results are the first demonstration of the temporal correlation between monoamine
release in the spinal cord and the production of locomotion and should provide us with
a better understanding of where drug therapies for the improvement of locomotor
function following SCI could be effectively applied. Supported by The Miami Project.

SEROTONERGIC ACTIVATION OF 1TIE LUMBAR CPG FOR LOCOMOTION
IN ADULT SPINAL RATS :
A
COMPARATIVE
STUDY USING
PHARMACOLOGICAL AND NEURONAL TRANSPLANTATION STRATEGIES.
J-Y Barthe*, D. Feraboli-Lohnherr and D. Orsal. Neurophysics and Motor Systems
Physiology, CNRS EP 1848, R. Descartes University, Paris France
Following spinal cord transection at a thoracic level a paraplegic syndrome
occurs. However in vitro studies carried out on the isolated spinal cord of the
neonate rat strongly suggest that the lumbar CPG for locomotion can be activated by
serotonin and its agonists. It was therefore necessary to investigate the possible use
of serotonin receptor activation in order to recover hindlimbs locomotor movements
after spinal cord transection. Three strategies were used:
1) The serotonergic agonist quipazine was administered (i.p, 50pg/Kg) to spinal
animals. It allowed recovery of postural tonicity and facilitated the occurrence of
hindlimbs rhythmic movements. The muscular activation pattern was however
unperfect as compared with the normal locomotor pattern.
2) Serotonergic embryonic neurons were transplanted bellow the lesion in order
to provide a cellular source of serotonin to the lumbar CPG. These transplanted
neurons reinnervate the lumbar segments and allowed recovery of both postural
tonicity (with body weight support) and locomotor activity in the hindlimbs.
3) The two first series of experiments suggest that serotonin can facilitate the
occurrence of hindlimbs locomotor movements but probably needs to be provided
to the lumbar spinal cord in a long lasting protocol. This was tested using
osmotic micropumps delivering quipazine intrathecally in the lumbar spinal cord
chronically.
Our results suggest that serotonin can activate the lumbar CPG for locomotion
but needs to be administred chronically to the lumbar spinal cord in order to prevent
long lasting changes in the spinal network for locomotion, since acute administration
of quipazine elicits rhythmic movements of the hindlimbs that are unperfect whereas
both transplantation of serotonergic neurons and chronic administration of quipazine
allow recovery of locomotor-like movements in spinal animals.

467.9

467,10

INTRALIMB COUPLING RELATIONSHIPS DEMONSTRATE IMPROVED
MOTOR CONTROL IN CHRONIC iSCI FOLLOWING BWS TRAINING WITH
FES. E.C. Field-Fote*1,2. B. Calancie1. University of Miami School of Medicine,
Miami Project to Cure Paralysis’ and Div. of Physical Therapy 2 Miami, FL 33136.
The timing relationship between limb segments is thought be one of the parameters
controlled by the CNS dining locomotion and reflects the organization of the
underlying neural activity. We assessed the intralimb coupling relationships in
subjects with chronic incomplete spinal cord injury (iSCI; ASIA C) prior to, dining,
and following a 12-week locomotor training program. This training regimen
incorporated treadmill walking in conjunction with body weight support (BWS) and
unilateral functional electrical stimulation (FES) to the common peroneal nerve of the
weaker leg. Subjects were evaluated at training weeks 0, 6,12 using the Peak™
motion measurement system to digitize the XY coordinates of the lower extremity
joint centers. Hip angle versus knee angle diagrams were constructed to qualitatively
and quantitatively assess the intralimb timing relationship between sequential step
cycles. We used the encoded chain technique (Freeman, 1961) to quantify the shape
of the angle-angle diagrams. Autocorrelation techniques were used to determine die
degree of coherence (similarity of inteijoint coupling between sequential step cycles)
within subjects. Intralimb phase relationships were compared between iSCI subjects
and able bodied (AB) subjects using circular statistics (Batschelet, 1981). The
intralimb relationships were highly stereotypical in AB subjects. While this was not
the case for the iSCI subjects at pretest (Week 0), increased intercycle coherence was
evident by the end of the training program. Intralimb hip/knee phase relationships in
iSCI subjects were more similar to those of AB subjects by the end of training. These
results support the hypothesis that central mechanisms related to locomotor behavior
are amenable to training in subjects with iSCI.

Plastic

Supported by NIH grant HD01193 (ECF) & DOD grant DAAH0494 (BC).
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FLEXORS DURING FICTIVE LOCOMOTION FOLLOWING A PARTIAL CUTANEOUS
DENERVATION IN CATS. J.-P. Gossard*. L.J.G. Bouver. A. Menard and H.

Leblond, Dep. Physiologie, U. de Montreal, Montreal, Quebec, Canada, H3C 3J7.

The complete removal of hindpaw cutaneous inputs in spinal cats prevents a proper
plantar foot placement during stance but if the medial plantar nerve (MPL) is spared this
deficit disappears within a few days of training. EMG analysis revealed that a late
activation of pretibial flexors (tibialis anterior, TA and extensor digitorum longus, EDL)
was responsible for the deficit. However, non-spinalized cats with similar lesions do not
show this deficit. We investigated if non-spinalized cats had similar plastic changes in
spinal pathways transmitting MPL to TA and EDL. Five cats were denervated of all
hindpaw skin nerves except MPL on the left side and its transmission to TA and EDL was
tested in both legs during fictive locomotion at 14, 22, 47, 58 and 90 days postdenervation before and after spinalization. The amplitude of short-latency reflexes
evoked by the stimulation of MPL (1-3 pulses, 2T, 300Hz) were measured in TA and
EDL nerves during spontaneous fictive locomotion in decerebrate cats and following
spinalization (nialamide and 1-DOPA i.v.). Also, MPL-PSPs were recorded intracellularly
in TA and EDL motoneurons on both sides of the spinal cord (N=l 1).
The results showed that excitatoiy reflexes from MPL to TA and EDL were enhanced
during the flexor phase of the fictive step cycle in both legs after 14 and 22 days. In
contrast, such reflexes are usually maximal during the extensor phase in EDL and
negligible in TA in non-denervated cats. After 47 days, the MPL excitation pattern was
.similar in EDL, but decreased in TA on the lesionned side. On the non-lesionned side,
MPL stimulation evoked either no responses or inhibition in TA and EDL. At all stages,
spinalization decreased the MPL excitation in EDL but increased it in TA on the
lesionned side while a small MPL excitation reappeared in both TA and EDL on the nonlesionned side. Remarkably, the phasic modulation of MPL-EPSPs observed in
motoneurons did not parallel the modulation of reflexes. We conclude that the increased
responsiveness of EDL and TA to MPL during the flexor phase is not due to an enhanced
cutaneous transmission to motoneurons, but to an enhanced CPG input to these motor
pools. Also, these plastic changes were partly lost after spinalization and were thus
potentiated by supraspinal input. (Supported by MRC and FCAR).
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LOCOMOTOR PLASTICITY IN THE SPINAL CAT AFTER A PROGRESSIVE
CUTANEOUS DENERVATION. L.J.G. Bouyer* and S, Rossignol, CRSN, Dept. of
Physiology, University de Montreal, Montreal, Canada H3C 1J7.
After the complete removal of cutaneous inputs from the hindpaws, otherwise
normal cats exhibit very few locomotor deficits on the treadmill. However, after
spinalisation, the same cats permanently walk on the dorsum of the foot rather than on
the plantar side. Yet, if a minimal cutaneous input is spared, plantigrade locomotion
does recover after spinalisation. Thjs raises the issue of how adaptable is the spinal
locomotor circuitry to a progressive loss of cutaneous input? One cat was implanted
with chronic EMG electrodes in 14 hindlimb muscles (7 on each side), spinalized at T13
and trained to walk on a treadmill until a steady plantigrade locomotion with full weight
support was obtained. The 5 cutaneous nerves innervating the right hindlimb were then
cut sequentially: deep peroneal cutaneous, saphenous, sural, superficial peroneal (SP),
and tibial. Between neurectomies, the cat was trained until a steady-state locomotor
pattern was reached. EMG and kinematic recordings were obtained several times a
week. Kinematics. The first 3 neurectomies only affected the swing phase of
locomotion, causing a temporary increase in foot drag that disappeared after a few days.
After cutting SP, the cat dragged the paw during swing and stood on the dorsum of the
foot during stance. With daily training, plantar foot placement returned after 3 days. The
tibial nerve was cut at ankle level 42 days after SP. From this day, and even after 71
days of training, the cat walked on the dorsum of the foot and plantar placement never
recovered. This was not the result of damage to motor nerves, since plantar foot
placement could be obtained with strong perineal stimulation. EMG analysis showed
that the hip and ankle flexors Sartorius and Extensor Digitorum Longus became
activated during the extension phase rather than the flexion phase of locomotion when
the cat walked on the dorsum of the foot. On the contrary, the knee flexor
Semitendinosus remained activated during swing but its amplitude was significantly
reduced (19% of Ctrl, PcO.OOl). In a terminal experiment, ENG recordings during
"fictive" locomotion showed that hip and ankle flexor activity occurred during the
flexion phase, as in normal cats. These results suggest that, in the spinal cat, hindpaw
cutaneous inputs are crucial to properly activate flexor muscles in order to produce a
plantigrade stance and that the spinal cat can compensate for a progressive reduction in
cutaneous inputs untill they are all removed. This indicates a limited but significant
plasticity in the spinal mechanisms controlling locomotion. (Supp. by MRC)

The Effects of Intrathecal Administration of the Noradrenergic Antagonist
Yohimbine and NMDA Antagonist AP-5 on Locomotion of Intact and spinal Cats.

N. Giroux. T.A. Reader and S. Rossignol. CRSN, Universite de Montreal.
Several studies have shown that noradrenergic mechanisms are important for
locomotion. For instance, L-Dopa can initiate locomotion in paralyzed acute spinal cats
(T13) and a2-noradrenergic agonists, such as clonidine, can induce treadmill locomotion
in early spinal cats. However, a few weeks after spinalization, cats can walk
spontaneously on the treadmill in the absence of Noradrenaline (NA) release since all
descending pathways have been severed. This suggests that spontaneous spinal
locomotion may not depend on noradrenergic mechanisms but on other transmitter
systems still present after the spinal transection. To investigate this hypothesis, we have
attempted to block NA and NMDA receptors with yohimbine and AP-5 injected
intrathecally (L3-L4) before and after spinalisation in two cats chronically implanted with
EMG electrodes and recorded on video images synchronized to EMG, before and several
hours after drug injection. In intact cats, high doses of yohimbine (800-1600pg in 1 OOpl;
n=10) caused major walking difficulties characterized by asymmetric stepping, stumbling
and poor lateral stability. Small doses (400pg/100pl; n=6) caused small effects such as
abduction of one of the hindlimbs with an increase of contralateral EMG amplitude
leading to the turning of the hindquarters to one side or the other. These effects lasted
from 5 to 30 min. In spinal cats, yohimbine had no effect even with the largest doses
(n=4). In intact cats, small doses of AP-5 (10-100pg in lOOpl; n=l 5) caused a foot drag
and larger doses produced an additional important sag of the hindquarters and difficulty
in supporting weight. In spinal cats, the same doses of AP-5 (n=l 1) could block
completely the locomotion of one or both hindlimbs. These results indicate that, in the
intact state, noradrenergic and NMDA mechanisms probably play an important role in
the control of locomotion. In the spinal state, however, the activation of NA receptors is
not needed to produce locomotion while the activation of NMDA receptors appear to play
a crucial role. [Supported by MRC, NCE, Rick Hansen,GRSNC and APA]

467.13
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MATURATION OF MOTONEURONS INNERVATING ANKLE FLEXOR AND
EXTENSOR MUSCLES AND THEIR SUPRASPINAL INPUTS IN THE
NEONATAL RAT. F. Brocard*, F. Clarac and L. Vinav, Lab. Neurobiologie. et
Mouvements, CNRS, 31 chemin J Aiguier, F-13402 Marseille cx 20, France.
During the first postnatal week in the rat at least two rapid developmental
changes occur: gradual development of ventral descending pathways which are
important for the control of posture and locomotion (Neuroscience 90 (1999):
1543-1554) and maturation of motoneurons. In the present study, we considered
the maturation of motoneurons identified functionally: we tried to correlate the
development of membrane properties of motoneurons innervating the ankle flexor
[extensor digitorum longus, (EDL) and tibialis anterior (TA)[ and extensor
[gastrocnemius (G) and soleus (Sol)] muscles with that of ventral descending
pathways during the first postnatal days (PO-5). Intracellular recordings were made
from motoneurons (n>100) in the in vitro brain stem / spinal cord preparation of
the neonatal rat. The major difference in the maturation of these two populations
of cells concerned the firing properties. Repetitive firing was more frequent in
EDL/TA motoneurons than in G/Sol motoneurons at birth whereas input
resistance and rheobase were not different. The proportion of G/Sol motoneurons
firing repetitively increased with age.
The development of ventral descending pathways was investigated using electrical
stimulations of the ventral funiculus of the spinal cord at the cervical (Cl) level.
The ventral funiculus-evoked input to both EDL/TA and G/Sol motoneurons
increased significantly during the first four postnatal days so that more
motoneurons fired action potentials at P4, compared to PO.
The simultaneous development of membrane properties of extensor motoneurons
and their inputs from ventral descending pathways may account for the gradual
acquisition of posture.

CLINICAL, FUNCTIONAL AND ELECTROPHYSIOLOGICAL TESTS IN
PATIENTS WITH INCOMPLETE SPINAL CORD INJURY. G. Savic1, N.J.
Davey*2, M.A, Jamous1, H.L. Frankel1, 'National Spinal Injuries Centre, Stoke
Mandeville Hospital, UK, imperial College School of Medicine, London, UK.
The aim of this study was to examine the correlation between clinical, fiinctional
and electrophysiological tests in patients with incomplete spinal cord injury.
A total of 20 patients with incomplete spinal cord injury and 26 control subjects
(for electrophysiological tests only) were tested. The clinical and functional tests
were performed according to the ASIA/IMSOP Standards (Maynard et al.
International standards for neurological and functional classification of spinal cord
injury. Spinal Cord 1997; 35: 256-274) and consisted of motor, sensory (pin prick
and light touch) and Functional Independence Measure (FIM) scores. The
electrophysiological tests included motor evoked potentials (MEP) from abductor
pollicis brevis and abductor hallucis muscles in response to transcranial magnetic
stimulation (Magstim 200), somatosensory evoked potentials (SSEP) in response to
peripheral electrical stimulation (Medelec Sapphire II) of the median nerve at the
wrist and of the tibial nerve at the ankle and F-wave studies of the same nerves for
calculating central motor conduction times (CMCT).
The electrophysiological test results (MEP latencies, CMCT and SSEP latencies)
differed significantly between the patient and the control group (t-test, p<0.01). The
patients’ motor and sensory scores showed moderate to strong positive correlation
between each other and with the FIM score (Pearson’s correlation coefficient
‘r’ranged from 0.44 to 0.95 depending on score), but only weak to moderately strong
negative correlation with electrophysiological tests (‘r’ ranged from -0.18 to -0.72).
The results of this study suggest that electrophysiological tests confirm the
presence of a spinal cord lesion, but do not describe the severity of the lesion as
accurately as clinical and functional test. Supported by The Childwick Trust.

467.15
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CLINICAL OUTCOME OF BODY-WEIGTH SUPPORTED TREADMILL
TRAINING ON OUTPATIENT BASIS IN CHRONIC SCI PATIENTS

EFFECT OF BODY WEIGHT-SUPPORTED TREADMILL TRAINING UPON
LOWER EXTREMITY JOINT KINEMATICS AND EMG PATTERNS IN
CHRONIC SCI PATIENTS TSJiQm*.1, MG Bowden', M Winkelmann',
A Wemig2. DS Stokic1 'MMRC- Mississippi Methodist Rehabilitation Center,
Jackson, MS 39216,2University of Bonn, Germany
The aim of this ongoing study is to determine changes in joint kinematics and EMG
patters before and after body-weight supported treadmill training (3 sessions/week,
20-30 min/session). So far, two ASIA D patients completed 40 training session over a
15-week period. Clinical results are reported in a companion paper (Stoki et al).
Using conventional 3-D gait analysis procedures, each subject was tested during
overground walking at his self-selected walking speed and with a preferred assistive
device. Subject 1 (C5-6, 2 years post-injury) used a standard walker, whereas subject
2 (C7-Thl, 15 years post-injury) used two forearm crutches.
In both subjects, the most pronounced changes occurred in ankle joint kinematics on
the more involved side. The onset of active plantarflexion in preparation for push-off
became more appropriately timed. Both the rate and the range of motion during pushoff were greatly improved, with peak plantarflexion angle increasing by 20° in subject
land by 25° in subject 2. These changes apparently corresponded to a reduction in
prolonged EMG activity observed in the involved gastrocnemius prior to the training.
At the hip and knee joints, there was a trend toward improved side to side symmetry
in all planes of motion. There was little change in pelvic orientation in either subject.
While the pattern of activity in the rectus femoris became somewhat closer to normal,
there were no consistently observed changes in the EMG records from the hamstrings
or tibialis anterior muscles.
Temporospatial characteristics were also improved. Both cadence and stride length
increased in subject 1 leading to a 30% increase in overall walking speed, whereas a
50% increase in speed in subject 2 was almost completely due to improved cadence
alone. Both subjects displayed narrower step width after the training, suggesting that
balance had also improved.

DS Stokic*1. MG Bowden1, M WinkslmannLS Mullet2, A Wemig3

'MMRC- Mississippi Methodist Rehabilitation Center, Jackson, MS 39216,
Rehabilitation Clinics, Langensteinbach, Karlsbad and ’University of Bonn, Germany
Previous reports using body-weight supported ambulatory training on a treadmill
have described improvements in walking after several weeks of daily training. The
aim of this ongoing study is to investigate short- and long-term effects of less
intensive training, namely three times a week, 20-30 min/day. So far, two ASIA D
chronic SCI patients completed 40 training sessions over a 15-week period. On
baseline, subject 1 (C5-6,2 years post-injury) was able to walk using a standard
walker, whereas subject 2 (C7-Thl, 15 years post-injury) used two forearm
crutches. Both were limited household ambulators. The ASIA Lower Extremity
Muscle Score (LEMS) was 29 in subject 1, and 38 in subject 2. Evaluation was
performed halfway through (test 1) and after the completion of training (test 2).
Results of laboratory gait testing are also reported (Horn et al.).
Both subjects showed steady improvement on the treadmill so that the preferred
walking speed and distance increased along with a reduction of body-weight
support. On test 1, the distance during 5-min overground walking increased for
subject 1 from 47 to 59m using standard walker. At this point he was also able to
use rolling walker and walked 76m. Subject 2 improved from 68 to 86m using
crutches. After 40 sessions, subject 1 walked 89m with a rolling walker. Subject 2
walked 91m with forearm crutches and 105m with 2 single-point canes, which he
was not able to manage before. LEMS increased to 38 (9 points) in subject 1, and
to 48 (10 points) in subject 2. Both are scheduled for a monthly follow-up over the
next 3 months. So far, the results of this ongoing study indicate that even less
intensive task-oriented training can results in both qualitative and quantitative
improvements of walking performance in ambulatory SCI patients.
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LOCALIZATION OF GLUTAMATE DECARBOXYLASE (GAD) AROUND
RETROGRADELY-LABELED TIBIALIS ANTERIOR AND SOLEUS
MOTONEURONS OF INTACT AND SPINAL CORD TRANSECTED RATS.
.R,fL-de_Leon.2 NJ.K. Tillakaratne*,2 R.L, Jovnes.2 R.R, Rov.3 A.J, Tobin.13 and
V.R.Edgerton.13 Departments of Neurology1 and Physiological Science2 and Brain
Research Institute3 UCLA, LA, CA 90095.
Previous studies suggest that the poor recovery of hindlimb locomotor ability that
occurs after spinalization in rats and cats is due in part to increased levels of
GABAergic inhibition in the lumbar spinal cord (Edgerton et al. 1997; Robinson and
Goldberger 1986). To investigate whether spinal transection alters GABAergic
inhibition of specific motoneuronal pools, we used retrograde dyes to label the
tibialis anterior (TA, ankle flexor) and soleus (Sol, ankle extensor) motoneurons. We
compared 4 intact rats and 4 rats that received a complete spinal cord transection 1
week after birth. Although neonatal spinal rats recover some ability to perform
hindlimb stepping in the absence of locomotor training, deficits remain in the flexion
and extension phases of the step cycle. We injected Fast Blue into the TA or Sol
muscle belly in a single hindlimb of the rats 13 weeks after birth. After a transport
time of 5 days, we found labeled TA motoneurons in the L4 segment, on the lateral
edge of Rexed lamina IX. Labeled Sol motoneurons were more medially-located in
lamina IX of L5-6. Consistent with our previous results, there was a greater GAD67
staining in the L4-L6 regions after spinal transection. GAD67 levels were
particularly high in the dorsal horn and central canal region. There was more intense
punctate staining of GAD67 protein surrounding the soma of labeled TA
motoneurons in the spinal transected rat but only diffuse GAD staining in the ventral
horns of the intact rat. Further analyses will include comparison of GAD67
associated with the TA and Sol motor pools of control and spinal rats. (Supported by
NIH Grant NS 16333)

RECOVERY OF LOCOMOTION IN RATS AFTER NEONATAL SPINAL
TRANSECTION IS NOT ATTRIBUTABLE TO GROWTH ACROSS THE LESION
SITE. R. L. Joynes2*. R. D. de Leon2, N, J, K, Tillakaratne2, R. R. Roy2, A. J,
Tobin123, V, R, Edgerton23. Departments of Neurology! and Physiological Science2
and The Brain Research Institute3, UCLA, Los Angeles, CA 90095.
Recent evidence suggests that the lumbar spinal circuits that control locomotion in
cats can be modified through treadmill training (i.e. training enhances hindlimb
stepping). We explored whether the locomotor performance observed in rats transected
as neonates can be enhanced by treadmill training. Rat pups were spinally transected
(mid-thoracic) on postnatal day 7. Rats receiving step training (10 min/day, 5
days/week) and nontrained spinal controls recovered weight-bearing hindlimb stepping
on a treadmill within 12 weeks after spinalization. However, only the trained rats
exhibited consistent weight-bearing stepping over a range of treadmill speeds. We then
examined the extent to which locomotor recovery in neonatal spinal rats can be
attributed to growth across the lesion site. Fifteen rat pups were spinally transected
(mid-thoracic) on postnatal day 5 (PD5). Eight weeks later, 5 adult intact controls were
spinally transected (mid-thoracic) for the first time, while PD5 rats were retransected
either one segment rostral (Rostral group) or one segment caudal (Caudal group) to the
original site. During surgery, the retrograde label, Fast Blue, was placed into the new
lesion site. We found that the locomotor ability of PD5 rats was similar before and
after retransection for both groups, while controls exhibited complete paralysis below
the lesion. Fast Blue labeled cells were found in motor cortex, brainstem regions, and
spinal cord intemeurons above the new lesion in Control and Rostral groups, and
below the new lesion in the Caudal group. No labeled cells were observed above the
original site in the Caudal group, nor below the orignial site in the Rostral group.
These data suggest that the recovery of stepping observed in neonatally transected rats
is not mediated by growth across the lesion site, but rather a product of neural
reorganization within the lumbosacral spinal cord. Supported by NIH Grant NS 16333.
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PROLONGED PRESYNAPTIC INHIBITION OF MONOSYNAPTIC la
EPSPs FOLLOWING FICTIVE LOCOMOTION. S. Gosgnach, J. Quevedo, B.
Fedirchuk and P.A. McCrea*. Dept. of Physiology, University of Manitoba.
Winnipeg, Canada. R3E 3J7.
Using intracellular and extracellular recordings we have observed a substantial
tonic decrease in the amplitude of both monosynaptic la EPSPs (28%) and
monosynaptic field potentials (22%) during Active locomotion with inconsistent
phasic modulation within the step cycle. We argue that a presynaptic mechanism is
responsible for this reduction since the decrease in motoneuron membrane resistance
is weakly correlated with amplitude decreases. Surprisingly the recovery of the
EPSP and field potential depression does not occur immediately following the
cessation of locomotion. Recovery took on average between 2 and 3 minutes and
in some cases was not recovered 5 minutes after locomotion. This observation is
similar to those of Voigt, Vanwanseele & Riso (SFN Abst., 24:2106, 1998) who
observed that the monosynaptic H-reflex in humans is depressed during locomotion
and does not recover until 1 -6 minutes after walking. One would assume that a PAD
mediated depression of la EPSPs produced by the continuous firing of intemeurons
would have a much shorter time course of recovery (i.e. 100-300ms) than is
observed in man and decerebrate cats. The delayed recovery following locomotion
is more likely a result of a presynaptic inhibition produced by another mechanism,
perhaps a second messenger mediated process such as that produced by activation
of GABAb receptors.
Supported by the Canadian MRC and the Manitoba Neurotrauma Initiative.

COMPARISON OF LOCOMOTOR RELATED GROUP I DISYNAPTIC EXCITATION IN EXTENSOR AND FLEXOR MOTONEURONES. J. Quevedo*.
B. Fedirchuk, S, Gosgnach, K. Stecina & D. McCrea. Dept. Physiology, University
of Manitoba, Winnipeg R3E 3J7, Canada.
It appears that sensory feedback from group I afferents to extensor motoneurones
contributes up to 50-70% of the extensor activity during locomotion (e.g. Hiebert &
Pearson, J. Neurophysiol. 81:758, ‘99). The release of a disynaptic excitatory reflex
pathway is one of the mechanisms responsible for this group I evoked extension enhancement during locomotion. The present work compares the organization of group
I disynaptic excitation of extensors with the recently reported (Quevedo, Fedirchuk,
Gosgnach & McCrea, N.Y. Acad. Sci. 860:499, ’98; Degtyarenko, Simon & Burke,
J. Neurophysiol. 80:3284, ’99) disynaptic excitation of flexor motoneurones during
Active locomotion. Since disynaptic excitation of extensors can be evoked only during the extension phase of Active locomotion, it appears that the responsible interneurones are phasically driven by the extensor portion of the central pattern generator (McCrea, Shefchyk, Stephens & Pearson, J. Physiol. 487:527, ‘95; Angel, Guertin, Jimenez & McCrea, J. Physiol. 494:851, ’96). Similarly, group I disynaptic
EPSPs in flexors are usually largest during flexion phase, although 95% of the flexor
motoneurones also show EPSPs during extension. This suggests that the intemeurones mediating disynaptic EPSPs receive excitation from both the flexor and extensor half-centers of the CPG. We suggest that the differences in the organization of
the group I disynaptic pathways projecting to extensor and flexor motoneurones are
functionally relevant. Flexor EMG patterns depend on the locomotor behavior and
are more mutable than those of extensors (e.g. Pratt, Buford & Smith, J. Neurophysiol. 75:832, ‘96). Flexible control of group I reflexes to flexors might therefore
allow their output to be highly sensitive to subtleties of the behavior.
Supported by the Canadian MRC and the Manitoba Neurotrauma Initiative.
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EXPRESSION OF SUBSTANCE P RECEPTOR mRNA
MARGINAL DIVISION OF THE RAT STRIATUM**.
S. Y. Shu*, X. Bao, K. Zhang, B. Cai .

IN THE

Institute for Neuroscience of First

Military Medical University, Zhu-Jiang Hospital, Guangzhou. 510282, China

The marginal division (MrD) of neostriatum was discovered by Shu SY et al in
the rat brain in 1988 . It locates at caudal extent of the neostriatum and is mainly

consisted of fusiform neurons.

MrD is much darker stained with substance

P(SP), L-enkephalin, dynorphin B fibers and terminals than does the rest of the

striatum.

The function of MrD was proved

and memory.

with close relation to learning

In the present study, in situ hybridization technique with SPR

cDNA oligonucleotide probes was used to investigations of distribution of SP

receptor (SPR) mRNA in the rat brain.
were detected

Strong positive SPR mRNA expression

in the neurons of MrD in the striatum, cerebral cortex,

hippocampus, and amygdaloid nucleus. These results suggest that neurons in the

MrD of striatum contain SPR mRNA and express SP receptor. SPR-expressing

neurons can be targeted of SP.
and learning mechanism.

SP and SPR might be involved in nociceptive

It is supposed that the strong expression of SP and

SPR in marginal division might play an important role in the reception and
regulation of the neurotransmitter substance P, and modulate the cholinergic

activity which is involved in learning and memory mechanism of the marginal

division. ** Supported by NSFC and NSFG,
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THE A2a AGONIST CGS 21680 IN THE GLOBUS PALLIDUS
BLOCKS THE INHIBITORY EFFECT OF ENDOGENOUS
DOPAMINE ON GABA RELEASE AND INDUCES IPSILATERAL TURNING BEHAVIOUR IN METHAMPHETAMINETREATED RATS. B. Gonzalez,* A, Galvan, L. Floran, J. Aceves,
and B. Floran . Department of Neurosciences. CINVESTAV-IPN.
07300 Mexico, D.F.
To see the role of A2a receptors on D2 receptors inhibiting GABA
release in the globus pallidus, we studied the effect of CGS 21680 on
the D2 receptor-mediated inhibitory effect of endogenous DA on [3H]
GABA release in pallidal slices. We also tested the effect of CGS
injected (5 pg) into one pallidum on motor behavior induced by
methamphetamine. GABA release was evoked by potassium
depolarization. Methamphetamine inhibited by 43 ± 2 % GABA
release. The inhibition was via D2 receptors since it was blocked by
sulpiride. The inhibition was also totally blocked by CGS 21680 (100
nM). In methamphetamine-treated rats, intrapallidal CGS 21680
induced ipsilateral turning (3.50 tums/min lasting 1 hour). Data
confirm that A2a receptors modulate the activation of D2 receptors
controlling striatopallidal GABAergic transmission, and emphasize
the role of adenosine receptors located on striatopallidal terminals on
dopamine-induced motor behavior.
Supported by a grant (28085N) from CONACYT (MEXICO)
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A2a ADENOSINE RECEPTORS MODULATING GABA RELEASE IN THE GLOBUS PALLIDUS REQUIRE ACTIVATION OF D2 DOPAMINE RECEPTORS TO BE EFFECTIVE.
B, Horan*A. Sierra. L. Floran. and J. Aceves, and. Dept. of
Neurosciences. CINVESTAV-IPN. 07300 Mexico, D.F.
D2 and A2a receptors colocalize on striatopallidal terminals.
Previously we showed that A2a activation modulates the sensitivity of
D2 receptors inhibiting GABA release from these terminals. Here we
tested if A2a receptors by themselves increase GABA release. We
studied the effect of 10 nM ZM 241385 (A2a antagonist) and 100 nM
CGS 21680 (A2a agonist) on [3H] GABA release from K+ depolarized
pallidal slices. The experiments were done in the presence of SCH
23390. To eliminate effects of endogenous DA some experiments
were done in slices from reserpinized rats. ZM 21385 decreased
GABA release by 39 ± 1, the effect was completely blocked by
sulpiride. ZM had no effect in reserpinized slices. CGS 21680
prevented the inhibition induced by quinpirole (10 pM), but in the
presence of sulpiride it did not modify the release of GABA in a range
from 0.01 to 10 pM. These data suggest that the effect of adenosine
via A2a receptors on GABA release in globus pallidus is exclusively
through modulation of the activation of D2 receptors present on
striatopallidal terminals.
Supported by a grant (28085N) from CONACYT (MEXICO)

A2a RECEPTORS MODULATE THE INHIBITORY EFFECT
OF DOPAMINE ON GABA RELEASE IN THE GLOBUS
PALLIDUS BUT NOT IN THE STRIATUM L. Floran, A. Sierra,
J. Aceves *. and B. Floran. Dept. of Neurosciences. CINVESTAVPN. 07300 Mexico, D.F.
A2a receptors and D2 DA receptors colocalize in striatopallidal
neurons. A2a receptors modulate the activation of D2 receptors
regulating GABA release from striatopallidal terminals. Here we
studied if the same modulation exists on D2 receptors present in
intrastriatal GABAergic terminals. We tested the effect of ZM 241385
(A2a antagonist) upon D2 receptor-mediated inhibition of [3H] GABA
release from K+ depolarized pallidal and striatal slices. Experiments
were done in the presence of SCH 23390. DA was used as D2 agonist.
In globus pallidus DA inhibited GABA release with an IC5o of 6.9 ±
1.2 pM. ZM 241385 decreased the IC5oto 0.40 ± 0.25 pM. The IC50
for DA in striatum was 0.063 ± 0.008 pM and ZM 241385 did not
modify significantly the value (IC50 = 0.054 ± 0.006 pM). Thus, D2
receptors in striatum has two order of magnitude higher affinity for
DA as compared with those in the pallidum. The affinity of striatal
receptors is not fiirther increased by the blockade of A2a receptors
while that of pallidal receptors is markedly (17 times) increased. The
reason for the difference is unknown.
Supported by a grant (28085N) from CONACYT (MEXICO)

468.5

468.6

Differential Interactions with the Dopaminergic System Are Involved in
the Caffeine-Mediated Induction through Al Receptors of C-fos, Zif-268
and Arc Expression in Striatopallidal and Striatonigral Neurons D.

EFFECT OF PEDUNCULOPONTINE TEGMENTAL NUCLEUS
STIMULATION ON THALAMIC ACETYLCHOLINE RELEASE: AN
IN VIVO MICRODIALYSIS STUDY IN RATS. T.A. Jenkins* andP. Winn.
School of Psychology, University of St Andrews, Fife, KY16 9JU, Scotland.
The pedunculopontine tegmental nucleus (PPTg) contains the Ch5
cholinergic neurons that innervate the thalamus. Previous tissue punch
experiments have demonstrated that excitotoxic lesions of the PPTg change
acetylcholine (ACh) content in different thalamic nuclei (Jenkins et al (1998)
Soc. Neurosci. Abs. 258.15). Using in vivo microdialysis in freely-moving
awake rats we are now investigating the effect of PPTg stimulation by glutamate
on thalamic ACh release. Microdialysis probes (1mm membrane) were
stereotaxically implanted into the ventrolateral thalamus and PPTg under
halothane anaesthesia. After a post operative period of recovery rats were
connected to a swivel system, and probes infused with aCSF solution (2pl/min),
with the thalamic solution containing neostigmine (10'5M). After a two hour
settling period baseline samples were collected every ten minutes for control
ACh analysis from the thalamic probe.
Glutamate (10^M) was then
administered into the PPTg via the implanted dialysis probe for one hour, after
which post-stimulation baseline samples were collected.
Samples were
analyzed by HPLC with ECD using a peroxidase electrode. At the end of the
experiment rats were perfused, and probe placement verified by histological
techniques. Perfusion of glutamate (KF’M) through the PPTg probe stimulated
an increase in the ACh output from the ventrolateral thalamus to levels
approximately double that of baseline. These results are consistent with
previous studies demonstrating innervation of thalamic nuclei by Ch5 neurons
of the PPTg.
Supported by Wellcome Trust project grant 047549/Z/96/Z

468.7
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MUSCARINIC RECEPTORS OF THE NEOSTRIATUM AND INSTRUMENTAL
BEHAVIOR IN DOGS. K.B. Shapovalova*. Department of Physiology, I.P. Pavlov
Institute of Physiology, Russian Academy of Sci., St. Petersburg, 199034 Russia
Using the model of instrumental defensive reflex (IDR) connected with
maintenance of the flexor posture, the effects of microinjections into Neostriatum of
selective and nonselective agonists of muscarinic receptors were compared on 5
dogs. The switching on of signals, collection and processing of data, were
performed using PC. The bilateral microinjections of the Ml selective agonist
(oxotremorine, 0.002 mkg) resulted in an increase in the tonic component of IDR,
while phasic components, particularly interstimulus leg raisings, were not inhibited,
like after carbacholine microinjections (0.05 mkg). The injections of carbacholine
into Neostriatum produced stronger effects on postural adjustment than the
oxotremorine microinjections. But after an additional loading of the «woridng» leg,
the oxotremorine microinjections lead to significantly greater compensatory changes.
The injections of muscarinic receptor agonists into Neostriatum lead to an
improvement of the differentation of sensory signals. After
carbacholine
microinjections, the greatest effects were obtained. It was shown, however, that
after presentation of strange signal (noise), switching on 2-3 s before conditional
signal action, the oxotremorine microirrjections were accompanied by an increase
in the IDR amplitude and an enhancement of the tonic movement component.
Apparently, the microinjections of the nonselective agonist carbacholine lead
to both activation of indirect efferent output of Neostriatum through Ml receptors
and to inhibition of direct output through M4 receptors. It is with this «doublC»
action that the stronger effect of carbacholine may be connected, as compared with
action of selective Ml agonist oxotremorine. But the important role was shown of the
indirect neostriatal output in the regulation of voluntary movement under unusual
conditions requiring motor readiness and attention.
The work is supported by the Russian Fund for Basic Research, grant 99-64-49683.

CHOLINERGIC AND SEROTONERGIC INTERACTIONS IN THE
CAUDATE NUCLEUS IN RELATION TO BEHAVIORAL
CONTROL IN CATS. T. Okumura, A, Dobolyi, K, Matsuyama. R.
Kakigi* and S. Mori. Dept. of Biological Control System, National Institute
for Physiological Sciences, Okazaki, 444-8585 Japan.
As part of an attempt to understand the functional role played by the
cholinergic and serotonergic systems in the basal ganglia related to
behavioral control, we have recently perfused the caudate nucleus (CDN)
with artificial cerebrospinal fluid containing a high concentration (10-100
mM) of cholinergic agonists in the intact, unrestrained cat by means of an
in-vivo microdialysis method (Kekesi et al., 1997; Okumura et al., 1998).
We found that perfusion of the CDN with carbachol provoked arousal
reactions accompanied by hyperreactivity of the animal to the external
stimuli. During the perfusion period with carbachol, the extracellular levels
of serotonin (5-HT) and dopamine were significantly increased in the CDN.
In this study, therefore, we attempted to reexamine the distribution of 5-HT
fibers and terminals in the CDN using 5-HT immunohistochemistry. The
distribution of choline acetyltransferase (ChAT)-immunopositive cells in the
CDN was also studied based on series of adjacent sections single or double
labeled for 5-HT and/or ChAT. 5-HT fibers and terminals were numerously
distributed through the whole CDN. In particular, the distribution was much
dense in the ventral and medial parts of this nucleus. ChAT-immunopositive
cells with a diameter of 20-40 pm were diffusely and evenly distributed in
the medial part of the CDN, whereas in the dorsolateral part they were
distributed forming loose clusters. In addition, we found many 5-HT
terminals closely apposed to ChAT-positive cells throughout the whole
CDN. These results suggest that serotonergic, cholinergic and dopaminergic
interactions underlie behavioral control in cats.

Dassesse, J.-M. Vanderwinden, I. Golberg, J.-J. Vanderhaeghen* and S.N.
Schiffmann, Brain Research Unit, Univ. Libre Bruxelles, Brussels, Belgium.
Adenosine and the adenosine receptor antagonist, caffeine, modulate
locomotor activity and striatal neuropeptide expression through
interactions with the dopaminergic system by mechanisms which remain
partially undetermined. We adressed this question by using quantitative
immunocytochemistry and in situ hybridization, combined with retrograde
tracing of striatal neurons, to characterize the mechanism(s) leading to the
striatal increase in the immediate early genes (IEG), c-fos, zif-268 and arc,
following a single injection of caffeine or the Al antagonist, DPCPX.
Caffeine and DPCPX induced c-fos, zif-268 and arc expression, both at
mRNA and protein levels, in large proportions of striatonigral and
striatopallidal neurons. The involvement of dopamine systems was
evaluated by manipulations of the dopaminergic transmission. Quinpirole,
a D2 agonist, completely blocked the caffeine-induced IEG increase in
both striatopallidal and striatonigral neurons. Conversely, the lesion of the
nigrostriatal pathway and the DI antagonist SCH23390 abolished the
caffeine effects in stritaonigral neurons but had no or slight effect,
respectively, on its action in striatopallidal neurons. These observations
demonstrate that caffeine-»and DPCPX-mediated IEG inductions through
blockade of Al receptors involved different mechanisms and result from a
stimulation of dopamine release in striatonigral neurons and from
activation of glutamate release and/or acetylcholine release in
striatopallidal neurons. These results also support that, besides A2A
receptors, adenosine acting at the Al receptor plays pivotal functions in
the basal ganglia physiology and that blockade of these receptors may
influence a broad range of neuronal functions in the striatum.
Supported by PAI, FMRE and FRSM, Hoguet Foundation (Belgium).
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CELLULAR AND SUBCELLULAR LOCALIZATION OF GABAb RECEPTORS IN
THE BASAL GANGLIA IN MONKEYS. A. Charara12*. C. Heilman2. A.L Levev2 and
Y. Smith12. Yerkes Primate Ctr. and Neurology Dept., Emory Univ., Atlanta, GA.
Although fast inhibitory transmission through GABAa receptors activation is
commonly found in the basal ganglia, the functions as well as the cellular and
subcellular localization of GABAb receptors are still poorly known. In the present
study, polyclonal antibodies that specifically recognize GABAb R1 receptor subunits
were produced and used for immunocytochemical localization of these receptors at the
light and electron microscope level in the basal ganglia of monkeys. GABAb R1immunoreactive (ir) cell bodies were found in all basal ganglia nuclei but the intensity
of immunoreactivity (IR) varied among neuronal populations in each nucleus. In the
striatum, interneurons were more strongly stained than projection neurons while in the
substantia nigra (SN), dopaminergic neurons were more intensely labeled than
GABAergic neurons. In the subthalamic nucleus, clear immunonegative neuronal
perikarya were intermingled with numerous GABABRl-ir neurons. Moderate labeling
was observed in neuronal perikarya in both segments of the globus pallidus (GP). At
the EM level, GABAb R1 IR was commonly found in neuronal cell bodies and dendrites
in every basal ganglia nuclei. Many dendritic spines also displayed GABAb R1 IR in
the striatum. Moreover, GABABRl-ir preterminal axonal segments and axon terminals
wa-e frequently encountered. The majority of labeled terminals displayed the
ultrastructural features of glutamatergic boutons and formed asymmetric synapses. In
the striatum, GAB ABRl-ir boutons resembled terminals of cortical origin, while in the
GP and SN, subthalamic-like terminals were labeled. Pre- and post-embedding
immunogold methods are currently used to examine the subsynaptic localization of
these receptors. Overall, our results demonstrate that GABAb receptors are widely
distributed and located to subserve both pre- and postsynaptic roles in controlling
synaptic transmission in the primate basal ganglia, {supported by NIH Grants
RO1NS37423-01 and RR00165, and FCAR)

SUBSYNAPTIC LOCALIZATION OF GROUP I METABOTROPIC GLUTAMATE RECEPTORS
(mGluRs) IN THE VENTRAL MIDBRAIN OF RATS. G.W. Hubert* and Y. Smith. Yerkes
Primate Center and Dept of Neurology, Emory University, Atlanta, GA, USA. 30325
Group I mGluRs (mGluRl and mGluR5) were found to be located perisynaptically or
extrasynaptically to asymmetric glutamatergic synapses in the hippocampus and
cerebellum (Nusser et al., Neuroscience 61:421). In this study, we analyzed
subsynaptic localization of mGluR immunoreactivity in the substantia nigra pars
reticulata (SNr), substantia nigra pars compacta (SNc) and ventral tegmental area (VTA)
in rats using antibodies to mGluRl a and mGluR5.
At the light microscope level, heavy labeling for both mGluRl a and mGluR5 was found
in the SNr, whereas low levels of immunoreactivity for both antibodies were seen in VTA
and SNc neurons. Overall, the intensity of immunostaining was higher in dendritic
processes than cell bodies. At the electron microscope level using pre-embedding
immunogold staining, the immunoreactivity was largely confined to dendrites and, as
expected based on light microscopic data, was much more intense in SNr neurons than
SNc and VTA neurons. In both mGluRl a- and mGluR5-immunostained tissue, a majority
of membrane-bound gold particles were seen extrasynaptically. In the SNr, a significant
percentage of particles were also found in the main body of the postsynaptic
specializations of symmetric synapses made by striatal-like terminals. In contrast, gold
particles were very rarely seen in the core of asymmetric synapses which, in some cases,
were labeled perisynaptically. Overall, the mGluRl a immunostaining was preferentially
associated with foe plasma membrane, whereas mGluR5 immunoreactivity was mostly
found intracellularly. Whether this indicates a differential level of internalization
between the two Group I mGluR subtypes remains to be established.
In conclusion, these data demonstrate that Group I mGluRs are abundant and mostly
expressed extrasynaptically and at symmetric striatal synapses on SNr neurons,
whereas SNc and VTA neurons only display light extrasynaptic mGluRl a and mGluR5
immunostaining. {This research was supported by NIH grant P50NS38399 and a grant
from the APDA}

468.11
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DEVELOPMENT OF GLUTAMATE RECEPTOR SUBUNITS IN THE RAT
SUBTHALAMIC NUCLEUS: IMMUNOHISTOCHEMICAL STUDIES. M.K. Lobo,
N.A. Buchwald* and M.S. Levine. Mental Retardation Research Center, UCLA, Los
Angeles, CA 90095.
Glutamate receptors have been implicated in reorganization of processes and
synapses in the developing brain. This study investigated changes in expression of
ionotropic glutamate receptor (GluR) subunits in the subthalamic nucleus (STN,) of
the developing rat. Standard immunohistochemical procedures were utilized to
determine GluR subunit expression on postnatal days (PNDs) 0 (birth,) 1, 3, 7,14,21
and in the adult. Commercially available antibodies raised against NMDA-R1 and
GluR5/6/7 (kainate receptor) subunits were used to assess subunit expression at each
age. NMDA-R1 and GluR5/6/7 subunits revealed similar patterns of expression
throughout development. Overall, GluR immunoreactivity decreased in density and
decreased within processes during maturation. The STN was densely packed with
cellular processes and somata expressing GluR subunits at PNDs 0, 1, 3 and 7. In
contrast, at PNDs 14, 21 and in adults expression for both subunits was more
uniformly dispersed in somata across the STN, with minimal staining of processes.
For NMDA-R1, the distinctness of the cellular profiles increased significantly with
increasing age. These morphological changes in NMDA-R1 and GluR5/6/7 receptor
subunits may correspond to functional changes in ionotropic glutamate receptor
activity during maturation. Knowledge of GluR activity during development, can
provide beneficial information for treatment of diseases affecting the basal ganglia
during development or in the adult. Supported by USPHS NS35649.

MULTIPLE PATHWAYS ARE INVOLVED IN THE ENHANCEMENT OF NMDA
RESPONSES BY ACTIVATION OF DOPAMINE D, RECEPTORS IN
NEOSTRIATAL NEURONS. J. Flores-Hernandez, C. Cepeda, A.A. Fienberg,1 P.
Greengard1 and M.S, Levine*. MRRC, UCLA, LA, CA 90024 and 'Lab. Molecular and
Cellular Neuroscience, The Rockefeller University, NY, NY 10021, USA.
We have shown that dopamine (DA), acting via D, receptors, enhances N-methyl-Daspartate (NMDA)-evoked responses in neostriatal (NS) neurons. The mechanism by
which this enhancement is effected has been the object of investigation in our
laboratory. We recently demonstrated that voltage-activated L-type Ca2+ currents play
a role in the enhancement. In that study, however, the presence of extended processes
precluded adequate voltage control. In the present study we used voltage-clamp
recordings in dissociated rat NS neurons because much better space clamp can be
achieved. We found that activation of D, receptors produced a 32.7±4.5% (n=31)
enhancement of NMDA currents indicating that distal processes are not required for the
modulation of NMDA currents. Blockade of voltage-gated Ca2+currents did not prevent
this modulation. It follows then that other mechanisms besides modulation of Ca2+
currents are involved in the enhancement. DA via D, receptors increases NMDA-R1
subunit phosphorylation through a PKA-dependent pathway (J Neurosci, 18:1029710373, 1998). DARPP-32 is a substrate for PKA that selectively inhibits protein
phosphatase-1. Therefore in other experiments, we examined the role of DARPP-32 in
the modulation of NMDA currents. Dissociated NS neurons obtained from mice lacking
DARPP-32 displayed smaller NMDA currents than neurons from control animals (411
±55, n=20 vs. 288±26 pA, n=15). The enhancement of NMDA currents by D, receptor
activation was also reduced in mutant animals (32.5±4.6 vs. 16.8±3.2%). Taken
together these results indicate that multiple pathways are involved in the modulation of
NMDA currents by D, receptors. Supported by USPHS NS 33538 and 35349 to M.S.L.
and MH40899 to P.G.
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INDUCTION OF C-FOS EXPRESSION BY MICROINJECTION OF AMPA AND
NMDA INTO THE VENTRAL PALLIDUM. M.S. Turner*13, T. Gray23, and T.C.
Napier13. Dept. of Pharmacol.1, Dept of Anatomy2 and the Neuroscience Program3,
Loyola Univ. Chicago, Sch. of Med., Maywood, IL 60153. The ventral pallidum (VP)
receives excitatory amino acid (EAA) input from the cortex, amygdala and the
subthalamic nucleus. The VP has both AMPA and NMDA receptors.
Microionotophoretic application of EAA increases the firing rate of VP neurons, and
when excessive, causes depolarization block. C-fos-like immunoreactivity (CFI) is
used as a marker for neuronal activation as excitation of neurons markedly increases
CFI expression. To determine if direct microinjection of EAA is able to induce CFI in
the VP and change CFI in the regions to which the VP projects, eight Sprague Dawley
rats (275-299 g) were anesthetized with chloral hydrate and unilaterally microinjected
in the VP with AMPA (1.5 pM in 0.2 M phosphate buffer; pH 7.4; 0.5 pi over 5 min)
or NMDA (12 pM; same protocol). AMPA and NMDA suppressed CFI activity in a
spherical region surrounding the injector site (7/8 rats), but increased CFI activity at
the outer perimeter of the sphere, forming a halo. In the contralateral hemisphere,
which received only vehicle, CFI expression was induced directly adjacent to the
injector tract. Unilateral EAA microinjection caused ipsilateral changes in some
nuclei that receive afferent input from the VP; CFI was increased on the EAA-injected
side in the subthalamic nucleus (8/8 rats), nucleus accumbens (3/4 rats), amygdala
(5/7 rats) and lateral hypothalamus (3/5 rats). These results suggest that at the
concentration of EAA employed, EAA can excessively depolarize VP neurons and
decrease CFI expression. The lower EAA concentration that occurs distant from the
injection site allowed for CFI activation (i.e., the halo effect). Output from the VP is
predominantly GABAergic, and when VP neurons were shut down, other brain
regions that receive afferent input from the VP, such as the STN, may have become
disinhibited, allowing an induction of CFI. Not all regions that receive projections
from the VP demonstrated asymmetric CFI, indicating that that EAA manipulation of
VP neurons selectively affects particular output regions. VP efferents to the amygdala
are cholinergic and EAA-induced changes in this pathway may have caused an
asymmetric distribution of CFI in the amygdala. This work was funded by MH11607
and tlie Loyola Program for Neuroscience.

OVERLAPPING DISTRIBUTIONS OF NITRIC OXIDE SYNTHASE,
METABOTROPIC GLUTAMATE RECEPTOR la AND PKCpi IN VENTRAL
STRIATUM OF RAT BRAIN. Y. Yuan1*. R.E. Harlan1 and M.M. Garcia2. Dept. of
‘Anatomy and 2Otolaryngology, Tulane Univ. Med. Sch.; New Orleans, LA 70112
Metabotropic glutamate receptors (mGluR) have been suggested to regulate NMDA
receptor mediated activation of nitric oxide synthase (NOS) through their modulation
of internal Ca2+ stores in neurons. Also, NMDA receptor-channel activity and the
function of the cell membrane Ca2+-pump were shown to be modulated by mGluRinduced activation of PKCs and subsequent phosphorylation. However, no evidence
has shown cellular colocalization of mGluR or PKC with NOS in rat brain, although
mGluRla, PKCpi and NOS have been reported to localize in the basal forebrain. In
this study we used mGluRla or PKCpi immunocytochemistry combined with
NADPH-diaphorase histochemistry, which is used to represent NOS, to examine
their relevant distribution and potential cellular colocalization in rat basal forebrain.
We found that some fibers in the ventral striatum were double-labeled with mGluRla
antibodies and NADPH-diaphorase staining. Electron microscopy also demonstrated
double-stained dendrites. In addition, the distributions of mGluRla and NADPHdiaphorase overlapped interestingly in the Islands of Calleja. PKCpi in the ventral
striatum also has a close distribution pattern with NADPH-diaphorase staining in the
Islands of Calleja. A few large neurons located around or within those islands are
double-labeled with PKCpi antibodies and NADPH-diaphorase staining. These results
provide anatomical evidence that both mGluRla and PKCpi are localized so as to
directly modulate the output of neurons producing nitric oxide in the ventral striatum,
but whether mGluRla and PKCpi are located in the same cell is still unknown. More
importantly, the distribution patterns of mGluRla and PKCpi with NOS in the
ventral striatum may be worthy of further study because the Islands of Calleja have
been suggested to be a regulatory system of blood flow to the ventral striatum and
pallidum. (This study is supported by DC 03280)
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NUCLEUS AND THE SUBSTANTIA NIGRA PARS RETICULATA ON CHEWING IN THE RAT.

NUCLEUS AND THE SUBSTANTIA NIGRA PARS RETICULATA ON REACHING IN THE RAT.

M. Pisa*. S.L. Campbell and E. Pichora. Dept. of Psychiatry and Behavioural
Neurosciences, McMaster University, Hamilton, On, Canada, L8N 3Z5.
The two major output nuclei of the rat’s basal ganglia, the entopeduncular nucleus
(EP) and the substantia nigra pars reticulata (SNR) receive a glutamatergic innervation
from the subthalamic nucleus. The objectives were to evaluate the roles of the NMDA
subtype of glutamate receptors of the EP and the SNR in both goal directed and
nondirected (in vacuo) oral behavior. The approach was to examine the effects of
bilateral microinfusions of the NMDA receptor antagonist ±3-(2 carboxypiperazine-4yl)propyl-l-phosphonic acid (CPP; 2 nmol in 0.2 pi) into either the EP or the SNR
(N=9) on oral behavior in a cylindrical observation chamber (23 cm diam), either in the
presence or absence of food during 3 min bins over a 5h postinfusion time in male
Wistar rats. In the presence of food (Purina lab chow), latency to first contact with food,
amount consumed, time spent chewing, and feeding efficiency (ratio of amount
consumed by time spent chewing) were recorded. In the absence of food, the number of
cyclical jaw openings (in vacuo chewing) was recorded. In the presence of food, CPP
infusions into either nuclei did not reliably affect contact latency, but caused a
significant decrease of food intake, time spent chewing, and feeding efficiency compared
with vehicle infusions, with the effects being significantly greater in the EP than the
SNR group, and with food consumption recovering over time. In the absence of food,
CPP infusions into either nuclei caused no reliable increase of in vacuo chewing. The
findings are interpreted to indicate that, 1) NMDA receptors of the EP and the SNR are
involved in goal directed oral movements aimed at chewing and consuming solid food;
2) NMDA receptors of the EP play a quantitatively more important role in these
behaviors than those of the SNR; 3) unlike in the lateral striatum, a blockade of NMDA
receptors in the output nuclei of the basal ganglia does not reliably elicit nondirected oral
hyperkinesia, i.e. in vacuo chewing. (Supported by NSERC, Canada).

S.L, Camnbell*, E, Pichora and M, Pisa. Dept. of Psychiatry and Behavioural
Neurosciences, McMaster University, Hamilton, On, Canada, L8N 3Z5.
The two major output nuclei of the rat’s basal ganglia, the entopeduncular nucleus
(EP) and the substantia nigra pars reticulata (SNR) receive a glutamatergic innervation
from the subthalamic nucleus. The objectives were to evaluate the roles of the NMDA
subtype of glutamate receptors of the EP and the SNR in goal directed movements, and
to evaluate differences in somatotopic representations between EP and SNR with respect
to oral and forelimb movements. The approach was to examine the effects of bilateral
microinfusions of the NMDA receptor antagonist +3-(2 carboxypiperazine-4-yl)propyl1-phosphonic acid (CPP; 2 nmol in 0.2 pi) into either the EP or the SNR (N=9) on
food-reinforced, tongue or forepaw reaching over a 5h post-infusion period in male
Wistar rats. The forepaw task consisted of retrieving 45 mg food pellets from inside
a tube. The tongue reaching task consisted of inserting the tongue through a slot in the
intelligence panel of the training chamber, and licking lab chow mash smeared on a
graduated bar outside the slot. Compared with vehicle, CPP infusions into either nuclei
caused significant impairments of both initiation time and amplitude of reaching
movements in both tasks, with recovery of performance over time. The effects were
significantly greater in the EP group than in the SNR group in both tasks. In the paw
reaching task, CPP infusions in the EP caused the rats to spent more time away from the
intelligence panel than CPP infusions in the SNR. The findings are interpreted to
indicate that, 1) NMDA receptors of the EP and the SNR are involved in tongue and
forelimb reaching; 2) NMDA receptors of the EP play a quantitatively more important
role in these behaviors than those of the SNR; 3) different behavioral mechanisms
underlie the influences of NMDA receptors of the EP and the SNR on reaching; 4) the
EP and the SNR do not have distinctive somatotopies with regard to tongue and forelimb
movements. (Supported by NSERC, Canada).

468.17

468.18

DECREASED CONDUCTANCE INDUCED BY OXIDATION OF STRIATAL
NMDA RECEPTORS. G, K, Akopian and J.P. WalsiFProgram in Neurobioiogy and
School of Gerontology, University ofSouthern California, Los Angeles, CA 90089.
We studied redox modulation of NMDA receptors in striatal neurons using
whole-cell voltage-clamp techniques. NMDA receptor mediated currents were examined
through direct puff application of NMDA (200 /zM NMDA + 1 /zM glycine) or through
pharmacological isolation of synaptic NMDA responses achieved by block of GABAa
receptors with 30 /zM bicuculline and block of AMPA receptors with 10 /zM CNQX.
Synaptic and direct responses to NMDA were evoked in Mg2+-free saline to maximize the
response and to reduce its voltage-dependency.
The thiol reducing agent dithiothreitol (DTT, 4 mM) produced a small, initial
reduction followed by a slowly developing and large (2X) increase in the response to
NMDA application and the response to synaptic release of glutamate. The enhancement
of NMDA receptor-mediated responses produced by DTT washed out slowly with DTT
removal. The DTT-mediated enhancement ofthe NMDA receptor-mediated response was
rapidly reversed, however, by addition of the thiol oxidizing agent 5,5-Dithio-bis (2Nitrobenzoic Acid) (DTNB, 0.5 mM). Similarly, addition of H2O2 (2-5 mM)
dramatically reduced NMDA receptor-mediated currents.
The effects of DTT and DTNB were much more rapid for responses to direct
application of NMDA than for response to synaptic activation of NMDA receptors. The
slower effect of these redox agents on synaptic responses are believed to reflect the
extended access time for the compounds to reach specific synapses. Removal of oxidation
by DTT also caused a small steady state inward current in striatal neurons and a large
increase in steady-state inward current in striatal glial cells.
These data indicate oxidation of sulphydryl groups on NMDA receptors causes
the formation of disulfide bonds which reduce or eliminate the activation of striatal
NMDA receptors. Supported by grants from NIA (R29A612679,2P01AG09793).

SYNAPTIC LOCALIZATION OF EXCITATORY AMINO ACID RECEPTORS
IN RAT SUBSTANTIA NIGRA. B. T. Chatha and J, P. Bolam. (SPON: British
Neuroscience Association). MRC Anatomical Neuropharmacology Unit, University
of Oxford, Mansfield Road, Oxford, OXI 3TH.
Glutamatergic transmission in the substantia nigra (SN) is mediated through
several classes of glutamate receptor including the AMPA/kainate and NMDA types,
and is critical for basal ganglia functioning. Major glutamatergic afferents to the SN
include the cortex, subthalamic nucleus and pedunculopontine nucleus. Glutamate is
proposed to have an important role in modulating the firing of SN neurons through
AMPA and NMDA receptors. The objective of the present study was to analyze the
cellular and synaptic localization of AMPA and NMDA glutamate receptors in the rat
SN using the postembedding immunogold method and antibodies that recognize and
GluR 2 and 3 (GluR 2/3) and NR1 subunits of the AMPA and NMDA receptors
respectively. Membrane-bound immunoparticles coding for the AMPA and NMDA
receptor subunits in the pars compacta and pars reticulata regions of the SN were
associated predominantly with asymmetrical synaptic specializations. Preliminary
quantitative analysis revealed that GluR 2/3 labelled synapses account for 11.5% and
NR1 labelled synapses for 3.5% of total asymmetrical synapses. These figures are
likely to be under estimates of the true proportions, due to the low sensitivity of the
immunolabelling procedure. Labelling for GluR 2/3 and NR1 was evenly distributed
across the width of the synaptic specialization. Double labelling for GluR 2/3 and
NR1 revealed that in addition to single labelled synapses, half of all immunopositive
asymmetrical synapses were positive for both receptor types. These results
demonstrate that AMPA and NMDA receptor subunits are localized primarily at
asymmetrical synapses and that colocalization of both receptor types occurs at
individual synapses in the rat SN. Hence, glutamatergic transmission is likely to be
mediated by both AMPA and NMDA receptors at individual synapses in SN.
Supported by the Medical Research Council, UK.
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IMMEDIATE EARLY GENE INDUCTION IN STRIATUM BY ELECTRICAL
STIMULATION OF THE MOTOR CORTEX IN AWAKE RATS. S. Mivachi*,
C. R. Gerfen. Lab. of Systems Neuroscience, Natl. Inst, of Mental Health, NIH,
Bethesda, MD 20892
The effect of the basal ganglia on motor behavior is dependent in large part on
the massive projection of the cerebral cortex to the striatum. Physiological studies
have revealed that the activity of striatal neurons changes during motor learning. In
many cases, learning dependent neural plasticity is coupled to the induction of
immediate early genes (IEGs). Striatal IEG induction has been demonstrated with
electrical stimulation of the cortico-striatal pathway. However, most of these
studies have used anesthetized animals in which the behavior of neurons is
significantly different from those in awake animals. To study how cortical activity
regulates the striatal IEG expression in the awake animal, a stimulating electrode
was implanted in rat motor cortex. Following a sufficient survival period, the motor
cortex was stimulated in the awake animal (parameters: 100 pA, 100-333 Hz, 40,
160 or 320 msec duration, 0.5-4 trains/sec) and after 30 min stimulation,
induction of IEGs, c-fos and arc, was examined by in situ hybridization. When the'
cortex was stimulated with long stimulus trains (160 or 320 ms), strong IEG
induction was found in the cortex around the electrode (within 1 mm) and in the
striatal subregion which receives the projection from the stimulated cortical region.
(Out of 22 animals stimulated, 14 showed stimulus specific localized cortical and
striatal IEG induction, 4 showed only weak induction and 4 showed a nonspecific
induction throughout the hemisphere.) With a short (40 ms) stimulus train, only 6
out of 30 animals showed localized IEG induction in the striatum.

TUBEROMAMMILLARY MODULATION OF NUCLEUS ACCUMBENS
NEURONS RESPONSE TO PREFRONTAL CORTICAL AFFERENTS. I
Shoblock* and P. O’Donnell. Department of Pharmacology and Neuroscience, Albany
Medical College, Albany, NY 12208.
The Tuberomammillary (TM) cell bodies, located in the posterior hypothalamus, are the
main source of histamine (HA) containing neurons and project throughout the CNS
including to the nucleus accumbens (NA). The NA receives excitatory glutametergic
input from the prefrontal cortex (PFC), hippocampus, and amygdala. Electrical
stimulation of the PFC in vivo results in a high probability of spike firing in the nucleus
accumbens within 30 ms of simulation. The TM modulation of this response of the NA
to PFC stimulation was studied in vivo using single unit extracellular recording
techniques in male rats anesthetized with chloral hydrate. PFC stimulation immediately
following TM train stimulation elicited a lower probability of response in the NA
compared to PFC stimulation immediately prior to the TM train. Preliminary data indicate
that systemic IP administration of Pyrilamine (10 mg/kg), a selective H, antagonist,
blocked the effect of TM train stimulation, yielding a similar response to PFC stimulation
both before and after TM train stimulation. These results suggest that HA released from
TM afferents in the NA modulate the response of NA neurons to PFC input. Supported
by MH57683.
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CHARACTERIZATION OF THE INNERVATION OF THE RAT
NUCLEUS ACCUMBENS BY CALRETININ-CONTAINING NEURONS
OF THE THALAMIC PARAVENTRICULAR NUCLEUS. M. Bubser*, J.L.
Scruggs. C.D. Young and A.Y. Deutch. Departments of Psychiatry &
Pharmacology and Center for Molecular Neuroscience, Vanderbilt University
School of Medicine, Nashville, TN 37212.
The midline/intralaminar thalamic nuclei innervate the striatal complex in a
topographically organized fashion. For example, the thalamic paraventricular
nucleus (PVT) projects to the nucleus accumbens (NAS), targeting the medial shell
and patches in the core. Many PVT cells express the calcium-binding protein
calretinin (CR), and the NAS contains CR-positive axons. In the present study we
first examined the distribution of CR and calbindin (CB), another calcium-binding
protein, in the NAS. Subsequently, we used anterograde and retrograde tracing
and lesion approaches to determine if the CR innervation of the NAS originates in
the PVT. We found that CR and CB are distributed in a complementary pattern in
the NAS. CR is present in the medial shell and in patches of the core that do not
contain calretinin. A small transitional zone between core and shell (the so-called
shore) contained both CR and CB. Injections of the anterograde tracer biotinylated
dextran amine into the PVT, but not into the centromedial thalamic nucleus,
labeled fibers in CR-enriched regions in the NAS. Injections of the retrograde
tracer Fluoro-gold into the medial shell labeled CR-positive PVT cells. Finally,
immunoblots showed that electrolytic lesions of the PVT reduce CR levels in the
shell by ~ 80%. We conclude that CR in the NAS shell primarily derives from the
PVT.
Supported by NARSAD Young Investigator Awards (M.B., C.D.Y.) and by
MH 45124 and MH 57995 (A.Y.D.).

CALBINDIN D-28kd-EXPRESSING VENTRAL MESENCEPHALIC DOPAMINE
NEURONS FOLLOWING INJECTIONS OF 64)HDA INTO THE MEDIAL
FOREBRAIN BUNDLE OF RATS: RELATIVE SPARING, POSSIBLE INCREASE IN
EXPRESSION. Y, Tan*. E.A, Williams and D.S. Zahm. Dept of Anat. and
Neurobiol., Saint Louis Univ. Sch. of Med., St. Louis, MO 63104.
The percentage of ventral mesencephalic dopamine (DA) neurons containing calbindin D-28kD (CB) increases following ventral mesencepalic injections of 6-OHDA
(Tan et al., Soc. Neurosci Abst. 24:660,1998), as expected if neurons lacking CB are
more vulnerable to degeneration. Increased percentages of CB-expressing DA neurons were also observed contralateral to the lesions, however, where little evidence
for DA neuron loss was observed, suggesting that a lesion-induced increase in the
expression of CB may occur, but be obscured ipsilaterally by the substantial loss of
DA neurons, including CB-expressing ones. Additional experiments have been done
to clarify these alternatives. Adult male Sprague-Dawley rats were injected in the
medial forebrain bundle rostral to the ventral mesencephalon with 6-OHDA and,
after 3, 7,10,14 or 21 days, were deeply anesthetized and killed by vascular perfusion with buffered aldehydes. Immuno-fluorescence and -peroxidase methods were
utilized to exhibit tyrosine hydroxylase (TH)- and CB immunoreactive (-ir) neurons
individually or together in different series of rostrocaudally oriented frontal sections. It was observed that ipsilateral CB-expressing TH-ir neurons [as %] increased
at 3 days post lesion and again, relative to the 3 day point, only at 21days, whereas
on the contralateral side this value increased at 3 and, relative to that, only at 7
days. CB-expressing neurons/unit area increased at 7 and 10 days post lesion and, in
the presence of substantial TH-ir neuron loss, declined to only slightly below control values by 14 and 21 days ipsilaterally, while, contralaterally, increased at 7 and
10 days and returned to control values at 14 and 21 days. The data are consistent
with both a CB protective effect and lesion-induced increase in the expression of CB.
Quantitation of TH-ir neurons, CB-ir neurons lacking TH-r and changes in CB mRNA
expression are on-going or planned. Supported by NS-23805.

469.5

469.6

PRESYNAPTIC INHIBITION OF CORTICOSTRIATAL AFFERENTS BY
MUSCARINIC AND GABAb RECEPTOR ACTIVATION INVOLVES
Q-TYPE Ca2’ CHANNELS. J. Barral1, S. Toro, E. Galarraga, J. Bargas*.
Dept. Biophysics. Instituto de Fisiologla Celular, UNAM. PO Box: 70-253,
Mexico DF, 04510 Mexico.
Synaptic transmission by corticostriatal afferents is decreased
presynaptically by both cholinergic and GABAergic agonists for the
muscarinic M23-type receptors (Hernandez-Echeagaray et al,
Neuropharmacol 37:1493,1999) and the GABAb receptor (Nisenbaum et
al., J Neurophysiol 67: 477,1992), respectively. Muscarine's IC50to
enhance paired pulse facilitation (PPF); which is a measure of presynaptic
inhibition (PI), is: 2.5 nM. While baclofen's IC50= 0.6 pM. Glutamate
release by corticostriatal afferents depends on Ca2+-entry through N and
P/Q-types of Ca2+ channel (Bargas et al., BRB 45: 521,1998). To see if PI
by muscarinic and GABAergic agonists involves particular types of Ca2+
channel, these were individually blocked by selective peptidic toxins while
PI was assessed by means of PPF of the extracellular field potential in
the neostriatum. 10-30 nM ©-agatoxin TK, a selective blocker of P
channels, and 1 pM ©-conotoxin GVIA, a selective blocker of N channels,
both enhanced PPF as expected (increased PI). However, this block was
unable to occlude a further PPF enhancement induced by 1 pM
muscarine or 1 pM baclofen. Nevertheless, when ©-Agatoxin TK was used
at concentrations that also block Q channels (400 nM), the enhancement
of PPF produced by the peptide completely occluded the effects of both
muscarine and baclofen. It is concluded that the Ca2+ channel mediating
the actions of muscarinic and GABAb receptors on corticostriatal terminals
is the Q-type. Financed by DGAPA-UNAM and CONACyT(Mexico).

ACTIVATION OF BOTH Mr AND M4-TYPES OF MUSCARINIC
RECEPTOR CONTRIBUTE TO CHOLINERGIC FACILITATION OF
NEOSTRIATAL SPINY NEURONS. A. Figueroa, J. Bargas and E,
Galarraga*. Dept. Biophysics. Instituto de Fisiologla Celular, UNAM. PO
Box: 70-253, Mexico DF, 04510 Mexico.
Both acetylcholine (ACh) released from interneurons and the cholinergic
agonist muscarine (1 pM) enhance input resistance (RN) and evoked
discharge in neostriatal medium spiny neurons (MSN). These actions
occur through the blockage of a Cs+-sensitive inward rectifying
conductance, the activation of a slow cationic inward current (Galarraga et
al., J Neurosci., 1999), and the reduction of the AHP that follows a single
or a train of action potentials. Administration of MT-1 (48 nM), a very
selective peptidic agonist of M^type receptors, mimics almost all the
muscarinic facilitatory actions on MSN. MT-1 effects remain in the
presence of the selective peptidic antagonist of the M4-type receptors:
MT-3 (10 nM); arguing that a great part of the muscarinic facilitatory
actions on MSN occur through Mrtype receptors. However, when
excitability is enhanced by muscarine (1 pM), MT-3 blocks part of the
facilitatory response, suggesting that a fraction of muscarinic facilitation is
produced by M4-type receptor activation. Moreover, MT-3 reduces the
firing frequency in the control condition (w/o muscarine added); arguing
that endogenous [ACh]o tonically occupies M4-type receptors. Noteworthy,
MT-3 does not block the action of muscarine on inward rectification or the
AHP. However, it blocks a depolarizing inward conductance that cannot
be blocked by Cs, TTX or Cd, but only by the reduction of [Na]o;
suggesting that M4-type receptor activation enhances a cationic inward
current. Financed by DGAPA-UNAM and CONACyT (Mexico).

469.7

469.8

POST-SYNAPTIC
GABA-B
RECEPTOR
ACTIVATION
INHIBITS
SPONTANEOUS ACTIVITY AND HYPERPOLARIZES RAT SUBTHALAMIC
NEURONS IN VITRO. P.A.C, Booth1, J.P, Bolam1. C.J, Wilson2 & M.D. Bevan1
(SPON: British Neuroscience Association). ’MRC Anat. Neuropharmacology Unit,
Oxford, OXI 3TH, UK. 2Dept. of Anat. & Neurobiol., Univ. of Tenn., Memphis, TN. USA.
Subthalamic neurons discharge in bursts during movement and in Parkinson's
disease they discharge in rhythmic bursts at tremor frequency. In thalamic relay
neurons burst-firing involves a low-threshold calcium current which recovers from
inactivation during hyperpolarization and is primed by GABAergic synaptic
inhibition acting at GABA-A and GABA-B receptors. Since subthalamic neurons
also possess a low-threshold calcium current which mediates burst-firing and receive
massive GABAergic inputs from the globus pallidus, we have investigated the effects
of GABA-B receptor activation in subthalamic neurons using extracellular and wholecell recording in vitro. Bath or pressure application of GABA-B receptor agonists
SKF 97541 and baclofen in the presence of blockers of fast synaptic transmission
abolished spontaneous rhythmic firing in the majority of subthalamic neurons in a
dose-dependent and reversible manner. This effect was antagonized in a dosedependent and a partially reversible manner by bath application of the selective
GABA-B antagonist CGP 55845A. In current clamp recordings, GABA-B receptor
activation was associated with a reduction in membrane input resistance and
hyperpolarization. At a holding potential of -60 mV voltage clamp recordings
revealed that GABA-B receptor activation was associated with a 20-80 pA outward
current which did not desensitize on prolonged agonist exposure. Voltage steps or
ramps revealed that the outward current reversed close to the potassium equilibrium
potential. We are currently investigating whether electrical stimulation of pallidal
synaptic terminals evokes a GABA-B mediated slow inhibitory potential/current in
these neurons. These data demonstrate that subthalamic neurons express a postsynaptic GABA-B receptor which inhibits firing and mediates hyperpolarization by
activation of a potassium current. (Supported by The Medical Research Council, UK)

GABAa RECEPTOR SUBUNITS IN THE SUBSTANTIA NIGRA OF THE RAT
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FOLLOWING QUINOLINATE LESIONS OF THE STRIATUM. F, Fujiyama.1
J-M, Fritschv,2 F, A. Stephenson.3 J, P. Bolam*1. !MRC Anatomical
Neuropharmacology Unit, Mansfield Road, Oxford U. K., institute of
Pharmacology, University of Zurich,3School of Pharmacy, University of London
Previous studies (Nicholson, et al. Neurosci., 74: 89-98 1996; Sanna et al. J. of
Neurochem., 70: 2539-2544 1998) have shown that quinolinate lesions of the
striatum result in changes in GABAa receptor levels and functions in the substantia
nigra. We have examined the synaptic labelling for GABAa receptors and the pattern
of expression of different subunits in the substantia nigra ipsilateral and contralateral
to quinolinate lesions of the striatum. This was achieved using postembedding
immunogold labelling on freeze-substituted, Lowicryl-embedded rat tissue with
antibodies that recognize al, J32/3 and y2 GABAa receptor subunits and an antibody
against GABA itself. Degenerating striatal terminals had low or undetectable levels
of GABA immunolabelling and formed receptor-positive, symmetrical synapses.
The number of immunoparticles coding for [52/3 subunits was higher at synapses
formed by both degenerating and non-degenerating boutons in the ipsilateral
substantia nigra compared to the contralateral side. Our previous studies have shown
that symmetrical synapses in the normal substantia nigra express the al, [32 and y2
subunits of the GABAa receptor. The present study showed that all these subunits
remain at synapses formed by degenerating terminals following the quinolinate
lesions. Analysis is in progress to determine whether the relative proportions of
these subunits are altered.
The work was supported by the Medical Research Council. F. F. is supported by
the Japanese Ministry of Education and Saga Medical School.
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469.10

FUNCTIONS OF SEROTONERGIC NEURONS ON MOTOR CONTROL:
STUDIES ON PARKINSONISM OF HUMAN AND MONKEY. M. Nomoto*.
T. Shimizu. S. Tsuiimura, T. Ovoshi and T. Fukuda. Dept. of Pharmacol,
Kagoshima Univ. Sch. of Med. Kagoshima, 890-8520, JAPAN
Functions of serotonergic neurons were studied on patients with
Parkinson's disease and common marmosets, a small New World monkey,
clinically, behaviorally and biochemically using 5-HT1A serotonin
receptor agonists and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP), a selective neurotoxin for dopaminergic cells. Seventeen
patients were treated with a 5-HT1A receptor agonist, tandospirone 30
mg/day. Seven patients responded and improved on walking. Responded
patients were in advanced stages in the couse of the disease. MPTPtreated animals were injected with a 5-HT1A receptor agonist, 8-OHDPAT
(0.03 -1.0 mg/kg, s.c.), and increased in the locomotor activity. The
concentration of serotonin showed higer in the nucleus accumbens(AS)
(575 ±56) than in the caudate nucleus (342±34) and putamen(361 ±49)
(ng/g, p<0.05) in MPTP-treated animals. The release of dopamine
measured by in vivo microdialysis technique following injections of 8-OHDPAT was higher in the AS than in the striatum and frontal cortex in
normal monkeys.
These results suggest that stimulation of 5-HT1A receptor agonists,
autoreceptor agonists decreasing serotonergic neuronal activity, increased
spontaneous locomotor activity in MPTP-treated animals, and reversed
akinesia in patients on advanced stages of the disease. Loss of dopamine
neurons projecting AS occurred in later stage of Parkinson's disease.
Effects of 5-HT1A receptor agonists on motor control in parkinsonism
might be attributed to the thick innervation of serotonergic neurons in AS
losing dopaminergic projections. Supported by MESC and SRFJ.

DOPAMINE MODULATION OF GAP JUNCTIONAL
PERMEABILITY VIA DARPP-32 SIGNAL TRANSDUCTION
PATHWAY. A.A. Grace*, A. A. Fienberg, P. Greengard and S-P. Onn

Departments of Neuroscience and Psychiatry, Center for Neuroscience,
University of Pittsburgh, Pittsburgh, PA 15260 and Lab. of Molecular and
Cellular Neuroscience, The Rockefeller University, New York, NY 10021
We have recently demonstrated in vivo that gap junctional conductance
as reflected by dye coupling appears to undergo up-regulation as a
consequence of extensive loss of striatal dopamine (Onn and Grace, 1999).
In this study we used DARPP-32 knockout mice to further examine DA
modulation of gap junctional permeability. In control slices of striatum, we
observed D2-selective modulation of gap junctional permeability in spiny
cells: bath application of the D2 agonist quinpirole (10 pM) resulted in
100% cell coupling (8/8), whereas the DI agonist SKF 38393 (10 pM) did
not substantially alter basal coupling (0/6). However, in slices taken from
knockout mice, higher levels of basal coupling were observed (4/11).
Furthermore, unlike the control cases, the D2 agonist did not alter coupling
in slices of knockout mice (3/9). These data suggest that DARPP-32 exerts
a basal level of suppression of coupling, which can be overcome by D2
receptor stimulation. The absence of DARPP-32 in knockout slices results in
the removal of the inhibitory action of DARPP-32 in suppressing gap
junctional permeability. (Support by USPHS MH 45156, 57440 &
MH40899 to P.G.)

469.11

469.12

VMAT2-LABELLED VESICLE ACCUMULATIONS IN THE DENDRITES OF
DOPAMINERGIC NEURONS OF THE SUBSTANTIA NIGRA PARS
COMPACTA. T. Lee* and J.C. Callaway. Dept. of Anat. & Neurobiol., Univ. of
Tennessee, Memphis, TN 38163
Dopaminergic (DA) neurons in the subtantia nigra (SN) pars compacta (SNc) have
long been known to release dopamine from their dendrites, but the mechanism of
release has remained controversial. Dendrodendritic synapses of DA neurons have
been reported, but positively identifiable examples are rare in random thin sections.
This has led some authors to suggest a non-synaptic mechanism for the dopamine
release experimentally observed in the SN. To obtain an estimate of the density of
vesicular dopamine release sites within the SN, we used immunocytochemistry with
an antibody against the vesicular monoamine transporter-2 (VMAT2) as a marker for
the sites of dopamine storage and release within rat DA neurons. With light
microscopy following a stereotaxic injection of 5,7-dihydroxytryptamine into the
dorsal raphe nucleus, somata of neurons in the SNc exhibited a diffuse
immunoreactivity. Much darker punctate regions of immunoreactivity were observed
throughout the neuropil, both in the pars reticulata (SNr) and SNc, but with a higher
density in the SNc. In some cases dark punctate immunoreactivity was seen along the
identifiable dendrites of diffusely labeled neurons. To distinguish possible
serotonergic terminals from DA presynaptic dendrites, double labelling was used.
Confocal laser scanning microscopic analysis revealed that some of the
immunoreactivity for VMAT2 was colocalized with immunoreactivity for tyrosine
hydroxylase (TH) and that DA neurons individually labeled with biocytin contained
accumulations of VMAT2-immunoreacitivity in their dendrites. Electron
microscopic examination revealed VMAT2-positive labelling of presynaptic vesicles
of symmetrical synapses. Many VMAT2-positive presynaptic dendrites were
colocalized with immunogold staining for TH. These results suggest that
dendrodendritic synaptic dopamine release sites may be much more common in the
SN than previously supposed. Supported by NIH NS36843.

STRIATAL
PREPROTACHYKININ
mRNA
REGULATION
IN
ORGANOTYPIC SLICE CULTURE: EFFECTS OF STIMULATORY
AGENTS AND SEROTONIN 2 RECEPTOR AGONISM, B.M. Campbell’’1
and P.D. Walker1,2, Cellular & Clinical Neurobiology Program, Departments of
Psychiatry and Behavioral Neurosciences1 and Anatomy & Cell Biology2, Wayne
State University School of Medicine, Detroit, MI USA 48201.
Striatal preprotachykinin (PPT, substance P precursor) mRNA regulation was
examined in vitro following exposure of organotypic slice cultures to stimulatory
agents. Coronal slices (300 pm) prepared from postnatal day 3 rats were cultured
for 2 DIV in the presence of serum-containing (25% horse) media with the
addition of brain-derived neurotrophic factor (lOng/ml). As measured by “freefloating” in situ hybridization, PPT mRNA levels within the anterior striatum
declined markedly (60-80%) over 2 days while levels within the posterior striatum
were maintained. Exposure to media containing high K+ (lOmM) & forskolin
(FOR, lOpM) increased PPT mRNA expression in slices of posterior striatum but
did not raise PPT mRNA levels within the anterior striatum. Application of the
serotonin (5-HT) 2A/2C receptor agonist DOI (lOOnM-lOgM) produced dosedependent increases (120-200%) in PPT mRNA expression only within slices of
the posterior striatum. These results support previous in vivo studies showing a
sensitivity of PPT mRNA regulation to 5-HT2 receptor stimulation within the
posterior striatum (Walker et al., Brain Res., 732[1996] 25-35). In a parallel series
of experiments, we also found that PPT mRNA expression could be maintained
within the anterior striatum in slices derived from embryonic day 18 rats. These
organotypic cultures produced PPT mRNA increases following exposure to high
K+/FOR and DOI similar to the observed changes in the posterior striatum of
PND3-derived slices. Such results suggest that the organotypic slice culture
paradigm may be a useful tool to study specific INTRASTRIATAL signal
transduction mechanisms linked to tachykinin gene regulation. Supported by the
MI Parkinson Foundation and WSU Research Grants.

469.13

469.14

STRIATAL NEUROPEPTIDE AND SEROTONIN 2A RECEPTOR mRNA LEVELS
REMAIN DYSREGULATED FOLLOWING SUPPRESSION OF SEROTONIN
HYPERINNERVATION IN RODENTS DEPLETED OF DOPAMINE AS NEONATES.

SUBTHALAMIC GABAA RECEPTORS: A FUNCTIONAL ROLE AND
INCREASED SENSITIVITY FOLLOWING IPSILATERAL DOPAMINE
DEPLETION A, Mehta. M.l. Yang, M.-F, Chesselet*

G.J. Basura* and P.D. Walker. Department of Anatomy & Cell Biology, Wayne State
University School of Medicine, Detroit, MI 48201.
Consequences of dopamine (DA) depletion in neonatal rodents include dysregulation
of striatal preprotachykinin (PPT), preproenkephalin (PPE) and serotonin 2A (5HT2a ) receptor mRNA levels as well as the development of serotonin (5-HT)
hyperinnervation of the anterior striatum (A-STR). The present study examined
whether 5-HT hyperinnervation contributes to striatal neuropeptide and 5-HT2A
receptor mRNA alterations following DA depletion. In order to suppress 5-HT
hyperinnervation, we co-injected the 5-HT neurotoxin 5,7-dihydroxytryptamine (5,7DHT) into rats that also received the DA neurotoxin 6-hydroxydopamine (6-OHDA).
At postnatal day (PND) 3, rats were given bilateral intracerebroventricular injections
of vehicle, 6-OHDA, 5,7-DHT, or co-infusion of 6-OHDA/5,7-DHT. Rats were
sacrificed at PND63 and brains processed for mRNA levels by in situ hybridization
and for monoamine content by HPLC-ED. Comparisons between groups were made
by one-way ANOVA with Tukey post-hoc test (significant at 95%). Sixty days after
6-OHDA treatment, DA levels were severely reduced (>98%) while 5-HT content in
the A-STR doubled indicating the presence of 5-HT hyperinnervation. 5,7-DHT
reduced 5-HT levels (>80%), while co-infusion of 6-OHDA/5,7-DHT resulted in
severe DA lesion (>95%) and complete suppression of the 5-HT hyperinnervation
response. While no mRNA changes were observed following 5,7-DHT alone, 5-HT2A
receptor and PPE mRNA expression increased in the A-STR while PPT mRNA levels
were significantly reduced in 6-OHDA treated rats. Following 6-OHDA/5,7-DHT,
striatal PPT mRNA levels remained depressed while both PPE and 5-HT^ receptor
mRNA expression remained elevated. These data suggest that 5-HT hyperinnervatinn
does not contribute to the development of dysregulated striatal neuropeptide or 5HT2A mRNA levels following neonatal DA depletion. Supported by NIH NS30550
and WSU Research Grants.
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Department of Neurology, UCLA Los Angeles, CA 90095
The subthalamic nucleus (STN) receives a massive GABAergic input
from the globus pallidus and expresses GABAA receptors. Level and
pattern of activity are altered in the globus pallidus after lesions of the
nigrostriatal dopaminergic pathway, a model of Parkinson’s disease.
Whether these effects induce compensatory changes in the response of
subthalamic neurons to GABA is unknown. In order to investigate this
question, male Spargue Dawley rats (260-31 Og) were implanted with
indwelling canullae for local infusions of muscimol, a selective GABAA
receptor agonist, into the STN. Local infusions of muscimol (0.001, 0.01,
0.1,1.0 pg) into the STN produced a dose dependent increase in abnormal
orofacial movements, measured over a 60 min period post-infusion. A
separate group of rats was implanted with guide cannula one week
following ipsilateral injections of 6-OHDA (8 pg) into the substantia nigra
pars compacta. These rats were infused with a submaximal dose of
muscimol (0.01 pg) into the STN 51-63 days following 6-OHDA lesions and
were observed for oral dyskinesia. Increased oral dyskinesia was not seen
in the sham-lesioned rats until after 30 min post-infusion, reproducing the
behavioral response induced in the previous group of rats. In contrast, the
same dose of muscimol induced oral dyskinesia almost immediately
following infusion into the STN of the 6-OHDA-lesioned rats. The increased
behavioral response to GABAA receptor stimulation in the STN of 6OHDA-lesioned rats may represent a compensatory adaptation to a
decrease in GABA transmission to the STN. Furthermore, the increased
sensitivity of subthalamic GABAA receptors makes them a potential
pharmacalogical target to decrease STN activity in PD and improve motor
function in patients. Supported by PHS grant MH-44894.
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Effects of L-DOPA treatment on glutamate transporter expression after
nigrostriatal dopamine deafferentation in the rat striatum. J.-C. Lievens. P. Salin*
and L. Kerkerian- Le Goff. Functional and Cellular Neurobioiogy Laboratory,
CNRS, 31 Ch. J. Aiguier, 13402 Marseille cedex 20 (France).
Numerous data suggest that the striatal cellular alterations and behavioural
deficits associated with the loss of the nigrostriatal dopaminergic pathway in
Parkinson's disease could partially result from a hyperactivity of glutamatergic
striatal inputs. Given the main role played by uptake processes in glutamate
neurotransmission, the present study examined the effects of the experimental
substantia nigra lesion and of the treatment with L-DOPA, used as a therapy in
Parkinson's disease, on the striatal expression of the glutamate transporters
GLT1, GLAST and EAAC1 recently cloned in rats. No significant changes in
striatal mRNA levels of these 3 transporters were measured after either L-DOPA
treatment (100 mg/kg; i. p. twice a day for 21 days) or after 6-OHDA-induced
nigrostriatal lesion, in agreement with previous biochemical data showing no
change in high affinity glutamate uptake in striatal homogenates. When
performed 17 days after 6-OHDA lesion, L-DOPA treatment induced a selective
increase in GLT1 mRNA expression in the denervated striatum. Previous studies
have shown that L-DOPA treatment did not suppress but could even reinforce the
increase in striatal enkephalin mRNA expression resulting from DA depletion.
We here confirm these data and show that the topography of the increase in
GLT1 mRNA expression matched the one of enkephalin mRNA in individual
animals. Studies are now in progress to determine whether or not there is an
induction of GLT1 expression in enkephalin striato-pallidal neurons in this
experimental condition.
These results suggest that L-DOPA therapy may interfer with striatal glutamate
transmission. Rather than reflecting a normalization of glutamate transmission,
the alteration of GLT1 mRNA expression may reflect a potentiation by L-DOPA
of the 6-OHDA lesion-induced striatal glutamatergic hyperactivity.

DYNORPHIN A-(l-17) MODULATES L-DOPA PRIMING OF DIAGONIST-INDUCED TURNING BEHAVIOR IN THE UNILATERALLY
6-OHDA-LESIONED RAT
S.V. van de Witte, H.J. Groenewegen and P.Voom*, Res. Inst. Neurosci, Vrije
Universiteit, Dept. of Anatomy, 1081 BT Amsterdam, The Netherlands
Single L-DOPA pretreatment potentiates contralateral turning behavior evoked
by the dopamine Dl-agonist SKF-38393 in rats with a unilateral 6hydroxydopamine (6-OHDA) lesion of the nigrostriatal dopamine pathway. This
pre-treatment effect is known as 'priming'. We have previously shown that the
enhanced behavioral response to SKF-38393 after priming with L-DOPA is
positively correlated to an increase in preprodynorphin mRNA levels in the 6OHDA-lesioned striatum. Co-administration of the NMDA-antagonist MK-801
(0.1 mg/kg) with L-DOPA prevented both the increase in behavioral response and
the elevation of preprodynorphin mRNA levels. The present study evaluates a
possible functional role for dynorphin in the development of behavioral
sensitization after priming. Rats lesioned unilaterally 17 days before with 6OHDA were primed with a single injection of L-DOPA (50 mg/kg) and were
challenged three days later with SKF-38393 (3 mg/kg). Prior (20 min) to the
priming injection, dynorphin A 1-17 at doses of 0.1 pg/pl or 5 pg/pl was
injected (volume 1 pi) via a guide cannula into the dopamine depleted striatum. LDOPA-primed rats co-administered with the lower dose of dynorphin A showed a
potentiated contralateral turning response to the Dl-agonist challenge over the
first 30 min of the 3 hours trial as compared to rats primed with L-DOPA alone. In
contrast, the higher dose of dyn A significantly reduced the contralateral turning
behavior over the total 3 hours counting period. The present findings suggest a
regulatory role for dynorphin in the development of a potentiated behavioral
response to DI-receptor stimulation after priming.
(Supported by grant PGN 903-49-093 ofNWO, The Netherlands.)

BASAL GANGLIA: BEHAVIOR
470.1

470.2

ROLE OF THE SUBSTANTIA NIGRA PARS RETICULATA IN MOTOR AND
SENSORIMOTOR BEHAVIOR OF RATS. M, Koch*1, B.D. Kretschmer2, M.
Fendt1. 'Tierphysiologie, Morgenstelle 28, 2Neuropharmakologie, Mohlstr. 54/1,
Universitat Tubingen, 72076 Tubingen, Germany.
The substantia nigra pars reticulata (SNR) is one of the major output nuclei of the
basal ganglia. It connects the dorsal and ventral striatum with the thalamus, superior
colliculus and pontomedullary brainstem. The SNR is therefore in a strategic position to regulate sensorimotor and motor behavior. We here assessed the role of the
SNR in spontaneous and drug-induced stereotypy (sniffing-box), locomotion (openfield) and in prepulse inhibition (PPI) of the acoustic startle response in rats.
Excitotoxic lesions were given to anesthetized male Sprague-Dawley rats by
infusion of 2.5 pg/0.5 pi ibotenic acid (N = 14) into the SNR. Controls (N = 11)
received vehicle infusions. The behavioral tests commenced two weeks after surgery. The rats were treated with the indirect dopamine agonist amphetamine (2
mg/kg), the non-competitive NMDA antagonist dizocilpine (0.16 mg/kg), the competitive NMDA antagonist CGP 40116 (2 mg/kg) or saline. SNR-lesioned rats
showed a deficit in PPI, enhanced spontaneous and amphetamine-induced sniffing,
and an increase in locomotor activity after dizocilpine and CGP 40116. Dizocilpine
reduced PPI both in shams and in SNR-lesioned rats. Amphetamine attenuated PPI
more effectively in SNR-lesioned rats than in sham-lesioned rats.
Destruction of the SNR exacerbates the psychotomimetic effects of the dopamine
agonist amphetamine and of the NMDA antagonists dizocilpine and CGP 40116.
Our data suggest a tonic inhibitory effect of the SNR on sensorimotor and motor
behavior that is mediated by either the dorsal (sniffing) or the ventral (PPI, locomotion) striatum.

FUNCTIONAL CONTRIBUTION OF DOPAMINERGIC AFFERENCES TO
THE SUBTHALAMIC NUCLEUS IN MOTOR AND COGNITIVE
PROCESSES IN THE RAT
M. Amalric* and C Baunez Cellular and Functional Neurobioiogy Laboratory,
CNRS, 13402 Marseille cedex 20 (France).
The subthalamic nucleus (STN) becomes overactive when the nigrostriatal
dopaminergic transmission is altered (like in Parkinson's disease). One possible
explanation for the STN hyperactivity could be the loss of the direct nigral DA
inputs to STN. Anatomical studies have shown that a small contingent of DA
collaterals of the nigrostriatal pathway also innervates the globus pallidus and
the STN indeed. To investigate the functional relevance of the latter input, we
have tested the effects of lesioning the DA terminals into the STN in rats
performing a reaction time (RT) task. Rats were conditioned to sustain their
paw on a lever until the occurence of a visual stimulus and then to release it as
fast as possible (RT<600 ms) to be rewarded. Bilateral lesion of the DA
terminals in the STN impaired the performance of the animals. This was due to
an increased number of "premature responses" (lever released before the onset
of the visual stimulus). These deficits are similar to those induced by excitotoxic
lesions of the STN in the same task. It seems thus unlikely that the loss of this
input could be responsible for the hyperactivity recorded in the STN in the case
of Parkinson's disease.
To further investigate the effects of this lesion on attentional processes related to
planification of action and time estimation, we have modified the various
preparatory periods prior to the visual stimulus onset. This revealed discrete
modifications in attentional processes required for motor preparation.
Taken together, these deficits emphasize the functional relevance of such a
neuronal contingent described as limited to only few fibers innervating the STN.

The authors gratefully acknowledge the financial support provided by various
grants from the Deutsche Forschungsgemeinschaft.

470.3

470.4

CONTRASTING EFFECTS OF BILATERAL SUBTHALAMIC NUCLEUS
LESIONS IN SIMPLE AND CHOICE REACTION TIME IN THE RAT:
POSSIBLE ROLE IN RESPONSE PREPARATORY PROCESSES.
C Baunez*,T Humbv,DnEagle,L Ryan.SB Dunnett and TW Robbins LNCF,
CNRS, Marseille (France), Dpt. Exptl. Psychol, and MRC-Brain Repair Centre,
Univ. Cambridge, Cambridge (UK)
The subthalamic nucleus (STN) is a key structure within the basal ganglia. We
have previously shown that bilateral lesions of STN induce multiple deficits in a
5-choice serial task, including deficits in attention and response control. The aim
of the present study was to further investigate the deficits induced by STN
lesions in a simple (SRT) versus choice (CRT) reaction time task, in order to
specify a possible role for the STN in response preparatory processes. In the
SRT task, the rats had the information related to the location where the response
had to be made in advance, while the CRT task did not allow any information
before the trigger stimulus onset (a tone).
Bilateral excitotoxic lesions of the STN induced deficits in the accuracy of
responding, as well as slowed RTs. While performance on the SRT was faster
than the CRT task preoperatively, the STN lesion abolished this beneficial effect
of advanced information. However, the normal tendency to response faster as a
function of the variable fore-period (a measure of motor readiness) was
maintained. The lesioned rats also showed increases in premature responding, an
effect that was associated with impaired accuracy in the SRT task. Furthermore,
STN rats tended to perseverate on the just-re warded response.
Together, these results suggest that STN plays an important role in response
preparatory processes, probably related to inhibitory control.
This study was supported by the CNRS and a Human Frontier Science Program
fellowship to CB and a Programme grant from the MRC to SBD and TWR.

SUBSTANTIA NIGRA PARS RETICULATA IS A VERY POTENT SITE FOR
SUPPRESSION OF LEVER PRESSING AND LOCOMOTION BY THE DI
ANTAGONIST SCH 23390. J.T. Trevitt*, B.B, Carlson, K.L. Nowend. K.
CervoneandJ.D. Salamone. Dept. of Psychology, University of Connecticut, Storrs,
CT, USA 06269-1020.
The DI antagonist SCH 23390 is a very potent drug for suppression of lever
pressing and locomotion. Although it is common to think of the effects of DA
antagonism in terms of actions on nucleus accumbens or neostriatum, it should be
recognized that substantia nigra pars reticulata (SNr) also has a high concentration
of DI receptors. These receptors are largely localized on the terminals of GABAergic striatonigral neurons. Thus, it is possible that DI antagonists could be having
behavioral effects by actions on SNr DI receptors. Rats were trained on the fixed
ratio 5 schedule, and were implanted with cannulae either in the nucleus accumbens,
ventrolateral striatum, SNr, or control sites dorsal to striatum or substantia nigra.
Different rats in each group received injections of either tartaric acid vehicle, or
various doses of SCH 23390 (0.25-2.0 /ig/side, 0.5 pi total volume). The least
potent sites were the two dorsal control sites. Injections of higher doses of SCH
23390 into nucleus accumbens or ventrolateral striatum suppressed lever pressing
substantially. Of all the distinct brain areas tested, the SNr placement was the most
potent site, with substantial suppression of lever pressing occurring at relatively low
doses (e.g., 0.5 pg). Similar effects were obtained with the suppression of open
field locomotion. Thus, DI antagonists appear to suppress lever pressing and
locomotion through actions on multiple and distinct brain areas; injections into
forebrain dopamine terminal regions and the SNr were highly effective.
Neurochemical studies indicate that some of the behavioral effects of SCH 23390
may result from a DI-mediated modulation of GABA release from striatonigral
neurons.
(Research supported by a grant to J.S. from NINDS)
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470.6

6-OHDA LESIONS ALTER EFFECTS OF AMBIENT LIGHT
AND NOISE ON ACTIVITY OF RATS. ER. Delay* and J.D.
Marotti. Neuroscience Program, Regis Univ., Denver, CO 80221.
The intensity of ambient light and noise in the environment
can influence a variety of behaviors. Research on arousal systems
has indicated structures of the basal ganglia may regulate some of
the effects of ambient sensory stimulation on behavior. For
example, radio frequency lesions of the caudate (Delay, Physiol.
Behav., 1981, 27: 673-682) and of the substantia nigra (A.J.
Golden, Dissert. Abst., 1979) reduces the effects of ambient light
on behavior in the rat. In this study, we used Doppler Radar
(Marotti et al., Soc. Neurosci. Abst., 1998, 24\ 959) to monitor
locomotor activity of rats with 6-OHDA lesions (no lesion,
unilateral, or bilateral) tested in combinations of light (300 lx) and
dark (< 003 lx), noise (80 dB) and quiet (60 dB) ambient sensory
conditions. Rats with unilateral lesions showed reduced activity in
all conditions relative to control rats, but greater suppression of
activity was seen in the light than the dark. Activity of bilateral
lesion rats was lower in all conditions but was higher in the darknoise condition relative to the other sensory conditions. These data
indicate noradrenergic mechanisms may be involved in neural
processes regulating the effects of ambient sensory stimulation on
behavior.

MEDIAL STRIATAL LESIONS ENHANCE AVERSIVE RESPONSES TO
MIXED INGESTIVE-AVERSIVE TASTE IN RATS
D.M. Eagle*, A.L Maddison, S.J. Moffat, T.W. Robbins & S.B. Dunnett
MRC Cambridge Centre for Brain Repair, Robinson Way, Cambridge, CB2 2PY &
Department of Experimental Psychology, University of Cambridge, Downing Site,
Cambridge, CB2 3EB, UK.
There is considerable evidence that behavioural responses to appetitive and
aversive stimuli involve different neural systems. In the analysis of drinking
responses to a mixed bitter and sweet taste, increasing the sweetness may have
superficially similar effects to decreasing the bitterness. However, the behavioural
responses that lead to this outcome, and the neural systems that mediate these
behaviours may be different.
In this study we compared the effects of excitotoxic fibre-sparing lesions of the
medial, lateral and ventral striatum on consummatory responses to mixed sucrose,
quinine and ammonium chloride solutions. Medial striatal lesions reduced volume
consumption, which our data suggested was a result of an enhanced response to the
aversive components of the solution. Additionally, the medial striatum may mediate
a rapid response to aversive tastes. Neither lateral nor ventral striatal lesions
significantly influenced consummatory responses to the sucrose-quinine mixture.
More complex effects of striatal lesions on consummately responses to mixed
combinations of ammonium chloride, sucrose and quinine could not be explained as
simple deficits in response to the ingestive and aversive taste components, and may
instead reflect a deficit in the processing of complex taste and olfactory signals:
This study supports the hypothesis that responses to appetitive and aversive stimuli
are mediated along different neural pathways, and provides a potential regional
striatal model in the study of motivational disturbance in Huntington’s disease.
This research was supported by a Medical Research Council Programme grant
awarded to SBD, TWR and Dr B.J. Everitt.

470.7

470.8

INACTIVATION AT DIFFERENT GPi SITES CAUSES DIFFERENT REACHING
DEFICITS. K.K. Wenger, K.L. Musch, and J.W. Mink* Department of Neurology,
Washington University School of Medicine, St. Louis, MO 63110.
Based on anatomy of basal ganglia (BG) circuits, neuronal discharge patterns, and
the effect of GPi lesions on movement, it has been hypothesized that the BG facilitate
desired motor patterns and inhibit potentially competing motor patterns. To test this
hypothesis, the kinematics of a reach-grasp-retrieval task were measured in monkeys
before and after focal muscimol inactivation of 22 separate locations in the “arm” area
of the posteroventral GPi. Two rhesus monkeys were trained to reach in a para-sagittal
plane to grasp a 1cm cube of apple and retrieve it. Movements were videotaped,
digitized, and analyzed offline. In each session the monkey performed 12-15 reaches
before and 12-15 reaches after injection of 0.5 /A of 8.8 mM muscimol.
GPi inactivation produced arm movement deficits that can be summarized as follows:
1) decreased peak wrist, elbow, and shoulder velocities during reaching, with elbow
angular velocity relatively slower than shoulder angular velocity; 2) higher vertical
wrist and index finger positions at the reach apex; and 3) prolonged grasp latency.
After most injections, reaching was slow and retrieval was normal or faster than
normal. After other injections, reaching and retrieval were both slow. The injections
that slowed reaching but not retrieval were located, on average, posterior to those that
slowed both reach and retrieval.
The results show specific impairments in reaching after focal inactivation of GPi in
monkeys. The slow reach but normal (or fast) retrieval suggests that there is difficulty
inhibiting posture-holding mechanisms that were active prior to the reach, but which
assist the retrieval. We have suggested previously that possible competing mechanisms
include tonic neck and other postural reflexes. The different patterns of impairment at
different injection sites suggest that there is separate representation of different motor
mechanisms within the somatotopic “arm” area of GPi. (Supported by NIH K08
NS01808, The McDonnell Center for Higher Brain Function, and the American
Parkinson Disease Association).

BEHAVIORAL RESPONSE TO DOPAMINE DI AND D2 STIMULATION IN
CONNEXIN-32 KNOCKOUT MICE. K.B. Cline* and G.J. LaHoste. Department of
Psychology, University of New Orleans, New Orleans, LA 70148.
We have recently obtained evidence suggesting that dopamine (DA) D1/D2
synergism is mediated by nonclassical interactions between distinct Dr and D2containing medium spiny neurons in the striatum. One potential interaction of this
type is electrotonic coupling between neurons via gap junctions which are known to
occur in rodent striatum and to be modulated by DA. Gap junctions are intercellular
channels formed by connexin proteins. The primary connexin expressed in adult
neurons is Connexin-32 (Cx32), the mRNA for which can be found in medium spiny
neurons of the striatum. To test for a potential role of Cx32 in D1/D2 synergism, we
obtained from Drs. David Paul and Klaus Willecke genetically engineered C57BL/6
mice in which a stop codon had been inserted into the coding region of the Cx32 gene
by homologous recombination in 129 ES cells (Nelles et al., PNAS 93:9565-9570,
1996). In the present study, only homozygous knockout (KO) and homozygous wildtype (WT) mice were used. Mice were tested for D1/D2 synergism by examining
motor behavior (vertical climbing) following pharmacological stimulation of D!
receptors alone (SKF 38393, 30 mg/kg preceded by 15 min. by the selective D2
antagonist eticlopride, 0.1 mg/kg), D2 receptors alone (quinpirole, 1.6 mg/kg
preceded by 15 min. by the selective DI antagonist SCH 23390, 0.1 mg/kg), or
concomitant stimulation of DI and D2 receptors (SKF 38393, 30 mg/kg + quinpirole,
1.6 mg/kg). All drugs were given s.c. Cx32 KO mice, as well as WT controls,
displayed vertical climbing behavior following combined D1/D2 stimulation, but not
following separate DI or D2 stimulation, indicating normal D1/D2 synergism. KO
mice differed from WT, however, in that they also displayed locomotor activity while
climbing. Seventy-two hours after a single injection of reserpine (5 mg/kg), both
Cx32 KO and WT mice displayed partial reversal of akinesia in response to DI
stimulation alone, indicating the beginnings of a breakdown in D1/D2 synergism.
These data suggest that either 1) Cx32 does not normally play a role in DA D1/D2
synergism, or 2) developmental processes compensate for the absence of this gene
with respect to DA-mediated behavior. This work was supported by MH49690.

470.9

470.10

ACTIVITY OF PRIMATE DOPAMINE NEURONS IN A DISCRIMINATION
AND BLOCKING PARADIGM
P. Waelti, J, Mirenowicz, A, Dickinson0, W, Schultz*: Institut de Physiologie,
Universite de Fribourg, CH-1700 Fribourg, Switzerland.°Department of
Experimental Psychology, University of Cambridge, CB2 3EB, Cambridge, UK.
According to associative learning theories, only unpredicted rewards contribute to
learning. This is based on the blocking paradigm which stipulates that when a new
stimulus is added to a fully conditioned stimulus, the new stimulus will not be
learned because the reward is already predicted by the CS. In order to formally
assess the relationships of DA neurons to the unpredictability of rewards, we tested
their activity in a blocking experiment.
In a first step, we tested the discriminative capacities of DA neurons. Monkeys
were presented with one of two randomly alternating pictures which were either
followed by liquid reward (A+) or not (B-). Animals discriminated well between the
two stimuli, as documented by their licking behavior. DA responses were stronger
for rewarded stimuli as compared to non-rewarded stimuli, both in terms of
percentage of neurons responding and magnitude of responses.
For blocking, a new stimulus was simultaneously presented together with each
previously experienced stimulus, thus producing AX+ and BY+, which were both
followed by a reward. We then tested whether X and Y were learned. Licking
behavior showed that prior pairing of stimulus A+ with a reward blocked the
conditioning of stimulus X. In contrast, the previously unconditioned stimulus B
did not block conditioning of Y. The electrophysiological responses of DA neurons
showed a comparable blocking effect. Very few DA neurons were activated by the
blocked stimulus X wherease more DA neurons were activated with higher
magnitudes by the non-blocked stimulus Y.
In conclusion, blocked stimuli produce weaker response in DA neurons,
probably because they have acquired less associative strength and do not serve as a
reward predictor for the animal. These results are consistent with the hypothesis
that DA neurons are sensitive to the unpredictability of primary rewards.
Supported by Swiss NSF, EU Biomed Program and McDonnell Foundation.

MAPPING THE BASAL GANGLIA IN ALERT NORMAL MONKEYS BY
FUNCTIONAL MRI. Zhiming Zhang , Anders Andersen, and Don M. Gash
Department of Anatomy and Neurobiology, and Magnetic Resonance Imaging
and Spectroscopy Center, University of Kentucky College of Medicine.
Lexington, Kentucky 40536
Functional magnetic resonance imaging (fMRI) has been widely used for
mapping blood oxygen level dependent (BOLD) signals as a marker of
neuronal activity in the human brain. However, the immobility required for
the hour or so scanning sessions has largely limited nonhuman primate studies
to experiments on anesthetized animals. Our group has reported mapping
drug-induced changes in the basal ganglia by multiple gradients recalled echo
functional MRI in anesthetized rhesus monkeys. As the effects of anesthesia
of fMRI responses using these procedures are not known, we have developed
procedures for conducting the similar studies on conscious alert monkeys.
The first study was designed to map the response in the putamen and
substantia nigra (SN) of normal middle-aged rhesus to dopaminergic
stimulation using DI and D2 receptor agonist, apomorphine (APO). A robust
response to APO stimulation was seen in both the putamen and SN in awake
monkeys following APO administration. This response was significantly
attenuated when the same monkeys were tested again while anesthetized. The
results suggest that anesthesia markedly alters APO responses and that awake
alert animals should be used in IMRI mapping studies.
supported by NIH R01 NS35642

Society

for

Neuroscience

, Volume

25, 1999

TUESDAY AM

BASAL GANGLIA: BEHAVIOR

1162
470.11

470.12

CHANGE IN REWARD-PREDICTING ACTIVITY OF MONKEY DOPAMINE
NEURONS: SHORT-TERM PLASTICITY. R. Kawagoe*. Y, Takikawa and O. Hikosaka
Dept of PhysioL, Juntendo Univ. School ofMedicine, Tokyo 113-0033, Japan
Visual/memory responses of caudate (CD) neurons are modulated by expectation of reward
(Kawagoe et al., 1998). To test the hypothesis that the modulation is caused by dopaminergic
(DA) inputs, we recorded from single DA neurons in the substantia nigra. We used a memoryguided saccade task, in which the target cue was presented randomly out of 4 locations and the
monkey had to make a correct saccade to the remembered location of the cue. The task was
performed in 2 reward conditions: all-directions-rewarded (ADR) and one-direction-rewarded
(1DR). In 1DR, reward was given for only lof4 directions; the rewarded direction was fixed in a
block of 60 trials. Each DA neuron was recorded for 4 blocks of 1DR (with different rewarded
directions) and 1 block of ADR, in addition to 1 block of 'free reward' trials in which simply
liquid reward was given occasionally. The monkey had been trained on 1DR for more than 1
year before the experiment started.
DA neurons were identified by their low-frequency, irregular dischaige with wide spikes
(Schultz et al, 1987). They responded to the free reward with phasic activation. However, the
reward response disappeared in 1 DR or ADR In 1DR, most DA neurons responded to the cue
phasically (latency: about 100 ms) only when the cue indicated the upcoming reward; thenactivity decreased when the cue indicated no reward. Thus, DA neurons changed their preferred
direction depending on the rewarded direction. The change occurred in several trials. There was
no cue response in ADR To summarize, 1) reward-dependency: all-or-none in DA neurons;
graded in CD neurons. 2) overall spatial selectivity: absent in DA neurons; present in CD neurons.
These results suggest that the cortico-CD input carrying spatial information is quickly and
reversibly modulated by the DA input carrying reward-predicting information.

EMERGENCE OF REWARD-PREDICTING ABILITY OF MONKEY DOPAMINE
NEURONS:LONG-TERM PLASTICITY. Y, Takikawa*. R, Kawagoe. and O, Hikosaka Dept
of Physiol., Juntendo Univ. School of Medicine, Tokyo 113-0033, Japan
In a companion paper (Kawagoe et al., 1999) we show that the activity of dopamineigic
(DA) neurons change quickly to predict reward, once the monkey has been well trained. We
found, however, that the flexibility of DA neurons was acquired through long-term practice on
1DR, in agreement with Ljungberg et al. (1992). We recorded from DA neurons (n=58) during a
long practice period (> 3 months); the monkey had been trained to perform a memory-guided
saccade task in the all-directions-rewarded (ADR), but not one-direction-rewarded (1DR)
condition. For each DA neuron recorded, we performed 4 blocks of 1DR and 1 block of ADR in
addition to 1 block of'free reward' trials; otherwise, 1DR was not tested.
We divided the practice period into: stage 1 (< 2 weeks, n=12 (no. of DA neurons)), stage 2 (<
1 month, n=16), stage 3 (< 2 months, n=12), stage 4 (> 2 months, n=l 8). Overall, DA neurons
responded phasically to: free reward (FreeRew), reward in task (TaskRew), fixation point onset
(FixOn), cue onset (CueOn), in addition to other task-related events. CueOn activity changed
dramatically during the practice period: it was absent in stage 1, present only weakly and broadly
in stage 2, and became robust as a short burst in stage 3 to 4; note that CueOn activity was present
only in response to the reward-indicating cue. Instead, TaskRew activity, which was present in
stage 1 and 2 became weaker in stage 3 and 4, especially in later trials in a block. In contrast,
FixOn activity was present throughout the practice period, most strongly or exclusively on the 1 st
trial in a block These changes of DA cell activity were correlated with changes in saccade
performance: e.g., the saccade latencies became shorter and more consistent from stage 1 to 2,
significantly so in the rewarded trials. The data suggest that DA neurons contribute to the longterm acquisition of procedures.

470.13

470.14

EFFECTS OF BILATERAL ELECTRICAL STIMULATION OF THE VENTRAL
PALLIDUM ON ACOUSTIC STARTLE: MOTIVE-MOTOR GATING. L. Li*.
J.D, Fulton and J.S. Yeomans, Dept of Psychology, Univ. of Toronto, Toronto,
Ontario, Canada, M5S 3G3
The ventral pallidum (VP) is believed to occupy an important position between the
limbic and the motor systems, for transferring motive information into motor
commands. To estimate the time course of signaling from the VP to motor outputs,
we electrically stimulated the VP bilaterally and measured the acoustic startle reflex
in awake rats. When the interstimulus interval (ISI) between VP and acoustic
stimulation was shorter than 5 ms, acoustic startle was potentiated. When the ISI
was longer than 5 ms, stimulation of the VP inhibited acoustic startle over a large
range of ISIs with the maximum inhibition at ISIs between 15 and 25 ms. In
contrast, bilateral electrical stimulation of the amygdala did not have a significant
inhibitory effect on acoustic startle, but strongly augmented acoustic startle at
shorter interstimulus intervals (0 - 10 ms). Compared to unilateral electrical
stimulation of the inferior colliculus, bilateral stimulation of the VP shifted the ISI
curve to the right, indicating that the neural pathways conveying the inhibitory
influence from the VP to the acoustic startle circuit are longer than those from the
inferior colliculus. We propose that the inhibitory effect of bilateral stimulation of
the VP on acoustic startle may represent a process of motive-motor gating.
Supported by the Natural Sciences and Engineering Research Council of
Canada.

470.15
THE ROLE OF DOPAMINE AND NMDA RECEPTORS IN THE RAT DORSAL
AND VENTRAL STRIATUM IN REWARD EXPECTATION AND MOTOR
READINESS. W. Hauber*, I. Bohn, C, Giertler. Dept. Animal Physiology, Institute
of Biology, University of Stuttgart, Pfaffenwaldring 57, D-70550 Stuttgart, Germany.
This study investigated the role of dopamine and glutamate in the caudate-putamen
and in the nucleus accumbens in reward expectation and motor readiness. Rats were
trained in a simple reaction time task in standard operant boxes. The task requires
conditioned lever release triggered by an imperative stimulus which was presented
after a foreperiod of either 200, 500 or 800 ms (from trial onset). On each trial rats
received either one or five food pellets which was signaled to them in advance by cue
lights of different brightness. Reward magnitude and the duration of the foreperiod
for each trial was randomly varied. In trained rats, reaction times were shorter as a
function of increasing duration of the foreperiod reflecting motor readiness or
temporal probability summation. Furthermore, reaction times were shorter in trials
with high reward magnitude reflecting reward expectation. NMDA receptor blockade
in the caudate-putamen by microinfusion of the competitive antagonist APV had
mild effects on reward expectation and produced shorter reaction times, in particular
in trials with brief foreperiods suggesting increased motor readiness. In contrast,
APV-induced NMDA receptor blockade in the nucleus accumbens interfered with
reward expectation and produced an overall lengthening of reaction times leaving
motor readiness intact. Dopamine receptor blockade in the caudate-putamen or
nucleus accumbens by microinfusion of the preferential D2 antagonist haloperidol
had no effects on reward expectation and motor readiness, respectively. However,
there was an overall lengthening of reaction times after dopamine receptor blockade
in the nucleus accumbens. Taken together the present study demonstrates a
differential involvement of dopamine and NMDA receptors in the caudate-putamen
and nucleus accumbens in control of reaction time, reward expectation and motor
readiness.
Supported by the Deutsche Forschungsgemeinschaft (HA2340/3-1).
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MOTOR BEHAVIOR AND DEGENERATION OF THE NIGROSTRIATAL DOPAMINERGIC
SYSTEM IN THE RAT. V. Pedersen? W.T. Schmidt? B.D, Kretschmer1*. Dept. of

Neuropharmacology, Univ. of Tubingen, Mohlstr. 54/1, D-72074 Tubingen,
Germany.

The pedunculopontine tegmental nucleus (PPTg), located in the mesopontine
tegmentum, is likely to be regarded as a limbic-motor interface in the central
nervous system. It receives information from the dorsal and ventral striatum, the
basal ganglia (BG) output structures (substantia nigra pars reticulata, globus
pallidus), the subthalamic nucleus and limbic structures. Therefore, the PPTg is
considered to be involved in motor behavior and in motivation, attention and
mnemonic processes. Alterations in PPTg function is evident in various
neurodegenerative disorders like Parkinson's disease (PD) and Alzheimer's
disease. The degeneration of the cholinergic and non-cholinergic neurons of the
PPTg, projecting to the substantia nigra pars compacta (SNC), might also
contribute to the development of the ,extranigral pathology' in PD. Therefore, we
investigated the behavioral alterations (catalepsy, locomotor activity and
stereotypy) in rats bearing bilateral lesions of the PPTg with either quinolinate or
6-hydroxydopamine (6-OHDA). Furthermore, we assessed post mortem tyrosine
hydroxylase immunoreactivity and acetylcholinesterase staining in the PPTg and
the SNC. The expression of the immediate early gene c-Fos in the nuclei of the BG
was measured for the purpose of linking the BG nuclei to alterations in
transsynaptic activation produced by the degenerating cholinergic and
dopaminergic brainstem projections. The excitotoxic lesions of the PPTg with
quinolinate or the depletion of the dopaminergic terminals in the PPTg by 6OHDA elicited changes in motor behavior. The changes in the expression of c-Fos
in the BG nuclei may contribute to the behavioral changes we found. Our data
suggest a modulatory role of the PPTg in neuroadaptation mediated by the BG.
(This work ivas supported by the DFG, SFB 307, 430)
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471.2

CONTOUR INTEGRATION IN HUMAN RETINOTOPIC VISUAL AREAS.
W.A, Press,* R.F. Dougherty and B.A. Wandell. Dept. of Psychology, Stanford
University, Stanford, CA 94305.
Visual judgments often require integrating information spread across large
portions of the visual field. It has been suggested that long-range horizontal
projections within VI are used to pool information across neurons with widely
separated receptive fields, and that these circuits serve to integrate information
across the visual field. To examine the mechanisms of contour integration, we
made fMRI measurements of spatial summation within retinotopically organized
areas of human visual cortex.
The contrast stimuli were ellipsoidal Gabor patterns (cth= 3.4 deg, av = 0.2
deg). In different experimental scans, the sinusoidal modulation (2 cpd) was
oriented either parallel or orthogonal to the principal direction. The stimuli flickered
at 4 Hz. During the fMRI scans subjects performed a two-interval forced choice
contrast discrimination at base contrasts ranging from 0.5% to 64%. fMRI
measurements were made using 1.5T Signa (TR=2s, TE=20ms, spiral acquisition).
Sixteen planes (4 mm center-to-center) were acquired at an inplane resolution of ~3
mm. Visual areas were identified using traveling wave stimuli.
Preliminary measurements in a single observer gave two principal results. First,
we confirm the existence of human area V7. We report that it represents an entire
hemifield and that it contains a distinct representation of the fovea. Second, we
have observed that VI is more sensitive to the orthogonal stimulus than to the
parallel stimulus. In VI, the fMRI modulation reaches half-maximum at 12.1%
contrast for the collinear grating and at 3.7% for the orthogonal grating. The
relative sensitivity to orthogonal and collinear stimuli is attenuated in area V2, but
the sensitivity ordering remains unchanged within the ventral stream (e.g., V4 and
V8). In the dorsal stream sensitivity to the different spatial structures is reversed.
Specifically, area V7 is nine times more sensitive to the parallel stimulus than to the
orthogonal stimulus. Behavioral measurements comparing sensitivity to the two
stimuli conform to the signal amplitudes in area V7 but not those in the ventral
stream. This suggests signals in the dorsal stream — and area V7, in particular —
selectively integrate responses to contours that extend across relatively large
portions of the visual field .
Supported by the Giannini Foundation and the McKnight Foundation

CORTICAL CONNECTIONS OF THE PHYSIOLOGICALLY DEFINED
AREA V6 IN MACAQUE MONKEY, C. Galletti1*. P. Fattori1, M
Gamberini1, D.F. KutzA G. Luppino^ and M. MatellP. 1Dip. di Fisiologia
Umana e Generale, Univ. di Bologna, 1-40127 Bologna, Italy; 2p)ept. of
Zoology and Neurobioiogy, Ruhr-Univ. Bochum, D-44780 Bochum, Germany;
3lst. di Fisiologia Umana, Univ. di Parma, 1-43100 Parma, Italy.
Area V6 is a topographically-organized cortical visual area located in
the depth of the parieto-occipital sulcus (Soc. Neurosci. Abst. 1998, 24:
834.8). The aim of this work was to study its cortico-cortical connections.
Extracellular recordings of single unit activity were carried out in two
awake Macaca fascicularis performing fixation tasks with the head
restrained. The recording microelectrode was attached to the needle of a 1 pi
Hamilton syringe, so that neuronal tracers could be injected at the recording
sites. In one animal, WGA-HRP was injected in a region of area V6
representing the central 20° of the lower visual field. In the second animal,
the V6 peripheral representation (20°-50°) of both upper and lower parts of
the visual field was injected. The results showed that V6 was
topographically interconnected with areas VI, V2, V3, V3A, V4, V4T, V5
(MT), V5A (MST). Area V6 was also reciprocally connected with a long strip
of cortex within the intraparietal sulcus, likely including areas MIP, VIP and
LIP. Labelling within the intraparietal sulcus was located in different
cortical regions in the two animals, suggesting a topographic organization of
the areas located within this sulcus. No labelling was found in the medial
wall of the hemisphere and in the frontal cortex.
Present data show that area V6 receives visual inputs from the striate
and almost all the prestriate areas of the brain, and sends visual information
to cortical areas likely engaged in the visual guiding of motor actions.
Supported by Grants from MURST (Italy).

471.3

471.4

GATING NEURONAL RESPONSES THROUGH GAIN
MODULATION OF A RECURRENT NETWORK.
J. Zhang and L.F. Abbott*. Volen Center and Dept. of Biology,
Brandeis University, Waltham, MA 02454.

UPDATING OF THE VISUAL REPRESENTATION IN MONKEY STRIATE
AND EXTRASTRIATE CORTEX DURING SACCADES
K. Nakamura*. C, L, Colbv, Department of Neuroscience and Center for the
Neural Basis of Cognition, University of Pittsburgh, Pittsburgh PA 15260
Visual neurons in the lateral intraparietal area, the frontal eye field, and the
intermediate layers of the superior colliculus respond when a saccade moves the
receptive field (RF) onto a previously stimulated screen location and do so
predictively. (Duhamel et al, 1992; Umeno and Goldberg, 1997; Walker et al.
1995). To examine whether comparable remapping of visual signals occurs at
earlier stages of the visual system, we recorded activity in 58 VI, 50 V2, 37 V3,
49 V3A, and 10 V4 neurons while two monkeys performed saccade tasks. The
animals made 20° saccades from one fixation point (FP) to another. The visual
stimulus was flashed for 50 ms in either the cell’s original RF or the future RF.
The time of stimulus onset varied from trial by trial: it occurred at the same time
as the onset of the new FP; 100 ms after the new FP onset; at the same time as
saccade offset; or 200 ms after saccade offset.
We found that cells in several areas fired when a saccade brought the site of a
previously flashed stimulus into the RF, even though the stimulus itself was no
longer present. The higher the visual area, the more frequently we observed cells
that responded to the memory trace: VI, 3.5 %; V2, 6.0 %; V3, 29.7 %; V3A,
57.1 %; V4, 50.0 %. The amplitude of the memory trace was about half that of the
standard visual response. Neurons that showed memory trace activity tended not to
respond to the visual stimulus in the original RF, when it was presented just
before (125 ms) saccade onset. We conclude that some neurons in earlier visual
areas do update the retinal coordinates of remembered stimuli so as to take into
account the retinal consequences of eye movements.
NIH EY12032, EJLB Foundation, Whitehall Foundation, Uehara Foundation,
Human Frontier Science Program.

Neuronal responses can be actively gated by attentional
mechanisms so that only behaviorally relevant stimuli generate
responses (Gottlieb et al, Nature 391:481-484, 1998; Seidmann et
al, Nature 394:72-74, 1998). We explore the idea that attentional
gain modulation of neurons within a recurrent network can produce
rapid gating of the responses of downstream neurons driven by the
network. The model is based on integrate-and-fire neurons with
variable gain. The responsiveness of a downstream neuron
receiving input from the recurrent network can be dramatically
modified by even modest amounts of gain modulation of the
neurons within the recurrent network. This gating mechanism
allows the downstream neuron to switch from a state in which it is
unresponsive to a state in which it responds to stimulus attributes
with the same selectivity as the recurrent network. Supported by
NSF-IBN-981784.

471.5

471.6

NEURAL CORRELATES OF VISUAL FIXATION IN THE DORSAL LATERAL
INTRAPARIETAL AREA OF THE MACAQUE (LIPd). S. Ben Hamed*, A. Bihou6e.
S. Denfeve. J.-R, Duhamel. Institut des Sciences Cognitives, CNRS, 67 Bd Pinel, 69500
Lyon, France.
The lateral intraparietal area LIP has been implicated in attention and saccade
planning toward peripheral targets. However, systematic visual receptive field mapping
of area LIP in awake monkeys shows a large representation of central space mainly
concentrated in its dorsal region, LIPd (Ben Hamed et al., J. Neurophysiol., in press).
The functional role of 145 foveal LIP neurons was investigated in a task in which the
monkey had to (1) maintain fixation on a central target, even when it was momentarily
turned off (gap), and (2) release a lever to a change in color of the fixation target at the
end of the trial to obtain a reward. Two main categories of neurons were identified. The
first is that of cells responding to the presence of the fixation stimulus in one of the
following ways: 1) Phasic responses to the onset and/or extinction of the stimulus
(n=21). 2) Tonic responses in the presence of the fixation point (n=15). 3) Tonic
responses which are maintained during the gap (n=47). A subset of 27 “gap tonic”
neurons were further studied in a saccade task and about half (n=14) showed
perisaccadic inhibition, thus potentially carrying a specific fixation signal.
Unexpectedly, we found that almost two-thirds (52/83, 63%) of the phasic and tonic
neurons showed a sudden, striking change in activity after the gap as compared to
before the gap (enhanced n=45, suppressed n=7). This bimodal pattern could reflect an
attentional/motivational cueing function of the gap, which signals the upcoming target
discrimination and reward. A second category of cells responded mainly to the absence
of the fixation stimulus, with either abrupt (n=30) or gradual onset (n= 32) of activity
during the gap. The significance of these activity patterns is interpreted in the context of
engagement and disengagement of foveal attention and anticipation of upcoming
sensory events. Histological analysis indicates that 91% of the cells in the first category
and 59% of the cells in the second category were located in LIPd.

PARIETAL CELLS INTERMEDIATE BETWEEN TWO FRAMES

Supported by grants form the Fondation pour la Recherche Mddicale.
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OF REFERENCE S. Deneve*1’2, S. Ben Hamed1, A. Bihouee,1
J.R. Duhamel1 and A. Pouget2, ’Institut de Sciences Cognitives, Lyon,
2Rochester University, Rochester, NY.
In VIP, 70% of cells are bimodal and respond to visual and tactile stimuli.
A large number have visual receptive fields intermediate between retinotopic and head-centered. More precisely, visual receptive fields seem to move
in conjunction with eye movements, but with a gain inferior to 1. Similar
intermediate receptive*fields have been found in LIP for remembered sound
locations.
To understand what these intermediate cells stand for we designed an
interconnected network whose input layers axe a retinotopic map, a tactile
(or auditive) map, and an eye position map. This network is a continuous
version of a Boltzman network, and weights are learned with an hebbianlike learning rule. When given a visual (tactile) input and an eye position
input the network is able to recover the corresponding activity on the tactile
(visual) map. Moreover this network filters the noise in the input, recovering
a good estimate of positions from a noisy input. Cells in the hidden layer
have large, identical visual and tactile receptive fields, moving in conjunction
with the eyes, but with a gain ranging continuously from 0 to 1. Moreover,
the shape of the receptive field varies with eye position, in a way consistant
with experimental data obtained in our laboratory from single cell recordings
in area VIP.
We propose that intermediate cells are integrator of sensory inputs in
different coordinate systems, in an interconnected occipito-parieto-premotor
network, without giving the priority to one particular frame of reference.
Supported by CNRS, and the Fundation for Medical Research.

VISUAL CORTEX: EXTRASTRIATE—DORSAL STREAM I

1164

TUESDAY AM

471.7

471.8

RESPONSE OF NEURONS IN AREA LIP TO RANDOM DOT MOTION
DURING A REACTION-TIME DIRECTION DISCRIMINATION TASK. J.D.
Roitman*, M.E, Mazurek and M.N, Shadlen. Dept. of Physiology and Biophysics
and Regional Primate Research Center, Univ. of Washington, Seattle, WA 98195.
We recorded from neurons in area LIP of two rhesus monkeys that were trained to
discriminate the direction of motion of a random dot stimulus. The monkeys
reported their judgment by making an eye movement to one of two response targets,
located to either side of the random dot stimulus. Many neurons in LIP respond
during motion viewing in a manner that reveals the monkey's decision and
subsequent gaze shift. The response increases before an eye movement to the
response target in the neural receptive field (RF) and decreases before an eye
movement to the response target outside the RF. By training monkeys to perform
this discrimination as a reaction time task, we have shown that this activity evolves
during decision formation and before the monkey is committed to one of the two
alternatives. Thus, LIP could be said to represent the gradual formation of an
intention to shift the gaze toward or away from the RF. Alternatively, LIP could
represent the emerging saliency of the response targets and an associated shift of
attention.
These competing interpretations can be distinguished by placing the random dot
motion within the neural RF. The monkey must direct its attention to the random
dots during the period of decision formation, but only to establish an intention to
shift the gaze elsewhere. Under these conditions, we observed a sustained increase
in neural activity during motion viewing when the stimulus was salient. The
activity often diminished during the viewing interval, however, consistent with an
emerging plan to shift the gaze to a location outside the RF. Our results indicate that
both visual saliency and oculomotor intention are represented in LIP. The activity
lends insight into the transformation of visual information to an interpretation
relevant for behavior.
Supported by EY11378, RR00166, EY07031and the McKnight Foundation

Decision Variables
Represented
by Parietal
Neurons
during
Movement
Choice . Michael L. Platt* and Paul W. Glimcher. Center for Neural Science, New
York University; New York, NY 10003.
Behavioral and theoretical studies of decision-making have postulated several algorithms that animals and humans might use to guide choice. Which of these principles
is used by the brain to compute decisions remains to be investigated. The goal of this
study is to probe the representation of different decision models by neurons in parietal
cortex. Single LIP neurons were studied in 2 head-fixed, awake-behaving monkeys.
After mapping the response field of an LIP neuron, we selected 2 response LEDs, one
inside, and one outside, the response field. Subjects then performed 5-7 blocks of Saccadic Choice trials. On each trial, subjects were free to shift gaze from a central fixation
LED to either response LED in order to receive a juice reward. In each block, we systematically varied the volume of juice delivered for each of these 2 possible responses.
For analysis, firing rate was measured during 6 epochs and trials were segregated into
2 groups by movement direction. For both groups, neuronal activity during each epoch
on each trial was analyzed as a function of 3 decision variables: the relative volume of
juice delivered for each movement in each block (Expected Gain); how often subjects
shifted gaze to the response field LED during each block (Matching Behavior); and a
momentary decision variable that on each trial reflected the difference between the reinforcement rates obtained for gaze shifts to each of the two response targets over the
preceding 10 trials (Melioration; cf. Hermstein and Vaughan 1980). As reported previously, the proportion of trials on which subjects shifted gaze into the response field
was a linear function of expected gain. For single neurons, neuronal firing rate was positively correlated with all three decision variables. Within the LIP population, neuronal
activity was more strongly influenced by expected gain and melioration than by matching behavior.
Supported by EY06595 (MLP) and EY10536 (PWG).

471.9

471.10

REPRESENTATION OF REACH RELATED VARIABLES IN TWO PARIETAL AREAS M. Jarvis , C. A. Buneof A. P. Batista &: R. A. Andersen. Biology Division, 216-76 Caltech, Pasadena, CA 91125, U.S.A.
A new analysis of data previously collected from the parietal cortex is presented. The data is a set of single cell recordings from two Macaque monkeys
during an instructed delayed reaching task. The data was collected from the parietal reach region (PRR) which is located posterior and medial to LIP, and area
5. The reaches were performed to end points located on a uniform grid of nine
different locations at fixed depth. Additionally four subtasks were performed in
which the initial hand location and gaze direction were altered.
The analysis considers the trial averaged rate of neuronal firing during a
400 ms epoch centered around the reach onset. The spatial tuning potentially
depends on three task related variables: reach end point, reach start point and
gaze. To compare the contribution of different combinations of the variables
to the tuning a statistic is computed which provides a measure of the spread
introduced by holding some of the variables constant and varying the others
randomly. In both areas the dominant variable is the planned final hand position
in retinal coordinates. Furthermore the spread is decreased, to the minimum that
can be obtained given the trial to trial variability, by additional knowledge of
the initial hand position in retinal coordinates. The main difference between the
areas is that the spatial tuning in area 5 is also sensitive to the planned reach
vector (for example up and left) whereas in PRR this is not the case. Given
this difference it is anticipated that in area 5 the peak of the tuning curves will
shift as the initial hand position in retinal coordinates is varied whereas in PRR
there will be no such shift. In area 5 a significant (P < 0.001) shift occurs in the
population supporting this hypothesis. Thus, during this task, although both
areas encode information in retinal coordinates area 5 is also sensitive to the
reach vector whereas PRR is not.
Supported by a Sloan foundation fellowship.

PERI-SACCADIC SPACE REPRESENTATION IN MONKEY INFERIOR
PARIETAL CORTEX. M. Kubischik*, F. Bremmer. Department of Zoology &
Neurobiology, Ruhr-University, D-44780 BOCHUM, Germany
Recent psychophysical studies have shown that the apparent position of briefly
presented visual stimuli shifts in the direction of an impending saccade. Magnitude
and sign of the shift vary with position in the visual field, implying a compression of
space around the saccade target. Dynamical oculocentric receptive fields have been
proposed to account for the observed shift in spatial position, but the neuronal basis
for the compression is still unknown. Therefore, we investigated peri-saccadic
responsiveness in four functional subdivisions of the inferior parietal cortex in order
to gain insight into the neuronal processes underlying the representation of visual
spatial information during and after saccadic eye movements.
We recorded single cell activity from one behaving monkey performing a visually
guided saccade task. Recordings were performed in the middle temporal area (MT),
the medial superior temporal area (MST), the lateral intraparietal area (LIP), and the
ventral intraparietal area (VIP). Visual stimuli as well as saccade targets were backprojected onto a screen subtending the central 60° by 60° of the visual field. The
animal received liquid rewards for correctly performing the saccade task. Saccades
always had the same metric: purely horizontal from 10° left to 10° right of straight
ahead position on the horizontal meridian. A brief visual stimulus (width: 10°, height:
60°, duration: 30ms) was presented peri-saccadically at one out of six nonoverlapping locations. All six stimulus locations covered the mapping range (60° by
60°) and allowed estimation of the spatio-temporal responsiveness of the cells.
Most neurons in areas MT and MST were less responsive to presentation of visual
stimuli during and shortly after the saccade. Responsiveness recovered about 60 ms
after saccade onset. Responsiveness of many neurons in areas LIP and VIP was often
preserved during and after saccades. At the population level, the responsive region
was enlarged peri-saccadically with a maximum width at the time of saccade onset.
This peri-saccadic magnification of the responsive region could account for the
observed compression effect.
Supported by the DFG (SFB 509) and the Human Frontier Science Program

471.11

471.12

REPRESENTATION OF NEAR EXTRAPERSONAL SPACE IN THE
MACAQUE VENTRAL INTRAPARIETAL AREA (VIP). F.Bremmer*, M.
Kubischik. Dept.Zool.&Neurobiol., Ruhr-University, D-44780 BOCHUM, Germany
Many neurons in the macaque ventral intraparietal area (VIP) are multimodal, i.e.,
they respond not only to visual but also to tactile and vestibular stimulation. Recent
anatomical studies showed distinct projections between area VIP and a region of
premotor cortex controlling head movements. A specific function of area VIP could
be to guide movements in order to head for objects in near extrapersonal space. This
functional role would require a representation of visual depth information. In our
present study we investigated whether neurons in area VIP are sensitive to
stereoscopic visual stimuli containing visual depth signals from horizontal disparity.
We recorded single unit activity of neurons from area VIP of one awake behaving
monkey (M. mulatta) fixating a central target on a projection screen. Visual stimuli as
well as the fixation target were back-projected onto this screen subtending the central
90° by 90° of the visual field. The animal received liquid rewards for keeping both
eyes within an electronically defined window (±1 degree) centered on the fixation
target. Sensitivity of neurons to horizontal disparity was assessed by presenting large
field moving images (random dot fields) stereoscopically to the two eyes by means of
LCD shutter goggles synchronized with the stimulus generator (Silicon Graphics
workstation). During an individual trial, stimuli had one of seven different disparity
values ranging from 3 degrees uncrossed- (far) to 3 degrees crossed- (near) disparity
in 1 degree steps. Stimuli moved at constant speed in all simulated depth planes.
Different disparity values were presented across trials in pseudo-randomized order.
Sixty percent of the motion sensitive cells had a statistically significant selectivity
for the horizontal disparity of the stimulus (p<0.05, distribution free ANOVA). Most
neurons were broadly tuned to disparity. More than 80 % of them preferred crosseddisparity values, i.e. near stimuli. Preferred direction of visual stimulus motion was
usually not affected by horizontal disparity. Thus, our findings are in agreement with
the functional role of area VIP in the representation of near extrapersonal space.
Supported by the DFG (SFB 509) and the Human Frontier Science Program

NEURONS IN THE POSTERIOR PARIETAL CORTEX ARE SENSITIVE TO
BOTH EYE POSITION AND SACCADE TARGET POSITION. K. Nakamura1*,
N. Sato1, M. Takada2, H. Tokuno2, andM. Taira3. ’Dept. Behav. and Brain Sciences,
Primate Res. Inst., Kyoto Univ., Inuyama, Aichi 484-8506, G’okyo Metropolitan
Inst., Neurosci., Fuchu, Toyko 183-8526, 3First Dept. Physiol., Nihon Univ.,
Itabashi, Tokyo 173-0032, JAPAN.
We examined the effects of eye position and visual stimulus position on the
activity of single neurons in the posterior portion of the intraparietal sulcus (pIPS)
and its adjacent areas of three monkeys (Macaca mulatta). First, the effect of eye
position was studied using a fixation task. A fixation spot was presented at one of 9
positions. These positions were arranged in a 3 x 3 grid. For 70 of 144 neurons
(49%), the neuronal activity depended on the position of the eyes. The responses
were not caused by the visual stimulation of the spot since extinguishing the spot
had no effect on the neuronal discharge. All of these neurons fired more strongly
when the monkey was fixating at a peripheral position. None fired best at the center
position. Second, the effect of the position of the visual stimulus on the response
of these neurons was studied using a saccade task. In this task, the monkey was
requiredto fixate the center spot and maintain fixation for 1.0 s. Then one of eight
peripheral target spot was on. When the monkey maintained fixation on the center
spot for another 1.0 s, the center spot was turned off and the monkey was requiredto
saccade to the peripheral target. Twenty-eight of the 70 "eye position" neurons (40%)
changed its discharge rate in response to the target spot presented at a peripheral
position while the monkey fixated on the center spot. Interestingly, for about 80%
of the neurons, the best target position was opposite to the best eye position. The
neurons in pIPS and its adjacent area seem to combine the retinotopic position of
saccade target with eye position signals in this manner. These neurons may function
in calculating a saccade target position relative to the current eye position.
Supported by Novartis Foundation and Kyoto University.
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471.14

TOPOGRAPHIC ORGANIZATION IN THE INTRAPARIETAL
SULCUS OF MACAQUES. J.W. Gnadt.* S-M. Lu. and L. Corrigan.
Dept. Neurobiology & Behavior, SUNY Stony Brook, NY 11794.
Using retrograde tracers, we have used the known and well-organized
motor map of the superior colliculus to reveal the unknown topographic
representation of cortico-tectal connections from the intraparietal sulcus.
First, the map of eye movement metrics within the tectum was determined
using recording and stimulating in the intermediate layers of the superior
colliculus. We then placed separate injections (0.1-0.5 pi) of several
retrograde tracers (microruby dextran amines, fast blue, diamidino yellow,
WGA/HRP, gold-conjugated and HRP-conjugated p subunit of cholera
toxin) along iso-amplitude and iso-direction lines within the tectal motor
map. Following appropriate transport periods, we processed the brains to
reveal retrogradely-labeled cell bodies in the intraparietal sulcus.
All labeled cells were layer V pyramidal neurons. Reconstruction of cell
locations revealed loosely aggregated, non-random (p<0.01) bands of
labeled neurons along the lateral bank of the sulcus, which were readily
apparent in plots of areal cell density (Epanechnikov kernel). Some
injections produced multiple, parallel bands. In some cases, labeled cells
were distributed onto the medial bank. Thus, we conclude that elongated
bands of layer V cortico-tectal neurons from the intraparietal sulcus project
to points within the collicular motor map. Analysis of the interdigitation of
separate tracers reveal orderly, though idiosyncratic, transitions of labeled
cells from the injection patterns. Supported by EY08217 to JWG.

QUANTITATIVE MAPS OF RETINOTOPY AND ANGLE OF GAZE
FROM OPTICAL IMAGING IN BEHAVING MACAQUE. J.A. Turner*,
R.E. Phinney, R.M. Siegel. Center for Molecular and Behavioral Sciences,
Rutgers University, Newark, NJ 07102.
The receptive field properties and angle-of-gaze tuning of individual neurons
of area 7a are well understood. Recent advances have made it possible to
record intrinsic optical signals across the cortical surface in the behaving
monkey to determine the distribution of these properties Here we quantify
these maps using the same analytical tools that have been used with single
units. These methods are novel in that they use error estimates derived from
single optical trials and do not explicitly employ averaged images.
The monkey performed one of two reaction time tasks: In the angle-of-gaze
test, the fixation point could appear in one of nine locations on a 10x10° grid,
and the visual stimulus appeared centered on the fixation point. In the retinal
test, the fixation point appeared at (0°, 0°) and the stimulus appeared at one
of the nine locations. Images (4 x 2.5 mm, lOpm/pixel) were collected at 2 Hz
for 4 sec. For each trial, the first second of data was averaged for a prestimulus baseline; the evoked response was a time average of the last second.
Analysis of variance and regression methods were applied to optical images
on a trial-by-trial basis. The significant pixels (ANOVA, P<0.05) tended to
be sparsely distributed presumably due to the low signal-to-noise ratio. The
density of pixels with significant effects increased during the task. Each
pixel's trial-by-trial response was quadratically regressed on the spatial
locations with parameters entering or leaving the model at the P=0.05. The
angle-of-gaze data showed a significant quadratic and/or linear modulation by
eye position during the initial fixation. The onset of the optic flow altered the
angle-of-gaze tuning. Similarly, the linear and quadratic components of the
retinotopic response surfaces developed over the course of the trial. These
models for each pixel thus provide a robust estimation of the underlying
cortical tuning and, by extension, the underlying functional architecture.
(Supported by EY-09223, EY-06830-JT, EY-O6738-RP)

471.15

471.16

PROBABILISTIC MODELS FOR SMOOTHING AND CLUSTERING
SPIKE TRAINS I. ALGORITHMS M. Sahani*and J. F. Linden Computation
&: Neural Systems, Caltech 216-76, Pasadena, CA 91125, USA.
We investigate a special case of a doubly stochastic Poisson process (that
is, a Poisson process in which the Poisson rate parameter itself is a random
variable) as a model for cortical spike data. The motivation for this model
comes from recent studies which suggest that slow variations in neural excitability combine with Poisson-like noise to produce the high variability in
firing rates characteristic of cortical neurons. Spike trains collected from the
same neuron under constant experimental conditions are each modeled as an
inhomogeneous Poisson process. The underlying rates of these processes are
randomly scaled copies of a single smooth time-varying function (the mean
intensity profile). The scale factor is drawn independently for each trial from
a gamma distribution with unit mean. The mean intensity profile is modeled
as arising from a Gaussian process prior distribution with broad covariance,
which imposes a probabilistic smoothness constraint. Maximum a posteriori
estimation of this intensity is analogous to spike-train smoothing. We present a
log-domain gradient-based algorithm for this optimization. Mixtures of doubly
stochastic Poisson models may then be fit to a database of spike trains collected
from multiple cells, to identify clusters of spike trains in the database which
share similar temporal envelopes. This approach can be used to extract the
different response profiles exhibited by cells within a given cortical area, and
also to quantify the prevalence of each profile in the database. We describe
a generalized expectation-maximization algorithm for this procedure. These
methods are applied to data from macaque parietal cortex in the accompanying
presentation.
Supported by NIH and the Sloan Foundation.

PROBABILISTIC MODELS FOR SMOOTHING AND CLUSTERING
SPIKE TRAINS II. APPLICATIONS J. F. Linden*, M. Sahani, A. Grunewald
fe R. A. Andersen. Division of Biology and Computation & Neural Systems,
Caltech 216-76, Pasadena, CA 91125, USA.
We use novel algorithms for smoothing and clustering spike trains to analyze neural data recorded from the macaque lateral intraparietal area (LIP).
The algorithms, described in the accompanying presentation, are derived from
a doubly stochastic Poisson model for spike train data. Recordings used in the
analysis were obtained from 160 LIP neurons in two monkeys, while the animals were performing fixation and saccade tasks involving auditory and visual
stimuli. The algorithms are first applied to estimate stimulus-locked intensity
profiles for spike trains recorded from the same cell under constant experimental conditions. Latencies of auditory and visual responses are then calculated
from these temporal response estimates. Using this approach, we find that
auditory response latencies in area LIP are significantly longer than visual response latencies across the population. This trend persists when the analysis
is restricted to auditory and visual responses with similar levels of evoked activity, and also when only cells with both auditory and visual responses are
considered. We then fit mixtures of doubly stochastic Poisson models to auditory and visual data sets, in order to characterize the temporal responses
observed in each trial condition. This analysis demonstrates that most responses to auditory stimuli in area LIP are slow in onset, weakly excitatory,
and relatively long in duration. In contrast, visual responses can be either excitatory or inhibitory, and the excitatory responses usually have a fast transient
component. In addition to demonstrating the usefulness of the smoothing and
clustering algorithms, these results complement findings presented in previous
years by providing new evidence that auditory and visual responses in area LIP
represent neural signals at different stages of sensorimotor processing.
Supported by NIH, HHMI, McDonnell-Pew, and the Sloan Foundation.

471.17

471.18

SPIKE TRAIN COHERENCE IN MACAQUE PARIETAL CORTEX DURING
A MEMORY SACCADE TASK. J. S. Pezaris* M. Sahani, and R. A. Andersen.
Computation and Neural Systems, Caltech, M/C 216-76, Pasadena, CA 91125.
Recordings were made at 20 sites in parietal cortex in two hemispheres from
two animals using single tetrodes while the animals were performing a memory
saccade task. Continuous voltage traces were sorted into spike trains from 2-6
cells per recording for a total of 207 cell pairs. Spike trains were then binned to
1 ms and coherences measured in a 256 ms sliding window for each pair of simultaneously recorded cells. Coherence, Cxy(tu), was computed in the frequency
domain as the cross spectrum, Sxy(tu), between two Fourier-transformed spike
trains, X(v) — J’fxft)] and Y(cu) = T^/ft)], divided by the square root of the
product of the spectrum of each, and finally transformed to the time domain,
Cxj/M — X~X[Sxy /y/SxxSyY ], for examination.
Coherences were generally noisy, and thus the population means were calculated for each animal, aligning per-pair trial conditions according to the preferred
target as determined by product of the firing rates. The means were quantitatively comparable between the two animals. Coherence in the means exhibited
a peak near zero-delay, approximately 5 ms wide, which was modulated through
the experimental task. Coherence was tuned over targets, being largest for the
preferred target during the memory period. Coherence was high and broad during pre-cue fixation, abruptly sharpening in response to the target flash, and
then sustained only for preferred target trials, broadening slightly through the
memory period. As the animal saccaded to the remembered target location
during preferred target trials, coherence initially decreased, until the visual response from target reillumination appeared at which point there was a transient,
narrow, increase before coherence collapsed. Trials with non-preferred targets
showed similar but lessened modulation in the post-fixation period.
Supported by NEI, NIMH, the Alfred P. Sloan Foundation, the Keck Foundation, the NSF Center for Neuromorphic Engineering, and ONR.

CORTICAL NETWORKS RECRUITED FOR INTERNAL CLOCK: A
POSITRON EMISSION TOMOGRAPHY (PET) STUDY IN BEHAVING
MONKEYS H ONOF1,2,5. M KOMORI1. K. ONOF.1-5. H TAKFCFU1-3,5*. H.
TSIJKADA4-5 and Y WATANABE1-5.'Dept. Neurosci., Osaka Biosci. Inst., Osaka 5650874, 2Dept. Psychol., Tokyo Metropol. Inst. Neurosci., Tokyo 183-8526, 3Dept.
Geriatric Med. Grad. Sch. Med., Kyoto Univ., Kyoto 606-8507, 4Central Res. Lab.,
Hamamatsu Photonics K.K., Shizuoka 434-8601, 5Subfemtomole Biorecognition
Project, ICORP, JST, Osaka 565-0874, Japan.
The presence of an "internal clock" in the brain has been assumed to underlie the
information processing related to time. This clock plays a critical role in time keeping
and time perception, which are closely associated with integrated functions in the brain.
To identify the brain areas recruited for time keeping and time perception, we
performed positron emission tomography (PET) studies with rhesus monkeys to
measure regional cerebral blood flow (rCBF) as an index of neural activity during time
discrimination tasks. As for a time discrimination task, the monkey has to compare
the duration of a small circle’s light presented on the CRT display. Four kinds of
pairs of time discrimination (400 vs. 600, 600 vs. 900, 800 vs. 1200, 1000 vs. 1500
msec) have been trained to be accomplished with a range over 90% in terms of the
correction rate. The brain area of which rCBF covaried with the duration of the visual
stimulus, and might therefore be closely involved in a time keeping process, was
determined using the SPM 95 software.
Increases in rCBF that correlated
significantly with the duration of the visual stimulus were found in the dorsolateral pail
of the principal sulcus in the prefrontal coilex, the posterior pail of the inferior parietal
cortex, the basal ganglia and the posterior cingulate coilex. The results strongly
indicate that a neural network composed of the posterior inferior parietal coilex to the
dorsolateral prefrontal coilex, which constitutes the dorsal visual processing stream in
the macaque brain, plays a role in monitoring and processing information involved in
the time perception.
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MK801 PRETREATMENT PREVENTS VISUAL ORIENTATION DEFICITS
INCURRED BY UNILATERAL LATERAL SUPRASYLVIAN (LS) LESIONS.
H, Jiang*. B. E, Stein and J. G. McHaffie. Dept. Neurobioiogy & Anatomy, Wake
Forest University School of Medicine, Winston-Salem, NC 27157.
It has been reported previously that unilateral lesions of LS cortex produce
contralateral visual orientation deficits in cats (Hardy & Stein, J. Comp. Neurol.
274:527, 1987). In order to test the hypothesis that glutamate excitotoxicity is
implicated, the NMDA receptor antagonist MK801 was used. Cats (n=4) were trained
to fixate on a food reward. A visual stimulus then was introduced pseudo-randomly at
eye level at 15° increments across the visual field. When released, animals moved
forward to receive a food reward. On select trials, visual stimuli were introduced
concurrent with the animals’ forward movement. In a second task, the animals were
required to fixate directly ahead and then orient toward one of two simultaneously
presented stimuli (60° right/left). Animals were rewarded for approaching either
stimuli. The cortex representing the ‘favored’ side was subsequently lesioned. After
training, animals (n=3) were anesthetized with halothane and pretreated with MK801
(n=2) or ketamine hydrochloride (n=l) 20 min prior to lesioning. A control animal
was anesthetized with sodium pentobarbital (35 mg/kg). Large aspiration lesions of
both banks of LS were made (AP= -4 to +4). After surgical recovery, animals were
tested again. By 2 days post-op, pretreated animals showed no visual orientation
deficits. They also retained the same side pre-lesion preference on the two-choice
orientation task. By contrast, the control animal exhibited a profound visual neglect
during the ensuing 4 weeks. However, at 5 weeks post-op, the animal began to orient
in the ‘blinded’ hemifield. By week 6, this animal’s orientation to stimuli presented
in the lesioned hemifield appeared normal. However, in the two-choice task, only
orientation to stimuli contralateral to the ‘intact’ cortex was seen. These results
demonstrate that pretreatment with NMDA antagonists prevents the expression of LS
lesion-induced deficits in visual orientation. Moreover, although some functional
compensation occurs in non-pretreated animals, a persistent deficit exists. Supported
by NIH grant NS35008
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Sensory

depletion

perception
in rats
OF THE somatosensory

following

unilateral

cholinergic

CORTEX. O. Rahimi*1, D.C. Tatham’, M.

Kossut3, S.L. Juliano1,2. 'Anatomy & Cell Biology, & 2Neuroscience, USUHS,
Bethesda, MD 20814; 3Nencki Institute, Warsaw, Poland.
Basal forebrain lesions significantly reduce the cholinergic innervation of the
ipsilateral cerebral cortex. Behavioral impairments in rats with unilateral basal
forebrain lesions and cholinergic depletion include transient deficits in sensory
processing of a simple non-discriminatory task. Cholinergic depletion also produces
permanent deficits in a more demanding discriminatory task. In this task, rats are
trained to discriminate between various grades of roughness on textured rollers
using one set of whiskers (Carvell and Simons, 1990). After reaching a pre-set
level of performance, a unilateral basal forebrain lesion is made ipsilateral (control)
or contralateral (experimental) to the remaining set of whiskers. This design allows
the control animals to continue performing the task using an intact cholinergic
system, while the experimental animals perform the task using an impaired
cholinergic system. The experimental animals do not reach their pre-lesion level of
performance, while the control rats can perform at pre-lesion performance levels.
The ability to perform the task is highly sensitive to the amount of cholinergic
depletion, however, since we found that experimental rats with cholinergic
depletion 50% or less (compared to the normal cortex) return to pre-lesion
performance levels, while animals with cholinergic depletion greater than 50% of
the normal hemisphere do not reach pre-lesion performance levels. We also show
that stimulus-evoked metabolic activity is reduced ipsilateral to the side of the
lesion in all rats following bilateral whisker stimulation. These data indicate that
cholinergic depletion leads to long-lasting impairments in discriminatory sensory
tasks and suggest an important role for the cholinergic system in cortical processing
of sensory information. Permanent impairment in sensory processing following
basal forebrain lesion, however, is highly dependent on the level of cholinergic
depletion. Support: Alzheimer’s Association Grant IIRG-95-113 (SLJ), Fulbright
Senior Fellowship (MK) & USUHS RO7064 (SLJ).

FUNCTIONAL MRI IN THE ANESTHETIZED MACAQUE MONKEY:
GENERAL METHODS AND DOSE RESPONSE DATA. P.A, Slutsky1*, E.A.
Disbrow12, T.P.L. Roberts2, andL, Krubitzer1. 'Center for Neuroscience and Dept. of
Psychology, UC Davis, and 2Biomedical Imaging Lab, UC San Francisco, USA.
This is the first of a two-part study to examine the blood oxygenation level
dependent fMRI signal during somatosensory stimulation of the anesthetized macaque
monkey. Two monkeys were anesthetized using isoflurane levels between 0.5 - 0.8%,
intubated, pressure ventilated (15psi), and paralyzed using pancuronium (0.1 mg/kg).
Ventilation rate was determined based on arterial blood gas analysis (PaCO2=35-45
mmHg). The head was stabilized and aligned with either a 3” or a birdcage coil. For
fMRI, a standard 1.5T GE scanner and gradient echo sequence (TR=2s, 70 phases,
TE=69, flip angle=60°, axial slice thickness 4mm, fov=40x20cm) was used. Multiple
scans were taken during each session using a pneumatically driven stimulus generator
(15 psi at 1 Hz) to stimulate the hand or face. After scanning, paralysis was reversed
with atropine (O.lmg/kg) and edrophonium (0.5mg/kg). Data were analyzed using a
cross-correlation analysis (r=0.3 threshold, cluster=3 voxels). Differences in mean area
of activation for the levels of isoflurane and the body part stimulated were examined
using analysis of variance. There was a significant difference in the area of activation
for the level of isoflurane (p<.05), with significantly larger areas activated at the .5
(M=79.47mm2) & .6% (M=83.61mm2) levels than at the .7 (M=9.00mm2) & .8%
(M=9.00mm2) levels. The signal intensity change for the areas of activation at 0.5%
isoflurane tended to be greater (p=.O8) than at 0.6%. Face stimulation activated a larger
area than hand stimulation (pc.Ol). These results indicate that the anesthetized
macaque monkey is a viable preparation for fMRI, and may provide a bridge between
invasive and non-invasive methods for examining cortical organization.
This work was supported by grants from the NIH R01-NS35103-02 and the Whitehall
Foundation to Krubitzer, a McDonnell Foundation grant to Krubitzer and Disbrow,
and a UCSF Radiology grant to Roberts and Disbrow.

472.3

472.4

FUNCTIONAL MRI IN THE ANESTHETIZED MACAQUE MONKEY: DOES
THE BOLD SIGNAL REFLECT UNDERLYING ELECTROPHYSIOLOGY?
E.A.Disbrow1,2*. P.A, Slutsky1, T.P.L. Roberts2, and L, Krubitzer1. ‘Center for
Neuroscience, UC Davis, and 2Biomagnetic Imaging Lab, UC San Francisco, USA.
We examined the relationship between the blood oxygenation level dependent
fMRI signal and the underlying electrophysiology by comparing results from the two
methods in the same animals under identical stimulus conditions. We examined
anterior parietal cortex during calibrated somatosensory stimulation. A pneumatically
driven stimulus generator was used to stimulate the hand (contralateral DI, D2, Pad
1 and Pad 2) and face (upper and lower contralateral lip and tongue). Two macaque
monkeys were anesthetized with 0.6% isoflurane, paralyzed with 0.1 mg/kg IV
pancuronium, and ventilated (Pa CO2=35 to 45mmHg). A standard 1.5T GE
scanner, GRE EPI sequence (TR=2s, 70 phases, TE=69, flip angle=60°, axial slice
thickness 4mm, fov=40x 20cm) and standard 3” and birdcage coils were used. Data
were analyzed using cross correlation analysis, and the centers of mass of activation
were calculated. Maps from the same monkeys were generated using multiunit
recording techniques under isoflurane anesthesia (1-2%) and identical stimulus
conditions. Recordings were placed 1mm apart, and made in 500pm steps on the
rostral and caudal banks of the central sulcus. Following recording, monkeys were
transcardially perfused, and their brains were sectioned axially (80pm). FMRI and
histologically processed sections were co-registered using landmarks (ventricals,
corpus callosum and gray/white matter boarders) and gadolinium filled cortical
probes. The locations of the centers of mass for the fMRI hand and face
representations were significantly different (p<0.01, paired-t test). While 95% of the
electrophysiological map fell within the fMRI map, the fMRI map was larger by a
factor of 2. Ten percent of the area of the fMRI map was in white matter.
This work was supported by grants from the NIH R01-NS35103-02, and Whitehall
Foundation to Krubitzer, a McDonnell Foundation grant to Krubitzer and Disbrow
and a UCSF Radiology grant to Roberts and Disbrow.

THE TOPOGRAPHIC ORGANIZATION OF SOMATOSENSORY AREA 3A IN
THE MACAQUE MONKEY (MACACA MULATTA). K. J. Huffman*. D. A.
Slutsky. E. A. Disbrow. D. M. Kahn. G. H. Recanzone, and L, Krubitzer. Center
for Neuroscience and Department of Psychology, University of California, Davis,
USA.
Area 3a is a somatosensory cortical field located rostral to primary somatosensory
cortex, SI or 3b, in the depth of the central sulcus of the macaque monkey. In order
to define the topographic organization of area 3a, multi-unit electrophysiological
recording was conducted throughout the medio-lateral extent in four hemispheres cf
three macaques.
Recording tracts were placed approximately 1 mm apart, and
recordings were made in approximately 500 pm steps down each tract. Receptive
fields of 3a and 3b neurons in cortical layers 3-4 were defined, drawn on images of the
contralateral body surface, and stimulus preferences were noted. Neurons in area 3a
consistently responded to skin/muscle taps, pressure, squeeze, and limb/joint
movement. Topographic maps of the contralateral body were constructed by
examining receptive fields for clusters of neurons in area 3a. The caudal boundary cf
area 3a was marked by a change in stimulus preference, and by progressions and
reversals of receptive fields for neurons across the 3a/3b border. Area 3a contained a
complete map of the contralateral sensory epithelium that roughly mirrored that of area
3b, with the ventral surface of the body being represented most caudally, and the
dorsal surface most rostrally. Area 3a measured approximately 3 cm in medio-lateral
extent, and 2-4 mm in rostro-caudai dimensions. Like the other anterior parietal
somatosensory cortical fields, the medio-lateral organization of area 3a progressed
laterally from the hindlimb, including the toes and foot, to the trunk, shoulder and
proximal forelimb, to the elbow and distal forelimdy including the wrist. The
representations of the hand, digits (in a mediolateral sequence of digit 5, 4, 3, 2, 1)
and face were most medial. The area 3a hand and digit representations extended 8
mm medio-laterally, occupying approximately 25 per cent of the entire representation.
This work was supported by a NIH grant (R01-NS35103-02) to L. Krubitzer, and a
NIMH National Research Service Award (1 F31 MH 12284-01) to K. Huffman.
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SOMATOSENSORY CORTICAL INPUTS TO THE BASAL
FOREBRAIN CONTRIBUTE TO SOMATOSENSORY CORTICAL
PROCESSING. L. Golmavo, L. Zaborszky and A. Nunez*. Dept. of
Morphology, Sch. Medicine, Univ. Autonoma de Madrid, Madrid
28029, Spain and Center for Molecular and Behavioral Neuroscience,
The State University of New Jersey, Newark, NJ 07102.
Several experiments have shown that basal forebrain (BF)
stimulation facilitates evoked responses in the primary sensory cortex,
suggesting its participation in cortical plasticity and attentional
processes. It is possible that BF could receive sensory inputs from the
cortex in order to exercise a feedback control of cortical areas related to
the sensory processing of those inputs. To determine if sensory inputs
may arrive to the BF through the prefrontal cortex (PFC) and this BF
area may modulate sensory responses in the cortex, unit recordings
were performed in PFC, BF and primary somatosensory cortex (SI) of
urethanized rats. Unit recordings revealed orthodromic responses in
most of the PFC cells (80%) when the primary somatosensory cortex
was electrically stimulated; the response latency ranged 4-14 ms. This
PFC area was also electrically stimulated and stimulus evoked
orthodromic responses in a majority of BF cells (65%; mean latency:
10-25 ms). Electrical stimulation of the BF area that received
somatosensory inputs via the PFC induced a facilitatory effect of
sensory responses in SI cells, increasing the number of spikes elicited
by the stimulus. Results indicate that a multisynaptic pathway may
convey somatosensory information to BF via the PFC, which could
subserve a precise feedback control of the somatosensory cortical
information processing.
Supported by CICYT (SAF96-0031) and NIH NS23945.

THE FINE STRUCTURE OF PROPAGATING WAVES IN NEOCORTEX.
P.J. Pinto1^* B.W. Connors’. ’Department of Neuroscience, Brown Univ.
Providence Rl, 02912/Center for Biodynamics, Boston Univ. Boston MA,02215
Understanding spatiotemporal patterns of propagating activity in neocortex
can help to clarify the underlying circuitry and mechanisms tnat support it.
Recent theoretical work describes, for instance, how specific aspects of cortical
circuitry can influence experimentally measurable features of propagation,
including wave speed and the structure of spatial activity following wave
initiation (Pinto and Ermentrout, submitted). For this study, we constructed a
linear array of 16 extracellular recording electrodes (100 pm spacing) to
characterize the structure of propagating neural activity in a thalamocortical slice
from rodent somatosensory cortex under two conditions.
Propagating waves were induced first by bathing the slice in the GABAa
receptor antagonist bicuculline (50 pM). Waves occurred spontaneously or
were initiated by an extracellular stimulus, and were recorded in layer 2/3, with
the array parallel to the lamina. Wave speed ranged from 40-80 mm/s with a
spatiotemporal half-width averaging 7 ms x 600 pm. Propagation speed was
often not uniform, but varied considerably depending on the spatial location and
direction of the wave’s travel. Pairs of waves triggered simultaneously from
both sides of the array invariably annihilated one another upon collision.
Repeated stimulation at increasing frequencies (-1-5 Hz) generated
progressively slower waves that, at particular locations, triggered both forward
waves and backwardly reflected waves, and eventually wave failure.
A second type of wave was induced by removing Mg-^ from the bathing
solution, and was recorded with the array in upper layer 5. These NMDA
receptor-dependent events were characterized by an initial wave, followed by a
wake of smaller rhythmic waves occurring at a rate of 6-12 Hz. The initial wave
had an average speed of 65 mm/s; subsequent waves were more variable,
ranging from 20-80 mm/s. Surprisingly, later waves often propagated
spontaneously in opposite directions, sometimes colliding with and annihilating
the wave just preceding it.
For both bicuculline and low [Mg++]-induced waves, repeated trials showed
that the relationship between spatial location and changes in speed, generation
of reflected waves, collisions, or wave failures was remarkably consistent. Sites
of inhomogeneous propagation suggest local regions of dramatically altered
connectivity or intrinsic physiology. Supported by NS25983 (NIH).

472.7

472.8

FAST (>200 Hz) ELECTRICAL OSCILLATIONS IN RAT
SOMATOSENSORY CORTEX M.S. Jones* and D.S. Barth Dept. of
Psychology, Univ. of Colorado, Boulder, CO 80309.
A 64-channel electrode array was used to study the spatial and temporal
characteristics of fast (>200 Hz) electrical oscillations recorded from the
surface of rat cortex in both awake and anesthetized animals. Transient
vibrissal displacements were effective in evoking oscillatory responses in the
vibrissa/barrel field and were tightly time-locked to stimulus onset, coinciding
with the earliest temporal components of the coincident slow-wave response.
Vibrissa-evoked fast oscillations exhibited modality specificity, and were
earliest and of largest amplitude over the cortical barrel which corresponded to
the vibrissa stimulated, spreading to sequentially engage neighboring barrels
over subsequent oscillatory cycles. The response was enhanced following
paired-vibrissal stimulation, and was sensitive to time delays between
movement of separate vibrissae. These data suggest that spatiotemporal
interactions between fast oscillatory bursts in the barrel field may play a role
in rapidly integrating information from the vibrissal array during the earliest
cortical response to somatosensory stimulation.
Supported by Whitehall Foundation Grant S-97-06 and NINDS grant
1-R01-NS36981-01A1.

CORTICOTHALAMIC FEEDBACK CAN FORCE INTACT THALAMIC CIRCUITS
INTO PAROXYSMAL OSCILLATIONS AT 3 HZ. D, Debav1, A, Destexhe2, K.
Grant1* and T. Bal1.
1CNRS, IAF, Gif sur Yvette; France; 2Dept. Physiologie,

Univ. Laval, Quebec, Canada.
Many studies have stressed the importance of lateral inhibition between
thalamic reticular cells in generating paroxysmal activity in thalamic circuits. By
using in vitro electrophysiology in combination with computational models, we
explored the possibility that corticothalamic feedback also has a determinant effect
on thalamic oscillations, which may lead to paroxysmal discharges. Recordings
were performed in ferret thalamic slices containing interconnected LGN and PGN
layers.
Corticothalamic feedback was
mimicked by using the discharge of LGN
cells to trigger stimulation of the optic
radiation (OR). Antidromic activation of LGN
cells was rarely observed. The effect of OR
stimulation was highly dependent on
intensity: single shocks entrained the
network in a 10 Hz spindle rhythmicity,
whereas stimuli consisting of 5-6 shocks at
100-200 Hz (Fig.) slowed the rhythm to
about 3 Hz. Local application of CGP35348,
OR feed-back stimulations
a GABA-B blocker, reversed this forced
3 Hz rhythm back to spindle rhythmicity. The same protocol was simulated using
computational models of thalamic circuits comprising Hodgkin-Huxley models of
voltage-dependent currents (IT, Ih, INa, IK) and kinetic models of synaptic
receptors (AMPA, GABA-A, GABA-B). Replication of the experimental results
required two assumptions: (a) that GABA-B receptor-mediated responses are
sensitive to the number of presynaptic spikes; (b) that corticothalamic EPSPs are
more effective in causing firing of PGN cells than LGN cells. In conclusion, these
experiments and models show that intact thalamic circuits can be forced into 3 Hz
paroxysmal oscillations by corticothalamic feedback. Supported by CNRS and
Electricity Sant6 (France) and the MRC (Canada).

472.9

472.10

ORGANIZATION OF THE SOMATOSENSORY CORTEX REVEALED
WITH INTRINSIC OPTICAL IMAGING IN THE SQUIRREL MONKEY.
L.M. Chen1, R.M. Friedman2, B.M. Ramsden’, C.P, Hung1, R.H. LaMotte*’,
and A.W. Roe1*. ’Section of Neurobiology and 2Dept. of Anesthesiology,
Yale University School of Medicine, New Haven, CT 06520.
Optical imaging of intrinsic cortical activity (630nm wavelength
illumination) was used to discern the somatotopic map and the representation
of inputs from slowly-adapting type I and rapidly-adapting type I and II
mechanoreceptors in somatosensory cortex (SI) of the squirrel monkey
(Saimiri sciureus) anesthetized with pentothal and paralyzed with norcuron.
The representation of the fingerpads in somatosensory cortex was
investigated by stimulating the glabrous skin of distal fingerpads (D1-D5)
with Teflon probes (3 mm diameter) attached through an armature to force
control torque motors. Stimuli consisting of trapezoidal and sinusoidal
indentations producing sensations of pressure (1 hz), flutter (30 hz), and
vibration (200 hz) were presented randomly to individual fingers.
In SI, intrinsic image maps, generated from an average of 80 trapezoidal
indentations, obtained in response to stimulation of individual fingerpads
showed single focal oval activation spots. The oval spots had diameters
ranging from 0.3 to 0.6 mm. A somatotopic representation of the fingerpads
was observed in SI with an orderly medial to lateral progression from the D5
to DI fingerpads. Multiunit recordings in the centers of the activation zones
confirmed the somatotopic map. For single digits, activation with pressure,
flutter and vibratory stimuli induced overlapping activation zones. Vibratory
stimuli produced additional activation spots. These findings suggest that
pressure and flutter are more focally represented in somatosensory cortex
than vibration. In conclusion, intrinsic signal optical imaging of
somatosensory cortex is a viable approach to study the functional
organization of somatosensory cortex (cf. Tommerdahl et al. 1998). Support:
NIH R01- EY11744, Whitehall, Sloan, Brown-Coxe Foundation.

EXPLORING THALAMIC SIGNAL FILTERING ASSOCIATED WITH SLEEP
USING HYBRID NETWORKS. G. Le MassonT S, Le Masson2, E. Barbe1 and T,
Bal 3*. 11NSERM U378 Inst. F. Magendie, Bordeaux France; 2CNRS U5818 Lab.
IXL ENSERB-Univ. Bordeaux I, France; 3 CNRS UPR 2212 Inst. A. Fessard, Gif
sur Yvette France.
Hybrid circuits made of interacting computer-generated and biological neurons
provides a way of assessing the role of individual membrane or synaptic
conductances, and network structure, in the activity of cells and circuits (Le Masson
et al., Prog. Biophys. Molec. Biol, 1996, 64:201-220). A synaptic loop is
reconstructed between real thalamocortical (TC) cells recorded in LGN slices of
guinea pigs and ferrets and single compartment model thalamic reticular (RE) cells.
In this hybrid circuit, an input is simulated with a VLSI analog model of a retinal
ganglion cell (Fig.). Calculated synaptic currents, based on model AMPA, GABA-A
and GABA-B synaptic components, are imposed on the TC cell using dynamic
clamp. This hybrid network generates spindle waves with typical waxing, waning
and refractory period. Systematic exploration of
.
Computerbased
the relative influence of GABA-A and GABA-B
receptors in TC cells shows that the optimal
ratio for generating a typical intra-spindle
frequency was in the order of 96% GABA-A and
4 % GABA-B. Steady-state discharge (5-80 Hz)
of retinal cells was simulated by generating
intervals with a gamma (y) renewal process. We
found that 1) spindles are generated with
Analog retinal cell model
physiological, low y orders (irregular rates) and
are prevented for unphysiological, high y order (regular rates). 2) The inter-spindle
interval is controled by the combined influence of the retinal y order and the spindle
refractoriness. 3) AMPA-dependent conductance change in TC cells controls the
intra-spindle frequency. 4) In TC cells, rhythmic inhibitions from spindling RE cells
impose a band-pass filtering (10-12 Hz at peak) on retinal signals by decreasing
the correlation betwen the retinal input and the TC output. Supported by the Institut
Electricity Sant6, INSERM and CNRS.
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472.11

472.12

HETEROGENEOUS RESPONSES OF NEIGHBOURING NEURONS IN S1 CORTEX AND
THALAMUS TO SENSORY STIMULATION. Kim1’2, M.W. Jung1, H.T. Kim2, S.Y. Hyun3*.
Neuroscience Laboratory, Institute for Medical Sciences, Ajou University School of
Medicine, Suwon, 442-7211. Dept. of Psychology, Univ. of Korea, Seoul2. Dept. of
psychology, Taegu Univ. Taegu, Korea3.
Topographic organization of the sensory system and columnar structures of the cerebral
cortex suggest similar response characteristics of neighbouring neurons within an individual
cortical column. Early physiological studies in the somatosensory and visual cortices also
suggest functional homogeneity of neurons within a cortical column. Recent physiological
studies indicate, however, that adjacent cortical neuron pairs are only weakly correlated and
sometimes show different response characteristics. In the present study we examined the
degree of response similarities in the layer IV of the primary somatosensory (S1) cortex and
the VPM/VPL nucleus of the thalamus, which are early stages of sensory information
processing. Young Sprague-Dawley rats were anesthetized with urethane and a "tetrode" was
lowered to the layer IV of S1 cortex or thalamus. Focal stimulation of a hindpaw or forepaw
region was made with a sharp bipolar centric stimulating electrode (0.1ms pulse, 100-300/zA)
that was repeated 600-1000 times at 1Hz. A total of 167 single neuron responses were
recorded (113 in S1 cortex, 54 in thalamus) from 12 rats (7 for S1 cortex, 5 for thalamus).
Examination of poststimulus time histograms indicates diverse temporal patterns of responses
among simultaneouly recorded units. In addition some neurons decreased or did not alter
firing rates at all in response to sensory stimulation. Correlation coefficients of neural response
between neurons pairs during 200ms before and after sensory stimulation wsre 0.19 ±0.01
and 0.33 ±0.01 (mean ± SE) respectively in S1 cortex and 0.03 ±0.01 and 0.05 ±0.02
respectively in thalamus. These results demonstrate a substantial degree of response
heterogeneity and weak correlation among neighbouring neurons at early stages of sensory
information processing.
[Supported by the Korean Ministry of Science and Technology under
Brrain Science Research Program and the KOSEF through Brain Disease Research Center at
Ajou University.]

THALAMIC CONTRIBUTION TO CORTICAL PLASTICITY: THE
EFFECTS OF FORELIMB AMPUTATION. Massey, J.M., Hackett.
T.A. , Strata?F., and Florence, S.L. Department of Psychology,
Vanderbilt University, Nashville, TN 37240
Large scale shifts of somatotopic representations allow for
reactivation of deprived neurons in both somatosensory cortex and
thalamus after amputations or other massive injuries. However, little is
known about the extent to which the reorganization in thalamus dictates
changes in cortex. To address this issue, multiunit microelectrode
recordings were made in both the ventral posterior (VP) nucleus and area
3b, in three adult monkeys (Macaca radiata & M. nemestrina) with
longstanding amputations performed for treatment of injuries. Two
monkeys had arm amputations; while the third had amputation of all but
one digit on the hand. In both VP and area 3b in the expected location of
the hand representation contralateral to the injury, neurons had acquired
new cutaneous receptive fields. Most of the neurons had come to respond
to stimulation near the amputation; additionally, in the monkeys with arm
amputations, some neurons in the hand representation responded to
stimulation of the face. The patterns of reorganization in VP and area 3b
of the same animal were largely similar, however, receptive fields in the
reorganized portion of VP were larger than in area 3b, and there were
more split receptive fields in VP. These data demonstrate that while the
overall patterns of reactivation in thalamus and cortex are similar after
amputation, features of organization in cortex are not directly yoked to the
inputs from thalamus. Mechanisms that appear to be unique to cortex
allow for refinements of information relayed from thalamus, as in normal
monkeys after repetitive training. Supported by NIH Grant NS 36469

472.13

472.14

CATEGORIES OF CORRELATIONS BETWEEN NEURONS IN SII CORTEX
OF THE AWAKE BEHAVING MONKEY PERFORMING AN
ATTENTIONAL TASK.
A. Roy, P.N. Steinmetz, E. Niebur*. Zanvyl Krieger Mind/Brain Institute, Johns
Hopkins University, Baltimore, Maryland.
A majority of neuron pairs recorded simultaneously from primate SII
cortex showed significant synchrony during performance of an attentional task
(Steinmetz et al, SNA 28 p.1513, 1998). This synchrony was indicated by peaks in
the shift-predictor corrected cross-correlogram. Cross-correlograms found to
posess a significant degree of synchrony (Niebur et al, SNA this issue) were fit by
a Gaussian with bias. The properties of their highest peak, viz. its half-width, peak
delay, and sign (correlation vs. anti-correlation) were determined using the
Levenberg-Marquardt procedure for chi-square minimization. We analyzed 450
cross-correlograms from 367 neurons recorded from 3 hemispheres of 2 monkeys
as they alternated between performing a tactile and visual discrimination task.
Cross-correlograms which could not be fitted were not included in this analysis
(27 %). For the first monkey, the distribution of the half-widths was primarily trimodal for both tactile and visual tasks (principal peaks: 0-40 ms : 34%,
80-160 ms : 32%, 180-260 ms : 19 %), while for the second monkey it was
bi-modal (0-40 ms : 42 %, 160-260 ms : 18 %). 70 % of the cell pairs lie within
+/- 20 ms of zero delay for the first monkey, while 65 % lay within this range for
the second monkey. The percentage of anti-correlated cell pairs was substantial in
both monkeys during both tasks (14% in the first monkey, 26% in the second). A
majority (55%) of those pairs which showed a significant change in the degree of
synchrony with attention (ibid) had half-widths <100 pis. Furthermore, 73% of
the same pairs peaked within +/- 20 ms of zero delay in both monkeys. Supported
by the NSF and the Sloan Foundation.

SENSORY DISCRIMINATIVE RETRAINING MODIFIES THE
SOMATOSENSORY HAND REPRESENTATION: A MUSICIAN
WITH FOCAL HAND DYSTONIA.
A McKenzie* 13 A Naiagaran2 N By 1 12,
Univ. of California, San Francisco, Department of Physical
Therapy and Rehabilitation Medicine 1, Keck Center for the
Neurosciences 2, SF, CA 94143, Division of Physical Therapy, 3
Chapman Univ, Orange, CA
Focal hand dystonia can bring an abrupt end to the career of a performing
artist. Traditional treatment with botulinum toxin does not enable a musician to
return to performance. Using magnetoencephalograph, the purpose of this study
was to document the change in the representation of the hand on the
somatosensory cortex before and after sensory retraining of a patient with focal
hand dystonia. With permission, a flutist (36 years) with focal hand dystonia
for approximately two years (left D4, D5) agreed to participate in the study.
The subject received two, 7-week series of supervised and home sensory
discrimination training, 2x per week supplemented with aerobic exercises, soft
tissue mobilization, biofeedback, mirror and mental imagery. The
somatosensory evoked potential (SEP) was measured with a 36 channel
Biomagnetron following controlled taps to the segments of the digits. After
treatment, on the affected side there was a measureable decrease in the
amplitude of the neuronal response, an increase in the density of the neuronal
response, an increase in the size of the representation of the hand, and
improvement in the organization of the neuronal firing. These neuroplasticity
changes were associated with improvement in physical, sensory, motor and
independent living skills.

472.15

472.16

SOMATOSENSORY CHANGES IN PATIENTS WITH FOCAL
HAND DYSTONIA AS MEASURED BY MSI
N By * L2, A-McKenzie u- A Naiagaran + D Blake x M Merzenich ?

CORTICAL FEEDBACK RESPONSES ON THALAMOCORTICAL AND
CUNEOLEMNISCAL CELLS. J. Marino*, J. Aguilar and A, Canedo. Dept. of
Physiology, Fac. of Medicine, Lab. Neurosci. and Neural Computation, associated
to the Cajal Institute (CSIC). 15705 - Santiago de Compostela. Spain.
This work was aimed to study the feedback effects induced by the cerebral cortex
on thalamocortical (TC) and cuneolemniscal (CL) cells in response to peripheral
stimulation. Adult cats were anesthetized with ot-chloralose or ketamine-xylazine
(some anesthetized with chloralose and further maintained under ketaminexylazine), paralyzed (pavulon) and artificially respired. Stimulating electrodes
placed in the sensorimotor cortex and the medial lemniscus served to identify TC
and CL cells, respectively. In some animals, a small piece of cotton was soaked
with picrotoxin (PTx: 2-4 mM) and placed over the primary somatosensory cortex
to induce spike-and-wave complexes separated by silenced activity. Intra- (TC)
and extracellular (CL) neurons were simultaneously recorded while the peripheral
cutaneous receptive fields in the distal contralateral forelimb were electrically
stimulated in sites inducing the lowest threshold responses, and subsequently at
gradual increasing distances. Peripheral stimulation in the lowest threshold sites
induced cortical feedback potentiation on CL and TC neurons with overlapping
receptive fields (n= 5 pairs, 4 under chloralose, 1 under ketamine-xylazine and
PTx). The cortical feedback effects on a different sample of TC (n=5, chloralose)
and CL (n=15, 11 under chloralose, 4 under ketamine-xylazine and PTx) cells with
non-overlapping receptive fields showed that as the stimulating distance increased
from the center of the field to about 5-10 mm (TC cells), the cortex induced pure
excitation, excitatory-inhibitory and pure inhibitory responses. Similarly, the CL
neurons showed a gradual decrease with arrest of firing at a distance of 2-6 mm
from the center of their fields. The results indicate that the cerebral cortex probably
potentiates strongly activated somatosensory ascending channels while inhibiting
others less activated, thus increasing spatial resolution. Supported by DGICYT.

Univ. of California, San Francisco, Department of Physical
Therapy and Rehabilitation Medicine ‘, Keck Center for the
Neurosciences * SF, CA 94143, Division of Physical Therapy,3
Chapman Univ., Orange, CA
The etiology of focal hand dystonia is not well understood.and is difficult to
treat. This condition can develop in individuals who perform high levels of
repetition. The purpose of this study was to use magnetoencephalography to
compare the representation of the hand on the somatosensory cortex in patients
with focal hand dystonia and controls. With permission, nine subjects with
hand dystonia (1-5 years) who were referred to the Health Program for
Performing Arts at the University of California SF were age and sex matched
with nine healthy controls. The somatosensory evoked potential was measured
with a 36 channel Biomagnetron following controlled taps to each segment of
the digits. Compared to controls, on the involved digits of the subjects with
focal hand dystonia, the amplitude of the neuronal response was significantly
larger, the density of response significantly lower, and the neurons fired with
uncharacteristic patterns. On the z axis, the hand was located more superiorly
than controls and D4 was frequently more superior than D5. The spread of the
digits of the involved hand was reduced compared both to their unaffected side
and to controls. These findings are similar those reported in nonhuman
primates who developed movement dysfunction following high levels of hand
squeezing. Focal hand dystonia may result from somatosensory degradation
that should be addressed in treatment.
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472.17

472.18

EEG SOURCE LOCALIZATION OF SOMATOSENSORY RESPONSES TO
MECHANICAL TRANSIENT AND STEADY-STATE STIMULATION OF
THE FINGERS. W. C. Gaetz*1, D. Cheyne2, and L.E. Roberts1. ’Department of
Psychology, McMaster University, Hamilton, Canada, L8S 4K1; 2Brain Behaviour

and L.E. Roberts. Department of Psychology, McMaster University, Hamilton, Ontario,
Canada, L8S 4K1.

EFFECT OF MULTIPLE DIGIT FREQUENCY DISCRIMINATION ON
SOMATOSENSORY REPRESENTATIONS IN HUMANS L.C. Liu*. W.C. Gaetz,

Laboratory, Simon Fraser University, Burnaby, Canada, V5A 1S6.
Transient mechanical stimulation of the fingertips (1-3 Hz) evokes multiple
response components in the scalp-recorded EEG. “Steady-state” stimuli (stimuli
presented at short ISIs such that brain responses to successive stimuli overlap)
generate signal energy at the stimulus repetition rate. Although steady-state
responses are thought to be linear summations of components of the transient
response, nonlinear contributions have been proposed. The goals of this study were
to (1) localize the cortical sources of transient (3Hz) and steady-state (18Hz)
responses evoked by mechanical fingertip stimulation of digits 1, 3, and 5 using 64
channel EEG; (2) determine whether transient and steady-state methods activate the
same or differentiable neural assemblies in area 3b; (3) assess the stability of
transient and steady-state somatotopic maps over repeated sessions; and (4)
compare the efficiency of the two mapping procedures. Subjects (n=5) participated
in 5 mapping sessions separated by approximately 1 week.
Transient EEG responses showed dipolar field reversals at latencies of
approximately 50 ms (P50 component) for each subject. Steady-state averages
showed dipolar field reversals at 18 Hz. Equivalent current dipoles and threedimensional confidence ellipsoids were calculated for each digit and test day, using
the best fitting sphere derived from each subject’s volumetric MRI. Dipole
locations for both stimulation frequencies projected to contralateral cortical regions
of area 3b in broad agreement with known somatotopy. Transient and steady-state
maps frequently overlapped in their representations, consistent with a linear
summation hypothesis. Steady-state responses were observed to be less variable
over repeated sessions and were determined in 50% less recording time.
This study was supported by MRC and NSERC of Canada

Human subjects were trained to detect small changes in the frequency of a 21-Hz
steady-state tactile stimulus applied simultaneously to the finger tips of digits 2+3+4
(fusion condition) or 2+4 (segregation condition) of the righthand. Training for subjects
in either condition was carried out for 3 consecutive days. On Jays 1 and 3 21-Hz
steady-state representations were measured by whole-head (64 channel) EEG on
training blocks (digits 2+3+4 or 2+4) and on mapping blocks of digits 3 (test finger) and
5 (control finger) before and after training. The hypothesis of this study is that training
in the fusion condition would augment the 21-Hz representation for digit 3 relative to
digit 5 through a Hebbian mechanism (digit 3 fused with 2 and 4), while training in the
segregation condition would produce the opposite result for digit 3 relative to digit 5
through an anti-Hebbian process (digit 3 segregated from 2 and 4). Spectral analyses
were applied to the EEG averaged for digits 3 and 5 during mapping, and for digits
2+3+4 or digits 2+4 during training. Results from five right-handed male subjects are
as follows. (1) Overall discrimination performance increased with training, mostnotably
at frequencies between 23 and 26 Hz (21 Hz standard stimulus, steps of 0.5-Hz). (2)
Response time decreased with training. (3) During training, spectral power at 21 Hz for
digits 2+3+4 or 2+4 was higher than for digits 3 or 5 during mapping. (4) After
training, power at 21 Hz for digit 3 increased in the fusion condition (n=3) and
decreased in the segregation condition (n=2) over left frontal-central electrodes,
contralateral to the fingers stimulated. Changes at left posterior-central electrodes were
more variable. (5) Changes in 21 Hz power for digit 5 after training were variable but
generally of smaller scale than for digit 3. (6) In one subject, power at the harmonics
of 21 Hz also increased after the training in the fusion condition.
This study was supported by the MRC and NSERC of Canada.

472.19

472.20

NEW CORTICOCORTICAL CONNECTIONS IN SOMATOSENSORY
CORTEX
OF
ADULT
MONKEYS
AFTER
PERIPHERAL
DENERVATION M, Costa-Garcia*. A. Nunez. R. Garcia-Leal and
E. Rausell. Dept. de Morfologfa, Facultad de Medicina, Universidad Autonoma de
Madrid, Spain.

Peripheral denervation induces a remodelling of representational maps in primary
somatosensory cortex. This is caused by displacement of neuronal receptive fields
towards adjacent non-denervated cutaneous territories. We have investigated the
coincident appearence of new sources of excitation, like incoming of growing
terminals, as an inductor of such change in neuronal behavior.
We analyzed the characteristics of the sets of area 3b cortico-cortical neurons
projecting to the most medial representation of the first digit in area 1 and the sets of
neurons that project to the immediately adjacent representation of the second digit, in
normal monkeys. This was achieved by introducing pairs of fluorescent retrograde
tracers in cortical loci assessed by unit recording. The results were compared with those
obtained from monkeys subjected to denervation of the sensory branches to first digit,
and in which pairs of fluorescent tracers were introduced in area 1 at each side of the
border between the most lateral representation of the second digit and the most medial
“non responsive cortex”.
Two weeks after denervation we observed higher spontaneous activity and neuronal
excitability in those cortical loci than in their equivalents in normal monkeys. Four
weeks after denervation, the sets of cortico-cortical neurons projecting to “non
responsive” cortex extended 60% longer in area 3b, occupied 92% more cortical area
than normal, and their axons branched 35% wider. The sets of neurons projecting to
the most lateral representation of the second digit extended 113% longer, occupied
255% more area, and their axons branched 15% wider than in normal monkeys. In
addition, the distribution of density of projecting neurons in area 3b was significantly
different.
The alterations in numbers with respect to normal are interpreted as the result of
ingrowth of new cortico-cortical terminals within the area 1 representation of the first
digit, deprived of its main source of afferent activity.
Supported by CICyT Grant SAF96-0031 and CAM 08.5/0023/98.

A PREDICTIVE MODEL OF MOVEMENT-RELATED REDUCTIONS IN
TACTILE DETECTION IN HUMANS.
Williams S.R., and Chapman C.E*. CRSN, Universite de Montreal,
Montreal, Quebec, Canada, H3C 3J7
As part of an ongoing quantification of the effects of movement on the
perception of tactile stimuli, the relative influence of stimulus location, stimulus
intensity and stimulus timing on the magnitude of movement-related reductions
in tactile detection in humans was modeled using multiple modified logistic
functions. Modeled variables included stimulus location, intensity and timing
relative to the onset of movement-related electromyographic activity (EMG).
Model output was the proportion of stimuli detected. Modeled detection
performance was consistent with the psychophysical results previously obtained
in 42 human subjects trained to perform right digit 2 abduction in response to a
visual cue while attempting to detect a weak stimulus consisting of a single 2
ms duration electrical pulse applied to the skin. The model predicts detection
performance at stimulus locations and intensities that have not yet been
experimentally evaluated. Preliminary tests of the model indicate that it may be
generalisable to movements of other body segments as well as to isometric
motor tasks when the stimuli are timed relative to the onset of motor task EMG
activity rather than to movement onset. The model may also be generalisable to
passive motor tasks if the delay between EMG activation and the onset of
movement for the active task equivalent is taken into account. The
generalisability of the model suggests that similar mechanisms may underlie
movement-related reductions in tactile detection in different movement tasks.

Supported by the MRC, FRSQ and GRSNC.

UROGENITAL REGULATION
473.1

473.2

Light Microscopic Analysis of Individually Injected Preganglionic Neurons
In the Sacral Spinal Cord of the Cat C.W. Morgan*1, P.T.‘Ohara2,and S.E.
Ward ’Dept. Pathology and Anatomy, Eastern Virginia Medical School, Norfolk,
VA 23501 and ’ 2Dept. Anatomy and W.M Keck Center, UCSF, CA 94143-0452
Preganglionic neurons (PGN) innervating the urinary bladder in the cat are
concentrated in the sacral parasympathetic nucleus. To study their dendritic
morphology these PGN, identified by conduction velocities of 4-12 M/sec
from antidromic stimulation of the sacral ventral roots, were injected singly
with Neurobiotin (Vector) and processed with avidin-biotin HRP. Eight
injected PGN were traced in their entirety from serial sections using the
Neurolucida computer-aided neuron reconstruction system. Dendrites were
observed in laminae I, V, VII, the dorsal commissure, and throughout the
lateral funiculus (LF). The number of dendrites per neuron ranged between 5
and 9 (mean, 6.5; SD, 1.5) and the total dendritic length was from 8,800 to
13,500pm (mean 10,758; SD, 1,739). There was no correlation between the
number of dendrites and the total dendritic length and there was no correlation
between the cell body diameter or surface area and total dendritic length.
Individual dendrites from a single neuron showed a wide variation in size.
Analysis of the dendritic projection territories showed that although each
PGN neuron sends dendrites to a number of different spinal cord regions,
many neurons show a preferential distribution. This is consistent with
previous observations of sub-types of PGN; type I with dendrites in lamina I
but not the LF; type II with dendrites in the LF but not lamina I (Morgan et al,
JCN, 331:161-182,1993); and atype III with dendrites in both lamina I and
the LF. Types II and III are thought to innervate the bladder because of the
presence in the LF of axons from the pontine micturition center.

ROLE OF SPINAL a,-ADRENOCEPTOR SUBTYPES IN THE CONTROL OF THE
LOWER URINARY TRACT IN THE RAT. M. Yoshiyama,* T, Yamamoto and W.C.
de Groat. Dept. Pharmacol., Univ. Pittsburgh Sch. Med., Pittsburgh, PA.
The present study was conducted to examine the role of spinal a,-adrenergic
mechanisms in the control of urinary bladder function in urethane (1.2 g/kg s.c.)
anesthetized female Sprague-Dawley rats (250-320 g). Bladder activity was recorded
via transurethral catheter during continuous infusion (0.21 ml/min) cystometrograms
(CMGs) or under isovolumetric conditions (ISO). All drugs were administered
intrathecally at the L6-S, segmental level of spinal cord. During CMGs, 3 or 30 nmol
of phenylephrine (PE, a,-agonist) had no effect on bladder activity whereas 300 nmol
increased the intercontraction interval by 98 % and pressure threshold for inducing
micturition by 115 %, but did not change bladder contraction amplitude (BCA). A large
dose of PE (3 pmol) induced overflow incontinence at a high baseline pressure (mean:
33 cm H2O; range: 28-42 cm H2O). Under ISO, 3-30 nmol of PE abolished bladder
activity for 22-45 min; whereas smaller doses (0.003-0.3 nmol) were inactive.
Doxazosin (a,-antagonist, 50 nmol) decreased ICI but did not change BCA during
CMG, and increased bladder contraction frequency (FRQ) and decreased BCA under
ISO. RS-100329 (RS, aIA antagonist) in doses of 25, 50 and 100 nmol significantly
decreased BCA by 32 %, 54 % and 98 %, respectively; whereas (+)-cyclazosin (CZ, a1B
antagonist) and BMY 7378 (BM, a,D antagonist) significantly decreased BCA (4053%) only at 100 nmol. RS and CZ increased FRQ by 35-50 % at 50 nmol, but BM had
no effect on FRQ. These studies suggest that two types of spinal a,-adrenergic
mechanisms are involved in reflex bladder activity: (1) aiA or a,B inhibitory control of
the frequency of voiding reflexes presumably by acting on afferent processing in the
spinal cord and (2) a1A facilitatory modulation of the descending limb of the micturition
reflex pathway. Spinal aID receptors do not appear to have a significant role at either
site. SOURCE OF FUND: NIH grant DK-51402 (W.D.) and Roche Bioscience.

This research has been supported by NIDDK, R01-DK49480
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473.3

473.4

THE EFFECTS OF SPINAL AND PERIPHERAL ADMINISTRATION OF
PURINERGIC AGONISTS ON THE MICTURITION REFLEX IN THE RAT. D-Y.
Kim, A.A. Hawranko, M O. Fraser. M. Yoshivama, M.B. Chancellor, C.-L. Cheng*
and W.C. de Groat. Depts. of Pharm. and Urology, Univ. of Pittsburgh, Pittsburgh, PA
15261, and Dept. of Urology, Taichung Veterans Hospital, Taichung, Taiwan.
We examined the effects of intrathecal (i t.) and intravenous (i.v.) administration of
2 purinergic agonists, ot(3MeATP (30-1000 nmol; n=23) and ATPyS (30-1000 nmol;
n=26), on neural pathways controlling reflex bladder contractions (BC) and external
urethral sphincter (EUS) activity in the rat. Lt. (positioned at L6-S1) and i.v. (jugular)
catheters were implanted in urethane (1.2 g/kg) anesthetized female SD rats (250-300
g). A transurethral catheter was used for isovolumetric pressure recording after ligation
of the external urethral orifice, and fine wire EMG electrodes were placed in the pelvic
floor. I t. apMeATP (n=12) or ATPyS (n=18) in spontaneously active preparations
(SAP) and quiescent preparations (QP) induced BCs. An increase in baseline bladder
pressure (-150%, 3-15 min duration) was seen in -60% of the trials following either
agonist. Increased pelvic floor EMG activity, was observed in 14/21 rats. Transient
bladder activation was often followed by a prolonged cessation of BCs (apMeATP -15 min, ATPyS —39 min). I.v. apMeATP (100 nmol) in both SAP and in QP
produced single large amplitude, long duration BCs followed by cessation of
spontaneous BCs. Both amplitude and duration of the BCs evoked by i.v. apMeATP
were reduced -50% following atropine (muscarinic antagonist, 0.4 mg/kg, i.v), and
-30% following the ganglionic blocker, hexamethonium (C6; 25 mg/kg, i.v.). I.v.
ATPyS (100 nmol) in SAP and QP induced a small amplitude, short duration BC
followed by cessation of spontaneous BCs. Unlike apMeATP, the BCs induced by
ATPyS were not altered by atropine, but were completely abolished by C6. These data
indicate that excitatory and inhibitoiy purinergic mechanisms are present not only in
the peripheral nervous system/smooth muscle of the lower urinary tract, but also in the
lumbosacral spinal reflex pathways controlling micturition. Supported by NIH grant
DK-51402.

CENTRAL MUSCARINIC MECHANISMS REGULATING VOIDING IN RATS Y
Ishiura1,0. Yokovama*2, M. Namiki2, W.C.de Groat1. ’Dept. of Pharmacology, Univ.
of Pittsburgh, Med. Sch.; Pittsburgh, PA , 15261; 2Dept. of Urology, Univ. of
Kanazawa, Med. Sch.; Kanazawa, Japan.
Previous experiments revealed acetylcholine might be a transmitter in central as well
as peripheral neural mechanisms underlying micturition. The contribution of
cholinergic transmission to the central regulation of micturition was evaluated further
in the present study. In female S-D rats (250-300g) anesthetized with halothane, a
catheter was inserted through the bladder dome and either an intracerebroventricular
(ICV) or an intrathecal (IT) cannula was inserted. After the surgery, saline was infused
into the bladder at a constant rate (0.1 ml/min) in conscious restrained rats.
Oxotremorine-M (OX) (0.01-1 pg /rat.) or atropine (AT) (0.01-30 pg /rat) was injected
in increasing doses. OX was also tested after AT pre-treatment (1 gg /rat). OX (IT)
(0.1 gg) increased bladder capacity (BC, 82.5 ±25.8%), but did not change micturition
pressure (MP, -3.2±7.7%) or voiding efficiency (VE, -1 ,2±0.9%). OX (ICV) (0.1 gg)
increased MP (59.0±19.9%) and BC (109.3±30.9%) and decreased VE (-43.0±25.5%).
AT (1.0 gg) had no effect, but AT (10-30 gg) increased BC (32.5±10.2%; IT),
(72.0±l 1.5%; ICV) and decreased MP (-39 0±7.7%; IT), (-43.0±3.4%; ICV) and VE
(-55±5.8%; IT), (-38.8± 1.4%; ICV). The present results show that OX(IT) alters the
afferent limb rather than the efferent limb of the micturition reflex. OX was blocked by
AT(1 gg), which alone had no effect. These findings suggest that spinal muscarinic
inhibitory receptors controlling BC are not tonically active (ie, silent receptors) but can
be turned on by exogenous muscarinic agonists. Effects of AT(10-30 gg) indicate that
muscarinic excitatory mechanisms are tonically active. OX (ICV) also indicates the
presence of inhibitoiy muscarinic mechanisms in the brain. These findings raise the
possibility that voiding function is regulated by both inhibitory and excitatory
cholinergic mechanisms in the central nervous system.

473.5

473.6

ULTRASTRUCTURAL EVIDENCE FOR DIRECT PONTINE MICTURITION
CENTER PROJECTIONS TO SACRAL GLYCINERGIC NEURONS IN THE CAT.
Judith A.M.L, Sie , Henk de Weerd and Bertil F.M,-Blok ( SPON: European
Neuroscience Association) Dept. of Anatomy and Embryology, Faculty of Medical
Sciences, University of Groningen, The Netherlands
Micturition is the combination of relaxation of the external urethral sphincter (EUS)
and contraction of the urinary bladder. The EUS and bladder muscle are innervated by
motoneurons in the nucleus of Onuf and by parasympathetic motoneurons in the sacral
intermediolateral cell group (IML), respectively. During micturition the activity of
these motoneurons is coordinated by the so-called pontine micturition center (PMC),
which sends long descending pathways terminating on bladder motoneurons and on y
amino butyric acid (GABA) interneurons in the sacral dorsal gray commissure (DGC).
The present study investigates whether these sacral DGC GABA intemeurons also
contain glycine. In two adult male cats the PMC was identified using electrical
stimulation (5 sec train, 5 ms duration, 80 Hz, 100 pA), and the intravesical and
transurethral pressures were measured. The PMC was injected with 40 nl of WGAHRP. After 3 days survival the animals were perfused. Sacral cord segments were
processed for electron microscopy, which included immunogold postembedding with
antibodies raised against GABA (Sigma, USA) and glycine (kindly provided by Dr.
O.P. Ottersen, Oslo). WGA-HRP injections were made in the dorsolateral pons,
including the PMC. Anterogradely labeled fibers terminated bilaterally in the sacral
IML and DGC. The labeled PMC terminals in the DGC contained many round
vesicles and asymmetric synapses, which in about 51% (38 of 74) of the cases made
contact with glycine positive dendritic profiles. Serial sectioning showed that about
75% of the glycinergic neurons were also GABA positive. The results demonstrate
that the PMC projects directly to glycinergic neurons in the sacral DGC, which in
majority colocalize with GABA. Since it has been shown that neurons in the sacral
DGC project to Onufs nucleus, and that stimulation of the DGC results in an
inhibition of the EUS, it is proposed that during micturition the PMC directly excites
bladder motoneurons in the IML and at the same time GABA-ergic/glycinergic
neurons in the sacral DGC. The latter activation results in the relaxation of the EUS.

EFFECT OF EPI ANTAGONIST (ONO8711) ON PREGANGLIONIC NEURONS
IN NEONATAL RAT LUMBOSACRAL PARASYMPATHETIC NUCLEUS
A. Miura1,2, W, C. de Groat2, M, Kawatani1, K. Hayashida3 and T. Maruyama3.
’Dept. of Physiology, Akita Univ. Sch. of Med., Akita 010-8543, Japan, 2Dept of
Pharmacology, Univ. of Pittsburgh, PA 15261,3Minase Res. Inst. Ono Pharmaceutical
Co., Ltd., Osaka 618-0000, Japan.
Primary afferent fibers in the bladder wall are activated by increasing the volume
of the urinary bladder. Inflammation of the urinary bladder increased the firing of
these afferents via the action of various chemical mediators including prostaglandins
(PG). Application of PGs to the spinal cord causes hyperalgesia and allodynia. This
raise the possibility that PGs in the L6-S1 spinal cord might modulate into the
micturition reflex pathways. The present study used the whole-cell patch clamp
recording technique in the spinal cord slice preparation of the neonatal rat to examine
the effect of ONO8711, EPI antagonist, on parasympathetic preganglionic neurons
(PGN). PGN were identified by retrograde axonal transport of fluorescent dye (fast
blue, 5 ml of 4% solution) injected into intraperitoneal space 3-7 days before
experiments. Firing patterns were determined on the basis of the response to
prolonged depolarising current pulse (300 ms). Phasic neurons (PN, 39%) which
exhibited a brief period of firing and tonic neurons (TN, 61%) which exhibited
prolonged discharges were identified. ONO8711 significantly (p<0.05) decreased the
threshold potential for action potentials (5 ms stimulus duration) from -21.0 ± 2.0 mV
to -25.6 ± 4.9 mV in PN, and from -29.6 ± 3.3 mV to -34.6 ± 2.4 mV in TN.
ONO8711 decreased threshold currents for action potential from 166.7 + 38.4 pA to
120.0 ± 40.0 pA in PN and 110.0 ± 22.7 pA to 52.5 ± 16.5 pA in TN. ONO8711 did
not altered the duration of action potentials, or the amplitude and duration of
afterhyperpolarization in PN and TN. ONO8711 converted firing patterns in TN into
phasic firing patterns. These results indicate that EPI prostaglandin receptor system
has a modulatory influence on PGN firing patterns.

473.7

473.8

WHOLE CELL RECORDING FROM NEURONS IN THE
INTERMEDIOLATERAL NUCLEUS OF RAT SACRAL
SPINAL CORD IN VITRO. Y. Lu1. H. Inokuchi1, E. M.
McLachlan2. E.Tanaka1* and H. Higashi1. ’Dept. Physiology,
Kurume Univ. Sch. Med., Kurume, 830-0011 Japan and 2Prince
of Wales Med. Res. Inst., Randwick, NSW 2031 Australia.
The dorsal commissural nucleus (DCN) of the rat sacral
spinal cord receives visceral and somatic sensory inputs from
the pelvic region and contains neurons that project axons to
the intermediolateral nucleus (IML) in the same segments.
Little is known about the synaptic connections between DCN
and IML neurons in the mature rat. Whole-cell recordings
with biocytin-filled electrodes were made from IML neurons in
transverse slices which were obtained from L6-S1 segments of
SD rats (6-8 weeks) anesthetized with urethane (1.2 g/kg).
The axons of parasympathetic preganglionic neurons (PPNs)
projected to the ventral root exit zone. PPNs differed from
non-PPNs (interneurons) in having longer action potential
durations and prominent slow IAs. Mono- and poly-synaptic
EPSPs and IPSPs were produced by stimulation of the DCN.
EPSPs were abolished by CNQX (20 gM) and APV (100 pM),
and IPSPs by bicuculline (20 pM) and/or strychnine (2 pM).

SMOOTH MUSCLE AND PARASYMPATHETIC NERVE TERMINALS HAVE
DIFFERENr SUBTYPES OF a, ADRENOCEPTORS IN THE RAT URINARY
BLADDER. G.T. Somogyi*. T. Yamamoto, E.A, Szell and W.C. de Groat. Dept. of
Pharmacology, University of Pittsburgh, Pittsburgh, PA 15261.
Previously we reported (Somogyi et al. Brit. J. Pharmacol. 114. 1718, 1995) that
phenylephrine (PE) facilitates ACh release and neurally evoked contractions (NEC) by
activating prejunctional ai adrenoceptors in the rat urinary bladder In addition PE
caused an elevation of baseline tone m the bladder strips which was due to activation
of the ai adrenoceptors in the smooth muscle. The goal of the present investigation
was to identify the subtypes of the a.] adrenoceptors mediating the facilitation of
neurally evoked bladder activity and direct activation of smooth muscle in rat bladder
strips. Isometric contractions of the electrically stimulated bladder strips were
measured with a strain gauge system. In addition stimulation evoked release of 3HACh was measured after the strips were prelabeled with 3H-choline. The PE
facilitation of NEC was inhibited by selective a1A adrenoceptor antagonists: 5-methylurapidil (pA2 =8.77) and REC15/2739 (pA2=9 59) indicating the involvement a1A
adrenoceptors. On the other hand the irreversible a,B blocker, chlorethyl-clonidine
(CEC)( 10-50 pM) did not inhibit the PE evoked enhancement of NEC, but did inhibit
the increase in the smooth muscle tone. During prolonged exposure to PE the increase
in baseline tone gradually decreased with time, whereas the enhancement of NEC did
not change indicating that different subtypes of a! receptors are operating pre and
postjunctionally. CEC by itself enhanced the amplitude and area of NEC and also
increased the release of 3H- ACh, but did not alter the facilitating effect of PE on ACh
release. In contrast WB-4101(10 nM) an alA blocker inhibited the PE facilitation of
ACh release. Our results indicate that the prejunctional adrenoceptors are of the a1A
subtype, whereas aiB subtype is present in the smooth muscle. (Supported by the NIH
grant RO1 DK-45741)

Supported by Grant-in- Aid for Science and Culture of Japan. Y.L. is a
JSPS postdoctoral fellow and EMcL was a JSPS Invitation Fellow.
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RAPID INHIBITION OF BLADDER BUT NOT UTERINE MOTILITY BY CB1 RECEPTOR
agonist
WIN 55,212-2 IN RATS. N. Dmitrieva* and K.J. Berkley Program

ROLE OF NORANDRENERGIC MECHANISMS ON HYPERACTIVE

in Neurosci., Florida State Univ., Tallahassee,. FL 32306; *Fisiologia de
Conducta, Medicina, ULA, Venezuela.
Clinical data suggest that cannabis may have an inhibitory effect on
bladder and uterine motility. Although the CBl receptor has been found to
be present in the rodent urinary bladder and uterus (Das et al., 1995;
Pertwee and Fernando, 1996), functions of this receptor remain unknown.
Here we investigated the short-term effect of several doses of CBl receptor
agonist WIN 55,212-2 on the rat bladder and uterus.
In 65 urethane-anesthetized female rats in metestrus, the bladder was
cannulated and a flexible balloon was placed into the left uterine horn and
connected to pressure transducers. The left femoral artery was
catheterized for close intra-arterial injections of WIN 55,212-2, (0.01, 0.1,
0.5 and lpmol/kg), inactive enantiomer WIN 55,212-3 (lpmol/kg) or vehicle
4pl DMSO (in 0.1ml of saline). Micturition threshold (MT) was determined
by filling the bladder with saline (flow rate 0.055 ml/min) and spontaneous
uterine contractions were measured before and after injections in animals
who were subjected to hypogastric neurectomy (HYPX), bladder
inflammation with 50% turpentine (in olive oil) or left intact.
WIN 2 produced a significant delay in MT in all groups in a doseresponse manner (ANOVA, P<0.001) tested 15 min post-injection, but had
no effect on uterine contractions in the same animals. This effect was no
longer evident within 1-2 h post-injection. Neither DMSO nor WIN 3
significantly changed bladder or uterine motility. These results support the
hypothesis that CBl receptors are functionally involved in bladder
motility.
Supported by NIH grant NS 11892.

T. DeanMcKinney, B. H. Zorn, K.E. Andersson, J.B. Tuttle, and W. D. Steers*. Depts of
Urology and Neuroscience, University of Virginia, Charlottesville, VA 22908;
Walter Reed Army Medical Center, Washington, D.C. 20307; Dept of Clinical
Pharmacology, Lund, Sweden.
The spontaneously hypertensive rat (SHR) has been shown to have increased
noradrenergic innervation of bladder smooth muscle due to elevated levels of
nerve growth factor compared to the Wistar-Kyoto rat (WKY). The SHR animals
also demonstrate frequent voiding, lower void volume, and unstable bladder
contractions, compared to WKY animals. We examined the role of noradrenergic
mechanisms in SHR bladder hyperactivity by alpha 1 a adrenoreceptor antagonism
(I.V. & I.T. Doxazosin), acute catecholamine depletion (I.V. Guanethidine), and
destruction of catecholamine containing nerves (I.V. 6-Hydroxydopamine [6OHDA]). Voiding frequency was measured over 4 hrs. and awake cystometry
(CMG) was performed after placement of bladder, venous and arterial catheters.
Bladder and arterial pressures were measured over pre- and post-treatment periods.
Voiding frequencies were also observed after administration of I.V. guanethidine
Treated animals showed decreased voiding frequency in both strains. Voiding
parameters analyzed from CMG data include threshold volume for micturition
(TVM), threshold pressure at micturition (TP), and peak micurition pressure (PP).
Systemic doxazosin had no significant effect on the CMG, whereas I.T. doxazosin
increased TVM and eliminated unstable contractions. Guanethidine treatment
caused a 22 +/- 8% increase in TVM in SHR without significant change in TP or
PP. In the control WKY animals, guanethidine treatment caused a 32 +/- 10 %
decrease in TVM without significant change in TP or PP. 6-OHDA had no effect
on the CMG. These results suggest that spinal, not peripheral, alpha la receptors
have a significant role in the altered bladder activity seen in the SHR. Peripheral
noradrenergic nerves do not contribute to the observed patterns. This research has
been supported by NIH grant DK-95-007 and DICE award (Pfizer).

473.11

473.12

DISTENSION OF THE GUINEA PIG URETER RELEASES ATP FROM THE
EPITHELIUM. G.E. Knight. P, Bodin, W.C. de Groat*, and G Bumstock Autonomic
Neuroscience Institute, Royal Free & University College Medical School. University
College London, Royal Free Campus, Rowland Hill Street, London, NW3 2PF and
Dept of Pharmacology, University of Pittsburgh School of Medicine, Pittsburgh, PA
15261.
ATP is released from epithelial and endothelial cells in vanous organs by
mechanical stimulation This investigation was carried out to determine if ATP might
be released from the ureteral epithelium when the luminal pressure is increased.
Guinea pig ureters were removed and maintained in vitro at room temperature in
oxygenated Krebs solution. Ureters were cannulated at both ends and perfused from
the rostral end with Krebs solution (40 u.l/'min). Intraureteral pressure was measured
with a pressure transducer and perfusate was collected for measurement of ATP by
luminescence. Ureters were distended by briefly clamping the outlet cannula during
perfusion. The ureters were distended to a series of different pressures and ATP was
measured before, during and after distension Basal levels of ATP (11-14 pmol/ml)
did not increase at fast infusion rates (400 pl/min) but increased sharply at distending
pressures above 10-20 cm H2O. Release of ATP increased at higher distension
pressures: 10-50 cm H2O (112 ± 24 pmol/ml), 50-100 cm H2O (199 ± 46 pmol/ml) and
100-150 cm H2O (300 ± 77 pmol/ml). Removal of the epithelium by passing a
catheter through the ureter eliminated the release of ATP. After the experiments,
ureters were immersed in fixative and examined by scanning electron microscopy No
epithelial damage was detected following multiple distensions.
Lactate
dehydrogenase, a marker of cellular injury, was not detected following ureteral
distension, but was present after crushing the ureter. It is suggested that increased
luminal pressure releases ATP from the epithelial cells lining the ureter ATP, in turn,
may act on nociceptive punnoceptors on subepithelial sensory' nerves to induce
distension-associated pain. This work was supported by the British Heart Foundation
and NIH grant DK 49430

EFFECTS OF CAPSAICIN AND CYCLOPHOSPHAMIDE ON THE DISTENTION-DEPENDENT
RELEASE OF ATP INTO THE LUMEN OF THE LOWER URINARY TRACT. A.A, Hawranko*.
S, Barrick, L.A, Birder, and W.C. de Groat. University of Pittsburgh, Pittsburgh, PA 15261.
We evaluated the ability of a physiological distention of the urinary bladder to evoke release of
the neurotransmitter ATP into the lower urinary tract (LUT) of rats. ATP release was measured
by luciferase assay, under control conditions, after treatment (chronic or acute) with the primary
afferent neurotoxin capsaicin (CAP), and after irritation of the bladder by cyclophosphamide
(CYP). Female SD rats (~275g) were anesthetized with urethane (1.2 g/kg, s.c.), and a
transrenai catheter (PE-10) was inserted 3 cm into the ureter, The other ureter was cut and
tied. Saline was infused (0.2 ml/min) via the ureteral catheter into the bladder lumen and
collected from a transurethral catheter (PE-50). Bladder pressure was monitored via the
transurethral catheter, and baseline pressures across test conditions did not differ significantly.
Bladders were distended by closing the urethral outlet, and infusing until a contraction occurred.
The average pressure (~25 cm H2O) required to induce a contraction did not differ between test
conditions. In control rats, baseline ATP levels averaged 10 ± 3 pmol, and increased to 61 ±11
pmol with bladder distention. The ATP release was replicated in the same animals following a
wash. In rats chronically pretreated with CAP (125 mg/kg, s.c.), baseline ATP levels were 1 ± 1
pmol but distention did not evoke release (4 ± 2 pmol). Acute CAP (perfusion with 50pM)
enhanced the release of ATP to 129 ± 30 pmol, but did not change baseline levels (21 ± 14
pmol). CYP (150 mg/kg, i.p.) treatment also increased the level of ATP released by distention
to 224 ± 39 pmol without altering baseline levels (7 ± 5 pmol). In rats given both chronic CAP
and CYP, baseline levels remained unchanged (11 ± 4), but the ATP released with distention
was increased to 140 ± 49 pmol. A second distention in rats given CYP, released -40% of the
ATP expected from the first distention. These data suggest that it is likely that ATP is released
into lower urinary tract via multiple mechanisms. Under normal conditions, CAP-sensitive
afferents are essential for the distention-dependent release of ATP, however, when the bladder
is irritated, ATP may be released from other sources like CAP-insensitive nerves or epithelial
cells in the LUT. This work was supported by NIH grant DK 49430.

473.13

473.14

ROLE OF HIPPOCAMPAL FORMATION IN NEGATIVE
FEEDBACK INHIBITION OF PENILE ERECTION IN THE RAT
Alice Y.W, Chang?2*. Julie Y.H^Chan3 and Samuel H.H. Chan1,2.
'Ctr. for Neuroscience and 2Dept. of Biological Science, Sun Yat-sen
Univ.; 3Dept. of Medical Research, Veterans General Hospital Kaohsiung; Kaohsiung 804, Taiwan, R.O.C.
Detailed information on how the central nervous system
regulates penile erection, particularly the inhibitory aspect, is sparse.
We observed in Sprague-Dawley rats anesthetized and maintained
with chloral hydrate that administration of papaverine (400 pg)
directly into the corpora cavemosum of penis produced an increase
in intracavemous pressure (ICP). This elicited experimental index
for penile erection was accompanied by a transient increase in the
root mean square values, concurrent with a shift in the contribution
of 0 (increase) and 8 (decrease) power to the hippocampal
electroencephalographic (hEEG) activity. Reversal blockade of
these hEEG responses with xylocaine, given either intrathecally at
the L6-S1 spinal levels or unilaterally to the hippocampal formation,
significantly heightened and prolonged the ICP response.
Pretreatment with xylocaine by itself, however, did not alter
appreciably the baseline ICP or hEEG activity. These results suggest
the presence of a novel negative feedback inhibitory mechanism in
the hippocampal formation, which is triggered by ascending sensory
inputs initiated by tumescence of the penis during erectile processes.

NEURAL CIRCUITRY OF THE FEMALE RAT’S REPRODUCTIVE
TRACT; CHANGES IN VIRAL INFECTION CORRELATED WITH THE
ESTROUS CYCLE. M.L. Weiss*1, J. Huang1, M. Dobbs1, K. Sawrey1,
R. Guevara-Guzman3 and P.S. MohanKumar2.1Dept of Anatomy and
Physiology and 2Dept of Diagnostic Medicine/Pathobiology, Kansas
State University, Manhattan, KS 66506-5602, 3Dept. of Physiology,
National University of Mexico School of Medicine, Mexico City, Mexico.
Previous work using physiological or anatomical methods indicated
that the neural circuits associated with the female reproductive tract are
affected by the estrous cycle. Here, we injected cycling female
Sprague-Dawley rats with Pseudorabies virus (Bartha’s K strain) into
the cervix to determine the neural circuitry associated with the female
reproductive tract. Infected neurons were found in the spinal cord
within the intermediolaterai and intermediomedial cell columns with
modes at L1 and L6. It was assumed that these represent sympathetic
and parasympathetic preganglionic neurons, respectively, that are
involved with the reproductive tract. Furthermore, our preliminary
results with 16 rats indicate that the stage of the estrous cycle when a
rat is infected impacts upon the pattern and number of infected neurons
in the spinal cord, i.e., animals infected in proestrus had significantly
fewer labeled cells than animals infected in diestrus. Work is underway
to investigate whether the staining pattern after infection of the kidney
is also influenced by the reproductive cycle in female rats. Supported
by PHS NS-34160 and AG-05980.
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DO NEUROPEPTIDE LEVELS CHANGE IN THE FEMALE RAT
REPRODUCTIVE ORGANS DURING PREGANCY, PARTURITION, AND
POST PARTUM? Collins J.J.*, Usip S., and Papka R.E. Dept. Neurobioiogy,
Northeastern Ohio Universities College of Medicine, Rootstown, Ohio 44272.
Nerve fibers in the uterine horn degenerate with advancing pregnancy and
regrow postpartum. However, nerve fibers in the uterine cervix remain intact
throughout pregnancy. Thus, nerves in the cervix could play an important role
at parturition because bilateral transection of the pelvic nerves results in
dystocia. Uterine cervical dilation involves tissue remodeling and may occur,
in part, through a local inflammatory process that resembles tissue changes
accompanying neurogenic inflammation. Neurogenic inflammation involves
primary afferent nerve fibers that release such transmitters as substance P,
calcitonin gene-related peptide, nitric oxide, and secretoneurin. These
transmitters bind to receptors to 1) induce vasodilation, 2) increase
postcapillary venule permeability, 3) recruit inflammatory immune cells monocytes (which transform into macrophages) and neutrophils - into the
tissue, and 4) activate mast cells. Substance P stimulates mast cells to
degranulate thereby releasing histamine and various cytokines. We
hypothesize that uterine innervation influences cervical ripening at parturition
through release of transmitters that participate in neurogenic inflammation.
The present studies were undertaken to determine if there are changes in
neuropeptide (substance P and calcitonin gene-related peptide) levels in
blood serum, uterus, uterine cervix, and lumbosacral spinal cord at different
stages of pregnancy, parturition, and post partum female rats. Results and
ramification of these studies will be discussed. (Supported by NIH NS-33081,
NS-22526).

ESTROGEN RECEPTORS (ER) IN NEURONS OF THE SPINAL CORD,
DORSAL ROOT GANGLIA AND PELVIC PARASYMPATHETIC GANGLIA COMPARISONS OF ER-a AND ER-p. Papka, R.E.*, T, Copelin, M. StoreyWorkley and S. Usip. Dept. Neurobioiogy, Northeastern Ohio Universities
College of Medicine; Rootstown, OH, 44272.
Nerves supplying the uterus and cervix have cell bodies in the pelvic
parasympathetic paracervical ganglia (PG), dorsal root (DRG), and nodose
(NG) sensory ganglia. Spinal cord neurons are in pathways of uterine
innervation. Previous studies indicate that neurons in such locations contain
estrogen receptors (ER), at least ER-a. With the availability of antibodies for
the p-isoform of the ER, we studied the presence of this isoform in neurons for
comparison with the distribution of ER-p. ER-p, like ER-a-immunoreactivity(ir), is present in the nuclei of a subpopulation of neurons in PG and in
subpopulations of sensory neurons of DRG and NG. In addition, both ER-a
and -p are present in the lumbosacral spinal cord in neurons of the outer
laminae of the dorsal horn, along fibers of the medial and lateral collateral
pathways, in the sacral parasympathetic nucleus, intermediate gray, dorsal
commissural nucleus and lamina X . Furthermore, ER-p-ir was present in
sensory neurons that contained calcitonin gene-related peptide and substance
P, whereas ER-a was found, to date, only in neurons containing calcitonin
gene-related peptide. We continue to study the neurochemical phenotype of
neurons containing either isoform of the ER. Thus, both the a and p isoforms
of the ER are present in autonomic and sensory neurons in parts of the
nervous system that have connections with the uterus. Such neurons contain
neurotransmitters that have important functions in the female reproductive
organs; hence, it is likely that estrogen can influence the activity of such
neurons through multiple pathways. (Supported by NIH NS-33081, NS22526).

473.17

473.18
VAGUS NERVE SENSORY INNERVATION OF THE RECTUM AND CERVIX
IN RAT. I. Nadelhaft*, P.L. Vera and B.R. Komisaruk. R&D

DISTRIBUTION OF OXYTOCIN-CONTAINING AXONS IN THE
LUMBOSACRAL SPINAL CORD OF THE FEMALE RAT. Puder,
B.A., Voneida, T„ Papka, R.E., Dept.of Neurobioiogy, Northeastern
Ohio Universities College of Medicine, Rootstown, Ohio 44272.
Oxytocin(OXY), a nonapeptide synthesized primarily in parvocellular
and magnocellular neurons of the paraventricular nucleus (PVN), and
supraoptic nucleus (SON).OXY as a hormone, plays an essential role
in pregnancy, parturtition, and lactation. However, hypothalamospinal
and oxy-immunoreactive (-ir) axonal projections have been described
to at least the thoracic spinal cord. OXY receptors have been reported
in the lumbosacral spinal cord and OXY reportedly has analgesic
effects. Previous studies using pseudorabies virus as a trans-synaptic
retrograde tracer injected into the uterus revealed labeling in the PVN.
Furthermore, the retrograde tracer, flurogold (FG), injected into the
medial hypothalamus, labeled neurons in the lumbosacral spinal cord.
These studies indicate a potential connection between hypothalamus
and spinal cord. These connections could be important in our studies of
central pathways of uterine innervation and parturition. Thus an
immunohistochemical study of OXY-ir axonal projections in the
lumbosacral spinal cord was undertaken. OXY-ir nerve fibers were
present in the sacral parasympathetic nucleus (SPN) , lamina X and
area around the central canal, lateral collateral pathway, medial
collateral pathway, and outer lamina of the dorsal horn. The oxy-ir
fibers were present in areas that correspond to distribution of
autonomic nerves and neurons involved in sensory processing.
(Supported by NIH 33081 and 22526).

Service, VA Medical Center, Bay Pines, FL 33744 and
Department of Psychology, Rutgers Univ., Newark, NJ
07102.
Experimental rectal distension produces a perception
of pelvic sensation in men and women with complete
spinal cord transection (Sun et al., Gastroenterol.,
1995). These findings suggest a sensory pathway from the
pelvic viscera directly to the brain, bypassing the
spinal cord. The present study addresses the question of
whether the vagus nerves provide sensory innervation to
the rectum and the cervix. WGA-HRP was injected into the
rectum in male rats and tissue was processed with HRP
histochemistry. Labelled neurons were found in the
nodose ganglia and in the DRGs (LI,L2,L6,SI). In control
animals WGA-HRP was injected into the bulbospongiosus
muscles. No labelled neurons were found in the nodose
ganglia but labelled motor neurons were found in the
dorsomedial portion of Onuf's nucleus at spinal cord
levels L5-L6. In female rats, WGA-HRP was injected into
the cervix. Labelled neurons were found in the nodose
ganglia and in DRGs (T8-L3,L6,SI). The present findings
provide a possible basis for the clinical findings of
sensory awareness of pelvic visceral stimulation in men
and women with complete spinal cord injury at the mid
and upper thoracic levels.

Support:
Veterans Administration
(IN)
and American
Paralysis Association and Busch Foundation (BRK).

473.19

NEURAL CIRCUITRY OF THE KIDNEY: SERIAL
RECONSTRUCTION OF SYMPATHETIC PREGANGLIONIC
NEURONS FOLLOWING PSEDUORABIES VIRUS INFECTION.
J. Huang*, J.E, Hix, L.M, Morales and M.L, Weiss. Dept. of
Anatomy and Physiology, Kansas State University, Manhattan,
KS 66506-5602.
Three-dimensional reconstruction of the location of sympathetic
preganglionic neurons (SPNs) innervating the kidney was
performed using a special computer program following injection
of Pseudorabies virus (PRV) into the cranial or/and caudal poles
of the left kidney of the rat after 4-day survival. Most of the virallyinfected SPNs were found in the ipsilateral intermediolateral cell
column from T10 to T12. The most SPNs labeled by PRV injection
into the cranial and caudal poles of the kidney were located in Tn
and T12, respectively. The SPNs in the levels analyzed so far
reveal a repeating pattern of high and low density along the
cranial to caudal axis. The distribution of the SPNs innervating
both poles revealed considerable overlap. Therefore, the SPNs
supplying the different regions of the kidney appear to be
intermixed. Here, we provide the first look at distribution of SPNs
after serial reconstruction. This method, although arduous,
provides data about the neural circuitry of the kidney that is not
available by random sampling methods. Supported by PHS NS34160.
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MICROINJECTIONS OF GLUTAMATE BUT NOT ANGIOTENSIN II INTO THE
ROSTRAL VENTROLATERAL MEDULLA EVOKE SYMPATHOEXCITATORY
EFFECTS IN CONSCIOUS RABBITS. D.N. Maiorov* and G.A. Head. Baker
Medical Research Institute, Prahran, Victoria 3181, Australia.
Previous studies in anaesthetized rabbits have shown that the rostral and caudal
ventrolateral medulla (RVLM and CVLM, respectively) are major sites for
determining the level of sympathetic activity and also for modulating the renal
sympathetic baroreflex. In this study we developed a technique for microinjecting
into the RVLM and CVLM in conscious rabbits in order to examine the effects of
modulating neuronal activity in these sites on the renal sympathetic baroreflex.
Rabbits were implanted with guide cannulae for bilateral microinjections into the
RVLM or CVLM and an electrode for measuring renal sympathetic nerve activity
(RSNA) under fluothane anaesthesia. After 7 days of recovery, microinjections of
glutamate (10 and 20 nmol in 100 nl) into the RVLM of five conscious rabbits
increased RSNA by 41% and 42%, and blood pressure by 17 and 27 mmHg,
respectively. Microinfiision of glutamate (2.5 nmol/min at 25 nl/min for 20 min) into
the RVLM increased the range and gain of the RSNA baroreflex by 34% and 44%.
respectively and produced a pressor response of 10 mmHg, while infusion into the
CVLM at the obex level in three other rabbits decreased MAP by 8 mmHg and the
RSNA baroreflex range by 15% but did not affect the reflex gain. Microinfusion of
glutamate into either site did not alter resting RSNA. By contrast, angiotensin II
microinjections (10, 20 and 40 pmol) or microinfusion (2.5 pmol/min at 25 nl/min)
into either the RVLM or CVLM did not affect resting RSNA, blood pressure or the
RSNA baroreflex. Using a novel microinjection technique, we found that the RVLM
and CVLM are indeed important sites for modulation of the renal sympathetic
baroreflex. However, these studies did not reveal a role for angiotensin II receptors at
the RVLM level in modulating the renal sympathetic baroreflex in conscious rabbits.
Supported by NH&MRC and National Heart Foundation of Australia.

EXCITATORY AMINO ACID (EAA) NEUROTRANSMISSION
MEDIATES THE RVLM STIMULUS-EVOKED EXCITATION OF
ADRENAL SYMPATHETIC PREGANGLIONIC NEURONS (SPNs).

W.-H, Cao* and S.F. Morrison Dept. of Physiology, Northwestern Univ. Med.
Sch., Chicago, IL 60611.
Both adrenal SPNs regulating the release of epinephrine (AdrEpiSPN) and
those controlling norepinephrine secretion (AdrNESPN) are excited by RVLM
stimulation, with AdrEpiSPN response latencies indicating a significantly slower
bulbospinal excitatory pathway. To determine the contribution of EAA neurotransmission to the spontaneous and RVLM stimulus-evoked responses of adrenal SPNs, we tested their responses to application of the glutamate receptor
agonists, L-glutamic acid (L-Glu), N-methyl-D-aspartic acid (NMDA) and quisqualate (Quis), and antagonists, kynurenic acid (Kyn), DL-2-amino-5phosphonovaleric acid (AP5) and 6-cyano-7-nitroquinoxaline-2, 3-dione
(CNQX) in urethane-anesthetized rats. At a mean arterial pressure of 86 mmHg,
the mean spontaneous discharge rates and RVLM stimulus response latencies of
18 AdrEpiSPNs and 9 AdrNESPNs were 4.7 and 3.5 spikes/s and 125 and 34
ms, respectively. L-Glu, NMDA and Quis each increased the resting discharge
of adrenal SPNs and this effect was blocked by application of Kyn, AP5 and
CNQX, respectively. Neither AP5 nor CNQX completely suppressed the resting
discharge and the excitatory responses evoked by RVLM stimulation. However,
the spontaneous discharge and the excitatory responses of all 11 adrenal SPNs
tested were completely and reversibly abolished by pressure microinjection of
Kyn. These results provide direct evidence that both NMDA and non-NMDA
receptors play a significant role in mediating the excitation of adrenal SPNs
evoked by activation of RVLM and in maintaining the basal discharge of adrenal
SPNs. Supported by NIH HL56365

474.3

474.4

EFFECTS ON EXTRACELLULAR GLUTAMATE CONCENTRATIONS IN THE
RVLM DURING OPIOIDERDIC MODULATION OF EXERCISE PRESSOR
REFLEX. A,Allv\ M.Mancini1, P.Chaivakul2, R, Kostadinoff2 and T, Maher2",
’Physiology., Univ. New England Coll. Osteopathic Med., Biddeford, ME; *Div.
Pharmaceut. Sci. Mass. Coll. Pharmacy and Health Sciences, Boston, MA.
We reported that an administration of [D-Ala2]methionine enkephalinamide
(DAME), an opioid receptor agonist, into the rostral (RVLM) but not into the
caudal ventrolateral medulla (CVLM), attenuated increases in mean arterial
pressure (MAP) and heart rate (HR) during static muscle contraction that had
been blocked by prior microdialysis of naloxone, the opioid receptor
antagonist (Am.J.PhysiokZlA'MI 39-H146,1998). Using ten anesthetized rats,
we determined whether this RVLM-mediated opioidergic-modulation of
cardiovascular responses is associated with localized changes in extracellular
concentrations of glutamate, an excitatory amino acid, using microdialysis
techniques. Muscle contraction increased MAP and HR by 37 ±5 mmHg and
23 ± 3 bpm, respectively. Extracellular glutamate concentrations, determined
with HPLC-ECD, increased from 0.8 ±0.2 to 6.6 ±1.2 ng/5 p\ in the bilateral
RVLM areas. Microdialysis of DAME (TOO /vM> for 30 min attenuated the
contraction-evoked increases in MAP, HR, and glutamate levels (20 ±4
mmHg, 10±2 bpm, and 1.8±0.2 ng/5 pi, respectively). After subsequent
microdialysis of naloxone (100 pM) for 30-min into the RVLM, muscle
contraction blocked the attenuations (35 ±5 mmHg, 26 ±4 bpm, and
5.8 ±1.0 ng/5 pi, respectively). Developed muscle tensions were similar
throughout the protocol (676 ±38, 678 ±37, and 687 ±37 grams,
respectively). These results suggest that an opiodergic receptor-mediated
mechanism within the RVLM attenuates cardiovascular responses during
static exercise via modulating extracellular concentrations of glutamate in the
RVLM. (Supported by American Heart Assoc., ME/NH/VT Aff. Grant-in-Aid).

EFFECTS ON EXTRACELLULAR GLUTAMATE CONCENTRATIONS IN THE
RVLM AND CVLM DURING NITRIC OXIDE MODULATION OF EXERCISE
PRESSOR REFLEX. T, Maher2, Y, Hara3, P, Chaivakul2. R„ Kostadinoff2 and A.
Ally111, ’Physiology and Pharmacol., Univ. New England Coll. Osteopathic
Med., Biddeford, ME; 2Div. Pharmaceut. Sci. Mass. Coll. Pharmacy and
Health Sciences, Boston, MA; 3Pharmacol., Kitasato Univ., Aomori, Japan.
We reported that administering L-arginine, a nitric oxide precursor, into the
RVLM attenuated increases in mean arterial pressure (MAP) and heart rate
(HR) during static muscle contraction that had been reversed by subsequent
microdialysis of L-NMMA (NG-monomethyl-L-arginine), a nitric oxide synthase
blocker (Brain Res. In Press). An opposite response was observed following
administration of L-arginine and L-NMMA into the CVLM. In this study, we
determined whether these modulations are associated with changes in extracellular concentrations of glutamate, an excitatory amino acid. In experiments
with the RVLM (n = 8), muscle contraction increased MAP and HR by 21 ±2
mmHg and 22 ±3 bpm. Glutamate increased from 1.1 ±0.4 to 4.4 ± 0.6 ng/5
jj \ measured from bilateral RVLM areas. Microdialysis of L-arginine (1.0 pM)
for 30 min attenuated the contraction- evoked increases in MAP, HR, and
glutamate levels. After subsequent microdialysis of L-NMMA (LOpM) into
the RVLM, contraction augmented the pressor and tachycardic responses and
glutamate increase. In experiments with CVLM <n = 8), muscle contraction
increased MAP and HR by 22±3mmHg and 20 ±2 bpm. Glutamate increased
from 0.8 ±0.4 to 3.6±0.6 ng/5 pi measured from the CVLM. L-arginine
augmented the cardiovascular responses and glutamate increases and LNMMA attenuated the responses. Results suggest that nitric oxide within the
RVLM and CVLM plays opposing roles in modulating cardiovascular responses
during static exercise via decreasing and increasing extracellular glutamate
levels. (Supported by Am. Heart Assoc. ME/NH/VT Aff. Grant-in-Aid).

474.5

474.6

TWO KINDS OF SYMPATHO EXCITATORY NEURONS IN
THE ROSTRAL VENTROLATERAL MEDULLA E, Kishi. Y,
Qotsuka and N, Terui*. Institute of Basic Medical Sciences, University
of Tsukuba, Tsukuba, Ibaraki 305, Japan
Our recent study of injections of chemicals into the rostral
ventrolateral medulla (RVLM) suggests that sympatho-excitatory
neurons of the RVLM are organized topographically. In the present
experiments, we succeeded to classify two kinds of sympathoexcitatory reticulospinal neurons in the RVLM in urethaneanesthetized and immobilized rabbits (Japanese white). Electrical
stimulation (200 pA, 0.2 ms, 30 Hz) applied to the dorsomedial
hypothalamus (DMH) decreased the blood flow of ear skin, measured
by a laser-Doppler probe, but did not change (less than 10 mmHg) the
arterial pressure. Neurons that were excited by the DMH stimulation
but did not respond to the stimulation of the aortic nerve (AN,
baroreceptor afferents, 1 V, 0.2 ms, 100 Hz) were located medially in
the RVLM to the other kind of neurons that did not respond to the
DMH stimulation but were inhibited by the AN stimulation. These
results strongly support the hypothesis that the functionally different
premotor neurons for the sympathetic preganglionic neurons are
organized differentially in the RVLM. This study was supported by
the Naito foundation and Grant-in-Aid for Scientific Research from
the Ministry of Education, Sciences, Sports and Culture of Japan.

ABOLITION OF CYANIDE-INDUCED SYMPATHOEXCITATION BY SELECTIVE
LESION OF BULBOSPINAL (BS) CATECHOLAMINERGIC (CA) NEURONS.
A.M, Schreihofer* and P.G, Guyenet. Dept. of Pharmacology, Univ. of Virginia;
Charlottesville, VA 22908.
The rostral ventrolateral medulla (RVLM) contains BS Cl adrenergic cells and nonCA neurons whose relative importance for the production of sympathetic vasomotor
tone and cardiovascular reflexes remains unknown. In the present study we evaluate 2
sympathetic reflexes after selective lesions of BS CA neurons with the neurotoxin
saporin-anti-dopamine beta hydroxylase (SAP-DBH). Rats received bilateral
microinjections of SAP-DBH (42 ng/200 nl/site) into the spinal cord centered at the
intermediolateral cell column at T2 & T4 or T4 & T6 and were allowed to recover for
3-5 weeks. Arterial pressure (AP), heart rate (HR), and splanchnic nerve activity (SNA)
were measured while the rats were chloralose-anesthetized, artificially ventilated, and
paralyzed. Baseline AP and HR were comparable between control rats (n=7, 113±7
mmHg, 426+12 bpm) and lesioned rats (n=7, 123±4 mmHg, 448±7 bpm). In control
rats stimulation of the carotid chemoreflex (100|Xg/kg sodium cynaide, iv) produced a
burst in SNA (266±26%) followed by inhibition (to 18+3% of base). In contrast, in
the SAP-DBH-treated animals cyanide produced only an inhibition of SNA (to 33±7%
of base). Mean AP responses mirrored the SNA responses. In contrast, the BezoldJarisch reflex was not diminished in the SAP-DBH treated rats. Phenyl biguanide (5
Ug/kg, iv) decreased AP (22+3 vs. 42±5 mmHg), SNA (85±4 vs. 67±6%), and HR
(28+6 vs. 56±7 bpm) in control rats and lesioned rats respectively. Histological
examination revealed that SAP-DBH depleted the vast majority of BS Cl cells (>70%
of the rostral third of the Cl cell group), and >80% of the A5 cell group. These results
indicate that sympathetic vasomotor tone persists and rats have a normal mean AP in
the absence of most of BS Cl and A5 cells. Although the BS Cl cells may not be
required for the Bezold-Jarisch reflex, BS CA cells are essential for the
sympathoexcitatory response to cyanide. Work supported by NIH 28785.
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EFFECT OF TYRAMINE AND OTHER INDIRECTLY ACTING
MONOAMINES IN THE ROSTRAL VENTROLATERAL MEDULLA
(RVL) IN VITRO. N. Hayar* and P. G, Guyenet. Dept. of Pharmacology,
University of Virginia, Charlottesville, VA 22908.
Tyramine is an indirectly acting sympathomimetic known to release
norepinehrine (NE) from peripheral noradrenergic nerves. The mechanism of
action of tyramine in brain regions that are involved in cardiovascular
regulation is largely unknown. Using the patch clamp technique in brainstem
slices of neonate rats, we investigated the effects of tyramine (100-300 pM)
on RVL bulbospinal (BS) neurons. In all cells tested, tyramine suppressed
evoked and spontaneous excitatory synaptic transmission. The effects of
tyramine persisted in the presence of the NE uptake blocker desipramine (10
pM) and the alpha2-adrenergic receptor antagonist 2-methoxyidazoxan (3
pM, a blocker of the inhibition of synaptic transmission by 30 pM NE). The
presynaptic inhibitory effect of tyramine was mimicked by serotonin (5-HT),
by the monoamine releasers fenfluramine and amphetamine, and by the
nonspecific monoamine uptake blocker cocaine (3-30 pM). Tyramine also
reduced the frequency of miniature excitatory postsynaptic currents recorded
in TTX. Tyramine and 5-HT did not change the holding current of BS
neurons voltage clamped at -70 mV. Extracellular recordings indicated that
both tyramine and 5-HT usually increased the firing of RVL neurons (BS and
others) whereas NE produced an inhibition that was prolonged by
desipramine. While our data do not exclude that some NE could be released
by tyramine, another monoamine, probably 5-HT, appears to mediate most of
the actions of indirectly acting sympathomimetics in the RVL in vitro.
This work is supported by a grant from the NIH to P.G. (HL 28785).

BRAINSTEM NEURONAL ACTIVATION DURING VOLUNTARY UNDERWATER SUBMERGENCE IN RATS. P.F. McCulloch? Dept. Anat. &
Neurobi., Saint Louis Univ. School of Med., St. Louis MO 63104.
Stimulation of the nasal passages with airborne irritants in anesthetized
animals produces a powerful functional reorganization of the
cardiorespiratory system, the “diving response”. This complex autonomic
response includes apnea, a parasympathetic bradycardia, and an increase
in peripheral vascular tone that is primarily mediated by increased activity of
presympathetic neurons within the rostral ventrolateral medulla (RVLM).
However, it has not been previously determined if activation of brainstem
neurons occurs in conscious animals during voluntary underwater
submergence. Rats (N=12) were trained to voluntarily dive 5 m through an
underwater maze. On the day of the experiment the rats were randomly
separated into a diving group (N=4) that repetitively dived underwater every
5 min for 2 hr (dive duration ~12s; water temp = 30°C), a swimming group
(N=4) that repetitively swam on the surface of the water, and a control
group (N=4) that remained in their cages. After the experiment the rats were
deeply
anesthetized,
perfused,
and
their
brainstems
were
immunohistologically processed for both FOS, as an indicator of neuronal
activation, and tyrosine hydroxylase, to identify catecholaminergic neurons.
In the diving group, there was increased FOS expression in the ventral
medullary dorsal horn (MDH) of the spinal trigeminal nucleus and RVLM,
compared with the swimming and control groups. In addition, the number of
double-labeled neurons within the RVLM was greater in the diving animals.
These data suggest that 1) the MDH is an important primary afferent relay
during underwater submergence; 2) presympathetic catecholaminergic
neurons are activated during voluntary diving; and 3) the RVLM may
mediate an increase in sympathetic tone during underwater submergence in
conscious animals. Supported by AHA-MO.

474.9

474.10

SIMPATHOINHIBITORY EFFECT OF RILMENIDINE IS HIGHLY SPECIFIC TO
THE ROSTRAL VENTROLATERAL MEDULLA IN CONSCIOUS RABBITS.
G.A, Head*, D.N. Maiorov, S.L. Burke. Baker Medical Research Institute, Prahran,
Victoria 3181, Australia.
Previous studies in anaesthetized rabbits suggested that the rostral ventrolateral
medulla (RVLM) is a major site involved in the hypotension and inhibition of the
renal sympathetic baroreflex by the imidazoline receptor agonist rilmenidine.
However, all these studies have been conducted under anesthesia. Therefore, in this
study we examined the effects of inhibiting neuronal activity with rilmenidine in the
RVLM and also in the caudal ventrolateral medulla (CVLM) on the renal
sympathetic baroreflex in conscious rabbits. Rabbits were implanted with guide
cannulae for bilateral microinjections into the
RVLM and CVLM and an electrode for
measuring renal sympathetic nerve activity
(RSNA). After 7 days of recovery, microinjection
of 4 nmol (100 nl) of rilmenidine into the RVLM
in 5 conscious rabbits (gray circles) decreased
RSNA by 21%, arterial pressure by 10 mmHg,
and the range and gain of the RSNA baroreflex
by 41% and 36%, respectively. This dose was
ineffective given into the fourth ventricle or
intravenously in conscious rabbits, but was 10 times higher than the equidepressor
dose injected into the RVLM in urethane-anaesthetized animals. The effects of
rilmenidine were highly circumscribed to the RVLM, since its microinjection outside
the area (white circles) did not alter arterial pressure or RSNA in 5 another rabbits.
Using a novel microinjection technique, we have directly shown that the RVLM is
an important site in the sympathoinhibitory action of rilmenidine in conscious
animals. Supported by NH&MRC and National Heart Foundation of Australia.

NEURONS IN THE NUCLEUS TRACTUS SOLITARII (NTS) CONTRIBUTE
TO THE SYMPATHOEXCITATION CAUSED BY INHIBITION OF CAUDAL
VENTROLATERAL MEDULLARY NEURONS. M. Nataraian* and S.F, Morrison.
Dept. of Physiology, Northwestern University Medical School, Chicago, IL 60611.
The intermediate region of the NTS (i-NTS; AP 0.5, ML 0.5, DV 0.5 mm) is the first
medullary site of integration of baroreceptor inputs and through intemeurons in the
caudal ventrolateral medulla (CVLM) produces an inhibition of sympathetic premotor
neurons in the rostral ventrolateral medulla (RVLM). However, disinhibition of RVLM
reveals a glutamate-mediated sympathoexcitatory input from i-NTS to RVLM (Urbanski
and Sapru, J Auton Nerv Syst 25:181-93, 1988). To determine the potential role of this
excitatory input to RVLM in the sympathoexcitation and pressor response induced by
inhibition of CVLM neurons, the activity of i-NTS neurons was interrupted with
microinjections of muscimol (MUSC, 2mM, 60nl) following a similar inhibition of
sympathoinhibitory neurons in CVLM in urethane/chloralose-anaesthetized, ventilated
rats. Microinjections of muscimol into CVLM interrupted the baroreflex, abolished the
depressor response to baroreceptor afferent stimulation and caused large increases in
splanchnic sympathetic nerve activity (SNA, +203%) and blood pressure (AP, +82
mmHg). Subsequent microinjections of MUSC into i-NTS caused a marked decrease in
SNA (-37%) and AP (87 mmHg), although not to spinal levels. The excitation from iNTS is not mediated via the caudal pressor area (CPA), since microinjections of
muscimol into CPA between muscimol injections in CVLM and i-NTS did not diminish
the fall in SNA (-33%) following inhibition of i-NTS. We conclude that activity in a
sympathoexcitatory pathway involving i-NTS neurons is responsible for a significant
portion of the sympathoexcitation and pressor response induced by removal of inhibitory
inputs from CVLM to RVLM sympathetic premotor neurons. Supported by NIH
HL56365.

474.11

474.12

PROJECTIONS OF THE CAUDAL PRESSOR AREA (CPA) TO THE
ROSTRAL VENTROLATERAL MEDULLA (RVLM). W. Sun, W.M.
Panneton, K.W. Yoon*, Dept. of Anatomy and Neurobiology, Saint Louis
University School of Medicine, St. Louis MO, 63104
Neurons of the CPA, in the most caudal part of the ventrolateral medulla
(CVLM), play a role in maintaining blood pressure (Possas et al., J. Auton.
Nerv. Syst. 49, 235-245, 1994). We used both anterograde and retrograde
techniques to investigate the projections of the CPA to the RVLM. In the
anterograde study, we identified the CPA with an injection of glutamate
using coordinates from our mapping study, then iontophoretically injected
10% BDA into our defined CPA. Very fine fibers and boutons were seen in
the RVLM and A5 areas ipsilaterally, and nucleus tractus solitarii (NTS)
bilaterally in the brainstem. In the retrograde study, we iontophoretically
injected Fluoro-Gold (FG) into the RVLM. Labeled neurons were seen in
both the depressor area (just rostral to the calamus scriptorius) and the CPA
(near the level of the pyramidal decussation) bilaterally. Labeled neurons in
the CPA were a mixture of bipolar and triangular neurons ipsilaterally, but
most were triangular neurons contralaterally. They were clustered on the
ipsilateral side and fewer on the contralateral side. Neurons also were
labeled bilaterally in the NTS and in the ipsilateral parabrachial area.
Neurons in lamina II of the medullary dorsal horn also were labeled; this
was consistent with our previous data in muskrats (Sun & Panneton,
Neurosci. Abst. 24: 264.12, 1998).

CARDIORESPIRATORY RESPONSES TO NASAL STIMULATION AFTER
IBOTENIC ACID INJECTIONS INTO THE CAUDAL PRESSOR AREA
(CPA). P.A. Young*, W. Sun, W.M. Panneton, Dept. of Anatomy &
Neurobiology, Saint Louis University School of Medicine, St. Louis MO, 63104
Pressor areas in the caudal ventrolateral medulla (CVLM) have been
demonstrated by different investigators in various species. However, their
location either has been defined poorly or variable across studies. The purpose
of the present study was to localize the pressor areas in the CVLM of the rat,
and, to determine its role in the increase of discharge of premotor sympathetic
neurons in the RVLM after nasal stimulation (McCulloch et al., J. Physiology
516:471-484, 99). In one series of Ketamine-xylazine/urethane anaesthetized
rats, the CVLM was mapped with injections of glutamate (1 M; 30 nl) 0.5, 1.0
and 1.5 mm caudal to the calamus scriptorius, and 1.0, 1.5 and 2.0 mm lateral to
the midline at each level and their blood pressure recorded. Ten to 15 minutes
separated injections. At the spot 1.0 mm caudal to the calamus scriptorius, 2.0
mm lateral to the midline and 1.7 mm ventral from the dorsal surface, the
injection of glutamate caused significant hypertension. This is about 1.0 mm
lateral to the “caudal pressor area” defined previously (Possas et al., J. Auton.
Nerv. Syst. 49, 235-245, 1994). In another set of rats, we made a lesion of the
CPA with ibotenic acid (0.05 M; 30nl) bilaterally after locating the CPA using
glutamate injection. After approximately 2 hours, we determine if blood
pressure, apnea and bradycardia changed from before the lesion after applying
NH4 to the nasal cavity. Data showed that ibotenic acid injections in the CPA
had little effect on changes in blood pressure due to nasal stimulation. Also, the
rats stopped breathing temporarily and the bradycardia was eliminated.
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ROLE OF THE ROSTRAL VENTROLATERAL MEDULLA (RVLM) AND THE
PARAGIGANTOCELLULAR NUCLEUS (LPGi) ON THE CARDIOVASCULAR

CORTICO-BULBAR INFLUENCES ON ADRENAL PREGANGLIONIC
NEURONS. TRACT-TRACING AND FOS STUDIES O. Viltart1, S. Leman1, S.
Ba-M’hamed2, O. Mullier1, P. Poulain3, G. Tramu4, H. Sequeira1
’Lab.
Neuroscience du Comportement, Univ. Lille I, Villeneuve d’Ascq, France; 2Lab
Neurosciences, Fac Sciences Semlalia, Marrakech, Maroc; 3INSERM U422, Lille,
France; 4URA CNRS 339, Talence, France
Previous studies have shown the existence of pathways between the motor cortex
(MC) and the ventrolateral medulla (VLM), a bulbar area known to regulate
cardiovascular functions and plasma catecholamine levels. Moreover, neurons of the
VLM projected to sympathetic preganglionic neurons (SPN) located in the
intermediolateral nucleus (IML) of the spinal cord. The aims of the present study
were 1) to determine whether the stimulation of the MC induced Fos expression in
VLM neurons projecting to the IML located in the T8 segment, main site of adrenal
SPN location; 2) to show that stimulation of VLM activated adrenal SPN. For this
purpose, a combination of a retrograde tract-tracing labeling with Fos
immunocytochemistry was used. Two experimental groups of rats were performed.
The first one received injection of Fluorogold (FG, 10 %) in the T8 IML and were
electrically stimulated in the MC 5 days later. The second one received injection of
cholera toxin B subunit (CTB, 1%) in the adrenal medulla and were chemically
stimulated (L-glutamate, 0.1M) in the rostral VLM 5 days later. Controls were
performed in order to show the effects of anesthesia and surgery on the Fos
immunoreactivity (Fos-IR). Results showed that: 1) rats injected in T8 exhibited in
the VLM a percentage of double labeled neurons (FG+Fos-IR) higher in the
experimental group than in the control groups; 2) the great majority of neurons
CTB+Fos-IR (73 ± 19.1) were found in the T8 segment and their percentage was
higher in the experimental group (30.01%) than in the control group (5.78%).

RESPONSES OF CHEMOREFLEX (CR) IN CONSCIOUS RATS FT. Amaral. J.L.

Pestana, E C. Vasguez* and H. Mauad. Dept. Physiological Sciences, Biomedical
Center, UFES, Vitoria, ES, 29040-090, Brazil.
Several studies have shown that RVLM neurons play an important role in the
cardiovascular responses of the CR in anesthetized rats. In previous studies, we
showed that microinjections of kinurenic acid into the RVLM did not change the
pressor response of CR in conscious rats. The aim of this study was to evaluate the CR
pressor response before and after microinjections of GABAa agonist, muscimol
(MUS), into the RVLM and LPGi in conscious rats. Male Wistar rats (N=7) were
submitted to chronic implant of guide-cannulas in direction to the complex
RVLM/LPGi, bilaterally. The peripheral chemoreflexes was stimulated by potassium
cyanide (KCN) (40 pg/0.05 ml/rat IV) before and 2, 7 and 17 min. after the
microinjections of MUS (200 pmol/200 nl) into the RVLM/LPGi, bilaterally. The
results showed that the pressor response, but not the bradycardia of the CR, was
significantly attenuated. Others 2 groups of rats were submitted to chronic implant of
guide-cannulas in the Anterior-RVLM (-11.80 to -12.30 mm/Bregma, N=6) and
Posterior-RVLM (-12.30 to -12.80 mm/Bregma, N=5). The CR was stimulated by
KCN (40 pg/0.05 ml/rat, IV) before and 2 and 12min. after microinjections of the
MUS (133 pmol/100 nl) into the RVLM, bilaterally. The data showed that the pressor
and bradycardic responses induced by KCN were not significantly changed after the
microinjections of MUS into the both groups of RVLM studied when compared to
respective controls. The MUS produced a significant decrease in basal mean arterial
pressure in the groups studied, except in the Posterior-RVLM. These data suggest that
neurons into the ventrolateral medulla play an important role in the tonic control of
blood pressure and suggest that neurons into the LPGi are involved in the
neuromodulation of the CR pressor response in conscious rats.
Financial Support: FINEP, CNPq, CAPES and PRPPG-UFES.

These data demonstrated that: MC activated neurons of the VLM which were
directly connected with the T8 neurons of the IML; the VLM was directly involved
in the modulation of adrenal SPN. Such results suggest that MC regulated
cardiovascular adjustments via the VLM and the adrenal SPN.

474.15
NITRIC OXIDE ON THE PRESSOR MECHANISM OF DORSOMEDIAL AND
ROSTRAL VENTROLATERAL MEDULLA IN CATS. S.Y. Chen * and C.Y.
Chai, Graduate Institute of Life Sciences, National Defense Medical Center, and
Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan, R.O.C.
The effects of nitric oxide (NO) on various brain areas have been studied.
However, the role of NO per se in the central cardiovascular regulation, and its
character in Glu-induced mechanisms are not clear. Microinjection of Glu (3 nmole)
into dorsomedial medulla (DM) and rostral ventrolateral medulla (RVLM)
produced pressor responses which are shown in increases of systemic arterial
pressure (SAP) and sympathetic vertebral nerve activities (VNA). Microinjection
of N^-nitro-L-arginine methyl ester (L-NAME, 2.5-25 nmole), a NO synthase
inhibitor, into DM or RVLM did not alter the resting SAP and VNA, but it caused a
dose-dependent attenuation on Glu-induced pressor responses. L-NAME also
attenuated the pressor responses induced by N-methyl-D-aspartate (NMDA) or aamino-3-hydroxy-5-methyl-4-isoxazole proprionic acid (AMPA). Interestingly, the
increase of NO level by pretreatment with L-arginine (L-Arg) or sodium
nitroprusside (SNP), without altering the resting SAP and VNA, also caused a
dose-dependent inhibition to Glu-induced pressor responses in DM and RVLM,
and L-Arg, not SNP, attenuated the Glu-induced increase of VNA in RVLM. In
summary, changing the NO level, either decreased by L-NAME or increased by LArg or SNP, can inhibit the Glu-induced pressor responses in DM and RVLM. This
suggests the NO may have a permissive role in the Glu-induced pressor response
and is important for this response. (Supported by the Institute of Biomedical
Sciences, Academia Sinica, and Shih-Chun Wang Memorial Fund, Taipei, Taiwan).

CARDIOVASCULAR REGULATION: CENTRAL CONTROL IV
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475.2

CHOLINE ACETYLTRANSFERASE - AND NEUROPEPTIDE YIMMUNOREACTIVE NERVE FIBERS SYNAPSE ON SYMPATHETIC
PREGANGLIONIC NEURONS CAUDAL TO A SPINAL CORD
TRANSECTION IN RATS. I.J. Llewellyn-Smith1? J.B, Minson1, L.F,
Amolda1 & L.C. Weaver2. Cardiovascular Medicine, Flinders University,
Bedford Park SA 5042 Australia1 and The Robarts Research Institute,
London, Ontario N6A 5K8 Canada2
Aiming to identify the types of nerve fibers that could be involved in
eliciting episodic hypertension after spinal cord injury, we used pre- and
post-embedding electron microscopic immunocytochemistry to localize
neurotransmitters in sympathetic preganglionic neurons (SPN) and their
synaptic inputs. Vibratome sections from rats that had undergone complete
spinal cord transections 14 days prior to perfusion with 2.5% glutaraldehyde
were stained to reveal immunoreactivity (IR) for choline acetyltransferase
(ChAT) alone or in combination with neuropeptide Y (NPY). In other 14
day spinal rats, sympathoadrenal neurons were retrogradely labelled with
cholera toxin B (CTB) and CTB-IR and NPY-IR were visualized. ChAT-IR
boutons formed synapses on ChAT-IR SPN in the intermediolateral cell
column. Post-embedding immunogold staining for GABA revealed that two
populations of Chat-IR nerve fibers were present since some ChAT terminals
contained co-localized GABA and others did not. NPY-IR boutons formed
synapses on ChAT-IR SPN and on SPN retrogradely labelled with CTB from
the adrenal medulla. These results suggest that several neurochemically
distinct populations of spinal intemeurons provide synaptic input to SPN
following a spinal cord transection. Physiological studies will be needed to
determine the role of these different groups of intemeurons in the
development of episodic hypertension after spinal cord injury.
Supported by the Heart and Stroke Foundation of Canada and the National
Heart Foundation and National Health and Medical Research Council of
Australia

IDENTIFICATION OF NEUROPEPTIDE Y-EXPRESSING INTER-NEURONS
IN RAT SPINAL CORD J.B. Minsort^L.F. Amolda and I.J. Llewellyn-Smith.
Cardiovascular Medicine, Flinders University, Adelaide, SA 5042, AUSTRALIA.
Sympathetic preganglionic neurons (SPN) receive a variety of chemicallyidentified inputs, amongst these are neuropeptide Y (NPY)-immunoreactive
terminal fibres. NPY inputs can be identified on SPN even after complete spinal
cord transection, indicating that at least part of this innervation arises within the
spinal cord. In this study we have identified NPY mRNA-containing spinal
intemeurons using in situ hybridization histochemistry. Rats were perfused with
4% formaldehyde and transverse Vibratome sections were collected from thoracic
(T1,T4,T8), lumbar (L2) and sacral (S2) spinal segments. NPY mRNA was
revealed after overnight hybridization with specific 33 mer digoxigenin-labelled
oligonucleotide probes. In some tissues choline acetyl transferase (ChAT)
immunoreactivity was also localized. NPY-expressing cell bodies were identified
in medial laminae and in the dorsal horn; only cells in the medial laminae were
counted. The numbers of NPY-expressing cells varied at different levels of the
cord; in thoracic cord these neurons were most numerous in T1 with fewer
neurons in T4 and T8. The NPY-expressing neurons were distributed most
densely in S2 so that overall neuron incidence could be described
S2>L2>T1>T4>T8. At each level the NPY-expressing neurons were mainly
localized in laminae 4 and 5 (70-90% of the total); other neurons were identified
in lamina 7 and close to the central canal (lamina 10). NPY mRNA was never colocalised with ChAT-immunoreactivity in SPN. These results confirm the
intraspinal location of a population of NPY-expressing neurons. The proximity of
these NPY intemeurons to the SPN supports suggestions that spinal intemeurons
containing NPY might innervate SPN. The function of the numerous, intensely
labelled NPY mRNA-containing intemeurons in the lower spinal cord, distal to
the SPN, remains to be determined.
Supported by the National Health and Medical Research Council ofAustralia.
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Light and electron microscopic immunohistochemical studies of the
retrograde and transsynaptic transport of the atoxic binding
fragment of tetanus toxin (TTC) in sympathetic preganglionic
neurons (SPNs). Ligorio MA and Cabot JB*. Dept. of Neurobiology &
Behavior, SUNY at Stony Brook, NY 11794-5230.
Sympathetic dysfunction, exemplified by tachycardia, hypertension and
elevated metabolism, is a major cause of mortality in generalized tetanus.
Tetanus is caused by tetanus toxin (TeTx), a metalloprotease which
obstructs synaptic transmission in the central nervous system.
To elucidate the pathway via which TeTx infects axon terminals that
regulate sympathetic activity, TTC was injected into the right superior
cervical ganglion of male Sprague Dawley rats. TTC was retrogradely
transported, at ~ 5.5 mm/hr, to all ipsilateral SPN nuclei in the caudal
region of the eighth cervical spinal cord segment and throughout the first
three thoracic segments. By 5 hours post-injection, TTC was localized to
intracellular vesicles in SPN perikarya and proximal dendrites. TTC was
never observed in the Golgi-endoplasmic reticulum. By 8 hours, TTC was
localized to synaptic vesicles in axon terminals synapsing on SPNs. TTC
was associated with the membranes of all neuronal elements to which it
was localized. By 2 weeks, TTC had translocated throughout ipsilateral
laminae IV-VII and dorsolateral IX. TTC was rarely localized in glia.
The time dependent changes in TTC localization suggest that TeTx
infects the sympathetic nervous system via retrograde transport to SPN
perikarya and dendrites and transsynaptic transport to presynaptic
terminals. The close association of TTC with synaptic vesicles suggests
that TeTx is directed to the site of one of its substrates, synaptobrevin,
which may partially contribute to TeTx’s very high potency. Supported by
Merit award HL24103 to JBC.

CONTRIBUTION OF ELECTROTONIC COUPLING TO THE ACTION
POTENTIAL
AFTERHYPERPOLARISATION
OF
SYMPATHETIC
PREGANGLIONIC NEURONES
M.F. Nolan*, S.P, Logan and D. Spanswick. Department of Biomedical
Sciences, Institute of Medical Sciences, University of Aberdeen, Aberdeen, UK.
AB25 2ZD
The action potential afterhyperpolarisation (AHP) is an important factor
contributing to the firing pattern of sympathetic preganglionic neurones (SPNs)
and thus to the functional properties of sympathetic output. Here we investigate
the contribution of electrical synaptic transmission between SPNs to the AHP
waveform. Whole-cell current-clamp recordings were made from single or pairs
of SPNs in transverse thoracolumbar slices of spinal cord from 8-14 day old rats.
In pairs of electrotonically-coupled SPNs the duration of the AHP, following
action potentials evoked by injection of positive current, was increased when both
cells fired action potentials synchronously compared with action potentials
evoked individually in either neurone. The AHP waveform in non-coupled pairs
of SPNs was unaltered when cells fired synchronous action potentials. Electrical
stimulation of the ventral roots or horn, to antidromically activate SPNs, also
demonstrated a component of the AHP mediated by electrical synaptic
transmission. Increasing stimulus intensities, in order to increase the number of
SPNs recruited, reduced the rates of hyperpolarisation and repolarisation of the
AHP in SPNs identified as electrotonically coupled using criteria described
previously (Logan et al. 1996, J. Physiol. 495: 491-502). In non-coupled SPNs
the waveform of AHPs was independent of stimulus intensity. The gap junction
blocker carbenoxolone (100 pM) abolished the stimulus intensity-dependent
component of the antidromic AHP. These data demonstrate that communication
via gap junctions contributes to the AHP waveform of synchronously firing
electrotonically-coupled SPNs. Supported by the Wellcome Trust.

475.5

475.6

RESPONSES OF UPPER CERVICAL INSPIRATORY NEURONS (UCINs)
TO
CARDIOPULMONARY SYMPATHETIC AFFERENT (CPSA)
STIMULATION IN RATS. Y, Yuan*, M J. Chandler, R.D. Foreman and J.P,
Farber. Dept. Physiol. Univ. of Okla. HSC, Okla. City, OK73190
Neurons in the upper cervical spinal cord (C1-C2) are important for integrating
signals from the heart and other visceral organs. Within this region is a group of
UCINs that do not have a specified function. The purpose of this study was to
determine if CPSA stimulation modified UCIN and phrenic nerve activity.
Extracellular recordings were made from 102 UCINs in 21 pentobarbitalanesthetized and paralyzed rats. Activity from the phrenic nerve was recorded to
determine inspiratory drive. To stimulate CPSA, the hooks of a bipolar electrode
were placed around the left ventral ansa subclavia and sympathetic chain just caudal
to the stellate ganglion, respectively. Brief trains of stimuli to CPSA suppressed
inspiratory phrenic discharge and elicited three different responses in 79 (77.4%) of
the tested UCINs: 1) Both inspiratory and phase spanning expiratory activities were
suppressed in 26 UCINs. 2) Short latency augmentation followed by suppression of
UCIN activity was recorded in the inspiratory phase of 35 UCINs. The latency to
suppression of UCIN firing varied between 15-40 ms. 3) Augmented discharge, not
followed by suppression of cell activity, was observed in 18 UCINs. The latency to
augmentation of UCIN discharge (10.5±2.5 SD ms) was similar to the latency for
phrenic activity suppression (12.8+3.7 ms). Augmentation of UCIN activity also
could be recorded during the expiratory phase. The responses of UCINs to CPSA
stimulation provide further evidence that these neurons play a role in
cardiopulmonary regulations. We also conclude that the relatively short latency
CPSA-induced suppression of phrenic discharge and augmentation of UCIN firing
are consistent with oligosynaptic pathways which may be entirely spinal. The
similarity of latencies between augmentation of UCIN discharge and suppression of
phrenic activity suggests the possibility that UCINs contributed to the phrenic
response. (Supported by NIH NS35271)

SPINAL CORD INTERNEURONS PLAY A MINOR ROLE IN GENERATING RENAL
SYMPATHETIC ACTIVITY IN INTACT RATS. C.O, Miller. P.G. Johns, and L.P. Schramm*
Department of Biomedical Engineering. The Johns Hopkins University. Baltimore, MD 21205.
Sympathetic activity to visceral organs ordinarily is generated by systems in the brainstem and
hypothalamus. Anatomical and physiological experiments have confirmed the presence of
direct descending pathways from those brain sites implicated in generating sympathetic activity
to the intermediolateral column. Renal sympathetic nerve activity (RSNA) is well maintained
in anesthetized rats with acute spinal cord transactions. We have shown that the activity of
many dorsal hom and intermedate zone neurons exhibit activity that is strongly correlated with
RSNA in these transected rats. The present experiments were conducted to determine
whether, in intact rats, these same sympathetically-correlated spinal intemeurons convey
excitatory drive to sympathetic preganglionic neurons (SPN).
Experiments were conducted in adult, Male, Wistar rats anesthetized with a-chloralose,
paralyzed with galiamine triethiodide, and artificially respired. We recorded arterial pressure,
integrated activity in multifiber renal nerve preparations, and activities of T10 spinal neurons
(identified by interspike intervals).
In rats with intact spinal cords, few spinal intemeurons exhibited activity correlated with bursts
of RSNA. In spinally-transected rats, on the other hand, approximately 50% exhibited
sympathetically-correlated activity. Among spinal intemeurons recorded both before and after
spinal transection, approximately 50%of those that were sympathetically-uncorrelated before
transection became correlated after transection. The activities of few correlated neurons
became uncorrelated after transection. Finally, although electrical stimulation of the
dorsolateral funiculus dramatically reduced the ongoing activity of approximately 50% of spinal
intemeurons both before and after transection, this stimulation decreased RSNA only after
transection, when spinal intemeurons were very likely providing the majority of excitation to
SPN. Taken together, these data indicate that spinal intemeurons play a relatively small role
in generating RSNA in intact rats. Supported by NIH grant HL16315.

475.7

475.8

INDUCTION AND FUNCTION OF KININ Bi RECEPTOR IN THE SPINAL
CORD OF DIABETIC RATS. F. Cloutier and R. Couture*. Dept of Physiology,
Faculty of Medicine, Universite de Montreal, Montreal, Quebec, Canada H3C 3 J7.
Kinin receptor can be induced on peripheral blood vessels of diabetic rats.
The aim of this study was to determine whether this receptor can also be expressed
in the spinal cord of diabetic rats. Diabetes was induced in male Wistar rats (225250 g) with a single dose of streptozotocin (65 mg/kg, i.p.). Control rats received
vehicle only (sodium citrate buffer, pH 4.5). Eighteen days later, changes of
arterial blood pressure (BP) and heart rate (HR) to intrathecally (i.t.) injected kinins
(9th thoracic level) were measured in the conscious freely moving rat The Bj
agonist, des-Arg9-bradykinin (BK) (0.65-32.5 nmol), evoked dose-dependent
increases in BP and HR during the first 10 min post-injection in diabetic rats only.
These responses were blocked by the prior i.t injection of antagonists for the Bx
receptor (des-Arg10-Hoe 140,65 pmol) and B2 receptor (Hoe 140, 81 pmol) or by
indomethacin (5 mg/kg, i.a.). The i.t injection of BK (8.1-810 pmol) induced
dose-dependent increases in BP which were accompanied either by tachycardiac
(diabetic) or bradycardiac (control) responses. The cardiovascular response to BK
was blocked by Hoe 140 but not by des-Arg10-Hoe 140 nor by indomethacin in
diabetic and control rats. Kinin Bj and B2 receptor antagonists had no direct effect
on BP and HR in diabetic and control rats. These data suggest that the kinin Bj
receptor is induced in the spinal cord of diabetic rats. Its activation leads to
cardiovascular changes through the production of prostaglandins and possibly the
endogenous release of BK. Hence, it is concluded that the Bj receptor may play a
significant role in the regulation of autonomic functions of diabetic rats at the level
of the spinal cord.
[This work was supported by the MRC of Canada].

AGE-DEPENDENT CHANGES IN DISTRIBUTION OF NITRIC
OXIDE SYNTHASE IMMUNOREACTIVE NEURONES IN
THORACIC SPINAL CORD.
K. Todd, S. D. Logan, G. Bewick*, D.Spanswick. Department of
Biomedical Sciences, Institute of Medical Sciences, Foresterhill,
Aberdeen AB25 2ZD, U.K.
Previous studies indicate a neuromodulatory role for nitric oxide in
sympathetic preganglionic neurones (SPNs). Furthermore neurones
containing the NO synthesising enzyme NOsynthase (NOS) were
revealed by immunocytochemical localisation of NOS to the
intermediolateral cell column of the spinal cord where SPNs are
found (Wu, S.Y et al., 1997, Neuroscience, 79: 237-245). In the
present study we examined the developmental distribution of
isoforms of NOS in the thoracic spinal cord using antibodies
specific for neuronal (nNOS) and endothelial NOS (eNOS). In
spinal cord of rats aged 7 days nNOS-immunoreactive neurones
were concentrated in superficial layers of the dorsal hom and lateral
horn and diffusely throughout the gray and white matter. This
pattern of staining persisted upto between postnatal days 14-20
when nNOS-positive cells were also observed concentrated around
the central canal. By postnatal day 28, diffuse staining of neurones
throughout the white and gray matter diminished.
eNOSimmunoreactive neurones were observed in the superficial layers of
the dorsal hom of animals aged 7-28 days. e-NOS-positive cells
were also observed, diffusely througout the white and gray matter, in
all laminae, of animals aged 7-14 days, but diminished with age.
These data suggest a developmental regulation and neuron-specific
role for different isoforms of NOS in spinal cord neurones.
Supported by The British Heart Foundation.
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ADENOVIRUS-MEDIATED GENE TRANSFER TO THE BRAIN: A
COMPARISON BETWEEN GUTLESS AND FIRST-GENERATION VIRAL
VECTORS. C.E, Thomas1*, G. Schiedner2, S. Kochanek2, M.G. Castro1 and PR
Lowenstein1. 'Molecular Medicine Unit, Room 1.302 Stopford Building, Department
of Medicine, University of Manchester, Ml3 9PT, England. 2Center for Molecular
Medicine, University of Cologne, 50931 Cologne, Germany.
Recombinant adenovirus vectors (RAds) can transduce glial cells and neurones,
resulting in high levels of transgene expression in the brain. The utility of firstgeneration RAds is limited by their inability to carry transgene constructs larger than
8kb. Furthermore, in organs other than the brain, RAd-mediated transgene expression
is transient, due in part to a T-cell response directed against transduced cells
expressing adenoviral genes. New generation “gutless” Ad vectors have been shown to
mediate efficient gene delivery to liver and muscle with sustained, high levels of
transgene expression. We have investigated the duration of transgene expression in the
brain, mediated by a gutless vector (GS46) compared with a first-generation RAd
(RAd35). Both viruses expressed P-galactosidase (P-gal) from the CMV promoter.
We have also compared the inflammatory responses in the brain elicited by each virus.
RAd35 or GS46 was stereotaxically injected into the striatum of Sprague-Dawley rats.
Animals were sacrificed at different time points and brain sections were analysed
immunohistochemically. Expression of P-gal from both viruses was detected for at
least 90 days, although levels of transgene expression at this time point appeared
higher with GS46. Further time points up to 12 months are being examined. Injection
of both vectors elicited qualitatively and quantitatively similar inflammatory cell
infiltration seen at 3 days post-injection. Inflammation was reduced at 14 days, was
very minimal by 30 days and had disappeared by 90 days. These data suggest that the
inflammatory responses to adenovirus vectors injected into the brain are directed
against the virus capsid. We are currently examining the hypothesis that gutless
vectors injected into the brain will be less toxic after T-cell priming by injection of
adenovirus into the periphery.
Supported by the Parkinson’s Disease Society and REMEDI

DOWN-REGULATION OF THE LOCAL IMMUNE RESPONSE FOR CNS
GENE THERAPY E. Regardsoe1*, T. Libermann2 & H.M. Charlton1. 'Dept. of
Human Anatomy and Genetics, Univ. of Oxford, South Parks Road, Oxford, OX 1
3QX, U.K.; 2Division of Immunology, Beth Israel Deaconess Medical Centre and
Harvard Medical School, Boston, MA 02215, U.S.A.
Adenoviral vectors have been used as a potential method of gene delivery to the
central nervous system (CNS).
However, we must take into account the
pathological consequences associated with such a delivery system, namely an
inflammatory response that can reduce or eliminate transgene expression. We have
shown that transgene expression can be prolonged by the use of anti-CD4 antibodies
or in Nude mice, depending on viral titre, but these all involve a global immune
suppression. A more desirable approach would be to obtain a local immune
suppression via the deliver of a vector containing an anti-inflammatory agent. One
possible agent is Fas Ligand (FasL). This is a cell-surface molecule which binds to
its receptor, Fas, on cytotoxic T lymphocytes and induces apoptosis in these cells.
In humans, it is likely that we have been pre-exposed to adenovirus. It has been
shown that if a mouse is pre-immunised via a subcutaneous injection of an
adenoviral vector, upon injection of this same vector into the striatum an acute
inflammatory response is elicited in the CNS, resulting in the total loss of transgene
expression. Therefore, we chose the worst case scenario to study the potential for
FasL to down-regulate the local immune response and thus, reduce the level of
inflammation. A co-injection of an adenoviral vector expressing FasL (AdFasL)
with a marker virus containing the lacZ. gene (AdRL) was delivered to the striatum
of pre-immunised C3H/He mice. In these preliminary experiments, analysis of CNS
tissue sections have demonstrated that the FasL vector is unable to prevent the loss
of transgene expression and does not significantly reduce the inflammatory
response. Further studies are being carried out to investigate the effect of FasL at
the cytokine level. (Supported by The Wellcome Trust Foundation, UK.)

476.3
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LONG TERM CONSEQUENCES OF BRAIN TUMOUR GROWTH INHIBITION
BY CONDITIONAL CYTOTOXIC GENE THERAPY: INFLAMMATION,
LESIONS, AND TRANSGENE EXPRESSION. P.R. Lowenstein1*. G. Morrissey1.
P, Stone1. T.Southgate1. C. Cowsill1. R. Dewey1, A. Biglari1. A. Mee2, F.
Boloenani1. U, Naumann3. M, Weller3 and M. G. Castro1. ‘Molecular Medicine Unit,
Room 1.302 Stopford Building, School of Medicine, University of Manchester,
Oxford Road, Manchester M13 9PT; 2MuscuIoskeletal Research Group, School of
Medicine, University of Manchester, Oxford Road, Manchester M13 9WL, England,
and ’Department of Neurology, University of Tubingen, Tubingen, Germany.
A syngeneic tumour model of CNS-1 cells has been established in Lewis rats.
Tumours can be successfully established using 5-10,000 cells, with animals
surviving for 30 days. Direct intratumoural injection of adenoviruses encoding
herpes simplex virus type 1 thymidine kinase (Rad-TK), followed by ganciclovir,
completely inhibits tumour growth. Long term survivors (up to 3 months), however,
show a chronic inflammatory response characterised by an increase in the infiltration
of macrophages and CD3 and CD8 positive T-lymphocytes, which is restricted to the
side of the brain into which tumour and viruses were implanted. Also, a strong and
widespread presence of HSVl-TK protein was detected throughout the brain. CNS-1
cells in culture did not express either MHC-I or MHC-II molecules; Cells expressing
both MHC-I and II were detected within CNS-1 tumours grown in vivo, and their
tumoural or immune derivation is currently being characterised. Furthermore,
immunisation of animals with 5,000 CNS-1 cells treated with mitomycin C, inhibited
further tumour challenge, indicating that the cells are immunogenic. Importantly
however, treatment of animals with dexamethasone did inhibit the efficiency of
chemotherapeutic agents used in vitro, but did not inhibit the efficiency of gene
therapy mediated inhibition of tumour growth in vivo. In conclusion, Rad-TK +
ganciclovir efficiently inhibits the growth erf- a syngeneic immunogenic glioma, an
effect which is not inhibited by dexamethasone, but is accompanied by chronic active
brain inflammation and persistence of transgene.
Supported by the CRC, BBSRC, and The Lister Insititute of Preventive Medicine.

IMMUNOSUPPRESSION BY hNT NEURONS AND SUPERNATANT

P.G. Samacki-Brown, W.R. Gower1, Y. Chang, P.R. Sanberg2, R.A, Good, D.W.
Cahill2* and R.W. Engelman. Depts. of Pediatrics, ‘Biochemistry, 2Neurosurgery
and Neuroscience Program, College of Medicine, Univ. of South Florida, Tampa,
FL 33612.
A therapeutic potential of hNT neuronal grafts has been proposed for patients
with neurodegenerative diseases. We have determined that hNT neurons express
HLA class 1 molecules and therefore bear the risk of eliciting an inflammatory
response upon transplantation. To test whether hNT neurons summon an immune
response, they were used in modified mixed leukocyte culture (MLC). In contrast
to controls in allogeneic MLCs, hNT cells did not stimulate responder leukocytes
to proliferate, but instead suppressed allogeneic MLCs below basal levels. The
hNT cell supernatant produced the same result suppressing MLCs a mean 98.5%.
The supernatant was then used in mitogen-driven lymphocyte proliferation assays
(LPAs). hNT supernatant suppressed LPAs stimulated by mitogens
phytohemagglutinin (PHA) a mean 91% and pokeweed (PWM) a mean 85%. This
immunosuppression by hNT supernatant was not attributable to cytotoxicity by
trypan blue exclusion, nitric oxide and LDH assays. The activity was reproducible
under serum-free conditions, diluteable and reversible and with supernatant from
cultures of hNT accessory and precursor cells but not by other non-neuronal cell
supernatants. Immunosuppressive activity was not attributable to detectable levels
of known immunomodulators such as TGF-pi, alpha-MSH and VIP, but was
reduced when supernatants were subjected to protease treatments, and may be
attributable to a unique immunosuppressive protein with a molecular weight
between 66-158 kDa.
These findings suggest the secretion of an immunosuppressive protein by hNT
neurons and accessory cells. Supported by Layton Biosciences, Inc.
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THE EFFECT OF INTERLEUKIN-1 RECEPTOR ANTAGONIST ON FEVER AND
FOOD INTAKE RESPONSES INDUCED BY LEPTIN IN RATS. A.J.Miller.
N.J.Rothwell and G.N.Luheshi*. School of Biological Sciences, University of
Manchester, Manchester, Ml3 9PT.
Leptin, a 16kDa protein product of the ob gene, is produced by saturated adipocytes.
It is released into the circulation and enters the brain where it regulates energy balance
through actions on appetite and energy expenditure. Receptors for leptin are expressed
primarily in the hypothalamus and share functional similarity with members of the
class 1 cytokine receptors. Cytokines, such as interleukin-1 (IL-1) and tumour necrosis
factor-a, can induce leptin-like responses, such as inhibition of food intake via their
action in the hypothalamus, and are implicated in the induction of leptin. Our recent
data show that leptin is pyrogenic and that this effect is mediated by brain IL-1. The
aim of the present study was to investigate the role of peripheral IL-1 in fever and food
intake induced by injection of leptin into a subcutaneous air pouch (intrapouch, ipo).
Male Sprague-Daley rats were injected with either leptin (lOmg/kg/ipo) or saline
(sal) (lml/kg, ipo) at Oh, and either IL-1 receptor antagonist (IL-Ira) (lmg/kg/ipo) or
sal (lml/kg/ipo) at 1 + 2h. Body temperatures (T°C) were monitored by radiotelemetry. Food intake and change in body weights were determined 22h after
injection of leptin.
Animals injected with leptin/sal (n=8) exhibited an increase in (T°C) which was
maximal at 3.5h (vs. sal/sal, n=5, p<0.001). The food consumption of these animals
was reduced compared with sal/sal controls (p<0.01), and was associated with a
concomitant reduction in body weight (p<0.01). IL-Ira delayed the onset of leptin
fever and attenuated the fever peak (leptin/sal at 3.5h vs. leptin/ILrlra at 4.25h, n=7,
p<0.05), but had no significant effect on leptin-induced suppression of food intake
(p>0.5) or body weight (vs. leptin/sal, p>0.5).
These data indicate that peripheral IL-1 mediates, in part, the febrile response
induced by peripheral administration of leptin, but is not essential in the suppression of
food intake. This work was supported by the MRC.

GLUCOCORTICOIDS AND AUTOIMMUNE DISORDERS OF THE CNS: TRANSGENIC
MICE WITH DYSFUNCTIONAL GEUCOCORTICOip RECEPTOR (GR) FUNCTION
ARE RESISTANT TO THE DEVELOPMENT OF EXPERIMENTAL ALLERGIC
ENCEPHALOMYEEFFIS (EAE). M.C. Morale2, N. Testa2, C. Tirolo2, J. Brouwer, C.
Diikistra\N, Barden4, S. Amors and B. Marchetti1,2*. 'Dept. of Pharmacol. Univ. of Sassari.
2OASI, Troina (EN), Italy,’Dept. Cell Biol. Immunol.,Univ.of Amsterdam,'.Unite Neurosci,
CHUE, Quebec, Canada, 5Dept. Neurodegen. Dis. ICSM Charing Cross, London, UK.
Glucocorticoids (GCs) are key hormones known to play a central role in the interactive
communication between the neuroendocrine and immune systems. Partial failure of this
interaction contributes to the pathogenesis of certain autoimmune disorders of the CNS like
. experimental allergic encephalomyelitis (EAE), a model for human multiple sclerosis (MS).
A transgenic (trans) mouse expressing antisense RNA directed against GR was created to
serve as an animal model for the study of neuroendocrine changes occurring in stress-related
disorders. These mice show aberrant hypothalamus-pituilary-adrenal (IIPA) axis regulation,
both in vivo and in vitro. At the immune system level, a partial blockage of 'E-cell
differentiation and decreased percentage of apoptotic cells during fetal development and
significant alterations in T-cell trafficking during postnatal development suggest alterations
in the development of T cell function. We have studied the susceptibility of these trans
(B6C3EI) mice to develop EAE, a cell-mediated disease involving T helper 1 (fhl) cells.
Control and trans female mice were immunized with an emulsion of the encephalitogen
(myelin protein peptides) in complete Freund adjuvant and M. tuberculosis. The injection
protocol was repeated after 7 days and from the 911' day mice w-ere daily inspected for
initiation of pathology, severity (scores 0.5-3.5), relapse and mortality.
(iroups_______mice with disease Days of pathol. Severity
Relapse Corticosterone
Control
13/15
6-13 days
1-3.5
1-2
352-1 144 ng/ml
Transgenic
1/15
3 days
0.5
930 ng/ml
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Ihe results indicate that the neuroendocrine-immune status of trans mice with a
dysfunctional UFA axis is able to counteract the development of EAE. A possible switch in
Thl/Th2 balance may participate in the reduced susceptibility to develop EAE. (Italian
Ministery Health project n ICS 190.1/RF97.1 IS)
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ENDOTOXIN INDUCED FOS IN LEPTIN-CONTAINING NEURONS IN THE
RAT BRAIN
L. Wang* and Y. Tache, CURE/Digestive Diseases Research
Center/VA Med. Ctr. WLA, Dept. of Medicine, Brain Research Institute, UCLA, Los
Angeles, CA 90073
Background: Inflammatory conditions reduce food-motivated behaviors and food
intake. Recently, it has been shown that in animals the endotoxin, lipopolysaccharide
(LPS), as well as cytokines, elevate circulating leptin which is known to regulate
body weight by decreasing food intake and increasing energy expenditure. Aim: To
study whether LPS-activated neurons in the brain have some relation to leptin
receptor (OB-R)-containing neurons. Methods: LPS (100 or 1000 pg/kg) or vehicle
was injected in male SD rats intraperitoneally (ip). Double immunohistochemical
staining of Fos and OB-R was performed in the rat brain sections 3 h after LPS or
vehicle administration. Results: After LPS ip injection, in the hypothalamus, doublelabeled neurons with Fos and OB-R were found in the supraoptic nucleus (SON),
paraventricular nucleus (PVN), mainly in the magnocellular parts, accessory
neuroendocine nuclei (Accs), and periventricular nucleus in the preoptic area. In the
nucleus of the solitary tract (NTS), only a few neurons were double labeled. The rate
of double-labeled neurons was the highest in neuroendocrine neurons. The
percentages in Fos-positive neurons after LPS (100 pg/kg, ip) were 99.3 ± 0.3% in
the SON, 96.1 ± 1.4% in Accs, 29.0 ± 6.6% in the magnocellular PVN and 15.5 ±
2.9% in the NTS. LPS (1000 pg/kg, ip) further increased Fos-positive neurons in the
magnocellular PVN and the number of colocalization with OB-R. In the
circumventricular organs, Fos-positive cells after LPS were observed in the
subfornical organ and area postrema, with few colocalizations. Conclusion: The
activation of OB-R containing neurons in selective hypothalamic nuclei in response
to systemic endotoxin provides anatomical support for a role of leptin in feeding
behavior during inflammatory conditions.
(NIMH 5 T32-MH and NIH DK-41301 PFS)

EFFECTS OF INFLAMMATORY CYTOKINES AND ENDOTOXIN ON
THE EXPRESSION OF TUMOR NECROSIS FACTOR-a CONVERTING
ENZYME mRNA IN CULTURED RAT ASTROCYTES AND
MICROGLIA. L.C. Cotto, L, Winters. S. Edwards*and P.E. Gottschall. Univ.
of South Florida COM, Dept. of Pharmacology, Tampa, FL 33612-4799.
Tumor necrosis factor- a (TNF-a) converting enzyme (TACE) is likely the
secretase responsible for cleaving pro-TNF-a resulting in the production of its
biologically active isoform. In addition, the protease may cleave other protein
substrates such as transforming factor growth factor-a and L-selectin.
Although TACE is highly expressed in human brain during development, it is
expressed at low levels in the adult central nervous system (CNS). Recent
evidence suggests that TACE may act as protein kinase C-dependent asecretase for amyloid precursor protein (APP), since phorbol ester regulation
of APP secretion was lost in cells derived from TACE deficient mice. Little
is known about the regulation of TACE expression in the CNS. The purpose
of these experiments was to compare TACE mRNA expression in rat
astrocytes and microglia and examine whether inflammatory cytokines and
endotoxin (LPS) regulate TACE mRNA expression. For measurement of
TACE mRNA levels, a semi-quantitative RT-PCR assay with ELISA
detection was developed. In the absence of treatment, levels of TACE mRNA
were about 10-fold greater in cultured microglia as compared to astrocytes. A
significant elevation in TNF-a was observed in response to LPS in microglia
but not in astrocytes. After 24 h, no significant change in TACE mRNA
expression was observed in response to any of the treatments in either
micrpglia or astrocytes. These results suggest that microglia express TACE at
higher levels compared to astrocytes, (supported by NIH AG12160)

476.9

476.10

OVARIAN STEROIDS PRODUCE DIVERGENT EFFECTS IN
SPINAL CORD AFTER INDUCTION OF EXPERIMENTAL
ALLERGIC ENCEPHALITIS (EAE).
G.E, Hoffman.* A.Z. Murphy,
W,W, Le, and C.L, Koski. Depts. Anatomy & Neurobioiogy and Neurology,
Univ. Maryland, Baltimore, MD, 21201.
Women contract multiple sclerosis (MS), a CNS inflammatory disease, 2-3
times more frequently than do men, and hormonal status influences the rate of
disease relapse. To study the relationship between ovarian hormones and CNS
inflammation, we induced EAE in susceptible female Lewis rats. Rats were
ovariectomized (ovx) and 1 week later received silastic implants that were blank or
contained estrogen (E) or progesterone (P) designed to deliver physiological hormone
levels. Rats were injected 4 days later with Complete Freund’s Adjuvant (CFA)
alone or with guinea pig myelin basic protein (MBP) and were monitored for signs
of hind limb weakness. Ten days after MBP/CFA treatment rats were perfused and
their spinal cords examined using Luxol Fast Blue/neutral Red or Neuron Nuclear
Antigen (NeuN).
In the OVX and OVX+P groups, signs of hind limb weakness were displayed
earlier and appeared more severe than in OVX+E-treated rats. Upon histologic
examination, the OVX+P-treated rats showed marked multifocal mononuclear
infiltration throughout the spinal cord; the E-treated rats did not appear to have
significant immune cell extravasates; OVX rats were intermediate. Neuronal patterns
also varied with treatment. In control rats (CFA only), NeuN staining revealed very
strong and generally even nuclear staining only in neurons; cytoplasmic NeuN
staining, when present, was evenly dispersed in the soma and dendrites. In the EAE
groups, there was a variable loss of dorsal horn neurons; P rats showed a 28% loss,
E 3% and OVX only 6%. Nuclear abnormalities in neurons including the anterior
horn cells detected with NeuN staining generally reflected the severity of symptoms.
Our data demonstrate that in this inflammatory CNS disorder, estrogen and
progesterone differentially alter the extent of neuronal damage which correlated with
the functional deficits of the disease. (Supported by NS 28730 and HD 08610).

Glucocorticoids
Selectively
the Brain : Interaction
with
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AN ESSENTIAL ROLE OF CIRCULATING INTERLEUKIN-IB IN MEDIATING
NF-k B ACTIVITY AND COX-2 TRANSCRIPTION IN CELLS OF THE BLOODBRAIN BARRIER IN RESPONSE TO SYSTEMIC AND LOCALIZED
INFLAMMATION, BUT NOT DURING ENDOTOXEMIA. N, Laflamme? S.
Lacroix and S, Rivest, Mol. Endocrinol. Lab., CHUL Res. Center and Laval Univ.,
Quebec, Canada, G1V 4G2.
When release into the bloodstream, proinflammatory cytokines have the ability to
trigger the transcription of different genes in cells of the blood-brain barrier (BBB),
including members of the nuclear factor kappa B (NF-k B) family and cyclooxygenase-2
(COX-2), the limiting enzyme for the formation of prostaglandins (PGs). The present
study investigated the possibility that interleukin-IB (IL-1B) plays an essential role in
these events during a systemic inflammatory response. Both wild type and IL-IBdeficient mice were killed at different times following two different immunogenic
stimuli; i.e. intraperitoneal (i.p.) lipopolysaccharide (LPS) injection and intramuscular
(i.m.) turpentine injection, used here as a model of systemic localized inflammatory
insult. The inhibitory factor KBa (Ik Boc , index of NF-k B activity) and COX-2
transcripts were determined throughout the brain. Systemic LPS injection caused a
strong and rapid expression of Ik Ba in endothelial cells lining the BBB of large and
small blood vessels and thereafter within parenchymal microglia across the brain. This
treatment also provoked a robust and transient expression of COX-2 along cells of the
vascular system and the expression pattern and intensity of the signal for both
transcripts were essentially the same in wild type and IL-IB-deficient animals. In
contrast, the induction of these genes that was quite selective to the cells of the BBB in
response to i.m. turpentine insult was completely abolished in IL-IB-deficient mice.
Indeed, a late and prolonged expression of iKBa and COX-2 mRNAs was found along
the brain blood vessels in response to the sterile and localized inflammation in wild
type mice, whereas such induction was absent in the brain of IL-IB-deficient animals.
These results indicate that circulating IL-IB, produced by immune cells from the site of
inflammation, mediates the activation of NF-k B molecules and PGs within endothelial
cells of the BBB. Such fine circuit seems to be compensated by redundant mechanisms
during more severe conditions, such as blood sepsis and endotoxemia. MRC of Canada

EFFECTS OF CIRCULATING TUMOR NECROSIS FACTOR (TNF) ON THE
NEURAL ACTIVITY AND EXPRESSION OF THE GENES ENCODING THE TNF
RECEPTORS (p55 AND p75) IN THE RAT BRAIN: A VIEW FROM THE BLOOD
BRAIN BARRIER. S, Nadeau* and S. Rivest. Mol. Endocrinol. Lab., CHUL
Research Center and Laval University, Quebec, Canada, G1V 4G2.
Tumor necrosis factor (TNF) acts via two cell-surface receptors, the p55- and p75TNF receptors. The present study described the cellular distribution of both receptor
mRNAs across the rat brain under basal conditions and in response to the systemic
injection with the endotoxin lipopolysaccharide (LPS) or recombinant rat TNF-a.
Constitutive expression of p55 mRNA was detected in the circumventricular organs
(CVOs), choroid plexus, leptomeninges, the ependymal lining cells of the ventricular
walls and along the vasculature, whereas p75 transcript was barely detectable in the
brain under basal conditions. Immunogenic insults caused up-regulation of both TNF
receptors in barrier-associated structures as well as over the blood vessels (bv), an event
that was associated with a robust activation of the microvasculature. Indeed, i.v. TNFa provoked a rapid and transient transcription of IxBa and COX-2 genes within
endothelial cells of the blood-brain barrier. Circulating TNF-a also rapidly stimulated
c-fos expression in nuclei involved in autonomic control, including the bed nucleus of
the stria terminalis, the medial preoptic area, the paraventricular nucleus (PVN) of the
hypothalamus, the central nucleus of the amygdala, the nucleus of the solitary tract and
the ventrolateral medulla. A delayed c-fos mRNA induction was detected in the CVOs.
The PVN exhibited expression of CRF primary transcript that was associated with a
sharp increase of plasma corticosterone levels 1 h after i.v. TNF-a administration.
Taken together these data provide the evidence that p55 is the most abundant TNF
receptor in the central nervous system and is expressed in barrier-associated structures.
Circulating TNF has the ability to activate directly the endothelium of the brain bv,
which may produce soluble molecules (such as prostaglandins) to vehicle the signal
through parenchymal elements. The pattern of c-/o$-inducible nuclei suggests a
complex neuronal circuits solicited by the cytokine to activate neuroendocrine CRF and
the corticotroph axis, a key physiological response for the appropriate control of the
systemic inflammatory response.
Supported by the MRC of Canada.
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Induce kBa mRNA in
LPS-Induced
Ik Bq and

mRNAs. N. Quan1* and M. Herkenham2, ’Dept. Oral
Biology, Ohio State University, Columbus, OH 43210 and 2Section on
Functional Neuroanatomy, NIMH, Bethesda, MD 20892.
Peripheral injection of lipopolysaccharide (LPS) induces brain mRNA
expression of pro-inflammatory cytokines IL-1 p and TNF-a and the
cytokine-responsive immediate-early gene IKBa, and it also increases
levels of plasma glucocorticoids. We wondered whether the induction of
IKBa in the brain by peripheral LPS may be caused, at least in part, by
glucocorticoids. To address this question, rats were injected with a
glucocorticoid agonist dexamethasone (DEX 10 mg/kg, i.p.) or LPS (100
gg/kg, i.p.) and sacrificed 2 h later for in situ hybridization. Injection of
DEX induced Ik Bgc mRNA expression in the brain in an identical pattern
as did LPS injection: in the choroid plexus, circumventricular organs,
meninges, and in widespread small cells throughout the entire brain
parenchyma. LPS but not DEX also induced IL-1 (3 and TNF-a mRNA
expression. Pretreatment with DEX 30 min before LPS injection
enhanced the expression of IKBa mRNA in the brain at 2 h after the LPS
injection without altering the mRNA levels of IL-1 p. Furthermore,
immobilization of rats for 2 h (which raises glucocorticoid levels) also
induced IKBa expression without inducing the expression of IL-lp and
TNF-a. These results suggest that glucocorticoids selectively induce
IKBa expression in the brain after peripheral LPS injection, possibly as
an inhibitory mechanism for preventing later synthesis of inflammatory
cytokines. (Support: Ohio State University and NIMH IRP.)
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INTERLEUKIN-6 IS NECESSARY FOR THE INDUCTION OF THE
SUPPRESSOR OF CYTOKINE SIGNALING 3 (SOCS-3) IN THE BRAIN
DURING BLOOD ENDOTOXEMIA. E. LeBel. L, Valliferes and S, Rivest»Mol.
Endocrinol. Lab., CHUL Research Center and Laval University, Quebec, Canada,
G1V 4G2.
Cytokine-inducible proteins named as suppressors of cytokine signaling (SOCS) are
rapidly induced by IL-6 and other members of the gpl30 cytokine family following
activation JAK/STAT transduction signals. These inhibitory proteins prevent
phosphorylation of the transcription factor STAT and activation of the MAP kinases
by interacting with the catalytic domain of the JAK kinases. Expression of these
inhibitory proteins may therefore be very useful tools to investigate the signaling
events occurring in the brain during immunogenic stimuli that evolve cytokines of
the IL-6 family. This study investigated the effect of systemic lipopolysaccharide
(LPS) treatment on the expression of one member of the SOCS family, SOCS-3, in
both rats and mice. The mRNA encoding SOCS-3 was undetectable in the brain of
vehicle-administered rats, whereas the endotoxin caused a profound transcriptional
activation of the inhibitory factor in the circumventricular organs (CVOs) subfornical
organ, organum vasculosum of the lamina terminalis, median eminence, area
postrema and along the endothelium of the brain blood vessels. The hybridization
signal for SOCS-3 transcript was low at 1 h, but robust at 3 and 6 h and declined to
return to basal levels 12 h after the single i.p. LPS injection. The pattern of SOCS-3
expression in response to systemic LPS injection was similar in the brain of wildtype mice, although the inhibitory factor was no longer detected in the CVOs and the
blood vessels of IL-6-deficient animals at all the times evaluated, i.e. from 0 to 8 h.
These results provide evidence that the JAK/STAT transduction pathway is selectively
activated in response to endotoxemia within cells accessible from blood circulation,
but not within parenchymal elements. After being produced into the circulation and
the CVOs, IL-6 seems to be the principal mediator responsible for triggering
transduction signals leading to SOCS-3 expression in cells that expressed both IL-6
receptor and gpl30 subunits in response systemic inflammation.
Supported by the MRC of Canada.

INTERFERON-y-RESPONSIVE NEURONAL SITES IN THE RAT BRAIN:
RECEPTOR DISTRIBUTION AND CELL ACTIVATION REVEALED BY FOS
PROTEIN INDUCTION. B. Robertson1*. G.-Y. Kong2, Z.-C. Peng2. M.
Bentivoelio2 and K, Kristensson1. 'Dept. of Neuroscience, Karolinska Institutet, S171 77 Stockholm, Sweden, and 2 Dept. of Morphological-Biomedical Sciences,
University of Verona, Italy.
The localisation of the interferon-y receptor (IFN-yR) and the distribution of Fos
protein after intracerebroventricular (icv) administration of IFN-y in the rat brain
were studied with immunohistochemistry. IFN-yR immunolabelling occurred
mainly as punctate elements and in some areas as fibre-like structures.
Immunoreactive cell bodies were only found in the periventricular hypothalamic
nucleus. IFN-yR immunoreactivity was prominent in the glomeruli of the olfactory
bulbs, at the ventral surface of the telencephalon, in limbic cortical fields (medial
prelimbic, piriform, perirhinal and entorhinal cortices), throughout the
anteroposterior extent of hypothalamic structures surrounding the 3rd ventricle, and
in projection areas of nociceptive pathways in the brainstem including the
periaqueductal grey, parabrachial nuclei and caudal part of the spinal trigeminal
nuclei. Fos was markedly induced by acute icv IFN-y treatment, and the distribution
of Fos-immunostained cells exhibited a good correlation with that of the receptor.
Fos expression was mainly elicited in limbic cortical fields and prevailed in medial
diencephalic regions. IFN-y-induced Fos expression was also detected in the same
brainstem structures where the receptor was found. The topographic distribution of
the IFN-yR and IFN-y-activated cells indicates that the receptor activation may play
a role in the early-induced immune response to limit spread of an intracellular
pathogen in the brain, and in modulating the behaviour in animals to favourably
respond to an infectious or immunological attack.
This study was supported by the Swedish Medical Research Council (project 4480)
and the Multiple Sclerosis Project of the Italian ISS.
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MICROGLIAL CHEMOKINES: INDUCTION BY BACTERIAL CELL WALL
COMPONENTS AND MODULATION BY INTERFERON-y
U.-K. Hanisch1*, K.G. Hausler1, M. Prinz1’2, J.R. Weber3, H. Kettenmann1. ’Cellular
Neurosciences, Max Delbriick Center for Molecular Medicine, Berlin, Germany;
institute of Neuropathology, University Hospital, Zurich, Switzerland; department
of Neurology, Humboldt University Medical School (Charite), Berlin, Germany.
Disturbances of the CNS homeostasis, such as trauma or viral and bacterial
infections, cause the activation of microglia. This process consists of a stepwise
transformation of the cells from a quiescent (‘resting’) status to a motile and secretory
active phagocyte. Chemokines as released from activated microglia could serve as
pivotal signals for leukocyte attraction. We thus studied the potential of mouse
microglia in vitro to release CXC (a) and CC (B) chemokines upon activation by
bacterial cell wall components. Cells were stimulated with pneumococcal cell walls
(PCW) prepared from the Gram-positive Streptococcus pneumoniae or with
lipopolysaccharide (LPS, from E. coli), the established model agent to simulate
challenges by Gram-negative germs. Within 3 h, exposure to both LPS and PCW
resulted in a dose-dependent and massive release of KC (GROa), MCP-1, MIP-la,
MIP-2 and RANTES. Eotaxin was not released by microglia. IFNy dose-dependently.
inhibited the evoked release of certain chemokines, such as KC, MIP-la and MIP-2.
As revealed for KC, IFNy effectively attenuated its release either when added 2 to 8 h
prior or during the microglial stimulation period. Using tyrphostin B42 (AG 490) as
an inhibitor of the Janus kinase 2 (JAK2), a protein kinase involved in the signaling
of IFNy, the negative ‘priming’ effect of IFNy could be abolished. The findings
suggest that activated microglia represents a crucial endogenous source for the
production of certain chemokines during CNS infections and that IFNy acts as a
negative modulator via the activation of JAK2. Supported by the DFG (SFB 507,
UKH, JRW, HK).

TMS OF TEMPORO-PARIETO-OCCIPITAL (T-P-O) CORTEX OF CERTAIN
HUMANS REVEALS SIGNIFICANT LATERALIZATION OF IMMUNE CELL
RESPONSES: DEVELOPMENT OF A RAT MODEL. ‘Y, Moshel* L.2 H.
G.Durkin. 2S, Chice.3 K. Henry. 3J.B. Cracco. 3M. Somasundaram. 3N. Hassan. 3P.J.
Maccabee. and1,3V.E. Amassian. ‘Dept. of Physiology, 2Dept. of Pathology, 3Dept. of
Neurology, SUNY Health Science Center at Brooklyn' New York.
Five right-handed subjects were stimulated by 100 magnetic pulses at 2t via a 6 x
5.5 cm coil over left or right T-P-O cortex during a task requiring identifying vocally,
flashed words or pictures. Lymphocyte subsets in venous blood were estimated by
flow cytometry (Amassian et al., 1994, J. Physiol. 475 R22P; 479P: 143-144P). In 3
subjects, T-P-O stimulation led to similar changes in cell counts, so they were further
studied. One-way analysis of variance disclosed that left versus right-sided T-P-O
stimulation increased the number of CD4+ cells (p=0.001), CD8+ cells (p=0.002) and
CD 16+/CD56+cells (p = 0.005); with left-sided stimulation the increase occurred
after 4-6 hrs. Right-sided stimulation gave decreases after 24 hrs. By contrast, left TP-O stimulation during the verbal reaction time versus (A) the subjects passively
viewing a video, only yielded significant p values for CD 16+/56+ cells (0.016) and
versus (B) the subjects passively seated, only yielded significant p values for CD 8 +
cells (0.019) and CD 16/CD 56+ cells (0.002). While the largest differences were
between left- and right-sided stimulation, cortical activation during verbal responses
enhanced the left-sided responses. The variability among even 5 subjects prompted
us to develop a chronic rat model. In preliminary tests on arterial blood, CD4+ and
CD8+ cell counts were changed by 500 Hz trains of 6 pulses repeated at 0.5 Hz for 24 hrs. and applied epidurally over left or right T-P-O cortex; each pulse lasted 200ps
and was 1.5-3 mA.

476.17

INTERLEUKIN-2 TREATMENT INFLUENCES HABITUATION TO
NOVELTY IN MICE. S. Zalcman* and H. Niu. UMD-New Jersey
Medical School, Department of Psychiatry, Medical Science Building,
185 S. Orange Ave., Newark, NJ 07103-2714.
Interleukin (IL)-2 influences central neurochemical activity, induces
alterations of exploratory activity, and may precipitate cognitive
deficits and schizophrenic-like behavior, among other central nervous
system abnormalities. We reported that increases in the investigation
of novelty occurred within 30 minutes of an IP injection of recombinant
human IL-2 in BALB/c mice [Zalcman et al., Brain Res. 811 (1998)
111-121]. We presently report that a single IP injection of murine IL-2
also induces an increase in novelty-induced activity (incl., locomotion,
rearing, and stimulus contact) in this strain of mouse. We additionally
report that the cytokine-induced increases of activity were not
augmented by repeated intermittent injections of IL-2 (0.4 pg/mouse,
IP; once daily for 5 days). Nonetheless, levels of activity were
consistently higher in IL-2-treated mice than in animals that received
saline injections. The between-group differences were due to the fact
that activity declined appreciably over time among saline-treated
animals, but not among IL-2-treated mice. Hence, repeated injections
of IL-2 did not induce progressive increases in activity per se, but
appeared to influence habituation to the test cage. A potential
implication of this finding is that psychiatric abnormalities (e.g.,
cognitive deficits) that are induced by IL-2 reflect a lack of habituation
to novel stimuli.
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INTERACTIONS Or CANNABINOIDS AND ANTI-INFLAMMATORY
CYTOKINES IN ASTROCYTE MICE CULTURES
Francisco Molina-Holqado*, Richard Grancis and Nancy J. Rothwell,
School of Biological Sciences, University of Manchester, Oxford Road,
Manchester, M13 9PT, UK.
Cannabinoids exert a variety of modulatory effects on the host response to
immune activation and inflammation. Anandamide. an endogenous
cannabinoid has been reported to act as a transcellular messenger in the
central' nervous system (CNS) wich inhibit inflammatory responses in
astrocytes. Similarly, the anti-inflammatory cytokines IL-4 and IL-10 have
reported actions in the CNS. The objective of this study was to determine if
cannabinoid modifications of astrocyte functions involves IL-4 or IL-10. We
demonstrated that anandamide (10, 50 and 100pM, 18h) cause a dosedependent (25, 40 and 60%) increase in astrocyte (C57BL6/J, Jackson
Laboratory) mitochondrial activity measured by MTT. In contrast, in astrocyte
cultures from IL-4 knockout mice (IL-4 ko mice, Jackson Laboratory)
anandamide (50 and 100pM) caused a decrease (-50%) in mitochondrial
activity. In primary astrocyte cultures from IL-10 ko mice (Jackson Laboratory)
anandamide (100pM), caused total cell death. These data suggest multiple
actions of anandamide to increase mitochondrial activity (probably due to
proliferation) mediated by IL-4 and IL-10 but adittional effects on cell survival.
The possible involvement of IL-4 and IL-10 in the effects of anandamide may
have important implications for our understanding of the mechanisms of
neuro-immune interactions of cannabinoids.

COMPLEMENT REGULATORY PROTEINS AND PREFERENTIAL
ASTROCYTE DESTRUCTION BY GLUR3-ANTISERA. K.P, Whitney3* and J.O.
McNamara1'2,3. Departments of Medicine (Neurology)1, Neurobiology2, and
Pharmacology3, Duke University, Durham, NC, 27710.
Rasmussen’s encephalitis (RE), a childhood neurodegenerative disease, may result
from an autoimmune attack against GluR3. IgG against GluR3 destroy mixed glialneuronal cultures in a complement (C’)-dependent fashion over the course of hours.
Anti-GluR3-induced death with C6-deficient serum as a C’ source occurs only in the
presence of C6, indicating that cytotoxicity requires formation of the membrane
attack complex (MAC). Oddly, while GluR3 IgG bind initially to neurons, astroglia
start dying after 4 hours’ exposure to GluR3 antiserum, a time when neurons appear
unaffected. As differential expression of C’ regulatory proteins (CRPs) could
underlie neuronal C’ resistance, immunostaining for the CRPs Crry and CD59 was
undertaken. Most CRP immunoreactivity is found on neurons; debilitating CD59
with Pl-specific PLC or anti-CD59 results in neuronal destruction after GluR3
antiserum challenge. Astroglia cultured in the absence of neurons express high CRP
levels and resist GluR3 antiserum challenge; mixing glia with neurons of different
ages yields cultures with astroglia whose Crry expression levels correlate directly
with GluR3 resistance, suggesting CRPs may confer C’ resistance. We propose that
although C’ is activated where IgG bind on neurons, CRPs enable neurons to resist.
Neighboring bystander astrocytes may be damaged as soluble MAC channels pass
from neuron to astrocyte, which then undergo MAC-dependent cell death owing to a
lack of CRPs. Transfection experiments with CD59 and Crry are underway to test
the bystander hypothesis and to test whether astroglial resistance increases with
enhanced CRP expression. Taken together this work highlights how neurons and
astrocytes affect the phenotype(s) of one another and may provide insight into how
antibodies, C’, neurons, and glia interact in vivo to contribute to the phenotype of
RE. Supported by NS036808 (JOM) & Howard Hughes Medical Institute (KDW).

Supported by The Wellcome Trust
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Nancy J. Rothwell* and Francisco Molina-Holqado. School of Biological
Sciences, University of Manchester, Oxford Road, Manchester, M13 9PT,
UK.

The proiinflammatory cytokine interleukin-1 (IL-1) is induced rapidly in the
central nervous system (CNS) by diverse insults, and participates in
neurodegeneration. The mechanisms of IL-1 action are not fully understood,
but appear to involve complex interactions between neurons and glia (mainly
astrocytes and microglial cells). The naturally occurring IL-1 receptor
antagonist (IL-1 ra) is also induced by brain damage and appears to act as an
endogenous inhibitor of neurodegeneration. The objective of this study was
determine the involvement of endogenous IL-1 in inflammatory responses to
LPS in glial cultures. Activation of primary mixed glial cultures (astrocytesmicroglia), from CD1 neonatal mice (5x105cell/well), with the bacterial
endotoxin lipopolysaccharide (LPS,1pg/ml, 24h), stimulates the expression of
putative mediators such as nitric oxide (NO), an indicator of nitric oxide (NO)
production by the inducible NO synthase (iNOS), prostaglandin E2 (PGE2)
and interleukin-6 (IL-6). Co-incubation with IL-1ra (20ng/ml) inhibited the
effects of LPS on NO (-65%) and IL-6 (-30%), but failed to reduce PGE2
release in response to LPS. These results indicate that endogenous IL-1
mediates some inflammatory actions of LPS in NO and IL-6, but not on PGE2
release in mixed glial cultures.

Supported by The Wellcome Trust

ANTIOXIDANT AND REDOX REGULATION OF TRANSCRIPTION OF
CYTOKINES AND INDUCIBLE NITRIC OXIDE SYNTHASE
IN
LIPOPOLYSACCHARIDE-STIMULATED GLIAL CELLS
Jia-Yf Wang1,

Ching-long Chen1, and Shwun-De Wang2* Departments of Physiology and
2Anatomy, National Defense Medical Center, Taipei, Taiwan, R.O.C.
Glial cells, nitric oxide (NO) and cytokines have been implicated in
inflammatory and immunological responses in CNS pathological conditions.
Endotoxin (Lipopolysaccharide, LPS) has been shown to induce the expression of
cytokines and inducible nitric oxide synthase (iNOS) via activation of NFk B. in
glial cells. Because that reactive oxygen species (ROS) mediate the signal for
NFk B activation in other cells, we investigated the role of ROS in the production
of NO (via induction of iNOS) and cytokines (TNF- a and IL-1 jS) by LPS using
primary culture of mixed glial cells. The production of NO was estimated by
measuring the stable metabolite nitrite with Griess reagent. The production of
TNF-a and and IL-1P was measured with ELISA kits. The mRNA expression of
TNF- a ,IL-1 fi and iNOS by LPS stimulation was examined by semiquantitative
RT-PCR. Our results indicated that LPS elevated nitrite levels in a concentrationdependent manner.
Several antioxidants including pyrrolidine-dithiocarbamate
(PDTC), N-acetylcysteine (NAC),
superoxide dismutase (SOD), Tempo
(permeable SOD), dimethyl thiourea (DMTU), and melatonin concentrationdependently inhibited NO and cytokine production. The mRNA expression of
TNF-a, IL-1 ft and iNOS induced by LPS was also suppressed differentially by
these antioxidants.
Alteration of intracellular redox status by buthionine
sulfoximine (BSO, a glutathione depletor) or aminooxyacetic acid (AOAA, a
transaminase inhibitor) not only changed the production of TNF-a,IL-1 /3and
NO , but also changed their mRNA expression by LPS stimulation in glial cells.
Taken together, these results suggest that ROS and redox status may regulate the
transcription of TNF- a, IL-1
and iNOS by LPS stimulation in glial cells.

477.5

477.6

VASOACTIVE INTESTINAL PEPTIDE (VIP) AND PITUITARY
ADENYLYL CYCLASE-ACTIVATING POLYPEPTIDE (PACAP)
INHIBIT TUMOR NECROSIS FACTOR-a (TNF-a) PRODUCTION
BY ACTIVATED MICROGLIA. W.-K. Kim, Y. Kan, D. Ganea, I.
Gozes, R.P. Hart, and G.M. Jonakait*. Dept. of Biological Sciences,
Rutgers University, Newark, NJ 07102
Activated microglia, so-called brain macrophages, produce TNF-a,
which promotes CNS inflammation. Because neuropeptides VIP and
PACAP inhibit inflammatory actions of peripheral immune cells, we
sought to determine whether their action extends to CNS. We
demonstrate here that lipopolysaccharide (LPS)-induced microglial
TNF-a production is profoundly suppressed by VIP and its related
neuropeptide PACAP, possibly by a cAMP-mediated pathway.
When stimulated in culture by LPS (100 ng/ml), lO5^primary rat
microglia produce 2.8+0.3 ng of TNF-a (n=15). Production of TNF-a
is reduced almost 90% by both VIP and PACAP at 0.1 |iM. LPSinduced TNF-a mRNA is also substantially reduced. The lipophilic
VIP analogue, stearyl-norleucine VIP, which functions via a cAMPindependent pathway, failed to mimic the inhibitory effects of VIP.
However, forskolin, a cAMP-elevating agent, mimicked the inhibition
by the neuropeptides. In addition, the cAMP-dependent protein kinase
A inhibitor H89 reversed the inhibition of TNF-a produced by VIP or
PACAP. These data together suggest that the inhibition of TNF-a
production by VIP and PACAP is mediated by a cAMP-dependent
pathway. Research supported by AI041786 to D.G. and Rutgers Univ.
Johanna and Charles Busch grants to G.M.J. and D.G.

VASOACTIVE INTESTINAL PEPTIDE (VIP) AND PITUITARY
ADENYLYL CYCLASE-ACTIVATING POLYPEPTIDE (PACAP38) INHIBIT INTERLEUKIN-10 (IL-10) PRODUCTION BY
ACTIVATED RAT MICROGLIA. Y. Kan, W.-K. Kim, I. Gozes,
G.M. Jonakait and D. Ganea*. Dept. of Biological Sciences, Rutgers
University, Newark, NJ 07102
VIP, expressed in CNS and present in the innervation of lymphoid
organs, inhibits the peripheral inflammatory response. In order to
determine whether its anti-inflammatory action extends to the CNS, we
investigated the role of VIP in modulating the production and release of
the anti-inflammatory cytokine IL-10 by CNS-derived microglia.
Enriched primary rat microglial cultures produce IL-10 when
stimulated by a wide range of lipopolysaccharide (LPS) concentrations.
VIP and the structurally related neuropeptide PACAP-38 have no effect
on basal IL-10 production, but produce a dose-dependent inhibition of
the LPS-induced increase. At a dose of 0.1 pM VIP and PACAP
reduce IL-10 production by 54% and 60% respectively. Because the
cAMP inducing agent forskolin mimics and the protein kinase A
inhibitor H89 blocks, inhibition may be produced by a cAMPdependent action of the neuropeptides. Moreover, the lipophilic VIP
analogue, stearyl-norleucine VIP, which uses a cAMP-independent
pathway, fails to inhibit IL-10 production. Neuropeptide inhibition of
tumor necrosis factor-a production (TNF-a) may partially mediate the
inhibition of IL-10 since blockade of TNF by a soluble TNF receptor
also inhibits IL-10 production. Research supported by AI041786 to
D.G. and Johanna and Charles Busch grants to G.M.J. and D.G.
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INHIBITION
OF
MICROGLIAL
ACTIVATION
BY
DEHYDROEPIANDROSTERONE IS STIMULUS-SPECIFIC. S.W.
Barger1,2,3 * and P.D. Drew2. Depts of ’Geriatrics and 2Anatomy, Univ.
Arkansas Med. Sci.; ^Central Arkansas Veterans Healthcare System,
Little Rock AR 72205.
Dehydroepiandrosterone is a steroid that circulates in abundance as
a sulfated derivative (DHEA-S); its levels decline in aging and further
in age-related disease. We tested the effects of these compounds on
the activation of rat primary microglia and the N9 microglial cell line.
DHEA and DHEA-S significantly inhibited the production of nitrite
stimulated by lipopolysaccharide.
Morphological indicators of
activation were suppressed by DHEA as well. Analysis of the NF-k B
transcription factor and inducible nitric oxide synthase (iNOS) mRNA
and protein levels suggested that DHEA inhibited post-transcriptional
events. Interestingly, activation of microglia by a secreted form of the
p-amyloid precursor protein (sAPP) was unaffected by either DHEA or
DHEA-S. Another Alzheimer-related factor- amyloid p-peptide- also
activates microglia but in a manner dependent on a co-stimulus; for
comparisons to sAPP, both polypeptides were used in the presence of
interferon-y. DHEA inhibited the response only to the degree that
interferon-y contributed to activation. The abilities of DHEA and
DHEA-S to inhibit microglial reactions suggest that the compounds
might have beneficial effects in the myriad neurological disorders
involving microglia, but the variability of their effects against various
pro-inflammatory stimuli limits the roles these steroids could play.
Sponsored by funds from the Alzheimer’s Association.

TIME-DEPENDENCY OF THE ACTION OF NITRIC OXIDE IN
NEURONAL CELL DEATH INDUCED AFTER EXPOSURE TO
LIPOPOLYSACCHARIDE/INTERFERONy IN MURINE NEURON/
GLIA CULTURE. 1^Jiang*, B, Wilson, W.-G, Kim and G.-H,

Jeohn.
Neuropharmacology
Section,
Laboratory
Pharmacology and Chemistry, NIEHS/NIH, RTP, NC 27709.

of

The expression of inducible nitric oxide synthase (iNOS) and
production of nitric oxide (NO) after exposure to endotoxins have been
implicated in immune-mediated neurotoxicity.
We investigated the relationship of NO to neuronal cell death and the
time-dependency of NO action using murine primary
cortical
neuron/glia culture. LPS alone induced NO production in a
concentration-dependent manner, but up to 10 pg/ml, LPS could not
cause significant neuronal cell death in spite of high levels of ND
production. In contrast, in the presence of IFNy (5 u/ml), LPS, as low
as 1 ng/ml, caused distinct neuronal cell death with the same level of
NO production, which was blocked by the NOS inhibitor L-NAME. The
data indicated that NO is necessary, but not sufficient to cause
endotoxin-induced neuronal toxicity. NO production reached the highest
level 12-18 h after exposure to LPS/IFNy. Further analysis of time
dependency on neurotoxicity indicated that the action of NO occured
12-18 h after exposure to LPS/IFNy.
The data suggest that NO production during 12-18 h after exposure
to LPS/IFNy is critical for its cytotoxic effect. Futhermore, we
speculate that during this time NO signaling may interact with other
endogenous factor(s) like superoxide radical to produce neurotoxic
effects.

477.9

477.10

INHIBITION OF LIPOPOLYSACCHARIDE-INDUCED DEGENERATION OF
DOPAMINERGIC NEURONS BY ORPHANIN FQ AND DYNORPHIN IN RAT
MESENCCPHALIC CELL CULTURE.
L-N. Du*. B, Liu. J-W. Jiang and J-S. Hong. Neuropharmacology Section,
Laboratory of Pharmacology and Chemistry, NIEHS/NIH, Research
Triangle Park, NC 27709
The present study was undertaken to determine the effects of Orphanin
FQ (OFQ, 17-amino acid peptide noiceptin) and dynorphin A(l-17) on
lipopolysaccharide(LPS)-induced neurotoxicity in mesencephalic cell
cultures from embryonic day 13-14 rats. Treatment of cells with lOOng/ml
LPS for 24 h significantly reduced the activity of [3H] dopamine (DA)
uptake, coinciding with an increased production of nitric oxide (NO).
Pretreatment of cultures with graded concentrations of OFQ (10'6-1018 M)
prior to LPS resulted in a biphasic and dose dependent improvement in
[3H] dopamine uptake capacity and an inhibition of LPS-induced nitrite
accumulation. The peak concentrations of OFQ for maximal protective
effects were observed at 10'6M and 10'14M respectively. Interestingly,
similar biphasic dose-dependent protective effects were also observed with
dynorphin A(l-17) with best protective effects observed at 10'6 and 10'14
M. Our results indicated a correlation between increased nitrite production
and decreased neuronal function and suggested that inhibition of microglia
activation might lead to prevention of inflammation-mediated neuronal
damages in the rat midbrain cultures. The mechanisms underlying the
neuroprotective effect observed in both higher concentration (10'6 M) and
the “ultralow” concentration (1014 M) of either OFQ or dynorphin
remain to be elucidated.

NOVEL EFFECTS OF NEURAL CELL ADHESION MOLECULES (NCAM) ON
GLIAL INFLAMMATORY RESPONSES. R.C.C. Chang*. P, Hudson. B. Liu. B,
Wilson. L. Haddon and J.-S, Hong. Neuropharmacology Section, Laboratory of
Pharmacology and Chemistry, NIEHS/NIH, Research Triangle Park, NC 27709.
Increasing lines of evidence show that inflammatory responses are highly affected by
the presence of neurons because cascade of inflammatory responses in the central
nervous system (CNS) are somehow delayed compared with that in the peripheral
systems. We have previously demonstrated that the presence of neuronal precursor
cells in glial cultures reduced nitric oxide production stimulated by bacterial endotoxin
lipopolysaccharide (LPS). However, the modes of neuronal modulation on glial
inflammatory responses are still unclear. The aim of this study was to explore the
role of neural cell adhesion molecules (NCAM) iq LPS-induced glial inflammatory
responses.
Cultured mixed glial cells were prepared from postnatal day 1 CD-I mice, and were
cultured for 23 days. Cultured glial cells were stimulated with LPS for a maximum of
96 hr. The production of nitrite representing nitric oxide was examined. Glia
stimulated by LPS showed a dose-dependent production of nitrite.
A NCAM
antibody, which can cross-link NCAM on cell membrane and transmit the cellular
signals as if NCAM protein, significantly reduced LPS (0.1 pg/ml)-stimulated nitrite
production by 35%. NCAM protein in the culture medium also significantly reduced
nitrite production by about 40%. Immunocytochemical analysis showed that NCAM
mostly expressed on astroctyes. Yet, NCAM immunoreactivity appeared on some
activated microglia after LPS-stimulation, indicating that microglial cells can express
NCAM-like substance.
This study demonstrates that NCAM exert modulatory effect on nitric oxide
production by LPS-stimulated glial cells. Since nitric oxide plays important roles in
cerebral inflammation, these findings provide a possible explanation why the cascade
of immune responses in the mammalian CNS is somewhat delayed or diminished
compared with what occurred in the peripheral system.

477.11

477.12

G66976,
A PROTEIN KINASE C INHIBITOR,
PROTECTS
NEURONS FROM LIPOPOLYSACCHARIDE/ INTERFERONyINDUCED CYTOTOXICITY IN MURINE PRIMARY NEURON/GLIA
C U LT U R E. G.-H, Jeohn*,
B, Wilson
and
J.-S.
Hong.

NALOXONE PREVENTS DAMAGES TO DOPAMINERGIC NEURONS
INDUCED BY LIPOPOLYSACCHARIDE (LPS). B, Liu*, L-N. Du, J-W. Jiang
and J-S. Hong. Neuropharmacology Section, LPC, NIEHS, RTP, NC 27709
Inflammation in the CNS has been increasingly associated with the
pathogenesis of neurodegenerative diseases. The hallmark of neuro-inflammation
is the activation of microglia, which release a variety of factors including nitric
oxide (NO), proinflammatory cytokines, tumor necrosis factor alpha (TNFa) and
free radicals, leading to eventual loss of targeted neurons. Therefore, intervention
of the microglia-mediated inflammatory process would benefit the preservation of
neurons.
We here report that naloxone, an opiate antagonist, significantly protected rat
mesencephalic dopaminergic neurons against damages induced by LPS. Treatment
of neuron-glia co-cultures with 1-100 ng/ml LPS resulted in a marketed increase in
the expression of microglia-specific markers and production of NO, TNFa, IL-1 p,
and superoxide. Further more, LPS treatment led to dramatic loss of the function
of dopamingergic neurons (dopamine uptake) and the integrity of tyrosine
hydroxylase-immunoreactive neurons. Pretreatment of cultures with naloxone
prior to LPS significantly protected the dopaminergic neurons and both the (-)naloxone and enantiomer (+)-naloxone offered equal degree of protection.
Mechanistically, naloxone significantly inhibited the LPS-induced activation of
microglia, release of NO, TNFa, IL-ip, and mostly prominently, the generation of
superoxide. Since NO and superoxide are thought to form peroxynitrite, a more
cytotoxic mediator, we studied the effect of peroxynitrite on mesencephalic
neurons. Indeed, peroxynitrite potently diminished the function of these neurons
and naloxone failed to prevent the peroxynitrite-elicited damages.
These results offer significant insight into the inflammation-mediated and
oxidative stress-related neurodegenerative processes. More importantly, these
findings present a free radical-based novel mechanism of action for the neuronal
protective effect rendered by naloxone. Supported by NIEHS/NIH

Neuropharmacology Section, Laboratory of Pharmacology
Chemistry, NIEHS/NIH, Research Triangle Park, NC 27709.

and

The expression of inducible nitric oxide synthase (iNOS) and
production of nitric oxide (NO) after exposure to endotoxins have been
implicated in immune-mediated neurotoxicity. Previously we reported
that G66976 inhibited iNOS gene expression by decreasing the steadystate level of iNOS mRNA post-transcriptionally
through the
destabilization of iNOS mRNA.
Here we report that the specific protein kinase C inhibitor G66976
protected neurons from
lipopolysaccharide (LPS)/interferon-y
(IFNy)-induced cytotoxicity in murine primary cortical neuron/glia
culture, which paralleled the inhibition of iNOS expression. The
neuroprotective effect was not, observed with other PKC inhibitors
such as GF109203X, Ro31-8220,
G67974 and chelerythrine.
G66976 also provided protection against neurotoxicity induced after
the treatment with combined cytokines, interieukin-1 a (IL1 a)/tumor
necrosis a (TNFa)/IFNy. Further analysis of the
correlation of NO to the extent of neurotoxicity indicated that the
protection of neurons by G66976 involves other signaling mechanisms
besides the inhibition of iNOS expression/NO production. The results
suggest that a novel mechanism may be involved in the Go6976-related
neuroprotective effect on endotoxin-induced neuronal cell death. This
study may provide further insights into potential interventions for
immune-mediated neurodegenerative diseases.
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DIFFERENTIAL NEUROTOXICITY IN VARIOUS RAT BRAIN REGIONS
FOLLOWING LIPOPOLYSACCHARIDE(LPS) STIMULATION.
W.-G.
Kim’-2*,_R.P, Mohnev-1, B. Wilson1. G.-H, Jeohn’ and J.-S, Hong1.
’Neuropharmacology Section, Laboratory of Pharmacology and
Chemistry, NIEHS/NIH, Research Triangle Park, NC 27709. 2Korea
Research
Institute
of Bioscience
and Biotechnology,
KIST,
Yusong, Taejon 305-600, Korea.
The activation of microglia is thought to contribute to the progression
of neurodegenerative diseases through the production
and release of
proinflammatory cytokines and free radicals. Because microglia density
is not uniformly distributed in the brain,
we examined whether
differential neurotoxicity occurs in the rat hippocampus, cortex, or
mesencephalon following stimulation with the bacterial endotoxin LPS.
Mesencephalon-derived neuron-glia cultures were dose-dependently
sensitive to LPS-induced neurotoxicity at concentrations as low as 1 0
ng/ml, as determined by immunostaining for neuron-specific proteins
and dopamine uptake assay. Consistent with the increase in neurotoxicity,
LPS also dose-dependently increased TNF-a release and nitrite
accumulation. In contrast, only very low levels of TNF-a release, nitrite
accumulation, and neuronal death were detected in hippocampal or
cortical cultures after exposure to LPS at concentrations up to 10 pg/ml.
However, cortical neuron-glia cultures supplemented with a population
of cells enriched in microglia derived from either the mesecenphalon or
cortex increased levels of TNF-a release, nitrite accumulation, and
neuronal death following stimulation with LPS. In addition, intracerebral
injection of LPS (10 pg/inj) produced profound neurodegeneration in the
subtantia nigra, which contains a dense concentration of microglia, but
not in the hippocampus or cortex, which contain fewer microglia. These
data indicate that LPS-induced neuronal death may be dependent upon the
number or proportion of activated microglia present within the system.

PROSTAGLANDIN E RECEPTOR SUBTYPE EP4 COLOCALIZES WITH LPSINDUCED FOS-LIKE IMMUNOREACTIVE NEURONS IN THE RAT
HYPOTHALAMUS. T. Oka1’2. K, Oka1 >2*T, E, Scammell1. C. Lee2, J, F,
Kelly2. F. Nantel3. J.K. Elmquist1’2, C.B, Saper1, !Dept. of Neurology,
2Division of Endocrinology, and Program in Neuroscience, Beth Israel Deaconess
Medical Center and Harvard Med. Sch.; Boston, MA 02115, 3Merck Frosst Center
for Therapeutic Res.; Quebec, Canada H9R 4P8.
Prostaglandin E2 is thought to be a principal mediator of fever. Which E type of
prostaglandin (EP) receptor plays a crucial role in the febrile response is still in
dispute, i.e., the involvement of EPI, 2, and 3 receptors has been reported in rats,
pigs, and mice, respectively. Therefore, to investigate which subtypes of EP
receptors mediate systemic infection-induced fever, we assessed the coexpression of
Fos-like immunoreactivity (IR) and EPI, 2, 3 and 4 receptor mRNA in the rat
hypothalamus. Rats were perfused 2 hr after intravenous (i.v.) injection of
lipopolysaccharide at 5 gg/kg, the brains were cut, and the sections double labeled
for Fos protein by immunohistochemistry and for EP receptors by in situ
hybridization and autoradiography using cRNA probes. LPS-induced Fos-like IR
was observed in the ventromedial preoptic area (VMPO) and the paraventricular
nucleus of the hypothalamus (PVH). EPI and EP3 receptor mRNAs were found in
the VMPO and the median preoptic nucleus (MnPO), respectively. The EPI and
EP3 receptor-positive neurons in these regions occasionally showed Fos-like IR.
The EP4 receptor, on the other hand, showed intense hybridization over the VMPO
and the PVH, and a small degree of localization over the MnPO. Furthermore, there
was 60 % and 80 % coexpression of the EP4 receptor mRNA within the neurons in
the VMPO and the PVH that express Fos like-IR, respectively. EP2 receptor
mRNA hybridization was not seen in these regions. These findings suggest the
involvement of EP4 receptor in the LPS (i.v.)-induced autonomic and endocrine
responses, including fever. Supprted by Grant NS33987 and MH56537.

477.15

477.16

LPS ACTIVATES GABAERGIC NEURONS IN THE VENTROMEDIAL
PREOPTIC AREA K. Oka1-2 T. Oka1’2, C.F. Elias12, C. Lee2, J.F. Kelly2,
C.B. Saper1 and J.K. Elmquist1'2* ’Dept. of Neurology and Program in
Neuroscience, 2Dept. of Medicine and Division of Endocrinology, Beth Israel
Deaconess Medical Center, Harvard Medical School, Boston, MA 02115
Intravenous (i.v.)
administration of lipopolysaccharide (LPS) or
microinjection of prostaglandin E2 into the ventomedial preoptic area
(VMPO) causes fever. Both manipulations induce Fos-like immunoreactivity
(Fos-IR) in die VMPO and in the paraventricular hypothalamic nucleus
(PVH) in the rat brain. Anterograde and retrograde tracing studies indicate
that some of the LPS-activated VMPO neurons project direcly to the PVH.
However, most VMPO neurons project to other sites including the anterior
perifomical area (APFx) and the ventral bed nucleus of the stria terminalis
(vBST). Furthermore, many APFx and vBST neurons provide GABAergic
innervation to the PVH. Therefore, we hypothesized that LPS activates
GABAergic neurons in the VMPO that project to the APFx and vBST. Using
double label immunohistochemistry and in situ hybridization, we found that
LPS (5 pg/kg) administration induced Fos-IR in neurons located in the VMPO
expressing the mRNA for the GABA synthesizing enzyme, GAD-67.
Following injections of retrograde tracers (Fluorogold or Cholera toxin-b)
into the APFx and the vBST, we found that several of the GABAergic
neurons in the VMPO projected to the APFx and the vBST. We hypothesize
that activation of VMPO GABAergic neurons by LPS results in a net
activation of the autonomic components of the PVH and fever.
This work was supported in part by grants MH56537 (J.K.E.) and NS33987
(C.B.S.).

INTERLEUKIN-1 p INHIBITS PINEAL GLAND MELATONIN
PRODUCTION AFTER ISOPROTERENOL STIMULATION.
J.A. McNult^and S-Y. Tsai.. Department of Cell Biology,
Neurobiology and Anatomy, Loyola Univ. Stritch School of
Medicine, Maywood, IL 60531
The pineal gland (PG) has been implicated in neuroimmune
regulation through its production of melatonin. Because the
gland is outside the blood-brain barrier, it is accessible to
soluble, immunoregulatory factors, which would provide
hypothesized feedback mechanisms. This study sought to
compare effects of IL-lp on pineal indoleamine metabolism
following p -adrenergic stimulation. For in situ studies, male
rats (S/D) were injected i.p. with saline or IL-lp (1,5,10 ug/kg)
followed 4 h later by a second injection of isoproterenol (1
mg/kg). Rats were sacrificed after 3 h (7 h total) and the PG
processed for HPLC to measure the indole constituents in the
melatonin pathway. IL-lp caused the predicted dose-response
increase in rectal temperature. Isoproterenol caused the
predicted increase in PG melatonin, which was statistically
diminished in rats treated with IL-lp. For the in vitro studies,
dispersed pineal cell cultures from 1-day-old neonates were
treated according to the same paradigm. The results were
similar to those observed in vivo, but the effects of IL-lp on
indole constituents were not as great. These results
demonstrate that cytokines (whether from the circulation or
produced locally) mediate pineal gland functions.

477.17

477.18

IMMUNOMODULATION IN THE CNS BY NEUROREGULATORY
MOLECULES. L.M, Phillips*and L.A, Lampson, Dept. of Neurobiology,
Harvard Medical School; Boston, MA.
We recently showed that the immune response in the CNS differs according
to neuroanatomic region. Two main aspects of the immune response--T ceil
traffic and the regulation of MHC proteins-are enhanced by cytokine
injection in the brainstem, while the hippocampus is less sensitive. We
proposed that neural signaling molecules prominent in each area contribute
to local modulation of the immune response.
Here, we asked if
pharmacological manipulation of Substance P (SP), a neuropeptide which
can influence leukocyte function in vitro, influences the immune response in
vivo.' MHC class II expression was stimulated by microinjection of the
proinflammatory cytokine, IFN-y, in the brainstem of CDF rats. Immediately
after, a second injection of SP (0.01-100 ng/rat), or the SP antagonist,
Spantide I (0.1-10 pg) was administered. Immunostaining of brain sections
in combination with image analysis revealed a significant increase in
microglial MHC Class II after IFN-y followed by SP injection. Decreasing SP
with Spantide i prevented IFN-induced Class II upregulation. In contrast,
IFN-y followed by SP injection in the hippocampus, where SP is less
prominent, did not alter MHC levels compared to IFN-y alone. We are
following a similar approach to determine if modulation of the prominent
hippocampal transmitter, glutamate, can influence the local immune
response. The immune / inflammatory network contributes to many CNS
pathologies, and determining the immuno-regulatory role of neuropeptides
and transmitters may lead to new ways to control the immune response in
different regions. Supported by the NIH and the NMSS.

ENDOTHELIAL NITRIC OXIDE SYNTHASE (eNOS) INHIBITS NEURONAL
ACTIVATION AND IL-1 (3 GENE EXPRESSION IN THE PARAVENTRICULAR
NUCLEUS IN RESPONSE TO IMMUNE STRESS. W. Yang and T.L. Krukoff*.
Dept. of Cell Biology, Univ. of Alberta, Edmonton, Canada T6G 2H7.
Nitric oxide (NO) has been implicated in central modulation of neuroendocrine and
autonomic responses. This study was performed to determine if NO regulates neuronal
activation and interleukin-1 (3 (IL-lp) gene expression in the paraventricular nucleus
of the hypothalamus (PVN) in response to intravenous endotoxin, lipopolysaccharide
(LPS, 100 gg/kg). Intracerebroventricular injections of NO synthase (NOS) inhibitors,
7-nitroindazole sodium salt (7-NiNa, 10 mM) for neuronal NOS (nNOS), NG-nitro-Larginine (L-NNA, 10 mM) for nNOS and eNOS, and aminoguanidine (0.3 and 3 mM)
for inducible NOS, in artificial cerebrospinal fluid (aCSF) were made in conscious rats
30 minutes prior to LPS injections and again 2 hours after LPS. Control rats received
aCSF + LPS. Four hours after LPS injections, brains were processed for Fos
immunohistochemistry, NADPH-d histochemistry for nNOS neurons, and IL-lp in
situ hybridization. Only rats receiving L-NNA showed consistent and significant
increases in total numbers of activated neurons in the PVN (-35%), including the
medial parvocellular division. Increased numbers of activated NO-producing neurons
(-38%) and increased levels of IL-1 (3 gene expression (-77%) in the PVN were also
observed in these rats compared to controls. Total numbers of NADPH-d neurons in
the PVN were unchanged. The results provide evidence that centrally-produced NO
from eNOS inhibits the LPS-induced activation of neurons and IL-1 p gene expression
in the PVN, and they support the hypothesis that NO produced by eNOS restrains the
central response to immune stress.
Supported by the MRC of Canada and NSERC.
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ACTIVATION OF BRAIN MICROVASCULAR ENDOTHELIALS CELLS BY
CELL WALL OF S. pneumoniae CELLS IS MEDIATED IN PART BY LPSBINDING PROTEIN AND MAP KINASES. D. Frever, D. Pfeil1, O. Hoffmann. K.
Angstwurm, U. Dimagl*, R.R. Schumann1 and J.R Weber. Depts. of Neurology and
'Microbiology, Charite, Humboldt University, 10098 Berlin, Germany
Cell wall components from S. pneumoniae (PCW) induce meningeal inflammation
in-vivo and activate astrocytes, microglial and endothelial cells in-vitro. Brain
microvascular endothelial cells (BMEC) are the major cellular substrate of blood
brain barrier. Its breakdown is a crucial event in CNS inflammation. We tested
whether PCW phosphorylate mitogen-activated protein kinases (MAPK) p42/44, and
induce the release of TNF-a and NO and whether this stimulation depends on LPSbinding protein (LBP).
Cultured BMEC were stimulated with PCW or LPS in the presence or absence of
LBP. Tyrosine-phosphorylation of MAP kinase was assessed by Western blotting and
the kinase activity in cell lysates was detected by radioactive assays. TNF-a (L929bioassay) and NO (Griess reaction) release were measured in cell culture supernatant.
PCW and LPS induced the tyrosine phosphorylation and activation of MAPK erk-1
and erk-2. PD98059 (50pM), a cell permeable and selective inhibitor of MAP kinase
kinase inhibited this activation. Inhibition of MAPK activation also resulted in a
decrease of TNF-a release to 32.8 ± 1.9% (PCW) and 23.1 ± 0.8% (LPS) and NOrelease to 56.4 ± 10.7 % (PCW), 36.8 ± 3.5 % (LPS). Surprisingly, PCW- induced
MAPK activation and TNF-a induction were in part LBP-dependent. Addition of
0.05 pg/ml LBP leads to an increase of TNF-release of 159.1 ± 38.5 %. In contrast,
LBP had no influence on NO-synthesis, or LPS- induced TNF-a synthesis.
We conclude that PCW stimulate BMEC by activating p42/p44 MAPK erk-1 and
erk-2 in a LBP dependent manner.

NEUROENDOCRINE REGULATION: PROLACTIN
478.1

478.2

DISTRIBUTION OF PROLACTIN-RELEASING PEPTIDE (PrRP) mRNA
IN THE RAT HYPOTHALAMUS AND MEDULLA OBLONGATA.
S.T. Anderson*1. D.R, Grattan2. J.D. CurlewisL IDept. Physiology &
Pharmacology University of Queensland, Qld, Australia. 2Dept. Anatomy &
Structural Biology, University of Otago, Dunedin, New Zealand.
PrRP was recently isolated and found to be expressed in both the
hypothalamus and medulla oblongata of the rat. The aim of this study was
to determine the distribution of PrRP mRNA within hypothalamic and
brainstem regions. Rat brains were frozen on dry ice and cut into coronal
sections of 300|im. Specific nuclei were micropunched from these sections
with autoclaved stainless steel of 500pm diameter. Total RNA was extracted
from the punched tissue and the peptide was detected by RT-PCR using
primers specific to rat PrRP cDNA sequence. The PCR product was cloned
and sequenced to verify its identity. In the hypothalamus, a strong product
was detected in the ventromedial hypothalamus and caudal dorsomedial
hypothalamus/arcuate nucleus, while faint bands were observed in the medial
preoptic nucleus, paraventricular nucleus and rostral arcuate nucleus. PrRP
was not detected in the ventrolateral or caudal preoptic nuclei, the diagonal
band of Broca, suprachiasmatic nucleus, supraoptic nucleus, rostral
dorsomedial nucleus, lateral hypothalamus or mammillary nuclei. PrRP
mRNA was strongly expressed in the brainstem Al and A2 nuclei but not
the Cl nuclei. This is the first description of the hypothalamic distribution
of PrRP mRNA in the rat. Since PrRP was identified from hypothalamic
extracts and found to specifically stimulate prolactin secretion from anterior
pituitary cells, it has been suggested that PrRP may be a prolactin releasing
factor. The present data indicating localisation of PrRP mRNA within
hypothalamic neurosecretory regions are consistent with this hypothesis,
although other roles for PrRP within the brain are possible.
Supported by the Australian Research Council Small Grants Scheme and
the Health Research Council of New Zealand.

PROLACTIN-RELEASING PEPTIDE (PrRP) IN THE EWE: cDNA
SEQUENCE AND DISTRIBUTION OF mRNA. J.D. Curlewis*and
S.T. Anderson. Department of Physiology & Pharmacology, University of
Queensland, Brisbane, Qld 4072, Australia.
The aim of this study was to use RT-PCR to clone and sequence the coding
region of ovine PrRP, to determine the distribution of PrRP mRNA in the sheep
hypothalamus and pituitary gland and to test for effects of the peptide on
prolactin secretion in vivo. Primers based on the bovine sequence (Genbank
ABO 15417) were used in PCR using reverse transcribed total RNA from the
sheep mediobasal hypothalamus as template. The PCR product was cloned into
pGEM-T and sequenced. The nucleotide and amino acid sequence identity with
bovine PrRP was 93 and 100 % respectively.
Total RNA was prepared from several hypothalamic regions and the anterior
pituitary gland and RT-PCR was performed as described above. When
visualised with ethidium bromide, a strong product was obtained from the
arcuate nucleus/ventromedial hypothalamic regions. A faint band was observed
in anterior hypothalamus and no product was obtained in lateral hypothalamus,
dorsal hypothalamus or anterior pituitary gland.
Finally, intravenous injection of ovine PrRP (10 nmol) had no effect on
prolactin whereas TRH (10 nmol) strongly stimulated secretion. Expressed as a
percent of pretreatment concentrations, there was a 93±5, 96±8 and 740±169 %
change (+sem; n=6) for control, PrRP and TRH respectively. In conclusion,
although the localisation of PrRP mRNA within the mediobasal hypothalamus
would be appropriate for a hypophysiotrophic factor, the in vivo results do not
provide support for the notion that PrRP is a prolactin-releasing factor.
Supported by the Australian Research Council Small Grant Scheme.

478.3

478.4

DISTRIBUTION OF PROLACTIN-RELEASING PEPTIDE mRNA IN
THE BRAIN. Y. Lee*, S-P. Yang, M. Soares, and J.L. Voogt. Dept. of
Molecular and Integrative Physiology, Univ. of Kansas Medical Center,
Kansas City, Kansas 66160.

PROLACTIN RELEASING PEPTIDE (PrRP) mRNA IS DISCRETELY
LOCALIZED TO MEDULLARY NORADRENERGIC NEURONS. T\
Morales*, S. Hinuma and P.E. Sawchenko. The Salk Institute, La Jolla, CA
92037 USA; Takeda Chemical Industries, Ltd., Tsukua, Japan
Prolactin release from the anterior pituitary is regulated principally by
inhibitory influences imparted by the tuberoinfundibular dopamine system.
Stimulatory control is provided by several hypothalamic, peripheral and
local factors. Recently a new peptide, prolactin releasing peptide (PrRP),
showing prolactin-secretagogue effects was discovered, synthesized and
found to be expressed in brain. We have used histochemical and axonal
transport methods to characterize the distribution of PrRP mRNA in the rat
brain, and to identify possible pathways through which this factor might be
delivered to the anterior lobe of the pituitary and thereby participate in the
regulation of the prolactin secretion. Analysis of histochemical preparations
indicated that PrRP mRNA is expressed exclusively in the caudal part of the
nucleus of the solitary tract (NTS) and in the caudal ventrolateral medulla.
All PrRP expressing cells could be immunolabeled for tyrosine
hydroxylase, and none were found to stain for glucagon-like peptide-1,
identifying them as comprising subsets of A2 and Al noradrenergic
neurons, respectively. Numerous PrRP-expressing cells were retrogradely
labeled following tracer injections in the paraventricular nucleus, while only
a handful were backfilled following intravenous injections of tracer,
indicating substantial projections to the endocrine hypothalamus and
meager ones to the median eminence and/or posterior pituitary. This
conclusion was supported by the results of experiments in which the
anterograde tracer, biotinylated dextran-amine, was injected into the PrRP
cell group in the NTS. These findings suggest that PrRP expressing
neurons display a highly restricted distribution, and are in a position to
regulate the output of particular cell types in the endocrine hypothalamus.
Whether and how PrRP might be delivered to the anterior pituitary remains
to be determined. (Supported by NS-21182, NIH FIC 1F05-TW5351-01)

Lactotrophs have a high intrinsic rate of synthesis and release of
prolactin (PRL) which is tonically inhibited by dopamine under normal
physiological conditions. However, during several physiological states
including pregnancy and lactation, the magnitude of PRL release can not
be explained by a decline in dopamine only, suggesting the existence of
PRL releasing factors. Hinuma et al., (Nature; 1998;393:227) discovered
prolactin-releasing peptides (PrRPs) that directly stimulate PRL secretion
from lactotrophs. However, precise locations of these peptides in the brain
are unknown. In order to identify the distribution of PrRP in the brain, we
independently cloned PrRP cDNA based on the gene sequence (GenBank
accession number:AB015418). Brains were removed from males and from
females at 0200 h and 1400 h on day 7 of pregnancy, times that
represented the peak of the nocturnal surge and an intersurge period. By
the in situ hybridization method, the location of PrRP mRNA in the rat
brain was visualized. The signals of PrRP mRNA were detected in very
restricted brain areas. The distribution of the PrRP mRNA signals was very
similar in both sexes and did not vary with time of day. In the
hypothalamus, only the ventral part of the caudal dorsomedial nucleus of
the hypothalamus had PrRP mRNA signals. In the medulla oblongata, two
discrete areas contained PrRP mRNA signals. The caudal part of the
nucleus of the solitary tract had very strong signals of PrRP mRNA. The
reticular nucleus showed a few PrRP positive neurons. The physiological
role of PrRP in vivo will require extensive investigation, (supported by
HD24190)
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478.6

VIP- AND PACAP-CONTAINING AFFERENT INPUTS TO THE
HYPOTHALAMIC ARCUATE NUCLEUS: A COMBINED RETROGRADE TRACT TRACING AND IMMUNOHISTOCHEMICAL STUDY.
S.J. Yang1, H.Y. Li2, and J.T. Pan1*. ’Dept. Physiol., Yang-Ming Univ.,
Taipei, and 2Dept. Anat., Chang-Gung Univ., Taoyuan, Taiwan.
Intracerebroventricular (icv) injection of vasoactive intestinal peptide (VIP)
or pituitary adenylate cyclase-activating peptide (PACAP) has been shown to
stimulate the tuberoinfundibular dopaminergic (TIDA) neuronal activity in
ovariectomized, estrogen-treated rats (Neuroendocrinology 64:208-214,
1996). It was then of interest to determine the origin(s) of VIP/PACAP and
their relationship with the TIDA neurons using neuroanatomical methods.
Double fluorescent immunohistochemical staining revealed close apposition
of VIP- and PACAP-immunoreactive terminals with tyrosine hydroxylaseimmunoreactive neurons within the dorsomedial arcuate nucleus (ARN).
Using microinjection of a retrograde tracer, fast blue (FB), into the ARN of
ovariectomized, estrogen-treated rats, it was found that FB-labeled neurons
were observed in the septum, bed nucleus of stria terminalis (BNST),
organum vasculosa of lamina terminalis (OVLT), subfornical organ (SFO),
medial preoptic nucleus (MPO), periventricular nucleus (PeVN), medial
amygdala, suprachiasmatic nucleus (SCN), supraoptic nucleus (SON),
paraventricular nucleus (PVN) and caudal ARN. Most FB-labeled neurons
were ipsilateral to the injection side; a few contralaterally labeled neurons
were also present. Some FB-labeled neurons in the MPO, SCN, PVN and
SON were also labeled with VIP or PACAP when the sections were counterstained with VIP or PACAP antiserum. We conclude that (1) ARN receives
afferent inputs from various parts of the central nervous system, and (2) VIPand PACAP-containing neurons located in MPO, SCN, PVN and SON may
play a role in regulating the TIDA neurons.

INVOLVEMENT OF P-ENDORPHIN IN MODULATION OF PROLACTIN
SECRETION IN RESPONSE TO MATING. S-P. Yang. Y. Lee, and J.L, Voogt*
Dept. of Mol. and Integ. Physiol., Kansas Univ. Med. Ctr., Kansas City, KS 66160

478.7

478.8

In female rats, mating induces an acute PRL release within 1 h and twice-daily
surges of PRL throughout the first 10 days of pregnancy. To investigate
hypothalamic factors that control mating-induced PRL secretion, the present study
examined whether [3-endorphin ((3-END) and /or dopamine (DA) neurons in the arcuate
nucleus (ARC) are activated by mating, and if so, whether the activation is involved
in both the acute PRL response to mating and the establishment of the twice-daily
PRL surges. In experiment 1, proestrous rats that received intromissions (mated, n=5)
or mounts (mounted, n=6) or no treatment (control, n=6) were sacrificed 60 min later.
Expression of Fos in [3-END neurons and expression of fos-related antigen (FRA) in
DA neurons (Tyrosine Hydroxylase, TH) were examined by double-label
immunocytochemistry. In experiment 2, proestrous females with indwelling atrial
catheters were mated. Naloxone (10 pl/min, 2 mg/10 min, n=l 1), the specific (I
opioid receptor antagonist, or saline (n=l 3) was infused before and during mating.
Blood samples were collected from rats during the mating session and also at 1800h,
2300h and 0200h 3 days after mating. The results showed that mating induced a
significant increase in tlie percentage of [3-END/Fos colabeled neurons and significantly
decreased numbers of (3-END cells throughout the ARC (all post hoc, p<0.05). In
contrast, neither the percentage of FRA/TH colabeled cells nor number of TH cells
were influenced by mating. Mating in saline-treated animals induced an acute increase
in PRL within 30 min and a diurnal surge (1800h) and a nocturnal surge of PRL
(0200h) 3 days post mating. Naloxone infusion during mating blocked the matinginduced acute PRL response and the subsequent diurnal PRL surge but did not affect
the nocturnal PRL surge and the incidence of pregnancy. These results suggest that (1)
(3-END neurons but not DA neurons in the ARC are activated by mating, and (2) the
activation in (3-END neurons may participate in the acute PRL response to mating and
the memory mechanism for the establishment of diurnal PRL surge, but not the
nocturnal PRL surge in early pregnancy, (supported by HD24190)

ORPHANIN FQ EFFECTS ON TUBEROINFUNDIBULAR DOPAMINERGIC
NEURAL ACTIVITY IN RATS. W. Bryant, P. Callahan and J. Janik*. Miami
Univ., Center for Neuroscience, Dept of Zoology, Oxford, OH 45056.
Orphanin FQ (OFQ), a recently discovered neuropeptide, increases
prolactin secretion in male and female rats (Bryant, et al., Br Res, 807:228233, 1998). The purpose of this study was to determine if OFQ inhibited
TIDA neuronal activity as a possible mechanism of increasing circulating
levels of prolactin.
Male, Sprague-Dawley rats were injected with 1 pg OFQ, intracerebroventricularly, a dose known to stimulate prolactin release. At the same time,
animals received m-hydroxybenzylhydrazine (NSD-1015) (100 mg/kg, ip).
Thirty minutes later, animals were sacrificed and the median eminence was
collected. DOPA levels were quantified by electrochemical detection
following HPLC separation. A second group of animals received the same
dose of OFQ, and were overdosed with sodium pentobarbital and
perfused. Immunoctyochemistry was performed to determine c-fos
activation in selected brain regions.
OFQ did not decrease DOPA accumulation in the median eminence,
indicating that the prolactin secretory response to OFQ is not dependent
on the inhibition of TIDA neural activity in male rats. However, immunocytochemical studies demonstrated that there was less c-fos immunoreactivity in the arcuate nucleus of OFQ treated animals, indicating
decreased activity in this region. OFQ may cause a brief, transient
decrease in TIDA neural activity that was not detected using DOPA
accumulation as an index of TIDA neuronal activity.
Supported by NIH HD 30375-01 and an OBOR Research Challenge Grant
to JJ and PC.

WITHDRAWN

478.9

478.10

PHOTOPERIOD-DEPENDENT NOREPINEPHRINE RELEASE IN THE PVN:
MODULATION OF BASAL PROLACTIN LEVELS. J.C. Dodge* and L.L. Badura.
Psychology Dept., Behavioral Neuroscience Program, University at Buffalo, Buffalo,
NY 14260.
Basal prolactin (PRL) levels in Siberian hamsters are modulated by ambient
photoperiod via the nocturnal melatonin signal. Recent evidence from this lab has
demonstrated norepinephrine (NE), a putative neurochemical regulator of PRL
secretion, in the hypothalamic PVN shows photoperiod-dependent fluctuations that
are independent of the pineal melatonin signal. NE content in the PVN is elevated
under a short-day photoperiod with a time course that follows the short-day induced
decline in PRL. It is possible that NE modulates the release of a prolactin-releasing
factor that subsequently drives prolactin synthesis and release rates. In order to
determine whether NE release correlates with basal PRL levels, this study evaluated
the relationship between extracellular NE levels and circulating PRL under long- and
short-day photoperiod conditions.
Female Siberian hamsters were housed either in 16L:8D or 10L:14D for 8 weeks.
After 6 weeks of photoperiod exposure, the animals were implanted with a stainless
steel guide cannula aimed at the PVN. Two weeks later, the animals were fitted with
a jugular cannula for serial blood sampling, and were implanted with an indwelling
microdialysis probe. The probes were allowed to equilibrate for 2 hours, and then
dialysis samples were collected every 20 minutes for 5 hours (1200-1700hr) and
frozen until assay for NE with HPLC-EC. Blood samples were collected every hour
and analyzed for PRL levels with RIA. Correlations between NE release and
circulating levels of PRL under each photoperiod condition will be discussed.
Supported by NSF grant IBN9063780 to L.L.B..

FLUCTUATIONS IN MPOA GABA LEVELS ACROSS THE ESTROUS
CYCLE IN VPA-TREATED MICE. L.E, Tomaselli*. J.C. Dodge. A. Endoh.
and L.L, Badura. Psychology Dept.,
Behavioral Neuroscience Program,
University at Buffalo, Buffalo, NY 14260.
Sodium valproic acid (VPA) is a potent anticonvulsant medication that has
inhibitory effects on reproductive development. The negative sequelae of this
medication likely involve alterations in the neurochemical inputs that regulate
GnRH function, and hence the activity of the reproductive axis. This study
evaluated extracellular GABA levels across the estrous cycle in an inbred strain of
mice who were chronically treated with VPA.
Mice were weaned at 2 weeks of age and placed upon VPA (17 mg/kg/day) or
control solution delivered through the drinking water. At 4 weeks of age, the
mice were implanted with a stainless steel guide cannula aimed at the mPOA
region. The animals were then monitored daily for estrous cyclicity via vaginal
lavage. At 6 weeks of age, the mice were fitted with an indwelling microdialysis
probe and infused with aCSF at a flow rate of 1.2 ul/min. The probes were
allowed to equilibrate for 2 hours, and then samples were collected over a four
hour period and frozen until assay for GABA using HPLC-EC.
The results indicate that extracellular GABA levels increased during the
afternoon of all sample days for control animals, although the rise on proestrous
was attenuated compared to other cycle days. VPA-treated animals also showed
afternoon rises in GABA; however, there was not a significant rise on the
afternoon of proestrus. These data suggest that fluctuations in GABA levels may
modulate activity of the GnRH cell population, and that VPA may interfere with
the diurnal pattern of GABA release on the afternoon of proestrus. Supported in
part by NSF grant IBN9063780 to L.L.B..
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CATECHOLAMINERGIC ACTIVITY IN
THE HYPOTHALAMIC PVN:
INTERACTIONS BETWEEN GONADAL STATUS AND PHOTOPERIOD. A.
Endoh*. L.E, Tomaselli, J.C. Dodge, and L.L. Badura. Psychology Dept.,
Behavioral Neuroscience Program, University at Buffalo, Buffalo, NY 14260.
We have previously reported photoperiod-dependent changes in norepinephrine
(NE) content in the PVN region of Siberian hamsters. NE has been suggested to
regulate neurochemical factors within the PVN that subsequently stimulate the
release of prolactin (PRL) from the anterior pituitary. PRL synthesis and release
from the hamster pituitary is sensitive to both ambient photoperiod and circulating
levels of gonadal steroids. Thus, NE may modulate the neuroendocrine axis by
integrating both environmental photoperiod information with physiological factors,
such as gonadal status. This study evaluated NE levels in gonadally-intact and
castrated male hamsters under long- or short-day photoperiod conditions, as well as
the ability of NE agonists and antagonists to “drive” changes in basal PRL.
Hamsters were implanted with guide cannulae aimed at the PVN, and were placed
into 16L:8D or 10L:14D for 5 weeks. On the morning of sampling, the animals
were fitted with a microdialysis probe and infused with aCSF for 2 hrs of
equilibration (1100-1300 hr), followed by 4 hrs of sampling (1300-1700hr)
throughout the afternoon. Samples were frozen until assay for NE and MHPG
using HPLC-EC. At the end of sampling, the probes were permanently fixed within
the guide, and the animals were returned to their colonies. Animals were then
infused with atipimezole (aadrenergic agonist; 1 gg/day) and medetomidine (a
adrenergic antagonist; 1 gg/day) for 1 week each in a counterbalanced fashion.
Blood samples were taken at the end of the dialysis sampling, and at the end of each
weekly infusion period, and assayed for circulating PRL levels using RIA. The
pattern of NE release across the day as a function of photoperiod and gonadal status,
and the role of the a adrenergic system in modulating photoperiod-dependent PRL
release will be discussed. Supported by NSF grant IBN9063780 to L.L.B.

ACUTE AND PROLONGED EFFECTS OF PROGESTERONE ON
TUBEROINFUNDIBULAR DOPAMINERGIC NEURONS AND SERUM
PROLATIN IN OVARIECTOMIZED RATS TREATED WITH OR
WITHOUT ESTROGEN. S.H. Yen, J.Y. Lin* and J.T. Pan. Dept. of Physiol.,
Natl. Yang-Ming Univ., Taipei, Taiwan 11221
A single injection of progesterone (P4, 2 mg/kg, sc) at 0800 h advances and
amplifies the diurnal changes of tuberoinfundibular dopaminergic (TIDA)
neuronal activity and prolactin (PRL) surge at 1300 h in ovariectomized,
estrogen-treated (0VX+E2) rats (Endocrinology 139:1602-9, 1998). Whether
P4 has an acute effect on TIDA neurons and PRL secretion and whether P4
exhibits the same effect in OVX rats were the foci of this report. A single
injection of P4 at 0600 h had no acute (30-300 min) effect on TIDA neurons
and serum PRL in either OVX or OVX+E2 rats. Nevertheless, P4 exhibited an
acute (30-60 min) stimulatory and inhibitory effect on striatal DA neuronal
activity in OVX and OVX+E2 rats, respectively. On the other hand, P4 given
at 0800 h exhibited a differential prolonged effect on TIDA neuronal activity
and PRL secretion in OVX and in 0VX+E2 rats. That is, P4 advanced the
TIDA rhythm and amplified the PRL surge in OVX+E2 rats as previously
reported; while it prevented the afternoon fall of TIDA neuronal activity in
OVX rats. Furthermore, pretreatment of a P4 receptor antagonist, RU486,
prevented the effects of P4 in OVX+E2, but not in OVX rats. Since P4 can
have both stimulatory and inhibitory effects on PRL secretion on different
days of treatment, we then determined the effects of P4 on TIDA neuronal
activity on the first and the second day of treatment in both animal models. It
was found that neither effects of P4 that were observed on the first day could
be observed on the second day. In all, P4 may exhibit differential effects on
central DA neurons in a time- and estrogen-dependent manner; and it may act
through receptor-dependent and independent pathways.

478.13

478.14

MODULATION OF PROLACTIN mRNA LEVELS BY XENOESTROGENS.
L.Cossette’.M^Graham1,1.Rousseau1, S.Gdlinas1, and M.-G. Martinoli *u.
’Dept. of Biochemistry, University du Qudbec & Trois-Rividres, TroisRividres, Qc, and 2Fac. of Pharmacy, Laval Universirty, Quebec, Canada.

PROLACTIN REGULATION OF TUBEROINFUNDIBULAR DOPAMINE
(TIDA) NEURONS: IMMUNONEUTRALIZATION STUDIES K.E.
Moore*. K.Hentschel, A.E, Fleckenstein. T.W. Toney, D.M. Lawson and K J,
Lookingland. Dept. Pharm. & Toxicol., Michigan State University, E. Lansing,
MI 48824
Prolactin regulation of tuberoinfundibular dopamine (TIDA) neurons was
studied using a specific rabbit anti-rat prolactin antiserum (PRL-AB) to
immunoneutralize circulating prolactin. IV administration of PRL-AB decreased
basal plasma prolactin concentrations for at least 4 h, and decreased median
eminence DOPAC concentrations in females, but not males. ICV administration
of PRL-AB diluted up to 1:100 mimicked the inhibitory effect of systemic
administration of PRL-AB suggesting that the “tonic” stimulatory effects of
prolactin on the basal activity of TIDA neurons in females occurs via a central
site of action. Haloperidol caused an abrupt (by 1 h) increase in plasma prolactin
concentrations in male rats, and maintained a state of endogenous
hyperprolactinemia for at least 12 h. Haloperidol also caused a delayed (at 6 and
12 h) increase in median eminence DOPAC concentrations which was blocked by
PRL-AB. Exposure to initial periods of hyperprolactinemia of 6 h duration
(followed by 6 h of PRL-AB-induced hypoprolactinemia) failed to alter median
eminence DOPAC concentrations unless prolactin exposure was reinstated by icv
injection of prolactin. Thus, delayed “induced” activation of TIDA neurons by
prolactin is dependent upon sustained hyperprolactinemia for initiation and
maintainance of this response. (Supported by NIH Grant MH 42802)

Many chemicals accumulated in the environment over the years are being
implicated in developmental and reproductive dysfunctions in animals and
human. By interfering with hormonal signalling pathways, these chemicals
evoke cellular responses that are typically induced by sex steroid
hormones. Several studies using artificial reporter systems as well as in vivo
assays support the possible actions of these xenoestrogens on the
development and/or ftinction of the hypothalamus-pituitary-gonads axis.
Prolactin (PRL) is a pituitary hormone implicated in a variety of
physiological functions such as fetal development, reproduction and
immune response. Moreover, PRL gene expression is well known to be
under estrogenic control. Using GH3 cells, we investigated the role of a
subset of insecticides, pesticides and PCBs, suspected to act as endocrine
disrupters, on PRL secretion and on PRL mRNA levels by RT-PCR and
Northern blots. Our results shows that two clorinated cyclodienes and
toxaphene may act as modulators of PRL expression and secretion while
mixtures of PCBs do not seem to induce any change of PRL mRNA levels
in GH3 cells cultured in steroid-free serum. We also investigated the
possible interactions between the estrogenic signal pathway and growth
factor stimulation. Our results show that the effect of xenoestrogens on PRL
mRNA levels might be amplified using IGF-l/EGF stimulation. This study
demonstrated that estrogenic contaminants may modulate PRL secretion
and expression and suggest that some interaction may exist between
estrogens and growth factors signaling pathways.
(This work was supported by a NSERC grant to MGM).

478.15

478.16

PROLACTIN INDUCES FOS-RELATED ANTIGEN EXPRESSION IN
NEUROTENSIN (NT)-IR NEURONS AND INCREASES NUMBERS OF NTIR NEURONS IN THE ARCUATE NUCLEUS. K. Hentschel, Y.M. Will ,
C.D. McMahon, K.E. Moore and KJ, Lookmgland.*Department of Pharmacology
and Toxicology, Michigan State University, East Lansing, MI 48824.
Prolactin activates tuberoinfundibular dopamine (TIDA) neurons through a
feedback mechanism involving NT receptors (Hentschel et al., 1998;
Neuroendocrinology 68:71) and neurons localized in the mediobasal hypothalamus
(Gudelsky et al., 1978; J Neural Transm 42:181). Accordingly, NT neurons
should respond to changes in circulating concentrations of PRL. The purpose of
the present study was to determine if PRL changes the activity of NT neurons in
the arcuate nucleus (ARC) of male rats. Using the expression of immediate early
gene products Fos and related antigens (FRA) as endogenous markers of cellular
activity, the responsiveness of NT and, for comparison, galanin (GAL) neurons
was estimated by dual immunocytochemistry. In vehicle-treated controls, the
percentage of NT-IR neurons expressing FRA-IR was 3.3% ± 1.2, whereas no
GAL-IR neurons were found to contain FRA-IR nuclei. Prolactin (10 pg/rat; icv)
increased the percentage of NT-IR neurons in the ARC containing FRA-IR nuclei
7-10 fold by 1.5 to 3 h after injection, and increased total numbers of NT-IR
neurons 1.5-2 fold by 6 to 12 h. In contrast, prolactin had no effect on the
percentage of GAL-IR neurons in the ARC containing FRA-IR nuclei, or total
numbers of GAL-IR neurons. We conclude that PRL activates NT neurons and
increases the numbers of neurons synthesizing NT within the ARC. These findings
are consistent with NT mediating PRL feedback activation of TIDA neurons.
(Supported by NIH Grant MH 42802)

PROENKEPHALIN mRNA SIGNAL LEVELS IN THE ARCUATE AND
VENTROMEDIAL NUCLEI OF LACTATING RATS ARE DECREASED AFTER
PUP DEPRIVATION. F, NahiandL.A, Arbogast*, Dept. of Physiology, Southern
Illinois University School of Medicine, Carbondale, IL 62901-6512.
The endogenous opioid peptides are integrally involved in many aspects of lactation,
as indicated by studies with opioid receptor antagonists, but is not clear which of the
opioid peptide systems contribute to the control of specific lactational events.
Enkephalin (ENK)-containing neurons are found in particular hypothalamic nuclei and
proENK expression is different during distinct reproductive states. The aim of this
study was to determine if proENK expression in the arcuate and ventromedial nuclei
would be altered by removing the suckling stimulus from lactating rats. Female rats
were mated and allowed to deliver pups. The litter size was adjusted to 8 pups/ dam
on day 2 postpartum (parturition day= day 1). In one group, the pups remained with
the dams throughout the experiment. Pups were removed from other dams at 1700h,
1400h, and 0800h on day 7 and 2000h on day 6 of lactation for separation periods of
3h, 6h, 12h and 24h. All rats were sacrificed at 2000h on day 7 postpartum. Serum
PRL levels were 193 ng/ml in pup-exposed rats and decreased to <10 ng/ml by 6h24h. ProENK expression was evaluated by in situ hybridization histochemistry using
a specific 35S-labeled cRNA probe for rat proENK. The cellular mRNA signal levels
were quantified with an image analysis system. ProENK mRNA signal levels in the
arcuate nucleus were similar to those in suckled rats after 3h and 6h of pup
deprivation, but were significantly reduced to 60% and 53% of suckled levels after 12h
and 24h, respectively. ProENK expression in the ventromedial nucleus also showed
no change at 3h and 6h, but was reduced to approximately 70% of suckled levels
within 12h and 24h. Pup deprivation did not alter proENK expression in the striatum.
Conclusion: Pup deprivation reduced proENK expression in the arcuate and ventromedial nuclei, supporting the notion that these hypothalamic ENKergic systems are
involved in controlling lactational processes. Supported by NIH grant HD 35332.
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IDENTIFICATION OF DIFFERENTIALLY DISPLAYED TRANSCRIPTS
DURING CHRONIC LACTATION IN THE RAT: IMPLICATIONS FOR BMP-3
AND PRL-1 IN NEUROPROTECTION. R.S. Brogan1’, R.E, Lyle12, K.L.
Grove1 and M.S. Smith1,2. 1Divison of Neuroscience, Oregon Regional
Primate Research Center, Beaverton, OR 97006; 2 Department of
Physiol/Pharm, Oregon Health Sciences University, Portland OR 97201.
Chronic lactation in the rat is associated with several phsiological changes
including suppression of reproductive function, hyperphagia, and
refractoriness to NMDA-induced epileptic seizures. To begin to study the
mechanisms involved in the changes seen with lactation, differential display
reverse transcriptase PCR (DD-RTPCR) was used to identify novel genes
that may be involved. DNA-free total RNA was prepared from micropunches
of the brainstem, arcuate/ventromedial/dorso-medial hypothalamus (AVD)
preoptic area (POA), and hippocampus (HipC), from either chronically
lactating rats or diestrous rats. For DD-RTPCR, first strand cDNA was
prepared using three different oligo-dT primers with a degenerate base
followed by either a G, A or C. Another set of fixed primers, numbered 9-16
were used in PCR amplification. To date, we have identified 16 potential
sequences, 9 that have been determined to be unique, and 7 that match
existing Genbank sequences. Our initial studies focus on two transcripts,
both of which are shown to increase in the HipC during lactation. The
differential expression of both transcripts have been confirmed by RNA slot
blot analysis. The first transcript, PRL-1, is a novel member of the protein
tyrosine phosphatase (PTP) family and is induced after forebrain ischemia.
The second transcript is Bone Morphogenetic Protein (BMP-3). BMP-3 is a
member of the transforming growth factor p superfamily. Both PRL-1 and
BMP-3 have exciting possibilities for roles in neuroprotective mechanisms.
(Supported by NIH grants HD14643, P50RR00163 and F32HD08373).

INCREASE IN NUCLEAR TRANSLOCATION OF STAT5 AND EXPRESSION
OF FRAS IN NEUROENDOCRINE DOPAMINERGIC NEURONS FOLLOWING
OVINE PROLACTIN TREATMENT A. Lerant1*, B. Kanyicska2, and M.E. Freeman2.
‘Dept. of Anatomy, University of Mississippi Medical Center, Jackson, MS, ‘‘Program in
Neuroscience, Florida State University, Tallahassee, FL 32306-4340
Our previous studies revealed the presence of immunodetectable PRL-receptors (1)
and stimulatory effects of oPRL in neuroendocrine DAergic neurons (2). In this study
we investigated the possible signaling mechanisms coupled to PRL-R in
neuroendocrine DAergic neurons. Binding of PRL to the long form of PRL-R
activates JAK2 kinase, which phosphorylates a cytoplasmic transcription factor,
STAT5. Phosphorylated STAT5 proteins dimerize and translocate to the nucleus,
where they induce/suppress the transcription of target gene(s). The aims of this study
were to detect i) activation of PRL-Rs and ii) acute change in the neuronal activation
of neuroendocrine DA neurons following ovine PRL treatment. Nuclear translocation
of STAT5 was used as indicator of PRL-R activation, while change in neuroendocrine
DAergic neuronal activity was assessed by detection fos related antigens (FRAs)
expression. Ten days following ovariectomy, groups of female rats were injected
either with 75pg of ovine PRL (oPRL) or saline (OVX control) at 0900h. Animals
were sacrificed at 10:00, 11:00 and 13:00 h and perfused with fixative. Double label
ICC was performed on two parallel sets of hypothalamic sections for STAT5 and
tyrosine hydroxylase (TH), or FRAs and TH. Distribution of STAT5 was mostly
cytoplasmic in the control OVX group, while it became nuclear in the oPRL-treated
group within 1 h. An increase in FRAs expression within 1 h of oPRL treatment was
revealed in the neuroendocrine DAergic neurons by quantitative analysis. Increase in
FRAs expression coincided with increase in DA turnover in these neurons (2).
These data suggest that i) the Jak/STAT signal transduction mechanism is coupled
to PRL-R in the neuroendocrine DAergic neurons and ii) nuclear translocation of
STAT coincides with/induces expression of FRAs indicating increase in the activity
of neuroendocrine DAergic neurons.
Supported by DK43200-08 to MEF.
(1) Lerant A, Freeman ME 1998 Brain Research 802:141-154.
(2) DeMaria JE, Lerant A, Freeman ME 1999 Prolactin activates all three
populations of hypothalamic neuroendocrine neurons on ovariectomized
rats. Brain Research, submitted
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478.20

IMMUNONEUTRALIZATION OF PROLACTIN INHIBITS THE STIMULATORY
FEEDBACK OF PROLACTIN ON HYPOTHALAMIC NEUROENDOCRINE
DOPAMINERGIC NEURONS. J.E. DeMaria1* L.A Clark1, J.I, Frohock1, G.M. Nagy2 and
ME, Freeman1. ’Program in Neuroscience, Florida State University, Tallahassee, F:_
^Neuroendocrine Research Laboratory, Semmelweis Medical University, Budapest, Hungary.
Prolactin (PRL) stimulates dopamine (DA) turnover in all populations of hypothalamic
neuroendocrine dopaminergic neurons (NDN; tuberoinfundibular, tuberohypophyseal, and
periventricular hypophyseal dopaminergic neurons). This experiment examined the effect of
immunoneutralization of endogenous PRL on the activity of NDN. Injection of estradiol (E?
20pg s.c.), ten days following OVX induced a proestrous-like increase of PRL in periphery
plasma the following day. At lOOOh on the day after E2 injection, rats received either rabbit
anti-rat PRL antiserum (PAS, 200(d) or normal rabbit serum (NRS, 200pL controls), i.p. Rats
were decapitated every 2 hours from 1100-2300h. Trunk blood was collected and serum
extracted with protein A for measurement of PRL concentration by RIA The sites of ND1 <
terminals in the median eminence (ME), as well as the intermediate (IL) and neural (NL) lobes
of the pituitary gland, were excised and stored for determination of DA and DOPAC
concentrations by HPLC-EC. The concentration of PRL in NRS-treated animals increased b>
1500h, peaked by 1700h, and returned to low levels by 2100h. PAS treatmcu
immunoneutralized 80% of the PRL in circulation. In NRS-freated rats, the turnover of DA
(DOPAC/DA ratio) in the ME increased at 1500h and rapidly returned to basal thereafter.
Treatment with PAS blocked the increase in DA turnover in the ME. DA turnover in the H.
increased coincident with the peak of PRL in serum in NRS-treated rats, and PAs
administration blocked the increased DA turnover in the IL. The turnover of DA in the NL
increased by 1300h and decreased steadily through 2100h. However, administration of PAS
had no effect on the turnover of DA in the NL. These results indicate that (1) PRL regulates it:
own secretion by activating inhibitory hypothalamic DAergic neurons; (2) DA from the H.
may be responsible for terminating E2-induced PRL secretion, and (3) E2 initiates an increase
in the secretion of PRL by diminishing the activity of NDNs responsible for the tonic inhibition
of the secretion of PRL. This work is supported by NIH to MEF and OTKA to GMN.

EXPRESSION OF GIRK1, GIRK2, AND GIRK4 TRANSCRIPTS IN
IDENTIFIED PITUITARY LACTOTROPES. M. Saraswati1*, M.M. McCarthy 2
and K.A. Gregerson12. Depts. of 1Ob/Gyn & Reproductive Sciences and
^Physiology, U. Maryland, Baltimore, MD 21201.
We have demonstrated that DA activates an inward rectifier K+ (IRK)
channel in rat lactotropes causing membrane hyperpolarization, inhibition of
Ca2+-dependent action potentials, and suppression of PRL release. The
activation of this K+ channel, and its functional consequences, are mediated
by PTx sensitive G proteins.
To study the molecular basis of this
physiologically relevant channel, we have cloned three members of the G
protein-gated IRK (GIRK) family from rat anterior pituitary tissue. However,
the heterogeneous nature of this tissue precluded identification of those GIRK
transcripts to specific cell types. We now report that by combining in situ
hybridization with the reverse hemolytic plaque assay (RHPA), these
transcripts have been localized to PRL secreting cells.
Sense and antisense 33P-labeled riboprobes for GIRK1,2, and 4 were made
by in vitro transcription using cDNA fragments with regions of low homology.
Specificity of the probes was confirmed by slot blot analysis of cRNA preps.
Pituitary cells from proestrous rats were dispersed and plated, with oRBCs,
on microscope slides and subjected to RHPA using anti-rat PRL. Following
development of plaques, cells were fixed with 4% paraformaldehyde,
incubated with 33P-riboprobes at 50°C overnight, then rinsed and treated with
RNase. Specific hybridization was visualized by emulsion autoradiography.
Antisense riboprobes for GIRK1, GIRK2, and GIRK4 hybridized to all plaqueforming (PRL-secreting) cells and to some, but not all, non-plaque-forming
cells. Further studies will be required to determine if these cells are nonsecreting lactotropes or another cell type(s). No specific hybridization signal
was observed when sense probes were used. These findings add support for
GIRK1, GIRK2, and GIRK4 as candidate subunits for the DA-activated K+
channel in lactotropes.
Supported by DK-40336 and T32-NS-07375.

HPG REGULATION II
479.1

479.2

CLOSE ASSOCIATIONS BETWEEN DYNORPHIN-CONTAINING BOUTONS
AND GONADOTROPIN RELEASING-HORMONE CELLS IN MEDIOBASAL
HYPOTHALAMUS (MBH) OF THE EWE: POSSIBLE ROLE IN INHIBITION OF
LH PULSE FREQUENCY. R.L, Goodman'. L.M. Coolen*2. H.T. Jansen2, and
M.N. Lehman2. ’Dept. of Physiology, West Virginia Univ., Morgantown WV 26506;
2Dept. Cell Biol., Neurobiol. & Anatomy, Univ. Cincinnati, Cincinnati OH 45267
Endogenous opioid peptides mediate the negative feedback influence of progesterone
on luteinizing hormone (LH) secretion during the luteal phase of the estrous cycle.
Recent pharmacological studies in the ewe suggest that kappa receptors in the MBH
are responsible for inhibiting LH pulse frequency during the luteal phase (Goodman et
al., 1999). Because the endogenous ligand for the kappa receptor is dynorphin, we
have begun to examine the anatomical relationship between dynorphin fibers and
gonadotropin releasing hormone (GnRH) cells in the sheep preoptic area (POA) and
hypothalamus. Breeding season ewes (n=2) were perfused during the luteal phase of the
estrous cycle and coronal sections (55 pm) through the POA and hypothalamus were
stained for dynorphin A (rabbit polyclonal; Peninsula) and GnRH (mouse monoclonal
HU4H; gift from H. Urbanski) using a dual immunoperoxidase procedure. Alternate
sections were double-labeled for B-endorphin (mouse monoclonal, BoehringerMannheim) and GnRH. Sections were examined under brightfield illumination at
high magnification (40X) for occurrence of close contacts between dynorphinimmunoreactive varicosities and GnRH somas or dendrites.
Analysis thus far indicates that while dynorphin boutons are in close contact to
GnRH neurons in both the POA and MBH, these regions differ in the percentage of
GnRH neurons bearing such contacts. Specifically, 73% of GnRH neurons in the
MBH, but only 17% in the POA, have one or more close contacts with dynorphinpositive varicosities. By contrast, the percentage of GnRH neurons that have close
associations with B-endorphin-containing varicosities is greater in the POA (83%) than
the MBH (56%). While these observations need to be confirmed at an EM level, they
are consistent with the hypothesis that that dynorphin inputs onto ovine MBH GnRH
neurons play a key role in inhibiting LH pulse frequency during the estrous cycle.
Supported by USDA-96-02621 (MNL) and NIH HD 17864 (RLG).

DELTA OPIOID RECEPTORS ARE LOCALIZED ON GnRH-I NEURONS IN
THE JAPANESE QUAIL HYPOTHALAMUS. M.A, Ottinger^N. Thompson1 and
P. Micevych2 ‘Dept. of Animal and Avian Sci., Univ. of Maryland, College Park,
MD 20742; 2Dept. of Neurobiology, UCLA Ctr Health Sci., Los Angeles, CA 90095.
Opioid peptides regulate the gonadotropin releasing hormone system (GnRH) in
both mammals and birds. Our studies have focused on opioid peptide regulation of
chicken GnRH-I (GnRH-I), an active form of GnRH in birds. In vitro experiments
revealed that enkephalin (ENK) and p-endorphin inhibited GnRH-I release from
hypothalamic slices (Fan and Ottinger, unpublished data). Subsequent studies
showed that ENK appeared to act directly on the GnRH-I neuron as well as by
inhibiting noradrenergic (NE) input to the GnRH-I neuron. The delta (S) opioid
receptor binds both ENK and P-endorphin. The purpose of this study was to show a
morphological substrate underlying the pharmacologic effects of opioids on GnRH-I
release. Immunocytochemistry was used to localize ENK, GnRH-I and 5-opioid
receptors in preoptic-septal area (POA-SL) and median eminence (ME). Two
experiments were conducted in which fixed brains from adult males and females
(n=6/group) were sectioned (2 Op.) and double stained using antibodies specific for
ENK (Incstar, Inc), GnRH-I (kindly provided by Dr. S. Wray, NIH), or S-opioid
receptor (Incstar, Inc). A co-extensive distribution of separate populations of ENK
and GnRH-I containing neurons was observed in the POA-SL. ENK-ir processes
were closely apposed to GnRH-I-ir cells in the medial septal area.. Many, but not all,
GnRH-I positive cells were also immunoreactive for S-opioid receptor. GnRH-I
axons in the ME were in close association with ENK-ir processes. 8-receptor
immunoreactivity was localized in GnRH-I-ir axons in the ME. These data indicate
that opioids, especially ENK, can act through 5-opioid receptors to directly modulate
the release of GnRH-I in the Japanese quail. Supported by NRI #92-37203 (MAO)
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EFFECTS OF TGFB1 AND TGFB2 ON THE RELEASE AND ON THE GENE
EXPRESSION OF LHRH. A CO-OPERATIVE ACTION? M, Galbiati. E. Messi.
V, Magnaghi. L, Martini* and R.C, Melcangi. Dept. of Endocrinology, Univ. of
Milan, Milan, Italy.
Recent observations obtained by our group have shown that type 1-astrocytes
(Al) may influence the release and the gene expression of LHRH in GT1-1 cells
(immortalized LHRH neurons). We have now studied the effects of two growth
factors, TGFB1 and TGFB2, which are released from astrocytes, on LHRH dinamics
in GT1-1 cell cultures. Both TGFB isoforms are active even if with different
kinetics. TGFB1 exerts a time-related effect on LHRH release and gene expression;
LHRH release is increased after 1 and 6h of exposure, while LHRH mRNA levels are
increased at lh and decreased at 24h. TGFB2, on the contrary, is effective on both
parameters only after 24h of exposure, stimulating LHRH release and decreasing its
gene expression. An effect of the two TGFB isoforms on GT1-1 cells is not
surprising since we have observed by RT-PCR that these cells express the
messengers for the two most important TGFB receptors (TGF6RI and TGFBRII).
On the basis of the different kinetics of activity of these two TGFB isoforms it is
possible to hypothesize that they might act co-operatively to ensure correct LHRH
dynamics. This hypothesis is supported by the additional finding that TGFB2
increases the gene expression of TGFB 1 present in Al 24h after exposure. TGF81
was ineffective in these experiments. Conclusions: the present data add new support
to the hypothesis that astrocytes participate in the control of LHRH secretion and
synthesis in a very complex manner. Apparently, they may operate in a paracrine
fashion via two distinct, also close, signals, namely TGFB1 and TGFB2, each
possessing a specific profile of effect on LHRH. Finally, TGFB2 may increase, via an
autocrine mechanism, the gene expression of TGFB 1 in Al, indicating a functional
link between the two growth factors (Grants: Aging n° 95.01020.PF40;FATMA
n°95.00868.PF41).

GnRH-II-EXPRESSING CELLS IN THE PRIMATE HYPOTHALAMUS DO NOT
CO-EXPRESS GnRH-I. V.S. Latimer,* V.T. Garyfallou, S.G. Kohama and H.F.
Urbanski. Division of Neuroscience, Oregon Regional Primate Research Center, 505
N.W. 185th Avenue, Beaverton, Oregon 97006.
The rhesus macaque (Macaca mulatto) forebrain expresses at least two distinct
molecular forms of gonadotropin-releasing hormone (GnRH-I and GnRH-II;
Endocrinology, 1999, 140:1945). Although the regional distribution of the two
corresponding mRNAs is largely dissimilar, there appears to be some overlap in
specific areas. In the present study, therefore, double-label histochemistry was used
to establish the extent to which GnRH-I and GnRH-II are co-expressed by cells of
the macaque hypothalamus. Paraformaldehyde-fixed coronal sections (25 pm) from
different regions of the hypothalamus were examined from three prepubertal and three
adult male animals (12 sections per animal). They were first processed for
immunohistochemistry using a monoclonal antibody to GnRH-I. They were then
processed for in situ hybridization (ISH), using a 35S-labelled antisense cRNA probe
to GnRH-II mRNA, and dipped in photographic emulsion. The resulting pattern of
silver grain deposition, revealed a total of 3,041 GnRH-II-expressing cells. The
majority of these were located in the paraventricular and supraoptic nuclei, but they
also occurred in the medial basal hypothalamus, especially in the vicinity of the
arcuate nucleus. Although a total of 1,245 GnRH-I-immunopositive cells were also
identified, there was very little, if any, co-localization of GnRH-I and GnRH-II
mRNA within the same cell; only 6 of the GnRH-I-immunopositive neurons showed
possible co-localization of GnRH-II mRNA. For control purposes, some GnRH-Iimmunopositive cells were processed for ISH using a cRNA probe to GnRH-I
mRNA; as expected intense hybridization of the probe was evident in all of the
GnRH-I-immunopositive cells. Taken together, these data demonstrate that two
molecular forms of GnRH exist in the primate brain and, more importantly, that they
are produced by two distinct populations of cells. Therefore, it is likely that these two
cell populations receive distinct neuroendocrine inputs and contribute differently to
the control of reproductive function. Grant Support: NIH HD-29186 & RR-00I63.

479.5
EVIDENCE THAT MEMBERS OF THE TGFp SUPERFAMILY MIGHT PLAY A
KEY ROLE IN THE REGULATION OF THE GnRH NEUROENDOCRINE AXIS:
EXPRESSION OF THE TYPE I SERINE-THREONINE KINASE RECEPTOR FOR
TGFP
AND
ACTIVIN
IN
THE
DIENCEPHALON,
GnRHAND
PROOPIOMELANOCORTIN (POMC)-NEURONS. S. Bouret1, V. Prevot1, D. Croix1,
T. Takumi^, L. JennesT S. Jegou4, H. Vaudry4, V. Mitchell 1, J.C. Beauvillain1T?
1 INSERM U422, 1FR 22, Lille, France; ?Osaka Med. Sch., Osaka, Japan; 3Dep. Anat.
Neurobiol., Lexington, USA; 4INSERM U413, IFRMP 23, Mont-Saint-Aignan, France.
TGFpi was shown to stimulate both GnRH mRNA expression and GnRH release from
hypothalamic cell line GT1-1 in vitro. Concurrently activin, another member of the TGFp
superfamily, was also shown to modulate GnRH secretion. Since the role of TGFP 1 and
activin in the regulation of GnRH activity in vivo is poorly documented, the purpose of this
study was to determine if the type 1 serine-threonine kinase receptor (BI) for TGFP and
activin was expressed in the areas of the diencephalon implicated in the regulation of the
GnRH neuroendocrine axis. In addition, we examined whether BI is expressed in GnRH
neurons and POMC neurons. For that purpose, single- and double-label in situ
hybridization techniques were performed. The single-label hybridization histochemistry
revealed an extensive distribution of BI mRNA in the hypothalamic regions including the
diagonal bands of Broca, preoptic area, arcuate nucleus and median eminence. At the
median eminence level, BI mRNA was detected in tanycytes and portal blood capillaries.
Dual-label in situ hybridization histochemistry revealed that 30.9 ± 5.4 % of GnRH neurons
expressed BI mRNA. We also found that 17.9 ± 2.8 % of POMC neurons, the major
inhibitory system of the GnRH axis, expressed BI mRNA and that this receptor is
preferentially expressed in POMC neurons of the rostral arcuate nucleus rather than in the
caudal part of the nucleus (rostral, 22.1 ± 3.4 %; caudal, 13.7 ± 2.2 %; P < 0.05). Together,
these data provide the evidence that TGFP and /or activin may play in vivo a crucial role in
the regulation of reproduction at the hypothalamic level, (supported by LARC network and
University of Lille II)

CENTRAL ADMINISTRATION OF MELANIN-CONCENTRATING HORMONE
SUPPRESSES PULSATILE LUTEINIZING HORMONE RELEASE IN THE
FEMALE RAT. H. Tsukamura1*. R.C. Thompson2. S. Tsukahara1. S. Ohkura3. F.
Maekawa1, R. Moriyama1, D.L. Foster24 and K.-I. Maeda'. 'Graduate Sch. of
Bioagricultural Sciences, Nagoya Univ., Nagoya 464-8601, Japan; Reproductive
Sciences Program, 4Dept. Ob/Gyn and Biology, Univ. Michigan, Ann Arbor, MI
48109; 3Primate Res. Inst., Kyoto Univ., Aichi 484-8506, Japan.
Melanin-concentrating hormone (MCH) is involved in the regulation of feeding
behavior and its gene expression in the brain increases during fasting in the rat.
Because many neuropeptides that influence ingestive behavior also regulate
reproductive function, the present study was designed to determine if central
administration of MCH changes pulsatile secretion of luteinizing hormone (LH).
The effects of intracerebroventricular (icv) injection of MCH on LH release were
examined in freely moving estradiol-primed ovariectomized rats. Blood samples
were collected every 6 min for 3 h. After one hour of sampling, MCH (0.1, 1 or 10
gg/animal) or vehicle (saline) was injected into the third cerebroventricle. Plasma
corticosterone concentrations were also determined. When expressed as percent
changes, mean plasma LH concentrations after MCH administration were
significantly lower in the animals injected with all doses of the peptide compared
with vehicle-treated animals; LH pulse frequency was significantly lowered by 1 pg
of MCH. Mean plasma corticosterone levels were not significantly affected by
MCH injection. These results indicate that central MCH is capable of an inhibiting
pulsatile LH secretion in the rat, and they raise the possibility that MCH could play a
role in mediating the suppression of LH secretion during fasting. [Supported by a
Grant-in-Aid for International Scientific Research from the Ministry of Education,
Science, Sports and Culture, Japan (09044215); the U.S.-Japan Cooperative Science
Program from NSF (INT-9603310)].

479.7

479.8

CHANGES IN THE ACTIVATION OF GnRH NEURONS FOLLOWING CENTRAL
INJECTIONS OF VIP OR VIP-ANTISERUM INDICATE A STIMULATORY ROLE FOR
CENTRAL VIP IN THE REGULATION OF LH RELEASE E.M. van der Beek*. L.J.
Habing, J.J.M. Swarfs Human & Animal Physiology Group, Dept. Animal Science
Wageningen Agricultural University, the Netherlands

GONADAL RECOVERY IN HYPOGONADAL MICE FOLLOWING
NORMAL PREOPTIC AREA GRAFTS CORRELATES WITH
SYNAPTOPHYSIN IMMUNOREACTIVE CONTACTS ONTO GNRH
CELLS. G. Rajendren* and MJ. Gibson. Div. Endocrinology, Mount Sinai
Sch. Med., New York, NY 10029.
The integration of gonadotrophin-releasing hormone (GnRH) neurons
grafted into third cerebral ventricle (3V) of hypogonadal (HPG) female
mice was investigated. HPG females grafted in the 3V with preoptic area
(POA) obtained fromnormal fetal mice were assessed for gonadal development. HPG/POA mice with signs of gonadal development (n = 4) or
those without any noticeable gonadal activation (n = 4) were primed with
estrogen and progesterone and were paired with sexually active males.
Two hours after the mating tests, the brains were fixed and were processed for triple immunohistochemical staining for Fos, GnRH, and synaptophysin. Fos immunoreactivity was observed in the GnRH cells in 3 out
of 4 HPG/POA mice with gonadal development where as GnRH cells in
the non-responders did not exhibit Fos in their nuclei. The number of
synaptophysin immunoreactive contacts onto GnRH cells in HPG/POA
mice with gonadal development was 6.47 ± 1.05 (mean ± sem) vs. 3.53 ±
0.56 in HPG/POA mice showing no signs of activation of the reproductive axis. The difference was statistically significant (p < 0.05). Tlie results
suggest that activation of reproductive functions in HPG/POA mice may
be dependent on synaptic inputs to the transplanted GnRH cells.
Supported by NIH grant MH59824.

The suprachiasmatic nucleus (SCN) is an essential component for normal
control of preovulatory LH secretion in the female. We have shown that SCN
neurons have a monosynaptic, VIP-containing projection to the GnRH neurons
in the preoptic area. These VIP-ergic projections appear to be more abundant in
females compared to males, which may be related to the gender-specific
regulation of GnRH release, i.e. only females posses a neurogenic mechanism
that induces a preovulatory surge of LH.
In the present study, we investigated the role of VIP in the regulation of GnRH
neuron activity and LH release using icv injections of VIP or VIP-antiserum (VIPAb) in OVX, EB-treated adult female rats. Animals were housed under LD12:12
(lights on at 02:00), OVX-ed at day 0, and treated with EB on days 12 and 13. On
day 14, animals were perfused at different times during the ascending phase of
the EB-induced LH surge. A single injection of VIP (2 pg/3pl, icv) at 08:00 on day
14 resulted in a significant increase in the percentage of activated GnRH neurons
(%GnRH+fos) as well as LH levels compared to saline injected controls.
Injections of VIP-Ab (3pl, 1:1, icv) at 22:00 on day 13 and, in addition, at 08:00
on day 14, resulted in a significant decrease in %GnRH+fos compared to saline
injected controls. Also, a loss of correlation between %GnRH+fos and LH levels
measured at the time of perfusion was observed after VIP-Ab treatment.
These results confirm the recently reported attenuation of the LH surge following
central VIP-Ab injections (van der Beek etal., Neuroendocrinology, 1999), and strongly
suggest that central VIP is stimulatory in this respect. We hypothesize that VIP is
a stimulatory signal, critical for the activation of GnRH neurons, and consequently,
for the timing and magnitude of preovulatory LH surge.
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SYSTEMIC NMDA INDUCES NEURONAL ACTIVATION WITHIN
HYPOTHALAMIC GRAFTS, BUT NOT IN GRAFTED GnRH NEURONS.
H. Ford, F.J.P. Ebling*. Dept. of Anatomy, Univ. of Cambridge, Cambridge, CB2
3DY, UK.
Grafting of neonatal preoptic area tissue containing gonadotropin-releasing
hormone (GnRH) neurons into the brain of the GnRH-deficient hypogonadal (hpg)
mouse can induce a degree of reproductive maturation. Despite many studies, it is
still controversial whether this effect is due to regulated pulsatile GnRH secretion
from the graft, or simply passive uncontrolled release. Previous studies indicate
that glutamatergic agonists can induce luteinising hormone secretion in a
proportion of grafted hpg mice [Miller et al, Biol. Reprod. (1995) 52:572], but it is
not clear whether the site of action is within the graft or on terminals emanating
from the graft but localised in the median eminence. This study investigated
whether a glutamatergic signal is able to induce neuronal activation within the
graft, and thus have the potential to regulate GnRH release.
Male hpg mice with preoptic area grafts were treated systemically with either the
glutamatergic agonist N-methyl-D-aspartic acid (NMDA, 40mg/kg, n = 5), or
phosphate buffer vehicle (n = 4). One hour after treatment, brains were processed
by dual-label immunocytochemistry for GnRH, and for the immediate early gene
product c-Fos. NMDA treatment caused significant expression of c-fos in the host
brain, particularly within the arcuate nucleus of the hypothalamus. A significant
increase in the number of c-fos expressing cells was also seen within the graft after
NMDA treatment (p = 0.0006), though no co-localisation of c-fos expression
within grafted GnRH neurons was seen. The graft tissue was therefore capable of
responding to glutamatergic signalling, whether directly or indirectly via
interneurons. These results show the potential for endogenous glutamate to
regulate the function of the graft.
Supported by a M.R.C. studentship to H. Ford, and the Royal Society.

CHARACTERIZATION OF THREE NEURON-SPECIFIC PROTEIN BINDING
SITES WITHIN THE RAT GONADOTROPIN-RELEASING HORMONE GENE
(rGnRH) ENHANCER. C.G, Kelley* and P.L, Mellon, Dept. of Reproductive
Medicine, University of California, San Diego; La Jolla, CA 92093-0674.
Gonadotropin-releasing hormone (GnRH) neurons control reproductive function in
animals as diverse as fish and humans. Expression of the GnRH gene is restricted to
a small subset of neurons scattered throughout the mediobasal hypothalamus. The
basis of this cell-specific transcription is unknown. However, the combination of a
300 bp enhancer and a 173 bp promoter from the rat GnRH gene confer this narrow
specificity in transgenic mice and in transfections of GT1-7 cells (an immortalized
mouse GnRH-expressing cell line). Although several proteins that bind the
footprinted regions within the rGnRH enhancer are known, none of them are
restricted in expression to GnRH neurons or the brain. Three sites in the rGnRH
enhancer, one within the 5’-most footprint and two within the 3’-most footprint, have
been investigated. The two sites in the 3' footprint share a CAATTA repeat, exhibit
a similar banding pattern, and cross-eompete in eleetromobility shift assays
(EMSA's). Both the 5' and 3' sites bind to apparently cell-type specific proteins in
EMSA's using a panel of cell line nuclear extracts. The importance of these sites for
basal transcription is demonstrated in transient transfection assays using block
mutations: a block mutation in the 5' site reduces basal transcription to 10% while
mutations in either of the 3' sites reduce transcription to about 50%. More careful
analyses of the nucleotides important for transcription have been carried out using
point mutations. The nucleotides important for binding in vitro have been shown
through methylation interference, ethylation interference, and missing contact
probing, confirming the importance of CAATTA region in the 3' site. Southwestern
analysis of one of the 3' sites indicates cell-specific bands that bind the wild-type
probe but not the mutant probe. Identification of transcription factors binding to the
5' and 3' enhancer footprinted regions will lead to improved understanding of the
neuron-specific restriction of GnRH transcription. [Supported by Howard Hughes
Pre-doctoral Fellowship to C.G.K. and NIH grant DK44838 to P.L.M.]

479.11

479.12

DIFFERENTIAL REGULATION OF PITUITARY GONADOTROPIN SUBUNIT
MESSENGER RIBONUCLEIC ACID LEVELS IN PHOTOSTIMULATED
SIBERIAN HAMSTERS Daniel J. Bernard*, Irene Y. Merzlyak, Teresa H,
Horton, and Fred W. Turek. Center for Reproductive Science, Department of
Neurobioiogy and Physiology, Northwestern University, 2153 N. Campus Drive,
Evanston, IL 60208
FSH levels begin to rise after three to five days when male Siberian hamsters
are transferred from inhibitory short photoperiods to stimulatory long
photoperiods. In contrast, LH levels do not increase for several weeks. This
differential pattern of FSH and LH secretion represents one of the most profound in
vivo examples of differential regulation of the gonadotropins. The present study
was undertaken to characterize the molecular mechanisms controlling differential
FSH and LH synthesis and secretion in photostimulated Siberian hamsters. First,
we cloned species-specific cDNAs for the three gonadotropin subunits: the
common a subunit and the unique FSHP and LHP subunits. All three subunits
share high nucleotide and predicted amino acid sequence identity with the
orthologous cDNAs from rats. We then used these new molecular probes to
examine the gonadotropin subunit mRNA levels from pituitaries of short-day male
hamsters transferred to long days for 2, 5, 7, 10, 15, or 20 days. Short-day (SD)
and long-day (LD) controls remained in short and long days, respectively, from the
time of weaning. We measured serum FSH and LH levels by RIA. FSH|3, LHP,
and a subunit mRNA levels were measured from individual pituitaries using a
microlysate ribonuclease protection assay. Serum FSH and pituitary FSHP mRNA
levels changed similarly following long-day transfer. Both were significantly
elevated after five long days (2.3 and 3.6-fold, respectively; P < 0.02) and declined
thereafter, but remained above SD control values through 20 long days, a subunit
mRNA levels also increased significantly relative to SD control values (maximum
2-fold increase after seven long days; P < 0.03), although to a lesser extent than
FSHP. Neither serum LH nor pituitary LHp mRNA levels changed significantly
following long-day transfer. The results indicate that long-day-associated increases
in serum FSH levels in Siberian hamsters reflect an underlying increase in
pituitary FSHp and a subunit mRNA accumulation. Supported by NIH
MH 11493, HD28048, HD21921.

IS THE SEASONAL ALTERATION IN SYNAPTIC INPUT TO GNRH NEURONS OF THE EWE THYROID DEPENDENT? M. Fitzgerald1. H.T. Jansen1.
G, Dahl2. N. Evans2. L. Thrun2. F.J. Karsch2. M.N. Lehman1*. ’Dept. Cell Biol.,
Neurobiol., and Anat., University of Cincinnati, Cincinnati, OH 45267;
’Reproductive Sciences Program, University of Michigan, Ann Arbor, MI 048109.
Associated with the annual cycle of fertility and infertility in the ewe is a synaptic remodeling within the gonadotropin releasing-hormone (GnRH) system.
Specifically, the number of axon terminals and synapses on GnRH neurons is
lower during anestrus than during the breeding season (Xiong et al.,
Endocrinology, 1997). Physiologically, the transition to anestrus results from
decreased pulsatile GnRH, and thus LH, secretion and this requires thyroid
hormones, which exert their action locally within the brain (Viguie et al.,
Endocrinology, 1999). Thyroidectomized (THX) ewes thus fail to enter anestrus.
We hypothesized THX ewes would fail to exhibit the seasonal reduction in synaptic input to GnRH neurons and resemble, both physiologically and anatomically,
breeding season animals. Sixteen ewes maintained outdoors were ovariectomized
(OVX) and treated with estradiol implants in mid-breeding season (Nov.). Serum
LH was measured twice weekly to assess reproductive status. THX ewes sustained
high LH (8-15 ng/ml) into anestrus, thus being physiologically in the breeding
season. In thyroid-intact ewes, LH fell to <1 ng/ml, typical of anestrus. Ewes were
perfused during mid anestrus (May). Sections through the medial preoptic area
(POA) were processed for GnRH immunocytochemistry and the GnRH neurons
were microdissected, postfixed, dehydrated and flat embedded in plastic for electron microscopic processing. Thus far, we have analyzed 20 GnRH and 17 nonidentified POA neurons. The results reveal that GnRH neurons from THX ewes
are contacted by significantly greater numbers of axon terminals compared to
GnRH neurons from thyroid-intact ewes (p<0.03). By contrast, non-identified neurons did not exhibit this difference (p=.80). The results, to date, lend support to the
hypothesis that the alterations in input to GnRH neurons in the ewe are thyroid
dependent. Support: NSF IBN-9810822 and USDA 94-37203-0760.

479.13

479.14

PHOTOPERIOD AND TEMPERATURE INTERACT TO AFFECT THE GnRH
NEURONAL SYSTEM OF MALE PRAIRIE VOLES (MICROTUS OCHROGASTER).
L.J. Kriegsfeld*, N.J. Ranalli, M.A. Bober, and R.J. Nelson.
Behavioral
Neuroendocrinology Group, Departments of Psychology and Neuroscience, The Johns
Hopkins University, Baltimore, MD 21218-2686, USA.
In order to limit energy expenditure and maximize survival, many nontropical rodents
inhibit reproduction in advance of winter in response to short (<12.5 h light/day) day
lengths. In common with most rodent species, some male prairie voles (Microtus
ochrogaster) undergo complete gonadal regression during short days (responders) while
others fail to inhibit reproduction when exposed to short day lengths (non-responders).
Because animals in their natural environment use factors in addition to photoperiod to
time reproduction, the present study sought to determine the effects of photoperiod and
temperature, as well as the interaction between these factors, on reproductive parameters
and the GnRH neuronal system. Male voles were housed in either long (LD 16:8) or
short (LD 8:16) day lengths for 10 wk. Animals in each photoperiod were further
subdivided into groups housed in mild (i.e., 20°C) or low (i.e., 8°C) temperatures. As
expected, voles exposed to long days and mild temperatures maintained reproductive
function, while voles exposed to short day lengths and mild temperatures exhibited
variation in reproductive responsiveness. Voles exposed to long day lengths and low
temperatures did not inhibit reproductive function. In contrast, virtually all prairie voles
exposed to a combination of short day lengths and low temperatures inhibit reproduction.
As shown with immunohistochemistry, voles that underwent gonadal regression in
response to short photoperiods, and long-day voles housed in low temperatures exhibit
higher GnRH-immunoreactive neuron numbers in the preoptic area/anterior hypothalamus
(POA/AH) relative to all other groups. These data suggest that photoperiod and
temperature interact to influence reproductive function, and these differences are
mediated, in part, by alterations in the GnRH neuronal system. Supported by USPHS
grant MH57535 (RJN) and Sigma Xi, Grants in Aid of Research Award (UK).

PROSTAGLANDIN E2 INDUCED RELEASE OF GONADOTROPINRELEASING HORMONE FROM GT1-1 NEURONAL CELLS IS ASSOCIATED
WITH INCREASED FREQUENCY OF INTRACELLULAR CALCIUM
OSCILLATIONS. P. G. Harms.1,2 c. D, Gilmore? R. Barhoumi,2 P. C. Chen1 and
R, C, Burghardt2. ’Dept. of Animal Science, 2Dept. of Veterinary Anatomy and
Public Health, Texas A&M University, College Station, TX 77843
Calcium is an important mediator of prostaglandin E2 (PGE2) induced
gonadotropin-releasing hormone (GnRH) release. However, the precise nature of
calcium involvement is unclear. Thus, the objective of this study was to
investigate potential involvement of intracellular calcium oscillations ([Ca2+], osc)
in PGE induced GnRH release using GT1-1 neuronal cells. GT1-1 cells were grown
in DME-F12 (1:1) with 10% FBS. For measuring GnRH release, the cells were
seeded at a concentration of 9.5xl04 cells/cm2. When the cells reached 75%
confluency, they were incubated for 1 hr in KRB containing the appropriate test
substances. GnRH in the medium was measured by RIA. For monitoring [Ca2"],
osc, cells were plated at 1.0x10s cells/cm2. The cells were loaded with fluo-3,AM
dye and an Ultima laser cytometer was used to measure [Ca2+], osc. Fluorescence
intensity measurements of isolated clusters of 10-15 interconnected cells were made
for 10 to 20 minutes before and after the addition of the test substances with image
scans recorded every 3 sec. About 85% of the cells displayed spontaneous [Ca2+], osc
although the pattern of oscillations was variable. When oscillations were observed
in groups of 10-15 cells, the oscillations appeared to be highly synchronous. PGE2
or PGE, at dosages (50 uM and 10 uM, respectively) that increased GnRH release,
induced immediate robust increases in the frequency of [Ca2+]i osc in cells exhibiting
intrinsic oscillations. Comparable oscillations were induced in cells which lacked
the intrinsic oscillations. These findings suggest a role of [Ca2+], osc in PGE
induced GnRH release and support the hypothesis that frequency encoded Ca2+
signals are involved in mediating GnRH release. Supported by The Texas A&M
University Interdisciplinary Research Initiative Program and the Texas Agricultural
Experiment Station.
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DISTRIBUTION OF 3 a-HYD ROXYSTEROID DEHYDROGENASE mRNA IN
THE RAT BRAIN
Y.A. Mitev, D. Rouskova, O.F.X. Almeida1. V.K. Patchev*. Jenapharm, 07745 Jena,
and1 Max Planck Institute of Psychiatry, 80804 Munich, Germany.
The enzyme 3a-hydioxysteroid dehydrogenase (3a-HSD) plays a key role in the
reduction of ring A of hormonal steroids which represents the final step of
biosynthesis
of neurosteroids,
such
as
tetrahydroprogesterone
and
tetrahydrodeoxycorticosterone. Evidence for the presence of 3a-HSD and its regional
distribution in the brain remains inconclusive. Furthermore, in previous studies
(Patchev et al., 1994, 1996, 1997) we demonstrated that these neurosteroids exert
transcriptional effects in the brain which cannot be solely explained by their GABAergic activity, and probably result from interactions with the progesterone receptor
(PR). Thus, in the present study we examined the regional distribution of 3a-HSD
mRNA in the brain of ovariectomized female rats in order to verify whether
neurosteroids are synthesized in the vicinity of cell groups which, reportedly, harbor
PR as potential targets. In-situ-hybridization of brain sections with specific cRNA
revealed strong expression of 3a-HSD in the hippocampal formation and cerebellum,
moderate levels in the olfactory and temporal cortex, faint presence in the amygdala
and the hypothalamic paraventricular nucleus. No hybridization signals were observed
in the striatum, septum, periaqueductal gray, brainstem nuclei and, more important, in
areas containing estrogen-inducible PR, such as the medial preoptic area and arcuate
nucleus. These findings suggest that synthesis of neurosteroids occurs in brain areas
that are relatively remote from the most dense PR populations; however, neurosteroids
may be produced in significant amounts in regions endowed with both, PR and
GABAa receptors, such as cortex and hippocampus.
The generous help of Dr. T. Penning (University of Pennsylvania) is aknowledged.
1 Supported by the Stanley Foundation

NEURAL DIHYDROTESTOSTERONE IMPLANTS PARTIALLY FACILITATE
FEMALE MUSK SHREW SEXUAL BEHAVIOR. S.L, Vency * and E.F.
Rissman. Biology Department. University of Virginia, Charlottesv ille. VA 22903.
Sexual behavior in males as well as some species of females is controlled by the
neural aromatization of testosterone (T) into estradiol (E;). Previous studies have
shown that neural implants of T. in the medial prcoplic area (mPOA) or
ventromedial nucleus of the hypothalamus (VMN), arc necessary and sufficient for
the activation of female sexual behavior. Thus, in this species, there is a degree of
neural redundancy between the mPOA and VMN. In this study, wc examined the
hypothesis that the activation of female sexual behav ior by implants of T in the
VMN is fiuc to its aromatization to E;. Adult female musk shrews were
ovariectomized. and a week later given a small neural E2 (3:2:0.01: bone wax.
charcoal, estradiol) or dihydrotcstostcronc (DHT. 3:2:0.1) implant aimed at the
VMN. Controls received implants containing cholesterol (3:2:1) After a scries of
behavior tests to assess receptivity, brains were processed for estrogen receptor
imnuinorcaclivy (ER-ir) or androgen receptor imnuinorcactivtv (AR-ir) to
determine implant location and extent of hormone spread. Wc found that females
receiving an E; implant centered in the VMN showed complete sexual behavior,
significantly greater than controls receiving cholesterol. Females who received a
DHT implant centered in the VMN did not show behav ior. Interestingly however,
females who received an implant just caudal to the VMN showed partial behavior.
These data suggest that within the hypothalamus, both AR and ER may play a role
in the activation of female sexual behav ior in the musk shrew . It is possible that
androgens, although not sufficient for receptive behav ior, may plav a role in the
proccptivc behavior in this species and/or attractiveness to males This work is
supported bv NIH grant NS35429 (E.F.R.) and NIH training grant HDO72323
(S.L.V.).

Supported by a BMBF grant (# 031469A)

479.17

479.18

EFFECTS OF PHOTOPERIOD, TEMPERATURE, AND TORPOR ON IMMUNE
FUNCTION IN SIBERIAN HAMSTERS. Deborah L. Drazen*, Lance J. Kriegsfeld, &
Randy J. Nelson. Behavioral Neuroendocrinology Group, Departments of Psychology
and Neuroscience, The Johns Hopkins University, Baltimore, MD 21218-2686, USA.
Animals inhabiting nontropical latitudes exhibit seasonal adaptations including the
inhibition of reproduction and daily bouts of torpor during winter to conserve energy
important for survival functions. Additionally, numerous species exhibit seasonal
alterations in immune function. Siberian hamsters (Phodopus sungorus) are seasonal
breeders that exhibit a range of reproductive responsiveness to photoperiod. Some
hamsters respond to short days with reproductive inhibition (responders), whereas other
individuals do not inhibit reproduction (non-responders). Likewise, recent studies
indicate that Siberian hamsters display photoperiod-induced alterations in immune
function. The present study sought to determine the extent to which seasonal changes in
immune function are associated with reproductive responsiveness to day length. Because
factors in addition to photoperiod change seasonally in the natural environment, the
interactive effects of photoperiod and temperature were also investigated. Finally,
because Siberian hamsters exhibit daily bouts of torpor to conserve energy during winter,
the contribution of this adaptation was also studied. Male hamsters were housed in either
long or short day lengths. After 10 wk, animals in each condition received one of 3
treatments 1) 2-DG [2000 mg/kg, induces torpor in about 50% of hamsters], 2) 2DG and
glucose control, or 3) saline control. All animals were injected with keyhole limpet
hemocyanin (KLH) at the same time to assess immune function in response to a novel
antigen. Data will be presented regarding the interaction of photoperiod, reproductive
responsiveness, temperature, and torpor on both humoral and cell-mediated immunity.
Taken together, these results implicate a complex relationship among the neural,
endocrine, and immune systems. Supported by USPHS grant MH5735.

DIETARY L-DOPA ALTERS AVIAN SEASONAL FUNCTIONS: EFFECTS ON
GnRH NEURONS AND TESTICULAR HISTOLOGY. CA Meseke-Wren* and
P.A. Melrose. Department of Anatomy and Cell Biology. Louisiana State
University. Baton Rouge, LA 70803.
Mechanisms controlling reproduction in House Sparrows (Passer domesticus)
involve a complex interaction between exogenous enviromental information,
functional changes in the hypothalamic-gonadal axis, and changes in the
influence of neurotransmitters on hypothalamic neuroendocrine cells. In this
project, the role of the catecholamine precursor L-DOPA in the modulation of
seasonal reproduction is examined. In April and September, L-DOPA was added
to the sparrow’s diet, with the birds subsequently sacrificed and histologically
examined. Compared to control birds, no effect was observed in either testicular
histology or numbers of GnRH cells in April. However, birds fed L-DOPA and
sacrificed in September differed from the control birds in that both Sertoli celis and
primary spermatogonia were present, indicative of the beginning of the avian
reproductive season, as previously reported in House Sparrows (Meseke and
Melrose, 1994). Similarity, the numbers and morpholgies of ir-GnRH cells of the
L-DOPA fed birds was similar to previously reported data for January birds
(F=0.760, DF=1,68, p>0.05)(Meseke and Melrose, 1994). It is hypothesized that
the dietary L-DOPA may have effectively reset the timing of seasonal shifts in the
sparrow reproductive cycle, thus shortening the photorefractory period and
initiating fertile reproduction during a normally quiesent period.

479.19
DIFFERENCES IN ESTROGEN RECEPTOR IMMUNOREACTIVITY AND
PRO-GnRH IMMUNOREACTIVITY IN THE HYPOTHALAMUS OF FOOD
RESTRICTED FEMALE MUSK SHREWS (SUNCUS MURINUS) J.L.
Temple* and E.F. Rissman. Neuroscience Graduate Program and Department
of Biology, University of Virginia, Charlottesville, VA 22903.

Food deprivation disrupts mating behavior and the estrous cycle in several species.
Gonad-intact, food deprived hamsters that are given exogenous estradiol display
mating behaviors, but will not ovulate. Other studies in rodents have shown that
decreased food intake prevents the ovulatory LH surge. We employed female musk
shrews to examine the effects of slight food restriction (60% of ad lib) on mating
behavior and found that mating behavior was inhibited. However, a brief re-feeding
period prior to mating restores sexual behavior. The shrew exhibits induced
ovulation, which affords us the opportunity to study the effects of food restriction on
mating behavior which is uncoupled from an estrous cycle. In this study, we asked
if food restriction and brief re-feeding would affect numbers of proGnRH-ir cells in
brains of female musk shrews. We found that food restricted and re-fed (90 minutes
prior to perfusion) animals had more proGnRH-ir cells in the hypothalamus when
compared to ad lib fed controls. Next, we asked if food restriction would affect
estrogen receptor immunoreactivity (ER-ir) in the brains of female musk shrews.
We found that food restricted animals had more ER-ir cells in the hypothalamus than
ad lib fed females. We also measured plasma estradiol levels and found no
differences between groups. These data suggest that food restriction may inhibit the
processing of proGnRH to its active form. They also support previously published
data by suggesting that underfeeding increases the numbers of ER-ir cells in the
brain. Taken together, these data provide some insight into the mechanism by which
food restriction suppresses mating behavior and ovulation. JLT was supported by
NIH training grant GM08328 and EFR by NS R01 35429
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EFFECTS OF THE STIMULATION OF PAR-1 AND PAR-2 ON
INTRACELLULAR Ca2+, PKC ACTIVATION, CELL MORPHOLOGY AND
PROLIFERATION IN A172 HUNAN GLIOBLASTOMA. T. Okamoto, M,
Nishibori, K. Sawada, H. Iwagaki, N, Nakava*, N. Tanaka and K. Saeki. Depts
of Pharmacology and Surgery, Okayama Univ. Med. Sch.l, 2-5-1 Shikata-cho,
Okayama 700-8558, JAPAN.
Protease-activated receptors (PARs) seems to constitute a receptor family
which belongs to G protein-coupled seven transmembrane receptor
superfamily. Since little is known about the functional roles of PARs in the
CNS, we examined the effects of the synthetic peptides with the 6 residues
of the tethered ligand domain of PAR-1 and PAR-2 on the Ca2+ signal, PKC
activation, cell morphology and proliferation in A172 human glioblastoma in
the present study. RT-PCR showed that A172 expressed PAR-1 and PAR-2.
PAR-1 agonist peptide SFLLRN as well as PAR-2 agonist peptide SLIGKV
produced the transient increase in intracellular Ca2+. The pretreatment of
A172 with SLIGKV did not influence on the Ca2+ response to SFLLRN or
thrombin, however, the pretreatment with SFLLRN or thrombin completely
abolished the response to SLIGKV. This suggested the one directional
cross-desensitization of PAR-2 from PAR-1. PAR-1 stimulation activated
PKC- a, r, £ and t whereas PAR-2 stimulation activated PKC- a, r and A.
Although both PAR-1 and PAR-2 stimulation produced similar
morphological chanes, PAR-2 stimulation but not PAR-1
significantly inhibited the proliferation of A172 glioblastoma. These
results as a whole indicated that the stimulation of PAR-1 and PAR-2
activated distinct as well as common signal transduction pathways and
the function of PAR-2 receptor was regulated by PAR-1.

PULSATILE ADMINISTRATION OF GNRH TO GONADOTROPE CELL
LINES «xT3-l AND LpT2) SELECTIVELY AFFECTS PKC 5.
B. Junov, H. Maccario, A. J. Zamora. J. L. Mas. A. Enialbert, and S. V.
Drouva.* ICNE , CNRS, Fac. de Med. Inst. Jean-Roche, Marseille, France
Protein Kinase C (PKC) comprises a family of ser/thr kinases implicated
in signal transduction and mediates a range of intracellular functions.
Previous studies performed in either normal gonadotrope cells or cell lines
have indicated the involvement of PKC in the regulation of GnRH-induced
signalling events. In the present work, we have examined the effects of the
GnRH on the regulation of several PKC isoenzymes (a, p II, 8, e, 0
characterized in aT3-l (non secretory) and LPT2 (secretory) gonadotropes
cell lines. We demonstrated by SDS-PAGE, Western blot and confocal
microscopy that in both cell lines GnRH selectively stimulated (5-30 min)
8, e, £ isoforms within specific intracellular compartments. Prolonged GnRH
agonist treatment (2-24h) significantly down regulated in a time and dose
(10'7-10"10 M) dependent manner the expression of PKC 8 and £ in both
cell types. PKC £ isoform selectively residing on nuclear compartment, was
not altered. In addition persistent stimulation of these cells with TPA (10'7
M), a direct activator of several PKC isoforms, highly diminished at
different rates and to different extents for each isoenzyme, the PKC a, P II,
e and 8. Thus, selective isoforms might be implicated in the process of
GnRH-induced homologous desensitization in these cells. Interestingly,
pulsatile administration of the neuropeptide to the cells selectively down
regulated only the PKC 8. The effect was dose dependent (10_7-.10_1° M)
and was observed even after the second GnRH pulse; it might reflect
interaction of the phosphorylated state of PKC 8 with the calpain-induced
degradation process. These results underline the importance of the
individual PKC isoenzyme involvement to different GnRH-induced cell
responses, and demonstrate that the neuropeptide, depending on the mode
of its administration to the cell, selectively regulates the expression of
specific PKC isoenzymes in aT3-l and LPT2 gonadotrope cells.

480.3

480.4

USE OF FLUORESCENTLY LABELLED CALMODULINS AS
TOOLS TO MEASURE SUBCELLULAR CALMODULIN
ACTIVATION IN LIVING DORSAL ROOT GANGLION CELLS.
J.M, Milikan. L.J. Bindman* and S.R. Bolsover. Dept. of Physiology,
University college London, University St, London WC1E 6JJ, United
Kingdom.
Abstract: We have used fluorescently labelled calmodulins to probe
die activity of calmodulin in living dorsal root ganglion cells. Calmodulin
labelled with the fluorophore 5-( [4,6 dichlorotria-zin-2yl]amino)fluorescein (FL-CaM) that does not change its fluorescence when it binds
calcium, while calmodulin labelled at Lysine 75 with 2-chloro-(6-(4-JV,Ardiethylamino-phenyl)-1,4,5-triazin-4-yl (TA-CaM), an environment
sensitive probe, increases its fluorescence when it binds calcium. We
micro-injected FL-CaM or TA-CaM into rat dorsal root ganglion cells
and found that both probes localise to the cell nucleus. In contrast
endogenous cellular calmodulin, in dorsal root ganglion cells as in
hippocampal neurones, is predominantly cytosolic unless the neurones
are depolarised, then it moves to the nucleus. FL-CaM and TA-CaM,
introduced into dorsal root ganglion cells via a patch-pipette also
immediately move to the nucleus, indicating that the nuclear localisation
is a property of the labelled calmodulins. Although the subcellular
distribution of FL-CaM and TA-CaM does not necessarily match that of
endogenous calmodulin, we show that FL-CaM can be used as a control
for TA-CaM when studying calmodulin activation in different cellular
compartments. This work was funded by the Wellcome Trust and a
Marie Curie European communityfellowship to JMM.

Activity Dependent Facilitation of Intracellular Calcium Store
Release in Dopaminergic Neurons of the Rat C. A. Paladini* and J. T.

Williams. Vollum Institute, Oregon Health Sciences University, Portland, OR
97201
Intracellular calcium stores are known to play a major role in cellular
function. In dopaminergic neurons of rat neonates, spontaneous release of calcium
from intracellular stores induces a hyperpolarization caused by an increase in a
calcium-sensitive potassium conductance. The spontaneous hyperpolarizations can
be used as a tool to detect release of calcium from intracellular stores.
Perforated-patch recordings were obtained from dopaminergic neurons of
the ventral tegmental area and substantia nigra pars compacta in vitro. Loading of
intracellular calcium stores caused by prior action potential generation by
depolarization of the membrane potential increased the frequency and amplitude of
the spontaneous hyperpolarizations. The calcium-induced hyperpolarizations were
also recorded in the presence of the metabotropic glutamate receptor agonist
DHPG. Bath application of DHPG (1 pM) obliterated the hyperpolarizations. The
spontaneous hyperpolarizations reappeared due to prior depolarization of the
membrane potential in the presence of DHPG. The effects of other drugs and
membrane potential manipulation in the presence of drugs are also discussed.
These data indicate that a possible mechanism for hyperpolarization after
increased activity - such as during bursting - exists in dopaminergic neurons of the
ventral mesencephalon. This work supported by NIH DA 07268 and DA 08163.

480.5

480.6

MODULATION OF CASEIN KINASE 2 (CK2)-MEDIATED
PHOSPHORYLATION OF B-50 (GAP-43) BY POLYAMINES AND
ACTIN. L.A, Dokas*, M.S, Haas and S.M, Lilly. Departments of Medicine
and Pharmacology, Medical College of Ohio, Toledo OH 43614-5809.
The presynaptic membrane protein, B-50, is phosphorylated by CK2
within a proposed cytoskeletal-binding domain both in vitro and in rat
brain growth cones. B-50 is among the CK2 substrates which are
phosphorylated in a polylysine-dependent manner (maximal
concentration: 10 pg/ml). The effect of synthetic polylysine was
compared to other basic compounds to identify factors which regulate
phosphorylation of B-50 by CK2. Histone, a protein with the positive
charge and approximate size of polylysine, stimulated CK2 at higher
concentrations than did polylysine and had a biphasic effect on protein
kinase C (PKC)-mediated phosphorylation of B-50. The endogenous
polyamine, spermine, had no effect on either CK2 or PKC. When three
forms of polylysine (average sizes of 9.8, 27.4, and 34.3 kDa) were
compared, a positive correlation between CK2 activity and length of the
polymers was observed. The longer forms maximally stimulated B-50
phosphorylation at lower concentrations. Actin inhibits CK2 utilizing
either casein or B-50 as substrates with similar sensitivity. Amounts of
actin which inhibit CK2 are below the estimated concentration of total
cellular actin. These results suggest that local interactions between
CK2 and basic proteins or actin at the neuronal presynaptic membrane
may determine the phosphorylated state of B-50 at the C-terminal CK2
site. Supported by NIH grant NS 30792.

SUBSTANCE P SUPPRESSES ATP FACILITATION ON
SPONTANEOUS GLYCINE RELEASE FROM PRESYNAPTIC
NERVE TERMINALS. Norio Akaike*, Zhi Ming Wang and Jeong Seop
Rhee. Dep. of Physiol., Fac. of Med., Kyushu Univ., Fukuoka

We investigated how Substance P (SP) modulates the facilitatory action of

ATP on the spontaneous glycinergic inhibitory postsynaptic currents (mIPSCs)
in the substantia gelatiuosa (SG) neurons of the rat spinal trigeminal nucleus pars

caudalis (lamina I and II). In the present experiments, we used mechanically
dissociated SG neurons attached wth intact presynaptic glycinergic nerve
terminals. ATP reversibly facilitated mIPSCs frequency without alfectiug the

mean current amplitude. Such ATP effect disappeared in Ca -free external solutio,
indicating that ATP receptor on the nerve terminal is receptor-channel complex

type, P;x. The P;x receptors facilitationg the rapid glycinergic synaptic

transmission might result in preventing an excessive afferent pain signal and/or
SG cell death. Interestingly, the facilitatory action of ATP on glycine release was
blocked reversibly by SP (l()7M)at which concentration SP did not alter the

current amplitude distribution and frequency of mIPSC. Tlie SP of a neuroaclive
peptide belonging to the tachykinin family plays a cmcial role in pathological

alterations in the perception of pain. Tlie SP receptor on the present glycinergic

nerve terminal was a NK1, because CP-99,994, a selective NK-1 antagonist,
prevented dose-depeudeutly the inhibitory elfect of SP on ATP action. Activation
of protein kinase A or C was flot required for SP-induced inhibition in ATP

facilitatory action. Tlie inhibitory effect of SP on ATP action disappeared in the
presence of Ca/CAM or CAMKII blockers. Such a SP modulation on ATP

action may accelerate hyperalgesia or chronic pain.
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NEW MECHANISM FOR CA2+ SIGNALING: NEUROSTEROID
PREGNENOLONE SULFATE REGULATES INTRACELLULAR CA2+
CONCENTRATION VIA SIGMA-1 RECEPTORS IN NG-108 CELLS. T
Hayashi1*, T. Maurice2 andT.-P, Su’. 'Cellular Pathobiology Unit, Molecular
Neuropsychiatry Section, IRP, NIDA/NIH, Baltimore, MD, 21224, USA and
2INSERM U 336 - DPVSN, ENSCM, 34296 Montpellier, Cedex 5, France.
The endogenous neurosteroid pregnenolone sulfate (PS) has been shown to
interact with sigma-1 receptors in several behavioral paradigms involving learning
and memory in animals (Maurice et al., 1998). As Ca2+ plays an important role in
learning and memory, we sought to examine the effects of PS on intracellular Ca2+
concentration in NG-108 cells using laser scanning confocal microscope. The
involvement of sigma-1 receptors in these actions of PS, if any, was also examined
by pharmacological and molecular biological techniques. PS, at nanomolar
concentrations which produced no effect by its own, potentiated in a dose
dependent manner the bradykinin-induced increase in cytosolic free Ca2+
concentration ([Ca2+]cyt). This effect of PS was antagonized by a selective sigma1 antagonist NE-100, but was not affected by MK-801 or (+)bicuculline. A 21 mer
antisense oligodeoxynucleotide (AS ODN) directed against cloned sigma-1
receptors (King et al., 1997) also blocked this action of PS. The NG-108 cells
were also depleted of the endoplasmic reticulum Ca2+ stores by a combined
treatment of thapsigargin, bradykinin, and caffeine and thereafter examined for the
effects of PS on the depolarization (75 mM KCl)-induced changes in [Ca2+]cyt.
PS at nanomolar concentrations, while producing no effect by itself, caused an
inhibition of the depolarization induced increase in [Ca2+]cyt. This latter effect of
PS was blocked by the AS ODN directed against sigma-1 receptors and was
abolished by a pretreatment of cells with pertussis toxin. Ca2+ signaling by
neurosteroid via sigma-1 receptors may therefore represent a new mechanism
affecting signal transduction in cells. [Supported by IRP, NIDA/NIH]

DISTINCT IMMUNOHISTOCHEMICAL LOCALIZATION OF TWO
ISOFORMS OF Ca2+/CALMODULIN-DEPENDENT PROTEIN
KINASE KINASES IN THE RAT BRAIN. H Sakagami*, 1M. Umemiya
and H. Kondo. Div. of Histology, Dept. Cell Biology, ‘Dept.
Neurophysiology, Graduate Sch. Med. Sci. Tohoku Univ., Sendai,
980-8575, JAPAN.
Ca27calmodulin-dependent protein kinase IV (CaM-KIV) is thought to
be involved in regulating gene expression by phosphorylating various
transcriptional factors. CaM-KIV as well as CaM-KI are activated
upon phosphorylation by two distinct isoforms of Ca2+/calmodulindependent protein kinase kinases, CaM-KK a and CaM-KK p. In this
study, we raised isoform-specific monoclonal antibodies against CaMKKs and examined the immunohistochemical localization of CaM-KKs in
the rat brain, compared with that of CaM-KIV. CaM-KK aimmunoreactivity was rather widely distributed in neurons throughout
the brain, except cerebellar cortex. The highest levels of CaM-KK aimmunoreactivity was observed in the cerebral cortex, facial nucleus,
and motor neurons of the spinal cord. Moderate CaM-KK aimmunoreactivity was observed in the hippocampal formation, pontine
nuclei, and various brain stem nuclei. In contrast, CaM-KK pimmunoreactivity was relatively restricted in some neuronal population.
The highest levels of CaM-KK p-immunoreactivity in the cerebellar
granule cell layer, and moderate immunoreactivity in the cerebral cortex,
hippocampal formation, caudate putamen, pontine nuclei, cochlear
nucleus, and molecular layer of the cerebellum. Concerning their
subcellular localization, both isoforms of CaM-KKs were localized in the
perikaryal cytoplasm, dendrites, and nerve terminals, but not in the cell
nuclei, in contrast to prominent nuclear localization of CaM-KIV. The
distinct localization of two isoforms of CaM-KKs suggests that the
complicated mechanisms for activation of CaM-KIV may be exerted in
region-specific manners as well as intracellularly.

480.9

480.10

MODULATION OF SYNCHRONIZED CALCIUM OSCILLATIONS
IN RAT CORTICAL NEURONS IN VITRO. E. Gruenstem*.
Department of Molecular Genetics, Biochemistry & Microbiology,
Univ. of Cincinnati College of Medicine, Cincinnati, OH 45267.
Rat cortical neurons cultured at high density form a rich network of
functional synapses that results in the generation of spontaneous
oscillations of cytoplasmic calcium. For many studies it is important to
be able to control the frequency and amplitude of the oscillations. We
describe several methods for accomplishing this modulation.
4-Aminopyridine (4-AP), an inhibitor of Iahp K.+ channels,
increases the frequency of calcium oscillations in a dose dependent
manner. Frequencies can be varied between 2/min and 23/min and can
be maintained for at least 24 hours without any apparent toxic effects.
The inhibitoiy neurotransmitter GABA reduces the amplitude of
calcium oscillations in a dose dependent manner with oscillations
becoming undetectable at concentrations of 20 pM.
In these neuronal cultures, calcium oscillations are triggered by
spontaneous bursts of action potentials leading to synaptic release of
glutamate. Thus, caged glutamate can also be used to control calcium
oscillations. Pulses of UV light uncage glutamate so that calcium
oscillation amplitude can be controlled by pulse intensity or duration
while frequency can be controlled by pulse rate. Because the uncaged
glutamate is released into a larger volume than just the synaptic cleft, a
longer time is required for it to diffuse away and the kinetics of each
calcium spike are longer than for the spontaneous spikes.

ROLE OF MITOCHONDRIAL PERMEABILITY TRANSITION PORE (mPTP) IN
CA2+ SIGNALING. D.T. Lin1, P, Camacho2, and J.D. Lechleiter1*. ‘Dept of
Molecular Medicine, IBT and 2Dept of Physiology, Univ. Texas HSC at San
Antonio, TX, 78284.
Energization of mitochondria significantly increases the amplitude, velocity, and
periodicity of inositol 1, 4, 5 triphosphate (IP3)-induced Ca2+ waves in Xenopus
oocytes (Nature 377: 438-441). Here, we examine the role of mitochondrial Ca2+
efflux via the mPTP in Ca2+ wave activity. Binding of the peptidyl-prolyl-cis-trans
isomerase (PPIase), cyclophilin D, to the inner surface of the adenosine nucleotide
translocator (ANT) appears to be a prerequisite for the efficient opening of the
mPTP. We designed a dominant-negative mutant of cyclophilin D, R96G, in which
substrate binding was left intact, but PPIase activity was reduced to less than 1% of
control. We also constructed the cyclophilin D mutant, H167Q, which inhibits
substrate binding. Both mutants were placed in a Xenopus fi-globin expression
vector, from which mRNA was prepared and subsequently injected into ooctyes.
Ca2+ wave activity was assayed 2-3 days later using confocal microscopy. All
oocytes were injected with pyruvate/malate (10 mM final) and Oregon Green I
(-12.5 pM, final) 30-60 minutes prior to examing Ca2+ activity. In R96G expressing
oocytes, IP3 (300 nM, final) -induced Ca2+ waves had significantly longer wave
periods (17.1 s + 1.6s, n = 25) when compared to oocytes injected with water (12.5 s
± 1.0s, n = 24, p < 0.008) or oocytes expressing mutant H167Q (12.2 ± 0.8s, n = 20,
p < 0.004). Similarly, t1/2 (decay time from peak to one-half peak wave amplitude)
was significantly longer for R96G expressing oocytes (t1/2 = 3.9 + 0.4s) when
compared to either water injected oocytes (t1/2 = 3.0 + 0.2s, p < 0.04) or to H167Q
expressing oocytes (tl/2 = 3.0 + 0.2s, p < 0.03). These data demonstrate that
mitochondrial Ca2+ efflux, mediated by a cyclophilin D sensitive pathway that
requires PPIase isomerization, is an important regulatory component of Ca2+
signaling. This work was supported by NIH Grant GM48451 to JL.

480.11

480.12

MODULATION OF CA2+ EFFLUX FROM CULTURED RAT DORSAL
ROOT GANGLION (DRG) NEURONS BY PROTEIN KINASE C.
Y.M.Usachev1*, A. Khammanivong1, E.E. Strehler2 and S.A.Thayer1.
’Dept. of Pharmacology, Univ. of Minnesota, Minneapolis, MN 55455 and
2Molecular Neuroscience Program, Mayo Clinic, Rochester, MN 55905.
Ca2+-ATPases of the endoplasmic reticulum (SERCAs) and the
plasma membrane (PMCAs) are responsible for removing small Ca2+ loads
from the cytosol in neurons. Indo-1-based photometry was used to record
intracellular Ca2+ concentration ([Ca2+]j) in cultured rat DRG neurons. Small
[Ca2+]i transients (<400 nM) were evoked using extracellular field
stimulation, in the presence of 5 pM cyclopiazonic acid to block SERCAs.
The kinetics of [Ca2+], recovery to the baseline were analyzed by fitting the
[Ca2+]i trace with a mono-exponential function and the time constant was
used as an index of the rate of Ca2+ efflux. In this paradigm, the time
constant of recovery was 39±5 s (n=8). The time constant decreased to 27±3
s (n=8) after application of 0.5 pM phorbol 12,13-dibutyrate (PDBu) for 24
min. Pretreatment of the cells with GF-109203X (5 pM), a selective
antagonist of protein kinase C (PKC) completely abolished the PDBu effect
(n=3). Another activator of PKC, PMA (1 pM; n=7), but not its inactive
analog 4-a-PMA (1 pM; n=6), mimicked the PDBu effect. Overexpression
of human PMCA isoform 4b in DRG neurons resulted in an approximately
two-fold increase of the rate of Ca2+ efflux. Stimulation of PKC with 0.5
pM PDBu for 24 min decreased the time constant from 22±5 s to 13±3 s
(n=4) in the PMCA4Z? overexpressing cells. These results indicate that
PMCA-mediated Ca2+ efflux from sensory neurons can be facilitated via a
PKC-signaling pathway.
Supported by the NIH, NSF and AHA.

DISTRIBUTION OF PKCe AND ITS mRNA IN LIMULUS CENTRAL
NERVOUS SYSTEM. Z, Cao? Y, Wang.2 E.A. Reid.1 G. McShepard? M.T,
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Ivy.2 R.F. Newkirk,2*and J.G. Townsel1. ‘Dept. of Anatomy and Physiology,
Mehany Medical College, Nashville, TN 37208 and 2Dept. of Biological Sciences,
Tennessee State University, Nashville, TN 37209.
Protein kinase C epsilon (PKCe) has been shown to play a significant role in
neuronal function (Adv. Exp. Med. Biol., 293:379-384, 1991). Our laboratory has
cloned a full length putative PKCe DNA fragment from Limulus polyphemus
central nervous system (CNS) cDNA library. A 419bp riboprobe was prepared and
labeled with digoxigenin-uridine triphosphate (UTP). The antisense probe revealed positively labeled neurons in brain, specifically the corpora pedunculata, and in
the abdominal ganglia. These observations indicate that all neurons contained dark
blue granules in the cytoplasm. In the neuropil areas of the corpora pedunculata,
small neurons were heavily stained throughout the cytoplasm. Within large
neurons the signal was mainly associated with the nucleus. Cell bodies associated
with exiting nerve roots were positively labeled, but the roots themseves were not
stained. Similar results were observed within the abdominal ganglia. In all
preparations, a weak signal was observed when using the sense control. Immunohistochemistry of these tissues, using an antibody raised against a specific PKCe
fragment showed a similar pattern of labeling, but the number of labeled neurons
appeared to be fewer. Additionally, immunohistochemistry labeling was observed
in nerve tracts that run throughout the brain. These results strongly suggest the
presence of a putative PKCe and its mRNA localized in Limulus CNS. [Supported
by NIH grants RRO8037, MH19843, MH57067 and P20-RR11808],
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A PUTATIVE PKC EPSILON cDNA CLONED FROM A LIMULUS
POLYPHEMUS BRAIN LIBRARY. E.Reid1, Z.Cao1, Y.Wang2, M.Browning31,
J.G. Townsel1*. ‘Dept. of Anatomy and Physiology, 3Dept. of Biochemistry,
Meharry Medical College, Nashville TN 37208;2Dept. of Biological Sciences,
Tennessee State University, Nashville, TN, 37208; 4Vanderbilt University, School
of Medicine, Nashville, TN, 37232.
The mechanisms involved in the regulation of choline cotransport trafficking are
poorly understood. Protein kinase C (PKC) involvement in sodium dependent choline
transport (choline cotransport) has been reported (J.Neurobiology. 23(2): 163-172,
1992). Using Limulus brain hemi-slices, our laboratory has shown that PKC
modulates the transport of choline by modulating the numbers of choline
cotransporters in the plasma membrane (Comp. Biochem. and PhysioL, In Press,
1999). By Western Blot analysis using mammalian antibodies, this laboratory has
demonstrated the presence of several putative PKC isoforms in Limulus (Biochem.
Biophysic. Res. Comm. 208(2): 463-469, 1995). We report herein the cloning of a
full length putative PKCe cDNA in Limulus. The screening of a Limulus brain cDNA
library with an Aplysia californica calcium-independent PKC probe, yielded a 2.2 Kb
clone. Using the 2.2 Kb cDNA as a probe, Northern Blot data suggested a larger size
(4.6 Kb) for the putative PKCe cDNA. Switching Mechanisms At the 5' end of RNA
Transcript (SMART™) PCR was then used to obtain the full length cDNA. It had
greater than 80% homology to PKC epsilon and calcium independent subtypes from
various species. Putative regulatory and catalytic domains of this cDNA demonstrated
very high homology to the respective domains in other species.(Supported by NIH
grants GM08037, MH19843, MH57067, P20RR11808 and DOED P200A70110]

TRANSLOCATION OF PKC TO MITOCHONDRIA IN PHORBOL-12,13DIBUTYRATE TREATED PC12 CELLS. M, Van, B. Williams and A.
Rathinavelu*. Dept. of Pharmaceutical Sciences, College of Pharmacy, Nova
Southeastern University, 3200 South University Drive, FT. Lauderdale, FL-3328.
Protein Kinase C (PKC) is a superfamily of serine/threonine specific protein
phosphorylating enzymes found in almost all mammalian cells. The full extent of
PKC’s role in regulating various intracellular events is yet to be elucidated. Previous
studies show that PKCs affect a multitude of cellular responses, including
uncontrolled cell growth and stimulation of neuronal pathways, via activating
various receptors and regulating different ion channels. It has been postulated that
once activated by DAG (diacylglycerol), PKC translocates to the cellular plasma
membrane and endoplasmic reticulum. We conducted experiments to demonstrate
that PKC translocates to the mitochondrial membrane subsequent to direct activation
of this enzyme by phorbol-12, 13-dibutyrate (PDB) or stimulation of cholinergic
receptors on neuronal cells by carbachol. In our study PC 12 (rat adrenal
pheochromocytoma) cells were utilized as an in vitro model. The cells were treated
with carbachol and PDB for 15 min at 37° C. At the end of treatments the cytoplasm,
plasma membrane and mitochondria were isolated. The distribution of PKC to
various cellular components was determined by western blot technique using PKC-a
specific monoclonal antibody. Our immunoblot analysis revealed an increase in the
presence of PKC in the mitochondria fraction of PC 12 cells after treating the cells
with PDB or carbachol. The extent of translocation to mitochondria correlated with
an increase in the concentrations of PDB or carbachol. Our studies suggest that PKC
translocates to mitochondria, in addition to plasma membrane, in PC 12 cells
following activation. Supported by Research Grant of the College of Pharmacy,
Health Professions Division, Nova Southeastern University.

480.15

480.16

EFFECT OF A POINT MUTATION AT THE Thr-286 SITE OF ctCaMKII ON
EXPERIENCE-DEPENDENT PLASTICITY IN BARREL CORTEX OF MICE
S. Glazewski*, K.P, Giese£, A. Silva$, K. Fox. Cardiff School of Biosciences,
Cardiff University CF1 3US, U.K.; £Dept. Anat.&Dev.Biology UCL, London,
WICE 6BT, U.K; $Depts. Neurobiol.&Psychol.&Psychiatr., UCLA, CA, USA.
It has been reported that plastic changes evoked by vibrissae deprivation in adult,
but not adolescent mice are dependent on aCAMKII (Glazewski et al, 1996).
However, it is not known which particular property of aCAMKII is important for
plasticity. Recently a point mutation (Thr-286) has been introduced to aCaMKII
(Giese et al, 1998), making this enzyme unable to undergo autophosphorylation and
in effect to long-term, calcium independent activity.
To determine the possible importance of the ability of aCaMKII to
autophosphorylate for barrel cortex plasticity, we recorded from supragranular
.neurons of adult (970 cells, N=40) and adolescent (476 cells, N=17) T-286 mutant
mice and their wild-type litermates (wt). In adult animals spared vibrissa responses
were potentiated in barrels immediately surrounding DI in wild-type animals
(0.86+0.11 sp./stim., n=12), but not in homozygotes (0.47+0.18 sp./stim., n=7) if
compared with deprived surround vibrissae responses recorded from wt animals and
homozygotes respectively (0.28+0.05 sp./stim., n=12 for wt and 0.32.+0.05
sp./stim., n=7 for homozygotes). In adolescent animals spared vibrissa responses
were potentiated in wt (1.29+0.33 sp./stim, n=4) if compared with deprived
surround vibrissae responses (0.31+0.12 sp./stim., n=4). Plasticity in homozygotes
was reduced (0.45+009 sp./stim, n=3 for DI responses and O.23.+O.O3 sp./stim., n=3
for surround).
These results indicate that, the ability of aCaMKII to undergo autophosphorylation
is essential for experience-dependent plasticity in the barrel cortex.
Supported by NIH NS27759 and MRC (UK).

SPIKE FREQUENCY DECODING AND AUTONOMOUS ACTIVATION OF
CaM KINASE II IN DRG NEURONS. F. Eshete* and R.D Fields. Laboratory
of Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892-4480
Theoretical modeling and in vitro studies suggest that information contained
in the frequency of Ca2+ pulses could be decoded into sustained and variable
levels of enzyme activity by autophosphorylation of CaM kinase II at
Thr286/287 (e.g. De Koninck and Schulman, Science, 279:227-230, 1998), but
experimental evidence from intact neurons is lacking. We examined this in
DRG neurons using a cell culture chamber equipped with stimulating
electrodes, in combination with confocal measurements of intracellular Ca2+.
The results indicate that the autonomous state of the enzyme (Ca2+-independent
fraction) was marginally increased by stimulation for 5 and 45 s; however there
was little difference between 1 and 10 Hz stimulation, and differences from
unstimulated cultures were not statistically significant. Preincubation of neurons
in 50 nM Ca2+, followed by brief (5 s) changes to normal [Ca2+] (1.2 mM) caused
a significant, 3-4 fold increase in autonomous activity, although no change in
intracellular [Ca2+] was observed by confocal imaging. We conclude that the state
of autonomy of CaM kinase II is high in these neurons under basal conditions (~
80% of maximum), limiting the spike frequency response of the enzyme.
Secondly, the autonomous state of the enzyme is highly sensitive to changes in
extracellular [Ca2+]. Finally, intracellular [Ca2+] poorly represents differences in
spike frequency, because the dynamics of action potential-induced intracellular
Ca2+ are much slower and more persistent than action potentials. Thus, the
frequency decoding mechanism previously proposed for CaM kinase II would be
applicable only in cells or subcellular regions in which the state of autonomy of
the enzyme is maintained at a lower level, and in neurons where the kinetics of
Ca2+ fluxes more closely follow the firing frequency. Supported by the NICHD.

480.17

480.18

CALBINDIN-28kDa IS PREDOMINANTLY EXCLUDED FROM THE
NUCLEUS IN CEREBELLAR AND HIPPOCAMPAL NEURONS.
R.I. Saver1*, C.I. Turnbull1,2 and M.J, Hubbard2. Depts. of ‘Physiology and
biochemistry, University of Otago, Dunedin, New Zealand.
In a previous immunoblot analysis in this laboratory, about 35% of total
calbindin-28kDa (CB28) immunoreactivity was associated with the particulate
fraction of rat forebrain and cerebellum. These findings suggested that CB28
might have a role besides free cytosolic calcium buffering, leading us to
investigate the subcellular localization of CB28 further. For subcellular
fractionation studies, freshly-dissected tissue from rat cerebellum or
hippocampal subregions was homogenized, centrifuged and analyzed by
immunoblotting. Of the CB28 immunoreactivity associated with the dense
particulate (21,000 x g) fraction, approximately two-thirds partitioned to the
crude nuclear (1,000 x g) fraction in all regions studied. The CB28 in this
fraction resisted washing or extraction with CB28 antiserum. Confocal
fluorescence microscopy of fixed pellets localized CB28 to non-nuclear
constituents of the pellets, as discriminated by propidium iodide staining of
the nuclei. The non-nuclear localization of CB28 was confirmed by
subfractionation of pellets on sucrose density gradients. Subcellular
localization of CB28 was also investigated by confocal immunofluorescence
microscopy of fixed tissue and isolated neurons. CB28 immunolabelling of
nuclei was almost always weaker than that of surrounding cytoplasmic
structures or dendrites in all CB28-positive neuronal populations examined.
These findings indicate that particulate CB28 is primarily associated with
dense cytoplasmic structures of uncertain identity. Supported by the Health
Research Council of New Zealand (HRC). CIT received an HRC Junior
Award in Health Research and MJH is an HRC Senior Research Fellow.

DISTRIBUTION OF THE CALCIUM-BINDING PROTEINS NCS-1
AND NVP-3 IN RAT SNC, VTA AND RAPHE NUCLEI
O. Birkelbach1. A. Brune1, J. Lindemeier2, R.W, Veh1*
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’Institute for Anatomy, Charite, D-10098 Berlin; 2Center of molecular
Neurobiology, D-20246 Hamburg, FRG
Calcium-binding proteins have attracted much interest recently. They
may be differentiated into calcium-buffer (parvalbumin or calbindin) or
calcium-sensor proteins. NCS-1 has been recently characterized as a
member of the sensor and regulatory family, and by sequence homology,
frequenin, recoverin, VILIP, hippocalcin, and NVP-3 may belong to the
same group of proteins. In vitro studies indicated that NCS-1 as a
multifunctional protein can interact directly with multiple enzyme targets
(e.g. phosphordiesterase, NO-synthase and rhodopsin kinase GRK1). It
has been shown to modulate key regulatory neurosignaling enzymes in a
calcium-dependent manner. In contrast to NCS-1 no clear function could
be attributed to NVP-3 so far. The morphological distribution in certain
brain nuclei, transmitter systems, or neuron or glia cell types may offer
some clues to understand the biological function of the NVP-3 protein.
In the present investigation, therefore, highly specific antibodies were
raised to NCS-1 and NVP-3, precisely dicriminating between these two
and other members of the family. Using these tools, the regional, cellular
and subcellular distribution of NCS-1 and NVP-3 was analyzed in the
raphe nuclei, substantia nigra compacta (SNc), and ventral tegmental area
(VTA). The corresponding target areas were included to obtain
information, wether modulation of neuronal activity by these proteins is
restricted to cell bodies and major dendrites or may extend to efferent
axons including synaptic terminals.
Supported by DFG (VE 187/1-2, INK 21)
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DISTRIBUTION OF mRNA FOR VANILLOID RECEPTOR SUBTYPE 1 (VR1),
AND VR1-LIKE IMMUNOREACTIVITY IN THE CENTRAL NERVOUS
SYSTEM OF THE RAT. Eva Mezey1, Zs, Toth2, T.B, Usdin2.*P.R, Cortright3,
J.E, Krause3, R. Elde4, A, Guo4, P.M, Blumberg5 and A. Szallasi5 'NINDS, 2NIMH,
5NCI, NIH, Bethesda, MD, 20892 USA, 3Neurogen Corporation, Branford, CT
06405, 4 Dept. of Cell Biology and Anatomy, University of Minnesota, MN 55455,
The cloned vanilloid receptor VR1 has attracted recent attention as a
molecular integrator of painful stimuli by primary sensory neurons. The vagal
nodose ganglion also contains VR1-expressing neurons. The existence of vanilloidsensitive intrinsic neurons in the brain is, however, controversial. In this study, we
used an antibody and an in situ hybridization probe to explore the distribution of
neurons that express VR1 in rat and human brain. In the rat, we observed VR1expressing neurons throughout the neuraxis, including all cortical areas (in layer 3
and 5), several regions of the limbic system (e.g. hippocampus, central amygdala,
and both medial and lateral habenula), striatum, hypothalamus, centromedian and
paraventricular thalamic nuclei, substantia nigra, reticular formation, locus ceruleus,
cerebellum, and inferior olive. VRl-immunopositive cells were also found in the 3rd
and 5lh layers of human parietal cortex. Specifically designed PCR probes (that do
not recognize mRNA for the recently cloned VR1 homologues) confirmed the
presence of VR1 mRNA in the rat cortex. Neonatal capsaicin treatment depleted
VRl-expressing cells from the spinal nucleus of the trigeminal nerve, but not from
other areas such as the inferior olive. The finding that VR1 is expressed not only on
primary sensory neurons but also in several brain nuclei is of great importance in
that it places vanilloid receptors in a much broader perspective than pain perception.
Vanilloid receptors in the brain (and putative endogenous vanilloids) may be
involved in the control of emotions, learning, satiety, just to name a few exciting
possibilities.

INTRA-ACCUMBENS
PHOSPHODIEPRYL-08
POTENTIATES
THE
NEUROTENSIN INDUCED INCREASE IN LOCAL GABA RELEASE IN THE
AWAKE RAT. W.T, O'Connor*, J.C, Glennon. B, Nic Niocaill. B, J, Van Vliet1. S.K,
Long1 and C. Kruse1. Department of Human Anatomy and Physiology, University
College, Dublin, Ireland. ’Department of CNS Pharmacology, Solvay Pharmaceuticals,
Weesp, The Netherlands.
We investigated the effect of intra-accumbens perfusion with the phosphonamide
peptide N-(2-(2-naphtyl))ethylphosphonyl-glycyl-proply-norleucine (phosphodiepryl08) which potently inhibits the hydrolysis of neurotensin (NT) by endopeptidase
3.4.24.15 and 3.4.24.16, on the NT-induced increase in local GABA release in the
awake freely moving rat. The effect of the NT receptor antagonist SR48692 on the
phosphodiepryl-08 induced potentiation of the NT-induced increase in local GABA
release was also investigated.
Basal GABA levels were 18.4+0.8nM (n=7). Intra-accumbens NT (lOnM) rapidly
increased GABA release (+72±21% v’s basal, 40min, n=5) while the lOOnM
concentration of phosphodiepryl 08 was without effect at this time period (n=4).
However, when phosphodiepryl-08 was perfused together with NT, a strong potentiation
of the NT-induced increase in GABA release (+140±25%, 80min, n=4), characterized
by a more rapid and prolonged response was observed. Furthermore, local perfusion
with SR48692 (0.1 and lOOnM) concentration dependently counteracted this
phosphodiepryl-08 induced potentiation of the NT-induced increased in GABA release
(n=4-7).
Taken together, these findings provide strong in vivo evidence for a key role of the
endogenous endopeptidases 3.4.24.15 and/or 3.4.24.16 in mediating NT-induced
activation of GABA levels in the nucleus accumbens and confirm the role of local NI’
receptor activation in eliciting this effect. We also demonstrate that the peptidase
inhibitor phosphodiepryl-08 is a powerful and selective agent to potentiate NT-induced
nucleus accumbens GABA transmission in intact conscious brain.
Supported by Solvay Pharmaceuticals (The Netherlands) and The Health Research
Board (Ireland).

481.3

481.4

INTERACTION OF METABOTROPIC AND IONOTROPIC GLUTAMATE
RECEPTORS IN RAT CEREBELLUM NEURONS. A. Boldyrev1*, M. Yuneva1,
R. Song2, D, Lawrence2, D. Carpenter3, 'international Center for Biotechnology of
Moscow State University, 119899 Moscow, Russia; 2Wadsworth Center for
Laboratories and Research, University at Albany, SUNY, NY 12201-0509, USA;
3School of Public Health, University at Albany, 1 University Place, Rensselaer, NY
12144-3456, USA.
Neuronal cells prepared from cerebellum of 12 days old rat by mild treatment with
dispase were used to measure generation of reactive oxygen species (ROS) by flow
cytometry technique. Activation of ionotropic glutamate receptors by NMDA or
kainate (KA) resulted in increase in dichlorofluoresceine (DCF) signal reflecting
intracellular ROS production. In both cases ROS level was dose- and time-dependent
and viability of the neurons under NMDA or KA exposure decreased proportionally
to ROS production. Activation of metabotropic receptors by trans-(±)-1-Amino-1,3cyclopentanedicarboxylic acid (ACPD) increased the ROS signal induced by NMDA
and diminished that of KA. At the same time, ACPD itself increased the ROS
generation by neurons proportionally to its concentration (50-500 mkM, 30 min
incubation). L(+)-2-Amino-3-phosphonopropionic acid (AP-3), antagonist of
metabotropic glutamate receptors partially modified this effect. Viability of the
neurons under ACPD or ACPD+NMDA exposure was not changed much but was
greatly decreased when neurons were exposed to KA+ACPD (1 mM each). In
conclusion, activation of metabotropic receptors stimulates NMDA-dependent
mechanism of ROS production and inhibits that of KA-dependent reactions in
cerebellum neurons. Stimulation of metabotopic receptors increases intraneuronal
ROS level by the independent mode. The reactions resulting in ROS generation in the
neurons are under identification by the inhibitory analysis.
The work is supported by NIH ES04913 and Russian Foundation for basic
research (# 99-04-49420).

SELECTIVE SEROTONIN REUPTAKE INHIBITORS PROGRESSIVELY
ATTENUATE THE FIRING ACTIVITY OF LOCUS COERULEUS
NOREPINEPHRINE NEURONS. S.T. Szabo*, C. de Montigny and P. Blier.
Dept. of Psychiatry, McGill University, Montreal, H3A 1A1, Canada.
The effects of prolonged administration of the selective serotonin (5-HT)
reuptake inhibitor (SSRI) citalopram, and the selective norepinephrine (NE)
reuptake inhibitor desipramine on the firing of NE neurons were investigated
using in vivo extracellular unitary recordings from locus coeruleus (LC) of
chloral hydrate anaesthetized rats. Citalopram (20 mg/kg/day, s.c. via osmotic
minipumps) produced a time-dependent reduction of LC firing (12% after 2
days, 24% after 14 days and 36% after 21 days) which became significant
only after 14 days of treatment This is consistent with previous observations
using the SSRI paroxetine. In contrast, both a 2-day and a 21-day treatment
with desipramine (10 mg/kg/day) significantly reduced LC firing activity to the
same extent (73%). In control animals, the 5-HT1A agonist 8-OH-DPAT (10 50 pg/kg, i.v.) increased LC firing; this effect was abolished by long-term
treatment with both drugs indicating a desensitization of 5-HT1A receptors.
The reduction in firing induced by the 5-HT2 agonist DOI was similar in
controls (ED50=20 pg/kg, i.v.) and in desipramine-treated rats (ED50=35 pg/kg)
but was significantly attenuated by the citalopram treatment (EDso=7O pg/kg).
Since 5-HT neurons exert a tonic inhibitory effect on LC neuron firing, it
appears that enhancing 5-HT neurotransmission by sustained SSRI
administration is responsible forthe reduction of the firing rate of NE neurons.
This would result from the apparent total desensitization of 5-HT1A receptors
contributing to increase 5-HT release to such an extent that even the two-fold
attenuation in response of the postsynaptic 5-HT2 receptors would be
overcome. In conclusion, SSRIs attenuate the activity of NE neurons with a
delay that is consistent with their therapeutic action in panic disorder.
Supported by MRC grant MT-11014 and Lundbeck Canada.
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PHOSHORYLATION IS INVOLVED IN MODULATION BY SEROTONIN OF
NICOTINIC ACETYLCHOLINE RESPONSES IN AN IDENTIFIED INSECT
MOTONEUORONE. S.J.B. Butt and R.M, Pitman*. School of Biomedical Sciences,
Gatty Marine Laboratory, University of St. Andrews, Fife KYI6 8LB, U.K.
Nicotinic acetylcholine responses in the fast coxal depressor motoneurone of the
cockroach (Periplaneta americana) can be suppressed both by muscarinic agonists and
serotonin (5-HT). Modulation mediated by muscarinic receptor activation is dependent
on a rise in intracellular calcium concentration, [Ca2+]j, and involves the
phosphoinositol pathway (David and Pitman, 1996). Modulation mediated by 5-HT
also involves an indirect mechanism, since intracellular injection of GDP-P-S reduces
the ability of 5-HT to suppress nicotinic ACh responses. Normally 100 pM 5-HT
reduced nicotinic responses to 53.0 % (±S.E.M. 1.6; n=7) of control, while in the
presence of GDP-P-S 5-HT only reduced the nicotinic currents to 76.0 % (+S.E.M.
1.5, -S.E.M. 1.6) of control. Intracellular injection of the calcium chelator BAPTA did
not block the effect of serotonin (although it did enhance the control nicotinic
response). Before injection of BAPTA, 100 pM 5-HT reduced ACh responses to 56.1
% (±S.E.M. 5.5; n=5) of control amplitude, whereas, in the presence of BAPTA, 5-HT
reduced ACh responses to 39.9 % (+ S.E.M. 5.9, -S.E.M. 5.8; n=7) of the pre-BAPTA
control. This suggests that the modulatory effect of 5-HT, unlike that mediated via
muscarinic receptors, does not require an elevation in [Ca2+]j.
The protein kinase inhibitor staurosporine reversibly attenuated modulation of
nicotinic responses mediated by 5-HT, while the phosphatase inhibitor cantharidin
rendered the effects of 5-HT irreversible.
These observations indicate that modulation of nicotinic acetylcholine responses in
this motoneurone by 5-HT requires protein phosphorylation and involves intracellular
mechanisms independent of those by which muscarinic receptors produce their
modulatory action on nicotinic responses.
SJBB is supported by a studentship from the Medical Research Council of the U.K.

EVIDENCE FOR CROSS-TALK BETWEEN OPIOID AND
MUSCARINIC RECEPTORS IN SH-SY5Y HUMAN
NEUROBLASTOMA CELLS. K.M, Standifer* and P. Kelkar. Dept.
Pharmacological & Pharmaceutical Sciences, University of Houston,
Houston, TX 77204-5515.
Pain is a major component of many disease states and its management is
critical. Chronic use of opioids often necessitates that dosages be increased to
produce equianalgesic effects, often resulting in an increased incidence of side
effects. Opioids mediate analgesia through supraspinal and spinal pathways, each
containing at least one p, 8 or k receptor subtype. Convergence of opioid and
other analgesic pathways (e.g. adrenergic, cholinergic) produces an analgesic
synergy that allows lower doses of analgesic to be used. Previous studies have
reported that convergence at the second messenger level is responsible for an
opioid-mediated permissive increase in bradykinin-induced PI hydrolysis in
NG108-15 cells. SH-SY5Y human neuroblastoma cells contain p, 8, and K3 opioid
receptors coupled to inhibition of cAMP accumulation as well as muscarinic
receptors coupled to stimulation of IP3 formation. While opioids alone have no
effect on IP3 formation, the muscarinic agonist, carbachol, strongly stimulates
IP3 formation. However, concomitant addition of the p agonist, DAMGO (1 pM)
or the K3 agonist, NalBzoH (100 nM) significantly enhanced the PLC activation
mediated by carbachol. This neuromodulatory role for the opioids was dosedependent, blocked by opioid antagonists, and insensitive to pertussis toxin
pretreatment. The opioid mediated synergy with carbachol was sensitive to
treatment with Grix antisense (carbachol was not) and the PKC inhibitor,
chelerythrine, suggesting that carbachol activation of PKC is necessary before
opioid-mediated IP3 formation is measurable. We propose that one possible
mechanism of this synergy is that PKC phosphorylation of the GAP protein RGSZ
allows Gza to mediate the opioid effect. Supported by grant DA10738 to KMS.
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EVIDENCE FOR GABAERGIC, OCTOPAMINERGIC AND GLUTAMATERGIC
INPUTS ONTO CENTRAL CHOLINERGIC TERMINALS OF A LOCUST
SENSORY NEURON. S. Judge and B. Leitch, Department of Biological Sciences,
University of Durham, UK. SPON: British Neuroscience Association.
The monosynaptic connection between the locust forewing stretch receptor neuron (fSR)
and the first basalar motoneuron (BAI) is modulated by muscarinic cholinergic receptors
(mAChRs) located presynaptically. Studies on Locusta migratoria suggest that at least
some of these mAChRs are located on and activate GABAergic intemeurons that modulate
the fSR/BAl synapse. Electron-microscopical immunocytochemistry (EM ICC) has
revealed that the fSR receives presynaptic inputs from GABA-immunoreactive (GABA-IR)
neurons (Judge and Leitch, 1999; J. Comp. Physiol. 407. 103-114) and this is supported by
complementary electrophysiological studies. The GABA antagonist picrotoxin causes an
increase in exdtatoiy postsynaptic potential (EPSP) amplitude evoked in BAI by electrical
stimulation of the fSR. Addition of the muscarinic antagonist scopolamine to the same
preparation does not cause a further increase in EPSP amplitude indicating mAChRs are
located on inhibitory GABAergic intemeurons already rendered ineffectual though the
blockade of their GABA receptors (Judge and Leitch, 1999; J. Neurobiol. In press). EM
ICC has also revealed that the fSR and its postsynaptic member receive inputs from a
number of neurons that are not GABA-IR. Recent work has focused on identifying these
neurotransmitters and their effects on synaptic transmission at the fSR/BAl synapse.
Further EM ICC has revealed neurons presynaptic to the fSR which are immunoreactive for
glutamate but not for GABA. This indicates that glutamatergic neurons may play a role in
presynaptically modulating the fSR terminals. Additional electrophysiological studies
suggest that octopamine may also be involved in modulating the fSR/BAl synapse; the
agonist DL-octopamine (IO*4 M) caused a significant decrease in EPSP amplitude which
was reversible on washing. These recent findings suggest that neurons acting via a variety
of neurotransmitters interact to modulate the fSR/BAl synapse involved in the locust flight
sy stem. This work was funded by BBSRC and University of Durham awards to B.L.

IMMUNOHISTOCHEMICAL EVIDENCE OF A DUAL CONTROL OF
NEUROHYPOPHYSIS BY GABAERGIC AND CHOLINERGIC SYSTEMS IN

H.J. Caruncho1. W. Sieghart3. and R, Anadon1. ‘Dept. of Fundamental Biology,
Univ. of Santiago, Spain;2 Dept. of Molecular Biology, Univ. of A Corufia, Spain;3
Dept. of Biochemical Psychiatry, Vienna, Austria.
We have used an immunohistochemical approach to detect choline
acetyltransferase (CAT), glutamate decarboxylase (GAD) and GABAa receptor ct6
subunit in the hypothalamo-hypophyseal system (HHS) of species of elasmobranchs,
teleosts and chondrosteans. Neurons of the magnocellular preoptic nucleus (PON)
where CAT-immunoreactive (CATir). In trout, double labeling demonstrates that
PON Chatir neurons were also immunoreactive to neurophysin (NPir), i.e. they were
cells of the classical neurosecretory system. The preoptic-hypophyseal tract (POH)
and its terminals in the neurointermediate lobe (LNI) of the hypophysis were also
CATir/NPir. These results suggest that acetylcholine (Ach) is discharged together
with neurohypophysial octapeptides in the HHS of fishes, being probably involved in
autocrine or paracrine control of the neurohormone release. In mammals, however,
cholinergic neurons controlling of neurohormone release form a group adjacent to
the supraoptic nucleus providing a major cholinergic input to it. The LNI of the
trout also receives numerous GADir fibers whose origin could not be determined.
The PON magnocellular perikarya are also contacted by GADir fibers, but these
cells were immunonegative to GAD. In the dogfish (elasmobranch) we have also
found that the magnocellular PON neurons, as well as their fibers in the POH and
LNI, were immunoreactive to the GABAa receptor oq, subunit. These results suggest
that GABA exerts an inhibitory control on PON neurohormone secretion at the level
of their perikarya and terminals. Thus, in fishes both GABA and acetylcholine
appear to be involved in the control of neurosecretion in the neurohypophysis.
Supported by Spanish DGES, PB96-0945
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RECIPROCAL INNERVATION BETWEEN SEROTONERGIC AND
GABAERGIC NEURONS IN RAPHE NUCLEI OF THE RAT. L. G.
Harsing, Jr..* I. Kiraly and E, Bagdy. Institute for Drug Research, Ltd.,
Budapest, Hungary.
Seroton(5-HT)ergic projection neurons in the midbrain raphe nuclei
receive inhibitory influence from y-aminobutyric acid(GABA)ergic
intemeurons. Less is known, however, whether 5-HTergic-GABAergic
interaction in the raphe nuclei is reciprocal in nature. To study this
neural reciprocity, midbrain slices containing the dorsal and medial
raphe nuclei were prepared from rat brain. The slices were loaded with
either [3H]5-HT or [3HJGABA, superfused and the electrically induced
efflux of radioactivity was determined. The 5-HT1A receptor agonist 8OH-DPAT (1 pM) and the 5-HT1B receptor agonist CGS-12066B (1 pM)
inhibited the electrically stimulated [3H]5-HT and [3H]GABA release. The
5-HT1A antagonist WAY-100,135 (1 pM) was without effect on
transmitter efflux by its own but reversed the 8-OH-DPAT-induced
inhibition. CGS-12066B, but not 8-OH-DPAT, also inhibited [3H]GABA
release after depletion of 5-HTergic neurons by PCPA treatment. The
GABAa receptor agonist muscimol (30 pM) and the GABAb receptor
agonist baclofen (0.1 mM) inhibited [3H]5-HT and [3HJGABA release
and these effects were reversed by the corresponding antagonists
bicuculline (0.1 mM) and phaclofen (0.1 mM). Phaclofen by itself
increased [3H]5-HT release. Muscimol and baclofen also inhibited [3H]5HT release after depletion of GABAergic neurons by isoniazid
pretreatment. Thus, the reciprocal innervation between the 5-HTergic
and GABAergic systems may be mediated by 5-HT1A/B and GABA/vb
receptors in the raphe nuclei of the rat. (Supported by OMFB grant T
025060).

GLIAL Ca2+ ELEVATIONS MEDIATED BY METABOTROPIC
GLUTAMATE AND PURINERGIC RECEPTORS. R.J. Cormier* and
C.F. Zorumski. Department of Psychiatry, Washington University
Medical School, St. Louis, MO 63110.
Neuronal activity elicits increases in intracellular Ca2+ in glial cells,
which in turn can elevate neuronal Ca2+ and increase the efficacy of
excitatory synaptic transmission. Therefore, understanding the modulation
of glial Ca2+ elevations by neurotransmitters should aid in understanding
glial-neuronal interactions. We show that in micro-island cultures of rat
hippocampus
10 pM ACPD ((IS,3R)-1-Aminocyclopentane-1,3dicarboxylic acid) as well as 200 nM ATP elevate glial Ca2+ by promoting
release from intracellular stores.
Ca2+ elevations via metabotropic
glutamate receptor activation appear to be mediated by mGluR5 in that the
effects are mimicked by CHPG ((RS)-2-Chloro-5-hydroxyphenylglycme)
and blocked by MCPG ((S)-a-Methyl-4-carboxyphenylglycine), but not by
AIDA ((RS)-l-Aminoindan-1,5-dicarboxylie acid). Surprisingly, ACPDinduced Ca2+ elevations were also blocked by 10 pM suramin or 5 pM
PPADS (Pyridoxalphosphate-6-azophenyl-2',4'-disulphonic acid), ATP
receptor antagonists, suggesting an interaction between mGluRs and P2
purinergic receptors. Furthermore, not all glial cells displayed significant
Ca2+ elevations in response to ACPD. However, weakly responding cells
showed robust Ca24 elevations to coapplication of ACPD and 100 nM
NECA (5'-N-Ethylcarboxamidoadenosine), an adenosine receptor agonist.
These results suggest that extracellular ATP and adenosine modulate glial
Ca2+ elevations induced by metabotropic glutamate receptors. Funded by
grants from NIMH and NIA.
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EVIDENCE FOR CO-RELEASE OF NOREPINEPHRINE AND ATP
FROM NERVE TERMINALS OF RAT LOCUS COERULEUS NEURONS.
W. Poelchen, D. Sieler and P.llles* Department of Pharmacology and
Toxicology, University of Leipzig, D-04107 Leipzig, Germany
The locus coeruleus (LC) is the principal source of brain norepinephrine (NE).
In a midbrain slice preparation, using the intracellular recording technique,
biphasic synaptic potentials consisting of early depolarizing (PSP) and late
hyperpolarizing (IPSP) components are evoked by electrical stimulation. It has
been reported that the PSP is predominantly due to the release of glutamate,
GABA and ATP, whereas the IPSP is mediated by NE. Under continuous
superfusion with kynurenic acid (500 pM) and picrotoxin (100 pM), to block the
glutamatergic and GABAergic fractions of the PSP, the P2 receptor antagonist
pyridoxal-phosphate-6-azophenyl-2 ’,4’-disulphonic acid (PPADS; 30 pM)
depressed the residual PSP, whereas the IPSP remained unaffected.
Superfusion with the selective noradrenergic neurotoxin 6-hydroxydopamine
(500 pM), or the noradrenergic neuron blocker guanethidine (10, 30 pM)
inhibited both the PSP and the IPSP. PPADS (30 pM) did not noticeably alter
the depression of the PSP by guanethidine. NE (30 pM) hyperpolarized LC
neurons via a2 adrenoceptor-activation and in addition decreased both the PSP
and the IPSP. Pressure-applied a,p-methylene ATP induced depolarization
which was increased in the presence of NE. The P2Y1 receptor agonist
adenosine 5’-O-(2-thiophosphate) (ADPpS; 10 pM) also inhibited the PSP/IPSP
complex. This effect was blocked by the P1 receptor antagonist suramin (100
pM). In contrast, the hyperpolarization evoked by pressure-applied NE remained
unaffected in the presence of ADPpS. It is concluded that NE and ATP are coreleased from the dendrites or recurrent axon collaterals of LC neurons. The
release of both transmitters appears to be regulated by the activation of
presynaptic a2 adrenoceptors and/or P2Y1 receptors.
Supported by the BMBFT, IKZF Leipzig (01KS9504; C4).

YC-1 POTENTIATES NITRIC OXIDE ACTIVATION OF SOLUBLE
GUANYLYL CYCLASE IN RAT BRAIN SLICES: CHARACTERIZATION OF THE cGMP RESPONSE IN CHOLINERGIC, GABAERGIC
AND GLUTAMATERGIC NEURONS.
J. de Vente, M. Markerink-van Ittersum, W, van Staveren, and H.W.M.
Steinbusch* European Graduate School of Neuroscience, Maastricht
University, Dept. of Psych. & Neuropsychol., 6200 MD Maastricht, The
Netherlands.
NO is a potent activator of the soluble isoform of guanylyl cyclase (sGC).
sGC has a wide-spread occurrence in the CNS, as is the case for the NOsynthesizing enzyme NOS. Recently it has become evident that YC-1, a
benzylindazole derivative, stimulates sGC in an NO-independent manner
(Ko et al, Blood 84,4226 1994; Friebe et al, EMBO J. 15, 6863 (1996). We
studied the effects of YC-1 on sGC in rat brain slices incubated in vitro
using cGMP-immunocytochemistry.
YC-1 exhibited some stimulatory activity on sGC at 10 pM and higher
concentrations. However, 1 pM YC-1 already strongly potentiated the effect
of 10 pM nitroprusside. The effects of YC-1 alone or in combination with
nitroprusside were completely inhibited by the sGC inhibitor ODQ. The
effect of 100 nM atrial natriuretic peptide on cGMP levels was not
influenced by YC-1 and was not inhibited by ODQ. Double immunostaining
of cGMP-immunoreactivity with parvalbumin, acetylcholine transporter or
neuronal glutamate transporter showed that GABAergic, cholinergic and
glutamatergic neurons were involved in the cGMP response, depending on
the stimulation and the brain area studied.
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CHARACTERIZATION OF ATP RELEASE EVOKED BY
BRADYKININ AND HYPO-OSMOTIC STIMULATION IN RAT
CULTURED ASTROCYTES.

S. UENO,'* C. SATO, 2 S. USUNE 2 H. YAMADAl and
K. KATSURAGIT IDept. of Pharmacology and 2Res. Lab. of Biodynamics,
Fukuoka Univ. Sci. of Med. Fukuoka, 814-0180 JAPAN.
The aim of our study was to evaluate ATP release by various stimulation in rat
cultured astrocytes. Primary cultures of cerebral cortex astrocytes were prepared
from neonatal Wistar rats. Astrocytes were purified by shaking the flask, 1 day after
seeding dissociated cells on the flask. In the basis of glial fibrillary acidic protein
(GFAP) staining, the purity of astrocytes was more than 95% of cultured cells. For
release experiments, confluent astrocytes growing on glass coverslips were utilized.
These coverslips were immersed in recording chamber and the bath solution was
perfused continuously at 0.5ml/ min. at 37 °C. The perfusate was collected every 60
sec. The amount of ATP in the perfusate was measured using luciferin-luciferase
assay. ATP release was not detectable by application of glutamate, y-aminobutyric
acid (GABA), N-methyl-D-aspartate (NMDA) (up to 300 pM)and substance P (up to
10 pM) tested. In contrast, application of bradykinin (more than 3 pM) evoked ATP
release from astrocytes in dose-dependent manner. Bradykinin-evoked ATP release
was blocked by B2 antagonist HOE 140 (1 pM). Hypo-osmotic stimulation
(application of 30-70% reduced concentration of external NaCl) also evoked ATP
release. Since bradykinin have potency to change cell volume on astrocytes, these
results suggested that cell swelling effect of bradykinin caused ATP release. (This
work was supported by a Grant in Aid for Scientific Research (106701102) from
Ministry of Education, Science and Culture of Japan and by the grant provided by the
Ichiro Kanehara Foundation.)

THE HYPOXANTHINE ANALOGUE AIT-082 MIMICS THE ACTIVITY OF
GUANOSINE IN AFFECTING EXTRACELLULAR ADENOSINE BREAKDOWN
AND GLUTAMATE REUPTAKE IN RAT CULTURED ASTROCYTES. !E
Caciagli, 'P. Di Iorio, 1P. Giuliani, 'P. Patricelli, 2A.J. Glasky*, 3M.P, Rathbone, *R.
Ciccarelli, 'Dept. Biomed. Sciences, U Chieti, 66013 Chieti. Italy; 2NeoTherapeutics
Inc., Irvine, CA, USA; 3Dept Medicine, McMaster U, Hamilton, ON, Canada.
Rat cultured astrocytes release, in addition to adenine-based purines (ABPs),
guanine-based purines (GBPs) both during resting conditions and even more in
response to field electrical stimulation (10 Hz, 5 min). The extracellular concentration
of guanosine (Guoe) exceeds by about 2.5-fold that of adenosine (Ado). About 40%
of Guoe derives from the breakdown of released nucleotides, but it is mainly released
as such and partly is taken up by astrocytes, which also modulate the release-uptake of
glutamine (Gin)-glutamate (Glu) by a specific membrane carrier. In superfused
cultures Guoe (300 pM) does not significantly influence the basal or electrically
evoked release of ABPs, GBPs or Glu, as measured by HPLC analysis. Conversely, in
non-superfused cultures, Guoe enhances, in time-dependent fashion, the extracellular
levels of Ado, inosine (Ino) or Gin and inhibits those of Glu. All these effects are
mimicked by 100 pM AIT-082, which also enhances [Guo]e. The increase of [Ado]e
and [Ino]e is ascribable to the inhibition of the ecto-enzymes, Ado deaminase (ADA)
and purine nucleoside phosphorylase (PNP), as confirmed by specific
spectrophotometric assays by using purified enzymes (IC50 of ADA is 95 pM and 27
pM; IC50 of PNP is 75 pM and 15 pM for Guo and AIT-082, respectively).
Conversely, the decrease of [Glu]e as well as the increase of [Gln]e are likely related
to an indirect influence of Guo or AIT-082 on the Gln/Glu transporter, as the addition
to the culture medium of arachidonic acid (40 pM), which inhibits this carrier, reverts
the effects Guo or AIT-082. These effects account for the protective activity of
AIT-082 against the neuronal excitoxicity.
Support: M.U.R.S.T., Italy. Neotherapeutics Inc., Irvine, CA, U.S.A.
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EFFECT OF NITRIC OXIDE (NO) ON THE Ca2+-DEPENDENT
[l4C]GABA RELEASE FROM BRAIN CORTICAL SYNAPTOSOMES
INVOLVES OXIDATION OF SH GROUPS
P, I, Nedvetskv1 *, S. V, Konev1, and A. A, Mongin2. 1 Institute of
Photobiology, National Academy of Sciences of Belarus, Minsk 220072,
Belarus, 2 Division of Neurosurgery, Albany Medical College, Albany, NY
12208, USA.
NO has been shown to modulate neurotransmitter release
in vitro and in
vivo. We examined the mechanisms of NO action on depolarization-evoked
[14C]GABA release in preparations of rat cortical synaptosomes. NO
donors, S-nitroso-L-cysteine (5-NOC) and hydroxylamine (HX), but not
sodium nitroprusside (SNP), in concentration range of 10 pM to 1 mM
potently decreased the Ca2+-dependent (vesicular) component of [I4C]GABA
release. An inhibitor of soluble guanylyl cyclase, methylene blue (30 p.M)
did not prevent the NO donors action. In addition, a membranne-permeable
cGMP analog, dibutyryl-cGMP (1 mM) failed to mimic the NO effects on
neurotransmitter release. In the same concentration range S-NOC and HX
decreased the total content of synaptosomal sulfhydryls. This decrease
highly correlated with changes in Ca2+-dependent [14C]GABA release. In
agreement with lack of effect on [14C]GABA release, SNP did not affect
total content of SH groups. The membrane-permeable SH-reagent, Nethylmaleimide completely reassembled the effects of NO donors on
vesicular [14C]GABA release and SH-group content. These data suggest that
NO effects on presynaptic neurotransmitter release involve modification of
intrasynaptosomal SH groups.
Supported in part by the Belarussian Foundation for Basic Research (grant
MP94-46 to AAM).

HIPPOCAMPAL CHOLINERGIC RECEPTORS ALTERED BY ALPHA
ANTAGONISTS. C, Conger, P.S. Parsons. L.E. Harrell and B, Anderson*. Dept. of
Neurology and Alzheimer’s Disease Research Center. V. A Med. Ctr. and Univ. of
Alabama, Birmingham, Al. 35294.
Although neurofibrillary tangles and neuritic plaques define the pathology of
Alzheimer’s Disease (AD), almost all patients demonstrate degeneration of the
cholinergic neurons residing in the basal forebrain (i.e. medial septum, nucleus
basalis magnocellularis). Although these changes were initial felt to mediate the
cognitive deficits in AD, cholinomimetic therapies have been disappointing. Recent
evidence suggests that the balance between central noradrenergic and cholinergic
systems may be important for normal cognition. In fact, a subgroup of AD patients
do have changes in central norepinephrine activity due to degeneration of the locus
ceruleus. To determine whether these changes in NE activity could alter
hippocampal muscarinic cholinergic receptors (mAChR), we injected (IP) normal
rats for 6 weeks with either a selective eg antagonist-Prazosin (.5,1,2 mg/kg) or a
selective a2 antagonist-Atipamezole (.5,1,2 mg/kg) followed by assessment of
hippocampal mAChR, NE levels and Choline acetyltransferase activity (CAT).
Effects were found only in ventral hippocampus where both Prazosin and
Atipamezole increased affinity without affecting number of mAChR. Cat activity
was found increased in ventral hippocampus by Atipamezole and decreased in
dorsal hippocampus by Prazosin. No effect was found on NE concentration. The
similar effects of oti and a2 antagonists on the mAChR maybe due to the feet that
both would be expected to increase NE activity . In summary, Our results suggest
that altering central NE activity does influence hippocampal mAChR. Sponsored by
the Alzheimer’s Association.
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THE RESPONSE TO ACETYLCHOLINE IN THE FROG'S SACCULE IS
DIFFERENTIALLY MODULATED BY OPIOID RECEPTOR AGONISTS,
POSSIBLE EFFERENT CO-TRANSMITTERS. M.Lioudyno*. J.C.Holt, A.Puri
and P.S.Guth. Dept. of Pharmacology, Tulane University; New Orleans, LA
70112
The coexistence of classical neurotransmitters and neuropeptides is a general
phenomenon described in the central and peripheral nervous systems. The purpose
of our study was to investigate the possible modulatory role of opioid peptides as
co-transmitters in cholinergic transmission in the frog vestibular periphery.
Acetylcholine (ACh), the major efferent transmitter, induces a robust inhibition of
multiunit firing rate recorded from saccular nerve afferents, while it facilitates
afferent firing in semicircular canal. Ihe inhibition of the firing rate by ACh in
saccule is consistent with the hyperpolarizing effect of ACh revealed by
perforated patch clamp recordings from isolated saccular hair cells. The response
produced by ACh in the saccule was differentially modulated by opioid receptor
agonists. The kappa opioid receptor agonist Dynoiphin B as well as high doses of
morphine dose-dependently inhibited the ACh-produced response in multiunit
recordings from saccular nerve as well as in perforated patch clamp recordings
from saccular hair cells. In contrast, DAMGO and endomorphin-1, mu opioid
receptor agonists, as well as morphine in low doses facilitated the response to
ACh in multiunit recordings from saccular nerve. The inhibitory effect of high
doses of morphine was antagonized by naloxone and partially by the kappa
opioid receptor antagonist nor-Binaltorphimine in multiunit recordings. The
facilitating effect of morphine in low doses was blocked by naloxone and CTOP,
a mu opioid receptor antagonist. Our data show for die first time that opioid
receptor agonists, which may be co-released with ACh, modulate the AChproduced response in the frog saccule and suggest that these effects could be
mediated by opioid-like receptors.
This research work was Supported by NIH Grant DCOO3O3.

EXPRESSION OF THE P2-ADRENERGIC RECEPTOR ABOLISHED THE
INHIBITION OF THE CALCIUM CURRENT BY THE VASOACTIVE
INTESTINAL PEPTIDE RECEPTOR. C. Vasguez* and D.L. Lewis. Department of
Pharmacology and Toxicology, Medical College of Georgia, Augusta, GA 30912.
Several G protein coupled receptors exhibit tonic activity in the absence of
agonists (autoactive receptors) including the human CB 1 cannabinoid receptor (hCB 1)
and the P2-adrenergic receptor ((32-AR). Previous results from our lab demostrated that
the hCBl receptor can sequester Gl/o proteins and block signaling by other Gi/ocoupled receptors. The aim of this research was to test whether another autoactive
receptor, the 32-AR, shared this characteristic. The whole-cell variant of the pachclamp technique was used to record the Ca2+ current. The (3-adrenergic agonist
isoproterenol (10 p,M) increased the Ca2+ current 22.4±1.7% in 9 of 10 neurons
intranuclearly injected with 32-AR cDNA (100 ng/pl) compared to 3.7±O.5% (n=l 1)
in uninjected neurons. Since the (32-AR is known to couple to Gs, we predicted that Gs
proteins would be sequestered by the |32-AR. If this is true, then expression of the
AR should inhibit the signalling of the vasoactive intestinal peptide (VIP) receptor
which couples to Gs. VIP (10 p.M) inhibited the Ca2+ current 49.5±0.5% (n=5) in
uninjected neurons, but had no effect in neurons injected with the {32-AR, even when
VIP was applied before or after isoproterenol (O.2±O.8%, n=5 and l.l±1.0%, n=5,
respectively). To test whether expression of the |32-AR abolishes signaling
exclusively through Gs proteins, the a2-adrenergic agonist UK 14,304 (10 pM) was
applied. The o^-adrenergic receptor couples to Gi/0 proteins. UK 14,304 inhibited the
Ca2+ current 54.5±3.4% (n=8) in uninjected neurons and had the same effect
(53.5+4.6%, n=3) in neurons injected with the (32-AR. These results suggest that
autoactive [32-adrenergic receptors can specifically sequester Gs proteins and block the
effect of other receptors using Gs proteins.
Supported by the National Institute on Drug Abuse DA 10350.
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NMDA AND MU OPIOID RECEPTOR COLOCALIZATION IN THE
ROSTRAL AND INTERMEDIATE NUCLEI OF THE SOLITARY TRACT. L
Huang*. H, Wang and V.M, Picket Division of Neurobioiogy, Department of
Neurology and Neuroscience, Weill Medical College of Cornell University, 411 E.
69th Street, New York, NY 10021.
NMDA and Mu opioid receptors (MOR) have been implicated in the regulation
of gustatory and cardiorespiratory functions, which involve visceral reflex neurons
located in the rostral and intermediate nuclei of the medial solitaiy tract (mNTS),
respectively. We examined the ultrastructural immunocytochemical localization of
NMDAR 1 and MOR in these regions of rat brainstem to determine the functional
sites for receptor activation. NMDAR 1 were detected in dendritic and axonal
profiles throughout the mNTS containing MOR. The dendrites composed 64% (n
= 261) and 35% (n =390) of the dually labeled structures in the rostral and
intermediate mNTS, respectively. In dendrites as well as dendritic spines,
NMDAR 1 labeling was located on postsynaptic densities and membrane of smooth
endoplasmic reticulum, while MOR gold particles were seen mainly at nonsynaptic
sites on the plasma membrane. In contrast to dendrites, only 11% of the dually
labeled profiles (n = 261) in the rostral, but 46% of those (n = 390) in the
intermediate mNTS were axon terminals. The dually labeled terminals in the
intermediate mNTS showed the characteristic morphology of visceral afferents.
These were large, and formed multiple asymmetric excitatory-type synapses with
dendrites containing MOR or NMDAR1, or lacking detectable immunoreactivity.
Our results suggest that NMDAR and MOR agonists target many common
neurons throughout the mNTS, but have a more significant postsynaptic action in
the rostral, and a more significant presynaptic role involving visceral afferents in the
intermediate region. (Supported by grants from NIH: HL 18974 and from NIMH:
MH48776, MH00078).

ULTRASTRUCTURAL EVIDENCE FOR CO-EXISTENCE OF OPIOID
PEPTIDES AND GLUTAMATE IN COMMON AXON TERMINALS IN THE
LOCUS COERULEUS (LC). A. Saunders*. X, B. Liu*, P. Telegan and E.J. Van
Bockstaele*. Dept. of Path., Anat. & Cell Biol., Thomas Jefferson Univ., Phila., PA
19107; ’Dept. of Neuroscience, Univ. of CA., Davis, .
We have previously shown that a subset of axon terminals in the LC contain
both methionine'-enkephalin (ENK) and y-aminobutyric acid (GABA). However,
numerous ENK-labeled terminals lacked GABA and exhibited synaptic
specializations that were characteristic of excitatory-type synapses. To test
whether ENK co-exists with glutamate in LC axon terminals, we combined preembedding peroxidase labeling of ENK with post-embedding identification of
glutamate using an immunogold marker. Immunoelectron microscopy allowed for
precise detection of ENK and glutamate in axon terminals within the neuropil.
Although singly labeled axon terminals exhibiting immunolabeling for either ENK
or glutamate were identified in similar portions of the neuropil targeting separate
postsynaptic targets, many also converged on common dendrites. The intensity of
the peroxidase marker for ENK occasionally obscured the detection of the 1 nm
gold marker indicative of glutamate immunolabeling.
Therefore, we also
combined gold-silver localization of ENK with post-embedding labeling of
glutamate in the LC. In addition to convergent input onto common targets, a
subset of ENK-labeled terminals clearly exhibited labeling for glutamate. Dually
labeled terminals contained heterogeneous synaptic vesicles and often formed
asymmetric synapses. We previously demonstrated that the (lOR receptor was often
localized to the plasma membrane of dendrites that also exhibited immunolabeling
for either the kainate receptor subtype or the Rl subunit of the NMDA receptor.
The present data indicate that endogenous ligands for these receptors may arise
from separately labeled axon terminals which converge on common postsynaptic
targets but also from common axon terminals. These circuits may arise from
distinct afferent nuclei and/or may be differentially engaged during withdrawal
from opiates, a mechanism known to elicit hyperactivity of noradrenergic LC
neurons. Supp.: NIDA R29 DA09082, RO3 DA 10450, AHA 96002240.

481.21

481.22

COLOCALIZATION OF NITRIC OXIDE SYNTHASE AND NMDA
RECEPTOR SUBUNIT NMDAR1 IN THE RAT NUCLEUS TRACTUS
SOLITARII. L.-H. Lin*. P, C. Emson# and W. T, Talman, Dept. of Neurology,
Univ. of Iowa and VAMC, Iowa City, IA 52246. #Lab. of Molecular Neuroscience,
Barbraham Institute, Barbraham, England.
We have demonstrated that prior microinjection of 7-nitroindazole, a neuronal
nitric oxide synthase (nNOS) inhibitor, into the nucleus tractus solitarii (NTS)
attenuates depressor responses evoked by NMDA administered into the same site.
In this study, we sought to demonstrate that nNOS and NMDA receptors are
colocalized in the NTS to support the hypothesis that NO participates in NTSmediated functions, such as cardiovascular regulation, by a link to NMDA
receptors.
Double fluorescent immunohistochemistry was performed using
antibodies against nNOS and NMDAR1, the fundamental subunit for functional
NMDA receptors. The labeled brainstem sections were examined with confocal
laser scanning microscopy. Most of the NMDAR1 immunoreactivity (IR) was
observed in cell bodies and proximal dendrites of the numerous labeled cells in the
brainstem. High levels of NMDARl-IR were present in the dorsal motor nucleus
of vagus, hypoglossal nucleus and nucleus ambiguus. All subnuclei of the NTS
contained moderate levels of NMDARl-IR. The distribution of nNOS-IR in the
NTS was similar to that of earlier reports. After nNOS-IR and NMDA-IR images
were merged, we noted that in the NTS almost all NOS-IR neurons contained
NMDARl-IR but only a portion of NMDARl-IR cells contained NOS-IR
Although all NTS subnuclei contained double-labeled neurons, the central
subnucleus exhibited the highest density of double-labeled neurons. Colocalization
of NOS and NMDAR1 in the NTS provides anatomical support for the hypothesis
that NMDA receptor activation can affect NTS-controlled functions via actions on
NOS. (Support: Univ. of Iowa, VAMC, and Dept. of Neurology intramural funding
andNIHROl HL59593)

CORTICOTROPIN RELEASING FACTOR (CRF) INCREASES, AND
NEUROPEPTIDE Y (NPY) DECREASES, CYCLIC ADENOSINE MONOPHOSPHATE (CAMP) PRODUCTION IN THE IMMORTALIZED CRFEXPRESSING AR-5 NEURONAL CELL LINE. S. Sheriff1. J.J. Mulchahev23. Ai
Regmi2’3. W.T. Chance13*. A. Balasubramaniam1. J.W. Kasckow2-3. Depts. of
'Surgery and 2Psychiatry, Univ. Cincinnati, Cincinnati, OH 45267 and Cincinnati
VAMC, Cincinnati, OH 45220.
CRF is a 41 amino acid neuropeptide which is involved in the regulation of
stress responses. CRF and NPY produce reciprocal effects on anxiety in the central
nucleus of the amygdala The molecular mechanism of possible CRF-NPY
interactions in regulating anxiety behavior is not known. We recently produced an
immortalized rat amygdalar neuronal cell line (AR-5 cells) which produces CRF and
CRF-binding protein. After blocking CRF binding protein with CRF (6-33), l25ITyr°-CRF binding studies indicated the presence of specific and saturable CRF
receptors on these cells. These receptors display high affinity (K, = 0.072 ± 0.049
nM) and moderate capacity (Bmax = 6.7 ± 0.5 fmol/mg protein; mean ± SEM; n = 3).
Treatment with CRF over the range of 1 nM to 10 gM resulted in dose-dependent
increases in cAMP production. The maximum increase occurred at 1 pM (154 ± 8%
of control; n = 3), suggesting that the CRF receptors are coupled to cAMP
production. The CRF-induced increase in cAMP production was reduced to basal
levels (98 ± 8% of control) in the presence of 1 (iM NPY. Forskolin (10 p.M) and
isoproterenol (10 gM) treatment of AR-5 cells increased cAMP production to 745 ±
33% and 354 ± 69% of control, respectively. These increases were reduced to 338 ±
44% and 233 ± 33% of control, respectively, by co-treatment with NPY (1 gM).
These findings suggest the presence of NPY receptors which are negatively coupled
to cAMP production in this cell line. Furthermore, these cells express NPY as
measured by radioimmunoassay, and treatment with CRF reduced intracellular NPY
from 15.6 ±2.1 to 6.1 ± 0.8 pg/mg protein. These findings suggest that CRF and
NPY may counter-regulate each other in amygdalar neurons. JWK was supported by
KOI NIMH 001545 and a VA Merit Review 2 award.

CANNABINOID RECEPTOR LIGAND

482.1

482.2

EFFECTS OF A9-TETRAHYDROCANNABINOL ON LOCAL
CEREBRAL GLUCOSE UTILIZATION. C.S.Freedland* C.T, Whitlow,
S.L. Hart, and L.J. Porrino. Dept. of Physiology and Pharmacology, Wake
Forest University School of Medicine, Winston-Salem, North Carolina,
27157-1083 USA
Administration of A9-tetrahydrocannabinol produces a wide variety of
effects in vivo including hypothermia, reductions in motor activity, and
cognitive disruptions. Presumably these effects are related to actions at
central cannabinoid receptors. Using quantitative 2-deoxyglucose (2-DG)
autoradiography we have studied the effects of A9-tetrahydrocannabinol on
rates of local cerebral glucose utilization. The purpose of the present studies
is to assess the nature and persistence of alterations in CNS functional
activity following THC administration. Acute exposure to THC (2.5 or 10
mg/kg) produced robust global decreases in cerebral metabolism 15 minutes
post-administration. Six and 24 hours post-treatment, decreases in
metabolism were confined to limbic oriented structures and the cerebellum.
The persistence of changes in cerebral metabolism suggest that functional
alterations may persist in the absence of overt behavioral changes. At
present, studies are underway to determine if the observed decreases in
metabolism are, in fact, mediated by central cannabinoid receptors. In this
study, the effects of THC administration on cerebral metabolism will be
assessed in animals pre-treated with the cannabinoid antagonist,
SR141716A, to determine the functional role of central cannabinoid
receptors. Supported by DA06634 (LJP)

REGULATION OF UPTAKE OF THE ENDOGENOUS CANNABINOID
ANANDAMIDE BY PROTEIN KINASE C. F. Rakhshan*, T. A. Henn, and
E, L, Barker, Dept. of Medicinal Chemistry and Molecular Pharmacology,
Purdue University School of Pharmacy, West Lafayette, IN 47907-1333
Anandamide (N-arachidonylethanolamide) has been isolated from mammalian
brain and activates the same cell membrane receptors (CBI, CB2) that are
targeted by the plant-derived cannabinoid A9-tetrahydrocannabinol, the active
ingredient of marijuana. Following release, the actions of anandamide are
believed to be terminated by a two-step process comprised of cellular uptake
with subsequent metabolism by the intracellular fatty acid amidohydrolyase.
Using RBL-2H3 cells, our lab has previously reported evidence suggesting that
anandamide uptake is carrier-mediated. Our present investigation focused on
identification of intracellular mechanisms capable of regulating anandamide
uptake in RBL-2H3 cells. In this regard, pretreatment of cells with phorbol
myristate acetate (P-PMA), an activator of protein kinase C (PKC), reduced
anandamide uptake in both a concentration- and time-dependent fashion. The
effect of P-PMA was blocked by the PKC inhibitor staurosporine. Furthermore,
this effect on anandamide uptake was manifested as an increase in the
anandamide Km value with little or no change in transport capacity (Vmax).
This suggests a regulatory alteration in affinity of the uptake process for the
substrate anandamide. Our data demonstrating PKC-mediated regulation of
anandamide uptake provides further evidence that anandamide transport is
facilitated by a carrier-mediated process. The physiological significance of such
regulation will be increased by the identification of receptor-mediated pathways
and associated second messengers that provide links between other
neurotransmitters (i.e., dopamine) and regulation of the endogenous
cannabinoid system. (Support provided by Purdue University)
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482.3

482.4

NEUROTOXICITY AND PROTECTION BY CANNABINOIDS
S-Y, Zhuang , D. Bridges, E.V. Grigorenko* R. Hampson and S.A, Deadwyler,
Department of Physiology and Pharmacology, Wake Forest University, School of
Medicine, Winston-Salem, NC 27157.
Effects of cannabinoids on central nervous system are mediated through Gprotein-coupled receptors, which inhibit N-type voltage-gated Ca2+ channels. These
channels participate in release of glutamate which has been implicated in loss of
neurons from hypoxia, stroke and epilepsy. In hippocampal cultures, cannabinoids
inhibit glutamate release suggesting that they might reduce glutamate-mediated
neuronal death [Shen et al., 1998]. We have examined the effect of A9tetrahydricannabinol (THC), the principal psychoactive ingredient of marijuana, and
WIN55,212, a synthetic analog, in rat hippocampal cell cultures exposed to NMDA
(15 pM) excitoxicity or the mitochondrial uncoupler, FCCP (1 pM). Cell toxicity was
assessed by two methods: 1) measurement of lactate dehydrogenase (LDH) release
and 2) cell staining with calcein AM and ethidium bromide. Hippocampal cells were
pretreated with cannabinoids, THC (1 pM) or WIN55,212 (500 nM) for 2-15 min,
exposed to NMDA or FCCP and then incubated in the absence of all toxins with
replenished culture medium for 48 hours. Incubation with NMDA (300 min) or with
FCCP (60 min) induced 60 to 85 % cell death. We found that the number of surviving
cells is increased by 27% and 26% following pretreatment with cannabinoids
compared to NMDA- or FCCP-treated cell cultures, respectively. Detailed analyses
showed that the protective effect of cannabinoids occurred within 2 minutes of
pretreament time and was non-additive at longer incubation periods. Cannabinoid
neuroprotection was blocked by selective CB1 receptor antagonist, SR141716A,
suggesting cannabinoid-receptor mediation in both models of toxicity.
[Supported by NIDA grants DA03502, DA07625 & DA00119 to SAD; AG00743 to
EVG].

WIN55,212-2 ACTS PERIPHERALLY VIA THE CB, RECEPTOR TO REVERSE
CARRAGEENAN-INDUCED THERMAL HYPERALGESIA IN RATS. L.R.
Hedley, M.F. Jett, L.O. Jacobson, K.R. Gogas*J.C. Hunter and S.J. MacLennan .
Dept. of Analgesia, Center for Biological Research, Roche Bioscience, Palo Alto,
CA 94304
Peripheral cannabinoid receptors appear to contribute to the agonist evoked
antinociceptive effect particularly in chronic pain states. However, the relative role
of the individual cannabinoid receptor subtypes, CB1 and CB2, in mediating this
response remains to be fully elucidated. Administration ofthe endocannabinoid,
anandamide, into the footpad has been shown to reverse carrageenan-induced thermal
hyperalgesia and edema in rats in what appears to be a CB,-dependent manner
(Richardson et al, 1998). In contrast, the potential contribution of CB2 receptors has
received much less attention. The role of peripheral CB2 receptors in inflammatory
pain was therefore investigated by assessing the effects of peripherally administered
WIN55.212-2, an agonist that is 20-fold selective for CB2 over CB, receptors, on
thermal hyperalgesia induced by administration of carrageenan. WIN55,212-2 (6120 pg/rat, i.pl.) produced a dose-related anti-hyperalgesic effect, with an estimated
ED5o [95% CL] = 40 [19, 62] pg/rat. This was not a systemic effect of WIN55.212;
peripheral administration of the compound into the contralateral hindpaw had no
effect on the hyperalgesia in the carrageenan injected paw. The anti-hyperalgesic
effect of WIN55,212-2 was blocked by co-administration of the CB, selective
antagonist SR141716A (300 pg/rat, i.pl.), but was unaffected by co-administration of
SR144528 (300 pg/rat, i.pl.) a selective CB2 antagonist. Taken together, these data
support the contention that activation of peripheral CB,, but not CB2, receptors is
involved in the WIN-55, 212 reversal of hyperalgesia, a principal manifestation of
chronic, inflammatory pain states.

482.5

482.6

ENDOCANNABINOIDS: CRUCIAL FOR EARLY POSTNATAL GROWTH?
E. Fride*. Y. Ginsburg and R. Mechoulam. Dept. of Natural Products, Hebrew
University of Jerusalem; Jerusalem 91120, Israel.
We have reported recently (Di Maizo et al., Nature 386:635, 1998) that the
endocannabinoid 2-arachidonoyl glycerol (2-AG) is present in human milk and may
have relevant pharmacological effects. Hence we hypothesized that one of the
physiological roles of the newly discovered endogenous cannabinoid system
(Devane et al., Science 258:1946,1992) may be to regulate development of the
suckling newborns. In the present study we administered (s.c.) 2-AG (5, 10 or 20
mg/kg) or the CB1 receptor antagonist SR141716A (5, 10 or 20 mg/kg) to
experimental mouse litters or to half of the pups within the same litters, from day 2
of life. We measured weight gain and the presence of milk bands in the pups
following daily separation from the mothers for 2 hours. We also studied behavioral
parameters in the pups and maternal behaviors in the dams (nest building, nursing
crouching and licking of pups)
Results indicated that whereas 2-AG enhanced physical growth (weight gain),
SR141716A (20 mg/kg) completely arrested growth to such extent that most pups
had died by 5 days of age. Behavior of the drug-treated pups and maternal behavior
towards these pups were not different from control groups.
We conclude from these data that the endogenous cannabinoid system may play a
crucial role in the physical development of suckling newborns. However, since the
amount of CB1 receptors is very low in newborn rodents (McLaughlin et al., Devel.
Brain Res. 76:75,1993; Rodriguez de Fonseca et al., Neuroreport 4; 135,1993), the
mechanism by which the effects on growth are produced by CB 1 receptor ligands
should be studied further

RAPID IN VITRO SCREENING AND PHARMACOLOGICAL EVALUATION OF
NOVEL PLANT-DERIVED CANNABIMIMETIC DRUG CANDIDATES. EW Keefer*,
KD Chapman, GW Gross. Dept. of Biological Sciences and Center for Network
Neuroscience, University of North Texas, Denton, TX 76203.
We have used spontaneously active cultured neuronal networks
derived from embryonic murine spinal cord and frontal cortex to explore the
pharmacological effects of a series of NAEs found in cottonseed and peanut
oil. Acyl-ethanolamides of linolenic (18:3, a and y isomers), linoleic (18:2),
oleic (18:1), and palmitic acids (16:0) were tested singly. All NAEs except
16:0 inhibited neuronal activity in a dose-dependent, reversible fashion, and
stopped all activity in a compound-dependent range of 3-15pM. The isomers
of linolenyl ethanolamide were tested as a mixture. Preliminary data indicates
that these NAEs in combination function synergistically to inhibit network
activity. The mediation of inhibition by the CBX receptor was demonstrated
with SR141716A, a highly selective CBX antagonist. However, SR141716A
delayed, but did not prevent activity suppression at higher concentrations of
NAEs, suggesting that a component of the inhibitory effect may be CBX
receptor independent. Further pharmacological characterization of the
mechanisms of NAE inhibition indicate that some NAE's may produce their
effects via interference with tonic degradation of endogenous anandamide.
Rank-order-potencies of the plant NAE's were 18:3a >18:3y >18:2>18:1
>>>16:0. EC50s were 1.3pM, 2.1pM, 3.2pM, 6.6pM, and >50pM
respectively. The EC50 for anandamide was 0.9pM. EC50s of all effective NAEs
were shifted to the right in the presence of bicuculline by an average of 47%
(range 32-69%), in a compound-specific manner. These network responses
were highly reproducible in both intra- and inter- culture applications
(n/compound, 3-18).

This work was supported by NIDA grant #9789. SR141716A was a gift ofSanofi
Reserche, France.

Supported by DARPA and the Hogan Boyd Trust for Mental Retardation, Dallas.

482.7

482.8

THE
ANTIHYPERALGESIC
AND
ANTIALLODYNIC
EFFICACY OF INTRATHECAL R(+)-METHANANDAMIDE IN
THE RAT. J.B. Schechter* J.M. Tall, S.L. Stuesse, W.L.R. Cruce,
D.L. McBurney, and T. Crisp. Pain Interest Group, Northeastern
Ohio Universities College of Medicine, Rootstown, OH 44272.
Anandamide is a simple fatty acid ethanolamide that has
demonstrated
potential
to
be
a
natural,
endogenous
neurotransmitter-like
ligand
for
human
CB1/CB2/CB1A
cannabinoid receptors. Whereas anandamide in vivo exhibits a
remarkably short half-life, due to the action of the membrane-bound
enzyme fatty acid amide hydrolase (FAAH), R(+)-methanandamide
is a congener of anandamide that exhibits a slightly higher affinity
for the same cannabinoid receptors and is not aminopeptidase-labile.
In the present study, neuropathic pain was induced by the Bennett
and Xie (1998) sciatic nerve ligation procedure and the intrathecal
antihyperalgesic and antiallodynic effects of this putative
endogenous cannabinoid ligand were assessed as determined by a
thermal paw-withdrawal latency (PWL) meter and von Frey
filaments, respectively. Spinal doses of methanandamide that were
not found to be antinociceptive in the tail-flick paradigm produced
marked antihyperalgesic and antiallodynic responses following the
induction of peripheral nerve injury. This delineation of function
suggests both a disparity in the mechanism of acute versus chronic
pain and a potential use of methanandamide in the treatment of
neuropathic pain syndromes in humans.
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INVOLVEMENT OF DOPAMINE D3 BUT NOT D2 RECEPTORS IN THE FOSINDUCING EFFECTS OF THE CB1 CANNABINOID RECEPTOR
ANTAGONIST, SR141716. N. Bichet, N. Bensaid, M. Poncelet, P. Soubrie and
R. Alonso*. Sanofi Recherche, Dept. of Neuropsychiatry, 371 rue du Pr. J. Blayac,
34184 Montpellier Cedex 04, France.
We have shown that blockade of CB1 cannabinoid receptors with SR141716
induced Fos expression in rat brain with a regional pattern of distribution similar to
that of atypical neuroleptics drugs (i.e. clozapine). Furthermore, like neuroleptic
drugs, the Fos-inducing effects of SR141716 were reversed by quinpirole, but not by
SCH23390 (Alonso et al., 1999, Neuroscience, In press). Given the lack of
selectivity of quinpirole for the dopamine receptor subtypes D2, D3, D4, we have
tested whether D2 or D3 receptors might be involved in the Fos-inducing effects of
SR141716 by using D2 or D3 knock-out mice.
In wild-type mice, as observed in rats, SR141716 (10 mg/kg, i.p.) increased the
number of Fos-like immunoreactive cells within brain regions including the shell of
the nucleus accumbens (+ 100 %), the ventrolateral septum (+ 80 %) and the
prefrontal cortex (+ 70%). In these regions, the Fos-inducing effects of SR 141716
remained unchanged in D2 knock-out mice. In contrast, SR141716 was unable to
increase Fos-like immunoreactivity in the nucleus accumbens of D3 knock-out mice.
The Fos induction by SR141716 was also reduced, but to a lesser extent (40 %), in
the ventrolateral septum and was unaffected in the prefrontal cortex of. D3 mutant
mice.
The present study indicates that the Fos induction by SRI41716 in the nucleus
accumbens requires D3 receptors, whereas it is partly dependent on D3 receptors in
the ventrolateral septum and independent on D3 receptors in the prefrontal cortex. In
contrast, D2 receptors are not involved in the Fos-inducing effects of SR141716 in
any of the brain regions examined. For comparison, the effects of clozapine and
haloperidol on Fos expression in D2 and D3 mutant mice will be also presented.
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482.9

482.10

DISTRIBUTION OF [3H] SR 141716A BINDING SITES IN THE NON-HUMAN
PRIMATE BRAIN. H.R. Smith? J.B. Daunais? L Sim-Sellev? S.R. Childers? and
L.J. Porrino1*. ‘Department of Physiology and Pharmacology, Wake Forest
University School of Medicine, Winston-Salem, NC 27157-1083; ^Department of
Pharmacology and Toxicology, Medical College of Virginia, Richmond, VA 23298.
The recent development of the CB, receptor antagonist [3H] SR 141716A (SR) as
a ligand has made possible the characterization of cannabinoid binding sites using an
antagonist strategy. The present study describes the topography of CB, receptors in
the non-human primate brain using SR, and compares the distribution to that of [3H]
WIN 55212-2 (WIN) binding. Twenty micron sections from the brains of three
cynomolgus monkeys were incubated in either .3 nM SR or 1 nM WIN. Adjacent
sections were incubated under identical conditions in the presence of .3pM cold SR
or 1 pM cold WIN to assess non-specific binding. SR binding sites were
heterogeneously distributed throughout the non-human primate brain. Highest levels
of binding were seen in the molecular layer of the cerebellum, the internal segment
of the globus pallidus, the dentate gyrus, and the substantia nigra reticulata. Moderate
binding was observed in the external segment of the globus pallidus, striatum, cortical
areas, and C A fields of the hippocampus, while binding was light or non-detectable
in amygdala, thalamus, and brainstem. Binding patterns paralleled, in general, those
of WIN, although there were detectable differences in the brainstem, where some
nuclei, such as the dorsal motor nucleus of the vagus, did not appear to display
equivalent high concentrations of binding. Both ligands produced similar patterns of
binding in the hippocampal complex such that binding was greater in the dentate
gyrus than in the CA fields. The magnitude of difference in binding levels between
these two structures, however, was greater with SR binding than with WIN. This
study demonstrates that [3H] SR 141716A is a suitable ligand for in vitro receptor
autoradiography in the non-human primate brain. Supported by DA09085, DA06634
(LJP) and DA06784 (SRC).

CANNABINOID RECEPTOR AGONISTS STIMULATE CALCIUMDEPENDENT GLUTAMATE RELEASE IN ASTROCYTES. J.
Stevanovic1, D. Emery2* , K. Jeftiniia1, A. Jeremic1 and S. Jeftiniia1.
’Department of Biomedical Sciences,2 Department of Zoology and
Genetics, Neuroscience Program, Iowa State University, Ames, IA 50011
Cannabinoid receptors are molecular targets for marijuana and hashish,
the widespread drugs of abuse. These receptors are expressed in areas of
the central nervous system that contribute in important ways to the control
of memory, cognition, movement and pain perception. Although the
pharmacology of cannabinoid drugs is now beginning to be understood,
we still lack essential information on the endogenous signaling system(s)
by which cannabinoid receptors are normally engaged. Here we report
that in cultured astrocytes WIN-55,212, an exogenous cannabinoid
receptor agonist, and anandamide, an endogenous cannabinoid receptor
ligand, produced a calcium transient and increase in glutamate release by
binding to the CB1 receptor. A CB1 receptor antagonist SR141716A
blocked the effect of WIN-55,212 in a reversible manner. The stimulatory
effects of cannabinoids were independent of extracellular calcium and
were blocked by a phospholypase C inhibitor U73122 suggesting
involvement of the PLC and IP3 patway. When applied to mixed
astrocyte-neuron cultures WIN-55,212 and anandamide elevated calcium
in astrocytes primarily. Our results reveal a new pathway of cannabinoid
action and outline the existence of an integrated glutamatergic cross-talk
between neurons and astrocytes that may play critical roles in addiction
and neurotoxicity. Work was supported by NSF Grant IBN-9630745

482.11

482.12

CANNABINOID AGONISTS HAVE VARIOUS POTENCIES TO
INHIBIT SYNAPTIC ACTIVITY IN HIPPOCAMPAL SLICES.
Paul Schweitzer*. Department of Neuropharmacology, The Scripps
Research Institute, La Jolla CA 92037.
Cannabinoid agonists affect synaptic activity in several brain areas and
prevent long-term potentiation (LTP) in hippocampus, a brain structure
associated with learning and memory processes. Here, we investigated
cannabinoid effects on synaptic transmission and LTP in hippocampus.
Field excitatory postsynaptic potentials (fEPSP) were recorded in CAI
stratum radiatum upon Schaffer collaterals stimulation (0.033 Hz). LTP
was elicited with 1 or 2 trains of high frequency (100 Hz) stimulations.
Superfusion of 2-arachidonylglycerol (2-AG; 30 pM) decreased fEPSP
to 94% of control. Methylanandamide (mAEA; 10 pM), a non-degradable agonist, decreased fEPSP to 68% of control. The aminoalkyndole
WIN55212-2 (WIN; 2 pM) was the most potent and decreased fEPSP
to 45% of control. LTP could not be induced in the presence of 2-AG,
mAEA or WIN-2. 2-AG did not affect the maintenance phase of LTP,
but WIN was able to abolish established LTP and decreased fEPSP to
51% of pre-LTP level. All the effects of 2-AG, WIN or mAEA were
prevented by the CB1 receptor antagonist SR 141716.
The results show that cannabinoid agonists may widely differ in affecting synaptic activity. The degradation process of endogenously formed
cannabinoids may play a pivotal role to modulate receptor activity.
Supported by NIH grant K01DA00291.

CANNABINOIDS CONTROL SYNAPTIC STRENGTH AND SYNAPTIC
PLASTICITY AT GLUTAMATERGIC SYNAPSES IN PYRAMIDAL CELLS OF
RAT PREFRONTAL CORTEX. N. Auclair1. H. Daniel*1. S. Otani1. C. Itevdnds1.
P. Soubrte2 and F. Crepel1 ‘Universite Paris VI, I.D.N.CNRS 75005 Paris, France.
2Sanofi Recherche, 34000 Montpellier, France.
In this study,, we tested the selective type I cannabinoid receptor (CB-1) agonists
WIN 55,212-2 and CP55,940 and the selective CB-1 antagonist SR141716-A on
excitatory synaptic transmission and plasticity in patch-clamped layer V pyramidal
cells in rat prefrontal cortex slices. Bath application (lpM) of WIN55.212-2 oi
CP55,940 induced a long-lasting decrease of die initial slope of the monosynaptic
excitatory postsynaptic current (EPSC) evoked by stimulation to layer V. This effect
was partly or fully reversed by bath application of SR141716-A. In marked contrast to
previous studies in cerebellum or in hippocampus, bath application (lpM) d
SR141716-A alone significantly increased the initial slope of the EPSC. This effect
was partly reversed by bath application of WIN 55,212-2. Otherwise, bath application
of this agonist had no obvious effect on the voltage-dependant calcium (Ca ; current
amplitude, suggesting that postsynaptic Ca++ chanels are not specific target sites d
Cannabinoid agonists. Tetanic stimulation consisting of four trains of 100 Hz stimuli
(100 pulse) induced no changes (n=7/18), long-term depression (LTD) (n=6/18), or
long-term potentiation (LTP) (n=5/18) in control condition. When tetanus was
performed in presence of WIN 55,212-2 or SR141716-A (lpM) in the bath, the
proportion of “non plastic” cells remained unchanged but for the others, WIN
55,212-2 strongly favored LTD (n=6/7) at the apparent expense of LTP, whereas the
opposite effect was observed with SR141716-A (n=5/6). This work brings compelling
evidence for the presence of endogenous cannabinoids in the prefrontal cortex d
rodents and for their role in controlling synaptic strength and synaptic plasticity at
glutamatergic synapses in this structure. This is of prime importance, given the role ol
the prefrontal cortex in higher cognitive processes and memory fonction. (Supported
by Sanofi Recherche and Biotech (CT96-0049))

482.13
ENDOGENOUS CANNABINOID SIGNALING IN DORSAL STRIATUM IS
REGULATED BY DOPAMINE. A, Giuffrida1, L.H. Parsons2. T.M. Kerr, F2.
Rodriguez de Fonseca3, M. Navarro3 and D. Piomelli1*. ‘Dept. of Pharmacol.,
Univ. of California, Irvine, CA 92697; 2Dept. of Neuropharmacol., Scripps Res.
Inst., La Jolla, CA 92037; 3Dept. of Psychobiol., Univ. Complutense, Spain.
We examined the occurrence and regulation of endogenous
cannabinoid(eCB) release in dorsal striatum of freely moving rats, by
microdialysis and gas chromatography/mass spectrometry. Under baseline
conditions, microdialysis samples contained detectable levels of anandamide
(AEA) (1.5 ± 0.3 pmol/sample, mean ± s.e.m., n=60) , palmitylethanolamide
(0.7 ± 0.1) and oleylethanolamide (1.5 ± 0.2). By contrast, 2-arachidonylglycerol
was not detectable under these conditions. Application of a depolarizing
concentration of KCI (60 mM) to the perfusion fluid produced a significant
increase in AEA output (p<0.001 Student-Newmann-Keuls multiple
comparison test), whereas the levels of other eCB remained unchanged. The
effect of high K+ on AEA outflow was prevented either by tetrodotoxin (1 gM)
or by removal of Ca++. To determine whether activation of striatal dopamine
receptors affected AEA release, we locally applied selective Dj-like and D2-like
receptors agonists by reverse dialysis. Application of the D2-like agonist
quinpirole (QUIN) resulted in a eightfold stimulation of AEA outflow, a
response that was prevented by the D2-like antagonist raclopride (20 gM). By
contrast, administration of the Dj-like agonist SKF38393 (10 gM) had no such
effect. These results indicate that only AEA is released in the dorsal striatum
during neural activity, and that interactions between eCB and dopaminergic
systems may contribute to striatal signaling. In agreement with this
hypothesis, pretreatment with the cannabinoid antagonist SR141716A
enhanced motor activation elicited by systemic administration of QUIN,
suggesting that the eCB system may act as an inhibitory feedback mechanism
modulating dopamine facilitation of motor activity.
Neurosci. Res. Found.; NIDA (DA12447 and DA12413, to D.P.); CICYT; F.R.F.
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483.1

483.2

EFFECT OF METHOXY GROUP ORIENTATION ON THE
PHARMACOLOGY OF NOVEL SEROTONIN 2A AND 2C
RECEPTOR AGONISTS. D.M. Kurrasch-Orbaugh*, J.J. Chambers, M.

PHOSPHORYLATION OF THE SEROTONIN 5-HT2c
RECEPTOR REQUIRES THE PDZ RECOGNITION MOTIF
J. R. Backstrom*. D. T. Reasoner. and E. Sanders-Bush Department of
Pharmacology and Center for Molecular Neuroscience, Vanderbilt
University School of Medicine, Nashville, TN 37232.
The serotonin 5-HT2c receptor is a G-protein coupled receptor linked
to activation of phospholipase C and release of intracellular calcium.
Since the sites of 5-HT2c receptor phosphorylation are unknown, we
mapped regions of receptor phosphorylation and generated cell lines
expressing mutant receptors. Fibroblasts stably expressing the wild-type
rat 5-HT2c receptor were treated with trypsin in the absence or presence
of serotonin to map regions of receptor phosphorylation in a bandshift
phosphorylation assay, which detects unphosphorylated and
phosphorylated forms of the receptor. The results with two antibodies
were consistent with phosphorylation within the carboxy-terminus.
Phosphorylation of mutant receptors that lack the terminal PDZ
recognition motif (458-Ser-Ser-Val-COOH) was not detectable based on
the bandshift assay and incorporation of [32P]. Immunocytochemical and
surface biotinylation experiments demonstrated that the lack of
phosphorylation was not due to decreased levels of cell surface receptors.
S458A or S459A receptor mutations diminished serotonin-mediated
phosphorylation to 50% of wild-type receptor levels. These results raise
the possibility that phosphorylation of the 5-HT2c receptor occurs within
the PDZ recognition motif which may function in vivo to uncouple PDZ
interactions. We are currently performing functional assays to determine
if mutation of the putative 5-HT2c receptor phosphorylation sites alters
signaling properties or receptor protein-interactions. (Supported by NIH
research grants MH58839 and MH34007, AES, and NARSAD).

Parker, D.E. Nichols. Department of Medicinal Chemistry and Molecular
Pharmacology, Purdue University, West Lafayette, IN 47907.
5-HT2A receptors are believed to be involved in normal cognitive function
and represent a potential therapeutic target for atypical antipsychotic agents.
Phenethylamine agonist ligands for these receptors (e.g. DOI) typically have
freely rotating methoxy substituents. It has been hypothesized that the
methoxy groups hydrogen bond with serine residues in the ligand binding
domain of the receptor. In an attempt to study further the importance of
methoxy group orientation, a series of rigid analogs was studied. Radioligand
competition assays were performed using NIH3T3 cells stably transfected
with the rat 5-HT2A or 5-HT2c receptor, respectively. In assays using the
radiolabelled agonist [3H]DOB, the constrained methoxy groups increased the
potency of the new ligands ten-fold at the 5-HT2c receptor. To elucidate
further the structural requirements for binding, the fully aromatic analogs of
the constrained series of compounds were also synthesized. Radioligand
binding studies showed the fully aromatic compounds to have further
increased subnanomolar potency over the non-aromatic analogs, making them
the most potent ligands ever reported for the 5-HT2 family of receptors. An
enantiospecific synthesis was also used to prepare the isomers of these
compounds to determine receptor stereoselectivity. For all compounds in the
series, the R isomer is more potent at the 5-HT2A receptor, while there appears
to be little difference at the 5-HT2c receptor. These data suggest that methoxy
group orientation is crucial to high affinity agonist binding, and should be
useful in elucidating the 3-dimensional orientation of agonist ligand binding
within the receptor. These studies were supported by NIH grant DA02189

483.3

483.4

USE OF CONSTITUTIVELY ACTIVATED HUMAN 5-HT2C AND 5-HT2A
RECEPTORS TO DIRECTLY IDENTIFY INVERSE AGONISTS: EVALUATION
OF STANDARD REFERENCE COMPOUNDS. W.J. Thomsen1*, J.F. Russo1, K.
Bruinsma, C.W. Liaw, R.C.Glen2, J.R. Smith2, D.T. Chalmers1, and D.P. Behan1.
’Arena Pharmaceuticals, San Diego CA and tripos Inc., St. Louis, MO.
We have utilized mutated constitutively activated human 5-HT2c (CAR 2C) and 5HT2A (CAR 2A) receptors transiently expressed in COS7 cells to develop a high
throughput screen for identifying selective inverse agonists from small molecule
compound libraries. The primary screen utilizes [35S]GTPyS binding to membranes
prepared from COS7 cells transiently expressing human CAR 2C receptor. Active
compounds are then evaluated for their ability to compete for radioligand binding to
membranes prepared from COS7 cells transiently expressing both wild type (WT),
CAR 2C and CAR 2A receptors. Finally, active compounds are then evaluated for
their ability to inhibit basal IP accumulation in COS7 cells transiently transfected with
CAR 2A and WT 2C receptors. We note that the human WT 2C receptor shows
constitutive activation, but mutation further increases its basal activity. To validate our
approach, we have evaluated several compounds which have reported activity at
monoamine receptors to assess their competitive antagonist and inverse agonist
properties in our assay systems. To our surprise, most reported 2A/2C neutral
antagonists showed some degree of inverse agonism in either the [35S]GTPyS binding
or the IP accumulation assays. Several compounds tested in the [35S]GTPyS binding
assay do not possess inverse agonist activity and include haloperidol, thioridazine,
sulpuride, 8-hydroxy-DPAT, propanolol, phentolamine, rauwolscine, yohimbine,
pindolol, RU24.969, PAPP, TFMPP, MDL 11,939, MDL 73,005, SDZ 205,557, and
BMY 7378. Collectively, these data indicate that the use of CAR2C/2A receptors
represents a viable approach for the identification of selective 2C/2A inverse agonists.
In addition, our results also highlight the importance of inverse agonist properties of
many known drugs.

DIRECT IDENTIFICATION OF HIGH AFFINITY INVERSE AGONISTS USING
CONSTITUTIVELY ACTIVE HUMAN 5-HT2c AND 5-HT2A RECEPTORS
J.F. Russo1, W.J. Thomsen1, H.S. Reyes1, G.P. Ravelle1, K. Bruinsma1, C.W. Liaw,
R.C. Glen2, J.R. Smith2, D.T, Chalmers1, and D.P, Behan1*. ’Arena Pharmaceuticals,
San Diego, CA and 2Tripos Inc., St. Louis, MO
Selective inverse agonists to human 5-HT2A (2A) and possibly 5-HT2C (2C) receptors
have been hypothesized to hold promise as drugs to treat diseases such as
schizophrenia, depression, and anxiety. To discover such compounds from chemical
libraries, we have utilized mutated constitutively active human 2C (2C CAR) and 2A
(2A CAR) receptors coupled with receptor functional assays to develop screens. The
primary screen consists of measuring the ability of test compounds to inhibit binding
of [35S]GTPt S to membranes prepared from COS7 cells expressing 2C CAR. Optimal
assay conditions include 12.5p.g of membrane protein, lpM GDP, 0.3nM GTPy35S,
20mM MgCl2, 0.2% saponin, and incubation at ambient temperature for 60 min. The
assay also utilizes scintillant-coated microtiter plates which omit the necessity to
separate bound and free [35S]GTPyS and add scintillation cocktail for counting. The
average increase in [35S]GTPyS binding over control membranes was 82% (the
average cpm of [35S]GTPyS bound to receptor expressing membranes was 8,272+/2,526 cpm compared to 4,635+/-1,458 cpm for control membranes not expressing
receptor). After screening 18,000 compounds, a total of 464 hits were obtained, giving
a hit rate of 2.6%. After hits were reconfirmed in the same [35S]GTPyS assay, they
were next evaluated for their ability to compete for [3H]mesulergine binding to COS7
membranes expressing 2C CAR and [3H]LSD binding to membranes expressing 2A
receptors. Of the 145 reconfirmed hits, 0.1% of the compounds screened originally
also showed appreciable activity in these secondary assays. Finally, to define potential
inverse activity at the 2A CAR, compounds were evaluated for their ability to inhibit
elevated basal IP accumulation. This approach has led to the identification of several
chemically diverse selective 2C and 2A inverse agonists. The latter compounds are
currently being evaluated for efficacy in a number of animal models of schizophrenia.

483.5

483.6

Cloned human 5-HT2A, -2B, and _2C receptor activation of GTP-y-[35S]
binding to specific G proteins (Gq or Gi) measured by Immunoadsorption
Scintillation Proximity Assay (ISPA)
R. Conway, N. DeLapp, V. Lucaites, D.B. Wainscott and D. L. Nelson*
Lilly Research Laboratories, Neuroscience Division, Indianapolis, IN 46285
We have characterized & established in vitro functional assays for each of the
3 subtypes of the cloned human 5-HT2 family of receptors expressed in AV12
cells. Agonist stimulation of GTP-y -[35S] binding via coupling to G protein(s)

EXAMINATION OF RECENTLY DEVELOPED 5-HT2C RECEPTOR
AGONISTS FOR AGONIST-TRAFFICKING OF 5-HT2C RECEPTOR
STIMULATED FUNCTIONAL RESPONSE.
Y. Zhang* and J. Dunlop. Wyeth Neuroscience, 865 Ridge Road, Princeton,
NJ 08543.
The concept of agonist-directed trafficking of receptor stimulus has led to
some modification of classical pharmacological theory to accommodate the
possibility for differential agonist activation of multiple signal transduction
pathways coupled to a single receptor subtype. Such a phenomena has been
described for the human 5-HT2C receptor subtype expressed in CHO-K1 cells
where the agonist 3-trifluoromethylphenyl-piperazine was found to
preferentially activate signaling via the phospholipase C (PLC) pathway
coupled to inositol phosphate (IP) accumulation, whereas lysergic acid
diethylamide and (±)-l-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI)
favored the phospholipase A2 pathway coupled to arachidonic acid (AA)
release. In this study we have examined the effects of the recently developed 5HT2C receptor agonists Ro 60-0175 and Org 36262 on [3H]IP accumulation
and [l4C]AA release in a stable cell line expressing the human 5-HT2C
receptor. Ro 60-0175 stimulated [3H]IP accumulation and [l4C]AA release with
similar potency (30-50 nM EC50) and was equally efficacious (Emax 87-96
%) in both assays. In contrast, although Org 36262 also exhibited similar
potency (220 nM) to activate either pathway we observed a difference in the
relative efficacy for this agonist to stimulate [3H]IP accumulation (Emax 64 %)
compared with [14C]AA accumulation (Emax 41 %). These results demonstrate
the absence of agonist-directed trafficking for Ro 60-0175 and a preferential
activation of the PLC pathway by Org 36262 in this cell based system.

was measured with specific antibodies to selective Gaipha in the SPA format in
microtiter plates. ISPA lowers the background and permits measurement of
relatively small responses (e.g. Gq) with great precision. Each assay has been
optimized in terms of [membrane protein], [GDP], [Mg++], [NaCI], [antibody],
and time course. Results exhibit the following characteristic order of potency of
agonist activity at 5-HT2A, -2B, and -2c receptors coupling through Gaiphaq/n:
5-HT
Ro60
5HT2A
21.3nM 72.6
2.2
5HT2B
11 9
5HT2C -+ 2.2
1.2

DOI

3.6
14.0
3.0

mCPP
203
81.7
5.7

BW723
193
17.5
13.5

MK212 5-CT

2070
386
31.3

217
121
106

2-CH3-5HT
892
278
194

Agonist potencies (GqEC50) correlate well with receptor binding K,; ranges in
efficacies will also be presented. We have previously reported that the cloned
h5-HT2c receptor also couples through Gi (Lucaites et al Life Sci 1996). Results
for reference compounds coupling through Gq vs. Gi will be compared. Data for
antagonists of the 5-HT2 family of receptors will be presented as well. ISPA of
GTP-y-[35S] binding for specific G protein coupled receptor activation provides
High Throughput Screening capability for the development of compounds
selective within the 5-HT2 receptor family.
Funded by Lilly Research Laboratories, Eli Lilly and Company.
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483.8

ACTIVATION OF PLC AND PLA2 BY h5-HT2c RECEPTOR RNA-EDITED
ISOFORMS. K, A, Berg1*, J. D. Cropper1. C, M. Niswender2, E, Sanders-Bush2. R.
B. Emeson2 and W. P. Clarke1. ‘Department of Pharmacology, Univ. of Texas
Health Science Center, San Antonio, TX 78284 and ^Department of Pharmacology,
Vanderbilt University, Nashville, TN 37232.
The 5-HT 2c receptor couples to both the PLC-inositol phosphate (IP) and the
PLA2-arachidonic acid (AA) signaling cascades. Moreover, 5-HT2C agonists are
able to differentially activate these two signaling systems (i.e. agonist-directed
trafficking of receptor stimulus) perhaps due to agonist-dependent G protein
coupling (Berg et al., 1998. Mol Pharmacol. 55 : 94-104). For example, relative to
5-HT, agonists such as quipazine and TFMPP are better at eliciting IP than AA
while the reverse is true for agonists such as bufotenin and LSD. Recently, it has
been discovered that editing of RNA transcripts of the rat and human 5-HT2C
receptor leads to alteration in amino acids of the putative second intracellular loop,
a region known to be important for G protein coupling (Burns et al., 1997. Nature.
387 : 303-308; Niswender et al,, 1999. J. Biol. Chem. 274 : 9472-9478). In
NIH3T3 cells, agonists are generally less potent in eliciting IP at edited than for
non-edited receptors. We investigated the capacity of 5-HT2C agonists to activate
both PLC-IP and PLA2-AA in CHO cells stably expressing the non-edited (INI)
and the major RNA-edited isoforms (VGV,VSV) of the h5-HT2C receptor.
Receptor expression, as determined with [3H]-mesulergine binding, was 540, 740
and 2300 fmol/mg protein for INI, VGV and VSV isoforms, respectively. For all
three isoforms, 5-HT elicited both AA release and IP accumulation with EC50’s
(nM) of 28, 123 and 24 for IP and 8, 79 and 17 for AA; INI, VGV and VSV,
respectively. Interestingly agonist-directed trafficking appeared to be altered for
edited receptors. For example, TFMPP preferentially activated IP for INI receptors
while AA was favored for both edited receptors. Further, LSD no longer elicited
either AA or IP in cells expressing the VGV isoform. These data are consistent
with the idea that edited isoform-G protein coupling differs from that of the nonedited h5-HT2C receptor. Supported by DA09094 and NS35891.

ROLE OF G-PROTEIN RECEPTOR KINASES IN REGULATION OF 5-HT2C
RECEPTOR-MEDIATED SIGNAL TRANSDUCTION. B.P Stout*. K.A. Berg,
and W.P, Clarke. Dept. of Pharmacology, Univ. of Texas Health Science Center,
San Antonio, TX 78284
Previously we reported that agonist-induced, rapid desensitization of 5-HT2C
receptor-mediated inositolphosphate (IP) accumulation and arachidonic acid (AA)
release was agonist- and effector pathway-dependent. Both responses desensitized
rapidly (=60% loss of response within 10 min) upon pretreatment with maximal
[5-HT] (10 pM; =100% occupancy), but only the IP response desensitized upon
pretreatment with lower concentrations of 5-HT (30 nM; =50% occupancy; Soc.
Neurosci Abstr. 23:133, 1997). Here we report on the role of G-protein coupled
receptor kinases (GRKs), which phosphorylate and desensitize many G-protein
coupled receptors, in desensitization of the 5-HT2C receptor system. CHO cells
which express stably the human 5-HT2C receptor (=200 fmol/mg; 1C 19 cell line)
were transfected stably with a dominate negative GRK2 (DNGRK2) mutant (DNG
cell line). The expression of the DNGRK2 protein was verified by western blot
using an antibody for GRK2. Incubation with maximal [5-HT] (10 pM) for 10 min
produced an enhanced IP response (61 %± 14%; n=4) in the DNG cells compared to
the 1C19 cells. The enhanced signal may be due to blockade of GRK-mediated
phosphorylation of the receptor and thus reduction in IP desensitization.
Interestingly, desensitization of the IP response still occurred upon 5-HT
pretreatment (10 min; 10 pM 5-HT) in the DNG cells. In contrast, the AA
response was not enhanced in the DNG cells; however, in preliminary experiments
desensitization of the AA response produced by 5-HT pretreatment was blocked.
These data suggest that GRKs may play a role in the desensitization of 5-HT2C
receptor-mediated responses.
(Supported by NIH grant DA09094)

483.9

483.10

LOCALIZATION OF 5HT2A AND 5HT2C RECEPTORS IN SUBSTANTIA
NIGRA IN RAT: RELATIONSHIP TO DOPAMINE AND GABA
EXPRESSING NEURONS. W.A. Wolf1*, J. Campione1, A. Javed2, and T.S.
Gray2, 'Hines VA Medical Center., Hines, IL 60141 and Depts. of Pharmacology
and 2CBNA, Loyola University Medical Center., Maywood, IL. 60153
5HT2 receptors have been implicated in the motor and cognitive disruptive side
effects of antipsychotic drugs. One site where this could be mediated is the
substantia nigra. To delineate the neural circuitry involved, the location of 5HT2A
and 5HT2C receptors was mapped in the substantia nigra using nickel intensified
avidin-biotin immunocytochemistry.
Second stage immunohistochemical
reactions were conducted in some tissue to determine the relationship of 5HT2
receptor immunoreactivity to dopamine (tyrosine hydroxylase) and GABA
containing neurons.
The results demonstrate that 5HT2A and 5HT2C receptor immunoreactivities
exhibit a similar, if not identical, distribution in the substantia nigra. Most 5HT2
receptor expressing neurons were located in pars reticulata and lateral substantia
nigra. However, a number of 5HT2A and 5HT2C receptor immunoreactive neurons
were observed in pars compacta of substantia nigra. 5HT2A and 5HT2C receptor
immunoreactive neurons were located close to, but not in or on, tyrosine
hydroxylase immunoreactive expressing neurons in substantia nigra. Preliminary
evidence suggests that 2C receptors may be located in GABAergic neurons. In
summary, the data suggests that 5HT2A and 5HT2C receptors are located in similar
or the same neurons in substantia nigra. These observations suggest that 5HT2
receptors indirectly modulate dopaminergic output of the substantia nigra through
activation of adjacent GABAergic neurons. The significance of these data with
respect to the side effects of antipsychotics will be discussed. (Supported by VA
Merit Award to W.A.W.)

5-HT2C RECEPTORS ENHANCE DOPAMINE NEURONE FIRING
RATE IN THE RAT SUBSTANTIA NIGRA
C.A, Brady. N.C. Harris and N.M. Barnes* Department of Pharmacology, The
Medical School, University of Birmingham, Edgbaston, Birmingham B15 2TT
UK.
The substantia nigra in the rat receives a rich innervation of 5hydroxytryptaminergic neurones. Previous studies have demonstrated that 5-HT
(5-hydroxytryptamine, serotonin) enhances the activity of dopamine neurones in
this brain region (e.g. Rick et al., Neuroscience 69, 903-913, 1995). On the basis
of using non-selective compounds, the receptor mediating the response was
proposed to be the 5-HT2C receptor (Rick et al., 1995). In the present study, we
used the selective 5-HT2C receptor antagonist SB242084 (Barnes and Sharp,
Neuropharmacology [in press; 1999]) to characterise the 5-HT receptor agonistinduced increase in dopamine neurone activity.
Rats were anaesthetised with halothane before being killed by decapitation.
The brain was removed and transverse brain slices (400 Jim thick) were perfused
with Krebs buffer (2 ml/min) which was also used to administer drugs. A glass
microelectrode (filled with 3M NaCl) was used to perform extracellular single
unit recording of dopamine neurones in the substantia nigra.
5-HT (0.1 - 300 ]lM) and the non-selective 5-HT2C receptor agonist, DOI (10 30 gM; Barnes and Sharp, 1999) increased the firing rate of dopamine neurones
by up to 200%. The selective 5-HT2C receptor antagonist SB242084 (100 nM)
failed to alter dopamine neurone firing rate but antagonised the agonist-induced
increases in firing rate.
In summary, the ability of the selective 5-HT2C receptor antagonist SB242084
to antagonise 5-HT agonist-induced increases in the firing rate of dopamine
neurones in the rat substantia nigra provides firm evidence for the involvement
of the 5-HT2C receptor in the mediation of the response.
Supported by the MRC.

483.11

483.12

COLOCALIZATION OF SEROTONIN 2C mRNA AND GAD67 mRNA IN
MACAQUE HYPOTHALAMIC NEURONS. S. J. Mirkes andC. L. Bethea*.
Divisions of Reproductive Sciences and Neuroscience, Oregon Regional
Primate Research Center, Beaverton, OR 97006
The serotonin (5HT) 2C receptor has been implicated in a wide variety
of physiological and neuropsychiatric functions. We recently showed the
anatomical distribution of 5HT2C mRNA in the hypothalamus (hyp) of
macaques agrees with attributed physiological functions such as hormone
secretion (paraventricular, arcuate nuclei), appetite and lordosis
(ventromedial, dorsomedial nuclei), thermoregulation (anterior hyp), male
sexual behavior (lateral hyp), or blood pressure and vigilance (posterior
hyp). We now test the hypothesis that GABA neurons express 5HT2C
receptors. A monkey specific 5HT2C antisense riboprobe incorporating 35SUTP and a human GAD67 antisense riboprobe incorporating digoxigeninUTP were synthesized for double in situ hybridization. GAD67 mRNA was
detected with an anti-digoxigenin antibody bridged to alkaline
phosphatase (AP) and developed with blue/black AP substrate. 5HT2C
mRNA was detected with NTB emulsion and silver grain development.
Double-labeled cells were detected in the preoptic region and anterior hyp,
the subventricular area, a region circumscribing the ventromedial nucleus,
the dorsomedial nucleus extending into the posterior hyp and the arcuate
nucleus. Large double-labeled cells were also seen in the lateral hyp which
may anatomically reside in the globuspallidus. The reticular nucleus of the
thalamus contained cells labeled for GAD67 only and the choroid plexus
contained cells labeled for 5HT2C only. Single-labeled cells were also
observed throughout the hypothalamus. This data suggests that 5HT acts
through the 2C receptor in the primate hypothalamus, partially, via
inhibitory GABA neurons. Supported by HD17269, HD18185, RR00163.
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EXPRESSION OF 5-HT2 RECEPTORS IN TARGET CELLS USING

VECTORS. G. Singh, C, Wu, P. Dias, S. Singh*.
Imgenex Corporation, San Diego, CA 92121.
Serotonin (5-hydroxytryptamine; 5-HT) receptors are implicated in a
wide range of physiological responses associated with normal development and
are also involved in various pathological disorders. Study of the function and
mechanisms of action of each receptor requires the use of cell models that
individually express each receptor. Retroviral vectors are efficient tools for the
ectopic expression of genes since these vectors efficiently transduce dividing
cells and allow expression of the transduced genes in about 90% or more of the
target cells. In order to develop retroviral vectors encoding the 5-HT receptors,
full-length cDNAs encoding rat 5-HT2a r , 5-HT2b R, and 5-HT2cR were

RETROVIRAL

amplified from a rat cDNA library and cloned into the pCLXSN retroviral
expression vector (RetroMax System, Imgenex, CA). The pCLXSN vector
had been designed for production of high virus titers in the 293 human
embryonic kidney packaging cell line. The pCLXSN constructs encoding the
5-HT2 receptor were then transfected into 293 cells resulting in the assembly

and secretion of infectious retroviral particles that encode the 5-HT2 receptor.
The supernatants from the 293 cells containing the retroviral particles were
subsequently used to infect a variety of target cell lines. We will present data
to show retroviral transduced expression of 5-HT2AR, 5-HT2b R and 5-

HT2c R in target cells by western blot analysis and immunohistochemical
staining. (This work was supported by SBIR grant number 2R44 MH5443702 from the National Institute of Mental Health to S. Singh),
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DISSECTING ENDOGENOUS 5-HT2C RECEPTOR SIGNALING
PATHWAYS WITH MEMBRANE PERMEABLE BLOCKING
PEPTIDES. M. S. Chang*1, L. Zhang2, J. P. Tam2, and E. Sanders-Bush1. Dept

5-HT2C RECEPTOR NULL MUTANT MICE DISPLAY PARADOXICAL
HYPERACTIVITY FOLLOWING MCPP. L.K. Heisler,* P. Baiwa and L.H.
Tecott. Department of Psychiatry, University of California, San Francisco,
San Francisco, CA 94143-0984.
Paradoxical behavioral responses to nonselective neuropsychiatric drugs
are common, but not well understood. We report a paradoxical behavioral
effect following nonselective serotonin agonist m-chlorophenylpiperazine
(mCPP) treatment in animals with a targeted null mutation of the 5-HT2C
receptor gene. Although this drug typically reduces locomotor activity
levels, 5-HT2C receptor mutants significantly increase activity and rearing
following mCPP administration (2.5, 5.0, 10.0 mg/kg; IP). mCPP displays
highest affinity for the 5-HT2C receptor, but also has significant affinity for
additional serotonin receptor subtypes. As 5-HTib receptor stimulation is
associated with hyperactivity, we hypothesized that the behavioral effect of
mCPP in animals lacking 5-HT2C receptors is a result of unmasking 5-HTib
receptor stimulation. Pretreatment with the 5-HTib receptor antagonist GR
127935 (7.5 mg/kg; IP) completely abolishes mCPP (2.5 mg/kg; IP) induced
hyperactivity in the mutants. The paradoxical response of 5-HT2C receptor
mutants to mCPP does not appear to be the result of a compensatory
increase in 5-HTib receptor sensitivity, as the mutants do not exhibit
elevated locomotor responses to 5-HTib receptor agonists. Moreover,
hyperactivity responses to mCPP are reproduced in C57BL/6 mice
pretreated with the 5-HT2C receptor antagonist SB 206553 (1.0, 2.5, 5.0
mg/kg; IP), indicating that the mutant phenotype is not the consequence of
developmental perturbations. This genetically-based paradoxical drug effect
provides a model for evaluating the contribution of genetic endowment to
neurobehavioral responses to drugs.
Research supported by NARSAD (L.K.H. & L.H.T.) and NIDA (L.H.T.).

of Pharmacology and Cntr for Mol. Neurosci.1 and Dept of Microbiology and
Immunology2 Vanderbilt Univ. School of Medicine, Nashville, TN 37232.
Serotonin 2C receptor (5-HT2CR) activation induces an increase in
phosphoinositide (PI) hydrolysis. Receptor activation also results in the release
of arachidonic acid, increase in cGMP levels and modulation of potassium and
chloride channels. Recent evidence suggests that these events may not
necessarily be downstream of the PI signaling pathway, as previously
hypothesized. It is therefore critical to understand the individual contributions
of these multiple signaling pathways to 5-HT,cR activation. Currently, there
are no studies, in native systems, assessing the role of GPy subunits released
from Gq heterotrimeric proteins. Free GPy subunits activate many effectors
including phospholipase Cp (PLCP) and modulate ion channels. The GPy
subunits mediating effector activation have predominantly been observed to be
released from Gi/O helerotrimers. We are interested in determining the role of
GPy released from G(] subsequent to 5-HT2CR activation. To address these
questions, we have devised a strategy of using targeted protein-protein
disruption to specifically block a branch of the signaling pathway while
leaving the others intact. This strategy involves the introduction of peptides
that mimic the binding domains of the targeted proteins. To introduce the
peptides into cells, we have adopted a novel modular approach of peptide
synthesis. This approach entails chemical ligation of two synthetic peptides; a
functional domain (conferring targeted protein disruption) and a membrane
permeable sequence. Using these tools, we examined the PI hydrolysis
pathway upon activation of endogenous 5-HT2CRs expressed in choroid plexus
primary culture cells. Our results show that 5-HT2(-R activation of PLCp is
mediated by active Gaq subunits without contribution by free GPy subunits.
Currently, we are investigating the involvement of Gpv subunits in mediating
other pathways of the 5-HT2CR signal. (Supported by NIH grant MH34007).
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AUTORADIOGRAPHY OF SEROTONIN 5-HT2ARECEPTOR-ACTIVATED

G

M.
Adlersbergl, S.C. Hsiung^, V. ArangoL2,3 j j ManrP,^ M.D, Underwood^2, S.A.
Kassirl, K.P. Liul, S.P. Ellisand H. TamirL2,3* lpept. of Neuroscience, New
York State Psychiatric Inst. New York, NY 10032; 2Dept of Psychiatry, Columbia
Univ. College of Physicians and Surgeons, New York, NY 10032;. ^Dept of Anatomy
and Cell Biology, Columbia Univ. College of P+S, New York, NY 10032.
Agonist activation of G protein-coupled receptors induces an increase in the binding
of guanosine 5’-Y-[^^S]thio)triphosphate ([^SJGTPyS) in rat brain membranes.
This increase in binding has been used as a tool to investigate receptor interaction
with the heterotrimer guanine nucleotide-binding regulatory protein (G protein). We
now report detection of 5-HT2A receptor agonist [l-(2,5-dimethoxy-4-iodophenyl)]-2
PROTEIN: GUANOSINE-5'-(Y-[35S]THIO)TRIPHOSPHATE BINDING IN RAT BRAIN.

aminopropane (DOI) stimulated binding of [^SjGTPyS in slide mounted sections of
rat frontal cortex using in vitro autoradiography. Agonist-stimulated binding of
[35s ]GTPy S is optimized by the addition of GDP: 50 pM in isolated membranes and
100 pM in slide-mounted sections. Very similar concentrations of DOI (5.0 nM) are
required to stimulate [-^SjGTPyS binding in sections and membranes. DOI-

stimulated [^^S]GTPy S binding is abolished in the presence of the specific 5-HT2A
receptor antagonist, ketanserin (50 nM). The results were compared with activation
of receptor with 5-HT. This autoradiographic technique provides a tool to measure in
situ changes in specific receptor-Gq protein coupling in anatomically discrete brain
regions, under physiological and pathological conditions. This study was supported
by grants from American Foundation for Suicide Prevention, DK 52139, MH46745,
AA09004 and MH40210.

PHOSPHORYLATION OF THE THIRD INTRACELLULAR LOOP OF THE 5HYDROXYTRYPTAMINE2A (5-HT2A) RECEPTOR BY PROTEIN KINASE C:
RELEVANCE FOR ARRESTIN BINDING. J.A. Woods, W.K. Kroeze.D.L.
Willins*, and B.L. Roth. Dept. of Biochemistry, Case Western Reserve
University, Cleveland, OH 44106.
5-HT2A serotonin receptors are typical G-protein coupled receptors (GPCR)
composed of a putative structure consisting of seven transmembrane regions,
an extracellular N- terminus, an intracellular carboxy-terminus and three
extracellular and intracellular loops. The third intracellular loop (i3) has been
shown by recent studies in our lab to bind arrestins and other proteins. During
desensitization of many GPCRs it has been shown that arrestin binds the
activated phosphorylated receptor with high affinity and sterically inhibits Gprotein interaction to limit its catalytic activity and target the receptor for
eventual internalization. In order to further elucidate the mechanisms of arrestin
binding specifically to the 5-HT2A receptor, three potential protein kinase C
(PKC) phosphorylation sites on the third intracellular loop of the 5-HT2A
receptor (Thr 257, Ser 273, Ser291) have been identified. In vitro phosphorylation
studies with purified i3 portions of the receptor were performed and revealed
that purified PKC stochiometrically phosphorylates the i3 loop. Studies
utilitizing T257A, S273A and S291A i3 loop mutants are in progress to
determine the site(s) phosphorylated by PKC. In addition, the role of PKC
mediated phosphorylation events on 5-HT2A desensitization, arrestin binding
and subsequent internalization will be explored with transfection and
immunoprecipitation studies utilizing mutant SHT^ receptors. These findings
will refine our understanding of this particular subclass of serotonin receptors; a
precise knowledge of its regulation may eventually lead to novel treatments for
schizophrenia (Supported by MH57635, MH01366 and a NARSAD
independent Investigator Award to BLR).

484.3

484.4

PROTEINS INTERACTING WITH THE THIRD INTRACELLULAR LOOP OF
HUMAN 5-HT2A SEROTONIN RECEPTORS IDENTIFIED BY YEAST TWOHYBRID SCREENING. W.K, Kroeze*, D.L, Willins & B.L. Roth. Department of
Biochemistry, Case Western Reserve University, Cleveland, OH 44106.

AR116,102, A NOVEL HIGH AFFINITY 5HT2A RECEPTOR INVERSE AGONIST
WITH IN VIVO EFFICACY K. Warmoth1. K.A. Trujillo1. E. Ruzek1. R. Glen2, J.
Smith2, W. Thomsen3, D.P, Behan3 and D.T, Chalmers3* ‘Psychology Program, Calif.
State Univ., San Marcos, CA; 2Tripos Inc., St. Louis, MO and 3Arena
Pharmaceuticals, San Diego, CA.
Using a non-endogenous, constitutively activated 5HT2A receptor a small molecule
library was screened to directly identify compounds that have the ability to decrease
activity at the serotonin 5HT2A receptor. A small molecule was identified with high
affinity and selectivity for the 5HT2A receptor. In vitro studies suggest that this
compound, which is Chemically dissimilar to known drugs acting on this receptor, is an
inverse agonist. The present studies examined if the compound, AR 116,102, would
show effectiveness in in vivo models of 5HT2A receptor activity.
The first study examined the ability of AR 116,102 to suppress amphetaminestimulated locomotion. Adult, male Sprague-Dawley rats received vehicle or
AR116,102 (0.1-10 mg/kg s.c.) 30 minutes prior to being placed into a photocell
locomotor apparatus. Thirty minutes later, animals received amphetamine (AMPH; 1.0
mg/kg s.c.), and locomotor activity was recorded for 2 hours. Although AR116,102 had
no consistent effect by itself on locomotor behavior, it dose-dependently suppressed the
stimulant effect of AMPH with maximal effects at 1.0 mg/kg. The second study
examined the ability of AR 116,102 to reverse behavioral suppression produced by
(±)DOI. Rats received vehicle or AR116,102 (0.1-5.0 mg/kg s.c.) 30 minutes prior to
saline or DOI (0.5 mg/kg s.c.). Fifteen minutes later they were placed in a photocell
locomotor apparatus and activity was recorded for 30 minutes. Preliminary analysis of
the results suggest that AR 116,102 has the ability to interfere with DOI-suppressed
behavior at doses as low as 0.1 mg/kg, the lowest dose examined.
These results suggest that AR116.102 is a potent and selective inverse agonist at
5HT2A receptors with in vivo efficacy. This compound may be a member of a new class
of antipsychotics that act primarily via serotonergic mechanisms. Additionally, the
results demonstrate the ability of screening at activated receptors to identify novel small
molecules with potential for drug development. [Supported by Arena Pharmaceuticals
and CSU San Marcos].

Serotonin receptors are typical 7-TM G-protein coupled receptors, having a
putative topology consisting of an extracellular amino-terminus, an intracellular
carboxy terminus, and three extracellular and three intracellular loops. The 5HT2A subclass of these receptors is a site of action of drugs used to treat
schizophrenia and depression, as well as many hallucinogens. Previous work
from this lab has shown that the third intracellular (i3) loop of 5-HT2A receptors
interacts with G-proteins (Gaq), arrestins, and kinases. In order to identify
proteins that might additionally be involved in intracellular movement of these
receptors and their targetting to the membranes of apical dendrites of pyramidal
cells, a yeast two-hybrid screen of a human cDNA library was done, using the i3
loop as bait. Initial studies have identified several proteins that may interact with
the i3 loop, including several proteins associated with the cytoskeleton and
some subpopulations of Golgi vesicles. Scanning laser confocal microscopy
shows the cellular co-localization of one of these identified proteins with 5-HT2A
receptors in vivo. Experiments to confirm these interactions in vitro and in vivo,
as well as a yeast two-hybrid screen using the carboxy terminus of the receptor
as bait, are currently in progress. The results of these studies should help to
characterize proteins that regulate the functioning of 5-HT2A receptors. The
identified protein might also represent proteins that may be novel therapeutic
targets and/or loci involved in mental illness. An additional role for these
proteins may be to allow for the interaction of 5-HT2A receptors with other
classes of receptors.

(supported by NIH MH01366 and MH57635, and NARSAD)
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EVIDENCE FOR 5-HT2A RECEPTOR COUPLING TO Goa. P.J. Moore2* G,
J, Bieganski1, L J. Schutz2 and W.A. Wolf '4. ’Depts. Of Research and Biological
Psychiatry, Hines VA Hospital. Hines, IL 60141 and 2Dept. of Pharmacology,
Loyola University Stritch School of Medicine, Maywood, IL 60153.
Alterations in serotonergic neurotransmission at the 5-HT2A receptor have been
implicated in various neuropsychiatric disorders including schizophrenia and
depression. The 5-HT2A receptor is known to couple to G-proteins from the Gaq/i t
family which leads to activation of phospholipase C and increased
phosphatidylinositol hydrolysis.
Although much is known about the signal
transduction cascade of the 5-HT2A receptor, how disease or pharmacological
treatment affects 5-HT2A receptor-G-protein coupling per se is unknown. Using the
methods of solubilization and co-immunoprecipitation, we have studied the 5-HT2A
receptor-G-protein coupling in brain tissue. After incubating rat frontal cortex
membranes with CHAPS, a non-denaturing detergent, 60% of the 5-HT2A receptors
were solubilized while maintaining the pharmacology of the native membrane
receptor and its ability to couple to G-proteins. The solubilized 5-HT2A receptor
was immunoprecipitated using a mouse anti-5-HT2A antibody.
The
immunoprecipitate was processed by SDS-PAGE, and then immunoblotted for the
presence of receptor-associated G-proteins. We observed that Ga.q/n proteins were
co-immunoprecipitated with the 5-HT2A receptor. We also observed that Gai3
proteins were co-immunoprecipitated with the 5-HT2A receptor. In order to test the
functional significance of 5-HT2A receptor coupling to Gai3, we tested the ability of
the 5-HT2A/2C selective agonist DOI (10pM) to inhibit adenylyl cyclase in rat
frontal cortex membranes. DOI produced a small but reproducible inhibition of
forskolin stimulated adenylyl cyclase activity. Taken together, these data suggest
that the 5-HT2A receptor couples to Gal3 to inhibit adenylyl cyclase activity in
addition to its well known ability to couple to Gaq/i i.
Supported by PHS grant NS 36410 (W.A.W.) and V.A. Merit Award (W.A.W.).

IDENTIFICATION

OF

RAT

SEROTONIN 2A RECEPTOR

SUBTYPE

CEREBELLAR

OF

S. Hamada*, M, Narita, N. Okado

Institute of Basic Medical Sciences, University of Tsukuba, Ibaraki,
Japan

Of the 14 different serotonin receptor subtypes, serotonin^ (5-

HT2A) receptor is considered one of the most important since it is
involved in a variety of behavioral conditions and neuropsychiatric

disorders.

In the CNS, 5-HT2A receptor has been believed to be

However, 5-HT2A

present in cerebrum, but not in cerebellum.

receptor was suggested to be involved in cerebellar functions.

In

order to solve these apparent discrepancies, we identified cerebellar

subtype of 5-HTm receptor from rat cerebellum.

The nucleotide

sequence of cloned cerebellar subtype of 5-HTza receptor appeared to
be identical to the sequence of known 5-HTza receptor, but need to be
confirmed

more.

Immunoblot

analysis

with

homogenate revealed a single band of 77-78 kDa.

rat

cerebellar

Further studies are

necessary to clarify the role of 5-HTm receptor in cerebellum.

484.7

484.8

ULTRASTRUCTURAL LOCALIZATION OF THE 5HT-2A
RECEPTOR IN DOPAMINERGIC NEURONS IN THE VENTRAL
TEGMENTAL AREA.

DIFFERENTIAL ANTAGONIST MEDIATED UP- AND DOWNREGULATION OF THE 5HT2a RECEPTOR IN THE RABBIT. V. J.
Aloyo* and J. A. Harvey. Dept of Pharmacology, MCP Hahnemann
Univ., Philadelphia, PA 19129.
It is well established that both serotonin agonists and antagonists
produce a down- regulation of the 5-HT2A receptor. However, it was
recently reported that the repeated administration of a selective 5-HT2A
receptor antagonist, SR 46349B, produced receptor up-regulation. In
order to further examine the regulation of rabbit cortical 5-HT2A
receptors, we studied the effects of 8 daily injections of the agonist
(DOI, 3 pmol/kg) and the antagonists BOL (5.8 pmol/kg) and MDL
11,939 (10 pmol/kg). Twenty-four hr following the last drug injection,
the density of 5-HT>a receptors was determined by Scatchard analysis
employing 8 concentrations of the highly selective 5-HT2A receptor
antagonist [3H]MDL 100,907. Compared to vehicle treated controls,
repeated DOI and BOL administration resulted in significant decreases
In contrast, repeated
in Bmax of 59% and 51%, respectively.
MDL11,939 administration resulted in a significant 60%increase in the
Bmax for [3H]MDL 100,907. No drug treatment resulted in a significant
change in affinity. BOL is a neutral antagonist whereas MDL11,939 has
been reported to be an inverse agonist. These results are in agreement
with previous suggestions that inverse agonists are more efficacious
than neutral antagonists in producing receptor up-regulation. Supported
by a NIMH grant MH 16841.

M. D, Doherty* and V. M. Pickel. Department of Neurology and Neuroscience,
Weill Medical College of Cornell University, New York, NY 10021.
Serotonin 5-HT2A receptor antagonists are clinically effective antipsychotics
that may target dopaminergic, as well as non-dopaminergic, neurons in the ventral
tegmental area (VTA). We examined the ultrastructural localization of the 5HT2A receptor in both the parabrachial (PB) and paranigral (PN) subregions of
the VTA, to determine 1) the functional sites for receptor activation, and 2)
association with dopaminergic dendrites identified by their content of the
catecholamine synthesizing enzyme, tyrosine hydroxylase (TH).
The 5-HT2A receptor was predominantly localized to dendrites and small
unmyelinated axons, in both subregions of the VTA. In the PB subregion, 44%
of the 5-HT2A-labelled profiles were dendritic, compared to 43% in PN. Small
unmyelinated axons accounted for 31% of the total 5-HT2A labelling in PB (34%
in PN). 5-HT2A receptor labelling in dendrites was distributed both in the
cytoplasm and on the plasma membrane. The 5-HT2A receptor was also found to
be colocalized with TH, almost exclusively in dendritic processes; 37% of 5HT2A-immunoreactive profiles were dual labelled with TH in the PB subregion,
compared to 46% in PN. These results suggest that 5-HT2A receptor activation
modulates the output of dopaminergic neurons through direct action on their
dendrites, in both parabrachial and paranigral subregions of the VTA. In addition
these receptors likely play a role in activation of non-dopaminergic neurons in
VTA whose dendrites lack TH-immunoreactivity.
Supported by NIMH grants to VMP (MH 40342 and MH 00078) and FRSQ to
MDD.

484.9
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A conserved aspartic acid residue has an unexpected role in 5HT2a receptor targeting BL Roth*, WK Kroeze, DL Willins and JE

Mutations in 5-HT2A Receptor Transmembrane Region V Decrease Binding
Affinities To A Variety of Structurally Diverse Drugs.
P.A Shapiro*, W.K. Kroeze, K. Kristiansen, and B.L. Roth
Departments of Biochemistry and Psychiatry, Case Western University,
School of Medicine, Cleveland, OH 44106

Molecular modeling and site-directed mutagenesis studies of biogenic
amine G-protein coupled receptors (GPCR’s) have implicated a negatively
charged residue in transmembrane helix III (TM-Hl) in anchoring ligands. We
now report on the results from an extensive mutagenesis study of this residue
(D155) in the 5-HT2A receptor. Several mutants (D155A, -E, -N and -Q) were
constructed and stable lines prepared in HEK293 cells. Prior models of
GPCR activation have suggested that D155 may participate in receptor
activation via removal of a ‘salt-bridge’ between DI 55 and a polar group in
TM-VII (N363). According to these models, mutations of D155 or N363 which
abolish this ‘salt-bridge’ would lead to constitutive activation. None of the
tested mutants (D155A,-E,-N,-Q or N363A) led to constitutive activity. We
also tested structural analogues of 5-hydroxytryptamine (5-HT) to evaluate
the role of D155 in anchoring the terminal amine moiety of indoles. Our
results suggest that D155 anchors the terminal amine of indoles, although
some analogues behave in an anomalous manner at the D155E receptor.
These findings prompted us to then examine in detail the subcellular
distribution of the D155E mutant. We discovered, to our surprise, that D155E
was selectively retained by the endoplasmic reticulum (ER) while the native
receptor was transported to the plasma membrane. Despite the retention of
the D155E mutant by the ER, the D155E mutant was able to bind radioligands
and to modestly activate phosphoinositide hydrolysis. These results suggest
that the retention of the D155E mutant by the ER was not duetto misfolding.
Our findings suggest that residues in the transmembrane domains may be
involved in translocation of GPCR’s through the ER. Supported by grants from
NIMH (MH01366, MH57635) and Heffter Research Foundation to BLR.

Site-directed mutagenesis was used to investigate the molecular
interactions involved in ligand binding to the human 5-HT2A receptor. Based
on previous modeling studies utilizing molecular mechanics energy
calculations and molecular dynamics simulations, four highly conserved sites
in transmembrane region V were selected, each predicted to contribute to
serotonin or ketanserin binding. Mutant receptors were transiently expressed
in COS-7 cells, and receptor binding affinities were determined by inhibition
of radioligand binding. The F243A mutation completely abolished binding of
3H-ketanserin. Furthermore, this substitution decreased the receptor binding
affinities of a structurally diverse panel of drugs, including the agonists 5hydroxytryptamine (5-HT), a-Me-5-HT, and 5-Me-N,N-dimethyltryptamine, as
well as 4-iodo-3,5-dimethoxy-phenylisopropyiamine (DOI), and the
alkylpiperidine 5-HT2A receptor antagonist spiperone. The F240A mutant
produced no discernable decrease in receptor binding affinity for any of the
drugs tested, while the same substitution at F244 caused an agonist-specific
(5HT, a-Me-5-HT, Na>Me-5-HT, 5-Me-N,N-DMT, and DOI) decrease in
binding affinity (4 to 16-fold). S239A caused a similar agonist-specific
decrease in tryptamine binding affinity, though it did not significantly affect
binding of the phenylisopropylamine, DOI. Studies to determine the efficacies
and potencies of these mutants to activate PI hydrolysis are ongoing. Finally,
an updated molecular model of the receptor incorporating the above findings
is presented. (Supported by NIH MH57635, MH01366 and an award from the
Heffter Research Foundation to BLR).

Savage. Departments of Biochemistry, Psychiatry and Neurosciences,
Case Western Reserve University Medical School, Cleveland, OH
44106.
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484.11
AGONIST AND PARTIAL AGONIST REGULATION OF
SEROTONIN-2A RECEPTOR-STIMULATED INTRACELLULAR
CALCIUM MOBILIZATION IN C6BU-1 GLIOMA CELLS.
I.Miyoshi, A.Kagaya*, Y.Tawara, M.Inagaki, H.Jitsuiki, T.Kozuru,
HKatagiri, M-Takebayashi, J.Horiguchi, S.Yamawaki.
Depar. of Psychiatiy and Neurosciences, Hiroshima Univ. Sch.
Med. ;Hiroshima 734-8551
It has been suggested that patients with mood disorders have
hyper function of serotonin^ (5-HT2A) receptor-mediated intracellular
calcium ([Ca2+]j) response in platelets. We investigated the effect of
5-HT a full agonistO and l-(2,5-dimethoxy-4-iodophenyl)-2-ammopropane (DOI) a partial agonist on desensitization of 5-HT2A receptorstimulated [Ca2+]j mobilization in C6BU-1 glioma cells. The [Ca2+],
response to 5-HT and DOI was in a dose dependent manner. The
increase in [Ca2*]; caused by 10 pM 5-HT was 95.4+22.8 nM and it
by 10 pM DOI 18.8+3.9 nM. The response by 10 pM 5-HT was
reduced to 45.2+9.6% after a 3-h pretreatment with 5-HT and to
34.0+5.6% with DOI. The desensitization of [Ca2+], response to
5-HT and DOI was dependent on the dose and time of 5-HT and
DOI pretreatment. These results suggest that both 5-HT and DOI
desensitized in a similar extent after pretreatment with them in rat
glioma C6BU-1 cells.

SEROTONIN 5-HTia RECEPTOR mRNA ALTERNATIVE
SPLICING AND TRANSLATIONAL MODULATION.

K, A. Musser1. K. Herrick-Davis*1. E. Grinde1. M. Teitler1. B. D. Wilcox2.
J. J Jeffrey2. ’Department of Pharmacology and Neuroscience, department of
Biochemistry, Albany Medical College, Albany, NY 12208.

Previous studies have identified two 5-HT2A mRNA transcripts, 5.5Kb
and 5.1Kb. Herein we report that the 5-HT2a mRNA transcripts differ
in their 5’ untranslated region (UTR) by a novel alternative splicing
pathway in which a 425bp intron is removed from the middle of the
5.5Kb mRNA 5’UTR. RT-PCR identified both full-length (1.1Kb) and
a shorter, spliced (0.7Kb) 5’UTR, lacking bases 344 to 768 in rat
myometrial smooth muscle (MSM) and brain, and 358 to 797 in human
brain. A set of suboptimal, conserved pre-mRNA splice sites is
responsible for the alternative splicing. Our findings necessitate the
renaming of the introns and exons of the 5-HT2A receptor gene. In a
CAT reporter system where the 5’UTRs were inserted between an
SV40 promoter and the CAT gene, the rate of CAT translation (but not
transcription) was five-fold higher for the MSM full-length 5’UTR than
the spliced 5’UTR. Whereas the spliced 5’UTR represented
approximately 30% of the amplified cDNA from MSM total RNA, it
comprised 80% of the amplified cDNA from whole human brain total
RNA. Further studies are needed to determine the role of the two
different 5’UTRs in the complex and often paradoxical regulation of
the 5-HT2A receptor. Support: HD05291(JJJ), MH57019(KHD), MH56659(MT).

484.13

484.14

SEROTONIN 5HT2A RECEPTOR-MEDIATED ACTIVATION OF MAP
KINASE IN C6 GLIOMA CELLS. X. Xu* and K.J, Miller, Dept.
Pharmaceutical Sciences, College of Pharmacy, Nova Southeastern
University, Ft. Lauderdale, FL 33328.
Mitogen-activated protein kinase (MAPK) has been reported to play an
important role in phosphorylation cascades governing ceil growth and
protein expression. Stimulation of serotonin 5HT2A receptors has been
shown to result in the activation of MAPK in vascular smooth muscle and
bovine tracheal smooth muscle cells. We chose to examine whether 5HT2A
receptors could stimulate p42/p44 MAPK in the rat C6 glioma cell line. The
cells were cultured in DMEM containing 10% FBS at 37°C and 5% CO2.
Activation of MAPK was determined by western blot analysis using an
antibody specific for the phosphorylated form of p42/p44 MAPK. Serotonin
and the 5HT2 receptor agonist (±)-2,5-dimethoxy-4-iodoamphetamine (DOI)
both produced a dose and time-dependent activation of phospho-MAPK
expression. Activation of expression was detected within 2 min following
agonist administration and peaked at 15 min. The 5HT2 receptor antagonist
ritanserin blocked the action of the agonist ligands. Pretreatment of the cells
with the MAPK kinase (MEK) inhibitor PD098059 and the tyrosine kinase
inhibitor genistein prevented the activation of MAPK by serotonin and DOi.
An inhibitor of phospholipase C, U73122, partially blocked the stimulation
while the PKC inhibitor cheierythrine had no effect. These findings
demonstrate that the 5HT2A receptor can stimulate phospho-MAPK
expression in C6 glioma cells. The results suggest that MAPK may be an
important component of serotonin-mediated signaling cascades in glial-like
cells.

INHIBITION OF INDUCIBLE NITRIC OXIDE SYNTHASE EXPRESSION
AND INHBITORY-xBa DEGRADATION BY THE SEROTONIN 5HT2A
RECEPTOR. K.J, Miller* and X. Xu, Dept. Pharmaceutical Sciences,
College of Pharmacy, Nova Southeastern University, Ft. Lauderdale, FL
33328.

Serotonin 5HT2A receptors have been implicated as the site of action of
hallucinogenic agents and atypical antipsychotics. One possible target of
the 5HT2A receptor may be inducible nitric oxide synthase (iNOS). We
examined whether activation of 5HT2A receptors could alter the expression
iNOS protein. Serotonin and (±)-2,5-dimethoxy-4-iodoamphetamine (DOI)
reduced cytokine and LPS-mediated activation of iNOS protein expression.
The action of DOI was prevented by the 5HT2 receptor antagonists
spiperone and ketanserin and by the protein kinase C inhibitor cheierythrine.
iNOS activation has been determined to be dependent upon the
transcription factor nuclear factor-xB (NF-xB) following its dissociation from
the inhibitory subunit IxBa. We examined whether 5HT2A receptor
stimulation inhibited the processing of IxBa. 10"6 M DOI prevented cytokine
and LPS-mediated degradation of IxBa. Western blot analysis has revealed
DOI prevents polyubiquitin conjugation of IxBa, without interfering with the
phosphorylation signal. The data demonstrate a novel mechanism by which
5HT2A receptors may regulate cellular function. The link between 5HT2A
receptors, NF-xB-mediated signal transdjction and iNOS suggest that these
pathways could contribute to the effects of hallucinogenic agents and/or
psychopathologies involving serotonin.

Supported by the Nova Southeastern University Research Trust

Supported by the Nova Southeastern University Research Trust
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EFFECT OF TAMOXIFEN, RALOXIFENE AND EM-800 COMPARED TO
ESTRADIOL ON 5-HT2A RECEPTOR DENSITY AND mRNA IN RAT BRAIN.
M. Cvr* and T. Di Paolo. Oncology and Molecular Endocrinology Research Center,
CHUL, CHUQ and Laval University, Quebec, G1V 4G2, Canada
We have investigated the effect of ovariectomy (OVX) for two weeks and a
replacement therapy of two weeks with 170-estradiol, one first (tamoxifen), second
(raloxifene) and third (EM-800) generation selective estrogen receptor modulators on
the level of 5-HT^ receptor specific binding and mRNA expression in rats. Specific
binding was determined by autoradiography of frozen coronal brain slices of frontal
cortex, striatum and nucleus accumbens using 2 nM of [3H]Ketanserin and mRNA
levels was determined by in situ hybridization of coronal slices of perfused brain using
a specific 5-HT2A cRNA probe. Uterus from each animal were weighed and we
observed that estradiol treatment stimulated and increased near to intact values the
weight of uterus while tamoxifen treatment had a tendency to increase and raloxifene
and EM-800 had no effect. OVX in rats decreased 5-HTaA receptor binding and mRNA
levels in the rat cortical regions as well as in the striatum and the nucleus accumbens
which was corrected by 170-estradiol treatment. Tamoxifen treatment of OVX rats
increased the 5-HT^ receptor specific binding in the striatum while only a tendency to
an increase was observed in the frontal cortex and the nucleus accumbens. This
treatment had a tendency to increase the 5-HT^ receptor mRNA levels in the frontal
cortex but no effect was reported in the other brain regions assayed. Raloxifene
treatment, on the other hand, increased, like 170-estradiol treatment, the 5-HT^
receptor specific binding and mRNA levels in the frontal cortex, the striatum and the
nucleus accumbens while it was without effect in the other brain regions assayed.
EM-800 treatment left unchanged the level of S-HT^ receptor binding and mRNA
expression after OVX in all the brain regions assayed. The present results showed
regional specificity of the effect of treatment with 170-estradioL raloxifene or
tamoxifen on the 5-HT2A receptors while EM-800 had no effect. Supported by the
MRC of Canada.

LOCALIZATION OF 5-HT2A RECEPTORS IN RAT CEREBELLUM. G.M.
National Center for
Microscopy and Imaging Resource at San Diego, Dept. of Neurosciences, UCSD,
School of Medicine, La Jolla, CA 92093
The effects of serotoninergic neurotransmission in the CNS are mediated by a
heterogeneous population of 5-HT (5-hydroxytryptamine, serotonin) receptor subtypes.
Amongst them, 5-HT2A receptors (5-HT2A R) 31-6 of particular interest, having been
implicated in behavioral and physiological processes, as well as in a variety of
neuropsychiatric disorders, such as schizophrenia and depression. Alterations in the
number of 5-HT2AR binding sites in rodent brain have also been observed during
administration of antidepressant and neuroleptic drugs used in the treatment of such
disorders. The anatomical localization of 5-HT2AR ‘n the CNS, particularly in the
cerebellum, remains unclear and sometimes controversial, mainly due to the lack of
antibodies able to discriminate between the three 5-HT2 receptor subtypes, 5-HT2A ,5HT2B and 5-HT2CThe present study examines the distribution of 5-HT2A R 'n rat cerebellum
using a recently characterized mouse monoclonal antibody specific for the amino
terminus of 5-HT2A- The receptor was identified in protein lysates from rat cerebellum
by western blot analysis. Light and electron microscopic analyses of cerebellum showed
strong staining in the dendritic portion of Purkinje cells. Punctate labeling was
observed in the molecular layer which corresponded to labeled dendritic spines and
possibly the axons of granule cells. Weak immunoreactivity was also found in stellate
cells. In the granular cell layer, 5-HT2A staining was seen in granule cells associated
with the endoplasmic reticulum and in axons surrounding glomeruli, some of which
were myelinated, but not in the mossy fiber terminals themselves or the granule cell
dendrites. Light microscopic labeling of serotonin showed serotonergic fibers coursing
around the glomeruli and wrapping around the Purkinje cell dendritic tree. This work
has been supported by NIH NS 14718, NS24635, RR04050.
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ROLE OF PKC IN THE REGULATION OF 5-HT2A RECEPTOR
mRNA AND FUNCTION. N.R. Sullivan Hanley*, A. Anii and J.G.
Hensler, Dept. of Pharmacology, University of Texas Health Science
Center, San Antonio, TX 78284-7764.
C6 glioma cells express the 5-HT2A receptor which is coupled to
phospholipase C, the hydrolysis of membrane phosphatidylinositol (PI)
and the activation of protein kinase C (PKC). Treatment of cells with
serotonin (5-HT; 10 pM) resulted in a biphasic reduction in the maximal
stimulation (Emax) of inositol phosphate (IP) accumulation by the partial
agonist quipazine (10 min 5-HT exposure: Emax= 60 + 3 % of control;
2 hrs 5-HT exposure: Emax= 25 ± 7 % of control). Pretreatment of
cells with the PKC inhibitor bisindolylmaleimide I (BIS) (100 nM) did
not prevent the desensitization of quipazine-stimulated IP accumulation
following 10 min 5-HT exposure. BIS inhibits PKC isozymes oc, (3, 8,
y and e. These data suggest that these PKC isozymes are not involved in
the initial phase of agonist-induced desensitization of 5-HT2A receptormediated PI hydrolysis in C6 cells. Treatment of cells for 2 hrs with
5-HT resulted in a 50% reduction in 5-HT2A receptor mRNA levels as
measured by ribonuclease protection assay. Pretreatment of cells with
BIS prevented the decrease in 5-HT2a receptor mRNA induced by 2 hrs
5-HT exposure. Western blot analysis indicated the presence of PKC
isozymes a, 8 and y, but not PKC {3. Treatment of cells for 2 hrs with
5-HT resulted in a marked increase in PKCcc but no change in PKC 8
and y protein expression. These data suggest the involvement of PKCcc
in the regulation of 5-HT2a receptor mRNA by 5-HT in C6 cells.
Supported by USPHS MH 52369.

INTRACELLULAR DISTRIBUTION OF THE 5-HT2A SEROTONIN
RECEPTOR IN RAT CORTICAL NEURONS. V. Comea-Hebert *’,
K.C. Watkins
D.L. Willins 2, B.L. Roth 2 and L. Descarries ’. 1 Dep.
pathologie et biologie cellulaire and CRSN, Universite de Montreal,
Montreal, QC, Canada H3C 3J7, and 1 Depts. Psychiatry, Biochemistry and
Neurosciences, Case Western Reserve University, Cleveland, Ohio 44106.
Pre-embedding immunogold immunocytochemistry with two different
primary antibodies (Wu et al., J Histochem Cytochem, 46:811-824, 1998;
Willins et al., Synapse 27:79-82. 1997) was used to quantify the distribution
of 5-HT2A receptors in cortical neurons. In electron micro-graphs from
the parietal cortex of 4 rats, the silver-intensified immunogold particles were
counted in a narrow strip underneath the plasma membrane of labeled
dendrites (membrane compartment) and in their remaining sectional
surface (cytoplasmic compartment). The upper and lower halves of the
cortex were sampled separately and care was taken to distinguish between
larger and smaller dendrites (> or < 1 pm in diameter). In all specimens
and irrespective of the primary antibody, the ratio of particles in the
membrane versus cytoplasmic compartment was equivalent to the surface
ratio between these two compartments, excluding any enrichment in the
plasma membrane. The overall density of labeling was higher for smaller
compared to larger dendrites. As previously described, dendritic spines
were not labeled. These results confirm the largely cytoplasmic localization
of 5-HT2A receptors in cerebrocortical as well as other CNS neurons
(Comea-Hebert et al., J Comp Neurol, 409:187-209. 1999). Using this
approach, it will be of interest to determine whether the increases in
intracellular 5-HT2A immunoreactivity exhibited by cortical cell bodies
after several days of treatment with antagonists such as clozapine (Willins et
al., Ann NY Acad Sci. 861:121-127. 1998) represent increased expression
of the receptor and/or its retrograde transport from their dendrites.
[Supported by MRC (MT-3544) and NIH (MH 57635 and MH 01366)].
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Relationships of the 5-hydroxytryptamine-immunoreactive nerve terminal
network to 5-hydroxytryptamine 2A receptor-immunoreactive neuronal
processes in the rat forebrain A, .Tansson*, B. Tinner, H.W.M, Steinbusch,
L.F. Agnati, and K, Fuxe Dept. Neuroscience, Karolinska Institute, Stockholm,
Sweden; Dept. of Psychiatry and Neuropsychology, Maastricht Univ. European
Graduate School of Neuroscience (EURON), Maastricht, The Netherlands; Sect, of
Physiology, Dept. of Biomedical Sciences, Univ. of Modena, Modena, Italy
Using double labelling immunocytochemistry, the relationship between 5-hydroxytryptamine 2A receptor (5-HT2a ) and 5-hydroxytryptamine (5-HT) immunoreactivities in the forebrain of male rats has been studied at the light microscopical
level. In the olfactory bulb 5-HT2a immunoreactive processes were found to a large
extent in external plexiform layer, while 5-HT immunoreactive terminals were
found mainly in the glomerular layer. In cortical regions (frontal, parietal and
retrosplenial cortex), the strongest 5-HT2a immunoreactivity was that of the apical
dendrites of pyramidal cells in layers III to V, while 5-HT immunoreactive terminals
were present in all layers but most prominently in the outer layers. Numerous 5HT2a immunoreactive processes were found within the islands of Calleja and
Calleja magna, while 5-HT immunoreactive terminals mostly surrounded these
islands. Thus, in most regions investigated, there were few juxtapositions between
5-HT nerve terminals and 5-HT2a receptor immunoreactive neuronal structures.
This observation suggests that 5-HT2a receptor mediated 5-HT transmission in the
rat forebrain is mainly a volume transmission process mediated via short distance
diffusion in the extracellular space.

COLOCALIZATION OF 5-HYDROXYTRYPTAMINE2A AND N-METHYL-DASPARTATE RECEPTORS IN RAT MOTOR AND LIMBIC STRIATUM.

J.J. Rodriguez’, D.R. Garcia, and V.M. Pickel. Division of Neurobiology,
Department of Neurology and Neuroscience, Weill Medical College of Cornell
University, New York, NY 10021, USA.

We examined the functional sites for 5HT2AR activation and potential
interactions involving the NMDAR subunit NR1 (NMDAR1) within the
caudate-putamen nucleus (CPN) and limbic shell of the nucleus accumbens.
5HT2AR-immunolabeling was seen primarily in somata and dendrites, but was
also present in unmyelinated axons and axon terminals in the dorsolateral
CPN and the NAc shell. In each region, 30% of the labeled profiles were
dendrites that contained both 5HT2AR and NMDAR1 immunoreactivities.
Significantly fewer 5HT2AR or 5HT2AR and NMDAR1 containing dendrites
were seen, however, in the NAc shell than in the dorsolateral CPN. In
addition, NMDAR1 was observed in smaller dendrites, dendritic spines, and
axon terminals that rarely contained 5HT2AR. These results suggest that
activation of somatodendritic 5HT2AR potently controls the output of striatal
spiny neurons that are subject to more subtle modulation involving NMDAR
on distal dendrites and spines. The findings also indicate that 5HT2AR may
play a more major role in motor functions involving the CPN.

(Supported by the Swedish Medical Reseach Council, the Marcus and Marianne
Wallenberg Foundation and the Verum Foundation)

Grant sponsor: National Institute on Drug Abuse (NIDA) and National Institute
of Mental Health (NIMH); Grant numbers: DA04600, MH40342 and MH
00078.
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MULTIPLE REGULATORY ELEMENTS IN THE PROMOTER
REGION OF THE HUMAN SEROTONIN 5-HT2A RECEPTOR
GENE. J, Xu*1. K. Chen1 and J. C. ShihLT i Department of
Molecular Pharmacology and Toxicology, School of Pharmacy and
department of Cell and Neurobiology, School of Medicine,
University of Southern California, 1985 Zonal Ave., Los Angeles,
CA 90033.

IDENTIFICATION OF INTRINSIC REPORTER GENE PANEL
FOR MONITORING SEROTONIN 5-HT2A RECEPTOR
RESPONSES IN 1321N1 CELLS S.C, Sealfon*, I.A, Soussis,
B.J. Ebersole and V. Rodic. Department of Neurology. Mount
Sinai School of Medicine, New York, NY 10029
Activation of 5-HT2A receptors leads to the stimulation of various
signal transduction pathways, including phospholipase C,
phospholipase D and phospholipase A2. Specific agonists may stabilize
distinct receptor conformations that differ in their propensity to activate
specific G proteins and result in distinct patterns of activation of signal
transduction pathways. The development of a panel of genes that
respond to serotonin receptor activation could facilitate monitoring of
the effects of differential activation of these pathways by different
agonists. To identify candidate genes for this panel, all known human
genes (>4000) were tested using microarray technology. Stable cell
lines expressing the human 5-HT2A receptor were generated in 132IN 1
astrocytoma cells. One line showing coupling to phospholipase C
(EC50= 148 nM) and a level of expression of 246 fmol/mg protein
determined by saturation binding for 3H-ketanserin (Kd 0.92 nM) was
selected for initial testing. RNA samples were isolated from cells after
exposure to vehicle or 10 pM serotonin for 6 h and utilized for
microarray screening. Of the genes that exceed the > 3-fold regulation
threshold, 10 genes were selected for further study. The panel
identified includes genes involved in G-protein signaling, for example a
putative GTP binding protein and a GPCR. The response profile of the
panel of genes to different agonists is being investigated. Supported by
NIH grant DA09088.

We have previously shown that the basal promoter of the human
serotonin 5-HT2a receptor gene is located in a 0.35 kb DNA fragment
(-1314 to -964). To identify potential regulatory elements in this
region, deletion derivatives of the 0.35 kb fragment were cloned into a
luciferase reporter gene plasmid pGL2-basic, and promoter activities
were determined. Multiple regions exhibited significant regulatory
effects. A deletion from -1236 to -1188, which contains a factor b
and a Spl binding site, decreased promoter activity about two-fold,
suggesting that these factors may positively regulate the expression of
5-HT2a receptor gene. On the other hand, sequences in two other
regions (-1314 to -1258, and -1082 to -964) showed negative effects
on promoter activity. When both negative elements were deleted,
promoter activity was increased three times in HeLa cells, and ten
times in SHSY-5Y cells. These negative regulatory elements may be
in part responsible for the low level of 5-HT2A receptor found in vivo.
(Supported by NIMH grants R01 MH37020, R37 MH39085 (MERIT
Award), K05 MH00796 (Research Scientist Award), and the Welin
Professorship).
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MAPPING OF 5-HT2A RECEPTORS IN PRIMATE BRAIN: VISUALIZATION
WITH 3H-MDL100,907 AND mRNA DISTRIBUTION J.F. Lopez-Gimenez, M T.
Vilaro*, J.M. Palacios1, G. Mengod. Dep. Neurochemistry, IIBB/CSIC (IDIBAPS),
Barcelona 08034, SPAIN.
Serotonin 5-HT2A receptors have a potential role as therapeutic target for the
treatment of psychiatric disorders such as schizophrenia. The recent
characterization of 3H-MDL 100,907 as radioligand with high affinity and selectivity
for 5-HT2a receptors in several mammalian species, allows their visualization in
brain by receptor autoradiography. We have used 3H-MDL100,907 to study the
distribution of 5-HT2A receptors in monkey brain as well as to corroborate their
presence in several regions of the human brain. The mRNA distribution for this
receptor was also studied in monkey brain by in situ hybridization. The patterns
obtained for both autoradiographical signals were very similar, being widely
distributed in the different cortical areas, several thalamic nuclei, mammillary
bodies and limbic areas such as amygdala and hippocampus. In the brainstem these
receptors were mainly visualized in the motor nuclei of the cranial nerves, pontine
nuclei, inferior olive and nucleus cuneatus. The good correlation between the
distribution of 5-HT2A receptors and their mRNA suggests its somatodendritic
localization. In human brain 3H-MDL100,907 was used to visualize 5-HT2A
receptors in regions where their presence was doubtful when using 3H-ketanserin as
radioligand (caudate, putamen, dentate nucleus, substantia nigra, locus coeruleus,
raphe dorsalis and inferior olive). The caudate and putamen presented a patchy
distribution of 3H-MDL100,907 binding sites identical to that obtained with 125IDOI and different to the more homogenous distribution obtained with 3Hketanserin. The other regions showed low but significant levels of 3H-MDL100,907
specific binding. Supported by CICYT SAF 96/0336. 'Permanent address: Research
Center, Almirall Prodesfarma S.A., Barcelona.

SEROTONIN RECEPTORS: 5HT3-5HT7
485.1

485.2

HETEROMERIC 5-HT3 RECEPTORS IN RODENTS
M.C. Hanna1, P.A. Davies2, T.G. Hales2 and E.F. Kirkness1*
lrThe Institute for Genomic Research, Rockville, MD 20850; 2Dept.
Pharmacol., George Washington University, Washington DC 20037.
In order to define the composition and properties of native 5-HT3
receptors, the genes and cDNAs of potential subunits were isolated from
rodent tissues. In the mouse, genes that encode the 5-HT3a and 5-HT3b
subunits share an identical exon/intron structure. For both mouse and rat,
the 5-HT3a and 5-HT3b subunit peptides share 40% sequence identity.
Rat 5-HT3a and 5-HT3b subunits were expressed transiently in HEK293 cells, either alone, or in combination. 5-HT-activated currents were
recorded from whole cells or excised outside-out patches using the patchclamp technique. Homomeric and heteromeric receptors could be
distinguished by their differential sensitivity to tubocurarine. In common
with neuronal 5-HT3 receptors, the heteromeric receptors displayed a
clearly discernible single-channel conductance.
Cell lines that express endogenous 5-HT3 receptors (N1E-U5, NCB-20,
NG-108) were found to contain transcripts of both the 5-HT3a and 5-HT3b
subunits. In addition, the expression of endogenous 5-HT3 receptors that
accompanies differentiation of PC-12 cells, correlates with induced
expression of both 5-HT3a and 5-HT3b subunit mRNAs.
The functional properties of recombinant 5-HT3 receptors, and the
expression patterns of native 5-HT3 receptor subunits, are each consistent
with the existence of heteromeric 5-HT3 receptors in rodent cells
Funding sources: Grants from TIGR and NIH.

DIVALENT CATIONS SPEED THE KINETICS OF RECOMBINANT 5-HT3
RECEPTOR CHANNELS. Stephen F. Traynelis* and David D. Mott, Department
of Pharmacology, Emory University School of Medicine, Atlanta, GA 30322.
Using a rapid application system (exchange time < 0.5 ms), we have examined the
effect of external divalent cations (Ca2+ and Mg2+) on the kinetics of recombinant
mouse 5HT3A receptors. 5-HT3 responses from outside-out patches and whole cells
were recorded from stably transfected HEK 293 cells under voltage clamp.
Recording in the presence of a low concentration (0.25 mM) of Ca2+ and Mg2+, we
have previously suggested the existence of an agonist binding site on the 5-HT3
receptor whose occupancy after activation might facilitate rapid desensitization. In
the present study we have examined the effect of Ca2+ and Mg2+ on receptor kinetics.
At a holding potential of -75 mV, increasing the concentration of either Ca2+ or
Mg2+ to 1.3 mM markedly sped receptor kinetics. While the effect of Ca2+ and Mg2*
was qualitatively similar, Ca2+ had a markedly greater effect on response kinetics than
did Mg2+. Compared to 0.25 mM Ca2+, the rise time of the 5-HT3 current in 1.3 mM
Ca2+ decreased by 40% from 20 ms to 12 ms. Similarly, the decay time of the current
was also significantly reduced. Ca2+ produced a greater effect on deactivation rate (8
fold increase) than on desensitization rate (3 fold increase) of the receptor.
The effects of Ca2+ on response kinetics were voltage dependent, being apparent
only at hyperpolarized potentials. At low calcium concentration (0.25 mM), calcium
effects on the response kinetics were only observed at potentials below -50 mV with a
half maximal effect on decay rate at about -80 mV. In contrast, the effects of 1.3 mM
Ca2+ became apparent at a membrane potential of -25 mV, with a half maximal effect
on decay rate at about -50 mV. Calcium, thereby, shifted the voltage dependence of
5-HT3 currents to a level at which physiological changes in membrane potential
could alter receptor kinetics. These results are compatible with a model in which
calcium binding near the channel pore enhances agonist binding to a site on the
receptor whose occupancy speeds receptor kinetics. Supported by the NIMH.

485.3

485.4

PHARMACOLOGICAL AND FUNCTIONAL CHARACTERISTICS
OF SEROTONIN 5-HT3A RECEPTOR ARE SPECIFICALLY
MODIFIED BY 5-HT3B SUBUNIT. A.E. Dubin1*, R.Huvar1, M.R.
D’Andrea2, J. Pyati1, J.Y, Zhu1, K.C. Joy1, S.J, Wilson1, J.E. Galindo1,
C.A. Glass1, L.Luo1, M.R. Jackson1, T.W. Lovenberg1 and M.G.
Erlander1. 'The R.W. Johnson Pharmaceutical Research Institute, 3535
General Atomics Ct, Suite 100, San Diego, CA 92121; 2The R.W.J.
P.R.I., Welsh & McKean Roads, Spring House, PA 19477.
While homomers of 5-HT3A subunits form functional ligand-gated
serotonin receptors in heterologous expression systems, it has been
proposed that native receptors exist as heteromers. We report the cloning
of 5-HT3B with -44% amino acid identity to 5-HT3A which specifically
modified kinetics, voltagerdependence, and pharmacology of 5-HT3A
receptors expressed in Xenopus oocytes and mammalian cells. Some
functional properties differed from those described by Davies et al.
[Nature 397:359], Co-expression of 5-HT3B with 5-HT3A modified the
duration of 5-HT3 receptor agonist-induced responses, linearized the I-V
relationship, increased agonist affinity and reduced cooperativity
between subunits. RT-PCR in situ hybridization revealed co-localization
of both 5-HT3B and 5-HT3A in neurons in the amygdala, telencephalon
and entorhinal cortex. 5-HT3A and 5-HT3B mRNA were expressed in
lymphocytes in the spleen and stromal fibroblasts of the small intestine.
Thus, a subpopulation of endogenous 5-HT3 receptors appear to exist as
heteromers composed of 5-HT3A and 5-HT3B subunits. Our data suggest
5-HT3B might contribute to tissue-specific functional changes in 5-HT3mediated signaling and modulation.

TYROSINE 183 IS A DETERMINANT OF NEUROTRANSMITTER
BINDING IN THE 5-HT3 RECEPTOR. A.P. Spier1 and S.C.R, Lummis*1^
'Neurobiology Division, MRC-LMB, Hills Road, Cambridge CB2
2QH, and 2Dept. of Biochemistry, Cambridge University, Cambridge
CB2 IGA, UK.
Subunits that constitute the nicotinic acetylcholine receptor family
of neurotransmitter receptors (including GABA, glycine and 5-HT3
receptors) possess a region of sequence close to the cys-cys loop that
has been implicated as a major determinant of ligand specificity. We
have used site-directed mutagenesis to change the tryptophan (W)
residue in this region of sequence to a conserved (tyrosine, Y) and non
conserved (serine, S) amino acid residue in the 5-HT3
subunit, and
have examined the properties of the mutant homomeric receptors
using radioligand binding, whole cell patch clamp electrophysiology
and immunocytochemistry. 5-HT3 specific antisera show that both
mutant receptors can be expressed on the surface of HEK293 cells,
suggesting correct assembly and targeting. Radioligand binding
studies, however, reveal no specific binding for either mutant
receptor. Whole cell patch clamp electrophysiology, on the other
hand, whilst demonstrating no agonist-induced responses for the
S-containing mutant, does show that the Y-containing mutant is
functional, although EC50 values for agonists were up to 2 orders of
magnitude greater in this receptor. We conclude that W183 is an
important determinant of neurotransmitter binding in the 5-HT3
receptor.
(Supported by the Wellcome Trust and the MRC).
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DIBENZEPINE LIGANDS DIFFERENTIATE 5-HT3 RECEPTOR BINDING
SITES IN NATIVE AND CULTURED MURINE PREPARATIONS Z.-J,
Zhang.* B.L.Trivedi, T, de Paulis, D.E. Schmidt, W.A, Hewlett. Department of
Psychiatry, Vanderbilt University School of Medicine, Nashville TN 37232.
The highly selective, high-affinity 5-HT3 receptor radioligand [125I]DAIZAC,
was used to study structure-activity relationships of competing ligand binding to
5-HT3 receptors in membranes from rat and mouse brains, and from cultured
cell lines. Two hundred ligands were screened to determine their affinities at 5HT3 receptors in membranes from whole rat brain minus cerebellum, and cloned
NCB-20 cells. Ligands known to have 5-HT3 agonist or antagonist properties,
and all compounds having benzamide or dibenzepine structures were selected
for additional competition studies in membranes from whole mouse brain minus
cerebellum, NG 108-15 cloned cells, and Sf9 cells transfected with mouse 5-HT3
receptors. [125I]DAIZAG bound to a single class of sites in each of the five
membrane preparations with similar affinity. Densities of [125I]DAIZAC labeled
sites were 7.7-8.1 fmol/mg protein in membranes from murine brains and 360550 fmol/mg protein in membranes from cells with mouse-derived receptors.
Agonists (N=9) exhibited higher affinities in native rat brain receptors than in
native mouse brain (mean pKi = 7.63 vs. 6.87; p < 0.001), suggesting a primary
species difference in agonist binding. Compounds having a dibenzepine
structure (N=18), had significantly higher affinity at 5-HT3 receptors derived
from cultured cells as compared to native murine brain (mean pKi 6.30 vs. 5.77;
p < 0.0001). There was no significant difference in dibenzepine affinities
between the two native receptor preparations, nor among the three cultured cell
lines. Substituted benzamides (N=9) showed no significant differences in
affinity at any of the 5-HT3 receptor sites. These results suggest that 5-HT3
receptors in membranes from cultured cell lines have different binding
properties than those from native brain.
Supported by Vanderbilt OCD/Tourette Program.

NEURONAL AND GLIAL TARGETING OF 5-HT3 RECEPTORS IN THE RAT
MEDIAL PREFRONTAL CORTEX. A.L. Svinaos*1. S, Periasamv1, A.D. Spier2,
S.C.R. Lummis2, and V.M. Pickel1.1Dept. of Neurology & Neuroscience, Weill
Medical College of Cornell University, New York, NY 10021; 2MRC-Laboratory
of Molecular Biology, Cambridge, UK.
5-HT3 receptors are selective cation channel receptors that have been
implicated in atypical neuroleptic activity and suppression of drug withdrawal
symptoms that involve serotonergic inputs to the medial prefrontal cortex
(mPFC). We used electron microscopic immunoperoxidase and immunogoldsilver labeling to determine the cell-specific targets of ultrastructural sites of
activation for the 5-HT3 receptor in this brain region. In the examined area
(10,000 pm2), 50% of 5-HT3 receptor immunoreactive profiles (n = 628) were
axon terminals and axons, 36% were dendritic shafts and spines, and 13% were
glial processes. Within the axon terminals and axons, the 5-HT3 receptor
labeling primarily was associated with membranes of small synaptic vesicles and
adjacent segments of plasma membranes. A few of the 5-HT3 receptor-labeled
terminals formed excitatory (asymmetric) or inhibitory (symmetric) synapses, but
the majority of these terminals were without recognizable membrane
specializations. Within large dendrites, 5-HT3 receptor immunoreactivity mainly
was localized to smooth endoplasmic reticulum and other cytoplasmic
organelles involved in intracellular trafficking of receptor proteins. Within smaller
dendrites and dendritic spines 5-HT3 receptor labeling was more equally
distributed within the cytoplasm, and along synaptic and nonsynaptic portions of
the plasma membrane. Glial labeling also was often on plasma membranes.
These data show that within the mPFC, 5-HT3 receptors are targeted to cellular
sites having strategic distributions for primary involvement in regulation of
presynaptic neurotransmitter release, and more minor roles in controlling
postsynaptic neuronal excitatory and glial function. Supported by a Stanley
Foundation fellowship & DA11768 to A.L.S.; DA04600 & MH00078 to V.M.P.

485.7

485.8

AGE-RELATED CHANGES IN 5-HT-3 RECEPTOR DENSITY IN
RAT BRAIN. W.A. Hewlett.* B.L.Trivedi, Z.-J. Zhang, L. Boydston.

NEUROENDOCRINE RESPONSES TO STRESS AND MEASURES OF
ANXIETY IN MICE LACKING THE SEROTONIN-3 RECEPTOR (5-HT-3R).

T, de Paulis, D.E. Schmidt. Department of Psychiatry, Vanderbilt
University School of Medicine, Nashville TN 37232.
5-HT-3 receptors are present in low abundance in brain as compared
to other serotonergic receptors. We used [125I]DAIZAC, a high affinity,
highly selective 5-HT-3 antagonist to study postnatal changes in these
receptors in rat brain. Receptor affinity and density were determined
by Scatchard analysis of binding to membranes from whole rat brain
obtained at 4 days, and 5, 20, 39, and 72 weeks. 5-HT-3 receptor
density changed significantly over time, increasing rapidly from 2
fmol/mg protein at age 4 d to 10 fmol/mg protein at 5 weeks (p < O.OO1),
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then declining gradually to 5 fmol/mg protein at 72 weeks (p < 0.01 vs 5
weeks). Receptor density in membranes from prenatal animals
(gestational day 18) was too low to measure. At no age were
significant differences in [125I]DAIZAC affinity for 5-HT-3 receptors
found. Since effects resulting from serotonin release depend on the
relative abundance of the 5-HT receptor subtypes, these studies
suggest that 5-HT-3 receptor-mediated function could undergo agerelated changes. Supported by Vanderbilt OCD/Tourette Program.

S. Bhatnagar*. L. Sun. J. Raber. A. Chu, L. Soriano, M. F, Dallman & D,

Julius. Depts. of Physiology, Neurology, Cellular and Molecular Pharmacology
& Gladstone Institute of Neurology, UCSF, San Francisco, CA 94143.
The 5-HT-3R is unique amongst 5-HT receptors in that it is a ligand-gated ion
channel. Its neuronatomical localization in limbic and cortical structures suggests
a role for this receptor in anxiety and stress related functions. Indeed, a large
number of studies have shown that antagonists to the 5-HT-3R decrease measures
of anxiety in the black/white box. However, little is known about the role of this
receptor in regulation of hypothalamic-pituitary-adrenal (HPA) responses to stress.
To gain new insights into the the role of this receptor in regulating the central
mechanisms underlying anxiety and neuroendocrine responses to stress, we
generated a mouse lacking the 5-HT-3R. We found that homozygous knock-out
mice (KO) exhibited similar behavior in the open field and elevated plus maze
under basal conditions compared to wild-type (WT) mice. However, in the KO
mice, pretreatment with CCK-8 (lOpg/kg ip) produced marked decreases in total
distance travelled and in number of entries into the middle and inner zones of the
open field. These data suggest that 5-HT-3R KO mice are more sensitive to the
anxiogenic effects of CCK-8. In addition, we found no differences in ACTH and
corticosterone levels under basal conditions, but decreased ACTH responses to 30
min restraint in KO mice, suggesting that the 5-HT-3R is stimulatory to HPA
activity under acute stress conditions. We are currendy examining hypothalamic
and amygdalar levels of corticotropin-releasing factor and vasopressin to determine
whether the 5-HT-3R KO mice differ in these. These experiments have shed new
light on mechanisms underlying regulation of responses to stress and different tests
of anxiety. Supported by NARSAD, DK28172, NIMH.

485.9

485.10

SEROTONIN4 (5-HT4) RECEPTOR-MEDIATED FACILITATION OF
ACETYLCHOLINE RELEASE IN THE HIPPOCAMPUS OF FREELY
MOVING RATS. M. Matsumoto. H. Togashi. K. Mori. K. Ueno. T.
Ilioue* and M. Yoshioka. Department of Pharmacology, *Department
of Psychiatry and Neurology, Hokkaido University School of Medicine,
Sapporo 060-8638, Japan.

COMPOUND-SPECIFIC ACTIVATION OF SIGNAL TRANSDUCTION
PATHWAYS BY TWO 5-HT4 RECEPTOR SPLICE VARIANTS
EXPRESSED IN HEK293 CELLS.
M. Jurzak*, A. Pindon, G. Van Hecke, P. Van. Gompel, A. Lesage, E.
Bender# and J.E. Leysen. Dept. Biochemical Pharmacology and functional
Genomics, Janssen Research Foundation. B-2340 Beerse, Belgium.
Several splice variants of the 5-HT4 receptor gene have been described. In
the present study, the human 5-HT4a and 5-HT4b receptor isoforms, stably
expressed in HEK cells, have been investigated for their signal transduction
properties in cell lines exhibiting comparable binding levels. Saturation and
competition binding experiments using [3H]5-HT and [3H]GR113808 revealed
similar pharmacological properties of both receptor variants. No differences
in the potency and efficacy of a range of agonist and antagonist ligands were
found in measurements of cAMP formation on both receptor isoforms.
However, elevations of intracellular calcium levels were observed
preferentially in the 5-HT4a receptor cell line. The Ca++-signal was compound
specific. Several benzamide ligands stimulated up to 3-fold of the maximal
levels triggered by 5-HT in the 5-HT4a receptor cell line. In contrast, the 5HT4b receptor cell line responded only weakly to 5-HT in Ca++-tests. The
observed Ca++-response was insensitive to PTX pretreatment. [35S]GTPyS
binding experiments with the 5-HT4a receptor revealed bell shaped dose
response curves to several benzamide ligands, which were simple sigmoidal
on the 5-HT4b receptor membranes. Pretreatment of the cells with PTX
abolished most of the [35S]GTPyS signal. These results suggest that the 5HT4a and the 5-HT4b receptors are coupled to several G proteins, part of them
being PTX-sensitive. In addition, both splice variants are differently coupled
to Ca++-signaling, which can be triggered in a compound specific manner.

The present study was undertaken to elucidate the functional
regulation of acetylcholine (ACh) release by 5-HT receptors in the rat
hippocampus using in vivo microdialysis. The guide cannula was
stereotaxically implanted in the hippocampus (rostrocaudal, -5.8 mm;
lateral, -4.8 mm; -4.0 mm from the bregma and the dural surface)
under ketamine anestesia (100 mg/kg, i.p.). The dialysis probe was
continuously perfused with Ringer’s solution containing physostigmine
(10 gM) at 2 pl/min. Extracellular levels of ACh and choline (Ch)
were determined by HPLC-ECD connected with an immobilized
enzyme reactor. Local perfusion of 5-HT4 receptor agonist SC 53116
(1, 10 and 100 pM) during 60 min produced increases in both ACh and
Ch levels in a concentration-dependent manner. The significant
increases in ACh release were observed after SC 53116 (10 and 100
pM) application. SC 53116 (10 pM)-induced enhancement of ACh
release was significantly abolished by pretreatment with 5-HT4
receptor antagonist GR 113808 (10 pM). The enhancement of Ch
levels produced by SC 53116 (10 pM) tended to decrease in the
presence of GR 113808. Local perfusion of GR 113808 (10 pM) by
itself did not affect the levels of ACh and Ch. These findings suggest
that the 5-HT4 receptor-mediated facilitation of ACh release exists in
the rat hippocampus.
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485.11
INVERSE AGONIST ACTIVITY OF ANTIPSYCHOTIC
DRUGS AT MUTATIONALLY ACTIVATED, CLOZAPINESENSITIVE 5HT RECEPTORS, C, Egan*. C. Smith. E. Grinde. K.
Herrick-Davis, and M, Teitler. Dept. Pharmacology & Neurosci.,
Albany Medical College, Albany, New York 12208
The interaction of atypical antipsychotic drugs such as clozapine and
risperidone with 5HT receptors is considered likely to be a factor in
the superior clinical profile of the atypical antipsychotics. We have
demonstrated that antipsychotic drugs are inverse agonists at the
5HT2a and 5HT2C receptors, using site-specific mutagenesis to
produce constitutively activated mutated (CAM) forms of these
receptors . In order to explore the potential inverse agonist activity of
typical and atypical antipsychotic drugs at the two other 5HT
receptors displaying high affinity for clozapine and risperidone, we
have attempted to make constitutively activated forms of the human
5HT6 and 5HT7 receptors, using site-specific mutagenesis.
Preliminary results indicate that analogous mutations that produced
CAM forms of the 5HT2 receptors, produce inactive and/or nativelike states in the 5HT6 and 5HT7 receptors. These results indicate that
the human 5HT6 and 5HT7 receptors may have very different
molecular architecture from the 5HT2 receptor sub-family, and that
other domains will be found to be key to producing CAM forms of
these receptors.
Supported by MH56659 (M.T.) and MH57019 (K.H.D.)

[125I]SB-258585 - A SELECTIVE ANTAGONIST RADIOLIGAND FOR
RECOMBINANT AND NATIVE HUMAN 5-HT6 RECEPTORS. W.D Hirst.
J.A.L. Minton. H. Herdon*. S . Bromidge’, C. Routledge. D.N. Middlemiss and
G.W. Price. Department of Neuroscience Research and ’Medicinal Chemistry,
SmithKline Beecham Pharmaceuticals, New Frontiers Science Park, Third Avenue,
Harlow, Essex CM19 5AW, UK
Until recently, there were no selective radioligands to elucidate the pharmacology
and distribution of 5-HT6 receptors. Here we describe the binding of the 5-HT6
selective radioligand, [,25I]SB-258585 (4-Iodo-N-[4-methoxy-3-(4-methyl piperazinl-yl)phenyl]benzene sulfonamide), to both recombinant human 5-HT6 receptors and
to human caudate putamen membranes. Specific binding of [125I]SB-258585 to
recombinant and native 5-HT6 receptors was saturable, reversible and accounted for
98% and 67% of total binding, respectively. Saturation binding studies revealed a
single class of high affinity sites in stably transfected HeLa cells (K<j of 0.8 nM and
Bmax of 6.1 pmol/mg protein) and in human caudate putamen membranes (IQ of 1.3
nM and Bmav 215 finol/mg protein). The relative levels of the 5-HT6 receptors in a
number of human brain regions correlated well with that observed in both rat and pig
brain, namely caudate > cerebral cortex > hippocampus > cerebellum. The
pharmacological profile of the recombinant and native receptors did not differ
significantly, with the following rank order of potencies; methiothepin > clozapine >
5-Me-OT > mianserin > ritanserin > amitriptyline > 5-HT > 5-CT. [125I]SB-258585
will greatly facilitate studies on the pharmacology, function and distribution of 5-HT6
receptors in healthy and diseased tissues.
SmithKline Beecham PLC

485.13

485.14

EVIDENCE FOR POSTSYNAPTIC LOCALISATION OF 5-HT6 RECEPTORS
AND C-FOS RESPONSE TO 5-HT6 RECEPTOR ANTAGONISTS IN THE RAT
BRAIN. J.C. Roberts. M.D.Ireland. J.Cilia. C. Reavill, D.N.C.Jones. C.Routledge
and R A. Leslie*. Neuroscience Research, SmithKline Beecham Pharmaceuticals,
New Frontiers Science Park North, Third Avenue, Harlow, Essex CM 19 5 AW, U K.
Immunocytochemistry of the 5-HT6 receptor in the rat brain indicated dendritic
and somatic localisation patterns suggestive of a postsynaptic localisation. We used
[l25I]SB-258585, a selective 5-HT6 receptor antagonist, in conjunction with selective
brain tract lesions to study this further. Autoradiographic studies showed highest
densities of [125I]SB-258585 binding sites in the cerebral cortex, nucleus accumbens,
caudate-putamen and hippocampus. Moderate densities were found in the thalamus
and substantia nigra. Unilateral 6-hydroxydopamine lesions of the median forebrain
bundle were performed to lesion afferent dopaminergic (DA) fibers in the corpus
striatum. DA lesions had no significant effect on the levels of [125I]SB-258585
binding sites in either the substantia nigra or the corpus striatum. We then
performed immunocytochemical studies of c-Fos expression in the rat brain
following administration of the selective 5-HT6 receptor antagonist SB-271046.
Since 5-HT6 receptors have been implicated in the action of the atypical
antipsychotic clozapine, we compared Fos-like immunoreactivity (FLI) following
SB-271046 with that induced by clozapine and haloperidol. Haloperidol (1 mg/kg
i.p.) pretreatment resulted in FLI in the caudate-putamen and nucleus accumbens,
while clozapine (20mg/kg i.p.) elicited FLI in the medial prefrontal cortex and
nucleus accumbens, but not the caudate-putamen. SB-271046 (10 mg.kg p.o.)
resulted in no FLI in any of these brain nuclei above control levels. The results
indicate that 5-HT6 receptors are not on dopaminergic cell bodies in the substantia
nigra or terminals in the striatum. Thus, they may be on intemeurons in the caudateputamen or on striatal projection neurones. Furthermore, the well-documented
correlation of brain FLI distribution patterns seen with antipsychotics such as
haloperidol and clozapine was not reproduced by SB-271046.

485.15
OLEAMIDE ALLOSTERICALLY REGULATES THE BINDING PROPERTIES
OF 5-HT7 RECEPTORS EXPRESSED IN VITRO. P. B. Hedlund*. M. J. Carson. J.
G. Sutcliffe and E. A, Thomas. Department of Molecular Biology, The Scripps
Research Institute, La Jolla, CA 92037.
Oleamide belongs to a family of amidated lipids with diverse biological
activities, including sleep-induction and regulation of the 5-HTi A, 5-HT2A/2c and 5HT7 receptors. The 5-HT7 receptor, mainly localized in the hypothalamus, hippocampus and frontal cortex, stimulates cyclic AMP formation and is thought to be
involved in the regulation of sleep-wake cycles. It has been proposed that oleamide
acts at an allosteric site on the 5-HT7 receptor to regulate cyclic AMP formation.
We have studied interactions between oleamide and 5-HT7 receptors using radioligand binding assays with HeLa cells transfected with the 5-HT7 receptor. Methiothepin, clozapine, and 5-HT all displaced specific [3H]5-HT binding with pKDs of
7.55, 7.85 and 8.39, respectively. Oleamide also displaced specific [3H]5-HT
binding in a concentration-dependent manner with relatively high potency, however
the maximum effect of oleamide reached a plateau value at 59% of the total
binding, indicating an allosteric mechanism of action. From this plateau value, a
cooperativity value (a) for oleamide of 6.1 was estimated. When considering this
cooperativity, the KD value for oleamide was calculated to be 2.69 nM (pKD = 8.57).
In saturation binding experiments, oleamide caused a 3-fold decrease in the affinity
of [3H]5-HT for the 5-HT7 receptor, without affecting the number of binding sites.
A Schild analysis showed that the shift in affinity of [3H]5-HT reached a plateau,
further illustrating an allosteric nature of the interaction between oleamide and the
5-HT7 receptor. Oleic acid, the product of oleamide hydrolysis, had a similar effect
on [3H]5-HT binding. Structural analogs of oleamide, Zra«s-9,10-octadecenamide,
cz's-8,9-octadecenamide, and erucamide did not significantly alter [3H]5-HT
binding. The findings support the hypothesis that oleamide acts via an allosteric site
on the 5-HT7 receptor regulating receptor affinity.
Supported in part by the NIH (GM32355) and by fellowships from the WennerGren Center Foundation (PBH) and NARSAD (MEFA90TD, EAT).
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LOCALIZATION
OF
5-HT7
AND
5-HT5A
RECEPTOR
IMMUNOREACTIVITY IN THE RAT BRAIN
K. R. Oliver, A. M. Kinsey, A. Wainwright, G. McAllister, and D.
Sirinathsinghii*. Merck, Sharp and Dohme Research Laboratories, Neuroscience
Research Centre, Harlow, Essex CM20 2QR, UK.
5-HT5 and 5-HT7 are amongst the recently cloned, novel 5-hydroxytryptamine
(5-HT, serotonin) receptors and currently under investigation to identify their
pharmacological characteristics and potential physiological role(s). In this study,
antibodies were raised to a 5-HT7-specific fifteen amino acid peptide,
characterized using dotblot, sodium dodecyl polyacrylamide gel electrophoresis
and immunohistochemistry, and the distribution of 5-HT7-like-immunoreactive
material determined. A major band of 52 kDa was observed following SDSPAGE, corresponding to the predicted size of’ this receptor. 5-HT7immunoreactivity was detected in areas known to be 5-HT7 mRNA positive (as
detected by in situ hybridization), such as thalamic, hypothalamic and
amygdaloid nuclei, as well as those observed to express 5-HT7 binding sites (as
determined autoradiographically). The distribution of one of the 5-HT5 receptor
subtypes, 5-HT5A, was also determined immunohistochemically. 5-HT5A- and 5HT7-immunoreactivity shared areas of expression, such as certain basal forebrain
regions, including the diagonal band of Broca, and raphe nuclei, but were
heterogeneous in certain amygdaloid, thalamic and hypothalamic nuclei, for
example. Distribution of 5-HT7-immunoreactivity suggests a possible role in
cognitive function and further confirms potential involvement of 5-HT7 in
antipsychotic and antidepressant treatments.
Interestingly, 5-HT5Aimmunoreactivity showed a predilection for the suprachiasmatic nucleus,
suggesting its possible role in circadian rhythms, a function previously ascribed
to 5-HT1A and 5-HT7 receptors.
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NORADRENERGIC HYPERINNERVATION CONTRIBUTES TO
LOCOMOTOR HYPERACTIVITY IN THE SNAP-25 DEFICIENT
MOUSE MUTANT COLOBOMA (CM/+). M.D. Jones* and E.J. Hess.
Department of Neuroscience & Anatomy, The Pennsylvania State University
College of Medicine, Hershey, PA 17033.
The SNAP-25 deficient mouse mutant coloboma (Cm/+) is an animal model for
investigating the biochemical basis of locomotor hyperactivity. SNAP-25 is a
presynaptic protein that regulates exocytotic release, but Cm/+ mice express only
50% of normal SNAP-25 protein concentrations. The spontaneous hyperactivity
exhibited by Cm/+ is a direct result of the SNAP-25 deletion. An imbalance
between dopamine (DA) and norepinephrine (NE) systems has been implicated in
hyperactivity disorders such as Attention Deficit Hyperactivity Disorders (ADHD)
and Tourette Syndrome. Cm/+ mice may exhibit analogous endogenous
catecholaminergic imbalances. In fact, previous experiments have demonstrated
reduced DA concentrations and transmitter release in the Cm/+ mouse. The
concentration and release of NE in Cm/+ mice was determined using HPLC and
superfusion assays, respectively. Both measurements demonstrated an increase in
noradrenergic function in the striatum and nucleus accumbens in the Cm/+ mouse.
We assessed the role of NE in the expression of locomotor hyperactivity in adult
Cm/+ mice by specifically depleting noradrenergic innervation using the
neurotoxin DSP-4. Depletion of NE by DSP-4 significantly reduced the aberrant
locomotor activity of the Cm/+ mouse by 50% suggesting that NE plays an
important role in the expression of hyperactivity. Thus, the Cm/+ mutant mouse
exemplifies region specific NE and DA alterations that may contribute to the
expression of hyperactivity syndromes. Supported by NS34845 and NARSAD

THE PLASTICITY OF TYROSINE HYDROXYLASE PHENOTYPE IN
NORADRENERGIC NEURONS MODIFIES THE SLEEP OF BALB/C MICE.
DWeissmann1*, JL.Valatx2. S.Desgeorges1 and JF Pujol1. ’CNRS-UCBL UMR
5542, 69372 Lyon,;2.Inserm U 480.Lyon, France.
Biochemical and anatomical studies have described phenotypic differences in
basal conditions between Balb/C (C) and C57BL/6 (B6) mice. These differences
concern the organization of neurons expressing tyrosine hydroxylase (TH) in the
locus coeruleus (LC) of these mice as well as of cortical noradrenergic (NA)
terminals. Recently a phenotypic plasticity of the coeruleo-cortical system has
been observed in Balb/C mouse treated with RU 24722, known to produce a long
term induction of TH expression in the LC. This phenotypic plasticity, due to a “de
novo” synthesis of TH in some cells, named “quiescent cells” equalizes the
number of TH expressing cells between the LC of a RU 24722 treated C mouse
and a B6 one, as well as their NA cortical innervation. Previous studies on sleepwake rythm have shown that the duration of sleep was different in these two
strains as well as their recovery (sleep rebound) after sleep deprivation. The aim of
this work was to determine if the NA coeruleo-cortical plasticity set off by RU
24722 treatment modifies the characteristics of the sleep-wake rythm of the C
mouse.
After implantation of cortical and muscular electrodes, the sleep of 10 C mice
was recorded in basal conditions for 5 days. Six of them were then treated with RU
24722 (20mg/Kg IP, one injection each 3 days for 15 days) and 4 with vehicle.
After the last injection, a 10 hours sleep deprivation was performed and the
recovery is studied for 2 days. Animals were then sacrificed and the coeruleocortical plasticity was studied after TH immunohistochemistry.
RU 24722 treated mice exhibit an increase in the rebound of REM sleep.
These results confirm the role of NA neurons in the regulation of the recovery
after sleep deprivation.
Supported by grants from the CNRS and INSERM France

486.3

486.4

GLIAL GAP JUNCTIONS INTERMEDIATE AMONG NEURONS IN
ADULT RAT LOCUS COERULEUS. M, Ishimatsu and T. Akasu*.
Dept. Physiol., Kurume Univ., Sch. Med., Kurume, 830-0011, JAPAN
Previously we have reported that electrotonic coupling through gap
junctions contributes to the synchronous activity in adult rats (>200 g)
nucleus locus coeruleus (LC) and that the synchronous activity was lost
when LC was sectioned from extranuclear dendrites. In this study we
have explored the role of dendrites and glia in synchronous LC activity.
Brain slices containing LC from adult rats were treated with an
intracellular calcium indicator, 10% Oregon Green BAPTA-1 AM, and
fluorescence of LC neurons was measured as intracellular calcium level
(ICL). In some experiments membrane potential and field potential were
recorded by using whole cell patch clamp recordings and extracellular
recordings techniques. ICL fluctuated spontaneously when a slice was
perfused with artificial cerebrospinal fluid containing tetraethylammonium
chloride (TEA, 10 mM), tetrodotoxin (1 pM) and BaCl2 (1 mM) (TEA
containing ACSF). All ICL fluctuations simultaneously measured from
3 to 5 LC neurons were synchronous. These synchronous ICL were
disrupted by gap junction blockers. Treatment of a specific inhibitor of
glial metabolism, fluoroacetate (100 mM), disrupted the synchronicity of
LC activity while spontaneous activity of LC neurons remained. These
results suggest that glia intermediates among dendrites of LC neurons and
that these dendroglial gap junctions may serve for synchronous activity
in neurons of adult rats LC.

MORPHOLOGY OF INDIVIDUAL NORADRENERGIC NEURONS OF
THE LOCUS COERULEUS FOLLOWING IN VIVO INTRACELLULAR
RECORDING. H.P. Jedema* and A.A. Grace. Depts. of Neuroscience and
Psychiatry, Univ. of Pittsburgh, Pittsburgh PA15260.
Studies by our group and others have provided evidence that the noradrenergic
neurons of the locus coeruleus (LC) play a major role in changes that occur
following acute and chronic exposure to stress. In order to examine the cellular and
morphological correlates that may participate in the regulation of this system in the
normal and stress-induced state, we performed in vivo intracellular recordings on
LC neurons using electrodes filled with the fluorescent dye Lucifer Yellow (LY).
Adult male rats (~300g) were anaesthetized with chloral-hydrate and sharp
electrodes filled with 10% LY in 1.0 M LiCl (impedance 50-100 MO) were lowered
into the LC. Neurons were penetrated using capacitance feedback. Putative LC
neurons were distinguished on the basis of their waveform and responsiveness to
foot pressure. The waveform of these neurons was characterized by a slow
depolarization resulting in a large-amplitude, long duration action potential (2-3
msec). Action potentials were followed by a prominent afterhyperpolarization. Once
neurons had stabilized after penetration, LY was injected into the neuron using
hyperpolarizing current interrupted by brief depolarizing pulses. Our preliminary
results indicate that in coronal sections these neurons exhibit 3-5 sparsely branching
dendrites that emanate from the fusiform shaped soma in a bipolar manner and
extend for as far as a millimeter from the soma. The thin but highly varicose axon
extended in the dorsolateral direction from a proximal segment of one of the
dendrites, thus raising the possibility of NE release within the LC.

486.5

486.6

IN VIVO MODULATION OF RAT LOCUS COERULEUS NEURONS BY
L-ARGl'NINE/NITRIC OXIDE PATHWAY. M. Torrecilla, J. Pineda, R.

Rodriguez-Puertas* and L. Ugedo. Dept of Pharmacology, Univ. of the
Basque Country, E-48940 Leioa, Bizkaia, Spain.
We investigated, using single-unit extracellular recordings in vivo, the
role of L-arginine/nitric oxide pathway in locus coeruleus (LC)
neurons. Intracerebroventricular (300 pg) or local (0.6-4.8 nmoles)
administration of the nitric oxide synthase (NOS) substrate L-arginine,
strongly increased LC cell firing rate (maximal effect: 431% and 420%,
respectively). D-arginine (0.6-4.8 nmoles) only slightly increased LC
activity (maximal effect: 42%). Intracerebroventricular administration
of the NOS inhibitors L-NAME (40 and 100 p,g) or L-NA (10 pg)
failed to block the L-arginine (2.4 nmoles)-induced effect. On the other
hand, intracerebroventricular (1-4 pig) or local (17-67 pmoles)
administration of the NO donor sodium nitroprusside, increased LC cell
firing rate (maximal effect: 83% and 62%, respectively). Finally,
intracerebroventricular administration of the excitatory amino acid
receptor antagonist kynurenic acid (189 pg), greatly blocked the Larginine (2.4 nmoles)-induced effect, but did not change the sodium
nitroprusside (67 pmoles)-induced effect. These results show that: (1)
nitric oxide activates LC neurons in vivo, and (2) LC cells are also
activated by L-arginine through a NO-independent mechanism that is
mediated by excitatory amino acids. Supported by CICYT (SAP 96-0071) and

UPV 026.327-EC 238/97. M.T and J.P are supported by a fellowship U.P.V. and a
research programm by the MEC, respectively.

Society

for

Neuroscience

, Volume

25, 1999

Supported by MH29670

CORTICOTROPIN RELEASING HORMONE DOES NOT MEDIATE STRESS-

INDUCED SENSITIZATION OF NOREPINEPHRINE RELEASE IN RAT
PREFRONTAL CORTEX.

E.K. Murphy*. A.F. Sved, J.M. Finlay.
Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260

Rats previously exposed to chronic cold (2-4 wks at 5°C) exhibit
enhanced norepinephrine (NE) release in hippocampus and prefrontal cortex (PFC)
in response to acute tail shock. We have recently reported that corticotropin
releasing hormone (CRH) increases NE release in PFC of naive rats and that this
effect is potentiated in rats previously exposed to chronic cold, suggesting that CRH
may play a role in stress-induced sensitization of NE release. We have now
examined the effect of the CRH antagonist dPhe-CRH on tail-shock-evoked NE
release in PFC of control rats and rats previously exposed to cold (2 wks at 5°C).
A stainless steel cannula was implanted into the lateral ventricle and a microdialysis
probe was implanted into the PFC of control and cold stressed rats. Approximately
20 hrs after surgery, 3 or 9 pg dPhe-CRH was injected icv, followed immediately
by 30 min of tail shock (1 mA, 1 sec shocks every 10 sec for 1 min every 5 min).
Dialysate samples were collected every 15 min. In control rats, basal NE
concentrations in PFC were 3.1 ± 0.5 p®/^ Following administration of 3 and 9 pg
dPhe-CRH, tail shock increased NE concentrations to 5.2 ± 0.9 and 6.4 ± 0.4 ps/20Mi,
respectively (n=6/group). In cold stressed rats, basal NE concentrations in PFC were
3.3 ± 0.7
Following administration of 3 pg (n=7) and 9 pg (n=2) dPhe-CRH,
tail shock increased NE concentrations to 9.0 ± 1.1 and 8.2 ± 0.9 pg/20pl, respectively.
Thus, treatment with a CRH antagonist does not attenuate tail-shock-evoked NE
release in the PFC or the potentiation of this response in chronic cold stressed rats.
St >,ported by PHS Grants MH29670 and MH45156.
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CHRONIC STRESS POTENTIATES CRH-EVOKED INCREASES IN
ELECTROPHYSIOLOGICAL ACTIVITY OF NORADRENERGIC LOCUS
COERULEUS NEURONS. A.F. Sved*, H.P, Jedema, J.M. Finlay, and A.A. Grace.
Depts. of Neuroscience and Psychiatry, Univ. of Pittsburgh, Pittsburgh PA 15260.
Chronic exposure to cold (5°C for 14 days) alters both the neurochemical and
electrophysiological activity of noradrenergic neurons of the locus coeruleus (LC). A
recent study demonstrates that cold exposed rats exhibit an enhanced release of
norepinephrine (NE) in the prefrontal cortex following intraventricular (ICV)
administration of the neuropeptide corticotropin releasing hormone (CRH). The
present studies sought to investigate whether this increased release of NE reflected an
increased responsiveness of LC neurons to CRH, by examining extracellular single
unit activity in halothane-anesthetized rats.
Basal FR was similar in control rats and in rats previously exposed to 5°C for 14
days (1.49±0.13 and 1.65±0.22 Hz., respectively). Administration of 0.3 pg CRH
(ICV) resulted in similar maximal increases in FR in both groups (40±12 and 77±31%,
respectively). In contrast, 1.0 and 3.0 pg CRH (ICV) elicited a greater increase in FR
in cold exposed animals (165±25 and 216±9%, respectively) compared to control rats
(101+27 and 137+37%, respectively). Furthermore, following CRH administration
there was an apparent increase in the spike activity distant to the electrode, suggesting
the recruitment of previously quiescent neurons in cold exposed rats.
These data indicate that the increased release of NE in response to CRH following
cold exposure is likely mediated by an increase in spike firing of LC neurons and
extend previous findings of an enhanced response of LC neurons to sciatic nerve
stimulation. Since activation of LC neurons by sciatic nerve stimulation is mediated by
exc «atory amino acids and not CRH, these data suggest that the responsivity of LC
neurons to multiple excitatory inputs is enhanced following chronic exposure to a
physiological stressor. The increased responsivity of LC neurons may, in part, underlie
complex behavioral adaptations that occur in response to chronic exposure to stress.
Supported by MH29670

NPY REGULATES CATECHOLAMINES SECRETION FROM HUMAN
ADRENAL CHROMAFFIN CELLS. C, Cavadas1’2, M.D. Cotrim1'F.
Mosimann3, C.A. Fontes Ribeiro4, E, Grouzmann2 . 'Lab. Pharmacol., Fac.
Pharmacy, 4Dept. Pharmacol., IBILI, Univ. Coimbra, Portugal. 2Div.
Hypertension, 3Dept. Surgery, CHUV, Lausannne, Switzerland.
Neuropeptide Y (NPY) is a 36-aminoacid peptide neurotransmitter present in
the central and peripheral nervous system.NPY acts through different G-proteins
coupled receptors termed Yl, Y2, Y3, Y4 and Y5. NPY is co-stored and coreleased from the adrenal medula with the catecholamines (CA). The aims of our
study were: 1. To characterize the NPY receptor subtypes expressed by human
adrenal chromaffin cells (HCC) 2. To study the release of endogenous NPY and
CA from these cells. 3. To study the effect of NPY on CA release and to
characterize the NPY receptor(s) subtype(s) involved in this effect. Methods:
Adrenals were obtained from kidney donors and the HCC were isolated. For the
release experiments, perifusion samples were collected alternatively for NPY and
for CA assays. The content of CA was measured by HPLC with ECD and the
concentration of amidated NPY were measured by ELISA. [Ca2+]i was determined
with the fluorescent probe FLUO-3/AM using confocal microscopy. Results:
NPY and CA are constitutively released during the perifusion of HCC; nicotine
(100 pM) increased by 10 and 4 fold the release of NPY and CA, respectively.
100 nM NPY, PYY, NPY13-36 (Y2 agonist), Leu31,Pro34NPY (Y1/Y5
agonist) raised [Ca2+]i; in contrast, 100 nM PP (Y4 agonist) were ineffective.
100 nM NPY, NPY 13-36, NPY3-36 (Y2/Y5 agonist), Leu31,Pro34NPY
increased 2 fold the release of CA in HCC; PP was without effect. In conclusion,
this work shows that the release from HCC of NPY and CA is constitutive and
regulated and that these cells expressed functional Y2 and Yl or/and Y5 or Y3
receptors, but not Y4 receptors. NPY may act in an autocrine manner to
potentiate CA secretion in HCC. C.C. is supported by PRAXIS XXI
(BD 13416/97); E.G. by Swiss National Founds Research (nr.3100-05325.98)
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486.9

486.10

ENKEPHALINS STIMULATE CALCIUM EFFLUX FROM
CULTURED BOVINE ADRENAL CHROMAFFIN CELLS.
H. Houchi1*. M. Azuma1. T. Umeda1. F. Shono1. T, Kuiime1.
T. Ikehara2. M, Yoshizumi3. T. Tamaki3 and K. Minakuchi1. 'Dept. of
Pharmacy, 2Dept. of Physiology, 3Dep. of Pharmacology, Sch. Med.,
Univ. Tokushima, Tokushima 770-8503, Japan.
Opiate peptides such as enkephalins are thought to be stored in the
secretory vesicles in the cells, and are co-secreted with catecholamines
from the adrenal chromaffin cells through physiological stimulations.
Little is known about the role of enkephalins on decrease in the
elevated [Ca2+]j in adrenal chromaffin cells after physiological
stimulations. In this study, we focused on the mechanism of this
decrease in elevated [Ca2+]j and examined the effects of leucine- and
methionine-enkephalins on Ca2+ efflux from bovine adrenal chromaffin
cells in culture. These enkephalins stimulated the efflux of 45Ca2+ from
the cells in a concentration-dependent manner (10'9M - 10_6M).
Leucine-enkephalin did not increase the intracellular free Ca2+ level,
45Ca2+ uptake, catecholamine secretion, cAMP level and cGMP level.
The peptide-stimulated 45Ca2+ efflux was not inhibited by incubation
with Ca2+-free medium, but was inhibited by incubation with Na+-free
medium.
These results indicate that enkephalins stimulate extracellular Na+dependent 45Ca2+ efflux from cultured bovine adrenal chromaffin cells,
probably through these stimulatory effects on membrane Na+/Ca2+
exchange.

EFFECT OF PROPOFOL ON [3H]NOREPINEPHRINE RELEASE FROM

RAT CORTICAL SYNAPTOSOMES
V.N.Pashkov. H.C.Hemmings Jr*. Depts. of Anesthesiology and
Pharmacology, Weill Medical College of Cornell University, New York, NY
10021.

2,6-Di-isopropylphenol (propofol) is widely used as an intravenous agent to
induce and maintain anesthesia. Presynaptic mechanisms of propofol action,
such as effects on neurotransmitter release, remain to be clarified. We
examined the effects of propofol on [3H]norepinephrine ([3H]NE) release
from Percoll gradient-purified rat cortical synaptosomes. Synaptosomes
preloaded with [3H]NE (100 nM) were superfused with buffer containing

propofol (free propofol concentration up to 15 pM) and various
secretogogues and antagonists. Depolarization by elevation of extracellular
KCI (to 15 mM) or by K+-channel inhibition with 4-aminopyridine (4-AP)
(0.5 mM) were used to stimulate [3H]NE release. KCI and 4-AP stimulated
[3H]NE release by 3-4-fold over basal release. Both KCI- and 4-AP-evoked
release were ~ 95% Ca2+-dependent. Propofol at clinically relevant
concentrations inhibited KCI- and 4-AP-evoked [3H]NE release with
comparable potency without observable effects on basal release. Propofol
inhibits both KCI- and 4-AP-evoked [3H]NE release by a common
mechanism, while it selectively inhibits glutamate release evoked by 4-AP
through Na+-channel blockade, indicating transmitter-specific presynaptic
effects. (Supported by NTH Grant GM-58055).

486.11

486.12

THE ROLE OF AFFERENTS TO LOCUS COERULEUS IN THE HANDLING
STRESS-INDUCED INCREASE IN RELEASE OF NORADRENALINE IN
PREFRONTAL CORTEX. A DUAL-PROBE MICRODIALYSIS STUDY IN RATS
BRAIN. H. Kawahara2*, Y. Kawahara1 and B.H.C.Westerink1. 1 Dept. of Medicinal
Chemistry, Center for Pharmacy, Univ.of Groningen; 2Dept. of Dental
Anesthesiology, Kyushu Dental College; Kitakyushu, Fukuoka, 803-8580, Japan
This study was aimed to identify the neuronal pathways that mediate the handling
stress induced increase in the release of noradrenaline (NA) in the prefrontal cortex
(PFC) of the rat brain.
Male albino rats of a Wistar-derived strain were used for the experiments. For that
purpose a microdialysis probe was implanted in the vicinity of the locus coeruleus
(LC) and a second probe was placed in the ipsilateral PFC. Receptor specific
antagonists acting in the a 2 adrenoceptor (idazoxane), GABAa (bicuculline), GABAb
(CGP52432), acetylcholine (atropine), corticotropine releasing factor (CRF) (CP154,526), NMDA glutamate (CPP), non-NMDA glutamate receptors (DNQX) were
infused into the LC by retrograde dialysis, whereas extracellular NA was recorded in
the ipsilateral PFC. During infusion of the various compounds rats were gently
handled for 10 min.
Infusion of idazoxane potentiates the handling-induced increase in the release of NA
in the PFC. Infusion of atropine, bicuculline, CGP52432 and DNQX were without
effect in the handling response. Infusion of the non-peptide CRF antagonist CP154,526 and CPP suppressed the stimulation of NA during handling stress.
It is concluded that a 2 , NMDA glutamate and CRF receptors modify the handling
stress response of LC neurons. These data suggest no major role for GABAergic, nor
cholinergic affernts to the LC in mediating the stress response.
(Supported by Grants-in-Aid for Scientific Research from the Ministry of Education,
Scientific and Culture of Japan)

NORADRENALINE-DOPAMINE INTERACTION IN THE PREFRONTAL
CORTEX; EFFECT OF LC-LESION
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•Department of Dental Anesthesiology, Kyushu Dental College, Kitakyushu, Japan;
department of Medicinal Chemistry, Center for Pharmacy, University of Groningen,
Groningen, The Netherlands, 9713AV.
There is accumulating evidence for a specific noradrenaline (NA), originated in the
locus coeruleus (LC), -dopamine (DA) interaction in the prefrontal cortex (PFC). The
present study investigates to examine whether NA neurons modulate extracellular DA
release in the PFC. To get the answer of this question, DA and NA were measured in
the PFC during infusion of carbachol into the LC. Further, two types of stress
(handling and hypotension) were applied to the rats. The experiments were repeated in
LC-lesioned rat.
Male Wisters rats were used. Experiments were performed by dual-probe
microdialysis technique with HPLC and electrochemical detection. LC-lesion was
produced by infusion of 6-OHDA into the LC. When the handling stress was applied,
rats were picked up and held in the hands (10 min). Hypotension was induced by
infusion of sodiumnitroprusside through the external jugler vein (20 min).
Infusion of carbachol (100 pM, 45min) into the LC, increased NA and DA
significantly (p<0.01) in the PFC. Unexpectedly hypotension stimulated DA release
strongly and long-lasting when compared to handling. LC-lesion completely blocked
the carbachol-increased levels of NA and DA. LC-lesion did not affect the handlinginduced DA release but reduced the hypotension-induced DA release.
These results indicate that during certain conditions (handling stress) the release of
NA and DA is uncoupled, however the other conditions, is fully dependent (infusion of
carbachol into the LC) or partly dependent (hypotension) on LC activity. We conclude
that the release of NA and DA in the PFC is not fully coupled although the mechanism
of action of the NA-DA interaction is unclear. (Supported by Solvay Pharmaceuticals)
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486.14

SYNAPTIC RELEASE OF NOREPINEPHRINE BY UNILATERAL
STIMULATION OF LOCUS COERULEUS INCREASES PERFORANT
PATH EVOKED POTENTIALS BILATERALLY.
R. A. M. Brown* and C. W. Harley. Memorial University of Newfoundland,
St. John’s, NF, A1B-3X9
The locus coeruleus (LC) has been implicated in attentional processes. The LC
responds with a burst to salient environmental stimuli, releasing norepinephrine
(NE) at downstream target sites including hippocampus. NE has been shown to
induce LTP like events at the perforant path/granule cell synapse via the 0-receptor.
The LC is known to send a small population of fibres (10-30%) to the contralateral
hippocampus, but it is unclear whether this projection is of sufficient strength to
influence hippocampal function. This study activated the LC unilaterally in vivo by
pressure ejection of glutamate. Evoked potentials were monitored simultaneously
from both hippocampi.
Unilateral activation of LC resulted in an increase in population spike (PS)
amplitude both ipsilateral and contralateral to the activated LC. The ipsilateral PS
showed a greater potentiation, in number of occurences (5 of 5 short-term, 135%
of baseline at 5 minutes), and duration (3 of 5 long-term, 135% at 30 minutes)
than the contralateral PS (4 of 5 short-term, 143% at 5 minutes, 2 of 5 long-term,
157% at 30 minutes). Potentiation did not appear to be correlated between the two
sides, in that the effect could be large on one side relative to the other. Similarly
the effect could be long-term on one side, but not on the other side.
EPSP slopes were also increased with greater frequency on the ipsilateral side
(4 of 5, 113% at 5 minutes, 5 of 5, 120% at 30 minutes) than on the contralateral
side (2 of 5, 119% at 5 minutes, 4 of 5, 118% at 30 minutes).
Unilateral activation of LC appears able to increase the efficacy of
glutamatergic transmission in the contralateral hippocampus, implying that only a
small number of LC afferents require activation to affect hippocampal function.
Supported by NSERC grant A9791 to CWH.

CHANGES DURING DEVELOPMENT. Veronica Alvarez Maubecin1,
Magaru Ishi'matsu2 and John T, William.??1 Vollum Institute, Oregon Health
Science University, Portland, OR 97201, USA. Department of Physiology,
School of Medicine, Kurume University, Japan.
Locus coeruleus (LC) neurons fire spontaneous action potentials that are
driven by both sodium and calcium currents. In neonates, the spontaneous
activity is synchronized throughout the nucleus. In adult animals, activity
is not often synchronized until tetraethylamonium or barium is superfused.
Tetrodotoxin does not disrupt the synchronicity suggesting that sodium
channels are not involved in this process. The purpose of this work is to
analyze the role of the calcium conductance in the synchronization of the
spontaneous activity.
The membrane potential and the intracellular calcium concentration
(measured with Oregon Green BAPTA1) were simultaneously recorded in LC
neurons. In neonates, nimodipine (1 pM), an L-Type calcium channel blocker,
potently reduced the increase in intracellular calcium that is associated
with the firing of action potentials. In addition, Bay K, an agonist of L-type
calcium channels, was able to induce synchronized firing and the appearance
of subthreshold oscillations in the membrane potential. In adult animals,
both nimodipine (lOpM) and w-conotoxin GVIA (lpM) were needed in order
to block completely the calcium conductances that participate in the action
potential.
This work shows that LC neurons display high density of L-type calcium
channels during early developmental periods. The calcium conductances
switch in adulthood and this event could be related to the changes observed
in the firing synchronization.

NIMODIPINE SENSITIVITY IN LOCUS COERULUES NEURONS

Supported by NSF-W02701and NIDA-DA04523.

486.15
AGE DEPENDENT DIFFERENCES IN CONNEXIN PROTEIN
DISTRIBUTION IN THE RAT LOCUS COERULEUS (LC). E

Garcia-Hernandez*, V, Alvarez Maubecin. J.T, Williams and E.J. Van
Bockstaele, Dept. of Path., Anat. & Cell Biol., Thomas Jefferson Univ.,
Phila., PA 19107; Vollum Institute for Advanced Biomedical Research,
OHSU, Portland, OR 97201.
We have previously shown functional coupling through gap junctions
between neurons and glial cells in the neonatal LC. Using immunoelectron
microscopic techniques, gap junction proteins (Cx 26 and 32) were detected
in the LC between (i) noradrenergic neurons, (ii) glial cells as well as (iii)
between neurons and glia during early postnatal development (Veznedaroglu
etal., Soc. Neurosci. Abst. 24; 1596; 1998). Electrophysiological recordings
in LC extended these findings by showing that the membrane potential of
neuron/glia pairs oscillated in parallel (Alvarez Maubecin and Williams, Soc.
Neurosci. Abst. 24: 1596; 1998)! Finally, dye coupling was detected between
LC neurons and glial cells. The goal of the present investigation is to test
whether the cellular distribution of connexin proteins and electrotonic coupling
change during development. Dual immunocytochemical labeling for connexin
26, 32 and 43 was combined with detection of tyrosine hydroxylase (TH), a
marker for norepinephrine, in the same section of tissue in the LC of adult
male Sprague Dawley rats. Peroxidase or gold-silver labeling of connexin 32
was heterogeneously distributed in glia and neurons of both young and adult
rats in LC. Connexin 43 was identified primarily in glial processes in both
groups. For all connexins analyzed, the degree of immunoreactivity was
reduced in adults as compared to that of early postnatal periods.
Electrophysiological recordings from LC neurons and glial cells showed that,
although reduced, functional coupling between neurons and glia remains
present in adulthood. Grant support: NSF 9810524.

CATECHOLAMINES: ENZYME REGULATION AND MUTATION
487.1

487.2

DOPAMINE (DA) NEURON PRECURSORS IN THE VENTRAL MIDBRAIN
ARREST FROM TERMINAL DIFFERENTIATION, EXPRESS GENERAL
NEURONAL MARKERS AND INNERVATE THE STRIATUM IN NURR1
DISRUPTED MICE. J, Witta1, J.S. Baffi2, M. Palkovits3, E. Mezey2. S.O.

TRANSCRIPTIONAL FUNCTION AND MOLECULAR MECHANISMS
OF A HOMEODOMAIN TRANSCRIPTION FACTOR FAMILY
REGULATING THE NORADRENERGIC PHENOTYPE. M Adachi, and
EJ Lewis*. Dept. Biochemistry and Mol. Biol., Oregon Health Sci. Univ.,
Portland OR, 97201
The homeodomain transcription factors, Arix/Phox2a and NBPhox/
Phox2b, are believed to play a role in the specification of the noradrenergic
phenotype of neural crest derived neurons.
We have evaluated the
transcriptional function and the molecular mechanisms of Arix and
NBPhox.
Transient transfection of Arix and NBPhox cDNA into noncatecholaminergic cells revealed that Arix and NBPhox individually and
modestly activate transcription of the promoter proximal region of DBH,
the terminal enzyme of noradrenaline biosynthesis. In addition, either Arix
or NBPhox synergistically interact with the cAMP/PKA signal transduction
pathway to cause robust transcriptional activation from the DBH promoter.
The extent of transcriptional induction are similar between Arix and
NBPhox either in the presence or the absence of PKA stimulation, and their
transcriptional activities do not synergize when they are combined. Using
non-neuronal and neuronal cell nuclear extracts as a source of kinases, in
vitro translated Arix and NBPhox are both phosphorylated, suggesting that
PKA-dependent transcription may result from phosphorylation events. We
also demonstrated that recombinant Arix and NBPhox are able to bind to
three putative homeodomain binding sites within the DBH promoter. Arix
and NBPhox do not appear to interact cooperatively for the DNA binding.
We conclude that Arix and NBPhox similarly and independently
regulate transcription from the DBH promoter. The results suggest that coexpression of these transcription factors during embryogenesis may result
in functional redundancy in the regulation of the noradrenergic phenotype.
Supported by NIH Grant GM38696 (EJL).

Castillo^. S. Yang* J. Eells** and V.M. Nikodem\ National Institute of Diabetes
2
and Digestive and Kidney Diseases, 10/8N317; National Institute of Neurological
3
Disorders and Stroke, 36/3B05; National Institute of Mental Health, 36/3D06;
National Institutes of Health, 9000 Rockville Pike, Bethesda, MD 20892.
Various factors, including the orphan nuclear receptor Nurrl have been
implicated in DA biosynthesis, but many of the specific events involved in this
process have to be determined. Using genetic manipulations in mice, the obligatory
role for Nurrl in DA biosynthesis has been documented; however, the mechanism
remains unclear. DA biosynthetic enzymes, transporters and receptors for DA
utilization are absent in the substantia nigra (SN) and the ventral tegmental area
(VTA) of Nurrl null neonates. The current study establishes that the neuronal
organization of these areas appears normal and the loss of Nurrl did not affect the
survival of these cells as determined by quantitative analysis of cells expressing a
general neuronal nuclear marker and TUNEL assay for apoptotic cells.
Furthermore, the expression of cholecystokinin, a co-transmitter of ventral
tegmental dopaminergic neurons, and the untranslated exonl and 2 of Nurrl gene
revealed the presence of dopaminergic precursors in the SN and VTA in the Nurrl
null mice. In addition, in mutant mice these neurons have established their
projections to the striatum as shown by nigrostriatal transport using fluorescent
carbocyanine dye (Dil). These results provide evidence that Nurrl is essential for
terminal differentiation of the dopaminergic neurons in the ventral midbrain but
does not affect the early steps of their neurogenesis, migration, survival and striatal
projections.
(Funding provided by the NIH.)
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GENE EXPRESSION OF CATECHOLAMINE BIOSYNTHETIC
ENZYMES FOLLOWING EXERCISE: MODULATION BY AGE. FL.
Turner1,2*. H.A, Demirel3. L, Serova4. E.L Sabban4. C.S. Broxson1 and
S.K. Powers3. ‘GRECC, VA Medical Center, 2Dept of Pharmacol. &
3Center for Exercise Science, Univ of FL, Gainesville FL 32608; 4Dept.
Biochem & Mol. Biol., NY Medical College, Valhalla, NY 10595
Important consequences of the aging process are abnormalites in
adaptation to stress. Moreover, both age and stress are associated with
tissue specific alterations in the catecholaminergic systems. We examined
the effect of exercise on tyrosine hydroxylase (TH) and dopamine 6
hydroxylase (DBH) gene expression in adrenals and specific brain regions
with aging. Male, 6 and 24 mo-old F-344 rats were exercised on a
treadmill at ~ 75% VO2 Max for five consecutive days. One group was
sacrificed immediately (GI) and a second group was sacrificed 2h (G2)
after the last training session. Exercise significantly elevated TH mRNA
equally in adrenals of both young and old rats (G2). Surprisingly,
training had no effect on DBH mRNA in adrenals of young, but elevated
DBH mRNA in old rats. Exercise training revealed divergent changes in
TH mRNA in brain chatecholaminergic neurons. In locus coeruleus (LC),
training elevated TH mRNA level only in young rats. In substantia nigra
(SN), there was no change in young, but in old G2 a 45% increase in TH
mRNA was observed. In ventral tegmental area (VTA), training increased
TH gene expression about 80% in young rats but failed to increase TH
mRNA level in old rats, although the basal levels tended to be higher. The
results indicate that exercise training increases TH mRNA levels in young
animals in adrenals, LC and VTA. The responses of aged animals differed
from the young especially in SN, less in LC and VTA. Supported by VA
Medical Research Service and NS 32166 and NS28869.

TRANSCRIPTIONAL REGULATION OF ADRENAL DOPAMINE (3HYDROXYLASE GENE BY REPEATED IMMOBILIZATION
STRESS: ROLE FOR THE IMMEDIATELY EARLY GENE FRA-2.
B.B, Nankova1*, M, Rivkin1. R. Kvetnanskv2 and E.L. Sabban1. ’Dept.
Biochem. & Mol. Biol. New York Med. Coll., Valhalla, NY 10595;
2Inst. Exp. Endocrin., Bratislava, Slovakia.
The precise mechanisms by which beneficial responses to acute stress
are transformed in longer-term pathological effects of chronic stress are
largely unknown. Recently we showed sustained elevations in the
transcription of dopamine p-hydroxylase (DBH) gene, reflected in
accumulation of its mRNA and protein by repeated immobilization (IMO)
stress. Western blot analyses revealed that the members of API family
are differentially regulated by single and repeated stress, suggesting
distinct role in establishing stress-induced pattern of gene expression in
the adrenal medulla (AM). The induction of c-Fos was transient, while
marked elevation of long lasting fos-related antigens (FRAs) was
observed following repeated IMO. We investigated DNA-protein
interactions at the API-like DBH promoter element. Increased DNA
binding activity was displayed in AM extracts from stressed rats, which
was predominantly composed of c-Jun and Fra-2 containing dimers. The
functional link between Fra-2 and regulation of DBH was tested in PC 12
cells co-expressing this factor and DBH-luciferase promoter constructs.
These studies emphasize the potential importance of stress-evoked
increases in the expression of rat adrenal Fra-2 gene for the in vivo
transcriptional regulation of DBH. (NS 28869 and TW00984).

487.5

487.6

IDENTIFICATION
OF
A
FUNCTIONAL
GLUCOCORTICOID
RESPONSE ELEMENT IN 5’-FLANKING DNA OF THE TYROSINE
HYDROXYLASE GENE T. Hagerty, R. Strong, S.S. Wang* and W.W.
Morgan. Depts. of Pharmacology and Cellular and Structural Biology, U.
Texas Hlth. Sci Ctr., and GRECC, South Texas Veterans Health Care System,
San Antonio, TX 78284-7764
Although glucocorticoid receptor activation is known to augment tyrosine
hydroxylase (TH) gene transcription, the mechanism that mediates this effect
is unknown. To investigate this mechanism, the genomic DNA for the mouse
TH gene was cloned, sequenced and chimeric genes were prepared linking
3.6, 1.1 or 0.8 kilobases (kb) of the 5’ regulatory DNA of the TH gene to a
firefly luciferase reporter construct. PC-12 cells were transiently transfected
with the different constructs. Dexamethasone (lpM) produced a significant
increase in luciferase activity in PC-12 cells containing the construct with 3.6
kb, but not 1.1 or 0.8 kb of the TH regulatory DNA. However, the constructs
containing 0.8 or 1.1 kb of the 5’ flanking region of the TH gene were
responsive to forskolin. A consensus glucocorticoid response element (GRE)
was identified between -2435 and -2421 base pairs upstream of the
transcriptional start site. A chimeric fusion gene was prepared linking this
putative GRE to the thymidine kinase minimal promoter in a firefly luciferase
reporter construct. Luciferase activity was higher in PC 12 cells transiently
transfected with the GRE-containing construct as compared to cells
transfected with the construct without the GRE sequence. These results
strongly suggest that a functional glucocorticoid response element is located
in the TH gene 5’ flanking region. (Supported by PHS grant # DK52543 and
VA Merit Review Research Program)

OVERLAPPING SP1/EGR1 MOTIF IN THE RAT TYROSINE
HYDROXYLASE PROMOTER: A NEW CANDIDATE FOR
TRANSCRITPIONAL REGULATION. N, A. Papanikolaou* and
E. L. Sabban Dept. of Biochem. & Mol. Biol., New York Med.
Coll., Valhalla, NY 10595.
The rat tyrosine hydroxylase (TH) promoter contains a GC box
(Spl motif) whose function is currently unclear. DNase-I
footprinting analysis reveals the binding of proteins to the Spl
motif in nuclear extracts from PC 12 cells and rat adrenal medulla.
Extracts from the adrenal medulla of IMO-treated rats, generate a
footprint on the Spl motif that is smaller than that generated by
control extracts. Electrophoretic mobility shift asssays (EMSA)
using an oligonucleotide containing the Spl region, show that two
Spl protein-containing complexes (I and III) form with control
extracts. In contrast, extracts from the adrenal medulla of IMOtreated rats form a novel complex (II), which contains the Egrl
protein. Cotransfection of PC 12 cells with an expression vector for
Egrl, but not truncated Egrl, increased CAT reporter activity
under the control of the TH promoter. This is the first report to
reveal changes in the binding pattern on the TH Spl motif in
response to stress and to identify an overlapping Egrl site. Our
results suggest that the Spl/Egrl motif may function in the
regulation of TH transcription. (NIH grants NS 28869 and NS
322166).

487.7

487.8

EFFECTS OF DOPAMINE ON N-TERMINUS-DELETED HUMAN
TYROSINE HYDROXYLASE TYPE I. A. Nakashimal*. K. MoriL Y. S.
KanekoL T. Nagatsu2. and A. Ota1. iDept. of Physiolgy, Sch. Med. and 2Div. of
Molecular Genetics, Inst, for Compr. Med. Sci., Fujita Health Univ., Toyoake, Aichi,
470-1192,Japan.
Tyrosine hydroxylase (TH), which converts L-tyrosine to L-DOPA in the
presence of a cofactor 6/f-tetrahydrobiopterin (6RBPHJ, is a rate-limiting enzyme in
the biosynthesis of catecholamines; and its activity is regulated by the feedback
inhibition of the catecholamine products including dopamine. To identify the specific
portion of the N-terminus of TH that determines the efficiency of the inhibition, wildtype and N-terminal 35-, 38-, and 44-amino acid-deleted mutants of human TH type
1 were expressed as a maltose binding protein fusion in Escherichia coli and purified
as a tetrameric form. There was no difference in Michaelis constant for L-tyrosine
and 6RBPH< among the four enzymes. The iron contents incorporated into the three
N-terminus-deleted mutants were significantly lower than that of wild-type.
However, there was no substantial difference in incorporated iron contents among
three mutants. The deletion up to no less than 38 amino acid residues in the Nterminus modified the enzyme to become more resistant to dopamine inhibition of
catalytic activity than the wild-type or N-terminal 35 amino acid-deleted TH.
Dopamine bound to the N-terminal 38 amino acid-deleted TH more than to the Nterminal 35 amino acid-deleted one. However, when the incubation with dopamine
was followed by further incubation with 6RBPH4, dopamine was expelled more
readily from the N-terminal 38 amino acid-deleted TH than from the N-terminal 35
amino acid-deleted one. These observations suggest that the amino acid sequence
Gly^-Arg^-Arg38 plays a key role in determining the competition between dopamine
and 6RBPH4 and affects the efficiency of dopamine inhibition of the catalytic
activity.
(Supported by grants from Ministry of Education, Science, Sports and
Culture of Japan, and from Fujita Health Univ.)

THE EFFECT OF CATECHOLAMINES ON EMBRYONIC SURVIVAL
AX. Portbury*, M, McMillian, M, Groelle and D.M. Chikaraishi, Department of
Neurobiology, Duke University Medical Center, Durham, NC, 27710.
Catecholamines (dopa, dopamine, norepinephrine and epinephrine) are
synthesized from tyrosine by the sequential action of four enzymes, the first of
which is tyrosine hydroxylase (TH). In mice, TH mRNA first appears in the
developing neuroblasts on embryonic day (E) 8.5, 2-3 weeks before the onset of
neurotransmission. Despite the early onset of gene activity, very little is known
about the role of catecholamines during early development. In order to investigate
this, transgenic mice were engineered which lacked a functional TH gene and
therefore are catecholamine deficient. It was found that the homozygous mutation of
the TH gene is embryonically lethal, with the majority of the knockouts dying in
utero between El 1.5 and 15.5. The exact cause of death in these mutants is unclear:
approximately half the mutants exhibit signs of heart failure, suggesting an
underlying pathology in the cardiovascular system.
In order to determine what role catecholamines play in the midgestational embryo,
we cultured wild type mouse embryos (E12.5) and examined the effect that
adrenergic blockade had on heart function. Under control conditions (95% O2),
neither p nor a-adrenergic receptor (AR) antagonists had an effect on heart rate or
function. However, when embryos were made moderately hypoxic (40% O2), the pAR antagonists atenolol and ICI 118,551 (10'7M) significantly slowed heart rate.
Moderate hypoxia alone reduced heart rate by about 30%; the addition of the P-AR
antagonists decreased heart rate by a further 30%. In contrast to P-AR antagonists.
a-AR antagonists appear to have no significant effect on heart rate during hypoxic
conditions. These results suggest that, under moderate hypoxia, norepinephrine
works through p-AR to increase heart rate in intact embryos.
Supported by NIH grant 5RO1NS2675-13
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c-FOS EXPRESSION STIMULATES TYROSINE HYDROXYLASE
GENE TRANSCRIPTION RATE IN PC 18 CELLS. B, Sun* and A.W,
Tank. Dept of Pharmacology and Physiology, University of Rochester
Medical Center, Rochester, NY 14642.
The tyrosine hydroxylase (TH) gene is regulated by numerous stimuli. At
the level of gene transcription, the API site at position -205 to -199 in the
TH gene proximal promoter participates in its response to calcium influx or
phorbol ester. However, it remains unclear which API factor(s) is
responsible for these responses. We examined the effect of c-Fos expression
on TH gene transcription using PC 18 cells as a model system; these cells do
not normally express c-Fos under either basal or stimulated conditions. The
tetracycline-inducible system was utilized to produce a stable PC 18 cell line,
in which c-Fos expression was under the control of the tet operon. After cFos induction, TH gene transcription rate was dramatically increased; this
increase was dependent on the concentration of tetracycline in the cell
medium. Modification of the induced c-Fos protein by calcium influx or
phorbol ester treatment did not further enhance this c-Fos-mediated increase
in TH gene transcription rate. In contrast, forskolin inhibited this response.
Promoter analysis studies showed that the activity of the API site in the TH
gene proximal promoter was increased after c-Fos induction, but to a much
lesser degree than the c-Fos-mediated stimulation of TH gene transcription
rate. Our results suggest that an increase in c-Fos protein is sufficient to
stimulate TH gene transcription rate, but that this response is only partially
dependent on the API site in the TH gene proximal promoter. Supported by
DA05014 and STRC0481.

HETEROGENEOUS ACTIVATION OF TYROSINE HYDROXYLASE GENE
TRANSCRIPTION IN LOCUS COERULEUS NEURONS FOLLOWING
FOOTSHOCK STRESS AND IDAZOXAN ADMINISTRATION. M.-S, Chang1*,
A.F, Sved2, M.J. Zigmond3 and M.C. Austin4. Departments of Molecular Genetics
and Biochemistry1, Neuroscience2, Neurology3 and Psychiatry4, University of
Pittsburgh, Pittsburgh, PA 15261.
The nucleus locus coeruleus (LC) consists of a dense population of noradrenergic
neurons in the dorsal pons. LC neurons appear uniformly to have a slow and regular
firing pattern and increase their firing rate in response to noxious and stressful
stimuli. Previous studies have demonstrated that in response to stressful stimuli LC
neurons synthesize more tyrosine hydroxylase (TH). We have recently developed an in
situ hybridization histochemical (ISHH) method, using oligonucleotide probes
directed at intron 2 of the TH gene, to examine changes in the rate of TH gene
transcription in LC neurons. Our initial studies suggested that the expression of TH
primary transcripts was heterogeneous in the LC under both basal conditions and in
response to stress and drugs that increase the activity of LC neurons. The purpose of
the present study was to further characterize this heterogeneity of LC neurons. Using
the intron-specific ISHH method, we quantified the percentage of LC neurons
containing TH primary transcript levels in rats subjected to 30 min of footshock,
injected with idazoxan (lOmg/kg, i.p.) or saline and in handled controls. Only 38% of
LC neurons measured from control rats contained measurable levels of TH primary
transcript. In contrast, the percentage of TH primary transcript labeled LC cells
significantly increased in the saline (70%), footshock (86%) and idazoxan (87%)
groups. Despite the robust increase in TH primary transcript levels in the footshock
and idazoxan groups, approximately 14% of the LC cells had undetectable levels of
TH primary transcript. These findings reveal heterogeneity in the cellular expression
of TH gene transcription in LC neurons which raises questions regarding the
functional significance of the quiescent LC cells. (Supported by MH29670,
MH45156, MH51159 and MHOOO58).

487.11

487.12

DIFFERENCES BETWEEN VIP AND PACAP IN THE POST-TRANSCRIPTIONAL
REGULATION OF TYROSINE HYDROXYLASE mRNA THROUGH THE PACAP,
RECEPTOR; THE ROLE OF PKC. J. Corbitt, S.S. Wang and R. Strong*. The University of
Texas Health Science Center at San Antonio and GRECC, South Texas Veterans Health Care
System, San Antonio, TX 78284.
In prevailing models of tyrosine hydroxylase (TH) gene regulation, acetylcholine acting through
nicotinic cholinergic receptors plays a role in the trans-synaptic induction of TH. However, other
neuromodulators have been implicated in regulating TH gene expression. The peptides
vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase-activating polypeptide
(PACAP) are two such modulators. These peptides have markedly different effects on TH mRNA
induction in pheochromocytoma (PC12) cells despite having 68% sequence homology and acting
at a common receptor. Dose-response studies revealed that PACAP is an order of magnitude
more potent in stimulating TH mRNA. Time-course studies revealed that continuous exposure to
VIP produced a transient 2.8-fold increase in TH mRNA that returned to baseline by 24 hours. In
contrast, continuous PACAP treatment produced a 3.6-fold increase in TH mRNA that remained
significantly elevated for up to 2 days. PACAP’s persistent effect on TH mRNA levels is not due
to prolonged transcription, suggesting that the prolonged effect of PACAP is the result of
increased TH mRNA stability. The enduring effect of PACAP requires its presence, as removal
of PACAP after 12 hours resulted in a return of TH mRNA to basal levels within 36 hours. These
results suggest that PACAP produces at least part of its effect on TH mRNA by increasing TH
mRNA stability and that this effect is dependent on receptor occupancy. In order to dissect the
mechanism of increased TH mRNA stability in the presence of PACAP, a mutant PC 12 cell line
deficient in protein kinase A was employed. In this cell model, PACAP alone had no effect on
TH mRNA induction, but TH was induced with the synthetic glucocorticoid dexamethasone (1
pM). Interestingly, when PACAP and dexamethasone were administered simultaneously, a
synergistic effect was seen on TH mRNA induction. Furthermore, this effect was not due to
increased transcription. Differences in the effect of VIP and PACAP on protein kinase C (PKC)
may account for their differing effects on TH mRNA. PACAP increased PKC activity at 10 nM
and 100 nM, but VIP failed to stimulate PKC activity even at concentrations of 10 pM.
Administration of PKC inhibitors antagonized the persistent effect of PACAP on TH mRNA.
This study was supported by a grant from the Merit Review Medical Research Program of the
Department of Veterans Affairs and by Public Health Service Grants AG 09557 and DK 52543.

POST-TRANSCRIPTIONAL REGULATION OF TYROSINE HYDROXYLASE
GENE EXPRESSION: ROLE OF THE 3’ UNTRANSLATED REGION OF THE
TH mRNA. E, Fernandez*, J. Corbitt, S.S. Wang and R, Strong. The

487.13

487.14

Protein kinase involvement in
the depolarization-dependent
phosphorylation of tyrosine hydroxylase. M.F. Salvatore and J.W.
Haycock Louisiana State University Medical Center, New Orleans,
Louisiana 70119.
Tyrosine hydroxylase (TH) is phosphorylated at four serine residues
in its N-terminal region. The phosphorylation of Seri 9, Ser31, and Ser40 in
striatum and in cultured PC 12 cells increases under depolarizing conditions
(medial forebrain bundle stimulation and 56 mM K\ respectively). While
previous studies have suggested that TH phosphorylation is accomplished
by specific protein kinases (ERK on Ser31, and PKA on Ser40), whether or
not these kinases are involved in the depolarization-induced increases in
phosphorylation is unknown. Using site- and phosphorylation-state specific
antibodies, the stoichiometry of TH phosphorylation at Ser31 and Ser40 was
determined in PC 12 cells subjected to 56 mM K+ for periods of time known
to increase the phosphorylation stiochiometry of TH at these sites. To
diminish the influence of the ERK and PKA signaling pathways in these
treatments, PD98059, an inhibitor of MEK (a kinase that phosphorylates and
activates ERK), and cultured PC 12 cells deficient in an isoform of PKA (the
A126 cell line) were utilized. Pretreatment (10 min) with PD98059 (50 pM)
reduced 56 mM K+-dependent increases in Ser31 phosphorylation
stoichiometry two-fold, without reduction in the concomitant increases in
Seri9 or Ser40 phosphorylation stiochiometry. In the A126 cell line, where
forskolin-induced increases in Ser40 phosphorylation stoichiometry were
diminished to about 90%, K -dependent increases in Ser40 were also
reduced compared to its effect in wild-type cells. These studies suggest
involvement of ERK and PKA in mediating depolarization-dependent
increases at Ser31 and Ser40 in situ. Support: NIH grant R01 NS 25134-11.

SEXUALLY DIMORPHIC EXPRESSION OF GTP CYCROHYDROLASE
I: A POSSIBLE CAUSE OF FEMALE PREVALENCE OF HEREDITARY
PROGRESSIVE DYSTONIA?
M. Shimoji*, K. Hirayama and G. Kapatos. Cellular & Clinical Neurobioiogy
Program, Department of Psychiatry and Behavioral Neurosciences, School of
Medicine, Wayne State University, Detroit, Michigan, 48201.
GTP cyclohydrolase I (GTPCH) is the initial and rate-limiting enzyme of
tetrahydrobiopterin (BH4) biosynthesis. BH4 is the essential cofactor for
monoamine biosynthesis. A childhood-onset movement disorder known as
hereditary progressive dystonia with marked diurnal fluctuation (HPD) was
linked to various heterozygous mutations in GTPCH DNA. It is transmitted in
an autosomal dominant manner with incomplete penetrance; it affects more
females than male carriers. HPD is characterized by a decreased capacity to
synthesize dopamine (DA) within intact nigrostriatal DA neurons, and it is this
imbalance within the neurochemical circuitry of the basal ganglia that
presumably underlies the movement disorders associated with this disease.
Recently we found that female mice express significantly lower levels of
GTPCH mRNA in monoaminergic cell groups of substantia nigra, dorsal
raphe and locus coeruleus when compared to that of male counterparts. This
finding suggested that sexually dimorphic expression of GTPCH may underlie
the sexually biased prevalence of HPD.
In present study, we further examined BH4 content, GTPCH enzyme
activity, protein levels, mRNA expression levels, and the rate of DNA
transcription in livers and brains from both sexes of rats. We found that BH4
content, enzyme activity, protein levels, and mRNA expression of GTPCH
were significantly lower in females compared to males. This evidence further
supports the observation that female carriers of the GTPCH mutation may be
more vulnerable than males to the HPD phenotype. (Supported by NS26081).
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University of Texas HSC Dept. of Pharmacology and GRECC, South
Texas Veterans Health Care System, San Antonio, TX 78284.

Elevated turnover of peripheral catecholamines plays a major role in agerelated diseases such as hypertension and atherosclerosis and contributes to
the age-related decline in immune function. The adrenal medulla is a major
source of circulating catecholamines. During chronic elevation of sympathetic
outflow, maintenance of elevated turnover of catecholamines is attributed to
increased expression of tyrosine hydroxylase (TH), the rate-limiting step in
catecholamine synthesis. We previously reported that aging is associated with
increased TH mRNA, but did not determine whether these changes resulted from
increased gene transcription. Therefore, we measured TH mRNA content and the
rate of TH gene transcription in the adrenal medulla of young (2-3 months) and old
(23-24 months) rats. TH mRNA content was increased 3-fold, while TH gene
transcription was significantly decreased in the adrenal medulla of old rats. Thus,
age-related increases in TH mRNA are due to increased transcript stability. It has
been shown increased binding of protein(s) to the 3’untranslated region (3’UTR) of
the TH mRNA increases transcript stability. Therefore, we performed RNA-protein
binding assays in cytoplasmic cell extracts from adrenal medulla of young and old
rats. RNA-protein binding to 3’UTR was 3-fold higher in the older group. Taken
together, these studies indicate that increased TH gene expression during aging
occurs post-transcriptionally through interaction of trans-acting factors and cisacting elements in TH mRNA 3’UTR. Accordingly, these mechanisms may
contribute to age-related diseases associated with increased circulating
catecholamines. This study was supported by a grant from the Merit Review
Medical Research Program of the Department of Veterans Affairs and by Public
Health Service Grants AG 09557 and DK 52543.
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487.16

mRNA IS EXPRESSED BUT PROTEIN IS UNDETECTABLE IN TRANSFECTED
CELLS CONTAINING A MUTATION IN GTP CYCLOHYDROLASE I THAT
CAUSES HEREDITARY PROGRESSIVE DYSTONIA. A.Meyer*, K.Hirayama, &
G.Kapatos. Cellular & Clinical Neurobiology Program, Department of Psychiatry &
Behavioral Neurosciences, School of Medicine, Wayne State University, Detroit, MI
48201.
Tetrahydrobiopterin (BH4) is an essential cofactor for the synthesis of monoamines.
GTP cyclohydrolase I (GTPCH) is the first and rate-limiting enzyme in the
biosynthesis of BH4. Heterozygous mutations in human GTPCH cause hereditary
progressive dystonia (HPD), which is marked by an 80% decrease in GTPCH enzyme
activity. This result is surprising since HPD patients only have one mutant (mt) allele
and therefore it might be predicted that their GTPCH activity should be closer to 50%
of normal. One possible explanation for the 80% decrease in enzyme activity may be
that mt GTPCH subunits target wild-type (wt) subunits to a degradative pathway. In
this study we mutated recombinant human GTPCH by exchanging the glycine residue
at 201 to glutamate, a mutation that causes HPD. Mt and wt GTPCH were then
cloned into the pEGFP-C3 vector that encodes for an N-terminal Green Fluorescent
Protein tag. Fluorescence microscopy of transfected C6 and HeLa cells revealed wt
and mt GTPCH as punctate intracellular aggregates and that mt GTPCH protein is
expressed at very low levels. Confocal imaging studies are underway to identify the
intracellular location of the aggregates. RT-PCR of RNA from transfected C6 and
HeLa cells showed the presence of approximately equal amounts of wt and mt
GTPCH mRNA. Immunoblots show expression of wt GTPCH, but mt protein is not
detectable. In addition, wt GTPCH was enzymatically active while mt GTPCH
activity was undetectable. This suggests that mt GTPCH mRNA may not be
translated into protein or that mt GTPCH protein may be rapidly degraded.
(Supported by NS26081)

MOLECULAR CHARACTERIZATION OF MOUSE AROMATIC L-AMINO
ACID DECARBOXYLASE: cDNA, NEURONAL PROMOTER AND GENE
STRUCTURE. A.M. Duchemin*, T.T. Quach, M. Hadjiconstantinou and N,
H. Neff Depts of Pharmacology and Psychiatry, The Ohio State University
College of Medicine, Columbus, OH 43210, USA, and INSERM U433 ,
Lyon, France.
A full length bovine aromatic L-amino acid decarboxylase (AADC)
cDNA was used to screen a mouse brain cDNA library , and one partial
clone identified. By PCR amplification using high fidelity pfu polymerase
with oligonucleotide primers designed from this clone or EST sequences
and vector primers, the 5' and 3' ends of the cDNA were obtained. The
coding sequence comprises 1433 nucleotides, and presents 92% homology
with the rat and 84% with the human. The amino acid sequence contains
the pyridoxal phosphate binding site, and several recognition motifs for
protein kinases. The cDNA was used to screen a Lambda Dash genomic
library from the mouse strain 129 SvJ. Several positive phage clones were
obtained, covering 40 kb. The rest of the gene was obtained by long range
PCR amplification of DNA extracted from the same library. A total of 16
exons was identified, and their sequence confirmed the one obtained from
the cDNA. The introns size and intron/exon junction sequences were also
determined. The promoter region, upstream of the neuron specific exon 2,
was sequenced. It contains binding sites for many transcription factors,
including, AP2, octamer-binding factor, oct-1, N oct-3, SP1, NFY, GATA-1,
HNF-1, HNF-3, CRE-BP, and CP1. Some of these transcription factors and
cis-acting elements are probably ' involved in the regulation of AADC
expression.
Supported by NIH Grant NS-34571.

487.17

487.18

DIFFERENTIAL ACTIVATION OF THE RAT PHENYLETHANOLAMINE
N-METHYLTRANSFERASE GENE BY SP1 AND MAZ. S, Her*, A.K.
Bloom and D.L. Wong Dept. of Psychiatry, Havard Med. Sch./McLean
Hosp., Belmont, MA 02178-9106
Sp1 and MAZ binding sites have been identified at -48 and -38
bp
respectively in the 5’ upstream sequences of the rat phenylethanolamine
N-methyltransferase (PNMT, 2.1.1.28) gene promoter. We have shown
that Sp1 and MAZ protein specifically bind to their cognate sites which
overlap by 1 bp. Furthermore, MAZ protein binds with higher affinity than
Sp1 does to its respective element. Gel mobility shift assays with
antibodies and RS1 cell nuclear extract showed that only MAZ protein
bound to an oligonucleotide containing both elements. However, if the
MAZ consensus sequence was mutated, then an Sp1/DNA complex
formed. Moreover, when RS1 cells were transfected with PNMT
promoter-reporter gene constructs with the MAZ site mutated, PNMT
promoter activity markedly increased by 7-fold compared to wild-type
control. These findings suggest that MAZ binding to the PNMT promoter
at the -38 bp site precludes Sp1 binding at the -48 bp site and thereby
Sp1 stimulation of the PNMT promoter. In the absence of MAZ,the
transcrition factor Sp1 readily binds to its recognition site and in so doing,
may increase its availability for interaction with the basal transcription
machinery of the PNMT promoter, possibly through a coactivator
complex, i.e. SRC-1, GRIP1, CBP, p300, PCAF, etc., and facilitate PNMT
promoter activation.

EFFECT OF HYPOXIA ON THE RAT PHENYLETHANOLAMINE N-METHYLTRANSFERASE GENE. T.C, Tai*, S. Her, and D.L, Wong. Dept.
Psychiatry, Harvard Med. Sch./McLean Hosp., Belmont, MA 02178-9106.
In vivo, hypoxia has been reported to alter the expression of the
catecholamine biosynthetic enzymes, including phenylethanolamine
N-methyltransferase (PNMT) in a tissue specific manner. The following
study examines the effects of hypoxia on PNMT gene expression in
different cell lines. Deletion PNMT promoter-luciferase reporter gene
constructs (-8.4, -5.9, -4.2, -2.5, -0.9 kb) were transfected into the PC12,
RS1, Neuro2A and COS1 cell lines and relative promoter activity compared
in response to normoxia (21% O2) or 24 h of hypoxia (5% O2). Hypoxia
decreased basal luciferase activity in all cell lines, irrespective of promoter
length. In addition, glucocorticoid (GC) activation of the PNMT gene was
altered by hypoxia depending on duration of dexamethasone (DEX)
treatment. In all cell types, exposure to 1 pM DEX during 24 h of hypoxic
stress attenuated promoter activation of all deletion constructs examined,
similar attenuation was observed in RS1, Neuro2A and COS1 cells (-0.9 kb
construct) exposed to 1 pM DEX in the final 6 h of hypoxic stress.
However, in hypoxic PC12 cells, 6h of DEX treatment augmented PNMT
promoter activation, suggesting that the GC receptor may interact
synergistically with other transcription factor(s) to stimulate PNMT gene
expression. Thus, hypoxic effects on PNMT gene expression depend on
duration of GC exposure and cell type, leading to either attenuation or
augmentation of PNMT gene activation.

DK51025-04

DK51025-04

487.19

487.20

EFFECTS OF CARBOXY-TERMINAL TRUNCATIONS ON HUMAN
MONOAMINE OXIDASE B. LJtebrin. R.M.Geha. K.Chen & J.C.Shih*
Dep. Mol. Pharmacol. & Toxicol., School of Pharmacy and Dept. Cell and
Neurobiology, School of Medicine, University of Southern California, Los
Angeles, CA 90033
Mutagenesis was carried out in human monoamine oxidase B (MAO-B) to
generate mutants with stop codons at positions 511, 504, 498, 492, 486, 481,
476, 467, 411 and 397 of the 520 amino acid sequence of the enzyme. All
truncated mutants and full length MAO-B were overexpressed to a high
level in SF21 insect cells using baculovirus and the enzyme kinetic
parameters were then determined. Truncations at amino acids 511, 504, 498
and 492 had no effect on MAO-B catalytic activity or deprenyl binding.
Further deletions decreased the activity 70-150 fold and slightly increased
the Km for phenylethylamine (PEA) and dopamine (DA) and IC50 for
deprenyl. The truncation mutant 397, which lacks covalently attached FAD,
was completely inactive as expected.
The solubilities of the full length MAO-B and the mutant proteins were
determined. The truncated proteins 481 and 486 were most soluble. Our
results suggest that the large carboxy terminal portion (up to position 411) of
this protein is not required for substrate and inhibitor binding but rather
plays a structural role in proper folding of MAO-B and possibly in the
interaction of the enzyme with the outer mitochondrial membrane.
(Supported by NIMH grants R01 MH37020, R37 MH39085 (MERIT
Award), K05 MH00796 (Research Scientist Award), and the Welin
Professorship).

MONOAMINE OXIDASE TYPE B IN SYMPATHETIC
PREGANGLIONIC NEURONS. R. Aral*. H. Yamada. X
Hasegawa, UTida- Dept. of Anatomy, Fujita Health Univ. Sch.
of Med. Toyoake, Aichi 470-1192, Japan.
Monoamine oxidase (MAO) activity in the intermediolateral
nucleus (IML) of the rat thoracic spinal cord was examined by
histochemistry. Using tyramine as a common substrate for
both MAO types A and B, the activity was detected by light
microscopy in neuronal cell bodies, processes, and varicosities
in the IML. By electron microscopy, both MAO-positive and
-negative neuronal cell bodies were found.
MAO
histochemistry in the IML was also performed using serotonin
(a MAO type A preferential substrate) and p-phenylethylamine
(a MAO type B preferential substrate). The MAO activity for
serotonin was found in a plexus of varicosities but not in any
neuronal cell bodies. The activity for 0-phenylethylamine was
detected frequently in neuronal cell bodies but rarely in
varicosities.
These findings suggest that sympathetic
preganglionic neurons in the spinal cord of rats can be
chemically divided into two groups, one contains MAO type B
while the other lacks both MAO types A and B. This work was
supported by Grant-in-Aid for Scientific Research from the
Ministry of Education, Science, Sports and Culture of Japan.
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PRESENCE OF BOTH MAO A AND B IN MOUSE RAPHE
NUCLEI. M.J. Ridd? I. Seif.2 E. De Maever.2 D.L, Davies.1* & J.C.
Shih1, ‘Dept. of Mol. Pharmacol. & Toxicol., School of Pharmacy and
Dept. of Cell & Neurobiol., School of Medicine, University of
Southern California, 1985 Zonal Ave., Los Angeles, CA 90033;
2Centre National de la Recherche Scientifique (CNRS), Unite Mixte de
Recherche 146, Institut Curie, 91405 Orsay, France.
We have examined the presence of MAO (monoamine oxidase) A and
B in the raphe nuclei in 1-2 month-old knock-out (KO) mice deficient
in either MAO A or B. Quantitative autoradiography with [3H]-Ro411049 and [3H]-Ro 19-6327 showed 1.5-fold higher levels of MAO A
labeling in the median and dorsal raphe nuclei of MAO B KO mice
when compared to MAO B labeling in MAO A KO mice. We studied
the role of MAO A in serotonin (5-HT) metabolism and observed 3fold higher levels of 5-HT and norephinephrine (NE) in raphe
homogenates from MAO A KO mice when compared to wild-types.
Since MAO B activity in this region was the same in wild-type and
MAO A KO mice, this suggests that MAO A metabolizes 5-HT and
NE. We studied the role of MAO B in 5-HT metabolism and observed
1.5-fold higher levels of 5-HT in raphe homogenates from MAO B KO
mice when compared to wild-types. MAO A activity in this region was
the same in wild-type and MAO B KO mice. This study suggests that
5-HT is metabolized by both MAO A and B in the raphe nuclei of adult
mice. In situ hybridization and immunohistochemistry studies will be
carried out to verify this finding (Supported by NIMH grants ROI
MH37020, R37 MH39085 (MERIT Award), K05 MH00796
(Research Scientist Award) and the Welin Professorship).
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487.22
FUNCTIONAL CATECHOL-O-METHYLTRANSFERASE (COMT)
POLYMORPHISM: TRANSMISSION DISEQUILIBRIUM TEST (TDT)
FOR SCHIZOPHRENIA AND RELATION VERSUS CSF
MONOAMINE METABOLITE CONCENTRATIONS. C. Mazzanti', A.
Malhotra2, Y Ni’1, D. Nielsen G. Vyas1, D. Bozak1, and D. Goldman1.
'Laboratory of Neurogenetics, National Institute of Alcohol Abuse and
Alcoholism, National Institutes of Health, Rockville, MD 20852.2Unit of
Molecular Psychiatry, Hillside Hospital, Glen Oaks, NY.

COMT plays a major role in the inactivation of catecholamines including
epinephrine, norepinephrine and dopamine. Catecholamines are integral in
neurologic disorders, e.g. Parkinson’s disease, and are strongly implicated
in psychiatric diseases including bipolar disorder and schizophrenia.
Association studies using functional DNA polymorphisms are an important
approach for identifying genes involved in the susceptibility for psychiatric
disorders. The TDT test evaluates allele effects but is not vulnerable to
population differences in allele frequency. COMT Vall58Met is a common
polymorphism which results in a 3- to 4-fold reduction in enzyme activity.
The lower activity allele (Met 158) has a frequency of 0.4 in Caucasians. In
the present study TDT was used to test for linkage disequilibrium between
COMT alleles and schizophrenia in 77 American Caucasian trios.
Furthermore we investigated possible relationships between the COMT
alleles and concentrations of the major catecholamine metabolites
homovanillic acid (HVA), and 3-methoxy-4-hydroxyphenylglycol (MHPG)
in lumbar cerebrospinal fluid (CSF) from 195 and 139 Finns, respectively.
No association was found between the COMT alleles and either
schizophrenia or monoamine metabolite levels.

DOPAMINE: PATHWAYS, CURRENTS AND BEHAVIOR
488.1

488.2

THE EFFECT OF INTERMITTENT AND CONTINUOUS CLORGYLINE
(CLG) ADMINISTRATION ON LOCOMOTOR SENSITIZATION
INDUCED BY THE DOPAMINE AGONIST QUINPIROLE (QNP).
Kirsten E, Culver* and Henry Szechtman. Dept Psychiatry and Behavioral
Neurosciences, McMaster University, 1200 Main St. West, Hamilton, Ontario,
CANADA L8N 3Z5.
The purpose of the present study was to determine whether chronic intermittent
injections of CLG would block QNP-induced locomotor sensitization as effectively
as does CLG administered continuously via osmotic mini-pump. Rats were treated
with chronic CLG via osmotic mini-pumps (1 mg/kg/day, s.c., n=10) or via
subcutaneous injections (1 mg/kg, every 3 days), administered 90 min prior to each
injection of QNP (0.5 mg/kg, s.c, every 3 days). Immediately following each QNP
injection, animals were placed in activity monitors and their locomotor and
mouthing activity was recorded for 90 min. CLG, regardless of whether it was
administered intermittently or continuously, blocked the induction of QNP-induced
locomotor sensitization, compared to quinpirole controls. To determine whether
CLG did in fact block the induction of locomotor sensitization to QNP, or whether
it simply blocked its expression, CLG treatment was discontinued after the 8,h QNP
injection and all groups received a test injection of QNP one week later. The
locomotor response of rats treated intermittently or continuously with CLG was no
different from an acute response, clearly indicating that QNP-induced locomotor
sensitization was completely blocked in both CLG treated groups. Together, these
results support the hypothesis that the induction of locomotor sensitization to QNP
may involve the activation of a MAOI-displaceable quinpirole binding site (MQB).
(Supported by the MRC (MT-12852). HS is a senior research fellow of the
OMHF).

EFFECTS OF REBOXETINE ON VENTRAL TEGMENTAL AREA
NEURONAL ACTIVITY AND DOPAMINE OUTPUT IN MAJOR
PROJECTION AREAS. H. Endersz, L. Linner, T.H, Svensson*, Dept. of

488.3

488.4

SOMATODENDRITIC DOPAMINE RELEASE IS NOT MODULATED BY A
DOPAMINE D3 RECEPTOR AGONIST (PD 128,907) IN EITHER SUBSTANTIA
NIGRA OR VENTRAL TEGMENTAL AREA. S. J. Cragg* and S. A. Greenfield.
University Dept. of Pharmacology, Oxford, OXI 3QT, UK
Dopamine (DA) is released from somatodendritic sites of neurons in the substantia
nigra pars compacta (SNc) and ventral tegmental area (VTA). Somatodendritic DA
release is autoinhibited by dendritic DA acting at D2 DA receptors in SNc, but less
so in VTA [1], Neurons in SN and VTA may also express the D3 DA receptor,
although conversely, at higher expression levels in VTA than SNc [2], It has been
suggested that the D3 receptor might function as an autoreceptor, although this
hypothesis remains controversial. In this study, a role of the D3 receptor in the
control of somatodendritic DA release in SNc and VTA was explored by application
of the putative D3 agonist PD 128,907. The effects were compared with those on
release from axon terminals of these neurons in dorsal (caudate-putamen) and ventral
(nucleus accumbens) striatum respectively. Fast-scan cyclic voltammetry at a
carbon-fibre microelectrode was used to measure directly the electrically evoked
release of DA (100 Hz, 10 pulses) in guinea-pig brain slices.
At doses reported to be relatively selective for the D3 receptor (< 400 nM),
PD 128,907 significantly reduced evoked DA release in both nucleus accumbens
(n = 4) and caudate putamen (n = 3). However, PD 128,907 did not modulate DA
release in either SNc or VTA (n = 6). Thus, these data suggest that although D3
receptors (or PD 128,907 acting through some other mechanism) might function as
autoreceptors to regulate release from axon terminals of DA neurons innervating
both ventral and dorsal striatum, they do not modulate release from the dendrites of
either population of neurons.
[1] Cragg et al. (1997) J. Neurosci. 17: 5738-5746
[2] Diaz et al. (1995) Neuroscience 65: 731-745
SJC was supported by an E. P. Abraham Junior Research Fellowship (St. Cross
College, Oxford) and Novartis Pharma.
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Physiology and Pharmacology, Section of Neuropsychopharmacology, Karolinska
Inistitutet, 171 77, Stockholm, Sweden.
The antidepressant drug reboxetine is a novel and highly selective noradrenaline
(NA) reuptake inhibitor, which has been shown to be at least as effective as
imipramine in major depression and to improve social functioning significantly
more than fluoxetine. Noradrenaline in the brain, which serves attentional
mechanisms, interacts in several ways with the mesocorticolimbic dopamine (DA)
system, which in turn plays a major role in the control of mood and motivation as
well as cognitive functioning. This interaction takes place both at the DA cell body
level, i.e. the ventral tegmental area (VTA) and, probably by means of competition
between NA and DA for the same carrier, at the nerve terminal level, especially in
the medial prefronal cortex (mPFC). Here we investigated the effects of acute
administration of reboxetine on DA neuronal activity in the VTA and on terminal
DA output in the mPFC and in the nucleus accumbens (NAcc), by means of single
cell recording and microdialysis, respectively, in the rat. In contrast to previous
results with fluoxetine acute reboxetine (2.5, 5, 10 and 20 mg/kg i.v.) significantly
increased burst firing in VTA DA neurons but not their average firing rate. This
stimulatory effect was attenuated by pretreatment with the alpha 1-adrenoreceptor
antagonist prazosin (1 mg/kg i.p., 20-60 min. before). Whereas the DA output in
the mPFC was dose-dependently increased by acute administration of reboxetine
(0.15, 0.67, 3 and 13,5 mg/kg i.p.) DA output in the NAcc remained unchanged,
tentatively reflecting the relative absence of noradrenergic terminals in the NAcc.
The reboxetine induced augmentation of central DA activity, particularly in the
mPFC, may facilitate cognitive functioning and learning of reward predicted
behaviour. This work was supported by the Medical Research Council of Sweden,
grant no. 4747, the Karolinska Institute, and Pharmacia-Upjohn, Ltd..
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MODULATION OF DOPAMINE EFFLUX IN THE NUCLEUS ACCUMBENS
BY THE LATERODORSAL TEGEMENTAL NUCLEUS OF THE RAT. G.L.
Forster * and C.D Blaha. Dept. Psych., Macquarie Univ., Sydney, NSW, Australia.
Cholinergic stimulation of the dopaminergic ventral tegmental area (VTA)
increases dopamine (DA) efflux in the nucleus accumbens (NAc). This increase in
DA efflux is attenuated by excitotoxic lesions of the brainstem laterodorsal
tegmental nucleus (LDT) (Blaha, et al., J. Neurosci., 16, 714, 1996), an area
containing both cholinergic and glutamateric neurons. The present study
characterised the influence of the LDT on DA efflux in the NAc. Rats were urethane
(1.8g/kg I.P.) anaesthetised, implanted with concentric bipolar stimulating electrodes
in the LDT, and stearate-carbon recording electrodes in the NAc. DA oxidation
currents in the NAc were measured via repetitive pulse chronoamperometry (30s
int.). LDT electrical stimulation evoked a triphasic response in the NAc. This
response consisted of an initial, rapid increase in DA (2.5min duration), followed by
a decrease in DA (9.5min), followed by a gradual increase above baseline levels (40
min). Systemic injections of the non-selective muscarinic antagonist scopolamine
(5mg/kg) abolished the last excitatory phase of this triphasic response. Similarly,
scopolamine infusions into the VTA (200pg/pl) result in a significant attenuation of
the 3rd phase. The 1st excitatory phase was attenuated by infusions of the nicotinic
antagonist mecamylamine (5pg/pl) into the VTA, and also by VTA infusions of the
glutamateric antagonist kynurenate (lOpg/pl). Finally, the 2nd, inhibitory phase of
this triphasic response was abolished by infusions of scopolamine (1 OOpg/pl) into
LDT, and also by LDT infusions of the selective m2 antagonist methoctramine
(50pg/pl). Results suggest that the LDT stimulation-evoked initial increase in DA
efflux, is mediated by ACh and glutamate acting on nicotinic and glutamate
receptors, respectively, in the VTA. Additionally, the subsequent decrease in DA
efflux appears due to ACh acting at muscarinic m2 autoreceptors on the LDT cell
bodies, inhibiting ACh release in the VTA. Moreover, the final increase in DA efflux
in response to LDT activation, appears due to ACh acting on muscarinic receptors in
the VTA, exciting these cells. These results serve to elucidate the complex pattern
and mechanisms by which the LDT regulates forebrain DA activity. Funded by
Macquarie Univ. Res. D97-709 and Australia Res. Council DO97-1004 Grants.

DOPAMINE: PATHWAYS, CURRENTS AND BEHAVIOR

TUESDAY AM

1215

488.5

488.6

IBOTENIC ACID LESION OF THE LATERODORSAt TEGMENTAL NUCLEUS
ATTENUATES THE MUSCARINIC ACTIVATION OF DOPAMINE NEURONS. &
Gronier*, Li, Saura, 2K.W. Perry, XM.J. O’Neill. ^.A, Hicks & 3K, Rasmussen Lilly
Research Laboratories, Windlesham, GU20 6PH, UK, Lilly Corporate Center,
Indianapolis, IN 46285, U.S.A.
The laterodorsal tegmental nucleus (LDTG) contains a large concentration of cholinergic
cells which innervate the ventral tegmental area (VTA), tho origin for the
mesocorticolimbic dopaminergic system. Previous results from our laboratory have
demonstrated the presence of cholinergic muscarinic receptors in the VTA, whose
activation not only stimulates the firing activity of dopamine (DA) neurons, but also
increases the release of DA in the VTA, prefrontal cortex and nucleus accumbens (NAC).
The aim of the study was to determine the effect of a chemical lesion of the LDTG on the
activity of the VTA muscarinic receptor, using electrophysiological and neurochemical
approaches. Rats received a single dose of ibotenate (25 nmoles) in the LDTG, 14-20
days before the experiments. In electrophysiological experiments, the activation of VTA
DA cells to the iontophoretic application of the muscarinic agonist oxotremorine M (OXO
M) was studied in chloral hydrate anaesthetized rats. DA cells recorded from the lesioned
side showed a 65% loss of their response to OXO M, compared to DA cells recorded from
the non lesioned side. In neurochemical experiments, extracellular DA levels were
simultaneously characterized in the VTA and NAC in urethane anaesthetized rats using
dual probe microdialysis, before and during the intrategmental infusion of 0X0 M (1
mM). In lesioned rats, no change in the levels of DA occurred in either the VTA and NAC
during 0X0 M infusion. On the other hand, the control rats show a more than 100%
increase of DA in both regions. Choline acetyl transferase immunoreactivity demonstrated
a loss of 50 % of cholinergic cells in the lesioned side compared to sham-lesioned rats.
These results demonstrate that a destruction of LDTG cholinegic cells blunted the
muscarinic activation of VTA DA cells. This alteration may be due to the loss of a
presynaptic element which participates in this activation of DA cells, or to a
desensitization of VTA muscarinic receptors.

LOSS
OF CORTICAL DOPAMINE TERMINALS
EARLY IN
DEVELOPMENT: EFFECTS ON LOCAL EXTRACELLULAR DOPAMINE IN
PREPUBERTAL AND ADULT RATS. J.M, Finlay*. S.D, Seiple. P.A. Cruz, and
P.A, Lewis. Depts. of Neuroscience and Psychiatry, University of Pittsburgh,
Pittsburgh, PA 15260.
Neurodevelopmental disturbances of mesoprefrontal dopamine (DA) neurons
may contribute to the emergence of symptoms in schizophrenia as an individual
matures. To examine this proposal, we evaluated whether partial loss of DA in the
prefrontal cortex (PFC) sustained early in development differentially affects local
extracellular DA concentrations in prepubertal and adult rats. Rats, 12 days of age,
received 6-hydroxydopamine lesions of the PFC, which produced -65% loss of
tissue DA content in this region. Microdialysis probes were then implanted into the
PFC of control and lesioned rats at either 32 (prepubertal) or 62 (adult) days of age.
In control rats, basal extracellular DA in PFC did not differ at 32 and 62 days of
age (1.2±0.2 and 1.2±0.2 PS/20 Pi, respectively). A 30 min exposure to footshock (0.6
mA) produced similar increases in DA levels in control rats 32 or 62 days of age
(3.2 ± 0.5 and 3.9 ± 0.9
respectively). In lesioned rats, basal DA levels did
not differ in rats tested at 32 or 62 days of age (0.9 ± 0.2 and 0.8 ± 0.3 pg/20gl,
respectively). However, in rats of both ages, DA levels were - 30% lower than
control values. Similarly, although footshock increased DA levels in lesioned rats
tested at 32 or 62 days of age (2.4±0.5 and 1.9 ± 0.9, respectively), levels remained
-40% lower than in control rats. Thus, early, partial loss of PFC DA terminals
decreases basal and stress-evoked extracellular DA in PFC of prepubertal and adult
rats. These data suggest that loss of PFC DA innervation early in development
impairs capacity for DA release in this region, but this impairment does not change
as a function of development. Support by PHS Grants MH29670 and MH45156.

488.7

488.8

PARTIAL DEPLETION OF DOPAMINE IN RAT PREFRONTAL CORTEX IMPAIRS
PERFORMANCE ON A DELAYED RESPONSE TASK: POTENTIATION BY STRESS.

Schizophrenic subjects often experience working memory deficits that are expressed or
exacerbated under conditions of stress. These deficits may, in part, be due to a dysfunction of
dopamine (DA) projections to prefrontal cortex (PFC). The present study examined whether
partial loss of DA terminals in rat PFC, sustained at 39 days of age, disrupts working memory
as assessed using a T-maze delayed alternation task. Behavioral training began 2 wks after DA
content in PFC of lesioned rats was reduced to -40% of control values via local bilateral
infusions of 6-hydroxydopamine (n=9 lesioned & 11 control rats; 0.020±0.003 and 0.05±0.01
ng/mg tissue, respectively). During testing, rats performed 6 T-maze trials per day. Each trial
was comprised of a reference run during which only one arm of the maze was accessible and
baited (using chocolate chips as a reinforcer) followed by a test run, during which both arms
were open but only the arm not previously entered was baited. The number of test runs
resulting in reinforcement was recorded and represented as a % of the total number of trials per
day. When no delay existed between the reference and test runs, control and lesioned rats
performed -70% correct responses (70±2% and 68±3%, respectively). However, when a 20,
30 or 40 sec delay was instituted between the reference and test runs both groups exhibited a
decline in performance accuracy. Performance of control rats declined by -5%, whereas that of
lesioned rats declined by -15% (65±2% and 55±2% correct responses, respectively).
Exposure to 0.6 mA footshocks during the delays produced an even greater impairment. In this
case, accuracy of control rats decreased by -15%, whereas that of lesioned rats decreased by
-30% (54±3% and 38±4% correct responses, respectively). In addition, following exposure to
footshock, lesioned rats exhibited 18±8% more perseverative errors that control rats. These
data support the view that (1) a dysfunction of mesoprefrontal DA neurons may contribute to
impaired working memory function in schizophrenia and (2) this dysfunction may be
exacerbated by stress. Supported by PHS Grants MI129670 and MH45156.

THE EFFECTS OF THE SELECTIVE 5-HT2A ANTAGONIST MDL
100,907 ON K+-STIMULATED DOPAMINE RELEASE IN THE RAT
PREFRONTAL CORTEX. H.G. McFarlane* and E.A. Pehek, Department
of Psychiatry, Case Western Reserve University and Cleveland VA Medical
Center, Brecksville OH, 44141.
Evidence suggests that serotonin (5-HT) receptors modulate cortical
dopamine (DA) release. Specifically, the 5-HT2A receptor is hypothesized
to mediate cortical DA release in the medial prefrontal cortex (mPFC). In a
previous study we found that intracranial administration of the 5-HT2A
antagonist MDL 100,907 did not alter extracellular concentrations of DA in
the rat mPFC. The present study sought to examine whether the 5-HT2A
receptor mediates impulse dependent release induced by infusions of high
potassium (80mM K+) into the mPFC. Extracellular DA levels were
assessed by in vivo microdialysis coupled with HPLC/EC. 80mM K+ or
80mM K+ + MDL 100,907 (lOOpM) were infused directly into the mPFC
through reverse dialysis for 30 mins. MDL 100,907 was dissolved in the
perfusion medium. Potassium infusion increased dialysate DA
concentration to 250% baseline (n=8). However, preliminary data with 3
rats demonstrated that MDL 100,907 attenuated potassium stimulated
release so that dialysate DA concentrations rose to only 150% of baseline.
Also, the attenuated DA response was evident for a prolonged period after
K+-stimulated release in the MDL animals. In a previous study, we found
that MDL 100,907 given at the dose used in this study blocked the DI
antagonist SCH 23390-induced increase in extracellular DA concentrations.
Taken together, these data suggest that the 5-HT2A receptor may regulate
mesocortical DA release.
Supported by MH52220 to EAP.
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S.M. Clinton* and J.M. Finlay. Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh. PA 15260.
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(mPFC). H, Ishii*, W.L. Fowler, I.A. O’Laughlin, H.Y. Meltzer and
J. Ichikawa. Dep. Psychiatry, Vanderbilt Univ. Sch. Med., Nashville, TN 37212
The greater ability of atypical antipsychotic drugs (APD) such as clozapine to
increase DA-ext levels in the mPFC compared to the nucleus accumbens has been
hypothesized to contribute to their beneficial effects on positive, negative and
cognitive symptoms of schizophrenia (Kuroki et al., this laboratory, 1999). 5HT2A
antagonism, an important property of atypical APD, has a reciprocal interaction with
5HT1A agonism, and 5HT1A agonists can increase DA-ext levels in the mPFC.
Therefore, a synergistic effect of 5HT2A antagonists and 5HT1A agonists on DA-ext
levels is possible. Thus, we examined the effect of the selective 5HT2A antagonist
M100907 on the ability of the selective 5HT1A agonist R(+)-OH-DPAT to increase
DA-ext levels in the mPFC. R(+)-8-OH-DPAT (0.1, 0.2, 0.5 but not 0.05, mg/kg
SC) produced a bell-shape increase in DA-ext levels, with the maximum increase at
0.2 mg/kg; this was abolished by the selective 5HT1A antagonist WAY1OO635 (0.2
mg/kg SC) which alone had no effect. Ml00907 (0.1 mg/kg SC) which had no effect
by itself, potentiated the ability of subthreshold dose R(+)-8-OH-DPAT (0.05 mg/kg
SC) to increase DA-ext levels in the mPFC; this was abolished by WAY 100635
(0.05 mg/kg SC) pretreatment. Pretreatment with WAY1OO635 (0.05 mg/kg) and the
5HT2A agonist, DOI (2.5 mg/kg SC), each alone or the combination, attenuated the
5-HT2A antagonist/5-HTlA partial agonist clozapine (20 mg/kg SC)-induced DA-ext
levels in the mPFC. These results suggest that 5HT2A antagonism potentiates the
ability of 5-HT1A agonism to increase DA-ext levels in the mPFC, and that the
ability of clozapine to increase DA-ext levels in the mPFC may be due to its
combination of 5-HT2A antagonist and 5-HT 1A partial agonist properties. Combined
5-HT1A agonism and 5-HT2A antagonism may be an important principle for
discovering new APD. Supported, in part, by NIH.
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BIPHASICALLY CHANGES OF EXTRACELLULAR DOPAMINE IN THE NUCLEUS
ACCUMBENS
DURING
INTRATEGMENTAL
ETICLOPRIDE
INFUSION
INVOLVEMENT OF D2 RECEPTORS ACTIVATION IN TPIE MEDIAL PREFRONTAL
CORTEX. N. N. H, Chen, Y. J. Lai and W. H, T. Pan*. Institute of Pharmacology, School of
Life Sciences, National Yang-Ming University, Taipei 11221, Taiwan, R. O. C.
To investigate the tonic regulatory role of somatodendritic D2 receptors in regulating its
terminals’ dopamine release in the mesocorticolimbic dopaminergic pathway, three
microdialysis probes simultaneously planted into the ventral tegmental area (VTA), nucleus
accumbens (N ACC) and medial prefrontal cortex (mPFC) were used in chloral hydrate
anaesthetized rats. The VTA probe was used to continuously introduce D2 antagonist,
eticlopride. The mPFC and the N ACC probes were used to monitor DA concentrations
during eticlopride infusion. Intrategmental 10.0 fM eticlopride infusion had no significant
effect on DA in the mPFC (123.1±13.2 %), but significantly increased DA in the N ACC
(150.1±11.7%). However, 100.0 or 1000.0 fM eticlopride significantly augmented the DA
in the mPFC (121.1±7.6% and 180.7+25.8%, respectively), but surprisely with no effect on
DA in the N ACC (111.5+7.3% and 104.1±8.7%, respectively). It has been reported that
DA elevation in the mPFC may inhibit DA concentration in the N ACC. Therefore, to
further investigate whether DA blunt.in the N ACC during intrategmental 1000.0 fM
eticlopride infusion was resultant from the DA elevation in the mPFC, in the following
experiments, DI antagonist (SCH23390) or D2 antagonist (eticlopride) was infused into the
mPFC prior to the intrategmental eticlopride infusion. Intra-mPFC SCH23390 infusion
during intrategmental eticlopride treatment had no effects on DA concentrations in the
mPFC and the N ACC, and also, had no effect on DA concentration in the N ACC. However,
intra-mPFC eticlopride pretreatment significantly increased DA in the mPFC and the N
ACC, and further intrategmental 100.0 IM eticlopride infusion significantly elevate DA in
the N ACC. These data suggest that (1). both mesolimbie and mesocortical pathways were
tonic inhibited by somatodendritic D2 receptors; (2). This inhibition is stronger and more
effective to the mesolimbie pathway than the mesocortical pathway. (3). Although low dose
of eticlopride could increase DA in the N ACC, when the higher dose was used, this DA
increase disappear, and at the same time, DA increase in the mPFC began visible. The
biphasically changes of DA concentration in the N ACC was resultant from the inhibitory
effects of DA increase in the mPFC through D2 receptors.
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DOPAMINE REDUCES EVOKED IPSCs IN LAYER H-ffl
PYRAMIDAL NEURONS FROM RAT CORTEX.
C. Gonzalez-Islas, and J.J. Hablitz*.
Department of Neurobiology,
University of Alabama at Birmingham. Birmingham, AL, 35294.
Rat cerebral cortex receives a substantial dopamine (DA) innervation.
Both inhibitory intemeurons and pyramidal cells are targets for DA. It has
been suggest that these classes of neurons may express different DA
receptor types. Three possible cellular mechanisms for DA modulation of
cortical excitability have been postulated: i) Direct synaptic modulation of
glutamatergic inputs on the distal dendrites and spines of pyramidal
neurons, ii) Direct nonsynaptic modulation of pyramidal neurons, and iii)
Indirect synaptic modulation of pyramidal neurons via GABAergic
intemeurons. Recent findings in our lab suggest that DA can directly
excite cortical intemeurons. The present study was undertaken to
determine the effect of specific dopaminergic agonists on evoked
inhibitory postsynaptic currents (IPSCs). By recording individual
pyramidal neurons under direct visualization, we found that bath
application of DA 30 |±M reduced IPSC amplitude to 80% + 4.84 (mean ±
s.e.m) of control without any significant change in current kinetics. The
DI specific agonist SKF38393 reduced IPSC amplitude to 48.67 ± 4.04
whereas the D2 specific agonist quinpirole was less effective (89.67 ±
3.20). These results suggest that DI receptors can decrease evoked IPSCs
in neocortical pyramidal cells as well as excite intemeurons. (NS18145)

THE EFFECT OF DOPAMINE ON GLUTAMATE INDUCED EXCITATION
OF PYRAMIDAL TRACT NEURONS. P.W. Awenowicz* and L.L, Porter,
Neuroscience Program, Uniformed Services University of the Health Sciences,
Bethesda, MD
The role of dopamine (DA) in the normal neocortex is poorly understood, but
it appears to be involved in the pathophysiology of Parkinson’s disease.
Dopamine depletion is selective for motor areas of cortex in post mortem brains
of Parkinson patients, suggesting that dysfunction of this region may contribute
to the motor symptomology of the disease. Experiments were performed to
determine how DA affects a specific population of output neurons, the pyramidal
tract neurons (PTNs), of the rodent motor cortex. Our histological studies
showed that PTNs express DI, D2, and D5 receptors suggesting that they may
be modulated by DA. Prior work in this lab has shown that locally applied DA
inhibits the spontaneous activity of PTNs, and this DA induced inhibition is
receptor mediated. DA’s action is blocked by both the DI selective antagonist
(SCH23390) and the D2 selective antagonist (eticlopride). In the current study,
electrophysiological techniques were used to determine the effects of
iontophoretically applied DA on glutamate induced excitation of identified PTNs.
Local application of glutamate significantly increased the firing rate of 12 TTNs
to 143% of resting spontaneous activity. Dopamine completely blocked the
glutamate induced increase in firing levels (96% of resting spontaneous activity)
in these same 12 PTNs. The DA blockade was long lasting (30-60 seconds).
These findings indicate that one of DA’s roles in the motor cortex may be
modulation of glutamate induced responses. This would provide a potent
mechanism for modulation of motor cortex output.

488.13

488.14

GABAERGIC CONTRIBUTION TO DOPAMINERGIC DEPRESSION OF
LAYER V PYRAMIDAL CELL EXCITABILITY IN THE RAT
PREFRONTAL CORTEX. Allan T. Gulledge* and David B. Jaffe. Division of
Life Sciences, Cajal Neuroscience Research Center, The University of Texas at San
Antonio, San Antonio, Texas 78249.
We have recently shown that dopamine (DA) depresses the excitability of
pyramidal cells in the rat prefrontal cortex (PFC; J. Neurosci. 18:9139-9151, 1998)
Here we report that increased GABAergic synaptic transmission contributes, at least
in part, to the dopamine-mediated reduction in neuron excitability.
Whole-cell recordings of layer V pyramidal cells in the prelimbic area of the rat
PFC were made from coronal brain slices harvested from 21-32 day old rats.
Current- and voltage-clamp recordings were made at ~31 °C. In control cells, 10
pM DA produced a 79 ± 10% reduction in action potentials (APs) generated by
depolarizing current pulses and a 17 + 3% reduction of input resistance (RN; n = 6).
DA depolarized these same cells 1.4 ± 0.5 mV, which was corrected during data
collection with a bias current. In the presence of 1 pM TTX, 10 pM DA failed to
induce a change in RN (mean change = 0.5 ± 1.8%; n - 15), suggesting that DA
mediated changes in RN may be due to postsynaptic modulation of TTX-sensitive
Na+ conductances or an increase in spontaneous synaptic transmission. When slow
Na+ currents were isolated, however, they showed no noticeable modulation in the
presence of DA (n = 8). The application of 100 pM picrotoxin, 10 pM bicuculline,
and 2 mM kynurenate partially blocked the effect of DA (APs increased 18 ± 20%;
Rn decreased 10 ± 3%; n = 8). DA had mixed effects on non-pyramidal cells
patched from layers III and V. In 3 of 4 cells, DA (10 or 30 pM) produced an
increase in APs (mean change = 36 ± 14%) with no change in Rn (-1 ± 4%). One
non-pyramidal cell showed a reduction in excitability similar to that seen in
pyramidal cells. These data suggest DA acts to reduce pyramidal cell excitability, at
least in part, through an increase in GABAergic synaptic transmission.

BASOLATERAL AMYGDALA AFFERENTS TO THE RAT PREFRONTAL
CORTEX: ULTRASTRUCTURE AND RELATION TO DOPAMINE
AFFERENTS. A Pinto* and SR Sesack. Departments of Neuroscience and
Psychiatry, University of Pittsburgh, PA 15260.
The amygdala has been implicated in the association of emotional values to
environmental stimuli and in the modulation of behavioral responses to these
stimuli. The basolateral nucleus of the amygdala (BLA) innervates the
ventromedial prefrontal cortex (PFC), an excitatory projection that may facilitate
the selection and/or execution of appropriate behaviors. Dopamine (DA)
afferents from the midbrain also regulate appropriate behavior via modulation of
excitatory synaptic transmission in the PFC. However, the origin of the extrinsic
excitatory inputs that are influenced by DA has not yet been determined. The
present study in the rat investigated whether one source of excitatory afferents
modulated by DA arises from the BLA. To address this question, injections of
the anterograde tracer biotin dextran amine (BDA) were made into the rostral and
caudal BLA. After 5 days survival, PFC sections were stained with
immunoperoxidase labeling for tyrosine hydroxylase (TH) to identify DA
terminals and immunogold-silver labeling for BDA. Preliminary observations
revealed that BLA terminals formed primarily asymmetric axospinous synapses.
Moreover, BLA terminals frequently were present in the same field as THimmunoreactive terminals and occasionally were apposed to the same structures
as TH-immunoreactive terminals. Studies are currently in progress to determine
whether BLA and DA terminals converge synaptically onto common targets. The
repeated presence of DA and BLA terminals in closely adjacent regions of the
neuropil suggests potential anatomical substrates for DA modulation of BLA
inputs to the PFC. Support: USPHS MH50314.
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DOPAMINERGIC MODULATION OF ACTIVITY STATES IN THE
PREFRONTAL CORTEX. D. Durstewitz*, J.K. Seamans and T.J. Sejnowski. The
Salk Institute, Computational Neurobiology Laboratory, La Jolla, CA 92037.
The dense dopaminergic input to the prefrontal cortex influences working
memory through multiple effects on intrinsic ionic and synaptic currents in cortical
neurons in ways that are not fully understood. In vitro voltage-clamp studies of
pharmacologically-isolated currents revealed that activation of DI-receptors shifts
the voltage dependence of a persistent Na+ current to more hyperpolarized potentials
while slowing its inactivation. Moreover, DI agonists produced a 30-40% increase
in isolated GABAa IPSPs and isolated NMDA EPSCs. We have incorporated these
cellular and synaptic effects of dopamine into a network model of highly realistic
prefrontal cortex model neurons. Compartmental models of neurons were
constructed that reproduced whole-cell patch-clamp recordings from the soma and
dendrites of prefrontal cortex layer V pyramidal cells. A network model of
interacting pyramidal neurons and GABAergic intemeurons exhibited attractor
states characterized by persistent activity following a brief external input. In a
simulation of DI activation, low activity states driven by background synaptic
inputs were suppressed but high activity states driven by recurrent excitation were
strongly enhanced. In the dopamine condition it was more difficult to disrupt
persistent activity patterns, which were thus more stable and were sustained for
longer periods of time. However, if new stimuli were presented simultaneously with
a short-lasting ‘D2-mediated inhibition’, stability of a persistent pattern could be
more easily overcome. In this manner, the network could first switch to a new
pattern via D2-mediated effects, and then stabilize it via the DI-mediated effects.
These simulations suggest that dopamine has state-dependent effects on network
dynamics and different levels of DI- and/or D2-receptor stimulation might set the
right dynamics for different cognitive operations in the prefrontal cortex. Supported
by the DAAD, NSERC and HHMI.

FURTHER CHARACTERIZATION OF THE ROLE OF [Ca2+]; IN DOPAMINE
D2 RECEPTOR MODULATION OF WHOLE-CELL SODIUM CURRENT IN
NUCLEUS ACCUMBENS NEURONS X-T Hu1*, Y. Dong2 and F.J. White1. Depts.
of Cellular & Molecular Pharmacology1 and Neuroscience2, FUHS/The Chicago
Medical School, North Chicago, IL 60064
We have previously reported that dopamine D2 class receptors (D2Rs) enhance
whole-cell sodium current (/Na) in medium spiny neurons (MSNs) from rat nucleus
accumbens (NAc) by increasing Ca2+ release from IP3-sensitive stores. We are now
attempting to characterize the transduction pathway responsible for this modulation.
Whole-cell voltage clamp recordings were made from acutely dissociated MSNs
obtained from rat NAc. When Ca2+ chelators were excluded from the internal
recording solution, D2R stimulation by quinpirole (QUIN) enhanced /Na in 80% of
MSNs. Treatment of brain slices with pertussis toxin prior to dissociation of neurons
abolished the effect of QUIN indicating that the D2Rs couple to inhibitory G proteins
(Gi/0). Increasing [Ca2']; by blocking Ca2+-ATPase (thapsigargin), by activation of
ryanodine receptors (ryanodine, caffeine) or by activation of IP3 receptors (IP3)
significantly enhanced /Na. Increasing free [Ca2+]; by dialyzing an EGTA-buffered
high Ca2+ solution through the recording pipette also enhanced /Na. Application of
cyclosporin A, a selective inhibitor for calcineurin (protein phosphatase 2B), reduced
/Na. When /Na had been enhanced by increased free [Ca2+]; by any of the above
manipulation, the ability of QUIN to increase /Na was occluded. These findings
indicate that D2R-mediated enhancement of whole-cell Na+ current in NAc MSNs is
mediated by Ca2+ mobilization via activation of IP3 receptors. We propose that
increased [Ca2+]; leads to a Ca2+/calmodulin activation of calcineurin which in turn
enhances dephosphorylation of voltage-sensitive Na+ channels resulting in enhanced
/Na. We are currently investigating how D2R activation of Gi/o initially leads to
enhanced stimulation of IP3 receptors. Supported by DA04093 and DA00207.

This work was supported by NIGMS grant GM0P194-1751

Society

for

Neuroscience

, Volume

25, 1999

DOPAMINE: PATHWAYS, CURRENTS AND BEHAVIOR

TUESDAY AM
488.17

488.18

L-ARGININE MODULATION OF NMDA-ACTIVATED INWARD
CURRENTS IN DOPAMINE NEURONS FROM RAT MIDBRAIN
SLICE. B.A. Cox*, and S.W. Johnson, Dept. of Physiology &
Pharmacology, OHSU, Portland, OR, 97201.
When recording intracellularly with microelectrodes from DA
neurons in rat midbrain slices, NO synthase inhibitor /V-nitro-Larginine methyl ester (L-NAME, 0.1 mM) inhibited /V-methyl-Daspartate (NMDA)-induced burst firing. L-NAME’s inhibition was
reversed by L-arginine (0.1-0.3 mM). Moreover, L-arginine (0.1-3
mM) enhanced NMDA-induced burst firing suggesting that NO
facilitates burst firing in DA neurons (Cox & Johnson, Neuroscience
Lett. 255:131-134,1998).
In order to determine how NO might facilitate NMDA-induced burst
firing, recordings were done under voltage clamp using both
microelectrodes for intracellular recordings and patch pipettes for
whole cell configuration. In the presence of NMDA, tetrodotoxin,
CNQX, and GABA receptor blockers, currents were measured by
applying a series of depolarizing and hyperpolarizing voltage steps (30 mV to -130 mV from -60 mV holding potential). Application of
NMDA (0.01-0.02 mM) caused an inward current at depolarized
potentials (-30 mV to -60 mV) that was absent at hyperpolarized
potentials (> -70 mV, n=12T The lack of inward current at voltage
steps > -70 mV is presumably due to Mg++ block of NMDA receptors
(Wu & Johnson, J.P.E.T., 279:457-463, 1996). When L-arginine (0.20.3 mM) was superfused with NMDA, a small inward current persisted
at hyperpolarized potentials (> -70 mV, n=6). This increase in inward
current seen in the presence of L-arginine may be due to a relaxation
of Mg++ block.
(S.W.J. & B.A.C.) funded by MH40416 and NARSAD (B.A.C.).

Lobotomy disinhibits the mesolimbic dopaminergic system in the nucleus
accumbens.
L. Gonzalez1, S. Tucci1. Q. Contreras1, D. Paredes2. P. Rada1. E. Bonilla*2 and
L. Hernandez1. 'Behav. Physiol. Lab., Universidad de Los Andes, Apaitado
109, Merida 5101, Venezuela. 2Instituto de Investigaciones Clinicas, Facultad
de Medicina, Universidad del Zulia, Inbiomed, Fundacite-Zulia, Apartado
1151.
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We have found that a lobotomy increases social activity in rats, which may be
related with a disinhibitory effect on the mesocortical dopaminergic system.
This study aimed to explore the effect of lobotomy on dopamine release in the
nucleus accumbens (NAc). Rats were subjected to a lobotomy (a knife cut
between medial frontal and parietal cortices) and assessed by “in vivo”
microdialysis over time. Basal levels of dopamine in the NAc in control rats
were 2.2± 0.1 pg/p.1. At one or 10 weeks, the basal levels of extracellular
dopamine in the NAc did not differ significantly between lesioned and control
groups; however, lesioned rats exhibited an bigger increase (p < 0.01) in
dopamine levels (500. 8 ± 141% and 623.5± 312, respectively) than controls
(less than 300%) after an IP injection of amphetamine. At 20 weeks after
surgery, basal levels of extracellular NAc dopamine were 200 % higher in
lesioned rats respect to controls (p < 0.01), these levels increased in 417.2 ±
134 % after the amphetamine challenge (p > 0.05 compared with controls).
These results indicate that a lobotomy has long lasting disinhibitory effects on
the dopaminergic system in the NAc possibly by abolishing inhibitory
projections from frontal cortex to the NAc. Such an effect on dopaminergic
activity may be related to changes in social behaviour.

488.19
NIGROSTRIATAL AXON TERMINALS LABELED BY ANTEROGRADE
TRACT-TRACING IN THE RAT: DO THEY FORM ASYMMETRIC
SYNAPSES? SR Sesacl^HA Vitellt and X An. Departments of Neuroscience
and Psychiatry, University of Pittsburgh, PA 15260.
Nigrostriatal dopamine (DA) neurons have recently been postulated to release
glutamate as an excitatory neurotransmitter. While much of the relevant data
comes from DA neurons in culture, in vivo studies supporting this concept have
relied on tract-tracing to demonstrate that nigrostriatal axon terminals form
asymmetric synapses, consistent with excitatory glutamatergic transmission.
These observations are in direct contradiction to numerous reports of DA
terminals labeled by immunocytochemistry or uptake of radiolabeled DA, which
form almost exclusively symmetric synapses, consistent with an inhibitory or
modulatory function. In part, this discrepancy may derive from the use of tracttracing methods that are capable of retrogradely labeling the striatal collaterals
of axons that pass through the substantia nigra. We sought to readdress this issue
by utilizing the tract-tracing agent, PHAL, which is transported in an exclusively
anterograde direction. Rats were injected with PHAL in the substantia nigra, and
regions of the dorsal striatum (STR) that exhibited immunoperoxidase labeling
for PHAL were examined by electron microscopy. A preliminary analysis of 37
PHAL-labeled terminals showed that 19% formed clearly defined synaptic
junctions, all of which exhibited thin or absent postsynaptic densities, consistent
with symmetric synapses. A more extensive analysis is needed to fully investigate
whether some nigrostriatal terminals form asymmetric synapses that contain both
DA and glutamate. However, our preliminary morphological investigation is
inconsistent with a major role for glutamate in nigrostriatal synaptic transmission.
Support: USPHS grant NS 19608.

DOPAMINE RECEPTORS: DI AND D5
489.1

489.2

ALTERED D, RECEPTOR-MEDIATED ADENYLYL CYCLASE ACTIVITY
IN THE HETEROZYGOUS GENOTYPE OF Dj RECEPTOR KNOCKOUT
MICE D.M. Montague1*, J. Drago2, R.B. Mailman1. 'Dept. of Pharmacology, Univ.
of North Carolina, Chapel Hill, NC; 27599-7250; 2Dept. of Anatomy, Monash
University, Clayton Victoria, Australia.
Previous investigations of receptor reserve and its effect on agonist intrinsic
activity have concluded that changes in receptor density have a profound effect on
partial agonists, but not full agonists. This has been reported after use of receptor
inactivating agents (in native tissue or clonal cell lines) or when comparing the same
clonal cell line that had large differences in native expression. Another approach to
characterizing this phenomenon is the use of genetically altered mice. D, receptor
knockout mice having a modified D, construct produced three genotypes: wildtype,
heterozygous, and homozygous. Autoradiographical studies on these mice confirmed
a complete absence of the D, receptor in the homozygotes, and an ca. 60% decrease in
D, receptor expression in the heterozygotes. It was hypothesized that the heterozygote
mice would be a useful tool to study D, .agonist intrinsic activity in a modified native
tissue environment where the receptor expression was altered by genetic means.
Unexpectedly however, maximal adenylyl cyclase stimulation by dopamine and other
D, full agonists was decreased in the heterozygotes vs. wildtypes, suggesting that
receptor reserve and/or some mechanism affecting coupling to adenylyl cyclase was
different in these mice. To determine if this was an idiosyncrasy, the irreversible
antagonist EEDQ was used to modify chemically the D, receptor content of wildtype
mice. One completed study has shown that while EEDQ reduced the wildtype D,
receptor density by approximately 70% (as compared to the 60% decrease in the
heterozygotes), the maximal adenylyl cyclase stimulation caused by full agonists in
EEDQ-treated wildtype mice was similar to that of untreated wildtype mice. These
data suggest that alterations in other components coupled to the D, receptor-mediated
adenylyl cyclase transduction system may have occurred in the heterozygous mice.
(Supported by MH40537, HD03110, MH33127, and GM07040.)

CHARACTERIZATION OF AGONIST-INDUCED Dx DOPAMINE
RECEPTOR PHOSPHORYLATION AND DESENSITIZATION IN
C6 GLIOMA CELLS. B.R. Gardner, D. Jiang*, P.R. Sibley.
Molecular Neuropharmacology, NINDS/NIH, Bethesda, MD 20892.
In order to investigate the role of protein phosphorylation in
agonist-induced desensitization of the Di dopamine receptor, we
created an epitope-tagged construct by adding the FLAG peptide
sequence to the NH2 terminus of the rat receptor. This receptor
construct was stably expressed to high levels in C6 glioma cells. Prior
investigations by this laboratory, and others, have shown the Di
receptor to undergo rapid (ti/2 ~ 10-15 min) agonist-induced
desensitization in C6 cells which is characterized by a reduction in
agonist potency and maximum cAMP response. In the present study,
we used metabolic labeling to perform whole cell phosphorylation
assays in which the receptor is immunopurified using antisera directed
against the FLAG epitope. We find that the Di receptor is
phosphorylated under basal conditions and that its phosphorylation
state is increased by ~3-fold upon pre-exposure of the cells to
dopamine. The rate of agonist-induced phosphorylation is rapid, 11/2 <
1 min, and is much faster than the rate of agonist-induced
desensitization. This suggests that receptor phosphorylation is not the
rate limiting step for receptor desensitization. The dopamine-induced
receptor phosphorylation is blocked by Di-selective antagonists and is
mimicked by Di-selective agonists. The recovery of receptor
phosphorylation to basal levels upon agonist removal is also rapid (ti/2
~ 6-7 min) and is not blocked by agents (i.e., Con A) which inhibit
receptor internalization. This suggests that receptor internalization may
not be required for receptor de-phosphorylation. (Supported by NIH).
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489.4

FUNCTIONAL DESENSITIZATION OF THE D, DOPAMINE RECEPTOR IN
C-6 GLIOMA CELLS: ROLE OF G PROTEIN-COUPLED RECEPTOR
KINASES IN AGONIST-SPECIFIC DESENSITIZATJON K.L. Neitzel, J.P.
Ryman, L.G. Henage, R.B. Mailman, B.L. Blake* and C.P. Lawler. UNC
Neurosciences Center, University of North Carolina, Chapel Hill, NC 27599-7250.
Recent studies in a variety of cell lines have presented evidence that formation of
second messengers (i.e., cAMP) plays a significant role in the functional
desensitization of D, dopamine receptors. These findings predict that the level of
desensitization brought about by an agonist will correlate with the level of second
messenger activation and thus with agonist efficacy. It also suggests that receptor
regulation will occur through phosphorylation initiated by the activation of second
messenger-dependent protein kinases such as PKA. An important aspect of studies
such as these, however, is the contribution of cell type to the mechanism of
desensitization used by G protein-coupled receptors. Previous studies in this
laboratory have shown that in the C-6 glioma cell line D, receptor agonist-mediated
desensitization dissociates from the ability of agonists to promote second messenger
formation (Lewis et al., 1998). In the present studies, the role of G protein-coupled
receptor kinases (GRKs) in mediating these atypical patterns of desensitization in C-6
cells was investigated. The expression of proteins corresponding to GRK 2/3 subtypes
and GRK 4-6 subtypes was identified by immunoblotting of cytosolic and membrane
fractions, respectively, from agonist-naive cells. Depending on the agonist, inhibition
of GRK activity by heparin or zinc differentially modifies the desensitization of D,
dopamine receptors in C-6 cells, suggesting that different receptor conformations may
be acted upon selectively by the GRKs. The observed disparity between agonist
efficacy and desensitization in C-6 cells can be reconciled by the idea that different
agonists can promote different receptor conformations, and those agonist-induced
receptor conformations that are effective GRK substrates overlap with, but are distinct
from receptor conformations that induce second messenger activation. (Supported by
Research Grants MH53356, MH40537 and MH42705, Center grants HD03110 and
MH33127 and Training Grant NS07166).

MUTATION OF THE D1A DOPAMINE (DA) RECEPTOR REVEALS
SPECIFIC RESIDUES INVOLVED IN AGONIST RECOGNITION AND
RECEPTOR ACTIVATION M.M. Lewis*, B. Hoffman1, L.G. Henage, D.W,
Miller2, R.A. Nicholas, D.E. Nichols2, A. Tropsha and R.B. Mailman. Univ. of North
Carolina, Chapel Hill, NC 27599, ]NIDA, Baltimore, MD, 21224 and 2Purdue Univ.,
W. Lafayette, IN 47907
The hD, receptor is an important pharmacotherapeutic target for both CNS and
peripheral disorders. We have used a combined molecular biological-medicinal
chemical approach to develop a receptor model explaining key aspects of full agonist
recognition. Residues hypothesized to be involved in interaction with the catechol
hydroxyls, the aromatic accessory region, and the amine binding site were mutated,
and probed with the rigid D, agonists dihydrexidine (DHX), its 10- and 11monohydroxy analogs, and dinapsoline (DNS). The mutations included S155A,
S197A, S198A, S199A, S202A, F156A, F289A, F313A, F316A and DI03A. Mutated
receptors were expressed in 1321N1 cells, and radioreceptor and adenylate cyclase
assays performed on membranes. As expected (but not tested empirically), DI03A
abolished high affinity binding, and dramatically (but not completely) decreased
agonist function. Conversely, binding of [3H]-SCH23390 was similar in WT, SI55A,
S197A, S202A, F313A and F316A. S202A led to a dramatic decrease in the affinity of
DA and all the full agonists. Yet S202A increased the affinity of both 10- and 11-OHDHX, while causing a dramatic decrease in the efficacy of DA, DHX, dinapsoline,
A77636, and 11-OH-DHX relative to 10-OH-DHX. These studies, and others with
S198A, S199A and F289A, provide new information about residues involved in
agonist recognition and activation. In particular, S202 has been shown to be critically
important, interacting with a specific hydroxyl in all known D, full agonists. In
addition, several of the residues that contribute to the hydrophobic accessory region of
the receptor have been elucidated. This information has allowed the development of a
refined molecular model for further empirical testing. (Supported by MH40537 &
MH42705, Center grants HD03110 & MH33127, and Training Grant NS07166).

489.5

489.6

ROLE OF THE CYTOPLASMIC TAIL IN THE REGULATION OF THE
DOPAMINE DIA RECEPTOR RESPONSIVENESS. Z.Y. Chaar, Q,
Jiang* and M. Tiberi. Loeb Health Research Institute, Ottawa Hospital
(Civic Campus) and Dept. of Cellular and Molecular Medicine, University
of Ottawa, Ottawa, ON, Canada.
The dopamine DIA receptor belongs to the superfamily of G proteincoupled receptors. Recent studies have suggested a role for PKA- and G
protein-coupled receptor kinase (GRK)-mediated phosphorylation in the
regulation of the DIA receptor function. The aim of the present study is to
investigate the potential role the cytoplasmic tail plays in the regulation of
the dopamine DIA receptor responsiveness. To do so, we have engineered
three truncated forms of the DIA receptor (T425, T379 and T351) using
PCR-based mutagenesis. The molecular characterization of these truncated
receptors is assessed in transiently transfected HEK293 cells using a
modified calcium-phosphate method. Radioligand binding studies suggest
that the wild-type and the truncated DIA receptors display similar binding
affinities for dopamine and various antagonists tested. Whole cell cAMP
assays show that the agonist-independent activity of the truncated receptors
is not altered significantly in comparison with the wild-type DIA receptor.
However, upon stimulation with 10 jj M of dopamine, the T351 receptor
exhibits a significantly higher maximal activation of adenylyl cyclase in
comparison with the wild-type, T379 or T425 receptors. These results
suggest an important role for the cytoplasmic tail in the coupling of the DI A
receptor to Gs proteins. Our results stress the involvement of this region in
the receptor intrinsic efficacy for dopamine. Further studies using whole cell
cAMP and phosphorylation assays are under way to determine the functional
importance of the cytoplasmic tail in the regulation of the DIA receptor
responsiveness by PKA and/or GRKs.
Supported by the Medical Research Council of Canada (grant # MT-15115).

IMPLICATIONS OF THE THIRD EXTRACELLULAR LOOP IN THE
STRUCTURE-FUNCTION RELATIONSHIPS OF THE DOPAMINE DIA
AND DIB RECEPTOR SUBTYPES. R.M. Iwasiow and M. Tiberi*. Loeb
Health Research Institute, Ottawa Hospital (Civic Campus) and Dept. of
Cellular and Molecular Medicine, University of Ottawa, Ottawa, ON,
Canada.
The dopamine DIA and DIB receptor subtypes are members of the G
protein-coupled receptor family and stimulate adenylyl cyclase activity. The
DIA and DIB receptor subtypes exhibit distinct binding and coupling
properties. Our previous studies have shown that a region encompassing the
sixth and seventh transmembrane domains (TM6 and TM7), third
extracellular loop (3EL), and the cytoplasmic tail plays a critical role in the
binding and activation properties of the DIA and DIB receptors.
Examination of the primary sequence in this region has revealed differences
within the 3EL and the C-terminal end of TM6. These differences may
underlie the distinct structure-function relationships found in the DI receptor
subtypes. Using a mutagenesis approach we have constructed chimeric
receptors harboring variant residues of the 3EL and TM6. Binding properties
of the wild-type and chimeric receptors were assessed in crude membrane
preparations from transiently transfected HEK293 cells. Radioligand binding
studies using these chimeric receptors show that a full switch of the 3EL
between the DIA and DIB subtypes results in a regulation of dopamine
affinity. Furthermore, our results indicate the variant TM6 residues are
involved in antagonist binding. Overall, our mutagenesis studies underscore
an important role for the 3EL and TM6 in the regulation of spatial
relationships of the DIA and DIB receptors. Further characterization of
these chimeras is underway to clarify the coupling implications of the 3EL
and TM6 domains.
Supported by NSERC of Canada (Grant #203694-98)

489.7

489.8

THE DOPAMINE DI-RECEPTOR IS CRUCIAL IN MOLECULAR AND
BEHAVIORAL RESPONSES TO CHRONIC ADMINISTRATION OF
COCAINE.
R. Walsh, J. Zhang, Y. Guo, C. Vorhees, and M, Xu*. Division of Neurosci.,
Univ. of Cincinnati College of Medicine, Cincinnati, OH 45267.
The induction of expression of chronic Fos-related antigens (chronic-FRAs) in
rat nucleus accumbens (NAc) and caudate-putamen (CPu) in response to long-term
administration of cocaine suggests the potential importance of induction of
activator protein-1 (AP-1) family immediate early gene (IEG) expression in this
process. Previous studies have indicated the importance of the dopamine Dlreceptor (DIR) in behavioral and Fos-IEG responses to the acute administration of
cocaine. To understand the role of the DIR in response to chronic administration
of cocaine, we used the DlR-knockout (DIR-/-) mouse as our model. We injected
intraperitoneal cocaine (20mg/kg) or saline twice daily for seven days in wild-type
(+/+) and DIR-/- mice and recorded locomotor activity and stereotypy after each
injection as behavioral assays. Eighteen hours after the last injection, mice were
sacrificed and their brains were fixed via intracardiac perfusion.
Immunocytochemistry was performed on sections containing NAc and CPu with
antibodies to AP-1 family IEGs Fos, Jun, FosB/AFosB, JunD, Fra-1, Fra-2, and
JunB. Findings in +/+ mice of both 1) induction of expression of FosB/AFosB and
JunD in NAc and CPu, and 2) behavioral changes in response to chronic cocaine
administration were not seen in DIR-/- mice. Thus, the DIR appears to be
required to mediate both induction of NAc and CPu FosB/AFosB and JunD
expression and behavioral changes in response to chronic cocaine administration.
Further studies will elucidate how DlR-mediated induction of AP-1 family IEG
expression contributes to DlR-mediated behavioral changes in response to chronic
administration of drugs of abuse.
Supported by the NARSAD Young Investigator Awards and NIH DA 11284 and
11005.

ROLE OF CALCYON IN DI DOPAMINE RECEPTOR STIMULATED
INTRACELLULAR CA" RELEASE. Nelson Lezcano*and Clare Bergson. Dept.
of Pharmacology & Toxicology, Medical College of Georgia, 1120 15th St.,
Augusta, GA 30912 (USA).
We recently cloned a novel single transmembrane domain protein designated
Calcyon that interacts with the C-terminus of the D1 dopamine (DA) receptor.
Calcyon and DI receptors are colocalized in pyramidal neurons of the primate
prefrontal cortex. HEK 293 cells stably transfected with the human DI receptor (DI
HEK 293 cells) were used to study the function of Calcyon. DA, or the DI
receptor agonist SKF81297, stimulated equivalent levels of cyclic AMP (cAMP)
accumulation in DI HEK293 cells transfected with either EGFP or EGFP-Calcyon.
To test whether Calcyon may be involved in DI-agonist stimulation of Gq signaling as reported in brain and kidney, we measured the increase in intracellular
Ca" using Fura-2 AM. DI agonists stimulated an immediate rise in intracellular
Ca++ in EGFP-Calcyon transfected DI HEK293 cells, but not in EGFP transfected
cells. The DI agonist-stimulated rise in intracellular Ca++ was observed following a
priming step involving activation of endogenous Gq-coupled receptors.
Immunoprecipitation of EGFP-Calcyon from cells labeled with 32P orthophosphate
showed that the protein is phosphorylated under basal conditions and that treatment
with phorbol esters (PMA) increased Calcyon phosphorylation. Pretreatment with
PKC inhibitors blocked the ability of Gq coupled receptors to prime
Calcyon-enabled, DI agonist stimulated Ca++release. However, PMA
pretreatment was unable to mimic the effect of activating endogenous Gq coupled
receptors. These results suggest that PKC activation is necessary, but not sufficient,
for priming Calcyon enabled, D1 receptor stimulated Ca++ release. Experiments are
in progress to elucidate the other steps involved in priming. Our results indicate that
DI DA receptors can activate Ca" -, as well as cAMP-dependent signaling
pathways in cells expressing Calcyon. Supported by NARSAD and NIMH.
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489.10

PRESERVED PASSIVE AVOIDANCE LEARNING IN DOPAMINE DI
KNOCKOUT MICE M. El-Ghundi1, B.F. O’Dowd1-23, E.M. Sellers1’2’3* and S.R,
George1,2,3. Depts of ’Pharmacology and 2Medicine, University of Toronto, 3 The
Center for Addiction and Mental Health, Toronto, Ontario M5S 1A8, Canada,
We have shown that the dopamine D] receptor plays a role in spatial learning and
memory. However, little is known about the role of the Di receptor in modulating
other types of hippocampus-dependent associative learning such as contextual or
passive avoidance learning. To address this issue, we used dopamine Dj deficient
mice (D,-/-) and their wild-type (D,+/+) and heterozygote (D^/-) siblings to assess
learning and memory of aversive events using a step-through passive avoidance task.
Mice were allowed to explore both the light and dark compartments of a passive
avoidance conditioning apparatus for 120s before receiving 2 consecutive training
trials, during which each mouse was placed in the bright chamber for 30s. At the end
of this period a sliding door between the two compartments was opened and the
latency to enter the dark chamber was measured. On the third trial, upon entry into
the dark chamber, the mouse was confined there for 10s before receiving 2
consecutive 3s mild inescapable foot shocks. Avoidance response was assessed 5 min
(acquisition) and 1, 2, 3, 4 and 8 days (retention) post-training by measuring the
latency to reenter the dark chamber for up to a maximum of 6 min. No difference
among any of the genotypes in acquisition or retention latencies of an inhibitory
avoidance response was observed, suggesting that Di-/- mice are capable of
acquiring associative learning and providing evidence for the specificity of the water
maze spatial deficit we reported previously. These data indicate a differential role for
the dopamine D! receptor in aversive vs spatial learning and positive vs negative
motivational states and reward (Supported by the Medical Research Council of
Canada and the National Institute on Drug Abuse).

PAIN SENSITIVIY IN DOPAMINE D, OR D2 RECEPTOR KNOCKOUT
MICE

489.11

489.12

DOPAMINE D5 RECEPTORS IN THE RAT SUBSTANTIA NIGRA.

DIRECT PROTEIN-PROTEIN BINDING OF DOPAMINE D5 WITH GABAa
RECEPTORS ENABLES LIGAND-GATED AND G-PROTEIN COUPLED
RECEPTOR CROSS-TALK. F, Liu1. O. Wan2. Z, Pristupa1. Y.T. Wang2. H.B,
Niznik1*. Centre for Addiction and Mental Health, Clarke Div., Hosp. for Sick
Children, Toronto, ON, M5T 1R8 Canada
y-aminobutyric-acid A [GABAa ] and dopamine DI and D5 receptors represent
two structurally and functionally divergent families of neurotransmitter receptors.
The former comprises a class of pentameric ligand-gated chloride channels
consisting of diverse a, Pand y subunits responsible for fast inhibitory synaptic
transmission while the latter belongs to the seven transmembrane domain receptor
superfamily exerting its biological effects, primarily the activation of adenylate
cyclase, via coupling to G-protein signalling cascades. The modulation of GABAa
receptor mediated synaptic activity by dopamine D1/D5 or other neurotransmitter
receptors is thought to occur following the activation of their respective intracellular
signal transduction pathways. We report here that dopamine D5, but not DI,
receptors complex with GABAa receptors in situ and in vitro through the direct
binding of the D5 carboxyl terminal [CT] domain with the second intracellular loop
[IL2] of GABAa receptor y2 subunit. Dopamine D5-CT tail and GABAA-y2 subunit
interactions were obligatory for the functional expression and maintenance of
reciprocal receptor cross-talk, as indexed by dopamine D5, but not DI, attenuated
GABAa aip2y2 receptor-mediated whole-cell currents and GABAa receptor
stimulated reductions of D5, but not DI, cAMP accumulation. Reduction of GABAa
currents by D5 receptor stimulation appears to be due to the redistribution of
GABAa receptors to intracellular compartments [see Man et al this volume]. Direct
protein-protein binding between domains of structurally and functionally divergent
receptor classes highlights a previously unappreciated signal transduction
mechanism whereby subtype selective G-protein coupled receptors may regulate
synaptic strength and provides a mechanistic framework to view aberrations of both
these receptor systems in the expression of neuropsychiatric disease states, such as,
schizophrenia. (Supported by NIDA and MRC of Canada)

A. Gutierrez*. R. Martin, A. Pefiafiel, A. Rivera, Z.U. Khan and A. de la
Calle. Dept. of Cell Biology, Faculty of Sciences, University of Malaga,
Teatinos 29071, Malaga, Spain.
The dopamine D5 receptor is a member of the DI-like (DI and D5)
receptors which are mainly coupled to stimulation of adenylyl cyclase,
whereas D2-like (D2, D3 and D4) receptors have been shown to inhibit this
enzyme. Our recent results showing an exclusive presence of dopamine D2
short receptor in dopaminergic projection neurons suggest that this D2
receptor isoform is likely the autoreceptor of dopaminergic systems. The DI
receptors are expressed in the substantia nigra pars reticulata, however the
evidence for DI-like receptors in dopaminergic neurons of substantia nigra
has not been described. Therefore, we have prepared antibodies to the D5
receptors. Our tests suggest that this antibody is highly subtype-specific and
selective. The antibody immunostaining revealed that the D5 receptors are
expressed in both substantia nigra pars reticulata and dopaminergic neurons
of pars compacta. Double immunofluorescence study of D5 and tyrosine
hydroxilase (TH) shows most of the nigral neurons immunostained with D5
antibody are TH-positive. We also observed several non-dopaminergic D5
positive neurons, most probably GABAergic. At electron microscopy level
D5 immunoreactivity was often associated to neuronal dendrites receiving
asymmetric synapses. Thus, these results suggest that D5 receptor subtype of
the DI-like dopamine receptors is probably another candidate in mediation
of the dopamine autoreceptor function in substantia nigra.
This study was supported by DGES grant PM98-0223.

489.13
BEHAVIORAL PHENOTYPE OF DOPAMINE D5 RECEPTORDEFICIENT MICE. A, Holmes1, T. R, Hollon2, Z. Hiu2, P.R, Sibley2 and
J.N, Crawley1*. ‘NIMH, Section on Behavioral
Neuropharmacology,
2NINDS, National Institutes of Health, Bethesda, MD 20892.
As a strategy for studying the physiological and behavioral roles of the D5
dopamine receptor, D, receptor-deficient mice were generated as previously
described (Soc. Neuro. Abst., 24: 594, 1998). Homozygous D5 receptor
knockout mice are viable, show no developmental abnormalities, and
reproduce normally. Comprehensive evaluation of neurological reflexes and
motor abilities (e.g. righting reflex, position reflex, wire suspension, tail
suspension) found that D5 deficient mice have no gross impairment in motor
function. A more detailed examination of ascending dopaminergic mediation
of locomotor behavior was conducted by comparing the profiles of knockout
mice and wildtype littermate controls in the rotarod test and the Digiscan
open field. To examine the putative role of the D5 receptor in learning and
memory, mice were tested on the Morris water maze, the Barnes maze, and
cued and contextual conditioning. As the Ds receptor gene has been implicated
in linkage analysis of bipolar disorder, and schizophrenia, mice were tested on
the Porsolt swim task and prepulse inhibition of acoustic startle. Moreover,
responses were examined in the plus-maze and light/dark exploration models
of anxiety-related behaviors. Pharmacological challenges using compounds
with relative selectivity for the D,/D5 receptor subtypes were designed to test
locomotor responses in D5 deficient mice. The results of these studies are
discussed in terms of the possible role of the D5 receptor in these many
aspects of behavior. (Supported by NIMH).

Society

for

Neuroscience

. Volume

25, 1999

Filippo Drago* Angelo Contarino and Lina Busa
Istitute of Pharmacology, University of Catania Medical School, Catania
(Italy) and Department of Neuropharmacology, The Scripps Research
Institute, 10550 North Torrey Pines RA, La Jolla, CA, USA '
The effect of neuropeptides (vasopressin, prolactin or ACTH1-24) on
novelty-induced grooming and learning capacity of avoidance behavior was
reduced in knockout mice lacking the dopamine D] receptor, but not in D2
receptor knockout mice. We also evaluated in these animals pain sensitivity
as measured by the hot-plate and tail flick tests. Di receptor-null mice
showed a lower pain threshold in both tests, while D2 receptor knockout mice
exhibited an increased resistance to pain as compared to normal animals
(wild type). Both groups of animals were found to be responsive to the
analgesic effect of morphine (5 mg/kg), but £>2 receptor null mice did not
show any tolerance to the repeated administration of this drug. In contrast, Di
receptor knockout animals became rapidly tolerant to the analgesic effect of
repeated injection of morphine and showed an increased level of withdrawal
after injection of naloxone (2 mg/kg). Amphetamine-induced analgesia was
not found in Di receptor null mice. In contrast, D2 receptor knockout animals
showed amphetamine-induced analgesia but to a lesser extent as compared to
normal controls.
These data suggest that dopamine D, and D2 receptors are differently
involved in the expression of drug-induced analgesia and tolerance.

OPIATE RECEPTORS: KAPPA

1220

TUESDAY AM

490.1

490.2

ANALYSIS OF OPIOID RECEPTOR KNOCKOUT MICE IDENTIFIES
KAPPA2 RECEPTORS AS A MIXED POPULATION OF MU-, DELTAAND KAPPA-OPIOID RECEPTOR GENE PRODUCTS. F, Simonin1*, S.
Slowe2. H. W. Matthes1. D. Filliol1. J, Chluba de Tapia3, I, Kitchen2 and B. L.
Kieffer1. 'UPR 9050 CNRS, Ecole Superieure de Biotechnologie, 67400 Illkirch,
France; 2 Pharmacology Research Group, School of Biological Sciences,
University of Surrey, Guildford, Surrey GU2 5XH, UK; UMR 7514 CNRS,
Faculte de Pharmacie, 67400 Illkirch, France.
Three genes encoding a mu- (MOR), a delta- (DOR) and a kappa(KOR) receptor have been cloned. The KOR gene encodes kappa 1-sites, which
specifically bind arylacetamide compounds, and the possible existence of kappareceptor subtypes derived from another kappa-receptor gene, yet to be
characterized, remains a very contentious issue. Kappa2-receptors are described
as binding sites labelled by the non-selective benzomorphan ligand
[3H]bremazocine in the presence of mu-, delta- and kappa 1-blockers. To
investigate the genetic origin of kappa2-receptors, we have carried out
homogenate binding experiments with [3H]bremazocine in brains of KOR-,
MOR- and DOR-deficient mutant mice. [3H]bremazocine binding alone showed
that 65% of the binding arise from the MOR gene, 20% from the DOR gene and
15 % from the KOR gene. [3H]bremazocine binding in the presence of mu-,
delta- and kappa 1-suppressor ligands further demonstrated that non kappa 1receptor labelling can be accounted for by binding to both the mu- and deltaopioid receptors. In addition, long exposure autoradiographic mapping of
[3H]bremazocine binding in the presence of mu- and delta-suppressor ligands in
KOR-deficient mice brains showed low level of binding in regions known to be
rich in mu- and delta-opioid receptors. Altogether the data suggest that the
putative kappa2-receptors are in fact a mixed population of KOR, DOR and
predominantly MOR gene products.

LIGANDS FOR KAPPA-OPIOID AND NOCICEPTIN/ORPHANIN FQ
RECEPTORS IDENTIFIED FROM A CONFORMATIONALLY
CONSTRAINED PEPTIDE COMBINATORIAL LIBRARY. B. L, Kieffer1*, J.
A, J, Becker1, A. Wallace3. A, Garzon2, P. Ingallinella2. E. Bianchi2. R. Cortese2.
F, Simonin1 and A, Pessi2. 1 CNRS UPR 9050 Universite Louis Pasteur, 67400
Illkirch, France;2 IRBM P. Angeletti, 00040 Pomezia (Rome) Italy;3 School of
Biology and Biochemistry, The Queen's University of Belfast, BT9 7BL Belfast,
UK.
We have screened a synthetic peptide combinatorial library composed
of 2 X 107 beta-turn constrained peptides in binding assays on four structurally
related receptors, the human opioid receptors mu, delta and kappa, and the
opioid receptor-like ORL1. Sixty six individual peptides were synthesized from
the primary screening and tested in the four receptor binding assays. Three
peptides, composed essentially of unnatural amino acids, were found to show
high affinity for human kappa-opioid receptor. Investigation of their activity in
agonist-promoted stimulation of [^SJGTPyS binding assay revealed that we
have identified the first inverse agonist as well as peptidic antagonist for kappareceptors. To fine-tune the potency and selectivity of these kappa-peptides we
replaced their turn-forming-template by other turn mimetic molecules. This
"turn-scan" process allowed the discovery of compounds with modified
selectivity and activity profiles. One peptide displayed comparable affinity and
partial agonist activity toward all four receptors. Interestingly, another peptide
showed selectivity for ORL1-receptor, displayed antagonist activity at ORL1
and agonist activity at opioid receptors. In conclusion, we have identified
peptides which represent an entirely new class of ligands for opioid and ORL1
receptors and exhibit novel pharmacological activity. This study demonstrates
that conformationally constrained peptide combinatorial libraries are a rich
source of ligands that are now suitable for the design of non-peptidal drugs.

490.4

490.3
PHARMACOLOGICAL PROFILES OF TRK-820, A NOVEL

k -OPIOID

RECEPTOR AGONIST. A. Saitoh , T. Endoh , N. Izumimoto , T. Suzuki , S.
1*
2
2
11
Ueno , M. Narita , L. F. Tseng and H. Nagase
Basic Research Laboratories,
2
Toray Industries, Inc. 1111 Tebiro Kamakura, Kanagawa 248-8555, Japan, Dept. of
Anesthesiology, Medical College of Wisconsin, Milwaukee, WI 53226.
TRK-820, a new
K-opioid agonist of 4,5-epoxymorphinan derivative, was
investigated in vivo for antinociceptive activities and its selectivity on various opioid
receptors in mice. TRK-820 given s.c. or p.o. was found to be more potent than popioid receptor agonist morphine or other K-opioid receptor agonists CI-977, ICI199441 and U-50488H with acetic acid-induced writhing test. In addition, with four
other antinociceptive assays, low temperature hot-plate (51 °C), thermal tail flick,
mechanical tail pressure and tail pinch tests, TRK-820 was 68- to 328-fold more
potent than U-50488H, and 41- to 349-fold more potent than morphine in producing
antinociception. However, TRK-820 was less active in inhibiting hot-plate response
to high temperature hot plate stimulus (55°C). The antinociceptive effects produced
by TRK-820 were blocked by nor-BNI, but not by NTI or naloxone with the acetic
acid-induced writhing test, indicating that the antinociception is selectively mediated
by the stimulation of K-, but not 8- or g-opioid receptors. Co-administration of
TRK-820 with morphine slightly enhanced the antinociception induced by morphine
in the mouse hot plate test. On the other hand, a mixed agonist/antagonist
pentazocine significantly reduced the morphine-induced antinociception. These
findings provide strong evidence that TRK-820 act as an agonist on K-receptors
without g-antagonistic effect. TRK-820 produced sedation at doses, which are much
higher than the doses for producing antinociception. These results indicate that the
potent antinociception induced by TRK-820 is mediated via the stimulation of K-, but
not g- or 8-opiod receptors.

DIFFERENTIAL SENSITIVITIES OF p, 8 AND k OPIOID
RECEPTORS TO METHANETHIOSULFONATE REAGENT. W, Xu,
C. Chen. P. Huang. J. K.de Riel 1 and L.-Y. LiuzChaA Dept of

Pharmacolology and 1 Fels Inst, for Mol. Biol, and Cancer Res., Temple Univ.
Sch. of Med., Philadelphia, PA 19140
Binding pockets of the opioid receptors are presumably formed among the
transmembrane domains (TMDs) and are open to extracellular medium. (2Aminoethyl)methanethiosulfonate (MTSEA) is a hydrophilic reagent that
reacts specifically with reduced sulfhydryl groups. In this study, we
determined sensitivities of p, 8 and k opioid receptors to MTSEA and
identified the cysteine residues within TMDs that confer the sensitivity.
Pretreatment of p, 8 and k opioid receptors expressed in HEK293 cells with
MTSEA for 5 min inhibited [3H]diprenorphine binding in a dose-dependent
manner with IC50 values of 0.5 mM, 5 mM and 0.1 mM, respectively. Effects
of MTSEA occurred rapidly, reaching the maximal inhibition at 2 min. ()Naloxone prevented the inhibitory effect of MTSEA, but (+)naloxone did
not. Each cysteine residue in the TMDs was mutated. Eight mutants of the rat
p receptor (C1.43S, C3.44S, C4.48S, C5.41S, C5.57S, C6.47S, C7.38S and
C7.47S), six mutants of the human 8 receptor (C1.43S, C4.48S, C5.41S,
C5.57S, C6.47S, C7.38S) and five mutants of the human k receptor (C4.48S,
C5.41S, C5.57S, C6.47S and C7.38S) were generated and effects of MTSEA
treatment were examined. C7.38S mutation rendered each receptor less
sensitive to MTSEA. The finding that p, 8 and k opioid receptors have
differential sensitivities to MTSEA indicates that the conserved residue C7.38
are differentially exposed to the binding pocket crevice, C7.38 in the k
receptor being most directly exposed followed by those in the p receptor and
the 8 receptor, (supported by NIH grants DA 04745, DA 10702 and
DAI 1263.)

490.5

490.6

MECHANISMS
OF
AGONIST-INDUCED
DOWNREGULATION OF THE HUMAN k OPIOID RECEPTOR.
J.,-G, Li*, J. Gx Krupnick,1 J. L, Bcn.Qvic1 and L,-Y. L.iv-Chgn, Dept.
of Pharmacology, Temple Univ. Sch. of Med., Philadelphia, PA
19140; ’Dept of Microbiology and Immunology, Kimmel Cancer
Institute, Thomas Jefferson Univ., Philadelphia, PA 19107.
Prolonged exposure of many GPCRs to agonists leads to downregulation, in which a significant reduction in the number of
receptors occurs with or without attenuated responsiveness. In the
present study, we determined whether the human and rat k opioid
receptors (hkor and rkor, respectively) stably expressed in CHO cells
underwent down-regulation and, if so, the mechanisms involved.
U50,488H caused a significant down-regulation of the hkor, while
etorphine did not. Neither U50,488H nor etorphine caused downregulation of the rkor. Transient expression of dominant negative
mutants P-arrestin(319-418) or dynamin I-K44A in CHO-hkor cells
significantly reduced U50,488H-induced down-regulation of the
hkor. In addition, co-expression of GRK2 and P-arrestin significantly
increased etorphine-promoted down-regulation of the hkor, while coexpression of GRK2, p-arrestin or dynamin I did not. Thus, there
are agonist and species differences in down-regulation of k opioid
receptors and this process involves a p-arrestin- and dynamindependent mechanism, (supported by NIH grants DA 04745 and
DAI 1263 (to L.-Y. L.-C.) and GM44944 and GM47417 (to J.L.B.)).

CELLULAR
BASIS
FOR
MODULATION
OF
DOPAMINERGIC
TRANSMISSION THROUGH k -OPIOID RECEPTORS IN THE RAT NUCLEUS
ACCUMBENS SHELL. E.E.O. Colago*1, A.L. Svingos1, C. Chavkin2, and V.M.
Pickel1.1Dept. of Neurol. & Neurosci., Weill Med. College of Cornell Univ., NY,
NY 10021;2Dept. of Pharmacology, Univ. of Washington, Seattle, WA 98195.
The nucleus accumbens shell (AcbSh) is a brain region critically involved in k opioid receptor (KOR) mediated inhibition of dopaminergic transmission. Using
electron microscopic immunocytochemistry for localization of antipeptide
antibodies directed against KOR and the dopamine transporter (DAT), we
investigated the specific neuronal sites for modulation of dopamine function
through activation of KOR in the AcbSh. Immunoreactivity for KOR and DAT
primarily was observed in axon terminals and intervaricosities, but also was
detected within small axons. Many of these morphologically heterogenous
presynaptic profiles contained both antigens. Within these dually-labeled
profiles, immunogold-silver particles for DAT were randomly distributed along
the plasma membranes, while the KOR peroxidase reaction product was
restricted to membranes of small synaptic vesicles and segments of plasma
membranes that sometimes overlapped DAT labeling. A few axons and axon
terminals that were apposed to one another were differentially labeled for KOR
or DAT. In addition, KOR-immunoreactivity was seen in selective dendritic
spines receiving convergent input from DAT-containing terminals and unlabeled
terminals forming asymmetric excitatory-type synapses. Our results suggest
that in the AcbSh, KOR agonists modulate dopaminergic transmission primarily
through direct presynaptic actions on dopaminergic and non-dopaminergic
terminals. In addition, these data suggest a more minor role for KOR in the dual
modulation of postsynaptic responses to dopamine and excitatory amino acids
within spiny striatal neurons. Supported by NIDA grants DA11768 to A.L.S. and
DA04600 to V.M.P.
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NEUROLEPTIC INDUCED ALTERATIONS IN KAPPA RECEPTOR
DENSITY IN THE SUBSTANTIA NIGRA PARS RETICULATA:
RELATIONSHIP TO VACUOUS CHEWING MOVEMENTS. M. Zaka*,
T.M. Hyde, C.M. Bower, M.F. Egan. Clinical Brain Disorders Branch,
National Institute of Mental Health, NIMH, IRP, NIH, Bethesda MD, 20892.
Chronic administration of haloperidol in rats produces a syndrome of
vacuous chewing movements (VCMs), a model of tardive dyskinesia in
humans. The neurobioiogy of TD and the VCM syndrom is unclear but
appears involve changes in striatal neuropeptide gene expression. We have
previously found a relative increase in mRNA for substance P in the striatum
of rats with VCMs compared to rats without VCMs. The aim of this study
was to examine both the effects of neuroleptics on KAPPA receptor density
in the substantia nigra (SN) and the relationship between KAPPA receptor
density and VCMs. Tardive VCMs were induced by IM injections of
haloperidol decanoate every 3 weeks for 24 weeks followed by a 9 week
withdrawal period. KAPPA receptor density in the SN was examined using
in vitro autoradiography. Comparing all neuroleptic-treated rats (n=25) to
vehicle treated controls (n=16), neuroleptic treated rats showed an increase
in KAPPA receptor binding in the substantia nigra pars reticulata (SNR)
(MANOVA, p=0.03). In addition, when these neuroleptic treated rats were
subdivided into those with and without persistent VCMs, the -VCM group
showed higher KAPPA receptor binding than the +VCM groups (Manova p=
0.03). These results suggest that neuroleptics increase KAPPA receptor
density in the SNR. In addition, long term alterations in the substance
P/kappa opioid system appear to play a role in the persistence of neuroleptic
induced dyskinesias.

KAPPA OPIOID TOLERANCE AND DEPENDENCE IN CULTURES OF
DOPAMINERGIC MIDBRAIN NEURONS. F. Dalman1* and K. O’Malley2.
‘Depts. of Anesthesiology and 2Anatomy & Neurobioiogy, Washington Univ.
School of Med., St. Louis, MO 63110.
Repeated cocaine exposure upregulates kappa opioids and their receptors in
the mesocorticolimbic system; ensuing kappa-mediated dysphoria appears to
contribute to addiction and withdrawal. As a potential rehabilitation strategy to
reverse cocaine-induced kappa sensitization, the present study used tritiated
dopamine release assays to examine the induction of kappa opioid tolerance in
cultured mesencephalic neurons. Administration of the kappa agonist U69,593,
inhibited tetrodotoxin-sensitive, spontaneous (EC50= 1.5 nM) and potassiumstimulated (EC50 = 10 nM) release. These effects were blocked by pertussis
toxin and by the kappa antagonist, nor-binaltorphimine. Two day agonist
exposure (1 pM) caused a shift in the U69,593 dose-response curve which was
greater in the potassium-stimulated paradigm (140 fold) than in the spontaneous
release assay (6 fold). These results were attributable to attenuation of kappa
receptor signaling mechanisms and to dependence. In the stimulated release
assay, attenuation of kappa signaling due to 4 hours of U69,593 exposure
recovered with a half-life of 1.1 hours whereas attenuation after 144 hours of
exposure recovered slowly (t*/2=20 hours). In the spontaneous release assay,
attenuation of kappa opioid signaling occurred slowly (t*/2= 22 hours) and
resensitization after a 144 hour exposure was rapid (t!4<l hour). Kappa opioid
dependence was observed after 144 hours of U69,593 exposure. Thus multiple
mechanisms of adaptation to kappa opioid exposure occur in mesocoticolimbic
neurons. These data support the idea that administration of kappa opioids might
facilitate drug rehabilitation. Supported by the Washington Univ. School of
Med. Dept. of Anesthesiology and by DA08818.

490.9
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EXPRESSION OF K-OPIOID RECEPTOR PROTEIN IN NUCLEI OF
THE HUMAN BRAIN STEM
F, Hedavat1*. R, Richter1, A. Wevers1. M. Staak2. K. Maderspach3, and H,
Schroder1, ‘Dept. II of Anatomy and 2Dept. of Forensic Medicine,
University of Cologne, Cologne, Germany; institute of Biochemistry,
BRC, Hungarian Academy of Science, Szeged, Hungary

PROFILE OF ADL 10-0101 IN MODELS OF CENTRAL k OPIOID AGONIST
ACTIVITY IN THE RAT AND MOUSE. M. Koblish, P.J. Little*, S.L. Gottshall,
M. Marella, V. Kumar and P.L. DeHaven-Hudkins. Adolor Corporation,
Malvern, PA 19355.
The development of clinically useful analgesics acting through k receptors has
been limited by side effects produced by central mechanisms. A battery of tests was
used to evaluate the peripheral selectivity of k agonists by comparing measurements
of centrally mediated side effects to peripherally mediated antinociception in the rat
and mouse. Antinociception was measured in the rat using late phase formalininduced flinching and in the mouse using acetic acid-induced writhing. All
compounds were administered subcutaneously. ADL 10-0101 produced a dosedependent inhibition of late phase formalin-induced flinching with an ED50 value of
8.8 mg/kg. Motor impairment and sedation were measured in the rat in the rotarod
assay. At a dose of 300 mg/kg ADL 10-0101 impaired motor performance by 41%,
yielding an estimated rotarod:analgesia ratio of > 34. In comparison, the centrally
acting k agonist spiradoline had a ratio of 2. In the mouse, we evaluated ADL 100101 in the writhing assay and in a platform model of sedation. ADL 10-0101 dosedependently inhibited acetic acid-induced writhing with an ED50 value of 3.3 mg/kg
and produced sedation with an ED50 value of 31 mg/kg, giving a sedation:analgesia
ratio of 10. In the mouse, spiradoline had a ratio of 4. k opioid induced diuresis is
thought to be mediated primarily by central k activation. At 300 mg/kg ADL 10-0101
produced a maximal diuretic effect in normally hydrated rats with an ED50 of 41
mg/kg, yielding a diuretic:formalin ratio of 5. Spiradoline produced a maximal
diuretic effect at 3 mg/kg with an ED50 of 0.4 mg/kg, yielding a diuretic:formalin ratio
of 0.5. These findings suggest that ADL 10-0101 is a peripherally selective k agonist.

Opioid drugs and peptides exert their actions in the CNS by interacting
with at least three distinct populations of opioid receptors (OR): p, 8, and
k . Particularly, OR are important in pain treatment and in the
pathogenesis of respiratory depression due to drug abuse. The cellular
distribution of k -OR in human brain stem (n=6) was studied using the
monoclonal antibody KA 8 [Maderspach et al., J. Neurochem. 56:18871904, 1991]. The k -OR protein was expressed in neurons of the nucleus
dorsalis nervi vagi (NDNV) and the nucleus tractus solitarii (NTS). In the
latter, various types of neurons were labeled, whereas in the NDNV most
of the immunoreactive neurons were of a multipolar shape. Both nuclei
are involved in respiratory regulation. The knowledge on the localization
of k -OR in the human brain stem is a prerequisite for ongoing studies on
the distribution of the k -OR in the brains of opioid drug addicts to get
more insight into possible alterations of receptor expression in the central
respiratory regulation structures by drug abuse.
Supported by the Deutsche Forschungsgemeinschaft (Schr 283/13-1)
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ANTINOCICEPTION PRODUCED BY ADL 10-0101, A NOVEL
PERIPHERAL k OPIOID RECEPTOR AGONIST, IN MODELS OF
INFLAMMATORY HYPERALGESIA. S.L. Gottshall*, J.A. Cassel, L.
Cortes Burgos, J.D. Daubert. R.N. DeHaven, M. Koblish, V. Kumar, P.J.
Little, S.L. Long. M. Marella and P.L. DeHaven-Hudkins.
Adolor
Corporation, Malvern, PA 19355.
An opioid k agonist with peripheral selectivity would have potential
clinical utility in the treatment of inflammatory pain and would lack the
.centrally-mediated side effect of dysphoria. ADL 10-0101 was identified as a
potent and selective inhibitor of k binding (Kj = 5 nM) with agonist activity
([35S]GTPyS, EC50 = 150 nM) at the cloned human k opioid receptor. In the
rat, ADL 10-0101 produced antinociception during the chronic phase of
formalin-induced flinching following i.paw (ED50 = 16 pg), s.c. (ED50 = 8.8
mg/kg) or p.o. (ED50 = 56 mg/kg) administration. Additionally, i.paw (ED50
= 186 pg) and s.c. (ED50 = 69 mg/kg) administration of ADL 10-0101
resulted in antinociception during the acute phase of formalin-induced
flinching. ADL 10-0101 was active against Freund’s complete adjuvant
(FCA)-induced hyperalgesia following i.pl. (ED50 = 9.3 pg) or s.c. (ED50 =
151 mg/kg) administration. ADL 10-0101 inhibited acetic acid-induced
writhing in the mouse by the s.c. (ED50 = 3.3 mg/kg) or p.o. (ED50 = 18
mg/kg) routes. Minimal antinociception in either the hot plate or tail flick
assays was observed following s.c. administration of 300 mg/kg. The novel
peripheral k agonist ADL 10-0101 produced potent antinociception in models
of inflammatory pain, but lacks potency in models of acute thermally-induced
nociception.

5-OPIOID RECEPTORS ARE MORE EFFICIENTLY COUPLED TO
ADNEYLYL CYCLASE THAN TO L-TYPE CA2+ CHANNELS IN
TRANSFECTED RAT PITUITARY CELLS. P. L. Prather1*, H. Zhang1, P.Y.
Law2, L. Song3 and T.G. Hales3. 1Dept. of Pharmacology and Toxicology,
Univ. of Arkansas for Medical Sciences, Little Rock, AR 72205; 2Dept. of
Pharmacology, Univ. of Minnesota, Minneapolis, MN 55455; 3Dept. of
Pharmacology, George Washington Univ., Washington, DC 20037.
To delineate differences in the way 8- and p-opioid receptors relay
intracellular messages, we previously stably transfected GH3 cells with
cloned 8- and/or p-opioid receptors. In clones that expressed relatively low
receptor densities (i.e., 0.33-0.55 pmoles/mg protein), activation of either
opioid receptor type produced inhibition of adenylyl cyclase activity. In
contrast, while activation of p receptors in clones expressing low densities
could also inhibit L-type Ca2+ channels, 8 receptor inhibition of Ca2+
channels was only observed in a cotransfected clone that expressed a high
density of 8 receptors (2.45 pmoles/mg protein). The purpose of the
present study was to determine whether the differential coupling of 8
receptors results from differences in receptor density.
Utilizing the
8-alkylating agent SUPERFIT, reduction of 8 receptors in the clone
expressing high levels, to a density similar to that of 8 and p receptors in the
low density clones resulted in abolishment of coupling to Ca2+ channels,
but not to adenylyl cyclase. These findings suggest that 8 receptors couple
more efficiently to adenylyl cyclase than to L-type Ca2+ channels and that 8
and p receptors require different receptor densities for coupling to L-type
Ca2+ channels. (Supported by NIDA grant DA10936.)
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EFFECT OF TAN-684, A k -OPIOID AGONIST THAT MINIMALLY
CROSSES THE BLOOD-BRAIN BARRIER, ON THERMAL INJURY
INDUCED HYPERALGESIA IN RATS. Hiroshi Sekiyama1. Steven G.
Shimada1, Yoshinori Iwase1. Jun Utsumi2, Hiroshi Nagase2, and J.G. Collins1*.1
Dept. of Anesthesiology, Yale University School of Medicine, 333 Cedar St., New
Haven, CT, 06520, USA.2 Dept. of Medicinal Chemistry, Basic Research
Laboratories, Toray Industries Inc., Kamakura 248-8555, Japan.
TAN-684 is a newly developed kappa-selective opioid agonist with limited access
to the central nervous system. Our aim is to investigate the anti-hyperalgesic or
analgesic effects of locally administered TAN-684 after thermal injury in rats. In
halothane-anesthetized, adult, male rats, thermal injury was produced by raising the
temperature of the plantar surface of the right hind foot with a radiant heat source
(55~56°C) for ten seconds. We used a modified Hargreaves test device to measure
withdrawal latencies to radiant stimulation of normal and thermally injured rat hind
feet. Hyperalgesia is defined as a minimum difference score between normal and
injured feet of at least 1.5 seconds at 24 hours after thermal injury. TAN-684 (0.12,
0.24, 0.48 pg) in a volume of 20 pi of saline was injected into the plantar surface of
the right foot of normal or hyperalgesic animals under light halothane-anesthesia.
Halothane was discontinued and withdrawal latencies were tested every 15 minutes
for two hours. In some experiments, animals were treated with 10 mg/kg s.c. of the
specific kappa-opioid receptor antagonist (nor-binaltorphimine) 8 hours before
intraplantar drug injection of the agonist.
TAN-684 produced a dose-dependent analgesic effect in hyperalgesic rats, but not
normal rats. No central effects, such as urination, were seen at the doses employed
in this study. The effect was reversible by nor-binaltorphimine. These results
demonstrate that TAN-684 is capable of producing peripheral analgesia in the
presence of thermal injury. This work was funded in part by Toray Industries.

INTRANIGRAL INJECTIONS OF nor-BNI BLOCK THE U-50,488INDUCED LOCOMOTOR ACTIVITY OF PREWEANLING RATS. R.L.
Collins, A.R. Zavala, A. Nazarian, and S.A. McDougall*. Department of
Psychology, California State University, San Bernardino, CA 92407.
Systemic injection of a kappa opioid agonist (e.g., U-50,488 or U-69,593)
decreases the locomotor activity of adult rats, while it increases the
locomotor activity of preweanling rats. The purpose of the present study was
to determine the neuroanatomical location where U-50,488 has its locomotor
activating effects in the young animal. In the first experiment, 18-day-old
rats were given a systemic injection of U-50,488 (5 mg/kg, SC) and
locomotor activity was assessed. After 15 min, rats were bilaterally
microinjected with the selective kappa opioid antagonist nor-BNI (0, 5, 10, or
20 pg per side) into either the substantia nigra pars reticulata (SNR) or
medial striatum (guide cannulas had been stereotaxically implanted 20 hr
prior to testing). Locomotor activity was then assessed for an additional 40
min. As reported previously, 18-day-old rats given a systemic injection of U50,488 showed a dramatic increase in locomotor activity.
Bilateral
administration of nor-BNI into the SNR caused a dose-dependent reduction
of U-50,488-induced locomotor activity, while administering zior-BNI into
the striatum had no discernable effect on behavior. To confirm that U50,488’s locomotor activating effects were mediated by actions in the SNR, a
second experiment was conducted in which U-50,488 (0.0, 0.8, 1.6, or 3.2 pg
per side) was bilaterally microinjected into the SNR of preweanling rats.
Results were consistent with the first experiment, because administering U50,488 into the SNR caused a dose-dependent increase in locomotor activity.
When considered together, these results confirm that kappa opioid receptors
in the SNR mediate the U-50,488-induced locomotor activity of preweanling
rats.

490.15
GENDER-AND HORMONE- RELATED DIFFERENCES IN RAT SPINAL
KAPPA OPIOID RECEPTORS. C.T. Drake* and P.C. Chang.
Dept.
Neurol. & Neurosci., Weill Med. Coll, of Cornell Univ., 411 E. 69th St,
NY, NY 10021.
Animal and human studies suggest that kappa opioid receptor
(KOR) agonists may be more effective analgesics in females than
males, and that the KOR-dynorphin system may be more important in
females with particular hormonal states. To determine whether
differences in KOR levels may underlie these analgesic differences,
rat spinal KOR densities were examined in males and in females at
different points in the estrus cycle. The lumbosacral spinal cord
(spinal segments L6-S2) was immunocytochemically labeled for
KORs using a previously characterized polyclonal antibody to the
KOR.
To enable quantitative comparisons, all tissue in each
experiment was tmmunolabeled simultaneously using the same
solutions. By light microscopy (LM), KOR labeling in all animals was
most abundant in the superficial layers (laminae l-ll) of the dorsal
horn, in area X and in the dorsolateral funiculous. Quantitative LM
densitometry was used to examine the superficial dorsal horn. In
females, KOR density was highest in estrus, intermediate in
proestrus, and lowest in diestrus. Rats in diestrous had significantly
lower KOR densities than those in estrus. Male rats had lower KOR
levels than females.
These results suggest that reproductive
hormones regulate dorsal horn KOR levels in females, and that fewer
spinal KORs are present in males. These differences in KOR levels
may contribute to the variations in analgesic effectiveness of KOR
agonists. Supported by DE12738-01 (CTD).

GABA RECEPTORS: PHYSIOLOGY
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PRESYNAPTIC GABAb RECEPTORS MODULATE ORGANUM VASCULOSUM
LAMINA TERMINALS (OVLT) INPUTS TO HYPOTHALAMIC SUPRAOPTIC
(SON) NEURONS. L.P. Renaud*. M. Kolai and C.R. Yang. Neurosciences, Loeb Health
Research Institute, Ottawa Hospital and University of Ottawa, Ottawa, Ontario, K1Y 4E9
Canada
Electrophysiological data from studies in hypothalamic explants indicate a prominent
‘fast’ neurotransmission from OVLT to magnocellular neurosecretory neurons in SON,
mediated by postsynaptic GABAa and glutamate NMDA and non-NMDA receptors
(Yang et al., 1994, J. Physiol. 477:59; Richard & Bourque, 1995, J.Physiol. 489:567).
We sought whether GABAb metabotropic receptors might modulate rapid
neurotransmission in these OVLT-evoked inputs during whole-cell patch-clamp
recordings from SON neurons in explant preparations. During applications of baclofen
1-10 pM, a GABAb receptor agonist, tests on 27 cells displayed a reversible reduction
in the amplitude of both the pharmacologically isolated OVLT-evoked inhibitory
postsynaptic currents (IPSCs) and excitatory postsynaptic currents (EPSCs) in a dosedependent manner without apparent effect on holding current (Vh = -65mV), input
resistance or the PSC kinetic properties. OVLT-evoked IPSCs displayed paired-pulse
depression (PPD) that in the presence of baclofen was significantly and dose-dependently
converted to paired-pulse facilitation (PPF), effects consistent with a presynaptic site of
action. All baclofen-induced effects could be prevented by pretreatment with a GABAb
receptor antagonist, 2-hydroxysaclofen. In addition, when applied alone, 2hydroxysaclofen induced a reversible increase in IPSCs and enhancement of the paired
pulse ratio, without apparent effect on holding current, input resistance or the kinetic
properties. These features are consistent with the interpretation that endogenously
released GABA is active at presynaptic GABAb receptors in this preparation. These
results collectively imply that presynaptic GABAb receptors do modulate OVLT-evoked
synaptic responses in SON. Supported by the Canadian MRC and Heart & Stroke
Foundation.

GABA-B RECEPTOR-MEDIATED MODULATION OF
INWARD
RECTIFIER
CURRENTS
IN
MOUSE
CEREBELLAR GRANULE CELLS P. Rossi*, E. Sola, A. Maffei,
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Taglietti V., E. D’Angelo. lstituto di Fisiologia Generale, Universita' di
Pavia, 1-27100, Pavia, Italy.

Premigratory cerebellar granule cells express GIRK-2 inward
rectifier currents, whose mutation (weaver) causes severe ataxia in
mice (Rossi et al., J.Neurosci. 18:3537-3547, 1998). In order to
identify the native mechanism of inward rectifier activation, we have
performed patch-clamp whole-cell recordings from premigratory
granule cells in the external granular layer of 15 day-old mice
(n=ll). Although hyperpolarising voltage steps in control
extracellular solution did not reveal any voltage-dependent currents,
subsequent perfusion of 30 pM baclofen induced an inward rectifier
current which (i) was blocked by 1 mM Ba2+ (51.8±8.6% reduction;
n=7), (ii) had sub-millisecond activation, (iii) did not show any
inactivation, (iv) had steady state-activation with Vrev=:-88.2±4.9 mV,
Vi/2=-79.1±2.2 mV and K= 25.3±4.3 mV'1 (n=4). Thus, the
baclofen-induced inward rectifier current coincided with induced by
GTP-y-s. Baclofen caused an 8.3 mV membrane hyperpolarization
(from -43.7±3.1 mV to -52±4.5 mV), suggesting that it may serve to
regulate membrane potential in a region critical for controlling Ca2+
entry, and therefore granule cell development.
Supported by Telethon of Italy.
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and R.K.S. Wong.
Dept. of Pharmacology, SUNY Health Science Center, Brooklyn, NY 11203.
The GABAa receptor is subject to modulation through several distinct
modulatory binding sites. There is currently a great deal of interest in
understanding the molecular nature of modulation and specific structural
correlates have been identified. Of particular importance are desensitization
and receptor deactivation which govern the decay of synaptic potentials thus
controlling synaptic efficacy. To better understand these phenomenon, we
studied four structurally distinct receptor modulators and found that
desensitization and receptor affinity are modulated independently.
We have shown that rapid application of 1 mM GABA to outside-out
patches from CA1 hippocampal neurons induces at least 3 phases of
desensitization (Biophys J. 66 (1994) 1039). In the present study we examined
the effects of 500 pM phenobarbital (PhB), 1 pM 50-pregnan-3a-olone (503a),
1 mM La3+, as well as variation in pH (7.1-7.7) on the response to low (3-5
pM) and high (1000 pM) GABA concentrations. Patches were excised from
acutely isolated pyramidal neurons of guinea pig hippocampus, and voltageclamped at 0 mV (Ck reversal potential: -31 mV). Drug solutions were
applied using a 7-barrel flow-tube (exchange time: <1 ms). La3+ and 503a
both increased the response to low GABA with out effecting the rate or
extent of desensitization in the presence of high GABA. PhB increased the
response to low GABA and decreased the extent of rapid desensitization. A
decrease in pH was also associated with a decrease in the magnitude of the
fast phase of desensitization but had the opposite effect on low GABA
causing a decrease in the response. These results point to at least two distinct
structural correlates which can be modulated independently.

SHORT TERM EXPOSURE TO A NEUROSTEROID ALTERS KINETICS OF
GABA-GATED CURRENT IN ASSOCIATION WITH UPREGULATION OF
THE a-4 GABA-R SUBUNIT SS Smith*. X, Li. and O-H Gong. Dept. of
Neurobiology and Anatomy., MCP-Hahnemann U., Philadelphia, PA 19129.
Ongoing studies from this laboratory have demonstrated that withdrawal from
3a,5a-THP results in a marked upregulation of the a-4 subunit of the GABAa
receptor (GABA-R) in hippocampus. The present study was designed to test the
hypothesis that shorter-term exposure to steroid could also produce similar changes.
Female rats were implanted with progesterone (P)-filled capsules; s.c. and tested on
a daily basis across 3 weeks. a4 levels increased to maximal 48-72 hrs after P
exposure and were inversely correlated with the GABA-modulatory effects of the
benzodiazepine lorazepam (0.1-100 pM), assessed using whole cell patch clamp
techniques on pyramidal neurons acutely dissociated from CA1 hippocampus.
Direct administration of the GABA-modulatory 3a,5a-THP produced similar
changes. In order to test the kinetics of GABA-gated current across hormone state, a
piezo-electric delivery system was used to deliver pharmacologically saturating
concentrations of GABA (1 mM) to outside-out patches for <1 msec exposure
times. This system more closely approximates the GABA transient at the synaptic
cleft. Decay times were estimated as a biexponential decay function using nonlinear curve-fitting routines (Origin, Microcal, Inc.). The results demonstrate that 48
hr 3a,5a-THP exposure produces an 8-10-fold acceleration in the decay time
(xf=1.0±0.2ms; xs=12.0±3.2ms) compared to control (xf=6.5±2.1;xs=l 10±25ms).
Suppression of a-4 expression using antisense, but not missense, administration
(1 pg/day,3 days, icv) prevented this change in decay time. The results from the
present study suggest that both short-term exposure to a GABA-modulatory steroid
as well as withdrawal produce similar upregulation of the a4 subunit which appear
to result in BDZ insensitivity as well as acceleration of the decay time for GABAgated current. (Supported by grants from DARPA and Zeneca Pharm. to SSS)

491.5
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ESTROUS HORMONES ALTER THE KINETICS OF MINIATURE IPSCs OF
PYRAMIDAL CELLS IN CA1 HIPPOCAMPUS F.-C. Hsu*. R. Waldeck. D.S.
Faber, and S.S, Smith. Neuro.& Anat Dpt., MCP-Hahnemann U., Phila., PA 19129.
In this study, we compare the kinetics of quantal synaptic current across
hormone-associated fluctuations in a4 GABA-R subunit level. Miniature inhibitory
post-synaptic currents (mIPSCs) were recorded from CA1 pyramidal cells using
whole cell patch clamp procedures in the hippocampal slice. TTX-resistant mIPSCs
were recorded at 27°C using a 140 mM KCI internal solution at a holding potential
of-70 mV in the presence of 2 mM kynurenic acid and 5 mM QX-314. Synaptic
events were detected and analyzed using software developed by Ankri et al (1994).
The reversal potential for these currents was equivalent to the Cl' reversal potential
suggesting that they are GABA-mediated. Adult, female rats were treated with 170estradiol (2pg/kg, ip) and progesterone (5 mg/kg, ip) for 48 hrs in order to facilitate
the upregulation of the a4 subunit, which was 4-fold higher than control values.
During hormone-induced a4 upregulation, the decay time constant for mIPSCs was
significantly (P<0.01) faster (6.926 ± 0.35 ms, mean ± SD, n=5) compared to
control values (8.047 ± 0.45 ms, n=6), assessed using non-linear curve fitting
routines. In 2 cases where hormone treatment failed to upregulate the a4 subunit,
decay time constants were not significantly different from control. In addition,
quantal frequency was significantly faster for mIPSCs recorded from cells obtained
from hormone-treated animals (16.2 ±4.1 Hz vs. 7.72 ± 2.7 Hz, P<0.01), but the
amplitude distribution of these quantal events was not altered by hormone state
(Mean 5.9 ± 1.17 pA, exp., vs. 5.9 ± 1.3 pA, Con). These results are consistent with
our previous findings, and suggest that hormonally-induced a4 subunit upregulation
may alter the decay time of GABA-mediated mIPSCs. However, the observed
alteration in mIPSC frequency also suggests a possible change in transmitter release
probability and pre-synaptic site of action following hormone exposure.
(Supp. by DARPA and Zeneca grants to SSS;NIH gr.to DSF)

CHRONIC NEUROSTEROID EXPOSURE RESULTS IN TOLERANCE AS A
RESULT OF 8 GABAa RECEPTOR UPREGULATION OH Gong.RS
Markowitz?, X Li, JMH ffrench-Mullen, and SS Smith, Dept. of Neurobiology and
Anatomy, MCP-Hahnemann University, Philadelphia, PA 19129.
Previous findings from this laboratory have demonstrated that a chronic 3 week
exposure to progesterone (P) results in a reduced ability of 3a,5a-THP to potentiate
GABA-gated current. Because these effects were not due to upregulation of the a4
GABA-R subunit, in the present study, we tested the role of the 5 subunit in
mediating this effect. The 8 subunit is associated with neurosteroid insensitivity
(Zhe et al., 1996). For the present study, we examined levels of mRNA and protein
for the 8 subunit, using semi-quantitative RT-PCR and Western Blot procedures,
respectively, across 1 week of exposure to or withdrawal from P, administered as a
s.c. implant. 3a,5a-THP modulation of GABA-gated current was assessed
concomitantly using whole cell patch clamp techniques on pyramidal neurons
acutely dissociated from CA1 hippocampus. Following P withdrawal, 3a,5a-THP
exhibited a 75% reduced potentiation of GABA-gated current (11.2±2.1%, P-treated
vs. 45.2±3.5%, Control, P<0.05) across a range of concentrations (0.1 - 100 nM),
compared to values obtained under control conditions. Similar reduction in 3a,5aTHP modulation of GABA-gated current was also observed after 24-48 hrs of P
exposure. In both cases, upregulation of protein (three-fold) and mRNA (ten-fold)
for the 8 subunit was associated with this reduced sensitivity to 3a,5a-THP.
Similar effects were seen after direct exposure to 3a,5a-THP (10 mg/kg, i.p.).
Antisense, but not missense, suppression of 8 subunit upregulation prevented the
3a,5a-THP insensitivity observed after 48 hr. hormone exposure. These results
suggest that chronic exposure to 3a,5a-THP results in tolerance to its GABAmodulatory effect as a result of upregulation of the 8 subunit of the GABA-R.
(Supported by grants from DARPA and Zeneca Pharm. To SSS.)
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491.8

FUNCTIONALLY DIFFERENT INHIBITORY RECEPTORS IN RETINAL
BIPOLAR AND AMACRINE CELLS. K.H. Backus*, M.J. Freeh, J. Perez-Leon,
Max-Planck-lnstitute for Brain Res., Dept. Neuroanat., Frankfurt/M., Germany
Bipolar cells (BCs) are non-spiking interneurons that transmit light signals in
the vertebrate retina from photoreceptors to ganglion cells. Light-dependent
graded changes in the membrane potential of BCs are modulated by inhibitory
inputs from amacrine cells (ACs). At least, three types of inhibitory receptors,
GABAa , GABAc , and glycine receptors, are expressed on the BCs axon terminals, that contribute to the regulation of the glutamate release onto ganglion
cells. In addition, ACs express inhibitory receptors and are themselves targets
of inhibition. We have applied the patch-clamp technique in acutely isolated
slices of the adult rat and mouse retina to investigate the functional contribution of the different inhibitory receptor types in BCs and ACs. Spontaneous
inhibitory postsynaptic currents (sIPSCs) in rod BCs were characterized by an
amplitude of -40 ± 6 pA (mean ± SEM; n = 14). sIPSCs recorded in ACs were
similar in amplitude (-43 ± 10 pA; n = 8). The decay kinetics of sIPSCs were
fitted, resulting in significantly different (p < 0.05) time constants for BCs (ti =
4.1 ± 0.6 ms, x2 = 19.8 ± 2.7 ms; n = 14) and ACs (ti = 7.5 ± 1.4 ms, x2 = 35.7
± 7.3 ms; n = 9). However, sIPSCs of rod BCs could be subdivided into three
groups (group 1: ti = 1.7, x2 = 8.5, n = 4; group 2: xi = 3.6, x2 = 18.0, n = 4;
group 3: xi = 6.4, x2 = 30.6 ms, n = 5) suggesting the expression of functionally different inhibitory receptor subtypes on rod BCs. The effects of strychnine (1 pM) and bicuculline (10 //M), which partially blocked the occurrence of
IPSCs in BCs and ACs, indicated that some IPSCs were mediated by glycine
and others by GABAa receptors. When high KCI (35 mM) or AMPA (2 pM)
were applied, amplitude and frequency of IPSCs significantly increased in rod
BCs. These events were likely mediated by a depolarization of ACs, thereby
increasing their GABA and glycine release, because rod BCs do not express
ionotropic glutamate receptors, (supported by DFG/Graduiertenkolleg 361)

Topiramate Potentiates the Recombinant a202y2S GABAa Receptor
Mediated Chloride Current. T. A. Simeone1, A, M. L. McClellan2, K. S.
Wilcox2, R. E. Twyrrtan3 & H. S, White1,2*. 'Program in Neuroscience &
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T.T. Celentano*.
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2Department of Pharmacology & Toxicology, University of Utah, Salt Lake
City, Utah, 84112, & 3PRI, Johnson & Johnson, Raritan, New Jersey.

Topiramate (TPM), a recently developed clinical anticonvulsant,
potentiates GABAa receptor-mediated Cl- currents in cultured neurons
by increasing the apparent binding affinity for GABA. Although this
effect of TPM is highly variable between neurons, recent experiments
suggest that TPM preferentially enhances current in oocytes expressing
the a202y2S subunit combination of GABAa receptors.
The present studies explored the effects of TPM on the a202y2S
receptors. Plasmids (pcis2) containing the a2 and 02and y2S cDNAs
were injected into the nucleus of Xenopus oocytes (36 nl). Recordings
were performed using the two-electrode voltage-clamp method 24-72
hours after injection.
TPM potentiated the peak amplitude of the
GABA-mediated current (0.3 pM) in a concentration-dependent,
voltage-independent manner with a maximal, mean enhancement of
250% ± 49.3 (S. E. M.) over control and an EC50 of 800pM (n=5). In
the presence of 600 pM TPM, enhancement was eliminated with
increasing GABA concentrations (n=3). These results are consistent
with the previous studies which indicated that TPM increases the
apparent binding affinity for GABA. The selective potentiation of the
a202y2S currents suggests that TPM reduces excitability in neurons
expressing this subunit combination and may explain some of the
variability of TPM’s effects between neurons. Supported by a grant

from R. W. Johnson Pharmaceutical Research Institute.
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TONIC INHIBITION OF PRESYNAPTIC GABAb RECEPTOR ON GABAergic
NERVE TERMINAL PROJECTING TO RAT MEYNERT. M. Uki,*Z. P Pang, J. S.

ANTISENSE KNOCKDOWN OF THE GLUTAMATE TRANSPORTER EAAC1
REDUCES INHIBITORY EFFICACY IN RAT CA1 NEURONS. A.S. Cohen1*,
J. Sepkutv2, J.D. Rothstein2 and P.A. Coulter1. 'Dept. of Neurology, Medical College
of Virginia, Virginia Commonwealth Univ.; Richmond, VA 23298; 2Dept. of
Neurology, Johns Hopkins Univ.; Baltimore, MD 21287.
Reduced expression of the glutamate transporter EAAC1 leads to behavioral
abnormalities including electrographic seizures and limbic hyperexcitability (Neurosci.
Abs. 618.3, 1996). Because EAAC1 has been localized to GABAergic neurons and
glutamate is a precursor for GABA synthesis, we hypothesized that EAAC1 may play
a role in regulating GABA synthesis and therefore, inhibitory neurotransmission
(Cereb. Cortex. 8, 108, 1998). EAAC1 expression was knocked down by
intraventricular administration of an antisense oligonucleotide encoding EAAC1
mRNA. Using visualized slice patch recording, we found that the median mIPSC
amplitude recorded in CA1 pyramidal neurons from EAAC1 antisense oligonucleotide
treated animals (n=10) was significantly smaller (-29.8±3 pA, p<0.05 unpaired t-test)
than that recorded in sense oligonucleotide treated (-39.8±3 pA, n=3) and naive (37.1±1, n=3) controls. No significant differences in mIPSC rise or decay kinetics were
found in either population. Bath application of diazepam (DZ, 100 nM) to pooled
control CA1 neurons significantly increased mIPSC T50 decay time by 78% (n=6,
p<0.05), but was without effect on mIPSC amplitude (2% increase). In contrast, DZ
application significantly increased both mIPSC amplitude (by 42%, n=4, p<0.05) and
T50 decay time (by 75%, p<0.05) in knockdown animals. These differential DZ
effects are consistent with a decrease in quantal content at CA1 inhibitory synapses in
EAAC1 knockdown animals. This suggests that limbic hyperexcitability induced by
EAAC1 knockdown may be due in part to a reduction in inhibitoiy neurotranmission
in hippocampal area CA1. (Supported by an EFA postdoctoral fellowship (ASC) and
NIH grant NS32403 (DAC)).

Rhee and N. Akaike. Department of Physiology, Faculty of Medicine, Kyushu University,

Fukuoka 812-8285, Japan

The tonic inhibition of GABAg receptors on the spontaneous GABAergic inhibitory
postsynaptic currents (mIPSCs) was investigated in the mechanically dissociated rat nucleus
basalis of Meynert (nBM) neurons attached with native GABAergic nerve terminals, namely
‘synaptic bouton preparation’. We usedY-tube method which could change external solution

surrounding a neuron within 20msec. In the presence of TTX, CNQX and AP5, the frequency
of mIPSCs significantly increased reversibly without altering the current

amplitude

distribution during opening period of Y-tube. However, the facilitation of mIPSC by
flushing external solution was suppressed by adding baclofen, a selective GABAb receptor

agonist, to external solution. These data indicate that the auto-inhibition of GABAg on

GABAergic presynaptic terminal might be tonic in vivo condition. Next, we investigated
the inhibitory mechanism of baclofen on GABAergic presynaptic terminals. Baclofen

rapidly reduced the mIPSCs frequency in a reversible manner without changing the current
amplitude distribution, indicating that GABAg receptors exist in the GABAergic nerve
terminals. After washing out baclofen, mIPSC frequency transiently increased more than

before application of baclofen. In Ca2*-free external solution, the inhibitory efl'ect of

baclofen on mIPSC frequency was unaltered, but a transient potentiation after the removal of
baclofen disappeared, indicating that the rebounding transient potentiation might be related
with external Ca:‘. Activation of adenylyl cyclase (AC) with forskolin did not prevent the
inhibitory action of baclofen on mIPSC frequency. Ba2* (5x10 ’M), a nonselecitve K*

channel blocker, could not block completely the inhibitory effect of baclofen. However, the
inhibitory effect was completely abolished in co-application of Ba2* and forskolin. The
present results indicated that the activation of presynaptic GABAB receptors could inhibit
GABA release and that this inhibitory effect is mediated by both Ba2*- sensitive K*

conductance and intracellular cAMP/PKApathway in the GABAergic nerve terminal.

491.11

491.12

CANNABINOIDS ATTENUATE GABAERGIC TRANSMISSION IN
RAT GLOBUS PALLIDUS
C. Y. Chan, W. H. Yung Dept. of Physiology, The Chinese University of
Hong Kong, Shatin, N.T., Hong Kong. ( spon : SONA)

ELECTROPHYSIOLOGICAL AND BEHAVIORAL
CHARACTERIZATION OF ME 3127 - A NOVEL NON-SEDATIVE
ANXIOLYTIC COMPOUND
T. Varming1, M. Nielsen2, L. Teuber1, T.H. Johansen1* and L.H, Jensen1
^NeuroSearch A/S, Smedeland 26B, DK-2600 Glostrup, Denmark.
^Research Institute of Biological Psychiatry, Set. Hans Hospital, Roskilde,

Previous anatomical, physiological and behavioural data suggest that globus
pallidus (GP) is one of the sites of action for cannabinoids in modulating
motor activity. This is presumably via the perturbation of the neurotransmitter
release and/or reuptake system within this nucleus Nevertheless, no
conclusive idea on cannabinoids’ action on GABAergic system in this
substriatal structure has been reached. In the present study, conventional
whole-cell patch clamp recordings were made on rostral to mid-rostral GP
neurones in acutely prepared rat brain slices. In the presence of tetrodotoxin (1
pM), GABAa receptor mediated miniature inhibitory postsynaptic currents
(mIPSCs) were monitored. The synthetic cannabinoid WIN 55,212-2 (10 pM)
significantly reduced the average frequency of mIPSCs by 59.4 % (control:
2.35 ± 0.29 Hz, WIN 55,212-2: 0.95 ± 0.19 Hz; p < 0.05, Student’s paired ttest, n = 8). However, the average amplitude of mIPSCs was not altered
(control: 101 ± 32 pA; WIN 55,212-2: 94 ± 26 pA; p > 0.05; n = 8). In 3 cells
tested, the inhibitor}' effect on the mIPSC frequency was antagonized by the
specific CBi receptor antagonist SR 141716A (control: 2.96 ± 0.40 Hz,: WIN
55,212-2: 1.20 ± 0.26 Hz; SR 141716A: 2.69 ± 0.33 Hz; p < 0.05, compared
to WIN 55,212-2 and p > 0.1, compared to control). These data suggest that
in GP, CBi receptors are expressed in presynaptic GABAergic terminals.
Activation of these receptors depress GABA transmission, and hence
modulating motor activities. (Supported by the Research Grants Council of
. long Kong)

491.13

The novel compound ME 3127 (NS 2710) was found to have high affinity
for the benzodiazepine site on GABAa receptors. The compound displaced
[3H]-flunitrazepam from alp2y2, a2p2y2 and a3(32y2 recombinant human

receptors with IC50 values of 2.1, 7.8 and 6.4 nM, respectively. Whole-cell
patch clamp electrophysiology on HEK 293 cells expressing recombinant
human GABAa receptors revealed that ME 3127 effectively and dosedependently potentiated chloride currents evoked by low concentrations of
GABA, but inhibited responses evoked by high (>~10 pM) concentrations
of GABA. Inhibition was observed only at high (3-10 pM) of ME 3127.
Qualitatively, there were found no differences in the effects on the subtypes
tested. In a model for anxiolytic activity, the conditioned emotional
response test (CER), ME3127 induced a potent and robust anticonflict effect
at doses between 0.3 and 30 mg/kg without any indication of sedative
properties measured as changes in unpunished responding. In contrast,
Diazepam induced only a much weaker and less robust anticonflict effect at
doses between 1 and 10 mg/kg, but also clear signs of sedation.

491.14

DUAL INHIBITION INVOLVING GLYCINE AND GABAa RECEPTORS ON
IDENTIFIED RAT ABDUCENS MOTONEURONS .
AN ELECTROPHYSIOLOGICAL STUDY IN BRAINSTEM SLICES.
M. Russier, H. Bras*, N, Ferrand. A. Barbe, and D. Debanne.
Unite de Neurocybemetique cellulaire, CNRS UPR 9041, Marseille, France

lmmunocytological studies showed that inhibitory axon terminals impinging on
abducens motoneurons contain either GABA or glycine and that these two
neurotransmitters co-localized in 30% of these terminals (Lahjouji et al 1996).
Inhibitory synaptic transmission on rat abducens motoneurons has never been
characterized electrophysiologically using precise pharmacological approach. In
particular, the functional implication of doubly inhibitory synapses on the cell
firing has never been investigated.
Abducens motoneurons of neonatal rats (p7-pl0) were retrogradely labeled with
fluorescent dyes. Transversal brainstem acute slices were made, and abducens
motoneurons were first identified using fluorescent microscopy and then visualized
with infrared video-microscopy. Patch-clamp recordings in whole cell
configuration were obtained from the identified abducens motoneurons (n=12).
Monosynaptic inhibitory post-synaptic potentials (IPSPs) were evoked in presence
of the amino-acid receptors antagonist kynurenate (2mM) by extra-cellular
stimulation in the ipsi-lateral vestibular nucleus, a powerful inhibitory afferent
nucleus to abducens motoneurons. Stability of recording was sufficient in 6 out of
12 cells to allow the pharmacological characterization of the evoked IPSPs.
Strychnine was used to block glycine receptors, and bicuculline to block GABAa
receptors. In four motoneurons, both a strychnine-sensitive component and a
bicuculline-sensitive component which must be respectively glycinergic and
GABAergic components, were identified.
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IMPORTANCE OF A TM2 RESIDUE IN GABA RECEPTOR GATING.

Hosie, A.M,, Sattelle1, D.B., Moss, S.J., Harvey*, R.J. & Smart, T.G.
Dept. of Pharmacology, The School of Pharmacy, 29-39 Brunswick Square, London, WC1N 1AX,
UK and 1Babraham Institute L.M.S., Dept. of Zoology, Downing Street, Camridge, CB2 3EJ, UK.
GABA and glycine receptor subunits exhibit a high degree of sequence identity in their
channel-lining second transmembrane regions (TM2). The substitution Q266H in TM2 disrupts
the gating of glycine receptor a1 homomers and underlies certain incidences of hyperekplexia
(Moorhouse et al., Mol. Pharmacol. 55, 386). Glycine receptor a subunits possess a glutamine
residue at this position, whereas all known GABA receptor subunits possess either leucine or
isoleucine at the equivalent position. The effects of replacing the hydrophobic residues found in
GABA receptors with glutamine were assayed in homomer forming Drosophila RDL subunits
expressed in Xenopus oocytes and in hetero-oligomeric murine GABAa receptors (a1p1y2S)
expressed in HEK 293 cells.
The GABA EC50 of RDLL313Q mutants (163 + 9 nM) was markedly reduced relative to wild-type
(EC50 18.78 + 1.89 pM). Furthermore, mutant RDLL313Q channels appear to open spontaneously
as picrotoxinin induced outward currents of a similar maximal amplitude to the inward GABA
currents. Substituting glutamine for the 14’ leucine in a1 or y2S had no effect on the potency of
GABA (ECso in a1L268Qp1y2S, 8.98 + 0.55 pM; a1p1y2SL279Q, 8.92 + 0.71 pM) relative to wildtype GABAa receptors (8.36 + 0.69 pM). However, the GABA ECso was reduced to 1.61 + 0.11
pM in aipil264Qy2S receptors. In addition, glycine (1-100 mM) induced inward currents that
were potentiated by diazepam. There was however no evidence of spontaneous gating in any of
these mutants. No further reduction in GABA potency was observed in a1L268Qpil264Qy2SL279Q
receptors (ECso 2.28 + 0.29 pM) suggesting that the marked decrease in GABA ECso observed in
RDLL313Q reflects differences in primary structure rather than the presence of glutamine in all the
subunits in the pentamer. While both a and p subunits appear to contribute to the agonist
binding site of GABAa receptors, these data suggest that the p subunit has a predominant role in
the transduction of agonist-induced channel opening. Funded by the Wellcome Trust and the
B.B.S.R.C.
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RECEPTORS SUGGEST THAT SYNAPTIC SPECIALIZATIONS INFLUENCE IPSC
DECAY. MI Banks* and RA Pearce, Department of Anesthesiology, University of

Wisconsin, Madison, WI 53706
INTRODUCTION: The time course of GABAa IPSCs is of fundamental importance to
their function. In cultured hippocampal neurons, brief pulses of GABA produce
prolonged current decays in excised receptors, indicating that IPSC decay is governed
by the gating kinetics of the postsynaptic receptors. Here, we show that in
hippocampal slices, GABAa IPSCs decay about twice as fast as excised receptor
responses, suggesting that for native receptors, synaptic specializations significantly
influence IPSC decay.
METHODS: Spontaneous GABAa IPSCs were recorded at -60 mV in CAI pyramidal
cells in slices from 2 wk rats at 24°C in the presence of CNQX and d ,l -APV. Excised
or nucleated outside-out patches were exposed to GABA using a multibarrel pipette
mounted on a piezoelectric translation device. Solution exchange times for nucleated
patches were < 2 ms, and were faster for excised patches. Decay kinetics were
characterized by the weighted sum of the exponential decay components, xWt = SAjj.
RESULTS: GABAa IPSCs decayed rapidly, with xWt=25±l ms. In contrast, patch
responses to 1-2 ms pulses of 1 mM GABA decayed twice as slowly (xWt=56±4 ms).
This difference was not due to the patch excision process, as spontaneous IPSCs
recorded from nucleated patches had kinetics indistinguishable from IPSCs recorded
in the intact cells in situ in 7 of 9 cases. Agonist concentration and time course are
unlikely to account for this difference, as responses to 10 pM GABA also decayed
more slowly than whole-cell IPSCs (xWt = 41±3 ms), and there was no correlation
between agonist pulse duration and xWt for pulses of 1 to 3.5 ms.
Conclusions
: We postulate that rapid application responses are dominated by
extrasynaptic receptors. These responses are prolonged relative to synaptic responses
due to differences in postsynaptic regulation of synaptic vs. extrasynaptic receptors,
or due to presynaptic factors such as release of a cotransmitter;
This work was supported by NIH (GM55719 to RAP) and the HHMI-UWFoundation.

Gamma Subunit Influences
Desensitization
Kinetics , Apparent
Agonist
Affinity , and Rectification
of Expressed
GABAa

RECEPTORS. T-B Li* and RA Pearce, Neuroscience Training Program and
Department of Anesthesiology, University of Wisconsin, Madison, WI 53706

GABAa receptor y subunit has been found to influence
receptor modulation by benzodiazepines and zinc, but effects on the agonist
response itself have not been reported. Since receptor heterogeneity caused by
weak or variable incorporation of the y subunit may mask effects on baseline
responses, in the present study we forced incorporation by overexpression of
the y subunit and determined its influence on agonist responses.
INTRODUCTION: The

METHODS: ai and p2 (1:1) or a,, p2, and y2l (1:1:10) subunit cDNAs were
expressed in HEK-293 cells via transient or semi-stable transfection. Rapid
solution exchange techniques (Texchange <2 ms) were used to apply 5-10 second
pulses of GABA to nucleated patches. Responses were recorded under voltage
clamp using symmetrical chloride concentrations.
RESULTS: The responses of a,p2y2| receptors to 10 second pulses of GABA
(10 mM) revealed a single, slow component of desensitization (Tdesenb - 2920 ±
680 ms, mean ± S.D., N = 24), whereas ctiP2 receptors exhibited fast (xdescns, =
63.8 ± 36.8 ms, 41.2 ± 11.8 %) and slow' (xdesens.2 = 2171 ±311 ms)
components (N = 11). There were also substantial differences in apparent
agonist affinities (aip2y21 ECso = 43.9 pM, a,p2 = 7.3 pM). Only aip2
receptors demonstrated outward rectification.

CONCLUSIONS: The presence of the y2] subunit significantly influences
receptor desensitization kinetics, apparent agonist affinity, and
rectification.

GABAa

This work was supported by NIH (GM557I9 to RAP).
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491.18

ALTERED MINIATURE INHIBITORY SYNAPTIC CURRENTS IN DENTATE GRANULE
CELLS OF MICE LACKING THE GABAa RECEPTOR 8-SUBUNIT. Z. Li 1 *, R.W.
Olsen,2 T.M. DeLorev? G.E. Homanics,4 R.M. Mihalek,4 and I. Spigelman1. 1 Div.
Oral Biology & Medicine, UCLA Sch. of Dentistry, Los Angeles, CA, 90095;2 Dept.
Mol. & Med. Pharmacol., UCLA Sch. of Medicine; 3 Mol. Res. Institute, Mountain
View, CA; Dept. Anesthesiology/CCM,4 Univ. of Pittsburgh Sch. of Medicine, PA.
The 8 subunit of the y-aminobutyric acid A receptor (GABAa R) is expressed
postnatally in the cerebellum, thalamus and dentate gyrus. Mice with a targeted
disruption of the 8-subunit gene (Mihalek et al., Abstr. Soc. Neurosci. 23:101, 1997)
produced heterozygotes (+/-) and null mutants (-/-) that had reduced levels of
3[H]muscimol binding, and were observed to have seizures in EEG recordings (Olsen
et al., Epilepsia 38 Suppl. 8:123, 1997). Sharp electrode recordings in dentate
granule neurons revealed evoked inhibitory postsynaptic potentials (IPSPs) with
faster decay x in -/- mutants (20±2.1ms) compared to wild type controls (50±7.3ms),
and intermediate decay rates in heterozygotes (36±6.5ms) (Li et al., Abstr. Soc.
Neurosci. 24:1833, 1998). We recorded miniature GABAAR-mediated synaptic
currents (mIPSCs) to investigate directly the relaxation time course of postsynaptic
GABAa R currents. Miniature IPSCs were recorded with CsGluconate-based wholecell patch pipettes in the presence of TTX (0.5pM), AP5 (40pM), CNQX (lOpM),
and CGP 54,626 (lpM). The decay x of mIPSCs from -/- mice was faster (4.76 ±
0.11ms, n=1162 events, 5 cells) than that of +/+ controls (5.22 + 0.09ms, n=1690
events, 4 cells). The average amplitude and frequency also showed a trend towards
lower numbers for -/- animals but larger n will be needed to evaluate significance.
Faster decay of mIPSCs and evoked IPSPs is consistent with altered GABAa R
subunit composition in the 8 mutants, indicating 8 subunit involvement in normal
synaptic transmission in the dentate gyrus. The decreased duration of GABAergic
IPSPs may contribute to the epileptic phenotype of mice lacking the 8 subunit.
Supported by NIH grants NS28772, GM52035 AA10422 andAA0768.

RELEVANCE OF p SUBUNITS OF GABAA RECEPTOR TO
THE MODULATION OF GAB A-ACTIVATED CURRENT
BY BACLOFEN. D, Li'. L. Xin2* and Z. Li'. 'Research Center
of Experimental Medicine, Tongji Medical Univ., Wuhan
430030, People's Republic of China. 2Dept. of Pharmacology,
Temple Univ. School of Med. Philadelphia, PA 19140
Previously we reported that baclofen may inhibit the GABAactivated currents in rat dorsal root ganglion cells. The present
study was aimed to correlate the p subunits of GABAA receptor
with baclofen inhibition. After the inhibitory effect of baclofen
(10-5 M) on GABA (10-4 M) - activated current was recorded by
whole cell patch clamp technique, single-cell RT-PCR was
performed to detect the expression of p subunits. In all 8 cells
examined, 6 have P subunits ( 1 with p i, 1 with P 2, 3 with both
P 1 and p 2, 1 with both p 1 and p 3 subunits). The inhibitory
effect of baclofen was most prominent on cells with two kinds
of subunits, weeker on those with only one kind of subunit and
weekest on those without P subunit. ( This work was partly
supported by the National Nature Science Foundation of China .
No. 39870259)

491.19

491.20

CULTURED NEURONS FROM ADULT RAT HIPPOCAMPUS EXPRESS
FUNCTIONAL GABAa RECEPTORS THAT ARE POTENTIATED BY
ALLOSTERIC MODULATORS. R.L. Fleming*, R. Khan, G.S. Oxford, and A.L.
Morrow. Neurobiology Curriculum. Univ. of North Carolina, Chapel Hill, NC 27599.
GABA is the major inhibitory neurotransmitter in the CNS. Most of GABA’s
inhibitory effects are mediated by the GABAa receptor (GABAa R), a ligand-gated ion
channel that is permeable to Cf. Adaptations in GABAa R function that result from
chronic activation have been implicated in the development of ethanol tolerance and
dependence (Grobin et al. 1998 review). Nevertheless, it remains unclear whether this
GABAa R modulation is mediated directly by ethanol or by an intermediary substance
that is released in the brain in response to ethanol. In order to determine any direct
effect of chronic ethanol exposure on adult neurons, we are currently developing
cultures of GABAa R containing neurons harvested from adult rat brain and
maintained in serum-free defined medium. Harvest and culture methods were adapted
from Brewer (1997). After 2 weeks in culture, cells have a neuron-like morphology
and express voltage-gated Na+ and K+ channels, as previously reported (Brewer 1997;
Evans et al. 1998). Cells also express functional GABAa Rs . Under whole-cell patch
clamp conditions, application of 10 pM muscimol activates a nondesensitizing Cl'
current. Chloride currents in response to higher concentrations (50, 100 pM) of
muscimol desensitize rapidly. Responses to 10 pM muscimol are potentiated by coapplication with 10 pM pentobarbital. Cl' current is also activated by 1 mM
pentobarbitol in the absence of muscimol. Preliminary experiments suggest that
responses to muscimol can also be modulated by flurazepam. These cells may
represent a novel model system for the investigation of GABAa R function and
modulation in adult neurons. (Supported by NIH grants NS 18788, AA09013).

ALTERED GABAa RECEPTOR FUNCTION IN CEREBELLAR PURKINJE CELLS
FOLLOWING CHRONIC ETHANOL TREATMENT IN VIVO. D.W. Sapp* and
H.H. Yeh. Dept of Pharmacology and The Alcohol Research Center, UConn Health
Center, Farmington, CT 06030.
Previous work in this laboratory demonstrated chronic ethanol-induced changes
in GABAa receptor function both in vitro and in vivo. Altered receptor function
included a reduced GABA response characterized by a decrease in Imax without a
corresponding change in EC50 and a significant decrease in potentiation of the GABAmediated current by diazepam. Chronic ethanol exposure in vitro did not result in any
change in neurosteroid modulation of the current. In the present study, we extended
these findings by determining whether the outcome observed in culture reflected the
situation in vivo in regards to neurosteroid modulation of the GABAa receptor.
Adult male Sprague-Dawley rats were given a liquid diet containing all nutrients,
including 5% ethanol ad libitum for 30 days. Control rats received the same diet with
ethanol replaced isocalorically by maltose-dextran. Blood alcohol levels at the time of
sacrifice averaged 152 mg/dl. Following sacrifice, the cerebellum was removed and
250pm sections were cut using a vibroslicer. Purkinje cells were visually identified
and GABA-mediated currents and modulation of these currents by diazepam and
neurosteroids were assessed using whole-cell patch clamp recording.'
In agreement with our previous study in vitro, GABA-mediated currents were
reduced in cerebellar Purkinje cells of rats maintained on the 30-day alcohol diet.
Potentiation of the GABA response by diazepam was also significantly reduced in
animals receiving the ethanol diet. Interestingly, neurosteroid potentiation of the
GABA-induced response was much less potent in the slice preparation. Therefore we
have not been able to assess any potential changes in neurosteroid modulation
following chronic ethanol treatment in vivo. Ongoing studies are assessing whether the
observed decrease in neurosteroid potency is due to high levels in endogenous steroids
or if it reflects a difference in the receptor in vivo versus in vitro conditions.
Supported by AA03510.
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FLUMAZENIL REVERSES THE BIPHASIC EFFECT OF ZOLPIDEM ON
CA1 IPSPs. H. Pawelzik*, D.L Hughes, A.P. Bannister and A.M. Thomson
Dept. Physiology, Royal Free and University College School of Medicine,
London NW3 2PF, UK.
In an earlier study using dual intracellular recordings, the benzodiazepinei
agonist Zolpidem enhanced the majority of proximal IPSPs recorded in
pyramidal cells in the rat hippocampal CA1 region. However, the degree of
enhancement varied widely and was biphasic, some IPSPs showing both an
early increase which plateaued and a second sharp enhancement 25-30
minutes after adding Zolpidem to the bath. Other IPSPs exhibited only late
enhancements. To characterize this further, dual intracellular recordings were
performed in CA1. Presynaptic interneurones were filled with biocytin and
identified morphologically. One hour after adding 0.4/zM Zolpidem, the
benzodiazepine antagonist Flumazenil (4/zM) was added to determine whether
all phases of the effect were due to a direct action of Zolpidem, or whether
the GABAa receptors had been modified in some other way.
IPSPs elicited by narrow axonal arbour, fast spiking basket cells (NA-FS)
were the most strongly affected by Zolpidem increasing in amplitude by
25+14% (mean + SD, 10-15 minutes) and 74+29% (30-40 minutes). Regular
spiking, narrow arbour (NA-RS) and wide arbour (WA) basket cell IPSPs
were less powerfully enhanced in both early (NA-RS 9+16% and WA 9+7%)
and late phases (25+21% and 16+15%). Flumazenil reversed the increases in
all IPSPs tested (n=7, all three classes), to 91+14% of control amplitudes, ie.
the entire response was mediated by benzodiazepine-sensitive receptors.
Supported by Novartis Pharma, the Wellcome Trust and the M.R.C.

THE GABAa RECEPTOR-ASSOCIATED PROTEIN (GABARAP)
PROMOTES GABAa RECEPTOR CLUSTERING AND MODULATES
THE CHANNEL KINETICS. Li Chen*, Hongbing Wang, Stefano Vieini,
and Richard W. Olsen. Dept. Pharmacology, UCLA School of Med., Los
Angeles, CA, +Dept. Physiology, Georgetown Univ., Washington, DC

A new microtubule associated protein GABARAP was identified as binding to
the intracellular domain of GABAa receptors, using the yeast two hybrid screen.
It is suggested that the GABARAP is a putative linker molecule between GABAa
receptors and the cytoskeleton system. We showed previously that GABARAP’is
associated with and promotes the clustering of GABAa receptors, and the y2
subunit is required for this effect. In this study, using al-pEGFP co-transfected
with 02, y2-pCDNA3 and GABA-RAP-pCDNA3 into QT6 cells, we are able to see
the distribution pattern of GABAa receptors in living cells, and make recordings
from visually identified cells either with diffuse receptors or clustered GABAa
receptors. First, the EC50 of GABA is significantly different for the two:
Clustered GABAa receptor had a EC50 about 20 pM, vs. 5.7 pM for the diffuse
ones. Second, desensitization is different. For the same concentration of GABA,
clustered receptors desensitize slower than diffuse receptors. In the cells
transfected with al, 02, y2L GABAa receptors, the desensitization time courses
can be best fit by single exponential. The time constant (x) decreases when GABA
concentration increases. Plotting 1/x against GABA concentration [ GABA], we
found that 1/x had a linear relationship with log[GABA]: 1/x- a*log[GABA] +
C. Interestingly, diffuse receptors and clustered receptors have almost identical a
but quite different C. Compared with diffuse receptors, clustering of the receptors
just parallel shifts the line to the right. This result suggests that clustering may
not change the rate constant of desensitization, but the apparent affinity of GABA
binding. This work is supported by NIH grants NS35985, NS28772(RWO) and
training grant GM07185(HW).

491.23

491.24

GABAZINE (SR95531) INHIBITS HIGH-AND MEDIUM- BUT NOT LOWCONDUCTANCE GABAa CHANNELS PRESENT IN CULTURED
HIPPOCAMPAL NEURONS. BA. Orser*, G.Y. Zhu and J.F. MacDonald.
Dept. of Physiology, Univ. of Toronto, Toronto, M5S 1A8, Canada
GABAa receptors (GABAa R) are heteropentamers composed of
multiple subunits. These subunits are differentially expressed within the
CNS and are selectively trafficked to locations in the neuronal membrane.
Recent studies suggest the multiple conductance levels evident in single
channel recordings of native neurons reflect a heterogeneous population
of GABAa Rs (Bickley et al., J Neurosci 19: 2960, 1999). The purpose of
these experiments was to determine if GABAa Rs distinguished by
different single channel amplitudes were differentially sensitive to
gabazine. GABA (2 pM) was applied to outside-out patches of murine
hippocampal neurons voltage clamped at a holding potential of-60 or -70
mV. Clusters of channel openings were detected with at least three
distinct amplitudes. Low- (7.3 ± 0.8 pS, n = 5 patches), mid- (22.8 ±* 1.0
pS, n = 5), and high-conductance (32.7 ± 2.0 pS, n = 5) openings
occurred at dissimilar frequencies: 0.21 ± 0.06, 0.90 ±0.13, 0.07 ± 0.01
Hz, respectively. Gabazine (2 pM) did not reduce the single channel
conductance or the frequency of the bicuculline-sensitive lowconductance clusters (0.27 ± 0.05Hz). However, gabazine reduced the
frequency of the mid- and high-conductance clusters to 0.41 ± 0.06 and
0.05 ± 0.01 Hz (P < 0.05) respectively. These findings suggest that
gabazine selectively blocks the GABAa Rs that underlie the high- and midbut not low-conductance levels. (Supported by IARS Frontiers Award,
Ontario Ministry of Health, The Heart and Stroke Foundation and Medical
Research Council of Canada).

PROPOFOL POTENTIATES GABAERGIC CURRENTS BY SLOWING THE
DISSOCIATION OF AGONIST FROM LIGAND-BOUND PREOPEN AND
DESENSITIZED STATES. D. Bai1*, P.S. Pennefather2, J.F. MacDonald1, B.A.
Orser13 4. 1Dept. Physiol., 2Faculty Pharmacy, 3Dept. Anaesthesia, 1 King's
Col. Circle, Univ. Toronto, Toronto, Ont., Canada M5S 1A8; 4Sunnybrook
Health Sci. Centre, 2075 Bayview Ave, Toronto, Ont., Canada M4N 3M5
Propofol has multiple actions on GABAa receptor function which act in
concert to potentiate GABA-evoked currents. In this study, the effects of
propofol were examined under nonequilibrium conditions in order to
understand how propofol influences inhibitory postsynaptic currents (IPSCs)
Saturating concentrations of GABA (1 - 30 mM) were applied, using an
ultrafast perfusion system, to nucleated patches excised from cultured mouse
hippocampal neurons. In this preparation, propofol (10 pM) had no detectable
agonist effect but slowed the decay and enhanced the peak amplitude (8%) of
currents induced by brief pulses (3 ms) of GABA. Longer pulses (500 ms) of
GABA, induced responses that desensitized with fast (x = 2 - 5 ms) and slow
(x = 1 -3 s) components and deactivated exponentially (xd = 151 ms) following
the removal of GABA. Propofol prolonged the deactivation (xd = 255 ms) and
reduced the development of slow desensitization. With repetitive application of
pulses of GABA (0.33 Hz), the charge transfer per pulse declined
exponentially (x ~ 15 s) to a steady state value equal to ~40% of the initial
response. Despite the increased the charge transfer per pulse with propofol,
the time course of the decline was unchanged. The experimental data were
interpreted using computer simulation and a modified version of a kinetic
model originally proposed by Jones et al., (1998). Most of the actions of
propofol were accounted for by reducing the dissociation rates of GABA from
both doubly occupied preopen and fast desensitization states, to the same
extent (1.6 fold). Supported by the IARS, OMH and the MRC of Canada.

491.25
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THE ARGININE RESIDUES 70 AND 123 OF THE HUMAN

GABAa

RECEPTOR as SUBUNIT ARE CRUCIAL FOR GABA-INDUCED

CHLORIDE CURRENT GATING

L. Hartvig1, K. Dekermendjian1, B. Ltikensmejer1, M.-R. Witt1, and M. Nielsen1*.
'Research Institute of Biological Psychiatry, Set. Hans Hospital, DK-4000
Roskilde, Denmark

The type A inhibitory y-aminobutyric acid (GABA) neurotransmitter receptor
complex displays diverse pharmacological profiles depending on the subunit
composition. The GABA binding pocket within the GABAa receptor complex has
been
suggested
to
contain
arginine
residues
which
form
hydrogen bonds with the carboxylate group of the GABA molecule1**. The aim of
this study was to test this hypothesis by mutating arginine residues potentially
contributing to the formation of a GABA binding pocket. Thus, six arginines
conserved in all human a subunits (arginine 34, 70, 77, 123, 135 and 224,
numbering without signal sequence) as well as two non-conserved arginines (79
and 190) in the extracellular, N-terminal segment of the a5 subunit were
substituted by lysines. The individual a5 mutants were co-expressed with human
02 and y2s subunits in CHO cells by transient transfection. Whole-cell patch clamp
electrophysiological recordings show that, of all arginine residues tested, only the
two arginines at position 70 and 123 appear to be essential for GABA-gated
chloride current, since the EC50 values of the two mutant constructs increase more
than 100-fold compared to wild-type a502y2s receptor complexes. However, both
diazepam modulation and pentobarbital stimulation properties are unaffected by
the introduction of lysines at position 70 and 123 suggesting that the mutations did
not compromise GABAa receptor folding and/or assembly. A double mutant
carrying substitutions at both sites is virtually insensitive to GABA stimulated
chloride current, suggesting alterations of one or more GABA binding sites.
'** Witt et al., (1998) Soc. Neurosci. Abs. Vol 24, (795.1)
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MULTIPLE MECHANISMS OF BLOCKAGE OF HOMOMERIC GABApj
RECEPTORS. J.D. Goutman1, P.E. Pomata1 and P.J. Calvo1,2*. ‘institute de
Investigaciones en Ingenieria Gen^tica y Biologia Molecular. INGEBI (Universidad de
Buenos Aires-CONICET) Obligado 2490, Capital Federal CP 1428. 2Dep. Biologia,
Facultad de Ciencias Exactas y Naturales UBA, Buenos Aires, Argentina.
The effects of blockers of the GABApj receptors from human retina were
investigated. Homomeric GABApj receptors were expressed in Xenopus oocytes and
membrane currents elicited by GABA were recorded by two-electrode voltage-clamp.
GABApj responses showed distinctive GABAc properties: very little desensitization
and insensitivity to bicuculline or baclofen. The blocking actions of drugs of different
chemical nature, on GABApj receptors were characterized: the alcaloid Picrotoxin
(PTX), the flavonoid Quercetin (Q) and the steroid Pregnanolone (P).
PTX non-competitively blocked GABApj responses at 10-100 pM, but showed a
mixed antagonism at lower concentrations (lpM) (IC5o= 1.5 ± 0.6 pM; Hill n= 1.15 ±
0.1). The mechanism for PTX blockage was voltage-independent and use-dependent
and showed a slow time course for onset (= 90 sec) with a very slow dissociation time
(= 40 min). PTX did not modified the time course of activation of the ionic currents but
accelerated the de-activation process. Q non-competitively blocked GABApj responses
at 1-100 pM (IC50= 4.4 ± 0.4 pM, Hill n= 1.4 + 0.2). Q effects were voltage and useindependent, with a very fast (a few sec) onset and dissociation. Q slowed the activation
and accelerated the de-activation of the ionic currents. P blocked GABApj responses
(1-100 pM) (IC50= 3.8 ± 0.4 pM, Hill n= 1.4 ± 0.2) very rapidly (a few sec) with a
very slow dissociation time (= 45 min) and the effects were voltage and useindependent.
In conclusion, three different mechanisms of action had been demonstrated for the
GABApj receptors blockers studied here.
Supported by SECyT-CONICET-PICT 401.
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A MUTATED GABAa RECEPTOR WHICH OPENS TRANSIENTLY
UPON WASH OUT OF THE CHANNEL BLOCKER PICROTOXIN
A. Buhr*1. K. Fuchs2. F, Jursky2. W, Sieghart2. and E, Sigel1.
^Dept. Pharmacol., University of Bern, 3010 Bern, Switzerland and
^Section of Biochemical Psychiatry, University of Vienna, Austria.
Chimeric p3/al subunits were coexpressed together with the al
subunit in Xenopus oocytes. Receptors were analyzed by the twoelectrode voltage clamp method. A chimeric receptor was found which
produced small sponteneous picrotoxin sensitive currents in the absence
of GABA. Upon wash-out of the channel blocker picrotoxin, a huge
transient chloride current was observed. Analysis of various chimeric
receptors identified two important amino acid positions within M2 of P3
subunits largely responsible for this unusual gating behavior. One point
mutation resulted in receptors displaying a huge inward current during
picrotoxin wash-out. In contrast to the chimera this point mutated
receptor could be gated by GABA. The apparent affinity for GABA was
comparable to wild-type receptors. A second point mutation resulted in
receptors that were open in the absence of GABA. The role of the
conserved lysine residues in the middle of the M2/M3 linker in al, [32
and y2 subunits for channel gating was also investigated.

Supported by the Swiss National Science Foundation and the European Union grant
BIO4-CT96-0585 (BBW 96.0010).
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GABAb RECEPTOR-COUPLED CA2+ SIGNALS IN SLICE PREPARATION

RT-PCR REVEALS THAT GABA RECEPTOR p SUBUNITS EXPRESSION IN
RAT HIPPOCAMPAL NEURONS IS DEVELOPMENTALLY REGULATED. M.
Sciancalepore . F. Didelon, N. Savic’, A. Bradbury and E. Cherubini. International
School for Advanced Studies (SISSA), 34014 Trieste, Italy
In the neonatal rat hippocampus, GABA elicits chloride-mediated, bicuculline sensitive
and insensitive responses (Strata and Cherubini, J. Physiol. 480, 493-503, 1994). The
latter closely resembles GABAergic currents well characterised in the retina, supposed
to be mediated by p subunit receptors. In order to characterise the GABAa receptor
subunits responsible for these responses, a cDNA hippocampal library was constructed
and screened with degenerate oligonucleotides derived from the highly conserved M2
domain of GABAa receptors. With this technique we cloned most of the GABAa
receptors subunits: the a5 subunit was by far the most highly expressed, as well as the
y2, a.2 and a4; the p subunits were not found. However, the more sensitive RT-PCR
approach allowed to reveal the presence of the pl-3 subunits in early development as
well as in adulthood. While the p2 subunit was the most abundant, the p3 was barely
detectable. In addition, pi and p2 subunits appeared to be developmentally regulated,
being more expressed in adulthood than in early postnatal life. Whole cell patch clamp
recordings from CA3 pyramidal neurons at P4 confirmed the presence of GABAinduced currents that were resistant to bicuculline (100 pM). Single cell RT-PCR was
performed on the cytoplasm harvested from CA3 pyramidal cells at the same postnatal
age. In almost all cells tested, the a2 subunit was detected while the p subunits were
never found. In line with our screening results, the failure of this method to reveal any
p subunit expression indicates that in the neonatal hippocampus the p subunits are
expressed at very low level and are probably not involved in the bicuculline- and
baclofen-insensitive responses.

492.3

492.4

POSTNATAL EXPRESSION OF GABA RECEPTOR p2 SUBUNIT IN THE RAT
NERVOUS SYSTEM
Eeva Hirvela, Katri Wegelius*, Mart Saarma, Michael Pasternack
Institute of Biotechnology, POBox 56, FIN-00014 University of Helsinki, Finland
GABAC receptors are ionotropic GABA receptors thought to be composed of p
subunits. Three p subunits (prp3) have been cloned from rat retina. There is little
knowledge about the distribution and function of p subunits during development
although the presence of GABAC receptors has been implicated in early postnatal
hippocampus (Martina et al., 1995). The present study investigates the distribution of
p2 subunits in the rat nervous system at the ages of P0, P8, P14 and P60 using RNA in
situ hybridization. In the retina high p2 mRNA expression could be detected in the
inner nuclear layer from P8 to P60. In the superior colliculus (SuC) the expression
was localized to the superficial gray layer and was detected in all developmental stages
with maximal expression in the adult rat. In addition to retina and SuC, expression of
p2 mRNA was also detected in other parts of the visual pathways, including the
pretectum at P8-P60 and the medial terminal nucleus at P14-P60. In the hippocampus
the expression was seen in the CA1 but not in the CA3 region from P8 to P60, with
maximal expression around Pl4. mRNA expression was also seen in three layers of
the adult frontal cortex but not in the spinal cord or cerebellum. We conclude that the
expression of p2 mRNA is eminent in brain regions related to vision reaching it’s
maximum in adulthood. In the hippocampus no expression was detected-at PO
indicating that p2 subunits do not participate in formation of the receptors previously
reported in early postnatal hippocampus (Martina et al., 1995).
Martina, M. et al. (1995) J. Neurophys. 73:902-906.
This work was supported by the Academy of Finland

EXPRESSION OF GABAa RECEPTOR SUBUNITS CLONED FROM
NEURONAL PRECURSOR CELLS OF THE ANTERIOR
SUBVENTRICULAR ZONE (SVZa) OF THE NEONATAL RAT
FOREBRAIN. R.R. Stewart* and M.B. Luskin. Laboratory of Molecular &
Cellular Neurobioiogy, NIAAA, NIH, Bethesda, MD 20892-8115 and Department
of Cell Biology, Emory University School of Medicine, Atlanta, GA 30322-3030.
Precursor cells originating from the SVZa have atypical properties in that they
express neuron-specific markers and divide while migrating; SVZa cells terminate
in the olfactory bulb where they differentiate into granule and periglomerular
intemeurons. Similarly, SVZa cells in vitro also express neuron-specific tubulin
and divide. Since the neurotransmitter GABA typically inhibits mature neurons,
it was surprising that during development, GABA depolarizes ventricular zone cells
and newly differentiating neurons. In addition, GABA has been shown to regulate
cell proliferation and migration as well as to act as a trophic factor (Barker et al.
1998, Perspect. Dev. Neurosci. 5, 305). We have determined the sensitivity of rat
SVZa precursor cells to GABA and muscimol, the GABAa receptor-specific
agonist, and identified the types of subunit mRNAs that were present in acutely
isolated P0 SVZa using RT-PCR. Total RNA isolated from SVZa had detectable
a2-4, pi-3 and y2S subunits. To initiate expression studies, we cloned the most
prevalent subunits, a2-4, Q3 and y2S»by RT-PCR and transfected combinations of
them into CHO-K1 or HEK 293 cells. We have verified the expression of some of
the subunit combinations. Experiments are now underway to compare our
electrophysiological results obtained from transfecting various receptor
combinations with the properties of GABAa receptor responses from SVZa
precursor cells in culture. This work was supported by the intramural research
program of NIAAA, NIH and an extramural NIDCD grant to MBL.

OF EMBRYONIC CORTEX. J. Lorenz* and J.L. Barker. Laboratory of
Neurophysiology, National Institute of Neurological Disorders and Stroke,
NIH; Bethesda, MD 20892.
GABAb receptor-mediated signaling pathways are functional during
cortical development. Two subtypes of the GABAb receptor (GABAb Ri and
GABAb R2) and four splice variants of GABA^ have been reported. We
investigated the developmental expression of GABABR1a/b in cells cultured
from embryonic rat cortex for 24h in Neurobasal with B27/Glutamate or
OptiMem using a GABABR1a/b receptor antibody. From E17 on, most cortical cells cultured for 24h were GABABR1a/b-immunopositive. Immunohistochemistry of coronal sections cut at embryonic/early postnatal days revealed
a developmentally changing distribution of immunoreactivity. Functional
effects of GABAb receptor activation on cytosolic Ca2+ levels were examined
using a slice preparation. Ca2+ indicator dye fluorescence signals were
recorded with an imaging system equipped with a Gen IV videointensifier,
which permitted long-term recording with almost no photobleaching and no
obvious signs of phototoxicity. We bath applied GABAb agonists/antagonists
and/or pretreated the slices in artifical cerebral fluid with pertussis toxin for
at least 2h and tested the reaction to calcium receptor agonist/
anatagonists/toxins and drugs, which release calcium from intracellular
stores like thapsigargin and ryanodine. To study the coupling of GABAb
receptors to membrane with Ca2+ channels in embryonic brain tissue we
visualized and patched cells in brain slices and recorded Ca2+ currents
during application of GABAb receptor agonists/antagonists. Including Ca2+
sensitive dyes into the patch pipette allowed us to monitor the intracellular
ionic calcium concentration. Preliminary results revealed the presence of
functional GABAb receptor coupling to Ca2+ levels.

Society

for

Neuroscience

, Volume

25, 1999

1228

GABA RECEPTORS: DEVELOPMENT

TUESDAY AM

492.5

492.6

GLYCINE
RECEPTOR
INHIBITION
INCREASES
NEURITE
OUTGROWTH BY A SYNAPTIC MECHANISM THAT INVOLVES GABAa
RECEPTORS. L.G. Aauavo*. J.C. Tapia. & F. Nualart. Labs, of
Neurophysiol. & Cell. Mol. Morphology. Univ. of Concepcion, Chile.

AGE-DEPENDENT TISSUE DISRUPTION RESULTING FROM
BICUCULLINE APPLICATION TO BARREL CORTEX. L.S, Gargan*
and J.L Fuchs, Dept. Biological Sciences, University of North Texas,
Denton, TX 76203.
The developing somatosensory cortex shows a transient increase
in GABAa receptor density which peaks around postnatal day 10
(P10) in rats. Given that cortical neurons are also particularly
vulnerable to excitotoxic influences at this stage, we hypothesized
that the high level of GABAa receptors protects against cell death in
development. Implants containing the GABAa blocker bicuculline
methiodide (BMI) were placed subdurally over the whisker barrel
cortex in 5 adult and 10 young (P8) rats. During a 4-day period, one
side was exposed to BMI (40 mM) and the other side to a control
implant. Four 50-/zm Nissl sections through the center of the affected
area were analyzed under each implant. For each animal, effects of
bicuculline were calculated as the mean area of affected tissue per
section on the BMI side minus control side.
In the young rats, BMI-associated damage was greater than control
in each category (p<0.01): complete tissue loss, 0.24 mm2; tissue with
few or no neurons, 0.29 mm2; cellular disruption (laminar disruption,
physical displacement, altered cell density), 1.14 mm2; and total
affected area, 1.65 mm2. BMI did not have a statistically significant
effect in the 5 adult rats. BMI-associated effects were more extensive
in young than adult: Cellular disruption was greater by 1.40 mm2
(p<0.04) and total affected area was larger by 1.48 mm2 (p<0.04).
The greater BMI-induced damage in immature cortex is consistent
with the possibility that GABAa receptors are a vital component of a
balance between excitation and inhibition that affects cortical
ontogeny. Supported by MH41865.

We recently found that long term (48 hrs) application of 100 pM
glycine increased neurite outgrowth in developing mouse spinal cord
neurons. In the present study we used a combination of patch clamp and
immunocytochemical techniques to understand the mechanism by which
glycine produced this trophic effect. The effects of glycine, GABA and
glutamate, alone or in the presence of their antagonists, were examined in
neurons cultured for 2-5 days in vitro (DIV). The presence of glycine and
GABAa receptors in 5 DIV neurons was demonstrated by the generation of
large Cl currents during glycine and GABA (50-100 pM) application. A long
exposure (10 min) of 100 pM glycine to the neuron desensitized the
membrane response by more than 95%. Application of glutamate, in the
absence of external Mg2+, did not produce any response in these cells.
Spontaneous synaptic activity was first found in 3-4 DIV neurons. The use
of several receptor antagonists (APV, CNQX, strychnine, bicuculline)
revealed that this activity was predominantly glycinergic and GABAergic in
nature. Long term applications of glycine (>10 min) increased neurite
outgrowth in a concentration-dependent manner in 5 DIV neurons, however,
glycine had no effect on 2 DIV neurons. The effect of glycine in 5 DIV
neurons was completely blocked by TTX (1 pM), nimodipine (4 pM) and
bicuculline (20 pM). On the other hand, the trophic effect of glycine was
resistant to strychnine, APV and CNQX. These data suggest that the effect
of glycine is dependent on normal synaptic transmission. Neurite outgrowth
induction might result from synaptic activation of GABAa receptors.
Supported by FONDECYT1980106.

492.7

492.8

PERINATAL GABAergic SUBUNIT SWITCHING WITHIN DEVELOPING
NEOCORTEX IN VITRO.K.T.H. Heinen1, J, van Pelt1, A.B Brussaard2. P, Voorn3 and
R.E, BakerUSPON: European Neuroscience Association)1 Netherlands Inst, for Brain
Research, Amsterdam;Free University of Amsterdam 2Dept. of Membrane Physiology
3Dept. of Anatomy, The Netherlands.
The functional and morphological maturation of the neonatal neocortex is greatly
affected by the development of inhibitory synaptic neurotransmission within the emerging
neural network. The physiological properties of the GABAa receptor, the main inhibitory
receptor, are determined by its subunit composition. A perinatal subunit switch within
the GABAa receptor, from a2 to al, takes place within the visual cortex at a time when
dramatic changes in morphological maturation of neurons within the developing network
are occurring. We have developed an in vitro model which mirrors the functional and
morphological development of the in vivo neocortex and is being used to study the causal
relationship between GABAergic subunit switching and cellular maturation. Visual
cortical explants taken from PN6 rat pups were cultured either apart as isolated explants
(isolates) or as two explants in contact with one another (cocultures). Only neurons within
cocultures display a morphological maturation comparable with that observed in vivo.
Quantitative in situ hybridization studies have been performed to determine whether the
GABAergic subunit switch seen in vivo also takes place within this model system. We
observed an upregulation of al levels in layer 2-4 of the visual cortex between PN6 and
PN28 fresh tissue, while a2 levels remained constant, corresponding to data reported in
literature. A significant increase in al levels over PN6 values was observed to occur
within cocultures at 14 days in vitro (DIV) and 28 DIV. Isolated explants also showed a
consistent but not significant increase in al levels with time in vitro. The level of a2
subunit expression did not significantly alter within isolates or cocultures. The findings
reported here show that subunit switching as observed to occur in vivo takes place within
an in vitro model of cocultured neocortical explants and provide a good system with which
to characterize functional and morphological consequences of such switching on an
emerging neural network.NWOgrantnr. 80533372P

ZINC EFFECT ON GABAa RECEPTOR COMPLEX DURING AVIAN
CNS DEVELOPMENT.
S.Fiszer de Plazas*. M.C.Gravielle and A.Mitridate de Novara. Institute
de Biologia Celular y Neurociencias, Prof. E. De Robertis, Facultad de
Medicina, Universidad de Buenos Aires, Paraguay 2155, 1121, Buenos
Aires, Argentina.
The aim of the present work was to determine the role of zinc in the
functional maturation of the CNS. The effect of this cation on GABAa
receptor complex was evaluated at three developmental stages of chick
optic lobe. Zinc was found to inhibit both GABA binding and GABAgated chloride flux. The effect proved concentration-dependent and
peaked at lOOpM zinc. Inhibition was maximal at embryonic day 14, by
decreasing binding sites number (Bmax) from 7.53+1.06 pmol/mg
protein to 4.63+0.53 pmol/mg protein, without affecting the dissociation
constant. Zinc effect declined throughout development. The GABA
concentration effect curve of chloride flux at the embryonic stage showed
that 100pM cation decreased Einax values for GABA stimulation from
26.46% to 16.40%, whereas EC50 values remained unaltered. Therefore,
zinc seems to act inversely to age as a non-competitive inhibitor of both
GABA binding and GABA responses during avian CNS development.
The highest sensitivity of GABAa receptors to zinc disclosed at early
developmental stages indicates a physiological role of this cation in
modulating embryonic neural excitability.

492.9

A ROLE OF Na+-K+-2C1 COTRANSPORTER IN REGULATION OF
INTRACELLULAR Cl'IN IMMATURE CORTICAL NEURONS.
D. Sun, S. G. Murali, and D, D. Gilboe* Dept. of Neurosurgery, Univ.
of Wisconsin-Madison, Sch. of Med., Madison, WI. 53792.
Na+-K+-2C1' cotransporter has been suggested to contribute to active
intracellular CV ([Cl];) accumulation in neurons. In this report, we
characterized the cotransporter in primary culture of rat cortical
neurons. The cotransporter was abundantly expressed in soma and
dendritic processes of immature cortical neurons. An approximately
145 kDa cotransporter was present in cerebral cortex at the early
postnatal (P0-P9) and adult stages. There was a time-dependent upregulation of the cotransporter activity in immature cortical neurons. A
substantial level of bumetanide-sensitive K+ influx was detected in
neuron cultures for 4-8 days (DIV 4-8). The cotransporter was
significantly increased at DIV 12 and maintained at a steady level
throughout DIV 12-14. Opening of GABA-activated Cl' channel or
depletion of intracellular Cl' significantly stimulated the cotransporter
activity. Moreover, the cotransporter activity was significantly
elevated by activation of NMDA receptor via a Ca++-dependent
mechanism. These results imply that the inwardly directed
cotransporter is important in active accumulation of [Cl ]; and may be
responsible for GABA-mediated excitatory effect in immature cortical
neurons. Supported by AHA, HHMI Res. Resources Program for UWMed. Sch., and a research grant from the UW-Madison Graduate Sch.

Society

for

Neuroscience

, Volume

25, 1999

Supported by Grants from Universidad de Buenos Aires and CONICET.

TUESDAY AM

EXCITATORY AMINO ACID RECEPTORS: METABOTROPIC IV

1229

493.1

493.2

DIFFERENTIAL EXPRESSION OF GROUP II METABOTROPIC GLUTAMATE
RECEPTORS IN AGING RAT BRAIN
A.Simonyi1*, R. Ngomba2, M.V. Catania3, V. Di Giorgi-Gerevini4,
M.Bellomo5, L.A.Miller1, B. Youngs1, F.Nicoletti2 and G.Y.Sun1
’Dept. Biochem., Univ. Missouri, Columbia, MO 65212
2I.N.M. Neuromed, Pozzilli, 3I.B.F.S.N.C.,C.N.R., Catania,
4Dept. Pharmac. Sci., 5Dept. Human Physiology, Catania, Italy
Aging is accompanied by the loss of memory and
cognitive functions. As metabotropic glutamate receptors
(mGluRs) are implicated in the regulation of synaptic
plasticity, we have examined whether aging is associated with
specific changes in mGluR expression. Specifically,
quantitative in situ hybridization, Western blot analysis and
immunocytochemistry were used to investigate the regional
expression of mGluR2/3 in male FISHER 344 rats at 3, 12 and
25 months of age.
The mGluR2 mRNA level remained stable in many brain
regions but showed an increase in the caudate-putamen and
a decrease in the dentate gyrus during aging. An agedependent increase in mGluR3 mRNA was observed in the white
matter and several other regions, including the nucleus
accumbens, the dentate gyrus, the occipital cortex and the
cerebellum. Immunocitochemical and Western blotting
analysis with polyclonal mGluR2/3 antibodies showed a
widespread age-dependent increase in receptor expression,
which was particularly consistent in the cerebellum and
cerebral cortex. Whether the increased expression of mGluR3
is functionally related to the process of glial activation
occuring in the aged brain will be the subject of future
investigation.
Supported in part by the Alzheimer's Disease and Related
Disorders Program in Missouri.

THE LACK OF METABOTROPIC GLUTAMATE RECEPTOR SUBTYPE 4
AMPLIFIES NMDA TOXICITY AND PREVENTS NEUROPROTECTION BY
GROUP-ID AGONISTS IN CORTICAL CULTURES. V. Bruno1, I. Ksiazekl G.
Battaglia1, F. Gasparini2, S. Lukic2, H. v.d. Putten2, D. Hampson’, F, Nicoletti14, K,
Lingenhohl2* and P.J. Flor2. ‘I.N.M. Neuromed, Pozzilli, Italy; ’Novartis Pharma AG,
Nervous System Research, CH-4002 Basel, Switzerland; ’Faculty of Pharmacy, Univ.
of Toronto, Canada; 4Dept. of Pharm. Sciences, Univ. of Catania, Italy.
The activation of group-III metabotropic glutamate receptors (mGluR4, -6,
-7 and -8) is established to be neuroprotective in in vitro and in vivo models of
excitotoxicity. To disclose the identity of the subtype(s) which mediate(s) the
neuroprotective effect of group-III mGluR agonists, we have prepared mixed cortical
cultures from mGluR4-deficient mice (-/-) and we have tested them for NMDAinduced excitotoxicity. The potency of NMDA in inducing neuronal toxicity was
higher in cultures from (-/-) than in cultures from wild type (+/+) mice (ECso
value=30 and 80 pM, respectively), suggesting that cortical neurons from mGluR4deficient mice are more vulnerable to excitotoxic damage. The group-III agonists LAP4, L-SOP and (R,S)-PPG (all at 100 pM) were substantially neuroprotective
against NMDA toxicity in (+/+) or (+/-) cultures, but they were all inactive in (-/-)
cultures. In contrast, the mixed group-II/group-I ligand 4C3HPG was neuroprotective
in all three genotypes. In addition, we have also studied the toxicity induced by
amyloid peptide (P-AP25-35), to establish whether the neuroprotective role of mGluR4
could be extended to other forms of neuronal degeneration. As opposed to the NMDA
insult, we did not find a significant difference in the vulnerability to P-AP toxicity
between cultures from wild type and mGluR4-deficient mice. However, group-III
agonists were neuroprotective only in (+/+) and (+/-) cultures, but, unexpectedly, they
even potentiated P-AP toxicity in (-/-) cultures. We conclude that the presence of
mGluR4 is required for the neuroprotective effect of group-III selective agonists in
cortical cultures.
Supported by Novartis Pharma AG

493.3

493.4

THE GROUP III METABOTROPIC GLUTAMATE RECEPTOR
(mGLUR) AGONIST (R.S)-PHOSPHONOPHENYLGLYCIN (PPG)
PROTECTS CA1 NEURONS IN HIPPOCAMPAL SLICES
AGAINST HYPOXIC/HYPOGLYCEMIC INJURY.

SOME mGluR AGONISTS REDUCE KYNURENATE FORMATION BY
INHIBITING KYNURENINE AMINOTRANSFERASE. C. Kiss*, A.
Rassoulpour, G. Battaglia1, P.S. Hodgkins. F. Nicoletti1,2 and R. Schwarcz.
Md. Psych. Res. Ctr., Baltimore, MD 21228,’M.N. Neuromed, Pozzilli, Italy
and 2Inst. Pharmacol., Univ. Catania, Catania, Italy.
Kynurenic acid (KYNA) is a neuroinhibitory brain constituent with a high
affinity to the glycine site of the NMDA receptor. Decreases in brain KYNA
result in a potentiation of NMDA toxicity (Soc. Neurosci. Abstr. 24: 179.8,
1998). Several mGluR receptor agonists, including quisqualate (Quis) and LAP4, have been shown to decrease KYNA formation in vitro. We now examined the mechanism underlying this effect using cortical tissue slices incubated
with the KYNA precursor L-kynurenine (2 pM). Five mGluR agonists (Quis,
DHPG, 4C-3-HPG, L-AP4, and L-SOP) and five antagonists (LY367385,
LY367377, MPPG, ethylglutamate and MTPG) were examined. Quis (10
pM), 4C-3HPG (2 mM), L-AP4 (1 mM), and L-SOP (1 mM) decreased de
novo KYNA formation (to 50 ± 4, 52 ± 2, 58 ± 5, and 62 ± 7% of controls,
respectively), whereas the antagonists were inactive. These agonist-induced
effects were dose-dependent, also occurred in liver slices, were not reversed by
co-incubation with the respective mGluR antagonists, and were not related to
decreased intracellular L-kynurenine levels. However, Quis, 4C-3-HPG and LAP4 selectively inhibited the activity of kynurenine aminotransferase II (KAT
II), the major enzyme controlling KYNA production in the brain. Because of
the functional significance of a reduction in cerebral KYNA levels, it would be
prudent to evaluate newly developed mGluR agonists for their ability to inhibit
KAT II activity.
Supported by USPHS grant NS 28236.

493.5

493.6

1-AMINO-APDC, A PARTIAL AGONIST OF GROUP II METABOTROPIC
GLUTAMATE RECEPTORS WITH NEUROPROTECTIVE PROPERTIES

ATTENUATION OF NMDA-INDUCED CELL DEATH BY
CONCURRENT ACTIVATION OF GROUP I, II, and III mGLURs. V,
Heidinger*, M.M. Behrens and D.W. Choi. Center for the Study of
Nervous System Injury and Dept. of Neurology, Washington Univ.
School of Medicine, St Louis, MO 63110.
Activation of groups II and III mGluRs has been linked to
neuroprotection, whereas activation of group I mGluRs has been linked
to injury enhancement. In cortical cell cultures, the pan-mGluR agonist
trans-1 -aminocyclopentane- 1,3-dicarboxylic acid (/ACPD, 300 pM) can
partially attenuate NMDA-induced neuronal death, an effect generally
attributed to activation of group II or III mGluRs.
Here we used maximal selective concentrations of group subtypeselective mGluR agonists to dissect the group activities responsible for
the neuroprotective effect of /ACPD. This protective effect, against the
submaximal death of cultured murine cortical neurons induced by 5 min
exposure to 100-300 pM NMDA, was mimicked by concurrent exposure
to the group I mGluR agonist DHPG (100 pM), the group II agonist
LY354740 (300 nM), and the group III mGluR agonist L-AP4 (300 pM).
Surprisingly, a neuroprotective effect was not achieved with any single
agonist alone, nor with any two drugs together, not even LY354740 plus
L-AP4. These data raise the possibility that the neuroprotective effects
of /ACPD may reflect a complex interplay resulting from activation of
all three mGluR groups. Supported by NINDS grant NS 30337 (DWC).

C.F. Sabelhaus, P. Henrich-Noack, U.H. Schroder, J. Breder, W. Schmidt*,
K.G. Revmann. Leibniz Institute for Neurobiology and Institute for Applied
Neurosciences, D-39120 Magdeburg, Leipziger Str 44, Germany.
(R,S)-PPG is a novel potent and selective agonist for group III mGluRs
(Gasparini et al., J. Pharmacol. Exp. Ther., 289,1-9,1999). These receptors are
thought to modulate neurotoxicity of excitatory amino acid transmitters via
mechanisms of presynaptic inhibition, such as regulation of voltage dependent
calcium entry and neurotransmitter release.
We investigated the influence of group III mGluRs in rat hippocampal slices on
ischemic damage, which is in part due to excitotoxicity. Population spike (PS)
responses were evoked by stimulation of the Schaffer collateral/commissural
fibers with steel electrodes in the stratum radiatum and recorded with glass
microelectrodes in the stratum pyramidale of the CA 1 region.
Hypoxia/hypoglycemia was induced by changing the carbogen atmosphere to a
gas mixture containing 95% N2/5% CO2 and replacing the glucose was by
mannitol. The synaptically evoked population spike in the CA1 region was taken
as a measure of neuronal viability. (R,S)-PPG (30 pM) applied during the
ischemic insult and in the recovery period significantly (p<0.01) improved
recovery of PS amplitude (75 + 5 % of baseline value, n=6) compared to
ischemia (36 + 9% of baseline value, n=6). These data suggest, that group III
mGluRs are involved in neuronal damage after in hippocampal slices after
hy poxia/hypog lycem ia.

A, P. Kozikowski*1, G, L. Araldi1, W Tuckmantel1, S, Pshenichkin2. E, Surina2, and
J, T. Wroblewski2.
‘Drug Discovery Laboratory, Institute for Cognitive &
Computational Sciences and
“Department of Pharmacology, Georgetown
University Medical Center, Washington D.C. 20007.
We have synthesized the 1-amino derivative of (2/?,4/?)-4-aminopyrrolidine2,4-dicarboxylic acid (1-amino-APDC), a selective agonist of group II metabotropic
glutamate receptors (mGluRs).The activity of 1-amino-APDC was tested in cell
lines expressing the individual receptor subtypes including mGluRla and mGluR5a
(group I), mGluR2 (group II), mGluR6 (group III), and the chimeric receptor
mGluR3/la which combines the pharmacological properties of mGluR3 (group II)
with the activation of phospholipase C. The measurements of the activity of 1amino-APDC at the individual mGluRs showed that this compound activates
preferentially group II receptors. Dose-response curves indicated that 1-aminoAPDC acts as a partial agonist of both mGluR2 and mGluR3/la receptors. At both
receptors, the maximal stimulation reached about 50% of the effect obtained with
full agonists. The EC50 values were 4.8 ± 2.8 pM for mGluR2 and 52 ± 17 pM for
mGluR3/la. Among other mGluRs, 1-amino-APDC showed no activity as agonists
or antagonists at group I receptors (mGluRla and mGluR5a) nor at the group III
receptor mGluR4a. However, at 1 mM concentration, a weak partial agonist activity
is observed at the mGluR6 receptor. 1-amino-APDC was inactive at ionotropic
glutamate receptors as it failed to activate or inhibit NMDA, AMPA or kainate
receptors in primary cultures of cerebellar neurons. The neuroprotective effects of
1-amino-APDC were tested in primary cultures of mouse cortical neurons.
Neuronal cell death was induced by a 10 min application of NMDA with or without
the tested drugs. Cell death was quantified by measurement of the amounts of
lactate dehydrogenase released from dying neurons during the 24 hour period
following drug application. In these conditions, 100 pM 1-amino-APDC provided
neuroprotection against NMDA toxicity similar to that of 30 pM L-CCG-I.
As 1-amino-APDC represents one of the first mGluR ligands to be reported that
possesses partial agonist properties, it represents a valuable, new lead structure.
Such ligands may offer a safer approach to therapeutic development. (Supported by
Zebra Pharmaceuticals Inc. and NIH grants NS28130 and NS01720.)
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mGluRl ANTAGONISTS ARE NEUROPROTECTIVE IN MODELS OF
CEREBRAL ISCHEMIA: TIME-COURSE AND MECHANISMS. R
Peruginelli. E, Meli, A, Cozzi. S. Albani-Torregrossa. R, PeHicciari1. F, Moroni
and D.E. Pellegrini-Giampietro*. Dept. of Pharmacology, University of Florence,
50139 Florence and ’institute of Chemistry, University of Perugia, 06123 Perugia,
Italy.
The role of metabotropic glutamate receptor 1 (mGluRl) in post-ischemic
neuronal death is unclear. We examined whether the recently characterized and
selective mGluRl antagonists AIDA (Moroni et al., J. Pharmacol. Exp. Ther. 281:
721, 1997) and CBPG (Mannaioni et al., Neuropharmacology, in press) could
reduce neuronal injury in vitro and in vivo. In mixed cortical cell cultures exposed
to oxygen-glucose deprivation (OGD) for 60 min, AIDA (300-1000 pM) and
CBPG (300-1000 pM) reduced neuronal loss (by 85% and 75%, respectively) when
added during OGD and the subsequent 24 h recovery period. Similarly, AIDA
(300-1000 pM) and CBPG (300-1000 pM) reduced post-ischemic pyramidal cell
loss (by 70% and 50%, respectively) in the CA1 area of organotypic hippocampal
slices exposed to 30 min OGD. Neuroprotection was observed also when mGluRl
antagonists were added at 300 pM up to 60 min (in cortical neurons) or 30 min (in
hippocampal slices) after OGD. Immunocitochemistry using an mGluRl a antibody
revealed that the receptor was expressed in vulnerable cortical cultured cells but not
in CA1 pyramidal cells. In gerbils, i.c.v. administration of AIDA (300 nmol X 2)
reduced CA1 pyramidal cell injury following transient global ischemia.
Neuroprotection (90%) was also observed when 3 mM AIDA was added to the
hippocampal perfusion fluid in microdialysis experiments, and this effect was
associated with a 6-fold potentiation of the ischemic output of GABA. Our results
demonstrate that AIDA and CBPG are neuroprotective even when administered
after the ischemic insult and suggest that different mechanisms could mediate their
effects following blockade of mGluRl in cortical and hippocampal neurons.

ACTIVATION OF mGluRS ENHANCES HYPOXIC DAMAGE IN RAT
HEPATOCYTES. M. Storto1. S. De Camillis1, T. Knopfel2, P.L. Canonico3,
A. Copani4, F. Nicoletti*1’5, P. Richelmi6, and M. Vairetti7. *I.N.M. Neuromed,
Pozzilli, Italy; 2Brain Science Inst., Riken, Hirosawa, Japan; 3Dept. of Pharm.
and Toxicol., Univ. of Pavia, Italy; 4Inst. of Biochemistry, Univ. of Catania, Italy;
5Dept. of Pharm. Sciences, Univ. of Catania, Italy; 6Faculty of Medicine, Univ.
of Insubria, Italy; 7Dept. of Internal Medicine, Univ.of Pavia, Italy.
In primary cultures of rat hepatocytes pharmacological activation of group-I
metabotropic glutamate receptors (mGluRs) stimulates inositol phospholipid
hydrolysis (Sureda et al., Eur. J. Pharmacol., 1997, 338:R1-R2). To disclose
which mGluR subtype(s) is expressed in hepatocytes, we have performed Western
blot analysis in purified hepatocytes obtained from rat liver. We found a band at
145 Kd which was stained by mGluR5 antibodies, whereas mGluRl was not
detected. Knowing that group-I mGluR activation potentiates neurodegeneration,
we have examined the effect of 1S,3R-ACPD and quisqualate (which both
behave as full mGluR5 agonists) on cell damage induced by anoxia in isolated
hepatocytes. In this model, a time-dependent decline in hepatocytes viability
could be observed after 30-45 min and was maximal after 90 min. Both
quisqualate and 1S,3R-ACPD shortened the time-course of anoxia-induced cell
damage, reducing significantly the viability of hepatocytes at 45, 60 and 75 min
after the onset of anoxia. In contrast the group-II mGluR agonist, 4C3HPG, was
ineffective. We suggest that hepatocytes express mGluR5 and that their activation
by the glutamate present in the portal blood may contribute to the development of
liver damage under pathological conditions.

493.9

493.10

REVERSAL
OF
NEURODEGENERATIVE
PROCESSES
BY
SELECTIVE BLOCKADE OF METABOTROPIC GLUTAMATE
RECEPTOR SUBTYPE 5. I. Ksiazek,' F. Gasparini,' V. Bruno,2 G.

ACTIVATION OF GROUP I METABOTROPIC GLUTAMATE RECEPTORS

Supported by the European Commission (BMH4-CT96-0228 and BI04-CT96-0049)

Battaglia/ S. Lukic,' D. Sauer,' R. Kuhn,' F. Nicoletti,2 and P. J. FI or
NOVARTIS Pharma AG, Nervous System Research, CH-4002 Basel,
Switzerland; 2I.N.M. NEUROMED, Pozzilli, Italy.

Group I metabotropic glutamate receptors (mGluRl and mGluR5) are known
to modulate neurotoxicity of excitatory amino acids (Bruno et al., 1995,
Neuropharmacology, 34, 1089-1098), most likely via postsynaptic regulation
of glutamatergic neurotransmission. In the present study we have used the
novel, highly selective and potent mGluR5 antagonist
f|
J
methylphenylethynylpyridine (MPEP) and a less
potent derivative (SIB-1893) to address whether
selective antagonism of the mGluR5 subtype is
MPEP
L lj sufficient to reverse neurodegeneration induced by
excitotoxic insults in vitro and in vivo.
We also tested whether mGluR5 blockade protects against neurotoxicity of a

(3-amyloid peptide fragment ((3AP(,S ,5|). In cultured cortical neurons exposed
to a toxic pulse of N-methyl-D-aspartate, MPEP and SIB-1893 reversed
excitotoxicity with approximate IC_os of 300 nM and 20 jiM, respectively. In
addition, mGluR5 antagonists also showed protection against quinolinic acidinduced striatal lesions in rats and against (3APps ,^-insult in cultured cortical
neurons from mice. These data provide novel in vitro and in vivo evidence for
mGIuR5 as attractive target for neuroprotective therapy.

EXPRESSED

IN

GLIAL

CELLS

ENHANCES

EXCITOTOXICITY

IN

NEURONAL CELL CULTURES. G. P, Barbagallof P. Detl’Albani1. E
Nicoletti2. A.M.Giuffrida-Stella 1. and M.V. Catania*3. 1 Neurobioiogy Program,

~Dcpt. Pharmacol. Sci., University of Catania, and ^IBFSNC, CNR, Catania, Italy.
While the role of ionotropic glutamate receptors (iGIuRs) overactivation in
glutamate-induced neurodegeneration is well established, the role of metabotropic
GIuRs (mGluRs) is more ambiguous because both potentiation and protection of
toxicity have been reported. Recent in vitro studies suggest that activation of group II
and III mGluRs consistently protects against NMDA or kainate-induced toxicity. On
the contrary activation of group I mGluRs results in exhacerbation of excitotoxicity
in certain systems (i.e. mixed murine cortical neurons), but not in others (i.e.
cerebellar granule neurons). In the present study we tested the hypothesis that
activation of group 1 mGluRs located in glial cells, might be responsible for the
potentiating role on excitotoxicity. 3,5-Dihydroxyphenylglycine (DHPG, 200 pM)
and Quisqualate (QUIS, 30 pM) in the presence of GYKI 52466 (10 pM) amplified
NMDA-induced excitotoxicity when applied to mixed rat cortical cultures containing
neurons and astrocytes, as well as in cultured granule cells on which a coverslip of
confluent astrocytes had been flipped. In contrast, DHPG and quisqualate did not affect
or reduced excitotoxic death when both granule cells or cortical neurons were cultured
without astrocytes (<5%). We speculate that activation of glial mGluR5 contributes
to the amplification of excitotoxic neuronal death through a mechanism that remains
to be identified. We are currently focusing of nitric oxide (NO), because brainNOS
was expreesed in astrocytes under conditions in which high levels of mGIuR5 are also
expressed.
This work has been funded by CNR and BIOMED VE BMH 4-CT96-085.

Supported by NOVARTIS Pharma AG

493.11
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MECHANICAL INJURY INCREASES ASTROCYTE INOSITOL
POLYPHOSPHATE LEVELS BY ACTIVATION OF mGLuRs COUPLED TO
PHOSPHOLIPASE C. C.L.Flovd1*. B.A. Rzigalinski.2 H.A, Sitterding 2 K.A,
Willoughby,2 and E.F, Ellis.2 Departments of Psychology1 and Pharmacology/
Toxicology,2 Medical College of Virginia of Virginia Commonwealth University,
Richmond, VA. 23298
Our previous work has shown that in vitro stretch injury of cortical astrocytes
causes a rapid elevation in intracellular free calcium ([Ca2+]i) which returns to normal
by 15 minutes post-injury, and that intracellular Ca2+ stores are uncoupled from
signal transduction events (J. Neurochem 70:2377). Consistent with uncoupled Ca2+
signaling, we have also shown that inositol polyphosphate levels are elevated 10 fold
at 15 and 30 minutes post-injury when [Ca2+]jhas returned to normal (J.Neurotrauma
15:869). We tested the hypothesis that inositol polyphosphates (IP x) can be released
from astrocytes and that increased IPX production after injury occurs through
activation of mGluR coupled to phospholipase C (PLC). Cortical astrocytes grown
on silastic membranes were pre-labeled with 3H-my<?-inositol. Cells were treated
before injury with either the PLC inhibitor neomycin sulfate or a mGluR group 1
antagonist. Cells and media were acid extracted and IPX isolated using anion exchange.
IPX were released from injured astrocytes and elevated extracellular IPX levels by 66%.
Pretreatment with neomycin sulfate (lOOgM) for 25 minutes and 3 hours produced a
48% and 98% inhibition of injury-induced-increases in IPX respectively. Pretreatment
with mGluR group 1 antagonists (RS)-l-Aminoindan-1,5-dicarboxylic acid (AIDA),
(S )-4-C arboxy-3 -hydroxy-phenylglycine
(S-4C3HPG),
and
7(Hydroxyimino)cyclopropa- [b] chromen-la-carboxylate ethyl ester (CPCCOEt)
produced 90%, 81% and 26% inhibition of injury-induced increases in IPX respectively.
In summary, we found that astrocytes release inositol polyphosphates and that
constitutive activation of PLC coupled to group 1 mGluRs produces the elevations in
IPX observed after injury. Thus, post-traumatic alteration in IPX could affect intra- and
intercellular signaling and have major consequences in injured brain. Supported by
NS07288 & 27214.

ASTROCYTES ACUTELY ISOLATED FROM YOUNG RAT HIPPOCAMPI
EXPRESS METABOTROPIC GLUTAMATE RECEPTOR 3 AND 5
TRANSCRIPTS, BUT NOT TRANSCRIPTS FOR THE OTHER SUBTYPES
G.P. Schools’^and H.K. Kimelberg2.
department of Biochemistry and Molecular Biology, 2Div. of Neurosurgery,
Albany Medical College; Albany, NY 12208
Which metabotropic glutamate receptors (mGluRs) are expressed on
astrocytes in the hippocampus is currently unknown. In this study, we
examined the expression of mRNA for all the mGluRs, except mGluR6, by
single-cell RT-PCR in freshly isolated hippocampal astrocytes from P1-10
rats. When genomic DNA and alternative mRNA splice sequence data were
available, PCR primers for each mGluR subtype were designed to amplify
different sized nucleic acids. Single cells were isolated, DNase treated,
subjected to RT-PCR, and the products were resolved in agarose gels. The
astrocytic nature of each cell was confirmed by simultaneous detection of
mRNA for the astrocytic marker, glial fibrillary acidic protein (GFAP). The
percentage of GFAP mRNA positive cells in our cell preparations correlated
with immunocytochemical staining for GFAP, showing that GFAP mRNA is an
appropriate astrocyte marker. With the exception of mGluRl mRNA in 1/22
GFAP mRNA (+) cells, only mGluR3 and mGluR5 mRNAs were present in
GFAP mRNA (+) cells. The mGluR5 PCR products were primarily of the “a”
splice variant. mGluR3 and 5 were detected in single cells after one round of
PCR, while 2 rounds were performed in attempting to amplify mRNAs for the
other mGluRs. mGluR2, 4, 7,and 8 were never detected. mGluR6 mRNA
level was too low in whole rat brain and hippocampus to warrant examination.
These results show that interpretation of effects involving mGluR3 or 5
activation in the hippocampus of young rats needs to also consider effects
due to astrocytes. Also, glutamate binding to mGluR3 and 5 may affect two
separate signal transduction pathways in hippocampal astrocytes. (Supported
by NS19492 to H.K.K.)
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PHARMACOLOGICAL ASSESSMENT OF MGLUR5 IN RAT CORTICAL
ASTROCYTES USING INTRACELLULAR CALCIUM MOBILIZATION
ASSAYS. M.A. Logan*, W. L. Heaton, G. R, Ramoz-Leslie. T.M. Stormann. L.G.
Hammerland. NPS Pharmaceuticals, Inc., Salt Lake City, UT 84108.
Group I mGluRs, mGluRl and mGluR5, are coupled to intracellular calcium (Ca2*)
mobilization. Rat cortical astrocytes can be treated with growth factors in vitro to
upregulate endogenously expressed mGluR5 (Miller et al. 1995). We used this
culture system, in conjuction with fluorescent imaging plate reader (FLIPR) technology, to develop a high volume, functional Ca2* screen to identify novel compounds
active at mGluR5. Western blot analysis confirmed that growth factor-treated astrocytes express abundant levels of mGluR5 and no detectable mGluRl. Initial
pharmacological assessment of mGluR5 activity was performed in cuvette-based cell
suspension Ca2*; assays. The rank order of agonist potency [quisqualate>glutamate>
(1S,3R)-ACPD>(RS)-CHPG: 330±97 nM, 547±120 nM, 7±1.4 pM, >15 pM,
respectively] agrees with that reported for recombinantly expressed mGluR5. In the
cuvette-based system, NPS 2390, a selective Group I mGluR antagonist, blocked
ACPD-mediated responses with an IC50 value of 22±2 nM but had no effect on Ca2*
mobilization mediated through the endogenous histamine receptor. Analysis of Ca^*
mobilization in adherent astrocytes using FLIPR technology provided the following
rank order of potency: quisqualate>(RS)-3,5-dihydroxy-phenylglycine>ACPD>CHPG.
NPS 2390 blocked 3 pM ACPD and 0.5 pM DHPG responses with IC50 values of
49±6 nM and 64±4 nM, respectively. The group I selective antagonist NPS 2499
blocked ACPD and DHPG responses with IC50 values of 27±3 nM and 37±1 nM,
respectively. MPEP, an antagonist selective for mGluR5 vs mGluRl, blocked ACPD
and DHPG responses with IC50 values of 4±1 nM and 9±1 nM. These data demonstrate that Ca2*; mobilization FLIPR screening with growth factor-treated cortical
astrocytes provides a reliable, high-throughput functional assay to assess pharmacological modulation of a native mGluR5. (Supported by NPS Pharmaceuticals Inc.)

EXCITATORY AMINO ACID RECEPTORS: METABOTROPIC V
494.1

494.2

METABOTROPIC GLUTAMATE RECEPTOR-INDUCED LTD IN THE
HIPPOCAMPUS IS ASSOCIATED WITH AN INCREASE IN FAILURE RATE
M.J. Palmer and G.L. Collingridge (SPON: British Neuroscience Association)
Department of Anatomy, University of Bristol, BS8 1TD, U.K.
It has previously been found that activation of group I mGlu receptors in the CA1
region with the specific agonist (7?S)-3,5-dihydroxyphenylglycine (DHPG) can
induce a long-lasting depression of synaptic transmission (Palmer et al.,
Neuropharmacology 36, 1517-1532). It was shown that the expression mechanism
of this form of LTD differs from that of synaptically-induced LTD. We have further
investigated the expression mechanism using a combination of failures analysis and
non-stationary fluctuation analysis (NSFA) of dendritically-recorded EPSCs.
Experiments were performed on 400 pm transverse hippocampal slices obtained
from 11-14 d Wistar rats, in the presence of 50 pM picrotoxin. The proximal apical
dendrites of CA1 pyramidal cells were whole-cell voltage-clamped at -70 mV under
visual control. AMPA receptor-mediated EPSCs were evoked at 0.5 Hz using a fine
monopolar stimulating electode positioned close to the recording site, using minimal
stimulation. After obtaining a baseline, 100 pM DHPG (20 mis) was applied and its
effects on potency (mean response size excluding failures) and failure rate analysed.
It was found that 15 minutes after DHPG washout the potency was not significantly
changed (-19.7 ± 4.0 pA to -17.4 + 3.1 pA) but the failure rate was significantly
increased from 26.9 ± 5.5 % to 61.2 ± 8.1 % (n = l,p< 0.05). As a result, average
EPSC size (responses and failures) was decreased from -15.2 ± 3.9 pA to -8.0 ± 2.6
pA. NSFA was performed on 3 cells and revealed that DHPG did not induce a
change in AMPA receptor conductance (5.3 ± 1.4 pS for the baseline period, 5.7 ±
1.1
pS following DHPG washout). DHPG-induced LTD is therefore expressed as an
increase in tlie failure rate of synaptic transmission.
Supported by The European Economic Community (BioMed BMH4-CT96-0228).

THE MECHANISM OF PRESYNAPTIC LONG-LASTINGDEPRESSION MEDIATED BY GROUP I METABOTROPIC
GLUTAMATE RECEPTORS. Y. Tan, J. Hyland, N. Hori and P.O.
Carpenter* Department of Environmental Health and Toxicology,
School of Public Health, University at Albany, Rensselaer, NY 12144

Recent studies have indicated a role of metabotropic glutamate
receptors (mGluRs) in synaptic plasticity. In a study of rat
hippocampal brain slices, we find that a brief perfusion of a group I
mGluR agonist, (S)-3,5-dihydroxyphenylglycine (DHPG), induced a
robust long-term depression (LTD) in area CA1. The action was
accompanied by a reduction of paired-pulse facilitation (PPF).
DHPG reversibly enhanced the ionophoretic responses to AMPA,
KA and NMDA, an action only partially reversed by washing. These
observations indicate that DHPG exerts two opposing actions,
suppression of transmitter release but facilitation of postsynaptic
responses. However, the presynaptic action dominates, since the
net effect is a reduction of synaptic response. Further experiments
show that three calcium-dependent responses in CA3 cells, calcium
spike amplitude and width (incubated slices with tetrodotoxin and
tetraethyl ammonium), after hyperpolarization potential and spike
frequency adaptation, were reduced during and after perfusion of.
DHPG. Since CA3 neurons are presynaptic to CA1 neurons, we
conclude that DHPG-induced LTD results from modulation by group
I mGluRs of the presynaptic calcium current.
This study was supported by NIEHS P42 ESO4913 to DOC.

494.3

494.4

0-NAAG RESCUES LTP FROM BLOCKADE BY NAAG IN RAT DENTATE
GYRUS VIA THE mGIuR3 RECEPTOR
P.M. Lea IvL B, Wroblewska2, J.H, Neale2 and J.M, Sarvey*3

CHANGES IN THE EXPRESSION OF METABOTROPIC GLUTAMATE
RECEPTOR SUBTYPES FOLLOWING HIPPOCAMPAL LTP INDUCTION
IN FREELY MOVING RATS. D. Manahan-Vaughan1’2, M. Storto3, A. Kulla2, R.
Ngomba3, M V. Catania4, K.G. Reymann1 , F. Cicirata5*, and F. Nicoletti3,4. 1 Dept.
of Neurophysiology, Leibniz Institute for Neurobiology, Magdeburg, Germany;
2Inst. for Physiology of the Charite, Humboldt Univ., Berlin, Germany; 3I.N.M.
NEUROMED, Pozzilli, Italy; 3I.B.F.S.N.C„ C.N.R., Catania, Italy; 4Dept. of
Pharm. Sciences, Univ. of Catania, Italy; 5Inst. of Physiology, Univ. of Catania,
Italy.
Metabotropic glutamate receptors (mGluRs) are involved in the regulation of
synaptic plasticity and in the induction of long-term potentiation (LTP). We have
examined whether LTP induction in the dentate gyrus of freely moving rats induces
changes in the expression of group-I or -II mGluRs in the hippocampus. LTP was
induced at the synapses between medial perforant pathways and granule cells of the
dentate gyrus. Hippocampi dissected 24 or 48 hours after LTP induction were
analyzed for changes in the expression of mGluRl, -2/3 and -5 proteins by Western
blot. mGluR5 expression was consistently increased at both times after LTP
induction in the stimulated hippocampus. A less pronounced increase was also
observed in contralateral non-stimulated hippocampi at 24 hours after LTP
induction. mGluRl was barely detectable in the control hippocampus, and did not
change substantially in response to LTP induction. In contrast, mGluR2/3
expression was significantly reduced both 24 and 48 hours after LTP induction. It is
likely that LTP is associated with a substantial reduction of either the mGluR2 or -3
subtype, because one of the two bands with a molecular size corresponding to that of
mGluR2 or -3 monomers almost disappeared in immunoblots prepared from
hippocampi of stimulated animals. We suggest that changes in the expression of
mGluR5 and mGluR2/3 may contribute to the chain of trans-synaptic events
associated with the late expression and/or maintenance of LTP.

^ept. Physiology, 3Dept. Pharmacology, USUHS, Bethesda, MD, 20814; 2Dept.
Biology, Georgetown University, Washington D.C., 20057.

Levels of the neuropeptide N-acetyl-aspartyl-glutamate (NAAG), change in many
neurodegenerative diseases that alter memory. Long-term potentiation (LTP) in the
hippocampus requires cAMP. The hippocampal slice contains NAAG, known
receptors for NAAG, and the hydrolyzing enzyme NAAG dipeptidase. Studies show
group II mGluRs coupled to G inhibitory (Gj) proteins and ion channels, the
inhibition of forskolin-stimulated cAMP levels by NAAG and the inhibition of
NAAG dipeptidase by the 0-isomer of NAAG (0-NAAG), PO42* and SO42*. We
found that induction of LTP of extracellularly recorded EPSPsvza high-frequency
stimulation (100 Hz; 2 s) of the medial perforant path (MPP), was blocked after
perfusion with NAAG (200pM). 0-NAAG (100pM) prevented the blockade of LTP
by NAAG and did not change baseline EPSPs when perfused alone. Selectivity was
tested using known agonists of transfected metabotropic glutamate receptors. 0NAAG (30 and lOOpM) blocked 10 pM forskolin-stimulated cAMP responses to
glutamate (lOOpM), NAAG (l-300pM), trans-ACPD (30gM), and DCG-IV (3pM)
in mGluR3 but not mGluR2 transfected cells. 0-NAAG did not affect IP hydrolysis
stimulated by mGluR group I agonists glutamate(lOOpM), L-CCG-I, and quisqualate.
0-NAAG did not reverse the decrease in forskolin stimulated cAMP caused by the
mGluR group III agonist L-AP4. We conclude that 0-NAAG is the first identified
specific antagonist of the mGluR3 receptor. Furthermore, our results strongly suggest
that the observed blockade of MPP LTP by NAAG is mediated through inhibition of
adenylate cyclase via the mGluR3 receptor and not the mGluR2 receptor. Supported
by NIH grant NS23865 and USUHS grants RO75EJ and TO75FU.
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494.6

MODULATION OF TAURINE RELEASE BY METABOTROPIC
GLUTAMATE RECEPTORS IN MOUSE HIPPOCAMPUS. P. Saransaan* and
S.S. Oia. Tampere Brain Research Center, Univ. of Tampere Medical School, FIN33101 Tampere, Finland.
The inhibitory amino acid taurine has been held to function as an osmoregulator
and modulator of neural activity. The effects of different metabotropic glutamate
receptor (mGluR) agonists and antagonists on the basal and K+-stimulated release of
pHJtaurine from hippocampal slices from 3-month-old (adult) and 7-day-old mice
were now investigated using a superfusion system. Of group I metabotropic
glutamate receptor agonists quisqualate potentiated taurine release in both age
groups, more markedly in the immature hippocampus. This action was not
antagonized by the specific group I antagonists but by 6-cyano-7-nitroquinoxaline2,3-dione (CNQX) and 6-nitro-7-sulphamoylbenzo[f]quinoxaline-2,3-dione (NBQX),
suggesting an involvement of ionotropic glutamate receptors. (S)-3,5-dihydroxyphenylglycine (DHPG) potentiated the release by a receptor-mediated mechanism in
the immature hippocampus. The group II agonist (2S, 2’R, 3’R)-2-(2’,3’dicarboxycyclopropyl)glycine (DCGIV) markedly potentiated taurine release at both
ages. These effects were antagonized by dizocilpine, indicating again the
participation of ionotropic receptors. Group HI agonists slightly potentiated taurine
release, as well as several antagonists of the three metabotropic receptor groups.
Potassium-stimulated (50 mM K+) taurine release was generally significantly
reduced by mGluR agents, mainly by group I and II compounds. This may be
harmful to neurons in hyperexcitatory states. On the other hand, the potentiation of
basal taurine release, particularly in the immature hippocampus, by mGluRs, together
with the earlier demonstrated pronounced enhancement by activation of ionotropic
glutamate receptors, may protect neurons against excitotoxicity.

DUAL MECHANISMS OF GROUP I mGluR-INDUCED DEPOLARIZATION IN
HIPPOCAMPAL PYRAMIDAL CELLS. Shih-Chieh Chuang1. Riccardo Bianchi1.
Daesoo Kim1’2. Hee-Sup Shin2. Katherine L, Perkins1*, and Robert K.S. Wong1.
’Department of Physiology/Pharmacology, SUNY/HSC, Brooklyn, NY 11203;
2Center for Calcium & Learning, Pohang Univ. of Science & Technology, Pohang,
Korea
In hippocampal neurons, group I (GI) mGluR agonists cause depolarizing
responses. We have shown that the depolarization in CA3 pyramidal cells by DHPG
(50 pM), a GI mGluR selective agonist, is sustained by a voltage-dependent inward
current [ImGiUR(V)]- The inward current activation threshold and time constant were
about -75 mV and 100-200 ms, respectively.
Recently, we found that the actions of GI mGluR agonists can be separated into
two processes. In voltage-clamp experiments, the neuronal conductance started to
decrease within the first 10-15 min after DHPG application, and yet ImGiuR(v) was not
observed. After 20-30 min of DHPG application, ImGiUR(V) began to develop and
persisted throughout the experiment. Additional experiments showed that the
generation of ImGiUR(V) was not related to activities of the voltage-gated calcium
channels because the calcium channel blockers nimodipine (10 pM) and Mn2* (1
mM) failed to block the current. However, in PLC pi knockout mice, the
application of DHPG still caused the neuronal conductance decrease as in wild type
mice but failed to induce the ImGiUR(V), suggesting that GI mGluR-mediated
depolarization may occur through two different pathways. The first is via blockade
of potassium channels resulting in a decrease in membrane conductance, and the
second is through the generation of ImG)uR(V) mediated by a PLC (31-dependent
transduction process.
Supported by NIH (NS35481)

494.7

494.8

RELATIONSHIP BETWEEN CALCIUM AND VOLTAGE RESPONSES
INDUCED BY GROUP I mGluR ACTIVATION IN HIPPOCAMPAL
PYRAMIDAL CELLS. Riccardo Bianchi*. Steve R, Young, and Robert K.S.
Wong. Dept. of Physiology and Pharmacology, SUNY Health Science Center,
Brooklyn, NY 11203.
In hippocampal pyramidal cells, group I (GI) mGluR activation induces
membrane potential oscillations and prolongs epileptiform interictal discharges.
Selective synaptic or agonist stimulation of GI-mGluRs produces depolarizations
in pyramidal cells that may contribute to the prolonged discharges. The
transduction steps linking the activation of GI-mGluRs to the membrane
depolarization in pyramidal cells are not well understood. We recorded the
membrane potential and intracellular Ca2* responses to GI-mGluR agonists in CA 1
and CA3 pyramidal cells of guinea-pig hippocampal slices in the presence of
tetrodotoxin. ACPD or DHPG caused a depolarization that was associated with an
increase of intracellular Ca2+ concentration ([Ca2*];). The [Ca2*]; increase
consisted of two components: a transient calcium rise followed by a delayed,
sustained elevation. The transient [Ca2*]; rise was independent of the membrane
potential and was blocked when caffeine was added to the perfusing solution. The
sustained [Ca2*]; rise appeared when membrane depolarization reached threshold
for voltage-gated Ca2* influx and was suppressed by membrane hyperpolarization.
The depolarization was associated with increased input resistance and persisted
when either the transient or the sustained [Ca2*]; response was blocked.
The data suggest that, in both CAI and CA3 hippocampal cells, activation of GImGluRs produces a biphasic accumulation of [Ca2*]; via two paths: a transient
release from intracellular stores, and subsequently, an influx through voltage-gated
Ca2* channels. The mGluR-induced depolarization is not caused by the [Ca2 ]; rise
(Supported by NIH)
and is probably due to a decrease in K* conductance.

TRANSIENT ACTIVATION OF GROUP I mGluRs DURING iGluR BLOCK
INDUCES POTENTIATED EPILEPTIFORM DISCHARGES.
Lisa R. Merlin*. Department of Neurology/Department of Physiology &
Pharmacology, SUNY Health Science Center at Brooklyn, Brooklyn, NY 11203
Continuous bath application of 50 pM picrotoxin, an antagonist of GABAa receptormediated inhibition, elicited rhythmic synchronized bursts of 321 ± 19 ms duration in
CA3 pyramidal cells in guinea pig hippocampal slices (n=5). Addition of the group I
metabotropic glutamate receptor (mGluR) agonist (S)-3,5-dihydroxyphenylglycuie
(DHPG, 50 pM) for 20-45 min increased the burst duration to 1059 ± 173 ms (n=5);
this effect persisted 2-3 hours following agonist removal. To determine whether the
induction of this long-lasting effect required ongoing synchronized activity during
mGluR activation, DHPG application in a second set of experiments took place in the
presence of CNQX & CPP, antagonists of AMPA & NMDA receptors, respectively.
In these experiments, synchronized bursting was silenced during the mGluR agonist
application, yet following washout of DHPG and the ionotropic glutamate receptor
(iGluR) blockers, epileptiform discharges 4528 ± 817 ms in duration appeared and
persisted at least 2 hours following washout of the mGluR agonist (n=8). The
potentiated bursts were significantly shortened by application of (+)-MCPG or (S)4CPG, agents with group I mGluR antagonist activity (n=4).
These data suggest that transient activation of group I mGluRs, even during
suppression of synchronized epileptiform activity, is sufficient to induce a long-term
autopotentiation, allowing endogenous glutamate to act at group I mGluRs to produce
persistent prolonged seizure-length discharges.
The results suggest that the
development of the epileptic condition may take place in the absence of any
observable hyperactivity in the neuronal network, the only requirement being an
enhanced activation of group I mGluRs, and thereby implicate group I mGluRs as
potential
mediators
of
epileptogenesis.
[Funded by the National Institutes ofHealth NS 01901]

494.9

494.10

MODULATION OF EXCITATORY AMINO ACID TRANSPORTERS
(EAAT’s) IN KAINIC ACID- INDUCED SEIZURES. O. I. Claudio1, V
Eterovic2*and J. G. Ortiz1,1 Dept. of Pharmacology & Toxicology,
Univ. of Puerto Rico Sch. of Medicine, PO Box 365067, San Juan,
Puerto Rico 00936-5067. 2 Dept. of Biochemistry, Univ. Centra del
Caribe, Bayamdn, Puerto Rico 00956.
The extracellular glutamate levels (Glu) in the CNS are kept in the
low micromolar range by the activity of the Excitatory amino acid
transporters (EAAT’s). However, the role of EAAT’s in epilepsy
remains controversial. We have demonstrated that certain
convulsants (veratridine and kainic acid) reduce EAAT activity in
rat hippocampal slices. L-2-amino-4-phosphonobutyric acid (LAP4, a metabotropic glutamate receptor group III agonist, mGluRIII) restores EAAT activity and reduces epileptiform activity to near
control levels in kainic acid-treated (KA) slices. The L-AP4 effect is
mGluR-lll-specific and occurs within one hour. Similar observations
are obtained with MCPG, (mGluR-l/ll antagonist) Furthermore, in
slices from KA-seized rats, the saturation curve for glutamate
uptake is displaced to the left suggestive of a compensatory
change for the enhanced excitation. These results point to the
short-term regulation of EAAT by mGluR’s and its possible
contribution to epileptiform activity. (Supported by the Institutional
MBRS and RCMI programs).

FREQUENCY-DEPENDENT PRESYNAPTIC AUTOINHIBITION BY
GROUP II METABOTROPIC GLUTAMATE RECEPTORS AT THE
MEDIAL PERFORANT PATH INPUT TO THE DENTATE GYRUS.
J.N.C. Kew*, J.-M. Ducarre, T. Woltering, G. Adam, V. Mutel & J.A. Kemp
F. Hoffmann-La Roche Ltd, Preclinical CNS Research, CH-4070 Basel, Switzerland.
Presynaptic mGluRs are believed to inhibit synaptic transmission either by
inhibition of voltage-gated calcium channels and / or via direct activity on the release
machinery. Application of the group II mGluR selective agonists DCG-IV and
LY354740 resulted in a concentration-dependent inhibition of field EPSPs evoked by
stimulation of the medial perforant path input to the dentate gyrus (EC50 = 0.15pM
and O.lpM, respectively). The inhibition by LY354740 was antagonised with the
group II selective competitive antagonists LY341495 and Ro 65-3479 (pKB = 7.9 and
6.0, respectively). To assess whether the presumptive presynaptic group II mGluRs
act as presynaptic autoreceptors we employed a paired pulse strategy. The medial
perforant path input to the dentate gyrus exhibits paired pulse depression such that
the amplitude of the second of a pair of pulses separated by up to several hundred
milliseconds is depressed relative to the first. This depression may be mediated at
least in part by activation of presynaptic autoreceptors. Application of either
LY341495 or Ro 65-3479 did not effect the relative amplitude of the test response
elicited with an interpulse interval of 200ms. However, when a short burst
stimulation (3-7 pulses, 10ms interpulse interval) was used as a conditioning stimuli,
application of both antagonists resulted in a small increase in the relative amplitude
of the test response. Similar experiments with evoked population spikes (PSs)
revealed that the amplitude of a PS evoked 200ms after an initial burst was markedly
depressed relative to that of the first PS in the burst. Application of both LY341495
and Ro 65-3479 resulted in a marked increase in the relative amplitude of the final
PS. These observations are consistent with a presynaptic autoinhibitory action of
group II metabotropic receptors that is revealed following burst stimulation of the
pathway.
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PRESYNAPTIC REGULATION OF SYNAPTIC TRANSMISSION BY
GROUP III METABOTROPIC GLUTAMATE RECEPTORS AT AN
IDENTIFIED EXCITATORY SYNAPSE IN RAT HIPPOCAMPUS.
P. Ganter, P. Somogyi and O. Paulsen*. MRC Anatomical Neuropharmacology
Unit, University Department of Pharmacology, Mansfield Road, Oxford 0X1
3TH, U.K.
The highly specific location of a group III metabotropic glutamate receptor
(mGluR7) in the presynaptic active zone suggests it has a role in the dynamic
regulation of transmitter release (Shigemoto et al., Nature 1996;381:523).
The aim of this study was to investigate the effect of activation of group III
mGluRs on transmission in the excitatory synapse between hippocampal CA1
pyramidal neurons and horizontally oriented stratum oriens/alveus intemeurons
(HCs). A group III mGluR agonist, L-AP4, was bath-applied during whole-cell
patch-clamp recording from horizontal cells in hippocampal slices, and the effect
on pairs of EPSPs evoked by extracellular ‘minimal’ stimulation was monitored.
In control conditions, 26 out of 29 HCs showed paired-pulse facilitation of the
EPSP (range of the interstimulus interval 10ms to 200ms). Application of L-AP4
(25gM - 300pM; n= 12) led to a reduction in the amplitude of the first EPSPs.
At 50pM this reduction ranged between 22% and 80% (n=4). The effect on the
facilitation ratio was variable (out of 12 cells 6 showed an increase and 6 a
decrease of the facilitation ratio following application of L-AP4). The effect of
L-AP4 was partly blocked by CPPG (lOOpM - 300pM; n=6) and more potently
by LY341495 (15pM - 30pM; n=3). In 7 out of 8 cells where apparent failures
could be detected in control condition the reduction in EPSP amplitude was
associated with an increase in the apparent failure rate indicating a presynaptic
site of action for L-AP4. These data are consistent with a suppression of
transmitter release to HCs by activation of mGluR7 and/or other group III
mGluRs (Scanziani etal., PNAS 1998;95:12004-12009).
Supported by the Wellcome Trust and the Medical Research Council, U.K.
LY341495 was a gift from Eli Lilly Corp.

STUDY OF THE GLUTAMATERGIC-INDUCED SUPPRESSION OF THE
SLOW AFTER-HYPERPOLARISATION IN
HIPPOCAMPAL CA1
PYRAMIDAL NEURONS OF THE RAT.
S. Alberi*. Novartis Pharma Ltd., Research, 4002 Basel, Switzerland.
The slow calcium-dependent potassium current IAHP, which underlies spike
frequency adaptation in hippocampal neurons is modulated by glutamate via
mGluRs activation. However, the mGluR subtype involved is still unclear.
Whole cell patch-clamp recordings in voltage-clamp mode were performed on
rat hippocampal slices and the effects of a range of mGluR agonists and
antagonists were tested.
When (1S,3R)-ACPD, a group I and II agonist, was perfused at 20 pM it
suppressed the slow IAHP elicited by a depolarizing voltage jump in all the
neurons tested. The group I selective agonist, S-DHPG (50 pM) also abolished
the slow IAHP. By contrast, DCG-IV (1 pM) or L-AP4 (500 pM) which
selectively activate the group II and III mGluRs respectively, had no effect.
The S-DHPG -mediated suppression of the slow IAHP was inhibited in the
presence of MCPG (ImM), a concentration which antagonizes group I and II
mGluRs. Experiments done in the presence of the mGluRl selective antagonist
CPCCOEt (100 pM) showed no effect on the S-DHPG -induced suppression of
the slow Iahp .
Therefore, mGluR5 subtype was investigated by using the mGluR5 subtype
selective agonist CHPG. At 1 mM CHPG caused a strong reduction of the slow
J\HPTaken together, these result suggest that a group I mGluR, most likely
mGluR5 is involved in the modulation of the slow IAHP in CA1 pyramidal
neurons of the rat.

494.13

494.14

METHYLPHENYLETHYNYLPYRIDINE
(MPEP)
SELECTIVELY
ANTAGONIZES mGLUR5-MEDIATED EXCITATORY RESPONSE IN CA1
PYRAMIDAL NEURONS AND IN CULTURED ASTROCYTES. G. Mannaioni,
R.D. Peavy, F.J. Gordon* and P.J. Conn. Department of Pharmacology, Emory
University, Atlanta, GA, 30322.
To identify the mGluR subtypes responsible for direct excitatory effects of the
mGluR agonists CBPG and DHPG, on CA1 pyramidal cells and cultured astrocytes,
we used methylphenylethynylpyridine (MPEP), a novel potent and subtype-selective
antagonist at metabotropic glutamate receptor subtype 5 (Gasparini et al., Br. J.
Pharmacol., 125: 154p, 1999).
The excitatory post-synaptic effects of CBPG (100 pM, 10 min application) on
membrane potential, input resistance and cell excitability in CA1 pyramidal neurons
were previously described and studied by conventional intracellular recording
(Mannaioni et al., Soc. Neurosci. Abstracts, 24:843 p, 1998). MPEP (10 pM) almost
completely antagonized the CBPG-induced: i) depolarization of cell membrane
potential; ii) increase in input resistance; iii) reduction in the spike frequency
adaptation and iv) reduction in the amplitude of afterhyperpolarization. Moreover, we
characterized MPEP antagonist effects on the increased intracellular Ca2+
concentration induced by DHPG (100 pM) in cultured astrocytes, a preparation that
selectively expresses mGluR5. We find that, in control conditions, DHPG (100 pM)
increased fluorescence of the Ca2+-sensitive fluophine Fluo-3 that is greater than 3fold. MPEP antagonized the DHPG-induced response in 65 of 70 (92.8%) of the
cultured astrocytes tested.
Our data suggest that MPEP is a useful tool for studying mGluR5-mediated
neurotransmission in the central nervous system, and suggest that mGluR5 is
responsible for the direct excitatory effects of mGluR agonists on CA1 hippocampal
pyramidal cells as well as on mGluR-mediated calcium responses in cultured
astrocytes. Supported by Grants from NIH NINDS, and NARSAD.

NMDA-INDUCED INHIBITION OF mGLUR5 FUNCTION BY PROTEIN
KINASE C ACTIVATION. S, Alagarsamv*1. C. Junge2, G.W. Hubert3. D,
Gutman3 and P.J, Conn1. ’Dept. of Pharmacology, 2Graduate Program in Molecular
Therapeutics and Toxicology, 3Graduate Program in Neuroscience, Emory Univ.
School of Med., Atlanta, GA 30322.
Glutamate regulates neuronal function by acting on both ionotropic receptors, such
as the N-methyl-D-aspartate (NMDA) receptor, and metabotropic receptors (mGluRs).
We have recently shown that low concentrations of NMDA are able to potentiate
mGluR5-mediated responses presumably by reversing protein kinase C (PKC)activated mGluR5 desensitization. Evidence suggests that this response is mediated
by activation of a protein phosphatase that dephosphorylates specific serine/threonine
residues on mGluR5. Recent studies have also shown that higher NMDA
concentrations may inhibit mGluR function. Since mGluR5 receptors rapidly
desensitize via a PKC-dependent pathway, we examined the possibility that the
inhibition of mGluR5 function by higher concentrations of NMDA may be mediated
by activation of PKC.
Voltage clamp recordings obtained from Xenopus oocytes injected with cRNA for
mGluR5a, and the NMDA receptor NRla and NR2b subunits revealed that high
concentrations of NMDA (50-100 pM) that elicited large currents (> 400 nA) caused
an inhibition of mGluR5-mediated currents in Xenopus oocytes. The PKC inhibitor,
bisindolylmaleimide (BIS) reverses NMDA-induced reduction of agonist-induced
currents. The inhibitory effects of higher concentrations of NMDA in oocytes was also
observed when measuring DHPG-induced PI hydrolysis in rat brain slices. As in the
oocytes BIS blocked the effect of NMDA. Consistent with this, immunoprecipitation
back phosphorylation assays show that 100 pM NMDA induces mGluR5
phosphorylation to a similar degree as mGluR5 agonist alone.
These data suggest a dual role of NMDA receptor activation in regulating mGluR5
function. Low levels of NMDA receptor activation may potentiate mGluR5 responses
by activation of a serine/threonine protein phosphatase and subsequent
dephosphorylation of mGluR5. Whereas, higher concentrations of NMDA may impact
this pathway by activating PKC resulting in a higher degree of mGluR5
phosphorylation and subsequent attenuation of function. The dual regulation of
mGluR5 ftinction by NMDA may have functional impact on NMDA receptor-mediated
forms of synaptic plasticity. Supported by NIH NINDS grant NS31373 (PJC) and
NS 10511-01 (SA).

494.15

494.16

PKC INHIBITS MGLUR7 FUNCTION BY DISRUPTING COUPLING
OF THE RECEPTOR TO THE GTP-BINDING PROTEIN. T.A. Macek*
and P.J. Conn Department of Pharmacology and Program in Molecular
Therapeutics and Toxicology, Emory University School of Medicine,
Atlanta, GA 30322.
Metabotropic glutamate receptors (mGluRs) are a family of eight
G-protein coupled receptors which may be divided into three broad groups
based on pharmacological properties, effector coupling, and sequence
homology. Group I mGluRs consist of mGluRs 1 and 5, group II mGluRs
consist of mGluRs 2 and 3, and group III mGluRs consist of mGluRs 4,6,7,
and 8. All three groups of mGluRs presynaptically inhibit excitatory
transmission throughout the CNS, and different complements of mGluRs
mediate this inhibition at different synapses. For example, at the three
major excitatory hippocampal synapses, different complements of mGluRs
reduce transmission at each synapse, and the molecular identity of the
mGluRs which mediate these effects have been identified.
We and others have previously shown that both group II and group
III mGluR-mediated inhibition may be disrupted by the activation of PKC
at hippocampal synapses. We have also demonstrated biochemically that
the inhibition may be due to an uncoupling of the receptor from the GTPbinding protein. At two of the hippocampal synapses investigated, the
molecular identity of the inhibitory mGluR is most likely mGluR7.
Utilizing heterologous expression systems, we present further evidence that
the inhibitory effect of PKC on mGluR7 function is due to an uncoupling
of the receptor from the GTP-binding protein, possibly by a direct
phosphorylation of the receptor protein. This work was supported by grants
from NIH NINDS, NIMH, and NARSAD.

EFFECTS OF PKC ACTIVATION ON mGluR2 RECEPTOR
PHOSPHORYLATION AND FUNCTION. H, Schaffhauser*. T.A. Macek,
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and P.J. Conn.
Department of Pharmacology and Program in Molecular
Therapeutics and Toxicology, Emory University School of Medicine, Atlanta, GA
30322.
Metabotropic glutamate receptors (mGluRs) may be classified into three groups
based on sequence homology and pharmacological properties. One of the primary
functions of group II and group III mGluRs is to presynaptically reduce transmitter
release at glutamatergic synapses. We and others previously demonstrated that
group II mGluR (likely mGluR2) function at glutamatergic synapses in the
striatum and hippocampus are inhibited by activation of protein kinase C
(PKC).Interestingly, PKC also inhibits the effect of group II mGluR agonists on
35S-GTPyS binding in cortical synaptosomes. This suggest that PKC effects on
mGluR2-mediated responses are due to an uncoupling of mGluRs from GTP
binding-protein. We now report that PKC induces a direct phosphorylation
mGluR2. This can be see when recombimant mGluR2 is expressed in heterologous
expression systems or when native mGluR2 is immunoprecipitated from cerebellar
granule cells. Also purified PKC directly phosphorylates fusion proteins of
intracellular domains of mGluR2. These data raise the possibility that PKCinduced regulation of mGlu2 function may be mediated by a direct
phosphorylation of the receptor. We are now using site directed mutagenesis of
PKC consensus sites on intracellular domains of mGluR2 to study the
phosphorylation of the different mutants in transiently transfected cells. In
addition, analysis of positive mutants in GTPyS binding assay is been used to
determine specific phosphorylation sites that may be important for regulation of
mGluRs function. Supported by grants from NIH NINDS and NARSAD.
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THE ROLE OF PROTEIN KINASE C IN REGULATION OF
METABOTROPIC GLUTAMATE RECEPTOR 5-MEDIATED
SIGNALING PATHWAYS. R.D. Peavy*. F.J, Gordon and P.J, Conn.

Department of Pharmacology, Emory University School of Medicine and
Graduate Program in Molecular Therapeutics and Toxicology, Graduate
Division of Biological and Biomedical Sciences, Emory University, Atlanta,
GA 30322
Group I mGluRs exhibit rapid receptor desensitization that may
significantly affect central nervous system function. Stimulation of the Group
I mGluR5 in astrocytes results in activation of phospholipase C (PLC) and
increases in phosphoinositide (PI) hydrolysis and the activation of mitogenactivated protein (MAP) kinases. These responses diminish rapidly in the
continued presence or repeated application of agonist, a phenomenon generally
termed desensitization. Previous studies suggest that the rapid desensitization
exhibited by mGluR5 in several systems is mediated by activation of protein
kinase C (PKC). Activation of PKC decreases mGluR5-mediated responses,
and PKC inhibitors block rapid desensitization of mGluR5-mediated
responses. We have shown in cultured cortical astrocytes that mGluR5mediated increases in PI hydrolysis and intracellular calcium levels are
abolished by prior activation of PKC and potentiated almost two-fold by
inhibition of PKC. In contrast, MAP kinase activation by mGluR5 stimulation
appears neither mediated nor regulated by PKC activation. Inhibition of PKC
did not prevent MAP kinase activation by mGluR5 stimulation and did not
alter the time-course of MAP kinase inactivation. These studies suggest that
the mGluR5-mediated activation of PLC and MAP kinase signaling pathways
are differentially regulated. Supported by grants from NIH NINDS, NIMH,
and NARSAD.

EXCITATORY AMINO ACID RECEPTORS: LIGAND-GATED CHANNELS III
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HISTAMINE DEPENDENT POTENTIATION OF EXCITOTOXICITY BY
MICROMOLAR CONCENTRATIONS OF TERFENADINE. Antonello
Novelli* a’b. Ramon Diaz-Trelles a and Marfa Teresa Fernandez-Sanchez3.a
Dept. of Biochem. and Mol. Biology and bDept. Psychology, University of
Oviedo, Asturias, 33006 Spain.
Terfenadine (TEF) is an histamine Hl receptor antagonist that has been shown
to posses a complex pharmacological profile. Thus, TEF has been suggested to
block voltage sensitive ion channels or binding to P-glycoprotein in non
neuronal cells. We used primary neuronal cultures of cerebellar granule cells to
study the possible effects of TEF on glutamate receptor activation. Subtoxic
concentrations of glutamate (GLU, 15 pM) became excitotoxic in neurons
preincubated with micromolar concentrations of TEF (5 pM, 5 hours). Such
effect was reversed by histamine in a dose-dependent manner. At least 1 mM of
histamine was required to achieve maximum protective effect. Other Hl
antagonist such as oxatomide (20 pM), chlorpheniramine (25 pM) and
triprolidine (50 pM), also potentiated GLU excitotoxicity. Neuronal
stimulation with N-methyl-D-Aspartate (NMDA, 25-100 pM) or AMPA (100200 pM) became toxic in cultures pretreated with TEF and produced a
significant intracellular calcium increase as compared to TEF untreated neurons.
TEF also increased significantly cGMP formation following NMDA
stimulation. Voltage sensitive calcium channels stimulation of cGMP by BayK8644 (2 pM) or by a depolarizing stimulus (KCI 50 mM) was significatly
reduced by TEF pretreatment.
Our data suggest that micromolar concentrations of TEF could potentiate
calcium influx and excitotoxicity upon stimulation of NMDA or non-NMDA
receptors through mechanisms involving the modulation of intracellular
calcium concentration. This work was supported by grants FICYT PAPGI9501 and CICYT SAF98-0171.

NITRIC OXIDE CONTRIBUTES TO AMPA EXCITOTOXICITY IN
HIPPOCAMPUS VIA THE NEURONAL ISOFORM OF NITRIC OXIDE
SYNTHASE. J. Chan* and V. Vakil Dept. of Neurology, SUNY Health Science
Center, Brooklyn, NY 11203
Organotypic hippocampal slices cultured from postnatal day 10 rat, exposed briefly
(30 minutes) to 10 pM AMPA in the presence of 10 pM cyclothiazide (to inhibit
desensitization of the AMPA receptor) resulted in Ca2+-dependent excitotoxicity
selective to the CA1 pyramidal layer after 24 hours. This pattern resembles that found
after moderate to severe cerebral ischemia invivo.
To quantify the role of nitric oxide (NO) as second messenger in AMPA-induced
excitotoxicity, two different NO-trapping agents were used: (Dithiocarboxy)
sarcosine (DTCS, 10-300 pM) and 2-(4-caiboxyphenyl)-4,4.5,5-tetramethylimidazoline-1-oxy1-3-oxide (caiboxy-PTIO, 10-1,000 pM). Both agents protected,
by 22.5 % and 23.8% respectively. Hemoglobin, another NO-trapping agent, proved
toxic to the hippocampal slices. NG-nitro-L-arginine (L-NNA), an inhibitor of the
constitutive (neuronal and endothelial) isoforms of nitric oxide synthase (NOSI),
protected to the same degree, 24.2%, as
the NO trapping agents. 7-nitroindazole
(7-NI), a selective inhibitor of neuronal
NOS, protected 30.6% at 300 pM. In
contrast, S,S’-l,3-phenylene-bis(l,3r
ethanediyl)-bis-isothiourea (PB-ITU, 10!<
lOOpM) an agent that selectively targets
o
inducible NOSI (IC50= 0.047 pM), did
5
not protect Protection by NO agents are
summarized in the figure. Other NOSI
that were tested and will be discussed.
Supported by NIH grant 1 K08 NS01835-01
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BINDING OF GACYCLIDINE, A POTENT NEUROPROTECTOR, IN THE RAT
CENTRAL NERVOUS SYSTEM.
LVignon1, A Privat1, JM Kamenka*2 and H Hirbec1 (1) INSERM U 336, ENS Chimie,
Montpellier, France; (2) CNRS UPR 1086, ENS Chimie Montpellier.
Gacyclidine, the racemate of (+) and (-)GKll, exhibits potent neuroprotective
properties in rodents. It binds with a relatively high affinity to the PCP receptor within
the ionic channel of the NMDA receptor. In rat and in contrast to MK801, gacyclidine,
even at high doses, did not induced neurotoxicity when administered in vivo.
Gacyclidine has been tritiated and its binding properties in the rat central nervous system
were determined.
In the telencephalon and the spinal cord the autoradiographic study has disclosed a
[3H]gacyclidine binding distribution similar to that of NMDA receptors. However, in the
cerebellum the granular layer was only slightly more labeled than the molecular layer.
Binding experiments on telencephalon, cerebellum and spinal cord homogenates
have shown that [3H]gacyclidine association and dissociation kinetics were far slower
than those of other non competitive NMDA antagonists. Competition experiments have
revealed in spinal cord and cerebellum homogenates a low affinity component
insensitive to MK801. On high affinity sites (-)GKll, the (-) enantiomer of gacyclidine,
exhibited an affinity (3.6 nM) similar to that of MK801 (3.0 nM) in the low nM range.
(+)GK11 was about 10 times less potent (30.9 nM). As previously observed with
[3H]MK801 or [3H]TCP the affinities determined in the cerebellum were about 4 times
lower. On low affinity sites in the spinal cord the stereoselectivity of the enantiomers
was inverted: (+)GK11 (0.41 pM) was 5 times more potent than (-)GKl 1 (2.1 pM). The
sigma ligand PRE-084 had no effect on [3H]gacyclidine binding whatever the nervous
tissue considered.
These results show that [3H]gacyclidine binding properties are accounted for by an
interaction with NMDA receptors and low affinity sites detected in the spinal cord and
the cerebellum.
Supported by Beaufour-IPSEN and the INSERM.

LOCALIZATION OF GACYCLIDINE NON-NMDA BINDING SITES IN THE
CEREBELLUM OF MUTANT MICE: AN AUTORADIOGRAPHIC STUDY.
H Hirbec, A Privat. MC Calvet* and J Vignon INSERM U 336, ENS Chimie,
Montpellier, France.
Gacyclidine, a TCP derivative with potent neuroprotective properties in rodents,
interacts with NMDA receptors and with low affinity sites not yet identified but mainly
located in the molecular layer of the cerebellum. We have used mice bearing mutations
leading to selective cell loss in the cerebellum and X-irradiated rat to determine with
wich cell population these sites are associated.
Slices of PCD and Lurcher mice, X-irradiated rats, and their respective strain control
were incubated in the presence of the (-) enantiomer of gacyclidine ([3H]GK11) in
conditions allowing its interaction with NMDA receptors or non-NMDA binding sites.
After exposition on 3H-hyperfilm for 3 weeks the binding was quantified.
In all mutant animals and relatively to control strains, in the presence of glutamate
and glycine, [3H]GK11 binding to NMDA receptors was not modified in the
telencephalon. Relatively to the granular layer of control animals, in Lurcher mice and
X-irradiated rats (loss of granular cells) the binding in the gray matter was reduced by 60
and 40 % respectively. In PCD mice, devoid of Purkinje cells, the decrease was of 15 %.
In conditions allowing the binding of [3H]GK11 to non-NMDA sites, in control
animals the molecular layer was more labeled than the granular layer. In Lurcher mice
the remaining binding was close to the non specific binding. In PCD mice the binding
level was similar to that measured in the granular layer of control animals. In Xirradiated rats two layers could be distinguished. The highest labeling was identical to
that of the molecular layer of control animals and was associated to the presence of
Purkinje cell bodies. Taken together these results strongly suggest that non-NMDA
[3H]GK11 binding sites are mainly associated to the Purkinje dendritic tree. They are
also detectable in the granular layer. In this layer, however, we were unable to precisely
determine to which cell type they are associated.
Supported by Beaufour-IPSEN and the INSERM.
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Distribution of ionotropic glutamate receptors during maturation of CA3CA1 hippocampal neurons in culture.
L.A. Pickard. J. Noel*. E. Molnar. G.L, Collingridge. J.M. Henley. MRC
Centre for Synaptic Plasticity, Dept. of Anatomy, University of Bristol,
Bristol BS8 1TD, U K.
We investigated the surface distribution of glutamate receptors on live
neurons from post-natal cultures of CA3-CA1 hippocampal cells at different
age points. We used polyclonal, antibodies against an extracellular epitope of
the AMPA receptor common to GluRl-4 subunits and against the N-terminal
domain of NR1, and a monoclonal antibody against the N-terminal domain of
GluR2. The staining of live neurons after two weeks in culture with GluRl-4
antibody was punctate and highly colocalised with the presynaptic marker
synaptophysin. Dual labelling experiments with GluRl-4 and GluR2 specific
antibodies showed a high degree of colocalisation, demonstrating that the
GluR2 subunit is present at almost all AMPA receptors containing synapses.
Live neurons, cultured for 3-5 days, 7-10 days and two weeks were double
labelled with GluR2 and NR1 specific antibodies. Neurons cultured for 3-5
days revealed a punctate staining for NR1 and almost no surface staining for
GluR2. At this age in culture the majority of NR1 staining colocalised with
synaptophysin. After 7-10 days in culture, there was a high degree of
colocalisation of AMPA and NMDA receptors. Neurons cultured for more
than 2 weeks similarly displayed a high proportion but not a complete
colocalisation of NMDA and AMPA receptors, suggesting that in matured
neurons a proportion of synapses contain only NMDA receptors. Supported
by the MRC.

HETEROGENEOUS AND FUNCTIONAL EXPRESSION OF AMPA AND
KAINATE RECEPTORS IN THE OLFACTORY BULB M.S. Homing* and P.O,
Trombley Dept. of Biological Science, Florida State Univ, Tallahassee, FL 32306
Glutamate dominates excitatory synaptic transmission in the olfactory bulb
(OB) and activates both NMDA and AMPA/kainate (non-NMDA) receptors on
mitral/tufted (M/T) cells and interneurons. However, the receptor identity underlying
non-NMDA receptor components has not been delineated and it is unknown if these
components are mediated by AMPA receptors, kainate receptors, or both.
AMPA evoked AMPA receptor-mediated currents in the majority of rat OB
neurons in culture. Smaller kainate receptor-mediated currents also were observed in
most neurons by co-applying the selective AMPA receptor antagonist, GYKI
52466, with kainate.
Alternative splicing of AMPA receptor subunits GluR 1-4 generates “flip” and
“flop” splice variants, which influence the kinetics of the current. The kinetic
properties of AMPA-evoked currents in OB neurons suggest that both flip and flop
variants are heterogeneously expressed. Preliminary data with cyclothiazide, an
AMPA receptor modulator that differentially potentiates flip and flop splice
variants, further supports this notion.
Coapplication of zinc or copper had variable effects on AMPA or kainate
receptor-mediated currents, consisting of potentiation, inhibition, or no effect. The
nature of the effects on AMPA receptors appears to be splice variant dependent.
Immunocytochemical data suggest that most AMPA receptors express the
GluR2 subunit. Furthermore, I-V relationships were linear and relatively insensitive
to changes in external concentrations of calcium, indicating that the GluR2 subunit
is expressed in its edited form. Staining for kainate subunits GluR 5,6,7 and AMPA
subunit GluR2 suggest that both receptors may be presynaptically and
postsynaptically localized on OB dendrites. Presynaptically, these receptors may be
involved in facilitating or inhibiting neurotransmitter release, and postsynaptically,
they may contribute to fast excitatory transmission in the OB.
Supported in part by the NIH (NIDCD)
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ORGANIZATION OF IONOTROPIC GLUTAMATE RECEPTORS AT
DENDRO-DENDRITIC SYNAPSES IN THE RAT OLFACTORY BULB. M.
Sassoe-Pognetto1* and O.P, Ottersen2. ’Dept. of Anatomy, Pharmacology and
Forensic Medicine, University of Turin, 1-10126 Turin, Italy; 2Dept. of Anatomy,
Institute of Basic Medical Sciences, University of Oslo, N-0317 Oslo, Norway.
Dendro-dendritic synapses between mitral (or tufted) and granule cells of the
olfactory bulb play a major role in the processes of odor discrimination and
olfactory learning. The basic physiological properties of this circuit have been
characterized. Mitral cell dendrites release glutamate and excite granule cell
dendrites, which in turn mediate GABAergic inhibition back onto the mitral cells.
It is not known, however, what is the molecular organization and the precise
distribution of neurotransmitter receptors at these reciprocal contacts. In the
present study, we analysed the synaptic and subsynaptic localization of the NR1
'and GluR2/3 subunits with a sensitive, high-resolution immunogold procedure.
Both subunits were found at the asymmetric synapses made by mitral cell
dendrites with granule cell dendrites. The immunoreactivity was associated with
the postsynaptic membrane and the PSD, and no receptor immunolabelling was
found at symmetric (GABAergic) synapses. The distribution of gold particles
along the pre-to-postsynaptic axis was calculated. Gold particles representing
GluR2/3 (404 particles in 58 synapses) displayed a single peak on the postsynaptic
membrane, suggesting that no or very few AMPA receptors are expressed
presynaptically. The distribution of NR1 (548 particles in 71 synapses) was also
predominantly postsynaptic and displayed two peaks at 0 nm (corresponding to
the postsynaptic membrane) and 20 nm (intracellular), respectively.
These results indicate that NMDA and AMPA receptors have a highly
compartmentalized distribution on the dendrites of granule cells, and that they are
both involved in the dendro-dendritic signaling between mitral/tufted and granule
cells. Antibodies were kindly donated by Dr. R.J. Wenthold. Supported by the
Norwegian Research Council and the Italian M.U.R.S.T.

COLOCALIZATION OF
GLUTAMATE
IONOTROPIC RECEPTOR
SUBUNITS IN THE HUMAN TEMPORAL NEOCORTEX. M.C. Gonzalez-Albo
and J, DeFelipe*. Institute Cajal (CSIC), 28002 Madrid. Spain.
Glutamate is considered to be the neurotransmitter of most excitatory synapses
in the cerebral cortex, where multiple subtypes of glutamate receptors have been
identified. Ionotropic receptors represent a major class of receptors which play
fundamental roles in normal excitatory synaptic activity, and probably in the
etiology of several brain diseases. These receptors have been subdivided into aamino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA), kainate, and Nmethyl-D-aspartate (NMDA) subtypes, which, in turn, are composed of
multimeric assemblies of functionally distinct receptor subunits. In the monkey
neocortex, different subpopulations of neurons have been identified on the basis of
immunocytochemical co-localization studies using subunit-specific antibodies.
However, to date similar analyses have not yet been performed in the human
neocortex. Thus, we have performed an immunohistochemical study in the human
temporal neocortex to compare the distribution of the following AMPA, kainate and NMDA-receptor subunits: GluRl, GluR2, GluR2/3, GluR2/4, GluR5/6/7 and
NMDAR1 subunits. In double labelling experiments a high degree of
colocalization was observed in neurons for the combinations of GluR2 with GluR
2/3 and GIuR2/4, and of NMDAR1 with GIuR2 and GluR2/4 (93-100%) whereas,
for other combinations the degree of colocalization varies between 38% and 88%.
Some of the percentages found in the human cortex are similar to those reported in
the monkey cortex, whereas others differ considerably. These results further
emphasize the diversity of excitatory circuits in the human neocortex and suggest
species differences with regard to some of these circuits. (Supported by FIS grant
98/ 0933 and Comunidad de Madrid grant 08.5/ 0014/1997).
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CALCIUM BINDING PROTEINS EXPRESSING NEURONS
POSSESS CALCIUM PERMEABLE AMPA RECEPTOR CHANNELS
IN RAT FOREBRAIN REGION. M. Kondo1-2 3, S. Okabe4, H.
Kamogawa2*, R, Sumino2 and H. Okado1 -3.1 Dept. of Neurobiology,
Tokyo Metropolitan Inst, for Neurosci.; Fuchu 183-8526, Japan; 2Dept.
of Physiology, Sch. of Dent., Nihon Univ.; 3CREST, Japan Sci. and
Technol. Co.; 4Lab. of Molecular Neurobiology, National Inst, of
Biosci. and Human-Technol.
The Ca2+ permeability of AMPA receptors is determined by the relative
abundance of GluR2 subunits. On the basis of the differential
expressions of GluRl and GluR2 subunits, we classified the forebrain
neurons into 6 categories and analyzed the expression of Ca2+ binding
proteins (parvalbumin, calbindin-D28k) in each type of neurons with a
triple labeling method. The Ca2+ binding proteins immunoreactivities
were observed in GluRl(++)/GluR2(-), GluRl(+)/GluR2(-) and
GluRl(++)/GluR2(+) neurons, but not in GluRl(+)/GluR2(+), GluRl(-)
/GluR2(+) and GluRJ(-)/GIuR2(-) neurons. The results propose that
many neurons containing the Ca2+ binding proteins express the Ca2+
permeable AMPA receptors. We measured rise of intracellular Ca2+
concentration ([Ca2+J,) in cortical cultured neurons after application of 30
gM AMPA and 100 pM cyclothiazide using fura-2AM ratio imaging. To
isolate Ca2+ influx through AMPA receptors, cells were preincubated with
the cocktail of Na+ channel, Ca2+ channel and NMDA receptor blockers.
Under this condition, the increase of [Ca2*} through AMPA receptors in
the calbindin-D28k positive neurons was significantly higher than that in
calbindin-D28k negative cells. The results suggest that the expression of
Ca2+ binding proteins correlates with the Ca2+ permeability of AMPA
receptors. Supported by the MESC of Japan and CREST JST.

FLIP AND FLOP ISOFORMS OF GluRl GLUTAMATE RECEPTOR mRNA IN
THE CHICK TECTUM: EFFECTS OF RETINAL LESIONS. R.S. Pires1’, N.A,
Reboucas’. R.M. Duvoisin2 and L.R.G. Britto’. ’Dept. Physiol. Biophys., Inst, of
Biomed. Sci., Univ. S3o Paulo, Sao Paulo (SP), Brazil and 2Dept. Ophthalmol.,
Cornell Univ. Med. Coll., New York (NY), USA.
Glutamate is the main excitatory transmitter in the retinotectal system. Molecular
cloning of glutamate receptor (GluR) subunits has permitted an improved knowledge
of GluR localization in the nervous system. The aim of this study was to investigate
the expression patterns of the flip and flop isoforms of GluRl mRNA in the chick
optic tectum and also analyse possible changes in tlieir expression in response to
retinal lesions. Chicks were anesthetized with ketamine and xylazine and submitted
to unilateral retinal lesions. After survival times of 2 and 7 days, the animals were
sacrificed and both the control and deafferented tecta were removed for total RNA
extraction. A sensitive RNase protection assay was employed to determine mRNA
levels offlip and flop splicing variants of the GluRl subunit. The distribution profile
of specific mRNAs showed that the flop isoform is more strongly expressed in the
tectum than the flip variant. Retinal lesions produced marked effects upon mRNA
levels of both flip and flop variants of GluRl. Two days following the lesion, the
mRNA levels of GluRl flip and flop variants decreased in the deafferented tectum in
relation to the ipsilateral (control) tectum. After 7 days, the mRNA levels of both
GluRl isoforms were increased. However, tlie flip isoform mRNA showed a more
marked increase than the flop mRNA. In contrast, 18S ribosomal RNA levels,
measured in parallel as a control, were unchanged. These results indicate that retinal
lesions may induce a down-regulation offlip and flop variants of GluRl over the first
2 days, followed by an up-regulation of both isoforms after 7 days. These effects
could be due to the removal of the glutamatergic input from retinal ganglion cells
and/or the withdrawal of a retinotectal trophic factor.
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IN SITU HYBRIDIZATION ANALYSIS OF FLIP/FLOP SPLICE VARIANTS
OF AMPA-TYPE GLUTAMATE RECEPTORS IN THE RAT KOLLIKERFUSE AND PARABRACHIAL NUCLEUS A. Guthmann and H, Herbert*. Dept.
Animal Physiol., Univ. of Tubingen, Auf der Morgenstelle 28, D-72076 Tubingen,
Germany.
Physiological differences between heteromeric receptor complexes are
largely determined by their subunit composition. The aim of the present study was
to analyze the occurrence and distribution of flip/flop splice variants of AMPA-type
glutamate receptors (GluR) in the rat parabrachial and Kolliker-Fuse nucleus
(PB/KF). We performed in situ hybridization experiments on sections through
different rostro-caudal levels of the PB/KF and analyzed subunit expression by
means of grain counts for each probe in 8 PB nuclei and in the KF.
Our experiments revealed that the splice variants of AMPA-type receptors
are expressed differentially in the distinct nuclei of the PB/KF. We observed that in
the PB/KF the flip splice variants of AMPA receptor mRNAs were predominantly
expressed (GluR B flip-D flip). In contrast, the flop splice variants (GluR A flop and
C flop) were expressed considerably weaker. Within the PB/KF, transcripts of GluR
B flip (superior, central, dorsal, external, ventral lat. PB, waist, med. PB, KF) and
C flip (internal, superior, central, dorsal, external, ventral lat. PB, waist, KF) were
expressed in numerous PB/KF nuclei. In contrast, transcripts of GluR D flip
(internal lat. PB) and GluR A flop (med. PB, KF) and C flop (superior lat. PB, KF)
were expressed more restricted in the PB/KF.
The present data implicate that glutamatergic neurotransmission in selected
nuclei of the PB/KF is mediated by AMPA receptors consisting of different subunits
and splice variants. These receptor types most likely exhibit different physiological
and pharmacological properties such as desensitization time constant, current
amplitude, glutamate affinity, and Ca2+-permeability. (Supported by GKN Tubingen
and DFG, grant He 1842/6-1, /6-2).

DEVELOPMENTAL
DISTRIBUTION
OF
GLUTAMATE
RECEPTOR
SUBUNITS KA2, GLUR6/7, and 51/2 IN THE RAT MEDIAL NUCLEUS OF
THE TRAPEZOID BODY. S. LOhrke1, J.H. Brandstatter2*, and E. Friauf1 1lnst.
Physiol. Ill, Univ. Frankfurt, 60596 Frankfurt/M, Germany; Max-Planck-Institute
for Brain Research, Frankfurt/M, Germany
The medial nucleus of the trapezoid body (MNTB) acts as a relay nucleus in
the transmission of auditory information from the cochlear nucleus (CN) to the
lateral superior olive. Glutamate receptors mediate the excitatory synaptic
transmission in the CN-MNTB projection.
Here we performed
immunohistochemistry to investigate the expression pattern of the kainate
receptor subunits KA2 and GluR6/7 and the ionotropic glutamate receptor
subunits 51/2 during early postnatal development. Auditory brainstem slices of
rats (P2-23) were stained with specific antibodies using an avidin-biotinperoxidase system and DAB. To objectively quantify the intensity of
immunoreactivity (IR), images of the MNTB were scanned with a CCD camera
and used for gray value measurements with an image analysis software. Each
of the three antibodies produced IR in the neuronal cell bodies and the
neuropil of the MNTB at all ages analyzed. The intensity of IR in the cell
bodies was always higher than that in the neuropil. The statistical analysis
showed no developmental shift in the intensity of KA2-IR between P2 and
P23. In contrast, the intensity of GluR6/7-IR at P2-6 was significantly higher
than that at P8-22. Furthermore, the intensity of GluR6/7-IR increased
between P2 and P6, whereas it remained nearly constant after P8. In analogy
to the GluR6/7-IR, the intensity of 51/2-IR was higher at P2-6 than at' P8-23.
However, the intensity of 51/2-IR decreased from P2 to P6 and reached a
constant low level after P8. Our results demonstrate the continuous presence
of the glutamate receptor subunits KA2, GluR6/7, and 51/2 in the developing
MNTB, yet quantitative changes occur which might be associated with
functional differences. Supported by the DFG (SFB 269-B5)

495.13

495.14

ENRICHMENT OF GLUR4 AT CORTICAL SYNAPSES IN

TARGETING OF THE GLUTAMATE RECEPTOR, DELTA 2, IN HELA CELLS
AND NEURONS. M.E. Rubio*, C.D. Ly and R.J. Wenthold. Laboratory of
Neurochemistry, NIDCD, NIH, Bethesda, MD, 20892.
The delta 2 (52) glutamate receptor is differentially expressed in the
postsynaptic membranes of the two glutamatergic synapses of the Purkinje
neuron of the adult cerebellum. Parallel fiber synapses contain high levels of 52
receptors while climbing fiber synapses have very low levels (Landsen et al., J.
Neurosci. 17:834; Zhao etal., J. Neurochem. 68:1041; J. Neurosci. 18:5517).
This distribution pattern is developmentally regulated, and at P10 and P15,52 is
expressed at both synapses. We are interested in determining the molecular
mechanisms that control the selective targeting of 52 receptors to these two
synapses. The C-terminus of ionotropic glutamate receptors, with its cytoplasmic
orientation, is a likely candidate for containing intracellular targeting information.
To study the role of the C-terminus in the targeting of the 52 receptor, we are
developing epitope-tagged constructs of the receptor to determine the domains
important for synaptic targeting. Constructs were transfected into HeLa cells.
Constructs containing the entire C-terminus were expressed on the surface of
HeLa cells, like that of the entire 52 protein. Deletion of nearly the entire Cterminus also resulted in surface expression, suggesting that surface expression
is a default for this construct. Expression in neuronal cultures gave a punctate
surface pattern. We are currently studying expression in Purkinje neurons in
slices obtained from 11 day old rats by using the biolistic method. (Supported by
the NIDCD)

VENTROBASAL AND RETICULAR THALAMIC NUCLEI. E, Mineff. R.
Weinberg. A. Rustioni. and K, Phend*. Dept. of Cell Biology, Univ. of North
Carolina, Chapel Hill, NC 27599.

Glutamatergic terminals from layer VI of somatic sensory cortex (SI) are dense
in the ventrobasal (VB) and reticular (RT) thalamic nuclei. To identify which

AMPA subunits are prevalent at these synapses in the two functionally different
nuclei, rats were perfused few days after biotinylated dextran was injected into

deep layers of SI. Fifty-pm thick sections through thalamus were processed for

visualization of the tracer with peroxidase, then embedded and processed for
postembedding immunogold (Phend et al., 1995), using antibodies against

AMPA receptor subunits. Of these, GluR4 gave the highest counts of gold
particles per identified cortical synapse. GluR4 was infrequently detected at

synapses of ascending lemniscal fibers in VB, or of intrathalamic projections to
RT. These results demonstrate selective expression for GluR4 at terminals of

cortical descending projections. The density of GluR4 at cortical synapses in the

two nuclei was not uniform: GluR4 was expressed at four times higher levels in
RT than in VB. Since RT contains only GABAergic neurons, which are

virtually absent from VB, these results also suggest a target selectivity for

GluR4 subunit of the AMPA receptor. Supported by NIH awards# 16264 (to
AR) and 35527 (to RJW).
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POLARIZED SORTING OF KAINATE GLUR5 RECEPTORS IN
HIPPOCAMPAL NEURONS IN CULTURE. N. Kayadjanian, G.T. Swanson
and S.F. Heinemann*. Molecular Neurobioiogy Laboratory, The Salk Institute,
La Jolla, CA 92037, USA.
The mechanisms underlying targeting of receptors and in particular ionotropic
glutamate receptors have important physiological implications, as receptors
localized in dendrites or axon terminals subserve different neuronal functions.
Functional data suggest a presynaptic localization of GluR5 kainate receptors in the
axonal compartment. Using two models of polarized cells (MDCK cells and
hippocampal primary cultured neurons), our aim is to identify signal sequences that
specify targeting of GluR5 protein. Cultured hippocampal neurons were transiently
transfected with cDNA encoding GluR5 tagged with the green fluorescent protein
(GFP) to visualize GluR5 protein. Immunocytochemistry techniques coupled with
confocal analyses have revealed the presence of GluR5-GFP mainly in the soma and
proximal dendrites at all stages of development of hippocampal neurons in culture.
The presence of the GFP protein did not modify the electrophysiological properties
of GluR5 receptors in HEK cells. In addition, the pattern of labelling of GluR5-GFP
was comparable to the distribution of endogenous GluR5 receptors in hippocampal
neurons in culture. Using antibodies specific to the apical and baso-lateral domain
followed by laser scanning confocal analysis of transfected MDCK cells, we
showed that GluR5-GFP was present in the perinuclear region and at the lateral
membrane. Various deletion mutants of the GluR5-GFP are being made to identify
the domain(s) important in the polarized expression of GluR5 in the somatodendritic/baso-lateral domain of neurons and MDCK cells, respectively. This work
was funded by NARSAD and HFSP (to N.K), NIH (to GTS and SFH), McKnight (to
SFH) and NRSA (to GTS).

ASSEMBLY OF 52 GLUTAMATE RECEPTORS WITH AMPA/KAINATE
GLUTAMATE RECEPTORS. K. Kohda, H. Umemori1, and M. Yuzaki* Dept.
Dev. Neurobiol., St. Jude Children’s Res. Hosp., Memphis, TN 38105; ’Dept.
of Anatomy & Neurobiol., Washington Univ. Sch. of Med, St. Louis, MO
63110.
The functions of the orphan glutamate receptor 52 are largely unknown,
despite their essential roles in the cerebellum. 52 receptors do not bind glutamate analogs when they are expressed in heterologous cells. We previously
demonstrated that a point mutation of 52 (52Lc), which was identified in lurcher
ataxic mice, caused channel activation in the absence of ligand binding and
displayed distinct properties similar to those of kainate channels (Soc. Neurosci. Abstracts 333.12, 1998). Thus, we investigated the possibility that 52
receptors may be involved in channel formation together with other glutamate
receptor families. We transiently expressed GluRlLc or GluR6Lc in HEK293
cells. Each receptor had a point mutation in the region corresponding to that of
52Lc receptor. Cells expressing these receptors displayed channel activation
without ligands and they had clear rectifying current-voltage relationship.
However, when cells were co-transfected with 52Lc having arginine in the place
of glutamine at a putative channel pore region, celts displayed linear currentvoltage relationship, indicating that 52LC receptors formed heteromeric channels with GluRlLc or GluR6Lc. In addition, GluRl or GluR6 were coimmunoprecipitated by anti-52 antibody in HEK293 cells. Further, 52 receptors
were partially co-immunoprecipitated from cerebellar synaptosomal fractions
by antibodies against GluRl, GluR2, or KA2. These results suggest that 52
receptors can form functional heteromeric receptors with both AMPA and
kainate receptors. This work was supported in part by NIH Cancer Center
Support CORE grant P30 CA21765 and by the American Lebanese Syrian
Associated Charities (ALSAC).
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496.3

496.4

ORGANIZATION OF GLUTAMATE RECEPTORS AND ASSOCIATED
PROTEINS IN THE POSTSYNAPTIC SPINE. R.S. Petralia*, Y.-X, Wang. N,
Sans and R.J. Wenthold. Lab, of Neurochemistry, NIDCD, NIH, Bethesda, MD
20892.
A large number of proteins are believed to associate with glutamate receptors
(GluRs) in the postsynaptic spine. These include the MAGUKs (PSD-95, PSD-93,
SAP-102, SAP-97) which associate with various ionotropic GluRs, especially
NMDA receptors, homers which associate with metabotropic GluRs, and several
proteins associated with AMPA receptors. There are also many proteins that
associate with MAGUKs, and there are associations with cytoskeletal proteins such
as actin, and with endoplasmic reticulum proteins such as IP3 receptor. The
functions of many of these associations remain speculative and include various roles
in anchoring/scaffolding, signal transduction, and transport to/from the synapse;
these different functions suggest specific distributions in the postsynaptic spine.
Standard morphological studies using immunogold have provided significant
evidence of specific distributions in the postsynaptic spine. However, the latter
methods involve some technical problems that may affect distributions of
immunogold. In this study, we studied hippocampal and cerebellar synapses using
standard fixative-based freeze-substitution methods and live-frozen freeze-substitution
methods (as well as some specialized coimmunoprecipitation techniques). Based on
these studies, the postsynaptic spine is divided into 4 areas, according to where these
proteins are most prevalent: A. the postsynaptic membrane and upper density
(ionotropic GluRs, MAGUKs, synGAP); B. the lower portion of the postsynaptic
density (homer lb,c,3, GKAP, CRIPT, synGAP); C. the reticular core of the spine
(actin, IP3 receptor); and D. the perisynaptic and extrasynaptic cell membrane
(mGluRl,5).
(Supported by the NIDCD)

CLUSTERING OF 8 GLUTAMATE RECEPTORS IS REGULATED
BY ACTIN CYTOSKELETON IN THE DENDRITIC SPINES OF
CULTURED PURKINJE CELLS. H. Hirai* and S. Matsuda.
Laboratory for Memory & Learning, RIKEN Brain Science Institute,
Saitama 351-0198, Japan.
Interaction of neurotransmitter receptors with underlying
cytoskeleton via subsynaptic proteins is an important mechanism for the
targeting of the receptors to synapses in the central nervous system. We
found that agents perturbing actin filaments, but not microtubles, caused
declustering of 8 subunit of glutamate receptors (8 receptors) in the
dendritic spines of cultured cerebellar Purkinje cells, suggesting that 8
receptor is anchored to actin cytoskeleton, through which 8 receptor
clusters are stabilized in the dendritic spines. As spectrin is known to
link membrane proteins to actin, we next examined the interaction of Cterminal domain of 8 receptor with spectrin in vitro. The spectrin and 8
receptor were interacted in vitro and the interaction was 50% inhibited by
l^M of Ca2+, compared with that in the absence of Ca2+.
Immunoprecipitation experiments using cultured Purkinje cells by antidendritic spectrin antibody also supported the association of 8 receptor
with spectrin. Moreover, stimulation of Purkinje cells with 100 pM
glutamate for 5 min caused distinct declustering of 8 receptor in the
spines. These results suggest that 8 receptors on the postsynaptic
membrane of the dendritic spines of cerebellar Purkinje cells are
anchored to actin cytoskeleton via spectrin, and Ca2+ elevation in the
dendritic spines causes 8 receptor declustering by hindering the receptor
- spectrin - actin interaction. This receptor clustering - declustering may
affect synaptic efficacy and plasticity.

496.5

496.6

PSD-93 INTERACTS WITH THE 82 GLUTAMATE RECEPTOR
SUBUNIT AT PARALLEL FIBER SYNAPSES. K.W, Roche*1.
C.D. Lv1, R.S, Petralia1, Y.-X, Wang1 A.W. McGee2. D.S, Bredt2.
and R.J. Wenthold1. 'Laboratory of Neurochemistry, NIDCD, NIH,
Bethesda, MD 20892; 2Dept. of Physiology, University of California
at San Francisco School of Medicine, San Francisco, CA 94143.
The glutamate receptor subunit 52 has a unique distribution at the
parallel fiber-Purkinje cell synapse of the cerebellum, which is
developmentally regulated such that 82 occurs at both parallel fiber
synapses and climbing fiber synapses early in development, but is
restricted to parallel fiber synapses in adult animals. To identify
proteins that might be involved in the trafficking or docking of 82
receptors, we screened a yeast two-hybrid library with the cytosolic
C-terminus of 82, and isolated a novel protein which we are currently
characterizing. In addition, we isolated a member of the PSD-95
family of proteins, which are known to interact with the extreme Ctermini of NMDA receptors. We find that 82 binds specifically to
PSD-93, which is enriched in Purkinje cells. In addition, PSD-93
clusters 52 when they are co-expressed in heterologous cells, and
clustering is disrupted by point mutations of 82 that disrupt the 82PSD-93 interaction. Ultrastructural localization of PSD-93 and 82
shows they are colocalized at parallel fiber synapses; however, PSD93 also is present at climbing fiber synapses of the adult rat, where 82
is not found, indicating that the presence of PSD-93 alone is not
sufficient for determining the synaptic expression of 82. Supported by
the N1GMS PRAT program, the NIDCD intramural program, NIH
grant GM36017, and the National Association for Research on
Schizophrenia and Depression.

INTERACTION OF TWO HOMOLOGUES OF THE
ERYTHROCYTE
MEMBRANE
CYTOSKELETAL
PROTEIN 4.1, PROTEIN 4.1G AND 4.1N WITH AMPA
RECEPTORS.

496.7

496.8

A DEVELOPMENTAL SWITCH IN NMDA RECEPTOR-ASSOCIATED
PROTEINS OCCURS AT HIPPOCAMPAL SYNAPSES. N. Sans1*. R.S,
Petralia1.,.Y.-JL-Wang1, J, Blahos II1, J,W, Hell2 an_d.R J-Wenthold1, 'Laboratory of
Neurochemistry, NIDCD, NIH, Bethesda, Maryland 20892; 2Dept of
Pharmacology, University of Wisconsin, Madison, Wisconsin 53706.
Several proteins, including PSD-95, PSD-93, and SAP-102, can bind to the Cterminus of the NMDA receptor subunit, NR2, and are thought to play roles in
anchoring the receptor at the synapse and in signal transduction. We used a
combination of biochemical analyses and immunogold electron microscopy to
study PSD-95, PSD-93 and SAP-102 in rat hippocampus during development from
P2 through 6 months of age. At P2, SAP-102 was high, while PSD-93 and PSD-95
were low. From P2 through 6 months, PSD-93 and PSD-95 increased while SAP102 decreased. For PSD-95, the % of labeled synapses increased with age while
the number of gold particles per labeled synapse was similar at all ages suggesting
that the increase in PSD-95 during development is due largely to an increase in the
number of synapses containing PSD-95 and that addition of PSD-95 to an
individual synapse occurs in an all or nothing fashion. For SAP-102, both percent
labeled synapses and the number of gold particles in a labeled synapse decreased
during development. This indicates that the decrease in SAP-102 during
development depends on a decrease in the number of synapses containing SAP102 and on the density of SAP-102 labeling in a synapse. To determine if the
changes in PSD-95 and SAP-102 reflect preferred associations with NR2A and
NR2B, respectively, we measured co-immunoprecipitation in the adult
hippocampus. Our results showed that there is a preference for complexes of
NR2A/PSD-95 and NR2B/SAP-102, but these associations are not absolute. Our
results show that individual receptor-associated proteins may have specific
development-related functions that are critical to synapse development.
(Supported by the NIDCD)

LARGE-SCALE ISOLATION AND CHARACTERISATION OF THE
NMDA-RECEPTOR COMPLEX IN PSD-95 AND FYN MUTANT MICE
H. Husi1, M. Ward2, W. Blackstock2 and S.G.N, Grant1* 'University of Edinburgh,
Centre for Genome Research and Department of Neuroscience, Edinburgh EH9 3JQ,
UK; 2GlaxoWellcome pic, Stevenage SGI 2NY, UK.
Defining the structure and function of the NMDA receptor (NR) is
important for understanding its role in learning and memory, developmental
plasticity, excitotoxicity and other neurobiological phenomena. It is now clear that
NR channel subunits, are physically associated with multiple intracellular proteins
including PSD-95 which together comprise the NMDA Receptor Signaling Complex
(NRSC). Moreover, mice carrying mutations that affect the phosphorylation (e.g.
Fyn mutants) or composition (e.g. PSD-95 mutants) of the NRSC have altered NR
signaling. Although yeast 2-hybrid screens are powerful tools for identifying
interacting proteins, biochemical isolation and characterisation of the NRSC from
tissues is necessary to understand the invivo function of this multiprotein complex.
We tested immobilised glutamate receptor ligands, peptide resins and
various antibodies for their ability to specifically bind the NRSC from mouse brain.
Isolated complexes were analysed by Coomassie stained SDS-PAGE, Western
blotting and MALDI-/Q-TOF mass spectrometry. Efficient isolation of NR subunits
and associated proteins was achieved using antibodies directed against the NR1
subunit. Western blotting of fractions using appropriate antibodies was used to
confirm proteins already known to be part of the NRSC. Novel interacting proteins
are being identified and phosphorylation of specific proteins investigated. This
approach is being used to analyse the structure of the NRSC in PSD-95 and Fyn
mutant mice and other mutants affecting synaptic plasticity and learning.
This work was sponsored by the Wellcome Trust (HH and SG) and
GlaxoWellcome pic (MW and WB).
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L. Shen*, L.D. Walensky, F. Liang, S.H. Snyder, and R.L. Huganir. Howard
Hughes Medical Institute, Department of Neuroscience, The Johns Hopkins
University School of Medicine, Baltimore, Maryland, 21205

Synaptic localization, clustering and immobilization of ion channels and
neurotransmitter receptors play an important role in synaptic formation and
transmission. Although several proteins have been identified to interact with
AMPA receptors and may be responsible for their synaptic targeting, little is
known about receptor immobilization at postsynaptic sites. The yeast two-hybrid
system is used here to identify protein 4.1G, a homologue of the erythrocyte
membrane cytoskeletal protein 4.1, that interacts with AMPA receptor subunit
GluRl. Further studies revealed that another homologue, 4.IN can also associate
with GluRl. Experiments using the yeast two-hybrid system and heterologous
cell system showed that both 4.1G and 4.IN bind to a membrane proximal region
of cytosolic tail of GluRl, and that a consensus region within the Carboxyl
Terminal Domain (CTD) of 4.1G or 4. IN is sufficient to mediate the binding.
Immunoprecipitation from brain tissue also suggested that 4.IN associates with
GluRl in vivo. These results, combined with our earlier data that 4.IN and GluRl
colocalize in dendritic spines, suggest that protein 4.1G and 4.IN may play a role
in immobilizing AMPA receptors to actin cytoskeleton during synaptic
formation, maintenance and plasticity. (Supported by HHMI and NIH).
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496.10

AMPA RECEPTOR-PDZ INTERACTIONS AND PKC MEDIATE
SYNAPTIC FACILITATION IN SPINAL CORD DORSAL HORN
NEURONS. P. Li*’1, G.A. Kerchner1, C. Saia3, F. Wei1, J.E. Huettner2, M.
Sheng3, and M. Zhuo1. Depts. of ’Anesthesiology, Anatomy & Neurobiology,
and 2Cell Biology & Physiology, Washington Univ., St. Louis, MO 63110;
3Howard Hughes Medical Institute and Dept. of Neurobiology, Mass. General
Hospital and Harvard Medical School, Boston, MA 02114.
The conversion of silent synapses to conducting synapses may contribute to
synaptic potentiation in the central nervous system. The molecular mechanisms
by which silent synapses are activated are largely unknown. Serotonin, an
important neuromodulator involved in pain regulation, can trigger the activation
of silent synapses in dorsal horn neurons through the recruitment of AMPA
receptors.
AMPA receptor subunits GluR2 and GluR3 interact via their cytoplasmic Ctermini with PDZ domain-containing proteins such as GRIP (glutamate receptor
interacting protein), ABP (AMPA receptor binding protein), and PICK1 (protein
interacting with C kinase), although the physiological significance of these
interactions have been unclear.
In whole-cell recordings in rat spinal cord slices, using a GluR2/3 C-terminal
peptide which disrupts GluR2/3-PDZ protein binding, we demonstrate that
protein interactions involving the GluR2/3 C-terminus are required for the
activation of silent synapses between spinal sensory afferents and dorsal horn
neurons by low-dose serotonin. In addition, PKC is a critical mediator of this
activation. In contrast, synaptic inhibition induced by high-dose serotonin or
carbachol are unaffected by the GluR2/3 C-terminal peptide. Our results extend
understanding of the basic mechanisms underlying synaptic potentiation and
provide clinically relevant insights into the pathogenesis of persistent pain.
(Supported by NIDA, NINDS, HHMI, and the Armenise-Harvard Foundation.)

RAPID REGULATION OF SURFACE EXPRESSION OF AMPA RECEPTORS BY
CLATHRIN-MEDIATED RECEPTOR ENDOCYTOSIS. W.Ju1, H.Man1, J.Lin2, M.Sheng2,
Y.T. Wang1* Hosp. Sick Children & Dept. of Lab. Med. Pathobiol., Univ. Toronto, 555 Univ.
Ave. Toronto, Canada M5G 1X8, and HHMI & Dept. Neurobiol. Harvard Med. Sch., Boston,
MA 02114
Rapid change in number of AMPA subtype of glutamate receptors in the plasma
membrane surface, postsynaptic membrane in particular, may contribute significantly to the
generation of long term potentiation(LTP) and depression (LTD). However, whether and how
the number of cell-surface AMPA receptors can be rapidly regulated are not known. Since
clathrin-mediated endocytosis has been shown to play a critical role in controlling cell-surface
expression of large number of plasma membrane proteins including growth factor and Gprotein coupled receptors, we investigated if cell-surface AMPA receptor expression is also
subject to regulation by clathrin-dependent endocytosis. Receptor endocytosis assays revealed
that both GluRl and GluR2 subunits of the AMPA receptors transiently expressed in either
HEK or CHO cells, underwent internalization with a single exponential time constant ofabout
42 min at 37°C, suggesting a rapid constitutive receptor internalization. Consistent with
mediation by the clathrin-dependant pathway, the internalized receptors were extensively
colocalized with EPS 15 (a component of clathrin-coated pits), and pretreatment of cells with
hypertonic sucrose solution, an inhibitor for clathrin-mediated endocytosis, blocked the
receptor internalization. Surprisingly, the constitutive internalization ofGluRl and GluR2 are
regulated differently. Thus, brief stimulation of cells with insulin (0.5pM; 10 min), a factor
which has previously shown to alter intracellular trafficking of a number of plasma membrane
proteins, produced a three-fold increase in the rate ofGluR (v=l 5 min) internalization, without
affecting that of GluR 1. Consequently, quantitative colorimetric assay ofcell-surface receptor
expression revealed that insulin resulted in rapid, long-lasting reduction of cell-surface GluR2,
but not GluRl, receptors. However, in cells co-expressing GluRl and GluR2 subunits, insulin
treatment also decreased the number of cell-surface GluR 1, suggesting the presence of GluR2
is sufficient for insulin facilitation of heteromeric AMPA receptor internalization. Indeed,
insulin caused a rapid decrease in cell-surface expression of native AMPA receptor complex
in cultured rat hippocampal neurons. These findings provide evidence that regulation of
receptor trafficking in the postsynaptic neuron may be a common and important mechanism
of synaptic plasticity in the mammalian CNS. (Supported by HSFO, MRC & NIH).

496.11

496.12

CALPAIN-MEDIATED INTERNALIZATION OF AMPA RECEPTORS. X
Lu*, Y. Rong, R. Bi, and M. Baudry. Neuroscience program, University of
Southern California, Los Angeles, CA 90089-2520
In the central nervous system, AMPA and NMDA ionotropic glutamate
receptors are both found in postsynaptic densities (PSDs). PSDs are complex
assemblies of receptors, anchoring proteins and signal molecules and exhibit
activity-dependent structural changes in morphology. Previous studies showed
that several subunits both AMPA and NMDA receptors can be truncated in their
C-terminal domain. In the present study, we explored the possible consequences
of calpain mediated truncation. Incubation of frozen-thawed rat brain slices in
the presence of calcium or calpain treatment of synaptic membranes resulted in
the truncation of the C-terminal domain of GluRl, GluR2 and NR2B subunits in
crude synaptic membranes and in Triton-insoluble fraction (PSD) as detected in
Western Blots stained with antibodies against the C-terminal domains of each
receptor subunit. However, the truncated species of GluRl and GluR2 subunits
were barely detectable in the Triton-insoluble but abundant in Triton-soluble
fractions, detected by antibodies against the N-terminal domains of subunits.
Very different results were obtained with NMDA receptors as the truncated
species remained in PSDs and did not appear in Triton-soluble fractions. Thus,
our data clearly show that calpain-mediated truncation of AMPA receptor
subunits but not NMDA receptor subunits is associated with the removal of the
receptors from PSDs. These results might have important implications for our
understanding of mechanisms of synaptic plasticity as changes in the
localization of glutamate receptors might be involved in activity-dependent
modifications of synaptic efficacy.
Supported by grant NS 18427 from NINDS.

MECHANISMS OF LIGAND-INDUCED ENDOCYTOSIS OF
AMPA RECEPTORS IN HIPPOCAMPAL NEURONS:
E.C. Beattie1, R. C. Carroll1, Y. Altshuler2, M. von Zastrow1, R. A.
Nicoll3, R. C. Malenka1*.
'Dept. of Psychiatry, 2Dept. of
Biochemistry, 3Dept of Physiology, University of California, San
Francisco, San Francisco, CA 94143.
Activity-dependent modulation of glutamatergic synaptic
transmission is believed to play a critical role in learning and memory.
Recent studies have identified a highly specific redistribution of
AMPA-type ionotropic glutamate receptors (AMPARs) away from
synaptic sites in cultured hippocampal neurons induced by
exogenously applied agonist (J Neurosci, 19(4): 1263-72, 1999) or
synaptic activity (PNAS, 95(12): 7097-102, 1998) (Nature
Neuroscience, 2: 454-460, 1999). We have now defined a critical role
of endocytosis in mediating regulated redistribution of GluRlcontaining AMPARs which can be detected by two different
immunochemical assays. We will present recent studies addressing the
molecular mechanisms of AMPAR endocytosis and discuss the
functional consequences of this mechanism on synaptic transmission.
(Supported by grants from NIA and NIMH)

496.13

496.14

CALCIUM-DEPENDENT MODULATION OF HIPPOCAMPAL
KAINATE RECEPTORS BY CALCINEURIN AND CAMK.
A.Ghetti, A. Contractor*
and S.F. Heinemann. Molecular
Neurobiology Laboratory, Salk Institute, La Jolla, CA 92 037,
U.S.A.
Glutamate receptors of the kainate subtype have recently been
shown to participate in synaptic transmission in different regions of
the central and peripheral nervous system. We have investigated the
modulation of kainate receptor function following activation of
NMDA receptors. Using whole cell patch clamp recordings, we
have measured kainate currents in hippocampal neurons in culture
before and after rapid application of NMDA. We found that the
activation of NMDA receptors caused a 23.3 ± 1.7 % depression
(mean reduction ± s.e.m.) in the peak amplitude of the kainate
receptor currents relative to the control. This NMDA-induced
depression is calcium dependent and requires calcineurin activity.
The peak amplitude of kainate receptor currents recovers in 9 sec.
The recovery requires the activity of the calcium/calmodulindependent kinase (CaMK). Kainate receptors have been shown to
modulate synaptic transmission by both pre-synaptic and postsynaptic mechanisms. Our results suggest that synaptic activity
mediated by NMDA receptors may, in turn, modulate the function
of kainate receptors. Supported by NIH and Fondazione Telethon.

BI-DIRECTIONAL REGULATION OF AMPA RECEPTOR ACTIVITY BY
CALCINEURIN AND PROTEIN KINASE A. Derek Bowie*. Tue G. Banke &
Stephen F, Traynelis Department of Pharmacology, Emory University School of
Medicine, Atlanta, GA.
Modulation of fast excitatory synaptic transmission during long-term
potentiation or depression is believed to be determined, in part, by the phosphorylated
state of postsynaptic AMPA receptors. Consistent with this, the calcium-dependent
protein phosphatase, calcineurin, and protein kinase A (PKA) are co-localised in
neurites through a common anchoring protein making them ideally suited to exert
opposing effects on AMPA receptors. In HEK 293 cells expressing the AMPA
receptor, GluRlnip, and the constitutively active catalytic subunit of PKA (Ca-PKA),
peak open probability (Pop€n) was estimated to be 0.64 ± 0.05 (Mean + s.e.m., n = 6)
from non-stationary analysis of responses to 10 mM L-glutamate (L-GIu). Inclusion
of calcineurin in the internal pipette solution lowered Popen (0.30 ± 0.07, n = 4)
suggesting that phosphatase activity can directly oppose the effect of PKA which has
been proposed previously to phosphorylate the C-terminal tail of the AMPA receptor
at Ser-845. In each case, however, the phosphorylated state of the receptor did not
affect the time course of L-Glu-activated currents which exhibited indistinguishable
rise-time and decay kinetics. In addition, single channel currents elicited by
submaximal concentrations of L-Glu (lOpM) were similar in both PKA- and
calcineurin-treated patches with subconductance states of 4-5 pS (66-86 %, relative
proportion), 11-14 pS (12-27 %) and 20-25 pS (2-7 %). We have developed a kinetic
model which can account for the opposing effects of PKA and calcineurin on Popen
whilst maintaining an identical macroscopic response waveform for phosphorylated or
de-phosphorylated AMPA receptors. In view of the cytoplasmic location of Ser-845,
one attractive possibility is that kinase and phosphatase activity modulate an
interaction between the AMPA receptor and cytoskeletal proteins.
Supported by the NIH and the John Merck Fund
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496.16

GLUTAMATE INDUCES KAINATE BINDING PROTEIN EXPRESSION
IN BERGMANN GLIAL CELLS. A, Ortega*. A, Aguirre. T, L6pez, L.C.R,
Hernandez-Kelly and. E, Lopez-Bayghen, Departamento de Ge-ietica y
Biologia Molecular CINVESTAV-IPN Apartado Postal 14-740 Mexico DF
07000 Mexico.
Bergmann glial cells (BCG) surround glutamatergic synapses in cerebellum
and express glutamate (Glu) receptors. In cultured BCG, Glu activates
signaling pathways involved in gene expression regulation. In this report,
we describe the transcriptional regulation of kainate binding protein
(KBP) expression elicited by Glu receptors activation.
The 5' proximal region of the chick KBP gene was cloned into the Sph I
and Xba I sites of the reporter plasmid pCAT-Basic and transfected into
BCG. Treatment of the trasfected cells with 1 mM Glu or kainate (KA)
induces a five-fold stimulation of the promoter activity. Furthermore, in
nuclear extracts prepared from KA-treated cells, a significant increase in
DNA binding to the region that contains an AP-1 binding site of the chKBP
promoter (-435/-250) was present. As expected, the binding activity was
efficiently competed by a 100 fold excess of unlabelled consensus AP-1 site
of the SV40 promoter. These results are well correlated with an increase
both in chKBP mRNA and protein in parental BCG cells upon Glu receptors
stimulation.
The role of the AP-1 family of transcription factors in the signaling
elicited by Glu and the transcriptional regulation of KBP will be discussed.

PROMOTER ANALYSIS OF THE GLUTAMATE RECEPTOR GENE
GRIK5, ENCODING THE KAINATE RECEPTOR SUBUNIT KA-2. V.Gallo*,
S, E, Scherer, Lixin Qie, Xiaoaina Yuan and Fei Huang. Lab. Cellular and
Molecular Neurophysiology, NICHD, NIH, Bethesda, MD 20892-4495.
GRIK5 is a TATA-less gene that contains multiple transcription initiation
sites. We have analyzed the GRIK5 promoter for DNA elements that are
involved in the regulation of its transcription. Deletion analysis of GRIK5-5'flanking region (2Kb) in CG-4 glial cells revealed the presence of both
negative and positive DNA regulatory elements. Deletion of 800 bp of the
5‘-end of the 2Kb upstream region caused a 2.5-fold increase in reporter
gene activity, whereas a 4-fold decrease was observed when 600 bp were
further deleted from the 5‘-end. The remaining 600 bp 3‘-DNA segment
restricts GRIK5 expression to the nervous system, as determined in
cultured cells and in transgenic mice. DNAse footprint and sequence
analysis of this region revealed the presence of several protein-binding
consensus sequences, corresponding to Sp1, AP2, Inr and MED-1 sites.
Consensus Sp1 sites were identified at +15 (Sp1a), -172 (Sp1b) and -293
(Sp1c), but gel-supershift assays with specific antibodies revealed that only
the "b "and "c" sites bound Sp1. The Sp1c site was located 35 bp upstream
of an Inr site, and a 167 bp DNA segment containing both sites functioned
as a neural-specific basal promoter in cultured cells. In CG-4 cells, DNA
constructs that lacked the Sp1c and Inr sites lost reporter gene activity,
whereas GR/K5-reporter gene constructs which contained the Sp1c and Inr
were transcriptionally active. Gel-shift assays demonstrated that the Inr site
binds nuclear protein(s) which are being characterized, and were not
super-shifted by anti-TFIID antibodies. Our data indicate that the GRIK5
basal promoter contains an Inr and an Sp1 site, which confer tissuespecific expression to this gene. This work was supported by NIH.

496.17

496.18

FUNCTIONAL ANALYSIS OF THE RAT GLUR4 PROMOTER REGION.

MECHANISM OF TRANSCRIPTIONAL REPRESSION BY THE NEURONRESTRICTIVE REPRESSOR, REST Yun-fei Huang*, S. J. Myers and Raymond

S.J. Myers*, S. Zhang, and R. Dingledine, Dept. of Pharmacol., Emory Univ. Sch. of
Med., Atlanta, GA 30322.
AMPA receptors in brain are assembled from a combination of four subunits,
GluRl-4 (A-D), depending in part on the relative expression of each subunit in
specific neurons. We have cloned and sequenced ~5 kb of the rat GluR4 5’-flanking
promoter region in order to identify control elements that regulate transcriptional
expression in neurons and also for comparison with the GluRl and GluR2 promoters.
Sequence analysis of the proximal promoter region identifies an area of high GC
content with no consensus TATA-box motifs, and a 5’UTR region that is interrupted
by at least one intron, similar to the NR2B, NR2C, and KA2 receptor genes. A series
of eight GluR4 promoter fragments, from 0.8 to 4.7 kb in length, were cloned
upstream of firefly luciferase (pGL2 vector) and assayed for transcriptional activity
by transient transfection in primary cortical neurons, primary glia, and C6 glioma
cells. By analysis of a 5’ deletion series, a putative silencer in the GluR4 promoter
was identified between 3.4 and 4.7 kb upstream from the GluR4 ATG, since deletion
of this region increased promoter activity in C6 glioma cells by 2-3-fold. Additional
5’ deletions resulted only in incremental increases in promoter activity. Treatment of
C6 cells with 100 nM of the histone deacetylase inhibitor, trichostatin A (TSA)
elevated GluR4-driven luciferase expression by up to ten-fold, and like that for the
GluR2 promoter, the TSA effect on GluR4 promoter activity was greatest when the
GluR4 construct included the putative silencer region. Inclusion of the 596 bp 5’UTR intron in each of four independent 5’ deletion constructs increased luciferase
expression on average by three- to four-fold in neurons, glia, and C6 cells suggesting
that the intron contains either positive regulatory elements or enhances stability of
transiently expressed transcripts. These results point to two regions of the GluR4
promoter that may regulate transcriptional expression in brain and suggests that part
of this regulation, i.e. the silencer, may operate by recruiting histone deacetylase to
the promoter region, a mechanism similar to that identified for the GluR2 silencer.
Supported by Bristol-Myers Squibb (RD) and an NRSA (SJM).

496.19
SP1 BINDING SITES IN THE RAT GLUR1 PROMOTER.

K. Borges*, and R. Dingledine. Dept. of Pharmacol., Emory Univ., Atlanta, GA.
AMPA receptors are expressed in most brain areas and play a major role in
excitatory signal transmission. They are subject to regulation during development,
physiological stimuli and diseases. We are studying the regulation of the GluRl
gene, which is upregulated in the maintenance phase of LTP and in cerebellar
cultures after high K+ application.
The rat GluRl promoter lacks TATA- and CAAT-elements and contains
multiple transcriptional start sites, at -295, -266, -219 and -202 (relative to the
ATG). Sequence comparison to the Spl consensus sequence revealed four different
putative Spl binding site clusters around the transcriptional start sites of the GluRl
gene which were assessed by electrophoretic mobility shift assays (EMSA). Two
out of four synthetic GluRl oligonucleotides (-290 to -267) and (-270 to -247)
formed high molecular weight bands with human recombinant Spl protein as did
an Spl consensus probe. The same probes formed similar complexes with nuclear
extracts from cultured rat cortical neurons which were supershifted by anti-Spl
antibodies. The -290 oligonucleotide appeared to have a higher affinity to Spl
transcription factors, compared to the -270 sequence, because the -290 protein
signal was consistently stronger. In addition, in competition assays with neuronal
nuclear extracts and the Spl consensus probe GluRl -290 competitor oligonucleotides interfered with binding at lower concentrations than did the -270
oligonucleotide. Thus, the GluRl gene is similarly regulated to the other known
glutamate receptor genes which all contain Spl sites close to their transcriptional
start sites (Myers et al., 1999. Annu. Rev. Pharmacol. Toxicol. 39: 221- 41). Moreover, we have evidence that cultured neurons contain proteins of the NF-AT family
(nuclear factor of activated T-cells). The proteins bound to a GluRl promoter
sequence and to NF-AT consensus oligonucleotides were supershifted with several
different anti-NF-AT antibodies.
Supported by the NIH.
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Dingledine, Dept. of Pharmacol., Emory Univ. Sch. of Med., Atlanta, GA 30322
Many genes whose expression is restricted to neurons in the brain contain a silencer
element (RE1/NRSE) that limits transcription in non-neuronal cells by binding the
transcription factor REST. Here we provide multiple lines of evidence that REST
represses transcription from the GluR2 and Type II sodium channel promoters, in
part, by recruiting histone deacetylase to the promoter region. Previously we have
shown that an RE1 silencer in the GluR2 promoter contributes 3-fold repression of
promoter activity in C6 gliomas cells. The silencer mediated repression of the GluR2
promoter activity in C6 glioma cells was almost completely relieved by the histone
deacetylase inhibitor trichostatin A (TSA). A similar result was observed in Type II
sodium channel promoters. Two independent domains at C- and N-termini of REST
are known to confer transcriptional repression. Gal4-targeting of the N-terminal (1152) and C-terminal (953-1097) repression domains of REST to the GluR2 silcencer
region inhibits promoter activity by 3.5 and 2.5 fold respectively in C6 glioma,
whereas the inactive N-terminal (62-152) fragment of REST was without effect.
Furthermore, transcriptional repression mediated by the N-terminal but not Cterminal domain was substantially reversed by TSA. These results suggest that the
repressor activity of the N-terminal, but not C-terminal domain of REST in C6
glioma depends largely on the ability to recruit a TSA sensitive complex. Direct
targeting of histone deacetylase-1 (HDAC-1) to the GluR2 promoter was also found
to decrease promoter activity in C6 cells in a TSA sensitive manner.
Immunoprecipitation studies with myc-REST fusion constructs demonstrated that
REST forms part of a protein complex that includes the corepressor Sin3A and
HDAC-1. We also investigated whether TSA can change the histone acetylation
status at GuR2 promoter region by a chromatin immunoprecipitation (CHIP) assay.
Here, TSA treatment strongly enhanced the association of acetylated histone H4 and
H3 with the GluR2 promoter in C6 cells. Moreover, Northern blots indicate that
endogenous GluR2 mRNA was enhanced after treatment with TSA. Together, these
results indicate a mechanism of repression by REST involves recruitment of HDAC-1
deacetylase activity to the promoter region of RE1/NRSE containing gene promoters.
Supported by the NIH.
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497.2

EXTRACELLULAR CALCIUM MODULATES THE RESPONSES
OF PORE MUTANT ALPHA7 NICOTINIC ACETYLCHOLINE
RECEPTORS TO ANTAGONISTS. LK. Lyford1, D. Eddins1. J.W.
Lee1, and R.L, Rosenberg*1’2. Depts. of Pharmacology and 2Cell and
Molecular Physiology, Univ. of North Carolina, Chapel Hill, N 27599.
a7 nicotinic ACh receptors (nAChRs) mutated at the conserved 9'
leucine of the M2 pore-forming domain (L9'T receptors) are nondesensitizing and are activated by antagonists of wild-type a7 nAChRs.
We found that a7 nAChRs with an additional mutation at the 2' Ser
(S2'T/L9'T receptors) were non-desensitizing yet had pharmacological
properties more similar to those of wild-type a7 receptors. We
investigated the effects of intracellular and extracellular Ca2+ on the
pharmacological properties of these mutant a7 nAChRs expressed in
Xenopus oocytes.
In the absence of extracellular Ca2+, the a7
antagonists (+)-tubocurarine, hexamethonium,
and dihydro-0erythroidine (DH0E) were antagonists or weak partial agonists of both
mutant receptors. In the presence of extracellular Ca2+, these agents
were agonists of a7 L9'T (Bertrand et al. (1992) PNAS 89:1261) and
S2'T/L9'T receptors. DHpE had much higher potency in the presence
than in the absence of Ca2+ on both receptor types, and higher maximal
efficacy relative to ACh on a7 L9'T receptors than on al S2'T/L9'T
receptors. Treatment with Ca2+-activated chloride channel blockers or
chelation of intracellular Ca2+ by BAPTA injection had minimal effects
on the potency or efficacy of DH0E. These data suggest that the effect
of extracellular Ca2+ on activation by antagonists was due primarily to a
direct modulatory effect of extracellular Ca2+ on the al receptors.
Supported by NIH NS37317.

NOVEL COMPETITIVE ANTAGONISTS OF NEURONAL NICOTINIC
RECEPTORS ON CHROMAFFIN CELLS. S, Di Angelantonio1, A. Nistri1, C. Gotti2,
F. Clementi2*, 'iNFM Unit, SISSA, 34014 Trieste; 2CNR, 20129 Milan, Italy.
Rat chromaffin cells possess nicotinic ACh receptors (nAChRs) mainly comprising
a304 subunits with substantial permeability to Ca2+. Using whole cell patch clamp
recording and confocal laser microscopy imaging of [Ca2+]; we investigated how the
endogenous peptide CGRP might modulate nAChR function of dissociated chromaffin
cells. CGRP (1 pM) rapidly blocked nicotine induced currents and [Ca2+]j rises with a
rapid time-course which did not display agonist use-dependence. When CGRP and
nicotine were coapplied via the same puffer pipette for 10-50 ms a strong depression
of nAChRs was already apparent. This novel, very fast modulation by CGRP was
manifested as an agonist-surmountable block of inward currents. CGRP preferentially
blocked small (and short) responses to nicotine; by increasing the amount of nicotine
delivered to the cell it was possible to counteract the inhibitory effect of CGRP. This
observation is consistent with a competitive antagonism of CGRP on nicotinic
receptors. While most conventional ganglion blockers display non-competitive
antagonism of nAChRs, N,N,N-trimethyl-l-(4-tra>zs-stilbenoxy)-2-propilammonium
iodide (F3) was found to be a novel competitive nicotinic antagonist with fast and
reversible blocking action which was not use-dependent and was unrelated to changes
in membrane potential. F3 was particularly powerful with threshold concentration of
about lOnM and full suppression at 1 |iM of maximal responses to nicotine. The Rform of F3 was found to be approximately 2 fold more potent than the S-form.
Coapplication of low doses of CGRP and F3 produced antagonism summation in
keeping with the prediction of the standard receptor theory for two competitive
antagonists. Our data show that F3 and CGRP probably interfered with the binding site
of nAChRs.
Supported by grants from INFM and MURST.

497.3

497.4

RING E ANALOGS OF METHYLLYCACONITINE (MLA) AS NOVEL
NICOTINIC ANTAGONISTS. Stephen C. Bergmeier.*1 David J. Lapinskv,1 R,
Benjamin Free2 and Dennis B McKay2 1 Division of Medicinal Chemistry and
Pharmacognosy and 2Division of Pharmacology, College of Pharmacy, The Ohio
State University, 500 W. 12 Ave., Columbus, Ohio 43210-1291.
We have discovered a simple ring E analog of the diterpenoid alkaloid
methyllycaconitine (MLA) that acts as a micromolar inhibitor at the nicotinic
acetylcholine receptor (nAChR). This should be a fertile area from which to find
new selective and potent antagonists of subtypes of the nAChR. The goal of our
initial work is to quickly outline an SAR (Structure Activity Relationship) of this
new lead compound to assess structural requirements necessary for potency and
selectivity. This will provide a rational, rapid analysis of key features in MLA to
arrive at a range of lead compounds for further development, and lead to new
pharmacological tools. We report here our synthesis of this new class of nicotinic
antagonists as well as preliminary biological data on a select group of compounds.
For our initial study we have chosen to examine the effect of different groups on the
nitrogen (ring E) of the piperidine ring.
In these studies we have used cultured bovine adrenal chromaffin cells as a
neuronal model to study the functional effects of the MLA analogs. These cells
contain several nAChR subunit genes, including the a3, a5, a7, and 04 genes and
express multiple nAChR subtypes. In cultured chromaffin cells, mAb35-nAChRs,
which are believed to contain a3, a5 and 04 subunits are reported to be the
principal receptors that mediate adrenal catecholamine secretion. In addition, a7containing nAChRs are also expressed and recently these receptors have been
reported to stimulate adrenal secretion.

This project was supported in part by NIH grant DA 10569 (DBM) and NIH
Training Grant in Neuropharmacology MH 19936 (RBF). We also wish to thank
The Ohio State University, College of Pharmacy for partial support of this work.

STRUCTURE-ACTIVITY STUDIES OF RING E ANALOGS OF
METHYLLYCACONITINE ON SUBTYPES OF NEURONAL NICOTINIC
RECEPTORS. D.B. McKay1*, R.B. Free1, P.J. Lapinskv2, and S.C.
Bergmeier2. ’Division of Pharmacology, 2Division of Medicinal Chemistry
and Pharmacognosy, The Ohio State University, College of Pharmacy;
Columbus, OH 43210.
The development of new agents that selectively interact with
subtypes of neuronal nicotinic receptors is of primary importance in many
disease states involving these receptors. Our laboratory has evidence that
simple ring E analogs of methyllycaconitine (MLA) act as nicotinic receptor
antagonists. The following studies were designed to characterize the
concentration-response effects of several ring E analogs of MLA and to
determine whether these analogs demonstrate any nicotinic receptor
subtype specificity. Selected ring E analogs with various substitutions on
the ring E nitrogen were tested for their ability to inhibit activation of adrenal
nicotinic receptors, believed to be composed of a3, a5, and 04 subunits.
Ethyl, methyl and isopropyl derivatives inhibited secretion with IC50 values
in the low micromolar range. These analogs have no effects on secretion
stimulated with depolarizing concentrations of KCI. We also have
preliminary evidence that the analogs block binding to nicotinic receptors
from rat brain which contain both al and a402 nicotinic receptors. Further
binding studies will be presented characterizing the effects of selected
analogs on specific subtypes of neuronal nicotinic receptors. Our studies
suggest that this approach may be a fertile area from which to find new
selective antagonists of subtypes of neuronal nicotinic receptors.
Supported by NIH grants DA10569 (DBM) and MH 19936 (RBF).

497.5

497.6

AMILORIDE: A NOVEL NEURONAL NICOTINIC ACETYLCHOLINE
RECEPTOR (nAChR) BLOCKER. T. Gupta*, J. Dorfman, L. Cleemann, M. Morad
Department of Pharmacology, Georgetown University School of Medicine,
Washington, DC 20007
Amiloride, a well known diuretic, blocks the kidney epithelial Na* channels to
bring about its effect. Since nicotine and amiloride have been shown to inhibit Na+
absorption in cultured human nasal cells (Blank, et. al., 1997), we examined the
possible effects of amiloride on a3/04 nicotinic receptors stably expressed in the
HEK293 cell line. Using the whole cell patch-clamp technique and a rapid (<50 ms)
drug delivery system, we found that nicotine activated a slowly desensitizing and
inwardly rectifying monovalent current. The current was blocked by co-application
of d-tubocurarine (d-tc) and, surprisingly, by amiloride. The amiloride block was
concentration and voltage dependent, and was effective only from the extracellular
side. Intracellular application of amiloride (ImM) had no significant effect on the
nicotine activated current. IC50 values for amiloride block (using 50 pM nicotine)
increased at more positive voltages (e.g., 68±4 pM at -120 mV versus 215±54 pM at 40 mV). Thus, the amiloride block was most effective at negative voltages. The
kinetics of amiloride block and unblock were rapid (<50 ms), such that removal of
amiloride permitted the development of a rapid "rebound current". In an attempt to
dissociate the drug-induced channel block from the desensitization of the receptor, we
compared the response of the receptor to: 1) rapid co-application of the blocker and
nicotine, and 2) pretreatment of the receptor with low concentrations of the blocker
followed by application of nicotine. Comparison of the kinetics and magnitude of the
block using amiloride and d-tc suggest that both drugs serve as open channel blockers
at high drug concentrations, but may also alter receptor desensitization at lower
concentrations. Additionally, the data provide evidence for inclusion of amiloride
within the family of nAChR blockers. (Funded by NIH grants DA07291 and
HL16152)

NONCOMPETITIVE INHIBITION OF RAT <x3/04 NEURONAL NICOTINIC
ACETYLCHOLINE RECEPTOR (nAChR) FUNCTION BY BOTH
ENANTIOMERS OF METHADONE, A p OPIOID RECEPTOR AGONIST. Y
Xiao1*. R. Smith-Carliss2. F.S. Caruso2 and K. J. Keliar1, 'Dept. of
Pharmacology, Georgetown Univ. Sch. of Med., Washington, D.C. 20007; 2Algos
Pharmaceutical Corp., Neptune, NJ 07753.
(+)-Methadone is a synthetic p opioid receptor agonist with pharmacological
properties similar to those of morphine. Methadone hydrochloride is used in the
treatment of opiate addiction and for relief of pain. The analgesic activity and
respiratory-depressant action of the (±)-methadone are ascribed almost entirely to
the R(-)-methadone enantiomer, but S(+)-methadone possesses antitussive activity,
similar to that of R(-)-methadone. Recent studies have suggested that methadone,
in addition to being an opioid receptor agonist, might also be a N-methyl-Daspartate receptor antagonist. To extend our knowledge of the pharmacological
actions of methadone, we investigated the effects of racemic methadone and its two
enantiomers on the ion channel function and agonist binding of rat a3/04 neuronal
nAChRs stably expressed in an HEK 293 cell line, designated KXa304R2. The
(+)-methadone, R(-)-methadone and S(+)-methadone inhibited nicotine stimulated
86Rb+ efflux from die cells in a concentration-dependent manner and with similar
IC50 values between 1.8 to 2.5 pM. In the presence of 1 /iM (+)-methadone, the
maximum nicotine stimulated “Rb' efflux was decreased markedly but the EC50
value for nicotine was not significantly altered, indicating that the (±)-methadone
blocks the a3/04 nicotinic receptor function by a noncompetitive mechanism.
Consistent with a noncompetitive mechanism, results from [3H]epibatidine binding
studies indicate that the K, value of (+)-methadone for nicotinic receptor agonist
binding sites in membrane homogenates of the KXa304R2 cells is > 500 gM. We
conclude that the (±)-methadone and its two enantiomers are potent
noncompetitive inhibitors of a3/04 nicotinic receptors. It is possible that some of
the diverse pharmacological effects of (±)-methadone and its two enantiomers are
mediated by nAChRs.
This research was supported by NIH grants DA06486 and Algos Pharmaceutical
Corporation.
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497.8

EFFECT OF BUPROPION ON NEURONAL NICOTINIC
ACETYLCHOLINE RECEPTORS. J. E. Slemmer, M. I. Damai, and
B. R. Martin*. Dept. of Pharmacology and Toxicology, Medical
College of Virginia, Virginia Commonwealth Univ.; Richmond, VA
23298.
Bupropion, an atypical antidepressant, is currently also prescribed
as part of a smoking cessation therapy (ZYBAN®). Recently, we
reported that bupropion blocked nicotine’s pharmacological effects in
various behavioral tests. In order to further characterize the action of
bupropion on neuronal nicotinic acetylcholine receptors (nAChRs),
studies were conducted using Xenopus oocytes injected with nAChR
mRNA of three different subtypes: a4[32, a3p2, and a7. Bupropion
alone elicited no effect; however, it did block the effect of acetylcholine
(ACh) in a concentration-dependent manner. IC50 values for cx4p2,
a3|32, and a7 subtypes were found to be 8, 1.3, and 60 pM,
respectively. The preapplication of bupropion enhanced its sensitivity
to nAChRs, indicating that it may interact with the closed state of the
channel. Bupropion’s blockade of ACh was found to be voltageindependent. In addition, bupropion at 10 pM was unable to compete
for [3H]-nicotine binding sites (largely a4p2 subunits) in rat brain. It
is thus proposed that, bupropion is a non-competitive nicotinic
antagonist. The differential sensitivity of bupropion to nAChRs may
indicate that the localization of the subtypes in various brain regions
could account for its effectiveness as a smoking cessation aid.
Comparisons with mecamylamine, a non-competitive nicotinic
antagonist, are drawn. (Supported by NIH DA-05274.)

HUMAN Ot3p2 AND a 3 3 2 [3 3 nAChRs ARE DIFFERENTIALLY
SENSITIVE TO a-Conotoxin Mil.
S. Luo1, J.E. Garrett2, B.M. Olivera1, D. Yoshikami' and J.M.
McIntosh13*. Depts. of ‘Biology and ^Psychiatry, University of Utah,
Salt Lake City, Utah, 84112; 2Cognetix Inc., Salt Lake City, Utah.
a-Conotoxin Mil (Mil) is a 16-amino acid peptide that blocks the
rodent a3[32 nAChR. Recent autoradiographic evidence suggests that
Mil may also potently bind 33-containing nAChRs in mouse brain. We
therefore tested MD for its ability to block (33-containing nAChR subunit
combinations. Full-length cDNA clones of the nAChR subunits were
generated by reverse transcription-PCR amplification of human brain
mRNA. Xenopus oocytes injected with cRNA encoding a3 and p2
subunits show a robust response to 300 LlM ACh, whereas oocytes
injected with a3+(33 or J32+|33 cRNA combinations were unresponsive
to ACh. Responses from oocytes injected with all three cRNAs (a3, [32
and P3) were distinguishable from those from oocytes expressing the
a3P2 subunit combination; the ACh responses of [33-expressing oocytes
were consistently multiphasic in contrast to monophasic responses from
a3[32- expressing oocytes. Mil (10 nM) blocks 97.1 ± 0.4% of the
ACh response of oocytes expressing a3[32 receptors with recovery time
exceeding 60 min. In contrast, Mil (10 nM) blocks 88.3 ± 1.8% of the
response from a3 [32 [33-expressing oocytes, with preferential block of an
apparently rapidly-desensitizing component. Recovery from Mil-block
has at least two phases suggesting that more than one subtype of nAChR
is expressed in a3[32J33-injected oocytes. Supported by NIH Grants
MH53631 and GM48677, and Cognetix Inc.

497.9

497.10

PAIRWISE INTERACTIONS BETWEEN a-CONOTOXIN Ml AND MOUSE
NICOTINIC ACETYLCHOLINE RECEPTORS. N.D. Bren and S.M. Sine* Dept. of
Physiology and Biophysics, Mayo Foundation, Rochester, MN 55905
a-Conotoxin Ml (CTx Ml) is a small disulfide-bridged neurotoxin which shows
remarkable site selectivity in binding to the mouse nicotinic acetylcholine receptor. We
previously showed that three determinants; yK34/6S36, yS 111/6Y113, and yF172/61178
contribute to a-y and a-6 binding site selectivity for Ctx Ml and that Y198T affects
CTx Ml binding affinity. Here we use mutant cycles analysis to identify pairs of
residues that stabilize the complex formed by Ctx Ml and the a-6 site. Wild type and
mutant subunits were expressed as a2(362 pentamers in 293 HEK cells. Mutations of
CTx Ml were synthesized
n=q-----------t
and verified by mass
spectroscopy. Binding of
CTx Ml was measured by
competition against the
initial rate of [125I]-abungarotoxin binding to
intact cells. The results
reveal a strong interaction
between Y12 in CTx Ml
and all three selectivity determinants in the 6 subunit (see figure). We also find a strong

IDENTIFICATION OF SPECIFIC AMINO ACID RESIDUES ON
THE NEURONAL NICOTINIC RECEPTOR a3 SUBUNIT THAT
DETERMINE SENSITIVITY TO a-CONOTOXIN-Pnla. E.M.
Reiller1, J.M. McIntosh3,4, C.W, Luetie1,2*. 'Neuroscience Program and
2Dept. Molecular and Cellular Pharmacology, Univ. Miami, Miami
FL 33101 and Depts. 3Biology and 4Psychiatry, Univ. Utah, Salt Lake
City, UT, 84112.
a-conotoxin-Pnla (a-CTx-Pnla, from the venom of Conus
pennaceus) is a selective antagonist of a3(32 neuronal nicotinic
receptors. The IC50 for blockade of rat a3[32 nicotinic receptors
expressed in Xenopus oocytes was approximately 100 nM, while the
a2p2 receptor was insensitive to 10 (LlM a-CTx-Pnla. A series of
chimeric subunits, formed from portions of a2 and a3, were
coexpressed with (32 and tested for sensitivity to lpM a-CTx-Pnla.
Determinants of a-CTx-Pnla sensitivity were found to lie throughout
the N-terminal extracellular domain of the oc3 subunit. We examined
the region from residue 180 to residue 215 in more detail with a series
of a3 mutant subunits in which each residue that differs between a3
and a2 was changed from what is present in a3 to what is present in
a2. Each mutant was coexpressed with (32 and tested for sensitivity to
1 pM a-CTx-Pnla. The double mutation K180N/P182T and the single
mutations Y184T, K185Y, I188K and Q198P each resulted in a
significant loss of toxin sensitivity. Comparison with determinants of
a-CTx-MII and Neuronal Bungarotoxin sensitivity on the a3 subunit
reveals overlapping, but distinct, arrays of determinants for each of
these three a3(32 selective toxins. [Support: NIH DA-08102]

interaction between A7 in CTx Ml and Y198 in the a subunit. This work establishes the
orientation of CTx Ml as it bridges the a-5 subunit interface, placing aY 198 and the 6
subunit selectivity determinants within 9 A. Supported by NIH grant NS31744.

497.11
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EFFECT OF TETRANDRINE ON NICOTINIC ACETYLCHOLINE RECEPTORS
EXPRESSED IN XENOPUS OOCYTES. E. Y. SlateAand I, Bermudez. School of
Biological and Molecular Sciences, Oxford Brookes University, Oxford OX3 0BP
Tetrandrine bis-hydrochloride (TBH) is a bisbenzylisoquinoline alkaloid, extracted
from the Chinese herb Stephania tetrandra. This alkaloid has previously been
reported to block voltage-dependent L- and T- type Ca2+ channel currents (Wang &
Lemos, 1992, Pflugers Archives, 421:558-565).
TBH bears many structural
similarities to the classical nicotinic antagonist, d-Tubocurarine, including the
positively charged ammonium core favoured for electrostatic interaction with the
nicotinic receptor (Swanson & Albuquerque, 1996, Methods in Enzymology, 152:
288). Here we present data that demonstrate TBH is a potent antagonist of muscle
and neuronal nicotinic acetylcholine (ACh) receptors. Using the Xenopus oocyte
expression system, the response to TBH in human ACh receptors was measured
using conventional two-electrode voltage-clamp techniques. In human adult muscle,
TBH inhibited the ACh-mediated response with an IC50 of 25.2pM and produced
complete block when applied at a concentration of 300pM. With foetal muscle ACh
receptors, the effect of TBH was more pronounced (IC50 = 7.7pM) and 100%
inhibition was achieved at a concentration of lOOpM. Removal of the drug caused
complete recovery, indicating reversible antagonism. Preliminary studies suggest
that TBH also has an inhibitory effect on the human a7 nicotinic subunit, which
forms a homomeric receptor conformation when expressed in Xenopus oocytes.
These data are corroborated by ligand binding studies using 125I-a-Bungarotoxin
(125I-a-Bgtx) and rat hippocampal preparations (where there is a high concentration
of a-Bgtx-binding a7 nicotinic subunits). TBH displaced 125I-a-Bgtx, in a dosedependent manner, with an IC50 of 14.6pM. This study suggests that although TBH
is not subtype selective, it may be active at two distinct sites on the nicotinic
receptor.
Supported by Oxford Brookes University.

Potential control of steric and allosteric inhibition by residues in
the AChR beta subunit TM2 domain. R.L. Papke*, and J. K. Porter. Department of Pharmacology Univ. of Florida Coll, of Med., Gainesville, FL 32610.
The sensitivity of neuronal nicotinic receptors to ganglionic inhibitors can be
regulated by sequence in the beta subunit TM2 domain, such that incorporation of a
04x2 subunit, which contains sequence from the muscle beta subunit at the TM2 6'
and 10' positions of the neuronal beta subunit, greatly reduces the sensitivity of receptors to a voltage-dependent form of inhibition by the classical ganglionic blocker mecamylamine and to voltage-independent inhibition by BTMPS (bis-tetramethylpiperidine sebacate). The same mutations which decrease block by mecamylamine
and BTMPS increase the inhibitory after-effects of ACh and nicotine. We now report
that the sensitivity of neuronal nicotinic receptors to the local anaesthetic QX-314 is
reduced by the same mutations which decrease sensitivity to mecamylamine. Receptors containing the 04x2 mutant subunit show a 100 fold lower sensitivity to QX-314
than do wild-type a3|14 receptors. Although differing in potency, the inhibition of
both wild-type a304 receptors and a304x2 receptors by QX-314 is voltage dependent.
Interestingly, the potency of the local anaesthetic tetracaine for the inhibition of a304
and a304x2 receptors appears unchanged when measured at -50 mV, while the inhibition of wild-type a304 receptors is voltage dependent, while the inhibition of a304x2
receptors appears to be unaffected by membrane voltage. DMXB is an a7-selective
partial agonist that has previously been reported to be a use-dependent antagonist of
other neuronal nAChR. Although it produces very little activation of either a304 or
a304x2 receptors, DMXB shows an enhanced inhibition of a304x2 receptors, suggesting that its inhibitory mechanism may be similar to that of nicotine. In contrast, the
a402-selective agonist RJR-2403 shows increased activation of a304x2 receptors compared to a304 receptors (as related to ACh activation), but with no significant increase
in antagonist activity. In conclusion, it appears that the specific sequence of the beta
subunit TM2 may regulate sensitivity to multiple forms of inhibition including
channel block and allosteric inhibition by agonists, perhaps by either providing specific binding sites for blockers, or by regulating the conformational change in allosteric binding sites when the channel opens. Supported by U. of FL. CIF.
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Subtype-selective inhibition of neuronal nicotinic acetylcholine
receptors by cocaine. Michael M. Francis'*. Raymond Vazquez1 .Roger L.

THE EFFECTS OF THIOPENTAL AND ITS OPTICAL
ISOMERS ON NICOTINIC ACETYLCHOLINE RECEPTORS.

Papke2 and Robert E. Oswald'. 'Cornell University, Dept. of Molecular Medicine,
Veterinary Medical Center, Ithaca, NY 14853 and 2University of Florida, Dept. of
Pharmacology, Gainesville, FI. 32610
Although the effects of cocaine on the dopamine transporter have been
well established, relatively few studies have focused on the effects of
cocaine on other transmitter systems. Neuronal nicotinic acetylcholine
receptors (nAChRs) are pentameric ligand-gated ion channel complexes.
Nicotinic receptors exhibit a widespread distribution in the brain and
have been implicated in a variety of CNS processes ranging from
learning and attention to nicotine addiction. The goals of the present
study are to assess the potential for effects of cocaine on neuronal
nAChRs and to determine the structural elements underlying sensitivity
to inhibition. Rat nicotinic receptor subtypes were expressed in Xenopus
oocytes and tested for cocaine sensitivity using two-electrode voltage
clamp. Varying concentrations of cocaine were co-applied with 30 pM
acetylcholine (ACh) and inhibition was assessed as compared to a control
application of 30 pM ACh alone. Inhibition appears to be
noncompetitive, voltage-independent and predominately associated with
neuronal beta subunits. Cocaine inhibits a3(34 nAChRs with an IC50 of
about 5 pM while a3p2 nAChRs show an IC50 of approximately 50 pM.
Application of cocaine to receptors incorporating chimeric beta subunits
which exchange domains N-terminal to the putative first transmembrane
domain (TM1) between beta2 and beta4 indicate that sensitivity to
inhibition is determined, at least in part, by sequence C-terminal to the
midpoint of TM1. Although the reinforcing effects of cocaine are likely
mediated through the dopaminergic system, some of the toxicity
associated with cocaine use may be mediated via neuronal nAChRs,
particularly those containing the beta4 subunit. Supported by NIDA R01
DAI 1643.

497.15

P.L. Downie, W.R. Lieb & N.P. Franks*. Biophysics Section, The Blackett
Laboratory, Imperial College, Prince Consort Road, London SW7 2BZ,
United Kingdom.

Thiopental is an intravenous general anesthetic that is used clinically as a racemic
mixture of its two optical isomers (enantiomers). In mammals. S- thiopental is about
two-fold more potent than R+ thiopental, so important molecular targets of
thiopental might be expected to show a similar stereoselectivity and in addition be
sensitive to anesthetizing concentrations (~25 pM) of racemic thiopental. We tested
these predictions on two neuronal nAChRs (heteromeric rat (X4P2 ar|d homomeric
chick 0C7) and on the heteromeric mouse muscle «3yS nAChR. All receptors were
expressed in Xenopus oocytes.
The two-electrode voltage-clamp technique was employed to record ACh-evoked
current responses at -70 mV. We found that thiopental inhibited these responses,
and this inhibition was enhanced when thiopental was pre-applied (thus mimicking
the pharmacologic situation during general anesthesia) rather than (as is commonly
done) only co-applied with ACh. In addition, racemic thiopental concentrationresponse curves were shifted to the left by high concentrations of ACh, though it
should be noted that in the case of the muscle-type (a^yS) combination this was
much more marked than with the neuronal subtypes, where the shifts were of
marginal significance. Using high concentrations of ACh and pre-application of
thiopental, all nAChRs were substantially inhibited by 25 pM thiopental.
Neither the apyS nor (X7 subtypes differentiated between the R+ and S- optical
isomers of thiopental. However, in the case of the (X4P2 combination, the R+ isomer
proved to be significantly more potent (at a concentration of 25 pM) than the Sisomer. We conclude that nAChRs are not important targets for producing
thiopental anesthesia but may well be instrumental in the side-effects produced by
this agent.

The authors would like to thank Jim Patrick (a4(32), Jim Boulter (afiyS) and
Marc Ballivet (a 7) for their kind gifts of the individual receptor subunit cDNAs.

497.16

Neuronal Nicotinic Acetylcholine Receptors are Differentially
Modulated by Intravenous Anesthetics.

MECHANISM OF ACTION OF LYNX1 THROUGH NEURONAL
NICOTINIC ACETYLCHOLINE RECEPTORS. Ibanez-Tallon I,

#Crabtree G.W., Miwa J. M, De Jager P.L,*, #Role L.W., and Heintz. N..
Lab. Molecular Biology, HHMI, The Rockefeller University, NY 10021.
Wept. Anatomy, Columbia University, NY 10032.

P. Flood*Department of Anesthesiology, Columbia Univ., P&S, 722 W. 168th
St. NY, NY 10032.
Volatile anesthetics inhibrt neuronal nicotinic aeeti lcholine receptors (nAChRs) [1] {2J. The
activity of intravenous anesthetics, ketamine, thiopental and etomidate central nAChRs is
unknown A heteromeric nAChR composed of a4 and p4 subunits was expressed in Xenopus
beds oocytes. Using the 2-etedrode voltage damp technique peak ACh-gated current was
measured before and during ooappiication of ketamine, etomidateor thiopental.
Ketamine caused potent, inhibition ofcurrent g^ted by saturating ACh The inhibition of peak
current is concentration dependent with an IC® of 022 (+/- 0.02 pM) ketamine and the Hill
coefficient 101 (+/- 0.1). Both inhibition and relief of inhibition by ketamine is use dependent
Ketamine inhibition is more at higher agonist concentration. Thiopental and etomidate do not
modulate the a4p4 nAChR in the chnkaDy relevant oonoertbation range. Thiopental and
etomidate inhibit thp nAChRs at high concentrations.
The 0(404 nAChR predominantly expressed in the limbic system, is differentially affected by
dinically relevantconcentrations of intravenous anesthetics. Ketamineoommonty thoughtofas a
potent inhibitor of the NMDA receptor, is an equally potortt central nAChR mhibitor pj. Of
anesthetics studied, only ketamine and the volatile anesthetics inhibit nAChRs found in theCNS
at dinically importantconcentrations.
1.
Flood, J. Ramaez-bdone, and L Rde, a4b2 naeonal ravtink aafyktoiine mepkrs in the
(entralnervotesyslejnareidMedl^i9ofimneandpnjxjfjlrhda7-t^mootinicacetybhotineKceptorsare
unttfxtaL Anedfostiogy, 1947.86(4) p. 899865.
2
Violet, J.M, et dL, DifrretM sensitivities of mcoinncban netavnal and ntusde nkotink
aaetykfctinereaeplors togenenianesthetics fsee comment^. Anesthesiology, 1997.86(4) p.866-74.
3.
MacDonald, JF, et dL, Actions ofketamine, phencyclidine and MK-801 on NMDA naeptor
aments in cultuied mousehippoaampai neurones. J Physiol (Lond) 1991.432 pi483-506.

We have recently identified a new murine gene, lynxl, which is
expressed in large projection neurons in several brain structures and
contains the signature cysteine rich motif characteristic of the elapid snake
venom toxins (Miwa et al, abstract SFN 1999). Lynxl binding to adult
cerebellar sections correlates with the distribution of nicotinic
acetylcholine receptors. To test whether lynxl is involved in cholinergic
function, Xenopus oocytes expressing either a4p2 or a7 nicotinic receptors
have been recorded with the two electrode voltage clamp. Application of
lynxl protein in the perfusion bath resulted in an increase in acetylcholineevoked macroscopic currents. Conversely, the application of lynxl in the
absence of Ach had no detectable effect. Lynxl has the cysteine-rich motif
that predicts the formation of the three looped toxin fold and is present at
the cell surface as a GPI anchored protein . To investigate the structural
basis for its bioactivity we have mutated individual cysteines and
coexpressed lynxl wild type and mutants with different combinations of
nAChR in Xenopus oocytes. Altogether, these results identify lynxl as a
novel endogenous toxin-like protein modulator of nicotinic acetylcholine
receptors in the mammalian CNS.

497.17

497.18

AGONIST SENSITIVITIES OF NEURONAL NICOTINIC RECEPTORS
EXPRESSED IN XENOPUS OOCYTES. C.M. de Fiebre*12, E.M Meyer1
and N.C. de Fiebre2. ’Dept. of Pharmacology, Univ. of Florida; Hjniv. of
North Texas HSC, Fort Worth, TX 76107.
A seminal paper was published in 1991 by Luetje and Patrick (J
Neurosci. 11:837-45) in which it was demonstrated that both the a and P
subunits contribute to the agonist sensitivity of neuronal nicotinic receptors
(nAChRs). The rank ordering of potencies for four agonists at each of six
nAChR subtypes was presented; however, estimates of potency were
erroneous due to contamination by additives to medicinal plastics. In the
current study, full concentration-response analyses of five nicotinic
agonists (nicotine, acetylcholine, cytisine, l,l-dimethyl-4-phenylpiperazinium (DMPP) and carbamylcholine) at seven nAChR subtypes have
been conducted. The results confirm the findings of Luetje and Patrick that
both the a and P subunits contribute to the agonist sensitivity of nAChRs;
however, the reported extensive desensitization at high agonist
concentrations was due to contamination from the plastics additive,
Tinuvin® 770. As reported by Papke et al. (J Pharmacol Exp Ther.
268:718-26, 1994), this substance is a potent, use-dependent inhibitor of
neuronal nAChRs. An apparent rapid and pronounced inhibition was seen
at high agonist concentrations only if drug was delivered from a syringe
containing Tinuvin® 770 or from an agonist solution to which Tinuvin®
770 was directly added. These findings should assist researchers studying
nAChRs in native tissues in determining nAChR subtype by comparing
rank order potencies of agonists.
This project was supported by a grant from the NIAAA (AA-09585). The authors
would like to acknowledge Dr. Roger Papke for helpful discussions and Dr. Jim
Boulterfor supplying the rat nAChR cDNAs.

CO-AGONIST EFFECTS OF CHOLINE ON HETEROMERIC NEURONAL nAChRs. R. Zwart* and H.P.M. Viiverberg. Res. Inst. Toxicol.,
Utrecht Univ., P.O.B. 80.176, 3508 TD Utrecht, The Netherlands.
Choline is thought to be an important signalling molecule in the
brain, because it acts as a full agonist on homomeric a7 nAChRs
(Papke et al., Neurosci. Lett. 213, 201-204, 1996). No significant effects
of choline on heteromeric nAChRs have been observed. In this study,
we have investigated the functional effects of choline on heteromeric
a4R4 and a4p2 nAChRs expressed in Xenopus oocytes.
Choline acts as a partial agonist of a4R4 (10%) and a402 (1%)
nAChRs. For a404 nAChRs, we observed that ion currents induced by
low concentrations of ACh are potentiated by low concentrations of
choline and inhibited by high concentrations of choline. Ion currents
induced by high concentrations of ACh are only inhibited by high
concentrations of choline. These effects of choline are predicted by an
equilibrium two-site receptor occupation model. Ion currents through
a402 nAChRs are also potentiated and inhibited by choline in a way
similar to that observed for a4J34 nAChRs. Potentiation is a competitive
effect, whereas the inhibition is caused by (a) voltage-dependent open
channel block, (b) competitive inhibition, and (c) receptor desensitization. In contrast to the effects of choline on a4fi4 nAChRs, those on
a4/32 nAChRs indicate receptor heterogeneity, which is confirmed by
differences in effects of choline on a402 nAChRs expressed in oocytes
after injection of a4 and p2 subunit cDNAs in 1:9 and 9:1 a.f3 ratios.
Under physiological circumstances in the synaptic cleft optimum
conditions for the synergistic effect of choline are likely to be met,
because degradaton of ACh leads to a simultaneous decrease in ACh
concentration and increase in choline concentration. It is concluded that
choline is a co-agonist of heteromeric neuronal nAChRs. Supported by
the Netherlands Organization for Scientific Research (N.W.O.
#903.42.066).
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COMPARISON OF NICOTINE AND ACETYLCHOLINE AS
AGONISTS ON cc4p2 NEURONAL NICOTINIC RECEPTORS.
K.G, Paradiso* and J.H, Steinbach. Dept. of Anesthesiology, Washington
University School of Medicine, St. Louis, MO 63110.
Acetylcholine (ACh) is the proposed endogenous transmitter for
neuronal nicotinic receptors while nicotine (Nic) is a potent agonist which
may reach a peak of ~700nM and basal level of ~400nM in chronic
smokers. To compare the properties of ACh and Nic, a fast perfusion system
was used to deliver ligand to whole cell patch clamped HEK 293 cells stably
expressing Rat a4 (32 neuronal nicotinic receptors. The amplitude of the
response, the rise to peak and the decay of current due to desensitization
were all dependent on the concentration of ACh or Nic. Desensitization has
a fast and a slow component for both ligands. At lOOpM, responses to Nic
and ACh had similar times to peak and peak current, but Nic had a slightly
faster rate of desensitization onset. However, current decay following
termination of the ligand pulse appears to be slower for Nic than ACh; thus
Nic appeared to cause prolonged activity following ligand removal.
Recovery from desensitization by both Nic and ACh was dependent on the
duration of the first pulse in a paired pulse recovery protocol. If the
interpulse interval was held constant at 5s while the conditioning pulse was
incrementally increased from 0.5 to 10s, Nic showed less recovery for each
pulse duration tested. A 0.5s pulse of lOOpM Nic had the same amount of
recovery as a 5sec pulse of lOOqM ACh. Prolonged exposure to low
concentrations of nicotine also reduced the peak current. A 10s exposure to
lOOnM Nic reduced the peak response by 75%, while 10s of lOOnM ACh
caused only a 30% reduction in current. For comparison, a 10s exposure to
ImM choline (a weak agonist) reduced the peak current by ~60%.
(Supported by NIH grant R01 NS 22356)

POTASSIUM CHANNELS: INWARD RECTIFIERS
498.1

498.2

INHIBITION OF INWARD RECTIFIER POTASSIUM CHANNEL Kir2.1 VIA
TYROSINE PHOSPHORYLATION AND ENDOCYTOSIS: AN UNNATURAL
AMINO ACID PROBE. Y.Tong3, E. Slimko3, G. Brandt2, D. Dougherty2, A.
Karschin1, J. Schwarz^and H. Lester3, ’Dept. of Molecular Neurobiology of Signal
Transduction, Max-Planck Inst.-for Biophysical Chemistry; 2Div. of Chemistry and
’Biology , Caltech, Pasadena, CA 91125
The amplitude of potassium currents can be modulated by phosphorylation.
Wischmeyer et al. (1998) identified tyrosine 242 of the inward rectifier potassium
channel Kir2.1 as a putative phosphorylation site for receptor tyrosine kinases. The
present experiments show that Kir2.1 can also be modulated by v-Src and PYK2
kinase. We applied the nonsense codon suppression method to incorporate the
unnatural amino acid o-nitrobenzyl tyrosine (Tyr(ONB)) at position 242 of Kir2.1
expressed in Xenopus oocytes (Miller et al. Neuron, 1998). v-Src was coexpressed,
and phenylarsine oxide was present to inhibit tyrosine phosphatases. The Kir2.1Y242Tyr(ONB) currents have functional characteristics similar to the wild-type
currents: the o-nitrobenzyl group presumably prevents both (1) phosphorylation and
(2) tyrosine-based interaction with adaptor protein at the position 242. Tyrosine242 was decaged by 3 s irradiation. The K+ currents then decreased by -50% over
-30 min. Interestingly, over the same period, the membrane capacitance decreased
by -20%, signifying endocytosis. The capacitance change was enhanced and
eliminated by coexpression of wild-type (WT) dynamin and dominant negative
(DN) dynamin, respectively; the current inhibition was unchanged by WT dynamin
and decreased only 2-fold by DN dynamin. We conclude that flash decaging, and
subsequent tyrosine phosphorylation, at a single position inhibits the channel, then
leads to massive endocytosis with further decreases in current, and we measure the
kinetics of these events.
Support: GM-29836, NS-34407, NRSA.

EXTRACELLULAR LINKS IN Kir SUBUNITS CONTROL THE
UNITARY CONDUCTANCE OF SUR/Kir6.0 ION CHANNELS. A.
Fujita1, H. Nakamura?, V.P. RepunteL Y. Horio1 *, I. Findlay3, L. Pott4
and Y. Kurachi1. 'Dept. of Pharmacol.il, Facul. of Med. and Graduate Sch. of Med.
and 2Lab. of Protein Informatics, Inst, for Protein Res., Osaka Univ., Japan; 3Facul. des
Sciences, Univ. de Tours, France; 4 Dept. of Physiol., Ruhr Univ. Bochum, Germany

K+ channels are highly selective for K+ ions but their unitary conductances are quite divergent. Although Kir6.1 and Kir6.2 are highly homologous and both form functional K+ channels, with sulfonyl-urea receptor,
their unitary conductances (150 mM [K+]o) are ~ 35 and 80 pS, respectively. We found that a chain of three amino acids N123-V124-R125 of
Kir6.1 and SI 13-1114-H115 of Kir6.2 in the M1-H5 extracellular link and
a single residue Ml48 of Kir6.1 and VI38 of Kir6.2 in the H5-M2 link
accounted for the difference. By using a 3D structure model of Kir6.2
based on KcsA, we were able to recognize two independent plausible
mechanisms involved in the determination of single channel conductance
of the Kir6.0 subunits: 1) because the diameter of entrance surrounded by
VI38 (10 A) in the tetramer was wider than that surrounded by Ml38 (5
A) in mutant, steric effects at Kir6.2V138 or Kir6.1M148 in the H5-M2
link to influence directly the diffusion of K+ and 2) structural constraints
between Kir6.2S113 or Kir6.INI23 in the M1-H5 link and Kir6.2R136
or Kir6.1R146 near the H5 region to control the conformation of the
permeation pathway. These mechanisms represent a novel and possibly
general aspect of the control of ion channel permeability of Kir channels.

498.3

498.4

K+-INDUCED RAPID CHANGES OF RECTIFICATION IN Kir OF
GLIAL (MULLER) CELLS. M-L EateD,!L S-N, Skachkov1’5, L Krusekj,
R.W, Veh3. A. Reichenbach4. and R.K. Orkand5 Dept. Biochem., CMBN,
Univ. Cental del Caribe, Bayamon1, Inst. Physiol., Prague2, Inst. Anat.,
Berlin3, Inst. Brain Res., Leipzig4, Inst. Neurobiol., UPR, San Juan5
The rectification ratio of K+-inward rectifying channels (Kir) is different
in endfoot and soma, as well as in different areas of retina during steady
state conditions in Muller (astrocytic radial glial) cells (Skatchkov et al.,
Glia, 1999 in press). The polyamine spermine (SPM) regulates rectification
of Kir channels in these cells (Biedermann, et al., Glia, 1998). We report
here that this ratio (Irin /Iko ) kS changed rapidly and reversibly during
physiologically relevant changes of [K*]o in subsecond time. Rapid changes
in [K+]o in repeated sequences of 3-1-3-10-3 mM resulted in an almost twofold decrease of Ikin /IKo (from 4.6+0.6 to 1.9±0.2, n=9) in isolated cells
from the central area of frog retina. In contrast, peripheral cells displayed
almost no changes in rectification. Furthermore, SPM/spermidine (SPD)
distribution (by immunocytochemistry) is different in these cells. In
peripheral retina, both endfeet and somata are SPM/SPD immunoreactive; in
central retina only endfeet are stained. We suggest, first, that rapid relief of
Kir rectification during physiological conditions (time and K+ concentration)
might be a feedback mechanism which may change potassium spatial
buffering to rapid local siphoning. Second, the mechanism of rectification
changes may be a consequence of changes in K+ and/or polyamine
concentrations as well as an interaction between K+ and polyamines at glial
Kir channel sites. Supported, NIH-RCMI G12RR03035, NINDS, NSFEPSCoR and DFG (849/3-2 and BMB+F (IDZL, OIKS 9504 project C5)).

MODULATION OF THE INWARD RECTIFIER POTASSIUM CHANNEL
IRK1 BY THE RAS PATHWAY. S. Giovannardi1, G. Forlani1, MBalestrini2, E.
Bossi1, A Peres1 R. Tonini2, S. Denis-Donini^D. C. Johns3,4 R, Zippel2 ’Dept
Structural & Functional Biology, Universita dell’Insubria, Varese. Dept Gen.
Physiol. & Biochem, Universita di Milano, ’Center of Cellular &. Molecular
Pharmacology, CNR Milan, Italy, 4Johns Hopkins School of Medicine, Baltimore,
MD, USA
We have previously shown that expression of Ras-GRFl in a
neuroblastoma cell line enhances the level of active Ras, accelerates retinoic acidinduced neuronal differentiation and increases the functional expression of IRK1like current (Tonini et al Eur. J.Neurosci, 1999). To fiirther investigate the
connnection between the Ras-pathway and IRK 1-like current, HEK293 cells were
transfected with IRK1 construct (Kubo et al, Nature,1993) with or without the
plasmid coding for the constitutively active form of Ras (Ras-L61). Expression of
IRK1 leads to the appearance of a typical hyperpolarisation-activated current
(almost completely blocked by 100 uM Ba4*). Cotransfection of Ras-L61 with
IRK1 causes a reduction in the current density. Pretreatment of the cotransfected
cells with PD98059, a specific MAP kinase inhibitor, leads to the recovery of the
current density at a value close to that observed in cells transfected with IRK1
alone. The kinetics of the current was not affected by the expression of Ras. These
results suggest that constitutive activation of the Ras cascade may modulate the
inward rectifiyng current. Further studies have been undertaken to gain more
informations on how this modulation occurs.
Supported by CNR and MURST.
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DIFFERENTIAL DISTRIBUTION OF CLASSICAL INWARDLY
RECTIFYING POTASSIUM CHANNEL SUBUNITS, Kir2.12.3/IRK1-3, IN MOUSE BRAIN. M. Ito1. A. Inanobe2. A. Fujita2. Y.
Horio2. H. Tomoike1. Y. Kurachi2*. Ust Dept. of Int. Med., Yamagata
Univ. Sch. of Med., Yamagata, 990-9585, 2Dept. of Pharmacol. II,
Fac. of Med., Osaka Univ., Suita, 565-0871, Osaka, Japan.
Classical inwardly rectifying K+ channels are composed of Kir2.0
subunits and responsible for formation of deep resting potential and
long-lasting action potential. We have raised polyclonal antibodies
specific for each of mouse Kir2.1, Kir2.2 and Kir2.3, and examined the
distribution of each subunit in mouse brain. Kir2.1-immunoreactivity
(Ir) was predominantly detected only in olfactory bulb (OB), Kir2.2 was
prominently in cerebellum and moderately in OB, cerebral cortex (Cx)
and hippocampus (Hip), and Kir2.3 in OB, Cx, and Hip. In OB, all of
the three Kir2.0 subunits were distributed differentially: Kir2.1-antibody
showed a strong filamentous staining in the olfactory nerve layer and
glomeruli, suggesting that Kir2.1 locates at the axonal fibers projected
from olfactory epithelium. Kir2.2-Ir was distributed at the
somatodendritic regions of the mitral cells. Kir2.3-Ir was found at the
dendro-dendro synapse between mitral cells and granule cells in the
external plexiform layer, which was further identified at the postsynaptic
density on the spine of granule cells. Similary, Kir2.2-Ir in pyramidal
cells of Cx and Hip was at the somatodendritic regions, while Kir2.3
was at the postsynaptic regions in the layers I and II of Cx and in the
stratum lucidum in Hip. Therefore, it is likely that the subcellular
localization of each Kir2.0 subunit is uniquely regulated among different
neurons, which may allow each Kir channel to play a respective unique
functional role in control of neuronal activity in the brain.

SPATIAL LOCALIZATION OF POLYAMINES IN GLIA AND
NEURONAL Kir CHANNELS IN HIPPOCAMPUS. S.N. Skatchkov1’,
M.J. Eaton1, D. Eulitz2, A. Reichenbach3, and R.W. Veh2. 'Dept. Biochem.,
CMBN, Univ. Central del Caribe, Bayamon, PR, 2Inst. Anatomy, Charite,
Berlin, FRG, 3Inst. Brain Res., Leipzig, FRG
Disruption of glial function blocks both inhibitory (Skatchkov et al., 1998)
and excitatory (Keyser & Pellmar, 1994; 1997) synaptic transmission in
neurons. Paired-pulse facilitation (PPF) in CAI area of hippocampus is
observed after treatment with spermine (SPM), a neuronal and glial Kir
channel blocker (Lopatin et al., 1994; Biedermann et al., 1998). Similarly,
PPF is observed after blocking glial function (Biello, et al., 1998). The
present study examined localization of SPM/spermidine (SPD)-sensitive
neuronal Kir2.4 channels and their relationship to SPM/SPD pools in area
CAI. Hippocampal slices from rat were prepared for immunocytochemical
visualization of Kir2.4 channels and SPM/SPD. Here we demonstrate that
Kir2.4 immunoreactive neuronal processes span the area occupied by
astrocytic glia. These astrocytes are selectively stained with the SPM/SPD
antibody, whereas neuronal processes are not. We suggest that SPM/SPD in
glia may regulate neuronal Kir channels because conditions which alter
neuronal activity (such as ischemia or gliotoxin-treatment) result in decreased
levels of these polyamines in glia. Conversely, accumulation of SPM in glia is
observed after SPM perfusion. This suggests that polyamine transport occurs
to and from glia and that glia may be the source of polyamines (SPM)
controlling neuronal Kir rectification. Supported, NIH-RCMI G12RR03035
(projects A & B), DFG (849/3-2) and BMB+F (IDZL, OIKS 9504 project
C5)

498.7

498.8
SPECIFIC
PIP2
INTERACTIONS
WITH
INWARDLY
RECTIFYING K+ CHANNELS DETERMINE DISTINCT
ACTIVATION MECHANISMS. H-L. Zhang1’2, C. He2, X-X. Yan2,
T. Mirshahi2, R.F. Margolskee*’1,2 and D.E. Logothetis2. 1,2HHMI
and ^Department of Physiology and Biophysics, Mount Sinai School
of Medicine, CUNY, New York, NY 10029.
PIP2 (phosphatidylinositol 4,5-bisphosphate) interacts directly with
and activates several inwardly rectifying K+ channels. Biochemical
and functional evidence suggests that constitutively active K+
channels, such as IRK1, interact more strongly with PIP2 than do the
G protein-gated K+ channels, GIRKs. As a result Pffty alone can
activate IRK1 but not GIRK channels, which require additional
gating molecules, such as the py subunits of G proteins or Na+ ions.
We identified two conserved Arg residues near the inner membrane
interface of these channels that are critical in channel interactions
with PIP2. The presence of an lie residue in either channel, at a
position neighboring the two arginines, weakened PIP2 interactions.
Surprisingly, a conservative change from He to a Leu residue,
normally found in IRK1, strengthened GIRK4-PIP2 interactions,
eliminating the requirement for additional gating molecules.
Moreover, GIRK4 contains the negatively charged residue Asp, two
positions away from the strongest interacting Arg. This Asp residue
interacted with Na+ ions causing activation of the channel by
regulating the strength of channel-PIP2 interactions. Our results
provide a mechanistic framework for understanding distinct gating
mechanisms of inwardly rectifying K+ channels in subserving their
respective physiological roles.
Supported by HHMI to RFM and HL54185 to DEL.

EXP-2: A Kv-TYPE K+ CHANNEL THAT ACTS A AN INWARD RECTIFIER.
R. Fleischhauer1. M. W. Davis2. J. Dent2. L. Avery2 and R.H. Joho1 *. 'The Center
for Basic Neuroscience and department of Molecular Biology and Oncology, The
University of Texas Southwestern Medical Center, Dallas, TX 75235.
Based on sequence similarity, the product of the C. elegans exp-2 gene belongs
to the family of voltage-gated (Kv) K+ channels. Functionally, however, the
EXP-2 channel acts as an inward rectifier like the structurally unrelated Herg
channel. We expressed EXP-2 in Xenopus oocytes to study the mechanisms that
make a Kv channel an inward rectifier. EXP-2 channels activate slowly (ract=54±5
ms at 20 mV [n=l 1]) with a midpoint of activation at -17±2 mV (n=5). Slow
activation is followed by very rapid inactivation (Tinac,=2.1±0.1 ms at -20 mV
[n=8]; < 1 ms at > 0 mV) leading to very small outward K+ currents at positive
potentials. Both inactivation and recovery from inactivation are strongly voltage
dependent. In the negative potential range, inactivated EXP-2 channels recover
rapidly (xrec=23±3 ms at -60 mV [n=l 2]) allowing increasing K+ currents to
accelerate action-potential repolarization. Although EXP-2 behaves functionally
like Herg, the two channels have no sequence similarity outside the pore region.
Hence, the property of inward rectification has independently evolved in two
6TM-type families (Herg and EXP-2) and in a 2TM-type family (IRKs, GIRKs).
A mutation in S6, C479Y, appears to uncouple channel opening from voltage
sensing, leading to constitutively open channels even at -160 mV (an explanation
for the lethality of the homozygous mutant). Modeling the structure of EXP-2 on
the known 3-dimensional scaffold of the bacterial KscA K+ channel shows that the
large side chain of tyrosine protrudes from S6 to near S5; in contrast, the smaller
side chain of cysteine is buried near S6. Hence, the bulky tyrosine side chain may
form an obstacle to movement of S6 accompanying open-closed-state transitions
(supported by NS28407 [RHJ] and HL46154 [LA]).

498.9

498.10

Gp5 SUBUNITS FAIL TO ACTIVATE GIRK CHANNELS. T.
Mirshahi*1, C. He2 and D. E. Logothetis1. 'Dept. Of Physiology
and Biophysics, Mt. Sinai School of Medicine, New York, NY
10029.
2Dept. Of Neurobiology, Second Military Medical
University, Shanghai, Peoples Republic of China.
G protein-gated inwardly rectifying K+ (GIRK) channels were
the first example of an effector that is directly regulated by the py
subunits of G proteins. However, relatively little is known about
the elements on the Gpy that are important for GIRK channel
regulation.
In the present study, we use the Xenopus oocyte expression
system to test the effects of different G[3 subunits on GIRK
channels. In oocytes expressing GIRK1/GIRK4 channels, coexpression of Gpl-p4 with Gy2 led to significant enhancements of
the basal currents. However, G{35 was incapable of activating
these channels under identical conditions. Western blot analysis in
oocytes expressing Gp5 showed that the protein is expressed.
Therefore lack of expression can not be responsible for lack of
channel activation. These data indicate that the G{35 may not
interact with GIRK channels. Based on these findings, we have
constructed chimeras between the G$1 and G[35 subunits to
identify the critical elements on Gp subunits that enable GPy
activation of GIRK channels.
The failure of GP5 to activate the channel may be due to
ineffective interactions with either the channel or the Gy2 proteins.
These possibilities are currently being explored.
Supported by HL54185 to DEL. TM supported by HL07824.

ENDOGENOUS REGULATOR OF G-PROTEIN SIGNALING
(RGS) PROTEINS INFLUENCE GIRK CURRENT ACTIVATION
KINETICS IN RAT SYMPATHETIC NEURONS. S.R. Ikeda* and
S.W. Jeong. Laboratory of Molecular Physiology, Guthrie Research
Institute, Sayre, PA 18840.
In this study, we investigated the role of endogenous RGS
proteins in coupling heterologously expressed GIRK 1/4 to a2Aadrenergic receptors. To this end, either PTX-insensitive (C351G;
PTX-i) or PTX- & RGS-insensitive (G184S:C351G; PTX/RGS-i)
mutants of GaoA (see DiBello et al., JBC 273:5780, 1998) were
coexpressed with GP,y2 subunits by intranuclear injection of CMVdriven plasmids into PTX-treated rat sympathetic neurons.
Expression of the PTX/RGS-i GaoA resulted in: i) a prolonged lag
phase preceding GIRK activation, ii) retarded activation/deactivation
kinetics, and iii) ablation of the acute phase of GIRK current
desensitization when compared with PTX-i GaoA expressing neurons.
In neurons expressing PTX-i GaoA, application of NE (10 pM)
resulted in rapid GIRK activation (lag phase of 0.54±0.03 s; n=7). In
contrast, GIRK activation reconstituted by PTX/RGS-i GaoA
displayed a much greater delay prior to current activation (6.4±1.1 s;
n=ll). Surprisingly, coexpression of RGS8 or RGS10 with
PTX/RGS-i GaoA significantly shortened the prolonged GIRK lag
phase (1.0±0.2 and 1.8±0.3 s, respectively, n=3) without accelerating
GIRK current deactivation. These findings suggest that RGS proteins
may influence receptor/effector coupling independently of their
ability to augment Ga GTPase activity. Supported by NIH grants
GM 56180 and NS 37615.
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498.12

ACTIVATION & INHIBITION OF GIRK (KlR3) CHANNELS BY GftyDIMERS.
Qiubo Lei, Miller B. Jones, James C. Garrison and Douglas A. Bayliss*.
Dept. of Pharmacology, University of Virginia, Charlottesville VA 22908.
A major form of receptor-mediated slow neuronal inhibition is due to direct
activation by G protein {3y subunits of G protein-coupled inwardly-rectifying
potassium channels (GIRKs) of the Kir3 gene family. Although all G proteincoupled receptors release Gpy subunits, not all such receptors activate GIRK
channels, implying a specificity in GIRK channel activation by Gpy subunits.
We generated a stable HEK293 cell line expressing Kir3.1/3.4 channels in
order to test for specificity of Gpy effects on GIRK channels. Combinations
of Gp and Gy subunit cDNAs were transiently co-transfected into these cells,
together with a GFP plasmid, and recordings of whole cell currents obtained
from green fluorescent cells. Expression of G protein subunits was verified
by immunocytochemistry and/or Western blot analysis. Gp or Gy subunits
were without effect on GIRK currents when expressed alone. Expression of
Piy2 greatly increased whole cell inwardly-rectifying K+ currents (~7-fold);
essentially identical results were obtained in cells transfected with either p3y2
or p4y2. Activation of GIRKs was also observed when pi, p3 or p4 were coexpressed with yj i, a Gy subunit that is distantly related to y2 and differentially
isoprenylated. These data indicate that p3 and p4, like Pi and p2, can support
activation of GIRK channels. By contrast, in cells transfected with either p5y2
or p5yn, GIRK currents were decreased to -50% of control. Interestingly,
like Piy2, we found that p5y2 binds directly to GST-fusion proteins containing
N- or C-terminal cytoplasmic domains of Kir3.1 and Kir3.4. Thus, p5containing dimers inhibit GIRK currents, perhaps by directly binding the
channels, suggesting the novel hypothesis that p5-containing dimers could act
as competitive antagonists of other GPy pairs on GIRK channels.
Supported by NS33583, Council for Tobacco Research (4421) & DK19952.

CO-EXPRESSION OF Gp5 ENHANCES THE FUNCTION OF THE
GGL DOMAIN-CONTAINING RGS7. A Kovoor*, CK Chen, Ml Simon
and HA Lester. Caltech, Pasadena, CA 91125.
Regulators of G protein signaling (RGS proteins) stimulate the
GTPase activity of G protein Ga subunits. Several RGS proteins,
including RGS7, contain a Gy subunit-like (GGL) domain, which
mediates a specific interaction between these RGS proteins and GP5.
In previous experiments, GIRK deactivation kinetics were accelerated by
coexpression of several RGS proteins, indicating that the endogenous
rate of GTP hydrolysis rather than intrinsic GIRK channel kinetics
determine the time-course of channel deactivation following agonist
removal. We used GIRK channels (Kir31/Kir3.4) and m2-muscarinic
acetylcholine receptors (m2-mAchR) heterologously expressed in
Xenopus oocytes to evaluate functional effects of the complex between
RGS7 and G[35. We found that the coexpression of RGS7 / GIRK1 /
GIRK4 / m2-mAchR also accelerated recovery compared with absence
of RGS7, but considerably less than the acceleration produced by
RGS4. When we coexpressed GP5 / RGS7 / GIRK1 / GIRK4 / m2mAchR , however, the acceleration of GIRK channel kinetics was
significantly increased and approached that produced by RGS4 / GIRK1
/ GIRK4 / m2-mAchR. This enhancement of RGS7 function by GP5 was
not achieved by co-expression of Gp1, and Gp5 did not modulate the
function of RGS4 at any level of RGS4 expression. The mechanism by
which GJ35 promotes RGS7 function is under investigation. Support:
GM-29836, GM-34236.

498.13
EXPRESSION

OF

FIBROBLASTIC

GIRK

CELLS

(KIR3.1/KIR3.4) CHANNELS

WITH

AND

WITHOUT pi

IN MOUSE

INTEGRIN.

T.Ivanina', C.Neusch1, Y. -X. Li1, Y. Tong1, D. F. Mosher2, C. Labarca1, J. Pine1*,
and H.A. Lester1. ‘Biology 156-29, Caltech, Pasadena CA and 2Med. & Biomol.
Chem., Univ. of Wisconsin

Recently it was shown that GIRK1 and GIRK4 channels bind directly to
integrin pi and that the integrin-binding RGD sequence is essential for functional
GIRK expression (McPhee et al, 1998). To extend this observation, we compared
the expression and subcellular distribution of heteromultimeric GIRK1/GIRK4
channels in two mouse fibroblastic cell lines: one expresses pi integrin, and the
other (GD10) lacks expression of pi-integrin due to disruption of the pi integrin
subunit gene (Sakai et al, 1998). We tagged the carboxyl terminus of the GIRK1
and GIRK4 subunits with Green Fluorescent Protein (GFP). Cells with and without
pi integrin were transfected with cDNAs for G1RK-GFP fusion proteins.
Fluorescent microscopy at 2 days post-transfection showed plasma membrane
localization of GIRK1/GIRK4 channels in both cell lines. For whole-cell patch
experiments, cells were cotransfected with cDNAs for wild type GIRK1 and
GIRK4, m2 muscarinic acetylcholine (ACh) receptors, and GFP. Currents induced
by 5 pM ACh (25 mM external K+) were 766.3 + 214.5 pA in cells expressing pi
integrin and 588.2 + 99.0 pA in cells without pi integrin (mean + SEM, n = 10 or
11). There was also no significant difference in basal GIRK currents. These data
show that Pl integrin is not necessary for functional GIRK channels in fibroblastic
cells and leave open the possibility of a necessary interaction with other integrins
expressed in these cells. Support: GM-29836; US-Israel BSF; DFG.

INHIBITORY POSTSYNAPTIC MECHANISMS I
499.1

499.2

mIPSC AMPLITUDE DISTRIBUTIONS ARE ALTERED BY
MODULATORS OF SPONTANEOUS RELEASE RATE.
R. Lim & B. Walmslev*, Div Neuroscience, JCSMR, Australian
National University, Canberra, ACT, 0200, Australia.

CELL TYPE- AND SYNAPSE-DEPENDENT VARIABILITY IN THE
OCCUPANCY OF SYNAPTIC GABAa RECEPTORS. Z. Nusser*1, N. Hajos2, E.
A. Rancz2 ,T.F. Freund2 and I. Mody1. 'Dept. of Neurology, UCLA School of
Medicine, Los Angeles, Calif. 90095-1769; 2Inst. for Exp. Medicine, Hungarian
Academy of Sciences, Budapest, Hungary.
Trial to trial variability in postsynaptic responses at a single synapse depends on
the probability of transmitter release, and on the stochastic behavior and occupancy
of the postsynaptic receptors. To investigate postsynaptic GABAa receptor
occupancy, we used the benzodiazepine agonist zolpidem, a drug that increases the
affinity of GABAa receptors for GABA at room temperature (Perrais and Ropert,
1999, J Neurosci., 19, 578). We recorded mIPSCs from seven different cell types
in four brain regions of rats and mice. Receptors in every cell type were
benzodiazepine-sensitive, as 10-20 pM zolpidem prolonged the decay of mIPSCs
(149-188% of control). The amplitude of the events was significantly enhanced in
dentate granule cells (142±8% of control, n=6 cells), in CA1 pyramidal cells
(142±11%, n=6), in hippocampal GABAergic intemeurones (144±5%, n=5) and in
An incomplete (<0.8)
cortical layer V pyramidal cells (124±4%, n=5).
postsynaptic GABAA receptor occupancy is thus predicted in these cells. In
contrast, zolpidem induced no significant change in mIPSC amplitudes recorded
from layer II/III pyramidal cells (103±4%, n=8), suggesting full GABAa receptor
occupancy. Moreover, different degrees of receptor occupancy were found to
characterize distinct GABAergic synapses on a given cell. For example, of the two
distinct populations of zolpidem-sensitive mIPSCs recorded in olfactory bulb
granule cells, the amplitude of only one type was significantly enhanced by the
drug (117±4% vs 102+4%, n=5). Receptor occupancy at different synapses on
cerebellar stellate/basket cells showed a similar pattern. Thus, postsynaptic
receptor saturation is cell and synapse specific, reflecting local differences in the
number of receptors or cleft transmitter concentration. Supported by the Wellcome
Trust, NINDS grant (NS 30549) and the Coelho Endowment to IM.

We have recently demonstrated a correlation between mean mIPSC
amplitude and mean receptor cluster size at glycinergic synapses in bushy
cells of the rat anteroventral cochlear nucleus (Lim, Alvarez & Walmsley,
1999, Journal of Physiology, 516 (2), 505-512). This study was based on a
cell to cell comparison of mean values of cluster area and mIPSC amplitude.
However, within an individual cell, there is a very large range in cluster sizes,
suggesting that much of the variability in mIPSC amplitude within an
individual cell is due to site-to-site differences in the number of glycine
receptors. In this case, the shape of the mIPSC amplitude distribution should
also depend on the rate of spontaneous release from different sites. We
have investigated this issue using known modulators of spontaneous
release rate. Rats aged 8 to 13 days postnatal were anaesthetised with
sodium pentobarbitone (20 mg/kg,- ip) and decapitated. Whole-cell patchclamp recordings of mIPSCs at -60 mV were made in bushy cells from 150 pm
thick slices, in the presence of APV, CNQX, bicuculline and TTX. Following
application of either KCI (10 mM), ruthenium red (100 pM) or latrotoxin (0.1
nM), the mIPSC amplitude distributions were altered dramatically such that
they were now highly skewed towards larger events and in some cases, a
second broad peak in the amplitude distribution was evident. These results
provide supporting evidence that spontaneous release rate may be
differentially modulated at different sites, and that there is a large site-to-site
variability in glycinergic mIPSC amplitude in bushy cells.
Supported by The John Curtin School of Medical Research.
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499.3

499.4

TEMPORAL AND SPATIAL FOCUSING OF INHIBITION THROUGH THE
INTERACTION OF GABA DIFFUSION WITH GABAa RECEPTOR KINETICS.
MV Jones1*, LS Overstreet1. P Jonas3 and GL Westbrook1’2, folium Institute
and 2Dept. Neurology, Oregon Health Sciences University, Portland, OR, USA;
3Physiologisches Institut der Universitat Freiburg, Freiburg, FRG.

REGULATION OF INHIBITORY SYNAPTIC EFFICACY BY
SLOW DESENSITIZATION
OF GABAa RECEPTORS.
L.S.
Overstreet*, M.V. Jones and G.L, Westbrook. Vollum Institute, Oregon Health
Sciences University, Portland, OR 97201.
Desensitization of ligand-gated receptors may influence either the time course of
individual responses or the amplitude of sequential responses. To test the hypothesis
that desensitization of synaptic GABAa receptors can reduce the IPSC amplitude, we
examined the reduction of GABAa receptor-mediated currents produced by low levels
of GABA in cultured hippocampal neurons. In the presence of GABAb receptor
antagonists, GABA (1 pM) reduced the amplitude of autaptic IPSCs to a similar
extent as GABA-acUvated currents in patches (to -75% of control), and produced a
steady-state current. The time course of recovery from desensitization was similar for
patches and synaptic receptors (x - 10 s), suggesting that the IPSC reduction was
due to “slow” desensitization. Inhibition of GABA transporters with NO711 (100
pM) or tiagabine (100 pM) reduced the IPSC by 50%. This resulted from an
increase in the cleft GABA concentration because it recovered with a time course
similar to recovery from desensitization produced by GABA, and it was reduced by
the GABAa receptor antagonist SR95531. Using the dose-response curve for GABAinduced desensitization of receptors in patches, we estimated that GABA uptake
inhibitors raised the GABA cleft concentration to 0.8-1.0 pM. Our results indicate
that desensitization of synaptic receptors produced by low concentrations of GABA
can influence the IPSC amplitude by regulating the availability of unbound
receptors. Unlike GABA, the transport inhibitors did not produce a measurable
steady-state current, suggesting that transport inhibition elevates GABA levels only
near the cleft, and that the fraction of synaptic receptors is small compared with the
total number of receptors on the cell. Slow desensitization can thus regulate
inhibition over a prolonged time scale in response to only a few GABA molecules
in the cleft. Supported by NS26494 (GLW) and T32DA07262 (LSO).

At hippocampal synapses, [GABA] reaches ~2-6 mM and declines to low levels
within -300-600 psA. However, blockade of uptake causes steady-state desensitization
of synaptic GABAa receptors8, suggesting an additional role for low, persistent,
GABA concentrations. We therefore compared experimentally determined transient
and steady-state levels with those from Monte Carlo simulations’3 of the space around
the synapse. Published morphometry of the dentate gyrus (DG) was approximated as
a cubic lattice of reflecting cell surfaces (i.e., cubes, 320 nm3, separated by 15 nm),
giving a diffusion volume fraction of 0.12. Synaptic clefts contained a point source
of 5000 GABA molecules and -50 GABAA receptors with kinetics as described in
Ref.D. All surfaces contained GABA transporters (EC50, 5pM; Vmax, 20/s;
efficiency, 0.5, density, 100 pM). By matching the simulated [GABA] time course
to experimental data, we estimated the effective diffusion coefficient to be -0.3 x 106
cm2/s, suggesting a high microscopic tortuosity (X) of -4.8 that was relatively
insensitive to transporter density in the cleft. Summed over 100 ms following
release, extrasynaptic IGABA] and the fraction of bound GABAa receptors fell with
length constants (Lc) of 164 nm and (LB) of 280 nm, such that distant receptors
experienced a very slow rise of [GABA]. However, because slowly rising [GABA]
favors channel desensitization, the ratio of time open to time desensitized (O/D)
decreased from 0.43 at the release site to 0.07 at 1.5 pm (> the mean distance
between GABAergic synapses in DG). Removing transporters increased LG to 319
nm, Lb to 430 nm, and allowed GABA to persist at -lpM for > 100 ms following
release, but only increased O/D to 0.27 at 1.5 pm. Thus, the GABA from a single
vesicle rapidly activated receptors at the release site, but helped to silence those at
neighboring synapses. Diffusion and desensitization may interact to form a temporal
and spatial high-pass filter of inhibition.

[Refs: A,B) Soc. Neurosci. Abstr. 24:523.3, 24:523.2; C) Biophys. J. 59:1290-1307; D) J.
Neurosci. 18:8590-8604] [Supported by NIH (NS26494 to GLW), DFG (SFB 5O5/C5 to PJ), HFSPO (to
PJ and GLW) and the American Epilepsy Society (MVJ)]

499.5

499.6

EVOKED GABA UPTAKE CURRENTS IN ASTROCYTES IN A NEOCORTICAL
SLICE PREPARATION. G.A. Kinney* & W.J. Spain. Depts. of Physiol./Biophysics and
Neurology, Univ. of Washington and VA Puget Sound Med. Center, Seattle, WA 98195
Recordings of evoked L-glutamate uptake currents in hippocampal astrocytes in a slice
preparation have provided useful information regarding changes in the concentration of
glutamate in the synaptic cleft. The recording of synaptically evoked GABA uptake
currents could also provide such information for GABA. We have thus undertaken
recordings from neocortical astrocytes with the purpose of detecting evoked GABA
uptake currents. Neocortical astrocytes were visually identified based on their size (<10
pm), and morphology. Two types of glia were identified, termed linear and rectifying.
Linear glia displayed a linear I-V relationship, while rectifying glia displayed outward
rectification (rmp: -90.4±0.31 & -93.8±0.70 mV; input resistance: 19.8±1.7 &
176.2±33.09 ML2, respectively). Linear glia represented 84% of all cells recorded from.
Uptake currents were evoked via a bipolar-tungsten stimulating electrode placed <150 pm
from the recorded cell. Stimulus protocols ranged from a single shock to 50 stim at 100
Hz. In approximately 70% of cells recorded from, a significant (10-50%) portion of the
evoked current was blocked by a mixture of the GABA uptake antagonists NO-711,
SKF89976A, and nipecotic acid (20.27±1.94% reduction; CNQX, AP5, bicuculline, and
CGP55-845A present). Individual application of these antagonists resulted in an equal or
lesser degree of antagonism than the mixture, which may reflect variable expression of
GABA transporters with differential sensitivities to these uptake antagonists. The GABA
uptake current was readily evoked with repetitive stimulation as well as with a single
shock. Responses to a single shock had an amplitude of -13.57±2.28 pA, a 10/90% rise
time (rt) of 308.6±94.8 ms, and a 10/90% decay time (dt) of 661.6±372.2 ms. Repetitive
stim protocols resulted in a current with an amp. of -36.3718.32 pA, a time to peak of
526.5183.72 ms, and a dt of 35851481.7 ms. Brief (10-20 ms) application of 200 pM
GABA via a puffer pipette gave responses with similar pharmacological characteristics.
Addition of cadmium (100 pM) eliminated 61.6413.05% of the evoked response. Our
results are consistent with the notion that GABA transporters are active during synaptic
transmission and may provide a method for detecting changes in time course and
concentration of GABA during synaptic events. (Supported by a VA merit review & NIH
training grant NS07395)

ABSENCE OF TONIC GABAa RECEPTOR-MEDIATED CONDUCTANCE IN
CEREBELLAR GRANULE CELLS OF o^-/- MICE
M. Farrant1*, W. Wisden2, S.G. Cull-Candy1 and S.G. Bricklev1
1Dept. Pharmacology, University College London, London WC1E 6BT, UK.
2MRC Laboratory of Molecular Biology, Cambridge CB2 2QH, UK.
We have described previously a GABAa receptor-mediated background
conductance in cerebellar granule cells, responsible for a novel form of tonic
inhibition (Brickley etal., 1996). This is suggested to result from persistence
of synaptically-released GABA within the synaptic glomerulus leading to
tonic activation of high-affinity GABAa receptors of the 0602/372 or oef^b type
(Brickley et al., 1996; Wall & Usowicz, 1997; Rossi & Hamman, 1998;
Nusser et al., 1998). In granule cells, expression of the Oe and 8 subunits
occurs predominantly during the second postnatal week. To examine the
role of Oe- and S-containing receptors in the generation of this conductance
we made use of mutant mice lacking the
gene (06 -/-), which also lack
protein for the 8 subunit (Jones et al., 1997). Whole-cell voltage-clamp
recordings were made from internal granule cells in parasagittal slices
prepared from the cerebella of wild-type and cte -I- mice (P7-21).
Spontaneous IPSCs were detected in both strains of mice at similar
frequencies (~1Hz). Although wild-type mice showed a substantial
bicuculline-sensitive conductance, none was detected in knockout mice of
any age. The dramatic speeding of IPSC decay with development, observed
previously in rats (Brickley et al., 1996; Tia et al., 1996), was seen in both
wild-type and Og -I- mice. We conclude that expression of Oe- and/or 8containing receptors underlies the development of the tonic conductance but
not the changes in IPSC kinetics.

499.7

499.8

PROI.ONGATION OF mIPSC DECAY KINETICS BY BENZODIAZEPINES
MAY INVOLVE POTENTIATION OF PERISYNAPTIC GABAa RECEPTORS.
R. Capek*. N. Cherv and Y. De Koninck
Dept. of Pharmacology & Therapeutics, McGill Univ., Montreal, Quebec, H3G 1Y6
While benzodiazepines (BZDs) enhance the binding affinity of GABA to the
GABAa receptor (GABAa R), the mechanism by which they prolong the decay time
course of miniature IPSCs (mIPSCs) remains controversial. Recent results on a mixed
glycine/GABA synapse point to a possible mechanism for this effect.
We have recently reported that, at inhibitory synapses on lamina I neurons of the
spinal cord dorsal horn, only glycine receptors (GlyRs) are activated during mIPSCs.
This is in spite of the fact that all of these cells responded to exogenous applications of
GABA and glycine, indicating that they all express receptors to both transmitters. We
were able to unmask synaptic activation of the GABAa Rs on these cells using conditions that favour GABA spill-over from synaptic junctions.
We also found that administration of the BZD flunitrazepam (Flu) unmasked a
GABAa R component to previously GlyR-only-mediated mIPSCs at these synapses.
The kinetics of most (>80%) of these mIPSCs were altered by Flu, indicating that most
mIPSCs had mixed GlyR- and GABAAR-mediated components, consistent with both
glycine and GABA being released from the same vesicle. Importantly, the isolated
unmasked GABAa R component of these mIPSCs were characterized by inordinately
slow rising kinetics (10-90% rise time = 4.1±0.9ms). This was in marked contrast to
the typical submillisecond rise time of both GlyR and GABAAR-mediated mIPSCs in
this area and throughout the central nervous system (CNS). The results were interpreted as indicating that perisynaptic GABAa Rs could not normally be activated by
GABA released by single vesicles. However, increasing the affinity of these receptors
for GABA with BZDs revealed their activation during mIPSCs, most likely by GABA
diffusing outside the synapse upon single vesicle release. The ensuing delayed activation of these perisynaptic receptors significantly prolonged the decay time course of
these mixed GlyR/GABAAR mIPSCs. Delayed activation of perisynaptic GABAa R
receptors upon increasing their affinity for GABA may thus represent a general
mechanism for the prolongation of mIPSCs by BZDs in the CNS.

MODULATION OF GABAa MINIATURE POSTSYNAPTIC CURRENTS IN
HIPPOCAMPAL ORIENS-ALVEUS INTERNEURONS. C. Patenaude*, S. Nurse
and J.-C, Lacaille. Center for Research in Neurological Sciences & Dept. of
Physiology, Univ. of Montreal, Montreal, Canada, H3C 3J7.
GABAa receptors are composed of multiple subunits that are heterogeneously
distributed at different synapses and confer differential sensitivity to modulators. In
hippocampus, synaptic inhibition of intemeurons originates from many sources, some
of which are intemeuron-selective. To examine the characteristics of GABAa receptors
at inhibitory intemeuron synapses, the pharmacological properties of miniature
inhibitory postsynaptic currents (mIPSCs) were investigated using whole-cell voltageclamp recordings from CA1 oriens-alveus intemeurons. Hippocampal slices were
prepared from male Sprague-Dawley rats (3-4 weeks) and maintained at 22-24°C in
normal ACSF. Patch pipettes contained (in mM) 120 CsCl, 5 NaCl, 2 MgCl2, 10
HEPES, 2 ATP, 0.4 GTP, 10 QX-314 and 0.1% biocytin. GABAA-mediated mIPSCs
were isolated in CNQX (20pM), AP5 (50pM) and TTX (0,5 pM), and were abolished
by 25 pM bicuculline (n=7). The dendritic and axonal arborizations of biocytinlabelled intemeurons were typical of horizontal (n=12) and vertical (n=5) cells. Zn2+
(200pM; n=5) and furosemide (600pM; n=5) decreased the amplitude of averaged
mIPSCs to 83.0±14.2% and 64.6±16.2% of control, respectively. Zolpidem (lOpM;
n=5) increased the amplitude (155.0+9.4% of control), rise time (117.6±5.0% of
control) and decay x (208.9+4.3% of control) of averaged mIPSCs, and the frequency
of mIPSCs (114.8+24.2% of control). Flunitrazepam (lOpM; n=5) increased the
amplitude of averaged mIPSCs to 141.3+9.2% of control. Allopregnanolone (lOpM;
n=5) increased the decay x of averaged mIPSCs (118.1+9.4% of control) and decreased
the frequency of mIPSCs (83.6+30.6% of control) 30 min after application. This
modulation of mIPSCs by Zn2+, furosemide, zolpidem, flunitrazepam and
allopregnanolone suggest that GABAa receptors at inhibitory synapses of oriens-alveus
intemeurons are heterogeneous and composed of multiple subunit configurations (a,.5,
Pi-3, Yio)(Supported by MRC, FRSQ and FCAR)
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499.9

499.10

ANTAGONISTIC ACTION OF ALLOPREGNANOLONE AND OXYTOCIN AT
GABAERGIC SYNAPSE: PROTEIN KINASE C DEPENDENT SUPPRESSION
OF GABA(A) RECEPTOR ACTIVITY BLOCKED BY NEUROSTEROID
A.B. Brussaard*. J. Wossink & K.S. Kits. Dep. Neurophysiology, Inst. Neurosci.,
Vrije Universiteit Amsterdam, the Netherlands, de Boelelaan 1087,1081 HV
Allopregnanolone (3a-OH-DHP) is a progesterone metabolite that acts as allosteric
potentiator of GABAA-receptors. During acute stress, but in particular also during toe
pregnancy, the level of this progesterone metabolite in toe mammalian brain may be
upregulated. In order to investigate interaction between 3a-OH-DHP and oxytocin
effects at the level of the GABA-synapse in toe hypothalamus, we studied oxytocin
neurons in toe supraoptic nucleus of toe rat. The GABAa receptor in these neurons
may be potentiated by 3a-OH-DHP at certain stages of toe female reproductive cycle
however its activity may also be suppressed by oxytocin acting on autoreceptors
expressed by toe same cell. We found that although normally oxytocin reduces toe
activity of the postsynaptic GABAa receptor, it failed to do so in presence of 3a-0HDHP. When protein kinase C was stimulated in order to bypass toe oxytocin receptor,
the GABAa receptor was only affected in the absence but not in the presence of 3 aOH-DHP. This was true both for the juvenile and the adult stage, in particular during
late pregnancy, when the GABAa receptors of the neurons are highly sensitive to 3aOH-DHP. We conclude that in addition to the previously reported potentiating effect
of 3a-OH-DHP on the gating kinetics of toe GABAa receptor, the neurosteroid may
also bring toe channel protein into a configuration in which it is no longer affected by
PKC dependent modulation.

NEUROSTEROID MODULATION OF GABAa RECEPTOR-MEDIATED mIPSCs
IN RAT HIPPOCAMPAL SLICES S.C. Harney, K.C. Breen*, B.G. Frenguelli and
J .J. Lambert. Dept. Pharmacology & Neuroscience, University of Dundee, Ninewells
Hospital, Dundee, Scotland, UK, DD1 9SY.
Miniature inhibitory postsynaptic currents (mIPSCs) were recorded using the whole
cell patch clamp technique from CAI pyramidal cells and dentate gyrus granule cells
in transverse hippocampal slices prepared from young (~20 days old) SpragueDawley rats. mIPSCs were characterised on the basis of peak amplitude, 10-90% rise
time, decay time constants and total charge transfer and were similar in both cell
types. The effects of the neurosteroid 5P-pregnan-3a-ol-20-one (5P3a), an
endogenous positive allosteric modulator of the GABAa receptor, on mIPSCs were
examined in both hippocampal cell types. 503a (10 nM-1 pM) had no effect on
mIPSC amplitude or 10-90% rise time in either cell type. In CAI pyramidal cells
5p3a prolonged mIPSC decay at all concentrations tested and produced a significant
increase in mIPSC net charge transfer at concentrations > 30 nM (e.g. charge transfer
was increased to 154 ± 18% of control in 30 nM 5p3a, n = 4, and to 177 ± 12 % of
control in 300 nM 5P3a, n = 5, paired t-tests, p < 0.05). In contrast, low
concentrations of 5P3a (10-30 nM) had no effect on dentate gyrus granule cell
mIPSCs and higher concentrations (>100 nM) produced a variable and not significant
increase in mIPSC charge transfer (e.g. 168 ± 36% of control in 300 nM 5P3a, n = 9,
paired t-test, p > 0.05). This differential steroid sensitivity may reflect a difference in
GABAa receptor subunit expression. The sulphated isomer of 5P3a, 5p3a-SO4 (30
nM-1 pM) had no significant effect on mIPSC amplitude, 10-90% rise time or charge
transfer (n = 4-5, paired t-tests, p > 0.05), indicating that sulphation of 5p3a at the 3
position abolishes neurosteroid modulatory activity at the GABAa receptor.
SCH is supported by the MRC, BGF is a CRF/RSE Fellow.

499.11

499.12

CONJOINT ACTIVATION OF Src-PROTEIN TYROSINE KINASE (Src-PTK) BY
mGluRl, AND TrkB BY BDNF, MODULATES SYNAPTIC GABAa RECEPTORS

Modulation of synaptic function by Ca27calmodulin (CaM) signal pathways in
hippocampal interneurons during postnatal development. Jin-Hui Wang* & Paul

(GABAa Rs ). A. R, Boxall*. AG 142, Max-Planck-Institut fur biophysikalische Chemie,
D37077 Gottingen, Germany.
In cultured cells, phosphorylation of the
y2L GABAa R subunit by Src increases,
whilst inhibition of PTKs decreases, those cells electrophysiological responsiveness to
exogenously applied GABA. Thus GABAa R function may be affected by tyrosine
phosphorylation. A physiological role for PTKs in modulating synaptic GABAa Rs is
unknown, however. This question has been addressed in cerebellar Purkinje cells (PCs),
neurons which express the y2L subunit and which possess Src-PTK.
mIPSCs were monitored in PCs from slices of rat (P13-P16) cerebellum using wholecell recording. Slices were perfused with a standard aCSF containing NBQX and TTX.
Bath application of staurosporine, intracellular dialysis with lavendustin A (a PTK
inhibitor), sodium orthovanadate (a tyrosine phosphatase inhibitor), and a peptide
activator of Src, were all without affect on mIPSCs, observations contrasting with those
reported in cultured neurons. As cell cultures require neurotrophins for survival, one
explanation for this difference could be a requirement for neurotrophin receptor
activation. Subsequent experiments tested this idea. BDNF application alone was
without affect on mIPSCs, whereas its application with Src-activating peptide included
in the recording pipette resulted in a 38% increase in mIPSC amplitudes.
PTK inhibitors block LTD at parallel fibre-PC synapses. As LTD requires mGluRl
receptor activation, a possible role for mGluRl in activating Src was examined. Whilst
bath application of a selective mGluRl agonist was without affect on mIPSC
amplitudes, its co-application with BDNF caused a 20% increase in mIPSCs. Dialysis
of PCs with a selective Src inhibitor (PP1) blocked this affect. These data imply that a
mGluRl-mediated activation of Src requires the conjoint activation of TrkB by BDNF
for the modulation of synaptic GABAa Rs in cerebellar PCs.
ARB is an Alexander von Humboldt Research Fellow.

Kelly, Department of Molecular Biosciences, University of Kansas, Lawrence, KS
66044
We have reported that triggering Ca2+ release from intracellular stores
through IP3 receptors enhances synaptic strength in hippocampal CAI interneurons
(Soc. Neurosci. Abstr. 591.11, 1998). To provide further evidence that postsynaptic
Ca2+ signal modulates synaptic function in interneurons, we have conducted wholecell patch recording with pipette perfusion on CAI intemeurons in hippocampal
slices. A pairing-protocol (postsynaptic depolarization to 0 mV with 1 Hz
presynaptic stimuli for 30 seconds) induces long-term synaptic potentiation in
interneurons. Synaptic potentiation is prevented by postsynaptic perfusion of a CaMbinding peptide, a specific CaM antagonist. Furthermore, postsynaptic perfusion of
Ca2+/CaM induces significant synaptic potentiation. These results indicate that
Ca2+/CaM signal pathways in interneurons modulate synaptic function. We have
examined this indication at single synapse level. The stimulus intensity was lowered
to induce no synaptic responses. After obtaining 4 min baseline recording, Ca2+/CaM
was perfused into intemeurons. The Ca2+/CaM entry triggers the emergence of
synaptic responses, indicating that Ca2+/CaM converts nonfunctional synapse to
functional. We conducted these experiments at different ages of rats. Comparing
different groups, we found that synaptic potentiation induced by the pairing protocol
gradually increases with postnatal days (PND), i.e., PND 7-10, 92±10% (n=7); PND
11-13, 139±9% (n=7); PND 18-22, 198±8.6% (n=7). The amplitude and probability
of silent synapse conversion by Ca2+/CaM also increases during postnatal
development. These results indicate that Ca2+/CaM signal pathways developmentally
modulate synaptic function in intemeurons.

499.13

499.14

AN ORGANIC ANION TRANSPORT BLOCKER INHIBITS THE
INHIBITORY SYNAPTIC TRANSMISSION IN RAT HIPPOCAMPAL CAI
NEURONS. A.A.Velumian*and P.L.Carlen. Playfair Neuroscience Unit, Toronto

LTD OF SYNAPTIC INHIBITION IN THE SUPERIOR OLIVE IS
AGE AND CAMKII-DEPENDENT. V. C. Kotak* and D.H.
Sanes. Center for Neural Science, New York University, NY, NY,
10003.
In gerbil lateral superior olivary neurons (LSO), inhibitory
postsynaptic currents (IPSCs) evoked by stimulation of the medial
nucleus of the trapezoid body (MNTB) display long-term depression
(LTD) following low frequency stimulation (LFS: 1 Hz, 15 mins).
In this study, we provide evidence that inhibitory LTD is agedependent and requires the activation of postsynaptic calciumcalmodulin-dependent protein kinase II (CaMKII). Whole cell
recordings were obtained from LSO neurons in P7-19 day brain
slices and MNTB was stimulated in the presence of kynurenic acid.
We previously found that the evoked IPSC amplitude declined by
over 50% following LFS (N=21, P<0.001) in neurons from P7-12
day animals (before hearing onset). In contrast, the evoked IPSCs
decreased by only 20% following LFS in neurons from Pl7-19 day
animals (after hearing onset). This was significantly less than the
LTD observed in P7-12 neurons (P<0.005, N=9). To examine
whether postsynaptic CaMKII was involved in LTD, an inhibitor
(KN-62, 5-15 gM) was added to the pipet solution. This treatment
dramatically reduced the LTD observed at 60 mins following LFS in
P7-12 neurons (12% depression) and this value was significantly
less than that in age-matched controls (N=9, P<0.005). These
results suggest that inhibitory LTD may be a mechanism that leads to
inhibitory synapse rearrangement during development (Sanes and
Takacs, 1993, Sanes, 1993). (Supported by NIH DC00540).

Hospital Research Institute, Toronto, Ontario M5T 2S8, Canada.
Probenecid, an organic transport blocker which is used clinically to enhance the effects
of antibiotics by reducing their renal excretion, has been used recently in neuroimaging
and neurophysiological experiments to enhance the intracellular efficacy of fluorescent
dyes and calcium chelators.
We have found, using the whole-cell recording technique in hippocampal slices with
gluconate-based patch pipette solutions, that the bath-applied probenecid (1 mM) causes
an enhancement of the EPSP component of the compound response evoked in CAI
pyramidal neurons from stratum radiatum. This enhancement was apparently due to a
reduction of toe inhibitory component of the compound response. The pharmacologically
isolated evoked inhibitory postsynaptic responses (IPSPs and IPSCs) recorded in the
presence of glutamatergic receptor blockers AP-5 (50 pM) and CNQX (10 pM) were
reduced by up to 40% following 4-6 minutes of superfusion of the slices with a
probenecid-containing solution. The recovery, monitored within up to 1 hour, was slow
and incomplete. The reversal potentials of IPSPs and IPSCs were near -80 mV and not
affected by probenecid, ruling out the possible changes of transmembrane distribution
of anions.
The mechanism of the above inhibitory action of probenecid on IPSPs/IPSCs is not
clear. Several possibilities, including a reduction of GABA release from presynaptic
terminals, a direct action on GABAA-gated chloride channels, and an increase of
intracellular organic anion concentrations that might affect the chloride channel
behaviour, are currently discussed as the possible targets of probenecid actions.
Our finding indicates that probenecid may have neurological disinhibitory effects that
might be considered with respect to its clinical use.
Supported by an MRC grant to P.L.Carlen.
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499.15

499.16

ZINC MODIFIES GLYCINERGIC INHIBITORY SYNAPTIC ACTIVITY IN THE
ZEBRAFISH HINDBRAIN. H. Suwa and P. Legendre* IDN CNRS UMR C7624,
University Paris VI, Paris, France.
Zinc modulates glycine-gated channels and is known to be co-released at some
synapses. We examined the physiological actions of zinc on functional inhibitory
synapses, by making whole cell recordings of miniature Inhibitory postsynaptic
currents (mIPSCs) from 50 hour-old zebrafish Mauthner cells. Four different working
concentrations ,10nM ,100nM,lpM and lOpM of zinc were applied with tricine (a
heavy metal chelator used for buffered zinc solution). The half amplitude duration
(HAD) of mIPSCs was increased by zinc in a concentration-dependent manner. HAD
was increased by 25 ± 6 % (n=6), 81 ± 12 % (n=ll) and 117 ± 21 % (n=8) in the
presence of 10 nM, 100 nM and 1 pM zinc, respectively. Glycinergic mIPSCs had a
broad amplitude distributions, due in part to the presence of distinct subtypes of
glycine receptors, with coefficient of variation (CV) = 0.84 ±0.1 (n=14). Zinc
increased the averaged amplitude of the mIPSCs without changing the CV. The mean
amplitude of mIPSCs was increased by 15 ± 3.4 % (n=6), 44.9± 5.4 % (n=l 1) and
57± 9% (n=8) in the presence of 10 nM, 100 nM and 1 pM zinc, respectively. 10
mM zinc had little or no effect on mIPSCs amplitude. Glycine receptor-channel
currents were recorded in outside-out patches using a piezo-electric translator to
switches rapidly (<0.08 ms) between control and agonist-containing solutions. In the
presence of 1 pM zinc the decay phase of outside-out patch currents evoked by a
saturating concentration of glycine (1 ms, 3 mM) was increased with no change in
the peak amplitude of the responses. In stationary conditions, zinc increased the
frequency of openings without changing the microscopic conductances. These results
suggest that at physiological concentrations, zinc enhances the efficacy of glycinergic
inhibitory synapses. They also suggest that vesicle release does not saturate matrices
of postsynaptic glycine receptors.
Supported by INSERM, CNRS and HFSPO.

ZINC MODULATION OF INHIBITORY GLYCINERGIC
SYNAPTIC CURRENTS. B. Laube* and H. Betz. Department of
Neurochemistry, Max-Planck-Institute for Brain Research,
DeutschordenstraBe 46, D-60528 Frankfurt, Germany.
Zinc is a divalent cation that is endogenously present in synaptic
vesicles and released in an activity-dependent manner. Extracellular
applied zinc has a biphasic modulatory effect on glycine-gated chloride
currents in primary cultures and on heterologously expressed glycine
receptors. This suggests a physiological role of zinc in the regulation of
synaptic efficacy within glycinergic pathways. We have used the wholecell configuration of the patch-clamp technique to investigate the effects
of zinc on glycine receptor-mediated synaptic transmission between
embryonal spinal cord neurons grown in culture. Zinc (5 pM)
augmented the mean amplitude of spontaneous IPSCs by about 30%,
whereas higher concentrations of zinc (50 pM) significantly decreased
mean amplitude values. In addition, zinc altered the mean frequency of
sIPSCs, suggesting presynaptic effects of zinc. However, in the presence
of tetrodotoxin zinc also affected sIPSC amplitude and frequency to a
similar extend. Two exponential components were normally resolved in
the sIPSC decay constants and were significantly increased in the
presence of 5 and 50 pM zinc, respectively. Our results suggest that,
under physiological conditions, zinc might be a potent modulator of
glycinergic synaptic transmission by acting at the postsynaptic glycine
receptor.

499.17
DIFFERENTIAL EFFECTS OF ETHANOL ON NATIVE SYNAPTIC GLYCINE
CHANNELS CONTAINING al VERSUS a2 SUBUNITS. E.D, Eggers*, J.A.
O’Brien, and A.J, Berger. Department of Physiology and Biophysics, University of
Washington, Seattle, WA, 98195-7290.
Native glycine receptor channels are pentamers composed of a and p subunits.
Three types of a subunits have been identified, and their distribution has been shown
to change throughout development. In hypoglossal motoneurons (HMs), during the
postnatal period, the a subunit changes from the a2 to the al form and this change
causes a change in the kinetics of the glycine channels (Singer et al. J. Neurophysiol.
80, 2609, 1998). Ethanol potentiates foe flow of chloride current through glycine
receptor channels. In studies of expressed homomeric a subunit channels, foe al
subunit has been shown to be more sensitive to ethanol than the a2 subunit (Mascia et
al., Mol.Pharm. 50, 402, 1996). However, it is not known whether this difference is
also present in native glycine channels. Therefore, we studied foe effect of ethanol on
glycine receptor mediated miniature inhibitory post-synaptic currents (mIPSCs) in
HMs using an in vitro brainstem slice preparation. While voltage clamping at -55 to
-65 mV, mIPSCs were recorded in foe presence of TTX, AP5, DNQX, bicuculline
and sometimes CdCl2. The change in mIPSC amplitude was measured after bath
application of ethanol in two age groups of rats: neonatal (Pl-3) and juvenile (P9-13).
% Potentiation of mIPSCs Due to Ethanol (Data are mean ± SEM (n))
t-Test (P-value)
P 1-3
P9-13
Ethanol (mM)
0.008
0.5 ± 8 (5)
37 ± 8 (5)
30
0.15
26 ± 10 (6)
51 ±11 (6)
100
NS
56 ± 11 (3)
53 ± 5 (3)
300
These data suggest that there is a differential effect of ethanol on native synaptic
glycine receptor channels containing foe al versus a2 subunit, foe al containing
channels being more sensitive to ethanol than foe a2 subunit containing channels.
Supported by NIH NS 14857, HL 49657 and NIH Training Grant 5T32GM07108.

INHIBITORY POSTSYNAPTIC MECHANISMS: CALCIUM DYNAMICS
500.1

500.2

SPIKE-EVOKED RELEASE OF Ca2+ FROM INTERNAL STORES IN
HIPPOCAMPAL CA1 PYRAMIDAL NEURONS IN THE PRESENCE OF
t-ACPD OR CARBACHOL. T. Nakamura, J.-G, Barbara, K. Nakamura, N.
Lasser-Ross*.and W.N. Ross. Dept. of Physiology, New York Medical
College, Valhalla, NY 10595.
We examined spike-evoked [Ca2*]; changes in the soma and dendrites of
pyramidal neurons in transverse rat hippocampal slices. Neurons were filled
with bis-fura-2 from electrodes patched on the soma. Trains of backpropagating
action potentials were evoked with brief depolarizing pulses. Ionotropic
synaptic responses were blocked with APV and CNQX. In normal ACSF,
action potential-evoked increases in [Ca2?, at all somatic and dendritic
locations were time-locked to the spikes and only slightly sensitive to 20 mM
caffeine, confirming that most of the increase was due to entry through voltagesensitive channels. When 30 pM t-ACPD or 10 pM CCh were added to the
ACSF a secondary increase in [Ca2+], was observed. This increase required
spikes, but usually was larger and longer lasting than the voltage-dependent
increase. Release was largest and most reliable in the proximal apical dendrites
and soma and sometimes moved as a wave. Release in the distal apical
dendrites or basal dendrites was much weaker. Spike-evoked release transients
were also observed in pyramidal neurons in slices loaded with Ca-green-l-AM,
although they were weaker, suggesting that patching the cells did not alter the
release machineiy. Tetanic synaptic stimulation in the stratum radiatum usually
caused no increase in [Ca2*]; in APV and CNQX. However, tetanic synaptic
stimulation paired with intrasomatically stimulated spikes evoked dendritic
release. This release was blocked by MCPG. Together, these experiments
indicate that spikes combined with either bath-applied or synaptically released
transmitters acting on metabotropic receptors, cause release of Ca2+ from
internal stores in pyramidal neurons.
Supported by NS-16295 and a grant and a fellowship from the HFSPO.

SPIKE-EVOKED Ca2+ RELEASE IN HIPPOCAMPAL PYRAMIDAL
NEURONS IS MEDIATED BY InsP3 AND NOT CALCIUM-INDUCED
CALCIUM RELEASE. J.-G. Barbara, T. Nakamura, K. Nakamura, and
W.N. Ross*. Dept. of Physiology, New York Medical College, Valhalla, NY
10595.
We performed pharmacological experiments to analyze the pathways
involving in evoking Ca2+ release in pyramidal neurons in rat hippocampal
slices evoked by spikes and bath application of 30 pM t-ACPD (see
Nakamura et al., previous abstract). Including low MW heparin in the patch
electrode prevented release suggesting that activation of the InsP3 receptor
was required. Addition of 200 pM Ccr+ to the bath blocked release in cells
that previously showed release, indicating that voltage-dependent Ca2+ entry
was required. No release transients were observed using 1 mM bis-fura-2,
suggesting that [Ca2*]; was buffered by the indicator below threshold levels for
evoking release. Even with only 300 pM bis-fura-2, several spikes were
usually required to evoke release. However, only one or two spikes were
required using 500 pM of the low-affinity indicators furaptra or fura-2-FF.
Ryanodine, caffeine, thapsigargin, and cyclopiazonic acid applied to the bath
(or sometimes included in the pipette) all blocked release, suggesting that
depleting the ryanodine sensitive store prevented release. However, injection of
ruthenium red or bath application of dantrolene did not prevent release. These
compounds block the ryanodine receptor in the closed state. These results
suggest that the spike-evoked [Ca2*]; increase acts synergistically with InsP3
released by activation of metabotropic receptors to cause Ca2+ release by
opening the InsP3 receptor channels. The ryanodine sensitive pool is coupled to
the InsP3 sensitive pool, but does not participate in release.
Supported by NS-16295 and a grant and a fellowship from the HFSPO.
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500.3

500.4

INTERACTIONS BETWEEN MITOCHONDRIA AND ENDOPLASMIC
RETICULUM MODULATE CA2+ SIGNALLING IN SYMPATHETIC NEURONS.
J. Hongpaisan1, N.B. Pivovarova1, S.L. Colegrove2, D.D. Friel2 and S.B. Andrews1*.
'Lab Neurobiology, NINDS, NIH, Bethesda, MD 20892 and 2Dept. Neuroscience,
Case Western Reserve University, Cleveland, OH 44106.
Sympathetic neurons respond to depolarizing stimuli with a rise in the cytosolic free
Ca2+ concentration ([Ca2*]) that is initiated by Ca2* entry through voltage-gated Ca2+
channels but is also strongly modulated by the activity of intracellular Ca2+ stores.
This study examined the role of two intracellular stores—mitochondria and the endoplasmic reticulum (ER)—in defining the time course of [Ca2+]; during and after
membrane depolarization. In fura-2 loaded cells, weak depolarization (30 mM K+)
evokes a reversible rise in [Ca2*]; to =300 nM. Inhibitors of ER Ca2+ uptake (thapsigargin, TG) or mitochondrial Ca2+uptake (FCCP) accelerate depolarization-induced
elevations in [Ca2*]; and modify the recovery to prestimulation levels following
repolarization, implicating reversible accumulation by both organelles. Direct determination of total mitochondrial Ca ([Ca]mito) and total ER Ca ([Ca]ER), as measured by
electron probe microanalysis after depolarization and rapid freezing, indicates a rise in
the total Ca concentration for both organelles, viz., [Ca]mil0 increases by 12.8+2.5 and
[Ca]ER by 4.2+1.6 mmol/kg dry weight (±SEM) after a 2-min depolarization. Measurements of [Ca]mjl0 and [Ca]ER in the presence of TG indicate compensatory Ca sequestration by mitochondria. In resting cells, depletion of ER Ca stores by TG reduced
[Ca]ER from 12.8+0.9 to 8.3+1.1 mmol/kg, but evoked only a slight elevation in
[Ca]mit0. Under these conditions, depolarization (45 sec) increases the [Ca]mit0 elevation
threefold, from 3.0±0.4 to 9.0±1.9 mmol/kg. Reciprocally, suppression of mitochondrial Ca accumulation with FCCP largely eliminates the depolarization-induced (45
sec) rise in [Ca]mit0, while [Ca]ER is higher under these conditions than in the absence
of FCCP (~15%). These results support the idea that a coordinated interplay between
mitochondria and ER allows Ca accumulation by mitochondria to compensate for
reduced Ca sequestration by the ER, presumably by responding to the larger elevations of global or local ([Ca2*]; that occur when ER Ca accumulation is impaired.

INTRA- AND INTERMITOCHONDRIAL CA HETEROGENEITY INDUCED BY
CALCIUM ENTRY IN SYMPATHETIC NEURONS. N.B, Pivovarova1*, J.Hongpaisan1,
D.D, Friel3, R.D. Leapman2, and S.B, Andrews1. ‘Lab Neurobiology, NINDS,
2Bioengineering and Physical Science, ORS, NIH, Bethesda, MD 20892 and 3Dept
Neuroscience, Case Western Reserve University, Cleveland, OH 44106.
We have previously shown that in frog sympathetic neurons depolarization-induced
increases in cytosolic free Ca2* ([Ca2+1) are accompanied by reversible increases in
total mitochondrial calcium concentration ([Ca]mit0). These increases were heterogeneous both between and within individual mitochondria. To further characterize the
distribution and chemical form of Ca within mitochondria, we have applied a novel
high-resolution technique—spectrum imaging by electron energy loss spectroscopy
(EELS)—to map the spatial distribution of Ca within single mitochondria. Cells were
depolarized by exposure to high K+ (50 mM, 45 sec, ([Ca2+ji =600 nM) and elemental
Ca maps were recorded from freeze-dried cryosections of rapidly frozen neurons using
a scanning transmission electron microscope (STEM) coupled with a parallel EELS
spectrometer. Within single mitochondria of depolarized cells, Ca was concentrated in
small (<10 nm) phosphorus-rich inclusions (Ca/P ratio —1.0); the Ca content of inclusions often exceeding 500 mmol/kg dry weight, while the spatial average of [CaJrail0
over single mitochondria ([Ca]mit0>avc) ranged from undetectably low to ~30 mmol/kg.
Inclusions were not present in mitochondria of control neurons, nor in repolarized cells,
the latter indicating that inclusion formation is reversible. The results suggest that these
inclusions reflect a high-capacity mechanism of intramitochondrial calcium sequestration. Depolarization-evoked elevations in ([Ca]mil0 ave showed a radial dependence on
distance from the plasma membrane, presumably reflecting proximity to voltagesensitive channels that are the main source of Ca2+. The number and size of inclusions
was higher in peripheral mitochondria than in internal mitochondria. The distribution of
([Ca]mitoave is consistent with diffusion simulations based on an established model of
Ca2+ transport in these cells. Persistence of the [Ca]mill) gradient during maintained
depolarization implies that mitochondria can retain a record of early spatial differences
in [Ca2*]; long after [Ca2*J; gradients have dissipated. Supported by the NIH Intramural

Supported by the NIH Intramural Research Program and by AHA 96011490

Research Program and by AHA 96011490

500.5

500.6

CALCIUM DYNAMICS PRODUCED BY CHOLINERGICDEPENDENT PLATEAU POTENTIALS IN HIPPOCAMPAL CA1
PYRAMIDAL NEURONS. J.B. Kuzmiski* and B.A. MacVicar, Dept. of
Physiology and Biophysics, Neuroscience Research Group, University of
Calgary, Calgary, AB, T2N 4N1.
The cholinergic-dependent plateau potential (PP) may represent a novel
regenerative event that involves interactions between IHva and ICan - In the
present study, simultaneous imaging of fura-2 fluorescence and whole-cell
patch-clamp recordings were used to monitor [Ca2+]i dynamics in
hippocampal CA1 neurons during generation of the PP. In the presence of
20 pM carbachol, PPs evoked by intracellular current injection elicited
[Ca2+]i transients throughout the neuron with the greatest apparent increase
in the soma. When Na+ dependent action potentials were blocked with 1.2
pM TTx and K+ channels suppressed with 40 mM [Cs+]i, a large prolonged
increase in [Ca2+]i was still detected in the soma with smaller increases in
the dendrites. Because these changes in [Ca2+]i were large enough to
saturate, fura-2 binding, we repeated the measurement using mag-fura-2, a
lower affinity indicator. Without carbachol, mag-fura-2 revealed little
detectable changes in [Ca2+]i in the presence of TTx and [Cs+]i. However,
generation of a PP elicited detectable [Ca2+]i transients with the largest
changes in the soma. These observations suggest that channels involved in
the generation of the PP are localized in both the dendrites and soma, but
principally in the soma. Supported by the Medical Research Council of Canada

THETA-DEPENDENT PLASTICITY OF AMPA-RECEPTOR
MEDIATED EPSCs IN THE MEDIAL SEPTUM. J. N. Armstrong*
and B. A. MacVicar, Dept. of Physiology & Biophysics, Neuroscience
Research Group, University of Calgary, Calgary, AB, T2N 4N1.
Medial septal cholinergic and PARV-containing GABAergic
neurons play a critical role in the generation of hippocampal theta
rhythm. In the present study, whole-cell voltage-clamp recordings were
used to characterize evoked postsynaptic AMPA-receptor mediated
currents in cholinergic and PARV-containing GABAergic neurons in
slices containing the medial septum. Synaptic currents evoked by
stimulation of midline afferents were found to be similar in both
cholinergic and PARV-containing GABAergic neurons. AMPAreceptor mediated epscs evoked in these neurons were inwardly
rectifying and displayed facilitation when evoked at 1 -20 Hz. Both the
inward rectification and facilitation were dependent upon inclusion of
spermine (100pM) in the patch pipette. Immunocytochemistry for the
AMPA receptor subunit GluR2 revealed that the majority of cholinergic
and PARV-containing GABAergic neurons in the medial septum
contained AMPA receptors that lack the GluR2 subunit. This unique
form of AMPA-receptor mediated synaptic plasticity may play a critical
role in the generation of hippocampal theta rhythm and hippocampaldependent learning and memory.
Supported the Medical Research Council of Canada

500.7

500.8

DENDRITIC Ca2+-ACTIVATED K+ CONDUCTANCES ATTENUATE
BACKPROPAGATING SPIKES AND EPSPs IN AN INVERTEBRATE
NEURON. R. Wessel1*, W. B. Kristan Jr.2, and D. Kleinfeld1. Departments
of ‘Physics and 2Biology, University of California at San Diego, La Jolla,
CA 92093.
The effect of activity-dependent changes in intracellular [Ca2+] on
dendritic responsiveness was investigated in the Anterior Pagoda (AP) cell
of leech. Imaging studies revealed that Na+ spikes and synaptically evoked
EPSPs caused Ca2+ entry through voltage-gated Ca2+ channels in the
neurites. These channels are approximately homogeneous distributed
throughout the neurites and support detectable currents above intracellular
potentials of -50 mV that increase in size with further depolarization. The
voltage-gated Ca2+ channels are of sufficient density to support Ca2* spikes
when K+ channels are blocked with extracellular TEA. Voltage clamp
recordings from the soma revealed an outward current that was reduced
when Ca2+ entry was blocked with 1.8 mM Co2+ or when the intracellular
concentration of free Ca2+ was reduced by a high-affinity Ca2+ buffer. The
current was blocked by 10 mM TEA. Finally, Ca2+ released in the neurite
from a caged-Ca2+ compound caused a hyperpolarization of the membrane
potential and a concomitant reduction in spike rate. These data imply that
the AP cell expresses Ca2+-activated K+ channels, and that these channels
are present in the neurites. From a functional point of view, the Ca2+activated K+ channels are shown to modulate the response properties of the
cell, with the net effect of attenuating backpropagating spikes and EPSPs
This attenuation was suppressed when Ca2+ entry was blocked with Co2+.
Supported by NSF IBN-9604799.

CALCIUM WAVES AND OSCILLATIONS EVOKED BY MUSCARINIC
STIMULATION IN HIPPOCAMPAL CA1 PYRAMIDAL NEURONS
P, Sah~* Division of Neuroscience, John Curtin School of
Medical Research, ANU, ACT 2601 Australia.
The cholinergic system is diffuse and innervates most parts of the CNS.
Activation of muscarinic acetylcholine receptors can block a variety of potassium
currents and activate some nonspecific cation currents. These effects are due to
activation of G-protein coupled receptors which either directly gate the relevant ion
channels, or are secondary to the generation of diacylglycerol and inositol,4,5
trisphosphate (IP3). Ih this study, I have examined the changes in intracellular free
calcium in CA1 hippocampal pyramidal neurones.
Rats (17-20 d/o) were
anaesthetised with 50 mg/kg i.p pentobarbitone, decapitated and 400 pm transverse
hippocampal slices prepared. Whole cell recordings were made from CA1 pyramidal
cells. Patch pipettes were filled with a potassium based internal solution to which
50/rM Oregon Green BAPTA-1 had been added. Action potentials were elicited by
injection of depolarising current pulses via the recording electrode. For monitoring
free calcium, cells were stimulated at 488 nm using a quasi-monochromatic light
source. Images were acquired using a cooled CCD camera. Under control
conditions, single or trains of action potentials were associated with a rapid rise in
intracellular free calcium throughout the neurone which decayed exponentially.
Calcium transients were larger and faster in the dendrites than at the soma.
Application of the muscarinic agonist muscarine (10 /<M) or carbachol (20 «M) led
to repetitive increases in free calcium which began in the dendrite and propagated to
the soma. Action potentials elicited during muscarinic receptor stimulation evoked
calcium rises which were slower and larger than those elicited under control
conditions. All effects were blocked when IP3 receptors were blocked or when
intracellular calcium stores were depleted. These results indicate that muscarinic
receptor stimulation can cause calcium release from internal stores and amplify
action potential induced calcium transients
Supported by the Sylvia and Charles Viertel Foundation and the Institute of
Advanced studies.
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500.10

CALCIUM DYNAMICS AND ION CHANNEL PROPERTIES IN
CEREBELLAR PURKINJE CELLS OF SCA1 TRANSGENIC MICE.

T. Inoue1*, X. Lin2, K. Kohlmeier1, H.T. Orr3, H. Y. Zoghbi2 and W. N.
Ross1. *Dept. of Physiology, N. Y. Medical College, Valhalla, NY 10595;
2Howard Hughes Medical Institute, Baylor College of Medicine, Houston,
TX 77030,3Dept. of Pathology, Univ. of Minn., Minneapolis, MN 55455.
Spinocerebellar ataxia type 1 (SCA1) is an autosomal dominant
neurodegenerative disease caused by the expansion of unstable CAG
trinucleotide repeats encoding for a polyglutamine tract in ataxin-1 protein.
SCA1 transgenic mice show impaired motor learning ability at around 5-6
weeks of age and apparent ataxia at 3 months. Cerebellar Purkinje cells
(PCs) from these mice develop dendritic and somatic atrophy with age. In
this study, we examined PCs in SCA1 mice by means of whole-cell patch
clamp recording combined with fluorometric Ca2+ measurement in cerebellar
slices. PCs in SCA1 mice (3 - 6 months) had Na+ spikes, Ca2+ spikes,
climbing fiber (CF) responses, and parallel fiber (PF) responses that were
similar to those recorded from wild-type (Wt) mice. Some properties were
dramatically altered. Membrane resistance of the SCA1 PCs was 3.3 times
higher than that of the Wt cells which correlates with the 1.7 times smaller
cell body size (projected area) of the SCA1 PCs. Na+ spikes were 50%
broader in SCA1 PCs but had the same rise time. Most SCA1 PCs (but not
Wt) had a delayed onset (about 50-200 ms) to Na+ spike firing induced by
current injection. This delay was increased by hyperpolarizing prepulses and
eliminated by 4-AP, suggesting that this delay was due to enhancement of the
IA current in the SCA1 PCs. In response to CF stimulation, most PCs in
mutant and Wt mice had rapid widespread [Ca2+]; changes, recovering in less
than 200 ms. Some SCA1 PCs (but no Wt) showed a slow, localized,
secondary Ca2+transient following the initial Ca2+ transient, which may
reflect release of Ca2+ from internal stores.
Supported by IBN-9514266 (NSF), NS27699 (NIH) and the HHMI.

ROLE OF DENDRITIC CHANGES IN Ca2+ LEVELS AND KCa ACTIVATION
DURING SYNAPTIC TRANSMISSION IN THE LAMPREY RETICULOSPINALMOTONEURONE SYNAPSE. L. Cangiano. P. ,Wallen* and S. Grillner. Nobel
Institute for Neurophysiology, Dept. Of Neuroscience, Karolinska Institutet, SE-171
77 Stockholm, Sweden.
Ca2+ dependent K+ channels (Kca) in lamprey spinal neurons play an important role
in spike frequency adaptation and burst termination during locomotion. Their
activation is mediated by Ca2+ entering via voltage-gated Ca2+ channels during action
potentials, and NMDA receptors during plateau potentials. Fluorescence imaging
experiments have shown a significant Ca2+ increase locally in the dendrites at
postsynaptic sites, during EPSPs elicited from reticulospinal (RS) axons. Paired
intracellular recordings were performed, to examine whether Kca are activated locally in
the dendrites by repetitive activation of a single RS-motoneurone synapse at
physiological frequencies. If a significant local activation of Kca channels would occur
(Ca2+ levels remain high for 1 sec), one would predict that subsequent EPSPs in a train
would be shunted. Trains of 9 action potentials at 20 Hz were elicited in the RS axon
at intervals of 15 sec. Under these conditions there was no summation of the EPSPs.
Subsequently, apamin (2 pM) a toxin specific to the subclass of Kq channels present
in motoneurones, was perfused after a control period of 20 min, while the RS axon
continued to be stimulated in the paradigm given above. There was no significant
change of EPSP amplitude or shape after apamin, showing that at this frequency
synaptic transmission was not affected by the Ca2+ entry. At higher frequencies, where
EPSP summation occurs, preliminary experiments suggest however that there may be a
shunting effect on EPSP amplitude.
The effect of pairing a postsynaptic action potential before or after the EPSP (+/- 25
ms) has also been investigated (cf. Markram et al., Science 1997, 275. 213-) as this
provides long lasting changes in EPSP amplitude in other systems. No effect of the
pairing was observed, showing that this RS axon-motoneuronal synapse faithfully
transmits descending brainstem signals. (Support: Swedish MRC-3026)

500.11

500.12

MODELING CYTOPLASMIC AND NUCLEAR CA2+ DYNAMICS: THE
ROLE OF L-TYPE VOLTAGE-GATED CA2+ CHANNELS AND CA2+
STORES J Ren and T.H. Murphy* Dept. of Psychiatry, University of British
Columbia, Vancouver, B.C. V6T 1Z3 Canada
Experimental observations suggest that L-type Ca2+ channels have a specific
role in coupling synaptic activity to gene expression. As both cytoplasmic
and nuclear Ca2+ elevations are implicated in triggering gene expression
(Deisseroth et al., 1998; Hardingham et al., 1997), we have modeled Ca2+
fluxes into these compartments after activation of L-type Ca^+ channels. Our
model consists of membrane, cytoplasmic and nuclear compartments, into
which buffers, ryanodine receptors and pumps were placed. Based on the
study of Fox et al., 1997, we have modeled the nucleus as a passive structure
lacking a Ca2+ release mechanism. Using our model we compared the Ca2+

ESTIMATING CALCIUM CONCENTRATION WITHOUT WAVELENGTH
RATIOING. M. Maravall , Z.F. Mainen* B.L. Sabatini and K. Svoboda. Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY 11724.
Wavelength ratio imaging to determine [Ca2+] is often precluded by the use of
non-ratiometric dyes, restrictions on excitation wavelengths or signal levels. We
show that [Ca2+] can be estimated from single-wavelength measurements using the
simple formula [Ca2+] = Kd (f-f^/R) /
■ The method requires measurements of
the fluorescence, f, and the fluorescence at saturating [Ca2+], fmx. R and Kd, the
indicator’s dynamic range and binding affinity for Ca2+, were estimated in
intracellular solution in cuvette experiments (Oregon Green Bapta (OGB)-1, 9 &
205 nM). The method does not require assumptions about resting [Ca2+] ([Ca2+]0). To
test our approach we measured amplitudes of action potential (AP) evokeddendritic
[Ca2+] transients in hippocampal CAI pyramidal neurons as a function of added
buffer capacity. All measurements were done at 35°C in brain slices using whole cell
recording. APs were evoked by current injection and/was measured using 2-photon
laser scanning microscopy (2PLSM) while indicator (OGB-1, 100 pM) diffused into
the neuron, allowing us to study the effects of the dye’s Ca2+buffering. Single APs
were interleaved with AP trains (300 ms, 55-100 Hz) which served to determine/inax.
Saturation was verified by analyzing transients at different AP frequencies. Because
saturating fractional transients,
depend only on R and [Ca2+]0, we could
check the temporal constancy of [Ca2+]0 and compare this quantity across cells.
[Ca2+]0 was 45 - 110 nM; a single AP produced A[Ca2+] ~ 150 ± 50 nM (zero added
buffer limit), in agreement with previous measurements. Measurements of [Ca2+]
transients are relatively insensitive to errors in the determination of R. The method
presented provides a powerful tool for 2PLSM [Ca2+] measurements in small
neuronal structures, such as spines. Supported by Swartz, Burroughs Wellcome,

dynamics induced by EPSP and action potential stimuli. It was found that
long lasting EPSPs activate L-type Ca2+ channels more effectively, leading
to enhanced Ca2+ release and intracellular Ca2+ elevation. Furthermore, we
have examined the role of Ca2+ release in elevation of nuclear Ca2+

concentration. Inclusion of ryanodine receptors results propagation of
cytoplasmic Ca2+ signals to the nucleus with delays ~60ms, consistent with
actual data (Nakazawa and Murphy 1998). Whereas, removal of a release
mechanism prevent Ca2+ entry into the nuclear compartment. Therefore we
conclude that Ca2+ stores and long lasting EPSPs promote propagation of
Ca2+ signals to nuclear compartments, suggesting further pharmacological
and biophysical experiments.
Supported by grants from MRC Canada.

500.13

500.14

DETERMINANTS OF MAGNITUDE AND TIME COURSE OF CALCIUM
TRANSIENTS IN SPINES AND DENDRITES OF CAI PYRAMIDAL
NEURONS. B.L. Sabatini*, Z.F. Mainen, M. Maravall, and K. Svoboda. Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY 11724.
2-photon laser scanning microscopy was used to study calcium transients in spines
and dendrites of CAI pyramidal cells. Acute rat hippocampal slices were maintained
at 34 °C and neurons were filled with the calcium-sensitive indicator Oregon-Green
BAPTA-1 during whole-cell current clamp. Somatic action potentials elicited by
current injection propagated into the proximal dendrite where fluorescence transients
were recorded. We found that, following a single action potential, calcium generally
reached a higher concentration in the spine head than in the neighboring dendrite. In
the majority of spines, the calcium gradient across the spine neck persisted for
approximately 100 milliseconds and, once calcium concentrations in the spine and
dendrite equalized, calcium levels in the two compartments returned to resting with
identical time courses. In a small fraction of spines, the diffusion barrier presented
by the spine neck was sufficiently large to effectively isolate the spine from the
dendrite and the calcium concentrations in the two compartments returned to resting
levels with different time courses. In all cases, large increases in calcium
concentration, which were triggered by high frequency trains of action potentials and
saturated the calcium indicator, resulted in similar peak fluorescence changes in the
spine and dendritic shaft, indicating that the resting calcium concentrations are
similar in the two compartments (see companion abstract by Maravall et al.). These
results can be explained by considering the relative sizes and shapes of spines and
dendritic shafts, and they constrain the possible distributions of calcium channels and
extrusion mechanisms in the neuron. The concentrations and calcium affinities of
endogenous buffers are also major determinants of the time course of calcium
transients, and we investigated the properties of cellular calcium buffers present in
spines and dendrites by assessing the effect of buffers introduced through the patch
pipette on the calcium transient. Supported by Helen Hay Whitney, Swartz,
Burroughs Wellcome, Whitaker, Pew, and Mather Foundations and NIH.
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500.15
Differences
FROM MOUSE

in calcium
dynamics
among
dendritic
spines in neurons
primary
visual
cortex
. K. Holthoff* and R. Yuste. Dept. of

Biological Sciences, Columbia University, New York, NY 10027.
Dendritic spines are targets of excitatory inputs in the CNS and are
morphologically heterogeneous. To explore the functional diversity of dendritic
spines in neocortical neurons we used two-photon calcium imaging of individual
spines in coronal slices from the binocular region (V1B) of mouse primary visual
cortex of Pl4-19 mice. Layer 5 pyramidal neurons or layer 4 spiny stellate were
patched and filled with 200 pM Calcium Green. Calcium dynamics of spines were
imaged with a custom-made two-photon microscope and were triggered with
backpropagating action potentials.
We investigated if the location of the spine within the dendritic tree influences its
intrinsic calcium dynamics. Although we detected no difference in onsets of calcium
accumulations among different spines, we found two classes of spines with different
offset kinetics. In one group of spines, present in spiny stellate cells and in secondary
and tertiary branches of layer 5 pyramidal neurons, the decay of calcium kinetics was
mono-exponential with a mean x of 272±72 ms (n=10). In a second group of spines,
located in primary dendrites of layer 5 neurons, the decay was double-exponential
with a short x of 180±38 ms and a long x of 1078±125 ms (n=4; see also A.Majewska
et al., Soc. Neurosci. Abstr.). The decays of the first class of spines and the slow
decays of the second class were linearly correlated to the decays of the adjacent
dendritic shaft. The decay of the dendrite was also linearly correlated with its
diameter, suggesting that a plasma membrane calcium pump or a pump that scales
linearly with the diameter control its decay kinetics.
We conclude that the diameter of a dendrite influences the calcium kinetics of its
spines during action potentials. Because the calcium dynamics are crucial for specific
activation of conductances and enzymes, and the timing of AP-induced calcium
accumulations regulates synaptic plasticity, the location of spines on the dendritic tree
may therefore influence their calcium-driven electrophysiological or biochemical
events. (Supported by the NEI, the HFSP and the EJLB Foundation)

MECHANISMS OF CALCIUM DECAY KINETICS IN SPINES FROM
HIPPOCAMPAL PYRAMIDAL NEURONS. A, Maiewska1*. E, Brown2 and R.
Yuste1, ‘Dept. of Biological Sciences, Columbia University, New York, NY 10027
and 2Dept. of Applied Physics, Cornell University.
Dendritic spines receive most of the excitatory inputs in the mammalian CNS and
compartmentalize Ca2* during synaptic stimulation. Although the mechanisms of Ca2*
influx into spines have been investigated (Yuste et al., J. Neurosci. 19:1976-87,
1999), it is not yet clear what determines the Ca2* decay kinetics in spines.
Using a custom-built two-photon microscope, we investigate Ca2* dynamics in
spines during backpropagating action potentials in Pl3-18 rat CA1 pyramidal neurons
filled with Calcium Green (100-200 pM). The majority of spines reach a higher
[Ca2+]j than their adjacent dendrites. The [Ca2*]j decay in spines has two components
that can be fitted with a double exponential: an initial fast component (x=93+19 ms,
n=26), during which [Ca2*]j in spines decays to dendritic levels, followed by a slower
decay (x=1007±206 ms; n=25) where the spine kinetics resemble those of the dendrite.
To account for the spine kinetics we investigate several possibilities. Using
measurements at different [Ca2*]j we rule out that the double exponential is due to
saturation or slow onset kinetics of endogenous or exogenous buffers. With
photobleaching experiments we rule out that the diffusion of the Ca2* indicator is
responsible for the double exponential. The correlation between the (Ca2*]j in the spine
and its adjacent dendrite at the inflection point in the decay kinetics demonstrates that
the slower exponential is due to diffusional equilibration between the spine and the
dendrite. To explain the first exponential decay we focus on two mechanisms: (i)
Ca2*pumps and (ii) buffered diffusion of Ca2*from the dendrite to the spine. Using the
relative [Ca2+! in the spine and dendrite after the inflection point and the fast x and
slow x in a mathematical model, we estimate the contribution of these two
mechanisms to the initial fast decay in different spines. Most spines' initial decay
kinetics depend on linear Ca2* pumps, while others’ depend on the diffusion of Ca2+
from the spine to the dendrite. We conclude that the density and kinetics of Ca2+
pumps, together with the length of the spine neck, determine the window of time
during which the spine can compartmentalize Ca2*. (Supported by the NEI and NIH).

500.17
INCREASED BASAL [Ca2*! AND INDUCTION OF Ca2+ OSCILLATIONS IN
CORTICAL NEURONS FOLLOWING EXPOSURE TO PCBs: A ROLE FOR GABAa
AND GLUTAMATE RECEPTORS. JR Inglefield’ and TJ Shafer, Neurotoxicology
Division, US EPA, Research Triangle Park, NC 27711
Polychlorinated biphenyls (PCBs) are ubiquitous environmental pollutants for which
impaired Ca2+ homeostasis is a potential mechanism underlying their developmental
neurotoxicity. Recently, we found reduced GABAa receptor-mediated Ca2* responses
following exposure (2-20 pM, 1 hr) to Aroclor 1254 (A 1254), a commercial PCB mixture.
Here, using microscopic video imaging of fura-2 loaded rat neocortical cells maintained
in culture for 4-8 days in vitro (DIV), we report additional receptor-mediated PCBinduced alterations in [Ca2+]j. A1254 induced a dose (2-20 pM) and time (10-60 min)dependent increase in basal [Ca2+]j. A1254 (10 and 20 pM, lhr) increased [Ca2*]; to 171
± 25 and 425 ± 39 nM, respectively, from a 55 ± 8 nM baseline. Superimposed on
increases in basal [Ca2*! were nonperiodic Ca2+ oscillations (duration, 15-30 sec; max.
frequency, 2-3/min; max. [Ca2+]; = 0.6-1 pM), suggestive of bursts of action potentials.
Ca2* oscillations were absent in control cells, yet inducible by only 2 pM A1254. The
A1254-induced increases in basal [Ca2+]s and Ca2* oscillations were dependent on
extracellular Ca2+, as they were abolished by 1 pM nifedipine or 1 mM EGTA-containing
buffer. In DIV 4-6 cells, when GABA is the primary excitatory neurotransmitter,
bicuculline (50 pM) inhibited A1254-induced Ca2+ oscillations and reduced the basal
[Ca2*! increase in 61% of cells. In DIV 6-8 cells, when glutamate excitability
predominates, d-APV (50 pM) and DNQX (10 pM) (without bicuculline) abolished Ca2+
oscillations without effect on increased basal [Ca2+];- Finally, return of the ‘primed’
A1254-containing solution (without antagonists) caused a return of Ca2+ oscillations and
increased basal [Ca2+]i5 suggesting the presence of released neurotransmitters. Hence,
PCB-stimulated GABA and/or glutamate release may contribute to elevated postsynaptic
Ca2*. Such an effect in developing neurons may alter their responsiveness to neurotropic
signals, e.g. GABA. (This abstract does not reflect EPA policy).

PRESYNAPTIC MECHANISMS: CALCIUM AND OTHER MODULARS I
501.1

501.2

CALCIUM-TRIGGERED EXO- ENDOCYTOSIS
RECORDED FROM COCHLEAR INNER HAIR
CELLS OF THE MOUSE

IMAGING EXOCYTOSIS OF SINGLE SYNAPTIC VESICLES BY
EVANESCENT FIELD MICROSCOPY. D.P. Zenisek, J.A. Steyer & W.
Aimers?MPI f. Medizin. Forschung, Heidelberg, and Vollum Institute,
Portland, OR 97201.
We stained goldfish retinal bipolar neurons with attached synaptic
terminals by brief exposure to FM1-43, and viewed them under epievanescent field illumination through an Olympus 1.65 NA objective.
Fluorescent spots at the resolution limit of the objective appeared, and
are believe to be single synaptic vesicles. (1) They were specifically
present in the terminal (density in soma 3.3 + 2.3 %, n=4). (2) Their
staining required Ca (number reduced to 4 + 2 % without Ca2*). (3)
Depolarizing pulses to the soma membrane caused spots to undergo
exocytosis, as they abruptly brightened then spread and dimmed as
their FM1-43 diffused over the plasma membrane. (4) With the soma
membrane at -60 mV, exocytic events occurred rarely (0.03 times as
frequently as during pulses), hence they require opening of voltagegated Ca channels. (5) The brightness/nm2 of plasma membrane was
measured with dye present, and compared to later exocytic events in
the same ceil. Exocytic events corresponded to 2526+104 nm2 membrane equivalents (n=16; Rouze & Schwartz, 1998) close to the 2643
nm2 surface of 29 nm dia vesicles in electron micrographs (v. Gersdorff et al., 1996). Events were most frequent in the first 60 ms after a
pulse, consistent with capacitance measurements (Mennerick & Matthews 1996). Most vesicles fusing early were present already 0.5 s
before the pulse, consistent with resident vesicles being more rapidly
releasable than approaching ones. But some approaching vesicles
fused within 60 ms of their arrival at the plasma membrane. Supported
by HFSP grant RG0197/1998M.

D.Beutner1,3, E.D.Schomburg*2, T.Moser1'3
’Dept. of Membrane Biophysics MPI for Biophysical Chemistry,
Gottingen and 2Dept. of Physiology and 3ENT Unit, University of
Gottingen
Calcium-triggered exocytosis underlies the highly
synchronous transduction of sound into auditory nerve
excitation at the afferent inner hair cell synapse. Here, we
have monitored synaptic vesicle fusion in response to brief
depolarizations (down to 1 ms) by means of membrane
capacitance (Cm) measurements in combination with fura-2
recordings. Capacitance increments were followed by
declines of Cm, most likely reflecting endocytosis.
Experiments were performed on acutely isolated organs of
corti from adult mice. Three independent depolarizationprotocols revealed synaptic depression after a few
milliseconds of stimulation, probably resulting from
exhaustion of a limited population of vesicles (-300).
Continued stimulation resulted in a slower Cm rise, which was
sensitive to high concentrations of EGTA (5 mM). The small
readily releasable pool may represent fusion competent
vesicles residing at the presynaptic active zones. We suggest
that depletion of this pool is a possible mechanism for
auditory adaptation.
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501.3

501.4

MARKOV FIELD ANALYSIS OF INFERIOR OLIVARY OSCILLATION
DETERMINED WITH VOLTAGE-DEPENDENT DYE IMAGING IN VITRO.
E, Leznik1, D. Contreras2*, V. Makarenko13 and R. Llinas1
^ept.
Physiology & Neuroscience, NYU School of Medicine, NYC 10016; 2Dept.
Neuroscience, U. Penn School of Medicine, Philadelphia, PA 19104; 3Inst. for
Mathematical Problems of Biology, Pushchino, Moscow Region, Russia.
Inferior olivary slices obtained from adult rats were stained using
voltage-sensitive dyes (RH795, Mol. Probes) and were stimulated with a
bipolar electrode, using one or two electrical pulses (10 msec. Intervals, 0.2
msec, in duration). Fluorescent activity was recorded using a fast CCD
camera (Fujix HRDeltaron 1700), 128x128 pixels of spatial resolution and 0.6
msec, of temporal resolution. Markov field analysis was applied to the
voltage image responses to determine pixel coherence in time. The results
indicate that following the stimuli, oscillatory waves spread from the
stimulus site and may be recorded for several seconds. These oscillations
have an average frequency ranging from 3 to 10 Hz. This rhythmic
response demonstrated a different spatiotemporal distribution when
modulators that either facilitated the oscillations (harmaline, serotonin and
picrotoxin) or blocked them (octanol) were introduced into the bath. The
pattern under those conditions were significantly different from that
obtained under normal circumstances. Results indicate that voltagedependent dye imaging can be used to study the coherent activity over a
distribution set of cells having an intrinsic subthreshold oscillation.
Furthermore, cluster oscillation generate patterns that can give further
insight into the distributed dynamics of activity of this nucleus. Support:
NINDS-NIH NS13742, ONR N00014-93-1-0225

QUANTAL SECRETION IN SEROTONERGIC NEURONS MEASURED
WITH CARBON FIBER AMPEROMETRY. D. Bruns, D. Riedel., R, Jahn*.
Dept. Neurobiology, Max Planck Institute for Biophysical Chemistry, Am
Fassberg 11, Gottingen, Germany.
Quantal release of serotonin from cultured Retzius cells of the leech (Hirudo
medicinalis) was characterized with a combination of carbon fiber
amperometry and electron microscopy. Two types of secretory organelles,
small synaptic vesicles (SSV) and large dense core vesicles (LDCV), are
found in axons while the soma only contains LDCV. To compare exocytosis
at axonal and somatic sites, we used a variety of stimuli including the
calcium ionophore ionomycin, hypertonic sucrose solution, and action
potentials and monitored release by amperometry. At the soma of our
neurons ionomycin evokes large spike-like oxidation currents, whereas an
additional class of rapid, small events is observed at axonal sites. These
results are consistent with our view that small and large events are caused
by exocytosis of SSVs and LDCVs, respectively. In agreement with this
hypothesis we observe that permanganate fixation of Retzius cells produces
a reserpine-sensitive, electron-dense precipitate within SSVs indicating that
SSVs, in addition to LDCVs, serve as aminergic storage organelles in
Retzius cells. Mainly SSV exocytosis is observed upon stimulation of single
action potentials while LDCV efficiently exocytose when trains of stimuli are
used. Application of hypertonic sucrose solution leads to a transient, b.urstlike exocytotic response by SSVs. This suggests that SSVs are recruited
from a limited pool of readily-releasable vesicles. Our results demonstrate
the versatility of the Retzius cell as a model for studying exocytosis of SSV
and LDCV.

501.5

501.6

TRANSMITTER RELEASE BY ACTION POTENTIALS AND LASER
PHOTOLYSIS IN A FAST CENTRAL SYNAPSE. J.H, Bollmann.1 J.G.G.
Borst.2 C. Petersen1* and B, Sakmann1. 1Max-Planck-lnstitute for Medical
Research, Heidelberg, Germany; 2lnst. for Neurobiology, University of
Amsterdam, Netherlands.
We compared action potential evoked release to release evoked by rapid
uncaging of caged calcium in pre- and postsynaptic whole-cell recordings of
the giant, calyx-type synapse in the medial nucleus of the trapezoid body of
the rat brainstem. Afferent stimulation (40 pulses at 200 Hz) of intact
terminals evoked glutamatergic EPSCs that depleted the releasable pool of
synaptic vesicles. At a postsynaptic holding potential of -30 mV, the first
EPSC of a train had an amplitude of -2.9 ± 0.9 nA (mean ± SEM; n = 4) and
a 20-80% rise time of 390 ± 40 ps in the presence of 100 pM cydothiazide.
The sum of EPSC amplitudes during the train was -12.4 ± 1.1 nA, which was
taken as a measure for the size of the releasable vesicle pool.
Following the introduction of the photolyzable Ca2+ chelator DM-nitrophen
into the presynaptic terminal via a patch pipette, it was rapidly photolyzed by
a UV laser, leading to uniform increases in [Ca2+],. Presynaptic [Ca2*],
increased to 15-45 pM, measured 200 ps after the UV flash using a
photodiode and the Ca2+ indicator Mag-fura-2. This increase triggered an
EPSC with a faster rise time (290 ± 80 ps, n = 4) and a bigger amplitude (-7.6
± 1.0 nA) than the EPSC that had been evoked by a presynaptic action
potential in the same synapse. Our findings show that a fast increase of
[Ca2+], to a concentration that was measured to be <50 pM before the onset
of the EPSC, released more than half of the releasable vesicle pool, at a
faster rate than action potentials.

EXAMINATION OF THE ROLE OF BK CHANNELS IN
REGULATING NEUROTRANSMITTER RELEASE AT A
DEVELOPING NEUROMUSCULAR JUNCTION IN VIVO

J.M. Pattillo* and S.D. Merinev. Department of Neuroscience, University of
Pittsburgh, Pittsburgh, PA 15260
Large conductance calcium activated potassium (BK) channels are selectively
expressed in the active zone and are known to regulate neurotransmitter release at the
amphibian neuromuscular junction (NMJ). It has been shown that blockade of BK
channels can increase the magnitude of transmitter release at the adult frog NMJ
(Robitaille and Charlton, 1992,7. Neurosci. 12:297). However, we have found that BK
blockade can decrease neurotransmitter release at newly formed junctions in culture
(Pattillo and Meriney, 1997, SFNS abstr. 23:2275). This discrepancy suggests that
there may be developmental changes in the role of BK channels in regulating
neurotransmitter release, which in turn may be reflective of changes in potassium
channel properties, expression, or presynaptic structure. We have developed a method
for making whole cell recordings of monosynaptic EPCs in intact Xenopus embryonic
tail muscle at various developmental stages. Using this method, we have begun to
investigate possible developmental changes in the role of BK in regulating
neurotransmitter release at the NMJ. Blockade of BK channels with iberiotoxin (IBTX,
lOOnm) increased the magnitude of transmitter release in stage 38 embryos (53 hours
after fertilization) by 50-100%. The effect of IBTX was completely reversed upon
washout. This result suggests that, in the intact Xenopus embryo, the regulatory role of
BK channels at the NMJ has acquired adult characteristics approximately 1 day after
synapse formation. Future studies will focus on earlier developmental stages to
determine if there is a reversal of the effect of BK blockade upon transmitter release at
younger synapses. Supported by MH11879 (JMP) and NIH NS 32345 (SDM).

501.7

501.8

CHARACTERISTICS OF THE PRIMING PROCESS OF Ca2+-INDUCED
Ca2* RELEASE AT FROG MOTOR NERVE TERMINALS. J. Hachisuka1.
T, Akita1. K. Narita2. H. Kjjima3* & K. Kuba1. 'Dept. of Physiology, Nagoya
Univ. Sch. of Med., Nagoya 460-8550; 2Dept. of Physiology, Kawasaki Med.
Sch., Kurashiki 701-0192; 3Dept. of Physics, Nagoya Univ. Sch of Sci.,
Nagoya 464-8602, Japan.
Ca2*-induced Ca2* release (CICR) via ryanodine receptors at frog motor
nerve terminals are slowly activated by repetitive Ca2* entries (Narita et al., J.
Gen. Physiol. 112; 593, 1998). Caffeine (1 mM) markedly increased the rate
of the rise of an increase in intracellular Ca2* ([Ca2*}: recorded as
fluorescence changes of Oregon Green BAPTA-1) induced by a 50 Hz
tetanus in presynaptic terminals of frog cutaneus pectoris muscles. Thus, the
CICR mechanism at frog motor nerve terminals is normally at a nonactivable condition, but must be primed by conditional Ca2* entry. Changes in
[Ca2*} and end-plate potential (recorded intracellularly) amplitude caused by
repetition of a high frequency tetanus (30 or 50 Hz, 30 sec) and a subsequent
period (30 sec) of no or low frequency stimuli differentially demonstrated
changes in the rates of priming, activation and inactivation of the CICR
mechanism. Combination of low and high frequency tetani showed the
dependence of priming on the frequency (>1 Hz) and duration of
conditioning tetanus. An inhibitor of Ca2*/calmodulin-dependent kinase II
(CAMKII), KN-62 (10 pM) decreased the rate of rise of 50 Hz tetanusinduced rise in [Ca2*}, but slightly increased the peak amplitude. On the
other hand, a blocker of protein kinase C (PKC), staurosporine (0.5 pM), did
not affect 50 Hz tetanus-induced rise in [Ca2*}. The results suggest that both
the Ca2*-dependent kinases do not play an indispensable role in the priming
process of the CICR mechanism at frog motor nerve terminals, but CAMKII
is involved in the modulation of the priming process.
(Supported by Grants in Aid for Scientific Research from the Japanese
Ministry of Education, Science and Culture)

RYANODINE BINDING SITES IN LIVE DEVELOPPING RAT
HIPPOCAMPAL NEURONS. J. Vautrin,* M. Sukhareva, S.
Smith and J. Barker. LNP. NINDS, NIH, Bethesda, MD 20892.
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We used BODIPY FL-X ryanodine (Molecular Probes) to
localize caicium-activated ryanodine receptors / Ca2* release
channels in embryonic rat hippocampal neurons. 17-19-day old
embryos hippocampal neurons were dissociated and cultured
for 1 to 2 weeks in Neurobasal medium, B27, glutamine and
astrocyte conditioned medium. Cultures were incubated for
10min at 37°C in 1j±M BODIPY ryanodine. Digital images of
differential interference contrast transmitted light and green
BODIPY ryanodine fluorescence were performed on a 410 Zeiss
laser scanning confocal microscope (LIF). Green fluorescence
revealed ryanodine binding in neuron soma, around the
nucleus, where seemed to be the golgi apparatus. Were also
labeled the main process (axon), some of the smaller processes
and the shaft of growth cones. More localized and intense binding was found at some contacts between small processes and
at the tip end of some of the small processes. During the observation, 1gM of the styryl dye FM4-64 (similar to FM1-43 but
excited and emitting at longer wavelengths) was added to the
bath saline. This produced dots of increasing red flurescence at
some contacts between small processes and at the tip end of
some of the small processes, that were already labeled with
BODIPY ryanodine.
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501.9

501.10

ROLE OF RYANODINE RECEPTORS AND INTRACELLULAR
CALCIUM IN REGULATING TRANSMITTER RELEASE AT
THE MAMMALIAN NEUROMUSCULAR JUNCTION.
A.
Schwartz. C. Whitacre, and D.F, Wilson*. Department of Zoology,
Center for Neuroscience, Miami University., Oxford, OH 45056.
It has been suggested that in the frog motor nerve terminal, calcium
that is stored intracellularly is regulated by ryanodine receptors and
this may serve to modulate transmitter release. We were interested in
determining if ryanodine receptors exist in the mammalian motor nerve
terminal and if they serve a functional role. We tested for the presence
and functional role of ryanodine receptors by examining the effect of
activating these receptors with caffeine and theophylline and blocking
these receptors with TMB-8 (8-N,N-diethylamino-octyl 3,4,5trimethoxybenzoate HC1). To eliminate the possibility that caffeine
may act on adenosine Al receptors, caffeine was tested in the presence
of DPCPX (0.1 uM). We examined the effects of caffeine (1.0 mM),
theophylline (1.0 mM) and TMB-8 (20 uM) on quantal transmitter
release in the transected preparation of the
phrenic nervehemidiaphragm of the rat. Intracellular recording techniques were used
to monitor end-plate potentials and miniature end-plate potentials
subjected to brief pulses of stimuli (6 stimuli at 1 and 25 Hz). Caffeine
and theophylline significantly depressed quantal release at both 1 and
25 Hz, while TMB-8 significantly enhanced transmitter release at these
stimulus frequencies. This data supports the view that ryanodine
receptors are present and this source of calcium serves to suppress
calcium influx. Research Supported by Miami University.

INVOLVEMENT OF INTRACELLULAR Ca2+ RELEASE IN USEDEPENDENT POTENTIAION OF TRANSMITTER RELEASE AT
NICOTINIC SYNAPSES OF BULLFROG SYMPATHETIC GANGLIA S,
Takeuchi1, H, Tokuno1, A Nishi2* & K. Kuba1. ’Dept. of Physiology, Nagoya
Univ. Sch. of Med., Nagoya 460-8550; 2Dept. of Physiology, Kurume Univ.
Sch. Med. Kurume 830, Japan.
Fast excitatory postsynaptic potentials (f-EPSP) (intracellularly recorded
in a low Ca2+, high Mg2* solution) were progressively increased in amplitude
during a train of five stimuli at 50 Hz up to fivefold (at the 5th stimulus) and
decayed over a few seconds after the train, representing facilitation of
transmitter release. After the application of a conditioning tetanus of low
frequency (20 Hz, 4 min), each f-EPSP induced by the train was potentiated
about twofold for more than several tens of minutes, while facilitation was
slightly decreased in magnitude with the prolongation of the decay. In the
presence of thapsigargin (2 pM), the potentiation of f-EPSP produced by the
conditioning tetanus was not seen, but the depression was observed. Under
this condition, the facilitation of f-EPSP was reduced in magnitude. On the
other hand, ryanodine (5 pM) did not block the potentiation of f-EPSP by the
conditioning tetanus, but reduced the magnitude of facilitation. The results
suggest that the release of Ca2+ from thapsigargin-sensitive Ca2+ stores
presumably through ryanodine receptors is involved in the mechanism of
both facilitation and potentiation of transmitter release from preganglionic
terminals. The “apparent” absence of effects of ryanodine on potentiation can
be explained by the use-dependent blocking action of ryanodine and an
increase in the basal level of intracellular Ca2+ in presynaptic terminals as a
result of Ca2+ release by ryanodine. Thus, ryanodine did not affect f-EPSPs
before the conditioning tetanus, while f-EPSPs were enhanced after the
conditioning tetanus.

(Supported by Grants in Aid for Scientific Research from the
Japanese Ministry of Education, Science and Culture)

501.11

501.12

CHARACTERIZATION OF PRESYNAPTIC CA2+ SIGNALING AT SINGLE
MOSSY FIBER TERMINALS (MFTS) L.L, Yuan, D, Johnston*, and R, Gray
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030
The mossy fiber synapse of hippocampus has a number of unusual features,
including large sized terminals, multiple release sites, and a proximal termination
zone along the apical dendrites of CA3 pyramidal neurons. The synaptic boutons
also contain high concentration of zinc and opioid peptides that are co-released
with glutamate under certain conditions, and transmission can be modulated by
the neurotransmitters norepinephrine, acetylcholine, glutamate, and opioid
peptides. Long-term potentiation (LTP) of mossy fiber to CA3 synapses is
independent of NMDA receptors, and the mechanisms underlying induction and
expression of MF LTP involve both pre- and postsynaptic sites. Due to the
difficulty of directly recording from mossy fiber terminals with patch electrodes,
we have applied optical recording techniques to characterize the Ca2+ signals at
the single synapse level in rat hippocampal slices. In response to a single
electrical stimulus or a brief train (fewer than 20 stimuli at 100Hz), presynaptic
[Ca2+] increases and decays rapidly. The decay phase of MFT [Ca2+] in response
to a longer train (25-50) of 100 Hz stimuli, however, gets slower and is often
accompanied by a separate peak. The secondary peak can be blocked or
attenuated by application of antagonists of Ca2+ release channels and ATPdependent Ca2+ pumps, suggesting the secondary peak of Ca2+ originates from
internal Ca2+ stores. The biological consequences of the secondary Ca2+ release
are under investigation, (supported by NIH)

RELIABILITY OF ACTION POTENTIAL EVOKED Ca2+ TRANSIENTS IN
SINGLE PRESYNAPTIC TERMINALS OF RAT NEOCORTICAL PYRAMIDAL
CELLS. K. Svoboda*1 and C L. Cox2, ‘Cold Spring Harbor Laboratories, Cold Spring
Harbor, NY 11724 and 2Dept. Neurobiology, SUNY, Stony Brook, NY 11794.
Do action potentials of neocortical pyramidal neurons reliably invade their axonal
arbors? To address this issue we have used 2-photon laser scanning microscopy
(2PLSM) to observe Ca2+ transients in individual presynaptic terminals of neocortical
pyramidal cells in response to action potentials (APs). Current clamp whole cell
recordings were performed on layer II/III pyramidal cells in brain slices (age 10 to 28
days) at temperatures ranging from 23 °C to 32 °C. The recording pipette included the
Ca2+ indicator Oregon Green BAPTA I (100-300 pM). Single APs and short trains
of APs were evoked by short current pulses (50-400 pA, 50-200 ms) through the
recording pipette. Relative fluorescence changes (AF/F) were measured in individual
varicosities on second through fourth order axonal branches by 2PLSM. The
amplitudes of the Ca2‘ transients were proportional to tlie number of APs evoked. Ca2+
transients evoked by single APs were very reliable: if responses to single APs were
detected in a particular varicosity then they never failed. We attempted to modulate
the Ca2+ transients using both physiological and pharmacological manipulations.
Previous studies have shown that the A-current may regulate branch point failures in
axonal transmission in the hippocampus (Debanne etal. 1997. Nature. 389:286). We
tested this possibility by passing strong hyperpolarizing current pulses to deinactivate
A-current prior to evoking APs. We find that neither amplitudes nor reliability of
presynaptic Ca2+ transients were affected by this protocol. In contrast, application of
20 - 50 pM adenosine, which suppresses neurotransmitter release, reduced Ca2+
transient amplitudes ~ 50 % in all varicosities tested. Our results indicate that single
APs reliably evoke Ca2+ transients in varicosities throughout the axonal arbor. These
results hold for all temperatures and ages tested. (Supported by NIH and Mathers,
Pew, Klingenstein and Whitaker Foundations).

501.13

501.14

ANALYSIS OF pH DYNAMICS OF SYNAPTIC VESICLES
DURING RECYCLING USING pHLUORINS. S. Sankaranarayanan* and T. A. Ryan. Dept. of Biochemistry, The Weill
Medical College of Cornell University, New York, NY 10021.
We have used the pH-sensitive GFP-synaptobrevin construct
“Ecliptic pHluorin” (Miesenbock et. al., Nature 1998, 394:192) to
label synaptic vesicles in primary rat hippocampal neuronal
cultures. Action potential (AP) stimulation led to an increase in
fluorescence due to the translocation and alkalinization of GFP
from the acidic lumen of vesicles to the neutral external medium.
The maximal fluorescence (Fmax) increase, of the entire labeled
vesicle pool, achieved by alkalinization of vesicles with ammonium
chloride was 5 fold above baseline. Prolonged action potential
stimulation caused a peak fluorescence increase of -30% of Fmax.
The initial rate of fluorescence increase following trains of 50-100
AP’s was 0.5 to 0.8%/AP. The time constant for recovery of
fluorescence after electrical stimulation was ~40s. This suggests
that re-acidification of vesicles takes longer than the time for
endocytosis (~20s) reported previously in these cultures. These
results reveal novel parameters in the life of recycling synaptic
vesicles.
This work was supported by NIH grant NS36942 to T.A.R. T.A.R.
is a Alfred P. Sloan fellow.

PHENYL SUBSTITITED A-ALKANOLS REDUCE NA CURRENTS BY
BLOCKING, INACTIVATING, AND ALTERING CHANNEL KINETICS.
Hahin*. R. and A. Kondratiev. Biological Sciences Dept., Northern Illinois
University, DeKalb, IL 60115.
The action of a series (one to three carbons in length) of phenyl substituted
n-alkanols (<f>-alkanols) were compared with their unsubstituted counterparts and other
longer n-alkanols for their ability to alter Na currents (INa). INas were recorded in the
presence or absence of an alkanol using the Vaseline-gap voltage clamp for single frog
muscle fibers. ED5bs for Na conductance (GNa) block for O-alkanols were much
smaller than their n-alkanol counterparts. For both groups, adding a methylene group
decreased the ED50; ED50 = 10480/3.5" and ED50 = 39/2.23" (n-number of methylenes)
predicted the results for n-alkanols and O-alkanols, respectively. Phenyl substitution
acted to increase the fraction of inactivated channels, seen as a hyperpolarizing shift in
the steady-state inactivation (hf) relation. The GNa vs. V relations for O-alkanols
showed a greater reduction in slope, were shifted to more positive potentials, and
reduced in amplitude compared to n-alkanols; these results show that O-alkanols act to
cause a greater voltage-dependent block at all potentials. An analysis of the kinetics of
INa showed that all alkanols acted to speed up die rate of opening and inactivation of
Na channels, and reduce inactivation delay. For both groups of alkanols, ED50s for
action potential (AP) block could be predicted from ED50s for GNa block. In summary,
a O-alkanol is more potent in reducing INa than its unsubstituted n-alkanol counterpart.
The increased potency cannot solely be attributed to size or an increased octanol-water
partition coefficient. The potency increase arises from a combination of effects: 1. A
greater degree of channel block; 2. An increase in voltage-dependent channel block;
3. An increased rate of channel activation and inactivation; and 4. An increase in
steady-state inactivation. These results are consistent with the hypothesis that phenyl
substitution of an alkanol increases the ability of the molecule to bind to and alter Na
channels, so as to reduce INa and alter the channel kinetics.
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PKA-DEPENDENT LONG-TERM INCREASE IN HIPPOCAMPAL
INHIBITORY NEUROTRANSMISSION AFTER FEBRILE SEIZURES.
K.Chen1,2, T.Z.Baram1'2 & I.Soltesz1*. Department of Anatomy and Neurobioiogy1,
and Pediatrics2, University of California, Irvine, CA.
Febrile seizures constitute the most frequently encountered seizures of human
infants and young children, but surprisingly little is known about the long-term
effects. This study was designed to determine the mechanisms for the long-lasting
increase in inhibitory neurotransmission in CA1 pyramidal cells following
hyperthermia-induced seizures in infant rats.
On P10, the core temperature of rat pups was raised as described (Baram et al.,
1997). One week later, the pups were anesthetized, decapitated, the brains removed,
and in vitro brain slices were prepared. Field- and whole-cell patch clamp recordings
were obtained from CA1 pyramidal cells from animals with hyperthermia-induced
seizures and from both hyperthermic and normothermic littermate controls.
One week after hyperthermia-induced seizures, the amplitude of the
monosynaptically evoked IPSCs was increased in the experimental animals. The
miniature IPSC frequency was also enhanced, without changes in mIPSC amplitude
or kinetics, indicating that the potentiation of the IPSCs had a presynaptic locus. The
broad spectrum PK blocker staurosporin, as well as the specific PKA antagonist RpcAMPS, abolished the difference between the IPSCs recorded from control and
experimental animals. In contrast, the PKC-specific antagonist calphostin-C failed to
decrease the enhanced evoked IPSC amplitude after seizures. Forskolin, known to
enhance IPSCs presynaptically through the AC/PKA system, increased the amplitude
of the evoked IPSCs from experimental animals significantly more than in controls.
These data indicate a central role for PKA in the presynaptic, long-term
enhancement of GABAergic inhibition in the CA1 network after febrile seizures.
Supported by the NIH (NS35439 to TZB, and NS38580 to IS), and by the UC
Biotechnology Research and Education Program (BREP-98-02) to TZB & IS.
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J. Bischofberger*, J.R.P. Geiger and P. Jonas.
Physiological Institute, Univ.
Freiburg, Hermann-Herder-Str. 7, D-79104 Freiburg, Germany.
Ca2+ influx into presynaptic terminals triggers transmitter release and controls the
dynamics of synaptic transmission. The functional properties of the presynaptic Ca2+
influx were characterized at giant mammalian axon terminals of brainstem neurons
(Borst & Sakmann Nature 383:431, Forsythe et al. Neuron 20:797). No data are
available, however, for cortical synaptic terminals. We made patch-clamp recordings
from the axon terminals of hippocampal granule cells, the mossy fiber boutons
(MFBs), at 20 - 24°C. Slices were cut from 20- to 24-day old rats and the MFBs were
identified by IR-DIC videomicroscopy and intracellular filling with biocytin during
the recording. MFBs were distinguished from dendritic and somatic recordings in the
stratum lucidum by small capacitance (fast component of capacitive transient
corresponding to 1 pF) and high input resistance (>1GQ at a resting potential of-80
mV). To analyze the presynaptic Ca2+ channels we used a Cs+-rich pipette solution
and 1 pM tetrodotoxin in the bath. Ca2+ channels activated during pulses to potentials
above -40 mV. The maximal amplitude of the inward currents was 96 ± 14 pA at 0
mV (n=6) in 2 mM Ca2+ and 145 ± 19 pA (n=ll) in 2 mM Ba2+. The Ba2+ inward
currents were blocked by 500 nM co-agatoxin IVa (65 ± 6%, n=4) and 500 nM coconotoxin GVIa (28 ± 5%, n=4), showing that the currents were mediated by P- and
N-type channels. The Ba2+ inward currents showed a fast voltage dependent
activation (xact = 312 ± 22 ps at +30 mV, n=9) and deactivation (Tdeact= 236 ± 24 ps at
-60 mV, n=4). When we applied an action potential waveform, which was previously
recorded from a MFB, as a voltage-clamp command, brief inward currents were
evoked with a peak amplitude of 113 ± 25 pA and a half-duration of 680 ± 59 ps
(n=4). The brief duration of the presynaptic Ca2+ influx into MFBs may be important
for the precise timing of the neurotransmitter release.
Supported by DFG, SFB 505/C5 and Bi 642/1-2.

502.3

502.4

G-PROTEIN MODULATION OF PRESYNAPTIC CALCIUM CHANNELS
BY PERTUSSIS TOXIN (PTX)-SENSITIVE AND -INSENSITIVE
PATHWAYS.
X. Zheng, R.R. Mirotznik* and E.F. Stanley. Synaptic Mechanisms Section,
NINDS, NIH, Bethesda, MD 20892-4156.
Presynaptic calcium channels are known to be modulated by
neurotransmitters acting through pathways that involve heterotrimeric Gproteins. In neuronal somata this modulation is often via G-proteins of the
pertussis toxin-sensitive Gq /G, family. Little is known, however, about which
G-proteins are involved at presynaptic nerve terminals.
N-type calcium currents were recorded directly from presynaptic nerve
terminals at the chick ciliary ganglion calyx synapse (TINS 20:404). These
currents exhibited voltage-sensitive, G protein-dependent inhibition. This
inhibition was seen following either external adenosine treatment, which
operates through Go/Gj, or internal GTPyS treatment, which activates all G
proteins. Treatment with PTX (0.4 pg/ml) overnight eliminated the
adenosine inhibition but only partially reduced the GTPyS inhibition. Thus,
both PTX-sensitive and -insensitive G-proteins modulate presynaptic
calcium channels in the calyx terminal.
We used immunostaining to screen for candidate G-protein types at this
terminal. Staining with antibodies against the various a subunits showed Go
localization at the plasma membrane of the calyx, Gs localization
predominantly to the calyx cytoplasm, and Gj, Gq/11 and G1213 localization to
both membrane and cytoplasm. Our results suggest that presynaptic Ntype calcium channels are modulated by both Go/Gj and non-Go/Gj trimeric
G-protein families.

CALCIUM CHANNELS INVOLVED IN THE SYNAPTIC
TRANSMISSION BETWEEN MOSSY-FIBRES AND
GRANULE CELLS IN RAT CEREBELLUM IN SITU. G. De
Filippi*, Y. Chen and E. Sher. Eli Lilly & Co., Erl Wood Manor,
Windlesham, GU20 6PH, Surrey, UK.

502.5

502.6

CALCIUM INFLUX THROUGH NMDA RECEPTORS DIRECTLY TRIGGERS
NEUROTRANSMITTER RELEASE FROM OLFACTORY BULB DENDRITIC
SPINES. Wei R. Chen* and Gordon M. Shepherd. Section of Neurobioiogy, Yale
Medical School, 333 Cedar Street, New Haven, CT 06520.
The reciprocal synapses between mitral cell secondary dendrites and granule cell
dendritic spines mediate feedback inhibition in the olfactory bulb. It has recently been
demonstrated that NMDA receptors play a dominant role in this feedback inhibition
whereas non-NMDA receptors make little direct contribution, although they are colocalized on the granule cell spines (Chen and Shepherd, 1998; Isaacson and
Strowbridge, 1998; Schoppa et al., 1998). The mechanisms underlying these different
actions of glutamate receptors remain to be resolved. We have hypothesized that the
action of NMDA receptors is due to a direct role of Ca2+ influx through NMDA
receptors in triggering GABA release from the granule cell spines, whereas nonNMDA receptors mediate a single-synapse EPSP which is too small to evoke sodium
spikes and activate high-threshold Ca2+ channels for neurotransmitter release. To test
this hypothesis, we have applied caged Ca2+ compounds to the mitral cell secondary
dendrites to trigger glutamate release independently of voltage-gated Ca2+ channels.
Glutamate released by photo-uncaging activated the dendrodendritic reciprocal
synapses and evoked a feedback IPSP in the mitral cell, which had the same properties
as the spike-evoked feedback IPSP. It was sensitive to extracellular Mg2+ and was
blocked by APV, an NMDA receptor antagonist. In contrast, the non-NMDA receptor
blocker CNQX had little effect. A mixture of Ca2+-channel blockers, at doses high
enough to block both low- and high-threshold Ca2+ channels, only slightly suppressed
the uncaging-evoked feedback IPSP. The possible involvement of secondary release
from internal Ca2+ stores has been ruled out by applying thapsigargin and ryanodine.
These results indicate that GABA release from granule cell dendritic spines can be
triggered directly by Ca2+ influx through NMDA receptors. Supported by NIH grants
DC03918 (Wei R. Chen), DC00086 and DC/NS03972 (Gordon M. Shepherd), and by
a Whitehall Foundation research grant (Wei R. Chen).

EFFECTS OF HIGH VOLTAGE GATED CALCIUM CHANNEL ANTAGONISTS
ON PRESYNAPTIC FIELDPOTENTIALS IN CA1 OF HIPPOCAMPAL SLICES.
U.Kuhnt*. Dept. Neurobioiogy, MPI biophys. Chem. D-37070 Gottingen, Germany.
Presynaptic Ca2+ influx through High Voltage Gated Calcium Channels (HVCC) is
necessary to induce transmitter release. The present investigation is focused on the
impact of HVCC antagonists on early components of evoked presynaptic
fieldpotentials (FP) in str. rad. of area CA1 of guinea pig hippocampal slices. Evoked
presynaptic FP in str. rad. of CA1 of hippocampal slices of adult guinea pigs (paired
stimulation, width 40ps, interstim. time 50ms) of Schaffer col./comm. fibres were
analysed. co-Conotoxins GVIA and MVIIC (CoTxGVIIA, CoTxMVIIC), known to
block N- and P/Q-type HVCCs, respectively, were bath applied (final concentrations
O.25-l.OOpM) or pressure ejected from one of two recording electrodes positioned at
different distances from the stimulating electrode in str. rad.. Bath application of either
CoTxGVIIA or CoTxMVIIC lead to a strong diminution of postsynaptic activity
which depended also on the distance of the rec.electrode from the stimulation site,
being stronger at larger distances. Presynaptically slope steepness was determined
immediately following onset of the FP and in a time window comprising maximal
steepness. During the action of CoTx's, the steepness of both components was
diminished. High frequency stimulation (8 trains, 15 stimuli at 100Hz, given at 0.1/sec)
during the action of CoTx‘s lead for at least 2h to an increase in slope steepness of both
early components, thereby affecting the first response stronger then the second one.
Pressure injection of CoTx's through the more distant recording electrode had no effect
on the response recorded near the stim. site. However, injection of CoTx‘s near the
stimulation site lead to a reduction of steepness of slopes of early presynaptic
components at the more distant recording position. The results indicate that 1) early
presynaptic components are modulated by HVCCs, 2) a form of long-lasting
presynaptic facilitation exists which is independent of N- and P/Q-type HVCCs, and 3)
HVCCs located upstream from the recorded presynaptic location modulate slope
steepness of early presynaptic components.
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Glutamate release at excitatory synapses in the central nervous system has
been described to be supported by multiple types of presynaptic voltagedependent calcium channels. The relative role of these calcium channels has
been shown to be different between synapses.
In the present work we have applied calcium channel antagonists on synaptic
transmission between mossy fibre and granule cells in acute cerebellar slices
(rat P19-P24) in order to investigate the types of presynaptic calcium channels
involved. Evoked excitatory postsynaptic current (EPSC) in granule cells has
been recorded in voltage-clamp mode by using the whole-cell patch-clamp
technique. The application of non specific Ca2+ channels blockers (100-300 pM
CdCl2, 1 mM NiCl2 or 1 mM CoCl2) blocked almost completely the evoked
EPSCs. Application of 1 pM nifedipine (L-type antagonist) blocked the
synaptic transmission by 42.9 ± 11.6% (mean ± sd) in 2 out of 6 experiments.
Blocking N-type channels by either 1-3 pM co-Conotoxin -GVIA or 1 pM o+
Conotoxin -MVIIA reduced the EPSC by an average of 51.3 ± 9.1% (n=6/6)
and 59.2 ± 13 % (n=7/7) respectively, to -Agatoxin IVA at 30-300 nM reduced
the EPSC by 30.4 ±4.1% (n=5/5). These results suggest that at least two
pharmacologically distinct Ca2+ channels, namely the N-type and the P/Q-type,
are involved in the synaptic transmission between mossy-fibre and granule
cells, but other calcium channel types might also play a role. The relative role
and cooperativity between these types of calcium channels is currently under
investigation.
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502.7

502.8

MODULATION OF SYNAPTIC ACTIVITY BY PHORBOL ESTER AND
PRESYNAPTIC RECEPTORS: A CALCIUM IMAGING STUDY IN RAT
HIPPOCAMPAL SLICES. G.Stocca* and D.M.Lovinger. Dept. Molecular
Physiology and Biophysics, Vanderbilt University; Nashville, TN 37232.
It is well accepted that neurotransmitter release is strongly correlated with
presynaptic calcium (Ca2+) concentration. When the action potential invades the
presynaptic terminal, high voltage activated calcium channels (HVACCs) are
activated causing a dramatic and localized change in intracellular Ca2+
concentration, which leads to neurotransmitter release. Adenosine receptor
activation decreases synaptic transmission and the mechanisms underlying this
modulation are not yet fully understood. The effect of adenosine can be
prevented upon protein kinase C (PKC) activation by phorbol esters. In order to
assess the role of HVACCs in these mechanisms, we studied adenosine and
phorbol ester effects on synaptic Ca2+ transients (ACa2+). The Ca2+ indicator
Fura-2AM (300 pM to 1 mM) was focally applied to the CA1 stratum radiatum
of rat hippocampal slices. After 1 hr loading, Ca2+ transients were evoked by
afferent stimulation (0.04Hz) and the presynaptic component was isolated in the
presence of NBQX and APV. Adenosine (lOOpM) decreased the ACa2+ peak to
75±2 % of control (n=9). The phorbol ester, PDA (2 pM), potentiated ACa2+ by
14±3 % (n=9). When adenosine was applied after PDA, the decrease of the
ACa2+ peak was comparable (79±1% of control, n=7) to the decrease before
PDA application. Previous studies showed that synaptic transmission measured
electrophysiologically was strongly depressed by adenosine, but after phorbol
ester application the inhibitory effects of adenosine on synaptic transmission
were decreased. We therefore suggest that PKC activation decreases the
modulatory effect of adenosine by changing the coupling of presynaptic Ca2+ to
transmitter release. Supported by NS30470 grant.

A. Tse and A. K. Lee*. Dept. of Pharmacology, University of Alberta,
Edmonton AB, Canada T6G2H7.
We have used the caged-calcium compound, NP-EGTA and
capacitance measurement to study endocytosis in single rat corticotrophs.
For each cell, flash photolysis of NP-EGTA produced a [Ca] transient
that stimulated exocytosis followed by endocytosis. Two types of
endocytosis were oberved. The slower type (“compensatory”) has time
constants of 1 to 4 sec and appears to recover membrane that was added
during the exocytosis (n=25). The faster type (“excess”) has time
constants of 20 to 200 msec, and only appeared when more membrane
was ultimately recovered than was added by exocytosis (10 of 25 cells)
and when [Ca] was higher than 10 pM (9 of 10 cells). Interestingly in 7
of 10 cells, multiple fast endocytosis could occur sequentially within ~1
sec and before the slower “compensatory” endocytosis was initiated.
Each fast endocytosis could retrieve 10 to 45 fF or 1 to 4.5 pm2 of
membrane. In each cell, the time constants of the fast endocytosis were
either constant or increased with time. The time constants of both types
of endocytosis were not calcium dependent ([Ca] = 6.5 to 19 pM),
although the rate of exocytosis was. Our finding suggests that other
factor(s) besides calcium is recycled to initiate each fast endocytosis.
The range of time constants for both types of endocytosis also suggests
that multiple processes may be involved. (Supported by Canadian MRC
and AHFMR)

502.9

502.10

p-ADRENERIC RECEPTOR MEDIATED EXCITABILITY INCREASE VIA
ACTIVATION OF A HYPERPOLARIZATION-ACTIVATED CURRENT (Ih)
IN RAT CEREBELLAR BASKET CELLS. SAITQW.Il-and KQNISHI, S.
Molecular Neurobiology Laboratory, Mitsubishi Kasei Institute of Life
Sciences, Tokyo 194-8511, Japan and CREST, JST (Japan Science and
Technology)
Previous studies have shown that noradrenaline (NA) elicits long-term
facilitation of GABAergic transmission on rat cerebellar Purkinje cells (PCs) by
activating presynaptic (3-adrenergic receptors in cerebellar intemeurons, basket
cells (BCs), and that the [3-adrenergic receptor agonist isoproterenol (ISP)
increased the frequencies of spike discharges in BCs. Based on these findings we
proposed that NA and ISP depolarize the BC and increase action potential firing,
thereby, enhancing GABA release from BC. This study aimed to further examine
the ionic mechanism underlying the p-adrenoceptor-mediated depolarization in the
BC. Using cerebellar slices prepared from 14- to 21-days-old rats and the wholecell recording, ionic currents were investigated in BCs. Hyperpolarizations from
a holding potential of -50mV elicited activation of the Ih starting at voltages
around -80mV The time course of Ih activation was voltage-dependent, being
speeded up with strong hyperpolarization. This current was inhibited by 20 pM
ZD7288. At -lOOmV, Ih activation showed two time constants, 84±6 ms and
442±36 ms. ISP (20pM) and forskolin (20pM) enhanced Ih by shifting the
activation curve to a depolarizing direction by 5.2 mV and 9.6 mV, respectively.
Under tlie current-clamp mode, ISP depolarized the BCs by 9 ± 2 mV and reduced
their input resistance. These results suggest that NA activates lh channels in BC
via p-adrenoceptor-mediated cyclic AMP formation, thereby contributing to
facilitation of GABAergic transmission between BCs and PCs in the rat cerebellar
cortex.

CONFOCAL IMAGING OF CALCIUM TRANSIENTS IN AXONAL
BOUTONS OF HIPPOCAMPAL PYRAMIDAL CELLS.
N.J. Emptage*, T.V.P. Bliss and A. Fine. Division of Neurophysiology, National
Institute for Medical Research, Mill Hill, London NW7 1 AA UK.
Hippocampal pyramidal cells produce a single highly branched axon that
frequently extends many hundreds of microns. Along the axon, discrete sites of
neurotransmitter release are present, forming en passant synapses with
postsynaptic target cells. These specialized sites, referred to as terminal boutons,
are a large electrotonic distance from the cell soma and are typically sub-micron in
diameter; consequently, they have proved difficult to study using conventional
electrophysiological methods. Using confocal microscopy, we have examined
calcium transients in boutons following the invasion of an action potential. CA3
pyramidal cells from hippocampal organotypic cultures were impaled with
microelectrodes and filled with the calcium sensitive dye Oregon Green 488
BAPTA 1 by iontophoresis. Action potentials were elicited by somatic injection
of depolarizing current, and calcium transients imaged in individual boutons using
a Biorad MRC 1000 confocal microscope in line scan mode. The mean peak
calcium transient, expressed as a fractional change, was 111.6 ± 6.4% in boutons,
and 40.5 ± 4.2% in adjacent axon (n=8; mean ± s.e.m.), providing evidence for
greater channel density at boutons. Repeated measurement of the calcium transient
amplitude within individual boutons showed little variance (CV = 0.12).
Examination of calcium transients in proximal and distal boutons revealed that
spike propagation was extremely reliable, with no failures occurring even when
the action potential traversed several branch points. Thus stochastic transmission
failure at these synapses does not appear to arise from branch point failure. We are
now studying the source of the transients that we observe, using pharmacological
methods. [Support MRC UK]

502.11

502.12

CALCIUM CHANNEL ACTIVATION AND NEUROTRANSMITTER
RELEASE IN XENOPUS MOTOR NERVE TERMINALS. B-M, Chen*
and A D. Grinnell. Dept. of Physiology and JLNRC, UCLA School of
Medicine, Los Angeles, CA 90095.
Using simultaneous pre- and postsynaptic patch-clamp techniques Qn the
synapses formed by embryonic Xenopus motoneurons on muscle cells in
culture (Yazejian et al., J. Neurosci.. 17, 2990, 1997), we have asked the
following questions: (1) What is the quantitative cooperativity in the
relationship between Ca++ current and [Ca++]0? (2) What is the relationship
between ICa and release? (3) What fraction of the available Ca++ channels
open during a typical action potential (AP) waveform, and how is this
fraction changed by increasing AP amplitude or duration? And (4) does the
dependence of release on ICa differ when ICa is reduced by block of Ca++
channels with w-conotoxin as opposed to reduction in [Ca++]o, i.e., does
release of a single quantum depend on summed Ca++ influx from many
channels or can one open channel trigger vesicle fusion? We find a
sublinear dependence of ICa on [Ca++]o, but a steep supralinear dependence
of release on ICa in low Ca++ concentration ranges (Hill co-efficient 3.4).
A typical varicosity AP waveform of 100 mV amplitude (-70 to +30 mV)
opens about 45% of the maximum number of Ca++ channels available, i.e.,
the number opened when the peak voltage is maintained in a plateau for 5
msec or more or AP amplitude is increased to +60 mV. We see little
difference in the relationship of release to ICa when ICa is gradually reduced
by w-conotoxin or by lowing [Ca++]o. Supported by NS30673.

FAST ACTIVATION OF SINGLE MAXI-Kca (BK) CHANNELS IN THE
PRESYNAPTIC
NERVE
TERMINAL
OF
CULTURED
XENOPUS
NEUROMUSCULAR JUNCTION. X.-P. Sun*, B, Yazejian and A D. Grinnell. Jerry
Lewis Neuromuscular Research Center, Dept. of Physiology, Sch. Med. UCLA, Los
Angeles, CA 90095
Previous studies have suggested that BK channels are coupled temporally and
spatially with calcium channels in the presynaptic nerve terminal of the
neuromuscular junction (Robitaille, et al, 1993 and Yazejian, et al. 1997). Activation
of BK current may reflect the local calcium concentration in close proximity to
calcium channels. However, the Ca2+ sensitivity and action kinetics of single BK
channels in this preparation are unknown. We have investigated single channel
properties of BK channels in both on-cell and inside-out patch configurations. BK
channels in the terminal share most electrophysiological properties with those from
other tissues. The single channel conductance was 235 pS and highly selective for K+
over Na+. The Kd for calcium activation was 6.7 x 10-6 M at +20 mV, with a Hill
coefficient 2.6 in a symmetrical potassium solution (116 mM). In contrast, the
channel showed extremely fast activation kinetics. At a membrane potential of +40
mV and [Ca2+], of 100 pM, the time constant was 0.56 ± 0.06 ms (n=6) in inside-out
patches. Pre-pulses favoring calcium influx significantly shortened the latency of the
channel onset in cell-attached patches. Occasionally, the BK channel was triggered
by spontaneous action potentials and the single BK channel could be seen at the time
corresponding to the peak of the action potential, indicating activation of a BK
channel even before I Ca reached its peak. In conclusion, our results demonstrated
that BK channels in the nerve terminal have fast Ca2+-acUvation kinetics and
intermediate calcium sensitivity. These features support the idea that activation of
BK channels reduces positive charge accumulation in the local area of the active
zone, resulting in an increase in the driving force for calcium entry. (Supported by
NIH, NSF).
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MEASURING INTRACELLULAR CALCIUM IN BOTH THE NEURONAL AND
GLIAL COMPONENTS OF THE LIZARD NEUROMUSCULAR JUNCTION
DURING SYNAPTIC ACTIVITY. C.A. Lindgren* and P.G. Havdon. Laboratory
of Cellular Signaling. Iowa State University, Ames, IA 50011.
Perisynaptic Schwann cells (PSCs) are non-myelinating glial cells which tightly
cover nerve terminals at the vertebrate neuromuscular junction (nmj). Previous work
at the frog nmj has shown that synaptic activity elevates Ca in the cell bodies of the
PSCs (Jahromi, Robitaille & Charlton, 1992, Neuron 8:1069; Reist & Smith, 1992,
PNAS 89:7625). The following investigation was carried out to determine whether
PSCs at the lizard nmj respond in a manner similar to those at the frog nmj. The
fluorescent Ca indicator fluo-3 (or fluo-4) was loaded into PSCs and nerve terminals
via its AM ester (i.e. membrane permeable) form. Repetitive, high-frequency nerve
stimulation or the direct application of ACh, Oxotremorine, or ATP induced large
increases in fluorescence (i.e. Ca concentration). Although the time-course and
amplitude of the Ca changes were similar to what has been observed in PSCs at the
frog nmj, it proved difficult (if not impossible) to distinguish fluorescence in a PSC
process from that in an adjacent nerve terminal branch. To solve this problem, we
developed the following procedure. Nerve terminals are pre-loaded with Texas Reddextran (MW 3000), back-filled from the cut end of the motor nerve. The nerve
terminals and PSCs are then loaded with fluo-3 (or 4) and fluorescence is monitored
with a confocal microscope capable of distinguishing the two fluorophores. Fluo-3
(or 4) signals which co-localize with the Texas-Red originate in the nerve terminal.
Those which do not co-localize originate in the PSCs. (Since PSCs contain nucleic
acids and nerve terminals do not, the identity of the PSCs was confirmed by applying
nucleic acid stains.) Using this procedure we can now clearly distinguish fluorescence
in PSC processes from that originating in nerve terminal branches and are using this
method to describe the spatial and temporal characteristics of Ca signals in both the
neuronal and glial components of the lizard nmj.

ACTIVATION OF VENTRAL TEGMENTAL AREA ASTROCYTES BY
NEUROTENSIN: POSSIBLE INVOLVEMENT IN GLIAL-NEURONAL
SIGNALING. L.-E. Trudeau* Depts. of Pharmacology and Psychiatry, Faculty of
Medicine, Univ. de Montreal, Montreal, Quebec H3C 3J7.
Neurotensin (NT) receptors are strongly expressed in the ventral tegmental
area (VTA). In VTA cultures NT receptors are expressed both on dopamine
(DA) neurons and on astrocytes. We have recently shown that NT causes a rise
in intracellular calcium ((Ca2+]j) in astrocytes. Here we further characterize this
Ca2+ response in mixed neuronal/glial cultures prepared from rat VTA and test
the hypothesis that this stimulation of astrocytes can trigger glial-neuronal
signaling. In initial Ca2+ imaging experiments we found that NT caused a
biphasic rise in [Ca2+]j. In experiments performed with higher temporal
resolution we find that in a majority of cells, NT causes [Ca2*], oscillations. NT
also causes a rise in [Ca2*]-, in a subset of neurons. While NT-evoked rises in
[Ca2+]i in astrocytes show almost complete desensitization, neuronal responses
show much less. Taking advantage of the ability of cultured DA neurons to corelease glutamate (GLU), we have used whole-cell recordings to measure
spontaneous and miniature excitatory synaptic currents in VTA neurons
(sEPSCs and mEPSCs). We find that NT (100 nM) causes an increase in the
frequency of sEPSCs, an effect which shows strong desensitization, similar to
astrocytic Ca2+ responses. Interestingly, the frequency of mEPSCs (in the
presence of TTX) shows no such consistent rise, some cells actually showing a
decrease. Under conditions where the activation of NMDA-type GLU receptors
is facilitated (O Mg2+ saline) we find that NT induces a slow inward current in a
subset of neurons. This response also shows extensive desensitization and is
not detected in saline containing the GLU receptor antagonists AP5 and CNQX.
Although further work will be required, one interpretation of our findings is that
activation of astrocytes by NT induces the release of GLU from these cells and
a subsequent action on neurons through the activation of NMDA and perhaps
Other GLU receptors. Funded by MRC (Canada), FRSQ (Quebec) and the EJLB Foundation.

502.15

502.16

SYNAPSE-GLIA INTERACTIONS AT THE MAMMALIAN NEUROMUSCULAR
JUNCTION. D.Rochon* and R.Robitaille. Dept. of Physiology, CRSN, Universite de
Montreal, Canada, H3C 3J7.
Recent studies have reported that perisynaptic Schwann cells (PSCs) affect synaptic
transmission at the frog neuromuscular junction (NMJ). However, even though they play
critical roles in regulating and stabilizing nerve terminals, the characteristics of mammalian
PSCs are not well known. Therefore, the aim of this study was to characterize PSCs
properties at the mammalian NMJ. We used the levator auris longus muscle of CD1 mouse
since it is a thin muscle with numerous surface NMJs. NMJs and PSCs were identified by
following the last myelinated segment of axons reaching muscle fibers. We first investigated
whether PSCs detect the release of neurotransmitter (NT) by visualizing changes in
intracellular Ca2+ levels with a fluorescent indicator (fluo 3-AM) using confocal microscopy.
Synaptic activity was induced by stimulating the motor nerve (50Hz, 30s) using a suction
electrode while muscle contractions were blocked with a-bungarotoxin (10pg/ml).We
observed a significant elevation in Ca2+ levels of 157±15 % (n=10 ) with a delay onset of
1,5s. However, a second train of stimuli applied 20 minutes later could hardly elicit Ca2+
responses (14±15%, n=5). To further investigate the NTs that might be involved, local
applications of ATP (20pM), adenosine (20pM) and muscarine (20pM) were performed.
We obtained increase in Ca2+ levels to 299±30 % (n=41), 441+51 % (n=19) and 275+43%
(n=15 ) respectively. To determine the importance of internal stores of Ca2+in the PSCs, we
tested the capacity of ATP to induce calcium responses when Ca2+ was replaced by Mg2+
(5mM) in the Ringer solution. In these conditions, we observed an elevation of Ca2+ levels of
486±98% (n=17), which was significantly higher (p=0.03, student paired t-test) than the
responses obtained in presence of Ca2+. This suggests that the release of Ca2+ by internal
stores is modulated by the entry of Ca2+ in PSCs . These results indicate that there is a high
degree of similarity between PSCs at the mammalian and frog NMJs and suggest that similar
synapse-glia interactions occur at both synapses. [Funded by MRC of Canada, FCAR, Sloan
Foundation and EJLB Foundation.]

GLUTAMATE AS A POTENTIAL GLIAL MESSENGER AT THE AMPHIBIAN
NEUROMUSCULAR JUNCTION. S, Levesque*. L-N. Hazrati and R. Robitaille.
Dept. of Physiology, CRSN, Universite de Montreal, Canada, H3C 3J7.
Recent evidence suggests that glial cells can modulate neuronal activity and
synaptic transmission and that glutamate is a messenger implicated in this
phenomenon. Like astrocytes in the CNS, perisynaptic Schwann cells (PSCs), glial
cells at the neuromuscular junction (NMJ), were also shown to modulate synaptic
transmission at this synapse. Interestingly, it as been shown that Schwann cells in
culture can liberate excitatory amino acid such glutamate (Parpura et al., J.
Neurosci., 1995 l_5_(8),5831-39). Thus, the aim was to examine the involvement of
glutamate in synapse-glia interactions at the amphibian NMJ. The ability of glutamate
to stimulate PSCs was studied by monitoring changes in intracellular Ca2+ with a
membrane permeant fluorescent Ca2+ indicator and using a confocal microscope.
Local applications of glutamate (lOmM) induced Ca2+ responses in 75% of PSCs
tested (n = 15/20; 9 muscles). Responding cells had a mean amplitude response of
108 +/- 33% (AF/F). The response were unaffected by CNQX where 83% of the cells
tested responded to the application of glutamate (n = 5/6, 4 muscles; AF/F=138 +/38%). This suggests that AMPA-type receptors are not involved. Monitoring of
synaptic transmission revealed that bath application of glutamate (500pM) in a low
Ca2+/high Mg2+ Ringer (0.5 mM/3.6 mM) reduced end plate potential (EPP) amplitude
by 46 +/- 3% and miniature EPP frequency by 53 +/- 4%. Finally, the presence of
glutamate was determined by using an antibody against glutamate. The presence of
NMJs and PSCs was confirmed by revealing acetylcholinesterase activity using the
Kamovsky and Roots method or using the lectin TRITC-PNA. Glutamate was found
accumulated in PSCs cell bodies and processes which showed a punctated labelling
pattern typical of PSC staining. Fibroblasts were also labelled but not muscle fibers.
These results suggest that glutamate may be a glial messenger at the amphibian NMJ
able to modulate synaptic functions and properties.
(Founded by MRC, FCAR, Sloan Foundation and EJLB Foundation)

502.17

502.18

ARACHIDONIC ACID AND PGE: AS POSSIBLE GLIAL MODULATORS OF
SYNAPTIC ACTIVITY AT THE FROG NEUROMUSCULAR JUNCTION. D, Pappas*,
L.N. Hazrati and R. Robitaille. Dept. of Physiol., CRSN, U. de Montreal, Canada, H3C 3J7.
Recent evidence indicates that perisynaptic Schwann cells (PSCs) are capable of
modulating synaptic transmission (ST) at the frog neuromuscular junction (NMJ). However,
the nature of the neuromodulating agents is not known. The aim of this study was to test
whether arachidonic acid (AA) and its metabolites could be involved in this modulation. For
AA to be a glial modulator, the following prerequisites must be fulfilled :1) that
phospholipase A2 (pLA2), synthesizing enzyme of AA, is present at the NMJ and 2) that AA
has physiological effects. The presence of pLA2 in PSCs was investigated by
immunohistochemistry using antibodies directed against pLA2. Using confocal microscopy,
we observed a punctated staining at NMJs as confirmed by the presence of TRITC-PNA
staining. Cell bodies of PSCs were also labelled. When bath applied, AA (!0-30pM)
lowered ST in normal Ca2+ Ringer (4pg/ml d-tubocurarine) by 13.8% (n=l 1, p=0.01 paired
Student t-test), whereas prostaglandin E2 (pgE2) (30-50pM), a cyclooxygenase derivitative,
elevated ST by 24.2% (n=6, p=0.006 paired Student t-test). However, indomethacin (1030pM), a cyclooxygenase blocker, lowered ST by 14.2% (n=12, p=0.019 paired Student ttest) suggesting a tonic activity of cyclooxygenase. Synaptic depression (10Hz, 80s) was not
affected by pgE2 (n=7, p=0.170 paired Student t-test). Synaptic depression produced in high
Ca2+ (2.4mM) Ringer, which augmented neurotransmitter release as much as pgE^ was not
different from pgE2 depression (n=6, p=0.083 Student t-test). The blockade of
cyclooxygenase by indomethacin did not affect depression (n=7, p=0.635 Student t-test).
However, pgE2 did enhance potentiation observed in low Ca27 high Mg2+ (0.5mM/3.6mM)
Ringer (136.8%, n=6 compared to control 78%, n=9, p=0.044 Student t-test). Interestingly,
in low Ca2+ Ringer, indomethacin did not affect ST (n=8, p=0.676 paired Student t-test) and
potentiation (n=9, p=0.284 Student t-test), consistent with the Ca2+ dependency of
cyclooxygenase. These results suggest that AA and its metabolites may be produced by glial
cells and may be used by them to modulate synaptic transmission. (Funded by MRC
Canada, FCAR, SLOAN Foundation, EJLB Foundation)

OPTICAL RECORDING OF PRESYNAPTIC ACTIVITY AT THE NEUROMUSCULAR JUNCTION OF DROSOPHILA USING A GENETICALLY
ENCODED CALCUM SENSOR. D.F.Reiff1, B.Antkowiak*3, A.Borst2 and
C.M.Schuster1, I,2Friedrich-Miescher-Laboratory of the Max-Planck-Society,
Spemannstrasse 37-39, 3Max-Planck-Institute for Biological Cybernetics,
Spemannstrasse 38, D-72076 Tubingen, Germany.
Functional and morphological growth of the developing larval neuromuscular
junction (NMJ) in Drosophila is driven by a developmental program and modulated
by activity-dependent processes. To investigate the influence of neuronal activity on
neuromuscular function and connectivity in a living preparation, we used
conventional electrophysiological methods in combination with optical recording of
presynaptic calcium dynamics.
Transgenic animals were generated which express Cameleon, a GFP and Calmodulin
based Ca2+-sensor molecule (Miyawaki et al.1997), under the control of the Gal4UAS system. Expression of Cameleon in all larval neurons highlighted all nerve
terminals at the Drosophila NMJ down to the level of individual boutons.
Electrophysiological muscle recordings revealed no detectable interference of the
neuronally overexpressed Ca2+-sensor with synaptic function. Optical recordings of
presynaptic Cameleon fluorescence was performed time locked to electrical
stimulation of motoneuron axons and intracellular muscle recordings. The measured
fluorescence signals showed relative fluorescence changes of up to 6% and were
highly dependent on the stimulation frequency and the extracellular Ca2+concentration. Consecutive recordings of the same boutons at the emission
wavelengths of both Cameleon GFPs revealed fluorescence changes with similar
time-course and opposite sign providing evidence for Ca2+-dependent fluorescence
resonance energy transfer (FRET). Our results using the non-invasive transgenic
expression of the Ca2+-sensor Cameleon in Drosophila show that evoked presynaptic
activity can be optically recorded allowing us the spatio-temporal analysis of
neuromuscular physiology. This work was supported by the Max-Planck-Society.
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503.2

NEUROPROTECTION AT THE DROSOPHILA SYNAPSE IS ENHANCED IN
TRANSGENIC ANIMALS OVEREXPRESSING HEAT SHOCK PROTEIN
HSP70. S. Karunanithi1, J.W. Barclay3, I.R. Brown2. R.M. Robertson** and H.L.

LOCALIZATION OF INDUCED HSP70 FOLLOWING A PRIMING HEAT
SHOCK WHICH CONFERS NEUROPROTECTION AT DROSOPHILA
SYNAPSES. I.R. Brown1*, S. Karunanithi2 and H.L. Atwood2. ’Division of Life

Atwood1. ’Dept. of Physiology & ’Scarborough Campus, Univ. of Toronto, Toronto,
ON, Canada, and ’Queen’s University, Kingston, ON, Canada.
Previously we have shown that synaptic performance at the Drosophila synapse is
protected by prior exposure to heat shock which strongly induces hsp70. To directly
test whether induced hsp70 conferred protection to synapses, we used a genetically
modified larval strain with 12 extra copies of the hsp70 gene (trail) to see whether
selective overexpression of hsp70 could extend synaptic performance at high
temperatures compared to their respective control line (cisll). Synaptic currents were
recorded from lb boutons using a macropatch electrode. Postsynaptic performance
was assessed by the ability to detect spontaneous events from all foe boutons tested
at various temperatures (22-47°C). All trail control (C; n= 10) and heat shocked (HS;
n=10) boutons responded up to 31 °C, but a significantly larger proportion of HS
boutons responded at the higher test temperatures. At temperatures above 31 °C, a
significantly greater proportion of both C and HS trail boutons survived compared
to C (n=5) and HS (n=6) cisll boutons. Presynaptic performance was assessed by
the ability to detect evoked synaptic currents. All C and HS trail boutons responded
up to 31 °C, and a significantly greater proportion of HS boutons responded at higher
temperatures compared to C boutons. Above 27°C, a greater proportion of trail
boutons responded compared to cisll boutons, irrespective of whether they were C or
HS. In summary, postsynaptic performance was better protected than presynaptic
performance at all test temperatures above 35°C in HS trail lines compared to HS
cisll lines, as indicated by the proportion of boutons responding at each test
temperature. Our data show that selective overexpression of hsp70 extends the
window of thermal protection at Drosophila synapses. Supported by NSERC (HLA,
RMR), and MRC (IRB), Canada.

Sciences, University of Toronto at Scarborough and ’Department of Physiology,
University of Toronto, Toronto, ON, Canada.
Prior heat shock protects tissues and organisms from injury or death due to
subsequent exposure to severe heat shock or other forms of stress. Recently we have
extended this principle to demonstrate that prior heat shock protects critical neural
processes such as synaptic function from subsequent stress (Karunanithi et al., J.
Neurosci., in press). These studies utilized the Drosophila larval neuromuscular
junction (NMJ), one of the premier preparations for investigation of synaptic
transmission. Synaptic protection was observed when induced hsp70 levels were
maximal and was greatly diminished as levels of this stress protein decayed with time
after heat shock. The present studies were undertaken to investigate the spatiotemporal pattern of larval induction of hsp70 following a priming heat shock which
confers neuroprotection (1 hr at 36°C followed by a hr recovery period at 25°C).
Western blotting revealed a rapid induction of hsp70 in the larval CNS followed by
induction in muscle cells of the body wall. Motor neurons innervating individual
muscle cells at the NMJ are ensheathed by peripheral glial cells but the terminal
synaptic boutons are relatively free of glial elements in Drosophila. Immunocytochemistry showed a rapid and robust induction of hsp70 along the glial sheath of the
motor nerves but it was not detected in the glial-free boutons. An hsp7O positive ‘bar’
was apparent between muscle cells 6 and 7 at the limiting edge of the glial sheath just
prior to the bouton array on the surface of the muscle cells. The present observations
suggest mechanisms through which prior heat shock, resulting in hsp70 induction,
could confer neuroprotection at Drosophila synapses. Supported by MRC (IRB) and
NSERC (HLA), Canada.

503.3

503.4

ENHANCEMENT OF SYNAPTIC TRANSMISSION BY 5HT AND cAMP AT
CRAYFISH
NEUROMUSCULAR
JUNCTION
-INVOLVEMENT
OF
PRESYNAPTIC IH. V, Beaumont*, Y-G. Tang & R.S, Zucker, Dept. of Molecular
and Cell Biology. Univ. of California at Berkeley, CA 94704.
5HT (300 nM) enhanced evoked excitatory junction potentials (EJPs) by 431 ± 79% of
pre-drug EJP amplitude. This enhancement in transmission was also measured by
analysis of miniature EJPs (mEJPs), whereby 5HT significantly increased the frequency
but not amplitude of miniature events (n=6, p<0.05). 5HT has been shown to enhance
transmission by increasing the size of the total pool of vesicles available for release.
Two pathways have previously been implicated in this process, namely activation of
phospholipase C and adenylyl cyclase. This study sought to determine the mechanism
by which cAMP generation results in synaptic enhancement. Forskolin partially
mimicked 5HT-induced enhancement, with a maximum facilitation of 230 ± 22% of
evoked EJP amplitudes (EC50 19 ± 8 pM), and an increase in frequency but not
amplitude of mEJPs. 5HT (or forskolin) depolarized the axon by 10 ± 1.5 mV, a result
of cAMP-induced activation of Ih channels modestly activated at the axon resting
potential. This activation resulted in small increases (49 ± 11 nM; n=3) in axonal but not
terminal intracellular calcium measured after fura-2 injection. Both the depolarization
and rise, in intracellular calcium was abolished by application of the Ih blocker ZD7288
(IC50 6 ± 2 pM) or by Cs+ (IC50 257 ± 23 pM), but not by Ba++. In the presence of
either ZD7288 (30 pM) or Cs+ (1 mM), the concomitant enhancement of evoked EJP
amplitude by either 5HT (100 nM) or by forskolin (30 pM) was reduced by 35% and
75% respectively. cAMP-mediated enhancement was determined to be dependent on the
increase in axonal calcium as both the amplitude and frequency of mEJPs recorded in a
Ca++-free solution were unaltered on application of forskolin (n=6). In contrast, 5HT was
still able to cause small increases in mEJP frequency in Ca++-ffee solution (n=6, p<0.05),
indicating that a calcium-independent pathway is also involved in 5HT-enhancement.
This work was financially supported by NSF grant no NS 15114.

a-LATROTOXIN MOBILIZES CALCIUM FROM MITOCHONDRIA THROUGH
A CYCLOSPORIN-A-SENSITIVE MECHANISM IN FROG MOTOR NERVE
TERMINALS. C.W, Tsang and M.P. Charlton*. Department of Physiology,
University of Toronto, Toronto, Ontario, Canada, M5S 1A8.
a-Latrotoxin is a neurotoxin isolated from black widow spider venom which can
increase transmitter release independently of extracellular Ca2+ after binding to an
endogenous G-protein-coupled receptor. Since transmitter release is Ca’-dependetil,
we hypothesized that a-latrotoxin increased transmitter release by mobilizing Ca2’ from
intracellular stores. To test this hypothesis, intracellular recording and fluorescence
imaging techniques were used to measure the rate of transmitter release and intracellular
ion dynamics respectively from frog motor nerve terminals bathed in Ca -free saline
containing 5 mM EGTA. Here we report that the toxin-induced increase in transmitter
release follows an increase in presynaptic intracellular Ca2+. However these two events
are not causally related because after addition of the intracellular Ca2+ chelator, BAPTAAM, the toxin-induced produces a robust effect on transmitter release with no detectable
rise in intracellular free Ca2+. The Ca2' source targeted by a-latrotoxin is likely to be
mitochondria and not endoplasmic reticulum since the latter (but not the former) is easily
depleted in Ca2+-free saline. Furthermore, the effects of CCCP (which depletes
mitochondrial Ca2+) and a-latrotoxin on Ca2+ mobilization are mutually occlusive. The
rise in intracellular Ca2+ produced by a-latrotoxin is significantly attenuated after
cyclosporin-A treatment suggesting that mitochondrial permeability transition pore
opening contributes to mitochondrial Ca2+ efflux. The mitochondrial Na /Ca ’
exchanger may also be involved in mitochondrial Ca2' efflux since a-latrotoxin raises the
intracellular Na’ concentration. Na+ probably enters through non-selective cation pores
on the plasma membrane since TTX does not affect toxin action. a-Latrotoxin may
prove to be a useful tool for examining the concept of receptor-mediated mitochondrial
Ca2+ signaling. Since an endogenous ligand for the a-latrotoxin receptor may have a
potential role in synaptic function and /or pathology, understanding of this pathway may
provide new insights into synaptic health and disease. (Supported by MRC, Canada)

503.5

503.6

CYTOSOLIC AND MITOCHONDRIAL [Ca2+] IN STIMULATED VERTEBRATE
MOTOR NERVE TERMINALS: EVIDENCE FOR REVERSIBLE FORMATION
OF AN INSOLUBLE SALT IN MITOCHONDRIA. G. David*, J.N. Barrett and E.F.
Barrett. Dept. of Physiology and Biophysics, Univ. of Miami Med. Sch. Miami, FL
33101.
During repetitive action potential discharge at 10-50 Hz the increase in average
cytosolic [Ca2+] measured using fluorescent indicator dyes plateaued at levelsthat
increased with increasing stimulus frequency. This stabilization of cytosolic [Ca2+]
was due mainly to mitochondrial Ca2+ uptake, because drugs that depolarize
mitochondria greatly increased the stimulation-induced elevation of cytosolic
[Ca2+], whereas blockers of other Ca2+ clearance routes had little effect.
Surprisingly, during this sustained Ca2+ uptake the free [Ca2+] in the mitochondrial
matrix (measured using both low- and high-affinity dyes) never exceeded a
plateau level of ~1 M, regardless of stimulation frequency or pattern. When
stimulation ceased, matrix [Ca2+] decreased over a slow (~10 min) time course
consisting of an initial plateau followed by a return to baseline. These measurements demonstrate that sustained mitochondrial Ca2+ uptake is not invariably
accompanied by continued elevation of matrix free [Ca2+]. Both the plateau of
matrix free [Ca2+] during stimulation and its complex decay after stimulation could
be accounted for by a model incorporating reversible formation of an insoluble Ca
salt within the mitochondrial matrix. This mechanism allows mitochondria to
sequester large amounts of Ca2+ while maintaining matrix free [Ca2+] at levels
sufficient to activate Ca2+-dependent mitochondrial dehydrogenases, but below
levels that activate the permeability transition pore.

PROLONGED ACTIVATION OF MITOCHONDRIAL CONDUCTANCES
OCCURS DURING SYNAPTIC TRANSMISSION. E.A, Jonas1*, L
Buchanan2 and L.K, Kaczmarek1. xDept. Pharmacology, Yale Univ. School
of Med., New Haven, CT 06520; 2Dept. Molec. and Cell Physiol., Stanford
Univ. Med. Ctr., Stanford, CA 94305.
It has not previously been possible to record the electrical behavior of
mitochondria in intact cells. Using a variant of the patch clamp technique,
ion channel activity of intracellular organelles in the squid presynaptic
terminal was observed under control conditions and during and after
stimulation of synaptic transmission. Electron microscopy indicated that
mitochondria make up -98% of intracellular membrane within the
terminal. Their cross-sectional diameters (575 ± 181 nm, n=15) make them
the only internal organelles compatible with seal formation by the patch
pipettes (tip diameters ~ 180-200 nm). Before stimulation of the synapse,
channel activity was in most cases small and infrequent, although large
conductance activity of 1-2.5 nS was also observed (n=5), similar to that
seen in inner membrane recordings of isolated mitochondria. During a
train of action potentials in the terminal, the conductance of the
mitochondrial membrane increased up to 60 fold in 17 of 26 stimulated
termini. The conductance change could not be elicited in termini bathed in
a calcium-deficient medium, strongly suggesting that calcium influx into
the termini was necessary for the conductance change. The activity had a
latency to onset of 0.726± 0.183 sec (n=7) after the first presynaptic stimulus,
and activity recovered over tens of seconds after presynaptic stimulation
(n=6). Our studies indicate that prolonged changes in the gating of
mitochondrial ion channels occur during neurotransmission and suggest
that these may contribute to forms of synaptic plasticity such as posttetanic
potentiation. NIH grant NS-18492 to L.K.K. and M.B.L. Fellowship to E.A.J.

Supported by NIH NS 12404.
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503.7

503.8

MELATONIN AND CALCIUM IONOPHORE STUDIES IN CRAYFISH
NEUROMUSCULAR SYNAPSES, D. C. Sliwka. and S.J. Velez*. Dept.
of Biological Sciences. Dartmouth College, Hanover, N.H. 03755.
Both melatonin and the calcium ionophore A23187 are able
to individually increase junction potentials recorded from
crayfish neuromuscular synapses (Soc. Neurosci. Abstr. 24:821
and 18:246). Synapses in the superficial flexor muscles of the
crayfish Procambarus clarkii were exposed to double
applications of (1) melatonin or (2) the calcium ionophore
A23187 and (3) a combined melatonin/ionophore solution.
Junction potentials (jp's) were monitored from the muscle
fibers with microelectrodes while stimulating the largest
excitor axon to the muscle. Within minutes of exposure to
10'3M melatonin jp's begin to increase to values +180% higher
than the sizes recorded in Ringers solution; double
applications generated similar responses. Applications of
10‘6M calcium ionophore within minutes generated increases
in jp sizes that were +400% higher than controls, and these
were maintained throughout +20 min of double applications.
If after one exposure to the ionophore the system was then
exposed to a melatonin/ionophore mixture, jp sizes declined
50% from the peak response obtained with the ionophore
alone. It appears that in the presence of high internal
calcium concentrations brought about by the ionophore,
melatonin decreases transmitter release in these terminals.
(Supported by Dartmouth College Research Funds)

DIFFERENCES IN CA2+ ACTION BETWEEN SECRETION OF FAST AND
SLOW TRANSMITTERS. K. Ohnuma1, M.D. Whim2, L.K. Kaczmarek3, and R.S.
Zucker1*. ‘Dept. of Molecular and Cell Biology, Univ. of California, Berkeley, CA
94720; 2Dept. of Pharmacology, University College, London WC1E 6BT, UK;
3Dept. of Pharmacology, Yale Med. Sch., New Haven, CT 06520.
We studied the difference in presynaptic Ca2+ action between slow release of
neuropeptides and fast release of acetylcholine (ACh) using Aplysia californica
neuron B2. When B2 is cocultured with a sensory neuron, a slow peptidergic
synapse is formed. However, when B2 is cocultured with neuron B6, a cholinergic
synapse is formed (Whim et al., 1997). Patch pipettes were used to clamp both preand postsynaptic neurons and load caged Ca2+ chelator nitrophenyl-EGTA (NPEGTA) and low affinity Ca2+ indicator BTC into presynaptic neurons. BTC
calibrations under high ionic strength (around 650 mM) were performed in the
presence of NP-EGTA to take account of caged chelator-indicator interactions
(Zucker, 1992), using the moderate affinity Ca2+ buffer DPTA. Dissociation
constant of BTC was 23 pM with no photolysis and 19 pM after one photolysis
flash. The maximum fluorescence ratio was decreased after photolysis. We
observed slow peptidergic EPSCs after [Ca2+]j elevations of only 3 pM. Larger
[Ca2+], elevations evoked larger EPSCs. In contrast, cholinergic responses were
observed only when [Ca2+]j was elevated to a substantially higher level (at least 10
pM). Thus, [Ca2+]i must reach a higher threshold to trigger cholinergic secretion.
Photolysis of NP-EGTA began to activate both peptidergic and cholinergic
secretion at much higher [Ca2+]; levels than the volume average measure of [Ca2+]i
during presynaptic depolarizing pulses that triggered release. Therefore, both
peptidergic and cholinergic secretion were activated by relatively local regions of
submembrane Ca2+ during depolarization-evoked release. Supported by NIH Grant
NS15114.

503.9

503.10

PROTEIN-PROTEIN INTERACTIONS MEDIATE THE ASSOCIATION
BETWEEN A CATION CHANNEL AND PROTEIN KINASE C IN
EXCISED PATCHES FROM APLYSIA BAG CELL NEURONS. N.S.
Magoski*, G.F. Wilson, B.K. Kay, and L.K, Kaczmarek. Dept. of
Pharmacology, Yale School of Medicine, New Haven, CT, 06520 and Depts.
of Genetics and Pharmacology, University of Wisconsin, Madison, WI, 53706.

Reduction In IA Following Associative Conditioning Of Hermissenda Is Sufficient To
Account For Both Spike Broadening and Synaptic Facilitation At Type B
Photoreceptors. C.C. Gandhi* & L.D. Matzel. Department of Psychology, Rutgers
University, New Brunswick, NJ 08903

Egg laying behavior in Aplysia is controlled by the bag cell neurons. In
response to stimulation, these neurons undergo an —30 minute afterdischarge,
during which they release peptides that induce egg laying. A nonselective
cation channel provides the depolarizing drive for the afterdischarge. Using
cultured bag cell neurons and the inside-out patch configuration, we examined
the putative protein-protein interactions required for close association and
regulation of this cation channel by an endogenous protein kinase C (PKC).
Application of ATP (I mM) to the cytoplasmic face of the patch increased
cation channel open probability (Po). Previously, we have shown that the
effect of ATP is mediated by a PKC, which is closely associated with the
channel in excised patches (PNAS 95:10938). To better understand the
molecular nature of this channel-kinase association, we used protein-protein
interaction domains, in particular Src homology 3 (SH3) and PDZ domains, in
an attempt to disrupt the association and prevent the enhancement of Po by
ATP. The SH3 domain from Src protein itself, Src-SH3 (60-100 nM; n=7),
blocked the ATP enhancement of Po, presumably by disrupting the channelkinase complex. SH3 domains from Grab2 (100-300 nM; n=4) or Yes (1 SO375 nM; n=4) proteins, as well as the nitric oxide synthase PDZ domain (130250 nM; n=3) failed to inhibit the Po increase. As well, the SH3 polyproline
recognition peptide (1 /xM; n=3) also blocked the Po enhancement. None of
the domains nor the SH3 motif peptide affected channel Po in the absence of
ATP. These data suggest that the cation channel-kinase complex may require
specific protein-protein interactions in order to orchestrate channel modulation
by PKC phosphorylation, and promote bag cell neuron depolarization during
the afterdischarge. Supported by National Institutes of Health, Human
Frontiers Science Program, and Medical Research Council of Canada.

It has been suggested that the enhancement of the synaptic interaction of B to A
photoreceptors following conditioning in Hermissenda can be explained by two potential
mechanisms, either independently or in combination (Schuman and Clark, 1994). First, by a
PKC mediated reduction of membrane potassium conductance which would modify the
kinetics of single action potentials, or second, by a synapse specific effect of PKC, such as
altered transmitter mobilization, in the absence of any membrane conductance change.
Previously, we have reported that associative conditioning increases the duration of unitary B
photoreceptor action potentials in a manner that significantly contributes to synaptic
facilitation. The present results demonstrate that a reduction in IA is sufficient to account for
both spike broadening and synaptic facilitation at type B photoreceptors. Simultaneous
recordings from pairs of B and A photoreceptors following paired in vitro conditioning
produced an increase in B cell excitability that was accompanied by an increase in the
amplitude of the synaptic interaction from the B to A photoreceptor. Importantly, there was no
change in the initial slope of the postsynaptic A cell IPSP suggesting that calcium-independent
mechanisms did not contribute to the observed synaptic facilitation. Further, we demonstrated
that 4-aminopyridine (4-AP) mimicked the effect of conditioning on the B cell, in that it
specifically reduced the amplitude of the fast voltage-dependent potassium current (IA). In
addition, 4-AP produced action potential broadening and synaptic facilitation that was
homologous to that observed following in vitro conditioning. In a final experiment, we found
that paired in vitro conditioning occluded the effect of 4-AP on B cell action potentials and on
the postsynaptic IPSP in the A cell, while tetraethylammonium chloride (TEA) which blocks
the delayed voltage-dependent potassium current (IK-v) still produced both spike broadening
and synaptic facilitation, suggesting that the occlusion effect was not due to saturation.
Collectively, these data allow for the development of a mechanistic explanation for synaptic
enhancement in this model system that shares some key features with synaptic facilitation at
sensory-motor connections in Aplysia.
Supported by grant from NIMH (MH48387) and a Hoechst-Celanese Young Faculty Award
to LDM.

503.11

503.12

N- AND P-TYPE Ca2+ CHANNELS MEDIATE EXCITATORY SYNAPTIC
TRANSMISSION IN CULTURED RAT CORTICAL NEURONS. S.J. Stoehr*,
G.W. Campbell, and D.M. Rock.
Neuroscience Therapeutics, Parke-Davis
Pharmaceutical Research, Div. of Warner Lambert Co., Ann Arbor, MI 48105.
Activation of neuronal Ca2+ channels is essential for the initiation of classical neurotransmitter release. Biochemical and electrophysiological studies have suggested that
N- and P/Q-type Ca2+ channels play a crucial role in mediating release of glutamate,
the major excitatory neurotransmitter in the central nervous system. To study the pharmacology of synaptic transmission, we used rat cortical neurons, which form excitatory and inhibitory synaptic connections as they develop in culture. Excitatory synaptic activity was isolated by adding picrotoxin to block inhibition through GABAa
receptor channels. This resulted in synchronized bursting activity that was quantified
by monitoring changes in intracellular Ca2+ concentration. Neurons were loaded with
Calcium green, and changes in fluorescence were measured with a fluorescence
imaging plate reader (FLIPR). Addition of 300 pM picrotoxin to cultured neurons
resulted in increases in intracellular Ca2+that had durations of approximately 5 sec
with an average frequency of about 8 bursts/min. These bursts can be blocked by Na+
channel blockers and reduced by blockers of the AMPA and NMDA subtypes of
postsynaptic glutamate receptors, suggesting that bursts were generated by action
potential-dependent glutamate release. The specific N-type Ca2+ channel blocker ©conopeptide MVIIA reduced bursting frequency by 19% at 1 pM. co-agatoxin IVA, a
blocker of P-type Ca2+ channels was more effective, reducing bursting frequency by
44% at 100 nM, but did not produce a complete block of bursting. In contrast,
combinations of 100 nM MVIIA and 10 nM AgalVA acted synergistically and completely blocked bursting, co-conopeptide MVIIC, a blocker of N-, P- and Q-type Ca2+
channels, produced a concentration-dependent reduction in burst frequency. These
results indicated that excitatory synaptic transmission in cultured cortical neurons
requires activity at either N- or P-type channels. Complete block of either subtype was
insufficient to eliminate synaptic transmission. (Supported by Warner-Lambert Co.)

ON THE MECHANISM OF MODULATION OF GLUTAMATE RELEASE BY
PRESYNAPTIC DOPAMINE RECEPTORS IN DOPAMINERGIC NEURONS
OF THE VENTRAL TEGMENTAL AREA. P. Congar * and L.-E. Trudeau,
Depts. of Pharmacology and Psychiatry, Faculty of Medicine, Univ. de Montreal,
Montreal, QC, CANADA, H3C 3J7.
Although the modulation of dopamine (DA) release by D2-like DA
autoreceptors has been the focus of considerable interest, the precise
mechanism of this regulatory process is still incompletely understood. It has
been recently demonstrated that DA neurons in culture can release not only DA
but also glutamate at synaptic contacts (Sulzer et al. 1998). Evidence has also
been provided suggesting that this release is modulated by D2-like DA
receptors. Using ventral tegmental area (VTA) DA neurons in culture, we have
further examined the mechanism by which D2-like DA receptors modulate
neurotransmitter release by DA neurons. Using whole-cell patch-clamp
recordings, we have studied the regulation of both evoked and spontaneous
glutamate release in DA neurons identified post-hoc by tyrosine hydroxylase
immunoreactivity. Although the specific D2 receptor agonist quinpirole (1 to 5
pM) did not evoke any significant postsynaptic response, it decreased
glutamatergic autaptic responses by 32±9%. This effect was rapid and
reversible and completely antagonized by sulpiride (5 pM), a specific D2
receptor antagonist. This reduction in glutamate release also occurred in the
presence of 1 mM extracellular barium, suggesting that the mechanism of
modulation does not involve the activation of barium-sensitive potassium
channels in presynaptic terminals. Although the frequency of spontaneous
miniature excitatory synaptic currents (mEPSCs) was unchanged by quinpirole,
the frequency of mEPSCs evoked by the Ca2+-independent secretagogue
ruthenium red (RR) was found to be significantly reduced by quinpirole (40-50%
block). These results suggest that presynaptic D2-like DA receptors regulate
glutamate release by VTA DA neurons through a presynaptic mechanism that
could implicate a direct modulation of the efficacy of the secretory process.
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503.14

cAMP-DEPENDENT PRESYNAPTIC
REGULATION
OF
SPONTANEOUS GLYCINERGIC IPSCS IN THE RAT SACRAL
DORSAL COMMISSURAL NUCLEUS NEURONS. J. S. Rhee*. Z,
M, Wang and N.-Akaike Dept. of Physiol., Fac. of Med., Kyushu Univ.,

Tandospirone modulates GABAergic synaptic transmission in the rat
amygdala.

Fukuoka 812-8285, Japan.
Spontaneous glycinergic postsynaptic currents (mIPSCs) were
investigated in the mechanically dissociated rat sacral dorsal
commissural nucleus (SDCN) neurons attached with intact glycinergic
presynaptic nerve terminals, using nystatin-perforated patch recording
mode. tACPD (10'^M) reversibly reduced the mIPSC frequency
(72.7±1.68 % of control, n=69) without affecting the mean current
amplitude. The effect was mimicked by a mGluRIl subtype specific
agonist (2S, l'S,2’S)-2-(carboxycyclo propyl) glycine (L-CCG-I) and a
mGluRIII subtype specific agonist 2-amino-4-phosphonobutyrate (LAP4). These inhibitory effects on mIPSC frequency were blocked by
the specific antagonists for mGluRIl and mGluRIII, a-MethyI-l-(2S, l'S,
2'S)-2-(carboxycyclo propyl) glycine (MCCG) and (RS)-acyclopropyl-4-phosphonophenylglycine (CPPG), respectively. In K+free or K+-free with Ba2+ and Cs+, Ca2+-free or Cd2+ external solution,
the inhibitory effect of tACPD on mIPSC frequency still remained.
Activation of adenylyl cyclase (AC) with forskolin or with 8-Br-cAMP
significantly increased presynaptic glycine release, and prevented the
inhibitory action of tACPD on mIPSC. A Protein kinase A (PKA)
inhibitors, H-89, KT-5720 and Rp-cAMP, also significantly increased
presynaptic glycine release. But, these PKA inhibitors did not affect the
inhibitory effect of tACPD on mIPSC frequency. We conclude that
activation of metabotropic glutamate receptors inhibits spontaneous
mIPSC frequency by a pathway that reduces intracellular cAMP of
presynaptic terminals.

1259

KIYONOR1 KISHIMOTO, SUSUMU KOYAMA*and NORIO A KA IKE
Department of Physiology, Faculty of Medicine, Kyushu University,
Fukuoka 812-8582, Japan
The basolateral (ABL) nuclei play a critical role in the, mediation of
anxiety. In the mechanically dissociated rat ABL non-pyramidal neurons
attached with native presynaptic nerve terminals, namely 'synaptic bouton
preparation', spontaneous miniature inhibitory postsynaptic currents
(mIPSCs) were recorded using the nystatin-perforated pateh recording
mode under the voltage-elamp conditions. In the presence of 300 nM TTX,
1 (iM CNQX and 10 pM DL-AP5, bicuculline (30 pM) completely and
reversibly blocked the mIPSCs. The application of 10 pM tandospirone
(TDS) decreased the mIPSC frequency in a dose-dependent manner without
affecting the current amplitude. This effect of TDS was mimicked by a
specific 5-HTia receptor agonist, 8-OH DPAT (1 pM). Spiperone (1 pM)
prevented the inhibition of mIPSC frequency by TDS without affecting
mIPSC amplitude. The treatment of 3 pM N-etylmaleimide (NEM), an
inhibitor of G-protein, unaltered both mIPSC amplitude and frequency but
removed the inhibition of TDS on mIPSC frequency. In conclusion, TDS
acts on 5-HTia heteroreceptors in the GABAergic nerve terminals attached
to the ABL non-pyramidal neurons and inhibits the synaptic GABA
transmission via a 5-HTia receptor which is eoupled with G-protein.

503.15

503.16

DUAL EFFECTS OF NOREPINEPHRINE ON GABAa -MEDIATED
SPONTANEOUS
POSTSYNAPTIC
CURRENTS
IN
THE
RAT
HYPOTHALAMIC PARAVENTRICULAR NEURONS. S.K. Han, K.
Murase", P.D. Ryu* Dept. of Pharmacology, Coll, of Veterinary Med., Seoul
National Univ., Korea 441-744; +Dept. of Information Sci. Fukui Univ. Fukui
910, Japan.
Effects of norepinephrine (NE) on spontaneous synaptic currents to Type II
neurons of the rat hypothalamic paraventricular nucleus (PVN) were studied
using whole cell patch clamp technique in coronal slice preparations. The
pipette solution contained (mM): KC1 140, CaCl2 0.5, EGTA 5, HEPES 20,
MgATP 5 and biocytin (0.1%) (pH 7.2). Neurons were classified by the
presence of rebound action potentials in response to hyperpolarizing current
pulses. The spontaneous synaptic currents in Type II neurons were blocked by
bicuculline, a GABAa receptor antagonist, but not by excitatory amino acid
receptor blockers, CNQX and kynurenic acid or tetrodotoxin (TTX), suggesting
that they are spontaneous inhibitory postsynaptic currents (sIPSC).
NE (10—100 /iM) induced both stimulatory and inhibitory effects on
sIPSC. The NE-induced increase in the frequency and amplitude of sIPSC was
reversible and was blocked by TTX (1 /zM), but not by the propranolol (20
pM), a
-adrenergic antagonist or yohimbine (20 /zM), a a 2-adrenergic
antagonist. The stimulatory effects of NE were mimicked by phenylephrine
(100 jtzM), an a i -adrenergic agonist. NE-induced decrease in the frequency of
sIPSC was observed in the presence of TTX or prazosin (20 /zM), an a
i-adrenergic antagonist. The inhibitory effect of NE was mimicked by
clonidine (20 /zM), an a 2-adrenergic agonist.
These results suggest that NE can enhance inhibitory the synaptic release
of GABA by activation of a i-adrenoceptors of presynaptic GABAergic cell
soma, but decrease the release of GABA by activating a 2-adrenoceptors on
the nerve terminal. (Supported by the Brain Research Project of Korean
Ministry of Science and Technology).

GABAb RECEPTOR-MEDIATED INHIBITION OF SYNAPTIC ACTIVITY
IN THE RAT BASOLATERAL AMYGDALA
LYamada1,2.S.-¥. Song1* and S, Konishi1 ’Mitsubishi Kasei Institute of Life
Sciences and CREST (Japan Science and Technology), Tokyo 194-8511, Japan,
department of Applied Biology, Faculty of Textile Science, Kyoto Institute of
Technology, Kyoto 606-8585, Japan
We have explored the functional roles of GABAb receptors in the
basolateral amygdala (BLA), using rat brain slices and whole cell patchrecordings. Focal stimulation elicited glutamatergic excitatory postsynaptic
current (EPSC) and GABAergic inhibitory postsynaptic current (IPSC) in
pyramidal neurons of the BLA. Application of the GABAb receptor agonist
baclofen inhibited both EPSCs and IPSCs, and these effects were blocked by a
GABAb receptor antagonist, CGP55845A. Paired-pulse (PP) ratio of EPSC and
IPSC amplitudes increased during the baclofen-induced inhibition. The
increase in the PP ratio was mimicked by lowering extracellular calcium.
Baclofen reduced frequency of miniatuare EPSCs and IPSCs without affecting
their mean amplitudes. To test whether GABAb receptors in the BLA can be
activated synaptically, the effects of conditioning stimulation that activated
GABAergic IPSCs were examined. EPSCs were markedly inhibited when they
were conditioned by IPSCs. This conditioning stimulation-induced inhibition
was antagonised by CGP55845A. The PP ratio of EPSCs increased during the
stimulation-induced inhibition .Our data showed that the exogenous GABAb
agonist activates both GABAb auto- and heteroreceptors in the BLA and
results in inhibition of BLA transmission. Furthermore, it was demonstrated
that glutamatergic excitatory transmission on the BLA neurons is under the
control of presynaptic inhibition mediated by the synaptic activation of
GABAb heteroreceptors.

503.17

503.18

GABAb RECEPTORS ARE THE FIRST TARGET OF RELEASED GABA AT
LAMINA I INHIBITORY SYNAPSES IN THE RAT SPINAL CORD.
Y. De Koninck* and N, Cherv
Dept. of Pharmacology & Therapeutics, McGill Univ., Montreal, Quebec, H3G 1Y6.
We have previously reported that, in lamina I neurons of the spinal cord dorsal
horn, glycine receptors (GlyRs) appear located at synaptic junctions while GABAA
receptors (GABAa Rs ) are extrasynaptic. Thus, miniature IPSCs (mIPSCs) and
minimally evoked IPSCs (melPSCs) only involve activation of GlyRs, while
GABAa Rs can be activated under conditions that involve GABA spill-over from the
synapse. In addition, we have provided evidence that glycine and GABA are coreleased from the same vesicles at these synapses. Thus if the amount of GABA
released upon weak input is subliminal to activation of extrasynaptic GABAa Rs , it
raises the question of whether there is another target for this transmitter under such
conditions. The most likely candidates are GABAb autoreceptors.
To test this hypothesis, we quantified the level of activation of presynaptic
GABAb autoreceptors upon repeated activation of inhibitory synapses. In the presence of CNQX and APV to block glutamate receptors, monosynaptically elicited
IPSCs were recorded in response to focal stimulation with a micropipette placed in
the vicinity of visually identified lamina I neurons in parasagittal slices of adult rat
spinal cords. Pairs of stimuli were given at different interstimulus intervals (ISI),
ranging from 25 ms to Is to study the depression of the second of the evoked monosynaptic IPSCs (paired pulse depression; PPD). Maximal PPD was 66 ± 5% (range:
55-82% of the conditioning pulse amplitude), at ISI between 150-200 ms. While the
paired-pulse ratio and amplitude were not affected by the GABAa R antagonist bicuculline, PPD was abolished by 10-30 pM CGP52432, a specific GABAb receptor
antagonist.
Because melPSCs involved activation of postsynaptic GlyRs, but not GABAa Rs ,
we tested whether, under those conditions, PPD could still be observed. PPD was
also observed for pairs of melPSCs and was reversibly antagonized by CGP52432,
indicating that under conditions where GABA released is insufficient to affect postsynaptic GABAa Rs , significant activation of presynaptic GABAb autoreceptors occurs.
(Supported by NINDS)

SUPPRESSION OF GABAERGIC INPUTS TO CA1 O-LM INTERNEURONS BY
GROUP III METABOTROPIC GLUTAMATE RECEPTORS. N. Kogo*, R.
Shigemoto, J. D, B, Roberts. P. Somogvi, Medical Research Council, Anatomical
Neuropharmacology Unit, Oxford, OXI 3TH, UK, Lab. of Central Structure, National
Inst, for Physiological Sci., Okazaki, Japan.
Synaptic terminals innervating somatostatin/mGluRl a-expressing GABAergic (OLM) neurons are enriched in mGluR7a (Shigemoto et al., Nature, 1996. 381. 523525). We have shown by electron microscopic immunocytochemical double labelling
that some GABAergic terminals innervating O-LM cells, including those expressing
VIP, also express a high level of mGluR7a. This receptor is undetectable in
perisomatic GABAergic terminals innervating pyramidal cells. The effect of the group
III mGluR agonist L-AP4 (50gM) was, therefore, tested on IPSCs (n=21) evoked in
O-LM cells by extracellular stimulation using whole-cell patch-clamp recording. The
effect of L-AP4 was variable on IPSC amplitude (75±34 % of control, ±SD). In 7 cells
L-AP4 significantly (p<0.05) suppressed IPSCs to an average of 35±18% (range 1768 %) of control values. The suppression of IPSCs by L-AP4 was blocked (n=3) by
the mGluR antagonist LY341495 (30gM). On average, paired pulse stimulation (100
ms interval) resulted in no change in the second IPSC (0.93±0.24 PPR) in control
solution, but small paired pulse facilitation (1.13±0.41 PPR, p<0.05) developed during
L-AP4 application, consistent with a presynaptic site of action. Response variance
analysis showed that the suppression was linearly related to CV~2, also suggesting a
presynaptic action. IPSCs evoked in pyramidal cells (n=9) by stimulating in the
vicinity of the somata were not affected (91± 8% of control) by L-AP4. The selective
suppression of IPSCs in O-LM cells by the presynaptic activation of group III
mGluRs raises the possibility that GABA release is modulated by glutamate spillover
from pyramidal cell terminals, and/or by endogenous agonist(s) released by the
GABAergic terminal and/or by the postsynaptic dendrite.
Support: MRC, Monbusho, BIO4CT96-0585, Eli Lilly Corp., The British Council.
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503.19
THE EFFECTS OF CGP55845 ON SPONTANEOUS GABA RELEASE IN
ENTORHINAL CORTICAL NEURONES. S.J. Wood & R.S.G.Jones? Department of
Physiology, School of Medical Sciences, University of Bristol, Bristol BS8 1TD, UK.
Layer II of the entorhinal cortex (EC) may be relatively “seizure-resistant”
compared to the deeper layers (IV/V) which tend to be “seizure-susceptible”. One
factor which may be involved in determining the degree of seizure susceptibility may
be the relative balance between spontaneous inhibition and excitation. Previous studies
have indicated that the two layers of the EC exhibit differences in the degree of both
spontaneous glutamate mediated excitation and GABA mediated inhibition. The
frequency of GABA mediated inhibitory postsynaptic currents (IPSCs) in layer V is
half that recorded in layer II neurones and this may contribute to layer V being
relatively “seizure-susceptible”. We are currently investigating the mechanisms by
which GABA release may be controlled in the EC and have shown that low
concentrations of the GABAb receptor agonist baclofen can significantly reduce the
frequency of spontaneous IPSCs. Here we report the effects of CGP55845, an
antagonist of GABAB receptors, on spontaneous GABA release.
Whole cell patch clamp recordings were made from layer V neurones in slice
preparations of rat EC. Activity independent spontaneous IPSCs (miniature IPSCs)
were isolated pharmacologically (NBQX 10 pM, APV 50 pM, TTX lpM).
Application of the GABAB receptor antagonist baclofen (1 pM) reduces the frequency
of miniature IPSCs by 40% without altering the amplitude, rise time or decay time. In
the presence of CGP55845 (1-10 pM) no such reduction in frequency is seen when
baclofen is applied. More importantly application of CGP55845 alone increased the
frequency of miniature IPSCs by 20%. These results indicate that presynaptic GABAB
receptors regulate spontaneous GABA release in the entorhinal cortex and that
GABAB autoreceptors are activated tonically by synaptically released GABA.
This work is supported by the Wellcome Trust.

TUESDAY AM

503.20
GABA AND GLYCINE ARE CO-RELEASED ONTO RAT
HYPOGLOSSAL MOTONEURONS. J.A, O’Brien* and A.J. Berger.
Department of Physiology and Biophysics, University of Washington,
Seattle, WA, 98195-7290.
Using whole-cell patch clamp recording in a rat brainstem slice
preparation, we found that y-aminobutyric acid (GABA) and glycine
act as co-transmitters to hypoglossal motoneurons. Focal application
of GABA and glycine onto a single motoneuron revealed that GABAa
and glycine receptors are present on the same neuron. To demonstrate
that hypoglossal motoneurons receive both GABAergic and
glycinergic synaptic inputs, we simultaneously recorded GABAa and
glycine receptor-mediated spontaneous miniature inhibitory
postsynaptic currents (mIPSCs) in single neurons. GABAergic and
glycinergic mIPSCs were differentiated based on their kinetics and
modulation by pentobarbital. Specifically, GABAa receptor-mediated
events decayed more slowly than glycine receptor-mediated events.
GABAergic response decay kinetics were prolonged by pentobarbital,
whereas glycinergic response decay kinetics remained unchanged. The
distinct kinetics of the glycine and GABAa receptor-mediated synaptic
events allowed us to record dual component mIPSCs, mIPSCs that are
mediated by both receptor types. These data suggest that GABA and
glycine are co-localized in the same presynaptic vesicle, and are coreleased from presynaptic terminals opposed to motoneurons.
Supported by NIH NS 14857 and NIH Training Grant 5T32GM07108.
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504.1

504.2

CALCIUM/CALMODULIN-REGULATED ANION CONDUCTANCE IN
OSMOTICALLY SWOLLEN ASTROCYTES. GZ, Li*. Y. Liu and J.E. Olson.
Dept. Emerg. Med., Wright State Univ. Sch. Med., Dayton, OH 45401.
Hypoosmotic swelling regulates diverse plasma membrane transport systems.
Responses to cell volume changes reflect membrane stretch, cytoskeletal
rearrangement, or other transduction mechanisms. Taurine release from astrocytes
in 200 mOsm medium may be mediated by anion channels regulated by influx of
extracellular calcium. To further study the mechanisms of this transduction, we
used whole cell patch clamp of cultured astrocytes. Perfusion solutions contained
100 mM CsCl, 80 mM sucrose, 1 mM CaCl2,0.5 mM MgCl2 and 10 mM HEPES
(290 mOsm, pH=7.3). Hypoosmotic perfusion solution (200 mOsm) contained
no sucrose. The patch electrode solution was identical except for the omission of
CaCl2 and the addition of 3 mM Mg-ATP and 1 mM EDTA. With a holding potential of 0 mV, chloride conductance increased within 4 min of hypoosmotic exposure and reached 670+123% of the value measured in isoosmotic medium after
15 min. A similar increase was observed with 0.1 mM calcium in the perfusion
solution and 20 mM BAPTA in the electrode solution; however, no conductance
increase is observed if all extracellular calcium was removed. In the presence of
100 pM W-7, a calcium/calmodulin inhibitor, the chloride conductance increased
to only 223+40% while 300 pM W-7 completely blocked changes in chloride conductance. 300 pM W-7 also inhibited the hypoosmotic induced increase in membrane taurine conductance measured with symmetric 200 mM taurine solutions at
pH=8.2. Thus, calcium/calmodulin plays an important role in activating anion
channels during hypoosmotic volume regulation including those which are involved in taurine release. Calcium action probably occurs close to the cytosolic
face of the cell membrane. Supported by Kettering Medical Center.

MULTIPLE VOLUME-SENSITIVE ANION CHANNELS ARE INVOLVED
IN THE RELEASE OF ORGANIC OSMOLYTES FROM CULTURED
ASTROGLIAL CELLS
A. A. Mongin1*, J. M. Reddi1, H. K. Kimelberg1,2. 1 Div. of Neurosurgery,
and 2 Dept. of Pharmacology and Neuroscience, Albany Medical College,
Albany, NY 12208.
Volume-dependent anion channels permeable for Cl and small organic
osmolytes are thought to play an important role in the homeostasis of cell
volume in most cell types studied so far. In ischemic brain these channels
may also contribute to elevated levels of excitatory amino acids (EAAs)
resulting in neuronal damage (H.K. Kimelberg, J. Neurosur., 83, 1051,
1995). Although the involvement of multiple Cl channels in volumedependent Cl fluxes is established, it is not known if one or several these
channels contribute to organic osmolyte release. To investigate this we
compared the sensitivity of [3H]taurine and D-[3H]aspartate release from
astrocyte cultures to changes in cell volume and to a variety of inhibitors of
intracellular signalling. The tyrosine kinase inhibitors, tyrphostins 23 and
A51, suppressed the [3H]taurine release in a dose-dependent manner with
maximal inhibition of around 60-70%. In contrast D-[3H]aspartate efflux
was not affected. The [3H]taurine efflux was activated by decreases in
medium osmolarity as low as 3% while D-[3H]aspartate release required at
least a 7% osmolarity decrease. These data suggest the involvement of two
or more volume-dependent anion channels in organic osmolyte efflux. Since
these channels possess different volume sensitivities and one of them
excludes D-aspartate they may have different physiological functions and
differently contribute to volume regulation and pathological EAA release.
Supported by NIDS grant NS-35205 to H.K.K. and by the Fogarty Center
International Research Fellowship Award TW-05329 to A.A.M.

504.3

504.4

Activation of (3-adreneric receptors open calcium-activated potassium channels
in Astrocytes in primary culture. H. Muyderman,1 J. Sinclair,1 K. Jardemark,2 E.
Hansson1 and M. Nilsson.1* Institute of Clinical Neuroscience, Department of
Neurology1, Department of Chemistry2, Goteborg University, Goteborg, Sweden.
The effetcs of ^-adrenoceptor agonist isoproterenol (iso) and the oc2-adrenoceptor
agonist clonidine (cion) on stellate astrocytes in astroglial/neuronal co-cultures from
rat cerebral cortex were evaluated using the calcium and potassium sensitive dyes
fura-2 and K+-binding benzofuran isophtalate (PBFI) to study alterations in
intracellular concentrations of calcium ([Ca2*],) and potassium ([K+],) respectively.
The perforated patch clamp technique was used to analyze and characterize whole cell
currents. Exposure to iso or cion elicited an immediate increase intracellular calcium,
which were totally abolished in Ca2+-free extracellular media. Iso also decreased [K*],
while cion did not. The reduction in intracellular K+ after iso was also inhibited in
Ca2+-free buffer. As evaluated with the perforated patch technique iso induced a
slowly developing and long lasting outward current that was totally abolished in
calcium free buffer. This current were blocked by external tetraethylammonium and
charybdotoxin, but not affected by apamin. It was possible to reverse the current at a
holding potential of -120 mV. Also, the I-V relationship showed a leftward shift in
reversal potential compared to the control situation, close to the calculated Nernst
equilibrium potential for K+. No such effects were seen after exposure to cion. From
this it was concluded that the stimulation of astroglial 3-adrenergic receptors opens
calcium-activated potassium channels (K<ca)-channels). Since both 3- and a2-receptor
stimulation elicited calcium transients but only iso induced potassium currents, the
adenylate cyclase activator forskolin was used to ascertain whether the cyclic
adenosine 3’, 5’-monophosphate (cAMP) system was involved or not,. Preincubation
with forskolin increased foe iso-induced currents indicating that the opening of
astroglial K<ca)-channels after ^-adrenergic stimulation not only is depending on
intracellular calcium but also synergistically involving foe cAMP transduction system
to which p-adrenergic receptors are known to be positively coupled.

SINGLE-CHANNEL ANALYSIS OF AN INWARDLY RECTIFYING
CHLORIDE CURRENT IN
CULTURED RAT
CORTICAL
ASTROCYTES. M, Nobile1, M. Pusch1, C. Rapisarda2 and S. Ferroni2.
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‘institute of Cybernetics and Biophysics, CNR, 16149 Genova. Italy; 2Depl. of
Human and General Physiology, University of Bologna, 40127 Bologna. Italy.
(SPON. European Neuroscience Association).
Voltage-dependent chloride (CF) channel proteins form a single large gene
family (C1C). Among others, C1C-2 is an ubiquitously expressed channel
activated by hyperpolarization and swelling whose single-channel properties,
however, have still to be fully characterized. Primary cultured rat neocortical
astrocytes long-term treated with dibutyryl cyclic AMP display an inwardly
rectifying C1‘ current (Ferroni et al., Glia 21.217-227, 1997) with biophysical
and pharmacological properties resembling those of the cloned and
heterologously expressed C1C-2. The unitary channel currents underlying this
hyperpolarization-activated CF conductance were investigated in symmetrical
140 mM CF solutions by using the outside-out configuration of the patch-clamp
technique. Recordings of small-conductance CF channels activated at negative
membrane potentials, revealed the occurrence of burst activity of two
equidistant open-conductance levels of about 3 and 6 pS at -100 mV, whose
open probability increased with larger hyperpolarization. Moreover, in response
to repetitive negative voltage steps from a holding potential of 0 mV. the
activation of the averaged single-channel current was time dependent with time
constants similar to those measured for the macroscopic current. Taken
together, the data suggest that this channel underlies the astrocytic ClC-2-like
current and also indicate that this protein may have the same double-barreled
structure as the C1C-0 channel prototype.
Supported by MURST and CNR (Italy).
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504.5

504.6

AUTOCRINE ACTIONS OF ATP IN MODULATING VOLUME
ACTIVATED CHLORIDE CURRENTS IN ASTROCYTES. M. C.
Darby*. Panenka W and B. A, MacVicar. Dept. of Physiology &
Biophysics, Neuroscience Research Group, University of Calgary, Calgary,
AB, T2N 4N1.
The swelling of astrocytes is counterbalanced by regulatory volume
decrease (RVD) which entails the efflux of metabolites and the activation of
volume sensitive Cf (Icl.vo!) and K’ currents. In hepatocytes and fibroblasts
ATP release activates Ici,voi through an autocrine action. Using whole-cell
patch-clamp recordings in cultured astrocytes, we investigated the autocrine
role of ATP in the activation of IcLvol by hypo-osmotic solution (HOS), The
activation of this current was reversibly inhibited by suramin, a broad
spectrum purinergic antagonist, by RB2, a P2Y antagonist, and slightly by
PPADS, a P2X antagonist. Exogenously applied ATP induced a similar Cl
current. Apyrase, an ATP nucleotidase, also inhibited the HOS activated
current. Thus, Ic] vol in astrocytes is mediated through the ATP activation of
purmergic receptors. Further studies were performed to determine the
mechanism by which ATP is released from the cells. Single, isolated
astrocytes responded to HOS in' an identical manner as did those astrocytes
directly surrounded by others, suggesting that the ATP was released and
acting in an autocrine fashion. Probenecid, a broad spectrum transport
inhibitor, potently inhibited the HOS activated Cf current. We conclude that
the activation of IcliV0) in astrocytes by HOS-mduced swelling requires the
probenecid-sensitive release of ATP and subsequent autocrine activation of
purinergic receptors.
Supported by the Medical Research Council of Canada.

GUANYLATE CYCLASE AND INTRACELLULAR SODIUM IN
SPREADING DEPRESSION. B. A. MacVicar* and D. Feighan, Dept.
of Physiology & Biophysics, Neuroscience Research Group, University
of Calgary, Calgary, AB, T2N 4N1.
Spreading depression (SD) is a wave of depolarization that slowly
propagates through cortical gray matter causing synaptic depression.
We have used intrinsic optical imaging techniques to map the
propagation through brain slices.
Previously we showed by
simultaneously imaging intrinsic optical signals and intracellular
calcium that SD can occur independently of intracellular calcium
changes. These experiments were designed to examine the roles for
guanylate cyclase (GC) and intracellular sodium accumulation ([Najn])
in triggering SD. Ouabain (100 pM) was bath applied to hippocampal
brain slices to consistently evoke SD. Inhibition of soluble GC with
ODQ (50 pM) or inhibition of NO synthase with NARG or methyl-Larginine (both at 100 pM) had no significant effect on SD. However
methylene blue (MB, 100 to 500 pM), a non-specific GC inhibitor,
depressed the rate of activation and the peak amplitude of SD.
Increasing intracellular sodium by bath application of a sodium
ionophore, monensin, could trigger an SD-like event even in 0 external
Ca2+ solution. These results suggest that a MB-sensitive form of GC
and increased. [Nain] may be important in the activation of SD by
ouabain.
Supported the Medical Research Council of Canada

504.7

504.8

P2X7 RECEPTOR ACTIVATION IN ASTROCYTES INCREASES
CHEMOKINE MCP-1 EXPRESSION VIA MAP KINASE. W.Panenka*1,
H.Jiion’.L.Herx1, J.Armstrong', T.Wei2, W.Yong1, R.M.Ransohoff2, and
B.A.MacVicar1. 'Neuroscience Research Group, University of Calgary,
Calgary, Canada. 2Dept. of Neuroscience, The Lerner Research Institute.
Cleveland Clinic Foundation
MCP-1 is critical for leukocyte recruitment following a number of
inflammatory insults such as CNS infection and excitotoxic neuronal
necrosis. Trauma to the CNS also preferentially upregulates MCP-1 in
astrocytes. To date, little is known of the intercellular events, or intracellular
pathways, that modulate MCP-1 expression. In the CNS ATP release occurs
during neuronal stimulation, tissue hypoxia, and tissue damage. We have
discovered that in cultured astrocytes, activation of the recently cloned
purinergic P2X7 receptor (an ATP receptor) leads to the activation of the
MAP kinases ERK1 and ERK2 as measured by western blotting and in-vitro
kinase assays. RT-PCR results further demonstrate that activation of the
P2X7 receptor leads to increased MCP-1 expression. Here we show that the
activation of MAP kinases and the upregulation of MCP-1 elicited by P2X7
receptor activation is abrogated in the presence of either purinergic or MAP
kinase antagonists. Further, both MAP kinase and purinergic receptor
inhibitors dampen MCP-1 production in an in vivo mouse corticectomy
model. These data show for the first time that transmitter receptors in
astrocytes mediate communication with hematopoietic inflammatory cells.
Supported by MRC of Canada and the NIH.

EFFECT OF OSMOTIC STRESS ON K+ ACCUMULATION AROUND ASTROCYTES
AND OLIGODENDROCYTES IN THE RAT SPINAL CORD A. Chvatal *, M, Andfrova,
L. Vargova, S. Prokopova, E. Sykova Dept. Neurosci., Inst. Exp. Med. ASCR and Dept.
Neurosci., 2nd Med. Faculty, Charles University, Prague, Czech Republic
In rat brain and spinal cord slice preparations, the local accumulation of K+, as
indicated by the tail current (Ita,i) after a depolarization step, is larger in the vicinity of
oligodendrocytes than astrocytes [1,2]. This could reflect a smaller axtracellular space
(ECS) around oligodendrocytes compared to astrocytes. Absolute values of the ECS
volume have not been measured in such a preparation. We compared the time-course
of changes in reversal potentials (Vrev) of Itaii measured by the whole-cell patch clamp
technique, and the changes of ECS volume fraction measured by the real-time
iontophoretic method in rat spinal cord slices during the application of hypo- and
hyperosmotic saline. Cell swelling induced by 20 min of hypotonic solution (200
mmol/kg) decreased ECS volume fraction from 0.2U0.01 to 0.15±0.02. It led to a
rapid increase in [K+]e around astrocytes as well as oligodendrocytes after a
depolarizing prepulse, as calculated from Viev of Itai| using the Nemst equation, from 11
to 44 mM and from 28 to 54 mM, respectively. Changes in ECS volume fraction had
the same time-course as the changes of Vrev of Itaii- Cell shrinkage evoked by
hypertonic solutions (400 mmol/kg) increased ECS volume fraction from 0.24±0.02 to
0.32±0.02, but had no effect on [K+]e evoked by a depolarizing prepulse in astrocytes,
while in oligodendrocytes a rapid decrease of [K+]e from 52 to 26 mM was observed.
The time-course of ECS volume changes was slower than the changes in [K+]e. We
conclude that osmotic stress evokes different ECS volume changes around astrocytes
and oligodendrocytes. Thus hypotonic solution has bigger effect on ECS volume
around astrocytes than around oligodendrocytes, while hypertonic solution affects the
ECS volume around oligodendrocytes only.
[1] A. Chvatal et al., J Neurosci Res, 49:98-106, 1997.
[2] A. Chvatal et al., J Neurosci Res, in press.
Supported by grants GACR 305/99/0655, 309/99/0657 and VS 96 130.

504.9

504.10

LIGHT AND ELECTRON MICROSCOPIC LOCALIZATION
OF AQUAPORIN-4 IN RAT CEREBELLUM. Marketta Bobik*,
M. H. Ellisman, and M, E. Martone. University of California San
Diego, Dept. of Neurosciences, La Jolla, CA 92093.
The distribution of the water channel aquaporin 4 (AQP4) was
studied in the rat cerebellum using light and electron microscopic
immunocytochemistry. We used an affinity purified rabbit polyclonal
antiserum generated against a synthetic peptide corresponding to the C
terminus of the rat AQP4 (Alpha Diagnostic). At the light microscopic
level, in addition to perivascular labeling, we found the most intense
label surrounding the Purkinje cell soma and in the pinceau area, a
structure formed by the descending axon collaterals of basket cells
converging on the Purkinje cell axon initial segment. Lighter staining
was observed around granule cells and in the molecular layer.
Preliminary electron microscopic analysis using a pre-embedding
peroxidase-based method confirmed that labeling is present in astrocytes
enveloping the Purkinje cell soma. Labeling was punctate and associated
with the plasmalemma of astrocytes, sometimes apposed to vesiclecontaining regions of the basket cell axons in the pinceau area. The
physiological significance of the pinceau is unknown, but we have
previously shown that pinceau fibers express the K+ channel subunit
3.2. Because K+ channels play a fundamental role in cellular volume
regulation, and there is evidence for number of potassium channel
subunits concentrated in this structure, including Kvl.l, 1.2, 3.2, and
3.4, we are further investigating the relationship between astrocytic
AQP4 and K+ channels in this area. This work was supported by NIH
grants RR04050 and DC03192.

INTRACELLULAR CHLORIDE IONS AS MODULATORS OF
POTASSIUM CURRENTS IN ASTROCYTES. L.K, Bekar and W,
Walz*. Dept. of Physiology, Univ. of Saskatchewan, Saskatoon, SK
S7N 5E5 Canada.
The application of GABAa receptor agonists to rat hippocampal
astrocytes in situ resulted in the opening of the well known CF
channel of the GABAa receptor and a secondary longer-lasting
blockade of outward Ba2+ sensitive K+ currents displaying both peak
and plateau phases. We used cultured astrocytes to investigate the
mechanism underlying the secondary blockade by muscimol with the
whole cell patch. The suppression was independent of both Na+ and
ATP. It also seemed to be independent of muscimol binding to the
receptor, since in the presence of picrotoxin muscimol had no effect
on the K+ conductance. The suppression was absent when anion
efflux was prevented by replacing Cf with gluconate and was
enhanced with more permeant anions such as Br' and I', Moreover,
the suppression of these K+ currents is reproduced in the absence of
muscimol by promoting Cf efflux via lowering the extracellular Cl'
levels. These results, along with the requirement for Cf efflux in
muscimol experiments, show a strong dependency of the secondary
blockade on CT efflux through the Cl' channel of the GABAa
receptor. We therefore conclude that changes in the intracellular Cf
concentration alter the outward K+ conductances of astrocyte.
Supported by the Medical Research Council of Canada.
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504.11

504.12

MODULATION OF GLIAL Na+ AND K+ CURRENTS BY TAMOXIFEN. K. A.
Smitherman1,2, S. A. Lyons1*, and H. Sontheimer1. ’Department of Neurobiology
and 2Medical Scientist Training Program, Univ. of Alabama at Birmingham,
Birmingham, AL 35294
Tamoxifen is a non-steroidal triphenylethylene derivative that is predominantly
known for its antiestrogen effects in the treatment of breast cancer. We wanted to
investigate its effects within nervous tissue because this drug is lipophilic, does not
specifically target breast tissue, and is being evaluated as potential prophylactic
treatment ip high-risk patients. We chose to assess its effects on astrocytes because
of their postulated role in the maintenance of a homeostatic brain microenvironment
and their likely interaction with various xenobiotics that potentially cross the bloodbrain barrier.
This study aimed to identify whether ionic currents under isosmotic conditions are
selectively modulated by tamoxifen and to identify the time, concentration, or
voltage-dependence of this modulation. Primary cultures of stellate cortical
astrocytes (DIV>6) were examined using whole-cell voltage-clamp recordings.
Using a combination of pharmacological and biophysical manipulations, we could
isolate three K+ currents, namely, TEA/4-AP-sensitive ID, 4-AP-sensitive IA, and
Cs+ sensitive IIR. We also observed TTX-sensitive Na+ currents.
TTX-sensitive Na+ currents were completely inhibited by 10 pM tamoxifen
within 5 min. Of K+ currents, tamoxifen primarily inhibited Id (—70% block) with
marginal effects on IA or I[R. Tamoxifen effects were observed with both bath and
intracellular application and were irreversible with a 10 minute wash. Interestingly,
the tamoxifen-sensitive current is identical to that implicated in growth control of
glial cells, and we postulate that tamoxifen exposure at low concentration could
potentially be detrimental to astrocytic function. (Supported by NS31234 and
NS36693)

FURTHER MEASUREMENTS OF INTRACELLULAR SODIUM IN CULTURED
RAT CORTICAL OLIGODENDROCYTES. M. N. Rand*, T, Moller, and B, R.
Ransom. Department of Neurology, University of Washington School of Medicine,
Seattle, WA 98195-6465.

We have further characterized [Na+]j regulation in cultured rat oligodendrocytes using
the ratiometric dye SBFI-AM. Cultured cells were prepared and identified as previously
described (Soc. Neurosci. Abstr. 24: 314). Cells were perfused at 34°C with
bicarbonate/CO2-buffered normal saline for 10 minutes followed by experimental
solutions, then a series of Na+ calibration solutions with ionophores to equilibrate
Na+across the plasma membrane. SBFI’s sequestration within intracellular organelles
contributed to less than 1% of the measured signals as judged by treatment with
digitonin followed by Triton X-100. Effects of pFf were also relatively minor:
intracellular changes of 0.1 pH unit resulted in apparent changes of 0.8 mM Na+ in
the ratio signals, with a positive linear relationship over the range of pH 6.7 to 7.9.
Cs+-substitution experiments revealed a small effect of intracellular K+ on the SBFI
ratio, corresponding to a 5 mM decrease in apparent [Na+]j for a 75 mM decrease in
[K+]j. Measurements from 320 oligodendrocytes (17 coverslips) showed average
resting [Na+]j values of 14.3 ± 4.0 mM (S.D.). Switching from bicarbonate/CO2buffered to HEPES-buffered normal solution decreased resting levels of [Na+]j by 2.1 ±
0.8 mM (S.D.), suggesting that Na+-HCO2~ co-transport contributes to resting [Na+]j.
When cells were bathed in Na+-free choline-substituted normal solution, [Na+]j
decreased at an initial rate of 2.6 mM min1 and reached asymptote values near 2 mM
after 10 minutes; switching back to normal solution resulted in a rapid rise (13.9 mM
min'1) and plateau to levels several mM higher than baseline. Application of K+-ffee
normal saline caused [Na+]j to increase 7.1 ± 3.3 mM min'1 (S.D.), whereas treatment
with 1 mM ouabain caused [Na+]j to increase 3.2 ± 2.1 mM min-1 (S.D.). These
results indicate that SBFI is well-suited for measuring [Na+]j in oligodendrocytes. Like
astrocytes, oligodendrocytes have higher resting [Na+]j than neurons and appear to have
similar regulatory mechanisms.
Supported by NIH R01 NS 15589-20.

504.13

504.14

Electrophysiological properties of reactive astrocytes associated with
cortical freeze lesions. A. Bordey*, J.J. Hablitz and H. Sontheimer, Dept. of
Neurobiology, University of Alabama at Birmingham. Birmingham, USA.
The morphological and electrophysiological properties of reactive astrocytes
were examined in a model of developmental cortical malformation associated
with epilepsy. A transcortical freeze lesion was performed on postnatal day 1 (Pl)
and resulted in a microgyrus with laminar disruption. Most recordings were
performed in layer I (LI) surrounding the microgyrus, at the lesion site and in the
paramicrogyral zone suggested to be the region of epileptogenesis. Control
recordings were performed in LI-V of non-lesioned age-matched rats. Astrocytes
in LI surrounding the microgyrus had a similar pattern of channel expression to
control astrocytes with sustained and transient outward K+ currents and inwardly
rectifying K+ (Kir) currents. About 70 % of the cells had sodium currents (I^a).
In lesioned animal, the mean specific conductance of Kir currents was, however
smaller than that in control cells (266 versus 580 pS/pF in control) resulting in a
decreased input membrane resistance. Some of these cells displayed a relatively
immature morphology with shorter and fewer processes than mature astrocytes.
Glial cells constituting the lesion wall had no transient outward currents and no
sodium currents while glial cells inside the lesion displayed large l]\(a and no Kir
currents. In the paramicrogyral zone, cells displayed a large “passive” current
profile presumably due to the extensive coupling observed with Lucifer-Yellow
fillings as also observed in control recordings. In lesioned animals, these cells had
significantly more hyperpolarized resting potentials than that of control cells (-90
versus -80 mV in control). These data suggest a participation of reactive
astrocytes in an alteration in some electrical properties in the freeze lesion model.
(Supported by R01-NS-31234 and -22373).

ALTERNATION OF MORPHOLOGY AND [Ca2+]i DYNAMICS
OF TYPE 1 ASTROCYTE IN CULTURE BY CULTURE
CONDITIONS, M, Morita*. C, Higuchi and Y. Kudo, Laboratory of
Cell. Neurobiol., School of Life Sci., Tokyo Univ. of Pharm. and Life
Sci., Hachioji, Tokyo 192-0392
Typel astrocyte from rat cerebral cortex in culture was subjected
to investigation for the effect of culture conditions to morphology,
immunoreactivity, dynamics of [Ca2+]i, and expression of calcium
channel genes. Cells were obtained by enzymatic subclturing of
confluent rat cerabral cortical primary culture from which cells in
other populations were detouched physically. When the cells reached
confluent again, culture medium was changed to several different
conditions and the properties of the cells were assessed later. As a
result, astrocyte in serum containing condition shows flat morphology
and poor [Ca2+]i response to Glu and ATP. In contrast, astrocyte in
serum free and EGF/bFGF containing condition bore thick processes
and showed large oscillatory [Ca2+]i response to Glu and ATP. And the
expression pattern of trp genes, which are reported to form calcium
channels concerning capacitative Ca entry, also altered. This
inclination is more prominent in low density astrocyte culture.

504.15

504.16

RAT ASTROCYTES EXPRESS THE ASCT2 NEUTRAL AMINO ACID
TRANSPORTER, A MEDIATOR OF GLUTAMINE EFFLUX
N. Brookes1*, A Broer3, V. Ganapathy2, C.A Wagner3, F. Lang3, S. Brfler3.
1Dept. of Pharmacol. & Exptl. Therap, Univ. of Maryland Sch. of Med.; 2Dept.
of Biochem. and Molec. Biol., Med. Col. Georgia; 3Physiologisches Institut der
Universitat, D-72076 Tubingen, Germany.
Although astrocytes are the primary site of glutamine synthesis in the brain,
and are likely to regulate extracellular glutamine levels, little is known about
the routes of glutamine efflux from astrocytes. The mouse ASCT2 neutral
amino acid transporter (Utsunomiya-Tate et al., J. Biol. Chem. 271: 14883,
1996) exhibits high affinity for glutamine and properties consistent with system
ASC transport, which we previously implicated in glutamine efflux from
astrocytes. We now show that ASCT2 is strongly expressed in rat astroglia-rich
primary cultures, but not in neuron-rich cultures. The amino acid sequence of
rat astroglial ASCT2 is 83% identical to mouse ASCT2. In Xenopus laevis
oocytes expressing rat ASCT2, we observed uptake of [U-14C]glutamine
(1^=70 /iM) that was Na+-dependent, concentrative, and electroneutral.
When oocytes were preloaded with [U-14C]glutamine, no efflux was detected in
the absence of extracellular amino acids. Neither lowering intracellular pH nor
warming to 37°C elicited efflux. However, addition of system ASC substrates
alanine, serine, cysteine or threonine to the solution resulted in a rapid release
of glutamine from the ASCT2-expressing oocytes. Amino acids not recognized
by ASCT2 were ineffective. Glutamate stimulated glutamine release weakly at
pH 7.5, but more effectively on lowering pH to 5.5, consistent with the pHdependence of ASCT2 affinity for glutamate. Our findings suggest a role for
ASCT2 in glutamine efflux from astrocytes by obligatory exchange with specific
extracellular amino acids. (Supported by NIH grants AG16951 to N.B.,
DA10045 and HD33347 to V.G., and DFG grant BR1318/2-2 to S.B.).

GLUTAMATE UPTAKE INHIBITORS BLOCK CYSTINE UPTAKE IN
CULTURED ASTROCYTES. A.S, Bender*. W, Reichelt1 and M.D,
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Norenberg. Lab Neuropath, Vet Adm Med Ctr & Dept of Pathol, Univ Miami
Sch Med, Miami, FL 33101 & 'Univ Leipzig, 04109, Germany.
Cystine uptake in astrocytes is important in supplying cystine for the
synthesis of GSH (GSH), the major intracellular antioxidant. Also, glutamate
(GLU) is a precursor of GSH and GLU uptake has been shown to be a rate
limiting factor in GSH synthesis in retinal glial cells (Reichelt et al,
Neuroscience 77:1213, 1997). In alveolar type II cells cystine transport is
mediated through the GLU uptake system (Kmickelbein et al, Am J Physiol.
273 :L1147, 1997). To investigate the relationship between cystine and GLU
uptake in cultured astrocytes, we tested the effects of various GLU uptake
inhibitors, including ammonia, on cystine uptake. Cystine uptake was
performed by incubating cells with bicarbonate-buffered media containing 0.5
pCi/ml of [35S]cystine and 100 pM cystine for 1 min. L-aspartate-Phydroxymate at 0.4 mM inhibited cystine uptake by 31% and at 1 mM by 44%.
L-trans-pyrrolidine-2,4-dicarboxylate (PDC) at 0.1 mM blocked cystine uptake
by 30% and at 0.5 mM by 49%. L-a-aminoadipate at 0.1 mM diminished uptake
by 21% and at 1 mM by 40%. The inhibition of cystine uptake was similar to
that observed with GLU uptake. Pretreatment of cells with 5 mM ammonium
chloride for 3 or 4 days inhibited cystine uptake by 30%, and 5-day treatment
inhibited uptake by 51%. Similar results were previously observed with
ammonia on GLU uptake (Bender & Norenberg, Neurochem Res 21:567,
1996). Our findings show that GLU uptake inhibitors diminish cystine uptake
in astrocytes, suggesting a common transport system for GLU and cystine
uptake. The interference of cystine uptake by agents that inhibit GLU transport,
including ammonia, may diminish GSH synthesis, potentially exposing these
cells to oxidative stress. (Supported by Dept of Veterans Affairs)
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EFFECT OF INCREASED EXTRACELLULAR POTASSIUM ON GLUCOSE
UTILIZATION IN CULTURED ASTROGLIA. Y. Itoh, J. Gotoh, M.J. Law, and
L. Sokoloff*. Lab of Cerebral Metabolism, NIMH, NIH; Bethesda, MD 20892.
Effects of elevated extracellular K+ concentration ([K+]o) on glucose utilization in
cultured astroglia have been controvercial with both stimulation and lack of
stimulation reported. We previously found no increases in glucose utilization with
[K+]o raised to 28 mM or higher in cultured rat astroglia. [K+]o, in vivo, however,
rises only to 10-12 mM during physiological activation. We, therefore, examined
effects of [K+]o at 3, 6, 9, 12, 28, 56 mM. Cells were incubated in bicarbonate
buffer, pH 7.2, containing 2 mM glucose, tracer amounts of 2-[!4C]deoxyglucose
([’4C]DG), and [K+]o at the above levels for 15 min at 37 °C followed by incubation
for 5 min in [14C]DG-free medium to washout residual unmetabolized [14C]DG.
Cells were then digested in 1M NaOH and assayed for 14C content. Raising [K?]o
from 3 to 6 mM significantly stimulated [14C]DG phosphorylation by 13%
(p<0.01). As [K+]o was raised further, the stimulation of [,4C]DG phosphorylation
gradually diminished and gone at 28 mM. The peak of the stimulation, occurring at
6 mM [K+]o, was suppressed by -50% by 1 mM ouabain, a specific inhibitor of
Na+,K+-ATPase. To determine if increased intracellular pH (pHi) contributed to the
increased [14C]DG phosphorylation induced by 6-12 mM [K+]o, we determined pHi
by use of a fluorescent dye, 2’,7’-bis-(2-carboxyethyl)-5(6)-carboxyfluorescein
(BCECF). Cells were incubated in the above reaction medium containing lOnM
BCECF-acetoxymethyl ester, but no [14C]DG, for 15min, and then unmetabolized
dye was washed out. pHi was measured fluorometrically continuously while [K+]o
of the medium was raised. pHi rose progressively and statistically significantly
with increasing [K+]o (p<0.05 atl2 mM and p<0.01 at 28 mM and 56 mM). These
results indicate that rises in [K+]o within a narrow but physiological range can
stimulate energy metabolism in astroglia and that this effect is due to both direct
activation of Na+,K+-ATPase and increased pHi.

GROUP I mGluR-MEDIATED [3H]-D-ASPARTATE RELEASE FROM
PRIMARY ASTROCYTE CULTURES.
Z. Cai*and H.K. Kimelberg . Dept. of Pharmacology and Neuroscience,
Albany Medical College, Albany, NY 12208.
We have shown that a group I mGluR, namely mGluR5, is expressed in
hippocampal astrocytes acutely isolated from Pl up to P35 day old rats.
Coactivation of mGluRs and AMPA/kainate receptors has been reported to
enhance mGluR-stimulated glutamate release from cultured cortical
astrocytes (Bezzi et al., 1998). We found that exposure of cortical and
hippocampal astrocyte cultures to 100 pM DHPG, a group I mGluR agonist,
induced a transient release of preloaded [3H]-D-aspartate, which was blocked
when astrocytes were preexposed to the membrane permeable Ca2+-chelator
BAPTA-AM. This supports the view of bi-directional communication
between neuron and astrocytes that glutamate released from synaptic
terminals can elicit a mGluR5-mediated intracellular calcium increase in
surrounding astrocytes, which in turn release glutamate to modulate synaptic
transmission. However, simultaneous exposure to AMPA gave no
enhancement of mGluR-stimulated release. Also, upregulation of mGluR5
by culturing cells in chemically-defined medium did not increase DHPGinduced [3H]-D-aspartate release, suggesting that the unknown rate-limiting
step in regulating the release is in a down stream signal transduction
pathway.
Supported by NIDS grant NS 19492 to H.K.K.
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CGRP MODULATES ATP-EVOKED CALCIUM SIGNALS IN
PERISYNAPTIC GLIA AT THE NEUROMUSCULAR JUNCTION.

DIFFERENTIAL ORGANELLE LOCALIZATION OF
14-3-3 PROTEIN ISOFORMS IN ASTROCYTES
A, Derouiche1* and D. Roth2
^Institute of Anatomy, Dresden University, D-01307 Dresden
2Max-Planck-lnstitute for Brain Research, D-60528 Frankfurt/M, Germany
14-3-3 proteins are a family of highly conserved proteins with multiple
functions; they may also have specific roles in regulated exocytosis. These
proteins were investigated in astrocytes since they have been reported to
release glutamate (Parpura et al., Nature, 369, 744 (1994)).
Applying isoform specific anti-14-33 antibodies against the beta, epsilon,
gamma, eta and zeta isoforms, we carried out immunofluorescence and preembedding immunogold electron microscopy in cultured cortical astrocytes.
All 14-3-3 isoforms exept ZETA were detected. BETA was found on highly
abundant, small vesicles throughout the cytoplasm, and in few larger ones
which were identified as secondary lysosomes ultrastructurally or by double
immunofluorescence with anti-cathepsin D or anti-LAMP1. Anti-14-3-3 BETA
led to punctate immunofluorescence of the nucleus, which appeared
ultrastructurally as focal immunostaining on the nuclear membrane. 14-3-3
ETA displayed highly abundant, small structures throughout the cytoplasm,
which appeared ultrastructurally as tentative vesicles of endoplasmatic
reticulum. The localization of GAMMA was in small, even-sized vesicles
distributed densely throughout the cytoplasm. EPSILON was present in few,
larger vesicles with a perinuclar distribution typical of Golgi-apparatus. In
addition to organelle labelling, a considerable proportion of labelling with all
four isoforms was found to be cytoplasmatic, or related to actin filaments. In
on-going experiments we investigate the possible function of the 14-3-3
isoforms in intracellular trafficing, exocytosis and cell growth.

J. Georqiou* and M.P. Charlton. Department of Physiology,
University of Toronto, Toronto, ON, Canada M5S 1A8.

Nerve terminals contain peptide transmitters such as calcitonin
gene-related peptide (CGRP) and substance P, which are stored in
large dense-cored vesicles. These peptides act at neuromuscular
junctions to modulate neurotransmission, nerve growth, and
postsynaptic receptors. We wondered whether CGRP may exert
any effects via stimulation of perisynaptic Schwann cells (PSCs),
the glial cells which wrap the synapse.
Normally, successive ATP applications produce a Ca2+ signal in
PSCs which largely does not diminish in amplitude. Application of
CGRP did not affect resting Ca2+ levels in PSCs, but it did reduce
the size of Ca2+ signals evoked by ATP. The CGRP effect persisted
in denervated muscle preparations, suggesting its action is not
mediated by the nerve terminal. Stimulation of the cAMP second
messenger system with forskolin or Sp-cAMPs also reduced ATPevoked Ca2+ signals, thus indicating that PKA may be involved.
In conclusion, CGRP reduces ATP-evoked Ca2+ signals in PSCs,
possibly by a mechanism involving cAMP and PKA. It appears
that in addition to the known effects of CGRP on postsynaptic
muscle cells, this peptide also has physiological actions on the
perisynaptic glial cells. Mediation of these effects by CGRP and
cAMP will be the subject of further experiments.
Supported by MRC of Canada and the Neuroscience Network.

Supported by DFG grant De 676-1

REGENERATION: GENE EXPRESSION III
505.1

505.2

MOLECULAR
DETERMINANTS
OF
PERIPHERAL
NERVE
REGENERATION. I E. Bonilla*. S M. Strittmatter Department of Neurology,
Yale University School of Medicine, 333 Cedar Street, P.O. Box 20818, New
Haven, CT 06520
A complete understanding of the cellular processes leading to nerve
regeneration, ranging from the recruitment of quiescent catabolic machinery to the
re-innervation of proper target structures, requires analysis at the molecular level.
The focus of these experiments is on the changes in gene expression relevant to
regeneration of the sciatic nerve in mice. Identification of genes whose
expression is altered with injury to the sciatic nerve has been achieved through the
use of new expression profiling technology. One week after transection of the
sciatic nerve, mRNA was harvested from DRGs, reversed transcribed to create
probes and hybridized to gene chips spotted with 10,000 separate cDNAs.
Preliminary results in our experiment have identified 19 mRNAs that show
significant (> 2-fold) down- or up-regulation. These sequences fall into 3
categories: 1) 7 mRNAs previously recognized as regulated by regeneration, 2) 8
mRNAs described previously in other contexts but not studied in nerve injury, and
3) 4 novel transcripts. The mRNA that showed the maximum regulation
presented a 13-fold increase in expression. Two genes that are known to be upregulated by injury and that were identified in our screen are galanin (5-fold) and
neuropeptide Y (7-fold). We have decided to focus initially on three novel genes
which do not show any significant homology to other genes in the database. We
are currently confirming these results with northern blot experiments, which have
confirmed the marked 13-fold upregulation of at least one of these mRNAs.
Further experiments will characterize the spatial and temporal expression of these
genes at different developmental stages and after injury. These experiments will
provide knowledge about the genes involved and cellular events underlying axon
regeneration. Supported by NIH grants RO1 NS33020 and 5 T32 NS07224-12.

EXPRESSION PATTERN OF NOGO, A NEURITE OUTGROWTH
INHIBITOR, DURING DEVELOPMENT AND IN THE ADULT RAT.
A.B. Huber*, M.S. Chen, M.E. van der Haar, and M.E. Schwab. Brain
Research Institute Dept. of Neuromorphology, University of Zurich and
Swiss Federal Institute of Technology, Zurich, Switzerland.
The adult mammalian CNS is an inhibitory environment to nerve
regeneration after lesion. Regenerative growth and structural plasticity can
be induced by administration of the m Ab IN-1. We have recently reported
the purification and characterization of Nogo, a major oligodendrocytederived neurite outgrowth inhibitor and mAb IN-1 antigen. The nogo gene
is novel and codes for 3 major alternative splice products.
We raised antisera against synthetic peptides and against a recombinant
protein sequence of Nogo. Some of these antisera neutralised the
inhibitory activity of the myelin protein Nogo to a similar extent as mAb
IN-1 in 3T3 spreading- and DRG neurite outgrowth-assays. In agreement
with results from Northern blotting, Western blot analysis using the
affinity-purified antisera showed differential expression patterns of the
three Nogo splice forms in various rat tissues (brain, spinal cord, muscle,
and skin). The large nogo A transcript (4.6 kb) was predominantly found
in the CNS in myelinated tissues. Immunohistochemistry and in situ
hybridisation showed an oligodendrocyte- and myelin-specific expression.
During development the staining patterns, in particular of the shorter splice
forms are more complex. It includes neuronal subtypes and peripheral
tissues like skin, muscle and epithelia. Expression in embryonic CNS, PNS
and other peripheral tissues suggests functions other than neurite
outgrowth inhibition for this protein family.
Supported by: Swiss National Science Foundation
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The TAG-1 adhesion molecule is expressed in Schwann cells

EXPRESSION OF THE CHONDROITIN SULPHATE PROTEOGLYCAN NG2 IN
NORMAL AND REGENERATING PERIPHERAL NERVE. D.A.Morgenstem1-2*.
RA A§hgrLlMXgyind.and J,W.Fawge(tlL2. 'Dept. of Physiology, Downing Street,
Cambridge, CB2 3EG, UK; 2MRC Cambridge Centre for Brain Repair; ’Department
of Neurobiology and Behaviour, State University of New York, Stony Brook, NY.
There is now considerable evidence to implicate inhibitory chondroitin sulphate
proteoglycans (CSPGs) in preventing axonal regeneration following CNS injury. One
well characterised CSPG is NG2, which is upregulated at sites of CNS injury and has
been demonstrated in vitro to inhibit neurite outgrowth. We have used immunohistochemistry and Western blotting to demonstrate the presence of NG2 in normal
adult rat sciatic nerve, where it is expressed by fibroblasts in the peri- and
endoneurium. Schwann cells and axons do not label for NG2. Serial extracts have
shown that, in contrast to CNS tissue, peripheral nerve contains mainly the soluble,
rather than transmembrane, form of NG2. We have also investigated changes in NG2
expression following crush and transection injuries. Following both lesions, and at
time points of 5-16 days, extracts do not show a specific upregulation of NG2 core
protein, although amounts of NG2 are increased as part of an approximate doubling
in total protein levels. However, there is a consistent and clear upregulation in the
amount of glycosaminoglycans (GAG) attached to the core protein following either
lesion. This is seen in both the proximal and distal parts of the nerve. It is well
recognised that fibrotic scarring following peripheral nerve injury is a significant
factor in the failure of successful axonal regeneration, with axons often unable to
cross the scar tissue to reach the distal stump. The expression of NG2 by fibroblasts
within peripheral nerve suggests a role for this inhibitory molecule in blocking
axonal regeneration. The upregulation of GAG following injury may also contribute
to this inhibition. Supported by MRC, James Baird Fund, Wellcome Trust and ISRT.

Traka, M.1 and Karagogeos, D.1’2’*
department of Basic Science, University of Crete Medical School,
institute of Molecular Biology and Biotechnology, Heraklion, 711 10,
Crete, Greece
The regulation of adhesion molecules is an important signal through which
neuron-glia interactions can be altered. On the other hand, it has been shown
that neuron-glia interactions can influence the expression levels of adhesion
molecules. A number of studies, mostly in peripheral nerve regeneration,
have shown that neuron-Schwann cells interactions modulate the expession
levels of adhesion molecules. After a peripheral nerve injury, Schwann cells
adopt a growth phenotype altering the expression of NCAM and LI
immunoglobulin adhesion molecules partly because they have lost axonal
contact. TAG-1 is an adhesion molecule of the immunoglobulin superfamily
which is expressed in a subset of neurons in the CNS and in the DRGs during
development. In the present study we have used cell cultures and in situ
hybridization studies to show, for the first time, that TAG-1 is expressed in
Schwann cells most likely as a membrane bound form. In order to elucidate
the way that TAG-1 is regulated in the PNS we are continuing further our
studies by examining the pattern of TAG-1 expression in Schwann cells
during regeneration using the model of sciatic nerve crush.

This work has been supported by the Greek Secretariat for Research and
Technology and by the EU BIOTECHNOLOGY grant 980329
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INJURY-ASSOCIATED EXPRESSION OF CHONDROITIN 6SULFOTRANSFERASE mRNA IN POST-CRUSH SCIATIC NERVES
OF ADULT RATS D.K.Y. Shum, X.G. Li, C.H. Chau. (SPON: The Hong

POLYSIALYLATED NEURAL CELL ADHESION MOLECULE IS AN INDEX
FOR INJURY-INDUCED SYNAPTIC PLASTICITY. M.E. De Stefano*. P. Paggi
and G. Toschi. Dip. Biologia Cellulare e Sviluppo.Univ. “La Sapienza”,Roma, Italy.
In the peripheral nervous system, the temporary disconnection of axotomized
neurons from the circuit to which they belong is a crucial step in the response to
axonal damage. The avian ciliary ganglion provides a useful model for studying aspects
of injury-induced neuroplasticity, including the mechanisms and factors determining
remodeling of synaptic connections. We have previously demonstrated that, in the
quail ciliary ganglion, the immunoreactivity (IR) for NCAM stabilizing isoforms at
postsynaptic specializations of intraganglionic synapses decreases after crushing the
postganglionic ciliary nerves. This precedes the massive, but reversible, detachment of
the preganglionic boutons from the soma of axotomized ciliary neurons. In order to
investigate if the polysialylated neural cell adhesion molecule (PSA-NCAM), the nonstabilizing isoform of NCAM known to promote plasticity of cell-to-cell interactions
during development and in adults, plays a role in the injury-induced synaptic
detachment, we immunolocalized PSA-NCAM at different times after axonal damage
using a specific monoclonal antibody (kindly provided by Dr. G. Rougon). In control
ciliary ganglia, PSA-NCAM-IR is observed in areas where choroid neurons -one of the
two ganglionic neuronal populations- are clustered. Thin and beaded immunopositive
nerve fibers are seen running within the ganglion and some IR is also occasionally
observed at large calyciform presynaptic endings abutting the ciliary neurons
perikaryon. After postganglionic nerve crush, a detectable increase in the number of
calyciform endings labeled for PSA-NCAM is observed, particularly after three and six
days, when the massive detachment of preganglionic boutons is known to occur. Once
intraganglionic connections are re-established, PSA-NCAM-IR is comparable to that
observed in control ganglia. These results suggest a role for PSA-NCAM in
promoting synaptic detachment, thus actively participating to the injuiy-induced
synaptic plasticity. Funded by lstituto Pasteur-Fondazione Cenci Bolognetti.

Kong Society of Neurosciences.) Department of Biochemistry, Faculty of
Medicine, The University of Hong Kong, Hong Kong, CHINA.
We reported (J Neurosci. Res. 46:465-4761, 1996) increased production of
chondroitin sulfate (CS)-containing forms into the environment of sciatic
nerves during recovery from injury in adult mammals. We hypothesize that
the CS isoforms in the injured environment differ from those in the intact
nerve. Anion-exchange HPLC of the unsaturated disaccharide products of
chondroitinase ABC digestion of glycosaminoglycans recovered from intact
sciatic nerves showed unsulphated, monosulphated (4-sulphated) and
disulphated species. In contrast, disaccharides of post-crush nerves were
distinguished by additional 6-sulphation observed as early as 7 days postcrush in the pellet of the nerve homogenate, both in the nerve supernatant
and pellet at 14 days post-crush, but only in the nerve supernatant at 28 days
post-crush. To find if chondroitin 6-sulfotransferase (C6ST) is upregulated to
yield the 6-sulfated CS isoforms, total RNAs of injured and control sciatic
nerves were used in the reverse transcription reaction. The resultant cDNAs
were amplified according to primer pairs for the C6ST gene and the
housekeeping glyceraldehyde-3-phosphate dehydrogenase (GAPD) gene. All
PCR products were visualized by UV illumination after electrophoretic
separation. A minimum of 29 cycles of PCR was necessary to visualize the
products. We observed increase in the C6ST:GAPD signal that peaked at 14
days post-crush. These preliminary data show that peripheral nerve injury
can stimulate the expression of C6ST mRNA at the lesion site and the
expression profile is time-matched with the upregulated synthesis of CS.

505.7

505.8

CLONING AND CELLULAR LOCALIZATION OF A NOVEL LAMPREY CNS
CADHERIN.
I Vidal Pizarro . M Shifman. and ME Seized David Mahoney Institute of Neurological
Sciences* and Department of Neurology; University of Pennsylvania, School of
Medicine; Philadelphia, PA 19104.
Following complete spinal cord transection, lampreys recover swimming behavior
and this is accompanied by regeneration of spinal axons selectively in their correct
directions. Regenerating growth cones are in disproportionate contact with processes of
glial cells, which may therefore be involved in guiding the axons. Moreover, glial cells
near the injury extend longitudinally oriented processes into the transection site, along
which regenerating axons appear to grow. Lamprey glial cells contain keratin
intermediate filaments rather than glial fibrillary acid protein and their processes are
interconnected by desmosomes. Keratin containing, desmosome bearing glial cells are
also characteristic of other lower vertebrates (amphibians and goldfish) that exhibit
axonal regeneration in CNS. We postulate that if glial cells provide guidance cues for
regenerating axons, desmosomes might maintain the integrity of these cues by
stabilizing the glial architecture near the lesion site. In mammals, opposing halves of
desmosomes are joined by desmogleins and desmocollins, members of the cadherin
family of transmembrane proteins. We have cloned a segment of lamprey desmosomal
cadherin and have demonstrated its expression in glial cells. Using homology based
RT-PCR, 85 clones of different but expected lengths were sequenced. Seven of these
had homology to several cadherins, including desmosomal cadherins. Based on its
length and sequence homology, one of these clones was selected to probe a lamprey
spinal cord cross section by in situ hybridization. In RNase treated preparations, the
anti-sense probe labeled small cells (presumably glia) in the spinal gray matter, where
most of the glial cell bodies lie. No neurons were labeled and the control sense probe
did not label any structures in the cord. Though specific, in situ labeling was light,
which suggests that the transcript is expressed at low levels. Whether the cadherin
coded by. this clone is a component of glial desmosomes awaits full sequencing, the
generation of antibodies to recombinant protein and subcellular localization by immunoEM. Supported by NIH grants NS-25581 and NS-14837 and NSF grant IBN-9319702.

FACIAL MOTOR NEURONS INCREASE THE SYNTHESIS OF THE CELL
ADHESION MOLECULE SC1/ALCAM AFTER INJURY. R. Streif, F.-W.
Schwaiger, G.A, Brook1, C.A.O. Stunner2. G.W. Kreutzberg and G. Hager*. MaxPlanck-Institute of Neurobiology, Dept. of Neuroniorphology, Am Klopferspitz 18a.
D-82152 Martinsried: 'RWTH Aachen Dept. of Neurology, D-52057 Aachen,
2Faculty of Biology, University of Konstanz, D-78434 Konstanz
SCI belongs to the group of immunoglobulin-like cell adhesion molecules.
Homologues have been described in chicken (SCI. DM-Grasp, BEN) and fish
(neurolin). They are thought to be involved in neurite outgrowth and axonal tract
formation during development and regeneration.
Using a riboprobe specific for rat-SCl mRNA (made from a mRNA fragment
obtained by T.M. Jessel) for in situ hybridization an increased level of mRNA was
found in neurons in the regenerating facial (FN) and hypoglossal nucleus. In
contrast, no regulation was observed either in non-regenerating Clark’s and Red
nucleus following axotomy or in the cortex following direct lesions. In the FN a
rapid increase of SCI mRNA was observed in the first 3 days following transection
of the nerve. The increased level persisted 2 weeks after transection and decreased to
steady state level 84 days after injury. Immunohistochemistry using the antibodies
F84.1 (generously provided by W. Stallcup) and 613 showed labeling of the
neuronal membranes. Increase of protein was observed on the cell body surface.
These data were confirmed by Western blot analysis. Cloning and sequencing of
RT-PCR products showed 88.8% identity in 1507 bp with human ALCAM
(Activated Leukocyte Cell Adhesion Molecule) and 94.3% with mouse ALCAM.
Although the binding domain for CD6 is almost identical in rat-SCl and human
ALCAM we have no evidence so far for the presence of CD6 on cells of the FN.
The increase of rat-SCl protein on the motoneuronal cell bodies after transection
of the nerve suggests a possible role in the interaction of motoneurons and glial cells
despite its putative functions in axonal pathfinding and tract formation.
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CHANGING PATTERNS OF REG-2 IMMUNOREACTIVITY IN SENSORY
NEURONES FOLLOWING PERIPHERAL NERVE AXOTOMY. D.R. PavisL
F.J, Livesey2. C. De Felipe3. K.J. Jeffery1* and S.P. Hunt1. ’Department of Anatomy,
UCL, Gower Street, London, WC1E 6BT. 2Deptartment of Genetics and Howard
Hughes Medical Institute, Harvard Medical School, 200 Longwood Ave., Boston,
MA 02115. 3Instituto de Neurociencias, Universidad Miguel Hernandez, Campus de
San Juan, 03550 San Juan, Alicante, Spain.
Motor neurons are the only adult mammalian central neurons to regenerate
following injury. This ability is dependent on the environment of the peripheral nerve
and an intrinsic capacity of motor neurons for regrowth. Previously we have shown
that an extracellular signalling molecule, Reg-2, is expressed solely in regenerating
and developing rat motor and sensory neurons. Axon-stimulated Schwann cell
proliferation is necessary for successful motor and sensory neuron regeneration, and
Reg-2 was shown to be a potent Schwann cell mitogen in vitro. In vivo, Reg-2
protein is transported along regrowing axons and during development Reg-2
production appears to be regulated by the LIF/CNTF family of cytokines.
Here we report the expression of Reg-2 in DRG sensory neurones following sciatic
nerve axotomy in the rat. Subsets of DRG neurones were identified through the use
of specific immuno-markers, such as anti-neurofilament antibodies which
predominantly labels large diameter myelinated neurones. Small diameter
unmyelinated DRG neurones are characterised by either immunoreactivity with for
CGRP or substance P, or there ability to bind the lectin IB4. Reg-2 is rapidly
upregulated in DRG following sciatic nerve injury and after 24hr recovery is almost
exclusively expressed in small IB4 positive neurones. By 4 days post-injury the
pattern of immunoreactivity switches to the large diameter sensory neurones with
very little labelling observed in the IB4-binding and peptidergic populations and
remains until at least 10 days post-injury. Retrograde labelling studies using
fluorogold have revealed that these large diameter Reg-2 positive neurones do not
project to either skin or muscle.
D R. Davis is supported by the European Commission

PHOSPHOLIPASE A2 ACTIVITY IS UPREGULATED IN DORSAL ROOT
GANGLIA FOLLOWING SCIATIC NERVE INJURY IN VIVO. M. Homfelt*,
A. Edstrom and P.A.R, Ekstrom, Dept. of Animal Physiology, Lund University,
Lund, Sweden.
Phospholipases A2(PLA2) catalyse the hydrolysis of phospholipids, releasing

arachidonic acid which is the precursor of eicosanoids and leukotrienes. We have
previously shown that multiple forms of the enzyme coexist in the adult mouse
dorsal root ganglion (DRG) and may be of importance for neuronal cell death as well

as regeneration in vitro. The aim of this study was to investigate the role of PLA2 in
peripheral nerve regeneration within the animal by monitoring the PLA2 activity in

lumbar 4 and 5 DRG following sciatic nerve injury in vivo.
Adult mice, aged 5-6 weeks, were anaesthetized and the sciatic nerve subjected to a
crush injury at hip level. The animals recovered for 1, 2 or 4 days, after which they

were anaesthetized and killed and PLA2 activity measured in cell free homogenates of
the DRG.
The PLA2 activity in DRG was significantly enhanced 4 days after peripheral nerve

injury in vivo compared to unoperated controls. The increased PLA2 activity was
mainly cytosolic and strongly Ca2+ dependent.

The results of this study indicate a possible role for PLA2 activity in peripheral

nerve regeneration in vivo.
This study was supported by the Swedish Natural Science Research Council.

505.11

505.12

AKT/PKB PROMOTES BOTH NEURONAL SURVIVALAND
REGENERATION AFTER MOTOR NERVE INJURY.
K. NamikawaJ M. HonmaJ >2 K. Abe,1 <3 K. Mansur,1 T. ObataJ
A. Miwa,4 H. Qkado,4 and H. Kiyama.'1 * 1 Dept. of Anatomy, 2Dept. of
Dermatology, and 3Dept. of Psychiatry and Neurology, Asahikawa Medical
College, Asahikawa, Hokkaido. 078-8510 JAPAN. 4Dept. of Neurobiology,
Tokyo Metropolitan Institute for Neuroscience, Tokyo. 183-8526 JAPAN.
Neurotrophic factors such as GDNF or BDNF prevent motoneuron death
after axotomy. Previous studies demonstrated that two downstream
pathways of growth factor receptors, Ras-MAPK pathway and PI3K-Akt
pathway seemed the major pathways which can promote neuronal survival,
at least, in vitro. To assess significance of these pathways in neuronal
survival in vivo, adenoviral vectors representing constitutively active MAPK
kinase (MEK) and constitutively active Akt were constructed to activate RasErk pathway and PI3K-Akt pathway, respectively. Before transection of
hypoglossal nerve in neonatal rats, either Akt, MEK or LacZ expressing
adenoviral vector was injected into tongue to allow motor neurons to be
infected retrogradely, and thereafter the nerve was cut. The Akt
expressing motor neurons had a more significant survival activity than LacZ
expressing ones. On the other hand, MEK expressing motor neurons failed
to survive after axotomy. In addition, we also found that overexpression of
Akt in injured motor neurons accelerates nerve re-projecton in adult rats.
These results suggest that Akt plays dual roles in motor neuronal survival
and axonal regeneration in vivo.
Supported by Grant-In-Aid for Scientific Research from the Ministry of
Education, Science and Culture, Ministry of Heath and Welfare Japan.

CALBINDIN D28K AND CALRETININ IN THE REGENERATING
PERIODONTAL RUFFINI ENDINGS OF RAT INCISORS
FOLLOWING INJURY TO THE INFERIOR ALVEOLAR NERVE
H. Ajima1,2. R, Takagi2. Y, Atsumi3. S. Wakisaka3, T. Maedal*. Depts.
Oral Anatomy1 and Oral Maxillofacial Surgery2, Niigata Univ. School
of Dentistry, Niigata 951-8514, Japan; 3Dept. Oral Anatomy &
Developmental Biology, Osaka Univ. Faculty of Dentistry, Suita 5650871, Japan
Recent studies showed the presence of several calcium binding
proteins (CaBP) in the axon terminals of the periodontal Ruffini
ending, an essential mechanoreceptor in the ligament. CaBP may
participate in the calcium homeostasis in the Ruffini endings against
various stimuli such as occlusion, though its roles remain to be
elucidated. Little is known, however, on the regeneration process of
CaBP in the periodontal Ruffini ending following nerve injury. We
examined the distribution of calbindin D28k (CB) and calretinin (CR)
in the periodontal ligament of rat incisor following resection of the
inferior alveolar nerve (IAN), and compared to that of protein gene
product 9.5 (PGP 9.5)-iike immunoreactivity (-LI). In the normal
animals, both CB- and CR-LI were observed in the axon profile of the
Ruffini endings. By 5 days following IAN injury, the regeneration of
periodontal nerves started, but CB- and CR-LI appeared around 7-10
days following IAN injury. The regeneration of periodontal Ruffini
endings completed by 21-28 days following IAN injury, but number of
periodontal Ruffini endings showing CB- and CR-LI was still smaller
than that of the normal animals. The expression of CB- and CR-LI
returned normal levels by 56 days following IAN injury. The
delayed expression of CB and CR suggest that functional recovery of
periodontal Ruffini endings occurred after completion of the
regeneration.

505.13

505.14

IMMUOHISTOCHEMISTRY OF S-100 IN THE PERIODONTAL
LIGAMENT OF THE RAT INCISOR FOLLOWING RESECTION
OF THE INFERIOR ALVEOLAR NERVE.
S. Wakisaka1*.
Y. Atsumi1 .T. Maeda2 and K, Kurisu1. ‘Dept. Oral Anatomy &
Developmental Biology, Osaka Univ. Faculty of Dentistry, Suita 5650871, and 2Dept. Oral Anatomy, Niigata Univ. School of Dentistry,
Niigata 951-8514, Japan.
It is known that Schwann cells play important roles during the
development and regeneration. The present study was undertaken to
reveal the changes in the distribution of glial elements associated with
Ruffini endings in the periodontal ligament of rat incisor following
resection of the inferior alveolar nerve, by immunohistochemistry for
S-100 protein, a marker for Schwann cells. In the normal animals, S100-like immunoreactivity (-LI) was observed in the Schwann cells of
Ruffini endings in the alveolus-related part (ARP) of the ligament.
Under electron microscope, S-10CFLI was observed in the cytoplasm
of the terminal Schwann cells and Schwann sheath of the Ruffini
ending. During the regeneration, S-100-LI also appeared in the
slender- or round-shaped cells at the border between ARP and toothrelated part (TRP) (shear zone) and the TRP of the ligament, where S100-LI was rarely detected in normal animals. Electron microscopic
observation identified that they were Schwann cells.
Some
regenerating axons were observed at the shear zone as well as ARP,
but they were rarely found in the TRP. With the proceed of the
regeneration of periodontal Ruffini endings, S-100-IR slender- or
round-shaped Schwann cells in the shear zone and TRP decreased in
number, and disappeared when the regeneration completed around
35-42 days after resection.

AXONALLY TRANSPORTED CELLULAR PRION PROTEIN IS
UPREGULATED DURING NERVE REGENERATION. K. L. Moya*,
R, Hassig and L. Di Giamberardino. CNRS URA 2210 and INSERM
U334, SHFJ-CEA, DRM, DSV, Orsay, France 91406.
The cellular prion protein (PrPc) is a synaptic glycoprotein enriched in
plastic regions of the brain (Sales et al. Eur. J. Neurosci. 10\ 2464,
1998). The protein is abundant in growing axons such as in the adult
olfactory nerve or various pathways in the developing brain. PrPc is
transported in the rapid phase of axonal transport and recently we have
shown that a novel 38kD PrPc form is the major or only anterogradely
transported form of the protein (Rodolfo et al., in preparation). These
observations suggest that axonally transported PrPc may undergo
changes during nerve regeneration.
Adult male hamsters were anesthetized and the sciatic nerve crushed at
midthigh. At various survival times or in uninjured controls, the nerve
was exposed and an accumulation transection made. 24h later the
animals were killed and nerve segments proximal to the section and from
the uninjured contralateral nerve were collected. Decreased AChE
activity in the crushed nerve segments was used as a measure of the
regeneration of the sciatic nerve axons. Western blot analysis showed an
accumulation of 38kD PrPc in the segment proximal to the transection.
In regenerating nerves the anterograde accumulation of 38kD PrPc was
greater than in nonregenerating nerve and this increased from 3 to 28
days post crush. Little or no change was noted in the 33kD and 36kD
PrPc forms abundant in nerve and brain.
These results show that 38kD rapidly transported PrPc is upregulated
during nerve regeneration and suggests a role for this cell surface
glycoprotein in axon growth. Support: INSERM, CNRS and CEA.
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THE ROLE OF FAST AXONAL TRANSPORT PROTEINS IN SPINAL CORD
REGENERATION. B.J. Iskandar? B. Witwer? A. Unlu? N. Hariharan,1 M. Javid?*
J.H.P. Skene.2 ‘Dept. of Neurosurgery, Univ. of Wisconsin, Madison, WI 53792,2Dept.
of Neurobioiogy, Duke Univ.
The inability of Central Nervous System (CNS) neurons to regenerate after injury has
been one of the most challenging problems in clinical neurology. For regeneration to
occur, signals need to be transmitted between the cell body and the regenerating axonal
tip. Such signals occur through axonal transport proteins, which are generally divided
into fast and slow proteins.
In this paper, we have studied the role of fast proteins in transmitting the cell bodyaxon tip signals that are essential in mediating growth. Sciatic nerve segments were
grafted into the injured cervical spinal cord of adult male Sprague-Dawley rats. The
peripheral nerve graft acts as a permissive environment within which spinal cord (dorsal
column) axons may grow. In addition, the axons are encouraged to grow because of a
concomitant peripheral (sciatic nerve) injury, as previously established. After a defined
period of time ranging from 1 to 3 weeks, the grafts were backfilled with a fluorescent
tracer, Fluorogold^ at a distance of 1 cm from the graft site. Twenty-four hours later,
the animals were perfused, the L5 dorsal root ganglia (DRG) were removed and
sectioned, and the number of fluorescent DRG cell bodies was counted. The first
evidence of regeneration was seen 14 days after injury. No regeneration occurred at 8,
10, and 12 days. No additional regeneration occurred at 21 days. The speed of signal
transmission between the cell body and the axon tip was determined by dividing the
DRG-backfill site distance by the time required for regeneration to occur.
We conclude that the absolute minimum rate of signal delivery between the cell body
and injury site is 5.7 mm/day. The velocity of signal transmission is even greater when
one also takes into consideration the time required for initiating growth as well as the
time it takes for 1 cm of regeneration to occur into the graft. Fast axonal proteins play
an important role in the transmission of regenerative signals in the injured rat spinal
cord. (Work was supported by the Univ. of Wisconsin new faculty startup awards).

CNS INJURY RAPIDLY INDUCES ENOS IMMUNOREACTIVITY COINCIDENT
WITH DAF-2A STAINING IN HIRUDO MEDICINALIS.
O. Furmanski1, S, M. Kumar1. A, Chen2, B. Einhom1, C, L. Sahlev1’, &K. J. Muller2*
‘Dept. of Biological Sciences, Purdue University, West Lafayette, IN, 47907;2 Dept.
of Physiology & Biophysics, Univ. of Miami School of Medicine, Miami, FL 33136.
The CNS of the leech Hirudo medicinalis has been useful to study neuronal injury
and regeneration because injured axons accurately regenerate functional synapses.
We have previously demonstrated that injury to the leech CNS rapidly induces eNOS
immunoreactivity at the lesion before microglia migrate and accumulate there. We
now report that following injury to the leech CNS, there is spatial and temporal
correlation between injury-induced endothelial Nitric Oxide Synthase (eNOS)
immunoreactivity and injury-induced NO production, assessed by staining with 4,5diaminoflourescein diacetate (DAF-2A). This injury-induced DAF-2A staining was
blocked when tissue was pre-incubated in the NOS inhibitor A"-nitro-L-arginine
methyl ester (L-NAME). Pre-incubation of the tissue in the inert enantiomer A“-nitroD-arginine methyl ester (D-NAME) had no effect on the injury-induced DAF-2A
fluorescence, confirming that the injury-induced fluorescence resulted from
production of NO. Our preliminary immunohistochemical and immunoblot studies
show that this injury-induced eNOS immunoreactivity peaks minutes following injury,
by 24 hr extends beyond the crush region and appears more diffuse, and after several
days in culture diminishes. Five min after crushing, eNOS immunoreactivity was
present among nerve fibers in the connectives, predominantly where crushed axons,
glia, and microglia are located and not in the sheath. In contrast, immunoreactivity for
inducible NOS (iNOS) in injured cords is not present shortly after injury, but develops
over days in culture. These data are consistent with our earlier finding that an eNOSlike protein expressed by neuroglia ensheathing the connectives accounts for NOS
activity at the lesion and demonstrates that the eNOS actively makes NO immediately
after nerve injury.
Supported by NIH grants to KJM and CLS.

505.17
A NEURAL FORM OF A PROTEIN 4.1 SUPERFAMILY MEMBER IS UPREGULATED IN A REGENERATING LEECH NEURON. T.J, Wilkinson1, S,
Korneev1, S.E, Blackshaw2, J.P. Bacon1* and J.A, Davies1. 'Sussex Centre for
Neuroscience, University of Sussex, Falmer, Brighton BN1 9QG, UK; 2Dept of
Human Anatomy, University of Oxford, South Parks Road, Oxford, 0X1 3QX, UK
We have constructed a cDNA library enriched in sequences up-regulated during
regeneration of Retzius cells of the leech, Hirudo medicinalis (Korneev et al. 1996,
1997). Sequence analysis of selected recombinants has identified both novel
sequences and sequences homologous to molecules characterised in other species.
One of these molecules shows homology to Protein 4.1, implying sub-localisation to
the plasma membrane. Leech 4.1 is highly homologous to the human form of the
protein, exhibiting 29% similarity across its whole length, and 48% when only the 4.1
domain is compared. Like many human Protein 4.1 isoforms, it lacks the
spectrin/actin binding domain characteristic of the prototypical erythrocyte 4.1.
Using in situ hybridisation to whole leech ganglia, we have shown that this neural
form of a leech 4.1 family member is up-regulated during regeneration of Retzius
cells. We will also present analysis of novel sequences isolated from the library, and
the subsequent isolation of their homologues in the genetically malleable organism,
Drosophila melanogaster. The best characterised of these is a putative hydrolase
which is expressed in the Drosophila adult head.
REFERENCES
S. Korneev, S.E. Blackshaw, K. Kaiser & J.A. Davies (1996) Proc. R. Soc. Lond. B
263, 57-62
S. Korneev, A. Fedorov, R. Collins, S.E. Blackshaw & J.A. Davies (1997) Inv.
Neurosci 3, 185-192
This work is supported by the Biotechnology and Biological Sciences Research
Council of the UK.

VISUAL SYSTEM DEVELOPMENT: RECEPTIVE FIELD PROPERTIES,
SYNAPTIC PHYSIOLOGY AND SPONTANEOUS ACTIVITY
506.1

506.2

SPECIES-DEPENDENT MATURATION OF SYNAPTIC TRANSMISSION
IN THE SUPERIOR COLLICULUS. A.M. White and B. Platt*. Biomedical
Sciences, Aberdeen University, Aberdeen AB25 2ZD, Scotland, UK.
In the present study, we established a profile of synaptic transmission in the
superficial (visual) layers of the superior colliculus (SC) during the first 2 weeks
post eye-opening. Activity-dependent maturation processes in the SC may
depend on the species studied. Accordingly, severe deficits in visual structures of
albino mammals have been reported. We therefore investigated functional
differences in synaptic transmission at synapses in the superficial SC of albino
and pigmented rats at different stages of development. SC slices were submerged
in a recording chamber, a monopolar stimulation electrode was placed in the
optic layer, and evoked postsynaptic potentials (fEPSP) were recorded in the
superficial grey layer. Input-output (I/O) curves were established by increasing
the stimulation intensity until the signal became saturated. Additionally, the
action of GABA and the ability of slices to express LTPO was studied.
Over the same range of stimulation intensities, sigmoidal I/O relationships
were obtained for all groups. Generally, it was difficult to evoke synchronised
fEPSP in SC slices just after eye-opening. A high rate of spontaneous activity
was monitored and single-unit spikes were picked up. At this age, I/O curves
were found to be similar, and LTPG was variable and unstable for both species.
One week after eye-opening, the signals from pigmented rats (but not from
albino rats) had matured drastically and were significantly larger. In both
species, robust LTPG could be obtained and spontaneous activity was reduced.
We conclude that SC synaptic transmission is not folly functional after eyeopening and undergoes significant maturation. The state of pigmentation has a
crucial influence on this process, with a lack of melanin preventing an activitydependent enhancement. This should be taken into account when studying
mechanisms of neuronal communication and plasticity in the visual system.

RELATIONSHIP BETWEEN RECEPTIVE FIELD STRUCTURE AND
ORIENTATION SELECTIVITY IN SIMPLE CELLS OF IMMATURE FERRET
PRIMARY VISUAL CORTEX. S. Taha and M.P. Stryker*. Department of
Physiology, UCSF; San Francisco, CA 94143-0444.
Selectivity for stimulus orientation is a hallmark of primary visual cortical
cells. Despite over thirty years of study the origin of this selectivity remains
obscure. Recent computational studies have proposed that activity-dependent
competition between geniculate inputs of different center types may drive the
segregation of initially convergent on- and off-center geniculate inputs into the
distinct, non-overlapping on- and off- subregions of cortical simple cells. In the
ferret, on- and off-center geniculate input to the cortex is segregated into distinct
columns in layer IV; this segregation makes the ferret well suited for studies of the
relationship between on/off geniculate input and cortical orientation selectivity.
Using microelectrode recordings in the immature ferret (ferrets aged P27-P43, prior
to and during the earliest period of maturation of orientation tuning) we have
investigated the relationship between receptive field structure and orientation
selectivity in primary visual cortex. Sweeping bars presented at 8 different
orientations were used to determine the best orientation of each cell studied and to
calculate the orientation selectivity index (a measure of orientation tuning).
Subsequently, flashing, elongated light bars presented at the optimal orientation were
used to assess the spatial organization of on and off responses in the receptive field.
Indices for on/off segregation (a measure of on and off separation in the receptive
field) and on/off balance (quantifying the difference between overall on and off
response strength) were calculated for each neuron studied. Neither value correlated
significantly with the orientation selectivity index. These results suggest that the
range of orientation selectivities encountered in simple cells of the immature ferret
cannot be accounted for by differences in the degree to which on and off sub-fields
are segregated. Research funded by NIH grant to MPS (EY02874), ARCS
scholarship to ST.
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506.4

FINE-SCALE ANALYSIS OF RECEPTIVE FIELD MATURATION IN THE
DEVELOPING FERRET LGN.
Sohail F. Tavazoie and R. Clay Reid*. Department of Neurobiology, Harvard
Medical School, Boston, MA 02115.
In the adult mammalian visual system, neurons of the lateral geniculate
nucleus (LGN) typically receive connections from 2-4 retinal ganglion celis.
Previous work from our laboratory and others has shown that of these retina!
inputs, one or two generally dominate as the primary input to the geniculate
neuron. During the early stages of retinogeniculate development, however, each
ganglion cell axon diverges extensively onto many geniculate neurons. As a result,
each geniculate neuron receives input from many ganglion cells. This raises the
questions: what is the functional consequence of extensive retinal convergence
onto an immature geniculate neuron?
To address these questions, we have made high-resolution spatial maps
of LGN receptive fields in ferrets between eye opening (P30-34) and adulthood.
Receptive fields were mapped by correlating single unit activity with white-noise
visual stimuli.
Adult geniculate receptive fields in the ferret were similar in structure to
those of the cat. In contrast to adult receptive fields, geniculate receptive fields in
young ferrets (less than ~p45) had 1) larger spatial dimensions, 2) weaker
surround responses, and 3) longer response latencies. Young geniculate receptive
fields were also larger than age-matched ganglion cell receptive fields mapped
from optic tract responses. These findings provide a physiological measure of the
effects of axonal refinement in the weeks following eye opening.
Supported by NIH EY-10115, EY-12196 and the Edward R. and Anne G. Lefler
Center.

MULTISTRATIFIED ALPHA AND BETA GANGLION. CELLS IN
DEVELOPING FERRET RETINA MANIFEST ON-OFF RESPONSES TO
LIGHT. G-Y Wang*, L.C. Liets, C.J. Wefers & L.M. Chalupa. Neurobiology,
Physiology & Behavior, University of California, Davis CA 95616.
In the mature retina the dendrites of ON and OFF ganglion cells are
stratified into distinct sublaminae of the IPL, but early in development these
processes are multistratified, ramifying throughout this synaptic layer. This
restriction of dendrites is thought to involve glutamate-mediated afferent
activity since intraocular injections of the glutamate agonist APB (which
hyperpolarizes ON-cone bipolar cells and rod bipolar cells) results in a
maintenance of multistratifed ganglion cells (Bodnarenko & Chalupa, 1993,
Bodnarenko et al., 1995). This interpretation assumes that immature ganglion
cells receive functional synaptic inputs from bipolar cells. To test the validity
of this assumption, we examined the responses of ganglion cells in postnatal
ferrets to flashing spots of light by whole-cell patch clamp recordings using a
whole-mount preparation. Cells were filled with Lucifer-yellow to allow us to
relate their morphological properties to light-evoked response patterns. Our
findings indicate that both beta and alpha ganglion cells yield robust responses
to light very early in development, several days before eye opening which is
usually at P33. In postnatal ferrets, some ganglion cells yielded only ON
responses, others only OFF responses, while a significant proportion of cells
manifested both ON and OFF discharges. In all cases, a particular response
pattern to light correlated with the morphological state of the recorded cell’s
dendrites, with all ON-OFF cells having multistratified dendrites. These results
provide evidence that initially exuberant dendritic processes of individual
retinal ganglion cells receive functional inputs from both ON and OFF bipolar
cells. (Supported by EY03991 from the NEI and IBN 12593 from the NSF).

506.5

506.6

THE NUMBER AND EFFICACY OF SINGLE RETINAL AXON INPUTS TO
CELLS IN THE FERRET LATERAL GENICULATE NUCLEUS DURING THE
DEVELOPMENT OF ON/OFF SUBLAMINATION. C. D. Hohnke* and M. Sur.
Department of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.
During the third and fourth postnatal weeks in ferrets, retinal projections to
the lateral geniculate nucleus (LGN) segregate into sublaminae that receive input
from either ON-center or OFF-center afferents. To examine whether the number of
retinal axons innervating a LGN cell changes during sublamination, and to determine
possible changes in the effectiveness of a single axon’s synapses, we recorded
intracellularly from LGN cells in slices while using minimal stimulation of the optic
tract to isolate single axon inputs.
Properties of single fiber EPSCs (sfEPSCs), including their amplitude, rise
time and half-width, are stable during ON/OFF sublamination. The efficacy of an
axon in bringing a cell to action potential threshold also remains stable during
sublamination. On average, sfEPSCs are not much larger than spontaneous EPSCs or
optic tract-evoked miniature EPSCs (Hohnke and Sur, J. Neurosci. 19:236, 1999), but
have somewhat slower rise times and longer half-widths. In the majority of cells,
increasing the intensity of optic tract stimulation leads to large increases in EPSC size
(relative to the variability in size at low stimulus intensity). In younger cells, the
increase is step-wise, indicative of a progressive recruitment of retinal axons. In older
cells, the increase in EPSC size is often gradual, with EPSCs showing very slow rise
times and long half-widths indicative of corticogeniculate axon recruitment.
Considering the retinal EPSCs alone, there is a progressive reduction in the maximal
number of steps evoked in LGN cells during the period of sublamination.
Thus, while the number of putative retinal axons innervating a LGN cell
declines during sublamination, the effectiveness of each afferent axon in depolarizing
the cell appears to be held remarkably stable. This could occur by a process of
normalization of an axon’s synapses onto a cell during this period of development.
Supported by NIH Grant EY11512.

THE RATIO OF AMPA TO NMDA RECEPTORS IN THE FERRET LATERAL
GENICULATE NUCLEUS DURING THE DEVELOPMENT OF ON/OFF
SUBLAMINATION. S. Pray*, C. D. Hohnke and M. Sur. Department of Brain and
Cognitive Sciences, MIT, Cambridge, MA 02139.
Retinal axons innervating the ferret lateral geniculate nucleus (LGN) segregate
into ON/OFF sublaminae during the third and fourth postnatal weeks by an activitydependent process. A possible substrate of such a process is that early in development
synapses may express mainly NMDA receptors, and synapses that are stabilized or
strengthened would subsequently express AMPA receptors as well. Thus, the ratio of
AMPA to NMDA receptors would increase as development proceeds.
The ratio of AMPA to NMDA receptors during the sublamination period was
examined using immunostaining of LGN sections. Antibodies against the GluRl
(AMPA) and NR1 (NMDA) receptor subunits were examined with fluorescent
confocal microscopy. Both GluRl and NR1 staining was robust in our material at all
ages and neither signal showed significant developmental change. The degree of
colocalization of GluRl and NR1 receptor subunits remained relatively constant
between postnatal days 18 and 32.
To further explore the relative contributions of glutamate receptor subtypes,
intracellular recordings were conducted in LGN slices. Areas, rise times and decay
times of spontaneous EPSCs (sEPSCs) recorded at depolarized holding potentials (to
activate both NMDA and AMPA receptors) showed little change during the period of
sublamination. Additionally, the CNQX-sensitivity of sEPSCs, and the calculated
ratio of AMPA to NMDA current in sEPSCs, was similar at the beginning and after
the completion of retinal axon reorganization. Different LGN cell types may show
differential regulation of AMPA and NMDA receptors during development; for the
population, however, these results suggest that the ratio of AMPA to NMDA
receptors are established prior to ON/OFF sublamination.
Supported by NIH Grant EY 11512.

506.7

506.8

CONTRIBUTION OF CATIONIC AND CHLORIDE CURRENTS TO
SPONTANEOUS BURSTING ACTIVITY IN THE DEVELOPING
RETINA. K.L. Myhr, '* P.D. Lukasiewicz2 and R.O.L. Wong'. Depts.
of Anatomy and Neurobiol.1 and Ophthalmol.2, Washington University
Sch. of Med.; St. Louis, MO 63110.
Retinal ganglion cells (RGCs) undergo spontaneous rhythmic bursting
activity prior to the onset of vision. To gain a better insight into the
synaptic currents underlying this activity as the retinal circuitry matures,
we recorded and compared the postsynaptic currents of ferret RGCs
from two age groups: During the period when bursting activity involves
cholinergic (ACh) and GABAergic excitation (postnatal days P7-10),
and when excitation is dominated by glutamatergic transmission (P2124). While glutamate and ACh can contribute to cationic currents, Cl
currents are mediated by GABA (and/or glycine). To measure cationic
currents, RGCs were whole-cell voltage clamped at Ec,- (set at -55 mV).
Cl currents were isolated at a holding potential of 0 mV. For both age
groups, periodic bursts of cationic and Cl currents were observed with
similar interburst intervals, suggesting that both of these currents
underlie spontaneous bursting activity at the ages studied. Several
characteristics of the activity differed with age: With increasing age
(i) Cl and cationic bursts became more complex and many small
amplitude events occurred during the interburst interval, (ii) cationic
and Cl bursts occurred more frequently, and (iii) the peak amplitude of
Cl bursts became larger. Together, these differences suggest that apart
from postsynaptic changes (e.g. changes in receptor properties), the
nature and temporal characteristics of the presynaptic inputs that
underlie spontaneous bursting activity in RGCs are also likely to alter
with maturation.
Supported by NEI (R.O.L.W., P.D.L.), NIH training grant (K.L.M.).

RHYTHMIC SYNAPTIC ACTIVITY IN DISSOCIATED MAMMALIAN
RETINAL CULTURES. R. E. Harris*, M. G. Coulombe, and M. B. Feller.
NINDS National Institutes of Health. Bethesda MD 20892.
Rhythmic correlated bursts of action potentials are generated in the immature
retina by a synaptically connected network containing amacrine and ganglion cells.
To elucidate the cellular mechanisms underlying the generation of this rhythmic
activity, we have examined the pattern of spontaneous activity generated in
dissociated retinal cell cultures using whole cell voltage clamp recording. Cultures
from Pl ferret or P1-P2 mice contained multiple retinal cell types as identified by
cell type specific antibodies and electrophysiological properties. Retinal ganglion
cells (RGCs) were identified by multiple action potentials in response to current
injection and presumptive amacrine cells had large potassium and small or absent
sodium conductances in voltage clamp mode.
Dense cultures (0.8 to 9 million cells per 5 sq. cm) older than 15 days had a high
level of spontaneous synaptic activity. Postsynaptic currents (PSCs) were
comprised of fast (<5 msec tau decay) and slow (>20 msec tau decay) events.
Starburst amacrine cells, the sole source of acetylcholine in the retina, contributed
to synaptic currents since events were reduced in frequency by d-tubocurarine (100
jli M; n=7). PSCs were partially blocked by tetrodotoxin (lOOnM; n=7), indicative
of RGCs and possibly spiking amacrines participating in synaptic events. Highly
rhythmic PSCs were seen in 20% (7 of 34) of the cells that possessed synaptic
activity. Individual bursts were 1.23 +/- 0.391 sec. in duration, occurring every
8.26 +/- 3.39 sec., and were comprised primarily of fast events. These results
suggest that dissociated retinal cultures contain a network of synaptically coupled
amacrine and ganglion cells, providing a model system to study rhythmic behavior
in neuronal networks.
This work was funded by the NINDS Intramural Research Program.
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506.9
LONG TERM SYNAPTIC DEPRESSION IN THE DEVELOPING LGN.

J. Ziburkus* and W. Guido. Dept. of Cell Biology and Anatomy, LSU Medical Center,
New Orleans, LA 70112.
Long term associative changes in synaptic efficacy are believed to mediate the
stabilization of developing sensory connections. Here we show that long-term changes
exist at the developing retinogeniculate synapse and that such changes can be induced
by tetanic stimulation of optic tract (OT) in a manner that mimics the early spontaneous
activity of retinal ganglion cells. We used an in vitro isolated brainstem preparation in
which a large segment of OT and the entire lateral geniculate nucleus (LGN) remain
intact. OT fibers were electrically activated, and synaptic responses in the form of
extracellular field potentials were recorded in the LGN of albino and hooded rat pups.
These field potentials were postsynaptic in origin, showing a sensitivity to glutamate
and GABA antagonists. Prior to eye opening (<14 days), high frequency stimulation of
OT led to a reliable and long-lasting (>90 min.) depression (LTD) in the amplitude (4060%) of the evoked response. The responses to single OT shocks given once every 30
sec. over a similar time frame remained stable and failed to show depression. The
tetanus induced LTD was not mediated by an enhancement of GABAergic activity since
it was not blocked by bath application of bicuculline (lOpM). Conjoint bath application
of the NMDA blocker D-APV (50pM) and the L-type Ca2+ channel blocker nitrendipine
(lOpM) led to a complete blockade of LTD. When applied separately, D-APV led to a
partial blockade, whereas nitrendipine produced an almost complete blockade.
Application of NG-Nitro-L-arginine (100 pM), an inhibitor of nitric oxide synthase, had
no effect on the induction of these tetanus-induced changes but curtailed the duration
(<20 min). LTD also seemed to be developmentally regulated. After eye opening, (>16
days) tetanus-induced LTD was lacking, and in many cases high frequency stimulation
of OT led to a long-term increase in the amplitude of the field potential. Experiments
are underway to determine whether there is a causal relationship between LTD and the
activity-dependent pruning of retinogeniculate connections. (Supported by lsumc Research
Enhancement Fund)

HORMONES AND DEVELOPMENT: SPINAL CORD AND MORE
507.1

507.2

LATE POSTNATAL ANDROGEN MANIPULATIONS ALTER CHOLECYSTOKININ-8-LIKE IMMUNOREACTIVE AFFERENTS IN RAT
LUMBOSACRAL LAMINAE VII AND X. P.C. Phan* and B.W. Newton.
Dept. of Anatomy, Univ. of Arkansas for Med. Sci., Little Rock, AR 72205.
Afferents containing cholecystokinin-8-like immunoreactivity (CCK-8-LI)
are prominent in lumbosacral (L-S) laminae VII and X. Spinal CCK-8 is
thought to regulate nociception and reproductive functions. Two of our
previous studies have shown that adult males (M) contain more L-S CCK-8LI than females (F) and that testosterone propionate (TP) and dihydroTP
(DHTP) given to F on postnatal days (P)0,2,4 increases the amount of L-S
CCK-8-LI. This study was performed to determine if late hormonal manipulations could alter the qualitative amount of M or F L-S CCK-8-LI. In the
first experiment, F rats were injected with TP or DHTP (lmg in soy oil) on
P12,14,16. Controls consisted of soy oil injection or normal littermate M and
F. In the second experiment, M pups were castrated on P10. All pups
matured until P60 before perfusion for IHC using DiaSorn CCK-8. The F
controls in the first experiment showed no increase in CCK-8-LI while the FTP and DHTP rats showed increases in CCK-8-LI which approached the M
CCK-8-LI pattern. No differences were noted between the TP or DHTP
groups; indicating that the increase in CCK-8-LI was not due to androgens
aromatized to estrogen. In the second experiment, the castrated M rats
showed decreased lumbosacral CCK-8-LI, while the CCK-8-LI in sham and
normal control M remained unchanged. These data suggest that, in addition
to perinatal (P0,2,4) androgens, late postnatal androgens are also required to
establish the sexually dimorphic CCK-8-LI pattern (M»F). Sexual
dimorphism of L-S CCK-8-LI and the androgen regulation of CCK-8 may be
partially responsible for sex differences seen in reproductive behavior and
pain. Support: UAMS CAGSRF Award (DCP) and UAMS MREF (BWN).

ANDROGEN RECEPTOR (AR) EXPRESSION IN DEVELOPING
HAMSTER FACIAL MOTONEURONS (FMN). C.B.
Huppenbauer*, L,L, DonCarlos, and K.J. Jones, Dept. of Cell
Biology, Neurobiology, and Anatomy, Loyola University Chicago,
Maywood, IL 60153.
In the adult hamster, 100% of FMN will survive transection of the
facial nerve at the stylomastoid foramen. In contrast, during the first
2 postnatal weeks, transection of the facial nerve at the stylomastoid
foramen results in considerable FMN death. By postnatal day (PND)
15, FMN have acquired the ability to survive facial nerve transection
and regenerate. Administration of testosterone propionate (TP)
following facial nerve transection in adults enhances the regenerative
properties of FMN. The ability of TP to enhance FMN survival
during development is unknown, however. Furthermore, it is not
known when androgen receptors (AR) first appear in FMN. In the
present study, this question was addressed using ICC with the AR
antibody PG-21 (a gift of Dr. Gail Prins). Brainstem sections
containing the facial nucleus were collected from male and female
hamsters at PND 4-15. Some of the animals were injected with TP;
others were not. AR-immunoreactive cells were discernable in the
FMN at early as PND 4 in both males and females, with nuclear
labeling observed in the TP-injected animals. Experiments are
underway to determine if AR expression occurs prior to PND 4, and if
TP will rescue axotomized PND 4 FMN from cell death.

507.3

507.4

CASTRATION DECREASES BCL-2 PROTEIN LEVELS IN THE SPINAL
NUCLEUS OF THE BULBOCAVERNOSUS OF ADULT RATS. S.L. Zup*,
J.L. Pfau, and N.G. Forger. Neuroscience and Behavior Program, University of
Massachusetts, Amherst, MA 01003.
The spinal nucleus of the bulbocavemosus (SNB) is a sexually dimorphic
cluster of motoneurons in the lumbar spinal cord that innervates perineal muscles.
Male rodents have more and larger SNB motoneurons than do females. The
dimorphism in SNB motoneuron number results from androgen-regulated cell
death occurring perinatally. In adulthood, androgen no longer determines SNB
motoneuron survival, but does regulate soma size and dendritic extent. The Bcl-2
family of proteins has been implicated in mediating developmentally-regulated
cell death. The ratio of pro-life (e.g., Bcl-2) to pro-death (e.g., Bax) family
members apparently determines a cell’s fate. The continued expression of Bcl-2
family members in some neurons after the cell death period suggests additional
roles for family members beyond the regulation of cell death. The present study
investigated whether Bcl-2 and Bax might be involved in adult plasticity of SNB
motoneurons by examining protein expression in hormonally manipulated rats.
Adult males were either castrated or sham-castrated and females were left intact.
Four weeks later, animals were sacrificed and alternate sections through the SNB
were processed for immunocytochemical detection of Bcl-2 and Bax in SNB
motoneurons. Bcl-2 immunoreactivity in SNB cells was significantly reduced in
castrated males compared to sham-castrated males (p<0.05). Bcl-2 labeling in
females was intermediate, and not significantly different from either male group.
There were no significant differences in Bax protein levels between groups.
These findings indicate that castration can alter Bcl-2 levels in neurons of adults,
suggesting a role for Bcl-2 in neural plasticity. We are currently examining Bcl-2
and Bax expression in hormonally manipulated rats during the cell death period.
Supported by NIH HD01188, HD33044 and the Whitehall Foundation.

BLOCKING MASCULINIZATION OF RAT SPINAL MOTONEURONS BY
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Supported by NIH grant NS28238 (KJJ).

LOCAL APPLICATION OF TROPHIC FACTOR ANTAGONISTS.

J. Xu* and N.G. Forger. Center for Neuroendocrine Studies, and Program in
Molecular and Cellular Biology, Univ. of Massachusetts, Amherst, MA 01003.
Motoneurons of the spinal nucleus of the bulbocavemosus (SNB) reside in the
lumbar spinal cord and innervate the bulbocavemosus (BC) and levator am (LA)
muscles.
Adult males have larger BC/LA muscles and many more SNB
motoneurons than do females. This sex difference comes about as a result of
androgen regulated cell death: androgens secreted by the perinatal testes act at the
BC/LA target muscles to indirectly spare SNB motoneurons in males. Effects of
androgens on the developing SNB system may be mediated by neurotrophic factors.
Ciliary neurotrophic factor (CNTF), brain-derived neurotrophic factor (BDNF) and
neurotrophin-4 (NT-4) are all good candidates for the regulation of motoneuron
survival in development. BDNF and NT-4 exert their biological effects by binding to
the trkB receptor; CNTF acts via CNTFRa. To examine whether endogenously
produced BDNF, NT-4, or a CNTF-like molecule normally regulate SNB survival,
we attempted to block ligand binding to CNTFRa or to trkB receptors, with the
antagonists AADH-CNTF (R. Laufer, IRBM) and trkB-IgG (Regeneron). Newborn
female rats were treated with 125 pg testosterone propionate (TP) or oil on postnatal
days 1 and 2. In addition, pups received perineal injections of either PBS or a trophic
factor antagonist on Pl- P3 (1 pg AADH-CNTF/day or 25 pg trkB-IgG/day). On
Pl6 the animals were sacrificed. Cell counts confirmed that TP significantly
elevated SNB motoneuron number. Perineal injections of trkB-IgG prevented the
androgenic rescue of SNB motoneurons. The CNTFRa antagonist did not have a
significant effect at 1 pg/day, and we are currently testing higher doses. These
results indicate that endogenously produced neurotrophic factors are required for
androgenic sparing of SNB motoneurons.
Supported by NIH HD 33044, HD 01188 and the Whitehall Foundation.
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ESTROGEN REGULATES GROWTH BUT NOT RETRACTION OF DENDRITES IN A
SEXUALLY DIMORPHIC RAT SPINAL NUCLEUS. S.L, Hebbeler, T,

THE BULBOCAVERNOSUS AND LEVATOR ANI (BC/LA)
MUSCLE COMPLEX EXPRESSES BDNF PROTEIN. A. P.
Arnold* and L. Y. Yang. Depts of Physiological Science and
Neurobioiogy, UCLA, Los Angeles, CA 90095-1527.
Axotomy of the spinal nucleus of bulbocavernosus (SNB)
motoneurons significantly decreases their expression of both
androgen receptor and brain-derived neurotrophic factor (BDNF).
BDNF application to the cut SNB axons prevents these axotomyinduced changes. In this study, we examined the relation between
androgen and BDNF expression in androgen-sensitive BC/LA
muscle and androgen-insensitive gracilis posticus (GP) muscle. In
addition, we investigated the effect of axotomy on the ability of SNB
motoneurons to accumulate androgen. Using ELISA we found that
BDNF is expressed in both muscles at a similar level. Moreover,
using autoradiography we found that axotomy decreases
accumulation of androgen in SNB motoneurons. Although BDNF
expression in muscle seems unrelated to muscle sensitivity to
androgen, the data are compatible with the idea that BDNF produced
in BC/LA muscle is retrogradely transported to the SNB
motoneurons and maintains normal androgen receptor expression,
which reflects the ability of SNB motoneurons to accumulate
androgen. Supported by NIH grant HD 15021.

Verhovshek and D.R. Sengelaub*. Program in Neural Science,
Indiana University, Bloomington, IN 47405.
Dendritic development of motoneurons in the spinal nucleus of the
bulbocavernosus (SNB) in male rats is biphasic, initially showing
exuberant growth through four weeks of age followed by a retraction
to mature lengths by seven weeks of age. The initial growth is
steroid dependent, attenuated with castration or inhibition of
estrogen synthesis, and supported by hormone replacement.
Dendritic retraction is also steroid-sensitive and can be inhibited by
testosterone treatment. We tested (1) whether natural estrogens
could support SNB dendritic growth and (2) whether estrogen was
involved in the retraction phase of SNB dendritic development.
Dendritic morphology was assessed in normal males, females
perinatally masculinized with dihydrotestosterone and then
ovariectomized or left intact, and males treated daily throughout the
retraction period with the aromatase inhibitor fadrozole, or saline
vehicle (n=4-5 per group). SNB motoneurons were retrogradely
labeled with cholera toxin-HRP at four or seven weeks of age and
reconstructed in three dimensions (Neurolucida). Initial growth of
SNB dendrites was reduced by over 30% after ovariectomy in
masculinized females, similar to the effect we have previously
reported for fadrozole-treated males. However, no differences were
seen at seven weeks of age between groups of masculinized females or
between groups of males. Together, these results suggest that
estrogens are involved in the growth but not the retraction of SNB
dendrites during development. Supported by NIH HD35315.

507.7

507.8

BDNF COUNTERACTS CASTRATION- AND AXOTOMYINDUCED REDUCTION IN SNB MOTONEURONAL SOMA
SIZE. L. Y. Yang* and A. P. Arnold. Depts of Physiological
Science and Neurobioiogy, UCLA, Los Angeles, CA 90095-1527.
In male rats, the spinal nucleus of the bulbocavernosus (SNB)
motoneurons express high levels of androgen receptors. Recently,
we have demonstrated that brain-derived neurotrophic factor
(BDNF) applied to the cut SNB axons prevents and restores the
axotomy-induced loss of androgen receptor expression in the SNB
motoneurons. In this study, we investigated whether and how BDNF
interacts with testosterone to regulate SNB soma size and AR-LI in
castrated and SNB axotomized male rats by varying testosterone
levels and BDNF levels in a 2 x 2 experimental design. Males with
intact SNB motoneurons that were castrated and treated with or
without testosterone replacement served as additional controls. Our
results show that the SNB soma size in castrated males decreased
further following axotomy. Moreover, testosterone increased the
soma size of axotomized SNB motoneurons, indicating that this
effect does not result from testosterone effect on the BC/LA muscle.
Finally, BDNF restored the castration-induced decrease of SNB
soma size to the intact level both in the presence and absence of
testosterone replacement following castration. Supported by NIH
grant HD 15021.

EFFECT OF STEROID ON THE CONFOCAL IMAGING OF
DENDRITIC SPINES IN THE LIVING HIPPOCAMPAL SLICE.

To study changes in synaptic morphology associated with steroid
concentration, we visualized synaptic structures with high resolution
imaging of confocal microscopy in hippocampal slices of adult rats.
Synaptic structures are labeled by micro injection of a concentrated
oil solution of Dil into the superfused slice as reported previously
(NeuroReport 3:477,1992). Dye droplets are removed after 20 min.
Viability of labeled neurons is assessed by ethidium bromide
exclusion. After recording pre-image estrogen and progesterone are
exposed through ACSF solution. The second image was recorded
three hours after the exposure. These set of images were analyzed
and compared in the dendritic spine density. Smaller changes can be
seen in the slices with exposure to high concentrations of estrogen
and progesterone.
[Supported in part by Grants-in-Aid for Scientific Research from
the Ministry of Education, Science, Sports and Culture of Japan]

507.9

507.10

AN EVOLUTIONARILY CONSERVED TRANSCRIPTIONAL
REGULATORY NETWORK INDUCED BY THYROID HORMONE IN THE
DEVELOPING BRAIN. Eric D. Hoopfer and Robert J. Denver*. Dept. of Biology,
Univ. of Michigan, Ann Arbor, MI 48109-1048.
Thyroid hormone (T3) is critical for normal brain development. Previously we
identified a small GC box binding protein, basic transcription element binding
protein (BTEB) as a T3-regulated gene in developing frog and rodent brain. A role
for this transcription factor in neuronal process formation is suggested by our
findings that overexpression of BTEB in neuro-2a cells increased neurite outgrowth
(Denver et al., submitted). The objectives of this study were to analyze the
developmental expression and function of Xenopus BTEB. EMSA analysis showed
that a protein that binds the GC rich sequence BTE is expressed in a developmentally
and hormonally-dependent manner in tadpole brain. Thyroid hormone receptor beta
(TRP) is upregulated during brain development in frogs and mammals. The TRP
gene is autoinduced by T3 in the developing tadpole brain and TRP and BTEB are
coordinately regulated during development. The xTRP promoter contains seven GC
box sequences, and we hypothesized that autoinduction of TRP requires the
coordinate upregulation of BTEB. To test this hypothesis we transfected Xenopus
XTC-2 cells with a xTRP promoter-CAT plasmid and established that addition of T3
to these cells resulted in the upregulation of CAT expression. We next cotransfected
the cells with CMV-xBTEB-DBD (DNA binding domain of xBTEB), with the
intention that the overexpressed protein would act as a dominant repressor of gene
expression. Overexpression of xBTEB-DBD reduced basal CAT expression and
blocked T3-induced upregulation of TRP promoter activity in a dose-dependent
manner. We conclude that GC box binding proteins are necessary for the
autoinduction of TRP during Xenopus development. The coordinate upregulation of
TRP and BTEB suggests that BTEB might be essential to the gene regulation
cascade induced by T3 in the developing Xenopus brain, (supported by NSF grant
IBN-9724080 to R.J.D.)

INFLUENCES
OF
THYROID
HORMONES
ON
THE
DEVELOPMENT OF MICROGLIA. F.R.S. Lima,1 A. Gervais,1 V.
Moura Neto,2 and M. Mallat **. 1 INSERM U.495, Paris, France. ;
z Dept of Anatomy, UFRJ, Rio de Janeiro, Brazil.
A role of thyroid hormones in the growth of microglia was
investigated by analyzing the distribution and the morphology of
microglial cells in developing rat rendered hypothyroid by pre- and
post-natal treatment with hydroxyl-methyl-thiouracil. Staining of
tissue sections with the 0X42 monoclonal antibody or isolectin B4
which bind to microglia revealed widespread reductions of the
density of microglial cells in the forebrain of hypothyroid rats aged
from postnatal-day 4 to 21. Cell counts in the cingulate cortex of
hypothyroid and normal rats showed that this reduction ranged from
30 to 45% according to the developmental stage. The growth of cell
processes in ramified microglia was also reduced in hypothyroid rats.
Conversely, neonatal rat hyperthyroidism induced by daily injection
of triiodothyronine (T3, 0,3/(g/g b/w.) from birth led to strong
increments (>50%) in the density of cortical microglial cells during
the first week of postnatal life. The growth of microglial processes
was also stimulated in hyperthyroid rats. Biochemical analyses
demonstrated the expression of the alpha-1 nuclear thyroid hormone
receptor by cultured microglial cells isolated from developing rat
brain. Consistent with the in situ observations, exposure of purified
microglial cell to T3 was found to favor their in vitro survival or
proliferation and the growth of their processes. Altogether, our
results reveal that thyroid hormones exert a major control on
microglial growth and differentiation during development.
Supported by INSERM, S.S.A.S. (France) and CAPES (Brazil).
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T. Hosokawa1*, M. Kurasaki2, K. Takahashi3, H. Sasaki3 and T. Saito3.
^Research Division for Higher Education, Center for Research and Development in
Higher Education, Hokkaido University, Sapporo 060-0809 JAPAN,
department of Environmental Medicine and Informatics, Graduate School of
Environmental Earth Science, Hokkaido University, Sapporo.; department of
Hygiene and Preventive Medicine, Hokkaido University School of medicine,
Sapporo 060-8638 JAPAN.
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Connexin 43
the Rat n . d .

in the Cerebral
Aberg1* B.Carisson3. l .
Rosengren1. J. Qscarsson2. 0. G. P. Isaksson3, L. Ronnback1. and P. S. Eriksson1
‘institute of Clinical Neuroscience, Goteborg Univ., 2Dept. of Physiology and
Pharmacology, 3Research Centre for Endocrinology and Metabolism, Dept. of
Internal Medicine, Sahlgrenska Univ. Hospital, Goteborg, Sweden.
Several studies have indicated that growth hormone (GH) influences the brain
function. Connexin43 constitutes astroglial gap junctions that mediates intercellular
communication. Gap junctions plays an important role in the establishment of a
functional astroglial syncytium. In the present study, we have investigated the
effects of bovine GH (bGH) and IGF-I on cx43 expression in the rat brain. Female
Sprague-Dawley rats were hypophysectomized (hx) and substituted with cortisol (C)
(400 pg / kg / day), L-thyroxin (T4) (10 ng / kg / day) bGH for either 5 or 19 days
and IGF-I for 19 days. The abundance of Cx43 mRNA and protein in the brain stem,
cerebral cortex, hippocampus, and hypothalamus were quantified by RNase
protection assays and Western blot analysis. Six-day treatment with bGH
(1 mg/kg/day) increased cx43 mRNA abundance in the cerebral cortex and
hypothalamus. Bovine GH given to hx rats for 19 days increased cx43 mRNA and
protein in the cerebral cortex and in hypothalamus (mRNA, P=0.058). However,
there were no statistically significant effects on cx43 mRNA or protein levels in the
brain stem or hippocampus. IGF-I (0.853 mg/kg/day) subcutaneously administered
for 19 days to hx rats had no statistically significant effects on cx43 mRNA or
protein levels in any of the studied brain regions. Neither bGH nor IGF-I affected
GFAp levels in the cerebral cortex as analyzed by ELISA. The effect of GH on
connexin43 suggests that GH may influence gap junction coupling and intercellular
communication in the brain.
This work was supported by the Swedish Medical Research Council (project No.
14X-06005). The Swedish Society of Medicine and the Goteborg Medical Society
supported N. D. Aberg. Genentech Inc is acknowledged for supplying rhIGF-1.

Growth
Hormone
Increases
in
Cortex and Hypothalamus

GROWTH HORMONE PROMOTES THE PROLIFERATION OF CENTRAL
NERVOUS SYSTEM PRECURSORS. L.Cacicedo*. R.Aio1. N. Palacios.

C.Navarro. C, Garcia and F, Sanchez-Franco1.
Endocrine Unit, Ramon y Cajal Hospital and JCIC, Carlos III Institute,
28034 Madrid, Spain.
GH deficient mice exhibit a microcephalic cerebrum. The aim of
this study was to identify a possible role for GH in regulating
proliferation of the nervous system in the earliest stages of neural
development. Cultures were prepared from E-17 and E-14 rats. The
cerebral hemispheres were dissected, triturated, and cells plated in
L-15 medium supplemented with l%N-2. Human recombinant GH
(hrGH) from 5 to 500 ng/ml, was added for 48 h. In the E-17 cultures,
hrGH (5ng/ml) induced an increment in the number of cell clusters,
length and branching of the cell process, stimulated the incorporation
of 3H-thymidine and the levels of the proliferating cell nuclear
antigen (PCNA) analyzed by Western blot. To detect proliferating
cells specifically, E-14 cultures were labeled at plating with
bromodeoxyuridine (Brdu) in the presence or not of hrGH and cells
were processed for immunocytochemistry with anti-BrdU antibody.
hrGH(5ng/ml) promoted a striking increase in total cell number as
well as in the number of cells that had incorporated BrdU. To
determine whether cells proliferating in the presence of hrGH
retained properties of neural precursors, E-14 cultures were labeled
with anti-nestin antibodies. Under hrGH treatment most of the cells in
the clusters were nestin-positive. These data indicate that GH is very
effective at promoting the proliferation of nestin-positive cortical
cells at concentrations likely to be in the physiological range.
CAM 08.6/0002/1997

507.13

507.14

INSULIN REGULATION OF THE NEURON-RESTRICTIVE SILENCER
FACTOR NRSF IN NEUROBLASTOMA CELLS. R. DI TORO, I.
MENGARELLI AND S. SPAMPINATO*. Dept. Pharmacol. Univ. of Bologna,
Irnerio 48, 40126 Bologna, Italy.
The neuron-restrictive silencer factor NRSF is present during
embryogenesis; it binds to a 21-bp DNA sequence element and contributes
to prevent premature expression of terminal differentiation genes in neural
progenitors as well as to repress several neuronal genes (i.e. tubulin) in nonneural tissues. NRSF expression in the nervous system is gradually reduced
during development; however, this protein is still present in the adult rat
brain. Factors which regulate gene expression of NRSF are poorly
understood. Insulin and insulin-like growth factors (IGF-I and IGF-II) are
present in the CNS during embryogenesis; they possess neurotrophic
activities and may affect proliferation and neurite outgrowth in neuroblastoma
cell lines expressing specific receptors for these peptides. The aim of this
study was to evaluate mRNA levels of NRSF in human neuroblastoma cell
lines (IMR-32 and SK-N-BE) exposed to insulin in a serum-free medium
(modified N2). NRSF mRNA levels were assessed by a semiquantitative
reverse transcription-polymerase chain reaction and adopting a
chemiluminescent detection system with the use of specific primers for
NRSF or L19 (employed as standard gene) in separate tubes. We observed
that exposure of neuroblastoma cells to insulin (500 pg/ml) for 8 and 24 h
induces a gradual, significant reduction of cell proliferation (evaluated by 3Hthymidine incorporation) and the promotion of neurite outgrowth (detected
only in cells exposed to insulin for 24 h). We found a significant increase of
NRSF mRNA in cells exposed to insulin for 8 and 24 h (172 ± 7 and 160 ± 4,
respectively, vs. 92 ± 5 arbitrary optical density units of control IMR-32 cells ;
p< 0,01 ; n=6). These data suggest that NRSF gene expression could be
increased in early stages of neuronal maturation by trophic factors.
(Supported by C.N.R. grant No. 96.03347.CT04).

GONADECTOMY CONTRIBUTES TO ALTERED PARVALBUMIN
IMMUNOREACTIVITY IN NEONATAL 6-OHDA TREATED RATS. NJL
Ross1*. L.L. Porter ‘Neuroscience Program; department of Anatomy & Cell
Biology; Uniformed Services University; Bethesda, MD 20814.
Dysfunction of the dopaminergic system has been linked to developmental
abnormalities. Protection against perturbations to the dopaminergic system may
be provided by gonadal hormones that are known to increase dopamine (DA)
levels during development The purpose of these experiments was to determine
how DA depletion affects the differentiation of GABAergic neurons that express
the calcium binding protein, parvalbumin (PV), and how gonadal hormone
manipulation alters these effects in the intact animal. To prevent hormonal
action upon the brain, male rats, postnatal age 2 were either gonadectomized or
sham operated (controls). Subsequently, these animals were intracistemally
injected with 6-hydroxydopamine (6-OHDA) to systemically deplete DA, or
with saline (control). Rats were sacrificed at 12 days postnatal. Tissue was
immunostained for tyrosine hydroxylase (TH) and PV. In both treatment groups,
TH staining was reduced as compared to controls, but appeared to be more
severely depleted in the dual treatment group. In the 6-OHDA lesioned only
animals, PV was expressed in numerous neurons throughout the deep cortical
layers of the lateral frontal cortex. The dendritic aibors of these neurons were
extensive. In the gonadectomized and DA depleted animals, PV was expressed
in fewer cells and only in layer V, with less extensive dendritic arborization.
Thus, the dual treatment had greater effects on PV expression than 6-OEDA
lesion, alone. Developmental alterations in cortical structure have been linked
to numerous cognitive disorders, including schizophrenia in which PV
expression is reduced. Our results indicate that DA plays a role in normal
cortical development which may be influenced by the hormonal environment.

507.15
SEX DIFFERENCE IN AXON NUMBER AND FIBER SIZE SPECTRUM
(FSS) IN THE RAT MAMMARY NERVE (MN) J. Larriva-Sahd, 1 J. Mufioz. 2
I. Huerta,1 F. Barrios.i L. Santos.i C. Clapp.i* and F, Menai jCentro de
Neurobioiogia, Campus UNAM-UAQ, Juriquilla, Qro. Mexico. 2Department
of Physilol. CINVESTAV-IPN, Mexico City, Mexico.
While numerous structural sex differences have been found in the
mammalian central nervous system, limited information is available about
the peripheral nervous system (PNS). In this study we determined the
number of myelinated and unmyelinated fibers and the fiber size spectrum
(FSS) by quantitative electron microscopy in the MN and median nerve of
young adult male (M), female (F) and females exposed 4 days prior and 10
days after birth to testosterone propionate (n=10) (FT). The number of
axons from each group were compared by one tailed students T test
(significance p<0.05). The F MNs contained a significantly larger mean
number of both myelinated (i.e. 307) and unmyelinated axons (i.e. 1654)
than those of the M (i.e. 278 and 1373, respectively). Perinatal exposure to
testosterone reduced significantly the number of both axon types in the F
(i.e. 244 and 1300, respectively) mimic those of the M. The FSS disclosed
another sex difference consisting in the presence of large myelinated axons
(i.e. larger than &5 pm in diameter) in the F MN. These fibers were absent
in FT, resembling instead the M's FSS. Since these sex differences were
absent in a typical somatic nerve (i.e. median), it is concluded that that
gonadal hormones may have organizational effects upon the structure of
peripheral nerves involved in reproduction; furthermore, since it is known
that the FSS correlates with the physiological characteristics of peripheral
nerves, it is plausible that gonadal steroids influence the central exchange
of information as a result of modifying axon number and size in the PNS.

Supported by CONACyT, Grant No. 28032 to Dr. J. Larriva-Sahd.
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508.1

508.2

BDNF DIFFERENTIALLY REGULATES RETINAL GANGLION CELL
DENDRITIC AND AXONAL ARBORIZATION IN VIVO B. Lom* and
S, Cohen-Cory. MRRC, Brain Research Institute, Depts. of Psychiatry and
Neurobiology, University of California Los Angeles, Los Angeles, CA 90095.
Brain-derived neurotrophic factor (BDNF) is spatially and temporally
available to influence retinal ganglion cell (RGC) morphological differentiation
in the developing Xenopus visual system. BDNF is expressed in the retina
and optic tectum during developmental periods of RGC dendritic and axonal
arborization (Neuron 12:747; Dev Biol 179:102). BDNF promotes RGC axon
arborization in the tectum by acting as a target-derived trophic factor (Nature
378:192). To determine if retinal BDNF regulates RGC morphological
differentiation in vivo we altered retinal neurotrophin levels during dendritic
development and assessed the resulting RGC arbor morphologies.
Exogenous retinal BDNF significantly decreased RGC dendritic arbor
complexity, while neutralizing endogenous retinal BDNF with function
blocking antibodies significantly increased RGC dendritic arbor complexity as
compared to control arbors. RGCs exposed to other neurotrophins (NGF,
NT-3, or NT-4) as well as RGCs in BDNF-treated retinae that were not
directly exposed to exogenous BDNF all developed dendritic arbors that
were indistinguishable from controls., Consequently, retinal BDNF acted
locally and specifically to influence RGC dendritic arborization. In the tectum
where RGC axons arborize, exogenous BDNF significantly increased RGC
axon arbor complexity and anti-BDNF reduced RGC arbor complexity. Thus,
BDNF reduces RGC dendritic arborization within the retina but enhances
RGC axon arborization at the target. Taken together, these results indicate
that the neurotrophin BDNF differentially modulates axonal and dendritic
arborization within a single neuronal population, and suggest that BDNF’s
mechanisms of action may differ between axons and dendrites. (Supported
by the NEI, Stein/Oppenheimer, & Alfred P. Sloan Foundation.)

NEUROTROPHIN-3 REGULATES PROPRIOCEPTIVE AXON TERMINAL
BRANCHING AND SPINDLE DEVELOPMENT IN MICE M.D. Tavlor* J.T.
McDonald and D.E. Wright Dept. Anatomy and Cell Biology, Univ. Kansas Med.
Ctr, Kansas City, KS 66160.
Neurotrophin-3 (NT-3) is a required survival factor for proprioceptive sensory
neurons that innervate muscle. Our recent experiments reveal that NT-3 expression
levels in skeletal muscle during naturally-occurring cell death (NOCD) dictates the
number of surviving proprioceptive neurons and muscle spindles (Wright et al., 1997,
Neuron 19:503-517).
However, NT-3 appears to strongly regulate terminal
arborization in cultured sensory neurons (Lentz et al., 1999, J. Neurosci., 19:10381048). To test whether this latter effect contributes to patterns of proprioceptive
innervation, we generated transgenic mice overexpressing NT-3 in muscle using the
myosin-light chain (mlc) promoter. RNase protection assays show that mlc/NT-3
transgene expression initiates at day El5, bypassing most of the period of NOCD.
The mlc/NT-3 transgene continues to be strongly expressed in adulthood. Counts of
dorsal root axons and muscle spindles reveal a modest effect on proprioceptive neuron
survival compared to previous NT-3 transgenics, and consistent with the late initiation
of mlc/NT-3 expression. Not surprisingly, NT-3 overexpression results in larger
soma areas of large DRG neurons compared to WT. Analysis of the medial
gastrocnemius (MG) and soleus reveals a dramatic increase in the incidence of
abnormal spindles (MG; 38%, soleus; 25%), a result consistent with induced
branching of axons in muscle. Immunohistochemical visualization of proprioceptive
axon interactions with spindles in mlc/NT-3 mice demonstrates a striking increase in
axons innervating individual bag fibers. The abnormal morphology and innervation of
spindles cause mlc/NT-3 mice to have severe abnormalities with sensory-related
aspects of their gait. These results demonstrate that in addition to neuronal survival
during NOCD, NT-3 has actions on proprioceptive axons which ultimately affects
muscle spindle development. Supported by NINDS NS 37910-01.

508.4

508.3
NEURONAL PLASTICITY IN THE TRIGEMINAL GANGLION
FOLLOWING INTRACRANIAL INFUSION OF NGF. S.ShoemakerI
A.Kudwak K.CrutcheA and L.G. Isaacson**. ^Center for Neurosci,
Dept Zoology, Miami Univ, Oxford, OH 45056; ^Dept Neurosurg,
Univ of Cincinnati College of Medicine, Cincinnati, OH 45267.

We have shown previously that adult sensory perivascular axons
associated with the extracerebral blood vessels respond to
intracerebroventricular infusion of nerve growth factor (NGF; 15
pg) with increased neurotransmitter content. Our present goal was to
examine the effects of exogenous NGF on the trigeminal ganglion
(V) of the young adult rat. Following a 2 wk NGF infusion, the
number of CGRP immunoreactive cell bodies in V! and V2 was
increased 19.6% over vehicle (VEH) together with heightened
immunostaining intensity. This increase was paralleled by a
significant increase (52%) in NGF levels in the trigeminal ganglion
as determined using ELISA. In addition, thickened tyrosine
hydroxylase (TH) immunoreactive fibers coursing through the
ganglion gave off thin varicose branches that subsequently encircled
individual cell bodies in Vj, V2, and less frequently in V3 to form TH
pericellular baskets, suggesting increased NGF levels in
individual cell bodies in the trigeminal gangia following NGF
infusion. The TH fibers were eliminated when the superior cervical
ganglion was removed 1 week prior to the 2 wk infusion of NGF,
yet CGRP immunoreactivity in V! and V2 was increased by 65%,
corresponding with the robust increase in CGRP perivascular axons
previously observed after ganglionectomy and subsequent NGF
infusion. (Supported NIH NS 17131 to KAC and NS36403 to LGI)

MECHANISMS UNDERLYING THE DIFFERENTIAL REGULATION OF
DENDRITIC GROWTH OF CORTICAL PYRAMIDAL NEURONS BY
TRKB RECEPTOR ISOFORMS. T, A. Yacoubian* and D. C. Lo. Department of
Neurobiology, Duke University Medical Center, Durham, NC 27710.
We have previously reported that TrkB receptor isoforms differentially regulate the
dendritic growth of cortical pyramidal neurons [Soc Neurosci Abst 1998, #703.11].
Currently, three ligand-binding TrkB isoforms have been isolated from mammalian
species: one full-length TrkB receptor and two truncated isoforms, T1 and T2, with
short cytoplasmic tails lacking the tyrosine kinase of the full-length isoform. By
overexpressing epitope-tagged forms of either T1 or full-length TrkB using particlemediated gene transfer into developing ferret cortical slices, we have previously
shown that these two isoforms induce growth in different dendritic regions of layer
VI pyramidal neurons: full-length TrkB overexpression elicits outgrowth of short
dendritic processes from the cell body, whereas neurons overexpressing T1 exhibit
increased dendritic complexity more distally, about 50-140 pm from the cell soma.
We are currently examining the mechanism for the differential effects of the TrkB
isoforms. Ti could regulate dendritic growth either by active signaling or by
inhibition of full-length TrkB activation by heterodimerization or ligand
sequestration. Experiments using the Trk inhibitor K252a show that Tl and fulllength TrkB work in opposition: ftill-length TrkB promotes and Tl inhibits proximal
growth, but full-length TrkB inhibits and Tl promotes distal growth. Because brainderived neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) oppositely regulate
dendritic growth (McAllister et al., Neuron 18: 767), we hypothesized that Tl’s
effects on dendritic morphology reveal an unmasking of NT-3’s effects. Tl could
inhibit full-length TrkB activation and, thereby, allow for NT-3 to alter morphology
in the absence of BDNF signaling. Neurons transfected with TrkC do not exhibit
distal growth, as those expressing Tl do, suggesting that NT-3/TrkC do not underlie
Tl’s effects. Supported by NIH grant EY11553 and the McKnight Endowment Fund
for Neuroscience (DCL) and by a Broad Foundation Fellowship (TAY).

508.5

508.6

AXON OUTGROWTH FROM EARLY CHICK DORSAL ROOT GANGLIA
(DRG) IS INDEPENDENT OF NEUROTROPHIN-3 (NT3). W. Guan, A. Cooke
and M.L. Condic. * Dept. of Neurobiology and Anatomy, Univ. of Utah, Salt Lake
City, UT 84132-0002.
DRGs consist of different populations of spinal sensory neurons that have different
neurotrophin dependencies. Previous examinations of knock-out mice have shown
that before the neurons make contact with their target, trophic support is likely to be
provided by NT3 via binding with its high affinity receptor, trkC [Farinas et al.,
(1996) Neuron 17:1065-1078]. Recent work done with DRG neurons from BAXdeficient mice also suggests the outgrowth of sensory axons is neurotrophin
dependent [Lentz et al., (1999) J Neurosci 19(3): 1038-1048]. However, the question
of whether the neurotrophin effects reflect differences in the cells themselves or
differences in the properties of cells that are induced by neurotrophins is still unclear.
In this abstract, we describe the in vitro studies of sensory axon outgrowth of chick
embryonic DRGs at stage 23 (E3Vi to E4) when the initial outgrowth of sensory neurons
is thought to be independent of neurotrophin support. The DRGs were cultured on
laminin (LM) or Fibronectin (FN) coated cover slips, with or without NT3. After
incubation for 24 hours, 77% NT//LM and 52% NT37LM DRGs grew axons long
enough to pass through the surrounding glial cell layer. 60% NTf/FN and 22% NT3
/FN DRGs grew axons long enough to exceed the limit of glia. To conclude, (1) At
early developmental stages, a significant fraction of neurons in young DRGs have
fairly good axon outgrowth in the absence of NT3. (2) The glial cells appear to inhibit
axon growth by an unkown mechanism. Also it is possible that macromolecules (e.g.
LM or FN) in extracellular matrix play a role in early sensory outgrowth because we
see differences in axon extension on FN vs on LM. (3) Both NT/ groups have better
axon outgrowth than NT/ controls suggesting that, while not required, NT3 may affect
axon outgrowth. Before reaching their targets, most neurons of young DRGs express
trkC. Characterization of trk expression in culture is presently being carried out.
Supported by NIH R01 NS38138-01

NT-3 INDUCES PRECOCIOUS SYNAPSE FORMATION IN EMBRYONIC
RAT TRIGEMINAL PATHWAY EXPLANT CULTURES D. D. Ma1*, C. X.
Xiang', E. Ulupinar, R.S. Erzurumlu2 and M.F. Jacquin1. 'Dept. Neurology, Center
for the Study of Nervous System Injury, Washington University School of
Medicine, St. Louis, MO 63110; 2Dept. Cell Biology and Anatomy, Louisiana State
University Medical Center, New Orleans, LA 70112
Neurotrophins play multiple roles in developing sensory pathways, including
contributions to axon elongation, arborization and synaptic plasticity. In
wholemount explant cultures of the embryonic rat trigeminal pathway, NGF
promotes central trigeminal axon elongation and NT-3 promotes arbor formation
(Ulupinar and Erzurumlu, Soc. Neurosci.. Abstr. Vol 24, page 27, 1998.). To assess
whether such arbors induced by NT-3 bear synapses with trigeminal brainstem
neurons, we examined the central trigeminal axon terminals at the ultrastructural
level. El5 rat trigeminal ganglion and brainstem wholemounts were cultured for 3
days in serum-free medium (control) or in 50ng/ml NGF or NT-3. The explants
were then fixed and the central trigeminal tract axons were labeled with Dil (placed
in the ganglion) and labeled elements were photoconverted and prepared for
electronmicroscopy. Two explants frpm each group were cut at 800A, and 5 thin
sections out of 50 were selected for a survey of labeled synaptic profiles. We
observed Dil/DAB labeled synaptic profiles only in the NT-3 treated cases. These
observations indicate that NT-3-induced central trigeminal arbors actually form
synapses within the brainstem trigeminal nuclei, whereas control and NGF-treated
cases did not make such synapses.
Supported by NIH DE07734, DE07662 (MFJ), NS32195 (RSE).
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508.7

508.8

NGF REGULATES GENES INVOLVED IN UBIQUITIN-MEDIATED
PROTEOLYSIS IN RAT PHEOCHROMOCYTOMA CELLS
L.P. Klimaschewski*1’2, J.M. Angelastro1, A. Eschelbach2 and L.A. Greene1.
‘Dept. of Pathology, Columbia University, New York NY 10032; institute of
Anatomy and Cell Biology, University of Heidelberg, 69120 Heidelberg,
FRG.
The rat pheochromocytoma PC 12 cell line represents a widely used
model to study the molecular basis of neurite outgrowth. In the presence of
nerve growth factor PC12 cells develop long processes resembling axons.
The continued extension and maintenance of these processes involves major
changes in gene expression. In order to systematically screen mRNAs regulated by NGF in PC 12 cells we performed differential display PCR (DDPCR) and serial analysis of gene expression (SAGE). Among the genes regulated by NGF were a number of transcripts involved in ubiquitin-mediated
protein degradation. The mRNA levels of an ubiquitin-conjugating enzyme
(E2-14k) and of the proteasomal subunits IOTA, C5 and CX were reduced
significantly after one week of NGF treatment as confirmed by Northern
analysis. The level of proteasomal a-subunits and proteasomal activity were
reduced concomittantly. Similar results were obtained when cells were
treated with the differentiating agent FGF-2. Transient transfection experiments indicate that overexpression of E2-14k inhibits neurite outgrowth in
PC 12 cells treated with NGF for one week while expression of a dominant
negative mutant results in increased axonal branching. In conclusion, neuronal differentiation of PC12 cells by NGF includes down-regulation of E214k and of the proteasome. The suppression of the proteasomal degradation
pathway may play an important role in regulating the extent and morphology of neurite outgrowth.
Supported by the German Research Foundation and grants from the
NIH/NINDS.

ACUTE APPLICATION OF BDNF CAUSES LONG-TERM
CHANGES IN THE ORGANISATION OF THE INTRARETINAL
NETWORK IN THE RAT. B. Arango-Gonzalez? A, Cellerino,2* K.
Kohler1. ’Experimental Ophthalmology, University Eye Hospital,
Tubingen, Germany; 2Istituto di Neurofisiologia del CNR, Pisa, Italy.
We have recently shown that intraocular administration of brainderived neurotrophic factor (BDNF) during the first postnatal weeks
resulted in sprouting of dopaminergic fibers and up-regulation of
nitric oxide synthase (Cellerino et al, J. Neurosci., 1998; Cellerino, et
al, Eur. J. Neurosci., 1999). In this study, we investigated whether this
effect is persistent or wanes off after discontinuation of the treatment.
BDNF (Ipg) was injected every second day during the third postnatal
week (total of three injections) into the vitreous of rat pups. BDNF
injections increased the number of NADPH-diaphorase positive cells
both in the inner nuclear layer (type I cells) and in the ganglion cell
layer. Applied BDNF also raised the intensity of Tyrosine
Hydroxylase and Vasoactive Intestinal Peptide immunoreactivity and
increased the overall density of both cell type in the retina. These
effects on peptidergic, dopaminergic and nitrinergic cells persisted
after discontinuation of the treatment for at least one month, the
longest period examined to this date.
Our observations indicate that transient BDNF treatment have longterm effects on CNS circuits.

508.9

508.10

OVEREXPRESSION OF BDNF OR NT-4 DISRUPTS
TARGETING OF GUSTATORY NEURONS INNERVATING THE
ANTERIOR TONGUE. R.F. Krimm*. K.K. Miller, C.J. Ruehlmann
and K.M. Albers. Dept. of Pathology and Laboratory Medicine, Univ.
of Kentucky Sch. of Med., Lexington, KY 40536.
Brain-derived neurotrophic factor (BDNF) and neurotrophin-4 (NT4) are essential for survival of geniculate ganglion neurons, which are
primary sensory neurons for taste buds of the anterior tongue and
palate. To examine the role of target-derived BDNF and NT-4 in
gustatory development, we examined the taste system in transgenic
mice that overexpress BDNF or NT-4 in tongue epithelium under
control of the keratin-14 promoter. Overexpression of either BDNF or
NT-4 caused doubling of geniculate neuron number. Paradoxically,
both transgenic lines showed severe reduction of fungiform papillae
and therefore number of taste buds. Taste bud loss in BDNF mice was
specific to the anterior tongue, since circumvallate papilla and incisal
papilla of the palate were unaffected. Papillae and taste bud loss in
transgenic mice could be due to inappropriate targeting of gustatory
neurons to nongustatory oral epithelium. Interestingly, some of the
remaining fungiform papillae in BDNF transgenics had two taste buds
(instead of one), though papillae with multiple taste buds were not
found in control or NT-4 mice. NT-4 mice had smaller fungiform
taste buds, indicating NT-4 may interfere with endogenous BDNF
action. Supported by F32DC00370 (RFK) and NS 33730 (KMA).

DIFFERENTIAL CHANGES IN MESSENGER RNA EXPRESSION OF
SCG10 FAMILY MOLECULES IN THE LGN AND VISUAL CORTEX OF
KITTENS RECEIVED DIRECT CORTICAL INFUSION OF BRAIN
DERIVED NEUROTROPHIC FACTOR (BDNF) K. Imamura^/H. Morii13.
T. Yamada1,3. P.A. Kaub12, Y. Watanabe1’2, and N, Mori13 ^REST., JST.,
'’Dept. Neurosci., Osaka Biosci. Inst., Osaka 565-0874, 3Dept. Mol. Genet.,
Natl. Inst. Longev. Sci., Aichi 474-8522, Japan.
Neurotrophins, including BDNF has been suggested to mediate the
activity-dependent control of branching of thalamic axons in the visual
cortex during development.
We hypothesized that the structural
plasticity induced by BDNF resulted from the changes in a set of gene
expression of neuronal growth associated proteins. We have focused on
SCG10 family and cloned cDNA for cat SCG10 coding region using RT-PCR.
The deduced nucleotide sequence showed a high homology with those of
other animal species (93% homology to rat SCG10). BDNF (0.5 mg/ml in
an osmotic minipump) was directly and continuously infused for two weeks
into the kitten visual cortex. This was a comparable condition, in which
abnormal formation of ocular dominance columns was reported to be
induced. The changes in mRNA expression of SCG10 family molecules
(SCG10, SCLIP, RB3, and Stathmin) in the LGN and visual cortex were
examined by use of in situ hybridization with DIG-labeled cRNA probes.
We found that the expression of SCG10 mRNA is markedly up regulated in
the visual cortex infiised with BDNF. Expression of other molecules was
little affected. In the LGN, all molecules except RB3 were enhanced only
in the BDNF infused hemisphere. These results suggest that BDNF
infusion differentially modifies the expression of SCG10 family molecules
not only in LGN but also in the visual cortex, inducing a marked functional
reorganization of the neuronal networks in both structures.
Supported by Program Project of Protecting the Brain, CREST, JST

Supported by a grant of the German-Italian Vigoni program of DAAD/CRUI,
Regeneron generously provided human recombinant BDNF.

EXPRESSION AND REGULATION OF TROPHIC FACTORS: CYTOKINES AND OTHERS I
509.1

509.2

DISTRIBUTION OF GDNF AND GDNFR ALPHA IN RAT CEREBELLUM
DURING POSTNATAL DEVELOPMENT. A. Hafidi'*, R. Bing2, B. Dastugue1 and
D.E. Hillman2, 1 INSERM U384, Faculte de Medecine, Clermont-Ferrand, France,
63001. and 2Dept. of Otolaryngol, and Phys./Neurosci., NYU Medical Center, New
York, NY 10016.
The developmental distribution of glial cell line-derived neurotrophic factor
(GDNF) and its receptor, GDNF-receptor alpha (GDNFR-a), were analyzed immunohistochemicaily in the rat ceiebellum. GDNF immunoreactivity appeared already at
postnatal day 0 (PND0) and had a definitive reactivity within somata, axons and
dendrites of Purkinje cells by PND6. Strong GDNF immunoreactivity remained,
throughout all Purkinje cell somata and projections, from PND15 into adulthood
while all other cerebellar neurons including glia were negative. GDNFR-a became
visible in Purkinje cells and internal granule layer neurons around PND6. By PND15,
GDNFR- a (N-18) immunoreactivity was found in most cerebellar cells of all three
cerebellar layers as well as in the deep cerebellar nuclei. Very strong GDNFR-a was
observed in somata of Purkinje cells (PC) as well as in molecular and granular layer
interneurons. Gran"1e cells had moderate to weak reactivity. Ultrastructural
observations revealed GDNF immunoreactivity in Purkinje cell somata, dendrites and
spines as well as in deep cerebellar nuclei. GDNFR-a ultrastructure had a conserved
staining pattern at pre- and postsynaptic sites of the cerebellum but was most
prominent in dec;,. ^.ebellar cells.
The temporal appearance of GDNF and GDNFR- a and their progressive increase
during postnatal development suggests trophic actions by GDNF containing PC’s on
stellate/basket and Golgi cells. In adulthood, this neurotropic factor may play a role
in synaptic stabilization. The data show both anterograde and retrograde GDNF
actions at various locations of receptors in the cerebellum.
Supported by INSERM and NIH grant NS-13742

LOCALIZATION OF BDNF AND GDNF PROTEIN IN RAT SPINAL CORD
USING LIGHT AND ELECTRON MICROSCOPY IMMUNOCYTOCHEMISTRY.
J.C. Holstege*, A, v. Rooijen-Boot, J.L.M. Jongen. E. Haasdiik, R.F. Neuteboom and
C.J, Vecht1. Dept. of Anatomy, Erasmus University Med. Sch., PO Box 1738, 3000
DR Rotterdam, The Netherlands. *D. den Hoed Kliniek, Rotterdam, The Netherlands.
In this study we have used light and electron microscopy immunocytochemistry for
identifying the localization of two unrelated neurotrophic factors: brain derived
neurotrophic factor (BDNF), a neurotrophin, and glial cell line-derived neurotrophic
factor (GDNF) a member of the GDNF protein family. Rats were perfused with 4%
paraformaldehyde containing 15% sucrose at 4°C. Spinal cords were removed,
postfixed and 40 pm frozen sections were cut, which were incubated with BDNF
antibody (Yan, Q. et al., Neuroscience 78 (1997) 431-448), or GDNF antibody (Santa
Cruz) and further processed using the ABC method. For electron microscopy, sections
(100 |im) were cut on a vibratome, treated as above and plastic embedded.
Light microscopic examination of the sections showed labeling for BDNF and
GDNF throughout the spinal cord. Labeling was strongest in laminae I and II outer
and less pronounced in the central canal area and laminae V and VI. Occasional thick
fibers were found in laminae III and IV and lightly labeled fibers were present in the
area of the motoneuronal cell groups. In addition, immunoreactivity for BDNF and
GDNF was observed in the intermedio-lateral nucleus and the sacral parasympathetic
area. After dorsal rhizotomy (L4-S1) BDNF and GDNF completely disappeared from
the L5-6 dorsal horn, but not the ventral horn. This showed that in the dorsal horn
both BDNF and GDNF were present exclusively in primary afferent fibers.
Electron microscopy of the superficial dorsal horn showed similar results for BDNF
and GDNF: labeling was found in many small structures appearing as unmyelinated
fibers, while thin myelinated fibers were rarely labeled. BDNF- as well as GDNFlabeled terminals often contained dense core vesicles, which were strongly labeled.
Some of the labeled terminals showed asymmetric synapses, mostly with dendrites.
These results demonstrate: 1) BDNF and GDNF immunoreactive fibers and
terminals show a similar distribution in the spinal cord, and 2) both proteins are (at
least in part) localized in dense core vesicles within primary afferent fibers.
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509.3

509.4

ANALYSIS OF GDNF IMMUNOREACTIVITY AND GDNF RECEPTORS IN
RAT DORSAL ROOT GANGLION CELLS AND SPINAL CORD. S. Averill, S.
Midgley, G.J. Michael and J.V. Priestley*. Neuroscience Section, Division of
Biomedical Sciences, Queen Mary & Westfield College, London.
GDNF immunoreactivity has recently been reported to be present in the cell bodies
and central terminals of adult dorsal root ganglion (DRG) cells [1], although GDNF
mRNA has been observed mainly in satellite cells [2]. We have therefore attempted
to characterise the cell types that contain GDNF immunoreactivity, and have
examined GDNF receptor expression in central primary afferent projection zones.
Using an antiserum from Santa Cruz (sc-328), immunoreactivity was observed in
about half of the DRG cells in rat L4/L5 ganglia. Cells were predominantly small
sized, and double labelling revealed that both peptide (CGRP immunoreactive) and
non-peptide (Griffonia simplicifolia IB4 labelled) subpopulations were
immunoreactive. Large cells, characterised either by size or by NF200 expression,
were unlabelled. Sciatic nerve ligation revealed that GDNF immunoreactivity
undergoes anterograde and retrograde transport, and shows significant double
labelling with CGRP both proximal and distal to the ligation. In the spinal cord,
GDNF immunoreactive terminals were present predominantly in lamina I, outer
lamina II (where they showed extensive overlap with CGRP) and lamina X.
However expression of GDNF receptor components by dorsal horn neurons was
sparse. Immunoreactivity for RET, the tyrosine kinase component, was present
in motoneurons, in lamina X and the intermediate grey matter, and in a few cells
in deep dorsal horn. In situ hybridization for RET and for GFRal and GFRa2,
GDNF receptor accessory components, revealed mRNA with a similar
distribution to that of the RET immunoreactive cells.
The results will be discussed in relation to (1) the possible role of GDNF as an
anterograde paracrine messenger, and (2) the expression of other members of
the GDNF family.
1. Holstege, Jongen, Kennis, van Rooyen-Boot, Vecht (1998) Neuroreport 9:28932897.
2. Hammarbetg, Piehl, Cullheim, Fjell, Hokfelt, Fried (1996) Neuroreport 7:857-860.

REGULATION OF EXPRESSION OF GLIAL CELL LINE-DERIVED
NEUROTROPHIC FACTOR (GDNF) IN CULTURED L6 SKELETAL
MUSCLE CELLS. J.M. Spitsbergen*, M.M. Sloma and S.C. Chadalavada.
Department of Biological Sciences, Western Michigan University,
Kalamazoo, MI 49008.
Glial cell line-derived neurotrophic factor (GDNF) is a recently
discovered neurotrophic factor that affects peripheral motor neurons. Studies
in skeletal muscle have shown an increase in the expression of GDNF
mRNA following denervation, possibly indicating that motor neurons exert
a negative influence on GDNF expression. The aim of this study was to
determine if neurotransmitters found in motor neurons inhibit expression of
GDNF in skeletal muscle. Expression of GDNF was studied in cultured L6
skeletal muscle cells. Cultured myotubes were treated with acetylcholine
(ACh: 1-100 pM), carbamylcholine (CCh: 0.1-100 pM), calcitonin gene
related peptide (CGRP: 1-100 nM) or combinations of these agents. Culture
medium was sampled 2, 4, 24 and 48 hours following treatment.
Neurotrophic factor content of conditioned culture medium was measured
using an ELISA specific for GDNF. The neurotransmitters ACh and CGRP
and the cholinergic agonist CCh were found to inhibit GDNF production in
cultured skeletal muscle. Combinations of CGRP and ACh were also
inhibitory. Cessation of neurotransmitter exposure, in cultures treated for 3
days with neurotransmitter, lead to an increase in production of GDNF. The
results support the hypothesis that neurotransmitters found in motor neurons
inhibit production of GDNF in skeletal muscle. (Supported by NIH grant 1
R15 HL60240-01 and the Faculty Research and Support Fund, Western
Michigan University)

509.5

509.6

REGULATION OF EXPRESSION OF GDNF mRNA IN NEONATAL,
NORMAL ADULT AND REACTIVE ASTROCYTES BY FORSKOLIN.
M. Moghaddam*. T, Nomura. V.W.Wu, J.P. Schwartz. Neurotrophic
Factors Section, National Institute for Neurological Disorders and Stroke,
NIH, Bethesda MD 20892
Reactive gliosis occurs in response to any injury to the brain. In our tissue
culture model of reactive astrocytes, astrocyte cultures prepared one week
following unilateral 6-hydroxydopamine (6-OHDA) lesion of rat substantial
nigra are compared with astrocytes cultured from neonatal (D2) or normal
adult rats (J. Neurochem. 21: 749,1998). These studies demonstrated that
many of the biochemical characteristics of reactive astrocytes are similar to
the neonatal ones, whereas the properties of normal adult cells are strikingly
differ. Nerve growth factor levels were increased 10-20 fold in reactive
astrocytes relative to normal adult astrocytes; agents that increase cyclic
AMP caused further elevations. We have now measured the level of glial
cell line derived factor (GDNF) mRNA expression in our tissue culture
model of reactive astrocytes and compared the results with those in brain.
Whereas we see no difference in levels among control cells, treatment with
forskolin decreases GDNF mRNA in neonatal, adult and reactive astrocytes.
Analysis of GDNF mRNA levels in 6-OHDA-lesioned rat brain showed that
GDNF mRNA was elevated in cortex, but not changed in striatum. Whether
this increased expression occurs in astrocytes is under investigation. The
ultimate goal of these studies into regulation of neurotrophic factor
production by reactive astrocytes is to utilize this paradigm as a treatment
for injured neurons.

ANALYSIS OF THE HUMAN GLIAL CELL LINE-DERIVED
NEUROTROPHIC FACTOR (GDNF) GENE PROMOTER.
P.A. Baecker, A.N. Verity, R.M. Eglen and R.M. Johnson*.
Dept. of Molecular and Cellular Biochemistry, Center for Biological
Research, Neurobiology Unit, Roche Bioscience, Palo Alto, CA 94304.
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GDNF, a distant member of the transforming growth factor superfamily, is
the most potent known neurotrophic factor for midbrain dopaminergic and
motor neurons. In order to address the regulation of GDNF gene expression,
we have isolated 5’ extended cDNAs, cloned the human GDNF gene, and
characterized the promoter. GDNF-encoding 5’ extended cDNAs containing
a novel exon were isolated via RT-PCR of mRNA from human fetal kidney
and adult skeletal muscle. The GDNF gene was isolated from a human
genomic library in a Pl bacteriophage vector. Analysis of the 5’ flanking
sequence revealed a promoter that lacks a CAAT-box motif and is GC rich.
Consensus binding sites for a variety of transcription factors, including Egr
family members, CREB, AP2, NF-k B, Spl and YY1, have been identified in
the promoter. Promoter/reporter plasmids have been constructed by fusion
of the promoter and a portion of exon I to a luciferase gene. The
promoter/reporter construct and a number of promoter deletions were
transiently transfected into cell lines known to express GDNF. This deletion
analysis revealed multiple enhancer and silencer regions, as well as a
minimal promoter sufficient for basal transcription. Finally, a sensitive RTPCR assay was developed and used to show that this promoter is active in
vivo. The results suggest GDNF is regulated in a complex manner and that
additional studies of the promoter will further our understanding of the
temporal and spatial expression of GDNF.
Funded by Roche Bioscience.

509.7

509.8

CVS-ELEMENTS IN 5'-UNTRANSLATED REGION OF MOUSE
GDNF.
M. TANAKA, S. Ito and K. Kiuchi*. Lab. for Genes of Motor
Systems, Bio-Mimetic Control Research Center, The Institute of
Physical and Chemical Research (RIKEN), Nagoya 463-0003, Japan.
Glial cell line-derived neurotrophic factor (GDNF) is a neurotrophic
factor for specific groups of neurons in the nervous systems and
required for the development of a variety of peripheral cell lineage.
However, the regulation of GDNF gene expression has not been fully
investigated. Untranslated regions (UTRs) are reported to play an
important role in gene expressions. We found that GDNF 5’-UTR
(1060 bp) decreased 3-fold in the promoter activity (-1415/+26) and
contained one positive region (+26/+100) and two distinct negative
regions (+149/+266 and +510/+580). To search the molecular
mechanism of GDNF expression, we clarified regulatory czs-elements
in the 5’-UTR. Gel retardation assays using nuclear extract from
mouse astroglial cell-line indicated that the positive region had two
nobel binding sites whose mutations gave rise to repression of the
enhancing activity. We confirmed a novel m-element in the upstream
negative region (+149/+266) by mutation analyses. On the contrary,
mutations within the binding site of another negative region did not
recover its attenuation, suggesting that this negative regulation exerts
synergistically with other czs-element(s).

LONG-TERM REGULATION OF GDNF EXPRESSION IN CULTURED
BOVINE CHROMAFFIN CELLS. C. Huang and J.R.Unnerstall*. Department of
Anatomy and Cell Biology, University of Illinois at Chicago, Chicago, IL 60612
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Chromaffin cells of the adrenal medulla have been utilized in transplantation studies
for their ability to serve as a mini-pump for various biologically active molecules
including glial cell line-derived neurotrophic factor (GDNF). This distant member
of the TGF-P superfamily has been shown to have various trophic effects on various
populations of neurons, such as dopaminergic neurons of the substantia nigra and
noradrenergic neurons of the locus coeruleus. Because of their similarities to
neurons, chromaffin cells provide an ideal system in which to examine the molecular
controls regulating the synthesis, storage, and release of GDNF. Our goal is to
assess the factors involved in the regulation of the expression of GDNF in isolated
bovine chromaffin cells. Specifically in these studies, we looked at the relative
levels of GDNF transcripts and protein expression using in situ hybridization and
immunohistochemistry respectively at various time points within a three week period
following the isolation and culturing of these cells. Our preliminary results indicate
that freshly isolated chromaffin cells express moderately high levels of GDNF.
Levels of this factor drastically decrease in cells when initially cultured. However,
after two weeks in culture, cellular levels of this factor return to those levels found in
cells on the day of isolation. With respect to relative transcript levels, GDNF mRNA
appears to follow a similar pattern of expression with more than 80% of cells
exhibiting a 90-100% increase in grain density by the second week in culture.
Moreover, expression of GDNF is maintained for at least three weeks in culture.
These data indicate that GDNF expression can be maintained in isolated chromaffin
cells and may be a critical factor involved in the effectiveness of these cells when
transplanted into CNS sites.
(Supported by COM/ANAT)
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509.9

509.10

CLONING AND CHARACTERIZATION OF GDNF GFRala
AND GFRalb IN ZEBRAFISH. I.T. Shepherd* and D.W. Raible. Dept.
of Biological Structure, Box 357420, University of Washington, Seattle WA
98195.
GDNF and the components of its receptor, GFRal and the tyrosine kinase cret, are essential for kidney and enteric neuron development in mice. To further
investigate the function of GDNF and its receptor during embryogenesis we have
cloned the zebrafish homologues of GDNF and GFRal. We have previously
cloned zebrafish c-ret (Bisgrove et al, 1997).
Here we describe the cloning and mRNA expression patterns of these
molecules during embryogenesis. While there appears to be only a single copy
of GDNF in zebrafish there are two copies of GFRal. These two zGFRal’s
have distinct temporal and spatial mRNA expression patterns. zGFRala is
expressed at a high level in midbrain neurons, cranial ganglia, enteric neurons,
and the pronephric duct. zGFRalb in contrast is only expressed at a high level
in a few ventral midbrain neurons, the lateral line ganglia and a subset of spinal
cord motor neurons. The combination of both the zGFRala and b expression
patterns overlap with that of c-ret at the same embryonic age. The restricted
expression of zGFRalb in the posterior lateral line and spinal cord motor
neurons is of particular interest given the restricted expression of zGDNF mRNA
in the lateral line primordium and the ventral somite. We are currently
investigating the function of GDNF is in these areas.

TGF-B2 AND PC12 CELLS: SUBCELLULAR LOCALIZATION AND
RELEASE
H. Specht*, H.-H.- Gerdes, K. Krieglstein and K. Unsicker.
Neuroanatomy and Neurobiology, Univ. Heidelberg, INF 307, D-69120
Heidelberg
TGF-B1, -B2, and -B3 are prototypic members of a large
superfamily of multifunctional and widely distributed cytokines. The
isoforms TGF-B2 and -B3 are expressed by neurons and glial cells in
the developing and adult nervous system. Prominent functions
include regulation of neuronal survival and responses to lesions.
However, the subcellular compartmentalization and release from
neurons are largely unknown. We have previously shown that TGF-B is
stored in and released from the neuroendocrine chromaffin cells
(Krieglstein and Unsicker, J. Neurochem. 65: 1423-1426, 1995). In the
present study we have evaluated the subcellular distribution and
release mechanism of TGF-B2 using the neuronal ceil line PC12. PC12
cells express all three TGF-B isoforms and possess both constitutive
and regulated pathways of secretion. Immunocytochemistry and
confocal microscopy reveal that TGF-B2 co-localizes with the TGN
marker TGN38 and chromogranin B (CgB) suggesting that TGF-B2
enters large dense core vesicles (LDV) through the Golgi. Depolarizing
PC12 ceils with 50mM KCI reveals co-localization of CgB and TGF-B2
at the cell surface suggesting their regulated co-release from LDV.
This release is Ca2+ dependent. Our findings are the first evidence for
a regulated secretion of a member of the TGF-B family from a neuronal
cell.
Supported by the DFG Graduate Program „Molecular and Cellular
Neurobioiogy".

Bisgrove, B.W., Raible, D.W., Walter, V., Eisen, J.S., and Grunwald D.J.
(1997) J. Neurobiol. 33 (6) 749-68.

Supported by grants from NIH and the American Heart Association.

509.11

509.12

prADRENOCEPTOR AGONIST CLENBUTEROL UPREGULATES TGF-pl
IMMUNOREACTIVITY IN RAT BRAIN AFTER GLOBAL ISCHEMIA.

Y, Zhu1* C. Culmsee1, S. Roth-Eichhom2 and J. Krieglstein1 . ’institut fur
Pharmakologie und Toxikologie, 2Abteilung Klinische Chemie und Zentrallabor,
Philipps-Universitat, Ketzerbach 63, D-35032 Marburg, Germany.
It has been shown that exogenous TGF-131 can protect neurons against excitotoxicity
and cerebral ischemia. We further demonstrated that endogenous TGF-131 was present
in TUNEL-negative neurons, but absent in TUNEL-positive neurons after ischemia
suggesting that TGF-131 may play a role in supporting neuronal survival and preventing
DNA degradation. The aim of the present study was to investigate whether a lipophilic
132-adrenqceptor agonist clenbuterol capable of inducing NGF and preventing neuronal
damage could influence the expression of TGF-131 in ischemic brain tissue. Global
ischemia was induced for 10 min in male Wistar rats by clamping both common carotid
arteries and lowering the blood pressure to 40 mmHg. Clenbuterol (0.5 mg/kg, i.p.) or
saline was administered to the rats 3 h before ischemia. The expression of TGF-131
mRNA in the hippocampus and the striatum was detected by RT-PCR. Immunostaining
of TGF-131 was performed in the hippocampal and striatal paraffin sections prepared
from various periods after global ischemia. TGF-131 mRNA level was detectable in the
non-ischemic hippocampus and striatum, and upregulated through 3 h to 4 d after
global ischemia. Clenbuterol failed to further increase the expression of TGF-131
mRNA in these two regions. TGF-131 immunoreactivity was upregulated in the
hippocampus 3 h and 6 h after ischemia, and returned to base level after 24 h of
reperfusion. The expression of TGF-131 protein was clearly enhanced by clenbuterol in
the hippocampal CAI subfield 3 h, 6 h as well as 24 h after ischemia. TGF-131
immunoreactivity was persistently low in the non-ischemic and ischemic-untreated
striatum, whereas TGF-131 immunoreactivity was moderately elevated in clenbuteroltreated ischemic striatum. The results indicate that clenbuterol is able to increase TGF131 protein expression in ischemic brain tissue at the translational or post-translational
level, which may contribute to its neuroprotection.

Is the Neuroprotective
action
of basic
FGF in Excitotoxic
Brain
Lesion mediated
by TGFPs ? Y.P. Tretter1. M. Hertel2. B, Munz3. G. ten
Bruggencate1*. S, Werner2 and C, Alzheimer1.1 Dept. of Physiology, University of
Munich, Pettenkoferstr.12, D-80336 Miinchen, Germany; 2 Dept. of Cell Biology,
Swiss Federal Institute of Technology, Zurich, Switzerland; 3 Dept. of Molecular
Pharmacology, School of Medicine, Stanford University, USA.
Consistent with its well-established neuroprotective effect, basic fibroblast
growth factor (bFGF) was found to prevent the neuronal damage in hippocampal
area CA3 typically associated with unilateral icv. injection of the rigid glutamate
analogon, kainic acid (lpg/pl). RNase protection assays showed that the
neuroprotective action of bFGF against excitotoxic lesion was accompanied by a
substantially stronger and more prolonged expression of activin PA mRNA,
compared to kainic acid without concomitant bFGF application. Since neither the PB
nor a chains of the activin/inhibin family were upregulated in our lesion model, PA
mRNA most likely gives rise solely to activin A. We hence speculated that activin
A, a member of the TGF|3 superfamily, might be involved in the neuroprotective
effects ascribed to bFGF. This hypothesis was corroborated by the following
observations: Firstly, recombinant activin, either coinjected with kainic acid or
continuously applied icv. by means of osmotic minipumps (Alzet), mimicked the
beneficial action of bFGF in the same lesion model. Secondly, icv. application of the
activin-neutralizing protein follistatin (single injection or continuous application via
minipumps) abolished the neuroprotective effect of bFGF. These data suggest that
activin A is not only a neuroprotective agent in vivo, but might actually mediate the
therapeutic effects of bFGF in CNS injury. Since, in addition to activin, follistatin
neutralizes some other members of the TGFP superfamily, their contribution to the
protection afforded by the bFGF-activin interaction remains to be determined.
(Supported by the Bundesministerium fur Bildung und Forschung)

509.13

509.14

CEREBROSPINAL FLUID (CSF) CONTAINS BONE MORPHOGENETIC
PROTEIN-7 (BMP-7). B. Dattatrevamurty1, E. Roux1, P. L. Kaplan1, D,
Higgins2, P.J, Lein3* and V. Chandrasekaran2. ‘Creative Biomolecules, Hopkinton,
MA; 2Dept. of Pharmacology and Toxicology, State University of New York,
Buffalo, NY; 3Canisius College, Buffalo, NY; Buffalo NY 14214.
BMPs regulate the growth, survival, and dendritic arbors of many types of CNS
cells, including cortical, hippocampal, and spinal motor neurons, and have been
shown to promote recovery from stroke. In this study, we considered the
possibility that the CSF might be a source of BMP-7/OP-1 (Osteogenic protein 1). Western blot analyses of normal bovine CSF, using 125I-labeled anti-BMP-7
antibody, revealed the presence of two bands 30 kDa and 17 kDa, representing
dimeric and monomeric BMP-7 respectively. These bands disappeared in the
presence of excess unlabeled BMP-7 indicating the presence of immunoreactive
BMP-7 in CSF. Radioimmunoassay (RIA) of the bovine CSF for BMP-7 yielded
dose-response lines that are parallel to that of a recombinant BMP-7 standard.
The endogenous BMP-7 concentration in bovine CSF is 12.2 ng/ml. Since BMP-7
is known to induce dendritic growth in sympathetic neurons, a bioassay was
employed to confirm the biological activity of BMP-7 present in CSF. Addition of
normal bovine CSF to cultures of sympathetic neurons caused a dose-dependent
increase in dendritic growth. The dendritic growth induced by 50% CSF was
equivalent to that produced by maximally effective concentrations of BMP-7 (50
ng/ml). Moreover, CSF induced dendritic growth was inhibited by follistatin, a
protein that can sequester BMPs, and by either of two monoclonal antibodies that
react with BMP-7 (12G3, 1B12). These results show that BMP-7, unlike other
neurotrophic factors such as NGF and CNTF, is a constituent of normal CSF and
is present at concentrations sufficient to elicit a biological response. (Supported by
Creative BioMolecules and NSF grant #IBN98-08565)

BMP-7 SIGNALS THROUGH NOVEL INTRACELLULAR FGF-2/FGFR1
PATHWAY IN SYMPATHETIC NEURONS. E.K. Stachowiak1, C.M. Horbinski2,
E. Mizukoshi1, C. Cohan1*, D. Higgins2, ^J.K. Stachowiak1. ‘Molecular and
Structural Neurobiology and Gene Therapy Program, Dept. of Anatomy and Cell
Biology; 2Dept. of Pharmacology; SUNY at Buffalo, 14214.
Our earlier studies have indicated that tyrosine kinase- and G-protein-linked
cytokine and hormonal receptors and ion channel neurotransmitter receptors control
cellular growth and differentiation via novel integrative signaling mechanism. This
mechanism involves direct translocation of the fibroblast growth factor-2 (FGF-2)
and its high affinity receptor (FGFR1) from the cytoplasm into the cell nucleus under
the control of soluble cytokines, neurotransmitter and hormonal receptors. Nuclear
FGF-2/FGFR1 interact with the nuclear matrix and transcriptional factors to regulate
cellular growth and differentiation. In the present study we examined whether FGF2/FGFR1 signaling pathway may be accessed by Bone Morphogenic Protein-7
(BMP-7). BMP-7 was earlier shown to induce dendrite outgrowth from cultured rat
sympathetic neurons. Dendritic growth was detected after one day of treatment and
the maximal effect was observed after 3 days of treatment. Subcellular distribution
of FGF-1, FGF-2, and FGFR1 was examined by confocal immunocytochemistry.
FGF-1 was constitutively present in the peripheral cytoplasm and in neurites
independent of the BMP-7. In contrast, little FGF-2 was detected in dendrite-lacking,
untreated neurons. The BMP-7 induced FGF-2 expression and caused cytoplasmic
and nuclear FGF-2 accumulation between 6 and 72 hrs of treatment. Untreated
neurons showed weak FGFR1 immunoreactivity associated with cytoplasm and cell
surface. Incubation with the BMP-7 for six hours increased cytoplasmic FGFR1
content. Subsequently a gradual transfer of the cytoplasmic FGFR1 into the cell
nucleus was observed. The transfer was partial at 24 hr and near complete at 72 hrs.
Thus, the FGF-2/FGFR1 nuclear pathway could be utilized in the regulation of
dendritic growth by BMP-7 which signals via serine/threonine kinase receptors.
[NSF (EBN-9728923, IBN-9808565), March of Dimes, and NIH (HL-49376)].
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509.15

509.16

DIFFERENTIAL REGULATION OF FGF-2 GENE EXPRESSION BY THE
NON COMPETITIVE NMDA RECEPTOR ANTAGONIST MK-801.
F Fumagalli1. R. Santero1. C Fossati1. G Racaeni1^* and M A. JU.YS1 'Center
of Neuropharmacology, Inst, of Pharmacological Sciences, Univ. of Milan, Italy
and 2IRCCS, Centro San Giovanni di Dio-Fatebenefratelli, Brescia, Italy.
Baric fibroblast growth factor (FGF-2) represents the prototype member of a
large family oftrophic molecules exerting profound effects on neuronal cells during
both development and adult life. The expression of this trophic factor is tightly
regulated by neurotransmitters, hormones as well as in learning and exercise.
Within the brain, these mechanisms can contribute to different aspects of synaptic
plasticity as well as to the behavioral alterations observed in response to
psychoactive drugs. On these bases, we have investigated the regulation of FGF-2
expression following exposure to the non-competitive NMDA receptor antagonist
MK-801, a drug known to produce behavioral abnormalities resembling a
psychotomimetic state. More specifically, the gene expression for FGF-2 was
determined after a single administration ofMK-801 at two different doses (0.1 and
1 mg/kg), the animals being killed 2 or 6 hour after the injection. In these
conditions, FGF-2 mRNA was significantly elevated in striatum and nucleus
accumbens with a different temporal pattern. In the nucleus accumbens, the low
dose ofMK-801 produced a significant elevation of FGF-2 expression after 6h,
whereas the highest dose produced a two-fold elevation of its mRNA levels after 2
or 6h. Despite the possibility that MK-801 can produce its central effects by
increasing the release of other neurotransmitters (dopamine, serotonin and
glutamate) in several brain structures, no major changes in FGF-2 expression were
observed in other regions, such as hippocampus, frontal cortex or hypothalamus.
The selective anatomical and temporal profile of FGF-2 modulation could
contribute to the psychostimulatory effects ofMK-801 and may suggest a role fcr
this trophic factor in long lasting changes of brain function following exposure to
psychoactive drugs.

EXPRESSION
AND
LOCALIZATION
OF
MONOCYTE
CHEMOATTRACTANT
PROTEIN-1
(MCP-1)
DURING
RETROGRADE DEGENERATION M. Muessel*, R.M. Klein and
N.E.J. Berman Dept. of Anatomy and Cell Biology, University of Kansas
Medical Center, Kansas City KS 66160.
Injury to the cerebral cortex results in retrograde degeneration of
thalamic neurons. It has become increasingly clear that activation of
microglia precedes cell death of degenerating thalamic neurons.
Monocytes and activated microglia express mediators which may
modulate neuronal survival. Our previous studies demonstrated that
message levels for MCP-1, a P chemokine which attracts monocytic
cells to sites of injury, are rapidly upregulated in injured cortex and
ipsilateral thalamus following cortical injury (Muessel et al., Soc. for
Neurosci. Abstr. 24: 1539, 1998). The present study examined protein
expression and message localization of MCP-1 in the thalamus
following cortical injury. Aspiration lesions of visual cortex were made
in adult mice. At survival times of 1, 6, 12, 24, 72 and 168 hrs., brain
was harvested and dissected into regions including cortex and thalamus
ipsilateral and contralateral to the lesion. MCP-1 protein expression was
quantitated by ELISA. MCP-1 protein was significantly elevated above
basal levels at 6, 12 and 24 hrs. in injured cortex and at 12 and 24 hrs. in
ipsilateral thalamus. In situ hybridization was used to localize message
expression in ipsilateral cortex and thalamus after injury. These results
demonstrate that MCP-1 is in position to rapidly attract monocytic cells
to regions undergoing retrograde neuronal degeneration. Supported by
AG 96-003, HD02528 and the Lied Foundation.

509.17

509.18

NEURONAL EXPRESSION OF MCP-1 FOLLOWING A REMOTE LESION
OF THE CNS.

MCP-1 CHEMOKINE IMMUNOREACTIVITY IN SENSORY NEURON CELL
BODIES FOLLOWING SCIATIC NERVE LIGATION. M.A.Thacker, A
Princivalle* & S.W.N.Thompson. Division of Physiology. King’s College London, S
Thomas’ Campus, London SE1 7EH. 1st. Naz. Neurologia, C.Bista, Milan and
Faculty of Healthcare Sciences. Kingston University and St. George's Hospita
Medical School, London SW17 ORE.
Members of the chemokine family, a superfamily of chemoattractant cytokine
responsible for migration and activation of specific leukocyte cell types, are rapidly
expressed at the site of peripheral nerve injury. Monocyte chemotactic protein -1 i
expressed by Schwann cells in response to nerve damage and is thought to play
critical role in the process of Wallerian Degeneration. Early expression of MCP-1
precedes the release of other factors [including other cytokines and neurotrophins
and is thought responsible for macrophage recruitment and activation. We have now
examined the expression of MCP-1 in the Dorsal Root Ganglion following unilatera
sciatic nerve ligation in adult male Wistar Rats. Immunocytochemical analysis using
polyclonal anti MCP-1 antibodies demonstrates immunoreactive neuronal profile
within the DRG 1,3,7 and 12 days following sciatic nerve ligation
Immunofluorescence was predominantly confined to small diameter neurona
profiles. Immunoreactivity was also observed in contralateral DRG within neurona
profiles at all time points. These data demonstrate that a subpopulation of sensory
neurons express the chemokine MCP-1 following damage to their peripheral axons
At present the role for this novel expression of MCP-1 within sensory neuron cel
bodies is unknown but may represent mechanisms related to neuronal survival and
regeneration.

F.-W. Schwaiger1, A. FIGgel2, G. Hager1, A. Horvat1, Ch, Spitzer1, M.B. Graeber*1 and G.W.
Kreutzberg'. 'Dept. of Neuromorphology and ^Dept, of Neuroimmunology, Max-Planck-Institute
of Neurobioiogy, Martinsried, Germany.

The healthy central nervous system (CNS) is generally considered an
,.immune privileged" organ. During pathologic processes, however, a
proinflammatory milieu develops followed by the infiltration of intrinsic as
well as extrinsic immune cells into the lesion site. Since the composition of
the infiltrate depends on the type of injury, chemokines are important
candidates for the orchestration of such differential recruitment.
We investigated the expression of the chemoattractants MCP-1, RANTES
and IP10 following a remote lesion of the CNS induced by peripheral facial
or hypoglossal nerve transection. Using in situ hybridization, MCP-1 mRNA
was found to be strongly upregulated starting as early as six hours after
axotomy. Transcription peaked at p.o. day three and reached baseline
levels six weeks following the lesion. Protein expression was confirmed
using immunohistochemistry. In contrast to MCP-1, RANTES and IP10
expression were not induced after axotomy. MCP-1 induction correlated
with an up-regulation of the mRNA for the MCP-1 receptor, CCR2, in glial
cells within and surrounding the area of the lesioned facial and hypoglossal
nuclei. Following direct brain trauma, MCP-1 expression of astrocytes
and/or activated microglia is believed to be involved in microglial and T-cell
chemoattraction. Surprisingly, the expression of MCP-1 in response to
peripheral nerve axotomy was restricted to neurons. Gur findings therefore
indicate that neuronal MCP-1 is involved in the control of neuron/glia
interactions, e.g., the attraction of microglial cells by motoneurons.

509.19
CHEMOKINE EXPRESSION WITHIN THE CHOROID PLEXUS. D C.
Bragg1 *, J.C, Boles1. M.B. Tompkins2, and R.B, Meeker1. ’Dept. of Neurology,
Univ. of NC, Chapel Hill, NC, 27599. 2College of Veterinary Medicine, NC State
Univ., Raleigh, NC. 27606.
Recent studies indicate that neural cells within the parenchyma may, under
various conditions, release chemokines that promote the trafficking of leukocytes
and monocytes into the brain. However, little attention has been given to the
choroid plexus, which provides an important barrier between the periphery and the
CSF. Since its endothelial cells lack tight junctions, chemokines produced within
the choroid plexus could theoretically be released directly into the peripheral
circulation and thus play a significant role in the recruitment of peripheral immune
cells into the CNS. In the present study, we established primary cultures of feline
choroid plexus and examined chemokine gene expression via RT-PCR. Choroid
plexus explants were dissected from fetal cat brain and maintained in vitro for up
to two weeks. RNA was isolated at days five and fourteen in vitro, reverse
transcribed, and amplified with specific primers directed against feline chemokine
genes. Robust expression of Monocyte Chemoattractant Protein (MCP-1) was
observed at both timepoints, as well as low levels of Macrophage Inflammatory
Proteins-la and -ip (MIP-la and MIP-ip) and RANTES (Regulated on
Activation, Normal T-cell Expressed and Secreted) transcripts. In addition,
expression of the alpha chemokine receptor, CXCR4, was detected via
immunohistochemistry. These results suggest that the choroid plexus may serve
as a potent source of chemokines. Future studies may reveal whether various
pathogens, such as lentiviruses, enhance the expression of these genes in the
choroid plexus and thereby promote the migration of peripheral immune cells
across the blood-CSF barrier.
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510.2

510.1
T.M. Boeckers''2*. C, Winter1, J, Bockmann1. K.H.__ SmallaL__
Seidenbecher2. M.R, Kreutz2 and E, D, Gundelfinger2 1 Institute of Anatomy,
University of Muenster, 48149 Muenster, Germany; 2 Leibniz Institute cf
Neurobiology, Brenneckestrasse 6, 39118 Magdeburg, Germany
The postsynaptic density (PSD) protein ProSAPl harbours an N-terminal
PDZ domain that is only about 30% identical to PDZ domains of previously
known proteins, like SAP90/PSD95, SAP97 or SAP 102. The characteristic
GLGF motif of most PDZ domains which plays an important functional role
in binding the C-termini of interaction partners is substituted by GFGF in
ProSAPl. A search for ProSAPl related proteins by homology screening
with PDZ domain probes identified cDNAs for a novel proline rich (14%)
protein, ProSAP2 (Proline Rich Synapse Associated £rotein2). ProSAP2
transcripts (5.5 and 6.5kb) are expressed in several brain areas including
cortex, cerebellum, thalamus and brain stem as revealed by Northern Blot
analysis. ProSAP2 has a PDZ domain that is 80% identical with that cf
ProSAPl. In addition the cDNA codes for an SH3 domain next to the PDZ
domain and five N-terminal ankyrin repeats are found. The ppl domain that is
responsible for the interaction of ProSAPl with the actin binding protein
cortactin is also conserved in ProSAP2. This holds also true for the Cterminal SAM domain. Further studies will clarify the exact ultrastructural
localization of ProSAP2 and the identification of binding partners will help to
define the functional role of the protein.

GENOMIC STRUCTURE OF THE PSD-PROTEINS ProSAPl AND
ProSAP2
C. Winter1, J, Bockmann1*, M.R, Kreutz2. E.D. Gundelfinger2 and T.M,
Boeckers12 1 Institute of Anatomy, University of Muenster, 48149 Muenster,
Germany; 2 Leibniz Institute of Neurobiology, Brenneckestrasse 6, 39118
Magdeburg, Germany
ProSAPl and ProSAP2 (Proline Rich Synapse Associated Protein 1 and 2)
define a new family of PDZ domain proteins that show a high identitiy of
several protein-protein interaction domains. Besides a highly conserved PDZ
domain (80%) and C-terminal SAM domain both proteins code for a ppl
domain that is responsible for the interaction of these proteins with the actin
binding protein cortactin. The ProSAP2 cDNA codes for an additional Nterminal SH3 domain and five ankyrin repeats. ProSAPl is a brain specific
180kDA protein that is solely found in the PSD of excitatory synapses.
ProSAP2 transcripts are as well found in several brain areas. Genomic
sequences in public databases show that the human homolog of ProSAPl is
localized on chromosome 11 while ProSAP2 is already mapped on
chromosome 22ql3. In order to investigate the mouse genomic structure cf
both genes a mouse BAC library has been screened and positive clones for
ProSAPl as well as ProSAP2 were subcloned and sequenced. The ProSAPl
gene consists of 10 exons; exon 1 and 2 are seperated from the other exons by
a large intron of over SO.OOObp. The ProSAP2 gene is characterized by 23
exons that are seperated by only small introns. Comparison of the mouse
coding sequences for ProSAPl and 2 with the rat and human sequences
revealed a very high homology between these species. The generation of
transgenic mice should give new insights for the functional role of these PSD
proteins.

510.3

510.4

INTRAMOLECULAR INTERACTIONS REGULATE GKAP
BINDING TO THE GK DOMAIN IN SAP97 W.B. Coblentz. S.
Kuhiendahl, U. Thomas, S.M. Reuver. V. Budnik, E.D.
Gundelfinger, and C.C, Garner*. Department of Neurobiology,
University of Alabama at Birmingham, Birmingham, AL 35294
Synapses are highly specialized sites of cell-cell contact involved in
the rapid and efficient signaling between nerve cells and their targets.
Members of the SAP90/PSD-95 family of synapse associated proteins
have emerged as central organizers of both the pre and post-synapse by
creating macromolecular signaling complexes. These signaling
complexes are formed through the interaction of individual subdomains
in SAPs, for example, cell adhesion molecules, components of the
cytoskeleton, neurotransmitter receptors and signaling proteins. In the
present study we have examine the molecular mechanisms that
regulates the interaction of one family member SAP97 with its
cytoskeletal binding partner GKAP. Our studies show that binding of
the GK domain in SAP97 to GKAP is regulated by a series of
intramolecular interactions in which protein sequences flanking the
SAP97 GK domain mask GKAP binding. Specifically we find that the
SH3 and GK domains in SAP97 interact with each other to form a
molecular switch that regulates GKAP binding. Furthermore, we find
that the N-terminal unique region of SAP97 (S97N) involved in the
localization of SAP97 at sites of cell-cell contact is a positive regulator
of GKAP binding through its dynamic binding to the SAP97 SH3
domain. These intramolecular interactions appear to regulate the
unfolding of SAP97 and its assembly into synaptic junctions.
Supported by NIH-NIA ROI AG 12978-02

TARGETING OF PSD-95 AND SAP-102 AND BINDING
PARTNERS IN TRANSFECTED HIPPOCAMPAL NEURONS.

510.5

510.6

PALMITOYLATION IS ESSENTIAL FOR ION CHANNEL
CLUSTERING MEDIATED BY PSD-95 AND CAN BE REPLACED
BY ANOTHER DUAL PALMITOYLATION MOTIF BUT NOT
WITH OTHER LIPID MODIFICATIONS. David S, Bredt. Alaa E.

POSTSYNAPTIC TARGETING AND ION CHANNEL CLUSTERING
MEDIATED BY MEMBERS OF THE PSD-95 FAMILY REQUIRE
PROTEIN PALMITOYLATION. Alaa E. El-Husseini*. Sarah E. Craven,
Rick Topinka, Bonnie L. Firestein, Dane M. Chetkovich and David S. Bredt
Department of Physiology, UCSF, San Francisco, CA 94143-0444.
Postsynaptic density-95 (PSD-95) is a palmitoylated membrane
associated guanylate kinase (MAGUK) that assembles neurotransmitter
receptors and associated protein networks at excitatory synapses.
Palmitoylation of PSD-95 is specified by five consecutive hydrophobic
residues that include the modified cysteines. N-terminal mutations that
reduce or abolish protein palmitoylation disrupt synaptic targeting and ion
channel clustering mediated by PSD-95. In addition to PSD-95, three
homologous neuronal MAGUKs have been identified. Here, we
examined whether palmitoylation is essential for synaptic targeting and
ion channel clustering mediated by the other neuronal MAGUKs, PSD93, SAP-97 and SAP-102. Our results show that two alternatively spliced
isoforms of PSD-93, PSD-93cc and PSD-933, are palmitoylated on Nterminal cysteines and are both capable of clustering Kvl.4 in COS cells.
In contrast, SAP-97 and SAP-102 are not palmitoylated and do not
mediate Kvl.4 clustering.
Immunostaining studies in cultured
hippocampal neurons show that endogenous PSD-95 and PSD-93 are
exclusively dendritic, and specifically localized to synaptic sites, whereas
SAP-97 and SAP-102 have more diffuse distribution and are detected in
both axons and dendrites.
These results indicate that protein
palmitoylation plays an important role in targeting of PSD-95 and PSD-93
to postsynaptic sites and is crucial for mediating ion channel clustering by
specific members of the family.

CLONING AND CHARACTERIZATION OF ProSAP2, A NOVEL

PDZ DOMAIN PROTEIN

El-Husseini, Sarah E. Craven and Hgrwig Baier*. Department of
Physiology, UCSF, San Francisco, CA 94143-0444.
N-terminal palmitoylation of PSD-95 is essential for postsynaptic
protein targeting. Here, we asked whether protein palmitoylation also
mediates ion channel clustering by PSD-95. We find that a short Nterminal palmitoylation motif that contains the first 26 amino acids of
PSD-95 fused to PDZ domains land 2 is sufficient for targeting a GFP
fusion protein to a perinuclear endosomal compartment as well as for
clustering of Kvl.4 in COS cells. Point mutations that disrupt PSD-95
palmitoylation block both endosomal sorting and Kvl.4 clustering.
Replacing the N-terminal palmitoylation motif of PSD-95 with other lipid
association motifs such as myristoylation and geranylgeranylation fail to
restore ion channel clustering mediated by PSD-95. In contrast, replacing
amino acids 1-13 of PSD-95 with the first 12 amino acids of GAP-43,
which includes two palmitoylated cysteines results in efficient clustering
of co-expressed Kvl.4. A fusion protein containing full length GAP-43
fused to PDZ domains 1 and 2 of PSD-95 induces ion channel clustering
by Kvl.4. These results show that PSD-95 palmitoylation is specifically
required for ion channel clustering mediated by PSD-95. Our data
indicate that PSD-95 palmitoylation play an essential role in mediating
protein association with a specialized lipid environment, a process which
is crucial for both postsynaptic sorting and ion channel clustering.

Society

for

Neuroscience

, Volume

25, 1999

Bonnie L. Firestein* and David S. Bredt. Department of Physiology,
UCSF, San Francisco, CA 94143-0444.

PSD-95 and SAP-102 are membrane-associated guanylate kinase
(MAGUK) proteins thought to target and anchor other proteins at
synapses. In order to understand how these MAGUKs target binding
proteins, we transfected neurons with MAGUKs and binding partners.
When transfected alone, the Kv 1.4 K+ channel is diffuse within the cell
body and processes and is mainly localized to the axon. However, when
co-transfected with PSD-95-GFP or SAP-102-GFP, Kvl.4 localizes to
synaptic sites where the MAGUKs are found. Interestingly, expression of
only the intracellular tail of Kvl.4, which includes the binding site for the
MAGUKs, results in a diffuse distribution of the Kvl.4 tail and synaptic
localization of the MAGUKs. In contrast, the MAGUKs were targeted
away from synapses when co-expressed with juncsyn. These results
suggest that PSD-95 and SAP-102 may function to target channels and
receptors to postsynaptic sites, but that binding to a canonical sequence at
the carboxy termini of these channels and receptors is not sufficient. In
addition, we have identified that juncsyn targets MAGUKs away from
synapses. (Supported by NIH, SCRF)
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INTRAMOLECULAR INTERACTION BETWEEN THE SH3 DOMAIN
AND GUANYLATE KINASE DOMAIN OF PSD-95
A. W, McGee. H. Misawa* and D. S, Bredt. Department of Physiology,
University of California at San Francisco, San Francisco, CA 94143.
Postsynaptic density-95 (PSD-95 / SAP-90) is a member of the membraneassociated guanylate kinase (MAGUK) family of proteins. MAGUKs
comprise multiple protein-protein interaction motifs including PDZ, SH3 and
guanylate kinase (GK) domains. Synaptic binding partners for the PDZ and
GK domains of PSD-95 have been identified, but the role of the SH3 domain
remains elusive. Kim et. al. have previously identified a specific interaction
between the SH3 domain and GK domain of PSD-95. The GK domain lacks a
poly-proline motif that typically binds to SH3 domains; instead, SH3 / GK
binding appears to be a bi-domain interaction that requires both intact motifs.
Here we report that although isolated SH3 and GK domains can bind in trans,
experiments with intact PSD-95 molecules indicate that intramolecular SH3 /
GK binding dominates and prevents intermolecular associations. SH3 / GK
binding is conserved in the related Drosophila MAGUK protein DLG but is
not detectable for C. elegans LIN-2. Many previously identified genetic
mutations of MAGUKs in invertebrates occur in the SH3 or GK domains, and
many of these mutations disrupt intramolecular SH3 / GK binding. The SH3 /
GK interaction does not appear to influence association between the GK
domain and Guanylate Kinase-Associated Protein (GKAP). We hypothesize
that the intramolecular SH3 / GK interaction within MAGUKs regulates some
unknown function for these domains. Supported by NIH grant RO1GM36017
to DSB. AWM is a HHMI predoctoral fellow.

SYNAPTIC, MEMBRANOUS AND CYTOPLASMIC LOCALIZATION OF
PSD-95: EM-IMMUNOCYTOCHEMICAL DETECTION WITHIN INTACT
DEVELOPING CORTICAL NEUROPIL. C. Aoki,1* H, Oviedo1. L. Alexandre1 and
D.S. Bredt2.‘Ctr for Neural Science, New York Univ., NYC, 10003; 2Dept. Of
Physiology, UCSF, SF, Calif., 94143.
Previous biochemical studies, together with light microscopic results obtained using
cultured hippocampal neurons, indicate that PSD-95 and other MAGUK proteins are
involved in the sorting and targeting of NMDA receptors to synapses. On the other
hand, results of our previous studies (Aoki et al., ‘94, J Neurosci.; Aoki, ‘97, Brain Res)
indicate that the NR1 subunits of NMDA receptors within developing cerebral cortices
first occur diffusely within dendritic shafts, then become more discretely localized to
postsynaptic spines, while also persisting within axons and other nonsynaptic sites
through adulthood. Our more recent studies indicate that the NR2A/B subunits, both
ligands for PSD-95, also occur nonsynaptically as well as synaptically within cortices.
As a first step towards determining whether the nonsynaptic as well as the synaptic
localization of NMDA receptors might be dictated by their interaction with PSD-95, we
have assessed the proportion of PSD-95-labeled profiles that are synaptic within
developing cortical neuropil. The values obtained indicate that synapses are not the
dominant sites for PSD-95: 13% in adulthood, 23% at postnatal day (PD) 24, 32% at
PD17,14% at PD13 and 17% at PD12. At the same time, more than 75% of the spinous
labeling occurred directly over PSDs. A parallel study that used silver-intensified gold
(SIG) to distinguish membranous from cytoplasmic labeling revealed that, while
membranous labeling dominates over cytoplasmic labeling at most ages examined, the
cytoplasmic labeling is no less than 40% of all labels. These observations support the
idea that PSD-95 may aid in targeting intercellular signaling molecules to plasma
membranes and spinous PSDs during synaptogenesis but may also regulate their
cytoplasmic localization. (R01-EY08055 & NSF-RCD 92-53750 to CA; R01-NS36017,
NSF, EJLB&Culpeper Beckman Fndn to DBS.; NSF predoctoral award to HO).
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POSTSYNAPTIC TARGETING OF PSD-95 AND NMDA
RECEPTORS. S.E. Craven* and D.S. Bredt, Dept. of Physiology and

POSTSYNAPTIC TARGETING AND ION CHANNEL CLUSTERING
BY PSD-95 REQUIRE ENDOSOMAL TRAFFICKING
D.M. Chetkovich*, A.E. El-Husseini, S.E. Craven, B.L. Firestein, and
D.S. Bredt. Department of Physiology, Univ. of Cal., San Francisco, San
Francisco, CA 94143.
Mechanisms underlying sorting and targeting of specific proteins to
specialized synaptic sites are largely unknown. In this work we
demonstrate that PSD-95 is an itinerant protein of perinuclear sorting
endosomes. PSD-95 sorting to perinuclear endosomes is Brefeldin A
and nocodazole sensitive implying that PSD-95 trafficking to and from
sorting endosomes relies on an intact transport mechanism. In real time
imaging of live cells expressing PSD-95 fused to GFP, we find that PSD95 containing vesicles are in constant dynamic flux and that their
movement requires intact microtubules. We also show that endosomal
sorting of PSD-95 relies on dual palmitoylation, which is determined by
five N-terminal hydrophobic amino acids that include the two modified
cysteines. In cultured hippocampal neurons, PSD-95 accumulation in
perinuclear endosomes precedes its clustering in neuronal processes and
all mutations that disrupt vesicular sorting also prevent postsynaptic
targeting of PSD-95. Significantly, all mutations and pharmacological
agents that block vesicular targeting prevent ion channel clustering by
PSD-95. These results demonstrate that early sorting of PSD-95 to
endosomes is essential for its postsynaptic targeting and provide evidence
for a role of PSD-95 in recruiting ion channels from intracellular
vesicles.

510.11

510.12

Dept. of Neurosci., UCSF, San Francisco, CA 94143-0444.
Synaptic function requires the proper localization of proteins at the
postsynaptic membrane, and the targeting and assembly of postsynaptic
proteins are just beginning to be elucidated. We recently showed that the
synaptic targeting of the postsynaptic density protein PSD-95 requires Nterminal palmitoylation, the first and second PDZ domains, and a 12
amino acid C-terminal targeting domain (Craven et al., 1999). We now
provide evidence that the C-terminal targeting domain of PSD-95 is a
tyrosine-based motif (YXXH: where X is any amino acid and H is a
hydrophobic amino acid) that can associate with clathrin adaptor proteins
to direct proteins into clathrin-coated pits for vesicular transport. The
tyrosine motif of PSD-95 is sufficient to confer clathrin-dependent
internalization on the plasma membrane protein interleukin-2 (IL-2) in
heterologous cells. In addition, mutations of the tyrosine as well as nonconserved mutations of the hydrophobic residue disrupt proper synaptic
targeting of PSD-95 in cultured neurons. We are also working to show
that the appropriate targeting of PSD-95 is required for postsynaptic
targeting of PSD-95 binding partners, including N-methyl-D-aspartate(NMDA-) type glutamate receptors, along with the appropriate PDZ/Cterminal interactions. (Supported by NIH, ARCS)

SPLICE VARIANTS
DIFFERENTIALLY
DEVELOPMENT

OF THE PSD
REGULATED

PROTEIN
DURING

ProSAPl ARE
POSTNATAL

V, Strunk1, M.R, KreutzLc Winter', J, Bockmann1. W. Wittkowski1*.
C.C. Gamer, E. D. Gundelfmger2 and T.M. Boeckers12 1 Institute of
Anatomy, University of Muenster, 48149 Muenster, Germany; 2 Leibniz
Institute of Neurobioiogy, Brenneckestrasse 6, 39118 Magdeburg, Germany;
3 University of Alabama, Dept of Neurobioiogy, Birmingham, USA
ProSAPl (Proline Rich Synapse Associated Protein 1) that has been
identified as a novel component of the postsynaptic density (PSD) is a brain
specific 180kDA protein with an N-terminal PDZ domain, a C-terminal SAM
domain and a ppl domain responsible for the interaction of ProSAPl with the
actin binding protein cortactin. The sequencing of several ProSAPl cDNA
clones suggested the expression of alternatively spliced transcripts affecting
the N-terminal part of the protein. Sequence insertions/deletions were found at
nucleotide 1050 (insertA; 2lbp) and nucleotide 1287 (insertB; 27bp). Several
independent clones showed the presence of either one of these insertions or cf
both inserts. In none of the sequenced clones the absence of both exons could
be observed. In situ hybridization with oligonucleotides designed to detect
the presence or absence of insertion A and B showed that insert A containing
transcripts (A+) are predominantely expressed during early stages of brain
development and are almost exclusively found in the cerebellum of adult
animals. Transcripts without insert A (A-) display stable expression at all
postnatal stages in all brain regions expressing ProSAPl. On the contrary
insert B (B+) is expressed with a similar pattern to the A- hybridization
signals. ProSAPl transcripts without insert B (B-) show only a very weak
expression postnatally and are not to be detected in adult brain. Further
studies must clarify whether these developmentally regulated processing
variants are involved in early synaptogenesis and/or growth cone regulation.
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MOLECULAR DETERMINANTS FOR SUBCELLULAR
LOCALIZATION OF PSD-95 WITH AN INTERACTING K+
CHANNEL. D.B. Arnold* and D.E, Clapham. Howard
Hughes Medical Institute, Children’s Hospital, and Harvard
Medical School, Boston, MA 02115.
Ion channels and PDZ-containing proteins, such as PSD-95, are
colocalized in specific neuronal subcellular locations by a
mechanism that is not well understood. Using biolistic techniques
to express PSD-95 and a voltage-gated delayed rectifier K+selective channel (Kv 1.4) in slices of rat cortex, we investigated
the molecular components necessary for subcellular targeting in
neurons. We visualized PSD-95 in pyramidal cells by tagging the
protein with GFP (PSD-95:GFP) and found that it was localized
in dendritic spines at postsynaptic sites, a distribution resembling
that of the native PSD-95 protein. Deletion analysis revealed that a
single PDZ domain and a region including the SH3 domain of
PSD-95 were both necessary for localization. When transfected
alone, PSD-95 was present in dendrites, but absent from the axon;
following cotransfection with Kvl.4, PSD-95:GFP appeared in
both the axon and the dendrite, and Kvl.4 was restricted to the
axon. When the domains on Kvl.4 and PSD-95 that mediate the
interaction between the two proteins were disrupted, Kvl.4
localized nonspecifically. Our results provide evidence that Kv 1.4
itself may determine its subcellular location, while an associated
MAGUK protein is a necessary but not sufficient cofactor.
Sponsored by HHMI.
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GP65 (NEUROPLASTIN 65) AND GP55 (NEUROPLASTIN 55): PRESENCE
OF HIGH MOLECULAR WEIGHT COMPLEXES IN BRAIN AND A
PUTATIVE ROLE FOR GP55 IN CEREBELLAR DEVELOPMENT.
P. W, Beesley*. S. Shabir, K. Langnaese3, U. Khanzada, R. Mummery, P. GordonWeeks2, K.-H. Smalla3 and E. Gundelfinger3. School of Biological Sciences, Royal
Holloway University of London, Egham, U.K., Randall Institute, King’s College
London, U.K.2 and Leibniz Institute for Neurobiology, Magdeburg FRG3.
Gp65 and gp55 are glycoprotein components of rat brain synaptic membrane
preparations. They are members of the immunoglobulin (Ig) superfamily which arise
by alternative splicing and comprise 3 (gp65) and 2 (gp55) Ig domains. Gp65 is
brain specific and is most enriched in forebrain post synaptic density preparations.
Although gp55 is found in a wide range of tissues, tlie brain glycoform is tissue
specific. Recently gp65 has been implicated in synaptic plasticity and hence we have
termed the molecule neuroplastin-65. Studies with the cross-linking agents dithiobis
succinimidyl proprionate (DSP) and dithiobis sulfosuccinimidylproprionate (DTSSP)
show that in rat brain membranes both glycoproteins exist as complexes of molecular
weight 195,000 and 235,000. High molecular weight complexes have also been
isolated from HEK cells stably transfected with gp65 or gp55. These results suggest
that both neuroplastin 65 and 55 may form part of larger, functionally active,
membrane complexes. Gp65 and gp55 show marked differences in regional
distribution. Cerebellum is rich in gp55, but contains relatively little gp65.
Immunocytochemical studies of developing mouse cerebellum with antibodies raised
against the two common or all three Ig domains suggest that immunoreactivity is
initially associated with the transient synapses formed by the developing climbing
fibres on Purkinje cell perikarya. At later stages of development the molecular layer
is strongly stained as are rosette-like structures in the granular layer. The latter are
consistent with staining of the synaptic glomeruli. No immunoreactivity was
observed with antibodies specific for gp65. This data suggests that gp55
(neuroplastin 55) may play a role in development and/or stabilisation of the climbing
and mossy fibre synapses. Funded by the Wellcome Trust, DFG and NATO.

Dynamic regulation of DLG localization at synapses by CaMKIIDependent Phosphorylation. Young Ho Koh^Evgenva Popova1, Ulrich

Thomas1, Leslie C, Griffith2, and Vivian Budnik1. ’Department of
Biology,

University of Massachusetts, Amherst, MA 01003,

department of Biology, Volen Center for Complex Systems, Brandeis

University Waltham, MA 02454-9110
DLG mediates the clustering of synaptic molecules. Here we

demonstrate that synaptic localization of DLG itself is regulated by
CaMKII. We show that DLG and CaMKII colocalized at synapses, and
exist in the same protein complex. Constitutively activated CaMKII

phenocopied structural abnormalities of dig mutant synapses, and

dramatically increased extrajunctional DLG. Decreased CaMKII

activity caused opposite alterations. In vitro, CaMKII phosphorylated a
DLG fragment with a stoichiometry close to one. Moreover, expression
of site-directed dig mutants that blocked or mimicked phosphorylation

had effects similar to those observed upon inhibiting or constitutively
activating CaMKII. We propose that CaMKII-dependent DLG
phosphorylation regulates the association of DLG with the synaptic
complex during development and plasticity, thus providing a link

between synaptic activity and structure.
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CHARACTERISTICS OF SYNAPSES FORMED BETWEEN CULTURED
NEURONS OF RAT ACCESSORY OLFACTORY BULB.
K.Muramoto1* M.Kato23. MMatsuoka2. Y. Kuroda1, M. Ichikawa22*. Departments 2of

DEVELOPMENTAL CHANGES OF THE LOCALIZATION OF
GABAergic SYNAPSES IN CULTURED NEURONS
K, MURAMQTQ3), MJCAWAHARA-3), K. KOBAYASHP), X
KURODA3). M, ICHIKAWA1).2). D CREST of Japan Science and Technology
Corporation, Kawaguchi, Saitama 332-0012, Japan. 2 )Departments of Anat. &
Embryol. and 3) of Mol. & Cell. Neurobiol., Tokyo Metropolitan Institute for
Neuroscience, 2-6 Musashidai, Fuchu-shi, Tokyo 183-8526, Japan.
Y -aminobutyric acid (GABA)-containing neurons are important component in
neuronal networks of the mammalian central nervous system. Although
morphological and functional characteristics of GABAergic neurons have been
reported in many studies, the studies of GABAergic synapses have not yet done in
culture system. Previously, we developed a long-term culture system of rat cerebral
cortical and olfactory bulb neurons, which can be maintained more than one month.
In the present study, we investigated the distribution of GABAergic neurons and
synapses by immunocytochemical techniques using antibodies against GAD65,
GAD67, MAP-2, GABAa receptor or synaptophysin. At 7-10 days in vitro (DIV),

Molecular & Cellular Neurobiology and 2of Anatomy & Embryology, Tokyo Metropolitan
Institute for Neuroscience, Fuchu-shi, Tokyo 183-8526, Japan 3CREST ofJapan Science and
Technology Corporation, Kawaguchi, Saitama 332-0012, Japan

The accessory olfactory bulb (AOB) is die first relay station for pheromonal signal processing
and consists of simple neuronal circuits. The mitral/tufted cell dendrites form special
dendrodendritic synapses, reciprocal synapses, with granule cells in these circuits. The plastic
changes of reciprocal synapses are also thought to play an important role in memory formation
of pheromone. In order to investigate synaptic plasticity in pheromonal memory processes in
vitro, we tried to establish die primary culture system of the AOB. The AOBs were dissected out
from dorsal-caudal parts of entire olfactory bulbs of Wistar rats at postnatal day 3, digested with
papain and dissociated cells were plated on culture plates coated with poly-ethylenimine. After
dissection of AOB, the rest of OB tissues were fixed, cut into sections and stained with Nissl
staining to confirm retrospectively that the AOB were completely removed from those tissues.
After 3 weeks in the culture, when cultured AOB cells were immunocytochemically stained
with anti MAP2 and anti-GAD antibodies, a lot of GAD-positive inhibitory neurons, as well as
GAD-negative neurons, were recognized and complicated networks were formed among them.
Moreover, to evaluate the characteristics of synapses formed in vitro, cultured AOB cells were
stained with several antibodies against marker proteins localized in synaptic structures and then
observed using a Confocal Laser Scanning Microscopy. As results, many dot-like products were
recognized along neuronal processes and somata in some different distribution corresponding to
antibodies used. These results suggested that many types of synapses including the reciprocal
synapses might be formed in this culture system. This work has been supported by CREST of JST.

the immunoreactivities against GAD65 and GAD67 were mainly recognized in the
somata of some neurons. Around 20DIV, GAD65- and GAD67-immunopositive
products remarkably appeared as dot-like spots also on the cell bodies and dendrites,
and colocalized with the synaptophysin immunoreactive ones. Moreover, the
immunopositive regions of GABAa receptor were detected opposite to the GAD67-

immunoreactive spots. On the basis of these staining patterns, we can completely
identify GABAergic synapses and developmentally observe their formation. As
results, it was indicated that many GABAergic synapses were stained after 20DIV and
formation these synapses might be accelerated after two weeks in vitro. This work
has been supported by CREST of Japan Science and Technology Corporation.
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FORMATION OF GABAERGIC SYNAPSES ON THE AXON
INITIAL SEGMENT IN DISSOCIATED HIPPOCAMPAL CULTURE
A. Rao* , E. M. Cha and A.M. Craig. Dept. of Cell and Structural Biology,
University of Illinois, Urbana, IL 61801.
In vivo, inhibitory synapses are present on both the somatodendritic
domain and the axon initial segment of neurons. Inhibitory synapses on the
axon initial segment may exert a profound effect on action potential
generation by the cell. In hippocampal neurons in low density culture, using
immunofluorescence analysis, we find that a majority of the neurons show
clusters of GABAa receptor on axon initial segments as well as on dendrites.
Initial segments were defined by low levels of MAP2 staining in processes
originating from the soma or proximal dendrites which showed morphological
characteristics of axons by phase contrast. GABAa receptor clusters on axon
initial segments were innervated, as shown by double staining for GAD. Initial
segment GABAa receptor clusters were larger than dendritic clusters and
were observed on both pyramidal and GABAergic cells. Clusters of the
putative GABAa receptor-anchoring molecule gephyrin were also observed
on initial segments. In contrast, immunostaining for the NMDA and AMPA
type glutamate receptor showed that synapses containing either of these
two receptors were not usually seen on the initial segment. Initial segment
clusters of the GABAa receptor appeared early in development, as early as
the first week in culture. The formation of this domain was not dependent on
synaptic activity since there was no change in its appearance when cultures
were grown under conditions of activity blockade. Further, the formation of
initial segment GABAa receptor clusters was not dependent on GABAergic
innervation, since they were prominent on isolated pyramidal cells in microisland cultures.
Thus the axon initial segment is a distinct domain
permissive for the formation of GABA synapses which develops in an activityindependent and cell autonomous fashion. Supported by NIH, the Pew
Charitable Trust and the Markey Charitable Trust.

POSTNATAL MATURATION OF GEPHYRIN/GLYCINE RECEPTOR
CLUSTERS ON SPINAL CORD RENSHAW CELLS. E.J, Geiman and F.J.
Alvarez*. Dept. of Anatomy, Wright State Univ.; Dayton, OH 45435.
Mammalian Renshaw cells express large and complex postsynaptic gephyrin/
glycine receptor clusters, perhaps to counteract the powerful excitatory synaptic
input from motoneuron recurrent collaterals. Here, we followed the postnatal
development of gephyrin clusters on Renshaw cells identified by their calbindinimmunoreactivity. Calbindin expression remained quite constant in Renshaw cells
during development. We measured gephyrin cluster areas in 2, 5, 10, 15, 25 and 60
day-old Renshaw cell somas. During early postnatal life, Renshaw cell gephyrin
clusters were small and indistinguishable from clusters in the surrounding neuropil
(mean cluster size±S.D. = 0.19±0.19 pm2; range = 0.07-1.49 pm2 at 2 days;
0.22±0.19 pm2; 0.04-1.71 pm2 at 5 days). By 10 and 15 days, Renshaw cells
exhibited gephyrin clusters which were larger and more complex (mean cluster
size±S.D. = 0.32±0.19 pm2; range = 0.03-1.25 at 10 days; 0.41±0.32 pm2; 0.09-2.47
pm2 at 15 days). Cluster growth plateaus in 25- and 60-day-old Renshaw cells (mean
cluster size±S.D. = 0.45±0.43 pm2; range = 0.05-3.87 pm2 at 25 days; 0.56±0.55
pm2; 0.09-6.11 pm2 at 60 days). Despite the growth of a proportion of clusters many
remained small, generating an increase in the variability of cluster sizes reflected by
similar coefficients of variation (CV=mean/S.D.) at different ages. Clusters
immunoreactive to gephyrin (monoclonal antibody 7a) or to glycine receptors
(monoclonal antibody 2b) were comparable in number, size and complexity on
Renshaw cells. The increase in size of gephyrin-immunoreactive clusters likely
increases the efficacy of glycinergic synapses on Renshaw cells. The development
of these highly efficacious glycinergic synapses could be necessary to effectively
shunt the large and highly secure motoneuron-evoked EPSPs. This mechanism
might be necessary for Renshaw cells to subserve efficient dynamic modulation of
motoneuron output.
This work was supported by NIH grant NS33555 to FJA.
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A NOVEL GLUTAMATE RECEPTOR 52 INTERACTING
PROTEIN Horton A, De Jaeger P, Bravin M* and Heintz N. HHMI,

ANALYSIS OF SYNAPTIC TARGETING OF mGLUR7a: LOCALIZATION IN
CULTURED NEURONS AND IDENTIFICATION OF INTERACTING
PROTEINS H. Boudin*1. A. Doan?, J. Xia2, R.L, Hueanir2. P.F. Worley? and
A.M. Craig1. 'University of Illinois, Urbana, IL 61801. 2 Johns Hopkins
University, Baltimore, MD 21205.
The metabotropic glutamate receptors (mGluRs) are composed of 8 members
(mGluRl-8) exhibiting a differential regional and cellular localization in the brain.
Among them, mGluR7a has been shown to be enriched in presynaptic sites in
neurons. To determine the cellular and molecular mechanisms of the synaptic
targeting of mGluR7a, we first examined whether the synaptic localization of
mGluR7a could be observed in an in vitro model. We studied in primary culture of
hippocampal neurons the cellular distribution of mGluR7a by immunocytochemistry
using a C-terminal antibody. After ten days in vitro, mGluR7a was detected in
neurons, heterogeneously distributed in clusters along dendrites and axons. Double
labeling experiments with synaptic markers (synaptophysin and PSD-95) showed that
the majority of mGluR7a clusters corresponded to synaptic sites. These mGluR7a
synaptic clusters were not colocalized with GABAergic terminals (visualized with a
glutamic acid decarboxylase antibody), indicating that the synaptic mGluR7a was
preferentially targeted to excitatory synapses. In order to identify interacting protein
partners involved in the targeting of mGluR7a, the C-terminal tail of mGluR7a was
used as a bait to screen a rat brain cDNA library using the yeast two hybrid technique.
Eight of the 13 positive clones isolated encoded nearly the full length of PICK1, a
PDZ domain-containing protein. Mutation of the PDZ domain of PICK1 (K27D28 to
AA) abolished the interaction with mGluR7a, suggesting that the PDZ domain is
essential for this interaction. No interaction was observed between PICK1 and several
other mGluRs, mGluR 1, 2 and 6. Given the synaptic location of PICK1 in neurons,
PICK1 represents a candidate as a protein involved in the synaptic targeting of
mGluR7a in neurons. Supported by NIH and Markey Charitable Trust.

Rockefeller University, New York, NY 10021, USA.The ionotropic
glutamate receptor 82 is highly enriched in cerebellar Purkinje cells (PC).
In spite of its attribution to this subfamily, due to sequence homology, 82
is still an orphan receptor and its function unknown. Some insights have
come from characterization of mutant mice. Recently, it has been shown
that the Lurcher phenotype, characterized by PC death and secondary
cerebellar circuitry disruption, is due to a single amino acid substitution in
the sequence of 82, leading to a gain of function. Moreover, in the 82 null
mutant LTD is impaired and there is a persistence of climbing fiber
multiple innervation. Finally, several mutations responsible for the
Hotfoot phenotype, another spontaneous cerebellar mutation, have
recently been mapped to the 82 gene. Therefore, 82 function appears to be
of primary importance for the correct establishment and function of
cerebellar circuitry. Within the ionotropic receptor family a unique feature
of 82 is its long carboxy-terminal cytoplasmic tail consisting of 153 amino
acids. To gain further insight into the function of 82, we used the carboxyterminal sequence as a bait to screen an adult mouse brain library by using
the yeast two hybrid approach. Several clones were isolated and among
these, one encoding a novel protein termed 8-interacting protein 4 (DIP-4)
was identified. Further analysis using the BLAST database revealed that
DIP-4 has both human and C. elegans homologs. Analysis of mRNA and
and protein expression demonstrates that this protein is expressed in the
cerebellum in an overlapping pattern with 82. We propose that DIP-4 may
participate in signaling interactions via the 82 glutamate receptor.
Sponsored by the Howard Hughes Medical Institute.

510.21
EVIDENCE} TOR THE REGULATION OF SYNAPTIC PROTEIN
SYNTHESIS BY NMDAR ACTIVATION AND CYTOPLASMIC mRNA
POLYADENYLATION. D.G. Wells, E.M. Quinlan and J.R. Fallon*.
Department of Neuroscience, Brown University, Providence RI, 02912
The ability of neurons to modify specific synaptic contacts in an
activity-dependent fashion is thought to be the basis of processes such as
learning and memory. Long lasting, stable modifications of synaptic
function requires new protein synthesis. One source of these new proteins is
likely to be the local translation of mRNAs at activated synapses. Recently,
we proposed that such regulated translation can be brought about by
cytoplasmic mRNA polyadenylation mediated by CPEB (Cytoplasmic
Polyadenylation Element Binding protein; Wu et al, Neuron, 21: 1129-39,
1998). CPEB is a sequence-specific mRNA binding protein that is
concentrated at synapses and is associated with the postsynaptic density. We
have shown that the mRNA encoding a-CaMKII, a critical protein for
several forms of plasticity, is polyadenylated in the visual cortex of dark
reared rats following 30 minutes of visual experience. The polyadenylation
of a-CaMKII mRNA is correlated with a cycloheximide-sensitive 1.5 fold
increase in synaptic a-CaMKII protein. Here, we have used the inhibitor
cordycepin to test whether polyadenylation is necessary for the experienceinduced synthesis of a-CaMKII protein. Further, we have asked whether
NMDAR activation is necessary to trigger this new synthesis. By analyzing
western blots of synaptoneurosome fractions isolated from visual cortex we
show that the experience-induced increase of a-CaMKII protein can be
blocked with either cordycepin (6mg/kg) or the NMDA receptor antagonist
CPP (lOmg/kg), each administered systemically 30 minutes prior to visual
experience. Taken together with our previous findings, these results suggest
that NMDA receptor activation may trigger synaptic protein synthesis
through the CPEB-dependent polyadenylation of specific mRNAs.
Support: MH53571 (JRF), NS 10343 (DGW), HFSG (EMQ)

510.23
THE POTENTIAL ROLE OF PRESYNAPTIC CYTOMATRIX PROTEIN,
PICCOLO IN SYNAPSE ASSEMBLY DURING NEURONAL DEVELOPMENT
R. Zhai*, G, Olias, W, J, Chung, R. A, J, Lester, C, C. Gamer. Department of
Neurobioiogy, University of Alabama at Birmingham, Birmingham, AL 35294
Neuronal development is a highly regulated, complex process. During Neuronal
differentiation, neurons extend neurites, establish polarity and undergo
synaptogenesis forming contact with their target cells. The precision and accuracy of
neuronal function depend on the proper formation of neuronal circuits. In this report,
we studied the role of Piccolo in synapse assembly. Piccolo (530 kDa) was
identified as a component of synaptic junctions. In mature synapses Piccolo is
specifically localized to presynaptic terminal and tightly associated with synaptic
junction. During development, Piccolo is expressed in rat brain at early embryonic
stage (<E15) shown by northern analysis. In cultured rat hippocampal neurons,
revealed by immunofluorescent staining, Piccolo appeared as puncta in neurites at
stage 2 neurons before axon and dendrite differentiation. In stage 3 neurons Piccolo
puncta became restricted to distal axonal processes and growth cones. From stage 4
on, Piccolo appeared as clusters along dendritic profiles, and colocalized with
synaptic vesicle proteins and Glutamate receptors. Physiological studies and FM 143 uptake experiments show that the appearance of Piccolo clusters correlated with
the acquisition of synaptic function. Biochemical study revealed that in embryonic
stage, Piccolo is associated with vesicle-like membrane structures, which are distinct
from synaptic vesicles, indicating that the Piccolo puncta observed in axons and
growth cones could represent its association with transport vesicles involved in
sorting it to the presynaptic terminal. Our current working model is that Piccolo is
transported with other synaptic junctional proteins via Piccolo transporting vesicle
and assembled at presynaptic terminal during synaptogenesis.
Supported by NIH-NIA RO1 AG 12978-02
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510.22
B2-SYNTROPHIN AT GLUTAMATERGIC SYNAPSES IN THE
OUTER PLEXIFORM LAYER OF THE RODENT RETINA. M.F,
Peters1, C. Houlihan2, M.E. Adams2, and S.C. Froehner2*. ‘Dept. of
Psychiatry, Johns Hopkins University, and 2Dept. of Cell and
Molecular Physiology, Univ. of North Carolina, Chapel Hill, NC.
Syntrophins are PDZ-containing adapter proteins associated with
dystrophin and other members of the dystrophin protein family. Four
separate genes encode a, pi, p2 and y2 syntrophin. In skeletal muscle,
the a-syntrophin PDZ domain binds neuronal nitric oxide synthase and
sodium channels, thus linking these signaling proteins to the actin
cytoskeleton and the extracellular matrix via tne dystrophin complex.
Using a pan-specific syntrophin antibody, we found that syntropnin is
present in a punctate distribution that colocalizes with dystrophin in
the outer plexiform layer (OPL) of the mouse retina. p2-syntrophin,
but not a- or pi-syntrophin, is present at these sites. Furthermore, p2syntrophin in the OPL colocalizes with the synaptic metabotropic
glutamate receptor, mGluR6. During development, p2-syntrophin
staining first appears in the OPL during the first postnatal week, and
becomes punctate during the second week as synapses form and
mature. In the RCS rat, syntrophin staining is lost as photoreceptors
degenerate, while postsynaptic mGluR6 staining persists, although in
an altered distribution. This result suggests that syntrophin in the
rodent OPL may be presynaptic. Finally, we have disrupted the mouse
p2-syntrophin gene to begin to study the function of this protein in the
OPL. As expected, (32-syntrophin is absent from the OPL, but asyntrophin takes its place, assuming a punctate, synaptic distribution.
This clear example of isoform compensation suggests that the presence
of at least one syntrophin isoform at OPL glutamatergic synapses is
important for retinal function. Supported by a grant from NINDS.
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511.2

GENERATION AND CHARACTERIZATION OF NEURAI
ADHESION MOLECULE NB-3 MUTANT MICE
Y. Takeda1*. K. Akasaka1. S. Lee1. M, Asano2. K. Sudo2. Y, Iwakura2.
H. Kawano3 and K. Watanabe1
’Dept. of Cell Recognition, Tokyo Metropol. Inst. Gerontol., Itabashi-ku,
Tokyo 173-0015, tent, for Exp. Med., Inst, of Med Sci., Univ. of
Tokyo, Minato-ku, Tokyo 108-8639, ’Dept. of Anat. & Embryol.,
Tokyo Metropol. Inst. Neurosci., Fuchu, Tokyo 183-8526, Japan.
Adhesion molecules in the immunoglobulin superfamily are known to
play essential roles in the brain development. We previously reported
NB-3 cDNA cloning of the contactin subgroup adhesion molecules
which consist of six immunoglobulin-like domain, four fibronectin type
Hi-like repeats and GPI-anchoring to the cell membrane. Northern blot
analysis showed the transient expression of NB-3 mRNA in the early
postnatal stage of mouse cerebrum. In order to analyze the function of
NB-3 in the brain, we generated mutant mice disrupted a part of NB-3
gene by replacing with a Lac Z gene. We at first examine the distribution
of NB-3 expression throughout the brain of heterozygotes at postnatal day
7, by analyzing Lac Z reporter gene expression. X-gal staining showed
that the Lac Z reporter gene was expressed in the restricted area such as
accessory olfactory bulb, anterior olfactory nucleus, piriform cortex,
thalamus, geniculate nucleus, inferior colliculus, inferior olive, pons and
cerebral cortex layer 5. We are currently analyzing the neural circuit
formation and the expression of other adhesion molecules in the brain of
NB-3 gene mutant mice.

THE EFFECT OF ANTIBODIES AGAINST L1 ON SENSORY AXON PATHFINDING IN THE CHICK HINDLIMB. M.G. Honiq*. S.J. Camilli and L.P, Cranford.
Dept. of Anatomy and Neurobiology, Univ. of Tennessee, Memphis TN 38163.
To study the role of axon-axon interactions mediated by adhesion molecules
in sensory axon pathfinding, we injected function-blocking anti-L1 antibodies
into the chick hindlimb starting at St. 25, so as to affect the later-growing sensory axons but not motoneuron (MN) pathfinding. At St. 30, we retrogradely labeled individual peripheral nerves and visualized the courses that the retrogradely labeled axons had followed as they grew into the limb. In normal embryos, axons projecting along either the medial or lateral femoral cutaneous
nerves (MFCt or LFCt) are grouped together in bundles that are situated in
characteristic regions of each spinal nerve. As this organization is evident immediately distal to the DRGs, it is likely to reflect an underlying spatial organization of the neurons within individual DRGs, and so the relative positions of cutaneous axons at proximal levels can be used as a marker of their identities, in
anti-L1-injected embryos, many retrogradely labeled MFCt and LFCt axons
were located in appropriate regions of the proximal spinal nerves, although
some axons were found scattered in inappropriate regions. Thus, most, but
not all, cutaneous axons appear to choose the correct nerves. Slightly more
distally and for most of the length of the spinal nerves, MFCt and LFCt axons
tended to each be more widespread and intermix more than normally, although
they still became appropriately segregated in the plexus. In normal embryos,
muscle sensory axons grow along MN axons projecting to the same muscle for
nearly their entire course, starting from very proximal levels. In contrast, in antiLi embryos, many muscle sensory axons grew separate from the corresponding MN axons for much of the length of spinal nerves. Thus, when the extent
to which axons can fasciculate is decreased at St. 25, sensory axons are less
likely to grow with their normal partners while en route to the plexus, but, even
so, most sensory neurons still project correctly. (Supported by NS-34404 to MGH)

511.3

511.4

INVOLVEMENT OF AXONIN-1/SC2 IN MEDIATING THE NOTOCHORD-

A PROTEOLYTICALLY CLEAVED FRAGMENT OF TRACTIN, AN IgSUPERFAMILY MEMBER, FORMS A TRANSMEMBRANE COLLAGEN
THAT INTERACTS WITH ANKYRIN. J. Johansen*, C. Jie, Y, Xu. D. Wang, B.

DERIVED CHEMOREPULSIVE ACTIVITIES FOR DORSAL ROOT
GANGLION AXONS.

T. Masuda, N. Okado, T. Shiga*.

Dept. of Anatomy,

Institute of Basic Medical Sciences, University of Tsukuba, Tsukuba, Ibaraki 3058575, Japan.
Axons extending from bipolar dorsal root ganglion (DRG) neurons never innervate
the notochord. Previous in vitro studies have shown that developing notochord
explants secrete a diffusible factor that repels DRG neurites (Keynes et al., 1997;
Nakamoto & Shiga, 1998). Based on the fact that immunoglobulin superfamily cell

adhesion molecules (Ig CAMs) including axonin-l/SC2, N-CAM, Ng-CAM and

Nr-CAM are expressed on growing DRG neurites, we tried to determine whether
these Ig CAMs may be required for mediating this chemorepulsion. We cocultured

DRGs and notochords dissected from chick embryos at embryonic day (E) 3-E5 in a

collagen gel. After 1 day in culture, the explants were fixed and the length of DRG
neurites was measured in the proximal and distal quadrants. When applied to the

cultures, the antibody against axonin-l/SC2 diminished the repulsive activity of the

notochord, whereas antibodies against N-CAM, Ng-CAM and Nr-CAM did not affect

it. The antibody against axonin-l/SC2 had no effect on the neurite outgrowth from
DRGs. These results implicate that axonin-l/SC2 on DRG neurites may be involved
in mediating the notochord-derived chemorepulsive activity.

Zipser#. J. Jelliest, and K.M. Johansen. Dept. of Zoology & Genetics, Iowa State Univ., Ames,
IA 50011, tpept. of Biological Sciences, Western Michigan Univ., Kalamazoo, Ml 49008, and
#Dept. of Physiology, Michigan State Univ., East Lansing, Ml 48824.

Tractin is a novel member of the Ig-superfamily which has a highly unusual
structure. It contains 6 Ig-domains, 4 FNIII-like domains, an acidic domain, 12
repeats of a novel proline- and glycine-rich motif with sequence similarity to
collagen, a transmembrane domain, and an intracellular tail with an ankyrin and a
PDZ-domain binding motif. By generating domain-specific antibodies we show that
Tractin is proteolytically processed at two cleavage sites, one located in the third
FNIIl-domain, and a second located just proximal to the transmembrane domain
resulting in the formation of four fragments. The most NH2-terminal fragment which
is glycosylated with the Lan3-2, Lan4-2, and Laz2-369 glycoepitopes is secreted,
and we propose a model in which the remaining fragments combine to form a
secreted homodimer as well as a transmembrane heterodimer. The extracellular
domain of the dimers is mostly made up of the collagen-like PG/YG-repeat domain
but also contains 11/2 FNIII-domain and the acidic domain. The collagen-like
PG/YG-repeat domain could be selectively digested by collagenase and we show
by yeast two-hybrid analysis that the intracellular domain of Tractin can interact with
ankyrin. Thus, the transmembrane heterodimer of Tractin constitutes a novel protein
domain configuration where sequence that has properties similar to that of
extracellular matrix molecules is directly linked to the cytoskeleton through
interactions with ankyrin. Supported by NIH NS28857 (JJo) and NSF 9724064 (JJe).

511.5

511.6

IMMUNOHISTOCHEMICAL EXPRESSION OF THE a5 INTEGRIN RECEPTOR
SUBUNIT IN THE ADULT RAT CNS. V.R, King*. A. McBride, and J.V. Priestley.
Division of Biomedical Sciences, Neuroscience Section, Queen Mary and
Westfield College, London E1 4NS, UK
Integrins are heterodimers that act as cell-matrix and ceil-cell adhesion
receptors. Although recent studies have shown these receptors are involved in
a wide variety of functions in different tissues, few studies have examined the
expression of these receptors in the adult CNS.
To begin to determine the expression of these receptors, we examined the
distribution of the a5 integrin receptor subunit in the CNS of the young adult
male rat. 25-40 pm sections were taken through the brain and spinal cord,
incubated for two days in a rabbit anti-integrin a5 subunit polyclonal antibody
(Chemicon, AB1928), and processed for either fluorescent or non-fluorescent
immunohistochemistry using standard procedures.
a5 positive immunoreactivity was found on most neurons in almost all areas
of the brain. Labelling tended to be homogenous in the cell soma with
somewhat darker labelling in the nucleus, although numerous neurons in the
cortex showed punctate labelling around the soma and dendrites. Neurons in
some areas, including layer 5 and deep layer 6 of cortex, the entopeduncular
nucleus (which also showed extensive dendritic labelling), the trochlear nucleus,
the pontine nuclei, and the nucleus of the spinal trigeminal nucleus had more
intense labelling than other areas. Most neurons in the spinal cord were also
labelled. Extensive axonal labelling was also present throughout the white
matter of the spinal cord. In addition, labelled glial cells were scattered
throughout the white matter in both the brain and spinal cord.
The widespread immunohistochemical expression of the a5 subunit in the
currrent study adds to the growing body of evidence suggesting that integrins
play a role in functions ranging from proliferation, cell survival, and synaptic
plasticity in the adult CNS.
Supported bv St.Thomas’s Hospital Research Endowments.

pi INTEGRIN IS ESSENTIAL FOR NEURONAL GUIDANCE. M. L. T.
Mercado*. S. Meiners. and H. M. Geller. Department of Pharmacology, UMDNJRobert Wood Johnson Medical School, Piscataway, NJ 08854.
Activation of integrin receptors via extracellular matrix (ECM) molecule binding
regulates the activity of kinases and small GTPases, affects intracellular Ca2+ and
phospholipid levels, and induces actin filament organization. Laminin-1, an ECM
glycoprotein, is a strong promoter of neurite outgrowth and has been shown to
contain discrete integrin binding sites. The El' fragment of laminin-1, composed
of the short arms of the a, P and y chains, binds a 101 and a2(3l integrin. The E8
fragment, the coiled-coil domain, binds a3pi, a6pi, a6|54 and a7|Jl integrin.
The E4 fragment, a portion of the p chain, contains no known integrin binding
sites. We have previously shown that the Rho GTPase, which is activated upon
ligand binding to integrin receptors, is required for neurite guidance. We
hypothesize that blocking pi integrin will inhibit neurite guidance due to its role
in this Rho-mediated signal transduction cascade. In order to measure guidance,
a boundary assay was performed. A drop of laminin-1, El', E4 or E8 was added
to a poly-L-lysine (PLL) coated glass coverslip to produce a circular substrate
boundary. Cerebellar granule cells from postnatal day 8 Sprague-Dawley rats were
plated on the coverslip and analyzed after 48 hours in vitro. The percentage of
neurites of control neurons or neurons to which 2 /xg/ml of a pi integrin blocking
antibody were added to the media that crossed the boundary was calculated. The
percentage of neurites that crossed from laminin-1 and E8 to PLL increased
significantly when Pl integrin was blocked. The percentage of neurites that
crossed from PLL to El' increased significantly when Pl integrin was blocked.
Therefore, blocking pi integrin inhibits the turning response at an extracellular
matrix molecule boundary. This study implicates P1 integrins in laminin-mediated
synaptic targeting during development.
Supported by NIH R01 NS-24168 to H.M.G.
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GROWTH CONE COLLAPSE AND ARREST BY MYELIN NEURITE
GROWTH INHIBITOR BNI-220 AND OLIGODENDROCYTES ACT VIA
RHOA BUT NOT BY PTX-SENSITIVE HETERO-TRIMERIC G-PROTEINS.
C. E. Bandtlow*, J. Fritsche . A. R. McKinney and B. P. Niederdst. Brain Research
Institute. University of Zurich, and ETH Zunch, Winterthurerstrasse 190, CH-8057
Zurich, Switzerland.
The CNS myelin-associated molecule bNI-220 inhibits axonal outgrowth
when applied as a substrate and causes growth cone collapse of extending neurons.
Similarly, the presence of NI-220 on oligodendrocytes accounts for the contactmediated collapse of growth cones encountering oligodendrocytes. We show that
this collapse response is accompanied by a loss of actin staining at the leading
cortical edge of the growth cone and of a redistribution of microtubuli.
Furthermore, we provide evidence that Rho family GTPases, known to be involved
in regulating actin based cytoskeletal reorganizations, participate in the bNI-220
signal transduction pathway of rat perinatal DRG neurons. In contrast, PTXsensilive heterotrimenc G-proteins are not involved. Inactivation of endogenous
RhoA by C3 transferase or trituration of the dominant negative fusion protein
Rho*1*1 significantly reduced the bNI-220-induced growth cone collapse response
Moreover, growth cones no longer collapsed upon contact with oligodendrocytes.
Although no comparable effects were seen with trituration of dominant negative
mutants of RacTrs and cdc42T17N, they could in part counterbalance the effect of C3
transferase, indicating a cooperative interaction of these GTPases. Furthermore, our
findings show' that pl60ROCK acts as a downstream effector of RhoA in mediating
the bNI-220 induced growth cone collapse.
These data demonstrate a prominent role for RhoA m modulating growth
cone responsiveness of perinatal sensory neurons to bNI-220 by regulating the
underly ing actin: myosin based cytoskeleton.

BASAL LAMINAE ARE IMPORTANT FOR AXONAL NAVIGATION AND
BRAIN HISTOGENESIS
W. Halfter*S. Dona and B. Schurer. Dept. of Neurobiology, University of
Pittsburgh
Basal laminae (BL) are sheets of extracellar matrix proteins that cover the
basal surface of every neuroepithelium (NE). To learn more about the biology of BL in the developing CNS, we investigated the retinal and pial basal
lamina of the chick embryo. Laminin 1, nidogen, agrin collagen IV and
XVIII are major constituents of both BLs. In the eye, all BL proteins with the
exception of agrin are sythesized by non-neuronal tissues, such as the
ciliary body, the lens epithelium and the optic disc. In the tectum, the BL
proteins are sythesized by the meningeal cells. Grafting experiments confirm that the main role of the NE in BL formation is to provide (a) receptor
(s) for the assembly of matrix proteins provided by non-neuronal tissues.
Dystroglycan, a laminin-binding protein that is abundantly present on the
surface of NE endfeet in the CNS, is a good candidate for establishing a
nucleation site of basal lamina proteins at the basal surface of the CNS tissue. Further, we show that the retinal and pial BL can regenerate within
hours after their enzymatic removal. Functional studies in vivo show that
the BI have key roles in CNS development as they provide an anchor to
the NE endfeet, confine growing axons to the CNS, and regulate the histogenesis in retina and brain by allowing complete interventricular cell migration and by packaging cells to discrete layers.

1281

511.9

511.10

EXPRESSION AND FUNCTIONS OF CHONDROITIN SULFATES IN THE
OPTIC CHIASM OF MOUSE EMBRYOS. Amy K.Y. Chung and S.O. Chan.
Department of Anatomy, Chinese University of Hong Kong, Shatin, N.T., Hong Kong,
P.R. China.
Chondroitin sulfate proteoglycans (CSPG) have been implicated an inhibitory role for
axon growth in developing visual pathway. We ask in this study whether CSPG is
expressed in the chiasm of mouse embryos during the major period of axon growth. Timemated C57 mice were killed by cervical dislocation. The expression patterns from
embryonic day (E) 12 to E16 were examined using a monoclonal antibody CS-56 that
recognizes the glycosaminoglycan (GAG) chains of CSPG. The staining of CSPG is
found as early as El2, before any axons arrive at the chiasm. At El3, when the first retinal
axons arrive at the chiasm, the staining pattern follows an inverted V-shaped configuration
that coincides with that of cells expressing SSEA-1. In the chiasm, CSPG expression is
particularly strong at the midline where axons decussate, whilst dispersed labels are found
in the retinal fiber layer and in the radial glia. At E14-E15, when most axons are growing
through the chiasm, intense staining of CSPG is observed at the juncture of optic stalk and
chiasm, at the midline and at the threshold of the optic tract. The possible functions of
CSPG in the development of axon routing patterns at the chiasm were investigated in a
brain slice preparation of the mouse retinofugal pathway. Retinal axons were filled with
Dil and grown in a culture medium in the presence of 0.5 U/ml chondroitinase ABC,
which removes the glycosaminoglycan chains from the proteoglycan. After enzymatic
digestion, the partial decussation pattern at the pre-midline chiasm of E14 embryos is
severely affected that no uncrossed axons were found in the embryos examined. At the
post-midline chiasm, axons appear to deviate from their normal routes before they enter
the tract. An unusual number of axons navigate to the opposite optic stalk, whilst others
grow to inappropriate regions of the diencephalon. Quantitative analyses of the growth
cone morphology demonstrate a significant increase in area of growth cones in both preand post-midline chiasm, indicating that axons respond differently to the absence of CSPG
at the chiasm. It suggests that CSPG is involved in the pathfinding processes of retinal
axons at the chiasm, both before and after crossing the midline.
Supported by a RGC earmarked grant (CUHK 239/94M).

CHONDROITIN SULFATE EXPRESSION DURING DEVELOPMENT
OF THE HIPPOCAMPAL COMMISSURE AND CORPUS CALLOSUM
IN HAMSTERS. S. Braga-de-Souza, M.A. Pires-Neto*, and R. Lent. Depto.
de Anatomia, I.C.B., UFRJ, Rio de Janeiro, 21941-590, Brazil.
We have studied the relationship between the expression of chondroitin
sulfate (CS) proteoglycans and the midline crossing of the first hippocampal
and callosal fibers. Hamster pups from El3 to the first postnatal day (Pl) were
fixed by immersion in 4% paraformaldehyde. Their brains were removed and
then subjected to unilateral injections of Dil in the hipocampus or the
dorsomedial cortex. Other brains at the same ages were cryoprotected and
immunoreacted with a MAb against CS. CS expression begins on El 3, as faint
and scattered grains at the midline, while a few Dil labelled fibers were seen
at the ipsilateral septum. CS expression became strong and concentrated on
E14, while growing axons were already positioned in the fornix, and on El5,
when the first hippocampal axons were observed crossing the cerebral
midline. At this stage (El5), at more rostral levels, CS expression formed a
tangential layer in the subplate of the medial cortex, close to the first axons
directed towards the midline. A boundary of CS was seen in the medial cortex
separating it from the septum. During the post-crossing stage (E16-P1), CS
was no longer expressed at the midline. A strong labeling, however, was seen
laterally around the fimbria from El5 to Pl. Commissural fibers were seen
reaching the contralateral hippocampus on Pl. The present data suggests that
CS expression parallels the development of the hippocampal commissure,
fornix and corpus callosum. This expression is time- and space-regulated,
disappearing from the midline after crossing.
Financial support: Pronex 052/97, FINEP, FUJB.

511.11

511.12

FASCICULATION AND DEFASCICULATION OF DORSAL ROOT GANGLIA
NEURITES IN RESPONSE TO SUBSTRATUM-BOUND CHONDROITIN
SULFATE PROTEOGLYCAN.
E.C. Goshom & D.M, Snow*. Dept. of Anatomy and Neurobiology, University of
Kentucky; Lexington, KY 40536-0298.
In the development or regeneration of the nervous system, migrating neurites are
exposed to regulatory molecules that have positive or negative effects on guidance.
Chondroitin sulfate proteoglycan (CSPG) is a complex, extracellular matrix
macromolecule that typically inhibits growth cone migration in vivo and in vitro.
CSPG may serve to ensure proper guidance during development, and is up-regulated
following neural trauma, which may prevent regeneration. Previous studies from our
laboratory showed that inhibition by CSPG is concentration-dependent, and that a
subpopulation(s) of dorsal root ganglia (DRG) neurites exist that are less responsive
to inhibition by CSPG. The goal of these studies was 1) to examine this
subpopulation(s) further to determine differences between neurites that are inhibited
by CSPG from those that elongate on CSPG, and 2) to determine mechanism(s) of
CSPG inhibition. We grew embryonic (E10-12) chick DRG explants on a substratum
consisting of alternating stripes of CSPG and the growth-promoter laminin, and
established a concentration of CSPG that inhibits approximately 50% of the neurites.
The subpopulation(s) of DRG neurites that grew onto CSPG became highly
fasciculated upon CSPG contact, and immediately returned to a defosciculated state
upon contact with laminin (LN) again. These data suggest CSPG may induce the upregulation of cell adhesion molecules (CAMs) that allow neurite migration on nonperrmssive substrata. Current research is aimed at determining which molecules are
up-regulated, with emphasis on NCAM and axonin-1, as well as blocking
fasciculation to determine the resulting effect(s) on neurite outgrowth and guidance.
Funded by a grant from The Kentucky Spinal Cord and Head Injury Research Trust
(toD.M.S.)

LAMININ-1 SWITCHES THE DIRECTION OF 'NETRIN-INDUCED
RETINAL GROWTH CONE TURNING THROUGH DECREASING
CYTOSOLIC cAMP. D. Shewan1*, V. Honker2. M-M. Poo2, M. TessierLavigne3 and C. Holt1, ’Dept of Anatomy, Univ. of Cambridge, CB2 3DY, UK.
2Dept. of Biology, Univ. of California, San Diego, CA 92093-0357. 3 Howard
Hughes Medical Institute, Dept. of Anatomy, Biochemistry and Biophysics,
Univ. of California, San Francisco, CA 94143-0452.
Netrin-1 has been implicated in guiding Xenopus retinal axons through the
optic nerve to exit the eye. Here we describe how the attractive role of netrin1 may be modified to a repulsive one by laminin-1. Addition of soluble
laminin-1 or YIGSR, a soluble 5-amino acid sequence of the laminin-1 BI
chain that mediates cell adhesion, to cultures of Xenopus retinal explants
confronted with a netrin-1 gradient caused a marked repulsion of axon
growth. This repulsion was prevented by addition of antibodies to laminin-1
receptors. Repulsion to netrin-1 is also observed when axons are grown on a
concentrated laminin-1 substrate. In vivo, incubation of Xenopus embryos in
the presence of soluble laminin-1 or YIGSR results in aberrent patterning of
axons at the optic nerve head.
Addition of a cAMP analogue (Rp-cAMPS) that reduces free cAMP by
inhibiting PKA also causes repulsion from netrin, while Sp-cAMPs, which
activates PKA, rescues attraction to netrin- in the presence of YIGSR. Using
an antibody to cAMP (a kind gift from Tony Wiemelt, U.Penn, Philadelphia),
the mean fluorescent intensity in retinal growth cones decreased after the
addition of laminin-1 or YIGSR in the presence of netrin-1. Together, these
results suggest that the direction of the chemotropic effect of netrin-1 may be
switched by components of the extracellular matrix, mediated by a decrease
in cAMP.
This work was supported by NIH (NS 23780) and MRC funding.
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511.13

511.14

CHONDROITIN SULFATE PROTEOGLYCAN INHIBITION DOES NOT
CORRELATE WITH LAMININ DOMAIN AVAILABILITY J.A. Gurwell. S.
Carlson*, and D.M. Snow, Anatomy and Neurobioiogy, The University of
Kentucky, Lexington, KY 40536-0298.
A potential mechanism for the inhibition of neurite outgrowth by chondroitin
sulfate proteoglycan (CSPG) is the blocking of growth-promoting domains on
molecules such as laminin. To examine this, we determined the availability of
laminin domains to anti-laminin antibodies using a CSPG stripe assay. The
carbohydrate portion of CSPG was removed to determine if the availability of
laminin increased under these conditions. Laminin (25 gg/ml) was applied to
coverslips, rinsed, and then CSPG was applied to strips at 10, 25, 50, 100, 500, or
1000 pg/ml and adsorbed to coverslips. Each concentration was tested on six
coverslips. Three coverslips from each concentration were incubated with protease
inhibitor cocktail, and three coverslips were incubated with chondroitinase ABC
plus protease inhibitor cocktail. Indirect fluorescent immunostaining was used to
detect the presence of laminin domains. Background levels of fluorescence were
determined in the wells in which PBS-soaked strips were adsorbed to the coverslips.
Additionally, staining was (tone on laminin coated coverslips not treated with strips
(CONTROL). The amount of fluorescence in each well was determined using a
plate reader. Each CSPG concentration was graphed as % CONTROL. Neither
non-treated nor chondroitinase treated coverslips altered the binding of anti-laminin
antibodies to laminin in the laminin-CSPG stripe assay. These data indicate that
CSPG does not inhibit neurite elongation by merely blocking growth-promoting
molecules in the growth cone’s environment, and that a more likely mechanism of
inhibition may include signal transduction. Funded by a NIH grant EY10545 (to
DMS).

CHONDROITIN SULFATE PROTEOGLYCAN INHIBITS AXON
ELONGATION DURING HIPPOCAMPAL DEVELOPMENT
MT. Wilson* & D M. Snow. Department of Anatomy and Neurobioiogy,
University of Kentucky; Lexington, KY 40536-0298.
Chondroitin sulfate proteoglycans (CSPG) inhibit axonal extension during
development, and after CNS and PNS injury. Previous studies have not
examined the role of CSPGs in regulating axon guidance during hippocampal
development. We used hippocampal, septal, and entorhinal dissociated and
explant cell cultures to examine the effect of CSPG on axon development in
vitro. Additionally, we used immunohistochemistry to examine the
developmental pattern and cellular origin of CSPG expression relative to
axon tracts that express the sialylated form of NCAM. In vitro, we showed
that hippocampal, septal, and entorhinal axons will not cross CSPG borders
when chondroitin sulfate residues are present. In vivo, we found that
chondroitin sulfate containing proteins, such as neurocan, are expressed
throughout the neuropil layers of El 6 to P2 hippocampus. Intense labeling of
neurocan, as well as chondroitin sulfate, was observed in regions of C A3 that
are adjacent to polysialylated-NCAM expressing axons found in the fimbria
and alveus. This pattern of CSPG expression co-localized with the astrocyte
marker GFAP. Thus, astrocyte expression of CSPG in distinct hippocampal
locations may produce inhibitory barriers that are important for guiding axon
projections through the fimbria and alveus.
(Research funding: NIH Grant EY10545)

511.15

511.16

PROSTAGLANDIN E2 ENHANCES AXONAL TRANSPORT ViA
PROTEIN KINASE A SIGNALING PATHWAY IN CULTURED
MOUSE DORSAL ROOT GANGLION NEURONS.
H. Hiruma.1*
T, Katakurfr.1 A. , S_aito,1 M, Yamamoto? T, Takenaka2 and
T. Kawakami1. ‘Dept. of Physiology, Kitasato Univ. Sch. of Med.;
Sagamihara, 228-8555; 2Facuity of Physical Education, Kokushikan
Univ.; Tokyo 206-0025, Japan.
The effects of prostaglandin E2 (PGE2) on fast axonal transport in
cultured mouse dorsal root ganglion neurons were examined by
analyzing the number of axonally transported particles under videoenhanced microscopy. PGE2 increased the number of transported
particles in both anterograde and retrograde directions. Experiments
with various prostaglandin agonists revealed that the effect of PGE2
was mediated through the EP2 receptor subtype. Dibutyryl cAMP
(dbcAMP) mimicked the effect of PGE2. Increasing responses to PGE2
and dbcAMP were inhibited by H-89, a protein kinase A inhibitor.
These results suggest that PGE2 enhances axonal transport via
cAMP/protein kinase A pathway in sensory neurons. We further
demonstrate the relevance of these effects of PGE2 to neurite growth.
Supported by the Academic Frontier Project of The Ministry of
Education, Science, Sports and Culture, Japan.

RETINAL NEURITE OUTGROWTH IS INFLUENCED BY ERK
ACHVITY Anastasia Dimitropoulou and John L. Bixby*. Dept. of
Molecular & Cellular Pharmacology and Neuroscience Program,
University of Miami School of Medicine, Miami, FL 33101.
We have hypothesized that activation of extracellular-signal
regulated kinase (ERK)-dependent signaling in neurons is important in
the promotion of neurite outgrowth. Previous experiments in our lab
have shown that axon growth-promoting proteins such as laminin
(LN) and N-cadherin activate ERK in chick retinal neurons, and that
pharmacological inhibition of MAPK/ERK kinase (MEK), which is
the major upstream ERK activator, severely impairs neurite growth
induced by these proteins. We now7 report that expression of mutant
MEK proteins in retinal neurons alters neurite outgrowth in a manner
predicted by our hypothesis. Dominant negative (DN-MEK) or
constitutively active (CA-MEK) MEK constructs were introduced into
neurons by transfection using a recently-developed lipid reagent
(GeneFECTOR); co-transfection with a green fluorescent protein
(GFP) construct allowed identification of transfected cells. In initial
experiments retinal neurons transfected with CA-MEK extended
longer neurites on LN, (mean 376 ± 116 % of control), while neurons
transfected with DN-MEK extended shorter neurites (mean 67 ± 6 %
of control). Preliminary experiments in which transfected neurons are
re-plated onto poly lysine substrates suggest that activation of MEK is
sufficient for neurite promotion on a non-inducing substrate. We
propose a direct role for ERK activation in the promotion of neurite
outgrowth in retinal neurons. Supported by the NIH.

511.17

511.18

RECEPTOR PROTEIN TYROSINE PHOSPHATASE rho (RPTPp): GENE
STRUCTURE AND EXPRESSION. A, Rotter1*, J. Besco1, M, Popesco1, A.
Burghes2 and A. Frostholm1 Departments of Pharmacology1 and Medical
Biochemistry2, The Ohio State University, Columbus, OH 43210.
RPTPp is a member of a subfamily of receptor protein tyrosine
phosphatases which includes RPTPp, k and PCP2. The 4.4 kb nucleotide
sequence predicts a 1461 AA polypeptide, and maps to human
chromosome 20 at 233.97cR3iOoo. a region represented in contigs 1 0
and 125 (Sanger Centre, Human Chromosome 20 Sequencing Group).
The gene extends throughout contig 125, exceeding 1 Mb, and is flanked
by the KIAA0395 gene proximally, and the SRp55 gene distally. The 3 ’
end of RPTPp cDNA is identical to the 5’ end of the KIAA0283 cDNA,
suggesting that the latter comprises an 8 kb 3’-UTR of RPTPp.
Comparison of the RPTPp cDNA with the human genomic sequence
predicts at least 27 exons. Exons coding for intracellular domains are
spaced more closely than those coding for extracellular domains.
RPTPp expression is entirely restricted to the CNS. The distribution in
the murine cerebellar cortex is unique in that it is present only in
postmigratory granule cells of anterior folia 1-6. In the rostral
cerebellar malformation mutant, in which anterior granule cells
migrate out of the cerebellar cortex, RPTPp is expressed at normal
levels. However, in weaver and meandertail, in which granule cells
fail to migrate to their adult positions within cortical lamina, the
transcript is completely absent. The structure of RPTPp suggests roles
in both signal transduction and neural cell adhesion (Supported by
USPHS grant MH 57415).

GROWTH CONES MIGRATE UP GRADIENTS OF PTP-8 BUT NOT
LAMININ. Oi Lun Sun. Richard J, Bookman*, and John L, Bixby.
Dept. of Molecular & Cellular Pharmacology and Neuroscience Program,
University of Miami School of Medicine, Miami, FL 33136.
Pathfinding by elongating axons in the developing nervous system
depends on the turning response of growth cones to molecular cues in the
extracellular environment. Evidence in Drosophila and in the leech
indicates the involvement of receptor type tyrosine phosphatases (RPTPs)
in these pathfinding decisions. In previous work, we have found that a
vertebrate RPTP, PTP-8, is highly expressed in the avian CNS during the
time of axonogenesis, and that its extracellular domain (ECD) is a neuritepromoting neuronal cell adhesion molecule.To test the potential role of
PTP-8 in axon guidance, we observed the response of growth cones from
chick forebrain neurons to a locally applied gradient of an Fc fusion
protein made with the extracellular domain of PTP-8. Growth cones
turned an average of +22.7 ± 4.4 ° toward the source of the PTP-8 fusion
protein (n=23), but not towards a mouse-IgG control (+2.1 ± 4.4 °; n =
15), or towards laminin-1 (-11.5 ± 6.6 °; n=15). Application of the PTP-8
fusion protein gradient but not that of IgG also led to an increase in the
rate of growth cone migration (1.82 ± 0.38 times original speed; n=17).
This result confirms that PTP-8 can act as a neurite-promoting protein,
and demonstrates that this ability is not obligatorily coupled to adhesion.
Soluble laminin was an even stronger promoter of growth cone migration
speed (2.59 ± 0.74 times original speed; n = 14), showing that proteins
acting on growth cone migration rate need not act to steer growth cones.
Supported by the NSF and the NIH.
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511.19

511.20

TRANSIENT EXPRESSION OF A CD44-LIKE PROTEIN IN
THE OPTIC NERVE AND CHIASM OF THE CHICK EMBRYO.

MORPHOLOGY OF PERINEURONAL NETS IN TENASCIN-R AND
PARVALBUMIN SINGLE AND DOUBLE KNOCKOUT MICE. A. Haunsg1, B.
Scwaller1, U. Bartsch2, M.R.Celio'and P-A. Menoud1*, 1 Inst, of Histology & Gen.
Embryology, Univ. of Fribourg, CH-1705 Switzerland; 2Center for Molecular
Neurobiology, Univ. of Hamburg, D-20251 Germany.
Brain extracellular matrix (ECM) differs from the ECM of other organs mainly by
its restricted regional distribution and its low abundance. Moreover, many
components have been shown to accumulate around specific sub-populations of
neurones giving rise to net-like structures termed perineuronal nets (PNEMs).
GABAergic intemeurons expressing the calcium-binding protein parvalbumin (PV)
has been shown to be surrounded by such nets. In this study we investigate, by normal
and confocal immunofluorescence microscopy, the morphology of PNEMs in PV,
TN-R and ultimately in the PV-TN-R double knockout (KO) mice. PNEMs were
detected, using the lectin Wisteria floribunda (WFA) and antibodies against PNEM
markers such as phosphacan, neurocan and TN-R. The co-localisation of PNEM
components and parvalbumin was also investigated in wild-type and in TN-R-KO
animals. The PNEM of PV-KO animals showed no difference in distribution or
morphology when compared to wild type, although the neurones of the former no
longer expressed PV. In contrast, the TN-R-KO mice had markedly altered net.
Phosphacan and neurocan were no longer detectable in the PNEMs and nets labelled
by WFA had a more diffuse staining pattern. This preliminary study suggests that the
presence of chondroitin sulphate proteoglycans (CSPGs) in PNEM around
GABAergic parvalburfiin positive intemeurons are independent of the expression of
PV. However, TN-R is needed for the correct assembly of PNEMs and when absent
certain CSPGs are no longer present in the nets, leading to a marked alteration in the
ECM appearance. These nets, through binding to cell receptors and intracellular
signalling, may be able to influence the calcium homeostasis and double KO mice for
PV and TN-R are currently being investigated and results will be presented.

S. Zhu*. S. Dong, and W. Halfter. Dept of Neurobiology, University of
Pittsburgh, Pittsburgh, PA 15261
In the search for proteins that may be involved in the navigation of
optic axons during the development of chick visual system, we
identified a CD44-like protein that was uniquely and transiently
expressed in the developing optic nerve and chiasm. The protein was
recognized by a monoclonal antibody (ID 10). By screening a
mammalian expression library, a cDNA clone was isolated that
contained the complete coding sequence of the protein. A blast search
showed that the 396 amino acid long protein was 46.7% identical and
61.4% homologous to human CD44, and 47.2% identical and 63.1%
homologous to mouse CD44 amino acid sequences. Biochemical
studies showed that the protein had a MW of 70kD and was a variably
expressed chondroitin sulfate proteoglycan, similar to the human and
mouse CD44. But unlike the ubiquitously expressed mouse and human
CD44, the chick CD44 had a very distinctive distribution in the optic
disc, optic nerve and optic chiasm. The expression of the protein in the
visual system was limited to the period of retinal axon growth between
E3 and E10, with a maximum expression at E6. The significance of the
transient expression of CD44-like protein in the developing visual
system will be further investigated.

NEURONAL SPECIFICATION AND DIFFERENTIATION: INTRACELLULAR SIGNALING

512.1

512.2

PROTEIN KINASE C-BETA (PKC(0I+II)) REGULATION IN
NGF-INDUCED DIFFERENTIATION OF PC12 CELLS

Comparative distribution of RasGRP and RapGRP mRNAs in the postnatal

C. Hazzi1, N. Patel2, J. Sanchez-Ramos3* and P.R. Cooper2
’Dept. of Pharmacology & Therapeutics. Univ. of South Florida; 2Dept.
of Biochemistry, Univ. of South Florida; 3Dept. of Neurology, Univ. of
South Florida, James Haley VA Hospital Research Laboratory;Tampa,
FL 33612-4799
Parkinson’s disease is characterized by the senescence of dopaminergic
neurons in the substantia nigra. Growth factors and cytokines activate
signaling pathways that induce neuronal differentiation and enhance survival.
Elucidating the molecular mechanisms of neuronal differentiation is key to
understanding the process by which dopaminergic neurons proliferate,
differentiate and maintain their phenotype or undergo apoptosis. PKC is a
family of phospholipid dependent, serine-threonine phophotransferases that
play a significant role in signal transduction pathways, in particular the MAPKsignaling pathway. Two isoforms, PKCpi and pil are expressed by alternative
splicing of PKCp mRNA precursor in the CNS and may be implicated in the
process of apoptosis and neuronal differentiation respectively by a molecular
switch mechanism. Moreover, the pil isoform may assist in the maintenance of
neuronal phenotype. Using PC12 cells as a model system, it was found that
NGF induced the expression of PKCJ3II within 6 hours and assisted in
maintenance of neuronal phenotype. Furthermore treatment of PC 12 cells with
NGF for a period of 1 week followed by the withdrawal of the NGF led to
apoptosis and the disappearance of PKCpil protein. PKCP regulation is
involved in early development which
may commit the cell to
differentiation. (Supported by VA Merit Review Grant)

and adult rat brain. (P.Pierret*, R.J. Dunn, J.C. Stone1, P.M. Richardson) McGill

Univ, M.G.H., PQ and 1Dept of Biochem, Univ. of Alberta, Canada.
RasGRP, a Ras activator, is expressed in the nervous system and may have
functions in synaptic plasticity and axonal growth. RasGRP can link intracellular
DAG and possibly Ca2+ messengers to Ras activation (Ebinu et al., Science 280:
1082-6, 98). A related protein which we refer to as RapGRP [also referred to as
HCDC25L (Kedra et al., Human Gen 100: 611-9, 97) and as CalDagl (Kawasaki et
al., PNAS 95,13278-13283, 98)] can activate the Ras-related GTP-binding protein
RaplA. We have mapped the distribution of RasGRP and RapGRP mRNAs by in
situ hybridization with 33P-labelled oligonucleotide probes on parasagittal sections
from the developing rat nervous system. At Pl, RasGRP mRNA is detectable in the
striatum with highest concentration in patches that resemble areas of DA
innervation (dopamine islands), in entorhinal cortex, in the nucleus lateral
olfactory tract and in the olfactory tubercle. At this stage, RapGRP mRNA is
present in neurons throughout the brain with highest concentration in anterior
olfactory nuclei and piriform cortex. Between P5 and P20, the concentration of
RasGRP mRNA in the brain increases and the RapGRP mRNA concentration
gradually decreases. For example, RasGRP mRNA is present by P5 in hippocampal
area CAI, by P10-P15 in CA2/3 and in the subiculum and by P20 throughout the
brain. RapGRP mRNA is found only in striatum and olfactory tubercle of the adult
brain. Information regarding the very different distribution of these two molecules
during postnatal development provides clues to the functions of their signaling
pathways. (This work was supported by grant from MRC Canada).

512.3

512.4

INVOLVEMENT OF CYCLIN-DEPENDENT KINASE 5 (CDK5) IN
NEURONAL DIFFERENTIATION OF NT2 CELLS W.Y. Fu 1 \ f.H.
Wang 2 and N.Y. Ip
’Department of Biology, department of
Biochemistry and ’Biotechnology Research Institute, Hong Kong
University of Science and Technology, Clear Water Bay, Kowloon,
Hong Kong, China.
Cyclin-dependent kinase 5 (cdk5), a member of the cdc2 kinase
family, is suggested to play an important role in the development of
nervous system. Prominent expression of cdk5 transcripts and protein
can be detected in neural tissues. Accumulating evidence suggests
that cdk5 affects the process of neuronal differentiation such as
neurite outgrowth and neuron migration. Two activators of cdk5, p35
and p39, are prominently expressed in the nervous system especially
during the period of neuronal migration. In this study, the regulation
of cdk5 and its activators in neuronal differentiation was examined
using NT2 cells, a human embryonal carcinoma cell line. Following
treatment with retinoic acid, NT2 cells undergo terminal
differentiation into human postmitotic CNS neurons. Western blot
analysis showed that cdk5 protein was present in parental NT?, cells
and gradually increased throughout the course of differentiation,
while p35 protein was not detected in parental NT2 cells, but
prominent induction of p35 protein was detected after 14 days of
retinoic acid treatment. Furthermore, the cdk5 kinase activity was
detected during the course of neuronal differentiation. Our finding
suggests that NT2 cells may be a good in vitro model system in
studying the regulation of cdk5 in neuronal development and the
signaling pathway in cdk5 activation. (This study is supported by the
Biotechnology Research Institute of HKUST, and the Research Grants
Council of Hong Kong)

OVEREXPRESSION OF CAGER-1 IN PC 12 CELLS TRIGGERS NEURONAL
DIFFERENTIATION AND PROTECTS THE CELLS FROM APOPTOSIS BY
ACTIVATING THE MAPK PATHWAY AND BCL-2 EXPRESSION IN THE
ABSENCE OF NGF. B.-E. Wang and Y, Kohwi* Lawrence Berkeley National
Laboratory, Berkeley, CA 94720.
The trinucleotide repeats, (CAG) n and (CGG) n, have been shown to be expanded
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in several human hereditary neurological disorders. We identified two homologous
single-stranded (ss)(CAG) and ss(CGG) repeat binding proteins, CAGER-1 and
CAGER-2 (CAG Element Recognizing proteins) in mice. Previously, we showed
that the expression of both proteins increases in the postnatal mouse brain.
Immunohistochemical analysis shows that CAGERs are expressed in most neurons
but not in glia throughout the mouse CNS. CAGERs are found exclusively in
cytoplasm and to bind native GAP-43 mRNA in vitro, suggesting that these are
neuronal mRNA binding proteins. The biological function of CAGER-1 was tested
in PC 12 cells. Overexpression of CAGER-1 into the cells promotes neurite
outgrowth and neuronal differentiation in the absence of NGF. We investigated
how CAGER-1 interacts and/or stimulates cellular components for neuronal
differentiation and survival. Now we found that the persistent expression of
CAGER-1 activates Bcl-2 expression and maintains the Bcl-2 localization in growth
cone in the absence of NGF. MAPK is activated and localized in nuclei of
CAGER-1/PC12 cells. Inhibitors of MAPK (PD98059) clearly abolish neurite
outgrowth of CAGER-1/PC 12 cells. On the other hand, PI3K inhibitors
(LY294002) do not affect on neuronal cell death of differentiated CAGER-1/PC 12
cells. The activation of the MAPK signal transduction pathway is crucial for
CAGER-1/PC12 cells. These data suggest that the persistent expression of
CAGER-1 induces sustained activation of the MAPK pathway and subsequently
activates Bcl-2 expression, resulting in the prevention of cell death from serum
deprivation induced apoptosis.
Supported by NIH CA51377
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512.5

512.6

Regulation of activity-dependent dendritic development by CaM
kinase IV. Lori Redmond* and Anirvan Ghosh, Dept. of Neuroscience,
Johns Hopkins University School of Medicine, Baltimore MD 21205.
To identify the cellular and molecular basis of activity-dependent
development in the cortex, we have been examining the consequences of
altering neuronal activity on the dendritic development of embryonic
cortical neurons. Embryonic day 18 rat cortical cultures were stimulated
with glutamate (to activate glutamate receptors) or KC1 (to activate
voltage-sensitive calcium channels (VSCC)), and the dendritic
morphology of cells in culture was visualized by b-galactosidase
transfection followed by b-galactosidase immunocytochemistry
(Threadgill et al., Neuron 19:625 (1997)). Both glutamate and K.C1
stimulation led to an increase in dendritic growth and complexity as
revealed by measurements of total dendritic length and the number of
primary dendrites. We have previously shown that stimulation of NMDA
receptors and VSCCs leads to activation of CaM kinase II and CaM kinase
IV in cortical neurons (Hu et al., Neuron 22:799 (1999)). To examine
the role of CaM kinases in activity-dependent dendritic development we
examined the effects of altering the function of these molecules in
cortical neurons. Transfection of wild-type CaM kinase IV enhanced the
effects of calcium signaling on dendritic growth, and transfection of a
constitutively active mutant of CaM kinase IV induced a marked increase
in dendritic growth in the absence of extracellular stimuli. These effects
were not seen with CaM kinase II. Thus calcium influx via NMDA
receptors or VSCCs can lead to dendritic growth by a signaling mechanism
involving CaM kinase IV. These results suggest that CaM kinase IV is
likely to be an important mediator of activity-dependent development in
the cortex. Supported by NIH grant NS36176.

E2F TRANSCRIPTION FACTORS ARE CRUCIAL REGULATORS OF
NEURAL PRECURSOR CELL PROLIFERATION. K. L. Ferguson1. S
Callaghan , J, MacLaurin', M. Q’Hare1. K. Chaundv3*. D. S. Park1 and R. S.
Slack . Neuroscience Research Institute, Dept. of Cellular and Molecular
Medicine, University of Ottawa; Ottawa ON, K1H 8M5.
Neurogenesis is an important process in nervous system development. The
retinoblastoma (Rb) pathway is believed to play a crucial role in neural
development due to the dramatic phenotype in embryos lacking pRb. To
determine the role of the Rb pathway in the regulation of neural precursor cell
proliferation, the function of the Rb target, E2F1 transcription factor, was
examined. We used adenovirus-mediated gene delivery to express E2F1 in
cortical progenitor cells to ask if E2F1 is sufficient to induce neural precursor
cell proliferation. E2F1 expression in nestin-positive cells induced S phase
entry in 99% of expressing cells, demonstrating that E2F1 is sufficient to
induce DNA synthesis. E2F1/TUNEL labeling indicated that E2F1 did not
induce apoptosis in these cells. In contrast, E2F1 gene delivery to newly
committed neurons was not capable of inducing S phase entry but resulted in
neuronal death as determined by triple-labeling with E2F1, a neuronal marker
TuJl, and TUNEL. This indicates that commitment to a neuronal fate
modulates the cellular response to the Rb target E2F1. To determine if E2F1 is
important in neural stem cell proliferation, flow cytometry was used to
compare the cell cycle properties of E2F1-deficient stem cells with their
wildtype littermates. To ask if E2Fs transcription is essential for neural
precursor cell proliferation we introduced a dominant-negative DPI, the
obligate partner of E2Fs factors, into cortical progenitor cells. Sequestration of
cellular E2F transcription factors by DN-DP1 resulted in a dramatic 64%
decrease in BrdU incorporation. This indicates that E2F transcription is
required for neural precursor cells to progress into S phase. The results of our
studies demonstrate that the putative Rb target E2F transcription factors, in
particular E2F1, are crucial regulators of neural precursor cell proliferation.
Sponsored the by Medical Research Council of Canada and GlaxoWellcome.

512.7

512.8

GROWTH FACTOR DEPRIVATION RESULTS IN CHANGES IN THE
EXPRESSION OF ERK1/2 AND JNK1/2 IN NEURAL PROGENITORS.
Randall D. Learish1* and Mary Haak-Frendscho1
‘Promega Corporation, Madison, Wisconsin.
Neural progenitor cells respond to epidermal growth factor (EGF) and proliferate
in vitro. Growth factor withdrawal initiates differentiation to neuronal or glial cell
types, or apoptosis. The signaling mechanisms which control these events are
unclear. Thus, we established progenitor cell cultures from the subventricular
zone of embryonic rats for the purpose of studying candidate protein kinases.
Primary cultures were grown in three conditions: 1) Neurobasal medium (NB), 2)
B27-supplemented NB (NB27), or 3) NB27 +EGF Western blots and immunocytochemical analyses were performed to assay for the presence of ERK1/2,
JNK1/2, p38 MAPK, Akt, and CaMKII. We used “pan” antibodies and antibodies
which are specific for the phosphorylated (activated) forms of these molecules.
Each kinase was detected, but only ERK1/2, JNK1/2, and CaMKII were present in
their activated forms. In NB cultures, ERK1/2 were down-regulated, and cells
became apoptotic within six hours. Under the same conditions, a relative increase
in the JNK2 isoform was observed. ERK1/2 were expressed strongly in NB27
cultures and the signal was present in all cell types, including immature cells and
differentiated neurons. A marked increase in activated ERK1/2 was observed in
EGF-treated cultures. JNK1/2 was expressed weakly throughout NB27 cultures
and generally confined to the cell body, while activated JNK1/2 was detectable in
few cells with condensed nuclei or, interestingly, in cells with dividing
chromosomes. Activated CaMKII labeled only a distinct subset of neurons. These
data suggest 1) activation of ERK1/2 is involved in the signal pathway which leads
to proliferation, 2) JNK1/2 are involved in cell death signals, and 3) signals which
activate CaMKII are involved in neuronal differentiation of progenitor cells.
This work was supported by Promega Corporation.

POST MITOTIC ROLE FOR RB FAMILY PROTEINS IN TERMINAL
DIFFERENTIATION OF CEREBELLAR GRANULE CELLS. ML. Poulin

and D.L. Kilpatrick*. Department of Physiology, University of Massachusetts
Medical School, 55 Lake Avenue North, Worcester, MA 01655.
The mechanisms linking growth arrest to the onset of terminal differentiation
during neurogenesis are poorly understood. One possibility is that key factors
mediating this process have dual functions during both the cell cycle and in postmitotic differentiation. Rb family proteins are well known for their dominant role
in cell cycle regulation, and are required for proper cell cycle exit of neuronal
progenitor cells in vivo. Additionally, the Rb family has been implicated in the postmitotic differentiation of other cell types such as myocytes. However, a role for
these proteins in the post-mitotic differentiation of neurons has not been previously
shown. We have examined Rb protein function specifically in this process using
primary cultures of cerebellar granule neurons, which rapidly become post-mitotic
and initiate terminal differentiation within 24 hr of plating. Post-mitotic granule
neuron cultures were infected with an El A mutant (RG2) that selectively disrupts
Rb family function. At an MOI of 200, RG2 inhibited further differentiation and
induced cell death in ~80% of cells after 24 hr. A negative control adenovirus,
Ad/p-gal, had no effect on neuronal differentiation or viability when used at the
same MOI. Similar RG2 effects were observed when post-mitotic cultures were
infected on Day 1 or Day 5 of culture. These results directly implicate Rb proteins
in the terminal differentiation and survival of granule neurons following growth
arrest. Thus, these proteins appear to have dual functions during both the
proliferative and postmitotic phases of neurogenesis.
Supported by PHS grant DK36068 (NIDDK) and T32 NS 07366 (NINDS)

512.9

512.10

p27Xicl, a cdk inhibitor, c;in regulate the cell fate decision between neurons
:uid Muller glial cells in retimil differentiation. S.-i. ()hnumal*K. Wang1, A.
Philpott2, C. E. Holt1, W. A. Hitnist . 'Department of Anatomy, department
of Oncology. University of Ciunbridge, Downing St. Ciunbridge, CB2 3DY,
UK.
The relationship between cellular proliferation and determination is fundamental to die formation of a complex tissue such as the nervous system. To
study the significiuice of the cell cycle on neural determination, a cyclin dependent kinase inhibitor was transfected into retinal precursor cells of Xenopus
embryos, and the effect on the determination of the retinal cell fates was
analyzed. Overexpression of p27Xicl, a Xenopus homologue of cdk inhibitor
of Cip/Kip family, selectively induces the differentiation into Muller cells widi
a concomitant decrease of neurons. Conversely, the antisense construct
decreases Muller cells. In a combination of die expression pattern data, these
results support die function of p27Xicl as a Muller cell determinant. This function seems to be mediated by the N-terminal half of p27Xicl via die interaction
widi cdk/cyclin complex. The inhibition of Delta/Notch signal by overexpression of dominant negative form of X-Delta-1 overcomes the function of
p27Xicl. Our results suggest that gradual increase of expression of p27Xicl in
the retina and the activity of die Delta sign:il affect die timing of cell fate determination and the correct distribution of Muller glial cells in the retina.
Supported by MRC ;uid Wellcome Trust.

ROLE OF CYCLIN-DEPENDENT KINASE 5 IN ADULT AND AGING
NERVOUS SYSTEM
T. Tanaka.1-2 T. Qhshima.1.2 A. Cho.1 Veeranna.3 H, C. Pant.3 R. O. Brady2 and
A:B..„Kulkarnil*
lFunctional Genomics Unit, GTF, NIDCR, NIH, Bethesda, MD 20892;
developmental and Metabolic Neurology Branch, NINDS, NIH; -^Laboratory of
Neurochemistry, NINDS, NIH
Cyclin-dependent kinase 5 (Cdk5) is involved in phosphorylation of
neurofilament-H and microtubule associated tau proteins in neurons. Contrary to
other Cdks, Cdk5 has two activator subunits (p35 and p39) which share very little
homology with cyclins. Although Cdk5 is expressed ubiquitously, its kinase
activity is mainly found in the nervous system because of restricted but
overlapping expression of p35 and p39. We have earlier reported generation and
characterization of Cdk5(-/-) mice (Ohshima et al. Proc. Natl. Acad. Sci.,
USA,1996, 93: 1173, and , Gilmore et al. J Neurosci., 1998, 18:6370). These
mice have a unique phenotype with perinatal lethality. They exhibit abnormal
neuronal migration and corticogenesis, and degenerative motor neurons.
In order to study role of Cdk5 in developing and aging nervous system, we
crossed these mice with transgenic mice that have Cdk5 gene expression mediated
by p35 promoter to generate new transgenic mice in which Cdk5 will be expressed
only in the regions where p35 is expressed. These newly generated transgenic mice
will prove to be valuable for gaining insight into role of Cdk5 in the different
regions of the nervous system and also m non-nervous system during development
and aging. The initial litters of these mice are viable and are being analyzed for
detailed genotyping and phenotyping studies. The results of these studies will be
presented in the meeting.
Supported by NIDCR-DIR and NINDS-DIR
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N-ACETYLCYSTEINE (NAC) AND 2-MERCAPTOETHANOL (2ME) UTILIZE A RAS-MEDIATED PATHWAY TO PROMOTE
CHOLINERGIC DIFFERENTIATION OF BASAL FOREBRAIN
PROGENITORS. G.M. Jonakait and L. Ni*. Dept. of Biological
Sciences, Rutgers University, Newark, NJ 07102
While a cell’s redox environment is important for maintaining its
survival, changes in cellular redox promote or accompany differentiation in a variety of systems. In low-density cultures of cholinergic
progenitors from embryonic day 16 rat basal forebrain, antioxidants
NAC and 2-ME profoundly and dose-dependently increase activity of
choline acetyltransferase (ChAT), the phenotypic hallmark of the
cholinergic neuron. 2-ME raises ChAT almost 15-fold after 5 days in
culture. NAC shows a biphasic response, raising ChAT activity almost
5-fold at low concentrations, but eliminating ChAT at higher
concentrations. Inhibition of ras farnesylation with N-acetyl-Sfarnesyl-L-cysteine blocks the action of NAC and 2-ME by 87 and 78%
respectively, suggesting the involvement of a ras-mediated pathway in
raising ChAT levels. However, inhibition of MAP kinase/ERK kinase
(MEK) with PD98059 inhibits neither low concentrations of NAC (high
concentrations are inhibited) nor 2-ME, suggesting that an alternative
downstream effector of ras is involved. Inhibition of the ras effector
phosphatidylinositol 3’-kinase (PI3-kinase) with wortmannin lowers
ChAT activity by 23-40% in both control and antioxidant-treated
cultures suggesting that although PI3-kinase activation is necessary for
full ChAT development, it is probably not the mediator of antioxidant
action. Research supported by NSF grant IBN96-04168 to G.M.J.

CALCIUM-DEPENDENT GENE EXPRESSION IN EMBRYONIC
SPINAL NEURONS. Raymond D, Smith* and Nicholas C. Spitzer. Department
of Biology and Center for Molecular Genetics, UCSD, La Jolla CA 92093.
Spontaneous Ca2+ spikes generated in embryonic Xenopus spinal neurons regulate
levels of transcripts encoding GAD, the GABA-synthetic enzyme. We have used
differential expression analysis to test the hypothesis that this early form of
excitability regulates expression of additional genes.
Neural plates were cultured in the presence or absence of Ca2+ to promote or inhibit
generation of Ca2+ spikes. After 12 hours, total RNA was harvested from both sets of
cultures, and two approaches were used to identify differentially expressed transcripts.
First, differential display (DD) (Liang and Pardee, Science, 1992) was used to resolve
short nucleotide fragments that were synthesized by RT-PCR. In the second approach,
a Xenopus CNS X phage cDNA library was probed with a 32P-labeled, complex
cDNA probe that was reverse transcribed from total RNA harvested from the two
culture conditions.
By the DD approach, 12 candidate fragments were genereated. Each was cloned and
tested for Ca2+-dependent expression. A secondary dot blot analysis was done in
which candidate fragments were probed with 32P-labeled, complex cDNA synthesized
from RNA harvested from cultures grown +/- Ca2+. One DD candidate reproduceably
demonstrated a 4-fold induction in cultures grown in the presence of extracellular
Ca2+. Induction of this candidate was confirmed by RNase protection assays that
demonstrated a 2-fold increase in transcript level. The DD product was used to probe
the Xenopus CNS cDNA library, generating a 2.3 Kb fragment that does not share
identity with any known genes.
By the second approach, differential expression analysis of the cDNA library
produced 32 candidates that were selected for further analysis. Differential expression
was confirmed for nine candidates by dot blot analysis. Preliminary sequencing of
these candidates demonstrated that some are neural specific in expression while others
are ubiquitously expressed. A number of canditates are as yet unidentified. For genes
of interest, RNase protection experiments will be performed to obtain reliable
measures of transcript level +/- Ca . We are using in situ hybridization to define the
spatiotemporal pattern of expression of these genes.
Supported by AHA 98-88 (RDS) and NIH NINDS NS 15918 (NCS).

512.13

512.14

REGULATION OF CHOLINERGIC PHENOTYPE BY THE FREQUENCY
OF SPONTANEOUS CALCIUM SPIKES IN SPINAL NEURONS. Stephen D,

CONTACT DEPENDENT CHANGES IN CURRENT PROPERTIES DURING
DROSOPHILA CNS MIDLINE CELL DEVELOPMENT IN VITRO. H. Schmidt1,
K, Liier1. W. Hevers2 and G.M. Technau1*; 1 Institut fur Genetik - Zellbiologie,
Mainz, Germany;2 Klinische Forschergruppe Psychiatrie, Mainz
The larval ventral nerve cord of Drosophila develops from 31 neuroectodermal
precursors and 3 to 4 midline precursors (MPs) per hemisegment. In order to identify
cell autonomous and non-autonomous components during the development of ionic
currents in MP progeny, we selectively removed individual MPs from early gastrula
(stage 6) embryos and grew them under three different cell culture conditions: a) 4 to 5
single MPs were placed in the culture chamber at a distance from each other, thereby
preventing the formation of projectional contacts between their progeny; b) Like a)
but single MPs were placed close to one another, allowing these projectional contacts;
c) As a control whole embryos (with midline cells marked by GFP expression) were
dissected (stage 6) and cells cultured. Although cells appeared morphologically fully
developed one day after preparation, current densities increased until day 3 in culture.
Therefore, most recordings (whole cell patch clamp) were made from days 3 to 8.
Whereas no differences in the K+-currents were found between the three preparations,
under standard recording conditions a Na+- current (INa) was observed in only 15% of
cells from (a), but in 80% of cells from (b). In (c) INa was present in 35% of cells. In
addition, two types of Ca+-currents (ICa) have been observed. In (b) both types were
found, otherwise (a) only one type was present. Furthermore, the ICa-density was much
larger in cells from (b) compared to those from (a). Cells from (a) and (b) responded to
ACh and GABA but again the current densities were much larger in cells from (b).
Our present results suggest that in vitro projectional cell-cell contacts, presumably
synaptic contacts, are essential for the functional expression and/or maintenance of
several ionic currents, including INa, ICa, and ACh- and GABA- gated currents. In
contrast, voltage gated K+-currents appear to be almost completely regulated cell
autonomously.
Supported by the DFG (Te 130/7-2)

Watt, Xiaonan Gu and Nicholas C, Spitzer*. Department of Biology and Center for
Molecular Genetics, UCSD, La Jolla CA 92093.
Specification of the transmitters released by a neuron determines its functional role
in the nervous system. Our previous work showed that the GABA phenotype is
governed by the frequency of spontaneous Ca2+ spikes that regulate levels of mRNA
encoding GAD, the GABA-synthetic enzyme. Here we investigate regulation of the
cholinergic phenotype.
We examined the natural frequency of Ca2+ spikes in cholinergic motoneurons in
vivo by confocally imaging Ca2+with fluo-3 AM in neurons on the ventral surface cf
the embryonic Xenopus spinal cord. Segmentally arrayed clusters of coactive cells
on both sides of the spinal cord fire at a mean frequency of 3/hr at neural tube stages.
The size and position of clusters (2-7 cells), backfilling with HRP (Hartenstein,
1993), as well as immunolocalization of lim-3 transcription factor identify these cells
as motoneurons. In contrast, other neurons that fire independently generate spikes at
12/hr during this period. By early tailbud stages the firing rate for both populations
is ~3/hr.
In culture, sensory, motor and intemeurons from neural plate stage embryos
generate Ca2+ spikes at a mean frequency of 3/hr during the period from neural tube to
early tailbud stages. 13% are immunoreactive for lim-3 (n=15), matching the percent
of cholinergic motoneurons in the intact spinal cord. However 70% of these neurons
are cholinergic (Henderson et al., 1984; Sun & Poo, 1987), assayed by contacting
neurons with voltage-clamped myoballs (n=20), yielding curare-sensitive miniature
endplate currents. These results indicate that in culture some neurons become
cholinergic without expressing the lim-3 transcription factor identifying them as
motoneurons. To test the idea that this is due to the altered frequency of Ca2+ spikes
in neurons cultured at the neural plate stage, we examined neurons cultured at tailbud
stages, after the in vivo period of spike generation at 12/hr or 3/hr in different sets cf
neurons; neurons in vitro now fire at a mean frequency of 1/hr. 14% of neurons are
cholinergic (n=29), matching the 13% that are lim-3-positive (n-75). Future
experiments will investigate whether regulation occurs at the level of mRNA
encoding Xenopus choline acetyltransferase, similar to the regulation of GAD.
Supported by NIH NINDS NS 15918.

512.15

DOWNREGULATION OF GENE EXPRESSION OF A NEURONAL
NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNIT ALPHA7
BY V-l, A PROTEIN CONTAINING ANKYRIN REPEATS IN PC12
CELLS T. YamakunffY. Ishida, S, Konishi and N, Suzuki Mitsubishi
Kasei Institute of Life Sciences; Machida, Tokyo 194-8511, Japan.
The V-l protein consists of 117 amino acids, and contains ankyrin
repeats which composes of about 73% of the entire molecule (JBC 269:
9946, 1994). V-l is localized in the cytoplasm of the PNS and CNS
neurons. Stable overexpression of V-l upregulates expression of
mRNAs encoding TH, AADC and DBH in PC12 cells (JBC 273:
27051, 1998). In the present study, we have examined the effects of
overexpression of V-l on gene expression of neuronal nicotinic
acetylcholine receptor (nAChR) subunits in PC 12 cells. Northern blot
analyses showed that mRNA expression of neuronal nAChR a3 and a7
but not (32 subunits was reduced in V-l-overexpressing clones compared
with that in control clones. Consistent with these findings, nicotineevoked peak current and nicotine-induced Ca2+-influx which is blocked
with methyllyleaconitine, a nAChR a7/a9 subunit-selective antagonist,
were decreased in V-l-overexpressing clones in comparison with those
in control clones, as determined by the whole-cell patch clamp and furaPE3 fluorescence techniques. Nicotine has shown to stimulate TH
enzyme activity and TH and DBH gene transcription to increase
catecholamine biosynthesis in PC 12 cells. Thus, the results of the
present study suggest the presence of the mechanism by which
overproduction of catecholamine causes a feedback inhibition of gene
expression of neuronal nAChR a3 and a7 via the action of V-l as a
cytoplasmic protein/protein adaptor.
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ARE APICAL DENDRITES “GUIDED” TOWARDS THE PIAL SURFACE
OF THE CEREBRAL CORTEX ? F, PQUeux*,.T,M, .Morrow and A, .GhoshDepartment of Neuroscience -Johns Hopkins University BALTIMORE, MD
21205 - USA.
We are interested in determining the factors that control the patterning of dendrite
and axon outgrowth of pyramidal neurons in the cerebral cortex. We have developed
a new in vitro assay to study axonal 'and dendritic differentiation whereby
dissociated cortical neurons are cultured on a slice of cortex representing a substrate
for neurite outgrowth. Using this assay, we have already demonstrated that the
initial trajectory of axonal outgrowth of cortical neurons towards the white matter is
largely mediated by the interaction of a secreted semaphorin, Semalll, with its
receptor Neuropilin 1 [Polleux et al. 282:1904 Science]. In order to observe
dendritic differentiation over long-term co-culture, we have modified our slice
overlay assay by using embryonic neurons isolated and dissociated from the cortex
of transgenic mice expressing GFP under the control of the actin promoter. The
cortex of these mice represents a pure source of GFP expressing cortical cells. Five
to six days after plating these dissociated GFP neurons over early postnatal cortical
slices, the apical dendrite of 60-70% of pyramidal neurons growing over the cortical
plate show a robust oriented outgrowth towards the pia. Thus, in this in vitro assay,
cortical pyramidal neurons can respond to extracellular cues that guide their apical
dendrite outgrowth towards the pial surface. Next we were interested in identifying
the factors that control apical dendrites orientation. Analysis of Serna III null mice
revealed that along with abnormalities in the initial trajectories of axons, Serna III
knockouts also have defects in apical dendrite orientation. These results raise the
possibility that Serna III could have opposite effects on axonal (chemo-repulsion)
and apical dendrite (chemo-attraction) outgrowth, thereby controlling the orientation
of both the axons and the apical dendrites in cortical pyramidal neurons.
Supported by NIH grant NS36176.

PROGRESSIVELY RESTRICTED CALLOSAL PROJECTION NEURONS
TRANSPLANTED TO CORTICAL REGIONS OF TARGETED APOPTOTIC
NEURONAL DEGENERATION UNDERGO TIME-DEPENDENT MATURATION.
R.A.Fricker*. J.J.Shin. C.Tai, M.A.Gates, and J.D.Macklis Division of
Neuroscience, Children’s Hospital, and Dept. of Neurology and Program in
Neuroscience, Harvard Medical School, Boston MA 02115.
In the neocortex, the effectiveness of potential transplantation therapy for diseases
involving neuronal loss may depend upon whether donor cells can differentiate
appropriately, reestablish precise long distance connections, and reconstruct complex
functional circuitry. Previous studies have shown that transplanted embryonic neurons
and neural precursors can respond to developmental signal molecules re-expressed in
adult mouse neocortex undergoing apoptotic neuronal degeneration, differentiate into
pyramidal neurons and re-form specific distant projections. However, earlier stage cells
do so with decreased efficiency. The isolation of late stage neuronal precursors with
more restricted potential may provide more specific and efficient cellular reagents for
reconstruction of neocortical circuitry. Therefore, we are investigating whether
populations of callosal projection neurons (CPN) purified from the peri- and postnatal
mouse brain, at more differentiated stages, undergo maturation and establishment of
connectivity with the host brain with increased efficiency.
Immature CPN were retrogradely labeled with fluorescent microspheres at either
E17-18 or postnatal day 1 (Pl), and isolated two days later by fluorescence-activated
cell sorting (FACS), then transplanted into adult mouse primary somatosensory cortex
(SI) undergoing apoptotic degeneration of CPN. A third group of animals received
transplants of subregionally dissected but heterogeneous E17 cortical cells. Two weeks
following transplantation, neurons from all ages were found dispersed within layers II,
III and V, with some having morphologies of large pyramidal neurons. Transplanted
E17 cells expressed neurotransmitters (glutamate, aspartate, GABA) and receptors
(kainate, NMDA, AMPA, GABA-A) at levels seen during corticogenesis (10-20% of
intact adult CPN), an increase from the low to non-existent levels seen at the time of
dissection. Further analysis is ongoing to compare the phenotypic fidelity of
neurotransmitter and receptor expression, as well as long-distance connectivity by
neurons transplanted at these increasingly differentiated stages. Supported by the Lefler
Foundation, HD28478, MRRC HD18655, HFSP, and Alzheimer’s Association.

513.3

513.4

NEUROGENESIS OF GABAERGIC INTERNEURONS OF THE
CEREBRAL CORTEX. S. Mittal* and A.F. Sadikot. Dept. of Neurology
and Neurosurgery, Montreal Neurological Institute, McGill University,
Montreal, Quebec, Canada, H3A 2B4.
Although neurogenesis of the mainly glutamatergic principal neurons
of the cerebral cortex has been well-studied, less is known of neurogenesis
of cortical intemeurons. As part of a program for determining factors that
control early forebrain development, we have studied the neurogenesis of
parvalbumin (PV)-positive GABAergic intemeurons. Timed pregnant rats
were given intraperitoneal injections of 5-bromo-2’-deoxyuridine (BrdU),
a nuclear marker for cell proliferation, on a single day between embryonic
day (E) 12 and 21. Brains from adult offspring were then processed for
double immunohistochemistry for BrdU and PV as previously described
(Sadikot and Sasseville, J. Comp. Neurol., 1997). Microscopic analysis of
frontal agranular cortex, somatosensory cortex and cingulate cortex was
performed, and the proportion of double-labeled cells was determined
(neurons double-immunolabeled for BrdU and PV / total number of PVimmunolabeled neurons). Analysis thus far indicates that the majority of
cortical PV-positive neurons undergo final mitosis between El5 and El7.
Neurogenesis of most intemeurons of the cerebral cortex occurs early
compared to most cortical projection neurons. Analysis of gradients of
neurogenesis reveals significant differences between frontal agranular,
somatosensory and cingulate cortex, which will be presented in detail.

NEUROTROPHINS REGULATE THE ACQUISITION OF A REGION-SPECIFIC
FATE IN THE RAT CEREBRAL CORTEX. K.L. Eagleson1*. S, Salton2and P.
Levitt1 ‘Dept. of Neurobiology, University of Pittsburgh Sch. Med., Pittsburgh, PA
15261 and 2Fishberg Research Center for Neurobiology, Mount Sinai Sch. Med.,
New York, NY 10029.
During development, regionally-restricted neuronal phenotypes are generated in the
cerebral cortex. For example, in the early postnatal rat, VGF, a secretory polypeptide,
is expressed heavily in meso- and allo-cortical areas but is virtually absent from
parietal and occipital regions. Here, we utilise a culture system to examine, over 4
days, whether there are intrinsic differences between progenitor cells that will give rise
to VGF expressing and non-expressing regions of the developing cortex. The profile
of VGF expression reflects the region of the cerebral wall from which the neurons
arise, regardless of whether they were isolated while mitotically active (El2) or
postmitotic (El7). Thus, significantly more neurons from perirhinal cortex (45%)
express VGF protein compared with visual cortex (7%). In the presence of BDNF,
however, there is a 9-fold increase in the number of visual neurons that express VGF.
NT-3 increases the proportion of visual neurons that express VGF 7-fold. Neither
neurotrophin affects the number of TUJ-1-positive neurons in culture. Furthermore, if
the addition of the neurotrophins is delayed until the final 24 hours in culture, the
profile of VGF expression is the same as when the growth factors are added at the
time of plating. These data suggest that NT-3 and BDNF are not selectively
promoting the survival of a subpopulation of VGF-positive cells that would normally
die. Given the normal high expression of VGF in perirhinal cortex, the ability of
visual neurons to respond to the appropriate growth factor signal suggests that the
regionally restricted expression of VGF does not arise because of intrinsic differences
in the cortical cells themselves. Rather it is likely that the signals regulating the
expression of VGF are spatially restricted within the developing forebrain. Supported
by NIMH grant MH45507.

Supported by the Medical Research Council of Canada and the March of Dimes.

513.5

513.6

DIFFERENCES IN PARIETAL CORTEX NEURONAL DENSITY AND
NEUROFILAMENT LEVELS IN HB-GAM DEFICIENT MICE
A. Hienola1, L. Amet2, T. Vogt2, T. Taira3*, H. Rauvala1. ‘institute of Biotechnology,
Dep. of Biosciences, P.O. box 56, 00014 Univ. of Helsinki; 2Dep. Of Molecular
Biology, Univ. of Princeton, NJ 08544-1014; 3Dep. of Biosciences, Div. Of Animal
Physiology, P.O. box 17, 00014 Univ. of Helsinki, Finland.
HB-GAM (heparin-binding growth-associated molecule, HDNF, Ptn) is abundantly
expressed in perinatal rat and mouse central nervous system. It promotes neurite
outgrowth in vitro and interferes with adult brain plasticity in rodents. Studies using
HB-GAM overexpressing and deficient mice suggest that it can guide and promote
osteoblast differentiation and maturation together with its receptor, N-syndecan
(neuronal syndecan-3) during bone maintenance and repair. To study the role of HBGAM in ihe central nervous system, we have analyzed histological samples from the
brains of HB-GAM knockout mice. Using an optical disector method called ‘selector’,
we have found a 15% to 20% increase in neuronal density in the areas of the cortical
plate and the lower intermediate zone of the parietal cortex of young adults (8 to 9
weeks of age). Furthermore, immunoblotting with anti-neurofilament antibodies
shows a decrease in the amount of high molecular weight neurofilaments in maturing
brain (P3). These findings indicate that HB-GAM plays a role in the maturation and
fate determination of cortical neurons.

PANCORTIN-3 IS THE FIRST PANCORTIN (OLFACTOMEDINRELATED GLYCOPROTEIN) EXPRESSED DURING CORTICAL
DEVELOPMENT. T. Nagano’L-H. Yagi, and M. Sato.
Dept. of Anatomy, Fukui Medical Univ., Fukui, 910-1193 Japan.
Molecular mechanisms underlying cerebral cortical development in
higher animals are matters of interest and importance. To elucidate
these mechanisms, we have identified and analyzed several novel genes
that are expressed exclusively or dominantly in developing and/or
matured mouse cerebral cortices. Among them is 'pancortin' that
produces four different species of proteins, i.e., Pancortin-1 to 4,
sharing the common region in the middle of their structure with two
variations at N-terminal and C-terminal sides, respectively. Because of
the nature of their structure, we could not distinguish the expression
pattern of each pancortin mRNA species in the developing cortex by
previous in situ hybridization histochemical analyses.
In the present study, we have raised anti-Pancortin antibody which
can recognize and distinguish these four species and investigated the
individual developmental profile of Pancortins, then we have noticed
that Pancortin-3 is the first species that is expressed during cortical
development in the mouse. To further analyze the potential role of
Pancortins during neurogenesis, an embryonic carcinoma cell line
(P19), which can be differentiated into neurons, is employed.
Pancortin-3 is the only species that is detected in P19 cells during
neuronal differentiation.
Partially supported by CREST.
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DELAYED GENERATION OF SUBPLATE NEURONS IN THE TRISOMY 16
MOUSE. A. Cheng1, P.J. Yarowsky2* and B.K. Krueger1, Depts. of
Physiology1 and Pharmacology2, Univ. of Maryland School of Medicine,
Baltimore, MD 21201
Subplate (SP) neurons are among the first postmitotic neurons to be born
during cortical neurogenesis and help determine the pattern of connections
between the cortex and thalamus. Development of the SP was studied by
BrdU birthdating and immunocytochemical methods in mouse trisomy 16
(Ts16), a model of Down syndrome. Previous studies demonstrated that the
generation of postmitotic neurons is delayed by about one day in the Ts16
cortex. We have analyzed SP development in the somatosensory cortex by
injecting the mother with BrdU on E11.5-E14.5 when SP neurons and
cortical plate (CP) neurons are known to be sequentially generated in
normal mouse cortex. Strongly BrdU+ cells in the SP and CP were counted
at E17.5. The results indicate that, in normal cortex, the birth of SP neurons
on E11.5-E12.5 is nearly complete before a significant number of CP
neurons are generated, as has been previously reported. In contrast, in the
Ts16 cortex, birth of SP neurons begins a day late and continues at least
through E14.5, substantially overlapping the period of CP neuron
generation. This leads to a shortage of SP neurons, as confirmed by a 50%
reduction in calretinin immunostaining in the SP at E15.5. Thus, unlike
normal mouse SP neurons, Ts16 SP neurons are born concurrently with CP
neurons, raising the possibility that the pioneering role of SP neurons, which
requires that they be in their positions before the arrival of CP neurons, may
be compromised in the Ts16 cortex. (Supported by NIH AG10686 and
Zeneca Pharmaceuticals).

DELAYED DEVELOPMENT OF THE SUBPLATE IN THE TRISOMY
16 MOUSE. P.J. Yarowsky1, B.K. Krueger2, J. Yu3, W.E. Kaufmann3*, and
C.F. Landry4. Depts. of Pharmacology & Exp. Therapeutics and Physiology,

Univ. of Maryland School of Medicine, Baltimore, MD 21201,3Dept. of Pathology,
Johns Hopkins University School of Medicine, Baltimore, MD 21205, and 4Dept.
of Psychiatry, University of Wisconsin, Madison, Wl 53719.

The generation of postmitotic neurons
is
delayed during
neuronogenesis in the trisomy 16 (Ts16) mouse. This delay may underlie
disturbances in cortical development that upset the normal pattern of
neuronal differentiation. Subplate (SP) neurons are one of the first
neurons exhibiting morphological differentiation and express a variety
of receptors for neurotransmitters, neuropeptides, and growth factors.
In order to understand these processes, we have bred hybrid
Robertsonian males with transgenic females that contain a promoter
region from the golli-mbp gene that targets lac Z expression to the SP
cell population in the developing neocortex (Landry et al., J. Neurosci.
15: 7315-7327,1998). Using this transgenic model, we were able to "fatemap" SP neurons in trisomic and diploid littermates with X-gal
histochemistry and p-gal immunostaining. At E13.5, lac Z-expressing
neurons are not found in 1.3golli-f3-gal transgenic Ts16 mouse preplate,
although they are present in diploid littermates. At E15.5, very few lac Zexpressing neurons are present in the SP in Ts16 although at this age in
the diploid, lac Z-expressing neurons delineate the entire SP. Moreover,
immunostaining with NeuN, a transcription factor of differentiated
neurons at E15.5, was hardly present in the Ts16 SP. By E17.5, both
diploid and Ts16 SP have comparable lac Z and NeuN expression. These
results indicate a delay in differentiation of SP neurons in Ts16 and raise
the possibility that the role of the SP in providing for the synaptic
contact and a scaffold for thalamocortical afferents is disturbed in Ts16.
HD01046, AG10686, UW/HHMl Faculty Development Program.

513.9

513.10

COUPLING PATTERNS AND CONNEXIN EXPRESSION IN THE
DEVELOPING RAT CEREBRAL CORTEX. K. Bittman*, D.L, Becker and J.G.
Pamavelas, Dept. of Anat. & Dev. Biol., Univ. College London, London WC1, UK
Cell coupling is a prominent feature in the developing cerebral cortex that can
allow local groups of cells to exchange developmentally important signals.
Connexins 43, 32 and 26 have been found to be expressed differentially in the
developing cortex and may mediate these coupling events. The neuronal and glial
cell types involved in coupling patterns during postnatal development have not
been fully characterized, and the connexin proteins associated with various
coupling patterns are not known. We have developed a technique to analyze the
coupling patterns of different cortical cell types in the developing cortex of the rat
and identify the sites of coupling and the connexin proteins involved. These
experiments are carried out in 300 pm thick slices of developing cortex. Cells,
chosen using interference contrast microscopy, are injected intracellularly with a
mixture of neurobiotin and FITC dextran. Multichannel confocal microscopy is
used to reconstruct the injected cells and those to which they are coupled. FITC
dextran remains in the injected cell revealing its morphological features while
neurobiotin, a gap junction permeant molecule, reveals the morphology of the
injected cell and of the cells to which it is coupled. Futher identification of the
coupled cells may be achieved with immunocytochemistry using cell-specific
markers. These experiments allow documentation of the type and number of
coupled cells, their spatial location, and the sites of communication. Further
immunolabelling of the injected preparations with connexin-specific antibodies
identifies the connexin protein(s) that may mediate cell-cell interactions in clusters
of coupled cells. Such experiments have shown that in early postnatal life cortical
pyramidal neurons couple into clusters through dendritic gap junctions. This
coupling may not be mediated through connexin 43.
This work was supported by the Wellcome Trust.

Emxl IS EXPRESSED IN PYRAMIDAL NEURONS OF THE RAT
CEREBRAL CORTEX. C. H. Chan1, D. Thomaidou2, J. G.
Pamavelas1 (SPON: BNA*) 'Dept. of Anatomy & Dev. Biol.,
University College London, London, WC1, UK, 2Pasteur Institute,
Athens, Greece.
Emxl is a homeobox-containing gene specifically restricted to the
developing telencephalic cortex. It is expressed at all developmental
stages, and in all layers of the cortex except layer I (Gulisano et al.
1996). This pattern of expression has suggested a role for Emxl in
the generation and differentiation of neurons in the cerebral cortex.
Here we sought to investigate the cortical cell types that express this
gene in the embryonic and postnatal cortex of the rat. Using in situ
hybridisation and immunohistochemistry, we found that early in
development Emxl is expressed in both proliferating and postmitotic
cells. Double-labelling experiments in animals of different postnatal
stages revealed that Emxl is expressed in cortical pyramidal neurons
as identified by the presence of the neurotransmitter glutamate.
Similar experiments showed that this gene is not expressed in
GABA-containing nonpyramidal neurons. These results were
confirmed in dissociated cell cultures prepared from embryonic
cortices. These findings suggest that Emxl may be a molecular
marker of the pyramidal cell phenotype of the cerebral cortex.
Gulisano et al. (1996) Eur. J. Neurosci. 8,1037-1050

513.11

513.12

bFGF IS ESSENTIAL FOR THE SURVIVAL OF CELLS IN RESTRICTED
REGIONS OF THE DEVELOPING CORTEX. S. A. Ali and J. G, Pamavelas*,
Dept. Anatomy and Dev. Biol., University College London, London WC1, UK
The cerebral cortex is generated through die proliferation of the epithelium lining
the lateral telencephalic ventricles. Although neuroepithelial cells are similar in
appearance, increasing evidence suggests that the ventricular zone comprises a
heterogeneous population of cells. Our earlier work (Ali et al., 1998) showed that
dissociated cell cultures prepared from rostral regions of the embryonic cortex
undergo significantly more cell death than cells derived from caudal regions.
Furthermore, co-culture experiments showed that caudally derived cells are able to
rescue rostral sister cells. This suggests that a factor present in cells of the caudal
cerebral wall promotes the survival of neurons in rostral cortical regions. In an
effort to identify the diffusible factor that promotes this survival effect, we applied
bFGF, EGF, NGF, BDNF and NT-3 to cultures derived from rostral regions of
embryonic day 17 cortices. Only bFGF rescued the rostral cortical cells suggesting
that this growth factor, produced by cells in the caudal region, mediates the
survival of the rostral neurons. Consistent with these observations is the finding of
a significant reduction in the thickness of the cerebral cortex of bFGF knockout
animals (Dono et al., 1998). Caudal cells treated with genistein, an inhibitor of
tyrosine kinases, survived for shorter periods than the untreated control cultures.
Immunocytochemical and in situ hybridization experiments also showed
differences in FGFR 1 receptor and bFGF between caudal and rostral regions of
the developing cortex. We propose that caudal cells produce bFGF which acts in
an autocrine manner to maintain their survival and that of cells in the rostral
regions of the telencephalic wall. In vivo studies, involving lesion and tracing
experiments in newborn animals, also showed the influence of caudal areas of the
cortex on the survival of neurons in rostral areas.

GRADIENTS OF BOTH NOGGIN AND BMP EXPRESSION REGULATE
CEREBRAL CORTICAL CELL FATE. P.C. Mabie, M.F. Mehler, S. Seto*
and J.A. Kessler, Depts. of Neurol, and Neurosci., Albert Einstein Coll, of Med.,
Bronx, NY 10461
Members of the bone morphogenetic protein (BMP) family play multiple roles in
neural development. BMP ligands and receptors, as well as the BMP antagonist
noggin, are expressed in the developing cerebral cortex. We have previously
demonstrated that the BMPs inhibit the development of oligodendroglial cells
(OLs) in vitro. BMP treatment suppresses OL differentiation of both epidermal
growth factor-responsive subventricular zone progenitor cells and cortical O-2A
cells in culture and instead promotes an astroglial fate. To further define the
mechanisms by which BMP signaling regulates cell fate, we have examined the
effects of BMPs and of noggin in clonal density cultures of embryonic cortical
cells, and also analyzed the distribution of BMP ligands, receptors, and noggin in
the developing cortex. Treatment with BMP2 instructively promoted neuronal
differentiation while completely inhibiting OL development. In contrast, noggin
treatment promoted OL development suggesting that endogenous release of BMPs
suppresses OL differentiation. In vivo, BMP ligands and receptors are expressed in
the ventricular zone and cortical plate, consistent with a role in the regulation of
neuronal differentiation. In striking contrast, noggin expression is localized to the
neonatal developing corpus callosum/subcortical white matter, demarcating the
future site of oligodendroglial differentiation. Together, these results suggest that
local concentrations of both ligands and antagonists define gradients of BMP
signaling that regulate cortical cell fate and morphogenesis. Supported by the NIH
(P.C. Mabie, M.F. Mehler, J.A. Kessler).

Ali S. et al., Soc. Neurosci Abstr. 24:282, 1998
Dono R et al. EMBO J. 17:4213-4225, 1998
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513.13
ACTIVATION OF DOPAMINE DI RECEPTORS REDUCES
MAP2 LEVELS IN THE PRIMARY CULTURES OF CEREBRAL
CORTEX OF THE FETAL MOUSE. Z.-M. Song1*. Y.-Y. Fang2.
G. Artamonova1, L. Zhang1, M.S, Lidow1. ‘Dept. of Oral and
Craniofacial Biological Sciences and 2Dept. of Neurology, Univ. of
Maryland, Baltimore, MD 21201
Manipulation of dopamine DI receptors has been shown to affect
neuritic growth in cultured cortical neurons. To test whether the
morphological changes are correlated with alterations in key
cytoskeletal proteins, we examined the effects of DI receptor
stimulation on microtubule-associated protein 2 (MAP2) in primary
cultures of the fetal mouse cortical neurons obtained on the
embryonic day 15. Primary neuronal cultures were maintained in a
serum-free glial conditioned medium for two days with the addition
of drugs on the last day. Immunohistochemical staining with an
antibody against neuron specific enolase indicated that virtually all
cells in these cultures are neurons. SKF 38393, a DI receptor
specific agonist, dose-dependently decreased the length of neuronal
processes. The levels of MAP2 in cultured cells were analyzed with
slot blot. SKF 38393 treatment for 24 hours significantly decreased
the MAP2 levels in a dose dependent manner. This effect was
attenuated by a selective DI antagonist, SCH 23390. These findings
suggest that DI receptor activation can reduce the amount of MAP2
in neurons.
Supported by NIH and University of Maryland grants.

TUESDAY AM

513.14
IDENTIFICATION OF A GENE HOMOLOGICAL TO RAT AND HUMAN
SYNAPTIC GLYCOPROTEIN SC2 GENE IN PRIMARY CULTURE OF
CEREBRAL CORTICAL NEURON FROM ICR MICE. C.X.Sun1, Q.Li’.and
A.C.H. Yu1,2. (SPON: The Hong Kong Society of Neurociences) Shanghai Research
Center of Life Sciences, Chinese Academy of Sciences, 320 Yue Yang Road,
Shanghai 200031; 2Dept.Biology, Hong Kong Univ. Science & Technology, Hong
Kong, P.R.China.
The progress of neuronal differentiation and aging is obscure, especially the genes
that express differentially in this course are not known yet. After culturing primary
cerebral cortical neurons from ICR mice for 0, 2, 4, 7, and 10 days, we separated
differentially displayed gene bands from these cultures with arbitrarily primed PCR
(RAP-PCR). After searching in the GeneBank on the sequence of the isolated bands,
we identified 20 bands that matched with different known or unknown genes. The
homologies of these genes with known ones were different from 68% to 97%. Some
of these genes were homological to gene related to cell growth , and others were
related to apoptosis. Among them, clone 0.2 was homological to rat and human
synaptic glycoprotein. In order to obtain the full length of this gene, we searched
ESTs database and assembled known ESTs with FACTURA (Perkin-Elmer) software.
We named the gene mSCl (mouse synaptic glycoprotein homology 1) and sequenced
it. The gene was about 1.0 kb which was 150 bp and 170 bp shorter than the human
and rat homology, respectively. RT-PCR results showed that mSCl expressed
differently in cultures of different ages. Its expression was also different among
tissues. Brain, lung, and liver had higher expression. RT-PCR result indicated
different transcripts in different tissues. The transcripts in kidney and pancreas were
803 bp which was 200 bp missing in the middle part of the gene. These results
implied that this glycoprotein gene may be related to neuronal growth, but also
located in other organs with some variation indicating that the gene may process other
functions. (Supported by the NORAM Foundation, Hong Kong, CAS/'HKUST Joint
Laboratory, and RGC Competitive Earmark Research Grant HKUST6177/97M)

513.15

513.16

PURIFICATION OF STAGE-SPECIFIC DEVELOPING CALLOSAL
PROJECTION NEURONS: CHARACTERIZATION OF SURVIVAL AND
DIFFERENTIATION FACTORS IN CULTURE. L.A.Catapano*. M.W.Arnold.
F.A.Perez, and J.D.Macklis. Division of Neuroscience, Children’s Hospital; Dept. of
Neurology & Prog, in Neuroscience, Harvard Medical School, Boston MA 02115
Identifying the molecular signals that control neuronal survival and differentiation is an essential step toward understanding brain development and repair. We have purified callosal projection neurons (CPN) from embryonic and
neonatal mouse cortex to investigate their requirements for survival and differentiation at defined developmental stages. Projection neurons were retrogradely
labeled with fluorescent microspheres injected into contralateral projection
fields, and isolated by fluorescence-activated cell sorting (FACS). When cocultured with neurons and glia isolated by membrane inserts, purified CPN
survive for weeks and acquire progressively stereotypical pyramidal morphology. CPN in vitro retain their neurotransmitter and growth factor receptor expression phenotype. Preliminary evidence indicates that medium conditioned
by mixed cortical cells promotes CPN survival better than does medium conditioned by cells from other brain regions, such as cerebellum. In the absence of
cortical cell-conditioned medium, CPN undergo apoptosis, consistent with death
due to the withdrawal of trophic factors, and preliminary results show that BDNF
is able to partially rescue this death. Further characterization, including analysis of receptor expression and activation, will potentially provide insight regarding additional controls over the survival and differentiation of this lineage,
and manipulation of immature neuronal precursors for cellular repopulation
therapies. Supported by HD28478, MRRC HD18655, Alzheimer’s Assoc. RG1-96045, and an HHMI predoctoral fellowship to LAC.

DIFFERENTIAL GENE EXPRESSION OF NEOCORTICAL
PROJECTION NEURONS PURIFIED AT DISTINCT STAGES OF
DEVELOPMENT. M.A.Gates, B.A.Altevogt, L.A.Catapano, H.Heerssen, C.C

Tai, T.Deuel and J.D.Macklis*. Division of Neuroscience, Children's Hospital; Dept.
of Neurology & Prog, in Neuroscience, Harvard Medical School; Boston MA 02115

Neocortical neuronal development proceeds through progressive
stages of differentiation, migration, process outgrowth and
synaptogenesis. Identifying molecules that are expressed by a lineage
of neurons at particular stages could elucidate mechanisms that are
critical to specific developmental events. Recently, we purified
neocortical callosal projection neurons (CPN) at two distinct stages of
their development (i.e., during axonal outgrowth/midline crossing and
contralateral target innervation/dependence) to analyze the potential
for differential gene expression between relatively early and more
mature neurons. CPNs of E17 and P5 mice were retrogradely labeled
and isolated via fluorescence-activated cell sorting (FACS). mRNA
from these purified neurons was isolated and used to identify
differentially expressed genes via PCR-based subtraction suppression
hybridization in both forward and reverse directions. Currently, we are
confirming differential expression of these genes and characterizing
candidate clones via dot blot, Northern blot, sequencing, and in situ
hybridization. Identifying molecules differentially expressed by CPNs
at distinct stages of differentiation could elucidate mechanisms
involved in axon guidance, target recognition, and terminal
differentiation of projection neurons in the developing neocortex, and
could provide information toward complex circuit reconstruction in
the adult CNS. This work was generously supported by The Medical Foundation,
HD28478, MRRC HD 18655, the Alzheimer's Association, and HFSP.

SYMPOSIA

TUESDAY PM

514

515

SYMPOSIUM, ATTENTION AND NEGLECT
C.R. Olson, Carnegie Mellon Univ. (Chair), M. Behrmann.
Carnegie Mellon Univ., M. Corbetta, Washington Univ., A. Pouget,
Univ. Rochester.
What cortical areas are responsible for the control of visuospatial
attention; do these areas overlap ones responsible for motor control;
and with respect to what spatial reference frames do they operate?
These are some of the key questions that will be addressed by
speakers in this session. Marlene Behrmann will argue that the
neglected ‘left’ hemifield of patients with right parietal lobe injury can
be defined with respect to multiple frames of reference and that,
depending on the task requirements, particular reference frames may
be flexibly and differentially weighted. Carl Olson will pursue the
theme of multiple reference frames by describing single neurons in the
frontal cortex of macaque monkeys that represent both the eyecentered and object-centered coordinates of attended locations.
Alexandre Pouget will then argue, within the computational
framework of basis functions, that there is good reason for neurons to
encode the positions of objects in multiple frames of reference
simultaneously insofar as this provides a flexible and efficient basis
for the spatial control of attention and movement. Maurizio Corbetta
will conclude the session by describing recent studies with eventrelated fMRI identifying a network of parietal and frontal regions
consistently activated whenever attention is directed toward visual
objects. Collectively, these results establish that spatial attention is
controlled by a well-defined set of parietal and frontal areas, partially
overlapping the oculomotor system, in which attended locations are
represented with respect to multiple reference frames simultaneously.

SYMPOSIUM. SYNAPTIC ORGANIZING MOLECULES. J.R,
Sanes, Washington Univ., St. Louis, MO (Chairperson); A.M. Craig.
Washington Univ., St. Louis, MO; T. Sudhof, Southwestern Med.
Ctr., Dallas, TX; M. Takeichi, Kyoto University, Japan.
Synapse formation requires a complex interchange of information
between pre- and postsynaptic partners.
The speakers in this
symposium will describe some of the intercellular signals and
intracellular signalling mechanisms that mediate this exchange in the
mammalian nervous system. A.M. Craig will describe the combination
of activity-dependent and -independent processes that leads to
aggregation of neurotransmitter receptors in the postsynaptic membrane
of hippocampal neurons. She will also consider mechanisms that
segregate different types of receptors (e.g., GABA and glutamate) to
different synaptic sites. J.R. Sanes will present genetic analyses of
anterograde and retrograde signals that organize differentiation of the
neuromuscular synapse in mice. He will also discuss roles that
neuromuscular organizing molecules play at neuron-neuron synapses.
T. Sudhof will describe multimolecular complexes containing
neurexins, neuroligins and PDZ domain proteins. The complexes may
span the synaptic cleft, linking pre- and postsynaptic membranes. They
may play both organizing roles at developing synapses and signalling
roles at mature synapses.
M. Takeichi will describe another complex
that spans the synaptic cleft: the cadherins, and their associated catenins.
He will discuss the hypothesis that cadherins are involved both in the
organization of synaptic contacts and the modulation of synaptic
function.
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COGNITION: HUMAN LEARNING AND MEMORY—WORKING MEMORY II

518.1

518.2

CAUDATE NUCLEUS MNEMONIC ACTIVITY IS GREATER DURING
EGOCENTRIC THAN ALLOCENTRIC SPATIAL DELAYED RESPONSE:
EVIDENCE FROM EVENT-RELATED fMRI AND IMPLICATIONS FOR
COGNITIVE MODELS OF WORKING MEMORY Bradley R, Postle* & Mark
D’Esposito Dept. of Neurology, U. of Penn. Med. Cntr., Philadelphia, PA 19104.
Patients with early stages of Parkinson’s disease demonstrate selective impairment
of spatial working memory (Postle et al., 1997-a, -b; Owen et al., 1997),
implicating a differential contribution of frontostriatal systems to spatial working
memory. Recent fMRI studies of healthy adults have extended these findings,
indicating that spatial delay-period activity in the caudate nucleus is greater when it
precedes a motor response than when no overt response follows the delay period, a
contingent relationship not observed with nonspatial memoranda (Postle &
D'Esposito, 1999-a, -b). In the present study we explored whether the human
caudate nucleus demonstrates greater ego- than allocentric delay-period activity. An
affirmative result would be consistent with the model that the caudate nucleus
contributes to the process of egocentric localization, the integration of egocentric
spatial sensory information into a motor plan (Kesner et al., 1993; Potegal, 1972).
Healthy adult subjects were scanned at 1.5 T while performing spatial delayed
response with stimuli defined egocentrically or allocentrically. In the egocentric
(“body centered”) condition subjects judged (Y/N) whether the position of a single
stimulus, which could be defined solely with respect to the subject’s body, matched
between target and probe presentations. In the procedurally equivalent allocentric
(“environment centered”) condition subjects assessed the position of two stimuli
with respect to each other. Event-related design and analysis (Zarahn et al., 1997)
permitted assessment of variance in delay-period BOLD signal that was
uncontaminated by variance ascribable to encoding or response portions of the trial.
Results revealed reliably greater delay-period activity in the caudate nucleus in egothan allocentric trials. We hypothesize that this differential caudate nucleus activity
does not represent a material-specific difference in mnemonic representations, but
rather the operation of a distinct process that is only engaged when memoranda are
coded in a frame of reference that permits anticipatory motor preparation: Egocentric
spatial working memory may be characterized differentially by delay-period
interactions between sensory and motor representations.
Supported by
the American Federation for Aging Research and NIH grants NS01762 and AG13483.

A SINGLE SUBJECT STATISTICAL APPROACH TO MODELING THE
COMPONENTS OF VERBAL WORKING MEMORY. C. Marshuetz.2. T.A.
Salthouse*. H, Ombao3. E.E. Smith2* J. Jonides2. L.R, Diego2. J.E. Bates2.
T,LJ_Chenevert4. S, Krishnan4. A.T, Betlev4 School of Psychology, Georgia
Institute of Technology; 2Department of Psychology, department of
Biostatistics, department of Radiology, University of Michigan, Ann Arbor,
MI, 48109-1109.
Smith et al. (1998) and others have proposed a tripartite model of the
neural components underlying verbal working memory. According to this
model, each of the three cognitive components, storage, rehearsal, and executive
processes, is based on a separate set of neural regions. Storage is thought to be
mediated by posterior regions, especially the posterior parietal region, whereas
rehearsal is thought to be subserved by anterior language areas, such as Broca's
area. Finally, executive processes are thought to be governed by prefrontal
regions, especially dorsolateral and ventrolateral prefrontal regions. Here, fMRI
provided multiple observations of each subject’s activation during performance of
the 3-Back task, allowing each subject's data to be modeled individually. A
theoretical model was constructed, using latent variables to represent neural
processing units. For example, activation patterns in language areas were
postulated to be related to one another, thus representing a neural processing unit
for "rehearsal". The model's plausibility, which makes explicit the role of
regional activation, was examined with data from four individual subjects. This
analytical procedure appears promising because the large number of observations
available in fMRI provides substantial power to test theoretically interesting
models of the interrelations of neural regions. Supported by NIA (AG 130287)

518.3

518.4

A RESOURCE MODEL OF THE NEURAL SUBSTRATES OF
EXECUTIVE WORKING MEMORY IN HUMANS. S.A. Bunge*1.

PREFRONTAL CORTEX AND CONTEXT PROCESSING IN
MEDICATION NAIVE FIRST EPISODE PATIENTS WITH
SCHIZOPHRENIA. D. M. Barchl. C. S. Carter!. F.W. Sabbl. A. MacDonald
IIl2, D.C. Noll2, T.S. BraverL-and J. D, Cohen^^. lWashington University,
St. Louis, MO 63130; 2\Vestern Psychiatric Institute and Clinic, Pittsburgh, PA
15213; 3 Princeton University, Princeton, NJ 08543.

T. Klingberg2. R.B. Jacobsen1 & J.D.E. Gabrieli2. ‘Neurosciences Program and
department of Psychology, Stanford University, Stanford, CA 94305.
Working memory (WM) is thought to include verbal and spatial short-term
memory stores and an executive system that coordinates simultaneous
maintenance and processing of information in these stores. Executive WM may
be subserved by frontal-lobe regions specialized for coordination of multiple tasks
or by recruitment of additional resources in frontal-lobe regions activated for each
component task. We used functional magnetic resonance imaging (fMRI) to
examine brain activation in eight subjects during performance of a
psychometrically validated WM span test specifically designed to measure
executive processes (Daneman and Carpenter, 1980). Subjects performed the two
component tasks of the reading span test (sentence reading and short-term memory
for five words) concurrently and separately.
Four Trial types were
pseudorandomly interleaved across four functional scans: Read, Remember,
Read+Remember and Control. Read Trials: subjects viewed statements (words
appeared centrally one at a time) and indicated by a button press whether they
were true or false. Remember Trials: subjects viewed past tense narrative
sentences and were instructed to remember the last word of each sentence. After 5
sentences an array containing the first or last letter of the final word in each
sentence appeared on the screen. Subjects determined whether these letters
appeared in the correct order. Read+Remember Trials: subjects performed both
the Read and Remember tasks concurrently. Control Trials were matched for
visual stimulation and motor responses. Concurrent performance activated frontallobe areas to a greater extent than performanceof either task in isolation, but no
new area was activated beyond those activated by either component task. These
findings support a resource theory of WM executive processes in the frontal lobes.
Supported by grams from the National Institutes of Health (AG12995, AG 11121),
the Wenner-Gren Foundation and the Baxter Foundation.

518.5

Numerous studies of schizophrenia suggest that prefrontal cortex (PFC) dysfunction
is a core component of this disease. Further, it has been suggested that such PFC
deficits in schizophrenia are associated with a working memory (WM) disturbance.
However, much schizophrenia research has treated PFC as a unitary structure,
without making functional distinctions between subregions. In prior work, we have
put forth a theoretical model in which dorsolateral regions of PFC (i.e., BA 46/9;
DLPFC) support a specific subcomponent of WM: the ability to represent and
maintain context information necessary to guide appropriate task behavior. As
such, our theory suggests that WM deficits in patients with schizophrenia reflect an
impairment in context processing due to an underlying disturbance in DLPFC. We
used functional magnetic resonance imaging (fMRI) to examine PFC activation in
medication-naive first episode patients with schizophrenia during performance of a
WM task involving context processing and maintenance. Controls demonstrated
sustained DLPFC activity when required to maintain context. In contrast,
schizophrenia patients did not, demonstrating deficits in activating DLPFC, which
were associated with predicted, behavioral deficits in context processing. However,
patients demonstrated normal activation of posterior and inferior PFC (regions
typically associated with more modality specific buffer or rehearsal systems), and
normal activation of motor and somatosensory regions. These results demonstrate
the selectively of PFC deficits in medication-naive patients with schizophrenia, and
provide additional support for functionally important distinctions among different
regions of PFC in normal cognition. Support by NIMH RO1-MH47073 and
CNM-MH45156

518.6

CHOLINERGIC MODULATION ENHANCES PROCESSING DURING A
WORKING MEMORY TASK BY MODULATING ACTIVITY IN VENTRAL
EXTRASTRIATE VISUAL CORTEX: AN FMRI STUDY IN HUMANS. M.L.
Furey1 , P, Pietrini2, J.V, Haxbv1. ‘Lab. of Brain and Cognition, NIMH, NIH,
Bethesda MD, USA 20892; 2Dept. Human and Environ. Sciences, Univ. Pisa, Italy.
Previously we have shown that cholinergic potentiation improves performance on
a working memory (WM) for faces task and alters task-specific regional cerebral
blood flow. In the present study, we used functional MRI to evaluate the regional
and temporal specificity of the effects of cholinergic enhancement on neural activity
(i.e. on separate components of the memory task) that may account for improved
performance. Gradient echo EPI was used in a double-blind placebo controlled crossover design as 4 young healthy subjects performed a task that alternated between WM
and sensorimotor control items in 2 separate sessions, one during a steady state i.v.
infusion of physostigmine (1 mg/hr) and one during saline infusion. Each session
consisted of 12 runs of 92 scans (TR=3s). WM items comprised of a picture of a face
presented for 3 s, followed by a 9 s delay, then by a 3 s presentation of 2 faces.
Subjects indicated which face they had seen previously using hand-held response
buttons. For control items, identical scrambled faces were presented in the same
spatial and temporal manner as WM item stimuli, and subjects were instructed to
press both buttons when 2 scrambled faces were presented. Time series data were
analyzed using multiple regression to determine the regional activity in ventral
extrastriate cortex associated with: 1) a transient response that was greater for relevant
information (faces) than for irrelevant information (scrambled faces); and 2) a
transient response that was greater during encoding than during retrieval of relevant
information; and to determine the influence of cholinergic potentiation on these
effects. Physostigmine significantly enhanced the transient selective response to faces
relative to control stimuli in posterior ventral extrastriate cortex and produced a
selective enhancement of the response to encoding relative to retrieval of information
in anterior and posterior ventral extrastriate regions. The more selective processing in
ventral extrastriate regions is consistent with our hypothesis that cholinergic
enhancement improves task performance by increasing visual attention. (NIH funded)
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QUANTITATIVE ANALYSIS OF PREFRONTAL & PARIETAL
CORTICAL ACTIVITY, AS MEASURED WITH EVENT-RELATED fMRI,
DURING DISCRETE COMPONENTS OF DELAYED-RESPONSE TASKS.
Mark P’LspQgito*, Bradley R.
Jeffrey S, Berger. & Alexander M, Taich
Department ofNeurology, University of Pennsylvania, Philadelphia, PA 19104.
Many reports of single- and multi-unit electrophysiological studies of working
memory function in monkeys include the raw number and the proportion of cells
sampled whose activity correlates with experimental factors. Technical limitations
have precluded such quantitative analysis of most functional neuroimaging studies cf
human working memory, limiting them to detecting the presence or absence of taskrelated activation in a‘given brain area. We employed a technique for processing and
analyzing fMRI data (Zarahn, Aguirre & D’Esposito, 1997) that permitted us to
determine a robust estimate of the voxel-wise a within a defined search space. Thus,
for spatially unsmoothed datasets, we could classify and quantify individual voxels
according to their activity during specific components of a behavioral task.
We analyzed event-related fMRI data collected at 1.5 T while healthy young adult
subjects performed spatial and object delayed-response tasks (Postle & D’Esposito,
1999). Voxels in dorsolateral prefrontal cortex (DLPFC) and superior parietal lobule
(SPL) were classified according to whether they showed significant activity
associated with Target Presentation/Encoding (T), Delay (D), or Probe/Response (P)
components of the trial, or with combinations of these components (e.g., T&P). In
DLPFC, the greatest number of task-related voxels were P voxels, followed by T,
T&P, and D voxels. This pattern was consistent across hemispheres,' and across
spatial and object conditions. The hierarchical pattern of P>T>TP>D voxel-wise
activity mirrors qualitatively the hierarchical pattern of activity in individual DLPFC
neurons in monkeys performing an oculomotor spatial delayed-response task (Chafee
& Goldman-Rakic, 1998). Voxel activation patterns in SPL were broadly similar to
those seen in DLPFC, but with 2 notable differences: 1) a proportionally greater
number of voxels (per ROI) was activated in SPL than in DLPFC (T: 16.4% vs
5.2%; D: 7.2% vs. 2.4%; P: 21.7% vs. 10.7%); and 2) more SPL than DLPFC
voxels were active during multiple task components. Both of these differences are at
variance with the monkey data, which is noteworthy for the similarities between
DLPFC and posterior parietal spatial working memory activity. Supported by the
American Federation for Aging Research and NIH.
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518.7

518.8

DUAL TASK PERFORMANCE PRODUCES DIFFERENT BRAIN
ACTIVATIONS IN YOUNGER vs. OLDER ADULTS. A. Geva1. A, Miller1.
E.E. Smith1, J. Jonides1 *, E, Abrams1, L. Stanczak1, C, Marshuetz1, U,
Diego1. P.A. Reuter-Lorenz1, and R.A. Koeppe2. ^ept. of Psychology, 2Dept.
of Nuclear Medicine, University of Michigan, Ann Arbor, MI 48109.
In a PET study, verbal working memory was measured in younger (n =
12) and older (n = 8) subjects using a visually presented version of computation
span. In this complex task, subjects were required to perform a memory task
while simultaneously verifying math operations. Control conditions consisted of
subjects performing each task alone (math verification only or memory only), as
well as a visual control condition. Behavioral results demonstrated that in
contrast to performance on the math control, accuracy in verifying the operations
decreased very little in the dual-task (-4%). However, a decline in memory
accuracy was observed between the single and dual-task; 15% for the young and
21% for the elderly. When rCBF change was examined, a general pattern was
observed. In the young, performance on the dual-task tended to recruit more
posterior regions of the brain, namely, bilateral visual association cortices (BA
18, 19, 37). In contrast, the older subjects were more likely to recruit left
anterior frontal regions (BA 44, 45, 46, and 47) when performing the math and
memory tasks simultaneously. This same trend of a frontal-posterior double
dissociation was also observed when comparing good young performers to poor
young performers. Subjects who showed a memory performance decrement
greater than 20% in the dual-task (poor performers), were more likely to recruit
frontal regions to perform computation span than were young subjects who
showed less than a 12% decline in memory (good performers). This latter group
was more likely to recruit the posterior visual regions. Thus, we have
documented a double dissociation in brain activation with age that appears to
mimic a similar dissociation with performance level. Supported by NIA
(AG 130287).

Age-Differential Prefrontal Cortical Activity in Components of Working
Memory. Bart Rvpma* & Mark D’Esposito. Department of Neurology, University
of Pennsylvania, Philadelphia, PA 19104. We used event-related fMRI to measure
age-related differences in prefrontal cortex (PFC) activity during a working memory
(WM) task in which memory set-size was varied between 2 and 6 letters. Each trial
was composed of (1) a 4-second encoding phase (in which the subject viewed either 2
or 6 letters, (2) a 12-second retention interval and (3) a response phase (in which
subjects decided if a single probe letter was or was not part of the memory set.
Whole-brain imaging was carried out on a 1.5 T GE Signa scanner. For 6 younger
(ages 21-30) and 6 older (ages 61-82) subjects, performance accuracy was not different
between the two memory load conditions but reaction times (RT) were faster in the
2-letter than in the 6-letter condition. Accuracy was not different between younger
and older subjects but younger subjects were faster than older subjects. Analyses of
imaging data revealed no age-related differences in ventrolateral PFC activity in either
of the memory load conditions during any of the task phases. In dorsolateral PFC,
there were no age-related differences in activity during the encoding phase and the
retention phase. Younger subjects, however, showed significantly greater activity
than older subjects in the 6-letter condition, during the response phase. Tests of the
regression coefficients that characterize the relationship between mean RT and
regional activity in ventrolateral PFC were nonsignificant. For dorsolateral PFC in
younger subjects, only response phase coefficients showed a significant positive
correlation between mean RT and cortical activity that accounted for 71% of the
variance. For dorsolateral PFC in older subjects, only response phase coefficients
showed a strong significant negative correlation between mean RT and cortical
activity that accounted for 72% of the variance. These results (i) suggest that PFC
may be functionally segregated for different WM operations and (ii) suggest a specific
model of age-related reductions in WM performance based on dysfunction cf
dorsolateral PFC regions that mediate memory retrieval. Th is research was
supported by grants from AFAR and the NIH.

518.9

518.10

MODULATION OF THE NEURAL CIRCUITRY SUBSERVING WORKING
MEMORY BY REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION:
A PET STUDY (SPON: European Brain and Behavior Society) FM Mottaghy1, LJ
Kemna2, BJ Krause1, R Topper3, L Tellmann2, Th Schmitz2, H Herzog2, HW
Muller-Gartner1 ’Department of Nuclear Medicine Heinrich-Heine-University,
Dusseldorf, institute of Medicine, Research Center Jiilich, ’Department of
Neurology, Technical University Aachen
Previous studies have demonstrated the capacity of repetitive transcranial
magnetic stimulation (rTMS) to induce frequency dependent changes of regional
cerebral blood flow (rCBF) at the stimulation site and distant brain regions.
However none of these assessed higher cognitive functions. The aim of the present
study was to investigate the effect of rTMS on rCBF changes while subjects
performed a verbal working memory (VWM) task.
Eight right-handed male subjects received rTMS either over the left or the right
dorsolateral prefrontal cortex during a two-back VWM task. rCBF was measured
with a Siemens ECAT HR+ PET-scanner using 15O-butanol. Data analysis was
performed using SPM96.
There was a significant decrease in the performance during rTMS. We found
significant rCBF changes at the stimulation site (DLPFC) but also in distant brain
regions (medial and superior parietal cortex) which are thought to be part of the
underlying neural circuitry subserving VWM.
These results for the first time demonstrate the assessment of rTMS induced
changes in rCBF in working memory by means of functional imaging. We provide
further evidence for the capacity of rTMS to produce temporary functional lesions
in a corresponding network of activated brain regions during a cognitive task. Our
results are indicative for the potential of rTMS and functional neuroimaging to
study connectivity in the human brain.

TIMING OF NEURONAL ACTIVATION IN HUMAN PREFRONTAL,
CINGULATE AND LIMBIC AREAS DURING A WORKING MEMORY
TASK. C.D. Tesche* and J. Karhu. Brain Research Unit, Low Temperature
Laboratory, Helsinki University of Technology, FIN-02015 HUT, Finland.
Working memory requires both maintenance of information in short-term
memory and optimal allocation of attentional resources. Prefrontal, cingulate and
limbic structures participate to this cognitive function. We utilized
magnetoencephalographic (MEG) recordings from ten normal human subjects to
study the dynamics of neuronal population responses in this network during a
working memory task with variable memory load. A memory set of 1, 3, 5 or 7
integers was presented to the center of the visual field at interstimulus intervals
of 1.2 s, followed 3 s later by a probe integer. Subjects responded to an in-set
(out-of-set) probe by a lift of the right (left) finger. Guided by results from a
fMRI study of a similar Sternberg task (Rypma et al. Neuroimage 1999), we
calculated MEG responses for signal patterns corresponding to right and left
prefrontal cortex (BA 44) and anterior cingulate (BA 24/32). Waveforms were
also determined simultaneously for activation of occipito-parietal cortecies,
hippocampal structures and motor cortex. We found early 80-ms evoked
responses in anterior cingulate following both memory-set and probe stimuli.
Activation of hippocampal structures at 125-130 ms after the probe stimuli was
followed 10 ms later with bilateral responses in prefrontal cortex and a second
activation in cingulate. A complex pattern of cingulate and prefrontal responses
continued for ~1.5 s after the probes, with a dissociation between responses for
memory-set sizes 1 and 3 vs. 5 and 7. Interestingly, stimulus-locked evoked
responses in prefrontal cortex were absent at 140-300 ms following the last
stimulus in the memory set and strongly reduced thereafter compared with
responses following probes. This suggests that MEG responses at 140-300 ms
index neuronal population responses specific to retrieval during this working
memory task.
Support: NIH NINDS grant NS34533.

518.11

518.12

TASK- AND STIMULUS-DEPENDENT DIFFERENTIAL ACTIVATION DURING
VERBAL AND VISUO-SPATIAL SHORT-TERM MEMORY. P. Indefrey', F.
Hellwig1, S. Posse2, D. Linden3*, R. Goebel3 'Max-Planck-Institut fur Psycholinguistik,

NEURAL CORRELATES OF MANIPULATION AND STORAGE DURING
WORKING MEMORY. L. Comette12, P. Dupont1’2. S. Raiguel1*, E. Salmon3, L.

Nijmegen, The Netherlands, "Forschungszentrum Jiilich, Germany,
Himforschung, Frankfurt, Germany.

3Max-Planck-Institut fur

Using single trial fMRI, Munk et al. have recently reported differential activations of
inferior temporal and parietal areas during encoding and delay periods of a short term
memory (STM) task involving the delayed matching of position or identity of abstract
visual objects. In some subjects they also found Broca activation which they related to a
verbal encoding strategy. To test these findings and to systematically investigate the
differential effect of verbal vs. non-verbal encoding, we used words, pronouncable
pseudowords, or illegible strings of artificial letters (false fonts) in a similar paradigm.
Six subjects were asked to memorize two visually presented stimuli or their random
locations in the parafoveal visual field. After a delay period of 12s subjects had to
indicate whether a visual probe was identical to one of the previous stimuli ('what'-task)
or whether it appeared in one of the two previous locations (’where'-task). FMRI was
performed at 1.5T (gradient echo EPI; TR/TE=2000/66ms; FOV=210x21 Omnr; 64x64
matrix; 16 slices of 5mm; gap size=0.5mm). During stimulus and probe presentation, the
visual cortex, the fusiform gyri, and the SMA were activated bilaterally in both tasks.
During the delay period, bilateral parietal areas and the frontal eye fields (FEF) were
preferentially activated in the 'where'-tasks as reported by Munk et al. Delay activity in
ventrolateral prefrontal areas was found for both tasks. Delay activity of Broca's area was
specifically related to the 'what'-task. Differences between verbal (words/pseudowords)
and non-verbal (false font strings) stimuli in the 'what'-task were observed both in
encoding and delay. While all stimuli activated bilateral parietal areas and FEF during
encoding, this activation was maintained during the delay period (together with anterior
prefrontal activations) only for false font strings. Only verbal stimuli, by contrast,
activated Broca's area and the posterior middle temporal gyrus (MTG) during encoding.
During delay, MTG activation was no longer observed in most subjects, and activation of
Broca’s area was less specific for verbal stimuli. In the posterior fusiform gyri we
observed a rostro-caudal gradient during encoding, activation by non-verbal stimuli
being more anterior than activation by verbal stimuli. We conclude that information
processing related to short-term memory shows both task-dependent and stimulusdependent regional specificity. Supported by the Max-Planck-Gesellschaft.

Society

for

Neuroscience

, Volume

25, 1999

Mortelmans2 and G A, Orhan1, ’Lab. Neuro- and Psychophysiology, Medical School,
KUL, B-3000 Leuven, 2PET Centre, Nuclear Medicine, UZ, B-3000 Leuven,
’Cyclotron Research Centre, B-4000 Luik, Belgium.
In a previous PET-study, we reported involvement of supramarginal gyrus, superior
frontal sulcus (SFS) and dorsolateral prefrontal cortex (DLPFC) during a 2back
working memory task for orientation compared to a Oback control task (Soc Neurosci
Abstr 1998, 681). To clarify the contribution of these regions to orientation storage and
reshuffling or updating, we presented 4 tasks (3 replications) to 9 R-handed male
subjects: UPD (Update, grating sequences of n=3 to n=7 followed briefly by a green
fixation point upon which subjects indicated whether the subsequent orientation was
present or not in the last 3 items), LOAD3 (Sternberg task, 3 items to store), LOAD6
(6 items to store, i.e. the maximum span) and ID (Identification control task). Stimulus
parameters were: 4-deg diameter gratings, oblique orientations (i.e. between 10-80 and
100-170 deg to avoid phonological transcoding), a red central fixation point, 20
stim/min. Orientation differences were individually adapted to reach ± 85% correct
performance in all tasks. [UPD - LOAD3] isolated regions involved in manipulation
(SPM96): R SFS [Pcon< 0.05] and L SFS, precuneus, R ant. BA 7, L cerebellum, R ant.
DLPFC (all Puncorr < 0.001], [LOAD6 - ID] isolated regions involved in storage:
precuneus and R post. BA 7 [PCOIT < 0.05] and L + R SFS, L + R inf. frontal gyrus, R
ant. cingulate, L cerebellum [all Puncorr < 0.001]. We conclude that manipulation of
stored orientations involves SFS, together with ant. parietal regions, precuneus and
cerebellum; storage of orientations involves post, parietal regions, together with SFS,
precuneus and inf. frontal cortex. The recruitment of SFS might not only reflect the
updating component itself, but also the endeavour to maintain on-line multiple
orientations in separate classes. Recruitment of DLPFC was minimal, possibly
reflecting the absence of a clear dual task effect during these manipulation and storage
tasks. (Support: FWO-Flanders, Queen Elisabeth Medical Foundation, IUAP grant-22)
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519.1

519.2

THE FORMATION OF AMYLOID PLAQUES IN TRANSGENIC MICE
OVEREXPRESSING APP OR FRAGMENTS THEREOF
M. Staufenbiel*. D, Abramowski. K. Andra. K-H. Wiederhold. C. SturchlerPierrat and B. Sommer
Novartis Pharma, Inc., CH-4002 Basel, Switzerland; Fax + 41613245524
Amyloid plaques in the brain parenchyma ate a major pathological hallmark of
Alzheimer’s disease (AD). Their principal component is the Aft peptide that is
derived from a larger precursor protein, Amyloid Precursor Protein (APP). We
have described a transgenic mouse model, APP 23, which reproduces these lesions
(Sturchler-Pierrat et al., Proc. Natl. Acad. Sci. (1997) 94, 13287-13292). The APP
23 mouse line overexpresses human APP carrying the Swedish double mutation,
which is linked to AD in the affected families.
In order to characterize the plaque formation during aging we have quantified the
plaque load histologically as well as the levels of A31-40 and Apl-42 using
Western blotting. We show an exponential increase for these parameters starting at
about 6 months. While young male and female mice generate similar amounts of
Ap, differences appear to occur during deposition. The significance of this
observation is currently investigated.
To further study the requirements for plaque formation, we have generated a
number of transgenic mouse lines expressing a signal sequence and Ap with or
without additional lysosomal targeting sequences. After expression of the latter
constructs in cultured cells no Ap can be detected in lysosomes since the ysecretory cleavage occurs earlier during intracellular transport However, different
ratios of intracellular and secreted AP are obtained with the different constructs.
Some of the transgenic lines generated express AP at levels exceeding those found
in the APP 23 mice. Nevertheless plaque formation is reduced in these animals
indicating that high Ap levels may not be sufficient. A detailed kinetic analysis is
in progress and will be described.

ACCELERATION OF AD-TYPE PATHOLOGY DEPENDS ON PRESENILIN 1 POINT
MUTATION IN APP X PSI DOUBLE TRANSGENIC MICE
C. Sturchler-Pierrat, K-H. Wiederhold, S. Danner. C. Misti, T. Zigerli. D.
Abramowski. M. Staufenbiel and B. Sommer*

Novartis Pharma, Inc., CH-4002 Basel, Switzerland-Fax:+ 41613245524
Alzheimer’s disease (AD) is a neuropathological disorder of the brain characterized
by the presence of amyloid plaques, neurofibrillary tangles and neurodegeneration.
Genetically three genes (the Amyloid Precursor Protein (APP), the Presenilins 1 and
2) have been shown to be directly linked to Alzheimer’s diseasewhen mutated.
A transgenic mouse model, APP 23 overexpressing human Amyloid Precursor Protein
(APP) carrying the Swedish double mutation (Sturchler-Pierrat et al., Proc. Natl.
Acad Sci. (1997) 94,13287-13292), reproduces most pathological features of AD.
In order to accelerate the time course of pathology in this model, we have cross-bred
APP 23 mice with 10 different transgenic mouse lines overexpressing human mutated
presenilin 1 forms. The PSI mutations were selected based on a reported young age of
onset and are located throughout the PSI protein, from the N terminal part to the C
terminal fragment (amino acid 115 to amino acid 410). All mice (double transgenic
mice or littermates controls) were sacrificed at the age of 6.7 months and examined
histologically. An accelerated onset of pathology was observed in all double
transgenic lines when compared to single APP 23 transgenic mice. In comparison to
APP 23 mice, plaques increase in density and are in addition seeded into many
subcortical and hindbrain areas. The degree of acceleration varied depending on
mutation introduced.
The analysis of the precise time-dependency of plaque burden is under progress. In the
most pronounced lines, the first deposits appear at about 8 weeks of age and clearly
increase in number with age. We could observe an acceleration up to a factor four in
terms of time dependency for the plaques apparition compared to the APP 23 mice.

519.3

519.4

PROGRESSIVE BEHAVIOURAL IMPAIRMENT IN AMYLOID PRECURSOR
PROTEIN TRANSGENIC MOUSE LINE APP23, P H. Kelly*. D. Hunziker, H-P.
Schlecht. K. Carver. D. Abramowski, C. Sturchler-Pierrat M. Staufenbiel and B.
Sommer. NS Research, Novartis Pharma Ltd, 4002 Basel, Switzerland.
The transgenic mouse line APP23 expressing amyloid precursor protein APP-751
with the “Swedish” double mutation shows progressive neuropathological changes
characteristic of those in Alzheimer’s disease (Sturchler-Pierrat et al, 1997, PNAS,
94, 13287-92). The present experiments investigated if these animals also show
progressive learning and memory deficits. Separate groups of animals were
compared to their non-transgenic littermates at ages 3, 18 or 25 months. The tests
used were step-through passive avoidance and the “Morris maze” in which animals
escaped from a 1.33 m diameter tank of water made opaque with milk powder by
swimming to a just-submerged platform. Before the Morris maze training animals
experienced a similar task in a smaller pool to accustom them to treating the
platform as a refuge. In the Morris maze APP23 animals at all ages were impaired in
latency and swimming distance before finding the hidden platform, and in time
spent in the target quadrant in a probe trial. Deficits in finding the platform
increased between 3 and 18 months. When the platform was made visible by raising
it above the surface of the water both groups of 18 month animals improved such
that transgenic and control animals did not differ. Thus at this age the Morris maze
performance deficit is likely to be due to a difference in learning rather than to a
sensory, motor or motivational alteration. Similar results were obtained in the 25
month groups, whereas at 3 months of age both groups showed a neophobic
response to the visible platform with a difference between the groups maintained.
Thus at this age it was not possible to exclude that the difference in Morris maze
performance could reflect a motivational difference. In the passive avoidance task
APP23 animals at 25 months were markedly impaired, whereas at the earlier ages
there was no difference. The results indicate that APP23 mice show progressive
behavioural impairments, and thus strengthen their validity as a useful model of
Alzheimer’s disease. Funded by Novartis Pharma Ltd.

VASCULAR AMYLOID IN AN APP TRANSGENIC MOUSE
MODEL: NEURODEGENERATION AND MECHANISMS
M.E, Calhoun1 *, P, Burgermeister1, A.L. Phinney1. M. Stalder1, M. Tolnav1. B.
Sommer2, M, Staufenbiel2, MJucker.1..
’Neuropathology, Institute for Pathology, Univ. of Basel, Basel;
2Novartis Pharma Ltd., Basel, Switzerland.

In addition to parenchymal amyloid plaques (Sturchler-Pierrat et al., PNAS, 1997),
significant amounts of amyloid-8 (Afi) are deposited in the vasculature of APP23
transgenic mice as they age (Calhoun et al., Nature, 1998). This amyloid deposition
exhibits a striking similarity to the cerebral amyloid angiopathy observed in most AD
and many elderly patients, as demonstrated by extensive light and electron-microscopic
analysis. Here we report that in APP23 mice, CAA (cerebral amyloid angiopathy)
leads to neuron loss and synaptic abnormalities in the vicinity of vessels. Multiple
cerebral microhemorrhages occurred in mice with significant amounts of CAA which
were not found in non-transgenic mice or transgenic mice with little CAA. The
presence of microhemorrhages and ultrastructural analysis of vascular changes indicate
blood-brain-barrier disruption in APP23 mice. The unique neuronal source of APP in
this model and presence of significant amounts of CAA in regions without APP
expression indicate that circulating AB may play a role in vascular amyloid deposition.
Similar observations in APP23 crossed with APP-null mice further demonstrate that a
neuronal source of APP is sufficient to induce CAA. Presence of high levels of
human AB in CSF and low AB levels in blood suggest that interstitial fluid drainage
pathways may play a significant role in CAA. AB in CSF consisted mostly of the 140 isoform and levels were five to ten times higher than in human CSF. Experiments
using in-vivo tracing of AB circulation are underway. These studies indicate that CAA
may have a significant impact on cognitive function and provide evidence for
mechanisms of vascular amyloid deposition.

519.5

519.6

ATTENUATION OF ALZHEIMER’S DISEASE-LIKE PATHOLOGY IN PDAPP
MICE BY IMMUNIZATION WITH BETA AMYLOID PEPTIDE. D. Schenk*, R.
Barbour, W. Dunn, H. Graieda, T, Guido, K. Hu, J. Huang, K. Johnson-Wood, K.
Khan, D. Kholodenko, M. Lee, Z. Liao, R. Motter, L. Mutter, F. Soriano, G. Shopp,
N. Vasguez, C. Vandervert, S. Walker, M. Wogulis, I. Lieberburg, T. Yednock, D.
Games, and P. Seubert, Elan Pharmaceuticals, South San Francisco, CA 94080.
The 42 amino acid form of the P-amyloid peptide (AP42) has been strongly
implicated in the causation of Alzheimer’s disease (AD). Familial forms of AD
have been linked to mutations in genes such as the amyloid precursor protein (APP)
and the presenilins that all appear to result in over-production of AP42.
Overexpression of the familial AD APP mutation V717F in transgenic mice
(PDAPP mice) results in many of the neuropathological changes which characterize
AD including extensive deposition of Ap42, neuritic dystrophy, synaptic loss and
gliosis. We tested the hypothesis that immunization of PDAPP mice with AP42,
either preceding P-amyloid deposition or following extensive p-amyloidosis, would
prevent or reduce the progression of age-related neuropathology. Immunization of
young PDAPP mice for a course of 12 months (6 weeks of age to 13 months)
essentially completely prevented the development of P-amyloid plaque formation,
neuritic dystrophy and astrogliosis. Immunization of a control group of PDAPP
mice with serum amyloid P or with a vehicle/adjuvant control had no effect on the
age-related neuropathology. Immunization of older PDAPP mice with AP42, for a
period of either 4 or 7 months, also dramatically and significantly reduced the Ap
burden, neuritic dystrophy and gliosis that otherwise occurs. ELISA determinations
of total brain AP levels further supported these results. Collectively, these findings
suggest that immunization with Ap might be effective in the prevention and
treatment of Alzheimer’s disease.

MUCOSAL ADMINISTRATION OF AB PEPTIDE DECREASES CEREBRAL
AMYLOID BURDEN IN PD-APP TRANSGENIC MICE. C.A.Lemere*. R.Maron,
E.Spooner, T.J.Grenfell, C.Mori, H.L.Weiner and D.J.Selkoe. Center for Neurologic
Diseases, Brigham &Women’s Hosp., Harvard Medical School, Boston, MA 02115.
Mucosal administration of proteins decreases organ-specific autoimmune
processes in several autoimmune models, including those affecting the nervous
system (eg, EAE, EAMG), by inducing Th2 (IL-4/IL-10) and Th3 (TGF-B) type antiinflammatory immune responses both systemically and at the target organ. In
Alzheimer’s disease (AD) brain, the accrual of amyloid-B protein (AB) in plaques is
often accompanied by a local inflammatory reaction. We tested the effects of
mucosal administration of synthetic AB 1-40 peptide and control proteins (OVA,
MBP) by treating PD-APP tg mice, a mouse model for AD, intranasally (5 or 25 pg)
or orally (10 or 100 pg) on a weekly basis from -5 mos to -12 mos of age.
Quantitation of AB immunoreactivity in brain revealed a significant reduction in AB
deposition in animals treated nasally with 25 pg AB as compared with untreated and
control (MBP) treated animals (p=0.037). This reduction was paralled by a
significant decrease in A8x-42 levels in brain homogenates (p=0.02) and by a
decrease in microglial activation. Nasal and oral AB treatments were associated with
the production of serum levels of anti-AB antibodies of the IgGl class, which are
associated with Th2 type immune responses; interestingly, AB antibody production
was highest in those mice having low-to-moderate AB plaque burdens. To assess
cellular immune responses, a subset of mice from 3 treatment groups was immunized
with AB peptide in CFA 10 days prior to sacrifice. Lymph node cells from AB orallytreated mice showed increased production of anti-inflammatory cytokines IL-10 and
TGF-B and decreased production of pro-inflammatory cytokines IFN-y, IL-6 and IL-2
upon in vitro stimulation with AB peptide, confirming the induction of mucosal
tolerance to AB peptide. These results demonstrate a novel approach for the potential
treatment and prevention of AD and suggest that AB 1-40 peptide may itself be used
by mucosal administration to alter the neuropathologic process.
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519.7

519.8

HIPPOCAMPAL SYNAPTIC PHYSIOLOGY IN AGING PDAPP MICE. J, Larson1*.
C, Ouankeo*. D. Games2. & P. Seubert2. ’Psychiatric Institute., Dept. of Psychiatry,
Univ. of Illinois at Chicago, Chicago, IL 60612,2Elan Pharmaceuticals, Inc., South San
Francisco, CA 94080
The PDAPP mouse (Games, et al., Nature 373:523-527, 1995) carries a transgene
constructed from the human mutant (V717F) amyloid precursor protein (APP) gene and
shows age- and brain region- dependent accumulation of Alzheimer's disease (AD)- like
amyloid plaques, gliosis, neuritic dystrophy, and synaptic degeneration similar to AD.
In a previous study, we found alterations in synaptic transmission in the CA1 field of
hippocampus in young (4-5 months) PDAPP mice, including enhanced paired-pulse
facilitation (PPF), distorted responses to theta burst stimulation (TBS), and decremental
long-term potentiation (LTP). Aged mice (28-29 months) had greatly reduced synaptic
field potentials (55%) and reduced PPF, but did exhibit a capacity for stable LTP. The
present study compared transgenic and littermate control mice at 18-19 months of age.
Field excitatory postsynaptic potentials (EPSPs) in response to Schaffer-commissural fiber stimulation were recorded in field CA1 of hippocampal slices. Maximal
EPSPs were measured from input-output curves. PPF curves were generated by testing
with twin pulses at inter-pulse intervals of 50,100, 200, and 400 msec. TBS was used
to induce LTP and consisted of 5 or 10 bursts of 4 pulses at 100 Hz, repeated at 5 Hz.
Maximal field EPSPs were reduced by 20% (p<.05) in transgenic mice. Pairedpulse facilitation was slightly enhanced (p>,05). There were no differences in the
degree and stability of LTP induced by either 5 or 10 theta bursts.
Combined with the results of the previous study, these findings indicate that
synaptic function in PDAPP mice shows a progressive decline with aging: the modest
(20%), but significant, decrease in maximal EPSPs seen in the transgenic mice at 18-19
months becomes a severe deficit (>50%) by 28-29 months of age. The relationship of
these synaptic changes to amyloidosis in these mice remains to be determined.
(Supported by NIH MH51151 and AG 16508).

HIPPOCAMPAL DENDRITIC ATROPHY IN AGING PD-APP
TRANSGENIC MICE OVEREXPRESSING HUMAN AMYLOID
PRECURSOR PROTEIN: A quantitative
Golgi
analysis
of ca I
PYRAMIDS AND DENTATE GRANULE CELLS. R.F, Mervis^D. Campbell1 ,T.

Pindell1, J. McKean1. I. Lieberburq2.D. Schenk2,K. Kohn2 4 D.
Gomes2. ‘Neuro-Cognitive Research Labs, Columbus, OH 43212; 2Elan

Pharmaceuticals, South San Francisco, CA 94080.
PD-APP transgenic (tg) mice overexpress human amyloid precursor
protein (hAPP) V717F, develop A-p plaques, and mirror other Alzheimerlike pathology. Here we further characterize neurostructural changes in
the hippocampus of these mice. Coronal blocks of formalin-fixed tissue
encompassing the hippocampal formation from aged (26 mons-old) PD-APP
mice and age-matched controls were stained using the Rapid Golgi
method. CAI pyramids and granule cells in the dentate gyrus were
randomly selected from coded slides. Camera lucida drawings were made
of their dendritic arbors and analyzed using the Shod Method. The
basilar tree of the CAI pyramids from the PD-APP mice showed
significant atrophic changes including loss of dendritic material and
simplification of branching.
By contrast, the dendritic arbor of the
granule cells showed atrophic changes only in the outer 2/3rds of the
molecular layer, e.g., that dendritic region receiving input from the
entorhinal cortex, an area severely affected in AD.
These findings
support the validity of this animal model of AD and provide an anatomical
substrate for the cognitive impairment described in these mice.
(Supported by Elan Pharmaceuticals)

519.9

519.10

EVIDENCE OF ALZHEIMER’S DISEASE IN TRANSGENIC MICE USING
FLUORODEOXYGLUCOSE AUTORADIOGRAPHY. EM. Reiman1,2,3*, A.
Uecker1. F. Gonzalez-Lima5. D. Minear1. N.L. Callaway5. K, Chen3’4 6, and D.
Games7. ’Alzheimer’s Disease Res. Lab., Harrington Arthritis Research Center,
2PET Center, Good Samaritan Reg. Med. Center, Depts. of ’Psychiatry and
‘'Radiology, Univ. of Arizona; T>ept. of Psychology and Institute for
Neuroscience, Univ. of Texas; ^ept. of Mathematics, Arizona State Univ.; and
7Elan Pharmaceuticals; Phoenix, AZ 85006.

MICE WITH COMBINED DEFICIENCIES IN APP/APLP-FAMILY
MEMBERS U. Muller1 *, S, Stahl1, S, Sisodia2, A, Aguzzi3, EL

In the absence of symptoms, how does one assess Alzheimer’s disease (AD) in
transgenic mice who have some but not all of the neuropathological features of the
disorder? PET studies find that persons with AD have a characteristic pattern of
reductions in fluorodeoxyglucose (FDG) uptake. The largest reduction is in the
posterior cingulate cortex, becomes apparent prior to the onset of cognitive
impairment in persons at genetic risk for AD, and is correlated with the severity
of Alzheimer’s dementia. This study sought to use functional brain imaging to
help bridge the gap between studies of AD in human beings and laboratory
animals

I4C-FDG autoradiography was performed in 11 PDAPP transgenic and 9 non-

transgenic mice 17 months of age. In comparison with the non-transgenic mice,
the aged transgenic mice had a significant reduction in whole brain FDG uptake
(p=0.005).
The data were normalized for the variation in whole brain
measurements to identify brain regions that were preferentially affected and those
that were preferentially spared. Like persons with AD, the aged transgenic mice
had the largest reduction in FDG uptake in the posterior cingulate cortex
(p=0.000006) and relative sparing in visual, sensorimotor, cerebellar, and white
matter regions.
As a surrogate marker of AD, the reduction in posterior cingulate activity has
the potential to track to disease progression, help clarify disease mechanisms, and
screen candidate treatments in laboratory animals.

Laube 1
’Abt.
Neurochemie,
Max-Planck-Institut
f.
Hirnforschung,
Deutschordenstr. 46, D-60528 Frankfurt- FRG., 2Dept. of Pharmacology
&Physiol. Sc., Univ. of Chicago, USA 3Inst. f. Neuropathologie, Univ.
Zurich, Switzerland,
The P-amyloid precursor protein (APP) involved
in
Alzheimer's disease is a member of a gene family consisting of
APP and two closely related proteins termed APP-like proteins,
APLP1 and APLP-2. To determine the physiological functions
of these proteins we have generated mice deficient in one or
several family members. APP knockout mice showed agenesis
of the corpus callosum, retarded growth, reduced grip
strength and were behaviorally impaired. We have now
generated APLP1-deficient mice and a complete set of
APP/APLP double mutants. In contrast to the minor phenotype
of single mutants, mice lacking APP/APLP2
and APLP1/APLP2
were perinataly lethal, indicating essential, but partially
redundant functions within the gene family. Since APP and
.APLP2 are expressed in a widely overlapping pattern it was
surprising that APP/APLP1 double mutants proved viable and
apparently normal. We have recently shown that APP
knockout mice are hypersensitiv to kainate induced seizures,
however, no enhanced tissue damage was observed. We are
currently testing primary neurons derived from single and
combined mutants for their resistance to stress and to
excitotoxic agents. Supp. by Max-Planck-Society.

519.11

519.12

IMMUNOTOXIN-INDUCED CORTICAL CHOLINERGIC DENERVATION
LEADS TO VASCULAR P-AMYLOID DEPOSITION: A MODEL OF CEREBRAL
AMYLOID ANGIOPATHY P.E Potter*’, TG.Beach 2, D.G. Walker2, M.R.
Emmerling3, Y-M. Kuo2, R. A. Durham3, L. Sue2, S. Scott2, K. J Layne2, A. Roher2
’Midwestern University, Glendale, AZ; 2Sun Health Research Institute, Sun City, AZ;
’Parke-Davis, Ann Arbor, MI
In vitro studies have shown that muscarinic receptor agonist binding decreases
generation of Afi from its precursor, P-amyloid precursor protein (P-APP). Brain cells
possessing muscarinic receptors might therefore be expected to produce more AP if
cholinergic input is removed. In this experiment, we used intracerebroventricular
injections of a monoclonal antibody-saporin conjugate to selectively destroy neurons
of the nucleus basalis magnocellularis (nbm). Rabbits were used for these studies
because the rabbit amino acid sequence for AP is identical to the human sequence. Six
months after surgery, choline acetyltransferase (ChAT) activity was reduced to 31% of
that in control animals (p < 0.001). Histologic examination showed that lesioned
animals had a marked decrease in the numbers of cholinergic nbm neurons, which
were identified with both acetylcholinesterase (AChE) enzyme histochemistry and
immunohistochemistry for p75 NTR. The density of AChE-positive cholinergic nerve
fibers in the cerebral cortices of lesioned animals was virtually eliminated in some
regions.
Biochemical assay for Ap in cortical homogenates indicated that
immunotoxin-treated animals had 2.5- and 8-fold elevations of the insoluble forms
ending in 40 and 42 amino acids, respectively (p<0.05 for both forms).
Immunohistochemistry for AP revealed frequent positively-stained blood vessels
throughout the cerebri of every immunotoxin-lesioned animal. No Ap positive blood
vessel staining was observed in any control animal. These results demonstrate that
lesion of cholinergic inputs to the cerebral cortex provides a non-genetic animal model
in which Ap production and deposition is increased. This model may represent the
mechanism by which vascular AP deposition occurs in sporadic Alzheimer’s disease
and cerebral amyloid angiopathy.
Supported by die Alzheimer’s Association.

THE AMYLOID BETA PEPTIDE 1-40 INDUCES ALTERATIONS
IN
ENDOTHELIUM-DEPENDENT
CEREBROVASCULAR
RESPONSES IN VIVO. K,Niwa*, G.A. Carlson1, and C. ladecola, Dept.
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of Neurology, University of Minnesota, Minneapolis, MN 55455.1McLaughlin
Research Institute, Great Falls, MT 59405.
Transgenic mice overexpressing the amyloid precursor protein (APP)
have an impairment in endothelium-dependent cerebrovascular responses
that are rescued by the superoxide scavenger superoxide dismutase (SOD)
(Nature Neurosci. 2:157, 1999). However, the fragment(s) of APP that
mediate such cerebrovascular effects have not been identified. Evidence
from isolated arteries suggests that the amyloid B-peptide 1-40 (AB1-40) is
vasoactive (Nature 380:168, 1996). In this study, therefore, we investigated
whether AB1-40 is responsible for the cerebrovascular effects of APP
overexpression. C57BL/6 mice were anesthetized (chloralose), ventilated
and equipped with a cranial window. Cerebral blood flow (CBF) was monitored
by a laser-Doppler flowmeter. Topical superfusion with AB1-40 (n=7) dosedependently (0.1-10pM) reduced resting CBF (- 70±1% at 5pM; p<0.05) and
attenuated the increase in CBF produced by the endothelium-dependent
vasodilator acetylcholine (ACh; 10 pM)(- 57±1% at 5pM; p<0.05). In contrast,
AB1-40 did not affect the CBF increases produced by the endotheliumindependent vasodilators SNAP (100-500 pM; n=5) or hypercapnia
(paC02=50-60 mmHg; n=8). Superfusion with the inactive peptide A640-1
(5 pM; n=4) did not produce cerebrovascular effects (p>0.05 from Ringer).
The effects of AB1-40 were partially reversed by topical application of SOD
(100 U/ml)(CBF increase by ACh: Ringer: 26±1%; AB1-40: 14±2%; AB1 40+SOD: 21±1%; p<0.05 from AB1-40; n=6). We conclude that AB1-40
alters, selectively, endothelium-dependent responses of the cerebral
circulation. The effect is, in large part, mediated by AB-induced superoxide
production. Therefore, exogenous AB1-40 reproduces the cerebrovascular
dysfunction seen in APP mice. AB1 -40 could be a major factor mediating the
cerebrovascular effects of APP overexpression. (Supported by NS37853)
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EVALUATION OF THE AGED CANINE AS A SCREENING SYSTEM FOR THE
X-34 CLASS OF IN YIVO PROBES FOR AMYLOID DEPOSITION IN AD

WE Klunk1*, RL Hamilton2, SD Stvren3 and E Head4

xDept. of Psychiatry,
2Div. Of Neuropathol., Univ. of Pittsburgh, Pittsburgh, PA 15213, 3HMR, Inc.,
Bridgewater, NJ 08807, 4Inst Brain Aging & Dem., U.C. Irvine, Irvine, CA 92717

In our efforts to develop an in vivo probe for amyloid deposition in Alzheimer’s disease (AD)
it is important to identify an animal model of amyloid deposition large enough to be studied by
routine SPECT or PET methods. In this study, we determined the binding of a fluorescent analog
of our amyloid binding probes to aged canine brain in anticipation of future in vivo studies in
canines. Serial sections of AD and aged canine brain known to have extensive amyloid deposits
were stained with an antibody to AP (4G8) and X-34, a highly fluorescent, lipophilic derivative of
Congo red. In AD brain, X-34 stained essentially all amyloid deposits stained by the anti-AP
antibody. This included plaques with dense cores and plaques of a diffuse nature as well as
cerebrovascular amyloid. In addition, X-34 demonstrated neurofibrillary tangles and an extensive
array of neuropil threads that co-label with antibodies to tau. As previously described, the anti-AP
antibodies stained plaques and “clouds” of amyloid deposits and cerebrovascular amyloid in canine
brain. In contrast, X-34 stained almost none of the parenchymal deposits and only weakly stained
cerebrovascular amyloid. No neurofibrillary tangles or neuropil threads were present. Similar to
Congo red, X-34 staining appears to label p-sheet structures and can be abolished by formic acid.
Although AP deposits in aged canine brain may appear fibrillar at the EH level, two previous
studies have shown them not to stain with the less-sensitive p-sheet dyes thioflavin-S and Congo
red. The current findings with the much more sensitive X-34 confirms that the vast majority of
AP deposits in canine brain do not have a predominant P-sheet structure. This may relate to
the lack of Apl-40 in canine plaques and may partially explain the lack of tissue reactivity around
AP deposits in canine brain. Unfortunately, these findings also suggest that the aged canine will
not make a good model system for testing this class of in vivo probes of amyloid deposition. It
also suggests that these probes are specific for the more pathogenic form of AP found in AD brain.
(Support Alzheimer’s Association & HMR, Inc.)

NEUROPSYCHIATRIC DISORDERS II
520.1

520.2

ANTISENSE TREATMENT TO STUDY REELIN (RELN) SECRETION AND
TURNOVER IN CEREBELLAR GRANULE NEURON (CGN) CULTURES. P.
Lacor, D.R. Grayson,* E. Costa and A. Guidotti. Psychiatric Institute, Dept. of
Psychiatry, University of Illinois at Chicago, Chicago, IL 60612.
In adult rodents, RELN is expressed in CGNs and is secreted from parallel fibers in
the extracellular matrix surrounding the dendritic arborization of Purkinje cells.
Studies in mice exhibiting a RELN haploinsufficiency (RELN+/') suggest that RELN
may play a prominent role in maintaining the cerebellar architectonic organization.
Using a monoclonal antibody directed against RELN 164-496 (GIO), a standard curve
generated by reacting it with the RELN 164-496 fusion protein was used to measure
the content of RELN-like immunoreactivity (RELN-LI). Quantification was by
immunofluorescent Western blotting detection (Image Quant analysis). We detected a
major band of RELN-LI 400 kD (full length RELN) and a minor band of 300 kD
(both referred to as high molecular weight, HMW) and -180 kD form (low molecular
weight, LMW). In CGN cultures, HMW content (60 fmol RELN-LI / 2.106 cells at 7
DIV) was 2 to 3 times higher than LMW content. Instead, in the conditioned medium,
LMW content was equal to or even exceeded that of the HMW form, which suggests
that RELN processing occurs during or after its secretion. After 24 hr the amount of
RELN in the medium exceeds the content of RELN in the cells by about 10-fold.
RELN secretion appears to be independent of K+ depolarization. When 10 pM of an
18 mer antisense oligonucleotide complementary to a portion of the RELN cDNA
were added to CGN cultures at 4 DIV, RELN secretion was reduced by about 70% in
24 hrs, but the intracellular RELN pool remained unchanged. This suggests that the
rate of RELN secretion is regulated by its synthesis rate and not by its intracellular
concentration. After two additional 10 pM doses of antisense (given at 24 hr
intervals) RELN virtually disappeared from the CGNs in 96 hr. This RELN antisense
oligonucleotide can thus be used to study RELN synthesis rates at different times
after the addition of a maximal inhibitory dose of antisense. [P.L. supported by ElfAquitaine/Sanofi and support by a grant from the Stanley Foundation to J.M. Davis].

REELIN

(RELN)

GENE

RFLP

ANALYSIS

IN

PEDIGREES

OF

D. P. Uzunov *, D. R. Grayson, R. Sharma, A.
Guidotti and E. Costa. Department of Psychiatry, UIC, Chicago, IL 60612
In pursuit of identifying a genetic basis for a proposed RELN haploinsufficiency
operative in schizophrenia (Proc. Natl. Acad. Sci. USA, 95, 15718-23, 1998), we
conducted restriction fragment length polymorphism (RFLP) analyses of genomic
DNA (NIMH) from pedigrees of schizophrenic patients and their non-schizophrenic
relatives. We selected MspI because of its high cutting frequency. Due to the
functional relevance of the C-terminus of RELN, involved in the proper secretion of
the protein, we selected a 3’ human RELN cDNA fragment covering exons 52-65
for probing the Southern blots. Thus far, we have detected at least six different
alleles, revealing a strong allelic heterogeneity within the 3’ portion of RELN.
Moreover, each allele is inherited in a Mendelian fashion allowing for a
determination of the genotype of the individuals within a pedigree. Five distinct
bands appearing in 50% of the samples represent the most common allele pattern.
The six allelic variants that we detected are characterized by changes in the sizes of
these bands. Our data indicate a clear trend among schizophrenic patients
displaying a higher frequency of allelic variants as compared to their nonschizophrenic relatives (59% vs. 43%, respectively). By using exon-specific probes,
we were able to identify the origin of each allele, e.g. allele 2 and allele 4 bands
hybridize with an exon 60 probe, allele 3 - exon 53, allele 5 - exon 61, allele 7 exon 55. Exhaustive mutation detection analysis of the corresponding exons in the
respective allele carriers are underway. To facilitate these studies, we have mapped
the intron/exon boundaries within a large portion of the human RELN gene. Within
the 3’ region analyzed, we have sequenced the three MspI containing exons - 53,
55, and 60. We have not identified any mutation that affects the enzyme recognition
sequence. Our data suggest that the observed alleles are not created by the deletion
of an exonic Mspf site. In parallel, we are isolating the RELN promoter as
alterations in transcription rates may give rise to RELN haploinsufficiency.
SCHIZOPHRENIA PATIENTS.

520.3

520.4

REELIN IS EXPRESSED BY BOTH INTERNEURONS AND PROJECTION
NEURONS IN THE ADULT RAT BRAIN. H.J. Caruncho1;2, M.A. Rodriguez1, W.S,
Liu1. H, Manev ’*, A. Guidotti1. E. Costa1, and C. Pesold1. *The Psychiatric Institute.
Dept of Psychiatry, Univ of Illinois at Chicago, Chicago IL, USA 60612; 2Dept of
Fundamental Biology, Univ of Santiago de Compostela, Galicia, Spain.
Reelin, a protein known to play an important role in neuronal migration during
development, continues to be expressed throughout life. In the brain of adult
mammals, reelin is produced and secreted into the extracellular matrix by specific
subtypes of intemeurons in layered cortical structures (e.g., neocortex, hippocampus,
cerebellum). However, in the olfactory bulb reelin is mostly produced by mitral and
some tufted neurons, which in addition to dendro-dendritic reciprocal connections
with granule cells, are the main neuronal output of the olfactory bulb. These neurons
project mostly to layer I of the olfactory and entorhinal cortices, where there is an
intense diffuse labelling for reelin that might be due to its release into the extracellular
matrix from mitral cell axons. Similarly, there are reelin-immunoreactive projection
neurons in the entorhinal cortex layer II that give rise to the perforant pathway, which
innervates regions bordering the hippocampal fissure, where a strong diffuse reelin
labelling is also evident, again suggesting its release into the extracellular matrix.
Selected cells in several brain areas such as the medial septum and diagonal band,
preoptic area and arcuate nucleus of the hypothalamus, amygdala, medial habenula,
pretectum, superficial layer of the superior colliculus, deep cerebellar nuclei, as well
as several cranial nerve nuclei and brainstem nuclei were also reelin-immunopositive.
We are presently using a double-immunofluorescence method to characterize the
neurochemical phenotype of these neurons.
In conclusion, in neocortex, hippocampus, and cerebellum, reelin is secreted by
intemeurons and acts upon projection neurons, and perhaps other intemeuronal
subtypes, indicating a local release of reelin through axons, somata and proximal
dendrites. However in other brain regions, reelin appears to be expressed in projection
neurons and released into the extracellular matrix, thereby likely asserting its trophic
functions at more distal sites. We thank Dr. A.M. Goffmet (Univ of Namur, Belgium)
for the generous gift of the G-J0 antibody. This work was supported by a CRB grant
awarded to C.P., and by The Psychiatric Institute, Department ofPsychiatry, UIC.

A REELIN HAPLO-INSUFFICIENCY MAY UNDERLIE SOME OF THE
NEUROANATOMICAL ABNORMALITIES FOUND IN SCHIZOPHRENIC
BRAIN. C. Pesold1*. W.S. Liu1, A Guidotti1, E, Costa1, and H.J, Caruncho1,2. ’The
Psychiatric Institute, Dept of Psychiatry, Univ of Illinois at Chicago, Chicago IL,
USA 60612; 2Dept of Fundamental Biology, Univ of Santiago de Compostela,
Galicia, Spain.
A 50% decrease in reelin mRNA expression has been suggested to be a
vulnerability factor for schizophrenia psychosis (PNAS 1998 95 15718-15723).
Heterozygous reeler mice, expresses a reelin haplo-insufficiency and show some
important neuroanatomical features similar to those that have been included among
the neuroanatomical abnormalities frequently expressed in schizophrenic brains.
We have recently described some abnormalities in sensory motor function, as well
as in the migration of NADPH-diaphorase-positive cells in the heterozygous reeler
mouse, that resemble those found in the brains of schizophrenic patients (Neuroreport
1999 10 1-6). Postmortem studies of schizophrenic neocortex have also revealed a
decrease in GAD67-positive neurons (Arch Gen Psych 1995 52 258-266), and a
reduction in the neuropil volume (Biol Psych 1999 45 17-25). To determine whether
similar changes are also present in the brains of mice with a reelin haploinsufficiency,
we performed 3-dimensional stereological cell counting in the frontoparietal cortex of
heterozygous reeler mice. We found a decrease in the thickness of all cortical layers
(about 9%) and a concomitant increase in neuronal density (up to 70%), which could
be interpreted as a decrease in the volume occupied by neuropil. These changes were
most pronounced in the cingulate and somatosensory cortices. We also found a 45%
decrease in the number of GAD67-immunopositive neurons that is selective to the
dorsal cingulate cortex and that is more pronounced in the most superficial layers.
Since neuronal density in this same neocortical area is increased, it is likely that the
decreased density of GAD67-immunoreactive neurons is not the result of a loss of
GABAergic neurons, but rather a decrease of GAD67 expression in these neurons.
These findings suggest that a reelin haplo-insufficiency may underlie some of the
similarities between the neuroanatomical abnormalities observed in schizophrenia
brain and in reelin heterozygous mice. This work supported by a CRB grant awarded
to C.P., and by The Psychiatric Institute, Department ofPsychiatry, UIC.
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520.5

520.6

PERIPHERAL EXPRESSION Or REELJN IN ADULT MAMMALS.
N, R. Smalheiser*. E, Costa, A. Guidotti. F, Impagnatiello, V. Kriho and G. D.
Pappas. Psychiatric Institute. University of Illinois; Chicago, IL 60612.
Reelin is a regulatory protein for telencephalic and cerebellar lamination during
brain development, and is expressed in several structures in the adult brain. Only
trace amounts of reelin have previously been reported in peripheral tissues. Using a
competitive RT-PCR assay, we found that the adult rat adrenal gland is rich in reelin
mRNA (150 attomol/total pg RNA; cf. cerebral cortex = 120, liver = 33. and spleen
and kidney = 3). Immunolabeling experiments with monoclonal anti-reelm GIO and
142 (gift of A. Goffmet. Univ. of Namur, Belgium) rev ealed clusters of chromaffin
cells in the adrenal medulla; at the EM level, reelin was closely associated with
chromaffin granules while the adrenal cortex was negative. Three bands of reelinlike immunoreactivity (420, 310 and 160 kDa) were readily detected in extracts of
brain and adrenal gland of rats and wild-type mice, but were absent in homozygous
reeler mice. Affinity purified antibody (gift of B. Howell, Fred Hutchinson Cancer
Research Center, Seattle, WA) against mouse disabled-1 (DAB1, a cytosolic adaptor
protein which is a target of reelin action), reacted with a 80 kDa band in adrenal
extracts, and localized to presumed parasympathetic neurons within the adrenal
medulla. In pituitary, G10 detected a subset of <x-MSH containing cells in the pars
intermedia enriched in secretory granules. Conversely, DABl staining was absent in
intermediate lobe but was expressed throughout the adjacent posterior lobe.
Intermediate/posterior lobe extracts were rich in G10- and DABl-reactive bands but
were undetectable in anterior lobe extracts. Western blotting also detected 3 reelin
bands in serum and platelet-poor plasma of rats and wild-type mice, but not in
homozygous reeler mice. A substantial portion of serum reelin may originate in
peripheral tissues such as the liver. We propose that reelin plays an important
physiologic role in the periphery, perhaps modulating adrenal medulla and posterior
pituitary function.
Supported by’ NIH NS 28931.

HETEROZYGOUS REELER AND SCRAMBLER MICE CORROBORATE
POSSIBLE ROLE OF REELIN IN PSYCHOSIS
P. Tueting*, E. Costa, Y.
Dwivedi, A. Guidotti, R. Manev. The Psychiatric Institute, Dept of Psychiatry, Univ
of Illinois at Chicago, Chicago IL, 60612.
Reelin is a protein necessary for normal telencephalic and cerebellar
embryogenesis and for continued neurotrophic function in the adult telencephalon
and cerebellum. Reelin and its mRNA are decreased by approximately 50% in the
postmortem brain of schizophrenia patients (PNAS 95:15718-15723, 1998) and
bipolar patients with psychosis, suggesting that psychosis may be associated with
Reelin haplo-insufficiency. Parallel to our findings in postmortem psychotic brain,
we recently found a 50% decrease of reelin mRNA and protein, maldistribution of
NADPH-d neurons in cortex, neophobia on the elevated-plus-maze, and deficient
prepulse inhibition of startle in reeler heterozygous mouse (NeuroReport 10: 1999).
The scrambler mutant mouse shares a phenotype similar to the reeler mouse. The
null scrambler mutant lacks Dabl, a cytosolic protein known to be a cellular target
for reelin secreted into extracellular matrix. It is likely that Dab 1 requires
phosphorylation of a tyrosine residue before it can function as an adapter protein for
reelin transporting soluble tyrosine kinases of the Src family to the nucleus of target
neurons to trigger DNA transcription programs important for neurotrophic function.
We now have evidence for a correlation between Dabl measured by Western blot
(r=0.452, p<0.05) and neophobia on the elevated-plus-maze (% open arm/total arm
entries) in a sample of mixed wild type and heterozygous scrambler mice (N=24,
10M, 14F). We also found a strong trend for higher Dabl levels to be associated
with greater amplitude of the startle reflex. These results in the scrambler
heterozygote mouse are reminiscent of our earlier findings in the reeler
heterozygote. Taken together, they confirm a significant role for Dabl in the reelin
transduction pathway, and the usefulness of the heterozygous mouse as a model for
further study of the reelin pathway in order to determine the possible role of reelin
haplo-insufficiency in human psychosis.

520.7

520.8

FUNCTIONAL ABNORMALITIES IN SUBICULAR NEURONS
FROM RATS WITH ISOLATION-INDUCED REDUCTIONS IN
PRE-PULSE INHIBITION OF ACOUSTIC STARTLE

POSTPUBERTAL EMERGENCE OF PREFRONTAL NEURONAL DEFICITS AND
ALTERED DOPAMINERGIC BEHAVIORS IN RATS WITH NEONATAL
HIPPOCAMPAL LESIONS. A. Bertolino*, J.L. Roffman, B.K. Lipska, *P. Van
Gelderen, *A. Olson, D.R. Weinberger. Clinical Brain Disorders Branch, NIMH, ’in
Vivo NMR Center, NINDS, NIH Bethesda MD 20892.
Previous studies in rodents have reported that neonatal lesions of the hippocampus
induce biochemical and behavioral abnormalities consistent with many phenomena
associated with schizophrenia. These abnormalities include postpubertal emergence of
altered prefrontal and dopamine-related behaviors. However, evidence of cellular
changes in prefrontal neurons have been circumstantial. The objective of the present
study in rats was to assess in vivo with proton magnetic resonance spectroscopy (’HMRS) whether changes in a marker of prefrontal neuronal integrity, N-acetylaspartate
(NAA), would covary with the age dependent emergence of hypermotoric behaviors.
10 male Sprague-Dawley rats received neonatal (PD 7) stereotaxic lesions of the
hippocampus with ibotenic acid and 10 rats received a vehicle infusion. At PD 36 and
PD 56 rats were assessed for amphetamine-induced hyperlocomotion. At PD 37 and PD
57 all rats underwent 'H-MRS on a 4.7 Varian NMR scanner using a STEAM pulse
sequence (TR 3000 ms, TE 12 ms). Spectra were acquired in the prefrontal cortex and
in the striatum. At PD 36-37, no significant differences were found between sham and
lesioned rats for all dependent variables. At PD 56, lesioned rats exhibited significantly
more amphetamine-induced hyperlocomotion when compared with shams (p=0.01).
Moreover, at PD 57, rats with neonatal lesions of the hippocampus had reduced levels
of NAA in the prefrontal cortex (p=0.02) but not in the striatum compared to sham rats.
No other ’H-MRS metabolite was changed in either region. The results of this study
provide further evidence that neonatal lesions of the hippocampus in the rat produce
postpubertal emergence of neuronal deficits in prefrontal cortex. As reductions in NAA
concentrations have also been found in prefrontal cortex of patients with schizophrenia,
our data are consistent with the assumption that the development of these neuronal
systems is related to the pathophysiology of schizophrenia.

520.9

520.10

JRT Greene*, JE Kerkhoff, L Guiver and S Totterdell
University Department of Pharmacology, Mansfield Road, Oxford
Disturbances of sensory-motor gating may underlie some symptoms of
schizophrenia, and be detectable as low levels of pre-pulse inhibition of acoustic
startle (PPI). In rats, PPI requires normal functioning of hippocampal output
neurons and can be reduced by prolonged social isolation immediately after
weaning. We are therefore interested in the possibility that isolation-induced
reductions in PPI are associated with abnormal functioning of such neurons.
Weanling male Wistar rats were housed either socially (4/cage) or in isolation
(singly housed, but with sight, sound and smell of other rats). PPI, assessed 8
weeks later, was significantly lower in the isolates compared with the socials
(P<0.05). The rats were then anaesthetized, decapitated and slices (400pm thick)
of hippocampal formation were placed in a recording chamber and superfused with
ACSF at 36°C. The electrophysiological characteristics of pyramidal neurons in
the subiculum (major output region of the hippocampal formation) were assessed
using intracellular, current-clamp techniques, blind to housing or levels of PPL
Neurons were classified as intrinsically burst-firing (IB) or regular spiking
(RS). Both types were represented equally in the socials and isolates. We found
no statistically significant differences in membrane potential, input resistance or
amount of sag in neurons from isolates compared with socials. However, action
potential height (RS and IB) and action potential threshold (IB only) were
significantly lower in isolates. Preliminary examination of neurons filled with
Neurobiotin during recording suggests no differences in the gross morphological
features of IB neurons from socials compared with isolates.
These results provide evidence of a link between abnormalities in complex
behaviour and the functioning of individually identified neurons and may
ultimately contribute to the development of new strategies to treat schizophrenia.
Supported by the MRC
*present address Dept. Biomedical Science, University of Sheffield, S10 2TN, UK

Uniform

-associated

alterations
in expression
of various
MULTIPLE SYNAPTIC PROTEIN GENES IN TEMPORAL CORTEX OF
schizophrenics
. B.P. Sokolov1*, A.A. Tcherepanov2, V. Haroutunian2 and K.L.
age

Davis2. ‘Molecular Neurobiology Branch, National Institute on Drug Abuse,
NIH, Baltimore, MD 21242; 2Dept. of Psychiatry, Mount Sinai School of
Medicine, New York, NY 10024
Significant evidence indicates that synaptic abnormalities may be involved in
aberrant information processing in schizophrenia. This study determined
whether these synaptic abnormalities are reflected in differential or uniform
alterations in the expression of various synaptic protein genes. mRNAs encoding
four synaptic vesicle proteins (synaptotagmin I, rab3a, synaptobrevin 1 and
synaptobrevin 2) and two synaptic plasma membrane proteins (syntaxin 1A and
SNAP-25) were measured postmortem in the left superior temporal gyrus from
elderly (58 to 95 years) schizophrenics (n=14) and age matched controls (n=9).
There were significant inverse relationships between age and levels of
synaptotagmin I (p65), rab3a, synaptobrevin 1, SNAP-25 and syntaxin 1A
mRNAs in schizophrenics but not in controls. Levels of all six synaptic protein
mRNAs studied were increased in relatively young (58 to 79 years)
schizophrenics compared to age matched controls. That similar abnormalities
were found for mRNAs encoding different synaptic vesicle and synaptic plasma
membrane proteins indicates that they reflect overall developmental
irregularities in synaptic wiring and/or pruning in the temporal cortex of
schizophrenics rather than changes in the number of synaptic vesicles per
synapse or abnormalities in a specific synaptic function. This work was
supported in part by MHCRC (NIH R2NH56083) and the NIDA IRP.

Society

for

Neuroscience

, Volume

25, 1999

SUPPRESSION SUBTRACTIVE HYBRIDIZATION: ISOLATION OF
DIFFERENTIALLY EXPRESSED GENES IN SCHIZOPHRENIA.
T.A. Bayer*. M. Schramm and P, Falkai Dept. for Psychiatry, University
of Bonn Medical Center, Sigmund-Freud-Strasse 25, 53105 Bonn,
Germany.
A two-hit model has been proposed as the pathophysiological
basis for schizophrenia. Differentially expressed genes in the prefrontal
cortex (control versus schizophrenic specimens) were isolated using
suppression subtractive hybridization (SSH, Clontech). Prefrontal cortices
(BA9/46) were analyzed: nine genes were upregulated and 12 genes were
downregulated. Some of the differentially expressed genes have also been
isolated previously by the Stanley Neurovirology Lab using different brain
samples, namly calmodulin (an intracellular Ca2+-receptor), KIAA0799,
and mitochondrial gene products. Our finding supports the reproducibility
and sensitivity of the SSH technique in post-mortem brain samples.
Several genes are compatible with both a viral infection and a
neurodevelopmental dysfunction. Calmodulin f.ex. was upregulated in
schizophrenia and had been found to be induced by HIV-1 envelope
glycoprotein previously by others. cAMP regulated guanidine nucleotide
exchange factor (GEF) a neurodevelopmental important factor was
downregulated. We expect to gain further knowledge from the unknown
gene products by sequencing of RACE amplified PCR products, neural
expression profiling and chromosomal localization. It seems likely that
differential expression in brains of schizophrenics mirrors a chronic
dysregulation of 'neurodevelopmental' genes starting during neural
development and lasting until adulthood. Additional environmental
factors like viruses may trigger the disease process by regulating distinct
gene activities, which interfere with neurodevelopmental' genes.
Supported by the Vada and Theodore Stanley Foundation.
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520.11
THE EFFECT OF AGE AND NEUROLEPTICS ON THE DENSITY OF TYROSINE
HYDROXYLASE-IMMUNOREACTIVE (TH-IR) VARICOSITIES IN SECTOR CA2 OF
SCHIZOPHRENIC (SZ) BRAIN. Benes* F.M. and Todtenkopf, M.S.
Lab. for

Structural Neuroscience, McLean Hospital, Belmont, MA; Program
Neuroscience and Dept. of Psychiatry, Harvard Medical School, Boston, MA.

in

To characterize the interaction of dopamine (DA) fibers with pyramidal
(PN) vs nonpyramidal (NP) neurons in the hippocampal formation (HIPP)
of SZs, the density of TH-IR varicosities was analyzed in sectors CA4,
CA3, CA2 and CA1. The cohort consisted of 15 normal controls (CONs)
and 11 SZs with an average age of 65 and 49 yrs, respectively, and a
PMI of 16hrs and 21 hrs, respectively. The average density of TH-IR
varicosities in apposition with PNs (p = 0.018) and in the neuropil (p =
0.018) was 30-35% lower in CA2, but not CA4, CA3 or CA1 of SZs.
The density on NPs in CA2 was also 33% lower, but this difference was
not significant. No difference in the density of TH-IR varicosities was
observed in the s. moleculare, s.radiatum or s. oriens of any sector.
There was a significant positive correlation between age and the density
of TH-IR varicosities in all sectors, particularly CA2 (r = 0.69; p =
0.0001) where young SZs showed a 50% reduction in the density on
NPs (p = 0.05) when compared to age-matched CONs. Neuroleptictreated, but not drug-free, SZs also showed a decrease of TH-IR
varicosities in CA2. Age and neuroleptic dose were negatively correlated
with one another (r = -0.59) and the decreased density of TH-IR
varicosities was found only in young subjects for whom the
antipsychotic dose was also much higher (i.e. 775mg in younger vs
167mg in older SZs). Overall, these findings suggest that normal agerelated increases in DA projections to CA2 may be suppressed in SZs
treated with neuroleptics. Supported by MH00423, MH42261,
MH/NS31862 and MH31154.

NEUROTOXICITY: MECHANISMS OF CELL DEATH

521.1

521.2

VASOACTIVE INTESTINAL PEPTIDE (VIP) PROTECTS AGAINST
PC12 CELL DEATH DUE TO WITHDRAWAL OF TROPHIC
SUPPORT: ROLE OF CASPASE INHIBITION. K. Dickman, S.
Mathew, C. Seideman, and S.I. Said*. VA Medical Center, Northport,
NY 11768 & SUNY Stony Brook, NY 11794-8172.

CISPLATIN-INDUCED APOPTOSIS IN A RAT MODEL.
S.J. Fischer*, L. Gross, and A.J. Windebank. Mayo Clinic and Mayo
Foundation, Molecular Neuroscience Program, Rochester, MN 55905
USA.
Cisplatin (CDDP) is a chemotherapeutic agent used to treat germ line cancers. In
twenty percent of patients, treatment must be discontinued due to sensory
neurotoxicity. Human and animal studies suggest that the dorsal root ganglion
We have previously
(DRG) neuron is the primary target of drug injury.
demonstrated (Gill, Journal of Clinical Investigation 101:2842-2850, 1998) that
CDDP causes apoptosis of DRG in vitro. Animal studies have previously been
limited by nephrotoxicity. We report here that we have developed an animal model
using a dosing regime which parallels the patient treatment regime, resulting in a
reproducible model of sensory neuron injury. This model has now been used to
investigate the mechanism of cell death induced by CDDP. The drug (1.0 or 1.5
mg/kg in saline) was administered for 1 or 2 cycles of 5 days, with 5 days between
cycles. Blood was drawn periodically and tested for platin and urea concentrations.
Rats were sacrificed 5-20 days after completing the first or second cycle of treatment.
L5 ganglia were removed from 8 control and 27 treated rats. The ganglia were
processed and stained using a digoxigenin-TUNEL method coupled to HRP-staining
(Apotag) without Nickel enhancement. One horizontal section was evaluated from
the center of each ganglion. All cell counting was completed by an observer blinded
to treatment. In each section, all DRG neurons were counted and then TUNEL
positive neurons were counted. 0.1 ± 0.2% of all DRG neurons were TUNEL
positive in controls, compared to 2.9 ± 3.9% of DRG neurons in treated rats
(p<.005). The percentage of TUNEL positive neurons strongly correlated with
cumulative dose of cisplatin; if a linear relationship was considered, r2 = .83 and
p=0.03. This model demonstrates that CDDP neurotoxicity occurs by an apoptotic
mechanism, similar to the mechanism by which CDDP kills cancer cells; this has
implications for therapeutic neuroprotective strategies. (Support: NIH NS 14304 and
Mayo Graduate School)

We earlier reported that VIP is neuroprotective against glutamate
toxicity due to excitotoxic or oxidative stress mechanisms. We have
now examined whether VIP can also prevent PC12 cell death after
withdrawal of trophic support, where cell death is attributed mainly
to activation of apoptotic pathways. PC12 cells (a gift of S.
Halegoua) were incubated for 24 h in serum-free DME+ 0.1% BSA in
the presence or absence of either VIP (10 pM) or NGF (100 ng/ml).
Viability was determined by the MTT assay. In parallel experiments,
cells were incubated under the same conditions for 5 h for fluorometric assay of caspase 3 activity in cell extracts. Serum withdrawal
resulted in reduction of cell viability to 59% of NGF levels. Like NGF,
VIP gave full protection against cell death. VIP was protective even
if added up to 5 h after serum withdrawal and maintained for the
remaining time. Caspase 3 activity was induced in cells deprived of
serum, but not in those protected by either VIP or NGF. The results
show that VIP prevents PCI 2 cell death due to loss of trophic
support, and prevents caspase activation, a critical mechanism in
apoptotic cell death. Together with other findings, these data
suggest that VIP possesses broad neuroprotective properties, including the ability to suppress caspase activation and apoptosis.
Supported by NIH Grants IIL 30450 & HL 55849 and by the VA.

521.3

521.4

CASPASE-MEDIATED NEURONAL CELL DEATH INDUCED BY
MITOCHONDRIAL COMPLEX I INHIBITION: INHIBITION BY BCL-XLONG OVEREXPRESSION R.A. Stetler, W. Pei, D. Chen, K. Tanaka*, and J.
Chen, Department of Neurology, University of Pittsburgh School of Medicine,
Pittsburgh, PA 15213
Mitochondrial deficiency and oxidative stress have been implicated in
neurodegenerative disorders such as cerebral ischemia and Parkinson’s disease.
Rotenone, a selective complex I inhibitor, has been found to induce oxidative stress
and apoptosis in several cell systems. The molecular pathway that mediates rotenonetriggered cell death, however, has not been established. To begin to address this issue,
we have characterized a model of neuronal apoptosis in the neuronally phenotyped
PCD cells by investigating the role of ROS production, cytochrome c release and
caspase activation.
Incubation of the cultures in 2 pM of rotenone for 24 h resulted in cell death
that showed morphological and biochemical features of apoptosis. Significantly
elevated levels of reactive oxygen species (ROS) were detected beginning at 2 h,
peaking at 4 h, and extending throughout the time-course measured (24 h). Cytochrome
c was released from mitochondria to the cytoplasm beginning as early as 2 h following
rotenone addition. Proteolytic cleavage of the caspase-3 precursor and increased
caspase-3-like activity were readily detectable at 4 h and thereafter. Protease activities
for caspase-6, caspase-8 and caspase-1 were not increased until 6-24 h after rotenone
toxicity. Cell death was markedly inhibited by antioxidant treatment or caspase
inhibition. Furthermore, cultures that stably overexpressed the bcl-x-long transgene
showed decreased release of cytochrome c and markedly reduced caspase activity and
were highly resistant to rotenone-induced cell death.
These results suggest that rotenone-induced neuronal apoptosis in
differentiated PCD cells may involve the cytochrome c - caspase cell death pathway
triggered by ROS and that bcl-x-long inhibits this pathway by mechanisms up-stream
of cytochrome c release. (Supported by NIH grants NS 35965 and NS 36736)

INCREASE IN eNOS EXPRESSION WELL PARALLELS WITH THE
DYSFUNCTION OF THE BBB IN THE STRIATUM IN 3NITROPROPIONATE INTOXICATION. H. Nishino*. H. Baba, Y,
Shimano, K. Nakaiima. M. Kumazaki. and T, Sakurai. Dept. of
Physiol. Nagoya City Univ. Med. Sch., Nagoya 467-8601, Japan
Acute systemic intoxication with 3-nitropropionate (3-NPA, 20 mg/kg
per day, s.c.) induces striatum (STR) selective lesions accompanying the
dysfunction of the BBB in the lateral part of the STR 3-NPA does not
pass the BBB so easily and there are no high affinity binding sites
(receptors) in the STR. These evidences suggest that the endothelial cells
of the lateral striatal artery (1STR artery) are the most vulnerable and the
first target for 3-NPA. To verify this hypothesis we investigated the
expression of eNOS message and the extravasation of IgG after the
administration of 3-NPA. Striatal, cortical, cerebellar and hippocampal
tissues were dissected out from adult male rats at 1,3, and 5 h after the
first or second administration of 3-NPA and total RNA was prepared.
For RT-PCR analysis of eNOS, total RNA was reverse transcribed with
random primers, and PCR was performed using the specific primer sets
for eNOS and P-actin. PCR products were analyzed quantitatively using
Fluor-S Multilmager (Bio-Rad). Other half of intoxicated animals were
perfusion fixed transcardially on the same time schedule, and the brain
sections were immunostained with anti-IgG antibody. No significant
changes in eNOS messages (eNOS /{3-actin) in any regions were detected
after the first intoxication. The message in the STR increased upto
140%, 150% and 250% at 1,3, and 5 h after the second intoxication, but
these changes were not detected in other areas. The time course of the
increase of eNOS message was well correlated with that of the
extravasation of IgG in the STR These STR selective increase in eNOS
message and break down of the BBB indicate the specific high
vulnerability of the 1STR artery to 3-NPA intoxication.
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NITRIC OXIDE SYNTHASE INHIBITION AFFECTS ANTIOXIDANT
DEFENCE IN RAT BRAIN: SEX DIFFERENCES. S.Pogun*1’2, D.Taskiran1'2, E.
Sozmen1,3, T.Tanyalcin1,3, E.O.Koylu1’2 and F.Z.Kutay1'3. Ege Un ‘Center for Brain
Res and School of Medicine, Depts 2Physiology & 3Biochemistry, Izmir, Turkey
Sex differences in brain NO2‘+NO3‘ levels (stable metabolites of NO) were
reported in Sprague Dawley (SD) rats. Since NO is implied in oxidative damage, the
present study was undertaken to assess the effect of NO Synthase (NOS) inhibition on
antioxidant defence mechanisms in rat brain. Four month-old male and female SD rats
received N“-Nitroarginine (NNA, 50 mg/kg, i.p.) or saline twice daily for 4 days. On
the 5th day, 2 hours following a single NNA injection, rats were sacrificed and
superoxide dismutase (SOD), catalase (CAT) and glutathione (GSH and GSSG)
were determined in cortex, cerebellum, hippocampus, striatum; amygadala was also
included for the glutathione assays. There were significant differences between the
brain regions for all of the parameters studied. SOD activities were highest in the
cortex in female rats treated with NNA compared to the other groups. In the
cerebellum, SOD was higher in NNA-treated male rats compared to controls. CAT
activity was highest in female NNA-treated animals, compared to the other groups,
in the striatum. Total GSH levels were significantly lower in NNA-treated females
compared to all the other groups in all of the regions studied. GSH levels were
higher in female controls than male controls and were decreased significantly with
NNA treatment. Inversely GSSG levels were higher in male controls than females
and decreased significantly with NNA in the cortex and hippocampus. The ratio of
GSH/GSSG was significantly higher in the hippocampus and striatum of the fc- ale
controls than all the other groups and were lowered by NNA. Overall, NOS
inhibition causes a decline in total GSH content in females. Although the glutathione
defence system is more efficient in female rat brain, NOS inhibition eliminates this
advantage. Unlike females, male rats, with a relatively weak GSH defence system in
brain, benefit from NNA. These results suggest that NOS inhibition and resulting
changes in brain NO affect antioxidant defence in rat brain in a sexually dimorphic
and region-specific manner.
(Supported by SBAG-U/15-1 grantfrom TUBITAK.)

ROLE OF DONOR TYPE AND INTRACELLULAR GLUTATHIONE LEVELS IN NITRIC
OXIDE INDUCED TOXICITY TO SN56 CHOLINERGIC CELLS U. Fass. K. Williams. K.
Panickar, K. Nevels, D, Personett, D. Bryan, J. Gonzales. M. McKinney ». Dept. of
Pharmacology, Mayo Clinic Jacksonville, Jacksonville FL. 32224
Nitric oxide (NO), a free radical formed when L- arginine is converted to L- citrulline by the
enzyme nitric oxide synthetase (NOS), initiates both protective and deleterious effects in the
central nervous system. The biochemical consequences of NO depends on the redox
environment of the cell. Therefore, the interactions or modifications of target molecules can be
caused by any of several reactive NO species, e.g. nitrosium ion NO+, peroxynitrite, nitroxyl
anion NO'.
We are interested in the mechanisms used by cholinergic neurons to resist the toxic effects
induced by NO excess that may occur in age- or disease- related states. In this study we
demonstrate that cell viability, membrane integrity and the activity of the enzyme choline
acetyltransferase (ChAT) in a mouse septal cholinergic cell line (SN56) are differentially
affected depending on the chemical nature of the NO donor used. We also show that the
susceptibility of SN56 cells to these effects depends on the level of intracellular reduced
glutathione.
Treatment of SN 56 cells with 0.5 mM sodium nitroprusside (SNP) reduced ChAT activity
by 31.7 1 5.0%, caused a loss of the cell viability as measured by reduction of MTT by 66.6 ±
4.7% and led to a release of 33.3 - 2.6% of the cytosolic enzyme lactate dehydrogenase
(LDH). In contrast, the NO donors S-nitro-N-acetyl-D,L-penicillamine (SNAP) and 3morpholinosydnonimine (SIN-1) at 0.5 mM did not elicit toxicity to SN 56 cells. At a
concentration of 2 mM SNAP caused a reduction in ChAT activity by 52 ± 7.5% whereas 2
mM SIN-1 elicited only a marginal decrease of 26 4 4.3%. However, the cell viability
measured by MTT and membrane integrity measured by LDH release were unaffected using
SIN-1 and SNAP at this concentration. These differences in the responses of SN 56 cells to
treatment with chemically different NO donors are probably explained by the differend
mechanisms, whereby each donor is thought to interact with the cellular environment. This
notion was further supported by different outcomes after depletion of intracellular glutathione
with L-buthionine-(S,R)-sulfoximine (L-BSO): SNAP was then more potent than SNP, while
SIN-1 remained much less toxic. SUPPORTED BY THE MAYO FOUNDATION AND NIH
AG 12653 to M.M.

521.7

521.8

PYRUVATE PROTECTS NEURONS FROM H2O2, CALCIUM AND GLUTAMATE TOXICITY. L
Favit* and A. Verma. Dept. of Neurology, Uniformed Services Univ. of the Health Sciences, Bethesda,
MD, 20184
Reactive oxygen species and calcium are suspected to be involved in numerous brain pathologies.
These include acute injury associated with ischemia or trauma as well as chronic neurodegenerative
diseases. Glutamate excitotoxicity is also associated with a large spectrum of brain pathologies and appears
to be mediated via reactive oxygen species and calcium and also through disruption of mitochondrial
function. Despite the recent development of many drugs that target specific glutamate receptors, act as
reactive oxygen scavengers, or block calcium overload, no effective neuroprotective agents exist for broad
use in clinical settings. Pyruvate is a metabolic intermediate with several potential neuroprotective actions.
By serving as an efficient H2O2 scavenger as well as a stimulator of mitochondrial membrane redox
potential and oxidative phosphorylation, pyruvate may provide neuroprotection in many settings of brain
injury. To assess the neuroprotective potential of pyruvate we explored its ability to protect the GT1-7
hypothalamic neuronal cell line from exogenous H2O2 toxicity and from calcium overload toxicity induced
by thapsigargin. A 60 min pulse treatment of GT1-7 cells with 500uM H2O2 or continuous treatment with
20uM thapsigargin in Krebs buffer resulted in 90% cell death measured 24 hours later via the MTT assay.
Co-incubation with pyruvate dose-dependently and completely prevented the toxicity of both agents with
EC50 values of 0.35-0.58 mM and EC90 values of 2-3 mM. Primary rat cerebrocortical neuronal cell
cultures could also be dose-dependently and completely protected from glutamate-pulse toxicity by
pyruvate with EC50 and EC90 values of 0.05 mM and 1 mM, respectively.
Pyruvate’s low toxicity and its capacity to cross the blood-brain barrier may offer new therapeutic options
in several settings of brain injury. Supported by The Defence and Veteran’s Head Injury Program.

RAPID NEUROBEHAVIORAL ANALYSIS OF THE EFFECTS OF
PFIESTERIA PISCICIDA IN RATS. E D Levin1, H B Glasgow,
Jr. 2, N J Deamer-Melia2, J M Burkholder2, V C Moser311 and K
Jensen3 Dept of Psychiatry, Duke University Medical Ctr, Durham,
NC 27710, 2Dept of Botany, NC State University, Raleigh, NC
27695 and 3US-EPA, Research Triangle Park, NC 27711.
The estuarine dinoflagellate Pfiesteria piscicida causes fish lethality
and has been associated with neurocognitive deficits in humans. In
previous studies, we have demonstrated that exposure of rats to
Pfiesteria causes significant choice accuracy impairments radial-arm
maze acquisition. The current study used short-term radial-arm maze
training and the figure-8 activity test to assess the neurobehavioral
potency of three different Pfiesteria cultures. Adult female SpragueDawley rats (12/group) were injected (sc) with a single dose of
Pfiesteria taken from three different Pfiesteria cultures (35,600 or
106,800 Pfiesteria cells/kg of rat body weight). One control group
(N=12) was injected with saline and one (N=12) with aquarium water
not containing Pfiesteria. There was a significant effect of all three
Pfiesteria samples (p<0.05) impairing choice accuracy over the first
six sessions of training. At the same time no overt Pfiesteria-reiated
effects were seen using a functional observational battery, indicating
that the Pfiesteria-'mduced choice accuracy deficit was not due to
generalized debilitation. In the Figure-8 activity apparatus, one of the
Pfiesteria samples caused a significant decrease in locomotor activity
over the one-hour test. Pfiesteria effects on choice accuracy in the
radial-arm maze and activity in the Figure-8 maze may be useful in a
rapid screen for identifying the critical toxin(s) of Pfiesteria piscicida.
(Supported by a contract from the US-EPA)

521.9

521.10

REDUCED GLUTATHIONE (GSH) AND CELLULAR DEFENSE AGAINST
KAINIC ACID TOXICITY TO CEREBELLAR GRANULE NEURONS. M. Ceccon,
S.D. Skaper, L. Facci, M. Floreani and P. Giusti*. Dept. of Pharmacology, University
of Padova, 35131 Padova, Italy.
GSH is a key component of the cellular defense cascade against injury caused by
reactive oxygen species (ROS). Kainic acid (KA) is a potent CNS excitotoxin. KAelicited neuronal death may result from the generation of ROS. The present study was
undertaken to characterize the role of GSH in KA-induced neurotoxicity. Primary
cultures of cerebellar granule neurons were prepared from 8-day-old rats, and used at 8,
14, and 20 days in vitro (DIV). Granule neurons displayed a developmental increase in
their sensitivity to KA injury, as quantified by a tetrazolium-based assay with MTT. At
DIV 14 and 20, at 30 min challenge with KA (500 pM) reduced cell viabilty by 45% 24
h later, significantly (P<0.01) greater than the 22% cell loss with DIV 8 cultures.
Moreover acute (30 min) KA exposure concentration-dependently reduced intracellular
GSH and enhanced ROS generation (evaluated by 2’,7’-dichlorofluorescein diacetate).
In conparison to control, KA (500pM) lowered GSH levels in DIV 8 granule neurons
by 16% (P = 0.0388), by 36% (P = 0.0001) in both DIV 14 and DIV 20 neurons, after
30 min. Preincubation of cerebellar granule neurons with the membrane permeant GSH
delivery agent, GSH ethyl ester (5 mM), for 30 min significantly increased intracellular
GSH content (+27%). Importantly, GSH ethyl ester reduced the toxic effects of 500pM
KA, becoming significant at ImM (P = 0.007 vs KA-treated group), and was maximal
at >2.5 mM (P<0.0001). Additionally, GSH ethyl ester displayed a similar dosedependent in its ability to counteract KA-induced depletion of cellular GSH. The data
strengthen the notion that cellular GSH levels have a fundamental role in KA-induced
neurotoxicity.
(Supported by grant from MURST).

RAGE IS A SIGNAL TRANSDUCTION RECEPTOR FOR P-SHEET FIBRILS:
RECEPTOR DEPENDENT PROMOTION OF Ap FIBRIL FORMATION, CELL
SURFACE BINDING AND CELLULAR ACTIVATION. S.D. Yan1, H. Zhu', A.
Zhu1, A. Golambek2, C. Soto3, A.E. Roher4*, M. Chaneys, D, Stern' and A.M.
Schmidt1. 'Dept. of Pathology, Physiology and Surgery, Columbia Univ., New York,
NY 10032; 2New York State Inst, for Basic Research, Staten Island, NY 10314;
3Dept. of Biology, Univ. of Chile, Santiago, Chile; 4Sun Health Research Inst., Sun
City, AZ 85351; 5The Beckman Inst., Univ. of Illinois at Urbana, IL 61801.
Previous studies have shown that the receptor for advanced glycation end-products
(RAGE) binds extracellular soluble Ap. Incubation of RAGE with freshly prepared
Api-40 at molar ratios from 1:100 to 1:20 (RAGE:AP) increased fibril formation
based on thioflavine T assay and electron microscopy. Purified RAGE binds
preformed fibrils with Kd 20 nM. Stably transfected PC 12 cells overexpressing
RAGE (PC12/RAGE) interacted preferentially with Ap fibrils at low concentrations
(60-300 nM) when compared to vector-transfected cells (PC12/vector). The binding
of fibrillar Api-40 to PC12/RAGE caused activation of MAP kinases (erk 1/2) and of
transcription factor NF-kB in a receptor-dependent manner. Addition of anti-RAGE
IgG or soluble RAGE (sRAGE) was inhibitory. Transient overexpression of
dominant-negative RAGE (DN-RAGE) which lacks the cytosolic tail allowed binding
of AP fibrils to the cell surface, but did not result in MAP kinase or NF-kB activation.
Amylin and prion-derived P-sheet filaments, also bind to purified RAGE (Kd's of 68
and 127, respectively), and in PC12/RAGE cells also caused MAP kinase and NF-kB
activation. Blockade of RAGE prevented each of these events. In contrast, RAGE did
not bind erabutoxin (a nonfibrillar P-sheet structure) or elastin/collagen fibrils, nor
did it interact with randomly folded amylin or prion peptide. These data indicate that
formation of 13-sheet fibrils confers a "gain of function" resulting in recognition of
RAGE as a cellular target thereby causing perturbation of cellular properties.
Supported by AG 00690, AG 14102.
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EFFECT OF D-AMPHETAMINE
AND SYDNOCARB ON
THE
EXTRACELLULAR LEVEL OF DOPAMINE, ITS METABOLYTES AND
HYDROXYL RADICAL GENERATION IN RAT STRIATUM

OXIDATIVE STRESS, REDOX-ACTIVE IRON AND APOPTOSIS: INCREASED SUSCEPTIBILITY

K. Raye.'sky I. Afanas’ev. E. Anderzhanova. V. Kudrin. Laboratory of Neurochemical
Pharmacology, Inst, of Pharmacology RAMS, BaltiyskayaSL, 8, Moscow 125315, Russia.
Micrxxlidlysis technique has beat used to test the effect of Sydnocarb (SYDN) [3<Pphetiylisopropyl)-N-^en)’learbamoylsydnonimine], the original psychostimulant drug, in
comparison to D-ampheUnine (D-AMPH) on dopamine (DA), E)OPAC, HVA extracellular
levels and hydroxyl ladical generation (detected by 2,3-dihydroxybenzoic acid, 23-DHBA) in
rat dorsal striatum. The male Wistar rats were treated with four equal doses of drugs each given
i.p. two hours apart D-AMPH (5 mg/kg) caused an immediate increase in DA concentration up
to 950%. This effect quickly reduced towards baseline values. Subsequent D-AMPH injections
were followed by moderate increase in extracellular DA concentration (about 300%). DOPAC
and HVA concentrations decreased in I hour after the first dose ofD-AMPH and persisted at dus
level until the end of experiment. At the dose of 23 mg/kg D-AMPH produced slow increase in
DA extracellular concentration (200% after first two injections and about 400% after the third
and fourth one). Prolonged decrease in DOPAC level was observed while HVA level foiled to
chiinge significantly. D-AMPH produced marked increase 23-DHBA most pronounced 80 min
after tlie second injection and persisted during 2 hours (up to 200% and 700% for both doses
respectively). SYDN at the dose 23,8 mg/kg (equimolar to 5 mg/kg D-AMPH) gradually
increased DA level up to 200%. DOPAC extracellular concentration was increased after dte first
and second injections of SYDN followed by prolonged decrease. DOPAC level appeared to be
significantly lower than control 6 hours after the beginning ofexperiment. HVA level foiled to be
changed. 23-DHBA concentration was found to be less increased compare to effect of DAMPH al equimolar dose. Tiiese results show that I) effects ofD-AMPH were dose- and timedependent, 2) SYDN at the dose equimolar to 5 mg/kg D-AMPH, elicited less pronounced
influence on both DA extracellular level and hydroxyl radical generation. It is concluded that
Sydnocarb might have lower neurotoxic potential in comparison to D-amphetamine.

Age -related

hippocampal

response

of

Bcl -2 :B ax

ratio

to aluminum

-induced

aging . J. Savory1'2*, J.K.S. Rao1, Y. Huang1, P. R. Letada1 and M M. Herman3.
’Depts. of Pathology, and biochemistry and Molecular Genetics, University of
Virginia Health Sciences Center, Charlottesville, VA 22908; ’Neuropathology Section,
Clinical Brain Disorders Branch, NIMH, IRP, NIH, Bethesda, MD. 20892
Alzheimer’s disease appears to involve oxidative stress which may be linked to the
accumulation of redox-active iron. Evidence exists that apoptosis also is present,
together with changes in proteins of the Bcl-2 complex. However, studies of autopsy
tissue limit the capability for following the time course of such changes. In this
presentation we describe that the intracisternal administration of Al maltolate to
rabbits induces Alzheimer’s-like neurofibrillary degeneration, particularly in aged
animals. Intense intraneuronal silver positivity indicative of the formation of these
aggregates are seen in aged rabbits, together with evidence of oxidative stress as
assessed by immunostaining for the presence of carbonyl groups on proteins. These
changes are observed in the CA1 region of the hippocampus as well as in cerebral
cortical areas. Oxidative stress and redox-active iron accumulation in hippocampal
neurons occurs very rapidly, within a period of 3 hours, and an increase in intensity
by 72 hours. Changes suggestive of apoptosis are seen by 24 hours and are most
pronounced at 72 hours.
In aged animals there is an initially intense
immunopositivity of the anti-apoptotic protein Bcl-2, with negative staining for the
pro-apoptotic Bax. By 72 hours, when apoptosis is strongly evident, Bcl-2 is negative
and Bax strongly positive. In contrast to the aged rabbits, young adult animals treated
similarly with Al maltolate exhibit much less oxidative stress reaction product, with
no evidence of apoptosis, and they maintain Bcl-2 immunopositivity and negative Bax
staining. Our findings strongly support the key role that oxidative damage leading to
apoptosis plays in the process of neurodegeneration with increased age.
with

DRUGS OF ABUSE: COCAINE—GENERAL
522.1

522.2

CHRONIC COCAINE ABUSE ALTERS DOPAMINE UPTAKE IN
HUMAN COCAINE OVERDOSE VICTIMS. P.C, Mash~*Q, Ouvang. L
Pablo, and S. Izenwasser. Dept. Neurology, Univ. Miami Sch. Med.,
1501 NW 9th Ave., Miami, FL 33136.
The behavioral effects of cocaine are mediated in part through its
inhibition of dopamine uptake by binding to recognition sites on the
dopamine transporter. We have reported previously that chronic cocaine
abuse leads to an upregulation in the number of high affinity cocaine
binding sites on the dopamine transporter in cocaine overdose (CO)
victims as compared to age-matched and drug-free control subjects
(CTRL). We report here on the effect of chronic cocaine use on
dopamine transporter function measured by [3H]dopamine uptake in
cryopreserved postmortem human brain specimens from CO victims.
[3H] dopamine uptake has been measured in synaptosomes prepared from
human caudate and putamen that have been slowly frozen over 24 hours
in cryoprotectant. Functional studies of [3H]dopamine uptake
demonstrated an increase (p<0.05) in the ventral putamen from CO
victims (N=3) compared to the CTRL group (N=5). In contrast to these
findings, [3H]dopamine uptake was decreased in CO victims presenting
with preterminal excited delirium (ED). The ED subgroup also failed to
demonstrate an apparent upregulation of the number of high affinity
cocaine recognition sites, suggesting that the lack of a compensatory
increase in dopamine transporter function may have contributed to the
cocaine psychosis seen in this group. These results demonstrate that
dopamine uptake function assayed in human brain synaptosomes is a
suitable approach for testing hypotheses of the mechanisms underlying
human brain disorders and for studying the regulatory effects of
addictive drugs in man. (Supported by DA06227).

QUANTITATIVE EEG CORRELATES OF CUE-INDUCED COCAINE
CRAVING. Malcolm S. Reid1’2*, Debra Ciplet1’2, Mee Lee Tom1 and Leslie
Prichep1. 1 New York University School of Medicine, Psychiatry Department, and
2 New York V.A. Medical Center, 423 E. 23rd St., New York, NY 10010
Chronic cocaine users have distinctive quantitative EEG (qEEG) profiles,
characterized by significant deficits in delta and theta power, and an excess
of relative alpha and beta power, seen most frequently in the frontal and
central cortex. These alterations persist for up to 6 months after
discontinuation of cocaine use. We are developing a method of measuring
qEEG during cue-induced cocaine craving. This measure is collected in
cocaine-dependent patients at 4 time points over the course of a 6 month
psychosocial treatment program. Other cocaine cue-induced responses
include subjective ratings of craving, cocaine-like high, withdrawal, and
mood (16 items), and physiological measures of skin conductance and
temperature, heart rate, and plasma HVA and cortisol. Thus far, baseline
cue-induced craving has been assessed in 8 patients (qEEG in 2/8).
Preliminary analyses revealed that cocaine cue presentation produced an
increase in cocaine craving, cocaine-like high, anxiety, skin conductance,
cortisol and HVA, and a decrease in skin temperature. Z-scores of the qEEG,
relative to a control population, revealed no significant change during
cocaine cue presentation in delta, theta, alpha and beta bandwidths, though a
minor decrease in central theta and increase in frontal alpha was indicated.
Further investigations will include continued recruitment of cocainedependent patients and
the application of Low
Resolution
Electrophysiological Tomography (LORETA), to neuroanatomically map the
generators of distinct brain qEEG profiles, (support: NIDA R21 DA 12277-01)

522.3

522.4

COCAINE-INDUCED BRAIN ACTIVATION IN DRUG NATVE AND
ADDICTED RATS: AN fMRI STUDY. J-JA Marota. JB Mandeville, RCW
Jones HI, C Kornetskv, MA Moskowitz, BR Rosen, and BE Kosofsky*.
Departments of Anesthesia, Neurology, and Neurosurgery; Laboratory of
Molecular and Developmental Neuroscience, and NMR Center, MGH-East,
Harvard Medical School, Boston, MA 02119. Departments of Psychiatry and
Pharmacology, Boston University School of Medicine, Boston, MA 02118
We performed functional magnetic resonance imaging (fMRI) studies
comparing drug naive rats with animals that self administered cocaine to
identify the relevance of prior cocaine exposure in determining the spatiotemporal pattern of cocaine-induced brain activation, and to assess the
importance of the DI receptor to these induced changes. One group of HSD rats
were trained to self administer cocaine at a dose of 0.3 mg/kg/lever press for 2
hours/day for 5 days, then following 2 drug free days resumed self
administration at a dose of 0.5 mg/kg/lever press for 2 hours/day for 8 days, with
the last cocaine self-administration session occurring 20 hours before fMRI
imaging sessions. Anesthetized, paralyzed, ventilated drug naive rats or
animals that had self-administered cocaine received intravenous (iv) cocaine
over 30 seconds at doses of 0.1, 0.5, and 1.0 mg/kg. Using an exogenous
contrast agent to significantly enhance MRI sensitivity (MION) we measured
relative cerebral blood volume (CBV) and identified a similar regional pattern
and dose-dependent cocaine-induced response in cortical (MPFC, ACing,
AGm, AG1, SI) and subcortical (Striatum, NAc) regions in animals from both
treatment groups. However, animals that had self-administered cocaine
demonstrated a delayed time to peak activation in structures with dense
dopamine innervation. Cocaine-induced activation was blocked in drug naive
rats and animals that self administered cocaine by prior administration of the
selective Dl-antagonist SCH-23390 (0.1-0.5mg/kg,iv), confirming the relevance
of DI mechanisms in contributing to the fMRI signal (supported by DA09467).

STEREOSELECTIVITY OF GAMMA VINYL-GABA INHIBITION
OF COCAINE AND NICOTINE-INDUCED DOPAMINE RELEASE.
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W.K. Schiffer1, M.R. Gerasimov2, R.A. Bermel2, C.R. Ashby3, J.D,
Brodie1 and S.L. Dewey2*.
’Dept. of Psychiatry, NYUSM, NY,
2Chemistry Dept., BNL, Upton, NY 11973, 3Dept. Pharm. Health Sci, St.
John’s, Jamaica, NY.
Elevation of endogenous GABA by the racemic mixture of gamma vinylGABA (GVG, Vigabatrin®) decreases extracellular nucleus accumbens
(NAc) dopamine (DA) levels and diminishes the response to many
substances that elevate DA in the mesocorticolimbic system. We
investigated the effects of the individual enantiomers (S-GVG, R-GVG) on
cocaine induced NAc DA. In a series of microdialysis experiments in
freely moving animals, we administered S-GVG (150 mg/kg, n=4), RGVG (150 mg/kg, n=4) or racemic GVG (300 mg/kg, n=4) 2.5 hours prior
to cocaine (20 mg/kg) administration. When compared with cocaine alone,
the (R) isomer did not significantly inhibit cocaine induced NAc DA
release. The (S) isomer, at half the dose of the racemic mixture, inhibited
cocaine-induced DA elevation by 40%, while the racemic mixture inhibited
cocaine induced DA release by 31%. In addition, our PET studies in
primates have also shown that the (S) isomer completely inhibits nicotineinduced increases in the corpus striatum, again at half the dose of the
racemic mixture. Although the (S) isomer has been well established as the
active compound in the treatment of epilepsy, the efficacy of this isomer
with regard to mesolimbic DA inhibition generates a complex series of
clinical and neurochemical issues. Further investigations will determine the
locus of action and physiological properties of each enantiomer. Supported
by USDOE/OBER (DE-AC02-98CH10886) and NIMH MH49165.
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GAMMA-VINYL GABA (GVG) ATTENUATES THE SYNERGISTIC
ELEVATIONS
OF
NUCLEUS
ACCUMBENS
DOPAMINE
PRODUCED BY A COCAINE/HEROIN (SPEEDBALL) CHALLENGE.

EFFECTS OF RILUZOLE AND GABAPENTIN ON COCAINE- AND
METHAMPHETAMINE-INDUCED BEHAVIORAL SENSITIZATION
IN MICE. Y. Itzhak*, and J.L. Martin. Department of Psychiatry & Behavioral
Sciences University of Miami School of Medicine, Miami, FL 33101.
Recent studies suggested the involvement of excitatory amino acid (EAA)
transmission as well as inhibitory transmission (e g., gamma-aminobutyric acid;
GABA) in the effects of psychostimulants such as cocaine and
methamphetamine (METH) Riluzole is thought to inhibit the release of EAA
and gabapentin is an antiepileptic agent known to increase GABAergic
inhibition. In the present study we investigated the effects of riluzole and
gabapentin on the development of sensitization to the psychomotor stimulating
effects of cocaine and METH. Treatment of Swiss Webster mice with 2.5, 5 or
10 mg/kg riluzole prior to the administration of either cocaine (20 mg/kg) or
METH (1 mg/kg) for 5 days effected neither the acute response to the drug nor
the induction of behavioral sensitization to both drugs. Also, drug-induced
conditioned hyper-locomotion was unaffected by riluzole. Similarly, gabapentin
(10 and 30 mg/kg) had no effect on the induction and expression of cocaineinduced sensitization. However, gabapentin diminished the expression but not
the induction of METH-induced sensitization. Gabapentin had no effect of druginduced conditioned hyper- locomotion. These findings suggest that a) inhibition
of EAA release by riluzole does not prevent the induction and expression of
sensitization to psychostimulants and b) increase in GABAergic transmission by
gabapentin has no effect on the development of sensitization to cocaine, but it
may attenuate only the expression of the sensitized response to METH.
Supported by NIDA DA08584.

S.L. Dewey1, M.R. Gerasimov1, and P.R. Brady2*, ’Chemistry Dept., BNL,
Upton NY 11973, 2Dept. Oral Biology, Indiana Univ School of Dentistry,
Indianapolis, IN 46202.
Psychostimulants like cocaine and opioid agonists like heroin are often
abused together in a drug combination known as a “speedballing.” This trend
is increasing at an alarming rate among patients in methadone and levo-alphaacetylmethadol (LAAM) maintenance programs. Behavioral studies have also
demonstrated that conditioned place preference (CPP) for cocaine was
potentiated by morphine. In the present study, we examined the effect of an
acute administration of the selective suicide inhibitor of GABA transaminase,
gamma-vinyl GABA (GVG, Vigabatrin) on increases in nucleus accumbens
(NAc) dopamine (DA) produced by a cocaine/heroin (“speedball”) challenge
in freely moving Sprague-Dawley rats. Cocaine (20 mg/kg, i.p.) produced an
elevation in extracellular NAc DA of approximately 380% above baseline,
while heroin produced only a moderate increase of 70%. Co-administration of
these two drugs, however, produced a synergistic elevation in NAc DA of
1000%. This response was reduced by 50% in animals pretreated with GVG
(300 mg/kg, i.p.) 2.5 hrs prior to challenge. Taken with our previous studies
using nicotine and cocaine, these findings indicate that GVG can also
significantly interfere with the synergistic effects produced by the
combination of an indirect dopamine releaser (heroin) and a dopamine reuptake blocker (cocaine). Furthermore, these findings suggest the potential
effectiveness of GVG for the treatment of poly-drug abuse. Supported by
USDOE/OBER (DE-AC02-98CH10886) and NIMH MH49165.

522.7

522.8

In Vivo Human Dopamine Transporter Occupancy of a Potential Cocaine
Treatment Agent, GBR12.909. D.F. Wong*L. Cantilena, A. Elkashef, F. Yokoi,
S. Dogan, M. Stephane, A. Gjedde, R.B. Rothman, J. Mojsiak, F. Vocci. Johns
Hopkins Med Inst, USUHS, NIDA, Baltimore, Bethesda, MD, Aarhus U, DK.
We have been studying GBR 12,909 in a multi dose, open labeled, fixed order,
dose escalating protocol with four doses in normal volunteers to examine its
safety and tolerability. This is a prelude to examining the potential efficacy of GBR
12,909, a dopamine (DAT) transporter antagonist in the treatment of cocaine
abuse and dependence.
As an important adjunct to traditional pharmacokinetic studies the DAT
transporter occupancy has been directly measured after two weeks of dosing at
either 50,75 or 100 mg of oral GBR 12,909 in eight human subjects. PET imaging
employing [11C]WIN 35,428, a radioligand which binds specifically to the DAT was
employed as a measure of occupancy. Each subject received a baseline with no
medication and the PET scan following at least two different ascending doses of
GBR 12,909. Each dose level was separated by approximately one month and
the PET scans were carried out at the end of the full two week dosing to ensure
steady state conditions.
DAT occupancies were measured employing a number of mathematical
models, some with a metabolite corrected plasma input function obtained with
arterial blood sampling and others using reference region techniques with the
cerebellum as the measure of free ligand input.
The preliminary results in general indicated that the DAT occupancies at 100
mg GBR were up to 30 to 40% and generally displayed a dose dependent
increase for the three escalating doses.
These studies indicate that at the higher doses substantial DAT occupancy can
be achieved with GBR12,909 suggesting that it may be a promising cocaine
medication. Supported in part by DA09482 and NIDA-MDD.

ARE MONOAMINE TRANSPORTERS THE ONLY SIGNIFICANT TARGETS
OF COCAINE IN THE BRAIN ?
B.K. Madras*. M.A. Fahey. K, Akasofu. E, Livni. B. Jenkins, A-L Brownell. Dept.
of Psychiatry, Harvard Medical School, NERPRC, Southborough, MA 01772 and
Dept. of Radiology, Massachusetts General Hospital, Boston, MA
The dopamine transporter, expressed at high levels in striatum and nucleus
accumbens, is a major target of cocaine in the brain. Accumulating biochemical
evidence of extrastriatal targets of [3H]cocaine (Kaufman and Madras, 1994) and
behavioral evidence that dopamine transporter “knock-out” mice retain a proclivity
to self-administer cocaine (Rocha et al., 1998) offer compelling reasons to
investigate other brain targets of cocaine. To pursue this goal, we used PET imaging
(positron emission tomography) to investigate ['‘Cjcocaine distribution in living
brain of cynomolgus monkeys. Magnetic resonance imaging (MRI) validated
neuroanatomical regions. Predictably, [“Cjcocaine accumulated and dissociated
rapidly in the caudate-putamen, with peak activity observed within 10-15 min of i.v.
injection and declining thereafter. In the orbito-frontal cortex, [“Cjcocaine
accumulated and dissociated with unique pharmacokinetic properties, being
retained for at least 80 min without significant decline. Preliminary studies in postmortem human brain suggest that these sites are not identical to monoamine
transporters. Our second approach was to investigate [3H]cocaine binding sites in
regions of human brain that accumulate significant levels of cocaine. The
technically challenging [3H]cocaine binding assays revealed sites in amygdala and
hippocampus of human brain that differed from the dopamine, serotonin or
norepinephrine transporters. To facilitate characterization, we developed a
centrifugation assay which reduces variability. Taken together, these findings
support the need to further investigate cocaine targets in brain. Support: DA09462,
DA00304, RR00168.

522.9

522.10

A DISSOCIATION OF PRIMARY AND SECONDARY REWARDRELEVANT LIMBIC REGIONS IN AN ANIMAL MODEL OF
RELAPSE. J.W. Grimm1* and R.E, See2. ’Dept. of Psychology, Washington

MUTATIONS IN GENES INVOLVED IN CIRCADIAN RHYTHMS AND
TYRAMINE SYNTHESIS ELIMINATE SENSITIZATION TO COCAINE IN
DROSOPHILA. C. McClung, R, Andretic, S, Chaney, and J. Hirsh*. Dept. of
Biology, University of Virginia; Charlottesville, VA 22903
Sensitization to cocaine is thought to be an important component of the
addictive process. We have taken a genetic approach to the study of cocaine
sensitization using the fruit fly, Drosophila melanogaster, as a model system.
Drosophila display reflexive motor behaviors following cocaine exposure that are
strikingly similar to those seen in vertebrates, and also develop sensitization to
repeated doses. From a screen of existing Drosophila mutants, a small number
were found that respond normally to an initial exposure to cocaine but fail to
sensitize to repeated exposures. These mutants are: 1) inactive, and 2) a number of
the circadian genes including period, clock, bmall, and doubletime. These
seemingly unrelated mutations have effects on a common enzyme, tyrosine
decarboxylase (TDC) which converts tyrosine to tyramine. We find that the
activity of this enzyme is induced by cocaine exposure. In the circadian mutants,
this regulation does not occur suggesting a role for these genes as transcriptional
regulators of TDC. The inactive flies have low levels of tyramine due to low TDC
activity. Feeding of tyramine but not the other biogenic amines can rescue the
sensitization defect in inactive flies. These results point to a role for tyramine in
the development of sensitization to cocaine and roles for this subset of circadian
genes as mediators of cocaine sensitization.
This work was supported by NIH/NIDA predoctoral grants 1F31DA05897-01
and 1F31DA05942-01, and NIH grant GM/DA 27318.

State University, Pullman, WA 99164; 2Dept. of Physiology and
Neuroscience, Medical University of South Carolina, Charleston, SC 29425.
Three experiments were conducted to investigate the neural substrates of
relapse to cocaine-seeking behavior utilizing a cocaine self-administration
model in rats. In this paradigm, rats self-administer i.v. cocaine (0.33
mg/infusion) in 14 daily, 3 h sessions on a FR1 schedule of reinforcement.
Infusions are paired with a 5 sec compound stimulus (tone+light). After 7
days of extinction trials, rats show a reinstatement of robust lever pressing for
the compound stimulus alone in the absence of cocaine. Following 3 more
extinction sessions, animals readily reinstate responding for cocaine infusions
alone. The neuroanatomical loci of this drug-seeking behavior (“relapse” of
lever responding for the cocaine paired stimulus and for cocaine itself) were
examined using a functional ablation procedure.
Bilateral basolateral
amygdala (BLA) infusions of the reversible sodium channel blocker,
tetrodotoxin (TTX; 3 ng/site), significantly attenuated responding for the
compound stimulus, but had no effect on lever responding for cocaine alone.
In contrast, bilateral nucleus accumbens (NAcc) or left BLA/right NAcc
(disconnection procedure) infusions of TTX did not affect responding for the
compound stimulus alone, but significantly attenuated responding for cocaine
alone. These results reveal a critical role of the BLA in conditioned
(secondary) reward and of the NAcc in cocaine (primary) reward.
Furthermore, while primary and secondary reward are clearly linked, these
results indicate that it is possible to experimentally dissociate the two
processes in a relapse model. (Supported by NIH DA10462.)
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EFFECTS OF THE D257/D385A AND FAD MUTATIONS ON THE PS 1/6CATENIN/GSK-3B COMPLEX.
G. Tesco*1. T-W Kim'. D.M. Kovacs'. W, Xia2. P.J. Selkoe2and R.E. Tanzi',
‘Genetics and Aging Unit, Massachusetts General Hospital and Harvard Medical
School, Charlestown, MA, 02129,2Center for Neurological Diseases, Harvard
Medical School and Brigham and Women's Hospital, Boston, MA, 02125.
We have previously shown that the endogenous C-terminal fragment of presenilin
1 co-immunoprecipitates with endogenous B-catenin. The aim of this study was to
test whether the PSI endoproteolysis is required for B-catenin/PSl binding and
function. Since it has been recently shown that PSI mutations of aspartate 257 or
385 result in prevention of PSI endoproteolysis and inhibition of y-secretase
activity, we performed co-immunoprecipitation in naive CHO cells, or those
overexpressing APP751, PSI wild type, PSI D257A or PSI D385A.
Immunoprecipitation with two different PSI antibody (4627 and PSI Loop) and
Western blot analysis with 13A11 and PSI Loop antibody confirmed that the
presence of D257A and D385A mutations prevents PSI endoproteolysis. In these
cell lines, B-catenin co-immunoprecipitated with PSI full length (WT, D257A,
D385A) and the human PS1-CTF (WT) as well as with the endogenous hamster
PS1-CTF (naive and APP751). In addition B-catenin co-immunoprecipitated with
PSI in human neuroglioma cell lines stably transfected with FAD-linked PS1A10
mutation showing that the deletion of the proteolytic site and the presence of a
pathogenic mutation (S290C) does not affect the binding. Since PSI has been
suggested to be involved in B-catenin stabilization, we further investigated whether
GSK-3B, responsible for B-catenin phosphorylation and degradation, is part of the
PSI/B-catenin complex. In naive H4 and CHO cells PSI co-immunoprecipitated
with both endogenous B-catenin and GSK-3B. Accordingly, GSK-3B was detected
in PSI immunoprecipitates from cell lines overexpressing PSI wild type, A10 and
aspartate mutations. Finally, steady-state levels of B-catenin were similar in all the
cell lines analyzed. Studies of other aspects of B-catenin signaling are currently
underway. G. Tesco is a recipient of a The John Douglas French Foundation/Extendicare fellowship.

CALSENILIN PREFERENTIALLY INTERACTS WITH THE CASPASEDERIVED PRESENILIN 2 C-TERMINAL FRAGMENT AND CLEAVED BY
CASPASE DURING APOPTOSIS E.K. Choi1*. N. Zaidi1. A.C. Crowley1.
Unit, Dept. of Neurology, MGH, Harvard Medical School, Charlestown, MA
02129, 2Dept. of Psychiatry, Mt. Sinai School of Medicine, New York, NY
10029.
Recently, we have carried out the initial characterization of a novel calciumbinding protein, calsenilin, which interacts with the C-terminus of the presenilins
(Buxbaum et al., Nature Med., 4, 1998). Calsenilin, was isolated using the yeast
two-hybrid system with the last 40 amino acids of PS2 as bait. We have shown
that calsenilin is brain-specific, that calsenilin co-IPs with full length PS2 and
that expression of calsenilin alters the processing of PS2. In addition, we reported
that calsenilin is a soluble and cytoplasmic protein and we demonstrated that the
interaction of calsenilin and PS2 in vivo results in the redistribution of calsenilin
from a cytoplasmic to a membrane associated-ER/Golgi localization. Here we
have extended the characterization of calsenilin and of the calsenilin-PS2
interaction. We have shown that calsenilin and PS2 can interact at physiologic
(endogenous) levels and that calsenilin is preferentially co-IP'd with the caspasederived PS2 CTF. In addition, we have used biochemical fractionation to
demonstrate that when calsenilin is co-expressed with PS2, there is a significant
shift in the subcellular localization of calsenilin from the cytosol to membrane.
We have also found that calsenilin is proteolytically cleaved by caspase during
staurosporine-induced apoptosis. Current studies are focused on assessing whether
the CTF that we see increase upon calsenilin expression is a caspase-3 fragment
and if the PS2 FAD-associated mutations effect the interaction with calsenilin.
Further characterization of calsenilin should lead to an understanding of the
normal role of the presenilins and of the role of the presenilins and Ca2+
homeostasis in Alzheimer’s disease. [Supported by the NIH, Korea Research
Foundation and the Pew Scholars Program in the Bomedical Sciences]

Supported by NIA and NINDS grants.
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523.3

523.4

PRESENILINl FORMS Ca^-DEPENDENT COMPLEXES WITH THE ECADHERIN/CATENIN CELL ADHESION SYSTEM.
P. Marambaud, J. Shioi, A. Georgakopoulos, S. Efthimiopoulos and N.K,
Robakis*. Mount Sinai School of Medicine, Dept of Psychiatry and Fishberg,
Center for Neurobioiogy, New York, NY 10029.
Immunofluorescence experiments in MDCK cell cultures showed
Presenilin 1 (PSI) concentrated at cell-cell contact sites where it colocalized
with components of the cadherin-based adhesion system, including E-cadherin,
a-catenin and p-catenin. To test for a possible interaction between PSI and
components of this system we prepared immunoprecipitates from MDCK cell
extracts in 1% digitonin. We found both PSI fragments in complexes with Ecadherin, p-catenin, y-catenin and a-catenin, all components of the
cadherin/catenin cell-cell adhesion system, but not with desmoglein, a
desmosome protein. Cross-linking experiments showed the presence of 250
kDa complexes containing both PSI fragments, E-cadherin, and either pcatenin or y-catenin. E-cadherin mediates Ca^-dependent cell-cell adhesion. In
the absence of Ca** the interaction of PSI fragments with E-cadherin and
catenins decreased. Under these conditions, we detected a dramatic increase in
complexes between full-lenght PSI and immature uncleaved E-cadherin in the
absence of P-catenin, suggesting a direct E-cadherin-PSl interaction. Crosslinking experiments supported this conclusion. This data suggests PSI functions
in Ca^-dependent cell-cell adhesion. This function may include a PSI role in
transport and/or processing of the components of the cadherin/catenin adhesion
apparatus. PSI familial Alzheimer disease mutations may then interfere with
the processing of E-cadherin and/or disrupt the PSI association with
components of the cadherin-based adhesion apparatus (Supported by NIH grant
AG08200 and by the Alzheimer’s Association).

PRESENILIN 1 FORMS COMPLEXES WITH CELL SURFACE E-CADHERIN
AND REGULATES CELL-CELL AGGREGATION. S. Efthimiopoulos*, W. Cui,
A. Georgakopoulos, J. Shioi, P. Marambaud, N. K. Robakis. Mount Sinai
Medical School.
Dept. Psychiatry and Fishberg Research center for
Neurobioiogy. One Gustave L. Levy Place, New York, NY 10029.
We have shown that PS1 fragments are enriched in Clathrin coated vesicles
of PC12 cells suggesting PS1 maybe transported to the cell surface
(Efthimiopoulos et al., 1998). Indeed, immunofluorescence and confocal
microscopy of MDCK cells showed PS1 concentrated at cell-cell adhesion
sites where it colocalized with components of adherens junctions. To examine
whether PS1 interacts with cell surface protein we used biotin labeling of
MDCK cells.
Following biotinylation, cells were homogenized in either
digitonin or SDS and labeled protein was isolated with streptavidin. The
digitonin isolates contained both PS1 fragments, E-cadherin, p-catenin and acatenin, all components of the cadherin-based adherens junctions, but not the
ER protein calnexin. In the SDS isolates, however, only E-cadherin was
detected suggesting PS1 fragments precipitated as a complex with cell surface
protein. To examine whether PS1 binds cell surface E-cadherin, cells were
treated with anti-E-cadherin antibody and extracted with 1% digitonin.
Analysis of E-cadherin precipitates showed the presence of both PS1
fragments in addition to a- and p-catenin, but not calnexin. These experiments
suggest that PS1 fragments form complexes with the cell surface
cadherin/catenin cell adhesion system. To explore whether PS1 affects cellcell adhesion, we examined the effects of PS1 overexpression on cell-cell
aggregation. In three independent pairs of vector and PS1 transfected clones
of 293 cells, overexpression of PS1 stimulated cell aggregation by about 25%.
Our data suggest that PS1 fragments are expressed at cell-cell adhesion sites,
interact with the cadherin-catenin complex and regulate cell-cell aggregation.
Supported by NIH grant AG08200 and by the Alzheimer’s Association.

523.5

523.6

PRESENILINl
INCORPORATES INTO THE CADHERIN/CATENIN
ADHESION SYSTEM AT CELL-CELL CONTACT SITES.
A. Georgakopoulos1, V.L. Friedrich Jr.2, P. Marambaud1, J, Shioi1, H.-C, Li2, M.
Shutte3, R. Gordon4, S, Efthimiopoulos1, G. Elder1* and N.K. Robakis1. Dept. of
Psychiatry and Fishberg research center for Neurobioiogy1, Biochemistry and
Brookdale Center for Molecular Biology2,Ophthalmology3; and Pahtology4, Mount
Sinai School of Medicine, One Gustave L. Levy Place, New York, NY 10029.
Presenilin 1 (PSI) is an integral membrane protein involved in the development
of familial Alzheimer disease (FAD). PSI is cleaved intracellularly into N- and Cterminus fragments, termed PS1/NTF and PSI/CTF. Classic cadherins are a family
of type I transmembrane glycoproteins that regulate Ca++-dependent cell-cell
adhesion and recognition. Cadherin-based cell-cell adhesion is mediated by
cytosolic catenins which link surface cadherins to the cytoskeleton. Staining of
confluent MDCK cell cultures with anti-PS 1 antibodies showed PSI concentrated
at cell-cell contact sites. Double immunostaining showed PSI colocalized with
both E-cadherin and P-catenin at the lateral plasma membrane of MDCK cells at
intercellular contacts. The presence of PSI at these sites was Ca*4-dependent, and
was resistant to Triton X-100 extraction, suggesting an association with the cortical
cytoskeleton. Immunoprecipitations showed both PSI fragments in complexes with
E-cadherin, P-catenin and a-catenin. Immunogold electron microscopy in MDCK
cells revealed PSI antigens localized at intercellular junctions. PSI was also found
at intercellular contact sites of the rat cornea epithelium tissue in vivo. In brain
tissue, PSI was found in complexes with both E- and N-cadherin, suggesting PSI
may be part of the brain cadherin/catenin complex and may play a role in brain
cell-cell adhesion. Together, these data show that PSI fragments incorporate into
the cadherin/catenin adhesion system and may modulate cell-cell adhesion and
recognition. PSI FAD mutations may thus interfere with the association of PSI
with other components of the cadherin-based cell adhesion system, or its function.
(Supported by grant AG08200 and the Alzheimer’s Association).

PROTEINS INTERACTING WITH THE COOH-TERMINI OF THE
PRESENILINS. Y. Fang1, N.Y. Choksi1 , S. Parvathv1, J.J. Yamin1,
W. Wasco2? & J.D. Buxbaum1. ‘Dept. of Psychiatry, Mount Sinai
School of Medicine, One Gustave L. Levy Place, Box 1230, New
York, NY; and, 2Dept. of Neurology, Massachusetts General HospitalEast, 149 13th Street, Charlestown, MA.
The presenilins have been implicated in both AB formation and
in apoptosis. Studies of apoptosis implicate the COOH-terminal -100
amino acids of the presenilins in this process. Moreover, evidence
suggests that these effects of the presenilins involve protein-protein
interactions. Recently, it has also been shown that the COOH-terminal
-5 amino acids of presenilin-2 are responsible for the effects of the FAD
mutations on A842 formation. Taken together, these studies support
research aimed at the identification of proteins that interact with the
COOH-terminus of the presenilins.
We are making use of the yeast two-hybrid system to identify
proteins that interact with the COOH-terminus of the presenilins. While
screening a human brain library, we have identified the novel calcium
and presenilin-binding protein calsenilin as an interactor and we are
currently studying its role in both apoptosis and in AB formation. More
recently, we have carried out a two-hybrid screen in a rat brain library to
identify additional interactors. We have identified three classes of
interacting clones that are being characterized for localization and for
interaction in mammalian cells. These interactors are also being
characterized for their role in apoptosis and in AB formation. Finally, we
are studying whether proteins already implicated in APP processing are
able to interact with the COOH-terminus of the presenilins.
Supported by the NIH and the Alzheimer’s Association.
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523.7

523.8

CHARACTERIZATION
OF
THE
PRESENILIN-BINDING
PROTEIN CALSENILIN. C. Lilliehook*’, N.Y. Choksi1, P. Hof2,
E.-K. Choi3, N.F. Zaidi3, W. Wasco3, T. Tomita4, T. Iwatsubo4, &
J.D. Buxbaum1,2. Departments of ’Psychiatry and 2Neurobiology,
Mount Sinai School of Medicine, One Gustave L. Levy Place, Box
1230, New York, NY; 3Department of Neurology, Massachusetts
General Hospital-East, Harvard Medical School, 149 13th Street,
Charlestown, MA; and, department of Neuropathology and
Neuroscience, University of Tokyo, Tokyo, Japan.
The presenilins have been implicated in both AB formation and
in apoptosis. Several studies suggest that COOH-termini of the
presenilins are critical for these processes.
We have made use of the yeast two-hybrid system to identify
proteins that interact with the COOH-terminus of the presenilins. We
have identified the novel calcium and presenilin-binding protein
calsenilin as an interactor. Calsenilin is a member of the recoverin
family of calcium binding proteins that are typically myristoylated and
can modulate the activity of G-protein coupled receptor kinases
(GRKs). As a calcium binding protein, calsenilin may function as a
calcium sensor and may be involved in calcium signaling.
We have characterized the post-translational modification of
calsenilin, its distribution, and its interaction with domains of the
presenilins. We are currently studying the role of calsenilin in calcium
signaling, in apoptosis and in AB formation. In addition, we are
determining whether calsenilin interacts with other proteins including
GRKs.
Supported by the NIH and the Alzheimer’s Association.

APP/PRESENILIN INTERACTION : MAPPING AND
MODELIZATION IN VITRO.

523.9

523.10

SPECIFIC INTERCELLULAR BINDING OF ALZHEIMER'S
DISEASE MEMBRANE PROTEINS PS-1 OR PS-2 WITH 8-APP
INDUCES INTERCELLULAR SIGNALING. N. N. Dewji *1 and S. J,

CO-EXPRESSION OF AMYLOID PRECURSOR PROTEIN (APP) AND
MUTATED PRESENILIN 1 (PS 1) IN RAT PRIMARY NEURONS. R
Jakaia1,2*. F.B.M, Reinhard1, C. Bergmann’. B. Grwiza1, M. Hiltunen2. A,
Mannermaa2, C. Masters4. H. Soininen2. A. Weidemann1, K. Bevreuther1 and T.
Hartmann1.’Center for Molecular Biology (ZMBH). Univ. of Heidelberg, D69120 Heidelberg, Germany. 2Dept. of Neurocience and Neurology, Univ. of
Kuopio, FIN-70211 Kuopio, Finland. 3Dept. Of Pathology, Univ. of Melbourne,
Parkville, Victoria 3052, Australia.
To study interactions of human proteins involved in Alzheimer's disease
(AD), such as amyloid precursor protein (APP) and presenilin 1 (PSI), in
neurons, we use Semliki Forest Virus (SFV) infection technique for rat and
mouse primary neurons. To be able to study interactions between mutant forms
of APP and PSI, both proteins have to be expressed by the very same cells and
overexpression is often desirable. Currently this is done by either infection of
transgenic mouse neurons with a singe virus or by infecting with two different
viruses, the latter however, resulting in a mixture of different ratios of both
proteins on the individual cell level, thus causing problems with reproducibility.
Therefore, we have created double SFV constructs, where one SFV-vector
contains two different cDNAs, allowing simultaneous expression of two
different proteins in the infected neurons.
As analyzed by Western blotting using APP, Ap and PSI specific antibodies,
we can show co-overexpression of both human wt APP695 and human wt PSI
and its AD mutation (Aexon 9) and transmembrane 6 and 7 Asp > Ala double
mutation in E14 rat primary neurons by the double SFV construct method. We
are also able to show processing of PSI into N-and C-terminal fragments,
processing of APP into APPsec, C-terminal fragments and Ap, and by coimmunoprecipitations a strong interaction between APP and PSI and between
APP and PSI N-terminal fragment in neurons. The double SFV construct
strategy thus allows fast analyzes of PSI mutation effects on APP processing and
transport. It also provides a promising general tool to study interactions between
any other two proteins in neurons.
Supported by the Academy of Finland, A.H.F, A.F.I and D.F.G.

Singer 2. University of California, San Diego, Departments of Medicine (1) and
Biology (2), 0322, La Jolla, CA 92093.
Genetic evidence has implicated three proteins, the B-amyloid precursor protein (BAPP) and the two homologous presenilins (PS-1 and PS-2), in the etiology of
Alzheimer's disease (AD). Neither the normal functions of the three proteins nor
their joint roles in AD are known. We had previously proposed (Science, 271. 159,
1996) based on precedents in other developmental systems, that one or more forms of
B-APP and PS-1 (or PS-2) may be components of an intercellular signaling system
in normal physiology. B-APP and PS-1 or PS-2 on the surfaces of neighboring cells
would bind to one another specifically through their extra-cellular domains protruding
from the cell surface membranes and generate a signal. B-amyloid (AB) would be a
proteolytic by-product of other events following this interaction. In the present study
we show evidence for this proposed B-APP: PS-mediated intercellular signaling event.
Cultured cells, transiently transfected with either B-APP, PS-1 or PS-2, were
appropriately mixed, and were analyzed for protein tyrosine kinase activity, and for
net protein tyrosine phosphorylation, with antibodies specific for phosphotyrosine
(PTyr). Within several minutes after mixing the B-APP transfected cells with either
the PS-1 or PS-2 transfected cells, the cell extracts showed significant transient
increases in protein tyrosine kinase activity, and in PTyr modification of protein
substrates, that did not appear in controls. Furthermore, the spectrum of proteins
modified by tyrosine phosphorylation differs depending on whether PS-1 or PS-2 is
involved in the specific intercellular binding to B-APP, which implies that PS-1 and
PS-2 have distinct, rather than redundant, functions in normal physiology. The
intercellular interactions between B-APP and either PS-1 or PS-2 are also
accompanied by distinguishable transient elevations in Src family kinase activity; the
identification of the individual Src family members involved is underway. Further
experiments on the signaling process will be described.
Supported by NIH Grant 5 RO1 NS 27580 to N. N. D.

L, Pradier* and C. Czech. Rhone-Poulenc Rorer, 94400 Vitry, France
Mutations in presenilin 1 and 2 (PSI and PS2 respectively) genes cause
the large majority of familial forms of early-onset Alzheimer’s Disease.
PS mutations lead to an altered processing of APP and a physical
interaction between PS’s and APP has been identified. We have mapped
the interaction domains on both PS and APP (Pradier et al.,1999,
Neurobiol. Dis 6:43). The hydrophilic amino terminus of PS2 (residues 1
to 87, PS2NT) is sufficient for interaction with APP. Interestingly, only
an artificially secreted form of this peptide (SecPS2NT) and not its cytosolic counterpart, interacted with APP. Regarding APP, we could demonstrate the interaction between the AP sequence and PS2NT both in conditionned media of cells expressing SecPS2NT and in direct binding experiments in vitro between recombinant PS2NT and A(342. A second domain
in the extracellular region of APP also interacted with PS2. Therefore, the
PS2 binding epitopes of APP are both localized to the luminal segment of
APP. Results with PSI indicate that both PS share similar determinants of
binding to APP. In particular, the interaction between PS1NT and Ap
could be reconstituted in vitro. Confirming these data, the SecPS2NT
construct is able to displace the APP/PS1 interaction in transfected cells.
Furthermore, blocking the APP/PS1 interaction by cotransfection with
SecPS2NT leads to an inhibition of the production of Ap42 intracellularly.
The interaction between APP and PS appears therefore to play a key role
in the misprocessing of APP and the production of intracellular AP42.

POSTURE AND MOVEMENT
524.1

524.2

IMMOBILIZATION INDUCED LIMB DYSTONIA. M. Okun,1 F.H.
Rossi,1 S.E. Nadeau1 and W.J. Triggs1*. ‘Dept. of Neurology, Univ. of
Florida Brain Institute, Box 10023o, Gainesville, FL 32610-0236.
Dystonia is characterized by involuntary muscle contraction
leading to twisting movements and abnormal postures. Its
mechanism and pathogenesis are unknown. It has been postulated
by Merzenich and colleagues that the de-differentiation of
sensorimotor representations underlying acquired dystonia occurs
under circumstances in which activity is highly repetitive, spatially
stereotyped, synchronously engages normally differentiated sensory
feedback inputs, and is associated with attended behavior.
We wish to report three patients who developed segmental limb
dystonia in a temporarily immobilized arm. In these three patients,
one upper limb had been placed in a cast for 4 weeks because of
wrist fracture, for prevention of bum contractures, and following
simultaneous ulnar nerve transposition and release of a median nerve
entrapment. Painful spasms, sustained limb postures, and impaired
movements were present from the moment of cast removal and
persisted for months. Spasms intermittently spread through the
entire arm and could be partially relieved with sensory tricks.
Neurologic examinations and electrophysiologic studies were
otherwise normal.
The development of immobilization-induced limb dystonia
suggests that the circumstances leading to the sensorimotor dedifferentiation thought to underlie acquired dystonia may be
broader than previously assumed and remain to be fully defined.
Supported by the University of Florida Department of Neurology.

REPRODUCIBILITY OF BRAIN ACTIVATION WITH PET AND MOTOR TASK.
K. Ishii1-3*, L.G, Cohen2, M. Senda’ and M. Hallett1, ‘Human Motor Control Section
and 2Human Cortical Physiology Section, Medical Neurology Branch, NINDS, NIH;
Bethesda, MD 20892. ’Positron Medical Center, Tokyo Metropolitan Inst. Gerontology;
Tokyo 173-0015, Japan.
Regional CBF measurements with 0-15 labeled water and PET under behavioral
tasks has been extensively used as a powerful tool to map regional human brain function.
Little is known, however, about the reliability of repeated measurements on different
days with PET activation studies. The purpose of this study was to evaluate the testretest reproducibility of brain activation with PET and a motor task as a foundation for
using repeated functional neuroimaging studies in the analysis of long-term changes of
brain function in paradigms such as motor learning and recovery from brain disorders.
Six right-handed normal subjects underwent 2 separate sessions of a PET activation
study with exactly the same protocol with a 2 week interval. In each session, the subjects
performed three tasks of rest, and simple repetitive finger movements in the right hand
and left hand. Each task was repeated five times in one session in balanced order. The
subjects did not have any training sessions except for a very short instruction of the task
before starting the each session. The images were obtained with GE Advance PET
Camera in 3D mode. The results were analyzed with SPM96 as single subjects and
groups.
The test-retest difference in the location (coordinates) and the amount of activation
(% activity change) in the peak pixel of primary motor cortex (Ml) activation was 5.6
mm and 8.6% as the average of single subject analysis and 3.9 mm and 7.3% by group
comparison, respectively. Though the Ml activation was fairly consistent within and
across sessions, a systematic scan order effect was found in the cerebellum (a decline)
and in the anterior cingulate (an increase), and systemic session effect was found in the
basal ganglia (a decrease in the second session). For even a simple motor task without
training, repetition, over scans or sessions, by itself may produce learning/habituation
effects and should be interpreted carefully.
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A MODEL OF LIMB CONTROL BY PRIMARY MOTOR CORTEX. E. Todorov*.
Gatsby Computational Neuroscience Unit, UCL, London WC1N3AR, England.
Despite years of intense study, it remains unclear what the neural activity in Ml
represents and how exactly it controls the ongoing movement. The goal of the
present model is to formalize a version of the hypothesis that Ml directly controls
force production, and reconcile it with a number of seemingly contradicting
physiological observations. The basic assumption is that the CNS computes an
instantaneous control signal appropriate for driving a physical mechanism composed
of the inertial properties of the limb and its impedance due to muscle biomechanics
and spinal reflexes. Such a signal not only encodes desired force, but also
compensates for expected damping and stiffness. Therefore the neural activity in Ml
appears as a sum of load effects, movement-related signals, and positional gradients.
The model offers a “simple” explanation for several physiological observations,
that could otherwise be interpreted as evidence for more “complex” processing in
Ml: a) the optimal time-lag between the population vector (PV) and movement
velocity increases with curvature; b) reversals of the PV are more common for
movements in lateral directions (and increase with load); c) the sensitivity of
preferred directions (PD) to posture is between the estimates for torque- and joint
velocity- tuned cells; d) the temporal profile of Ml firing aligned on the PD appears
to fall faster than movement speed; e) there is a substantial directional asymmetry in
the isometric load PV, which is absent in movement tasks; f) the PV rotates in the
presence of external loads or complex force fields; g) different kinematic variables
(e.g. direction, target position) appear to be encoded at different times during the
movement. Since the model operates in a “muscle space” it is consistent with
observations of PD changes due to changing posture, or shoulder rotation. Finally,
the model suggests a possible explanation of the psychophysical observation that
initial acceleration of reaching movements is direction dependent, but the effect is
compensated by inversely varying movement time so as to maintain a constant extent
of reach.

OPTIMAL MOTOR CONTROL IN THE PRESENCE OF SIGNALDEPENDENT NOISE: A UNIFYING HYPOTHESIS
D. M. Wolpert1* and C. M. Harris2
’Sobell Department of Neurophysiology, Institute of Neurology, Queen
Square, University College London, WC1N 3BG, UK.
2Department of Ophthalmology and Visual Sciences Unit, Great
Ormond Street Hospital for Children NHS Trust and Institute of Child
Health, University College London, WC1N 3JH, UK.
We present a unifying theory of fast eye and arm movements based
on the single physiological assumption that the neural control signals
are corrupted by noise whose variance increases with the size of the
control signal. We propose that motor commands are selected to
minimize the stochastic uncertainty in final position due to this signaldependent noise. This minimum-variance theory accurately predicts the
trajectories of both saccades and arm movements. These profiles are
robust to changes in the dynamics of the eye or arm, as found
empirically. For the arm we show that the theory captures the speedaccuracy trade-off described by Fitt’s law as well as the relationship
between path curvature and hand velocity during drawing movements
reproducing the empirical "two-thirds power law". For saccades we
show the theory can reproduce the main sequence, the relationship
between saccadic amplitude and duration. This theory provides a simple
and powerful unifying perspective for both eye and arm movement
control. We suggest that controlling the statistics of movement in the
presence of noise is the key consideration in motor control.

524.5

524.6

BALANCE
CONTROL
OF
INHERENTLY
UNSTABLE
MECHANICAL SYSTEMS USING VISUAL INFORMATION G.C, de
Guzman*. J.A.S, Kelso, and P. Foo. Center for Complex Systems and
Brain Sciences, Florida Atlantic University, Boca Raton, FL 33431.
The relation between action and perception when controlling inherently
unstable situations is not understood. Here we ask; What visual
information is used by the CNS to successfully control an unstable
inverted pendulum (pole balancing)? How does optically available
information specify the forces required to modulate the temporal behavior
of the pole? We show that pole balancing is a visual-motor task constantly
regulated at critical points through a perceptually available quantity (p/ff),

CONTEXT ESTIMATION FOR SENSORIMOTOR CONTROL
P. Vetter and D.M. Wolpert (SPON: British Neuroscience Association)
Sobell Department of Neurophysiology, Institute of Neurology,
University College London, Queen Square, London WC1N 3BG, UK
The motor system demonstrates remarkably accurate and
appropriate motor behaviour even though the properties of our
own bodies as well as the objects we interact with vary over time.
To adjust appropriately, the motor system has to identify and take
into account the context, that is the properties of objects in the
world and the prevailing environmental conditions.
Here we show that to determine the current context the central
nervous system uses information from both prior knowledge of
how the context evolves during a movement and from the
comparison of expected and actual sensory feedback. In our
paradigm the context of the movement, a visuomotor mapping,
was limited to two possibilities and we explored how sensory
feedback limited to discrete moments in time affected the pointing
to a fixed target location.
The influence of contextual information was accurately modeled
as a hidden Markov process, in which the context changes over
time and sensory feedback is corrupted with fixed variance noise.
We show that this process may be modeled within the central
nervous system and integrated optimally to derive an estimate of
the context in order to adjust motor command selection.
Supported by the Wellcome Trust

where 9 is the pole inclination and 9 is its angular velocity. Experimental
data reveal that when previous contiguous actions caused a potential for
catastrophic failure, the period of hand oscillation correlates well with the
ratio 0/0. In non-critical situations, however, much lower correlations are
observed. Since the period of hand movement is proportional to the time to
upright the pole, tins suggests that humans are more attuned to the
perceptual variable in critical situations, i.e. near points of catastrophic
failure. Calculation of the effective force required to modulate the
temporal behavior of the pole indicates piece-wise linear proportionality
with the angular variables. In a model analysis and simulation, we show
how the parameters (proportionality constants) of the control system are
fine-tuned using the experimentally identified perceptual quantity.

Research supported by NSF and NIMH

524.7

524.8

PREDICTIVE MOTOR LEARNING OF TEMPORAL DELAYS.
A.G. Witney, S.T. Goodbody and D.M. Wolpert. (SPON; British
Neuroscience
Association).
Sobell
Department
of
Neurophysiology, Institute of Neurology, Queen Square, London
WC1N 3BG, United Kingdom.
Anticipatory responses can minimize the disturbances that
result from the action of one part of the body on another. Such a
predictive response is evident in the anticipatory increase in grip
force seen when one hand pulls on an object held in the other
hand. Such a response depends on predicting the consequences
of the descending motor command, as signalled by efference
copy, using an internal model of both one's own body and the
object. Here we investigate how the internal model learns the
temporal consequences of the motor command. We employed
two robots to simulate a virtual object held in one hand and acted
upon by the other. Delays were introduced between the action of
one hand on the object and the effects of this action on the other
hand. An initial reactive grip force response to the delayed load
decayed with the development of appropriate anticipatory grip
force modulation. However, no predictive modulation was seen
when the object's movement was not generated by the subject,
even when the motion was cued by a tone. These results suggest
that the internal model is able to learn new temporal
relationships between actions and their consequences.
(Supported by the MRC).

CORTICOCEREBELLAR INTERACTIONS DURING ATTENTIVE IMITATION
AND PREDICTIVE LEARNING OF SEQUENTIAL SENSORY-MOTOR SKILLS.
R. W. Paine1*, S. Grossberg2. Dept. of Cognitive and Neural Systems, Boston Univ.,
Boston, MA, 02215.
Much sensory-motor behavior develops through imitation, as during the learning of
handwriting by children. Such complex sequential acts are broken down into distinct
motor control synergies which overlap in time to generate continuous, curved movements that obey an inverse relation between curvature and speed (Morasso, 1981).
How are such complex movements learned through attentive imitation? Novel movements may be made as a series of distinct segments, but a practiced movement can be
made smoothly, with a continuous, often bell-shaped, velocity profile (Abend et al.,
1982). How does learning transform reactive imitation into predictive and automatic
performance? A neural model is presented which suggests how parietal and motor cortical mechanisms, such as directional vector encoding (Bullock & Grossberg, 1988;
Georgopoulos et al., 1982), interact with adaptively-timed, predictive cerebellar learning (Fiala et al., 1996; Perrett et al., 1993) during movement imitation and predictive
performance. To initiate movement, visual attention shifts along the shape to be imitated and generates vector movement using motor cortical cells. During such an imitative movement, cerebellar cells with a spectrum of delayed response profiles sample
and learn the changing directional information and, in turn, send that learned information back to the cortex and eventually to the muscle synergies involved. If the imitative
movement deviates from an attentional focus around a shape to be imitated, the visual
system shifts attention, and may saccade, back to the shape, thereby providing corrective directional information to the arm movement system. This imitative movement
cycle repeats until memory alone can accurately drive the movement. The model is
used to simulate key psychophysical and neural data about imitative and predictive
control of curved movements. (Supported by DARPA/ONR N00014-95-1-04091,2,
NIH 1-R29-DC02952-011, ONRN00014-92-J-13091’2, and NSF IRI-97-203332.)
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VISUOMOTOR CONTROL OF AN UNSTABLE DYNAMICAL TASK.
B. Mehta2,3, S. Schaal1’3*. ’Department of Computer Science and Neuroscience,
University of Southern California; department of Biomedical Engineering and
Computer Science, University of Southern California; 3Kawato Dynamic Brain Project
(ERATO/JST), 2-2 Hikaridai, Soraku-gun, 619-02 Kyoto, Japan.
Visuomotor control of an unstable system puts stringent constraints on the
permissible delays of information processing as well as the applied control strategy. In
this presentation, a typical representative of such a system, the task of balancing a pole
on a finger, is investigated and compared against theoretical results and data collected
from an anthropomorphic robot performing the same task. Human subjects balance the
'virtual' pole on a computer screen by controlling the position of the base of the pole.
Our data indicate that the visuomotor delay, about 220ms, for such a task is
significantly greater than the maximal permissible delay for successful balancing.
Furthermore, our data attest that humans use internal states to compensate for these
delays. Three control hypotheses were investigated. Direct control was examined
using the tapped delay-line control strategy, which generates motor command based on
an efferent copy of the previous motor command and the sensed (delayed) state.
Indirect control was investigated via predictive control using the Kalman predictor and
the Smith predictor. These methods generate the undelayed state of the pole using a
forward dynamics model of the pole. Predictive control in this task cannot be
implemented as a Smith predictor (Miall et al., 1993) since this method is provably
unstable for tasks with unstable dynamics (e.g., posture). The predictive control
(indirect control) model or the tapped delay-line control model can explain the data,
and both methods are indistinguishable in normal behavior. Subsequent data, obtained
from randomly blocking the visual perception of the pole during 'virtual' pole balancing
gives evidence that only predictive control with a forward model can explain the
observed data. Thus, our experiment provides further support for the internal model
hypothesis for motor control.

INVOLVEMENT OF MONO-AMINES IN THE REGULATION OF
HUMAN CEREBRAL MOTOR ACTIVITY EVIDENCED BY FMRI. L
Loubinoux1, K. Boulanouar1. I. Berry3, JF Demonet^O. Rascol1. F. Cholletl2. ’U455

524.11

524.12

A NOTE ON OVERTONE SINGING AND RELATED TONGUE MOVEMENTS
H.-G. Ross*and S. Cleveland Physiologisches Institut, Heinrich-Heine-Universitat,
D-40225 Dusseldorf, Germany
Introduction Although we know from everyday speech performance that the tongue is
one of the most exact human motor organs, our knowledge of its movements during
sound production is still rudimentary. Variables such as individual style and the ability
to produce similar sounds in different ways often preclude the feasibility of
reproducible experiments. We have studied a simplified situation, in which we
measured tongue movements during overtone singing, where once the base tone is
established, necessary changes in the mouth's resonant volume are produced almost
exclusively by changes in the curvature of the tongue, which are in turn reflected in the
position of the tip of the tongue within the oral cavity.
Methods One of the authors (H-G R., 1 year of practice) was the subject and produced
overtone scales (sequence from high to low frequencies). Tones and tongue positions,
measured using a search coil system, were stored on tape. Stationary segments of tones
(100- 200 ms long) were low-pass filtered (2200 Hz) and Fourier analyzed to obtain the
power spectrum, from which the frequency of the overtone was determined.
Results The pitch range accessible to the singer was roughly 1.5 octaves (~ 800- 2100
Hz). Depending on the base tone frequency, a sequence of 5 to 7 equidistant overtones,
4 to 10 times the base frequency, could be produced, with tongue position varying over
about 20 mm. Tongue position steps were small at high frequencies (tip near front
teeth), step amplitudes increased as frequency decreased. The logarithm of overtone
frequency was linearly related to tongue position (average slope 12.1 mm/octave).
Tongue movement consisted of two components, an initial step followed, if necessary,
by an auditory-guided fine adjustment. If the use of auditory feedback was impaired by
fast external pacing, the steps persisted and remained highly reproducible. Basically,
the same was observed with no auditory feedback ('silent singing').
Conclusion The jointless movements of the tongue can have characteristics comparable
to those of programmed limb movements about a joint. If the tongue's 'target' is a
sound, auditory cues are the equivalent of visual feedback for targeted movements.

SELECTIVE AND GRADED RECRUITMENT OF MUSCLE FORCE WITH AN
INTRAFASCICULAR MULTIELECTRODE ARRAY. A. Branner1*, R.B. Stein2,
R.A. Normann1.
'Dept. of Bioeng., Univ. of Utah; Salt Lake City, Utah 84112.
?Div. of Neurosc., Univ. of Alberta; Edmonton, Alberta, Canada T6G 2S2
Graded force generation in individual muscle groups is normally achieved by a
selective and sequential activation of slow fibers followed by activation of fast
twitch, rapidly adapting fibers. As greater force is required, more fibers are recruited
until maximal forces are generated. This process has been difficult to emulate using
“cuff’ electrodes where the recruitment mechanisms are generally not very selective
and are inverted (fast to slow). Thus, force generation with cuff electrodes is characterized by steep stimulus/force recruitment curves. A more graded recruitment curve
might result if small numbers of nerve fibers could be excited independently. We
have used an array of 100 penetrating electrodes to explore this hypothesis.
When an electrode array was inserted into cat sciatic nerve, groups of up to 15
electrodes were inserted into individual fascicles. We excited muscles by stimulating
single or small groups of electrodes (200 psec single biphasic pulses). Muscle forces
were recorded from four different muscles of the ankle and foot with stain gauges.
Stimulation slightly above threshold (5-20 pA) was selective to one muscle group
for most individual electrodes. Recruitment curves were steep v/ith maximal forces
in target muscles as great as evoked with a cuff electrode. At higher currents,
coactivation of neighboring muscles was observed. Simultaneous stimulation of two
adjacent electrodes produced more than twice the force produced by one electrode
alone. Approximate linear force summation could be achieved by delaying the
stimulus on the second electrode. This paradigm applied to multiple electrodes could
avoid current spread to fibers of other muscles even for high forces. These results
suggest that forces in individual muscle groups could be selectively accessed via
high density, penetrating electrode arrays. Further, such arrays could provide broader
recruitment curves, and enable greater control of muscle force in the selected muscle.
Supported by the N.S.F. (IBN94-24509), a State of Utah Center of Excellence
Grant and a Deutscher Akademischer Austauschdienst (DAAD) Award.
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IS HUMAN HANDEDNESS RELATED TO DIFFERENCES IN THE
ABILITY TO MOVE THE DIGITS INDEPENDENTLY? K. T. Reilly,
G. R. Hammond, and J. R. Ison1*. Dept. of Psychology, University of
Western Australia, Perth, WA, 6907, and iDept. of Brain & Cognitive
Sciences, University of Rochester, Rochester, NY 14627.
Several species of primates can move individual digits with relatively little
movement of other digits. The substrate for independent movement of
the digits appears to lie in the neural apparatus controlling the hand. It is
possible that differences in fractionation (the ability to produce
independent movements of the digits) may underlie human handedness.
Twenty right-handed males made a sustained isometric flexion of the
distal phalanx of a single digit (the instructed digit). The target force
was 40, 60, or 80% of their MVC and was maintained for six seconds.
The force applied by the instructed digit and the four other (noninstructed) digits was recorded. All participants produced forces in the
non-instructed digits during force application by the instructed digit,
demonstrating that none of the digits is completely independent. The
average of the forces in the four non-instructed digits varied as a
function of the instructed digit. The least force in non-instructed digits
was associated with flexion of the thumb and index finger, and
increasingly greater forces were associated with flexion of the middle,
ring, and little fingers. There was no difference between the force in
non-instructed digits on the preferred and non-preferred hands when the
thumb and index fingers were instructed to flex. Digits on the preferred
hand produced more force when the middle, ring, and little fingers were
instructed digits. Taking the amount of force in non-instructed digits as
a measure of the independence of the digits, there is no evidence from
the task used here to suggest a greater independence of digits on the
preferred hand, thereby questioning the suggestion that dexterity
differences between the hands result from differences in fractionation.
(Supported by an Australian Postgraduate Award).
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INSERM, Ted. Neurologie, 3Sce. Neuroradiologie, Hopital Purpan, Toulouse, France.
Fluoxetine inhibits the re-uptake of serotonin and dextroamphetamine enhances
presynaptic release of mono-amines. Both would facilitate motor recovery in poststroke patients undergoing rehabilitation (Dam M. et al. Stroke, 1996;27:1211-1214.
Walker-Batson D. etal. Stroke 1995;26:2254-59). Effects on cerebral motor activity of
a single dose (20 mg) of fluoxetine (Prozac®), a serotonin re-uptake inhibitor, and a
single dose (20 mg/50kg), of fenozolone (Ordinator®), an amphetamine-like drug, were
assessed by fMRI in healthy subjects. Drugs effects were corrected from habituation
effects.
Method: 1.5T MRI scanner was used for Blood oxygen level dependent (BOLD)
imaging. 12 contiguous, 5-mm-thick, axial images from the AC-PC plane through the
vertex and 4 contiguous images of the cerebellum were acquired every 3 seconds using a
T2*-weighted single-shot EPI sequence (TE-60 msec, 90° flip angle, 64x64 matrix, inplane resolution 3.125 mm). One run consisted of eight 30-second epochs alternating
between rest and activation. Subjects were instructed to perform, with the right hand,
the auditory 1 Hz-pacedtask that alternated two fist closing with the sequential touch of
the thumb with each of the four digits. 3 runs were acquired. Two examinations were
performed, one before and one after drug. The data were analyzed using Statistical
Parametric Mapping (Friston et al., Human Brain Mapping 1995;2:189-210).
Results/ Comments: Both drugs elicited comparable effects i.e. a more focused
activation in contralateral sensorimotor area, a greater involvement of posterior
supplementary motor area and a widespread decrease of activation in bilateral cerebellum
(p<103). We demonstrated for the first time that cerebral motor activity can be
modulated by a single dose of fluoxetine or fenozolone in healthy subjects. This
suggests an involvement of mono-amines in the facilitation of cerebral motor activity.

INTRACEREBRAL AREAS INVOLVED IN BIMANUAL COORDINATION.

E-Kraft K.K. Kwong. R.Savoy*, B.G.Jenkins. NMR-Center, Dept. of Radiology,
Massachusetts General Hospital, Charlestown, MA 02129.
The components of the distributed intracerebral network subserving bimanual
coordination remain to be identified. Impairment of bimanual coordination in
humans has been observed in numerous pathologic conditions of cortical
(supplementary motor area, parietal cortex) or subcortical (basal ganglia, cerebellum)
areas. We used functional MRI to study the areas involved in bimanual coordination.
Nine healthy right handed (determined by the Oldfield inventory) subjects (mean
age: 27 years) were studied performing bimanual sequential finger movements on a
standard keyboard. Each subject performed two self paced, sequencing of four
fingers with two different demands on bimanual coordination (mirror vs parallel).
Statistical nonparametric maps (p< 0.001) were derived for group average and single
subject activation by comparing both tasks to each other and to a resting condition
without movement. Both tasks, when compared to the resting condition, resulted in
significant bilateral activation of several cortical (sensorimotor, premotor, posteriorparietal cortex) and subcortical (putamen, cerebellum) areas. The parallel task
showed greater activation in all areas except the sensorimotor cortex. When both task
were compared to each other in the group averaged data a unilateral activation site in
the posterior parietal cortex (Talairach coordinates: RL 37, AP -30, SI 34,
cytoarchitectonic Brodmann Area 40) was observed. In addition to premotor areas
identified in prior neuroimaging studies our results suggest a role of the basal
ganglia, cerebellum as well as parietal areas in bimanual coordination. Further
studies are planned to see whether externally paced task designs would have
different effects than self paced designs on which brain areas are recruited during
bimanual coordination. Supported by DFG grant (KR-1852) to EK
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REGIONAL
SEGREGATION
OF
TASK-TIMING
RELATED
ACTIVATION IN. HUMAN SUPPLEMENTARY MOTOR AREA,
Hopkins Umver.!------------------------------------.,
,
The rostral and caudal zones of the Supplementary Motor Area (SMA) in
humans have distinct functional features, with the rostral zone exhibiting
evidence for activation during the planning stages of a cued movement, and
die caudal region activated more strongly during actual task execution. We
’ '
’ ermine to what degree the
intervals between a cue to

METHODS: Seven right-handed adults performed a complex patterned
finger-thumb apposition task on cue. They received auditory "ready" cues,
and either 3 10 or 15 seconds later, received a "go" cue. In a second task, the
subjects received the "ready" cue, and had to internally estimate 10 seconds
before performing the task. EPI functional MR data were acquired during
these intervals, and analyzed using single-event techniques.
RESULTS: The rostral and caudal aspects of the SMA exhibit distinct and
consistent activation characteristics in ail subjects. With explicit "ready" and
"go" cues, die rostral aspect of the SMA exhibits signal changes
corresponding to the ready cue, while the caudal zone demonstrates signal
change coincident with movement onset. This relationship holds for air the
intervals investigated. Modeling the hemodynamic response as one with a
discrete peak fails to show signal change with the self-timed task in the
rostral SMA. The caudal SMA exhibits signal change peaking at close to the
same time as the earliest activity in primary motor cortex.
CONCLUSIONS: The rostral sMA is activated coincident with the
subject beginning to direct attention to task performance, while the more
caudal SMA exhibits peak activity nearly coincident with actual task
performance, independent of the “ready”- “go” cue interval over the range
investigated. The lack of detected activation with the self-timed task
suggests that the pattern of neuronal firing in rostral SMA in this
circumstance does not evoke a hemodynamic response having a temporally
well defined peak. This is consistent to some degree with the gradually
increasing neural firing rates of so-called "set cells' observed in SMA of
non-human primates. Ongoing work in our group is focusing on predicting
the blood flow response elicited by the sustained neuronal firing we would
predict in die rostral SMA in the internally timed task.

DEGENERATIVE DISEASE: OTHER VII
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THE ROLE OF MICROGLIAL ACTIVATION IN RETROVIRAL INDUCED
NEURODEGENERATION IN RATS. S.G. Wilt*1'2. N.V, Dugger1, and P.M.
Hoffinan1,2. ’Research Service Baltimore VA Medical Center and 2Dept. cf
Neurology, Univ. of Maryland Sch. of Med., Baltimore, MD 21201
PVC-211 murine leukemia virus [PVC-MuLV] infection of neonatal rats causes a
progressive neurodegenerative disease characterized by tremor, ataxia, spasticity and
hindlimb weakness (Hoffinan et.al. Lab Invest. 67:314 1992). Viral replication in
brain capillary endothelial cells [BCEC] is followed by astrogliosis, neuropil
spongiform vacuolation and neuronal degeneration in the brainstem, cerebellum and
spinal cord. Vitamin E treatment significantly delays disease onset and
neuropathology, supporting a mechanistic role for oxidative damage. Microglia are
a potential source for NO and reactive oxygen species [ROS], so we investigated
whether microglial activation occurred in PVC-MuLV induced neurodegeneration.
Antibodies to ED-1, a marker for reactive microglia, demonstrated a transient
microglial activation throughout the brain, begininng around 7 dpi and
culminating in nodule formation by 14 dpi, and concomitant with
immunoreactivity for 3-nitrotyrosine. Reactive astrocytes interspersed within the
nodules appeared in response to the microglia. The ED-1 reactive microglia were
not infected since they rarely reacted with antibody to viral glycoprotein gp70.
An intriguing aspect of the microglia nodule formation is the apparent regional
difference in their ultimate fate. Only microglia nodules in the brainstem and
cerebellum had TUNEL-positive nuclei indicating apoptosis. By 21 dpi,
microglial nodules in the brainstem and cerebellum had degenerated leaving EDI
reactive cell debris in areas of spongiform vacuolation. Vitamin E pretreatment did
not prevent microglial nodule formation, suggesting that it intervened downstream
of microglial activation, degeneration and presumptive ROS release by stabilizing
cellular membranes under oxidative stress. Since only microglia nodules in the
brainstem and cerebellum, where spongiform vacuolating lesions develop, appear to
degenerate and die apoptosis we speculate that microglial derived factors such as
ROS, cytokines, and proteases may contribute to PVC-MuLV neurodegeneration.
This work is supported by a Merit Review Entry Program from the Research
Service of the Department of Veterans Affairs

PROGRESSIVE DEATH OF MOTOR NEURONS IN
MICE WITH ALS-LIKE PERIPHERIN INCLUSIONS.
M. Beaulieu, H. Jacomy, H. H. Friedman* and J. J. Julien.
Centre for Research in Neurosciences, McGill University,
The Montreal General Hospital Research Institute,
Montreal, Quebec, H3G 1A4, Canada.
Degenerating motor neurons in sporadic amyotrophic lateral
sclerosis (ALS) are associated with marked declines in levels
of mRNA for the neurofilament light (NF-L) protein and with
abundant inclusions composed of neurofilaments and
peripherin, an intermediate filament (IF) protein normally
expressed at low levels in these cells. We report here the
detection of similar peripherin inclusions in mice expressing a
mutant superoxide dismutase linked to familial ALS as well as
in transgenic mice that overexpress peripherin in a context of
NF-L deficiency. Mice overexpressing peripherin transgenes
in wild-type NF-L background did not develop pathology within
their first year of life. However, in an NF-L null background,
the extra peripherin led to the formation of toxic IF inclusions
causing the progressive and selective death of spinal motor
neurons starting around the age of six months. These results
show for the first time that IF inclusions can develop in a context of NF-L deficiency and that a perturbation in levels of wildtype IF proteins can cause motor neuron death. We propose
that peripherin, whose expression is upregulated by injury and
inflammatory cytokines, may play a contributory role in ALS
pathogenesis.

525.3

525.4

MOTOR NEURON DISEASE IN TRANSGENIC MICE AND A PATIENT
CARRYING THE G127insTGGG CuZn-SUPEROXIDE DISMUTASE MUTATION.
SL Marklund,1* P Nilsson,1 A Jonsson,1 T Brannstrom,2 K Emhill,2 PM Andersen,3 L
Forsgren L,3 and O Gredal4. Department of Medical Biosciences, ’Clinical Chemistry
and ^Pathology, ’Department of Pharmacology and Clinical Neurosciences, Umea
University, SE-901 85, Umea Sweden. 4Institut for Biologisk Psykiatri, Set Hans
Mental Hospital, Denmark.
The mutation results in a 21 aa long C-terminal truncation. Mice heterozygous for a
30 copies insertion of the human G127X mutant CuZn-SOD gene develop progressive
paralysis and are moribund after 212 days and homozygous mice after 126 days. The
CuZn-SOD activity of CNS of the transgenic mice was identical to that of control mice
and was 50% of that of controls in CNS of the heterozygous patient. There was thus no
evidence for a dominant negative effect of the mutant enzyme as suggested from
previous findings of about 40% of controls SOD activity in erythrocytes. The absence
of SOD activity is caused by an extreme instability of the mutant enzyme. Using a set
of antipeptide antibodies covering the CuZn-SOD molecule in Western blots we are
unable to demonstrate the mutant enzyme in CNS from the transgenic mice and the
patient. The detection limit is below 1% of the wild type CuZn-SOD subunit. Likewise
an ELISA failed to detect the enzyme in the mutant mice at a detection limit below
17oo. Still histochemistry showed very discrete occasional immunoreactive
precipitates in motor neuron somas of the transgenic mice. Since there was no reaction
with an antibody reacting with the C-terminal end, the precipitates should contain the
mutant human enzyme. The extremely low abundance of the mutant enzyme should
exclude catalysis of OH-radical formation, protein nitration and major sequestering of
vital components in motor neurons as explanations for the motor neuron degeneration
caused by mutant CuZn-SOD s. The findings points to events related to mutant CuZnSOD synthesis and degradation, and possibly to microprecipitates as causing the
degeneration. Supported by the Swedish MRC, grant 12566.

REDUCED ZINC BINDING OF MUTATED COPPER/ZINC SUPEROXIDE
DISMUTASES IN AMYOTROPHIC LATERAL SCLEROSIS (ALS).
J. Link,1 M. Selzle,1 J. Kirsch.^A.C. Ludolph, 1, H. Volkel,1. (1Dept. of
Neurology, 2Dept. of Anatomy and Cellular Neurobiology, University of
Ulm, Albert-Einstein Allee 11, D-89081 Ulm, Germany)
The mechanism by which mutated copper/zinc superoxide dismutase
(CuZnSOD) induces motor neuron degeneration in familial ALS is
barely understood. We recently reported that mutations in recombinant
CuZnSOD are associated with reduced reactivation rates when
reconstituted with copper and zinc in vitro. Furthermore, we observed
that mutated CuZnSOD proteins tended to aggregate when expressed
in cell culture. To further elucidate the molecular mechanism
underlying the altered metallation we performed the reconstitution
under different conditions. Recombinant human wild type or mutated
proteins were incubated with Cu2+, with Zn2+ or with a combination of
Cu2+ / Zn2+. Reactivated CuZnSODs were analyzed by activity staining
of native electrophorograms and compared with the non-reconstituted
affinity chromatography eluate. The human recombinant wild-type
enzym was the only variant which showed high activity prior the
reconstitution procedure. Mutated proteins were only active after metal
addition. Interestingly the mutant enzymes exhibited a higher
reactivation when reconstituted only with zinc ions than with a
combination of Cu2+ / Zn2+. Copper reconstitution alone revealed only a
poor reactivation. In neither case reactivation of mutated proteins leads
to specific activities comparable to the wild-type enzyme. We
conclude that reduced zinc binding is a common feature of the
examined ALS associated mutations. The reduced zinc binding may
be in part responsible for the induction of protein aggregates during in
vivo protein folding and may contribute to CuZnSOD dysfunction in
FALS.
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EXPRESSION OF CALCINEURIN-A-ALPHA IS REDUCED IN THE
SPINAL CORD OF MICE TRANSGENIC FOR MUTATED COPPER/ZINC
SUPEROXIDE DISMUTASE. H Volkel.* A.C. Ludolph, U. Knirsch, I.
Sehrsam (Dept. of Neurology, University of Ulm, Albert-Einstein Allee
11, D-89081 Ulm, Germany)
Mice overexpressing a mutated human CuZnSOD (G93A-CuZnSOD)
develop motor neuron degeneration similar to human amyotrophic
lateral sclerosis (ALS). Recently calcineurin, a calcium/calmodulin
regulated phosphoprotein phosphatase, has been implicated in the
etiology of ALS. We examined the expression levels of three
calcineurin-A (CNA) isoforms and their respective splice-variants in the
spinal cord of transgenic and control mice, respectively. Furthermore,
we investigated CNA immunreactivity in spinal cord dissections. In the
ventrolateral and dorsolateral portions of the ventral horns, populations
of bigger motor neurons were stained for CNA. Comparison of
transgenic mice and nontransgenic littermates revealed that the CNA
immunreactivity is reduced with disease progression and parallels
motor neuron degeneration. Analysis of CNA transcripts in spinal cord
showed high expression levels of CNA-alpha and CNA-beta. Two splice
variants of CNA-alpha were identified and expressed in comparable
amounts. High expression levels of the short splice variant were
characteristic for spinal cord and could not be detected in cortex,
hippocampus, amygdala and cerebellar granule cells. During disease
progression both transcripts were drastically reduced in the spinal cord
of transgenic mice. The expression levels of CNA-beta were not
influenced. We conclude that CNA-alpha expression but not CNA-Abeta is a marker for motor neuron degeneration. Our findings also
suggest that CNA-alpha may play a role in the neurodegenerative
process of amyotrophic lateral sclerosis.

CASPASE ACTIVATION IN THE SPINAL CORD OF TRANSGENIC MUTANT
SOD1 MICE. Slobodanka Vukosavic. Leonidas Stefanis and Serge Przedborski*.
Dept of Neurology, and Pathology, Columbia University, New York, NY 10032.
Familiar amyotrophic lateral sclerosis (FALS) produced by mutant SOD1
(mSODl) is a neurodegenerative disease that leads to a dramatic loss of lower motor
neurons. In transgenic mSODl mice, the demise of motor neurons is possibly caused
by apoptosis or some other types of programmed cell death (PCD). Caspase is a
family of cysteine proteases that is instrumental in PCD. In this study, we analyzed
the status of selected caspase family members in the spinal cord of transgenic mSODl
mice, to further delineate the role of PCD in motor neuron degeneration in FALS. The
expression and enzymatic activity of caspase-3 and expression of caspase-1 and -2
were assessed in asymptomatic, early symptomatic and end-stage transgenic mSODl
mice expressing mutant G93 A Activated forms of caspase-1, -2 and -3 were detected
by immunoblotting in end-stage mice. By immunostaining, we showed colocalization of activated caspase-3 fragments in spinal cord cells with an apoptotic
morphology. The appearance of activated form of caspase-3 was associated with
increased enzymatic activity demonstrated by a fluorometric assay. Collectively our
data indicate that caspase activation occurs during the neurodegenerative process in
die spinal cord of these transgenic mice. In light of file pivotal role of caspace in PCD,
our data strengthen the role of PCD in motor neuron degeneration in this mouse
model of FALS.
Supported by NINDS, MDA ALSA Project-ALS, Lowenstein Foundation,
and Smart Foundation.

525.7
MUTANT ATAXIN-3 AND CASPASE-9 COOPERATIVELY ENHANCE CELL
DEATH. W.J. Herring *, G.A. Ovler, J.M. Hardwick, Y.A. Laz.cbnik. V.L. Dawson,
T.M. Dawson.. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724,
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21287.
More than eight inherited neurodegenerative diseases result from CAG repeat
expansion within unique genes. Machado-Joseph disease (MJD) is the clinical
consequence of CAG expansions within the mjdl locus on human chromosome 14q.
No function has yet been ascribed to the wild-type mjdl gene product, ataxin-3, nor
does the distribution of ataxin-3 explain the selective neuronal vulnerability in MJD.
The pathogenesis of MJD and other polyglutamine diseases may in part be due to the
proteolytic release of toxic truncated fragments. Because of their direct link to cell
death, caspases have now come under intensive scrutiny as candidate participants in
interactions that promote toxicity in this class of disorders.
In this study, experiments were performed to compare the ability of ataxin-3
constructs bearing either 26 or 79 glutamine repeats to modulate cell death induced by
procaspase-9. In cell culture, full-length ataxin-3 harboring 26 glutamines produced a
cell death profile similar to that of Apaf-1 when co-transfected with wild-type
procaspase-9, whereas full-length ataxin-3 with a glutamine expansion of 79
accelerated cell death. Cell death induced by Apaf-1, ataxin-3 Q26, or ataxin-3 Q79
were all inhibited by a dominant negative mutant procaspase-9. Truncation constructs
of ataxin-3 containing either the N-terminus or the C-terminus with 26 or 79 repeats
fused to GFP also accentuated death induced by wild-type caspase-9, and these effects
were not inhibited by dominant negative caspase-9. Taken together, these results
indicate that cell death induced by expanded repeats in full-length ataxin-3 operates
through a pathway involving caspase-9, whereas truncation products induce toxicity
through a caspase-9 independent pathway. These data suggest that pharmacologic
caspase-9 inhibition or gene therapy using dominant negative mutants of caspase-9
may be of therapeutic benefit for MJD.
Supported by NIH and AFAR.

525.8
NEURONAL APOPTOSIS INDUCED BY HIV-gpl20 AND
THE a-CHEMOKINES
SDF-la and {3
INVOLVES
SIGNALING BY p38 MAP KINASE. Marcus Kaul* and Stuart A.
Lipton. CNS Research Institute, Brigham & Women's Hospital, and
Program in Neuroscience, Harvard Medical School, Boston, MA 02115.
AIDS dementia occurs in up to half of children and a quarter of adults
with HIV-1 infection. Transgenic mice expressing the HIV-1 envelope
glycoprotein gpl20 manifest neuropathological features that resemble
those found in AIDS brains (Toggas et al., Nature 367:188, 1994),
suggesting an important role for this viral protein in HIV-associated
neurodegeneration. Recombinant gpl20 (1-200 pM) also induces
neuronal apoptosis in mixed neuronal/glial cerebrocortical cultures from
rat. Different strains of HIV-1 interact via gpl20 with the chemokine
receptors CXCR4 or CCR5 on lymphocytes and macrophages/microglia,
respectively, but these chemokine receptors are also present on neurons
and astrocytes. Here we show that physiological ligands of CXCR4
(SDF-la and p, 20 nM) induce neuronal apoptosis themselves. We also
found that the neurotoxic effect of gpl20, but not of SDF-1, was
prevented by the tripeptide Thr-Lys-Pro (50 pM), which inhibits
macrophage/miroglial activation. These findings suggest that gpl20induced neuronal apoptosis depends predominantly on interaction with
chemokine receptors on macrophages/microglia, whereas SDF-1 may act
directly on neurons or astrocytes. However, the neurotoxicity of both
gpl20 and SDF-1 was ameliorated by the p38 MAP kinase inhibitor
SB203580 (10 pM). Thus, although gpl20- and SDF-l-induced
neuronal apoptosis may differ in the cell initiating the damage, their
toxicity may share a common pathway that involves p38 MAP kinase.
Supported by the DFG(toMK), R01 EY09024andP011ID29587(to S.A.L.).

525.9

525.10

IDENTIFICATION OF A NOVEL EXCITOTOXIN FROM CYCAD SEED:
IMPLICATIONS FOR NEURONAL DISORDERS. C.A. Shaw1*. J.S. Bains1. D.E,
Williams2, R.J. Andersen2. B.A. Pasqualotto3. J. Cheung1. M. Tiandrawidiaia1, M.
Wilkinson4, R, Janaky5. and U-K. Craig6. Depts. of’Ophthalmology, 2Chemistry and
Earth and Ocean Sciences, and 3Physiology, Univ. British Columbia, Vancouver,
B.C.; Dept. 4Ob/Gyn, Dalhousie Univ., Halifax, N.S.^ampere Brain Research
Center, Tampere Univ. Medical School, Tampere, Finland; and Lytico and Bodig
Research Project6, Univ. of Guam.
One causal factor in various neurological disorders may be exposure to particular
neurotoxins, specifically those which may over excite neurons leading to excitotoxic
cell death. We have examined this hypothesis in regard to the potential toxicity of
flour made from cycad seed in relation to a neurological disorder endemic to Guam,
ALS-parkinson’s dementia complex (ALS-PDC). Flour from cycad (Cycas
circinalis) was prepared by traditional methods and a methanol extract prepared.
‘Crude’, aqueous, or ethyl acetate (organic) sub- fractions were isolated. Fractions
were assayed for functional activity by electrophysiological recording in an in vitro
rat cortical slice preparation, by receptor binding in crude synaptic membrane
homogenates, and by calcium influx in cerebellar granule cells in culture. Toxicity
was assessed by LDH release and apoptosis (TUNEL) in rat cortex slices or heat
shock protein (HSP-25) expression in young rat hypothalamus. Based on results of
tlie assays, active fractions were further separated by column chromatography and
HPLC until a single compound could be isolated and examined by NMR. The
results reveal that washed cycad flour contains various excitotoxic fractions, some
of which appear to act as agonists at the NMDA receptor. TLC and NMR show that
these compounds are not those traditionally associated with cycad toxicity, i.e.,
BMAA or cycasin/MAM. Instead the most active of these appears to be an unusual
steroid with a MW of approx. 600. The present data suggest the possibility that this
compound may be a factor leading to neural degeneration in ALS-PDC, a hypothesis
that will be tested in an in vivo animal model. These studies were supported by an
ALS Association grant to CAS.

ALTERED CONFORMATION OF THE POLYGLUTAMINE DISEASE
PROTEIN, ATAXIN-3, IN ASSOCIATION WITH THE NUCLEAR
MATRIX. M.K. Perez! , H.L. Paulson2 and R.N. Pittman1. Department of
Pharmacology, University of Pennsylvania, Philadelphia, PA1; Department
of Neurology, University of Iowa, Iowa City, Iowa2.
Spinocerebellar ataxia type-3 (SCA3) is a member of the CAGpolyglutamine repeat disease family. Ataxin-3, the disease protein
involved in SCA3, is a protein of unknown function which normally
contains 12-40 glutamines near the carboxy terminus and in the disease
this polyglutamine domain becomes expanded to 55-84 glutamines
leading to late onset neurodegeneration. Although both normal and
mutant ataxin-3 are ubiquitously expressed, only a subset of neurons are
affected in this disorder. Ataxin-3 is expressed diffusely throughout the
cell, yet both in vivo and in vitro models implicate the nucleus as the
primary site of pathogenesis in disease. In this study we use an in vitro
cell culture system to demonstrate that ataxin-3, when localized to the
nucleus, adopts a unique conformation allowing it to bind a monoclonal
antibody (1C2) which preferentially recognizes expanded polyglutamine
epitopes. We find that :C2 also binds a truncated form of ataxin-3
containing 27 glutamines, suggesting that ataxin-3 is either cleaved within
the nucleus or has adopted an altered conformation such that the
polyglutamine epitope is exposed. This nuclear pool of ataxin-3 most
probably .cpresents a corn ormational change, since we were unable to
identify a proteolytic fragment of the transfected protein. We further
show that ataxin-3 associated with the nuclear matrix adopts this novel
conformation as measured by 1C2 immunoreactivity. Whether association
with the nuclear matrix itself alters the conformation of ataxin-3 remains
to be determined. These results suggest that an early event in the disease
process for SC A3 may involve an altered conformation of ataxin-3 within
the nucleus of neurons.
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Genetic and clinical comparison between the Parkinsonism dementia complex
of Guam and Western neurodegenerative diseases
HR Morris1'4, R Crook4, AJ Lees1, NW Wood1, P McGeer2, K Gwinn-Hardy4, T
Siddique5, J Hardy4, JC Steele3 and J Perez-Tur4’*
’institute of Neurology, London UK, 2Kinsmen Laboratory of Neurological
Research, British Colombia, Canada, 3Guam Memorial Hospital, Agana, Guam,
4Neurogenetics Laboratory, Mayo Clinic Jacksonville, Florida, Northwestern
University, Chicago, Illinois.
The parkinsonism dementia complex of Guam (PDC) is a tau deposition
neurodegeneration which is highly prevalent on the Western Pacific island of
Guam. PDC has been seen as a paradigm which might explain the causes of
Western neurodegeneration, but while the investigation of PDC has been
unrewarding, genes and loci have been described in autosomal dominant
Alzheimer's disease (AD), Parkinson's disease (PD), amyotrophic lateral
sclerosis (ALS) and frontotemporal dementia We have studied 22 individuals
clinically affected with PDC and a family history of the disease , and 21 elderly
controls. Two individuals have subsequently been shown to have PDC at
autopsy, a further 5 have had autopsy confirmation in relatives. Our sample
includes patients with predominant dementia, predominant parkinsonism and
progressive supranuclear palsy like features. In addition, some patients have
lower motor neuron signs suggesting a possible overlap with ALS. Using a
linkage disequilibrium approach, we are carrying out a genome wide association
study with microsatellite markers. We have previously excluded the tau locus.
We have now excluded by association, genomic loci for dominant AD and PD
showing that these major genes are unlikely to have a role in PDC.
Supported by the Mayo Foundation and the Dorothy and Jerome Blonder PSP
Research Fund. HRM is supported by the PSP (Europe) Association and is an
MRC Clinical Training Fellow.

Atypical fragments of the mutant Prion protein in GSS Q217R,
Y145stop and P102L are degraded by the proteasomal pathway and
accumulate in distinct intracellular compartments. T. Jin, G. Zanusso,
Y. Jing, R.B. Petersen, P. Gambetti, and N. Singh*. Department of Pathology,
CaSe Western Reserve University, Cleveland, Ohio 44106.

The principal pathogenetic agent in all prion disorders is a conformationally
transformed normal, cellular prion protein (PrPc) that is aggregated, proteinaseK resistant (PrPSc), and may form amyloid. In the familial forms, point
mutations in the prion protein gene cause a spontaneous change in conformation
of the mutant protein, rendering it pathogenic. Accumulation of PrPSc in the
brain parenchyma is believed to be the main cause of brain pathology, which is
characterized by spongiform degeneration, astrocytic gliosis, and in some cases,
deposition of amyloid and the presence of neurofibrillary tangles. However, the
alterations of PrP metabolism that lead to the formation of PrPSc and cell death
in familial prion diseases are not known. Our data on the processing and
trafficking of mutant PrP in transfected neuroblastoma cells shows that in
certain models of Gerstmann-Straussler-Scheinker syndrome (GSS), an inherited
human prion disorder, atypical processing of the mutant prion protein produces
abnormal PrP fragments that may be neurotoxic. These fragments are produced
by unconventional pathways of protein processing. For example, truncated PrP
synthesized in GSS Y145stop, and a subset of fragments produced in P102L are
mistargeted to the nucleus, whereas in Q217R cells, an abnormal fragment
shows prolonged binding to the chaperone BiP and accumulates in the
endoplasmic reticulum (ER). All of these potentially neurotoxic fragments are
degraded by the proteasomal pathway. Possible mechanisms of generation of
these fragments, and the cellular conditions that may render them neurotoxic
will be presented.
This research was supported by NIH grants to P. Gambetti and N. Singh.

CEREBRAL CORTEX AND LIMBIC SYSTEM
526.1

526.2

DISTURBED FASCICULATION, BUT ORDERED CORTICAL TERMINATION
OF THALAMOCORTICAL PROJECTIONS IN L1 KNOCK-OUT MICE
Z. Molnar1*. NK Mather2. A. Katsnelson3. C. Voelker3. G. Bronchti1. E Welker1
and JSH Taylor2 ’IBCM, University of Lausanne, Rue du Bugnon 9, 1005
Lausanne, Switzerland, 2 Department of Human Anatomy and Genetics, and
3University Laboratory of Physiology, University of Oxford, Oxford, U.K.
We are interested in the mechanisms involved in the thalamocortical axon
guidance and the establishment of cortical representation. The developing
thalamocortical projections and the pioneering population of subplate axons
are known to be immunoreactive for the adhesion molecule L1 (Fukuda et al.,
1997; Godfraind et al., 1988; Chung et al., 1991). Here we examined the
thalamocortical projections, cortical cytoarchitecture and functional
representation in the L1 K.O. mouse (Cohen et al., 1997). To trace developing
thalamocortical projections, crystals of carbocyanine dyes were placed into the
dorsal thalamus of fixed brains of embryonic and early postnatal L1-K.O. mice.
In the mutant the majority of thalamocortical axons travel through the striatum
by forming fascicles of unusually large size, nevertheless projections reach
and enter the cortex. Interestingly, some axons defasciculate and form
aberrant projections at the striato-cortical junction, something which is never
seen in normals. In spite of this pathfinding abnormality, clearly defined barrel
fields form in SI as shown with [14C]-deoxyglucose mapping in combination
with Nissl and cytochrome oxydase staining. In L1-K.O. mice DGautoradiography revealed a columnar activation pattern with a highest DGuptake in the intermediate layers. Our study demonstrates that periphery
related functional representation is established, and periphery related
cytoarchitecture is formed, in the absence of the normal fasciculation pattern
in the L1 K.O. mice. This work is supported by grants from the Wellcome Trust
and SWISS NSF3100-51036.97 and 3100-56032.98.

ENDOGENOUS ACTIVATION OF METABOTROPIC
GLUTAMATE
RECEPTORS
IN
NEOCORTICAL
DEVELOPMENT
CAUSES
NEURONAL CALCIUM
OSCILLATIONS, A. C. Flint*, R. S. Dammerman, and A. R.
Kriegstein, Department of Neurology & the Center for
Neurobioiogy and Behavior, Columbia University College of P&S,
New York NY 10032
Oscillations in intracellular calcium ([Ca2+]i) occur
spontaneously in immature neurons of the developing cerebral
cortex. We found that developing cortical neurons exhibit [Ca2+]j
oscillations in response to direct activation of the mGluR5
subtype of the group I metabotropic glutamate receptor (mGluR).
In contrast, other manipulations that elicit calcium release from
intracellular stores produce simple, non-oscillatory [Ca2+],
changes, suggesting a specific role for mGluR activation in the
promotion of oscillatory [Ca2+]j dynamics in this population of
neurons. Furthermore, we find that spontaneous oscillatory
[Ca2+]j changes are blocked by antagonists of group I mGluRs,
demonstrating a specific role for mGluR activation in the
promotion of oscillatory [Ca2+], dynamics in immature cortical
neurons. The oscillatory pattern of [Ca2*], increase produced by
mGluR activation may be important to gene expression and the
control of developmental events.
Supported by NIH NS21223 & N235710.

526.3
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BRAIN MATRIX METALLOPROTEINASE-2 AND -9 ARE DIFFERENTIALY
REGULATED DURING POSTNATAL DEVELOPMENT AND AFTER SEIZURES
A- £zkl.ar<?ayk*, L Lapinska and, u Kaczwrek

DEVELOPMENTAL PROFILING OF HIPPOCAMPAL GENE
EXPRESSION USING THE GENECHIP™ TECHNOLOGY.

Nencki Institute, Pasteura 3 St., PL-02-093 Warsaw, POLAND
Matrix metalloproteinases are important regulators and efectors in development and
maintenance of peripheral tissues. However, their physiological role in the brain remains unknown. We analyzed expression and activity patterns of MMP-2 and MMP-9
in the rat brain during postnatal development as well as after chemically induced
seizures. Expression of MMPs was followed at the level of mRNA (by in situ hybridization), protein (immunochemistry) as well as enzymatic activity (zymography). In
unstimulated adult rat brain active and latent MMP-9 forms and single MMP-2 (presumably latent) form were detected by means of zymography. MMPs proteins were
localized to cell bodies of granule and pyramidal neurons as well to astrocyte like cells.
In situ hybridization showed mmp-9 mRNA in pyramidal and granule cells layers
within hippocampus suggesting predominant neuronal localization of the message.
Glutamate receptor agonist, kainate (i.p.) induced expression of mmp-9 as early as 1
hour after seizures onset. The increase in MMP-9 protein level was followed by the
enzyme activation at the later time point (24 hours after stimulation). MMP-2 activation started from 3rd day after kainate, i.e., at the time of massive tissue remodeling. In
developing neocortex MMP-2 was the most active during early postnatal period (up to
9 day). On the contrary, MMP-9 activity was elevated at 2 weeks after birth, i.e., at the
time of active cortical synaptogenesis. In an aim to investigate stimuli that can trigger
MMP-9 activation we followed its expression during functional maturation of rat visual
cortex (i.e. critical period). MMP-9 activity increased after the onset of visual
stimulation (eye opening) selectively in the visual but not in frontal cortex. In conclusion, our results suggest that MMP-2 and MMP-9 can be involved in different brain
functions, MMP-2 might participate in nervous tissue remodeling whereas MMP-9
might be somehow linked to synaptic activity. Supported by KBN and inserm grants.
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Y. Cao,1* M. Mody,2 E. Shimizu,2 D. J. Lockhart1 and J. Z. Tsien2.
’Affymetrix Inc., 3380 Central Expressway, Santa Clara, CA 95051;
department of Molecular Biology, Princeton University, Princeton, NJ
08544.
To study molecular events underlying development of the
hippocampus, we have employed high-density oligonucleotide arrays and
monitored changes in mRNA expression levels of approximately 30,000
genes in the mouse hippocampus at various developmental stages. Over
1,100 genes appear to undergo dynamic changes during the period from
embryonic day 16 to postnatal day 16. Of them, about 500 genes showed
higher expression levels in the juvenile hippocampus, whereas more than
600 genes exhibited higher expression levels in the embryonic
hippocampus. These genomic changes should proceed and lead to
phenotypical changes of developing hippocampal cells. Indeed, we have
observed that a set of genes up-regulated in P16 is known to be related to
synapse formation and synaptic activities, whereas cell cycle-related
genes are highly active in E16 hippocampus. Since the majority of these
differentially expressed genes contain only expressed sequence tags
(ESTs), further analysis and characterization will be required for the
precise functional classification. This comprehensive profiling using the
GeneChip™ technology offers a powerful approach to study the
molecular mechanisms underlying hippocampal development.

Supported by Affymetrix Inc., Beckman Foundation, and NIH.
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Dynamic patterns of myelination in postnatal developing human cerebral cortex
from birth to 72 months, lunko Hara.1* William R. Shankle? James H. Fallon3
and Benjamin H. Landing4. ‘Dept. of Information and Computer Science, UC
Irvine, 2Dept. of Cognitive Science, UC Irvine, 3Dept. of Anatomy and
Neurobiology, UC Irvine, 4Dept. of Pathology, Childrens Hospital, Los Angeles.
In order to identify dynamic patterns of myelination in developing human
cerebral cortex, we analyzed the myelinated axon density data of Conel (relative
number of Weigert-stained myelinated fibers, counted in 50 um x 100 um areas in
microscopic sections, for each layer of 46 cortical areas from the right
hemisphere) at 8 age points from birth to 72 months (Shankle et al, 1998, JTB, for
more details).
Results show that 1) layer I has more variability across cortical areas than
other layers; 2) the onset of myelination proceeds in the following layer order for
all cortical areas except OC(17); VI, V, IV, III, II; 3) between 1 and 24 months,
myelinated axon density shows large changes, 4) for all layers, primary motor
cortex begins myelinating before any other area, followed almost simultaneously
by supplementary motor, primary auditory and visual, and posterior cingulate
cortices. Myelination then proceeds from primary sensory and primary motor
cortices in an orderly fashion to their respective association cortices.
The present study supports the hypothesis that myelination develops in an
inside-outside laminar pattern (except for layer I), and that it proceeds from the
primary sensory, primary motor, or posterior cingulate cortex in a sequential
fashion to their functionally related association cortices. This supports the
concept that a simple rule structures the sequence of myelination in each
functional system of the developing human cerebral cortex.
(Supported by Dr Benjamin H. Landing)

THE INFLUENCE OF VERY PRETERM BIRTH ON CORTICOGENESIS IN
DEVELOPING BRAIN B.S. Peterson1. B. Vohr2, C. Cannistraci1, K.C. Schneider1,
K. H. Katz1. W.B. Stewart1 and L.R. Ment’*.Yale University School of Medicine,
New Haven CT 06510;2 Brown University School of Medicine, Prov, RI, 02905.
Preterm birth results in significant cognitive disability. We hypotheiszed that the
normal genetically determined pattern of cerebral corticogenesis would be altered in
very low birth weight (VLBW) preterm infants and performed structural magnetic
resonance imaging (MRI) studies on 18 eight year old VLBW preterm infants and 27
age-matched term control subjects. Morphometric analyses were performed
concurrently on all scans, and all subjects underwent neurodevelopmental
evaluations.
Analysis demonstrated significant increases in both occipital and temporal
ventricular volumes in preterm subjects compared to control children (p < 0.001).
Similarly, we noted significant decreases in premotor, sensorimotor and temporal
cortical volumes in preterm subjects compared to controls (p < 0.002 for all). No
differences were noted in parietal or prefrontal cortices.
Correlation of these volumetric data with WISC-HI IQ scores demonstrated
significant correlations between cortical regions and IQ for preterm subjects (left
parietal cortex and verbal IQ, r = .56, p = 0.015; right sensorimotor cortex and
performance IQ, r = .55, p = 0.02, right temportal cortex and performance IQ r = .59,
p = 0.01). No correlations were noted between ventricular volumes and outcome
measures.
Our studies in an animal model of the effect of chronic sublethal hypoxia on the
developing brain have demonstrated both ventriculomegaly and decreased cortical
volume. These results suggest a mechanism for the vulnerability of the premotor,
sensorimotor and temporal cortices in preterm inlants. (supp. by NS27116)

526.7

526.8

PROGRESSION OF STRUCTURAL CHANGES IN THE HUMAN BRAIN
DURING THE FIRST THREE DECADES OF LIFE: IN VIVO EVIDENCE FOR
POST-ADOLESCENT FRONTAL AND STRIATAL MATURATION. E R.
Sowell \ PM Thompson1, CJ Holmes1*, D Kornsand1, T L Jerniganc and AW
Toga1. +UCLA, Laboratory of Neuroimaging, Los Angeles CA, 90024, EUCSD,
Department of Psychiatry and Department of Veterans Affairs Medical Center, San
Diego CA, 92093.
The purpose of the present study was to spatially and temporally map
structural maturational change between childhood and young adulthood with whole
brain voxel-by-voxel statistical analyses. We predicted that changes in frontal grey
matter and in subcortical structures would be most prominent in the post-adolescent
years. Tl-weighted structural MRI data were analyzed for 15 normal children, 10
normal adolescents, and 10 normal young adults. Using statistical parametric
mapping software (SPM96), linear regression analyses of age effects on grey matter
density were assessed revealing large diffuse regions of grey matter changes across
frontal, parietal and superior temporal cortices and in the striatum. The SPMs of
simple contrasts between children and adolescents and between adolescents and
adults revealed distinct patterns of maturational change. Between childhood and
adolescence, cortical changes are diffusely distributed in dorsal frontal and parietal
regions. In striking contrast, the pattern of maturation between adolescence and
adulthood is localized to large regions of frontal cortex and lenticular nuclei with
little grey matter change in any other location. Permutation tests were conducted to
assess the overall significance of the grey matter differences between the adolescents
and adults. Twenty SPMs were created with subjects randomly assigned to groups.
None of the random SPMs approached the number of significant clusters observed
in the age difference SPM (p < .05). These results, for the first time, provide in vivo
documentation of the post-adolescent temporal progression of maturation into the
frontal lobes and highlight the importance of frontal lobe status to achieving adultlike cognitive maturity.

Two-photon imaging reveals large-scale ultraslow Ca2+
oscillations in the immature cortex O. Garaschuk*. I. Eilers. and
A. Konnerth. Universitat des Saarlandes, 66421 Homburg, Germany.

526.9
REGIONAL BRAIN WHITE MATTER EXPANSION AND GRAY MATTER
REDUCTION OVER THE FIRST THREE DECADES OF DEVELOPMENT.
E.V, Sullivan*. D.H, Mathalon. K.O, Lim, A, Pfefferbaum. Dept. of Psychiatry &
Behavioral Sciences, Stanford University School of Medicine, Stanford, CA 94305,
Nathan Klein Psychiatric Institute, & Neuropsychiatry Program, SRI International.
The human brain is subject to substantial postnatal growth. Previous crosssectional, in vivo studies using quantitative Magnetic Resonance Imaging (MRI)
reported that cortical gray matter (GM) volume expands from birth until about age 5
years and then declines through to old age. By contrast, white matter (WM)
exhibits its greatest growth from about age 10 through late adolescence and remains
relatively stable throughout adulthood. Whether rates of early development vary in
different cortical regions remains unknown. We obtained MRIs in 45 male and 41
female, healthy subjects, age 3 months to 30 years, and measured GM and WM
volumes in six, geometrically-determined lobar regions. Although males had larger
intracranial volumes than females (p<.006), both genders followed similar
developmental patterns and were combined for analysis. For GM, all regions, except
the anterior temporal cortex, showed negative correlations with age (r= -.28 to -.65,
p<.01). Differences between slopes indicated that the prefrontal and parietal-occipital
GM volumes showed stronger negative correlations with age than the remaining
regions. In contrast to GM, WM was positively correlated (r= +.54 to +.69,
p=.0001) with age in all but the parietal-occipital region. The GM:WM ratio was
used to capture the dynamic relationship between volume changes in these two tissue
types. In multiple regression analyses predicting age from regional GM:WM ratios,
the prefrontal measure showed a unique relationship to age (p=.0001) after accounting
for such relationships in the remaining cortical regions. These results suggest that
during early postnatal development, most cortical regions demonstrate substantial
GM volume reduction at the same time that the subjacent WM volume expands. An
exception to this pattern is the anterior temporal cortex, where the age-related growth
in WM offsets the GM volume reduction and may indicate a neural substrate for the
development of language and semantic memory. Supported by NIAAA (AA 10723,
AA05965), NIA (AG 11427), and NIMH (MH58007).
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The adult neocortex exhibits different patterns of large-scale oscillatory
activity at frequencies ranging from 1 to 100 Hz. By contrast, in neonates
oscillatory network activity was detected only in small neuronal
domains. By using two-photon imaging of intracellular Ca2+ levels in the
depth of rat cortical slices we found a new form of cortical oscillations
consisting of correlated Ca2+-bursts along with changes in field potential.
These cortical early network oscillations (cENOs) occurred at unusually
low rates of repetition (1 event/4-20 minutes). Already during the first
postnatal days (at P1-P2), cENOs propagated through the entire cortex,
crossing anatomical borders between cortical subregions. At Pl they had
the same frequency in all cortical subregions, but within a few days
developed their region-specific patterns of activity. However, also
during the later stages a fraction of the cENO-associated Ca2+-bursts
spread throughout the entire slice. The mechanism underlying the cENOs
differed from all other forms of spontaneous oscillatory activity found
previously in the neonatal cortex, as they required activation of TTXsensitive Na2+ channels, and GABA- and glutamate-activated synapses.
Remarkably, in spite of the poor degree of synaptic wiring so early in
development, the oscillatory activity engaged virtually all neurons of
the various cortical layers.
Thus, already at birth the neocortex is capable of supporting wide-range
neuronal interactions. We propose that these global oscillations promote
and coordinate the development of the cortical circuitry prior to the
maturation of most sensory inputs. (Supported by DFG/SFB 1708, BMBF
and HFSP).

TUESDAY PM

FUNCTION OF DEVELOPING SYNAPSES AND MOLECULES GUIDING SYNAPSE FORMATION

1307

527.1

527.2

TARGET SPECIFIC FACTORS REGULATE THE FORMATION OF
GLUTAMATERGIC TRANSMITTER RELEASE SITES.
K. Gottmann*. R. Mohrmann. M. Werner. H. Hatt. Dept. of Cell Physiology,
Ruhr-Universitat Bochum,44780 Bochum, Germany
Complex molecular processes appear to underlie the highly selective formation
of synapses. We addressed, whether the formation of presynaptic glutamatergic
release sites can be regulated by signals from the postsynaptic neuron. A coculture system consisting of presynaptic explants that innervate spatially
separated postsynaptic target neurons was used. Co-cultures containing
postsynaptic target neurons that were obtained from the rat visual cortex on
embryonic day 19 (El9) were compared with co-cultures containing less
differentiated E16 target neurons. Presynaptic explants were taken from the visual
cortex of E19 embryos.
We found that selectively the amplitudes of AMPA and NMDA receptormediated EPSCs were strongly reduced in E16 target neurons compared to El9
target neurons, while no difference was observed in GABAa receptor-mediated
postsynaptic currents. Recordings of miniature AMPA EPSCs revealed a
reduction in quantal amplitude most likely due to a reduced expression of AMPA
receptors in E16 target neurons. However, to fully account for the observed
reduction in the amplitudes of evoked AMPA and NMDA EPSCs a reduction in
the number of glutamatergic release sites had to be assumed, since the mean
release probabilities at glutamatergic synapses did not significantly differ between
E16 and E19 target neurons. A reduced formation of dendritic presynaptic
terminals in E16 target neurons was confirmed by Synapsin I-immunostaining.
Our results are thus consistent with the existence of a recognition process between
the presynaptic neuron and the target neuron that determines whether a
functional glutamatergic release site is formed. This includes retrograde
signalling that mediates the observed influence of the postsynaptic neuron on the
formation of presynaptic glutamatergic release sites.
supported by DFG

SYNAPTIC VESICLE DYNAMICS IN GROWTH CONES OF CORTICAL
NEURONS PRIOR TO AND DURING SYNAPSE FORMATION
A.K. McAllister* and C.F. Stevens HHMI, The Salk Institute, La Jolla, CA 92037
Although much is known about synaptogenesis in the PNS, surprisingly little is
known about synaptogenesis in the CNS. Before target innervation, the ability of
motoneuron axons to release acetylcholine is thought to play a crucial role in synapse
formation. However, it is not known if synaptic vesicles (SVs) in growth cones of
cortical axons release glutamate prior to synapse formation in the developing
mammalian cerebral cortex.
Preliminary experiments indicate that SVs are indeed present in growth cones of
developing cortical axons prior to synapse formation. The location and cycling of SV
were studied in cultures of visual cortical neurons from newborn rats with both
immunocytochemistry using an antibody to synaptophysin and depolarizationdependent staining using FM1-43. SVs were distributed in a punctate manner only in
the axon shaft and growth cones; they were diffusely distributed throughout the
neuronal soma and dendrites. Depolarization-dependent vesicle cycling occurred in
only a subset of the SVs, those exclusively in complex axonal growth cones and at the
tips of axonal filopodia.
The dynamics of these SVs were studied by transfecting cultured cortical neurons
with a pVAMP2-EGFP construct (Dr. R.H. Scheller; Stanford University). Small
clusters of SVs labeled with the VAMP2-EGFP fusion protein were distributed
throughout the axon, growth cone, and filopodia. Time-lapse imaging indicated that
SV clusters in the growth cone and filopodia were highly mobile whereas those at
established synaptic sites were stable. Most significantly, contact of an axonal
filopodium with a postsynaptic dendrite led to stable localization of VAMP-labeled
SVs at the contact site. Thus, cortical growth cones exhibit activity-dependent SV
release and recycling prior to contact with a postsynaptic target; contact causes
redistribution of this machinery to synaptic sites.
This work was supported by HHMI and The Grass Foundation.

527.3

527.4

CHEMICAL AND ELECTRICAL COMMUNICATION DURING EARLY STAGES
OF SYNAPTIC DEVELOPMENT ARE INVERSELY RELATED. T.M. Szabo* and
M.J. Zoran. Dept. of Biology, Texas A&M Univ., Coll. Sta., TX 77843.
Electrical synapses are known to play an important role in determining the specificity
with which neural networks form (Kandler et al., Curr Op Neurobiol 5:98-105, 1995).
Synaptic connectivity of identified Helisoma buccal neurons B19 and VB10 has been
characterized. Previous studies established that B19 and VB10 functioned out-of-phase
in the feeding cycle and possessed no electrical or chemical connections. During
regeneration, B19 and VB10 formed a transient electrical connection, followed by a
unidirectional chemical connection from neuron VB10 onto neuron B19. These results
have been recapitulated in cell culture.
We tested the hypothesis that the presence of the electrical connection suppresses the
functional activity of the chemical connection. Haydon et al. {Science 226:561-564,
1984) have shown that the formation of electrical connectivity between neurons is
growth-dependent. Thus, neuronal somata were placed into growth-permissive (CM) or
-restrictive (DM) conditions. Electrical and chemical connectivity was assessed at 12hour intervals for 2 days following initial soma-soma contact.
In both CM and DM, peak electrical coupling occurred by 24 hrs following onset of
cell-cell contact. Peak coupling at this time point was 36% in CM and 11% in DM.
Prior to 24 hours, a chemical connection between B19 and VB10 was able to form in
both CM and DM. By 24 hours, the chemical synaptic connection was reduced in CM
compared to DM. This reduction was detected in both electrophysiological and FM1-43
dye studies. The amplitude of the PSP was diminished by half in CM vs DM pairs,
and fluorescence intensity in CM pairs loaded with FM1-43 dye was 1/3 the intensity
seen in DM pairs. After 24 hours, as the electrical connection diminished in strength,
the chemical connection proceeded to strengthen in both CM and DM. Thus, the
presence of a strong electrical connection inversely correlated with the presence of a
strong chemical connection.
This work was funded by National Science Foundation Grant IBN-9421372.

TOWARDS DEFINED IN VITRO NETWORKS: GUIDED OUTGROWTH AND
DETERMINATION OF MEMBRANE AND SYNAPTIC PARAMETERS OF
MOLLUSCAN NEURONS IN CELL CULTURE. A. Prinz & P. Fromherz*. MaxPlanck-Institutfur Biochemie, 82152 Martinsried, Germany.
The study of signal processing in small groups of neurons would be easier in
networks of simple geometry, consisting of well-characterized nerve cells and
synapses. Aiming at the construction of such defined neural networks, we developed a
way to guide the outgrowth of neurons from Lymnaea stagnalis in vitro and combined
neurons with linearly grown processes to form pairs coupled by electrical synapses.
The electrical properties of cells as well as synapses were determined.
To achieve guidance, growth-promoting factors adhering to coverslips after
conditioning with snail brains were UV-illuminated through a mask. Neurons planted
on the slips selectively grew on the lanes of undamaged substrate.
The conductance and capacitance of the soma alone were measured with standard
micro-electrode techniques applied to cells without processes. To characterize the
linearly grown neurites, the spread of hyperpolarizing pulses from the soma into the
neurites was monitored at 5 pm spatial resolution using voltage-sensitive dyes and a
photo-diode array. Fitting passive cable simulations to these data (and using the
somatic parameters), we determined the membrane conductance and capacitance and
the axial resistivity of the neuritic cable.
When two neurons made contact, they developed an electrical synapse whose
conductance we derived from the postsynaptic potential changes caused by clamping
the presynaptic cell and using a simplified equivalent circuit to describe this smallest
possible ‘network’.
Our results enable us to construct small neural networks with defined and simple
geometry from well-known components and will thus facilitate the study of signal
processing in small groups of neurons.
Supported by the German Ministry ofResearch (BMBF).

527.5

527.6

TRANSMITTER/RECEPTOR INTERACTIONS REGULATE
SECRETORY CAPABILITIES DURING SYNAPTOGENESIS BETWEEN
IDENTIFIED LYMNAEA NEURONS.
P.J, Lovell*. B.R, McMahon, and NJ. Syed. Respiratory and Neuroscience
Research Groups, faculty of Medicine. University of Calgary, Calgary, Alberta,
Canada T2N4N1.
Synaptic transmission between newly formed synapses depends upon the
acquisition of functional excitation-secretion coupling capabilities.
The
mechanisms that control this, however, are not well defined. This study
investigated the evoked transmitter release capabilities of an identified neuron
from the mollusc Lymnaea stagnalis in cell culture, during eariy stages cf
synaptogenesis. Specifically, dopamine release from Right Pedal Dorsal 1
(RPeDl- the giant dopamine cell) was assayed during synaptogenesis with
Visceral Dorsal 4 (VD4). In the soma-soma configuration, these two cells
formed a mutually inhibitory synapse, which was electrophysiologically similar
to that seen in vivo. We found that the transmitter releasing capabilities cf
RPeDl were transiently suppressed during early stages of synapse formation.
This transient suppression was target cell specific and required de novo protein
synthesis. Furthermore, we found that membrane contact between RPeDl and
VD4 was not sufficient to suppress dopamine release from RPeDl. Since VD4
is the first to initiate FMRFamidergic synaptic transmission with RPeDl, we
hypothesized that this FMRFamide release may underlie the suppression cf
dopamine release from RPeDl. This hypothesis was tested by culturing RPeDl
alone in defined media containing FMRFamide.
We found that evoked
transmitter release from RPeDl was transiently suppressed by FMRFamide and
it involved protein kinase activity in RPeDl. Taken together, we conclude that
transmitter/receptor interactions during early synaptogenesis can regulate the
secretory machinery of partner cells.
Supported by MRC.

A CRITICAL ROLE FOR A RHO-ASSOCIATED KINASE pl60ROCK IN
DETERMINING AXON OUTGROWTH IN MAMMALIAN CNS NEURONS.
Haruhiko Bito1*, Tomovuki Furuvashiki1, Shuh Narumiva1, ‘Dept. of Pharmacology,
Kyoto University Faculty of Medicine, Kyoto 606-8315, Japan.
Synapse formation in the CNS is a complex process involving multiple cascades
of regulatory events: not only should growth cones sprout in order to extend axons, but also
axons must branch and find appropriate target dendritic membrane areas upon which
adequate amounts and classes of neurotransmitter receptors have been expressed. In order to
gain insight into the molecular signaling machinery governing these events, we have
started to explore the involvement of various signaling pathways during axon outgrowth
and synaptogenesis in cerebellar granule cells cultured in vitro. In a serum-containing
medium, these neurons initiated extension of neuronal processes several hours after plating,
and the motility of growth cones and the dynamic formation/retraction of filopodia could be
visualized using a fluorescent dye PKH-26 as a membrane tracer. Botulinum C3
exoenzyme, a specific Rho inhibitor, andY-27632, an inhibitor of Rho-assoicated kinase
pl60ROCK, both potentiated axon extension. Thus, Rho activity and the downstream
pl60ROCK may have a tonic antagonizing effect upon spontaneous axon-elongating
activity. To further test this idea, aggregate cultures were obtainedand elongation of axonal
processes from these aggregates was scored Under naive condition, process numbers and
length were correlated to the size of the aggregates from which axons extended, indicating
the contribution of aputative chemorepellantreleasedfrom cell aggregates. In the presence
of the ROCK inhibitor, process numbers and mean process length were significantly
increased, while formation of new branches and cell body migration were also up-regulated.
Time lapse microscopy revealed a potentiation of the size and motility of growth cones in
the presence of Y-27632. Taken together, our datasuggest thatRho-associated kinase may
act as a potent negative regulator of growth cone motility and axon outgrowth, and be
involved in controlling the axon-elongating activity of diffusible chemorepellants.
Supported by Grants-in-Aid from the Ministry of Education of Japan (HB, SN).
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ROLE OF CADHERIN ADHESION DURING AXONAL OUTGROWTH
AND SYNAPSE FORMATION P. L, Benson*, H, Tanaka, D, R, Colman

DIVERSITY IN LOCALIZATION OF MULTIPLE CADHERINS PROVIDES A
BASIS FOR SPECIFICITY IN SYNAPTIC CONNECTIONS IN NEOCORTEX.
G.W. Huntley*, M, Srinivas. L. Needleman and D.L.Benson Fishberg Research Center
for Neurobiology, Mount Sinai, New York, NY 10029.
One hallmark of the mammalian neocortex is a high degree of specificity in the
distribution and organization of its synaptic connections, a feature which emerges during
development and is retained and possibly modified throughout life. The molecular
constituents of the synapse which orchestrate and maintain such specificity are not
understood completely, but recent data indicate that the cadherins, a family of calciumdependent adhesion molecules found at a variety of intercellular adhesive junctions
including synaptic junctions, likely have important roles in synapse formation and
specificity. For example, Neural (N)-cadherin is concentrated at thalamocortical
synapses transiently during development of the barrel-patterned thalamic projection from
the ventrobasal nucleus to rodent somatosensory (barrel) cortex, but appears to be
replaced by another classic cadherin as the thalamocortical synapse matures. This study
extends these findings by addressing in rat and monkey thalamus and cortex; 1) what
other cadherins are present in developing and adult sensory and motor cortical areas? 2)
how do their laminar and cellular distribution patterns relate to input/output
organization? 3) do synapses furnished by different projection systems associate
selectively with different cadherins? An RT-PCR strategy was used to identify and
amplify from rat thalamus and cortex a number of classic cadherins during development
and in adulthood; R-cad, N-cad, cad-8 and cad-10 were particularly abundant in both
thalamic relay nuclei and neocortex. In situ hybridization using cadherin-specific probes
revealed unique patterns of mRNA localization within cortical layers and thalamic nuclei
suggesting a diverse and complex association of different cadherins with synapses
furnished by different projection systems. Consistent with this, combined
immunocytochemistry and axonal labeling of different projections in adult rat barrel
cortex showed that N-cadherin was associated with a subpopulation of synaptic
junctional complexes furnished by intrinsic, horizontal connnections, but was restricted
from those furnished by callosal connections. These data suggest that within any
cortical area, multiple cadherins contribute to synapse targeting and specificity during
development and in adulthood. Supported by NIH (NS34659, NS37731) and NSF
(IBN9728003).

Fishberg Research Center for Neurobiology and Brookdale Center for
Molecular Biology, Mount Sinai, New York, NY 10029.

Cadherins are homophilic adhesion molecules that together with
their intracellular binding partners the catenins, mediate adhesion and
signaling at a variety of intercellular junctions. Recent data suggest they
may be integral components of CNS synaptic junctions, but it is not known
whether they are required for junction formation. Using a variety of
approaches we have examined the effects of blocking or modulating
cadherin adhesion on synapse formation in cultured hippocampal neurons.
Peptides containing HAV—an extracellular domain sequence conserved
amongst a number of classic cadherins—have previously been shown to
modulate retinal ganglion cell axon outgrowth on N-cadherin substrates.
Consistent with this, we found HAV-containing peptides modulate
hippocampal neurite outgrowth on astrocytes, but they had no effect cn
cadherin clustering at synaptic junctional sites. Further these peptides did
not block the formation of adherens junctions between N-cadherin
transfected L-cells. Antisense-mediated down-regulation of N-cadherin
and modification of cadherin binding and signaling through the
introduction of dominant negative constructs both decreased the number of
synaptic sites, but had less of an effect on neurite outgrowth in comparison
with those seen with the HAV-containing peptides. These data suggest
that cadherin-based adhesion is involved in both neurite outgrowth and
synapse formation, but the degree of participation and adhesive
configuration is likely to differ during these two events. Supported by
grants from the NIH (NS37731, NS20147) and NSF (IBN 9728003).

527.9

527.10

SYNAPTIC CHOICE IS REGULATED BY UNC-4 AND UNC-37-DEPENDENT
REPRESSION OF MOTOR NEURON-SPECIFIC GENES.
A.R. Winnier*, J.Y.-J, Meir. J.M. Ross, and D.M. Miller, III. Dept. of Cell Biology
and Center for Molecular Neuroscience, Vanderbilt Univ., Nashville. TN 37232.
The UNC-4 homeoprotein and the Groucho-like co-repressor UNC-37 arc required for
synaptic target selection in the nematode, C. elegans. In wildtype animals. VA and VB
motor neurons arise from a common precursor cell but assume different axonal
trajectories and synapse with distinct classes of interneurons. Loss-of-function
mutations in unc-4 or unc-37 produce a strong backward movement defect that is
correlated with the miswiring of VA motor neurons with VB-type inputs. Here we
show that UNC-4 and UNC-37 repress transcription of VB-specific genes and that this
inhibition is sufficient to prevent the creation of VB-type inputs to VA motor neurons.
Sequencing of randomly-generated unc-4 mutants revealed a cluster of five missense
mutations in a conserved region that resembles the ehl repressor domain of the
Drosophila Engrailed homeoprotein. UNC-4 ehl-like domain (ELD) mutations block
backward locomotion and result in the ectopic expression of two VB-type genes, acr-5
and del-1, in the VA neurons. ACR-5, a nicotinic acetylcholine receptor a-2 subunit,
and DEL-1, a sodium channel subunit, are putative cell surface proteins that could
function to distinguish VB neurons from their VA sisters. ttnc-37(d). a dominant
missense mutation, restores normal backward locomotion as well as repression of acr-5
and del-I in the VAs of specific UNC-4 ELD mutants. In yeast two-hybrid assays.
UNC-37 interacts with wildtype UNC-4 but not with UNC-4 proteins with ELD
missense mutations; these interactions are restored by the UNC-37(d) suppressor
mutation. Therefore, we propose that UNC-4 and UNC-37 function together to repress
VB-specific genes in the VA neurons thereby preventing the adoption of VB-type
inputs. The existence of vertebrate homologs of UNC-4 and UNC-37 could mean that
similar mechanisms control motor neuron differentiation and synaptic choice in more
complex nervous systems.

REGULATION OF SYNAPTIC VESICLE PROTEINS BY UNC-4 AND UNC-37
ILMJMteiA S, Dygrr2,, RX- Frighv2, J-B. Rand2, andD. M, Miller,,in1 'Dept.
of Cell Biology, Vanderbilt Univ., Nashville, TN 37232; 2Prograin in Molecular and
Cell Biology, Oklahoma Medical Research Foundation, Oklahoma City. OK 73104
Transmission of chemical neuronal impulses depends on fusion of neurotransmitter
vesicles with the presynaptic membrane. Here we report that in C. elegans. the
transcription factors UNC-4 and UNC-37 regulate vesicular protein expression in
specific cholinergic motor neurons, unc-4 encodes a homeodomain protein that is
expressed in a subset of cholinergic motor neurons in the ventral nerve cord ("unc-4
motor neurons"), unc-37 encodes a Groucho-like transcriptional co-repressor protein
that is ubiquitously expressed. In unc-4 and unc-37 loss-of-function mutants, we
observe decreased levels of vesicular proteins in unc-4 motor neurons, unc-17 enctxies
the vesicular acetylcholine transporter (VAChT) and clia-l encodes choline
acetyltransferase (ChAT). Both of these proteins are associated with synaptic vesicles
and are required for cholinergic function. In unc-4 and unc-37 mutants, antibody
staining of UNC-17 and ChAT is substantially reduced in unc-4 motor neurons.
However, unc-4 and unc-37 mutations do not decrease expression of a GFP reporter
gene driven by the unc-17-cha-l promoter. Since the levels of UNC-17 and ChAT
proteins are decreased in unc-4 and unc-37 mutants whereas unc-17-cha-l transcription
is not affected, we hypothesize that unc-4 and unc-37 are regulating imc-J7 and eha-1
via a post-transcriptional mechanism. This model is also consistent with the
observation that unc-4 and unc-37 are required for maintaining normal levels of the
integral membrane proteins, synaptotagmin and VAMP, and a vesicle associated
protein, RAB-3. The concomitant effects of unc-4 and unc-37 mutations on at least live
different vesicular proteins may mean that UNC-4 and UNC-37 regulate expression of
gene products involved in general aspects of vesicle synthesis, assembly, and/or
stability. Since UNC-4 and UNC-37 are hypothesized to function as transcriptional
repressors, we propose that UNC-4 and UNC-37 may negatively regulate a gene that
destabilizes proteins in unc-4 motor neurons. A major goal of this work is to define the
mechanism whereby UNC-4 and UNC-37 regulate neurotransmitter vesicles in
cholinergic motor neurons. (Supported by NS 26115 (DMM), GM 38679 (JBR))

Supported by NIH NS 26115 (D.M.M.), MH-11831 (A.R.W.) and HHMI (J.M.R).
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In vitro model for the formation of synaptic connections reveals a role
for receptor tyrosine kinases

IDENTIFYING NOVEL SYNAPSE FORMATION MUTANTS IN
DROSOPHILA MELANOGASTER
D. Parnas, H. Aberie, K. Zito and C.S. Goodman*, Howard Hughes Medical
Institute, Dept. of Molecular and Cell Biology, University of California,
Berkeley CA, 94720, USA
We are interested in how axons navigate, reach their target and form a
functional synapse. The abdominal segments of the Drosophila larva are a
relatively simple system to study such problems. Each abdominal hemisegment
contains 30 somatic muscles, which are innervated by -35 neurons. The
position and the morphology of the synapses are relatively invariable. We took
advantage of this stereotypic organization in order to study the development of
the synapse and look for mutations affecting axon guidance, target selection and
synapse formation in the Drosophila larvae.
We have initiated a large-scale genetic screen on the autosomes using a
GFP-tagged CD8-Shaker chimera as a postsynaptic marker and looking at third
instar larvae. The chimera is expressed in muscles and is localized to the synapse
via interactions with the PDZ protein Dig, thus enabling clear visualization of
both muscles and synapses. On the second chromosome, we have detected
several classes of mutations: A. mutations affecting muscles (shape, number and
location - 4 complementation groups); B. mutations affecting synapses (shape,
number and location - currently 6 complementation groups); and C. mutations
affecting the distribution of the postsynaptic marker (3 complementation
groups). Similar results were obtained by screening the third chromosome. We
are currently analyzing the mutants in which postsynaptic localization is
impaired. In one class of mutants, the CD8-shaker chimera as well as Dig are
localized to the synapse, but also to ectopic site on the muscle membrane. In a
second class, both the chimera and Dig are not clustered properly at the synapse.
We are currently analyzing other postsynaptic markers such as Fasciclin II and
the glutamate receptor in these mutants.
Supported by a grant from the Paralyzed Veterans of America Spinal Cord
Research Foundation to D.P.

Matthew B. Dalva*. A. Mari Takasu, and Michael E.*Greenberg
Division of Neuroscience, Children’s Hospital and Department of Neurobiology,
Harvard University, Boston MA 02115
The importance of the synapse has made it the focus of intense investigation
in both the central nervous system (CNS) and the peripheral nervous system (PNS).
The synapse consists of many specialized proteins specifically localized at pre- and
post-synaptic sites during development. To investigate how this process is
regulated in the CNS, we have developed an in vitro synapse formation assay using
cultured rat hippocampal and cortical neurons. Cultures are derived from embryonic
day 17-19 rats and synaptic connections form after seven days in culture. Synapses
are visualized with the vital dye FM1-43 and by immunofluorescence with SV-2,
synaptophysin, and glutamate receptor antibodies.
At the neuromuscular junction, receptor tyrosine kinases have been shown to
play a role in orchestrating the recruitment of specialized synaptic proteins to the
junction. To begin to probe mechanisms that mediate synapse formation, we
treated cultures with the tyrosine kinase inhibitors Lavendustin A and Lavendustin
C. Treatment for 24 hours results in a dramatic decline in the number of synaptic
connections, but did not have a significant effect on neuronal survival. Based on
these results, we examined Eph receptors, a family of receptor tyrosine kinases that
have recently been shown to be localized at synapses. We treated our cultures with
ephrin Al and ephrin BI ligands that activate EphA and EphB receptors,
respectively. Treatment of cultures with activated Ephrin BI, but not activated
Ephrin Al, resulted in a two fold increase in the number of synaptic connections.
These results suggest a potential role for EphB receptors in the formation of
synaptic connections.
MBD is the Life Sciences Chiron Fellow. This work is also supported by
NS28829-10 and CA43855-11 to MEG.
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DIFFERENTIAL EXPRESSION OF GAP JUNCTION PROTEINS IN
DEVELOPING AND ADULT MOTOR NEURONS. Q. Chang* & R. J. BaliceGordon. Department of Neuroscience, University of Pennsylvania School of
Medicine, Philadelphia, PA 19104.
We are studying gap junctional coupling among spinal motor neurons to
understand the roles of inter-cellular communication in neural development. We
previously reported that motor neurons are electrically and dye coupled around the
time of birth, and that this gradually disappears during the first postnatal week. RTPCR from purified motor neurons, in situ hybridization and immunostaining in tissue
sections show that during embryonic and neonatal development, motor neurons and
other cells in the spinal cord and dorsal root ganglia express a combination of five
connexins, including Cx36, Cx37, Cx40, Cx43 and Cx45. Among these connexins,
Cx40 is rapidly down-regulated during the first postnatal week, and Cx45 is
gradually down-regulated during the first two postnatal weeks. In contrast,
expression of Cx36, Cx37 and Cx43 is maintained in most motor neurons during
postnatal development. As a result, Cx40 is expressed in less than 10% of adult
motor neurons; Cx45 is expressed in ca. 50% of adult motor neurons; and Cx36,
Cx37 and Cx43 are expressed in over 95% of adult motor neurons. Thus, despite the
transient gap junctional coupling observed in the perinatal period, many motor
neurons express more than one connexin through adulthood.
Preliminary analysis of Cx40-/- mice (obtained from Dr. D. L. Paul) shows that
while the number of motor neurons and muscle fibers appears normal, the time
course of synapse elimination at neuromuscular junctions is shifted several days
earlier compared to wild type mice. We are currently evaluating the extent of
electrical and dye coupling among motor neurons in Cx40-/- mice, and are
examining whether motor neuron development, muscle fiber development and/or
synaptic connectivity are altered in Cx40-/- and other connexin knock out mice.
Supported by grants from the NIH (NS34373) and the Spinal Cord Research
Foundation (1472).

TRANSPLANTATION II
528.1

528.2

IMMUNOGENICITY OF ACELLULAR NERVE TRANSPLANTS AFTER
PRETREATMENT WITH CULTURED SCHWANN CELL MEDIUM. A.
Gulati*, J, McCoy and G, Oblak. Dept. of Cellular Biology and Anatomy,
Medical College of Georgia, Augusta, GA 30912
Earlier work has demonstrated that coculture of acellular nerve
transplants with Schwann cells (SC) enhances their regenerative potential.
Furthermore, the results showed that allogeneic SC migrate into acellular
nerves after coculture and render such grafts immunogenic, that under
rejection (Gulati, Transplantation, 59:1618-1622, 1995). The present study
employed a two-chamber culture system for pretreatment of acellular nerves
with SC conditioned medium in an attempt to prevent their migration into the
nerve transplants. Inbred stains of Fischer (FR) and Buffalo (BF) rats were
used to established strain specific SC cultures. FR acellular nerves were
placed in the upper chamber and cocultured with FR and BF SC for 7 days
and then transplanted into FR and BF host rats.
Grafts were
morphologically analyzed at 1,2,4 and 8 weeks after transplantation. FR
nerves cocultured with FR SC did not exhibit any immunogenicity and
supported regeneration through them at 8 weeks. No regeneration was
observed when such grafts were transplanted into BF hosts, and a minor
immune response especially in the region of perineurium was seen. The
regenerative ability of acellular grafts treated with SC culture medium alone
was not as good as compared to earlier SC coculture studies. These results
show that pretreatment with SC conditioned medium does not alter allograft
immunogenicity and can enhance regeneration through acellular nerve
transplants, however presence of SC results in optimal regeneration
(Supported by BRSG from MCG).

ADULT BONE MARROW TRANSPLANTATION FOR TREATMENT OF
STROKE IN ADULT MICE. M, Chopp,1’3* Y, Li.1 J, Chen.' L, Wang.1 L. Zhang.1

S.C. Gautam,2D, Dou.'Y, Xu? and C. Powers'. 'Dept. of Neurology, division of
Hematology/Oncology, Henry Ford Health Sciences Center, Detroit, MI 48202; ’Dept.
of Physics, Oakland Univ., Rochester, MI 48309.
We tested the hypothesis that after stroke intracerebrally transplanted bone marrow
(BM) cells differentiate into parenchmal cells. Adult mice (n=29) were subjected to
embolic MCAo and transplanted with naive complete BM, cultured hematopoietic or
mesenchymal stem and progenitor cells (HSCs or MSCs infused with nerve growih
factor) into the ischemic striatum at 4 d after MCAo. Donor cells were harvested from
mice injected with bromodeoxyuridine (BrdU). Mice were sacrificed at 4 d ~14 d after
MCAo. Control mice (n=25) were divided into three groups: 1) MCAo alone; 2) donor
cells transplanted into the normal striatum without MCAo; and 3) donor cells killed by
freeze-thawing transplanted into the ischemic striatum. Cell type specific markers were
employed by immunohistochemistry to identify phenotypic fate of donor cells and
ischemic damaged brain tissue. Our data indicate that donor cell survival and mitosis
were morphologically detectable in the ischemic striatum until 2 weeks (the end point)
using markers, BrdU, CD34, PCNA and nestin. Scattered BM cells, HSCs, and MSCs
expressed the phenotype neuronal (MAP-2, NeuN, NeuroD, TH, GABA) or astrocytic
(GFAP). Cells derived from neural stem cells in the ventricular and subventricular zone
(VZ/SVZ) adjacent to the territory of MCAo rapidly proliferated and expressed PCNA.
nestin, NeuroD, NeuN, MAP-2 and GFAP. Clusters cells from VZ/SVZ migrated and
were recruited to the ischemic striatum. The grafting microenvironment (stroma humoral)
increased regulatory' activity of the ischemic brain, in that migration patterns of VZ/SVZ
cells were more prominent in mice transplanted with naive complete BM than with
cultured HSCs and MSCs. Our findings suggest that both exo- and endogenous stem
cells express neuronal and glial phenotypes after MCAo with BM transplantation. BM
may provide a new avenue to induce plasticity in injured brain.
Sources of support: NIH grants PO1 NS23393, RO1 NS33627 and RO1 NS35504.

528.3

528.4

THE
CELLULAR
AND
PHYSIOLOGICAL
CORRELATES
OF
NEUROEPITHELIAL STEM CELL DIFFERENTIATION IN HIPPOCAMPAL
SLICE PREPARATION R.H.Suhr, S.J.Wilkinson, K.L.Mellodew. E.Samestkv.
G.Dawe. J.D.Stephenson, J.Price*. ReNeuron Ltd, Institute of Psychiatry,
Denmark Hill, London SE5 8AF.
The aim of this research was to investigate in organotypic hippocampal slices the
neuronal differentiation processes underlying recovery of cognitive function
produced by transplanting MHP36 cells, a conditionally immortal, neuroepithelial
stem cell line, into ischemic rat brain in vivo. MHP36 cells were derived from
embryonic hippocampus of a transgenic mouse that carries a temperature sensitive
allele SV40 large T antigen oncogene. When transplanted in vivo, the cells
recently have been shown to repopulate the ischemic tissue and restore lesioninduced cognitive deficits. (Sinden et al., 1997, Neuroscience 83j 599-608)
In initial experiments, hippocampal slices were obtained from 6 day old rats and
cultured under serum-free conditions for up to 4 days before applying MHP36
cells. The cells migrated into the slices and integrated into the hippocampal
structure. Over the ensuing 14 days in vitro, they began to loose their stem cell
properties, as indicated by down regulating the nestin-expression. At this early
time point, however, the cells neither expressed neuronal markers nor showed
spike discharges following depolarisation.
These data indicate that MHP36 cells can integrate into hippocampal tissue in
vitro and begin the process of differentiation. This model allows us now to pursue
the cellular and physiological correlates of the differentiation process.
Supported by ReNeuron Ltd

ENGRAFTMENT OF IMPLANTED NEUROEPITHELIAL STEM CELLS IS
DEPENDENT ON THE MAGNITUDE OF ISCHEMIC DAMAGE AND
ANATOMICAL ORIGIN OF THE GRAFTED CELLS. S, Patel*, A. Mora. K.
McNally. T Rashid, P, Sowinski, W, Watson, G, Dawe and J. Sinden. ReNeuron Ltd,
Institute of Psychiatry, De Crespigny Park, Denmark Hill, London, SE5 8AF, UK.
Transplantation of neuroepithelial stem cells has been consistently shown to
restore functional defects produced by ischemic damage. This study examined
whether the extent of engraftment is dependent on the magnitude of neuronal cell
loss, on the anatomical origin of the graft material, or on the anatomical position of
the damage. A conditionally immortalized hippocampal neuroepithelial cell line
(MHP36), and striatal and cortical conditionally immortalised cell populations (all
derived from E14 mice) were transplanted into rats following transient global
cerebral ischemia. A 15 min four-vessel occlusion (4VO) led to almost complete loss
of pyramidal cells within the CA1 field, with varying degrees of damage within the
striatum and frontal cortex. Following 30 min occlusion, cell loss was more dramatic
also encompassing CA3 and occasionally the dentate gyrus while damage to the
striatum and frontal cortex was more consistent and extensive. MHP36 cells
transplanted into deeper layers of the cortex, above the dorsal hippocampus,
migrated into CA1 as early as 1 week, with no further increase in numbers after 4
and 8 week survival periods. In addition, in the 30 min ischemia group, transplanted
cells were also seen in CA3, and to a lesser extent in the striatum and frontal cortex,
reflecting the neuronal cell loss in these regions. E14 cells derived from the striatum
were also able to migrate to the CA1 but to a lesser extent than to the striatum in the
4VO model whereas E14 cortical cells had a tendency to migrate to all anatomical
regions, with a preference towards the frontal cortex. Thus, extent of engraftment
and migration is dependent on both the magnitude of damage and the anatomical
region from which the graft tissue is derived.
Supported by ReNeuron Ltd.
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NEUROEPITHELIAL STEM CELL GRAFTS RESTORE SPATIAL LEARNING
IN AGED RATS. H. Hodges12*, T. Veizovic2, N.Brav1. S, French2, J.A. Gray12.
‘Department of Psychology and 2Reneuron Ltd, Institute of Psychiatry, Denmark
Hill, London SE5 8AF, UK.
We assessed the capacity of grafts of conditionally immortal clonal MHP36 stem
cells, derived from the H2-Kb-tsA58 transgenic mouse neuroepithelium, to improve
spatial learning in impaired aged (22 month old) rats. Aged Sprague Dawley rats that
were impaired in locating a water maze platform in pre-training were assigned to
treatment either with MHP36 cells (75,000 cells/site implanted bilaterally in cortex,
striatum and hippocampus) or with vehicle sham grafts. Aged rats which did not
differ from young (6 month old) controls in pre-training served as ‘unimpaired’ aged
controls. 6-8 weeks after grafting, rats were trained to find the submerged water
maze platform for 12 days (2 trials/day) and recall was tested by a probe trial on day
13 with the platform removed. MHP36-grafted impaired rats (n=ll) found the
platform more rapidly (p<0.01), and spent more time in the platform quadrant
(p<0.05) than sham-grafted impaired rats (n=15) that showed significant
impairments relative to all other groups. MHP36 grafted rats did not differ in latency
or distance swum from aged unimpaired rats (n=15), but spent less time in the
platform quadrant (p<0.05) than both the aged unimpaired and young sham-operated
controls (n=l 1). However, on the probe trial, the MHP36 grafted group located the
platform position more accurately (p<0.01) than all other groups which did not differ
from
each
other.
MHP36
cells,
identified
by
B-Galactosidase
immunohistochemistry, migrated widely to infiltrate the striatal matrix, all cell fields
of the hippocampus and areas of cortex. The majority of grafted cells were
astrocytic, but neuronal cells of pyramidal or granule appearance were seen in
appropriate hippocampal strata. These findings indicate that migratory MHP36 grafts
improve spatial deficits in aged rats with diffuse neuronal loss.Supported
by
ReNeuron Ltd.

NEUROEPITHELIAL STEM CELL GRAFTS RESTORE SPATIAL LEARNING
IN RATS WITH CHOLINERGIC SYSTEM DAMAGE. J.A. Gray1'2*, G.
Grigoryan2, T. Rashid2. H. Hodges1,2. 'Department of Psychology and 2ReNeuron
Ltd.. Institute of Psychiatry. Denmark Hill, London SE5 8AF. UK.
Excitotoxic lesions of cholinergic neurons in the basal forebrain (BF) and medial
septal area (MSA) provide partial models for cognitive deficits associated with
Alzheimer’s disease (AD) that are sensitive to ameliorative effects of fetal
cholinergic tissue grafts. We assessed the capacity of conditionally immortal MHP36
clonal stem cells from the H-2Kb-tsA58 transgenic mouse neuroepithelium to
improve spatial learning in rats showing profound deficits after S-AMPA bilateral
lesions of BF and MSA or large unilateral BF lesions. Lesioned rats with MHP36
cell suspension grafts sited either bilaterally in hippocampus and cortex (BF-MSA
lesion: 400,000 cells/rat in 8 sites) or unilaterally in parietal cortex (BF lesions:
125,000 cells/rat in 2 sites) learned to find a submerged platform in the water maze
as rapidly as non-lesioned vehicle-grafted controls. MHP36-grafted rats with BF
lesions were superior (p<0.01) to vehicle-grafted lesioned rats in latency, distance
swum, and time in the platform quadrant. On the probe trial, a measure of recall of
the platform position, MHP36-grafted rats were more accurate than sham-grafted
lesioned rats (p<0.05). These improvements occurred whether rats were grafted two
weeks (BF lesion) or six months (BF-MSA lesion) after lesioning. Labelled by BGalactosidase immunohistochemistry, grafted cells of both neuronal and glial
morphology were seen to have migrated away from the sites of implantation towards
the area of lesion damage. These damage-seeking and migratory properties of
MHP36 cells encourage the development of conditionally immortal human stem cell
lines with similar capacities for functional repair of degenerating neuronal systems in
AD.
Supported by ReNeuron Ltd.

528.7

528.8

CONDITIONALLY IMMORTALIZED HIPPOCAMPAL NEUROEPITHELIAL
STEM CELLS HAVE A GREATER CAPACITY TO DIFFERENTIATE INTO
NEURONS IN CA1, THAN STRIATAL OR CORTICAL CELL POPULATIONS,
WHEN TRANSPLANTED INTO AN ISCHEMIC RAT BRAIN. S. J. French*, W,
Watson. T. Kershaw. T. Rashid, A.Mora. K.McNallv. A. Chadwick. S, Patel
ReNeuron Ltd. Institute of Psychiatry, De Crespigny Park, Denmark Hill, London,
SE5 8AF, U.K.
A conditionally immortalized hippocampal neuroepithelial cell line (MHP36), and
striatal and cortical conditionally immortalized cell populations (all derived from
E13-E14 mice) were transplanted into a rat model of ischemia. We investigated the
positioning and phenotype of the transplanted cells within the rat four vessel
occlusion model using fluorescent immunohistochemistry and confocal microscopy.
Transplanted cells were identified using a fluorescent marker, PKH26.
Differentiation of the transplanted cells into neurons was investigated with
antibodies against neuronal nuclear marker (NeuN). The numbers of cells within a
CA1 field were quantified, and the proportions of cells co-labelled with PKH26 and
NeuN were calculated as a percentage of the total number of PKH26 labelled cells
present within a given CA1 field.
The three different cell types transplanted migrate through the brain from the
cortical site of transplantion to the hippocampal site of injury, and differentiate,
taking up neuronal and glial phenotypes. Of the hippocampal cell line that migrated
to CA1, on average 38+4.0 % of these cells per field of view differentiated into
neurons. In contrast, only 18+4.4 % and 21+3.9 %, respectively, of striatal and
cortical cell populations, transplanted under the same conditions differentiated into
neurons in equivalent CA1 fields. The statistically significant and greater capacity of
the hippocampal cell line to migrate and differentiate into neurons within CA1 may
reflect its greater inherent ability to repopulate damaged hippocampal areas than
striatal and cortical cell populations.
Supported by ReNeuron Ltd.

NEUROEPITHELIAL
STEM
CELL
GRAFTS
RESTORE
MOTOR
ASYMMETRIES IN STROKE DAMAGED RATS. P.Stroemer1*, T, Veizovic1, S.
French1. J, Beech3. H. Hodges1,2. 'ReNeuron Ltd. and 2Department of Psychology,
Institute of Psychiatry, De Crespigny Park, Denmark Hill, London SE5 8AF, UK;
3University Department of Anaesthesiology, Addenbrooke’s Hospital, Hills Rd.
Cambridge CB2 2QQ, UK.
Grafts of conditionally immortal MHP36 clonal stem cells, derived from the H2Kb-tsA58 transgenic mouse neuroepithelium, improve deficits induced by global
ischemic hipocampal cell loss (Sinden et al., Neurosci 81, 599-608, 1997). Since
infarcts induced by focal ischemia following 60 min of intraluminal middle cerebral
artery occlusion (MCAO: a stroke model) might be too extensive and inhospitable
for graft survival and repair, we implanted MHP36 cells in 4 striatal and 4 cortical
sites (75,000 cells/site) contralateral to the occlusion. Assessed for 18 weeks postgraft for latency to contact and remove sticky tape from the forepaws, MHP36grafted stroke rats, like sham (vehicle) -grafted intact controls, did not show neglect
of the contralateral paw exhibited by sham-grafted stroke rats. 10 months after
transplantation, sham-grafted stroke rats showed mild spontaneous, and marked
amphetamine-induced, rotation bias. Both these asymmetries were normalised in
MHP36-grafted rats, which, like controls, showed no directional bias. In the intact
hemisphere, B-Galactosidase-positive grafted cells were seen to migrate ventrally
from tite injection sites. However, the majority of MHP36 cells had migrated along
the corpus callosum to surround the large infarct cavity, which occupied c. 2/3 of the
occluded hemisphere. The residual striatum and cortex were densely populated with
grafted cells. These appeared to be mainly astrocytic, but a variety of neuronal
morphologies were also seen. These results suggest that MHP36 grafts successfully
resolve long-term sensory and motor asymmetries in stroke rats by remodelling
around the infarct area, and may also contribute to functional reorganisation of the
intact hemisphere.
Supported by ReNeuron Ltd.

528.9

528.10

TRANSPLANTATION OF IIUMAN NEURAL STEM CELLS (NSCs): INSIGHTS FROM

MASSIVE REGENERAIION OF SUBSTANTIA NIGRA (SN) NEURONS IN AGED

NON-HUMAN PRIMATE EXPERIMENTS V. Ourednik1. J, Ourednik1. J, FWM Zawada2
OWOkYang,1
Freed; .aBrtEY.SwW? CMdren’sHospital, Harvard
Medical School, Boston, MA 02115; TJniversity of Colorado School of Medicine, Denver. CO
In rodent models of neuaofogieal diseases, NSCs appear to be capable of replacing
dysfunctional cells aid ofexpressing inserted foreign therapeutic genes (see also Abstract Ourednik et
al, Has issue). Recently, we isolated engraflabfc clones ofhuman NSCs which, in mice, give rise to all
findameutal neural lineages (Nature Biotech.’9&, 16:1033). To approach actual human therapy more
closely, die present study was aimed at testing the behavior offoese NSCs after transplantation into a
primatebrain. ♦ Three 11-13-week-oM fetal bonnet monkeys received (through foe uterine wall and
under ultrasonic gadance during maternal laparotomy) an ngection of a BrdU-prebbefad human NSC
done into their left lateral cerebral ventricle. Pregnancy was allowed to continue, andjust prior to bath
(let, S-10 weeks after transpbrtatten), die fetuses were sacrificed and serial coronal brain sections were
doubte-immunostamed for either BnlU or NuMA (a human-specific nuclear antigen) to rocoguze
human donor cells aid for one of the following cefl type-specific nwkers: NF, MAP2, NeuN, and
catnda for neurons; GFAP for astrocytes; and CNPase for oligodendrocytes. ♦ The results showed
foat die impbuted humaa NSCs passed thrash die ventricular zone and extensively’ integrated within
diverse widespread regions of die host brain paenchyme. In die germmafiue zone of die lateral
ventricles we observed dosters ofsmall undtfferentiated cells single-labeled only’ for die donor-specific
markers BnfU or NuMA but not expressmg any of die other tested markers. On die other hand,
djflenatiated oefls in all lineages were found doub&Jabefcd at great distances from these geommalive
zones, reacbfog deep into both hemispheres and foe brain stem. ♦ ft may be concluded that human
NSCs have a strong potential to integrate into die developing monkey brain and differentiate into
(hveraeneurond and gfad cell types. Moreover, according to their distribution in cortex and brain strm,
tbey seem to have been included into die spatiotemporal program of cefl formation and migration
which was present at foe time of transplantation, thus responding to monkey-specific developmental
cues. One can speculate that die observed mdtfferentiated periventricular clusters ofNSCs could have
been activated during later developmental stages. The presert data represent a crucial passage to die
next levd of experimentation, namely transplantation of human NSCs mto fastened postnatal nonhuman primate brains, with an eye ultanately towards potedial human applications.
(Supported in pat by grants from NINDS, IOGA, Progam to End Paridteson’s Disease, and NPF)
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PARKINSONIAN MICE AFTER TRANSPLANTATION OF NEURAL STEM CELLS (NSCs)
OVEREXPRESSING LI. J. Ourednik*2. V, Ourednik^ E.Y. Snvdea2 and M. Scfaachner13.
‘ETH Zuerich, CH-8093, Switzeriarid; Children’s Hospital, I IMS, Boston,3 USA; ZMNH,
Uuiversitaet Hamburg, Germany
Ihe aim cffoe study was to determine foe beneficial value of simultaneous cellular and gene therapy
for the iwcusttution ofdopaminagte cells in aged mice suffering from a drug-evoked Paridnson’s-like
disease. We combined the capacity of niultipotent NSCs to replace damaged cefl populations and
the ability of the neural cell adhesion molecule LI to promote neurite outgrowth and neuronal
survival as two powerful tools to enhance the recovery of dopaminergic SN neurons from MP I Pinduced destruction in 1 5-year-old mice. ♦ One or three weeks after systemic MPIP-treatment,
C17.2 NSCs overexpressing LI (C17.2-L1) and GFP under a rat tyrosine hydroxylase (TH)
promoter were injected unilaterally 0.1 mm above foe SN. During the next 2 days, BrdlJ was
repeatedly injected to monitor mitotic activity. Dopaminergic (TH+), neuronal (NeuN*), astroglial
(GFAP ), and nbgntfanthnglial (CNP) cells were immunodetected 3 weeks after transplantation.
Donor cells were recognized by their constitutive expression of P-gal LI overexpression was
monitored indirectly by GFP fluorescence. Controls were intact and sham-operated (lesioned
without graft) mice and animals grafted with C 17.2 cells without foe LI transgene. ♦ We observed
foe following: shams presented drastic and irreversible cell loss detectable already 1 week after
MPTP-treatmoit; a remarkable reconstitution ofTIT cells in foe SN of transplanted animals; mice
grafted withC17.2-Ll cells showed substantially higher numbers of TH4 cells than mice grafted
with unengineered C 17.2 cells; delayed grafting (3 weeks post-lesion) significantly reduced foe
degree of successful regeneration for both Cl 7.2-LI and unengineered C 17.2 cells; donor cells
differentiated mainly into Il f neurons and only a minority into glia; TH 7 P-gal+ double-labeled
cells were found not only in but also, in great numbers, above the SN on both sides of foe midline;
most offoe Bnll f eefls (Le., those which devided after transplantation) were host astrocytes found
at foe grafting site and in its close vicinity; the majority of p-gal(donor) and TH cells in the SN
was not labeled with BtdU; foe SN was reconstituted bilaterally to a great degree from hast cells.
♦ Itmay be concluded that m aged MPTP-treated mice NSCs overexpressing LI promoted substantial
odhdar reconstitution with foe ITT cells deriving from postmitotic precursors coining from 2 sources,
donor and host The site from which foe host precursors are recruited remains unknown.

Supportedby grantsfrom ETH-Zuerich, IOGA, and NINDS
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Retinal engineering: Engrafted retinal cells of each functional class migrate to and
implant in the proper retinal stratum. J. Goolsby. C. Rosenthal. C. Bever and D. Trisler*

PRIMATE SPINAL CORD RESPONSES TO MINIMAL INJURY:
ECM
EXPRESSION
AND
NEUROTROPHIN-EVOKED
AXON
GROWTH
MH Tuszynski1,2, RJ Grill1 and Jeff Roberts3 'Dept Neurosci., Univ Calif-San
Diego, La Jolla, CA; 2VA Med Ctr, San Diego, CA.; 3Primate Ctr, UC Davis, CA.

Dept. of Neurol. Univ. of MD Sch. of Med. and VA Maryland Health Care System, Baltimore

Treatment of neurodegenerative disorders, including progressive retinal degeneration,
is a top priority of medical research. Therapeutic cell replacement would be useful in
several retinal pathologies in which specific classes of cells are lost. Cell replacement
in the brain by transplanting neurons that provide a continuous supply of dopamine has
proven successful in Parkinson's disease. However, in most neuropathies complex
neural circuitry must be reestablished to recover function. Therefore it is important to
learn whether transplanted neural cells are capable of migrating in the nervous system
to implant in the correct location to establish proper circuitry. Two approaches for the
replacement of cells lost in retinopathies are transplantation of cells to the retina and
recruitment of endogenous stem cells with the proper regiment of neurotrophic factors.
Both approaches require migration of cell bodies from the injection site or from the
stem cell proliferative zone to the proper retinal stratum and migration of growth cones
to the proper target cells to reestablish normal circuitry. Previously, we showed that
transplanted quail neuroretinal cell lines are able to migrate through highly organized
stratified embryonic chick retina to implant and differentiate in the retinal stratum
appropriate for the functional class of the transplanted cell lines, i.e., amacrine or
ganglion and Muller cell. Here we transplanted, by intraocular injection, Dil labeled
E8 chick retinal cells into E6, E8 and E10 embryos. Implanted cells were observed in
retinas 3 and 10 days postinjection by fluorescence microscopy of 14pm cross sections.
Implanted cells were scored by retinal stratum location and cell process morphology.
We show that engrafted embryonic cells of each of the six general classes of retinal
cells: photoreceptors, horizontal, bipolar, amacrine, interplexiform, ganglion and
Muller, are able to migrate to the correct stratum location. This suggests that each
functional class of cells or each retinal stratum expresses specific signals to direct cell
migration and to stop migration when the appropriate location is reached. Furthermore,
it raises the possibility of reestablishing normal circuitry after retinopathy.
Supported by Merit Review Funding from the VA to CB.

Little spontaneous regeneration of axons occurs in the mammalian spinal cord after
injury. In rodent models, significant axonal regeneration can be elicited by a variety
of approaches, including growth factor delivery by genetically modified cells. In the
present set of experiments, we have begun to identify factors that influence axonal
growth and regeneration in the primate spinal cord. Responses of spinal cord axons
and their extracellular mileu to minimal blunt (needle lesions) were examined, together
with responses of spinal cord axons to nerve growth factor delivered by gene therapy.
Primary skin fibroblasts of 4 adult rhesus monkeys were genetically modified to
produce and secrete human NGF using retroviral vectors; in vitro prior to grafting,
these cells produced approximately 10 ng human NGF/106cells/day. The same
monkeys then underwent partial T7 and T8 right-sided laminectomies. Two-5ul cell
suspension grafts of NGF-secreting and two-5ul suspension grafts of 8-gal-producing
fibroblasts were grafted into their right-sided spinal cords in 4 separate sites using a
blunt-tipped, 25 gauge Hamilton syringe. 3 months later spinal cords were examined
for alterations in the expression of extracellular matrix components in the injection
zone, and for axonal growth in response to the neurotrophin-secreting cell grafts.
Grafts elicited a significant cellular/inflammatory response that exceeded responses
previously observed after grafts to rodent cords. Labeling for chondroitin sulfate
proteoglycan, versican and heparan sulfate proteoglycan was significantly increased in
grafts and in surrounding cord compared to the non-lesioned side. Axons extended into
both control and NGF-secreting grafts by neurofilament and p75 receptor labeling; the
extent of this growth was greater in NGF-secreting grafts. These findings suggest that
the primate spinal cord mounts a substantial inflammatory response to injury that
may exceed findings in rodent models. Further, growth of primate spinal cord axons is
promoted by neurotrophins. Support: Waldrep National Paralysis Association.

SYNAPTIC PLASTICITY III

529.1

529.2

REDUCED NON-NMDA CURRENTS IN HIPPOCAMPAL CA1
NEURONS OF NMDA RECEPTOR MUTANT MICE.

IMPAIRED LONG-TERM POTENTIATION AND ASSOCIATIVE LEARNING IN
MICE THAT OVEREXPRESS EXTRACELLULAR SOD. E, Klann*. T.D. Oury,
B.I, Kanterewicz. and E, Thiels, Department of Neuroscience and the Center for the
Neural Basis of Cognition, University of Pittsburgh, Pittsburgh, PA 15260; Dept.
of Pathology, University of Pittsburgh Medical Center, Pittsburgh, PA 15261.
We previously showed that the induction of long-term potentiation (LTP) in
hippocampal area CA1 can be blocked by cell-permeable superoxide scavengers (7.
Neurophys. 80: 452) and attenuated by cell-impermeable superoxide scavengers (7.
Biol. Chem. 273: 4516). The latter finding led us to hypothesize that extracellular
superoxide may be necessary for the full expression of LTP as well as for
hippocampal-dependent associative learning. To test this hypothesis, we performed
studies with transgenic mice that overexpress human extracellular superoxide
dismutase (EC-SOD). Western blot analysis indicated that mice carrying the human
EC-SOD transgene overexpress EC-SOD protein in the hippocampus. The
overexpressed human protein is functional, as the transgenic mice exhibited an
approximate 10-fold increase in hippcampal EC-SOD activity when compared to
wildtype mice. Next, we examined LTP at Schaffer collateral synapses in
hippocampal slices by delivering one train of 100 pulses at 100 Hz to induce LTP.
This induction paradigm produced stable LTP in wildtype mice, whereas LTP was
blocked in EC-SOD transgenic mice. The blockade of LTP in EC-SOD transgenic
mice was reversed by bath application of diethyldithiocarbamic acid, a copper chelator
that blocks EC-SOD. We proceeded to test whether the transgenic mice exhibit
impairmed acquisition of contextual fear conditioning, a hippocampally-mediated
associative learning task. Wildtype mice displayed pronounced freezing behavior in
the conditioning context 24 hours after shock presentations, whereas EC-SOD
transgenic mice exhibited little or no freezing behavior. In comparison, conditioning
to a cue paired with shock only was attenuated in the transgenic mice relative to
wildtype mice. Taken together, our findings are consistent with the idea that
extracellular superoxide is important for LTP and hippocampal-dependent associative
learning. Supported by NINDS 34007 (E.K.) and NINDS 36180 (E.T.).

529.3

529.4

SYNAPTICALLY EVOKED TRANSIENT OF EXTRACELLULAR
CALCIUM: A NEW SIGNALLING MECHANISM? DA.Rusakov1* and
AFine1,2. (SPON. British Neuroscience Association). lNatl. Institute for
Medical Research, Mill Hill, London NW7 1AA, UK. 2Dept. of Physiology
and Biophysics, Dalhousie Univ., Nova Scotia Halifax B3H 4H7, Canada.
Important mechanisms of nerve cell functioning depend on influx and
efflux of Ca2+. However, extracellular Ca2+ levels are generally assumed to
be unaffected by intermittent synaptic activation. To detect transients of
fCa2+]o, we use a fluorescent Ca2+ indicator probe that employs the
diffusion-binding kinetic equilibrium and is placed in the extracellular
space of area CA1 in cultured hippocampal slices. Using fast CCD and
confocal microscopy, we show that brief synaptic stimulation (5 pulses 10
ms apart) induces a ~50 ms depletion of volume-average [Ca2+]0 in the
estimated range of several percent. Blocking NMDA receptors with APV
effectively abolishes the depletion.
Detailed computer simulations of extracellular Ca2+ diffusion in synaptic
microenvironment predict that fast Ca2+ influx through presynaptic
channels cannot account for this phenomenon and that postsynaptic Ca2+
sinks located outside synaptic clefts should be involved. The role of [Ca2+]o
depletion in modulating synaptic transmission is investigated
experimentally. This previously undocumented mechanism of fast,
synaptically evoked signalling may be important for neural communication
in the brain.
This study was supported by Medical Research Council UK and NSERC
Canada.

EVIDENCE FOR DEPLETION OF CALCIUM IONS IN THE SYNAPTIC
CLEFT DURING PRESYNAPTIC CALCIUM CHANNEL ACTIVATION AT
THE CHICK CILIARY GANGLION CALYX SYNAPSE E.F, Stanley*.
Synaptic Mechanisms Section, NINDS, NIH, Bethesda, MD 20892-4156.
The opening of calcium channels and subsequent influx of calcium ions ([Ca2+])
from the synaptic cleft is essential for the gating of evoked transmitter release.
The influx of [Ca2+] necessarily results in a simultaneous removal from the
extracellular space but it is not known if this flux can result in a net cleft deficit.
We have used the large calyx-type synapse of the chick ciliary ganglion to test for
the occurrence of synaptic cleft [Ca2+] depletion. The terminal was voltage
clamped and a sustained step depolarizing pulse (Pl) was given to a range of
potentials. Pl induced a prolonged inward calcium current followed by an abrupt
tail current (Tl) on return of the membrane potential to resting levels. The
amplitude of Tl reflects both the number of calcium channels activated and also
the calcium ion gradient. External barium was substituted for calcium to
eliminate current-dependent inactivation. We compared Tl recruitment in
terminals that remained attached to the postsynaptic neuron, and hence, retained a
synaptic cleft, with terminals that had been fully isolated. In isolated terminals,
the barium tail currents exhibited a typical N-type calcium channel recruitment
curve (Boltzmann fit, V,/2 = 0.4 mV, slope factor of 5.4). However, in 6 attached
calyces the tail current recruitment was skewed to depolarized potentials (V1/2 =
11.9, slope factor = 12.0). The skew of tail current recruitment was very
transitory, as would be expected for depletion, and occurred in the absence of a
change in the threshold or reversal potential of the current during Pl,
characteristics of pohr space clamp. The simplest interpretation of these findings
is that the sustained inward barium current depleted the ion from the synaptic
cleft. Cleft [Ca2+] depletion could be an important factor in the physiology of
transmission at synapses in restricted extracellular spaces such as dense neuropil.

R.-S. Chen1*, X.-L. Jin3 and Y. Li1,2,3. ’Neuroscience Program, 2Beckman Institute,
3Dept. of Molecular & Integrative Physiology, Univ. of Illinois at UrbanaChampaign, Urbana, IL 61801.
Studies using cortical and hippocampal brain slices suggest that many young
central synapses initially contain only NMDA receptors, and are thus functionally
silent. The expression of AMPA receptors in the formerly silent synapses requires
NMDA receptor-mediated calcium influx. However, whether NMDA receptor plays
the same role in vivo is less clear.
To test the silent synapse hypothesis in living animal, we have made transgenic
mice lacking functional NMDA receptors in cerebral cortex and hippocampus (Li et
al., this meeting). These region-specific knockout mice provide us a unique
opportunity to study the role of NMDA receptors in the maturation of synapses in
vivo. However, knocking out of NMDA receptors would also prevent us from
directly identifying silent synapses in brain slices. Instead, we tested the hypothesis
by recording whole-cell glutamate current from CA1 pyramidal neurons, which were
acutely isolated by combined enzymatic digestion and mechanical dissociation.
Glutamate and NMDA responses were elicited by rapidly moving the cells into
different drug-containing solutions.
The inactivation of NMDA receptors was confirmed by the lacking of NMDA
response in the knockout neurons isolated from 12-day old animals. More
interestingly, preliminary data of glutamate current showed that its non-NMDA
component was also greatly reduced (320±180 pA, n=3) in the mutant neurons, as
compared to the control group (2.7±1.4 nA, n=3). The present study provides a
supporting evidence for silent hypothesis in vivo. Detailed studies are being
conducted to fully address this issue. This study was upported by NSF, NIH, and by
a startup fundfrom State ofIllinois & Lucille P. Markey Charitable Trust.
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529.5

529.6

REGULATION OF K+ CHANNEL PHOSPHORYLATION IN THE
HIPPOCAMPUS BY PKA, MAPK, PKC AND CaMKII. J.P, Adams*. A.E.
Anderson1. K.T, Dinelev. Y. Qian, P.J, Pfaffinger. and J.D, Sweatt. Div. of Neurosci.
and *Dept. of Pediatrics, Baylor College of Medicine, Houston TX 77030.
Several kinases have been shown to be involved in long-term potentiation, cellular
model of long-term memory. These kinases include PKA, PKC, MAPK, and CaMKII.
Identification of the substrates for these kinases during LTP is a major focus of recent
research.
Kv4.2 is a K+ channel localized to dendrites and cell bodies of the hippocampus.
Using recombinant proteins, we have determined that in vitro, PKA phosphorylates
the N-terminus of Kv4.2 at Thr38 and the C-terminus at Ser552. Two phosphopeptides
each containing one of these phosphorylation sites have been created, linked to KLH
and injected into rabbits to produce two phospho-site selective antibodies. We have
used these phospho-specific antibodies to detect modulation of Kv4.2 by forskolin in
COS cells transfected with full-length Kv4.2.
We have also determined that in vitro, MAPK phosphorylates the C-terminus of
Kv4.2 at Thr6O2, Thr607, and Ser616. Antibodies made against phosphopeptides
containing these sites have been developed. We have used these phospho-selective
antibodies to detect modulation of Kv4.2 by EGF and U0126 (a MEK inhibitor) in
COS cells transfected with full-length Kv4.2. In addition, we have used these
phospho-selective antibodies to detect basal levels of phosphorylation of Kv4.2 by
MAPK in the hippocampus; inhibition of this phosphorylation by U0126 results in
decreased immunoreactivity with these antibodies.
Finally, we have determined that in vitro, PKC phosphorylates the C-terminus of
Kv4.2 at Ser442, Ser551, and Ser537; CaMKII phosphorylates the C-terminus of Kv4.2 at
Ser442 and Ser463. We are currently developing phospho-site specific antibodies for
these sites in order to determine if the phosphorylation of these sites is regulated in
models of synaptic plasticity. Supported by NIMH, NARSAD, and NINDS

PROTEIN KINASE
IS NECESSARY & SUFFICIENT
FOR LTP MAINTENANCE. T.C, Sacktor*, D. Ling, P.
Serrano, N. Blace, M. Kelly, S. Hrabetova. & L. Benardo.
Depts. Of Physiology, Pharmacology, and Neurology,
SUNY-Health Sci. Ctr. at Brooklyn, Brooklyn, NY 11203.
The induction of LTP is exceedingly complex, involving
multiple signal transduction pathways. In contrast, the
maintenance of LTP, i.e., the persistent molecular
mechanism that potentiates synapses, may be much
simpler. The closest molecular correlate of LTP
maintenance known is protein kinase M£ (PKMQ, a newly
described, brain-specific, and permanently active form of
PKC, which is synthesized during LTP induction and
persists for hours. The effects of PKM^ activity can be
examined by applications of chelerythrine, a kinase
inhibitor with high affinity for PKM£. Chelerythrine
completely reverses the maintenance of LTP in CA1 of
hippocampal slices.
Whole-cell perfusion of CA1
pyramidal cells with purified recombinantly-expressed
PKM^ shows a rapid, robust potentiation of AMPA EPSCs.
In comparison with previous reports, PKM£ appears to be
200- to 1000-fold more potent for potentiating AMPA
responses than CaM-kinase II. Chelerythrine completely
reverses the potentiation produced by postsynaptic
perfusion of PKM^. PKM£ is necessary and sufficient for
LTP maintenance, and, therefore, its persistent increase is
the most likely molecular mechanism for this form of longterm synaptic plasticity. Supported by grants from NIMH.

529.7

529.8

A Role for Protein Kinase C in Synaptic Potentiation in the Neonatal Visual
Cortex. L.A. Schrader* and M.J. Friedlander. Dept. of Neurobioiogy, University of
Alabama at Birmingham, Birmingham AL 35294.
We have previously demonstrated that synapses in layer II/III of the visual cortex
undergo a developmentally regulated form of synaptic potentiation termed covariance
induced potentiation (CIP). While dependent on NMDAR activation in the adult, this
form of potentiation can be induced independent of NMDARs in many neurons in the
young animal. Metabotropic glutamate receptors (mGluRs), specifically group I
mGluRs, contribute to CIP induction in the young animal. Group I mGluR activation
could contribute to CIP induction through 2 pathways: 1) phospholipase C (PLC)
activation, formation of diacyglycerol (DAG) with activation of protein kinase C
(PKC) or 2) PLC coupled to IP3 production and subsequent Ca2+ release. PKC could
also contribute to CIP induction independent of the mGluR pathway. In this study,
we determined whether the activation of PKC is necessary for potentiation, and if so,
at what stage. We recorded from layer II/III pyramidal neurons in the visual cortex of
13-17 day old pigmented guinea pigs and stimulated afferents in the white matter.
The specific PKC inhibitor PKC 19-36 (50 pM) was included in the recording
electrodes during the pairing protocol. Potentiation, measured at 5 minutes postpairing versus 5 minutes pre-pairing (control) remained intact, but decreased from a
mean of+42 ± 3.7% (n=22) without PKCI in the electrode to a mean of +30 ± 4.1%
(n-11) with PKCI in the electrode. The combination of PKCI in the electrode and
bath application of the mGluR antagonist, MCPG (500 pM), completely blocked
potentiation (n=8). Application of MCPG with PKCI in the electrode also caused a
reduction in the baseline PSP to 85 ± 8% of control. These results suggest that PKC
activation does play a role in CIP induction in the neonatal visual cortex, but that
mGluRs can act independent of PKC. These data are consistent with dual roles for
mGluR-mediated release of Ca2+ from intracellular stores activating PKC and other
downstream target(s) that enhance synaptic strength. Funded by NIH grants EY06877 and EY-05116 and HD-32901.

THE p38 MAPK PATHWAY MEDIATES LTD AT SCHAFFER COLLATERALCA1 SYNAPSES. F. Belardetti2*, L. Carboni2, M. Cobb3, S.A. Sieqelbaum1, and
V.Y. Bolshakov1. ’h HMI and Ctr. Neurobiol. Behav., Columbia U., NY, NY
10032; 2Dept. Pharm., Glaxo Wellcome S.p.A. Medicines Res. Ctr., 37135
Verona, Italy; 3Dept. Pharmacology, UTSW, Dallas, TX 75235.
Hippocampal synapses exhibit both long-term potentiation (LTP) and
depression (LTD), opposing forms of synaptic plasticity implicated in learning
and memory. These forms of plasticity recruit antagonistic signaling cascades LTP requires activation of CaM kinase II and PKC whereas LTD depends on
phosphoprotein phosphatase activation. Recent studies also implicate the
p42/p44 mitogen-activated protein kinase (MAPK) in LTP (Sweatt and English,
1997). The homologous p38 MAPK is a key component of an ubiquitous
pathway involved in immune and stress responses. However, the only defined
role for this pathway in modulating neuronal activity is to mediate inhibition of
Ica.v by bradykinin (Wilk-Blaszczak et al., 1998). Using whole-cell patch-clamp
recording from CA1 pyramidal neurons in rat (4-10 days) hippocampal slices,
we now report that a selective p38 MAPK kinase inhibitor, SB203580, blocks
LTD in response to Schaffer collateral stimulation (5 Hz x 3 min) when the
inhibitor is present in the patch pipette intracellular solution. LTP is not affected.
Conversely a p42/44 MAPK pathway inhibitor, PD98059, blocks LTP but not
LTD. Dialysis of CA1 neurons with active p38 MAPK (dually-phosphorylated)
slowly depresses the Schaffer collateral-CA1 EPSC and occludes LTD. Inactive
p38 MAPK is without effect. Immunocytochemical analysis reveals strong
expression of p38 MAPK in pyramidal cell dendrites (site of the relevant synaptic
input) and somata. Antibodies directed against dually-phosphorylated p38
MAPK detect higher levels of active enzyme in Western blots from slices
following LTD-inducing stimulation. Because this form of LTD has a substantial
presynaptic component, postsynaptic activation of p38 MAPK might act to
trigger release of a retrograde messenger (supp. by HHMI1, GW2 and PHS3).

529.9

529.10

RETROGRADE STfiNAI I TNG IN GLUTAMATERGIC SYNAPSES IN
NEOCORTEX. Y. Zilberter*K. Kaiser and B. Sakmann. Max-Planck-Institute
of Medical Researches, D-69120 Heidelberg, Germany.
In GABA-ergic somatostatin-positive bitufted interneurons in L2/3 of rat
neocortex synaptically connected to pyramidal cells, short bursts of
backpropagating dendritic action potentials (APs) initiated depression of
unitary EPSPs. Synaptic depression was dependent on a rise in dendritic Ca2+
and was prevented by loading bitufted cells with BAPTA or EGTA (5 mM).
Depression was blocked by the GABAb receptor (GBR) antagonist
CGP55845A and was mimicked by the GBR agonist baclofen indicating that
activation of GBRs underlies this form of synaptic modulation. These GBRs
were expressed on the pyramidal cell axon terminals and were neither activated
by somatostatin nor by GABA released from autaptic nerve terminals. We
conclude that presynaptic GBRs are activated by a retrograde messenger, most
likely GABA, released from bitufted cell dendrites following back-propagating
APs This Ca2+ dependent dendritic release was likely caused by vesicular
exocytosis since synaptic depression was prevented by botulinum toxin D
(light chain) or by GDP-P-S. GBRs induce inhibition of terminal Ca2+
channels via a G-protein dependent pathway leading to a reduction in
glutamate release and synaptic depression.
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MUTANTS OF PKC ALTER THE RECOVERY OF DEPRESSED SYNAPSES
IN APLYSIA. F. Manseau2, X. Fan1, W, S. Sossin1 and V.F. Castellucci2*. iMNI, McGill
Univ+ Mtl- Canada H3A 2B4; 2CRSN, Univ. de Montreal, Mtl. Canada H2W 1R7.

Regulation of PKC activity is an important mechanism for memory related forms of
synaptic plasticity like the facilitation of depressed synapses in Aplysia. The nervous
system of
californica contains only two PKC isoforms - the classical PKC
APH and the novel PKC AP12- Our Soal 15 to clanfV their physiologtcal functions. We
are using P^smids as vectors for expression of PKC interacting constructs in single
cultured neurons. In these experiments, co-injected Green Fluorescence Protein (GFP)
or GFP fusion proteins are used as markers for gene expression. Each transformed
sensory neuron (SN) is paired with a motoneuron and synaptic connections are tested
bV intracellular recordings. Synaptic depression is induced with 40 stimuli (ISI=20
sec), 5-HT [lOpM] is then applied to induce a PKC-dependent facilitation. In a first
attemPt at altering the function of specific PKC isozymes, we have used plasmids
encoding the C2 domain of PKCs. This domain is presumably involved >n isoform
specific recognition and binding with membrane proteins named RACK (Receptors
for Activated C Kinases). In principle, overexpressing the C2 domain of Apll or Apl2
should selectively inhibit each isoform by occupying their respective RACK. We
found that the expression of Apll-C2 in SN significantly reduced facilitation of
depressed synapses (mean of A= 23%, n=l3) while Apl2-C2 expressing pairs were
not different (mean of A= 45%, n=7) from the control GFP expressing ones (mean of
A- 47%, n=13). (PO.OOOl ANOVA, GFP vs Apll: PO.01, GFP vs Apl2: n.s.,
Dunnetf s Test). We have also constructed GFP-PKC fusion proteins and successfully
expressed them in SNs. Although fusion of GFP with PKC does not alter PKC’s in
vitro behaviour, catalytically inactive mutants of both Apll and Apl2 completely
blocked synaptic recovery. It is possible that dominant negative full length PKCs are
not isoform specific. Also of interest is the fact that fluorescence emanating from the
GFP-PKC fusion proteins seems to be localized differentially. MRC, NSERC, FCAR.

SYNAPTIC PLASTICITY III

TUESDAY PM
529.11

THE MOLECULAR CASCADES INITIATED BY LONG-TERM FACILITATION AND DEPRESSION COMPETE AT A NUCLEAR LEVEL. A, Casadio.1*
M, Giustetto' and E, R. Kandel1,2. 'Ctr. Neurobiol. & Behav., Columbia Univ. Coll,
of Phys. & Surg.; 2HHMI, New York, NY 10032.
In a culture system where a single bifurcated Aplysia sensory neuron makes
synapses with two spatially separated motor neurons, we have previously found that
local application of five serotonin (5-HT) pulses to one set of terminals produce a
CREB-mediated, synapse-specific long-term facilitation (LTF), while five 5-HT
pulses applied to the soma produce a CREB-dependent cell-wide LTF (Martin et al.,
1998). Here we show that five FMRFamide pulses (1 pM) to one set of terminals
produce a synapse-specific long-term depression (LTD) (-35.45% + 12.5 mean
EPSP amplitude change in the FMRFamide treated branch, vs. -5.15% ± 10.2 in the
untreated branch; n=5). Five FMRFamide pulses to the soma produce a cell-wide
LTD (-41.2% ±15; n=4). In Aplysia sensory neuron, serotonin initiates a cAMPdependent, while FMRFamide an arachidonic acid-dependent molecular cascade.
To analyze if these cascades compete at a nuclear level, we simultaneously applied
five 5-HT pulses to one set of terminals and five FMRFamide pulses to the other,
and found that FMRFamide initiates LTD at the ipsilateral and also partially inhibits
LTF at the opposite 5-HT treated synapses (17.4% ± 12.56, n=6 in the 5-HT and
FMRFamide treated cells vs. 85.5% ± 15; n=5 in the 5-HT treated cells). Finally, to
investigate how activity can modulate synaptic plasticity, we paired high frequency
stimulation (20 Hz, 2s) of the sensory neuron to the application of a single 5-HT
pulse onto one set of synapses — a stimulus per se unable to induce LTF — and
found that this pairing produced LTF at both branches, although much higher in the
5-HT treated branch (185.33% ± 18.6 vs. 65.4% ± 15.33, n=7). These preliminary
data suggest that long-term facilitation and depression compete at a nuclear level and
that presynaptic activity has a powerful modulatory effect on the expression of longterm synaptic plasticity. (Supported by HHMI, HFSP, and NIH AG08702.)

INVERTEBRATE LEARNING AND BEHAVIOR III
530.1

530.2

NONLINEAR MODELS APPLIED TO THE ANALYSIS OF CA2+DYNAMICS IN THE ANTENNAL LOBES OF HONEYBEES
H. Greve1, M. Stetter2, C. G. Galizia2* and K. Obermayer1 1 Computer Science, Technical University of Berlin, D-10587 Berlin, Germany; 2Neurobiology,
Free University of Berlin, D-14195 Berlin, Germany
Recent Ca2+-imaging studies on the antennal lobe of the honeybee (Apis
mellifera) have shown that olfactory stimuli evoke complex spatiotemporal
changes of the intracellular Ca2+ concentration in which stimulus-dependent
subsets of glomeruli are highlighted. In this work we use nonlinear models (?)
for noise reduction and removal of bleaching, and (ii) for the quantitative identification of the spatial and temporal properties of the Ca2+-dynamics. Within
each pixel, the time-series of the Ca2+ signal is described as a superposition
of an exponential bleaching component and one or several second-order 7functions as models for stimulus-dependent Ca2+-release. The optimal amplitudes and time-constants are estimated by a nonlinear least-squares technique,
and estimates for the signal-to-noise ratios for the parameters are calculated
as an error measure. Our observations are: (?) The time series of the Ca2+
signal consists of a fast and a slow stimulus-dependent component, (ii) The
time-constants of both components are constant over space and across different odors and animals. Their delays with respect to the stimulus are <5i =
(0.4 ± 0.3) s, J2 = (2.4 ± 0.6) s, their rise times are 77 = (3.8 ± 1.2) s, r2 =
(10.3 ±3.2) s. Errors include variations between animals. (Hi) The pattern of
the Ca2+-dynamics in space and time can be described as a superposition of
two spatiotemporally separable patterns based on the fast and slow component.
(iv) In chronical experiments, the amplitude of the fast (slow) component often decreases (increases) with time, (v) Finally, the application of TTX or free
Ca2+ significantly suppress both the fast and the slow component.
Supported by DFG grant Obl02/3-l

BIOCHEMCIAL DISSECTION OF NF 1-REGULATED RUTABAGAADENYLYL CYCLASE PATHWAY IN DROSOPHILA LEARNING
J.Tong*, F. Hannan, Y.Zhong. Cold Spring Harbor Lab, 1 Bungtown Road,
Cold Spring Harbor, NY 11724
To gain insights into how the tumor-suppressor gene
neurofibromatosis 1 (NF1), which encodes A Ras-specific Gap, affects
learning in human patients, we have conducted genetic, electrophysiological,
and behavioral studies of Drosophila NF1 mutants, which leads to the finding
that NF1 is so crucial to learning that the performance of NF1 mutants can be
improved in proportion to the amount of NF1 expressed by acute induction of
the transgene. It is suggested that NF1 affects learning process via its control
of the rutabaga-encoded adenylyl cyclase(Rut-AC) pathway. In the current
work, direct biochemical assays of AC activity from Drosophila brain or
abdominal tissues revealed two components of G-protein stimulated AC
activity: one is NF1 independent and the other is NF1 dependent. GTPys
stimulated AC activity is significantly reduced in two independently isolated
NFI mutant alleles. The NF1 ’s effect on AC activity was mediated by RutAC because both the basal and stimulated level of AC activity were very
similar in both rut1, a null allele of rut mutant, and NF1 mutants. More
importantly, NF1 mutations exerted no effect on AC activity in the absence
of Rut-AC as indicated in rut1 ;NF1 double mutant assays. Thus, this
biochemical study provides direct evidence for a new mechanism of NF1related controlling of G-protein stimulated Rut-AC activity, which is essential
for Drosophila learning. Supported by NIH grants(NS34779 & HD33098) to
YZ.

530.3

530.4

FUNCTIONAL GENOMICS OF LONG-TERM MEMORY
Josh Dubnau1, Ulli Certa2, Scott Gossweiler3, Clemens Broger4, Martin Neeb5, Jerry
Yin6, Jan Mous7 and Tim Tullvx*.l wCold Spring Harbor Lab, 1 Bungtown Road,
Cold Spring Harbor, N.Y., 11724, USA. 1,3,6’8Helicon Therapeutics, 106 Charles
Lindbergh Blvd. Uniondale, New York, 11553-3649. 2,4,5,7F. Hoffman-La Roche,
Basel, Switzerland.
Three features of long-term memory are conserved across animal phyla. First,
memories are initially stored in a short-term labile form but can progress to a longer
lasting, stable form. Second, long-term but not short-term memory requires a new
program of gene expression. And third, many tasks require repeated training sessions
interspersed with rest intervals (spaced training), rather than repeated training without
rest intervals (massed training), to produce long-term memory. Numerous attempts at
identification of genes and pathways that are induced during memory consolidation
have so far focused either on in-vitro models of neuronal plasticity or in-vivo
pharmacological manipulations of neuronal activity. These studies have led to a
laundry list of genes that likely play important roles in neuronal plasticity in a broad
sense. In contrast, only a handful of transcripts and proteins have been discovered
that are induced or repressed during memory consolidation per se. Hence
identification of genes involved specifically with long-term memory ha,s been
difficult.
In Drosophila, spaced training results in several short-term forms of memory, as
well as in long-term memory, which is CREB- and protein synthesis-dependent. In
contrast, memory after massed training is less stable, CREB independent, and
insensitive to protein synthesis inhibitors. We are using these behaviorally specific
training protocols and mutations that disrupt memory, in combination with Affymetrix
gene chip technology, to characterize a genomic response to memory formation. We
have identified several memory candidate genes.
This work was supported by Hoffman-La Roche, Helicon therapeutics, and NIH
grants 5P01HD33098 (to TT) and 5F32HD0808702 (to JD).

ABLATION OF CHEMOSENSORY NEURONS DISRUPTS THE
INITIATION OF TURNS IN C. ELEGANS CHEMOTAXIS. J. T.
Pierce-Shimomura*, M. R, Gaston and S, R, Lockery. Institute of
Neuroscience, 1254 University of Oregon, Eugene, OR 97403-1254.
The behavioral strategy underlying C. elegans chemotaxis involves
sharp turns (pirouettes) triggered by a sustained period in which the
animal moves down the chemical gradient1. As a first step in
determining the role of individual neurons in this strategy, we ablated the
single ehemosensory neuron ASER in 19 worms and followed each
animal with a tracking system during chemotaxis in a gradient of
ammonium chloride, previously shown to be sensed by the ASE
neurons . Most ASER- animals failed to reach the peak of the gradient,
while most ASER+ animals (anaesthetized and recovered but not ablated;
n = 13) did reach the peak. ASER- animals (n = 6) were able, however,
to reach the peak of a gradient of diacetyl, sensed by a different
ehemosensory neuron. To determine the chemotaxis deficit more
precisely, the tracking data were analyzed by noting the animal’s bearing
with respect to the peak of the gradient immediately before (Bbefore) and
after (Bafter) pirouettes. The distribution of Bbefore was flat, indicating that
pirouettes in ASER- animals were triggered randomly. In contrast, the
distribution of Bbefore values for ASER+ animals showed that pirouettes in
this group were triggered by movement down the gradient, as expected1.
Ablation of ASER did not affect the execution of pirouettes, since the
distributions of bearing change (B^ - Bbefore) were similar in the ASERand ASER+ animals. Thus, ablating ASER disrupts the initiation but not
the performance of pirouettes, consistent with the sensory role of ASER.
1. Pierce & Lockery (1998) West Coast Worm Meeting abstract 59
2. Bargmann & Horvitz (1991) Neuron 7:729-42
Supported by NIMH MH51383, NSFIBN9458102, ONR N00014-941-0642, The Sloan Foundation and The Searle Scholars Program.
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530.5

530.6

ELECTRICAL CHANGES IN THE FEEDING CIRCUIT AFTER TACTILE AND
CHEMICAL APPETITIVE CLASSICAL CONDITIONING IN LYMNAEA. P.R.
Beniamin*. N.G. Jones. I. Kemenes. M. O’Shea and G. Kemenes. Sussex Centre for
Neuroscience, School of Biological Sciences, University of Sussex, UK.
We used two different behavioural learning paradigms followed by
electrophysiological analysis to find sites of electrical changes in the Lymnaea
feeding network after appetitive conditioning. We compared the cellular changes
found in the feeding system after tactile vs. chemical conditioning.
Electrophysiological tests on reduced preparations made from both types of
conditioned animals demonstrated a network correlate of the overall conditioned
feeding response, a CS-evoked CPG-driven fictive feeding rhythm.
At the
motoneuronal level, preparations form touch-conditioned animals showed an increase
in a touch-evoked early EPSP on motoneuron B3. The chemical CS did not have any
early effects on B3 in either control or experimental preparations. At the level of
modulatory neurons, important differences were found in the cellular changes seen
after tactile vs. chemical conditioning. After tactile conditioning, the serotonergic
cerebral giant cells’ (CGCs) resting potential, spontaneous and touch-evoked firing
rate remained unchanged. In contrast, after chemical conditioning, the CGCs became
significantly more depolarized and showed a significantly increased firing in response
to the CS when compared with controls. The cerebral ventral la (CVla) cells, which
can drive fictive feeding, also showed differences in preparations derived form touch
vs. amyl acetate conditioned animals. After tactile conditioning, the CBVla-s were
more depolarized and showed an increase in an early touch-evoked EPSP. After
chemical conditioning, the resting potential of the CVla-s remained unchanged but in
experimental preparations they showed a significantly larger long-lasting
depolarization in response to the CS than they did in controls.
Supported by BBSRC, UK.

CELLULAR CORRELATES OF ASSOCIATIVE MEMORY INDUCED BY CLASSICAL
CONDITIONING OF FEEDING IN APLYSIA. H.A. Lechner*, D.A. Baxter, and J.H.
Byrne. Dept. of Neurobiology & Anatomy, W.M. Keck Center for the Neurobiology of
Learning & Memory, Univ. of Texas-Houston Medical School, Houston, TX 77030.
Classical conditioning of feeding behavior in Aplysia results in a pairing-specific
increase in the number of CS-elicited ingestive responses (i.e., bites; Lechner et al.,
1997). The goals of this study were to test whether the associative memory induced by
classical conditioning could be studied in isolated ganglia, and to examine cellular
correlates of training.
Within 6 h of conditioning, cerebral and buccal ganglia were removed and patterned
efferent activity that contributes to feeding behavior (buccal motor patterns, BMPs) was
monitored in vitro. Whereas no difference was found in the number of spontaneous
BMPs as a result of conditioning, the number of BMPs evoked by stimulation of a
branch of the anterior tentacle nerve (AT4), which innervates the region of the skin
used for CS presentation during classical conditioning, was significantly greater after
paired than after unpaired training. A classification of AT4-evoked BMPs found that this
pairing-specific effect was almost exclusively due to a greater number of ingestion-like
BMPs. In a separate experiment, the effect of paired and unpaired behavioral training
on the BMP-initiating neuron B31/32 was examined. The peak amplitude of the
complex excitatory input in B31/32 produced by AT4 stimulation as well as the cEPSP
integral were significantly greater after paired than after unpaired training.
These results indicate that classical conditioning of feeding induces an associative
memory that can be studied in vitro. The correlates observed (ingestion-like BMPs) are
closely related to the conditioned behavioral responses (bites). Moreover, paired
training does not result in an overall increase in spontaneous CPG activity but
amplifies the strength of CS-mediating pathways selectively. Feeding behavior in
Aplysia is thus a promising model system for studying the cellular plasticity underlying
associative learning in classical conditioning. Supported by NIH grant MH58321.

530.7

530.8

EXAMINING THE ROLE OF CONTINGENCY-DEPENDENT MODULATION IN A
MODEL OF OPERANT CONDITIONING. D.A. Baxter*, R. Narqeot and J.H. Byrne.
Dept. of Neurobiology & Anatomy, W.M. Keck Center for the Neurobiology of Learning
& Memory, Univ. of Texas-Houston Medical School, Houston, TX 77303
Recently, we developed an in vitro analog of operant conditioning in Aplysia using
rhythmic motor activity in isolated buccal ganglia (Nargeot et al. 1997, 1999). In this
analog, contingent reinforcement selectively increased the occurrences of ingestionlike buccal motor patterns (BMPs), and induced changes in cell B51, including
decreases in its resting conductance and burst threshold. The goal of the present
study was to examine whether contingency-dependent modulation of B51 biased the
output of the central pattern generator (CPG) toward ingestion-like BMPs.
Although many elements of the CPG have been identified, an analysis of its overall
function has yet to be undertaken. Thus, as a first step, we developed a model of the
CPG zand examined its function. Conductance-based models were developed that
mimicked the properties and synaptic connections of cells B4/5, B31/32, B34, B35,
B51, B52, B63 and B64. Simulations were preformed with the program SNNAP (Ziv et
al. 1994; this volume). The results indicated: 1) To simulate BMPs, it was necessary
to add a hypothetical element that mediated the transition from protraction to retraction
phases of BMPs; 2) In control conditions, the bias of the CPG was to generate a
rejection-like BMP; and 3) B51 was not active during rejection-like BMPs.
To examine the effects of contingency-dependent modulation, parameters of the B51
model were modified to reflect the empirically observed decreases in resting
conductance and threshold. Simulations of the modified CPG indicated that:
1) Contingency-dependent modulation of B51 led to its recruitment into the CPG; and
2) Activity in B51, in turn, led to the generation of an ingestionJike BMP. Thus, the
modulation and dynamic recruitment of B51 into the CPG helped bias the output of the
CPG toward the reinforced BMP Supported by NIH grant RR11626.

OPERANT CONDITIONING OF AERIAL RESPIRATORY
BEHAVIOUR IN LYMNAEA - RESULTS FROM SEMI-INTACT
PREPARATIONS. K, Lukowiak*. N.I, Syed and G.E. Spencer.
Neuroscience and Respiratory Research Groups, Faculty of Medicine,
University of Calgary, Calgary, Alberta, Canada. T2N 4N1.
A three-neuron central pattern generator (CPG) controls aerial
respiratory behaviour in the pond snail, Lymnaea. This behaviour can be
operantly conditioned and the memory can persist for up to 1 month.
We have previously shown that CPG network properties change in the
isolated CNS after operant conditioning. However, these recordings
were made in the absence of sensory input from the pneumostome. In
the next step to determine the causal mechanisms underlying learning in
Lymnaea, we utilized a semi-intact preparation in which both
pneumostome as well as CPG activity could be monitored
simultaneously. Semi-intact preparations were made from both trained
and yoked control animals, following a 5 session training regime. The
number of pneumostome openings were significantly reduced following
a reinforcing tactile stimulus to the pneumostome in trained (p < 0.002),
but not yoked control preparations (p > 0.05; N=25 in each group).
Preliminary data further indicate that the correlation of CPG activity
with pneumostome openings are also changed in the trained, but not the
control group. Supported by MRC and AHFMR.

530.9

530.10

EFFECTS OF PREDICTABILITY DURING CONDITIONING ON
ACTIVATION OF Ca2+/CaM-SENSmVE ADENYLYL CYCLASE BY
PAIRED Ca2+ AND 5HT STIMULI. A.H. Lin**, C.U. Onyike1-2,
J.E. Cohen1 and T.W. Abrams1 'Depts. of Pharmacol. & Anesthesiol., Univ.

SYNAPTIC COMPETITION AT THE APLYSIA SENSORIMOTOR SYNAPSE.
TETANIC STIMULATION OF ONE PRESYNAPTIC INPUT DEPRESSES A SECOND
PRESYNAPTIC INPUT. W, G, Wright2*, R, Yong1. and D, L, Glanzman', 'Depts. of
Physiological Sci. and Neurobiology, UCLA, Los Angeles, CA 90095-1761; 2Dept. of
Biology, Col. St. Univ., Ft. Collins, CO 80523.
The strength of different presynaptic inputs to a postsynaptic target can be regulated by
synaptic competition. Vigorous activity can increase the strength of a given presynaptic input
while depressing the strength of competing inputs. An example of such competitive
depression comes from experiments on cultured sensorimotor synapses of Aplysia by Sun and
Schacher (1996). They found that tetanic stimulation of one presynaptic sensory neuron (SN)
suppresses the development over days of a synapse made by a second, unstimulated SN onto a
common target motor neuron (MN). In the present study we examined whether presynaptic
activity can also have short-term competitive effects on sensorimotor synapses.
We used isolated three-neuron co-cultures (triads). Each triad comprised two SNs placed on
opposite sides of a single MN. The strength of each synapse in a triad was tested by eliciting
a single action potential in a SN and measuring the evoked EPSP in the MN. SNs of each
triad received 3 tests at a 15 min ITI followed by two additional tests 1 and 2 hr later. In
Experimental triads the SN that initially produced the larger EPSP (mean = 45.9 + 13.9 mV
[SEM]) received two 2-s bouts of tetanic stimulation (20 Hz) 1 min before the third test. The
SN that produced the smaller EPSP (mean = 9.6 + 1.34 mV) received only the test stimuli.
Control triads received the identical regimen of tests, but not tetanic stimulation.
For Experimental triads tetanic stimulation of the larger synapse caused a reduction in the
unstimulated synapse 1 min after the tetanus. The EPSP of the unstimulated SN was smaller
than its size on Pretest 2 (72 ± 5% of Pretest 2; t-test, p < 0.003, n = 7); it was also
significantly smaller than the corresponding EPSP in Control triads (two-sample t-test, p <
0.04, n = 7,7). This heterosynaptic depression in Experimental triads was still apparent 1 hr
later (70 ± 10%, p < 0.03, n = 6), although the between-group comparison with the control
triads was no longer significant (p = 0.063, n = 6,7).
The present results indicate that heterosynaptic competitive interactions can have short- and
intermediate-term depressive effects at Aplysia sensorimotor synapses. Our results set the
stage for a mechanistic analysis of rapidly induced competition at these synapses, and raise the
question of whether such competition plays a role in learning-related changes of sensorimotor
synapses. Supported by NSFIBN-9632069 (WGW) and by NIH NS29563 (DLG).

of MD Sch. of Med., Baltimore, MD 21201, & 2Dept. of Psychiatry, Johns Hopkins
Univ., Baltimore, MD 21287.

In classical conditioning, learning the association between the conditioned and unconditioned stimuli (CS & US) depends on temporal contiguity in the paired presentation of these stimuli. Learning that the CS
predicts the US also depends on contingency. During conditioning in
Aplysia, the dually-regulated CaM-sensitive adenylyl cyclase (AC) serves
as a molecular integrator, detecting pairing of presynaptic Ca2+ influx,
which is triggered by the CS, and 5HT release, triggered by the US.
Yovell & Abrams (1992) found that, analogous to the learning, AC is
activated more powerfully with forward pairing - when the CS signal
(Ca2+) precedes the US signal (5HT) - than with backward pairing. We
examined AC activation in 3 other pairing protocols in which predictability is decreased. Simultaneous stimulus onset resulted in 40±5% less
activation of AC than forward pairing during the first 12 sec of the response, though not at later times. During many conditioning paradigms,
extra unpaired CSs or unannounced USs degrade the learning. Unlike in
conditioning, an unpaired Ca2+ pulse had no effect on AC activation by
paired Ca2+ and 5HT pulses. Paralleling conditioning, an unpaired 5HT
pulse decreased by 45±4% AC activation by subsequent paired Ca2+ &
5HT pulses throughout the entire response. This effect may be specific
to activation by paired stimuli because longer 5HT exposures did not
cause desensitization and the unpaired 5HT pulse had little effect on the
response to a later unpaired 5HT pulse. Supported by RO1 MH55880.
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531.1
CHOLINERGIC INFLUENCES ON VISUAL DEPRIVATION-INDUCED
CHANGES IN OCCIPITAL CORTEX EXCITABILITY
B. Boroojerdi.1 W. Muellbacher? J. Grafman2* and L. G. Cohen1
’Human Cortical Physiology Section, Cognitive Neuroscience Section,
NINDS, NIH, Bethesda, MD 20892.
Short-term visual deprivation (for approximately 2 hrs) leads to increased
excitability of the human visual cortex (Boroojerdi et al. 1999). Cholinergic
influences on the visual cortex are excitatory and are known to facilitate
cortical plasticity. To better understand the role of cholinergic system on
deprivation-induced changes in visual cortex excitability, we compared the
effects of pretreatment with scopolamine (dermal patch, 1.5 mg), a
muscarinic receptor antagonist, or sleep deprivation (as a control for sedative
effects of the drug) on changes in the minimum transcranial magnetic
stimulation (TMS) intensity to evoke phosphenes (phosphene threshold, PT)
and stimulus-response curves for elicitation of phosphenes. In 5 normal
volunteers PT and stimulus-response curves for the phosphene intensity were
determined before and at 45-minute intervals for 135 minutes of visual
deprivation. Pretreatment with scopolamine significantly blocked the
deprivation-induced decrease in PT (p=0.03, ANOVA). Additionally,
scopolamine abolished the visual deprivation-induced increase in the
phosphene intensity (p=0.04, ANOVA). These results indicate that
muscarinic influences, widely distributed in neocortex, play a contributory
role in deprivation-induced facilitation of visual cortex excitability.
B. B. received a grant from Deutsche Forshungsgemeinschaft (Grant Bo
1576/1-2).

APPEARANCE OF CHARLES BONNET SYNDROME (CBS) FOLLOWING
PROLONGED BLINDFOLDING AND BRAILLE TRAINING. D.P. Maguire,1 R.
Stickgold,1 A. Warde,2 E. Kiriakopoulos2 and A. Pascual-Leone2*. 1 Laboratory of
Neurophysiology, Massachusetts Mental Health Center, Harvard Medical School;
Laboratory for Magnetic Brain Stimulation, Dept. of Neurology, Beth Israel
Deaconess Medical Center, Harvard Medical School, Boston, MA 02215.
CBS is a condition in which individuals, with no evidence of psychopathology,
experience intrusive visual hallucinations with varying degrees/of complexity. It is
often associated with advanced age and visual impairment. Visual hallucinations
range from light flashes to complex images such as ornate buildings, intricate
scenery, people and animals. Images can be static, moving or animated. Three
healthy subjects, with no prior history of visual hallucinations, enrolled in a study of
Braille reading were blindfolded for a period of five days and were instructed to
keep a daily diary of their dreams and perceptions throughout the blindfolded
period. Two of the three subjects received extensive Braille training during the
blindfolded period. All three subjects reported incidences of intrusive visual
hallucinations. Subject 1 reported seeing light flashes, buildings, and resplendent
peacock fans during the later days of the experiment. Subject 2 experienced a
broader range of images, which began a few hours after blindfolding and persisted
for a number of hours after the blindfold was removed at the end of the experiment.
Hallucinations included flashing lights, mirrors, lamps, and full landscapes. As the
protocol continued, the complexity of his hallucinations developed into ornate
buildings of whitish-green marble and cartoon figures. Hallucinations were brought
on primarily by movement such as when walking to and from testing sites and the
restroom. They had no obvious memory sources and did not appear to repeat. In
both of these subjects, fMRI analysis showed activation of the visual cortex during
tactile stimulation of the fingers. The data suggest that the appearance of CBS in
these subjects may reflect changes in patterns of visual cortex activation during
tactile and Other non-visual sensory Stimulation. (Research supported by the Harvard
Thorndike Clinical Research Center (NIH) and the National Eye Institute #R0lEY12091-10)

531.3

531.4

NORMAL AGING AND GENDER DIFFERENCES IN TRANSIENT PERG AND
VEP RECORDED FROM RHESUS MONKEYS ((Y. Danilov1 *J.N. Ver Hoeve2,
C.B.Y. Kim2, P. D. Spear3)) Dept. of Anatomy1, Dept. of Ophthalmology2, University
of Wisconsin, Madison, WI53706; University of Colorado, Boulder, CO3.
Purpose. As part of a study of normal aging in the visual system, we were interested
in the effect of gender on the latency and amplitude of transient visual responses in old
rhesus monkeys.
Methods. All animals were refracted via cycloplegic retinoscopy and acuity was
measured with the sweep VEP. 31 old (>20 yr., 11 males and 20 females) monkeys
were tested under propofol anesthesia in 64 sessions. Results were compared with 30
young adult animals (4-8 yr., 18 males and 12 females). Test stimuli included luminance-step and checkerboard patterns alternated at 2 Hz. Electroretinograms (ERG)
and visual evoked cortical potentials (VEPs) were recorded simultaneously.
Results. Normal aging affected latencies and amplitudes of FVEP/PVEP waveform
components. However, robust gender differences in amplitude and latency, observed in
young monkeys, were not apparent in the old group. The latency of P2 (FVEP) waveform components increased from 101.0 ±3.2SE ms in young to 128.8 ±3.5SE ms in old
males, and from 93.7 ±2.8SE ms in young to 126.9 ±3.9 ms in old females. In old
animals latencies and amplitudes of all FERG/ PERG and FVEP/PVEP waveform
components were indistinguishable on the basis of gender. The only exception was the
latency of the N70 (PVEP) waveform component. Whereas N70 shows no gender
dependency in young adult monkeys (62.7 ±2.0SE ms in males and 63.7 ±2.8SE ms in
females) its latency increased in old males to 69.8 ±4.0SE ms and decreased in old
females to 59.1 ±2.6SE ms.
Conclusions. Normal aging is associated with greatly prolonged visual latencies in
monkeys raised entirely in a controlled setting. Gender differences present in young
adult monkeys’ cortical VEPs are reduced or eliminated in advanced age.
Supported by NIH AG11628 and Research to Prevent Blindness, Inc.
None

REPRESENTATION OF THE PURKYNL RETINAL TREE IN PRIMATE STRIATE
CORTEX. D.L.Adams*. D.R.Hocking and J.C.Horton. Beckman Vision Center,
Departments ofOphthalmology and Physiology, UCSF, San Francisco, CA94143-0730.
In 1819 Purkyne discovered the pattern of blood vessels that supplies the retina by
transilluminating his sclera. The vessels give rise to angioscotomas in the visual field.
We searched for the cortical representation of the Purkyne Tree in 12 normal squirrel
monkeys. After their ocular fundi were photographed, retinal landmarks were
projected onto a tangent screen for scale. The animals then underwent monocular
enucleation under anesthesia to label their ocular dominance columns with cytochrome
oxidase (CO). 3 monkeys also received an injection of [3H]proline into the remaining
eye to double label the ocular dominance columns' Animals were perfused after 8-10
days and flatmount sections of striate cortex were processed for CO and
autoradiography. In each animal, the cortical region Corresponding to the blind spot
appeared as a 3-4 mm oval. It stood out because it received input from only one eye. In
9 of 12 animals the representation of the Purkyne Tree was also visible, for the same
reason. In our best examples, CO sections and autoradiographs showed a dozen spiderlike threads radiating from the blind spot representation. Vessels could be traced for 15
mm, all the way to the vertical meridian. Vessels only 10-15 minutes of arc in diameter
were seen in the macular representation. In our sample of 12 normal squirrel monkeys,
there was great variability in the periodicity of ocular dominance columns. Columns
were absent in some animals, and a millimeter wide in others. The representation of the
Purkyne Tree was visible only in animals with fine or absent ocular dominance columns.
They could not be resolved in animals with coarse columns. By matching each blood
vessel in the fundus with its representation in the cortex, we could produce a retinotopic
map and calculate the magnification factor and point-spread function at different
eccentricities. Our findings show that 1) the visual field map in layer IVc is more
precise than indicated by physiological studies, and 2) visual experience refines the
final pattern of geniculocortical inputs, given that the Purkyne Tree casts a shadow only
after birth. Supported by NEI.

531.5

531.6
MONOCULAR DEPRIVATION PROMOTES A VISUOTOPIC-SPECIFIC
LOSS OF THE NMDAR1 SUBUNIT IN THE VISUAL CORTEX
Kevin R. Duffy* & Kathryn M. Murphy. Department of Psychology,
McMaster University, Hamilton, ON Canada.
Disruption of early visual experience leads to anatomical and physiological changes in the visual cortex that are often accompanied by severe
visual deficits. For example, early monocular deprivation causes a shift
of ocular dominance favoring the non-deprived eye and severely compromises binocular visual functions. It is thought that these changes
result from reduced concordant binocular vision that leads to experiencedependent competitive changes in the central visual pathway. We have
examined the overall tangential distribution of a key component of experience-dependent change in cat VI -- the NMDA receptor — and related it
to the map of visual space in VI. During postnatal development (1-12
wks) animals reared with normal binocular vision have comparable levels of NMDAR1 expression throughout VI. Monocular deprivation, however, leads to a significant loss of NMDAR1 in the central, but not the
peripheral visual field representation iri VI. In contrast, binocular deprivation promotes a small increase in NMDARlir throughout VI. Thus, the
visuotopic-specific loss of NMDAR1 promoted by monocular deprivation is not simply a result of reduced retinal activity. The loss is found
within that portion of the visual cortex that is most important for binocular vision, since the central visual field representation receives input from
pairs of points in the two retinae that project to the same point in space.
These results suggest that NMDA may play a role in the development of
cortical circuitry to support normal binocular visual function.

GAD65 IMMUNOREACTIVITY LEVELS IN DEPRIVED AND NONDEPRIVED
OCULAR DOMINANCE COLUMNS REMAIN EQUAL FOLLOWING
MONOCULAR DEPRIVATION IN KITTEN. M. A. Silver* and M. P. StrykerW. M. Keck Center for Integrative Neuroscience and Neuroscience Graduate
Program, University of California, San Francisco, CA 94143-0444.
As few as two days of monocular deprivation (MD) of kittens during a critical
period of development produces a shift in visual responses in primary visual cortical
neurons towards the nondeprived eye (Wiesel and Hubei, 1963), while seven days of
MD results in retraction of deprived eye geniculocortical axon branches (Antonini
and Stryker, 1993). In adult monkeys, MD causes a decrease in the amount of
immunoreactivity for the GABA synthetic enzyme glutamic acid decarboxylase
(GAD) in deprived eye ocular dominance columns in primary visual cortex (Hendry
and Jones, 1986), but this reduction is not accompanied by physiological cortical
ocular dominance plasticity. In critical period kittens, MD produces a physiological
ocular dominance shift but causes no change in the GAD expression pattern (Bear et
al., 1985). The GAD65 isoform is localized primarily to the presynaptic terminals of
GABAergic neurons (Esclapez et al, 1994), and disruption of the GAD65 gene in
mice prevents ocular dominance plasticity (Hensch et al., 1998). To test whether
changes in GAD65 expression patterns underlie ocular dominance plasticity, we
employed antibodies specific for GAD65 (Chang and Gottlieb, 1988).
Ocular dominance columns of critical period kittens were labeled by injections of
the anterograde tracer Phaseolus lectin (Pha-L) into the lateral geniculate nuclei. By
restricting injection sites to lamina A, columns representing only one eye were
labeled in the cortex. Pha-L and GAD65 immunoreactivity (IR) were visualized
using double label immunofluorescence. We compared the relative levels of GAD65
IR in deprived and nondeprived columns from animals that had received monocular
lid suture. MD (either two or seven days) had no effect on the relative distribution of
GAD65 IR in deprived and nondeprived eye columns. Therefore, the loss of deprived
eye visual responses following MD of critical period kittens is apparently not due to
changes in GAD65 protein levels in deprived eye columns. Supported by NIH
EY02874. M.A. Silver was a Howard Hughes Medical Institute Predoctoral Fellow.
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ROLE OF INTRINSIC MEMBRANE PROPERTIES IN THE EXPANSION OF
THE RECEPTIVE FIELD FOLLOWING PRESENTATION OF AN
ARTIFICIAL SCOTOMA. L. G. Nowak*, M. V, Sanchez-Vives and D, A.
McCormick Section of Neurobiology, Yale University Medical School, New
Haven, CT 06510
The visual presentation of an artificial scotoma can induce an expansion of
the receptive field (Pettet & Gilbert. PNAS 89:8366, 1992) and/or an increase
in the neuron's excitability (DeAngelis et al. PNAS 92:9682, 1995). In both
cases, synaptic plasticity has been proposed as the most likely underlying
mechanism.
In order to understand the mechanisms that underlie this increased
response to the surround that follows an artificial scotoma, we have
performed intracellular recordings in cat primary visual cortex. Stimulation of
the receptive field with drifting gratings (30-60 sec) was followed by an
artificial scotoma (30-60 sec) over the receptive field while drifting gratings
were maintained in the surround. The onset of the scotoma resulted in a
hyperpolarization of the membrane potential.
As the scotoma was
maintained, the membrane potential gradually depolarized back to firing
threshold and the neuron began discharging to stimuli in the far surround.
To examine the consequences of this hyperpolarization, we mapped cell's
receptive fields with the reverse correlation technique while the intracellularly
recorded neuron was positioned at different membrane potentials with the
intracellular injection of current. Depolarization resulted in an expansion of
the receptive field, while hyperpolarization resulted in a contraction. These
results indicate that receptive fields, as measured by action potential activity,
may be continuously and dynamically contracting and expanding in large part
owing to an intrinsic property of cortical neurons: the generation of slow
afterhyperpolarizations. These intrinsic membrane properties need to be
taken into account for a full explanation of cortical receptive field dynamics.

INTRACORTICAL ORIGIN OF VISUAL CORTICAL MAPS M. Tsodyks1*,
U. Ernst2, K. Pawelzik3 and C. Sahar-Pikielny4. 1 Department of Neurobiology, Weizmann Institute; 2Max-Planck-Institut fur Stromungsforschung; 3Institu
for Theoretical Physics, University of Bremen; 4School of Physics and Astronomy, Tel-Aviv University.
Neurons in primary visual cortex respond preferentially to elongated stimuli. The spike rate of a given cell depends on various features of the stimulus,
such as position in visual space, its orientation and direction of motion. The
response properties of cortical neurons change smoothly across the surface of
the cortex, resulting in cortical maps. These maps appear early during development and exhibit characteristic pattern of mutual interrelations. 'Recent
experiments indicated that, in contrast to a common belief, the shape of the
visual maps does not depend on the visual experience and is stable throughout maturation. The factors which determine the shape of the maps are not
known. Here we propose that the visual cortical maps could first appear spontaneously due to the intrinsic intra-cortical dynamics of activities in the network
of lateral connections. We introduce a network model of visual cortex which
demonstrates that the selectivity of individual units and the structure of the
feature maps may originate from stereotyped inter-unit interactions. Although
the units in our model have rotationally symmetric input connectivity, their
response to a slowly moving oriented grating depends on the direction of its
motion. The resulting maps of preferred orientation and preferred direction
look surprisingly similar to the corresponding maps experimentally observed
in the primary visual cortex of mammals. Supported by grants from Minerva
foundation, Max-Planck-Gesellschaft and Deutsche Forschungsgemeinschaft.

531.9

531.10

PATTERN FORMATION IN A COMPETITIVE HEBBIAN LEARNING
MODEL: RETINOTOPY AND ORIENTATION. P. J. Thomas1*, J. D.
Cowan1,2. ’Dept. of Mathematics, Univ. Chicago; Chicago, IL 60637; 2Dept. of
Neurology, Univ. Chicago Medical School.
Spatial pattern formation can result from a simple competitive Hebbian
learning (CHL) rule for feed-forward synaptic weights from one neural layer to a
second, with center-surround lateral connectivity in the second layer. The CHL
rule reduces to a model which belongs to a well-understood class of models for
two-dimensional magnetic systems with alternating nearest-neighbor interactions
(ANNNI/XY models)1. The model accounts for the formation of orientation
column patterns2 and fine-grain retinotopic distortion3. It relates the amount of
scatter in the response properties of nearby cells4 to a statistical order parameter.
Near a critical amount of disorder in the model, the loci of orientation
“pinwheels” correspond to regions of maximal heterogeneity in neighboring
cells’ orientation preferences rather than to singular points of dramatically
weaker orientation timing.5
’Cowan and Friedman, Advances in NIPS, 1991.2Blasdel and Salama, Nature
1986.3Das and Gilbert, Nature 1997.4Maldonado and Gray, Visual Neuroscienci
1996; 5Maldonado, Godecke, Gray and Bonhoeffer, Science 1997.

A PHYSIOLOGICAL THEORY FOR VISUAL PERCEPTUAL LEARNING
OF ORIENTATION DISCRIMINATION N. Qian* and N. Matthews. Center
for Neurobiology & Behavior, Columbia University, 722 W. 168th St., Annex
#730, New York, NY 10032
One can discriminate progressively smaller orientation differences by performing an orientation discrimination task repeatedly over a training period
of many days. The physiological basis of this perceptual learning phenomenon
has been investigated recently by two research groups (Ghose and Maunsell,
1997; Schoups et al., 1998) through recordings from area VI of behaving monkeys. Both groups found that the most prominent change after training at
a certain orientation is a long-lasting activity reduction for neurons tuned
to the trained orientation. We investigated the consequences of this finding
computationally in the framework of recent recurrent network models of VI
orientation selectivity (Somers et al., 1995; Carandini and Ringach, 1997). It
was found that the observed activity reduction around the trained orientation
should lead to sharper orientation tuning for cells preferring orientations near
the trained orientation, and to broader tuning for cells preferring orientations
somewhat further away. (The average orientation tuning width of all cells does
not change significantly before and after learning, consistent with physiological data.) This pattern of selective sharpening and broadening of orientation
tuning curves is precisely what is needed for improving orientation discriminability at the trained orientation, based on the signal detection theory. We
conclude that orientation learning at the behavioral level can be explained by
the physiologically observed neuronal activity reduction around the trained
orientation in VI. Our theory also accounts for the earlier psychophysical
finding that immediately following a short-term orientation adaptation (which
usually increases contrast detection thresholds), orientation discrimination at
the adapted orientation is improved briefly (Regan and Beverley, 1985), presumably due to the transient neuronal activity reduction.
Supported by NIH grant #MH54125 and a Sloan Research Fellowship.

Supported by NIH RO1-IY12388.

Supported in part by the James S. Mcdonnell Foundation

531.11
DIRECTION
SELECTIVITY
FROM
PREDICTIVE
SEQUENCE
LEARNING
IN
RECURRENT
NEOCORTICAL
CIRCUITS.
R. P. N. Rao1*, M. S. Livingstone2, and T. J. Sejnowski1.
1 Computational
Neurobiology Lab, The Salk Institute, 10010 N. Torrey Pines Road, La Jolla,
CA 92037 and 2 Department of Neurobiology, Harvard Medical School, Boston,
MA 02115.
Neocortical circuits are dominated by massive excitatory feedback: more
than eighty percent of the synapses made by excitatory cortical neurons are
onto other excitatory cortical neurons. Why is there such massive recurrent
excitation in the neocortex and what is its role in cortical computation? Recent
neurophysiological experiments have shown that the plasticity of recurrent neocortical synapses is governed by a temporally asymmetric Hebbian
learning rule. We describe how such a rule may allow the cortex to modify
recurrent synapses for prediction of input sequences. The goal is to predict
the next cortical input from the recent past based on previous experience of
similar input sequences. We show that a temporal difference learning rule
for prediction used in conjunction with dendritic back-propagating action
potentials reproduces the temporally asymmetric Hebbian plasticity observed
physiologically. Using biophysical simulations, we show that a network of
cortical neurons can learn to predict moving stimuli and develop direction
selective responses as a consequence of learning. The resulting space-time
response properties of model neurons are compared to those of direction
selective cells in alert monkey VI and those obtained from a single-neuron
model based on dendritic facilitation and shunting inhibition. Finally, many
direction selective neurons in VI are also disparity selective; we describe how
the same architecture with binocular inputs could also simultaneously account
for both these response properties. Supported by the Sloan Foundation, HHMI
and NIH grant RO1 EY10203.
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INCREASED LEVELS OF GLUTATHIONE IN NEUROCHEMICALLY
IDENTIFIED FIBRE SYSTEMS IN THE AGED RAT LUMBAR MOTOR
NUCLEI. V. Ramirez-Leon.12* S. Kullberg.1 O.P. Hielle.2 O.P. Ottersen2 and B.
Ulfhake’. ’Dept. of Neuroscience, Karolinska Institutet, S-171 77 Stockholm,
Sweden; 2Dept. of Anatomy, Inst, of Basic Medical Sciences, Univ. of Oslo, N0317 Oslo, Norway.
Aged rats show behavioral and morphological evidence of degenerative changes in
the lumbar motor nuclei. High resolution quantitative postembedding
immunocytochemistry with an antibody reflecting the total pool of glutathione
(GSH) -an ubiquitously expressed scavenger of free radicals- was therefore used to
examine if GSH synthesis is upregulated pre- and/or postsynaptically in these
nuclei in aged (30 month old) rats. The purpose was also to resolve the extent of
correlation between GSH expression, transmitter identity, and degenerative changes.
Quantitative analysis revealed an increase in GSH-immunoreactivity (IR) in both
pre- and postsynaptic compartments in the lumbar motor nuclei of aged compared
with young adult (2 month old) rats. Presynaptically, the enrichment was seen in
axonal boutons of normal appearance and restricted to the extra-mitochondrial
compartment. In comparison, the postsynaptic increase was seen both over
mitochondria (+49%) and non-mitochondrial cytoplasm (+130%). When analyzing
the transmitter identity of bouton profiles, it turned out that close to 50% of all
glutamate-immunoreactive boutons in the aged rats contained very high levels of
GSH. Strong GSH-IR was also a typical feature among axon terminal- and axon
fiber-like profiles with signs of axon dystrophy and degeneration in the aged rats.
The aberrant axons had higher average levels of glutamate-IR (+93%) and lower
average levels of glycine-IR (+88%) than normally appearing axon fiber profiles
located in close vicinity. These results lend support to the idea that aging in the
spinal cord motor nuclei is associated with an increased oxidative stress and
indicate that different transmitter systems are differentially affected by degeneration.
Oxidative levels may be higher at glutamatergic synapses than at GABAergic or
glycinergic synapses. (Supported by the Swedish MRC and the Norwegian MRC)

DIFFERENCES IN EXPRESSION LEVELS OF NEURONAL NITRIC
OXIDE SYNTHASE (nNOS) AND HEME OXYGENASE-2 (HO-2) IN
HIPPOCAMPI OF YOUNG, AGED MEMORY-UNIMPAIRED, AND
AGED MEMORY-IMPAIRED LONG-EVANS RATS. A. Law^», S. Dore3,
S.H. Snyder3, S. Gauthier1, and R. Quirion12
’Depts. of Neurology and
Neurosurgery and Psychiatry,. McGill University; 2Douglas Hospital Research
Centre, Verdun, QC, Canada, H4H 1R3; 3Dept. of Neuroscience, Johns Hopkins
University, Baltimore, MD, USA 21205.
Nitric oxide (NO) and carbon monoxide (CO) are believed to be retrograde
messengers in long term potentiation, which has been postulated to be an integral
element in spatial memory formation. Neuronal nitric oxide synthase (nNOS) is
responsible for NO synthesis in hippocampal neurons. Heme oxygenase (HO)
catalyzes heme oxidation and generates CO, free iron, and bilirubin. Neuronal
HO (HO-2) is highly expressed in the hippocampus. Heme oxidative products
can regulate NOS expression, and both NO and CO can directly modulate
guanylate cyclase activity. In this study, hippocampal nNOS and HO-2
expressions were compared in young (6 months) and aged (24 to 26 months)
Long-Evans rats. Aged rats were assigned as either cognitively unimpaired (AU)
or impaired (AI) based on their performances in the Morris water maze
behavioural task. 33P-radiolabeled cRNA in situ hybridization probes of 900bp and
700bp were used to detect nNOS and HO-2 mRNA expressions, respectively.
The results show that nNOS mRNA expression was increased in all hippocampal
subfields in AU and AI animals, and significant differences between AU and AI
rats were quantified in the CA1 area and the dentate gyrus. HO-2 mRNA
expression in all hippocampal subfields was significantly higher in young and AI
rats than that of the AU rats, but no significant difference was detected between
young and AI animals. The data suggest that increased nNOS and HO-2
expressions in AI animals may be due to increased oxidative stress or could
represent compensatory responses to neuronal dysfunction secondary to
pathological aging. Supported by MRC of Canada.
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532.3

532.4

DOSE-DEPENDENT EFFECTS OF ACETYL-L-CARNITINE AND CARNITINE

causing oxidative stress.

EFFECT OF ANTIOXIDANTS ON NFk B FUNCTION AND BAX, BCLXL,
AND BCL2 LEVELS IN THE HIPPOCAMPUS OF AGED RATS.
G. Taglialatela*1, J.A. Kaufmann1, H. O'Neill2, P.C. Bickford2. ’Dept. of
HBC&G, UTMB, Galveston, TX 77555 and 2Depts. of VA/Pharmacology,
UCHSC, Denver, CO 80220.
Oxidative stress and free radical species may be an important component of
CNS aging and age-associated neuronal impairments. Thus, determining
cellular mechanisms of free-radical action in the CNS is important to
understand the molecular basis of age-related neurodegeneration. Here we
have determined the effect in the hippocampus (HIPP) of aged (24 month)
F344 rats of a treatment with the nitrone spin trap N-tert-butyl-alphaphenylnitrone (PBN, 10 mg/kg i.p., twice daily for 2 weeks) on active nuclear
factor kappa B (NFk B), a nuclear transcription factor involved in cellular
response to oxidative stress, and on the levels of Bax, Bclx and Bcl-2, proteins
involved in the modulation of apoptosis. Our results show that PBN treatment
significantly reduced the nuclear (active) levels of NFk B subunit p50, p52,
and p65 in the HIPP of aged rats, while in young (3 month) rats PBN reduced
the levels of p50, but did not affect p65 and p52. Our results also show that
PBN increased Bcl-2 levels in the HIPP of aged rats but did not affect Bax,
BclxL or Bcl-2 levels in the HIPP of young animals. Taken together these
results suggest that there is an oxidative stress-related activation of NFk B in
the aged CNS that is paralleled by alterations in Bax and Bcl-2 levels and that
such age-related CNS impairments may be successfully reduced by treatment
with antioxidants.
Supported by NIA grants AG 13945 (to GT), AG04418 and AG00728 (to
PCB) and by the VAMRS (PCB).

532.5

532.6

OXIDATIVE STRESS AND GFAP PROMOTER ACTIVITY. M,

AGE-RELATED REACTIVE OXYGEN DAMAGE, CASPASE
ACTIVATION AND NUCLEAR CONDENSATION IN
HIPPOCAMPAL NEURONS IN RESPONSE TO GLUTAMATE
AND BETA-AMYLOID. G. Brewer*. J, Torricelli and A, Lim.
Southern Illinois Univ. Sch. Medicine, Springfield, IL 62794-9626.
Embryonic neurons are well established models for glutamate and p~
amyloid toxicity that occurs in neurodegenerative diseases. To investigate
the mechanism of enhanced neuronal degeneration with age (Neurobiol.
Aging 19:561), we examined the effects of glutamate and P-amyloid (2535) on protein carbonyl formation from reactive oxygen species, and two
aspects of apoptosis, caspase-3 induction and nuclear condensation for
hippocampal neurons cultured from embryonic, young (10 months) and old
(24 months) rats. Carbonyl levels rise rapidly with exposure to 25 pM Pamyloid (25-35) with a half-time to maximum of less of than 2 hr.
Carbonyl formation in neurons from old animals was 2-3 fold higher than
in embryonic or middle age animals. In addition to age-related baseline
levels of caspase activation, neurons from old animals showed a 50%
greater increase in caspase activation compared to young and embryonic
neurons. In neurons treated with P-amyloid (or glutamate), condensed
nuclei of neurons from old animals were 1.5x (2x) more frequent than
young and 2.5x (4x) more frequent than embryonic neurons. These results
suggest that aged neurons have an inherent increased susceptibility to pamyloid and glutamate through an early action of reactive oxygen species
followed by caspase activation and nuclear condensation. NIA AG13435.

ON CARNITINE LEVELS, AMBULATORY ACTIVITY, AND OXIDATIVE

STRESS IN THE BRAIN OF AGED RATS. J. Liu*, R. T. Ingersoll, C. M. Wehr
and B. N. Ames. Division of Biochemistry and Molecular Biology, University of
California, Berkeley, CA 94720.
Previously we showed that acetyl-L-carnitine (ALCAR) fed to old rats (1.5%

in the drinking water) partially restored liver mitochondrial function and ambulatory
activity but increased oxidative stress (Hagen, T. et al., PNAS 95:9562-6, 1998). In
this experiment, aged rats (23 months old) were given ALCAR at 0.15%, 0.5% and

1.5% and carnitine at 0.15% and 1.5% in the drinking water for 4 weeks. Low
concentrations of ALCAR (0.15% & 0.5%) increased the free, acyl, and total

carnitines from the brain and plasma to the level of untreated young rats. In addition,
low concentrations of ALCAR reversed the age-associated decline in ambulatory

activity. Administration of carnitine in the drinking water to old rats showed similar

results. Unlike the highest ALCAR dose, the two lower ALCAR doses did not
increase oxidative stress in the brain as determined by lipid peroxidation and protein
oxidation. These results suggest that lower doses of ALCAR or carnitine may be as

effective as the high dose in improving age-related neurodegeneration but without

Wei*I. Rozovskv. L;M. Lopez, T.E. Morgan, and C.E. Finch.
Andrus Gerontology Center and Department of Biology, University
of Southern California, Los Angeles, CA 90089.

Mechanisms of oxidative stress may underlie certain agerelated changes in the brain. We are examining the potential role of
oxidative stress on the regulation of GFAP, which encodes the
astrocyte intermediate filament and is a well-established marker for
glial activation during brain injury and aging. In primary astrocyte
culture, GFAP promoter activity (1.9kb rat GFAP promoter fused
with luciferase reporter gene) was increased by the treatments of
cysteamin (CSH) and hydrogen peroxide (H2O2). Using series of
deletion constructs of GFAP promoter, the pGL3-A2 (-106-+6,
including a NFkB binding site) was found to be the minimal
requirement for these responses. NFkB’s potential role in response to
oxidative stress in astrocytes is further confirmed by using a 0.53kb
HTV-LTR-luciferase construct (-453-+80, which contains two NFkB
sites). The promoter activity increases with treatment of H2O2,
aggregated Ap, and LPS comparing to the equivalent NFkB mutant
one. Investigating the role of NFkB in full length (~1.9kb) rat GFAP
promoter in astrocytes (from both young and old donors) is ongoing
project in the lab. Future studies of analysis of other potential promoter
elements that might be involved in age-related increase of GFAP are
planned. (Supported by AG14571 and AG09793 to C.E.F)
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532.8

AGE AND CONCENTRATION DEPENDENT NEUROPROTECTION BY
TNF OF CORTICAL NEURONS FROM BETA-AMYLOID TOXICITY.
J.J. Viel1, D.Q. McManus2*, and G.J. Brewer1. 1 Dept. Molecular Biology,
Microbiology and Biochemistry, 2Dept. Neurology. Southern Illinois Univ.
Sch. Med. Springfield, IL 62794-9626.
The induction of an inflammatory response and release of cytokines
such as TNF may be involved in the age-related etiology of Alzheimer’s
disease (AD). In the brain, microglia have been shown to produce a wide
variety of immune mediators, including the pro-inflammatory cytokine tumor
necrosis factor (TNF). We hypothesize that with age there is increased ability
of microglia to produce TNF and that age decreases the neuroprotective effect
of TNF against beta-amyloid (AP) toxicity. We investigated the effects of
AP(l-40) on TNF secretion from forebrain cultures of microglia from
embryonic, young (9 month) and old (36 month) rats. Over the first twelve
hours of exposure to 10 pM AP(l-40), microglia from embryonic and old rats
increase TNF secretion, while microglia from young rats did not produce
detectable levels of TNF. When low concentrations of TNF are added to
neurons together with Ap(l-40), neuroprotection for old neurons is
significantly less than neuroprotection for young neurons. The
neuroprotective mechanism by which TNF prevents cell death has not been
determined. However, preliminary data suggest that the increased killing in
the presence of Ap and TNF occurs by an non-apoptotic mechanism. NIH
NIA 13435, SIU CRC 2-40213

EFFECTS OF FOLICATE DEFICIENCY ON THE BLOOD
COMPONENT AND VASCULAR ANTIOXIDANT ACTIVITY IN
AGING RATS. J.Y. Chen , H.Y. Li# and L.M. Mai. Institute of
Anatomy and Cell Biology, College of Life Science and Medicine,
National Yang-Ming University and Chang Gung University#, Taipei,
Taiwan, R.O.C.
Folate is an essential amino acid, which involvs in onecarbon transformation in many physiological metabolics. Folate
depletion is associated with neurologic and cardiovascular disorders.
Folate deficiency reduced the levels of folate in brain and
cerebrospinal fluid. But the biochemical mechanism was not well
understood. Wheather the folate-deficient affected the constitution
of trunk blood and the neuronal activity in aging rats were studied.
The Aging (6 months) of Sprague-Dawley male rats were used.
Animals fed with purfied folate-deficient or normal diet for lasting 6
weeks and then changed to normal basic diet. The water intake and
digestive wastes were significantly decreased in folate-deficient rats.
Thay spilled much food, but significantly decreased the movement
distances. The folate levels in hypothalamus were lower in folatedeficient rats. The trunk blood was collected and the components
were assayed by flowcytometry. We further assayed the supraoxide
contents in brain and blood by ultra-weak chemiluminesence. In
surtimary, folate deficiency affected the changes of the movement
distances and superoxide content in the aging rats.

532.9

532.10

COENZYME Q10 AND a-TOCOPHEROL REVERSE LEARNING
AND MEMORY IMPAIRMENTS IN AGED MICE. S.R. McDonald*,
B. Koller, H.Lal, and M.J. Forster. Department of Pharmacology,
University of North Texas Health Science Center at Fort Worth, Fort
Worth, TX 76107
Coenzyme Q (CoQ) has been postulated to act as an antioxidant and has
been shown to play a role in the regeneration of a-tocopherol within
mitochondria (Lass & Sohal, 1998, Arch. Biochem Biophys. 352-229).
The objective of the current studies was to determine the potential
functional significance of these antioxidant effects, in vivo. Separate
groups of aged mice (22-24 months) received daily treatment (p.o.) with
either CoQ10 (125 mg/kg/day), a-tocopherol acetate (200 mg/kg/day),
combined CoQi0 and a-tocopherol treatment, or the vehicle (soybean
oil). Two weeks following initiation of the treatments, the mice were
assessed for learning, recent memory, and sensorimotor function. The
combined treatment with a-tocopherol and CoQ10, as well as treatment
with CoQ alone, resulted in more rapid learning of the recent memory
task when compared with learning by the untreated controls or mice
treated with a-tocopherol alone. The treatments were without affect on
sensorimotor performance. Overall, the findings suggest that treatment
with CoQ, alone or in combination with a-tocopherol, is effective in
reversing brain dysfunctions responsible for age-related deficits in
learning and memory performance. (Supported by NIH-NIA grant
AG07695)

THIOREDOXIN-DEPENDENT
PEROXIDASE
(PEROXIREDOXIN)
DISTRIBUTION IN NEURAL CELLS. B.H.J. Juurlink*2, S.W. Kang1,
S.G. Rhee1 and E. Eftekharpour23. 2Lab Cell Signaling, NIH,
Bethesda, MD, U.S.A., 1Dept. Anat. Cell Biol., Un. Saskatchewan,
Saskatoon, SK, Canada, S7N 5E5,3 Ministry of Health, Iran.
Because of the high rate of oxidative metabolism together with
the high amount of polyunsaturated fatty acids, the CNS has a high
rate of peroxide production. In the presence of transition metal ions
peroxides give rise to strong oxidants. Until recently it was
considered that glutathione peroxidase (GPx) was the major
peroxide scavenger. We have previously demonstrated that
although astrocytes have considerable GPx activity, there is little
activity in neurons and oligodendroglia resulting in the question of
how these cells scavenge peroxides. A family peroxiredoxins
(Prx’s) have been recently described to have peroxide scavening
ability (Kang et al. 1998. JBC 273:6297). Prx’s are abundant in the
CNS and it seems possible that Prx’s play an important role in
neuronal peroxide scavenging. We, therefore, examined the
relative amounts of the cytosolic Prxl & Prxll and mitochondrial Prxlll
in cultures of cortical neurons and astrocytes obtained from mice.
Prxl and Prxlll expression was higher in astrocytes than in
neurons, conversely, Prxll was higher in cortical neurons than in
astrocytes. The differential distribution of Prx’s in the nervous
tissue cells might correlate with the different susceptibility of
these cells to oxidative stress. Supported by the Medical
Research Council of Canada & (3)MHME of Iran.

532.11

532.12

8-HYDROXY-2’-DEOXYGUANOSINE
(OXO’dG)
AND
1N6ETHENOADENOSINE (eA) ARE DIFFERENTIALLY REPAIRED IN
CEREBELLUM AND CORTEX OF MOUSE BRAIN F. Cardozo-Pelaez*1, P.J.
Brooks2. T. Stedeford1, S. Song1 and J. Sanchez-Ramos1. 1 Department of
Neurology, University of South Florida, James Haley VA Hospital Research
Laboratory, Tampa, FI.2 Laboratory of Neurogenetics NIAAA/NIH Rockville, MD.
According to the oxyradical hypothesis of aging, oxidative stress increases with age
and some regions of brain are more susceptible to this deleterious effect than others.
All classes of macromolecules, including proteins, lipids and nucleic acids are
susceptible to attack from oxyradicals despite numerous antioxidant defenses.
Oxyradical-mediated DNA damage may be the most critical factor with respect to
aging. We have found that free radical induced-damage to DNA accumulates
during aging, as determined by oxo8dG levels, in cerebellum, and not in cortex of
male C57BL6JNIA mice. Most DNA lesions induced by free radical damage are
repaired by a base excision repair (BER) pathway, in which the oxidized base is
removed by glycosylases. The ability to locate and excise oxidized bases is quite
specific. The objective of this study was to determine the activity of base excision
for oxo8dG and eA in glycosylase extracts from two regions of the mouse brain
(cerebellum and cortex) at 3 months of age. Oxo8dG and eA were excised from
DNA by brain glycosylases extract in a dose dependent manner. Saturation of base
excision was reached with 50 pg of total protein extract. Oxo8dG BER was 30%
higher in cerebellum at low substrate concentrations, but not at high substrate
concentrations. However, BER for eA was 60% higher in cerebellum than in cortex
at all the concentrations of substrate tested. These data suggest that ongoing BER
and endogenous DNA damage may be involved in the age-dependent accumulation
of DNA lesions. (Supported by VA Merit Review Grant and, in part, by the

MAPPING OXYGEN CONSUMPTION BY GAS-TISSUE AUTORADIOGRAPHY,
VISUALIZATION OF MITOCHONDRIAL ELECTRON TRANSPORT IN BRAIN
SLICES
T. Sasaki, S. Soga, S. Ishii and M. Senda*Positron Medical Center, Tokyo Metropolitan
Institute of Gerontology, Tokyo, 173-0015, Japan
We have developed a novel autoradiographic method of visualizing oxygen fixation
under sufficient delivery of [15O]O2/O2 0. Brain slices (400 pm) were preincubated in
Krebs-Ringer phosphate buffer and exposed to [15O]O2 in a chamber. Fixation of
[15O]O2 correlated with the polarographically measured oxygen consumption among
tissue slices from various organs (r = 0.84). The fixation of [15OjO2 by brain slices was
significantly reduced (7.2% of the control) by heat-treatment or dose dependently by
NaCN (18.2% of the control on 50mM NaCN pretreatment). The 15O radioactivity in
the brain slices prepared from rotenone injected rats was also reduced compared to the
control (56.8% of the control side). In an autoradiographic study using an imaging
plate, 15O radioactivity showed a heterogeneous distribution both in coronal and sagittal
sections. Autoradiography of young and senescent rat brain sections showed reduction
of oxygen uptake with aging in the cerebrum, the senescent being 77.4% of the young.
This method provides information regarding basic oxygen consumption of tissue
slices under the condition of sufficient 02 delivery, which reflects mitochondrial
electron transport.

National Parkinson Foundation).
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532.13
A SINGLE TYPE OF MODIFICATION MAY ACCOUNT FOR MOST
CARBONYL GROUPS IN BRAIN PROTEINS. E. Floor*, C. A. Rankin and
M. L. O’Laughlin. Dept. of Molecular Biosciences, University of Kansas,
Lawrence KS 66045
Oxidative stress is implicated in many neurodegenerative diseases
and normal aging. Several oxidation-related mechanisms can introduce
carbonyl groups into proteins and other macromolecules. Protein carbonyls are formed mostly in neurons rather than glia and are positively
correlated with functional impairment, but the origin and functional
significance of these groups are not yet clear. To characterize the types
of carbonyls in native proteins, soluble proteins from various sources
were labeled by reduction with tritiated sodium borohydride, subjected to
acid hydrolysis, and 3H-labeled amino acids analyzed by HPLC with a
flow scintillation counter. The 3H-profile of proteins from human or rat
brain, or cultured PC12 cells, contained 2 or 3 small, well-defined peaks
but was dominated by a single 3H-labeled amino acid that contained
>70% of the 3H. This oxidized amino acid was present at comparable
levels in each of 7 major soluble proteins isolated from rat brain by 2D
gel electrophoresis. Most 3H-labeled amino acids, including the major
one, increased during oxidative stress in PC12 cells treated with 500 pM
H2O2 or 10 pM buthionine sulfoximine, which lowered glutathione levels
by 80%. The major 3H-labeled compound appeared to contain an amine
because it eluted earlier when phenylisothiocyanate derivatization was
omitted, and a carboxyl group because it did not bind to an anion
exchange column at pH 2. This 3H-labeled amino acid does not
correspond to any of several known protein oxidation products tested to
date. Determination of its chemical structure is in progress.
Supported by NIH Program Project AG12993.

PHARMACOLOGICAL AGENTS: ANXIETY AND MOOD DRUGS—NEUROPATHOLOGY,
CLINICAL AND PRECLINICAL STUDIES
533.1

533.2

PHARMACOLOGICAL PROFILE OF A NOVEL NON-BENZODIAZEPINE
ANXIOLYTIC, ME3127 (NS2710).
T. Imanishi1*, F. Yokoyama1, M.
Yamauchi1, Y. Ichimaru', M. Fujiwara', J. Baba1, E. 0. Nielsen2 and L, H. Jensen2.
'Pharmaceutical Research Center, Meiji Seika Kaisha, Ltd. Yokohama 222-8567,
Japan; 2NeuroSearch A/S, Smedeland 26 B, DK 2600 Glostrup, Denmark.
The pharmacological profile of ME3127 (NS2710, (£)-5-acetyl-l-(3-(3pyridyl)phenyl)-benzimidazole D-ethyloxime) was compared with that of the
benzodiazepine anxiolytic, diazepam. ME3127 displaced [3H]flunitrazepam
binding in vitro with IC50 value of 2.9 nM and in vivo with ED5q values of 2.0
mg/kg p.o., respectively. ME3127 showed anxiolytic effects with a minimal
effective dose of 3.2 mg/kg p.o. in the Vogel conflict and elevated plus-maze tests
using rats. Diazepam was also effective at 32 mg/kg p.o. in the Vogel conflict
test and at 10 mg/kg p.o. in the elevated plus-maze test. Both ME3127 and
diazepam inhibited foot shock-induced fighting behavior in mice and reduced
forced swimming-induced elevation of serum corticosterone in rats at 10 mg/kg
p.o. Despite the more potent and robust anxiolytic activity, ME3127 was less
active than diazepam in inducing sedation, motor dysfunction, cognitive deficit
and potentiation of barbiturate-induced anesthesia.
Furthermore, repeated
administration of ME3127 resulted in less convulsion than diazepam in mice
treated with FG7142, a benzodiazepine partial inverse agonist, indicating that
ME3127 is unlikely to develop the physical dependence. These results suggest
that ME3127 has the anxiety-selective characteristics with less side effects.

ANXIOLYTIC-LIKE EFFECTS OF PREGABALIN. J. J. Kinsora Jr*, K.A. Serpa,
B. J. Snyder, J. Wiley and L.T. Meltzer. Parke-Davis Pharmaceutical Res. Div.,
Warner-Lambert Co., Ann Arbor, MI 48105.
Pregabalin (isobutyl-GABA) is a derivative of gamma-aminobutyric acid
(GABA) the major inhibitory neurotransmitter in mammalian brain. Pregabalin
binds with high affinity to the alpha-2 delta auxiliary subunit of voltage-sensitive
calcium channels. Pregabalin has been shown to have analgesic-like effects in
preclinical tests. We have now characterized the anxiolytic-like effects and potential
sedative-like side-effects of pregabalin in a variety of preclinical tests and compared
this profile tc that of benzodiazepines. In the Vogel water lick conflict test in rats
the minimum effective doses (MED, mg/kg PO) were: pregabalin=10 and
diazepam=10. There was no difference in the maximum effects between the
compounds. In the tail-suspension test in mice, the MED for increasing immobility
were: pregabalin=30 and lorazepam=10. In tests of sedative side-effects in rats
(spontaneous locomotion, LMA) and motor incoordination (screen fall-off, SFO).
Pregabalin reduced LMA at 10X the MED, but did not induce screen fall-off. In
contrast, diazepam reduced LMA and produced SFO at 10X the MED. A similar
profile of separation of anxiolytic-like and side-effects was observed in mice. Thus,
pregabalin has a greater separation of anxiolytic-like effects and side-effects than do
standard anxiolytics. Supported by Warner-Lambert Co.

533.3

533.4

ALTERATIONS IN CNS CRF AND UROCORTIN NEURONAL SYSTEMS
FOLLOWING SPONTANEOUS AND PRECIPITATED ALPRAZOLAM
WITHDRAWAL IN THE RAT. K. H. Skelton*, D. L. Knight, J. C. Ritchie, C. B.
Nemeroff, and M. J. Owens. Dept. of Psych, and Behav. Sci., Emory Univ. School of
Medicine, Atlanta, GA 30322, USA
Corticotropin-releasing factor (CRF) is the major regulator of the HPA axis, and
plays a key role in coordinating the mammalian stress response. Benzodiazepine
withdrawal produces physiological symptoms reminiscent of a classic stress response,
suggesting activation of central CRF neurons. Furthermore, abrupt withdrawal from
several drugs of abuse has been associated with alterations in CRF expression, release,
and receptor binding. These findings served as the impetus to characterize the effects
of abrupt withdrawal from the triazolobenzodiazepine, alprazolam, following chronic
oral administration. Withdrawal was precipitated in one group of rats by a 10 mg/kg
injection of flumazenil i.p. 90 minutes prior to death, while in a second group of rats,
spontaneous withdrawal was studied by removing alprazolam from the rats’ diet 24
hours prior to death. Although flumazenil allows the precise timing of the withdrawal,
the spontaneous withdrawal likely allows greater time for the occurrence of mRNA and
peptide changes. Following both precipitated and spontaneous withdrawal, CRF mRNA
was increased above control levels in the PVN of the hypothalamus. CRF, receptor
binding, which was decreased in the basolateral amygdala by chronic alprazolam
treatment, was increased to control levels following withdrawal. This increase was
positively correlated with serum corticosterone concentrations (r=0.8) in the precipitated
withdrawal group. Additionally, urocortin mRNA expression was significantly
increased in the Edinger-Westphal nucleus by chronic alprazolam treatment, and this
increase in expression was maintained during the acute phase of benzodiazepine
withdrawal. The spontaneous withdrawal group also exhibited a 30% decrease in CRF,
receptor binding in the frontal/parietal cortex, and a strong induction of cortical CRF
mRNA expression above the minimal levels observed in both the control and alprazolam
treated rats.
Supported by NIH DA08705 and MH 42088.

CARDIOVASCULAR EFFECT OF 5-HT1A AGONIST 8-OH DPAT IN THE
DENTATE GYRUS OF HIPPOCAMPUS IN CONSCIOUS SPRAGUE DAWLEY
RATS (SD) AND SPONTANEOUSLY HYPERTENSIVE RATS (SHR). G. Liu*
M.J. Wayner and C.F. Phelix. Division of Life Science, The University of Texas at
San Antonio, San Antonio TX 78249
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Our previous research has shown that 5HT and 5HT1A agonist 8-OHDPAT
injection into the dentate gyrus (DG) of hippocampus decreased mean arterial
pressure (MAP) and heart rate (HR) in anesthetized rats. To determine the
cardiovascular function of serotonin in conjunction with home-cage behavior, we
injected 8-OHDPAT into DG of hippocampus in conscious SD and SHR. Two days
before testing, animals were operated on for femoral artery catheterization and
stereotaxic hippocampal implant with guide cannulae. The intrahippocampal
injections were performed with a 26 gauge internal cannula attached to a 1 pi
Hamilton syringe. Direct arterial pressure, MAP and HR were monitored by a
MacLab/8e system. Up to 300 nl of vehicle (saline) or 8-OH DPAT were injected at
20 nl/min with continuous monitoring. Histological verification of injection sites was
performed postmortem. With 50ng, 100 ng, or 150 ng of 8-OH DPAT, both MAP
and HR decreased when injected into the DG. A dose relationship was produced with
only the 100 ng and 150 ng doses producing significant changes from baseline, [100
ng: AMAP -10.66 + 1.28, AHR was -38.23 + 5.69; 150 ng: AMAP -9.38 ± 1.64, AHR
was-42.28 + 17.57 in SD (p<0.001). 100 ng: AMAP-11.01 + 2.45, AHR was-42.33
+7.17; 150 ng: AMAP -13.04 + 5.49, AHR was -35.79 + 14.98 in SHR (p<0.05)]. The
vehicle control failed to affect cardiovascular activities. The results of lowering MAP
and HR are same as our previous research in anesthetized rats. These cardiovascular
effects and the lack of behavioral change in the home cage, indicate that hippocampal
postsynaptic 5-HT1A receptors mediate anxiolysis. Supported by UTSA and
HL02914-05.

PHARMACOLOGICAL AGENTS: ANXIETY AND MOOD DRUGS—NEUROPATHOLOGY,
CLINICAL AND PRECLINICAL STUDIES
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VENLAFAXINE:FURTHER DISCREPANCY BETWEEN WEAK IN VITRO
AND POTENT IN VIVO 5-HT AND NE REUPTAKE BLOCKADE-NOT
ACCOUNTED FOR BY RELEASING ACTIVITIES. Beigue. J.-C*. Kasamo. K..

EFFECT OF DESIPRAMINE, RESERPINE AND DSP-4 TREATMENTS ON IN
VIVO RAT BRAIN R-[nC]ROLIPRAM UPTAKE. C.M. Lourenco1\ J.N, DaSilva1’2,
A.A. Wilson2 and S. Houle2. PET Centre, Centre for Addiction and Mental Health,
Depts. of Pharmacology & Psychiatry, Univ. of Toronto, Toronto, Canada, M5T 1R8.
Disturbances in cAMP-mediated signaling have been reported in neuropsychiatric
disorders, including depression. R-Rolipram is a selective phosphodiesterase-4 (PDE4)
inhibitor that blocks cAMP hydrolysis following the stimulation of several receptors in
the brain. cAMP levels were shown to regulate PDE4 activity and density. Also, the
expression of PDE4A & B mRNA was reported to be upregulated in rat frontal cortex
after several chronic antidepressant treatments, including desipramine (DMI)
(Takahashi et al., J. Neurosci., 19: 610-8, 1999). We have previously found that R["Cjrolipram binds selectively to PDE4 across rat brain regions, and has potential for
positron emission tomography (PET). Furthermore, R-[nC]rolipram brain uptake was
increased following acute treatments with agents enhancing cAMP levels. In the
current study, rats were injected chronically with DMI (10 mg/Kg, i.p., 14 days, twice
daily, followed by 24 h washout), or the monoamine depleting agent reserpine (1
mg/Kg, s.c., daily for 5 days, 24 h washout). Control (vehicle) and treated rats were
injected with R-[nC]rolipram via a lateral tail vein, and then killed 45 min later. R[nC]Rolipram brain uptake was also evaluated in rats treated with the noradrenergic
neuron lesioning agent DSP-4 (50 mg/Kg, i.p., once, or twice 7 days apart, 7 day
washout, followed by radiotracer). Using p <0.05 with blood as covariate, chronic
DMI significantly increased (18-22%) radiotracer uptake in PDE4-rich regions such as
the cortex. In contrast, DSP-4 and chronic reserpine had no significant effect on R[nC]rolipram binding, although a reduction was hypothesized to occur due to the
decreased availability of noradrenaline, leading to lower cAMP production and
subsequent PDE4 downregulation. These results show that R-[nC]rolipram in vivo
binding is elevated following a chronic treatment enhancing cAMP, but unchanged
after treatments reducing cAMP levels, and suggest that DSP-4 or reserpine do not
downregulate PDE4 in vivo. Thus, R-[nC]rolipram and PET have a good potential for
imaging changes in PDE4 densities. Supported by Connaught Fund, Univ. of Toronto.

Blier. P.. de Montigny. C.. and DebonnetG. Neurobiological Psychiatry Unit, McGill
University, Montreal, Quebec, Canada. H3A 1A1
Previous studies have suggested that the potent in vivo 5-HT and NE reuptake blockade
induced by the antidepressant venlafaxine (VLX) would not result from a conventional
binding to the respective transporters. The several reports suggesting a superior clinical
efficacy of this drug call for a better understanding of its neurobiological actions. To this
end, the potencies of VLX as well as of paroxetine (PRX), duloxetine and fluoxetine to
block the uptake of [3H]5-HT were assessed in cortical, hippocampal and mesencephalic
brain slices whereas those of desipramine (DMI) and VLX to block that of [3H]NE were
assessed in hippocampal slices. VLX was 51, 24 and 18 times less potent than paroxetine
to block the uptake of [3H]5-HT in frontal cortex, hippocampus and mesencephalic slices,
respectively. In hippocampal slices, VLX was ~200 times less potent than DMI to block the
reuptake of [3H]NE. These in vitro results are discrepant with previous in vivo data showing
that VLX and PRX were equipotent in blocking the reuptake of 5-HT whereas VLX was
only 2-5 times less potent than DMI in blocking that of NE. In an attempt to unravel this
discrepancy, in vitro superfusion experiments were carried out in rat brain slices to assess a
putative monoamine releasing property for VLX. (±) Fenfluramine increased the
spontaneous outflow of [3H]5-HT from hippocampal, frontal cortex, mesencephalic, striatal
and hypothalamic slices, this effect being greater in the latter structure. Tyramine
substantially increased that of [3H]NE from hippocampal slices. In contrast to fenfluramine
and tyramine, VLX produced only a minimal increase of the spontaneous outflow of [3H]5HT from hypothalamic slices and of [3H]NE from hippocampal slices. In conclusion, the
present results show that the potent in vivo 5-HT and NE reuptake blockade induced by
VLX are not only discrepant with its rather low affinities for both transporters, but also
with its potencies to block in vitro the uptake of [3H]5-HT and [3H]NE. As indicated by the
comparison with fenfluramine and tyramine, this important discrepancy cannot be
accounted for on a 5-HT or NE releasing property of VLX.
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LINEARITY
AND
NON-STEREOSPECIFICITY
OF
TIANEPTINE
ENANTIOMERS TRANSFER INTO RAT CEREBROSPINAL FLUID
A, Deslandes*1, C. Pariat2, P. Courtois2, P. Duchene3, W, Couet2
11.R.I.S., 6 place des Pleiades, 92415 Courbevoie, France; 2 UPRES EA, Faculty
Mfidecine-Pharmacie, 34 rue du Jardin des Plantes, 86000 Poitiers, France;
3 ADME, 694 avenue du Dr M. Donat, 06251 Mougins, France
Previous data suggest that central nervous system (CNS) penetration of
tianeptine, an atypical antidepressant, is rapid although limited. However, the
nature of the mechanism involved in the exchanges of its enantiomers (S16190 and
S16191) and their metabolites between blood and CNS was essentially unknown.
The two enantiomers of tianeptine were administered separately, i.p., to male
Sprague Dawley rats in a 5-100 mg/kg dose range. Cerebrospinal fluid (CSF)
samples were drawn from die cisterna magna. A blood sample was withdrawn at the
same time. The concentration of tianeptine enantiomers and their metabolites were
measured in serum (Cp), serum ultrafiltrate (Cu) and CSF (Ccsf) samples, by a nonstereospecific HPLC mediod.
Relationship between Ccsf and Cu was linear for both enantiomers and their
metabolites. Mean values of Ccsf/Cu ratios of each enantiomer were not statistically
different, and close to unity. On average, the free fraction of S16191 concentration
(fu) was significantly higher than that of S16190 (j)<0.01).
The linear relationship between the Ccsf of each enantiomer and their
corresponding Cu, togedier with mean values of this ratio close to unity, strongly
suggest passive diffusion through the blood-cerebrospinal fluid barrier without
participation of an active transport system. The absence of saturation phenomenon
in this large range of Cu and the lack of stereospecificity indicate that the high
extent of plasma protein binding of these two compounds is the limiting factor of
their diffusion in the CSF.

ANTIDEPRESSANT - INDUCED DECREASE IN THE cAMPDEPENDENT MODULATION OF NEURONAL EXCITABILITY.
M. Bijak*. Department of Physiology, Institute of Pharmacology, Polish
Academy of Sciences, Krakow, Poland.
The cyclic AMP (cAMP) second messenger cascade has been
implicated in the action of antidepressant treatments. Effects of cAMP
are mediated primarily by activation of the cAMP-dependent protein
kinase (PKA). One of the phosphorylation substrates of PKA is a Ca2+
activated K+channel responsible for slow afterhyperpolarization (sAHP).
The sAHP which follows a series of action potentials, is a prominent
mechanism of control of neuronal excitability and is attenuated by a
variety of neurotransmitters which activate adenylate cyclase. Also the
adenylate cyclase activator forskolin and the membrane permeable
cAMP analog 8-Br-cAMP lower the amplitude of sAHP. To determine
whether antidepressants modulate the PKA-induced decrease in sAHP,
effects of repeated treatment with imipramine on the reactivity of CA1
neurons to forskolin and 8-Br-cAMP were studied in rat hippocampus
in vitro using intracellular recording. Forskolin (1 p.M) and 8-Br-cAMP
(100 pM) decreased the amplitude of sAHP (by 47±2 % and 25±5%,
respectively; n=10 slices). Repeated treatment with imipramine (14 days,
twice daily, 10 mg/kg p.o.; 8 animals) significantly attenuated the
effects of forskolin (to 36±3%) and 8-Br-cAMP (to 15±4%). These
findings suggest that antidepressants may exert their effects influencing
cAMP system beyond the receptors. Such an action may have a wide
range of cellular consequences; among others, it may produce decreased
excitatory action of all the neurotransmitters whose receptors couple to
potassium channels via PKA activation.
Supported by a KBN grant 4-PO5A-092-14.
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TIME-DEPENDENT EFFECTS OF ACUTE TREATMENT WITH ANTIDEPRESSANT DRUGS ON THE p-ADRENERGIC AND D3 DOPAMINERGIC
RECEPTORS IN THE RAT BRAIN. M.Dziedzicka-Wasylewska*, Z.Rogoz,
W.Margas, D.Dlaboga. Inst. Pharmacol., Polish Acad. Sci., 31-343 Krakdw, Poland.
Antidepressant drugs (ADs) are effective in a clinic only after repeated
administration. The biochemical mechanisms responsible for clinical efficacy of ADs
still remain unclear. In the present study we demonstrate that at least for some of the
observed alterations induced by treatment with ADs, the most important factor
necessary to trigger such changes is time rather than daily drug administration. A
decrease in a number of p-adrenergic receptors in rat brain after repeated treatment
with ADs was one of the first signs of alterations at the biochemical level. The
liypoactivity induced by salbutamol (lOmg/kg), a p-adrenergic receptor agonist, is
reversed by repeated treatment with imipramine or citalopram (lOmg/kg p.o., twice
daily for 14 days), which correlates well with „p-down regulation”. Here we report
that a similar effect, i.e. reversal of salbutamol-induced hypoactivity, was also
observed after acute treatment with ADs, followed by 13 drug-free days. Binding of
[3H]CGP12177 to P-adrenergic receptors in the rat brain cortex was significantly
decreased after repeated treatment with ADs. Similar tendency, although not
statistically significant, was also observed after acute treatment with imipramine,
followed by 13 drug-free days. We also found adaptive changes in another
neurotransmitter receptor system, i.e. at a level of dopaminergic D3 receptors. A low
dose of (±)7-OH-DPAT (0.05mg/kg), a dopamine D3 receptor agonist, induced
locomotor hypoactivity in rats. ADs given repeatedly attenuated that effect, which
indicates subsensitivity of dopamine D3 presynaptic receptors. Comparable
attenuation of the (±)7-OH-DPAT-induced locomotor hypoactivity was also observed
in a group of rats subjected to acute treatment with ADs, followed by 13 drug-free
days. No such effects at a level of p-adrenergic or D3-dopaminergic receptors were
observed 2 or 72 h after acute treatment with ADs. KBN Grant 4 P05A 007 13.

COMPARATIVE
INFLUENCE
OF
()-PINDOLOL
UPON
THE
ELECTRICAL ACTIVITY OF SEROTONERGIC, DOPAMINERGIC AND
ADRENERGIC CELL BODIES IN ANAESTHETISED RATS. F. Lejeune* and
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M.J. Millan, Institut de Recherches Servier, 125 Chemin de Ronde, 78290 Croissysur-Seine, France
The serotonin (5-HT))A receptor ligand, (-)-pindolol, accelerates the clinical
actions of 5-HT uptake inhibitors1. However, its influence upon the activity of
serotonergic vs dopaminergic and adrenergic neurones is unclear. We addressed this
issue using electrophysiological techniques described previously2.
<VTA
-»
<DRN ->
<- LC ->
% MOE
MED
MED % MOE
MED
% MOE
0.5
0.5
(-)-Pindolol
0.12
30±4
156 ±25
151 ± 11
97 ±2
95 ±2
99 ± 1
Vehicle
MED = minimal effective dose (P < 0.05 to paired vehicle) in mg/kg, i.v; % MOE =
maximal observed effect vs baseline (= 100 %); DRN = dorsal raphe nucleus; VTA =
ventral tegmental area and LC = locus coeruleus.

(-)-Pindolol inhibited serotonergic neurones, an action abolished by the 5-HT1A
antagonist, WAY100,635 (0.031 mg/kg, i.v.). However, it enhanced the activity of
most dopaminergic cells: of 45 recorded, 62 % were stimulated, 9 % were inhibited
and 29 % were unaffected. This stimulation was suppressed by WAY100,635
(0.031 %). Further, (-)-pindolol activated adrenergic cells. In conclusion, probably
via 5-HT)A autoreceptors, (-)-pindolol inhibits serotonergic cell bodies, but excites
dopaminergic and noradrenergic perikarya. Inhibition of serotonergic neurones by
(-)-pindolol may disinhibit dopaminergic/adrenergic pathways.
'McAskill R. etal., Br. J. Pharmacol., 179: 203-208, 1998.
2Millan M.J. etal., J. Pharmacol. Exp. Ther., 280: 1342-1355, 1995.
This study was supported by Servier Pharmaceutical.

